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EYXAPIZTIES

Euyaptotd ex Bdbouc xapdlac tou yovelc you Avaotdolo xar Buayyehla yio tny auépltotn
uTooThHRLET TOU UOoU Tapelyay OAa To YeOVid TV OTouddy Uou, ywelc Ty omola dev Ha
unopoUoa va elya emTUyeL xar autd To otoyo. Euyapiotd Oepud tov emPBrénovra xou
mdvta Exel xobnyntd uou Xtadpo A. Nuixohdmouvdho yia Ty cUUTAEIGTACT), TNY ASLATAUOTY
xafodhynon xau TNV deLoTn EMOTNUOVLXY GUVERYAGLo Tou Uou Tpocégepe %ol OAn 11
diudpxela exmovnong authc tne Metantuytoxfic Epyaolag dnwe xau yia tnv auéplotn eumt-
0TO0UYT TOU Uou eMESElE oTa TPGTA BAUATA TN epeuvnTixfc wou mopetog. Ilapdiinha,
guyoploT®d ol TNy unodigLa SddxTwe Mapla I'. Xpdvn yio v cuvepyaoto xat ToAdTiun
OUVELGWORA TNS OTNY TROCEYYLOT EpeLVNTIXGYV Beudtwy, xafde ot yia tny uebodny| Statid-
TWOT) TWV EPELVNTIXOV UG ATOTEAEOUATWY OF ETLGTNUOVXES EQYIUGIES, OPLOUEVES AT TIC
omolec BpafBeltnxay wg xakltepeg epyaociec Awelhvidv Emotnuovindy Yuvedplov. Téhog,
ELYAPLOTH T UERN TN TplehoUg eletaotixfc emtponhic xx. Xpehoto Nouwxd xou I'dpyo
Mo yoo Ty GUUUETOY NS TOUC TNV ETLTEOTY Xa0MC %ol Yl TIC EUGTOYES XAl TOAUTLIES
TOEATNEHOELS TOUC TOU GUVEBAAAY ouclaoTixd ot Beitiwon tng Tapoloug epyaotiac.
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Eva Avvauixd Movtého Ydatoypdgnong Aoyiouxol Baociouévo oe
Fpagruata Khoewy Yuvaptrioeny

Eniénov: Kanyntic Etadpoc A. Nuixordéroulog

Y Topovoa UeTanTuyLaxy epyaota mapouctdlouue apytxd Tig Paoixéc €vvoleg oyETIXd
P C ¢

ue TNV mveuuaTiy Wiloxtnola xal Tor TveupaTixd Suxonduata, xabde enlong availbouue
AETTOUERKOC ToL TpoaToLTOUUEVA BETovTag Toug Beuehiddelc xavoOveS avapopLxd Ue TNy Tpo-
otaota Aoyloulxol xaL cuyxexpuiéva Ue TNy udatoypdgnor. Ev cuveyela, mpotelvouue
utar véo 13€a eVOWUATOONS %ol ECAYWYNC aVaYDOYIUWY LETABETIXGOY YRUPNUATWY U OE
%xOOLxeC hoyLouxoy 1) onola yelplleTol UOVO TP YUATIXG XGSLXA TROTOTOLMVTIS To SLoypdu-
uata eAEyyou porg autod. Ty o auty, TNV xwdixorotolue avaluTixd xar TAewS o €va
uovTéLo udatoypedynonc Aoytouxoy, tou ovoudlovue WaterRPG, napabétovioac 1660 toug
ahyopluoug xwdxonolnong e Sourc Tou LdatoypauaTog, 660 xal Toug akyopibuoug
EQUPUOYHC TOU LBATOYEAPAUATOC GTO AOYLOULXS. 1TN GUVEYELX, TOEOUOLELOVUE AETTOUE-
peleg, ¢ entl To TAELOTOV TPOYPAUUATIOTLXES, OL OTOLEC APOROVY TNV EVOOUATWGT) TATIPO(O-
plag o xdduxa, evd TautdyEova dlvouue anoTeAéouaTa NG EPapUoYTic Tou akyopliuou oe
royiouxd. Téhog npayuatonototue ouyxploeic Tou woviéhou WaterRPG ue nponyolueva
701 ONUOGCLEVUEVA OF ETLOTNUOVIXES EpYOOiEC LOVTELN LUdATOYRAYNONE AoYLoULXoY eEdYO-
VTAC ONUAVTIXES TANPOPORLES OYETIXEG UE TNV eVpWOTIA TNG BOUAC oL TNV ATOTEAEGUAUTL-
XOTNTU TOU AUTY PEQEL UE TNV EVOWUATWOY) TNG.
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FEXTENDED ABSTRACT IN ENGLISH

Ioannis Chionis

Department of Computer Science and Engineering,
School of Science, University of loannina, Greece
February 2014

A dynamic Software Watermarking Model based on
Function Call Graphs

Supervisor: Professor Stavros D. Nikolopoulos

This master thesis initially presents the basic principles related to intellectual property
and copyrights, as well as sets and analyzes in details the prerequisites about software pro-
tection and more precisely about the software watermarking. The purpose of this thesis is
to propose an innovative idea for embedding and extracting reducible permutation graphs
into software only by manipulating the host code modifying its control flow. This idea
is encoded in a model called WaterRPG quoting both algorithms about the construction
of the watermark and about the implementation process to the code, including the im-
plementation correctness . Then, details mostly pure programming are presented, which
are related with the addition of hidden information within the code, while giving results
of the implementation of the WaterRPG model on real application programs. Finally,
the model presented in this thesis is compared with previous and already published in
scientific papers models for sofwtare watermarking exporting meaningful inferences about
the robustness and the effectiveness of the proposed model.
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KEDAAAIO 1

FEISATOH

1.1 Xtéyog xaw Aoyt Awatpl3hc
1.2 Ilvevuatind Awanduata xa [pootaoia
1.3 Teyvuxéc llpootaciag Aoyiouixod

1.4 Totopuxy) Avadpour)

1.1 Xréyog xou AoprR AwatelBhc

H nopovoa dtatpPr emixevipdvetol xuplwg 0TnY XATAOXEVY|, EVOOUATWOT OE XOOLXA xal
aZLoAGYNOT) USUTOYRAPTUATWY AoYLoUxoU. XLuyxexpiuéva, 1 Staten auth agol oxiaypa-
@prioeL T YeEWXO xhlUo Tou emxpaTel OTNY TEOCTAGIN TOY TVELUATIXOY SIXOLWUATOY Xl
TOUEOUGLIGEL KOS LOTOPLXT| AVASEOUT VAL AVTITPOCWTEUTIXG GUVOAO TEYVIXGY LUBATOYRAPNOTS
hoyiouxoy, otnelletal oe anoTeAécuaTa epYaoLOY oL omoleg elyav dnuooieutel oe Siebvi
EMLOTNUOVIXS GUVEDSELAL £Y0VTUSC WS XVELO GTOYO VoL GUVELGPEREL OTOV TOUEN LOATOYRAPNOTS
AoyLouxoy Tapouctdlovtac AETToUEp®OS xol avaivovtag el Bdbog éva pnéixéheubo duva-
ux6 povtého vdatoypdgnonc. To uwovtého autd, ovéuatt WaterRpg, ex xataoxeurc
unopel xat avTUETOTILEL ONUAVTIXES SUGKOAES TOU UTHEY OV GTNY EVOWUETOOT XL eCAYWYT
YEAPNUATOY 08 XOBIXEC AOYLOUXADY, ElTE AT TNV TAEURE TWV TEOYQUUMUATIOTOV OL OToloL
npoonafoly va Bécouy Ty npootactio (evowudtwon), elte and Ty Thevpd TV xoxdBoulny
Yenotdv oL onolot Tpoonafoly va avalpécouy Ty npoctacia (e€aywyn).

H Swotpi31) neptéyel 6 xepdhata oto 6Uvord tne. Ev apyr) oto Kegdhoro 1 o avayvdotng
ELOAYETOL OTA TVELUATLXE dtxatduaTa xaBGC enlong xal 6TLS TEYVIXES ToU Eyouy avartuybetl
v v mpootactag Toug. Xto Kegdhaio 2 0 avayvdotng ETXEVIPOVETAL GTNY TEYVLXY
e vdatoypdgnone ndvew otny onolo uabalvel Baocixéc €vvoleg, oplouols, TEYVIXES %Ol
ahyoplbuoug, evd mapdiAnho €oyetor avTLUETWTOS Ue SUGXOAN ol dAUTA TEOBARUATA.

Y10 Kegdhato 3 mapoucidletar 6Tov avayvodotn To duvauixd Uoviého udatoypdgnong



Water Rpg o onolo elvat Bactouévo oe ula ouyxexpuuévn xatnyopla Yeopnudtwy, evé oTo
Kegdhoio 4 1o uovtého autd avarletal de€odixd xat alioroyeitat. Téhog, ota Kegpdhata
5 xau 6 TopouctdlovTal OTOY AVUYVOOTY) CUYXPLOEL TOU TPOTACGOUEVOU UOVTEAOU TNG
ev Moy SlatplBfic ue dAho Blog aAAd o SLa@opeTixfc xatnyoplog Uovtéla xafdg xol
EUTEPLOTATOUEVA GUUTERAOMATA Ta oTtola TpoYAbay Uotepa and evacydANGT Tou cUYYRAQE

OTOY TOUEN TV TVEVUATIXOV SIXAUWUATWY %ol TNS TpooTasiag Aoyloulxov.

1.2 IIvevpoatixd Awconodpata xar Ilpootacia

[Ivevpotind ducatlowua A Tveuuatixd| Wioxtnola anoxtd o dNUoupYHS TEVE GTO TEMTOTUTO
€pY0 TOU, TO OTOlO EVOEYOUEVHC TEPLEYEL TVELUATIXG dNULodpynua AGYou, ETOTAUNG ¥
€y vne mou exgpdletar ue omoadhrote wopyr. Idlwe to ypantd, X mpowopuxd xelueva,
TO ANOYLOUIXE NAEXTROVIXDY UTOAOYLOTAY, oL Houoxés ouvbéoelg, ue xeluevo 1 ywelc, Ta
Oeatound épya, pe pouoxn ) ywelc, oL YopoYpa@lec Xal oL TAVTOULUES, TO OTTLXOAXOUGTIXY
€QYQ, TO EQYA TWV EXUOTIXOV TEYVMYV, oTa onolo mepthapdvovtar ta oyeda, To €pya
CoYpagueic ol YAUTTLXAS, To YapoxTixd €pya xat ol Aboypagles, To apyttextovixd €pyd,
oL pwToypapleg, Ta EPYU TWV EQUPUOCUEVWY TEYVAY, Ol ELXOVOYPAPHOELS, OL YAPTES, TA
TELOOLIOTAUTA €0YA TOU AVUQEROVTAL OTY YEWYPAQLA, TNV TOTOYEU@lo, TNY OEYLTEXTOVLXY)
A TV ETOTAUN ATOTENOUY XUTNYOPLEC QYWY OL OTOlEC UTOPOUY VO TROOTATEUTOUY Ao
TéToLou eldouc dixatduata [1].

Yuyxexpluéva 1 dnuiovpyia TOU UOPQOUATOC TN TVEVUATIXNS LOLOXTNGLIC %ol 1) VOULXT)
TNn¢ mpootacta elval oyeTind npdogate xat avdyovrar nept Tov 180 awdva. Ilpddpouog tng
Tpootaclag HTav 1 arovour| tpovoulny oe TuToYedpoug, apytxd oty ToAN TN Itailag 1
Bevetlo and 1o €toc tou 1469 xau apydtepa xoL oe dhha svpwnoixd xedtrn. To mpovoula
AUTE OUWS, APOPOUCAY TNV TEOGTAGLY TOU TUTOYPAQPOU ATO AVATUTOGCEL PLAOROYIXGDY
XAl UoLodV €oywmy and Teltoug xat 6yl TNy mpootacio Tou SnuLoLEYOoU, VK GUvToud
xaTEANZay va Ylvouv Gpyavo tng Aoyoxplolag ex UEQOUS TWY NYEUOVWY OTa eXSLOOUEVA
éoya. O mpdtog vouog mou avayvoeLoe dixatlwua 6Tov dnutoupyd Ntav o ayyiwxog “Act
for the Encouragement of Learning, by vesting the Copies of Printed Books in the Authors
or purchasers of such Copies, during the Times therein mentioned” tou étoug 1709 eni
Baothelac g Avvag. O vouog autdc anéveue anoxAeloTind dixalwud otov dnutovpyd enl
Tou €pyou Tou Sudpxetac 14 eTdy and TN dnuocieuor Tou €pyou Pe SUVATOTNTA TALETACTC
Yoo Ghha Té0a, €@ 660V aUTOHS NTay axoun ev Lo,

Yty EMGda ) npootacta tng nveupatixic Woxtnotac dpynoe vo xdvel tny eupdvLot)
TNe xa0GOC T Ypdvia exelva arotehovoay ulo ueTamoheuLxy) emoyn yio exelvn. Luyxexpluévo
0 Towx6S vouog Tou étoug 1835 rtav o mpdTog vouog o onolog TpoéBiene oto delpo Tou
ur aplBudy 432 Wialtepo mowvixd adlxnuo TNV XATATATNOT TRV TVEURATIXOY SIXwUdTOY
oe TOAMG Yoo TNV 161e emoyhy aviixelueva. Ilapddinia o (Slog véuog oto dpfipo tou ur
aplBudy 371, mpoéflene xar to adbxmua tng xhomhc. 'Ople de we xhomh, Ty agaipeon
EEVLY XLVNTOY TEAYUATOY and T TPooTaTeudUEYo avixeluevo. Tlap 6l autd ot dwatdlelg
auTég amelyay ot apxeTd weydho Pabud and To va Tupéyouy uLa TPOTOV TLVE OAOXATIOWUEVT



XAl ATOTEAECUATIXY TpooTaslo 6Toug dnutoupyols. O mpdTog 0AoXANPWUEVOS YOUOS Tept
mveupatixfic Woxtnotog frav o 2387/1920. O véuoc autde npoéflene Ty Tpootacio TwV
€pywVy 600 Loloe o dnuLovpydc xat Yo 50 yedvia Uotepa and Tov Bdvatd Tou. Ipoxeiwévou
UK 0 VOUOC AUTHC VAL OLVTATOXELVETOL OE VEDTEPES AVAYXES, TPOTOTOLAONXE XOT ERAVAATYLY
xoL avuxotaotdlnxe tehxd TAfpwe and tov véuo 2121/1993, o omoloc €pepe apxeTéc
OVOLVEQDOELS X0l XALVOTOUIEC 0TO CUGTNUA TPOCTACLAC. 1 TOV AVAVEOUEVO VOUO 1) TpooTactia
Topéuetve emmAéov 50 ypdvio uetd Tov Bdvato Tou dnutoupyoy, yia va napatablel tepattépw
20 ypedvio To €toc 1997 xan va gtdoet alotwe ota 70. Tagdhhnio and tic apyéc tne dexaetiog
Tou 90 €yel apyloel 1) evapuodvion oto Thatolo e BEupwraixric Kowdtntoag tou Suxalou trg
mveudo T Wioxtnolag ue v éxdoon alkendAAnioy odnydy, ov onoleg pubullouy xotd
evialo TEOTO Yo OAAL ToL XPATY) - LEAY OEXETEC TTUYEC TNG TVELUATIXNS WloxTnolag.

MveupaTiki
IdlokTNOia
( . , R Moyotexvikn & KaAAitexvikn
Biopnyavikn |dioktnoia T ]
. J
. Zfpara . Alkaiwpa ZYETIKA
(l‘lurwmgj ﬁ(u‘rmeeéw; EEXEE'UUPOD AvTIypapng Aikaiwpara

Eyfhua 1.1: Katnyopleg Suxonwudtony tvevuatixfc bioxtnotac.

Axdbua xar oty onuepy| EToYT OUKS, TNV YVWOTH we eToyT NS Teyvohoylag xal Tou
dLadixTUou OToU xATA x0POY YlvETaL YPYOY NAEXTEOVXGOV TEOYEAUUATOY, oty EALdda
oahhd xon Yewxd ovd tov xdouo Sev éyel Deomiotel omwe Oa énpeme 1 mpootacia TV
TVEUUATIXOV SLXOULOUATOY GE AOYLOULXA NAEXTROVIXGY UTOAOYLOTAY, 1| TOUALYLOTOV AUTH
mou €youv fOeomiotel Sev epapudlovtal oe avorolnTixd exninedo, agrivoviag cofoupd xevd
To omolal xaL Tor exueTarledovTal xalbnueptvd yilddes yenotdv. To yeyovée autéd unopel
ue éva Tp®TO dxoucua va govtdlel aueintéo 1 xdTL To omolo elval yaunAdTERTC TPOTE-
paldTNTAC, aAAG O6mwe Oa anodetyfel oty ouvéyela elval Lot onuaciac TpdTa YLo TOUC
dnutoupyouc, elte autol elval ueuovwuéva dtoua, elte autol elvar oAdxAnpeg etalpleg at
UOTEPA YL TOL XPATH Tl omolal YAVOUY TERAOTIA Tood YenudTwy xdle Ypdvo ard Toug pdpoug
6mou untd uotoloyxéc ouvixeg Ba eloémpatTay amd TIC TWANOELS TOUC.

To hoyioulxd, autr T oTiyun npootateovtol pe Bdon Tig datdlel mepl mveuUaTXig
Wioxmotac. H Evponaixd Odnyle 91/250 “I'a v vouxy| Tpootacia TV Tpoypapudtey
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NAEXTEOVIXGY UTONOYLOTOV" evowuatdinxe otny eAhnwixi| évvoun tdln ue tnv éxdoon
ToU Vouou 2121/1993 nepl mveupatixfc Wioxtnolac, ue xdnoteg tapexxiioelc. Edidtepa,
avtixeluevo mpootaclog elval To TEOYEAUMATE NAEXTROVIXDY UTOAOYLOTOY X0l TO TEOTO-
PUCHEVAOTING UAXO Gyedlaouol Toug, Epdcov To LAXO elval TETolo (BOTE va UTopel ot
€vol UETETELTA OTABLO Vo TpoxUdeL amd auTd TO TEOHYPAUUA TOU NAEXTROVLXOU UTOAOYLOTH.
Yuyxexpluéva, tpootateletol xdbe Lopgn Exppaong eVOC TpOYRAUUATOS, EVE UEVOUY EXTOC
TEOGTATEUTLX0U XA0LoU oL WOEeC xaL oL apyés, oTig omoleg Buoiletal onolodhnote oTolyelo
TOU TPOYPAUUATOS, XaBde ol Wéeg %ol oL apyéc oTic omoleg Paotlovtal Ta CUCTAUATA
dlaoUvdechic Tou, dNAadY T UEpT TOU TEOYPAUUATOS UE T OTOlo ETUXOLVWVOUY UETAEY
TOUG TO TEOYPOUUMUI, O NAEXTPOVLXOS UTOAOYLOTAC XaL O YPYOTNG.

Ta mpoypdupata xatapyhy TpooTatevovIial UoVo o¢ €oyd Adyou Ue To Sixolo Tng
TVELUATLXAG WBLOXTN ol Xal Oyl WS eQeUpETELS Ue To dixato tne Brounyavixig wioxtnotag.
To dixoro tne mveuuotixrc Wloxtnotlag elvat druro, dnhadh yio Ty TeooTacio TOU TEPLOUGL-
%0 o nOLx00) JXALBUATOS TOU dNULOLEYOY TOU TROYRAUUATOS NAEXTROVLXOY UTONOYLOTY
dev amonteitar, oUte TpofAénetal xdmota TUTLXY) TEALN, fTol vo axohoulnlel xdmola Stadixa-
ola x0Toypwone Tou TEOYEAUUATOC. X TepInTwaoTr) Tou Tuy oY avaxidel xdrnolo tpdPinua
AOY® TNS TEOOLOANC TWV SIXULOUAT®Y TOU SNULouUEYOoU Tdve 6To Tpdypauud and Teltoug,
elvan Bua anddellng molog mponyHinxe oty dnuioupylo Tou TpoYEdUUATOS aUToY, 1 ontola
anddelln emtuyydvetal Ye xdbe uéoo. T v andxtnon BéRaine ypovohoylac, dnhady
evog ypovixol onuelou, xatd To omolo arodewxvieTtal OTL UTAPYE TO TEOYEUUUI, UTOPEL Yia
TopddeLy U Vo Yivel Tpdln xatdfeanic Tou (n.y., extunouévo xat oe CD) oe cuufolatoypdgo.
Auty) 7 dwducaoia dev mpoPiéneton and tig Statdéel mepl mvevuatixhc Woxtnotag, alid
ouvniiletar 6Ny TEAEN TEog dleuxdhuven TN anddeling autrhc xol auTrhc.

O Tayxéoutoc Opyavioude Aavonrixfc [Stoxtnolac (World Intellectual Property Or-
ganization - WIPO), o onolog Snutoupyhfinxe to étog 1967 ue andtepo oxond va evhoppivel
xal ouvduo vo Tpoogépel xivntpo Yo dnuioupyla, xabde eniong xou vo cuuBdiel otnv
Tpo®inon tne mpootactag TwY dxalwUdTewy TveuuaTIXhC Wioxtnolag oe OAo TOV %xHCUO,
elvar umevbuvog yua T Solxnon Sielvdy Oeudtov nveuuatixhc Wioxtnolag. LyeTixd ue ta
hoylouxd Tdpa, autd tpootatevovtal ot Aebvi| Xoufoon tne Bépvne mou dteubivetal and
Tov opyavioud WIPO, o omolog €yel xupwbel and tny EAAGda. "Etor, 6cov agopd 1 Siebvr
TEOCTAGCLA TV TEOYEAUUATWY %ol U6vov 6tav 1) tpooTtactia {Nteltal oe Ydpo dlapopeTixt
and TN Y OPA TPOEAEUCTC TOU £0YOU, OL YORES TOL €Y 0LY TEOCY WENOEL 6T LOUBaoT auTr Xl
oL omoleg amaptilouy "Evwon xpatdv yia TV TpooTaolo TwV SIXaoUdTeY TwV SHULoupYdy,
TEOOTATEVOUY T TROYLAUUATIL.

H rmpootacio Twv mpoypauudtony yivetol e£oUOLOVOVTAC To UE AOYOTEYWIXSA €pYa %ol
epapuolovtac g dwatdelg tng apync Tne ebvixrc yetayelplong Ty Zévwy dnuloupydy 1
e apyhic NS e€oUolnoNc TOUC PO TOUC UTNMUOOUS TS YOpac, omou {nteltal 1 évvourn
Tpootacia, 6 GUVBLAGUS TdvTa e TLC BLatdielg Tou Tpoadloptlouy T1 Y Mdea TEOEAEUOTC TOU
mpoypduuatos. ‘Otav 1 vouobeolo evég xpdtoug dev mapéyel 6To dnuiovpyd Ueyahltepn
mpootacio ue Bdon v apyr g ebvixic mpootactag, egapudlovtal oL SLaTdZELS Yio TA
ehdyLota bpla TpooTactog mou tpoPiénel 1 Liufaon. Emniéoyv, n Luviixn tou WIPO yu



TNy TveuuaTixt| Wioxtnola, 1 onola xupdinxe and v Evpwraixh "Evwon to étoc 2000,
ouvdeetal Ue TNV avetépw LUuPacn tne Bépvng, Slywe va elodyel mapexxiiosi and Tig
UTOYPEMOELS TTOU €Y0UY Ta Xpdtn - UéAT olugpova ue outh [60].
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Yyfua 1.2: Touelc mou aneuBivovtol Tor SXALGUATA TNE TVELUATLXHC LBLoxTNolag.

O dnuroupydc Tou exdotote €pyou elvar To UTOXELUEVO TOU SIXALOUATOS TVEULATLIXHC
Woxtnolag. X1o NrelpoTind euponaixd cvotnua xalog enlong xal 610 eAAnVxd Sixaro,
dnutoupyde unopel va elvat udvo xdnolo guoxd TpodowTo, awol Uévov o dvbpwrog €yel
T SuvatdtnTa va Snutoupyel TpwTéTuTa TveupaTixd pya. Ev avtifécel oto auepixavind
dlxato, dnutoupyde xdhhiota unopel va elval xoL vouixd tpdowro, To omolo €yel enevOVUoEL
owovoulxd otn dnuLoupyla evog €pyou.

H mvevpatindy Woxtnota elvar auth mou mpootateder ta €pya and teitoug. To €pyo
dnutovpyettal xau apyilel vo undpyer ue TV e€wteplxeuot Tou and Tov dnutoupyd tou. (¢
13€a 6TO LUAAG TOU dNuLoupYoU TEogavKg Sev SUvatal Vo TeooTateuTtel, xabdg oL TEYVLXES oL
omoleg amoxpURTOYEAPOUY EYXEQIIOUC BploxovTal ot ToAL tpduuo otddio. H ewtepixeuon
o€ 0pLoUéVES TEPLTTHOOELS Umopel var elvat xat e@huepn (m.y., N Tpogopxy| anayyela evig
novfuatog).  Avtifeta oto auepicavixd dixowo anowteltar otabepy| anotdnwon (m.y., éva
nolnua Ho npootateveTal u6vo av xoataypagel Yeantde 1 nyoyeapnbel). Yto onuelo autd
ONUELOVETAL TWS TO dIXALO TPOOTATEYEL UOVAYA TO GUYXEXPUUIEVO EEWMTEPLXEVUEVO ERYO XAl



Oy L Wéeg mou mbavéy va xelfBovtal amd tlow Staxplvovtag UueTadl Lopghc, AToTURWOTNS
xat Wéag. BéBaa 1 Sudxpron auty elvar mohd 8oxoln va mpayuatonoiniel xabohxd xou
optlovtine xafde elvon eviehdc utoxewuevxh xoL ToAhég @opéc urn Tpoodloplowun [63].

O dnuovpyde amoxtd Tdvw 6To €pYo Tou TveuuaTixy WloxTtnota 1 onolo TtepthauBdvel
dU0 andhuta xal aroxAetoTixd ducatduata. To mpdTto elval To duxalwuo TNg exueTdAAeuong
Tou €pyou (meplouctaxd duxaloua), evd to dedtepo elvar to duxalwua mpootacloc Tou
TPOGWTIX0Y Tou deouol ue To épyo (Mbxd dxalwua). Eotdlovtac oe axdun ueyalitepo
Boabud otny mveuuoTxy BLOXTNOLA ONUELOVETOL TWE TO TEQLOUGLAXS SLXAULOUA TOU SNULOUE-
YOU AVUPERETAL OTNY OLXOVOULXY) EXUETAAAEUGT) ToU €pvou Tou. Kdfe e€ovola anaydpeuorng
oG Teddng X Wag Uop@hic EXUETAAAEUONS OTUALVEL QUTOUATOS TWS O SNULOURYOS UTopEl
VoL aLOVEL oaOLBY) YL QUTHY.

"Bpya ouvepyaotag Oewpolvtal 6ca €youv Snuioupynlel ue v dueor olunpalr d%o
1| TepLocoTEPWY dnutoupydy. Ot Snuoupyol evog €pyou, o onolo anotehel mpoldv cuvep-
yaotag, elval xat ou apytxol cuVdIXaLoUyoL Tou TEPLOUGLAXOU xal Tou NHxoy Suxatduatog
enl Tou €pyou autol. Av Sev €yel motomounlel pNTd Ue xATOLOY GUYXEXPLUEVO TEOTO, TA
OLaLGUTO TOU £0YOU AVAXOUY XaTd (oa Uépr GTOUC CUVINULOURYOUC.

Lulhoyxd épya Oewpolvtor 6oa €youv dnutovpyniel ue Tic autotehelc oUUBOAEC TepLo-
COTEQWV SNULOUPYDY UTS TNV Tveuuatixy Sievbuver 1 adluidg xafodhynon xol o ouvtovioud
evoc guoxoy tpoa®rou. To mpdowno autd, elval o apyIxdS SLxaloUyY0g TOU TERPLOVUGLAXOY
xal Tou Nixol Sixatduatoc enl Tou culioywxol €pyou. O dnuoupyol TV emuépouc
oLULOAGY elval oL apyxol SixatoUyol Tou Teplouclaxoy oL Tou NHLXOU SLxalOUATOC ETTL TV
oLULOAGY TOug XL UOVO, EQOGOY AUTES Elval SEXTIXES YWELOTAC eExXUeTdAAevanc. "Otay éva
€pyo Oewpeltal oUvleto, anapTiloUevo oUCLIGTIXA amd TUAUATA ToU €youv dnuioupynlel
YWELOTA, oL dnutovpyol Twv TunudTwy enl Tou cuvlétou épyou elval xal oL amoxheloTixol
apy ol duxatovy oL Twv SixatnUudTewy Tou TURUaTog Tou dnulobpynoe o xabévag Toug, epbeoV
BéLoo OTwE %ol oTo GUALOY XY EpYa AUTO ElvaL SEXTIXO YWELGTNE EXUETAANEVOTL.

Eotidlovtac oto neplovotaxd Suxaloua, olllel va onuelnbel twg autd yoplletar oe
emépoug eCouotec. H dudxpior auty elvar Wialtepa onuoavtixd, eneldn o vouog emitpénel
eNTd TN YoeLoth exuetdileuon xdbe wog and tic e€ovotec autéc. O dnulovpydc UTopEt
OLVETHS Vo peTafiBdoel ¥ vo mapaywehoel Adeta eXUeTdAAeuong UoVo Yo ular ¥ yio éva
UTOGUYOAO amd aUTEC TIC ECOUGLES, XPATAOVTAC TLC GAAES YL TOV EAUTO TOU Y TURUY WEMOVTOC

Tic ev ouveyela oe tpltouc. O emuépoug autés e€ovoteg elvat ol axdhoubec:

o H eyypapy: H efousla eyypagprc elvan 1 e€oucia 1 onolo emtpénel va anotunwiet
UL EXTEAEDT) TOU €pYOU GE €VoL UAXG UTHOTRmUN (Y., 1) NYOYREONOT LIS LOUOLXTC
ovvleonc). H elouolo auth avagépetal oe épya mou 8ev tpoinolétouy Ty eyypaph
v Ty (S toug T dnuoupyla (T.y., omTxouxouvoTXd €pya), alld oE épya TOU
Tpoindpyouy Tng extéheons xaL eyypaphc (m.y., Louowxt ouvBeon, Beatpixd €pyo).

o H avanapaywyr: H elouvolo avanapaywyrc elvar n e&ovoto va mapayboldy véa
otabepd LAXE utooTEGUATA, T oTtola eETAVUAAUBAVOUY TNV VALY EVOWUATWOT TOU
épyou (m.y., pwtotunieg, cd, extinwon BPMoV, aviiypaph Tvéxwy {wypapixic o



uvrun Tou utohoytoty). Avanapaywyn elvor xat 1 torobétnon evic épyou (uploading)

oe évav dwaxooty (server), xabde xau to xatéBacua (downloading) xow anof¥ixeuon
TOU AVTLTUTOL UEGW BLABLXTUOU GTOV UTOAOYLOTY TOU YEHoTY.

H dnpoveyia mtapdywyou épyou: H e€ovoia dnutovpyloc mapdywnyou épyou xahl-
TTEL TN UETAQpOOT, TN dtaoxeut|, Tn UeTatponh (m.)., dnuoupyla touviag and BYBAo)
Tou apywol €pyou. KoatahauPdver ouwg uévo tn dnuocla yefior Tou Topdywyou
gpyou. Ouolaotixd o dnuLoupyoc 6ev unopel Vo amayopeloeL TNy WLwTIXT UETAPpaoT)
TOU £€0YOU TOU, ToEd UGVO 11 SNUOGLA YEHOT) AUTAS TNG UETAPEAOTC.

H dwavour: H evépyelo auth) agopd ) Héon oe xuxdogopia Hd1 (vouua 1 napdvoua)
avoarapay0éviov aviitinov. O Snuioupydg €xel tnv eoucia va anogacilel av xat
ue moov Teémo Ho dtaveunbolv ta avtituna tou €pyou tou. H eoucio Tou duwc
mepLopiletat povdya oty mpdty dtddoon Tou xdfe avtitimou. Amb TN oYU TOU
éva avtituro Swotebel ue tn ouvalvestr Tou 6o xowvd (.., nwinbel éva avtituto Tou
BBAiov tou), o dnuLoupydc dev unopel Théov va xafopioel Ty Tepattépw xuxlogopla
Tou evTog TV oplwv TN Buporaixic 'Evoong. O ayopaotic tou BiBilou xabiotata
dnhadyy ehevbepoc va Slabéoetl (TwhfoeL) To oLUYXEXPWEVO avTiTUTIO TEPALTEPWL Ywplc

TN oUVALVEGY) TOU BNULOVEYOU.

H expicbwor xaw o dnpdorog davelopods: H eCovota auty| avagépetar 0To yeyovog
WS 1 TOANGT EVOC 1) TEPLOGOTEPWY AVTLTUTLY 3t divel tnyv e€oucila GTOV ayopaoTh
var tor exutofdvel dnubota. H exulobwon xat o dnudotog davetoude (m.y., BPBMa and
BiBhobxec) elvar ywproth eousia tou dnuoupyol. Xapaxtnelotind Topddetyua
elvor ta payalid ta omola evowidlouv Tawviec ota omola 1 ayopd AVTLTUTWY ULoC
Buvteoxaaétac 1) evoc dvd dev napéyel otov ayopaotr To Suxaloua vo to vouidlel oe
drhoug Uéow TEToLwY Uoyallody, aAAd Tpénetl vo mdpet ewdixr ddeta and To dNULouEYo

TPOC TOUTO.

H dnudola extéheon xor mapovoiaorn: O dnuouvpydg €xel tn yweloth| e€ouotia
vo emiTeénel 1) va anayopevel To va xabiotatol to épyo Tou mpoottd oto xowd. H
druobola extéheon xal 1) napouciacy, oe avtifeor pe v avamapaywyy| 8ev agopoly
™ Snutovpyia VEWV UMDY Qopéwy Tou €pyou (T.y., gwtoturla, avitypapnh cd). H
dnudota extéleon elval 1) tapoustiaor 6To xowvd ue TNV tapeUPort| cuvhibwe xdrolou
GAAOU XahATEYYY oL eVIEXOUEVWS XEmolou unyaviuatog (T.y., dnudoia extéleon
evoc featpixol and évay norold 1) uog ovvleong and €va uouoixd Lovtavd 1 ue
dnubora extéheon nyoypdpnonc). Xapaxtnelotixd napddelyua dnudoLag eXTEAEONC
elvaw 1 wovow oe umap xar Yevwxd oe dnuocloug yopeous. H napoustiaon elval to
va xataotel To €pyo autololo ywelc TNy TapeUBoly) Ghhou xaAMTEY VY TEOOLTO GTOV
xabéva did Lhong, evoupudtwe Y acupudtong (m.y., uéow daduxtion). XapaxtnotoTixd
Tétolo mapadelyuata Tapouciaone elvat 1 éxbeon épywy (oypapixnic, YAUTTLXAC ol
pwtoypaplac.



o H padrotnhcontiny| petddoon: Eivar 1 ywpiot e€ovata Tou dnutoupyol vo unopel
VoL oY OpEVEL TN UETAd0GT TOU €py0u Tou Uéow Tnhedpaonc (eniyetag 1 Sopupopxic)
X0l PASLOYPGVOL.

Yougova ue tov opyavioud WIPO, ta Suxawduota nveuuatixhic Wioxtnotog (copyrights)
elvaw 1 vouLun mpootaotia mou extelveTtal 610V %4TOY0 TWV IXAWUATWY YA TNY TEOTOTUTY)
douvhetd mou dnuovpynoe. H npootactio autrh ouuPiBdlet tic dYo xdpleg ouddes SixaloudTwY,
oL omoleg 6nwe €youv avagepbel elvat Tor ouxovouxd xat Tor Tveuatid Suanduata [65].

H paydata avdntuin tov yenotdy Tou Sladixtiou avd tny ugnhio, 1 ool €yel yvoploet
Waltepn dvlnon Ty teheutalo dexaetia Adyw TN EUXOANC Xal GUVAUN TayVvTaTng SLddoong
dnpraxol Aoy, xabde entong xau 1 aduvaula aréd teyvirc drodng, mpootaciag Twv
VoY Suxatovywy, odnyel ue Ty mdpodo tou ypdvou oe ula avelEheyxTn xoToRdTNON
TVEUUATIXOV SLXOLOUATOVY. DUUQWVO UE TNV TeeuTala Tayxooula LeAETn Tepl telpatelog
hoytouxot Tou opyaviouol Luuuayia Envyelpfioewv Aoyiouwxold (Business Software Al-
liance - BSA), evdc emgpavy) un xepdoaxomxol opyaviouol tou xhddou tng IIknpogopixiic
o omolog WpUlnxe to 1988 xar cToyevel oty Tpodinor eviog acparols xal TapdiAnia
vouLuou dnglaxod x66UoU, EXTROCWRMOVTIS T1) LoUnyavio. TOU EUTopIXoU AOYLOULXOU Xal
TwV GUVERYALOUEV®Y XATAGKEVAGTAY UAXO0U, To €1og 2011 mdvew and toug uLeolc ypnoTeg
(060016 57%) nhextpovindy UTONOYLETOY TapadéyeTal TKS EYEL YPNOLLOTOLAGEL TELEATIXG
Loytouwxo [5].

Emuniéov vy 1o €tog 2013, o opyavioudc BSA oe ouvepyaosia ue to INSEAD, evéc
EX TOV XopuPalnY TovemoTnuiny Slolxnone oe Tayx6ouLo XAlLaxo, TedYUAToToLouY Ul
véa épeuva ue eloou alloonueilwta anotehéopata. H épeuva auty| amoxalintel Twe 7
algnomn yenons yviolou hoyiouxol Ou elye ueyalltepa 0@éAT Yoo TNV EAANVLXT olxovoula
oe avtifieon ue avtiotolyn adinon yerong melpatixol hoyiouxol. To cuurépacua autd
elva xaf dha mpogavée, dev elval dUmC SLOAOU TPOPAVES TKC GUUPWVI UE TNV EPELVA QUTH
ulor abEnom 1% ot yehon yvholou hoylouxol Oa enépepe uio adinon tne tdéews twv 388
exaToUUUElOY Sohaplny oTny eBvixy| Ttapaywyt o olyxpLon ue o 90 exatouudpta Sordpla
amd uia avtiotolyn adlnomn melpatixol hoyiouxol. Autd, ev ohlyolg onualvel 6TL 1) yprion
yvrioLou hoylouwxoL Oa enégpepe 299 exatouudola dSohdpla ETLTALOY OLXOVOULXO OQENOC GTO
eMnVX6 dSnubolo. Emnpdoleta, n npoxetuévn uehétn emBefatdvel 4TL 1 auvlavouevn yerion
yviiolou Aoyiouixol cuverdyetal onuovtixy aténon oto Axabdpioto Evydeio llpoidy -
AFEIL, evé) 1o owxovoulxd ogéln Tou TPoXUTTOUY and Tn ¥eNon ToU TPogavds xoL elval
TOAD udmAdTEPR antd exeElva TOU TELPATLXOU.

Apeco ouunépaoua NG €peuvac aUTHC elval TS 1 YeHoT YVACLOU AOYLOULXOU UELGVEL
Tov eMoyevovTa xivduvo xal emTpénel UPNAOTEPEC EMBOOELS OV aQopovY TNy xupdia
e Aettovpylag TV uyel®V emyepfioewy. llapdhhnia, emPBelaidvel 6TL 1 yphRon yvHolou
roylouxoy dev elval ubvo w@élun ylo TIC ETLYELENOELS AuTES xaf auTé, ohhd amoTelel
xat 0llocéBaotn xuvnthpla SUvaurn yio Ty efvixy) ouxovouxr avdntuly), elte oe Teplddoug
eunueplag elte oe mepLddoug owovouic xplong [6].

Kowtdlovtoag dume, nlow and autd to SLOAOU ACRUOVTO ATOTEAECUATA TWY EPELVMV

QUTOV UE ulo uuxer) avdiuoT viveTol auéong Qovepd Twg oL eTalpleg oL omoleg xataoxeudlouvy



roylouxd, Teoxeluévou Vo emPBLdoouy ol va avantuyfoly, mpénel va €pbouy o xovtd
OTOUC YPHOTES NMAEXTEOVXGOVY UTOAOYLOTAY, xafig xal ol 300 ou mheupéc Oo €youv va
anoxouioouy x€pdn ue v xivnon auty. Autd elval adnbéc, SioTL and v ula Theupd ol
yeriotec Oa unopolv va yenouuonololy ta aubevTixd TeoYedUUATE TWY EXCCTOTE ETOLELOY,
ue v avtiotolyrn utoothpln (support) xou 6yt Ta RELpATiXd TPoYpduuaTe Ta onola dta-
vEuovTol oyeddv ehebepa 610 StadixTuo, xo TopdAAnAa and TV A Theupd oL eTalpleg
elyvovtag ¢ TWWéC Tou Tpooégepay Ta TEOLOVTN TOUC WS TMpo, Ou xatagépouv vo amo-
xTAooLY TOAY TeplocbTepouC Tehdtec. Me amhd Adyla, xoteBdlovtac T TWES TOUg, TO
6gpehog Bo elval DA yia Tig eTanpleg, xaBde xat Ho aroxthoouy teplocdTER HEEST), APOY
Oa mwholv meplocdtepa Tpoldvta o apliud ue anotéiecua ueyalitepo Uepldlo ayopds yia
autéc xat Ha €youv euyaploTnuévous TEAdTES Ue anoTéleouo xahdtepn StaghuLo.

20 xpovio aTrd T
CUPTTARCWON TNS
MUEROUMVIGE UTTOR0ATS TS

Qdavn Yypou Ao
10 xpavia arrd my Kpuardihou
OUpT

| ,
Maxanwpara
LI TR f @ @ -
NEEpopnvias umoBokng e O \ Marevrag

ciTnong

Mopr AtmoBnkeuong ZRparog

Akanwpara
MoTomoinong
Xpnopotnrag

HExpI kol To 500 E£Tog amo To
TEpQC Tow BovaTou Tou

ouyypoyEa
Moyigpika .
10 ypovia amd T Vg i'm'w"' aTd
MHEROPMVIA KOTOYWHTNG [ VIRpagng
AkanpoTe M
| apko
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oo OO
OOO

T‘ mifj

Eyfuo 1.3: To tuduata evog xivntol THAEPHOYOU Ta 0Tolo TEOGTATEYOVTAL UE SIXALDOUATA.

Baowd gpébioua oe authy TNV aoUCTOAT YeNoT TELRUTIXGY AOYLOULXGY Vol TO YEYOVOC
OTL €VE TO UAXO TIOU YENOLUOTIOLOUY Ol NAEXTEOVIXOL UTOAOYLOTES YiveTal UE TNV Tdpodo
TOV YEOVWY QONVOTERO, To AOYLOULXA TOU YENOLUIOTOLOUY OL NAEXTEOVIXOL UTOAOYLOTEC
vivovton xatd moly axpBotepa.  Eni tng ouotag, omwe €yel dellel 1 wg tdhpa toTopla
TV NAEXTEOVIXGV UToAOYLoTOY, xaldg ta ypdvia mepvolv ol dvlpwrol Ou €youv tnv
duvatdTnTa Vo ayopdlouy Ue ALYOTERA YENUATA NAEXTEOVIXOUC UTOROYLOTEC XANUTERWY
duvatoThtwy, oL onolol Oo yenowwonololy duwe xoutd Tohd To axpl3d Aoyiouxd. Aueco

emaxbioufo authc TG avTLoTEOQWS avdloyng UETABOATC, elval oL yeNOoTEC NAEXTPOVIXGY
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UTOAOYLOTOY UE OXOTO VO XAVOULY TNV BOUAELS TOUC VO XATAPEYYOUY GE AUGELS O)L XdL TOCO
VOULES, aANG ot uepinég ywpeg Wialtepa axlvBUVES, ATOXTOVTAS TELPATIX AOYLOUIXE UE
TIC eTatple TaPAYWYHAS AOYLOUXGOY Vo BAANOVTOL OTO ERIXEVTPO TALUUEVOVTAC AUETOYES
ot TenpayUéva Slywe va elval oe Béon va TpdZouv T TEEToVTA.

O ot6y0¢ Twv exdotote UTOXAOTOY Aoyioulxol, elte umopel va elvon 1 xatavéonon
TV aAyopliuwy Tou xwXOTOLVUYTUL UECH OE AUTA XAl EV GUVEYELD 1) TaPAYWYT VEOU
hoyiouxot Bdoel Twv ev Adyw akyoplbuwy, elte umopel va elvol 1 ameubelag ypron xou
Tpo®inon Tou hoylouxol ywelc tn vouun ddeta. Tlpoxewévou duwe va yivel ameubelog
xeYion %o tpodinon Tou hoylouxoy, TeEnel 0 exdotote xaxdBouhog Yerotng otnellduevog
otnv ayyivod tou va Befaiwlel oe 660 1o duvatdy peyalitepo Balbud elval eQuxtd, Twg
UECH 6TO hoyLouLxo dev eunepLéyovtal otolyela o omola Unopoly og UEANOYTIXS Ypovo va
TOV EVOYOTOLHGOUY. Axdua xal 6Ny TEpITTwaon 6mou auTtoég entHupel vor xoTavoricel Toug
xwdonolnuévoug alyopthuoug xar vo dnutoupyroel dixd tou hoylouxd Pdoel autolg,
meénel va elval 660 To duvatdy o olyoupog Twe €yl analhayel and otdnnote oTolyElo
elvat doyeto pe toug ahyopifuoug autolg xal autodc. Ta otouyela autd cuvilng elval
xdmoteg Souéc dedouévwy (m.y., ypaphuata, tivaxes, uotiBa eviohdv) xat xlplo uéhnuo
ToU Xax6Bovhou YERoTY elvol apyxd Vo TL aVaYVWEloEL 6TO E0WTERPLXO TOU XMOBIXA XOL
€V oUVEYELD VAL TIC UTEVERYOTOLNGEL 1 VO TLS AAAOLMDGEL | AU Xl VoL TLg eEAYEL EVTIEADS
and autéy mpotol mpofel oe omoladAnote eldouc evépyela, dlywe va ahholdoEL TRV OOl
AELTOURYIXOTNTA.

Y1y meplntoorn xatd Ty onola o eloohéog €yel xaTagépel Vo anaAlayel and Tuydy
evoyomolnTxd oTolyela To ool BEloxdVTOUGAY 6TO ECHTEPIXO TOU XMALXA, TOTE O TEAY -
6 Woxthtne xablotatar aneubelag aviuropog va diexdixiioel to autovénta (r.y., Uéow
ulog duaotinic Stapdyne ota dixaothpta). Enouévee 6oo n avtiindn xat oL yvdoec tov
%axOBouhwy yenoTdY auldvetar otov Touéa g IIAnpogopixic 660 mo dVoxohn yivetol
7 Soukeld TV ETAPLOY OTNY xaTanoléunot Tng mewpatelag, xabdg elval avayxaouéveg
TEOXELWEVOU VO TURAMEIVOUY OAGBBNTES VO EPEVRIOROVY TEYVLXEC TPOCTACLAC OAOEVA XL TILO
¢€umveg xaL ouvdua anoterecuaTixéc. Ouotactixd dnhadn va BeloxovTal tdvTta ToUAdYLeTOY
€va Briua urpootd, and onotovdrrote emtbuuel xou tpoonabel va xapnwbel duxd Toug mept-
ouclaxd oTolyelo.

1.3 Teyvuxég Ilpootactiog AoyLouxot

Ta hoyiouxd tibovtal o xuxhogoplor avd Tov x60U0 elte KOS AoYLOUXd AVOLXTOU XOOLXA
(open source) elte wc hoylouxd xherotol xddxa (closed source) ta Aeyodueva xot aAlde
oc Wiotayéc hoyiouxd (proprietary software). To yeyovéc autd elvar xaf 6ha aveZdptnto
and TOUC GXOTOUS TOUC OToloug evdeyouévwe va uTneetoly Ta exdoTtote Aoylouxd. H
Boouxy| Toug dlaopd elval TS Ta TEOTH SLUVELOVTAL EVIEANS Swpedy oL 0 xabévag unopel
Vo €yeL Tpdo3ocn 0TOV XOOXE TOUC XUl VoL T TPOTOTOLEL, VD Ta BEUTEQO TEOXELUEVOU
XATOLOG VO TAL ATOXTACEL TEENEL VO XATABIAEL XATOLO YENUATIXG TOCH Sy WS OUWS Vo TOU
TUEEYETAL 1) OUVATHTNTA TEOTOTOINONG TOUS 1) TPdGBacne 6Tov TNYalo xOOLxa.
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LUYAEXPUIEVA EVAL ANOYLOMUIXO OVOLXTOU TUTOU ETLTRETEL GTOV YEHOTN TNY AVILYRAPT, TNV
TEOTOTONGT XL TNV SLovour) and OTOLOVONTOTE XUl YL OTOLOdNTOTE GXOTO, axOUY) O %ol
eunopxd. Ildpa tadta, TOAEC Qopéc yEnMoLOoTOLELTAL Xal 0 OPOC AVOLXTO AOYLOULXO TOU
apopd hoyiouxd yia To omolo Sotifetar o mnyatog xddxag, ahhd UTdpyouv TeploplaUol
oty ehetlepn yperon tou (.., oty eunopxt| Tou yefion). OuotaoTixd, autd mou yiveto
elvol va meptéyel TeploploTixoUc 6pouC OTWS 1) UTOYPEWTIXY ava(popd 6TO dvoud Tou dnuL-
0upYOU Y XATOYOU TWV TVELUATLXGY SixatwUudtev, diyws autol ol bpol va meplopllouv 6To
ehdyLtoTo TIC TponyoLueves eheubepiec Tpononolnome xat dtaxivnong.

And tny dhn Thevpd GumS Eval AoYLoULX0U XAELGTOY TUTOU TAEEYEL TNY SUVATOTNTI OTOY
YN0 TN V&L TO Y P1OLLOTOLEL LOVOY EVTHC TEPLOPLOUEVOU TEPLBAANOVTOS XL UAAOTA OPLOUEVES
PopES AL LOVAYO Gt Evay uxpd aptBud NAEXTPOVIXGOY UTONOYLOTOY (Y., TO hOYLOULXO
Ty Windows unaiver oe 3 HDDs /i SSDs to nohl), anayopelbovtac Thy anocuuniinon, v
avdhuom, Ty Tporonolnor), xabodg xau Ty avadnutovpylo Tou. Me Tov bpo anocuurniinot
duvatan va evvonbel 1 tpoondbela avdxtnong Tou mnyalou xGOxa. Xuvhbng anayopevovTal
entong 1 aviiypapr ol dlavour Tou, elte quTH TeaYUATOTOETAL a@Lhoxepd®s, elte quTy
yivetar enl minpwunc and teita npdowna, xabde xoL 1 yeron Tou and éva ueydro aptbud
avipdrwy.

Hpoxewwévou oL mpayuatixol Woxtiteg va elval oe Béon va anodewxviouy avd mdoa
OPA XL OTLYUY TNV YYNOLOTNTA TOY TVELUATIXGOY TOUS SNULOVRYNUETOY TOUS, OTOU OTY)
oLYXEXEUIEVT TepinTwo elval Ta hoyLouxd, xald¢ enlong xat vo xdvouv 660 yivetal o
dUOX0N0, amALTNTIXG XL YPOVOPOEO TO €070 TV XaXOBOUAWY YenoT®y €youv entvornbetl
oplouéveg TEYVXES TpoaTaolag. Autég elval 1 udatoypedenor, 1 cuoxoTIoT XAl 1) Bwedxio
hoviouxot. H xd0e ula amd tic teyvinée autée €yet emvonlel yia ouyxexpluévo oxond
XAl UTOPOUY VoL EQUEUOCTOUY UE 0ToLovdhtoTte cuvduacud xdbe gopd. Ildpa Talta, xauta
and autég Sev Bétel éva adlamépaoto Tolyog UeTAl TOV AOYLOUXGY X0l TOY XAXOBoUAWY

YENOTOV.

1.3.1 Ydatoypdynon

‘Otav éva hoytouxoé apyloel vo SlaveueTal, elvol ToAd Thavey va xatahAgel ue Tov Evay 1
ToV Ghhov Tp6To G YépLa XaxOBoulwY YenoTdY. Av Ta TveuUoTIXE TOu dixalduaTa Sev elval
XATOYUPOUEVA, TOTE 1) XATAGTACT, AUTYH anoTelel xatdotaon xvdlvou xalde To hoylouxod
ent ¢ ovolag dev €yel Woxthtn. Ipdyua Ta onolo onuaivel twg o onolocdhrote UTopet
eUxoha va 1o vobethoer xon va exwgeinlel and autd elte owxovouxd, eite Nhwd dlywg
vo ypetdletal vo d¢oel xdnowa avagopd. Mia teyvixnr| Bdoel tng onolog xdnolog unopet
VO XOTOYURGOOEL TA TVEUUATIXA TOU SIXALOUATA EVAVTL EVOS AoYLoULxoU T0 OTolo Xal TOU
avixer elvar 1 udatoypdenon hoyiouxol (software watermarking).

Ydatoypdgnua Aoyiouxol ovoudletor ulo dSour ¥ ahhde €vol Lovadind avoy vopLoTixd
(unique identifier) To onolo evowuatdvetal elte otov Tnyalo, elte 61OV eXTEAEOLUO XAOOLXA
evoc hoylouxol. To avayveplotixd autd ent tne ovolog elval emnpdobetoc xHOxaC 0
omolog mpooTifetal 6ToV apyLxd xaL 1 Lop@Y avatapdoTachc Tou Unopel va elvar oTdToTe
(m.y., petdleon, ypdonua, Tivaxac, cuuBohooelpd). Ltny yevxn tne Lopet n udatoypdgno
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hoylouxoy arotedeltar and dlo wdpleg @doeig, Ty gdon tng oyedlaone xar Snulovpylog
TOU UBATOYPAPHUATOS XAl TNV QAGY TNG EPAPUOYNC USATOYPAPNONE OTOV XOOLXA OTOU exel
hauPdyvouy ydeo ol Aettoupyleg ¥ aAdOC Sladixaalec Tne eVonUdTmong xat Tne eEaynYnic
e Snuoupyrieicog dourc.

ETriBzon
KokoBouhwy
YOO T

TMoTTOINUEVD
uSaToypaPnUEvo
AoyIdHIKO

uvdaToypapnuo

UBBHOYpaprpévo

ho IKd
pry @

ubaroypagnuivo

AOYIOUIKG
Eyfuo 1.4: Movtého ouoTAUaTog LBATOYEAPNONS HOBLXA.

udatoypagnua

LTV Yexr) Tou Lop@T| TO TEOBANU TN USATOYPAPNOTNE AOYLOUIXOU UTOREL VoL TIERLY PO
el wg To TEOPANUA TNG EVOWUdTWwoNS Ulag Sourc, E6TW W, 6TOV XMBLXA EVOC TEOYRIUUATOG,
€0Tw P, ue emBLwxdUEVO ATOTEAEGUA TNV XATAOKELT EVOS VEOU USATOYRAPNUEVOL TROYpdU-
uatog, £0Tw P, TETOL0 OOTE 1) TAEOV EVOWUATWUEVT Soun w Vo UTopel va 6 UEANOVTIXG
Yeovo vo evtomiotel, va avayvwpelotel xou vo eayfel and to P, axdun xa av to P,
€yel unootel tpomonotioelc (embéoels), ywplc Tautdypova va allowwbel 6To eNdyloto 7
AettoupyxdnTd Tou [48].

Me tov 6po hettovpyixdtnta (functionality), Svvatar vo evvonbel nwe to udatoypaEnuUé-
vo mpdypouuo P, yio xd0e axoloublo ero68ou I mapdyel TOVOUOLOTUTO OTOTENEGUA UE
To un vdatoypagnuévo mpoyeauua P ota B yeovid enineda. Mo tumxd, dofévtoc
evog TpoYpduuatoc P, evéc udatoypagpruatog w ol evog xheldlol key to mpdBAnua g
udatoypdynong Aoyiouxol umopel vo meprypagel pe T axdiroufec dUo ouvapTthoelc oL
ornoteg optlouv enaxpde To {nTovuevo:

o embed(P, w, key) — P,

o cxtract(P,, key) — w
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[ A6youg xahUTepne XATAVONONG ONUELOVETAL TS TO XAEWL elval exelvn 1 axoloubia
elo6dou (m.y., ula oelpd and mhixtea ta onola mpénel va TAnxtpohoynlolyv xal botepa To
npbypoupa vo tepuatiotel i éva apyelo To onolo mpénet va dobel we eloodoc oto npdYpauua)
7 omolo Slvetal 6T LSATOYPAPNUEVO AOYLOUXS TEOXEWEVOU Vo TparyuaTonolndel 1 eCaywy
Tou vdatoypaghuatos. To yeyovog autd Suwg dev onualvel TG Yo va egupuooTel uia
TeYVxn LdaToYEAYNONS hoYLouLxoU Ba TEETeL UTOYPEMTIXY VoL UTdpYEL xdmolo xAewdl. Autd
6mwe Oo yivel Yvwoté oto Kegdholo 2 €yer vo xdvel avdioya Ue TO av TO USATOYEAPNA
€YEL TNV LBLOTNTO TOU OTATIXOU 1) SUVAUXOY USATOYPAUPHUATOC.

H teyvind) tng udatoypdgnong xal cuyxexpuuéva tne udatoypdgpnone hoylouxol,
omola ouyvd yapaxtnelletal xou wg 1 TEAEUTALO YPoUUY AUUVIS EVAVTIA OTNY TELpaTEld,
EMUUEVIPOVETAL OTNY EVOWUATOOT XL OTNV UETETELTH eEaYwYT) TANpogoplac Uéoo ond
%G Tou Aoylouxov. Xxomde tne elvon va mietonoinlel  aubevixdtntd Tou exdotote
Aoylouxoy, 1 avayvéelorn tou dnutovpyol xabde xat va telel éva eunddio oe booug
emBuPOVY xoL eTLILOXOVY VA LBLOTOLACOUY ahAdTEL Tveuuatey Wioxtnolo. Xtn BértioTy
TeplnTwoT 1 LBATOYPAPNOT) TEETEL VUL EVOWUATOVEL TANPOPORLo 6TO hOYLOUXO TETOL OGTE
vo xofloTaTal ayOeLoTn oand autd xal va avTlotéxetol ot xdbe eldoug enibeor étol Hote va
unopet va e€ayfel and auvtd affiaota. Ilpocoyr| dune, énwe npoavapéphnxe xat tponyouué-
Vg, autol Tou eldoug 1) Te VY Sev anayopelel oe xavévay vo utoxhédet, Tapd udvo Bétel
Eval TpOTOV TLVE NBd eunddlo.

1.3.2 Xvoxoétion

Yndpyouv neptntdoels oTiC onoleg autd Tou elval emBuuntd dev elval N evowUdTwon xdnotoc
dournc wéoa oToV XOdXA Tou AoYLouwxoU, alAd 1 B6AwoY| Tou uéow uetaoynuatiou®y. H
emBuula auth emttuyydvetar ue v teyvixt| e cuoxotong (obfuscation). Ltdyol tng
TEYVIXNAC AUTAG ELVAL, TEOTOY VO XATACGTAGEL TWV XGOXA SUGYONTO GTA LTI XaAXOBOUAWY
YENoTOY oL SEUTEQOY VUL AXUPMOEL TG TEYVIXES TNC AVTLOTROYHS Unyavixic (reverse engi-
neering) xot g anocuoxdtionc (deobfuscation) oto exteréowo apyeto. Lty TeayUaT-
AOTNTA OL EV AOY® TEYVLXEG TPOXELUEVOU VO EQUPUOGTOUV, OE OPLOUEVES TWYV TEPLTTOOEWY O
xOdvag yphlel yetpoxivitne anoopoludtwons (manually debugging), n onolo oe nepintd-
oelc 6mou ta hdn (bugs) Beloxovtal oe moAAE xou ouvdua Tuyaio onuela oTov xOdxa,
eved TapdhAnio 1 €xtoon Tou hoylouixoy elvar ueydhn, xablotatar opxetd ypovoldpa
Aettoupyia.

O Xoyog Yy Tov ormolov elvan embuunty 1 06Awon evog xdduxa, elvar dittde. Kdnotog
o omolog Béhel vo umoxAédel €va hoylouxd, elte unopel vo Béel vo ndpeL oTta yéplo TOU
autoUolo Tov mnyalo xGdixa, yeyovie 6mou av 1 yhdooo Sev elvar tpbogoen (1.y., C,
Haskell) 6nw¢ elvar  yAdooa mpoypauuatiopol Java, elvar xdnoe dboxolo vo cuufetl,
elte umopel va Béhel amhd vo xatavonoer Tov xwdxonolnuévo ahyopliuo mpoxeyuévou va
AATAGHEVAOEL AUTOC TNV DY) TOU €xB0CT UEANOVTLX, YEYOVOC TO oTolo elval EUXOAGTEROD
and Ny anoxduton xabaupol mnyatou xddxa. Kau otic dYo nepintdoelg, autd unopel va
arogeuy el 1 TouldyLotov va anoteréoel eninovr Sladixacto e@opudlovtac anoTEAEGUATIXG

TNY TEYVIXT TNG CUGXOTLOT.
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"Evac ypriyopog tpdmog SldXELoNG TOV TEYVIXGOY cuoxOTIoNG elval Vo YweloToly o€
uovOdpoUES xat ot aupidpoues. O LovOBpOUES TEYVIXES elval AUTES OL OTIOLEC OTAY TRAY -
Toronfodyv 6Tov xO3xA ToU AoYLouLxoU agalpody TNy SuvatotnTa Vo épbel 0 xGALxaC oY
TpdTERT| TOL Lop®T (T.)., ohhary) 0vOUdT®wY 1 Slarypaph TANPOYOELOY YLa TNHY ATOCQUNLITE-
on). And v dhhn mheupd ov au@idpouec TEYVIXES HTaV EQUPUOGTOVY GTOV XM deV
apatpoly Ty duvatodtnta va €pflel o xOOxac oty TEdTERY TOU HopYR, ATAd AUTOU TOU
eldoug oL TEYVIXES EVOEYETAL OTAY EQUOUOGTOVY Yol ATOLTOUY YL TOEABELY U YRAUUULXO YOV
%ol o€ TEPITTWOT 6Tou ypelaoTtel 0 xdAxac va €pfel oty apyxr Tou wopwh (avtiotpogn
dtadixaota) va ypetdletar exfetinds ypdvoc. To yeyovic autd otny teyvint| Tng cuoxHTLONG
elvan Wiattepa embuuntéd xabde tihetal €va onuavtind yeovixd eunddlo 6Toug xaxd3ouloug
xeriores [26] [8] [52] [57] [3].

‘Onwg oY TEYVXN TS UBATOYRAPNONS, ETOL XL GTNY TEYVIXY| TNG CUCXOTIONG UTAPYEL
0 optoudg Tou Baotxol tpolifuatos. Aobévtoc evog GUVOROU UETACY UATIOUDY CUOXOTL-
onc T =Ty, Ty, ..., T, xou evéc npoyeduuatoc P 1o onolo euneptéyet aviixelueva tnyoalou
xOduxa (m.y., xhdoele, ouvapthioels, ouvlirixes eréyyou, douéc eravdindre) to Intoduevo
elvol vor xataoxevaotel €va xawvolplo npdypauua P = ..., S; =T;(Sj),... étoL Hote va
Loy Youy To axdiouba

o To P’ va éyel tny 8o axpLBdc Aettoupyxdtnta ue to P.

e H cuoxdtion oto P’ va xabiotd Ttic teyvixée tne anoouoxdtione (deobfuscation)
xaL e avtiotpogne unyavixic (reverse engineering) mohl neplocbteRo YpovoBdpec
dtadixaoieg and ot Bo Arav av MuPavay ydeo oto P.

e H avlextixdtnra tou yetaoynuatiouol 1;(S;) va elvar 1 uéyiotn duvath, étol dote
elte va xablotatal ToA) amattnuixd vo gTiayTel €évo auTOUATO EpYalelo TEOXELUEVOU

VoL AVOLREDEL TOUG UETAOY NUATIONOUC, elte av autd xataoxeuaotel va elval Wialtepa
YEOVOPB6R0 OTNY EQPUPUOYT TOU.

o H un opatédtnra x4 evéc and toug uetaoynuatiouotc T;(S;) va elvatl n uéyiot

duvaTh, £ToL OOTE OL OTATLOTLXES WLOTNTES Tou Sy va elvan tapaniholeg ue tou Sj.

e To xb6atoc tou P’ 6g ypbvo extéheonc xal oe yHpo anofixevone (Udviune A tpocnpt-
vic xatd TNV SldpxeLo EXTENEONE) VoL ELVaL TO EAAYLOTO SUVATO.

H ouoxétion xdduxa Ba éheye xavelc nwe potdlet ue ty Pehtiotonolnon xHduxa (optimiza-
tion). Autéc ot 800 oL évvorec enl g ovolac elvat TOA) xovTd, YL auTtéd xoL xdmotes and Tig
TEYVXES TIOU YpNoLloTololvTol and Tig Y0 autéc Texvixéc elvat xowvég (T.y., ouyydveuon
uefBodwy, daypagh) TANPoYopldY Yo TNV anocgaludtoon, Zedithoua enavorfpewy). H
Baowr Toug Slagopd, 1 onola xat Tig yapaxtnellet, elval Twe and tny ula Theupd 1 cucxdTIoN
%xGOd™xa oToyelel oTNY XATAOXEVY) eVOC Buovomntou aviixeluévou mpog Tpitoug Béhovrag
TARGAANAGL VO EAAYLOTOTOLOEL TOV YPOVO EXTEAECHC TOU, EVG amd TNV AN TAsupd T
BehtioTomolnon xMBxa 0TOYEVEL UOVAY A OTNY EAAYLOTOTOINGT, TOU YpOVOU EXTEAECTS O-
dtaopdvtag eVIEA®S YL Tpdlels evavtioy tpltwy [29].
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Ot petaoynuatiouol cuox6TIoNE xUTATAGCOVTAL OE XATNYOoplES Xat aZlohoyoUvTal Bdoel
oplouévwy xpLtnelwy allohdynone. Ta xpithiplo autd elvon to e&hc:

e Babuds duoxohrio xatavénorng (potency): e noto Pabud duoxohlug xatatdooeTal
1 AMOXWIXOTONCT) TOU xOBxa and auT6Y Tou Tov SufElel TPOXEWUEVOL Vol XOTAVO-

foel v Aettoupyla Tou.

o AvBextixdtnta (resilience): 11660 anoteheouating avVTLOTEXOVTAL OL UETOG)NUATL-

ouol Tou xGHALxa elte oe epyahelo anoouoXITLONG, elte OE YelpoxivNTEC TROTOTOLYOELS.

e Kéomog (cost): I16c0 o apyn xablotatal v pot| extéleons Tou hoylouxol xat 1660
TEELoCOTEPO anofnxeutind yhpo ypetdleTar.

e ITowétnta (quality): ITdoo anoteheopatind cuvdudlovtal T TEONYOUUEVR XPLTHELA.

Hdpa tadta 1o xUplo UelovEXTNUA TwV cuoxoTicewy, To omolo Mokl mbavév va elvol
xal avomdgeuxTo elval, e 600 o xakd cuoxotilouv évay xOdxa Aoylouxod, 1600
TeELEOOTERO apYd Tov XabloToly xatd v didpxela extéleoric Tou. Me anotéheoua va
dnutovpyeltal éva oofapd Oéua yio to enlnedo ocuoxdTiong mou elval embuunTtéd va Tpocep-
el x&be popd (trade off).

emifeon
Kakafouluw
¥ENaOTWY

TEYVIKEC
CUTKATIONG Y
OOTKOTITUEVD amdEyaKoTIouéve| e EUOVAYVWOTOG
Ao IKG hoyeay ko KUBIKag
W |
QUOKOTIOUEVD
hoyICUIKS |
\
Hn
EUTVAYVLWOTOS
KwdIkag

Eyfua 1.5: Movtého cuoTAUATOC GUGOTLONE XMDOLXAL.

Hdvta éume, xdnotog and toug xoaxdfBoviouc yeroteg Ou elvar oe Oéon vo omdoet
TIC TEYVIXESC LdATOYRAYNONC XaL GUOKOTLONS, ZESLAAUVOVTUC ETOL TNV UOPYPY) TOU XMOLXA
xal avayvepeiloviog ue emtuylo To udatoypdpnUa UEGA GE AUTOY, xoOLOTOVTIS ETOL TOV

TEAYMATIXG WLoxTHTN ev duvduel Yedtixo, un xavéd va arodeilel Ta autovonta. Av xdrolog
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eLOPOAENC EVTOTILOEL TO LBATOYRAPNUA OL TLOAVOTNTES VoL UT) XATAPEREL VA TO AAAOLOOEL Elvall
undevixée.  Av xdnolog gudler ulo xohy moviixonaylda, tdéte xdmotog dhhog Do gTidet
xaAUTEPO ToVTint [24].

1.3.3 Owpdxion

Yndpyouv ToAEC xaTaoTEGELS XATd TLC onoleg elvat emOuuNTO €var AoyLouixd Vo GTUUATHOEL
va hertoupyel opfid av xdmolog To Tpomomolfoel Ue omolwovdfrote teémo. To yeyovic
autd Cegeldyel and Ta TAALOLOL TOY TEYVIXOY NS LdUTOYRAYNONC XAl TNS CUOXOTLONG, BEV
model OUwe va elval ulor avdyxrn ol cuvduo exBuuia 1 omola elval anapaltntn. Enouévec
TpOXELWEVOU Vo Yivel TpdET), dnutoupyBnxe ula tey vy 1 onola ovoudletat Hwpdxion (tam-
perproofing) xatd v onola av éva mpdypaua elvat USATOYEAPNUEVO XaL O XOIXAUS TOU
ytllel To udatoypdpnuUo AANAEEL, 1} AV XETOLOC LAC NAEXTEOVIXGY UTOAOYLGTOY TEOGXOANY|OEL
o€ €V TROYEAUUA, 1) AXOUA oV TO TURUR xOxa To ontolo oyetileTal Ue Tny npocTacia evog
TEOYPAUUATOS TO 0Tolo Topéyetal SLadxTuaxd ot yeYoTeg Tpomomolnlel To TEdYEAUU Vi
TadoeL va elval AeLToupYixs.

Y1 yevund| neplntoon 1 Bopdxion ywelletol oe 2 Staxpltéc @gdoel, oL onoleg UTopody
xal houfBavouy yoea, péca oTov xGdxa Tou Dwpaxiouévou Aoylouixoy, 1| oe SLapopeTixd
royloud ohhd 010 (8l0 UTOAOYLOTIXG GUGTNUA 1) OXOUX X0l OF SLUPOPETIXG AOYLOUIXO
oe SLuopeTixd utoroylotixd clotnua. Alilel va onuewwbel enlong mwg ol gdoeic autég
UToPOLY va AdBouv yhpa TOAY eUX0AN X0l OE OTOLOVONTOTE GUVBUAGUOS TWYV TROYYOUUEVKY
(T, N TN PAoT VO TEAYUATOTOLELTAL UEGU GTOY XGOIXA TOU Bwpaxtouévou hoyLlouixoy,
eve 1 dedtepn QAOT VA TEAYUATOTOLELTAL UEGO OE BLAQOPETIXG AOYLOUXG AAAL 0TO (D10
UTOAOYLOTIXG GUoTNUA).

H mpdtn ex t0v 2 @doewy agopd otov éleyyo mibavic eméuPaone and xaxdBouloug
YefoTeS, eV 1) dedtept aopd oTny aviidpaor tou Ha mpénet va uloleThoel To hoylouLxd av o
Eheyyoc TNC pdone mpdtng anotuniel we Oetindc. Augdtepa oTic @doeic autéc Tpootifetal
emNAEOV xXGOLx0c 0 omolog emTeAEl TIC EXAOTOTE AELTOUPYLEC.

Yty mpdtr @dor), 1 omola elvar 1) @doT Tou EAEYYOU, 0 EAeY YOG UTOREL Vo AdPBEL yhpa
ue Toug axdroufoug TpérouC:

o EXéyyovtog Tov xhdxa Tou Aoytouxol autdy xaf autév (T.y., uéow plag ouvdptnong
HATAXEPUATLOUOV).

o Eléyyovrtog Ta TopayOUEVH ATOTEAECUATO TOU 1) EXTEAECT] TOU XGOOXA dNLoupYEl av
elvat 0pBd (m.y., oe éva mpdypauua To onolo extehel Tadivouroes av wetd and ula
axorouBia elo6d0u oL Tivaxec elvar Tadivounuévol).

e Eléyyoviog oe noto mepBdhhov mpayuatonoleital v extélecn (m.y., oV xatd TNy
didpxeia extéheanic Tou éxel ouVdelel 6TO TEGYPAUUA HATOLOC ATOGPANUATWTAS).

Toviletar g o tpltog xatd oepd €heyyog elvar Wialtepa eninovog oty egopUOYT TOU
xafdg mpémel va Adfer umnddiy Tou ToAAES xan SUoxoha Tpoodiopiolueg Tapauéteoug. Emi-

16



TAE0Y 0 x®OOaC 0 omolog Teénel va TtpooTebel Yo Vo xdvel autoy Tov EAeYyo dlvel eUxola
0160 xabdg dev €yeL ouVAELL UE TOV UTOAOLTO XM 6,TL XL AV auUTOS UAOTIOLEL.

avTidpagelg
a1, a2, .., am

ETTigEaT)
Kuﬁéﬂuu_ﬁu\r
ONETILY
|—— - Y v
| | !
| 3
|
|
| - R
ﬁmpﬂlr-lurlipévn | ID |Empdmcpévo T howu_pm[i 0 .?‘xg-i;l;!qplrcé
o — ™ ' hoyiopiké EMTT ublf,r:l_ :
hoyigpikd | =1 rov elgPokéa sumodilel Tov
| va quveYiosl sioforéa va
| OUVEYIOEI
|
|
|

Eyfua 1.6: Movtého cuostiuatog Bwpdxiong xdduxa.

And v 4N mheupd, oty deltepn @don T Owpdxiong, TNV @don Tne aviidpaong ol
evépyeleg oL omolec unopoly va tpayuatonotnholy elval ol axdioubol:

o Tepuatiouds g eEXTEAEOTC TOU Aoylouxol oe exelvo To onuelo Tou eAéyyou 1| oe
xdmolo Ghho onuelo oTNY UETEMELTU EXTEAEGT] TOU TPOXELUEVOU Vo uny Solel xdmolo
epebloua / mhnpogopla oe xaxdPBouloug yerotec.

o Avaxataoxeut| Tou xO8xa hoylouxol ot Tponyovuevo ophd otddlo (m.y., va extelel-
ToL xO3WXOS 0 omolog LTdPYEL W avTiypapo acaleloc o TepLTTOOoELC PAAPNC).

o Xelpaydynon tng poNc EXTEAECTC TOU OO TEOXELWUEVOL Vo Topdyel AavBaouéva
anotehéopata (T.y., va exteheltar xHdxac o omolog ex xataoxeuic Tou elvat havbho-
ouévog).

e Melwon tne taydtnrac extéheonc tou xMddxa (m.y., Vo eloépyetal o XatdoTaon
AdPAVELAS YL OPLOUEVO YEOVLXG dLdaTnua).

e Avagopd tne enibeone mou utEoTtn 0 xOIXC (T.Y., Yéow Tou SladtkTov).

o Kataotpogy apyelwy Lotnrc onuactog Tou Aoylouxoy.
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Y10 onuelo autd alilel va onuetwbel Twe oe éva hoylouxd Bwpaxilovtde to unopovv va
evoouatwloly todhol xat SlapopeTixol EAeyyol, 6Twg TOMES xat SLUQOPETIXEC AVTLOPAOELS
[24]. Auté elaptdtar mpdtov, and Tov mapdyovia Tne mpootaciac mou elvat enthuunth
va dofel xan Seltepov, and tov mapdyovta dagdvelac (stealthy) mpoc touc xaxdBouviouc
YeNOTES.

'Onwe elvar avauevéuevo, xou otny Teywxr g Bopdxiong undeyel 0 oplouds Tou
Baowxol mpoPhfuatoc. 'Eotw I4(P,E) xa I,(P, E) va elvor xatnyopripata evidg evég
Tpoypduuatoc P xar evoe mepBdilovioc E oto onolo autd extehodvtal. Tote 1o P €yel
Owpoaxiotel emtuyde av xal 6hn Tt ddpxeta extéheorc tou 1o [4(P, E) xpatder xoL 1o
P éyel deybel enilfeor emtuyde av oe xdmowo onuelo xotd tny Sudpxelo eXTEAEONC TO
I,(P,E) U —I4(P, E) xpatder xor dev elval aviyveloluo and to P. EnUetdveTol Twe To
I, Bo umopotce va onualvel twg to TpdYpaupa P unogel vo tundoel ehetlepa To WBLOTIXG
(uuoTtnd) xhewdl xau to Iy Ha unopoloe vo onualvel toc to Tpdypauuo P Sev unopel va
exteleotel oUte oL va TundoeL eelBepa To WLwTnd (UuoTind) xhewdi [24] [29].

Yuvifog 1 Owpdxion xddxa Aoyiouxol dev eqapudletar udVN TS YL TEOGAVELS
AoYoug, YL autd ouvdudletal 1) ue udaToYRAYNoY 1 UE cuoxdTIoY. LTOY0C Tne elvol va
PUAL TO TV XGdxa Tou hoylouxol and Tuydv xaxdPoukec evépyeleg, xal Omwe xdle
pUAaxag duoxoia unopel va xpupTel Tdvta Aertovpyel oe cuvepyaota ue xdTL diho.

1.4 Iotopuxy) Avadpoun

Ta mpdto udatoypaguata LoTopd ATay e YopTl xal €xavoy TNV euedvior toug pall ue
TV TEYVN NS XATACKEVNC YELpOoTolnTou YapTioU meplmou 7 awdveg mpwv. To maiaidtepo
udaToYPAPTUEVO XOUUdTL YapeTiol Tou €yl Beebel, yeovohoyeital tepl To 1292 otny noAY
Fabriano ¢ Itailag, po méAn ye UeYdAn emlppot] TNy avdnTudy Blounyavidy yoeTlol.
Avagopxd onuetdvetal twg ota TEAN Tou 130u adva, Aettovpyovoay wepinou 40 udlol
YapeTLoY 6mou 0 xabévag and autodc TaENYAYE YoeTl UE SLapopeTiXy| Uop®Y|, TOLOTNTA XAl
Twh. To uelovéxtnua ftay duwe Teg To YapTl Tou xatacxeudlovTay elye Tpayela enupdvela
%l OV eVOELXYVOVTAY YOl YROPY).

H npdtn Ghn yaptol enelepyaldtay and teyvitec Tng ENOYHC TPOXELWEVOU 1) EMLQAVELL
va anoxtovoe Aelo ugpr. To enelepyaouévo autd yoaptl yivoTtay xatdiinho yia yeddiio ue
anoTtéheoua vo unopovoe va Byel oty ayopd mo elxoha. O aviayowviouds Oune 1600
UETACY TV TopaY®Y®OV 600 oL UeTall Twv eumdpwy fitav mohd udniéc xal dboxoia
unopovcay vo xpatnioly apyela TLoTOTONONE Yo THY TROEAELGT), THY TOLOTNTA XL TOV TUTO
tou. [ Tov Adyo autdv 1) udatoypdgnorn entvoeital ol eLodyeTal Ye 6x0Tmd va eCaherplel
orowadirnote mbavétnTa olyyuong. Metd tnv egelpect| tng, 1 udatoypdenon dwddinxe
aotpamialoe o ohéxhnen Ty Itaklo xor tny Evpdnrn. Av xou oty apyy| yenowwonoiiinxe
LOVAY O YLOL TNV TLOTOTONGT TN GLEUAS TOU EXAOTOTE YAPTLOU, UE TNV TIE0D0 TWV YPOVKY
yenotuonotiinxe xoL we €vdelln tng moldTNTag, TOou TUTOU, NS YPOVOROYNONS Xl TNC
avbevtixdTnTag Tou.

18



1.4.1 Xxwaypdgnon Texyvixdy Ydatoypdopnons ¥neroaxdy Méowy

H udatoypdgnon dnpraxdv uéowy (digital watermarking) ouunepthaufdver tic udatoypa-
proec Pnelaxody ewmovey, Blvteo, onudtony Hyou, AOYLoUXOY Xal PNnELaxdy XeLWUEVWY.
'O, enl g ovolag umopet va dngroroinbel, unopel vo anoteréoel xal uépog oto onolo elval
duvatéy va evowpatwiel TAnpogopia xal vo eCayblel oe uehhovtind ypdvo. llap dha autd,
oL TPOTOL TPOGEYYLONE XATA TNV EQupUoYn Tne udatoypdgnone elvar Toilol xat Sudgopot,
e€opTOUEVOL TEVTA ATd TNV GXOTLd UE TNV ontola yelplletat 1) exdoTtote TeyVixn TO UTOYHGLO
avuxeluevo (m.y., uloe eV vdatoypdynone hoylotixol umopel va avtihauBdvetol To
rhoylouxd w¢ €va 6UvoAo To 0Tolo TEQLEYEL WE UTOGUVOAA OUASES EVTOADY, EVE Ul GAAT
0¢ €va 6UVORO TO 0T0lo TEPLEYEL 1S UTOGUVOND POEC EXTEAEOTC).

'Oco avagopd TiC exdves, Ta Blvieo xal Tol GRUATA HYOU OL TEYVLXES OL OToleC €Youv
avantuylel ywpllovtar oe 3 xlpiec xatnyoplec. H mpdtn mephaufdvel Tig teyvixéc ol
ormolec otnpllovtal 010 YEdVO %ol GTO YMPO TEAYUATOTOLOVTAS TI¢ ahhayég ameubelog
méve oto avuxelyevo mpog udatoypdgnon (m.y., TPOTOTMOLOVTIC T (POTELVOTNTES TGV
euxovootouyelwv plog exdvac). H deltepn tepthaufdvel Tic teyvixéc oL onolec TpoXEWUEVOU
VL EQAEU0GTOUY, TRETEL TEONYOUUEVKS Vo €xel enéAbel xdmolog ueTaoy nuaTiouds xat UoTepa
VoL EQUPUOCTOUY ENAVL GTOY UETAGYNUATLOUO AUTOV (.Y, EQapuolovTac aTny exX6voL TOV
uetaoynuatiouo Fourier, Yotepa amd TNy €QapUoY AUTHY Vo AdBOUY Yhpa 0L TPOTOTOLRCELS
oL omoleg elvat UTEVOLVES YLoL TNY EVOOUATWOT TNg TAnpogoplag endve otov Fourier xoL ev
TENEL v YiVEL 0 UETOOYNUATIOUOS Tou avTioTpdgou Fourier mpoxewwévou 1 euxdva va €plel
oty apyx| TN Lopgh akhd tpootateupévn Théov). Evd 1 tpltn xatd oelpd nepthauPBdvel
TS TEYVIXEC OL OTtoleg EQaEUOLOVTUL ENEVG GTNY CUUTIEGUEVT] LORYT) TWY ARYLXOY SESOUEVWY
Yenowonoldvtag oplouévous and touc akyoplfuouc ouurnicone (m.y., JPEG2000 yio tic
eovee xat MPEG - 1 layer - 3 to yvwoté MP3 vyl to nyntixd ofjpuata).

Y10 onuelo autd alilel va onuetwbel Twe 1 telty xotnyopla elvon Wiaitepa dnuogihvic
ota Bivteo xabdg autd oTIC TEpLEGHTERES TWV TEPLTTOCEWY auTd elval dtabéoiua povdya oe
CUUTLECUEVT Lop®Y), Yio AOYOUS YwentxdtnTac. Enouévee, and tn otiyur, 6mou 10 x66T0C
Yo var Yivel 1 anocuunieon pe oxomd va evowuatwlel To udatoypdgnua xal uetd vo yivel
xoL TéhL ouunieon, yio vo umopel va Staveundel va elvar @ofepd uhnhé [40] ue anotéheoua
VO ATOQEVYETOL.

Yuveyllovtog ue ta hoyloulxd, oL teyvixéc udatoypdgnong ol onoleg €youv mpotalel
elvol mépa TOMAES oL oplouéves €€ auTOV evIEADC SapopeTinéc petall toug. Auto elval
anoAdTeC dixatohoynuévo xabdg To hoyiouxd elvar éva avtixeluevo Wialtepa peuoTtd xal
oUvleto, amotehoVuevo amd SapopeTxés ovidtnteg, To omolo umopel v xwdixomolniel
oe nowxihec YAGOOEC TpoYpauUaTIoNo) 6Tou 1 xdbe ula @épel T dxéc T Wlouoppleg.
Oélovtag duwe va dolel ula Ted TN alobnon Tov xatnyopldy auTdY avagépovTtal 3 XaTnyo-
plec oL omoleg €youv dHoEL TOAE %ol TPdGPopa XlvnTea YL TEQULTERK EPEUVO OTOV TOUEX
TPOGTAGLUG AOYLOULXOU XL YEVIXE TWV TVEUUATIXGDY SIXAUOUATOV.

H mpdtn xatnyopla nepthaufBdvel Tig ey vixéc oL onoleg avtiuetonilouvy 1o hoyiouxd wg
EVoL GUVORO pOMY EXTEAEGTC X0l XWILXOTOLOVY UEca oe autd SLdgpopa eldr yeapnudtwy. H
deltepn xatnyopla tepthauPdver Tic teyvixéc oL onolec eaTidlouy oTic cuVBTKEC EAEYYOU Xal
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0TS OLVOTXES ETAVAATIPNG TOU EUTEPLEYOVTOL OE £V AOYLOUIXO XWILXOTIOLOVTAC dUASLXES
axohoulleg o autég, evd 1) Teltn xatnyoplo TepLAaUfBdveL TIg TEYVIXES OL 0ToleC XWdLXOTOL-
00V TO LBATOYPAPTUO OTT) CUUTEPLPORY XAl GTOV TEOTO AELToUPYLUC TV YNUATWY T oTola
dnuLtoupyoUvTaL XoTd TNV SLdpXELld EXTEAEGTC TOU AOYLOULXOU.

Khedi ':__deu Bm;;_} '@TI’IE]E':UEIE-:] Kheidi
Ik Biadikadia KoV aAl Sadikaaia .
R . - c - - —— - udaToypapnua
AVTIKEIPVEVD EVOWHATWONE ETIKOIVWVIaS efaywyng
vbaroypapnuo

Yyhua 1.7 evind poviého Pngraxol cuoTAUaTog UdaToYEdPToNS.

Kielvovtag ye ta gngroxd xelueva, onuetdvetar mwe xat e3¢ €youv tpotalel didpopeg
TEYVIXES UBATOYRAPNONG, O)L O TGO gupY YAOUI OTWS TWY TEONYOUUEVKDY UVTIXEWUEV®Y,
6heg Ouwe elval Wialtepa eudAnteg ot embéoel xaxdBoUALY YeNnoTtdv xalde 1o xeluevo
anoTeAElTOL UOVAYA aTd YAUPAXTARES UE OTOTENEGUN TOAD SUGKON VU EVOWUATOVETOL XATL
T0 omolo dev elval opatd, divovtag €ToL aToY0 ot XaxOBoULOUC YPHOTES, UE ATOTEAECUA 1|
Tpootaolo Toug va ahholdveTal elxoha xou aiacta. Eotidlovtag ot teyvixéc nou €youv
avantuyBel yio o dngraxd xeluevo yivetal gavepd twe autéc yopllovial ot 2 xatnyoplec.
Eite npdttouv alhayéc aneubelac tdve oe autd (1.y., arrdlovtoac tic anootdoec uetall
YPUUUATOV, AEEEWY XAl YRUUUDY TPOTOTOLOVTAS TO apYelo XeQUAd®Y TOU XEWWEVOU av TO
xeluevo elvar oe wopgt| xatdhhnin énwe PDFE ¥ av dev undpyet tétoto apyelo ol tponomolk-
oelg hauPdvouy ydpa aneulelac Tdve 0To xeluevo) elte TEATTOUY AANAYES GE UETOGYNUATL-
OUEVES UOPYES TOU (TT.)., TO TPOTOTOLOVY TO XelUEVO Xal TO avTWETOTILOUY WS EOVA i ¢
dngLaxd ofua eZehlocbuevo oto ye6vo) [58].

1.4.2 Epyoaoieg oe Ydatoypdypnon Aoyiuoixos

Ou udatoypagioeig hoyLouxol éxavay oLclnTs TNV eu@avion Toug and To TEAT Tng SexaeTi-
ac tou 90. And téte, dmou 1 mpocopd xal 1 TATNON 0TV aYopd AOYLOUXGY dpyloay Vo
augdvouv e unhotc pubuoic divovtag xivnteo otic Brounyavieg vo dnuloupyoly 6ho xoL
TEQLOGOTERA AOYLOMIXE TROXEWEVOU VoL xahUTToLY elte Baowxée, elte mAaouatinés avdyxec.
Me tnyv ndeodo tou ypdvou Aoty mpoTelvovTal xoL alloAOYOUVTAL OE EPEUVNTLXES EQYAOLEC,
TEYVIXES UBUTOYRAPNOTNS UE ATWDTEPO GXOTO VA TPOCPEROLY ToxiAa enineda ntpocTaciag 6To
AOYLOULXO.
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Y10 onuelo autd, €yoviag wg Bdon T gpyaoieg mou €youv dnuooteutel and Ta Té-
An g Sexoetiog Tou 90 €og xar 2 Sexaetieg peTénetta oToyeUovTag va Sobel ula oyetixd
eLXOVOL TOU XAUOTOC Tou €yEl ETXPATHOEL GTO TOUEN LBATOYEAPNONEC ANOYLOULXOV, TALAXETE
oxloypageltal 1 por) eZEMENC EVOC OVTLTPOCWTELTIXOU GUVOLOU AUTOV.

Yt AN e dexoetioag Tou 90 xar cuyxexpuwéva to €tog 1998, o C. Collberg o
C. Thomborson dnuoocieouy ulo epyactia toug ue titho: On the limits of software wa-
termarking. H epyacia auth enl tng ouslag Ytav ywpeiouévn oe 8o xlpa uéern. XTo
TEOTO OL CUYYPAPELC TNS, oTNELlduevoL oe Ulol and TS BLOTNTES TV USATOYPAPNUATHDY TOU
oyetileToL UE TOV TEOTO UE TOV OTOL0 QUTA EEAYOVTAL ATO TOV XOOXA TOU AOYLOULXOY,
XATNYOPLOTOLOUGAY TA UBUTOYQRAPHUATA OF OTATIXE Xt 08 Suvauxd. 110 deUTepo HEPOS oL
ouyYpagelc elyav otnplytel 0T0 YEYOVOS TWS 1 XATNYOoRl TOY SUVOUXGY LBATOYEAPTUE-
TWV AVTLOTEXETOL ATOTEAEOUATIXOTEP GE ETLOECELS XaXGBOUADY YPNOTOY ATd HTL 1 XU THYO-
plot TV oTATIXOY EX XATAOXEVNS TOUS, %xafdg dnuLovpyYolvTal xaTd TNV dLdpXeLdl EXTENEOTS
Tou xOOxa xaL elyay Tpotelver duvauxd udATOYRPAPHUATI BaCLOUEVY OE YRUPODEWELTIXES
npoceyyloels (graph theoretical approaches). Yuyxexpuuéva n npdtact, touc eotiale oe dlo
TUTOUC YRAPNUATWY TOL Xwdlxorotovcay évay aplthud n oL omolol agol eEVoWUITHOVOVTOLGAY
oToV xOBWxa, e€dyoviay and autdv enelepydlovtac XATUAMAAWS TIC SoUEC DESOUEVHV TOU
elyav dnutovpynlel xatd tny didpxeia extélectc Tou.

H udatoypdgnon npayuatorotodvtay oe 8lo xlplec pdoelc (tnv @don xatd ty onola
XATAOXEVALOVTAY TO USUTOYRAQNUA XaL THY QPAoT XATE TNV OTolo AUTO EVOWUATHOVOVTOY
otov xO3xa). Apyxd uetatpénovtay évoc axépatog aptbudc oe ulo doun 1 omola dnutou-
eyoUtay elte ue xwdonolnon radizk (xuxhxh Moto Tou x03XOTOLOYVGE EVay axépalo
aptBué - tpddtn Soun) elte, pe xwdoroinor enumeration (douy 8vtpou Tou xLOXOTOLOYGE
evay axépato apliud - dedtepn Sour). Meténeita xdfe éva ovotatind (otouyelo Motog %
otouyelo Sévipou) TN dounic USATOYPEYNONGC EVOWUATOVOVTAY GTO AOYLOULXS, GE GUYXEXQL-
uevo onueta. To onuela evowudtwong Atav depnxta cuvdedeuéva ue ula cUYXEXPLUEVY
axohoubia eloddou, 1 onola anotehovoe xaL To ®AeWdl LSATOYEAPNOTC.

Ané Ty dhkn mheupd, TNV TAeLpd NS e€aYWYHC TOU LBATOYPUYHRUUTOC UT6 TO AOYLOULXO,
Tpoxeluévou va efayfel 1o evowuatwuévo udatoypdgnua and Tov x®ddxa, divoviayv T
ouyxexpllévn axohoulior el wg eloodog 610 hoyliouxd ue oxomd xotd Tng Sdpxela
extéheong va evepyomolnfoly xau va dnuloupynfoly ue TNy cwoTy| oelpd T Gha TA GUGTATLXS
ToU LdUTOYPAPRUATOC. LnueldveTal Tws o TAnBdptbuoc twv otowyelwy (11, I, ..., I,) g
axohoullog xhewl Arav {oog pe tov TAnldeliuo Twv cUCTUTIXGY Tou UBATOYPAPHUATOC
(w1, Wy ..., Wy).

To udatoypdgnua xataoxeudlovtay TunuaTxd oto {yvog (trace) mov dnutovpyoloe To
hoyiouxd xotd Ty didpxela extéreatic Tov, elte ue Ty Borlewa eminpdoletwy evioddy elte
ue Ty Porfela yewpaydynone tov dievbivoewy uvhunc. Evd egdyovtay and autd, dlvovrog
070 hOYLOULXO TO XAEWSL XL TARATNEMVTIS EV GUVEYELX ) 0PLOUEVES LBLOTNTES TOU LY VOUC TOU
dnuLovpyoloe 1 extéheon 1) TNV axohoubio Twy TEAEGTOV Tou extehoUvTay. Ev xataxheld,
TEOoXELWEVOU Vo ohoxAnpoaouy Ty gpyacia Toug ol C. Collberg xou C. Thomborson elyayv
Tapouotdoel touxiheg emléoeic mtou Oa unopoloe va deylel 1o udatoypdgnua mou elyav
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mpotelvel, e€dYoVTaC and AUTEC EVOLAQEROVTA GUUTEQIOUATO YLOL TNV ATOSOTIXOTNTA TNS
e VX Toug [27].

"Eva yedvo apydtepa, To €tog 1999 oL (dlol ouyypageic dnuootedouy dAln ula epyaoto ue
titho: Software watermarking: models and dynamic embeddings. Ytnv epyaoia auty| elyav
ETMAVUSLATUTOOEL TLO BOUNUEVA EVVOLEC XAl OPLOUOUE TOU elyav ELGAYEL GTNV TEOTYOVUEVY
Toug epyaota xafde enlong elyav enextelvel (autd Aray xat 1 cUVELGYORE TOLC) XAl TO
TUTIXO LOVTERO UBATOYEAPNONG AOYLOULXOU TOUC GUUTERLAAUBAVOVTUS UETOXES CUUPOVA
ue Tic omolec unopovoe va tpoceYylotel oe xahd Pabud n anoteheouoatixdntd tou [28]. Ot
UETEWMES aUTEC UoTepa amd TNy Tapouciact] Toug xabiepdinxay otov Touga udatoyedynong
hoyiouxoy, g Bacixd otolyela allohdYNoNg TEYVIXMY Xol and dANOUS EPELVNTES.

Me tnv eloodo oty xowvolpla ylhetio ol agol €youy Tepdoel TEVIE YpOVLAL ATd
TN dnurovpyla TG YA®ooog Tpoypoauuaticuol Java, and tov James Gosling, dpyilov
VoL €pYOVTAL OTNY ETLPAVELS ORO XUl TEQLOGOTEQES EVOLAPEPOUCES EQYAOLEC TROXEWUEVOU
VO TPOTELVOUY TEYVIXEC UBUTOYRAPNONS OE AOYLOULXE XWOXOTOLNUEVA 0T YADOOA AUTY
[42]. O Aéyoc v tov omolo yivovtav xau ouveyiler axdfexta va yivetal éwg xoL oruepa
autéd (va dnuootedovtal epyacies yia udatoypdenon o hoylouxd Yeauuévo oe YAHooo
Java), elvar to yeyovéc mwe 1 YAGGOX auUTH elval XOTAOXELAOUEVY) UE TETOLOV TEOTO
étol Gote va xablotaton aveldptntn TAAT@opUag AoylouixoU. Me amhd Adywa av €yel
veoagtel éva hoytouxd atn yAhooo auth, €yel uetayhwttiotel oe plo unyavi (m.y., Sun)
ue évol Aoytouxd (m.y., Linux) xou to exteréowmo apyeio mou éxel Snutoupynlel uetd tnv
UETAYADTTLOT UTopel xat exteleltal o autd, T6TE 0UTO TO exteréoluo apyelo Oa exteleite
xolL 0E OTOLOdATOTE dAAO unydvnuo ue omolodfnote Aoytouxd (Write Once Run Any-
where). H Baowi npotndleon BéBona elval mwe xat 1o éva xon o dhho unydvnue Ou npénel
VoL €YOUY EYXATECTNUEVO TOV UeTayhwTTioTh (compiler) tne Java.

Enouévoc 1 mpoxeluevn yYAOGooo oTnpllUevr) 6T0 YEYOVHS OTL ATOPEUYOVTAY Ol AGUUPB0-
TOTNTEC METALY NAEXTROVIXGY UTOAOYLOTGV dtaddlnxe mokl olvtoua xar yenotloroleitol
Ewe oL TG WEPEC Uog eupéns o TANMpa eqopuoydy. BéBala To yapaxtnolotixd Trg
aveloptnolag €yel xal To UELOVEXTAUATA TOoU, Xa0OC 0 eXTEAEOLUOC XM YivETal EUdAL-
TOC OTNV AVTLOTEOP UETAYADTTION (UETapPopd atd Tov eXTENEOLUO XOBxa aTov Tnyalo)
Yeyovog To omolo ypeldletar UEYAAY TpoGOY T XUTd TNY EVOLUATOOY Tng dounc udaTtoypd-
pnone (va unv yiveton euxbdhwe opath oe xaxdfoulouc yprotes xortdlovtag tov mnyalo
HOIKA).

Enouévoe uetafaivovtag oto €tog 2000, Snuoctedetol 1 epyacia Twv A. Monden, H.
lida, K. Matsumoto, K. Inoue xou K. Torii ue titho: A practical method for water-
marking Java programs. Xtnv epyoaocto auty) eiye mpotabel ulo uébodog olugwva ue tny
omola, anofupplvoviay 1 xAomh Aoylouixol o onolo HTav xwdLXOTONUEVO e YAGBCOoA
Java, evowuatdvovtac oe autd Pnolaxd vdatoypedgnua. O ouyypagelc autd mou elyay
mpotelvel otV ouola, Atayv ula uéhodoc 1 onola evowudtwve Uéoa oe éva hoyLoULXO Ta
TVELUATLXE SLXOLOUAUTO AUTMY TOU TO elyay dNULOURYHOEL, UE TNV Lop®T UBATOYEAPHLATOS
uéoo oe Java xidoec. Andrepog oxonde tng Wéac authc frav va eCacgailletal 1 vouuxy
Wloxnola Twv xAdcewy autdy. Emouévwe xdvovtag yeriorn tne uehddou autrc, uropoloe
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Vo xotooTel duvaTh 1 avayvoplon evoc mopdvouou hoyLouixoy To OTolo TEQLEYEL GTOV
AOOXY TOU UTOXAEUUEVES XAAOELC.

nyaiog Kwdikag
avaiuar

TTapay LTy guUVTOKTIKG BEVIpO

evBiGpegou avTioTpogn

KWK Ka ueTayAGTTION

. avaiuarn . r
METAPPACH SlaypdpuaTos avTIOTPOPN HNXAvVIKN
ehéyou porg Siaypappa eAdyyou

pong

Tapaywyn TeMKal
Kldika

Assembly kwdikag

Assembly DisAssembly

kwdlkag pnxavrg

Eyfuo 1.8 Ta Slopopetind oTddla TNG UETAYADTTLONS X0l TNS AVTIOTROPNC UNYAVIXTC.

Yuyxexpluéva oL ouyypagelc elyav yweloel Tny teyvixt udatoypedenonc Toug oTIC aX6-
houvbeg gpdoeLg:

o Eioayoyh xiBdnhov pebdédnv(dummy method injection) ot omolec ndte dev exterov-
VToY UECO 6TO MOYLOULXO, VEXPOS XOOXAC (T.)., 0TO E0WTERXG GUVBNXGY LYy OU
ue T eviohéc: if (condition) call dummy method();).

o MeTayA®OTTION TOU TROTOTOLNUEVOU TAEOV TNYAlou XMBLXA UE GTOYO TNV TUPAYWYT
EXTEAEOLUOU XOOLXA UE EVOWUATWUEVO TO USATOYEAPNUL.

o Elaywy?| TOU eVOWUATOUEVOU USATOYRAQHUATOS ATd TO USATOYRAPNUEVO AOYLOULXO.

[Mpoxewévou ol ouyypagelc tne epyaotac va anodelouvy TNy ATOTEAECUATIXOTNTAC TNC
uefddou toug, elyav mpayuoatonoujoel xal TelpduaTa oUUQWvO Ue To onota 20 and Tta 23
EVOWUATOUEVA UOATOYEAPARUATA UECH OF XAAOEL TapEuevay avalholwto UoTepa and TNy
eQapuoYY) dVo elddv embéoewy. Xtny mpdtr extbeon elyav egapuoatel xdnolol and toug
UETOOY NUATLOUOUC GUOXOTLOTG (G Younhé eminedo xGdxa), ue 6T6y0 vo 6TPEBAOGOLY ToV
%xOALxa Tou exTEAEoUOU apyEloy, evd oTr deltepn elye Yivel avtioTpogr UETAYADTTION XAl
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ev ouveyela Zavd petayhdttion (decompile recompile) tou exteléoruou apyelou ue ot6)0
aUTAY TNV Qopd TNV 6TEERAWGT Tou Tnyaiou xGduxa (ot uPnhéd eninedo xddwa) [47].

Yuveyilovtac otny xowvolpLa yihetior xou uditoto oto (So €tog, dnuootedtnxe xal 1
epyaoia twv J. Stern, G. Hachez, F. Keoune xou J.Quisquater ue titho: Robust object
watermarking: application to code. Xtnv epyaocia auth elye yivel €peuva ndvw oe éva
otddio tne dradixaatoc vdatoypdgnone To onolo elye ayvonbel éwg t6Te. LuyrexpLUéva
oL ouyypagelc elyay Pactotel 010 YeYOVOC g RTav ypovoldpo xau enintovo 610 eninedo
ToU %GOdo unyavic va uetatpoamoly / enelepyaotoly /[ otpeflwfolyv dedouéva. Me
anotéheoua 1 dnuoupyia plag edpwotng TEYVIXAC EVOWUATOOTNS UBATOYRPAPHUATOS GTO
Yoauni6 autéd eninedo va Oewpelto pla amoteiecuatiny Abor, xabde dvoxoha Ou tpayuato-
TotoUoe xdmolog etoforéac embéoelc oto eninedo autod.

'Eyovtac g unébeon 1o yeyovog autd, elyoav mpotalel aniéc uetatponéc dedouévov
(mpoalixn oL agaipeor eVIOAGdY avTixabloTdVTac ouddes eVIOADY and oNUAGLOAOYLXS
X0l TROYPUUUOTIOTIXG LOOSUVAUES), TROXEWEVOU VO EVOOUATOOOUY TO USATOYPAPNU OE
YaUNAO emimedo ywpelc Vo aANOLOGOLY TNV AELTOURYXOTHTA TOU AOYLOULX0U. LUYKEXPLUEVA
T 0TEBLAL TS TEY VXS OUUPOVA UE TNV onola YIvovTay 1 evowudtenor ftay to ehc:

o Afhworn evéc ouvbhou 6To onolo Do euneptéyoviar Oleg oL SLoQOpETLXES OUddeg

evIoAGV Tou Boloxovial 6Tov xXGdxa.

o Apywonolnon ulag uetaBinthc, éotw § (0 < 8 < 1), n onola Ha nailet To pdro Tou
oplov evtontopoy ofjuavone (mark) uéoo otov xOIXKA TOU AOYLOULXOY.

o o xdfe oudda tTou ouvérou unoroyiletal 1 oLUYVOTNTA ELPAVIOTC NS UECA GTOV
OO TOU AOYLOULXOV.

o Koataoxeut| ue fdon To amoTEAECUAT TOY GUYVOTATOY, EVOC TLVAXA €0TK ¢, 0 0TOlOg

Oa meptéyel T oUYVOTNTES EUPAVLONG TWV OUBdLY AUTOVY (c1, Ca, - . ., Cy).

o Kataoxeur| evog nivaxa €otw w, o omolog Ba elval Btou ueyébouc pe tov ¢ xat Ha
neptéyel otouyela (aptbuolc) tuyalor xaTaveUnUEVOUS, GUUGOVA UE GUYXEXPLUEVOUS
TepLoptouols (wy, Wa, . .., Wy).

e Me Bdoel Toug nivaxeg ¢ xat w yiveTal 1 uBATOYEAPNCT TOU AOYLOULXOY, UETATOETO-
vtag Tt Hd1 undpyoucec eviohéc (ouddec eviohdy) ue to tono: ¢ = ¢+ w.

Otev Aoy peTatpoméc and TNy Ulo TAeLpd SUGHOAEUAY TOV XAXOBOVAO YENOTY VA EQUPUOCEL
TEYVIXES UE 0TOY 0 eVTOTLOEL XL Vo eEQYEL TO LUBATOYPAPNUA OO TO YEYOVOS OTL OL AAAAYES
elyav yiver oto enlnedo tou x®OBxa unyavic, eved and ™y dhin Bonfolcav autdy mou
udatoypagel To Aoylouxd va xdvel TNy evowudtnor xabde tpocéhete 1| agolpoloe aniéc
EVIOAEC YwpElg Vo AAROLOVEL TNV AELTOURYIXOTNTA TOU AOYLOUXOU UETUTRETOVTAS OTAd TLS
OUYVOTNTES ELPAUVIOES.

Emniéov o ouyypagelc elyav nopouctdoel xal éva véo mapddelyua eaywync mivoxa
(vector extracting paradigm - VEP) oto onolo egdpuocay v napandve teyvixh. To
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ToEAdELYUA AUTO HTAY EVOL oNUAVTIXO Priuc UeTad) TOY axaTéeYaoTwy Ynelaxdy Sedouévwy
XAl TOU AVTIXEWEVOU 6To omolo Adufave yodpa 1 ofuavor. H teyvixd tng mpoxewévng
gpyoolog SLa@opomolodvTay and TEONYOUUEVES ONUocLeLUéves epyaalec xabde Adufove
Y®po oTo enimedo tou xddxa unyavie, yewellovtde Tov we 6TaToTixd aviixeluevo. Autd
TEOEXUTTE amd TO YEYOVOC OTL 1) TeYWxY| LdaToYpdgnone Aoyiouixol otnelloviav oTig
OUYVOTNTESC EUPAVLONG EVIOADY TOU XMBXA. LNUELOVETAL ETLOTG TWS UXOUT oL AV EVOC
xax6pouvlog yphotne dihale (1.)., tpocébete ¥ apopoloe) xATolES EVIOES UE AMOTENEHA
VoL UETABAAEL TNY ouYVOTNTA EU@AVIOTC TOUC PEad aTOV XOdxa unyavic (T.y., tpdobete
amhd evtohéc 6mou dev xdvouy Timota 6nwe 1 nop), téte av N ahhayh Hrov wxpedtepn and
To 6pL0 evtomiouol & To udatoypdgnua ouvéylle va xaliotatar evioniowo. Ev toltng
o xafopLtoude tou ev Aoy oplou €yple Wialtepnc npocoyrc (anotelodoe éva trade off)
xad¢ n Ty mou €npene xdbe Qopd va AAPeL HTay avAAOYY TOU eXEOTOTE XOBLXO XAl TOU
exdotote udatoypapruatoc [59].

Enlong oto (8to étog, dnuootedtnxe xar 1 epyaotia tov J. Palsberg, S. Krishnaswamy, M.
Kown, D. Ma, Q. Shao xot Y. Zhang ue tov titho: Experience with software watermark-
ing. Xtnv mpoxeluévn epyaoia oL cuyypagelc elyay egapudaet ula Teyvixt udatoyedynorng,
and uta mponyoluevr epyactac twv C. Collberg xat C. Thomborson, tévew e hoyiowxd
AWOLXOTONUEVOD 08 YAOGOA Java. MUYXeXpUUEVA Ely oV TAPOUCLAGEL TNV EVOWUITKOGY) TOU
udatoypagrRuatos, TNV eaywyr Tou xobde xau Telpduata anoteréouata emféocwy, ue
oxond va SelZouy 660 ATOTEAEOUATIXY TV 1) TEOCTAGLO AOYLOULXOU UE TNV TEY VXY QUTH.

LOUuQva e THY TEYLXTH oUTH 1) EVOWUATOOT, TOU UBATOYRUQNAUATOC AAuBave yohpa
emhéyovtag Ndn undpyouoeg xAAOELS ATd TOV AOOLXA TOU AOYLOULXOU, UETATRENOVTAC TES
oe x6ufouc xhdoeg anhd mpoabétovtac xdmow emniéov nedio (fields) oe avtéc. Kdébe
gvor and Ta emmpoobeta medla xpatovoe ula eepyduevn axur oe évay dAho x6uPBo Tou
avuxewwévou / udatoypaghuatoc avafétoviac anhd oto nedio Ty xotdAhnhn . Me
TOV 1eOT0 auTY 0 x6uBog xAdon Ylvovtav Eva Souixd oTolyElo YL TNV XATAOXELY) TOU
udatoypaghuatoc (planted plane cubic tree - PPCT) xou dtuna napdyoviay xdduxag
eufelac ypouuhc (straight line code) ue andtepo oxond va xataoxeudoe. / GUVSEGEL XUTAA-
Anha to PPCT (ypdgnua to onolo xwdixornotel évav aptBud) ue 1o undrolno un udatoypa-
pnuévo hoytouxé [51].

"Eva ypbvo apydtepa xar cuyxexpruéva to €tog 2001, dnuootedtear dAAY ula epyaoia
twv C. Collberg, S. Jha, D. Tomko xat H. Wang ue titho: UWStego: A general architec-
ture for software watermarking. Xtnv ev Aéyw epyacia oL cuyypagelc elyoy TapoUGLAGEL
TOWUAES TEYVIXES UBUTOYRAPNOTC AoYLoUXoU xa0OC xal UETPXES olUQYO UE TIC OToleC
allohoyhfnxay ev ouveyelo oL teyvixée autéc. Emmhéov elyav mapouoidoel Tov oyedlaoud
xaL Ty egappoyh ulag apyttextovixng ovouat. UW Stego, €yovtac wg tpwtedovia 6Téy0
TN SuvoUL) LBATOYPAPNOT AOYLOUXDY YRAUUEVKDY OTHY YADGGH TROYEAUMATIONOU Java
[30].

LUYHEXPUIEVA 1) GUVOAXY) GUYVELGPORY TG ERYACLAS AUTHC OTOV TOUEN UOUTOYRAPTUATWY
oahAd xaL Yevixd oTov Touéa mpootaatiog Aoyloulxol Aray 1) eEnc:

o Epeuvotoe xal xatnyoplonolovoe Tig 101 UTAPYOUOES WG TOTE TEYVLXES OTOV TOUE
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udatoypedgnong hoylouixou, avagépovtac oe xdfe ula g aduvauleg tng. Emmhéov
UEAETOUOE TOWAX UOVTEAU ATELADY YUPO a6 To GUCOTAUATA UBATOYQRAPTUATWY AOYL-
oUoU.

o [lupouolaoe ueTEIXES TPOXELUEVOU VA TPOCEYYLOTEL 1) ATOTEAECUATIXOTNTA LOVTEAWY
UdUTOYPAPTUATWY AoYLouLxoy Tou elyoy TapoucLUCTEL WC TOTE, and SLAYOPES OTTIXEC
Yovleg adld xal va yenordonoinfody g BAon Twy UETAYEVESTEPLY.

o [lpotewve pla apyitextovixn, ovouatt UW Stego, v udatoypdgnorn Aoyiouxohy o
Java. To ocvotatind tng apyltextovixic authc elyay oyedwotel, Bdoel Tic apyéc
e andxpudne mAnpogoplag. Erlong elye yiver avagopd oto tpémo ue tov onolov
unopovoe Vo yenoluorolniel 1 ev Aoy teyvixy| tpoxeluévou va auéniel n avbextixs-
THTA oL 1) dueKOoAlo EVTOTLGUOU TOU USATOYPAPHUATOC.

To enduevo €tog xou ouyxexpluéva to €toc 2002, €pyovtol otny em@dvelo dikeg Yo
epyaoleg oyeTixeg Ue LdaTOYEAPNOT xaL TpocTacta Aoyiouxol. Ot cuyypagels TNg TEMOTNG
xatd oelpd epyaotac frav ov J. Nagra, C. Collberg xou C. Thomborson ye titho: A func-
tional taxonomy for software watermarking »ou tng dettepng Arav ou C. Collberg xau C.
Thomborson pe titho: Watermarking, tamper-proofing, and obfuscation tools for soft-
ware protection. Ou gpyaoiec autéc elyoy KC ATMOTEPO OXOTO YU GUYXEVTPOOOUY %ol V.
ouadonotfoouy Nd1 UTdEYOUCEC TANEOGORLES GTOV TOUEN TNE UBATOYRAPNONE AAAA XL GTOY
gUpUTEPO TOUEN TNC Tpootaotag hoylouxoy. [49] [29]

Y1y mpdTn xatd oepd epyaotia, ol ouyypageic J. Nagra, C. Collberg ot C. Thombor-
son elyav ouyxevipdoel TAnpogopieg, oL omoleg elyav Ndn dnuooteutel oto nagerdoy, Yipw
and T LBATOYEUPTHLATA AOYLOULXOV XAUTNYOLLOTOLOVTAS TA USATOYRAPHUATO OE ETUUEQOUS
xaTnyoplec Bdcel ToU TEOTOU UE TOV OTOLOY EVOWUATOVOVTAL 6TO AoYLlouxd. TNy deltepn
xatd oepd epyaota, ov ouyypagelc ol onolor Krav xat ndh o C. Collberg xor C. Thom-
borson, (authv v @opd ywelc ™y ouuPorf tou J. Nagra) xat authvy v @opd elyav
OUYXEVTPOOEL TANPOPORLES YEVLXY Lol TNV TEOCTAGLA TOU AOYLOULXOU GUUTERLAAUBAYOUEVOU
e wdatoypdgnone, dlvovtac ue Tov TeOTo aUTH EVauoud Yo EpEUVO e aVECEREUVTTES
TTUYéC TN Tpootaciag hoytouwxoy. Luyxexpuiéva, elyoav npoteivel / meptypdder Tic e&¥c

TEYVIXES TPOOTAGLAC:

o Y3atoypdpnon hoyLoUXoU UE OXOTO VO TEOGTUTEUTOVUY To TVEUUATLXE SLXOLOUATA
and ZEVeg LBLOTOLAOELS.

® Y UoXOTLOTN AOYLOUXOU UE GTOYO VAU BUGKOAEUTOVY OL XUXOBOUAOL YPNOTES VAL XATAVO-
AO0LY TOY XGOXA XL VO TIEOUY UE AVTLOTEOPN UETAYADTTLON OTA YEQLOL TOUS TOV
Tnyalo xS,

o Owpdxion hoylouxol ue oxond vo tebel Eva eunddlo 6Ny EXTEAEST) TOU XOIXA UETH

and xdmoLo EVOEYOUEVY) TPOTOTOLNGY| TOU.

Ev ohlyne elyav mpotelvel npootacia Aoylouixol Ue Teelg SLUQORETLXOUC XaL TAUTOYEOVA

aAANAEVBETOUC TPOTIOUS, UE GTOYO TNV UTOTEAECUATIXOTERY TPOOoTUGA and TUY OV eTLbEoELS
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xax6Bovdwy yenotody. Ou ouyypagelc mpoxeiuevou vo xahddouy evdeyduevee aodpeleg
XL XEVE OYETIXE UE T TeYVXES auTES elyav avagépel oe xdbe plo and autés xdmowa
AVTLTREOOWTEVTLXE Topadelyuata xot thavég anethéc mou Ho unopoloay va Tic AANOLOOOUVY.

"Eva ypdvo apydtepa To €tog 2003, dnuootedetar 1 epyaota twv D. Couran, N. Hurley
xou M. Cinneide ye titho: Securing Java through software watermarking. Xtnv epyaoctia
auth elye mpotabel £va xavolplo wovtého udatoypedenong hoyLtouxoy, Tou onolou 1 TNy
éunveuone Mrav 7 fewplo evtomouoy ofuatog xalde enlong xau ulo 1dn dnuoctevuévn
epyooto Ty J. Stern, G. Hachez, F. Keoune xou J.Quisquater. Yuyxexpiuévo 1 18 fay
va e€ayBel évag nivaxag éotw r ue N Swwotdoeic and éva hoyLouxd s, xdvovtog yeron
ulog ouvdptnone elaywyihc, éotw X(s) = r (n dwdwaocta elaywyhc tou mivaxa r elye
nopouctaoTel KON oe TpoNYoUueYY epyaoia).

LUYHEXPLUEVA TPOXELUEVOU VO EQARUOGOLY TNV WEA TOUC, oL oUYYpAgElS elyay TpoTelvel
TNy anobiixevor Slaxpeltdy onuelwy ato Bdfog xhjoewy Tou ednuLoupYElTO GE €val AOYLOULXS
xaTd TNy Sldpxela exTéreoric Tou, €yovtag dobel oe autd ula cuyxexpuuévn axoloubia
elo6d0u. "YoTERU TPOXEWEVOU VO avayVWwpeloToly oL eV AoYw xAfoelg oTig uefddoug xatd
™y Sidpxeta extéheanc Tou hoylouwoy, elye yivel ypfion anoopaluatwtyh (debugger). Ev
ouveyela otoyelovTag otny evioyuor Tpootaciag Tou Tivaxa 7, elye yivel uetatpony| Tou
mivaxo outol oe ulo uetdbeon ' ypnowomoldvtag éva xhewdi petdbeonc to onolo ftav
YVWOTO 1ol xotd TNV dtadixacia TS EVowUdTmwone xal xotd tny dadixacta tng eCaywyric
[32]. O tpbénoc clugpwva ue Tov onolov eiye yivel 1 ev Adyw uetatpony elye otnplytel 6To
(Lo oxenTixd ue autd mou elye KON elye MPel ydpa oe ula Tponyoduevn epyaotia (1 = r+w,
6mou o wlvaxag w Rray éva Peuvdotuyaio udatoypdgnua ofuatog / mivaxac (dag didotaong
ue tov 7. Ov 8Vo autol mivaxeg r, w mpoothlovtay xar €3lvay we TeEAxd anotéreouo €vay
xavoUplo Tivaxa €otw 17 olugwya e Tov onolov o TpaYUATOTOLOUYTAY 1) EVOOUSTOOT).

"Yotepa amd évav ypedvo to €tog 2004 elye mapouciaoTel v ueTamTUylaxY Epyacia
¢ S. Thaker ye titho: Software watermarking via Assembly code transformations.
Yy epyaota auth elye mpotabel éva wovtého udatoypdynone hoytouxot Baocllouevo oe
uetaoynuationols 6To entnedo g YAdooug Assembly. Ynueidveton mwg 1 TEYVIXT AUTHC
NS UBATOYRPAPNONS HTAY EUTVEUCUEYY) OO TOUC UETAUOR®OLXOUSC LoUC OE MAEXTEOVLXOUC
UTOAOYLOTES.

AutoU Tou eldoug oL Lol ueTagépovtal ot EexwELoTd TURU xOBLXA TOU AoYLoUxoU xdbe
popd mou aviiypdgovtal. Autd xdvel Tov eviomoud Toug ealpeTixd dUoxolr undbeor,
xafdg and 1 oTiyun mou Sev umdpyouv otablepd onuddia ta omolor va divouv xdmola
epeblopata / ofuata oe hoytouxd evtoniouol Ly, elvar eZatpetind dUoX00 VoL EVIOTLGTOVV.
And v oxomd TV USATOYEAPNUATOY AOYIOULX0U TOPA O UETAUORPLOUOS ETLTRENEL GTO
USATOYPAPNUA VO EVOWUOTOVETOL UE €vay povadixd Tpono oe xdfe aviiypago tou (dlou
roylouxot. Me tov tpdno autd, 1 elaywyr xablotatal Wialteen 8YoxoAn oL anaLTnTLXy
Aettoupyla yia va autopatoronfel (theovéxtnua). AMG av xdroloc etofoléac éyel ota
Yépla Tou dUo exdboeELg Tou Blou AoyiouxoU xau elte yetpoxivnta elte autéuata evtonioet
To onuela Tou oL xO3ES Slapépouy, ToTE Ho unopel va evtonicel xal to onueia oto onola
€yel evoouatwlel To udatoypdgnua (UetovéxTnua).
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H S. Thaker Aownév otnyv epyacio tng elye nopouoidoel apyixd xdmotoug oplouolc
TEOXELWEVOU VO XAVEL Ulol ELOAYWYH YEVIXA VLo TO UBATOYRAPHUATA AOYLOULXOU AAAL %ol
CUYXEXPUEVO Yl TNV OuxT| TS Tey vy udatoypdgnone. H ewoaywyy| mepielye oplopoic
OTWS Yl ToEddelyUd TU elvol TO USATOYPAPNUI XOL TOLNL YUPAXTNELOTIXY TEETEL VO TO
diénouv. Emmiéov elye napoucidoel mwe Aettoupyel 1 xevipxr wovdda enelepyaciag evog
NAeXTEOVIX0U UTOAOYLOTYH €V ouvToula, dNhady) ToleC EVTIOAEC Yproldomolel xal ol To
TUAUATA TOU TNV AToTEAOUV TPOXEWEYOU GTN GUVEYELL Vo BaoloTel o8 autd Ta GTolyEla
XUl VO TUPOUGLAGEL TNV TEYLXT TNG. LUYXEXPLUEVA 1) Sladixaolo TS eVOOUATWoNS TOU
udatoypagruatoc tng ywellovtay ota e€hc oTddia:

o MetayAdTTion Tou TNYalou xOOXA UE ATOTEPO OXOTO TNV TAPAYOYYH XGOS As-
sembly (xafdc 1 evooudtwon tou udatoypapiuatoc Ha AdBel ydpa oto eninedo g
Assembly).

o Bioaywyr emnpdohetwv Assembly eviohdv ue otéyo vo evowpatnlel to emtbuuntd
udatoypdgnua, yenowwonoldvrag tela Bonintind apyela. To mpdto apyelo Arav éva
apyelo xepaiidug To omolo euneplelye yio Tapddetypa To ovouaTa and TIg LETABANTES
Tou xOdwxa. To dedtepo apyelo euneplelye Sidgopouc yetaoynuaTiouolc oL otolol
unopolcay va yenotuorotnboly diyws va adlolwlel 1 AeLtToupYXGTNTO TOU hOYLOUL-
%0V, aptunuévoug ue atouca celpd xal ev ouveyela To Tplto euneplelye ueTaoyNUo-
TLOUOUC EXOYIXOUC 0L 0TtoloL E@apuolovVTousaY Xal dUTOL UE T1) OELRd TOUC TROXELUEVOU

VOl TPOGOMGOUY TEQLOGOTERY] GUGKOTLON GTO XWOLXO TOU AOYLOULXOU.

H eCaywy? tou udatoypaghuatog téea, Adubove yopa eniong oto eninedo tng Assembly
ue TNy SLdpopa TS Yo Vo Yivel 1 uetdPaon o autd Tto eninedo ypeidloviay aviioTeoyn
UeTAYADTTION XoL Oyl anAf. Enlong authy tnv @opd tdpa Ta apyelo mou meplelyay Toug
UETAOYNUaTIONOUS YenotdoTolouvTay Yo va Yivel avalitnon otov xddwxa ornueiwy tou
€youy unootel yetatpony [61].

To €rog 2004 dnuooiedtnre enlong dihn uia epyaota Twv C. Collberg, E. Carter, S.
Debray, A. Huntwork, J. Kececioglu, C. Linn xat M. Stepp ue titho: Dynamic path based
software watermarking. ¥tnv epyacia auty| elye napovolaotel ula npwtonopaxy| ue Bdon
To ¢ TOTE OedOUEVA, TEYVLXY) OTOV TouEd TNG LdatoYpdynorng Aoylouxov. H ev Adyw
teyvixn otneilovtay otn Suvauxr, dlaxhddworn cuureplpopds Tou hoylouxov. To xdplo
TAEOVEXTTUOL TNG TEYVIXNAC QUTAC MTay Twg oL Teyvixéc Siopbwone Aafody xat Hwpdxiong
UTOPOVUGAY VO GUYBUAGTOUY TPOXEWEVOU Vo STULOVEYACOUY UBATOYEAPNUL BoCLOUEVO OTA
LOVOTATLO EXTEAEOTNC XOL VO TO EVOOUATOOOLY xablothvtag 1o avliextind oc Tohd eida
embéoewy [21).

YuveylCovTtag TNV avaoxOTNoT) TWV TEYVLXOY USATOYRAPNONS EVE TAUTOY POV UEVOVTIC
o7o do €tog dnuoatevetal 1 gpyaoia twv C. Collberg, S. Kouborov, E. Carter xau C.
Thomborson ue titho: Error correcting graphs for software watermarking. Ot ouyypagelc
e epyaotac authc elyay mpotelvel pla ypagobeopltixt) TeoGéYYLoT TS UBUTOYPUPHOELS
hoylouxoy.  Buyxexpuuéva 1 ev AoYw gpyooia elye emxevipwlel oe 8o akyopibuoug

oL omolol xwdLXOTOLUeAY TANEOPORLL UECH GTO AOYLOWXO, YENOWOTOLOVTAG Ula douy
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veaghuotoc. Ev ouveyela, elyav eqopudoet dagopetind pwoviéla emtbéoswy, e&dyovrog
ouurepdouaTa Yot To xd0e €va and autd. Emmiéov otny epyacto auth elyav napouciacTel
XL XATOLES XATNYORlES YRAPNUATWY T OTOlo XGAALOTO UTOPOUGY VO YENOULOTOLNHOUY WS
udatoypaghuata hoylouxdy, avahbovtac Topdiinia T WiéTnTtéc Toug [23].

"Evav ypbévo ueteneita xar ouyxexpueva 1o £tog 2009, dnuooievtnxe 1 epyaocio oy C.
Collberg, A. Huntwork, E. Carter xat E. Townsend ue tov titho: Graph theoretic software
watermarks: implementation, analysis, and attacks. Xtnv epyaocio auts| elye mpotabel ula
TeYVIxn Ldatoypdenone 1 onola otnpilovtay oe ypaghuata, Souéc dnhady| oL omoleg elyay
€phel TpdOoPUTA OTNV EMLPAVELX GTOY TOUEN TOY USATOYPAPNUATODY AOYLOULXOY XL ESELY VALY
TOAG UTOOYOUEVES. MUYXEXQUEVA Ol cuYYpagelg elyav TpoTelvel €va udatoYEdENUA TO
onolo EVOWUUTOVOVTAY 0TO Sdypauud eAEYYOU POMC TOU UN USATOYRAPTUEVOU XOOLXA
éyovtac ex xataoxeunfc (to ypdgnua autd) xdnotec WidtnTeS oL TO Yapaxthptlav (T.y.,
oLYXEXELWEVO apliud axudy avd x6ufo). To yapaxtnelotind autd dteuxdiuvay oe apxeTd
ueydho Babud v eCaywyr) Tou USATOYPAPAUATOS AT TOV XMBLXA TOU hoYLoUX0U xabde
enlong ypnoluevay xal otov eviomoud tuydv embécewv. H evowudtwon AduPave ydpa
ue meoohrxn exovixdv uehddwy ol onoleg dev emnpéaloav xabdhou Ty AettoupyXdTnTA
TOU AOYLOULX0U, OTAd TO UOVO TOU EXOVAY RTUV VO UTEEYOUV UECH GTOV XOOLXA. XTNHV
epyaota auti|, elye avageplel enlong xon onuoavtind xow Uéyper ofuepa avoxtd TEdBAnUA
NS ONUAYONS AOYLOMIXOU TEOTACCOVTUS XITOLEC TEYVLXEC Ol omoleg €dvay Adoelg, Oyl
OUWC IXAVOTOLNTLXA ATOTEAECUATIXES EVavTL eTLOEcEWY EVTOTLOUOU GNUEl®Y GHUAVONC OTd
xaxéfBovlouc yprotec. Ev ouveyela otny epyaocia auth elyav napovolaotel tapadelyuata
EQUPUOYNC TNS EV AOYW TeyvixYc, emtbéoelc oto udatoypdgnua xabde eniong elyav AdPBet
YGpo xat avahboelg Tpoxellévou va eCayfody avILTpOOWTEUTIXE GUUTERAGUAUTA Yol TNV
UTOTENEOUATIXOTNTA TNC TEY VXS [22].

"Eva ypdvo Uotepa, dnuootetetal 1) epyacia twv W. Zhu xaw C. Thomborson ue titio:
Algorithms to watermark software through register allocation. O cuyypagelc elyayv
Tapouctdoel Toug alyoplbuouc QP xar QPS o. onolol €xavay udatoyedynon hoylouxol
UECW UNTEMO xatavouhc. 2uyxexpuuéva oyohlalav xdnoleg Suoxohleg oyeTixd Ue
dtadixaotio TN eZaywync Tou udatoypapiuatos To onolo elye evowuatnlel uéow Twy dYo
autdy alyoplBuwy, divovtac xdmow yapaxtnetotixd napadelyuota [68].

Ev ouveyela, oto 8io €tog elye épler oty empdvela xav 1 epyacio twv G. Myles
xou C. Collberg ue titho: Software watermarking via opaque predicates: implementa-
tion, analysis, and attacks [48]. Xtnv epyaoio aut] elye avahubel évac B dnuooteuuévoc
akybptBude tou G. Arboit (Tt elvar Tor adtopavi xatnyopuata xal Tee xataoxeudlovTal,
XATACHEVT] LOATOYPAPHUATOS, eVOOUATOOY xat eaywyr autol xafde xar allohdyrnon
udatoypaghuatog), Tov onolo Tov elye Snuooteloel 6TV epyacia Tou ue titho: A method
for watermarking Java programs via opaque predicates [2].

Yuyxexpuéva o G. Arboit elye npotelver ula teyvixy) udatoypdgnone hoyiouxol UEcw
adtapavody xatnyopnudtey (opaque prdicates), ) onola Uotepa and eUTEQLOTATOUEVY UENETY)
and toug G. Myles xav C. Collberg Beébnxe noc aviiotéxetal oe £va UEYIAO T0GOGTH OTA
e€ric eldn enbéoewv:
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o IlpooOetixés: Enféocic xatd tic onoleg mpootifetal xddixag o onotog aneubivetal

o€ VEO UBATOYPAPNUA ELTE ETXAAUTTOVTAC TO Tohatd elte OyL.

o Ytpelhwtinés: Embéoeic xatd Tic onoleg YivovtoL ToOTOTOLAGELS GTOV USATOYPAPT)-
UEVO X@Oxa UE ox0omd Vo ahhotwlel 1 Sour| udatoypdgnore.

Metafaivovtag otov enduevo ypdvo xoal ouyxexpluéva oto €tog 2007, mopouctdletar 7
epyaoto tou J. Nagra ue tithio: Threading software watermarking tnv omola v elye
xatabéoer ye oxond va anoxtricel To ddaxTopxd Tou dimhwuo. XTnv ovoto autd TOU
elye dnuovpyfoer o J. Nagra ftav uloa mpTéTUTY TEYVLXY LUBATOYEAPNONG AOYLOULXOY
Bootouévn oe hettoupylec ynudtwy (threads). Tuyxexpiuéva otny ev Moyw epyaota elye
Tpotabfel 1 eVowUdTwoT eVHC EUPKOTOL LBATOYRPAPHUATOS OE AOYLIOULXO YPTOLLOTOLOVTIC
avTaywvioud petadl ynudtwy xal auolBaio anoxhelond TUNUATLY Tou xddixa. Elye Snut-
ovpyToeL dnhadt| To LBATOYEAPNU TEOCHETOVTAUC XaULYoUplol VAUXTA GTA TUAUATA TOU XMOSLXA
Ta omola yenoLlorolovoay Lovdya évo viua xoL ue Tny Borfelo Tou auolBatlou aroxielouol
YELPAYWYOUOE TNV OElpd Ue TNy omola exteholvtay Pe oxond va Aettouvpyroer ophd 7
pon} extéheonc tou xddxa. To onuelo ot onolo evowudtove autd o xaLvolpLa ViUt
TPOXELWEVOL va eTLheyoly, Exenlay Wialtepne mpocoytc (dev énpene va yivbvToucay dueca
avTiAnmtd and etoBohelc, oute N npochHxn ynudtony oto onuela autd vor ablave onuavTIXd
TOV Yeévo extéheons tou Aoyiouxol). Emmhéov 6tav 1o hoylouxd extelolvtay ue ulo
oLYxeEXEUIEVT axoloulia elo6B0u 1) SuvaULXY) CUUTEPLPORA TOV YNUATWY EMPETE Vo HToV
YAPUXTNELOTIXT oL Vo xwdlxonolovoe To udatoypdgnua. Ev ocuveyeloa mpoxewwévou va
vivovtay 1 e€ayoyT / evioniouds Tou UdUTOYPAPALATOC XATE TNV SLAPXELL EXTENEGTC TOU
hoyiouxol yivovtav yprion napaxohoulnty (profiler).

Q¢ arotéleoua TN TEYVIXNC AUTAC ATAY 1 AUENoT TNS TOAUTAOXGTNTAS TOU AOYLOULXOV,
xafdg 1 avdiuor vudteov xabiotatal ToAd dUoxokn xal eninovn epyacia UEow oTATXC
avdivong Tou x@dduxa. ITdpo Tadta dUKC, TO UELOVEXTNUA TNS EV AOY® TEY VXS HTAY TWS OF
TeplnTwon neochixng ToOAAGY YNUATKY, TEpay atd TO EMLTEETTO GpLo, O YPOVOC EXTEAEOTIC
Tou hoyiouxol auidvovtay paydaia xal o xGdwxag yivovtav Wialtepa dboypnotog.

Yuyxexpwéva, n teyvixt Tou J. Nagra elye otnpiytel otny xotooxeur| adlagovoy xaTr-
Yopnudtwy ta omolo elyav mpotalel oto mapeldv and dVo epyacieg tou G. Arboit xou
C. Collberg avtiotoiya. H cuvelopopd tou dume Htav 1o yeyovog 6t elye npoteivel ula
xaLyoUplo YeHoT TV adla@avedy XATNYOoPNUATWY 68 GUVBUAOUS UE YAUATA, 1 OTtolo auTé
Tou €xave el TG ouolag HTAY Vo GUVEVOVEL dUO BLAPOPETIXG TUALATA XGOOXA To oTola
eugaviCovtay mavouoldtuta Uotepa and otatixy avdiuor. Ev ollyowc n npocgyyior tou
eumeptelye ta e&hc oTddA:

o llapaxorolfnor uéow evég magaxohoudnts Tou Aoyloulxol To onolo exTeElelTal UE
uia ouyxexpluévn axohloubia etoddou.

e Evooudtwon / mpochixn / dHhwon viudteoy ota Tufuate exXelva ToU TpoYpdUUaTOC
6mou exteholvtal and uovdyo éva viua. To potiBo (oepd) olugpnva ue to onolo

exteroUvTaL Tor VAUaTA elval Cexwplotd xan xewdixorolel To udatoypdgnua.
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o H eCaywyn Tou udatoypaghuatog yivetar xatd tnyv Sidpxeia EXTEAEOTC TOU AOYLOUL-
%00 Slvovtag ula ouyxexpueévn axohoubia etob6dou xheldl xar avaibovtag ev cuveyela
g WbTNTES (Mot VAUATO EXTENEGTIMAY Uldl GUYXEXPLUEVT Yoy Teplodo, UE Tola
OELPd XAl AT TOLY TUAUNTA TOU XOBLXA TEPAOE 1) poT| EXTENEONC) TOU Ly vog exTéleonc.

Ev tékew oty epyaotio auth elye anodeiytel oe Hewpnuind urndaubpo 1 ophdtnta Tng v AoYw
Teyvixne, xabde enlong elye dobel xau ula Bewentiny npocéyyion odugwva ue Ty orola
ftay eCalpeTind dUoXOAT 1 enllean 6TOY XOdIXA TOU AoYLoULX0Y YPNOLIOTOLOVTAS OTUTIXT
avdluon, e€attlag e yprone viudtwy [50].

IThnodlovtac 6Ny ohoxhfipwon Tne avaoxdmiong To €tog 2008, dnuootevetal 1 epyaotia
tov A. Mishra, R. Kumar xat P. P. Chakrabarti ue titho: A method based whole program
watermarking scheme for Java class files [46]. Ytnv napotoa epyaoto elye napouotaotel éva
UOVTELO oTATIXTC UBATOYEAPNONE AoYLoUXoU To onolo udatoypagoloe Java xAdoeLg, elyay
TapouctaoTel enthéoeic oe autéd xabde entone elye ouyxplel xoL ue dhia 1dn dnuootevuéva
LOVTENX UBATOYEAPNONS TEOXEWEVOU VoL ECAYOVTOY OVTITPOCWTEUTLXY CUUTERAOUATA YLd
TNV avlEXTIXOTNTA Tou. Muyxexpluéva To tpoxeluevo wovtého otnpilovtav €& oloxAfipou
oTNY Sour| TOU hOYLOULXOU %ol TROXEWEVOU Vo eVoUaTwlel To udatoypedgnua ot xdbe uia
amd g xAdoelg Aduavay yopa ol e€c Aettoupylec:

o Anuovpyeltar to udatoypdgnua (olugwva ue opouévo alybpelbuo) to omolo Ha
evowuateiel peténetta ot xhdon tou hoylouxol (m.y., To udaToypdpnuUa UToEEl
va elvan elte évac aplude, eite pio axohoubio aptludv).

o o xd0e pla uéhodo Eeywpiotd, eZdyoviayv to ddypauua ehéyyou pofc, yivovtay
avdbeon Tdy oe Souéc ol omoleg elyav mpootelel xatd tn dtadixaoia Tng udaToYEdN-
ONG OE CUYXEXPLUEVA oTuela TOU xOOXA CUUPWYI UE CUYXEXPLUEVOUS TUTOUS, €V
ouveyela dnutoupyolvtay To VEo ddypaupa eAEYYOU pofic (YL TO GUYXEXELEVO
Turiua xO3xa) To onolo euneptelye ula axohoublo ue TuRpaTa pe Pedtinou xddxa xa
PedTixwy YETAPANTOY TwV oTolwy oL TWES NTov OUOLEC UE TIC TLEC LUdATOYPdPToNC.
Ev téher T0 xouvolplo dudypauua eAéyyou pofic (Tou xwdxomolovoe To UdUTOY PP
UaL), EVOWUATOYOVTAY 6TO dpytxs SLEypauua EAEYYOU ponic 0OAGXANEOL TOU AOYLOULXOY
oTa XATAAANAX onuEeio.

Yuveyllovtag oto (Bo €tog xaL ouyxexpluéva oto €tog 2008, dnuootedtnxe %ol 1) epyaotia
twy D. Gong, F. Liu, B. Lu, P. Wang xot L. Ding ue titdo: Hiding information on
Java class files. Xtnv epyaoia aut) o cuyypagelc elyav tpotelver Eva xawvolplo LovTELO
udUTOYEAYPNOTNC AOYLOULXOU TO OTOLO EVOWUATHVE TO UBATOYRAPTUN OTO EXTEAEOLUO apYElD
ue tov e&ig TpdTo:

o Avallovtoac TNV Hopgr| Tou exteAéoLUoU apyelov ot Java.

o Avadiatdooovtag Toug delxtec Twv oTalepdy 610 xatdAinio apyeto dtou Beloxovtay

anofnxeVUEVES UE OXOTO TNV EVOWUATWOT) TOU UdATOYRAPAUATOS.
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Ev ouveyela, otny epyaocto aut elyav mpayuatonownbel xat mewpduata ta omolo elyay
deléel mwe e ™V ev AoYw egapuoyh udatoypdgnone to uéyefoc Tou Aoyiouixol dev
avgdvovtay (xafde dev mpoothfovtay emtmhéov xddixac) xol aviiotéxoviay abevoapd oe
nowidec embBéoerc xaxdBoulwv yenotodv [38].

To €rog 2008 elye enlong dnuootevetal xou 1 epyaota Twv M. D. Preda, R. Giacobazzi
xat E. Visentini pe titho: Hiding software watermarks in loop structures. e authv tny
gpyaoto Aotmdy oL cuYYpagelg elyay e0TLIOEL OTNY LOEX EVOOUATWONS UBATOYRAPHULATOS
UECO O GUYXEXPLUEVA OTUAGLOAOYIXE oTLyULOTUTA xabde enlong elyay eoTidoeL xal oTny
1Wéa e€aywyhc / eviomouol xdvovtoag yeron evoc xhewdtol mpoxelévou va avaxtniel 1
Thnpogoplo mou elye yalel otic Souéc mou elyav Tpomomoinlel, avaxataoxeuvdlovtag ev
ouveyelo To LBATOYRPAPNUA.  LUYXEXPLUEVA QUTO TOU TEAYUATOTONoAY oL GuYYEUpElC
ATAV VA €pELVNGOLY TOV TEOTO AELTOUREYLAC TWV EMAVOANTTIXAOY SOUGY xal vo Sacicouy
TIg Stadxacieg TNE EVOWUATOONS Xal eCAYWYHC OTNY XATAVONON TNS oNUaclohoylag Twy
Eedimhwuévwy enavahipewy [53)].

Y1n ouveyela uetafalvovtag oto €tog 2009 €pyetar oty empdvela 1 gpyaoia twv C.
Zhang, J. Wang, C. Thomborson, C. Wang xat C. Collberg ue titho: A semi dynamic
multiple watermarking scheme for Java applications. tnv epyoacta auty elye mpotafel
éva wovTtého udatoypdynong, oto omolo yivoviav yerorn evog alyoplfuou Twv Huntwork,
Carter xat Townsend Collberg, npoxeiluevou va uetatpanolyv oe axohoudieg axepalwy ot
TUWES TOU UBOTOYRAPAUATOS Xl TOU XAEWL0U. BMuyxexpuuéva otny epyaotio auth elyav dolel
apyd xdmotol opLlouol oYeTIxd ue To TL elval 1 evowudtwor, 1 eaywyr), 0 EVIOTLOUHOC
XAl 7 AVAYVOELOT TOU USATOYRAPHUATOC AOYLoULX0U. TN CUVEYELN ElYE TOEOUCLACTEL
o alyéplbuoc oluguva Ue Tov 0molo UETUTEEROVTAY | XWIXOTOLOUVTAY 0L ax€palol GE
uetabéoelc, dlvovtag xal napadelyuata yio xakltepn xatavénon Tou Béuatog, Yotepa elye
TOUEOUCLUGTEL 1) TEYVXT) CUUQWVOL UE TNV OTOld EVOOUATOVOVTAY UEGO GTOV XMOOLXO TOU
hoylouxol oL ev Aoyw uetabéoelc Twv axepalwy autdv xalde enlong elye tapouclacTtel
xal 1) TEYVY eVIoTopol Ty uetabéoeny autdy uéoa otov xdduxa. A&ilel vo onuelnel
TWS N EVOWUATOOY TpayUatonolovvtay Ue Ty Bordelo Tou Slaypduuatog eAEYyou potc.
Yuyxexpluéva, agol elye dnulovpynbel To ev Aoyw Sudypauuo and To Un LBATOYPAPNUEVO
Aoylouxd yLvotay emAoyy onuelwy ota onola Bo EVOOUATOYOYTAY 0 ETTAL0V XOSLXIS.

To oxentixd alugova ye to onoto yivovtay npdlrn To uoviého twv C. Zhang, J. Wang,
C. Thomborson, C. Wang xor C. Collberg #tav va emthéyetal éva onuelo 6Tto Sudypauua
ehéyyou pofic xal To Sdypauua vo ywelletar oe dlo emuépoug onuelo. Xty cuveyela
1 poY) extéleonc mepvovoe elte xateubelay and to mpdto onuelo oto deldtepo o VoTtepa
va ouvEYLle xavovxd (6nwe ol 6To Un udATOYEUYNUEVO hoYlouxs), elte va mepvoloe
(ueTtéfarve) and to TedTo onuelo ot éva evdldueco 6mou oe exelvo Bu €yel mpootelel xa
0 emTAEOV XOOXAC TOU LBATOYPAPHUATOSC XL EV cuveyela dLépyovTay 6To SeUTeEpo omuEelo
6mou and exel xou Votepa 1 pory Ou cuveyllovtay 6nwe xal 6TV apyixy) €éxdoor Tou un
udatoypagnuévou Aoyiouxol. Ev xataxAeldl mpoxeiuévou va ohoxhnpdoouy tny epyaocta
TOUC OL GUYYPQELS, AVEQERAY XUl TNV TEYVIXT) OUUQWVO UE TNV oTolo To LUSATOYEAPNHUA
yivovtayv eaywyyh and to Aoyiouxd xalode eniong elyav mopouoldoel oL To xpLtrpla

32



olugova ue ta onolo elyay aflohoyRoel To LOVTIEND TOuC TopoLOLALoVTAC TELPAUIATIXG
anotehéopata [67].

Y1n ouvéyela To enOUEVO €TOC XL oUYXEXPLUEVA To €To¢ 2011 dnuootedeTal 1 epyactia
twv Z. Yu, C. Wang, C. Thomborson, J. Wang, S. Lian xot A. V. Vasilakos pe titho: A
novel watermarking method for software protection in the cloud. Xtnv ev Adyw epyaotia o
ouyypagelc, elyay mpotelvel ula Teyvint otoyedovtac oty LBATOYPAPNOT| AEYLTEXTOVIXGDY
mou umooThplay €QupUoYEC UEow dadixTiou xalde Tétoleg epapuoyés hoyuxd Ou elval
XAl TO UEAAOV TN EMOTAUNG TWV UTOAOYLOTGV. Apyxd elyay mopouctdoel Ty ev Aoy
APYLTEXTOWLXT|, OTY) CUVEYELX Elyay Tapouatdoet TNy dladixaota evowudTwong xat eCaywny g
TOU UBATOYPUPAUUTOS XoL eV TEAEL elyay allohOYACEL TNV TEYVIXT, TOUC TaEOUGLALOVTAC
TeLpapaTX anoteéouato [66].

To ¢to¢ 2011 ernlong dnpootedetar 1 epyacia twv J. Hamilton xow S. Danicic ye titho:
A survey of static software watermarking. e auty tnv gpyooia ou cuyypagelc elyav
TpoTelveEL £Vay YEVLXO BLaywEloUud TV UBATOYRAPNUATOY AOYLOULX0U, GE OTATIXE Xdl OE
dUVIULXE UBATOYPAPHILATA, ERLXEVIOHOVOVTAS TNV EPEUVA TOUC OTT) XATNYO0PLo TGV GTATIXOV.
1INV TEAYHATIXOTNTO aUTO ToU OTNY oucla Exavay HToY Yo Topoucldoouy Ula €peuva
YO0 ambd TS YVWOTEC TEYVIXEC OTATIXAC LdATOYRAYNOYNS Aoyiouxol mepthauldvovtog
enednyroelg xau enoxodountixd oydia yia xdfe ulo and autée [39].

Yuveyillovtac oto Blo €1og xal ouyxexpuéva oto €tog 2011, dnuootedtnxe xar 1
epyaoto twv M. Chroni xau S.D. Nikolopoulos ue titho: Efficient encoding of water-
mark numbers as eeducible permutation graphs. H epyacia autr édwaoe xat To evapxtiplo
AIXTLOUO TROXEWEVOU O GUYYPAPENS VAL EQELVE GTOV TOUEN TNE LBATOYPAPNOTNS AOYLOULXOY
xal va Ttpoc@épel Ta Oeuéhia oto uovtého udatoypdgnone Water Rpg. Ou ouyypagelic
elyav mpotelvel évav alybplfuo uetatponic / xwdxonolnane evic axepalou aptbuol oe
éva Ypdonua UEcK auToavaoTpépouoas Uetdlfeonc xat to avtiotpogo (anoxwdixonoinon).
To ev Moyow ypdgnua yapaxtnelloviay and cuyxexpluéves WOTNTES ()., CUYXEXPLUEVOC
aptBude Ty elepybuevwy axuody avd xouPo ot tepttté TAfoc x6uBwy) xat arnotehovoe
TO €VaUoUd YLa TNV ETOUEVT] epyacior TOug, cUUGOYA UE TNV oTtola To Yedenua autd Tou
TPOEXUTTE A6 TOV aAYOELHUS TOUC, TO EVOWUATOVOVTAY UEGH GTOV XGOS AOYLOULXO) UE
™V Lwop@h udatoypaghuatoc [13].

"Eva ypbvo apydtepa, ov (dlol ouyypagels, dnuoociebouv dAAn ula epyaoia ue titho:
An embedding graph based model for software watermarking. Xtnv epyoaoclo auth eiye
mpotafel ulo Tey Vi xwdixonolnong udaToyPaPHULATOC AoYLoULXOY EVTHE TOU TNYalou XGOS
X, YPNOWOTOLOVTIS To Ypdgnua xhhoewy. To udatoypdgnua EVOOUATOVOVTOY UE TNV
TpoaOxn xau SLoypa@) XAHoEWY UETALU CUVIPTACEWY TOU XOOXA YELRAYOYOVTIUC TNV O
extéheong ue ouvhrxeg eréyyou mpoxewwévou va Siatneniel 1 opbdtnta Aettoupylac.

To oxentixd mlow and v ev Aoyw Tteyvixn elvor 1 éva mpog éva aviiotolyla xdbe
x6uPou Tou udatoypaghuatog Ue ula HdN undpyouca uéfodo Tou Aoyiouxol xor xdle
eepyduevne axuic Tou udatoypaghuatog ue ulo emmpdobety / exovixn xhforn pebbdou
Tou Aoytouxol. And ula agnenuévn ontixt| Yyovia auTtd Tou 6TV oucla TEAYUATOTOLOUCE
7 TEYVIXA Toug RTay 1) 6UVBEGT) 1OT) UTAEY OVTWY GUVIQRTHCEWY TOU AOYLOULXOU UE ELXOVIXES
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XAHOELS CUVORTAOEWY TROXELEVOU 1) EXTEAEGY AUTOY Vo xwdtxorolnbel To udutoypdpnua
uéoa oe auth [14].

AZiler va onueinbel enlone mwe to éroc 2013, ov ouyypagelc autol allohoyolv ue
TeLpoaTXY] UEAETY) embéoewy otny epyacia toug ue titho: Design and evaluation of a
graph codec system for software watermarking, to ypogruata Ta onola mapdyovral aré
Tov ahy6pluo tne epyaoioc Toug [13] xaL xatakiyouy oe anoteréopata T onola delyvouy
TS AVTLOTEXOVTAL OE apxeTd eldn enféoewy [16].

1.4.3 Emoxémion Ydatoypagnudtwy Baciouéva os I'edpoug

To uSATOYPAPAUATA TOU £Y0UY KOS BACT ToL YEAPHRUATA, AT TLS ATAPYES TNS UOATOYEAPNOTC
roylouxoy yalpouv Wiattepne mpotiunong xafhe umopoly %ol TEOGOUOLBVOLY 1) AAALGS
upovvtal o oA xahd Palud v pory extéheonc twv hoyiouxdy (mohl TepleabTERO
de ula xatnyopla €€ autdhy ovouatL UeTaBETINd avaydyLud YRUQHUATY) VG TopdAAnha
elva dUoxoha avahboLuog o xOdXAC Tou dNULoupYElTaL UE TNV evonudTtwor toug. [ldpa
Tadta, ToAU epeuvnTéC €youy dagopeTiny drodr xabde TioTtedouy Twg av and TNV eEXTEAEOT
evoC Aoyloulxol oo tyvog extéleons mpoxddel éva yedgnuo To onolo TAnpel YVwoTég xat
aUoTNEES WLOTNTES TOTE auTH anoTerel cofupd xlvnteo yia xaxdBouloug YEHOTES Yio va
Palouy evdehey OGS TOV XMOALXA.

Eotidlovtag oe autol Toug eldoug ta udatoypagphuata yivetal gavepd twg ywetlovron
o€ 800 Bacixéc xatnyopleg, Ta oTaTXd YpaphuaTa xoL To duvautxd yeagruata. To otatind
EVOOUATOVOVTAL 6TO Sldypauud eAEYY0U poNC TOU eXdOTOTE XOOLXA, EVE Ta duvaulxd o
douéc dedouévwv 1 oe axohoulieg evioA®dy ol omoleg dnurouvpyodvtal xotd TNV Sdpxela
extéheonc tou xOdxa. 'Onwe xat dhheg otatixée uehddouc udatoypdygnons hoyLouxoy,
€10l xat 1 oot uEhodog evowudtwone yeagnudtwy elval Wialtepo eunabnic xol eudAwTy
OTIC TPOTOTOLAGELS GNUAGLOAOYIXADY SOUGDY TOU XOIXA (T.)., ELPOREUST, GUVONXEOY eNEY-
¥ov, Zedlmhoua Soudy emtaviindne).

(¢ enl To mAeloTov 1 Baoxr 8o oe aUTE T YRAPHUATI ElVOL TWE XWOLXOTOLOUY EVaY
axéporo aptud. Anhadr évac aplbude, yéow evoc alyopifuou xwdixoroleitar ot dout
evoc ypagruatog To onolo ev ouveyela B evowuatniel oe éva hoyiouxd. H owxoyévela
YoapnudTtwy auth ovoudletal graph enumeration ot o Ypopriuoto Tor onola avAxouy o
authy elvat ta &R

o KoteuBuvipeva Aévtpa pe Aceixtn otov IMatépa: (Directed Parent - Pointer
Trees) Yta ypaghuato autd undpyet o xou ubvo axur uetall xéufou xat tatépa.

o Emnedud KuPuwd Aévtpa (Planted Planar Cubic Trees): Ta ypagfiuate autd
elva Suadixd dévtpa dmou xdbe ecwtepndc x6UPBOC Touc exToC TS pllog Eyel 2 Todid.

o I'cagpriparta Pilag (Radix Graphs): Ta ypaghuata autd npochétouv éva emmiéov
medlo delxtn oe xdbe x6ufo ulac xuxduic ouvdedeuévne Motag ueyéboug k npoxeusé-
vou va xwdxonotioouy éva base — k Ynoplo.
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o Metabetixd I'pagruata (Permutation Graphs): 'Onwe xor ta ypagruata pllac,
€TOL X0l QUTH TA YRAPHUATA YENOLUOTOL0UY TNV (BLla UOVY| GUVSESEUEVT xUXALXH AloTa
uE TNV SLagopd buwe Tws £youy WLbTNTES autodléphuwong (error - correcting).

o Avaydyipa Metafetind Tpagruata (Reducible Permutation Graphs): To ypogi-
uato auTd Yotdlouy apxeTd Ue T UETAOETIXG Ypa@hRuaTo UE TNV LOVY dlagopd Teg
elvaw powdlouv oe peydro Balud ue ta Swypduuoata eréyyou porc (control flow
graphs).

Avédhoya Ue Tol YapaxTNploTixd Tou EXEOTOTE XGxa Tpoc LdaToYEdYnoN (T.y., AV UTdp)ouv
TOMES XAHOELS GUVOPTACEWY 0VE GUYARTNOT, AV O XOOLXAC ATOTEAELTAL 06 HAJOELS ATd TLC
omoleg dev dnutovpyolvtal eZapthoelc) emthéyetal xat i avtiotolyn xatnyopla Yeapnudtoy.
Y1éyog mavta etval 1 Sour) Tou xOSxa oV avorapaotalel Ue xdToLov TPOTO WS YEAPT U
vo. uotdlel 660 TO dUVUTOV TEPLOGOTERO UE TO YRAPNUA TOU TEOXELTAL VO ATOTEAECEL TO
udaToypaPTUAL.

@ @

L

:h:W ic) PW

Eyfuo 1.9: Tevier) meplntoon evowudtnone Yeupolewpttixdy udatoypa@nudtwy.

Tonofetdvrac duwe éva yedgpnua uéoa €va Aoylouxd, TEEREL Ue XdTolov TeOTo AuTo
va umopel va e€aylel oe uehhoviixd ypdvo. Ev ohlyolc, va umopodv va avayvopleToly Ta

OUVOAX TWV aXUGY X0l TOV XOUBWY TOU 6T0 e0wTERS Tou xOdwa. To mpoBinua auté
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Aovovtay elte ue onudvoelg (marks) péoa otov xdduxa, elte ue xdmoloug aUTOGYEDOUC
uabnuatixolc tinoug ot onolot MuPavay unddn cuyvétntee (m.y., EpEdVIoNS oUAdWY EVTO-
AOV) mhvta ue Ty Borbeta evéc xatwphlou (oplou). To dplo anoteloloes TNy ao@aloTixy
SuAiBa 1 omola Atay exelvy Tou arogdolle noHTe yiveTal eVIOMOUOS XAt TOTE HyL.

And v pla mheupd ol onudvoeg, otny oucla ftav emnpdoblieToq xddxag o omolog
dhwve mwe oe exelvo to onuelo unhpye évo onuddt (ula dour| udatoypdgnone 7 €éva
Tufua authc), duws Edvav atdyo oe xaxdfoulouc yprotes xalde dev elyav Wialtepn
ouvoyT UE Tov uTélomo xOdxa. Evd and v dAAn mhevpd, ou uabnuatixol tinol dev
EVOWUATOVOVTOUCUY OTO EOWTERLXO TOU XOOWXA, AN oTl¢ MeTUBANTEC TOU EUTEQPLElYAY
éunatvay TLéc oL onoleg eZdyovtay and mAnpogoples Tou xMdxa (m.y., Uotepa and TNV
eEXTEAEOT) TOU xOOWa ue Ulor axohoubia elocbddou téoec ouvlixes eAéyyou exteAéoTnXAY GE
x4be ouvdptnon).

To ueyohltepo UELOVEXTNUO TWY ONUELWY ONUAVOEDY ATAY TwS UTOPOUcAY EUXOAA VA
agatpebolv dlywe va emnpedletar 1 AettoupyxdTnTo TOoU TPoYeduuatoc. Me anhd Adyia,
TO UBATOYQRAPNUA XL O APYLXOS XOIXAC TOU AOYLOULXOU TUQUUEVOUY AVETAGA, AhAd oTd
TN oTLYUY, Tou Sev umdpyouy onueto oruavong dev unopel va yivel 1 Sudxplon uetald Touc.
Enouévoc 6,1t %€pdLle xdmoLog yenoLloToLdVTIS WS USATOYRAGNUATA YRUPHUATE TO EYAVE
a6 TS GNUAVOELS TOU YENOLULOTOLOVUGE UEGA 6TOV XMOBLxa. AVTiTpoowreuTixd Tapadelyuota
onudvoewy elval ta e&hc:

o Ilpochum xOBua o onolog dev emttehel xdmota Aettouvpyla 1 onola va ennpedlel Tov
un udatoypaEnuévo xddxa (m.y., woptdvovtac ulan twun oe plo vetafinth n onola
ToTé dev yenouonoteital, 1 npochétovtag cuvhrxec eAéyyou - Slaxhaddaoelc oL omoleg
dev oyetilovtal Ue Tov unéroino xHSxa).

o H xatauétenon 1wy eVIOADY eVOC TUAUATOS XGOBXA XAl 1 YeNouLoTolnor e TWhC
authc we onueto ofuavong (m.y., av ot eviokéc elvar 22 og aplfud xau otdyoc elvan
va. tebel 6To onuelo oruavong to 24, tpootifevtal 2 evtdc nop ol onoleg dev xdvouv
xaula evépyela).

o Kotauétpnon twv npocBdoewy 6e otatinég UeTAPANTEC TpoxeWévou Vo xaboploTel 1
ONHUOVOT).

e O unohoyioudg evég checksum twv dhwv evioAdY xar 1 ypron evog 1) TEPLOCOTEPWY
bits autol w¢ ohuavor.

o Metaoynuatiouos o xovovixy uopey| Tne axoloubilag eviohdy oe xdbe Turiuo xddxa
Xl UETETELTA 1) TPOTOTOINGT) auToy UE 6TOY0 Vo xwdixomotniody oL onudvoeLs.

o IlpooHxn onudvoewy oto meta data ta onola cuvdéovtar oe xdbe TuRUO XGOSLxA
(1.3, ahhay ) TANPOPOPLAY OL OTOLEC GUVIEOVTOL UE TNV ATOGPAAUSTOGT TPOXELLEVOU
var xwdixorotnfoly oL onudvoeLs).

To duvouxd udatoypaPAUATA YEAPNUATWY elval avOEXTIXE GTIC TEQLOGOTEREC TEOTOTOLY-
OELC ONUACLOAOYLXGY doumdy xal dev Slvouv epebiouata oe xaxdBoviouc yeroteg av To
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Yedonua to onolo elvan evowuatwuévo €yel emheyel onotd (va tarptdlel oe ueydho Babud
ue T douéc mou SnuroupyoUvtar xatd Ty didpxeta extéheonc). Ildpa taldta dev Eyel
oyedlaotel we thpa alybdplbuoc o onolog malpver we eloodo €va (yvoc extéheonc evic
hoylouxos xou va Tapdyel ke €£0do xdnoto BéRTioTo 1 oyeddv Béhtioto (optimal) yedonua
70 omolo va evdelxyuTal yia EVoOWUATWOT).

37



38



KEDAAAIO 2

YAATOI'PA®HYH AOIEMIKOY

2.1 Y3atoypagpruoTto

2.2 AdyoplBuxéc Teyvixéc Ydatoypdgnone Aoyiouxod

2.3 Mebodohoyla Kataoxeufic xaw Evooudtwone Ydatoypapnudtwy
2.4 Embéoeic oe Ydoatoypaghuata Aoyiouxoy

2.5 T'pagruata Hopoydueva and Koddixeg Aoyiouxdy

2.6 Avddvon Kodduxa Aoyiouixol

2.7 IBavue Khdon T'oagolewentindy Ydatoypapnudtwy

2.8 H Ynuaota tng Avagdvetac

2.1 Ydatoypopruota

"Eva and to onpavtinotepd, SUoyenoTa xul GAUTA TRoBARUATA 6TV UBATOYEAPNCT) AOYLoUL-
%00 elval To LBATOYEAPNUA APOL EVOWUATOOEL 6TOV XD Tou hoylouxd va elvar Sapavée
(stealthy) téoo 600 va unv ylvetar avtihnutd and ota pdtia xax6BovhwY Yenotohy, evé
TopdAANA A Vo umopel avd mdoa otiyur vo e€aylel anotelecuaTind and TOV TEAYUATING
Woxthtn. To yeyoviés autd anotekel lowe tov peyahitepo ouuPiBaoud (tradeoft) e
udatoypdynong hoylouxol xabde av To udatoypdgnua elval ToAd evxoio va eloylel and
T0 hoylouxd xdnolog etoPBoiéag Ha unopéoet yYpryopa vo to Peel, eVod av To LSATOYEAPNAL
elval moA) Sdvoxoho va elaybel and to hoyiouxd o WioxtAtng Tou lowe va uny elval o
0éon névta va to e&dyet.

BéBaia, Oa éheye xavelc mwg and n otyun nou npootifetol xddixac uéoa otov NN
umdipyov x@ddxa, autodg 6mwe xor v yiver Oa gatvetal. To Oéua oty dAn undbeon elvan
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TeOTOV, 0 AOOXAC AuTHS Vo uny divel xavéva xivnteo Yo Paliuo oe eroPolelc Tou Tov
XOLTOUY XL BEUTEPOY, VO VAL TOGO XAAL GUVOEBEUEVOS UE TOY UTOAOLTO UT) USATOYRUPNUEVO
xOOxO €TOL OOTe Vo YpetdleTal TOAD Opd TEOXEWEVOU XATOLOC VA SLEXTEQULOOEL TNY
arooVvdeor, Tou. Me anotéhecua va elvar aolugopa yu auTtéy vo aoyoknel ue autol

Tou eldoug Tig EVEPYELEC.

2.1.1 Koatnyoplonoinon

[Mpoxewévou vo xataoxevaotel €va USATOYRAPNUA AOYLOULXOU TEETEL TEOTYOUUEVWS VAL
xataotel cagéc mowo Ou elvar To eldog mpootaciog Tou Oo TPocEEpeL UE TNV EVOWUATWOT
Tou oToY xMHOxa. Eyovtac wg Bdon To yeyovéc autd T UdATOYRUQNUATA AOYLOULXOU
XATNYOPLOTOLOUYTAL G EENC:

o Yruarta ocuvtdxty (Authorship marks): To udatoypagruata autic Tne xatnyoplac
EVOOUATOVOYTAL UE TNV UOP®PY) EVOS UOVABIXOU aVAYVWELOTIX0U UECGH GTOV XMOLXA
evog hoylouxol To omolo yopaxTrellel TOV XdTOYO TWV TVELUATIXGV SIXUOUATWY.
LUYHEXPUIEVA 0LV XATOLOG EYEL XATAOXEVAOEL £val hoYLouxd xol embuuel vo to Swabéoel
oTNY ayopd, auTO TOU TEETEL VUL TEJEEL TEMTO ELVOL VO EVOOUATOOEL 08 %&b avtiypapo
TOU AOYLoULXOU TO (810 UBATOYEAPTU TPOXEWEVOU GE UEANOVTIXG YpOVO aV YpEelaoTel
vo. To e&dyel xat vo amodelel g autdc elval o mpayuatixde Woxthtne. Tétow
udatoypagruata Oo uropovoe va elvat mapadelyuotog ydplv ypagruoato Ta onola

(PEPOUY CUYEXPUUEVES LOLOTNTEG.

o Yruoarta daxtulixol arotunodpatos (Fingerprinting marks): To udatoypaghuata
autd, oe avtibeon pe to authorship marks, xdfe @opd mou evowuatdGvovtaL oto
avtlypago evig xd3xa Aoylouxol talpvouy xol hovadixr Lopgt. Andtepog oxondc
TOU YEYOVOTOS aUTOU ElvaL 68 UEAAOVTIXO YeOVO VO UTOREL VoL EVTOTILOTEL O AY0PAGTYC
ToU hoyLoutxoy (6t auTtoc Tou EyeL To TVELLATIXG dixatduaTe, dAE auTd TOL EXavE
™V oyopd and autdy Tou €yel Ta TYELUOTIXG duxatduata) o omolog Ha elvar xat o
TEAYUATIXOC LUTAlTIOC Tou dgnoe Vo dloppeeloel TO USATOYPAPNUEVO AOYLOULXO OF
dtoua mou dev €youv To vouuwo Suxalwua. Tétowa udatoypaghuata Ho unopovoe
va elval ouufolooetpéc (m.y., duadixéc) oL omolec agol avayvoplotody xat e€ayfoly
Tpodidouy tov ayopaoty. Ydutoypagruata autod Tou eldoUC YENOoLUOTOLOUVTAL Yo
Topddetyuo oe hoytouxd ta omola elval axdua oe tpdiuo otddo (beta copies) ané
etatplec ou omolec Ta mapEyouv oe xdmoleg dhhec eTatplec Yl EVIOTLGTOUV TUYOV
TpoflAfuato acuuBatotnrac. Enouévws otny meplntwon xatd v onola ol etatpleg
oL onoleg éAaPav Ta udaToypaPNUEVE Aoyiouxd To Stabéoouy UETETELTA GTO XOLVO

TOPAVOUWS, OL ETULPLEC OL OTOlE TO EGTELAALY VO UTOROVY VoL aT0delE0UY Ta AUTOVONTA.

o Yruata ddetag (Licensing marks): Autd to udatoypaghiuata, ypnoulonololvToL
Tpoxeluévou va motononbel n aubeviixdtnTa evéc Aoylouxol Uéow evog xAedlol
10 onolo cuvihiwg elvan ula axoroulia anoteroduevn and yeduuata # apliuoic 1 orola

Cnrettan pla @opd U6Vo xatd TNV eYX0Td0TIOT TOU AOYLOUXOU GE EVaY AEXTEOVIXO
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UTOAOYLOTH Yo Vo apyloel vo extedeltal To udatoypagnuévo hoyiouwxd. To xhedl
AUTO, TEETEL VAL ELVUL AVATIOTEAECUATING OF TEPITTMWOY OTOU TO EVOWUATOUEVO UBATO-
Yedpnuo €yel utootel ahlodoelc. Me Tov 6po avanoTeEAEGUATING EVVOELTAL THE AV O
%Gd{xaC Tou Ldatoypaphuatog €yel Tpotononiel, dlvovtag To xheldl 610 hoylouLxd,
auto va unv hettovpyel owotd. Tetowa udatoypagphAuata Yo Tapddelryua Eyouy Ta
royiouxd tne Microsoft xau tng Adobe ta omola av 0 unohoyiotrc elval cuvdedeuévoc
070 SLadiXTUO, TPAYUATOTOELTAL 0 XUTAAANAOC Eheyyog xat av elval OeTixde To hoyi-
ouwd Tavel vo Aettovpyel owotd Bydlovtac Tpoetdomolntixd unviuoTa.

o Yruata éyxplong (Validation marks): Autod tou eldoug Ta udatoypaguata yeENoL-
UOTOLOUVTAL UE OXOTO Vo xaOloTATOL EQUXTY 1) AV Y VOELOT) EVOS AOYLOULXOU WS oube-
VTG xal un ahhotwuévo. Tétoln udatoypa@ruata yio TaEddelyUd, ATOTEAOUY oL
PnpLaxéc UToYPAPES EXELVWDY TWY TEOYPAUUATWY TOU €Y0LY Xwdlxorotnbel 6Tn YAG)-
000 TRPOYPAUMATIONOY Java Tpoxeluévou oL yeoTeg Tou Ta xateBdlouy and to dtadi-
XTUO XOL TOL YETOLLOTOLOUY, UOALS To XATERdc0oUY va unopolv va eAéy&ouv av autd

z ! 7 !
€youv unooTel evdeydueYY TpoTOTOINGT).

Eva coPapd petovéxtnua twv udatoypapnudtwy tinou fingerprinting marks elvor mwg av
xdmotog etooréac xaTagépel va anoxTHoEL TedoPooY o 2 Y Xdl TePLCoHTERA AvTlypapa
eVOC hOYLOUXOU TO OTOl0 TMPOGTATEUETAL UE AUTH, TOTE ond TN OTLYUH Tou autd elval
dlapopeTind oe xdbe avtiypao autdC unopel eUxola va cuYXElVEL TOUC XGBXES TOUS, Va
evtonioel Ta onuela ota onola Bploxovtal, xat otn cuvéyeta va to ahhotdoet. T Tov
Aoyo autd, cuvifiog étav Yivetal yphon TETOLLY LSATOYEAPNUATWY auTd cuvdudlovtal
UE TEYWXES OUOXOTIONG, OUTWS DOTE OL XWOXES VO UMV BLaPeEQOLY ovdya ota onueta
omou haufdver ydeo 1 udatoyedenon alkd xal oe Sdgopa dhha Tuyata onuelo. BéPRoia
0 ouVdUAOUOS aUTOC ETLpEREL Ula ducpoplo oTa dToud Ta ontola GUVTNEOUY AOYLoULXE UE
Tétolou eldouc mpootactia, aAld dev unopel va yivel xol xdnwe StapopeTtind axoloubdvrog
AUTOY TOV TPOTO TPOGTACLAC.

Alilel emmiéov va onuetwlel twg o éva hoyiouxd umopolv va evowuatmdoly xat
ToAMaTAd LdaToYpuguata TUTou authorship ¥ fingerprinting marks npoxeévou va mpo-
OTATEYOVTOL TO TVELUATLXY OLXAULDUATI OAWY GGWY €Y 0UY GUVELGQEREL YLOL VAL XU TAOXEVAGTEL
autd. To mpdfAnua duwe oe auTAY TNV TEplnTWOoN elval TWS UE TNV ELCAYWYT| TEPLOGCOTERWY
TOU EVOC UBATOYPAPARUATA OTOV XD EVOS Aoylouxod undpyel coPapdc xlvduvog dtav
ELOAYETAL XATOLO, Yol AAAOLGOVOVTAL TO TPONYOUUEVAL.

Me uta tpdTn avdyvewon enlone xdmotog Bo €heye Twe 1 GLAOCOP0 TwV USATOYEAPTUA-
Twv TUnou licensing marks poidlel modd pe autrhv Tou yopaxtrellel Ty teyvixt Dwpdxiong
2OOxa, xaTd TV omolo UTdpyEL 1 Qdor Tou eAEYYOU X 1 pdon Tng avtidpaong. Ka nwg
N Lovn dlogopd Twv udatoypagnudteny TUrou licensing marks xou validation marks etvat
Twe 6Ta 8eUTepa av To xhewdl mou {nteltal yio eLoaywy elvat AavOoouévo To Aoyiouixd dev
exteheltal. Ou dlagopéc ueTadl Twy SLapopeTix®dy TUTWY UdUTOYRUPNUATWY urtopel vo elval
ULXEES %ol Yo xdmoloug auehntéeg, ahhd elvar autég mou xabopilouy Tov TUno TpooTtactog
YL TOL TVEUUOTLXG SLXOLOUATA TOU TUREYETAL OE XATOLO ANOYLOULXO.
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2.1.2 Idu6tnteg Ydatoypapnudtwy AoyLiouixon

Ta udatoypaghuata AoYLOULXOU TEEAY AT TLC XATNYOPLEC OTIC OTOLEC AUTE XATATACCOVTAL,
(pEPOLY XaL LOLOTNTEC OL oTolec Toug Tapéyouy éva eldog Eeywptotrc Tautdtntac. H %dbe

7 /7

uta and g WLoTNTES TpooeyYllel Tic douéc udatoypdynone and ula duxr TN onTixr Ywvid,
ywpllovtde teg xatd xdmolov Tpoémo o 2 cuuminpouatixd eldn.  Enlong ou wWbidtnrteg
auTEC, elval ahAniévdeteg ue Tig TeyVIxéS udatoypdynone xaboe Tic divouy cuyxexpLuévo
YAEAXTAEO %Ol XOUATOUPA TROXELUEVOU VO AELTOURYOUY TEocapuolovTag TopdAANAc TIC
EVEPYELEC TOUG UE OXOTO VA EVOWUATAOOOLY TNV EXAOTOTE SOUY) GTO EGWTERPLXO TOU AOYLOUL-

%00, OvWotnteg autée divovton avd Cedyn o elvol ou axdioubec:

o Ytatixd / Auvopxd (Static / Dynamic): Ou WSidtnrec autée agopolv Tov 1pé1o
UE TOV OTOlOV T USATOYPAPAUATA EVOOUATOVOVTOL XAl eEAYOVTUL 0RO TO EXACTOTE
hoyiouxd. Av €va udatoyedgnua €yer TNV IBLOTNTH TOU GTATIXOU AUTO OUALVEL TKC
yio v e€oyfel amd to hoyiouxd oto onolo €yel evonuatwiel dev yperdletal va yivel
exTéAeo, 1 e€aywYr) Tou unopel vo Tpofel yio Tapddelyua xateubelay and Tov nnyato
%O uEow evéc avahuti| (parser). Evd av éva udatoypdenuo éyel Ty WiétnTa
Tou duvouxoy, autd onualvel Twg Yo vo eayblel and to hoyiouxd ypeeldletal 7
exTEAEOY| TOL Uéow ulag ouyxexpuuévne axoroublog eloddou I, 1 omola Oa amotelel
XAl TO XAeWl UBATOYEAPNONG, XAl 1) UETEMELTA XATAYEAUPT, OADY TWV EVERYELMOY TOU
TEAYUATOTOLOUVTAL Yo Topdderyuo uéow evic mapaxolovtnts (profiler).

e Edbpavota / Edpwota (Fragile / Robust): Ou iétntec autée agopolv to xatd
1600 eVx0A 1) SUOXORA TA UBATOYPUPHUATA UTOROVY Vo UTOGTOVUY AANOLOCELS OTY)
dour| Toug xal v uny uropouv va e€ayBody. Yuyxexpluéva ov éva udatoyedpnua £eL
Ty WOTHTA ToU eVlpaucToU, AUTOUATWS AUTO ONUlVEL TWE OYESOV UE OOl TOTE
uLxen) ahhoryy) TO UBATOYEAPTUO ATAAOLOVETAL. Y BATOYRAPHLUTO UE AUTHY TNV LOLOTNHTA
ouvifwe ouvdudlovtal ue TNy eV g Owpdxiong xabde elval Wiaitepa Boluxd
070 Vo emTuYydveTal ophdc éheyyoc moupaPlaone xddxa and tpitouc. Evd av éva
udaTOYEAPNUA EYEL TNV WLOTHTA TOU eVpWOTOU, AUTO ONUALVEL TWE AXOUA XUl UE
TPOTOTIOLAGELS GTOV XA TOU TO XATAOXELALEL auTH Sratneeitar avallolnTo.

e Opatd / Adbpata (Visible / Invisible): Ou Wi6tntec autée agopolv Ty opatdtnta
TOV LSATOYPAPNUATOY UEGA OTOV OO Tou hoyiouxol. Ernl tng ovolag, to uda-
TOYPAPHUATO TA OTOLoL €YOUV TNV LOLOTNTO TWV 0pATAV TEPLYPAPOUV EVay aAY6pLOuUo
udatoypEdpnong 6Tou 1 GUVEETNOT VALY VOELOTC elval YVwoTy. Me anotéheoua onoto-
odrnote va elvon oe Béon va 8et 1o LBATOYEEPNUN XL ELTE VO TO XATAOTREPEL EVIEANC,
elte va To aAhd&el Ue dmolov TpdTo autdg enLOUUEL, dnutovpydvTag €Tl €va xauvolpyLo
udaToyEaETUA Un avayvwelowo and Tov VOULUO WSLOXTHTY Tou Tpoypduuatoc. And
TNV GAAT TAEUR, 1) BLOTNTA TWV AORATWY USATOYRAPNUAT®Y TEQLYPAPEL Ul GUVEETNOT
avayvépelong, 1 onola dev elval Yvwoty, mopd uévo oe auTdY TOU XoTooXEVALEL TO
udatoypedpnua xaboTtdyTac Ue auTdY TOV TPOTO SUCXOAT XaL YeovoBopa Tny doulela
%dmoLou Vo To VTOTLGEL oL Vo TO PydAet 1) axduo XL Vo To UETOHAAAEEL.
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e Eotiacuéva / Audyuta (Focused / Spread spectrum): Ou didtnreg autéc apopotv
To TARfog xau Ta onueia Tou xGO3xa 6T onola €youv AGBEL Y OPA Ol TPOTOTOLOELS
TEOXELWEVOU 1o uduToYedgnua va evowuatwlel. Ay éva udatoypdgnua €yel tny
WBLOTNTO TOV ECTLNOUEVWY, AUTO GNUOLVEL TWSC 0 XGOOXAC 0 0Tolog xaTaoxeudlel TO
udatoypdgnua dev elval exteviic xau Bploxetal og €va cuYxeXELUEVO onueio UEoa 6ToV
AOOXA TOU hOYLOUX0U, eV av €Va udATOYRAPNUA EYEL TNV BLOTNTA TWY SLdYUTWY
elte 0 xGdwxag mou To xataoxeudlel elval extevig, elte Sev elval ou Tponomolfoelg

7 /. e !’ 7 '
Ehafay ydpo o ToMAG onuela LECA GTOY xOOLXA.

e Evnuepouéva / Tuphd (Informed / Blind): Ou Wiétnres autéc oyetilovtar ue v
anapaltnTn TAneogopla mou ypeeldletal Tpoxelévoy va Teaypoatorolndel i efaywy
TOU UBATOYRUPAUATOS ATO TOV XGOOLXO. LUYKEXPLUEVA, oV VA UBATOYRAGNII EYEL TNV
WBLOTNTO TV EVNUEPOUEVLY auUTO onualvel g Yo va tpayuatononbel n eaywyr
TOU Aam6 TOV XOOWX amAtTELTOL GUY TNG GAATE %ol 0 Un LBATOYPAPNUEVOS HOOXAC
1) TO UBATOYEAPTUA, TEA YU TOU YL UBATOYEAPNUA TO OTOLO EYEL TNV WLOTNTA TWV
TUPAGDY dev Loy UeL.

Ye ToAEC epyaoiec Tou €youv dnuooteutel oe SLelvi| emoTnUOVLXd GUVESELAL oL TepLodLxd,
dtuma, Yo AOYOUS anoQUYRC CUYYUOE®Y X0l YEVLXE EUXOAAC 0T CUYYEUQY), OL EQEUVITEC
XENOLLOTOLOUY TNV WBLOTNTA TWY LBATOYEAPNUETWY WS oTaTxXd / Suvauxd TpoXEWEVOU Vo
UTdpyel Evag anhdg dlaywplouds YeTall TV TEYVIXGY udatoypdgnone Aoyiouxol. Anladi
oTn Yevu teplntwor 6Tay ulo TeY Vx| EVoUATOVEL UdATOYPdPNU To omolo yia va e&aybetl
dev amoatteltal 1 EXTEAEGT) TOU AOYLOULXOU XUTATIGGETOL OTLC OTATLXES TEYVIXES, EVG OTAY
ulor Tey vy evowuatdvel udatoypdgnua To omolo Yo va e€ayfel araitel Ty extéieot Tou
AOYLOULXOU XATATACOETOL OTLS QUVAULXES TEYVIXEC.

Entl tn¢ ouctag dtav éva udatoypdgnua €yel Tn oTaTxY| IBLOTNTA EVOOUATOVETAL JUEC
OTOY xOOXA EVOC hoYLoUXOU Ywpelc Vo TpoTonoteltal xatd TNy Sidpxela exTéAETHC TOU, EVE
otay €va LBATOYEAPNUA EYEL TNV SUVOULXT] LOLOTNTA EVOOUATOVETAL EUUECO GTOV XOOXA
evog hoyrouxol. Anhadr utdpyel 6to hoylouxd uéoa o x@dAxaC 0 onolog 10 xwdLXoToLEL,
oahhd povdya otny Teplntwor omou dobel 1 axoloubio eloddou xheldl autd xoutaoxevdleTal.

Y1y neplntwon xatd TNy omola Eva LBATOYEAPTUA EYEL TNV LOLOTATA TWV EVNUEPWUEVWY
€yeL éva ooPapd uetovéxtnua xafohe ypeldletol TeploGOTERT) TANPOYORLA, CUYXELTIXE UE
évar LSATOYEAYNUA TOL EYEL THY WLOTNTA TWV TUPAGDY, Tpoxeluévou vo elaybel and éva
royiouxd. Mio amhy) xoL cuvdua ToAS LY VY TERInTWOoT XATA TNV OTolo VAL EVNUEPWUEVO
udatoypdgnua dnutoupyet TpolAfuata elvat exelvn 1 teplntwon xatd Ty onola To AoyLouLx
€yel udatoypapnlel xat oTn cuvéyelan emextelvetal Eovd xol Cavd TPOXEWEVOU VA TOU
Tpooteboly emuépouc Aettoupyiec. Tote mpéner avayxaoTixd va ot adhayég vo yivovtal xol
G070 Un UBUTOYRUPNUEVO XaL 6TO LBATOYEAPNUEVO hoylouxd. I'eyovdg To onolo Suoxoledel
o€ ToOA) PeYAho eTNEdO TNV CUYYPAPY XOOLXA.

Eotidlovtac otny otatixr. duvoulxr) WLOTNTo TV USATOYRAPNUATWDY YIVETOL QUVERSH
TS TA SUVOULXY LBATOYEAPHUATI EYOUY EVA UEYAAO TAEOVEXTNUO EVOVTL TWV OTUATIXOV.
Kafde ané v ounyph mou dev Pacilovtar oe didtntec tou xGduxa (m.y., ouyvoTnTeS
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ELPAVLONS EVTOADY) dVoxola ahhotdveTtar 1 dour] Toug UoTepa and TPOTOTMOLGELS TWVY
ONUAGLONOYIXGY SoUGY Tou xOBxa (.., GUYYGVEUET cuViNXGOY eAéyyou). H udvr Slodoc
Tou unopel va axohoufnbel and xaxdBovioug yerotes npoxeluévou va entgépouy emBhafelc
TPOTOTOLAGELS BTNV SOUY| TOUG ELVAL VO TROXAAEGOLY AAAAYES OYL OTIC BLOTNTES TOU XMDOLXA,
ahhd oTig doueg Tou dnuLoupYel 0 xMOag adTou autog exteieotel. Ilpdyua mou and
@pUomn Tou ypeeldletal TeplocdTeRT euneLpla xaL Ypbvo.

Y10 onuelo autd, TovileTal TOC XavEVaS ouVdUAGUHS WBLOTATOY dev enapxel TEOXELUEVOU
Evol UBUTOYEAPNUA UE TNY ELOUYWYT TOU 08 xOdxa hoyiouxol v xablotatal avarlolnTo
EVOLVTL TPOTIOTOLNGEMY XL VoL TEPVE amapaThpnTO and Ta Ud T xax6Povhwy yenotdyv. Kdabe
UL amd TLC LOLOTNTEG TPOGYPEQREL TAUTOYPOVWS XL TAEOVEXTAUNTA ARG XOL UELOVEXTHUATA.
Enuovtixd pdho duwe otny eniteudn aroteieouatixic udatoypdgnong nallel n eunelpla TOU
YENOTN GTOV TROYPUUUATIOUS, xa0OC aUTHC TEEREL Vol €YEL 6TO UUOAG Tou xal Ti¢ TLhovég
TEOTOTOLAGELS XUXOBOVAWY YPNOTMY, AANE XuL TS TUYOV EREXTACELS OL OTOlEC XATd Tdoo
mhavotnta AdBouy ydeo 6To UEAROY.

Ydaroypagpipara

opard

Buvopko
igvog

CNTIARTITA

Yyfuo 2.1 Iddtntec udatoypapnudTwy hoylouxoy.

'Ouwe 1 oot / Suvau WBiétnta tov udatoypagnudtony ywelletal oe emmiéov
WBLoTNTEC OL omolol TEoGhETouy Ue TNV oelpd Toug ot auTd emmhéov yapaxTnpotxd. Ta
YapoxtneloTixd autd eotidlouv ent T ouclag o6TOV TEOTO Ue TOV oTolo TO exdoToTE
UBUTOYREAPTUA XWBLXOTOLELTAL UECA GTOV XMBLXIU TPOXEWEYOU G UEANOVTIXG YpOVO va
e€aybel. Autéc elval oL axdrouvbec:
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o Yrtatxd Ydatoypagpruata

— Ydartoypagpruata x@ddixa: (code watermarks) To udatoypoaghuata autd ev-
COUATOVOVTUL GTOV XOOLXU TPOTOTOLOVTUS OPLOUEVES amtd TIC WOLOTNTEC TOL.
"Eva anhd nopddetyua elval 1 adAoyr) 0Tn oelpd ELQAVIONG TWY TUNUATOY XOSLXA
Tpocbétovtag eviohéc tUnou goto.

— Ydartoypapruata dedopévwy: (data watermarks) To udatoypaghiuate autd
EVOOUATOVOVTOL 0TA SEB0UEVA TOU YENOULOTOLEL 0 x(OOLXaS, To omola Beloxovton
e apyNc péoa oe autov. [ napddelyua otic uetaSAnTéc oL onoleg eunepLéyouvy
ouufohooelpéc K ota dedouéva tar onolor elval amopaltnTa Yoo TNV ATOCQUAUS-
twon (debugging).

o Auvauwxd Ydatoypapruoto

— Apeoca avtilnrtd vdatoypapruata: (Easter eggs watermarks) Ta udatoypo-
puata outd Sobeloog ulag ouyxexpluévng axohoubiog etobdou, 1 onola anotehel
Xl To AWl TOu LBATOYPAPHUUTOSC, TEAYUATOTOLOUVTAL evépyeles ameubelag
AVTLANTTES amd TOV YeHoTY. Aev Utdpyel OUOS XATOLO GUYXEXQUIEVO AYTLXEUEVO
UECO GTOV XGAXA TOU AOYLOULXOU Tou autd evowuat@dvovial. Tétowou eldoug
evépyeleg elval v mapddetyua agol mAnxteoroynfel 1 axohoubia xhewdl va
euavioTel €va uXvuua To omolo Vo A€el TS TO AOYLOUIXO Elval TYEUUATIXG

HOTOYUPWUEVO.

— Ydartoypaprupata duvauxdy doudv dedouévwy: (dynamic data structure
watermarks) Autd ta uSATOYPAPAUATA EVOWUATAOVOVTAL 0TS OUES TTOU dNULOU-
eYouvTal xatd Ty didpxela extéheons Tou xGddxa dobeloug ulag ouyxexpuuévng
axohoullac erobdou. To udatoypdgnua eldyetar, eletdlovtag TS TEEYOVUOES
TUWES OPLOUEVODY YLO TARAdELY U LETABANTOV XATA TNV EXTEAECT, TOU AOYLOULXOY
ue ™) Porfea elte evoc moapaxohoubnth (profiler), eite evic anooguluatonty
(debugger).

— Ydartoypaprupata duvaptxol tyvoug extéleons: (dynamic execution trace
watermarks) Autd to USUTOYPAPAUATA EVEOUATOVOVTOL 6TO (VoS TOU dNULou-
ovel n extéheon Tou xMdOxa, Yotepa and ulo axohoubia eto6dou xhedl. Xuyxe-
xpLuéva, ol dleubivoele UVAUNG 1 oL eviokéc mou extehéotnxay efetdlovTal
070 OUYOAG TOUC TPOXELUEVOU ONO UECH AUTEC YO OVAYVOELOTEL TO XPUUUEVO
vdatoypdgnua. 'Eva wpalo tapddetyua udatoypa@nudTwy Ue authy Thy BLOTNTA,
elva exelva Tor udatoypagrRuata Ta omola xwdixomoloUvtal o uia ahAniouyla
Baowdy evIoA®dY xatd tny didpxeta extéleonc ol onoleg elval avedpetnTeg and
™MV YAGGoW mpoypauuatiogol mou yenowonoteital.  ‘Onwg elval ol xAfoelg
OLVAPTACEWY, 1| oL oLUVOTiXEC EAEY Y OU.

"Yotepa and uehétn etdv 1 onola €yel Siedaybel oTov Toufa Tng uBATOYEAPNONS AOYLOULXOV,
€yel amodetylel Twg Tor LSATOYPAPAUATA Ta OTOLAL £YOUY TNV GTATLXY WBLOTNTA UTOAELTOVTOL
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aUTOY Tou €youy TNV duvauxy xaBdc elval Wiontépng evalobnta oe ueTaoy NUATIONOUS
OTUACLOAOYLXGDY BOUMdY TOU x®BdXA. AT6 TN oTIYUY) 6Tou TEToLoU eld0UC UETACY UATLOUO0UC
unopel vo egapudoel o xabévac oe €va hoylouxd, amAd UE TNV YENHOT EVOC AUTOUATOU
epyahetlou, elval apXeTH YLl VoL UNY YENOLOTOLOUVTAL OV TOUC By we XATOoLoV GUVSUACUS

(m.x., Bwpduion).

if () goto Bz
goto Ba
] I

L
ﬂ

=
—
E:
=0
=
(=l
m
[
N
M
ﬁ‘:l:j
[=
g
o
o
N

C wot )
| I
(K Bs
[ if () goto Bs
¥ B4
[ () oot Be
goto Bs
v B- g { Br
C ) ( )

Yyfua 2.2: Ydatoypedenua To onolo QEpel TN OTATXY WLOTNTA XAl GUYXEXPLUEVI AVHXEL

N

OTA USATOYPAPHUATA XK.

And v 4N mhevupd, To LBATOYPAPHUATH TOU EYOUV TNV Suvauxr WOTNTA, VoL UEV
elvat Beloxovtol Tortobetnuéva uEca 6T0 AoYLoULXS OTWS XaL TA OTATLXY, OAAG TEOXELUEVOU
VO XATAOXEUAOGOUY TO UBATOYRAPNUO TEETEL Vo Yivel 1) eXTEREST] ToU Aoyiouxoy ue uia
ouyxexpévn axolovbla erobdou. Kou mdit duwe, elotpdvtac to USATOYRAPHUATA TOU
€youv TNy WOTNTA Twv Easter eggs, to udatoypagiuata ue TNV duvauxy WLoTnTa SV
TOEAYOLY S ATOTEAEOUN XA TL BLaQOEETXd and auTtd Tou Bu Tapryaye TO U UdATOYEAUPTUE-
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vo hoytoux6 ue tny B eloodo. To udvo npdyua mou adrdlet, elval Tw TO ETBLWAOUEVO
ATOTEAEOUA EPYETAL ELG TEQUG UE EVEQYELEC OL OTOLEC OTO E0WTEPIXO TOUG XWOLXOTOLOUY
™ doun) udatoypdgnone (m.y., To Sildypauua eéyyou pofic xdfe ulag and Tig ouvapThoELS
Tou extelolvton dnutoupyel ouyxexpévo yedenua totou petafetixol). Me anhd Adya
drhadt), n otaTixh WOTNTA TOV USATOYEAPNUATWY €yl Ta DeUENd TN oTIC WLOTNTES TOU
yapoxtnetlouy Tov %O, EVE 1) SUVOULXY LBLOTATA TV UBATOYRAPNUAT®Y €yl Ta Heuéhid
TNE OTA YUPAXTNELOTIXG XAl OTLE WBLOTNTES TV SOUNDY TOU dNULOUPYOUVTOL XU T TNV dLdpXELd
eEXTEAEOTC.

H duvapueh WBuotnTar Ue T ¢ TOPO TERPAYUEVA GTNY TEOCTACLA TOV TYELUATIXOV
SAULOUATWY oTa hoylouxd atvetal va elvar ulo Tedxinon xaloe Tpocpépel neplocdTepT
aocpdielo Evavtl emtbécewy and xaxdBovhoug yeotes, alhd and Tn oTiyun Tou yepileta
EVEPYELEC OL OTOLEC TEAYUATOTOLOUVTAL apol EXTEAEGTEL 1) XMOBLXAC XL OL OTMOLEC Aoy
TeoTOTOLNBOVY TEOQUVAOS TEETEL VUL SLATNEOUY TNV AELTOURYIXOTNTA TOU AoYLouxoU xafloTtd
Y egapuoy’ udatoypdygnorne ypovoPopa dadixaoia. Autd ST, TpLy evowuatwiel éva
duvauxd UBATOYRAPTUO TEETEL TEONYOUUEVKS 0 XOBLxaC var avohulel and TOAAES OmTIXéS
YwVleg Ue 0TOY0 Vo EVTOTLOTOUY Ta onuelo To onola Tpoc@épovTal Yla Tporonolnon xaboe
enlong mpénel vo avaluBoly xol oL Souéc mou dnuLovpyolvtal xatd TV Sldpxela EXTENEOTC
TpoxeLEVoU Vo emiheyel udatoypdgnua To onolo dev TOUg EMLPEREL TNV ULXPOTERT] dUVITH

AVACTATOOT).

2.1.3 Xopaxtnpiotixd ASoAdynons Ydatoypapnudtny Aoyiowixol

Egapuélovtag ula teyvix udatoypdpnong Teoxeluévou vo evowUatwiel éva udatoypdgnua
U€co oe €va AoYLoULXO, dNULOURYOUVTAL XATOL EPOTAUNTO OYETIXE UE TNV 0pBOTNTA, TNV
aocpdielor xaL TNy emBdouvor mou emupépel Ulo TéTowa evépyela. Elvar dedouévo, mwg av
évag elofohéag, €yel anepldploTo yedvo xal epyarela otn Sudlbeor| Tou petd BeBardtntog
unopel vo ahholdoel onotadrinote mpootaoio €yel dobel oe éva hoyiouxd. To yeyovic
aUTH GUWS HOLdlEl XMW OLUTOTLXG, xUOOC KoL GTAVINS XATOLOS EYEL ATMEQLOPLETO YEOVO
xat onaviwe €yel xar yvopllel va yenowonowel xatalhfhwe tétolou eldoug epyaketa. Ev
ToUtng, ula xou wovo emtuyrc enibeon xaxdBoulou yerotn apxel Yo va agalpéoel Ta
TVELUOTIXE XATOYUpOUEVA Sixonduata Tou elyay evowuatwlel ot éva hoylouxd xoL va 1o
dabéoel (1.y., u€ow tou Sladixtiou) ehelbepa 6TO %OLWVE.

To yeyovoc autd, anatel TNy evdeheyr| alloAdYNOT TOY TEYVIXGY USATOYRAPNOTS AOYL-
ouLxoU oUUGOYA UE YopaxTNeloTixd, To onola to xdfe éva Balel To dxd tou Mbapdxt oe
uta oatpx| TpooTacia AoYLoUX0oU artaAlayUEvy and TewTtd onueia To ool Ho unopovoay
va anofoldv uolpata oe yéplo xoxbBoUAnY YeNoTOY. Autd Ta YapaxTneloTixd alloAdynong
elvon o e€nic:

e Pubudg dedopévwy (Data rate): Autd to yopaxtnplotind exppdlel tny avadoylo
ueyéfoug Tou UBATOYPAPAUATOS CUYXELTIXG UE TOV %GB Teog udatoypdenot. Ou-
olaoTixd elval 1o xhdoua ue optbuntyh to péyehoc oe bits Tou un udatoypaEnUévoy
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hoylouxoy xat Tapovouaoth To uéyebog oe bits Tou udatoypaghuatoc. ‘Oco ueyahl-
Tepo elval To xAdoua autd, 1060 xahUTERY elval 1 LSATOYPAPTOY).

e Avtiotaor oty Avayvoeior (Resistance to detection): To yopaxtnplotixéd autd
AVALPEPETAL GTLC EVOEYOUEVEC GTATLOTLXEC LOLOTNTEC TOU EYEL TO USATOYPAPNUEVO TEO-
Yeouua, Tic onoleg Ta cuVHHN TpoYEdUUATA OEV TIC €YOUV.

e Avtixtuno evewudtwons (Embedding overhead): To yopaxtneiotind autd exppd-
Cev v emnpbdohety emiBdpuvon Tou €yer To LUBATOYPAPNUEVO AOYLOUXO GUYXELTIXA
ue 1o un vdatoypagnuévo. H emBdpuvon auth agopd tov Uéco ypedvo exTEREOTC,
TOV Yopo uéviune anobixevornc (1.y., 0Tov oxhned dioxo) xal Tov ¥bpo TeocwpLvic
POPTWONG XATA TNV DLYPXELN EXTEAEOTG OTNY UVAUT TUYALIS TEOOTEAAOTC.

e Avtiotaor évavtt petaoynuatiowdy (Resistance against transformations): Auté
TO YOPAXTNELOTIXG BNAGDVEL TNV SUVATOTNTA EVOC USATOYPAPHULATOS VAL OVTLOTEXETAL

UOTEQRY OO UETACYNUATLOUOUS XOOXa OTw elval 1 cuaxdTioT xat 1) Behtiotonolno.

o Tunuatixy tpootacio (Part protection): Auté 1o yapaxtnplotixd avagépetal oTnV
Extaoy mou xotohauBdvel o xdOxag Tou udatoypaghuatoc. 'Oco TeploabTERO EyEL
dtaoxopmiotel 0 xO3XC aUTHS TG0 SuoxohdTERA XATOLOE xaxbBovhog yehotne Ha
UTOPEGEL VAL TOV EVIOTLGEL.

o AvtioTaor évavtt alayhs tTng YAGoous tpoypaupatiopol (Resistance against
changing programming language): To yapaxtnpiotiné autd avagépetal oTny avelo-
pTnola Tou LBATOYPAPAUATOS UT6 TNV YAGOGU TEOYPAUUUATIONOU UE TNV oTola €YEeL
xwdxoroinbel To hoylouxd. "Eva udatoypdgnua elvat xahd xat aroddtwg emtbuuntd
va elvol aveldptnTo, oyt ubvo and To UAXO eVOC NAEXTRPOVLXOU UTOROYLGTY, AAAd XAl

and TNV YAOGO TOU YENOLUOTOLELTAL.

e AZwomiotio (Credibility): Autd to yopaxtnpiotxd exgpdlet ta T0600Td TS havha-
ouévne avayvoplone (false positive) xou tng havlaouévne un avayvédeone (false
negative) ané tov xG3xa evéc udatoypagpnuévou hoylouxot. 'Oco mo yoaunhd
XUUAlVOVTAL 0UTE T TOG00TY TO60 ATOTEAEGUATIXOTERY elval 1) UBATOYPAYPTOY).

e ITiotétnra (Fidelity): To yapaxtneiotind autd dnAdveL 10 T0600TH TNS AELTOUPYL-
XOTNTAC TOU LBATOYPAPTUEVOLU xGOxa. "'Eva and ta mpoanattolueva tng udatoypd-
pnonc Aoyiouxoy elval o UBATOYEAPNUEVOS xOOXAS Vo Topdyel Ta (Bt axplBig
anoteréouata Yio xdbe axoroubio etaddou Ue TOV Un LBATOYEAPNUEVO X OO, AuTtd
OUWC OE TEPLTTWOOELS XATA TLC OTOLEC TO EVOOUATWUEVO USATOYPAPTUA EYEL TNV LOLOTT-
TO TV SUVAULXAOY LBATOYPAPNUATOY dev elval TETPLUUEVO TwC toylel, %xabde ol
EVEPYELEC OL OTIOLEC TIRAYUATOTOLOUVTAL TROXEWEVOU VO XATAOKEVAOTEL TO LBATOYEY-
pnua Thavéy oe UepLES TEPLTTMOELS Vol SNULoUEYOUY Aoyixd Adln otov xohduxa.

Méypt otyuric Sev €yel Ppebel xdmola paywr) ouvtayr, TéTold OOTE Vo XATAOXEUALEL

UBUTOYEAPTUA EVOOUATMOVOVTAS TO GE EVA AOYLOULXO X0l VO £YEL ONAL TAL YAQAXTNELOTIXS
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allohéynome 6to uéyioto duvatd. ‘Oheg o Teyvixéc xdmou xepdilouy xat xdmou ydvouy, yt
AUTO GAAWOTE 1) TEOCTAGLA AOYLOULXOU XAl YEVIXOTEQU 1) TPOCTAGLA TVEULATIXGY SIXatwUd-
TV elvar ula 6OVheoT IBEDY oL CUYHEXPLUEVA TEYVIXGY 1) oTtola 6TOY0 €yel va anoboppelvel
TNV mepatelo xabiotdvTac Ty anodécueuor and Tuy GV evoyoronTxd atoyela eninovr xoL

xeovoPopa dladixactia.

2.2 Alyopibuxég Teyvixés Ydatoypdpnons Aoylowixon

Q¢ alyopliuoc oplletal Uta Oelpd TMETEPUOUEVDY EVERYELDY, auoTned xaloplouévwy xol
EXTEAEGLUWY OE TETEPACUEVO YPOVO, UE 6TOY0 TNy enihuoT evig npoBifuatoc. O alyodplfuog
Bo mpénet vo mhnpel xdmota TedTUTA oL VAL SLATUTGOVETAL UE CUYXEXPLUEVO TpoTOo. Enouévng

QUTOG TPETEL VO LXOVOTIOLEL T ETOUEVA XELTHELAL:

o Kaboprotixdtnra: Kdbe xavévac tou alyopiBuou npénel va oplletol emaxptBoe xat 1
avtiotolyn Siepyoota elvatl ouyxexpluévn. Kdbe eviohn npénel va xaboplletal ywplc
xaulo augBoilo yio Tov TeéTO exTéheoric TG hauPdvovtag unddn dha Ta mbavd

oevdpLa.

o Ilcpatdtnra: Kdbe extéleor) Tou elvor nenepacuevr, tTeheldvovtac Votepd and Evay
TENEPAGUEVO aptiud Siepyaotdy 1 frudtoy. IAwe, otny teplntwon xatd v omola 1
dradixaota dev Teheldver UeTd and ouyxexpllévo [ menepaouévo aptfud Brudtwy fu
elvow amhd ula vtohoyrotier Stadixaata.

o AnoteheopotixdtnTa: O alydplbuog meenel vo elvol UnyavioTixd aToTEAECUATIXOC.
Ovotaotixd dniadr dAeg Tou ot dtadixacieg Tou tepthapBavovTaL o€ aUTHY VoL UTOpoUY
va mpayuatoroloUytol ue axplfela xal oe memepacuévo yedvo. Kdbe ueuovouévn
eVTOAY) TOU TEETEL Vo elvol amAt] xat oyt avvbeTr. Koabde ulo evtolr dev apxel va €yel
optolel, aAAd mpémet vo elvar xar exTEAEGLUT.

o Enextaciudtnto: Katd tny exxivnon extéhect|c Tou xauia, o 1 TeptocoTepeg TLIES
dedouévwy mpenel va divovtal wg eloodol oe autdv. H meplntwon dmou de dlvovtan
TWé Sedouévwy eugaviletat 6tav o alydplbuog dnutoupyel xat enelepydletor xdmoleg
TpwToyevelc Tyéc ue ) Porfela ouvapTRcEWY TapAYWYHAC TUYAWY aElOUGY % Ue TN
Borbetot GANAWY EVTOAGDY.

e Na éyet eloodo dedopévwy, enelepyacia xar €€080 anoteleopdtmwy: Aldel
ToUAGyLoTOV évar uévebog we anotéheoua mou elaptdTal xatd xdnolo TEéNO Ao
T opyég ewobédoug Tou.O ahydpliuog mpénel va dnuLovpyel ToUAdytoToV uio TLUY
dedoUEVLY W ATOTEAECUA TPOC TO YeNoTN 1) Teog évay dAlo akydpelhuo.

Hpoxewwévou va evowuotwlel ula dour 610 e0wTEPXd eVOC XMBIXA AoYLouxoy TEETEL
va. oxohoulnfoly dwaxpitd Bruata to omola elval pntde dwrtunwuéva ota TAalowr ulog

TEYVIXNC amogedyovTag doxones evépyeleg oL ontoleg Ha unopovoay vo xaTaoTEEYouY TNV
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AeLtoupyoTnTa ToL XxMBxa. Katd xoipoic éyel Situnwlel ula mhnbdpa Tétolwy teyvixdy
OL OTIOLEC UE TOL TAEOVEXTAUOTO XL TO UELOVEXTHUATA TTOU TS YapaxTneilouy éyouy Tpooma-
Oroel va expetalheutoly, Ue TNY Xahr €vvola Tng AEENG, CLOTATIXE ATO TOUC XOBLXES TV
AOYLOUX OV UE OXOTG VA Ta TPOTOTOLAGOLY 0p0d %ol ATOTEAECUATING XWILXOTOLOVTAS €Val

udatdonua oe autd. O Teyvixéc auTtéc Aotmdy elval oL e€hc:

o Agrmenuévoc alybplBuoc diepunveuty| (Abstract interpretation algorithms): H
TEYVIXT, QUTY ELOAYEL TO LBATOYRPAPNUI OE UXEQULES TOTLXA OPLOUEVEC UETUBANTEC.
Yuyxexpuséva, eviorniletar pla ouvdptnon 1 onola mepléyel doun enavaindng otny
onola xat Bo xwduxonoinfel to vdatoypdgnua. To udatoypdpnuo uropel vo elvol
and ulo otabepd uéypl xar €va TohudvLUo. ATAG yia vo uny elvar To udatoypdgnua
EVAAWTO O TEOTOTOLACELS GUVADWS TEOTLWATOL TO TOAUMVULO TOU OTOlou 1) ETLAOYY
yivetalr ue tétolov TpéTO €ToL GoTE TO UTGAOLTO NS axéponag dlalpesric Tou UE TO
xhewdi udatoypdgnone va diver Ty T Tou vdatoypagiuatoc [31].

o AlyépiBuog avadidtagng xdduxa (Code reordering algorithms): To udatoypdpr-
U0 UE QUTHY TNV TEYVIXY EVOWUATOVETAL GTO AOYLOUIXG aVAdlATACOOVTAC TNV OElpd
ue v omola eugavilovtar ta tuhuata (blocks) tou ypaghuatog eréyyou pofic Tou
%GO TpochéTovtag eviokéc TUmou goto mpoxewévou va Slatnpeltal 1 AELToupYLXO-
™t Tou xOSWxa [33].

e Alyvépupog Baotouévog ot meploplopois (Constraint based algorithms): H teyvi-
2 auth avabéton évay ueydho aplbud UETABANTOV TOU TEOYEAUMAUTOSC Ot €va ULXpo
mhbog xataywentody. H dwadixaoto auth unopel va yiver mpddn ¥ ndve oe éva Baoixd
Tufua 6Tou oty Teplntwon autyh ovoudletal local register allocation # ndvw oe pia
ouvdpTNoT 6Tou oTny TepinTwor auth ovoudletol global register allocation v axéua
xal UETALY OUVOPTACEWY OTOU O AUTHY TNV Tepintwon ovoudletat interprocedural
register allocation [55].

e Alyé6plBuog duvauxot wovoratiot (Dynamic path based algorithms): To uda-
TOYQEAPNUO UE TNV TEYVLXY| QUTH EVOWUATOVETOL GTNY EXTEAEOLUT) SLaXAADDUEVT, doun
TOU XAV BuyxexpLéva, and ) oTiyur| Tou ot dlaxhaddoes (ouvlixec eréyyou)
ot omoleg exteholvtal oe éva medYpauua elval ex puoede Toug duadixée (ahnbfc 7
Jeudric) umopolv xat xwdxonotovvtal ot autéc duadixéc ouufohooelpéc. Xtnv oucta
1 tey vt xabopilet, dobeloac ula axolovbiog eloddou, TNy SuvauLXT GUUTERLYPORE TOU
U1 LBATOYPAPNUEVOU TEOYRAUUATOS TAPAXOAOLHDYTIC To UOVOTATIO EXTEAEOTC UECW
evoc mapaxoroudnty (profiler) ue oxond va evtonioel xatdhhnha onuelo evonudTnong
xaL vo. tpoaBéael fi vo Tpomonotioel T K01 undpyovoec ouvbrixes eléyyou [21].

o Aly6plBuog Baoctopévog oe yeagpruata (Graph based algorithms): H teyvuh
AUTY] EVOOUATMOVEL YRAPAUATE OTOUC XMBLXES TV AOYLOUXGDV TEOTOTOLOVIAC TA
dtaypdupata eréyyou porc. (¢ enl To mhelotov, Tétola ypaghuaTto elval To TEOCUVa-
Tohouéva ue delxtn otov natépa dévtpa (oriented parent pointer trees), ta ypopriuo-
Ta ue Bdon k (radix - k graphs), ta petafenxd ypaghuata (permutation graphs),
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To emmedd xuPBud dévtpa (planted planar cubic trees) xafdc xor to avaydyLua
uetofetind ypagruoata (reducible permutation graphs) [22].

o Adiagavés alybetBuog xatnyopruatos (Opaque predicates algorithms): To uda-
TOYPAPNUO UE AUTOU TOU ELBOUC TNV TEY VLX), EVOOUATOVETAL GTO XMSLXA TOU AOYLOUL-
%00 TpootéTovTag ouvlirxes eAEyyou oL OTOlEC ATOTULOUY aBLUQAVT| XATNYOPHUATA.
Yuyxexpuéva oe xd0e uio tétola cuvixn eréyyou xwdixomoleltar éva TURUA TOU
udatoypaghuatoc [25].

o AlybplBuog extetapévou @dopatos (Spread spectrum algorithms): H teyvuh
auTh, dev yeplletal To hoyloud we plo axoloubio eviordv (dnwe xdvouy ot neplo-
OOTEPES TWV TEYVXAY) AN WS €Va GUUTOYES AVTIXELUEVO TO 0TIOLO TIEpLEYEL GUYVOTY-
TEC EUPAVLONE OUEBWY EVTOAGDY TEOOTAOMVTIUC VOl TLC TROTOTOLNGEL YLOL VO TEAYUATO-
ToufoeL TNV evowudtwoy. H tponomoinon twv cuyvotitwy yivetoar avixadiotdvtog
ouddec eviohdy ue dhlec Loodivaueg [59)].

o Alyé6plBuog Baotouévog oe viuata (Thread based algorithms): H teyvuch auth
EVOWUATOVEL USATOYPAPHUATI TEOCHETOVTUC VAUATA 1) TPOTOTOLOVTUS TS GUUTERLPO-
péc TV 13N unapydvtey Tou yeplletal 0 xG3XC Tou hoytopxoy [50].

H teyvue vdatoypdgnone ovouatt Code reordering algorithms yowplletar oe emuépoug
TEYVXEC OL OToleC avaAoYa UE Tal avTixelueva Tou yetpllovTal xal avadlaTdosouy TeoXeLUE-
YOU VOl EVOWUATOVOUY TO LBATOYRdgNUa Talpvouy xal To aviioTtolyo dvoua. Luyxexpluéva,
av 7 teyvixr) avadiatdooel Tuiuata xGddixa ovoudletal Basic block reordering, av avadio-
tdooel ellonoelc ovoudletar Equation reordering, evé av avadiatdooer otafepéc otov
Y®po anobrxevoric Toug ovoudletar Constant pool reordering. 'Omoia Suwe amd Tic
TeyVXéS Tne avadidtalne va yenotuonoiniel ue oxond va evowuatdoel xdnolo Sour uéoa
oe 1GOOI, eUx0N UTopel Vo ahhotwbel xdvovTac yeron oaTA®OY ONUACLOAOYIXGY UETACY T
O TLOUGY X0l LOVO.

Emniéov 1 teyvixr) Thread based algorithms €yel éva cofBapd uetovéxtnua to onolo
EQYETOL OTNV ETLPAVELL OTAY TPOXEWEVOU Vo evowuatwlel éva ueydho udatoypdgnua,
EVOWUATOVOVTAL TOMG VAUATA UEoa 6TOV xOOxa. Me Tov Tpémo autdv 0 xhdxag yiveTa
Wlaltepa VoY ENCTOC OTNY AVAAUGT, XUl OTNY ETEXTAGLUOTNTA TOU xaHOS xaL poepd apydc
xafde Ta viuaTa and T @UoT ToUg AELTOURYOUY ToEd AN oL SUGKON YELQUYWYOUVTAL
6nwe axpBoe xdnolog mpoypouuatiothic entbuuel. "'Eyouv BéBaia mpotepondtntes (prior-
ities) 6mou yLo mapddetyua ot Yhdooo npoypauuatiopol Java elval and to 1 (yaunin)
énc xat 1o 10 (udnhy) ahhd we el to Thelotov dev Tnpolvior ToTd and To AeLToupYLXd

oLGTAUATA OTA OTOlo AUTES, UECW TWV YNUATWY, hauldvouy yoea.

2.3 Mebodohoyia Kataoxeuns xoa Evooudtwong Ydatoypapnudtwy

H udatoypdgnon hoyiouxoy elvar ula dtadixaotia n orola arnaitel xatd xdpro Aoyw gavtacta

TEOXELWEVOU Vo Yivel 6woTd xal xuplwe aroteleouatixd. O Adyog yia Tov omolo cuuPalvel
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auto elvar Waltepa Tpopavic xabdg Yio va tpooTatédel xavels, 6yt L6Vo xdnoto hoylouxo,
ahhG %ol YEVXE %dTL TO omolo Oéler va xpathoEL paxpld amd TNV exPETAAAEUOT] TplTWY
yeewdleton dmhetn gavraocia nepl TV xLvhoewy oL omoleg Ha uropoloay va anogépouy BAdSec
coPapéc xat un o autd. Ilpérnel enl tng ouolac xdnolog va elvar oe Oéoel vo pavtedel xotd
AATOLOY TPOTO TG XLVACELS OL OTOleg EXMETANAEVOVTOL TEPWTA ONUELL TOU TEOYEAUMATOS XAl
dlvouy Ty SuvatéTNTA 08 XAXOBOUAOUC YPNOTES Vo ahwVICouY G BALOC TOY TVEUUATIXGDY
OXALWUATOY TOV LBLOXTATOV.

And  owyur omou 1 udatoypdgnon hoyiouxol ywpelletar oe dlo xlplec @doeLe,
Y QAOT TNS HATAOKEVHC TOU LBATOYQRAPHUATOS XAl THY YAOT TS EVOWLUATWOT ToU Uéod
OTOY XGOOXA TOU AOYLoUIXOU YivETaL Qavepd Twg dev untdpyel arapaltnTa Xdmolou eldoug
e€dptnon uetaly touc. To L dour| Ho dnuLovpyroel xdnolog BELovTAC Vo TN Tpochécel uéoa
o€ €Val AOYLoUIXO BEV GUVETAYETAL X0 GUYXEXPLUEVT) TEY VXY Tou Do mpénel va yenoLtlonoLy-
oel. To olyoupo elvar mwe 71 Sour) oty omola xdrotog Ha xatohhlel Oa mpéner va €yel
WBLoTNTEC oL omoleg v Tig dlvouv TautdTnTa XAl ehevbepla 0T TpoToTOLoELS Ywelc va
arhotdvetar.  Kaldg 6tav Ou Peloxetar evowuotouévny uéoa otov xdduxo, Ue UEYAAN
mhavotnta Ha unootel Tpomonolfoelg elte xahdBoulec and autolc tou emtbuuody vo enexTel-
YOUV ToV x@dxa Tou hoylouwxou, elte xaxdBoulec and eloBolelc ol onolol emhupoldy va
anadhayoly and TuyOV TEOCTUGLES.

Ev apyn, xavelc dev elval oe Béon va udatoypagrioel xdmolo hoyiouixd av TedTa Sev €xel
xataAdfel Tog autd Aettoupyel. Autd onualvel Twg Teonyouuéveg autdg mou embuuel va
udatoypapRoel xdmolo Aoylouxd TeEnel va heheThoeL eic Bdboc Ty priocopia Tou xGddxd
Tou %ol vo e€dyel mAnpogopiec ol omoleg Ha tou gavolv yerowes xatd Ty Swadixacia
e udatoypdgnone. Ou mAnpogopleg autég 660 TEQLOGOTEPEC XAl OGO TLO EUPL QPACUA
xaAUTToUY elval 1660 To xaAUTERO Yo auTOY. Xdpr oe autéc Ho unopéoel va xaTaoxELAEL
€val UBATOYRAYTUA TO OTOLO VoL EVIEIXVUTAL YL EVOWUATWGT] GE €Vo AoYLoUIXG, Xa0dC dev
onuatver avayxaotixd ntwg ula dour uvdatoyedenons uéow ulag Texvixhc 6Tl umopel va
Tpootebel oe omolodnote hoylouxo.

"Eva anhd mopddelyua TETOLWY TANROQORLGY Elval G Ol YAOOGA TROYEAUUATLOUOU
elvoll XwBXOTOMUEVOC 0 XGOS, TOLOS ElvaL 0 UEGOC YpOVOC EXTEREONC UE EVA OPLOUEVOD
TAR00C BLaoEETIX MY ax0AoLOLDY ELGGS0U, TOGES CUVAPTARCELS TEPLEYEL XL TOGES OT6 AUTEC
exteholvton xatd uéoo dpo ue pla axohoubia eloédou, néoo ueydres elvar oe dyxo (aptbude
EVIOADY) AUTES, TG00 XL TL £l80UC 0ploUATo AUTES JEYOVTAL, TL ETLOTREPOLY, TOGES TOTULXES
UETAPBANTES YENOLLOTOLOUY Xal TOGA SLUPORETIXd LOVOTATIH EXTEAEGNC UTdpY oLy GE xdle
ula and autée T ouvapthoelc. Ev ouveyelo ndvem 670 6UVOAO TV TANPOQOELOY oUTAY,
AUTOC IOV TEOXELTAL VOl EQUEUOCEL TNY LBATOYEAPNOoT Ha TathoeL ue 6TdY0 Vo dnutoupyroel
€val UBATOYRAPTUO XL VO TO EVOWHUATOOEL 660 TLO XpUYE xar €Cuttva YiveTal.

Meténeita anapaitnto elvor va Statunwbel Twe 1 ey vixt] 1) aAAGOS TO LOVTEND LBATOYEA-
(PNONS TOL €YEL GTO LLAAS TOU, AUTHC Tou eNLBUUEL Vo TpooTaTEYEL v hoYLouLxd, AeLToupYEL
owoTd 670 TEdYpauua mou Béker va To eqapudoel. Me tnv @pdon hettoupyel cwotd,
dUvatol vor evvonel Twe To LSATOYPAPNUEVO TEOYEAUUA VO AELTOUPYEL TUVOUOLOTUTIY UE
TO U1 LSATOYPAPNUEVO, YwElc Vo Xpeud Yo €va 6Uvolo axohoufidy elcddou xal elte va
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Topdyel Aavhoouéva anoteréouata, elte va uny umnopel vo exteieotel. Me amid Adyia,
xat ta 8Yo mpoypeduuaTa vo Tapdyouy Ta (Bl axplBog anotehéouata Yo GAeC TG TLhovES
axohoubieg eloddou xaL otov Blo mepinou ypdvo. Xtny mepintworn o6mou oL axoloubieg
£L06d0U YL éval hoylouxd Telvouv oo drelpo 1 elval tdpa toikéc (alvnec patvéuevo yia
hoyiouwd ueydhng xhigoxac), anodewxvietal 1 opdTnTa Tou povtélou ywplc va ypelaoTel
VoL EXTEAECTEL TO USATOYPAPNUEVO TAEOY TROYPAUUA YLo OAES TLg TLhavES axoloubiec eto6dou
TOU YAvVovTaC EVOEYOUEVHS TOAITWO Ypdvo Yia e€aywyY) Tou oty ayopd (time to market).

ayedlaopog @ Ehw;(ug @

uTrmTr]cren; @

TTpOYPAPPATIOTHG

Eyfua 2.3: Mebodohoyla avdmtugng xat eQopuoyic LOVTEAOU UBATOYRAPNOTC AOYLOULXOU.

To tehx6 otddio mpLy apyloel 1 egoupuoY? TOU UOVTEAOU GTOY XOdxa, elval va (pdcel
autdg mou fa udatoypagrioel To hoylouwxd Yo mbavég SLophdoelg Tou LoVTELOU oL oToleg
av mpayuatonoinfoly, ddoouy xahltepa anoteréouata wpootactac. To anoteréouota
autd umopel va elval Adyou yden Ayotepog anofnxeutind ydeog, YenyopdTEpos Yedvoc
EXTEAEONC XAl ALYOTEQO EUQAVES TO EVOWUATOUEVO LSaTOYRd@NUa ard mhavoic eloBolelc.
[Tapo Tadta ov dopbdoeic autée dev elvat anapaltnto va ouufaivouy mavta, oc xdbe
Teplntwon duwe autdg mou emthuuel vo Tpoadhoel 6To Aoylouxd xohiTepn oGPIAELL oL
TEOOTAGLN TOV TVEULATIXGY SIXULWUATWY TEETEL VO APLEQOVEL YPOVO YL TUYOV TETOLES
dtophdoeic. T autd GAAwOTE XAl oL TELPATELN AOYLOULXOU CUVEYDS auidveTtaL, xaldc Ta
uovtéa udatoypdygnong Aoyiouxol mou xataoxeudlovtal oyt u6vo yphlouv TeplocoTeERTC
Behtlwong, adrd xor yevixd ohdxAneog o Touéac Tpootaclac Aoylouxol yenlel Teplocsd-
TEPNC TIROCOYTC.

Ev télel agdtou oloxAnenloldy oL mapandvw eVERYELEC TO UOVTEAO e@upUoleTal GTO
roylouxd Briva mpog Bua, ywelc v Bewpeltar tinota dedouévo €€ apyic xal yoplc va
TopaAeinovTal 1) vo egapudlovtal Ue Sla@opeTixt| oelpd and authy Tou enBdAeL To UovTélo,

Ta Bruarta g udatoyedgnong. ‘Otay ohoxhnpwlel 1 egoupuoyy Tou HOVTELOU GTO TREOYEOU-
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ua, autéd elvar €towwo mhéov va Byel oty ayopd xou vo Oeytel mowxiheg emiféoec and
xax6Bouhoug yeroteg, xaldg autdg GAhwoTe elvor xat 0 xUeLog avTimaiog g UdATOYPAYY-
ONC TOU TEETEL VAL ATOXEOVOEL, oL eTLBETELS XaxdBoviwy Yenotdy. 'Oca neplocbtepa eldT
emféoewy unopel va amoxpoloel éva wovtélo udatoypdgnong, 1660 xakitepo Dewpeltar.

2.4 Enbéocig o Ydatoypapruata AoyLoutxon

"Eva hoyiouxd 6tay Byet otn ayopd, elvat ol mhavoy va Seybel didgopeg enféoelc and
xaxoouhoug yproteg ol omolol Ha npoonalficouv uéoa and autéc vo xatacteédouy xdle
eldouc aopdielog mov mhavoy va €yel. Ou Adyol ya Toug onoloug yivetal autd and yproteg
TOV NAEXTEOVIXOY UTOAOYLOTGV elval elte owovouxol mpoxewévou va Bydhouy yehuata
uéoa and ulo térola dwadixaocia, eite Yuyoroyxol yio Adyoug emBeBaiwone.

Yty yevwr) mepintworn oL xaxdBovlot yeriotec 8ev AettoupyoUv tuyalo 6Tay €youv
ota yéplo Toug xdmolo hoytoulxd. Anevavtiog dpouv pebodeuvuéva, axohovddvtag daxpltd
BAUATA TEOXEWEVOU Vo TETUYOUY TOV GTOY0 TOUG. TNV apy 1 TEATTOUY EVEQYELES OL OTOlES
ohoXAnE®OVoVTAL OYeTXd Yehyopd, TROoxelWévou vo Tdpouy ula medtn drodn mepl tlvog
TEOXELTOL Vo AVTIUETWTIooUY. MeTd, agot €youv Bdiel 610 LUUAAG TOUC XATOLES BaOLXES
TAnpogopiec (.., mota elvar 1 Aertovpyla Tou hoylouxoy, Tol elvat To TpwTd Tou onuela,
ToLo €ldog ao@dhetas To TpouoTevel) dedyouv evépyeLleg oL omoleg elval Théoy oToyEUUEVES
%ol SLapx oty TEPLGGATERY) (pa ATO TS APYLXES TPOXELUEVOU Yo AANOLOGOUY TNy UTOTIOEUEYT
npootaota. Kot Votepa doxwdlouv (exteroly) to hoylouxd v vo xatahdBouy av ot
evépyelée Toug mETuyay B Oyxt. ‘Ohn auth 7 dadixacia Tpogavde yivetal enavaAnmTixd
uéyetc 6tou Befarwbolv oe Babud 6mou Oa elval xavonoinuévor g €youy Tetlyel auTo
Tou Rhehay.

"Onwe xat oTig TeEYVIXES UBATOYRAPNONS AOYLOULXOU, £TOL XL OTLC EMLOEGELS GE AOYLOUL-
%4 umdpyouy Sidgopol TUTOL eMbBécewy oL onolol UTopovYY Vo EQUPUOGTOVY €YOVTAC WS
ATGOTEPO O%OTO Vo dnuLoupYNoouy TpolAfuata acpdhelag. Ou tUmol autol elvat ol e€hg:

o Ilpoofetixéc enbéoeis (Additive attacks): Me authv v enlfeon evoouatdvetor
oTOoY XOOWXo eVOC 1d1) LdATOYEUPNUEVOU hoylouxoy vEo udatoypdgnua. Xuvhbog
auTh 1) evEpyELa dev dnuLovpYel TEoBANUA 0Ty TEplTTWoT XATd TNV OTolo OL TPOTOTOL-
Hoelc Tou YIvouv Sev aQopoUv ToV XGOdXA TOU TAUALOU LBATOYPAPHLATOC.

o Kataotpopuxéc embéoels (Distortive attacks): Auth n enibeorn oyetiletar ye tpo-
TOTOLACELS ONUACLAOYLXGDY SOUGDY TOU XOBIXA YENOWOTOLOYTAS EITE TNV TEYVIXY TN
ocuoxoTlong elte TV TeYVixn Tng Peitiotomoinong. Ou evépyeieg authc tne entbeong
UTOEOVY Vo AdBOUY YOpd OE CUYXEXPLUEVH onuelo 1 o8 OAOXANET TNV €XTOOT TOU
%O avdAhoya Ue To av ol eLoPolelc €xouy X Oyl YVOOT YL TO ONUELD EQUPUOYHC
NS USATOYEAYPNOTC.

o Agarpetixés embéoeis (Substractive attacks): Me authv v enifieon agapodvron
TOL TURUOTO TOU XGOSXA Tou avTloTolyody 6To udatoypdgnuo Stopldvovtag Tuy oy
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A&On mou €youv wg aviixtumo Ty adlolworn TG AetToupYxdTNHTAC TA OTolo Xol
dnuLoupyoUvTaL and TNV aQalpEsy) auTH.

e Enbéoeic mpwtoxdihou (Protocol attacks): Auth n exifeon Sev newpdler xabdhou
TOV %O TOU Aoylouxoy, mopd udvo xataoxeudlel évay (PedTixo avayvweloTh
(recognizer) o omolog e€dyet éva Stapopetind LdUTOYREPNUA PUECA ATd TO NOYLOULXO.

o Yuunoryviaxés entbéoels (Collusive attacks): Auti|  enlfeon elvar anoteleouatind
uovaya oTny Teplntwor xatd Ty onola To LdaToyedpnua elval TUTou fingerprinting
mark. Yuyxexpuéva, énwe xou otny protocol attack, €tol xau otnv collusive at-
tack dev mepdletor xafdhou o x@GIxag Tou hoylouxol amhd ouyxpivovtar dlo 1
TEQLOOOTEPEC EXBOOELS TOU (BLOU XMBLxA UE GXOTH VO EVIOTLGTOUV Ta SLAQOPETIXA
onueto Tor omolol elvol xoL AUTE TOU XWOLXOTOLOUY TO EVOOUATOUEVO USATOYRAGNUA.

Ye pla mboavr Slaudyn ota dixaoThpla xaTd TNV onola xdnolog xaxéPouhog YeroTng €xeL
Tpocbéoel €va xalvolplo uduToYEAENUA Ot €va AoYLoud, Ywelc va €yel SnuLoupyhoel
%dmoLo TEOBANUN 6TO UG, TOTE O TEAYHATIXOS WLOXTATNC €YOVTaC TNV €xd0aT) Tou €YEL
LOVAY A TO Bxd TOU LBATOYPAPNUI LECH OTOV XDOOLXA UTOREL Vol LoYUPLOTEL TWE AUTHC elva
0 YVOUUWLOS XETOYOS TWY TIVELUOTIXGOY SIXalwUdTewy xafde xal otic dbo exdooeLs (tny apyxh
TOU €yEL éva UdATOYPAPTUA XaL TNV Véa Tou €yer dUo udatoypaphuata) UTdpyYEL TO dixd
TOU UBATOYEAPTUA.

aTadia JeTapaong

| EVTOTIOUOS CrHEIY ‘

padpo KouTi orjpavang

ahhayry

v

Bokipn ‘
————— |

Y
Buvapikn avaiuon

i

|_r,-.:1 WTd anpeia

e — — — ¥

aTaTkf avahuon ¥
EVTOTNOPAC TNPELY
_+ TUOKOTIONG
r — o — "
TRWTA onpeia *
R —— Y ahhayry
emefepyaacia +
Sokipn
Y —— |
AUTONATIONGC

Eyfuo 2.4: Xtddo and to omola yetafalvel xdnolog xaxdBoulog yerRotne ue oxond va
evtomioel xat va egdyer udatoypagriuato xalde xat va eaieidel cuoxoticels.
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Emniéov av xdmolog xaxdBoulog yehoTng XaTAoXEUAOEL £Vay PeUTIXO KO TOU AVIY VK-
PLOTA %o LOYUELOTEL XAl AUTHS UE TN OELPd TOU TS AUTOC elval 0 VOULUOC WBLOXTATNG, TOTE
yeewdleton 1 enéuao evog Lo 6ToV TOUEN TwV LSATOYPAPNUATKLY 0 otolog Ha anopavhet
Yo To motog oyuetletar Ty airelo xat motog dyL. Ildpa tadta autdc o Tinog embéoewy
arotehel éva ueydho mpdBAnua yior Ty udatoypdgrnon hoyiouxol xabde o onolcdinote
unopel vo xataoxeudlel éva tedypauuo To onolo Bu To ovoudlel avay VORLOTH TEOXELLEVOU
val Loy UelleTal TS x4nolog xHdxoc elvat Sixd< Tou.

2.5 Tpapuata HHopayoueva and Kddixes Aoyiowxdy

Yo wahnuotid, éva ypdgnua elvol Yo agnenuévn avaraedoTtaoT eVvos oUYOAOU GTOLYELWY,
6mou Uepwxd Leuydpla otolyelnv cuvdéovtal uetadl toug ue deoupolc. Ta Swucuvdedeuéva
ototyela avanoploT@dvTal Ue uabnuatixéc évvoleg ol onoleg ovoudlovTal XopupES, EVE oL
decuol mou 6uVSEouy ta Leuydpla TV x0pUPKOY ovoudlovtal axués. Luvhng, éva yedgnua
amewoVviCeTal o8 dlaypaUUaTXT Lop@TH WS £Val GUVOAD XOUXXIBWY VLo TIC XOPUYES, EVWUEVA
UETAE) TOUC UE YPUUMUES 1 xaumUles v Tig oxpéc. O axuéc umopolv va elval elte
xatevfuvoueveg, elte un xateuuvouevee.

Ynv miLo xowvi| évvola Tou bpou, éva Yedenua elvat éva datetayuévo Lebyoc G = (V, E)
anoTeAOVUUEVO antd €va aUVor0 V 1wV x0pupdy 1 ahhde x0uPwy wall ue éva olvoho V and
Yeauués i ahhitde axuéc, ou omoleg elvar utooivoha dVo otouyelwy V (dnhady|, uwa axuy
oyetileton ye dUo xopueéc xat 1 oyéon anewxoviletal wg éva Taivounuévo R un Ledyoc oy
X0pUPKY Ge ayéoT Ue TN ouyxexpulévn axur. To Ledyog autd elvar tavounuévo otny
TeplnTwaon Tou To Yedenua elval xateuhuvduevo, eved to Lebyog elvol un tadivounuévo otny
replntwon mou o yedgnuo elvol un xateufuvouevo.

And évav xOSuxa hoyiouwxod unopolv va mapayfoly Sudgopa ypoagruota oto onola
BeloxeTal ThAnpogoplol XWOLXOTOMUEYT, OYETIXA UE TO TS aUTO AeLToupYel XdTw and yevixéc
1) ouyxexpwévee ouviixec. Tétow ypagruata elvar Ta e

o I'oapruata xhfoswy cuvoptioswy: Ta ypagphuota cuvapThoewy elval exelva Ta
xatevhuvdueva yeaghuata G = {V, E} 1o onola avaraplotoly tn oyéon xh\Roewy
(calling relationship) yetall tov cuvapthoewy F evic TpoYpduUaToC. SUyXeEXpLIEVa
x4be xoufoc v avanaplotd ula ouvdptnon xou xdbe oxur e = (f;, f;) avanopiotd
ulot xhfom and v ouvdptnon f;, 1 onola anotekel Ty xoholoa cuvdptnon (caller
function) oty ouvdptnon f;, n omola ™y xhewbfioa ouvdptnon (callee function).
"Evoc x0xdoc e = (f;, fi) oto ypdonua xhficewy CG Snhdvel Ty avadpouixt| xhhon
ané v ouvdptnon f; otov eauté e Ta ypagpruata autd ywellovtal oe dUo
xUpleg xatnyoples, Ta otatixd ypaghuata xAhoewy (static call graphs - SCG) xat o
Suvouxd ypaghuata xhicewv (dynamic call graphs - DCG).

o Ioagpruata tepapylog xAroewyv: Autd ta ypagruata dNAOVOUY ToeC XAAOELS
CLVAPTACEWY EVOC TEOYEAUUATOS EYEL 1) x40e ulo cuvapTnoY otov xBBxd Trne. Kdbe
x6uPog anotehel ula ouvdptnomn xo xdbe axur arotehel uia xAhon cuvdptnorng.
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o Audypappa eAéyyou pong: Ta ypaghAuata autd avarapiotody 6Aa ta Thavd uovo-
TATLL EXTEAEOTG EVOC TPOYPAUUATOS. LUYHEXQPLIEVA TA YEAPHRUATH AUTA Elvat XoTEU-
Buvoueva, 6mou xdfe x6uPoc autdy avaraptotd éva Tufua xddxa (block) to onolo
€yel uovdya pia eloodo xar yovdya uia éZodo xol xdbe axur autdv avanaplotd pia

uetapopd (jump) and to éva Tufua o€ éva GAho.

o Avaypdupata xhdoewyv: To yoogAuata autd ouadorololy cuVAETHOELS G XAAOELS
(m.., oV YAGoou npoypoapuationod Java yenotdonoodvtal classes) 6mou 1 xdbe
xhdor anotehel évay x6uPo xat xde €vag and toug x6uBouc autolg €yel xaTeuhuvo-
UEVT) axd o€ xdmolov dhhoy av utdpyel xdnolou eldoug e£dpTtnon and Tov évay x6ufo
otov dhhov. Ou axuéc Twv ypagpnudtony dev elval evog eldoug, avtiBétng undpyouy
dLdpopec axué avaroyo UE TNV EXAGTOTE e£8PTNOY TOU UTAQPYEL.

Ta ypaghuata xAfocewy cuvaptioewy elval avtixelueva Ta ontolo yenouLoToLoUYTAL XATd
%OPOV YL 0VAAUGCT) TPOYPAUUATWY TEOXELUEVOU VO YIVOUY TA TPOYPAUUATA TLO XATAVONTA
an6 Tou avipdroug. Amoteholy enlong xat Bdor yio tepoTépw AVAAUCELS, OTWS 1) TOPAXO-
Aovbnon Ty TV Tou uetaPBalovtal uetall ouvaptioeny. Mio anhy epopuoyT TETolwy
YEAPNUATEDV ELVOL YOl VO EVTOTLOTOUY GUVAPTAGELS OL OTOLEC TOTE BEV EXTEAOUVTAL 1] CUVOPTH-
o€LC oL oToleg dev TPOTOTOLOUY TLC TLWES Tou YelpllovTal.

Emniéov ta yoaphuata XxAAoEwY ouVIRTHCE®Y Y wpllovTal 68 oTaTXd XuL 68 SuVaULXd
voaghuata. Ta duvauxd tapdyovtal Yotepa and ula extéheor) evog Tpoypduuatog dolelcog
utac axohoublac elobdov, eved To oTaTixd avaraptotoly xdbe tbavr extéleon evoc Tpoypdu-
uatoc. And T oTiyUr) 6UeC, ToU dev elval SUVATOV OTN YEVIXY| TERITTWGT TV TPOYRAUUAT®Y
va yvwotonownfoly 6iec ov mbavég axoloubieg el630u VO TROYEAUUATOS, 1) oxEBNS
XATAOKEVT] EVOC OTATIXOY YpagpRuatog ¥Afoewy ouvapthoewy anotelel éva duoeniiuto
npdéPinua (undecidable problem).

2.6 Avdivorn Koduxa Aoyiouixot)

Mio enibeorn otov xG3xa evog hoyiouxol yopaxtnelleTal wg eMTUYHS OTAY EYEL XUTAPEREL
XL €YeL TpOoTOTOLOEL Tl ETUMEdA acPaielag TOU, OTOU OTY GUYXEXPWIEVT] TepltTwoT elval
TO EVOOUATOUEVO UBATOYRAPTUA, DATNEOVTAC TaUTOYpova avarlolwTtn TNy ophdtnta Tou
xodduxa. Ilpoxewévou autd va €yel apxetéc mbavotntee va ouufel, mpénel autodc o omolog
Oa drampdlel autry Vv enibeon mponyouuévewe, va €yel avalUoEL ATOTEAEOUATING oL ELC
Bdboc Tov xGdxa Tou hoylouxod. Me tov 1pdmo autdy, Ba unopéoel va elval To olyougog
TWS OL EVEPYELEC TOU TPATTEL TAVW OTOV XMOLXA OE TE®OTOo eninedo dev Hu Tov ahhoLdGoUY
xat og éva 8evtepo eninedo Oa elval to otoyeuuévee and dtL Ha Hrav av dev yivovtay xavéva
eldoug avdiuorng.

And v oxomd g avdiuong Tou xG3xa AoLTOV UTAEYOoUY TEYVIXES oL oTtoleg 1 xdbe
uta anéd autée, oto eninedo mou tng avaroyetl, e€etdlel TNV cuunepLPopd Tou XGOdxa. Ot
avaAvoele auTéC elval oL eEng:
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e Ytatuxy) avdhuor (Static analysis): Egapuélovtac xdnolog authy v avdiuon
ot6y0 €yel vo e€dyel xdmolo allohoYo ouUTEPAOUN aTd To ATOTEAEGUATO TOU SlVeL
%40 plo ouvdptnom tou hoytouxol (Vo xatahdfBet TL axpBde xdveL xot moLa dedouéva
ETLOTPEQEL OVAAOYO UE TIC TAPAUETEOUC TOU déyeTal we oplouata), dlyws duwe va
extereoTel 0 xOAxag Tou Aoyrouxol. 'Eva aniéd mopddeiryua eival, av ulo uéhodog
€yel x«(Bdnho xHdduxa (dummy code) ouyxpLtixd Ue TOV LTOAOLTO HOBXA TOU NOYLO-
ol N av EMLOTEEPEL GUVEYGC TA LOLaL ATOTEAEOUATA, OTOTE Xl OTLS dUO MEPLTTOGELS

OL GUVUPTACELS AUTEC UTOPOVY EVXOAA VA apoLeefovy.

o Auvvouwxr avdivoy (Dynamic analysis): Me v egapuoy autfic tne avdhuorg
TEAYUATOTOLELTAL 1) EXTEAEDT) TOU XOOLXA TOU AoyLouwxol ue Sudgpopec axolovbieg
€L0600U TaPATNEOVTAS TOV TeoTo Ue Tov onolo efeilooetar 1 pory extéheong xau
uéoo and autd To dedouéva mou dnutoupyolvtal oe xdfe ypovxr) otiyur. Autol
Tou eldoug 1 avdiuom elval TEOPAVGS LoYVEOTERT) XUl ATOTEAECUATIXOTERT] ATO TNV
TEONYOUMEVT), aAAd TapdAAnha To amantnTixy xaL YpovoPopa AOYw Tou YeYOVOTOC
6t 1 dnuovpyla evog ouvélou xdhudne Ghwy Ty THAVOY axohoubdv etoddou yia
OTOLOOATOTE TEAYUATIXO XMDOLXO AoYLouLxoL anotehel axdua xat orjuepa Eva 8UGX0A0
TpolAinua.  Emouévee oe hoylouxd UeydAng €xoTaone xddixd, €voc eloohéuc o
ornolog dlampdTTtel TNY avdAuor auth, dev urnopel TOTE va elval andiuta olyoupog Teg
éyeL eCetdoel TApC ToV xOBWxa divovtag povaya axohoubieg etoddou.

o Atepunveutixy avdhuon (Interpretative analysis): Egoupuélovrtag autiv thy avilu-
o1, oLCLIOTIXG elval cay v eQopudleTal EVOC GUVSUAOUOS TOV TEOTYOUUEVWY 8U0.
Auth n avdhuon otdyo €xel va Peel oo elval To anotéhecua Ulog CUYXEXPLUEVNC
XAhoNG ouvdpeTNnoNe OTwe yivetal otny static analysis, ye tnv Swgopd 6Tl autd
yivetar Siepunvedovtoag tov xOdxd tne, oe ulor GAAT excovix Unyave, YEYOVOS TO
omolo poidlet ue tnv dynamic analysis. X1n yevixr tov nepimtdoewy 1 depunvela
0€ EOVIXT Unyavy elvol axdua mo amatTnTixy) xoL yeovoBopa Aettoupyia and tnv
Suvauey avdiuor, aArd mapéyer xahiTepee xan To cagelc TAnpogopiee oyeTxd ue
T0 TOS ouunepLpépeTal xdbe ouvdptnor avaioyo ue to oplouata omola déyetal. H
Tpoondfelo GUWS Tou amaLTELTOL VA XUTUBAAEL XATOLOC UE GXOTO VO XATAOXEVEGEL
utar TéToLa eLcovue uny oV xol ev cuvéyela va Slvel axohoubieg etoddou xal oplouata
TEOXELWEVOU VO BLEQUNVEUETOL 1) GUYXEXQUUEVT] CUVAETNOT] antoLTeEl UTOUOVY|, pavToacia
%ol TOAD ypeovo.

e YtatioTiny avdhuor (Statistical analysis): H avdduon auth yenotuornoteltat xatd
%6p0V amd auTOUATA XaxoPouha epyadela Ta omolo ETLTEAOUY ATOGUOHOTIOELS XMHOLXA.
LUYHEXQPUIEVA QUTY 1) AVAAUGCT] ETUXEVTPOVETOL OTLC ATOTULHOELS TWV XATNYOPNUATWY
TOU OO, ®oTd TNV Stdpxela eEXTEAEONC TOU, Td OTolo EUTEPLEYOVTAL OE GUYOY|XEC
ehéyyou 1 emavdhndne. Me autod tou eldouc tny avdiuor evtorilovial TpdTOV
XATNYOPHUATA To omolol Yot éva UeYdho TARHOC axohoubldy ELGOSOU ATOTUUGVTOL
mavta og aAnffc A Peudnc xo deltepoy xatnyophuata T omola 1 anotiunor Toug
eCaptdTal amd Ty axoloulia ele630u.
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H otatund avdivorn ywelleton oe xatnyoples, 1 xdbe ula and tic onoleg npooeyyilel Tov
%GB TOU Aoytouxoy and ula Stapopetixt omTixt Ywvia xou 0€tel ouyxeXpUIEVE EpwTYUa-
To Tpog andvinom. Avagopxd ol xatnyopleg autég elval 1 avdhuon to ehéyyou potc (con-
trol flow analysis), n avdhuon potic dedouévwv (data flow analysis), n avdivorn eZdptnore
dedouévwv (data dependence analysis), n avdhuorn geudwviuwy (alias analysis), o teupa-
xtouoe xddxa (slicing) xoau n agaipetiny) dtepurfiveuon (abstract interpretation) [24]. Tao
epwTAUaTA Tou Tibevtal Yo mapddelyua and Ty avdiuoy porg dedouévev evég Teoyedu-
uatog elval av ot Twée ulag YeTaBAnTtic tou, yenouwonotovvtal Votepa and éva onuelo
OTOY X®OXA K AV oL TUES XAToLwY UETABANTOY mopauévouy o OAn Ty €xtaon Tou
%GO otabepée. 'Otav xdnolog anoQaoloel Vo eQupUOGEL GTATIXY AVAAUGY OE XOOLXA
hoylouxoy, Tpénel TeoToY EMAEEEL CUYXEXPLUEVT xaThYOpla ahyoplBuwy Tou xdvouy authy
TNV avdhuor, ard Tt ula Thevpd vo xafopioer Ty axplfela TwV TANPoYopldY Tou emtuuel
va e&dyel xou and TNy AN TNV tpoondfelo tou ypeldleTor Vo XaToBIAEL TPOXELUEVOU VAL TNV
eQupUOaEL (TT.)., ToAuTAoxOTNTa ahyoplBuou otatuic avdluong xot aratTodUeEVOS YpHVoC
EXTENEOTC).

H Suvauwed avdhuon énwe xou 1 ototixy] ywelletol xot auth oe xatnyoplec 1) xaldtepa
aUTHY TNV Qopd ot TeYVIXEC oL omoleg YetpllovTal xaL avaAbouY ToV XOdxo Ue SLapopeTLxd
Teémo 1 xdfe ulo and autéc. Enl tng ovolog ov teyvixéc autéc extelOUV TOV XMOOLXA
UE OXOTO VA aVTARoOUY TANpogopleg extéheons and autdy. Ov teyvixée autéc elval 7
anocgahludtwon (debugging), n tapaxoholinon (profiling), n xataypaph Tou tyvouc exté-
Aeore (tracing) xow v e€opolwon (emulation).

"Eva xaxéBoulo autduata epyaeto egopudlovtag otatioTiny| avdluor dev unogel £Tol
amAd, ehaged TNV xupdla, Vo AVTIXATACTAGEL TA XUTHYORAUNTA GTOV XOOXA To omola
anoTdVTAL Votepa and Tic dofeloec o autd axolouvbieg elo6dou wg ahnby ue true xa
auTd Ta omola amoTiGVTUL K¢ Yeudn ue false xabdc elvar moAd mhavédy va dnutovpyniolv
TpolAfuaTa extéleons. ‘Eva anhd napdderyuo xar cuvdupa tohd ouyvo elval oty YAGooo
Tpoypauuatiouol Java va urdpyouv molléc ouvBixec ehéyyou Omwe ol try - catch ol
omolec va elvo umeVluveg Yo xataotdoelc oL onolec cuufalvouv omdvia xotr x4tw ond
ouyxexpiuévec ouvlrixec (exeptional circumstances). Me amhd Adylo tétolou eldoug xa-
Tyopruata cuVHing B udhhov oyeddv mdvta anoTwdvToL K¢ Peudn xal uévo av cuuPel
utor ouyxexpuévn ouviixn anoTwodvTol og ainiy. Ernouéveg av éva tétolo xatnydpnua
avtixataotabel ye false, T6Te 0 xHGOXUC HLYBUVEVEL VO XPEUAOEL HTAY GUUBOUY XUTAOTACELS
oL onoteg yapaxtnellovtal and ToUC TPOYPUUHMATIOTES ¢ EMXIVOUVES 1) ETMLOPAATC.

Emniéov 7 otatiotxy avdhuon unopel vo yenoluomotndel xoL yLol EUTEQPLOTATWUEVT
aZLONOYNOT (OO BUYHEXQUUEVA, OV OE EVAY xOOXa P €vor adlapaveég xatnyoenua Tng
uopwiic PT avayvopiotel uéoa tou (Votepa PéBaia and éva mhkfoc axohoubidy elc6dou)
xal avixataotabel ye true, t6te Snuovpyeltol ula véa éxdoon tou xddxa P H véa auth
éxdoon exteleltoan moapdhAnAia e TNy makatd Yo OAec exelvec T axohoubiec elebddou Tou
elyav Sobel vy va avaryvowplotel ta xatnydpnua Tou onolou 1 anotiunot Hrav poviuwg true
XOL OV €YOUY TOVOUOLOTUTIOL ATOTEAECUATO TOTE 1) AVTLXATAOTACT) AUTH ATOY ETLTUYNAS XL
dratnpeltat xaL To xatnydpnua To onolo xat agatpéhnxe yapaxtneiletar kg ewxovixd (bo-
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gus). 'Ouwc oe tétolou eldouc xataotdoelc xatd Tic onoleg avixabiotdvTal exovind
xatnyopnuata meEnel va elval olyoupo mwe €youv xaiuglel dha to mbavd povordTia
exTEAEOTC UE OheC TIC SLagopeTinés axoloubies etoédou. TIpdyua To onolo elval e€alpeTtind
dUoX0A0, YEOVOBORO XUl OE TEPLTTMOOELS UAALGTA OTOU 0 XMdBLxag elvar eXTEVAC xatl ToAU-
mhoxog elval Wraitepa augiBoho av urnopel va emteuyfel pla tétorou eldoug mpdén. L't autd
axplBOC OTIC TEYVES CUOXOTLONG OL OToleC equpUOlOLY UETACYNUATIONOUS UE UEYEAN
avBexTedTrTA TPOTIGOVTAL To XaTYopuaT TUTou P’ 1o omota elvan xaw ahnf xau beudd
avdioyo ue Ty axolovbio elc6dou Yoo va uny unopoly va aviixataotaboly elxoha Ue
true ¥, false aAAd xat 0UTe xaL Ue xdmola anhobotepn Uopg).

2.7 Idavuxr) Khdon I'eagobewpntixdy Ydatoypapnudtwy

Ta ypagofewpttind udatoypagpiuata anoteholy lowe TNV xAdoT udaToypuETUdTWY 1) oTola
yatpet Wrattepng mpotiunong and TNV ETLOTALOVIXY XOLVOTNTA TNE LOATOYEAPNOTS AOYLOUL-
x0U amd g TpHTES XOhg emoTovéC epyaoieg mou dnuootebtnxay [64]. To yeyovic
autd elval anolitng dixatoloynuévo xabde oplouéves xAdoelS YpapnudTwy yapaxtnello-
vTol omd WieTtnTeg ol onoleg Toug Ponloly va mpocououdvouy e mohl xahd Poabud tnv
po1) EXTEREONC EVOC TEOYPAUMUIATOS, UE ATOTEAECUA 1) EVOWUATOOY TOUC OE XMOOXES VA
uny emdpovy apvnTxd otny extéheot) 1) Touhdytotov va uny Slvouy edxola epeblouata o
xaxéovhoug yprotec. Enl tng ovolac ta ypagruata autd uotdlouy apxetd ue To Sty pdu-
LOTOL EAEY YOV POYC.

Kotd xaipoic €youv mpotalel didpopeg TeYVLXES OL OTOEC EVOOUATOVOUY YEAPHUATA
OTOUC XWOXES TWY AOYLOWXGV Ta omolo gepouy elte TNy otatxr, elte TV duvauxy
WBLOTNTOL LUYREXPLUEVE Ghol 6o0L eTLHLLOVY Yo EVOLUATOC0LY Ula dour TUTou YpaghuaTog
UECA GTOV XOBLXA EVOC AOYLOULXOY ETULXEVTIPOVOVTOL OE YRuPuaTo Ue Ti¢ axdrouleg t8Lo-
TNTES:

o DeavotnTa yua TNV aToTEAEOUATIXT XWwBLXOoTolnoT XAl anoxwdixonolnoT evog axepatlou
aptuol oe éva Ypdgnua uéoa and Tohuwvuuxols aryoplfuoug. Ta ypaghuoatoa autd,
elvon emBuuntéd vo uLuovvTaL TNV po1 Tou (GO

o 'Yrnaplrn evic x6ufou plla and tov onolov dhot oL x6ufol Tou YeAPHUATOS Vo elvol
TpooBdoiuoL and auToV.

o Yo pubud dedouévmy.

o Xaunhd elepybuevo apliud axudy avd x6uBo TEoxelWEvou Vo Loldlouy UE XOLVEC
douéc 6mme elvan oL Aoteg xau Ta évtpa xalog entong xou va Bploxoviol xovtd otny
pLrocoplo Ty cuViNXGY eréyyou, 6mou and éva onuelo ta Thavd evdeydueva elvol
dvo, dnhadh ot TEPINTWON TOV YRAPNUATWY Evac xouBog va €yel dUo elepydueveg
axuéc.
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o Auvotdtnta autoddpbnong (error correcting) npoxeluévou av Yivouy tpononolioels
o1n dour| Toug, auTh va uropel va yivel 6meg oy va AdBouy yopea autég. Mia tétowa
duvatdtnta elvat 7 Unopén hamiltonial povoratiov.

e Auvatéotnra Bwpdxione (tamperproofing abilities) otoyelovtac otov evronioud nifa-
VoV Tpormonotioewy. Mia tétola Suvatdtnta Bo urtopoloe vo elvar 0 CUYHEXELUEVOS
aptude e€epyOUEVWY axU®Y avd xO0Ufo TOU YPaPHUATOS.

o AuvatdtnTa UTohOYLoUOY akyoplluou Yo LoOUoPPLoUS YRAPNUATWY VLo YeTioT XaTd
Ty dtadixaotia avayvidelone Touc.

[Tpoxewévou va evowuatwiel éva ypdgnua oc €vo AoYLoUXOS, TEONYOLUUEVWS TEETEL VA
Tponormownfel oe Lop@h xaTdAANAN meog evowudtwor. Mia cuvniouévn tétola Lopyt
elvor Tar Saypdupota ehéyyou pofic. Me ula tétolo Tpomonolnoyn dume, dnutoupyoldvral
3o ocofupd uelovexthuoTta To onola oLWTNAL dNAGVoLY TNV oTeédn oe ula dtagopeTixt
TpocéyyLon. To npd1o YelovEXTNUO ELVOL TOC TPOXELLEVOU VO UETATPATONUY GE Sl YPdLUATA
eNéyyou potic mpénel yLo x8Be éva and ta tuhuota (blocks) twv dwypauudtov porc va
TOEAYETAUL XL 0 avTioTolyog xOdac 0 omolog dev Ou elval xdtt dhho mépav and %iBdnioc
(dummy). To deltepo UeLOVEXTNUA ELVIL TWS EVOWUATAOVOVTUS T TAUEALY OUEVOL SLotY paUULATA
eAEYYOU POTRC GTOV HDOBLXA TPOXEWEVOU AUTA UEANOVTIXE VAL 0VOLY VWELOTOUY TTRETEL VoL YiveL
xefion onuelov ofuavorne (marks).

Erouévme, hauPdvovtac cofopd unddn autd to dUo uelovexthuata xobde enlone xot
6hn 1 Oewplo mou Slatundinxe wg Tdpa oTNY TEoXEWEYY epyacia, 6TO EROGUEVO XEQAAULO
Bo yiver n eloaywy?) evoc véou xol TewTomoplaxol UovTELoU To omolo ev uéer Eemepvd
EUTOBLAL TOU WS TOPA EPepVaY GUYYUOT 0TOV TOUEN TNG UBATOYEAPNONS AOYLOULXOV.

2.8 H Ynpacio tng Atagpdvetog

H dwugdvera (stealth) otnv udatoypdgnon hoyiouwxol arotekel v apyh xat to téhog
e dwdwcaotog. Elvar auth n omola xabopilel méoo xard éyel mpootelel o xhSxac mou
xwdxonolel To LdUTOYEAPNUA UE TOV UTOAOLTO xOBxa. Me v Aé&n xahd evvoeltal nwg
0 eTTAEOY XGOIXAC TOU UBATOYRAPAUATOC EYEL EVOOUATWIEL ue TéToloY TEoTO €TOL (HOTE
va elvar xou SUoxolo Slaxpilel and Tov apyxd xdBuxa, aAld xor vo agaipelel ywplc va
dnutovpyrioel mpolAfuata Aettoupyxotnroc. H évvola aut Sev mpénel vo ouyyéetol o
xaulol Tov Teptntdoewy Ye Ty aopatétnta (invisibility). H Baowd toug Stagopd elvat
TS To dlapavég udatoyedpnua Beloxetal UnpooTd ota PudTia xdtowu o onolog Tapatneel
TOV XOOXO TOU AOYLOULXOU TEQVOVTOC ATAQATARNTO, EVHD TO Ab6pATO UdUTOYEAQTUL Elvol
XPUULEVO UEOD 0TOY XOBXa EVOEYOUEVWS 0TO ECWTEPXS doudy (m.y., mivaxes, dévtpa,
AMoteg).

"Eva wpalo mapddetyuo npoxetuévou va yivel avtiinmey) 1 évvola tng dlagdvelag elvol
Ta ogpomhdva TUnou stealth, Twv omolwv 1 xataoxeur tpayuatortoiinxe yio TedTY Popd
otnyv Tepuovio xatd v ddpxelor Tou Seutépou nayxooulou Toréuou, Ta onola TETOVY
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XAVOVIXA OTIS OAOL ToL OEQOTAAVO. OTOV oupavd ohhd oe avtibeon ue 1o undholno Sev
vivovtaw avudnmtd and €va ueydro olvoro pavtdp. To agpomidva autd, OTwS xaL Ta
udatoypagruata Ta onolo elval adlagavy Xavouy yefioT 0pLOUEVKY TEY VLXKV Ol 0TS and
TNV TAEUPE TWY AEPOTAGVWY UELOVOUY 6E TOAY ueydho Babud tny aviavidxhaor / exnount
TWV PAVTAE VG amd THY TAEURH TWV UBATOYRAPTUATOY UELOVOLY GE TOAU UeYdho Balud tic
emxlvduveg oTaTloxéc WIOTNTES Tou XWX (T.)., o€ xdbe cuvdptnon uéoa 6To GUvolo
TV eVIOAGY e eugaviletal d0o gopéc éva 6UVORO EVTOAGV) oL omolec SnutoupyolvTal
and 1o ouvhin LdaToYpAPHUATA.

And n otiyur| 6mou éva xaxdBovhog yeriotng evtonioel éva udaToYpdPNUA UECAU OTOVY
%GB evog hoylouxoU, elvon Sedouévo 6TL umopel xan va 1o agatpéocet. Av €yel Ty WBLOTNTA
TOL eVPWOTOL UBATOYPUPHUATOC lOWS TOL TIPEL XATOLOY TEPLEGOTERO YEOVO, ATd OTL LI TOU
énatpve av elye Ty WLOTNTA Tou e¥lpaucTou, aAAd dTwS oL va €yel elval x0LvE omodexTod
6tL elvan oe Béoel va o alhowdoel. ‘Onwe éyet meL xau o C. Collberg (emotiuovac otov
ToUgd TNS LOATOYRAPNOTS hOYLOUXOU UE TOAAES SNUOGLEVUEVES EPYATIEC OE EMOTNUOVIXG
OUVEDPLAL X0l TEPLOBLXE GTO EVERYNTLXG TOL) 0V XATOLOC XaxOPOUNOC ypHoTng éxEL EVTOTIGEL
v tonobeota tou LdaToypaYhuaToS dev UTdpyouy TeptBdpLa atopuyhc [24].

Yrdpyet n otatxd, Stagdveta xor 1 Suvouxy Swapdverar [62]. H otatixd Sapdvela
AVALPEPETAL OTIC OTATIXES WILOTNTES EVHC TPOYEUUATOC ()., GUYVOTNTES EUPAVLOTC EVTO-
MOV péoo oTov xOB8xa) eVE M duvaulx SLopdvela avapEpETAL OTLS SUVIULXES LOLOTNTES
(1., ouyvéTnTeS eugdvione eviohdy uéoa otov byvoc extéleonc). Emmiéov n Siapdvela
unopel va elvar elte tomuxyy (local), elte xaBohueh (global). H tomuxt| dtapdveta avagépetal
o1 6UYXELOT) TNE USATOYRAPTUEVNC EXBOOTC EVOS XOOLXA oL OTY) UT) USATOYRAPNUEYT), EVE
1 xafohxt| Slapdvela avagépetal ot cUyxplor UeTall evOC UBATOYRUPNUEVOU XOdIXA UE
TOAMOUC 1l Toxihouc xOdLxeC.

Kotd xoipolc €youv dnuocieutel epyaciec mou mopoustdlouv ahyopliuxéc teyvixég
udatoypedgnong hoylouxol oL oToleg EVOWUATOVOUV udaToypaphuata To omola divouy
€vauoua Tpog mepalTépw YdZluo oe ewoPolelc. To yeyovdc autd ogelletor oty youUnhy
Stagpdvela mou Tig yopaxtnellel xalde olupwva ue toug akyopilbuoug Tou axoioubolv
XWOLXOTOLOUY TO LUBUTOYRAPNUA STULOUEYDOYTIS TpWTY onUeld XoL XATACTACELS UEGA GTOV
%xOOxaL Tow omolol elvol Wialtepa eV xatl euXOAnS exuetaiievolua. Tétown onuela elvar
Ta &N

o Ynueta ota omola Bploxovtol axolovbiec and ocuvbrxec eréyyou oL omole anoTLOVY
EXPPAOELS TOU TERLEYOLY UEYEAO apLOud and acuviiLoTe 0TalERES, UN CUGYETIOUEVES
UE TOV UTOAOLTO HOOLXA.

o Aouvriota ueydho T0600TH and eVvIOAES TUTOU goto cuyXpELTixd e To uéyehog o
EVTOAEC TOU HOOLXAL.

e Yuvapthioelc oL onoleg euneptéyouy x(Bdnho (dummy) xdSxa, o onolog elvar €€
0pLOUOU AOYETOC UE TOV UTOAOLTO XMOOLXI TOU TOV TEQLEYEL.

o Ileplodixéc eupavioels GUYXEXPLUEVKDY GUVOA®Y EVTOAGY (TT.)., EUQEVION TNS EVTOAAC
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push k gopéc ouveydueva xol auéons UeTd Tng eviohic pop Ue Tov (dlo apbud
ELQAVICEWY) OL OTOLEC dEY TAPEYOUY XATOLY OUGLAGTIXH AELTOUPYLXGTTOL.

‘O)o 10 Béuo otn SLagdveld eVOC EVOOUATWUEVOU LSATOYRAPAUATOC elval va gaivetal
PUOLONOYLXOS XL dEENXTU AAANAEVOETOC UE TOV UTOROLTO XMOXA, O XMOBLXAC TOU TO XWOL-
xomotel. Ouctaotxd vo un diver xtvntpo oe xdmolov mou mbavéy va SlaBdler Tov xdduxa.
To yeyovoc autd BéPona, mpolinobétel €vay cuvduacud drhetne gavraciog xar eumetplog
and TNV TAELUPA TOU TEOYEAUMUATIOTH.
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KEDAAAIO 3

TO MONTEAO
YAATOIPAGHYHY AOTIEMIKOY WATERRPG

3.1 Tlpoyevéotepa Anoterecuata

3.2 Baow Idéa tou WaterRPG Movtéhou

3.3 Awdwaolec Evowpdtoone xat E€aywyrc Tou Ydatoypagpriuatog
3.4 Yuwotdoec tou Movtéiou WaterRPG

3.5 Ahyépiuog Ydatoypdgnone xar Anddelln Opbdtnrag

3.1 Ilpoyevéotepa AnoteAécpata

Eyovtac nopovotdoel xat avahloet eic Bdboc éva ueydho turiua mepl npootaciog xddixa
AOYLOULXOY UECW TEYVLXOY OTWS 1) UdATOYEAYNOY, 1 cuoxdTLon XL 1) Bwpdxior 1 tapovoa
dlatpSh) oto onueilo autd Poociletar oe 10N dnuooleuuéva ATOTEAEGUOTA ETLGTNUOVLXMDY
EQPYOOLOY UE OXOTO VA TROTELVEL XAl €V GUVEYELX Vor aZLoAOYNTEL £VaL VEO SUVOULXS UOVTEND
udatoypdynone royiouxot. To anoteléouota ota omola auty Paciletor agopolv xou
™V @don e dnuovpylag udatoypagruatog [13] [14] [15] xar tnv @don e eVenUdTwoTg
udatoypaghiuatoc [16] éyovtag étol éva mAfpes undBabpo.

3.1.1 AMyéeibuog Chroni & Nikolopoulos

O aiyépfuoc Chroni & Nikolopoulos petatpénel, anattdviog ypauuxd ypbdvo %ol x6Geo,
Evay axéparto apliud tov omolo tov déyetal we eloodo oe Eva avayGyLUo LeTabETIXG YedpnuUa
(reducible permutation graph - RPG) 7o onolo 1o napdyet wc é€odo uéow ulag auvtoava-
otpéoucac uetdfeone (self inverting permutation - SiP) xot to avtiotpogo [13].
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Enl tnc ovolag o alydplbuog autdc yoplletar oe téooeplc enuépouc GAoELS, EX TOV
omolwyv oL mpdteg dYo amoterolv to 0phd Tng Swadixaciag xataoxeurc xal oL Teeutaleg
dvo amoteholv To avtiotpogo Tng Stadixactog xataoxeurc, 6mou yivetal 1 ueTa@opd ond
To avayodywo petaletind ypdonuo mlow otov axépato aplfud. Luyxexpuuéva, 1 TedTN
pdon xwduxonoel évav puowxd aplfud uéow ulac ditovixrc (bitonic) uetdbeons oe yla
autoavaoTeépouoa uetdfear, 1 deltepr gdon xwdixonolel THY autavVaaTEEQOLCY UeTAbEDT)
uéow evie xatevhuvéuevou dxuxhou ypaphuatog (directed acyclic graph - DAG) oe éva
avay@yuyeo petabetixd ypdonua, 1 teltn @don atoxwdxonolel To avaydyluo uetabetind
Yedpnuo UEow EVOC BEVTPOU OTNY AUATOAVACTEEPOVUCN UETADEDT) XAl 1) TETAETY oL TEAEUTALA
pdor anoxwdixonolel TNy Topayleloa uetdbeon tlow oTov apyxd axépalo aplhud.

[Mapoxdtew nopatifevtar ou alydetbuol xwdixonolnone oL anoxwdixoroinang Twy Teo-
odpwy auTOV Qdoewy xabde enlong xar éva mapddelyuo 6Tov xdle évav and autolc mpo-
XEWEVOU VoL YIVEL CUPESTERY) XAl GUVAUA TLO XATAVOTNTH 1) dtadixaotia.

Elcodog: axépatog aptbudc w
EZodog: uetdbeon SiP

1. Yroloyioudc duadixfc avanapdotaong Tou w, €6Tw B = by, by, ..., by;
2. Kotaoxeuy tou duadxot aptbuot éotw B’ = 00...0||B||1 uwixoug n’ = 2% n + 1;
3. Kotaoxeuq tou Suadixol aptfuot éotw B* = B;
4. Koataoxeu] Tov axohouidy:
4.1 X =1, 29,...,7 Ue T Béoelc Twv 1 Tou B
4.2 Y =y, Y2, ..., Yn Ve TIC BEoEc TV 0 TOU B
5. Kataoxeuh e ditowxdc uetdbfeone n® = X||Y'F;
6. EoTw 1, Moy ooy Mgy Toetdy v ooy Tt = L1, L2, « o s Ty Yy Y1, - -, Y1, 2 = 1, j =15
Oco i < j enavéhaSe
6.1 Kotaoxeun tou xOxhou ¢; = (7, 7;);
6.2 i—=itl;
6.3 7=7—1
Téhog enavdindne
Av i = j téte xataoxev| Tou xUxhou ¢; = (T, T;);
7. Eotw SiP=rm,70,..., %y, €T0L Gote T, = 4, 1 <1 <n;
8. TI'a %46 xixro ¢; = (m, ;) € C
6.1 To m ewoépyetal ot Béom mou dnhdvel to m; oty SiP xa To avtioTpoo;
TéNog enavdindng
9. Emnwotpogn e SiP;

Alyobpuoc 1: lpdtn pdon xwduxoroinone Encode W to_SiP
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O alydpibuog autde g TpdTNE @done o onolog xataoxeudlel and Evay axépalo apLhud

’ 7

uto autoavaotpépouca uetdbeon urnopel va ypnouuonotniel xat autololog YLo TNV TApAY WY
doudy udatoypdgnone (uall Béfata e Tov alybpBuo tne Tétaptng xutd oelpdc pdone Yo
NV anoxwdixonolnoy Touc) oL onolec URopoUv v EVEWUATOHOUY aToTEAEOUATING Xat OE
dMho dnoraxd avuxelueva. Tétow avtixelpeva unopel va elvar, glte exdvec [9] [18] [19] [20]
elte nynuxd ofuata [9].

Y10 TapaxdTw Tapddelyuo o axépatog aplude 8 uetatpénetal, UEow Tou alyoplfuou tng
TedTNe Qdone, oe ula autoavaoteépouaa uetdfeon. Ta xdxxvo xor unke BEAN delyvouv
Twe and 11 Sitovir) uetdbeon xataoxeudletar éva Ledyog otolyelny xabde enlong xal mwg
autd To Levyog oTolyelwy Tormobeteltal otic Oéoelc Tne autoavaoteépoucac uetdleonc.

B' = 000010001

ws]
*
I
L]
L]

IS
m=5987643201

A9, 2), (8, 3), (7, 4), (8, 6)}

R e
SiP=(5)9 8 7(1)6 4 3 2

W

Eyfuo 3.1 Mopdderyua mpdtne pdone xwdxonolnorne.

Y10 onuelo autd, mpoxewévou va arogevybel 1 dnuovpyla xdmolou xevol oyeTixd
ue tov akyopliuo tng Seltepng @dong elvar oxoémUo va oploTel 0 TpdTOC UE TOV omolov
urohoyilovtat Ta xuplapya otolyela ulag uetdheonc. Xuyxexpuéva oe ula uetdbeor éotw
T = Ty, TM,..., T, éva otowyelo m; xuplapyeiton (dominated) ané éva otouyeio m; av To

T (N T tou otoyelou) elvan peyalitepn and to w; (n Twwh Tou Tou otouyelou) xou To
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7' (n Béon Tou 1 otowyelou otn petdbeon) elvon uxpdTepn anb To nj-_l (n 6éon Tou 7
otowyelou oty uetdbeon). Enlone éva otovyeio m; xuplapyeitar dueca (directly) ané éva
otolyelo m; av To m; xuplapyel Tou m; xou dev mapeuldiietol wetalld Toug dhho otolyelo my
01N Yetdbeo tétolo GGTE TO OTOLYElD T; VoL XUpLapYEL TOU oToLyelou Ty, XAl TO oToLyelo m
val xupLapyel Tou otouyelou ;.

"Eyovtac oploel howndv Tic dYo oyéoelc xuplapyloug, TNy amdh xal Ty dueor, oplletol
xat To aVvoho xuplapylac dom(i) evég otoryeiou i. To 6lvoro autéd neptéyel bha exelva Ta
ototyela g wetdbeone 1 ta omola xuplapyolvtal and To otolyelo . Me tov (dlo axplBde
Tp6T0 oplleTal xaL To alvoho e dueong xuplapylog didom(i), To onolo Teptéyel bha exelva
Ta otouyela Tng Uetdleong m Ta omola xuplapyoUvToL dueca and To oToLElo i.

[Magpoxdtew napatifetar o ahydpbuog tne deltepnc pdone o omolog xal OAOXANPGOVEL TO
0p06 tne GAng Sadixaolog xaTaoxeLAC TOU AvVaYdYLULOU UETAOETIXOU Yo P UaToC To 0Tolo

fa anoteléoel o1n cUVEYEL TO UBATOYRAPTUO.

Elcodog: uetdbeon SiP
EZodog: ypdoynua F[SiP)|

1. Kataoxeur dxuxhou xateuvBuvbuevou ypaghuatoc D[SiP] ue n xéufBouc we e&hc:
1.1 Eotw V(D[SiP]) = v1, v, ..., Up;
1.2 Yrohoyioudc ouvéhou didom (i) yia xdfe otoyelo ¢ tne SiP, 1 <i<n—1;
1.3 V j € didom(i) npootifetal n axur (v;, v;) oto abvoko E(D[SiP])
1.4 TIlpoaBfixn 2 x6uPwv s = v,11 %ot t = vy 1o olvoro V(D[SiP));
1.5 TlpoaBrinn axudv (s,v;) oto E(D[SiP]) V x6ufo v; ue 0 etoepyduevec axuéc;
1.6 TlpooBrinn axudy (v, t) oto E(D[SiP]) V x6uPo v; ue 0 eZepydueves axuéc;
2. T %86 x6uPo v; € V(D[SiP]), 1 <i < n enavéhafe
2.1 Ymoloyiouds tou ouvérou P(v;) = {v; € V(D[SiP))|(v;,v;) € E(D[SiP])};
2.2 Emhoyt x6uBou vy, ue ) ueyahltepn euxéta P(v;);
2.3 Eotw p(v;) = vp;
3. Kotaoxeurh xateuhuvéuevou ypaghuatoc F[SiP] we e&c:
3.1 V(F[SiP])={t =v0,V1,. ., Un, U1 = S};
3.2 Twi=n uéyet 0 emavérafe
3.2.1 IlpocHhxn axuhc (vit1,v;) oto E(F[SiP]);
Téhog enavdindne
4. T %d0e x6uPo v; € V(F[SiP]), 1 <i < n enavélaPe
4.1 TpooHipn axuhc (v, vy) oto E(F[SiP]) av vy, = p(v;);
5. Emetpogh tou F[SiP];

Alyépibuog 2: Aeltepn gdorn xwdxonolnong Encode_SiP _to_RPG
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Me tov tpbm0 auTdY ohoxAnedveTal T0 006 TN SLadlxaotug XATAGHEVHC AVAYEYULOU
uetabetixol yoagphuatog and axéporo aptdud. Iapaxdte axoloulel napddelyuo oto onolo
N autoavaotpépouca Uetdbeon 1 onola €yel mpoéhbel and Tov axépalo oplbud 8, Tou
TEOYNYOUUEVOU TOEAOELYUATOC TEOXELUEVOU VO UTAPYEL Ulol GUVEYELDL XaL GUVOYT 01N PO
e eV AoYw SwtpPric, Uetatpénetor o avaydylwwo uetalbetuxd yedgrnua. To ypden-
ua autd amoterel To USATOYEAPNUN TO OTOLO UETETELTH EMPOXELTO VA evowUatwlel o
xGOxa hoylopxou Baon tou wovtéhou WaterRpg. Ilpogavdg, to yedgnuo autd mpotoy
eEVOWUATWOEL 08 AOYLOULXO UETATRENETAL GE XOOXA VLA VO VO UTOPETEL VoL ELVAL AELTOURYIXO
1600 T0 LBATOYRAPNUA OGO XAl O XMBLXAC TOU AOYLOULXOY.

V(D[SIP]) = {v, V,, ..., v,}
didom(v,) = {v,,v,} didom(v,) = {v.} didom(v,) ={}  didom(v,) = {v}
didom(v,) = {v,} didom(v,) = {v,, v} didom(v) ={v,} didom(v,)={v,}

E(DI[SIP]) = {(UE, Vl): (“"5} V4}: (""‘ga Vs)l (Vga U?:l, [:“"r?: U]_}l (Vy: Vs)-‘ (Vﬁ.! z.).' (U:p 1""3)5 (“"3} Vg}}

e ™ A Y
Plv,) = {v, v;} plv,) = {v;}
Plv,) = {v,} plv,) = {w;}
Plv,) = {v,} plv,) = {v,}
Plv,) = {vg ve} plv,) = {vg)
o Pvi={v} [, plv)={v}
Plvg) = {v;} plyg) = {v;}
Plv,) = {vg} plv,) = {v }
Pvg) = {vo} plvg) = {v}
Plvy) = {v.} Plvg) = {v,}
-

Yyfuo 3.2: Topdderyua deltepne @dorne xwdixomolinong.
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"Eyovtac mapovotdoel to opbd tne dladixactiag xwdixonolnong evog axepaiou apliuod
oe avoyoOYLo uetaletixd ypdgnua, oto onuelo autd axohoulel 1 avtiotpogn dwadixoocia
xaTd TNy omola To avay®dyuwo uetabetixd ypdgnua, 1o omolo XATACKELACTNXE ONd TIC
Tponyoluevec dVo gdoelc, amoxwdixomoleltar otov axépatlo aplbud and Tov omolo xou
mponhe. Ilopaxdtw mapoucidlovtal ou akydplbuol TwV @doewy autdY Ue To avtioTolya

rapadelyuaTtd Toug.

Eicodoc: ypdonua F[SiP]
E&odog: yetdbeon SiP

Awarypagh) Tov axuody (vi41, v;) and 1o ovoro E(F[SiP]), 1 <i < n;

Awaypagt Tou x6uBou t = vy anéd to ovvoho V(F[SiP));

Avtiotpogh xatelfuvone otic axpéc Tou ouvohou E(F[SiP]);

Egopuoyr avalritnone xatd Bdboc emoxéntoviac 1o nadl Ue TNV ULXpOTERT ETLXETA;
Tagivounon Twv x0ufwy ot uetdbeor oclugwva Ue TN oeLpd Ue TNy onola ETLOXEPTNHAY;

Avorypapt) Tou x6ufou s and 1N UeTdbeor Tou TponyYolUevoU BAUATOC;

NS s e

Enwotpogr| tne SiP;

Alyépbuoc 3: Teltn @don anoxwdixonoinone Decode RPG _to_SiP

Y10 onuelo autd yia Adyouc xohlTepnC XATAVONGONC TOU TpoTNYoUuevou alyoplfuou
xafd¢ enlong xon yia Aoyoug mAnedTnTag yiveton ulo uixey) vo&n oe ahyoplbuoug didoyiong
oe ypagphuata divovtog tapdhinia xal Toug aiyoplfuoug oe Lop@T Peudoxddixa 1660 g
avalhtnone xatd Béboc (depth first search - DFS) A adhidde xabodixric avalftnone 6o xat
e avalhtnorne xatd thdtoc (breadth first search - BFS) # adde oplbvtiag avalftronc.
O ev Aoy adyobplfuot anoteloly lowe Toug mio dnuoguieic akyopiuoug Tou epapudlovta
ENAVW OF YRAPHUUTA.

'Onwe utodnidvel xal 1 ovouaocio g Uebddou, oty avalitnorn xotd Bdbog, 1 dieped-
vnon enextelvetal Teog ueyohutepa Bdlrn oto yedgnua, ototedrinote autd elvat e@uxtd. Ot
axuég e€epeuvolvTal Ue agetnpla Tov To TPdcQaTo x6UBo v amd Tov oTolo eXxLVOUY U
elepeuvnuéves axuéc. Agol eCepeuvnfoly dheg oL axuéc Tou v, 1 Slepelvnon ETLOTEEREL
oTov %x6ufo and Tov onolov eVIOTIoTHXE 0 v Xal GUVEYICETOL UE TIC TUYOY GAREC OXUES
Tou exxtvoly and autév. H Swadixaocto auth ouveyiletal uéyplc 6Tou eviomoTovy GhoL oL
x6uPot Tou elvar tpoonerdoluotl and Tov apyxd agetnolaxd xoufo. Edv eaxohoufoly va
UTAEYOLY U EVTOTLOUEVOL XOUBOL, TOTE ETAEYETOL £VOC ATO AUTOUS WS APETNELAXOS XOUB0C
xat 1) depelvnor enavahauBdvetal and autdv. H éin Swadixasia cuveyiletar uéyplc tou
EVTOTLOTOUY 6loL oL x6ufoL.

Kdfe @opd émou evtornileta évag xdufoc v xabde dlatpéyetal o xatdhoyog yertviaong
evog evog 101 eviomiouévou xoufou u, o alyopliuog xataypdgel autd To cuudy Bétovtag
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0S TEOXETOYO TOU TOL U, T[v], TOV u. LNUELBVETUL 6T0 ONUELD AUTO TS TO UTOYEAPNU
Tpoxotoywy elval Thavéy vo arotehelton and Sidgopa Sévtpa, xalog 1 diepelvnor unopel
vo. emavadngbel and Torholc Slagopetixolc agetnplaxotc xéufouc. To urnoypdgnuo Teoxa-
oYLV oplletal we enc:

L Grr = (VY; Err)

o £, ={(x[v],v) : v € Vxaunrlv] # 0}

To vnoypdgnua tpoxatdywy authc tne depelvnong oymnuatilel €va xabodixd ddococ To
omolo amoteheltol amd ddpopa xabodxd dévipa. Ov axuéc tou cuvérou B ovoudlovtol
devdpixéc. Katd tnv mopela tne Stepetivnone anodidovtal oToug xouBouc ypduoto o otola
umodexviouy Ty xoatdotact Touc. Kdbe xdufoc elvar apyixd heuxde, otn cuvéyela, dtay
evroniletat, yewuatiletar yxpllog xol 4Tov TEPATHOVETAL, HTAV €V OALYOLC OAOXANEOVETAL
7 e&€taon Tou xutahdyou Yeltviaorc Tou, ypwuotiletal uehavoc. Enouévoc, ue autdy
Tov TpOTOo €yel eCacpaiiotel 6TL xdle évac and Tou xduPouc Tou Ypaghuatoc Ho evtoylel
uovdya oe €va xafodixd dévtpo.

[Tépav buwe tou xabodixol ddooug 1 Siepedvnor auty| Bétet enlong oe xébe évay xdufo
xaL ypovooopeayidec. Kdbe xéuBoc v éyer dbo ypovaogpayidec 6mou n mpdtn, dlv],
xaToypdgel T ypovix ) atiyur mou evtoniletal v mpdtn @opd o v, evd 1 deldtepn flv]
TN Ypovixt) oTyur mou oloxhnpdvetol 1 e&€taon Tou xataldyou yertviaong tou v. Ou
Ypovooppayidec autég ypnotdorototvtal oe TANdopa alyopluwy yeapnudtny Ue oxond
VoL SLEUXOAUVOUY TS UEAETEC CUUTERLPOPMV X0l OTY) CUYXEXPUIEVT TEpInTwaT, Tn UehéTn
¢ Siepevvnong xatd Bafoc. Ou Twéc Twv ypovooppaydwy elval axépotol aplbuol uetall
Tou 1 ot tou 2|V | xafde yio xdbe évay and touc |V | xéufouc tou ypaphuatos undpyet éva
ouufdy evromiopoy xol éva ouuPdy mepdtwone. Iapaxdtew nopovordletal und TNY UoPYY
Peudoxddixa 1 avalhtnon xatd Babog, ywelouévr oe 0o GUVIPTHCELS.

KAGOAIKH AIEPEYNHYH(G)

.y xdfe x6uPo u € V|G|
yedualu] «— AEYKO
t[u] +— KENO
. Ypovog «— 0
.y %x80e x6uPo u € V|G|
av yeoua|u] = AEYKO téte
enioxedn KAOOAIKHY AIEPEYNHYHY (u)

e R R N
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KA©OAIKHY ATEPEYNHYHY (u)

yedualu] «— I'KPIZO
Yeovog «— ypovoc + 1
d[u] «— ypbdvoc
v x80e v € Adjul
av yedualv] = AEYKO téte
r[v] +— u
entoxedn KAGOAIKHY AIEPEYNHYXHY (v)
Yedua|u] «+— MEAANO
flu] «— ypdvoc «— ypdvoc + 1

R A A e

And v dhn mhevpd n avalhtnon xatd mAdtog elvar évac amd Toug amAoUGTEROUC
ahyoptBuoug diepedvnong evog ypagrRuatog oL anotehel To apy€Tumto Yol ToAAOUC xal
ouvdua onuavtxolc alyopifuous Ypapnudtony 6rwe elvat ot Prim (akybpfuoc ehagppite-
pou ouvdetxot dévtpou) xat Dijkstra (adyobpliuoc opoagetnplaxdy ehappitepwy SLadpo-
udv). Suyxexpuuéva, v éva dedouévo ypdenua G = (V, E) xar évay dedouévo apetnptaxd
%x6uPo s, 1 opllovTia Siepedvnor cuvicTatar 6T CUOTHUATIXY EEETAOY TOV axU®OY Tou G
BOTE Vo eVTOTLETOUY 6oL oL xoufoL ol ontolol elvat Tpoonerdoruol and Tov xo6uPo s.

Y10 mhalowo g ev Aoy pebddou umoloyiletar 1 andotaon (to uxpdtepo TARHoC
axuddy) avdueoa 6Tov x6uPo s xal oe x8be tpoonerdotuo xoufo. Anutovpyeltal enlong éva
opllovTio 3évtpo ue xoufo plla tov x6ufo s To onolo xal TepLéyer GAOUC TOUS TPOOTEAD-
owoug xouPoug. I omorovdrmote x0uPo v mpoomehdowo and Tov s 1 dladpour| ard
Tov S Uéypl Tov v 0To 0pldvTio dEvTpo avtiotolyel oe ula Bpaydtatn Swadpour| and Tov
5 u€ypeL tov v oto yedgnuo G, dnhadh oe ula Sladpour mou mepAaUBdveEL TO ULxEdTERO
miffog axudyv. H ovouasia tou didoyiong authc ogelletal 0To YeYOVOS OTL emEXTELVEL TO
oUV0opPO UETAEY EVIOTLOMEVDY XAl UT) EVIOTLOUEVRDY XOULOY OpoLOuoppa 68 6A0 TO £UQOC
TOU GLUVOPOU AUTOU X0l 6TO YEYOVOSC OTL TO GUVORO €YEL ETXPATAOEL Vo oyedtdleTal xoTd
v optlovtia Sievbuvor. Ernl tne ovolac, evroniCovtal 6loL oL xbéuPol oe andotacy k and
Tov X60UBo s (apyxds x6uPoc) xal Lévo av eZavtinfody avtol n avalftnor Teoywed oTto
enouevo eninedo k + 1.

'Onwe oty avalhtnon xatd Baboc, étol xau otny avalitnon xatd Thdtoc ou xéufol
Talpvouy Ta ypouata Aeuxd, yxpllo xat uehavéd. Ev apyr) 6ot oL xdufot €youv ypodua Aeuxd
XAl OTN GUVEYELA TalEYOUY ToL UTOAOLTA SU0 YpoduaTa OTwe YiveTal xoL otny avalitnon xatd
Bdboc. H diepeivnon auty| xataoxevdlel oe avtibeorn ue v tponyoluevrn optllévtio dévipo,
To omolo apylxd TEpLEyEL UGvo Tov agetnplaxd xouPo s. Omnotedfmote evroniletol évag
®x6uPoc v xatd TNV Sdpxela odpwone Tou xaTtahdyou Yeltviaong evoc Y01 EVIOTLOUEVOU
%x6uPou u, o x6ufBoc u xat 1 axuy) (u, v) tpoctifevtar 6o dévtpo. Ernlone onuetdvetat twg
amd TN oTLYUT ToU évag xouPBog evtoniletor axplBdc uia popd €xel To TOAS évay TpoxdToyo.
Ot oyéoeic npoydvou xal arnoydvou oto optldvtio devipo optlovtal wg mpog tov plind
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%x6uPo s Ue Tov xhaoowxd TedTo: €dv 0 u Pploxetal o ulo dtadpour| Tou dévtpou and Tov
ollix6 x6uPo s uéyeL Tov v, 161 0 x6Ufoc U elvar TEGYOVOC TOL U XUl 0 U UE TT| GELRA TOU
elval anéyovoc tou u. L1 ouvéyeta tapovoldletal o Peudoxddixac Tne avalATnong xatd
nAdToC.

OPIZONTIA AIEPEYNHYHY(G, s)

L.y x80e x6uPo u € VIG| — S
2 ypoua|u] «— AEYKO
3 d[u] «— oo

4 7[u] +— KENO
5. yebuals] «— I'KPIZO
6. d[s] «— 0

7. n[s] «+— KENO

8. Q<+ 10

9. npoohiun(Q, s)

10. 6o0(Q # 0)

11. u +— oagalpeon(Q)

12. v xébe v € Adjul

13. av ypedua[v] = AEYKO

14. yedua[v] «— T'KPIZO
15. dfv] «— dfu] + 1

16. rv] +— u

17. npoabinn(Q, v)

18. yeoua[u] +— MEAANO

[apoxdtw mapatibevron tapdderyua Tne Teltng @dorng antoxwdixonolnong 6tws axpel3og
€YLVE XAl UE TLC PAOTS TNG XWwdLXoToinong. XToYEUoVTAS TNV SLaThpnon TNS CUVOY RS UE TA
TEONYOUMEVO TopadelyaTo TO avay@yuto Uetabetixd ypdgnuo To onolo yenoluonoleitol
o€ auTo To Tapdderyua elval exelvo To yYpdgrua To onolo Tporhle and Tov axépalo apliud 8,
6noc axpBde €yLve xat 6T Tponyolueva topadelyuata (don 1 xau pdon 2), ue 6té)0 TNV
napdfeon ulag Thrpouc dradixaotoc xwdixonolnong xal anoxwdixorolnong evoc axepaiou
apliuol oe avaydyluo petaleTind ypdgpnua xol To avTloTeogo.

EnuetdvetoL Tog Ta x6xxva BEAN 610 3€VTpo To onolo dnutovpyeltal xatd TNy dtaypapt
TOV UnpooTd axudy (vii1,v;) 6To mapddetyua nallouy To péAo TOU TEHOTOU LOYOTATLOU
didoytong xatd Ty didoyiomn xatd Bdbog, to mpdorva BEAN nailouv Tov pdho Tou deltepoy
uovornatioy Sidoytone xot ta wof3 BéAN nallouy Tov pdro Tou Tpltou xat teheutalou Povo-
matol Sudoytong. Emmiéoyv, ta voluepa mdve and xdle x6uPo delyvouv tnyv oelpd ue tnv
onolal ETLOXEQTNXAY VLo TEATY Popd oL xOufoL xatd TNy ddoyton auth, 1 onola elvol xat
auTH oVUQWVO Pe TNV omola oL ETIXETEC TV XOUPWY ELCEQYOVTAL 6TNY UeTADEDT,.
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Olaypapn Twy aKpy
{vis1, Vi)

g ™
()
(1 fy

vy

avalnTnon Katd pabog
apyifovTag amo Tov KOPpo s

Y

598 7,1,6,4 3,2

Eyhuo 3.3: Topdderyua teltne gdone anoxwdixonolnong.

Ev téket, ohoxdnpdvovtag tny dtadixactio Tne aroxwdixonolnong xatd tny onolo €va
avoyOYLUo petaletind ypdgpnua anoxwdixonoteltal oe €vayv axépoLlo apliud, tapovoldletol
xa 1) TETaETY XL TEAeuTata gdor 6Ty omola YIVETAL 1 UETAPORE Ao TNV AUTOAVAGTEEPOUCA
uetdbeon mlow otov axépato apltbud and Tov onolo mporibe. YrevOuuiletar oto onuelo
AUTO, TWS N QAoT AUTH xoBGC xoL GAES OL TEONYOVUEVES, ATOLTEL YRAUULXO YpOVO EXTEAEDTC
xa y&eo anobrixevone. Topaxdtw mapoucidlovtal Ta BAuata Tou akyoplBuou tne gdone
AUTYC.
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Eloodoc: yedgnuo SiP

E&odoc: petdbeon w

© ® > m

Yrohoyioudg g adloucag XUXAXAC OVITARAOTIONS €1 <2< ... < Ck;
Eotwi=0, j =n';
Koataoxeuy| tne ditovnrc uetdbeong A uhixoug ' wg e&hc:
Ooco 10 clvolo C Bev elvan ddero emaveérafe
Emhoyy Tou ehdyiotou otoryelou ¢ tng axohoubiag C;
Av o emdeyuévoc xxhog ¢ elval urxous 2 xat éotw ¢ = (a, b) téte

31 m=b,1=a

3.2 i=i+1;
33 j=j—1

Av o emreyuévoc xxhoc ¢ elvar uixouc 1 xat éotw ¢ = (a) téte
3.1 m=aq;
3.2 i=i+1;

Agalpeon tou xUxiou ¢ and To abvoro C}

Téhog enavdindne

Euvgeor twv e£hc unoaxoroubdy and v rt;

4.1 X =m,mo, ..., T;

4.2 Y = M1, Teg2y - - - T/

Koataoxevh) tng B* = by, ba, ..., by ue 0 otig Béoeic g X xou 1 otic Béoewg g Vs
Yrohoyioudc tne axohovbioc B’ = B*:

Kataoxev|) tne B agopdvtag ta tpdta n 0 %o to teieutalo 1;

Yroloyioudg Tou axepatlov aptbuod w and tny duadixt| axolovbio B;

Eniotpogr tou w;

nonc mopatifetor xat To avtiotolyo Topddelyud.
otpépovoa uetdfeor mpoepybuevn and To TpornyoUuevo Tmopdderyua Tne Teltng gdong, N
omola aroxwdixoroleital 6Tov axépalo apliud otov onolo aviiotouyel. Toviletal nwg xdbe
autoavaoTeépouoa Uetdbeon 1 omola €yel mapaybel and autdy Tov ahyodelhuo, aviioTolyet
uovdya oe évoy axépato apliud. Xnueldvetol enlong, TWC 6TO ToEOV TAPASELYU TA XOXXLVAL
xaL 1o Lof3 ophoydvia tapadinhdypoupa / xUxhot avTloTtoly oy oty TedTn XoL oT1) deUTep

Ahyéplfuog 4: Téraptn @don anoxwdixonolinone Decode_SiP _to W

Y10 onuelo auTO OAOXATPOVOVTUG XoL TNY TETAPTY XAt TEAEUTALA PACT ATOXWOLXOTOL-

enavaindn tou akyopiBuou.
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SiP=5, 9 8 7, 1

c.=(1,5)

6, 4, 3, 2

c,= (3, 8)

c,=(4,7)

¢.= (6, 6)

B*=1,1,1,1,

¥=8,7,6,4321

1,11,

1,0,0,0,/1

Eyfhuo 3.4: MMopdderyuo tétaptne gdone anoxnmdxonolnorg.

AOYLOULXOU.

O alyépifuoc Chroni & Nikolopoulos enl tng ouotac xeUBel und Tov pavdla ulag dourc
(vpdonua) évav axéporo aptbud. H Sour, auth dnwc Ha yiver pavepd ota endueva xepdhata
fo anoteréoel To LdatToypdpNuU To onolo Bdoel evdc poviélou ovouoatt WaterRPG Oa
evowuatoiel péoo oe hoytouxd. O aplBude autdg arnoterel xat Ty ToAUTOOT TN TANPOYOpia
7 omola oe uetayevéoTepo 6Tado (ol éxel evowuatwlel 1 dour, otov xdduxa hoyt-
ouxoV) mpeneL va e€ayBel TpoxeWEVOy Vo AELTOVPYHOEL TO UOVTELD auUTO LUdUTOYEAYNONS

To ypdynuo auTd EVOWUATHOVETAL GTOV XMOSXA AOYLOULXOU 0Qoy TRONYOUUEVWS EYEL
uetatpanel oe xOOxa. Katd xaipolc oe emotrnuovixés epyaaieg ouvedploy xal TEQLOSLXGDY
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€y 0Ly mapouaLaoTel Teyvxéc oL onolec and doués (m.y., yeaphuata, tivaxes, hMotec) mapd-
youv x@dwxa [22] [43] [36]. BéBowa o napayduevoc autdc xddxac and T ulo TAeupd eV
elvan xaboha hettoupyinde Slywe vo dnuoupyel Tpofriuata exTéAeonS GTOV UTOAOLTO XD
xot, omd TNV GAAY Gume dev elvar Stagavée (stealthy) évavtt Tou xddixa mov evewuatdvetol
x006¢ elvar x(Bdnhoc (dummy), ue anotéreoua va Siver Ypriyopa évauoua o€ xaxdBouloug
xeroteg va acyohnfoly uall Tou. To yeyovéc autd amotehel €va UEYINO UELOVEXTTUA
OTNV EVOWUATOOY Tou LdaToYpapiuatog, xa0de To xabioTtd eudhwTto o Wialtepa TpwWTH
oe enbéoclc.

Gopn ] -
VIO EVOWHATWOT QAKEPAIOG ﬂplBuDg
aE w

paan 1 paan 2
W _to_SiP SiP_to_W
TTOAUTTAOKGTTA TOAUTTACKGTRTA
a(m) aln)

auToOVOOTREPOUOT
HeTABETN
SiP

pdaon 3 pdarn 4
SiP_to_RPG RPG_to_SiP
TIOAUTTACKATNTA TOAUTIAQKATNTA
ain) ain)

fopn

VIO EVOWPATION
aE

EIKOVD
Kl

NYOTIED anua

avaywyigo
LETOBETIKG ypagpnua
RPG

Yyfuo 3.5: ®doeic xal egappoyéc tou ahyoptbuou Chroni & Nikolopoulos.

3.1.2  AvdAiuom touv Alyopifpouv Chroni & Nikolopoulos

O alydphuoc Chroni & Nikolopoulos xataoxeudlel o ypouuxd Yedvo %ol YOO avayd-
yiuo petafetind ypaphuata and axepaloug aptbuoic xar to aviiotpogo. H Swudixaactio auth
omwe €yel yivel #0n goavepd ota mponyolueva xe@diawa ywelletal o T€ooeple SLaXELTES
paoeic (8Vo yia v xwdxorolnomn xat d%o yLo Ty anoxwdixorolnon). Autd ta ypagphHuato
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pEpOLY WOLOTNTES 0L OToleg TOUE BLVouY LOVABIXG YALUXTHEA Xl EQOBLAL AVTIOTAOTC EVAVTL
TpoTOTOLRoEWY 6T Sour| Toug. O WBLOTNTES AUTEG, UE TNV ELCAYWYN TOV YRUQNUATWY
aUTOY oe hoyLouwxd Tepvoly 1 arlhide uetafBLBdlovTal otouc xOdéc Touc. Autéc elvan o
axdhouleg:

o Ta yoagrhuata autd €youv wovadixd hamiltonian yovondt. H wWdtnta auty) elvan
WLaltepa yproun TNV AVAXATAGKEUT TOU YRUPNUATOSC OE XATAOTACELS OTOU €YOUY
Tpomonolniel oL eTxéTec TwV XOUPOV.

o To ypagriuata autd, aveldptnto and Tov axépolo apliud Tov omolo xwdxonololy,
€youv Tdvta Teptttd TAHHog xOUBwy.

o Kdfe xéufog twv ypagpnudtwy autdy €yel dlo eepydueveg axuée, Ula axur 6Tov
%xOUPo UE TNV auéons uxpdtepn etxéta (Unpootd axun) xot ula axur oe xdmoloy

=

6uPo ue ueyalitepn enxéta (nlow axur) extoc and tov x6uPo ue Ty enxéta §
o omolog éyer povdya ula eZepyduevn axur xol cuyxexpluéva uld UTPooTd axur
070V XOUP0 UE TNY UEYAAUTERT ETLXETO OAOU TOU YRAPHLATOS XUl TOU XOUPBOU UE TNV
eTxéta t 0 onolog dev €yel xalbdhou eepyOUEVES aXUES.

o To ypagruata autd €youv mpoéllel and autoavaoTtpépouces uetabéoelc oL onoleg
elvol TeplTToU Unxouc, €youv GAoUC TOUC xUXAOUC TOUC UE UXxoug dUo exTdC amd
EVALY UE UNXOG VL.

o Ta ypagruata autd €youy TpoéAbeL and ditovixéc uetabéoelc Unxoug TEPLTTOY, OL
omoleg elvon mdvta oty apyr yYvnolog adgovoeg xat Votepa yivovial yvnolng @bivou-

O€C.

o To ypaghuata autd €youv mpoérlel and Suadixéc uetabéoelg TepltTol Uhxous, £0Tw
n’ = 2% n+ 1 oL onoleg 1o TpdTA N OTOLYEL TOUS TA €YOUY OAA GOGOUC XAl TO

teheutato ototyelo Toug etval mdvta 0.

Y10 onuelo auTd ONUELOVETUL TS LOVAYO TA AVoydYLUo UeTabeTixnd Ypaphuato Ta otola
napdyovtal and Tov ahyopluo Chroni & Nikolopoulos @épouv dheg Tig 8LOTNTES AUTES XL
Oyt OAn M xhdom TV YPAPNUATOY autky. Emougvwg, €yoviag to ypaghuata autd GAeg
autéc Tic WLOTNTES YiveTal gavepd Twg dUoxola Ho ocuuPel oe autd xdnolo Tpomonoinon
dlywe va unopel vo autodlogbwlel 1 Touhdyrotov va utopel va evtomiotel. Emniéov Aoyw
TOU YEYOVOTOC e pia amd T WLOTNTéC Toug elval To uovadixé hamiltonian povomdt
dev amatteltal emnAéoy TAnpogopla Yo TNV evowudtwon xdfe x6ufou otov xddLxa Tou
hoyiouxot.  Me amhd Aoy dnhad?, Sev ypewdleton va xpatelton mAnpogopla Yo TiC
ETXETEC TOV XOUBOY T8 TNV SLdpXELd EVOOUATOONC TOUC 0TOV xGdxa, Tpdyud tou Ha
yivel xalltepa xatavontd 6T GUVEYELX TNG BLaTEBNS.

AZilel va onuelwlel enfone Twe oL Tapandve WBLOTNTEC EVOOUATOVOVTAS TO AVIYOYLUO
uetabetnd ypdynua otov xOdxa uetagépovial oe autd. To yeyovdg autd onuaivel mwe

av elvar SYoxoho o emlécelc Tou Oa cuufolv oto udatoypdgnua autd xab autd TEwV TNV
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EVOWUATOGY TOU Vo dALOLOGOUY TN Sour| Tou, elval axdun mo dUoxoho ol enbéoelc Tou Ha
oLUPOUY 6TO xGdxa Vo ahholdoouy Tn) dout| Tou. Autd Loylel, xaldg otov xddixa elval
oAU mbavdy v tpomononBoldy TuiuaTd Tou Ta omola dev oyetilovTal Ue TOV XOOLX TOU
UdATOYPAPHUATOC.

3.1.3 Embéoeig oto Avayodyipwo Metabetind I'odpnua

O aiyoetuoc Chroni & Nikolopoulos déyetar we eloodo €vav axépalo aptbud xoar tov
UETATEETEL O EVAL AVAYOYLUO UETAOETING Yedgnua oTny €£086 TOU YPNOULOTOLOVTAC OUTO-
avaoteépouca uetdleon oe ypauuxd ypdvo O(n). H Soun auth unopel va deytel embéoelc
7 0AALGC Tpomonotfioelc oL omoleg ywpellovtar o Tpelg SlagopeTixéc xatnyoplec elte oc
ouvduacud, elte autovotec. Ot xatnyoplec autéc elvar oL e€rc:

e Enifeon otoug xéuPoug Tou ypagruatoc.
e Enifeon otic axuéc Tou ypagpruatog.

e Enifeon oTic eTixétec mou @EPOUV oL XOUPBOL TOU YRAUPAUATOS.

Yuyxexpluéva dampdttovtag entbeon otoug x6uPouc Tou yeagphiuatog, et Tne ovolag Tpo-
otlfevtar B agaipovvtol x6uPBol 6To cUvoro Twv x6uBwv. llpogavdg ue v agalpeon
AOUPOY APaLpoUVTAL TOUTOYPOVA XL OL UXUEC OL OToleg TpdoxelvToL ot autols. AlampdT-
Tovtag enifeon oTic axuéc Tou Ypoagpruatog TpooTifevTal 1 agatpodvtol axUéc 6T0 GUVOLO
TEY axpdy. Ynuedvetal tog avarodoyuptlovtag (flip) pla axur, and évay xéufo x oe éva
%x6uPo y, autd Tou cuuPBalvel TNV TEAYUATIXOTHT elval 1) agalpeoTn auTAS %ol 1) TEocHxn
véag axuhc and tov xoufo y otov x6ufo x. Eveo Swanpdttovtag entfeor oTic eTinéteg TwV
x0UPoy autéc elte arhdlouy, elte SlaypdpovTal eVIEADS.

H Sour| auti| Votepa and eUTEPLOTATOUEYT) TELpaUATLX Y MEAETY elvar Wialtepa avBexTixn
oe tpononotficelc ot doun tne [4] [15]. Xe embéoerc oToug xbuPouc xlplo pbho o auth
mailel To mdvta meptttd TARHoC xOUPWY TOU EUTEQLEYOVTUL GTO GUVOLO TWV XOUB®Y TNg
dourc. Xe embéoeic ot axués onuaviixd pdro mallel o otalepdc apllude axudy avd
%x0uPBo xabde xou 6Tl TdvTa uTdpyEL Ula UTPOoTE axul| xar oL UdAloTa o xOuBo Ue TNV
AUEoWS ULXEOTERT) ETIXETA oL TdvTa pia Ttiow. Evd oe enbéoeic oTic eTxéTtec Twv xOUSny
xafopiotind pbéro mailel To povadixé hamiltonian povondtt. A&iler enlong va onuelniel
TS axdua xat vo tparyuatononbel xdrola enifeon oto yedgnuo dtatnedvtag tapdAinia T
dour| Tou avénagn, 1 entbeon auty ue tdpa TOAY ueydin mbavotnTa Oo eviomiotel oTiC douég
Tou dnutovpyolvtal xatd v aviiotpogn dwdacta (@doec 3 xou 4) xatd v onola To
VoY O YUo UeTabeTING Ypdgnuo artoxwdixoroleitar oTov axépato aptbud and Tov onolov xat
Tpohbe (.., Bo evtomiotel oty dour| e autoavaotpépoucac Letdbeonc 1 T dltovixic
uetdbeonc).

3.1.4 Apywn Ilpocéyyion tou Movtélou Ydatoypdpnons

Ev opy? mpoxewuévou va udatoypagniel aroteheoUatind €va AOYLOULXO, TELY aXOUd EQae-

uootel xdmolo uovtélo udatoypdenone oe autd, elval anapaltnto vo axoloulnfel ula
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otpatnywy| Bdoel Tne onolog Ha e€aybody ocuurnepdouata Yol OYETIXS UE TOV TROYRUU-
uatioud mou o axoroubioel (eloaywyh udatoypaghiuatoc otov xddxa). H otpatnynd
auTH, oyeTlleTol UE TOV TPOTO UE TOV OTOLO TRETEL VAL OXEPTETOL XOL VAL EVEQYEL OTOLOGOHTOTE
oToyEVEL VO TPOGTATEPEL ToL TVELUOTIXG dxatduaTa eVHS hoYLoULX0U ond TNV GTLYUY| Tou
To Talpvel YL TpdTH Qopd oTA YEpLa TOU, UEYEL XAl TNV OTLYUY Tou To eEdyel GTNY ayopd
UE EVOOUATWUEVO TO LBATOYRAPNUIL OE AUTO.

‘Onwg ue 1L BopEg UBATOYPAPNONS ARG XL TLS TEYVIXESC LUBATOYRAPNONG AOYLOULXOU,
€T0L X0l UE TIC oTpatnyxéS dev UTdpyel xdmolo uaylxr; ouvtayy 1 onola va TapéyeL Ta
BéhTioTta Suvatd anotehéouata. Xty og xdfe gopd elval va e€ayboly Thnpogopleg oL onoleg
Oa pavoly yefowec 6Ny eTLAOYT TOU XAAUTEROU %ol Lo GUUBATOU USATOYEUPHULATOS TAVTA
CUYXELTLXE UE TOV XGOS 6ToV ontoloy xaL Ha evowuatwiel, aAAd xoL 6TOV TEOYRAUUATIOUS
mou Do axoloulricel mpoxeluévou To udatoypdpnua vo xwdxonoinlel otov xdGdxa. Ta
oTédLo and to onola amoteheltal N oTEATNYIXY TOU TpoTElveTAL And TNV Tapovou dlaTellT
elval Tor axdhouvha:

o Melétn xor TAeng xaTtavonoT Tou XGddxA Teog udatoyedpnor xal and alyoptbuixy
OXOTLA X0l 0T TEOYPUUUATIOTIXY, UE OXOTH Vol EVTOTLETOYY Ta utoripla onueia Tou

xGO3xa oto onola Oa uropoloe va evowuatwiel To udatoypdenua.

o Extéleon tou xdduxa ye plo TAnBdea axohovbdv elob30u TROXELWEVOU VO XATAY PO~
poUV oL TWES TwY YeOVLVY exTéheonc xat vo Byel évag uécog 6pog auTtdv xadde xal
exelveg ol axolouliec ol omolec xdvouv ToV UXPOTEPO XL TOV TEPLGGOTERD YEOVO
eXTEAEOTC.

o Kotaoxeut| udatoypagruatoc olugmva Ue ouyxexpluévo aryopliuo. To udatoypd-
pnuo TEETEL Vo YopaxTnelleTol and ouUYXEXPUUIEVES WOLOTNTEC TPOXELWEVOU Vo elvol
avlextixd oe evdeydueveg emhéaeic xax6Bovhwy YenoToVy.

e YulhovH epyahelwy Tou tapéyeL 0 xGdxag (T.y., ouvapThoeLS, UETABANTES, Tivaxec,
viuota, adlaavh xaTnyopRuaTa, ¥AT.) o omola Ha pavoly yefolud Yo Ty TEYLX
udatoypedgnorg.

e YUVBuUaoUOC TV CUNAEYDEVTOY epYahelwy UE GXOTO VO EQUPUOGTOUY GTOV XMIXA
(elte otov myato, elte otov exteréoLuo) Tou hoylouxol Ue TETOLOV TPOTO £TOL (HOTE
va Tov npootatédouy oo To duvatdy anoteheouatixdtepa (EpapuoyT| dladixaotdy
ov onoleg yewpllovtat xar atomoloty ta epyaiela autd) xwdxonoldvtag TANPogopia

UECA 0TO AOYLOULXO.

Yuyxexpluéva, axohouldvtag TNy ev AoYw oTRATHYLXY, aUTOS Tou eQupUdlEL TNV TEYVLXY
NS LBATOYRAYNANG, EYOVTIUS UEAETHOEL YOl XATAVONOEL TAHPWS TOV XMOOLXO TOU AOYLOULXOU,
dNULOUEY®VTOG eV CUVEYELX XAl TO XUTAAANAO LudaTOYEAPNUA, xUELo UEANUA Tou elvan va
OUMEZeL T xatdhAnho epyahela mou Bo ypewootel. XTn ouvéyela to gpyahelo autd Ha
oLYBUAGTOUY PEGK XATAAANA®Y SLaSIXAGLOY UBATOYEAPNOTS 6GO TLO ATOTEAEGUATIXG Elval

EQWXTO UE OTOYO TNV EVOOUATWOT TANpogoplac uéca oto Aoylouxd. Me anhd Adyw, o
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OLYBUAOUOS TOY EPYAAELWY OLOLAOTLXG elval 1) AVATTUEN EVOC UOVTEAOU UEQOC TOU OToloU
aroteAel xat o aiybdplluog udatoyedPnorg.

Enuetdvetol Twg otny epyaoia auth tpoxeuévou va dnuoupyniel €va udatoypdgnua
yenowonoteitar o alybptbuoc Chroni & Nikolopoulos (xwdixonoinon axepatou aptbuot
oe uetafetnd avaydywo ypdenua - RPG xau to avilotpogo uéow autoavaotpépoucag
uetdbeong - SiP) [13]. Yrdpyouv xat dhhot akydplfuot oL omolot UETATEEROUY EVay axépalo
aptBud oe éva petabetind avaydywo yedenuo [22] [23] alld to xUplo peLovEXTNUE TOUg
elval g dev umopovy va avttotaboly oe enfiécec oto Pabud mou avtioTéxovTol Ta Ypo-
phuarta ta onolo napdyovtar and tov ahyéptfuo Chroni & Nikolopoulos (n.y., npoctfxn /
darypapt, axudy, mpochhixn / Swrypagh x6uPev, Tpomonolnon THV EUXETAY TwV XOUPLY).
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Eyfua 3.6: Apyuxt) tpooéyyion noviéhou udatoypdgnong royiouxol WaterRPG.
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Eivat xovde amodextd oTov TouLn Tng TpooTaotidc AoYIoUxoU Teg oL USATOYRAPHOELS
oe hoytouxd mapovoldlovy apxetd TpoBiiuata xatd Ty egapuoyl| touc (implementa-
tion) ot mohhéc and T HON uTdpyouces TEYVIXES XL povTELA elval Wlaltepa eudiwTta oE
oyeTxd amhég emféoelc xaxdBovdwy yenotdv. Evd dnhady) éyouv texunpiwiel cwotd xou
ToAEC and auTég €youv dhoel elte Dewpmnuixy, elte melpauatixy anddelln, enl Tou mpaxtéoc
(oTov mpoYpouuaTioud) @alvetal vo Tapouctdlouy TeoBAAuaTa (LY., TO EVOWUATOUEVO
udatoypdgnua etval Wialtepa eupavég, Sev yapaxtnplletar and dapdvelo SnAady ¥ ahhot-
GveTol YoTeEpa an6 ATAEC TPOTOTOLACELS TWY GNUAGLOAOYLXGY doudy Tou xhdxa). EZob
XAl TO YEYOVOC Twe axoun dev €yel Beebel xdmola Thhpwe anoteheouatixt| Uébodog udato-
vedopnone. To cuunépacua autd TpoxUnTel and ddpopa evSEYOUEVA, xdTolo ard Ta oTola
elvan Tor axdrouha:

o Aev ypnowornouinxe aviextixd vdatoypdgnua oe embéoeic. To udatoypdgnua
dev elye T xatdAAnAeg WLOTNTES Ue anotéheoua Votepa and embéoelc eloBoréwy
alhotdlnxe avenavéphuta (dev Arav mhéov avayvwplowo and To hoylouxd avayveo-

pLone).

o Acv ypnowornouffinxe anotekecuotixnt Teyvixr udatoypdgnong hoyiouxol. Acyétwe
UE TNV ATOTEAECUATIXOTNTA TOU UBATOYRAPHRUATOS WS doUN, 1) TEY VXY LdaTOYRdYPNOTC
1) 0 TEOYPAUUUATIOUOC TOU €AaBE YOpa YLa Vo EVOWUATWIEL 6TOV XGOS TOU AoYLoUL-
%00 Gonve xevd (tpwtd onuela) to omola oL xaxbdBoulol yehotes unopolouy elxola
VO EXUETAAAEUTOUV.

o Agv peletinxe otov Babud mou Bu énpene o xHGIxas (elte o tnyalog, elte 0 extelé-
oLWog) Tou hoytouxol. Yrrpyov xalltepa onuela Léoa 6Tov XX TOU hoYLoULXOY
ota onola Ho unopovoe va elye evowuatnlel To LdatoyEdENUA, TEOXEWEVOU Vo UNY
yivetar edxohra avtinntéd amd eLoPolelc xal 0 ypdvoc exTéleans xabde xar 0 Ydpog
arobixeuong va Slatnpolvial e younAdTepo enineda.

o Aev gQupuboTnXE N XoTIAANAY oTpatnyr) UdaToYpdgnone hoyiouwxol. H otpatn-
Y udatoypdgnong dev AdufPave unodn optouéva Baouxd oTtddi 1) teplelye oTddia
ue AavBoouévn oelpd egopuoync.

O npdtec oxéldelc oL onoleg €yivay Tpoxeluévou va dnutoupyniel To uovtého udatoypdynong
hoyouwxol WaterRPG otnpulédvtovcay oe onuelo ofuavone (marks) xat oty epapylia
xhfoewv (call hierarchy) tou hoyiouwxoV. EuBafivovtac otnyv npocéyyion auth yiveto
pavepd Tw¢ Pdoel Tne Lepapylag XAHoEWY XAl TwyV onuadldy to onola tpootiboviay uéoa
o€ €vo UTOGUVOAO GUVAPTAGEWY TOU hoyiouxol, xaliotatal epuetd va evowuatenbel xal va
eCaybel n mAnpogopla mou avtioTtolyel 6to Ldatoypdgnue. H mhnpogoptlo auth nalpvel Ty
UOPYT YPUPNUATOS TO OTOL0 CUCCWUATOVETIL UE TOV oPYIXO AOOXA TOU AOYLOULXOU UE
TETOLOV TEOTO €TOL HOTE VAL UMV AAAOLOVETAL 1) AELTOURYXOTNTA TOU oL var Uny divel TohAd
TeplBdpta oe eroPolelc vo To daxplvouy.

Me tov 6po Lepapyla xhhoewy, evvoeltal To Ypdgpnua Tou dnutoupyeltal ard T XA oeLg
TOU EUTEPLEYOUY OAEC OL CUVIRTAHCELS TOU WO 0 dhhec ouvapthioel. Ot xhfoelg autég,
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UeTd o Tépag tng LdatoYpdynone elte unopel va elvat mpayuatixée (real calls), elte unopel
va elvan ewovixée (water calls). Ewovid xhhon elvon drnowa xhfion dev unfpye €& apyiic
OTOY XGOxA, ahAd TEOoTEDNXE OTY) GUVEYELXL. LTUELDVETAL ETLONE TOC YLOL VO ETLAEYOUY Ta
xatdAAnio onuela oruovone péoa ot emfuuntéc uebodoug, meémer va dnutoupynloly Ta
draypduparta eéyyou poric (control flow graphs) yia xdfe uio and autée xou ev ouveyeio pe
Bdomn cuyxexpUIEVA xELThHRLO CUOVOTS VoL ETLAEYOUY Ta onuelo. uyxexpluéva, ota onueia
autd Oo guholevelton xOdixag o omolog xatd TNy Sdpxelo eEXTEAEOTNS TOU AOYLoULXOU UEOW
ulac axohovblog elobdou (xhewdl) Hu onuatodotel oe TOL CUVLETHON TOU USATOYPAPALATOS
Beloxetar xdfe otiyun n pory extéleons. Yndpyouv ddgopes teyvixéc oruavong [22] oe
xO3xal oplouéves and Tig onoleg elval oL axdioulec:

o Ilpochxm OO 0 omolog dev emdpd xaf6Aou GTNY AELTOLPYIXOTNTA TOU XGBLXA
(1., popTdVOVTAC ula Twh 1 onola ToTé Sev ypnowonoteitat and Tov apyixd xOdxa

%ot TNV didpxela EXTEAEOTC TOU TROYPAUUITOS).

o Kotapétpnon tov eviohdy tou xGduxa uéoa oe éva tufua (block) xat yenowuonoinon
e wotla (parity) we onuddi. llpochhixn eviohdv ol onolec dev xdvouv tinota
Ao and To Vo XATAVAAOVOLY YeOVo aTny xevipxh uovdda enelepyaoiac (central
processing unit - CPU) énwc 1 eviol nop npoxeyévou va gtioytel xatdhhnho to
oNUAdL.

o Katauétpnon twv npooPdocwy oe otatixés uetofAntéc (static variables) yia vo
xafoprotel 10 onuddl. Ilpochixn emnpdoletwy petafAnTtdy xou npooldcewy yua va
Loy tel xaTdAAnha To onudsL.

e Yroloytouée afpolouatog ehéyyou (ckecksum) twv evioddy xat ypnoilonoinom evéc
1) TeplocoTépwy bits and autd we oNUAdL.

e Metatponh tng axohoublog evioddv uéoa oe xdbe tuua xddwxa (block) oe xavovuixh
uop@n (canonical form) xat ot cuVéyEla TpoToTOINGN AUTHS TN LOPEHC BUGTHUATIXE
(systematically) yia vo xoduxonoinBolv ta onuddio.

o Ilpoohin onuadidy otic ueta Thnpogopiec (meta data) ou omolec Guvdéovtal ue x&be
éva e xdduxa (block) (.., tpononoinomn TwV EVIOAGY Yl THY an0GQUAUATOOT).

AZiler vo onuetwlel Twe oty neplntwor Tou utdpyouv 80 GUVAPTAGEL GTOV XMAXA TOU
hoylouxobl €otw 1 fx xau 1 fy oTic omoleg undpyel €€ apyng xhfon and v fx oty fy
xal mpootebel xotd v Stadixactia vdatoypdynone ula 1 neplocdtepec emmAéov wAfoeLC
(water calls) oty véa epapyio xhfioewv dev Oa dnutoupynlel véa axur| and Ty ouvdptnon
fx oy fy. To yeyovoc autéd, ue ula mpdtn oxédn galvetal va dnutovpyel TpdBinua otny
VALY VORLOT) TOU LBATOYPAPHUATOS. 110 ONUELD AUTE OUKC YETOLLOTOLOVVTOL Xl To oTjueta
OHUAVOTC TOU TERLEYOUY OL ETLAEYUEVEC GUVIPTACELS, TEOXELUEVOU VA TROGOLOPLOTOYY TOLES
CUVIPTACELS AVAXOUY GTO UTOOUYOAO TWV CUVOPTACEWY TOU Yenotdonotdnxay yia tny
Staduixacia udatoypdynong, moteg elval oL emnpboleteg XANGELS TOU TEPLEYOUY GTOV XOBLXA

Toug xafdg enlong xal ue mow GeLpd CUPOVETAL TO EVOOUATWHUEVO LSATOYEAGNUA.

83



Y1y ovata 1 apy x|, Tpocéyylom oy Eva UOVTELD TO OTOl0 EVOWUATOVE USATOYPAPT -
LOLTOL TOL OTOLOL EPEEALY TNY GTATLXN LOLOTNTA XAl GUYXEXPLUEVOL TA USATOYRAPAUUTA AUTE HTAY
udatoypaghiuata xOdxa (code watermarks). Avtiotolyoloe €va UTOGUVOLO GUVAPTACEGY
TOU XOBLXA UE TOUS XOUPOoUC TOU avaryGyluou UeTabeTixol ypagruatog Tou fo eVvenUaTOVo-
VTAY GTOV XOOLXO XL TLG AXUES AUTOU TLG AVTLOTOLYOUCE UE XARGELS GUVAPTAGEWY OL OTolEg
npootifovtay ula mpog ula TEOXEWEVoU Vo XWAXOTOLACoLY To Ypdgpnua otny Llepapyla
xWoewv. e xdle ula xAfor ouvdptnong Tormoletolvtay xol éva onuelo oruavong ue
OTOYO0 TNV UEAAOVTIXT TNC AVaYVOELOT WS XARCT cuvdpTnong 1 onola avTLoTolyel oe axuy
Tou YeagpRuatog. 'Oleg oL XANOELS CUVAPTHOE®Y Ol OTIOLES XWOLXOTOLOUOAUY TLC AXUES TOU
EVOOUATOUEYOL Yoaphuatoc Arav xiBdnkec (dummy) xau eunepéyoviay eviéc ouvinxdy
eAEYYOU TROXELWEVOU Vo exTEAOVUVTOL oVdya ula gopd 1 %8s pla mpog anopuyr onatding
ypovou [14].

Ipoxewuévou duwe v amogeuyfel o edxohog eviomouds Twv cuVONUOY eAéyyou ol
ornoleg eumeplelyay T ®(Bdnhec whoelc ouvapthoewy and ewolokelc, 0T0 EOWTEPXO TWY
ouVinxdy autdy pootifovtay xal emmiéov xiBdnhoc xHGdxac (dummy code) o onoloc
eXTEAOUYTAY, 0AAY dev eMBpoUoe apvnTIXd GTNY AELTOURYLXOTNTO TOU TPOYPAUUATOS. o-
Bapd PELOVEXTAUNTA OUOS AUTAG TNC TEOGEYYLONG NToV TPGTOV TWS O TERINTWOTN TOU
agalpefolv oL emrpbdolieteg *ARCELC CUVAPTAGEWY TO LBATOYEAPNUO AAROLOVETAL, EVE O
%xOOxog Satnpeltonl AetToupynds xat de¥TepoY 0 EMTAEOY HOIXAC ElVOL ACUGYETIOTOSC UE
TOV apyIx0 XGOd{XA YEYOVOS Tou Tov xaboTd elxola avayvwploluo.

3.2 Boaowr Idéa tou WaterRPG Movtélou

AouBdvovtac urddn Gha TO UELOVEXTHUATA TNE AR YIXTC TROGEYYLONE Xt LBLaiTepd TO UEYAAO
TeOBANUA Tou dnuloupyolcay Ta orueia ohuaveng To Lovieho udatoypdenone WaterRPG
XATEANZE VoL UETATRATEL OE EVal SUVAUIXO UOVTELD LBATOYEAPTOTC AOYLOULXOU oA YUEVO
Théov and éva ueydho odvoro uelovextnudtwy. To Suvauxd uoviého udatoyedenorng
hoyiouxot WaterRPG otnplletar oe ula pnéieéheuln déa, n onola xwdixomolel 1o udato-
Yedonua oto duvauxd yedonua xhioewy (dynamic call graph) mou dnuoupyeltat and ty
eXTEAEDT) TOU XGAXA P€ow Ulag ouyxexpuévng axoroubiag eto6dou. Adyw Tou yeyovétog
6t to udatoypdonua (reducible permutation graph - RPG) undpyet uéoa otov xddixa
TOU AOYLoULX0U UTO TN Lop@T XxAHoewy cuvapThRoewy elval Wiaitepa dUoxolo va adlotwbel
xa0d¢ yia vo ouuPel autd mpénet vo eméibel Tponomolnoy TNE POTC EXTEAEGNC TOU XOBLXA XL
OUYXEXPLIEVO TROTOTONGN TN AAANAOLYLIC TWY XAACEDY GUVIPTACEWY TOU EXTEAOUVTAL,
Tedyua To onolo anartel TAREN xATAVONOT KOSLXA.

Yougpove ye To wovtého autéd dev mpootifetal olte xiBdnhoc xHGdxog (dummy code),
ahNG oUte xol vexpde xOdixac (dead code). Anevavtiag autd mou yivetol otny mpayUaTixd-
Tt elval va Tpomornoteltal o N3N undpyov xddxag, Teoxeyuévou doleloag ulag axoroubiog
eL6630U XAEWSL, KOS ATOTENECU VoL TARAYETOL €V SUVAULXS YEAPTUO YANCEWY LOOLOPHYIXO
UE TO EVOWUATOUEVO UBATOYRAPNUO TO OO0 VO TUPdYEL TAVOUOLOTUTO ATOTEAEGUN UE TO
apyx6 un vdatoypapnuevo Tpoypauua. Exlong dev yivetal ypron xav onuelwyv ofuavorng,
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xafd¢ Ye TNV Tapaywyr Tou Suvaxod YRaQRUATOS XARoEWY ELVOL EPLXTO VO AVAY VWPLOTEL
T0 LBATOYPAPNUA BlywS TEPALTERW GTOLYEL OTWSE CUYXEXPUIEVA GNUAdLY, ToEd LOVO T
X0AOUOGBVTOC oL XATAYPAPOVTAC TIC XANOELS CUVIETHOEWY IOV cuUBalvouy.

DCGP] F[SiP] DCG[PY]

fmain

[ f main

-0

s fs |

'
Iz f
(0 !
—> fl fl r-
'
= i

Eyfuo 3.7: Baowr Wéa evooUdTOaNS TOU UBITOYRAPHUATOS 0TOV XOOXA CUUPOVL UE TO
WaterRPG uovtéio.

Yuyxexpuéva, autd tou cuuPalvet elvar va avtiotoryilovial éhol oL xéuPol Tou avo-
YOYLWLOU UETAOETIHO) YRAUPAUATOC UE CUVIQRTHOELS TOU XMALXA Ol OTolEC EVERYOTOLOUVTAL
dofeloag ulag axoroublag 0680y Iiey xal Oheg oL axuéC TOU Ue exelveg T XANOELS
CLVAPTACEWY TOU XMAXA oL onoleg extehovvtal Ue v axohoubio auth. Exl tng ousclog
Onhadr, o TpbéToc ue Tov onolo avtiotolyilovtol oL x6uBol Ue TS GUVAPTAOELS TOU XOOLXA
TopaéVeL o (Btog xat aAldLeL 0 TpoTOC UE ToV onolo avTioTolylovTal oL axUES UE TIC XA OELS
TwV ouvapthoewy. Topa, Ghec oL GUVIPTACEL TOU evepyoToLOUVTAL, UE TNV axohoubia
elo6d0u xhewdt, aviiototyllovtal ue xOuPBouc xal GOES TRAYUATIXES XAACELS CUVIPTHOEWY
UGy ouv €€ apyfc OTOV XMIXA XAl AVTLETOLYOUV GE AXUES OTO YRAPT Lo SLOTNEOUYTAL XoL
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yivovton avandonaoTo TUAUO TOU UBATOYRUPNUATOS, EVE OL UTOAOLTES TTOU EVEQYOTOLOUVTAL
xal 8ev avTioTolyoUV e Xxdmold and TS axués Tou ypaghuatog avixabictatal ue diieg
teyvntéc xhfoelc (water calls) ot omoleg €youv v (8o hettoupyxdTnTa.

Ynuetdvetol Twe eVOEYETAL Vo Udpyouy elte ula, elte Tohhamhéc eugavioeg g (BLag
xAomg 0T0 eowTEPIXO Ulag ouVdETNHoNG oL omoleg extelolvTar Ue Ty axoiroubia elcédou
Tiey (., ulo 3o uéoo oe ulo doury emavdindne xau ula dAhn xhfion petd tn Sou
enovaindng), n aviiotolynon axudy ue XAHoELS ouVaPTHoEWY AaufBdvel uTddn uovdya tny
TEGTN eUPAVLOT).

H avtiotolynon x6ufwyv xat cuvapthoewy elval €va mpog éva xau yivetor apyilovtag and
Tov x6Ufo 5 Tou avaydyuou petaleTixol Ypapiuatog xal and TRV TpdTY GUVAETNCT TOU
xoheltal otov xddxa Tou mpoypduuatos (extéc BéRata e apyxfic) dtaoyilovtac ue
OeLEd XL TOUG XOUB0UC TOU YRAPAUATOS XAl TLS OLVAUPTHOELS Tou exteholvTat. Enouévmg
To duvauxd yedgnua xhhoewy mou Snuloupyeltal ue TNy axoioubia €.6680U Iie, elvol
LOOUOPPIXO UE TO EVOWUATOUEVO USATOYEAPNUL.

call(fs)

Y

S -
call(f3) call(fs) call(fo)

Yyhua 3.8: Avtixatdotaon xAfiong ouvdptnong ue akkniouyla xAHoE®Y GUVOPTHCEOV.
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Ta vdatoypagruata Ta onolo evowuatdvoviol ue 1o woviého WaterRPG avixouv
ota ofipata ouvtdxtn (authorship marks) xau @épouv v WibtnTa Tou Suvauxoy Lyvouc
extéheonc (dynamic execution trace) xafdc yio va avayvoptotody xor va e€ayboly and
TOV XOdxo aUTOC TEETEL VoL exTeleoTel Uéow ula ouyxexpluévne axoroublag erabdou xal
TAUTOY POV VAL YLVEL XATAYRAPT TOU LY VOUC EXTEAEOTG VLA TARASELYUA UEGW EVOS TAUQAXO-
houfnth (profiler) B uéow evéc (debugger) mpoxelévou va xataypapoly 6Aec oL xhAoelg
CLUVAPTACEWY TOU EXTEAEOTNXAY. LNUELOVETOL TWS TAeaxdTw dlvetar aiyopliuog evewnud-
TOONS XAl €EAYWYHC USATOYRAPAUATOC G TNYalo XxOAXO AOYLoULXOU, 8eV Tadel OUWS Va
elvat xaf dhat et 1 evowudtwon xat aneubelac oe eninedo exteréouou xdduxa (n.y., o€
hoyoud xwdonotnuéve oty YAGeoa tpoypauuatiodol Java oe eninedo bytecode).

To duvauxd poviého udatoypdynone royiouxol WaterRPG yia vo evoouatdoel €va
VoY OYLULO UETADETIXG YRdPNuUa, GTOV XOOX0 SLATNEGVTAC TAUTOHYEOVA TNV AELTOURYLXOTY-
T4 Tou avénag, yenolwwonolel cuoTaTixd Tou XOdxa (.., cUVOTiXES EAEYYOU) oL HAVOVES
extéheonc (m.y., néte oL ouvhixeg eréyyou B amotudvtal we aknbeic xoL téte we Peudelc).
‘Etol 1o udatoypdgnua xwdixonoleltal UECH OTOV XMBLXA TOU AOYLOULXOU EXTEADVTAC
Tov xO3WKS Tou aflacta (e Ty mpolindheon e €xel Sobel 1 axoloubio eLoddou xheldl)
XATA TNV OLAPXEL EXTEAEOTC TOU USATOYRAPNIUEVOU TEOYQEIUMIATOS, TEATTOVTIAC EVEQYELES
oL onoleg elvar Lothc onuaclog yia 1o hoytouwd (Slywe autée o xddxac dev elval ovte
opBbc, alhd olte xau hettoupynde) xar ouvdua Ydels dUTéC 0 EVIOTLOUOS TOU USATOY PO
phuatog yivetar epuetdc e v Porbela Tapaxoroubntdyv (profilers) [37] [44] [56].

3.3 Awdwacieg Evowupdtwong xaw EEaywyns tou Ydatoypapiuatog

Eyovtac xataoxeudoel 1 doury udatoypdgnone Aoytoulxol, n onola elval To avaryGyyo
uetafetind ypdonua, péow tou aiyopifuou Chroni & Nikolopoulos, otéyoc tdpa eival
auTh 1 Sour) v umopéoel va xwdixonolnfel atotelecuotind UEoa o xO3xo AOYLoULXOU. e
TEONYOUMEVY xe@dAaLla elye TapouctacTel Ulo TedTN TEOCEYYLOT TOU LOYTEAOU LBUTOY Y-
pnong, ovouatt WaterRPG, n onola eved and 0 ula mhevpd Atav xowvotdua, and tny
Ghhn mheupd elye xdmod YELOVEXTAUATA TA onola 6w xal oe Ghha 7N dnuooctevuéva
O€ ETLOTNUOVIXES epYaoleg UovTEha dnuloupyoloay Tpwtd ol WalTepa epgavy onueta
ofuavone [45] [22] [64].

Me tnv mépodo Tou Ypdvou, epeUVOVTAC ORO XL TEPLOGHTERO TEVEL OGTOV TOUEN UBATO-
Yedynong hoylouxol, hauBdvovtag mapdAinia unddn SLdpopes TapauéTEoug OTWS elval 1)
dapdvela, 1 TOAUTAOXOTNTA EVOLUATWONS oL e€aywyTc, N aviiotaor oe Tifavéc Tpononot-
Hoel, To emNPOcheTo QopTio Ge YEOVO EXTEAECNC XL YOPO amolrixeuons, To UOVTEAO
WaterRPG tpononoufinxe moAldxig uéypl va xatarflel otny Teleutala Tou Exdoor 1) onola
Zemepvd tor eunodia Ta onolo avTiueTenilouy TOANE uovtEla we thpa. Me anid Adyia
OnAadr, TO UBATOYEAPNUL XWILXOTOLELTAL UEGO GTOV XMOXA YWplC VA Yp1oLLOToLoUVTAL
onueto ofjuavone, yopelc va elvat evalolnto oe éva dtdlou Uixpd elpog amd TEPOTOTOLRCELS
ONUACLOAOYLXODY Bou®y xat BEBata ywelc Ty mpoohfixn xOOXA AoUCYETLOTOU UE TOV U
UdUTOYPAPNUEVO.
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Yy mpaypatixétnta, ahidlet o timog (I8LOTNTA) TV USATOYRUYNUATWY TOU EVOW-
UUTOVOYTAL GTOV XGOOXA TOU AOYLOULXOU, ATd GTATIXA XUl CUYXEXPLUEVA USATOYRAQAUATA
AOOLXO OE SUVAULXE USATOYPAPHUATA Xl CUYHEXPLUEVA UBATOYRAPHUATI Suvauxoy Ly voug
extéheonc. Autd to udatoypagruaTa XOSLXOTOLUVTAL 6TO SUVOULXG YRAPNUL XAACEWY TO
onolo dNULOURYELTAL UE TNV EXTEAEDY) TOU XGOWXA XaL 6L oTATXd otV tepapyia XACEWY
TOU XWALXOTOLOUYTAY A6 TO UOVIEAO OTA TPGOLUN OTASLE Tou.

Eni tn¢ ouolag, To uovtéro autd tpomonolel TNV poY) exTEAEGTC TOU XGAxa TpochéTovTag
XL AQULEOVTAC XAACELS OLVIPTACEWY TavTa Ue TNV Borbeta cuvlnxdy eréyyou oL onoleg
ATOTLIOVY aSLOQAVY XATNYORAUATO TNS LOPPHC QY TEOXELIEVOU YO YELRAYWYOUVTOL XUTE
T0 S0X0UY T UOVOTATLO EXTEAEOTS DLATNEWOVTAS TALIAANAX AVOAROLWTY TNV AELTOLEYLXOTNTA
Tou Aoytouxoy [10]. Ttny mpayuatxbétnta avixablotavtar éva uToohvoho xhAcewy UE
GAAEC XAHOELC OL OTIOLES YT OTA adlagav XATNYOPHUAUTA ETLTEAOVY TI¢ (Bleg Asttoupyieg.
Ou ouvapthioelc Tou xdBuxa dnhadt, elte mallouv Tov pého Tou evdldueoou (uetafiBdlouy
™y xAom and ) ula ouvdptnon otny enduevn) elte Tallouy Tov POAO TOU TENXOY 0TOdEXTY
(extéheon apyxol xGdxa GUVAETNOTC).

P + F[SiP] — P+
i
v v
CCh G (P, Itey)
v
G(P*, Iiey)
v
cCn

Eyhua 3.9: Awducaoto udatoypdgnone hoytouxol ue to WaterRPG povtého.
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To adiagav xatnyophuata xataoxeudlovtat ue T forfeta ueTaBAnTdY Ldatoyedpnong
(m.y., oxepatou tinov), ula A neplocdtepee (amhéc peTaAnTéc oL onoles ypnoLLotolovvTal
oty xwdxorolnon Tou udatoypapnudtoc) ot omoleg, elte unopel vo undpyouv €€ apyfic
uéoa 6ToV xGdxa Tou hoylouxoy, elte unopel va tpootefoly oty ouvéyeta. Ot exgpdoeic
TOV XATNYOPNUATWY auT®Y, autd Tou darpdTtTtouy otny oucta elval vo eAéyyouv elpn
TWOV UE OXOTO VO ETLTEETOUY 1) O)L T1) oY) eEXTEAEOTC AVl Tdoa oTLyur| v SlEpyeTal and
OUYXEXPULEVA TUAUATA XOOLXA.

Koatd tnv dadixaoio evonudtwong otov xddixa, tpotod axéud CeXIVoEL 1) TLOTH EQap-
uoyt Tou uovtélou vdatoypdgnone WaterRPG, o xhduag tou hoyiouwxol exteheltal ue
utor TAnfdea axoroubidy eweédov I = {1y, I, ..., I,}. Me dedouévec autéc Tic exteréoeLe,
Topdyetal v ouveyela yio xdbe ula axoroubia ewoddou o duvauxde mivaxag extéleoric
e CCh = {CChy,CChy,...,CCh,} o onolog euneptéyet ta Ledyn ¥AoE®Y XaL TOV
YAEAXTNELOUS TOUS, OTOU TNV TEPITTMOT TOU U1 UBATOYRUPNIUEVOU TPOYPAUUATOSC OAES OL
XAhoeL yapaxTtnellovTal, elTe we TEAYUATIXES UTP0oTY XANOELS, ElTE WC TEAYUATIXES Tow
xhfhoetg (avdhoyo Ue To av 1 TedTN EUQEVLeT TS xaholoas 6UVApTRoNG elvat TELY 1 UETE TC
TeGOTNS eupdvione tne xhnfeloac ouvdptnong) xaL botepa TaPdYETUL TO SuVaULX YEdETUa
xoewv DCG = {DCG4, DCGy, ..., DCG,} tou avtetolyel otov nivaxa autév. Ilpo-
PaveS, oTn yevxr TeplnTwor Tov Tpoypauddtony, To vo Bpebel éva olvolo axoloubidy
£l0630u 10 onolo va xaAUnTeL 6ho Ta mbavd evdeydueva extéheonc anotekel éva dAuTOo
TeoBANUa SVoxoha Sayerploluo.

Baowdc otoyoc elval vo xataoxeuaoTel €va avolo axolouldy eLeédou 1o omolo va
xaAUTTEL éva ueYdho pdoua Tétolwy exteléocny. Enl tne ouclag va Bpefolv téoeg eloodot,
oL omoleg va mopdyouv 660 To Suvatdv dagopeTixd UeTadl Toug duvauxd yeoghuoTa
XxMhoewy €Tol OoTe Vo undpyel wavorolntixy towhio emthoyrc. Yotepa, xdfe éva and
TA TOPAYOUEVA YRAPAUATA 0UTE, UEAETATAL TEOCEXTIXA XAl GUYXPLVETOL UE TO uTodripLo
TEOG EVOWUATWOT avay@dyluo MeTaletind Ypdgnuo Teoxeyévou vo unet 1 6yt 670 6UVoAo
TV YeoenudTwy / axohoubdy elobdou and to onolo Hu emheyel to éva xat LoVadIxo.

Yuyxexpuéva, av utotiliécln tog elvar k, kK < n 1o ypagruata ta omola powdlouv ot
ueydho Boubud B Toukdylotov potdlouy TeEpLocdTERO Ao ToL UTONOLTA, ENRLAEYETAL AUTO TO
0T0lo GUYRPTAGEL 0PLOUEVWLY YaEAXTNELGTIXAOY alohéyNong (T.)., avTiXTuTo EVouudTnoTg,
Tunuatxy tpootaocta) o enpépel to BédTioTa anoteréopata. Aol howmby €yet Bpebel 7
axohovblo e.06d0u HAeWl Ty 1 omolo Topdyel To duvauxd Yedgnua xhhoewy DCG .,
T0 onolo Oo tpomonounlel pe andtepo oxomd v Ylvel oUOLOUOPYIXS UE TO OVAYOYLUO
uetafetnd yedpnua, extvd oL 1 epapUoYT Tou ahyoplbuou udatoyedenong hoyloulxou.

Arnd tny mhevpd tne dtadixaoctiog eaywyhc Ta Tpdyuata elvar athovotepa xabdg To udvo
mou mpémer va yivel elvat va 6uvBelel o udatoypapnuévog xOBxac ue Evay Tapaxohouinth
(profiler) A ue évav arnoopaiuatwty (debugger) xau dobelooug tng axohoubiag elo630v I,
aUTOHC VoL EXTEREOTEL XATAYPAPOVTAC TS XAHOELS GUVORTHOE®Y ToU eXTEAOUVTOL X0 OAT
e dudpxela exTéAEoTC. LnuelwTéoy, 6TL Sev anoitelton xdmola emmhéov TAnpogopla Tépav
and Tov LUSATOYRAPTUEVO XD xaL TNy axohoubia erobddou 1 onola maller to péro Tou
X AeLdLov.
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3.4 Yuvioctwoeg Tou Movtéhov WaterRPG

To Suvauxd wovtého uvdatoypdgnone Aoyiouxol WaterRPG elvat arnotehoduevo oand
ouVLOTHoES oL omoleg Tic oLVBUALleL Uéow TV ahyoplbuny evowudTtwone xat e€aywnynic
UE OXOTO VA XOOLXOTOLEL XAl VAL ATOXOOLXOTOLEL avary Oyl uetabetind ypagphuato Uéoo
xal and xGddxec Aoyiouxov. Ou ocuwotdoec autés ent tne ovotlac ywpelloviar e dYo
xatnyoplec, ol ouvtot®oes dedouévoy (data components) xat oL cuvteTdoeg hettoupylog
(operational components). Ytic ouviotdoeg Sedouévny neplhauBdvovtal To duvauxd yed-
PNUL XAHCEDY TOU U1 UBUTOYEAPNUEVOU TpoYedUUaToS P, To avoydyLuo Yetaletxd ypd-
gnuo. F[SiP] to onolo elvar 1o udatoypdgnua nou Hu evowuatwlel otov xOGIxa xabde
xal To duvauxd Yedgnua xANoE®Y Tou udatoYpapNUEVOL Teoyedupatog PY. Evd oTig
oLVLGTOOES AetToupYlog TephaufdvovTal To TpdTURA XANoEWY, oL 6UVOYXES EAEYYOU XL OL
XOVOVEC EXTEAEDTC.

3.4.1 Avvouxd I'edgnuo KAjoewmy

To Suvauxd yedenua xAoE®Y TOU un VBATOYPAPNUEVOLU Ttpoyeduuatoc P, 1o otolo d1-
uovpyeltar dobelooug tng axohoublog elo680u Ik, TN YeVXT TepinTtwon elvar éva Tuyato
xatevhuvouevo ypdgnua to onolo Tepéyel ula ouvexTxy ouwot®oa. To yeyovég 6Tl To
Yedpnuo autd dev UTOPEl v €yel TaPATAVE ATO Ui CUVEXTIXEC GUVLOTWOOEC TPOERYETAL
and TNV YEWXT QLAocogld TV TPOYpAUUdTWY OTou xdfe cuvdpTnon evepyomoleiTal UGVO
av TNV XAAEGEL XATOoLo GAAT, GUVAETNOT).

Erouévwe xdfe xéufog tou ypaphuatog (extoc BéBata tne apyixhic ouvdptnone) Ha éyet
TouhdyroTtov ula eroepydueyT axur. A6 T oTiyuy| 6mou o x6ufoc autde dnhadt| undpyel
070 Ypdrua, olyoupa Oo UTdpyEL TOUAAYLOTOY Uld X TWY GUVAPTAGEWY TOU TOV XAAEL XoTd
N Stdpxeta extéreonc. Evd to yedonuo xhioewmy Tou udatoypagpnuévou tpoyedupatog P
10 onoto dnutovpyeltar dobeloag tng Blag axohoubiag Iy, elval Eva avaydyluo yetabetind
Yedpnuo TO 0TOl0 TPOPAVKS oL TEQLEYEL oL AUTO Ula xoL UOVO cUVEXTIXT cuvioT®oa. Ta
000 aUTE SuvoXd YEUPHUATA XARCEWY EVE GTN YEVIXT TWV TERITTOOEWY elval StapopeTind,
emTehoUv axpPO¢ Ty (Bla Aettoupyta.

Yy meplntwor tou mpoyedunatog P oto duvauxd yed@nuo XANCEDY TOU TEQLEYEL
uovdyo ule xatnyopla xAfoewy, Tic tpayuatixés xhfoets (real calls), evd otny neplntwon
ToU TpoYpdulatoc P* (ue tny npoUndleor BéBala nwe autd Ta dlo ypaghiuata dev TauTi-
Lovtav €€ apyric) To duvauxd yedenua xhficewy teptéyel 8o xatnyoples XAHoEWY, TIC
mpayuatixéc xhfoeic (real calls) xou Tic teyvntéc xhhoeic (water calls). Ou ewxovixéc
AAHoELC oLuVaPTHoELY elval exelvec oL xAAoelg ol omoleg dev unhpyay 6To TEOYpauUa P,
ahhd TpooTébMMaY 0T0 TRdYeaUU P* Tpoxeluévou Vo YIVEL LooQopUPLXd UE TO ooy BYLULO
uetafetind yedonua mou xwdixomoleital UEco 6TOV XO3LXd Tou.

Ynuetdvetor entong, o oTo duvauxd Yedgnua xAoewy Tou mpoypduuatoc P to
omoto dnurovpyetto ue Ty axohoubia Iy, eugaviCovrtar xal Oheg exelveg oL xAfoelg, £0Tw
call(f;, f;), mou umhpyav oto P (xabde xar 610 Suvauxd yedenuo tou P tou napdyoviay
ue TNy Sl axoroubia etobdou) xat dev undpyouy Théov oto P* éyovtac aviixataotalel ue
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Vv oMnrovyta xhfoewv call(fi, fi,), call(fi, fry), - - call(fi,, f;). Ov xhfoeig ov onoleg
TopeudAlovTat UeTadd TwV cUVAPTACEWY f; xoL f; 6TO UoVOTATL auTéd ovoudlovTal evdld-
ueoeg xhfoetc. Enl g ouclag ol xhfioelc autég amhd UeTapéEOLY TNV XAHOT GUVAETNOTC
TOU UTHEYE AEYIXd OTNY f; OTOV TRAYUATIXG TEAXO ATOSEXTY TNE Tou HTay 7 f;.

3.4.2 3Xuvbvxeg EAéyyou

Ou ouvlrixeg eréyyou mailouy xaboplotind pdAO GTNV EVOWUATOOT TOU LBATOYEUPHUUTOC
OTOY ©OOLXA TOU AOYLOoUIXO0Y, xafde elval exelveg oL omoleg yelpaywyoly Tny pot| exTéleaT
€T0L MOOTE XL TO TPOYEAUUU VoL SLUTNEELTAL AELTOURYIXG XAl TO SUVAULIXO YRAPNUAL XAHCEWY
TOU TAEEYETOL ATO TO UBATOYPAPTUEVO TPOYpauUd P* va elval LooUop@Lxd UE TO VoY GYLULO
uetabetnd ypdynua. Autéc ol ouvlixeg elte uropolv va tpooteboly oe 1d1 uRdpyouceg
doués (.., douée eréyyou, douée emaviindne) uéoa oTov xMddxa, elte UTOPOVY Vo TPOGTE-
Bolv oe véeg douéc oL omoleg mpoatifevtal yio TpdTN Yopd 0TO LBATOYPAPNUEVO TEOYPAUUA
X0l OMOTYWOUV EXPPAGELC OL OTOLEC €YOUYV WS XUPLO GUOTATIXG TOUC TIC METABANTEC TOu
yenowonoloUvtal vy v udatoypdgnon. Ov exgpdoelc autés Ty ouvinxdy eréyywy,
anotehody adiagovh xotyopfuata e uopphic QF xafde mpdrov dev elval Yvwoté €F
apyic av Ha arotunfolyv wg akniy 1 Yeudr xat Seltepov xalig 1 por extéheong eCelloceTal
xal eVOEYOUEVKC Vo BLENDEL TeplaadTepeC amd Ula popéc amd ulo Tétota cuvlH X, Ta adlapavn
XATNYOPHUATY TNG UTOPEL VO ATOTLUGOVTOL XATOLES POPES WS aAnin oL xdnoleg dAAES WS
(eudt.

Yy npayuaTixoTnTa oL ouvhrixec ehéyyou nallouy To pdho Tou SlaxdTTy, 0 onolog elte
ETULTRETEL TN) POT) EXTEAEOTC VL UTEL 6TO XUPlwS 6dUa TS 6UVEPTNOTS (OTLC EVIOAES Tou Elye
Tply TV udatoypdgnon) elte uetaPiBdler T por extéleonc oe dAAT cuVAETNOT UEYPLS GTOU
VoL TAOEL VO EXTEAEGTEL 1) TpaYUATLXT) CUVAETNOT ToL O €TpETe VoL EXTEAECTEL GUUQPWVA UE
TO apYs UN UBATOYPAYNUEVO TEdYpaUUA. 2TN YEVIXT Lop@Y| TéToleg ouvOrxes eAéyyou
fo unopovoay va elval ot axdhoubec ¥ xdmolog ouYBLACUOC AUTOV:

o if (variable == value; || variable == valuey || ... || variable == valuey) then
o if (variable > value; && variable < value;) then
o if (variable # value; && variable # value;) then

e if (formula or type(variable)) then

Y1ig ouvlixeg eléyyou oL onolec amoTEAOUV T adLAQOVY] XATNYOPHUATA, EXTOC ATd TIC
UETUPBANTES LBATOYEAPNONG UTOEOUY VoL AuBAvVoUY Y Geo xal UETABANTES TOU TEOYEAUUATOS
oL 0TOlEC OTO E0MWTEPXG TWY CLVANXOY AUTHOY UTOEOUY VO TPOTOTOLOVY TLS TLWES TOUS (ay
BéPona Sev dnutoupyolv TpoBARUAT AELTOUPYIXOTNTAC) XOL EV GUVEYELX VOl ETAVAPEPOLY TIC
TLWES Toug, elte GTay Gtay 1 por extéheong eEéNDeL and exelvo To anuelo tou xdduxa (block),
elte 6tav 6tav 1 pon extéheonc e&éhbel and to povondtl extéleonc onou uetafiBdlovTal
oL xhhoelg amd T ula ouvdETNoN TNV ETOUEYY.
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3.4.3 IIpotuna Kiroewy

Oéhovtac va Tponorolniel 1 poY) extéleonc Tou xddxa, dobeloag ulag axohoublag el6dd0u
xheldl va mopdyeTal €vol Suvauxd YeAQNUA XAHCEWY LOOUOPHGIXO UE TO AVAYOYLLO Ue-
TafeTind ypdonua To onolo elval xwdonotNuEVO UEsa 0TO AoYLouxd, YIVETAL EQAUPUOYT)
TpoTUTwY xAfoewy. Tu ntpdtuna autd, eotidlouv oe ¥ARGELC GUVAPTACEWY XaL o€ avabéoelg
TWOV 08 UETAPANTES TOU YENOLULOTOLOUVTOL YLl TNY LBUTOY AN o).

Yuyxexpyéva, ta tpdtuna ywetlovtar oe dUo xatnyoplec avdioya Ue TO ov 1 XAHoN
oLvdpTnong avTioTolyel oe UnPootd 1 tlow axur 6To avaydyLdo uetabeTind yodpnua oL
Torofetolvtal augdtepa 0TV xahovoa xat oty xAnfeloa ouvdptnorn. H dwagopd toug
elvat ot Tyéc mov avatifevtal oty uetainth oy xaholoa cuvdptnon (T.y., av To TEGTUTO
TEPLEYEL XATIOT) TOU AVTLOTOLYEL 08 UTpooTd axur otny YeTaSAnTY tpootifietal évac otabepdc
aplude value; mdvto mEly TNV EXTEAEST) TNG XAHOTNG, EVE OV TO TEOTUTO TEPLEYEL XAYOT)
Tou avTtotolyel oe tlow axun oty uetaPinth npootifetal évac otabepde aptbude values).
[Tpogavde oe €va eAdYLOTO LOVOTETL XANOEWY TO OTOLO EYEL AVTIXATAGTAOEL Ulo TEOYLOTLXY
xhhiom Tou un udatoypagnuévou tpoypedupatog utopet (elvar okl mhavév) ta tpdTuna auTd
va eugaviCovtat xar Ta dYo og auth.

Y10 onuelo autéd a&ilel va onuelnbel, Tog 6TIC TepINTOOELS xUTd TIC ontoleg Ulo TparyUd-
T ®¥Afon ToU Un UBATOYPAPNIEVOU TEOYEAUUATOC AVTLOTOLYEL OE axUr GTO AVAYGYUYLO
uetabetnd yedgpnua, dotneeltal otov xddxa xou dev mpootifetal emnAéoy xAfon xaTd
NV egapuoyT tou tpotimou. To npdtuno ent tng ovslog epapudletal ywelc Ty Tpochnxn
veag xhnong amhd exuetariedetar Ty BOn undpyouca. Ev cuvtoula, ta tpdTuna XACEWY
avdhroyo ue To av 1 Teéyovca xhfon xdbe gopd avtioTolyel oe utpoatd ¥ tlow axun elvar

o axérouvba:

o Av n xhfion ouvdptnone (fi, f;) aviiotolyel oe UnpooTtd axun oTo avoYdYLLO UETA-
fetind yedgnua, oty xalodoa cuvdptnon f; auéone mey TNV xhjor mpootifeTol
evtolt] avdfeonc oty uetaAnth vdatoypdgnone = 1 onola elvar z = x + (), 6mou
0 h() elvan uio otabepd xaL otny xhnbeloo ouvdptnoy f; we TedTtn eviohd n avébeon

x=x+c(), 6mou 1o ¢() elvan enlone ula otabepd.

o Av 1 xhfon ouvdptnong (fi, f;) aviiotouyel oe tlow oxur oto avaydyuo uetabetind
Yedonua, otV xahoboa cuvdptnon f; auéowg el TNV xAfor mpootifeTal eVIOAY
avdfeonc oty uetaPinth udatoypdgnone = 1 onola elvar x = x + g(), 6mou To
g() elvan plo otabepd xow otny xinbeloa ouvdptnon f; wc TedhTN evioky N avdleon
z=x+c(), 6mou o ¢() elvan entone ula otabepd.

Enavadiatundvetar yia Aoyoug ouvoyic oS XATd TNV EQEUOYT EVOS TEOTUTOU XAHCEWY,
av umdpyel €€ apyc elte 1 xhion cuvdpTnong, elte 1 avdbeon Tiurg oty petaBAnTy| udato-
Yedonone (npogavde oty xinfeloa cuvdptnon xafde otny xahovoo dev Slvate vo undpyet
doTL xdfe xhhon enelepydletar ula xor ubvo gopd) Sev mpootibetar véa. To ubévo mou
mpooTtifetal elval xal 6Ty xaroloa xar oty xhnbeloa cuvdptnor ot ocuvlfxeg eréyyou
TOY UTELGERYOVTUL OTO TROTUTO AuUTO, VEX adloQovy| XoTHYOpRUaT T OTold AVTLoTOLYOUY
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OTLC TWWES TN UETAPBANTHC oL omoleg hauPBdvovtal 6Tay 1 pot exTéAeonc GTAoeL VoL eEXTENETEL
TIC EVTOAES TOU TPOTUTOU AUTOU.

wﬁC) Jﬁ()

x =z + h() r=x+c()

call f;() u .

QVTLOTOLKEL o€

QLKL fm
OTO QVOYWYLLO
petaBeTiks
ypadnua
jﬁ() f}[)
r=x+ g() r=ux+c)

QVTLOTOLKEL o8

aKpr
OTO QVOYWYLLO
petabeTiks
ypadbnpa

Jil) fi()

pm }LAU pm %f,’() pm e plm

ulm

Yyfua 3.10: TIpbdtuna xAhoewy ouvapTACELY.

Ot xAfioeLC GUVAPTAGE®Y XUl XAT EMEXTAGCT] OL GUVAPTAOELS TOU XMBLXA oL oToleg Pploxo-
vTow UeTald TV ouvapThoeny f; xai f; oto mponyoluevo oyruc anoteholy TiC eVOLAUETES
OLVUPTAHCELS Ol OTOLEC TUPEUBAANOYTAL YLOL AOYOUS XATAGHEVNC TOU SUVAULXOY YRAPHLATOS
xAhoewy. Ouolaotixd, 1 xhhon 1 onola UTHEYE 6TO U1 UBATOYRAPNUEVO TEOYPUUUL XAl
O énpene vo mporyupotonownel Aoy 1 (fi, f;), ahhd nthéov oTo UdaToYpAPNUEVO avtl auTHC,

untdpyet éva povorndtt xhfoewv (fi, fi), (fe, fi), -5 (fm, f;) 10 onolo uetofiBaler tny xhhon
otnv mpayuaTxh xAnfeloa cuvdptnon f;.
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3.4.4 Koavéoveg Extéleong

OAoxANpGYOVTAC UE TIC GUVLOTOOES TOU UOoVTEAOU udaToYpdpnone Aoyiouxol WaterRPG
ToEOUGLALOVTOL XOL Ol XUVOVES EXTEAECTC TV USLOPAVOY XATNYOENUAT®WY To onola anote-
AoUY TLg Ex@pdoels TwV auvlnudy eAéyyou. Ouxavévec autol ouataotixd pubuilouy To ToHTE
ToL adLapavy) xaTnyopuaTo QY b ATOTLUAVTAL WS oaAn0Y) xal ToTE we Peudy| Tpoxeluévou
XAl 1) AELTOLEYIXOTNTA TOu xMBxa Vo Slatnpeltol xoL 1 poY) exTtéleonc vo mapdyel €va
Suvauxd Yedenuo XAACEWY LOOUOPPLXS UE TO avoYYLUS UETAOETIXG Yodpnua. O xovdveg

autol elval ot e€ic:

o Av nhfion (fi, f;) anotekel evdidueon xhfion oe xdnoto and to EAdyYLOTO LOVOTATLNL
EXTEAEONG, TOTE TOL aSLOQAVY| XATNYOPHUATA OTNV xaloloa cuvdptnorn f; o orola
anoTeENOVY TNV €xgpoon TS ouvinung eléyyou 1 onola eunepléyel TNy avdbeon ot
uetaBhnth udatoypdynonc x = z+h() o = x+g() xo TRy ®¥AHon aUTH ATOTLUOVTAL
o¢ aAn0y), Ta adlagavh xatnyopruata otny xAellfioa cuvdptnoy f; Ta onola anoteAovy
Y €xgpacy TN ouviune eAéyyou 7 onola eunepléyel TNy avdbeon otn UeTABANTH
udatoypdgnone ¢ = = + ¢() anoTGVTAL S oA Xat Ta adtagavy XaTNYopHuATd
otnv xhellifioa ouvdptnon f; To onola amoTeEAOUY TNV ExpEacT) TG ouVETXNG EAEY Y OU
7 oTolol EUTEPLEYEL TOV ARYLXO XGBLXA TNG CUVEPTNOT ATOTLUGOVTIL WS PeudT).

o Av 1 xhfion (fi, f;) anotehel telx, xhion oe xdmolo and o To EAIYLOTA LOVOTATLYL
EXTEAEONG, TOTE TO aSLOQAVY| XATNYOPHUATA OTNV xalovoa cuvdptnor f; to orola
anoTeNOVY TNV €xgpoon TS ouvinung eAéyyou 1 onola eunepléyel TNy avdbeon ot
uetaBAnth udatoypdynonc x = x+h() o = 2+ g() xo TRy ®AHon QUTH ATOTLUGOVTAL
o¢ aAn0y), Ta adlagavh xatnyoprjuata otny xAelloa cuvdptnoy f; Ta onola anotelolv
Y €xgpacy Tne ouvixne eAéyyou 7 onola euneplEyel TNy avdbeon otn UeTUBANTH
udatoypdgnone © = = + ¢() anoTGVTAL e o xat Ta adtagavy xaTnyopHuaTa
otnv xhelfoa ouvdptnon f; Ta onola armoTeAoUy TNV Exppact) Tng cuvirxNg eAéyyou
7 oTolot EUTEPLEYEL TOV ARYLXO XGBLXA TNS CUVEPTNOT ATOTLUGOVTIL WS AANDT).

Y10 onuelo autd Sieuxpwviletal Twe av ula xAhorn cuvdptnong Beloxetal evidg xdmolag
dounhc emavdindne ot aufoetc otic wetaPintéc vdatoypdenone x = x + h(), x = x + ¢()
%ol & = x+c() TPayUATOTOLoVVTAL TROY LATOTOLOUVTAL XA Td TNV TedTH enavaindn tne Sounic
TEOXEWWEVOU o Vo artogeuyfoly Tuy 6y exphlelc oTig TUUég mou Bo Aaudvouy ol uetafSAnTéc
aUTEC AAAG o v amogeLyBel oTaTdAn YEbVOL TEOYEUUMIATIOUOY Yia Vo xaboploToly 6Aeg
oL evdildueoeg TWéS TNg UeTAPANTAC udatoypdynong oe xdbe ulo and Tig enavaridelc tng
douric. To yeyovog autd €yel Waltepn onuaoctia oe xatactdoelc 6nou dev elval Yvwotd €&
apyhc o TAhog Ty enavalidewy tou Ba cuuoiv.

Emuniéov, av ye xdmota dAAn axohoubio eto6dou dlagopetixy and tny axoroubio xheldt
uta ouvdptnom 1 onola dev arotelel TURUA TOU LBATOYPAPRUNTOC XaAel Ulo AVTLOTOLYLOUEYT
OLVAETNOT UE XOUBO TOL AVAYGYLUIOU UETAOETXOU YR @raTog, TOTE TpLY TpayUaTomoLnel
1 xAfon auTh TEENEL GTO GOUA NG xaholoag cuVAETNoNg vo exteleoTel ula avdfeorn ot
uetafAnth udatoypdynone 1 omola va Tng dlvel Tétola Twh, 1 omolo Vo oTLIC ouVBTXeC
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ehéyyou tng xAnbeloac ouvdptnong va aroTiwdTol we aANBAC TPOXEWEVOU 0 HOOLXAS TOU
UThpYE 6TNV Un udatoypapnuévy éxdoor trg xAnleloac cuvdptnomng va EexhelddoeL xaL va
exteheotel. T mopddetyuo av 1 auvlrxn eAéyyou tne xhelbrioas ouvdptnong Tepléyet éva
adLapavic XATNYOENUA TO OTtolo EAEYYEL av 1) LETUBANTY UBATOYEAPNONS XUUALVETAUL GTO
elpog ambd m €wg n, TOTE N UETABANTA 0TNV xaAoUoA GUVAETNOY) TEENEL Vo AABEL TLWUA 7
ornola va Beloxetal eviog Tou edpoug autou.

VOVEC EKTEAETNG )

fa _____--

Lliu UVERAKES EAEYYO J )
if (condition & Q) —
I

call(f3) |:{> |_'

Yyfua 3.11: Yuvduaoudg ouviixng ehéyyou, TEGTUTO XAHOTC XL XAVOVWY EXTEAECT.

3.5 Alyobpbuog Ydatoypdpnons Aoyiowixon

O ahyobplbuoc udatoypdpnone hoyiouixol cUugwva Ue To duvauxd yoviého WaterRPG
Omwe xaL o alyoptbuoc xoataoxeuric Chroni & Nikolopoulos tng dourc udatoyedgnong
YwplleTar xaL aUTOC O EMUEPOUC YAGELS, UE TNV dlapopd TS O AUTAY TNV TERITTWON oL
pdoelc elvar dUo, 1 QAo TNG EVOLUATWONS XaL 1 @don Tng eCaywyhc xat oyt Téooeplg. H
PAoT) TNS EVOWUATOOTS TOU UBATOYRUPNUATOS 0UCLIOoTIXE TeochEtel ¥ ahhdC xwiLxoToLEl
un opaty mANpogopla péoa oTov x®Axa, 1 omold oTNY @dor TNg eCaywYNHC ATOOTATOL
7 aAMOC amoxwdixoroteital Tpoxelévou va anodelyfel o mpayuaTixde WOXTATNC TV
TVEULOTLXOY OXAUOUETDY.

Hpoamaitoduevo oL g Paong TS EVOLUATOONS XoL TN @dong tne eCaywync elvat
TO UBATOYRPAPNUO TEOXELWEVOLU Vo xwdlxomotnbel oto oL va anoxedixonoindel and To
Aoylouxd UEcw Twv alyopllumy elvat va anottel TohuwviuLxd ypdvo 6Tou oty xohUtepn

TeplnTwoT 0 Yedvog autdg Vo elval YeauULXOS oL OTNY TeplTTwor XaTd TNV onolo Sev €)EL
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Tpomonolniel 0T0 EAGYLOTO 0 UBATOYEAPNUEVOS XMBLXAC, TO UBATOYEAPNUL VoL UTOPEL TdVTA
va elaylel and autév. Evd Oeuéhiog Aibog xdbe yoviéhou udatoypdenone hoylouxos
elvol 1 un vdatoypagnuévn €xdoon tou x@dxa P xafdg xar 1 udatoypagnuévn P* va
Tapdyouy axpBdc to Bto anotéreoua yua xdbe axohovbia ewebdou O(P,I) = O(P*,I)
AT TAVTAC Topanhiolo yeovixd didotnua time(P, I) ~ time(P*, I) xa topanhiolo ywetxd
space(P, T) ~ space(P*,I).

3.5.1 @®dorn Evooudtwong Ydatoypapruatog

H gdon tnc evowudtwone tou yoviéhou WaterRPG xwduxonowel minpogopla uéoa otov
%xGBLxal Tou Aoyiouxoy 1) omtola dtatnpel avahiolotn TNy Aettoupyixdtntd Tou. H mAnpogopta
auth| elvon évag axépalog apluée o omolog €yel uetatpanel oe avaydyido uetabeTind
Yedognuo uéow tou alyopibuou Chroni & Nikolopoulos xau arotekel To vdatoypdgpnuo To
oTolo UE TNY XWOLXOTOINCT| TOU UG GTO AOYLOULXO, TEOGTATEVEL TAl TVEULOTIXG OLXALOUATA
TOU VOULUOU XATOYOU TNS TVELUATIXAC WloxTnolac. XTtoyog elvar dobeloag tng axoroublog
xhewdl va mapdyeTor SuvauLxd Yedenuo XANCEWY LEOUORYIXS UE TO aVAYDYLUO UETAOETIXG
Ypdpnua.

AZilel va onuetwbel g ye auTté To LOVTERO UBATOYEAPNONS AOYLOULXOU UTOROUY Vo
evoouatwloly xaL omoladNToTe YpagiuoTta, Tépay and To XAUGOLXE avaydYLUa ueTabeTixnd
yeaghuota. O Adyoc yia tov onolov To woviého WaterRPG evowuoatdvel auth tnv xhdon
YeAPNUATOY Elval TWS To YPAUPAUATE auUTd UTopovy xat Uiwovvtal oe xahd Babud tny
P07 EXTEAEGTC TOU XMOOLXA UE ATOTEAEOUA Vo UNY dlvouv edxoha otdyo o xaxdBouioug

YehoTECS.

P —h/_
They ————— oAyOpIBUOG EVOWPATWONS p*
W "

Yyfuo 3.12: Evowudtoon udatoypa@iuatod.

Yrdpyer BéBara xon 1 exdoyyy (n omolo unootneiletal and opLouévous epEUVNTES) TTOU
AVOLPEREL TWE 1) EVOWOUATWOT TETOLWY YRAPNUATWY o hoytouxd diver meplocdTepo 0T6Y0
and 6T Oa €8ve 1 evowudtwon tuyaiwy yeagnudtwv. To yeyovég autd to otnpllouv
07O OTL T AVAYOYLLo UETAOETIXG Ypagpruata yopaxtnellovtal and aucTneé WOTNTES oL
omolec omaviwe eupaviovtal oe xO3xeg hoylouxdy (.., x8be xéuBoc €xer axpBoe 2
eepyduevee axuéc). Mia uéon Aon Ga Hrav ypaghuoata to onola yapaxtneiloviay and
TIC AUOTNRES LOLOTNTES TWY AVAYDYIUWY UETAETIXGDY YRAPNUATWY aAA 6)L o8 A1) TOUC 1)
dou.

Magpoxdtew mapovotdletol Briua npoc BAua o alydpliuog Tng @dong Tne eVowUATHoNg
axohoufoluevoc and napatnerioelc oL omoleg dieuxpLviCouy oplouéva and o BAuatd Tou.
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Eicodoc: xdduxac P, axohoubia el6680U Iie,, udatoypdgnua F[SiP]
EZodoc: xdduxac P*

Extéheon tou P ue I, xon napaywy?h Tou Stodidototou wivaxa C'Ch;
5 Y )

Kataoxeur and tov CCh tou Suvauixol yeaghuatos xhfoewy DCG[P];

3. Koataoxeur tou CCh' ané tov CCh:
I %80 eyypagt e = (f;, f;,*) otov CCh nov avuetoyel oe axuf oto DCG[P]

3.1 Ipayuatonoteital éleyyoc tadtione oto F[SiP];

Télog enavdindng
4. Yuvunepiindn dowv xhioewy dev eupaviotnxay oc axuéc tou F[SiP):
T x&Be axur| oto F[SiP] tou dev avuotouyiletar oe xdroa eyypaph) otov CCH

4.1 IlpocOxn xifionc otov CCH';
Téhog enavdindne

5. Tpornoroinorn xdduxa:
T %d0e eyypaph e = (f;, f;,*) tou CCH

5.1 Egopuoyn npotinwy xARoewy, cuvOnX®OY eEAEYYO0U XL XAVOVKDY EXTENECTC;

Télog eravdindng

6. Eleyyoc howndv cuVApTHOEWY:
I %80 ouvdptnon mou Sev avtiotouyel oe x6uPou tou F[SiP]

6.1 Xdpwon xACEWY CUVAPTACEWY TWV UTOAOITWY GUVAETAGE®Y TOU XOOXA;

Téhog enavdindng
7. Eniotpoyn tou P

Ahyopfuog 5: Ipdtn gdorn evowudtwone Encode_ RPG to_code

ITopatrienon Bruartog 3.1: Yto Brjua 3.1 tou akyopifiuou evonudtwong tou udatoypo-
phuotoc otov xOdxa, yivetar éheyyoc ot xdle plo and tic eyypagéc e = (fi, f;,*) Tou
nivaxa CCh yio 1o evdeybuevo tne xhfiong (fi, fj) va avtiotolyel wg axurh oto ypedenuo
F[SiP]. Av 71 e dev avtetoyel oe axur) t6te otov CCh 610 onuelo tng Tpéyoucac
eyypaphc 1 eYyeapt auth dtaypdgpetar xat oty Béon g npootifeTal N eAdytotn aAAnlouyla
XAAOEWY TOU OVTLOTOLYEL OTO EAGYLOTO UOVOTATL UETAEY TWY XOUB®Y TOU oAVTLGTOLYOUY
oTic ouvapThoels f; xal f; xafdg xa o yapaxtnpliouds avdhoya ue To av 1 xdbe xhron
Tou TpooTélnxe we eyypap) aviiotolyel oe unpootd | tlow axuh oto F[SiP] (forward
/ backward) xat ue tov av unfipye €€ apynhc ¥ mpootélnxe ueténetta (real / water) otov
AOOLXAL.
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ITopatrenon Brupatog 4.1: 1o Briuo 4.1 tou alyopifuou evooudtwong tou udato-
YPAPAUATOC GTOV XOIXA, EAEYYovTaL Toleg and Tig axuéc Tou ypaphuatoc F[SiP] dev
€youv mpootebel we whoelc ouvapthoewy. Ta xdfe pla and autéc npémer va Ppebel 7
npd TN eyypapr atov CCh mou éyel oty Héon tne xhelbfioac ouvdptnone f; tn cuvdptnon
nou avtetolyel otov x6uPo tou F[SiP] nou ewoépyetar 1 axur auth. Agol evtomotel 1
eyyeapr auth, yivetar oAlobnon 6Awv Twv eyYpapdy and To onuelo exelvo xoL ueténeita
utor Oéon mpog Ta xdTW XAl 6T CLVEYELL GTNY XeVY| B€an mou dnuloupyHinxe axplBde and
XATw TeayUaTONOlElTAL TPOaONXN TNC EYYPUPYC Tou avTloTolyel oTny TpooThéuevy xhrion
UE Yapaxtnplond o¢ water backward.

ITopatrienorn Briwatog 5.1: Yto Brjua 5.1 tou akyoplfuou evonudtwong tou udatoypo-
PAULUTOC GTOV XOOLXA, TEpXAelovTal evToc ouVinxdY eléyyou 1 véa Tpoalnxn avdleonc
g ot petaPinth vdatoyedgnone & = x + h() |z = x + g() avdroyo Ue To av 1 xAron
auth avuatolyel oe unpootd B nlow axuh oto F[SiP] xau n x\fon ouvdptnone. H véa
ouvOpn eréyyou €xer wg Exppaon anotiunong, TETola €16l OGTE Vo ATOTLUATOL KOS ohnOY
av 1 LeTafBAnTyh udatoyedgnone €xel Tny Teéyouca Twr. Enlong, otny apyr tng xhelbrooc
ouvdptnone neptxdeletal evtde cuvbrixng ehéyyou 1 avdleon x = = + ¢() oty yetafinth
udatoypdynong 1 omolo amoTwdTol WS ohndn xdbe otyur mou 1 ouvdptnon auth Tailel
Tov pého Tne xAellfioog ouvdptnong, exToC TV Yop®dY Tou 1 xihon Peloxetal oe dour
eTaVAANYNC GTOL UOVAYA TNV TEOTN Yopd 1 ouVOTXY auth yivetow Peudy).

ITopatrenorn Bruartog 6.1: Yto Brjua 6.1 tou akyoplfuou evonudtwong tou udatoypo-
PAULATOS GTOV HOOXA, TPOXELWEVOU O UTONOLTOC XMOOXAC VA TUPUUELVEL AELTOURYIXOS OF
xdfe ouvdptnom mou dev oyetiletal dueoa ue To LBATOYPAPNUN, OAAY EUUETA, EAEYYETIUL AV
0TO GGUO TNS UTAPYEL XdToL XAoT 68 6uUVAETNOT) Tou oyeTileTaL dUeca Ue To UBATOYRAQTUAL.
Av undpyer tétowr xhfion ouvdptnong, €0Tw (forher, fi), TOTE Tpv TV extéheot) g 1)
uetafAntr vdatoyedenone x hauPdvel TéTola TWWY 1 omola Vo ERLTRETEL OTY) POT) EXTEAEDTC
Tou xoOduxa, dobeloog plag Stapopetinric axohoubiog elcddou and authv Tou anoterel 1o
xhewdl, va eloélber uéoo oTov apytxd xOdxa g ouvdptnone. Ouwe 1 Ty auth Sev
elvan ula omotadnrote, ahhd exelvn 1 omola 1 uetaPBAnTy) Oor AduPave av ue Ty axoroubia
€L6030U AAeWl 1) pOoNG EXTEAEONC €QTAVE GTNV GUVAETNOTN f; XAl ERPETE VAL EXTEAEGEL TOV
apy6 e xGdxa. H tun auth uroloyiletor and tov wivaxa CCh Beloxovtag, elte Ty
TEOTY EUPAVLOT, OC TEAYUATLXY XAHoN NS f;, elte TNV xAvorn tng ouvdptnong f; 1 orola
anotehel Tedeutalol XAHoT O XATOLO EAAYLOTO LOVOTTL.

O nilvaxoag o omolog mepiéyel Ue TN oclpd Ue TNV omola eXTEAEGTNAY TS XANOE TWY
ouvapThoewy ovoudletat C'Ch xou elvan Waltepa yefioluoc xabhe and autdy unopolv va
e€ayfolv oL Twéc mou hauPBdvel n uetoAnT 1 oL uetaPAntéc udatoypdenong o xdbe oYU
xatd TNy Sdpxeia extéleong Tou xddxa. To yeyovog autd, elvar dxpwg onuavtind oTig
TEPLITOOELS OTOL UTARYEL XANOT) GUVAETNOTS ANd CUVAETNOT UT AVTLOTOLYLOUEVT] UE XOUPBO
TOU UBUTOYPAPAUATOS OE GUVAQRTNGY AVTILOTOLYLOUEVY] UE XOUBO TOU USATOYPAPHYUATOC,
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OtoTL elvo amapaitnTo N ueTaBAnTH udatoyedgpnone vo AdBel Tétola TN 1 oTola VoL ETLTEEEL
TNV oY) EXTEAEOTC VA TEPGOEL XAl VO EXTEAEOEL TOV TEAYUATIXG xddixa TN xAnfeloag
ouvdptnone. Enlong, and Tov mivaxo autdy napdyetol xot To Suvauxd Yedgnuo xAHoEwy,
avuotowyilovtag xdfe ouvdptnon ue évay x6ufo (ula Qopd xaL Y Ty TedT eupdvion)
xou xdfe xhhorn ouvdptnong ue ulo axun (o popd ol Yo Ty TedTn eupdvion).

4 ™
kaholoa khellnoa YApaKTNRIgPOg
aTtnv
Tn KARON F_89 F_15  |mpaypamkr - pripoatd kaAoloa
2n KARjON F_89 F 12 TEXVITT] - THOwW \ Xx=x+h() ot
3n KAfan F_15 F_2  |mpaypamkr - l-lTTpm:rms: x=x+0g() \ xheibrjoa
4n KARON F_2 F_1 TEXVITH - PTTpOOTA \ Cxh \ Xx=%x+c()
.- “en x=x+c()
x =X+ h()
X=X +c()
X=x+c()
Kn KAQON \hF_?_B F_111 TEYVITH) - THowW /’\
X=x+g()
X=xX+c)

Yyfua 3.13: Iivaxag o onolog eunepteyel OAeg T *ARCELS CUVAPTACEWY TOU EXTEAOUVTAL
xaTd TN Sudpxeld eEXTEAEOTC.

Y10 onueto autd alilel va ToVIOTEL TG To EVOEYOUEVA TOU UTAQRYOLY GYETLXY UE TO TWC
Bo xhnBoty oL cuvapthceLs Tou LdaToYPAPTUEVOL XD P, dotepa and Tny udatoypedynot
TOu UE To duvauxd Uovtého udatoypdgnong Aoyiouxolb Water Rpg elvon 4 otov aplbuéd
touc. To xdbe éva and ta evdeydueva autd Bétel Toug SixoUc TOU TEOTOUC - XAVOVEC
oUUPLYA UE ToUg oroloug 1 UeTaBSANTY udatoypdynone Ho hauPBdvel Tiuéc xatd tnv Sudpxeta
EXTEAEGTC TOU XGBLXAL.

Yuyxexpuéva dobeloac tng uuotic axohoublag eloddou i, extehovviol Gheg ol
oLVAPTHOELS oL oTtoleg €youy avtiotolyniel ue xoufoug xat GAec oL xAroelg auTdV oL oToleg

AVTLOTOLYOVY GE AXUES TOU AVILYOYLUOU UETAOETIXOU YRuQAUNTOS XaL UE TETOLOV TROTO £€TOL
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OOTE WG TEMXO ATOTEAEGUN VO XU TAOXEVACTEL £VaL DUVOULXS YRAPNUO XARCEWY LOOUORPIXO
ue autd. TNV TeplnTwon auth 1 LeTaPAnTh udatoypdenone AauBdvel Tiwéc xald 6N TNV
didpxela EXTEREOTC TOU XOOXA, EVTOS TWY TEOTUTWY XARoEWY, CUUGLYA UE TNV axoloubia
apliudy mou éyel oplotel pntd oto uovtého WaterRPG.

Yyfua 3.14: Ihbavéc poée extéheorc.

Enlong av dofelooc ulac diine axoroubiac, éotw I;, extelelton éva utooUvoro TwV
OUVORTHOEWY TOU €Y0UV AVTLOTOLYLOTEL UE XOUPBOUC TOU UBATOYRAPHUATOS XL TO UTOGU-
YOhO auTH dev eUTEQLEYEL S apylxY| exTelechelon ouvdptnom, TNV cuvdeTnoT mou EYEL
avtiotolyniel Ye Tov x6ufo s, Tou UBUTOYPAPAUATOS, TOTE 1) LETABANTY LdaTOYPAYPNOTC
dev éyeL NaPBet xaplo T (elvar apyxonoinuévny oe plo Twh €éotw k €€ apyfc, ondte xal
nopapével og aut)). Ou undlotnec GuUVOPTACELS TOU Xael ETOUEVWS, XAVOVTAC EAEYYO OTO
ooUo Toug Utopovy xat Yvwellouy Twg 1 xakoloo cUVAETNOT TEOEPYETIUL ATd GUVAETNOT
avTloToLytouévn ue xOufo Tou avaydyLuou LeTafeTixol YpaghuaTtoc oaAAd, 1 axoloubia
eL6030U dev elval N Tiey.

Av avtibétwe, 1 tpdTn exteleabelon cuvdpetnon elvol autrh mou €yel avtiotoiynlel ue
Tov x6uPo s, Tou ypaghuatoc Fr*], téte n uetafinthi e udatoypdynone AauBdvel
XAVOVIXE TIC TUES TNg oVugpwva pe v axoroulia mou €yel opiotel 6to poviého Wa-
terRPG ywelc xavéva mpofinua duckettovpylog, ue tn dapopd Twe dev Hu extelecTtoly
ONEC OL GUVOPTHOELS YOl VAL XATAGKEVAOTEL SUVIUIXS YRAPTUA XANOE®Y LGOUOPPLXH UE TO
evoouatwuévo F[SiP].
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Emniéov dhhn wo axohoubio eroddou, €0tw Iy, Oa unopoloe va extedel and Tov xHOLXA
TOU AoYLoULX0Y LoVaya GUVOPTAOELS Ol OTtoleg BV elval avTLOTOLYLOUEVES e xOUPOUS TOU
F[SiP]. To yeyovéc autd, anoterel v mo amhf xor avdduvn meplntwon xabde dev
dnutoupyel TEABANUA OTNY AELTOURYXOTATA TOU XMOXA, ETOUEVKS deV elvar avaryxala xat
xaulo avdfeon otny uetafBAnTh vdatoypdgnong, xabde enlone dev elvar amapaitnrog xou
XAVEVOC ETLTAEOV EAeY YOS UE oUYVOTXES ENEYYOU.

Téhog, undpyet xau éva evdeybuevo (To mo repimhoxo) clugenva Ue To onolo dobeicac
utac axoroublog, €0Ttw I3, exTehoUvTUL XANOELS CUVAPTHCE®Y UE X0hOUGO GUVARTNOT), OU-
véptnom un aviotolytouévn ue x6uPo tou F[SiP] xat xknfeloa ouvdptnon aviioTolylouévn,
7 1o avtibeto. Xty 1pdhTn and Tic U0 MEPITHOOELS N UETABANTY LBATOYPAPNONC TEETEL
vor MEBeL Tur, TELY 1) o1} eEXTENEGNC PTACEL OTHY X0A0UCO GUVARTNOT), 1) OTOloL Vol SNAGVEL
1o 1 xhfon €xel Tpoélbel and ouvdpTnon un aviteTolyloUuévn ue xéuBouc tou F[SiP] xau
TWS TEETEL VO EXTEAEOTEL 0 APy o xdOwag e xAnfeloag oL uévo. Evd otn deltepn
neplntwon 1 ueTaBAnTH autd dev hauPdver xaulo Tiur (Stotneel auth mou éyel uéypl oTiyunc)
xal 1) pot) extéheong ouveyilel xavovixd, xabdg n xinbeloa ouvdptnon dev avtioTtolyel oe
x6uPo tou F[SiP] (8ev euncpléyetl tpdTuna xhfioewv), ondte xaL dev dnuloupyel nepattépw
TEOBAAUATI AELTOURYLXOTNTOG.

3.5.2 ®dorn ESaywyns Ydatoypagpruatog

H gdorn g e€aywyrc Tou uoviéhou udatoypdgnong hoyiouxol WaterRPG anoxwdixonolel
Thnpogoplo uéoa amd Tov (OO 1) OTolo O TEOYEVESTERO 0TAdLO elye xwdxonoinlel oe
autév. Katd v die€aywyy| tne @dong authc o x@dduxag dev netpdletal 6To ehdyLoTo, 0UTe
Tepvd 1) Sour| Tou and avarioelc. Autd mou haufBdvel yGdpa elval 1) eEXTENEST) TOL AOYLOULXOU
ue TNy axohoubia elc630u xAeldl Ue oxomd v SnuLoupYRoeL To SuVaULXO YRAPNUL XAHCEGDY

TOU.

S~

P*
aryopiBpog eCoyyTc W

Tkey ———™

-

Eyfuo 3.15: E€aywyy| udatoypagphuatoc.

H dnuovpyla auth umopel va yivelr mpdn, elte pe xdmoov anocQoluatentr, elte ue
xdmotov Tapaxolouvintr. 'Onwg xau va cuuPel dune, oxondg elval v xataypagel To {yvog
extéheonc tou xMduxa, dobeloac g axoloubiag eLob6d0ou XAeldl oL cUYXEXPLUEVE GAeC
oL YAAOELS TWY GUVIPTACE®Y TOU TOU TEAYUATOTOLOUVTAL TEOXELUEVOU VO XA TOUOXEVAGTEL
/ €€aybel to vdatoypdynua and Tov xdGIxa. Ilupaxdtw mapouctdlovtal Ta BAucte Tou
ahyoptlbuou tng dedtepng xau teleutalog QaoNg.
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Eloodoc: xhdixag P, axohoubia el6ddou I,
EZodoc: vdatoypdgnua F[SiP)]

1. Extéheorn tou P* ue v axoroulio el6680U Ljey;
2. Kataoxevy| tou nivaxa CCh' and 1o iyvoc extéheonc tou P*;
3. Eotw DCG(V,E) = (;
4. Kataoxeu| tou Suvauxol ypaghuatog xAfcewy Tou P wg edig:
T %d0e eyypagt e = (f;, f;,*) tou CCh
4.1 Av ¢ oto V oL xéuPol mou avtiotolyolv oTic f; xal f; eLoépyoviay;
4.1 Av ¢ oto E noxun nou avuotowyel oty (fi, f;) etoépyertay;
Télog enavdindng
5. Kotaoxevy evée ypaghiuatoc F[SiP] woouopgixot ue to yedonuo DCG = (V, E);
6. Xto ypdgnua F[SiP] utohoyiouéc tou uovadixot hamiltonian path;
7. YOugova ue Ty oepd entoxedne twv x6uPwv tou F[SiP] tonoféton etxetdy;
8. Emotpogi tou F[SiP];

Alyéplbuoc 6: Aeltepn gdon eCaywyhc Decode_code to RPG

ITopatrienorn Briuatog 6: Xto Brjua 6 tou adyopifuou eCaywyhc Tou udatoypaphuatog
and tov xG3xa, unohoylletar To hamiltonian path ndve oto avaydyluo petabetind ypd-
(PO TEOXELUEVOL VO UTIOLY 0L ETIXETEC aTouC xOuBoug autol. To wovondtl autd undpyet
névta 6to avaydyLo uetabetnd ypdgnua xat unopel va Bpebel oe yoauuxd ypdvo O(n).
LUYREXPUIEVA, TO UOVOTATL xaTaoxeudletal Eextvidvtog TNV avalAtnon ndve 6To yedernua
F[SiP] an6 tov x6uPo mou éyel plo elepyduevn axur| (tomofetdhvtac tou TV eTXETA )
xal xdvelr Ty petdPoon mdvta o xoufo mou dev €yel emoxepiel Balovtac ye TNV oeLpd TIC
eTwétee n —2,n—3,..., 1, ¢t

Enouévwe, oto onuelo autd €youv dolel 1660 oL akydelbuol yio TNy xataoxeur) Tou uda-
ToYPapUaTOC 600 Xat oL alydetbuol Yo TNV e@apuoYT USATOYRAPNONS OTOV HMOLXA,
OMOXANEOVOVTAC UE TOV TEOTO auTOV Ula Thhpng udatoypdgnong hoytouxol. To udvo
Tou UToAelmetor TNG OANg Saduxactag elvar va amodetyfel yiotl to uovtého WaterRPG
e@apu6lovTde To Snulovpyel Aettoupyixd 0phd xGHALxa.

3.5.3 Andédelrn Opbdtnrag Alyopibuou

Y1 fewpnting entothun tov utoloyotdhy, N ophbtnta (correctness) evoc alyopifuou
SlamoTdveToL GTay AEYETal TS 0 aAYOpliUoC autdc elval owotdc oe oyéor ue ulo v
neplocdTepes Tpodtaypapéc. H Aettoupyixt) ophdtnta (functional correctness) avagépetal
oty GUUTEPLPOpd ELaddou - e€680u (input - output) evic alyopibuov, étol dote yio xdle
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eloodo mou Tou dlvetal autée va tapdyel owoth €€0d0. OuolaoTtixd, yiveton uta Sudxpion
uetall e ohuic opbdtntag (total correctness) v onola emnhéov anowtel o aiydpibuoc va
tepuatilel xal e pepic opbhdtnrac (partial correctness) n onolo anhd anattel mwe av
ulo epdtnom (m.y., xhhon ouvdptnonc) dobet, va emotpagel  cwoTh Thnpogopia ¥ akhde
ATOTEAEOUA.

And ) onyun 6uwe, mou Sev umdpyel xdmola YEVIXY) amdvInon oto TEORANUA NG
dtaxonfic (halting problem) »xofdc to npdPfinua autd avixel ota NP - mifion npoBifuata,
7 StanioTworn Tne ohxhic opbdTnTac elvon Tohd dboxoho va cuuPel. H anddelln tepuatiouoy
elvan évag Tunog pabnuatieic anddeing n onola mailel Evay onuavtixd pOAo 0Ty TUTLXY
enarffevorn xalodg 1 ok opldtnta evdg akyopliuou elaptdtal and Tov TepUATIOUS.
HMapoxdtw nopatifevtal ula anddelln ophdtntac tou alyoplbuou evowudtwone udatoypa-
PAUATOC, Oyl auoTNEE LabnuoTe, adld ard pia mo yohap Ue OXOT6 Vo XATAGTEL GOpES
Twe T0 wovtého WaterRPG dev dnurovpyel mpoBAfjuata AettougyixdtnTog.

Epdtnon

[Matl o udatoypagnuévog x®BLxag evog Aoyiouixol P eyel axpBdg Ty (8o AettoupyixdtnTa
UE TOV XOOLXA TOU UBATOYRUPTUEVOU Aoyiouxol P* to ontolo dnutovpyeital and To Lovieho
udatoypdgnone hoyiouxol WaterRPG, yia onowadrrote axoloubia etcbddou [;

Tw to P

Eotw mwe 1o apywxd npdypauua P tepvdel emttuydhe v @don e wetay dtrong (compila-
tion) dnuiovpydvtag éva exteréoluo apyelo ovéuatt execution file. To execution file yio
x40 axohroulia eleddou I, mopdyel éva cUYXEXPWEVO anoTéAeoua Tesult, dSUuLoupYOVTIC
TopdAAnha évay dtoddotato nivaxa dynamic call table, o onoloc eunepléyel e T oelpd
extéheans Ohec T xAoelg ouvapthoewy call(fi, f;) mou npayuatonoiinxay, ula oe x8be
Tou yeauur. Kdle yoauur arotehel ulo eyypapr) otov nivaxa xou xdbe tétolog mivaxag
avtiotolyel oe yovadixd dynamic call graph.

Kdfe uia and tic xhfoeg ouvapthoewy call(f;, f;) mou extehotviar 6to P, 6nwe elvat
EUPEWS YYWOTO ATO TOV TEOTO AELTOURYLUC TWY YAWOOOV TEOYRUUUATLOUOU GTNY TANQO-
popuxt), ueTafLBaler Ty pot| exTéAEomS TOU XGOdOWXA and TNV xakovoa ouvdptnoy f; oty
xhewnoo ouvdptnor f;. Me tov tpémo autd, xaTd TNV dLdEXELL EXTEAECTC TOU XMOOLXA,
apyxd xataoxeudletat plo otolBa (main programming stack) n onola 670 ecwtepind Tng
dnutovpyel eupwievuévec otoifec (nested stacks) xdfe gopd mou exteheitar pio xhAom
ouvdptnong xat daypdyer oTolBec xdbe Qopd mou 1 Pon exTEAEOTIC TOU HOBLXA ETLOTREPEL
(return) ané ula ouvdptnon. H xéfe ocuvdptnon dnhady| deouetel ula otolBa 1 onola elva
eupwhiacuévn uéoa oe dhhec otolfec, xabdc xdbe ouvdptnon and xdmou ahhol (dihn
ouvdptnon) éxel xakeotel xoL hettoupyel uéoo oe auTh.

103



T to P*

Eotw mwg to udatoypagpnuévo tpdypauua P* tdpa, mepvdel xoL auto Ue emLtuyia TRV @don
NS METAYADTTIONS dnutoupydvtag €va exteréolo apyelo ovouatt execution file*. To
ev Moyw apyeto yla x8be axoloubia etaddou I, mopdyet xou autd éva anotérecua result,
dnutoupydvtag évay dieddotato tivaxa dynamic call table*. O mivaxag autde (6rwe xat o
TPONYOUUEVOS Tou dnuloupyeltal and To un udatoypapnuévo npdypauua P), dofeloog ulog
axohoullog elo6dou I, mepiéyel oUUQLVO UE TN Gelpd Ue TNV onola eEXTEAEOTAXAY OAEC TIC
x\hoele Tov ouvapthoewy call(f;, fj) oToV %O Tou P*. Enouévog xal autdg o mivaxag
Ue TNV oelpd Tou avTioTolyel oe éva wovadixd dynamic call graph®.

'‘Ooec eyypagéc ¥ arhde Ledyn xAfoewy otov nivaxa dynamic call table tou P dev
avtiotolyoly ot axuéc oto reducible permutation graph, otov nivaxa dynamic call table”
éyouv avtixataotabel TAéov Ue eyypapés ¥y ahhidg Lebyn xhfoewy call( f;, f;) to omola tdpa
avTtiotolyovy ot axues oto reducible permutation graph xau cuyxexpueva Ta v AOYL
Ledyn anoteholv to eldyloto uyovordtt (shortest path) uetald tne xahovoos fi xar tng
xhewfoac ouvdptnong f; oto yedonua (fi, frys fras -+, f5). Yrdpyet ndvto povondtt oto
reducible permutation graph anéd évov x6uPo oe évay dhiov, Aoyw tou unique hamiltonian
path nou meptéyet [10].

Ou xAfoelg ouvapThoewy oL oToleg UEGOAABOUY UEYEL VO PTACEL VoL EXTEAEOTEL 1) TEAY U0
T} ¥AHoY oUVAETNOTC 1) 0Tl UTARYE OTO U1 USATOYRAPNUEVO TEOYEOUMO OAAG Ol
o1o vdatoypapnuEvo (x&fe @opd mou €yer avtixataotalel xdnowa xAion ocuvdptnone Tou
P) dev dnuoupyolv medfinua oty Aettoupyxdtnta Tou xOSxa.  Autd ogelhetar oto
YEYOVOS OTL 1) UOVY AELTOURY O TTOU TRAYUATOTOLOUY 0L XANOELS AUTES ELVaL VO UETAGEPOLY
TNV oY) EXTEAEOTIC OTNY CWOTH GUVAPTNOY XAl Qopd. BUYXEXPUIEVA GTLS EVOLAUEDES
xhnfeloec ouvapthoels tou eldylotou wovoratioV (fi, firs fra,- - fj), Oev extedleltan o
APYLXOS HOOLXAG TOUS, AhAd 0 %xMBOLxaG Tou VdaTOYPAPHUATOS. O XGBxAC AUTOC TEPLEYEL
Tplor Saxpitd otouyelo: pla ouvlrixn eléyyou 7 omola amoTyd €va ¥ TOANG adlaQavég
xotnyopfuata QP ula avéfeon ke oty uetaBhnth udatoypdgnone xau ula xhfor
ouvdptnong call(fs, fy)-

Téloc boec xfoelc oL onoleg avtiatoLyody oe axuéc oto reducible permutation graph
dev €youv mpootebel axdun otov xGAxa Tou P*, uetd TNy aviXaTdoTaor), dAUTGOY TOu SV
avTioTolyovoay oe axuég, mpootifevial xal autég mpoxewwévou To dynamic call table”
mou Ba dnutovpynbel dobeloac ulag ouyxexpluévne axolovbiog eloddou va dnutovpyel éva
dynamic call graph* woouoppixd ue 10 evowuatouévo reducible permutation graph tou

Tpoypduuatog P.

T to P xou to P*

Apa to mpbdypauua P xal to tpdypaudo P* yia Tig i8leg axorouieg etoddoug I dnutovpyoidv
dapopeTind dynamic call tables xou ev ouvenela dwapopetind dynamic call graphs, alhd
€youv TNV 8o axpBAc AetToupyoTnTa.
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Auté elvan arrfela dtdtt, dobeloog ulo axohoublag eloddou I, av exteheotel ula xhron
Tou P 1 omola avtiotolyel oe axuy| tou reducible permutation graph t6te 1 xAforn auth
Statneeitat avénagn oto P*, evd av exteheotel ulo xAfon tou P 1 omola 8ev avTioTolyel
oe axuy tou reducible permutation graph auth avixadiotatar ue Cedyrn xhioewv Ta
onola EXTEAOUVTAL UE TNV CELRA dNULOURYOVTOS EVOL LOVOTATL XARCEWY ATO TNV TEOYUUTLXY)
xadovoo f; meog Ty mpayuatuer xhnbeloa f; cuvdptnon.

j main

< s D <’ s
fz f7

fmaz'n

3 .
: } '
fe 3 fa‘ ;*>
——
/s | fs '
-
fa - fa

f2 f2

L > N1 fi F--
v
e - i
DCGIP] DCG[P]

Eyfuo 3.16: Ehdyioto povordtt ndvew oto Suvauixd yedenuo XAHoE®Y.

To apywd mpdypauua P xau 1o udatoypagnuévo mpdypauua P* dobévtoc tne (Blag
axohoublog etoddou I napdyouy Slo@opeTixés ahhnAouylec XAHOEWY CUVIPTAGEWY OL OTOLES
ONULOUEYOUV %ol BLaPOPETLXd SuVAULXE YPAPAUATA XAHOEWY, Ttdpo TadTta €youv TNy (Bl
axplBoOC AettoupyoTnTa. Autd Tou GTNY TRaYUaTIXOTNTA cuuPalvel elval oty LdaToYpEI-
pnuévn Exdoaon Tou Tpoypduuatog P ula xAHon cuvdeTnong Tou UTHPYE 0TNY N UdATOY PO~
pnuévn éxdoor éyel TAov aviixatacTabel ue éva LoVOTdTL XAGEWY GUVOPTHOE®Y OL OToleS
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aUTO TOU TEAYUATOTOLOUY elvar ovdya 1) Stoyéteuon Tng apyixic xAfong uéow evog umo-
oLVOAOU GUVOETHOEWY, 0 oToleg €youv avtiotolynlel ue x6ufouc Tou udatoypaPhuaTog,
dlywe va exteleoTel 0 apyndS XGAXAC TOUC.

EKTEAEON JE

akoAouBia kKAe1di £€obog
I
P e ves —— - ATTOTEAETHON
DUVUIKG ypapnua
KANTEWV
O

(O

EKTENECT pE

akoAouBia kA£G £fodog
p* ! - «@ cor ——— = OTTOTEAETUAN
OUVAPIKG ypdpnua
KANOEWW?2
O

O

Fs Fz20. F7: £hAYIOTO HOVOTTATI

Yyhua 3.17: Addnhouyla xAficewy cuvaptioewy oto P xou oto P*.
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KEDPAAAIO 4

FEOAPMOI'H KAI AZIOAOTHEH TOY
WATERRPG MONTEAOY

4.1 TTtuyéc Egapuoyrc tou Moviéhou WaterRPG
4.2 Avdhvor tou Movtéhou Ydatoypdenone WaterRPG

4.3 AZohbéynon tou Movtéhou Ydatoypdgnone WaterRPG

4.1 IItuyéc Egapuoyrc tou Movtéhou WaterRPG

To Sduvauxd uovtéro udatoypdynons Aoyiouxod WaterRPG é€yel 8o ntuyéc eqgupuoyric
oe xduxa. H mpdtn elvan 1 xabohixt| egopuoyy. XtV eQopUoyy| auTh TeayUaTOTOELTOL
N TLoTH epapuoYr Tou aiyoplBuou evowudtwone BAua mpoc Brua, diywe va Aaufdvovta
umoT T YopaxTneloTiXd Tou exdotote xOdxa. H deltepn elvan 7 Siagavic egapuoy.
Yy egapuoyt auth, o aviifeon ue v mponyoluevy, yivetal adlonolnon TOV YapaxTn-
PLOTIXGY X0l TOVY WBLOTROTLOY TOU XM TOU ETEOXELTO VA eVOWUATOOEl To uTodHpLo
udaToYPAYNUA XAVOVTOS UE TOV TEOTO aUTH Oyl TLOTH, ahAd UTS Tpolnolbéaels xaL Tpocap-
MOOUEVES EVEPYELEG TAVL OTOV DO EYOVTAC PERoLd WG ATMTEPO OXOTO AUPOTEQA OTLS
TEPNTAOELS QUTES TNV xwdxonolnoy yeaphuatog uéoo ae xddxa hoylouxoy [11].

Ot mTuyég auTég, EVOWUATOVOUY axplBdg To (8lo udatoypdgpnua Uéoa oTov xGdxa. Me
amAd Aoyl dnhady), Sev ennpedleTal TO LSATOYPAPNUO ATO TNV EPIUPUOYT) UE TNY OTolo AUTO
Oa evowuotwbel uéoa otov xdGSxa. To mheovéxtnua tng xaboAxrc eapuoYnc EvavTl
e dtapavrg elvar mwg unopel va egapuooTel eUXoAo XAl YEHYOPU EVOOUATOVOVTUS €V
UdUTOYEAPTUA, €YOVTUC TO TUNUA TKS TO LBATOYEAYNUA AUTH EVIEYOUEVKS Vo YiveTal
TLO Ypriyopd aVTIANTTO oTa UdTia xox6Boviwy yenotdv and 6Tl Oa yivovtay av 1o (8o

udatoypdgnua elye evoouatwiel ue tnv Sudgavn egopuoyr. Me tn Swgopd, 6tL oTY
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didpovy) eapuoy Bo Empene TEONYOUREVWS 0 xOOLXa Vo UeAeTDEL eVEAEY O TEOXELEVOU
va evtomeToly Ta utodigla onueia Tpog Behtiotonolnor Tou woviéiou.

WaterRPG

QUVAMIKO HOVTEAD
udaToypapnanc Aoyigikou

KaBohkr Egappoyn
MovTéhou

Miagavrig Epappoyr
MaovTéhou

Yyhuo 4.1 TTtuyée epapuoync Tou duvauixol uovtéhou WaterRPG.

4.1.1 Kool Egapuor

Y1y xabohund| egapuoyy| Tou wovtéhou WaterRPG o alyéplfuog evonudtwong epapudle-
TaL Ue Tov (dLo axpBde Tpdno oe 6houg Toug xXOBIxeg hoyoux®dy, dlywe va Aaudvel unddn
TOU TOV TPOTO XATUOXEVTC XOL T TEPLEYOUEVA TwV ouvapTHoewy. Me Tov TpdT0 autdy, T0
Baowd mheovExtnuo elval TwWS 1O USATOYPAPNUA EVOOUATHOVETAL GTO AOYLOULXO YET Y0P,
ywelc vo amowtnlel  avdiuon Tou xG3XA, EVEO TO UELOVEXTNUA Elval TWS axoloubdvTag
Tor BrivaTo TUQAG VoTepa amd TNV EQUOUOYT UBATOYRAPNONS OTOV XOOLXA, UECA OE AUTOV
€y ouv dnutoupyniel TAéov TpdTUTA OTLE GLVAPTHOELS oL oToleg Tatlouy TOV POAO TWY XOUB®Y
TOU avVaY®OYLWoU Petabetixol ypagphuoatog Ta onola emavalhauBdvovtal divovtac €tol éva
xlvntpo meplocdTepo o XaxBouloug yenroTeS Vo ehEYEoUY ToV XO3xa Yl TuYdV udato-
YPuUPHOELC.

Me v xabohuxry egapuoyT) Tou LOVTEAOU LUBATOYEAYNONS OTOV XMOALXA, GTOYEVOVTIC
OTNY %WOLXOTOLNGY] TOU UBUTOYPAPAUATOC GE €V ATO To SUVOULXY YRAPHUAUTI XAHCEWY
oLVOPTHOEWY, eV TeplA el oe xdfe éva and ta Lelyn xhhoewy (f;, f;) ovuPaivouy ta e&¥c
oTédLa:

1. Yuunepthaufdvetol 0AOXANRO TO GOUA TNC XahoUoug GUVARTNONS fi eVTOC auvirxng
ehéyyou 1 onolal ATOTIUE adLUPAVES XATNYOENUI TO OTOLO EYEL XATAOKEVUOTEL UE TN
Borera Tng uetaintric udatoypdynong, éotw x. 'Yotepa, UEca oTov xOxA TNC f;
v xdfe xhhon (f;, fjl) xa (f3, fj2), av auTH UTdpyeL, 1 otola avtioToLyel o€ UnpooTd
xal oo oaxur Tou avaydylwou uetabetixol ypagruatoc aviiotolya mpootifeTol
TEW TNV exTEAEST] TNg xdle xAfong, avdleon otn yetafSAnty udatoypdynong = =
x + h() av n x\Hon avuotolyel o unpootd axuh xut £ = x + g() av aviioToLyel
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oe mow axur. Meténerta xdfe évac and toug ouvduaouolc avdfeon xoal xhorng
eLogpyeTal eVIOC ouVINXGOY eAEYy0U oL OToleC oL AUTEC ATOTLLOUY UE TN OELPd TOUC
ATOTLUOVY aBLoQaVT XATNYopNUATA UE T onola €youv xataoxeuaotel ue tn Pordeia
NS UETAPANTAC udaTtoYpdgnoTC.

2. Yy repintwon xatd v onola 610 odue Tng xaroloug auvdptnong fi dev undpyel
xdmow xhfion tng wopihic (f, f}), tote mpwy and Ty extéleon tng ouviixng ehéyyou
7 omola cuumepthauBdvel To apyxd odua e f; tpootifetal 0 cUYSUACUGS EVTOAGY
avdleong © = z + h() o xMjong ouvdptnone (fi, f}) evide ouvliune eléyyou 1
omola amotwud cuvlxn duota ue TV cuvBrxT Tou otadiou 1 mou avtioTtolyoloe o

UTEOCTA XUy 6TO avay®dYLULo UeTabetind ypdgpnua.

3. Yy neplntwon 6mou oto odua e xohodoog ouvdptnone fi dev undpyel xAvon
e poppric (fi, f7), téte mpwv amé v extéheot e ouvbixng ehéyyou 1 omola
oLUTERLAOUBAVEL TO apyxd oOU NS f; xat UETA and TNy Tuy oy Tpochfixrn cuviixne
ehéyyou Tou otadlou 1 mpootifetar o ouvduaoudc evioldy avdbeone = = x + ¢()
o xMong ouvdptnong (fi, f7) eviée ouviiune ehéyyou 1 omola amotiud ouvhfxn
ouoLa ue TNy oLVHHxY Tou otadiou 1 Tou avTioTolyoloe oe Tow AXUT OTO AVAYOYLLO
uetabeTind ypdpnua.

4. Ytic xhelbioeg ouvopThoetg fj1 Ol ij TpooTifeVTal 1S TPMTES EXTEAEGLUES EVTOAES
otov xO3uxd toug ula avdleon oty uetafintr udatoypdgnone x = = + ¢() n onola
Beloxetal evtdc ulag ouvBrinne ehéyyou 7 omola amoTUd ABdLAPOVY XATNYORHUATA TO
omola ylvovtal aknd xdfe Qopd mou 1 oY EXTEAESTC ELOEPYETAL OTIC GUVAPTOELS

AUTEC.

5. Ye bhec tic xhnfieloec ouvapthoeic [ Tou xGOxa NS f; oL omoleg dev aviioToLy0GY
og xdnolo and TS AxUES, elte Unpootd, elte mlow Tou avayOYLUoU UETABETLXOY
Ypaghuatoc unoloyileton n axohovbia (fi, fry,-- -, f}) 1 onola aviieToryel 610 €Ad-
YL0TO LOVOTETL PETALY TWY XOUPWY TOU AVILOTOL0UY OTLC GUVaETHoELS f; xaL fF

010 Yedgnuo avutéd. Metd nxhdon (fi, f) daypdgetar xau otn Béom tne mpootifetan

0 6UVBUAGUOC TV eVIOAGY & = & + h() xat (f;, fr,) v n xAion auth aviioTouyel

oe unpootd axuh R & = x + g() xo (fi, fr,) av n xhhon auth avitotolyel oe tiow

axur). X1 ouvéyew ot xdfe éva (evyog ouvapthoemy, xaholooug xoL xietbhioag, Tou

eugaviloviar otny axohoubia (fi, frys - -+, fF), extéc BéBaia Tou mpdTov, yivoviaw o

avtiotolyeg evépyeleg mpoabnixng cuvBuacu®y avdbeon xal xhforne uéoa ae cuvbYxec

ehEYYOL.

Olheg oL dAAec XAACELS GUVORTHOEWY f;‘* oL orolec Bploxovtal evioc Tne ouvdpetnorne fi
dev TpomonolovvTaL, dLOTL ToA) amhd dev evepyomolodvtoL Ue TNV axoroubio etoédou xheldt,
ETOPEVKC OeV cuUSdhouy oTT Snuoupyia Tou Suvauxoy YeupRuaTog XARCEWY TO oTtolo UeTd
To TEpaC TNg LdaToYpdynone Ha elval Loouoppxd UE TO AvaYDdYLULO UeTABETXS YRdpnUAL.
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4.1.2  Awagavic Egoapuoyn

Y1oy0¢ NS LUBATOYEAPNONG AoYLoULxoU devV amoTehel LOVAY A 1] EVOOUATWOT XATOLS TAT-
pogoplac Uéoa oTov xOdxa, oAAd TEémeL TaUTOY POV 1) TANEoopla auTH vor uny elvat
eudLdxpltn and xaxdéfovioug yerotec. 'Eyovtac nagouctdoel Ty xallohxy| egapuoyt| Tou
uovtehou WaterRPG, @dvnxe mwg dnuioupyolvtal oplouéva eugovy) TeOTUTA UECA GTOV
%xO3xa hoylouxod. To mpdTuna autd GUWS Ue TNV SLapavy eQapUoYY) Tou ovTELoU e€o-
AElpOVTAL, IXAVOTOLOVTOS UE TOV TEOTO AUTOV Xdl TOV SEUTEPO GTOYO0 NG LBATOYEAPNOTS
AOYLOULXOY.

[TpoToU TopouGLaaToVY oL BLUPAUVELS EPUOUOYES TOU LOVTENOU USATOYRAPTIONS OTUELDVE-
Tal TS aUTES Sev e@apublovTol TUPAL xat aveldptnTta and ToV xoOdLxa Tpog LUdATOYEdYNoT.
O egopuoyéc autéc elvar Thpws eZopTnUévec and TOV eXAOTOTE XOOXO XL AVAAOYO UE
To. oTolyelol Tou oy Tepléyel umopel xat Bploxel egapuoyy| éva UTOGUVOLO TWY SLdPuvwY
epapuoyov. Ilapaxdte mapatifevtar o Sidgavee epapuoyéc tou WaterRPG Suvauixot
LOVTENOU LBATOYEAYNOTNS AoYLOULXOU:

1. Anuovpyia ERPOAELUEVDY TEOTUTWY XAACEWY GUVAETHoEWY. Me TV supd-
Aevon auTy utopel UEoa oe Eva TPGTUTO XAHOTC TTOL AVTLETOLYEL OE UTPOGTd axUY| 6TO
avay@yuo ueTabetind ypdpnuo vo Umopel va UTEL xaL Vol TEOTUTO XANoTS 1) orola
va avTiotolyel oe Tlow axu 6To avaydyYLLo UeTaleTixd Ypdgrnua B 1o avtioTpogo.

2. ITpooH7xn TOANATAGY EXXOVIX®DY xMAoe®Y. A6 TN OTLYUR TOU OL ELXOVLXEC
XAHoELS eXTEAOUVTOL Ywpelc SeV dNULOUEYOUY TROBAAUATH AELTOURYIXOTNTOC POy &-
Ayyovtal ue ouvirxeg eAéyyou xal oty xahodod xul oty xAielfoo cuvdptnon
unopoLy vo tpoctefoly xal theovdlouoes UEGU GTOV XOIXA xd0e aVTLOTOLYLOUEVNC

oLVARETNOTS UE XOUPBO TOU aVaYOYLUOU UETAOETLXO0Y YRUPHUATOC.

3. Amopdxpuvor ouvinxdY eAéyyou. Ou ouvhrixec ehéyyou oL oToleC EUTEPLEYOLY TIC
avabéoel Tinou z = r+c() oty ueTaBANTA LSUTOYEAPNONS UTOEOYY VoL BLaYpUPOUY UE
TNV tpolnéleon nwe 1 ouvdptnon otny omola xou Peloxovtal Sev xaheltar amd xdmola
CLVAQETNOT U1 AVTLOTOLYLOUEVY UE xOUPBO TOU avaydYLLou UeTabeTinoy ypopRuaToc.
O Aoyoc vy Tov omolov ouuPaivel autéd elval Twg av Swaypagel 1 cuVHxn eréyyou xal
1 oLVAETNOY XaAeoTel and xdToLL ALY CUVAPTNOT ACUGYETLOTY UE TO LBATOYPAPTUA
1 weTaPAnTH udatoypdgnonc Bo ndpet un dexty Ty xat Thavéy (evdeyouévwe xal oxt,
alhd undpyer mbavétnta) va dnulovpyioel TedBANUL AELTOURYIXOTNTAC OTNY EXTEAEDOT
TOU xOOLXAL.

4. Anprovpyio mOAOTAOX®Y adLapavedy xatnyopnudtmy. To adiagav xatnyo-
pfiuata To omolo ewodyovial oe ouvlrxeg eléyyou ue tny xabohuxt| egupuoyr Tou
UOVTEAOU EUTEQLEYOLY TEAEOTEC TUTOU: =, 7. 11N SLdQavy eQapUoYY Ol TEAEOTEC
autol umopolv va aviwataotaboly ye tedeotéc tinmou: <, <, > > oL onolol dev
ehéyyouv axpiBelc TWES adld edpn TWOY Ta ontolo SUGXOAEUOLY GTNHY AVAAUCT, TOU

21O amd TELTOUC.
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5. Xuvévwor ocuvinx®dy ehéyyou. Ot ouvbrixeg eAéyyou ol onoleg €youv mpootebel
YAQT GTO USATOYPAPNUA XUl EUTEQLEYOUV ABLAPAVT| XATNHYOPRULUTO, UTOPOUY VO GUVE-
voboly ue %01 undpyoucec cuVOYXES TOU XMOBLXA UE OXOTO va dlarypapel To emtmAéoy
TUAUA XDOBXA TO 0TOLO TEPLXAELEL TIC EVTOAEC TOU TPOTUTOU XANGEWY.

6. AvdBeorn Tinodv pe moAlOmAoxeg exppdoelg. Ol eEx@pdoelc TOU YENOLIOTOLOUVTOL
v TV avdfeor oY ot uetafinTt udatoypdngnong utopel va Ylivouv ue xdroloy
uafnuotieé timou xal oyt amevbelag ue avdbeon Twrc, TEOXEWEVOU Vo UNY elvol
areubelag opatéc oL TWES mou mpoaTifevtal 6e AUTHY.

7. Xenon noAanAdY UeTABANTOY Ldatoyedpnons. Katd t didpxeia extéheong ue
Ny axohoubia el.oddou unopel va yernotuonolovvTal TepLocdTepeS and ula YeTofSANnTéC
Yoo TV Ldatoyedpnonc hoylioutxol ol omoleg Ha anotiudvTaL 0TI emmpdoietec ouv-
Ofxec eléyyou. Ou petaPintéc autég elte unopel va yprnowwonololvtal 6ieg xafl 6in
N Sudpxeta extéleorg, elte unopel vo tebel éva EeywpLotd dplo oe xdbe ulo and autéc
10 omolo Oa onuatodotel ndte otayatder 1 yphon g xou Ou onuatodotel TN yerion
TN EMOUEVTC.

8. Tuyaia tonobétnon ewxovix®dy xhfoswy. Ol etxovixnéc xhfoelg oe xdbe avtioTtol-
YLougvn ouvdptnon umopoly va meooteboly, elte mply, elte uetd and TN cuvlhrxn
ehEYY 0L TOU TEPIXAELEL TOV aPYLXd XMBLXA TNG CUVAETNOTG.

9. Anmopdxpuvaer avdbeong otn LeTafSANTH LBATOYEAPNONG. XTLS TEPLTTMOOELS OTOU
oL x\hom mou exteleltoL elvol mpayuatixr ToTE 1 avdfbeon TWRC Tewy and TRy xAfor
auTh umopel xaL va Sty paget.

Kavovtag yefion evég umtocuvoiou Twv TpoNYOoUUEVLY SLAGAVWY EQUOUOYOY, TERAY ATO TO
Yeyovog ot e€akelpovtor Ta TEdTUTA UEGH OTOV XOOLXA To 0Ttola EVOEYOUEVWC VAL XLVoVGaY
TNV TEPLEPYELX XAXOBOVAWY YEeNoTOY, eL0IXOVOUElTAL YeOVOoC exTéAeong xabde AlydTepeg
EVTOAES Gpal Xl ALYOTEPOS YPOYOC TIOU APLERGVETAL GE AUTES o YGpog arolixeuong otny
uovLUT Tou utoloytoth xafde xoL oty eprivepr (UvAuUn Tou yenotuorotel To hoylouxd Yo
™V exTéREST] TOL XOOxa) xafde.

4.2  Avdiuor tou Movtéhou Ydatoypdynons WaterRPG

To uovtého udatoypdynone Aoylouxol XAVeL CUCTNUATIXY TPOTOTOINGY TV XAACEWY
CUVIPTHOEWY TOU XMOOLXO UE OXOTO VA XATAPEREL VAL XWOLXOTOLACEL UEGO OE €VOL SUVOULXO
Yedpnuo xARoemY Vo avaydyLdo uetabetixd ypdgnua to omolo naller 1o pdho Tou udauto-
yeaghuoatog. H xwduonolnon auth anaitel toAuwvuuixd ypdvo exTEAEOTC X0l GUYHEXPLUEVA
Ypovo tdEng O(n?).

And tn ula mhevpd, 1 xakitepn mepintwon egapuoyhc Tou woviehou autod elval To
un vdatoypapnuévo medyeauua Sobeloac tne axohoubluc eleddou xhewdl va mopdyer €€
apyhc éva avaydyuuo uetalbetuxd ypdonua. e authv TV Teplntwon uye TN xabohuxt
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egapuoyy) udatoypdygnone dev adldletar xoulor xhon ouvdptnone oTov XM, AAAd
epapudlovtar xavowxd to medtuna xAfoewy (augdvovtag xatd eAdyLtoto Tov Ybhpo xou
TOV YPOVo eEXTENEOTC) EVE UE TNV TEpInTWoN TNe dldpavous epapuoyic udatoypdpnane dev
ahhdler oUte xapla xAfion ouvdptnone akkd xol oUte melpdletar xdTL 6Tov XGO3xa. O
xOdxag ouclaoTxd (Tpogavde un eoxeuuéva) euneptéyel udatoypdpnua e& apyhc. Ané
Y AN TAeLpd, 1 YELROTEPY) TERINTWOTN EQPUPUOYHC TOU UOVTELOUL elval xauia ond Tic
XANOELC TOU apyIxoU X@Axa va uny avtioTtolyel oe xhion oto avaydylo UeTabeTixd
yedopnuo xot entong 6hec oL xhfoelc va Pploxovtal evidg g apyxAc CUVAPTNONG UE
anotéheoua vo teootibevtar Ta uéyloTta Suvatd eAdylota LovondTia exTéAeons xdbe popd
Tou ypeldleTal avTXaTdoTacy, xAfone 1 onolo dev avilotolyel e axur 6To avaydyLUo

uetabetnd yedpnua.

DCGIP]

DCG[P]
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Eyfuo 4.2: H yewpdtepn xou 1 xohUtepr xatdotaor udatoypdgnone ue Bdon ta duvauixd
YEAPHULATE XANOEDY GUVIRTHOEWY.

Ohoxhnpdvovtag TNy USATOYEAPNOT AoYLoxoU Ue TN xafohuxy| egopuoYY 6TLC GUVAPTHCELS
oL oToleC €Y 0LV AVTLGTOLYLOTEL UE ®OUBOUC TOU avaydYLULoU UETADETIXNOY YRaPAUATOC EYOUY
dnutoupynBel tplo Turuata x@ddxa (blocks of code). Yto mpdro and ta twAUaTe AuTd
TepthauPdvetar o xddxog o omolog oyetiletar pe ™y avdbeon wuhc ¢ = x + ¢() ot
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uetafAntr udatoypdynons. Xto deltepo and Ta TURUATA AUTY TEpLhaUBdveTal 0 XGIXAC O
omolog oyetiletal Ue TIC TEYYNTEC XANOELC GUVAPTHOEWY oL oTtoleg dev avTixabioToly xdnola
npayuatixh xafdg xal pe tig avabéoec x = = + h() xa & = x + g() xow hog oto TpiTo
and aUTA Ta TUHUATA TEPLAAUBAVETOL 0 XMBLXAUC 0 OTOLOC UTHEYE GTOV Ur) USATOYEAPTUEVO
AO/XA, CUUTERLAOUPAVOUEVOL TOVY TEAYUATIXOY XARCEWY Tou avTxaTooTdlnxay ue %if3-
Onhec UEOW TV EAAYIOTWY UOVOTATLOY.

f —= un uBaToypagnuevn guvapTnan f —» udaroypapnueEvn ouvapTnan

if (expression)
X=x+c()

¢~ If (expressionm)

call(fa) x =X + h() call (f1)
if (expressionn)

v X =x+g() call (f1)
call{fp)

P

call(fa)

call{fk) call(fp')

\_ call(fk)

Lyfuo 4.3: TuRuata Tou xOOXA TOU dNULOUEYOUVTUL OTIS UBATOYQAPTUEVES CUVIPTAOELS.

4.2.1 Ipaypatxé Kéotog Ilpotinouv Kifoewy

To povieho duvauxrc udatoypdgnong Aoyiouxol ovouatt WaterRpg yenoruonoel 8do
eV TPOTUTA XAHOEWY TEOXEWIEVOU VO EVOOUATOOEL EVA USATOYEAPNUO UEGH GTOY XOOLXA
evéc mpoypduuoatoc. Ta npdtura autd ovoudlovtar unpootd npétuno (forward pattern)
xou tlow mpdtumo (backward pattern) xau oyetilovtol dUECH UE TIC AXUES TOU VoY BYLLOU
uetabetixol ypagpruatog ue Tic onoleg xdbe popd €xyouv avtiotorynbel. Kabde we yvwotdy
xdfe ula xAron cuvdptnone 1 onolo euTEpLEYETAL GTA TEATUTA, AVTLOTOLYEL GE UTPOGTd
axuUT) av To TEGTUTO TOU TNV TEPLEYEL elval To UnpooTd TedTUTOo, EVE aviloTolyel oe Tlow
axur AV To TEGTUTO oL TNV TEPLEYEL elval To Tlow TEOTUTO.

Hdpa tadta aveldptnta and to eldog Tou TpoTUTOUL oy Yenoluonoleltal xdbe @opd and
o WaterRpg uovtého, haufdvouy yheo xdmoleg eVERYELES TROXELUEVOU AUTO VO XWOLXOTOL-
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foel xdroto udatoyedgnua uéoa otoy xddxa. O evépyeleg autég elvat 4 otov aplhud toug
xat emBaihouy, N xdbe pla and autée, v aviiotolyn emBdpuvor oTov yheo arnob¥xeuong
TOU AoYLoULXoU, GToV Ypovo extéheonc autol xabde enlong xat otov ydeo tou ypetdletol
T0 AoYLOUXG TPOXELUEVOU Va QopTwiel 610 6wpd extéheonc (heap space) xou va exteheoTel,

TO YVWOTO GTOV TPOYPauUATIoNd o YhGooo Java wg heap space usage.

ETTAUTT OAWY TwV TTapapéETpwy ae BieuBlivasig pvhpng kol oe TOTToug

ETiAUan TNe PETaBANTAC emMaTpogns g deBuvan Kal o8 TOTTa

emiAuar Tou ovopatog ouvdptnang, elpeon amd v akpiffic ouvaptnang Tou kahéoTtnke Tng BiedBnvong Ko Tng uTTeypagric

'

UETQTPOTTR TWY TTAPAUETRWY aTOUS TUTTOUG TWY TTapapéTpwy TNG kAeiBrioas ouvaptnong
ToTroBiTnon TWY TapapiTpwy oTnV Kopugr Tng oToifog

Totro8eTnon Tng SisdBuvang emaTpoprg oty oToiba

peTagopd atny diedBuvan Tng kKhelBRoag ouvaptnong
ekTEhean kAei@noag auvapTnorng
peTapopd oTnv SielBuvon emoTpogng
eGaywyry TN TIPAG ETATPOPrC ammd TNy aToifa
efayLyrn TWY OPIoUATWY aTio T aTtoifa
HETUTROTIN Trjg TIPS ETICTROPNS aTov TUTTO EMaTpopris kol ToTmoBETnon autng oTnv oToifa

Yyfua 4.4: Evépyeieg mou emterodvtat otny otolBa xAficewy yia uia xAfior ouvdptnorng.

H mpdtn evépyeia mou mepthaufBdvetol ota mpdTunta Aotmoy, elval 1 anotiunorn tou a-
Srapavotc xatnyophuatos Q) oe aknffc (true) # deudfc (false), to omolo undpyer ot
ouVOfxec eréyyou xar amaptiletol and TNV UeTABANTH LUSATOYRAPNONC XL EVOEYOUEVWLC
xaL amé GAReC exgpdoelc Ue UETABANTES HdN umdpyouoeg Tou x®dxa. O yOEog xat o
YeoOvoc Tou yeetdletal, yior auTh Ty evépyeta e€aptdTal and To Téco anhy 1) ovheTn elval
7 €xQEAoT TOU ATOTEREL TO aSLOQAVY XATNYOPTUA. LNUELOVETAL, TS 600 TLo amhy elval
N eV AOYw Exgpaot 1660 o Yeryopa yivetar n anotiunon g xatd tov Ypévo exTEAECTS
(uxpr) emPBdpuvon), ahhd 160 mo edxoha unopel va ondoel and xdrotov xaxdBoulo yefotn
(vefiyopn ahholwon). Anotelel ouctaotixd éva trade - off to onolo xokeltar vo emthéZet o
TEOYPUUUATIOTAS TN OTLYUY) xaTd TNy omola udATOYPAPEL TOV XMOBIXA EVOC AOYLOULXOU.
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Y1n ouvéyeta 1) SeUTeRT) XoL 1) TETAPTY) XAUTA OELRd EVERYELES TWY TEOTUT®Y elval Tapduot-
ec, xa0d¢ aupdtepec oL evIohéc mou Tig anoteroly, emtteroly avalécelc oTny UeTABANTY
UdUTOYEAYNONG, UE OXOTO O XOIXASC TOU AOYLOULXOY Vo YVwpllel avd Tdoa oTiyur| nwe
N poY) extéheonc €yel SENDeL and To exdotote onuelo. Ta %66t autdv TV evepyeldy,
eCapTdvTal dueca and TNy Tohumhoxdtnta Tou Yapaxtnelle TNV exdotote avdfeon TN,
%8¢ 600 To uxeT) TOAUTAOXOTNTA €YEL, TOCO TLo AYeC eVERYELES AMOLTOUVTOL VO AdBouY
YOpa oty otoifa xAfoewy (call stack) mpoxewévou va AdPet T n petaPanth uda-
Toypdgnong, alkd téoo mo yeryopa Ho unopéoel va e&dyel TNV T TS UETUBANTYC
évag xaxofPouvhog yeriotne. Enlong éva trade - off dnhady mou xadeltar vo emdéler o
TEOYPUUUATIOTAS.

Téhoc 1 Tpltn xatd oepd evépyeld TV TEOTUTWY XAACEWY TOL TEAYUATOTOLELTAL 1)
xAhor ouvdptnong. H eviold auth ©¢ YvwoTtdy, 610V TeoYpaUUaTIoud auTtd TOU XAVeL
elvar va yetofBBaler v pony extéheong and ula ouvdptnon 1 onola Tallel Tov pbho TS
xahovoag xat 1 omola eunepléyel Ty xhnon oe ula Ghhn 1 omolo mallel Tov pdho Trg
xhetbfioac SLUmPdTTOVTaC GUYXEXPLIEVES EVTONEC [T].

"Yotepa and melpapatiny HeAéTn oty YAOooa npoypauuatiouol Java, Beébnxe nwg
7 eviohh xAfong ouvdptnong, dlywe va mepléyel oplouata, anoutel mepinou ota 2 nano
second mpoxewévou va exteheotel, oe évav enelepyaoty Intel core 2 duo, pe ouyvotnTa
ota 1,77 GHz. H pétpnomn mpayuoatonothfinxe xdvoviag yehon Twv eVIOAOY UETENOTC
yeovou: longstartlime = System.nanolime(); longendlime = System.nanolime();
xol longduration = endTime — startTime; extehdvtac ta mpoypduuata 20 Qopéc To
xd0e €va xal malpvovtag UoTEPA TOV UECO 6p0 OAWY TO EXTEAECEWY Yo To Xdle éva and
autd. To yeyovég autd amodexviel Twe o xabupdg yEOVOC Tou amolTel TEOXEWEVOU Va
mpayuoatonoinbel ula xAfon ouvdptnone otny Java elval anetpoedyLoToc cuYXELTIXd UE TOV
YEOVO TOU ATULTOVUY TA TEOYEAUMUATA YL VAL EXTEAEGTOUV OTNY YEVIXY| TOV TEPLTTOOEWY.

Eivat eup€wg yvwoto, nwng oTig YAOCOES TROYLUUUATIONO0U oL 0Toleg xaTd TNV didpxela
eXTEAEOTC TOUC Xdvouy yenon otolfog, xdbe gopd mou extelelton ula xhfon cuvdptnong
dnutovpyeitar pio véa otolfa (umootoifa / eupwieupévn otolfa) Yo TNV EXTENEST) TIC
xinfelooc ouvdptnone. H dnurovpyla autyh npayuatormoteitar evide tne Hdrn undpyoucoc
otoifac 1 onola avtiotowyel otny xahovoa cuvdptnon [7]. Ltn cuvéyela dmoleg eviohéc
mepLéyel 1 xhnleloo ouvdptnor extelodvtar ue v Porleia tng véag authc otolBog.

Luyxexpluéva, TEOXEWEVOL 1 pony exTéheone va mepdoel and ula ocuvdptnorn oe uia
AN UEoW XAHOT GLUVAETNOTE XL €V oLUVEYEL Vo Yuploel TdAL Tlow oTo onuelo ard dmou
elye xdvel autiy v uetdfaon, mpénel va mpayuatonotnholy 12 evépyelec mdvTta UE TNV
Borbear tne otolPoc extéheonc [34]. AZiler va toviotel nwg and autéc Tig 12 evépyeteg,
autég Tou xooTilouv TeploabTepo elval exelveg oL omoleg mepthauBdvouy Ty enthuon evig
ovouatog oe ula mpayuatixd) uetaBAnth. H enthuon onualvel evtomioud tneg dievbuvorng
uviung xat Tou tomou tne uetafantrc. o mapdderyua oTic YAGOGES TROYRPAUUUATLGUOY OL
omoleg uetayrwttilovton Te®Ta TEoToY eXTEAEGTOVY, avixouy 1) Java, 1 C xat 1 Fortran.
Autol tou eldouc 1 avalAtnon ouwe, oe xAToleC TAAES YADOOES TROYQUUMATIOUOY OTWS
elvan 1 JavaScript elvon Wialtepa damavner Swaduxaoctio, 8i6TL xdle @opd mou exteieltol ula
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x\hoT ouvdpTnorg TeErel va Yivel exthuor ulag SlagopeTixrc UeTABANTAC ¥ cuVAETNONS EVE
oe xanoleg dAhec 6mwe elvan 1 C Sev elvat. Enouévoe, n xi\orn ouvdptnong evdeyoueévwe
v dapépet atofntd and tn ula yAdooo tpoypauuationol oty dAkn [35].

4.2.2 MetafAntéc Ydatoypdpnong

Ot ueTafAnTég O YENOLOTOLOUVTAL YLOL TNV LUBATOYEAPN T AOYLOULXOU UEGK TOU LOVTENOU
WaterRPG unopet v elvar Stagpbpwy timwy (m.)., axépalot, YapaxThees) ot va taipvouy
Twée olugpova ue evay tpoxaboplouévo uabnuoatixd timo. Aev undpyel xdmoto dve 6pLo
070 TAH00C TV UETAPANTOY TOU TEENEL Vo Yenotuonolnfoly TPOXEWEVOU Vo EQAUEUOCTEL TO
UuovTéNO, 0Ute xat oTic TWéS oL omoleg Ha avatifevtar otic yetafintéc autéc.

O péhog TV UeTABANTOY auTtdy, elvor va 8éyovtatl TLwég oL onoleg agol arotiunboly
otic ouvlfixeg eréyyou va xafopllouy Ta CWGTA UOVOTATIA EXTEAECTC TEOXEWEVOU Va
Statneeitat ophy) 1 hettoupyxdTnTa TOU X MHGALXA xaL Sobeloag Tng axoloublag eladdou xheldl
VO TUEAYETOL SUVAUXO YPAPNUA XAHCEWY LOOUORPIXG UE TO EVOWUATOUEVO OVAYGYULO
uetabetind yedgnua. Elvar onuavtixd vo onuewwbdel, tog ov tiwég mou Ha hauPBdvouv ol
UETABANTES AUTEC XATA TNV SLdpXELd EXTEAEOTC TOU hOYLOUIXOY UE TNV axoloubio xAeldl dev
TEEREL Vo enavaiaufdvovtal, Snuloupydvtag avalbéoel dlag Twrc ot dapopeTind onuela
e potic extéleonc. O Adyocg yia Tov dev mpénel vo auuPel autd elvar twe xdbe ocuvdptnom
TEENEL Vol YVopllel av TEEREL Vo eXTEREOEL TOV apyIX6 XMOIXA TNS 1 amAOS va wetaPBdoet
TNY XARGT GUVAETNONG OTNY ETOUEVY GUVAQRTNOY OTO EAAYLOTO UOVOTATL EXTEAEOTC.

Erouévee, av xatd tny extéheon n uetaBAnty udatoyedenone tn ula gopd Adfel ula
T €otw value mpLy TV xhor ulag cuvdptnong éotw f 1 onola TEETEL Vo eXTEAETEL TOV
apYIX6 NS xDOOxaL ot Ul GAAY @opd 1) ueTaBANTY autrh AdBeL Ty (Bta TLn éotw value xat
ey TNy xAfon tne f eved 1 f To ubvo mou mpénel va xdvel etvol vo uetafi3doel Ty pot)
exTéheong ywelc va exteléoel Tov apynd TS xddixa t6Te Oo Snoupynlel TpdAnua otnv
AeLrtoupyedTnTa Tou xGdxa. Topadelyuata tétolwy axoloubidy uropel va elval tor e€rc:

fibonacci

e lucas

e odd even

e ulam

e composite

e simple sequence: a, = a1+ (n— 1) xd; a1&d € Z

[poxewévou 1 emheybeloa axolovbio vo unv dnuovpyel medBinua xatd tnv Sdpxela
EXTEAEOTC OTOV XOOLXA Xl TOPAAANAX Vo Unv divel 6TOY O o€ xaxOBoUhoUC YpROTES TEETEL
n avénon 7 uelwon tov aptbudy tne va unv yivetar yeryopa. Erniong o ahydpfuoc mou
yenotuonotel 1 axohoubio auTh TEénel va elvar €€umvog xat 1) edpeoT) TOU v-06ToU Gpou TNc
TeEneL va Yiveton TdyLoTa yia ETLpEREL TO eNdyLoTO duVaTO x60TOC exTELEOTS. Emimhicoy, o
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apliude petafBAnTdy mpoxelévou va tapayboly ol Twéc tou B avateboly mpénel va elval
0 EAAYLOTOC BUVATOC.

Mo xohy) emihoyy) TOmou v T UETABANTES LBATOYPAPNONS CTOYEVOVTAC GTNY EAUYL-
otonolnon Tou x66Toug exTéleang elvol ol axépatol aptbuol. Ou axépalol 6NV YAGGOA
Tpoypapuatiouoy Java ywellovtal oe 3 xatnyoptec. H npdtn xatnyopla ovoudletar short
integer xav ot aptbuol authc TN xatnyoplag xatalaufdvouy yheo otn uviun (oo ue 16
bits, 1 8eUtepn xatnyopla ovoudletol integer ol ov aptbuol TOU aVxoUY G AUTAY XATo-
hauPdvouy yoeo oo ue 32 bits xou téhoc n teitn xatnyopla ovoudleton long integer
xal ou aptbuol mou avihxouv oe auth yOeo (oo ue 64 bits. Arnd v dAhn mheupd, o
mpayuatixol apliuol oty yYAdooo Java ywpllovto ot 2 xatnyopleg. LTny mpdTn Xatnyopla
7 ornola ovoudletat float, avixouy ot aplBuol tou xatarauBdvouy 32 bits otny uviun
otnv deltepn xatnyoplo 1 onola ovoudletar double precision, avixouv o. apfuol mou
xatoaudvouy 64 bits.

I'vwetlovtag xdrotog tic TAnpogopieg autéc, Hua unopovoe va e€dyel T0 CUUTERACUN KOS
070 duvauxd LovTERD udatoYpdgnone hoyiouxol ovouatt, WaterRpg, elte ypnowwonoun-
Bolv axépatec uetafSAnTtéc elte yenowwonoinfolyv mpayuaTixéc UETABANTES TNy LduToYEd-
pnomn hoytouwedy oe Java Oo €yel To (8lo anoTéleoua xal 6 YOPO Xal G YpOVO EXTEAEOTC.
Hdpa Tavta To ouumépaoua autéd elval ec@aiuévo xafde o NAexTEOVIXGS UTOAOYLGTHS
TPOXELUEVOU VUL EXTENEOEL TEAEELS UE TRy U TLXoUS apthuoic yeetdletal TeptocdTeRo YpoVo.
To yeyovég autd elvor adnféc SLOTL, av oL 1) EOWTERIXY AVOTAPAOTAGY TOUC AUPOTERA
yivetar e 0 xa 1 n minpogopla mou @épouv ol TinoL autol elvar SlapopeTiny.

4.3 A&wohbéynom tou Movtélouv Ydatoypdpnons WaterRPG

Hpoxewuévou va e€ayfolv aviixetuevixd cuurepdopata YUpo and TNy TpaxTIXT CUUTERLPORY
Tou SuvauLxol wovtélou udatoypedgnone hoylouixol WaterRPG, autd epapudotnne névw
o€ JLAPOoPA TEOYPAUMUATA YRUUUEVA OTNY YAOGGH TpoyeauuaTiounoy Java xol allohoyrinxe
oVupwva Ue éva utocUvoho Twv xpltnplwv alordynong. Ta mpoypdupata autd elte
x0OLoToLoUoaY anAd Tatyvidla, elte xwdxonotoUoay gupéa dtadedouevous alyopliuouc.
H udatoypdynon otoug xd8uxeg €yive xon Ue T ool xat ue T didgovn eQapuoyy| Ue
oxom6 va Qavel 1 Slopopd %ol TwY 8U0 AUTOY TEOceYYIoE®Y, GUYXELTIXA UE TOV apyIXs Un
UdUTOYPAPTUEVO X OOLXA.

4.3.1 A&iol6ymon pe Baon Idt6Ttnteg

Yy aglohdynon autol Tou TUnou, dev ypeldleTaL EQUPUOYT| TOU LOVTEAOU USATOYRAYNONC
Tpoxelugvou vo e€ayfoly ouunepdouata Yl TN ouureplpopd tou (practical behaviour).
And n onvypr|) mou to WaterRPG @épel ouyxexpiuévee widtntee xablotatal ansubelog
YVWOTO Ay aVTLOTEXETAL 1 )L OE TPOTOTOWNGELS 1) aAALGS ot emtbéoelg oL omoleg unopolv va
APouv ydpa oTov USATOYPAPTUEVO XD (T.)., oV éva udatoypdynua otnelletal otny
oelpd e TNy omolo euovilovTol Tor TUAUATO TOU XOBLXA XL XATOLOC TPOTOTOLAGEL TNV
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oelpd auTy), 8ev elval anapattnro vo npayuatonownbel 1 eaywy TOU LBATOYPAPHUATOS YLd
va detyfel av avtéyer B Gyt To udaTOYRAPTUL GTNV EVEPYELD AUTH).

O embéoeic autéc unopel va evidacovtal elte OTIC TEYVXES TS CUOHOTIONG, ElTE OTIC
TeYVXEC TN BedTioTonolnong x@ddxa hoyiouxol. To xd0e éva and to dYo autd eldn
emféoewy, ywelletar oe xatnyoplec, OplOUEVEC Ao TLC OTOLEC EUTEQLEYOUY MG ETLUEPOUS
UTIOXATNYOPLEC OPLOUEVES XOLVES. LUYHEXQLUEVA OL TEYVIXESC TNG GUOXOTIONG XOOLXO dtarxpi-
vovtal ot Bacixéc xatnyoplec avdroya ue ta onueta eotlachc toug. Ou xatnyopleg autég
elvat oL e&c:

e Yuoxotioeic Sidtalne (layout obfuscations)
e Yuoxotioeic dedouévov (data obfuscations)
e Yuoxotloeic ehéyyou (control obfuscations)

e Yuoxotioelc npéhndne (preventive obfuscations)

To povtého udatoypdyrnorg Aoyiouxol WaterRPG elval eudhwto uovdya otic cuoxotioelg
EAEYYOU XAl GUYXEXQPUUEVO OE €Va UTOGUYOAO TeEYWX®Y TN xatrnyoplag authg. Ou ou-
oxotioelg eAéyyou meplhauPdvouy emuépous xatrnyoplec ol onoleg elval 1 oUCCWUATKHOT
(aggregation), n Sudtaln (ordering), xot o unoloyiopde (computation) and Tic omoleg
to uovtého WaterRPG avtiuetwnilel mpofifuata uoévo ue tn ovoowudtoor. Enl tne
ouolag 1 oucowUdTHoY autd Tou xdvel elvar 1 va ouyywvelel (inline methods) % va
dtaywpiler (outline methods) B va xhwvomoiel ouvaptfioeic (clone methods) tou xHSxa.
Enouévwe, av ol cuvapthoel autéc €youy avTioTtolytotel e xdnoloug and touc xéufouc
TOU avay@dyLuou Petafetinol Ypo@RuaTog Vo UTELGERYOVTOL TEOBAAUATA avayVOPLeNS TOU
udatoypagruatog. Ou evépyeleg autég aviiotolyoly oe emlfécelc oToug x6UPBoug Tou ava-
YOYLWOoU peTabeTinoy yoapruatoc.

‘000 ava@opd Tig UTOAOLTEC XAUTNYOPIEC CUOKOTIONG, ATO TN GTLYWUY| TOU XLl TOUg
dev eneuPaivel oe Béuata 6mwe teonomoinon g arlnhouylac extéleone TOV XAHCEWY
OLVAPTHOEWY ()., avTxatdotaoy ulac xhiorne ue pla dAdr), To udaToyYpdPnUa dEV XLVdU-
VEUEL OO TETOLEG EQUPUOYES.

Ou teyvixéc tne Bedtiotoroinone xGdxa ywellovtar xal autéc oe xatnyoplec avdhoya
UE TLS TPOTOTOLAGELS TOU AoUBAVOUY Y (BRo GTOV XOOXA. XLUYXEXPUIEVA OL XATNYO0pleg AUTES
elvat oL axdioubec:

e Beltiotonooelg Soumy xGdxa
e Beltiotonoloelc dedouévwy

e Beltiotonooelc oe eninedo extéheonc

Ou xotnyoplec tne Bedtiotonolnong x@ddixa ywelloviol xal autéc UE TN GeLpd TOUC OE
emuépoug umoxatnyoplec. And Tic xatnyoplec autéc, névo otic PehtioTonolnoels Soudy
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TOU %O UTdpy oLy 0pLouéves unoxatnyoples, omwe 1 dadepyaotaxt) avdhuor (inter-
procedural analysis) 1 onolec av eQupLOGTOVY UTOPOVY Xl AANOLOYOUY TO EVOWUATOUEVO
udatoypdgnua. Ou UTOAOLTEC UE TNV EQUOUOYT| TOUC, XUBLOTOUY TOV XD YENYOROTERX
exteAéoluo dlywe va emnpedlouv T Sour Tou USATOYRAPHUATOS.

4.3.2 Iletpapoatixy AEtohéynom

Ou x@duixeg mou yernoruorouiinxay, elte xataoxeudotnxay e€ apy g yia auTéy TOV 6X0TH,
elte xatefdotnxay and LoTooehidec oL onoleg Ta SiEBeTaY dwpedy xat KTay GAoL TouC TepiTou
(Slog €xtaong xar Sourc. Xe autoUs eEVOLUATOONXAY ®¢ USATOYPAPAUATI, aAVAYOYYI
uetafetnd ypogpruata to omolo meptelyay 11, 13, xal 15 xéuPoug xor ue v xabohuxy
eQapuoYY) xou ue tn ddgavn. To melpduata udatoypdgnong éhaBay ydeo o NAEXTEOVIXO
urohoyioty| ye eneepyaoty dual-core 2.0 GHZ o omnolog elye uviun ota 3.0 GB, étpeye
T0 Aettoupywd ovotnua twv Windows Vista xat elye eyxateotnuévn v Java éxdoorng
1.6.0.26.

To duvauxéd povieho vdatoypdpnong hoyiouxol WaterRPG egapudotnxe tévew otov
TNYoto XOOXA AOYLOULXGDY T OTolo OTT) GUVEYELX EAEYYOTXAY YL TNV CWOTY TOUS AELTOUE-
yio %o xatémy alioroyhinxay pe Pdoel Ta axdrouba xpLthpLa:

o Xdpoc anofifixeuong uovune xat oyl

o Xpbvog extéheonc

Avtixtuno evtohdv oe eninedo bytecode

AvlextixétnTa udatoypdynong

o Awpdvela

Y10 onuelo auTd ONUELOVETIUL TS 0 YOpog anobfixeuone Staxpelfnxe oe 2 eldn. Tov ydeo
Tou anolTel TO eXTEAEOLUO apyelo Yio Vo amobnxeuTel 6T LOVLUT UVAUT TOU NAEXTEOVIXOU
UTOAOYLOTH X0 TOV Ytpo Tou arattel to exteréoluo apyeio oty uviun (heap space usage)
Tpoxeluévou va extereotel. O ydpog mou analtel 10 exTEAEOLUO apyElo xaTE TNV EXTENEDT)
Tou enl TN ouolag elval o ydpog TNe oTolBac exTéheong xat OTL aUTY TEPLEYEL.

Hapaxdtw mapatifevror mivaxeg oyetwol ue v mewpauatxr allohdynom, ol onolol
Tepléyouy TAnpogopla Yo T0 TARHOC TV XAACEWY CUVIPTACE®Y OTIC LUSATOYPAUPNUEVES
exdOOELS XAl 0T U1 UBATOYEAPNUEVY EXBOGTY), YL TOV YEOVO EXTEAECNC, YL TOV YOEO
TOU ATOLTELTAL Yo TNV UOVLUN amobiixeuor xabdc Xal YLol TOV YMOPO TOU ATULTEITAL YL TNV
npoowpv anoffixeuvon xatd v Sidpxeta extéheong [12].

Ou ypdvou ol omolol uetprinxay mpoxewévou va utoloylotel To T0G001H alinong 6To
owpb extéleonc €yive e N Porbela Tou mapaxoloufinth (profiler) tou tpoypaupaTIoTOY
(software development kit - SDK) epyaheiou NetBeans, evad ot ypdvor o onolot uetprinxay
TEOXELUEVOU VoL UTOAOYLOTEL TO TOGOGTO AUENOTE OTOVY YEdVo eXTENEOTS EYLve Ue TN Borfela
e evtolfic System.currentTimeMillis() r onolo emoTpépel YpbVO GE VAVO dEUTEPONETTA.
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To %xd&be éva and Ta npoypduuata exteréotnxe 20 gopéc, dobévtog 10 SrapopeTindy axo-
houlLody el66dou, unohoYllovTag UETETELTA TOV UEGO GpO amd QUTEC XOL OTY GUVEYELL TOV
UECO OpO ATd OGN T TREOYEAUUAT.

Hivoxag 4.1: [IAfoc Kifoewv oe P xou oe P*

’ KéuPol Fr*] | Khfoewe P | Khfoeie P* | Tpayuatixée | Ewcovixée
11 32 48 20 28
13 32 o1 21 30
15 32 26 19 37

Mivaxac 4.2: Xpévoc Extéleone (msec)

KéuPo. Flr*] | P — P P— P Py, — P
11 +5.25% | +3.82% -1.37%
13 +7.65% | +5.99% -1.56%
15 +11.07% | +9.19% -1.72%

Iivaxac 4.3: Xdpoc Méviune Anofrxevone (Kb)
| KéuoL Fln*]| PPy | P—P: | Py— P |

11 +20.98% | +16.71% -3.65%
13 +26.35% | +18.81% -6.34%
15 +30.10% | +21.76% -6.85%

Hivaxag 4.4: Xdpoc Anobhixevone Xwpold (Mb)

| Kéupo. F[r*] | P—Py | P—Ps | Py—P: |
11 +7.69% | +4.61% -2.94%
13 +10.76% | +6.15% -4.34%
15 +15.38% | +9.23% -5.63%

Ta anoteréouata Ta omola anewxoviCovtal 6Toug TPonYoUuevous Tivaxes Selyvouy me-
elnou ula otalepr; adinon xabdc auldvetal 1o TARloc TV x6UPLVY TOU AVaYDYLUOU UETO-

fetinol ypagrhuatog 1660 e ATAUTOUUEVO YEOVO TEPUiWoNE OGO oL GE ATOLTOUUEVO YOPO

120



popTOoNS xaL artobixeuone. LVugwva Ue Ty tAnpogopia autt, eEdyETaL TO CUUTEPAOUA
TwS 0 eTmPOceToc XGdxag Tou udatoypaphuatog dev oyetiletal dueco Ue TOV xOBLXA
TpOC UdATOYRPAPNOT, AANE EuUETAL.

Ovolaotixd, o emmpdoletoc xOdxag Tou cuvdésTal Ue Tov Ldatoypdgnua elvar avdio-
Yog ue 1o TAffog Twv x6uPwy ot orolot Ha avtioTolyloToly Ue GUVAPTAGELS XAl O)L UE aUTOY
%af auTOY TOY AMBXA TOY CLYIRTHoE®Y Tou xOdxa. Emmhiéov, ota mpoypduuata oautd
yenowonouifnxe mdvew and 1o 70% twv cuvapticewy mou meplelyav. L'eyovéc to omolo
delyvel e av oto (Bl TEOYRIUUATA UTHEYAY TEPLOGOTEPESC GUVIQRTHOELS OTOV XOSLXA Ol
ormoleg deV YENOULOTOLOUYTAY YLo TNHY UdATOYRAYNOY Td TOC00TA TV TLVdxwY Ha xuuaivo-
VTV 68 axoun yauniotepa enineda.

Emniéov, ota melpduato tor onola EAafay ydpa €YLVE oL XATAUETENOT TWV EVIOADY
oe eninedo bytecode (exteléowo apyeio oe Java) tpoxewévou va evTomoTel 10 6UVOAO TwV
EVIOAGDY IOV YENOLUOTOLELTAL YIa TNY EVOWUATOoT Tou LdaTtoypagiuatos. To atotehéouata
€dellay Twe LOVO oL EVTOAEC oL omoleg elvan uTevBuveg yia T avabéaels TGOV oe UeTABANTES
xal oL evToAég ot omoleg elvon umedluveg Yo Tig ouvlfxeg ehéyyou elyav urnootel adinon.
Auté elval anohdtog hoyd xaBOC aUTEC oL EVIOAES %Ol UOVO YENOUULOTOLHONXOY TROXEL-
u€vou va yetpaywyniel 1 por extéheong oL vo ahhdZeL TO TopaYOUEVO SuvauLxd YA
xhoewv oL va Statneniel opln 1 AettoupyidTrTa exTéleoT.

Augnom entong elyav unootel xat oL evtoléc oL omoleg xahovy cuvopThoelc, ahAd o€ TOAD
YauNnA6TeRO eTinedo, xafdg 6TV LdATOYPAYNOT TOAAES ATd TIC TEAYUATIXES XANOELS GUVI-
PTNOEMY YENOLLOTOLOUVTOL YLt TOV 6%0T6 autov. Tlapatneeltal enlone nwg oe neplnT®doELC
orou eqopudletal o heydho evpog 1 dagavig egapuoyr Tou wovtéhouv WaterRPG nopo-
Treettal aelnth uelwon tou emnpdoletou Qoptiou ce eviokéc and 6T elye dnuiovpyndel
ue v xabohuxy| epapuoy.

Hapaxdtw mopatifevror mivaxec oyetixol ue v melpauatxr allohdynaor, oL onolol
TepLEyouv Thnpogopia Yo To TARDOC TV EVIOADY OTIC UBATOYRAPNUEVES EXDOCELS Xl 01T
urn UdATOYEAPTUEVY EXB00T, YWELoUEVES ot eTépouc ovola. Ta civola autd, anotehoty
%ol To. oUVOAX TWV EVIOA®OV OL OToleg Yprouromololvtal Tpoxeluévou va yivel mpdln 1

udatoypedgnon Aoylouxoy.

[MTivaxag 4.5: Bytecode Y0Ovola Evioidy

Bytecode P Kobohwery Py ‘ Adgavn P§ ‘
Control Statements | 519.4 42.0% 25.0%
Invocations 188.3 10.6% 10.6%
Assignments 1346.7 45.5% 32.4%
Rest Instructions 941.6 0% 0%
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[Mivaxac 4.6: Evdewxtixéc Evtoléc Bytecode

Bytecode P Kafohu) Py | Adgavy Pg
Control Statements
if _icmpne 19 78 o7
ifne 3 4 4
goto 43 45 45
Invocations
invokevirtual 188 208 208
Assignments
iconst_1 186 202 202
getstatic 368 614 529
iadd 84 132 132
alaod_ 0 136 156 156
Rest Instructions
dup 33 33 33
ldc 19 19 19
pop 3 3 3

Ohoxhnpdvovtag TNy metpauatixy| alloAdyYNoT ToU LoVTEAOU LBATOYEAPNONS AOYLoULXOY
WaterRPG €ywvayv egopuoyéc ouoxdtione xat Behtiotomolnong xdduxa ue tn foribewa tou
epyahelou ProGuard pe andtepo oxomd vo xatactel cagéc av Oviwg To udaToYpdpnua
TOPAMEVEL AVAANOLWTO GTOUC XOJXES TOVY TPOYPAUUATWY TOU YP1NOLULOTOL XY oL Yo Ta
mponyoUueva anoteréopata. Ou WLOTNTEC TOL UoVTENOU delyvouv und moleg Tpolnoléoelc
TO EVOOUATWUEVO USATOYPAPNUA AANOLOVETAL, TO LOVO TOU ATOUEVEL AOLTOY elval va ylvel
eUQovEC auTd xat entl Tou TpaxTtéog xoL va emBePatwbel.

To epyaielo ProGuard elval €éva Aoyiouxd 1o onolo Séyetor wg eloodo €va exTEAEGLUO
apyelo oe Java xon epapudlel oe auTod TEYVIXES CUOXOTIONS XAl BehTioTonolnong XGddxd,
TOEAYOVTAC WS ATOTEAECUN EVA TROTOTOLNUEVO apyelo Ue TNV (BLa axplBde AetToupyxdTnTa
UE TO apytxd. TN ouvéyela, Yo va ereyylel o mnyailog Tpononolinuévog TAEoV xOdxag
xenoruonohfinxe éva dido epyalelo, To Java Decompiler, to onolo deydtav we eloodo éva
eXTENEGLUO apyelo oe Java xal Tophyaye Uéow avtioTpogne unyavixhc (reverse engineering)
Tov TNYalo x@oa auToY.

To anoteAéouaTa TOY CUOXOTIOEWY XAl TWV BEATIOTOTOLACEWY, EAEYYOVTAC TO apyElo TO
ornolo Taphiyaye we €€odo 1o epyaieto Java Decompiler, €8eiav nwe elyav ylver ahhayéc oe
6M0 TO PAoU TOU KO3 (T.Y., YLO TN GUGXOTLON ENaPoy YOpa 1) UETOVOUAGLa LETABANTAOY
XAl CUYVIRTHCEWY, 1) DA YPAPT TANPOPOPLOY YLOL TNV ATOCQPAAUETOOT), XAl VLo TNV BelTioTo-
molnomn to Ledlmhwua oploUEvey Soudy enavaindng, n avIxaTdoTacy opLouéveny cUvieTwy
EXPPACEWY OTIC SOUEC EAEYYOU UE OTMAOUCTEQRES, 1) ETAVAYENOLWOTONCT UETUBANTOY, 1
AVTLXATAGTAGCY) OPLOUEVWY XANCEWY GUVAPTACEWY UE TOV XOBLXA TNG XAELONcOC GUVARTNOTC

xaL 1 Sty pagh) XAACEWY GUOTHUATOC).
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To ocuunépaoua elvar mog dnuoupyelto mEdBAnua wovdya ot opouéva onuela Tou
xOOxa Tou UTAEY AV XANOELC GUVAPTHOEWY oL omoleg xatd Tr [PehtioTonolnon xdduxa,
Yoo Aoyoug tayUtepng extéleone, autég elyay aviixataotabel ue To oodua tne xAhelbrooc
oLVAPTNOTC Tou Empene va exteleotel. Ouolaotixd dev exteAoUvVTOY 1) XAHOY) GUVAETNOTS
1 omolo xatd TNV xaTaypar Tou (yvoug extéheong, ot Swdixaocta eZaywyhc Tou udato-
Yeaghuotog, Oa énpene va ouUPBel yla Vo avoryVoELoTEL XAToL axUr dTd TO ovVoYOYULOo
uetafetind ypdonua, arld uéoa oty Bla cuvdptnor éunalve oto ornuelo TS xARoT O
xO3xoc Tne xinfeloog ouvdptnong.

fi fi

)

call (fj)

fi fI

L )

i
>K

Eyfua 4.5: Avtixatdotaoy xhhong ue xpto oduo xhnbeloac ouvdptnorg.

OuxAfoelc auThY TOY GUVIETACEWY, OL OTIOLEC AVTLXATACTAONXAY GTY) BEATLOTOTOLNUE YT,
éxdoor), TopatneRnxe g xohoVoUY CUVIPTACELS UXETC €xTaoNS ToU Teplelyay amiolg
utohoytouolc (.., oeLptaxd x@ddxa Tou enttehovoe npdlels 6nwe tpdobeon xar agalpeon)
xa Peroxdvtoucay otny Bl xAdon ue Ty xaholoa ouvdptnon (XOVTLVES XATELANUUEVES
dteuBivoete uviune) xaw 1 dnuroupyla urtostolfug evide e TEéyoucac oTolfug EXTELEOTC
Atav aolugopn ¢ Teog Tov ypdvo extéreonc. To yeyovdc autd Selyver moe yia Ty

123



udatoypdgnon Aoylouxol ue To woviého WaterRPG mpénel va emdéyovtal cuvaptioeic
Yoo Vo avTiotolytotoly Ue xéufBouc Tou avaydyluou petabetixod ypoagruatog ol omoleg
EUTEPLEYOUY 1) OO UEYAATC €xTaONS UE O)L UOVO Oelplaxéc evToléc, 1) va Peloxovtal oe
dLapOPETIXEC HAAOELC.
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KEDAAAIO 5

> YTKPIZEIZY MONTEAOQON YAATOIPAGHYHY
AOTIEMIKOY

5.1 Yuyxploewc Idothtoy

5.2 Yuyxploeic Avlextixdtntoc

5.1 Xvyxploeig IdtotAtLY

To yovtéha udaToYEAPNONE AOYLOWXOU AVEAOYA UE TS GUVLOTOCES TOU OROTEAOVY T1) SouY,
TOU UBATOYPAPAUATOC Xl TOUC aAYoplOUouC eVowUdTwone oL eay®YNS TOU Ye1oLUo-
moLovy, yapaxtneilovtal amd WibtnTeg oL omoleg Toug dlvouv uovadix TautétnTa. Ol
WBLOTNTES AUTEC AUTOUATWS BlVOuUY GTA UOVTEAA LBATOYEAPNONS TOGO TAEOVEXTAUUTA, OGO
xat petovexthuata.  [lapaxdtw, napovoidlovrtar alydplfuol amd ulo a@alpeTixy| OTTIXT
yovlo, mapatneroelc, WdTNTeES Xafde xol TACOVEXTAUATA XL UELOVEXTAUATA and Tela
YVWOTYE LOYTEAN LOATOYEAPNONS AOYLOULXOY GUUGWYI UE TN Ypovoloyia UE TNy omolo xat

aUTE dNUOGLEYTHXAY.

5.1.1 Movtéro 1

To mpdTto xatd oeLpd LOVTEAD TAPOUCLAOTNXE YLo TEOTY Popd To €tog 2004 otny epyaotia
ue titho: Graph theoretic software watermarks: implementation, analysis and attacks ané
touc ouyypagelc C. Collberg, A. Huntwork, E. Carter xat G. Townsend. H epyaoia touc
auth elye BéBata Tig Bdoelc Tne oe ula tpoyevéotepy| Tng, Tou étoug 2001, ue titho: A graph
theoretic approach to software watermarking amé touc ouyypageic R. Venkatesan, V.
Vazirani xat S. Sinha ané tnv onota xou uloBétnoay T faoixr| 8€a enexTHVOVTAS TNV UE Evay
OLapopeTind TEOTO AUTOUC TEOXELLEVOU Vo CETEPAOOUY OpLOUEV GOBuEd UELOVEXTAUNTA
xaxhc Sragdverag. Iapaxdtw mapatifevtal ta 6tddlo Tou ahyoplfuou evowudtwong uda-

TOYPUPHUATOS O XWOOLXA AOYLOULXOY.
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1. H Ty} tou wdatoypagruatog v Swaucpiletar oe k TWES Vg, U1, . . ., Up—1.

2. Ok twée xoduonoobvta ot xatevBuvdueva ypaghiuata Go, Gy, ..., Gr—1 (RPGs).
3. Ta RPGs tpononotodvtar e dtaypduuata eréyyou pofic Wo, Wi, ..., Wiy (CFGs).
4. Ou ouvaptiioelg Tou Tpoypduuatog P ywelletol oe cuoTddeg.

5. Ta CFGs evoouat®dvovial ato P npochétovtac xAHoelc oLVIPTHCEWY.

6. Xenowonotovvtol onuela ofuavone yia xébe éva and ta CEGs nou evowuat)veTIL.

Y0ugwvo Ue oL 6TadL auTtd Tou akyoplfuou evewudtwong xdle cuoTdda TEpLEyEL cUVaE-
Hoelg (x6uPouc) elte mpayuatixéc, elte xiBdnhec. OL ouvapthoetls autéc Hewpolvtal ouvde-
deuévec uetall Touc av umdpyet xhjor (axunR) and uio cuvdptnon oe ula dhhn. Eniorng,
7 XATACKEUT] TOV CUCTAOWY TOU BNULOUEYOUVTAL 0TO GTAd0 4 €yel wg %UPLo GTOYO VA
ehaytotononfolv oL cuvdéoels (xhfoels oUVAETACEWY) UETOEY TWY GUOTAdWY YLoL VoL UNY
dlveTal 6TéY0C 068 XaxdBovAoug YENOTES.

. - int ged{int =,v){
int ged{int x,v){ { ‘d water X N while | x%w!1=0){
while [ *%v1=0{ void watermark () \ ASD A
i _\-",1'1;- . l - if (true] | watermark(};
N + return : =%
y=t :} else =N
return v; return y=t ; }
1 ) } return v:
o , - :I

P W W

Yy 5.1: Fpagolewprtind udatoypdpnua.

Emniéov, 1 teyviny yio to onuelo ofuovong tou yernordonotel o ahyopLbuog oto otddlo
6 etvon ovoudleton checksum. H teyvixi| autd utoroyiler to MDS digest yia xd0e éva and
to twhua (block) twv x{Bdnhwy cuvapthceny. Buyxexpluéva oVUQoVL Ue Tov alyoptiuo
autdy, éva TuRua Dewpeltal papxaptopévo uovdya av to 2 bits teheutalag npotepatdTnToC

Tou elvon undewixd. [lapaxdtew napovordlovral xou oL WLOTNTEC TOL LOVTEAOU aUTOU.
\
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H wdatoypdgnon yivetar oe eninedo mnyaiou xddxa.
o Kdver otatint) udatoypdgpnomn xddixa AoYLoULXoY.

e To vdatoypdenua ToU EVoWUATOVEL avixel oTa UdATOYRURUAUTA xBdx (code wa-
termarks).

e Evoouatdver tohhd RPGs yio éva udatoypdgnua.

o IlpocHétel xhrioelc ueBOdWY PeTU) TWY CUOTABWY YENOULOTOLOVTAC TNV TEYVIXY| TOU

tuyatov teptndtou (random walk).

I Ié

o ['io x40e CFGs mou mpochétet, dnulovpyel ula cuvdptnon 1 onola maipvel wg dpLoua
évav axépato apliud xal emotpégel évav axépato apliud.

o Kdflle cuotdda euneptéyer x6uPoug oL onolol elvar elte mpayuatixés, elte x(Bdnieg
CUVOPTACELS.

o Kdvel ouadorolrioelc mpotol apyloel va tpochétel xAHoELC GUVIPTACEWY TEOXELUEVOU
vo 0uENOEL TNV TOAUTAOXOTNTO TV YPuPNuUdTwy ota onola tpootifevtal ol xh¥oelg
autéc. Av dev €xave T Aettoupylo auth Do dnuroupyeito xéufBol ue neplocdTeEpES amd
2 elepyduevec axuéc 1 xoufol ue uxpd apliud eLoEpYOUEVWY UXUMY UE ATOTEAECUA

vat 8lvel 6TOY0 TO UBATOYEAPNUAL.

o Méoa otnyv xiBdnAn ouvdpetnom, eVOOUATOVOVTOL Uixpd TUAUATE XGOS Ta orola
avtiotolyoly oTtoug xouPoug tou evog and ta RPG xau evowuatdvovtal enlorng
evtohéc Omwe conditional jumps 7 fall through paths ou onolec avtiotolyoldv otic
axuéc autou tou RPG.

To TAeOVEXTAUATA TOU EV AOY® LOVTEAOU Elval WS BEV EVOWUATOVEL AVEVERYO XOOLXA
(dead code) o omotoc Hu unopotoe vo agatpedel Todd edxoda. Enlong, av yivouv tporonot-
HOELC OTO UBUTOYRAPTUA, XAVOVTIS YENOT error - correcting W3LoTHTwY TOU QEREL 1) SOUT| TOU
UdUTOYPUPRUATOS OL TPOTOTOLAGELS AUTES UTOPOUY VOl EVTOTLOTOVY UE UEYAAN TLhavoTnTa ¥
axoua oL va Stopbwbodv. Téhoc unopel oL aviiotéxetal oe enfécec 6nwe inlining, reg-
ister re-allocation, local variable merging, array splitting, class inheritance modi?cation,
local variable splitting.

And v dhhn mheupd, Ta petoveXTHUATA elvat TS EVOLUATOVEL XIBdNA0 xGdixa (dummy
code) xat Ttwe ypnotdonolel teyvixée yio onuela ofuavone. Emdéov, to uovtého autd
evowuat®dvel RPGs uéoa otov xdOixa ta omola extelolvTal Ue TepLOcOTERES and ula
axohoulieg eto6dou. Ta ypagruata qUTE OUWS EX XATACKEUTC TOUC, PidovvToL To Slo-
Yeduuata eAEyyou poc. ATo TNV oTLYUr GUKS, TOL TIC AUOTNEES WLOTNTES AUTHOY OTAVIWS
yapaxtneilovy ta ouviin Swaypduuata EAEYYOU poTic TOV EXACTOTE hOYLoUX®Y, xalde
uotdlouv oe Ueydho Babud, adld Sev @épouy Tig WLOTNTEC aUTHY, va dlvouv eUxola 6Tdyo
oe XaxOBovAouS YEHOTES.

127



Eriong, evowuatdver ouvapthioeic oL ontoleg dev elvat Stagavelc (stealthy). To yeyovéc
auto elvat aanféc xafoe oL eviorée oe eninedo bytecode twv emnpdohetwy uehddny nepLé-
xouv 20% aplBuntinéc eViohéc, eV 0T YEVLXT TEPITTWOY TWV TROYPAUUITWY 08 YAOOOU
npoypapuatiouol Java ot uéfodol oe eninedo bytecode nepéyouv wovdya 1% apfuntixée
eVvTOoAég, mpdyua to onolo divel epeblopata oe xaxdBouvioug yerotes. O xhfoelg uetall
TV %({BINAOY LEBOSWY XAl TOY TEAYUATIXGY TOTE dEV EXTEAOUVTAL, EVE dEV AVTLOTEXETOL OE
embéoeic dnwe primitive boxing, basic block splitting, method merging, class encryption,
code duplication.

5.1.2 Movtélo 2

To deltepo xatd oelpd wovTéLo Tapousldotnxe yia TedTN Yopd To étog 2004 otny epyaota
ue titho: Dynamic path based software watermarking ané touc cuyypageic C. Collberg,
E. Carter, S. Debray, A. Huntwork, J. Kececioglu xot C. Linn. H epyaocto auty, enl tng
ovolag Sev oTnplyTne O XATOLWL TPOYEVESTERT TG, AAAL ELGHYAYE VLo TEGTH QOPd TNV
udatoypdynon Aoylouxol u€cw SUVOULXOY LOVOTATLOU EXTEAEGTC TO OTIOLO XU TAGHEUALETOL
ue Ty Porbela ulag emnpdobetne ouvdptnong n onola yewpaywyel T LOVOTATIH EXTELEDTC.
Hapaxdtw napatifeviar ta otddia Tou ahyopliuou evowUdITWONS USATOYPAPNHUATOC OE
OO NOYLOULXOV.

1. H wyuv tou vdatoypagiuatoc v Stapepiletal ot k Suadixéc ouuBohooeipée (bit strings)
bty, by, ..., btg_1.

2. T x80e éva and to k bit strings xataoxeudletat ulo AMloTa and k+1 branch function

call (ag, a1, ...,ax) étol Hote:

o [ xdbe a; n auéowe mponyoluevn evioAy) elval éva unconditional jump, étol
®OoTE N PO EXTEAEOTS VoL UV UTtopel var SLENbeL and To a;.

e Ou deubivoeic and 2 yertovixéc eviohée (ai, ai + 1) xwdxonotoly to bit 0 av
address(a;) < address(a;y1) xou o bit 1 av address(a;) > address(a;;1).

3. H evowudtoon Eexwvd and éva unconditional control flow edge lpegin — lena-

4. Tho va xotaoxeuaotel 1 Mota, 10 ag elogpyetal oty JEUBUYON lyegin, UOTERA ETAUVI-
ANTTXE ®oTooXeVAleEToL TO @,y and TNV Tedeutala evioly ai mou mpoctélnxe ot
Mota:

o Xpnowornoteltor n Ty bt; yro vo oopwbel elte forward (if bt; = 1 need jump
forward) eite backward (if b¢; = 0 need jump backward) uéypic 6tou va Peebel
onueto To onolo va ixavorotel TNV ouVBTXN auTh xoL va tpootebel uia xhfon.

o ErmavaiauPBdvetal 1 S axpBoe dwadixacia UEYELS GTOU VO XATACHEVAGTOUY
OAEC OL G,y Uy v v vy Q-
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L0UQva UE T OTASLY AUTY, 1) EVOWUATOOT TV Suadix®dy cuuBolocelpdy Eextvd and éva
Tuyaio onuelo To onolo Sev eunepléyetal oe oLVORxn eAéyyou. Enlong, xatd tnv Sudpxela
evooudtonong ulag Suadic cuuPoloocelpde avixabiotavtal Ghec oL evioréc jump Tou
exTEAEOLUOU xOOWXA, Ue eVTOAES invoke oe ula x(BdnAn cuvdptnor 1 omola elval xat auTY
mou Ou emiteréoel To pbho Tou jump oTr GUVEYELY, aVAhOoYA UE TO HpLoUa Tou elyE To invoke,
TpoxeLwévou va yelpaywyniel o tpétoc ue tov onolov oto Brjua 4 mpayuatonotodviol Ta
forward xou ta backward jumps. Iapaxdtw, tapouvoidlovtal xon oL WLOTATES TOU LOVTEAOU

AuTOoL.

o H udatoypdyrnon yivetar o enlnedo exteAéoLUOU XOOXA.
o Kdver Suvaur udatoypedgnon x@ddxa hoylouxoy.

e To udatoypdpnuo TOU EVOWUATOVEL OVAXEL OTA SUVOULXE UdUTOYRAPHUATA SOUMY
dedouévwy (dynamic data structure watermarks).

o Evoouatdver mohhamhd bit strings e v wopgr SlaxhadOoemy.

7 I

o Anuoupyel ulo ouvdptnor f 1 omola UETATEETEL TIC EVIOAEC jump Oe XAROELS GTNY
f xow ot ouvéyewr v f tpaypatorotel Ta jump.

e Avdhoyo ue tov av to jump eivar forward ¥ backward (oe ueyahltepn 1 uxpdtepn
dtevBuvan uvhunc) xwdxoroteitat to 1 1 to 0.

To Baowd mheovéxtnua Tou yoviéhou autod elval mwg dev amowtel va evtonioel 6o Ta
bit strings mou evowuatdinxay yia Ty eaywyr Tou udatoypaghuatoc. Enlong, evowua-
Tévovtac Stdaddoels (branches) umopolv elxola va xwdixoroinfoldy bits, xabdc to
branch elvon ex xataoxeuvfic Tou duadixd. A&ilel va onuelwlel twg ot Slaxhadhoel Tou
TpooTifevtal To UOVTERO AUTO UTOPEL xaL yENoLLoToLEl UETUBANTES TOU apytxoy XOdXA XoL
TWS OEV EVOOUATMOVEL AVEVERYO XOOLX0 0TOV 1dN UTdEYOV.

Ibeginp<: call f=—0
—Tay . .
. catl f bit encodings
a;: jmp by — b, lend —
. || f 1 call few— 1 ] i 1
a,- ca ~ e by @ eall £ R
ay Jmp f)g—n f)z L o aeni g -y I
ay: callf —=— f = b C 1 [
\ yannns a ‘
a,: jmp b, b,la,: calf b, -

Yyfuo 5.2: Ydatoypdgnua duvaulxo) LOVOTaTLOoU.
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And v dhhn Theupd Ta UELOVEXTAUATA ELVIL TWS, EVOWUATOVEL USATOYRAPYUATA TEO-
obétovtac xddxa, ue loop code generation xat e condition code generation, evtéc Twv
branches o ornoloc elvar xi{38nioc. To uovtéro autd and tn oTiyur Tou €yel we Bdor Tou
TNy ewoaywy? branches Votepa and Ny egapuoyy| USATOYPAPNOTC, OTU ONUELX TOU XMOBLXA
Tou €youv yivelr alhayée, undpyouv Toll teptoabtepa branches (ouvbrixec ehéyyou 7 / xou
douéc emavdhndng) oe aptBuéd and 6t otov undroino xGdxa. To wovtého autd, uovdya ue
TIg TEYVIXEC erTor - correction ot tamperproofing uropel xal evowUaTOVEL USATOYPAPTUAL
10 onolo va avtiotéxetal o entbéoelc Omwe basic block reordering, branch chaining, loop
unrolling.

Enlong, To yovtého autd xwdixorolel Yeydheg otabepéc oToV xOBLxo TOU AoYLoULXOY
oe Java ot onoleg elvan xaf 6ho un drapavele (unstealthy), xafdc oto 93% Twv hoyiouxdy
oe Java ou TWEéS Twv otalepdy Tou yprowwonololvtal elvol xpdtepeg and to 1000. H
Stadixacia e€aywyhc Tou udatoypaghuatog elval YpovolBdoa Studixaoto Wialtepa o€ Ueydhng
éxtaone exteléoelc xubde mpénel va enelepyaotel xdbe €va amd T TUAUATA TOU XOOLXA
(blocks) mou extehoVvtat. Emmhéov, av npootefolyv, agapeboly, ¥ axdua tpononomnfolv
branches to udatoypdgnuo aALOLOVETAL, EVE 1) AELTOURYIXOTNTA TOU XOXA TOPUUEVEL.
To udaTOYEAPNUA TOU EVOWUATOVETAL UE TO UOVTIEAO aUTO deV AVTLOTEXETOUL O Xouia
TEOTOTOLNGT) GNUAGLOAOYLXWDY SOUGY arv xat elval duvaULxd Xal TEAOE TWS TO LSATOYPAPTUAL
TOU EVOWUATMOVETAL UE TO UOVTEAO aUTO alhol)veToL eUxoha and entbéoelc Omws bogus
branches, reordering non depended branches, split or merge branches.

5.1.3 Movtéio 3

To Tplto xatd oelpd povtélo, elval To TpoTeLVOUEVO and TNV Tapoloo SLatel3n Loviého,
T0 0Tol0 TAPOUCLAGTNXE YLo TEOTY Qopd To €tog 2013 otny epyaotia ue titho: A dynamic
watermarking model for embedding reducible permutation graphs into software and toug
ouyypageic I. Chionis, M. Chroni xo. S.D. Nikolopoulos. H epyaoia auty, elye tic Bdoeic
e oe ula mpoyevéotepn g Ue Titho: An embedding graph-based model for software
watermarking ané toug M. Chroni xav S.D. Nikolopoulos. [lapaxdtw mapatifevrar ta
oTdda Tou ahyoplBuou eVoOUATWONE LBATOYPAPHUATOC O XMBLXA AOYLOULXOU.

1. H twui vdatoypdgrnong v xwdixoroteiton e a autoavaotpépouca uetdlbeon k oTot-

yelwv (v, v1,. .., Vg_1).
2. H avutoavaotpégouca uetdfeon tponornoieital oe éva xateufuvouevo yedonuo RPG.

3. Exteheltar 1o mpdypauua P pe eloodo I mapdyoviag Suvauixd yed@nuo xARcewy
DCG.

4. Tiveton éva mpog €va avTioTolylo TOY GUVAPTAGE®Y TOU EXTEAECTNXAY UE OAOUC TOUC
x6uPoug Tou RPG.

5. Tt xdfe plo xhon ouvdptmone call(f;, f;) mou mparyuatonoiinxe oto DCG:
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o Ay avuotoyel oe axur Tou RPG Swatnpettal.

o Alhde, agarpeitar xar aviuxadiotatal and 10 eAdYLOTO UOVOTATL UeTald TOVY
x0uPwv mou €youv avtiotolyniel ue Tig ouvapthoec f;, f;.

Eougova e autd ta otddio Tou aiyopibuou, ov xéuol Tou RPG oto o1ddlo 4 mpénet va
elvat oe apliud oot 1 AydTepoL amd TLC CUVAPTAGELS TOU XMOXA TOU EXTEAEGTIHOY UE TNV
axohoubila eleddou I. Emnhéov, ou xAfioeElC oUVAPTAGEWY GTO 6TAdL0 b eloépyovTaL EVTOS
oLVONXGY eAéyyou oL omolec amd TIC EXPPACELS TOU ATOTULOUY ETLTREROUY 1 O)L TNV oY
extéheong va Siéabet uéoo and autd ta blocks npoxeuévou va datnenlet 1 AettoupyxdtnTa
Tou XGd3xa. Mdvov dtav 1 xhhor cuvdpTnone oe Ulo GUYXEXELUEVT) OTLYUY) x0Td T1) Stdpxela
EXTEAEOTNC TOU OO AVAXEL G £VOL EAAYLOTO UOVOTATL 1) 00Ty EXTEAEOTC BLEPYETAL EVTOS
TN oLVOTHTC EAEYYOU EXTEADVTAC TOV E0WTEPIXO xOOWE Tng. llapaxdtw mapoucidlovtal
XL oL LBLOTNTES TOU UOVTEAOU 0UTOY.

o H udatoypdyrnon yivetar oe entnedo nnyalou xddxa.
o Kdver duvauxr udatoypdgpnon xddixa Aoyiouxoy.

e To LBATOYPAPNUI TOU EVOWUATOVEL AVAXEL GTA SUYAULXOY (Y Voug exTéAeOTC UBATO-
veoofuata (dynamic execution trace watermarks).

o Evoouatdvel eva RPG vyl éva udatoypdgnua.

o Kndwornoel 1o udatoypdynua oto duvaulxd Yedgnua xhioewny Tou Snutovpyettol
XOTE TNV SLAPXELN EXTEAEGNC TOU XOOLXA.

e To uovtého 610 014d0 5 Tou alyoplbuou yenoluonolel TEOTUTA TA OTOL TEQLEYOUY
XAHOELC 0E GUVAPTAGELS, oLVOTIXES EAEYYOU oL avabéoels TLUOY oe UETABANTES.

o XewpaywyYel T poY) EXTEAEONG TOU XOOXA, TEOXELUEVOU VA TUPAUELVEL AELTOURYIXOS
ue mpochinn eréyywy.

To mheovexTAuAT TOU €V AOYW® UOVTEAOU Elval TwS 0TS ouYBYxeS eAEY 0L Tou Tpochitel,
ot onoleg amotiwoy adlagavi xatnyophiuata (opaque predicates), uropel xat ypnowonotel
xal UETABANTES apyxéc Tou xOOxa. To uovtého autd dev ypnowonolel onuela oruaveng
xafd¢ enlong dev evowuatdvel 0Ute avevepyo, oute x(Pdnho xdBuxa. Anevavtiag autd mou
xdvel elval vo Tpomtorotel Tov 101 undpyovTa.

Av yivouv ahhayéc oto LdaToYpdYNUa xdvovTag yeror error 7 correcting W3LoTHTWY oL
alhayéc autéc umopoly vo eVIonteToly ue apxetd ueydin mbavétnta (mo yeydin and tny
npdtn epyaota tou C. Collberg) A axdua xat vo Stophwboly. Av tpononoinbel ¥ Siaypapel
xdmota avdfeon otic YeTaBANTES LdUTOYEAYNOTC O XMOBLXC TaeL Vo elval AELTOURYLXOC.
Hpoxewwévou duwe va Aettoupyel ol mdAL 0pld mpénel va yivouv adloyéc oe Gheg TiC
avabéoelc oTic UeTABANTEC auTéC and To onuelo Tou €YLVE 1) TPOTOTONCT XAl ETELTO OTNY
extéheon, xaloe enlong xat ot ouVOYXeC EAEYYOU OL OToleC aTOTIUOUCAY TIC TUIES QUTEC.
Hoap 6ha autd T0 evowuatoUévo udatoypdgnua dev Bo arhoiwlel.
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Emniéov, av Sraypagel xdmola xhfon 1 onolo MuPBave yodpa oe xdmoto and to eAdytota
LOVOTATLAL, O XMOLxAg TAUEL Vo elva Aettoupyixdg. Evd 1éhog, T0 UOVTEAD AUTO EVOWUATOVEL
udatoypdgnua to onolo avitiotéxetol o embéoelc 6mwe: decompile 7 compile, layout ob-
fuscations (6)ec), data obfuscations (6hec), control obfuscations (ordering, computation),
shrinking, code optimizations (6nwc branch optimization, code motion, common sub ex-
pression elimination, global register allocation).

And v 4N TAeLpd T UELOVEXTAUATA EVAL TWS, TO HOVIEAO AUTH aVTIXAOLOTOVTOC
ular xAfon ouvdptnonc ue to avtlotolyo shortest path (ahknhovyla xhfoewy) yenousonotel
patterns Ta onolo euneptEyouy cuvbrixeg EAEYYOU UE TOAMATAES eXpressions, Ue anoTéAeoua
070 exTEAéoLU0 apyelo Yo xdle pla amd autég Tic expressions autég va dnutoupyeital xat
ulo evtedd eléyyou (m.y. oto Java Bytecode va dnutoupyotvtal moddéc evtodéc if icmpeg)
auEdvovTag €6t apxetd To TAKHOC TV EVIOADY auUTOY.

Enlong av Staypagel xdrowa xifon 1 omola dev MuPBave ydpa oe xdnolo and to ehdylota
uwovomdtia, o x)dixag maver vo elval Aettoupyxdc.  Ilpoxewévou dume va Aettoupyel
xal wdAL 0pbBd mpémer va yivouv ot xatdhinhec alhayéc (oilofnon mpoc ta nlow t660
600 Oa npootifovtay ot LETABANTY LUdUTOYEAPNONC OV TEAYUATOTOLOVVTAY 1) XARCT| TOU
dtaypdptnxe) otic ouvbrixec ehéyyou and exelvo to onuelo oy éytve 1 allayr xar Erelta
otn Sudpxeia extéreong. TELog, TO LOVTERD AUTH EVOWUATOVEL UdATOYEAPTUA TO 0Tolo BEV
avtiotéxetar ot emtbéoeic 6mwe control obfuscations (aggregation such as inline, outline
and clone methods).

5.2 Yuyxploeig AvBextixdtnTog

Me v avolutix) Tapouclaon Ty TELOY TEONYOUUEVWY UOVTEAWLY USATOYEAYNONS, YEV-
VLOUVTOL TOAAG EQWTAUATA GYETIXE UE TO TS auUTd avtamoxpivovtal oe enbéoels dmwe elval
OL TPOTIOTOLNGELS UEGK GUOKOTLONS XAl OL TPOTOTOLNOELS Uéow BehtioTonolnone xddixa. Ent
e ovotag dnhadh, av Votepa and ulo oplouévr enifieon To eVoOUATWUEVO USATOYPAPTUA
unopet va Statnpeitol avalholwTo 1 TOUALYLOTOY uTopel Vo avaxaTaoxeUaoTeL.

Oplouéveg and Tic TEYVUES GLUOXOTIONG XUl BEATLOTOTOINGNC OTO USATOYPAPNUEVA hO-
viouwd érafav ydpa uéow Tou autéuatou epyahelou ProGaurd [54], evd ov undloirec
eletdotnray Bdoel Twy WoThTwy Tou yapaxthetlay ta yovtéha. To epyadelo autd, emttelel
Aettovpylec xuplwe ovoxdtione (obfuscation) ot Bedtiotonoinone (optimization) npoxet-
UEVOU VO ONULOUPYNOEL TLO GUUTUXVWUEVO XMOXA, YP1NYoplTEpd eXTEAEGLUO XaL BUGKOAA
dtayeptowwo oty avtiotpogn unyoavixh. Agol o xOdxac o udATOYPAPNUEVOS TepVoUaE
uéoa ané 1o epyarelo ProGaurd, Yotepa yia va amodetyfel av 1o evoouatwuévo udatoypd-
pnuo d€yovtay arholwon K oyt 0 xOOxC TEPVOUoE UECA aTd €V GANO aUTOUATO epyaielo
ovouatt Java Decompiler ye oxond va yuploel o exteréoruog xHOxoc tlow otov mnyaio
xO8uxa (v autd ATay EPUXTH) XaL 6T GUVEYELX O TNYALOC VoL UTEL XOL VoL EXTENEGTEL Uéow
and tov napaxohovdnty (profiler) Tou NetBeans yio var xataypagel 1o lyvog extéleonc xat
va e€ayfel To udatoypdgnua [41].
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5.2.1 AvOextixdtnta oe Xuoxdtion Kdduxa

H teyvueh tng ouoxdtiong xod3uxa hoyiouxot ywplletal oe oplouéveg Bacixéc xatnyopleg
oL omoleg TePLAAUBAVOUY EVERYELEC TTOU AVAAOY UE Ta oTOLYELd TOU xDOSIxa Tou yelpllovTat
xa enelepydlovTol XaTaTdoooVTOL XAl oTny aviiotolyn xatnyopla. Ou xatnyopleg autéc
Beloxouv eupela egapuoyn Wialtepa 6TIC TepnT®doeLC 6Tou elvan embuunty 1 oTeEBhwon
elte uxpy), elte ueydhn Tou *OOXA TEOC ATOPUYT XATAVONCTC TOU ATd EVOEYOUEVOUC
xaxoéfovlouc yprotec. Autéc elvan oL e&rc:

e Yuoxotion ddtalne (layout obfuscation)
e Yuoxéton dedouévov (data obfuscation)

e Yuoxétion eréyyou (control obfuscation)

Kdébe pla and i xatnyopleg autéc emxevipOveTal 6To 8xd Tng xhotd 1 ahhdS pdoua
uToPRPLOY TPOg cUOXGTLOY GTOLYELWY TOU XOBLxA, TavTa LTS TNy Tpolndleon Twe 6mola
ahhay?) xau vo mpoayuoatonoinfel dev Oo dnulovpyel aviixTuTo GTNY AELTOLEYLXOTNTA TOU
royiouxoy. Ou To amAéc oL OYETIXE UE TLS UTOAOLTES YPTYOPES OTNV EQUEUOYY TOUS
TEYVIXEC GUOXOTLONG XUTATAGCOVTAL 0TS GUGXOTIGELC SLdTadng GTOU TEOTOTOLOUYTAL TIAY-
powoplec ol onolec dev oyetilovtal Ue TNV EXTEAEDT) TOU XOOXA, OL AUECKS TLO TEPLTAOXES
elval oL TeyVixéc cUoKOTIONG BESOUEVWY OTIOU UE AUTEC TPOTOTOLOUVTAL OL BOUES TOU YEL-
ellovtar Tic TAnpogopieg Tou xOBXA XAl OL TEPLTAOXOTERES ELVAL OL TEYVIXES GUOXOTLONG
eAEYYOU OTIOU UE AUTEC YELPAYWYELTAL 1) pOY) EXTEAEOTC XAL TLO CUYXEXPLULEVA ahhdlouy Ta
Sl ypdUUATA EAEYYOU PORC TOU XGBLXA.

O mapaxdte mivoxoag eunepléyel T xatnyoplec ocuoxdtiong, ol onoleg ywpllovrar ev
ouveyela ot emuépouc uToxATYopleg xaBDC xat Ta Tplo LOVTEAN UE TN OELPd TTOU TOPOUCL-
GoTNXAY OTO TPONYOUUEVO UTOXEQIAALO TOU TEEYOVTOC xeoiatou. Amd tov ev AOYw
mlvoa SLaxelvovTal ToLo amd To LOVTENN EVOOUATOVOUY SOUEC UBATOYPAPNONS OE XOOLXES
AOYLOULXAVY oL oToleg elvol aviexTixéc Ge TOLEC XATNYO0plEC GLOXOTIGEWY.

And to anoteréouata autd, elxoha umopel va yivel eudldxplto TWS T TEPLOCHTEPES
Ty entbéoewy unopel xoL Tig aviiotéxetal To poviého WaterRPG, éyovtag wg uovadind
adUvaTo ONUELD TIC GUYYWVEUCELS XAl TOUC dLay WELOUOUS TWV GUVAPTACEWY, EVG) TLC AUECWS
enduevec enbéacic unopel xou tic avttotéxetal 1o GTWgps napdho mou yopaxtnelletol ond
vy otatixr WoTNTa. To yovtého ue Tig ALYOTEREC OVTLOTAOELS OE GUOXOTIOELS XMBLXA
elvar To Dynamic Path Based to onolo gaivetar Wiaitepa evalobnto oe tpomonolioeig
oLV ®Y eléyyou. 'Towe duwe, éva and to ueyahitepa Tou TAeovexThuaTa Tou Dynamic
Path Based povtélou eilvor mwe Sev elvon anapatltrta va yiver eCaywyh 6hou Tou xOSxa
Tou €yeL ypnowornolnfel yia Ty evowudtworn tou udatoypagruatoc. Ilpdyua, 1o omolo
yia tor undhouna dYo Uovtéla dev Loy VeL.

Méypt otiyurc, dev €yer Bpebel xdnoto novtého udatoypdgnone hoyiouixol to onolo va
xablotatar TAfpwe aviextind oe cuoxotioeg xHOxa. Kt tétolo Ha aroteroloe auéowe
otalfud oto Touéa udatoypdpnone hoyiouixov. Ildpa tadta To TEOTELVOUEVO LOVTELOD TNC

epyaotac authc PBeloxetal mohd xovtd oe ula tétolou eldoug eniteuérn. To adlvatd Tou
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onueto, Hwpaxilovtag To yoviého ue véeg hettoupyleg xatd TNy Aettovpyla evonudTworng,
mbavétata va uropel vo e€aieipbel, EemepvdvTag avaluoxTa Ue ToV TpoTo aUTOHY axdun oL

Ti¢ embEoELS CUYYMBVEUOTC XL Sl WELOUOY.

[ivoxag 5.1 AvBextixdtnta 6e TeYVIXéS GUGKATLONS TWV UOVTEALY 1, 2 xoL 3

Kopteg Aceutepetouoeg| Entuépoug 112 |3
Katnyopieg| Katnyopleg Yroxatnyopleg

layout scramble ids reuse identifiers for several entities

introduce syntactic and semantic errors

change format | —
dead code el. -
dummy code el. | —

data storage split variables

promote scales to object

convert static data to procedure

register reassignment

encoding change encoding

change variable lifetime

aggregation merge scalar variables

modify inheritance relations

split — fold — merge — flattening arrays

instruction substitution

ordering reorder instance variables

reorder methods

reorder arrays

control computation reducible to non reducible flow graphs

extend loop condition

table interpretation

control flow transformations

data flow analysis

aggregation inline methods

outline methods

split — merge methods

clone methods

unroll loops

ordering reorder statements

reorder loops

IR R R R R AN R N AN NN NN NN AN I ENANENENENENEN
R R N S N S R R AN R RN R R N R RN RN RN R RN RN R R R NEENES
ANENENENE IR IR IR IENENENENANENANANANANENENEANASA YA YA YA YA YA YA YA NAN

reorder expressions
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5.2.2 AvBextixétnta oc BeAtiotonoinon Kohduxa

H teyvint) tne Behtiotonolnong xGdwo 6Twe %ol 1 TEYVXT TNS CUGXOTIOTG, YwelleTar o
EMUEPOUC XaTNYOples oL omolec Tepthau3dvouy Aettoupylec OTOU aVAAOYX UE TO EXAOTOTE
oTolyeld Tou TPOTOTOLOYY XATATACCOVTAL XoL 6TNY aviloTolyn xatnyopla. YrevOuuiletar,
TWS 1 CUCKOTLON XGOOXA EYEL WG ®UPLO GTOHYO TNV GTEEBAWOT TOU XOOWXA, eVvE 1) BeATioTO-
Toinom €yel wg xpLo atdyo Ty TayvTnTa extéheonc. Ot teyvixée Beltiotonolnong xoHALxa,
ouvifwe epapudlovtal and UETAYAWTTLOTES 1) SlepUNVElS YAWGGHOY TEOYRAUUATIOU0U UE
OXOTO VoL XEEBLOOLY O Y (PO XAl GE YPOVO EXTEAECTS.

To yeyovée autd, éuueca xpUBeL To OTL oL hettoupyleg authc Tng Teyvixhc hauBdvouy
Yo 0TO eEXTEAEGUUO apyElo Xal OV xaTd TNy Sudpxela exTéAectic Tou, enneedlovTag To
{yvoc mou dnutoupyel 1 extéheonc evic hoytouxol (m.y. ToL eVOLEUESH ATOTEAEGUATA
PUALGCOVTAL OE TOLOUG XATAYWENTES). Av xal auth, delyvel vor elvar xataoTpopxd YL To
uovtého g napolcag datePrc, xalde evdeyouévng va tepdlovtol ol XARGELS GUVRTY-
oewY, OTwe o gavel otn cuvéyela autd dev Loylet, SLOTL oL eminpdobetec xAfioeLS o €Y ouy
TpooTelel €youv avTIXUTAGTAGEL TOALES XL UE TOV TPOTO AUTOV €Youv YlvelL avaTbOoTAOTO
AOUUATL TNG AELTOURYIXOTNTAS TOU XGOALXA.

Ta 800 mpdta wovtéla, enedn €youy npochioel aupdTepa %«(BONho xMdOxa uéoa aTOV
707 UTdpyov Tov omolo Tov €xouv TepLAdfEL eVTOC GUVONXGOY eEAEYYOU eUXOAa ahAAYES OTIC
ouVhrxec autée, elte oTic exppedoelc Tou AmoTWWOUY, ElTE OTIC ECHTEPIXES TOUC EVIOAEC
ahAOLOVOUY T SOUY| TOU UBATOYREAPHUNTOS BlymS Vo dNULOURYOUV ETLTTOOELS AELTOURYLXO-
TNTAC OTNV UTOAOLTO xDOOWa. Ot ahhoLdoeLg auTEC GUKS BEY PEPOLY TO (BLo aviixTuTo 67O
WaterRPG uovtého 1o onolo xor autd yenowwonorel ouvbrixe ehéyyou oahhd Ue TETOLOV
TEOTO 0UTWSC GOTE VA YIVOUY XTHUN TOU TEaYHATiXol x@dixo xat vo tailouv xaboplotind
eOho 0T AELTOURYIXOTNTA TOU.

Emniéov, tporonoiioeic oe dedouéva 6Twg elval oL exgpdoels, elte autég elval pabnuott-
%€¢, elte elval AOYIXEC TPOXEWEVOU TO TPOYEUUMO VO EXTEAELTAL Tory UTEPA EVEK BNULOUEYOUY
TEOBAAOTO AVOLYVOELONE TOU LBATOYPAPHUATOS 6TA dU0 TEMTA UovTEAd, dev ouufaivel To
(8l xau oTo pwovtého mou mpotelvetol and TNV napoloa epyactio. Autd elvor airbela, SioTt
Ta dYo mpdTa woviéha, otneilovTal oTov x®M3xa o TedTo eninedo xau ool emféoelc xal
Vo MaPBouy ydpa 670 eninedo autd elval xataoTpo@xés Yo autd. Me tov dpo mpdTo eninedo
eVVOELTAL TOl GUOTATIXG TOU amoTEAOUY TOoV xDOdWa. Evd, to 1pito woviéro to omolo dev
otnplletal 010 TP®OTO ahhd 6TO deUTEPO ETINESO TOU XD TOU ElVaL 1) pOT| EXTEAEGNC Al
CUYXEXPLUIEVA 1) pOT| TOU EYEL O XOOLXOG DLEPYOUEVOS U6 TIC GUVAPTACELS TOU XMOOLXA, OEY
dNULOUEYOUY TEOBARUUTO EVIOTLOUOU TOU USATOYPAPHUATOC.

[Mapaxdtw mapouotdletol EVag THEOUOLOC CUYXELTIXOS TVIXAC, UE TOV QUECWS TROT)-
YOUUEVO, TWV TELOV UOVTEA®Y TOU TUQOUCLIAGTNXAY GTO TEONYOUUEVO UTOXEQPIAULO TOU
TEEyovToC xegaralou. Amd Tov ev Aoyw mivaxa ylvetol SLdxpLor TOV UOVTEAWMY oUTOV
OYETIXE UE TO TOLA ATO TO LOVTEA EVOWUATOVOUY USATOYRAPHUATI OE XOIKES ANOYLOULXGDY
Ta omola umopoUy va avtiotalfoly oe moleg xatnyopleg Beitiotonolinone. 'Onwe anoppéel
and tov ev Aoy nivaxa, uovdyo to wovieho WaterRPG avtiotéxetal otic neplocdtepec
Behtiotonolioelg xod8uxa ol auTé SLoTL Sev otnplletal emtpavelaxd ota oTolyelo ToU xOSLxa
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OTWS ®AVOLY Ta UTOAOLTIA 800 LOVTENX, AhAd GTNY POY) TWY XARCEWY TOU TEAYUATOTOLOUVTAL,
Tpdyua To onolo dVoxoia €we xaldhou aArdlel edxd av ov xAfoewc auTtéc elvat Théov
AELTOURYIXO TUAUA TOU XOOLXA.

[ivaxac 5.2: AvBextixdtnta 6e TeyVixéc PeATIoTONOMNONC TOVY HOVTEAWY 1, 2 xat 3

Katnyoptes ‘1 ‘2 ‘3 ‘

branch optimization

code motion

common subexpression elimination

algebraic simplification

operator strength reduction

constant propagation

constant folding

dead code elimination

peephole optimizations

dead store elimination

global register allocation

instruction scheduling

interprocedural analysis

invariant IF code floating (unswitching)

reassociation

store motion

Y AN RN AN AN R AN AN ENENA RN
RN RN R N R N A R N R G RN E G R R R~
NENENEN N ENENENANENENENENEANENEN

value numbering
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KEDAAAIO 6

> YMITEPAYMATA

6.1 Katarnxtixég [apatnproeic

6.2 Melhovuxy) Epyaotia

6.1 Koatoadnxtixég Iapatneroetg

OroXANEGYOVTAC TN CLYYRAYY TNS TEOXEWEVNS SlatelBhic Tpogxuday oplouéva oeBaotd
ouunepdouaTa, TOG0 01OV EUPUTERPO TOUEX TNG TPOoTAslag Aoylouxol, 660 xal GTOV
eZeldxeVUEVo Touéa TNS LBATOYEAPNONS AOYLOUIXOU OTOU TEOCTUTEVOVTAL T TVEUMATIXG
SLXALDUATA.

Hpdto yewxd cuumépacua elval Ttwg av 1 tpootaocio mou tibetar 6e €va hoyLouLxd
Eepiyel and To emttpentd dpta (auZnbel oe peydho Babud) téte to hoyiouxd madel vo
Oewpeitar aoparéc xabde Ou €yet emBopuvlel Todd and Tov emnpdoheto xdGdxa acpaielog
ue anotéheoua oautd va Teoxohel Tohhamhd xevd. To hoylouxd xablotatar miéov apyd,
ueydho, SUCTEOTO GTNY CUVTHENOY| TOU XUl OL XaxOBouloL YeYioTeg dev ypeldleTol Vo Xo-
Tafdhovy onuavTixr TpooTdleld TEOXEWEVOU Vo aVOLpEGOUY TNV OTOLL TEOGTAGLY TOu.
Enouévwe, n tpootaocio o hoylouxd emfBdiletol va elval Staxpttixy| xoL 1601 660 yeeld-
Cetal Slywe unepPoiéc.

AeUtepo yevixd cuunépocua elval TS av oL eToLpleg oL omoleg Tapdyouv Aoylouixd
dev otauathoouy va Ta dabétouy oty ayopd oe T6G0 UPNAEC TWES, 1) TEATELN TV
roylouxdy cuveyde Oa avidvetat. To yeyovoc autd elvar ahrifeta xar wg Tdpa ATOAITOC
emBefoatwuévo xabohe onoladrinote npootacia ol va tebel oto hoylouxd elval dedouévo
Twe o eumepléyel xevd acpaielag, ue anotéheoua av xdrotog dev embuuel va ayopdoet éva
hoylouxd SOTL 1 TLUY| Tou, Tou To anayopevel t61e Oa npoonaloel elte va To anoxtrceL
TOEAVOUO OAAOLOYOVTAC TOU TNV TROCTAGLO TOU K¢ TEMOTOYEVAC TapdyovTac, elte vo To
ATOXTACEL GTNV TELQUTIXY) TOU UOPPT| UEGK JAAWY ¢ SEUTEPOYEVAC TapdyovTag, GUUSBAA-

hovtag lte ue Tov évay elte Ye Tov dhhov teéTo oty dvinon g mewpatelog.
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Tolto yevxd ouunépacua elvar mog mpootacia Aoylouwxol uovdyo and ulo omtixy
vovio (1. e vdatoypdgnong) olyoupa dev xabicTtatar apxetd mpoxeluévou va Héoel
TIC xatdAAnhec Sixhidec aogadelog Evavtt xaxdBoviwy yenotdv. H acpdheia mpénel va
tifetan ue meplocdTEPOUC amd évay TpdTouS, oL omolol Ha elval aAdniévdetol xan Ho unogolv
VoL ETXOLVWYOUY dueca (T.y. udatoypdgnon, uall ue Bwpdxion xar cuoxdTion).

Tétapto yevind ouunépacua elval Twe To vouohetixd mhalolo yipo and tny mpootacio
hoyiouxot oty EANGSa adhd xon o moAkES yopec 0T0 ewTeptd ElvVaL TETAAAWUEVO XL
udhloTa o apxeTéc meptntdoelc hdfog Sayetplowo xal yprlel AUEONS AVAVEWOTNC TEOXEL-
UEVOU oL ETALPLES %ol YEVIXS OL TVEUUATIXOL WBLOXTNTEC AOYLOUXGY Vo UTopoty va Peloxouy
70 8{x10 TOUg TPOGPEVYOVTAS GTA BIXACTARLAL.

Ané tny mhevpd TN UBUTOYEAYPNOTIC AOYLOULXOU GUYXEXPLUUEVY, TEMTO GUUTEPAGUN lval
Twe 1 Ldatoypedgnor aveldptnto and To TL eldoug TANPOYORLd EVOWUATHOVEL GTOV XOBLXA
eVOS hoYLoULXOU dev TRETEL 0 Xaulo TWY TEPLTTMOOEWY Vo elval opaty xon vor emBopUvel To
roylouxd alotintd Téoo oe Y®eo 600 xaL o yedvo xabde av eviomioTel To UdUTOYEAPTUA
and xaxdBovhoug yeroteg elvan BEfato Twe €yel xaTaoTpapet.

AglTepo GUUTERPUOUN YLOL TOL LSATOYPAPHUATA Aoyloulxoy elvol Twg autd mpénel va
unopoUyv vo e€dyovTaL and To AoyLouwxd 6To onolo €youy evowuotnlel axdua xal UETd TO
Tépac dapbpwy Tporonofioewy. 'Ooeg Teploabtepeg embéaeig elvar oe 0o 10 evoUATL-
UEVO LBATOYPAPNUO VoL aTOXPOVEL TOCO0 To anoteheouatind xabiotatal. BéBaia, xavéva
uovtého udaToYEAPNoNSC WS Tpa dev Umopel va avtiotalel o8 Gheq TIC EUPEWS YVOOTES
TPOTOTIOLAGELS YL AUTOV TOV AOYO AL 1) eV AOYw TeyVixT| 8ev unopel vo otabel and udvn
NG TPOXELUEVOU VO TROOTATEVOEL TAKPWS TA TVEULOTIXG DIXALOUATA OE ANOYLOULXA.

Telto cuunépacua elvol mwg 1 dnuovpyia xaL 1 EVOWUATKOOY LBATOYEAPHUATOS O
roylouxd elvar xabopd Aettoupyleg o onoleg yprlouy dmhetne gavtactiog TeoxelWévoy va
AgBouv umddn toug dheg Tig mbavég Tpomonotioelg oL ontoteg Ha AdBouv ydpa oToV xOSXA
TOU AOYLOULX0U UE andTERO 6XO0TH VoL ahholdoouy TNy tpooTtacta Tou. [ autd yperdlovtal
Stadyelor xat eunetplor TROXELWEVOU Vo GEPOLY TO BEATIOTA ATOTEAECUATAL.

Térapto xat teAeutalo ouurEpaoua elval TS TO LOVTEAO UBATOYEAPNCTS AOYLOULXOY
elvat avayxalo vo xdvel yprion mpaypatixot xddxa (Adn undpyovtoc) mpoxewévou vo
AWOLXOTOLOEL GE AUTOV TATPOPORLO GTOYEYOVTIG UE TOV TPOTO AUTOV GTNY LUSATOYEAPTON
Tou xGOAxa ard To Bl Tou oTolyela, UNY aPvovTag Toug xaxoBouloug YeROTES Vo EXUE-
TAAAEUTOUV TO XEVO TOU UTELCEQYETOL YO VO UTOREGOLY VO Xdvouy TNV ddxplon uetall
aufevTIXoU xGOdL Xat XA USATOYPAPAUATOS.

6.2 Melovtixy Epyaocia

Aofeloag autic e dtaterc, we uehloviixr epyacia TEOXITTOUY APXETEC EVANNAXTIXES
emhovéc. Mia and autée Ou unopoloe va elval 1 EVOWUATOGT TOAATAGY USATOYRAPNUATWY
070 AOYLOULXO YENOWOTOLOVTAS Yo xdfe Evay and autd BéBata xat Stapopetixy) axoloubia
elo6d0u. ALY, elvar 1) tepatépw uehétn tou woviéhou WaterRPG évavtl Tpononotioewy
oL omoleg Oa umopotcay va AdBouv ydpa otov xddxa Tou Aoylouxol xalog enlong
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EVOWUATOON LBATOYRAPNUATOY oTNELOUEVT 0TNV (Lo LO€a ahhd ue AydTepeg eminpdoheteg
evioléc. Emlong, wg uehhovixn epyaotio 0o unopoloe xdAhoTa va elval 1) EVOWUATWOT
AVOLY DYULOU UETADETINOY YRAPAUATOS XWBLXOTOLBVTIS TO OE SUVIUXS YRAPNUA XAHOEWY
OLVAPTACEWY, UE TN SLopopd TWS TO avaYDYLLo UeTafeTxd ypdgrnua dev Oo xaAinTeL 1
arhide Sev Oa avtiotolyel o éva mpog éva avTioTolyla 6e 0hOXANEOo TO Suvauxd YEdpNUA
AAHOEWV.
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> YNTOMO BIOTPA®IKO

O Iwdvvne Xuovne éhafe 1o €toc 2012 mtuylo and to turua ITAnpogopixrc, otn oyohy
Oetixdv Emotnudy tou Havemiotiuiou Iwavvivoy. H ttuytaxy tou epyaocto xuplwg eotiale
oTNV xataoxevy| xau allohdynon Soudv udatoypdgnong Aoyiouxol xo. égepe Tov TlTAO:
Adlvoplbuxéc Teyvinée Toagpnudtwy Ydatoyedynone Aoyiouxol. 'Elafe petantuytoxd
dimhwua ewdixevone oty Iknpogopixd; To étog 2014 and to tuAua Mnyavixdv H/Y xou
IIinpogopuxric Tou [laveriotnuiou lwavvivwy, émou 7 SwateBy) Tou eotilale otny epapuoYT
xal alloAOYNoT UOVTEAWY LBATOYRAPNONS O XDOIXES ANOYLOUXDY Xl €gepe TOV TITAO:
‘Eva. Auvauixd Movtého Ydatoypdgnone Aoyiouxol Paciouévo oe I'paghuata Kifoewy
Yuvaptioewy. Katd tny Sidpxeta goltnorc tou, apyixd oe tpontuytaxd eninedo oy uéhog
NS ouddag unooThpng cuoTNUdTwY Tou Tuhuatoc IIinpogopixfc. Meténelta oe peta-
TTuyLaxo eninedo Sietéheoe uéhog Tou “Epyaotneilou Teyvohoylog AhyoplOuwyv” xdvovtag
gpeuva otny ahyoplBuuy Bewplo yia amdxpudn Thnpogoploc xabdg xar otny npootactia
AOYLOULXOY UEGL TEY VXMV OTKC ELvaL 1) UBATOYPAPNOT, 1) GUOXOTLOY XAl 1) BLEAXLGT xOBLXA
6mou xat dnpooteuoe anoteréouatd tou. Iapdhhnia ue TNy €peuva, doxNoe ETLXOLELXS E0YO
070 gpyaothplo Tou wabhuatog ITAY402 — Eyedloon xar Avdduon AhyoplBuomy.



