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1° Kepdioro — H'Y: Mia ocOvroun 1otopikn) avadpoun)

1.1 Ipofmjpota, oaiyopiOuor kor To Opre TG OAYOPLOHIKNG
vaoloyopnotnres: Osopnrikég Ogpehwwoeg g Emomiung g
IAnpo@opunc

2T15 0PYEG TOV oMV LOG, EVAG 0O TOVG LEYOADTEPOVG padnuatikovs, o David Hilbert,
oto TAaiclo TG mEPiPNUNG 01dAeENG Tov oto AteBvég Xvvédpro Mabnpatikdv 6to
[Mopict to 1900 avaeépnke oe 23 avouktd TpoPAnpata to omoio OempoHoe ¢ Ta To
ONUOVTIKA Yo eketvn TV emoyn). To dékato amd avtd pmtodoe edv uropovce va Ppedet
pa dadtkacio Tov vo amavtd 6to €dv pia doouévn diopavtxny Elicwon €xel Moon i
oL

Apxetd ypovia petd, to 1928, oto Aebvég Xuvédpio Mabnupotikeov ot
MroAdvia Kol ™G GLVEXELD TNG TPOTYOVEVNC dLoAeENG TOV, £0eTE TO TPOPAN LA TOV VO
Bpebet dadwkacio mov Ba pmopovoe va eAEYyeL €Gv Eva padnpatikd (Aoywd) chotnua,
omwg eivar yuo mopdaderypo n Evkdeideiog IN'empetpio, eivor cvvemég, omiaon oev
eumepEyel avtipaocels. Etval mpopavég 1o méco yproun Oa ftav pia tétoto Stodikacio,
KaBmg évag pabnpatikdg mov tpoteivel Eva moAdmAoko podnuatikd chotno, To oroio
AOy® TOL 0YKOL TV ASIOUATOV N TG TANODPOS TOV OTOSEIKTIKOV HeBOO®V TOL
nepéxel Eepevyel omd v dvvardTnTa gAéyyov oamd Ttov AvBpomo, amid Oa
TPOPOOOTOVGE (HE Mo KOATAAANAN ovOmTapAcTacT]) TO HaONUOTIKO TOV GUOTNUA OTN
punyoviky oladtkacio kot 1 dtdikacio o amravtodse GTO EPAOTNLO TOV OV TO GUGTN O
avtd mepikAeiet aviipdoeis. 'Eva dAlo mpoPinua mov é0ece o Hilbert otn dwoketr| tov
70 1928 Kot mov NTav KoTd KATOoV TPOTO YEVIKELGT TOV OEKOTOV TPOPANUATOS TG
dtareéng Tov 1900, ftav 600évtog evag pabnuotikod cusTHHETOg Vo SlomeT®OE GV
g 0ocpévn pobnuatikny mpotaon omotedel Bedpnua Tov cLoTHUOTOS 1 Ol TO
nepipnuo Entscheidungsproblem. O Hilbert Amile 6t yio o mapamdve wpoPAnuato
Oa émpeme vo LANPYE KATOW SLOOIKAGIO TOV VO TO OTOVTO HEGO GE TEMEPUCUEVO
aplOpd Pnudtov (repatokpatikn dtadtkacio 1 akydpifpog, 0nms B dodLE To KAT®).

To 1931, o paOnmg tov Hilbert kot e€icov peydhog pobnuatikdg Kurt Godel,
anédeie oe plo omd TIG MO ONUAVIIKES €PYOCIEC TOV OTL, SLOTLYMG OVO Omd TIC
nemoldncelg tov Hilbert tav AavOaopéves. ITo cvykekppéva, o Godel mapovoiace
Qo pHobnuotikn tpdtacn ote TAOIGLH TOV a&lOUATIKOV GUGTHHOTOS TOV PUGIKAOV

aplOuov (n mpdtn mpoomdbein aSlOUOTOTOINGNG TOL GLOTHUOTOS TOV (QUVGIKMOV



apOuov €ywve to 1910 and tovg Whitehead ko Russell, oto tpitopo épyo tovg
Principia Mathematica yio v omoia dev tav dvvatd va amoderydel pe ypnon twv
ATOJEIKTIKMV HUEBOO®MV TOL GLGTHLATOS AVTOL oVTE OTL eivan Bedpnuo ovTeE OTL dev
etvat. Avtq n peydin avaxdioym, eivor 1o mepipnuo Bedpnua pun TAnpdHTNTAG TOL
Godel. EmmAéov, o Godel amédeile 0T1 | cuvERELN £VOC OO UATIKOD GUGTALOTOG OEV
elval duvatov va amoderydel e Kavoveg kot peBod0vg TOL 1010V TOV GLGTHUATOC.

To 1936 o Alan Turing ywvétav 0 OepeMmOTAG TNG EMMGTHUNG TOV VTOAOYIGTAOV,
pe v 10TopIkn gpyacio Tov “On computable numbers, with an application to the
Entscheidungsproblem”. Xtnv epyacio avt o Turing dpioe £vo VTOAOYIGTIKO LOVTELO,
OV OVOUAGTNKE UETA TPpog Tiun Tov Mnyavr| Turing (Turing Machine) to omoio dev
elvanl timote GAAO TOPE POl OPAIPETIKY] TTEPLYPAPT], £VO HLOVTEAD, TNG £VVOLNG TNG
OAYOPIOUIKNG VTOAOYIGIUOTNTOG KOl TOV NAEKTPOVIKOD VITOAOYIGTY] OTI®G TOV EEPOVLE
oNUEPQL.

O Alan Turing axoAo0ONGe pia «tamevny, aALd peyohoeun (6TnVv arAdTnTd
mG), TPOGEYYIOT. KEPTNKE MG €ENG: «AgV EEPM TAOG «DAOTOLOVVTOL) Ol EKTANKTIKES
KavOTNTEG TOV AVOPOTOV, OTTMOC 1 AVTIANYN VONUATOV, 1] OPAIPETIKOTNTO EVVOLDV,
aKOUT Ko 1 GLVEIONON OU®G EEPM KATL «TATEVO» OV KAVEL O AVOP®TOG TTOL Giyovpa
UTOP® VO TO «UNYOVOTOoMm»: TNV Tpocheot dvo akepaimv.» Avtd ftav! O Turing
elxe Béoel tig Pdoeg yio v pobnuatikn depevvnon g Pabibg Evvolog g
vroloytoudtrag! To amdotaypo TG OTTIKNG Yoviag pe v oroia e&étace o Turing
NV £VVOoL0L TG «UNYOVIKNG DITOAOYIGIULOTNTOG Ta TO Ttepipnpog Aityua twv Church-

Turing (Church-Turing Thesis) mov cuvoyiletat wg e&nc:

«O1 amoTELETUOTIKG DTOAOYITYUES OVVOPTHOEIS KO TO. AAYOPIOUIKG. ETIADOLUA,
Tpofliuata givor ovtd axplpiS mov uropody vo, vroloyicovy o1 unyavés Turing (ot

H/Y oniaon).»

Avt 1 datvnwon kKaieiton «aitnuoy (Thesis) kat oy «Bsdpnua» (Theorem) kabdg
kaveig dev yvopiler (kor dgv eivar dvvatdév va yvopilel!) av o pévog tpodmog
VIOAOYIGHOV GTO oVUmAV €ival 0 TPOTOG TV pUnyavedv Turing M vadpyovv Kot
SLPOPETIKA LOVTELN VTTOAOYIGLLOV!

EmnAéov, amavidvtag opvntikd koi oto tpito mpoPAnuo tov Hilbert,
Entscheidungsproblem, o Alan Turing amédei&e 6t o TpOPAnUa Tov €av pio Mnyoavi

Turing teppatilel yioa pa doopevn €icodo, givar un adyopifuikd amopacioipo. Me



Ao Aoy, Oev vrdpyel akyopOpoc (Mnyovny Turing dniadn) mov va OEYXETOL MC
€1l0000 TNV TEPLYPOAPT TNG UNYOVIG KoL TNG EIGOO0L TNE KOt VoL amoPacilel av KAmoTe
0o oTopaTRoEL 1 POV,

H ovveiopopd tov Turing fjtav duthn. Kat' apynv cuouninpwos 1o omotéAecua
tov Godel. [Tapexkiivovtag Alyo, oty Tpaypatikétnta, 1 anddeién tov Turing nTov
Hio amAoVoTEPT £K000T TG OmdOEIENG un TAnpotTag Tov Godel. Opwmc, o Turing eiye
T0 TAEOVEKTNHO OTL gpyalOTav og &va paBnuatikd cUGTNUA TOV JEVKOAVVE TO £PYO
™G enidelng oG TpATaoNG Yo TNV 0Toio deV VILAPYEL AAYOPLOLOC TOV Vo amoPacilet
edv etvar Beopnua 1 6yt H mpdtaon, dnwg sinape, etvor n e€ng: H unyovny Turing M
tepuatifet kanote pe elcodo ) svpPforocelpd x; O Godel, and v dAAN pepid, elye To
peovéktuo 0tt gpyoaldtav oe €va KOTMG OVOKOUTTO (QOPUOAIGHO, OVTOV TOV
AVAOPOUIKMY GUVOPTNCEWMV, Kol ETPETE VO, EPEVPEL, KOTA KATOwoV TpOTOo, pio pEbodo
YPUPNG LAOMUATIKOV TPOTAGE®V LLE YPNON ATAL KOl LOVO OVOSPOUKADY GLVOPTICEMV
o€ PLOIKoVG apBpovs. Edv mpocéet kaveig v amdoellr| Tov, Oa dSlomoetdcet 0T, Tpv
emdei&el v mepipnun avtoavoaeepdueVn TPOHTACT TOL Oev pmopel va amoderybel edv
etvar Bedpnpa 1 oL, ¥Tilel PRpa-Prpa por pnyovi, Tov TPOGOUOALEL TO UNYAVICUO
VTOAOYIGUOV 1TNG YVOOTNG GLVOPTNGLUKNG YADOCCHG TPOoypappoaticpuov Lisp. Avtq
etvat ko n opopPid g amddeling tov. Enavepydpevol Spmg otnv EXOUEVT] GLVEICPOPA
tov Turing, n omoia glye peydAn emidpoon o1 peTénerta mopeio TG EMOTAUNG TOV
VTOAOYIOT®V, HEGO OmMO TN YPNOUOTOINcN NG UNYOVNG oL TPOTEWVE Yo TNV
TEPLYPOUP] OAYOPOU®V Yo SLapopa TPoPANHata, VINPEE 1 GuvedNTOTOiN o OTL TEPQL
amo T olamictmon 0Tt Eva mpdPAnua gival emAvoipo (pe 1o va emdeiEovpe Evav
alyopiOpo, 1 unyovn Turing, Tov vo 10 EMAVEL) pag evOlaPEPEL 1 EmiAvon va yiveTot
0G0 1O dLVATOV YPNYOPOTEPQL.

O mpwtog mov depgvvnoe {NTNUATO. CYETIKA WE TNV TOAVTAOKOTNTO TNG
alyopOkng enilvong TpoPfAnudtov, ntav o id10g o Godel to 1956, mdAt o€ oxéon pe
anddelln Bewpnudtov oto TAoiclo ASIOUATIKOV cuoTNHATOV. Me éva YpAappo Tov
npo¢ tov John von Neumann, o Gdodel avapmtiétor oyetikd pe tnv TOAVTAOKOTNTO
evpeong amodeiEemv oe Bewprnuata Tov gival SaTLTOUEVE Le BACT) TOVS KAVOVEG EVOC
Tonikoy ocvotiuatog. [T ocvykekpéva, avaeépetor ot pnyavy Turing o¢
VTOAOYIGTIKO HOVTELO, KO LETA pMTA 010, EIVOIL 1] GLVAPTIOT TOL PPAGGEL TOV OPLOLO
Tov Pnpdtov mov ypedloviar ywu vo PpebBovv amodeifelg unkovg n. Xtnv
npaypatikdtnTa o Godel potovoe tov von Neumann, GOUQOVO. LLE TH CTIUEPIV] TEYVIKN

oporoyia, Yoo TV vietepuvioTikn (deterministic) VTOAOYIGTIKY] TOALTAOKOTNTO TOL



wpoPAnuatog g anddeléng Oewpnudtov (theorem proving). £to id10 ypdppa, o Gédel
EMIONG POTAEL CYETIKA LE TNV VTOAOYIOTIKY] TOAVTAOKOTNTO TOV EAEYXOL €AV £VOG
QLOIKAOC aplBpdC etvan TpdTog (primality testing), Kot PO EKTANGGEL KATWMS TO YEYOVOC
ot exepalel TV memoibnon 6t 1 anddeEn BepnUdTOV dev TPEMEL VA Eival Kot TOGO
dVOKOAO TPOPAN LA VTOAOYIOTIKE. AVGTUY(MG, 0 von Neumann o1 £Emacye amd KopKivo
Kot TEBave Eva ypovo apyotepa. [1oté dev vanpée amdvinon 6To YpApuo, Kot eoivetal
611 0 Godel dev TpoomAONGE VA SIEPEVVIOEL TEPLGGATEPO TO TOAD CUOVTIKO EPDTNLLOL
nov £0ece.

TéNoG, TPtV LIANGOLE Y10 1O TPAKTIKE CNTALOTO TOV GITTOVTOL TNG MIYOVIKNG
VROAOYIGIUOTNTOG OTMOG VTN «EVGAPKMOVETAL omtd Tovg HAekTtpovikovg YToAOYIoTES
ne Tig d1dpopeg LopPég Tov AdpPovoy omd to 1936 puéypt Ko onjuepa, ovaroya pe
dwbéoun teyvoloyia, mpémet va tovicovpe 1o e&nc: o H/Y eivar amdd éva epyaieio
™mg avBpomvng dvomong, Omwg Oha Ta dAAa mov pog meplrptyvpilovv Ko
dtevkoAvvouv T Lo1| Kot v Kabnuepwvomrd pog. O H/Y, dpmg drapépet amd OAeg TIC

VOAOUTEG EMVONGELS TOL avOpdTOL oTO €ENG oNueioL:

e Eivon éva epyoieio «morivpopeuco», oniodn exteiel ToAAEG (OVGLOGTIKA Y®PiG
Op10) J1aPOPETIKES VITIOAOYIGTIKESG EPYACIEG TOV TEPLYPAPEL O AVOP®TOG ywpic
Vo, UETOPOAAETOL, (OC VAIKO KOl KOTAGKELT).

o Aéyeton, amd Tov AvOp®MO, TEPLYPAPES EIKOVIKOV KOGUMV Kol LOONUOTIKOV
HOVTEA®V TOL QULGIKOL KOGHOL Kot Toug «divel Con» dtevkoAidvovtag tnv
depedivnon Toug omd TV acaieln Kot dveon evog epyactnpiov H/Y.

e JloAroi H/Y pmopodv va dwacvvoefodv dnpovpyodviag Evav 1oyvpoTeEPO
«ewoviko» H/Y (pe tov peyardtepo and avtovg weatovg H/Y va givar to 1010
10 Awdiktvo ko o Tlaykoourog Iotdg mov edpdletar oty LWOJOUN TOV
AL0dIKTOOL).

e Eivor, anmd 6ha to Ompovpynpato tov ovOpdmov, OTL Mo KOVIvO oIV
avOpomvn vonon pe amotélecua va umopel va tov Pondnoet axoun oty

Katavonon g g ) dadikasiog g avOpmmvng vonong!

1.2 Teyvoroyikég e€erilers



[ToAD onpavtikn 16TopIKY oTIyU NTav 1 avakdAvyrn tov tpoviictop 1o 1947, kabng
KATAPYNOE TIG AVYVIEC KEVOD TOL YPNOLUOTOOVVTAY HEYPL TOTE Yo TNV LAOTOINOM
AOYIKOV TUADV Kot KUKAOUATOV KoL 001 YNGE £TGL 6T SPOLOTIKT HEIDMGT TOV peyEBovg
TOV KUKAOUATOV KOl KOTO GUVETELN TOV VTOAOYIGTAOV.

To nAekTpovikd d1dypappLo €VOG TVTIKOV TpaviicTop POIVETOL GTO ETOUEVO GYNLOL:

il alkns for
e A larger cuTreni

1o fhow hiere
b
ks
1F & smuall :l\ L]
lowwrs. heere.. i
-

Ytoug H/Y, 10 tpaviictop Aertovpyei mg drakomtng on/off (onwg, axpipadc, o dtakomtng
OTO AOTA TOV GTLTIOV HOG) KOl AVOTOAPLOTE TV CTOLXELOON HovAda TANpoeopiag, TO
bit, mov pmopei vo AauPaver tuéc 0 i 1. Katd ovvémewn, évog MAEKTPOVIKOG
VTOAOYIOTNC, TTOL CNUEPA. TEPIEXEL NIGEKATOUUVPLO. TPaVEIGTOP Y10, TOVG VTOAOYIGHOVS
TOV, AEITOVPYEL YPNOLUOTOLDOVTIOS OVOTAPACTOCT TV dedopévav kdbe €idovg pe to
00001KO abaTHUe. opiOuUnong ONAAOT YPTCLLOTOIMVTAS Y10 LOVAdL TANPOPOPiag TO Eval
dvadikd ynmeio M binary digit (bit). Opodomowdvtoag moAld bits poli pmopei vo
OVOTTOPOGTIGEL OTTOLOONTOTE TANPOPOpia, aptBud, Keipevo, eidva 1 Bivteo. Xvvnbawcg,
01 OHLOBOTIOMNGELG Eivorl 6e duVALELS TOV 2 Kat, edkdTEp, 8 bits (= 1 byte), 16 bits, 32
bits, ka1 64 bits.

H outio 6pmg mov ypnopomotovvral ynookd niektpovikd otoug H/Y kot mov
péAota akoAovfohv To SvadIKO cVGTNUA, Elval OTL otV TPAEN Oev gival oyedOV TOTE
dvvatdv va emtdyovpe axkpifr emineda tdcems. o va pBdcovpe emopévog oe
amodexktd eminedo allomotiog, eivat avaykaio va V10OETHGOVUE TEPLOYESG TAGEWDV YU
kd0e TN bit. ‘Eva té€to10 mopdderypa eaivetor oto mo Kdtw oynuo, émov to bit 1
OVTIOTOUXEL OTNV TEPLOYN TILADV TAGEMS oo 2 - 5 Volts kot to bit 0 oty meproyn Tmv
tdoewg and 0 - 0,8 Volts. H meproyn avapeoca ota 0,8 ko 2 V Bewpeiton meproym

afePordrog Kot dev avTioTol el 68 Kopiot SOLOSIKT TIUT.
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2° Kepaharo — Opydvmon kor Asttovpyio evog HiekTpovikov
Ymoloyioti

'Evag nlextpovikog vmoloyiotns M vmoloyiotig, yw. cuviopia, €ivol Ui GUGKELT

eneepyaciog dedopEVMV 1) omoia EKTEAEL TEGGEPLS PacIKEG AetTovpYies:

1. Eicodo: Xvuykevipdvel O€0OUEVO 1| EMTPEMEL GTOVG YPNOTEG VO ELGAYOLV
dedopéva.

2. Encéepyooia: Xepiletar, vmoloyiler M opyovover avtd ta dedouéva o€
TANPOPOPIEC.

3. 'E€odo: Eppavifet dedopéva kot TANpoeopies o o Loper| mov Umopel va yivet
KOTOVON TN 0td TO YPNOTN.

4. Amobnrkevon: AmoOnkedel dedopéva Kot TANPOPOPIES Y10 LETAYEVEGTEPT] YPNON.

[Towa, Opmg, eivar m Opopd avdpeso ota dedousvo Kol TIC TANpoPopics; Zvyva

YPNOYLOTOLOVUE TOVG OPOVS JEDOUEVD, KO TANPOPOpIes Yo va avapepBode 6To 1010

npaypa. Qo1dc0, av Kot uropel vo £xovv Ty idta onpacio og o amAr cvlnton, N



Olakplon avapeco oTo OedoUEVA Kol TIG TANPOPOpieg €lvol ONUOVTIKY OTNV
[TAnpopopikn.

e O6povg [TAnpopopikng, Ta dedouéva gival avomapdotoon evog yeyovotog,
pog ewovog 1 pog 1éag. Ta dedopéva pmopel va eivar évag aptBuog, o AEEN, o
eKoOvo N axopo Ko po nyoypaenon. I'a mapdderypo, o aptOudc 7135553297 ko ta
ovopata Zoe ko Richardson givou dedopéva. And pova tovg, mbavov de onuaivovv
KAt Yo kavévay. Ot TAnpopopieg eivar dedopéva To omoia £xovv opyavmOel, HeETd amd
eneepyaocia, Kot Topovcldlovtal He o popen mov propet va yivel katavontn. Otav
0 LTOAOYIOTNG OO TOPEXEL WO EYYPOPN EMOPNG GOG MOV OglyveL OTL pmopeite va
gmikowvovnoete pe t Zoe Richardson otov apBud (713)555-3297, ta dedouéva
yivovtou yprnoiua, dnhadn| yivovtol zinpogpopieg.

Ot voloyiotég elval apiotol oty emeepyacio (YEPIGUAC, VTOAOYIGUOS 1
opybvoon) tov dedopévav poc. Otav myate Yoo TpOTN QOPA GTO TAVETIGTILLLO,
mbavov cag katnvubuvav ce éva pépog 6mov Bo pumopovcate va PyGAETE GOLTNTIKY|
TonToTNTO. DucLoroyikd Ba Sdoate 6€ KATOOV VITGAANAO T GTOLXEID GOG, TO OOl
elonyOnoav oe évav vroroyiot]. O vrdAiniog tpafne o OTOYpaPic GOC LE Lo
YNOWKY QOTOYPAPIKY] pnyovn (cvAAéyoviag £€tol meplocOtepo dedopéva) 1
napadmcate pia mov elyate pali cag. OAa ta dedopéva vToPANONKaY e KaTdAANAN
enefepyacio, OOTE VO HTOPOVV Vo ekTum®OoHV oV TOLTOTNTA GOg. ALt 1
0PYOVOUEVT ££000G OEOOUEVMV TNV TOVTOTNTA GO EIVOL L0 «YPTOUT TANPOPOPTOY.

Avrtifeta, OpmG, and ToLg AVOPAOTOVS, 01 VTOAOYIGTES EPYALOVTOL ATOKAEIGTIKA
pe apBpovg (ot AéEeg). I va emeepyactodv dedopéva, TPEMEL Vo AEITOVPYOVV GE
po YAwooa mov kotadofaivouv. Avti 1 YAOCGO, 1| 0adIKY YADOTO, OMOTEAEITOL OTTO
dvo povo ynoia: 0 (kaAeiton kot «False») kot 1 (kokeiton ko «Truey). OTidnmote Kavel
€Vag VTOAOYIGTNG, OMC N enelepyacion dESOUEVMV, 1 EKTOTMGCT UOG OVOPOPAS 1 M
emeEepyaocio piag potoypapiog, avarvetar og pia oelpd omd 0 ko 1. Kébe 0 ko 1 givon
éva ovadko yneio M bit (Binary diglT), énwg ovoudletar.

Oxtod dvadikd yneia (1 bit) ocvvévdlovtar yio vo dnuovpynocovy éva byte.
2T0VG VIOAOYIOTEG, KABe yphupa e aAeapntov, kdbe apBudc kot kdbe €101KOC
YopokTNpog (6mwe 10 (@) amoteleitor amd £vav HOVAdIKO GuVILAGUO OKT® bit, 1] (o
akolovBia amd oxtd 0 kot 1. 'Etot, yio mapdadetypa, otn 0vadikn YAOGGH, TO PO
K avarapiotator g 01001011, Avtd eivar oktd bit 1 éva byte.

[Tog yivovtor ot vroroyiopol 6pmg; Ot vroroyiotég kataiapaivovy povo dvo

KOTOGTACELS: avoryTo Kol KAEoTO (on kot off). Méoa og évay vmoloyioti), avtég ot 600



Kkataotdoelg opilovror pe ) Ponbeta twv apBudv 1 kot 0. Ot nAektpikol S10KOTTES
elval 1o otoryelon oo GTOV LWOAOYIOTH] MOV evaAAdGoovTol peTalhd TV dVo
kataotdoewv 1 kot 0, onuotodot®vtag To ovolytd kol 10 kKAewoto. 'Eva cvotnua
VTOAOYIOTH propel pdAiota va BempnBel og pia TepAoTiol GLAALOYT TETOL®V SLOKOTTOV
on/off. Avtoi ot draxomtec on/off cuvdvalovtar pe 1POPOVES TPOTOVG Y10l VoL EKTEAODV
mpdcbeon Kol a@aipeon Kol Vo PETOKIVOUV 0gd0péVO 6€ OAO TO CUGTNUO TOV
VTOAOYIOTY.

2V KoONUEPVOTNTA GOG YPNOILOTOIEITE d1dpopeg LOPPES drakonT®V. Evag
SaKOTTNG PMOTOC ivan €iTe KAEIGTO, MOTE TO PEVUOL VO, PEEL AT TN AvyVvia, 1| ovOTYTOC.
"Evag dAlog dokdmng etvon m pmotapio Tov vepod. Onwg deiyver n Ewdva 2.2, to
KAeloo g avaraplotd v T 0 Ko to avorypd g v tiun 1.

Ti &idovg Odwokomteg, OHMG, €lvar OVTOlL 7OV  YPNOUYOTOOVVIOL GTOVG
VRoA0Y10TEG; Ot TPAOTOL VIOAOYIGTEG Ypnoomolovcay tpaviiotop. Ta tpaviictop
etvat nAekTpovikol H10KOTTEG TOL KATOOKEVALOVTOL ) £va £101KO VAKO e 1010TNTES
nuayoyod. Hutoywyog ivor omotodnmote vAKO Yo T0 0Toio UTOpPOVUE Vo, £XOVLE
Eleyxo oG mpog to av Ba dyelt nAekTpiopnd 1 Oa Asttovpyel ¢ poveTikd VAKO (OOTE va
eumodilel ) d1édevon niextpiopov). To mupitio (cilkdvn), To onoio amavtdrol oTnV
dippo, etvat o NUOy@yOg TOL YPNGLLOTOLEITOL Y10 TV KATOCKELT TV TpaviicTtop.

To moupitio povo oV dev pmopet vor dryelt NAEKTPIGUO 1d0iTEPAL KOAG, OAAGL oV
avopelyBel pe eheyyOUeEVO TPOTO LE KOATOLO GLYKEKPIUEVO LDAMKA, GLUTEPLPEPETAL,
TEMKA, ©OC €VOG OKOTTNG ovolytov/kAelotov. To mupitio emitpémel ) pon TOL
NAEKTPIKOL PELLATOG OTAV EQUPUOLETAL GLYKEKPLUEV TAOT|, AAAMMG EUTOdILEL avThV
) pon.

Ot e€erilerg oy tevoroyia apyloav va omattovy mepiocdtepa Tpaviictop o'
0G0 UTOPOVV Vo YwpEGOLV G o untpkn kapto. Enpene va Bpebel kdtt mov Ha
Ywpovoe teplocdTepa TpaviicTop o€ KpHTEPO XDPO. £2G £K TOVTOV, AvaTTLYON KOV TOL
OAOKANPOUEVE KUKADUOTO 1) «TOUT». AVTA €lvol LIKPOGKOTIKG KOLUATIOL N0y YDV
oV TEPLEYOVY TEPAOTIEG TOocOTNTEG Tpaviiotop. Ta mepiocOTEPO OAOKANPOUEVA
KUKA®OUato dgv givorl peyadlvtepa and 1o £vo TETpTo NG tvicag, aAAd Katapépvouv
va mepi€yovv droekatoppvplo tpaviiotop. Avt 1 eEEMEN divel 6TOVG GYESNGTES
VTOAOYIGT®V TN  JLUVATOTNTO. VO ONHOVPYOVV  UIKPOVG OAAE  Tavioyvpovg
UIKPOETEEEPYOOTEG, Ol OMOioL €ivol TA TOUT TTOL TEPLEYOLV TNV KEVIPIKN HOVAdQ
eneEepyaciag (CPU 1 eneéepyaotc). H CPU umopet va BewpnBel ¢ o «eyképaiogy

TOV VTOAOYIGTH EMEWN €Kel yiveTon N eneEepyacio TV SEOOUEVOV KOl 1] LETATPOTY|



TOVG G€ TANPOPOPies. XNuepa, oe Eva Tolm peyEBouvg i6ov e To vyl ToV [KpoD Gag
SOKTOAOV UTTOPOVV VO, YOPECOVV TEPLGGOTEPO Ao 2 dloekatoppdpla tpaviiotop!

Ta bit kot ta byte d¢ ypnoomolovvToL HOVO MG 1| YADCGGO TOV VTOAOYIGTY,
OAAG KOL Y100 VO AVOTTOPOGTHGOVY THV TOGOTNTA TOV SEGOUEVMV KoL TOV TANPOPOPIDV
7oV 0 LLOAOYIoTNG d€xeTon Kat e€ayet. Ta apyeio enelepyaciog KeWEVOL, O1 YNELOKEG
EIKOVEC, OKOUO KOl TO AOYICHKO OVOTOPIoTOVTOL LECO GE EVOV DITOAOYIGTY] MG Lo
oelpd amd bit kot byte. Avtd ta apyeia kot ot epappoyég umopet va givor Tohd peydio
KOl VoL TEPLEYOLV YIAMAdES 1] exoToppvpla byte.

Ia va vrmoAoyiotel mo gvkola 10 péyeBog TétolwV apyeimv, amortovvTon
povadeg pétpnong peyorvtepeg amd 1 byte. Ta kilobyte, ta megabyte kot ta gigabyte
gtvon amhmg peyaivtepec moodtnteg byte: 1 Kilobyte (KB) eivat mepimov 1.000 byte, 1
megabyte (MB) givot mepinov 1 ekatoppdpio byte kar 1 gigabyte (GB) sivar mepinov
1 dioekatoppvplo byte. Zfuepa, ot TPOCHOTIKOT VITOAOYIGTEG £YOVV T duvatdTNTO VO
anobnkevovy terabyte (TB) dedopévov (mepinov 1 tpioekatoppvpio byte), eved morlhoi
EMAYYEMLOTIKOT VTTOAOYIOTEC umopovV va anobnkevcovv émg 1 petabyte (PB) (1.000
terabyte) dedopévaov. H punyovny avalnmong tg Google enefepyaletarl mepiocoTepa

amo éva PB dedopévav mov mapdyovtar and toug xpnotes kbbe dpa!

1 kilobyte (KB) 219=1.024 10°
1 megabyte (MB) 2%0=1.048.576 10°
1 gigabyte (GB) 23°=1.073.741.824 10°
1 terabyte (TB) 2% 1012
1 petabyte (PB) 2% 1013
| exabyte (EB) 29 10%8

1 zettabyte (ZB), katé mpocéyyion 102 bytes! To 2011 vaipyov omodNKeLUEVO GTOV
kocpo mepimov 1,8 ZB evd onuepa 13,7 ZB! To 2021 o ap1Buog towv amodnkevpévov
dedopévav mbavotata Ba Eemepdoet o 40ZB!

[og enegepyaletar, OU®MG, 0 VTOAOYIGTNG TOCEG TANPOPOPIES YPTCLLOTOUDVTOG
™mv avarapdotact toug o€ bits; O vToloyloTig XpPNOIHOTOLEL DAIKO KOl AoyLouiro Yo,

va enegepyaoTel Kot vo LETATPEYEL OEOOUEVO GE TANPOPOPIES, ETCL MOTE VO, EYETE TN



dVVOTOTNTO VO EKTEAEILTE EPYACTIEG OTTMOC 1) GUVTOEN LG ETIGTOANG, 1] ATAMG Vo, TaileTE.
To vdixo (hardware) etval omo100MmoTe HEPOG TOL VITOAOYIOTH UTOPEiTE Va. ayyiEeTe.
Qo61660, £vag VTOAOYIOTNG OEV UOPEL VO AELTOVPYNGEL LOVO LE TO VAIKO, xpetdleTon
Kot 70 Aoyiopiko. To Aoyiouixo (software) gival 10 GOVOAO TV TPOYPAUUATOV TOV
dtvouv 610 LAIKS TN SLVATOTNTO VO EKTEAEL SLOPOPETIKEC EPYACIES.

To Aoyiouixo  epopuoywv elvar 10 oOVOAO TOV TPOYPOUUATOV OV
YPNOYLOTOIEITE GE £VAV DVTOAOYIOTY], MGTE VO £IvVOL SUVATH 1 EKTEAECT| EPYACLOV O
N ovvtaén pog épevvag. To loyiouixo ovatnuarwy €ivol 1o GHVOLO TOV TPOYPUUUATOV
OV EMTPEMOVY TN GLVEPYACIO OVAUESH OTIG GUOKEVEC LMKOD KOl GTO AOYIGUIKO
EPAPLOYDV TOL VTOAOYIGTH GOC. O 7o KOOGS TOTOG AOYIGUIKOD GUGTNHAT®V £lvatl TO
Aertovpyiko ovornue. (Operating System, OS), 10 APOYPOUUO TOV EAEYXEL MG
Aertovpyel 1o cvoTNUE TOV LITOAOYIGTY| 6ag. To mBavdTepo elval OTL 0 LTOAOYIGTNG

Tov £XETE M PNOLOTOLEiLTE EKTEAEL P ékdooT Tov Windows, 1) Tov macOS ¢ Apple.

2.1 H Kevrpwn Movada Ereéepyaciog (CPU)

[Tow etvon ta Pacwcd eoptrpotoa s CPU; H CPU amoteleitan and 600 povades:
povada eiéyyov (CU, Control Unit) kot tnv opBuntiky Aoywn povéda (ALU,
ApBunrtikn Aoywn povéda). H apiBuntucn Aoyikn povada givor vmedOovn yu v
EKTEAEOT OA®V TOV aplBunTik®V Tpdéemv (tpdcsbeon, apaipeon, TOAATAAGIOGUOC
kot dwaipeon). Aappdvet eniong amoedoeic mov PaciCoviar ot Aoyikn Boole kat
ovyKplon dedopévav. o Tapdderypo, pwropet vo cuykpivel 600 apBuntikd ctoryeia
v vo. Bpetl moto givorl To peyahhtepo, molo gival To puKpOTEPO 1 av elvar ica peTa&n
TOVG.

H povada eréyyov g CPU dwyepiletor 100G 100 MAEKTPOVIKA
otoyeia/draxodnteg (mov givar to pikpookomikd tpaviictop) oto ecwtepikd g CPU.
[MpoypappatiCetar amd Tovg oyedootég g CPU wote va Bupdtot v akolovbio tov
otadiov enegepyasiog yia ) cvykekpiuévn CPU ko g npémet va pvBuoctel kdbe
SLOKOTTNG GTO ECMTEPIKO TNG KEVIPIKNG Hovadag enelepyasiog (Yo mapdadetypo on M
off) avaioya pe 10 otad0 emeepyasiog. Xe KaOe yTHTO TOL POAOYIO0D TOL GLGTHUOTOG,
N povada eréyyov Bétel ™ Asttovpyia on/off Tov SO oTN GO PLOUON KO
KOTOMY EKTEAEL TNV €pyacio avTov TOV GTAdIOL.

Mo ™ petdPoaon and to éva 6Tdd1o Tov KUKAOL emeepyaciog 6To EndueEVO, N

UNTPIKY] KAPTOL YPNOWOTOlEl €vol EVOOUATOUEVO POAOL GUOTAHOTOS. AVTO 1O



E0MTEPIKO POAOL €ivol otV TTPAYHOTIKOTNTO €vag  €101KOG  KPOGTOAAOG  TTOL
CUUTEPIPEPETOL GOV EVOG LETPOVOLOG, SLOTPDOVTOG £vaL 6TafEPO pLOUO Kot EAEYYOVTOG
otav mote 1 CPU mpoywpd o610 endpevo 6tddilo encéepyocio.

Avtoi o1 6Tafepol ¥TOTOL TOL POAOYIOV TOV GLGTHUATOG, Ol OTTOT0L OVOUALoVTaL
KOKAOG poroytov, opilovv 1o puOUO pE TOV 0Toi0 £Vag VTTOAOYIGTNG TPOYWPE Ao Eval
014010 emeEepyaciag oto emopevo. O pvOUOS, N M TOYLTNTA POAOYLOV, UETPETOL GE
hertz (Hz) kot meprypdpel mdoeg popég avd devteporento cvuPaivel kdt. H pétpnon
TOV CLYYPOVOV PoloyldV cvotiuatog yivetar oe Gigahertz (GHz), 1 oAdg, éva
SLGEKATOUUVPLO YTOTOL v devTEPOAETTO. [0 TOpdoELya, o€ Eva cOGTNUA [LE POAOL
3 GHz, vrépyovv tpio dioeKaTORPOPLL YTOTOL OVAL OEVTEPOAETTO.

Ye 1L dweépet, yevikd, n o CPU omd v dAAn; Mmopel va katafdiete
HEYOADTEPO OGO Y10, Evay VITOAOYIoT e eneEepyaotn Intel 17 amd évav pe 15 e€antiog
™me avénuévne emeEepyaotikng oyvog tov. H 1oydg emelepyoosiog pog CPU

kaBopiletar, Kupiwg, amd Tovg NG TapdyovTes:

. Tnv o Ta poroyod .
. Av €xel TOAMOATTAOVG TUPTVES KOl TOGOVG.
. Tnv mocotta pvinung cache (deite mo kdt®) mov drabétet.

[Mog pmopel va pe Pondnoer poe CPU pe vynAotepn taydtmta poroyov; Oco mo
VYN elvar n ToOTNTO POAOYOL TOGO T Ypryopa Ba yivel n emefepyacio g
emopevns odnyiag. Ot CPU &yovv tayhtnteg poroyidv ) dedopuévn otiyun £og 4 GHz.
Kdamowor ypnotec avaykdlovv 10 bVAIKO ToUg vo Aettovpyet o ypnyopa, E@apuoloviog
VIEPYPOVIGUO GTOV EMECEPYATTY| TOVC.

O vrepypoviopds (overclocking) ompaiver 6t Asrtovpyeite t CPU og
VYNAOTEPN TOYVTNTA OO TIC GUGTAGELS TOV KATACKELOOTY TNG. MTopEl, GLUVERMG, va
TapayeTon mEPLocOTEPN BepUOTNTA, 1| OTOlR GLVETAYETOL LIKPOTEPT OldpreLa CmNG Yo
m CPU, evdd ocuvnBwmg emeépel v kotdpynon omolacsonmote gyyvmons. Iavtwg,
€101KA o€ cuoTHHOTA Yo oy vidto Ba to dgite va yivetal apketd cuyvd.

[Mog pmopet va pe Bondnoet po. CPU moddarmiadv mupnvev; ‘Evog mopnivog og
po CPU mepiéyet ta pépn e CPU mov amontodvtot yio v eneéepyacia pog odnyiog.
Me v teyvoroyia TOAOTA®Y TUPVOV, OV0 1] TEPICCOTEPOL TANPELS EMEEEPYUOTES
UTOPOVV VO VILAPYOLV GTO 1010 TOUT, EMTPEMOVTAG TV AVEEAPTNTN EKTEAEST] VO N

TEPLOCOTEP®V GUVOAWDY OONYUDV TAVTOYPOVOL.



Edv elyate évav kAodvo tov govtod cog dimla cog ot dovAeld cog, Oa
UTOPOVGOTE VO TOPAYETE SUTAAG1O £PYO0 amd OGO KAVETE TOPA, KOl QLT aKpPdg etvon
N Wwéo micow amd v enefepyacio moAlomAwv mupnvev. Me v enefepyacio
TOAAOTTADV TUPNVAOV, 01 EQAPLOYES TOL EKTEAOVVTOL TAVTO GTO TOPAGKNVIO, OGS TO
AOYIGIKO TTPOGTAGIAG 0o 100G Kol TO AEITOVPYIKO cvuotnua (AX), umopovv va Exovv
TOV OIKO TOVLG OMOKAEIGTIKO TLPNVO, OMEAEVOEPDOVOVTOS TOLG LTOAOITOVE Y10 TLO
OTOTEAECUOTIKY) €KTEAEON GAA®V e@appoydv. To amotédecpo eivar ToydTEPN
eneepyacio Kot opordtepn molveneEepyaoia. Ta tour pe duvatdmreg enelepyaciog
0€ TEGGEPIC MUPNVES YPNOILOTOOVV TEGGEPIS OLOPOPETIKEG TAPAAANAES OLOOPOUEG
eneepyaociog, dote va eivar Tepimov OG0 ypryopa 660 Ba Mtav TE6GEPLS SLUPOPETIKES
CPU epyalopeveg mapdrinia. o mopdderypo, 6Ty mo KAT® €1KOVO, PAETOLUE o
CPU pe 4 moprvec (quad core) n omoia, xovopikd, Aettovpyel g vo oy 4 S1apopetikol

eneepyaotés mov epydlovral TopdAAnAaL.

O ) .
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Prentice Hall.

[Mopatnpodpe 6tL N pio avt CPU extelel, mapdrAinia kot Tavtdypova, 4 S1apopeTIKd
TPOYPALLOTO KOl, AP, 1 GLUVOAMKN Toyvtnto emeepyaciog sivor t€00eplg QOPES
peyoAvtepn omd v tayvnTa eneEepyaciog av n CPU mepieiye povo Evav mopnvo.
BéBowo, ocvvolikd, m toyvnTa 0ev elval akpPdg TEGCEPIS QOPES MO
HEYOADTEPN EMELDN TO GVOTNUO EMPAPVVETAL LE KATOEG EMTALOV SEPYACIES GYETIKA
LLE TNV aOPOOT] Y10l TO 010G ENeEePYaoTnS Oa ekTerel KAOE KOUIATL TOV TPOPANLLATOG
KoOADG KoL Yo TNV 0VAGLYKPOTNOT TV OMOTEAEGUATOV TToL TTapdyel kibe CPU.
Yrdpyovv emiong emeepyaotés 0éko mupnvev (6mwg o Intel 17 Extreme
Broadwell-E), ot omoiot ektedovv déko Egxmprotéc dadpoués enelepyacioc. Ta
CUGTNUOTO TOAAATAGDV €NEEEPYOSTAOV YPNOLLOTOOVVTOL GLUYVE OTaV TPEMEL VoL

EMAVOOVLV ONUAVTIKE TPOPANUATO OTOLTNTIKOV TPAEEOV GE KAAOOVS OT®G Ot



TPOGOUOIDGEIS GE LTOAOYIOTN, N Tapaymyn Pivieo kor m enelepyacio ypoeikov.
Térola cuoTuaTa ¥PNCLUOTOI0VV ETioNg 6601 TalovV 110ITEPO OTAITNTIKA oy Vidla
0€ O1KL0KOVG VITOAOYIGTEG.

O1 CPU moAhomA®dv Topnvev givat o Lovadikog TpOmog ETITELENS TAVTOXPOVIG
eneéepyaociag; Opiouévor tHmol mpoPfAnudtov taptdlovv Wavikd oto meptPdAlov
TOAPAAMANG emelepyaciag, oV Kol ovTn) 1 TPOcEyylon oOev epapuoletar o€
TPOCHOTIKOVG VTOAOYIOTEG. TNV TAPIAANAN eneepyacio, vTapyel Eva peydAo Siktvo
VTOAOYIOT®V, He KAOE VLTOAOYIOTH| VO OmOCYOAEiTal G €va TUARUO TOL 1d10V
mpofAquatog tawtdypova. o vo toupralel kamolo mwpdPAnua otnv €vvola g
napdAANANg enelepyaciog, Tpémel va etvat Suvatdg 0 YOPIGHOG TOL TPOPANUATOS GE
g oglpd omd epyacieg ot omoieg vo Umopovv vo ekTeAESTOOV TOLTOYXpOVO. [0
ToPAdELYHa, Eva TPOPANUA OOV EKOTOUUOPLL TPOGOTO GUYKPIvovTal pe pio ewova
vy Adyovg avayvaopiong, tpocapudletal bkoia oty mopdAnAn enelepyacia. To
TPOCHOTO NG &wovag pmopel vo ocvykplel pe TOAAES eKATOVTAdEG TPOCMOTA
tavtoypova. AAAG av to gmopevo Pripa evog adyoplBuov pmopel va Eekvioetl Hovo
otav Qo éxel to. OMOTEAECUOTO. TOL TPONYOVLEVOD, N TOPAAANAN emeepyacio Oev

Bonba ce KAt

2.2 Mviun cache

[Totot dAlotl mapdyovtes, Opms, pmopovv va ennpedlovv v toyvtnta enelepyaciog;
H pvnun emréyvvong Astrtovpyiov g CPU, n omoia givor yvoot) og pvnun cache,
KpLe1 N AavBdvovoo pviun. H uvAun cache givat évac tomog RAM mov tpo@odotsei e
dedopéva ) CPU yuo enelepyacio pe modld vynAdtepn taydtmta 6€ oyéon He TV
TayVTNTO TG KVPLog RAM tov vohoyiot.

H pvnun cache €yet oyetikd (pe v koplor pviun) pkpo péyebog, oAha givort
oAV o ypnyopn (o€ Tomikovg H/Y €wg tpeig popéc ypnyopodtepn). O tHmog avtng g
pvnung ompileton oty gumelpkn; Apyn g Tomkdmrag (Principle of Locality),
COUPMOVO LE TNV OMOi0L T CULVIPIITIKY TAEWOYNQIL TOV TPOYPUUUATOV eV
TPOGTELNVVEL OLOIOUOPPA OAES TIG TEPLOYEG TNG UVIAUNG, AAAG TElvEL VO ypnoipomotel
T1G 101eC EPLOYEG Yo pLeydAa Ypovikd dtaothpato. Eva amdd mapddetypo amotehel
omapén eravoinyewv (loops), 6mov kdOKAG Kot dEGOUEVO ETAVOYPTCLOTOLOVVTOL

TOAAEG QOPEC:



Data references

Reference ammay elements m succession (stride-1
reference pattem)

Spatial locality

Reference vanable sum each iteration Temporal locality
Instruction references
Reference instructions in sequence Spatial locality

Cycle through loop repeatedly Temporal locality

"Exovtag avtiypdyet, pe Bdon ) xpnon tovg omd 1o mpdypappa mov tpéxet oty CPU,
TOL TEPLEXOUEVA QVTMOV TOV TEPLOYDV LVAUNG, LEGO STV YpTyopn AavOdvovsa pviun,
TG Teplocdtepeg Popéc 11 CPU dev ypetdletar vo TPpooTELAGEL TV KUPLOL VAT, OAAL
v AavOavovoa. H cache dev givar tuipa g koplag pvniung. Ovopdletor Aavbdavovoa
(M ko kpoen) pviun, enewdn n CPU v mpoomelavvel £xoviag Ty eVIOT®OOT OTL

drfalet amd v KOpa pvniun Kot Oyt amd ovTnv.

Yrdpyovv tpia enimeda pviung cache, ta omoio opiovror pe Pdorn to TOGO «KovVTa»

Bpiokovtar otnv CPU:

e H cache emmédov 1 M| L1 cache sivar éva kouudtt ypryyopng uvAung mov
evoopatovetor 6to 010 10 towm ¢ CPU ywoo amoBnkevon odedopévav 1
EVIOADV OV ypnoipomomdnkav npoceata. Xdpn otn 0€on g dimha otig
novadeg eneEepyaciog e CPU, ta dedouéva mov Ppiokovtar oty L1 cache

petagépovior otovg katoyopntés ™ CPU mpog emefepyasio amictevta

ypfyopa.

e H cache emmédov 2 1| L2 cache Bpioketon oto tour thg CPU, alAd edappmdg
poaxpvtepa omd v cache emmédov 1, amd v mepoyn oto TouT OMOL
Bpiokovtal To. KUKAGUOTO ETEEEPYACTOG OEOOUEVMV, LLE GUVETELN 1] TPOGPOOT
o€ otV va ypetaleTol Aiyo ypovo mapandve o€ oyéon e v L1 cache. H L2

cache mepiéyel meprocdTepo amobnkevTikd ydpo tnv L1 cache.



e Télog, n cache emmédov 3 1 L3 cache Ppiokerar ko avt) oto tour g CPU,
g Tpoomelavvetor Alyo o apyd and t CPU og oyéomn pe v L2 cache

aAAG elvan peyaldtepn og péyebog and avtnv.

210 Mo KAT® oynpo eaivetor 1 doun evog ohokAnpouévov kukAopatog CPU pe 4
mopnveg (cores) kat tpia eminedo cache: L1, L2, ko L3. Z1ig 0¢oe1g tov oynudtov oo
giva TomoBeTnpéveg, amd ETAVE TPOG T KATM, o uvniueg cache emmédov 1 ko 2 (L1

kot L2 avtiotoya) kdOe mopnva evd 610 KAT® PEPOG QaiveTal ) pvhun cache eximédov
3 (L3).

L1l cache
Core {

Larger L2
' cache

Mmnopeite vo deite ta oYeTIKG TOVS PEYEDN Kot VO GLYKPIVETE TN YOPNTIKOTNTO KoL TV

TaXOTNTA TOVG:

e L1 cache: wkpotepo péyebog, peyaddtepn toydTnTa

e L2 cache: pecaio péyeboc, pecaio toyvTnTa

e L3 cache: peyardtepo péyeboc, pikpdtepn toydTnTa

e RAM H/Y: mohd peyolvtepo péyebog, moAd pukpdTEPN TOYLTNTA, KOL TOAD

HkpoTEPO KOGTOG avdL bit (amd dAha o tpia emineda cache L1, L2, ko L3).

Y10 mo KOt oyfuo omewkovileTor N epopyio tov tprodv emmédwv cache (Core:

nmopnvag ¢ CPU) kabdg ko g kvptlag pviung (RAM) tov H/Y:



Core 1 Core 1 Core 1 Core 1 Core 1 Core 1 Core 1 Core 1

L1 Cache L1 Cache L1 Cache L1 Cache L1 Cache L1 Cache L1 Cache L1 Cache
5 S T BT T g
L2 Cache L2 Cache L2 Cache L2 Cache
I I l |
L3 Cache
A
Main Memory

I'evikd, 600 mo axkpipn) ivor n CPU 1660 mepiocodtepn pvnun cache avapéverol va
drbétel. Qg TeEMKOL YPNOTEG TPOYPUUUATOV VTOAOYIGTAOV, OV KAVETE KATL 1O104TEPO
Y0l VO XPNCLOTOMGETE TNV KPLOT Lviun, OnAadn tnv cache.

AvoTUY MG, ETEWN 1 VAN Cache eVemUATAOVETIL GTO OAOKANPOUEVO KOKAMLLOL
g CPU, dev umopeite va v ovoPabuicete kobmg amotedel pHEPOg TOL apyLKOv
oyedlacpov g CPU. Emopévmg, 0nmg pe t RAM, o6tov ayopdlete violoyliot, sivat
onuavtikd va AdPete vmoyn coc o CPU mpocseépet ) peyadvtepn uviun cache,

otav Oha o vVTOLota oTotyEla (TT.). ToYLTNTO POAOYLOV) £fvor 1IGOSVVOLLAL.

Omymte povdieg
/ Tperopn npdafioon
e/ OGN ppoSTpoc
TAOC QN0 LN
[
5 m -
Cache cuntdou 1
Cache cnmtdoe 2
/ Cacho cmntbou 3 \
Cuonn) RAM

sy AN U,

1) prrin Cache cmmidou 1,
mibou 2 won st tou 3 Asoxog oTaBepAC KaTaeTaong ($S0) Tepdomod yapod
CROSETLONG aAM)

Movadeg omTiww Txnpac s L XOUNAOTLOLS TaUn e

O1 CPU &ekivnoav va ekTeAoVV TEPIEGOTEPES OO P EVIOAES OTAV TAPOVGLAGTNKE M
vrepvnuatoon (hyper-threading) to 2002. H vrepvnudtoon mopéyet toydtepn
eneEepyacio TANPOPOPLDOVY, SIVOVTAG TN OLVATOTNTO VO, OPYICEL 1] EKTEAECT] EVOG VEOL

GLUVOLAOL OONYIDV TPV OAOKANP®OEL 1 ekTéAEST TOL TPONYOVUEVOL GLVOLOL. Ommg



BAémete otV €KOVA TOL OKOAOVOEL, 1 VIEPVNUATOON EMTPENEL TNV TOVTOXPOVN
eneéepyacio 000 SLPOPETIKOV TPOYPOUUUAT®V, TO. 0ol OPMG MOPAlovTol TOVG

ndpovg ToL 1810V KuKAdpatog, Tng CPU.

a Web 000 O®® @ Vius

Browser Scan
Hyperthreading
b Music ; ®0o Cf , Gaming
000
@) Yo & Spreadsheet
Web @ O Virus
Browser Vgw Scan
Movie Video Editing

Quad Core with Hyperthreading
Copyright © 2018, 2017, 2016 Pearson Education, Inc., publishing as Prentice Hall.

OMot o1 eme&epynotéc Core tng Intel, Yo mapddetypa, dStabETovy TOAAATAOVG TVPNVES
kot vrepvnudtoon. O Intel 17-6950X £€yel déko moupnveg Kot OAOL XPNGUOTOIOVV
VIEPVIULATMOOT), TOL CMUaivel OTL €vog emeepyaoTng TPOGOUOU®VEL Evay apdud 20

EMeEEPYACTOV.

2.3 O KVKAOG unyoavi)g Kol 0 KOKA0g evrog piag CPU

O kdxiog unyovns gival ta 1€66€pa. oTAd0L TOL exteEAoVVTOL and T CPU v v

eneEepyaocio kot amodnkevon dedopévav. H yevikn sidva kdbe kOKAOL eVTOANG ivat

n eénig:



I Cycle
ctx—] L L
T1 T2 T3 T T2 T3 m T2 13

Machine Cycle

-t '
M1 M2 M3
(Opcode Fetch) (Memory Read) (Memory Write)
< Instruction Cycle >

Basic CPU Timing Example
Y& kGO pio mepiodo Tov poroylov, dniadn éva T-cycle (kdkAog unyovig) yivovtal
petaporéc oty katdotaon g CPU. Ot petaforéc avtég (vmd tov Edeyyo TG HovAadog
eréyyov g CPU) odnyobv oty avaktnorn g €vioAng omd Tn UvhAun Kot tnyv
ATOKMOIKOTOINGN TNG, ONAASY TNV €VPECT] TOV TOMTOV TNG EVIOANG KOl TOL TPOTOL
extédeonc g and v CPU (pdon M1 610 mo wéveo oynua), v aviyvoon toxdv
dedopévmv mov ypetdleTat  eVvToA amd ™ pviun (edon M2), kot v amodnkevon
TUYOV OMOTEAEGUATOV OO TNV EKTEAECT] TNG EVTOANG 6TV pvnun (edon M3).
X' authiv TV evotnTa Bo oveADGOoVUE TO GTASLO TOV GUUTEPIAAUPAVEL £Vag
KOKAoG evtoAng. ITo avalvtikd, Oa dodue To e&ng Pparto:
*  AvéxKmnon Tov arutoOUEVOV 0E0UEVAV 1) 001 Y10V 0mtd T RAM.
*  ATOK®OIKOTOINGN TWV EVIOAMV GE 0KOAOVLOiEg MOV O VTOAOYIGTIG
umopel va katahdPet.
*  Extéleon g evtoAnc.
* Amobfrkevon tov amotedéopatog ot RAM mpwv v avéxtnon g

EMOLEVNG EVIOANG.



ool el o/ B

210010 1: To 610610 avdKTNONC

O1 evtoAég Ko ta dedopéva Tmv mpoypoppdtov mov «tpéxe N CPU amobnkedovio
o€ OLUPOPETIKES TEPLOYES TOV GUGTNHLOTOS TOV VITOAOYIOTY. MeTapépovtal puetald tov
TEPLOYDV oVTOV avaroya pe v avaykn g CPU ywo enegepyaocia. Ta npoypdupoata
amofnkevovTal pHovipa 6tov okANPO dicko, Kabm¢ o diokog Tpoceépel atafepoTnTa
omv amoBnkevon. I[lap’ Olo avtd, Otov Eekwvate éva mpdypapo, To 1010 TO
TPOYPOLLLLO, N KATOLES POPES LOVO TOL ATOPOITNTO KOUUATIO TOV. LETAPEPOVTAL OO TO
okAnpod dioko ot RAM.

To mpoypappa petapépetor otn RAM enedn  CPU pnopel va mpocmelavel
T0L OEOUEVA KO TIG 001 YiES EVIOLEG T®V TPOYPOUUAT®V TOV omobnkedovtol ot RAM
€vVoL EKOTOULLVPLO POPES TTLO YPYOpa amtd To va. Ppickoviay 6To okANPO 6icko. Avtd
ovpPaivet ev pépet enedn n RAM Bpioketon wo kovtd otn CPU and 10 okAnpod dicko.
‘Evag dAhog Adyog v tnv kaBvotépnon g dwfifaong twv dedouévav Kol TV
00N YLOV EVIOA®V TOV Tpoypdupatog and 10 okinpod dicko ot CPU eivorl n oyetikd
YOLNAT TOYOTNTO TOV UNYAVIKOV GKANPOV diokmv. Ot KEQUAES avayvmong/eyypaeng
TPEMEL VO, GOPDOVOVV TOVG TEPLOTPEPOUEVOVS OIOKOVG, KATL TOL amallTel ypoOvo. Akoua
Kol ot un pnyovikoi okAnpoti dickot SSD €yovv yaunidtepeg TayvnTeg TPOSPUONS
npoonélaons and T RAM. H RAM eivat évag tomog pviung mov divel moAdd ypryopa
dpeon TpoOGPacn oTo dEGOUEVO.

Agdopévou 0Tl amouToHVTOL CLYKEKPIULEVES EVTOAEG OO TO TPOYPOLLLILDL, OVTEC
petapépovtor and tm RAM oe kataywpntés (e01kég B€celg pvniung mov Bpickovton

péosa oty idwa ™ CPU), 6mov meptévouy yia vo EKTEAEGTOVV.



O ydpog amobrkevong g CPU dev eivon apketd peydloc yu vo Kpotd
otidMmote mpémel va vtoPAnOel oe enelepyacia TavtdOypova pe KAt dAro. Edv vanpye
apketn pvnun oto idto to o g CPU, éva ohdxkinpo mpdypappa o propodoe va
avtrypaeet otn CPU and ) RAM mpv extedeotel. Avto Bo adEove v TodTnTO Kot
TNV amOA00T] TOL VTOAOYLOTH, €MEWN dev Ba vanpye kabvotépnon 6co n CPU Oa
OTONOTOVCE TNV EMEEEPYOUCIN TPOKEUEVOD VO, AVOKTIOEL TIG 00MYiEG EVIOAES Ao TN
pvnun RAM. Qot660, 11 GLYKEVTP®OT TOCO UEYAANG TOGOTNTAG LWVIUNG OE £va ToUT
CPU 0a peyébuve extivace onpovtikd v T tov. Emimiéov, o oxediacudc g CPU
elval T060 TOAVTAOKOG, (MOTE LOVO U0 TEPLOPICUEVT) TOGOTNTA YDPOL OITOONKEVONG
dwatifetan avoroyel og xdpog amobrkevong ywo v idwa ) CPU.

H CPU, 6pwc, omnv mpaypotikdOtnta dev ypetdletal vo avaktd KOs evioAn amd
™ pvAun RAM «déBe @opd mov mepva emavaiapPaveléco amd vav akoun KOKAO
evtoMG.'Eva dALo eminedo péco amodnkevong, n kpuen pvnun (cache), £xet mpoceépet
axoun toyvtepn npocPaocn otn CPU and 6t n RAM. H kpoen pviun amoteieiton
amo PIKPG UTAOK Uvhung oL Ppiokoviatl akplPdg mive kot dimia oto tour g CPU.
AvTd To LTAOK PVIUNG KOTEXOLY TEPEXOLV BEGELS Y10 TPOGPATES EVTOAES 1| Y10 EVIOAES
Kot dgdopéva Tov ypnciomoovvton cvuyvd, o omoia 1 CPU ypeldleton mepiocdtepo.
Otav avtég o1 00nyieg evtoAég 1 Tt dedopéva amodnKeboOVIaL GTNV KPLEN Lviun, N

CPU pmopet va ta avaxtd mo ypriyopa amd 6,tt av 0o Empene vo to TPOCTEAICEL OTN
RAM.

210010 2: To 6TAO10 TNC OTOKMOLKOTOINGNC

To otédo ™¢ amokmdkomoinong owakpiveronl cvvictator oTlg mPoomddeleg g
povadag eréyyov g CPU va petappdoet (amokmotKonomoet) Tig 00nyies/eviolég Tov
TPOYPAUILOTOG G€ EVTOAES oL pmopet va kataidPet 1 CPU. H cuAloyn tov eviolmv
mov umopel va ektedécet po cvykekpipévn CPU ovopdaletor cuvoro odnyudv eVIOA®V
vy to ovykekpuévo cvotnua. Kédbe CPU €xet to d1kd TG HOVOOIKO GET EVIOADV.M
O NG Hovodikn oepd odnyidv. H povada edéyyov epunvedel tov kmodwo Kabe
EVIOM|G oVUQ®VO HE TIG 00nyieg mov ot oyedwaotéc g CPU oOpwoav yoo
ovykekppévn CPU. H povada eréyyov yvopilel mog va pubuicel Ao ta NAEKTPOVIKA
otoyyeio g CPU, dote 10 Tpdypappa vo eKTeEAESTEL COOTA.

Emedn avtoi mov ypdpovv Tig apyikég odnyieg eviorég etvar dvBpwmot, OAeg ot

EVTOAEG YPAPOVTOL GE LE XPNOT) EVOS GLVOAOD EVIOAMV L0 YADCGOG TOV ovoudleTot



ovpPoikn YAdooa cupporopetappacnc(assembly), pe v omoia dvBpwmotl umopotHv
va gpyalovtol To VKo amd’ OTL PE TO dVAdIKO GVGTNLO, TO OTOT0 «KOTAAAPAIVEL,
ouwmg, an’ evbeiog n CPU. [ToAlol emeepyactéc £xovv Tapdpoleg CLUPOAKES EVIOAES
cupporopetdepacns 6to GUVOAN 0dNYLOV eVTOADV Tovg. Ot CPU dapépovv otnv
EMAOYN TOV GUUTANPOUOTIKOV EVIOA®V oL emélee meptlopuPdvel n GLUPOAIKY
YADGGO GULUBOAOUETAPPOCNG YIOL TO GUVOAO 0ONYLOVEVIOA®DV Tovg. Kdébe oudda
oyxedlacpov CPU emyepel vo avamtiEel €vo GUVOAO 00N YLDV EVIOAGDV TTOV Vo, givat
16YVPO, OAAG Kot YPIYOPO.

O1 CPU d109p€pouv 6NV ETAOYT TOV CUUTANPOUATIKOV EVIOADV TOL ETEAEEE
N YA®GG0 GUUPOAOUETAPPACTG Yo TO GHVOLO 0dNyidv. Kdbe opdda oxedacuov CPU
emyelpel va avamtuéel £va GOVOAO 001 YLV OV £lval 1GYVPO, OAAG KoL YPTYOPO.

Qot6c0, ened] n CPU yvopiler xor avayvopiler «katorofaivery uoévo
npotumo.  akoAovBieg amd O wor 1, dev umopel va KoataAdPer T yA®ooQ
cuopuporopetdopacns dupeca kot Yy autd ovtéG ot GLUPOMKES EVIOAEG 0ONyieg TOL
umopovpe vo dfalovpe katavoovpe eueic petappalovial oe dvadikd kmoka. H
povado er&yyov ypnotpomotel owtég TIg peyareg axoiovdieg amd 0 kot 1dvaducon
KOO, TN YAOGGH unyoving dniadr|, dcte va puBuicel cuvtovicel To VAKO o1 ¢
CPU yw 116 vmolowneg epyacieg mov mpémel va ektehécel. H yAdooo unyavig eivot
évag dVadIKOg KMOSIKAG OvaTapdoTaong EVIOA®Y Tov umopel vo extedéost pio CPU
ommg Ko 0 kKadwog ASCII givar €vag dvadIKOG KOIKAS AVOTOPAGTACTS YPOUUUATOV
Kot yopoxtpov. Onwg kabe yplupo M yopaktipog €xel T0 KO TOL HOVOIIKO
cuvovaopod amo 0 ko 1, £tot ko  CPU €yet éva ohvoro KOSIKOV OV amoTeAoVVTOL
amd cvvovacpovg 0 kot 1 yro kabepio amd Tic EVIoAEg mov avayvopilel Kot eKTEAEL amd
v Kataokevn e Av 1 CPU dwmiotd®oetl 6Tt €€l UTPOoTA TG (o GLYKEKPIUEV
axolovBio amd bits, yvopilel 11 mpémel va kdvel. O mo Kdto mivakag mapovstalet
HEPIKES EVTOLEG 6TN cLUPOAKT YAdooa Assembly katl ot YAdooa pnyovig.

AVOTOPUOGTAGELS HEPIKAOV EVTOLOV g CPU

H xoatavonm yw | H eviodq mpogtn | H eviodn mpog
TOVG avVOpPAOTOVG CPU ot yhoooa | CPU o1t yAdooo
ovopacio ylo po Assembly (n unyovng (m
EVIOAMN oupPoin YADGGO TOV
YAOOO TOV avamaploTd To
YPNOLOTOLOVV Ol GUVOAO EVTOA®V
TPOYPUULOTICTES) g CPU)
[IpdcBece ADD 1110 1010
Aogaipece SUB 0001 0101
[ToAlamhacioce MUL 1111 0000




| Awipeoe | DIV | 0000 | 1111 |

O ap1Buog eviordV, UE TIG OAPOPES TOPAAAAYEG TOVG, TOV UTOPEL Vo eKTEAEGEL pia
ovyypovny CPU pumopei va Eemepva tig 400 ko oev meplopiletar otnv extédeon
aplOuTIKOV TPAEE®V AAAE TEPLEYEL, VIO TAPADELY O, EVTOAEG TTOV dtafdlovv dedopéva
amd ™ kopa pviun (RAM) tov vroAoyiot) aAAd Kol eVTOAEG OV amobNKELOLV

dedouéva, GTNV VAN OVTH.

2100610 3: To 670610 TNG EKTEAEGNC

H apOunrticn Aoy povada (ALU) eivor to tunqpo g povadog emeEepyasiog mov
oxedldotnke wote va ektelel aplBuntikéc mpaels, Ommg mpodcbeom, aeaipeon,
TOAOTAQGIOGHO Kot Sloipecn Kol Vo GUYKPIVEL TIG TIHES HE TEAEOTEG OMMC
«UEYOAVTEPO amd», «UIKPOTEPO amd» Kou «ico pe». o mapddetypo, Kotd tov
VIOAOYIGUO VOGS HéGov Gpov docuévev apBuav, oty ALU yivovtal, emavoinmtikd,
poabiéoels Yo va vVTOAOYloTEL TO GBpotsHa TV aplBUdV aVTOV Kol 6T0 TEAOG pia
oaipean pe 10 TAN00G ToLG,.

H ALU extehei eniong ko Loyixés (Boolean) mpa&eic OR, AND kot NOT. '
napadetypa, yo va kabopiotel av évog eortntng propet va amopottiost, 1 ALU 6a
npénetl vo, eEakpPdoel av 0 ONTAG ONAWGE OAQ TO VITOYPEMTIKE pobuoTo Kol
(AND) ta mépace 6Aa. H ALU oyedialetot 1801KA Y10 TV EKTEAEGT), GE EMMEDO VAIKOV,
TETOLOV TPAEE®V YWPIG GOEAALOTO KO LE OMIGTEVT TOYVTNTOL.

H ALU mnaipvet dedopéva mov éxovv petapepdet amd v kopia pviun (RAM)
otovg Kotaympntés g CPU. H mocomta tov dedopévov mov 1 CPU pmopel va
enefepyaotel kabe opd Paciletal ev pépel TNV TOGOTNTO TOV OESOUEVOV TTOL UTOPEL
va amodnkevoel kdbe Katoyopnts. O apBuog twv bit mov pmopel va enelepyaotel
évag voAoylotg kdBe @opd avapépeton ¢ uéyebog Aééns. Qg ex TOVTOL, €VOg
eneepyaotg Tov 64 bit unopet va enelepyactel meplocdTEPEG TANPOPOPIES KOl O

ypryopa omd évav enebepyactn tov 32 bit.

210010 4: To 610610 TNC amoOKEVONC

210 TEMKO 0TS0, TO OMOTEAEG LA TOV TPOKVTTTEL 0t TV ALU amobnkeveton mdAl ota
oTovg kataywpntés. H 1d1a n evroAn kabopiletl, cuviBmc, molot koTaympntés Bo mpénet
va ypnoworomBovyv vy v amofnkevon Tov amoteAéoHatog NG (Y. TOL

aBpoicparoc, av n evroln gival evioln Tpocheonq).



MoAg odokAnpmBel 1 ekTédeon NG TPEYOLGOS EVIOANGS, Eekva 1 ovaKTNON,
and v RAM, 1 enduevn evioAn kai, €161, EeKvd, TAAL, 1 akolovbio avaktnong-

ATTOKMOTKOTTOINONG-EKTEAEONG-0mOOT|KELGNC TOV KUKAOV gvioAng tng CPU.

2.4 H xvpro pvijun

o HEAETACOVUE TOPO TO VTOCVLOTNUO HVAUNG TOV VTOAOYIOTH o0c. AvTd TO
VTOGUGTNUO UTOPEl Vo €YEl TEPACTIOL EMIOPAON OTNV TOYLTNTA ENEEEPYACING TOV
ovotUatodg cag av Touptdlel kodd pe v woxd ™mg CPU ocog ITwo xdtm, 6o
oL{NTNCOVIE TO VTOGVOTNUA LVAUNG TOV VTOAOYIOTH. Oa Eektviioovpe pe TV Kopia
wviun (main memory) tov vroAoyiot], Thv RAM. Tt givar RAM; H pviun toyoiog
npoonéhaons (RAM, Random Access Memory) givar o mpocwpivog ydpog
amofnkevong Tov VoAoYloT| cag. Av kol avapepopocte ot RAM wg o popen
Y®pov amodnkevong, otV mpaypatikodtnTo ivoar M BpayvrpdBecun pviun Tov
VTOAOYIOTH. Ouudtar oTONTOTE YPEGlETOl O VTOAOYIOTNG TPOKEWEVOD VO
emeepydleTan dedopéva oe TANpopopies, Onwe dedopéva to omoia Exovv elcaydet,
KaOdc kot ot eviolég emefepyaciag tovg (mpdypaupa), oAAd poévo 6co  elvan
evepyomomuévog. H RAM eivan éva mapddstypo aoctabodg amobrikevong. Otav o
VTOAOYIGTNG GPNOEL, Ta dedopEVA TTOL £xovv amodnkevtel e avtn dwypdeovtot. I't
avtd, ektdg and ™ RAM, ta cvotiuata mavia mepthapPdvouy cuokevés otabepng
amofnkevong vy poviun amobnkevon oonyidv kKot degdopéveov. H pvqun poévo
avayvoong (ROM, Read-Only Memory), yio mapddetypa, dtotnpel Tig kpiotpeg oonyieg
exkivnonc. Ot oxkAnpoi dickot mapEyovv T HEYOADTEPN YOPNTIKOTNTO OTOOEPNC
amofNKELONG GTO GUGTNUO, TOL VTOAOYICTH. X& POPNTEC GUOKEVEG TOL OEV EYOLV
OKANPOoYG 016KOVG, T TOIT PVIUNG ATOTEAOVV T oTafept] amodnKeLOT| TOVG.

[Mati va un ypnowonold évav okAnpd dicko yio v amobnKevon dedopEVEOV
kol odnywwv; H taydmro avakmmong oedopévov and 1t RAM eivor mepimov éva
eKatoppdpo popéc mo ypryopn yw t CPU amd v todnta avaknong and evov
punyovikd okinpd dicko. O ypovog mov ypetdleton 1 CPU yia va mapet dedopéva. amd
™ RAM petpiétar o S16EKATOUUVPIOCTA TOV SEVTEPOAETTOD, EVA Yo TNV €€aymYN
OedOUEVOV ATl £vav YPNYOPO HUNYOVIKO okAnpo dicko yperdlovion katd péco 6po 10
YMOoTA TOov dgvteporémtony (ms). AxkOpa ki ov ypnolponoleite dioko otabepnc
katdotoong SSD, o omoiog gival mepimov okT® Popég TayvTEPOG ad Eva GLUPATIKO

okAnpd 6ioKo, 1 ToyLTNTA AVAKTN TG dedopuévav and T RAM eivar acvykpun.



2.5 Xvotipato ApiOunong

‘Eva ApiBuntiko Zvotnpo amotedeital amd Eva GOVOAO yneiwv, Eva cUVOAO GLUPOADY
(mpd&emv) Ko Tovg Kavoveg ekTédeong TV TPAEemv avapeso otoug aptBpovg pe Péon
o ynoio avtd. Bdon (base) evog ApiBuntikod XZvotipatog eivor €vog akEépPoLog
ap1Ouog b, o omoiog yapaktnpilel o cHoTNUO KO 0 0TT0T0G Elvan 160G pe To TANO0G TV
SLLPOPETIKOV YMPIwV TOV GLOTAUATOC. Ta o GLYVE YPNCIUOTOIOVUEVO GUCTILLOTOL
etvat 1o dekadko (pe Pdon 1o 10), 10 omoio ypnoomolovpe oty Kabnuepvh {omn, To
dvadiko (pe Paon to 2), 1o oktadtkd (e Pdon to 8) kot to dekaeadko (pe faon to
16).

H yvdon tov dvadikod cuotnpotog givatl 1d1oitepa yp1oLUn GTNV KATAVONON|
TOV apYdV AEITOVPYIOG TOV VTOAOYICTIK®V GUOTNUAT®OV, O0TL M ATEKOVION TNG
TANPOPOPIG Kot 01 TPAEELS GTOVG VITOAOYIGTEG UTOPOVV va avarapactadodyv pe to
dvadikd cvomuo apiBunong, KabmMG Ol VIOAOYIGTEG YPNOLUOTOOVY TNV YNOLOKN
royucn. To dekaeladikd cvotnua, amd TV GAAN peptld, £yel TO TAEOVEKTNUO OTL
VIAPYEL €Vag €VKOAOG TPOMOG HETOTPOTNG TV oplfudv amd To dvadlKd GTO
dekaegaoKd cVGTNIA Kol avTIoTPOPa, VO TO0 TAN00C TV ynoinv evog aptBpov 6to
dekaeEadIkd choTUa elvarl TOAD pikpdTepo omd 10 mAN00C Twv Yyneiov tov 1810V
apBpov 610 dSvadkd cvotnua. 'Etot, cuyvad 6Toug VTOAOYIGTEG OVTL VO OVOPEPOVLLE TN
JLadIKN avamapAcTacT €VOS 0plOUOD YPNOLLOTOOVUE Yol TPOUKTIKOVG AOYOLG TN
dekaegadIKn avVOmapAGTACT). XTOV EMOUEVO TIVOKO (aivovTol To Yneio to omoio

¥pPNooToovvTal o KAOE £val amd To GLCTHLATO QLT

Avadko | OkTodKO | Aekadko | AekoeSaoko
oVoTNUO | oVOTNUHO | GUOTNUO ovoTNNO




~No ook~ whNhEFE O
O©Ooo~NOOOUOITr~WwWNEF O

TMMUOW>O0o~NOOUOMAWNREO

Ta ynoeia A, B, C, D, E, F ypnowyomolovvtor 6to dekoeadikd OGO Yo Vo
exppacoovv toug apBuovg 10, 11, 12, 13, 14, 15, yu tou¢ omoiovg dev VILAPYOLV
avticToryo yneio 6To dekadIKo GOGTNUA.

H yevuin popon mapdotaong evog apBov og Eva AptBuntikd cvotnua stvol:

dm-18m-2...a1d0, A-13-2...d-n

omov ot appoi m kot n avagépoviar o€ BEcelg ynoeiov. Ta yneia am-1, am-2, ..., 81 Kot
ao elvat To aképato PEPOG Tov apBLov, VO Ta a-1, 8-2, ..., &n VAL TO KAACUATIKO TOV
HEPOC.

Otav n Baon tov ApBuntikov Zvotuatog givon b, tote N a&io tov apBuod

(onAaodn, n avtictoryn T oto Agkadiko Zvotnua ApiBunong) sivar:

N=amib™ +amn2b™2 + . a1b'+aob®+asbl+arb?+ ... anb™

"Evag ap1Bpog X pmopet va ekppaoctel oe omotodnmote AptBuntikd Zootua pe Poon
B. I'a avt v ékepaocn, ypnoponoodpue 1o cvpuforopd (X)p. Eivar dvvatd va
emPefordoet kovelg 6tL 0 1010 apBuog exepaletor pe OOPOPETIKES aKoAOVDiES
ynoeiov oe dAla Zvotipato ApiBunong, 6mwg eaiveTol 6To MO KATO TOPAdELy LT

OV APOPOVV 6ToV aplBud 28 Tov AekadKod LVGTHUOTOG.

(28)10= 2x10" + 8x10°
(34)s = 3x8! + 4x8° = (28)10
(1C)16 = 1x161 + 12x16° = (28)10



(11100)2 = 1x2% + 1x2% + 1x22 + 0x2! + 0x2° = (28)10

Avrtiotpoea, 1 1010 axorovbio yneiov uropel va coporilel dtapopeTikois aptBuote

o€ Ol0POPETIKA GLGTNLATO, Y10l TOPAOELYLOL,

(11)16 = 1x16 + 1x16°= 16 + 1 = (17)10
(11)s= 1x8! + 1x8° = (910
(11)2=1x21 + 1x2°=2+1=(3)10

211c gvotnTEG OV akoAovBoHV Ba avapepBovpe T dAdIKAGIEG HETOTPOTNG EVOG

apBpov and Eva Zvotnpa Apibunong oe kémolo GAAO.

2.5.1 Metatpom amd omorodnmote Tootnna Apidunonc oto Agkadiko LvoTnpa

Mo vo petatpéyoovpe évav aplBpd omd OmOOONTOTE CUGTNUO GTO  OEKAOIKO,
vroAoyiCovpe TV TR TG TaPAcTOoNS (1] LTOOGTOAY BpickeTan LETAED TOV YN eimv
ao Ko a-1).

am-1 b™ + am2 b™2 + . a1 bt +ag b + a.ubt + aghb? + ..+ anb™
omov pe b cvpfoirilovpe T PAon TOL GLGTAUATOC.
Mo mapaderypa, yio va petatpéyovpe tov apBpd (11001)2 oto dekadikd cvotUa,
vroAoyiCovpe TNV TN TS TAPACTACNG:

1x2%+ 1x23 + 0x22 + 0x2! + 1x2%= 16+8+1 = (25)10

I'a va petatpéyoope Tov apBuo (11,01)2 oto dekadikod cvotnua, Tote Oa Exovpe:

1x21 + 1x20+ 0x21 + 1x22= 3 + 0,25 = (3,25)10

IMo va petatpéyovpe Tov aptfpo (45,34)s amd to oKTadIKO GUGTNL TPOG TO OEKAOTKO,
vroAoyiCovpe TV TN TG TAPACTACNG:

4x8' + 5x8° + 3x871 + 4x82 =32 + 5+ 0,375 + 0,0625 = (37,4375)10

2.5.2 Metatpomi| a6 T0 ASKAOIKO 6€ 0010010 TE GAA0 XOotnna Apidunong

H petatpomn avtr yivetan e dvo @AcELS. TNV TPAOTN OACT LETOTPETETAL TO OKEPALO

LEPOG TOL aPlOLOV, EVED 0T SEVTEPT UETATPENETAL TO KAUCUATIKO LEPOG.



Meratponn axepaiov uépoovg

IMa vo petatpéyoovpe 10 aképalo PEPOS Tov aptBpov, To dlopovpe pe tn Pdomn Tov
ovotuatog, b, ko maipvovue éva vrorowro (Y) ko éva mniiko (IT). To mmAiko
dwapeitar kot oAl pe to b o maipvovpe €va véo mmhiko IT ko vwérowmo Y. H
dwdwoascio ot emovorapPavetar péxpt to mniiko IT va yiver 0. H {nroduevn

avamopdotact eivar Ta vrorowma (Y), He TNV avTioTpoPn GEPd amd eKeivn Tov Ta

BprKope.

IMa mapaderypa, oto Zymua 1 eaivetal | dwadikacio LeTATPOTTNS TOL ap1Buod 28 6To
dvadkd kat o dekaeEadkd cvonuae avtictoyyo. Ot avaTOPACTAGELS TOV dEKAOKOD
apuov 28 oto dvo cvotiuoto eivar (11100)2 kot (1C)6. Xt petatponn 6to

dekae&adko cvotnua, 1o 12, petatpénetor 6to ynoeio C 610 0moio Kot avTIGTOLYKEL.

28 | 2 28L

2 12 1|16
072 \ 10

1
(28)15=(1C)s6

0

(28),,=(11100),
Yympo 1: Metatponni tov aptBpod (28)10 oto Avadikod kot to Agkae&adikd Zootnpo

ApiBunong

INo vo petotpéyoopie to dekae&adikd aplfud (77F)16 6To dvadikd GOGTNUO LTOPOVUE
VO TOV LETATPEYOVUE TPMTO, GTO OEKAOIKO aptOuo:
7x162 + 7x16% + 15x16° = (1919)10

211 GUVEXELN LETATPETOVLE TO OEKAOIKO aplBd 6TOV avVTIoTOLO dVASTKO aplOuo:



1919t27

1 2392

1 119LZ?

1 592

1 29@
1 14@
0

(1919),,=(11101111111),

Yympo 2: Metatpomn tov aptBuov (1919)10 610 dvadikd cuoua apibunong
Emopévamg, n dvadikn tapdotacn tov aptdpov (77F)e eivoun (11101111111)e.
Avrtiotpo@a, yio T dekae&adikn tapdotacr tov apBpov (11101111111)2 Bpickovpe
TPAOTO TN OEKUOIKT OVOTAPAGTACT) TTOV Efvat:

2104294284264 254244234224 21420=1919
Y1 cvvéyeto  petatponn oto dekae&adikd cvotnua Oa ddost (77F)1s.

1919 t}@

15 119/ 16
7 7 |16
7 0

(1919)15=(77F)16

Xyfqna 3: Metatponr) tov aptBpov (1919)10 610 dekaeladikd cuoTnua apibunong

2.6 Exocaymyn 610 L0YIKA KUKAONOTO

2.6.1 AhyeBpa Boole

H ditun dAyePpa Boole sivar éva adyefpikd cvomua 10 omoio mepthapfdver dvo
ototyeia (ta ovpPorilovpe cvvnBwg pe ‘0° kKo ‘17) Ko Tpelg TEAECTES, TOVG 0TOioVG
cuppoArilovpe pe:
+ (OR,'H)
- (AND, KAI)
~ (NOT, OXI)

Xuyva, avti Yo To GOUPOAO ~ ¥PNGILOTOOVUE TO GOUPBOAO ', ) Lo TOHAL TAVE® od T

petafint (~x = x' = ;), EVO T0 GLUPOAO - GLUYVE TO TTapaAeimovpe (GupPoiilovtag



mv 1paén KAI og x'y 1 amkd xy). Ot Kavoveg Yoo Tovg TeEAEGTEG avTovg opilovran

COLPMVO LE TOV aKOAovOO Tivaka:

X |y | x+y X |y |x-y X | ~x
0|0 0 0 0 0 0 1
0|1 1 0 1 0 1 0
1,0 1 1 0 0
1)1 1 1 1 1

IMivaxkag: Teleotég g oltiung dAyePpag Boole

Ot petafintég g dryePpog Boole pmopodv va mapovv dvo tiuég, ‘0’ 1 “1°.

2.6.2 Xvovaptioes Boole

M cuvaptnon Boole sivar pia ékppaon mov oynpatietor and dvadikég petafantéc,
toug teheotéc H, KAIL, OXI ko mapevhéoets. o pia dedopévn tipn tov PHeTofAntov,
N TN ™S cvvaptong uropet va ivon gite ‘0’ gite ‘1°. Mo suvaptnon Boole pmopet
va oplotel gite e tov TOMO NG, £ite pe Tov mivaka aindelag g, o mapdaderypa, n

GLVAPTNON

F =xyz +xyz7’

[Matpver mv Tipn ‘17 gite Otav x=y=z=1 eite otav x=y=1, ka1 z=0.

O mivaxoag aAnBeiog tng cvvaptnong F divetan 6t cuvéyeto.

PP RPOOIOIO(X
allellell gl dlelle] <
[l =llellello]lelieliyy]

RO IO IOIFIOIN

[EEY
[N
[N

Mivaxag: ITivaxog aAnBeiog g cvvaptnong F = xyz + xyz’

2.6.3 Aoywég Modreg



M Aoy TOAN vAomotel o Aoy mpdaén Boole kot pmopel va €xel pia, ovo M
TEPLOGATEPEG €10000VG Kol pia £6000. KaBe Aoywkn moAn €xetl £va cOuPforo kot Evav
nivaxo aAndeiog. O mivakag aAnBeiog detyvel v TN g 6660V Y10l TIC SIUPOPETIKES
TIWES TV €1600wV. Ot AOYIKES TOAEG YPNOLOTOLOVVTOL OKOUN GTNV VAOTOINGCT TOV
MOV HovadmV  (OmTOK®OIKOTOMTOV, TOALTAEKTOV, 00poloT®v KAT.) mov Oa
TEPLYPOAPOVY GTT) GUVEYELCL.

Ot o yvmotég Aoyucég Tpaéelg etvar 1 oulevén (AND), ) 61alevén (OR) kou
dpvnon (NOT). Ot mpaéeig avtég vAomotovvton pe Tig Aoyikés moleg AND, OR kot
NOT avtictoryo. Axoun, oA cuyvd ypnoipomotovvtal ot ToAeg NAND kot NOR, ot
omoieg ekteEAOVV TIG avtioTpoeg Aoykég mpdelg omd i AND wot OR avtictoya,

KaOdC Kot ot TOAEG TG amokAeloTikNg d1alevéng (XOR) kot g dpvnong g (XNOR).

IMoin NOT
H hoyum mpdén g dpvnong €xet o petafAntm e1c6o0v ko pia ££0d0, TG omoiag M
T givar ‘17 av n elcodog etvan ‘0°, drapopetikd 1 £€0dog givar ‘0°. Xto Zynua 10
napovstalovpe 10 Aoykd cvpforo g moAng NOT, kabd¢ kot tov mivaka ainbdeiog

™me.

o
0
1

aD@X

Yympo 10: Aoywd cdpporo e moing NOT ko mivakog ainbeiog

O | X

Xuyva, 6TV LAOTOINGCT AOYIK®Y GLVOPTNGE®V, avTi Yo To cOUPBoAo TG mOANg NOT
YPNOYLOTOLOVLLE Yol AAOTNTA £VOL KUKAGKL.

IMoAn AND
H Aoy mpdén g ovlevéng €xet dVo (1] TePLocOTEPOVC) TEAEGTEOVS KO pial ££000, M
TN g omoiag eivar ‘17 av 6Aa ta dedopéva givon ‘1°. Xe kdbe dAAn mepintmon, to
amotéleopa etvar ‘0°. H mpdén avtr vAomoteiton pe v moAn AND. Zto Zynua 11
napovstalovpe to Aoykd cOpPoAo g THANG AND 800 £1600wV, Kabdg Kot Tov mivoko

aAnBeiog ™.

PP, OOIR
O P O™
O O O X




L

Yympa 11: Aoywd oopporo e moiAng AND ko wivakog aindeiog

IMvin OR
H Moywm mpdén ™ dtalevéng éxet 600 (1 TeptocdTEPOLS) TEAEGTEOVS Kot pia ££000, 1
TN TG omoiag etvan ‘0’ av OAa ta dedopéva etvan ‘0°. Ze kdbe GAAN TepinTmon, 1 TUn
g €€0600v givon ‘1°. H mpdén avt) vAomoteiton pe v moAn OR. Xt10 Zynua 12
napovstalovpe 10 Aoyiko cOpporo g TOANS OR 600 €1600mV, KOOGS Kot ToV TivaKa

aAnBeiog c.

PP o Oo|R
O Fr O™
PP O X

p )

Xypa 12: Aoywd odpporo g moing OR ko wivaxag ainOeiog

2.6.4 TIvdeg pe mePLoGOTEPES 0O 3VO E16600VG

O morkeg AND, OR, NAND, NOR, XOR kot XNOR pmopovv va €govv meptocOTePES
amd 600 €16000VG. TNV TEPinT®ON avTY), 1| ££000G TpocdlopileTan pe TapdHolo TpdTo
pe gkeivov mov yivetal oty mEPITT®OT TOV TLAGV P S0 g16600vC. T Tapdostypa,
0 akoAovBog mivakag dtver v T g e€6d0v yia modeg AND kot OR oty mepintmon

OV £YOVLLE TPELS E16000VG (TIg omoieg ovopalovpe A, B, C).

A

O
©)
Py

==l ==
Rl OolokrrooW
=l =l =l =0
R|lOo|lo|lo|lo|lojo|o|lZ

AN R =)




2.7 Avoypappato pois (flow charts)

Amd ta TpdTO fUATO TOV ATOITOLVTOL VA akoAovOoel 0 Mnyovikdg TTAnpoeopikng
LE OKOTO TN HETATPOTN €VOC TPOPANLTOC GE TPHYpappa, eivor ta akdiovBa: Agov
TPOGOIOPIGTEL TANP MG TO TPOPAN LA TOL KOAEITOL VO EMADGEL O TPETEL VoL TPOYMPNGEL
ot Jdwrtdmwon Tov aAyopiBuov, ONANOY €VOG TLTOTMOMUEVOL TPOTOL AVGTNC.
[Tpokepévou va meptypdyet avtdv Tov adydpiBpo, pmopet SNUOVPYNGEL TO LAY POLLLLOL
PONG TOL TPOYPELLUATOC.

Avtd B Tov ddoel T dvuvatdTTa Vo EAEYEEL TN AOYIKN NG €MAEYUEVNG /
TPOTEWVOUEVNC LEBOOOV ADHONG MOTE GTN CLVEYELD VO TPOYMPNGEL OT KMIKOTOINom
o€ KAMOW YADOCGCO TPOYPOUUATIGHOD, dnAadn T ovyypagn Tov alyopibuov oe
yAdooa katovont) and tov H/Y. To amotéleoua g Kmotkonoinong, o Kadkag Oa
npénel vo petaylwtticbet, dtopbwbel ko eleyybel kol o amoteléoel To mpdypappa
nov Ba emAvEL TO TPOPAN LA TOV TOV TEBNMKE.

Onwg Mo avaeépbnke, yuoo v enideln g axoiovbiog tov Pnudtov evog
aAyopiOov Ol TPOYPUUUATICTEG XPNOLUOTOOVLY cLYVA €va dtdypappa pong (flow
chart) mov amotelel €va KaAd TPOTO SAYPOUUATIKNG ovaTapdoTaong Tov Pnudtov
avtdVv. [o ToVg GKOTOVG WV TONE YPNGUYLOTOLOVVTOL O1EPOPa YEDUETPIKO CYNLLOTO LE

kaBopiopévn onpacio, cov avTd TOL ZyMuatog 1.

Apyn # Téhog
Extéieon evépyeiog

Andaon (amdavinon: va/ o)

*f[

q

Eicodog — ££odog

[\
O Yuvdetiko copforo

—

21 ovvéyewn deite 4 emheypéva TapodelylaTo EQAPUOYNS TETOIOV AlaypoppdTomv

Ponc.

Mapadeyna 1: To moapayovtikd (factorial) evoc puoikod apBpod opiletar amd Tov

oko6A0v00 TOTO:



NI=N*(N-1)*(N-2) * ... * 1 ya N> 1, Kkt N!' =1y N =0.
No onuovpyndet Adypappo Porg mov va meprypdoer tov mopomdve Tpdmo
VTOAOYIGHOV TOV TOPAYOVTIKOV.

Anmavinon wopoosiyporoc 1:

'

AIABAZEN

| &1

-

k4

oxXl
[<=N rPAYEN

NAI |

e ] Geor

Hapaderypa 2: Avcte 1o Adypoppa Pong Ipoypappatog yioo Tov vmoAoyioud tov

KdtwO1 abpoicparoc:

1 .
S:1+—+—+—+...+m,8880pav01)0nN>0.

ATTAVINGY TOPUOETYHOTOC 22
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2.8 Xuvorrtikog Oonyog Yevdokmorko,

2y mapodoo €l00y0yn Topovcstdloviol ot Pactkés EVVOIEG Yo TNV TEPLYPOPT

aAyopiOpmV pe ¥pNon YEVIOKMOKA GTNV EAANVIKT YADCGCO.
Metafinti

Eivon g vrohoyiotikn ovtotnta mov mopiotavel Evo ugyebog (évvola) mov oyetileTon
1e 10 TPOPANUA TOL AHVEL 0 AAYOPIOLOG, 0L TIHES TOV oToiov (peyEBoug) ypetdleTon vo
arofnkevtodv otn pvnun tov vroroyoty. Kébe péyebog (évvola) touv mpoPanpoarog
OV EUTAEKETOL GTN AVOT) TOV TPEMEL VO AVTITPOCOTEVETOL OO [0 LETAPANT GTOV
alyopiBpo. Kabe petafint) pmopel va punv €xet otabepn T, oArd vo moipvet
SAPOPES TIHES, TTOL OVTITPOCHOTEVOVY TO aVTicTOLO HUEYEDOG (EVvoln) oV TAPIGTAVEL,
Katd TN Odpkeln ektéleong €vog aiyopibuov (mpoypappotog). To Svopa pog
petafAntig meptéyet ypdppata, optfpovg Kot v mavia (=), aAld apyilel Tavta omd
yphupa. ITy. X, X1, X-1, MAX, MAX2, MAX-2, eivar cwotd ovopata petafAntav.
Kd&Be petafint eniong avtimposmnevet (ovopatilet) kon ) B€om pviung otnv omoia
Bpioketar amodnkevpévn n ekdotote TIUT TOV PEYEBOLG TOL TOPIOTAVEL. ZNUEIDMGTE OTL
vy tov petayrAwttioty tov EAIL Ba mpémet 1o dvopa g HeTafAntig va ypoeet pe

AOTIVIKOVG YOPOKTYPES.
Tomog

Ta peyébn mov moapiotdvouy ot petafAnNTég dev ivar OAa o, OPEPOVY OC TPOGS TIG
1010t TEC KOl TO €100G TV TIAOV oV Taipvovy. Ot petafAntéc, avaioyo e TO TU
péyebog mapiotdvouv, onA. Tt €100Vg TIHEG Taipvovy, gival Kot O10POPETIKOD TOTOV.

Yndpyovv 1écoepic Pacikol (N Tpwtoyevels) TOmOL pHeTafAnTdv:

e INTEGER (6tav 1 petapint maipvel cav Tipég axépatovg apdpois, m.y. S, 18, -
17)

e REAL (6tov n petafAntm maipvel cov TES Tpoypotikovg aptfuovg, m.y. 3.1, -
24.6)

e CHAR (6tav n petafint maipvel ocav Tiun évo uovo xopaktipa, m.y. “A”, “77,)

e BOOLEAN (6tav n petopinm maipvel pio and tig 600 Aoywég tinéc: TRUE 7
FALSE).



e STRING (6tav n petafinty moipver cov Tipéc éva cOvoro (pia akoAiovdia)

yopaxtnpov, t.y. “DEKA”, “NIKOS!”, “ANNAI")
Y100epéc

Eivar vroloyiotikég ovtotnteg OV £yovv pia otafepn Tyun, n oroia dev oAAACEL KOTA
™ OdpKkew ektéAeonc evog oAyopiBuov (mpoypdupotoc). Ta ovopatd Tovg
oynpoatifovion pe Toug 10100¢ Kavoveg Omwg Kot Tov PeTafAntav. Agv ypeldleTon va

OMNADGOLLE TOV TOTO LG 6TaEPAS, O10TL ALTOG TPOKVTTEL O TNV TIUY TNG.

Ty

Otdnmote dev ypetdleton amodnkevon. Ot TIHEG YoV KOt QVTEC TOTOVG, TOL OUMG OV
ypewletar va dnAmBovv, 516t avayvmpilovtat and t it Tovg Vv gpedvion. ILy. ta
12, 13.6, -23, “N”, TRUE givor tiuéc tomov INTEGER (ta 12, -23), REAL (1o 13.6),
CHAR (1o “N”’), BOOLEAN (to TRUE).

Teleotég

Eivar ovpPora mov mapiotdvouv kdmola otoweidon Asrtovpyia M emeepyaocia.

Yndpyovv dtdpopes katnyopies:

o ApOunrtkoi telestéc: +, -, *, /, DIV, MOD (To DIV givot o teheotig aképatog
dwaipeong, OnA. £yl og amotéAespa To TAiko piag daipeong axepainv: 5 DIV 2 =
2, evd 5/2=2.5, ka1 0 MOD givar o telect)C LITOAOITOV aKEPaLOG dtaipeonc, OnA.

EYEL OG AMOTEAEG A, TO VIOAOITO pog dwoipeong akepaiov: 5 MOD 2 = 1).
e Teheotéic oVYKpLONG 1) LVGYETIOTIKOL TEAESTEG: =, >, >=, <, <=, <>
¢ Aoywkoi tehestéc: NOT, OR, AND
Exopaoceig
O exppdoelg givorl GTolyElol TOV YEVLOOKDOIKO TOV TOPAYOVTOL OO TO GLVOVACUO
TEAEGTAV KO LETOPANTOV 1] TIHOV. AloKPIVOLLLE TIC TOPUKAT® KoTnyoples:

o ApwOpntikéc: Ilapdyovior omd 1O  GLUVOLOGUO OPOUNTIKOV TEAECTOV,
napeviécemv Kot apBuntikedv petafAntov 1 otabepav (dnA. tomov INTEGER 7
REAL). ITy. (5 * X +Y), (K + 3)/4) * L, KDIV 3 givar aptOuntikéc eKQpacels.
Ot aplOunTiKég EKPPAGELS EMGTPEPOLY aplOuMTIKES TIHES (ONA. TOmov INTEGER
1 REAL), avédloyo pe tOov TOMO TOV HETOPANTOV KOl TOV oTOOEP®V TOV

GUUUETEYOVV G~ QVTEG.



o  YOykprong: [lopdyovtat amd To GLVOLAGHS TEAECTMOV GVYKPLONG, TOPEVOECEWV KO
aplunTKov petafAntov 1 otabepov (dnA. tomov INTEGER 11 REAL) aAld kon
TOomov yopoktpa (omavidtepa). I[ly. X >=Y, A =B, K<L kot X <>Y sgivan
exppaoelg cuykprons. H tyun mov emotpeépet pio Ekppacn chykpiong eivol THmov

BOOLEAN.

o Aoywkéc: [Tapdyovtor amd 10 GLVOIVACUO TEAEGTOV GVYKPLONG, AOYIKMV TEAEGTMV,
napevhicemv Kot peTafAntav | otobepmv onotovdnmote Tomov. I1.y. (X >Y) AND
(X <10), (A <>B) OR (A >=5), NOT (X <) givonr hoyikég ekppdoeic. H tiun
TOV EMOTPEPEL Pl EKQPOCT cVYKPLoNG eivan emiong Thmov BOOLEAN.

AnLoceg petafintov

H dMlwon tov petafintav yivetal og eENg:

<Aoto petafAntov> @ <tdmog> ;

[No mapdderypa:

I,J: INTEGER;
X,Y,Z:REAL;
C:CHAR;

TELOS : BOOLEAN,;
Anioceig Xtabepav

H nAwon tov otabepav yiveton og €ENG:

>TA®EPEX
<6voupa otabepdc 1> =<tiun otabepic 1>,

<6voua otabepdc 2> =<tiun otabepdc 2>,

<ovopa otafepdg v> =<tiun otabepdc v> ;




[Ma mopdoetypo:
>TA®EPEX
MAX_DAYS =31,
MAX =45.0,
MIN = 0.0;
Tomog wivaka

O tomog mivaka eivatl évag ohvOetog TOmOG. AnA. elvarl évag TOTOC TOL Ot THES TTOL
AVTITPOCOTEVEL eV glvar amAéc, aald cOvora TH@V. O TOTOG TivaKa xpnolponoteitot
OtaV TPEMEL VAL YPTCLUOTOMGOVUE UETAPANTES Y10l VO TOPACTICOVUE GYETIKA LEYAAO

apOpo amd opogdn peyéom.

"Evag povodidotatog mivakag OnAdveTol g eENG:

Ovopallivaxa : [1..mAn00cotoryeimv] OF TomogITivaka

ILy. av BéAovpe va TapacTioovpe Kot vo arodnkevocovpe toug fabpovg 20 portntov
o’ éva pddnuo, Ba mpémel va ypnoporomcovpe 20 drapopetikég petafintéc (Hia yo
Kké0e pobnt) mov N ke o Oa avrrposmrevel 1o Pabuod evog pabntr. Exeon avtod
dev elvan Poid (okepBeite va elyape 200 portntéc 1 Ko meprosotepovg!!!), oy
TePIMTOON VTN 1 Ao givor va ¥pNGLOTOGOVHE (o HeTaPANT TOmov mivaka. Tn

petafint) avtn (ag tnv ovopdoovpe BATHMOS) ™ onlovovue wg e&nc:
BATHMOS : ARRAY [1..20] OF INTEGER,;

Ank. dniodvovpe 6tt 1 petofanm BATHMOS eivar évag mivakag (ARRAY) mov
amotedeiton amd 20 Oéoelg (ue oeikteg-etwkéteg 1, 2, ..., 20), 6mov pmopodpe va
amoOnkevoovpe axképatec TinéG (INTEGER). Ta otoyeia mov eivon évrova (bold) oty
Tapamdve dNAwon oev umopodv va. oAAGlovv, ta vToloura vor. Av 0éhape Ty, va
pmopet va amodniedel Tparyatikovg aptBpovg Kot va Exet 10 Béoeig n petafAnt pog,

Ba ™ INAdVape ©¢ €ENG:




BATHMOS : ARRAY [1..10] OF REAL;

270 TOPOKATO GYNUO QOIVETAL 0 TIvaKaG aVvTOG e OAPOPES TIUEG amodnKeLIEVES G

oToVv.
BATHMOS

1 2 3 4 5 6 7 8 9 10

10 155 12 14 16.5 | 17.5 13 18 145 11

H mpocPaon otig Téc (1 otoyeio) evog povodraotatov mivaka (1| pe dAla Adya,
pog HetaPANTG TOMOL TTivaka) YIVETOL LEG® TOL OVOLLATOG TOL TIVOKO Kot EVOG OgikTn
nov dgtyvel T B€om g Tyung otov mivaxa. I1.y. n BATHMOS[3] avttpocwnedetl tnv
TN TOL TPiTOL 6TOoLYEIOL TOV TapaTdve mivaka. To 1610 wyvet yo. v BATHMOSII],
N omoia avTmpoc®neHEL TNV TIUN ToL [-00T0V GTOYYEioL (.. av TO T €xEL TYWN 4, TOV
4°° ororyeiov). Ot BATHMOS[3], BATHMOSII] ovoudalovton ustofintéc ue osixtn
O¢ong. Ta otoyela evoc mivaka amodnkevovtol ce dadoykég Béoelg otn pvhun. Ot
petafintég pe deiktn 0€ong pmopovv va xpnooronfodv 6mws akpPmg Kot ot omTAEg

HETAPANTES, TT.Y. Y10 TO GYNUOTIGUO UIAG aptOUNTIKNG EKPPOOTC.

Mmnopel va €yovpe mivaxkeg moAhdv dlactdoewv. ‘Evog mivakag dvo dotdcemv

InAovetar og e€Ng:

OvopalTivoka : [1..apOpogypoppmv, 1..apbpodcominv] OF ToroglTivako

IT.y. IT: ARRAY[1..10,1..10] OF INTEGER;

H npdcPaon otig Tinég (N otoyyeio) evog mivaka 600 doTAGE®V YiveTol LECH TOV
OVOLOTOG TOL Tivako Kot 600 dekTtdv BEong mov deiyvouv 1 BEon (dnradn [papun,

ZTAN) TG TYWNG GTOV TTVOKaL.

O1BATHMOS]J3,2], BATHMOSJLJ] ovopalovtot petafAntéc e deiktn 6éongc.
Ot TYEG TOV SEIKTAOV Y10 TNV TPMTI YPOLUY Kot TPpATN 6TAAN glvat ot 1,1
Boowkég evToléc YEVOOK®OIKA

Tpeig etvar o1 Pacikég EVTOAEG TOV YEVLOOKMOTKOL:

e Evtol kataydpiong

e Evtoln yia gicodo dedopévav




e Evtol ywo €000 amoTEAEGULATOV

EvtoAn xataydpnong (=)

Me v €VIOAN VT KOTOYX®POVUE TIHEC GE LETAPANTEG.

Xovraln

<peTafTi>:= <mapdoeTac>, OToL 1 <ToPAcTacT> UIopel va etvar por petafint
N (o otafepd 1 Lol TN 1 Lo EKQPoo.

ITy. X:= 12, X:=Y, X:= (Y + 10)/4 givon eviolég KoToydpnonge.

Agrrovpyia

Yroloyiletar TpdTO N <TAPAGTACT™ AV XPEALETOL, KAl GTN GUVEYELD TO OTOTEAEGLLOL
(tyun) katoywpeitonr og TN ot <PETOPANTH>.

Mo va xotoyopnoo po T o po 0éon evog mivaka, Katoyopd TNV Ty o1
avtiotoryn petaPAnt pe deiktn. [Ly. av 0o va Kataywpom 6ToV Topardve TivakKo
om 0éon 5 ™ Ty 14.5, 1618 Ypnoiponoid v eviody BATHMOS[5]:= 14.5.
Amotédeopa vTNG TG EVTOANG Ba glvar va aAddEer | Ty Tov mivaka otn Bon 5 and

16.5 o€ 14.5.
Evtol yia gicodo dedopévov (AIABAZE)

IMa va swodyovior dedopéva otov alyopiBuo (mpoypoppta) amd 10 TANKTPOAOY1O

YPNOOTOIEITOL L0l EVTOAY| E1GOJO0V.
Xovraén
ATABAZXE (<Aiota petafintov>), 6mov n <Aiota petafAntdv> givar pio cepd and
ovopata pHetafAnTav yopllopeva pe KOppHo LETa&D Toug.
IT.x. AIABAXE (X);
AIABAZE (X, Y);
Agrrovpyia

Otav extedeitar m eviol] 0T, TOVEL TPOSWOPWE 1 eKTEAECT TOL OAYOopiBuoL
(TPOYPAUIOTOG) KO O VTOAOYIOTNG OVOUEVEL TNV €16000 (TANKTPOAOGYNON) TOCWV
otoyelov (aplBpadv N yapaktpwv 1 AEEE®mV) OGOV Kol 0l LETOPANTES TOL VITAPYOLV

omv evtoAn AIABAZE. Zmv ntpdén, 10 160G ™G £16600V 0£00UEVOV OTLLOTOS0TEITOL



(amd 10 YpMon) pe v mieon tov mAkTpov ENTER.. Otav d00obv ta dedouéva

KOTOYMPOVVTOL GTIG OVTIOTOLYEC LETAPANTEC.

Evtoln yia €€0d0 amotehespdtov (TYTIQXE)

INa vo ekturdvovtal amoteAécpata otny 000vn ypnopomoteital o VToAn £600v.
Yovtaln

TYIIQXE (<Moto mapopiTpmv>), 61ov 1 <MoTO TOPAUETP®OV> iVl Lo GEWPA aTd

petafAntég 1 otabepés N ekppdoeig  unvopoto yopLopeva pe KOppo Heta&d Toug.

"Eva pivopo lvan pia @pdion avapeca e S1mhd toaywykd, 6mwg yio mopdaderypo: “TO

I'INOMENO EINALIL ”, “X ="

Hapadeiypato

TYTIQXE (“TO EMBAAON EINAL 7, E);

TYIQZE (“X =", Y*(Z+2));

TYIIQXE (“TO EMBAAON EINAL ”, E, “ KAI O OI'KOZX: 7, V);
Agutovpyia

Otav extedeitar n evtoAn avtr], ekTvn@veTal oty 000vn N T kabe GToryeiov ™G
Motog TapapeéTpmy pe ™ cepd. Av 10 ototyelo eivon peTafAnti TOTE EKTUTAOVETOL T
TN TS HETOPANTAG. AV givar pfvopa, T0Te eKTLTOVETAL 0,TL BpioKETOL AVALESH GTO
gloaymywkd Ommg glival. Av eglvar pa ékepaot, tote vmoloyiletor M TIUA ™G Kot
exTUTOVETOL TO0 omoTtéAecpa. [Ly. oav ekteleotel M TEAELTOUO OO TIS TAPOUTAVE
evioAéc-mopadeiypata, Kot ot TéS tov E ko V givon avtiotoyya 15.35 ko 28.9, Oa

exktunmOel otnv 006vN 10 akdAovbo:
TO EMBAAON EINALI: 15.35 KAI O OI'KOZX: 28.9

Na onueiwdel 6011 6tav ohoxinpoverarl pio TYTIQEE otov petaylmttiot tov EAII,
dev aAAGCel avtopata 1 ypoppr otny £€£0060. ['a va 1o EmTOYOVE AVTO, HTOPOVUE VO

YpNoonomcovpe v otabepd aAlayng ypouuns EOLN.
Hopdderypa
O evrorég TYTIQXE (“TIAH”);

TYIQZE (“10”, EOLN, “EAIT”, EOLN);

Oa gppavicovv:



ITAH10
EAII
Evtolj/Aopn emihoyig

YHvtaén

EAN <cuvonkn> TOTE
<evtoAégl>
AAAIQX
<evtolég2>

EAN-TEAOX

NAI OXI

v v

evToAEgl EVTOAEG2

To tupa “AAAIQE <evtodéc™>" eivon mpoarpetikd. H <ouvOrkn> elvar pua ékppaon

ovykpong N e Aoyikny ékepacn. To tufuoata <evtodégl> wor <evioAég2>

amoteAovVTOL a0 Lo 1) TEPIocOTEPES EVTOALG. T1.y.

Mapaderypa 1

Hapaderypa 2

EAN (X > 10) TOTE
Y=Y +X
AAAIQE
Y:=Y-X

EAN-TEAOX

Hoapdderypa 3

EAN (X>10) TOTE
X:=X+1;

TYIQZE (X)

EAN (X>0) AND (X <5) TOTE
Y=Y *X;
X:=X+1

AAAIQX
Y:=Y+X

EAN-TEAOX



EAN-TEAOX

Agttovpyia

Orav ektedeiton pia eviodr] EAN 10te, mpata e€etdleton np <cuvOnkn>. Av avtn eivat
aAnONc, T0TE EKTEAOVVTOL O EVIOAEG TTOV OTOTEAOVV TO TUNIA <eVTOAEC]>, aAlmg (av
ONA. gtvol yevdng) ekTeEAOVVTAL O EVIOAEC TOL OMOTEAODV TO TUNUO <EVTOAEC2>. AV
dev vmhpyet 1o TuNUe “AAAIQE <eviohég2>”, tOte M ekTéleon Tov aAdyopifuov
ovveyilel omv emdpevn eviodn tov aiyopibpov (avty onA. mov Ppioketon peTd to

EAN-TEAOY).

Ta oo <evtoAécl> kor <eviohéc2> pumopet va eivon dAleg eviodég EAN, omote

OnpovpyovVTaL ELEOAELUEVEG 1) 60VOeTES evioAéc EAN. TLy.

EAN (X » 1) TOTE

i
<=
i EAN (X < 5) TOTE ___» Epgpoleupsvo EAN
LY =T R
i
i AAAILE
I
I
I

EAM-TEADE
AMAILD

T=T+X
EAN-TEADE

210 TOPOTAVEO TAPAOELY LD, AV 1 TN TOL £yl 1 petafAnt X kdvel T cuvOnkm

“(X>0) AND (X <5)” aAnbn, tote extereiton n eviodn “Y:=Y * X;”.

Av n i mov €xet m petafint X kdvel  cuvOnkn

(X>0) AND (X >=15)) ainon [onAadn: Av (X >0) AND (NOT(X <5)) : aAnbéc] tote

extehettan n evroan) Xi= X+1

Av n T mov €xer n petafint X kdvel  cuvOnkn

(X <= 0) aAndn [onradn: Av (NOT(X > 0)): aAnbéc] tote extedeiton n evioAn Y:=
Y+X



Evtoléc/Aopég emavainyng

Ynrdpyovv tpeig Tomot eviodmv / doudv emaviinyng: I'TA-ETTANAAABE, ENOXQ-
EITANAAABE ka1t EITANAAABE-MEXPI.

I'TA-EITANAAABE

Yovtaln

A <pr>=<ot> EQX <tt> ME BHMA <rjuo> EMANAAABE | ¢

<evToAéG> UTE Ut + Briua

I'A-TEAOZ 4

EVTOAEG

HT<=TT >—»
NA
OXI

To <ut> givon o petaPfAnty, o <at> Kou <tt> givarl aképatot apipol 1 HeTafAntég
HE OKEPOLES TYES 1] EKQPAGELS TTOL TO AMOTEAEGUE TOVG glval aképatlog apBuog. O
<OT> TOPLGTAVEL TNV OPYIKN TN TG <UT> Kot 0 <TT> TNV TEAMKN TN TG <UT>.

To tunpo <evtoAés™> avTITPOGMOTEVEL HOl 1| TEPIGCOTEPES EVIOAES, YOPLLOUEVES LE TO
“” ka1 amotelel 10 ‘oo’ TG ETAVAANYNC, ONA. TO TUNUO TOV OOIOV 1| EKTEAEGN
ermavorapPaveral éva aplBuo ond opéc. H petafint) <ut> oe kdbe emavinym
av&avel (1 petdvet) v Tn g otafepd, 10660 660 dniaveral and to <Prue>. Edv to
<PApo> dev onhwbet, tote Bempeiton 6Tt elvan ico pe 1. Edv to <Prjpo™> €xet apvnrikn
TN, 10te oe kbBe emavainym n pHeTaPANT) <UT> pewdveTol Kotd 000 opilel To

<pruo>. INa mapdoetypo:

Hapaderypa 1 Mapaderypa 2

X:=10; //apykomoinon g X S:=0; //apykonoinon ¢ S

I'TA [:= 1 EQX 10 EITANAAABE I'TA K:=J EQX (N+1) EIANAAABE



X=X+, S:=S5+K
TYIQXE (X) I'TA-TEAOX

I'TA-TEAOX

Hoapdaderypa 3

1A a:= 2 EQX 10 ME BHMA 2
EITANAAABE
TYINQZE (a)

I'TA-TEAOX

Agutovpyia

Ortav ekteleiton o eviodn] I'TA-ETTANAAABE 161¢, xat’ apyfqv 1 petafint) <ut>

TapVEL MG TIUT TNV <0T> KO EKTEAOVVTOL O <EVTOAEG™.

2 ovvéyela 1 T ™ <UT> oEAVEL 1] HELDOVEL KATO 0G0 SNADVETOL 0O TO <Pripo™>

Kot EAvOEKTEAODVTOL 01 <EVTOLEC™.

Avto gmavalapPavetor péxpt N <Ut> vo TAPEL TUN PEYOADTEPN amd <TtT>, OmoTE
OTOUOTA 1) ETOVAANYT, ONA. 1 EKTEAECT TOV EVIOAMV KOl 1| EKTEAECT] TPOYWPE OTN

EMOUEVT] EVTOAN TOV aAyOpifLov.

I1.x. oto apdaderypa 1 ot eviorég “X:= X+I; TYIIQZE (X)” 0o ekterestovv 10 popég
(ométe g amotéleoua, dedopévou Ot o X €xel apywn Ty 10, Ba TvmwOovv ot
apiOuoi 11, 13, 16, 20, 25, 31, 38, 46, 55, 65). Evad oto [lapaderypa 3 0o tommBodv

uévo ot aptiot:



ENOXZQ-EITANAAABE

Yovtaln

ENOXQ <cuvOnkn> EITANAAABE

<evtoAéc> EVTOAEG
ENOZQ-TEAOX
NAI
OXI

H <ocuvOnkn> elvar pia ékepaom cOykpiong 1 po Aoywkn éxkepoon. To tunupa
<EVIOAEC> QVTUTPOCMOTEVEL U0 ) TEPIOCOTEPEG EVIOAEC, YOPWLopeves pe 1o ;7.
AmoteAel 0e TO0 «COUM» NG €mMOVAANYNG, ONA. TO TUMUO TOV OToiov M eKTEAEOT
emavaloapPavetor kamoleg gopéc. Iy ta mapamdve mopadsiypoto pe tm ypron g

ENOZQ-EITANAAABE yivovtat:

Hapaderypa 1 HMapaderypa 2
I:=1; //apyucomoinon g I K:=J; //apyicomoinon g K
X:=10;

ENOZQ (K <= (N+1)) EITANAAABE

ENOXQ (I <=10) EIIANAAABE S:=S+K;
X=X+, K:=K+1
TYIQXE (X); ENOXQ-TEAOX
I=1+1

ENOXQ-TEAOX

Agrrovpyia

Ortav exteheiton pio eviod] ENOZQ-EITANAAABE tote, mpota eetdleton
<ocvvOnkn>. Av elvar aAnOng, ektehovvtal ot <eVIOAEC™ (OAM®MG M EKTEAECT] TOV

alyopiBuov cvveyilel otnv enduevn evioAn tov akyopibuov, avtr| OnA. mov PpickeTon



petd 1o ENOZQ-TEAOY). A@od ektelestodv o1 <evtoAés™>, emoveEetaletor m
<cvvOnkn>. Av Bpebel mai aAnO1g, EovoekTelobVTOL 01 <EVTOAEG™ K.0.K. £mG OTOV 1M
<ouVONKN> yivel Wevdng, omdTE GTOUATA 1) EKTEAEGN TNG EXOVAANYNG KOL 1) EKTEAECT
0V akyopiBuov cuveyileton pe TNV EXOUEVT] EVTOAY,, AT dNA. TOV BpioKeTon LETA TO

ENOXZQ-TEAOZX.

Hepatipnon

H <cuvOnkn> npénet va mepiéyet petafAnti mov vo LeTafBAALETOL LEGO GTO GO TNG
emovaAnyng (OnA. otig <evtoAéc™), MOTE Vo UTOPEL 0 KATOLN EMAVAANYT Vo Yivel N
ovvOnKkn amd aAndnc yevdmg. TEtoleg petafAntéc ota mapandve mopadeiypato stvat

ot I xon K.

>t0 mapomdve [opdderypo 1, dtav cvvavtdror n eviodn ENOXQ-EITANAAABE,
emedn N oovonkn “I <= 10” elvar aAnOng (emedn n apykn Tt tov 1 givor 1),
extedovvron o1 eviorég “X:= X+I; TYIIQXE (X); =1+ 17, onA. to X Ba yiver 10+1=11
kot Bo TomwBet, ko to I Ba yiver 1+1=2. X1 cuvéyeta, e€etdleton n cuvOnkm, Tov givan
oA oAnOng (apod 2 < 10), kot EavaekteAohvTol o1 EVIOAES K.0.K., uExpig 6tov 1o I
yiver 11, ondte n ouvOnkn ivan yevong (010t 11 > 10), otapatd n emavainyn Kot m
ektéAeon Tov akyopiBuov cuveyiletal pe TV EMOUEVT EVIOAN, 0LTH dNA. TTOL PpickeTon

petd 1o ENOXQ-TEAOX.

EITANAAABE-MEXPI

Xovraén
EITANAAABE l
<evToAéG>
EVTOAEC
MEXPI <cuvOnkn>

OXl

NAI



H <ocuvOnkn> eivar pia ékepaocrn cvykpiong N poe Aoyikn €kepoon. To tuniua
<eVTOAEG™> AVTITPOCMOTEVEL LU0 1] TEPIOCOTEPES EVTOALS, YMPLLOUEVES e TO *“; amoTeET
T0 ‘COUA’ TNG EXAVAANYNG, ONA. TO TUNLO TOL OTOioV 1 EKTEAEON emovalopPaveToL
Kkamoteg popés. Iy, ta mapoandve mapadeiypato pe ™ ypnon g EITANAAABE-

MEXPI yivovrai:

Hoapdaderypa 1 Hopdderypa 2
I:= 1; //opywcomoinon g [ K:=J1; //apyiconoinon g K
X:=10; EITANAAABE
EITANAAABE S:= S+K;
X:=X+I; K:=K+1
TYTIQXE (X); MEXPI (K > (N+1))
[=1+1

MEXPI (I > 10)

Agrrovpyia

Otav extereiton o evtody EITANAAABE-MEXPI 1t6te, mpoto ekteAovviar ot
<evioAéc™>. Aol ekteEleoTOLV Ol <evioAéc™, e€etdleton m <ouvvOnkn>. Av Ppedel
YELONG, EavaeKTEAOVVTOL Ol <EVTOAEC™ K.0.K. £mG OTOL M <cLVONKN> yivel aAnOnc,
OTOTE OTOUOTO 1 €EKTEAEOT NG EMOVOANYNG Kol 1 €KTEAECT TOL OAyopifuov
ovveyileton pe v emduevn evtoAr, ovty OnA. mov Ppioketar petd 1o MEXPI

<cuvOnKm>.

Hapatipnon

H <ocuvOnim> npénet va mepiéyel petafAnNTr mov vo HeTARAAAETOL LEGO GTO GAOUO TNG
EMAVAANYNG (ONA. 0TI <eVTOAEG™), DGTE VO UTOPEL GE KATOL0L ETAVAANYT VO YiVEL |
oLVON KN omd Yevdng aAndnc. Tétoleg petaPfAnTéc oto Tapamdve Tapadelypata eivat

ot I ko K.

>10 mapomdve Ilapaderypa 1, 6tov cvvavidror 1 eviodj EITANAAABE-MEXPI,
ektehovvron ot eviorég “X:= X+I; TYIIQZE (X); =1+ 17, onA. to X Ba yiver 10+1=11



ka1 Oa TueOel Ko to I Ba yiver 1+1=2. X cvvéyeia, e€etdletal n cuvOnkn, mov givarn
yevong (apov 2 < 10), ko EavaekteAoOvTal 01 EVTOAES K.0.K., uéxp1g 0Tov to [ yiver 11,
omoTE 1 GLVONKN Yivetar oAnOng (16Tt 11 > 10), otopatd n eravdAnyn Kot n eKTEAESN
0V aAyopiBuov cuveyiletar pe tnv emduevn evioAn], avt dnA. mov Ppicketal petd to

MEXPI (1> 10).

3° Ke@dAho1o — AVTUTPOCOTEVTIKES UOKNGELS

3.1 AVTITPooORTEVTIKES AOKNGELS RHETATPOTOV PETUED OVAUSIKOD Kl
O0EKAOLKOUY GCLGTINATOS AVUTAPAOTAOTG

1. Na petatpanei o apOpog (83)10 Tov dekadikod cvotiuatog apifunong oto dvadikod

ocvotnua apifunonc.

AxoiovBel 0 ahydp1Bpog LeETATPOTNG TV OLOOOYIKADV dtopécewv Ue To 2 (1) dlaipeon

elval aképaia) Ko TNV Katoypaen TV VITOAOITOV:

TAiKo vdLoITO
+ 83:2 = 4 1
e 41:2 = 20 1
« 20:2 = 10 0
« 10:2 = 5 0
e 5:2 = 2 1
e 2 :2 =1 0
- 1:2= 0 1



2VVeEn®S, N OvOdIKN avarapdotact Tov 83 givor: 1010011

2. Na petatpanei o dSvadikog aptfudg (1010011); oto dekadikd cvuotnuo apibunong.

AxolovBel n petatponn pe ypnomn Tov aiyopiBuov abpoicpatoc TV yvoudvaov

ynoiov el Tov avticToy®v SUVALE®Y TOL 2.

(1010011)p = 1*2% + 0*25+ 1%24 + 0*23 + 0%22+ 1*21 + 1*20=64 + 16 + 2 + 1 = 83.

3.2 AVTITPpooOREVTIKY AGKNG1) Y10 EKTELEST TPOYPAUNOTOS 0TO pic,
CPU

Me Bdon to mo KAT® TPOYPOLLLL

R1
R2 80| Load 301 R2
R3 81| Load 302 R1

82| Add R1R2 R3

84
PC
300
301 11
302 19

amavTNoTE 6T0 €ENG:

No ypawyete to Tepieyopevo v katayopntov R1, R2, kot R3 kabdc xar g 0éong pviung 300
GTLYUN TOV O peTpng Tpoypappatog, PC, Ba €xel mapel v Ty 84 (dniadn Oa éxel teleidost 1
ektéleon tov mpoypdupotog wov divetar) Eexwavtag amd v Ty 80 (nAadn v apyn Tov

TPOYPAUNATOC).

H mpdtn eviod) ot 0éon 80 (mov tdpa exteleitor, evd o PC deiyver v enduevn eviodn mov Ba
ekteleatel) poptmdvel tov R2 pe v tipn ot 0éom pviung 301. Apa, 6to kKovtdkt tov R2 ypdoovpe to
11. Opoimg n emdpevn evtoAn ot B€om 81 poptdvel tov R1 pe v tiun 19. Ztn cvvéyeia, mpootiBevton
ta mepleyopeva twv R1, R2 (evtod) ADD ot 0éon 82) kou 10 amotédeopo katoywpeital otov R3
(dnradn Palovpe v Tywn 30 oo kKovtdxt Tov R3). Télog, n Ty tov R3 anobniedetan otn 6£om pviung
300, ondte 010 KOLTAKL TNG BEOMC Pviung 300 Balovpue o 30.



3.3 AVTITPOOMOAEVTIKY] AGKIGT Y10 AOYIKO KUKADUATO.

Atveton to €N AoyKo KOKA®pLL:

A
F1

1

B
c

T\ - :
L

No courAnpdcete 1oV To KATm mivakae aAndeiog, yioo OAOVG TOVG GLVOLUGLOVS TOV
€1600mv (Tov A, B, ka1 C dnAadn) mov divovtal 6Tov mivaKa ovTto:

C

ki

”
=
@
n
Iy
n
N

L k=l E=1E=1E=] >~
Rl RlOo|lolr|lrlolol @
=l =l k=1 k=1 e)
o|lo|lo|lo|o|r|r|lo|m

o|lo|o|o|lr| |k
o|lo|r|r|lolo|r|r
o|lr|o|lr|lolr|lolr
o|lo|o|o|lo|o|r|o
o|lo|lo|o|o|r|o|lo

AmAG epappocape Tovg optopots Tov muAdv NOT, AND, OR (dsite Tig dtapdveleg Tov
pafnpoTog).

3.4 Avtirpooonevtikny doknon Yo Awdypoappe Porg Ipoypépupatog
Kol Pevdokmoka

Me Béon to Adypappa Pong Ipoypappatoc ota apiotepd kot tov Pevdokmdika oo

0e&10, AmOVTNOTE GTA EPOTNIATO TOV AKOAOVOOVV:



1: AiaPaoe N
2: Doo N> 100
A:=3 2.1 Tonwoe “Awoe 1o N."
5=0 2.2 Adfaoe N
Téhog Doo
A<18 TEAOZ 4: D00l <N
411=1+1
l NAI 4.2 Av(2*1)> N Tore Timwoe |
S=S+A Téhog Doo
A=AT2 5: TéAoC

Epotnua yw to Avaypaupno Ponqc lpoypaupnaroc:

[Tow Ba etvor n M tov A kot S oto onueio «TEAOZ» tov daypdppotog (otav

TEAEUDGEL, ONAOOT, O VTOAOYIGUOC TOV 0010 AVATOPIGTH TO OLAYPOLILAL);

Amd T0v 0pIopd TOL TTApAAANAOYpaupoL, Ta A, S apyikorolovvtot 6Tl TIEG 3 Kot 0
avtiotoryo. X1 cvvéyewn, o pouPog oynuatilet Eva Ppodyo mov extedeiton evOcw 10 A
etvar pikpotepo amd 1o 18. e kb emavdAnyn, 1o tpéyov A mpootifetar 6to S Kot
petd, to A, avéavetar katd 2. Xvvenagc, ¢’ 6cov 10 A Eekivnoe and 1o 3, 610 S Ha
nmpoctefohv ot Tnég 3 (apywn tun tov A), 5, 7, 9, 11, 13, 15, 17. v tehevtaia
emovéAnyn, 10 A and 17 Ba yiver 19 omdte, and tov €leyxo otov poufo, Oa
OTOLOTCOVV Ol ETAVOAYELS. ZVVETMG, 1 TEAMKT Tiun Tov A givar 19 kot tov S givon 3

+54+7+9+11+13+15+17=80.

Epotnua yvo tov YEvooK®o1Kao:

Av dwPaoctel n Ty 8 ywo to N, mowa Oa etvor 1 tipn tov I 610 1€A0G TOL YELSOKDIIKA
(dNraodn Otav ethoel o yevdokmowag ot ypauun 5); Tloceg Typég Ba exktummBoiv,

OUVOAIKA, 6T Ypouun 4.2 Tov YELOOKMOTKA,

O Bpdyog otig ypapués 2 émg 3 e€acpariler 6t 1 i 8 mov dSafdotnke eivan
amodekt]. O devtepog Ppdyoc emavorappavetor evoom 1o I mapapéverl pkpotTepo amod
o N, &yovtog Eexwvnoet amd v T [ = 0. Kabe popd 10 1 av&dveton xotd 1 omote,
otav o Ppdyog teppatiorel, to I Ba Exet v Tyun 8 (tote, Yo I = 8 ko N = 8 1 cuvOKm
I <N, dnradn 8 < 8, etvar yevdng). Apa, ot tipég tov I evrog tov Bpdyov Ba eivar ot

egig:




1,2,3,4,56,7,8

Ot tég Tov 2*1 givon ot €€N1G:

2,4,6,8,10, 12, 14, 16.

Ao avTég TIc TIéG, T ovvOnkn 2*I > N, onAadn 2*1 > 8, tkavomrotovv povo ot 10, 12,
14 xon 16 mov avtictoryovv ce TnE Tov I ioeg pe S, 6, 7, kan 8. Onote, TVTOVOVTOL 4

Tipég (o1 5, 6, 7, kai 8) amd 1o Bpdyo avtd.

3.5 AVTITPOOOTEVTIKES OOKIGELS VIO T1] YAMGGO, TPOYPOUUOTIGHOD
Java

AxoAoVBOVV HEPIKA EVIEIKTIKA EPOTHUATA Y10 TN YADGGA TPOoypappaticpov Java. H
omoTN amdvinon QaiveTon pe To YKpL xpoua. Oa 11g cvintnoovue kot 6to pddnuoa

OLMG TPOGTOONGTE VO, ALTIOAOYNGETE TNV GOCTN ATAVINGT TOL GOG divetal.

1) ITowx Ba etvar 1 TR TOL X HETA TNV EKTEAEGT TOV MO KAT® KOIKA;
x=0;

if (x>=0)
X=X+1;
else
if (x >=1)
X= X+2;

A b c d e
0 1 2 3 4

2) [Tota Ba glvar n TiN TOL X PETE TV EKTEAECT TOV TLO KATM KMOOKOL;

x=0;
if (x>=0)
X=X+1;
if (x>=1)
X= X+2;
a b c d e
0 1 2 3 4

3) Eav n petafint X €xet Sniwbei cav int, tote ektvmdvel to privopa "Test B" o
TOPUKATO KOIKOG.



if (x>4) System.out.printin("Test A"™);

else

if (x>9) System.out.printin("Test B");

else System.out.printin("Test C");

a b C d e
Mo tipég x>9. | T tpég X<4. | T tipég [Tavta [Tot¢
9>x>4.
4) TTow T B TVTOEL OTOV EKTELEGTEL O O KATM KMOKAG;
int n=4;
int g=1,
for(i=1;i<n;i=i+1)
g=2%g9;
System.out.printin(g) ;
a b C d e
1 2 4 6 8
5) T eKTUT®OVEL TO TOPAKAT® TPOYPOLLLLOL.
inti=5,sum=0;
do
{
sum =sum+1i;
i=i-1;
} while (i>0);
System.out.printIn(sum);
A b C D e
10 15 20 25 30

6) IToto &ivat TO ATOTELEGLO TOV TOPAKATED KMOTKAL.

inti=5,sum=0, rem ;

while (i < 10)

{

rem=1% 2 ; /* Edc Aappdvetar To vrolouro ¢ dlaipeong pe 1o 2. */

if (rem == 0) /* Mg 10 “==" gAéyyeton 1 16o6TNTO, HETOED TV SO UEPOV. */
sum =sum+i;

i=i+1;

}




System.out.printin(sum);

4 Kepdroro — Ac@arero IIAnpo@oprok®v Xvotnudtov

210, TANPOPOPLOK(E GUCTHUATO, GTO OAOKANPOUEVE TANPOPOPLOKE GLGTHLATO, GTO
GLGTHIOTO NAEKTPOVIKNG dtaKVPEPYNIONG (KPATIKA TANPOPOPLAKE GUGTHUATO) KOOGS
KOl G€ OTOONTOTE AALO GUOTHHOTO TOL EUTAEKOVTAL AvOpTOL, S1ad1KaGIES, Pon
JEJOUEVMV KOl TANPOQOPLDOV 1 GLVEIGPOPE NG acpdAclag mailel KaBOPIGTIKO pOLO.
'Hon otig nuépeg pag amoterel yvootikd medio G EMOTAUNG NG TANPOPOPIKNG
Aappavovtag vroyn otoreion Ko OepeMdoels amd GAAEG TOPATANGCIEG M| KoLl UM
emotpes. [opoamAnclo yvootikd medio pe HEYOAN GLUVEIGQOPA £Vl 1| EPAPUOCUEV
Kpuntoypapia n omoio ko oavalvetor oe emdpeveg evotmres. Eicayoywd Oa
UTOPOVGAE VO OpICOVUE TNV AGPOAEL MG TNV TPOCTUGIO. TOV VLTOAOYICTIKMOV
CUOTNUATAOV KOl TOV OIKTVOV 7OV OlCLVOEOVTAL UE  TOPAAANAN  OmOTPOTN
omolacoNmote Un e£ovotodotnuévng Tpdcsfacng ot xpNnong Tovg.

[otopikd n aceareln TOV TANPOPOPLOKOV GLGTNUATOV PLEAETNONKE OTIG apyEG
g dekaetiog Tovg 1970 and 10 otpatd. ITo cvykekpéva, e€etdotnie 10 TPOPANLLA
YPNONG KOl EMKOWVOVIOG TOV VLIOAOYIOTOV £ omootdoewc. I[Iponyovuévmg 1
TpOGPacn o€ LVANPEGIES APOPOVGE TN PLGIKN TOPOLGIN TOL YPNOTN GTOV KEVIPIKO
VTOAOYIOTN. ATO TIG OXETIKEG HEAETEC TPOEKLYOV SLAPOPES KALVOTOUES 10€€G (E101KdL
Yo eketvn TV emoyn) ot omoieg amotelohv péypt Kot orjuepa BepeAiddn ntmuata oty
EQOPUOYT TOV TOMTIKOV acPoreioc. Mio tétoto 10éa NTav 1 €0pecn KOUTAAANANG

ooppomiag petalh ™ TPOoTAGIiag TV TANPOPOPI®V Kol TNG ELKOANG GTNV Epyacia



tov ypnot. Exeivn ) dekaetio eppaviotie kot o mpdto 106 e ovopacio Creeper 6To
otpotioTiKo diktvo ARPANET. £t cvykekpiuévn dnupocicvon yiveton emiong Adyog
Yo OmopEn KOOKAOV aoQUAElng Yoo OAOLG TOLG YPNOTEG TV TANPOPOPLOKDV
CLGTNUATOV KOl VITOCLOTNUATOV pia 100 TV VioBeTEITOL TANPW®S aPYOTEPO OO TOVG
dnuiovpyovc tov Unix?. BéBata £va amd T To oNHovTIc (THHOTO TOV aVTYLETOMILEL
N EMOGTNUOVIKT KOWOTNTO KOl 01 OVTNG TNG KPLITOYPOpiag givan n ypnon adbvapumy
Kodkdv mpocfaons. H gvkoria ypnong vroyopedel adbHvopovs Kodkovs evad 1
npootocio. TG TANpoeopiag vroyopedel HEYAAOVG KOl OVOKOAOLG  K®OUKOVS
npocPaonc. Me Alyo Adylw 00MyOOHOOTE GTOV KAOVIGUO TNG 1COPPOTIOG 7OV
avapEpOnke mopaTav.

Kotd 10 0%edl061d aoQUAGY TOMTIKGOV GTO TANPOPOPLOKE GLOTHHOTO
EVOOUATOVOVTOL dlodikacieg Oyt LOvo TeEYVIKNG @OOMG OAAL KLPImG S101KNTIKEG Ol
omoieg kot Oa mpémer va cupuPadilovv kb popd pe Tig TPEYOVTEG NOKES Kol KOWVMOVIKES
aviqyelc. Ot moMTIKEG OwTéG €(0VV  HOVOOIKO O©TOXO TNV TPOPVLAAEN TOL
TANPOPOPLOKOD GLGTNUATOS AAAL Kot OAOKANPOL TOV OPYOVIGHOV 0t KAOE oKOmIUN
N toyaio amei). Baowkd onueio katd Tov Tapoamdve oyedtacid eival 0 EVIOTIGHOG Kot
N KOTNyoplonoincn v TANPOPOPIDV GE EUTICTEVTIKEG 1) UM EUMIGTEVTIKEG KOl Ol
omoieg mpdKettar vo yxpnotpomomBovv 6to eupd 1 6€ £va T GVYKEKPUEVO Kovo. Ora
T Topondve tpoimofétovy v vapén piog evpvTEPNS AVTIANYNG Kol fACIKOV apydV
mov Oa mpémer va SEMOLV TOVG GYESNOTIKOVS OTOYOLS TWOV  TANPOPOPLOKDV
ocvotudtov. Ewwotepa, kdaOe ovikeipevo tov ocvotquatog Bo mpémel va
avayvopiletor kot vo  omotuvmdvetol o€ ovtd  pla évoeldn  tov  Pobuod
EUMIGTEVTIKOTITOG,

H moAtikn acedielog mov O€mel tov opyaviopd Oo mpémer va pepuva
OTOTEAECUATIKA Y10 OAOVG TOVG EUTAEKOUEVOVS GTH XPNON Kot Tn Agttovpyic Tov
[Tinpooplaxod Xvotmiuotoc. Ot gumiekdpevor cuvnBmg elvar ot ypnoteg Kot
OLYEPLOTES, TOL O1ELOVVTIKA GTEAEYM KO Ol TEAATEG TOV OpYyavicuoV. Emmpocheta ot
VOHIKEG KO KOVOVIOTIKEG OlatdEelg tov opyoviopov Bo mpémer va givor pntmg
SITVTTOUEVEG OVTMG (MOTE OAOL Ol TOPOTAVED EUTAEKOUEVOL VO KIVOUVTOL OF
GLYKEKPIUEVO TAOIGLO CLPLLOSIOTHTMV.

Ortav epappoleton pio moMtikn acearelog ifiotal va copmeptiappdvovpe Ta

egng:

! To Unix eivor Aertovpycd cvompe Hiextpovikdv YoAoylotdv, T0 onoio avomthyOnke kotd Tic
dekaetieg Tov 1960 kot Tov 1970 and toug Ken Thompson, Dennis Ritchie kot Douglas Mcllroy.



Epappoyn mAnpomrag 06ov apopd Tic oonyieg Kot ta. LETPO TPOGTUGIOG

TOV VANPECIDOV TOV TPOGPEPOVLE KL TWV AEITOVPYIDV TOV EKTEAOVVTAL.
Epoppoyn emkaipdmmrag 6060V apopd TIC TPEXOVGES TEXVOLOYIKEG EEMEELC

Epappoyn yevikevoydmrog 6cov apopd Tig emmpodchetec mapeupdoets,
TPOTOTMOMCELS 1| TPOGONKEC OV WITOPEL VO YiVOUV GTO TANPOPOPLOKO

GUGTNO.

H emruyio og moAtikng acedieiag eEaptatal, enions, Kot amd tn odbeon Tpnong

NG KOl TN CUUUETOYN TOV EUTAEKOUEVOV PopEmV. Me Alya Aoyl o mpémet vo vtapyet

oLveYNG Kot aSIGAETTN eKTaidevon TV YpNoT®dv, vo aflodloyeital n tpoécPacn, N

OPESOTNTO KO 1 EVKOAID OTNG KO VO LEVEPYOVVTOL TOKTIKA TEGT AVTOYNG (stress

tests) dCTE Vo SLOMICTOVETAL TO EMMEOO ETOUOTNTOC YL TNV OVTILETMMIGN KoL

€E0VOETEPMON OTOLUGONTTOTE ATEIANG.

O1 Bacukol dEoveg 6Tovg omoiovg oTNpiletal 1 AGPALELD TOV TANPOPOPLUKADV

GLUGTNUATOV EIVOL OL TOPAKATO:

Axkegpaotnrto (Integrity): Eivor moAd onpovtikd ta Sed0péVo TOV
TANPOPOPLOKOD GLOGTHLOTOG VO SLATNPOVVTIOL GE IO YVOPIUN KOTAGTOON,
avoAloiota, ywplg vo VTOGTOOV OMOOVONTOTE €100VG TPOTOTOINOT),
agaipeon 1 TpocHNKN amd dropa eVtdg Kot EKTOS TOL OPYOVIGHOV. ZUVETMDG
o mpémer vo amotpémeTal avoTNP®S 1M TPOcPacn ot XPNoN  Un
eEovosrodomuévey atopmv. lapdociyuo oxeporotntog Bo umopodoe va
OTOTELETEL EVAS EKOOTIKOS 0PYAVIGUOS UETWY LUOLIKNG EVIUEPTHS OOV Ba
Tpémel 10, aplpa mov ONUOGIEDOVTOL GTO Ol0OIKTVO VO, EIVOL QOTPOLY OO

OTOLAONTOTE TPOTOTOINGN KOl ELGOYWYN AavOacUEVWY TANPOPOPIMV.

AwOeoypotnta  (Availability): Toa dedopéva, to  TANPOPOPLOKE
VTOGLGTILLATO, TO OTKTLO KOl 01 VITOAOYLIGTIKOL TOPOL Bal TpEMEL vaL tvan 6T
olafeom TV YPNOTOV OTOTE Kol Yo, OGO amouteiton 1 xpron tovs. Ta
televtaia ypovia kot e€ontiog g adENoNS TG ¥PNoNG TOV OASTKTVAK®OV
VINPECIOV  GLYVE  TOPATNPOVVTIOL  QovOpEve.  Un  O00eCIUOTNTOG
dedopévmv. Ot mo ovyvég mepimtaoels eivar embéaeic torov DDOS attack.
T¢to16¢ embBeoels EYovv G100 THV DIEPPOPTWON TWV DITOAOYIOTIKOV TOPMDV

(oo ToV¢ emTIOéUEVOVS) e OKOTO Vo TeQODYV EKTOS AEITOVPYIAS O1GPOPES



DENPETIES EVOS 0pyaviauov. Béfaio vwo pvoioloyikés ovvOnkes Tapotnpeital
kar t0 @avouevo Slashdot omov eloutios ™S vTEPPOPTWONS OTO LYNHIN
EMOKEYIUOTNTO. KOI Youniod transfer bandwidth &vog diadiktoorod
1OTOTOTOV 01 VINPECIES PPIOKOVTAL TPOCWPIVA. EKTOS AglTovpylag. L& KO
nepinton Opme (KakoBovAn kot un) 1 dwabecipodtta mapafraletor kot Ho

TPENEL VO, ANPOOVV QUECH HETPO KO VEEC TOMTIKEG AGPAAELNS.

Epmoetevtikéotyra (Privacy 1§ Confidentiality): Kdabe minpogopio mov
OVTOALAGGETOL GTO CUGTNUO KO EW0IKA av glval gvaicOntr, dev Oa mpémet
Vo 0moKOAOTTTETAL GE U €£0VGL000TNUEVOL ATOp. ATTIOAELD TANPOPOPIDOV
Bo pumopovoe va yivel amd TIg MO TaPASOGIoKEG HeBAdOVE HEXPL TIC O
TPONYUEVES (T YyMOLoKEG VITOKAOTEG). Mio mopadoaioxy uébodog o nrov

n puoikn klomwn hardware omo T0 KaTGAANAO TUNUO. HIOG ETOLPELAG.

IIetomoinon ko AvBevrikotTito (authentication): Ztnv nepintoon avtn
VIAPYoLVV S0 Pacikol TLADVEG 6TOVG Omoiovg otnpileTon 1 ToTOTOINON:
MV moTonoinon ovrotntev (entity authentication 1 identification) kot tnv
motonoinorn dedopévov (data authentication). Mg tov mp®dTO TLAGVA
eEaoparilovpe Ot KGO OVTOTNTO OTO TANPOPOPLUKO-EMIKOIVOVIOKO
cvoTnuo  €ivar  avt) 7wov woyvpiletor kol 0gv  LvIAPYEL KATOlN
mlootonpoconio. Me to de0TEpO TLAGVAE eEacpaiilovpe TV Tonobesia,
TN YPOVIKY] GTLYUN KOt TO €100G TOV UNVOUATOV TOL AVTOAAAGGOVTOL OE i
emkowwvia. Iapdoeryuo ovBeviikotnrog omotelel ) kaOe €i00V¢ e1GLOAN Ka
DITOKAOTI] TPOCWTIKWOV GTOLYEIWV THS TIOTWTIKNG MHOS KOPTOS KOTA TH
oro01kaoio. piag 01001Ktvakns ayopds. Tooo o opyaviouog Go. mpémel va
KOTOVOEL OTI 1] Qyopd, YIVETOL QWO TIOTOTOIUEVY] OVIOTHTO. 000 KOI O
oyopaoths vo. eival ae Béon va emPefaiwael 0Tl H ayopa Eyve amod Tov idio,

O€ GUYKEKPIUEVH XPOVIKI TTIYUN KOl O OVYKEKPIUEV ToToOETiaL.

Mn amomoinon (non-repudiation): Kavévag ypnotng, eite avtdc sivar
amooTOAENS gite mapoaAmTNnG, 0ev umopel va amomomBel T1g mpd&elg mov
ékave oto mopeAbov. ‘Evag amd tovg mo O100ed0uéEVOVG OAAG Kot
TOVTOYPOVO, OTOTEAEGUATIKOVG TPOTOVS EPOPUOYNG TNG W1 omomoinong

glva 1 xpNon TOV YNOLUK®OV DTOYPOPAOV Kol oo TIG 0V0 TAEVPEC.



e Eykvpétnrta (validity): Agopd kvplwg ekeivovg mov YPNCUYLOTOLOVV
GLYKEKPIUEVEG TTANPOPOPIEC TOL cLoTNUATOC. Ot EUTAEKOUEVEG TAEVPEG
EVOLOPEPOVTOL  YlOL TNV TANPOTNTA Kot TNV  OKpifeld ovtodv ToV
TANPOEOPLOY, AOY® TOV OTOEACE®V Tov TPEMEL Vo AdPovv. BOa
umopovcape va  ekAdfoope v Eykvpoétmta &g to dBpotopo ™G

Axepatdtntog Kot T AvOevTIKOTNTOC

e Movadwkétnte (Uniqueness): Eivar 1 advvopio oviypagng kot

avamopoywyns e TAnpoeopiog ympig e£ovctodoTnon.

[Ipwv mepdoovpe oto Pacikd OKEAOG TNG €PYOCIOG MHOG KOU GTNV TPOGTAGIA TNG
Wwtikdtrag a&ilel vo avapepBodie og éva TOAD YVmGTO EMGTNUOVIKO TEdi0, avTd
¢ Kpuntoypagiog to omoio dradpapatiCel apketd onuavtikd poro otnyv emitevén g

OACQAUAELNG TOV TANPOPOPLAKMY GUCTNUATOV ALY KOL TOV EUTAEKOUEVOV XPOTOV.

4.1 Kportoypagia

‘Evag amd toug Mo onuovtikohs KAAG0LG TG EMGTHKUNG TMOV VTOAOYIOT®V gival 1
kpumtoypapia®. Me T AEEM KpLTTOYPAQPiD. EVVOOOUE TNV EMGTAWUN EKEiV) mov
acyoieitar pe tn oyediocn KpLTTOYPUPIK®OV cuatnudtov. IIpdkettan Yoo cusTipaTo
T0L OTO10L LETATPETOVY YPNGULN KoL EUTIGTEVTIKT] TANPOPOPIn GE TETOL LOPPT), 1] OTTOlN
va givot kotavonti HOVo amd TOV 0TOGTOAEN GTOV TAPUANTT, EVA TOVTOYPOVO VO EIvat
bypnotn Kor oonuovin o€ omowodnmote un  eovoodotnuévo mpocwmo. H
KpLTTOypapio, AOoV dNovpyndnke amd v avaykn Tov ovOpOT®V Vo LETAPEPOLY
pnvopato o £vag otov dAlo, xwpig kdmolog tpitog va pmopet va to avtiAnebet. ‘Etot,
0l KUPLOl YOPOKTNPES TOL Ypnoipomoovvtal Oebvig ot Piproypaeio yioo v
weprypaen TéTOlwV ocvotnuitov eivar m Alice kot o Bob mov emiBupodv va
EMKOW®MVOUV HeTaED Tovg, Ywpig n Eve (1o tpito mpoécwmo) va umopet va tovg
avTneel.

H xpovrroypagio eppaviotnke apyikd, TovAdyiotov amd 6ca yvopilovpe pnéypt
onuepa, omnv emoyn Tov apyoiov Aryvrtiov (2.000 n.X.), mailovtog £va moAy

onuavtikd poéro ko’ OAn 1t ddpkela g wotopiag. Ewdikdtepa otov 2° moykdouo

2 H evoémra TG KPUTTOYpOPiag POGIGTNKE GOTIC TOVETIGTNHIOKEG OMUEIMGEIS TOL podNUOTOC
Kpvntoypaeiog mov de&dyeton oto Tlavemomuiov Atyoaiov xabmdg Kot oTig mopaddcel; tov 18iov
pafpatog mov de&nydn to €tog 2012 oto Mavemommpov [Hotpdv kot oto AIL.M.E Mabnpotikd tov
YroAoylotdv Kot Tov Amopdcenv pe 01ddokwv tov Ap. Meletiov I'epdoipo.



noAepo, 1600 ot Ieppavoi 6co kot ot lamwveg wotdpepav vo  avartHEOLV
KPLTTOYPaPIKEG punyoveG 6mmwg 1 Enigma ko 1 Purple Machine avtictotrya. A&ilel va
onuewdel 01t  opydTEPO  TOAOTAOKES KPLITOYPAPIKEG HEOODOL  EmMKOVOVIOG
avanmtOyOnKay amd AaOpeUTOPOVS, OALL KOl GTI) GUVEXELD OKOUYN TO TOAVTAOKEG
avartuyOnkay and puoTiké vnpecieg kuPepvinoewv. TEAOG, GTIC LEPEC LOGC, ) OVAYKN
YL KPUTTOYPOPNIEVE UNVOUOTO Elvanl TOAD UEYOAN, apkel HOVO VO GLAAOYIGTOVUE
OGO AmOPOITNTO HOG Elvat TOAAEG POPEG TO YEYOVOS VAL OVTAALAGGOVLE TANPOPOPIES
péom dadktoov. [a mopdderypo, 1 UETAPOPA YPNUOTIKOV TOCHV omd £€vol
Aoyaplacud oe Evav dAAo, Tov TAEOV yivetol e0koAn HEGH dLadIKTOOV, eTBuuovLE Vo
yiveton pe t€to10 TpOTo MOTE va gfvorl adbvaTo ot 000 apBpoi AoyaplacudY va yivouv
YVOGOTOL GE KATO10V TPiTo.

Kabe kpumroypapikd cvotnua Bo mpénet va €xel tétoteg 1010TTEC, DGTE Vo

napéxetal 1 embount AGPAAEIL GTOVG YPNOTES, OMMG OVTEG OVAPEPOVTIOL GTNV
evomra 1.1.2. Tn onuovtikdOtTo TOV GLYKEKPUEVOV 110THTOV Ba Tposradncovpe
VO TOPOVGLAGOVLE GTO TOPOKATN TOPAIELYLLAL.
‘Eoto 61t n Alice emBupel va petapépet ypnpato amd €vav dkd g Tpamelikd
Aoyaproopo og évav tpanelikd Aoyaplacud tov Bob pécm dwadwiktvov. H Alice, puoikd
Kot emBupel,  GLYKEKPIUEVN EMKOVOVIN VAL €Vl EUMIGTEVTIKY], LI0G KOl KOVEVOGS
TPitog 0eV TTPEMEL Vo AAPEL YvoN TOCOV TV 000 apBUdY AOYOPLOGHOD OGO KoL TOV
HETOPEPOUEVOL YPNUATIKOD TOGOV. ATO TNV GAAN TTAcLpd, 0 Bob Oa mpémer va AdPet
TO W VOO TGTOTONWEVO, OTL ONAdY| avtd Tpoépyetan Tpdypatt and v Alice. Ko
ot dvo mhevpéc (Alice kor Bob) Oa mpémer va givon BE€Pareg 6TL 1 akepatOTNTA TOV
UNvVOLOTOG dtortnpeiton, OTMS Yol TOPAGELY O OTL TO LETAPEPOUEVO YPNUATIKO TOCO OE
dvvaton vo aArayOel amd kdmolov tpito katd T ddwasio. Téhog, o Bob emBupet v
amonoinor, onAadn n Alice apydtepa va unv umopei va 1oyvupilotel 0t dev £d0mce TV
EVTOAT LETOPOPES TOL YPNLATIKOD TOGOD.

‘Eto1, xpumtoypdenon ovoudletar 1 dadikacio ekeivn Katd v omoia €val
amAd keipevo (plain text) petatpémeton o £vo KPLTTOYPOENUEVO KElEVO (cipher text).
Evd anoxpurtoypdonon eivar n akpipog avtictpoen dadwkacio. Kot ot dvo avtécg
OldIKOGIES  TTPAYUATOTOOVVTIOL WE TN YPNON KAEWIDV KPLITOYPAENONG Kot
amokpurToypdenons avtiotoyo. H yevikn poper vog KPUTTOYPUPIKOD GUGTHATOC

HETASG00NC UNVOLOTOG TTOPOVGLALETOL OTO TOPOUKATM GYNLLOL:
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2ynua 1. 1 I'evikn popen evog KpOTTOYPOPIKOD GOOTHUATOS HETAOOOHS LIVOUOTOG.

Onwc @oaivetal kol 6to Mo mwaveo oynuo, m Alice kpumtoypagel €va pivopa
YPNOUOTOIOVTOS VOV aAYOPIOUO  KPUTTOYPAPNONG KOl TO OVTIOTOWO KAEWL
KPUTTOYPAPNO™NG KO GTI GUVEYELN GTEAVEL TO KPUTTOYPAPNUEVO L Pivupe oTov Bob.
Exeivog pe 1 ogpd TOL TO ATOKPLATOYPOUPEL YPNCIUOTOIDVTOG Evay aAyOplOpo
ATOKPLTTOYPAPNONG Kot TO KAEWT amokpumtoypdonons. H Eve etvor pio omowadnnote
ovtomta (tpito Tpdsmmo) N onoia tpocmadel va TapEpuPet pe kakdBovAo TpdTo TNV
emkowvmvia peta&y g Alice kot Tov Bob. Avti n ovtotta (tpito mpdommo) oty
Kpumtoypagio omokaAleitor vrokAonéag (interceptor), mtakovotg (eavesdropper) 1M
amAd emrtiBépevog (attacker). H dwndwacia mov extedel o vmoxAonéag ovopdleTot
KPUTTAVAALGT. ZUVERTMDC, KPLTAVAALOT gival 1) dadtkacio ekelvn Katd tnv omoid o
VTOKAOTENG LEAETE TO KPUTTOYPAPIUEVO VOO, KO TTPOCTAOEL [LE 1APOPES TEYVIKES
Kol peBddovg Kot Ywpic uotkd va 010étel To KAEWL amokpurToypdenong, va eayet
NV opyIKn TAnpoopia (M LEPOG ALTNG) TOV KpumToypoenuévou unvopatos. H évvola
™m¢g Kpumtohoyiag mepthauPdver poall v €vvoln NG KpumToypogiog Kot TG
KPLTTOVAALGNG,.

[ToAbd ovyvd ota kpvrroypaenuéva unvopato opiletanr éva ‘Eumcto Tpito
Méhog (Trusted Third Party - TTP). O pdihog tov péhovg avtov elvar 1 emilvon
SPOVIOV PeETAEd TV VTOAOIT®V YPNOTAOV TOL GUGTNUATOS 1 OKOUO KOl M
dtevkoivvon ¢ peta&y toug emkovaviag. To ‘Eumoto Tpito Méhog daxpiveton o
Aertovpykd éumioto (fuctionally trusted) kot oe dvev Opwv éumoto (unconditionally
trusted). Agtrtovpywcd éumioto pérog Bewpeitan évo TTP to omoio givon umioto Yo va
Moet dStupavieg petald Twv xpnoTodv, oAAd dev pumopel va £xel tpdsPaocm 6Ta LLGTIKA
KAed1d tovg. 'Eva TTP péhog Bempeitar dvev 0pav Eumioto pELOG Ldvov pocov OAot
01 {PNOTEC TOV KPLTTOYPAPNUEVOL GLGTHUOTOG LTOPOVV VoL TO EUTIETEVOOVV 0md KAOE
admoym, OT®G Yo TAPAOEYHA Vo €ival YVAOOTNG OA®V T®V HLGTIKOV KAEWOIDOV TOV

YPNOTOV.



Téhog, a&ilel vo onuelmBel 6TL 1 ao@AAELD TOL CLOTHHOTOG EEAPTATOL LOVO OTTO
TNV HUOTIKOTNTO TO®V KAEWIOV OTOKPLTTOYPAGNONG, MG Kol ot alyopiduol
KPLTTTOYPAPNONG KOl OTOKPLATOYPAPNGNG TOL YPNGUYLOTOOVVTOL Eivol YvmoTol o€
O6A0VG. ATd avTO KoL LOVO TO YEYOVAC, glval @avepd OTL 1) dtavoun Kot dtayeiplon Twv
KAEWWOV  amOKpLTTTOYPaeNoNG amotehel €va omd ta Mo Pacikd kot SVCKOA

TPOPANLATA TNE ETCTHUNG TNG KPLTTOYPOPIaG.

4.1.1 Xopperpikd ko Mn Zvppetpika Kpvatoypogikda Xvetipato

Ta kpurtoypagikd cvotiuato oaywpilovior oe dvo €ldon pe Paon to KA

anokpvrtoypdenonc. Etotl éxovpe:

e To ovuueTpikd (symmetric) 1 cvppatikd (conventional) kpvrtoypaQikd

GUGTNLOTO KO

e To un ovppetpwd (asymmetric) 1 dnupociov kAewov (public key)

KPLTTOYPAPIKO GLGTILOTOL.

‘Eva. kpumtoypoeikd ovotnuo  ovopdletor cvpPatikd oOtav to  KAEWI
ATTOKPLTTOYPAPNCNG TOL pUmopel gvkola va eokplBwbel amd 10 avtiotoryo KAEWdi
KPUTTOYpAONoNG. ZTNV TANOOPO TOV TEPMTOGE®V TOV CLUPATIKAOV KPLTTOYPUPIKMOV
cvotpdtev, ta dVo KAewWwd gival . Avtictolyo, £vo KPLRTOYPAPIKO GUGTNUO
ovopaletat dnpociov KAEWOV 0Tav T0 KAEWT amokpLTTOYpdenoNng Tov e€akpiPdveTon
dVOKOAN OO TO AVTIGTOLYO KAEWL KPLITOYPAPTONG.

Eivor mAéov capég 01t 1 ac@dielo OA®V TOV KPLTTOYPUPIKMOV GLGTIUATOV
Baciletar 6TV HLGTIKOTNTO TOL KAEWOV OMOKPVLITOYPAPNONG, TO OTOi0 Kol dgv
TPEMEL VO AmOKOALPOElL Ge KavEva GALOV, TEPAV TOV TIGTOTOUEVAOV XPNOTOV TOL
KpuIToypOaPilkoy cvotnuatos. 'Etot, v va Bewpeitoan £va copPatikd (coppetpikd)
KPUTTOYPAPIKO GUOTNUA OGQUAES, v givor dnAadn o SiowAog emiKovoviag TV
YPNOTAOV TOV 0CPUANG, Ba TPEMEL TOGO TO KAEWT ATOKPLTTOYPAPNONS OGO Ko TO KAEWHL
KpLTTOYpAPnons vo ivar pootikd. Avtd to yeyovog amd pdévo Tov amoteAel €va
ONUOVTIKO UEWOVEKTNHUO TOV CGLUPBOTIKOV KPLTTOYPAPIKOV cLGTNUATOV. Avtibeta,
KATL TéTOo10 dgv OmouTelTOl YOO TNV OGQAAEL TOV KPLATOYPOPIKOV CLGTNUATOV
dnpociov kAewd10v. Movo kot poévo Yo To Adyo avTd, 1 ENVONGT TOVS OMOTEAECE pia

EMOVACGTOCT] OTO YMOPO TNG KPLITOYPAPIOG.



210 KPLMTOYPOQPIKA OCLOTHUOTO  ONUOciov  KAEW0D, ot  alyopifuol
KPLTTOYPAPNONG KOl ATOKPLTTOYPAPNONG ival e TETO0 TPOTO GYESUGUEVOL (DOTE
T0.  ovTioTolyo KAEWW), KPLMTOYPAPNONG KOl  OTOKPULITOYpPA®NoNG, Vo  &ivot
drpopetikd petad tovg. H emttuyia, Kot cuvendg n ac@AAELD, AVTOV TOL EI00VE TV
KPLITOYPAPIKOV CLGTNUATOV BacileTon 610 OTL TAPA TO YEYOVOS OTL TO ONUOG10 KAEWDT
KPLTTOYpAPNonNG &lvar  yvwotd o€ OAOVG, O VTOAOYIGUOS TOL  KAEWOV
ATOKPLATOYPAPNONG €ival SVOKOAOG £C 0 dVVATOG. ZTOL GLGTNHLOTA OVTH, ONUOCLO
KAe10l kadeitor To KAl KpLTTOYpdeNnoN, oL £ival 6 OAOVG YVOOTO KOl OIOTIKO
KAE01 KoAeital To dALO KAEWT, TO KAETL AITOKPLTTTOYPAPTOT|G.

YOoppove pe Ol TO TOPOTAV®, OVTO TOL TPOGOIOEL OCEAAEWD OTA
KPLTTOYPOPIKE GLGTAUATO ONUOGIOVL KAEW100 glval otV ovcia 1 OLVGKOAI TOV
napovctdletal oty eniAvon evog padnpatikod mpofAnquatog. Mo cvykekpuéva, n
eCaxpifmon Tov WIOTIKOD KAWL pe Paon to dNUOcIo KAEWI, aAAd Kol KATOEG
KOO TOPOUETPOVG TOV GLOTNUATOS &ivar éva Tpopepd SVGKOAO VTOAOYIGTIKA
npoPAnua. Oco mo dvoenilvto To TPOPANUE AVTO, TOGO O ATOSOTIKO Kol OCPOUAES
glval To KPLTTOYPOUPIKO GUGTN LA,

Ag mpoomafncovpe OUOG HEGH £VOG amAOD TOPAOELYLOTOC VO KATOVO|GOVLLE
N AEITOLPYin TOV KPLTTOYPUPIK®V GLGTNUATOV dnpociov kAew100. Eotw dtin Alice
0éher va petapépetl Evo pnvopa otov Bob. H Alice kou 0 Bob éyovv and éva onpocto
Kol Eva 1010TIKO KAWL 0 kabévag. Xpnowonowwvtag n Alice 1o dnuocto kA&l Tov
Bob petapépet 1o prvopa otov Bob, o omolog pe ) cepd tov, ¥pNGYLOTOIDOVTAG TO
W01 TIKO TOV KAEWT AmOKPLTTTOYPOPEL TO UMVVLLE TOL TOL £6TEIAE 1 Alice. Xt cuvéyela
amovtiel pe Eva akOpo Kpumtoypaenuévo unvopo oty Alice, ypnoyonoldvog to
onuocto krewdi g Alice. Xto onueio avtd, mpémel va avapepBel 0TL OTo10¢ Yvopilet
70 dnpocto krewi g Alice, uropel va tng otethel éva kpumtoypaenuévo pnvopa. Kot
avtiotoryo 1oyvovv Kot yie tov Bob. H Alice pe ™ oepd g, pmopel va
OTOKPVTTOYPAPNGEL TOL UNVOUATO TTOV AQUPAVEL YPNGUYLOTOLOVTIONG TO WOIWTIKO TNG
KAEWol.

AwPalovtag ta mopamdve, Bo EAeye KOVEIG OTL TAL KPLITOYPUPLKO GLGTHLLOTO.
INUOG10L KAEW0D elvar Ta TAEOV WaviKd. AVoTUXDS OU®S KATL TETOLO OEV IGYVEL. XTO
o KT oynua, Zynua 1.3, tapovsialetor o TPOTOG e TOoV 0moio £vag KakOBovAog
YPNOTNG UTopel va emitedel 6€ Eva KPLTTOYPAPIKO GLGTNO dSNUOGTOV KAEG10V.

Emavepyopevor 610 Mo mhveo TOPASEIYHO KPLTTOYPOUPIKOD GLGTIUATOG

ONUOG10VL KAEWD10V, 0G KAVOLLLE TOPA TNV VTGO 0TL 0 KakOBovAog xpnotng Eve Béhet



va avaktioel To pnvopa g Alice mpog tov Bob. 'Etot, €ioBdiel oty peta&d toug
EMKOIVOVIOL TOPATAAVOVTOG TOVS, VO Tpoonoteital otnv Alice 6t1 givor o Bob kot
otov Bob 611 eivar 1 Alice. 'Etot, ) Eve kowvomotet oty Alice to dnpocio kAewdi g, n
omoia (Alice) Bewpel 611 To dNUoOcIo KAWL oL TG Kowvomoteitan eivar tov Bob kot
KpurToypagel Evo pvopo. To pivopo avtd Aapfdaver n Eve, n oroio ypnoionoumviog
70 1OWOTIKO TNG KAEW1 amokpumtoypoel To uivopa g Alice ki £€To1 TO avOKTA. TN
ouvvéyela,  Eve kpurtoypaeei to pivopa g Alice, to omoio £xel ovaKTAOEL, UE TO
onuocto kKAedi tov Bob. Avtdg pe ) ogpd tov Aapfdverl to pvoua g Alice, yopic
oumc va yvopilel 6t 0ev €o0TdAel amd ekeivn, aAAd amd TV Eve. Ztnv mpokeyévn
oniadn mepintmon, amoctoréag (Alice) kot mapainmmg (Bob) dev pmopodv va
yvopilouv tov vrokioméa (Eve) mov mapdkapye v emkowvovio Tovg Kot Exet
VTOKAEYEL TO OPYIKO U VVUO. Z€ GAAN TTEPINTOOT, 0 VITOKAOTENS B0l LTOpPOVOE KOl VoL

TPOTOTOLNGEL TO QPYLKO UNVuLLaL.
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2ynua 1.2 Hopéufaon tpitov kot vIOKAOTN 0€ Eva KPUITOYPAPIKO GOOTIUO. ONUOCIOD KAELOLOD.

To moapddstypo avtd Kével cagég OTL M TIOGTOTOINGCT] TOV OVIOTNTMOV £VOG
KPUTTOYPAPIKOV GUGTHHOTOS ONUOGIOn KAEW10V £ival 10104TEPO OTLLOVTIKY.
OremBéoeic mov umopet va mtapatnpnbovv e Eva KPUTTOYPaEKd GOGTNIA, E1TE

ovpPatikd (cuppeTpikd) gite ONUOGIOV KAELSIOV (U1 CLUUETPIKO) dLoKPIvOVTaL GE:

o Evepyéc embéoeic (Active Attacks). Mia evepyn eniBeon mapovoidletal 6to

Yymua 1.3, Tpoxettal yio Tic emBécelg ekeiveg OTOL 0 LITOKAOTENS EXEL TN



dvvotdtnTo Vo Sty payel, TpocOEEL 1) vo TopEUPEL LLE OTOIOVONTTOTE TPOTO

TNV EMKOWVOVIR TV dVO YPNOTOV.

[Mobntikég embBéoeig (Passive Attacks). Téroleg embécelg elvar ot

aKOAoVOEC:

1.

EniBeon pe yvooto anho keipevo (Known — plain text attack). Koatd tnmv
enifeomn ot 0 vVToKAOTENS YVmPILEL KOO0 O TOL OPYIKA KEIEVQ Ko
TOL OVTIOTOO KPULTTOYPAPNUEVO KEIUEVO KOL YPTCLOTOUDVTIOS TO.

poomadel Vo avaKaADYEL TO KAELT ATOKPLTTOYPAPT|OT|G.

Enifeon pe emdeypévo amrd keipevo (Chosen — plain text attack). Xe
aLTOV TOL €100VG TNV €MBEGT 0 VIOKAOTENS EMAEYEL OPIGUEVE ALPYIKEL

Keipeva kot AapPavel To KPLTTOYPAPNUEVE. TOVG.

[Ipocappolopevn emiBeon pe emieypévo amhd keipevo (Adaptive
chosen — plain text attack). Eivow emifeon mapdpowo pe tnv
TPOTYOVUEV, LE TN O10pOopd OTL GE QLT TNV TEPIMTWOOT O VITOKAOTENS
umopetl katd tn didpkela g emifeong va aALAEEL TIG EMAOYEC TOL Yia

T Py KelpevaL.

Enifeon pe emleypévo kpumroypagnuévo keipevo (Chosen — cipher text
attack). Xtnv mpokepévn mepintwon ocvpPaivel 1o avtiBeto and OTL
TPONYOVUEVMOG: O VTOKAOTENS EMAEYEL OPICUEVO, KPVTTOYPOPNUEVA
KEIPEVO KO TOL TOPEYOVTAL LE KATO0 TPOTO Kol TO OVTIGTOL O OpyLKdL

Kelpeva.

[Ipocappolduevn emiBeon pe emAeyuévo KpLTTOYPOPNUEVO KEILEVO
(Adaptive chosen — cipher text attack). ITpoketton yio enifeon Topopota
LE TNV TTPONYOVLEVT), LLE T OLPOPA OUMOS OTL O VITOKAOTENS UTOPEl vaL
OAAGEEL TIC EMAOYEG TOV KPULITOYPOPNUEVOV KEWWEVOV KATA TN

dupkela TG emibeomng.

Enifeon oto xpumroypaenuévo keipevo (Cipher text — only attack). Ze
aLTOV TOL €100V¢ TNV enifeom 0 vokAoméng TPpooTadel Vo avaKaADYEL
10 KAEWL amokpuTTOoYpdenong 1 T0 apyikd keipevo yvopilovrag udévo

T0 Kkpvmroypapnuévo keipevo. Eilvar mpoeavég oOt1 éva  Tétolo



KPLTTOYPOAPIKO GUGTNUO, EVAA®TO GE TETOlEG eMOETELS, eivan TeEAElwg

AVOGOUAEG.

OloxkAnpavovtag, a&ilel va avagepbel 0Tt T060 Ta CLUPUTIKA (CVUUETPIKEL)
ovoTHaTe 66O Kot To GLGTHUATA ONUOGToV KAEW0D (LN GUUUETPIKA) TOPOVGIALOVV
TAEOVEKTNLOTO, KO UELOVEKTAOATO. ZUVIOMG, TO TAEOVEKTLATO TMOV GUUUETPIKMV
KPLTTOYPOPIKMOV ~ GUOTNUATOV  €VOL  HEIOVEKTNUOTA TOV U GLUUETPIKOV
KPLITOYPOPIKMOV GUGTNUATOV KOl OVTIIGTOL(0 10YVOVV Y10 TO HELOVEKTNUOTO TV
TPOTOV GUGTNUATOV GE GYECT LE OVTA TV SELTEPMV.

[To avaAvTukd:

MigovekTpaTA GUUPATIKAOV (COPUPETPIKAOV) KPVTTTOYPOUPLKDV GUGTUATOV

e To ocvppetrpikd KpLRTOYPOPIKE cLOTHUOTO £ivorl TOAMOTEPO TOV U

GUUUETPIKAV KOl GUVETADS TEPIGGOTEPO YPOVO SOKIUAGUEVE GTNV TPAEN.

e Toa KAewdd moOL YPNGOTOOVVTOL Elval GYETIKA KPO KOl GUVETMOC
Bpiokovv mOAD €0KOAM £POPULOYN KOl GE TOLO OWKOVOUIKEG TEPITTMOGELS,

OTMG Y10 TOPASELY LA T KIVITO TNAEQ®VAL.

e [lolv ypryopn kpvrmtoypdenon (m.y. ekatovtdoeg Mbytes eivar duvatd va

KpurtoypapnBohv 6 devTEPOAETTA).

e Eivor dovvar| m ypfion 1touvg O©TIG Yevwntpleg Ttuyoinv opludv 1

GUVOPTNCEDV KATOUKEPLATIGHLOV.

e Télog, vmdpyel N dvvatOTNTA VO XPNOLUOTOMOOVV GLVIVAGTIKA UETAED

TOVG KOl VO, ODGOVV KON O 16YVPOVS GUUUETPIKOVS aAYOp1OovE.
MerovekTprato OUPATIKOV (GCOUUETPIKAOV) KPUTTOYPOUPIKAV GUCTUATOV

e [ ™V Katd 10 SLVATO HEYOADTEPT GCPAAELN TOV CLOTNUATOV CLTOV,
amotteiton £vog KaAOg Kot acs@oANg SlovAog ETKOIVOVING GTNV OVTAAANYT

TOV KAEWOLOV.

o Kdébe whedi mov ypnowomoteiton petald O6vo ypnotov Oo mpémer va

avtiKafioToTon opKeET GLYVA.



e Avdueca oe 300 ypNoTEG amorteiton Eva KA. ZVVENMG OE MEPIMTOON

, . . n(n-1 .
SIKTVOV N YPNOTAOV ATOITOVVTOL % KAELO14L.

e T['o va yivel amodotikd 1 Sloyelplon TOV HLGTIKOV KAEWIOV amorteiton Kot

n vrapén evog dvev dpwv Epmetov Tpitov Mérovg - TTP.

o Téhog, onueudvetal OTL Ol YNOUIKEG LROYPOPES, e TIG omoieg Oa
aocyoAnfovpe ot ovvéyeld Kot ot omoieg Pacilovior 6TO GLUUETPIKA
KPUTTOYPOAPIKA GLOTAHOTO, omottovv gite v Vmapén evog ‘Epmotov

Tpitov Méhovg — TTP eite v vmapEN peydAwv KAEWIOV.

AvticTtolya, To TAEOVEKTILOTO KOl TO UEWOVEKTNUOTO TOV KPLITOYPOPIK®OV
ovoTUATOV dNUOGLOV KAEWLOD £X0VV ¢ EENG:
IMiegoveKTNROTA KPUATOYPUPIKAOV GUGTNURATOV dnpociov kKAgwWWUO  (un

CUUUETPIKG CVOTHNATA)
e Agvumbpyetl anaiton ac@arods SlavAoL ETKOVOVIOG.

o AgOswpeitor oamapaitnt 1 aAroyn TV VYOV TOV KAEWOV (ONUOG1oL Kot

WOOTIKOV) 0KOLOL KO Y10 LEYEAO YPOVIKO O1AGTNLLAL.

e Xg Jdiktva O6mov o apludg TV YPNoTOV elvor n, To KAEWE 7OV
xpnowonowvvtar ivar 2n. 'Etol o€ oxféon pe TO  GUUUETPIKA
KPLTTOYPAPIKE GUGTILLATO TTOAADY YPNOTOV, T U1 CUUUETPIKA OTOLTOVV

TOAD LIKPOTEPO APOUO KAEWDIDV.

e T va yivel amodotikn 1 dwuyeipion TV KAEWIOV OTO U] CUUUETPIKA
KPLTTOYPAPIKG GULGTNUATO OEV OMOLTEITOL 1 VIOPEN €VOC AveEL OpwV
‘Epmiotov Tpitov Méhovg, aAld apkel 1 dmapén evog Asttovpyikd Epmieton

Tpitov Mérovg.

o Télog, onueidvetat 6Tt ot aAYOPIOLOL INUOVPYINS YNPLUKDV VTOYPUP®OV
ov Pacilovtal oe TeXVIKEG ONUOGIOL KAEWOV givar TOAD MO Amod0TIKOT

a7t0 TOVG OVTIGTOLYOVG TMV CLUUETPIKMOV aAyopiOu®V.

MeloveKTROTE  KPUTTOYPUPIKAOV  GLOTNRATOV  ONuociov  KA£wWw0v  (un

CUUUETPIKG CVOTHNATA)



e Toa ocvomuota ovtd eivarl Katd TOAD vEOTEPO TOV GLUUETPIKOV Kol OEV

€xovv SoKIUAGTEL TOGO TOAD.

e Ta kiewdid mov ypnoyomoovvIot (INUOcLe Kot OWTIKA) elval apKeTd

peyaia.

¢ H dwdwaocio kpuTTOypAENoNG — ATOKPLITOYPAPN oG Elval TEPIGGOTEPO

xPovoPopa amd OTL VTN TOV GUUUETPIKOV KPVTTOYPUPIKDOV GUCTIUATOV.

e H aocpdreld toug Paciletor otn Bempio apBudv, twv omoiwv 1 enilvon
Bewpeiton TOAD dVOKOAN, TPayua OUMC TOL akOuo dev €xel amoderyDel

TOVAGYLOTOV BEPNTIKA.

v mpaEn TO CGLUUETPIKA KPLITOYPOQPIKE GLOTNUATO PPIcKOVV TEPIGGOTEPECS
EPAPLOYEG, €V eKEIVAL TOV OMUOGIOL KAELSI0D YPNOUOTOOVVTOL KVUPIMG Yo TNV
EYKOTAGTOON CUUUETPIKAOV KAEWIOV KOL Yo TI ONUovPYio ynelok®V VIoypoupmyV.

"Etot, cuvovalovtot To TAEOVEKTHLATO KOt TOV 000 TEPUTTOCEMV.

4.1.2 Ynowokég Ynoypoapég

O ynowkéc vroypapég (digital signatures), OT®MG Kol Ol KOWEG VTOYPOPES TTOV
xpnoporoovvrol Kadnuepvd, omotelovv €va aSlOmMoTo UECO oL GLVOEEL pia
OLYKEKPIUEVN ovTOTNTA PE pio SUYKEKPIUEVT TANpoQopia. Ot voypaPég aVTES etvan
0TEVA GLVOEDEUEVES LLE TIG EVVOLEG TNG TTLIGTOTOINGTG KOl TNG 1] ATOTOinoG.

Kabe mpotdkoAro ynelokng vmoypaeng amoteAeitor oty ovsio amd 600
aAyoplfpovg, avtdv TG SNUovpyiog TG YNEKNG VIOYPAPNS KOl OVTOV NG
emoAnBgvon|g . Ag o dovE OpmG ovTd HESm £vog mapadeiypatos. Eotw 6tin Alice
BéLel va voypdyet £va pijvopa M kot va to oteidel otov Bob. H vroypaogn g Alice
elval omnv ovcia to amotéhespa £vog alyopifuov, piog cuvaptnong mo omid, £6T®
SA. H gicodog otn cvuvaptnon eival to ppvopa g Alice, m, evd 1 €£060¢ avng tvan
N vroypaer| ¢ Alice Kot 1 onoia e€aptdror Pe KATO0 GLYKEKPUEVO TPOTO amd pio
TANPoQopia TOV £yl otV KaToyn TG novo n Alice. H mAnpoeopia avtr pmopel va
elval 1o WwTKd ™G KAl H €£0d0¢ g cuvdptnong eivor: s = SA(m) kot etvon n
vroypaen g Alice mhvo oto pvopa m mpog tov Bob. Mg ) cepd tov o Bob
Aappdvet to Levydpt (s,m) Kot YPNCLOTOIOVTOG Uio SIKT| TOV GLVAPTHON —aAYOPOpLO-
(VA) AopPaver éva amotérecpa éoto u = VA (s,m). To anotérecpa avtd pmopei va

napet Tipég 0 ko 1, kdti wov e€aptdton amd pio dnpocia TAnpopopio g Alice, Onwg



Yo TopadEryol To OMpdcto kKAl . Edv n tiun e cuvéptnong tov Bob icodvvapet
pe tov apBud 1, 1ote onuaivel 6Tt avt) €ivor N yneokn vroypaen g Alice kot
yiveton dektn and tov Bob. Xe avtifetn mepintmon avth amoppintetal.

Eivar mhéov @avepd 6Tt yia va gival KPUTTOYpaPIKa ac@oAeic ot alyoplpot
onuovpyiog ™S YNEKNG vroypaeng Kot emaAnfevong avtng, Oo mpémer va

1KOVOTTO10VVTOL O1 TTO KAT® TPOoTobEsELS:

e Mia ynoelokn vmoypaen eivar €ykvpn HOVO €POCOV O OAYOpIOUOC

enoAnOgvong emotpépet TNy Ty 1.

e Oa pénet va ivol VITOAOYICTIKE AOVVATO YL0L OTOLOVONTOTE YPNOTH EKTOG
TOV VTTOYPAPOVTOC, VO OTIULIOVPYNOCEL L YNPLOKT] DITOYPOPT| Y10 TNV oToio

10 amoTéAeca TG cuvaptnong VA tov mapainmn va elvar EcQUAUEVa IGO0

pe v Tun 1.

210, TPOTOKOAAN YNOLIK®OV LIOYPAP®V LIAPYEL GLVNOWS Eva AEITOLPYIKA
éumoto tpito pérog (TTP). To péhog avtd, oto mopamdve Toapdderypo, Oo emélve
dtpmvieg Tov TOTOL: 1 Alice apveitol OTL VIEYPAYE KATOL0 UVOUO 1) OKOUO KO TOV
yevon oyvpiopd tov Bob 01t éhafe kdmolo prvopa and v Alice. Me tic ynoakég

VROYPAPES B aoy0ANBoVE GTN GUVEKELD.

4.2 Mipoomwmkd Agdopéva ko IdrwtikétnTo

Xoppova pe v Apym Ilpootaciag Aedopévav I[pocwnikov Xapaktrpo Kot to Nopo
2472/1997 to. Mipocmmikd Acdopéva 1| Aedopéva TPosmTIKOD YupuKTHpo sivan’:

“Kabe minpopopio. TOL AVOPEPETOL KO TEPLYPOPEL EVA ATOUO &V (WY, OTWS:
oroiyeio.  avoyvwplons  (OVOUATETWVOUO, NAIKIO,  KOTOIKIO, — ETOYYEAUQ,
OIKOYEVEIOKY KOTOOTAON KAT.), (QUOIKG. XOPOKTHPIOTIKG, EKTOIOEVOY, EPYOTIOL
(TpodmnpeTio, EPYOCIOKY GOUTEPLPOPO. KAT), OIKOVOUIKY KOTAOTOON (£000a,
TEPIOVOLOKA TTOLYELQ, OLKOVOUIKI] COUTEPLPOPE,), EVOLAPEPOVTA, OPOATTHPLOTHTEG,

ovvibeleg.”

3 0 opropdc owTdg amoterel owTOVGI0 Kt AvVaTOGTAGTO PHEPOC 0md Tov 1oTdTomo TS Apync Ipoctociag
Agdopévav Ipocwnikod Xapaktipa http://www.dpa.gr/ pe nuepounvia avaxtmong 6/5/2015



http://www.dpa.gr/

EminpocHétmc, extdg amd o ASOOUEVA TPOGHOTIKOV YOPUKTIPO VITAPYOVV Kol
1o EvaiocOnta mpoocomkd dgdopuéva to omoio mpootatevovtal and tov NOpo pe

owoeTnpdTEPES pLOUicEIS amd OTL ToL AmAd TposmTIKE dedopéva kar opilovtar mc*:

“T00 TPOOWTIKG, OEOOUEVA. EVOS ATOUOD TTOD AVOPEPOVTAL GTH PUVAETIKN 1] €BVIKN
TOV TPOEAEVON, OTO. TOMTIKG. TOV PPOVHUOTO, OTIS BPNOKEVTIKES ) PIAOCOPIKES
70V TETOLONTELS, TTH COUUETOYT TOD GE GOVOLKOALOTIKIH OPYAVOTT, GTHV DYELR TOD,
OtV KOIVWVIKI] TOV TPOVOLA, OTHV EPWTIKN TOL (WY, TIC TOIVIKES OIEEIS Kal
KOTOOIKES TOV, KO.OWS KOl OTH COUUETOYT TOV GE GOVAPELS ILE TO AVWTEP® EVIITELS

’

TPOoOTWV.’

Amd T oKOmMd NG TANPOPOPIKNG KOl TNG EMKOWMVING €VTOG OKTHOL
VTOAOYIGTMV 1) OVIOTHTMOV OVOPEPETAL TOAD GLYVE O OPOC WIMTIKOTNTA KOl TO
CLYKEKPIUEVO TPOCTAUGIN TNG LOLOTIKOTTUS. XT1 CLYKEKPLUEV TEPITTMON OEV QPKET
n EAAvicn 1 avtiotoga 1 Evpomraiky vopodesia® Yo va mposTatéyel ta oamhd Kot o,
gvaiocOnta Tpocwmikd dedopéva aAld yivetal AOYOg Kupimg Yo TIG TEXVOAOYIES OV
dNuovpyndnkav yuoo ToV mOPATAVEO oKOmo. XT0 onueio avtd KpiveTol GKOTIUO Vo
avaeepBode o€ KATOWOVG TEPUITEP® OPOLVG TOL GLVOETOLY TNV €vvola TG
Wwtikdmrag. Ot 6pot givar Paciopévol oe éva mepfdrrlov, OTOL KATOLOC ¥PNOTNG-
AmOGTOAENG GTEAVEL UNVOLLOTO GE KATOWOV 1] KATO10VE TOAPUANTTEG LECH EVOG OIKTOOV
emuovoviag. Extdg amd Tig évvole Tov OmMOGTOAEN KOU TOPOANTTY, MO EVEPYN
ovtoTnTe umopel vo glval UOIKO TPOCHOTO, VOUKO TPOCMOTO, LITOAOYIGTNG, M|
dlepyacio evd £va 6OVOA0 EVEPYAV OVTOTHTMV Uropel va givar £vag opyaviopdg Tov
Opa G VOUIKO TpOcOTO Sounpévo Opm¢ amd evepyéc ovidotmres. H évvown tov
nePPAAALOVTOC Umopel va Yivel akOuUn TTo cagng LE YPNOT TOV GLGTIUATOC, TO 0010

Exel TIc €ENG 1010 TEC!

e To cvomua &xet éva eEmtepikd meptPdAiov, dNA. TUUA TOL KOGLOV TOL

Bpioketat EKTOG TOL GLGTAUATOG

¢ H xatdotaon tov cuotipaTog pmopet v aAAGEEL ovAAOYOL LLE TIG EVEPYELEG

€VTOC TOL GLOTILLOTOG

4 Opoimg pe mapomdve
5 Odnyiec 95/46/EK, 2002/58/EK, 2006/24/EK, 2009/136/EK



AmO ™V GAAN mAevpd o emTiBEUEVOG YPNOTNG EVOLUPEPETOL Yo TNV
TOPUKOAOVONOT OA®V TOV ETKOVOVIOV £VTOG TOVS GLGTNUATOC, TV KATOYPAUPT TOV
TPOTUTMV ETKOVAOVIOG TOV YPTCLUOTOOVVTOL e TEMKO GKOTO T YEPAYDYNON TNG
emkowvmviag. Axoun vrobétovpe 6t 0 emtifépevog ypnotng pmopel va PpiokeTon
€KTOG TOV CLGTNHOTOG KO VO TOPUKOAOVLOEL TIC YpauUEG emKovmviag, 1| va BpiokeTat
EVIOC TOV OCLOTNUOTOC KOl v, gA&yyel otabuovg epyocioc. H yeipaydynon g
emKoOwmviag apopd v a&lomoinon OA®V TV TOPATAVE TANPOPOPIOV OCTE VO
KataAn&el ota ototyeion Tov evitapépovy yvmotd kot g Items of Interest - 10Is,

.. 700G £0TENE, TO10C MOpELOPE, mota pvopoTal,

AMNOZTOAEIZ NMAPAAHNTEZ

. MHNYMATA

\

{77
/l

2ynua 1. 3 diktoo Emikorvaviog aviorlayns unvoudty e emti@éuevong

Onwg avagépape 1 évvola ™S 1OIOTIKOTNTOG GLVTIOETOL OO APKETOVG OPOVE Ko
OTTOLTIGELS TTOV EKTOC TOV TAPOTAV® LEPIKES EMMPOGOETEG AAAG £EICOV ONUOVTIKEG

etvar o1 e€ne:
e Avovopuia
o  Mn-Xvvdeouotnta
o Yevowvouio
e Awyeipion Tovtotnrog

4.2.1 Avovopio

6 Ot évvotec kat ot epunVeieg oYETIKA pE TV W10TIKOTNTO aviAROnKoy (5/6/2015) amd Tovg TopoKaTm
NAEKTPOVIKOVS GUVIEGHOVG:
http://www.ct.aegean.gr/people/kalloniatis/Privacy_Intellectual_Property/PRIVACY_Terminology.pdf
http://dud.inf.tu-dresden.de/Anon_Terminology.shtml



Avovopia prog ovtotntog, onuaivel 6t n ovtotnta ogv eival avoyvepictun onAadn o€
dlpaivovtolr To HOVAOIKG TNG YOPUKTNPIOTIKG HEGOH GE &VO GUVOAO OVOVOU®V
ovtotntev. H avovouia eoptdtol amd ) yvOOon TOL EKAGTOTE EMTIOEUEVOL KOl GE
YEVIKES YPOUUEG €EACPOALEL TN UN aOoKAAVYT TNG TOVTOTNTOS TOL XPNOTN KATH TNV
npdcPacm o dedopéva 1| vanpesiec. BéPaia n aveovopia dev apopd TV TpocTacio TG
TAVTOTNTOG UIOG OTTOLOGONTOTE OVTOTNTOS-YPNOTN OAAG TTpoopileTan yio va emiBdAet
OTIG OVIOTNTEG-YPNOTES VO NV UTOPOVV VO OVOKTIGOLY TNV TOVTOTNTO TOV XPNOTH-
ovTOTNTOG HEGM TNG GUVOEGNS TOV GTO OikTVLO emKOVOVig. O amocToAéng aALY KoL O
TOPUANTTNG UTOPEL VO TOPAUEVEL OVAOVOIOG LOVOV EVTOC EVOC GUVOAOL OTOGTOAEWV
KOl TOL GLVOAOV TTAPUANTT®V. Akoun, Bewpeitor g dedopévo 0Tt 0 emTIBENEVOC deV
Eexva kopio TANpoPOpia Kot 1 YVMOOT TOL GLVEXDS AVEAVETOL.

O emtiBépevog datnpel 10 S1kO TOL GUVOAO AVAOVLUMY OVIOTHTOV Kol GTNV
TePIMTOON OOV VEEG OVTOTNTEG EIGEPYOVTIOL GTO GUCTNUO LETA amd TOV EMTIOEUEVO,
aTEG O€ Bl OVIIKOLY GTO GUVOAO AVEOVOILOV OVTOTHTMOV TOL. AV OmG dgV elval YVOGTOS
0 YPOVOG E10AYMYNG TOV OVIOTHT®V GTO GLGTNUO, TOTE TO GUVOAO TMV OVAOVOU®OV
OVTOTHT®YV Y10 TOV EMTIOEUEVO TOPAUEVEL OTOOEPD. ZVUTEPAGIATIKA, OVOVU LI Y10l Lo
ovtotto, onuaivel 0Tt o emTBéuevog dev umopel vo Tpoodtopicel pe axpifeio v
ovtotTo HEGA GE £V GULVOAO OVTOTHTMV. TELOG o cuVOAKT avevopio elvat wyvpn
060 Mo €vplh €ivoar TO OVTIOTOYO GUVOAO OVOVOU®V OVTOTHNTMOV KOl OGO 0
1GOPPOTNUEVN ELVaL 1] ATOCTOAN Kol TOPAAPT UNVOLATOV HETAED TOV OVTOTHTOV TOV
GLVOAOL KOl GUVETMG OAOKAN POV TOV GUGTNLOTOC.

[Tpocoym opwc! H aveovopio dedopévmv dev dtac@orilet, Kat’ avaykn, Kot v

wioTkotTa! Ag dovpe To £ENG TaPAdELy o piag Tpikng fdong dedopuévmv:

QID SA
Age | Sex Disease
29 F Ovarian Cancer
22 F Ovarian Cancer
27 M Prostate Cancer
43 M Flu
52 F Heart Disease
47 M Heart Disease




H omAn ID (Identity) mepiéyet o oTolyEla TOV TAVTOTOLODY TOV ACHEVY TANP®G, T.X.
OVOLOTETMVLLO Ko ToTp®VLpo, AMKA, AOM, apBudg tavtdttog K.AT. Ot 6THAES
QID (Quasi Identifier) mepiéyovv otoryeio mov amotelobV KMol un cvoicHnta
oTolyEln TOL 0.6OEVOVE TOV TOV APOPOVV BAAG deV TOV TawTOoTO0VV. TELOG T oTOLYXELN
ot omAn SA (Sensitive Attributes). IIpogoavmg, dev mpémel, pe koavévay tpomo, va
dappevoovy ta ototyeia otn oA SA Kabmg Tpodidovv TiIg TadNoELS TOV acOEVDOV.

Aglte, Tdpa, TOV EENG AVOVLLOTONUEVO TIVOKOL:

QID SA
Zipcode Age | Sex Disease
47677 29 F Owvarian Cancer
47602 22 F Owvarian Cancer
47678 27 M Prostate Cancer
47905 43 M Flu
47909 52 F Heart Disease
47906 47 M Heart Disease

Kdnoog mov BAémet tov mivaka avutd cvpumepaivel 0t 0gv givor QKT 1 TOLTOTOINGN
acBevav kol 1 amokdAvyn g mabnong tovs. Ynobéote, dpwg, o6t £xel avaptnet
KGmov oto dldikTvo 0 €£NG KATOAOYOS GLUUETEYOVI®OV T.Y. O€ o Jladikacio
ymeoeopiag 1 GLUUETOYNG o€ o dtafovievon, o omoiog 0ev mepiéyel evaicOnta

TPOGMTIKA dEGOUEVOL:

Name Zipcode Age Sex
Alice 47677 29 F
Bob 47983 65 M
Carol 47677 22 F
Dan 47532 23 M
Ellen 46789 43 F

Ddavopevikd, and tovg 600 TPONYOLUEVOLS TIVOKES deV dtappéet KAmola vaicOntn
TAnpoopia, Onradn acHévela Kamolov aclevolc: 0 TPMTOG TEPLEXEL AVOVOUOTOINUEVH
TANPOPOPin Kol 0 dEVTEPOG TEPLEXEL Uy evaiolntny TANPoPopic. Mia TO TPOGEKTIKT
e&étaon, Opms, TV 000 TIVAK®V gvVivaTUEVa, OTOKAADTTEL TNV acOévela Tng AAiKng!
[Ipocé€te Tic 600 TPpMTEG YpAUUES TV 000 Tvhkmy. O debtepog mivakag fondd, e ta

dedopéva otig otnreg QID, va cuvdebei (identification through linking ovoudletan to



OTOTEAECLLO, TG GUVOEONG AVTNG) TO OVOopa TNG AMKNG HE TNV €YYPOPN TOV TPMTOL
TVOKO, OVOIPAOVTIG TNV OVOVLIIN TOV TPAOTOV Tivako 6cov agopd tnv AAikm. To

dtdaypa eivat OTL ToL AVAOVLLLO OEGOUEVE UTOPETL VO UMV E1vaL Kot TOGO avAVURLO TEAMKE!

4.2.2 Mn—ovvoeonotnto.

H pn—ovvoeoipotnro 000 1 TEPIGGHTEP®Y OVIOTHT®Y, UNVOUATOV 1 cvuBdvimv
onpaivel 6ti, 0 emMTIBEUEVOC 6TO GHOTNUA Lag, Og Ppioketal o€ BEom va KATOVONGEL OV
T0 TAPOTAVE oTotyeion cuvdéovTar PLETOED Tovg. Me Alya Adyla 1 un-cuvoectudtTTa
e€ao@arilel 6T 01 ovTOTNTEG EVOC GLGTHLOTOG OeV gival og BEom va eEakpifdcovy av
évag xpnog £xel AdPet LEPOG GE GLYKEKPLUEVES dLadIKAGTIES EVTOG TOV GLGTNLOTOG,

H pétpnon g pn—cvvoecipdmrag 6vo 1 mepiocotépav 10Is tposdiopileTan
amd TN Sweopd avapeso OTIS TAPATNPNOES TOV emrtidéuevov, oniadq My
ovvoeoyotnro= Néo. Tvwon — Ilpoyevéotepn [voon. H Satypnon g un-
GUVOEGIHOTNTOG LOG OVIOTNTOG TOPAUEVEL 6TaBEPT OTaV 1 TOPATAVED GXEoN lvan
unoév. I'a va woyver 1 Mn ocvvoeoyomta, de Bo mpénel oe Kopio mepintwon o
amoTEAEC O, TNG TTOpATdve oyéong va ivor Betikd. Mia tétola mepintwon Oa ofjpoive
OTL 1 IKAVOTNTO TOV EMTIDEUEVOD VO GLGYETIGEL TOL GTOLYELD VIO TOV GLGTNUATOS EXEL
avEnOet.

H Avovopio kot 1 Mn-cuvdeoipdmmra  eivar ovo  €vvoleg  dppnkta
ovvdedepéves. T v meptypan avtig ™S oVvOEoNS GLVINOMG HaG EVOIPEPEL VO
npocolopicovpe: «Ilotog €xel amooteirer 1 mapordfel, mowo unvoparto;». Ilo
OVOALTIKA, LOG EVOLUPEPEL O OTOGTOALNS £GTM S VO, ElvaLl AVAOVULOG GE GYEOT| LE TNV
OTOGTOAN, EVOG GLYKEKPIUEVOL UNVOLATOG M, KOBMG Kot va €ival avdVOIOS eVTOg TOV
GLVOAOL TV OVOVLL®V ATOGTOAE®V. To 1010 15YDEL TPOPOVDOG KAt V1o £vVOL GOVOAO OO
unvopato M kabodg Ko yu T0 obvoAo TV mopoinmtadv R. Aveovopic Amooctoléa
opiletar 0Tt KGBe PRV GYETIKO e TOV €V QUVALEL AmTOGTOAEN €ival UN GUVOEGIUO
eva avtiotoiyws Avovopio Tapoinnm opileton 0TL KGO PURVLLO GYETIKO LE TOV €V
dvvapel mapoqmn eivar un cvvoéoipo. Akoun, Avovopio Xyéong opiletor m pn
OVIYVELGIUT EMKOWVAOVIOL OVAUESH GE OMOCTOAEN KOl TOPOANTTN, ONAad) O
OTOCTOAENG KOl O TOPUANTING €lvan pn-cuvoéosipol. Téhog wg Zuvoro Avevipwmv
Yyécewv opileTor TO KAPTEGLUVO YIVOUEVO dVO SOPOPETIKAOY GUVOA®V. [l mapadety o
otov pio ovtoOTNTa OTEAVEL 1| AApPAVEL £Vl UVOLO, TO GUVOAD OVOVOU®V GYECEDV

elval 1o ohvoro OAwV TV TOAVOV TOPOANTTOV 1] ATOGTOAEWMV TOL GLYKEKPIUEVOL

UNvOLLATOG.



4.2.3 Yevdomvopia

H WYevoovopio oapopd T Oonpovpyio €vOg TPOGOIOPIoTIKOD, OMAady €vog
YELOWVOLOL, TTOL ATELOVVETAL GE VOl ATOGTOAEN 1) TOPOANTTN AVTL Y10l TO TPOLYUOTIKO
oV dvoua. To GUYKEKPIUEVO TPOGOIOPIOTIKO Umopel va, €ivorl KAmolo Tuyaio Ovopa 1
pio axolovBio amd bits kot etvor aveEApTNTO OO TO TPAYUATIKO GVOLLOL TNG OVIOTNTOG
N Tov WtV e Kdtoyog tov yeudwviopov ovopdletot 1 ovioTnTo 6TV 0moia
AVOPEPETOL KOL T) OTTO10L XPNOUOTOLEL TO YEVI®VVLO. YTThpyovv 800 €101 YELdOVOL®V:
10 Amokleiotino kan to Metafifaoiio yeudmvopo. To anokAEIoTIKO avaEPETUL GE £Vl
HOVadIKO KAtoyo, 0 petafifdletar e AALEC ovTOTNTEG KO Elval QUETAPANTO EVD TO
petafipdoipo pnopet va petafipactel and Evav Katoyo oe dAAn ovtoOtnTa, 1 OTtoio Ha
elval mTAéov 0 vEog KATOYOC.

Me v yevdovopio eEac@orletor OTL 1 OVIOTNTO-YPNOTNG WMTOPEL Vo
TPOCTELAGEL OEO0UEVA 1) VIINPEGIES XWPIG VAL TPETEL VOL ATOKAAVYEL TNV TAVTOTNTA TOV
Kot yopic vo Umopel vo TpocdloptoTel n TowTtdTNTE TOL OO VO GUVOAO OVTOTHTMV.
[Tapora avtd 1 ovTdTTO-YPNOTNG EIVAL VTOAOYOG Y1 TNV EVEPYELL TOV Kol UTTOPEL val
tov amodobel evBHVN. Ocov apopd TV aveovopia TG ovtoTNTaS, G€ AVTO TO oTMpEio Ha
TPEMEL VAL OMOGOPNVIGTEL TPOTA 1) SALPOPA TOV OP®V AVAOVLLOS Kot WYeLddvupog. O
OpOG  AVAOVLHOS 0@eOPA TNV  WWOTNTA UG OVIOTNTOS GCLYKPITIKG He TNV
AVaYVOPIGILOTNTO, EVO 0 OPOG YEVOMVLLOG OPOPE TN XPNOT KATO0V HUNYOVIGLOV,
Om®G YpNom TPoodoPIoTIK®V. ['evikd 0G0 Mo uKpn &lvol 1 yvaoon yoo T GxEoN
YELOMVOLOL-KATOYOV, TOGO Mo oyvpn elvar N avovopic. Amd v GAAn TAgvpd
1oYVG ™G avovopiog Oa peidvetar 660 avEAVEL I YVOOT Y10 T GYECT] YEVOWVVLLOV-
KATOYOV.

Yvumepacpatikd n avovopio Bo etvor o woyvpt| edv Egovpe oty d1d0eoT| pog
0G0 T0 dVVATOV MYITEPEG TPOCOTIKES TANPOPOPIES TOV KATOYOL TOL YELOMVHLLOL TOL
oyxetiCovior pe 1o yevddvopo. Emmhiéov 600 Aydtepo ypnoylomotodviot To
YELOMVLLO KOl GE OGO TO dVVATOV A1YOTEPES SLOOIKAGIEC TOGO O AlyeG TANPOPOPIES
Yl TOV KATOYO UTOPOVV VO GLGYETICTOVV UE ovTd. To 1010 TPoEavAS 1oyvEL Eva
EMAEYOVTOL OPKETA CLYVA WELOM®VLUO e TuYoio Kol oveEdptnto TPOTO Yo VEES

YPNOELS.

4.2.4 Aayeipron Tavtotnrog



H Tavtotnra apopd £va vToGHVOAO TV O10THTOV KATO0G 0vIOTNTO, £iTE VTN €lvart
(QLGIKO 1) VOLUKO TPOCMOTO, £iTE VTOAOYIOTNG, €ite dlepyasia kot 1 omoia Tpocsdlopilet
EMOKPPADS T0 TPOCOTO AT, GE VAL GHVOLO TPOSHTMV. ETedn ot Tipég Twv 1010t Tmv
N akopo Kot ot WTNTeg pmopel va aAddlovv péoca oto ypodvo dev veiotatol pio
povadikny tavtdétnta, aArd moAhamAiés. H Wnoerokn tovtdtto apopd v amrddoon
1010TTOV G€ [0 CLYKEKPIUEVT OVTOTNTO Kot 1) omoia eivan dpeca a&lomomoun (m.y.
10 email o€ pia AMota).

Ye avTiotolyio HE TO GUVOAO TV OVOVOU®V OVTIOTHT®V, UTOPOLUE VO

YPNOUOTOU|COVE KOl TO GUVOAO TOV avVAYVOPIGIL®OV OVIOTT®V TPOKEUEVOL VO,
TEPIYPAYOVLLE O OVOAVLTIKA TNV TOLTOTNTO KOU TNV  OVOYVOPICILOTNTO TOV
ovrotqtwv. H avayvopiowodmmto piog oviomrog agopd oty KavOoTnTo TOL
EMTIOEUEVOL VO OVOYVOPIGEL TNV OVTOTNTA OVAUEGO GE EVOL GUVOAO OVTOTHTMV.
H Awyeipion Tavtétnrog agopd v mpoctacio NG WiwTikOTToS £QOCOV
SPLAATTETOL TANPWS 1] UN-cVVdesIdTNTO peTald Tomv Tavtotitev. H doyeipion g
TAVTOTNTOG EMTVYYXAVETOL HEC® TOV ovuotnudtov dwyeipiong tovtotnrtag (IMS),
ONradn Stdpopa epyareia, EPAPUOYES KOt DTOGOUESG TTOL UTOPOVV VO, EYKATASTAOOVV
KOl VO AEITOVPYNOOVV TOGO GTNV TAELPE TOL user OGO KOl TOL Server Kot Vo
Aertovpyov cuvepyatikd. Ta cuyKEKPEVE CLGTALATA EVIGYDOVY KOl TPOGTATEVOVY
v WTKdTTo 0Ttay pE PAom TOLg TEPLOPIGUOVS amd £va. GUVOAO EQPUPLOYDV
AOYIGHIKOV, TPOCTATEDOLY T UN-CLUVOECIUOTNTO OVAUECH GE TOLTOTNTEG KOl TO
AvVTIGTOLYO YELIMVV L EVOG PUGIKOV TPOCHTOV.

Ye OAeg TG mopamive omoltioels o pmopovoe va evtoyBel kor M opn-
napoTNPNOoIROTNTO 1 oTToia Kol svvavtdtotl otn PipAloypaeio g TéTaptn anaitnon
gvavtt g dwayeipiong tavtomtag. H pun-ropatnpnoipdtta oty ovsio ypnoipomotel
£Va ACLLL IOYLPAV UNYOVICUAV Y10 VO TPOGTATEVGEL TNV WOIOTIKOTNTO TOV YPTOTOV
oo emTifépeEvoue. ATayopevel dNAOOT GTOLG EMTIOEUEVOVG VAL TAPOTNPNCOVY N
avViYVELGOVY TOLG YPNOTEG TN OTIYUN YPNOUWLOTOOVV o VANPESio Ty OTOV
nepumyovvtor oto oladiktvo. Téhog Ba pmopovoape va Bewproovpe TV un-

TOPOTIPNGLLOTNTO OG VTOKOATIYOPIo THG OVOVULIOG KoL TNG [1] GLUVOEGIUATNTOC.

4.3 Aratiogg Tavtomoinong

[Ipwv mpoympnoovpe oTic TEXVOLOYiEg TpooTaciag TG WiwTkotnTas (PETS) apkel va

avaeepBodpe cUVOTTIKA € 0V0 KAOGGOIKES OMOITIGELS TOVTOTOINGNG YPNOTOV UE



TPOoTAcia TNG WIOTIKOTNTUS. Ol GUYKEKPIUEVEG OTOLTICELS OVIIKOLY KOl OVTEC GTO
EVPVTEPO PAGLOL TMOV OTALTNCE®V TNG WOIOTIKOTNTOG Kot O prropovcay va avapepfohv
TOPOTAV®, OUMG Yot OlELKOAVVOT E10AYMYNG VENS OpPOoAOYiag Kot Yo AGYOug
napovcioong TG avapépovpe €d®. Tavrtomoinen g ovtotNTog KoAsiton 1
dwdwkacio ekeivn, kotd TV omoio n ovrotnta Tapéyet o Evo, [TIAnpopoprokd Xvotnua
TIG TANPOPOPIES TTOL ATOUTOVVTOL TPOKELUEVOD VAL GUCYETIOTEL e pia ovTdTNTO N OTTOiaL

Kot O1KOoVTOL TPOGTELUGTC GTOVG TOPOVG TOL.

4.3.1 AvOevtikomoinon

AvOgvtikomoinon piog ovtotnToc, KOAEiToL 1 O1001KOGI0 EKELVN, KATA TNV Omoia 1 101
N ovtdtrag topéxet o€ Eva [TAnpogoplakd Zuotnpa tig TAnpoPopieg mov amaitovvTol
mpokeéEvoy va ereyyfel n Pacipudtra ™ cvoyEtiong mov emTeLYOnke Katd T
dwdkacio g tavtonoinong. Me Ay Adywo eivan n Sradwkacio emiPePainong g
TOVTOTNTOG OGS OVIOTNTOGS. X& WMTIKA Kot dnuocta diktva, 1 avbeviikomoinon
viomoteital cuvOWG e TN YPTIoN KOIKOV TPpdPaocmg evd anotehel Kupimg amaitnon

ACPALELNG, TOPE WOIOTIKOTNTOG EVOG GUGTILOTOC.

4.3.2 EEovo10066Ttn0n

E&ovor0d6tnon oe pio oviomra opiletor n dadikacio Katd TV omoia 1 ovidtnTa
OTOKTO OTKOUMUOTH GE L0 LEULOVMOUEVT] LINPEGIR 1 G€ VO GOVOAO VIINPECLOV EVOG
[TAnpopoplakov Zvotuatog. Xe éva [TAnpopoprakd Zvomnua pe moAhovg YPNOTES, O
deplomg €xel 1o dkaiopo va €E0VG10d0TEL TOV KABE YpNoTn He aviicTol O
KOO UATO, AVAAOYO LLE TO POLO TOVS KO TIG VITOYPEDGELS TOVG LEGH GTO GUGTILLAL.
Ev xatakAieidt Ba pmopovcape va 1oyvuptotovpe 6Tt HEGm TG avbeviikomoinon
e éyxeton M towTtOTNTO  Hog oviotTog HE TG KOTAAANAES €E0VG000TNGELS

(SkondpOTO) Kol TOVTOTTOLEITAL G EVEPYHS XPNOTNG TOV GLGTHHOTOC.



