Atouikn Aumdopotikn Epyoacia

OAOKAHPQMENH AIAAIKTYAKH EOPAPMOT'H ANAAYXHYX KAI
AYTOMATOY EAETX0Y KQAIKA AOI'TEMIKOY XE JAVA.

Hoavaywotng Hétoog

ITANEIIIXTHMIO KYIIPOY

AR
X

TMHMA TAHPO®OPIKHX

Mdrog 2009



INANEHNIXTHMIO KYIIPOY
TMHMA ITAHPO®OPIKHX

OAOKAHPOQMENH AIAAIKTYAKH E@APMOI'H ANAAYXHYX KAI
AYTOMATOY EAEI'X0Y KQAIKA AOTTEMIKOY XE JAVA.

MHovaywotng [étoog

Emprénov Kabnyntmg
Avopéag Avopéov

H Atopuc Authopatikt Epyacio vroAnOnke mpog pepikn eKTANP®OT TOV OTAITNCEDV
andktnong tov ntvyiov [TAnpopopikng tov Tunuatog [TAnpoeopikng Tov Iavemotnpiov

Konpov

Marog 2009



Evyoprotieg

"Eva peyélo uyopiotd ypmoTtdom GTOVS YOVELS OV Y10l T CLUTAPAGTACT, OTNPEN,
KOTOVONGN Kol DITOROV Tov LoV dei&ave KB’ OAn ) dtdpKela TG OiTNnoNG HOV.

Oa NBela eniong va gvyoplotiom tov kKadnynt k. Avdpéa Avopéov nov enéPAene avt
™ SIMA®UATIKTY gpyocio OT®MG emiong Kot Tov kanyntn K. Avactdolo ZoQoKAE0VS, TOL
pe v kafodnynon Tovg, tnv eunelpia, Tig EIGNYNGELS KoL TO VAIKO Tov mapeiyay,
OtevkOlvvay o€ TOAD peydro Babuo v exkmovnon g epyacioc. Xmpig v enifieyn) kot
BonBetd tovg N amomepdtwon piag tétolag epyaciog o ftav addvorn.

Ao BEA® Vo EKPPACHD TIG EVYAPLOTIEG OV 6T @iAn pov Angela Molina, 6tov iAo
pov Kovotavtivo Koviiva kot tovg supgortntég pov INdpyo NuwkoAddov, [Tavayidn
Mapkov, kot Avrplo Kpokov yia tnv yoyoAoyikn Toug copmapdotact kot fondeia, tov
ELeyyo ekdOCEMV TOL pYOAEIOV Kt TNV KATAOEST TNG YVAOUNG TOL OGOV 0pOPd
TPOPALLOTO TTOV TOPOVGLALOVTOV KATA KApOUG LE TN SETPAaveLn Tov gpyoieiov. H
TOADTIUT YVOUN TOVG Bondnce otnv andAiewyn Aabdv Kot T Pertioon g epyaciag.



Iepiinyn

Tithog Atopkng Aumhopatikig Epyaciog

OLOKANPOUEVN OLOOTKTVAKT EPOPUOYT] OVAALGTG KO AVTOUOTOV EAEYYOV KOOIKOL
Aoylopikov og Java.

Epyoocio katevOvovopevn and

Apa Avopéa Avopéov, Kabnyntr, Tuniua [Tinpogopikng, [avemotipo Kompov

H Atopuc avtn [ruyoxn Epyacio vrofAnOnke mpog pepikr| eknAnpwon tov
anoToe®V andKTnong Tov tTuyiov ITIAnpopopikng tov Tunuatog IAnpoeopiknig tov
[Mavemotmpiov Kbmpov, ota mAaicio tov Tpomtuyltokov nadnuotog ATopK|
Amlopotikny Epyacio.

2KOTAG NG epyaciog Hov givat 1 dnpuovpyia EVOG EVOTOMUEVOL EPYOAEIOL OVAAVOTG
KOOTKOL, KATOUGKELNG KO YPAPIKNG OTEIKOVIONG YPAP®OV PONG OE00UEVAV, PO EAEYYOV
Kot yphoov e€aptmoewv KabdS eniong kot GHGTNLO CVTOLOTOTOMUEVIG TTOPOYMYNS
TEPUTAOGE®V ELEYYOL Ue T Pondeta yeveTikadv adyopiBumy. Avépesa 6Tovg 6TdY0VS
NTav eniong M avtikatdotoon tolodmy BipAodnkodv pe véec, PeAtimpéves Kot
avafaduion vrapyovo®v PPAodNKoOV Le TIC TEAELTOIEG EKOOGELS TOVG Kot OAES TIG
aArayéG Tov avTd cvverayotav. TELoG, To epyaieio avtd mpoopileTart Yo S1OIKTLOKT)
YPNON KoL Y10, TO GKOTO aVTO, HeTd amd Epevva, ypnopomodnke to Java Web Start. To
POV EPYOAELD YPNOLOTOLEL AELTOVPYIEG TTPOTYOVUEVOV EPYACIHOV OTMOS OVTN TOV K.
Av06TAG10V Z0QOKAEOVE, Kot GAA®MV TPOTTUYIOK®OV @ottnT®v. H vAomoinon Eexivnoe og
po Kovovpta faon Ko 1 oyedioon £yve pe véa prAocopio. Kot TPOGEKTIKO GYEOACUO
OV VO O1EVKOAVVEL 0L LOVO T GUVEVMOCT] TV VITOPYOVI®OV GUCTNUATOV ALY VO, KOVEL
KOl TO €PY0 NG TEPAUTEP® AVATTLENG TOV GLGTNUATOC O EVKOA0. Otav 0 TLPNVIG TNG
EPOPLOYNG OYNUOTIOTNKE, Kot 1] cLVEVOOT EAafe xdpa pe emTuyic, okolovOnoe
avadlapOpwon g SETPAVELONS TNG EPOPUOYNG Kol 1| TPOGHNKN VE®V AEITOLP YLDV
(koAvTEPN Sroyeipion molvvnpatikdmrag, Oonyoc Avolypatos-®@optmong apyeiov,
amobnkevon ypaewv oe apyeio swovag, Eyyxelpidio Xpnoneg, ecaywyn ailyopifumv
duataéng ypdowv, Suvapukn aAANAEniopacn He YPAPOVS, dLOdPAGTIKY| TAPOLGINCT
ATOTEAECUATMOV TOPOUYDYN TEPUTTAOGEWV EAEYYOV, cvuPatotnta AX, K.AT.) pe otdY0 va
BonBncovv v TAonynomn Tov ¥pPNoTN 6TO EPYAAEID KOl TNV TOPOYT TEPLGGOTEPMOV
TANPOPOPLAOV OTOV AVTEG YPEELOVTaL, OTA TAAICIO UG PIAKNG TTPOG TOV XPNOTN
OlEmaLQ.
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Kepararo 1

Ewayoy

1.1 Ynoxivnon Epevvag — Kivntpo

1.2 "E\eyyoc Aoyiopikov ofpepa

1.3 Avdéivon mnyaiov KOOKA

1.4 Anuovpyia ypaoov — ypo@ikl aretkovion
1.5 Hoepayoy lepurtocemv EALyyov

1.6 Ileprypoon epyoieiov

1.7 Aopn Awmrhopotikig Epyaciag

1.1 Ymoxkivnon ‘Epevvag - Kivntpo

OMLot 6601 gumhékovion 6TOV YHOPO NG TEYVOLOYing Aoyioukol yvopilovv 6t 0 €Aeyy0g
Aoywopkov givar po dradikacio emavaiapPoavopevn kot dkpog amapoitntn kob' OAeS TiC
@aocelg avantuéng tov Aoyiopkob. Eival éva avaykaio kakd mov tolommpel o1evbuviéc,
OYEOOTEG, AVAAVTES KO TPOYPOUUUATIOTEG LE EPMTICELS TOV TOTOV :

Ti eldovg €deyyog Oa Tpémet va yiver ;

Ao mowdv Ba mpémet va yivel ;

[Mwg Ba mpémetl va mpaypatoromei:

[To1e Ba pmopet va BempnBel 011 0 ELeyyog TOV Eyve glvor ETOPKNG;

AVGKOAEG EpOTNOELG GV OVTEG PPICKOVV ATOVTNGCELS O TEYVIKEG EAEYYOV AOYIGUIKOV Ol
omoileg UmOpoLV va avoyvopicovv advvapie o€ KAmowo onueid TG €QOPUOYNS, Vo

kaBopicovv 10 Babud ¢ TodTNTAG TOL KOdIKA Kot va emPePotdoovy v menoibnon o6t



EQOPUOYT Oyl HOVO €ival YPNOIUOTOMGIUN OAAG OTOOOTIKY , OMOTEAECUOTIKY Kot OTL
KOVOTOlEl TIG OMOUTNOES TOL TEAATN-YPNOTN YOPIS Vo mopovcldcoel ampOPAenteg
ooumeplpopés. Ot ampOPAenTEC GLUTEPIPOPES OVTEC pmopel vo onuaivovv  AdOm,
OCLVETEIEG OTOV KOO, COAAUOTO, KOKN Jwyeipion mopwv, kim. Tétowov gldovg
GUUTEPIPOPEG UTMOPEL VO TPOKAAEGOLV OO GTMOAELNL EUTICTOGVVIG TPOG TNV EPAPLOYT,
EKVELPIOUO GTO YPNOTN, AMMAELD CNUAVTIKOV OEOOUEVMV, VO KOGTICOVV YpOVO Kot Yp1Lo
GTOVG YPNOTEG N akOUN Kot va Bécovv og kivovvo avBpomveg Lwég, 0Tav avaElomaoTeg
EQOPUOYEG e AT €AEYXO EVOOUATMVOVIOL GE GULOTHUOTO TAONYNONG OVTOKIVITOV,
OEPOTAAV®V, GULCGTNUOTO  OCPOAEiog, —pnyovhiuato wIpkng  mepiBoiyng, K.0.K.
Avtihapoavopocte Aomdév TOC 0 EAEYXOG AOYIGHIKOV Ogv givon amAd o dtadikacio
damavnpn og xpovo kol xpripo oAld akpoywviaiog AMBog otnv Tapoywyn AOYIGUIKOD Kot
pa Bacikn tpoimdBeon yio k4O eQapUOYN TOL TPOKEITUL VAL KUKAOQOPNGEL GTNV 0lyopd.
IMa 10 Adyo avtd dnovpyeitar n avdykn VToPENS OGS OAOKANPOUEVIG EPOPLOYNG TTOV VoL
TOPEYEL CVTOLOTOTOINUEVO EAEYYO, TOPAYOVTOC TEPUTTOCELS EAEYYOL Kol £YOVTIOG YVAOON
NG AELTOVPYIKOTNTOS TOV TTPOYpappatog (white-box) va eyyvdtor cuykekpiuéva, gupéme

YPTCILOTOLOVUEVA KPITHPLOL KAALYNG LLE VOV EDPLT] KO ATOTEAEGUATIKO TPOTO.

1.2 "E)eyy0¢ LOYIGUIKOV G UEPT

Ymapyovv TOALEG mpoceyYiceES OGOV apopd Ta €101 EAEYXOV AOYICUIKOD TOV UTOPOVV VoL
yivouv. Avtd e€aptdTon omd TO MO0 OMTIKN YOVIO TNG EQPUPUOYNG HOG EVOLOPEPEL VOl
eléyEovpe. Avaueca oto €0m avtd, stvor o €heyyog povddwv (unit), amdOooNC,
AELTOVPYIKOTNTOGC, SIEMPAVELNS, AGPAAELNG, K.0.K. O €Aeyyog umopel va yivel oTatikd, omd
opdoeg EAEYKTOV (TPOYPOUUOTIOTEG, OVOALTEG) Ol OMOIOl TPAYHOTOTOOVV TEeVIEWS,
walkthroughs 1 inspections otTov K®JWKO TG EQPOPUOYNG LIO-EAEYXO 1N OLVOUIKG E
avEALGT TOV KMOKO Kol EKTELECT] TOV UE OEOOUEVO GVVOAD aTd TEPMTMSELS EAEYYOV (test-
cases). Avtd pmopel vo yivel Kol PE TN YPNON OVTOUATOTONUEVOV EpYUAEiv. nuepo
VILAPYOVV TOALA epyaleion TOV TAPEYOLY dLAPOPa €0 EAEYYOL AOYICUIKOD, OTTMOC EAEYYO
KOALYN G KOJKA, EAEYYO YO0 S10ppOn] UVNUNG, OVAALGT TOL KMJKA, VpecT e€apTHoEDV

péGa GTOV KMIK, EAEYYOC 0mis00dpouNnoNg (regression testing) KA.



Yndpyovv dvo kOpileg péBodot, Onme Bao dovpEe AVAAVLTIKOTEP GE EMOUEVO KEQPAAOLO Y10 TOV
éleyyo Aoyiopkob. H mpmdtn pébodog, pavpo kovti (black box) avripetonilel Tov kdduco
™G €POPUOYNG GOV €va LOPO KOLTI, TOL OMOIOL 1 E0MTEPIKY] LAOTOINGT Kol TPOTOG
Aertovpylag elval Ayvooto. Xvvortikd, avtd mov BElel va emtdyel o €leyyog black box
elvar dedopévov Kamowwv €1660mv (inputs) vo SOMICTOCEL €QV TO. OMOTEAEGHLOTO Efvort
OVOUEVOUEVO KO OV TNPOVV TIG TPOSLAYPAPES KOl ATOTNOELS TG E@aployns. Eidn edéyyov
black box [9] elvan ta €€0¢ :
equivalence partitioning, boundary value analysis, all-pairs testing, fuzz testing, model-
based testing, traceability matrix, exploratory testing and specification-based testing.
Ta mieovekTNHATO AVTOV TOL €100VE EAEYYOL €lval OTL 0 AEYKTNG OV KAveL EAeyyo black
box €xet éva amho okentikd : “TIpénel va Bpo cedipata”. Aev vrdpyel Kaveévas OEGHOG
OVALESH GTOV EAEYKT KOL TOV KMOIKO KOl avtd TOAAEG QOPEG onuaivel 0Tt pmopet mo
gvkola va PBpel meprocotepa AGON amd OTL 0 GLYYPAPLENS TOV KMOKN. ATd TV GAAN
mhevpd, o éheyyoc black box eivor cav va mepmatder o gleykng o€ évav GKOTEWO
AapopvBo yopic g : pmopel va ypelaotel va Tapdyel TOAAEG TEPUTTMGELS EAEYYOL YO VOl
Bpet éva. ceaApa, KATL TOV AV glxe YVAOON TOV KON B puropovoe iowg va yivel pe pia
uovo mepimtwon eAEYYOV.
H éAAn pébodog eivar n péBodog dompov kovtiov (white-box) edéyyov. Toppwva pe avt
TN 1UEB0JO 0 ELEYKTNG TOL KMOKO £XEL YVMOON TNG LAOTOINGNG TOV KMOKA, TOV EGOTEPIKDV
dopmv dedopévav Kot adyopiBuwv. Eidn tétolov eAéyyov givan :

e API Testing — éAeyyog SleMPAVELNG EQAPLOYDV

e Code Coverage — Anpovpyia EAEYY@V Y10, TNV IKOVOTOINGT KpLTnpimv KdAvyng
KOJKO.

e Fault Injection Methods — MéBodot mposOnkng ceoipdtwv

e Mutation Testing Methods — MéBodot eAéyyov petdAiaing

e Static Testing — Xtatikdc éreyyos. H teyvikn dompov kovtiod nepthappdver OA0 Tov
oTATIKO EAEYYO.

To €idog mov pog evolaeépel meplocdTepo Kat Oa avaivbei oe fABog 610 EMOUEVO KEPAANLO
glvar 1 kdAoyn tov KOowa. Ot Mo TLmIKEG TEXVIKEG oYediaong KAAvyNng Kodwko

Bacilovtal otovg ypdpovg porg eréyyov (control flow graph) xou pong dedouéveov (data



flow graph ).

Oa mpénetl va onuelwbel oe owtd 10 onueio OTL GTIG PUEPES HOG LILAPYEL KOt ol Tpitn
péBodog eréyyov mov cvvdvdletl Tig dvo mponyovueveg [10,11]. Eivor n pébodog eréyyov
YKptl Kovto¥ (grey-box testing). H ¢grhoco@io avtov tov eAfyyov elvar 0Tt VTApyEL YvdoN
TOV ECOTEPIKAOV OOUDV Kot aAlyopifumv Tov KOOKA Y10 oKomoHg oyedioong Kol HOVo TV
TEPMTOCE®V EAEYXOV, €V O €Agyx0g yivetoanr pe v agapetikdtnto tov black-box
eréyyov. Xmnv pébodo avt| pmopel vo coumepAn@Bel Kot m TEXVIKN TOL reverse
engineering yio kKoBopiopd pnvopdtov Aabov kot axpaiov tipdv (boundary values).
[Teprocotepo PaBoc oToV EAEYXO AOYIGUIKOV, TIC TEXVIKEG, EPYOAEIN KO AMOTEAECUATO GE

dlapopa Asttovpyikad cuothpata diveton otn PiAtoypaeia [8, 9, 10, 11, 13].

1.3 Avdaivon mnyaiov KOSKa

H avéivon tov mnyaiov kddwo eivor po dwadwkacio otatikn (static analysis), dnioon|
OLEKTEPULMVETOL YWPIG TNV EKTEAECT] TOV AOYICHKOV. XTI TEPICCOTEPEG TEPUTTACELG
yivetar pe Baon tov mnyaio Kodwo kot oyt 10 eKTEAESIHO apyeio. H moAd onupavtikn ovt
ddikacio mpoypotomoleitor avtopoTe omd ePYOAEiO-EQOPUOYES Kol TAPEYEL TOAAES
ONUAVTIKEG TANPOQOpies Yia Tov kddwka. To mapdv epyareio mpaypatonolel T dadtkacio
pe ovoAvtég (parsers), 6nwc Ba dovpe oe peyaAvtepo PABOC 6T GUVEKELD KOt dnpovpyel
Ypaopo porg dedopévmv (data flow graph — DFG) , ypdeo pong eréyyov (control flow graph
— CFQG) kot ypdpo anotnoewv (dependence graph — DPG).

1.4 Aqmovpyio ypa@ov — ypo@ikn aretkovion

H dnuovpyia tov yphowv, mov éneton tng oviAvong Kadika givor pio amd Tig SuvaTOTNTEG



tov gpyoieiov. H ypapikn avamapdotacn ypaewv eEaptioemy, pong dedoUEVOV Kl por|g
eréyyou elvar daBéoyun yu Tov ypnotn mov mpaypoatonotel EAeyyo. BAémovtag ypagpucd
évav yphoo umopovv va e&oyBobv ypNoie GLUTEPAGHOTE Kot VO EvTomicBovv Adbn M
ATEAELEG 1) TEPIMTOGELS OTIC OMOlEG M VAOTOiInoM dgv avtamokpiveTon otV cxediacn Tov
ocvotnuatog. Ekto¢ amd ovtd, mn onuovpyin TV YPAO®V KOl 1 YPOPIKT] TOLG
AVOmOPACGTACT OTO TAVEL givor €va evatdpeso Prpa yio v eEaymyr] LOVOTOTIOV Kol

e&étaon tov €idovg kKaAvyng mov £xetl emieyOel.

1.5 Avtoparomompévny Hapayoyn Heprrtooewv EAEyyov

H mopayoyn mepumtdcemv eAéyyov, &ivol o €TOVOANTTIKY] ETITOVN KOL OTTOLTNTIKY|
owdkacio aAAd dkpog amapaitntn oVT®G OoTe va pmopel va gyyuonbel 6tL to TPOidV
Aoylopkob €xel ereyyBel o1e€odkd, tnpel TIC TPodlypapEc Tov Kot dgv Ba TPOooPEPEL
dvodpeoteg ekmANEELG oToVg YpNotes. Eivar mpogavég Aowmdv 4tL av vty 1 dadtkacio
pumopel vo. ovtopatomomBet, o €leyyoc Oa yivetar ToyLTEPO, ATOJOTIKOTEPO, KOL LE
peyaAvtepT aflomotio amd TNV aVTIoTOLN YEWPOVIKTIKT TOPAYWOYT TEPUTTOCEDV EAEYYOV.
To mapdv epyoreio, €xel oxedloTEL Y VO SIELVKOADVEL TNV TOPAYWOYN TEPIMTMOOEWDV
eréyyov pe v avtopatonoinon ™me. To pdévo mov amarteiton amd Tov ypnotn ival vo
emAié€el to apyeio kdOwa mov emBouel vo ehéyéel, kol 10 €100¢ kdAvyng oto omoio
otoyevel (avaroya pe to €100¢ Ypapov mov ompovpyeitat). Avtd PEPara o onpaiver ot
dev umopel var €l TIG TPOEMAEYIEVEG TOPAUETPOVS KOt VoL TIG Tpomtomooel. H mapaywyn
TEPMTOGE®V EAEYYOL yiveton pe T Pondela pog €vELOVS EVPETIKNG TEYVIKNG, TOVG
YEVETIKOVG adyopiBuovg, 0mmg Ba dovue oe PdBog oto tétapto kepdiao. H dadwacio
QLTI EUTEPLEXEL OLVOUIKT] EKTEAECT] TOL TPOYPAUUOTOS UE TIC TEPUTTAOGELS EAEYXOV TOL
mopdyovtal, aSloAdYNGY| TOLG Kol KOTAUETPNOT TOV OKUOV/LOVOTOTI®OV TOV KOADTTOVTOL

KOTO TNV EKTEAEDT).



1.6 Ileprypaon epyaireiov

To mapov epyareio, BPAS & ATCGS , oyedidotnke yia vo KAADYEL TIG OVAYKES OUTES TTOV
TPOKLITOVV OO TNV TOALOATOVN Kot XpovoPopa d1adtkacio Tov EAEYYOV AGTPOVL KOLTLOV.
Elvar éva  oloxAnpopévo epyodeio ovOoivong KMOKO, TOPAY®OYNS VPOV Kot
QUTOUOTOTOMUEVNG  TOPAYOYNG TEPMTAOCEDV EAEYXOV HE  €LQLEIS TEXVIKEG TOV
amodedetypévo mpooeyyiCouv v Bédtiotn Adon tayhrtata, o€ ox€on UE TOPASOGLUKESG
TeEXVIKEG EAEYYOV. Mmopel va eyyunBel otov yxpnotn vynid Tocootd KdAvyng tov Tnyaiov
KOOKO TOL EMAEYEL LE YVOOTA Kplrtnplo kdAvyng onwg edge/condition, Ntafos coverage
[4,5] , k.0.x. Ot TOPATAVED ETIYPOUUOTIKO OVOPEPOLEVES OLVATOTNTEG TOL €PYUAeiov
TAOICIOVOVTOL GE €VOL QIAIKO TPOG TOV XPNOTN YPAPIKO TeptPdAlov, pe €0KOAo otnv
TAONYNON HEVOL EMAOYDV, online gyyepidto ypHong Kot TOAAEG EVIUEPMTIKES 000OVES Yia
™V Kotdotaon ¢ emieyuévng Aettovpyiog. Olo avtd kot véeg mpocheteg Asttovpyieg
elvar dwbéopa oe kébe yprotn aeod 10 POVO ToLv YpetdleTar Yo xpNon Tov gpyaieiov

elvar évag euAlhopeTpng Kot eykateotnpévn v JAVA (ékdoon 5 1 vedtepn).

1.7 Aop Autrhopotikic Epyaciog

To TPDTO KEPAANO GTOYEVEL VO EIGAYAYEL TOV OVOYVMDGTI GTO GTOYOVG TNG OUTAMUATIKYG
aVTNG €pYOciog, TNV OvAyKn mov dOnoce ot oyxedioom Kot LAOTOINoN Tov €pyOieiov
aLTOV KOl VO TOPOVGLICEL EMYPOUUATIKE HEPKEG amd TS Pacikég Asitovpyieg Tov.
[HopdAinia, yivetor oprofétnomn tov pOAOL TOV TAPOVTOG EPYAAEIOD GTOV YDPO EAEYYOL
Aoylopkov  pe  Paon T peBoddovg Ko TERVIKEG OVAALONG Kol  EAEYXOL  TTOL
YPNOUOTOIOVVTOL. ZTO OEVTEPO KEPAAOLO, YIVETOL OVOPOPE GTOV EAEYXO AOYIGLUKOV, MG
AVOTOGTOGTO KOUUATL TOL KOKAOL {®NG TOV AOYIGUIKOV. AVOQEPOVTOL TEPTYPOUUUATIKA Ol
KOpleg HEBOSOL €AEyyOL AOYIGHIKOD 7OV  YPNCIUOTOOVVTAL CNUEPD, KOl ETLUEPOVS
Ol PIGHOL AvaPopIKA Pe ToV Tpdmo mov otegdyetat o Eleyyog. I'ivetan avagopd ota £1on
YPAP®V TOV SNUIOLPYOVVTAL OO TO EPYUAEID KOl EIGAYEL TOV OVAYVAOGTN GTO €101 KAALY™G

OV EMTLYYAVEL TO gpyarelo. ZTo Tpito KePAAMO emenyeitan 1 TOPAYWOYY TEPIMTOCEDV



eEAEYYOL, YVOOTA €101 TNG, 1 OVTOUOTOTOINOT TG OLOOIKAGIOG TOV TPOSPEPEL TO EPYOAELD
Kol 0 TPOTOG LE TOV OVTN TPAYUOTOTOEITOL XTO ENMOUEVO, TETAPTO, KEQAANLO YiveTaLl Lo
O1eE0d1KN avdALGN TOL EpYOAEIOV, TOV AEITOVPYIKOV KoL UN-AEITOVPYIK®V OTALTHCEDY TOV,
™G AEITOVPYIKOTNTAG Ko NG €EEMENG TOv. AvoAvovtal ol VEES Agrtovpyieg mov
nmapéyovtal, n pebodoroyia epyaciog mov akolovdnOnKe, avapopic Kot GUYKPIGES e AAANL
mapopow epyareio, Kot TEAOG yivetal o Eevaynon oto epyoieio e GEVAPLA YPNIONS TOL.
To méunto kePdroro cuvoyilel To CLUTEPACUATO TTOL TPOKVLITOVY OO TNV EKTOVION TG
OUMAMUOTIKNG €PYOCiOg Kol YivOovTol avaQopég otV HEALOVTIKY] OOVAELL TOL UTOPEL Vo
npaypatoromBei. Téhog, o Tapaptmua A mepiéyer to Eyyepido ypnong to omoio ivor
YPOUUEVO OTNV aYYAIKT] YAMOoO Kot €ivol eVOOUUTOUEVO akplBdg Omwg avtd eivor
dwbéowo online péow tov epyareiov. Omwc avrirapPovopacte, AOym Tov OTL TO
Eyyepido Xpnong (Manual) amotehel Tunpo g €poproyns, N YAOGGO GUYYPOUENS TOL
kpiBnke okdmpo va elvor M ayyAikn vy Adyovg dieBvomoinong tov epyaieiov kot
dtevkOivvong Un-eAMvoeovev ypnotdv. Ocov aeopd 10 Tapdv KeIPEVo, TANV TOv
[Mopaptnpatog A, n YAOCoH GUYYpaeng tvol 1 EAANVIKY. EEvn opoloyia GYETIKT LE TNV
Emomun g I[Anpogopikng petoppdletor ota €AANVIKE, ®OCTOGO G€ OPICUEVES
TEPUITAOGELS Olatnpeitor  pUévo M ayyAkn opoloyio. agod 1 UETAPPOCT OTO EAANVIKA

Kpiveton dokomn Kot Oa ropovoe vo aALOIMGEL TV EPUNVELQ.
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2.1 Enpoocia — O@éin EA&yyov Aoyiopikov

‘Eleyxog Aoyliopikod givor 1 01001KaGio. IOV GTOYEVEL GTNV €VPECN GPUAUATOV UE TNV
ektéleon evog mpoypdhupoatog [11] 1, evoarlokTikd, KAmow GEPE EVEPYEIDV TOL GTOYEVEL
otV o&loAdYNoN €VOC YOPAKTNPIOTIKOD 1 MG OLVOTOTNTOS €VOC TPOYPAUUATOC 1)
GLGTNUATOG KOl TPOSTOOMVTOS Vo KaBopicovpe Katd mOGO 1KOVOTOLEL TIC OTOLTIGELS TOV
KOl OTOQEPEL TO OVOUEVOUEVO OMOTEAEGUATA. AVTO TOL EMOIOKOLUE HE TOV EAEYYO
AOYIGUIKOV €ivol VoL EVTOTICOVE KO VL LITOPECOVLE KAT' ETEKTOCT] VO TPOGOLOPIGOVLLE KO
va 010pfdGovpE TOVG TPOTOVG TOV UTTOPEL VO, ATOTVYEL TO AOYIGUIKO, VO ELOOVIGEL ONAOON
avemBOUNTN GLUTEPLPOPE AOY® CQUAUAT®VY. Xe avtiBeon pe GALQ GLGTAUATO, OTTMOC Yo
TAPASELY LA NAEKTPOAOYIKE, dEV UTOPOLUE VA TPOGOopicovpe pe akpifela Ta aitio g
amoTVYiag EVM o€ HeydAov peyéBoug Kadika, 0TS o€ pia Leyding khipokag epoppoyn. To
va gvtomicovpe OAa Ta mhavd £10M arotvyiog Aoyioukol Qaivetol va £ivot avEPIKTO apon
dev eival TPOPANUOTE KOTOOKELOOTIKG 7OV UTOPEL VO EUPAVIOCTOVV AOY® QLOIKOV
QovopEVOVY, OmOG £va MAEKTPOLOYIKO KOKA®UA 1 éva KTipto, aAld sivor Aoyikd AdOn
oYEOGHOV T OTToloL AV Yivouv kot dgv eviomicBovv kot dtopbwbBodv Ba mapapeivouy yo
TOVTO EVOOUATOUEVO GTNV EPOPUOYN MHEXPL VO YIVEL GUVINPNON NG EPAPUOYNS M VO
arocvpbel. Méypt t0te, N €papuoyn Oa mepiéyel Aabn ta omoia Ba ayvoohv ot oyedIoTEG
KOl TTPOYPOUUOTIOTES TG OTMC EMIONG KOl Ol YPNOTES TNG, TO OTOi0 UTOPOVV KAT® 0o
KATOL GEVAPLAL XPNONG VO ELPAVICTOVV KoL VO £YOVVE AVETBOUNTO 1] KOl KATOGTPOPIKA
OTOTEAECLLATA.

AmO TIC mepacpEvVeg OvO  deKaetieg, vaNPYE £voc ATLTOG Kavovag mov BEAEL TOLg
pnyovikovs Aoyiopkod oe kébe peydAng kApokag cVoTNUO. OV KataokKevdlovv, vo
Eodevovv mepimov 10 50% 1oL YPOVOL TOVG GTOV EAEYYO TOL AOYICUIKOV KOl TEPIGGOTEPO
and 10 50% Tov KOGTOVS TOV AOYIGUIKOV VO SOTAVATOL V1o TV O0d1KAGIo TOV EAEYYOV
emiong. Inuepa, wopd t Pondeta Tov TapPEXETOL Y10 TUTIKO EAEYYXO OO GOYYpOVa EpYAAEia,
Kol Topd TIG EPEVVEG KOl TIG TEYVIKEG EAEYYXOVL TTOL €0V avamTLyDel, 0 Eleyyx0g Aoyiopukol
TOPOUEVEL O OO TIG ALYOTEPO OVOTTLYUEVES OOIKAGIEG OGOV apOpd TIS (ACELS
avamrtuéng Aoyopkov. EmmpocOétmg, oty emoyn pog, pe tv poydoio epeavion Kot
eEEMEN TOAAGDV YAMOO®OV TPOYPOUUATIGHOD, AEITOVPYIKOV GUGTNUAT®V Kol TV OVOTTUEN

TAOTQOPUDOV VAIKOV 0 €Aeyyog Aoyliopkoly yivetor oxkOun mo OSVOKOAOG OAAG Kot



TEPLGGOTEPO Ovaykaiog. Avaykoiog yiati mépav Tov yeyovotog OTL 0 €Aeyyog eivar po
YPOVOPOpO JadIKAGIN, KOl TEPAV TMOV OWKOVOUK®OV TOPAYOVI®mV (aEnon KOGTOug GTa
projects, K.Am.) telvel va AdPel kot pia dAAN, mo avBpomokevipikny didotaocr: Eivol
avapeifolo OTL OTIGC HEPEC HOG Ol TAEWVOTNTO TOV OvVOPOTOV YPNCIUOTOlEl TOVG
NAEKTPOVIKOVS VTOAOYIOTES YO EMOYYEALOTIKOVS AOYOVLS, GE  OlApopo  AEITOVPYIKA
GLGTNUATO, KAVOVTAG XPNOTN EKATOVIAOMV EMAYYEALOTIKOV EQOPUOYDOV OO TIS OTOiEg
QVOUEVOLV OTTOOOTIKOTNTA KOl OOTEAECUATIKOTNTO KOl Ol OTPOPAENTEG GLUTEPLPOPES
Ao TAELPAG EPAPLOYNG TOV UTOPEL VO 0O YICOVV GE GOAALATO, OTOAELD OESOUEVOV KOt
exvevpiopo. ‘Exyovtag avtd vrdyn pog, avtihapfovopuacte 0Tt 10 AOYIGHIKO TOV YPAPETOL
Ba emnpedost SuYNTIKG EKATOUUVPLO AVOPOTOVS Kol OEV LITAPYEL YDPOG Y10 AOYICUIKO TOV

elvat aotafég, un-amodotikd Kot ampoPAento [11, 16].

AaOn otov kddKa, bugs, Bo vIdpyovvE TAVTA GE AOYIoUIKO, Kot ovTo o€ cuuPaivel Adym
apéielng, avevbuvotrag 1N avikavoTnTag TOV  TPOYPOUUOTIOTOV  OAAG  yoti 1
TOAVTAOKOTNTA. TOV AOYIOHIKOD pmopel vo  givol amepldplotn Kot ol avOp®OTIVES
dVVOTOTNTES, OVTOG TMEPLOPIGUEVES, OV UmOpPoLV va TV avipetonicovv. H aviyvevon
ABdv otov Kddwo givor gt avoddymg  emimovn  Odikacio. AOy®  auThig NG
TOALTAOKOTNTAG. AOY® NG EAAEWYMG aAANAOVYI0G HETAED TOL DAIKOD KOl TOV AOYIGUIKOV,
0 éleyyog tov axkpaiov Tipndv (boundary values) dev emopkel yio va gyyondel opfotnta
kootka. Oleg ot mbBavég Tpég Oa mpémet va ereyyBobv aALG KATL TETOL0 POIVETOL AVEPIKTO.
[Ma mopdoetypa, yio €vo omAd TPOYPOUULO TOL TO HOVO OV KAVEL €lval va, TpocHETel dvo
axképatovg apuote 32 bits, Ba ypealdpoctav 2764 SOEOPETIKEG TEPIMTMOGELS EAEYXOV
(test cases). Qotdco 7y va efetdoovpe 18446744073709551616 meputtdoelg Oa
ypeWlOpooTaY  EKOTOVTAOES YpOVID, OoKOUN Kol ov  &lyape 1t  dvvardotnto  va
TPOYLLOTOTOLOVLE YIAAOES EAEYYOVG TO GEVTEPOAETTO, KOl OVTO Y10l VO, LTTOPOVUE VO, TOVUE
pe BePardotnta 41t 0V LILAPYEL KATOLO GEAApO Kot OTL TimoTa dev Ba whel oTpafd Katd v
TPOchecT) dVO OTOLOVINTOTE OKEPAIMV APOU®VY, AveEAPTNTO UE TO DAMKO KOl TIG TYUES TTOV
Ba mapovv ot apBuol avtol. X peaAoTIKA GEVAPLO YIVETOL GOPEG OTL 1] TOAVTAOKOTNTO
glvol Kot moAd moAhamAdola amd avtiv. IlapdAinia, 1 mwolvmAokotnta avéavetal

KatoKOpuea av AneBodv vrdyn mOPAUETPOL TOL UTOPOLV va. d0BobV amd dedopéva
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TPOAYLLATIKOD KOGLOL Kol OO TOIKIAOTPOTES Kol GUYVA ampOPAETTEG AAANAETIOPAGELS TOV

YPNOTN LE TNV EQOPLOYN KoL TO TEPPAALOV TNG KOl O ¥pOVOG TTOL LT B GVUPOVV.

[T onuavtikd, por peydAn 101ontepOTNTA TOL AOYIGHIKOD €ival 1) OLVOLUKT] TOV GUCT] TOL
Ko 1 wovotnTo v aAAGCeL ko va e€eliooeton kot T dtdpkel ypnons tov. O tpdmog e
tov onoio eEeloceTan Kot extedeiton eivan o peydio Padbud anpdpfrentog agov Pacileton
ocunBwg 6e £16600VG TOV AopBdvel amd TOV YPNOTH GE GLVOVAGUO e TPEXOVGES GLVONKES
TOV UNYOVILLOTOG OTO OTOi0 TPEYEL KOt GAAES cuVONKeS OV APOPOHV TO TEPIPAAAOVY TNG
eQOPUOYNG. Akoun, o€ mepintwon mov Ppebel KAmMolo GPAALN GE TPOKATOPKTIKO GTASIO
EAEYYOL LLE YPNON HOG OELPAG TEPIMTMOEMV EAEYYOL, KOl 6T cuvEXELN OlopOwbel, TOTE dev
UTOPOVUE TAEOV, UETE TNV OAANYY| TTOL ETPEPOLLE VO €yyonBovpe OTL OAEG O1 TEPUTTAGCELG

eléyyov (test cases) mov giyov dokipacHel péypt va Ppebei 10 cpdipa Ba ioybouv.

2.2 Eiom gréyyov

O éheyyog Aoylopikod umopel vo mpaypoatomombet eite 'yepovaxtikd' (manually) omd
TPOYpPapUaTIoTEG Tov B dwPdoovv TV kdowKa, OBo edéyEovv amoteréopoata, Oo
Tpoomafcovy va  gvtomicovv OmPOPAENTEG CLUTEPIPOPES 1| AdBog omoteAécpaTa
aKOAOVOOVTOG Lo GEPA JAOIKACLOY Kot apy®dv €ite Ba yivel avtopatomompéva, pe
ypNomn Kamotov epyareiov 1o omoio Ba AaPel wg 16000 TOV LITO-EAEYYO KOO Kot pe Pdon
Kémow kpurnplo O edéyEel av avtdg TANPOL TIG TPOSAYPOUPEG TOV KO EVOEYOUEVOC LE
YPNON TEPWTOCEMV EAEYYOVL (test-cases) vo KAAVWEL KATOW KPP IOV E€YYLAOVTOL

Kavomom ko €leyyo (white-box 1 black-box).

2.2.1 XepovokTikog £Leyyog
Ocov agopd 10 Yepovaxtikd €heyyo [11] (mov dev Ba efetdoovpe oe Aemtouépela),

UTOPOVLE VO TTOVUE EMAEKTIKA HEPIKEG aPYEC TOV UTOPOVV Vo, akoAovdnBovv kotd tov

éleyyo (guidelines) :
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Apxés

Evo. avaykoio tunuo piog TEPITTWONS EAEYYOV €IVal O OPIOUOS TOD GVOUEVOUEVOD
OmOTELETUOTOS THGS ECOOOD.

O mpoypopuatioths o TPEmEL Vo ATOPEDYEL VO, EXLYEIPEL TOV EAEYYO TV OIKMDV TOV
TPOYPOLUCTOV.

Evag opyaviouog/emiycipnon o nrov kaAd vo unv emiyeipel vo eAEyxEl TO. OIKG
TOV/THG TPOYPOLUATO.

Emifalreton d1elodixog éleyyos kabe teor.

Lepimradroeis eAéyyov Qo mpémel va yppovial TOG0 yio. EYKOPES TIUES ELGOIOD OGO Kol
VIO, OKVPES KL OTPOPAETTES TIUES.

H g&éraon tov mpoypduuatos yia va owomiotwblel ov dev kaver ovtd mov Exel
vAomomnBei vo. kavel eivor n pion poyy. H aiin won eivou vo, eletaotel av kaver ovta.
mov dev Ba émpeme va KAVeL.

AToQUYN TEPITTOTEDYV EAEYYOV IO YPHONG, EKTOS KOL OV 1 EPOPUOYN €Ival UIOG
xpnone.

Na un yivetar oyedloouog piog mpoomaleiog eAEyyov UE TO OKETTIKO 0Tl dgv Ha
Ppeboiv Labn.

H mBavotnta dmaplne mepioootepwv Aabmv oe pio mepioyn tov KWOOIKo EIVOL
avaioyn ue to. AaBn to. omoia Eyovv non Ppebel arny meproyn avty. [ Iivaxkag 2.1 |

O éleyyog eivar éva eCoipeTikd. ONUIOVPYIKO EPYO Kal ULG. OLOVONTIKG OTOITHTIKY

Aertovpyia.
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The Surprising Errors Remaining/Errors Found
Relationship.

Probability of the exisience
ol additional errors

MNumber of errors found already

[Tivaxag 2.1 [11]

O yelpovakKTikOdg EAeYY0G, | OAAMDG 'avBpdmivog ELeyyod', eivarl 1 dtadkacion EAEYYOL TOV
dev Paciletor o €heyyo pe v ypNom vmoroyotn (non computer-based testing) xot
EMTLYYAVETOL LE TPELS KLPIWG TPOTOVG :

* Program inspections

=  Walkthroughs

= Reviews

Ta program inspections (1] code inspection) ko walkthroughs sivor apketd mapopoleg
dladKaoieg.

Kotd ™ dudpketa Tov program inspection po opdodo avlponwov dwafdlet, 1 eEAEYYEL OTTIKA
TOV KOOIKA. XTIV Opado vt Nyeitol £Vog GVVTOVICTNG O 0TTO10G eV EIVaL O GULYYPOPENS
TOVL KOOKO VIO EAEYY0 Kot £fvar LTEHOLVOG Y10 TOV GUVTOVIGUO, OPYAVMOCT] KOl KOTOYPAPT

TV AaBOV Katd TN didpkelo vOg inspection session. TOco T program inspections 660 Ko
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ta. walkthroughs amottodv pio wpokotopkTikny d0VAELD. XTOY0G €ivon 1 aviyvevon Tov

mBovov Aabav (bugs) aArd ox1 1 d10pBwon Tove.

Walkthrough givor n dadikacio Katd tnv onoia pia opdda, cuvRO®G 3-4 TPOYPUUUOTIGTOV
and Tovg omoiovg HOVO évag amd aVTOVG E€ivol O CLYYPOQPENS TOL  AOYICUIKOD,
ekmAnpavovtag £tol o amd Tig apyés (guidelines) mov mpoovaeépOnioy, dnAad” OTL
aLTOC TOV EYEL YPAWYEL TOV KOJIKA TEIVEL va vt AYOTEPO OMOTEAEGULOTIKOG GTNV €0PEST
ABdOV 6TOV KMOOUKE TOL.

Ta walkthroughs eival amotelecpatikd yioti GUUUETEXOVY KOl GAAOL TPOYPUUUOTIOTEG
EKTOG TOL GLYYPOPEN TOV AOYIGHIKOL Kl £TGL OVOKOAVTTTOVTIOL TTeplocoTepa AGON. 'Eva
axourn mieovéktnua givatl 0Tt 1 HEB0SOG AT ATOKOAVTTEL OPKETA AGON GE cLYKEKPLUEVOL
ONUElD TOV KAOJIKO KOl EMTPEMEL O€ UETEMEITO OTASI0 TNV Halkn Tovg O16pHmon,

HELDOVOVTOG CTIUAVTIKA TO KOGTOG TNG AMOGQUALATOONG.

Q01000 o1 mopandve pEBodor cuvnbwe cvvopapovy oty gdpeon tov  30%-70% TtV
AaBdV oTovV oYedlOGUO KOl TN AOYIKN TOV KMOWKO OAAG dgv givol TOGO OMOTEAEGUOTIKEG
000 ot puéfodol Paciopéveg oy xpNom €PYOAEIOV EAEYXOL AOYIGHIKOD LE VTOAOYIGTN
(computer-based) ot omoieg pmwopovv va avakaAvyovv, dnmg Bo S0VUE AVOAVLTIKOTEPO GTN

GULVEYELL, TEPIETOTEPO AAON VYNAOTEPOV EMTEOOV GYESOGLLOV.

2.2.2. Avtopatomounpévog £AeY)0g

Me 1oV 0po avTd, evvoovue Tov €Aeyxo o omoiog AauPdvel ydpa vroBonbovuevog and
KOTOwL EPAPLOYN 1 OTOlo TPEYEL GE EVOL LTOAOYIOTIKO cuoTnua (computer-based testing/
computer-aided testing). Ymdpyovv mOAAEG avelaptntec eQoapuoyEC M epyaiein
EVOOUATOUEVO UE TPOYPAUUOTO oLVTAENG KOU  UETAYAMTTIONG KOOWKO TO. Omoio
TpaypaTtomolovy Edeyyo pe Paon tig teyvikég back-box 1 white-box. [TapdAinia, vadpyovv
EPYOAELD TTOV TTPOCPEPOVY AAA®VY EWOMV EAEYYOV, O®G EAeyyo omcBodpdunong (regression

testing), éAeyyo yw dtappon puvnung (memory leak), avoivtéc amddoomg (performance

14



analysis), ocvuPoAkn amoceaipdtwon (symbolic debugging), mopaywyn benchmarks,
K.0.K. O yepovoktikog éleyyog efval po ypovoPopa Kot €mOVOANTTIKY Olodikacia,
KaBOAOV EAKLOTIKY] GTOVG EAEYKTEG AOYIGHIKOD. O OVTOHOTOTOMUEVOS EAEYYOG MGTOGO
umopel petald dAlov va evtomioet palikd AdOn 1 advvapieg tov Kodwka, va Kabopicel av
TO AOYIOMIKO VOTEPEL VO KAADWEL KATOLEC OO TIC TPOSYPAPES TOV, vo eyyundel v
AOdOTIKOTNTO KOl OMOTEAEGUOTIKOTNTO, VO TOPAEel LalIKA TEPUTTOCELS EAEYXOV KOl VO

TapExeL O1dpopa €101 KAALYNG TOL Y010V KOOKOA.

2.3 ’'Elkeyyog pavpov kovtiov (Black-box)

Avt) M texvikn eAEyxov Aoyiopikov, PAémel v epappoyn mov efetdlovpe amd o
eEmtepikn ontikn yovia. Ot EAeYKTEG TOV YPNOIUOTOLOVV avTV TV HEH0dO amAd ypapovy
TEPUTTAOGELS EAEYYOL KL TIC TAPEYOLV MG EIGOO00 GTO TPOYPUULA 1] TUNHO EQAPLOYNE TOL
voiotator tov éleyxo [9, 10, 11]. X ovvéyewn, PAémovv av to amoteléouata-££0d0t
(outputs) ™G eQopUOYNG EIVAL AVTA TOL OVOUEVOVTOV, COUPOVO. LE TIG TPOJALYPOUPES TOV
AOYIGHIKOV. XVVETADGC, YWPIC YVMOOT TNG E6MTEPIKNG OOUNG TOV KMOKA, divovtal £YKLPES
Kol Gkvpeg €lcodol kar eréyyovror ot £€Eodool. Avty mn uéBodog eAéyyov umopel va
npaypotonomBel oe Oho ta emimedo : povadwv (unit), cvvévoong (integration),

GLGTNATOG (System)kat amodoyng (acceptance).

2.4 ’Eleyyog dompov kovtiov (White-box)

O éleyyog dompov kovtiov (white-box testing) 1 aAludg Sopkdc édeyyog (structural
testing) etvor 1 HEB0SOC EAEYYOV TOV KOOIKO, UE XPNON TS YVAONS TOV EGOTEPIKDOV OOUDV
dgdopévev kal adyopiBuwv v ) dnpovpyia mepmtdcemv eAEyxov mov Pacilovtol oe
aLTV TV €o0@TePIKN dopr. Otav o €Aeyxog avTOG YIvETOL YEPWOVOKTIKA, OO OUAOEG
TPOYPOUUATIOTOV, £ivol GoPég OTL amottel eEPETIKEG TPOYPOUUOTIOTIKEG IKOVOTNTES Y10
mv gvupeon OAwV TOV TOAVOV HOVOTOTIOV HECH 6TOV KOOWKA. O TPOYypOUUOTIOTNS N

OUAd0 TPOYPOUUUOTIOTOV TOV €mMTEAOVV TOV EAeyyo avtd Bo mpémer vo mapaEovv
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TEPUTAOGELS ELEYYOL Tov Bo d00ovV ®¢ €i60d01 0 onueiot TOL TPOYPAUUATOS Kol 0POD
dwmepdoovy kdmoto povordrtia, Ba Kabopicovv T ££660VG TOL TPOYPAULATOC.
[T yvootéc teyvikég eréyyov white-box eivar o éleyyoc pong ehéyyov (control flow

testing) ko 0 EAeyyoc pong dedopévov (data flow testing) [10, 11].

2.4.1 Lyedroopn0g TEPTOGEMV-ELEYY OV (test-cases)

‘Evo and to onuaviikotepa Oépata yio tov EAeyyo €vOG TPOYPAUUATOS €lval O KOAOG
oxedopndg test-cases. O oAoKANPOUEVOG EAeYYOC (01€E001KOG EAeYYOG Yo KAOE TepinTmon
EKTEAEONG EVOG TPOYPAUUATOS ) €fvar K TV Tpaypdtov advvatog. Avtd Opme mov uropet
vo emtevyfel Kot amotedel po YEVIKN oTpOINYIKN ival 11 Kahdtepn dvuvorth emdoyn test-
cases. H otpatnyikn avt propet va meplopiotel ota mAaicto pag oming epotong : "ot
VTOGUVOAO £XEL TEPLGGOTEPEC MOAVOTNTES VAL OVIYVEVCEL TEPIOCOTEPD AGON ; "

Mo oA péBodog eivar 1 toyaio emhoyn test-cases, divovtag OnAadY| Tuyaies TG and
éva medio mbavav tiudv. Avt 1 péBodog cuvnBmg amokAivel KoTd TOAD amd TV €0peon

oV BEATIGTOL VTTOGVVOLOVL test-cases.

Mo 62N péBodog etvan 1 emhoyn test-cases pe peBooovg meprocotepo black-box-oriented
Kol otn ovvéyelr 1 eg€taom g AOYIKNG Tov Tpoypaupatog pe white-box-oriented
pebodovg.

Mmnopobpe vo doVUE GTN GLVEXELD LEPIKEG OO OVTEC TIG LEBOSOVG

Black Box White Box

Equivalence partitioning Statement coverage
Boundary-value analysis Decision coverage
Cause-effect graphing Condition coverage

Error guessing Decision-condition coverage

Multiple-condition coverage
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2.4.2 Kaioyn pe paon CFG

Oo mpayuotomombel €0® HO EIGOYOYIKN €MEENYNON OPICUAOV Yo €10N KOALYNMG Kol
ovuvtoun ovykpion tovc. H ovvomtikn avtr emeEnynon yivetor pe EUQOCT GE OPLGHOVG
eV kaAvyng mov yivovtat pe Bdon tov CFG (Control Flow Graph) kot epeaviCovtor 6to

Tapov Kelpevo Kabmg Kot TV vAoToinoY| Toug 610 gpyareio.

2.4.2.1 Kahioyn tomov statement (statement coverage)

‘Exer dwwmotwBel 6t m vrépratn texvikny eAéyyov white-box elvar n exktéleon KaOe
LOVOTTOTION TOV KMOKO ALY KATL TETO0 (OAOKANP®UEV KAAVYT OA®V TOV LOVOTOTIOV)
dgv glval ePikt 6€ Tpoypaupato pe dopeg emavainyng (loops). ®a pmopovoce ®GTOGO
KOTOl0¢ Vo 1oyvploTel 0Tl amhd 1 kdAvyn kdbe statements tov kmOKa Oa MTov €va

Kavomom ko kpirnpro. Katt tétolo dpmg dev oyvet.

Ag e€etdoouLE Y10 TOPASELY IO TO TOPAKATO KOUUATL Kddika (Tapuévo and tov editor Tov

gpyareion), ypouuévo o java Ommg eaivetal otov mivaka mopakdate (Iivakag 2.2)

i blie void methodbfint a, int B, nt £) 4
ifia >3 &8 b == 4

&= e/ a

L
iFla==2 || e 534
£= £+ 2

i

l;

[Mivakag 2.2 : [Tapdderypo piog pedddov kKAdong o€ java

17



Symua 2.1 : TTapayopevog ypagpog pong eréyyov tov Iivaxa 2.1

Oewpoue ta mapoamdve vro-povordrtio (Xynua 2.1) A,B,C,D,E, 6nwg éxovve ovopaotel
OTIG OVTIOTOYEG OKUES, Yo OlEVKOAVVOT TIG EMEENYOMG.

Av Beopnoovpe t0 mopdv kpitiplo (KdAvym TovAdyoTOV o @opd kdébe statement)
KOVOTOMTIKO, 10T B0 dove OTL UmOpovpE TOAD €UKOAN Vo KATOOKEVAGOVUE éva test-
case, ovykekpiévo a=2, b=0 ka1 ¢=3, t0 omoio mPAypoTl KOAVTTEL KAOE Sstatement Tov
K®OKa, dOnAadn Kabe kouPo tov mapandve control-flow ypdeov. Oa £yovpe KdAVY™ TOL
vro-povoratod A,C,E.

Av 6uwg glyape otov mpwto édeyyo a>1 || b==0 avti yuo a>1 && b==0 1d1¢ T0 AdBOC
Ba pog EEpevye, apov dev Ba extedobvtay OTmG givor Aoywko To statement b==0 kaBwng a>1
== TRUE «a1 dpa oe évav éleyyo TRUE || VALUE, dev Ba vroroyiotel/extereotel 10
statement VALUE, mov otV mepintwon pog etvor to b==0.

[Mopdépotla, av otov dgvtepo €reyyo a==2 || c>1 elyape avt’avtov a==2 || ¢>0, Oa

OTOTLYYAVOLLE VO, AVYVEDGOVLE aKkOuUT Eva AdBoG.
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TéNog, av avtd mov Béhape vo TETOYOLUE HE OVTO TO KOUUATL KOOKO NTOV Vo givol M
ALy TG TWNG NG Hetafintig ¢, 10te Ba pog Eépevye akoun éva AdBog apol vrdpyet
éva povomdrt, 1o A,B,D to omoio apnvet To ¢ apetdfAnto.

Mmopovpe Aowmdv vo cuumepdvovpe OTL kplutnplo avtd, kdAvyn Kdabe statement
TOLAGYIOTOV oL QOpd, €lval YEVIKA GYpnoTO, OPOV WITOPEL Vo, aproel TOAAL AdOM va

TEPAGOLY ATOPATIPNTA.

2.4.2.2 Kailvyn tomov decision (decision/branch coverage)

‘Eva mo dvvatd kpiriplo Aoyikng kédivyng (logic coverage), sivor to decision-coverage
(kdAoyn amopdcewv), | oAAMdC branch-coverage (kdAvyrn kKAdd®V), yvootd kot og all-
edges coverage [22]. Zopowvo pe ovtd 1o Kprmplo, Kabe kAadi evoc eEléyyov, Ba mpémet
eleyyOet tovAdyotov L popd. Me dAAha Aoy, Yio KAOe dopr eAEYYov Tov 1) pory EAEYYOV
Ba akoAovBnoetl dvo mbavd povordrtia (true, av woyveL o Eheyyog 1 false av dev woyveL), Ba
TpENEL va dnpovpynBodv apketd test-cases ta omoia Ba pog eyyvdviot 0Tt Kabe kKAadl Tov
eAEYYOL £xEL EKTEAECTEL TOVAAYLOTOV LD POPAL.
Yvvnbwg, to branch-coverage pumopet va pog eyyonfei ko statement-coverage (oot kde
statement avikel o€ KOO0 VILO-LOVOTATL TOV TINYALEL €ite amd Khmolo KAAOO eAEY OV glte
amd onueio 166860V ToL TPOYPAUUATOG (entry point),kat dpa KGOe statement Bo mpémet vo
exkteleotel av €yovpe kiBe KAadl EKTEAEGUEVO). AVTO deV 1OYVEL Y1 TIG TPES TAPUKATM
eEapéoelc :

®  TPOYPALLOTO TOV OEV TEPLEXOVV ATOPAGELS (YWPiG SOUES EAEYYOL)

® TpoypAupato 1 vmo-poutiveg (néBodor) pe moAdamAd onpeio €lc6d0v (multiple

entry points).
e statements péoa oe ON-units. Awocyilovrog kdBe katevBuvon twv KAAS®V EAEYYOL

dev onuaivel avaykaotikd 6t Bo extelestovv 6An Too ON-units.

To decision-coverage amottei kdBe andpaon (my if-statement kot while-statement ) va £xet

éva true 1M false oamotélecpo kot kabe KAGOOG GLTAG NG AMOPACTG VO EKTEAECTEL
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TOLVAGYIOTOV i @opd. ' YADOGEC OV EMTPEMOVLV OOUEC EAEYYOL HE TOAAOTAOVG
KAAO0VG ®G ATOTEAEGUA TOV EAEYYOL, OTMG Yo apadetypa select (case) statements , Oa
npénel vo tpomomomBel KatdAAnAo ®oTe v gyyvdtanl moAL 0Tt Ba eKTEAEGTOLV OAOL OL
KAGOOL TOL ATOPPEOLY AT TOV EAEYYO.

To mpoPAnua pe owtd 10 Kprnplo eivan 0t ayvoei KAadovg péoa oe boolean exppdoelg mov
TpoKOTTOLY Omd  PpayvKvuKAoVG TEAESTEG (short-circuit operators). Xe YA®Goeg Onwc M

java, C/C++,xAn mov to emtpémovy. Onwg 6to mapaxkdtm otov [Tivaka 2.3.

if (a_condition && (another condition || function() ) )
Statement,
else

Statement else;

[Tivaxag 2.3 : [Tapdderypo BpayvkukAouévav terect®V (short-circuit operators)

2.4.2.3 Kaivyn tomov condition (condition coverage)

‘Eva GALo kpitipro mov dev mpémet va mapoinedel eivon to condition coverage

To condition coverage gival yevikd kaAldtepo Kprtnplo and 1o decision-coverage apov
GUUO®VO, LE TO KPUTNPLo avtd TPEmel va mapdovpe apketd test-cases to omoia O pog
gyyvovior 01t kaBe vrdbeon (condition) oe o omdé@acn (decision) KaAVTTEL OAM TO
mBové amoteléoUATO TOV ATOPPEOVY amd AVTH TOLAAYIGTOV o opd. EmumAéov, kdabe
onuelo €16600v GTo TPAYpappe (entry point) m oe vmo-povtiva, Bo mpémer va kKAnOei

TOVAGYLGTOV i POPA.

2.4.2.4 Emoxkoénnon

Ev kataxieidl, pmopovpe va 1oyvpiotovpe 6Tl 11 KAAvY™N TOTOL statement, QOLVOUEVIK(L

elvar wavomromrikn. Kdrtt tét010 dpmg dev 1oy0el agov 1oyvpdtepa KpTnplo 0TS 1M
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KdAvyn tomov decision givat KaAVTEPT, POV UTOPEL ,EKTOG TEPUTTOCEMV VO GUUTEPIAGPEL
v kdAvyn tomov statement. Télog, n kdAvyn tOmOL condition givatl KOADTEPO KPLTNPLO
amd TO TPONYOVHEVO OVO KpiTnpla. Apydtepa, GALES TEXVIKEG Kol KPLTNPLo KAADYNG TTOV
VIEPTEPOLV OWTAOV emvondnkav ta omoio , 6Twg Ba dovue Paciloviar GTov YpApo mov

ATOKAAOVUE YPAPO PONC OEOOUEVMV.

2.4.3 Kahloyn pe paon DFG

®o axkoAlovOnoer oto onueio ovtd ML cvvomTIK  EmeENYNON  OPIGUADV  TTOV
YPNOOTOVVTOL amd TO €PYOAEID Kot Yoo TN OlELKOAVVOYN TOL OVAYVAOOCTN GTNV
KATOVONoN TOV TOUT®V KAALYNG oL TpokvaTovy pe Baon tov DFG. [epiocdtepn Eppaon
otvetan ota [6, 7, 8].

Mepukoi yprioipot opiopoi Bactkdv vvoidv okoAovBovv TapokdTo :

ldn(x) : Ztn petafAnt) x avatiferor Ty otov kOpPo/dnAmon n.

lum(y) : H petaPint) y ypnowonoteitol otov kOpfo/oMAwon m.

I Movordrtt ‘definition clear’ p ®g mpog T peTaPfAnt X givor £va LVTO-UOVOTATL GTO

omoio 1 petafintn x dev opileton (defined) oe kKavévay amd Tovg KOPPOVS/INADGELS GTO P.
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y=X+..

Zynua 2.2 : Hopadetypo Def-clear povonatiov oe CFG

Onwg umopodue va to do0UE 6TO TapOmdved oynuo, to povomdtt 1,2,3,5,6, sivon éva
definition clear (def-clear) povomdétt yio ™ petofint) x a@ov dev yivetar ovd Kol
avdBeon tung oto X, o€ avtifeon pe to povomdrtt 1,2,4,5,6 to omoio dev eivon def-clear
a@ov otov kouPo 4 N petafAnt x mavet va givar {oviavn 610t otov KOUPo/dNAmon avtd

avatifeton o véa Tiun.

" 'Evag opwopog  (definition) dm(x) @taver og po yprion (use) un(x) av Kot povo ov

VILapYEL £VOL VITO-LLOVOTTATL

(m) + p * (n)

Tétowo wote 10 povomdtt p va etvan éva definition clear povomdtt g mpog To X.
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X ovvéyew Bo dodue ta kprtmpro kdivyng Rapps and Weyuker’s vy ypdopo porig

OedoUEV@V :

| All-Defs

1 All-Uses

1 All-C-Uses, Some-P-Uses
1 All-P-Uses, Some-C-Uses
I All-P-Uses

| All-Du-Paths

2.4.3.1 All-defs kprtiipro

All-defs povomdrtt eivar éva definition-clear vmo-povomdrtt (subpath) omd ™ OMAmon

(declaration) puag petapAntig péxpt m xpnoponoinon g ( Zynua 2.3 ).

X = < TIuR=> <TpRE = X
@ =@

Def- clear povartan

Yyua 2.3 : [apdderypo Def-clear povomratiov
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Yyua 2.4 : Tlapdostypa All-defs kpirnpiov

B\émovpe oto mapandve oyfua (Zynpa 2.4), 6 U0 QQOIPETIKT OTEWKOVIOT| YPAPOV £VOG
Tpoypappatog, omov pe d(y) ocvpporilovpe tov kO6ppo otov omoio yiveror dNA®OT TNG
petafAntig y (declaration), kot pe u(y) vmwodniovetotr n xpNon e HETOAPANTAG Y eV,
OT®OC GTO TOPASELY LA, LTOPOVUE VO, EYOVUE TOAAEG YPNOELG 1| ONADGELS LETAPANTOV, Yo TO

S ®PIoUO TOVG XPNCLOTOLEITAL MG VTOOEIKTNG O aptOUAS Yp1IoNG THG dNAMONG/YPNONE.

IMa 1o mapdderypo mov BEAovue All-Defs amarteiton povordrt and to d1(x) péypig dtov pa
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YPNOT. XTN GLYKEKPIUEVT] TEPITTMOT TO HOVOTATL TOL OamoTeEAEiTOL od TNV akolovdia

koupov 0,1,2,4,6 emapkei.

2.4.3.2 All-uses kpitpro

All-uses eivor ta definition-clear vmo-povomdti amd KAOe opiopd oG HeTafAnTNG
(OMMAwon-apykonoinon) Kot Kabe ypnon g oMAwong avtig kot kdbe oamdyovo koOpPo
avTg ™G xPNong (Zxfiua 2.5).

< TIMA> =

e Def- clear povoridm Q Q
Q = TI}JI‘P" =
— Q=@

Def- clear povotidn

Xpnon ( use )

Zynua 2.5 : [oapdoderypo All-uses kptnpiov

AL KpUTploe KAALYNG aPpOPOVV TNV XPNON TG LETAPANTNAG, av avt N HeTafAnT dniadn
YPNOOTOIEITOL Y10l VITOAOYIGLOVG 1} AV Elval TPOaTOtToVEVT (TTY Y10 EAEYXOVC)
C-use (computation use) €(ovpe Yo TOPAOEYIO Yo TN HeTAPANTA X OTOV KOAVOLUE TNV

Tpany =x * 4

eved P-use (predicate use) eivar 6tav 1 petafAnNT X xpeldleTol ™G TPOATOLTOVUEVT] Y10 THV

oAOKAN PO piag TPAENG eAEyyoL Ommg if ( X > 8)
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yua 2.6 : TTapdostypa devtepo All-uses kpirnpiov

Xoupova pe to All-Uses, Oa mpénet va Bpodpe povordtio (Zynua 2.6) ta omoia v omoio
va Eektvohv amd Tovg KOUPOLG ONAMONG KOl VO KOTOANYOUV G€ OAEG TIC YPNONG TV

avticToly®v petafAntav. 'ETcl, 610 GUYKEKPIUEVO TAPASELYLLA ATOLTOVVTOL LOVOTATIO ATt

e 10 d;(x) oto uy(x)
e 10 d;(x) oto uz(x)
e 10 di(X) oto us(x)

Mmnopobpe va dovpe Aouov amd Tov Ypdeo Ot LOVOTATIO :
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e 0,1,24,5,6 xou
e 0,1,34,6

UTopovV VoL IKAVOTOU|GOVV TO KPLTHPLO OVTO.

2.4.3.3 All C-uses, Some P-uses kpitipro

To xkprmpro All-C-uses, Some-P-uses apopd tov ELeyyo yia :
* pepwd definition-clear vmo-povomdrtia and Kabe opopd péxpt kdbe C-use tov
LOVOTOTION IOV KATAANYEL 0md T SNA®OT TG HETAPANTNG
" Kol av 0gv KotaAnyel og kdmowo C-use 0 oplopog TG HetafAnTmg, 10Te Ppickovpe
kémoto definition-clear vVTO-HUOVOTATL IO AVLTOV TOV OPIGUO LEYPL TOVAGYLIGTOV 10l

P-use omv omoia vo KaTaANYEL 0 OPIGHOG TNG LETAPANTIS.

2.4.3.4 All P-uses, Some C-uses kpiti)pro

To kpumpro All-P-Uses, Some-C-Uses a@opd Tov EAeyyo yio :

e puepwd definition-clear vmo-povomdtio omd kdOe opiopd péypt kabe P-use tov
LOVOTOTION OV KATOANYEL amd Tn OA®GON NG HETAPANTAG Kot KAOE amdyovo Tov
KopPov g xpnong g petafrntig.

e av dev kataAn&ovpe og Kamowo P-use og kavéva povordtt mov Eekvd amd dNAmon
™G petaPAntig, t0te emAéyovpe tovAdyotov €va definition-clear vmo-povomdrt

GTO OTO10 KATAANYEL 1] ONAMOT TNG LETAPANTNAG.
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2.4.3.5 All P-uses kpitpro

Definition-clear vmo-povomdtio mov Eexvave omd kabe opiopd petafAntge uéxpt kdbe P-

use TG MHETAPANTNG avthg Kot Kabe amdyovo KOUBo Tov povomatiov mov akolovbel

xpfon.

2.4.3.6 All DU-Paths kprtijpro

Me Bdomn avtd 10 kpitiplo eAéyyov, Ppiokovpe 6ia ta definition-clear vmo-povordtia to
omoio dgv £x0VV KUKAOLS (AKLKAOL YPAQPOL) 1 €xovve amAoDg KOKAOLG amd kdbe oplopod -
oNAwon pog HETaPANTAC HéEYPL KABe ypnon G METaPANTIC oG Kot KA oamdyovo
KOpUPo mov axolovbeitar amd v ypron g petaPAntg (Zymua 2.7).

< TI}JI‘|> =X

X =< TR> :>©

Def- clear povorram
@y, - O

...... = TIUI‘|> =X

=> @

Def- clear povortdm

dkukAo povotrdr ( cycle-free)

Yymua 2.7: Tapaderypo All-DU kprnpiov
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Zymuoa 2.8: Tlapaderypa devtepo pe All-DU-povordrtio

210 mopaderypo avtd BELOLIE Vo BPOLLE TOL LOVOTATIO TOV VO IKOVOTTOLOVV TO KPLTHPLO
All-DU-povonartio. Zopemva pe avtd, 0Aovpe va Bpodpe povordtio omrd :

e 10 d;(x) oto uy(x)

e 10 d;(x) oto uz(x)

® K01 TO dVO HoVOTATI IOV EEKVOUV o 1o d; (X) Kot KaTtaAyouv 6Tov KOUPo e To
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us(x)
JUVENMG, TO LOVOTATIOL OV Bal Kavomolovsav ovTég TIG cuvOnKes tov Kprmpiov eivan
TPOPAVAOS T
e 0,1,2,4,5,6
e 0,1,3,45,6

2.4.3.7 Ntafos Coverage kpit1)p1o

2oppova pe tov Ntafos, mpoteivetar po otkoyévelo omd kpiriplo EAEYXOV OEOUEVMV,
Baciopuéva  oe  olvoideg amd Aquecec  poég  Ogdopévev  amokoiovpevo  “k-dr
alniemodpdoels” (k-dr interactions). ITo emionuo, po k-dr adAnienidopoon péco otov
YPapo pong dedoUEVAOV VOGS TPOYPAULaTOS ival pa akolovBia and k koppovg,

omov  k>=2 |, <vi, vy, V3, ..., V> Kot pia okoAovBio amd k-1 petafintég

<Xi, X2, X3, ... Xg.> Tétolecwoteywn 1=2,...,k o xoéuPoc viva eivor dueca
eEaptopevoc and dedouéva (directly data dependent) pe tov kOpPo vi og cuueovio pe T0
xi — 1. Ot amoutodpeveg k-mielddeg mov mpoteivovior amd To KPTHplo eAEYYOL aVTO
KavomotoHvtat and £va oOvoro T amd dedopéva eAEyyov edv, HETaEL AAA®Y , TOo cOvoro T
npaypatonolel KaBe ovvar) 1-dr aAAniemidpoaon otov Ypleo pong TOv TPOYPAULATOS
TovAdyotov e eopd i 2 < 1 <k . Xe peyardtepn avdivorn umopodue vo doOUE TV

KéAvyn e to kprrpro avtd oty Piloypaeia [4, 5, 6].

2.4.3.8 Emokonnon

Joumepacuatikd, ywoo 6co €xovv emwbel Yoo o TpoavapepBEvio KpLtipla, TPEMEL Vo

onuewwdel O6TL T cUVOAN OO POVOTATIOL TO. OTOI0L IKOVOTTOOVV €val KPITNplo Ogv glval

amopoitnTo Hovadtkd. @a puropovcape vo aEloAOYNGOVUE TO KPLTHPLo oVTA oV opilope pio

GLVAPTNGT — GLGYETIOT] VITOGLVOAMV Yl TNV 07Ol Vo IoYVEL OTL TO KplTiplo B evidocetat
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GTO KPITNP1o A o Kot Pdvo av 1oyveL Yo KEBe ypapo pong :

S wkavomolet A ==> S wavomoiei B

omov S gtvat £vol GLVOAO LOVOTTOTIDV.
Ta xkprmpa A ka1 B givar icodvvapa (equivalent) av kot povo av to A evidcoetol oto B

Ko To B gvtdooeton 610 A.

Ev koataxieidl, pmopoldpe vo cuVOYIGOLHE SLOYPOUUOTIKG TIG GUCYETICEL OVTEG WE TO

TopokaTo oynuo (Zynuo 2.9).

All-Paths
i All-DU-Paths
All-C-Uses S:Dl‘[lﬁ -P-Uses All -P-T_::‘S es/Some-C-Uses
e e

— -~
et -

F

AlLDR All-P-Uses

All-Edges

All-Nodes

Zyua 2.9: Tloapddstypo ocvoyeticewv kpumpiov DFG
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Mmnopovpe vo ToVpE OTL TOL KPLTHPLOL QVTA LA TOPEXOVY £VOL TAUGLOUEVO TPOTO GKEYNG LE
KAVOVEG KOl KPITPLOL GUYKPLONG KOL LLOG ETITPETOVY VO SIOUOPPOCOVLE TN AOYIKN UE TNV
omoia Bo emMAEEOLLE TOVG GLVOLVAGUOVG TOV HOVOTTATI®V TTov Ba AdBovpe vTdyn pog Kotd
ToV €AEYYO KAALY™G.

To mo evpéwg ypnowomoodpevo Kpuripro kdAvyng eivor to all-uses. [Nevikdtepa
Bewpoiviat g Pertinomn oe oyéon e TIC TEYVIKEG EAEYYOL TNG por|g EAEyyov (control flow).
‘Eva and 10 mpoPAnpato mov cvvaviape wotdéco eivar O6tt pe v data flow coverage

€YOVE AVEPIKTO LOVOTTATIO Kot GuVIOmG dev pmopovpe va Exovpe 100% kdAvy.
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Kepararo 3
Avtopatn mapayoyn llepurtoocewv EAEyyov

3.1 Ileputtooeig EAEyyov (test-cases)
3.2 Hopaymyn TePRTOOEMV EAEYYOV Y10 EAEYYO0 AVTIKEIUEVOGTPUPOV TPOYPUURATMOV
3.3 Eion Hopayoyng leprrtocemv eléyyov

3.3.1 TMMopoyoyn aepurtOce®V EAEYYOV NE Baon Tpodiaypapis

3.3.2 Mopoyoy teprt@ccmv eAEyyov pe fdon povrérov

3.3.3 Ilopayoyn aepumrtacemv Ay 0V pe faon povomatiov

3.3.4 EvQueig PETU-EVPETIKES TEYVIKES TAPAYOYS TEPUTTAOCEWMV EAEY YOV

3.3.5 T'evetikoi alyoprOpol kKot 1 yp1o1N TOVG 6TO EPYOAEio

3.1 Igpwrtooseig elEyyov (test-cases)

Xmv teyvoroyia AOYIoUIKOD, HE TOV Opo mepintmon-eAéyyov (test-case) evvoeiton €va
oVvoro amd cuvOnkeg M petaPAntéc, pe Paon T omoieg M opdda mwov avorapupdver Tov
€leyyo TG epappoyns Ba Kabopicel av avTH aVTATOKPIVETOL GTIC TPOSLAYPOAPES TNG. ZuYVAL
OTTOLTEITOL 1) TOPAYWYN] TOAADV TEPIMTMOGEMY EAEYXOV Yo Vo umopel va dlamotmbel oti
TPAYLLOTL TO GOGTNLO 1] TO AOYIGHIKO AE1TOVPYEl GOOTA. O1 TEPUTTMOGELS EAEYYOV YPAPOVTOL
pe PAon TG amoTnoELS Kot TPOSaypaPES TOV KMk Tov eAEYxeTAl. Avaloya e To €100G
TOV EAEYXOV OV TPOAYUOTOTOLEITAL, KOl He PAon TG cLVONKEG KAAVYNG OV Ol EAEYKTEG

Be®POLV IKOVOTOMTIKES, TOPAYOVTOL TOVAAYLIGTOV TOCEG TEPUTTAOGELS EAEYXOV OGEG KOl Ol
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TpodLaypapég Tov vdpyovv (faon Formal, requirement-based mepintdoeig eAEyyoV).

3.2 Mopoaymyn TEPMTOOEMV  EAEYXOV Y0 £AEYY0  AVTIKELUEVOOTPUPOV

TPOYPOURATOV.

Ocov apopd ™V Tapaym®y ] TEPITTOCEMV EAEYYOV Y10, OVTIKELLEVOGTPAPT] TPOYPALLULOTOL
(Object-Oriented programs) LVEAPYOLV OLUPOPETIKEG TAPAUETPOL TOV AGUPAVOVTOL VITOYT

amo avTéC 6Tov dtadkaoTikd (procedural) kdowka. Mapdperpot OTMG :

e To o611 n pikpoOTEPN duvaTn HOVAdL TOL UTOopeEl va vmootel €Aeyyo elval 1
gvoopatopévn kKAaon (encapsulated class).

e O éheyyoc yiveton oe kdBe Aertovpyion oG HEPOG ™G tEpapyiog Hog KAAoNS apov
K&Oe 1epapyio g kAdong kabopilel To TepLEXOUEVO TNG XPTONG.

e ’'Eleyyog kdOe pebooov (method) kot kataokevaot (constructor) e kKAGoNG.

o 'Eleyyog g ovumepipopdc g Katdotaons, YVOPIGHATOV TG KAGong (attributes)

peTaEy pnefoowv.

BAémovpe Aowmdv amd TIC TOPAPETPOVS TOV AVOPEPHNKOV ETYPOUUOTIKG TOPATAV®, OTL
VILAPYOVY OPOPES OVAUEGH OTOV EAEYXO KAUGIK®V OlUOIKACTIKMV TPOYPUUUATOV KOt
TPOYPOUUUATOV AVTIKEWEVOSTPAPOVS KOOIKO. ZTNV TPOTN TEPITTOOT diveTal EUPOcT GTO
tpintuyo  eloodoc-emefepyocia-££000¢ v oty dgdTEPN  TMEPIMTOON, pHE  TO
OVTIKEYLEVOGTPOPT] TPOYPALLATA, O EAEYYOG TOV KAACEWV EMIKEVIPOVETOL GTOV EAEYYO
KkdOe pnebddov EgxploTd aALA Kot TO oYedcId aKoAoLOIDV HeBOdwV Tov ennpedlovv TV
KOTAGTOON TOV KAAGE®V. Q6TOCO, Ol TEYVIKES TOV TPOTEIVEL O EAEYYOC AIGTPOV KOLTIOV

16X VOVV Kl GTOV OVTIKEWEVOGTPAPT| TPOYPULUUOTIGUO.

H oyedioon mepimtdoemv EAEYYOV Y10 AVTIIKEILEVOSTPOPT TPOYPALLATO YIVETOL Y10 KAOE
puébodo Eexmwpiotd, pe Pdon v tpéyovca péBodo mov eAéyyetal. Ilepurtoelg eréyyov
Umopel Vo TEPLEXOVY TANPOPOPIES LE TIC AEITOVPYIEG KO TIG TIUEG TOL TTEPIAAUPAVOLY, TV

akolovBio dnAdcewv mov ektelobvtal, Vv oakoAovBio efapécemv (exceptions) mov
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mOavov vo cuvavinBodv Katd TNV EKTEAECT|, EEMTEPIKMOV TOPAUETPOV KOL CLVONKOV,
K.0.K. Meta&d aAA@V, 0 £AEYYOG AVTIKEYLEVOGTPOPOVS AOYIGUIKOD EYEL VO OVTIUETOTICEL

Kol GALEG TPOKANGELS, OTMG :

H evBvuAdkwon (encapsulation), mov emipépel TNV SLGKOAM ATOTHTMOONG GTIYUIOTVTTOV TG
KAdong ympic va katackevactobv emmpdcsbeteg néBodor mov Ba meptypapovy emakpBadg

TNV KATAGTOON TNG KAAGTC.

O moAvpopeiopdg (polymorphism), mov onupoiver 011 kdBe ypMon  OLLPOPETIKOV
mepleyouévou kAGong omoutel Eeymplotd EAeyyo, ool o péBodog pmopel va €xet

vAomomBel TOAAEG POPEG LE dLoPOPETIKO TPOTO.

H kAnpovopkétnta (inheritance), n omoia peto&d ALV eTPAALEL TOV EAEYYO GAA®V, UN
Tpomomomuévev Hefddwv péoa o o vrokAdon (subclass) mov pmwopel va xpnG1LoTo1ovV
onAopéves dtopopetikd pebddovg. Me dAda Aoyia, pmopel va yivetar yprion OmMAouéEveov
(O10popeTikdV) pebBddwv omv Buyatpikn kAdon 1 peBOSOV TOL AVIKOLV GE TOTPIKEG

vrep-KAAGELS (superclass) .

Avtopatomomuévo. epyoireio, Onwg To mOPOV GKOTEVOLV GTN OLELKOAVVOT] TV OUAO®V
EAEYYOV  AOYIOUIKOV, TOPAYOVTOG OUTOUOTO TEPUTTMGELS EAEYXOV, EAEYXOVTOG KOl
aEl10A0YDVTAG OVTEG, KO ETTLYYAVOVTOG €10 KAAvyNng pe PAacm tovg dNUovpynuUévoug
yphoovs. H kdAvyn ovth, oto mhoicia eAéyyov Aompov KOLTIOL YiveTow o€ €mimedo
KaALYNG povomatidv dnpovpynpévev ard to kpuplo k-misiadwv (Ntafos Coverage) [4,
5, 7] , wéAoyn oxpov, pe Paon to YpAPO pong eAEyyov, Kol KAALYM GLVONKNG

(edge/condition coverage).

3.3 Eion Hoepoayoyg leprrtdocmv eréyyov

Mmnopel va emmbel 0TL VITAPYOLVY APKETA €101 TOPAYMYNG TEPUTTOCEMV EAEYYOVL, LE Pdom
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TNV OTTIKY YOVIO oo TNV Omoio TPOYLOTOTOEITOL 0 EAEYYOG KOl 1 TapoymYyY| test-cases.
2 ovvéyewn Ba avagepBovv TEPIMNTTIKA Ol KUPLOTEPES KATNYOPIlES TapaywyNG EAEYYOL
0T0YEVOVTOG GTO VO, SGOPNVIGTEL O TPOTOG TOPAYWOYNG TEPUTTAOCEDY EAEYYOL OLTOV TOL
gpyareion. AvAUeca OTIG KATNYOPieg ALTEG €lval 1] TOPAY®YY| TEPIMTOCEMV EAEYYOV UE
Baon tic mpodaypapés (Specification-Based), pe faon to poviédho (Model-Based) kot pe

Bdon Tov myaio kMK KO TO LOVOTTATLOL.

3.3.1 Hopayoyn tepuntadcemv EAEyyov pe faon mpodiaypagis

Onwg mpotdbnke amd tovg [19, 20, 21, 23] , o teyvikn n omoio mpocappolet
TPOKABOPIoUEVES TPOSLAYPOPES PAGIGUEVEG GTNV KATAGTOCN Y10 VO TOPAEEL TEPIMTMOCELS
eléyyov amd6 UML odwypaupoata  katootdoewv (state-charts). Ilopdderypo  oavtov
OVTOLOTOTOMNUEVOL  €PYOAEIOL 7OV AEITOVPYEL HE TOV TOPATAVEO TPOTO €ivarl TO
UMLTEST, éva gpyoieio mapaywyn mepurtdcemv eAéyyov gvoopatopuévo oto Rational
Rose. O éheyyog Aoyiopikov, Ommg avtdc meprypdpetal and Marlon E Viera et al [§],
ypnowonolel exiong dwypdupata kotactacemv UML ¢ Bdon yuo tnv mopaywyn odnyodv
eléyyov (test drivers) Ko scripts yuo ToV EAEYY0 TOV TUNUATOV OV veioTavtol EAeyyo. Ot
GLYYPAPELG TNG TPOGEYYIONG VTG VAOTOINGAV Kot £va TPOTATLTO amoKaAovpevo Design
And Specification-Based Object-Oriented Testing (DAS-BOOT) . Xt0 gpyareio avtd, o
YPNOTNG EMAEYEL TNV KAGO™ java mov emBopel va eAEYEEL KO TO aVTIGTOL(O O18YPOLLLLO-
KOTOOTACEWV TPOSLYpap®V TG KAAoNS Kot kaBopilel TV avamapdoToon-ovTioToiynon
LE TO VO CUGYETICEL TOV KMOKA GTIG Tpodlaypapés. 'Emeita pmopovv va emieyxbovv to

KPLTNpLo. KAALYNG, Kot EEKIVAEL 1] UTOLOTOTOMUEVT] TTOPAYDYN TEPITTAOGEDV EAEYYOV.

3.3.2 MHopoayoyn teputt@oemv eAEyyov pe fdacn povrélov

H ovveyng épevva 6e avtnv TV TPocEyyion, odNyNnoe , OTOS Umopovue va dovpe oto Jeff

Offutt et al [19, 21] omv eméktaon G epyaciog TOLG TNV avAALoN HE YpNoN
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Sy POUUATOV KATAGTOONG GE EXIMEOO GLUGTNHUATOS GTNV OVAALGN LE YPNOT OOy POUUATOV
ovvepyaciog (collaboration-diagrams) ot ¢@don g ovvévoons. Ot cvyypageig
TEPLYPAPOVY KPP, TOGO Y10 OTATIKO 00O KOl Yoo OLUVOUKO €Aheyyo o€ emimedo
TPOOLALYPOUPAV Kl GE EMMESO OTIYOTLIOV dlaypappato cvvepyacioc. ‘Exel oyedlaotel
alyop1Opog o omoiog emiPePformdverl OTL 01 EAEYYOL IKOVOTOLOVV TO EXIOTLA KPLTPLoL EAEYYOV
ka1 fonBd tov ypnom va mopakoiovbel Ta povomdtio. e eminedo unit, O SOYPALLOTO
KatdoTaong iyov KaAdtepa amoteAéoUaTo GE oXE0N e T okolovBiag (sequence) ®GTOGO
oe eminedo ovvévoong ocuvvéPn to avtifero. Mo v mopaywmyn akoun 1oyvpdTEPOV
TEPUTAOCE®V EAEYYOVL oyedldletar n ovvévoon mpodwoypagmy UML pe pe v OCL
(Object Constraint Language). Zto mAoiclo ovthig ™S  QA0c0oQiag, Yoo TNV
QUTOUOTOTOMUEVT]  TOPAYMOYY] TEPMTOCEWV eAéyyov pe Pdon poviélov, €xovv
KATOoKEVAOTEL TOAAG epyaleia, oxedlacUEVA Y100 VO SOVAEDOVV pe AAAL YVOOTA epyaleia,

onwg to TGV, kot 1o UMLAUT.

3.3.3 IHopayoyn ntepuntocemv eAéyyov pe fdon povoratidv

‘Eva epyaieio mov ypnoponotel Tov yvomotd alyoptBpo dvadikng avalnnons ot mAoicila
NG TOPOYWYNG TEPUTAOCEDV EAEYYOV He Pdor povomdtia mopovstdletol amd Tovg Sami
Baydeda and Volker Gruhn [26], kot KOTOTAGGETOL OTIC TPOGEYYIOELS OUVOLUK®V
povomatidv. To pHovoratt mov emyepeital va KaAvedel Aapfdvetor vmoym Pruna-prpa Kot
petd axorovbei  avalnmon Tov TEPITOcE®V EAEYXOV oL Ba To KaADyouv. Xtnv épevva
avT, 0 aAyOpBpoG dLadkNG avalntnong omottel oplopéves LTOBEGEIS Evd oTo BETIKA TNG
GUYKOTOAEYETOL TO YEYOVOG OTL 0EV OMOLTEITOL TPOTOMOINGT] TOPAUETPOV OVTE TEXVIKES

BeATioTOmOINONG Y10 TV TTOPAYWYN TEPUTTOCEWV EAEYYOVL.
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3.3.4 Ev@ueic peto-gupeTIKEg TEYVIKEG TUPUYMYNGS TEPITTOCEMV ELEYY OV

Mmnopovue va Beoprioovpe pia Eexymprot katnyopio, Evo GOVOAO VOLVAOV — eEEMKTIKMV
TEXVIKAOV Y10l CUTOLOTOTOMUEVT] TTAPAYMYN TEPUTTAOCEWV EAEYXOV Ol OTOIES OVI)KOVV GTOL
mpoPAuata avalnmong [1,3], edpeong onradr g Avong evog mpofANUatoc, av ovtn
vdpyet. H o@uwocoeio g mpocéyyiong ovtng, mn omnoio Bewpeitor amd TIC mO
OTOTEAEGLATIKES KOl ATOJ0TIKES TEYVIKES [2] Kau ypnoponoteital and 1o BPAS & ATCGS
elvar  €EEMEN TOV TOPAYOUEVOV TEPUTTOCEMV EAEYYOL KOL EMAOYN TMOV KOADTEP®OV
(vyiotepmV) amd aTéC, Kot avaloyio pe TNV eEEMEN TOV YPOUOCOUATOV KOl TV QUGIKN
emAoyn mov yvopiloope oamd t Proroyia. Mo avarvtikd, oynuotiletor €vog apykog
mAnBvoudg and ypopocouata, pe Baon v pébodo g kKAaong mov eEgtalovpe, av y
apadetypa Exovpe Tig mapapétpoug A, B, C og eicodo og o pébodo, 10te Eva mbavod
ypopdcopa 0o propovoe va givon 1o [ A= 320, B= -143, C= 0]. Ot yevetikol teAecTég
(ovoPeEPOEVOL EKTEVS GE TPONYOVUEVO KEPAANO) NG HeTtdAAa&ng (mutation), g
dloTavpmong (crossover), KoOMG Kot 1 dadkacion TG PLGIKNG EMAOYNG, GE GLVOVAGUO
pe JpopeTikés (avaioyo pHe TO €100G TNG KOALYNG HOVOTOTIOV 7oL OéAovue vo
TETOYOVE) GLVOPTNCES OEWOAOYNONG TNG QLOIKNG KOTAGTOONS TOV YPOUOCOUATOV
GLVTEAOVV GTOV GYNUATICHO HEC® cuveX0DS eEEMENC (evolution) TV AT ¥POUOCOUATOV.
Me avtd gvvoeitanr 0Tt og KdOe €EEMEN (oTNV Omoild TOL LITOYNPLOL YPOUOCMOUATA-AVGELS
veilotavtol YEVETIKEG Agrtovpyieg omd yeveTkoOg Teleotéc) mAnowdlovv To emilexta
YPOUOCOUATO — TEPUTTAOGELS EAEYXOVL OO Ko o Kovtd ot BéATion Avon. H cuvaptnon
aloAoynong euoikng katdaotaong (fitness evaluation function) eivor évo amd ta mo
KaBOPIoTIKG KOl GNUOVTIKG TUMLOTO, TOV VAOTOLEITAL EEXMPLOTA KOl 0POPA ATOKAEIGTIKA
T0 TTPOPANLO EVPECTG OV EYOVE VO AVTILETOTICOVE. 'ETo1, d10p0peTiKég GUVOPTNOELS
ypnoorotovvtol yia tnv kdivyn Ntafos amd tov emovopalopevo ypaeo porg dedopévav
[5, 6, 7] ko GAAN Yoo TV KAALYN OKUOV/cuVONKOV Baciopéva 6To Ypapo pong eAEYXOL
oV gpyoieion. TpomomoldvTog TapapeéTpovs 6mmg 1o péyedog tov TAnBucpov, Tov apBud
TV eEeAiEemV, TO TOGOGTO PUGIKNG EMAOYNG, K.0.K ennpedleTol dueca n Avon 1 onoio Oa
Bpebet (yio mapaderypa av peuwcovpe tov aplud tov eEeliemv tote gival moAd mlavo N
Bédtiotn Abon mov Oa Ppebel amd to epyoreio va am€yel mOAD OO TNV TPOYUOTIKN

BéArtioTn Aon 1 cvvoro BéATicTeV AVcemV) dAAG Kot 0 xpovog mov Ba ypelactel va
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damavnOel vy v evopeon ¢ Avong. Or yevetwkol oaAyoplOpor yoo v mopay®yn
TEPMTOCE®V EAEYYOV OMMG KOl Ol GLUVOPTNGELS OEWAOYNONS QUGIKNG KATAGTUGNG
evoouaTOOnKav 610 epyareio pe LePIKES TPOTOTOMGELS (AOY® AVTIKATAGTOONG TG TOALAG
BPAodNKNg yevetikav ahyopiBuwv pe ™ vedTEPT £KS00T) OO TPOTYOVUEVEG EPYOUCIES
QOUTNTOV KOl HEADV OKOOMUAIKOD TPOCSHOTIKOV Tov tunuatoc I[IAnpopopikng tov

[Havemompuiov Kdnpov 6nwg ota [6, 7, 14].

3.3.5 TI'evetkoi akyoprOpor kor 1 YpNo1 TOVG GTO EPYAAELO

Ot yevetucol akydpiBpot givat pa teyvikn avaljtnong mov ¥pNCILOTOIEITOL GTOV
VTOAOYIGUO e GTOYO TNV aKPPN €VPEDT, OOV Elval EPIKTO, 1| TNV TPOCEYYIOT) AVGEWMV GE
mpoPAuata avalntnong kai feitiotomoinone. [lepiocdtepa yioo T (PO TOV YEVETIKOV
alyopiBumv oe Tpofiniuata ovalntnong, fertictomoinong, avtopatng pddnong Kot
ehpeong o€ HEYAAO XDPO KATACTAGEWDV Uropovpe va dovpe ota [1,2,3]. Eivor pe Ao
Aoy Evag EVPETIKOG TPOGOPLOCTIKOG aAyOpOpog avalntmong (adaptive heuristic search
algorithm) mov eivon pa vro-Katnyopia TV EEEMKTIK®V aAyopiBuwv, o1 omoiot
APNOLOTTOOVV TEYVIKES eEEMKTIKNG Prodoyiag, dmwg v kKAnpovouikdtnta (inheritance),

™ petaiialn (mutation), Tnv emioyn (selection) kot tn dactadpwon (crossover).

Evoopatovovtog tnv éEumvn auth TEXVIKY E0PEGNG GTNV EQPUPUOYT| ETOPEAOVLLOCTE LIE
TOALOVG TPOTOVG, OTG :
® 0 X®OPOg avalTNONG, Ol TEPUITAGELS EAEYYOL TTOV BEAOVE ONANOT VO TAPAEOVLLE
Yo VoL KOADWOLV TIG 0KpLEG 1] cuVBETA oVOTtATIo LECH GE Eva YPAPOo, Eival TOAD
UEYAAOG Kol TOAVTAOKOG. AG £YOVUE VITOYN HaG OTL OTIC TEPICCOTEPEG TEPITTMOCELG
ypewlopaote Oyt LOVO piol TN Yoo KGAvymn evog povoratiod oAl (evyn TiHdv, 1
TPLAOES, 1] GOVOLN TIUDV TPOGEKTIKA EMAEYLEVA Y10 VO TNPOVV TIG TPOVTOOEGELS
KdAvyng, mov pmopel va givon évag ovvBeTog ELeyyoc.

e 1) duoKOALD TNG UNXAVG TTOVL TTAPEL TNV VITOAOYIGTIKN TNG OVOTEPOTNTA, VI
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KOTOVONGEL Ko VoL AOGEL TpoPANLata amAd yio Tov avOpdmivo eykEPOAO OTMS L
moAvTAoKN e€lomon, Evav moAVcHVOETO EAeYY0 TEPLOPICUAV, KAT. Mg TN ¥prion
TOV YEVETIK®OV 0AYOPIOU®OV EMTLYYAVOVLE VO TEPLOPICOVUE TOV ¥DPO ovalTNnong
a@oL KOs GUVOAOD TIL®V TOL TOPEYOVTAL A0 TIG LETOAAAEELS TOV TANBVGLOD, TIg
Sl0CTOVPMCELS Kot TNV EMA0YN 0ELOA0YOVVTAL ATd GUVAPTHOELS AEIOAOYNONG TNG
AMOTELECUATIKOTNTOG TOVG KOt LE TOV EELTTVO QVTO TPOTO ELVOOVVTOL Ol KOADTEPES
AOGELG EvavTt AyOTEPO OMOSOTIKAOV PEATIGTOTOIMVTAS GTO GOVOAO OMOTEAEGLLATOV
Kot aEAVOVTOG TO TOGOGTO KAALYNG He Bdom Ta KpiTipla ov tibeviot o€ Aryotepo
xPOVO.

Eivon emiong pavepd to 011 1 ypnon yeveTikav aryopifumv vreptepel TOAD amd
TOAAES 'Tapadoctokés' pebodovg emihvong TpofAnUdT®VY, E101IKA GTOV TOUEN TOV

ELEYYOV AOYIGLKOD KOl TNG TEYVNTIG VO LOGUVIG.

2UVOTTIKA , O1 YEVETIKOT adyoplBpot Eexkvovv pe Evav TANBuGHO, 0 omoiog EeKvd pe Evav

Ty TOPAYOUEVO TANOVGUO OO KMOTKOTONUEVO DITOYN PO XPOUOCHUOTO —AVGELC.

Apywca yivetail n phOon (configuration) otnv omoia divovion mg TapdpeTpot :

TO GUVOAO XPOUOCOUATOV,

70 €AMAY10TO TOG00TO HeYEHOLG TOL TANOLGLOVD,

ToV UOIKO emhoyéa (natural selector),

TOV TEAECTY] O1OTAVPMOTNG ( Crossover operator),

TOV TeEAE0T HETAAAOENG (mutation operator),

tov eMTiopd (elitism), v StapOracn dNAadN, TOV KAAVTEP®V YPOUOCOUATOV,

v cuvdptnon aSloAdynong (fitness evaluator),

delypota xpOUOCOUATOV To 0Toio TEPIEYEL YOVidla (genes) T omoio Taipvovpe amod
TNV OGTOTIKY] AVAALGT] TOV TPOYPELUUATOC, TO ATOTEAEGLOTA ONANOY| TTOL

TPOKVTTOLV Ao Ur YpOvo-ekTéAeonS (program non-runtime results).

21 GLVEXELD, OTAV 1] TAPOUYMYT] TEPUTTAOCEMV EAEYYOV EEKIVIIGEL, KO 0OV TO, LLOVOTTATLOL

oL BéAovpe va kahbyoovpe givor dtabéoipa (Eyovv amodnkevtel 1| e€ayBel amd Tov Ypdpo),

TOTE Y10 KAOE LOVOTLATL YIVETOL EPAPLOYT TOV YEVETIKMV TEAEGTMOV TAV®D GTOV TANOLGUO.
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A1 yiveton yio OAeg TIc O1a0éoipeg eEeAEEIC moL £xel emAEEEL 0 XPNOTNG VO Yivouv PEYPL
va KoAveBel To povomdTt Tov oToYEVEL KAOE Popd N Léypt va eEavTAnBovv dheg ot
dwbéopeg petarhaselc.

e k00e petdAraén kot dtactavpwon, o mAnduoudg eEediocoston TANGLAlovTog 6E o
BéAdtiom Aoon. H Béltiotn Aomn dpmg dev givar KAt Tov pumopet va eyyondel , Oumg pe tov
¢€umvo oyedlacd evOg TPOTOL AEOAOYNONS TOV LTOYNPLOV AVGE®V gival Evo TOAD
onuavtikd Pina Tpog avTiv TNV Katevhvven, TV avEnon g TBAVOTNTIG EVPECNG TNG
BéLTioTng Abonc. Avtd mov yivetar oty mpdsén eivar 1 oot 0E0AGYNoN TG
KatoAANAOTTOG (fitness) kaBe vroyMeag Avong otov Tpéyxovta TAnBuoud Ko n emAoyn
™G KATOAANAGTEPNC VITOYNPLOG ADONG TOL TPEYOVTOG TANOVGLOD Y10 VO, AEITOVPYNGOVY (G
YOVELG OTNV EMOUEVT] YEVIA VTOYNPLOV AVCEWMV (EKUETAALELOLEVOL TO YEYOVOS TG KOANG
KATAOTOONG TOV YOVEWDV, AVOUEVOVUE OTL KATO01 0td TOLG aroydvous Ba givat akdun
KOTOAANAOTEPOL, K.0.K.).

Meta TV €TAOYNG TOLG Y10 AVOTOPAYWYT, OL YOVEIG EovA-cuvdvdlovTal, LLE ¥P1|oT) TELECTN
o TAVPMOTG (crossover operator) Kot LETAAAACCOVTAL e XPNON TEAESTN LETAAAAENC
(mutation operator). Ot KataAAnAdTEPOL YOVEIG KOl O1 VEOL amdyovol oynuatiovv 1o véo
mAnBvcopd kot 1 01 dradikacio cuveyiletat.

Ot Aertovpyieg g agloAdynong , TG ETAOYNG, TOV EMAVOCVVIVAGHOD Kot TNG LETAALAENG
elvar Agttovpyieg o1 omoieg exteA0VVTOL TOAAEG POPES GE EVav YEVETIKO aAydpiBpo. H
EMAOYN, N HETOAAAEN KoL 1] SOCTOVPMON EIVAL YEVIKES AELTOVPYIES TOV YEVETIKMV
alyopiBumv eni Tov TAnBvouov. Qotdco N aEloAdYN o eivar avaAoyn e TO €100G TOV
TPOPALLOTOG TOV EMOVUOVUE VO EMAVCOVLE Kot £0PTATAL OO TN doUn TV Avcewv. To
POV £PYAAELD YPNGUYLOTOLEL HVO JLOPOPETIKES GLVAPTNCELS AELOAOYNONG, Ol OTTOLES
EVOOUATOONKAV atd TPONYOVUEVES EPYACIES GE SMAMUATIKESG EPYOGIEG POITNTAOV, OTMGS
npoavaeépOnke. H mpodtn apopd v a&loAdynon towv vroyneiov ADcemv mov mopdyovtol
pe atoyo Vv e0peon BEATIoTn Abon oL B KAADTTEL TA LOVOTTATIO TTOV £Y0VV e&ayOel amod
TOV Ypapo pong dedopévov. H devtepn etvan | avtictoyn, n omoia otoyedel otnyv
a&loldynon Abcewv mov Ba emitvyovy KdAvyn akung/cuvinkeg (edge/condition coverage)

GTOV YPAPO poNg EAEYYOL TOL TTNYaiov KOdwo Tov PpickeTor vtod EAeY)O.

Kpiverat doxomo va d00¢el mepiocdtepo Pdbog oe avtd 10 KOPUATL TOL KMOWKO apoV ¢ el
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10 AeioTov PacileTon 6€ TAANOTEPES EPYOGIEC POITNTAOV Kol LTtopovV va. Bpedovv o

TPONYOVUEVES £PYACIES Kat Epevveg [6, 7, 14].

Avlueca ota HEYOADTEPO TAEOVEKTNLOTA OVTNG TNG TPOGEYYIONS, TNG TOPAYWOYNS ONAadN
TEPUTTAOCEDV EAEYYOV UE YEVETIKOVS aAyopiBuovg, eivar 61t ot I'A mapéyovv v gveléio
KOl OTOTEAEGLOTIKOTNTA, KAVOVTOG TNV o TOAD e0pwotn péBodo avaltnong [15, 16, 17].
AvaLoyo Kot pe T0 TPOPANUE Tov emdudkeTol vo emAvBel, prmopet va emwbel 6tL o1 A
Kévouv oyeTkd Alyeg vmobécelg 6cov apopd To TPOPANUO, OU®S Yoo TOV EAEYXO
AOYIGHIKOV, HE KOTAAANAN VAOTOINGT GLVAPTNONG OEWOAOYNONG QUGIKNG KOTAGTOONG
umopel va amoderyBovv mépo TOAD OMOTEAEGUATIKOL, e PLEYOAN TOCOGTH KAALYNG Yol TOL
kpunpue wov tibevron [2, 17]. HoapdAinia, tétoov €ldovg mpocéyyion elval avolkm yu
EKHETAMAEVON OO TopAAANAN enefepyacio, YEYOVOG TOV GE GUYYPOVO HNYOVILOTO
onuoiver OtL emrTpémel TV WOPAAANAN  vAomoinom Kol wepeTaip® ovénomn g
amodOTIKOTNTAC TOVG. ALTO 1oY0eEL 010TL TOPAYOLV TOAAOTAOVS OmOyOVOLS, Ol OToiol
UTOPOVV VO KOAVWYOLV TEPACTIONS YDOPOVG OvalNTNoNG KOVOTOMTIKOV TEPITTOCEWDY
eMéyyouv Kot Gpo vo €x0ovvV LYNAG TOCOOTA KOALYNG Kol G KOO HE HEYOAN
TOAVTTAOKOTNTA, OPOV Ol OTOYOVOL UTOPOVV Vo eEETOGTOVV Kot v a&toloynBodv and
ocuvvaptnon a&loddynong mapaAAnAa Kol Oyl oeplokd, KAt mwov Ba MTov 1dwitepa

YPOVoPopo.

2T0 LEOVEKTNUATO TNG TOPAY®YN TEPWTOCEWV EAEYYoL Le ['A pmopel vo copmepiinedel
T0 YeYOVOG OTL givon mBavd va cupPet Tpodwpn cvykAlon (premature convergence), OnAadn
av avortuyBolv peptkd yovidla ta omoio €ivat € GPLOTH PLGIKY

KATAOTOON O GYEOT LE TO VIOAOITA, G TPAOTO 0TAO TV e&eMlewv, T0TE umopel TOAD
ypnyopa T yovidlo autd vo Kuplapycovy otov tAnducud, obdvtag Tov 610 va Telvel va
oLYKAivel mpog €va Tomkd péyoto (local maximum) [1, 15, 16, 17]. Av avtd copPet, tote
N wavotta Tov I'A va cvveyicetl v avalnmon KaAVTEP®V AVGEMV LELOVETAL CTLLOVTIKA
a@ol 1 SCTOVP®OT] HETOED TOAD TOPOUOLOV YPOUOCOUAT®OV eV EYEL VO TPOGPEPEL
ToAAG otV avalntnon tov ydpov Tov mlavedv ADCE®V KOl HEVOLV  GTAGIUOL
npoceyyilovtog anid tomkd péyioto (local maxima convergence). O pOVOg TEAEGTNG TOV

QOLEVEL Y10 VO S1ELPVVEL TOV Y®PO avalnTnong eivat n HeTAAAOEN, Kol avTh cLviBmG
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TPOAYLATOTOLEL 1oL OXETIKEG apyn, TuYoio avalniTnon.

‘Eva 6ALo mBavé eumddio mydlet omd v gvehéia tov ['A, kot avtd KAVEL EMTAKTIKN TV
avayKn KoOKoToinong He 6moTd TPOTO TOL TPOPANUATOS KOL DAOTOIMVTOS L0 TOAD
OTOTEAECUATIKY] GLVAPTNON AEI0AOYNOTG TOL VO, OVOOETEL TIEG AOYIKES OTUOGIOAOYIKE O1
omoleg va. ®wBovv v eE€MEN oe oAoéva kaAvtepeg AVoelc. Télog, M mapoywyn
nepmtOce®V ehéyyov pe A pmopel va yivel LTOAOYIGTIKG OTOLTNTIKY. AVOALTIKOTEPQ
pumopovpe vo. dovpe mAgovekTHUATO Kot pewovektiuoto tov [A oe gpapuoyéc ot

Bproypaeia [1,2,3, 16].
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4.1 160G EQUPROYIS

2KOmOC NG epyaciog NTov 1 dnuovpyio HoG OAOKANPOUEVNG EQOPUOYNS 1| OTtoio Vo
O€JOUEVOL EVOC TPOYPAUOTOC YPOUUEVOD GE java Vo Tpaylatomotel pio facikn avaivon
tov koowka (Basic Program Analyzer System), va Oomuovpyel tpia €idn ypaewv
KOT’EMAOYNV TOL ¥PNOTN Kot vo mopdyel test cases avtopoto (Automatic Test Cases
Generation System).

AmoteAeitar dSnAadn amd dvo KvPo TUNUATO, TOV avaAvTty Tpoypdupatog (BPAS) kot to
OUGTNUO TTOV TOPAYEL TEPUTTAOCELS EAEYYOL Kot Tpoypatonolel white-box €leyyo otov
emeypévo mnyaio koo (ATCGS).

[Mopdiiniao, wo ond T Tpodiaypagés Tov epyoaieiov avtov givar Ot givar dtbécio yo
xpNon omd 10 ddiktvo pe T ypnon tov Java Web Start (JAWS). Me dAda Adyia,
omotoodnmote O1abétel ovvoeon oto dwdiktvo ko JAVA, pe JDK 6 1 vedtepn €kdoon,

umopel va £xel TpocPaor Kot UTopel va KAVEL ¥p1|oT TOL Epyareiov avtov.

4.2 Mn - Aertovpyikéc ATOLTIOELG

Mmnopel va emmbel, KaTOTY EUTEIPIKOV UEAETOV OTL OG EAAYIOTEC OMOALTIOELS YO TN
Aertovpyio Tov gpyaleiov oe €va tkavomomTiko Pabud yopic OnAadr kabvotepnoelg oTIC
gpyacieg avdAlvong Tov KMOOKO, TaPOVcioonS Kol OAANAETIOpACNC HE TOV YPAPO KOl 1

QLTOLLOTY TOPOYDYT TEPUTTAOCEDY EAEYYOV, UTOPOVLE VO BEGOVLE TIC EENG OMOTH|OEL :

EAG10TEC OOTGELC GUGTALLOTOC ¢

Enelepyaotg 1.60 GHz
Mvnun toyaiag tpoonéhaons (RAM) 1GB
2KAnpog diokoc 20 GB

SN NEE NN

XHvdeon oto dwdiktvo DSL pe toyvnto petapodptoong (download speed)
1.5Mbps

v Eykateotuévn Java éxdoon 5 1 petoyevéotepn
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V' Xvoyétion apyeiov tomov INLP /MIME (JNLP file/ MIME Association) kot
dvorypd toug pe Java Web Start.
v Agrtovpyikd cvotnuo : Microsoft Windows XP (service pack 2)

v" "H Ubuntu (Feisty Fawn) 7.04 | petoyevéotepn ékdoon

IIpotewvouevec omartnoslc GLGTNUOTOC &

Enelepyaotg Intel® Core ™ 2 Duo T5800 @ 2.00GHz
Mvnun toyaiag tpoonéhaons (RAM) 3GB
2KAnpog diokog 94,1 GB

SN NEE NN

XHvdeon oto dwdiktvo DSL pe toyvnto petapoptoong (download speed)

2Mbps

\

Eykateotnuévn Java €ékdoomn 6 1 petayevéotepn

Yvoyétion apyeiov tomov INLP /MIME (JNLP file/ MIME Association) kot

<\

dvoryud tovg pe Java Web Start.
v Agitovpyikd cbotnua : Microsoft Windows Vista (service pack 1)

v "H Ubuntu (Intrepid Ibex) 8.10 1| petayevéotepn ékdoon

No onpeiwbei €dd Ot 01 amoutoelg oTEC ANEONKOY amd UnyavéG oTIC Omoieg Eyve M
avamtuén kot o EAeyyog Tov gpyaieiov. Emiong n taydtnta ovvdeong oto dtadiktvo eival
GNUOVTIKT] KUPIMS Yol TN HETAPOPTMOT] TMV ATULTOVUEVOV OPYEI®OV Yol TO AVOLYHOL TNG
epappoyng péow Java Web Start 1 omoia pe v ToydTNTO TOV EAU(IOTOV OTAITHCEDV
avapévetol vo olpkésel 3-4 Aemtd, Kol Oyl TOGO Yo T HETAPOPTMOT apyeiwv myaiov
KOOKO 6TV €QopUoyN 1 omoia dtopkel KAAouaTo Tov deLTEPOAETTOV. AKOUN, OGOV apopd
™ HETAPOPT®ON TG ePaproyng pe to JAWS, 6tav n dwbéoyun taxdnto petapdptmong
elvar pukpn, evoéyetan va otapatinoel Tpocwpvd (stall) kat va cuveyicel otn cuvéyeta.

Eniong n eyxateotnuévn ékdoon Java, wg maiaidtepn copPartn ékdoon Bempeital n €kdoon
5 Myym ypnong generics 6TovV KMOKO TO OToiol gV LOGTNPilovTal GE TPOYEVESTEPES

eKO00ELG.
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Ot amoutnoelg okAnpov dickov &lvar TOAD KPEG aPOD TO OTOLTOVUEVO OpPYElD Kol
Bprobnkeg yia va tpé€et | epappoyn amaitovv péyedog Arydtepo and 20MB kot ta apyeio
TNYO0L KMOOKO TOL HETAPOPTMVOVIOL £XOVV GTNV TAEOYNOio Tovg HEYeBog HKpATEPO
and 10KB, pe 1o pkpdtepa va eivar 1KB ko 10 peyorvtepo apyeio 1000 ypopupmv
103KB.

Téhog, Ta Aettovpykd cvuothpata Exovv ereyyBel yio supatdtra kad’ OAn v vAoTOinoN
TOV GLGTNHATOG KOl AVOUEVETOL VO TPEYOLV Ympic dlapopéc, ektdg omd to Look&Feel g

EQOPLOYNG o€ KaBE TpoavapepBEV Aettovpykd GUGTNA.

4.3 Aartovpyikég ATt o

4.3.1. Ewayoy

Avapeca oTIg AEITOVPYIKES OMOLTNGELS TIS OTOlEG TEOMKAY OTA OPYIKA GTAdLOL EKTOVIONG
MG SWMAMUATIKNG €pyaciag NTav 1 avantuén €vog vEOL epyareiov €yovtag mopdAinia
GLAAEEEL KOl GUVEVAGEL TUNOTOL TTPONYOVUEVAOV EPYOCLOV AVAPOPIKA LE avAALGT KMOKOL
KOl TTopoymyr] mepumtocemv eAfyyov. EmmpocBeta, pépog tov amoutnoewv Mrav va
avafPofuiotodv oplopUéveg amd TIG TPOLTAPYOVCEG AELTOVPYIEG TMV TPOYPOUUUATOV TOV
ocvuvevadnkav. Ot Aertovpyleg oOTEG GPOPOVV TNV  OVIIKATAGTACT NG TOANOTEPNG
BBAobnKkng dnuovpyiag ypaewv pe Kovodpia, n fertioon e ypaeikng aAANAeTidpaong
™G €QapUOYNS, M avafaduion ™e madg PpAodnkng Tov yevetikav aiyopiBumv pe v
televtaio NG £KOOOT KOl EMEKTOCT] TOV OLVOTOTHTMOV TOV EPYUAEIOL AVAPOPIKA UE TNV
Bektioon g amddoong g eQoproyng pe avénomn ypnong moAvvnuatikoénros. TENog,
petalh ALV TPooOnKdv, N KOADTEPY TOPOVLGINCT) OTMOTEAEGUATOV GTO YPAMO Kol 1
mhoicioon Tov gpyaieiov pe to Java Web Start kot evepyomoinong tov yia ypnomn and to

O10.01KTLO.
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4.3.2. Xuvéveon EQUPROYAV

AvoAvTikOTEPQ, OTAV OAOKANPOONKE 1 GLVEVOON TOV TPONYOVUEVOV EPYOCLDV GE £val
Kowvovplo epyareio mov Eekivnoe oe por véa PAcm, TO KOUUATIH TV OUTAOUOTIKOV
EPYOCIDOV TOV YPNGLOTOMONKAV EVOOLATOON KAV OTTmG elyav. AVTO onpaivel OTL dgv £yve
Kopd aAdoyn otov TpOmo avAALGONG TOV KOJIKA, TOV TPOTO ONUOLPYING KOl TAPOVGINGNS
TOV KAOe YpAeov Kol TEPUAMPONKOV HOVO T TUAUOTO TOV GPOPOLGAV TNV OVAAVLGY| TOL
KOOTKO KOl TOPOVGIOGT TOV YPAPOL KOt O)L TNV TOPOY®YN TEPUTTOCEDV EAEYYOV LE TOVG

YEVETIKOVG alyopifuovg.

4.3.3. Avopadpion Asrtovpyiav — BifiioOnkov

H moAd BiAodnin onpovpyiog ypdewv, n ibmgraph.jar , pio rerolompévn Piodnkm
TOPOYOYNS OMADV, MIOV  YpOoQKd YpAQ®V Kol HE TEPLOPIGUEVEG SVVOTOTNTEG
aAANAemidopaocng  ypNoTN-YPaPov, OvTIKOTOOTAONKE pHe oL GOYYPOVY, KOADTEPO
opYOVOUEVT], UE TEPLOCOTEPES OLVATOTNTES KOl PeAtiopévn omtikd Pipiobnkm, v
jung.jar. H BifAiobnkn ovtr emiéybnke petald dAlov, 6mwg m Jgraph, JgraphT xon
yWorks. Ot Adyot emAoyng TG GLYKEKPUEVNG EIval 1 €yy0TNTO AVTAOV TOL TPOCPEPEL GE
avtd mov (NTovoAV Ol AMAITGELS TOL EPYaAEion, dNANOY Onpiovpyic evOc BeEATIOUEVOL
OTTIKA YPAPOL, LE EVYAPLOTN OAANAETIOPAOT, TOV VO UNV EMPopHVEL TO COGTIHO KOL VO
€xel KoM opylvmorn TOv VO EMTPEMEL TN GLVTNPNGCN KOl UEAAOVTIKY] EMEKTOGT TOL
gpyoieiov (maintanability, reusability), Tov va eitvat TavTOYpOVA TPOTOV OVOLYTOD KMOKA.
Avlueca otig amoutnoelg avtég va onuelmdel 6Tt o ypdoog eivar katevBuvopevog, pe
mhave peydho Pabud €660V ce apkeTONS KOUPOVG, KOl HE TNV OVAYKN EUQAVIONG
ETIKETAOV TOGO OTIC OKUES TOL YPAPOL (Ty cvvOnkeg edéyyov N true/false) 6co Kot péca
6ToVg KOpPovg Tov. ['a tov Adyovg awtovg emAéydnke n fiProdnkn jung.jar €ékdoon 1.7.6,
éva open-source project EvpEMG YPMNOIULOTOLOVUEVO TO 0moio eEeAiooeTal Kot PEATIOVETOL
GLVEYMC.

Ortav &ywve n emdoyn g véag PAodNKNC, o va umopel v AELTOVPYNGEL 1| EQAPLLOYT e
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avtnV £npene va dnUovpynBovv véeg KAAGELS GTO TMOKETO TOL YPAMOv, ONANdN VEES
KAAGELS Yoo TOV Yphipo, Tov KOpBo kot v akpun. Ot khdoelg avtéc, avtiotorya pGraph,
pVertex, pEdge, aviikatéommooav tig moiootepeg tGraph, tVertex, tEdge. Avaykaieg
KpiOnkav akoun ot TpocsOnKeS 6TIg KAAGELS TV avaALT®OV (parsers) Kot TPOTOTOGELS OTN
dtemeaveln Tov HEBOd®V Yo Vo LITOPOovV 01 VEEG KAAGELS VAL YPNCILOTOMm 000V LE TapOIoto
TPOTO OTMG YVOTAV LE TIG TPOTNYOVUEVES EPYOACIES KOl va datnpnOel n opotoyévela peta&d
TOV  JWPOPETIKOV  OVOALTOV 7oV  gvoopatodnkav. Xe TOAAEG TEPMTOGCELS
TPOTOTOWONKAY Ol OVOAVTES Y10l VO, LTTOPOVV VoL SIEKTEPOLOVOVY TN AEITOLPYIL TOVG YWPIG
cpdipota Ko €&icov, av Oyl MEPIGGOTEPO AMOJOTIKA. AALAYEC avTEG TepAapfPdvovy
xpnon £tomv pnebddmv mov mapéyel n véa BiPAodnkn, 0nwe mn ddTaén Tov Ypapov GTov
YDPO, TO. GYNUOTO KOl YPOUATO TOV KOUP®V, 01 TANpoPopieg mov TePEYOVV 01 KOOt Kot
Ol OKUEG, Ol duvATOTNTEC OAANAETIOPACNC TOV YPAPOL LE TO TOVTIKL, 1 dlayeipion TV
cuppdviov (events), Kot ot dlaKooUNTEG TOV YPAEoL (decorators). Xe GAAEG TEPITTMOGELS,
mov M PPAobnKn dev mapeiye KATOEC CLVOPTAGEL, OLTEG VAOTOMONKAV GOTE Vo
AVTOTOKPIVOVTOL OTIG OVOYKES TMV OVOALTAOV, OTMG £YIVE Yo TOPASELYUO LE TNV KATO
mAdtoc avalnmmon (Breadth First Search). Tpomomomjcelg éywav kot o€ Pacikég
Aertovpyieg TOL YPAPOL OTMG TNV EICAYWYT OKUOV TOV OVIIKOVV GE SOPOPETIKO YPAPO, TN
Swypaen KOUPOV Kol OKH®OV TOv €YOVV ouvagel UE GAAovS kOuPovg ympig va
katokeppatiletar o ypleog Kot TovTOYPOVL Y®PIG VAL KATOTOTOOVIOL Ol TEPLOPICLOL

(constraints) g PiPAodNKNg, OTmG emenyeiton Kot € EMOUEVO KEPAANLO.

Oocwv apopd Vv avafaduion mmg PiProdnkne yevetikdv adyopibuwv, amoutndnkov ot
akolovbeg epyaciec, N evooudtoon g véag ékdoomng s PiProdnkng jgap.jar, Kot ot
TPOTOTOINCT T®V KAAGE®MV TOL TNV XPNGIHOTO0VV. Ot dAAAYEG AVTEG OLPOPOVV KVPIMG TOV
tpomo mov yivetow 1 pvOuon (Configuration) yu vo KOTooTel dLVATN 1 EKTEAECT] TOV
YEVETIK®V aAyopiBuwv. X véa PipAodnkn ocdupove kot pe v tekunpioon moAloi
aAyOpOpol  TPEYOLV  OMOJOTIKOTEPO KOl Ol OEMPAVEIES TOAADV KAAGE®V  £yovv
tpormonomBel KaboTOVTAG TOV TPOoHTAPYOVTA KMOKA Un cupuPatd pe tn véa Piiodnk.
To yeyovdg avtd €KOVE EMTAKTIKY] TNV OVAYKN TOV OAAOY®OV 7oL avapipdnkav, o€
pneBOO0LVE, KOTAOKEVACTES KAAGEMY KO OTIC OLEMPAVELIES KO OE OPKETEC TEPUTTAGELS OTN

oelpd pe v omoia yivovtar ot puBUICES TOV TELECTMOV T®V YEVETIKOV OoAyopifuwv,
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pvOuicelg tov TANBLGUOV, TOV JEIYUATOV-YPOUOCOUITOV, K.0.K. Otav ot aAloyég
oAoKANPpGONKaY  aKoAoVONGE 0 €AEYXOC YO TN OCULVENEWL TOV OTOTEAEGUATOV TG
TOPOYWYNG TEPMTMGEMY EAEYYOV HE TO OMOTEAEGUOTO OMMOC QT TAPOLGIALOVTIOL OTIG
TPONYOVUEVES EPYOGIES LE TNV TAANOTEPT] PIPAI0ONKN TOV YeveTIKOV ahyopiBumy date va
elpaote og Béoelc va daPefardcovpe 0Tl 10 gpyaieio Ol pOVo dev €xel xdoel TUNHOL TNG
AELTOVPYIKOTNTAS TOV, AL TNV ADENGE GE GLVOLOGUO LE TNV LEYOADTEPT] ATOOOTIKOTNTA
mov mpoopépel M véa PProdnkn. ‘Etor, n mold PProdnkn dwypdenke oamd v
EQOPLOYTN KO 1] ovaBAOpc” TG fTa ETTUYNG.

Yto  mlaiocle ¢ ovvinpodmrag  (maintenability) kot g duvatdTnTOog
emavaypnoyonoinong (reusability) Tng epapproyns, Kot yio vo. UTOPECEL VA OIELVKOAVVEL TO
épyo G mBavNg EMEKTOONG NG, £xel Onuovpyndel amd ovtopatomomuévo gpyareio
povtedomoinong tov Netbeans éva 6Ovoro amd gvkoAa TAONYICIUEG CEAIDEG e GUVOETELG
vrepkelévou (hypertext links) mov £yovve 6K0mo, Vo TAPEXOVY TANPOPOPIES Y10 TOV TPOTO
pe tov omoio ot kAAoelg ovvofovtal HETAEDL TOLG, TIC MEDOdOLG TOv €Youv, TOLG
KATOOKEVAOTEG TV KAAGE®V Kot To medior Toug. Axoun delyvet Tig eEaptoelg e Kabe
KAdong kot kaOe mokétov, TG petabh TV KAAcE®V , HeTald TakET®mV aAL Kol EE0PTNOELS
petald Khdoewv Kot makétmv. Mmopel va et koveig 6Tt eivar kdtt sov To API (Application
Interface) tng epapproyng ympig v tekunpioon yw t depyacio mov emtelel 1 kdbe

pébodoc. H poviehomoinon avt eivar d100éciun otov cHVOEGHO :

http://www.cs.ucy.ac.cy/~cs04pp2/report/index.html

4.3.4. Awowktookn Aettovpyio pe JAWS

e emduevo otdolo, epdcov elxe emtevyHel evomoinom Tov TUNUATOV NG EPYACTOS GTO VEO
OKEAETO TTOV KOTACKEVAGTNKE KOl 1] GUVEVMGT] TOV TOKETOV TV YPAP®V G £val EViaio
TaK€To, 060NnKe Eppacn oty evepyomoinon tov Java Web Start (JAWS). Xto onueio avtd
TPEMEL va, onpeEIwBel OTL oo TIC TPATEG TPOEPYAGIES TOL £YVAV TPV TNV DAOTOINGT TOL
gpyarEion NTav 0 GYEOIACUOG TOV, KO AVALESH GTIC TPOIIAYPOUPES, 1) ETAOYN Kol KOTOTLY

PN oM €vOg TpOTOL oL B eméTpene 6To £pyaieio va gival 0100£G1U0 GTOVG YPNOTES LECH
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http://www.cs.ucy.ac.cy/%7Ecs04pp2/report/index.html

Tov dwdwktvov. H emioyn Nrav avapecso o Java Applet kot tov vedtepov Java Web Start.

‘Enterta omd épevva Kot {uyosTtdBions Tov TAEOVEKTIULATOV Kot LELOVEKTNUATOV Kol TOV

dvo, emiéyOnke to Java Web Start.

Ot Adyot yio v emAoyn| avtn givon ot €€ng :

To JAWS givar pua teyvoroyia AOYIGUIKOU TOV EVGOUATAOVEL EDKOAN
petapepopotnTa (portability) epapuoydv pe yprion euiiopetpntn (browser). Xe
avtifeon pe ta applets, oev ypeldleTon Tov GUALOUETPNTY Vo Eivat ovoryTOC KOOMC
TPEYEL, POV M eQopproyn mov Tpéxet pe JAWS avotyet og véo mapdBupo (poppa
EQAPLOYNG), akpPdg Ontmg Ba Etpeye kot Tomkd (locally) og o punyovn yopic
yxpnon tov Java Web Start.

[Tapéyer peydheg evkoAieg 6To ¥pPNOTN OPOV TO UOVO TTOV EXEL VAL KAVEL Y10 VOL
katePaoetl Kot va avoi&el v epappoyn eivon éva ki (one click install).

To JAWS avalappdaver va katefaletl ta apyeio and tov eEummpetntn (server) tov
QITOLTOVVTOL Y10 VoL TPEYEL 1] EQappoyn (executable jars, kKAm.)

Emitpénel ponomoinom tov kdowka yio v oladikacio eykotdotaons (EmAoyn
apyeiomv, SIKoOUATOV (permissions), 0AANYT TPOTEPALOTHTMOV Y10, LETOPOPTMOON
tov apyeiov (download eager / lazy ).

Ta applets mpémetl va porpalovtor ) pviun toyoiog tpoonéiacns (RAM) pe évav
QAT TIKO KoL GUYVE «Aaipapyo» uALOpeTpNTY], EV® T0 JAWS Tpéyet
ave&aptnra, pe 1o java.exe Hotspot.

Avtopatn evnuépmaon aAAaydV TG Epopproyng (automatic update). Avtd onuaivel
OTL av M epappoyn €xel oAAdEel, T0TE B KoTefdost TV vEd £K00M TG QVTOUATOL
ko O TV poptdcel. Me aAla Adyua, 6tav 0 ypNoTNg EMAEEEL va TpEEEL TNV
EQUPUOYT Y10 TPAOTN Popd, Ba popTmOEel N epappoyn Kou petd Oa tpé€et. Av ot
ocuvéyeld KAgioeL TNV gpaproyn (aKkoOu”N Kot ToV QUAAOUETPNTN) Kot TNV Eava-
avoi&el, tote O¢ yperaletar va Eavakatefdoel TNV EQoPUOYN amd Tov EELTNPETNTY
a@oL givar oM amodnKevUEvT, 0ALA ovolyeL Aueca. Xe TEPITTOON OUMS TOL £)EL
alhayBel n epappoyn N Exovv yivel avavemoelg (updates) 10te Bo POPTOGEL EK VEOL
NV vEa EPOPUOYN TPV OVOiEEL.

Mnyovicovg anTOpTNG ETAOYNG Kot xprons tov Béitiotov JRE (Java Runtime
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Environment), 1o ekteAéo1lo javaw.exe Kot £vo UnNYaviopo Yo 0EGUEVCT) LVIUNG
670 0{oKO oL dgv avaykaletl To ¥pNotn va Ppet povadikd dvopa yio ovTo.
X avtifeon pe ta applets, Oa amobnievtovv oty KpLEN puvnun (cached) Tov
nweddn (client) OAa Ta .jars ™G EQOPLOYNG KOt dEV SLYPAPOVTOL TOTE CVTOLLOTAL.
"Etot, éxovtag 1o katefdacel TNV epappoyn, oev ypetdletol chvdeon yia vo Tpéet.
Mo gpriotng pe ovvdeon péocw modem — ypappng tmieemvov (dial-up connection),
10 JAWS Aettovpyet €Eumva. Av vtapyEL GUVOES, TOTE EAEYYEL Y10 OVOVEDGELG
(updates) ko ti¢ katefdlet av yperdloviar. Av dev VILAPYEL GLVOEST TNV TPEYOLGA
OTIYUN|, TOTE OEV EMYEIPEL VO ONLLLOVPYNGEL VED GUVOEST] — KANOM OAAGL
YPNOLOTOLEL TNV amoONKELUEVT, TOALL GUVOEST] TNG EQPAPLOYNS KOl ATV VITAPYEL
oLVOEDN GTO J100TKTVO, TOTE B EAEYEEL Y10 EVILEPDTELS.
Téhog, umopel va e1mmBel pe ac@AAen OTL S1EVKOAVVEL TOV TPOYPOUUATIOTY] GTO
YPOAWIHO KOIIKA, KAVOVTOG TO EDKOAN GLUVTNPNOLUO. AVTO 1GYVEL Y1aTi O
TPOYPAUUATIOTNG OV YPEWBLETAL VAL YPAWYEL SVO EKOOGELS TOV 1010V TPOYPELUATOG
o€ dlpopeTikég Pdoetg (code bases) ,uia yio v vt Kabawt EQappoyn Tov
tpéxel g Java Application ko elvon ave&aptnn (standalone application) kot pio
vw To Java Web Start. 'Etot, €dv og mepintwon mov to JAWS amocvpBel and v
ypnon M avtikataotadel amd KaTL EVIEADS O10POPETIKO, O TPOYPOUUOTIOTNG UTOPEL
amAQ Vo GUVEYIGEL TNV AVATTLEN 1) CLVTINPTOT TOL AOYIGHIKOV YWPIG E0JEYEL XPOVO
Y10l VO, TPOTTOTOMGEL TOV KMOTKAL.
To JAWS mpoceépet acpdieia, ELEYXOVTAG YO TIC YNOLOKES VToypapes (digital
signatures) g eQapULOYNS Kol TV PiAtodnkmv mov ypetdletat (OAa ta jars Tpémet
va £ouve TNV 1010 VITOYPAEY, A0 TOV 1010 KATAGKEVLOOTY, EKTOG 0V OVI|KOLV GE
GAAOVC 0pYOaVIGUOVE KO £XOVVE SIKEG TOV DITOYPOPES TTOV LITOPOVV VO,
eumotevfovv). AkOun Ko av VITAPYOVV ENEKTAGELS (extensions) og BipAtoOnkec,
AVTEG TPETEL VOL PEPOVV ATTOOEKTES KAl AGPAAELG LITOYPaPES. Mmopel woTOCO o
epappoyn JAWS va unv eépet vroypapn. Avtd Opmg onuaivel TG ot EPOPLOYES
aVTEG £XOVV APKETOVS TEPLOPIoUOVS. Ommg 611 dgv pmopovv va £xovv TpdsPocn
GTOV TOTIKO GKANPO dioko, dev emtpémovrtan 1Bayeveic fipiodnkeg (native

libraries), emtpémovtar povo cuvdécelg amod tov host mov katefaivovv OAa ta jars,
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Ko TEAOG , Oev eykabiotatol o EAeYKTNG ac@AAEnG (security manager).

A&iler ®ot660 va avapepBohv Kot pepikd petovekTipota g xpnong tov JAWS. Avtd
BéPara dtapépovv amd £k00T € £KOO0T KO EVOEYOUEVAOS OPIOUEVA, ATTO LTE VL
eEalerpBohv 6To £yyVG LEAAOV.

e To JAWS kaBvotepei e€iocov oA katd T ddpkela petopdptmons (download)
TOV EVIUEPDCEWV OGO KOl KATH TN O1EPKELN LETAPOPTMOTG OAOKAN PTG TNG
EQOPLOYNG oTO EekivnuaL.

e Amnoutel o mehdng (client) va €xel JRE eykateotnuévo 6to unydvnpd tov (0mmg
ka1 ota applets) ko emmpocbeta amattel application/x-java-jnlp-file MIME tomov
ocvoyétion (association) pe 1o jaws.exe oTig puOuicelg Tov ELALOUETPNTH. AKOUN,
OLGYETION TOV apyeiwV .jnlp TOTOL e TO javaws.exe

e  Oocov agopd tov eEumnpetnty (server), amorteiton o .jnlp apyeion pe application/x-
java-jnlp-file MIME t0mo.

e [davikd , yopig dpmg va elval arapaitmro, propei va eykoatactadel otov
eEumnpetnt JINLP tpmtoK0AL0 Yia va eEummpeTovvTat ot aAlayEg oTa jar apyeio

TO QTOTEAEGLOTIKG.

Yuykpivovtog Tig Ov0 aVTEG TEXVOAOYIES Kot AapBavovTag vwoyn OAa To
YOPAKTNPLOTIKA TOVG, LuYIloVTog TAEOVEKTILOTO KOl LELOVEKTILLOTO TPOTIUONKE N
teyvoroyia tov Java Web Start, pia véa , Tpoaktikn, oAd amodoTIK Kot GIALKY TPOS TO
PNt N omoia @aivetat va eivor kot o eEeAEUN Ko avapevouevn va Pertiodel

epeTOip® 0T HEAAOV. Me TV emAoyn avth akoun, dev tibetan o pioko 1 mEPULTEP®

avamtuén 1 GLVTIPNON TG EPOPLOYNG.

'Eto1, 610 onpelo avto, £xovog emhééet to epyaieio Aoyiopuod JAWS yio ) xpion g
EQOPLOYNG Ao TO 01001KTLO, £MpEne va TpomomomBel Kot 0 GYedOGUOG Yo TV ovATTLEN
OPIGUEVOV TUNHATOV TOV. ETopévmg opiopévec mposOnkeg yvav avaykaieg yio vo propet
va 00VAEYEL amd TO S10diKTVLO. Ot TpoavaPEPONKE, Y10 Vo AEITTOVPYNGEL 1] EQOPLOYN,

yperaletal va mépel og £16000 éva (1 TEPLoGOTEPA) apyeia TNYOIOL KOIKA YPOUUUEVO GE
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java to omoio Kot ot cuveyeln Bo avorivoel Ko eAEyEet.
Ta apyeia avtd, TOV GE TPOTEPO GTAAO, OTAV 1) EPAPLOYN ETPEYE TOTIKA, PpickovTay o€
éva Eexwplotd makéTo, To testfiles packet, otn cvvéyela kpibnke oxdmTO Vo ToTOOeTOOVY
oTov KatdAoyo public_html, 610 Tpocmmikd pov domain tov Tunuatog [TAnpopopikng tov
[Tavemompuiov Kdnpov, dnwg dAhwote kot n dwavoun| (distribution) tg epappoyng yio to
Java Web Start, n anin iotocerida (launch.html) péow g omoiog avoiyel n epappoyn pe
10 JAWS, xou o .jnlp apyeto. o va Aertovpynoet n epappoyn pe to JAWS yopig
wpofAnuata, Oa Tpénel vo Tnpel TOVG TEPLOPIGHOVG TOL BETeL To Java Web Start.
[Tepropiopotl 6Tmg 10 6TL OAES 01 P1A10ONKES TOV OTTOLTOVVTOL Y10 VO TPEEEL 1) EPAPLLOYT VL
nepriapBdvovtol oTov 1010 KatdAoyo Kot va givol o€ Lopen .jar Kot OxlL cav apyeio
ocovumieong 6mwg .zip M .rar, K.oK. AKOun Oa mpémetl va £ouve o EYKupn ynelokm
VITOYPOPT] OAQ TO TOKETO TIG EPAPLOYNG ENEWON amauteital TpdSPacm ot pnyovn mov o
TPEEEL 1 EQAPLLOYN Y10 AVAYVOCT OTTALTOVUEVAOV OPYEIDV, Y10 LETAPOPTMOT] KOl dnovpyia
véov apyeiov (0nwg ta apyeio Tnyaiov kOdwka yia EAeyyo). Kt tétoto dev Oa rav epiktod
va yivel av dgv LINPYE KATOW YNPLOKN LIToypaen agol 6mwg Ba dovpe apydTEpa GTA
TaPOdElYLATO EKTELEGC GEVAPI®V TNG EQAPUOYNG TPV EEKIVIGEL VOL TPEYEL OC EPOPLOYN
JAWS Ba mpénet 0 xprotng vo amodeyfel 0Tt epmoTeEdETOL TNV EQAPLLOYN KL TNV
VTOYPOPY| TOL GLYYPUPEN TNG YO VO LTOPEL VoL EEKIVIGEL 1] EKTEAEGT] TOV EPYOAELOV.
Emmpdobeta, Oa npénet va mpoceyBel 11 1o .jnlp apyeio eivar opBd kar mepiéyet tn oot
devBuveon ¢ QaproYNS, aPol VT KATd TpoemiAoyn Tifetat va deiyvel 6To eKTEAEGIIO
apyeio g epapproyns mov PpicKeTOL TOTIKA GTI UNYOVT TOL dNUOVPYEITOL 1] EPOPUOYT).
‘Eto1 Oa mpémet va tpomomoinBel yia va 0giyvel 6To 6oTO 0pyEl0 6TO GMGTO
QTOLLOKPVGUEVO KATAAOYO TOL dtadtktvokoy tomov. Térog, Ba mpémet va eheyyBel 11 0
KATAAOYOG 0VTOG £XEL TOL OTOLTOVUEVO SIKALDUOTO YPNOTAOV KOt OLAS®OV XPNOTOV 0VTWMG
wote va uropel va ektedeotel (my rwx-rx-x). Na onueimdei edd 0t onpuovpyndnke kot
glvan dtobéopo ot oerida avtn éva andd API (Application Interface) pe oxond va
TapEXEL TEPIOCOTEPEG TANPOPOPIES GE YPNOTES KOl TPOYPOULOTIOTEG KO VOL OIEVKOADVEL
TNV TEPUTEP® AVATTVEN TOV GLGTILLATOG OV Kot 0TV awTd Kataotel avaykaio. To amid
avtd API meprhapPdvel Oheg Tig

*  KAAoELS,

»  Jdemodveteg (interfaces),
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" TOTOVG SOUDV,
" moké€to Kot OA0 To oot el TOL GLVILALOVTOL YO VO, ATOTEAEGOVY AVTO TO

0AOKANPOUEVO EPYOLETID, OTMG OAEG O1 SLOGVVOIEGELS HETAED KAAGEWV KO TAKETMV.
Oocov apopa TG TEPEXOUEVES KAAOELS, 01 TANPOPOpieg Tov eppavilovtal eival ot
(Onuooieg) nébodot mov ivar drabéaiueg, ot 110N TEG (attributes) g kAdong, ot
KATOOKELAGTEG (constructors), T yopakInploTikd tng KAdong (av etvar tedkn (final), av
elvar opaty| oTig dAAeS KAAGELS , apailpeTikn (abstract) , KAT). Axoun, yio kabe KAGo™
coumepthapfdvovtal otV apyn T 6eEAdag kot OAeg ot YvooTés cuoyetioelg (all known
associations) pe GAAEG KAAGELS ord TO 1010 1 OLOPOPETIKO TOKETO.  XTOV YMPO ALTO AOUTOV
tomofeTONKaV TO SOKIHAGTIKG apyeio Yo EAeYy0, KaTm amd Tov Katdroyo testfiles/, kot
SLUTEPIAOUPOVOUEVOL VO EMITAEOV apyYElOV LE TANPOPOPIES Y10l TOL ApYELR TTOVL VITAPYOVV
oTov eakeAo avtd (ovoparta apyeiwv), to testfiles index. To apyeio testfiles index
YPNOUOTOIEITON OTTO TNV APy OTNV apyN, OT®MS B HOVLE TOPAKAT®, OTOV O XPNONG
eMAEEEL VO OPTAOGEL TN AloTa e T apyeia ko va emAéget Eva amd avtd. Exelivn m otiyun
petapoptaverol o apyeio testfiles index pe yprion http (mpwtdKOALO pETOPOPAS LITEP-
KeWEVODL) Kot dtafalovtal £Tot Ta mepleyOUEVO TOL Pakélov /testfiles, kot ta ovopata TV
dwbéoiuav apyeiov tpoPdiiovtal ot Alota, 610 TPOTO Prpa (step)tov OdnyoL
Avotypoatos-®optwong Apyeiov (Load Wizard). ‘Etot o ypfjotng pumopet va emAéEet Eva
Ao aVTA T apyEio KOl Vo LETAPOPTMGEL LOVO AT TTOL Ypetdletar Kot Oyt OA0 Tov
KatdAoyo pe ta apyeia eEAEYYOV, KaTL TOV B TpOoKaAoVoE KaBVGTEPNOT), AGKOTT XPTOT) TOV
bandwidth kot g pvyqung g unyavne. Av, Quoikd otn cuvEyela emtBvE] va
YPNOOTOMGEL KATO10 AALO apyeio, TOTE pe TV 1d1a dradikacio pmopet vo 1o emAEEEL Ko
va 10 petapoptacel. Ta mepieydueva tov apyeiov testfiles index eivor o amotélecpa
extéleong g evtoAng s . | sort > testfiles index
o YPOUUN evtoA®v (command-line) Tov unix, av ekteleotel 010 KOTAAOYO testfiles/ .
[Tepiéyet SnAadn 6Aa Ta TepleyOpeva Tov Katardyov testfiles/ oe ahpapntikn cepd,
amotutopéva oto apyeio testfiles_index, mov ivan éva apyeio kepévou.
Ta apyeio ovtd givar peptkd KAACIKA TPOPANLOTA GE KOJIKA java, OTmG TaSIVOUN o,
gvpEDT, TOEIVOUNOT TPIYDOVOV, YXPNON constructors, yp1or KANPOVOLIKOTNTOS KOl LEPIKL
A0 amAd Ko To GUVOETA KOl EKTEVT TPOYPAULOTO TTOV YPAPTNKAY Y10 TOV EAEYYO TNG

epappoyns. Evoektikd, pepucd amd autd to apyeia mnyoiov koo eivol To TopaKaTo :

55



BinarySearch. java
BouncySolidBall . java
BubbleSort. java
BucketSort. java
Car.java
Factorial.java
FExamO6 . java
Fibonacci . java
Fighter.java
FindMaximum. java
Fool000Line.java
Fool000LineSimple.java
Fooll. java
Foo2000Complex. java
Foo2.java

Foo3.java

Foo4.java

Foo5. java

Foo6. java

Foo7.java

Foo7Run. java
FooArray. java
FooComplex. java
FooFighter. java
FooFor. java

Foo.java

FooTestOl. java
FooTest02. java
FooTest03. java
FooTestO4. java
FooToTestWithDG. java
FooWhile. java
GeometricSeriesSumClosedFormexpr. java
GeometricSeriesSumHornerRule. java
GeometricSeriesSum. java
Goo1000M14. java
InsertionSort. java
Mool. java
PowerExample. java
PrefixSums. java
Quadratic. java
SumExample. java
SumHornerRuleExample. java
Test0102. java
TestOl. java

Test02. java

Test03. java

Test04. java

TestO5. java

Test06. java
Test07.java

Test08. java

Testl2. java

Testl5. java

Test25. java

Test26. java
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Test28. java

Test29. java

Test30. java

TestFileOl. java
TestFile02.java
TestFileO3.java

TestFileO4. java

TestFile05. java

TestFile06. java
TriangClassification. java
TriangleClassifTicationold. java
TriangleClassificationRunold. java

IMa ) petapdptmon Tov apyeiov avtdv, OTog Kot Tov apyeiov testfiles index, pe
YPNOT TOL TPWTOKOAAOV http , dnuovpynoa Eva véo Taxéto, To http, To omoio mepi€yet v
kAdomn FileDownloader.java , n omoia givon po oA vhomoinomn petapopds apyeiov e to
TPOTOKOAAO http kot draBéterl ebkoAeg otn ypnon nebddovg, OTMGS Yo TOPASELY O 1
uébodoc public static void download (String address) 1 omoia petagpoptdvovy (download)
t0 emBounto apyeio divovtag amid ™ dievbuvon Tov apyeiov. ['a Tapaderypa,

FileDownloader.download(http.//www.cs.ucy.ac.cy/~cs04pp2/testfiles _index.txt);

B0 LETAPOPTAOCEL TO OPYEIO TOV TEPLEYEL TO TOEIVOUNUEVA TTEPLEYOUEVO. TOV KATAAOYOV

testfiles/ .

4.3.5. Bektiopévn alinieniopaocn pe Tov (pNoTy

Y10 TAaiolo TV omotnoe®my Yo BeATion TG Ypoetkng aAANAETidpaong aKolovOnOnke
L0 GEPA EVEPYELDV, OTMOG 1) OPYAVAOOT) TV KOVUTUDV GE OLAOES AELTOVPYUDV, YPNON
TOPOLOL®Y POPUADV Y10 GLVAPNS AEITOVPYIES, DIEVKOADHVOVTAG TOV YPNOTH GTOV
KOTOTOTIGUO TOV, BEATIOUEVN TOPOVGIOCT] ATOTEAEGUATMOV GTO TPOTLTTO, TMOV APYDV TNG
aAANAETIOpaoTG AVOPDOTOV-VTTOAOYIGTT, OT®G Ba dovpe o KATw. Ta pevov, ot POpuES Kot
YEVIKOTEPX TO YPAPIKO TAAIGIO OVTIKATOGTAONKE LE TO EAAPPVTEPD, OTOSOTIKOTEPO KO
oLYYPOVA EPYOAEiD TTOL TAPEYEL 1) java, TO. CLOTATIKA TOV swing (swing components). Mg
TNV OMOTEAEGUATIKOTEPT] YPTOT TOAOTADV VNUAT®OV UTopel TAEOV O YPNOTNG VO EKTEAEL

TOAMAEG epyOsiec TapAAANA Kot Y®Pig va kaBvoTePEl AvVaUEVOVTOC OTOTEAEGLOTAL
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TPONYOVLEVOV EPYOCLOV. AKOUT, OTav pia dlepyacia tetvel va yiveton ypovofopa, 1
EQOPLOYT OEV TAYDVEL, ATOKAEIOVTAG TO ¥PNOTN Ao KAOE £100¢ AAANAETIOpAGT S LLE VTNV
OAAG TOV EMTPENEL VOL TAONYEITOL OTO LEVOV, VO AAANAETIOPA LLE TOVS YPAPOVS Kot VL
enelepydleton amOTEAEGLATO OAOKATPOUEVAOV JEPYACIDV, EVD UTOPEL TOVTOYPOVA VO
EVNUEPDVETOL OVAL TAGO GTIYUN Y10 TNV TPOOSO KOl TO £PY0 TOV EKTEAEITAL OVA TTAGA
oTiyun omd v tpéyovca xpovoPopa depyacia. O TpOTOg ELPAVIONS TOV ATOTEAEGUATOV
TOV TEPITAOCEDV EAEYYOL £xel OAAAEEL EmionC Kat £xEL Yivel TEPOGOTEPO dOdPACTIKOGS,
a0V 6mwg emelnyeitol AvaALTIKOTEPA GTY GLVEXELD, Yo KAOE TepinTmon eAEYYOL OV £XEl
mapoaydel, pmopet 0 xpNoTnG va deL YPoPIKd GToV YpAPo Vo ELEaviCeToL TO VTOUOVOTATL
mov £xel kohveBel. H mAonynon tov ypnotn yia v emAoyr| tov apyeiov mov BéAel va
eAéyEet, TN LETAPOPTMOGT] TOV OO TNV ATOUAKPLGUEVT] TOTOOEGTN, Kot TNV EMAOYT TOV
YPaeov Tov BEAEL VO dNUIOVPYNGEL £XEL Yivel TO €0KOAN e TV Ponfeta Tov 0dnyoD
Avolypatos-Metapoptmong apyeiov (Load Wizard) evd mapdAinia mapéyet OAEG TIg
amopaitnTeg TANPOPOpieg mov ypetdletar 0 ¥poTNG € LOALS Tpia Prinata.

‘Exovtag evoouatmoet Tig mpoavapepfeices adlaysc, akolovdnoay allayég oTtnv
OlEMPAVELN TNG EPAPUOYNG O OTOIES, aKOAOLODVTOGS TIG apyES TIg AAANAETIdpaoNg
AvBpamrov-Ynoroyiot) (Human-Computer Interaction) otoygbovv otnv dievkdAvven tov
YPNOTN OTNV TPOYLOTOTOINOT TV EPYACIDOV TOV €V HEGH UIOG PIMKNG TPOG TOV XPNOTN
EQUPUOYNG. ApYES OTMG Eva EVYAPLETO OTTIKA LEVOD, LE KOVUTLA KOl EMUPAVELES
TPOCEKTIKA OTOYICUEVES Kol TOTODETNUEVES GTO YPOAPIKO TEPIPAAAOV TNG EPAPUOYNG KO
TANPOPOPIES AVAPOPIKA LE TNV Attovpyia TOL KaBevOS Tov glval S10OEGLES GTOV XPNOTN
péoa amod 1o 1010 To gpyaireio pe fondntikd unvopata kelpévou (tool-tip text) wov
eppaviovrot pe v kivnomn tov Tovtikiod Téve and to Kdbe kovuni (mouse over) 1
TEPLOYN TOV ERPAVILEL £VOL AVTIKEIIEVO 1} LEVOV IOV €MITEAOVV Lol Agttovpyia. To
pnvopoto avtd givor amAd, GOVIOUO Kol KOTATOTIGTIKA KOl GE GUVOVAGHUO e OYOA0 OE
HEVOD pLOCE®MY Kol OVTOETEENUNUOATIKEG EIKOVEG OVOPOPTKE LLE TIG AEITOVPYIEG TOV
KOVUTL®OV GLVIEAOVV GTOV TPOCAVATOAIGUO TOV ¥PNOTN Kot TN dtokprtikn Kabodnynor tov
oTNV €pY0cio Tov BEAEL VAL TPOYLOTOTOMGEL YOPIG Vo TOV Kovpdalet pe peyddo 6yko
TANPOPOPLAOV Kol TOADTAOKO EKTEVT apyeio fonBetag.

TéNog, ota Ao LG ATOOOTIKNG KO EDYPNOTNG SETIPAVELNG EPYACTOC, OTOKPOTTOVTOL

TANPOQOpieg oTOV YPNOTH O1 omoieg dev yperaletal va yvopilet, xwpig va emPoapdveror £Tot
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pe emmA&ov mANpoeopieg Otav avtdg dev Tig ypetaletat. [a mapddetypa, otnv ekkivion
™G EQOPHOYNG TO KOLUTLE TV Agttovpyldv mov Ba givar dtabéoipa Ba eivar o Oomyog
Avolypatog-Metapoptmong Apyeiov, kot ot puOUIGEIS TOV APOPOVY TNV EPAPHLOYY|, OTMG
glval Ko Aoyko GAA®GTE, oVTA Elval TO TPMOTO OVOUEVOUEVO BIHOTO YPTOTS TOV EPYOAEIOV
and Tov ypnotn. Otav yivouvv ta fpota avtd, 101kd dtav oAoKANP®OEL 1 petapdpTmon
OV apyeiov kat n dMnuovpyia Tov Ypheov, T0TE T0 epyareio £xel otn ddbeom Tov P
eMMAEOV TANPOQOPIa : TO £100G TOL YPAPOL TTOL £xel emAEEeL va dnpovpynoet. Ondte 610
onuelo avtd, avaroyo LE TOV EMAEYUEVO YPAPO, £va omd TO KOVUTLA TOV EMLTELOVV TNV
TOPOYOYN TEPIMTMOGEMV EAEYXOV e TN Pondela yeveTik®dv adyopiBuwv Ba evepyomoinOei.
AnAaodn av éxel emAEYeEl 0 YPAPOG pong EAEYYOL, TOTE Bl evepyomomBei 1o avticToryo
KOVUTL Y10 TOV EAEYYO TOV YPAPO PONG OEOOUEVMV, OV EYEL EMAEYEL O YPAPOG PONG EAEYYOV
1oTE TO KOvpmi Yo tov EAeyyo mov Paciletatl 6To Ypapo pong 6£d0UEVEOV KOl TO LLOVOTTATLOL
mov &yovv e€aybel pe Baon to kpitipro k-tuples. Av emheyel 0 YpAPOg amattnoewv, TOTE
Kavéva koot 6gv Ba evepyomonBel. Me tov 0po £vePyOmoinem TOL KOVUTION EVVOOVUE
ot to kovuni (Jbutton) petaPaivel and v apywkn katdotaon a_button.isEnabled = false
otV Katdotoon a_button.isEnabled = true. Mg tov 1010 tpodTO, dTOV 1| TOPAYOYT| KO
ELEYYOG TOV TEPWMTOCEMV EAEYYOL TOV AVTIGTOLYOL YPAPOL £xel OAOKANP®OEL, TOTE
EVEPYOTOLOVVTOL TO AVTIGTOLYOL KOVUTLYL LLE TO, OO0 UTOPEL O YPNOTNG VAL OEL TO AVTIGTOLY O
AMOTELECLLATO, ONAAOTN TIC TEPUTTMGELS EAEYYOV TOL TAPAYON KAV, TIG AKUEG 1) TO. LOVOTATLOL
OV GTOYEVAV VO KOADWYOLV KOl OV TO KAAVWYOV KOt VO, OEL YPAPIKE TO 1G0OVVOLLO
QOTELEC LA TTAV® GTOV YPAPO LUE YPOUATIGUEVES TIC OKUESG/ LOVOTTATIH TTOV KOADQON KOV
(yKpl) Ko pe SpOopETIKO Yp®dUa (AGTPO) aLTEG TOV dgV KaAv@OnKav. Ta amoteAécuarto
ALTE OTOTLTAOVOVTOL GTOV YPAPO Kot AAAALOVY KABE POPA TOV 0 XPNGTNG EMALYEL Lol
SPOPETIKN TTEPITTOOT EAEYYOL OO ALTEG OV Exovv mapayOel. BAémovpue Aowmdv o6t
aKOUN poL TEYVIKT aAANAETiOpaoTg avOBpdmov-vroloyioth Tnpndnke mov BEAeL Tov ypnot
va pmopet vo PAETEL Ypapikd KATL (To amoteAéopaTa) Kot Oyt HOvo po akoAovdia amd
apBpovg ko Tipés. Onmg PAénovpe Topakdto ota Topatidipevo oYNUATE, EXOVLLE T
QTOTELECLLATO, TTOPAYMOYTG KO EAEYYOV TEPMTMGEMV EAEYXOV OV Pacilovtol otnv
eEaywyn Hovomatiddv omd £vov Ypaeo pong 0£00UEVMV, Kol TG EREavIlovTal YPoPKd
oToV YPpaQo, 6mmg TEPypdpel TponyouuEvams. O xpnotng umopel oniadr| va

aAAAETIOPAGEL E TA AMOTEAEGLATA KOl TOV YPApo oTov omoio mapovsialovtat. Exovpe
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Aoumov oto (Zynua 4.1) emAeypévn o Tepinton EAEYXOL Kol TNV AroTOTMGT] TNG
KdAvyng mov elye o€ £va LOVOTTATL GTOV YPApo, VD oTo (ZyMua 4.2) frémovpe Tt
ocvppaivel 0tav o ypNoTNS EMAEEEL O TOV TIVOKO TEPIMTMOCE®V EAEYXOV L0l SLOPOPETIKN
OULAdA TILAOV TTOL GTOYEVEL GTNV KAALYT EVOG UIKPOTEPOL LOVOTTATION GTOV YPAPO, TO

01010 KOAOTTETOL.

General Info | Paths' Coverage
Test Cases
Test Cases Values
Order |Path (nodes ...| 1s Covered 'P| Test Case

0 1,2,3,5.71 |TRUE |[tnum1, 8), (nu... |~

1 [1,2,3,5 6] UE [itnum1, 93). (n...

2 [1.2,3,5 6 81[TRUE [(num, 8), (nu...

3 [1.2;3,5 6, 91|TRUE [(num, 93} (n...

4 [1.2,4,57 [TRUE [(num-, -89},

5 [1,2,4,5 6] [TRUE [(num, -5}, (n...

3 [1,2, 4 5,6, 8][TRUE [(num, 0}, (nu

7 [1.2, 4,5 6 91[TRUE [(num, -5}, (n...

8 [1.23,5.7, .. [TRUE [(num1,-3), {n...

[ [1.2,3,5,7, .. [TRUE [(num,-4), (n__ |=

10 [1.2:4,57, . [TRUE [(num, -3}, (n...
| 11 [1.2,4,57,. . [TRUE [(num-, -3}, (

12 [1.2.3 TRUE [(num1, 83}, (n...

13 [1,2,3] TRUE [(num, 93, (n...

14 [1.2 4] TRUE [(num1, -5}, (n...

18, [1.2,3] ITRUE [(num, 93} (n...

16 11,2, 4] TRUE [(num, -5), (n

I 1,2, 4] TRUE [fnum1, -5}, {n...

18 [1.2,3,5,7] [TRUE [(num, -4}, (n

19 [1.2.3,5.71 [TRUE [(num, -4}, (n...

20 [1,2,3,57,.. [TRUE [(num, -4}, (n...

21 [1.2,3,5,6] [TRUE [(num1, 93}, (n...

22 [1.2,4,5 7 [TRUE [(num, -89}, (..

23 [1.2,4,57 [TRUE [(num-, -89},

24 [1.2:4,5.7, .. [TRUE [(num, -88), (...

25 [1.2,4,56 |[TRUE [(num,-5), {n

26 [1.2:3, 5.7, .. [TRUE [(num, -4}, (n... = L

27 [1,2,3,57,.. [TRUE [(num1,-4), {n... || [Crum 1 num2 num3 nume int max =
| 2 12 A A RITRILIE [fnnumd 8% (ni i

Yymua 4.1 : Emoyn mepintoong eléyyov 1 Kot aneikdvion avtioTorov Hovoratioh
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= e
GeneralInfo | Paths' Coverage
Test Cases
Test Cases Values
Order |Path (nodes ..| Is Covered ? Test Case R
0 [1.2,3,57] [TRUE [(num1, &), (nu... [~
1 [1.2,3,5,6] |[TRUE [(num1, 93}, (n...
2 [1,2,3,5,6, 8)[TRUE linum1, ), (nu
3 1,2, 35 6, 8]|TRUE [(num1, 93}, (n...
n [1,2,4.57] [TRUE [(num1,-89), (
5 [1,2,4,5 6 |[TRUE [(num1,-5), (n...
6 [1,2,4,5 6 8)[TRUE [(num1, 0), (nu...
7 [1.2, 4 5 6 9]|TRUE [(num1,-5), (n...
8 [1.2,3,5,7, .. TRUE [(num1,-3), (n...
g [1,2,3,5,7, . [TRUE l(num1,-4) (n_ |5
10 [1,2,4,5,7, .. [TRUE [(num1,-3), (n...
11 [1,2,4.5 7, [TRUE [(num1,-89), (
12 [1,2.3] TRUE [(num1, 93), (n...
13 [1,2,3] TRUE [(num1, 93}, (n...
14 [1.2 4] TRUE [(num1,-5), (n...
15 1.2, 3] TRUE [(num1, 93}, (n...
16 1,2 4] TRUE [(num1,-5), (n
17 1,2 4] TRUE [(num1,-5), (n...
18 [1,2,3,57] |[TRUE [(num1,-4), (n
19 1,235 7] |TRUE [num1, -4), (n...
20 [1,2,3,5.7, .. [TRUE [(num1,-4), (n..
21 [1,2,3,5 6 |[TRUE [(num1, 93), (n...
22 [1.2,4,5,7] |[TRUE [(num1,-89), (...
23 [1,2,4,57] |[TRUE [(num,-89), (
24 [1,2,4,5,7, .. [TRUE [(num1,-89), (...
25 [1,2,4.5 6 [TRUE [(num1,-5)_(n
26 [1,2,3,5,7, .. [TRUE [(num1,-4), (n... - e
27 [1,2,2,57, .. |TRUE [(num1,-4), (n... | (Cnum 1 num2 nums num int max =
2 [T 5 A AITRLIE Hnumd 8 fnu ¥

Zyua 4.2 1 Emoyn nepintmong eAéyyov 19 kot ameikdvion aviictoryyov Lovomation

4.3.6. Awyeipron moivvnpotikotnrog (Multithreading)

AxolovOdvrtag po akdpun texvikn Pertioong e arinienidpaonc petald avlpmmov-

VIOAOYIOTN, TOL BEAEL TOV ¥PNGTN VO EIVOL GUVEYMG EVILEPOGS Y10L TNV TPEYOVGA KATAGTOGON

NG EPAPUOYNG, OAAG KO TN YVAOOT) oG dlEPYaciag EKTEAEITAL amd TV EQOPLOYN

TPOCTEOMKAY EVIUEPOTIKES PUTAPES TPOOSOL TV dlEpyasimV (progress bars) yio To To

ypovoPopa tunpata tov gpyoieiov. Ocov apopd Tic epyacieg mov eivar apketd

ypovoPopeg etvar kadd va paiveTal o€ To 6Tdd0 avTég Ppickoviat, Yo avtd To AOYO 6TV

nepintmon ot Tpoctédnkay mapddvpa H10AGYOL TOV SELYVOLV TOLES EPYUGIES

EKTEAEGTNKAV, TTOLEG EKKPELOVV KO TOlEG Bol aikoAoVONGOVV 5T GUVEKELD.

[To ovykekpéva, o1 Aettovpyieg mov avapépoviot kot yapaktnpilovior mg duvnTikd

61



ypovoPopeg, etvar ot e&ng :

AVTEG TNG EKTELEOTG TOV TEPUTAOCEMY EAEYYOVL LE TN PonBeta yeveTik®dV akyopiBuwv, ot
e€erilelg (evolutions) Tov mAnbBvoudv (population) Kot 1 EKTEAEGT] TOL TPOYPAUUATOSG KO
N 0EOAOYNOT TV MOTEAEGUAT®V LE TN cvvapTnon a&toAdynong (fitness evaluation
function) 660 aVTA Y10 TOV YPAPO PONG OEOOUEV®Y OGO KOt Y1 TO YPAPO pong eEAEYYOL. Xe
QVTEG TIG TEPIMTMOGELS, AVAAOYO PUGIKA LE TNV TOAVTAOKOTNTO KO TV EKTOGT] TOL T Yoiov
Kddwa mov e€etdleTat, evoéyeTat optopéva amd avtd To TPoypaupaTa Vo Kabvstepovv
ONUOVTIKA GTIC TOPATAVE® EPYACIES.

Mo GAA mepintmon mov pmopet vo amoderyBel ypovofopa pe xp1om EKTEVOLG T YOOV
KooK givat, og avEovasa oelpd amaitnong ypodvov, N LETAPOPTOCN TOV apyeiov amd TNV
amopakpuopév tomobecia (og pikpotepo Pabud), n avédivon tov kmowa (parsing) (o€
apKeTE peyolutepo Pabud), To ¥TiGIo Tov Ypapov (o€ ToAD peydlo Babud) Kot 1 onTikn
aneikovion (visualization viewer) Tov YpAQoOv Kot TPoGHN KN TOL GTO TAVEL TOV YPAP®V
(o€ moAV peyaro Pabud).

2V TpAOTN TEPITTMOON OVTO OVTIUETOTIGTNKE LE TN YPT|ON TOALVILATIKOTNTOG
(multithreading) pe pia véa dievkdivvon mov tpoceépel ) Java, o SwingWoker. 'Etot
dnuovpynnkav dvo Epyacieg (Tasks), pa yio tnv KGALYN TOV OVOYKOV TOV YEVETIKOV
alyopiBumv mov tpéyovv pe Paon Tov YpAgo pong EAEYYOL Kol i Y10 VTN TOL YiVETOL
Tave 610 Ypheo pong dedopévav. Ot epyacieg avtég KAnpovopovv amd Ty KAGon
SwingWorker 1 onoia mopéyet moAhég evkoieg yia ypnon kot enelepyacio vipudtov
(threads) ka1 y1o Aettovpyieg mOL EMOIOKOVLE VO TPEYOVV GTO TOPAGKNVIO (Tun in
background). Etot, 0tav £gouv ektelecTel TO AMOPOITITO TPOATOUTOVUEVO, OTIMG 1) EMAOYN
TOV TPOYPAUUATOS Yo EAEYYO, | POPTMGN TOL, Kot dnpovpyia Tov Ypaeov (eite pong
dedopévmy gite pong eEAEYXOV) Kat 0 xpNoTng emAEEEL va TpELEL TO epyaAeio Tapayw®YNg
TEPUTAOGEDV ELEYYOV, TOTE, AVAAOYO LLE TOV YPAPO TTOV £xEl dNovpynOel Ko Tovg
YEVETIKOVG alyopifuovg mov emleyobv va tpéEovv, dnovpyeital ) avtiotoyn Epyacio. H
Epyacio avt exwvaetl va tpéxet o€ Eexmpiotd vipo ympic To vmOAoUTo epyaieio va
'Tay®vel PEXPIS OTOL OAOKANP®OEL 1] TOPAY®YT| KOl O EAEYYOS TOV TEPUTTOCEWDY EAEYYOL
HE TOLG YEVETIKOVG adyopiBuovg. ‘Etot 0 ypriotng pmopel yopic kovéva Tpofinuo vo
ovveyilel va ypnoiponotel To epyareio Kot va eKTELEL TIG epyaciec mov BAeL, N va eEAEYEEL

TOV YPAPO, VO AAANAETOPAGEL LE AVTOHV, VAL POPTAOCEL KATOL0 AAAO TPOYPOLLLLEL, K.O.K.
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YOPIG VO AVOIEVEL Y10 TO ATTOTEAEGLLOLTOL TIG EKTEAECTG TOV YEVETIKOV 0AyopiOumv amd 1o
TPOYPULLLO TTOL VTTOKELTOL EAEYYO. ZTNV TEPINTMON TNG £MEEPYAGING KOl TOPAYMDYNS
TEPMTOGE®V ELEYXOV pe Bdon Tov Ypapo pong eAEyyov (control flow graph) ot
TANPOPOpieg mov ametkoviCoviat 6to mapdBupo dtoehdyov (Zymua 4.3) givor n urdpo
TPoodov (progress bar), o apOudS TV e€ediEewmv mov anopévouv (evolutions remaining)
amo tov pEYoto apuod eeriewv (Katd tpoemhoyn ivar 500), o apBudS LOVOTOTIOV TOV
TPENEL VO, KOAVOOOVV, Kol TO TPEYOV LOVOTATL TOV EAEYYETOL OVA TAGO GTIYUN Ot KATOolo
nepintmon eAEYYOV. XNV GAAN TEPINTOOT), OOV 1 TOPAYOYT KOl EKTIUNGCT TEPUTTAOCEWDY
eAEYYOL pe YeveTikoOg akyopiBuovg Baciletor otov Ypdeo porg dedopévov (data flow
graph), ot TAnpo@opiec mov eppavifovion 6to mopddvpo dtahdyov givar oavaroyes, OAAN
AVOPEPOVTOL OTIG AKUEG-ILOVOTATLOL TOV YPAPOL TOL EMIIOKOVTOL Vo KaAv@Oovv. Otav to
VILLOL TTOV TTOLPAYEL KOl EAEYYEL TIC TEPMTMGELS EAEYYOV OAOKANPMOOT| TV EKTEAECT] TOV, TOTE
0 XPNOTNG UTOPEl vaL O€L TOL ATOTEAEGUATO TTOV TTOPAYONKOY 0md TO OVTIGTOLYO KOVUTL 6T

dlemeavelo.

| £| Genetic Algorithms Progress |ﬂl

Please wait. Genetic Algotihms running...

Evolutions remaining ; 141 /500
Total Paths to Cover: 38
Current Path : 14

Zynua 4.3 : [TAnpoeopieg Katd ™ dbpketa ektéreonc GA

Ooov apopd v 0e0TEPN TEPITTMOOT TOL AVAPEPONKE, AVTIUETOTIGTNKE TAAL LE YPTIoN

vnudtev (threads) ta omoia tpéyovv aveEdpnra to éva and 10 GAro. Otav o ypnotng €xet
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emAéEet To apyeio myaiov koK TOL BEAEL va EAEYEEL Kau €xel emAEEEL TO €100C/€10M TOL
ypbopov mov BEAeL va dnpiovpyncet, 6to Terevtaio Prpa Tov Odnyod Avoiyuatoc-
Ddoptwong Apyeiov (Load Wizard), dnuovpyeitar éva Task to omoio 6o avalafet va
LETOPOPTAOCEL TO apyelo TNyaiov KMOKA amd TNV ATOLaKPLGHEVT ToTobdesia Tov, va
TPOYLLOTOTOMGEL TNV OVAALGT TOV KAOOIKO, TO XTIGLLO TOV YPAPOL Kot TNV onpovpyio g
YPOPIKNG ATEIKOVIONG TOV 6TO TAVEL. AVTEG O1 AetToVpYies TPEMEL VOL EKTEAEGTOVV [LE AT
™ GEPA, Kot Y10 T0 AGYo auTd puropobv vo TpéEovv 6To 1810 vijia. Av 0 xpnotng Exet
emAéEel Teplocdtepa amd Eva €idn YpAP®V Yo vo, dnpiovpyndoiv, 10te avdioya pe Tov
apOuo tev yphoeov, 8o dnuovpyndet to avtiotoryo mAndog vnudtwv mov Ha avardfoovv va
EKTELEGOLV TIC TpOoavaPePOeiceg AetTovpyies Yo Tn dnpovpyia Tov kdbe ypdpov. Onwg
avTAapuPavopacte, KA0e opddo EpyOcUDY TOV ATOLTEITOL Y10, TNV JEKTEPAIMCT TNG
onpovpyiag Kot epEdviong evog 100Vg YpAPoOv Uopel vo EKTELECTEL TOPAAANAQ LE [0l
opdda EPYOSLOY TOV GTOXEVOLY BTNV dNUoLPYIN Kot ELPEAVIoT) EVOG BALOV €100VE YPAPOL.
‘Etot to vijpata ovtd Tov dnpovpyovv ke Ypdpo Uropolv vo eKTEAOVVTOL TapAAATACL.
[Ma k60 éva amd avtd eppaviletor To 1010 Tapddupo daAdyov (Zynua 4.4) mov dsiyvel
TNV TPEYOVCO. KOTAGTAGT TOV OVTIGTOLYOV VILOTOG Kol £TGL 0 XPNOTNG WToPEl va Sl Yo
mopdaoEypa 0Tl To apyeio yio T dnpovpyio ToL YPAPOL Pong OEO0UEVOL EXEL
peTapopTmOel Kat yivetal avdAvon, Evd To VLA Yo T ONUovpYio Tov Ypapov
ATOTHOE®V £XEL OAOKANPDOGEL TNV AVAALGT TOL KOdWKA KoL XTiILEL TOV YpAPO, EVO TO VIO
7ov gtvar veHOvVVo Yo TN dNUIOVPYIL TOL YPAPOL POTG BEDOUEVMV EXEL ONLLLOVPYNOEL TO
YPAQO Kol EpYALETAL OTNV YPAPIKY ATEWKOVICT) TOL YPApov. Otav Eva vijia OAOKANPMGEL
™ Aettovpyia Tov Ko 1 T tov thread g peBodov isRunning eivan false, o ypdpog mov
£xel OMMUovpyNoel TapatiBeTon 6TO TAVEA TOV YPAQ®V TNV KOpLa 006vn. Av Kdmoto GALo
VIOl TEAELDGEL PETE amd avTO, TOTE 0 YPAPOG TOL dNoLPYEL TO TEAEVTAIO VIO
nmpootifetal 6To TAVEL TOV YPAP®V (Kot avTikafiotd Tov mokotd Ypaeo mTov VIPYE GTO
YPaQO, av LVILAPYEL) Kot TPOSTiBETAL O YPAPOS TNV UTdpo KOAIONG LE TOVG SLOOEGTLOVG
vYpépovg mov £xovv kataokevaotel. Emopévac, 1o mavel aneikdviong tov ypapwv Ba
anmekovilel ToV YpAeo Tov £xel ONUOVPYNOCEL TO TEAEVTAIO VIOl TTOL £XEL OALOKANPDOGCEL TNV
gpyacia tov. O xpnotg enweereitor omd aVTo EXOVTag TNV EVYEPELD Vo dNUovpyel dAa To
€lon ypdpov mov emboupel ypig va mepéEveL yua T Onpovpyia kaOe ypdpov GeplaKd.

Emiong 6¢ yperaletar va mpoypatoromcet Ty idta Asttovpyia TpEg opEg o€ TePinTmON
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oL BEAEL VO OMOVPYNGEL TPi O1OPOPETIKA EIOM YpdpwV, Ko pumopel va cuveyilel va
yepileton TNV e@appoyn Kabmg To vijpato TpEYovy Kat dnpovpyovvral ot ypheot. Otav
KaBe VILoL OAOKANPADGEL TNV EKTELECT] TOV TO OVTIGTOLYO TALPABVPO SLAAOYOL TOV

TOPOVCIALEL TV KATACTOON KOl TNV TPO0dOo NG epyaciog KAEIveEL avTtOUATA.

| £:| Graph Build Progress | oS e _

Please wait while the graph is created ...
File Downloaded

Parsing Complete

Graph Created

® < £ K

Visualization Viewer Completed

Yymua 4.4 : TlapaBopo pe TAnpo@opieg yio tnv TpO0O0 KATAGKELTS YPAPOL

4.3.7. Néeg dertovpyieg

4.3.7.1. Asgrrovpyio ektog cvvoeong (Offline Mode)

Mo m Sievkdivvon Tov ¥pnomn oAAG Yoo TNV EVKOAOTEPN OVATTVEN Kol EMEKTACN TNG
EQOPUOYNG Onovpynnke o véa Asttovpyio N omoio TeEMKA amodelyOnke TPOKTIKY Kot

€LYPNOTN Kol KOTOMY LE UEPIKADV TPOTOTOUWCEWV TPOSTEONKE GTO HEVOL pLOHicE®Y NG

EPOPLOYNG Y10 VL UITOPEL Kot 0 XPNOTNG/TPOYPAUUATICTNS Vo ETQeANBel amd avtv Vv
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dvvatdtTo. Tn duvatdtTTo Vo EMTPEMETOL GTO YPNOTN VO YPNOUOTOIEL TNV EPAPLOYN
Yopic ovHvoeon. Avtd etvar ePIKTd €POGOV PLGIKA Exel LETAPOPTMOEL I EPapLOYN Amd TOV
QUAAOpETPNTN (UE TN YPNON TOL GCULVOEGHUOL TOL EEKIVAEL TNV UETOQOPT®ON) KOl M
eQapUOYY| , Kotd mpoemiloyn and to JAWS mapapével amodnkevpévn Tomikd 6t punyovn.
‘Etol , epodcov vrépyovv ot BiAodnKeg Kot 1 €QApROYn TOMKE, UTOPEL O YPNOTNG Vo
emAé€el, péow Tov pevoL puBuicewv (settings) g epapproyng av embopet va epyoctel pe
mv gpapuoyn pe N xopig cvvoeon. H emoyn epyaciog ympic odvdeon oto dradikTvo
(offline mode allowed) emtpénel oTov ¥pNoTN VO €PYOCTEL KOL VO YPNGLLOTOCEL TV
EQOPUOYT aveEapTNTA oo TNV VopEN N U CLVOECNG GTN UNYOVH TTOV ¥pnoiponotel. Mg
GAAa AOY1a, dlvel T dvvoTdTnTo EPYNCiag Y®PIC TEPLOPICHOVS Kot Y®PIG T 6VVOESN GTO
dwdiktvo. To povo mov ypetdletor va yivel amd mAELPAS YPNOTN EIVOL VO, GLYOVPEVTEL OTL
VILAPYEL TOMIKE, GTOV VTOAOYIGTH] TOV GTOV TPOCHOTIKO TOL KATAAOYO, TO OpYElo HE TO
gupETNPLO TOV dabéciumv apyeiov yia Eheyyo, dniadn to apyeio testfiles index.txt, mpv
mv évapén eoptwon apyeiwv yio EAeyyo kol apov £xel oplobel  pvOUIoN oV EmTPEMEL
oTOV PNOoTN Va epyaletal xopig ohvoeon. Avtd pnopet va yivel oto pevol e Tig pubuioetg
(settings) ko vo emA£EEL TNV avTicToN EMAOYN Kot TEAOG TO KOV «epopproyn» (apply)
oL o amodnkevon avt)v ™ pHOUIoN. Av dev yivel avTO TPV TNV EvapEN TNG POPTMONG
apyeiov , 10Te amd mpoemhoyn M epappoyn Bo dokydcer va Ppel ovvoeon kot Oa
emyepnoetl vo ouvdebel pe To domain mov PBpickovtar Ta amattodpueva apyeio, Kot OGOV
Kbtt Této0 d0ev Ba pmopel va ovuPel, av OGvtog dev vmapyel ovvoeom, TotE O
avtikataotobel to vapyov apyeio testfiles index pe éva adewo apyeio mov PEpet 10 1610
OVOLLOL. ZTNV TPAYUATIKOTNTO EXLYEPEITOL LETAPOPTMOOT TOL apyeiov aLTOD Kot ETEWN OEV
pmopet vo. oAokAnpwBel, Adyw oamovoiag cuVOESN Pe TOV TOYKOGULO 16TO, Onuovpyeital
éva véo apyeio to omoio elvar adeo kat gpeavifetar evnuepmtikd unvopo (dialog) mov
vrevBupilel otov ypnotn 0Tt ite dev £yl 6VVOEGN 0TO O10diKTVLO, €iTE TO OPYEl0 ALTO deV
VILAPYEL OTOV ATOUOKPVOUEVO KOTAAOYO Tov avauévetol. 'Etot, avtihapfavopacte 6Tt 10
apyelo avtd mpénel va vdpyeL NON otV PNxavy Tov gpydletat o xpnomc. Avtd onuaivel
OtTL T0 apyeio &xel peta@optbel O o pUNyovy KOTA TN S1dpKeELo TPONYOOUEVNG XPNONG
™G €QPAPUOYNS 1 OOl TPOYLOTOTOONKE LE TNV XPNON LE TO S10dIKTLO Kol PETAPEPONKE
EMTLYDG Ko €5’ 0OAOKANPOL, gite va dNpUovpynOel yepOVOKTIKG 0omd TOV XPNoTNH UE TO 1010

ovopa kol vo TomofetBel 6ToV TPOSOMIKO KATAAOYO OV LETAPOPTAOVETOL KOL TPEYEL M
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epapuoy”. Otav yivelr owtd TOTE Y10 vau €lval OAOKANPpOUEVN N €Qapuroyn, Bo mpémetl va
emonpaviel 6TL 6ToV 1010 KaTdAoyo avapévovtal va Bpickovtat Kot ta apyeia-osiypato vo
omoiac Ba. vmootoOv TOV €Aeyxo (Kot TO OVOUOTA TOVUG TEPEXOVTOL GTO apyElo

testfiles_index), 1 TovAdytotov povo ta apyeia mov emBupel va avaridcel kot va EAEYEEL O

XPNOTNG.

4.3.7.2.  Odnydc Avoiypatoc-Poprtoong apysiov (Load Wizard)

H mionynon tov ypfotn yw tv emdoyn tov apyeiov mov 0éher vo eAéyer,
LETAPOPTMOOT TOL OO TNV OTOUOKPVOUEVT] TOTOBEGTN, KOl TNV EMAOYN TOV YPAPOV TTOV
Béhel va ompovpynoetl €xel yivel mo gbkoAn pe v Ponbeia Tov 0dnyod Avoiyportog-
Metagpoptwong apyeiov (Load Wizard) evd mapdAinAia moapéyel OAeC TIC amopoitnTeg
TANpopopieg mov yperdletar 0 xpnos o€ LOMS Tpia Prparta. IIAnpogopiec mov apopovv:
e 70 £{00g TOL Ypdov Tov Ba dnprovpynOet,
® TO EMAEYUEVO apyElo,
® TO OV O YPNOTNG YPNOWLOTOEL TNV EQAPLOYN LE GVVIEST] GTO SLUdIKTLO 1) OYL,
® 70 ¥pOVO TOL OVALLEVETOL VO SLAPKETEL 1] AVAALGT) TOL apyeiov Kot 1 dnpovpyio Tov
Ypdpov,
® 70 ¥pOVO TOV OVOUEVETAL VO OLPKECOVV 01 YEVETIKOL adydpifpot,
® oV O EMAEYHEVOS YPAPOG YL TO EMAEYHEVO apyelo mnyoiov kmdOka elval
dwBéopog,
e av 1o apycio mwov &yel emheyDel Exer petapoptbel pe emrvyio N Ppedel Tomikd (av

o€ ypnoipomoteital GHVOESN).

4.3.7.3. IInyoiog KOOKAS YPORREVOS 0TTO TOV YP1 6T

Kotd mpoemiioyn, cvuvictatal 1 ypnomn Tov SelyudTov-apyeiov mov dlatifevtol otov
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OTTOLOKPVOUEVO KOTAAOYO KOl AvOlyOuV auTOLOTO Otd TNV EQPOPUOYT.

EvaAloaktikd, o xpnotg umopel va dnpovpynost Kot ta apyeio avtd, 1 povo oca BéAeL va
YPTCLOTOMCEL KOl VO TPOGHEGEL TAL OVOLOTA TOVG 0TO apyeio evpetnpiov. Me avtdv
TPpOTO diveTon TapAAANAa 1 SLVOTHTNTO GTOV YPNCTN VO ONOVPYNGEL O 10106 TOL apyeia
myaiov KOO To 0moio OEAEL VO YP1NCLOTOMGEL, HE LOVO TTEPLOPIGHO TO OTL Ba TpEMEL VoL
TPocBEcEL TO OVOLA TOVG 6TO apyEio evpeTNpiov KoL va ToL TOTOBETNGEL GTOV TPOCWOTIKO
TOV KOTAAOYO, poll [e TO VpeTNPLO, ekel TOL TPEYEL TO gpyaleio. [Ipénet va onpelmbel 6Tt
Yo va, yiver xprion TV apyxeiov autdv, dnAad] avaivor, Snuovpyio Tov Ypaeoy Toug Kot
ELeyyOG TOVG, Ba Tpéme va etvan cuvTakTiKa 0pBHd Kot va kot va supPadilovv e Tovg
mePLoplopoBs mov B€tel o kéBe avarvtig (parser). ['o Tapdaderypa, o avaALTHE TOL
onpovpyet ypapo pong dedopévev amaitel 0 Tyoiog KOJKAG Vo NV TEPLEYEL OOUES
avadpoung (recursion) 1 dopég mivaka (Arrays) 1 dStavoopdtwv (Vectors) , 1 cuvormv
(sets) , KA.

Oocov apopd 1o péyehog Tov TNyaiov KMAKA, 0V VILAPYEL KATO10G 1O10UTEPOC TEPLOPIOUOG,
®otdc0 og apyeio mov £xovv eheyyBel peyéBoug peyorvtepov amd 1000 ypappés Kodka
(6nwc 10 Fool000Line.java) mapatnpeitor KaBuotépnon Katd TNV ovAALGT TOL KOOI
Kol apyel AMyo 1 OLOKANP®GN TNG OTTIKOTOINGNG Kat amekoviong (visualization) tov
YPhpov. Akoun evoéyetal va vrepeoptwel to mhvel (JPanel) mov amewoviletl tov ypdipo
Kot va yivel ‘Bapd’ Kot ot KOUPOL ToL YPAPOL Vo PaivovTol TOAD TUKVOL Kot KOVTE HETAED
TOVG.

Onwg eivon avapevopuevo, oty TePITT®OT TOL 0 XPNOTNG EMBVUEL VO ¥PNCIUOTOMCEL d1KO
TOV TINYoio K®OIKA Yyl To epyareio, oev Ba mapéyoviar ot emmpdshetec mANpopopieg 61O
tehevtaio Pripa tov Odnyov Avoiypatoc-®optwong Apyeiov (Load Wizard) avagpopikd pe
10 KOotd OG0 gival QKT 1 INUovPYio KATO0L YPAPOL Yo TO EMAEYUEVO Opyelo Kol TO
OG0 YPpOVO Ba avapéEVovTaL To AMOTEAECUATO ENECEPYACTOS TWV YEVETIKMV aAyopifumv Kot
N TopAy®YN Kot Topovcioon TV test-cases. Avtod cvuPaivel Yol Ta aroteAéopato £ovv
e€ayBel ko evoopotmbel petd and eréyyovg yio ta detypata-apyeio (sample files) mov
TAPEXOVTAL KOTE TPOEMAOYN 0nd TO €pYOAElo oTOV ¥pNOTN. AKOUN KOl OV OUTEG Ot
TANpogopieg lvar dobEoeg, €medn o ¥PNOTNS YPNOYoToince €va and ta LITAPYOVTO
apyeiot TOL TOV TOPEYOVTIOL KOl TO TPOMOMOINCE 1 OMUIOVPYNoE €va OIKO TOL KOl TO

amofnKevoe pe 10 Ovopa evog amd ta mpokabopicuéva apyeia, TOTE o1 TANPOPOpieg aVTEG
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mOavov vo unv etvar aAndeic 7 axpiPeic.

4.3.7.4. Amotim®on YpaPov 6€ aPyEI0 EIKOVAGS

Mo amd T teEAELTOiES TPOGONKEG TOL TMPOCTEOMKAY GTNV EPAPLOYN OTNV TEAELTALN
ékdoomn ftav 1 dSuvatdHTNTA VO, UITOPEL 0 ¥PNOTNG Vo omonkedel GTIYUIOTLTTO TOV YPAPOV,
Om®G aVTO eumePLEYETAL PEGO 0TOV TAVEL TV Ypaewv (Graph Panel). Avt) 1 Asttovpyia
glval 0Béoun otov ypnotn amd T otryun mov £xel dnovpyndel kdmolog ypapog, Kot
éxel tomoBetnBel M OMTIKM-YpaPIKN TOL OvamapdoTacn ©T0 ThveA TV Ypdowv. H
amofnkevon yiveror pe KAMK mOve 6TO KOLUTL pe TV €1KOva TG dtokéTag, mov Ppioketal
kbto de&d amd to Graph Panel. Tlatdvtag avtd to Kovumi avadvetor évo mopdadvpo
avalitnong eakéiwv (File Browser) yua va fondnocet tov ypniot va Ppet v tonobecio
mov Béhel va amoBnkevtel 1 ewdva tov ypdeov. Na onueiwbel oto onueio avtd OTL
emAéyeTon povo N tomobecia, dnAadn vrapyovteg KatdAoyor (directories) kot Oyt apyeia.
To oOvopo g ewdvag mopdyetor avTOpHOTE, TEPEXOVTOS TO OVOUO TOL apyeiov mov
amewovilel 0 ypapog, To €100g Tov Ypaeov Kol &vav avovio apBpd amoTOTWoNS, o€
TEPIMTOON TOL 0 XPNOTNG INUOVPYEL TEPIGGATEPES OMO LaL EIKOVESG TOV {G10V YPAPOL TOL
idov apyeiov. H kwdikomoinon g ewovag yivetal oe Hopen jpeg kot png oAl Katd
nwpoemhoyn Exel emheyOei 1 jpeg. H Aertovpyio avt eivar moAdd yprioiun Kabadg €161 pmopet
0 ¥PNOTNG VO OmoONKEVEL TNV YPOAPIKY OTOTOIMOT TOV YPAPOL Kot va TNV Olnbétel
dwbéoun otov okAnpo dioko, akdun kot 6tav 1o mpdypappa teppatiotel. [HapdAinia,
umopel £Tol Vo 0L SLPOPETIKOVG YPAPOLS TAPUAANAQ, VO TPAYLOTOTOMGEL GUYKPIGELS,
K.0.K. Apketd amd to mapopola epyareio, 0nwg Oa dovue oabéTovy avtv dvvatdtnTa,
Omm¢ Bo dovuE apydTEPO OTIC GLYKPICELS e TOL EPYOAEID OVTA, KAl Y10 TOVS AOYOLS TOV

mpoavaépnkay, kpidnke Pondntikd va viomomOei Kot va evempatwbel otnv eQapproy.
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4.3.8. Emoxkonnon

Ev katokAeidl, umopovpe vo mopatnpnioovpe OTL €KTOG omd TNV €VOmMOINoN OpPKETOV
EQUPUOYDV — dVVATOTIT®V GE EVA EPYOAELD, TO OTTO10 ival HAMOTO SLOOEGIHO pE OAES TIG
Aettovpyieg TOL Ko yio ypnon omd to 01adikTvo, eivan o BEom v TPoGPEPEL Lo EVYAPLoTN
aAAnienidpaon Le Tov xpnotn. Mmopei dnAadn va Tov empénet va yepiletar minpopopieg
oV YpeLLETOL, VO AMOKPVTTEL AVTEG OV OEV €lval amapaitnteg avd maco CTUyU Kot Vo
TPOcOEPEL Eva oTaBEPS YPAPIKO TEPIPAAAOV EQAPLOYNG, Kol OYL KATL EMKEVIPOUEVO GE
OTATIKEG OVOPOPEG LE amOTEAECUATO KOl €KTEVN] Oyko amd aplfuodg M Paciopévo oe
ypouun eviolmv. Avtifeta, divel Tov ¥pNotn vo. AAANAETIOPAGEL E TOL OMOTEAECUOTO KOl
TOVG YPAPOVGS, VO EVILEPDOVETOL Yol TNV TPEXOVCO KOTAGTACN oL PBpicketal 1o cHOTNUA

KoL T Agttovpyia mov emitedeitat, 6tav avtn Teivel va yivetat xpovoPopa.

4.4 Xysdiaon Egappoyig

H oyedlaon g epapuoyng Eekivnoe oe o evieAdg véa Paom, oveEdptntn amd Tig
TPONYOVUEVES £pYaCies, TULOTO alyopiOumy ToV omolwv evompat®dnkay 610 epyaieio.
Meto&d GAAwv, ot Adyor Yoo pio SLPOPETIKN TTPOCEYYIoN oTn oxediaon £yve Yo va
amopevyBovy atédeleg kol oyedoTIKG AGON mpomyovuevev gpyaciav. [evikdtepn
@uwocopio. Tov GOYESIGHOV TOL gPYOAEiov MTaV Vv SITNPNoEL TNV aAyoplOuikn
aKEPALOTNTO KOl OMOOOTIKOTNTO T®V TPONYOUUEVOV EPYOCIOV Kol avtd Oyl HOVO
emtevyOnke oAAd Tavtdypova Eyve QKo va avénbel n Asttovpykdtnta Tov gpyaireiov.
Xopokmplotikd mopdostypo avtod &ivolr ot VEEG AELTOVPYIEC TOL AVAPEPOVTOL GTO
kepaiao 4.3.7  oAAG Ko Aemtopépeleg vAomoinong Ommg ot véeg Pifirodnkeg mov
EVOOUOTOOMKOY Kot 1) EKUETAAAEVOT) TV dLuVATOTHTOV TOVS. [T1o cuyKekpéva, pe ™ véa
BprobNKkn ypdowv Kot TIg aAlayég ot oYediacn ToV KAUCEDV OV OAANAETIOPOVV UE
AVTEG EMTELYONKE 1 KOTOOKELY KoL ONUIOLPYIO YPAPIKNG OVATOPACTACTS YPAP®OV Ao
myaio koo peyding éxtaong (1000 ypappmv kot peyadvtepo). Avtd PéPaia dev Ba
umopovoe vo emtevyel ywpic v Tpomomoinon TV avaAlvTdV (parsers), TV KAIGEDV TV

YPAO®V Kot TIG aALaYEG 0T oYedlooT TG YPOUPIKNG AVATOPAGTACT G TOV YPAPov. AKoun,

70



TPOGEKTIKN oyedioon EAafe yd®pa 6To TAOIGIH TOV TPOTOV OAANAETIOPAOTG TV KAAGEMV
petalhd Tovg Kot to duvopkd Thvel Yplowv mov pe Tig prapeg odicOnong (scrollbars), tig
duvatotnteg Tov Swing, Asttovpyieg peyéBuvong/ouikpuvong, HETaKiVoNG/TEPIGTPOPTG
Kol Tovg aAyopifuovg dataEng ypaemv KoTEGTN OLVOTO VO YOPECOLV VO EULPOVIGTOVV
TOAVTTAOKOL TTUKVOL YPAQPOl e £KTOON TOAD UEYOADTEPN ONO TO TAVEA, GTO TAVEA TMOV
yphowv. Kdtt t€1010 dev 10V dUVATOV GE TPONYOVLEVES GYETIKES EPYUGIES, KOL OV OKOLLOL
oL ypAeOol KOTAPEPVAY VO KOTOUCKELOCTOLV, NTOV SvovOMTol, JVCAVAYVMOGTOL Kol
Kaf1oTOVGAV TPAKTIKA adbVOT TNV OAANAETIOPAGN TOL YPNOTN HE TOVG YPAPOLC.
[MoapdAinia, 060nke dwitepn Eueoacn omv Peitioon g OSEMEAVEING Kol NG
aAAnAemidopaong pe to ovotua. ['veton mpoondOeia va 600el epyovouio Ko guypnotio
OTNV EQOPUOYN EMTOYOVOVTOG TNV TAONYNON GTO epyoieio pe omdkpuyrn aypelactov
TANPOPOPLDYV, divovtag OU®MG TOVTOXPOVA TN dLVATOTNTO, AVAAOYQ LE TNV EUTEPiO TOL
YPNOTN VO Ol OAEG TIC TANPOPOPIEG MOV UTOPEl VO YPEOOCTEL KOL VO TPOTOTOGEL
nopopétpoug mov embovpel. Onwg yoo mapaderypo pe tm omuovpyic tov OdmMyov
Ddoptwong-Avoiypatog Apyeiov (Load Wizard) mov avtikotéstoe v morotdtepn 006vn
avolypotog opyeiov mov umopovpe vo dovpe oto Xynuoa 4.13. Tovtdypova pe v
KOADTEPN OloxEIPION TNG TOALVNUOTIKOTNTOC, avEAvVETOL M oveEaptnoio ypovofopwv
dlepyaciov evd 1 aviikotdotaon PPModnkdv pe vedTepPES, OMOTEAEGUATIKOTEPES, TOV
TapExovy peyoAvtepn Asrtovpyikdtra. H avikatdotaon vroapyovocdv PifAodnkov pe
veotepeg €kdO0El MONoE oV avaBe®PNON TOV GYESIAGHOD KOl TNV OAAOYT OPKETMOV

KAAGE®V Yo TNV KOAVTEPT AElTOLPYio TOVG.
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Code Tester, |:||

1alyze @Creme Model C Testing *ﬂpﬁons @ Help

J y Open local test files

Create Graphs
"}h Download test sources

| Control Flow Graph |

| Dependencies Graph |

| Data Flow Graph |

DEbug area

[T

a
-

Zyua 4.5 : Ilpotdétuno o€ apyikd 6tadio oyedioong

Mmnopovue vo dOVUE O TUPACTATIKA 6TO oynua (Zynua 4.5) éva and To TPOTOTLIO, TNG
EQOPUOYNG, LLE TEPLOPIGUEVT] AELTOVPYIKOTNTO, OTMG GYESUGTNKE GTO TPAOTA GTAOLNL TOV
gpyoireion. Xto Zynua 4.6 PAETOLE £val GTIYILOTLTTO GO TNV EKTEAECT TNG EPAPLOYNG OE
P omd TG TPOTEG €KOOCELS, €V OTO Zynua 4.7 Umopovpe va SOVUE TN YPOQIKN
OVATOPAGTACT] TOV YPAPOL ATUTHGEMY TOV TPOoypappotog Car.java pe xpnon e ToAldg
BProbnkng vy kataokevy| ypaewv ibmgraph.jar , oe mponyovevn €kd00T|, GTO onpeio

OV £YLVE GLUVEVMOT] TMV TPONYOVUEVAOV EPYUGLOV GTO VEO TPOTOTLTO.
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yde Tester

g ‘jlnalyze @ Create Model f. Testing * Options @ Help

Create Graphs

| Control Flow Graph

| Dependencies Graph

| Data Flow Graph

DEbug area

findrFrogi

[«[T»

1 Ii [ [

| Programs found :

BucketSort.java

|||'] »

Factorial java
FExamO06.java
Fibonacci.java
Fighter.java

1]

68 Java Programs \ e Load

Downloaded contents

Zyua 4.6 : ZTryptoTumo amd EKTELEST) TG EQAPLOYNS PACIGUEVO GTO TPMTOTLTTO
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Create Graphs

B Code Tester
| | Analyze @ Create Model g Testing 34 options @ Help

System.out.print

DEbug area

HTEE WTSTIOT CTEEE

arse visitar finished
aph createdadded Carjava
i

(e

View more graphs of Car.java

ECET.]M (Dependence Graph)

Syua 4.7 : Tpaeog amaitioemv pe ypriion e mailds PifAtodning ypdowv

B2 Code Tester
| | anayze 4 createmodel §. Testing g4 options T3 Help

- return middle;

hIgre———=sihleloc = middle - 1.4 ;

Zyua 4.8 : I'pageog pong dedopévav Le yprion g moitds BrAtodnkns ypdowv
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Mmnopobpe va dtamoT®covpe and to Zynua 4.8 6t Evag oyl Wiaitepa TuKVOS Ypapog porg
dedopévev pmopet va yivel apKeTd dSLGAVAYVOGTOG 0POV dVCKOAN dtaywpilovTotl ot aKpég
TOV YPAEovL, evd M petokivnon kOuPov yivetor pe dvoyépewa. [Mapdiinio, yo va
olmepAcove OAO TO YPAPO YPEILETOL VO LETAKIVIIGOVUE OPKETY] OOGTOCT TIG UTOPES
KOAONG, KATL TOV KAVEL SVOKOAN TN HEAETN TOL YPAPOVL. XTO GYEOOUO TNG TEAIKNG
€kdoong OAEG Ol TOPAUETPOL 0VTOl EANEONGAY VTTOYT Kol Yo T SEVKOAVVGT TOV XPNOTN
&ywve ypnom KatdAAniov oiyopiBuov ddtaéng ypaewv, duvapkd maveh He SLVOIKESG
UTapeg KOAONG oL aAAGlovv pe Paon T peyébuvon / opikpovvorn tov ypdeov Kot TV

HETOTOMION.

B3 Auto PT using DFG & GA E@@

File Actions Tools Help

¢; other = x + y; other = other + y; other = x + other; x =3 + y; y= x + 7; x = other + y; other = x + y; other = other +

< >

Automated Program Testing with the use of DFG and GAs - 2005

Zyua 4.9 : Tpdeog pong dedopévav oe QapLOYN TOAOTEPNG EPYACIOG

210 Zynuo 4.9 pmopovpe va 00VUE £V GTIYUOTVTTO OO TNV EKTEAECT) TNG EPAPLLOYNG TOV

elye viomomBel oe mpomyoduevn SmAmpoTIKY epyoacia, ot oaiydpiduor Tig omoiag
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EVOOUOTOONKOY GTO EPYAAEIO Y10 TNV KATAGKELT] TOL YPAPOL PONG OEOOUEVMOV KOl Y10l TV
TOPOYWYN TEPMTOGEMV EAEYYXOL Yia TNV kdAvyr Ntafos [6, 7]. Eivaw @avepn n €Adetyn
aAyopiBumv ddtaéng yplowv oV €PAPLOYT 0LTH, KATL TOL JVGYEPAIVEL TNV ONTIKN
AVOTOPAGTACT] TOV YPAPOL, APOL PAIVETOL VO AvaTapicTaTol MG £VOg TEPAGTIOE KOUPOG ,

EVD 0 YPAPOG EKTEIVETAL OE LEYAAO EVPOG OPLLOVTLAL.

x]

Automated Testing Settings

= Parameter ) . .

&5 c overags Critaria Population Size Selection
b | P opulation & Evolution Population: 50 50%
S Cromosorme Selector J ]
= Crormosame Operator

4 Other

Number of Evolutions

Evolution: 500

J

| Skart || Cancel |

ymua 4.10 : PuBuicelg GA og epappoyn TaAotdtepng Epyaciog

210 Zynpa 4.10 propodpe vo dovpe to mapabupo g idtog epaproyng yio ) pvoon twv
TOPOUETPOV TOV YEVETIKOV oAyopifuwv eved oto emduevo oynuo (Zynuo 4.11)
TOPOTNPOVUE OTL KOTO TNV EKTEAECT] TAPAYMYNG TMEPIMTOGEMY eAEYY®V pe tovg GA n
EQOPUOYY QaiveTal Vo ‘TOyOVEL Yo PEYAAO ¥pOoVIKO dtdotnua yopic vor deiyvel Kopd
mAnpogopia oyeTikd pe v tpdodo g dwdikaciog mov PBpioketor oe e£EMEN. Oyt povo o
xpNotng Oev eivarl og B€om va yvopilel v mpododo twv GA aAld de pmopel va E€pet av
TPAYLLOTL 1] TAPAYMYT TEPITTMOGEMV EAEYYOL Kol 1 aEl0A0YN oY Tovg PpiokeTon oe e£EMEN N
oV TO GUOTNUO EYEL KOAANGEL, VM OgV UMOPEl TAPAAANAC VO TPOYLOTOTOCEL KATOLH
AN epyocio péplg OTOVL M TAPAYWYN TEPUITOCEMV EAEYYOL oAokAnpwOel. Xto Zynuo
4.12 pmopovpe va dodue v 006vn mov TaPOLGIALEL TO AMOTEAECUATO TOV TPOKVTTOLV

HETO TNV EKTEAECT] TOV YEVETIKOV aAyopifumv. BAémovpe 6TL 6TV ToAaiOTEPN EQAPLOYN
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Oev LIAPYEL YPOPIKY] OVOTOPAGTACT) TOV YPAPOL LE TO OVTIOCTOWO HOVOTATIOL 7OV

KOADTTOVTOL 0UTE SLOOPACTIKY OAANAETIOPAUGT LE TIG TEPITTAGELG EAEYYOVL KOl TOV YPAPO.

| File Actions Toals Help

D EHCEIRTA0

Progress

Flle Edit View Mavigate Source Refacto

7 70 X O B

| Projects B Auto PT usi ng DF{

+& andria File Actions Tools Hg
#- (5 CodeSpd

2-a);x2=(b-@"a"c))l2"a);

x1=0;x2=bla
Ix1=(b+(A2azazm12"q); x2={b-(-1F=7 =0&&b!I=0&&c==0 M|

| oy g
] Automated Program Testing with the use of DFG and GAs - 2008

Yymua 4.11 : Extéheon GA og epappoyr molondtepns epyaciog
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Final Results

Program Testing Final Resulls

zeneral Results | Paths' Coverage |
Achieved Paths Coverage (MGfos corerage)
Index Path to Cover (Modes S5... | Is Covered? Test Case
[1, 2, 3] TRLE [fmuml, =23, (num, =710, .| &
1 [1, 2, 3] TRUE [inuml, 0%, (rumz, -67, in...|
[1, 2, 4] TRLE [frum1, -9, (num, 5, (n...
[1, 2, 3] TRLE [fromnl, 13, (rumz, =913, ...
[1, 2, 4] TRLE [frum1, -9, (num, 5, (n...
[1, 2, 4] TRLE [fruam1, -9, (num, 53, (nao ]l
[1,2 3,5, 6] TRLE [fromnl, 13, (rumz, =913, ...
[1,2 3,5, 6] TRLE [frum1, -7, (num, -211, ...
[1,2 35, 6,8 11] TRLUE [fruml, -42), (numz, -680. .,
[1,2 3,5 7] TRLE [fmuml, 200, (numz, -113,...
10 [1,2 4,5, 6] TRLE [frum1, -9, (num, 5, (n...
11 [1,2 4,5, 6] TRLE [frum1, -9, (num, 5, (n...
1z [1,2 4,5 6, 8 11] TRLUE [fruml, 13, (rumz, 23, (...
13 [1, 2, 4,5, 7] TRLE [fruml, -4), (numE, <30, (.. | %
[ Close This Window |

Zyua 4.12 1 AToteAéopaTa TOPUY®YNG TEPMTMOGEMV EAEYXOV GE EPOPLOYT TOAAOTEPNG

gpyaciog
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Programs Found

a.java
BinarySearch.java
BouncySolidBall.java
BubbleSort. java
BucketSort.java
Car.java
Factorial.java
FExamO06.java
Fibonaccijava
Fighter.java

ML

4]

69 Java Programs

| would like to create a :

(@) Control-flow Graph _) Data-flow Graph

) Dependence Graph

Load

ymua 4.13: Avorypa apyeiov mnyaiov kmotka oe Talootepn Ekdoon (ywpic Load Wizard)

Yuvoyilovtog, UTOPOVUE VO SOVUE OPALPETIKG TN GYESIOT TOV GUOTHUATOS GTO XYL

4.14 , avapopikd pe TIC o KOPLEG AELTOVPYieg TOL EpYyaAEiov.




Basic Program Analyzer System (BPAS)
& Automatic Test Cases Generation System (ATCGS)
1 |

-~ > | edge / condition coverage [--------

|
— ey

. | Contral FID;M_EBraph

Required k-tuples

Data F|DW Graph ALL-DU paths

Mon-Runtime Analysis

Path Extraction edye

edge / condition i E
L
b

Dependence Parser
Pragram Loader

Data-flow Walker Diata Flow Parser I
’7 Java Language
/\\ statement
= Grarnmar
Contral Flow Walker | Control Flow Parser ]
e J ” Code Coverage pues-- Lo

|DExecutive

Runtime Analysis

Pragram Modifier

Java Source

Code

ynua 4.14: Zyedioon BPAS & ATCGS

4.5 MeBoooroyia epyociog
Q¢ eni 10 MAgioTOV, N SOIMAMUATIKY LTI EPYOCIO KIVEITOL GE TPOYPUUUATIOTIKA TAAiCLO,

onAadn M vAomoinomn evog eviaiov GLOCTHUATOS TO OToio Ba TaPEYEL GTOV ¥PNOTN KATOLO

Oelypato KAUGGIKOV KOl U1 TPOYPOUUATOV, YPOUUEVOVY GE java, Kol 0 xpnotns B umopei
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vo EMAEYEL HETAED OVTMOV KOl 6T GLVEXELD Vo LE TN Ponbela Tov avaAvti Tov epyaieiov
(parser) va ovOADEL TO TPOYPOLUUA, VO, GLAAEYEL TO AOTEAEGLLOTO. TOV TTPOKVITOVY YWPIg
v extéheon 0L KOdka (Program Non-Runtime Results) kot vo mopdyst tpia
OlPopeTIKA €101 YPAP®V TOV TPOKLATOVY OO TNV AVAAVLCT TOVL TPOYPAUUOTOS TOV
myaiov kKdowa. Ot ypdpot avtoi eivar o ['pdepoc Pong EAéyyov tov mpoypaupatog
(Control Flow Graph) , o I'pdgpoc Pong Aedopévav (Data Flow Graph) kot téhog o I'pdgpoc
E&aptoemv tov mpoypappatoc (Dependence Graph) 0mmg avtdc 1oy0et Yo TpoypapLLaTo.
OVTIKEYLEVOGTPOPOVS KMOWKO ypapupéva o€ java. Otav 1 avdAvon Tov TPoyPUUUATOS
oAokAnpwbet oynuatiletal o ypdeog, avdioya Le To €100¢/€ldN YpAQ®V TOL £xEl EMAEEEL O
YPNOTNG VO, ONUIOVPYNOEL, Ko eppavileTon o€ Eva mavel (JPanel),

otV kevipn eoppa (JForm) g epappoync. Av emheyBovv nepiocotepo amd £va £ion
YPhowv, epeavifeTor éva amd ovTd Kol To. VTOAOITH AmrodNKeVOVTAL QLTOHOTO Kot Eivorl
owbéoua og éva pevov koMong (Combobox) otnv Kbpla eopp.

2N oLVEXELL UTOPEL O YPNOTNG, OVAAOYO WE TOV YPAPO TOL £YEL ONUOVPYNOEL, VO OEL
TANPOPOpPiEg TOV APOPOVV TO YPAPO, TOV KOUPOVS TOV, TIG OKUEG KoL TO LOVOTATLO TOV
dNpovpyovVTaL Kot Vo EMAEEEL TN AEITOLPYIO TOL TOL EMTPEMEL TNV CLTOLOTY| TAPOYWYN
TEPUITAOCE®V EAEYYOL Yo TOV TNyoio kmowka mov emileée. H mopaywyn mepmrdoewmv
eAEyyov yiveTon e TN YPNOM YEVETIKOV aAyopifumv O0mm¢ Oa So0UE aVOAVTIKOTEPO OTN
ovvéxewn. O ypfotng pmopel pe tn ypnon pevov va emréget Tic pubuicec mov embopel
OGOV 0POPE TNV TAPOYWYT TEPIMTOCEWV EAEYYOV, PLOLUGELS TTOL APOPOVV TOVG YEVETIKOVG
alyopifuovg, Tov TPOTO EMAOYNG YPOUOCOUATOV, TO HEYEBOC ToV TANOLGLOV, TOV aplBud
tov eeMEemv (evolutions) , kok. TELOC, pumopel va Sl TOL ATOTEAEGUATO TOV TEPITTMOCEMY
eLEYYOV, TO TOGOCTO KAALYNG TOL KMOKA LE TO EMAEYUEVA KPLTPLO, TO YPOVO EKTELEOTG
TOV YEVETIKOV AYOPIOL®V KOl YPOPIKN OVOTOPAGTOCT) TMV KOAVUUEVOV LOVOTOTIHOV GTOV

YPAPO KaT' avTIoTOlYiO LE TIC TEPUTTMOCEIG-EAEYYOV TOV ETIAEYEL O YPNOTNG.

4.6 Ylomoinon

H epoppoyn avt, Onwg mpooavaeépbnke &xel okomd v Ompovpyia €vog eviaiov

GULGTNLOTOG TO OO0 VO TPOGPEPEL OVOAVTEG GTO XPNOTN TPio OPOPETIKA €101 YpApwv
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0ed0UEVOL TTNYOUOV KAOOIKO YPUUUEVO GE java Kol ELGAVION TOL YPAQOoL Kot duvaTdTnTo
aAANAETIOpaONG TOL YPNOTN HE TOV YPAPO, OMMC €MIONG KOU 1) CVTOUOTOTOLUEV
TOPOYWYN TEPUTOCEMV ELEYXOV UE TN PoNOela YEVETIKOV aAyopiBUmV Kot 1) Topoyn GToV
YPNOTN EMIPOGOHETOV TANPOPOPLDY CGYETIKA LE TOV TNYOi0 KMOOKA, TOV YPAPO, KOl TO
ATOTEAECLATO TIC EKTEAECNC TOV YEVETIKMOV OAYOPIOU®V, OO TO TOCOCTO KAALYNG TOV
YPAOOL, GKIOYPAPNON TV HOVOTATIMV OV £X0VV KAAVPOEL Kot SUVOLIKY] OAANAETIOpaoT|
LLE TOV YPAPO KOl TO LOVOTATLL OVTAL.

IMoa va emrevyBel KATL TETO10, YPELAGTNKE VO YIVEL GUVEVMOGT TPOTYOVUEV®V EPYAGLAOV, TOV
ekmovnOnkav 6to mapeABOV amd GLUEOITNTEG Kol KOONYNTEG TOL TUMUATOG TAPOPOPIKTC.
O xk®dkag avtdg ypnoyonmombnke cite pepK®G €ite €5 OAOKANPOL KOTOTMV OPKETMV

aAlay®dv, avdioya pe T Agttovpyia mov xpelaloToy va eVempUaTmdEt.

H vAomoinon wotdc0 T0V gpyareiov Eekivnoe oe pa véa Baom, Le véa Olempdvela, Hevoo ,
KOLUTTLA Kol E1KOVIOL0, O10pOPETIKT TPOGEYYIoN KOl apyITEKTOVIKT. 'Evag amd tovg otdyovg
nTav n oamlomoinomn twv mponyoduevev gpyaleiov 66OV agopd v ypnom, M TapoyN
TEPIOCOTEPMY  TANPOPOPIDOV, 1 KATAPYNON KAACE®V TOL OV YPNOLUOTOOVLVTAV, 1|
avafaduon molowwv Piplobnkdv (jars) pe vedTEPEC TOL TOPEXOLV TEPIOCOTEPES
dvvatdtnteg Ko Bertiopévn aicOnon xpnong g epapuoyns (Look and Feel). [TapdAinia,
000nKe €upaocm oty VIOSTNPIENG TG EPAPLOYNG LEG® S1adIKTHOL Kot 1 €E0GOAALOT] OTL
avt TpéYEl Ywpic mpoPAnuata, €£ICOV OMOTEAECUOTIKO KOl OTOJOTIKA GE Oldpopo
Aertovpywkd cvotiuata 6nw¢ Linux (Ubuntu), Microsoft Windows XP ka1 Microsoft
Windows Vista (a@od xoatd to HEYOADTEPO HEPOG TNG AVATTLENG TOL GUOTNHHOTOG

EKTOVIONKE LE TNV YPNON KL TOV TPLOV AELITOVPYIKADV GLUGTIUATOV ).

Xe TPAOTO 0TAOI0 OMovpyndnke €vag OKEAETOG NG €QPAPUOYNG, HE o Pactkr] KOplo
QOpUa, TNV KEVIPIKY GOPUO TNG EPAPLOYNE TTOV €lxE TPELS EMAOYES (KOLUTIA), Eva Yo TV
onuovpyia tov KABe €idovg ypheov, o omoiog oynuoatilovtav Kot omewovifovrov
angvbeiog 010 mhveA. Xto onpeio avtd elyave mpootebel apykd ot avaivtég (Parsers) mov
ONUOVPYOVV TOVG YPAPOVS POTG SEFOUEVAV, GTI GLVEXELD Ol OVOAVTES Yo T dnpovpyio
YPAQPOL €EAPTNCE®V Kol TEAOG OUTOL Yoo TN Onpovpyia ypdeov pong 0ed0UEVOV. XTO

TPOO avtd 6Tdo10, £yve opydvaon TV mokétov(packages) g epapuroyng pe Pdon
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ypPNon Tov kKAAcemv (classes) kol o1 KAUGELS avakoTaveOnKoy oTo ToKETo, oVTA e faon
GLVAPELAS TOVG MG TTPOG TIG VITOAOITES KAAGELS TV TakET®V avT®dv. 'Etol ) opydveon tov
KAAocewV elye w¢ eENG :

(ovopoTo ToKETMV)

controlflowanalysis

dataflowanalysis

dependenceanalyis

gui

settings

graph

Omov ta tpio TpdTO TOKETO APOPOVY TNV AVAALOT| TOVL TTNyoiov kK®dKa (parsing), v
dnpovpyia ToL YPAPEOL Kot T GLALOYN TOV AMOTEAEGUATMOV TOL TPOKVITOVY YWPIg
eKTELEON TOV KMOWKO (program non-runtime results) Kot TAnpo@opieg yio KOpPovg mov
TEPLEYOLY OOUEG EAEYYOL. [ avTOV TOV AOYO TTEptEyovy kAdoelg Ommg o ParseVisitor,
ProgramNonTimeResults, StmtStack, VertexWithCondition. I1pénevaonpeiwdel oto
onpeio avtd 6t Kabe €idovg avdivon (control flow, data flow kot dependence)
YPNOUOTOIEL SLOUPOPETIKOVS OVAAVTES KOl GLAAEYEL SPOPETIKO non-runtime
ATOTEAEGLATO, Y10, TO AOYO OVTO OEV GLYKEVTPOONKOV 01 KAAGELS ALTEG O EVOL TOKETO.
Eniong xatd v avdivon pong dedopévav, yperdlovrar mpdcsbeteg KAAGES OTTMG QLTS
tov HelpPathForKDr mtov digvkolvvetl Ty dnpovpyio LOVOTATI®V Y10 KATOoLo

ovykekpipévn K-dr adAnienidpoon (k-dr interaction ).

To mokéro gui (Graphical User Interface) mepiéyet OAeg Tig KAAGELG TOVL ATOTEAOVV KATO10
€100g 0AANAETIOPOON G TOV XPNOTN LE TO YPUPIKO TEPPALAOV TNG EPAPLOYNGS, OTMG
@opueg, miaiocw (JFrames), méved (JPanels), pevot , mapdBupa d1addyov (Dialogs) kot

GAAEG PonONTIKEG KAAGELS TOV YPNCLUOTOI0VVTAL OO TIG TPoaVapEPDEITES.

To maxéto settings mepiéyetl tov mTupnva tig epappoyng (kernel) mov Bewpeitan
‘akpoymviaiog Ao’ TG paproYNG apov TEPLEYEL OAES TIC pLOUIGELS TOV Epyareiov.
PvBuiceig mov agopovv v avdAvot), Tovg YPAPOLGS, To. ATOTEAEGILATO TNG AVAAVONG, TIG

eMA0YEG Kot puBpicelg tov xpnotn, 6mwg puouicelg yio ™ cupPoTdTNTA TOV AEITOVPYIKOD
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GLOTNOTOG, TOL LOVOTATIa TV apyeiwv (test files path), Tovg alydpiBuovg eppdviong tov
yphowv (layout algorithms), pvBuiceig oyetucég pe tn ovvdeon, KAT.

H «\éon mov eivan vrevBovvn yia ta mapoandve eivor n khdon Kernel.

Avd Taoo otypn ot KAdoelg emtkovemvouy e tov kernel péow tov instance tov. AnAadn
dev €yovpe dnuovpyio véov avtikelévou (object) tomov Kernel kdbe popd mov
ypelOpaoTe TNV KAGOT VT AAAL YPNGUYLOTOLOVLE TO GUYKEKPLUEVO GTLYIOTVTTO

(instance) pe TIg TPEYOVGEG TANPOPOPies oV Exel 1) kKAGon Kernel.

To mokéro graph, apyiKd y®PIGUEVO o€ 3 SLOPOPETIKA TAKETA, £va Yo KAOE £100¢ ypapov
OV YPNOLUOTOOVVTAY, AOY® TOV OTL KAOE Tpoimbpyovca epyacio xpNGILOTOI0VCE
dwpopetikd ™ PA0ONKN Yphowv Tov ftav 1 ibmgraph.jar , pe dtupopetikéc pebodoovg,
SPOPETIKOVG TPOTOVG ATEIKOVIONG TOV KOUPBMOV TOL YPAPOL KOl T®V OKUAOV (XPOHOTO,
oynpota, KAT.). Otav og HETAYEVEGTEPO GTAOI0 AVTIKATEGTNGM TNV TETOAMUEVT
B1PA0ONKT YpAP®V TOV X¥PNGILOTOIOVVTOY e Lol VEX TOAD TT0 BEATIOUEVT OTTTIKE OALG
Kol L TOAAEG TEPLGGOTEPES OLVOTOTNTES KO adyopiBpovg PipAtodnkn, v jung.jar
(version 1.7.6), tote avtiKoTaotdOnKav OAeg o1 KAAGELG TOL TakETOL graph oTig e&Ng Tpelc:
pGraph, pVertex, pEdge. Ot onoieg apopodv avticToyo Tov Ypapo, Toug KOUPBOLS Kol TIG
axpég. Ot pébodot tpomomomOnkay dote va pmopet o kabe avolvtig, aveEdptnta e T0
€ldo¢ ypapov mov Béret va ytioel, va ypnoonotel tnv kAdon graph. Opoimg aAlay€g
£yvav Kot yuo TIg KAAGELS TV KOUPmV kot Tov akudv. Etot, ta tpia makéta ypaemv
aAVTIKOTACTAOMKAV e VO eVIOT0 TOKETO YPAP®V TOL LLE TIG TPOTOTOMGELS LWTOPOVCE VO
KOADYEL TIG aVAYKES OAMV TOV AVAAVTOV (parsers), LEWOVOVTAG TAVTOYPOVA aYPEINGTO
KOO KO ATAOTOUDVTOG £TGL TN GYEOTAOT).

Téhog, ota TEAELTOIN GTASLO TNG AVATTVENG TG EPOUPLOYNG TPOSTEIN KAV SO EMTAEOV
KAAGELS, TOL apopovV drakoountég (decorators) TV KAAGE®V TV OKUOV KOl TOV KOUP®V,
ot EdgeLabelViewer kot VertexLabelViewer. Avtég o1 KAAGELS EMTPEMOVY GTOVG OVOAVTEG
va TPocBEToVV EMIPOGHETEC TANPOPOPIES OTIC OKUES KOl GTOVS KOUPOLS avTicTor o, OT™g
v Tapdoetypa evoeitelg pe ‘eticétes’ (labels) true ) false og axpéc mov amoppéovv and
éva if-statement. Eniong, tpomomomOnkav o1 mpoemleypéveg EmAOYEG ELPAVIONS KO
aAAnAemidopaong pe tov Ypago. 'Etot pe emmpooheto kddwa otig kKAAoeS twv Decorators

emtevyOnKe 1 otoiyon TV ovoudtov Tov KOUPov (statements-nodes) tov ypdpov 6to

84



KEVTPO TV KOUPV, Kat Oyl £E® amd avTovg, OTMG Kot AALEC TPOGHNKES Y1 TNV OTTIKY|
Bektimon Tov Ypaeov, OTMS TO XPOU TOV KOUP®V, 01 aVTIBECELS, TO TEPTYPOUL TOV

KOUPV, KAT.

To emduevo Ppa frave 1 onovpyia waved (JPanel) to omoio mepiéyet o kKAGon tHmov
‘editor’ (JEditorPane), otnv onoia, cOp@ava e TG Tpodiaypaeés Tov epyaieiov Ba ftav
va dwaPdlet ko va epeaviletl to Tpéxov emieyuévo apyeio mov emBupel o xpnotg va
eléyEet kan va avaivcel. To apyeio avtd eppoaviletar otnv kupro 006vn TS EQaPROYNGS, AV
BéPara o xpnonc €xet emAéEel va gppaviletol avtdc o editor, apod TPMTO AVOADGEL TOV
K®O1KA Tov (java parsing) Kot TN GUVEYELD LLE TN YPNOT E01KOV TakETOL , To editor Kot To
advancededitor mokéta wov Ba To dovE Ge AemTopépELn apyOTEPQ, EULPAVILEL TOV TN Y0
KOS e TN ¥pHon voypappions-Eppacns cvvtaéng Java (Java-syntax highlighting).

Ta maxéta editor ko advancededitor, ta onoio Tpolmapyay amd TIG TPONYOVUEVESG
EPYNCIES, EVOOUATOOIMKAY GTNV EPAPLOYTN Y10 VO ODGOLV TV EVYEPELN TOV YPNOTN VA
umopet va enelepyaletar Tov ypaeo, vo EAEYYEL TIC TANPOPOPIES TOL KOIIKA TOV EMALEYEL,
K.0.K. VA TOVTOYPOVA VoL £XEL TN dSuvATOTNTA To PAETEL TOV KOOKA QLTOV GTOL OEI0L TNG
KVprag 006vng (POpLOG) G€ 1o PEATIOUEVT] OTTTIKA ATOTOTMGT), LLE TN YPNOT) TOL
GUVTOKTIKOV TNG YAOGGag Java. Avtod mov vAomoteiton pe Ao Adyia, elvar va TpExeL £Vog
avaALTNG (parser) Kot Vo GLAAEEEL TIG TANPOPOPIES TOV TNYALOV KMOKA, OTWS AEEELC
KAEWA KOt dECUEVUEVES AEEEIC TNG OVTIKEWEVOOSTPUPOVG YAMGGag Java, (my if, return,
package, public, int, class, kAxm.) kot va T1g ypopotilel pe pmie. AAAGLOVTOG TO TO YPMUO
Tov caret (caret color) 6tav avto yperaletor Kat to foreground, £xovtag o ypapéog (editor)
OT1G 1010TNTEG TOL TOV TOTO TTEPLEXOUEVOL (content type) wg keipevo/java (text/java), pe
BonBeta twv TpoavapepBEivimv makETov Kot BETovTag Ta oyOAl (comments) TOL KOJKA,
elte autd mov mapatifevror petald /*7 ... ¥/ gite oxdAMA LOVIG YPOUUNG oV apyilovy pe
‘//> 6€ OKOVPO TPAGIVO YPAOLLOL, EVED TO VITOAOUTO TUNLO TOV KMOTKO OATOTVTOVETOL GE
pavpo ypopa. O editor avoavedvetor KAOe popd TOV 0 ¥PNOTNG LETAPOPTAOVEL EVOL VEO
TNY010 KOOKA Y10, TPOPOAT Kot KAOE pOPA TOV EMALYEL VO, POPTAOGEL £VOL TPOYPOLLLLO 0T
Ta €101 vVLdpyovTa (OMNoVPYNOEVTES YPAPOL) TTOV ElYE ONUOVPYNGEL TPOTYOLUEVMG KoL

Bpiokovtot 6To pevoy KuAopevng urtdpag (combobox).
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AOY® TG AVTIKOTACTOONG TOL TOKETOL dNOVPYING YpApov NG ibm, To ibmgraph, pe To
jung 1.7.6 onpovpyndnkay apKeTd TPOPANLATA OVOPOPIKA LLE TNV OVIAVOT| TOV
TPOYPOUUUATOV ad TOV avaALTES (parsers) Kot Ty dnpovpyia tov ypaewv. Etot ot ypdeot
AOY® TOV SIOPOPETIKAOV KOl GLYVE QVCTNPOV TEPLOPICU®V (constraints) mov £€0ete 1
B1PA10ON KN jung.jar , ATOTHYYOVOV VO ELPOVIGTOVV 1| ONLLOVPYOVCAY SLOPOPETIKMV EODV
eEapéoelg (runtime Exceptions) kot moALES popég dev eppavilovtay kaBOAov 6To TAVEN,
N eLeavioviav KOTaKEPUATIGUEVOL KO e EAMTEIC OKUES 1) KO KOUPOVG , YOPIGUEVOL GE
VILO-YPAPOVG, avTi yio Evay eviaio Ypdpo. Avtd cuvéBatve AOY® TV TEPLOPICUDV TNG VEOS
B1PA0ON KNG Ko Empeme va Yivouv aAAaYEG GTOVG AVOADTES KOL TOV TPLUOV EWOAV YPAP®V
(pong dedopévmv, pong EAEYXOL Kal eEQPTNOEMV) Yl VO AVTILETOMIGO0EL avTd TO TPOPAN L.
[Mo mapddetypa evad pe v modotd BipAodnkn emrpendtay vo TpochEcovpe o ok
petalh dvo kOUPwv 1 omoio 101 avinKe 6€ Evav YPAQO, G€ KATolov GALO, aveEApTNTO LE
oV apy Ko Ypapo, 1 véa BiAtodnkn dev emétpene kATl TETO0 KOl dNUIOVPYOVGE HECH TV
TpoumTaToVpEVAOV NG (predicates) mpoPAnpota /Kot eEapécelc. Xe kamoleg AALES
TEPMTOGELS, Yperolotav 1 drypar| vog fondntikov kOpPov and Tov Ypaeo (Ommg ot
BonOntucoi k6pPov ‘If Exit<hash number>’ o1 omoiot dnpuovpyodvtot Katd Tnv avaivon
yw vo BonOncovv 6ty cLVEVOOT HETAED TOALATAGV Kol ELPOAELUEVOY (M un) 1f-
statements ko va Yivel 1 6OOTH GOVOEST] LETOED TOLG KO LLE TO GO0 TOV ‘else’ Tov
eAEYYOVL. XT0 TEAOC TNG avéiAvong, avtol ot kOpPot dtaypdpovtor amd Tov Ypaeo). O TpodTog
OV YWVOTOV OVTH 1 S10YPaPT] LLE TOVG TOAOVG AVOALTES Kot TNV TaAld BifAtodnkn dovieve
amodidovtog ta emtBountd aroteAécparto. Kdatt 61010 Opmg dev yvotav pe Tnv Katvovpla
B1PA0ON K™ YpheoV jung, apod 6€ TOALEC TEPUTTMOGELS 1 O1AypopY| EVOS fonOnTiKov
KOupov onpaivel, pe Bdon ta Tpoamartovpevo e PPA0ONKNS Kat T dloypapr) TV
OKLMV TTOV TOV GUVEDEV LLE TO VITOAOITO TUN O TOL YPAPOL (TOV TPOKAAOVGE KOl TOV
KOTOKEPUATIGHO TOL Ypapov). 'ETot, Yo tnv opBotnrta tov ypaewv Kot tnv
OTOTEAECUATIKOTNTA TNG EQAPUOYNG EMPAALOTOV VO YIVOUV OAAOYEG GTOVG AVAAVTES KO
va VAo B0V dlapopeTikd opiopéves pebddovg eneEepyaciog Tov Ypdeov. MéBodot ot
omoieg apopovoay TpocsOnkn 1 daypaen véov KOUPOL 1 aKUNG 6TO YPAQOo N PETaKivong
pog okung 1 KOpPov amd Evav ypdeo og kdmolov AALo. Ot aALAYEC QVTES GLUVOTTTIKGL
neprapBdvovy Tpocohnkeg HeBOdmV o1 omoieg ‘KAmvomooHv’ (clone) emBuuntég aKpég Tov

Bélove va avIKOVV GE TEPLIOGOTEPOL ATO EVOV YPAPOVS, OIS OVTEG EXOVV Kol YPIg TNV
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ATOAEL TOV TAT|POPOPLDY TOL TEPLEYOVV TO. AVTIKEILEVA TOV AKUOV. AVILYypAQOVTal
ONAadN OAeG 01 TANPOPOPIES TNG AKUNG GE 0L VEQ OKUT LE TIG 101EG TANPOPOpPIES, EKTOG
Ao TOV HOVAOIKO aptBpd TG OKUNG TOL YPAPOL, TANPOPOPIES TOV VTOSEIKVOOLY OTL 1
oK OVIKEL GE TEPLGGOTEPOL ATO EVAV YPAPOLS. Me TapOIOL0 TPOTO AVTIUETOTIGTIKOAV
Ko To TpoPANHaTa dtarypagnc fondntikdy KOUPwv Kot avitypoaeng KOUPwv e GALO
YPEPO, GLALOYT TANPOPOPIDOV TOV KOUP®V Y10 TOV YPAPO PONG dEGOUEVMV KOl T
onpovpyia povomatidv yo Tov 1010 ypago. Ilpénet vo onpeumOel €dm 0Tt dgv
TpomoToOmONKay ot aAyOp1BoL Yo T dNpovpyia TOV povoratidv Kotd v k-dr
aAnienidpaon (k-dr interaction ) 1 ahydpiBpot Snpovpyiag TV ypdewv (Katt mov iomg
OAAOLOVE TO ATOTEAECUATO TTPONYOVLEVMV EPYOCLOV), KB OAN TN ddpKela TG OvAALONG,
amAd dnuovpynOnkay 1 tpororombnkay fondntikég pébodot enelepyaciog twv KOUPwV
KO TOV OKUAOV TOL YPAPOL Yo vo, bTepTnONBovV ta epmddl TV TEPLOPICUAOV (constraints)
Kot Tpoomoutovpuévev (predicates) mov £0gte ) véa PiAobnkmn ypdowv. Télog, ypeldotnie
va onpovpyn el éva axoun mokéto , to dataflowanalysisalgorithms mov mepiéyet v
KAdon BreadthFirstSearch.java, o kKAdon mov ypoya n omoio vAomotel v épevva —
duaPaon katd mhdtog evog Ypagpov. H kAdon avutn xpnoyorolodviay ard Tov moild
avaALTY TG dNpovpyiag ypdeov pong dedopévmv (data flow parser) kot 1 VAOTOINGN NG
nrav pépog g PpAodNkng ibmgraph.jar. Zouemva pe TIc TPodlaypapég Tov epyareiov
OUme, 1 PpAodn KN avt Enpene va avTikaTaotadel oamd v vedtepn £€Kd00N TOL jung
(1.7.6) ka1 ot cvvéyeto va daypagel and to project. 'Etot, viomomdnke 1 kKAdon avty Tov
vAOTOLEL TNV 1010 Epyasia e TNV YpNOT TOL aAyopiBpov épevvag Katd TAATOC. & VTNV
™V eaon 1N ToAd BA0ONKN Yphoov lxe avtikataotadel EmMTLYMG Kol Sl ypaONKE od

TV EQAPUOYT.

4.7 Tiykpron pe mopopola pyoisio

Kotémv €pevvag 6to 0108ikTvo Kot EAEYYOL TANPOPOPLOY TOV TANICIOVOLY EPYOAEiN

YVOOGTH GTNV ayOpd TOV EAEYYOL AOYICUIKOL OAAL KOl GTOV OKAOTLLOAKO YDPO EPELVAG KO
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avATTLENG TAPOUOIWV TPOYPUUUATOV, EMTEVYONKE VAL GLALEYOOVV OPKETEC TANPOPOPIES
AVOPOPIKA LE TIC SVVATOTNTES OV TAPEXOLV Ta Epyaieia avtd otovg ypnotes. [lapd tig
SVOKOMES TOV TOPOVGLAGTNKAV, AVOPOPIKA LE TNV XPTOT TOV TPOYPOUUATMV VTMV Y10,
™V JmicTmon €€ 1iwV TV dSLVOTOTITOV KOl TIC OTOTEAEGUATIKOTNTOS TV EPYAAEI®V
QVTOV OALA KoL TNG 0TOO0CTG TOVG G SLAPOPES UNYAVEG, APOV T, TEPICCOTEPH OO OVTA
K0GTILOVV OPKETA £C TOAD Y10 TNV ATOKTN OGN TOVG KOl Y1t TIG AOELEG XPTONG EVA O1
Sldkacieg Yo TNV AmOKTNON SOKIUACTIKAOV kd0cemV (evaluations) Ntav o€ ApKeTEG
TEPMTOGELS TOAVTAOKES. 10 TO0 AOY0 0VTO G OPKETEG TEPUTTAOCELG 1] £PEVVA TEPLOPIGTNKE
o€ TANPOPOpPieG amd TOVG 0PYAVICHOVS KOt TIG £TOpieg Tov avémtvéav ta epyoreia avtd,
v yport tekunpimon| tovg (documentation), {ovVTavEg TOPOLGLAGELS KOL YPNOT) TOV
epyoreiov og Bivieo, ta popovp Kot Katodmy emkovmviag pe email. ‘Etot katéotn svvatd
VO GLYKEVIPOOOLV Ta OmapaiTN T GTOLYEIN KO TANPOPOPIEG TOV VOl EMLTPETOVY TN
GUYKPION TOV EPYOAEIOV ALTOV LE TO TapdV epyareio, To omoio ekmoviOnke ota TAaico
NG TPOTTVYIOKNG SUTAMUATIKNG LoV gpyacioc. Oa mpémel va onuelmbel €0 0TL Oa
AVOPEPETOL TTLOL OO TOL TEPLYPAPOLEVA EPYOLELD EIVOL TVELUATIKY] 1O10KTN G0 KATOW®V
OPYOVICUAV/ETAPELDV, TOLOL VITOKEVTOL GE TVEVHOTIKG OTKOMUOTA OUAOAG avOpOTMOV 1
HEUOVOUEVOV PUGIKAOV TPOCOTMVY TOL OlaTifevTon Ympic ypEwon ot TANIGLO TOL KVOLYTOV

K®O1Ka (open source) Kot o eivort Smpedy.

To mpwro gpyareio ovopdletar Clover , g etaupiag Atlassean [29]. Ev cuvtopia to
gpyareio ot , petalh AAA®V, Topdyel TEPTAOGELS EAEYYOVL ( test cases) Kot va
EVIUEPMVEL TOV YPNON OGOV QLPOPA TO IO TUNLO TOL KMOOTKO (OVTIKEYLEVOSTPOPNG KOIKOG
ypappévoc og Java) mov Béhel va ehéyEet Exet kalveBel. Ot mAnpopopieg Tov GLAAEYOVTOL
aVaTPOPOJOTOVVTOL GTIV OUAdA OVATTVENG pe 6TdYO T PerTion Tng TOOTNTOS TOV
Aoyiopkov. To gpyoireio avtd déyetan pa N TEPLGGOTEPES KAAGELS TOL TTPATLEKT VT
ELEYYO KO EVIUEPMVEL O TOGOCTO EML TOIG EKATO TOL KMOOKA £xEl KOALQOEL amd T1g
TEPMTMOGELS EAEYYOV KO EMTPETEL GTO YPNOTN VAL OEL GLYKEKPLUEVA TTLO Od TaL test cases
éxer eEléyEel mo otoryeio (element). Mropel mapdAinia va avayvopilel KOppAtio “vekpon
kddwa’ (dead code), Kddka SNAAST TOV JEV YPNOLUOTOLEITOL GE KOpiO TEPITTMON)
extéleonc. Ta &10m KAALYNG KOIKa TOL TOPEYEL Elvot KaALYT pneBddwv (method),

onAwong (statement), kot kdAvyn kKAadwv (branch). Ta arotedéopata TV EAEYY®V
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yivovtal 0100£G1L0 GTOV YPNOTN LEG® aVAPOPOV (Teports) Tov mapdyovtol and 10
epyoireio og popeny HTML, XML 1} PDF. Axoun gtvor copfato ko propet va
evoopatmel (integrated) pe yvootd epyaieio avamtuéng Aoyiopikoy o Java kot
oAokAnpopéva ypagikd tepipdirovia, 6mwg to IDEA, to Eclipse, Maven, Ant kot pmopet
va ypnoporombet ko amd ™ ypapun evrod®v (command-line). Xt yprion pe 10 epyareio
Eclipse, pmopet o ypriomg va emié€et (select) tov kadika mov embupel va eA&yEet péca oe
pio KAAGT, Kot OTay OLOKANP®OEL 1] EKTELEGT] TOV TEPMTMOGEMY EAEYYOV, YpwHoTICOVTOL
HEGO GTOV KMOKO TOV EPYOAEIOV [LE TTPAGIVO YPDLO Ol YPOUUES TOV KOJIKO TOV
KOTAPEPAV VO KAAVPOOVV amd TIG TEPUTTAOCELS EAEYYOL KOl LUE KOKKIVO YPOLOL O1 YPOUUES
7oV dev €xovv kKaAveOel. Ev katakieiol, eivorl éva amodotikd epyaieio, xproluo yio
HEeYAAES OUAOES AVATTUENG AOYICUIKOD TOALOTADV KAAGE®V OV YperalovTot poliko Kot
Oy 1660 og Pdbog EAeyy0 TOL KOIKA, Y10 TNV EVPECT) TNG UEYAANG TAELOYNPIOG
COOALATOV KOl TUNUATOV TOV dgV UTOPOHV Vo KAAVPOOHV, VTOLOYIGUO TNG
TOAVTTAOKOTNTOG TV KAAGE®V. To ypapikd mepipdiiov mov mapéyet (Zyqua 4.15, Zynua
4.16, ZyMua 4.17) Ko ot avaeopég ivor Bondntikég aAld Ta €10m eAEyY@V TEPLOPICUEVOL
Kat, yopic BEPata va £x® Yvdon Tov TPOTOL VAOTOINGNGS, Paivoviat va gival Bacicuéva og
polIKn Tapoymyr| TEPUTMOCEMY EAEYYOV YWPIG KATOL CLYKEKPIUEVT £EVLTTV] GTPATNYIKY|
YL TV €TA0YN TOVG. [0 TV amdKTNoN AOEW0C YPNONS TOV EPYOAEIOD OWTOV GE [0 LOVO
PNV, Yo EUTOPIKOVG GKOTOVGS, 1 xpéman eivar $1,200 evd yio axadnHoiikovg GKOTOHS
$600. Opoimg, Yo 10 unyovég ot ddeteg yio epmoptkodc okomovg givar $2,200 kot yio
akadnpaikovg okomovg $1,100 kat yro 100 unyavég $8,000 ko $4,000 avrictoyo.
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|_]u SMEUQS PUDLLC STATLC TYPE CANOALCALLIE|TYPE TYPO) {

A1 3420 if (type imstasceof ParameterizedTypelmpl

82 || type instancecf CenericArrayTypeImpl

83 || type instancecf WildcardTypelImpl) {
[gi.’.’..’:ﬁ.’l roturn type;

B } elpe if (type instanceof ParameterizedType) {

a7 73 Parameterizedlype p = (ParameterizedType) typer

B8 73 roturs neWw ParamoterizedTypeImpl{(p.getwnerType( ),

33 p.getRawType(), D.gethctualTypehzguments(]);

9

91 3320 } else if (type instanceof GenerichrrayType) {

Q2 13 GenarichrrayType § = (GenericArrayTypa) type;

83 returs new GenericArrayTypelmpl (g.getGenericComponentType()):
94

95 3307 } else if (type instanceof Class &b ((Class<?>) type).isArray()) {
i1 1] Clags<i> ¢ = [Class<?>) typej

a7 roturn now GenericArrayTypelmpl (c.getComponentTypel)):

98

alse if (type instanceof WildcardType) |
m.lm:mrype W o= (WildeardType) type;

FRUNRPSYIY. T R TR YU T e Y R

@

102 Tlitithltl’lltllm# 100 X
103 Test
104 Highlight ¢ tribution  To%* Result
Egml + ] m com.gaogle.inject TypaConversionTest. testConstantlnjection

y L]
107 + ) com.google.inject. ProviderMethods TesttestWildcardProviderMethods [PASS]
12: | ] ® com.google.inject. TypeLiteralTest testWithWildcard Ty pe PASS
110 T Ty & ITC TNaL v TUNCCIonallY CUial PUL MO NeCoorarily ool
111 = agcording to {¥link ObjectfequalajObject) Object.equals}. The returned
112 * membor is {Blink Serializable}.
113 L7
Aaa e lel maklis shekde Wambee seed o1 §m ek aremes ffambon e mambeoe§ F

ZyMua 4.16 : Iopovcioon KaAvppévav ypappmv tpoypappotos Clover
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Zymua 4.17 : Ilopovoiaon test-cases kot kaAvymn mpoypdpupatog Clover
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To epyadeio Parasoft JTest tng etoupeiag Parasoft [32] , eivon éva dALo epyaieio mov
ONUovPYNONKE Yo va EEVTINPETNGEL TPOYPOUUATIGTES LE TNV AvAALGON TOL KMo (code
analysis), enifAeyn K®OKO, AVTOUATOTOMUEVO EAEYYO Unit Kot component, avdAvon
KAALYNG TOL KOO, Ko regression aeyyo. [lapéyet EAeyyo TPoyPAUUATOV YPAUUEVE CE
Java, avémtoén Aoyiopikov og Java SOA kot epaproyég Paciopéveg oto dwadiktvo (Web
applications). To gpyoieio aVTO GKOTEVEL VO TGTOTOMGEL OTL O KMOTKOG LG EPAPLOYNG
OOVAEVEL e TOV TPOTO TOV AVOUEVETAL VO Agttovpyel. Atvel oTov xpnot T dvvaTdTNTA VO
PAémeL TOV TPEYOVTO KMOKO KO VO UTOPEL VL TOV TPOTOTOMGEL. ATokaAVTTEL AGOT 0G0 TO
dvvaTd To cvvTopa yivetal, kaBMG 0G0 o YpNyopdTEP avaKaALPOOLY Ta AGON TOC0
YPNYOPOTEPO KOl AYOTEPO KOGTOG £XEL Y1, va 010pBwBovv. Aokipalel mbavd povomdtio
XPNONG TNS EPAPUOYNG e GTOYO Vo Bpet OVoKOAN 6TOV EVTOTIGHO TpoPAripata. O tpdmog
pe tov omoli epydletot Kot avtd Tov TapovcldleTol 6ToV XpNoTn, Hetald dArmv, ival va
ovppovievetal meptocdTEPOLG amd 1000 evompatwpévovng (built-in) Kavoveg mov
avamtuyOnkay amd v epapuoyr]. Ot Kavoveg avTol apopovV TV GTATIKY avaAvo (static
analysis), Tig mepumt@celg eAéyyov Junit (Junit test case), copufdacelg karlov
TPOYPAUHOTIGHOV (Y, v Agimel o 0pog ‘finally’ amd éva try-catch statement ),
cuvdeootnTa pe Paon dedopévav (database connectivity), KavOveg avapopiKa e
OVTIKELEVOSTPAPT TPOYPUUUATIGHO, K.0.K. AlopBdvel kataratioelg and 250 Kavoveg, Kot
umopet va gvtomioet mpoPAnparta pe v vnpatikotnto (threading problems), Bpioket
COAALOTA GE LOVOTLATIO EKTEAECT|G Ko Tapdyel Asttovpykég (functional) Junit
TEPUTTAOGELS EAEYYOV TOL ATTOTVTTOVOLV TNV TPAYUOTIKT] CUUTEPIPOPE TOL KoK, Extedet
TNV test suit yio va eviomicel omioBodpounoelg (regressions) Kol [ oVopEVOUEVEL
amoteléopato. Kataypdeest v KAGALYN TV TEGT KOl EMTLYYAVEL VYNAL TOGOGTA
KAALYNG XPNOLUOTOLOVTOS TV oviAvoT kdAvyng kKAddwv (branch coverage analysis).
Emumpdobeta, umopet va evtomioet dtappoég pviung (memory leaks) kot vroroyilet
d1apopeg HETPIKEG OTTMC TO PABOC TG KANPOVOLUKOTNTAG, EAAELYT] GLVOYNG, KUKAMUOTIKN
moAvTAoKOTNTA, BdO0g ppAsvpéveV pmhok, KAT. Téhog, mpémetl va avagepBel 6TL T0
EPYOAEID OVTO EVOOUATAOVETOL PE YVOOTA TEpPdAiovTa avamTuéng Aoyiokoy o Java ,
omwg o Eclipse, RAD, JBuilder, kot mapdyst avapopéc (reports) e XML, HTML kot
umopel o ypnong va tpé€el 1o epyareio gite oe Ypapikd mepPaiiov, ite amd TNV YPOLUT

eviohdv (command-line).
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To Java Quality Solution (Zynpa 4.18) eivar éva aAha epyareio g etaupeiog Parasoft [32],
APKETE TOPOLOL0 LE TO TPOAVAPEPHEY, TO OTTOT0 EMKEVTIPMOVETAL OTNV PEATIOON TNG
To10TNTOG TOL TTAPOYOUEVOL Aoyiopukov. Efvat éva mAnpwc evoouatopévo epyaieio pe
OLUTOLLOTOTTOINUEVT] L. EVPELR GEIPE OO KAAEG TPOKTIKES TOV AMOOEOELYHEVA BEATIOVOLY
NV ovOTTTLEN AOYIGUIKOV, TNV TOPOY@YIKOTNTO TG TPOYPOUUATIGTIKNG OUAOAG Kot TNV
TOLOTNTA TOV AOYIGHIKOV. MepIKA amd Ta OPAKTNPIGTIKA ALTOV TOV Epyaieiov givat
KATO0 TPOYPOUUOTIOTIKGE GTAVTOP GTATIKNG VAALGN G, AVAALGT SLOPOPOV HETPIKDV KoL
avéAvon KaAvyng Kodwka. Na onuelmdel dd 0Tt £va HeydAo Kowvo Tov TPOoyPAUUOTOS
aVTOV UE TNV TAPOVSH EPAPLOYT SUTAMUATIKNG epyaciag lval OTL KAVEL GTATIKY avAdAlvon
g pong dedopévmv. [apdiinia, mapdyet unit tests kot to ektedel evd drabétel

QVTOUOTOTOUNUEVO EAEYYO OTIGHOdPOUNOTG.

Code Base Size

I S00 00D -
Build Results

AT D00 0D -

I8 500 000

Code Review Bugs

0000
0 D00

Tasts

LT
&
550,000 ©
- 000
15000
1) 100 000 -
50,000
o o
Fad O3 00T Feb 17 2007 War 01, 3007 Mo V8, 2007 Fa® 04, 2007 Fak 20, 3007 W 00, 2007 M 24, 2007

Yymua 4.18 : Tpdémotl Ttapovcioong anotedecudtov epyaieiov Java Quality Solution

To epyadeio Software Verification [30], eivor éva akdpo tpoidv 10 0moio mpospépet
gpyareia TEXVOLOYING AOYIGLUIKOD Y1l EDPECT] SLOPPODY LVIUNG, KAALYT KOOTKO, OVOALGT

TOAVVILOTIKOTNTOG KO KOTOYPOLPT) TNG POTIG TNG EPOPLOYNG TOV TPEYEL OE OPKETES
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TAateopues, avauesd tovg Windows XP, Windows Vista, NT, 2000, 2003 kot NT
TAOTPOPLES, 0ALA Oyt o€ Linux. Yoot piletl ta opiopéva and to mapanive epyoreio (o
peyolvtepo 1 pukpdtepo Pabuod) otig yAdooeg tpoypoppaticpod C++, C#, Visual Basic,
VB.Net, Delphi, Fortran 95, Java, JavaScript, Lua, Perl, PHP, Python ko1 Ruby.

To epyaleio mov pog EVOLAPEPEL TEPIGTOTEPO, G TPOG TN GLVAPELL TOV LE TNV TOPOHSA
epappoyn etvar to Java Coverage Validator. Avtd mapéyet avtopon avaivon KdAvyng
nyoiov KO EQapLoy®V KaBng avtég Tpéyovy. Opota e mpoavapepbivia epyaieia,
€161 Ko ovTd Aettovpyel pe mAnpoeopieg mov avtiovvral and to Java Virtual Machine
Debugger Interface. Zav anotéleopa mov tapovsialetor otov ypno (output) eivor o
nyaiog KOdwkog wov emBupel 0 xpotne va EAEYEEL Kol YPOUATIGUEVES Ol YPOLLES Ot
omoieg £xovve KOAVEOEL Kat [LE SLAPOPETIKO YPOLO AVTES TOV OV £Y0VV emtevy el va
KaAVPOOUV e TIC SoKIpES. AvTidapPoavopacte SnAadn Tt 1 KEALYN avaPEPETOL OE
YPOUUES KOOTKA, 0VTO €ivor ONAON TO HETPO EMTLYING TV TECT KOl OYL KAALYN KAAO®V,
KOALYN EAEYY®V 1] LOVOTIOTIDV, KAT.

Elvar ypnon epappoyn yia ELeyyxo KdAvymg TUNUATOV KOJKO, OTOL UTOPEL 0 XPNOTNG VO
0éoel éva onpeio apyng otov kmdKa Kot Eva onueio TEA0VG, Kot va eAEYEEL OAa T THAvVE
povomdTio kmotka ko av Exovv ektedeotel. [aipvel og €10000 Eva EKTEAEGILO TPOYPOLLLLLOL
ypoppévo og java (Zynua 4.19, Zymua 4.20) kot to epyaireio Oo cuvoebel e to mpdypappa
aLTO. ZOUPOVA LE TNV TEKUNPLOOoT TOV EPYAAEiO, OV EMPEPEL GNUOVTIKTY ETPAPLVON TNG
amOd00oNG TNG UNYXAVISG OAAG EMPPOSVVEL TO EKTEAEGILO TTPOYPOLLLLO TTOV EYEL EMAEEEL O
xPNoTNG Yo EAeyyo. ['a va 1o TpounBevtel 1o epyareio avtod (uovo to Java Coverage

Validator) évag ypnotng 0o mpémnel va katafdrel To Tocd Tov $199 (ddeia ypnong yia Evay

xpPNoT).
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B [P s vt CharToluteSymbel
B [P st AgeConmas)
B B snsw ApeConted
B P s s AWTAucSudowniPeetdsn

B I sur st AW TAucShutdown [ ml-m_hrt::CoIm:.slsl]..
1 Topaint(l;

le if (object == menw

}

¥

void sboutMenulten_Act ionPexfor:
#/ to do: code goss here.

3 abaytHanulven_AetionPardsre

;‘iﬂ sbout Henulten_hcticnPerion
try

<+ AboutDislog Creste ac
{uew AbouwtDialog(=hic.

vQid exitfenmEteachetionPoricen
#¢ to do: code goss here.

exitHenultea_ActionPericrae

Zyua 4.19 : Iopovcioon kdAvymg kddwka oto epyareio To Java Coverage Validator

Summary Coverage |
cvExample.exe
Mumber of files 55T -
Mumber of visited files 91 15,50%
Murnber of umwisited filas 406 84, 50%:
Mumber of 100% coverage files 9 1.53%
HNumber of functions 5,704 | -
Mumber of visited functions 404 ¥ 37 %
Hurmber of unvisited flnctions 5,210 92.63%
Murmber of 100% cowerage functions 317 4.73%
Hurmber of lines 53,700 -
umber of visited lines 3,397 £.233% (6.233%)
Kumber of unwisited lines 30,293 {50,303 | 93.67% (93.4...
Mumber of unhookable lines 10 0.02%
Mumber of line visits 1,044,211 | - r

Zymua 4.20 : [Tapovoioon kdAvyng kddwa oto epyareio To Java Coverage Validator
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To Quilt [31], éva epyaieio open source, TVELHATIKE STKOUDUOTO TOV 0TTOiov dtatnpel N
The Apache Software Foundation, &xyst dnpiovpyn0et yia Eheyyo mpoidvtwv tevoroyiag
Aoylopkov ypappévoo o€ Java. To Quilt petpdetl tnv kdAvymn tov kK®dKa pe fdon twv
apfuod Tev statements Tov KaAVTTOVTOL OO TOV TNYaio KMOKa amd to 1eot. [Tapéyet pe
dALo AOya statement-coverage Tov KOdKa mov BéAel va eAEyEet o ypnotng. ‘Exet
viomomBei yio va Aertovpyet BEATIoTO e TO TOKETO EAEYYOVL Junit, To Ant, kot o project
Maven. H kédAvyn tomov statement givar to mo amAd 100G KAALYNG amd dmoyr eAEy oV
Aoyiopikov. Onmg Kot apketd and o Tpoavapepévta epyaieia, pecoroPel avapesa ctov
K®OKO Kol TOV Tpotonotel. Agv dovAegvet e Baon tov anyaio KMOKa, KATL TOL TO
ePYOAEID TNG TOPOVOAG SIMAMUATIKNG EPYOUGTOS TPOYUATOTOEL, Ywpic va Tpomomotel Tov
KOOKO, OAAG LLE TOPAYWOYT TEPUTTOCEMV EAEYY®V EMOIOKEL VAL ETITVYEL TO UEYIOTO EMIMEDO
KGALYN G TOL KOO pe T Ponfeta yeveTik®v adyopiBuwv. AVALesa oTiG SuVOTOTNTES TOV
mapéyel To Quilt eivon n petatponeic poptwtdv KAAcewv (transforming class loaders),
ocuvBétn khdoewv (class synthesizer) mov ytiletl o KAGom KaTd T SLopKEL EKTELEONG
(runtime), gpyaieia yia Tapaywyn Kot pomonoinot ypdowv pong eréyyov (control flow
graphs) Tov uefodwmv, kol TEAOG S1EVKOAVVGOELS Y10 TNV TOPOYWOYT AVAPOPDV Y10, TNV
TOPOVGIOCT) TOV ATOTEAEGUAT®V TOL EAEYYOL OV TTpaypatoromOnkayv. To Quilt, pe To
AOYIoIKO TTOL O100€TEL Yo TOV EAEYYO KAAVYNG OV pmopel va fonbnoet Tov
TPOYPOUUUOTIOTH VO BEATUDGEL TOV TPOTO TOV YPAPEL TEPITTAOGELG EAEYYOL (TEGT) 0VTE TO
TO10TIKO KMOOKA. To HOVO TOV UTOpEL VO TAPEYEL GTOV YPNOTN EIVOL VO TOV EVIEPDVEL Y10
TO OV KOl KOTE TOG0 0 KOOKAG OV £xel Ypayel £xel eheyyBel. Onwg onueiddnke oty
apyn, TO GLYKEKPUEVO epYOreio VITOKELTAL KAT® 0mtd dVO ASELEG AVOLYTOL KMOKA, TNV

Apache License kot v Artistic License .

‘Eva axéun epyareio pe mapopolo okomod vrapéng, to JCover [33], g etonpiag Codework
Solutions. To JCover, ota mhaicio Tov eAéyyov white-box, fondd v TpoypappatiotiKng
opada vo SLmIoTAOGEL av £xel emtevydel emapkng ELeyyog o éva dedopévo mpdypappo. H
avIAVGOT KAALYNG TOL KMOTKO OTTOKAAVTTEL TIG TEPLOYES TOV KAOIIKO, TTOV OEV
ypnooromOnkoay Katd  odpkela tov eEAEyyov. To epyaieio avtd ypnoipomotel o

€0UKOAT K0l TOAD PIAKY] TPOS TOV YPNOTY| OLETIPAVELLL, SIEVKOAVVOVTOG TOV VO EEKIVIGEL
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YPNYOPO KO VO KATATOTIOTEL Ypic LEYEAAN dSvoKOAin OTIG AstTOoVpYieg TOL EpyaAeiov.
[Mapéyel otov gpnotn dvo 10N KdAVYNS TOV KMOKA. AvTd Tal €101 KAALYNS glvat kKGAvy
tOmov statement Kot kdAvyn tOmOL branch, wov givat Kot omd To TO dNUOPIAN 10T
KdAvyng otov yopo g Propmyaviag. IapdAinia, vroAioyilel v kdAvyn avd TakéTo
(package), kK aon (class) ko apyeio (file). Eminpocheta, diver t dvuvatdtnta otov xpnot
va emAEEEL av BEAEL 01 LETPIKEG TOV EAEYYOL VO GLALEXBOVV KAVOVTOG YP1OT| EQUPLOYDV
7oV 0 TNyaiog Tov KAOdKaAG elvar S100EG1LOG 1) XPTCLLOTOLOVTOS TO LETAYADTTICUEVA
exteAéolpa apyeia java (class files). [Tapatnpovpe Lodv 6t 6g avtiBeon pe Ta avoOTEP®
TEPLYPOPOLEVO EPYOAELD, OEV KAVEL XPNION LOVO TOV EKTEAEGILMV apyei®V 0ALL pmopel va
eléyéel ko apyeia myaiov KdOOKA java, KOT'EMAOYNV TOV ¥PNoTH, 1 VO KAVEL Xp1ion Kol
v dvo. [Ipoceépet axopa Ereyyo yio amhiés epapproyEg TOmov meddn (client) aAhd ko
eEumnpemTOV (servers) epapproyés. Me yprion g SuvaTdTNTAG AVAALGNG OESOUEVOV
KdAvyNG, umopel va yivel opatdc 0 TpOTOC e TOV 0TToT0 1) KAALYN BEATIOVETOL OGO TO TEGT
ekTELOVVTOL. AKOUN UTOPEL VO TOPOVGLAGEL GTOV TPOYPOUUOTIOTH TO TAOG KAOE GHVOLO
TEGT OLPEPEL ATO £Vl AALO, TNV KAAVYT) TTOL TOPEYEL TO VAL TEGT KOl TO AALO GTOV KOOIKO,
KOTO TOCO EMKAAVTTOVTOL KOO0, TUNLOTO 1] 0V EIVOL GUUTANPOUOTIKA LE OTADOTEPO GTOYO
va koTtovon0el o amd o GUVOAL TEGT £ival KAADTEPO OO KATO10 GAALO Kot VoL LEL®OET 1)
aypeiootn tapaywyn 1eot. Onmc kot dAAa Topopot epyareio mov avalbOnKay, Tapéyet
AVOPOPES KO SLOYPAULLOTO Y10, L0 OTTTIKA TTLO EVYAPLOTY OTOTUTWGT] TV OTOTEAEGUATWV.
Avagopég autég elvar e HTML, XML, ka1 CVS kot To amoTeAéoHaTo. LTOpovV va
e€ayxBovv ko og popery MDB yia tepartépw avaivon. I'a va amoxtnOel to epyareio avtd
amatteiton 1 Koo foAn Tov Tocov TV $495. Tpénet va onuelmdel €36 6Tt elvar cupPatd

puévo og Asrtovpykd cvotnua Windows 32bit.

210 onueio awtd Ba dovpe peptkd epyaieio To 0Ol EMKEVIPAOVOVTOL GTNV AVAALGT] TOL
KOO KO TNV TOPpAy®Y] YPAP®V TOV KMOKO, VO VTOGHVOAD dNANSY| ard Tig
dvvatdtnreg mov mapéyel 1o BPAS & ATCGS | epyaieio mov mapovoidletat.

Apyicd va onpelmbei 6TL TapOTL VLAPYOLY APKETA EPYUAELN Y10 TAPAYMOYT YPAP®OV 0T

nnyoio Kodko 1 bytecodes Java, ta omoila w¢ ent 1o mheiotov glvan emmpocOeta pluging
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YL EVPEWG YPNOoTOLoVEVA epyaleio OTmg To Eclipse, dev Bpébniav katomy épgvuvag
epyoieio mov va gtvor ave&aptnTa Kot vo Topdyouy moArd £10m Ypaemv Kol va gival
dwbéopa yio yprion pEcm dtadtktvuov. [épav Tig EAAEIYNG EPYAAEIDV TTOL EVOOUOTOVOVY
™V Topaywyn Ypaeov eEaptioemy Kot TauTtOYpova YPAe®v pong ded0UEVOV Kol EAEYYOV,
Ola Bdomn myoiov kdOKA java, dev Bpédnkay va LITAPYOVY AVTOVOLN EPYOAELN TTOL VO
YPNOLOTOLOVV ALTOVG TOVG YPAPOLS Y10 TAPOYWYT TEPUTTOCEMY EAEYYOL TOV VL
KOAADTTOUV OKUEG Kot EEQYOUEVO LOVOTLATLOL, PACIOUEVO GE YVMOOTEG TEYVIKES KOAVYTG
KOO1KO 6TO TAOIGL0 TOV EAEYYOV AOYIGLIKOD, KOOIGTOVTAG TO TopdV epyaleio g Eva
Hovadtkd 6to €100¢ Tov ToAL-gpYaAreio. AapuPdvovTag akoun vwoyYn Hag OTL Yo TNV
TOPOYOYT TEPIMTMOCEMV EAEYXOV YIVETOL YPTOT YEVETIKOV OAYOPiOUmVY, TOV KAVOLV TNV
KEALYN KOSIKA (10l TTO ATOTEAECUATIKT £pYOGio amd dmoyn xpdvoL Kot TOP®V TOV
KATOVOA®VOVTOL, UTOPEL Pe ac@dAela vo ekTiun 0l 11 LovadikdTnTo TOL TOPOVTOG
gpyareion Ko va katavonBet 0Tt pe mepartépw avantuén Ha yivel évag mavioyvpog

GULLLLOOG TOV TPOYPOUUOTIOTH GTNV TOPAYWYT TOLOTIKA EAEYUEVOL KOOIKA.

EeKIVOVTOG LLE TNV QPapUOYT ispace [35], TVELUOTIKA SIKALDUATO TOL 0Toiov dtaTnpei N
ispace Team pe v Eclipse Public License (EPL) ddeta ypnong, ivat éva epyaleio
Baociouévo oe ypago (graph-based tool) yio tnv aneikdvion, avaAvLeN Kol TEWPOUOTIKN
avadropybvoon ypaemv eEaptnoemv Java. Avtd 1o gpyalelo Tapeyel omAovg 0ALG
ELEMKTOVG TPOTOVG eMEEEPYAGTIAG TOV EKOVILOUEVO YPAPOL OVAPOPIKA LE TIG AVAYKES
eEaymyng mAnpogopidv Tov ypnotn. Emmnpocheta, propel va evoopatmbel pe to Eclipse.
Mmnopobpe vo doVE GTa O KAT® SNt OTL 01 TOPOYOUEVOL YPAPOL Eivorl amAol OmTIKA
KoL TOPEYOLVV AMEIKOVIGELG EE0PTNGE®V TOGO HETAED TaKETOV (Zynua 4.22) 660 Kot

KAdoewv (Zynua 4.21).
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(& Buffer

@ finizhSaving

@ setDirty

.95 more @ setPath
autozave
@ getiutozaveFile | | @ recoverAutozave | | @ autosave

e

AUTOSAVE_DIRTY |

4 gutozaveFile

Yymua 4.21 : Iapovcioon eEaptnoewv o€ pio KAGoM and 1o epyaieio ispace.

Hj edu berkeley guir prefuse

rest of the framewark core

| 4 external

vizuals

utilz and abstract model

ymua 4.22 : Tlapovcioon eEoptnoemv petald makétwv and to epyalreio ispace.
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‘Eva axéun epyaieio mov oToyevEL 6TV AVAAVCT TPOYPAULATOV YPOUUUEVOV GE java Kot
TNV ONUovpyie Ko amekovion Tov Ypapav eEaptmaoedv Tovg eival to Byecycle [34]. H

opada avamruéng tov epyareiov, Klaus Wuestefeld, Rodrigo B. de Oliveira, Kent Beck

avto¥ divel LEYEAN EUPOOT GTOV YPAPO EEAPTNGE®V EVOG TPOYPALUATOC, OTTMC
YOPAKTNPIOTIKA avapEPovV : “MeTd amd Evav HETOYAMTTIOTH KOt £VOL TPOYPOULLLOL
oLVTAENG KEWEVOL, TO TPMTO TPAYLLO TTOL YPELAieTal efvorl Evav avaAvTh Tov vo epeaviCet
TG e€apmoels”. T va tpééetl autod to epyaieio amortei to Eclipse 3.1, oto omoio
EVOOUATMOVETAL Y10 VoL Aettovpynoet (plugged-in) 1 vedtepo Kot TovAdyiotov Java 5. Metd
amd eKTELEST] TOV UIOpPEl Vo mmBel OTL Tapdyel YPNOILOVS YPAPOVS EEOPTNGE®Y , OXL
uovo peTa&d makétmv evog TpoTlekt N Lovo Peta&d nefoddmv Kot KAAGEWY OAAG Kot
eEapTNOELS OVAIESH OE TAKETO Kol KAAGELS TOV YPEALOVTOL TO TOKETA Y10 TNV EKTEAECT
TovG. OTTIKA, 0 YPpAEog ivatl amAdg Kol VOTEPEL GTOVG TPOTOVS OAANAETIOPOGTG TTOV
umopel va £xel 0 ypNoTNG TAve oTov Ypdeo Evavtt oto mapdv epyareio (BPAS & ATCGS)
EVO VTLAPYOLV YVOOTA bugs mov apopovV TNV SETPAVELD KLPI®G Kot ToV TPOTO
evepyomoinong tov oto Eclipse. [apéyel motdG0 avtopatonompévo alyopipo
AVOTOPACTACNG TOV YPAeoL (auto-layout algorithm) yio tv Beitioon ¢ amekdviong Tov
oL pmopel va kKatavailmdoetl péypt kKot to 20% tng kevrpkn povadog eneepyosiog (CPU).
To BPAS & ATCGS mapéyet 4 autopotomoiniévous alyoptOpong ovorapacToonG
(FRLayout, Circle Layout, ISOM Layout kot tov cuvexmg kivodpevo (animated) akyopiBpo
Spring Layout) Kot 0 ypotng Umopel vor EMAEEEL AVALESH GE ALTOVG Y10 TV
aVaTOPAGTACT] TOV YPAP®V TOV. Ot adydpBpot avtol arattohv Eva undapvo T0G0oTO TOV
CPU, kot o016 Kot TN dnovpyic ToOug HOVO KOl 6T GUVEYELN 0V ETAEEEL O YPNOTNG TNV
aAAnAenidpaon pe Tov Ypdpo kal 1 emPpddvven mov pnopel vo tpokindet dev etvar opat.
EEapéoeig vdpyovv 6tav o mnyaiog KMOKAG eivar eKTEVIG Kot OTav emtheydel o
terevtaiog amd Toug TpoovapephEvteg alyopifuovs. o kdtm mapovsidlovion

oTiypotua omd v ektédeon tov Byecycle oto Eclipse (Zynua 4.23).
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http://www.prevayler.org/wiki.jsp?topic=KlausWuestefeld
http://blogs.codehaus.org/people/bamboo
http://www.threeriversinstitute.org/Kent%20Beck.htm
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55 ~
EI:,—S- byecyile [Rttp: ffpriki. argfsvnibyvecyclefl

H--2= JRE System Library [jrel,5.0_02]

r- 5 test

- Lf JUMIT_HOME ffunit. jar - C:leclipses.,

----- E‘a build properties 66 Z8/06/05 21159

----- S| GPL.bxk 63 Z8/06/05 21:59 rodrigol
% plugin.xml 70 2&/06/05 23:56 klaus

]---3,'}% dbdoj [dbdo.net]

[

H-fmy =prevayler [cvs.prevayler.codehaus.o
£
£

%]:ﬂ src

H--2= Plug-in Dependencies
[
£
[

Ty sneer [http:fipriki.orgfsvn/sneer ftrunky:
-7 sneer. i [httpiffpriki.orgfsvnfsneer ftrun

1 | i

G\

*\\,ﬁ.

AccountLiskenser

(3 InvalidHolder

) AccountMotFound

[J] AccountEntry.java 53

S fprivate Bank hank:

private long smmount:

private Date timestamp:

package org.prevayler.demos.demos . business:
Fimport java.io.Serializable;[]

wpuhlic class AoccountEntry implements Serializable |

Zyua 4.23 : Tlopovciaon eEapmoewv and to epyaieio Byecycle.

[NINAKAY YYT'KPIXEQN
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Enrcénynon cvuforev mivoako

CFG = Control Flow Graph , I'pédgog Pong EAéyyov

DFG = Data Flow Graph , I'pdgog Ponc Agdopévev

DPG = Dependence Graph, I'pagpog EEaptioewv

BC = Branch Coverage, KdAvyn tomov Kriadov

SC = Statement Coverage, KdAvyn tdnov Animonc

E/CC = Edge/Condition Coverage, Kdivyn tomov Akpng/ZovOnkng

ATCG = Automated Test Case Generation, AVTOLOTOTOMUEVT] TAPAYDYT TEPMTOCEDV
eAEYYOL

GA = Genetic Algorithms, (I'A) I'evetikol AAydpiBpot

4.8 ITlonynon oto gpyareio

®a akolovbncel oto onueio owtd o Eevaynomn 6to epyaieio Kot 0TI SLVOTOTNTEG TOV

dounpévn og pa oepd amo cevdpla ypnong (Use Case Scenarios).

[. Zevépo mpodto : Anmovpyio ypaeov pong eAEYYov Yo TO  TPOHYPOLUN
BinarySearch.java (mov kéver ovadikn avalnmomn) , oAloyn Tov oiyopiBuov
ddta&ng tov ypagpov oe kukAKT dudtaln (Circle Layout) kot otn cvvéyeia adiayn

TOV TPOTOV OAANAETIOPOACNG LE TOV YPAPO KOl 1] LETAKIVION HEPIKAOV KOUP®V.

. Avotyovpe v gpappoyn pécw tov Java Web Start omd tov 6OvOEGHO OTeC

PAémovpe mo kaTo (ZyMuoa 4.24).
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Y Test page for launching the ap_plimﬂun wia JNLP - Mo=nlla Firefox

Apyzio  Emzlzpyooia [Npofoin lotopwo Zshibobeiktzg Epyoizic Bonbew

g“' f;} | L] éhttp:f,-'mnmxr.cs.ucy.ac.q.r,-‘~csﬂ4pp2fdisb’|aunch.htm|

£ Mo ouyvd oveyvoaps.., 3P Getting Started 5 Latest Headlines [¥] http://mail.google.co...

Test page for launching the application via JNLP

Launch the application

yua 4.24 1 ZOvOEcLOG Yo (VoY Lol EQAPLLOYTS.

e ’'Eyovrtag avoi&el tnv epapuoyr], KaAvovpe KAK 610 kovuni tov Odnyod Avolypotoc-

DopTwong TpoypappdTomvy, Onwg PAETOLLE oTNV EmOUEVT EkOVa (Zynua 4.25)
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| £| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System [AT(:GS] = [C

€]

¥y ,k ﬁ

Graph Panel

Department of Computer Science, University of Cyprus, 2002-2008

Yymua 4.25 : Koouri avotypotog Oonyod Avotypatoc-®dptwong Apyeiov

e Am6 10 mp®TO PYua ToL 0dNYoV emAéyovpe To opyeio BinarySearch.java kot
moatape to mANKTpo “Next” yio vo mpoywpnoovue o610 emdpevo Prua, Ommg

BAEmovpe mopaxato (ZyMqua 4.26).
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| %] Load Program Wizard 2 s |={= M

Step 1 : Select Source Code For Analysis & Testing

Select Source Code
Programs Found :

I !Biﬂarymrch.iaua I‘
uncy o Java =
BubbleSort.java —
BucketSort.java
Car.java
Factorial.java
FExamOG.java
Fibonaccijava
Fighter.java
FindMaximum.java
Foo1000Line.java
Foo1000Line Simple.iava

1]

68 Java Programs

‘ Back " Next = ‘l ¥ cancel |

Zymua 4.26 : Emioyn mpoypappatog mnyoaiov Kodka

e X710 enduevo , devtepo Prina tov Load Wizard, emiiéyovpe peta&d tov dtoubécipmv
€OV Ypapwv T0 TPdTO, HOVO TO Yphpo pong dedouévov (Control Flow Graph) ko
ToTape to kovpni “Next” yio va TpoywpriocovE 6TO ETOUEVO Pripa, OTmg PAETOLLLE

napokdto (Zynua 4.27).
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| £| Load Program Wizard . =l

il T

Step 2 : Check parameters and select graphs

Select Graph
Graph Selection Graphs Info
| would like fo create a Thg selected Graphs will be crgated and added
inside the main panel's combobox where they
can be selected and viewed. By defauli, the
I Control Flow Graph I control flow graph will appear originally (unless
itis not selected, in this case the first selected
[1Data Fiow Graph will appear).

[ ] Dependencies Graph
mote: Some data flow graphs might not be

available (e.g. ifthe selected program contains
recursion or Arrays (]I} ).

* Back Next *

* Cancel

Zyua 4.27 : Emoyn tomov ypdeov mov Ba dnpovpyndel

e X10 Tpito ko tEAevtaio Prua tov Odnyod PAémovpe TV Kotdotoon TOL
emieypévou apyeiov, dedopévov 0t epyalopacte pe obvdeon (online), PAémovpe
Aouov 0Tt 10 apyeio Exet Ppedel ko Ba petaoptwel, Kot 6Tl Y100 TO GLYKEKPIUEVO
apyelo pmopodue vao dnuovpyncovpe ypaeo porg eréyyxov. Emdéyovpe va
eppaviotei o editor (java syntax-highlighted editor) mov 6a Tapovoidlel Tov nnyaio
Kddwka, Tov emleyuévov BinarySearch.java , 0nmg givotl mposmileyuévo Kot ToTauE
to kovpmni “Finish” yia va Eexvnoet 1 avaAvon Tov KOOK Kot 1) dnpovpyio Kot
TapovGiacn Tov Ypdeov. BAémovpe mo kdto v ewova pe to Prpa ovtd (Zynuo

4.28).
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|£:| Load Program Wizard =0

—_— . ==

Step 3 : Check parameters and select graphs

Select Graph
File status & downloads Options
Mode: Online Mode Would you like to see the java-syntax highlighting
editor of the source code in the main Panel ?
File Selected: Binary Search.java
File Status: File Downloaded

Graphs that can be created: @ Vor. st the atiior

trof flow, Data flow, Dependence graph(s)
) Mo, do not show the editor.
Genetic Algorithm's expected time:

High

x Cancel

e e

Yyua 4.28 : IIAnpoopieg oyetikés pe to apyeio, cvvdeon kot editor

e X ovvéyew Ba dovpe €vo avadvouevo mapdbvpo to omoio mapovotdlel TV
TPO0do NG epyociog avAALONG TOL KAOOIKO Kol TOPAY®OYNG TOL YPAPOL, O
OVOAVTIKA, LOG TAPEYEL TAPOPOPIES YL

1. Av 10 apyeio mnyoiov KOOk Eyel LETOPOPTMOOET

Av 1 avdivon (parsing) Tov Tnyoiov KOdka £xel OLOKANPmOel

AV 0 YpApog £xEl KOTACKELOOTEL

el

Av 1 onTIKN-ypagiky] amekdvion tov ypapov (Graph Visualization Viewer) €xet
oAokANpwOel kol TomoBetnOel 610 TAVEL TV Ypdowv (Graph Panel).

[T kbto (Zynpa 4.29) PAémovpe £va GTIYHOTLTO AVTOV TOV TANPOPOPLOKOD TaPaBVPOL.
To €1Kovidto pe 10 TPACIVO TIK GNUAIVEL OTL 1] AVTIGTOLYN AELITOVPYID, TOV TEPLYPAPETOL GTOL
ap1loTEPE TOL £YEL OAOKANPWOEL, EVD TO £1KOVIOIO LE TO POAOL LITOJEIKVOEL OTL 1] AVTIGTOYN

Aertovpyio exkpepet.
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| £| Graph Build Progress sm(al=l

Please wait while the graph is created ...

File Downloaded Y 4
Parsing Complete g
Graph Created g

Visualization Viewer Completed Q

Zyua 4.29 : ITinpogopieg mpoddov dnpovpyiag ypapov

o Ortav 6Aeg 01 amoTtovpEeveg epyaciec oAoKANp®mBoUV pmopovpe va do0UE TOV YPAPO

Vo amekovileTal 6To TAVEL YpAe®V, OTTmG PAETOLLLE Kot 1o KATo (Zymua 4.30).
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| £/ Basic Program Analyzer System {BPAS) & Automatic Test Cases Generation System (ATCGS)

|| & L

Graph Panel

o

ighesPossitic oc = midda - 1; |

e \_;l\@

Current graph : Control Flow Graph of Binary Search java

View More graphs of BinarySearch.java
BinarySearch.java (Control Flow Graph)

‘v| ‘ View Graph

package org testfies;

[v]

~
*

* apeTitle: =fes

-

>

= ap=Description: =/p=

B

* zp=Copytight: Copyright (c) 2005=jr=

= ap=Company: <=

+

# (@author not attributable
* i@version 1.0

.
public class BinarySearch {

4]

| [4] i I

[*]

Department of Computer Science, University of Cyprus, 2002-2008

Yymua 4.30 : [Tapovsioon KATAGKELAGUEVOL YPAPOV

e Y& mepimtwon mov o Ypheoc elvar opketd pEYAAOC dOTE VO PV Y®POAEL

eEOMOKANPOL GTO TAVEA, TOTE UTOPOVLE VO YPNOUYLOTOU|COVUE TIS AELTOLPYIES

peyébuvong kot opikpuvong (zoom-in/out) pe tn ¥poN TG POSEANG TOV TOVTIKION

Yo va emKeVTP®OOVE GTO TULLATO TOV YPAPOL TOV LOG EVOLUPEPOVY. XE EMOUEVO

o1do10, B emAEEovE VA OAALAEOVE TOV TPOTTO OAANAETIOPOAGNG LLE TOV YPAPO, GE

graph-mouse oAAnAemidpaon (graph-mouse interaction), mov WG EMTPEMEL Vo

EMAEYOVLE HEUOVOUEVOVS KOUPOLS 1| GUVOAL KOUP®V KOl VoL TO. LETAKIVIIGOVLE

ave&aptnTo amd Tov VIOAOTO YPAPO Yo v pmopovpe vo Eekabapicovpe mukvoig

YPAPOVG KOl VO UTOPEGOVUE Vo emkevipwBovue o€ meployes evolnpépovtog. H

Aertovpyio avTh YiveTon omd TO KOLUTL TOV POIVETOL L0 KAT®, GTNV ETOUEVT EIKOVOL

(Zypo 4.31).
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| £| Basic Program Analyzer System (EPAEEA Aitnmatic Test Caies G,enera.tinn Syftem [ATCGS) . - =

¥ || & ks & )

Graph Panel

package org testfies;

[»]

I

* ap=Title: =/p=

* sp=Description: ==

* 2p=Copyright. Copyright () 2005<=

* ap=Company: =/p>

* @author not sttributable
* @version 1.0

4
public class BinarySearch {

AT

= [ Il I ]

Current graph : Control Flow Graph of BinarySearch.java

View More graphs of BinarySearch.java
BinarySearch.java (Control Flow Graph) [~] | view Grapn

Department of Computer Science, University of Cyprus, 20022008

ymua 4.31 : Kovuni ahdoyng tpdmov aAANAETIOpaonG LE TOV YPAPO

o 'Eyovtoc aAld&el tov TpOmO aAANAETIOPAONG, WITOPOVUE VO LETOKIVIIGOVUE TOVG
KOUPOLS OV poG EVOLOPEPOVY. ZTO GEVEAPLO aLTH Bempoe OTL LG EVOLAPEPOLY OL
KOUPot pe Tov EAeyyo kot TV avadeom mwov paivovtol To KT :
highestPossibleLoc >= lowestPossibleLoc)

Ko
middle = (lowestPossibleLoc + highestPossibleLoc) / 2;
TOVG KOUPOVG TOV OTOI®MV HETAKIVOVUE TAV® OPLOTEPA GTO TAVEL OTTMOS PaiveTOL

TNV Mo KAT® ekova (Zymua 4.32), kot kdvovpe peyébuven oto onpeio avtod.
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|| Basic Program Analyzer Sysben'i [BPAE} 8L Automatic Test Cases ée;e;at:léﬁhsys‘iéﬁﬂn EATtGS] [C=CTE X ]

5 % 8|=|e y

Graph Panel

(hgnestpossibistos = owestpossibstos] (7

[v]

= ep=Company: <=

* @author not attributable
* @version 1.0

]
public: cless BinarySesrch {

[ lowestPossibleloc = middle +1;

[ middle = (lowestPossibleLoc + highestPossibleloc) [ 2; ] public BinarySearchi) {

super();

it binarySearchiintl] A, int 1 {
int lowestPossibleLoc = 0,
int highestPossibleLoc = & length - 1,
int miclelle = 0
wehile (highestPossibleLoc == loweestPossible
middle = (InowestPossibleloc + highestPossi
if CAfmiddle] == K {
return midclle;
Telzeif (Amiddie] = M) {
highestPossibleLoc = middle - 1;
telseq
InwwestPossibleloc = midde +1; -
[ ] [»] il 0 T v

Current graph : Control Flow Graph of Binary Search java

View More graphs of BinarySearch.java
Binary Search java (Control Flow Graph) ‘ - | ‘ View Graph

Almiddie] > N

Almiddle] == N

Department of Computer Science, University of Cyprus, 2002-2008

Yymua 4.32 1 Amotédecspa petakivnong koppav kot peyéduvong

e Y70 onueio avtd £yel oAoKANPwOEL TO TAPOV GEVEP!IO.

II. Zevdpro devtepo : ZTO OEVAPLO YPHONG QWTO, BETovre G GTOYXO TN dNUoVPYia
yphpov pong dedopévmv (Data Flow Graph) yia tov anyaio kddwa Foo7.java, v
TPoPOAT} TANPOPOPLOY TOL APOPOLY TOVLG KOUPBOVE KOl TIS OKUES TOL YPAPOV,
KaBdg Ko TANPOPOPIEG TYETIKES LLE TO. LOVOTLATLOL TOV TTOPEyovTot omd TovV YpAaQpo
pong dedopévmv pe Baon to k-tuples kprrpro. X cuvéyeta Ba dovpe Tig pubuicelg
TOL APOPOVV TOVG YEVETIKOVS OAYOopiOUOLS Yoo TNV TOPAYOYN TEPMTMOCEDV
eléyyov, Ba Tpomomomcovue pepkéc puBuicelg ko téhog Ba tpégovpe TOLG
YEVETIKOUG  OAyopiBpovg kot Ba  Oovpe To  OmMOTEAEGUOTO TG  TOPOYWYNG

TEPMTOGEDV ELEYYOV.

e Ilpoto Pua eivar va avoiEoope tov Oomyd ddptwonc-Avoiypatog apyeiov, Onwg

Kol 6T0 TponyovUEVO oevdplo kot vo emiléEovue 10 apyeio Foo7.java, Ommg
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umopovuE va doOpE otV o KATe ekdva (Zynpa 4.33). [Matdpe 1o xovpmi “Next”

Y0l VO, TPOYMPTNCOVLE 6TO deVTEPO Pripa Tov OdNyo.

4| Load Program Wizard Y [E=REEN

Step 1 : Select Source Code For Analysis & Testing

Select Source Code
Programs Found :

Foo11.java
Foo2000Complex.java
Foo2.java
Foo3d.java
Food.java =
Foo5.java
FooG.java

007 .java
FoofRun. java
FooArray.java
FooComplex java
FooFiahter.iava

[ »

1]

68 Java Programs

]
Back H Next = I K cancel
| |

a—

ZyMua 4.33 : Emioyn mpoypappatog mnyoaiov Kodka
e X710 dgbTEPO Prpa, emAéyovpe TV dnpovpyia ypdeov pong dedopévov povo, Kot

matdpe to kovpumi “Next” yio vo cuveyicovpe 6to Tpito Prpa, Onme @aivetal Kot

7o kato (Zynua 4.34).
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[£] 1ed Progem wized I == ]

Step 2 : Check parameters and select graphs

Select Graph
Graph Selection Graphs Info

I'would like to create a : The selected Graphs will be created and added
inside the main panel’s combobox where they
can be selected and viewed. By default, the

["] Control Fiow Graph control flow graph will appear originally (unless
itis not selected, in this case the first selected

Data Flow Graph will appear).

[_| Dependencies Graph
Maote: Some data flow graphs might not be

available (e.g. ifthe selected program contains
recursion or Arrays (1) ).

4= Back

Next =

= = =11

*
&
2

ymua 4.34 : Emiloyn ypaeov pong 0£00UEVOV
e 210 1tpito Pripa tov OdNyol, PAETOLUE TNV KATAGTOGT TOV EMAEYUEVOL OPYELOL,

Foo7.java, 0mmg kot v xotdotacn g cvvoeons. Exovrog edéy&el 611 dheg ot

TapapeTpot eivar cwotég (Zynua 4.35), matdpe to kovpuni “Finish”.
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L] Lood Pregram wizard N = S

Step 3 : Check parameters and select graphs

Select Graph
File status & downloads Options
Mode: Online Mode Would you like to see the java-syntax highlighting
editor of the source code in the main Panel 7
File Selected: FooT .java
File Status: File Downloaded
Graphs that can be created: & Yo show e siltor

Control Tfiow, Data fliow, Dependence graph(s)
' No, do not show the editor.

Genetic Algorithm's expected time:

Low

* Cancel

4= Back i Finish ﬁ;

Zymua 4.35 :"Eleyyxog mopapuéTp@v Kot ETA0YN dNUIoVPYIiag TOV YPAPOL

e Ortav do0pe 611 T0 TOPAEOLVPO TPOOOOV TNG AVAAVGNG TOV KMOKO Kol OMovpyiog
YPEPOL VTOJEKVVEL OTL OAES 01 gpyacie £xovv oAokANpmOel (Zynpa 4.36), kot to0
Tapabvpo avtd KAgioel avtopota, Onmg PAETOLIE o KATw, Oa £xel poptwdel o

YPAPOG GTO TTAVEA
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|§| Graph Build Progress L =R X"

Please wait while the graph is created ...

File Downloaded " 4
Parsing Complete Q?
Graph Created w

Visualization Viewer Completed L4

Zyua 4.36 : IIpdodog onpovpyiog ypdeov

e X710 onueio avtd Pmopovpe Vo dOVUE GTO TAVEL TOV YPAPO PONG dESOUEVMV Y1 TO

npoypappe Foo7.java (Zymua 4.37).
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|é/ Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) ‘L ‘L ==

WX O|S [s] Y

packane org testfiles;

Graph Panel
public class FooT {

[+]

public Fool (14
super);

public int methadAgint num , int aum?, int nums3, i
int max =0;
it (num1 = num2) {
max = numl;
yelse{
max = MUm2;

it (max = num3) {
max = num3;
it (max = numa) {
max = num3;

telse if (masc = numd) {
max = numd;

¥

FELUFT max;

i

[E e B e SN ) i

4 ] |»

[4]

Current graph : Data Flow Graph of Foo7 java

View More graphs of Foo7 java
Foo7 java (Data Flow Graph)

[*]|  view Grapn
Department of Computer Science, University of Cyprus, 2002-2008

Zympa 4.37 : Tlapovcioon ypheov pong dedopuéEvmv

e X710 Piuo owto, pe Paon 1o cevaplo ypnone, Bo avoifovpe to moapdbvpo e TIC
TANPOPOPIES TOV APOPOLY TOVG KOUPOVG, TIG OKUESG KOt TO LLOVOTATLOL TOV YPAPOov
omwg avtd e&ayovror pe Paon 1o k-tuples kprrrpro. Ot mAnpogopieg avtég gival

dlaféoipeg oto Kovumi mov @aivetol 6Ty mo KAto ekova (Zynua 4.38).
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|£:| Basic Program Analyzer System (BPAS] & Automatic Test Cases Generation System (ATCGS)

AM% 3

Yymua 4.38 : Koot ylo mapovcioon TAnpo@opidv Ypaeov pong dedoUEVmY

- @
Graph Panel
o it s g TR Ry e
. ~.  F
\;\
\ﬁ\ o) lw;;ﬂ}J
A\ |
'"uo.-ernm;
/1
/,. II
Al
3 |
LEH i P i e I ma = I——«Mim_l man = o]
[d] D]
Current graph : Data Flow Graph of FooT .java k'l

o Tlatdvrog To Kovumi avtd, Ba dovpe To Tapabvpo e TIC TANPoYopieg va avadHeTL

omv 006vn, pe Tp®TO TAGVO va eaivoviolr ot mAnpoopieg twv KOUPmV, dmwg

pumopovpe vo dovpe otn ocvvéxeln (Zynua 4.39). Ztig mAnpoeopiec Tov KOUPmV

nepapBdvovtar to ovopa tov kKopupov, 11 C-Use petafAntéc kot tig ONAMCELg

petopAntov (Variable Definitions). Akéun, kabe koupog €xer avaredeli oe évav

povadikd aplfpd, 6mmwg eaivetal oty mpdT) oAn (index). Avtdg o povadikdg

aptOpdc etvat xpNoog Yo ToV TPocdopIcHd KOUPMV Kol KUV ovTi TG XpHons

TOV OVOLATOG TOVG TO OTTOT0 UTOPEL VoL €fvor Lo LOKPOOKEANG ONA®ON.
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DialogDFGInfo F N i

DFG Nodes and Edges Info
Nodes r Edges |/ Paths |
DFG Nodes Information

Index Mode Mame C-Use Variables | Variable Definitions s
0 Start 0 0 1]
4 num num2 numa... |[] [num1, numz2, num...{. |
2 nums = numa 0 0 ]
3 max = numa2; [num2] [max] 1]
4 max =numi; [num] [max] 1]
5 max < numa3 0 0 ]
i max = numa; [numa3] [max] 1]
T max = num4 0 0 ]
te max = num4 0 0 ]
4 End 0 0 1]
10 mayx = numd, [numd4] [max] 1]
11 max = num3i; [num?3] [max]

Close This Window

yua 4.39 : [Tinpogopieg kopuPov DFG

2 ovvéyewn Ba SoVUE TIG TANPOPOPIES TOV aPOopovV TIg akuéS (Zynua 4.40). X11g
TANPOPOPieg VTEC TEPIAAUPAVOVTAL O LOVOOIKOS aplBUOC Tov avtioToly el o KaOe
axun (index) , o kOpPog amd tov omoio mydlel N aKun, 0 KOUPOG TPOOPIGLOL NG

axpung ko ot P-Use petafAntéc.
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DialogDFGInfo

Ly LA

DFG Nodes and Edges Info

Nodes

Edges r Paths |
DFG Edges Information

Index From Mode Tao Mode P-Use Variables

0 max = numd End [mumd, max} |
1 max = num4 max = numa3; [num4, max] |
2 max = num3; max < numd4 ] |
3 max = numa3 max = numa3; [num3, max] |
4 max = numd End [mumd, max} |
5 max = numT; max < numa3 ] |
li] Start num1 numz numa3 ..|[ |
T num1 numz2 numa3... [num1 = numa2 1 |
b mayx = num4 max = numsd; [numd4, max]} |
] max = numa3 max = nums [num3, max} |
10 may = numd; End ] |
11 max = numa3; End 1 |
12 num =numa2 max =numt; [num2, num1]

13 max = numa2; max < numa3 1 |
14 num1 =numa max = num2; [num2, num1]

yua 4.40 : ITinpogopieg axpwmv DFG

|
Close This Window ||

e Téhog, Ba dovue T1g TANpOoPOpies Yia Ta povoratia mov e€dyovtal amd to k-tuples
criterion (Zynua 4.41). Ot mAnpoeopieg avtég apopovv 10 Adyo TteAevTaing ¥pNoMg
Kol TV oAANAemidpoctn, TV teAevToio pETAPANTY, Kol TN ogpd KOUPwv mTov

ouVBEToVY TO HoVoTATL TOV Bl TPEMEL VO KAALPOEL.
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DialogDFGInfo A |
DFG Nodes and Edges Info
rHodes |/ Edges | Paths |

Paths to cover to achieve Ntafos - Paths coverage

Index Feason-Last use Last Variable|Path to Cover (M.
Z-drinteraction - predicate use max [1.2. 4,5 7]
Z-drinteraction - predicate use max [1.2, 4,5 7,101
Z-drinteraction - predicate use max [1:2.4.5.7,.9
Z-drinteraction - predicate use max [1.2 4,5, 6]
Z-drinteraction - predicate use max [1:2.3,5,.7]
Z-drinteraction - predicate use max [1:2.3,5,7;.70]
Z-drinteraction - predicate use max [1:2.3,5.7,9
Z-drinteraction - predicate use max [1.:2.3,5.6
Z-drinteraction - predicate use max [1.2. 4,56 8, 9]
Z-drinteraction - predicate use max [1.2. 4,568 11]
Z-drinteraction - predicate use max [1.2.3,5,6 8 9
2-drinteraction - predicate use max [1.2.3,5,6.8.11]
T1-drinteraction - predicate use max [3,5, 7]
1-drinteraction - predicate use max [3,5 7, 101
1-drinteraction - predicate use max [3,5 7, 9]
1-drinteraction - predicate use max [3, 5, 6]
T1-drinteraction - predicate use max [6, 8, 9]
1-dr interaction - predicate use max [6, 8, 11]
1-dr interaction - predicate use num- [1,2 4]
1-dr interaction - computational use num-i [1, 2 4]
1-dr interaction - predicate use num-i [1, 2 3]
1-dr interaction - predicate use numa [1, 2 4]
1-dr interaction - predicate use nume [1, 2 3]
1-dr interaction - computational use numz [1, 2 3]
1-dr interaction - predicate use numa [1.2, 4,5 7]

M-dr interactinn - nr_ lnnm? i1 2 4 5 A
Close This Window
e e D=

Syua 4.41 : ITinpogopieg povoratiddyv DFG (k-tuples criterion)

211 GLVEYXELL OTO GEVAPLO, OVOIYOVLUE TIG PLOUIGEIS TOV APOPOVV TNV TAPUYWYN
TEPMTOCEDV EAEYYOV LLE TOVS YEVETIKOVG aAyopiBuovg (Zynpa 4.42). O pubpicelg
OVTEG LTOPOVV VO avoiEOVV Kal VO TPOTOTTOMBOVV amtd TO KOLUTL TOV (POIVETOL TTLO

KoTm
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| £ Basic Program Analyzer System {Bpﬁg}& Automatic Test Cases Generation gystem [ATCGS) L ;

Hil&|I@] S o Y

Graph Panel

[+]

[;L[ e MARE Pared eI ma = 00

[4]

[4] [

Current graph : Data Flow Graph of Foo7 java —1

i

View More graphs of FooT7.java
Foo7 java (Data Flow Graph) | - | | View Graph |

Deganment of COE

ymua 4.42 : Koourni yuo ektédeon GA pe Baon DFG

e  Mmnopodpe va dobue otnv enduevn ewdva 10 mopdbupo pe Oleg T pubuicelg mov
a@opovV Tov Tpoémo Tov Ba TpEEOVV o1 YeveTkol adyOpOLOL Kot TIG TOPAUETPOLG
OV UTOPOVV VO TPomomomBovv amd TOovV YPNoTN. X& OoUTOd TO GEVAPLO, LOG
evolapépouvv ot pubuicelg mov Ppickovtal kGt and v katnyopia “Population &

Evolution Settings” kot e avtv Oo petafooue 0T @aivetol mo Kot (Zynuo
4.43).
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|4,| Data Flow Genetic Algorithms & Settings (0 T T, =

1
If Population & Evolution Settings || Chromosome Operator | Chromosome Selector | Other Criteria |
T Parameter I k-tuples (Ntafos) Coverage |

Index Variable Type Min Max

num int -10.000 10.000
num?2 int -10.000 10.000
numa3 int -10.000 10.000
num4 int -10.000 10.000

A falra =

Start Cancel

yua 4.43 : IIinpogopieg kot Tapdpetpor GA

e YtV kotnyopia pe T puOuicelg avtég pmopovpe vo fpolde TopapéTpous OTmS To
péyebog tov mAnBucpov, Tov apBpd tov eéelifewv (evolutions) Kot T0 TOGOGTO NG
euotkng emioyng. To ovykekpyévo oevipilo ypnong Béiel va aridéel o apBudg
tov e&eliewv and 500 mov eivan ) Tpoemiloyn| og 40. Avto Ba yivel petaKvavtag
v avtiotoyn umdpa (scrollbar) péypt tov apOuo 40, dnwc @aivetal mo KATO

EMua 4.44). Tlopdrinia, pewwvovpe to péyebog tov TAnbucspov amd 50 og 26.
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|§| Data Flow Genetic Algorithms & Settings

( Population & Evolution Seffings | Chromesome Operator | Chromosome Selector | Other Criteria |
Parameter r k-tuples (Ntafos) Coverage |

Set Polulation Size

Population Size

Population :26

™
L -, 1

Set Humber of Evolutions

Mumber of evolutions

Evolutions :40

™
[ 1 1

Set Selection Percentage

Selection percentage

Selection :50%

7
L i,

Start Cancel

Zyua 4.44 : Adhayn peyéBovg mAnfucpod kat apBpot eEelMéemv

e ’‘Eyovtoc aAldaéer tov apBud tov efedifewv oe 40, kdvoviog TNV TOpOy®YN
TEPUITAOCE®V EAEYYOL UE aLTO TOV TPOTO GLVIOUOTEPN KaODG Ol yeveTiKol
oAyoplOpol avoLEVOVTOL VO TEPUATICOVY GUVTOUOTEPX, ATOJEXOLEVOL TO PIGKO TO
TOGO0TO KAALYNG TOL KOJKA va eivar petmpévo. ‘Emeita motdpe to kovuni “Start”
Yoo vo EEKIVIAGEL M TOPAY®YT| TEPIMTMOGEWV €AEYYOL, 6w OB dodue To KAT®

(ZyMua 4.45).
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|| Data Flow Genetic Algorithms & Seﬂin;S' P - & -

s - 4

Population & Evolution Settings r Chromosome Operator rCIlromosome Selector r Other Criteria |

[

Parameter

k-tuples (Ntafos) Coverage

Set Polulation Size
Population Size

Population :50
—

L -,

Set Number of Evolutions

Number of evolutions

Evolutions :40

™
L i,

Set Selection Percentage

Selection percentage

Selection :50%

™}

L i,

Start Cancel

Zymua 4.45 : Koouni évapéng extéleong GA

Ortav ot yevetikol adyopBpol Eekivioovv v ektédeot, Ba dovue éva mapdbvpo
OLAGYOV HE TANPOPOPIES YIOL TNV TPEYOLGO KATACTOGT TOVG, OMMG ATOTVTMVETOL
KoL otV endpevn ekova (Zynua 4.46).

Ov mAnpoeopieg avtég 0T umopodue va dovpe mepthapufdavoov tov aplBud tov
GUVOAMK®OV HoVOTaTidV ov o mpémel va. kaAveBovv, tov aptBpd tov Tpéyovtog
HOVOTATION Kot Tov aptBpd g e£EMENG oty omoia Ppiockovtol avd Taco otiyun.
[TAnpopopieg yprioles, €01KE OTAV TO. LOVOTATIO TOV TTPEMEL VL KOAVQOOVV givat

TOAAQ, KATL TOV OEV LGYVEL GTO GEVAPLO QVTO.
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| £| Genetic Algorithms Progress (=I|iCT

Please wait. Genetic Algotihms running...

Evolutions remaining : 36 I 40

Total Paths to Cover : 46

Current Path ; 26

ymua 4.46 : IapdBvpo tpoddov ektéleong GA

e Otav N mopaywyn TEPMTOGEDV EAEYYOVL €xel OAOKANpwOei, Oa axovotel €vag
oLVTOHOG evnuepmTikdg Nxos (System Beep), vmodnAdvovioag Ot ot yevetikol
aAyOp1OoL TEAEI®GOV TNV EKTEAECT] TOLG KOt T amoTeAécpata ivat dtabéoipa, Kot

UTOPOVLLE VO, TOL SOVUE TOTOVTOG TO KOVUTL 1oL QaiveTot o katw (Zynuo 4.47).
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| £| Basic Program Analyzer System (BPAS] & Automatic Test Cases Generation System [ATCGS)

wllxlel s Cln\ Y

Graph Panel

UL =

[v]

[ numi num2 num3 num4- int max =0

max = num3;

4|

Current graph ; Data Flow Graph of Foo7.java

View More graphs of Foo7.java

Foo7 java (Data Flow Graph) |v|| View Graph |

Department of Com

Zynua 4.47 : Kovuni mapovoioong anotelecpdtov GA yio DFG

[Totdvtag To Kovumi Tov eaivetal o v, o avoi&el To Tapabvpo e TO. GLVOTTIKE Kol
OVOADTIKE OTOTEAEGHOTO TNG TOPUYOYNG TEPMTOCEMV eA&yyov. Onwg Ba dovpe oty
emopevn ewova (Zynuo 4.48), ota cuVOTTIKA amoteAécpata PAETOVIE OTL Ol XPNGULES
TEPMTMOGELS EAEYYOV (XPOUOCOUOTA) NTAV 9, 0 ¥pdVOog ekTEAEON S TV OhyopiBuwv NTav 39
devutepOrenta, o aplBudg tov amortovpevov eediewv Nrav 40, ov ekteAécElg TOL
aroutnOnkayv 198, kot 01t KaAveOnKav 45 and Ta 46 LOVOTATIO, LE OTOTELEGLO VO EXOVUE

10606To KaAvyng 97%.

127



[]’Genera! Info | Paths' Coverage |

General Results

Info Value
Useful Test Cases (Chromosomes) 2]
Time Needed 39
Evolutions Meeded 40
Runs Needed 198
Paths Covered / Total No. Of Paths 45 1 46
Coverage Percentage a7 0%

yua 4.48 : T'evikég mAnpogopieg - anotedéopata GA

v emdpevn Kaptéra, pe 1o 6voua “Paths' Info” pmopodue va dodpe avaivtikd
TIG XPNOES TEPUTTMGELS EAEYXOV OV TOPAYOMNKOV KOl TO. LOVOTATIO TOV® GTOV
yphoo ta omoio ypopoatilovrol Kot oavtiotoyic pe TV emAeypévn mepintwon

eAEYYOL, O™ PAETOLLE TTLO KATM (ZyMua 4.49).
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| £ Results of Test Case Gene_tatlc_m on Data Flow Graph o = i : 1 ‘ %

[ GeneralInfo_| Paths' Coverage |

Test Cases

Selected Test Cases Values Graph Visualization
Each selected Test Case, derived from the Best Chramosome Salution, mum num2 num3 numd int mex=_|

ill display the covered paths ofthe graph inthe Graph Visualization
Panel, when clicked. The path thatis consisted by the corresponding

alue of the Test Case will have its nodes painted with grey calar,

hereas the paths’ nodes that are not covered by the selected
[Test Case will be illusirated with white color.

Order Path (nodes se..| Is Coverad ? TestCase |
0 [1.2.3,5.7] [TRUE [(num1, 0}, (nu... |~
i [1.2,3,5, 6] [TRUE [(num1, 44), (n
12 [1.2,3,5,6,8 [TRUE [(num1, 44), (n...
3 [1.2,3,5,6,9] [TRUE [(num1, 6}, (nu...
4 [1.2,457  |TRUE [(num, -48),_(n.
5 [1.2,4,5 6] [TRUE [(num1, 2}, (nu... |=
6 [1,2,4,5,6,8] [TRUE [(num1, 2}, (nu...
7 [1.2,4,5,6,8] |TRUE [(numd, -93), (n
8 [1.2,3,5 7, 10.. [TRUE [(num1, -234), (n...
9 [1.2,3,5,7,10... [TRUE [(num1, 9), (nu... [—
10 [1.2,4,5,7,10.[TRUE [(num1, -48), (n
11 [1.2,4,57,10.. [TRUE [(num1, -53), (n...
12 11.2:3] [TRUE [(num1, 44), (n...
13 1.2.3 TRUE linum, 44), (n
14 1.2, 41 [TRUE [(num1, -49}, (n...
15 11.2,3] [TRUE [(num1, 44), (n
16 1.2, 41 [TRUE [(num1, -49}, (n...
17 1.2, 4] [TRUE [(num1, -49), (n...
18 [1.2,3,57] [TRUE [(num1, 9}, (nu.
19 11.2,3,5,.71 [TRUE [(num1, 9, (nu... || [
120 [1,2,3,5 7, 10... [TRUE [(num1, 9}, (nu... | >
’ . ’ r ’ . /
Zyua 4.49 : TopdBupo pe avaAlvTIKEG TANPOPOPIES TEPIMTMOCEDV EAEYYOV

[}

XOppova pe To oevdplo avtd, Ba mpénel va emAéiovpe Kdmolo mepinT®on EAEYXOL
and ™ Mota mov Bpioketor oTo 0ploTEPE TOL YPAPOL, Kol VO SOVUE TIC TIUEG TOV
éhoPe o¢ €lcodo Kot T0 povomdtt mov kaAveOnke. Tuyaio Aowwdv emAéyovue t0
povomdrtt pe opfud 13. To povomdtt avtd amoteieiton amd tovg kouPoug [1, 2, 3].
AnAodn 6GOV APOPA TOV KMOTKO TOVG TPELS TOPUKAT® KOUPOLC:

* int numl, int num?2, int num3, int num4, int max = 0

*  numl > num?2

*  max = numl
OV OVTIGTOLOLV QUGIKG GTOVG HOVAdIKoLg apBpovg 1,2,3, dnwg pmopodue vo
dobE amd TO KOLUTL UE TIG TANPOPOPIES Yo TOLG KOUPovc-akpéc-povomdtio. H

nepintoon er&yyov 13 avabétel T mopakdTo TIES :
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i numl =44

ii. num2 = -15
iii. num3 = -2
iv. num4 = 81

€161, OMMOC PTOPOVUE VO OOVUE Kol oTnyv enduevn ekovo(Zynua 4.50), o koépupog 1 €xet
KOAVPOEl, ooy TEPIEXEL TIG APYIKOTOMGELS, 1 0gVTEPN emiong Yot elvan €Aeyyog mov
1oyVeL, epdcov numl =44 > num?2 = -15. Térog, o képupog 3 , Tov povoratiod Ba kaAvEOel
0 omoiog Kavel v avdBeon max = numl. Xto 0eid tov mopaBLPOL, GTO TAVEL TTOV
Bpioketon 0 ypapog PAEmovUE Ot dTav emAéovpe To test case 13, 1o avtioTolyo povomartt (
[1,2,3]) Ba ypopotiotel pe ykptl, a@ov £xel kaAlvebel, evd o vrdAourog ypaeog Ba £xet
ypopa dompo. Katd copfacn ot kopPor apyng kot tédovg (Start, End) ypopatiCovtot ykpt
0TV G6TO GUVOAD KOUP®V TOV AMOTEAODV TO HOVOTATL VILAPYEL TOVAAYLIGTOV Evag KOUPOG

7oL va glval Yertovikog pe tov kopPo Start 1 pe tov k6o End avtictoya
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|2 Results of Test Case Generation on Data Flow éfaph__r

GeneralInfo_| Paths’ Coverage |

Test Cases

Selected Test Cases Values

Each selected Test Case, derived from the Best Chromosome Solution,
ill display the covered paths of the graph in the Graph Visualization

Panel, when clicked. The path that is consisted by the corresponding
alue of the Test Case will have its nodes painted with grey color,
hereas the paths’ nodes that are not covered by the selected

[Test Case will be illustrated with white color.

Order Path (nod...I... TestCase

0 [1,2,3 5..|... |linum1, 0}, (num2, -12), (num3, 96), (num4, -2}] |~

1 [1,235 [inum1, 44), (num2, -15), (num3, -2}, (num4, 81)]

2 [1,2,3 5..|... linum1, 44}, (num2, -15), (num3, -2}, (num4, 81}]

3 [1,2,3 5..|... linum?1, 6), (numz2, -50), (num3, -7}, (num4, 1)1

14 [1,2,4 5 [inum1, -49), (num2, -5), (num3, -1), inum4, 3)]

5 [1,2,4 5..|... linum1, 2}, (num2, 4), (num3, -8), (num4, 8)] T

6 [1,2,4 5..|... linum1, 2}, (num2, 4), (num3, -8), (num4, 8)]

7 [1,2,4 5 [inum1,-89), (num2, §), (num3, -2), (num4, 3]

8 [1,2,3 5..|... linum1,-34), (num2, -47), (num3, -9), (num4, -

a (1,235 [(num1, 9}, (num2, 1), (num3, 28), (num4, 15)]

10 [1,2,4 5..|... [ilnum1,-49), (num2, -5), (num3, -1), (num4, 3}

11 [1,2,4 5..|... |linum1,-53), (num2, -8), (num3, 84}, (num4, -3

12 [1,23] [inum1, 44), (num2, -15), (num3, -2}, (num4, 81)]

13 123 (numt, 44), (num2, -15), (num3, -2}, (num4, 81}]

14 [1,2 4] [inum1, -49), (num2, -5), (num3, -1}, (num4, 3}

15 [1,2.3] [inum1, 44), (num2, -15), (num3, -2}, (num4, 81)]

16 [1,2 4] [inum1, -49), (num2, -5), (num3, -1), (num4, 3)]

17 [1,2 4] [inum1, -49), (num2, -5), (num3, -1}, (num4, 3)]

18 1,235 [inum1, 9}, (num2, 1), (num3, 28), (num4, 15}

| 19 .235 [(num1, 9}, (num2, 1), (num3, 28), (num4, 15}
120 (1,235 [(num1, 8}, (num2, 1), (num3, 28), (num4, 15)] |~

Graph Visualization

B\){ num1 num2 num3 num4 int max = 0; ]

max= num3;e e

max = numi;|}

max=num?2;

Zyua 4.50 : Emdoyn mepintoong eA&yyov 13 kot amotdnwon oto ypaeo

o A&ilel va mopatnpriocOvHE OTL TO HOVOOIKO HOVOTATL TOV dEV KAAVQONKE, NTOV

TO

povomdtt pe apbpd 26 (Zymua 4.51), omotelodpevo amd tovg KOUPovg

1,2,3,5,7,10,8 ].

IMa to Adyo avto Exovpe 45 / 46 pHovoTaTIo KAAVUUEVE KOl TOGO0TO KAAvyNG 97%. BéPara

ovTo £ytve oo Yo va eneényndetl o TpOTOg TOL d0VLAEVEL TO gpyareio. AvEdavovtag To

péyebog Tov TANBvo oY Kot ToV apBud Tev eEediEemv Ba meTvyovpe kdAvym 100%.
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@J Results of Test Case Generation on Data Flow Gméh _

rﬁenera]]nfo i Paths' Coverage |

Test Cases
Selected Test Cases Values
Each selected Test Case, derived from the Best Chromosome Solution,
will display the covered paths ofthe graph in the Graph Visualization
Panel, when clicked. The path that is consisted by the carrespaonding
walue of the Test Case will have its nodes painted with grey color,
whereas the paths’ nodes that are not covered by the selected
Test Case will be illustrated with white color.
Order | Path {(nodes seqguence} | |s Covered ? Test Case
15 [1, 2, 3] TRUE [(num, 44), (num2, . |=
16 [1, 2, 4] TRUE [(num, -49}, (num2,...| |
17 [1, 2, 4] TRUE [(num, -49), (num2,...
18 [1.2,3,.5.7] TRUE [(num, 9), (num2, 1...
14 [1.2,3,.5.7] TRUE [(num, 9), (numz2, 1...
20 [1.2, 3. 5.7, 10.11] TRUE [(num, 9), (num2, 1...
21 [1,2, 3,5, 8] TRUE [(num, 44), (num2, ...
22 [1,2, 4.5, 7] TRUE [(num, -49), (num2,... [
23 [1,2, 4.5, 7] TRUE [(num, -49), (num2,...
24 [1.2, 4 5,7, 10, 11] TRUE [(num1, -53), (num2,...
25 [1,2 4 5, 8] TRUE [fnum1, 2), (num2, 4. ..

| 26 [1.2 3. 5,7, 10, 8] FALSE [Mia] = |
27 [1.2, 3. 5.7, 10, 11] TRUE [(num, 9), (numz2, 1.
28 [1,2, 3,5, 6, 8] TRUE [(num, 44), (num2, ...
28 [1,2, 3,56, 9] TRUE [(num1, 6), (num2, -...
20 [1,2, 3,5, 6, 9] TRUE [(num1, 6), (num2, -... ||
31 [1.2, 4 5,7, 10, 8] TRUE [(num1, -49), (num2,...
32 [1.2, 4 5,7, 10,11] TRUE [(num, -53), (num2,...
23 [1,2, 4,5, 6, 8] TRUE [(num, 2), (numz2, 4. .
34 [1,2, 4,5 6, 9] TRUE [(num, -99), (num2,...
35 [1,2, 4,5, 6, 9] TRUE [(num, -99), (num2,.. |«

Yymua 4.51 : Emiloyn povomatiov 26, o omoio ogv kaAveOnke

e X710 onueio avto £xel ohokANpwOEel To GEVAPLO XPNOTG.
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| £| Basic Program Analyzer System (BPAS] & Automatic Test Cases Generation System (ATCGS)

Yevdplo 1pito : Xt0 GevAplo avtd B ONOVPYNGOVUE £vol YPAPO OTOLT|CEMV
(Dependence Graph) tov npoypdppatoc FooFor java. Ztn cuvéyela Bo aAla&ovpe
Tov oAyopiOuo odtaéng ypdoov otov Kivovuevo odyopiduo Spring koi Ho
ONUOVPYNGOLUE YL TO 1010 TPAYPAUUA YPAPO PONG OEGOUEVAOV KOl YPAPO POTG
eléyyov tavtoypova. TEA0G, Ba aAANAETOPAGOLUE e €vov OO OVTOVS £XOVTIOG
aAlaEet tov Tpomo aAinienidpaong oe GraphMouse Interaction kot Oa tpafpncovpe

LEPTKOVG KIVOVLUEVOLS KOUPBOLG,.

IMa Adyovg cvvropiog, dev Ba emavaAidfoovpe to Tponyovpeva PRUOTO POPTOONG
apyeiov, Kabhg eivor TavopoldOTLIoL. PE TA TPONYoLpEVA cevipila ypnons. Etot,
peTomnodue oto onueio mov €yl onuovpyndel o ypAQPOg OMOUTHGE®V TOL

FooFor.java kot pmopodpe va 1o do0pe otny endpevn swova (Zynpa 4.52).

v

Graph Panel

package org testfiles;

]

Program Start

public class FooFor {
public FooFor() {
i

public viold methoda(int =, int v {

int other = 0;

for (int yy=Opx=10 e+ ) {
y=10+14;

}

Constructor[1]

int other=0;

¥
¥

y=10+14

param_in{y)

[«]

Current graph : Dependencies Graph of FooFor.java l!']

View More graphs of FooForjava

FooFor java {Dependence Graph) [=]| viewerapn |

Nanartmant nf Camnntar Seianca  |inivareitu of Cunrms 2002 2008

Yymua 4.52 : TIpoBoir| ypdpov amoitcemy

Topa 6o aAra&ovpe tov alyoplBpo odraing yphowv ond T pvbuicels, dmwg

K@vope Kot 610 oevdplo I . Avt) ™ @opd emléyovpe tov alyopiBuo Spring kot
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ToTape 10 TANKTpo Apply v va amoOnkedoovpe v aAloyn, Omwg Oeiyver n

emopevn ewova (Zymua 4.53).

|:£| Settings & Preferences oSl | .

=

( G Testing

siw| Aigorithms | 1Y Compatibility | @gs GUI settings

Layout Algorithms
() FR Layout

(_) Circle Layout

® Spring Layout

) 1SOM Layout

Yymua 4.53 : Kaptéda aArayng aryopiBuwmv o1dtaéng ypaewv

X ovvéyeta, Ba avoiovpe Eava Tov Oonyod Poptwons-Avolyuatoc Apyeiov yio va
ONUIOVPYNGOLLLE YPAPO POTG EAEYYOL KO YPAPO POTNG OEOOUEVOV TOAVTOYPOV., KoL
t0 povo mov ailer va dodue ¢ O@Opd HE TIG TPONYOVUEVEG OlodIKOGiEG
QOpTOOoNG apyeiov eivar 0Tl emAéyovpe 2 €iom ypaewv, Onwg GoiveTon To KATM

(ZyMua 4.54).
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|£| Load Program Wizard f=nr=

Step 2 : Check parameters and select graphs

Select Graph
Graph Selection Graphs Info

i would like to create a - The selected Graphs will be created and added
inside the main panel’s combobox where they
can be selected and viewed. By default, the

EI.Cont_rol Flow Graph control flow graph will appear originally (unless
itis not selected, in this case the first selected

[v] Data Flow Graph Will appear).

[ ] Dependencies Graph
Mote: Some data flow graphs might not be

available (e.g. ifthe selected program contains
recursion or Arrays ([J) ).

ﬁ Back Next * * Cancel

Zympa 4.54 : Emioyn v tavtodypovn omuovpyio DFG kar CFG

e Ortav ot ypaeot dnuovpynbovv, Bo poptmBovv pe T GEPE OAOKANPMOOTG TOVG GTO
ThveL TV YpAemv Kot dpa 1 ypapog mov Ba answoviletal 6to maved Ba givon o
teAeLTAi0g TOV KaTaokeELAoTNKE. OAOL O1 YPAPOL TOL OMUIOVPYOVVTOL WGTOGO Eivor

tomofetnpévol oto graph combobox.

e X ouvvéyela oto oevaplo Ba emAiégovpe (aveEdptnto amd TO TOLOG YPAPOS
aneikoviletal 610 TAVEL) TOV YPAQPO PoNg EAEYXOV OTMG PAIVETAL GTNV MO KAT®

ewova (Zymua 4.55). Kot matdpe to kovuni “View Graph™ .
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| £| Basic Program Analyzer System (BPAS] & Automatic Test Cases Generation System (ATCGS)

AR KN Y
Graph Panel ! =
A

S
I

[ xyintother=0;intyy=10

y=10+14;

[«] i |

Current graph : Data Flow Graph of FooFor.java

FooFor.java (Control Flow Graph) I
FooFor.java ﬁ)ependen ce Graph)
FooFor.java (Data Flow Graph)
FooFor.java (Control Flow Graph) |v View Graph |

Department of Comp

Zyqua 4.55 : Emoyn dnpovpynuévouv CFG yia mpofoin

e  Mmopovue va dovpE OTL 0 YPAPOS TOV £YOLUE EMALEEL POPTAOVETUL AUECHS GTO
TOVEN, YPNOLOTOIOVTAG TAVTO TNV  E£TOWUN  YPOPIKT] OTEWKOVION 7OV  &iye
onuovpynBei. Apa, Onwg €lvol OVOUEVOUEVO, TN OTIYUR ONHIOVPYIOG OVTOV TOV
yphoov elyope €lom arracer tov alyopiBuo ddraing ypaeov ce Spring Graph
Layout and tic pvOuiceig kot dpa vty v aneikdvion Ba £xel. Na onpeimdel 6t
KOs aAAOy” TOL EMPEPEL O YPNOTNG OTNV YPUPIKY OTEIKOVIOT] TOL YPAPOL (7Y
peyébuvon, petaxivnon, meplotpoet|, TPAPNYHe KOpPov/koOuPwv) amobnkevetal
OTNV YPOPIKN OTEKOVIGN TOL YPAPOL KOl ypnoipomoleitar 1 idw og emdUEVES

EMOVOPOPTDOGELS TOV YPAPOL GTO TAVEA.
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| £:| Basic Program Analyzer System {BPAS_}I & Automatic 'i'est Cases Generation System (ATCGS)

*AU@EQ \J

Graph Panel

[»]

[4]

Zyqua 4.56 : I'pagwn avarapdotacn CFG pe Spring Layout

e XV mo whvo ewova (Zynua 4.56) PAénovpe to Spring Layout yio Tov ypaeo pong
tov FooFor.java. Avotuywg oe éva otiypidtomo oev umopel va amotvmmbel m
ouveYNS Kivon tev KOUPmV Kol KUV TOV YPAPOV 6T TPOTLTO. TOV aAiyopifov.
Koabdg 0 ypheog kiveital dtatnpaviog Tic 16oppomiog mov Bétel o adydpiduog, da
aAra&ovpe v aAnAenidpacn o GraphMouse kot O tpaprovpe Tpog Ta KAT®
évav amd Toug kopuPovg 6mmg (ntd 10 GeVAplo, Yo Tapdoetypa tov kopupo Start. To

ATOTEALECLLOL TG EVEPYELNG OVTNG POIVETOL GTNV ENXOUEVT E1KOVA (ZyMua 4.57).
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|| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

b o

Graph Panel

[1»]

[«]

[4]

I [»]

IV.

ymua 4.57 : Metaxivnon koppov Start.

Kot €dd 10 oevdpro ypriong avtd £xel oAoKANPpmOEL.

Zevapilo tétapto : Anpovpyia ypdoov pong eréyyov (Control Flow Graph) ywo to
npoypappo Food.java , ektéleon TV YeEVETIKOV aAyopiBpmv yio v mopoymyn

TEPUTTAOGE®V EAEYYOV, KOl TOPOTI PO TOV ATOTEAECUATOV.

Me 10 yV®OOTO TPOTO dNUOVPYOVUE TOV YPAPO pong Yo To mpdypappa Food.java,
pe tov Load Wizard. Kpivetar okémipo va punv emavordfoope Eavd to Pripata
avTd.

Mopaxdpntovtag to frpoate dSnpovpyiag Tov ypaeov, TAVOLE GTO oNueio Tov o

vYpapog £xet dnpovpynOet ko tomoBetnBel oto mhver (ZyMua 4.58).
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| ] Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) ; l ‘E s e

¥ | A& ki @

Graph Panel

<

public class Food { -

D]
|

public Food() {
super(y

public void method(int x, int v) {
int other =0;
X=Xy,
if(=y)q{
other =x iy,
teke{
other =x*y;
¥
X=Xy,
it (=) { T
other =x iy,
teke{
other =x*y;
i
X=Xy,
if (=y)q
other =x iy,
tele{
other =x*y;
¥
S
itix=y1{ -
<1 1 [+

[4]

Current graph : Control Flow Graph of Food.java

|| view More graphs of Food.java
Food4.java (Control Flow Graph) ‘V‘ ‘ View Graph

Department of Computer Science, University of Cyprus, 2002-2008 ||

ymua 4.58 : Anovpyia ko epgdvion ypdeov CFG ywo Foo4.java

21 ovvéxeln oto oevaplo xpnong Bo mpémel va apyicovpe TV mOpAy®YN
TEPMTOGEDV YPNONG LE TOV YEVETIKOVG aAyopiBuovg. Avtd yivetal pe kMK 610
KOVUTL Y10L TNV TOPOYMYN TEPUTTAOCEDV YPNCEMV UE PAOTN TOV YpAPO poNg EAEYYOV

Omm¢ paivetor mo kdto (Zynua 4.59).
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|| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System [ATCGS)

Graph Panel

i | i S =)
||I |
= [ |

[a]

[ ¥

Current graph : Control Flow Graph of Food.java

Symua 4.59 : Koouni yuo extéleon GA pe faon CFG

e  Otav matnoovpe oVTO TO KOLUTE EEKIVAL OUECHG 1) TAPAYMYT] TEPIMTMOCEWDV EAEYYOL
EVOD aAVAOVETOL EVOL EVIIEPOTIKO TapABLPO LE TANPOPOPIES Y10 TNV KATACTAOT TNG
EKTEAEONG TOV YEVETIK®OV 0AYopiBumv, mapdolo pe avtd yo Ty Kotdotoon Tov
YEVETIKOV OAYOPIOU®V TOV EUPOVIGTNKE GE TPOTYOVLUEVO GEVAPLO YPNONG, TOL
&ytve pe Paon ypaeo pong dedopévov. H dwapopd eivar 6tt 610 £VvUEPOTIKO
nmapdOvpo mov PAEmovpe o kato (Zynua 4.60), n avoeopd ce pOvVOTATIo YiveTOL

GE UEUOVOUEVEG OKUEC, OTIC OMOLEG EMIKEVIPMVETOL 1] TAPUYMYT] TEPINTMOGEMYV,

[¥]

4]

i

AoV TO KPLTNPLO KAALYNG Y10 TOV Ypapo pong eAéyyov eivar edge/condition.
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| £:| Genetic Algorithms Progress =

Please wait. Genetic Algotihms running...

Evolutions remaining : 500 | 500

Total Paths to Cover : 29

Current Path : 16

Zympa 4.60 : IIpoodog extéreong GA pe Baon CFG

e Ortav n mapoywyn TEPWMTOCE®Y €AEYYOL OAOKANPwOEl, TO Mapdbvpo avtd O
KAeioel pdévo tov, evad Myog cvothuatog (System Beep) Oa axovotel, g1domoidvog
TOV XPNOTN OTL Ol YEVETIKOL OAyOplBuol £xovV TEPUATIOEL TN AETOVPYIO TOVG, EVHD
TApOAANAO  evepyomoleitor To  Kovumi Yy TNV TPOPOAN} T®V  GYETIKAV

AmoTEAECUATOV, OT®G PAEmOLLLE TNV €MOUEVT glkoOva (Zynpa 4.61).
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| Basic Program Analyzer System ﬁ?’ﬂ& Automatic Test Cases Generation sﬁéé_én (ATCGS) m [E=REE > ]
| & ki (e Vi

Graph Panel

package org testfiles; i

D]

I

* =p=Tile: <=

* zp=Description. =ip=

* <p=Copyright: Copyright (c) 2003=fx=
* =p=Company: <=

* @author not attributable

* @version 1.0

*
public class Food {

public Food() {
super();
i

public void methodAdint =, it v {
irtt ather = 0;
X=x4y
iflx=yid -
< 1 I 1¥]

[4]

Current graph : Control Flow Graph of Food.java

View More graphs of Foed.java
Food java (Control Flow Graph) [=]] viewGrapn

|
Department of Computer Science, University of Cyprus, 2002-2008

Zyua 4.61 : Kovuni yua epodvion anotedecpdtov GA oe CFG
e Mze Kk 6710 KOvumi aVTO avoiyel To TapdBvpo, TaPOUOL0 e OVTO Yo TV TPOROAN

OTOTEAEGUATOV PACIOUEVO GTOV YPAPO poNg dedoUEVMV, dElYVOVTAG AVOAVTIKA TIG

TEPMTOGELS ELEYYOV OTC PAETOVUE T KAT® (Zynpa 4.62).
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| £ Results of Test Case Generation on Contral Flow Graph m _ m: M
Test Cases

Selected Test Cases Values Graph Visualization

Each selected Test Case, derived from the Best Chromosome Solution,
ill display the covered paths ofthe graph in the Graph Visualization

Panel, when clicked. The path thatis consisted by the corresponding
alue of the Test Case will have its nodes painted with grey color,
hereas the paths’ nodes that are not covered by the selected

[Test Case will be illustrated with white color.

Ge=x]
Index X ¥ ]
1 -002 250 T -
2 0 E
3 338 938
4 676 269
5 B 21 &
B 0 133
7 366 Bl ;
B 73 E]
9 523 286
10 431 985
11 0 579

yua 4.62 : [oapabvpo mapovsioong arotelecudtov ektéleong GA

e BAémovpe Aomdv 10 GHVOAO HE TO YPNOIUO YPOUOCHUNTH, TOV LG OIVOuV TIg
TEPUTTAOGELS EAEYYOV OTNV AlOTO GTO. OPIGTEPE TOL TAPAOVPOL, EVD ETAEYOVTOG
Kémolo omd ovtd, TO OAVTICTOYYO0 WOVOMATL HE TIG TWEG Tov Jdivoviol OTLg
TAPOUETPOVG TNG TEPITTOONG EAEYYXOV Bal Xp®UATIOTEL GTOV YPAPO, 0TO TAVEL de&1d
070 apabvpo. [T TapacTaTIKG PTOPOVLE VA TO SOVUE OVTO GTNV EXOUEV EIKOVA
(ZyMua 4.63).
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| | Results of Test Case Generation on Control Flow Graph I p L= | e |

Test Cases
Selected Test Cases Values Graph Visualization

int other = 0

Each selected Test Case, derived from the Best Chromosome Solution,
ill display the cavered paths ofthe graph in the Graph Visualization

Panel, when clicked. The path that is consisted by the corresponding

value of the Test Case will have its nodes painted with grey color,
hereas the paths’ nodes that are not covered by the selected

[Test Case will be illustrated with white color.

Index X ¥y
-902 250
0 863
-338 -838
676 969
-1 311
133
-366 -1
73 -1
-523 -286
-431 -885
0 -579

ey pery 7= [N EY 7= ) P P oy e
=]

g =1

Zymua 4.63 : Emioyn mepintmong EAEYYOL Kol AmOTOHTOGN TOV LOVOTOTION TOV KAALYE

GToV YPApo.

e X710 onueio avTd OAOKANPOVETAL TO TETAPTO GEVAPLO PN OGS,

V. Zevapo méumto : Anpovpyioc Kot TOV TPUOV  YPAQOV Yo TO TPOYPOLLLLOL
FooTest01.java. Enmtloyn ypaeov eEaptoemv and to Combobox ypdowv Kot 6t
GULVEYELDL CUIKPLVON TOL YPAPOL DOTE VO YWOPECEL €' OAOKANPOV GTO TAVEA, Kol
amofKELOT TNG OMTIKNG AMEKOVIONS TOV YPApov og popen ewkdévag JPEG otov
KOTAAOYO e EIKOVEG Kot dvorypa e eikovag yio mpofoin. Térog, pe faon avtd 1o
oevaplo Ba mpénet va avoiEovpe to Online Eyyepidio Xpnong tov gpyaieiov, kot
va thonynBodpe otn oerida “How to interact with a graph” kot petd va yd&oope
omv avalnmon pe Aééelg kKAewdd tig “Operating System” kot wpoPoAr TV 1o

GYETIKOV ATOTEAEGLOTOG,
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o 'Eyovtag emiéEer to mpoypappa FooTestOl.java amd 1o mpdro Prpa tov Load
Wizard, oto debtepo Pripo emAEYOLIE OAOVS TOVG YPAPOLS Y10, dNUIOVPYIN, OTMG

BAEmovpe mopaxkato (Zyua 4.64).

|£:| Load Program Wizard L=

Step 2 : Check parameters and select graphs

Select Graph
Graph Selection Graphs Info

I would jike to create a The selected Graphs will be created and added
inside the main panel’s combobox where they
can be selected and viewed. By default, the

[¥] Control Flow Graph control flow graph will appear ariginally {(unless
itis not selected, in this case the first selected

[w] Data Flow Graph il anpeadd:

[v] Dependencies Graph
Mote: Some data flow graphs might not be
available (e.g. ifthe selected program contains
recursion or Arrays (1) ).

* Back Hext * * Cancel

Yymua 4.64 : Emiioyn dnuovpyiog tprov tonwv ypdeov (CFG, DFG, DPG)

e Metd ovveyiCoupe kavovikd pe to Load Wizard kot dnpovpyodpe tovg ypagovug.
A6 10 combobox TV ONUIOVPYNUEVAOV YPAP®V UTOpOVUE Vo doVUE OTL VILAPYOLY
ot 3 ypa@otl oL ONUIOVPYNCOLE. ZOUPMVO LE TO GEVAPLO, POPTMVOLLE TOV YPAPO
eCapmoewv kal motdpe to kKovumi “View Graph” 6mwg @aivetalr omnv €Kova

(ZyMua 4.65).
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| £ Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

=he
3 7 =3 T
W ARG 8| B ] Y
Graph Panel »
— | |package orglestfiles;
| %] |public class FooTest01 {
oo e = |
(s = &= 8 puiblic FoaTeston() {
_3 SURer(),
| 3
4 il
:‘A (] plic: void methodAgint x, int ) {
=t int ather = 0;
I:_yj R=x+3
Iq itrd=y){
‘| yEyrE
| Telse |
T2y }E'“‘E':S‘Y-
T
| \ ite==3{
[EECR other =x iy,
Yelze {
X ather =3 *y;
x=x+y,
= ¥
= ) i
| '”&t:\\_l
¥
\ =
= M = ey 211
~l (41 i [*
Current graph : Data Flow Graph of FooTest01.java l: 1
o)
FooTest01.java (Control Flow Graph)
[FooTest01.java (Dependence Graph) ]
FooTest01.java (Data Flow Graph)
FooTest01.java (Control Flow Graph) ‘ - ‘ View Graph |I

Department of Computer Science, University of Cyprus, 2002-2008)
= i

Zyua 4.65 : Emoyn o epedvion tov DPG tov kddwka FooTest01 java

Otav o ypheog optwbei, dmmwg PAEmovE o KAT®, Oa KAvoLpEe CUIKPLVGT TOV
YPAeov (zoom-out) pe ¥pNON TNG POOEANS TOV TOVTIKIOD, HE TNV KOAMOY TPOS TO
endve. Otav SmoT®covpe 0Tt 0 YPAPOS ATOTVTAOVETOL £E' OAOKAPOV GTO TTAVEA,
1OTE GTOUOTAUE TN ouikpuvon. TV TPOTN ekova (Zynua 4.66) mov axoiovbei
UTOPOVLE VO SOVUE TOV YPAPO OMAITNCEDV OTMG TOV PAETOLUE GTNV OPYN TOL

(QPOPTMOVETOL GTO TAVEA, Kot 6T deVTEPN €KOVOL (ZyMpa 4.67) OO TPoKHTTEL PETA

T ouikpuvon.
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Graph Panel

package ory testiles; e

[+]

public class FooTest01 {
public FooTest01 0]
i

public void methodAdint x, inty)
int other=0;
x=x+3;
if{4 =9
¥=y*3;
a=x-w
+
alsa{
other=3 "y,
=+,
i
if == 3} { Manvaleis x==11 tote einai lif
other =iy,
+
alse{
other=x*y,
KUY,

b

~ other=xry;

[ I

View More graphs of FooTest01.java

Current graph : Dependencies Graph of FooTest01.java

4] ]

FooTest01.java (Control Flow Graph)

o] i

Department of Computer Science, University of Cyprus, 2002-2008

Symua 4.66 : Apykn ypoeikn orewkovion DPG

[6 8es rogon A SR AR G e e I - ==

o A|G

(o]

Y

Graph Panel

package orgtestiles; i

[» ]

public class FooTest01 {
public FooTest01({
¥

public vaid methodAdintx, inty) {
intother=10,

: g L iy

if(4=y{
¥=¥73
Nx=x-v,

i

else {
other=3*y;
Ix=x+y,

¥

it (x==3){ fanvaleiz x==11 tote einai Iit
other=xiy,
i

slse{
other=x=y,
=N+,

[T

[4]

Current graph : Dependencies Graph of FooTest01.java

View More graphs of FooTest01.java

[»]

FooTest01.java (Control Flow Graph}

| [ |

Department of Computer Science, University of Cyprus, 2002-2008

Yymua 4.67 : Aneikdvion DPG petd m opikpovon
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Yvveyilovtog 10 GEVAPLO XPNONG, TPEMEL VO AToONKELGOVUE TOV YPAPO GE LOPPT
€IKOVaG jpeg atov dioko, oty tomobecia ¢ Empdvelog Epyaciag. H amobnkevon
YiveTO e TN (PNOT TOV TANKTPOL oL PBPIicKeTOL 6TO KAT® 0e&ld LEPOC TOV TAVEL

pe to gwkovidlo ¢ dwokétac. H emdpevn eikdva vodeikvoetl v 061 100 KOvUTLON
(EmMpa 4.68).

|£:| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

"A'QQE: (e ¥

Graph Panel

o ol |

package org.testiles;

[»]
I

public class FooTest01 {
public FooTest01 0 {
}

public void methodAdintx, inty) {
int other=0;
A=A+ T
=y
¥y=¥*3
lx=x-y;
i
else{
other=3*y,
Hu=x+y

if (== 33 { Manwvaleiz x==11 tote einai li|
other=xiy,

}

else{
other=x~y,
x=x+y,

: ENRE =
[4] et

) il [

Current graph : Dependencies Graph of FooTest01.java

View More graphs of FooTestD1.java
FooTest01.java (Control Flow Graph) ‘V| | View Graph

Department of Computer Science, University of Cyprus, 2002-2008

ymua 4.68 : Kovurni yio amofnkevon 1ov ypaeov og eikova

Me KMk o010 kovpumi avtd Ba avoiEel éva mapdbuvpo yio O1ELKOAVVOT] TOL XPNOTN
GTOV EVTOTICUO KOl EMAOYT TOV KOTAAGYOL 0TOV omoio BEAovpe va amobnievtel M
€IKOVA TOL YPAPOV, GE YPOEIKO TePPairov. Amd 10 mapdbupo avtd Ba emAéEovpe

TOV KOTAAOYO OV OVOPEPEL TO GEVAPLO XPNoNG, Omwg PAEmOVUE o KAT® (Zynpo

4

4.69). Téhog, kGvoupe KMK 610 Kovumi “Save”, kot 1 eiKovo, amodnKeLTNKE.
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|_£| Select graph-shot's directm}r- E=REEE X"

Save In: |J Documents | |@||TT Bl
Cotefmm— .
g ] Computer =
Y63 = sysTem(c) -
[ Ang ] Users
] O1 ko .
[ Panagiotis Petsas
] Documents
= DATA (Dv) |
= DVD RW Drive (E3) -
File Hame; |C:1.User51.F'anagintis Petzas\Documents
Files of Type: |All Files -

Zyua 4.69 : Emoyn tonobeciog yio amobnikevuon wovag

e X710 emouevo Prjua tov cevapiov Ppickovpe TV €OV KoL TNV 0volyovpe pE éva

TPOYPOAULO TPOPOANG EIKOVAG, OTMC deiyvel 1 eikOva Tov akolovbel (Zynua 4.70).
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image 3 FooTest01 - Windows

i

yqua 4.70 : Emloyn ewovag yio dvorypo

>10 enduevo Pnua, Ba avoifovue 10 Eyyepidio Xpnong (Manual) tov epyaieiov.
IMa va avoi&el to manual, to omoio eivar online, vAomomOnke pe ™ Pondeia Tov
gpyoreiov WINCHM [30] kot Bpioketar oy ida dadiktvokt| tomobecio pe v
epappoyn (oto Domain tov tunpatog ITAnpogopikng tov Iavemotpiov Konpov)

Kévovpe KAMK 6T0 KOVUTL, O™ paiveTot mo KaTo (Zynua 4.71).
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| £| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

HIA|I| G| & B e V]

Graph Panel

package orgtestfiles; =

public class FooTest01 {
public FooTesto1{ {
i

1
+

public void methadAdnt, inty) {
intother=10;
K=K+
(4 =yj {
y=yE3
e=y-w
i
Blse
other=3"y,
I x=x+y

if (== 3) { /fan valeis ¥==11 tote einai lif
other=xriy.
}
else {
other=x*y,
KLY
i

] Il [+]

[

Current graph : Dependencies Graph of FooTest01.java

1]

View More graphs of FooTest01.java
FooTest01.java (Control Flow Graph) |V| | View Graph

_ Department of Computer Science, University of Cyprus, 20022008

Yyua 4.71 : Kovpni yuo dvorypo Online Eyyeipidiov ypnong

Otav motBel 10 wovumi ovTO, 1 EQUPUOYY EANYIOTOTOLEITONL, EAEYYETOL TO
Agrtovpyikd ZOoTNUO GTO 0010 YPNOIUOTOIEITOL 1] EPAPLOYT KOL aVOiyEL avaroya
pe 1o AX pe v KotdAANAn eviodn évag euAlopetpntg (Browser). ['a ta AX

Microsoft Windows, Mac OS, Linux, 8o gAeyyfo0v avépeso 6toug QUALOUETPNTEG
ot

° Epiphany,
° Firefox,

° Mozilla,

° Konqueror,
° Netscape,

° Opera

Av 0 puAhopetpntig ivar o1 avorytog, Ba onuovpyndel véa kaptéda, otnv omoio
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® o1evbvvon Bo tomoBetndel oevbvvon tov Eyyepdiov Xpnong, oOmm
S n n n n YXew pnong S

UTOPOVLE VO, OOVUE GTNV EXOUEVT eKOVaL (Zynpa 4.72).

B e —— e =T

Apyzio Emséepyacia Mpoforn lotopikd IshiSoSsiktec Epyodzia BodBza

c i) wg | it/ funans.cs.ucy.ac.cyf~csid pp2 WebHelp/indexhtm v7 - | |[[G-] Google L

£ Mo ouyva avayvwops... P Getting Started 5 Latest Headlines [¥] http//mail.google.co...

i =2

EShowall  [Hidesll  gPrevious  Next

= @Efx::mme Getti ng Started

----- [E] Getting Started
- Load File This chapter will guide you through getting started with the application, everything you need to know from selecting the

-8 Graphs source code you would like to analyse and test, to the type of graph to be created and the information offered to you
-4 Test-Case Generation and its meaning L4
@ New Features 1
@@ Troubleshooting

Having installed java 5 or better and Java Web Start (JAWS) supported by your browser, you can start with the one-click
automatic installation and execution of the application :

* Open your browser and navigate to the following page:

hitp-/iwww cs ucy ac cy/i~cs04pp2/distilaunch html

@) Test page for launching the application via JNLP - Mozilla ﬁmﬁuuﬂ

Apyelo Emséepyodio MpoPol lotopiks IshiSoseixtec Epyoheia BodBaa

>, c @ lg ihttp:h’ww‘cs‘u:y‘ac‘cya'm:sUdppZ,/d\stflaunch‘html

2 Mo ouyvé avayvewops.. B Getting Started 21 Latest Headlines [¥] httpy/mail.google.co...

Test page for launching the application via JNLP
~—

l click to see APT

2l il v

| OrorAnpLBNK:

Syquo 4.72 : Apywn oeiida manual

e X100 onueio owtd pmopovpe vo emdé&ovpe v emaoyn “Show All” amd v
kaptéla “Contents” kol vo Bpodue Tn ceAido OV VTOJEIKVVEL TO GEVAPLO, TNV
oeAida “How to Interact With a Graph”. Otav Bpodue t celida, pmopovpe pe KAk
v o€ aLTAV va TV d0VUE 0T0 deEl TUNHO TOV PLALOUETPNTY], OTTMG deiyvouple

o kato (Zynua 4.73).
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& Manual - Mozilla Firefox

E=a
Apyeie Enciepyacia MgoPohn lotopwo IchSobeintes Epycheia Berfaa
£ Mo ooyva ovayvwaps... @ Getting Started 5, Latest Headlines [] httpy//mail.google.co...
T
 Index| Blanlia) =2
Hshow =l HHide all fPravious  JNext H &
s How to Interact with a Graph 3
- [£] Welcome 1
-~ [£] Getting Started =
- Load File ” %
Er- [ Graphs There are many ways to interact with a graph in the graph panel. Once the graph is created and viewed in the graph

[) Graph construction
[£) control Flow Graph
[5)Data Flow Graph
[E)Dependency Graph
[=]How to View Graphs
([[=\tow to nteract wita Grap )
[+]- 4% Graph Layout Algortithms
(-8 Test-Case Generation
-8 New Features
-8 Troubleshooting

< i

panel, the user can interact with it in 3 ways -

* Moving the mouse scroll wheel up will zoom in the graph regarding as center the mouse pointer.

* Moving the mouse scroll wheel down will zoom out in the graph regarding as center the mouse pointer.

* By having the left-click pressed and dragging the graph will move the graph to the direction of the movement of the
mouse

* Holding ctrl + click (at the same time) and dragging the graph will stretch the graph to the correspoding direction of
the mouse movement

* Holding shift + click (at the same time) and dragging the graph will rotate the graph as if on an axis parallel to the
mouse pointer's direction.

Moreover, aesthetically pleasing graph lavouts have been made available for the user to chose.

We can now see some examples of the ways of interaction with the graph that are mentioned above. We can see a
dependency graph here derived from the source code Foo7 java
e

. I —
[ iy e g T

T

e - |

| OhoxAnpIBNKE

Zyua 4.73 : Ebpeon kan avorypa ceridag “How to interact with a graph”

o Xvuveyilovtag 610 gmduevo Prpa Tov cGevapiov ¥pPNoNG, TNYAIVOLUE GTNV KOPTEAQ

“Search” tov Manual (c10 apiotepd TuNUa) Kot ovaintovue pe AéEelc kKAedd

“Operating” kot “System”. @a 0VUE TA TAPAKATO OTOTEAEGLOTO, OTWOS POIVOVTOL

omv &wova (Zynua 4.74), ta omoio eivor to&vopmuéva pe oepd eBivovsag

OYETIKOTNTOAG TOV OMOTEAEGUOTOC HE TIG AEEELS KAeWd. Otav ypayovpe Tig AEEEIS-

KAedd, matape Search.
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@ Moot - Mol Frefor e T |0 i

Apysio Emefzpyacia [poPod Iotopws IzhSobsixtzg Epyohein BonBaa

+ @ 0 Ay (L | retpyswww.cs.ucy.ac.cy/~csdpp2/WebHelp/index htm 7¢ - | |[G-] Google P
2, Mo ouyva avoyvewops.. W Getting Started )| Latest Headlines [V] http://mail.google.co...
Madual @
Type in the word(s) to search for. =

 errem— Getting Started |

| M Search title only

["| Search previous results This chapter will guide you through getting started with the application, everything you need to know from selecting the
Display source code you would like fo analyse and test, to the type of graph to be created and the information offered to you

[0S Compaiibiiity [Ranke] &nd its meaning: M

gpﬂ:m Graph La;nnm [Rank2] Having installed java 5 or better and Java Web Start (JAWS) supported by your browser, you can start with the one-click

Welcome [Rank:2] automatic installation and execution of the application :
Data Flow Graph [Rank:1]

Fruchterman-Reingold Algorithm [Rank:1] M .
Mew ltem [Rank1] Open your browser and navigate to the following page:

Test-Case Generation [Rank:1]

m

http:/fwww.cs.ucy.ac.cy/~cs04pp2/dist/launch.html

@ Test page for launching the application via JNLP - Mozilla Fmefm-_

Apyeio Emefepyocio Mpofohi Iotopwo Iehbobeiteg Epyaheia BorBea

~ C 0 & (L etpiwwwcsucyac.cy/~csdpp2/dist/launch.html

2 Tho ouxve avayvwops... P Geiting Started 5, Latest Headlines I http://mail.google.co...

Test page for launching the application via JNLP

Zyua 4.74 : Avalnmon pe Aégelc kKiedd “operating”, “system”.
e Jlatovtog to kovuni “Display” Ba dovpe 0Tt B ELEAVIGTEL 1| TO GYETIKY| GEALDQ,
OV TOPOLGLALEL TANPOPOPIEG OYETIKEG LE TNV CLUPATOTNTA TNG EPAPUOYNG UE
dupopa Agttovpykd cvotiuato. BAémovpe éva koppdtt g oeAidog avtng mo

Kéto (Zymuo 4.75).
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Apyzio Emsézpyacia MpoPon IoTopid IchSoSzikte Epyoheia BonBew

[Tl searchtitle only
["] search previous results F

0! mpatiblility [Rank:6]

@-:v C 0 &y (L nttp//www.csucy.ac.cy/~cs04pp2/WebHelp/indexhtm 7 -] Q-] Googte A
£ Mo ouyvé avayvwopi.. P Getting Started = Latest Headlines [V] http://mail.google.co...

Manual

Type in the word(s) to search for: i : 5 s
Gpecaim s Can i use the tool in other Operating System ? ‘

Taking advantage of the Java Platform, and its ability to run on any machine, regardless its operating system, this tool

Multithreading [Rank 2] can run on any operaling Syslem that hasjava 5or beﬂgr, The de'velopﬁng of the tool loqk place in various Operating
Spring Graph Layout [Rank:2] Systems, such as Microsoft Windows XP, Microsoft Windows Vista, Linux, Ubuntu (Feisty Fawn) 7.04, Ubuntu (Intrepid
Welcome [Rank:2] Ibex) 8.10.

Data Flow Graph [Rank 1]

E’:ﬂ::;ﬂmﬂéﬁfiﬂqgm Algorithm [Rank-1] This ensured that the tool runs with the same performance, stability, predictability and user-friendly interface designed in

Test-Case Generation [Rank-1] the Operating Systems mentioned above.

Having already seen the fool being executed on Windows Vista, we can see below some examples, as instances of
execution of the tool in Ubuntu :

QApphcat\uns Places System

Fle Edit \iew History Bookmarks Tools Help

& = c L.y @ [@‘http:f[www.cs.ucy.ac.cy,l-c504pp2]dist,l\aunch‘html ‘vl ['l‘—""'."‘

5] Most Visited + etting Starte: rolog Tutorial -- 2.7 [E]Latest Headlines =
5] Most Visited Gettl Started Prolog Tut | --2.7 [E]Latest Headl

7 il i

Ohorhnpuwibinke

Syqua 4.75 : Eupdvion oyeTikotepov omoteAEGHOTOC ovaliTnoNg
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Kepalaro 5
Yopunepdopata

5.1 Xvunepdopata
5.2 Meglhovtiki) Aovierd

5.1 Xvpnepaopata

H epyooia Eexivnoe pe por cHVTOUN LEAETT GE TPONYOVUEVEG OYETIKES EPYOCIES,
euPdabvvon ota onpeio Tov KOOKO TOL Bl YPEALOTOV VO EVEOUATOO® GTO POV
€PYOAELD, KATOVONOT TOL TPOTOL LE TOV OTOI0 TO. TPOTYOVUEVE GLGTHUATO OOVAELAY KO
amopdvmon TV Aeltovpyldv Tov ypetdlovtay. Encita o véa Pdon énpene va
onpovpynOet Kot 1 TPOGEKTIKN 0PYAVMOOT TOV TOKETWV Kol KAAGEWDV TG EPOPLOYNG TV
amopaitnTn Yo to eyyeipnua e cvvévoong va metdyel. Kabmg moAléc arlayéc Oa
aKoAovBovGAV, 1 OPYITEKTOVIKT) TOL GUGTHATOG Ba £Tpeme va eivot TOAV-TITEDT eV,
eviaia dg, pe v évvola 0Tt o1 KAAoELS Ko To TakéTa O TpEmetl va £oVV [ Opotopopeio
mov Ba emTpémel ) dayeipion TV KAAoE®V e Tov 1010 Tpomo. o mapddetrypo, kdbe
avaAVTIG (gite aVTOC KOTAOKEVALEL YPAPO OMOLT|CEWV, EITE YPAPO PONG EAEYYOV, K.0.K )
Ba mpémel va Exel Opoteg peBdO0VE Yo TV AVAALGT] TOL KMOOIKO, TNV OVAKTNGT TOV
ypboov, K.Am. Opoimg, GAleg Aettovpyieg, Omws ta Tasks yia dnpovpyio ko epeavion
YPAO®V TOV oYedloca VO EKTEAOVVTOL GE AVEEAPTNTO VIJLLOLTOL KOl O1 YEVETIKOT ahydpiOpior,
Ba énpene va 0100€T0VV OpOOpOPPia GTNV AAANAETIOPACT) TOVS , AGYETO OO TO OV
KOTOOKELALOVV O1UPOPETIKA EIOM YPAP®VY 1 OV ETITVYYAVOLV OLOPOPETIKA EIOM KAALYNG
avtiotorya. Kdtt téroto 6mmg eivar Loyikd ofjpatve ToAAEG aAlayEg oo o Koppdtio
KOO, TTOV ATOLTOVVTOL ELYOV YPOPTEL OO SOPOPETIKA ATOO KOt LE OLOPOPETIKY

@rocopio oyedioong kot avtd emPpadvve 10 £pyo TG cvuvévaonc. Otav avtd Opmg
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ATOTEPATOONKE, OIEVKOAVVE TNV TEPALTEP® OVATTVET TOV GLUGTHATOC, TIG AAAAYEG
Brodnkdv Ko v avafdadpucn vrapyovoav. [TapdAinia, To To onpavtikod givon 6T
TaPA TN LEYAAN £KTAOT) TNG EQAPLOYNG, 1 TOAVTAOKOTNTO TOV KMOWKO eV awENOnKe o¢
avTifeoT LE TNV EVKOAIN EMEKTOGILOTNTOS KOl GUVTNPICIUOTNTOG. TNV TOpEia, Kol OTav Ot
Baoukég Aettovpyieg elyov ohokAnpwbel kot ereyyBel, 060nke Enpaocn otn PeAtioon g
aAAnienidpaong pe tov xpnot. To tpdto Prjna £yve 6tav KoTd T GLVEVOOT|, GUGTOTIKE.
(components) YpaQIKNG avamapdcTacNS GTNV java Tov awt avTIKOTooTH KAy He To
VEOTEPQ, TLO KELUPPA» GLOTOTIKA TTOL TPOoPEPEL TO swing. Ta emdueva Prjpota
GYEOAGTNKOY OPYOTEPQ [LE EUPACT] GTNV TOPOYT] TANPOPOPIDV GTOV YPTOTY|, ATOKOAANON
TV YPOVOPOP®V AEITOVPYLDV GE EEXYMPIOTA VIILOTOL, KOl TPOCEKTIKY] KaBodynon tov
XPNOTN OTIS Asttovpyieg Tov gpyareiov. [TapdAinia pe dopég dnmg avtn tov Combobox
YPAP®V YIVETOL ATOONKEVOT| YPAPIKAOV OVOTAPAGTAGEDV TOV YPAP®V, TOV 16MG
YPEWOTNKAY APKETN MPA Y10, TN ONUOVPYIR TOVS, Kol Eivar O1BECIIES GTOV YPTOTN OVA
TAoO OTLY N, YOPIg va XPEILETAL 1) €K VEOU aVAADLOT TOL KMOTKO KOl 1) KOTAGKEVT] TOL
YPAPOL Kot TNG AMEKOVIONG TOL. AAAAYES OTTMG 1) TPOGOHKN TG dSLVATOTNTOG KVOTYLLATOG
™G PAPUOYNG dladtkTLaKd e T0 JAWS cuviédecav otnv adénom TG LETAPEPSILOTNTOG
Kol cupPatdHTNTOG TG EPAPROYNS. METaPEPSIUOTNTA, APOV UTOPEL VO AEITOVPYTOEL GE
KGOe unyovi Tov daBETEL QLALOUETPN T KoL java S5 1 vedtepn, Ko cupupatotnra,
0ed0UEVOL OTL EPAPLOYEG OE java UmopohV va, TPEEOLV aveEAPTNTOL OPYITEKTOVIKNG,
AeLTOVPYIKOD GLGTHLATOC, K.0.K. [I€pav TovTOV, TO HEYAAVTEPO TUNLLA THG VAOTOINGNG
€ytve og Linux AX ko pmopet va eyyon et 611  copfatdtnta avt ivol Tpoyotik] Kot
Oyl TAACUOTIKY (0KOUT KOt OGOV apOpl GYESNOTIKEG AenTOUEPELEC, LEYEDN, fonts, K.AT.).
Néeg Aertovpyleg 0mmg to Online Eyyepidio Xpnong (Manual), n 006vn Ilepi (About), o
Odnyog Avotypotoc-Doptwonc Apyeiov (Load Wizard), n Aettovpyia evoriayng tpomov
aAAnAenidpaong 1e Tov Ypaeo, n Asrtovpyio Extog Xovdeong (Offline Mode), 1
amobnkevon ypaeov oe popen ewkovog (GraphShot) advéncav t AertovpykodOTNTA TOL
gpyoreiov Kat T SLELKOAVLVGT TOL YPNOTH.

Yvvoyilovtog, pmopet va emwbel OTL Kapmog TG EKTOVIONG VTG TG EpYaciag etvat o
OAOKANPOUEVT] SLOOIKTLOKT] EQOPLOYN Y10 AVAADGOT] KOt EAEYYO LE TOPAYWYT TEPUTTOCEDV
EAEYYOL TTPOYPAUUATOV YPOUUEVOV GE java TOL TAPEYEL

i.  Evpd gdopa Agttovpyldv 6tov ypMoth, ota TAaicto Liag oOyxpovng,
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KaBoIMYNTIKNG Kot VYEPIOTNG OGONTIKE SETLPAVELDG.

ii.  E0KoAn cuvinpnoydmnta, EmeKTAcIUOTT, LETOPEPSILOTNTA, supPatdtnTa, Kot
tekunpioon (documentation) Tov TNyaiov KOOIKO GTOV TPOYPULLATICTH TOV
EVOEYOUEVMC ETTLYEIPNOGEL (PO, TPOTOTOIN G, 1] EXLEKTACT] TOL EPYAAEIOV.

1. Avektipuntn eumepio Kot ETEKTACT) TOV TPOYPOUUOTIOTIKMOV YVOCEWV GE EUEVAL.

5.2 Melhovtiki) Aovierd

210 TAaic1o TG LEAAOVTIKTG OOVAELAG LTOPOVV VO TPOTUOOVV LEPIKEG EICNYNGELS TOL Oa
Bedtidoovv 10 epyareio kat Oa To KAVOLV KON TTLO AEITOVPYIKO KO TTLO OVTOYMVICTIKO

ATEVOVTL GE TOPOLOLOL EPYOAELD TTOV VTTAPYOLYV GTNV AYOpPdL.

0 Emnéxtaon Aertovpyidv avdivong kmdika. Me avtd evvoeitat 11 OAOKANp®OT| TG
AELITOLPYIKOTNTOG TOV OVOAVT®V (parsers) e amodoyn doUDV 0TS Ol TIVAKES
(Arrays), Tng avadpoung (recursion), aAAd Kot evIolég Ommg : package, extends,
K.AT., Kot KdAvym duvatot)tev g java onwmg interfaces, inheritance,

polymorphism, object, classes, K.AT.

0 Ymootpi&n kot GAA®V TOT®V Tpoypaupdtev 0nwc Applets, JSP, Javascript.

0 Ymoot)pi&n Kot GAA®V TPOYPOUUATICTIK®V YAOCOHV OTMG Y10 TOLPASELYLLOL TN

C++, mov éyel KATOL GYETIKT) GLVAPELL, O TPOG TNV AVTIKEYLEVOSTPEPELQL.

0 IIpocHnkn vémv Aettovpyudv 6mwg mapaymyn dwypappdtov UML, copfoikn

extéleon (symbolic execution).

0 Evoopdtwon (integration) g mapodcog EPAPHOYNS LLE YVOOTA EpYOAEia KoL

projects 0mwg 1o eclipse, netbeans, jbuilder, maven.

158



Biphoypaogia

[1]

12

Patrice Godefroidl and Sarfraz Khurshid. Exploring very large state spaces

using genetic algorithms. In CPM ’01: Proceedings of the 12th Annual Symposium
on Combinatorial Pattern Matching, pages 266—280, Massachusetts

Institute of Technology, USA, 2002.

B. F. Jones, H. H. Sthamer, and D. E. Eyres. Automatic structural testing using
genetic algorithms. Software Engineering Journal, pages 299-306, Sep 1996.

David E. Goldberg. Genetic Algorithms in Search, Optimization, and Machine
Learning. Addison-Wesley Publishing Company, Inc., Reading, MA, 1989.

S. C. Ntafos, "On testing with required elements," in
Proceedings of IEEE-CS COMPSAC, 1981, pp. 132-139.

S. C. Ntafos, "On required element testing," /EEE
Transactions on Software Engineering, vol. 10, No. 6, pp.
795-803, 1984.

A. S. Andreou, K. A. Economides and A. A.

Sofokleous, "An automatic software test-data generation
scheme based on data flow criteria and genetic algorithms,"
in Proceedings of the 7th IEEE International Conference on

Computer and Information Technology, Fukushima, Japan,
2007, pp. 867-872.

A. Sofokleous and A. Andreou, "Dynamic search-based
test data generation focused on data flow paths," in
Proceedings of the 10th International Conference on
Enterprise Information Systems (ICEIS 2006), Barcelona,
Spain, 2008, pp. 27-35.

Robert S.Boyer, Bernard Elspas , Karl N. Levitt, SELECT—a formal system for
testing and debugging programs by symbolic execution, Proceedings of the
international conference on Reliable software, p.234-245, April 21-23, 1975, Los

Angeles, California

159



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Beizer, Boris, Black-box Testing: techniques for functional testing of software and

systems. Publication info: New York : Wiley, c1995.

Philip Koopman, John Sung, Christopher Dingman, Daniel Siewiorek, Ted Marz.
Comparing Operating Systems Using Robustness Benchmarks. 16th IEEE
Symposium on Reliable Distributed Systems, Durham, NC, October 22-24, 1997,
pp.72-79.

Myers, Glenford J., The art of sofiware testing, Publication info: New York : Wiley,
¢1979.

Michael R. Lyu , Handbook of Software Reliability Engineering. McGraw-Hill
publishing, 1995, ISBN 0-07-039400-8

http://www.ece.cmu.edu/~koopman/des_s99/sw_testing

Kvpidxoc lodvvov, Tlportuytoky Atopikr Aimhopatiky Epyacio, “Anupiovpyia kot
Ipaewn Anewkdvion / Awayeipion Ipbepov EEdptnong Asdopévov  amd KOdK
wpoypappdTov ypoupeva o JAVA™, 2007.

Holland, J.H., "Adaptation in Natural and Artificial Systems", MIT Press, 1975.

Deboeck, G. J. [Ed.]," Trading On The Edge", Wiley, 1994.

Whitely, D., "A Genetic Algorithm Tutorial", Technical Report CS-93-103,
Colorado State University,1993.

http://www.acadjournal.com/2005/v15/part6/p4/

Jeff Offutt, Aynur Abdurazik, October 1999, "Generating Tests from UML
specifications", Second International Conference on the Unified Modelling
Language (UML99), pp. 416-429, Fort Collins, CO.

160


http://www.ece.cmu.edu/%7Ekoopman/des_s99/sw_testing
http://www.acadjournal.com/2005/v15/part6/p4/

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Clay E. Williams, November 1999, "Software testing and the UML", International
Symposium on Software Reliability Engineering (ISSRE’99), Boca, Raton.

Jeff Offutt, Aynur Abdurazik, October 2000, "Using UML Collaboration diagrams
for static checking and test generation", Third International Conference on UML,
York, UK.

Roper, Marc, "Software Testing", London, McGraw-Hill Book Company, 1994

Jeff Offutt, Shaoying Liu, Aynur Abdurazik, Paul Ammann, March 2003,
"Generating Test data from State based Specifications", The Journal of Software

Testing, Verification and Reliability, 13(1):25-53.

Andras Toth, Daniel Varro, Andras Pataricca, 2003, "Model Level Automatic Test
Generation for UML State-Charts", Sixth IEEE workshop on Design and
Diagnostics of Electronic Circuits and System, (DDECS 2003).

Marlon E. Vieira, Marcio S. Dias, Debra J. Richardson, "Object-Oriented
Specification-Based Testing Using UML Statechart Diagrams", University of
California

Sami Baydeda, Volker Gruhn, 2003, "BINTEST — binary search-based test case
generation", In Computer Software and Applications Conference (COMPSAC),
IEEE Computer Society Press, 2003.

http://en.wikipedia.org/wiki/

http://jung.sourceforge.net/doc/api/

http://www.atlassian.com/software/clover/

161


http://en.wikipedia.org/wiki/
http://jung.sourceforge.net/doc/api/
http://www.atlassian.com/software/clover/

[30]

[31]

[32]

[33]

[34]

[35]

[36]

http://www.softwareverify.com/java/coverage/feature.html

http://quilt.sourceforge.net/

http://www.parasoft.com/jsp/solutions/java solution.jsp

http://www.codework.com/JCover/product.html

http://byecycle.sourceforge.net/

http://ispace.stribor.de/index.php?n=Ispace.Home

http://www.softpedia.com/

162


http://www.softwareverify.com/java/coverage/feature.html
http://quilt.sourceforge.net/
http://www.parasoft.com/jsp/solutions/java_solution.jsp
http://www.codework.com/JCover/product.html
http://byecycle.sourceforge.net/
http://ispace.stribor.de/index.php?n=Ispace.Home
http://www.softpedia.com/

MapdpTnua A.

To Mapdaptnua A tepiéxel To Eyxeipidio Xpriong tou BPAS & ATCGS, autouoio,

OTTWG AUTO TTAPEXETAI OTOUG XPNOTEG MECW TOU EPYOAAEIOU.

Welcome

Welcome to BPAS & ATCGS (Basic Program Analyser System & Automatic Test
Case Generation System). This manual will guide you through everything that is
available to you, aiming to cover your needs concerning the analysis, view and
interaction of your source code with various graphs, auto-generation of test cases
and view of the coverage results.

Getting Started

This chapter will guide you through getting started with the application, everything
you need to know from selecting the source code you would like to analyse and
test, to the type of graph to be created and the information offered to you and its
meaning.

Having installed java 5 or better and Java Web Start (JAWS) supported by your
browser, you can start with the one-click automatic installation and execution of the
application :

« Open your browser and navigate to the following page:

http://www.cs.ucy.ac.cy/~cs04pp2/dist/launch.html
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http://www.cs.ucy.ac.cy/%7Ecs04pp2/WebHelp/scr/Graphs%20Intro.htm
http://www.cs.ucy.ac.cy/%7Ecs04pp2/WebHelp/scr/Test-Case%20Generation.htm
http://www.cs.ucy.ac.cy/%7Ecs04pp2/WebHelp/scr/Viewing%20the%20results.htm
http://www.cs.ucy.ac.cy/%7Ecs04pp2/dist/launch.html

w Test page for launching the application via JNLP - Mozilla Firefox

Apyeio Emelepyacion [Npofodn lotopwe Zchbobeiktzsg Epyohein BonBox

@ c X L L] |http:ffwww.cs.uq,r.ac.cyf~csﬂ4pp2fdi5tflaunch.html

£ Mo ouyvd oveyveops.. P Getting Started 5 Latest Headlines [] http://mail.google.co...

Test page for launching the application via JNLP
Y -

click to see API

« The page should look like the one above.
« Click on the link "Launch the application", illustrated inside a red circle in the
screenshot above
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@ Test page for launching the ap i INLP - Morilla Firefox
Apyeio  Emelepyaoia Mpoforn Iotopwd  Zehdodeiktec Epyodeic BonbBew

@ - c A Q (I_,|http:ffb\rww.cs.ucy.ac.cyf~c9‘.l4pp2fdi:tﬁ‘launch.html Ti? i

2 Mo ouyve cvayvwops.. 7 Getting Started ., Latest Headlines [V] hitp://mail.google.co..

L=

| || Test page for launching the applic... x | | Test page for launching the applica... >

Test page for launching the application via JNLP

Launch the application [ Java Web Start
click to see API Downloading application.

Name: CodeTester
Publisher: notix
From: https/ e, cs.ucy.ac.cy

Estimated time remaining: 10 seconds

« As you can see above, the moment you click to the link, the download will
begin. You can see that a dialog box will appear showing the progress of the
download. At this point the application is being downloaded and verified.
Depending on your connection and available download speed, the download
might take a while, but almost never more than 3-4 minutes.

« When the download is complete, the application will start execution, as we
can see below :
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} e ——— —— e e
| £+| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) lEIEI-z_kJ

7| &

G

[«1I

(] 1 | I

Department of Computer Science, University of Cyprus, 2002-2008

« And the application is ready to work ...

Load/Download a Java Source File

Once the application has started execution, you can choose to load a program that
exists locally on the machine or download the sample programs available to you at
the following link :

http://www.cs.ucy.ac.cy/~cs04pp2/testfiles/

The second option is also the recommended one, since these programs have been
checked and tested for compatibility with the parsers and the automatic test-cases
generation system. In other words, loading source code written by the user might
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contain syntax errors or data structures and algorithms (like arrays]], and
recursion) which are not supported and therefore might lead to an exception or no
results.

Before loading a program to the application, the user can check and/or modify
some of the settings of the application by clicking the settings button, as shown
below :

|£| Basic Program Analyzer System {BF;AS}I & Automatic Test Cases Generation System [ATCGS)

[»

When the button illustrated above is clicked, the following settings menu will be
available for the user :
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| £ Basic Program Analyzer System ( BPES‘)- é&l:t-omatic Test Cases Generation System [ATE:GS]

4|l &

| ¥

“= GUI settings |

f@ Testing [ i) Algorithms r 1Y Compatibility

[] Aliow offline mode [no file downloading, if files exist]

[ Delete downloaded test files when closing the application
[v] aways show Editor

[ anow making changes in test-files with editor

Apply

[«]]

q| Il [»]

It is important to note that the default option is to use internet connection in order to
download the selected files from the remote directory using http protocol.
Therefore, if the user knows that there will be no available connection during the
execution, then it is recommended that the Offline Mode is selected.

The Offline mode can be found in the Testing Tab in the Settings menu. When
selected and then "Apply" button is clicked, the application will no longer demand
internet connection to use the selected files but will try to locate them in the local
default folder were the application is stored when downloaded with JAWS. Of
course, this scenario requests that the files needed actually exist. This means that
they have been downloaded and stored during a previous execution or created by
the user, using the same name as specified by the index file. Moreover, the index
file, testfiles_index.txt, that contains the names of all the sample programs
available in the remote location has to be stored in the same location on the
machine. The index file can be found in the following link :

http://www.cs.ucy.ac.cy/~cs04pp2/testfiles index.txt

At this point, the user can proceed with the Load Wizard, which will make the
navigation through opening and loading a file with the assistance of a wizard
consisting of 3 easy steps.
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Load Wizard

The Load Wizard is a simple wizard consisting of 3 steps, aiming to help the user
navigate through the selection of the source code sample program, the type of
graph(s) to be created, and provide the necessary information, regarding the status
of the file, the availabilty of the selected graph of the selected source code, the
expected duration of the genetic algorithms that will run during the test-cases
generation, etc.

To view the Load Wizard, you have to click on the first button of the main frame of
the application, as shown below :

| £ Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

®on

Download test file | B

[«
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Load Wizard (step 1)

When the Load Wizard button is clicked, the first step of the Load Wizard will
appear, as we can see bellow:

|| Basic Program Analyzer Sy;t‘em (BPAS) & Automatic Test Cases Generation System (ATCGS) [EEr=T]

allal[o][s[a ]

| £ Load Program Wizard

=[E] 2= ]

Step 1 : Select Source Code For Analysis & Testing

Select Source Code
Programs Found :

BinarySearchjava
Bouncy SolidBalljava
Bubble Sort.java
BucketSort.java
(Car.java

Factorial java
FExam06.java
Fibonaccijava
Fighter.java
FindMaximum.java
Foo1000Line.java
Foo1000Li le.iava %

i Tr

68 Java Programs

‘ H Next* H XCance\ ‘

Department of Computer Science, University of Cyprus, 2002-2008

We can see that the first step of the wizard contains a list with all the available java
source codes, downloaded from the remote directory or loaded from the local
directory, depending on the user's choice on Offline Mode Allowed or not.

At this point, the necessary input from the user is selecting the program he wants
to analyze and test and click the button "Next".



|£| Load Program Wizard - =NACIH[ X

Step 1 : Select Source Code For Analysis & Testing

Select Source Code
Programs Found :

| ¥

FindMaximum.java
Foo1000Line.java
Foo1000Line Simple java
Foo11.java
Foo2000Complex.java
Foo2 java
Food.java
Food.java
Fooh.java
Foof.java

007 java
FoofRun.iava

1

68 Java Programs

’7- Back 'C Next == JI * Cancel
: T

The second step of the wizard will follow.

Load Wizard (step 2)

At this step of the Load Wizard, the user is asked to select the type of graph, or
graphs that would like to create based on the selected source code. The
application can create a Control Flow graph, a Data Flow graph or a Dependence
Graph or a combination of two or three of these graphs, depending on the
availability of the graph (due to parsing constraints, like array structures, etc).

We can see below an example of the second step, assuming that we want to
create a Data Flow graph for the program Foo7.java
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| %| Load Program Wizard -l LE =

Step 2 : Check parameters and select graphs

Select Graph
Graph Selection Graphs Info

I would like to create a - The selected Graphs will be created and added
inside the main panel's combobox where they
can be selected and viewed. By default, the

[ ] Control Flow Graph cantrol flow graph will appear originally (unless
itis not selected, in this case the first selected

[w] Data Flow Graph Wwill appear).

[ | Dependencies Graph
Mote: Some data flow graphs might not be
available (e.g. ifthe selected program contains
recursion or Arrays () ).

Ko

When ready, we can click the button "Next" and continue with the third and last

step, or click "Back" and go back to the first step to change the selected program,
or "Cancel" to close the Load Wizard.

Load Wizard (step 3)

The third, last one, step of the Load Wizard offers information to the user, in order

to make sure the parameters that have been chosen are correct. This information
includes :

« Whether or not the file will be downloaded with http from the remote
directory or loaded from the local disk, where it was saved

« The name of the file containing the source code

« The status of the file (downloaded if offline allowed is not selected and
acquired if it is selected)
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« The available graphs that can be created based on the source code (due to
limitations and constraints mentioned later)

« The expected time until the genetic algorithms creating and evaluating the
test-cases are completed (empirically measured)

« Furthermore, the user can chose whether or not the java-syntax highlighting
editor will appear in the main frame, next to the graph.

We can see below the third step of the Load Wizard

| £ Load Program Wizard =NaC:

Step 3 : Check parameters and select graphs

Select Graph
File status & downloads Options
Mode: Online Mode Would you like to see the java syntax highlighting
editor of the source code n the main Panel ?
File Selected: FooT.java
File Status:

Graphs that can be created: ® Yes, show the editor

) No, do not show the editor
Genetic Algorithm's expected time:

s -
il Back !| *Cancel |

When checked that everything is ready and the settings are according to the
preferences, the user can proceed to the creation of the graph(s) by clicking
the button "Finish", or go back and check or change some of the previous settings.

When "Finish" is clicked, the progress dialog(s) for the graph(s) will appear,
indicating the progress of each graph and when the graphs are created and the
visualization viewer is completed, the graph(s) will appear in the panel and the
wizard will be disposed.

A-11



Graphs

Graphs are mathematical structures used to visualize relations between objects
from a collection [27]. Depending on the semantics of each graph in the
application, the set of nodes and edges can represent different concepts. For
example, in the control flow graph the set of nodes represent statements whereas
the edges represent the control flow of the program, or in other words the
sequence of nodes (path) that can be traversed during the execution of the
program. On the other hand, in a dependence graph, the set of nodes and the set
of edges have different significance. The nodes in this case represent objects (like
methods, constructors, statements,etc) and the directed edges the prerequisite
objects; that is, the destination of the edge indicates the object on which the object
of the source of the edge is dependent on.

Graphs can be a very powerful tool in the hands of an analyst, developer or tester.
They have the ability to visualize various aspects of a program and help the viewer
understand better the structure of a program, reveal specific characteristics of the
source code (like existence of circles, dependencies, complexity, data flow, etc).

Graphs

Once the settings and preferences for the graph to be created have been set and
the last step of the Load Wizard is succesfully finished, then for every type of graph
selected, a new thread begins execution, each thread corresponding to a type of
graph. Moreover, for every thread created corresponds a dialog window with a
progress bar, showing the current activity of the thread. These activities must take
place in the order mentioned, although the same activities concerning the creation
of different types of graphs can run at the same time. The activities mentioned are
the following :

« File Download
« Parsing
« Graph Creation
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a Visualization Viewer Creation

In this way the user can continue navigating in the tool and work on other tasks
with no need to wait for a specific graph to be created. This proves to be very
useful, especially when the complexity and lines of code increase and tend to
consume a lot of time: time that in previous versions could not be used since the
application was "frozen" until the completion of the time-consuming task. The user,
clearly, can greatly benefit from these modifications and additions. The
modifications of the way the Tasks of graph creation are executed, with
multithreading allowing parallel threads to run at the same time constructing
different graphs and storing them when finished, and additions of the informing
dialog boxes, progress bars and display of the current activity of each task. Not
only the user can save time and avoid the annoying application "freezes" but also
benefits from the information offered to him, in accordance with Human-Computer
Interaction Principles.

We can see below a dialog box, as described above, showing the current status of
a thread processing a java source code and constructing its dataflow graph :

| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) |ﬂl

I3

|£:| Graph Build Progress o o5 e S
Please wait while the graph is created ...
File Downloaded Q{‘g
Parsing Complete Q{‘ﬁ =
Graph Created \\f

Visualization Viewer Completed G

[« |

(] i \ D

Current graph : Data Flow Graph of Foo2 java

Department of Computer Science, University of Cyprus, 2002-2008
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Control Flow Graph

In a control flow graph each node in the graph represents a basic block, i.e. a
straight-line piece of code without any jumps or jump targets; jump targets start a
block, and jumps end a block. Directed edges are used to represent jumps in the
control flow. By convention, the control flow graph start with an additional vertex
called "Start" and all the leaves of the graph have their edges directed to an
additional vertex called "End". The directed edges show the flow of control during
the execution of the program, from a statement to another statement or from a
statement to a control structure (if statement, while statement, etc), or from a
control structure to a simple statement, or from a control structure to another
control structure (e.g nested if statements, nested loops).

Edges that have as source node a control structure carry a label, indicating the
flow of the program depending on the boolean value of the statement (e.g
true/false). We can see below a simple program, implementing the bucket sort
algorithm and the control flow that is constructing after parsing and creating the
graph by using the tool.

package org.testffiles;
public class BubbleSort {

public BubbleSort() {
super();

}

public void bubblesort(int[] A) {
for (inti = A.length;i >= 1;i++) {
for (intj=1;j<i-1;j++){
if (Al > Al + 1]) {
int temp = 0;
temp = A[f];
Al = Al + 1];
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Afj + 1] = temp;
}
}
}
}

£ Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

aiizle]s]B/=lo)

i ¢ afength [*7

1|

+huckets@[]]

i [ buckets = new intfm

int k = huckets
Current graph : Control Flow Graph of BucketSort.java

D

LH|

package onytestfies;
public class BucketSort |

public BucketSor() {
SLper);

fubalic volcl bucketSort(int[] &, int m) {

irt[] buckets = new intfm],

for (it j = 0;j = m;++j) bucketsfj] = 0;

for (int i = 0 = a.length;++0) ++huckets{ai];
for (inti=10,j= 0 = m++) for (irt k = bucked
i

}

View More graphs of BucketSortjava
‘Car.iava {Control Flow Graph)

|V|| View Graph

Department of Computer Science, University of Cyprus, 20

Data Flow Graph

A data-flow graph (DFG) is a graphical representation of the "flow" of data
through an information system [27]. It differs from the flowchart as it shows the

data flow instead of the control flow of the program.

A-15


http://en.wikipedia.org/wiki/Information_system
http://en.wikipedia.org/wiki/Flowchart

What is referred to as Data Flow Graph in this application, is actually a graph
based on the control flow graph, joined with an identical graph and removing
multiple declarations (by concatenating them in one node) and statements but
leaving unchanged the nodes that have decision-making role. Moreover, the labels
of the edges that have a decision-making role source node are changed from
true/false boolean values to the condition string and if this holds or not (e.g x<y or
l(x<y) ).

Below we can see an example of a source code written in java and its
correspondent dataflow graph :

public class BinarySearch {

public BinarySearch() {
super();

}

int binarySearch(int[] A, int N) {
int lowestPossibleLoc = 0;
int highestPossibleLoc = A.length - 1;
int middle = 0;
while (highestPossibleLoc >= lowestPossibleLoc) {
middle = (lowestPossibleLoc + highestPossibleLoc) / 2;
if (A[middle] == N) {
return middle;
} else if (A[middle] > N) {
highestPossibleLoc = middle - 1;
} else {
lowestPossibleLoc = middle + 1;
}
}

return -1;

}
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ic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

packane orglestfles;

I

highestPossiblel oc = middle - 1;

*apThle: <he
Afmiddig] == K L

* =p=Description: <=

middle = (lowestPossibleLoc +highestPossibleLoc) / 2 ]

lowestPossibleLoc = middle +1;

# <= Copyright: Copryright (c) 2005<ip=

# <p=Company. <i=
[highestPaslib\eLuc>=Inwssan:sih\ean ] f VA, S

* @author not attributable
[ ANint lowestPossibleLoc = 0; int highestPossibleLoc = A length - 1; int middle = 0;
* @version 1.0
A
Start public clazs BinarySearch {
fublic BinarySearch() {
uperl

LN |

( I ]

Current graph : Data Flow Graph of BinarySearch.java

View More graphs of BinarySearchjava

‘Bmary.iaarnll.java (Data Flow Graph) ‘ . | | View Graph

Department of Computer Science, University of Cyprus, 20

Having created the data flow graph, we can see the information extracted
according to the k-tuples criterion in the button shown below :

sic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (Al

package org testfiles;

=

*apeTithe: <=

*=p=Description: <=

[ AN intlowestPossibleLoc = 0;int highestPossibleLoc = Alength - 1; int middle = 0; ]

*=p=Copyright: Copyright (o) 200

Almiddle] =N
&= (lowesiFossihlelac + highestPossibleloc) 1 2; ]

_\L \ : l :u’f *ap=Company: <
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The information window will open and we can see 3 tabs:

« Edgesinfo
« Nodes info
a Paths info
DialogDFGInfo - ]

DFG Nodes and Edges Info
rHo-des r Edges [ Paths |

Paths to cover to achieve Ntafos - Paths coverage

Index Reason-Lastuse LastVariable Path to Cover (Mod..
2-dr interaction - p... |lowestPossibleLoc |[4, 5 6,7, 2 3]
2-drinteraction - p...|highestPossibleLoc|[4, 5,6, 8, 2, 3]
1-dr interaction - p... |lowestPossibleLoc |[7, 2, 3]
1-drinteraction - p... |lowestPossibleLoc |[7, 2, 4]
1-dr interaction - p... |[lowestPossiblelLoc [[7, 2,4, 5 2 3]
1-dr interaction - p... |lowestPossibleLoc [[7, 2, 4,5, 6, 8, 2, 3]
1-dr interaction - c... jmiddle [4, 5, 6, 7]
1-dr interaction - c... middle [4, 5, &, 8]
1-drinteraction - p...|MN [1,2,4.5 2]
1-dr interaction - p... [N [1,2 4,5, 6]
1-drinteraction - p...|N [1.2,4,5 6, 7]
1-dr interaction - p... [N [1,2 4,5 6, 8]

1-drinteraction - p... |lowestPossibleLoc |[1, 2, 3]

1-dr interaction - p... |lowestPossibleLoc |[1, 2, 4]
1-drinteraction - p... |lowestPossibleloc |[1,2, 4,5 2 3]
1-dr interaction - p.._ [lowestPossibleloc [[1, 2,4, 5 6 8, 2, 3]
1-dr interaction - p...|highestPossibleLoc|[1, 2, 3]

A1-dr interaction - p... |highestPossibleLoc|[1, 2, 4]

1-dr interaction - p...|highestPossibleLoc|[1, 2, 4, 5 2 3]
1-drinteraction - p...|highestPossibleLoc|[1, 2, 4,5 6, 7, 2, 3]
1-dr interaction - p... |highestPossibleLoc|[8, 2, 3]
1-drinteraction - p...|highestPossibleLoc|[8, 2, 4]

1-dr interaction - p...|highestPossibleLoc|[8, 2, 4 &5 2 3]
1-drinteraction - p...|highestPossibleLoc|[8, 2, 4,5 6,7, 2, 3]

Close This Window

Dependence Graph

Dependence graph is a directed graph representing dependencies of several
objects towards each other. Every directed edge, starting from a source node A
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can have none, one or a set of destination nodes S, indicating that in order that the
element of node A (statement/method/class/constructor/parameter, etc) can
execute, it depends on the execution of the set S.

In this application the dependency graph illustrates the dependencies that occur
only inside a class. This means that it doesn’t show the dependencies between the
elements of the class and the packages or dependencies between packages.

We can see below an example of a dependence graph created by the tool after
parsing a java source code :

public class InsertionSort {
void insert(int[] A, int newltem) {

// Precondition: itemsiInArray is the number of items that are
/I stored in A. These items must be in increasing order
Il (A[0] <= A[1] <= ... <= A[itemsInArray-1]).
/[ The array size is at least one greater than itemsinArray.
I/l Postcondition: The number of items has increased by one,
/I newltem has been added to the array, and all the items
/I in the array are still in increasing order.
/l Note: To complete the process of inserting an item in the
/[ array, the variable that counts the number of items
/I in the array must be incremented, after calling this
/I subroutine.

int itemsIinArray=A.length-1;
int loc = itemslInArray - 1; // Start at the end of the array.

/* Move items bigger than newltem up one space;
Stop when a smaller item is encountered or when the
beginning of the array (loc == 0) is reached. */

while (loc >= 0 && A[loc] > newltem) {
Alloc + 1] = AJloc]; // Bump item from A[loc] up to loc+1.
loc = loc - 1; // Go on to next location.

}

Alloc + 1] = newltem; // Put newltem in last vacated space.
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B it Precandition: Remalndrray is the numbe
imber of items has
efe to the array
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Constructor1] param_in{newltam n
i inthe array must be incremented, stte
i subroutine.
it subroltin
/ irt temsndrray=A length-1;
int loc = temsindrray - 1; ff Start stthe en
InsertionSort =|
* Move tems biguer than nesltem up one
Stop when a smaller fem is encourteres
Program Start heginning of the array (loc == 0 iz reac
while (Joc == 0 && Afloc] » newtem) {
S Alloc +1] = Aflac], 1 Burmnp fem from 4]
7 T loc =loe - 1; Jf o on to next lacation
intloc = itemsinAmay- 1; )
Afloc + 1] = newttem; /7 Put nawdem in las
Alloc + 1] = newltem; }
!
| [{] I
Current graph : Dependencies Graph of Insertion Sort.java E 1
1]

View More graphs of InsertionSort java

How to View Created Graphs

Graphs are designed to appear in the graph panel as soon as they are constructed
and their visualization viewer is completed. Although, if the user selects to create
multiple graphs (multiple types of graphs of the same program) then the first thread
responsible for parsing the code and creating a type of graph to finish is the first
that will add the visualization viewer of the created graph in the graph panel. If
another thread is completed after that, then it replaces its visualization viewer of its
type of graph with the existing one in the graph panel, and so on. Therefore, it is
obvious that the graph panel will contain only the visualization of the type of graph
created by the last thread to complete execution. In order that we don’t 'lose’ the
previous visualizations of the graphs created, a combobox is designed for this
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purpose. This combobox can be found in the south of the main frame, under the
graph panel, as shown below :

| £| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) s |

packans oy testfies; -
public class Foof {

public Foos() {
super();

¥

public void methodAnt x, int y, it Z) {
irt other = 0;
X=A+T;
it G2y | |

ather =% - v,

pelssif (x =) {
other =x* vy, |
Velse {
x=4;

other=x-y;

t

x=u-1,

if (= v
ather =% - y;

P,

= it I3 :
q| i ] K i [»

Current graph : Data Flow Graph of Foob java l: 1

pelzif (x 2z {
L. ather =% *y;
pelze |

n=4

i

PEFTE

[«]

View More graphs of Foof.java

Foo6.java (Control Flow Graph) iV| | View Graph |
Foo6.java (Control Flow Graph) Select existing Graph to view
Foofi.java (Dependence Graph) —|

Foof.java (Data Flow Graph) |

Department of Computer Science, University of Cyprus, 2002-2008

As we can see above, the combobox stores all the visualization viewers (panels) of
the graphs created, together with the names for the programs and the type of
graphs created during the execution of the application. This feature gives the user
the ability to see the graphs that have already been created, and quickly view each
one of them, being able to compare them without waiting for the parsing of the
code, the creation of the graph and the visualization all over again..

This can be done easily by simply clicking on the combobox and select among the
source files that the user is interested in viewing and the specific type of graph and
then clicking on the button "View Graph", as shown below :
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l

View More graphs of Foof.java

Current graph : Data Flow Graph of Foo6 java

Foo6.java (Control Flow Graph)

"|

View Graph |

Foo6 java (Control Flow Graph)
Foo6.java (Dependence Graph)
Foo6.java {Data Flow Graph)

Select existing Graph to view

Department of Computer Science, University of Cyprus, 2002-2008

After clicking on "View Graph", the corresponding visualization of the graph, the
way the user left it (if it was modified) will appear on the graph panel and in the text
editor the source code of that program will appear too (unless it is already in the

editor).

How to Interact with a Graph

There are many ways to interact with a graph in the graph panel. Once the graph is
created and viewed in the graph panel, the user can interact with it in 3 ways :
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a« Moving the mouse scroll wheel up will zoom in the graph regarding as
center the mouse pointer.

« Moving the mouse scroll wheel down will zoom out in the graph regarding as
center the mouse pointer.

« By having the left-click pressed and dragging the graph will move the graph
to the direction of the movement of the mouse

« Holding ctrl + click (at the same time) and dragging the graph will stretch the
graph to the correspoding direction of the mouse movement

« Holding shift + click (at the same time) and dragging the graph will rotate the
graph as if on an axis parallel to the mouse pointer's direction.

Moreover, aesthetically pleasing graph layouts [28] have been made available for
the user to chose.

We can now see some examples of the ways of interaction with the graph that are

mentioned above. We can see a dependency graph here derived from the source
code Foo7.java
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In the next scheme we can observe the graph's reaction to the mouse wheel
scroller move, as we zoom in the node methodA :
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param_in(numa) max= num2

return mas: param_in{num4)

param_in{num1)

émam_mmuma) methodA|

Foo7

Below, we can see the transformation that takes place by stretching the same
graph to the right.
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In the following scheme we can see the resut of the rotation (rotating about 90
degrees to clockwise) in the same visualization of the graph :
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We are going to see now a new feature added to the application concerning the
ways a user can interact with a graph. This is called mouse-graph interaction and
is a collection of standard interaction with a graph and its components. The user
can change this interaction from the default one, that is non-mouse-graph, and has
been described in the examples above, to another kind of interaction. the mouse-
graph. In few words, this interaction allows the user to pick one or more nodes with
the mouse and to move them separately from the rest of the graph. This means
that while he can change a node or a group of nodes to move, by selecting and
dragging them, the rest of the graph will remain untouched. This is particularly
useful when we have to deal with a dense graph for which the graph panel is not
big enough and the nodes are very close to each other, making it impossible to
distinct most of the edges. In this case, good solution would be for the user to
zoom out the graph, making space around it and separate the nodes he is
interested in viewing by picking them as a group or only one node and dragging
them away from the rest of the graph. It is important to note here that the mouse-
graph interaction still allows the user the zoom in/out capability but replaces the
stretching and rotating abilities with picking - isolating groups of nodes, or
individual ones.

To activate this feature you need to click on the button shown below, in the
application :
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[»
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public: int method&(nt numd | it num, int oam3, it n)
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)
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if (mac = num3) {
i = num3;
if (e < numd) §
& = nUm3;
¥
i

elzeif (max = num4) {

return mj s = numé;
t

Once you press this button, you will notice the icon changing from a mouse icon, to
an icon with two arrows, indicating that you have selected to move the graph as a
whole, and therefore, to use the first kind of interaction. Let's take a look to the next
scheme, illustrating this action :
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elsg {
max = num2,

1
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i (mau = numd) {

e = Num3;

t

l

elag if (max = numd) {
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}

[»

When the interaction is changed to mouse-graph, picking individual nodes, the
mouse pointer on mouse-over on the graph panel will be replaced by a hand.
When we make sure this is the interaction we want, we can start picking edges by
clicking on them and dragging them, or groups of nodes by holding shift and left-
click, as we can notice a square get drawn on the graph panel, changing the
nodes' names labels from black to blue, indicating we are selecting those nodes.

We can understand this better looking at the scheme below :
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public irt methodAgnt numt | int numz2, int num3, int no|

Current graph : Dependencies Graph of Foo7 java

View More graphs of Foo7.java
Foo7 java (Dependence Graph) |v|| View Graph

Having selected those four nodes shown above (formal_out max, param_in(num3),
param_in(numz2), param_in(num1) that supposedly we are interested to focus on )
we can try to move them up. As we can see in the scheme below, we managed to

move them up, and therefore to isolate them a little but from the rest of the

graph.
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Graph Layout Algorithms

Graphs are usually represented pictorially using dots to represent vertices, and
arcs to represent the edges between connected vertices. Arrows can be used to

show the orientation of directed edges [27, 28]. Note that this graphical

representation (a graph layout or an embedding) should not be confused with the

graph itself (the abstract, non-graphical structure). Very different layouts can

correspond to the same graph. In the abstract, all that matters is which vertices are
connected to which others by how many edges. In the concrete, however, the
arrangement of these vertices and edges impacts understandability, usability,

fabrication cost, and aesthetics.

Based on these concepts and caveats, there are different graph layout strategies,

such as:
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« force-based layout: gradient descent minimization of an energy function
based on physical metaphors related to molecular mechanics.

« spectral layout: layout using as coordinates the eigenvectors of a matrix
such as the Laplacian derived from the adjacency matrix of the graph.

« orthogonal layout: layout with edges running horizontally or vertically, with
approaches that reduce the number of edge crossovers and area covered.
These are of great interest in the areas of VLS| and PCB layout design

« symmetric layout: these attempt to find symmetry groups within the graph

« tree layout: these show a rooted tree-like formation, suitable for trees (i.e.,
graphs without cycles)

« hierarchical layouts: these attempt to find a source and sink within a directed
graph and arrange the nodes in layers with most edges starting from the
source and flowing in the direction of the sink

The tool offers the user a variety of graph layouts, aiming to serve different
purposesaccording to the graph properties (sparse, dense,etc) and the user's
preferences. These graph layouts are offered by the new graph library, jung 1.7.6.
and are available to the user in the settings -> layouts menu. You can see in the
next chapters some examples on how to select, activate and interact with the
different kinds of graphs layouts.

Fruchterman-Reingold Graph Layout
Algorithm

According to this layout algorithm, performs layout of unweighted graph. Unlike the
Kamada-Kawai layout algorithm [27,28], this algorithm directly supports the layout
of disconnected graphs (but see the force_pairs named parameter). It is a force-
directed algorithm, meaning that vertex layout is determined by the forces pulling
vertices together and pushing them apart. Attractive forces occur between adjacent
vertices only, whereas repulsive forces occur between every pair of vertices. Each
iteration computes the sum of the forces on each vertex, then moves the vertices
to their new positions. The movement of vertices is mitigated by the temperature of
the system for that iteration: as the algorithm progresses through successive
iterations, the temperature should decrease so that vertices settle in place. In order
to chose this algorithm in the tool, there are the following steps to follow :
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« Open the Settings Menu and chose the Algorithms Tab.

g’] Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) =B

w

| A& e

| £| Settings & Preferences - @I@g
Q Testing :ﬁxJ! Algorithms r m Compatibility I/&g GUI settings |

( yout Algorithms’
L] ® FR Layout

i) Circle Layout

) Spring Layout

i) 1SOM Layout

Department of Computer Science, University of Cyprus, 2002-2008

« Select the FR Layout radio button

« Click on "Apply" button, and it's set.

a« The next graph that will be created will appear in tha graph panel with the
Fruchterman-Reingold algorithm.
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We can see in the next picture how the FR layout looks like in one of the programs

|_l sran'l_we-’“’ll}"--—— int other =0 x=x+i

\

(2]

Circle Graph Layout Algorithm

According to this layout algorithm, the graph will expand, depending on the sixe of
the set of the nodes, forming a circle [28]. The nodes of the graph will be placed
around an imaginary center, will most of the edges will cross near that center. To
avoid congestion of the edges, the neighboring nodes are placed as near as
possible around the graph, therefore having their connecting edges far from the
center of the circle. It is a practical and very useful layout algorithm, especially for
graphs that are sparse.

We can see some examples on how to select and activate this layout algorithm on
the following schemes :
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i) Spring Layout

i) ISOM Layout

And the layout of the graph, having selected the circle layout and clicked on
"Apply" button, will look like this :
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ISOM Graph Layout Algorithm

This layout is based on inverted self-organising maps. Self-organizing maps are
similar with force-based layouts, as linked nodes have the tendency to form
clusters [28]. The difference with the maps is that there is a uniform space filling
distribution of nodes. This makes the bounds within which the layout takes place
important to be calculated correctly at the beginning of the processing. ISOM
layout algorithm is recommended to be used with well-connected graphs.

In the following schemes we can see how to set this layout algorithm and view an
example of this layout applied on a graph of a sample source code :

| £ Settings & Preferences E=ren X

= GUI settings |

| @ Testing [[’ ] Algorithms | 7Y Compatibiity |
Layout Algorithms
i_J FR Layout

() Circle Layout

i) Spring Layout

%@ ISOM Layout

And having selected the ISOM Layout radio button and clicked on the "Apply"
button, we can see the effect on the layout of the graph on a sample program :
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other=x*y;

int other=0;

Spring Graph Layout Algorithm

This layout algorithm is on of the force-directed algorithms. Its purpose is to
position the nodes of a graph in two dimensional or three dimensional space so
that all the edges are of more or less equal length and there are as few crossing
edges as possible. It can achieve this by assigning forces amongst the set of
edges and the set of nodes; the most straightforward method is to assign forces as
if the edges were springs (see Hooke's law) and the nodes were electrically
charged particles (see Coulomb's law). The entire graph is then simulated as if it
were a physical system. The forces are applied to the nodes, pulling them closer
together or pushing them further apart. This is repeated iteratively until the system
comes to an equilibrium state; i.e., their relative positions do not change anymore
from one iteration to the next. At that moment, the graph is drawn. The physical
interpretation of this equilibrium state is that all the forces are in mechanical

equilibrium.

This graph is the only one among the 4 layout algorithms of the tool that is
animated. This means that since the moment the graph is constructed and added
in the graph panel, it will continue moving inside the panel according to the
algorithm mentioned above. An aesthetically pleasing graph layout, that the user
can interact by changing the interaction mode to graph-mouse interaction and
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picking an individual node of the graph and dragging it. While dragging the node,

the rest of the graph will follow to this direction, following the spring algorithm and
continue moving.

In order to use this layout algorithm, it has to be selected from the algorithms tab in
the settings menu and click on apply, as shown below :

|| Settings & Preferences L R

|’ @ resting | 1w Aigorithms | 1Y Compatibility

Layout Algorithms
) FR Layout

() Circle Layout

' Spring Layou

) ISOM Layout

@

As mentioned before, this is an animated algorithm. This means that the
implementation of the graphs library is to continuously move, as electrically
charges particles, like explained above, with the edges maintaining the nodes
together, while the nodes, as particles charged with the same electrical charge, are
trying to move away from each other. The graph can take various shapes and
continue trasforming forever, according to the library's documentation so the
following screenshot is an instance of this animated graph.
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What is Test Case Generation

A test case in software engineering is a set of conditions or variables under which
a tester will determine whether an application or software system meets
specifications.

Depending on the graph creation, different metrics are used for the generation of
test-cases, execution of the source code and determinig the level of coverage
according to various criteria. Some of those criteria are mentioned here :

o Statement coverage - Has each line of the source code been executed?

¢ Decision coverage (also known as Branch coverage) - Has each control
structure (such as an if statement) been evaluated both to true and false?

e Condition coverage - Has each boolean sub-expression been evaluated both to
true and false (this does not necessarily imply decision coverage)?

e Path coverage - Has every possible route through a given part of the code been
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executed?

Test Case Generation based on Data
Flow Graph

Having created the dataflow graph, we can see the paths that are extracted
according to the k-tuples criterion by clicking the button with the pen icon in the
main frame. When ready, we can start with the test case generation by clicking to
the icon shown below :

E4 Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

packaie org testfiles;

i

*epeThle: <fp=

Start *an=Description <ie

AN int lowestPossibleLoc = 0;int highestPossibleLoc = Alength - 1, int middle = 0;

o
Qg *an=Copyrioht: Copyright (z) 200

FossibleLoc + highestPossibleLoc) 12,

_.L \ ; \ # *ap=Company <

The following info window should open :
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4,56 71
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M
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I
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N

M.2,4567]

1-dr interaction - p...

M

[1,2,4, 56 8]
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1.2 3]
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Close This Window

When ready to start with the test case generation with GA, we can click on the icon
shown in the next scheme :
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| £| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation S).dstem (ATCGS)

w2][e]&]o]e g

[»

package org testfiles;
public class Foo? {

fublic: Fon? (1 {
supert),

'

[ num?1 num2 numa3 numd int max=

fublic: int methodAnt numt, int num2, int num3, irt 0
it mae = 10;
if (num = num2) {
max = numl;
pelse {
Max = numz;
i
if (max < num3) {
max = nums;
if (e < numd) {
max = ums;

Yelse if (max = numd) |
L}

return max;

[A1T

1]

-
-
-

Current graph : Data Flow Graph of Foo7 java

|| View More graphs of FooT java
|
[Foot java (Data Flow Graph) v | View Graph

Department of Computer Science, University of Cyprus, 2002-2008

By clicking this button, we trigger the genetic algorithms frame to open, as we can
see in the scheme below
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| £| Data Flow Genetic Algorithms & Settings L o - E=TR ]

Population & Evolution Settings " Chromosome Operator " Chromosome Selector r Other Criteria |
Par: i r k-tuples (Ntafos) Coverage |
Index ariable Type Min Max
1 numt int -10.000 10.000
2 numsz2 int -10.000 10.000
3 numa3 int -10.000 10.000
4 num4 int -10.000 10.000
Start Cancel

We can see that this first tab shows tha parameters of the source code of the
sample program Foo7.java.

We can see that there are 3 paramters : num1, num2, num3, num4 that are all
integer numbers.

The values in the last 2 columns indicate the minimum and maximum values that
can be assigned to these parameters during the test case generation process,
Therefore, by default, those numbers can have values from -10.000 to 10.000.

The user can change the values of these boundaries and the changes will be
saved when "Start" button is clicked and the Genetic Algorithms start the test case
generation and testing.

In the second tab we can see the coverage criteria that are available in the tool. By
default, the Ntafos Coverage is used, as we can see below :
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|£| Data Flow Genetic Algorithms & Settings o

(" Population & Evolution Settings | Chromosome Operator | Chromosome Selector | Other Criteria |
[ Parameter i k-tuples (Ntafos) Coverage

(@) Ntafos Coverage

1 T
Start ‘ | Cancel
| |

In the third tab we can see the Population & Evolution Settings. These setting are
very important concerning the genetic algorithms that will run.

« The default size of the Population is 50, out of a maximum of 100 and a
minimum of 0. The more we increase this number, the bigger the population
will become and this will slightly increase the amount of time for the genetic
algorithm to complete execution.

« The second parameter is the number of the evolutions. The number of the
evolutions determines how many times the Chromosomes will evolve during
the execution of the genetic algorithm. The default value is 100 and it is
obvious that the more evolutions we chose to have, the more our fittest
chromosomes tend to reach the optimal solution, if it exists. On the other
hand increasing the number of the evolutions means increasing the time
needed for the genetic algorithms to finish execution. Therefore, in
programs with high complexity that the algorithms demand a lot of time to
run, we could decrease the number of the evolutions, making execution
faster, accepting as a trade-off the fact that coverage percentage might be
lower.
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« The third parameter concerns selection. Changing the percentage of
selection will affect the percantage of the chromosomes to be naturally
selected. The default value is 50%.

|£| Data Flow Genetic Algorithms & Settings [E=RREfl X

f Population & Evolution Settings r Chromosome Operator r Chromosome Selector r Other Criteria |
[ Parameter I k-tuples (Ntafos) Coverage |

5et Polulation Size

Population Size

Population :50

i
- -

5et Mumber of Evolutions

Number of evolutions

Evolutions 100

<

Set Selection Percentage
Selection percentage

Selection :50%

==
L Lot

Start ‘ ‘ Cancel

The fourth tab contains more settings for the genetic algorithms, including elitism ,
the crossover operator and the mutation operator.

Elitism means that the best chromosome(s) are copied to the

population in the next generation. The rest are chosen in classical

way. Elitism can very rapidly increase performance of GA, because it

prevents losing the best found solution to date.

Crossover Operator : The crossover operator randomly selects two Chromosomes

from the population and "mates" them by randomly picking a gene and then swapping
that gene and all subsequent genes between the two Chromosomes. The two modified
Chromosomes

are then added to the list of candidate Chromosomes. This operation is performed half as
many times as there are Chromosomes in the population.
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& Mutation Operator : The mutation operator runs through the genes in each of the
Chromosomes
in the population and mutates them in statistical accordance to the given mutation rate.
Mutated Chromosomes are then added to the list of candidate Chromosomes destined for
the natural
selection process. This MutationOperator supports both fixed and dynamic mutation rates.
A fixed
rate is one specified at construction time by the user. A dynamic rate is one determined by
this
class if no fixed rate is provided, and is calculated based on the size of the Chromosomes
in the
population such that, on average, one gene will be mutated for every ten Chromosomes
processed
by this operator.

|£) Data Flow Genetic Algorithms & Settings & =Rl X

[ Population & Evolution Settings [’ Chromosome Operator |’ Chromosome Selector | Other Criteria |
Parameter i’ k-tuples (Ntafos) Coverage |

[v] [Elitism
[¥] Crossover Operator Crossover :50%
[}
0% {no action) 100% (all genes)
Mutation :50%
[¥] Mutation Operator : )
Info

[The mutation operator runs through the genes in each of the
Chromosomes in the population and mutates them in statistical
accordance to the given mutation rate. Mutated Chromosomes are then
added to the list of candidate Chromosomes destined for the natural
selection process. This MutationOperator supports both fixed and L
dynamic mutation rates. A fixed rate is one specified at construction time
by the user. A dynamic rate is one determined by this class if no fixed
rate is provided, and is calculated based on the size of the
Chromosomes in the population such that, on average, one gene will be | —|
mutated for every ten Chromnsnomes orocessed by this operatar

| »

4

Start Cancel

The fifth tab contains a combobox with an option of a chromosome selector as we
can see in the scheme below.

The available selector is a basic implementation of NaturalSelector that models a

roulette wheel. When a Chromosome is added, it gets a number of "slots" on the
wheel equal to its fitness value. When the select method is invoked, the wheel is
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"spun" and the Chromosome occupying the spot on which it lands is selected.
Then the wheel is spun again and again until the requested number of
Chromosomes have been selected. Since Chromosomes with higher fitness values
get more slots on the wheel, there's a higher statistical probability that they'll be
chosen, but it's not guaranteed.

| £:| Data Flow Genetic Algorithms & Settings ol =

Population & Evolution Settings [’ Chromosome Operator r Chromosome Selector r Other Criteria |
Parameter |/ k-tuples (Ntafos) Coverage |
Chromosome Selector

‘ org.joap.impl.WeightedRoulette Selector@&c0412 | - ‘

Chromosome Selector Info

A basic implementation of MaturalSelector that models a roulelte wheel. When a
Chromosome is added, it gets a number of "slots”™ on the wheel equal to its
fitness value. When the select method is invoked, the wheel is "spun” and the
Chromosome occupying the spot on which it Iands is selected. Then the wheel is
spun again and again until the requested number of Chromosomes have been
selected. Since Chromosomes with higher fitness values get more slots on the
wheel, there’s a higher statistical probability that theyll be chosen, butit's not
guaranteed.

Start ‘ ‘ Cancel

The sixth, last tab contains some other criteria, like the options :

« That the algorithms stop when the evolutions are finished

« That the algorithms stop when the criteria that the user has defined have
been covered.

« Defining the number of additional threads, but that wont be necessary since
the last modifications, making the GA running in their own separate thread.
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|£| Data Flow Genetic Algorithms & Settings - - L= | 5 o

Population & Evolution Settings |’ Chromosome Operator " Chromosome Selector |/ Other Criteria |
Parameter |/ k-tuples (Ntafos) Coverage |

Stop Criteria

[¥] Stop when Evolution is finished

[v] Stop when Criteria are covered

Active Threads

Start Cancel

Test Case Generation based on Control
Flow Graph

Test case generation based on Control Flow graph aims to satisfy edge/condition
coverage. This is a simpler Task for the user to do, because most of the GA's
parameters are used as defaults. So all the user needs to do is, having the control
flow graph created, click on the button to start with the generation and testing of
the test-cases, as shown below :

A-47



@ Basic Program Analyzer‘éystem_‘_sms_i & Automatic Test Cases Generation S_yshem m @@ﬂ
7 B (&)= o Y

Graph Panel

package orgtestfies;
public class FooTestd] {

[»]

pulblic: FooTest01() {
Super()

public void method(int x, int ¥) {
irt other = 0,
H=x+3
it =y){
y=yty
Telse{
other = 3%y,

}

it (z==3){
other =X/,
Yelse {

other =x*y;
X=H+Y,

¥

EXTE

Current graph : Control Flow Graph of FooTest01.java E
*)

4|

View More graphs of FooTest01.java
FooTest java (Control Flow Graph) [#]| viewGraph

After that, we will see that the execution of the GA has started and we can monitor
the progress from the informational dialog window, shown in the scheme below :
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|£)| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) == )

YA (3 2 Y

Graph Panel

— | package orglestfiles;

o i
— — |public class BubhleSort {
public BubbleSort() {
sUpet();
i

| £| Genetic Algorithms Progress lilﬂlﬁ

futblic: veoidl bubblesort(ir]] A7 {

for (int i = Alength;i == 1;i++) {

for (it j=1;j=i- 1+ {
11 CALD = A+ 111 {
irt temp = 0;

Evolutions remaining: 498 / 500 temp = A}
Al =Af+1];
Ali+1] =temp;

Please wait. Genetic Algotihms running...

inti= Alength

Total Paths to Cover: 14 }}
i

Current Path : 1 ¥

| | |

i arsT // \ ~ [ I I
Current graph : Control Flow Graph of Bubble Sort.java l:"]

View More graphs of BubbleSortjava

BubbleSort.java {Control Flow Graph} | - ‘ | View Graph

Department of Compuier Science, University of Cyprus, 2002-2008

Genetic Algorithms

A genetic algorithm (GA) is a search technigue used in computing to find exact or
approximate solutions to optimization and search problems. Genetic algorithms are
categorized as global search heuristics. Genetic algorithms are a particular class of
evolutionary algorithms (also known as evolutionary computation) that use
techniques inspired by evolutionary biology such as inheritance, mutation,
selection, and crossover (also called recombination).

Genetic algorithms are implemented as a computer simulation in which a
population of abstract representations (called chromosomes or the genotype of the
genome) of candidate solutions (called individuals, creatures, or phenotypes) to an
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optimization problem evolves toward better solutions. Traditionally, solutions are
represented in binary as strings of Os and 1s, but other encodings are also
possible. The evolution usually starts from a population of randomly generated
individuals and happens in generations. In each generation, the fitness of every
individual in the population is evaluated, multiple individuals are stochastically
selected from the current population (based on their fitness), and modified
(recombined and possibly randomly mutated) to form a new population. The new
population is then used in the next iteration of the algorithm. Commonly, the
algorithm terminates when either a maximum number of generations has been
produced, or a satisfactory fithess level has been reached for the population. If the
algorithm has terminated due to a maximum number of generations, a satisfactory
solution may or may not have been reached.

Genetic algorithms find application in biocinformatics, phylogenetics, computational
science, engineering, economics, chemistry, manufacturing, mathematics, physics
and other fields.

A typical genetic algorithm requirements:

1. a genetic representation of the solution domain,
2. afitness function to evaluate the solution domain.

How to view the test-case generation and
coverage results ?

When the genetic algorithms complete the execution, the user will be notifies by a
small "beep" sound, generated from the progress dialog window that opened in the
beginning of the execution. This means that the test-case generation and coverage
has been succesfully completed. By succesfully we don't necessarily mean that the
coverage percentage is 100%. In order to view the results, depending on the graph
based on which the automatic generation started the execution, we have to click on
the corresponding button (that has just became enabled) in the interface of the
main frame.

Scenario A @ The generation was based on the Data Flow graph and has
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just finished
At this point we can click on the button shown below :

|| Basic Program Analyzer System [BPAS.) & Automatic Test Cases Generation System (ATCGS) =t %™

Jalo] 8 [Gla]

Graph Panel

=

packane orglestfiles,
public: class Foo? {

public Foo?() {
SUper();

}

poublic: int methodA(rt num , int numz, irt nums, in
it = 0
if (num? = num2) {
iz = numi;
telze {
i = NUMZ;
}
if (max < num3) {
max = num3;
it (maz < numd) {
max = num3;

Yelse If (max < numd] {
Mmax = numd;

}

return max;

¥

< i »

Current graph : Data Flow Graph of Foo7 java

View More graphs of Foo7 java

The results window will then open and we can see that it is consisted from 2 tabs.
The first tab contains general info about the test-case generation procedure and
the genetic algorithms, like

« The time needed until completion of the algorithms

« The number of useful chromosomes generated by the procedure

« The number of the evolutions needed

« The times the execution of the code had to run

« The number of the paths covered out of the total number of the paths that
had to be covered

« The percentage representing the previous information

We can see below this first tab :
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|| Results of Test Case Generation on Data Flow Graph E=REEA ™

[(Generalinfo_| Paths’ Coverage |

General Results

Info Value
Useful Test Cases (Chromosomes) 10
Time Needed 9
Evolutions Needed 100
Runs Needed 139
Paths Caovered/ Total No. Of Paths 46 )46
Coverage Percentage 100.0%

When we open the second tab we will see that there is more specific and more
interactive information about the coverage and the test-cases.

We can see the paths extracted from the k-tuples critertion (as a sequence of
numbers representing uniquely the nodes), the boolean value indicating whether or
not the specific test-cases has succeeded to cover the path, and the test case
used to test this path (the values given to the corresponding parameters).

On the right side of this frame we can see the data flow graph created. The graph
is initially painted the same way as in graph panel of the main frame.

We can interact with the test cases by clicking on the ones we would like to
examine and visually spot the on the right-hand graph.

Each selected Test Case, derived from the Best Chromosome Solution, will display
the covered paths of the graph in the Graph Visualization Panel, when licked. The
path that is consisted by the corresponding value of the Test Case will have its
nodes painted with grey color, whereas the paths' nodes that are not covered by
the selected Test Case will be illustrated with white color.

In the next scheme we can see the test-cases and the information mentioned
earlier and the graph :
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T2 ReSilts oF Teat Case GaneraTion o DIaES Fiaw 77 i =
General Info | Paths' Coverage ‘

Test Cases
Selected Test Cases Values Graph Visuglization
Each selected Test Case, derived from the Best Chromosome Solution,
ill display the covered paths of the graph in the Graph Visualization
Panel, when clicked. The path that is consisted by the corresponding
| alue of the Test Case will have its nodes painted with grey calor,
| hereas the paths’ nodes that are not covered by the selected
[Test Case will be illustrated with white color.
Order Path (nodes se..| Is Covered ? TestCase
0 [1,2,3,57] TRUE [(num1, -7}, (nu...| =
1 [1,2.3,56] TRUE [(num1, 59}, (n
2 11,2,3,56,8 |[TRUE [(num1, 0}, (nu I
3 [1,2,3,568 [TRUE [(num1, 59}, (n
4 11,2457 |[TRUE [(num1, 3), (nu
5 1,2,456] |[TRUE [tnum, 1), (nu_|=
§ 11,24 56,8 |[TRUE [tnum, -9), (nu...
| 7 11,2,4,56,9] [TRUE [(num, 1), {nu
] 11,2 3,57, 10..[TRUE [(num1, -33), (n..
] 11,2,3,5,7,10_|TRUE [(num, ), (nu_ |—
10 11,2457, 10 [TRUE [(num1, 7). (n.. I
ik [1,2,4,5,7,10_|TRUE [(num, 3), (nu f
| 12 11,23 TRUE [(num, 59}, (n
13 11,29 TRUE [(numA, 58}, (n
14 [1,2 4] TRUE [(num1, 1), (nu |
15 [1,2 3] TRUE [(num1, 59}, (n max = num2|
| 16 11,24 TRUE [(num1, 1), (nu "
17 11,24 TRUE [(num, 1), {nu
| 15 1,2,3,57 |[TRUE [(num?1, ), {nu
| 1 Fo (12357 [TRUE ((num, &), (nu_ | (Cnum1 num2 a1 =]
20 11,2 3,57, 10..[TRUE [(num, 6, (nu... |~

Suppose now that we are interested in examining the test-case no 17, attempting
to cover the nodes 1,2,4 which correspond to the nodes (we can see the numbers
of the nodes and the corresponding names in the data flow graph info window ) :

a numl1 num2 num3 num4 int max=0
« numi1>num2
&« max = num?2

By clicking on the line with the 17th test-case, we can see that the graph will

indicate the covered path with grey color, as mentioned before, adn the rest of the
graph, that is not covered, will be painted white.
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(4] Rests ofTest Case Genertion o7 Do Fow G S o
General Info | Paths’ Coverage ‘

Test Cases
Selected Test Cases Values Graph Visualization

max = num3
Each selected Test Case, derived from the Best Chromosome Solution, A

ill display the covered paths ofthe graph in the Graph Visualization
Panel, when clicked. The path that is consisted by the corresponding
alue of the Test Case will have its nodes painted with grey color,
| hereas the paths’ nodes that are not covered by the selected
[Test Case will be illustrated with white color.

..|Path (no...|ls Co TestCase
[1,2,3, .. [TRUE [[(num1,-7), (num2, -96}, (num3, 8}, (num4, 1)]
[1,2,3, .. [TRUE |[[num1, 59}, (num2, -87), (num3, -2), (num4,
[1,2,3 .. [TRUE |[[(num1, 0), (num2, -4}, {(num3, 0}, (num4, 7)1
[1,2,3 .. [TRUE [[(num1, §9), (num2, -97), (num3, -2), (num4,
12,4, . [TRUE [[(num1, 3), (num2, 8}, (num3, 10), (num4, -7)]
[1,2,4, .. [TRUE |[(num1, 1), (num2, 5), (num3, -1), (numd4, -91)]|=
[1,2,4, .. [TRUE |[[(num1,-9), (num2, 60), (num3, 9), (num4, 9...
[1,2,4, .. TRUE |[(num1, 1), {num2, 5}, (num3, -1}, (num4, -91)]
[1,2,3, .. [TRUE |[(num1,-33), (num2, -72), (num3, 0), (num4,
[1,2,3 .. [TRUE |[[(num1, &), (num2, -33), (num3, 62), (num4, ... —
10 [[1.2 4, .. [TRUE [[(num1, -87), (num2, -78), (num3, -9), (num4...
11 [[1,2,4, .. [TRUE [[(num1, 3), (num2, 8), (num3, 10}, (numd, -7)]
12 [[1,2,3] [TRUE [[(num1, 59}, {num2,-97), (num3, -2), (num4,
13 [[1,2,3] [TRUE [[(num1, 59}, (num2, -97), (num3, -2), (num4,
14 |[1,2,4] [TRUE [[{num1, 1), (num2, 5}, (num3, -1), (num4, -91)]
15 |[1,2,3] [TRUE |[(num1, 59), (num2, -87}), (num3, -2), (num4,
16 |[1,2,4] [TRUE [[(num1, 1), (num2, 5), (num3, -1), (num4, -91)]
17 _[[1.2.4] [TRUE [[(num1, 1), (num2, 5), (num3, -1), (numd, -91}|
| 18 [[1,2,3, ... [TRUE [[(num1, 8), (num2, -33), (num3, 62}, (num4, .
| 19 [[1,2,3, .. [TRUE [[inum1, ), {num2, -33), (num3, 62}, {num4, .. | | el T =l
20 1,23 .. [TRUE [[(num1, B), (num2, -33), (num3, 62}, (num4, ...

»

max = num3

mmummeNAQ|o

max = numz

4

Indeed, if we examine carefully this test case, we will see that the values assigned
to num1, num2, num3, num4 are :

« num1 =1
« num2=5
« num3 = -1

« num4 =-91

Therefore, we cover the node number 1, with the parameters and assignments,
and when executing the if statement : if (num1> numz2) , which is the node 2,

the result of the comparison will be false, because num1 =1 < num2 =5, and the
flow of the program will continue to the false branch of the if statement, which is
the node number 4 (max = num2).

We should note here that the Start node is always painted gray when there is a
node in the set of nodes contained in the path that the algorithm is intending to
cover in that test-case that has as a parent the node Start. In a similar fashion, the
node End is painted gray (covered) when there is at least one node in the set of
nodes of the path that is covered and has the node End as a child.
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Scenario B : The generation was based on the Control Flow graph.
Similarly, when the execution is finished, the user should hear a "beep" sound
indicating that the process is over. This is a signal for the activation (enabling) of
the results button for the GA of the control flow graph.

When ready, the user can open the test-case results window for the test-case
generation based on the Control Flow graph, as shown below :

|£| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGSjm [eeloE ﬁ

N

v

ae] e8] =()

Graph Panel .
package org testfies;
public clazs FooTestOl {

[»]

public FooTest01() {
super()

+

other = x /1

public vaid methodAgint =, int ) {
int ather =10,
X=x+3
ifid=y)1{
y=y'3%
yelze {
other =3 %y,

i

itgx==3){
other = x [y,
relze{
other = x *y;
EEEAY

int ather=0 [

Xzt
Current graph : Control Flow Graph of FooTest01.java l: 1

View More graphs of FooTesi01.java
FooTest01.java (Control Flow Graph) |71 | View Graph

o
=

i D

Department of Computer Science, University of Cyprus, 2002-2008

When clicking this button, the results button, designed in a similar way, will open as
we can see below :
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|£| Results of Test Case Generation on Control Flow G‘mp‘i‘}

Test Cases
Selected Test Cases Values Graph Visualization

Each selected Test Case, derived from the Best Chromosome Solution,
will display the covered paths ofthe graph in the Graph Visualization
Panel, when clicked. The path that is consisted by the corresponding
;alue of the Test Case will have its nodes painted with arey color,
whereas the paths' nodes that are not covered by the selected

[Test Case will be illustrated with white color.

int other =0

Index 2 3 ¥
i 477 540
2 545 -9a8
3 0 818
4 857 -359
5 -452 1

We can see the selected test cases, and the numbers assigned to the parameters.
Suppose the user would like to chose the third test case, which assigns the values

« x=0
« y=818

We realize that using this test-case, the flow will arrive from Start to x=x+3, making
the value of x=3.

The next node visited is the if statement 4<y. Taking into account that y= 818, the
comparison is 4< 818 and therefore the result is TRUE. This means that the flow
will continue with the true branch, which is other = 3*y. The next node visited is the
if statement x==3, which happens to be TRUE because the new value of x is 3.
Therefore, the flow continues with the true branch of the statement, which is other
= xly, and then we reach the node End.

Note that there is the assumption that the node Start is always covered since every
execution will start from this node. In the same fashion, the node End is also
always covered, and painted grey, since we know that one way or another the flow
of the program will reach the End.

In the following scheme we can see the pathe covered in the graph, when we click
on the test-case mentioned before :
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| £| Results of Test Case Generation on Contral Flow Gvapﬁ

Test Cases
Selected Test Cases Values Graph Visualization

Each selected Test Case, derived from the Best Chromosome Solution,
will display the covered paths ofthe graph in the Graph Visualization
Panel, when clicked. The path that is consisted by the corresponding
alue of the Test Case will have its nodes painted with grey color,
whereas the paths' nodes that are not covered by the selected

[Test Case will be illustrated with white color.
|

Index X ¥y
1 477 540
2 545 -998
3 0 518
- 857 -359
5 -452 1

Multithreading in the Tool

Multithreading computers have hardware support to efficiently execute multiple
threads. These are distinguished from multiprocessing systems (such as multi-core
systems) in that the threads have to share the resources of single core: the
computing units, the CPU caches and the translation lookaside buffer (TLB).
Where multiprocessing systems include multiple complete processing units,
multithreading aims to increase utilization of a single core by leveraging thread-
level as well as instruction-level parallelism. As the two techniques are
complementary, they are sometimes combined in systems with multiple
multithreading CPUs and in CPUs with multiple multithreading cores.

Taking into account the benefits from implementing multithreading, especially on
multi-core systems, it has been carefully used in the application, when this seemed
to be necessary. By this i mean tasks that consume a big amount of time to
complete, tasks that can be executed in a parallel fashion, and tasks that need to
offer the user information about their status, and therefore, need to run
independently in separate threads.
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More specifically, these Tasks include :

« The graph creation process, every graph type can be created
independently, and since many types of graph are allowed to be created,
their progress status must be shown to the user. This design is not only
following good Human-Computer Interaction principles, but is also
necessary in some cases, like when the source code consists of many lines
of code and needs time to complete the creation of the graph (and might
give the user the impression that the application is not responding, when it is
actually working).

| £:| Graph Build Progress Lﬁlﬁ
Flease wait while the graph is created ...
File Downloaded \\f
Parsing Complete \\f
Graph Created Q

Visualization Viewer Completed @

« The test-case generation with GA based on the Control Flow graph. This
task, depending on the source code under test, may need time to complete.
For this reason, information is available to the user through the progess info
window, showing the current path testing, the total number of paths to be
covered and the evolutions taking place. Moreover, apart from this useful
information running multithreading can offer, using a separate thread for this
task no longer makes the application "freeze", allowing the user to continue
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his navigation through the tool and work on other tasks.

|| Basic Program Analyzer System (BPAS} & Automatic Test Cases Generation System (ATCGS)

| = |

==

wlzle]s]ejsle

* | Cantral Flow Genetic Algorithms
Graph Panel

=
other= other 2 | omer:umer+2;{ other= other + 2: ]

package org testfiles,
public clazs Foo2000Complex {

[

[v]

(A

o7 other=other+2; [

ather= other + 2;

¥1 [her=other + 2;

Tiuofa a2

M other=other+2; [

public Foo2000Complex() {
super(),

other= other + 2; || Genetic Algorithms Progress

}

public vaid methodAdint x1, irt x2, irt %3, int 24—

sumall= sumall *|  therd = other - atherd; @
Evolutions remaining :

Total Paths to Cover :
otherd = other + other2,

Current Path:
other2=x1 *x2;

Please wait. Genetic Algotihms running...

0

98

36

int sumall = 21;
sumall = x1 +x2,
sumall = sumall + 23
sumall = sumall + 24;
int other = 3

int other2 = 21;

inl atherd = 21;

int ctherd = 55;

other2 =1 * x2;

if (el > x2) &4 (other2 > 1007) {
sumall = sumall - 50;
other2 = other2 - 32,

10

sumall = sumall + 50;

Yelse{
‘ other2 = other2 + 32,

otherd = 55;

}
otherd = x3* x4,

(1 =%2) || (other2 > 100)

int otherd = 55

1 sumall=sumall + 50; 5

£ 103 = x4) 88 (other3 = 1007) {
sumall = sumall - 50;

other3 = other3 - 32;

il > %21 K& (nther? = 1001
Current graph : Control Flow Graph of Foo2000Complex java

View More graphs of Foo2000Complexjava
‘F002000C0mplex4ava (Control Flow Graph)

|V‘ | View Graph

oler3= OS2 Fo=Ththe= 21 |

[47

<]

(] 1 [ I
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« The test-case generation with GA based on the Data Flow graph. This task,
depending on the source code under test, may need time to complete. For
the same reasons, the genetic algorithms are running on an individual
thread, in order that the user can see all the information he needs about his
task that is running and continue working with the tool, without wasting time,
waiting for the completion of a potentially time-consuming task.

A-59



| £| Genetic Algorithms Progress E=REER X

Please wait. Genetic Algotihms running...

Evolutions remaining : 81 [ 100

Total Paths to Cover ; 6310

Current Path ; 14

Can i save the graph as an image?

The answer is yes. A new feature, that was added in one of the latest versions of
the tool allows the user to save the graph that he has created in an image format in
a directory on his hard disk that he can chose.

This can be done by following the simple steps shown below :

« Once the graph is created and added inside the graph panel, click on the
button show below :
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| £ Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS)

alal

Graph Panel

q

Q

0

packane orglestfiles,
public cless FooTestll {

[»]

public FooTest010) {
super();
i

pulic void methodAdint =, it y) {
irt other = 0
x=x+3
INCESY T
¥y
Yelse {
other =3*y;
¥
ifx==3)1{
cther = fy;
Yelse {
ather =x*y;
EEREY
¥
¥

¥

[a]

[4]

View More graphs of FooTest01.java

Current graph : Control Flow Graph of FoaTest01.java

FooTest01.java (Control Flow Graph)

‘V| 1 View Graph

[+ q Il D

Department of Computer Science, University of Cyprus, 2002-2008

Notice that a browser window will open, asking for the location where the
Jjpg image will be saved.
All that needs to be done is to chose the folder that the image will be saved.
There is not need to specify the name of the .jpg file. This will be done
automatically by the tool, giving the name to the image in this format :
image<image number>_<Source Code file name>.JPG

When the desired folder has been selected , click on the button "Save"

shown below :

A-61



E:J Basic Program Analyzer System (Bi’:{s] & Automatic Test Cases Generation System (ATCési 3

E

e

bé k& (e
Graph Panel

Save In: ||j Panagiotis Peisas

nbi
3 .netbeans
(=7 .netbeans-derby
(3 .netbeans-registration
3 .personalDomain
(] .personalDomain1
] Contacts

] Desktop
=9 Documents
(=7 Downloads
(] Favorites.
[JLinks

] Music

9 Pictures

<] il

\ [»

File Name:  [C:UsersiPanagiotis Petsas

Files of Type: |AllFles

Current graph : Control Flow Graph of FooTest

View More graphs of FooTest01.java
FooTest01 java {Control Flow Graph) | - ‘ ‘ View Graph

package org festfiles;
public clazs FooTest0l {

lint other = 0;

ather =3 % y;
i
i x==3)1{

Department of Computer Science, University of Cyprus, 2002-2008

« And it's done! You can find your graph in the directory selected.
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image_1_FooTest01 - Windows Pho‘to Gallery

Eﬁ. Add Folder To Gallery B~ B 0 Info 1';) Print = ﬂE-mai\ & Bum v [E MakeaMovie [ Open ~

N P F sl b CXTE

Can i use the tool in other Operating
System ?

Taking advantage of the Java Platform, and its ability to run on any machine,
regardless its operating system, this tool can run on any operating system that has
java 5 or better. The developing of the tool took place in various Operating
Systems, such as Microsoft Windows XP, Microsoft Windows Vista, Linux, Ubuntu
(Feisty Fawn) 7.04, Ubuntu (Intrepid Ibex) 8.10.

This ensured that the tool runs with the same performance, stability, predictability
and user-friendly interface designed in the Operating Systems mentioned above.

Having already seen the tool being executed on Windows Vista, we can see below
some examples, as instances of execution of the tool in Ubuntu :
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File Edit wiew History Bookmarks Tools Help

=] - e RJ ﬂ [|http:;‘.Mw-w‘cs.ucyac.cy1~c504pp2,fdistflaunch.html

La hth licati

click to see API

http:jfwww.cs.ucy.ac.cyf~cs04pp2/distflaunch.jnlp

@ Test page for launchi... |[ () [NetBeans IDE 6.1] |

| v] [v | Google Q]
[E Most visited ~ g Getting Started [@|Prolog Tutorial -- 2.7 [f]Latest Headlines ~
Test page for launching the application via JNLP
[ ]
™
Java- starting...
)
g
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gl Thu Apr 9, 10:44 PM

nqup\ications Places System @ Qo Q .E)@ M&a u
@

Test page for launching the application via JMLP - Mozilla Firefox HE} x
File Edit Wiew History Bookmarks Tools  Heln &3
1 & Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System [(ATCGS) \ZHEI\ZI b

] ' I o
[ Most }}J X w S
1 = -

Test |
Step 1 : Select Source Code For Analysis & Testing

Select Source Code
Programs Found :

ID

BinarySearch.java
BouncySolidBall.java
BubbleSortjava
BucketSortjava
Carjava
Factorialjava
FExam06.java
Fibonaccijava
Fighterjava
FindMaximum.java
Fool00OLine.java
Fool000LineSimplejava

Con11i

4]

68 Java Programs

[ ‘ Back ‘ ‘ Next = ‘ ‘ * Cancel ‘

Department of Computer Science, University of Cyprus, 2.

Done

N
Iy

ff[ @ Test page for launchi... l[ ) [NetBeans IDE 6.1] ]@ Basic Program Analy... ] Load Program Wizard ]
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-q Applications Places System % ‘) O g .g)[ﬁ M,Ea u gyl all Thu Apr 9, 10:44 PM
) ~

Test page for launching the application via JNLP - Mozilla Firefox HE][E

File Edﬂ:
@
& Most Iﬂ K

Test

package org.restfiles; -~

I

*apTitle: < fps

T ap=Description: < p

*ap=Copyright: Copyright (o) 2003</p
*<p=Company: </p= 3
* @author not attributable
Ta@version 1.0

«

click {

public class Foo3{

public Foo3g{ —
superd;

public vold methodAnt x, int ¥ {
int other = 0;
W=ty
iffx = 1)1
other = x fy;
relzef
ather = =™y,

[4]

[

Current gra.. Control Flow Graph of Foo3.java

View More graphs of Foo3.java
Foo3.java (Control Flow Graph) |v‘ | View Graph
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Done

@ Test page for launchi.., H () [NetBeans IDE 6.1] ] Basic Program Analy... ] D.- £

il
!
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Test page for launching the application via JNLP - Mozilla Firefox H[LJE
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4
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EI

i Test Cases {
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L

| Test Cases Values ther = = * y; Jother =
Index X W
1 1 -115
2 4] 85
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cl 4 750 974
1 5 Q 0
——
g8 7651 -824
9 -1 1
10 372 611
11 -927 -260
g
c 2
(immr=)
Vi
G
—
Done
[ @ Test page for launchi... ][ [ [MetBeans IDE 6.1] ]@ Basic Program Analy... l |ava ]
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TroubleShooting

Issue: When opening the application with Web Start, the downloading
stalls.

Due to the size of the application and the necessary libraries,
around 21MB, it may be slow, needing around 3-4 minutes. It might stall
because of low download speed too.

Solution: You can either wait for it to finish downloading, or press the
button "Cancel" and try to donwload it again by clicking on the link
"Launch Application". The downloading will continue from the point it was
interrupted.

Issue: When creating the graph, the dialog box of the graph's
contstruction's progress seems to take a long time at the "Graph Created"
Step.

Either the source code you have selected has high complexity or
many lines of code, or the specific type of graph is not supported for this
source code due to unsupportedo perations. Another possibble cause is
that the user has written his own source code and renamed it after the
name of an existing program in the list of testfiles_index. This code might
contain syntax errors or unsupported operations.

Solution: Incompatible source codes are usually being removed, taking
into account the type of graph selected or the user is being warned about
the graphs that can create with a program and the graphs that cannot
create. If the case is the user has written his own program and used it as
an input, try avoiding this and using instead the sample programs offered
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by the tool or make sure it is syntactically correct and free of unsupported
operations like Arrays and Recursion.

Issue: When opening the Load wizard to create a new graph the
following screen with the error dialog window appears :

|£| Basic Program Analyzer System (BPAS) & Automatic Test Cases Generation System (ATCGS) (=@ &
- - . q
B KO8 (e Y}
|4| Load Program Wizard = fles; B
Step 1 : Select Source Code For Analysis & Testing
Select Source Code
Programs Found : L
. ==
AN it lowestPossibleLog= O
| %] Download Error |M‘
right () 2005=4p= —
Please make sure that your internet connection is working remote directory not empty
— able
Found :
oy ¥
{d | [}]
Current graph : Data Flow Graph of §f
Back
| View More graphs of BinarySearchd) | i ‘ ‘ ext * H * Sancel ‘
| |BinarySearch.java (Data Flow Grapk ——— 5
Department of Computer Science, University of Cyprus, 2002-2008

Cause: You didn't have internet connection (or problems with the http
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protocol ) the moment you wanted to open the Load Wizard and the
attempt to download the available files for testing and load them inside
the program list was not succesful.

Solution: Make sure your http is working fine and that your connection to
the internet is not facing any problems. To check this you can simply try
to see if the application can find what it needs to start at this step of the
wizard, you can try to open the page with the test-files :

http://www.cs.ucy.ac.cy/~cs04pp2/testfiles index.txt

If this does not work, another solution is to go to the settings menu and
select and click on the Offline Mode Allowed checkbox, and then on the
button "Apply". An important requirement is that the testfiles_index.txt
already exists on your computer and it is not empty. Moreover, the file
you want to use for testing must also exist locally, in the directory of the
application (this directory that the .jnlp file and CodeTester.jar is
downloaded).

Issue: | am sure that the connection is working fine, i tried to open the
link mentioned in the previous issue and it opens, loading in the browser
a list of .java programs, but the graph is not still created.

This should probably mean that, even though the location of the
index of testfiles exists and is not empty, the folder containing the files
has been removed or you do not have access.

Solution: This problem should never occur. But if it does, try to contact me
at
cs04pp2@cs.ucy.ac.cy, or

panagiotis.petsas@agmail.com
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Issue: | have chosen the Spring Layout from the Algorithms tab in the
Settings Menu and applied it on a graph. The graph appears with this
Layout corectly inside the graph panel. After a while the graph has
disappeared from the graph panel.

Remember that the Spring Layout algorithm is an animated layout
that forces the graph to move continuously. It is possible that after some
time it moves outside the boundaries of the visible graph panel.

Solution: Zoom out, as much as you need to see the graph, and then
zoom in the area that the graph appears.

Issue: After creating a data flow graph i tried to start the test-case
generation. When the GA start running, i can see that it takes a long time
to change the current path and makes the whole procedure need a lot of
time.

The source code you have selected probably is very complex
and/or consists of many lines of code (LOC), therefore it is necessary to
take some time to cover the required paths and result in a high
percentage of coverage.

Solution: In the Genetic Settings Frame you can select in the "Population
& Evolutions" tab to decrease the number of evolutions. In this way, for
every path focused the number maximum number of evolutions will be
smaller. Therefore, with this action, you will save some time but this might
probably result in a lower coverage percentage.
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Issue: When trying to save the graph in a .jpeg format using the graph-
shot tool, some parts of the graph do not appear in the image

This operation is designed to capture the part of the graph that is
visible inside the graph panel.

Solution: Try to move the graph so that it is totally visibly inside the graph
panel and repeat the operation
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