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Evyoaprotieg

Oa Mk vo ELYAPIGTICE® TOVG YOVEIG HOL Yo TNV GTNPEN Kol GUUTOPAGTUCT] TOVG
oAa o xpovia eoitnong pov oto Tunua IMAnpoeopikng tov Iavemompiov Kompov.
‘Hrtav mdvrote dimha pov oty 00GKOAN Kol €mimovn mopeia Yo TNV KOTAKTNGN oLTOD

TOL TTTLYIOV.

®a MBeia eniong va guyoapiotnow Tov Ap. Avdpéa Avdpéov kot tov Ap. Avactdon
Yo@oKAEOVE Yyl TNV Katovonorn, kKaboonynom kot Pondewo otig dvokoAieg moL

OVTILETOTIGO Y10 VO PEP® E1G TEPOS QLTI TNV EPYOCIaL.



Iepiinyn

O otdyog avtg TS MmMAoUATIKNG epyaciag eivar M dnuovpyio. EVOG GLVTOKTIKOV
avaAvt o€ Java mov va evtomilel kdmowo ypovoPopa koppdtio (OTmg eivor mwy. ot
emavoAnmrikol Bpdyyor, ot avadpoukés pefodol kot ot peBoddol yeEVikOTEPA) OGTOV
mmyaio KOdKe evOg TPoypaupuatoc. Méca amd v euPEAeln avTOV TOV KOUUOTIOV
UTopovV va TapBodv Ot YPOpPES TOV TTEPLEXOLV UETAPANTEG. XTNV GUVEXELD, OVTEG Ol
YPOUUES UTOPOLV Vo ypnotpomomBovy (“ouvevobobv”’) amd éva epyaieio tepoyiopnon
TPOoYpappaToc. Avtd Ba €xel cav OmMOTELEGUO TOV TEUAYIGUO TOL TTNYOUOV KOOKO GE
o Kkpd xoppdrtio, mov O mepikieiovion péco otnv eUPEAEID KATOLOL YEVIKOTEPOL
yxpovoPopov koppatod. ‘Etol, B pmopovpe apydtepa vo LEAETNCOVUE £VOL LIKPOTEPO
KOMUUATL KOO Kot Vo, TpoTeivovpe Kdmoleg elonynoelg yia fertiotomoinon tov. Télog,
oV UTOPOVUE VO, PEATICTOTON|GOVUE TOV GUYKEKPIUEVO TNYOH0 KOOWKO, KOAVOLUE TIG
amopoitnTeg aAAayEg Kot ypnotpomolovpe éva profiler yia va dovpe av Exovpe meTdyEL
TOV GTOYO HOG, GLYKPIVOVTOS TOVG YPOVOVLS EKTEAEGNC TOL TPOYPAUUATOS (VTOV TOV

elye apywd pe avtdv Tov giye petd v Pertictomoinon).

e yevikéc YpouUES, Ba avapepBode 6TOV TEUAYIOUO TPOYPAULOTOS KOl TL UTOPEl v
pog mpoogépel. Oa pAnoovpe yevikd ywo. Peitiotomoinom mTPOYPAUUOTOS Ko TO
TAEOVEKTNUOTO - HUEWOVEKTNUOTO TOV TOV GLVOOEVOVV. Ba KAVOLUE EIGNYNGCELS Yo
BeAtiotomoinon mnyaiov k®dka. Oa yivel Tapovsiaon ™ 0Ang pebodoroyiag, Kabmg
KOl TEWPOUOTIKEG HETPNOES TNG  €MO0ONG  O0POPOV  UIKPDOV  TPOYPOUUAT®V.
Teherdvovtag, Bo WANGOVUE YO TOL CUUTEPACUATO oG, KOOMG Kol Yo LEAAOVTIKN

gpyocio Tav® 6€ aVTOL TOV £I00VG TNV HEAETT.
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Kepararo 1

Ewayoy

1.1 Kivntpo 1
1.2 Xxomdg 2
1.3 Avackonnon Kepaiaiov 3

1.1 Kivntpo

2T HEPEG Hog M poydaio avamTuén Kot To EMITEVYUOTO TNG TEXVOAOYING £XOVV KAVEL
mv {on OAOV HOg EVKOAOTEPN Kol MO AVeTN. AVTA OAo To OPeilovpe KLPIOG OF
apKETOVS OV TPOHTEWVAV Kol OgpeMmoay apyikd KATOlEG 106€C KOl MOV G’ QUTEG TIG
10éeg Mpbav apyodtepa AAAOL v KTICOLV Kol VO TPOYUOTOTOW|GOVY  EMITEVYLLOTOL
peyoAvtepng oélog amd oavtd mov apywd mpotdOnkav. “Etcl,  kotdeepav  va

TPOGPEPOLY OVTY TNV EE0PCT GTOV TOUEN TNG TEYVOLOYIOS TOL VTLAPYEL CNUEPOL.

H &&éMén tov niektpovikdv vroroywotav (H/Y) dpyioe edd Ko apketés dekaeties.
Apywca ot H/Y ntav tepdotion unyoviuotoa, OVGKOAOL otnv ypnom, axpifol kot
npooptlopevot Pdvo yio ToAD EE1OIKELIEVEG epapuoYEC. Ao ToTe ot H/Y efeliybnkav
paydaia, mopovcslacOnKay véo HOVTEAM, HE TOAD aLENUEVES OLVATOTNTEG KOl GE 7O

TPOGLTO KOGTOG.

Avt n €&€MEn ogeidetan oty avanTVEN TOGO AoyiouikoV (software) 6Go kot Tov
KaTAAANAOL VAIKOV (hardware) mwov vo vrootnpilel To Aoyiouikd. Xfuepa 1 avantuén

TV eneepyacTdV Kot ot ToyvTNTEG emeepyaciog mov Umopohv Vo LoG TPOSPEPOLY,



BonBovv epappoyég Aoyiopkov va enegepydlovtal dedopuEva TOAD TO YPIYOPQ KOt 7O

AmOd0TIKA 0 OTL TOAOTEPQL.

Ady® ™¢ avdmTuéng 6To TOUEN TV TAXLTTOV TOV ENEEEPYACTAOV KOl TOV TPOGITOV
TIUOV OTIS OMoieg avTOl TOLAMOVVTIOL, Ol OPYOVIGHOT 7TOL OVATTOGGOVV AOYIGUIKA,
owvnBmg Eexvovv v évvola ¢ Pertiotonoinong mpoypappdtov. Opmg, Tapodie avtd,
axoun eEaxolovBovv vo vdpyovv oNpEPE EQUPUOYEG AOYIGHIKOD oL ypelalovtal
péypt ko 4 - 5 muépeg vy va eneepyactodv dedopéva mov Tovg tapéyxoviat. [a to
AOYOo ovtd mpémel va d00el EUPoon Kol 6TOVG OAPopPovg EAEYYOLG TOV UTOPOVV VvV
yivouv omv mpoomdbelo PEATIGTOMOINONG OVTOV TOV EQUAPUOYDV. AEV UTOPOVUE
TAVTOTE VO KOAVOVLLLE DTTOHOVT LEYPL VO KUKAOPOPTGOLV VEQ LOVTEAD EMEEEPYACTMOV TOV

va glvar TayOTepa £TG1 MGTE VO £XOVUE KoL TO EMOLUNTO OVTIKTUTIO GTNV EPOPUOYN LOG.

Onotov av PUTOopovUE HE SAPOPOVS EAEYYOVS VO, EVTOTIGOVLUE KAmolo ypovoPopa
KOUUATIOL GTOV KMOKO TNG EPOPUOYNG HOG, UTOPOVUE VO, TPOCSTAdNCOvUE Vo To.
Bedtidoovpe wote va yivouv mo ypiyopa. ‘Etot dev Ba yperalovtal mAéov 4 — 5 nuépeg
N Kol Tapoamdve yio v enegepyacio TV 0ed0UEVOV PG, OALL coQaOc AyoTtepes. 'ETot,
UTOPOVLE VO TOPATNPNCOVUE OTL M PerTioTonoinon €vOg TTPOYPAUUATOS AOYICUIKOD
elval og TOAAEG TEPIMTOGELS OPKETE ONULOVTIKY apoV Uopel var pog YAITOGEL TOAVTILO
xpovo kol ypnpo. Mmopet va pog yMtdoel oe xpovo, agol pmopei va Ponbnoet v
epapuoyn pog va eneEepydleton dedopéva oA o ypryopa. Amd v GAATN, pumopel va
HoG YATooel amo meptttd €000, agol doev Ba ypetdletonr mAéov 1 ayopd mo akpiBov

eEomAopol 1N akdpa pag GAANG EPOPLOYNG damavnPOTEPNG.

1.2 Xkomog

2KOTOG VNG TNG OIMA®UATIKYG epyaciog eivan va mpoteivel o peBodoroyia e otod)0
TNV OTOUOVMGCY] CLYKEKPIUEVOV KOUUOTIOV KMOOKO oL Hiopel va givar ypovofopa.
‘Enterta o/m mpoypopiaticTNC/TPOYPOUUATIOTPIO TOV GUYKEKPIUEVOL TTPOYPAULATOS 1)
Kdmolog/Kamola Tpitog/Tpitn pe TV KATAAANAN eumepia, vo UTopel vo LEAETNOEL OVTA
TO  OMTOUOVOUEVO  KOUUATIO KOOWKe Kot vo  wpoomobnioelt va  Ppel  TpOmovg

BeAtioTomoinong Tovg, KAVOVTag XPNoN TNG EUTEPIOS Kol YvdoNg Tov dlabETet.



[To ovykekpipéva, 0 GKOTOC ALTNG TG SIMAMUATIKNG Epyaciog etvar 1 dnuovpyio vOg
GUVTOKTIKOV OVOALTH 6€ YAMGGO Tpoypoppaticpod Java [7] mov pe v Pondeta evoc
gpyoreiov kotTdtunong kodika Aoyiopkov (slicing tool) va pmopei va dmoel éva mo
UIKPO TPOYPOULO GTOV/GTNV ¥PNOTI 7OV Vo TEPIKAEIEL Ta KOUpATI OV BEAEL va
eléyéel Y Toyov PeAtiotomomoelc. O cLVTAKTIKOG avoALTS B €xel cov 6TOYXO Vo
EVTOTIGEL TPAOTO KATOW, ONUEl GTOV KMOKO TOL ¢ €mi To TAEioTto umopel va elvan
xpovoPopa, pe v Pondewa evdg profiler [16] N ko ywpig. Téhog, av o/m xpnog
pumopet  va  kével kdmoleg Peitictomomoel;, Ttote o profiler pmopel  va
Eavoypnoporombei yio va eEaxpipwbel av o ypodvog Tov TPoypappaTog Xl TPAYLOTL

BeATioOE.

1.3 Avaokoénnon Keporaiov

210 kePOAoo 2 yivetar por avogopd oe pebddovg - epyoireion yioo PeAtiotonoinon

TpoypappdTov. AldeTon ovolaoTikd Eva TeXVIKO VToadpo.

210 kepdiaio 3 didetan 0 BewpnTikd vOPabpo YOpw amd TEHAXICUO TPOYPAUUATOS
Aoywopkov (program slicing) kabdg kot Pertictomoinong mpoypoppdtov. Aidovtol
emiong €lonyNoeg yia PeEATIoTOMOINOoN KMOKA, KUPIMG GE YAMGGH TPOYPOUUOTIGHLOD

Java, aAAd Kamoleg amd TIg E16MYNGELS 10YVOVY KO YEVIKOTEPQL

210 kepdiao 4 dideton To oynua ™G peBodoroyiog mov akorovOnOnke. IMvetar M
mapovcioon tov profiler, Tov TPOYPAUUATOS GLVTAKTIKNG AVAAVOTG KOl VOGS EpYAAEIOVL
vy tepayiopd (katdtunon) kmotko. Emiong, didovtal to amoteAéouaTo TEPAUATIKOV
LETPNOE®V TNG EMIO0ONS SLOPOPOV TPOYPUUUAT®V, TOL dedyOnkav pe Tov profiler pe

oKOTH TNV GVYKPLOT| TNG AVTIGTOLYNG EMIO00NG TOVG.

210 KePAAO 5 O10ETON O OVOKEPOAOIMOT] KOl GUUTEPAGLLOTA OtO TNV OAN EPYOCiaL.

Atdovtat, emiong TPOTAGELS Yot LEAAOVTIKN EpyOGia.



Kepalaro 2

Teyviko YrnopaOpo

2.1 I'evika 4
2.2 Debugger (ATOGQOALATOTNG) 6
2.3 Profiler (AvoAvnig enidoonc) 7
2.1 T'evika

O KoAVTEPOG TPOTOG e TOV 0moio pmopel va yivel PeATioTonoinon evog mTpoypaatog
[9,17,18,19] elvar cvvnBwg pe TNV OVTOHOTOMOINGCT TOL UTOPEl VO TPOCEOEPEL O
compiler (petayrottiotc) [1] evdg mpoypaupatog N pe v eméuPaor evoc/pag
TPOYPUULOTIOTH/TPOYPAUUATIOTPIOG, KAVOVTOG KATOlEG OAANYEG OTOV KMOKO TTOV
UTOpovV va. emM@EPOLV kdmolwo, Pertiotomoinon. Opmg, TG MEPIGGOTEPES QOPES, M
KaAvTeP pHEBOSOC eivan pe v ypnon Kamolov wo ypriyopov oiydpiBuov [12] amd

avTOV oL £YEL YpNnopomonfel péyxpt GTIYUNG.

H emoyn evdg kokod akydpiBpov eivor €va SOGKOAO €pY0 Kol G €M TO TAEIGTO deV
vhpyel Kamola KaBopiopévn Jdkacion Yo TNV EMAOYY] TOV  KATOAANAOTEPOL
alyopiBpov. Ta mieovektnuata €vog KOAOD OAYOPIOHOL €ivol 1 ONUOVTIKY OAAOYN
oV tavTNTa ENeEePyaciog TV 0e00UEVOV, KAODS Kot | 6TafepOTNTO TOL TPOGPEPEL
610 TPOYpOaUpHa. Mmopovpe vo modpe OtL €ivol 0 TO GNUOVTIKOG TAPAYOVIAG GTNV
BeAtiotomoinon g ToyVTNTAG VOGS TPOYPAULOATOS Kol Uopel v meThyEl kel TOv O1

EVOAAOKTIKEG TPOCEYYICELS AMOTLYYAVOLV.

O compiler pog YA®CCOG TPOYPOUUOTIGHOD UTOPEl €mioNG va KAVEL OPKETEG
BeAtiototomoelc [1] o’ éva mpoOypappa kot i6m¢ Kot KaADTEPO Amd OTL UTOPEL VA TIg

KAVEL Evag/po TPOoYPaUIATIoTHS/TpoypoppatioTplo. Kdmole amd Tic mo onuavTikég



BeAtiotomomoelg ivor 1 petakivinon otabepmdv ekppiacewv £Em amd to loops (Bpdyyovg
EMOVOAYEWDV), M amoBnkevon petafAntov og registers (Kataywpntésg), n dvvatdTNTa.
va kdvovv inline pehoddovc/cuvaptnoelg (dNAadn va yivel EVeOUAT®ON TOV KMOOKO TG
peBddov/cuvapTnoNg eKEL OTTOL YiveTan 1 KANoM TG LeBddov/cuvapTnong), 1 OTaAOLPY|
KMOOTKOL TOL OEV YPNCUOTOLEITOL KATOV 6TO TTPdypappa Ko givon oypeiactog (dead code
elimination) kot emiong mn dvvatdtta loop unrolling [1,9,17,18,19,21] (Eetvlrypa
EMOVOMTTIKOV Bpoyxwv) 1 mo yevikd loop transformations (petaoynuoTicpods

EMOVOANTTIKAOV Bpoyywv) [21].

[Tapdia ovTd 0/M TPOYPAUUATIGTIG/TPOYPAUUATIOTPLN. LTOPOLV VO BEATIGTOTO|GOVY
éva TpOYpoe KaAVTEPO amd OTL évag compiler, 10Tt KaTEYOVYV EMMPOGOHETES YVAOCELS
YL TOV KOOKO TOV GLYKEKPLUEVOL TPOYPAUUATOS TOL O compiler dev TG KaTEXEL.
Opowg, g ovvnboug Yoo Ta TePIGGoTEP TPOYpappate (KOOKES) €voc KoAdg compiler
Yvopilel Kot £xel OpKETEG TANPOPOPIES Yl VO TAPEL COOTEG ATOPACELS OGO APOPE TIC
BeAtioTtonomoelg mov pumopoHv vo Tpaypatomroinbovv. Agv tibeton Bépa va mpoomabel
Kkdmolog va. Kavel Pertiotomoinon oto “yépl” Otav umopei o idog o compiler va

TPOYLLOTOTOMGEL TNV 1010 Epyaciol L0 YP1YOPX KO TTLO OTTOTEAEGUOTIKAL.

Onwg kot va €yl Oumc, N PeAtiotomoinom evog OAOKANPOL GLGTHHATOG avaAaUPaveTo
Ao TPOYPOUUUOTIOTEG/TPOYPUUUATIOTPIEG JOTL €ivar TOAD mepimloko va yivel pe v
OVTOMOTOTOINGT) 7OV UTOPOLV Vo TpocPépovy ot compilers.  'Etoi, ot
TPOYPOUUOTIOTES/ TPOYPOUUOTIOTPIEG  OAAALOVY  KOUUATIOL KOOIKO HE OKOTO Vo
Beltidoovv v emidoor tov cuotuatos. Eniong kdmowo Koppdtio kddika Hmropovy vao
YPAPTOVV GE L0 YAMGGO oV €ival o Kovtd otnv YAdcoo pnyavig (my. assembly[1]),
KOVOVTOG TNV EKTEAEGT TOL GLYKEKPUYEVOL KOUUOTION K®OKa Toyvtepn. Opme, avtd
etval ouvnBwe KaTL TOAD dVGKOAO Ko ¥povoPOpo Kot Ta Atopa Tov yvwpilovy TéTolov

€100V¢ YAMOGES YOUUNAOV EMITESOV, ATOTELOVV LELOVOTNTA.

Av 6Aeg o1 mpoomdbeleg Yo PEATIGTOTOINGN €VOG TPOYPAULOTOS OTOTOYXOVV, TOTE O
EVOAAOKTIKOG TPOTOG Y10 VO, YIVEL KATL TTO YPNYOPO €vol Vo SOVUE T TPAYUOTO O’ TN
okomid tov vVAkov (hardware) Kot TG APYLTEKTOVIKNG TOV NAEKTPOVIKOD LTOAOYIGTY|

mévo otov onoio PpiokeTot 1o TPOYPOLLLO TO 0Toi0 BEAOVLE VO, BEATIOGOVLLE.



Avo omd To O CNUAVTIKA EpYOLEin TOV TPOGPEPOLY TEPATTIA Por|fela 6° avTOVE TOV
emBopodv va acyolnBovv pe v PeAtictomoinom evog mPOYPAUHOTOS, £ivol To

epyoieio yio debugging (amoceaipdtmon kddwka) kot profiling.

2.2 Debugger (AT06QUARATOTNC)

‘Evag amoceaipatmtig ivar Eva epyadeio/npdypappa HY mov ypnoyomoteital yo va

eAEYEEL KO VOL TPOLY LLOLTOTIOGEL ATOCPUAUATOCT) TPOYPOLUUATOV.

Tomikd, évag debugger Tpooeépet TV duvatdTNTO EKTEAEONG EVOS TPOYPAUUATOS PrLLoL
TPOg PNUO Kol TNG TOPOATHPNONG TOV TYWOV TOV TOipVOLV Ol HETAPANTEG TOL
TPOYPAUUOTOC KaTd TNV Pripa mpog Prina exktédeong tovg. Mepikol debuggers £yovv
duVaTOTNTO VO, TPOTOTOMGOLV TNV KATAGTACN €VOC TPOYPAULOTOS €V eKTEAEiTAL,
Topd AmAd Vo TNV TapaTnpoovy. Mmopolv emiong, va GUVEXIGOUV TNV EKTEAECT] GE Lo
owpopetikn 0éomn oto TPOYpappa Yoo vo wopokopeBodv KATOlEG EVIOAEG TOV
yvopilovpe €K TOV TPOTEPMV TO ONMOTEAEGUO TNG EKTEAEONG TOVGC KOl OV  HOG

EVOLIPEPEL VAL TIC TAPOKOAOVONGOVLLE.

Boowod epyoieio oe éva debugger eivar 1o breakpoint, mov eivar éva onueio otov
KMOOIKO 6TO 0T0i0 EMOVUOVIE VO CTAUATAOEL 1| EKTEAECT] TOV TTpoypdupatos. Emiong,
kdmolot debuggers €yovv kot To Agyopevo watches (mapokolovdntég), to omoia
UTOPOLV avA TACO CTLYUN VO TapoKOAOVOOUV TIg TIHES KATOL0G UETAPANTNAG, 1 ool

peTaBAAAETOL KATA TNV OLBPKELN EKTEAECTG TOV TPOYPAULOTOG.

‘Eto, t0 yeyovdg OTL mpoceépeTal n duvaTOTNTO GE KATOWo/KAmown mov OéAel va
Beltiotomomoel €va TPOYPOUUO, VO TO EKTEAEGEL Pruo mpog Pruo Kot va
TopoKoAoVONGEL TNV TopEin EKTELECTC TOV, UTOPEL VAL TOV TPOSPEPEL OpKETY PorOeta.
Me avtd tov TpOTO UmOpel VO TOPOTNPNCEL KOAVTEPO KOTL OTOV KOO TOV
TPOYPAULOTOS TTOV Vo umopel va ypaetel pe mo £5umvo Kot amodoTikd TPOTO Kol V.

neTVYEL 0N Pedtioon g TaydTNTAG TOV.



2.3 Profiler (Avaivtig Emidoonc)

To profiling [9,15,17,18,19] evdg mpoypappotog (Lo LopeY] SUVOUIKNG aVAAVGNG EVOG
TPOYPAUNOTOS) elvar M g€€taom NG ovUmEPLPOPAS €VOG  TPOYPAUUOTOS, TOL
YPNOOTOEL TANPOPOPIES A TNV EKTEAEST] TOV TPOYPAUIOTOC. O 6KOTOG VTG TNG
avéilvong stvor va kaBopiotodv mola Tunpote vOg TPoypAUpatog ypetdlovtal va
BeAtiotoromBovv kat cav amotélecpo va avEndel n yevikn tayhtntd Tov, 1| vo petmdel

N omaiTnon o€ VNN oL YPEleTal, | LEPIKES POPES KoL T OVO.

Me v ypnon evog profiler (avaAivt enidoong) pmopovv va gviomicholv T TuqHoTe 6°
éva. TpoOypaupo T omoia givar ypovoPopa. Ot TPOYPUUUOATIOTES/ TPOYPOUUATIOTPIEG
eVOG TPOYPAUpHaTOg cuviBwg €xovv TV OlaicOnon ot yvopilovv mow ivar ovtd To

YPOVOPOpa TN AT, OPMOS TOALEG POPES M| draicBnon avTn, Tovg e&amatd.

Otav gvtomofel kdmowo Tunpa To omoio deiyvel va givor ypovoBopo, tOte T0 TPOTO
TPAYLO TTOV UTOPOVUE VO, CKEPTOVUE EIVAL AV TO GUYKEKPIUEVO TUNHO KOOIKO HITOpEl
va ypatel pe éva KOADTEPO aAYOPIOU0. TG TEPIGGATEPES MEPUTTMOOELS, Yo VoL 100G
TPoPANUATOG, Umopel Vo VIAPYEL KOADTEPOG OAYOPIOUOG amd avuTtd oL £xEL MO
ypnoworomBel. o mapdderypa, av BEAovE vo TOEIVOUNCOVE o TEpACTIO MoToL e
apBuove, Ba ypnoipomolovoaue Eva alyoplfuo o0nwe to mergesort [12] | 1o quicksort

[12] avti tov bubblesort [12], 01611 ival capdg To ypryopot.

[Tapora avtd OU®S, 0TIG TAEIGTEG TOV TEPWTOCEWV, 1| ADoN Oev dideTOL PE TNV OTAN
aVTIKOTAGTOON €VOG OAYOp1OHoL pe kdmolo dALo. AVTO AdY® TOL OTL OV VILAPYOLV
aAyOpOol TOL VO OMOTEAOVY TOVAKEWD Yot OAES TIC TEPMTMGES TpoPAnudtov. 'V
aVTd OUMG VTAPYOLV S1APOPEG EICNYNCES YO TO TMOG £vo. TPOYPOUUO UTOPEL Vo
BeAtiotoromBel. Avtég Ba eEetactovv 610 £MOUEVO KEPAAOMO (avardyws BEPara kot
™G YADCGOS TPOYPOUUOTIOUOD TTov pag evolaeépel). Emouévag, poMg Bpedet kdmorog
TPOTOG e Tov omoio Bewpnrtikd €va mpoypoappa pmopel vo yivel ypnyopotepo, TOTE
pumopovpe va ekteAécovpe tov profiler oto drapopomompévo mpdypappa (apov yivoov

01 BEATIGTOTOUCELS) KO VO SOVUE OV TETVYAUE KOADTEPT EMLOOGT.



‘Eva mapaderypo profiler eivor ovtd tov Netbeans IDE 6.5.1 [15] mov éyet
ypMnoonomel Kot Yo I ovayKes avTng TG dmAmpatikng epyaciog. [apdaderypa g
Aertovpyiog TOV Kol TEPOUATIKEG OLUOIKOGIES/LETPTOELG TTOL £XOVV YIVEL e TNV Xpnon

tov Ba 60B0VV 610 KEPAANLO 4.
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3.1 Ewayoy

2’ awtd 10 KeQAato Oa pAncovpe yia to Bewpntikd vrdfabpo mov yperaletal Kaveig

YL VO KATOVONOEL TEPUTEP® Kamowo Oépata mov ypnowonotel 1 pebodoroyior wov

aKoAovONONKE YO0 TNV EKTOVNOT OVTNG TNG SMAMUATIKNG epyaciog. [T cvykekpyuéva,

Ba yiver avapopd o610 TU givol TEUOYIGUOG TPOYPAUUOTOS KOl O 1) €Vvold NG

Beltiotonoinong mpoypdaupatos. EmmAéov, Ba yivouv eionynoeig yuoo fertiotonoinon

KOOKO 1OV 16YXV0VV YEVIKOTEPX Y10 YAMGGES TPOYPOUUATIGHOD HE TOPOHOl cUVTOEN

Omm¢ avt) ¢ Java, Opmg Bo cuykevipmBodEe Kol 08 OMOKAEIGTIKEG ELGNYNOELS TOV

aPopovV TNV TEAELTAICL.



3.2 Tepoyopdg lpoypapparog (Program Slicing)

Tepayiopog mpoypappotoc/kodwo (Program Slicing) [2,5,8] eivar por teyvikn
OlIoTaoNG OV TPAYUATOTOLEITAL €EAYOVTAG ONAMGEIG-EVIOAES €VOG TPOYPEUUOATOS
(program statements) mov oyetilovtal pe kémolo vmoloyioud. Atvma, €vo TEUA)LO
kddwka (slice) kbvel v e&ng epdnon : “Ti program statements mlavo vo. EXNPECTOVY
0V vIOAOYIoUO THG uetafintig V oto statement s;”. AVt 1 €pAOTNGCY OVOUCTIKA
arotedel  avtd mov ovoudlovue KPUTMPlo TEHOYIGHOV Kddwko (slicing criterion).
Tomkd, éva slicing criterion amoteleiton omd €va (evyog (apOUodc ypapung,
petafAnt)). ‘Etol, to program slicing eivor o teyvikn e€oymyng KOUUOTIOV €VOG
TPOYpappaTog Tov emnpedlovv éva cOVOAO amd UETOPANTEG TOL EVOLAPEPOLY TOV
xpnot. Me v oVYKEVIP®ON TOL  EVOLLPEPOVIOS OTOV  VTOAOYIGUO  UOVO
CLYKEKPLUEVOV pETAPANTOV, N dtdikacio tov slicing pmopel va ypnoyomondel otnv
QmOAOLPT] KOUUATIOV KOJKO Tov Ogv emnpedlovv outég TG UETAPANTEG KOl GOV
amotélecpa va peiwbel n éktaom Tov cvyKekpéVoy mpoypaupatos. To pelwpévo

KOUUATL TOV TPOYPAUpOTOG Eival avtd mov ovopdletan slice.

To slicing €yt TOAEG £QAPUOYES SLOTL EMTPENEL TNV AMAOTOINGT EVOG TPOYPALLOTOC,
otvovtag Epeacmn 6”7 £vo VTOTUNO TOV OPYLKOV TPOYPEUUATOS, POV GTOV KMOOUKO LG
EQUPUOYNG OMOUEVOVV TO KOUUATIO €KeElva mov OEAEL Vo, OmOUOVAOGEL O YPNOTIC.
Meto&d dhAwv, t0 program slicing pmopei va Pondnoet o100 PeAticTonoinom
TPOYPAUNIOTOS (program optimization), OTOGPUAUATOOCY TPOYPAUUATOS (program
debugging), reverse engineering, cuvinpnon Aoyoutkov (software maintenance), otov
éleyyo Aoyouikov (testing), Ponbeia otn Ompovpyia TOPIAANA®Y TPOYPOUUUATOV
(parallelization), evomoinon Aoyiopik®v Tpoypapnpdtov (software integration), pHeTpikd

Aoylopkov (software metrics) kot 6e GAAOVG TOUETLS.

Ta program slices 6mwg apywd mapovoidotkoy (omd tov Mark Weiser [5]),
ovopdotnkay executable backward static slices (extehéoylo otatikd omcBodpopkd
slice). Executable 31611 10 slice mpémet va eivan €va executable mpoypappa. Backward
e€artiag g xatevbuvong tov akpmv (direction edges) mov dacyilovtor 6tav to slice
vroAoyiletan ypnoponoidvtag éva dependence graph (ypdopo e€aptioemv). Static d10TL

vroloyifovtor ympic va Aappdvovy vtdyn tovg v gicodo (input) Tov TPOYPEUUATOC.
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['evikd vapyovv 6vo €idn program slices, to backward slice kot to forward (mpog ta
eunpdg) slice. To backward slice amoteheiton and T1g ypappés exeiveg Tov KOKA 0L
omoieg emnpedlovv To Kprthplo mov Exetl emheyOel, evd to forward slice amoteieitan amd

TIG YPOUES TOV KMAKO, TOV £TNPeAlovTol amd To KPITnplo mov £xel emieyOet.

Ta slices pmopodv va dnuovpynBovv eite static (otartikd), gite dynamic (dvvapikad).
2o static slicing [2,4,5,6,8,11], n eilcodog (input) vOg TPOYPAUULATOS EIvVOL AYVOGTY €K
TO0 TPOTEP®V KOl YU anTd TO slice mpémel va dlotnpnoel TANPoPopieg yioo OAeS TIg
duvatég €166d0vg. And v AN, oto dynamic slicing [2,3,4,5,6,8,11], N €ilcodog evodg
TPOYPAUUOTOC €IVl YVOOTN €K TO TPOTEP®V Kal £T61 TO slice yperaletar va dutnpnoet
TAnpopopieg poévo yo v cvykekpévn €icodo. To dynamic slice givon pikpotepo and
10 static slice, Opwg mepropilel ™MV PAPLOYY TOV GE [0 CLYKEKPLUEVT £1G000 Yo £val
npoypappa. Eivar opmc aitepa yprioyo, edikd e debugging kddka 6mov pmopei va.

OTTOLLOVMGEL TOV KMOTKOL Y10l Lol GUYKEKPLUEVT] £1G0J0.

3.2.1 Zroru] Katartunon Koowka (Static Slicing)

To static slice gvOg mpoypaupaTOS o€ oxéon pe pia petafAnt var, 6 éva kOufo n,
amoteleitan omd OAOVS TOVG KOUPOVC/EVTIOAES TTOV 1) EKTEAEGT] TOVG UTOPEL VO ETNPEACEL
™V T ™S var oto n. AQopetikd pmopel va swmwbel mog to static slice evog
TPOYPAUUOTOS  OmoTEAEiTOL OO  OAeC TIG €VIOAEG/OnAmoelg  (statements) evog

TPOYPAUHOTOS P mov mBavdv va ennpedcouy v TN NG HETAPANTAG var 6€ KATolo

onueio p TOV TPOYPAULOTOG.
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{13 read(n) ; {1} read(n);

(23 i=1: (2) i = 1;

{3 sum := Q; (3)

{4)  product := 1; (4) product := 1;

(5) while i <= n do (5} while i <= n do
begin begin

(6] sum := sum + 1i; (6}

(7] product := product * i; | (7} product := product * i;

(8 i:=1i+1 (8) i=i+1
end; end;

(9)  write(sum); (92

{10) write(product) (10} write(product)

(a) (b)

Ewova 3.1: (a) 'Eva napaderypa wpoypappatos. (b) ‘Eva static slice Tov wpoypappatog pe kprripro
(10,product) [8]

H ewodva 3.1 (a) [8] mapovcialet Eva mapdodstypo Tpoypappatog, émov {nteital amd tov
xpNotn £vag aptBpdc n Kot vroloyileton to sum (dOpotopa) kot yvopevo (product) Tov
TPpOTOV N BeTikdv apdumv. To slice evog mpoypappatog P dnuiovpyeiton pe faon Eva
Kplnpto, criterion = (line,var), 6mov line gival o apOUOG HIOG CLYKEKPILEVNG YPOUUNG
Kddwa (statement) kol var évo GOVOAO PETAPANTOV OV TEPAAUPAvVOVTOL PLEGO GTO
npoypappo P. H ewdva 3.1 (b) [8] mapovcialer 1o slice tov ovykekpyévov
npoypaupatog pe kprmpro (10, product). Xty ewdva 3.1 (b) [8], mapatnpodue mwg
€xovv amaielpbel OAEG o1 YPOUUES O1 OTTOlEG OEV EMNPEALOVV TO TEAKO ATOTEAECHA TG
petafAntig product. ‘Etot, givor gdkodo va mapatnpricovpe mwg to slice mpodypaopLpo
oV mopAyOnKe gival KPATEPO GE EKTACT OO TO OPYIKO TPAYPULULO KOL OVTO Hmopel

Vo OLEVKOAVVEL TNV TEPALTEP® EMEEEPYATTIO TOL GVYKEKPIUEVOD KOUUATION KOOUKA.

3.2.2 Avvopun Koatarpnon Kodwka (Dynamic Slicing)

To static slice meprhapPavel OAeg Tic mBovég extedécels vog Tpoypappotog. Aniaon,
Ta static slices d1atnpovV TOV VITOAOYICUO TNG LETAPANTNG var 6To onpeio p yuor OAESG TIG
€16600v¢ (inputs) evog mpoypdupatoc. Ouwe, oe TOAEG TEPITTMOOELS EivaL TO YPNGUYLO
éva slice mov dwotnpel TANPOPOPIES YO TNV CLUTEPLPOPA EVOC TPOYPAULLOTOS Y10, Lot
GLYKEKPLUEV €10000, TTapd Yo OAES TIG €16000VC. AVTOL ToL €idovg To slice givar To

dynamic (duvopko).
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Av pag 600l éva 1otopikd extédeong (execution history) hist evog mpoypappotog Pyl
éva test-case (mepintwon-EAeyyov) fest Kat yuo pio LetafAnt var, tote to dynamic slice
o0V P o€ oyéon e to hist Kol TV var, €ival T0 GOVOAO OAMV TOV INADCEWV/EVIOADY

GTO hist IOV M EKTEAECT] TOVG €lye KATOML EMPPOY| GTNV TN TS var 610 TEAOG TOV

TPOYPALLOTOG.

‘Eva dynamic slice yia éva mpdypappo P arotedeiton and v niewdda (P, I, line, Var)
omov P, I, line xon Var, copPorilovv 10 mpdypappa (program), tnv icodo (input) tov
TPOYPAUUOTOS YL TNV omoia Ba mpocdiopiotel To dynamic slice, v ypouun Kot tnv
petofAnt) ovtiotoiymg. Oleg ot INADGES TOV TPOYPAUUATOS TOV OEV TLYYAVOLV
TPOCTEAACTG KATA TN SLAPKELD TNG EKTEAEONG TNG CLYKEKPLUEVIS E1GO00V [ Kol EKEIVES
7ov dgv emnpedlovy TV TN TV PETAPANT®V 610 Var, amokieiovtol and 1o slice tov

P.

(1) readin) ; (1} read(n);
{2) i=1; (2 i := 13
(3 while (i <= n) do (3} while (i <= n) do
begin begin
(4) if (i mod 2 = 0) then | (4) if (i mod 2 = 0) then
{5) x = 17 (5) x := 17
else else
(6] x := 18; (6} :
(7 i:=3i+1 (7) i=1i+1
end; end;
(8) write(x) (8) writef(x)
(a) (b)

Ewova 3.2: (a) 'Eva aiho mapdadcrypo npoypapparoc. (b) Dynamic slice Tov mpoypappotos pe
Kprrijpro (n =2, 8',x)[8]

H ewcdova 3.2 (b) [8] deiyvel éva mapdderypo dynamic slice evog Tpoyplppatog e
kprriplo (n =2, 8', x), 6mov 8' dnhdver TV TPOTY EpPavIon TG EVIOAG (statement) 8
070 10TOPIKO eKTENEOTG hist TOL Tpoypappatos. o eicodo n = 2, 10 loop Oa exteleotel
d00 @opéc ko ot avabéoelg x ;= 17, x 1= 18, Ba exktedecTobV amd o gopd. X1o
ToPAdELYLa, TNV TP®OTN Qopd mov Oa ektedeatel o Bpdyyoc (loop), Ba yivel n avabeon

x := 18. Tnv devtepn dpwc popd, Ha yiver n avabeon x := 17. Ondtav 10 X = 18 dev
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emmpedlet v el Ty tov X. [ avtd 010 dynamic slice avtov Tov TPOYPAUUATOS
dev ovpumeptrappdvetar n dMMiwon x = 18 (ewdva 3.2 (b) [8]). 10 1010 Tapddetypa, T0

static slice pe kpinpio (8, x) Ba meprddpfove OAo T0 apy KO TPOYPOLLLLOL.

3.3 Beiniwotomoinon poypappatog

Xmv minpoeopikn N Peitictomoinon mpoypdupatog [9,17,18,19] elvar n dwdwkocio
TPOTOTOINONG EVOG GUOTILOTOG AOYIGHIKOV £T01 O0TE Vo emeepyaletol KAmoleg omd Tic
GLYKEKPLUEVES EPYOCIES O OMOTEAEGLOTIKA 1) OKOUN KOl VO YPNCLULOTTOLEL AyOTEPOLG
nopove. I'evikotepa, Eva mpdypappo pmopei vo Pertiotonombet €161 dote vo ektelel
KATOlES £pyacieg YpNYOPOTEPQ KOl GOV ATOTEAECHA TOAAEG POPEG Vo, YiveTan Mydtepn

amoOKeELOT LVUNG ATtO OTL TPOTYOLUEVMG.

‘Evag dALog 6pog ivar avtdg g Peitiotonoinong kodika. Bedtiotonoinon kmowa,
glval n amaAolpn ayxpelocTOV EVIOAMV N 1 OVTIKOTACTOCT EVIOAMV OO GLVOLOGLO

GAA®V EVIOADV TOV UTOPOVV VO EKTELEGOLV L0 EPYACIN TTOAD TTLO YPTYOPO.

H PeAtiotonoinon &vog mpoypappatog Tig TAEIOTEG TV TEPIMTMOCEWV £XEL OKOTO Vo,
Bpet kamowa ypovoPfopa onueio 6° Eva KOOWKA. LTV TEYVOLOYiOL AOYIGUIKOD LITAPYEL O
6pog tov 90/10 law (vopog 90/10). Avtdg o 6pog avapépetar 6to yeyovog ott to 90%
™G eKTEAEOTG €VOC TTPOYPALLaTOS GuVNBmG Eodevetan oty ektédeon uovo 10% tov

KOOKQ.

Etvor yvootd and v o1ebvn Biploypagio Kot amd pobnuato Sopdyv 0E00UEVOV Kot
aryopiBumv [12], mog ta ypovoBopa KOUUATIO G £vo KOSIKA EIVOL QVTO TOV TEPLEYOLV
loops (emavoinmTkovg Ppoyyovg) ko avadpopkés pedddovg/cvuvaptioels. Emiong,
moAvoUVOeTEG aplOunTikég TPaelg kot iaitepo o teEAeotnc modulo (vmoHroimo
dlaipeong) kpvouvv Ko avtd Kamolo kOGTOG otV emidoon. Avtd eival omd T MO
eavepd onuela oe éva kO mov Ba pmopovcav va “katnyopnovv”, oyt mdvtote
BéPara, wg ypovoPopa. Ziyovpa, VIAPYOVY KOl OPKETO GAAQ ONUEIN TOV LETATPETOLY
£va, KOPPHATL KOdka o€ xpovoPopo. Avtd cuvibwg €xouvv va KAvouv HE TO TPOTO OV

elvol YPOUHEVOS €vag KMOOKOG KOt KATO TOGO 0/1 TPOYPUUUATIGTIC/TPOYPAULATIOTPLO
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EKUETAAAEVETOL GMOOTA ALTA TOV TOV TPOCPEPEL 1| YADCGO TPOYPUUUATIGHLOD TOV

YPNOLOTOLEL.

3.3.1 Enineda Behtiotomoinong

H Beltiotonoinom evog mpoypdppatoc pmopet va yivel og 014popa emineda.

e To mo ynAo eninedo givor avtd GOV PTOPOVE VO EKUETAAAEVTOVIE KOIL VOL
BeAtioTomOMGOLE TOV GYESOGUO TNG EQPAPUOYNG (TPOYPAUUOTOS), KAVOVTOS YPNoN
tov dwdécov mopav. Ot dwwbéoot avtol mdpotl, cvvnbog eival n KoAN emAoym
Amod0TIKOV aAyopiBumv mov cav amotéAecpo Ba pog dMGOLV KOAVTEPN TOLOTNTO
kooka. H emloyn tov xoatdAAniov alyopiBuov &xel emmtdoel oy amddoom
TEPIGGOTEPO OO  OMOLOONTOTE (GALO OTOLEIO OTOV OYESOCUO TNG EPAPLOYNC.

Emopévog, etvat 1o mpdTo mpdypo mov TpEnet vo, amopacioTel Katd to oyedtacuo.

o I'papovtag Ko TOOTNTO KOSKA KOl AroPeyovTos 0G0 YIVETOL S1OTKOGTES
Kol EVTOAEG TTOL E€povpe TO KOGTOG TOVG €K TMV TPOTEP®V, YPTCILOTOIDVTAG KATOLES

GAAEG IO YPTYOPES Kol OmOJOTIKEG, Elval Kot ovTo €va eminedo PertioTomoinong.

e  Onmg avagépapie Kol 6TO TPONYOVUEVO KEQAALO 1) PNOT VO compiler pmopet
Vo TPOCQEPEL KAmoleg PeltioTomomoelg avtopota Yoo pog. EmmpdcHeta, vrapyovv
compilers mov Umopovv va dexBovV TaPAUETPOVS £TGL MGTE VO YIVETOL GE O1OPOPETIKA
emineda Aemtopépelog n ypnon tovg [1,9]. Emopévmg, vmapyet kot avtd 10 €mimedo

BeAtioTtomoinomnc.

e To mo yoaunAo eninedo PertioTonoinong, Eivol 0 KOSKOS TOL YPNCLUOTOEL ia
ovpPoiikn YAwooa (assembly[1]). H assembly umopel vo pog ddoel mo amodoTikod
KOOWa a@od 0/1 TPOYPOUUATICTAS/TPOYPOUUATIOTPIO. Umopel v ekpeTOAAEVTEL TO
TANPES PEMEPTOPLO TOV EVIOA®V NG pnyovne. ' avtd dhiwote ta mepiocdTEPO
TOPOOOGIOKA  AEITOVPYIKE CLOTNUOTO EXOVV  YPOPTEL YPNOUYLOTOLOVINS KOOWKO

assembly.
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3.3.2 Beltiotomoinon pe v pfion aryopibpmv

Onwg €xetl yivel avagopd To Tave Kot GTO TPONYOVUEVO KEPAANLO, O KAADTEPOG TPOTOG
BektioTonoinong sivon T1g TEPIGGOTEPES POPES Vo Ypnoiomoindel évag alyoptBpog mov
elvar mo ypfyopog o ypovo ektéheons Evavtt Kamowov dAiov. Mo mapdaderypa, ebv
ypewdletar évag alyopiiuog ywoo tavounon pog Alotag otoyeimv, o YEPOTEPOS
ahydpBpog Tov pmopei vo ypnoomomdei éxel ypdvo morvmhokdtnrag On’) [12] evé
0 KaAVTEPOG Exel ypovo moivmlokdtntag O(nlogn). Emopévog, o adlydpiBuoc mov €xet
TOV YEPOTEPO YPOVO eKTELEON G Umopel va avTikoTaotadel amd éva aAdo mov gival ToAD
KOAVTEPOG KOl GOV ATOTEAEG O, VO KAVOVLLE TTLO YPTYOPO TO TPOYPOLLLO 1] TNV EQPOPLOYN

LLOG.

A&iler va. onueiwbel 011 extdg amd TOVG GEIPIaKODS OAhYOPOLOVS, VTLAPYOVY KOl Ol
mopaiinior akyopiBuol [22]. Me éva mapdAinAo adyoplOpo PUmopodue HEPIKES POPES
vo kévoope v 0w gpyacio mov ekteAel kot €vag oePLakOg adyopluog, OpmG
TeETVYAIVOVTOG KOAVTEPO YPOVO ekTéAeong (moAivmAiokotntag). o mapdderypa, ov
0éhove va Bpovpe To dBpotspa N apBuav, avtd propet va yivel oe xpovo O(n) e tov
O YPNYOPO GEPLKO 0AyOplOLo, VD pe Eva TOPAAANLO olyoplOpo pmopel va yivel o€

xpovo O(logn).

3.3.3 Ilote amorteiton n PerTioTomoinon

O Donald Knuth &iye kdmote kdver v akdlovdn dMAwon :

“Premature optimization is the root of all evil” [17, 19]

Me Alya Aoy, M Tpdwpn PeAtictomoinon pumopel va emeépel Kakod mapd 1o emBountd
amoTEAECUA. AVTH 1] PPACT] YPNOUOTOIEITOL Y10 VO TEPLYPAWYEL 0L KATAGTACT) OOV
£vag/Io. TPOYPOUUOTIOTIG/TPOYPOULOTIOTPIO APNVEL TIG EVVOLEG TOL OO TAEVPAG
AmOO0GNG TOL TPOYPAULOTOS VO EXNPEAGOVY TO YPAYILO TOV KOSKA Tov. AnAady|, ovti
VO GKEPTETOL TO TG VO PEPEL E1G TEPAG TO EPYO TOL EXEL VO, EMTEAEGEL, GKEPTETOUL TMOG
umopel va 1o Kavel BEATIOTO amd TNV apy1, TPOTOV VA TO YPAWEL AVTO GOV OMOTEAEC O
umopel vo. odnynoel oe €va kKOO Tov O0gv glvarl OG0 KaBapOg Kot EVOVAYVOGTOG.

EmumAéov, umopel va cuvtdetl Eva koo mov eivar avakpiPng Ady® tov 6Tt amooTaToL
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N TPOGOYN TOV/TNG Oamd TO TG Vo KAvEL PEATIOTO TOV KMOKO Kot EEYVAOVIOG TO
TPOPAN A TTOV TPEMEL VAL EMAVGEL 0 CLYKEKPLUEVOS KDdKaG. 'ETot, iomg eivon kaAvtepa
apyIKd vo EMOLOKOLUE TO EMBLUNTO OMOTEAEGUO KOl EMELTAL VO HOG OTOCYOAEL M

Beltiotomoinom tov (“first make it work, then make it fast”™).

Mo evaALoKTIKY TPOGEyyion gival Tpdta va oyedtdlovpe TV AOon evog mpoPAUaTos.
Av n oyxedlaon tov mpoPAnpatog pog stvor kabopn kot gvoviyveotrn, tOTtE OTOV
yphwovpe Tov KddKe, pmopovue vo, Tpoomabnicovpe va Ppodue kdmola ypovofopa
onueia Tov. Avtod pmopetl va yiver pe v PBondeta evog epyaireiov profiler. Av Bpodue
mota elval ta xpovoPopo avTd onpeia, TOTE LTOPOVUE VO EEKIVIICOVILE VO OKEPTOUOOTE
TG vo. To PeAtidoovpe, eite aAAdlovtog KA v oyedioon pHog eite ypaeovog

KATmG 10 EEVTVOL TOV KMOTKOL LLOLG.

3.3.4 Mewovektipoto PEATIOTOTOINONG TPOYPARNATOS

Kdamowo Pacwd pelovektiuoto g PeATiotonoinong mpoypapUaTos Tov TPETEL VO

&yovpe VoY pog givar ta €ENG :

e H PeAltiotomoinon umopet 11 TEPIGGATEPES POPEG VAL EMPEPEL KAVOVPYLOL
mpofAnuata kot whavd cpdipota (bugs) mov vo unv eivar toco e0Koin n aviyvevon
tovc. Me dAha Adylo, oty mpoomdfelo pog vo kdvovpe KAtL PBEATIOTO pmopel va
KOTOGTPEYOVLE TNV OOUT] TOV TPOYPALUOTOS LOG ETPEPOVTAS AALN TpoPANUaTa. AVTO
cupPaivel kuplowg d10TL Y va yiver pia Pertiotomoinon ypetdloviar aAlayég oTov
KOO, TOL Oev EAEYYOVTAL apKETA Yia TNV opBoTNTa Tove. [lepiocdtepo ehéyyovtar av
npaypatikd Ponbodv oty Peitictomoinom. Emopévmg, Aoyikd cedipota pmopodv

€0UKOAO VO TPOKVWYOLV.

e H PeAltictomoinon pnopet cov amotélecua va Lag dMGEL EVOL TEAKO
dVoAVAYVMOGTO KOl AMYOTEPO GLVINPNGIUO KOJIKA amd Tov apykd. [a mapdaderypa, 1
gbpeon tov n-ootov apBpov fibonacci givar éva yvowotd mpoPAnue wov pmopel va
YPOQTEL  XPNOUOTOIDOVTAG OVOOPOUIKO OAAG Kot pn-ovoadpoptkd tpdmo. XT0

GLYKEKPIUEVO TPOPANLUA, 1 avadpoUn OiVEL £vol O EVAVAYVOGTO KMOOIKN TOV £V Lo
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KOVIQ OTOV HOONUOTIKO TPOTO OKEWYNG EMIAVONG TOV CLYKEKPIUEVOL TPOPANUATOC.
[Mapora avtd Op®S, 0 PUN-0vadPOUKOS TPOTOG OV OEV Eival TOGO EVOVAYVMGTOS, Elval

mo PérTioTog.

o [loAAég popég umopel va TETVYOVUE GTNV AENCT TNG TAXVTNTOG TOL KMOTKOL [E
OVTIKTUTTO OUM®G OTNV EMEKTOGILOTNTO KO ETOVOYPNOHOTOINGTN Tov. Avtd cvuPaivel
00Tl 0 KMOIKOG €vOg PeATioTOmOMUEVOL TTIPOYPAUATOC GLVROME eivan apKeTd To
nepimlokog Kot akataraPiotikog and ot eivorl xwpig Petiotonoinon. Avtd pmopodpe
VO TO TOPOTNPNCOVUE KOl OTO KEQAAOo 4 Omov Bo dovpe dPopéS otV emidoon
OLPOP®Y  TPOYPOUUATOV. AV TOPATNPTICOVUE TOVS GLYKEKPIUEVOLS KOJIKES, EVKOAN

UTOpOVLLE VO TPOGEEOVE TNV S1OLPOPAL.

¢ H BeAltictomoinon 1ov kddka 6g £va AELTovpytkd GUGTNL UTopEel va
YEPOTEPEYEL TNV ATOS0CN TOV G€ €va GAA0 Agttovpykd cvuotnua. Eva mpdypappa e
Windows, umopei va yepiletor dtapopetikd Kamoleg Aettovpyieg amd TAevpdG VAKOD

(hardware) and 6t1 éva Tpodypoppo oe Linux.

e H BeAtiotomoinon mpoypdppatog eivar pia xpovoPopa d1adikacio Tov ToAAEG
QOPEG €XEL GOV AMOTEAEGLOL TNV ONUIOVPYIN KOOIKO 1N KaTavonTov. [ mapdaderypa, ov
xpMNoonoovue Eva adydpiBpo tagvounong énwg avtdév tov bubblesort [12], ciyovpa
0 KMOIKOG TOV CLYKEKPLUEVOL aAyOp1Bpov lval apKeETA MO amAOG Kol KOTOVONTOG GE
ovykplon e avtovg tov quicksort [12] ko tov mergesort [12] mov sivor OU®OC 7o

BérTioTol.

‘Etor  mpotoh mpoympnoovpe o€ TETOOVG LYNAOUG OTOYOVG, OmMG elvar 1
BeAtiotomoinon mPOYPAUUATOS, TPETEL TPMOTO VO, CKEPTOVUE TOLG AOYOVLS Y10 TOVLG
omtoiovg eMBLIOVUE VO BEATIGTOTOUCOVE EVa TPOYPOUULO KOL OV TPOYLOTIKA HTopEt

VO LOG TPOCPEPEL KATOL0 OPEAOG.
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3.4 Ewoniosig pertictomoinong kMoka

[Tpwv Eextvnoovpe TV avo@opd 6e SLAPOPES EI0NYNOELS Yo BEATIOTOTOINOT KMOOIKA,
opeilovpe va tovicovpe OTL dgv LIAPYEL KATOOG OmMOALTOS 0dNYOS, HE TPOTOLG Yo
Bedtioon tng emidoong evog mpoypdppatos. Avtd coppaivel AoOyo twv Sidpopwv
EQOUPUOYADV TOV LIAPYOVYV KOl TOV SAPOP®V YPovoPOpmv onpeiwv mov pmopetl vo
neprapPdvel n kobepd, Kabmg Kot SPOPETIKAOV YOPAKTNPIOTIKOV GTNV EMIO00T).
Enmiong, n emidoon owpéper amd hardware oe hardware (viwkoé H/Y) xor amd

AELTOVPYIKO GUGTNUO GE AEITOVPYIKO GUGTNLOL.

Emiong mpémet va avapEpovpe Tog T0 KAADLTEPO OTAO OV £)EL KATOL0G/KATOL0 OTEVOVTL
otV PeAtiotonoinon kdowa ivor 1 fabid yvdomn Kot epmepio mov KoTéYEL, 0G0 0Popa
™MV YAOGGO TPOYPUUUATICHOV 7oL  ypnotlponotel. Oco kaAdtepa yvopiler ta
YOPOKTNPIOTIKA TNG GLUYKEKPIUEVNG YADGGOS TPOYPOUUUATICHOD, TOGO KoAvtepa Oa

TETVYEL TOV GTOYO TOL oV emtBupet v Peltictomoinon.

21 endpeVo VITOKEPAANLO Ba d0VLE KATOLES E10NYNGELS PEATIOTOTOMGELS TOV 1GYVOVV
Yy TV YAdooo Java (pog kot givol aut 1 YAOooH oL YPNCLOTOWONKE Yoo TNV
EKTTOVIOTN aLTNG TG epyacioc). ['a v dpa og dovUE KATOLES OO TIC O CNUOVTIKEG
EI0MNYNOELG O YAMOGES TPOYPUULATIGHOD TOV YPTCLOTOIOVV TAPOUOI0 CUVTOKTIKO [LE

v Java (C, C++, CH#, k1)).

o Av pio ék@paot enavoAdpPAveETOL 68 TEPICCOTEPO A0 £Vl onpeia, TNV
eKTEAODUE UOVO oL GOpPA Kol amofnkevovpe To amotéAespo. Avtod eival Wwitepa
YPNOWO O€ TEPIMTMGELS OOV Exovue loops (emavainmrikotg Ppoyyxovc). Etot, dev Ha
ypedletar kKaBe @opd va vroroyiletor To amotéAecua oG Ekepoaons péca oto loop.

[Mo mapddetypo, o KOOKOC:
int i:
for (i = 0; 1 < array.length; ++i)

Ewéva 3.3: Ilapaderypo Koppotiov KOKo,

umopet va avtikotaotadel and tov
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int i;
int length = array. length;
for (i = 0; i < length; ++i}

Ewova 3.4: Mapaderypo koppotiot KOSKA

[Mapoépora, givor KoAd vo amo@edyovpe v OMA®on dpdpwv PETAPANTOV HECH GTO
ompa gvog loop, 00Tt Y kKaOe emavdinymn o decpeveton Eavd Pviun Yoo QVTEG TIG

peTaPAnTéG.

o Ot éleyyol OV YIVOVTOL GTOV KOJIKO oG IVl GLVETO Vo SoKOTTOVTOL OGO TO

duvatd mo ypryopa. ' mapdoetypa :

if  conplicateCalculationsdxy && {x > O0) )

Ewova 3.5: Mopdderypa koppotiot KOSIKO

pumopel va ypagtel o¢ :

if ¢ (x > 0) && {complicateCalculations{xd)y )

Ewova 3.6: [Topaderypo Koppotiot KOoko

Anradn, pmopovpe va gkpetalievtovpe to short-circuiting (lazy evaluation) [7] mov
TPOCPEPOVY Ol TEPICCOTEPEG YADOGCEG TPOYPOUUATIGHOD. XTO 7O TOVE® TOPASELY O
umopovue va avoBdiovpe v KANon g cvvdptnong complicateCalculations xou vo,
eréyEovpe mpdTa av X > 0. Av avtd amotiundel o false tote Aoyw lazy evaluation dev
Ba kaieotel  ovvapmon/uébodog complicateCalculations. 'Etol, yMtdvoopue and 1o
KéAeopa aTng TG cuvaptnonc/pedddov mov pmopet va Emapve apketd ypdvo LEpt va.

LOG EMECTPEPE KATOL0 OMOTEAEGLAL.

[Tapdpota, 0 To KAT® KOOKG :
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negativelnputFound = false;

for {(int i = 0; i < coumt; i++) [
if {input[i] < Oy [
negativelnputFound = true;

H

Ewova 3.7: Mopaderypa koppotiot KOSKO

umopel va avtikataotadel and tov

negativeInputFound = false;
for (int i = 0; i < count; i++) {
if (input[i] < Oy [
negativeInputFound = true;
break;

}

Ewova 3.8: Mapaderypa koppotiov KOSIKO

Agv givor amopaitnto va mpoomelactel 0AOKANPO To loop av €yovue PBpel avtd mov
YAYVOLLE, £TCL UTOPOVLLE VO YAMTMOOVUE KATO10 XpOVO SLOKOTTOVTOS TNV EKTEAEGT TOL

loop pe v evtoAn break.

o Mepuwég opég givar duvath 1 emttdyvvorn) evog loop EAaTT®VOVTOG TIC
EMOVOANYELG TOV. AVTO pmopet va yivel pe to Aeydpevo loop unrolling [1,9,17,18,19,21]

(EeroMypa Bpoyywv). o mapddetypa, 0 KOOWKOG :

for {int i = 0; i < ;odi++y I

sum = sum + i;

Ewova 3.9: Iopaderypo Koppotiot KOokao

umopet va Eavaypaptel o¢ €ENG :

21



for {int i

sSum
sSum
sSum
sSum
sSum
sSum
sSum
sSum

}

Sum

Sum

Sum

Sum

Sum

Sum

Sum

Sum

+ + + + + + + + -
H H H R R R R R R
+ + + + + + + - I
R-
Il
"
+

Ewéva 3.10: Hapddcrypa koppotiov KOSK

omov 10 loop Oa extedeotel 65536/8 Popéc. “Oumc katl T€TO1EG TEYVIKEG TIC EKTEAOVV

avtopata ot onuepvoi compilers. TTaAaidtepa dpwe, Ba kKéEpdLav Kdmolo xpovo, £6T®

Kol OUEANTEOD.

o Y& KAmoleg YADGGES TPOYPAUUATIGHOV O TPOTOG amofnkevong Tvak®my givoe
Katd ogpd (row-major). Aniadn, av €yovue éva dvcodldotato mivako a, TOTE TO
otoyeio Tov Ba puAdyovtav wg ENg : a[0][0], a[0][1], a[0][2], kTA kot 6L cav a[0][0],
a[1][0], a[2][0] (column-major). Emopévmc, éxovtag avtd vmoyn poc, Ogv TPEMEL va

Kkévovpe aokomeg evarlayég TV loops, aoy€Tmg av pag didovv to 1010 arotéieopa. T

TopdoEyud :

for {(int i
for {(int j = 0; j < ;o j++y I

H

Sam =

;1< ;oi++d I

sum + array[il[3il:

Ewova 3.11: Tlopaderypno KOppatiod KOIKA,

Ogv TPEMEL VoL YPAPTEL O :

for (int

}

j=
for {(int i = 0; i <« ;oi++d I

SUm

F poa++r I

sum + array[il[il:

Ewéva 3.12: ITapddcrypa Koppotiov KOSK
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oV YPNOUYLOTOIOVUE L YADGGO TPOYPOUUUATIGLOD TOL OToONKEVEL GE TOW-MAajor TOLG
mvakeg e, 00Tl awtd Ba NTav mo ypovoPopo. O Adyog eivor OTL oMV TPOTN
nepintoon to otoyeion o TPOGTELAGTOVV LE TOV TPOTO TOL OVTA Eivol OLLOOY KA

amOONKELUEVO BTNV VNI, EVO GTNV OEVTEPT] OYL.

e Av yvopilovpe amd To YOpAKTNPIOTIKA U0 YADGGOS TPOYPUULATICUOD, TOLES
EVIOAEG M €Toleg peBddOVGUVOPTNGELS €ivorl To @ONVEG o KOGTOC, o€ GUYKPIOT e
Kdmoleg dAdec mov emteAovv mopduola N TV 01 epyacio, TOTE £ivan KAAVTEPO V.

YPNCLOTOLOVE OVTES TOV KOOTILoVV ArydTEPO.

e  Mia dAAN koA TaKTIKY] Yo BeATioTonoinom eivat va amofnkevov e KAToleg
TIWEG, TTOL YpnotpoTotovvTal Eava Kol Eava Katd TNV SIPKER TOV TPOYPALUATOS HLOGC.
o mopdoetypa, OTIC OVTIKEWLEVOOSTPUPELS YAMOOEG VITAPYOLV £TOLES HeBdOOL oV
vrohoyifouv to péyebog evog apyeiov. H kinon avtdv tov peboddwv kpvPet Kdmolo
k6otog. Emopévac, olyovpa givor kaAdTtepa va KOAEGOVUE L0 POPA TNV GUYKEKPIUEVT
puébodo kol vo amofnkevocovUE TNV TWN NG GE o UETOPANT KOl EmMETO Vo
YPNOOTOGOVLE OVTY| TNV HETOPANTY, Topd vo KoAoOue kdBe @opd tnv ido v

pébodo.

e M teyvikn Pertiotomoinong eivat to Aeyouevo loop hoisting [18]. Avtr givan
pio TeVIKN 0mov Kamown emnpocOeta-mieovalovta ototryeia amd Eva ecmtepkd loop
petagépovior oto eEmtepkd loop. BéPata, dev eivor mavtote amapaitnto va €yovpe

eEwtepkod ko eowtepkd loop. [Na Tapddetypo, o KOOKAG :

for (int i = 0; i < Mi; i++)y [
if (firstFlag && secondFlag) {
dolneThing{i);
} elze if (firstFlag &% thirdFlag) [
dofSomethingElse{i);
1 elze [
doTetbinother Thing(i);

H

Ewova 3.13: TTopadrypo KOppatiod KOIKa,

¥pMNOIOTOI®VTAG TNV 1€ ToL “hoisting” (avdymong) pumopel va ypoaptel og 6N :
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if (firstFlag &% secondFlag) {
for (int i = 0; i < Max; i++) [
dolneThingdi);
H
1 elge if (firstFlag && thirdFlag) [
for (int i = 0; i < Max; i++) [
doSomethingElse{i);
H
} elge {
for (int i = 0; i < Max; i++) [
doTetinotherThing{i);

Ewova 3.14: Tlopaderypno KOppatiod KOIKA,

270 70 TAVE KOJKA GLYKEKPIUEVE Exovpe kdvet “hoist” (avdiywon) ta “if” statements
(NAdoelg) £€m amd to loop kot tomobetnoape o kdbe “if” statement T0 CLYKEKPIUEVO
loop statement. Xt0o mp®dTo moapddetypo kddwka (ewova 3.13) Kabe popd mov exteheitan
10 loop statement mpémel vo amopaciotel molo amd to “if” statements mpémel va
EKTEAEDTEL, 0100VTOG KATO0 EMTPOGHETO KOGTOC VTN 1 amdPACT GE KAOE ETAVAANY.
210 0e0TEPO TTOPAdELYHO KMOKA (gkOVa 3.14) avtd T0 KOGTOG 0V LILAPYEL TAEOV OLPOV
eEaoparilovpe mpdta molo “if” statement Oa ektedeotel kot Enetta exkteAeiton To loop

statement.

o Tlapd tn xpnom TV TEAEGTOV NG SLoipESNS Kol TOV TOAAATANGLOGHOD (TOV
KOOTILOVV TTEPIOGOTEPO OO TOVG TEAECTES TNG TPOGHESNC KO TNG 0paipESNC) €lvarn To
BéATIOTO VO YpNOLOTOMGOLLE TOVG avTioToryovg shift operators (apiotepng kot de&Lag
oAioOnong tov bits) yio aképatovg mov givor duvdpuels tov 2. o mapddetypa, x >> 2
umopet va ypnoomomBet otn Béon tov x / 4 kot 10 x << 1, umopei v avTIKOTAGTHoEL
0 X * 2. YrGpyovv Kol TEPIMTMCELS TOV UTOPOVUE VO ATOPVYOVUE TNV YP1OT TOL
TOAMOTAQGIOCUOD KOl TNG OiPESG KOl VO YPOUOTOGOVLE TEAECTEC TOL £Vl TTLO

BéATioTol dmwg 1 mpdcbeon ko | apaipeon. o Tapdderypa, o KOOKAG :

for{i=0; i<10; i++y [
printff"sdyvn" , i*10d;

Ewova 3.15: Tlopaderypo KOppatiod KOIKa,

umopel va ypotel og e&Ng :
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for{i=0O; i< ;odi+=10y |
printff"sdvn" , ix;
1

Ewova 3.16: TTopaderypno Koppatiod KOIKA,

3.5 Ewonyosig fertioromoinong k@owko o€ Java

Ag dovue thpo kol KAmOleg €lomnynoels Peitiotomoinong kmdwo o Java. Na
ONUEWOOOVUE OTL KATOLES amd TIS E€OGNYNOES MOV TPoTEivovtal €d® Ba Tic dodue
AVOALTIKOTEPA 0TO KEPAANL0 4, OOV Bl d1e&ayBovV Kol TEWPAUOTIKES LETPNOELS LLE TNV

xpnon evog profiler.

e 'Evo moAd onpovtikd onueio 660 apopd tv enidoon oty Java givot to yeyovog
ot ta strings (ovpPoroocelpéq) eivar apetdpinta [7,10,20] (immutable). Avtd onpaivet
0Tl émetta amd TNV dnovpyia tovg 6ev aAralovv moté. I'a Tapdderypa :

String str = "Hello";

str = str + " world!";

1o string “Hello”, poig dnovpyndel dev aAralel, dpumg n avagopd (reference) oto
string pmopet va aAAaEeL. Apykd, To str delyvel oto “Hello”, opwg émetta deiyvel o€ Eva
Kovovpylo string mov dmpovpyeitol amd v cvvévoon tov st pe 1o “ world!”. H
cuvévoon aut) yivetor pe tov vrepeoptopévo (overloaded) tedeotn “+7 [7]. Kdébe
(OPA OV YPTCILOTOIEITOL O TEAESTNG “+” Y100 cuvEvwon strings, o compiler g Java
YO VO KAVEL TNV GLYKEKPLUEVT] CLVEVMGON, Onpovpyel €va ovtikeipevo (object)
StringBuilder. O StringBuilder ypnowyonoteiton yioo onpovpynoet (“kticer”) 1o string
(oto mapdaderypa, 1o str). Kabe @opd mov ypnoipomoteiton o tedeotng “+7 yiveton
append (npocaprtileTar) oto string, 1o string mov Ppickerar de&d Tov TeEAecT “+” (0TO
mapadetypa 1o “ world!”). Otav yivouv OAec o mpocaptnoels, énetta o StringBuilder
KaAel ™V péBodo roString() yio vo mapoydei To véo string. AkolovBel Eva mapaderypa
KOdKo 6mov dmpovpyeitol éva string pe 6vo tpoémovs. O €vag tpodmog eivor pe Tov

tedeot “+ kot o dALOG pe tov StringBuillder.
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public class TWhitherftringBuilder [

public String implicitc{Stringll fields) {

String result = "";

fordint i = 0; i < fields.length;
result += fields[il]:;

return resultc;

}

public Btring explicitc{Stringll] fields) {

i++)

StringBuilder result = new StringBuilderd();

fordint i = 0; i < fields.length;
result  append{field=s[i]);
return result. toStringi);
H
| B

Ewéva 3.17: Hapdderypa kodwka [7]

i++)

Av kévovpe decompile tov mo whve kMO [LE TO EpYaAEio javap mov gival LEPOG TOv

JDK [7] wg¢ Java, o6idovrag v evioAn javap —c WitherStringBuilder, 16te Ba

nmapaybodv ta JVM (Java Virtual Machine) bytecodes [7,10] . Ta bytecodes tng Java

elvar kA1t 160060vapo g yAdooag assembly. Ag dovue Aowmdv ta bytecodes yia tnv

pébodo implicit() (ewdva 3.17) oy omoia to string dnuovpyeitar pe Tov teleoctn “+.

public jawa. lang. String implicit{java.lang. String[1);

Code:
S lde g2, f/8tring

astore_2

iconst_0

istore_3

iload 3

aload 1

arraylength

if_icmpee

new §3; ffclass java/lang/StringBuilder

dup

invokespecial f4; f/Method javas/lang/3tringBuilder.

aload 2

invokevirtual #5; f/Method java/lang/StringBuilder.

aload 1
iload 3
aaload

invokevirtual #5; f/Method java/lang/StringBuilder.
invokevirtual fe; f/Method java/lang/StringBuilder.

astore_ 2
iine .
goto
aload 2

areturn

Ewova 3.18: Bytecodes ped6dov implicit() [7]
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append: (Ljava,lang/String: ) Ljava/lang/StringBuilder ;

append: (Ljava,lang/String: ) Ljava/lang/StringBuilder ;
tolftring: () Ljava/lang/String;



Ot ypappég 8: kar 35: (ewkdva 3.18) amotelovv €va loop. To onuaviikd mov Tpémetl vo
npocEEovpe €00 eivat 0Tt 1 dnuovpyia evog aviikeyévov StringBuilder (ewdva 3.18,
ypopp 15:) yiveton péoo oto loop, mov onuaiver 0t KGO @opd mov yiveTon
npoonélacn Tov loop Ba maipvoupe éva kavovpylo avtikeipevo StringBuilder. Amo v
GAAN, N pébodog explicit() (ewdva 3.17) kdver ypfion tov StringBuilder. Ag dovue

Aowmdv kan ta bytecodes g pebddov explicit() :

public java. lang. String explicit{jawva. lang. Scring[1);
Code:
new §3; f/clazs java/lang/StringBuilder
dup
itwvokespecial  f4,; S/Method jawa/lang/StringBuilder, "<indt:": ()7
astore_Z
iconst 0
istore 3
iload 3
aload 1
arraylength
if icupge
aload 2
aload 1
iload 3
aaload
invokevirtual  §5; S/Method jawa/lang/StringBuilder.append: (Ljava/lang/String; ) Ljava/lang/StringBuilder;
pop
iinc .
goto
aload 2
invokevirtual  fo; S/Method jawa/lang/3tringBuilder.toBtring: () Ljava/lang/String;
areturn

Ewova 3.19: Bytecodes pe0éoov explicit() [7]

Ed® mapatnpovpe 01t 0 kddKag tov loop givor mo pikpog (ewdva 3.19, ypopupés 13: pe
27:) o ovykpion pe mpw. Emiong, n onpovpyia tov avtikeyévov StringBuilder yiveton
poe eopd (ewova 3.19, ypouun 4:) kot oyt péoa oto coua (body) tov loop. Etot,
COQPAOC YMTOVOVUE OO TNV OAOYIGTH ONUIOLPYIO OVTIKEWWEVOV, TOL €ivol GTOTAAN
YOPOV, WWNUNG Kal kOGTOVS 6ToV garbage collector (“okovmddpn™) [7] mov Ba Epbet
énerta vo. GVAAEEEL avTd T avtikeipeva. Emopévog, o mo Bértiotog Tpodmog Yoo va

onuovpyovpe string péca o€ loops givar pe v yprion tov StringBuilder.
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Anuovpyovtag éva avtikeipevo StringBuilder, av Eépovpe and mpv to péyedog tov
string mov Ba dnpovpynBel, Kadd ival va TO YPMNCIULOTOMGOVE KOTA TV KATOGKELY|
tov. [ mapaderypa av EEpovpe 6Tt Ba Exet 40 YopaKTAPES, UTOPOVLE VAL YPAWYOLLE TO
e€Ng : StringBuilder sb = new StringBuilder(40);

"Etot dev Ba yperaleton va yivetal avampocsapproyn tov peyédovg tov StringBuilder ke

@opd Ko cov amotédespa ) xprion tov Ba yivel axodpo mo ypryopn.

e YV String class (kKAdon) eivor mpotidTEPO M YPNOT TS ETOWUNG HeBdOoV
charAt() évavty tng startWith() [20]. H startWith() moapéyel Tv duvatdTTo ETGTPOPNS
true (aAn6<c ) 1 false (Wwevdéq), av €va string Eekvd e Pio GLYKEKPLUEVT] LITOOKOAOLBTa
string (substring). Amd mAevpdg emidoong m startWith() KOvel OPKETEC CLYKPIGELS
potoV eTolaotel vo cvykpivel To wpdBepa (prefix) g pe éva dAdo string. 'Etot,

EMOUEVAG AVTL Y10 TO TTO KAT® :

if {=.startswith("a"y 3 {
/¢ Do something here
¥

Ewéva 3.20: Hapdderypa koppotiov kadwka [20]

elvar TpoTdTEPO 10 EENG -

if {"a" == s.charat{0}) 3 {
A/ Do something here
I

Ewova 3.21: lopaderypo koppatiod k@dwka [20]

Omov M charAt() eEMGTPEPEL TNV TYN TOL YOpaKTNP 6TV BEom Tov Ba g opioTel.

e Eivol mpoTtitdtepo Vo amoevyETAL 1 ONLOVPYI0 AVTIKEILEVOV EKTOG KO OV
arouteiton [20]. T mapaderypa, avti yuo v ONAmon :
Date myDate =new Date();
if {requiredCondition’ {

A usemyDate
I

Ewova 3.22: Tlopddctypo koppatiov kKoowke [20]
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umopovue vo dONA®oovue to aviikeipevo Date péco oto “if” statement, £161 dote va
amo@lhyovpe TV dnpovpyia Tov ce mepintmon wov to requiredCondition eivon false.

Emopévog, Ba éxovpe to e&NG :

if {requiredCondition’{
Date myDate =new Date();
S use myDate

¥

Ewova 3.23: Tlopddciypo koppatiov koowke [20]

e Eivail kaAd va amo@evyetol 1 AoKOTT ONpiovpyic Tov 0100 avIIKEUEVOD dVO

@opég [20]. Tho mapaderypo, 010 aKOAOVOO KOUUATL KOJIKO, :

public class ={
privatevector v = new Yector();

public =
v o= new Yector),

¥
¥

Ewova 3.24: Tlopddciypo koppatiov koowke [20]

o compiler onpovpyel Tov akdAovB0 kMO Yo TOV constructor (KOTUCKEVAGTY)) :

public =) {
v = new Yector();
v = new Yector();

¥

Ewova 3.25: lapaderypo koppotiod kddwka [20]

Otnmote £xel dnuovpyndet cav field (nedio) pog KAdong, 0 KOdKaAG TG dNUIoVPYiG
tov avtopata (by default) petapépeton otov constructor. Emopévmg, av €yet yiver nom n
onuovpyia evog avrikelpnévov cav field pog kKhdong, tdte mpénet vo amo@vHyove TV

€K vEov ompovpyio Tov 6tov constructor. Emopévmg, o kddkag g wkovag 3.24 propel

va ypoptel og eENg :
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public classx {
privatevYectaor v;

public =) 1
v = new Yector),

¥
¥

Ewova 3.26: lopaderypo koppatiod k@dwka [20]

o Av &€poupe ek TV TPOTEPWV TOGO givor To péyeBog piag ETolung Sopng
dgdopévov mov Béhovpe vo  ypnowomomcovpe (my. oG Aotag, €vOog mivoka
katokeppatiopov [12]) tote elvar mo PEATIOTO va YPNGUYOTOU|GOVUE OVTH THV
ninpogopic. O AdYyoc eivor 7y  OomOPUYOLUE TNV OLTOUOTN EMEKTACT] KO
OVOTTPOCOPUOYN TNG CVYKEKPIUEVNG OOUNG OEdOUEV@V, e OTOYO Vo pmopel va oeyOel
Kot GAha otoryeio. Avtd €xel KOO0 KOGTOG KOt 0V UTOPOVUE VO TO amo@vyovpe Ba

NTaV TPOG OPEAOG LaG, OTMC £xel avapepBel kat mo mhve Yo tov StringBuilder.

o Ot synchronized (cuyypovicpéves) pebddot ¥pnoiomoloHvTal GToV
npoypappotiopd thread (vnudtov) [7,10]. Otav Béhovue va ddcovpe oe pio. péBodo
amokAgloTiky  mpdoPacn o éva  otiypidtomo  (instance)  avtikeyévov  ToTE
y¥pNoonoove Tpoypaupoticpud pe threads, étor dote m pébBodog va pmopel va
EKTEAEGEL TIC KATAAANAES EVNUEPADGELG OOUMV dedopévav, yopic v mapéupacn ard
dAlo threads. Tétoleg pebdSor eivor mo apyég amd T ovvnbiopéves (un-
GLYYPOVIGUEVEC), AOY® TOL KOGTOLG AYNG €vO¢ lock (KAEOMUOTOG) GTO OVTIKEIHEVO
g pebdoov. Enopévag, givar Koahd vo 1o éxovpe vmoyn pog 6tov mpoypappotifovpe
yopic v ypnon thread (single-thread) 1 6tav ypnowonoodpe Collection classes [7]
(LinkedList, ArrayList, Vector ktA.). ['la mopaderypa, To Vector class eivan thread-safe
[7,10] eved to ArrayList dev eivar. Opwg, to yeyovdg 6t to Vector eivar thread-safe tov
Tpocdidel emmpocheto KOGTOG oTNV £midoot. Emopévmg, av dev mpoypappartiCovpe pe
oKomd TV dnpovpyio vOg TPOYPAUUATOS TOV Vo, Kavel yprion threads, pmopodpue va

ypnooromcovpe to ArrayList avti tov Vector.

e  Onwng &xer avapepbel mo mhvw to ArrayList £xet ArydtEPO KOGTOG OO OTL
t0 Vector. Avto 10YVEL YEVIKDOG LETOED TMV ETOIUMV OOUMY OEGOUEVIOV TTOV TPOGPEPOLV
ol avTIKEEVOSTPaPElS YAdooes. Enopévac, kamolog/kdmota mov BéAel va aoyoAndel

pe v Pektiotonoinon kdowa, kadd Bo Ntav va pdbel teptocdTEPEG AETTOUEPELES YO
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KOs pio omd oVTEC Kol Vo OEL Ol TOV GULUQEPEL. XTO KEQAAalo 4 Oa dovpe mo

GLYKEKPLUEVA, dLOpOpES otV enidoon peta&y ArrayList kon LinkedList.

e EmmAiéov, sivar kaAd eniong va yvopilovpe kot Tt €idovg pnedddovg
wpocépel N kbBe KAGon. Ta mapddetypa n String class, £yet v pnéBodo charAt(), mov
€yovpe O€l Kat To TAve. Av €xovue €va PEYAAO string, avti Vo YP1CLLOTOMGOVLE THV
charAt() yio va Bpodpe v Tiun evog YopaKTipo LEGH GTO string, eival KOALTEPQ VA TO
petatpéyouvpe oe otatikd mivaka and yapoktnpes (char[]). ‘Etol, pmopodpe va povpue
v avtiotoyn Béon mov OBa avalnroboope pe tov charAt() péca otov mivako omd
YOPOKTNPES Kot va. Bpodue v emBount) tun mov avoalntovpe. O mivakog ovtog

umopel va ompiovpynOel pe tnv éroun pnéBodo g String class, tnv toCharArray().

Ao mapddetypa, elvar m ypnon tov System.arraycopy() [7,10]. Avty sivon pio
1EB0S0G OV TPOGPEPEL Eva TTO OTOOOTIKO TPOTO Y10 AVTLYPAPT] T®V GTOXEIWV £VOG
nivoka o€ éva GALO, EvavTl GAAOV TEXVIKOV OTmO¢ eivar n xpnon &vog “for” loop. T
mapadetypa, av €xovpe dvo mivakeg, arrayl kou array2, pnxovg N kot 0élovpe va
avtiypdyoovpe to. otoyeie tov arrayl oto array2, ypagovpe 10 €ENG
System.arraycopy(arrayl, 0, array2, 0);

Mo moAD pkpovg Tivakeg OULMG, 1 XPNOT ALTAG TS LEBOJOL PTopel va PNV evoeikvoTal
AOY® TOoL 1010V TOL KOGTOVLG OV VIAPYEL 6TO VA Yivel 1 kKANon g pebodoov Ko va

eleyyBovv Ko ol TOPAETPOL TG,

e O xoAVTEPOG TPOTOG e ToV omolo umopel va yivel Bedtiotonoinom g enidoomng
TV 16600V Kot £60wV (input/output) otnv Java givon pe o Aeyduevo buffering [7,10].
To buffering mov Aettovpyet Pacilopevo oV 10€0 TNG EVOLAUESNG VALY, ETLTPETEL TV
amobnkevon TV 1000wV Kot e£00mV g peyarvtepa koppdtior (chunks) avti ywo éva
yopaxtnpa 1 byte (yneoAé€n) kabe eopd. Avtd pmopet va mai&el onpovtikd poro otnv

enidoon. Aentopépeteg yuo avtd Ba dode 6to KePhAato 4.

e  Ortav dnovpyeitol Eva oTYOTVTO piag KAAONGS, YiveTal apyikomoinon tov
petafintov [10]. Ot petafintéc dpmg mov eivor dnAopéves cav static (GTATIKEG)
ypedlovtatl va apytkomotnBovy Hovo po opa Kol ETELTA YPNCILOTOIOVVTIOL YWOPIG Vo

emovoineBel ava mn  apywkomoinon tovg. H dwpopd petad tov dvo OOV
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aPYIKOTOINONG (CTUTIKAOV Kol UN-0TATIKAOV), umopel va mai&el Kaboplotikd polo otV

enidoon. Avtd Ba yiver mo Egxdbapo 610 Ke@aAmo 4.
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4.1 Ewayoym

¥’ avtd 10 KeQdAoo Ba yiver 1 mopovsioon g pebodoroyiag mov ypnoipomodnke
YL TV omomEPAT®OOT aVTNG NG epyaciag. ITio cuykekpéva, Ba dovue mepiocdTEPEg
Aemtopépeleg ywoo to g Asrtovpyel o profiler tov Netbeans IDE 6.5.1 [15] o
TOPOVGIOoT TNG AETOVPYIOG TOL GUVTIOKTIKOL OVOALTY] KABMG Kol TEPLYPOPN TNG
viomoinong tov. EmumAéov, Ba yivel mapovciaon kol vog epyoieion TEUAYIGUOD TOV
SVOTVYMDG OEV TPAYULATOTOMONKE 1) GLVEVMOOT] ToL G° avth Vv gpyacio. Téhog, Oa
oeEaybodv mepapotikég petpnioelg (pe v yxpnon tov profiler) Pdon tov mo
ONUOVTIKAOV E0MYNCEMV TOV £yvav 6T0 KeEPAAao 3 yio PertioTomoinomn kmoka. Ot
ovykpicelc Ba yivovron avé (ebyoc apyeimv, mov Avvouv 10 1010 TpdPAnuUa pe BEATIOTO
Kol pe un-Pértioro tpomo kol Bo dovpe TIG O10pOPEG GTOV YPOVO EKTEAECNG KOl TMOV

dvo.
[Ipémel va ava@Eépovpe OTL 1| YAMGOO TPOYPUUUATIGHOD TOL £YEL XpNolomoinel yuo

TNV VAOTOINGY TOV GUVTIOKTIKOV OVOALT] KOl TO TPOYPAUUATO TOV  £YOLV

xpnoonomBel yio avéivon g taxdTnTog Toug pe tov profiler, £xovv ypagtel oe Java
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[7]. O Abyoc emroyng tng Java eivor d10TL dbBéter €toun Pipfrodnkn koavovikdv
exppacenv (regex) mov €xel ypnowpomomBel yio TV LAOTOINGT TOV GUVTOKTIKOV
avaAvt. Emmpocheta, to Netbeans IDE, propel va pog mpoceépet £va €too built-in
(evoopatopévo) profiler yua profiling Tpoypappdrov ypapuéva oe Java. Emmiéov, and
TOAOTEPEG OIMAMUATIKEG EpYaCieg £xovv yivel Tpoomdbeieg dnovpyiag evog slicing
tool (epyareiov tepoyiopod kddka) kdvovtag mhAl yprion g YAdccas Java. Tomg po
peAlovTiky TpocOnkn 6° avtd to gpyareio, vo glvarl 1 EVGOUATOGN TOV GUVTAKTIKOD
avoAvt mov €xel mopaybel Y TG ovAYKES OLTAG TNG OWMAMUOTIKAG EPYOCLOGC.

Axolovbel éva oyedidypappo g pebodoroyiag :

xpovoPopo uéBodog BeltioTomomuévo TpdypappLe
Profiler
A
TOVTOKTIKOG Ypouuh 1 wetaBhnei Epyoieio Eneepyaoio
’ T A ’
Avoivtg EHUYIOHOV cuppikvooT KGBIKa KCO&}K(X Ko
Kaodwa | EloMYNGELS Yo
VYOV
BedtioTonoinon
0V

Xyqpo 4.1: Zyeordypappa MeBodoroyiog

210 oynuo 4.1 PAémovpe 10 oyedidypoppo g pebBodoroyiag mov akoAovOnOnke.
Apyikd, pmopet va yiver n yprion tov profiler mve og éva extehécyo Tpoypoupa Java
KOl VO OIS EVTOTIIOEL TIG 7o XpovoPopeg nebddovg kdmotov mpoypaupatos. ‘Emetta pe
TNV XPNON TOL GLVTOKTIKOD OVOALT] Umopobv va PpeBodv Yoo TV CLYKEKPLUEV
yxpovoPopa pébodo, ot ypaupés Omov vrapyovv petoPAntéc, pali pe to avtiotoryo

OVOLLOTO TOV UETOPANTAOV TOL VTTAPYOLV GE KAOE Ypopun.
211 oLVEKELD, Lo amO QVTEG TIG YPOUUEG ) LeTafANTES (avardywmg Tt Taipvel Gav i6odo

1o slicing tool), pmopel va dobel oto slicing tool. Na onueidoovpe 611 dev givar

amopoiTnTO OpYIKd va ypnowomomdel o profiler. Av o/m ypnomng dev embouel va
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otnpyBel otic peBoddovg oL ivar o ¥PovoPOPES, O CLVTOKTIKOG AVOAVTIAG LITOPEL VoL
TPOocOEPEL Kol GAAES emMAOYEG. AvTég ol emmAéov €mAOYES (eKTOG amd TV EMAOYN
Kdmolag peboddov), ompiloviar otV  €VPECT] KOUUATIOV KMOOKO Tov Bewpovvrtal
xpovoPopa, 6mmwg sivar ta loops (Bpodyyor), recursions (ovadpopEG) Kot 1 ¥PNOT TOV
teheot] modulus (vmdéAowro Owaipeong — ‘%’). Méoca omv euféieln avtadv TOV
YPOVOPOPOV KOUUATIOV, O GUVTAKTIKOS OVOALTIG Y10 OKOMOL i @opd, pmopel va Bpet

TIG YPOUUES LE TIG avTIoTOLYEG LETAPANTEG.

AxoAo0Bwmg, aov 600l | ypapun N petaPfAnt oto slicing tool, avtd pe v GEpd ToVL
avoAoUPAVEL TOV TEUOYICUO TOV TTPOYPAUUATOS. ME TOV TEUOYIOUO, OO OVOPEPOLE
Kol 6TO KEQAAOLO 3, 0 KMOWKOG UIKPOivel (CLUPPIKVAOVETOL) KOl OTOUEVOLV POVO Ol
YPOUUES TOV KMOKO Tov oyetifoviol pe to Kpuriplo mov éxovpe B€oel. Avtég moAD
mhavov vo oyetiCovion pe kAmolo ypovoPOpo KOUUATL, 7oL umopel vo  TOYEL

BeAtiotomoinonc.

2 ovvéyew, aeov pog 60bsl o amotédecpa tov slicing tool, to efetalovue Yo
eviomiopd mhavov Peltiotomocewy Paon TtV €lonynoewv yio PeAtiotomoinon
TPOYPAUUOTOC OV £YOVUE OVOQEPEL OTO KePAAowo 3. Av dev egviomicovpe KATL,
doxpalovpe kot GAAES YpOUUES | GALES EMAOYEC TOV GUVTOKTIKOV OVOALTY] UEYPL VO
eCavtAnoovpe kdbe mbavy TEPITTOON OMOUOVEOONS KMOKO TOL UTOPEl Vo HOG

BonOnoet oto va glonynBovpe kdtt Yo feAtioTonoinon tov.

Téhog, av €yovv evtomiotel onpeio mov pmopodv va TuxoLvV PerticTtomoinong tote
KAVOLUE TIG OmapaiTNTES TPOTOTOWOEL 6TO KOdka pog. Enetta, 1o feltictonompévo
npoypoppo (oynua 4.1), pmopel va emovaypnoyomondel and tov profiler yo va
Slmotwdel av Eyovpe TPAYHOTIKE TETVYEL TOV 0TOY0 Hog. O profiler pumopel vo pog

deiEel av Ovimg €yovpe PeAtudoet TOV YPOVO  EKTEAEONG TOV  GUYKEKPLUEVOL

TPOYPALLLOTOC.
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4.2 Profiler Netbeans IDE

O profiler mov &yet ypnopomombei yia T1g avdykeg avtg g pebodoroyiog, dmmg Exet
non avaeepbei, eivor awtdg tov Netbeans IDE 6.5.1. To NetBeans IDE mepilapfavet
éva woyvpo epyareio yia profiling mov pmopel va pog TPoPOdOTHGEL (YEVIKG MADVTAG)
LE TIG ONUOVTIKOTEPEG TANPOPOPIEC OGO APOPE TOV YPOVO EKTEAEONC TNG EPOPUOYNG
pag. O profiler Tov NetBeans pog emitpémel €dkoAa vo eEAEYEOVLLE TIC KATAGTACELS TOV

threads, v enidoon tov CPU (Kevtpikn Movédoa Eneepyacioc) kabhg Kot v xpnon
™G HVNHNG (memory usage) TNV EPapHOYH KOG,

Mo vo metdyovpe mo akpPn amoteléopato pe tov profiler, Bo mpémel mpdTa va
Kkévovpe éva calibration (mpocapuoyn peTpnoemv) PAGEL TOV AEITOLPYIKOD GLGTHATOC
OV YPNOLUOTOOVUE. AV YPNGUYLOTO|COVLE Y10, TPAOTN Gopd tov profiler, To 1610 10
IDE 0a pog mpotpéyel oto va kdvovpe to calibration. To calibration ypetdletot va yivet
povo o @opd. Opme, av €YOVUE TPAYUATOTOMGEL KATOIES OVGIMOELS OAAAYES OO
Aevpag vVAkov (hardware) mov pmwopovv vor GAAAEOLY TNV EMIGO0T TNG UNYOVIG MOG,
tote av B€lovpe vo mhpovpe mo akpPn omoteAécpoto mpémer vo yivel Eavd To
calibration. Mmopovpe va emavordpovpe to calibration omoldNTOTE GTIYUN
mnyaivovtog 6to menu tov calibration kot emAéyoviag Advance commands > Run

Profiler Calibration. AkoAoO0wc, Oa eppaviotel N To kit 006V :

W Select Java Platfor... E|

Select lava Platform ko calibrate;

10K 1.6 (Default)

Ik l [ Cancel

Ewéva 4.1: Emioyn ektéheong tov calibration

[Matovrag OK, Ba eppaviotel o aGAAn 006vn mov Ba pog emPePaidoet Tog Exet yivel

to calibration (gwova 4.2)
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W Information E

\il) The calibration was successful,

Click. Show Dekails o see calibration resulks,

Warning: IF your computer uses dynamic P Frequency switching,
please disable it and rerun calibration as changing the CPL frequency
during profiling would produce inaccurate resulks,

Ewova 4.2: EmPepaioon 6TL o calibration £yel apaypotomromn0ei emrvyog

Tnv wpdt Qopd mov Ba emyelpricovpe vo kavoovpe profile kdmolo project péca oto
Netbeans Oa gppavictel n wo kbto 006vn (eikdva 4.3) mov pag TAnpogopet 6t Ba yivet

evooudtmon (integration) tov profiler pe to cuykekpéVo project Tov YPNCUYLOTOLOVLLE.

W Enable Profiling of Benchmark

i Profiler is not integrated with project Benchmark.
\l‘) Click OK to perform the integration.

#z part af the integration, the praject build script will be madified.
The original file will be backed up as build-before-profiler ., x<ml.

Moke: ou can undo the profiler inkeqgration at any time by inwoking
Prafile | Advanced Commands | Uninkegrate Prafiler From Ehe main menu,

ook [ Cancel

Ewova 4.3: Ilpotpom) Yo eveopdtoon tov profiler

‘Emerta, pmopovpe vo Eekvnoovpe v dtadikacio yio to profiling evog apyeiov 1 kot
oAOKANpOv project. Ao 115 epyaocieg (profiling task) mov pog mpoceépet o profiler yio
éleyxo (éxovv avaeepbel mo mAve), Yo TIC oavaykeg TG pebodoroyiag pog

YPNOCLOTOMONKE HOVO aLTY TOV £YEL vaL KAveL e TNV emidoor tov CPU.
[Ma va avalvcovpe v emidoon tov CPU kdémowov ovykekpipuévov apyeiov (oto

nmapadetypa pog to Fibonaccijava), o mo amidg tpomog gival va kavoope de&i click

(Tatua) oto apyeio mov emBupove Kot va emdéEovpe “Profile File” (ewova 4.4).
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- [éft BubbleSort.java
|8\ Buffered.java
@ Factarial. java
@ Fackarialopt.java
@ Fibona Open
- [& Initializ  Cut Chrl+
&L Tnitiiz  Copy Chrl4+C
@ Linear?
& Linkedl
& Linkedl
- Jd, Merget RunFile Shift+Fs
@ StringE Debug "Fibonacci.java"  Chrl+3hift+FS
@ SkringE Profile File
@ LUnEuff
@ With, Delete Celete
& Wikho
Save fs Template. ..
E] letterR
+I[H Test Packages|  Find Usages AlE+F7
I8 Libraries Refactor 3
I8 Test Libraries
BeanInfo Editor. ..
File Members Chrl+F12
File Higrarchy Alk+F12
Local History b
Lol Tasks  [5] output Tools ’
Propetties

Ewova 4.4: Profiling éva apyeio

‘Enerta otnv 006vn mov Ba gppaviotel (ewova 4.5), kavoovpe click 6to gwovidlo tov

CPU xo énerta emiéyovpe 1o “Part of application” kat akoroOBwmg o “edit...”.
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W Profile Benchmark: Fibonacci. java

hMonitor Analyze Performance

5=,
@ CPU ) Entire application

{(®) Part of application 1 rook method, edit...
* Analyze Performance

+ iZreake Cuskom, .,

; Memory

Filter: |F‘ru:u|‘i|e only project classes w

Show Filter value  Edit Filker sets

IJse defined Prafiling Points  Show ackive Profiling Poinks

Crverhead: [-- ] Advanced settings

[ [ run H Cancel H Help

Ewoéva 4.5: Profiling Tov apyeiov Fibonacci.java

Metd, oty 006vn (ekdva 4.6) mov Ba gppavictel emaéyovpe “Add From Project...”

W Specify Root Methods f'>_<|

Selected Roak Methads:

{ add From Project... |

[ add Manual. .. ]

Moke: You can also specify a rook method in the source editor by right-clicking the method and
choosing "Profiling = Add As Praofiing Rook Method, . ",

Ok, H Cancel H Help

Ewova 4.6: KaBopropog apysiov

211 GuVEKELD, EMAEYOVLE TO apyeio Tov BELOLLE Vo avodbcovLE TNV €nidoon Tov (0TO
mapaderypa poc, to Fibonaccijava, swova 4.7) kdvovtag click oto kovtdkt mov

BpiokeTon ota aploTEPA TOL.
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W Select Root Methods

ol X

o [ [ arrayListInsertion
- [ & ArraylistRandomaccess
7 [ & BinarySearch
7 [ 4 Bubblesort
o [ 4 Buffered

o [ % Factorial

7 [ &% Factorialopt
a8 & Fibonacc

o [] (4% Fibonaceiopt

o [ (4 Initialization o
o [ & InitislizationCpt

Ft
kt

7 [ & Linearsearch
o [ 4 LinkedListInsertion

+- [ 142 LinkedListRandomaccess v

oy TN ey A oy N oy TN oy IO oy IO oy IOy Oy N oy I oy IO oy Y oy |

Select Wiew: |Default Package Yiew [] Show all Projects

O H Cancel H Help

Ewova 4.7: Emoyn apygiov

Telewwvovrag, matovpe “OK” oe 0 A ta TapaBvpa mov £xovv avorydel (swovag 4.6 kot
4.7) xou oto apywo mopdbvpo (ekdva 4.5) kavooue click oto “Run”. Ztn cvvéyela,
yiveton avaivomn g emid0oMg TOL apyElov TOL HOG EVOLAPEPEL KoL OTAV TEAELDMCEL VTN
N avédivon, umopovpe ov emBopodue vo dovpE €va QOTOYPAPIKO CTLYHOTLTO
(snapshot, eikdva 4.8) tov anotehespdtov. TE€Totov €idovg snapshot arotedespudtmv Oa

OOVUE TPOG TO TEAOS OVTOV TOL KEPUAIOV.

W Application Finished

» |\ The profiled application has finished execution.
\:/ Do you wank ko kake a snapshot of the collecked resulks?

[ Do not show this message agair

[Ves”l“-.lcu]

Ewova 4.8: Emloyn ooTtoypagikod otiyptéotomov (snapshot) amoteleopdrov
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4.3 Ileprypa@i] VAOTTOINGS GUVTUKTIKOV VOAVTY)

Onwc elvor MON yvootd, Yo TV VAOTOINGN OLTAC TNG OMAMUATIKNG E€PYNCIOG
YPEWAGTIKE 1 dMovpyia evOg epyaieiov GUVTOKTIKNG avdAvong (parser tool), pe oxond
Vv €0pPESN KOUUATIOV KOJKA Tov Bempodvtar ypovoPopa, Omwg eivar ta loops
(emavaAinmrtikol Bpdyyxor), avadpopkéc peboddor kot m ypnorn tov terectn modulus.
EmumAéov, ommg avapépape pe v ovvepyoosio tov profiler tov Netbeans IDE 6.5.1
[15], pmopovv va BpeBovv ot mo ypovoPopec peBddoor (methods) kot vo tHROLY Ko
avtég emefepyaciag. ‘Emetta, Oa umopel va yiver 1 cvAdoyn tov petofAntdv mov
nepudeiovtar péca otV guPEAElD. TOV GLYKEKPUEVOD KOUHOTION KOJKO (TOv
YPOVOPBOPOL) KOl TOV AVTIGTO®V YPOUUDV 01OV PBpickoviot avtég ot petafAntég (padi
pe TG PETaPANTEG GLAAEYOVTOL Kol 01 OTOOEPES KO TA YEPLOTIPLN AVTIKEWEVAOV (object
handles), oAAd amd €d® Ko Pmpog pAdvVTag yloo petafintés, Ba vmovoodvTot Kot To
vrolowma, d1OTL ®¢ et T0 mAeioTo Ta TEPIGGHTEPA £ival petapintéc). H ypapun eite f
petafAntn avtr, Bo ypnoporotovvrol akoAoVOwS amd Eva dAAo epyadieio mov Ba khvel
tepaylopnd kmowka (slicing tool) pe amotéAecua 0 KMOKOG VO WKPOIVEL KOl Vo
AmOUEVOLV HEGA G° aTOV UOVO Ol YPAUUES TOV KOdKa oL oyetilovtat pe 10 mbavod

YPOVOPOPO KOUUATL, TOL propel va TOyeL feATicTomoinong.

['a v vAomoinom, O0nwg €xel avapepbel Ko To whve, ypnoporomdnke n yAdooo
npoypappoticpov Java [7] ko to mepipdarov (IDE) tov Eclipse 3.4.2 Ganymede [16].
‘Exovov  onuovpynBel  ta  e&ng  apyeio:  Constants.java, DirectoryList.java,
Formatter.java, HighlightLines.java, Loops.java, Methods.java, Modulus.java,
ParserTool.java, Recursions.java, Scope.java, Variables.java, ReadInput.java,

TextFile.java [TTapaptnua Al.

To apyela Readlnputjava xou TextFile.java, €ivol apyeio mov Oo pumopodvoov vo
amoTeEAOVV KOUUATL omolovdnmote tpoypdupatoc Java. To Readlnput.java dStopalel and
Vv 000vn éva axépato aptBuo kot eAéyyet av eivor petad KAmolwv emTPEMTOUEVOV
opiov (emioyn TOL YPNOTN OTA menu), TY. okEPOOG petaly 1-5, Stapopetikd
TPOTPETETAL O YPNOTNG VO EAVOODTEL OC £16050 Eva aplBd LETAED TOV COGTOV Opimv.
To TextFile.java pmopel va ypnoyomombel yuoo 1o ddPacua Kot ypayipo opyeiov

(oM mote apyeiwv mov mepiEyovy péca keipevo(text)).
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H Aetrovpyio Tov cuvtaxtikov avaivt) Eekvd and to apyeio ParserTool java. I'iveton
xpNon tov DirectoryList.java mov GKOTO £xel V' avaKTOEL Ta apyeio mov Ppickovral
omv mepoyn (package) tov Eclipse pe ovopacio “testing”, mov Ba ypnopomombovv
apyoTEPO Y10 EAEYXO OV TTEPLEXOVV XPOVOPOPA KOUUATIO KOJIKA. AV 1) TEPLOYT QVTY OEV
meptEyel apyela tétE M AElTovpyion TOL CLVTOKTIKOD OavOALTH TEppaTICETON KO
TPOTPEMETAL O YPNOTNG VA gl6dyel (import) apyeio 6TV TEPLOYN OLTH, KAVOVTOS XPNoN
tov “import” mwov mpocseépetl o Eclipse. Apyikd, eppaviCeror To menu kot Cnteiton amd

TOV ¥pN ot va emAéLel Toto apyeio embupet va egetdoet.

To apyelo mov emAéyer o ypNomng mepvd amd &va €i00C pHopPomoinong Kot
LETAGYNUOTIGHOD TOV KMOOKA, £TGL (OGTE VO, OEVKOADVETOL 1 Ol00KaGio NG
OUVTOKTIKNG ovOAvong (parsing), He Tnv YpNoN KOVOViIKOV eKk@pdcewv [7,14].

Ymrevbuvo yio avtod tov €idovg v poppomoinomn ivon to apyeio Formatter.java.

H Boowm 0o g Aettovpyiog tov formatter, sivor va dwafaler éva apyeio Java, v’
amoAeipel OA®V TOV WOV T0 oYOAa TOV LILAPYOLV 6TO apyeio (eite pe /* ... */, elte pe
/1...) kau vo. eEao@arilel mote kB ypapuun vo teppotiCeton pe “{, M 3, M 5. TNa va
yiver avtd, mpota Swpaletor to apyelo kol amobnkedetow OAo cav €vo string
(ovpPorocelpd). ‘Enetta, avtd to string-apyeio petacynuotileror péxpt va TacGEL 6TV

TEAIKN TOL HOPPY| OTMOG TEPLYPAPTNKE TLO TAV®.

Apyd, evromiCovtal OAa ta ‘for’ loops mov vdpyovv péoa otov KMdka, dtaPalovrogc
YPOUUN TTPOG PO TO string-apyeio kot amodnkedovrat cav pua Alota anod strings. O
TPOTOG e Tov omoio gvtomifovtot ta ‘for’ loops yivetal pe v Porbeta pog Kovovikng
EKkepoong mov AapPavel vdyn v cvvtaén evog ‘for’ loop:

for(initialization; termination; increment). O A0yog mov yivetol eVTOmoUOG
twv ‘for’ loops givar 61611 apyodTepa Ba avtikatacstabobv Tpocwptvd amd Eva LovVadtKd
string, £€t61 ®OTE, 6T0 TEAOG OTaV Bl EEKIVIGEL VL TPAYLOTOTOLEITOL O YWPIoUOG PAcEL
TV yoapokmpov ', ‘Y, °}’ kol va ewodyetal to new line (yopaxtipog oAAayNg
YPOUUNG) HETA amd avTOVG TOVG YOPOUKTNPES, VO UMV VILEPYOLY TPOPANLLOTO XOPICUOD
tov ‘for’ loop pe new line, Ady® tov OT1 TEPIEyet “;” otnv ovvtaén tov. Tavtdypova,

e€etdleton av to ‘for’ loop mepucheietan péca oe oyoAo (6mov 1 cHviaén TV cYoAmv

QaiveTol o TAVE). AVTO AL EMTVYYXAVETOL YPNOUYLOTOIDMVTOG L0 KOAVOVIKT EKOPOOT)

42



Y oxoMa. Av vrapyovv ‘for’ loop péca oe oydAlo TOTE OVTA CyvOoOUVTOL KOL OEV
amofnkevovtal. Avtd, Onwc Ba @avel kol mopakdTm, emPaiietor S1OTL 6TO TEAOG
otwdnmote &xel avrikatactadel Tpocwpivd amd éva povadikd string, Oo emovéADel otV
apywn poper, mov elxe. Emewdn opwg to oxdAa oto téhog Ba amaieipbolv, av
amoOnkevovtay kot ta ‘for’ loops mwov vanpyav péca oe oxdAla 1otE B Tapovoialdtay
TPOPANUA otV TEMKN avtikatdotootn. Oa mopovstalotav mpdPAnua e€ortiog tov
YEYOVOG, OTL 1 OVTIIKOTAGTOGT TPAYUATOTOLEITAL HE TNV GEPA EUPAVIONS TOVG GTOV
KOO Kot Ady® TG 0maAolpng TV oxoAiwv kot towv ‘for’ loops mov Ba ydvovtav pali
TOVG, 6T0 TEAOG Ba vrnpyov Mo WOAAE amobnkevpéva, eved oy ovoia Ba eiyoav

amopeivel To Adya.

‘Enerta, Swpdaleton ypapp mpog ypouun To string-opyeio Kot TpoyloTomoleitol m
avtikotdotoaon tov ‘for’ loops pe to string, “for (myForPatent)X” (6mov X évag avémv

apOuog, Eekvavtag amd To undév) Kot omodnkeveTol oov 1o vEo string-apyeio.

Axoro0Bwg, petd ta ‘for’ loops mpémer va eviomicotohv OAa To. string quotes
(sloayoykd cvpporooceipdv) my. “...” kor OAa to character quotes my. ©. (elcaywykd
yopaxtnpwv). O okondg mov ypeldletal vo eVTOmoTOOV KOl Vo amofnkevtodv To
character quotes &ivat d10TL péoa ¢° avtd pmopel vo mepikieiovtatl ol yopaxtpeg *;’,
{5, )}, mov apyotepa petd amd avtovg Ba scaydel o yapaktpag new line (aAloyng
ypapung). Av avtd dev elxe emrevyfel, Oa kotacTpepotav n doun tov formatter, S10TL
t0 éva, quote (‘) Ba PplokdTaV HOVO TOVL OE [ VPO Kol TPEMEL KAOE Ypapun vo
tedeldvel pe ‘;, ‘{f, ‘1, €161 doTE va O1evKoADVETAL 0pYOTEPO TO parsing yio E0PECT

TOV LETAPANTOV.

O oxomdg mov YpetdleTal Vo EVTOTIGTOOV Kot vo, arodnKeuTovy ta string quotes givatl o
010G pe avtd TV character quotes kot emmAéov 0Tl péco ota string quotes pmopei va
nepuieietal oTIONMOTE, OTMG TY.

System.out.printIn(’" { } ; /*inside printin*/")

mov pmopel vo EeyeAdoEl TNV KOVOVIKY €KQPacT] TV GYoAimv, OtL 10 /*inside
println*/, givar ox6A10 evd otV ovcio mePKAEieTal uéoa oTo string quote Tov

System.out.println kot dgv givor oyoAL0.
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Tavtoypova, eetdletar av avtd ta quotes (string & character) Ppiokoviar péca oe
oo, £TCL MGTE VO, PNV omoONKELTOVV, Y10 TOVG {010VG AOYOVS OV 1GYXVOVV TTO TAVE®
yw ta ‘for’ loops. 'Emeita, dwfaletor ypopun mpog ypouun to string-opyeio Kot
TPOYUOTOTOIEITOL 1 AVTIKATAOTOON TV string quotes pe “myPatentX” kot Tov
character quotes pe ‘X’ kot akolovBwg amodnkedeton 10 véo string-apyeio (6mov X

évag avEwv apBpds, EeKvOVTOS omd TO UNoEV).

21 ocvvéyela, anaieipovrol OAa To oo pe TV Bondela TG KAVOVIKNG EKQPOCTG Y10
Ta oxdMa. AkoAovBmG, 6AOL o1 yopaktpeg new line (aAAayng ypouung) kot tab emiong
ATOAEIPOVTOL KOl GOV OTTOTEAEGLLOL Ol EVTOAEG TOV string-apyeiov, Ppiokovial Tdpa OAES
ce o ypopun. Metd, owPaleton Eavd To string-apyelo kol OTOL EVTOMIGTOVV
yopokmpes 37, ‘{°, ‘}’, tomobeteiton ot CLVEXEW O YOPOKTNPOG new line kot

amofnkevetal To véo string-apyeio.

210 téhog, OwPdaletor Yoo akdun pit @opd to string-apyeio Kol ovVOAOY®S LE TNV
Kavovikn ékepoon mov oavtiotowel ota ‘for’ loops, string kot character quotes
emovaeépovtar OAa ta apywd ‘for’ loops, string kot character quotes amd v Adota
omov glyov amobnkevtel kot onuovpyeiton 10 TeEMKO string-apyeio. To telMkoO string-

apyelo amobnkeveron oty meployn “testing/files” tov Eclipse.

AoV yivel 1 popeomoinon tov apyeiov pe v Pondewa tov Formatter.java, celpd Exet
to Variables.java. To Variables.java PBpiokel amd v mepoyn “testing/files” tov
Eclipse, 10 apyeio mov €xet onpovpynBei kot cvAiéyer pe v Porbela Kavovikdv
EKQPACEDV OAES TIG HeTaPANTEG OV VILAPYOVY Ge avTd To string-apyeio. Ta onueia o’
éva Kodka Java, 6mov pmopobv va vrapyovy dnAmoelg petafintov sival ota fields
(media) pog kAdong (class), otig local variables (tomikég petafintés) pog peddoov
(method), péoca otig mopapétpovg pog peBOOOL, HEGO OTIG TOPAPETPOVS EVOG
constructor (Kotackevoot), péca otn ONAworn &vog catch clause (OnMAwon evog
try/catch block ywo exceptions) kat péco otn dniwon evog ‘for’ loop 1 evog ‘foreach’

loop.

Apyica, owPaletar to apyeio kot amoBnkevetar cav éva string. [Ipv ekvnost M

ghpeon ToV PeTAPANTOV TPEmel amd To string-apyeio v’ avtikatactadobv Oha To string
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quotes kot to character quotes, 6mwg mapdupolo €ywve kor otov Formatter xoi vo
amofnkevtel cov to Kouvovpylo string-apyeio pe Ohec t1¢ ahhayéc. O 6KOmOG moOv
yiveton avtd givorl 61011 To quotes UTOPOVV Vo, TEPIKAEIOVY OTOLONTOTE EKPPOCT LEGOL

TOVG KOl VoL EEYEAACOVV TNV KOVOVIKY] EKQpocn Tag £xel Ppedel avtd mov avalnteital.

‘Etol, avaykaotikd énpene va Ppebel évag tpoémog ovdetepomoinong twv quotes. IIy. av
€YOVUE O KOVOVIKT] €KOPOCT OV WAYVEL VO Bpel SNAMGEIS LETAPANTOV KOl EXOVUE
™V akOAOVON EVTOAN:

System._out._printIn(“integer declaration example :-int a;”);

10 ‘int a;” 010 TEAOC TOV string quote péco oto println Bo Egyedovoe TV KOVOVIKY
ékppaon kot Ba to ocvumepthdpPave cav dNniwon petapintic. Ola ta string quotes

avtikadiotobvtal pe v AEEN “myPatent” kot OAa Ta char quotes pe tov yapoktipa ! .

Axolovbwg, evrormiCovtal Ta ovopoTo TV constructor kol amofnKevovTol 6€ pa AioTa.
O tpdémog pe Tov omoio yivetar m €Opeom TV constructor, eival pe v ypnon &vog
unyaviopot g Java, tov reflection mechanism [7] (unyoaviopov avtikatontpicpov). O
reflection mechanism, pmopel v @pa Tov runtime (ektéAeong) evog mPoypaUUATOS
Java va gvtomicel ta ovopata twv constructors, methods ko fields xaBdg kot GAAeg
Aertovpyieg mOL deV YPECTNKOV YLl TNV DAOTOINGT TOV GLUVTOKTIKOL avaivth. Ta
ovopata Twv constructors emiotpépovial og popen qualified name, dnAadn av n kKAdon
Bpioketan 6° éva package (maxéro) my. ‘testing’ kol to 6vopa Tov constructor givan my.
Test, tote t0 qualified name mov Ba emoTpopel cav dGvopo Tov constructor givol To
‘testing.Test’. Opwg, avtd dev Ba eEunnpetovoe apyotepa dtav Oa ywvdtav avalntnon
TOV MNADOCE®OV TOV HETOPANTOV UECH OTIC TOPOUETPOLS TOL constructor, O10TL M
avtiotoyn «Koavovikn éxepacrn oev Ba éPpioke taipt. Ily. av elyape public
Test(String str) oavtd Oo gppavildotav cav public testing.Test(String str)
Kol T0 yeyovog OTL Tov ovOpaTog Tov constructor mponyeiton n teleia (°.”), Ba epumdole
NV KOVOVIKY €Kk@paon omd to va topldéet. I' avtd pe v Pondeia Kavovikng
£Kppaong mov Ppicketl Taipt povo av vdpyet [A-Za-z 0-9] mov petd axorovdeiton and
telela (°.7), evromilovron kol amoaAeipovron ta qualified name kol amopével pudévo 1o

TEAKO dvoua (6oL 610 o TAVE® Tapadetypa eivor o Test).
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AoV &rovv evtomiotel ta ovopata TV constructor £meita eivat duvato pe v Pondela
PG GAANG KOVOVIKNG £K@PPOCNS VO EVIOTIGTOVV KOl Ol TOPAUETPOL TOV constructor.
Otov &vtomiotodv Kol Ol TWAPAUETPOL, TOTE YIVETOL GUAAOYN TMOV OVOUAT®V T®V
TOPOUETPOV-UETAPANTOV, OOV amodnkedovial o€ (o Alota wov dtatnpel v WwOTTA
TOV oLVOAOL. AnAadn, av EavaPpebel To 1010 Ovopa petafAntng, dev Ba eicayBel oy
Mota. To mepieydpevo tv TapapéTpmy evog constructor kot yevikotepa tov nefddwmv
elvar g popong : modifier var_type var_name comma 6mov modifier pmopel va givor
uévo final av vrapyel Kol TPEMEL VO, OKOAOVOEITOL VTOXPEWTIKA A var type Kol
var_name OOV givol TG Lopeng arpapiuntikov ([A-Za-z 0-9]) ko petd and éva M
Kavéva Koo Kot Eava 1 OA®GoN NG KOVOVIKNG EKQPAcNS od TNV apyn,

modifier var_type var_name comma modifier var_type var_name comma, Kt\. Etot,
KAVOVTOG YPNOT UG KOVOVIKNG EKQPACTG OV AQUPBAVEL VITOYN NG TNV MO TAVE
ouvtaén, evtomilovrol kol amofnKeLOVTOL TO. OVOLOTO TMV TOPUUETPOV-UETAPANTOV

(var_name otnv GUYKEKPLUEVT TTEPITTOON).

Avotoymg, 1 xpnion tov reflection av kKo pmopet va ypnopomomOet yo v gvpeom
ovopdtov Tov fields, dev umopet va ypnoomoindel yio v €DPECT] TOV OVOUAT®OV TOV
local variables mov vmdpyovv péca oe peBodovs. ‘Etol, mpotpdtepo eivoanr m
YPTCLOTOINGCT KOVOVIKNG EKQPOOTG Kot Yo Ta Ovo pali, emedn n ovvtaén tov fields
kot local variables eivar 1 idwo. H ypnon tov reflection dev pmopet va ypnoiponomdel
00TE Y10, TNV EVPECT TV OVOUATOV TV HEBOS®V d1OTL pe TNV ¥prion tov reflection av o
TOOG EMOTPOPNG TG HeBOdoL eivan generic my. List<?> m mAnpoeopia avtn ydvetot
Kot pével povo to List. 'Etot, ) kavovik| ékepoaomn mov Oa glxe ypnoyoromndel yio tnv
ghpeon TtV TAPIUETpOV TV HEBOdwV dev Ba éBploke taipt kot Bo ydvovrav ot
mopapeTpot-peTafintéc and d6ceg peboddovg emotpéovv tomo generic. [Iy. av éyovpe
po oOnAwon pebooov : List<?> listReturned (List<?> list) pe v ypnon reflection Oa
yiver : List listReturned (List list) ka1 €161 1 Kovovikn €ékepacn mov Bo ypnotpomombet

apyoTEP Y10l VO BPEL TOL OVOLLATO TOV TAPAUETPOV-UETAPANTOV dev Ba Bpioket Taipt.
‘Eto1, avti va ypnowonoteiton 1o reflection yi €dpeon t@v ovopdtov TV peBddmV

YPTCLOTOLEITOL GO TNV apYN Lo Kavovikn ékepact mov PBpickel 1660 to dvopo 660

KOl TG TOPAUETPOVG,.
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> ovvéyela, evromilovtal ot petafAntéc-tapauetpol 1| kodvtepa object handles, twv
catch clause t@v exceptions, ¥pNGUYLOTOIOVTOG KOVOVIKY EKQPACT] TOV EKUETAAAEVETOL
NV 10100 GVVTOEN OV YPMCUOTOLEITOL KOl Y10l TIC TOPUUETPOVS TV constructor, e Tnv
povn dwpopd 6Tt dev vIdpyel T0 KOppA TAEOV Kot givon povo modifier var type
var_name. Avto yivetal 016Tt pdévo pia mopdpetpog pumopet va vdpyet péoa oto catch
clause evdg try/catch block. Metd, amoOnkevovion ot petafAntéc mov Ppébnkav, otnv
0w AMlota pe avty mov amofnkevTnKov ot HETOPANTEG mov TAPONKAV Omd TOLG

constructors.

Axolovbwg, yivetor cLALOYN TOV HETAPANTOV TOV LILAPYOVY UECH OTIS ONAMCELS TOV
‘for’ loops. 'Eva “for’ loop pmopet va €xet v akdAovdn popon :

for (int j = 0, k; j < 10 ;j++). Topa dpumg, n Kavovikn Ekepoon ypelaletot
va Adfet vToYn TG Kot T0 ‘=" Ko oyl LOVO TO KOUUO TOV VINPYE OTNV TEPITTWOT TOV
constructors. 'Etot, t@pa mpémer va €xer v akdiovdn ovvtaln : modifier var type
var_name more_vars 6mov modifier, var type kot var name 1oyOOVV TO 1010 HE MO
ndve. Onov more var, onpaivel dmapén ‘=" kol KAmowg apytkoroinong Hetd Omov
umopel va axolovbeiton amd woéppo (4,’) Kol Vo TEAEIOVEL OUMG OVOYKOOTIKG LE
epomuatikd (7). Otav PpebBovv ov petafintéc, amobnkevovror ot Alota Omov
vopitepa amodnkedTnKoy ot peTaPfAntég mov mhpdnkav amd Tovg constructors Kot To

catch clause kot 6mov yevikd Bo amodnkevovtan 0ceg petafintég evromiovtat.

>t ocvvéyela, evtomiCovtan ta ‘foreach’ loops pe v Pondeia Kavovikng Ekppoaong mov
Kdvel yprion g ovvtaéng evog ‘foreach’ loop : for (type var : arr)

Apéowmg petd, evromiCovron ot petafAntég tov ‘foreach’ pe v Kavovikn €kepactn mov
xpnowonomOnke vy to catch clause twv try/catch block. Otav evromistodv ot

petafAntég, amodnkevovial 6Ty Mota yio T1g HeTAPANTES.

‘Enerta, mpémer vo evromiotobv OAeg ot peBodol, £1o1 doTe pETA vo. TapHovv ot
TOPAUETPOL- HeTAPANTEG amd avtés. Ot uebodotl PpioKovtal YPNCILOTOIDVTOS KAVOVIKN
EKQPOGCT TOL EKUETAALEDETAL TNV aKOAOLOT GOVTUEN :

modifier returned_type generics brackets method name parameters

Omnov modifier avt v @opd pmopel va givarl €vag cuvovacpnog towv public, private,

protected, final, static 1 kot xoavéva omd OAa avtd. AxohlovBeitor petd omd To
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returned _type mov &lvar to 1010 pe TO var type mov ovoeépOnke Mo mWAV®. XN
oLVEYEL, UTOPEL VoL VITapyovVY generics | brackets, | ko Ta dVO, gite Ko KavEva amd To.
ovo. Ta generics Eekivoov pe ‘<’ kol KAelvouv pe >’ kol PETOED TOLG UmoOpel va
vrdpyel omoadnmote aApapluntikd ([A-Za-z 0-9]) 1 o yapaxtipag ?° 1 ova va
nepwkcheiovtal péca o€ dAAa “<...>”. Ta brackets Eexivodv pe [¢ Kon kheivouy pe ‘] kot
petd pumopet va axolovBovvtor kot amd oAAd “[]”°, oe mepintwon moOALOIAGTATOVL
nivaxa. To method name givol 1o 1010 pe T0 var_name mov ypnNGYLOTOMONKE TO TAV®.
To parameters civor otidnmote mepwcheietoan péoo oe mopevOéoelg “(...)”7 ko

axolovBeite amd 0e&1d aykvAwtn Tapévheon “{”.

2 ouvvéyeln, eviomilovior ol ToPAUETPOl-UETAPANTEG KAVOVTOS YPNom TS 010G
KOVOVIKNG £€K@POCNG OV YPNCIULOTOMONKE Yoo TV €0PECT] TOV UETAPANTOV GTNV
dMAwon evog ‘for’ loop kot amodnkevovion 6Ty AMota pe Tig PeTaPANTEG.

Téhog, oepa Exovv ta fields piag KAdong kot ta local variables. Ta fields kot Ta local
variables evtomiovtal ¥PNOYLOTOIOVTAG KOVOVIKY] £KOPOACT TOL €£YEl TNV akOA0LON
ovvtaln : modifier var_type generics brackets var_name more_vars.

Omnov modifier &xel v 0100 epUNVEIR e QLTH TOL YPNCILOTOONKE TTO TAV®D Yol TIC
pebooovg. Ta vrolouma €yovv emiong ypnoipomombel Kol GTIC VIWOAOIMES KOVOVIKES
exppacelg mo mave. 'Etot, evromilovtal mdAl ot petafAnTéC Kot amobnikebovial oTnv

Mota Tovg.

Aol &yovv evtomiotel ot petafAntég Tov apyeiov mov eméiee o ypPNoTNG, EmMELTA
wpotpémeTat (0 xpNnotg) va dAéEet Tt mbovo ypovoPopo koppdtt BEAeL va eEetdoet
éxovtag Tig axodAovBeg emroyég : ‘for loops’, ‘while loops’, ‘recursions’, ‘modulus
operator’ kot ‘choose a method’. Av emiééet ‘for loops’ 10te gppavifovtar otnv 006vn
Ol YPOUUEG OTOL VLIAPYOLV UETAPANTEG KOl TO OVTIOTOLO OVOUOTO TOLG, TOV
nepuieiovtar oy guPéretn tov ‘for’ ko twv ‘foreach’ loops. Av emaéler ‘while
loops’ tote gppavifovtal oty 006vn ot Ypappég Omov VIAPYOLVY UETAPANTES KOl TO.
avtioToryo, ovOUHOTO TOVS, oL TepkAgiovtal oty guPérela tov ‘while’ kat Tov ‘do-
while’ loops. Av emAéEel ‘recursions’, tOte evtomilovtal ol avadpoukég (recursive)
pebdool ko gpeaviCovrar oty 006vn ot ypappég 6mov vIdpyYovy HETARANTEG Kol To
avTioTOlY0. OVOUOTO TOVS, OV TEPIKAEioVTAL 0TV EUPEAEI0 OVTNG TNG OVOOPOLIKNG

pebddov. Av emaégel ‘modulus operator’ tote gpeavifovtal otnv 006vn ot Ypappég mov

48



coumeptiapfavovv tov teleotn ‘%’ kor ot avtictoyes petaPAntég mov cvufdiovv

oIV TPAEN, KAVOVTAG P11 ALTOV TOV TEAECTN.

Av 1 emAoyn tov ypnot Nrav gite ‘for loops’ eite ‘while loops’ toTE Ypnoyomoleitan
t0 Loops.java. Komdg Tov €lval vo eVTOmIGEL TIC LETOPANTES TOV YPTCLOTOLOVVTOL Y10
éva ovykekpévo €idog loop kot va 1ig amofnkevcer ¢’ €va hash map (mivoaka
KatoKeppatiopov) émov yivetor amobnkevon oe popen Levyapidv (pairs) , KAEW00 Kot
g (key,value). Xav kiewdi (key) ypnowomoleitor 1 ypopun mov EVIOMIGTNKAV Ol

petafAntég ko cov tipn (value), éva string Tov TEPLEYEL TOL OVOUATO LETAPANTAOV GTNV

GUYKEKPLLEVT] YPOLLUY).

H yA®ooa mpoypappatiopov Java, £yl 6o €ion ‘while loops’, 0mmg éxet kot 600 €ion
“for loops’. Emopévamg, ylo tnv gupeon tov ‘while loops’ yperdlovion emmpocheta dvo
KOVOVIKEG EKQPACELS TTOL VO AdUPEvovy vwoyn Tovg TV oOvTaln avTov Tov €100V
loop. H obvtaén evog ‘while loop” etvor n axdrovdn :

while (expression) {
statement(s)
}
Ko 1 ovvragn evog ‘do-while loop’ n eéng :
do {
statement(s)

} while (expression);

Enopévmg, 10 Loops.java eival vrevbuvo apyikd va evtomicel mepi tivog loop mpdkettan
Ko €merta va, Bpetl v euPérela avtdv tov loops Kot TG avtiotolyeg LETAPANTEG TOL
nepuieiovtan 67 avty v guPérea Ipwv yiver avto, kébe popd yivetar 10 KOATO NG
ovdeTEPOTTOINGNG TV string kat character quotes, yio Tovg 1010V¢ aKPPOG AdYOLS OTWG
ypnowonombnke mo mavw. o v gbdpeon TV UETAPANTOV Ypnoipomoteitor

KOVOVIKT] EKQPOCT| TOVL var _name.

IMa v gvpeon g euPéretag evog loop kat yevikodtepa piag pebddov, eivar vrevbuvo
10 Scope.java. H guférern xaBopiletar and v apiotepn aykvimt) mopévieon (‘{°),
OOV dnAdVeL TV apyn ™G euPéretag Ko v de€d aykvimt) mapévieon (‘}’), mov

diavel o téhoc. Oco aopd ta loops moOv TEPEXOLV [ YPAUUY KOOKO KO OEV
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ypedletan vo mepikAeiovtal omd {...}’°, ota Okd pog “test” apyeio avtd amayopeveTo
ot xGvetor o tpdmog evpeons g epPéierag tov loop. O 1tpdmog pe tov omoio
aviyvevetal mn euPéreta, eivoar kdBe @opd mov evtomileTon OPIOTEPT] OYKLAMTY|
nmapévleon {7 avEhvetan £vog petpntig Katd £va Ko kabe popd mov Ppioketor de&id
ayKvAot| mapévlieon (‘}’), avtdg o petpng pelwvetrat. ‘Etol, eléyyeton m Ty tov
petpnt Ko vroioyiletar katd mdéco 1o loop N péBodog Ppickovror €vidg 1 ekTOC

euPéreroc.

211 GUVEKELD, AoV EVIOTIGTOVV Kol amodnkevTovv ot petafAntég oto hash map yo to
ovyKekppévo €idog loop, avtd Ttaévopeitan oe av&ovoa Gepd pe PAon TV YPOUUTY TOV

Bpétnke n cvykekpyévn petafinty.

No onUEdOOoLLE, TOS KATA TNV dldpkeln Tov evtomiletan éva €idog loop TvmmvovTat
otV 006v1 T0 ATOTEAEGLOTO TOV (YPOUUES Ko avTioTolyeg LETAPANTEG oL PpickovTot
oe ka0e ypopun). Ta loops Tondvovtal pe TV celpd Tov avTd Ppédnkay 6ToV KMOOWKO.
ITy. av éxet Bpebet to mpadTo ‘for’ loop, téte 6TV 006VN B0 gppavictet ‘For loop 1°, av
éxel Bpebet 1o devtEpO, TOTE B eppaviotel “‘For loop 2° kot ovtm kobeine. Av avtd 1o
loop mepucheier éva M meplocdTEPA €omTEPIKA loop TOL 1010V €idovg TOTE OLTA
amapOpodvior cav vrotpunua tov e&mtepikod loop mov T mepucheiel. [y, av to
eEmtepkd loop eivar to 1, tote O ecmTEPKE loop amapBpodvtan cav 1.1, 1.2 kot ta
Aowtd. Emopévac, av o ypnotng enéiele *for’ loops to1e Ba amapiOunbovv 6ia ta ‘for’
loops pe v oepd pe v omoio Ppédnkav pali pe T1g avtiotoryeg mAnpoopieg
(ypoppég — petapintéc) ko émetra O amapBunBovv 6Aa ta ‘foreach’ loops pe tov 1610
Tpomo. Av o ypnotng enérele “while’ loops t0te o amapBOunBovv Ao ta ‘while’ loops
pe tov 1010 tpoémo dmwg £ywve ko pe ta ‘for’ loops kot émerta o amapOunBovv OAa Ta

‘do-while’ loops.

Av o ypnotng emié€erl ‘recursions’ 1ote yivetar ypnion tov Recursions.java. [ToA kot
€0m otnVv apyn owPaletat to apyeio mov enéhele 0 xpNOTNG Kal YiveTol ovdeTepOoTOinom
TV string kot character quotes. Metd, PBpiokovtor ot puebodor pe v Pondeta g
aVTIGTOUYNG KAVOVIKNG £KQPOONG TOL avapépOnke mo tavm. Kdabe popd mov Ppicketan
pio péBodog eréyyetar av péca oy guPéreta g (pe v Pondewa tov Scope.java),

vrdpyet Eova kKANon tov £0vtod TS O eviomopndg ¢ vmapéng KANoNS Tov £00TOD TG
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pebooov yivetow pe MV Kavoviky €kepacm : methodName parenthesis. Omnov
methodName, 10 6vopa ™G puebddov Ko parenthesis, oTdNmOTE MEPIKAElETE PG OE
aprotepn kot 0eld mapévheon ((...)’) Av evtomotel ovd KAOM TOL €0VLTOV TNG
pneBodov, eréyyovtag av 1o dvopo g peBoddov (method name) TG HOG KOAVOVIKNG
éKppaong elval 1o 1010 pe to Ovopa TG HeBAOOL TG AAANG KOVOVIKNG £KPPOOTG
(methodName), 10te o1 petafintég mov €yxovv Ppebel pe v Pondewd mdA g
KOVOVIKNG ékQpoaong var_name, omofnkevovtol oto hash map. Av dev €yel eviomorel
Eavd kAnomn tov €ovtov NG peBddov dev amobnkevetal timota oto hash map. Ze
nepintwon mov £xel Ppebel avadpopkn pébodog 101 TVIOVETAL TNV 000V TO OVOUQ
™G avadPOKNG HeBOdoL Kot akoAoVBmG OAeg o1 Ypappés 6mov vdpyovy PETAPANTEC,

pali pe tig avtiotoryeg petafAntéc, oty epPéreta eketvng g avadpoptkng nebddov.

Av o ypnomg emAiéler ‘modulus operator’, tote yiveton yprion tov Modulus.java.
Avalnteitonr o tedeotng modulus péoco oto apyeio mov emédee o YPNOTNG KOl OTIC
ypappég mov Ppebet, amodnkevovtar o petafAntéc oto hash map, 6mmg €xet yiver Kot
o whvew. No onNUEMCOLE, OTL 6TV apyn YiveTol Kol TAAL 1 OLOETEPOTOINGT TOV
oyoMov. ‘Enctta tomdvovtal oty 006vn ta amoteAécpota (YpouUEC-peTafAntéc) faon

TV otoryeimv Tov hash map mov £yovv amobnkevtet.

Av moM o ypnotg emhééel ‘choose a method’ tote evtomilovtol kol amobnkevovral
Ol ta ovopoto peBOO®V TOL VIAPYOLV GTO CLYKEKPIUEVO apyeio mov eméAele o
ypnots. ‘Enetta, Bdon tov ovopdtov mov £(ovv eviomoTtel dOnovpyeital Eva menu To
omoio amapBuel Ta ovopata Tov HeBOd®V TOL £YOVV EVIOMIGTEL KOU TPOTPEMETOL O
¥PNOTNG Vo eMAEEEL oL o avTEC. Noo ONUEIMCOLVUE TG 1) XAV NG pnebddov mov
Ba dwréEer o ypnotng umopel vo vroPondndei and éva profiler (onv mepintwon pog
avtdg Tov Netbeans IDE) mwov pmopel va vrodeilel otov yprotn moteg pebddot eivar ot
mo ypovoPopes. Av €xet emheyBel éva apyeio to omoio dev mepiéyel KabOAoL HeBdOOVG,
161e 0 YPNoTNG Ba evnuepwBel pe T0 KATAAANAO pvopa. AlOQOPETIKA, OV VITAPYOVV
pefodot, tote HBa yiver n it d1ad1KaGioL TOL £YVE Y100 TNV EVPECT YPAUUDV-UETAPANTOV
TOV avadpok®v pefddwv. H povn sweopa eivar 6Tt topa dev Ba avalnteitar n
ghpeon avadpokng pefddoov, aArd n e0peon neBodoL moL Exel To 1010 dvoua e OVTO
nov emélee 0 ypotng. Avtd mhA yivetor pe v Pondeia e avTioToryNng KOVOVIKNG

EKppaong yu ne@doovg mov Exet ypnoonombet mo nhve. X10 téA0g, TAL TVTOVOVTOL
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otV 006vn 1t aroteAéopata (Ypappés-petapAntés) Pdon twv ototyeiwv tov hash map

7oV £Y0ovV amobnkevTet.

Etvon onuovtikd va avaeepBet 011 o€ mepintwon mov o ¥pNotng emMAEEEL pa amd TIg o
mhvo emroyég ¢ ‘for loops’, ‘while loops’, ‘recursions’, ‘modulus operator’, ‘choose a
method’ ka1 dev Bpebovv petafintég péoa oty gupéireta g avalnmong, tote otV

006vn Ba eppavioTel Kot T0 AvAAOYO U VULLAL.

[Ipéner va avaeepbel emiong mmg Otav 0 ¥pPNOTNG EYEL KAVEL (oL OO TIG MO TAVE
EMAOYEG Ko €YOUV  €VIOMIOTEL HeTAPANTEC, TOTE OMpovpyeiton otV TEPLOYN
“/testing/htmlview” éva avtitumo html apygio, To id10 P’ avTd TOL dNOVPYNONKE BTNV
nepoyn “/testing/files”, mov @woeopilet (highlight) T1g ypappés pe 11 avrtiototyeg
petaPAntés. Avto emrvyydveror oafalovtog YpoUU| Tpog YPOLUN Kol TEPIKAEiovVTOg
oe html markup tags to mepieydueva tov ovtiotoryov apyeiov amd v mTEPLOYN
“/testing/files”. Mg v Ponfsia tov hash map, 6mov £yovv amobrnievtel ol apBuol TV
YPOUU®V, YIVETOL O QOGEPOPIGUOS TOV GOCTAOV YPOUUL®OV (YPNOLOTOIDVTOS TO
avtiototryo html markup tags). YrevBuvo yuo tnv dnpovpyia tov html apyeiov givar to

HighlightLines.java.

Telerdvovtag, dtaypagpovtat ta ototyeio Tov hash map mov éxet ypnoworombel yio v
amoffKeLoT TOV YPAUUDOV-UETAPANTOV, KOODG Kol TOV DTOAOITOV ACTOV TOL £XOVV

ypPNoorombel, dGTE va eivor £TOLLA Y10 ETOVOYPTCLOTOINGN.
To Constants.java, eivor vrevBovo yio v oamobnkevon OAwv TV otabepdv NG

VAOTTOINOMG TOL GUVTOKTIKOV OVOALTY). AVTEC Ol oTafepés, TEPIAAUPAVOLY KOVOVIKEG

EKPPACELS, TPOTLTO KOVOVIKAOV EKPPACEMY Kot strings.

4.4 Tlopovcincn GLVTUKTIKOD AVIAVTI|

270 KOUPATL ovTd Bl yivel pia Topovsioot TG AELITOVPYING TOV GUVTOKTIKOD OVOAVTY.
MOMG EEKIVIIGOVUE TOV GUVTOKTIKO OvOALTY|, gpeaviletal éva menu, TOV TPOTPEMEL

TOV/TNV APNOTN VO EMAEEEL EVaL OPYELO Y100 CLVTOKTIKY aviAvon (ewova 4.9).
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Load file Factorial.java

Load file Fibohnacooi.java

Load file ForLoops.java

Load file Input.java
HoduluzOperatorExammple. java
Load file Becursion3ample. java

Load file WhileLoops.java

0 -1 oon ok WM
-
[u}
i
[}
H
H
=
m

Enter wvour choice [(Must bhe from 1 to 3)

Ewoéva 4.9: Apyiké menu parser

‘Eoto 611 emAéyovpe to apyeio “ForLoops.java” [[Tapdptmua B-26], ypheovtag 3 xot
natovtag enter. Tote, Bo gpeaviotel oty 006vn pog éva GAAO menu, TPOTPEMOVTIOG

pog va emAéovpe mo “ypovoPopo’ koppdtt 0EAovpe vo emiéEovpe (eikdva 4.10).

For loops

While loops

Fecursions

Hodulus Operator

Choose & method

Feturn to load files menu

o N oWk L M

Enter wour choice (Must be from 1 to &)

Ewova 4.10: Emoyn “ypovofopov” koppotio

Av egmdé€ovpe 10 1, Ba dovpe ta onueion 6mov vrapyovv “for” loops pali pe Tig
avticToryeg petafAntéc mov mepikieiovior oty gpféreta Toug. Ta amoteAéopoTo AVTNG

NG EMAOYNG GOIVOVTOL GTNV TLO KATM €koOva (ewcova 4.11).
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===== FDr LDDp 1 =====
Line: § Vars: 1i,i,1i

===== For Loop 1.1 =====
Line: 9 Vars: Jj,.31,.1i.3
Line: 10 Wars: i

===== For Loop 2 =====
Line: 14 Vars: i,i,1i

===== Fgr Loop 2.1 =====
Line: 15 Wars: j,3,3

===== For Loop 2.2 =====
Line: 18 Vars: m,m,m

===== For Loop Z.3 =====
Line: 17 Vars: n,nh,n
Line: 18 Wars: n,m,j,1i

===== For Loop 3 =====
Line: 23 Vars: 1i,1i,1

Line: 24 Vars: £,i,rand

===== For Loop 4 =====
Line: 33 Wars: k

===== ForEach Loop 1 =====
Line: Z6 Vars: x,f

Line: &7 Wars: =

===== ForEach Loop 1.1 =====

Line: 28 Vars: g2,f
Line: Z9 Wars: g

Ewova 4.11: Anoteréopato A0S

To “poppomompévo” apyeio mov avtépata mapdydnke otnv meproyr “testing/files”

QoiveTal otV o KAt eKOva (ewkova 4.12).
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package testing.files:

import Jjava.util.Random:
public class ForLoops |
public static void main(3tring[] args) |
Fandomw rand = new Randomi(d7) :
float[] £ = new f£float[1l0]:;

int k = 0O;
for (int i = 1; i <= 5; i++) |
for (int j = 1; j <= 1i:; Jj++) §
Jystem. out.print (i) ;

B
12 3ystem.out.printlni):
13}

W -1 om N ok

=
= O

14 for (int 1 = 0; 1 < 10; i++) |
15 for (int j = 0; 3 < 10; 3++) {
1l for (int w = 0; w < 10; mw++) o
17 for (int n = 0; n < 10; n++) |
15 3ystem.out.printlnin*m*j*i) :
1= 3

20 %

21}

22}

23 for (idint i = 0; i « 10; i++) ¢
24 f[1i] = rand.nextFloati();

25 1

26 for [(float = : £ {

27 Aystem.out.printlnix):
zo for (float g2 : £) |

28 Syastem.out.printlnigi)
30 0}

31}

iz for (;:) 1

33 Aystem.out.printlnik++) ;
34}

35 1

36}

Ewcovo 4.12: Apysio “ForLoops.java” petd my popeomoincn tov

To highlighted html apyeio mov avtopato mapdydnke oy mepoyn “testing/html”

QoiveTol otV o KAt eKOvVa (ewkova 4.13).
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1 package testing.files;

2 import Java.util.Random;

3 public elass ForLoops |

4 public static wvoid mwain(S3tring[] args) |
5 RFandom rand = new Random(47);
G float[] £ = new float[1l0]:;

7 int k = 0;

8 for (int 1 = 1; i <= 5; i++} {
o for {(int 3 = 1; j == 1i; J++}) {
10 Eystem.out .print{i) ;

11 }

12 System.out.printlni);

13 }

14 for {(int i = 0; i < 10; i++} {
15 for {(int j = 0; j < 10; J++}) {
16 for {(int m = 0; m < 10; m++}) {
17 for {(int n = 0; n < 10; n++}) {
18 Eystem.out .printIn{ntm*j+*i) ;
13 }

Z0 }

21 }

Z2 }

23 for {(int i = 0; i < 10; i++} {
24 f[i] = rand.nextFloat({) :

Z5 }

26 for (float =« : £) {

27 Eystem.out .printin{x) ;

28 for (float g2 : £} {

29 Eystem.out .printin{g2) ;

30 }

31 }

3z for (;:) |

33 Eystem.out .printIn{k++) ;

34 }

35 }

3G }

Ewova 4.13: Apyeio “ForLoops.java” pe highlighted Tic ypappéc-petafintéc tav “for” loops

Av o/ ypnotg enéheye oto menu tng €wovag 4.10 (LADVTOS Y10 TO GLYKEKPLUEVO
apyelo, “ForLoops.java™), Tqv emhoyn 2, “while” loops, Ady®m Tov OTL deV LIAPYOLV
o010 ovykekpyévo apyeio ypouués pe “while” loops mov va mepikieiovv kdamoleg

petaPAntés, Ba eppaviotel To mo Kdto pvope (ewova 4.14)

No wariables were found in "while™ loops' scope of this file!

Ewova 4.14: Epeavion pnvopatog
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[Tapodpowa, av o/m xpnong elye emrééel 3 N 4 (recursion 1| modulo), Ady® Tov OTL TAA
dev Bpébnkav Kamoteg PeTafANTEG HEGO OTIG GLYKEKPLUEVES EUPELELES, OO ELOAVIGTOVV

T avtioToryo unvopoto otic eikoveg 4.15 ko 4.16.

MNo recursion wethods' wvariablez were found in the scope of thiz file!

No modulus operator was found in this f£ile, in order to
get the involving wvariables in the equation!

Ewéva 4.16: Epedvien pnvopatog

[pémer va avapépovpe 0Tt 6e mepintwon mov dev Exovv Ppebet petafAntéc eivor Aoyikd

g 6ev Ba yiver highlight kéti oto html apyeio mov mapdyetat.
Av 10pa oto oapywod menu (swdva 4.9) emhéyope to apyeio “WhileLoops.java”

[[Mapaptnuo B-29] ko énetrra (ewcova 4.10) dwodéyape va egtdoovpe to “while” loops

to1E O TOUPVOLLE TO OTOTEAEGUOTO TOVL PaivovTal otV ekova 4.17.
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===== JJhile Loop 1 =====
Line: 15 Wars: n
Line: 19 WVars: n

===== TJlhile Loop 1.1 =====
Line: Z0 Vars: m
Line: 21 Wars: m

===== TThile Loop 2 =====
Line: 26 Vars: j
Line: 28 WVar=s: j

===== Dog-Thile Loop 1 =====
Line: 11 Wars: i
Line: 12 WVars: 1
Line: 14 WVars: i

Ewova 4.17: Anoteréopata emhoyng

To avtiotoyyo highlighted html apysio @aivetal mo kdtm oty ewkdva 4.18.

1 package testing.files:

2 public class WhilelLoops

] static boolean conditioni)

q boolean result = Math.random()] < 0.99;
5 Syatemw.out.print (result + 7, T

[ return result:

7 h

] public static void wain(String[] args)
= int i = 0O;

10 cdo

11 Syztem.out . .printIn({"i i=s : " 4+ i} :

12 i++;

13 h

14 while (i < 5} :

15 int n = 0O;

16 int m = 0O;

17 i = 0;

18 while (n < 5) {

19 Svztem.out . .printin{+i+n}) ;

20 while {(m < 5} {

21 Svztem.out . .printin{++m) ;

22 h

23 h

=24 Svatem.out.println("Exited 'while''™):
25 while(true) |

26 int § = 0:;

27 Svatem.out.println("Infinite Whilef™):
28 Svztem.out . .printin(j) :

29 h

30 h

31 h

Ewovo 4.18: Apysio “WhileLoops.java” pe highlighted tig ypappéc-perafinric tov “while” loops
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Av dwAéyape yoo To ovykekpluévo apyeio, va eEetdoovpe ta “for” loops mov oev

vrapyovv, tote Ba gpeaviiotay avtictotya to akdAovbo pnvopa (swova 4.19).

No wvariables were found in "for"™ loops' scope of this file!

Ewéva 4.19: Epedvion pnvopatog

2NV GUVEYELD, LETO TNV EUPAVION TOV OTOTELECUATOV EMCTPEPOVLE TIG® GTO APYIKO
menu (ewova 4.9). Av topa emdéyope 1o apyeio “RecursionSample.java” [Tlapdptnua
B-28] wou émerta (ewova 4.10) dwAaéyape va eEgtdoovpe tor “recursions” toOte Ol

naipvope to amoteAécpata Tov eaivovtol oty ewova 4.20.

===== Found Recursiwve Method : factorial =====
Line: 4 Vars: n
Line: 8§ Wars: n,n

===== Found Recursiwve Method : f£ikh =====
Line: 23 Vars: n

Line: 24 Vars: n
Line: 27 Vars: n,n

Ewova 4.20: Anotehéopato eTAOYNS

To avtictoyo highlighted html apysio @aivetar mo kdtw, otV eikova 4.21.
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24
z5
Z6e
27
Z8
z9
30
31
32
33
34
35
36

prackage testing.files:
public class RecursionSample |
public int factorial (int n) 1
if {n == 0} {
return 1:

elze {
return n * factorial {n - 1}:

public int fikbonacci [(int n) 1
int prewious = -1:
int result = 1:
for (int i = 0; i <= n; ) 1
int sum = result + previous:
prewvious = result:
result = =umn;
i=1i+1;
K

return result;

public static long fikb{int n) |
if {n <= 1) {
return n:
K
else |
return fib{n-1} 4+ £ib{n-2} ;
K
K

public static woid main(String[] args) |

int numn = Integer.parselnt (args[0]):
for (int i = 1; i <= nun; i++)] |
System.out.printlnii + ": " 4+ fib(i)):

'

}

Ewoéva 4.21: Apysio “RecursionSample.java” pe highlighted tig ypoppés-perapintéc Tov recursive

methods

Av TOpa Y10 TO CLYKEKPIUEVO apyElo, 6To devtepo menu (gikdva 4.10), emAéyape tnv

emhoyn 5, “Choose a method”, tote Oa eppoviidtav to akdiovbo menu (gikdva 4.22).
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1. Method name : factorial
2. Method name : fikbonacci
3. Method name : f£ib

4. Method name : main

5. BEeturn to load files menu

Enter wyour choice (Must he from 1 to 5)

Ewéva 4.22: Emloyn ané ne@dédovg tov apyeiov

Me mv Ponbewa tov profiler, Ba propovcape va dodue 6t n mo ypovoPopa LEBodog
omv ewova 4.22, sivon n “fib”. Av ot cuvéyela emBopodue va egtdoovpe omd To
ovykekplpuévo apyeio v pébodo “fib” kot emAéyape 1o 3, toOTEe OO MOUpvape TO

ATOTEAEGUATO TTOV QaivovTal oty eikova 4.23.

===== Found Method : fikh =====
Line: 23 Wars: n

Line: 24 Wars: n

Line: 27 Wars: n,n

Ewova 4.23: Anoteréopata emhoyng

To avtictoyyo highlighted html apyeio yio ta wo whve omoteAéopoto @aivetor mo

kAT, otV €1KOva 4.24.
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Z6
27
Z8
zZ9
30
31
32
33
34
35
36

package testing.files:
public class RecursionSample |
public int factorial (int n) i
if (n == 0) {
return 1:

elze {
return n * factorial (n - 1):

public int fibonacci (int n) i
int prewvious = -1:
int result = 1:
for (int i = 0; i <= n; | i
int sum = result + previous:
previous = result:;
result = =um;
i=1i+1;
B

return result:

public static long fibiint n) {
if {n <= 1) {
return n:
B
else |
return fib{n-1} + fib{n-2}):
B
B

public static wolid main(3tring[] args) |

int num = Integer.parselnt{args[0]):
for (int i = 1; 1 <= nuwn; i++) |
System.out.printlnii + ": " + fibi(i)]:

E

E

Ewoéva 4.24: Apysio “RecursionSample.java” pe highlighted tig ypappéc-petapintéic e method

“ﬁb”

AxoA0DB®G, HETA TNV EUEAVION TOV OTOTEAEGUATOV EMGTPEPOVIE TO® GTO OPYLKO

menu (ewova 4.9). Av topa emdéyapue to apyeio “ModulusOperatorExample.java”

[[Mapdptnuo B-27] ko éneita (ewdva 4.10) emréyope va eEgtdcovpe to “modulus

operator” T0te o TalpvaE TO ATOTEAEGLOTA TTOV PaivovTol 6TV gkova 4.25.

8 Vars: i
9 Vars: d

Ewova 4.25: Anotehéopato emAOYNS
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To avtiotoyo highlighted html apyeio vy Ta mo moveo omoteléopota @oaiveTon mo

KOT®, otV €1KOvVa 4.26.

1 package testing.files:

2 public class ModulusOperatorExample |

3 public static wvoid mwain(String[] args) throws Exception |
4 String str = "Java Modulus Operator (3%) example'™:
5 System.out.printlnistr):

& int i = 50;

7 double d = 32;

8 System.out .printIn{"i mod 10 = " + i % 10} ;

9 System.out .printIn{"d mod 10 = " + 4 % 10} ;

10 b

11 b

Ewova 4.26: Apyeio “ModulusOperatorExample.java” pe highlighted Tig ypoppéc-perafpinric Tov

modulus operator

4.5 Epyoieio tepayiopod tpoypappotog

A@o¥ mpaypatonombel n epyacio TOV GLVTOKTIKOD OVOAVTH KOl EVIOTICTOVV KATOES
YPOUUEG UE TIG OVTIOTOLYES HETAPANTEG TTOV emBLIOVUE Vo eEETAGOVUE, GEPA TTAiPVEL
TOPO O TEUAYIGUOC TOL CLYKEKPIUEVOL TPOYPAppatog e €va epyoieio TEHOIOLOD

Kddwa/Tpoypappartog (slicing tool).

Ao o épguva Tov £YOVUE KAVEL TO MO S10BEGIO KOl VTTOGYOUEVO OO TO AYOOTA MG
KkaBOAov epyoirein TOL VILAPYOLV YO TELAYIGHO TpOYpappdTov o Java, givar to JSlice
[13]. To JSlice eivan éva dynamic slicing tool yia mpoypdupata Java. Onwg avapépetot
Kol 6To JldkTLaKO YMPo (Webpage) tov epyoieiov [13], to JSlice icwg eivan TO

povadikd dynamic slicing tool mov vrdpyet dSabécipo ylo Tpoypdupata o Java.

>t0 JSlice pmopovue va ddcovpe cav €icodo TV ypouun O6mov yivetor avagopd
(reference) ¢ petafAnTg mov oG EVOLAPEPEL VO O0VUE OAEG TIC OAANAEEOPTIGELS TG,
H 18éa avtg ™g pebodoroyiog Omwg €yovpe NoN avagépel gival va mipovue €vol
“ocuppicvopévo” kodwka mov Ba pog mpooeépet to slicing tool, dote va givor mo
€0KOAO va TV peEAeTNOOVHE. O GUVTOKTIKOG OVOAVTIG Bal LG dMGEL EMOUEVOS KATOLES

YPOUUEG Kot HETAPANTEC oL avtég mepikAeiovian oe TuXOV YpovoPopa onueion Tov
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koowka pagc. Enetta, pe v ypnon tov slicing tool, ypnoipomoidvtag pia omd avtés Tic
YPOUWUES, UTOPOVUE VO TAPOVUE €va KpOTEPO Koppdtt (slice) tov cvykekpyévov
kddwa mov oiyovpa Ba Ppioketar péco oty guPéreln KAmolov yeVIKOTEPOL
xPOvoPOpov Kkoppatod (my. pwg avadpoutkng pebddov, evog loop). Emopéveg,
umopovue vo, eetdoovpe éva mpog Eva avtd Ta slices kol vo mpoomadncovue va

EVTOTIGOLLE KATL OV VoL ypeldleTon BeAtioTonoinon.

Onwg avagépetol Kot 6TV 16ToceAda Tov epyaieiov, To JSlice pmopet va eykatoctadet
oe Fedora Core 3/4 1 mapouowa mepiBdirovta. Emiong, ypeidleton geec version 3.4 yio
va yiver compile o mnyaiog k®dwkag (source code) tov, JDK 1.4 xou Eclipse 3.1.
Avctuymc, ot mpoortdbeieg Yo eykatdotaocn tov JSlice o po unyovn mov €xet Fedora
Core 4, &yovv amotiyet (onpewwvoovpe ott to Fedora Core, PBpioketar otnv ékdoon 13).
‘Evog amd tovg kvptdtepovg AOYoLG auThg NG amotvyiog eivor 1o yeyovog OTL Ol
TPOOLALYPOPES TOL GCULYKEKPUEVOL €PYOAEIOV, HOGC TNyoivouv micm oe €kOOGELS
EPYOAEI®V KO AEITOVPYIKOV GUGTNUAT®V TOV gival TEPAV TOV 5 povdv. AkOun Kot 1
tedevtaio €ékdoor tov JSlice (2008), vmootnpilet Tig 1d1eg mpodiaypapés. To A kot o
Q omv avdrtuén evog AOYIoUIKOD, €lval 11 GLVTPNON TOV. ZAPADS, Ol KATOUCKELUOTEG
TOV GUYKEKPIUEVOL EPYOAEIOD €YOVV OMOTLYEL GTOV VO, GLUVINPNOOLV TO AOYICUIKO

gpyoireio mov Exovv avamtvset.

[Mapoéra avtd pmopodue va cvveyicovpe v 10€a oG TG pebodoroyiag Kot ywpic
kémowo slicing tool, péypt oto péAAov va eUEOVIOTEL KATOO 7TOL Vo UTOpel va
evoouaTmlel 0TI avlykeg Hoc. ZTNV £6YATN TOV TEPUTTOCEMV UTOPEL Yo £vol LKPO
TPOYpappo vo kévoope “manual” (pe to xépt) v gpyacia Tov slicing tool. Opwg, 660
aQopd TIG €loNYNCES Yoo PeATioTOTOINGCT KMOKO UTOpovV vo. yivouv kot ywpic To
slicing tool, pévo pe v ¥pnomn Tov GLVTOKTIKOD OVOAVLTY. O CLVTOKTIKOG AVAAVTNG
pmopet vo vodeilel TIg YpopUéS TV TBavaV xpovofopmv onueiov kol exiong va Tig
kdvet highlight. Enopévag, propodpe va faciotovpe 6Tov GUVIVOGHO TOL GUVTOKTIKOD
avaAvt ko Tov profiler yio va cuveyicovpe 10 €pyo g pebodoroyiog pag. To pdvo
mAgovéKTNHO TOL B vIMPYE av glyope kot kdmoto slicing tool, givar To yeyovdg Ot éva
TPOYPALLO/KOIIKA Bo popovoape va Tov eEgTdoovpe amd TOAD TEPICCOTEPES OMTIKES

yovieg, Tapd and po povo.
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4.6 Ileipopotikég PETPGELS TG EMTIO0CTS OLUPOPOV LIKPAV TPOYPUURATOV

210 Koppatt avtd Ba yivel g Topovsioon TOV SPOP®V TEPUUATIKOV UETPTCEDV
(benchmarks) mov éyovv owe€oybel pe v ypnon tov profiler tov Netbeans IDE, og
dlpopa pIKpd Tpoypappato. XtOxoc pag givor vo amodsifovpe kot vo otnpiEovpe
KATOLES amd TIG ONUAVTIKOTEPES EI0NYNOELG TTOL £xovv avapepBel (oTo KePdAato 3) yua
BeAtiotomoinon mPOYPAUUATOS OTNV YAMOGO TPOYPOUUATIGHOL Java, kobdg kot

ovyKpicels petald Kamolmv KAUGOIKOV adyopiOumy.

Awbétovtag, Cevydplo apyeiov mov emtdvovy to 1o TpdPinua pe BéATIoTo Ko pn-
BéATioTo TPOMO, KAVOLUE CLYKPIGEIS OTNV €MidOON TOL KAOE TPOYPAUUATOS HE TNV
Bonbewa tov profiler. Na onpeidoovpe 6Tt Yoo 10 KéOe Eva TPOYPOUIO EKTELOVUE TNV
dwdwkacio tov profiling 10 popég kar maipvovpe Tov HEGO OPO TG OAKNG TOL EMLOOONG
(mov @aivetor ota snapshots mwov Pyalet o profiler). ‘Emetta, mapoatnpodpe mowo and to
snapshot mov pog mapéyet o profiler, £xel enidoom kovid ctov péGo 6po mov Exovpe Ppet

KOl YPNGLULOTOI0VUE TO GLYKEKPIUEVO snapshot Yo pétpo cvykpiong.

Ag ECexivioovpe Aowmdv pe TN oLYKPION VO TPOYPOUUATOV TOL Ppickovv TO
mopoyovtikd evog apBpov. No onueidcovpe O0tt oto snapshots, oto onueio mwov
avaypagetor “Hot Spots -Method”, kdtm and avtd, amapiBuodvtal ot peboddot, pe v
mo ypovoPodpa pnéBodo va etvar emike@aAng Kot va akoAovBodv ot vroroutes. To mpdTo
npoypappo (Factorial.java) [Iapdaptnua I-33] kdvel ypnon avadpopikoOTTog VO TO
devtepo Oyt (FactorialOpt.java) [[lopaptnua I'-34]. (Or k®dikeg OA®V TO

mopadelypudtov Bpickovroatl oto mapdptnua I).
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Call Tree - Method
all threads

- main
(% testfiles. Factorial. main (String[])

Time [%] +

Time Invocations
0.603 ms (100%)
0.603 ms (100%)
0.604 ms (100%)
0.438 ms (72.4%)
0.139 ms (22.1%)
0.020ms (2.3%)

Hot Spots - Method

Self time [%] +

Zelf time Inwocations

testfiles, Factarial main (String[J) I 0,433 ms (726%) 1

testfiles. Factarial Factorial (int) [ | 0,105 s [17.4%) 2t

kestfiles, Factorial, <init= () | 0.020ms [2.3%) 1
"E—,Ec,| [Method Mame Filker] v

Ewdéva 4.27: Profiling apyeiov Factorial.java

Call Tree - Method Time [%] + Time Invocations

Al threads ] 0,329 ms (100%) 1

[=3- 0 main [ ] 0.329ms (100%) 1

=3 testfiles.FactorislOpt.main (String[]) ] 0,330 ms (100%) 1

(D) 5elf time ] 0,301 ms (3155) 1

(D) testfiles, Fackorialopt, <init > (1 [ | 0,017 ms (5.29) 1

| 1

------ (B testfiles,Factorialopt. Factorial (int)

0.004 ms (129

Hot: Spats - Method
testfiles, FactarialOpt. main (String[ 1)
testfiles, Factarialopt, <init > ()
testfiles Factorialopt. Factorial (int)

Self time [%] +

Self time Invocations
0,301 ms (31.5%)
0,017 ms (5.29%)
0,004 ms (1.29%)

§| [Method Mame Filter]

Ewdéva 4.28: Profiling apyciov FactorialOpt.java

66




Y10 mpoypoppo Factorial.java yiveton yprion g avadpoutkng pebooov factorial yo va
Bpebel o mapayovikd tov apBuov 20. v swdva 4.27, mopatnpodpe 6Tt o ypdvog
extédeong avtng ¢ pebooov sivar 0.105 ms (milliseconds — y1hiootd devteporéntov)
kot yivovtal 21 kAnoelg mpog avtr. Amd v GAln, oto mpdypaupo FactorialOpt.java
YiveTal 0 VITOAOYIGHOS TOV 1310V aPBROY pE TV XPNoN MG UN-0vadPOUTKTG neBOdov
(néBodog factorial, ewodva 4.28). v ewova 4.28, ce avtiBeon pe 10 mponyodUeVO
snapshot tov profiler, yiveron pdévo pia opd kKAnom g peboddov factorial Ko €xovpe
xpévo 0.004 ms. O cvvolkdg ypovog emidoong (all threads) tov Factorial.java esivan
0.603 ms kot Tov Factorial Opt.java givon 0.329 ms. 'Etot, mopatnpodue 0tL 1 ypnon
AVOOPOLUKOTNTAG KAVEL TO GUYKEKPIUEVO TPOYPOULO O apyd, av Kol Ogv gival 1060

alsOn 1 dapopd.

210 ovykekpluévo mapaderypna, facet g pebodoroyiag pag, Ho xpNGILOTOI0VCAE TOV
GLUVTOKTIKO avaAvth oto apyeio Factorial.java kot Oa avokaAvmtope OTL KAVEL Xprion
avadpopikng pedddov. ‘Enetta apod dev Egovpie ypnolponomoet kKamowo slicing tool, Oa
napotnpovoape oto highlighted apysio mov Bo mapaydtovy omd TOV GUVTOKTIKO
avoALT, TIG YPOUUEG HE TIG avtiotowyeg petoPAntés péoca oty euPérela avTg ™G
avadpOKNG peBOoov. X ovvéyela, Bo oKEPTOHOOTAYV TPOTOVG HETATPOTNG TNG
avadporIKNG HeBOOOL GE UN-OVAOPOUIKY. XTIV GLYKEKPLUEVN TEPITT®ON, Yo TO
yvooto mpdPAnua tov factorial, Ba KGvape TNV OVTIKOTAGTOOT LE LKL UN-OVOOPOLLKN

péBodo 6mwg avtnv Tov PAEmovpe oto apyeio FactorialOpt.java.

Topa Ba dovpe éva GALo mPOPANUO TOL KAVEL YPNOT AVAOPOUIKOTNTAS, TTOV GE
avtifeon pe 10 MO WAVO TPOPANUA, 1 S@Oopd HETOED OVOOPOUIKNAG KO -
aVOOPOLIKNG EMIALONG TOV GLYKEKPIUEVOL TpofPAnpotog elval apketd oicOnt. To
npoPAnua eivor n dpeon Tov 20°” apOuod Fibonacci. To mpdypoppa wov kavetl yprion
g ovadpopkng pebodov eivar to Fibonaccijava [Ilapdptnpa I'-34] ko avtd mov

Kével yprion g un-avadpopikng sivor to FibonacciOpt.java [Tlapdptnpa I-35].
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hall Tree - Method
All threads
BL-I_-‘ main
B W) testfiles, Fibonacc, main (5tina[ )
---ﬁ testfiles,Fibonace fibonacci (int)
(D) elf time

------ (B testfiles, Fibonace, <init ()

Time [%] »

Time Invocations
S6.5ms (1009
S6.5ms (1005
SE.5ms (1009
S6.0ms (99,19
0484 ms (093]
00w (0%)

Hot Spots - Method Self time [%] + Self time Invocations
testfiles Fibonacc fibonaci (int) | ] 29.9ms (53%) 21891
testfiles Fibonacci.main (String[]) | 0.484 ms (093 1
testfiles, Fibonacc, <init > () 0.0l ms (0% 1
%| [Method Mame Filter] v
Ewoéva 4.29: Profiling apyeiov Fibonacci.java

Call Tree - Method Time [%] » Time: Invocations
Al threads ] 0.320 ms (100%) 1
-6 main I 02t (005 1

- %9 testfiles. FibonacciOpt main (String[]) ] 0322 ms (100%) 1
(D) self time ] 0,299 ms (93.15) 1
(5 testfiles. FibonacdiOpt, <init ) | 0.01Zms (37%) 1

| 1

(D) testfiles, Fhonacciopt. fibonacci (ink)

0.004 ms (129)

Hat Spats - Method Self time [%] + Self time Invocations
testfiles FibonacciOpt.main (String[ ) ] 0,299 ms (93.15) 1
kestfiles, Fibonacciopt, <initz () | 0.012ms (2.7%) 1
testfiles, Fibonacciopt. fibonacci (int) | 0.004 ms [1.29%) 1
I=| "
= [Method Name Filter] v

Ewoéva 4.30: Profiling apyeiov FibonacciOpt.java




Xmv ewéva 4.29 mapoatnpovpe 0Tl 0 ¥POVOG EKTEAEONC TNG OVOOPOUIKNG HeBOdOL
(uébodog fibonacci) mov vrroroyilet tov 20° apOuéd fibonacci eivar 29.9 ms kat yivovtat
21891 «inoeig g ovykekpévng pebodov. Amd tnv AGAAn, oty ewova 4.30,
Tapotnpovue OtL 0 ¥POVOC TG Un-avadpopikng pedddov (péBodog fibonacei) eivat
0.004 ms ko yiveton povo pio @opd kAomn e ovykekpiuévng pebodov. O cuvolikog
xpévog emidoong (all threads) tov Fibonaccijava elvar 56.5 ms kot tov
FibonacciOpt.java eivan 0321 ms. Emopéveoc, mapotnpodpe Ot 1 ypnon
AVOOPOUIKOTNTOG €0 KAVEL MO a1cONTN TV TOPOLGia TG, APOD £YOVUE UEYOADTEPT
olpopd 6to Ypovo. ETopévme, o€ TETOLEC TEPUTTMOGELS 1] ATOPLYT TNG OVOOPOUKOTNTOG
umopel vo pog dmoel £va o PBEATIOTO TPdypappa. AVTo, £pYETAL GE OVTIQPOON HE TO
YEYOVOS OTL 1| XPNON TNG AVAOPOLIKOTNTOG OTIS dVO TTo IOV TepuT®oels (factorial kot

fibonacci), divel £va o PLGIKO Kol EVKOAOVONTO TPOTO CKEYNG OO AVTO TOL divel 1

XPNON UN-CVOIPOUIKOTNTOC.

210 Mo mAve mopddstypa, PBdost g pebBodoroyiag pog, Oa ypnoylomolovcapE TOV
oLVTOKTIKO avoivt oto apyeio Fibonaccijava kot o avakaAdTopue 0Tt ¥pnoyLorotet
pio avadpopikny péBodo. ‘Emerta B mapatnpovoape oto highlighted apyeio mov Oa
TOPOyOTAV OO TOV CUVTOKTIKO OVOAVTN, TIG YPOUUES LE TIG OVTIOTOUYEC UETOPANTEG
péca otnv guPéreta avtig g avadpokng pebddov. Xtn cuvéyela, Bo okepTOHOGTAY
TPOTOVG LETATPOTNG TNG AVOOPOUIKNG HEBASOL G PN-0vadPOLIKT. ZTNV GUYKEKPIUEVT
TEPIMTOON, Y10 TO YV®OSTO TPOPAnua tov fibonacci, Ba Kdvope TNV OVTIKATAGTAOT LE

po pn-ovadpoptkn pébodo d0mwg avtiv mov PAémovpe oto apyeio FibonacciOpt.java.

Ag dovpe TOpa TL SoPOPE PTOPEL VoL KAVEL GE Eva TPOYPULLLOL 1] YPTOT SLOPOPETIKAOV
alyopiBumv. Oa dovpe ovykekpéva 000 aiyopiBuovg avalntmong kKot 000

alyop1Opovg Ta&vounonge.

To mpdypappo LinearSearch.java [[lopdpmmuo I'-37] xkdver yxpnomn  yPOUUIKAG
avalnmong [12] kot to mpodypoappa BinarySearch.java [[Tapaptue I'-31] kéaver ypnon
ovadwkng avalnmong [12]. Ta 600 ovtd mTPOypAUUATH, KAVOVIOG YPNON TOV OLO
SpopeTik®V alyopiBumv ovalntmong, Kaiovvtor va Bpovv v Béon tov apBpov

5000000, péoa o éva mivako ototyeimv mov araplfpovviot amd 10 0 wg to 9999999.
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Call Tree - Mathod Time [%] = Time Invocations
Al threads I 208 ms (100%) 1
(52 main I 208 ms (100%) 1

=8 ﬁ testfiles. LinearSearch. main (String[]) I 218 ms (100%) 1
(D) el time [ 189 ms (36.53) 1
(5 testfiles, Linearseatch linearSearch (intl], int, int, int) . 29,3 ms (12.4%) 1
(D) testiles.LingarSearch, <init s () 0.020ms  (0%) 1

Hot Spats - Methad Selftime[%] +  Self time Invocations
testfiles, LinearSearch, main (String[]) [ 189 ms (36,55 1
testfiles.Linearearch linearSearch (nt[], int, inf, nt) . 29,35 (12.4%) 1
testfiles. LinearSearch, <init = () 0.020ms  (0%) 1
"E—f,| [Methiod Name Fiker] v
Ewdéva 4.31: Profiling apyciov LinearSearch.java

Call Tree - Methad Time [%] + Tire Invocations
#ll threads ] 189 ms (100%) 1
=-E0 main ] 189 ms (100%) 1

= E testfiles, Binary3earch. main (Sting[]) ] 189 ms (100%) 1
i (5 Self time ] 189 ms (100%) 1
(D) testfiles. BinarySearch, <init > (1 0.019ms (0% 1
(D) testfiles,BinarySearch. binarySearch (it ], int, int, int) 0.006 ms (0% 1

Hot Spots - Method Self time [%] Self time Invocations

testfiles, BinarySearch. main {String[ 1) ] 189 ms (100%) 1

testfiles,BinarySearch, <init= ()
testfiles,BinarySearch,binarySearch (int[], int, int, int)

0.019ms (0%
0.006ms  (0%)

1
1

= = [Method Mame Flker]

Ewova 4.32: Profiling apyeiov BinarySearch.java




Ymv ewova 431 PAémovpe Ttovg ypoOvovg exkTéAeonc TtV peBOOwV  TOL
LinearSearch.java kot otnv €wkova 4.32, tovg yxpovovg extéAeons TV HeBOO®V TOL
BinarySearch.java. Ilopatnpodpe 0tt o ypdvog ektéleong g peBOSOL  TOVL
ypnowonolel ypouutkny avalnmon (pnébodoc linearSearch) eivar 29.3 ms. Amd Vv
GAAN, oV gwova 4.32, o xpdvoc ¢ ueBOd0L oL YPNCIUOTOLEL dVAOIKY| avalnTnon
(1€Bodoc binarySearch) givor 0.006 ms. Emopévmg, n yprion dvadwkng avalntnong oe

T£T010V £100VC TPOPAN AT EtvOL KAADTEPT), AV Kot 1] dLopopd eV givat Kot TEpAOTLOL.

Bédogt g pebodoroyiog pag, apyikd o ypnoyomowovcape tov profiler yio va pog
evtomioel Tic mo ypovoPopec neBodovg tov apyeiov LinearSearch.java. O profiler Ha
pog €0tve TNV main cav v mo ypovoPopa péBodo, (dnwe mapatnpodiEe To v otV
ewova 4.31) xor ocov Oevtepn mo  ypovoPopa  péBodo, tnv linearSearch.
XPNOWOTOUDVTOG TOV GLVTOKTIKO ovoAvt Oa  evtomilope TIC YPOPUES HE TIC
avtiotolyeg HETAPANTEG pHéca otnv euPéreta g pebdoov main. Ga coumepaivape Ot
dgv LVIAPYEL KATL TOL VoL UITOPOVLLE Vo BEATIGTOTOMGOVNE, OU®MG Bo TPOGEYALE TMG 1|
main koAel v péBodo linearSearch, mov 6mw¢ €yovpe det eivor 1 devtepn mo
ypovoPopa. Emopévmg, Ba ypnopomotodcape ToV GUVIOKTIKO OVOALTY Yo Vo
EVIOTICOVUE TIS YPOUUES ME TIC ovTioToues MHETAPANTEC péco omnv euPéreta g
linearSearch. Zto highlighted apygio mov 6o mapaydTav and Tov GuvTAKTIKO OvVaALTY|,
Bo mopatnpovoape 0Tt M ovykekpévn péBodog kdhver ypnon evog “for” loop.
Meletwvrag 1o “for” loop ko éxovtag aiyoplOuikés yvacels Bo mapatnpovcape 0Tt
yivetan pua oeplaxn avalrtnon. Ondtav, 0o GKEPTOUASTOV VO AVTIKOTOGTCOVLE TNV
celpoky avalnmon pe po dvadikn avalntnon mov eivar mo ypryopn. ‘Etor Oa
avtikadiotoboopue TV ovykekpyévn pébodo, pe v pébodo binarySearch mov

BAémovpe oto apyeio BinarySearch.java.

[Topora avtd, n xpnon SeopeTik®v oiyopibuwv ta&vounong oe éva mpofinua,
umopel vo. pog omoel peyolvtepn Olagopd otnv emidoon (o€ oOYKPION HE TOVG
alyopiOpovg avalnmmong). Ag odovue Aouwrdv v dwpopd petad tov aAdyopifuov
bubblesort (ta&ivopmon eucaridag) [12] kot tov mergesort (TaEvOUN oM GLYXDOVELONG)
[12]. To mpoypappo BubbleSort.java [Ilapdpmmpa I'-32] kdver ta&wvounon bubblesort
Kot 1o Tpoypoppa MergeSort.java [Tlapdptnpa I'-39], kéver ta&vounon mergesort. Ta,

000 OVTO TPOYPAUUOTO, KAVOVTAG YPNON T®V OVO  OPOPETIKMOV  oAyopiBuwv
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ta&vounong, Kohovviol vo Ta&vounceovy o€ adEovoa Gepd £val Tivoko amd aptBpong

and 1o 65536 péypt 1o 1. AnAaodn, petd to TéAog g tagvounong ot apiBuoi Oa

Bpiockovtar amobnkevpévol otov mivaka amd to 1 puéypt 65536.

hall Tree - Method Time [%] « Time Irvocations
Al threads B s o) 1
=20 main s ) 1
-4 testfiles BubbleSart.main (String[ ) B s o) 1
----- (5 testfiles BubbleSort, bubbleSrt (int[], int) [ ] 21757 ms (77.3%) 1
(D) S time [ ] 5890 s (21.1%) 1

Hat Spats - Method Self time [%] + Self time Irvocations
testfiles, BubbleSort, bubbleSet (int[], k) ] 21757 ms (77.3%) 1
testfiles, BubbleSaort, main (Strina[ ) - 590 ms (21.1%) 1

"§,| [Methad Name Fiker]

Ewova 4.33: Profiling apyciov BubbleSort.java
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hall Tree - Methad Time [%] + Tirne Inocations
Al threads ] 15423 ms (100%) 1
=65 main B 5o (00 1
3- % testfies, MergeSort, main (Strina[ 1) _ 15423 ms (100%) 1
+E testfiles, MergeSort, mergeSort (int[], int, int) _ 9617 ms (£2.4%) 1
(D) 5ef tine [ 5527 ms (35 2%) 1

Hot Spots - Method Self time [%] + Self time Invocations
testfiles,MergeSartmergeSork (k[ ], int, int) | 9462 ms (51,4%) 131071
testfiles, MergeSort, main (Strina[ ) - 5527 ms (35,45 1

= [Methad Name Fiter]

Ewova 4.34: Profiling apyeiov MergeSort.java

Xmv ewévo 4.33 pmopodue vo dovpe TOvg YPOVOLS eKTEAEONG TNG HEBOJOL TOL
BubbleSort.java kot otnv ewdva 4.34, toug ypovovg ektéheong g peBddov tov
MergeSort.java. [lapatmpodue 611 0 ypdvog ektéleong g nebddov mov ypnoiponotel
bubblesort (uébodog bubbleSrt) sivor 21757 ms. And v GAAn, oty €wkova 4.34, o
xpOvog ¢ peBoddov mov Kkdver mergesort (uEBodog mergeSort) eivon 9462 ms.
Mmnopobpe, emiong va mapatnpioovpe Ot 10 MergeSortjava mov ypnoiponotel
avadpopkotnta, kével 131071 kAnoeig g neboddov mergeSort evd to BubbleSort.java
Kével povo pio eopd kAfon oty bubbleSrt. Zoven®dc, 1 ypNoN OVOIPOUKOTNTOS LE
€Eumvo  TPOTO, ©E UEPIKEC TMEPIMTMOEL,, UmOopel va ypnowwomonbel vmép pog.
Yvumepaivovpe Aomov, TG M XPNOT TOL mergesort 6e TETOWL €id0VG TPoPApaTa
tagvounong etvar cap®mg KaAdtepn amd 0Tl 1| xprion Tov bubblesort, éyovtoc paiiota

oNUOVTIKN d1dpopal.

Bédoet g pebodoroyiog pag, Oa ypnoyomolovcape tov profiler yio va pog evromicet
T1G 7o ¥povoPopeg pebddovg Tov apyeiov BubbleSort.java. O profiler 6o pog €dwve v
bubbleSrt cav v mo ypovoPopa pnébodo, (dnwg mapatnPodiE TO TAVED GTNV EIKOVA

4.33). XpnoIUOTOIOVTOS TOV GUVTOKTIKO ovoAvt) Oa evtomilope TIG YPOUUES HE TIC
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avtioTolyeg LETAPANTEG Héca otV euféreta avtng g pebddov. Zto highlighted apyeio
mov Ba mopaydTOy OmMO TOV  GLVTOKTIKO ovoAvtr, Oa mopatnpovoope OTL 1
ocvykekpipévn puébodog kaver ypnon eoiocuévov “for” loops. Meletmvtag to loops
poli pe adyoplBuikég yvooelg mov dabétovpe, o mapatnpodoape OtL yivetal ypnon
eVOG TOAD Yv®oToL aAyoplfuov yio ta&vounon, owtov tov bubblesort. Ondtav, Ha
OKEPTOLACTAV VO, OVIIKATOGTNGOVLLE TOV GUYKEKPIUEVO aAyOp1BLo pe KAmolo GALO TOV
yvopilovpe o6t elvan apketd mo ypnyopos. ‘Etoi, Ba  avtikabiotovoope v
ocvykekplpévn néBodo, pe v pnéBodo mergeSort (Tov ¥PNGYLOTOLEL TOV OAYOPIOLO TOV
mergesort wov givor mo PEATIOTOG amd 6Tt owtdg Tov bubblesort) mov PAEmovpe oTo

apyeio MergeSort.java.

Ag ovveyicovpe TOPO Vo SOVUE TIG SLAPOPES PETOED TNG XPNONG TOL TEAESTN “+7, Y1l
ocuvévmon string otnv Java, évavtt tov StringBuilder. Onwg éxovue avapépel Kot 6to
Ke@AAa1o 3, av BEhovpe va Kavovpue TNV cuvEVmon evag string pésa o€ €va loop, tétE 0
KOADTEPOG TPOTOG Yot VO TO KAvovpe avtd glvon pe v ypnon tov StringBuilder. To
npoypappo StringExample.java [[lapdaptnua I-40], ypnotponotel péca 610 cmdpa £vOg
“for” loop, Tov teleot “+7 Yoo va kdver cvvolkd 3000 cuvvevooelg gvog string.
Avrtictoyya to mpoypappa StringExampleOpt.java [[Tapaptnuo I'-40] kdver tig 101€¢
OLVEVAGELS OAAG e TV xprion tov StringBuilder. ITwo kétw PAEmovye Ta snapshots tov

VO TPOYPOUUAT®V.
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hall Tree - Method Time [%] + Time: Invocations
Al threads ] 2726 ms (100%) 1
-6 main ] 2726 ms (100%) 1
- 94 testfiles. StringExample.main (3tring[]) ] 276 MS (100%) 1
; [ ] 2194 ms (50,5 1
() gelf time || 532 ms (13.5%) 1
(D) testfies, StringExample, <init > () 0.010ms (%) 1
Hot: Spots - Method Self time [%%] + Self time Invocations
testfiles, StringEsample. implicit (Sking[T) I 2194 ms (20.5%) 1
testfiles, StringExample. main (String[ 1) - 532 ms (19.5%) 1
kestfiles, StringExample., <initzs () 0.010ms  (0%) 1
"E—,Ec,| [Method Mame Filker] v
Ewdéva 4.35: Profiling apyeiov StringExample.java
hall Tree - Method Time [%] = Time Inwocations
Al threads ] 73l ms (100%) 1
=2 main [ ] 73l ms (100%) 1
E} U testfiles, StringExampleCpt, main (String[T) _ 731 ms (100%) 1
i I 727 s (39.5%) 1
| 345 ms (05%) 1
0.0l ms (0% 1
Hat: Spats - Method Self time [%0] + Self time Inyocations
testfiles, StringExampleOpt.main (String[]) 727 ms (99.5%) 1

kestfiles, StringExampleOpt. explicit (String[])
kestfiles, StringExampleOpt, <initz ()

3.45ms (05%)
0.0 ms (09

1
1

"E—,Ec,| [Method Mame Filker]

Ewéva 4.36: Profiling apyeiov StringExampleOpt.java




Yy ewova 4.35 n uéboodog implicit mov ypnoonolel Tov TEAEST| “+7 ¢ PEco Yo va
cuvevmoel T string, ypewaletar ypovo 2194 ms. And v GAAN, oty ewova 4.36, 1
puébodoc explicit, mov ypnowonotei tov StringBuilder, ypeidleton poéovo 3.45 ms.
Emopévmg, n xpnion tov StringBuilder, eivat ca@dc o mo BEATIoTOg TpOTOC 6GO QUpOopd

TNV GLVEVMOT string, £101KA OTOV TPOKELTOL Y10, GLVEVMOT LEGO 6TO GO VOGS loop.

210 cLYKeKPILEVO Tapadetypa, Bacel g pebodoroyiag pag, Ba ypnoLonotoVcape Tov
profiler yww va pog evromicer TIC WO ypovoPopeg peBdSovg TOL  apyeiov
StringExample.java. O profiler 6o poag €dwve v implicit cav v mo ypovoPopa
uébodo, (06T mopatnpovue Mo mAve oty wova 4.35). XpnoleomoimvTos TovV
GLVTOKTIKO avoAvty] Oa evtomilope TG YPOUUEG HE TIG avTioTowes HeTOPANTES péoa
omv euPéretn avtg ¢ pebodov. 1o highlighted apyeio mov Ba mapayodTov amd Tov
GUVTOKTIKO avaALTY, B0 Topotnpovcape 0Tt 1 GLYKEKPUEVT HEBOOOG KAVEL YpNOT TOV
teleoty 4+ péoa oe éva  “for” loop. Emouéveg, Oa okepropoctav v
OVTIKOTOGTI|COVIE TOV GUYKEKPLUEVO TEAESTN He €va avTikeipevo Tomov StringBuilder
vy yivelr 10 mpdypappo pog apketd mo Pértioto. ‘Etol, Oa avtikabiotovoape v
ovykekpluévn  péBodo, pe v pébodo explicit mov PAémovpe oT0  OpyEio

StringExampleOpt.java.

210 Ke@dAalo 3, giyope avagépel TS 1 ypon tov buffering eivor o kaAVTEPOG TPOTOG
pe tov omoio pmopet va yivel Beitiotonoinomn g enidoong twv 1000wV Kol ££00®V
(input/output) otnv Java. H Java pog mapéyet tnv dvvatdtnta vo TuAiyovpe (wrapping)
10 £€va. avTIKEIIEVO HEGO 6TO GALO. AvTtd pmopel va pog dMGeL KaADTEPT EMIBOO0T E10KA
Otav QPUPUOCTEL € TEPITTAOGELS AE10ToINoNG TOV E160d®V/eE0dwV. I'la Tapdoetypa Eva
avtikeipevo FileReader [7] umopovpe vo 10 kdvoope “wrapped” péoa oe éva

avtikeipevo BufferedReader [7].

To mpdypappo WithoutBuffering.java [[lopdpmmuo I-42] Swpdler 6lovg TOLG
YopaKtnpeg amd &va apyeio xeywévov #xt (20000 ypopp®dv) YPNOCUYLOTOUDVTIOS £VO
avtikeipevo FileReader. To mpdypappa  WithBuffering.java [[Tapdptnuo I'-41]
dwpdaler OAovg Tovg Yopaxktipes omd TO 1010 apyelo, Kavoviag yxpnom evog
BufferedReader, éyovtag xdver “wrapped” péoa otov BufferedReader éva avtuceipevo

FileReader.
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hall Tree - Method Time [%] = Time Inwocations

=] Al threads ] 207 ms (100%) 1
- main ] 207 ms (100%) 1
(D) testfiles, WithoutBurfering.main (String[]) ] 207 ms [100%) 1
Hat Spots - Method Self time [%] + Self time Inwocations
testfiles. WithoutBuffering. main (String( ]) ] 207 ms (100%) 1
"E—,EU [Method Hame Filker] hd

Ewova 4.37: Profiling apyciov WihoutBuffering.java

Call Tree - Method Time [%] + Time: Invocations
Al threads ] 60,7 ms [ 100%) 1
- main I £0.7ms (100%) 1
(B testfiles. WithBurfering, main (String[ ) ] 60.7 ms (100%) 1

Hot: Spats - Method Self time [%] + Self time Invocations
testfiles WithBuFfering.main (String[ ) ] 60.7ms (100%) 1

"E—,E;, [Method Mame Filker] v

Ewova 4.38: Profiling apyciov WihBuffering.java
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Ymv ewéva 4.37 mapoatnpovpe 0Tl 0 OAKOG YPOVOG EKTEAEGNC TOVL TPOYPELUATOG
WithoutBuffering.java, mov dev kdvel yprion buffering, etvar 207 ms. v ewova 4.38
mapotnpovpe 6t to mpdypappo WithBuffering.java, to omoio kdvel yprion buffering, o
OMKOC ypOVOC ekTéleomg Tov givar 60.7 ms. Zuvenmg, n xpron tov buffering umopet ko

OTH HE TNV CEPA NG va. pag Pondnoetl oty Pedtictonoinon tpoypappdtoy Java.

210 Mo mive mopddetypa, Pdost g pebBodoroyiag pog, Oa ypnoylomolovoapE TOvV
profiler yww va pog evromicer T WO ypovoPopeg peBdSovg TOL  apyEiov
WithoutBuffering.java. O profiler 6o pog €dwve v main cav v mo ypovoPopa
puébodo, (0T mopatnpovue mo mAveo oty wova 4.37). Xpnollomoimvtos Tov
GLVTOKTIKO avoAvty] Oa evtomilope TG YPOUUES HE TIG avTioToles HETOPANTEG péoa
omv euPéreto avtig ¢ pebodov. Xto highlighted apyeio mov Ba mapaydTav amd Tov
GUVTOKTIKO avoAvTr, 0o moapatnpodcoapue omd TIG YPOUUES HE TIS OVTIIGTOU(ES
petapintés, o6t dwfalovror ot yapoktipes amd éva apyelio. Ot yopokmmpes owvtol
dwPalovion ypnoonowwvag éva avtikeipevo tomov FileReader. Opwmg, dev yivetan
“wrapped” o FileReader péca oe éva avtikeipevo tomov BufferedReader, €161 dote va
ypnowonoleiton to buffering kou va yivel mo PEATIGTO TO GUYKEKPIUEVO TPOYPOLLLLLL.

Emopévmg, kévovpue avtiv v adiayn kot taipvovpe to apyeio WithBuffering.java.

Ag dovue akdpo €va mapaderypo 6mov m ypnon tov buffering kdvelr mo oicOnT
dpopd oTov ¥povo ektéleomg evog mpoypaupatos. To mpodypappa UnBuffered.java
[[Tapapmua I'-41] petpd v epedvion Tov yopoktipa “Xx” 6to apyeio KewEvou txt
oV ypnowonomdnke ota dvo Mo Thveo Tpoypaupato. Avtd yivetoar Safalovog
YOPOKTAPA TPOS Yapoktnpa 10 apyeio. To mpdypaupe Buffered.java [Tlapdptnua I'-
33], petpd Kot auTd TNV ELPAVICT) TOV YOPOKTIPA “X” He TNV HOVN dapopd, OTL ympilet
oe pepidwn tov 1024 yapakmpwv (bytes) kabe @opd to apyeio. Avtd emttvyyavetal Le
v anoBnkevon kdbe opd 1024 yapoktipov oe €va mivaka amd bytes [7], dmov
akoloVbwg odwPaletor o wmivakag ovii To oapyelo, Yoo €VPECT EUPAVIONG TOL

ovyKekpipévou yapakmpa. [To kdto PAErovpe ta snapshots Twv 6vo TPOyPAUUET®V.
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Call Tree - Method Time [%] + Tirne Invocations
Al threads ] 1659 ms (100%) 1
-2 main ] 1659 ms [ 100%) 1
- (B testfiles. UnBuFfered.main (Strina[]) ] 1659 ms [100%) 1
Hot Spats - Method Self time [%] + Self time Invocations
testfiles, UnBuffered.main (String[]) ] 1659 ms [100%) 1
§| [Methad Name Filter] v
Ewdéva 4.39: Profiling apyciov UnBuffered.java
Call Tree - Method Time [%] = Time: Invocations
Al threads ] 10.2ms (100%%) 1
-2 main ] 10.2ms (100%) 1
o (D) testfiles Buffered.main (String[]) ] 10.2 ms (100%) 1
Hat Spats - Method Self time [%] + Self time Invocations

testfiles. Buffered. main (String[])

10.2 ms [100%)

1

n=| "
= [Method Name Filter]

Ewova 4.40: Profiling apyciov Buffered.java
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Ymv ewéva 4.39 mapoatnpovpe 0Tt 0 OAKOG YPOVOG EKTEAEGNC TOVL TPOYPELUATOG
UnBuffered.java eivon 1659 ms. Zmv ewova 4.40, o avrtictoyog oikdg ypovog
extéleong tov mpoypaupotog Buffered.java, eivor 10.2 ms. Zvvemmg, m xpnomn tov
buffering e avtob TOV €id0VE TO TPOPANUA, LG ExEL SDTEL LEYOADTEPT] SLAPOPH GTOVG
YPOVOUC eKTEAEONG Ko €ivol O guQavég mALOV, TG M ypnon Tov buffering,

TPOYUOTIKG UTopel va Tpocs@épel 6tV Pertictonoinom npoypappdtov Java.

Bdoet g pebodoroyiog pog, Ba ypnoyomolovcape tov profiler yio va pog evromicet
TIG 7o ypovoPopeg neboddovg Tov apyeiov UnBuffered.java. O profiler Oa pog €é6ve v
main cov v 1o ypovofopa uéBodo, (6mmwg mapatnpovE o TAve oty ikova 4.39).
XpNoWonoumvTag ToV GUVIOKTIKO avaAvt Oa  evtomilope TIC YpOUUES HE TIG
avtiotoryeg peTafANTéC péca oty euPéreta avtg ™ pebodov. Xto highlighted apyeio
oL o TaPAYOTAV OO TOV GUVTOKTIKO AVOAVTY, B0 TOPATPOVCAE OO TIG YPOUUES LE
TIG avtiotolyeg HetaPAntéc, Ot dPaleTon YapakTipo TPOg yopaKTnpa £va apyeio,
UETPOVTOG TNV EULPAVICT) TOV YopoKTNpa ‘X’. Oa ckeTOpOcTOY TG O NTOV KOAdTEPQ
Kot o PérTioTo, va yopilape to apyeio og pepida amd bytes, £161 dote va kepdilope
KOmOwo  xpoOVO  YpNoUoTOI®VTOS TNV TeYVIKN Tov  buffering. Emouévog, 6a
TPOAYUOTOTOOVGOUE TIC OAAOYEC Ko Oo moipvope Tov KOOKO TOL  apyeiov

Buffered.java.

210 Kepdlowo 3 elyape mel mwG N OWPopd peTad TOV dVO EWOV OPYIKOTOINoNC,
OTATIKOV KO UN-CTOTIKOV, Umopel va maifel kabopiotikd poro oty enidoon. Topa Ha
d0oVLE OLO TPOYPAUUATO, TOL TO &Vo KOVEL YPNOY WUN-CTOTIKNG OPYKOTOINoNg

OVTIKEYUEVOL EVA TO AAAO GTATIKNG.

To mpoypaupa Initialization.java [ITlapapmmua I'-35] onuovpyel 250000 otrypudtumo
g kAdong Initialization. Anpovpyovtag ovtd ta  otiypidtumae, opyKomoleitol
aypelaocta kabe popd pali kot o mivakag months pe avtikeipeva tomov Data. Avtd ta
avtikeipeva Tapapevouy to idw yia kébe emavdinym. Zvvenmg, Oa NTav KoAvTEP M
OPYIKOTOINGN OVTOV TOL TivaKa Vo ywvotov HOVO UL Gopa oty apyn Kot Oyl va
emovoropupdvetoar pe v dnuovpyia otiypdtonov g kAdong Initialization. Avtod
emtuyydvetor oto mpoypappo InitializationOpt.java [Ilapaptnua I'-36]. H povn

dpopd mov vrapyel sivor 6Tl kGvope tov mivoka months, static (otatikd). Onwc,
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€YOVE TTEL Kol 0TO KEQAAIO 3, ot static petafAntég yperdlovion va apykomombovv
poévo  pi @opd Kot £MELTO YPNOLUOTOOLVTOL YOpig va emavaAnefsl Eoavd 1

apywomoinon tovg. H dapopd otovg ypdvovg ekTédeong TV OVO TPOYPOUUATOV,

QoiveTol ota o Katw snapshots.

hall Tree - Method Time [%] + Time: Invocations
Al threads ] 3730 ms (100%) 1
56 main ] 370 ms (100%) 1
- 99 testfiles.Initiaization main (5tring[]) ] 730 M (100%) 1
EJ 99 testfiles. Intialization, <init () ] J226 S (96.5%) 250000
(D) testfiles. IntializationgData. <init (int, Sting) - 738 ms (19,59 1500000
(5 self time [ | £99 ms [ 12.4%) 250000
(D sef time I 206 ms (55%) 1
Hot: Spats - Method Self time [%] + Self time Invocations
testfiles. Initialization$Data, <init > {int, String) - 738 ms (19.5%) 1500000
Lestfiles, Initialization, <init = () - 699 ms (12,5%) 250000
testfiles. Initialization. main {5tring[]) I 206 s [5.5%) 1
"E—,ER, [Method Mame Filker] v

Ewdéva 4.41: Profiling apyeiov Initialization.java
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hall Tree - Methad Time [%] + Tirne Invocations
Al threads ] 452 ms (100%) 1
=62 main I 452 ms (100%) 1
=% testfiles. InitiizationOpt.main (5tringl]) ] 451 ms (99.8%) 1
Self time ] 136 s (20,3%) 1
(D) testfiles InitializationOpt, <init > () | 16,4 ms [26%) 250000
- %W testfiles InitializationOpt, <clinit > Lilms (02%) 1

Hot: Spats - Method Self time [%0] + Self time Invocations
testfiles. InitializationOpt main (String[ 1) ] 136 ms (20.3%) 1
testfiles. InitiglizationOpt, <init s () | 16,4 ms (36%) 250000
testfiles. InitiglizationOpt , <clinit Lams (0.2%) 1
testfiles. InitializationOpt$Data, <imit = (int, String) 0.026ms (0% 6

= .
= [Method Name Filker]

Ewdéva 4.42: Profiling apyeiov InitializationOpt.java

2myv ewova 4.41 mapoatmpodpe 0Tt 0 OAMKOG YPOVOS EKTEAECTNG TOL TPOYPALLLATOS
Initialization.java eivor 3730 ms. Xmv ewéva 4.42, 0 ovTiGTOLOC OAIKOS YXPOVOG
extéheong tov mpoypdupatog InitializationOpt.java, sivor 452 ms. Eivar mpo@avég
Aoumov, OTL M AmoPLYN OYPEIOCTO®V apyKoTomoemy ue v Ponbela tov static, pog

£0G¢€ £val O PEATIGTOTOMUEVO TPOYPOLLLLLOL.

Bdoel g pebodoroyiag pag, Bo ypnoyorotovoape tov profiler yio vo pog eviomicel To
o xpovoPopo koppdtt tov apyeiov Initialization.java. O profiler 6o pog €dve v
apyKomoinon ¢ eowteptkng kAdong Data cav 10 mo ypovoPopo woppdtt (6mwg
TOPOTNPOVUE TLO0 TAVE otV gkdva 4.41). Avt 1 TAnpogopio OU®OS, AdY® TOL OTL dev
etvan pueéBoodog oev pmopel va ypnoipomomnel amd tov cuvtaktikd avaivt). To dedtepo
o ypovoPopo koupdtt mov Bo pog €otve o profiler eivon n apykomoinon g KAGONC
Initialization (ewdva 4.41). Ovte wor avty m wAnpogopic Opwg pmopel va
ypnoonomBei and Tov cvvtakTikd avaAivtr. To Tpito mo ypovofopo Koppdtt givar M
puébodoc main. Emedn sivor pébodog, pmopel va ypnoyoromdel and Tov GUVIOKTIKO
avoALTH. XPNOUOTOIOVTAS TOV GUVTOKTIKO avaAvth Ba eviomilape T1g YPOUUES LE TIG

avtiotoryeg petafAnTéc péoa otnv euPéreta avtg ™ pebodov. Xto highlighted apyeio
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7oL o TAPAYHTAV OTTO TOV GUVTOKTIKO AVOAVTY, B0 TOPATPOVCAUE OO TIG YPOUUES LE
T1G avtioTtotyeg pHetaPAntéc, ot ypnowonoteitol évo “for” loop mov dnuovpyet 250000
oTiymotuo. ¢ KAdong Initialization. Anpovpydviog avtd To  oTiypioTLTO,
apykomoteiton aypeiacto kabe popd pall kot o mivakag months pe avtikeipevo TOTOL
Data. Emopévoc, 0o okeptopaotay va petatpéyouvpe o€ static tov mivako months, e
AMOTELECL VO YAMTAOGOVUE OO TIG 0YPElOCTES APYIKOTOMGELS KOl VO, TETOYOVLE TNV
onpovpyia evog mo PEAtioTov mpoypdupatog. Emopévmg, Ba maipvape Tov Kddka mov

BAémovpe oto apyeiov InitializationOpt.java.

XV ovvéyew, ag dovpE KAmoleg dlapopég otnv emidoon petalh ArrayList [7] ko
LinkedList [7]. To mpoypappa ArrayListlnsertion.java [[Tapdpmmua I-30] ko to
npoypappo LinkedListInsertion.java [[Tapdptuo I'-38] kdvouv kot o dvo slcoywyn
véov otoyeiov oy apyn (otv 0éon 0), wog Aotoac. To Tp®dTO YPNCLOTOLEL GOV

Mota éva ArrayList kot to devtepo, €va LinkedList. AkoAovBovv ta snapshots and Tov

profiler.
Call Tree - Method Time [%] = Time Invocations
Al threads ] 2332 ms (100%) 1
5 T main I s ) !
o (D) testfiles. ArrayListInsertion. main (Sting[]) ] 2332 ms [100%) 1
Hat Spots - Method Self time [%] + 3elf time Inwocations
testfiles. ArrayListInsertion.main (Strina[]) ] 2332 ms [100%) 1

=;| [Methad Name Filter]

Ewdéva 4.43: Profiling apyeiov ArrayListInsertion.java
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hall Tree - Method Time [%] + Time Invocations

All threads ] 33.9ms (100%) 1

=-E2 main [ ] 33.9ms (100%) 1
(D testfiles. LinkedListInsertion. main (5tring[J) ] 33,9 ms (100%) 1

Hot: Spats - Method Self time [%] + Self time Invocations

testfiles, LinkedListInsettion. main (Skring[]) ] 33,9 ms (100%) 1

5| [Method Name Filter]

Ewoéva 4.44: Profiling apyciov LinkedListInsertion.java

Zmyv ewova 4.43 mapoatnpoldpe 0Tt 0 OMKOG YPOVOG EKTEAECNG TOL TPOYPALLUATOG
ArrayListInsertion.java givar 2332 ms. Xtnv ewkéva 4.44, 0 avtiotoryog oAMKOg YpoOvog
extéleoncg tov mpoypaupatog LinkedListlnsertion.java, eivan 33.9 ms. H eicayoyn
otoyyelov oty apyn evog ArrayList, amoitel Oha o vrOAoUTa GTOoLKEiD TOV £YOLV 10T
gloayBetl va ompwyBodv mpog ta kdt®. Avtd eivan pia akpiPpn Tpdaén. Amd v GAAn, 1
gloaymyn ototyeiov otnv apyn evog LinkedList, elvar mo @bnvn dwadikacio, Ady®m Tov
yeyovoc 6Tt 0. oTorrEln eivor ovvoedepévo PETOED TOvg pe ovvdéouovg (links).
Emopévmg, etvar mo gvkoro vo dnuovpyndei éva kotvodpylo ototyeio kot va cuvdebet

otV kopven| (head) g Aotagc.

210 Mo mwhve mapaderypa, Pacet e pebodoroyiog poc, o xpNOYLOTOOVCALE TOV
profiler yww vo pog evtomicer TG mWo ypovoPopec peBdOovg TOL  apPYEioVL
ArrayListInsertion.java. O profiler fa pog €dtve v main cav v mo ypovoPopa
puéBodo, (O0mmg mapatnpovpe Mo TAVE oty ewova 4.43). Xpnolomolidviag Tov
GUVTOKTIKO avaAvT Oa evromilope TG YPOUUES HE TIG OvTIOTOUKES HETAPANTEC péca

otV guféreta avtg ™¢ nebddoov. Xto highlighted apysio mov Ba mapaydtav amd Tov
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GUVTOKTIKO ovoAvT, 0o moapatnpovoaue omd TIC YPOUUEG HE TIS OVTIIGTOU(ES
petafAntés, ot ypnoponoteitoan va “for” loop yw va xkdver 50000 eicaymyég véwv
otolelov otV apyn Hog Alotag, ypnowomoidviag éva ArrayList. Emopévog, Oa
oKePTOHOOTOV OTL GE QTN TNV TEPinT®on Ba NTav To BEATIGTO VO YPNCLULOTOI0VGALLE
éva. LinkedList. 'Etol, Oa moaipvope tov KdOWKo mov  @oivetol oTO  0pYElo

LinkedListInsertion.java.

AxoAo0BmG, ag SoVUE TL YIVETOL GTNV TEPITTMON TOL KAVOVLE EIGOYMYY GTOLXEI®V GTO
TEAOG oG Alotog Kot €metta emysipioovpe Toyaio (random) avaktnon otoyeiov and
avtn. To wpdypappo ArrayListRandomAccess.java [[Topdptnua I'-30] ypnopomorel
ArrayList xor 10 mpoypappo LinkedListRandomAccess.java [I[lapaptnuo I'-38]

ypnowonotel LinkedList yio emitevén avtng g Tuyaiog ovaKTnong otoyeimy.

Call Tree - Method Time [%] = Time Inwocations
Al threads ] 20,1 ms [100%) 1
- main ] 20,0 ms [100%) 1
o (D) testfiles. ArrayListRandomAccess. main (String[]) ] 20,0 ms [100%) 1

Hat Spats - Method Self time [%] + Self time Invocations
testiles.ArrayListRandomAccess.main (String[ 1) ] 20,1 ms (100%) 1

£ [Mathod Name Fiter] v

Ewova 4.45: Profiling apyciov ArrayListRandomAccess.java
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hall Tree - Method Time [%] + Time: Invocations
&l threads ] 5763 ms (100%) 1
=0 main ] 5763 ms (100%) 1

‘.- (D) testfiles.LinkedListRandomAccess.main (5tring[]) ] 3763 ms (100%) 1
Hot: Spots - Method Self time [%%] + Self time Invocations
testfiles,LinkedListR andomaccess. main (String[ ) ] 763 M (100%) 1

=5 [Method Name Filter]

Ewdéva 4.46: Profiling apyciov LinkedListRandomAccess.java

Zmyv ewova 4.45 mapoatnpodpe 0Tt 0 OMKOG YPOVOS EKTEAECNG TOL TPOYPALLUATOG
ArrayListRandomAccess.java givor 20.1 ms. Zmv ewova 4.46, o avtiotoyog oAkog
xpOvog extéreonc tov mpoypappotog LinkedListRandomAccess.java, givoar 5763 ms.
Yvumepaivoope Aowmdv, 0Tt givar mo eONVO (amd mAevpdg xpOVOL EKTEAEONG) VO
ypnoonomoovpe €va ArrayList yio Toyaio avéktnon otoryeiov and o AMota, mopd
va ypnotponomoovpe éva LinkedList. Me to LinkedList avtiy n dadikacio givar mo
ypovoPopa 00Tt TPEMEL VO TPOOTEANGTOVV T otolyeior péypt va Ppebel avtd mov

avalnteitat.

Enopévmg, cuvoyilovtag pmopovpe va modue 0tL to ArrayList éyxel kaAlvtepn emidoon
oe oyéomn pe 1o LinkedList, 6tav égovpe mepurtddoelc mov BEAovpe va mpocBicovpe
ototyelo oto TéA0g Hiag MOTOG Kol vaL T0. OVOKTIIGOVUE e TUYaio TpOTo. ATtO TNV GAAN,
to LinkedList éyst xoAvtepn emidoon oe oyéon pe to ArrayList, otov €yovpe
TEPUTAOGEIS TOV BEAovpe va TpocsBEcovpe M| va apapEcovpe ototyeion amd TV apyn M

TO HEGO oG AMoTog.
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210 ovykekpluévo mapadetypa, facet g pebodoroyiag pag, Ho xpNGILOTOI0VCAUE TOV
profiler yw vo pog evromicer TIC mo xpovoPopeg peBdOovg TOL  apyeiov
LinkedListRandomAccess.java. O profiler 6o pog €6tve tqv main cov TV 70
ypovoPopa peEBoodo, (6TmG TapatnPovLE To TIvD otV 1KOVA 4.46). Xp1CIHLOTOIOVTOG
TOV GLVTOKTIKO avaAvTh Oo evtomilape TIG YPOUUES e TIG avTIoTOYEG LETAPANTEG pHEGQ
omv euPéretn avtig e pebodov. Zto highlighted apyeio mov Ba mapaydTov amd tov
GUVTOKTIKO avoAvty, Oo mapotnpovoape omd TG YPOUUES HE TIS OVTIOTOUXES
petafAntég, ot ypnoponoteitoan va “for” loop yw va kdver 50000 eicaymyés véwv
otolelov o100 TéAOG MG Alotag, ypnowwomowwvtag €vo LinkedList kou émeita
ypnowonoleiton éva dAro “for” loop yio vo ovokTNoEL TV TOL GTOLYXEID OTO ALTH TNV
Mota. Emopévag, 0o okeptopoctav 0Tt 6€ avtny TV epintmon Ba NTav KaAvtepo va.
ypnoonoovcope Eva ArrayList yio va Kvoovpe toyaio avdktnon otoyegiov, (ard o
Alota) mov eivon o BérTioro. ‘Etot, Oa maipvape tov koo mov gaivetal 6to apyeio

ArrayListRandomAccess.java.
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5.1 Ewoayoyn 88
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5.3 MeMovtikn Epyocio 91

5.1 Ewayoy

H epyocio avty okond elye v dnuovpyle €vOG GLUVTAKTIKOD OVOAVTY, TOL UE TNV
BonBeta evdg epyoreiov Tepoytopod TPOYPAULATOS, Vo UTOPEL va ¥pnooronBel oty

BeAtiotomoinon tpoypappdTov ypaupuéve o Java.

2KOTAC TOL GLVTAKTIKOL avaALTH gival va gvtomicel ta onueia 6mov vdpyovv loops,
avadpouikés pefddol kot tereotég modulo. Avtd ta onpeio ota TAgioto TpoyplupoaTo
ocuvnBwmg elvarl n ortio kaBvoTEPNONG TOV YPOVOL EKTELECTC TOVS KOl ETOUEVOS LLE TNV
BeAtioTomOINGN OWTOV TOV ONUEIOV HITOPOVUE VO, TETVYOVUE GTNV ONpuovpyio evog
BértioTov mpoypdupatos. Méca e avtd to onueio gvtomifovion ot YPOUUES OV
nepi€yovv petofantéc. EmmAéov, pmopodv vo e€viomiotohv Kol Ol YPOUUES UE TIG

petapAntég kébe pebooov.

‘Eneita, ovtéc ot ypoppés 6o ypnowomomBodv amd Eva epyoreio TELAXIGUOV
TPOYPAUUOTOC, (TOV dVGTVYMG OeV EYEL EMTEVYDEL 1] EYKOTAGTACT] TOV), LE ATOTELEC LA
va amopovembodv Ta onpeia Tov kKo mov Bewpovvion ypovoBopa. [apd to yeyovdc,
OTL 0gV £Y1ve TEMKE (PN O™ TETO0V EPYAAEIOV, TO LOVO TTOV HOG £XEL OTEPTOEL Eival TNV

wKavotta va eéetdoovpe and meplocdTePe; TAELPES Kamolo Koppdtio kaoka. [Tapoia
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T, akopa propovue vo katevbuvBovpe mpog tar TVXOV YpovoPopa onueia, evog

(T yaiov) kddwka, pe TNV BonBela TOV GLVTAKTIKOD AVOALTY).

Téhog, pe Pdaon tic swonynoelg mov €yxovv mpotabel yoo PeATioTOonOINoN KOOIKO,
UTOPOVLLE VO TOPOTPNCOVUE av KATL umopel va Pedtiotorombel. Av vdpyet kATt TOV
pmopet  va  PeitictomomnBel, tOHTE KAvovpe TG amopaitnreg  oAAAyEC Ko

yxpnoonowmvtag tov profiler, emaAnBevovpe av Egovpe TETHYEL TOV GTOYO LLOGC.

5.2 Xoprnepdopara

H pehétn avt emopévag gixe og otdyo va etonyndel pio pebodoroyia mov va pmopet va
npoceépel Ponbeta oty Pedtictonoinon wpoypdupatoc. Mo Tig amatt)oelg avtie g
OWAMUOTIKNG  €pYOciog, MHEYHAVTEPO WEPOG aplepmbnKe otnv  dnuovpyio TOL
GULVTOKTIKOD avoAvT kK®OWKa, o€ Java. O 1pomog e Tov omoio d1e&dyOnke n vAomoinon
TOV €ivoil OPKETE APOUIPETIKOG KOl ETAVOAYPTCULOTOMGULOC, LE OTOTEAEGLO GTOV UEAAOV

va pumopet vor BonOnoel 6TV TEPAITEP® EMEKTACT] TOV.

Ocov apopd To amoTELECUATO TOV TEPAUATIKOV UETPHCEMV NG EMIO00NG SAPOP®V
UIKP®OV TPOYPOUUATOV TOV £PpYOVTAL VO ETOANOEHGOVY KATOLES O TIG EIGNYNOELS TOV
mpotdOnkav yoo fertioTonoinomn tpoypappdtoy Java, pmopodie Vo GUUTEPAVOVLUE TO

egng:

e O kaAVTEPOG TPOTOG LE TOV OTOI0 UTOPOVLE VO TETOYOVLE OTNV PEATIoTOTOINON
evOg TPOYPAULOTOS gival e TNV ¥PNOT VOGS daPOPETIKOD alyopiBpov mov emhveL To
1010 wpOPANua aArd pe mo BEATIOTO TPOTO. AT €lvon KATL TO 0TTO10 oY VEL YEVIKOTEPQL
Y OAEG TIG YADGGES TPOYPUUUATIGHOV Kot Oyt uovo yia v Java. ‘Exovue det kou amd
TOL AMOTEAEGLLOTA TOV TEWPAUATIKOV LETPNGE®V Le ToV profiler Tic dapopég petald tov
Vo adyoplBpmv avalnong Kot Tov dvo aAyoplBpmv Tastvounons, 6GoV aeopd ToOvG
YPOVOVG EKTEALEONC TOV KAOEVOC. ZVVETMC, 1 EVPECT] KATOOV KOAVTEPOL AAYOP1OLOL
amd avTtd TOL YPNCIUOTOLEITOL 1O, OTIC TEPLGGOTEPES TMEPWMTAOOCELS Umopel va Pyet

VIKNTNG, 670 Bépa TG PEATIGTONOINGNC TPOYPALLATOS.
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EmimAéov, 1 aro@uyn g xpMong e avadpoUtKOTNTOS 0T TPOYPALUATO HOG, UTopEl
KO QDTN UE TNV GEPE TNG VO GUVEICQEPEL GTNV PEATIOTOTOINGT], OO OTL TOPATNPCAULLE

otV dteopd evpeong Tov factorial kot Tov n-ooTob POV fibonacci.

e H ypnon tov teheotn “+7 péoa og loops, pe okomd TV cuvévmon string, and to
OTOTEAECUATO TTOV £YOVUE TAPEL AMOOEIKVVETOL TS TPAYUATIKO TPodidel KAmTOL0

KOOTOC, EMOUEVMG elval KaAbTEPA Vo pdbovpe va ypnotporotovpe tov StringBuilder.

e 'Eyovpe eniong amodeilel mmg n xpnon tov buffering otnv Java, pnopet va kdvet
Koo ot dteopd oty Pedtictonoinon tpoypappatos. ‘Etot, eivar koA béa va
Eexwvnoovpe TV €vtoén tov buffering otov TPOYPOUUATICHO pHoc. Méypt oTiyung, ot
TEPLOCOTEPOL OO HoC, €ite AOY® Ayvolag g vmopéng tov buffering, eite Ady®m ToL
veYovog OTL PaplopocTte vo YpAWOLLE KATOLES EMTPOCOETEG YPOUUES KDOOWKA, (apoD
UTOPOVUE VO TETVXOVUE TO {010 OMOTEAEGUO. LE TIO ALYO KMOIKA), OTMOPEVYUUE TNV

YPNOM TOVL.

o EmutAéov, TOALEC POpEC M opElaGTn 1 AMEPICKENTN EVEPYELN TG
OPYKOTOINGNG OVTIKEWWEV®VY otV Java, umopel va Log KOGTIGEL OTOV YPOVO EKTEAEONG
evog mpoypaupatos. Ommg, éxovpe Oel Ue POl TPOCEKTIKY TAPOATHPNCT, N YPNON Kot
pévo tov static pog £dmoe KaAvTePN midoot). Zvunepaivovpe AOuOV YEVIKOTEPOD, TGS
LE TNV TPOCEKTIKN TOPATNPNOCT UTOPOVUE VO EVTOMIGOVUE KOTOLEG OMEPICKEMTES
EVEPYEIEG TOV £YOVUE KAVEL KATA TNV OIAPKELD TNG VAOTOINGNG EVOG TPOYPAULOTOS KO
va ¢ dopbdcovpe. O evaALIKTIKOG TPOTOC DAOTOINGCNG KATO0V KOUHATION KMOTKOL

umopel o€ OpkeTEC MEPTMOOELS Vo Taigel kabopiotikd poro otnv PeiticTomoinom

TPOYPALLLOTOC.

e Té&log, n YVOON TOV OPAKTNPIOTIKOV TOV ETOU®V OOUAOV dEGOUEVOV TOV
YPNOooTolEl N Java Kot YEVIKOTEPX O OAVTIKEILEVOGTPOPNG YADGGES TPOYPUULATICUOD,
umopel Ko ot va mpocpépel oty Pertiotonoinon. Exovue detl Tic dtapopés petalo
tov ArrayList kot tov LinkedList otnv Java. Zvvenmg, oyt pévo yw v Java aArd
YeVIKOTEPQ, TPEMEL TPV EEKIVIICOVLLE VO GO OVHOOTE e Bépata BelTioTomoinong vao

éxovpe peletnoel TL umopel var pog mpoosPépel N kbe EToun doun SedOUEVOV UG
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YADGGOG TPOYPUUUATIGHOD KOl TO TAEOVEKTNLOTO KOl UEIOVEKTLOTO OO TNV XPNon

g Kabedc.

€ YEVIKEG YPAUUES, EXOVUE TOPATNPNOEL TMG OV EMOVUOVLE VO BEATIGTOTON|COVLE EVaL
TPOYPOULO, VITAPYOLV UEPIKES KOAEG EIGNYNOELS TOV UTOPOVUE VO eEETACOVE, OTMC
AVOQPEPOLE O TTAVE KOl YEVIKOTEPO GTO KEPAANIO 3. XTIC TEPIGCATEPES MEPIMTMOGELS
OUMG ATEG 01 EIGTYNOELS £X0VV akoAoVONBel 10T, Le amoTéhespa va unv EEpovpe yiao
KATL OV €ival EUPAVEG OTOV KMOIKO HOG KOL VO TO TPOTOTOUCGOVUE. XE TETOLEG
TEPUITAOGES M Odkacia Y v emitevén PeAtiotomoinong &vog TPoypaUUATOC,
LETOTPENETOL GE KATL TO YpovoPopo. ['a avtd Tov AdYo mpémetl v eiooTe AMOADTWOG
clyovpot katd moco xpedleTar va yivel | PEATIGTOTOINGN KO TOL0L TAEOVEKTILOTOL KO

LLELOVEKTILOLTOL, UTTOPEL VOL LLOIG OTTOPEPEL.

5.3 Meirovrikn Epyaocia

Y& ouTo 10 KouudTt B dovpe opiopéva oNEi TOV HUTOPOVV VA YiVOLV 6TO HEAAOV GE

oY£0M LLE OVTN TNV OTOUIKT SUTAMUATIKY EpYOsial.

e H vlomoinom tov GuVTOKTIKOD aVaALTY), £YIVE E TETOL0 TPOTO TOL UTOPEL VOl
Bonbnoel oy eméktaomn tov. Il cvykekpipéva, pumopodv va yivouv oAloyéG OTIC
KOVOVIKEG EKQPACELS TOV YPNGLOTOMONKAV Amd TOV GLUVTOKTIKO OVOALTI KOl VaL Yivel
VTOGTNPIEN GALDV YAOMCC®V TPOYPOUUUATIOUOD TTOV £X0VV GUVTOEN TOPOUOLD LE OVTY
g Java. ['a mapadetypo, pmopovv va vrootnpryfolv ot YAdceceg mpoypappaticpov C,

C++ kot CH.

e  Mnopel va viomomBel pia emmpdcshetn TAOYN Y10 TOV GUVTOKTIKO AVOAVTN,
omov Ba cuvoyilel OAec TIG Aettovpyieg Tov o€ pio. Anhaor, Oa dideTon por Aemtopepn
avagopd yuo kKabe péBodo av eivar avadpoutkn n Oy, ov ypnoomolel Kamowo €idog
loop N av kdévet ypron tov tehest) modulus. AxkoAoVBms, Ba didovtar OAEG Ol YpappES
HE TIC avtioTolyeg UETAPANTEG OA®V TV €0V TV ¥povoBopwv koupatiov (loops,

avadPOLKES HEBOOOL KTA).
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e O ovVTOKTIKOG OVOALTHG TTOV ExEl ONovpynOel pmopet va evoopatwOel pe 1o
EPYOAEID TEHOYIGHOV KOOWKO 7OV £)el Yivel mpoomadelo Yoo KOTOGKELY] TOV GE
TOAOTEPEG OIMAMUATIKEG EPYUCIES, YOPIG OU®G VO TEAEIOTOMOEL TANP®G 1) KATOGKELN
tov. To ovykekpiuévo epyareio éxer ypaopteli oe Netbeans IDE kor kdver ypnon
ypagikng oampoconeiog (GUI). ®a umopovce emopévmg, vo petoeepbel kot o
GUVTOKTIKOG AVOADTIAG GOV KOUUATL auTOD TOL €PYOAEIOV Kot VoL YiveEL Kot YU auTOV [

YPOPIKY SLOTPOCMTELQL.

o  Onwog et avapepbei, dev Eytve emTuyng N eyKATACTAOT EVOC EpYaAEioV
tepayiopod mpoypdupotog (JSlice). Xtov péddov pmopel va vrmapEovv ciyovpa
KaAvTepa epyoieio (Kot Tpomovidc cvvinpnoa) and 6t o JSlice kot va yiver pe
emruyia M “ocvvévoon” Tovg HE TOV CLVTOKTIKO ovoivty|. Ilepiocdtepo ypnoo Ha
nrav Pefaing av avtd to epyaieio, dovieve cav plug-in (evooudtwon) kdroov IDE
¢ Java. Onote eAmilovpe mog oto pérrov Ba dnpovpynBel €va kord epyareio

TEUOYICUOV TPOYPALLLOATOG, TTOV VO, OMOKANPOVEL TNV 10€0. aLTG TG pebodoroyiog.

e Bdon tov eilonynoewv mov £xovv tpotabel yio feATioTonoinom TpoypappIoTog,
umopel va yiver o Tpoomdheior avtodpaTNS vAOTOINoNG ToVG. Me TV dnpovpyio evog
ovoTNHOTOS Paciopévoy oe Kavoveg, pmopel va yiver €Eumvn avTiKotdoToon TV
onpeiov mov gvromifovtal og xpovoPopa, e KOUUATIO KOJKA AydTtepo ypovoBopa. H
enitevén T€T010V GTOYOV Giyovpa ival apPKETE LYNAN, OU®G 6TO HEAAOV UTOPEL 1e TV
YPNON KATO0L EVELVOVE GLOTHLATOS VO ONULOVPYNOOVV TPOYPAULOTE TOV VO KAVOLV

BeAtioTomoinon GAA®V TPOYPOUUUATOV.
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Hopaptnnao A

Kmdwkeg Yromoinong LovtokTikov AvaivTi

Constants.java

/***********************\

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

\***********************/

/* Package Name */
package myproject;

/* Import Packages */
import static myproject.utilities.TextFile.*;
import java.util.regex.*;

/* Class responsible for declaring all the constants of regular expressions patterns and
strings */
public final class Constants {

/* Regular Expressions */

public static final String MODIFIERS =
"(Q(\\s*)(public]|private|protected]static]final) (\\s+))*";

public static final String VAR_TYPE "\\s*(\\w++)"";

public static final String VAR_NAME "\\s*(\\w+)\\s*"";

public static final String BRACKETS “ON\NS*\\[\\s*\\])*";

public static final String GENERICS "\\S*(<QOA\s*(QA\\WH) N\?[<]>)\\s*)+?2)*"";

public static final String MORE_VARS = "(=.*?] (A\\s*,\\s*Q\\w+))*?2)*?\\s*;\\s*"';

public static final String METHOD_NAME = *\\s*(\\w+)\\s*"*;

public static final String RETURNED_TYPE = "\\s*(\\w++)";

public static final String PARAMETERS = "\\((-*?)\\).*2\\{";

public static final String PARENTHESIS = "\\s*\\((-*?2)\\)";

public static final String SEPARATOR = "\\s*,\\s*(\\w+)";

public static final String COMMA = " *?';

public static final String QUALIFED_NAME = "\\w+\\.";

public static final String STR_QUOTES = "\"(.*?)\"";

public static final String CHR_QUOTES = "*(.*?)"";

public static final String FOR_PATTERN = "Ffor\\s*\\((-*?;).*?;.*2\\)";

public static final String FOR_EACH_PATTERN = "Ffor\\s*\\((-*?):.*2\\)"";

public static final String COMMENTS = "(/\\*(. I\\sS)*A\\*/) | (//.*)";

public static final String FILE_PATTERN = "(\\w++)\\_java";

public static final String CURL_BRACKETS = "\\{]\\}";

public static final String WHILE_PATTERN = "while\\s*\\((-*?)\\)\\s*\\{";

public static final String DO_WHILE_PATTERN = "do\\s*\\{"';

public static final String DO_WHILE_END = "\\s*while\\s*\\((-*?)\\)\\s*;\\s*";

public static final String RESERVED_WORD =
"\\s*(public]private]|protected]else)\\s*";

public static final String CATCH_CLAUSE_PATTERN = "catch\\s*\\((-*?)\\)";

public static final String MODULUS = "%';

/* String names */
public static final String PACKAGE_NAME = "‘package testing.files;";
public static final String FOR_PATENT = "for (myForPatent)';

public static final String TEST_DIR = "_./testing/";

public static final String FILES_DIR = "_/testing/files/";
public static final String HTML_DIR = "_/testing/htmlview/";
public static final String QUALIFIED_DIR = "testing."';
public static final String JAVA_EXT = "_java";

public static final String HTML_EXT = "_html";

public static final String START_TAGS = "<html>" + LINE_SEPARATOR +
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“'<head>" + LINE_SEPARATOR +

"<style type=\"text/css\'">" + LINE_SEPARATOR+

"_style {" + LINE_SEPARATOR +

"color: #FFO000;" + LINE_SEPARATOR +

weight: bold;" + LINE_SEPARATOR +

"background-color: #FFFFOO;'" + LINE_SEPARATOR +

LINE_SEPARATOR +

"</style>" + LINE_SEPARATOR +

"'</head>" + LINE_SEPARATOR +

"<body>" + LINE_SEPARATOR +

..<pre>..;

LINE_SEPARATOR +

"font-
"+
public static final String END_TAGS = "</pre>" + LINE_SEPARATOR +
""'</body>" +
</html>";

public static final String HIGHLIGHT_TAG = "<span class=\"'style\">";
public static final String END_HIGHLIGHT_TAG = "'</span>";

/* Pattern Declarations */

public static
public static
public static
public static
public static
public static
public static
public static

Pattern
Pattern
Pattern
Pattern
Pattern
Pattern
Pattern
Pattern

+ GENERICS + BRACKETS

PARAMETERS) ;
public static
public static

DirectoryList.java

Pattern
Pattern

STRING_QUOTES = Pattern.compile(STR_QUOTES);
CHAR_QUOTES = Pattern.compile(CHR_QUOTES);
FOR = Pattern.compile(FOR_PATTERN);
FOR_EACH = Pattern.compile(FOR_EACH_PATTERN);
CURLY_BRACKETS = Pattern.compile(CURL_BRACKETS);
WHILE = Pattern.compile(WHILE_PATTERN);
DO_WHILE = Pattern.compile(DO_WHILE_PATTERN);
METHODS = Pattern.compile(MODIFIERS + *"(** + RETURNED_TYPE
+ "
+ METHOD_NAME +

CATCH_CLAUSE = Pattern.compile(CATCH_CLAUSE_PATTERN) ;
MODULUS_OP = Pattern.compile(MODULUS);

JF K K K ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok kx|

* Author : Christodoulos Michael *

* Student Id: 886077

* Program : Senior Project

*

*

AN N I I R 4

/* Package Name */
package myproject;

/* Import Packages */
import java.util.*;
import java.io.*;

import java.util.regex.*;

/* Class responsible for listing the files inside the eclipse directory */
public class DirectoryList {

/* Method that returns a list of files inside the eclipse directory */
public ArrayList<String> getFilesName(String startDir, String javakExt) {

ArrayList<String> files = new ArrayList<String>();
File path = new File(startDir);

String[] list;
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Matcher fileExtension = null;
list = path.list();

for (String fileName : list) {
// regular expression of the file pattern
FfileExtension = Pattern.compile(JavaExt) .matcher(fileName);
if (fileExtension.matches())
Files.add(FileExtension.group(1));

}
return files;
}
3
Formatter.java

VA N I I T AN

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

A N I a4

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.TextFile.*;
import static myproject.Constants.*;

import java.util.*;

import java.util.regex.*;

/* Class responsible for formatting the file given in the way that each line of the file
finishes

* with either "{", "}, ";", in order to ease parsing of code */

public class Formatter {

/* regular expressions patterns used */

private Pattern forPattern = Pattern.compile(FOR_PATTERN);

private Pattern forPatent = Pattern.compile(for \\(myForPatent\\)\\d+");
private Pattern comments = Pattern.compile(COMMENTS);

/* list to hold temporary the char quotes, string quotes and for loops
declarations */

private ArrayList<String> quotedString = new ArrayList<String>(Q);

private ArrayList<String> quotedChar = new ArrayList<String>(Q);

private ArrayList<String> forString = new ArrayList<String>();

private String fileName;

/* Constructor of the Formatter class */

public Formatter(String fileName) {
this.fileName = FfileName;

¥

/* Method that finds all the "for"™ loops and puts them inside an arraylist */
private void getForLoops(Matcher forMatcher, Matcher commentsMatcher) {

boolean forlnsideComments = false;

while (forMatcher.find(Q)) {
// in order not to catch for loops that are inside comments
while (commentsMatcher.find()) {
if (forMatcher.start() > commentsMatcher.start()
&& forMatcher.end() <=
commentsMatcher.end()) {
forinsideComments = true;
break;
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if (forIlnsideComments == false)
forString.add(forMatcher.group());

commentsMatcher.reset(); // reset the comment matcher in order to
search again
// from the
beginning for comments
forlInsideComments = false;

}

/* Method that replaces all the "for"™ loops with a unique string that will be
later
* be replaced by the original "for" loop */
private String forReplacement(String testFile, Matcher forMatcher) {

StringBuilder file = new StringBuilder();
int counter = 0; // initialize counter for the "for"™ loops occurrences

for (String line : testFile.split(LINE_SEPARATOR)) {
forMatcher = forPattern.matcher(line);

while (forMatcher.find(Q)) {
line = line.replace(forMatcher._group(), FOR_PATENT +
String.valueOf(counter++));

File.append(line);
file.append(LINE_SEPARATOR);
b

return file.toString();

}

/* Method that finds all the string quotes and puts them inside an arraylist */
private void getStringQuotes(Matcher stringMatcher, Matcher commentsMatcher) {

boolean quoteslnsideComments = false;

while (stringMatcher._.find()) {
// in order not to catch string quotes that are inside comments
while (commentsMatcher.find()) {
if (stringMatcher._start() > commentsMatcher.start()
&& stringMatcher.end() <=
commentsMatcher._end()) {
quoteslnsideComments = true;
break;

}

if (quotesinsideComments == false)
quotedString.add(stringMatcher.group(1));

commentsMatcher._reset(); // reset the comment matcher in order to
search again
// from the
beginning for comments
quotesinsideComments = false;

}

/* Method that finds all the char quotes and puts them inside an arraylist */
private void getCharQuotes(Matcher charMatcher, Matcher commentsMatcher) {

boolean quoteslnsideComments = false;
while (charMatcher.find(Q)) {
// in order not to catch char quotes that are inside comments

while (commentsMatcher.find()) {
if (charMatcher.start() > commentsMatcher.start()
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&& charMatcher.end() <=
commentsMatcher._end()) {

quoteslnsideComments = true;
break;

}

iT (quoteslinsideComments == false)
quotedChar .add(charMatcher.group(1));

commentsMatcher.reset(); // reset the comment matcher in order to
search again

// from the
beginning for comments

quotesinsideComments = false;

}
/* Method that replaces all the string quotes with a unique string that will be
later

* be replaced by the original string quotes */
private String stringQuotesReplacement(String testFile, Matcher stringMatcher) {

StringBuilder file = new StringBuilder();
int counter = 0; // initialize counter for the string quotes occurrences

for (String line : testFile.split(LINE_SEPARATOR)) {
stringMatcher = STRING_QUOTES.matcher(line);
while (stringMatcher.find()) {

line = line.replace(stringMatcher.group(), "\"myPatent"+
String.valueOf(counter++)+ ""\'""");

Ffile_append(line);
File_append(LINE_SEPARATOR);
}

return file.toString();

}
/* Method that replaces all the char quotes with a unique string that will be
later

* be replaced by the original char quotes */
private String charQuotesReplacement(String testFile, Matcher charMatcher) {

StringBuilder file = new StringBuilder();
int counter = 0; // initialize counter for the char quote occurrences

for (String line : testFile.split(LINE_SEPARATOR)) {
charMatcher = CHAR_QUOTES.matcher(line);
while (charMatcher.find(Q)) {

line = line.replace(charMatcher.group(), """+
String.valueOf(counter++)+ "**");

¥

file.append(line);

File.append(LINE_SEPARATOR);
¥

return file.toString();

}

/* Method that resets all the replacements made from the above methods */
private String resetReplacement(String testFile, Matcher stringMatcher, Matcher
charMatcher, Matcher forMatcher) {

StringBuilder file = new StringBuilder();
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boolean firstLine = true;
int i 0; // ArrayList quotedString index
int j 0; // ArrayList quotedChar index
int k = 0; // ArrayList forString index
boolean flag;

// replace the quotes with the original ones and also the for loops
for (String line : testFile.split(LINE_SEPARATOR)) {

stringMatcher = STRING_QUOTES.matcher(line); // STRING_QUOTES
pattern used here

charMatcher = CHAR_QUOTES.matcher(line); // CHAR_QUOTES pattern
used here

forMatcher = forPatent.matcher(line); // forPatent pattern used
here

flag = false;

iT (line.isEmpty() || line.matches("\\s")) {
; // do nothing -- eat up empty lines
flag = true;
3
if (stringMatcher.find(Q)) {
line = line.replace(stringMatcher.group(l1),
quotedString.get(i++));
while (stringMatcher.find(Q)) {
line = line.replace(stringMatcher.group(1),
quotedString.get(i++));

Ffile_append(line);
Tile_append(LINE_SEPARATOR) ;
flag = true;

}
if (charMatcher.find(Q)) {
line = line.replace(charMatcher.group(l),
quotedChar.get(j++));
while (charMatcher.find(Q)) {
line = line.replace(charMatcher.group(l),
quotedChar.get(J++));

Ffile_append(line);
File_.append(LINE_SEPARATOR) ;
flag = true;

3
if (forMatcher.find(Q)) {
line = line.replace(forMatcher.group(),
forString.get(k++));
while (forMatcher.find()) {
line = line.replace(forMatcher.group(),
forString.get(k++));

3

file.append(line);
File.append(LINE_SEPARATOR);
flag = true;

3
if (flag == false) {
if (FfirstLine == false) {
Ffile_append(line);
file.append(LINE_SEPARATOR);

else { // (case firstLine true) if it is the first line of

the file, put the
// appropriate package name
File.append(PACKAGE_NAME) ;
File_append(LINE_SEPARATOR);
FirstLine = false;

}

return file_toString();

}

/* Method that returns a file being format by using the above methods */
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public String formatFile() {
String testFile = readFile(FileName); // call method readFile

Matcher stringMatcher;
Matcher charMatcher;
Matcher forMatcher;
Matcher commentsMatcher;

forMatcher = forPattern.matcher(testFile);
commentsMatcher = comments.matcher(testFile);

getForLoops(forMatcher, commentsMatcher); // call method getForLoops

// "for” loop replacement(patent) must be done before finding the string
quotes

// because the "for" loop might contain string quotes also but more
important is

// that "for" loop contains ;" and that would split the loop in empty
lines,

// when at the end after each ";", 1 place a new line

testFile = forReplacement(testFile, forMatcher); // call method
forReplacement

stringMatcher = STRING_QUOTES.matcher(testFile);

getStringQuotes(stringMatcher, commentsMatcher); // call method
getStringQuotes

charMatcher = CHAR_QUOTES.matcher(testFile);
getCharQuotes(charMatcher, commentsMatcher); // call method getCharQuotes

testFile = stringQuotesReplacement(testFile, stringMatcher); // call
method stringQuotesReplacement

testFile = charQuotesReplacement(testFile, charMatcher); // call method
charQuotesReplacement

// eat up comments, important to be done after the string quotes
// replacement in order not to lose quotes than have the form of comments
testFile = testFile.replaceAll (COMMENTS, "');

testFile = testFile.replaceAllI("'\t]|" + LINE_SEPARATOR, "); // eat up new
lines and tabs

testFile = testFile.replaceAll(";", ";" + LINE_SEPARATOR); // put after
each ;" new line character

testFile = testFile.replaceAIIC\\{", "\\{" + LINE_SEPARATOR); // put
after each "{" new line character

testFile = testFile_.replaceAII("\\}", "\\}" + LINE_SEPARATOR); // put
after each "}" new line character

testFile = resetReplacement(testFile, stringMatcher, charMatcher,
forMatcher); // call method resetReplacement

return testFile;

}

HighlightLines.java

/'k**********************\

* Author : Christodoulos Michael *
* Student 1d: 886077 *
* Program : Senior Project *

\'k**********************/

/* Package Name */
package myproject;

/* Import Packages */
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import static myproject.Constants.*;
import static myproject.utilities.TextFile.*;

import java.util.*;

/* Class responsible for producing an html file */
public class HighlightLines {

/* Method that creates an html file with highlighted lines based on
variables® lines found */
public String createHtmlFile (String FfileName, HashMap<Integer, String>

varLines) {

call method readFile

must be highlighted

Loops.java

int linelndex = O;

boolean highlighted = false;

StringBuilder htmlFile = new StringBuilder();

String testFile = readFile(FILES_DIR + fileName + JAVA_EXT); //

htmlFile.append(START_TAGS);
for (String line : testFile.split(LINE_SEPARATOR)) {
++linelndex;
if(varLines.containskey(linelndex) == true) { // case line

htmlFile_append(HIGHLIGHT_TAG);
highlighted = true;

}

htmlFile._append(linelndex);

htmlFile_append(''\t");

htmlFile_append(line);

if(highlighted == true) { // case line was highlighted
htmlFile_append(END_HIGHLIGHT_TAG);
highlighted = false;

¥

htmlFile.append(LINE_SEPARATOR) ;

}
htmlFile_append(END_TAGS);

return htmlFile.toString();

/'k**********************\

* Author : Christodoulos Michael *

* Student 1d: 886077

*

* Program : Senior Project *

\'k**********************/

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.TextFile.*;
import static myproject.Constants.*;
import static myproject.Scope.*;

import java.util.*;

import java.util.regex.*;

/* Class responsible for finding scopes of java loops and getting their variables */

public class Loops {

/* Method that gets the variables of a certain kind of loop inside the file given

*/
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public void getLoopsVars(String fileName, Pattern loopPattern, HashMap<Integer,
String> varLines,
LinkedHashSet<String> variables, int
userChoice) {

int linelndex = 0;

boolean loopScope = false;

int countCurlyBrackets = 0;
int outerLoopsCounter 1;

int innerLoopsCounter -1;

String testFile = readFile(FILES DIR + fileName + JAVA EXT); // call
method readFile

testFile = ParserTool.neutralizeQuotes(testFile); // call method
neutralizeQuotes

Matcher loopMatcher = null;
for (String line : testFile.split(LINE_SEPARATOR)) {

++linelndex;
loopMatcher = loopPattern.matcher(line);

// in order to get the last variable of a "do-while" loop
1T( userChoice == ParserTool .DO_WHILE_CHOICE &&
line.matches(DO_WHILE_END)
&& countCurlyBrackets == 0) {
// call method getVariables
ParserTool .getVariables(linelndex, line, varLines,
variables, userChoice);

}

if (loopMatcher.find(Q)) {
loopScope = true;
++innerLoopsCounter;
if (userChoice == ParserTool .FOR_CHOICE) {

if (innerLoopsCounter == 0) { // case no inner loop
found yet
System.out.printf(*\n===== For Loop %d
=====\n"", outerLoopsCounter);
} else {
System.out.printf(*"\n===== For Loop %d.%d

=====\n"", outerLoopsCounter, innerLoopsCounter);

ks
} else if (userChoice == ParserTool .FOREACH_CHOICE) {

if (innerLoopsCounter == 0) { // case no inner loop
found yet
System.out.printf(*"\n===== ForEach Loop %d
=====\n"", outerLoopsCounter);
} else {
System.out.printf(*"\n===== ForEach Loop
%d.%d =====\n"", outerLoopsCounter,innerLoopsCounter);
¥
} else if (userChoice == ParserTool .WHILE_CHOICE) {
if (innerLoopsCounter == 0) { // case no inner loop
found yet
System.out.printf("\n===== While Loop %d
=====\n"", outerLoopsCounter);
} else {
System.out.printf(""\n===== While Loop %d.%d

=====\n"", outerLoopsCounter, innerLoopsCounter);

¥
} else if (userChoice == ParserTool .DO_WHILE_CHOICE) {

if (innerLoopsCounter == 0) { // case no inner loop
found yet
System.out.printf(*"\n===== Do-While Loop %d
=====\n"", outerLoopsCounter);
} else {
System.out.printf("\n===== Do-While Loop
%d.%d =====\n"", outerLoopsCounter, innerLoopsCounter);
}

}
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if (loopScope == true) {
// call method getVariables
ParserTool .getvVariables(linelndex, line, varLines,
variables, userChoice);
countCurlyBrackets = getScope(line, countCurlyBrackets);
// call method getScope

if (loopScope == true && countCurlyBrackets == 0) {
loopScope = false;
innerLoopsCounter = -1;
++outerLoopsCounter;

Methods.java

/***********************\

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

AN N I I T 4

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.Readlnput.*;
import static myproject.utilities.TextFile.*;
import static myproject.Constants.*;

import static myproject.Scope.*;

import java.util.*;

import java.util._regex.*;

/* Class responsible for getting the variables from a method */
public class Methods {

/* Method that gets the methods" names of a file given */
public LinkedHashSet<String> getMethodsName(String fileName,
LinkedHashSet<String> methodsNames) {

String testFile = readFile(FILES_DIR + fileName + JAVA_EXT); // call
method readFile

testFile = ParserTool.neutralizeQuotes(testFile); // call method
neutralizeQuotes

Matcher methodMatcher = null;
for (String line : testFile.split(LINE_SEPARATOR)) {
methodMatcher = METHODS.matcher(line);

if (methodMatcher.find()) {

// in case some reserved
word(else,public,protected,private)tricks the

// regular expression to be the returned type of a method,
then skip them

if (methodMatcher.group(5).matches(RESERVED_WORD) ==
false) {

methodsNames.add(methodMatcher.group(12));
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return methodsNames;

}

/* Method that displays the methods® menu */
public int menu(LinkedHashSet<String> methodsNames) {

int choice; // user®s choice

int i = 0;

System.out.printIn(‘\n "y;
System.out.printin("'Select the method you want to use:');
System.out.printin(" \n'");

for(String name : methodsNames) {
System.out.printf(*%d. Method name : %s\n", 1 + 1, name);
++1i ;

}

System.out.printf("%d. Return to load files menu\n\n", i+1l);

choice = readlnt(1, 1 + 1); // call method readint

return (choice == 1 + 1) ? -1 : choice - 1; // case choice is to return to
previous menu return "-1"

}

/* Method that gets the variables of a method */
public void getMethodvars(String fileName, String methodName, HashMap<Integer,

String> varlLines,
LinkedHashSet<String> variables) {

int linelndex = 0;
boolean methodScope = false;
int countCurlyBrackets = 0;
HashMap<Integer, String> tmp = new HashMap<Integer, String>();

String testFile = readFile(FILES DIR + fileName + JAVA_EXT); // call
method readFile

testFile = ParserTool.neutralizeQuotes(testFile); // call method
neutralizeQuotes

Matcher methodMatcher = null;

for (String line : testFile.split(LINE_SEPARATOR)) {
++linelndex;
methodMatcher = METHODS.matcher(line);
if (methodMatcher.find(Q)) {

// in case some reserved

word(else,public,protected,private)tricks the
// regular expression to be the returned type of a method,

then skip them
ifT (methodMatcher.group(5).matches(RESERVED_WORD) ==

false) {

if (methodName.equals(methodMatcher.group(12))) {
// case the name of a method matches

methodScope = true;
methodMatcher.reset(); // reset the regular

expression
//

matcher in order to use it again
}
}

// in order to avoid to get the line of method declaration, 1

check
// First to see if this line contains a method declaration
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if (methodScope == true && methodMatcher.find() == false) {
// call method getVariables
ParserTool .getVariables(linelndex, line, varLines,
variables, ParserTool .METHOD_CHOICE);
3

if (methodScope == true) {
countCurlyBrackets = getScope(line, countCurlyBrackets);
// call method getScope

if (methodScope == true && countCurlyBrackets == 0) {

methodScope = false;
System.out.printIn(*\n===== Found Method : " + methodName

Methods.printLines(varLines, ParserTool _METHOD_CHOICE); //
call method printLines

tmp.putAll(varLines);

varLines.clear(); // empty varLines

}

varLines._putAll(tmp);

}

/* Method that displays the lines and variables in case of recursion, modulus
operators and methods */

@SuppressWarnings(*'unchecked™)

public static void printLines(HashMap<Integer, String> varlLines, int userChoice)

// in order to sort the HashMap by key(lines of the file), I pass it to a
TreeMap

TreeMap<Integer, String> variableLines = new TreeMap<Integer,
String>(varLines);

Iterator iterator = variableLines.entrySet().iterator();

if (variablelLines.isEmpty() == false) {
while (iterator.hasNext()) {
Map.Entry pairs = (Map.-Entry) iterator.next();
System.out.print(*'Line: " + pairs.getKey()):;
System.out.printIn(*" Vars: " + pairs.getvValue());

} else { // case no variables found (empty variablelLines )
if (userChoice == ParserTool .METHOD_CHOICE ) {
System.out.printIin(**No variables were found in the scope
of this method!");
} else if (userChoice == ParserTool _.RECURSION_CHOICE ) { // case
RECURSION_CHOICE
System.out.printIn(*No variables were found in the scope
of this recursive method!");
} else { // case MODULUS_CHOICE
System.out._printIn(*’'No modulus operator was found in this
file, in order to\n" +
"'get the involving
variables in the equation!™);

}

A-12



Modulus.java

JF K K K ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok kx|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

A N I I T 4

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.TextFile.>;
import static myproject.Constants.*;

import java.util.*;

import java.util.regex.*;

/* Class responsible for getting the variables from an equation containing modulus
operator inside */
public class Modulus {

/* Method that gets the variables involved inside an equation that uses modulus
operator */

public void getModulusOpVars(String fileName, HashMap<Integer, String> varlLines,

LinkedHashSet<String> variables) {
int linelndex = 0;

String testFile = readFile(FILES_DIR + fileName + JAVA_EXT); // call
method readFile

testFile = ParserTool .neutralizeQuotes(testFile); // call method
neutralizeQuotes

Matcher moduluMatcher = null;
for (String line : testFile.split(LINE_SEPARATOR)) {

++1inelndex;
moduluMatcher = MODULUS_OP.matcher(line);

it (moduluMatcher.find(Q)) {
// call method getVariables

ParserTool .getVariables(linelndex, line, varLines,
variables, ParserTool .MODULUS_CHOICE);

}

ParserTool.java

/***********************\

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

\***********************/

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.Readlnput.*;
import static myproject.utilities.TextFile.*;
import static myproject.Constants.*;
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import java.util.*;
import java.util.regex.*;

/* Class responsible for running all the parser tool functions */
public class ParserTool {

/* constants of user®s menu choice */
public static final int FOR_CHOICE = 1;
public static final int FOREACH_CHOICE = 2;
public static final int WHILE_CHOICE = 3;
public static final int DO_WHILE_CHOICE = 4
public static final int RECURSION_CHOICE =
public static final int MODULUS_CHOICE = 6;
public static final int METHOD_CHOICE = 7;

55

/* lists used to keep variables and files through out the program implementation
*/

private static ArrayList<String> files = new ArrayList<String>(Q);

private static LinkedHashSet<String> variables = new LinkedHashSet<String>();
private static LinkedHashSet<String> methodsNames = new LinkedHashSet<String>();
private static HashMap<Integer, String> varLines = new HashMap<Integer,
String>Q);

/* Method that checks if no variables where found in case of loops & recursion
methods */
void checklfVarsNotFound(HashMap<Integer, String> varLines, int choice) {

if (varLines.isEmpty() == true ) {
if (choice == FOR_CHOICE || choice == FOREACH_CHOICE) {
System.out._printIn(""\nNo variables were found in \"for\"
loops®™ scope of this file!™);
} else if (choice == WHILE_CHOICE || choice == DO_WHILE_CHOICE) {
System.out.printIn(""\nNo variables were found in \"while\"
loops®™ scope of this file!l™);
} else if (choice == RECURSION_CHOICE) {
System.out.printIn(*\nNo recursion methods" variables were
found in the scope of this filel™);

¥
}
b
/* Method that gets the variables from a line given and puts them in the given
hash map */

public static void getVariables(int lineNumber, String line, HashMap<Integer,
String> varlLines,

LinkedHashSet<String> variables, int
choice) {

boolean foundVars = false;

// VAR_NAME regular expression is used here

Matcher var = Pattern.compile(VAR_NAME) .matcher(line);
StringBuilder varString = new StringBuilder();

while (var.find(Q)) {
if (variables.contains(var.group(1))) {
varString.append(var.group(l) + ",");
foundVars = true;

}

if (foundVars == true) {
varString.deleteCharAt(varString.length() - 1); // in order to
delete extra comma
varLines.put(lineNumber, varString.toString());
// case it is a loop, print available info
if (choice != MODULUS_CHOICE && choice != RECURSION_CHOICE &&
choice != METHOD_CHOICE) {
System.out.print(*'Line: " + lineNumber);
System.out.printIn(" Vars: " + varString.toString()):
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/* Method that neutralizes all quotes inside the test file in order not to
mislead the regular

* expressions */

public static String neutralizeQuotes (String testFile) {

// replace all string and char in order not to interfere with the

// regular expression matching of specific functionalities

testFile STRING_QUOTES.matcher(testFile).replaceAll (""\"myPatent\""");
testFile CHAR_QUOTES.matcher(testFile) .replaceAII(""1"");

return testFile;

}

/* Method that displays the files®™ menu */
public int loadFileMenu(int numOfChoices) {

int choice; // user®s choice

System.out.printin(’"\n "y;:
System.out.printin(‘'Select the test file you want to use:");
System.out._printin(" \n"");

for (int i = 0; 1 < numOfChoices; i++) {
System.out._printf(""%d. Load file %s.java\n", i + 1, files.get(i) );
¥
System.out.printf("%d. Exit\n\n", numOfChoices + 1);
choice = readlnt(1, numOfChoices + 1); // call method readlnt
if (choice == numOfChoices + 1) {
System.out.printIn(""\nExiting...");
System.exit(0); // exit the system
}

return choice - 1;

/* Method that displays the 'time consuming code parts'™ menu */
public int menu(Q) {

int choice; // user®s choice

System.out.printIn(‘\n

:::");
System.out._printin(*"Select what time consuming code parts you want to
check out:");

System.out.printin(*”

=\n"");
System.out.printin(*1. For loops ");
System.out.printin(**2. While loops™);
System.out.printIn(*'3. Recursions™);
System.out.printin(*4. Modulus Operator™);
System.out.printIn(*'5. Choose a method™);
System.out.printin(*6. Return to load files menu\n™);
choice = readlnt(1, 6); // call method readlnt
return choice ;

3

/*MAIN-METHOD *
public static void main(String[] args) {

ParserTool parser = new ParserTool();

// must be specified the working directory of eclipse first as the scr
DirectoryList list = new DirectoryList();

int choice;

int menuChoice;

files = list.getFilesName(TEST_DIR, FILE_PATTERN); // call method
getFilesName

if ( files.size() == 0 ) {

A-15



System.out.printIn(*"\nYou need to import some test files in the "

""testing package inside Eclipse package explorer
first!™);
System.out.printIn(""\nExiting...");
System.exit(0); // exit the system
¥

// declare object used in do-while
Formatter formatter;
String testFile;
Variables var;

Loops forLoop;

Loops whileLoop;
Recursions recursion;
Modulus mod;

Methods methods;
HighlightLines highlight;
Object[] methodName;

int methodChoice;

do {

choice = parser.loadFileMenu(files.size()); // call method
loadFileMenu

formatter = new Formatter(TEST_DIR + files.get(choice)+ JAVA_EXT);
testFile = formatter.formatFile(); // call method formatFile

// file must be written before making use of Variable class
writeFile(FILES_DIR + files.get(choice)+ JAVA EXT , testFile); //
call method writeFile

var = new Variables();

variables = var.getVariablesList(files.get(choice)); 7/ call
method getVariablesList

//System._out.printIn(""VARIABLES: " + variables);

menuChoice = parser.menu(); // call method menu

System.out.printin(’"\n
");

switch (menuChoice) {

case 1: // for loop
forLoop = new Loops();
// call method getlLoopsVars
forLoop.getLoopsVars(Files.get(choice), FOR,
varLines, variables,FOR_CHOICE);
forLoop.getLoopsVars(files.get(choice), FOR_EACH,
varLines, variables,FOREACH_CHOICE);
parser .checklfVarsNotFound(varLines,FOR_CHOICE); //
call method checklfVarsNotFound
break;
case 2: // while loops
whileLoop = new Loops();
// call method getLoopsVars
whileLoop.getLoopsVars(files.get(choice), WHILE,
varLines, variables,WHILE_CHOICE);
whileLoop.getLoopsVars(files.get(choice), DO_WHILE,
varLines, variables,DO_WHILE_CHOICE );
parser .checklfVarsNotFound(varLines,WHILE_CHOICE);
// call method checklfVarsNotFound
break;
case 3: // recursion methods
recursion = new Recursions();
// call method getRecursionMethodVars

recursion.getRecursionMethodVars(files.get(choice),varLines,variables);
parser .checklfVarsNotFound(varLines,RECURSION_CHOICE); // call method

checklfVarsNotFound
break;
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case 4: // modulus operator

mod = new Modulus(Q);

// call method getModulusOpVars

mod .getModulusOpVars(Ffiles.get(choice),
varLines, variables);

System.out.printin();

Methods.printLines(varLines,
MODULUS_CHOICE); // call method printLines

break;

case 5: // methods

methods = new Methods();

// call method getMethodsName

methodsNames =
methods.getMethodsName(files.get(choice), methodsNames);

methodName = methodsNames.toArray();

if (methodsNames.size() =0 ) {

methodChoice =
methods.menu(methodsNames); // call method menu
iT ( methodChoice '= -1 ) { // case

a method was chosen

System.out._printIin('"\n
")

// call method
getMethodsName

methods.getMethodVars(files.get(choice),methodName[methodChoice].toString
(OF

varLines,variables);

}
} else {
System.out._printIn(""\nNo methods
where found in this filel!™);

break;
default:
break;

System.out.printIn('\n

highlight = new HighlightLines();

testFile = highlight.createHtmlFile(files.get(choice), varLines);
// call method createHtmlFile

writeFile(HTML_DIR + Files.get(choice)+ HTML_EXT, testFile); //
call method writeFile

variables.clear(); // clear variables list, in order to take new
elements inside

methodsNames.clear(); // clear methods list, in order to take new
elements inside

varLines.clear(); // clear varLines variables list, in order to
take new elements inside

} while(true);
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Recursions.java

JF K K K ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok kx|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

A N I I T 4

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.TextFile.>;
import static myproject.Constants.*;

import static myproject.Scope.*;

import java.util.*;

import java.util.regex.*;

/* Class responsible for getting the variables from a recursion method */
public class Recursions {

/* Method that gets the variables of a recursion method */
public void getRecursionMethodVars(String fileName, HashMap<Integer, String>
varLines,

LinkedHashSet<String> variables) {

int linelndex = 0;

boolean methodScope = false;

boolean recursionFound = false;

int countCurlyBrackets = 0;

HashMap<Integer, String> tmp = new HashMap<Integer, String>();

String testFile = readFile(FILES_DIR + fileName + JAVA_EXT); // call
method readFile

testFile = ParserTool.neutralizeQuotes(testFile); // call method
neutralizeQuotes

Matcher methodMatcher = null;
Matcher methodCal lMatcher = null;
String methodName = ****;

for (String line : testFile.split(LINE_SEPARATOR)) {
++linelndex;
methodMatcher = METHODS.matcher(line);
if (methodMatcher.find(Q)) {

// in case some reserved
word(else,public,protected,private)tricks the
// regular expression to be the returned type of a method,
then skip them
ifT (methodMatcher.group(5).matches(RESERVED_WORD) ==
false) {
methodName = methodMatcher.group(12);
methodScope = true;
methodMatcher.reset(); // reset the regular
expression matcher in order to
// use it
again in the if statement below

}
}

// in order to avoid to get the line of method declaration, 1
check

// first to see if this line contains a method declaration
if (methodScope == true && methodMatcher.find() == false) {
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methodCal IMatcher = Pattern.compile(methodName +
PARENTHESIS) .matcher(line);

if (methodCalIMatcher.find()) {
recursionFound = true;
}

// call method getVariables
ParserTool .getVariables(linelndex, line, varLines,
variables, ParserTool _.RECURSION_CHOICE);
3

if (methodScope == true) {

countCurlyBrackets = getScope(line, countCurlyBrackets);
// call method getScope

// case where the end of a method"s scope has been reached
iT (methodScope == true && countCurlyBrackets == 0) {
methodScope = false;
if (recursionFound == true) {
recursionFound = false; // case recursionFound is
true, turn it to false
System.out.printIn(**\n===== Found Recursive Method
: " + methodName + ' ====="");
Methods.printLines(varLines,
ParserTool .RECURSION_CHOICE); // call method printLines
tmp.putAll(varLines);

}

varLines.clear(); // empty varLines

}

varLines.putAll(tmp);

Scope.java

/'k**********************\

* Author : Christodoulos Michael *
* Student 1d: 886077 *
* Program : Senior Project *

\'k**********************/

/* Package Name */
package myproject;

/* Import Packages */
import static myproject.Constants.*;
import java.util.regex.*;

/* Class responsible for keeping track of a particular scope given */
public class Scope {

/* Method that calculates whether the end scope has been reached by incrementing
the left
* curly bracket occurrences and decrementing the right curly bracket occurrences
and returning
* that counter */
public static int getScope(String line, int countCurlyBrackets) {

Matcher curlyBracket = CURLY_BRACKETS.matcher(line);
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if (curlyBracket.findQ)) {

if (curlyBracket.group().equals(C'{"")) {
++countCurlyBrackets;

if (curlyBracket.group().equals("}")) {

--countCurlyBrackets;
}
3
return countCurlyBrackets;
}
3
Variables.java

/***********************\

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

\***********************/

/* Package Name */
package myproject;

/* Import Packages */

import static myproject.utilities.TextFile.™;
import static myproject.Constants.*;

import java.lang.reflect.*;

import java.util.*;

import java.util.regex.*;

/* Class responsible for parsing a file, in order to get all each variables
* (it also gets constants and object handles) */
public class Variables {

/* regular expressions patterns used */
private Pattern qualifedName = Pattern.compile(QUALIFED_NAME);

private Pattern varDeclaration = Pattern.compile(MODIFIERS + " (" + VAR_TYPE
+ GENERICS + BRACKETS + ")"

+ VAR_NAME + MORE_VARS);
private Pattern varAfterComma = Pattern.compile(SEPARATOR);

private Pattern varParameters = Pattern.compile(MODIFIERS + (" + VAR_TYPE +
GENERICS + BRACKETS + ")

+ VAR_NAME + COMMA);

private Pattern forEachVar = Pattern.compile(MODIFIERS + "(*" + VAR_TYPE +
GENERICS + BRACKETS + ")

+ VAR_NAME);

private Pattern exceptionVar = Pattern.compile(MODIFIERS + VAR_TYPE + VAR_NAME);

/* lists to hold the variables and the constructor name */
private LinkedHashSet<String> variables = new LinkedHashSet<String>(Q);
private LinkedHashSet<String> constructorName = new LinkedHashSet<String>();

/* Method for finding all the constructors inside the .java file given */
private void findConstructors(Class<?> c) {

Constructor<?>[] constructors = c.getDeclaredConstructors();
String name;

for (Constructor<?> constructor : constructors) {

// in order to eat up the qualified name of the constructor®s name
name =

qualifedName.matcher(constructor.toString()).replaceAll(""");
constructorName.add(name.replaceAl l (PARENTHESIS, "'"));

’
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/* Method for getting all the parameters variables */
private void getParameterVars(String testFile, Matcher methodMatcher, Matcher
params) {

// get variables from method parameters
for (String line : testFile.split(LINE_SEPARATOR)) {

methodMatcher = METHODS.matcher(line);

ifT (methodMatcher.find(Q)) {
// case reserved word "else"™ is consider as returned type
of a method
if ( !methodMatcher.group(5).matches(""\\s*else\\s*") ) {
params =
varParameters.matcher(methodMatcher.group(13));
if (ImethodMatcher.group(13).isEmpty()) { // method
without parameters
while (params.find(Q)) {
variables.add(params.group(12));
3

}

/* Method for getting all the constructors® variables */
private void getConstructorVars(String testFile,Matcher constructorMatcher,
Matcher params) {

for (String name : constructorName) {

constructorMatcher = Pattern.compile(name +
PARENTHESIS) .matcher(testFile);

// 1 need while because constructor®s name of a class has the same
name
while (constructorMatcher.find()) {
params =
varParameters.matcher(constructorMatcher.group(l1));
iT (lconstructorMatcher.group(l).isEmpty()) { 7/ method
without parameters
while (params.find(Q)) {
variables._add(params.group(12));
}

}

/* Method for getting all the "for"™ loops variables */

private void getForLoopVars(String testFile, Matcher forMatcher, Matcher
varDeclared, Matcher varName) {

// get variables from "for" loop
while (forMatcher.find(Q)) {

varDeclared = varDeclaration.matcher(forMatcher.group(1));

varName = varAfterComma.matcher(forMatcher._group(l1));

if (varDeclared.matches()) {
variables.add(varDeclared.group(12));

while (varName.find()) {
variables.add(varName.group(1));
3

}

/* Method for getting all the "foreach” loops variables */
private void getForEachVars(Matcher forEachMatcher, Matcher varName) {
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// get variables from "foreach”™ loop
while (forEachMatcher.find()) {

varName = forEachVar.matcher(forEachMatcher.group(1));

if (varName.matches()) {
variables.add(varName.group(12));
3

}

/* Method for getting all the exception catch clause variables */
private void getCatchClauseVars(Matcher catchClauseMatcher, Matcher varName) {

// get variables from exception catch clause
while (catchClauseMatcher.find(Q)) {

varName = exceptionVar.matcher(catchClauseMatcher.group(1));

if (varName.matches()) {
variables._.add(varName.group(6));
}

}

/* Method for getting all the fields and method"s local variables */
private void getFieldsAndLocalVars(String testFile, Matcher varDeclared, Matcher
varName) {

// get variables from fields and method"s local variables
for (String line : testFile.split(LINE_SEPARATOR)) {

varDeclared = varDeclaration.matcher(line);
varName = varAfterComma.matcher(line);

iT (varDeclared.matches()) {
// in case of simple package declaration eg. '‘package

testing;"

// and not "package testing.files;", will be consider by
the

// regular expression as variable, also in case of eg.
"return 1;"

// that would also be consider as variable, the "1"
// So, if the variable type is '‘package”™ or the variable
name contains only
// numbers, then skip it
if (YvarDeclared.group(5).-matches(*"\\s*package\\s*'")
&& 'varDeclared.group(12).matches(*"\\d+"))

variables.add(varDeclared.group(12));

}

while (varName.find(Q)) {
variables._add(varName.group(1));
}

}

/* Method that returns a list containing all the variables of the file given */
public LinkedHashSet<String> getVariablesList(String fileName) {

String testFile = readFile(FILES_DIR + fileName + JAVA_EXT);
Matcher varDeclared = null;

Matcher varName = null;

Matcher methodMatcher = null;

Matcher constructorMatcher = null;

Matcher params = null;

Matcher forMatcher = null;

Matcher forEachMatcher = null;

Matcher catchClauseMatcher = null;
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Class<?> className = null;
try {
className = Class.forName(QUALIFIED_DIR + fileName);

} catch (ClassNotFoundException e) {
System.out.printIn(*'No such class: " + e);
}

testFile = ParserTool .neutralizeQuotes(testFile); // call method
neutralizeQuotes
findConstructors(className); // call method findConstructors

getConstructorVars(testFile, constructorMatcher, params); // call method
getConstructorVars

catchClauseMatcher = CATCH_CLAUSE.matcher(testFile);

getCatchClauseVars(catchClauseMatcher, varName); // call method
getCatchClauseVars

forMatcher = FOR._matcher(testFile);

getForLoopVars(testFile, forMatcher, varDeclared, varName); // call
method getForLoopVars

forEachMatcher = FOR_EACH.matcher(testFile);
getForEachVars(forEachMatcher, varName); // call method getForEachVars

getParameterVars(testFile, methodMatcher, params); // call method
getParameterVars

getFieldsAndLocalVars(testFile, varDeclared, varName); // call method
getFieldsAndLocalVars

return variables;

ReadInput.java

JF % K Kk ok ok kok ok ok ok ok ok ok ok ok ok ok ok ok ok k|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

NF & * Kk ok ok ok ok ok ok ok ok ok Kk ok ok ok ok ok ok ok ok ok

/* Package Name */
package myproject.utilities;

/* Import Packages */
import java.io.*;

/* Class responsible for reading input */
public class Readlnput {

/* Method for reading an integer number within a given range
and ensure that nothing else exceeding the given boundaries will be given */
public static int readInt(int from, int to) {
// open up standard input
BufferedReader br = new BufferedReader(new InputStreamReader(System.in));
String input = null;
boolean isint;
int num = 0;

try {
do {
islnt = true;

System.out.printf(""Enter your choice (Must be from %d to %d) : ', from,
to);
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input = br.readLine();

try {
num = Integer.parselnt(input);

} catch (NumberFormatException e) {
System.out.printIn("Invalid input!™);
isint = false;

} while (isInt == false || num < from || num > to);

} catch (I0Exception e) {
System.out.printIn(*"10 error while trying to read your input!™);
System.exit(1);

¥

return num;

TextFile.java

/***********************\

* Author : Christodoulos Michael *
Student 1d: 886077 *
* Program : Senior Project *

AN I I a4

*

/* Package Name */
package myproject.utilities;

/* Import Packages */
import java.io.*;

/* This is a class that offers methods for reading,writing and counting the lines of a
file */

/* This is just a utility class that could be part of any program

*/

public class TextFile {

// get the line separator of your operating system as a string constant
public static final String LINE_SEPARATOR = System.getProperty(*'line.separator');

/* Method that reads data from a file and returns them as a string format */
public static String readFile(String fileName) {
StringBuilder sb = new StringBuilder();

try {
BufferedReader input = new BufferedReader(new FileReader(fileName) );

try {
String line = null;

while ((line = input.readLine()) != null) {
sb.append(line);
sb.append(LINE_SEPARATOR);

3
} catch (Exception e) {

throw new RuntimeException();
} finally {

input.close();

}

} catch (Exception e) {
System.err._printin("Wrong File Name Or File Doesn"t Exist!");
System.exit(0);

}

return sb.toString(Q);

}

/* Method that writes the desired text to a file */
public static void writeFile(String fileName, String text) {

try {
BufferedWriter output = new BufferedWriter(new FileWriter(fileName) );
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try {

output.write(text);
} catch (Exception e) {

throw new RuntimeException();
} finally {

output.close();

3
} catch (Exception e) {

System.err.printIn("Wrong File Name Or File Doesn"t Exist!");
¥

A-25



Hopaptnpo B

Mepkd amo ta apyeio eréyyov (testing files) Tov cvvTakTIKOU GVOALTI

ForLoops.java

JF K K K Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kx|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

NF &k Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

package testing; /* package declaration */

/* import packages */
import java.util_Random;

// for loop examples
public class ForLoops {

public static void main(String[] args) {
Random rand = new Random(47);
float[] T = new float[10];
int k = 0;
for (int i = 1; i <= 5; i++) {

for (int j = 1; j <= i; j++) {
System.out._print(i);

}
System.out.printin();

}
for (int 1 = 0; 1 < 10; i++) {
for (int j = 0; j < 10; j++) {
for (int m = 0; m < 10; m++) {
for (int n = 0; n < 10; n++) {
System.out._printin(n*m*j*i);
}
¥
b
ke
for (int i = 0; 1 < 10; i++) {
f[i] = rand.nextFloat();
}

for (float x : ) {
System.out._printin(x);
for (float g2 : ) {
System.out.printin(g2);

3
}
for (55) {
System.out.printin(k++);
3
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ModulusOperatorExample.java

JF K K K ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok kx|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

A N I I T 4

package testing;

/*

Modulus Operator Example

This example shows how to use Java modulus operator (%).
*/

public class ModulusOperatorExample {
public static void main(String[] args) throws Exception {

String str = "Java Modulus Operator(%%) example";
System.out.printin(str);

/*

* Modulus operator returns reminder of the devision of
* floating point or integer types.

*/

int i = 50;

double d = 32;

"+ i % 10);

System.out.printIn(*i mod 10

System.out.printin(*d mod 10 = " + d % 10);

/*
* Output would be
Java Modulus Operator example
i mod 10 = 0
d mod 10 = 2.0

*

*

*

*/

B-27



RecursionSample.java

JF K K K Kk ok ok kok ok ok ok ok ok ok ok ok ok ok ok ok kx|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

NF &k Kk ok ok ok ok ok ok Kk ok ok ok ok ok ok ok ok ok ok ok ok

package testing;
public class RecursionSample {

// recursive factorial method
public int factorial (int n)

if (n==0) {
return 1;
} else {

return n * factorial (n - 1);

¥
¥

// non-recursive fibonacci method
public int fibonacci (int n)

{
int previous = -1;
int result = 1;
for (int i = 0; i <=n; )
{
int sum = result + previous;
previous = result;
result = sum;
=i+ 1;
}
return result;
3

// recursive fibonacci method
public static long fib(int n) {
if (n<=1){
return n;

else {
return fib(n-1) + Ffib(n-2);
3

}
public static void main(String[] args) {
int num = Integer._parselnt(args[0]);

for (int i = 1; i <= num; i++) {
System.out.printIn(i + ": " + fib(i));
}
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WhileLoops.java

JF K K K ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok kx|

* Author : Christodoulos Michael *
* Student Id: 886077 *
* Program : Senior Project *

A N I I T 4

package testing;
public class WhileLoops {
static boolean condition() {
boolean result = Math.random() < 0.99;

System.out.print(result + ", ");
return result;

¥
public static void main(String[] args) {
/*
* Do while loop executes statement until certain condition become
* false. Syntax of do while loop is do <loop body> while(<condition>);
*
* where <condition> is a boolean expression.
*
* Please note that the condition is evaluated after executing the loop
* body. So loop will be executed at least once even if the condition is
* false.
*/

int i = 0; // initialization

do {
System.out.printIn(i is © " + 1);
i++;

} while (i < 5);

int n = 0;

intm = 0;

i=0;

while (n < 5) {
System.out.printin(++n);
while (m < 5) {
System.out._printin(++m);

}
}
System.out._printin("Exited “while""™);

while(true) {
int j = 0;
System.out._printin("Infinite While™);
System.out.printin(j);
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Hopaptnpo I

Apyeia Benchmark

ArrayListInsertion.java

package testfiles;
import java.util.*;
public class ArrayListlnsertion {
public static void main(String args[]) {
final int N = 50000;
ArrayList al = new ArrayList();

for (int i = 1; i <= N; i++) {
al _.add(0, new Integer(i));
¥

ArrayListRandomAccess.java

package testfiles;
import java.util.*;
public class ArrayListRandomAccess {
public static void main(String args[]) {

final int N = 50000;
Object o;

ArrayList al = new ArrayList();
for (int i = 0; 1 < N; i++) {
al _add(new Integer(i));

3

for (int 1 = 0; 1 < N; i++) {
o = al.get(i);

3
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BinarySearch.java

package testfiles;
/** Binary search of sorted array. Negative value on search failure.
* The upperbound index is not included in the search.

* This is to be consistent with the way Java in general expresses ranges.
* The performance is O(log N).

* @param sorted Array of sorted values to be searched.

* @param first Index of beginning of range. First element is a[first].

* @param upto Last element that is searched is sorted[upto-1].

* @param key Value that is being looked for.

*  @return Returns index of the first match, or or -insertion_position
* -1 if key is not in the array. This value can easily be

* transformed into the position to insert it.

*/

public class BinarySearch {
public int binarySearch(int[] sorted, int first, int upto, int key) {

int mid;
while (First < upto) {
mid = (Ffirst + upto) 7/ 2; // Compute mid point.
if (key < sorted[mid]) {
upto = mid; // repeat search in bottom half.
} else if (key > sorted[mid]) {
Ffirst = mid + 1; // Repeat search in top half.
} else {
return mid; // Found it. return position
3

}
return -(first + 1); // Failed to find key
¥

public static void main(String[] args) {

int[] array = new int[10000000];
BinarySearch search = new BinarySearch();

for (int i =
array[i]
}

System.out.printin(search.binarySearch(array, 0, array.length, 5000000));

0; 1 < array.length; i++) {
= i;
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BubbleSort.java

package testfiles;
public class BubbleSort {

public static void bubbleSrt(int a[], int n) {
inti, j, t =0;
i I <n; i++) {
;1< (- ); jr) {
-1 > a!]]) {

[E

o T
|
ar
I}
[
c
el

}

public static void main(String a[]) {

int i;
int array[] = new int[65536];

for (int j =
array[j]
}

System.out.printin('values Before the sort:');

for (i = 0; i < array.length; i++) {
System.out.print(array[i] + ™ *);

}

System.out.printin(Q);

bubbleSrt(array, array.length);

System.out.print(*'Values after the sort:\n");

for (i = 0; 1 < array.length; i++) {
System.out.print(array[i] + " ");

}

System.out.printin(Q);

0 ; j < array.length; j++) {
= array.length - j;
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Buffered.java

package testfiles;
import java.io.*;
public class Buffered {

public static void main(String args[]) {
try {
FilelnputStream fis = new
FilelnputStream("./src/testfiles/letterRecognition.txt™);
int cnt = 0;
int n;

// buffered
byte buf[] = new byte[1024];

while ((n = fis.read(buf)) > 0) {
for (int 1 = 0; 1 < n; i++) {
if (buf[i] == "x") {
cnt++;
}

}

fis.close();
} catch (10Exception e) {
System.err._printin(e);
}

Factorial.java

package testfiles;
public class Factorial {

public long factorial(int n) {

if (n==0) {
return 1;
} else {

return n * factorial(n - 1);

}
¥

public static void main(String[] args) {

Factorial fact = new Factorial();
System.out._printin(fact.factorial (20));
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FactorialOpt.java

package testfiles;
public class FactorialOpt {
public long factorial(int n) {
long fact = 1;

for (int i = 1; i <=n; i++) {
fact = fact * i;
3

return fact;

¥
public static void main(String[] args) {

FactorialOpt fact = new FactorialOpt();
System.out._printin(fact.factorial (20));

Fibonacci.java

package testfiles;
public class Fibonacci {
public long fibonacci(int n) {

if (n<=1) {
return n;

else {

}

return fibonacci(n-1) + Ffibonacci(n-2);

}

public static void main(String[] args) {
Fibonacci fib = new Fibonacci();
System.out.printin(fib.fibonacci(20));
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FibonacciOpt.java

package testfiles;
public class FibonacciOpt {

public long fibonacci(int n) {

long previous = -1;

long result = 1;

long sum;

for (int i = 0; i1 <= n; ++i) {
sum = result + previous;
previous = result;
result = sum;

}

return result;

}

public static void main(String[] args) {
FibonacciOpt fib = new FibonacciOpt();
System.out.printIn(fib.fibonacci(20));

Initialization.java

package testfiles;
public class Initialization {
static class Data {

private int month;
private String name;

Data(int i, String s) {
month = i;
name = s;

}

Data[] months = {
new Data(l, "January"),
new Data(2, "February™),
new Data(3, "March™),
new Data(4, "April™),
new Data(5, "May"),
new Data(6, "June'™)

¥

public static void main(String args[]) {
final int N = 250000;
Initialization Xx;

for (int 1 = 1; i1 <= N; i++) {
X = new Initialization();
}

I'-35



InitializationOpt.java

package testfiles;
public class InitializationOpt {
static class Data {

private int month;
private String name;

Data(int i, String s) {
month = i;
name = s;
¥
¥

static Data[] months = {
new Data(l, "January'),
new Data(2, "February"),
new Data(3, "March™),
new Data(4, "April™),
new Data(5, "May"),
new Data(6, 'June'™)

¥

public static void main(String args[]) {
final int N = 250000;
InitializationOpt Xx;
for (int 1 = 1; i1 <= N; i++) {
x = new InitializationOpt();
3
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LinearSearch.java

package testfiles;

/** Linear search of array for key. Returns index or -1 if not found.
* The upperbound index is not included in the search.

* This is to be consistent with the way Java in general expresses ranges.
* This searches from low to high index values.

* The performance is O(N).

* @param a Array of values to be searched.

* @param first Index of beginning of range. First element is a[first].

* @param upto Last element that is searched is a[upto-1].

* @param key Value that is being looked for.

*  @return Returns index of the first match, or -1 if no match.

*/

public class LinearSearch {
public int linearSearch(int[] a, int first, int upto, int key) {
for (int i = First; 1 < upto; i++) {

it (key == a[i]) {
return i; // Found key, return index.
}
¥

return -1; // Failed to find key
ke

public static void main(String[] args) {

int[] array = new int[10000000];
LinearSearch search = new LinearSearch();

for (int i =
array[i]
3

System.out.printin(search.linearSearch(array, 0, array.length, 5000000));

0; 1 < array.length; i++) {
= 1i;
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LinkedListInsertion.java

package testfiles;
import java.util.*;
public class LinkedListlnsertion {
public static void main(String args[]) {
final int N = 50000;
LinkedList Il = new LinkedList();

for (int i = 1; i <= N; i++) {
11.add(0, new Integer(i));
¥

LinkedListRandomAccess.java

package testfiles;
import java.util.*;
public class LinkedListRandomAccess {
public static void main(String args[]) {

final int N = 50000;
Object o;

LinkedList 1l = new LinkedList();
for (int i = 0; 1 < N; i++) {
11.add(new Integer(i));

¥

for (int 1 = 0; 1 < N; i++) {
o= II_get(i);

¥
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MergeSort.java

package testfiles;

public class MergeSort {

public static void mergeSort(int array[],

}

int low = lo;

int high = n;

if (low >= high) {
return;

3

int middle = (low + high) 7/ 2;
mergeSort(array, low, middle);
mergeSort(array, middle + 1, high);
int end_low = middle;

int start_high = middle + 1;

int temp;

int lo,

int n) {

while ((lo <= end_low) && (start_high <= high)) {
if (array[low] < array[start_high]) {

Tow++;

} else {
temp = array[start_high];

for (int k = start_high - 1; k >= low; k--) {

array[k + 1] = array[k];

array[low] = temp;
Tow++;

end_low++;
start_high++;

public static void main(String a[]) {

int i;
int array[] = new int[65536];

for (int j =
array[j]
}

array.length - j;

System.out.printin('values Before the sort:");

for (i = 0; 1 < array.length; i++) {
System.out.print(array[i] + "
¥

System.out.printin();

"

mergeSort(array, 0, array.length - 1);
System.out.print(*'Values after the sort:\n");

for (i = 0; 1 < array.length; i++) {
System.out.print(array[i] + "
}

System.out.printin();

)

I'-39

0 ; j < array.length; j++) {



StringExample.java

package testfiles;
public class StringExample {
public String implicit(String[] fields) {
String result = "
for (int 1 =0; 1 < fields.length; i++) {
result += fields[i];
¥

return result;

3

public static void main(String[] args) {
StringExample strExample = new StringExample();
String[] str = new String[3000];

for (int i
str[i]

0; 1 < str.length; i++) {
"A string sample!\n";

System.out.printIn(strExample.implicit(str));

StringExampleOpt.java

package testfiles;
public class StringExampleOpt {
public String explicit(String[] fields) {
StringBuilder result = new StringBuilder();
for (int i = 0; i < Fields.length; i++) {
result._append(fields[i]);
3

return result._toString(Q);
}

public static void main(String[] args) {

StringExampleOpt strExample = new StringExampleOpt();
String[] str = new String[3000];

for (int i
str[i]

0; 1 < str.length; i++) {
"A string sample!\n";

System.out._printin(strExample.explicit(str));
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UnBuffered.java

package testfiles;
import java.io.*;
public class UnBuffered {

public static void main(String args[]) {
try {

// one read() per character

FilelnputStream fis = new
FilelnputStream(*./src/testfiles/letterRecognition.txt™);

int cnt = 0;

int c;

while ((c = fis.read()) = -1) {

if (c == "x*) {
cnt++;
3

}
fis.close();

} catch (10Exception e) {
System.err._printin(e);
}

WithBuffering.java

package testfiles;
import java.io.*;
public class WithBuffering {

public static void main(String args[]) {
try {

// with buffering

Reader r = new FileReader("./src/testfiles/letterRecognition.txt™);
r = new BufferedReader(r);

int c;
while ((c = r.read(Q)) != -1) {

}

r.close();
} catch (10Exception e) {
System.err._printin(e);
}
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WithoutBuffering.java

package testfiles;
import java.io.*;
public class WithoutBuffering {

public static void main(String args[]) {
try {

// without buffering
Reader r = new FileReader("./src/testfiles/letterRecognition.txt™);
int c;

while ((c = r.readQ)) = -1) {

r.close();

} catch (10Exception e) {
System.err.printin(e);
3
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