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IHPOAOI'OX

O1 NAEKTPOVIKOi UMOAOYIOTEC Ta TeAeuTaia Xpovia diadpapaTifouv €vav
OAOEVA KAl ONUAVTIKOTEPO pOAO oTnV Kalnuepivi pag {wn. Ta anoTeAeonaTa Twv
naveAAnVviwyv €EETACEWY, Ta €KKaAOAPIOTIKA ONUEI®UATA TNG €popiag, n Piobodoaoia
XINGdwV  unaAAnAwv K.a. anoteAoUv napadeiyuata npoBAnuaTtwv nou 6Oa
anairoloav noAU nNePICOOTEPO KOMO KAl XPOVO XWPIC TOUG NAEKTPOVIKOUG
UMOAOYIOTEG. € APKETEC NEPINTWOEIG NMAEOV, O UNOAOYIOTEG €ival GUVUPAONEVOI JE
autn Tnv idia TNV avBpwnivn {wn, Onwc yia napadsiyya otnv TNAEiaTpikn, Ta
XEIPOUPYIKA pounOT, Ta CUOTAKATA €AEYXOU MUPNVIK®OV KEQAA®V, TA OTPATIWTIKA

OUCTNAMATA, TIG TNAENIKOIVWVIEG, TOV EAEYXO AEPODIAdPOUWY KAM.

Moipaia, o poAog Tou MnxavikoU H/Y & MANpoopIknG anoktTd au&avouevn
BapuTnTa YECA OTN onNUEPIVN Kolvwvid. Ma va avranokpiBei og auTEG TIC AVAYKEC O
Mnxavikog H/Y & TMAnpogopiknG Ba npenel va €xel kavo unoBabpo yia va
avTanokpiveral ota unapxovta NpoBARNATA, Na KUpiwg, yia va opauaTileTal kal va

oxed1adlel TIG AUOEIG yia Ta npoBARUATa nou avakUunTouv.

To pabnua "Elcaywyn oTa SuoThpaTta YnoloyloTwv" €xel okond va €loayel
TIG apxEG kal TNV opoAoyia TnGg EnioTAung Twv YnoAoyloTtwv. Eivalr €éva padnua
dnuioupyiac npwTng UANG, TNV onoia Ta karoniva padnuara Tou TunuaTodg pag Oa

€€eIBIKEUOOUV Yia va dWoouV TIG NPAYHATIKEG dIACTACEIG TNG EMNIOTAKNG KAG.

O1 navenioTnuiakéc napadodoeic Nou KpATATE OTA XEPIA 0ag Eekivnoav va
ypagovTal To Maptn Tou 2001° avakaiviotnkav Tov enopevo OAeBapn, Bacesl Twv

unodeiEewv TwWV NPOTWV avayvwoTwv (PoITnTwV Kal PETANTUXIAKWV QOITNTWV),
TOUC onoioug Kal euxaploTw Beppd. H €kdoon 3.0 ATav n npwTn nou nepiEAaBe £va
EKTEVEC OUVOAO EVOEIKTIKWV AOKNOEWV. H Tpéxouaa €kdoan €Xel WIKPEG eMINAEOV

010pBWOEIC KAl NPOOBNKEG.

SKOMOG TWV ONUEIWOEWV €ival va anoTeEAECOUV €va e€pydAgio oUVTOUNG

avadpoung anod Touc goITNTEC. Zav TETolo, O PnopoUv —Oc OTOXEUOUV AAAWOTE-
va uUnokaTtaoTnoouv Ta ooa J1ddockovTal oTo au@IBEaTpo’ Kupiwg aduvaTtouv va

oupnepiAGBouv  TIC yovigec oulnThosic nou dleEayovTal ekei. Euxopal va

anodeixbouv &va XpnoiPo epyaAcio.

X. Bépyog
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KED®AAAIO 1

Eioaywyn

AoBévtwv (a) upiag ocuvaptnong f(x) kar (B) MIGg TIMAG yia TO X, &vag
uroAoyiouog €ival n elpeon TNG TIMAG TNC ouvapTNoNG yia Tn dedouevn Ty X. O
ekTeEAwV Tn Oladikacia Tou unoAoyiouoU ovoudadleTal uroAoyiorng. Tov TeAeuTaio
aiwva, kataokeualovTag PNXaveég nou oTnv apxn anoteAoUvTav and ocuvduaouod
NAEKTPIKWV — NAEKTPOVIKWV OTOIXEIWV KAl INXAVIKOV HEPWV, EVW® OTIC HMEPEG MAG
NAEOV OXEOOV AMOKAEIOTIKA WE NAEKTPOVIKA OTOIXEIQ, KATAPEPAUE NOAAEG and TIG
OuUVapTAOEIG MOU Ouxvd pag anacxoAoUv oTnv kabnuepiviy pag {wn va TIg
unoAoyifouue nio eUKoOAd, nio a&idnioTa Kal Kupiwg nio ypriyopa. O1 ynXaveg auTeg

OVOMAOTNKAV NAEKTPOVIKOI UNOAOYIOTEC (UMOAOYIOTIKA oUOTAMATA).

H peydAn diagopd HeTa&U evOC nAekTpovikoU UMOAOYIOTR Kdl KAnolag
AaAANg ano TIG NAEKTPOVIKEG UNXAVEG nou pag nepiBdAAouv eival n duvaTtoTnTa nou
pag divel yia Tnv aAAayn TnG npog unoloyiopd ouvaprtnong (versatility). Auto
EMNITUYXAVETAl JE TO VA £XOUME dWOElI OTOV UNoAoyIaTh Tn duvaToTnTa NPAyHaTIKAG
uAornoinong eAAXIOTWV NPWTAPXIKWV ouvapTnoswyv (primitives) kal Tnv avaykn
and MEPOUC MAg nepiypapnc kabe AAANG nmio ouvBeTng ouvapTnong oav Hia
akoAoubia auTwVv TwWV MNPWTAPXIKWV CUuvapTNoewv. Onw¢ OnAadn ol avepwnol
EXOUV £va aA@apnTto navw and To onoio xTilouv TIC A£EEIC mou katomva TIG
XpnoigonoioUV yid va XTioouv eKPPACEIG, €TOI KAl O UMOAOYIOTAG £XEl €va MOAU
OUYKEKPIMEVO KAl MEPIOPIOPEVO aAPABNTO OUVAPTHOEWY, TO OMNOI0 XPNOILONOIOUUE
yla va ¢TIaEoupe kanola nio cUvleTn ouvapTtnon. YnoB<oTe yia napadeiyua oTi
EXETE €va oUOTNMA NOU PNOPEi va uAonoinagel TIG ouvapTnosic npdobeong (A, B)
= A + B, agaipeonc f»(A, B) = A — B kal oUykpiong pe 1o 0, f3(A) = 0 av A < 0 Kkal
1 aANiwG. Eotw Twpa 611 6EAoupe va uhonoinooupe TIG f4(A, B, C) = A + B - C kal
fs(A, B) = A * B. Tote 0a cixape o1 f4(A, B, C) = fr(fi(A, B) , C) kai fs(A, B) =
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f1(A, fs(A, B-1)) av f3(f2(B, 1)) = 1 i f1(A, 0) aAMw¢. ZTa napandavw napadsiyyara
neplypaWape VEEG ouvapTNOEIC EPAPHOloVTAC HE CUYKEKPIPEVN XPOVIKN akoAouBia
TIC NOn undpyouoec. H Odiadikaocia autn ovopdaleTal rpoypauuarioyoc Kdai n
£K(PAcn TWV VEWV OUVAPTNOEWY OE JId YAWOOd n onoia €ival karavonTr ano Tov

unoAoyioTn ovopaleTal npoypauud.

1.1 To povTéAo ToU von Neumann

>Ta npwTa Xpovia napouciac TwV NAEKTPOVIKWV UMOAOYIOTWV O
NPOYPAUMUATIONOC  yIVOTAV  HME TNV TonmoBETnon  XIAIGdwV  OIaKONTWV  Of
OUYKEKPIMEVEG BEael. KaBe diakdNTNg €ixe dUo B£oeic. H TonoBETnon ortn Wia n
TNV dAAn B€on onuaive kalr TNV avdakAnon Kal CUVENWMG €KTEAEON OIAPOPETIKNG
NPpWTAPXIKAG ouvapTnong and Tn JNXavr, OUVENWG Kdl TV UuAonoinon
d1apopeTIkoU unoAoyiopoU. A@oU OAol ol dIaKONTeG eixav TeBei oTnv emBuunTn
B€on, To akoAouBo Brpa ATav va dWOOUKE OTn KMNXavn TIG TIMEG TWV PETABANTWV
TG ouvaptnong (TINEC €10000uU). H pnxavr €kTeAOUCE TOV UMOAOYIOWO KAl
napnyaye Ta anoTeAéouaTa —oTnv oucia kabopile TIC BECEIC KANOIWV dIAKONTWV-,

pag €dive dnAadn TIG TIMEG €EGOOU.

Ynnpxav diagopa npoBARUATA o€ AuTri TN NPpWTN HOPEPR TWV UNOAOYIOT®V:
¢ 2uvnObwc o idlog unoAoylopog xpelaloTav va yivel o NEPIOOOTEPA TOU €VOG
dedopéva (n.X. o unoAoylopog Tou dwpou Tou Maoxa xpeldlertal va yivel navw
o€ MOAAG pIoBoAOYIKA KAIYAKIA). ZUVENWC Ba €npene Pe kamoiov TpoMo va
MrnopoUpe Ta dsdopeva €106dou va Ta divoupe OAa padi orn Pnxavn, avri va
aAlaloupe Tn Beon OlakonTwV Yia kKABe €va. AvTtioToixa 6a BeAape Ta
anoTeAéOPATA va PNOPOUME va TA €XOUME O MId Mo POVIUN Hop®n, avTi va
XpelaleTal va orapgatage Tn Pnxavn, va diaBaloupe Tn B€on diakonTwy yid vd
NAPOUKE TO AMOTEAECUA KAl VA EMNAVEKKIVOUME TN MNxavn.
¢ MeyaAUTepo npoOBANUa nTav OTI O MPOYPAMPATIONOG Mou eixape KAVel aTn
hnxavn xavotav kabe popd nou Tnv NpoypaupaTidaye €k VEOU. QG anoTEAEOUA
KGbe npoOypapua nou TuXOV eixaue ouvTa&el yia Tn pnxavh 6a £npene va
gnaveloayeral kabe @opd npiv Tn Xpnon Tou. H sioaywyrn wOTOGO EVOG
npoypAaupaTog Je TNV aiAayn 6€ong XIAIGdwv diakonTwyv NTav dia diadikaaia
gninovn, xpovoBopa kai dioAou agioniaTn.
Ta dUo napandvw npoBAnuata AUBnkav Pe TNV €10aywyrn €vOG VEOU HOVTEAOU
unoAoyioTwv ano Tov OUyypo pabnuatikd John Louis von Neumann (1903 -
1957). (MoAAoi ioTopikoi dlapwvoUv OXETIKA PE TN NATPOTNTA TOU PHOVTEAOU Kal TO
BewpoUVv WG ANOTEAECNA OUVOAIKNG €peEUvAC MIAG ouadag orto MavenioTryio Tou

Princeton otnv onoia cuppeTeixav €kTog Tou von Neumann, o J. Prespert Eckert

-8-



KED®AAAIO 1 - Ewcayayn

kal o John Mauchly. Autoi o1 Tpeic yali ye Tov Alan Turing o onoio¢ epyaloTav
MOVOC Tou TNV idia enoxn otnv AyyAia BewpoUvTadl ol NAaTEPEC TNG EMNIOTAMNG TWV
UNMOAOYIOTWV KAl OUVEXIOTEC TNG BEWpPIiac Nou €ixe ToV NPONEPACHEVO AlwVa EICAYEI
o Charles Babbage (1792 - 1871)). To kaivoUpyio OTOIXEIO OTO JOVTEAO TOU von
Neumann ATav n npdécbeon upiac povadac n onoia pnopolce va anobnkeUael
npoypauyuaTa, TIMEG €10000U Kal €EOOOU, N onoia ovouacoTnke povada pvnung. To
HOVTEAO Tou von Neumann ToO onoio (aiverdl oTo NApakdTw OXNUA anoTeAsiTal
and 5 OJlakpITEC unopovadec (ME XOVTPEG YPAWMEG (aivovTal Ta povondaTia

avTaAAaync OedopEVWY, &V ME AENTEG Ta MovondTmia avraAlayng onudartwv

eAéyxou) :
Movada
MvAung
Movéda Ag'/e\g”;l'f” | Movéda
Eigédou |~ VIKN =1 Eg6dou
Movéda

AG OoUpe avaAuTikG nw¢ AsiToupyei To napandvw MPOVTEAO yid va
kataAdBoupe TO poOAo nou kaAsital va OdiadpapaTtiosl kabe unopovada.
XpnoigonoiwvTtag Tn govada egioodou (Input Unit), sicayoupes 1a dedopéva
(data) oTto unoloyioTikd cUoTnua. Ta Jedopéva cival NMAEOV TOGO Ol EVTOAEGQ
(instructions) ol onoisc kaBopifouv TnNv akoAouBia €KTEAECNG TwWV NPWTAPXIKWV
OUVAPTACEWV TNG MNXAVNG dAAG Kal ol TIHEC Twv MeTaABANTwV €10ddou. Ta
d0edopéva auta anobnkelovtal oTn povada pvAung (Memory Unit). To
anoBnkeupévo Npoypaupa OTav apxiosl va eKTEAEITAl, TaQuTOXpova NepypaPel Kal
Tnv diadikacia avdakAnong Twv HPETABANTWV ano Tn HvAMN. H ekTEAEOn MIAG
EVTOANG Tou npoypdppaTog AauBavel xwpa otnv Api@untikn Aoyikg Movada
(Arithmetic Logic Unit — ALU) katw and tnv enifAewn Tng Movadag EAéyxou
(Control Unit). Kd&b6e anoTéAleopya nou napdyetal npowdeital orn Movada

E&0dou (Output Unit). ToANéc @opec n ALU paldi pe Tnv povada eA€yyou
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ava@epovTal ouvoAika w¢ Kevrpiky Movada Ene&epyaciac - KME (Central

Processing Unit — CPU).

To nio evdlapepov onueio Tou MPovTéAou Tou von Neumann e€ival o
XEIPIOYOG TOU NpoypduuaToG KATa Tov idlo TpOMo HWE Ta unoAoina Jedopéva.
AnAadnf €va npoypapua Pnopei va anoBnkeUsTal oTn PVAMN KAl va avakaAsital
Onw¢ akpIBwe Kal pia JeTaBANTn. Av Kal OfUEPA AUTO PaAg PaiveTal KATl NPoQPaveg,
unnp&av noAAa ortadia npiv Yivel Koivog ToOnoG. Ta npoypdupaTta os naAloTepa
ouCoTHAPATA €l0ayovTav KGBe Popd Mou anaiTeiTo €KTEAECH TOUG HWE PEOCA ONWG
OIATPNTEG KAPTEG, MAYVNTIKEG TAlviec KAM. AuTtrl n 10éa Tou von Neumann
anoTéAege OegpéAlo  yia Tn  Onuioupyia MHETAYAWTTIOT@WV KAl AEITOUPYIKWV
OUCTNUATWV Kal €ival auTn nou KAvel TOOO €UEAIKTOUG TOUG ONUEPIVOUG

UMNOAOYIOTEG.

1.2 To HOVTEAO APTNPI®V CUCTHHATOG

EkouyxpovilovTag kal TunonolwvTag MeEPIOOOTEPO TO MOVTEAO TOU von
Neumann pnopoUpE va KATAaANEOUPE OTO YOVTEAO ApTNPI®V GUCTNPATOC TO OMoio
napouacialeTal oTo NApakaTw oxnua. Baosl autoU Tou PHOVTEAOU £va UMOAOYIOTIKO
ouoTnuUa xwpiletal nAéov o 3 unopovadec : Tnv CPU nou nAgov avTikadioTa Tnv
ALU ka1 Tnv povada eAéyxou, Tnv Povada €icodou / €€6dou (Input / Output Unit -
I/O Unit) kal Tnv povada pvAung. MAnpogopiec (Oedopeva Kal NANPOPOPIEC
eAEyxou) avrtaAAdooovTal Bdosl auToU ToU PovTEAOU navw anod 3 diapoipalOUEVES
apTnpieg Tou OUCTAMATOG : Tnv aprnpia disuBuvoewv (Address Bus), Tnv

aprnpia dedouévwy (Data Bus) kal Tnv aprnpia eAéyxou (Control Bus).

Movada
Mvrun Eioddou /
E¢6dou

ApTnpia Aedopévwv

ApTnpia Aleubuvoewv
ApTI’]pI'G ZI’]}J('XT(.UV E)\éVXOU c - - - J
(ITapatnpeiote Vv dlacvvdeon Kabe vmopovadag oe Kabe aptnpio. ['o Tapdderypa n povada
uvfung propei povo va "dafdoet’” and v aptnpic 61evbHvee@Y pa OxL Kot VoL TNV 00N yHoEL

Yrdpyet emiong kou 1 aptnpio Topoyng Taong 1 onoio vIOVoEitat).

-10 -
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To napandvw povTeAo BacileTal otn Bswpnon OTI KGO nAnpogopia Péoa
oc £€va unoAoyioTikd olUoTnua pnopei va avayvwploTei povadikd Bacel Tng
O1euBbUuvoewe TnNG. ONwc yia napddelypya kabevag pag €xel évav apiBuo unTpwou N
€vav apiBuod aoTUVOMIKNG TaAuToTNTAg nou Tov Jdiaxwpilel and OAoug Toug
unoAoinouc, £T1ol kal kaBe nAnpo@opia (evrioAn r OedOPEVO) OTO UMOAOYIOTIKO
ouoTnua £€xel pia dielBuvon. Etol otnv apTtnpia dedopévwv diakivouvTal ol
NANPOPOPIEC eV Ot AUTAV Twv JdleuBUVOEWYV ol avTioToIXeg OleuBuvoelG. To
napandvw HPOVTEAO nNEPIYPAPEI  IKAVOMOINTIKA TO OUVOAO TWV ONUEPIVOV
NAEKTPOVIK®V UMOAOYIOT®WV. 3Ta KaToniva Kepaiaia yiverar avaAuTikn napouaciaon
TWV AEITOUPYIK®OV KOWHATI®V MNou anapTifouv kdABe pia ano TiG 3 UNOUOVAJEG
kabwc kal neplypdgovTtal ol  TPOMol EniKoivwviag Toug navw and TG

dlapolpalOPeEVEG apTnpieg TOU CUGTANATOC.

1.3 O unoAoyIoTiG oav IEpapxiko oUoTNHa
Onwg kabe oUvOBeTO CUOTNUA £TOI KAl O UMOAOYIOTNG €ival €va 1€papxIko

ovuoTtnua. KdabBe eninedo authC TnNG Iepapxiac oTnv oucia eKPETAAAEUETAl TIG

UNNPECIEC NOU TOU MApEXOUV Td nponyoupeva (Mo KATw oTnv lepapxia) enineda

Kal avanTtUoOoEl VEEC UMNNPECIEC MOU TIC NMPOOPEPEI OTO Mo NAVw Kdl M0 KOVTIVO

oTov avBpwno eninedo. € €va UNoAoyIOTIKO cUoTNHA pnopoUUe va dlakpivOUUE Ta

akoAouba enineda :

¢ To eninedo Aoyikwv nNUuAwv, TpavlioTop KAl aywywv, NMou €ival Kal ToO KAaTWTaTo
€ninedo €vOg UNoAoYIoTIKOU OUCTANATOG. 2TO €Minedo auTod n AEITOUPYIKOTNTA
Tou unoAoyloTn ekppaleTal ye duvapikd, peupaTta, xpovoug d1adoonc onUATwV
KAl YEVIKA ¢aivopeva noAu xapnAou eninédou. Ta TpavdlioTop XpnoidonoloUuvTal
YyId TNV KATAOKEUN AOYIK@WV MUAWV MOU €ival KAl n UNNPECia rnou Napexel To
€ninedo auTo OTO APECWC UWNAOTEPO.

¢ To £ninegdo ASIToUupyIK@WV Povadwyv. XTo €ninedo auTo opAdeC anod AOYIKEG NUAEC
OpYyavmwvovTdl Ot AEITOUPYIKA KOMMATIA ONWG KataxwpnTeg, aplOuNTIKEG
HOVAdEC, UVNMEG KAM.

¢ To e€ninedo povadac eAfyxou. To €ninedo auTto €A£yXel Tn HETAPOpPA
nAnpo@opiag PeTA&U AsiToupylkwv povadwyv. Me Tov TpOMo auTd OTnV ouadia
NAapeExel £€va pPeENEPTOPIO JIAPOPETIKWV AEITOUPYI®V, TwV onoiwv JdIAPopeg
akoAouBiec anoTeAoUV WIKPONPOypduUATa Yid EVTOAEC TOU UWnAOTEpPOU
eninédou.

¢ To eningdo yAwooac unxavng (Machine Code) / ZupBoAikng Mwaoaoac (Assembly
Language). Eivalr To uwnAOoTepo €ninedo nou eivar karavonTtd amno Tov
unoAoyloTh. H ekTéAeon piag eVTOARG auTou Tou €niNEdoU YivVETAl TNV ouadia Pe

TNV €KTEAEON €VOC MIKpOMNPOypduuaTog and To auESwS KaTwTepo eninedo. O
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*

NPOYypAuMaTIONOC 0 auTo TO €ninedo YIVETAl €iTE PE Oouyypa®n TEPAOTIWV
ocipwv anod 0 kar 1 €ite ye oupPBoAikn YAwoaoa Tnv onoia avaiauBavel eva €1d1ko
npoypauua (oupBoAopeTappacTtic — assembler- To onoio €ival ypauuévo o€
og1peG ano 0 kal 1) va Tn PETAPPACEl 0 YAWOOA KATAVONTR and To UAIKO.
MNpoo£ETe OTI AUTO €ival KAl To TeAguTtdio €ninedo To onoio Jivel oTOoV
npoypauuaTioT NARpN €Aeyxo oTo UAIKO. Eniong, e€ival duvato Ta KATWTEPA
enineda dUO0 UMOAOYIOTIKWV CUCTNHATWV va £Xouv OIaPOPETIKEC UAOMOINTEIG,
aAAG og eninedo CUPPBOAIKAC YAWOOAG AuTA va NMPOOQPEPOUV AKPIBWC To idio
PENEPTOPIO. TOTE Ba AEUE OTI AQUTA Ta UMNOAOYIOTIKG CUCTANATA €ival ouupara
og €ningdo OUMPBOAIKNG YAwooac. H cupBatotnTa €ival noAU onuavTikn ylaTi
EMITPENEI NPOYPAMKMATA NOU £XOUV YPpAPTEi 08 OUUBOAIKT YAWTOA I 08 YAWOOEG
nio uwnAwv eniNEdwV va ekTEAOUVTAl 0 AAAOUG UMNOAOYIOTEG. AuTOG €ival Kal o
AOYoC nou ol unoAoyioTég pe CPU Tng etaipeiac Intel (noAU yvwoToi wg
npoownikoi unoAoyioTec — Personal Computers / PCs) £€xouv Bpel NOAU PeydAn
annxnon Ta TeAeuTaia Xpovia, av kal oxedlaoTikd unfp&av noAU KAAUTEPEG
AUosic (0nwc yia napdadelyya ol UNOAOYIOTEG ThC €Talpeiac Apple nou BaciloTav
oe CPUc Tnc Motorola). To eninedo autd Bad anoTeAECEl AVTIKEIMEVO TOU
€pyaoTnpiou oac.

To €ninedo TwV UWPNA®WV YAWOOWV MNpoypapuaTtiogou. =To eninedo autd o
NPOypAuMaTIoTnG cuyypAa®el To NPOYPAUKA TOU XPNOIMONOIMVTAC TO PENEPTOPIO
Mou Tou napexel pia yAwooa n onoia €ival noAU kovtd oTtov davlpwno Kal
apkeTd pakplid anoé Tn upnxavn. Or nAgov OIadedOMEVEC UWNAEG YAWOOEC
npoypapuaTiogou (high level languages) €ivar n C, n Java, n Pascal kai n
Fortran. O npoypaupdTioTAG auToU TOU €MMNeEdOU CUYYPAPEl TO NPOYPANHA Tou
ayvowvTtac kdl adla@opwvTac yid Tnv uAonoinon Twv OUvApTAOEWV Mou
neplypd@el oTn OUYKEKPIYEVN pnxavn. H eguBlvn peTatponng Tou KwdiKa
UWNANG YAWOOAC nNpoypaupaTiogol o0 yAwood HNXAvng enagisrar orTov
peTappaoTn (compiler) f Tov digpunveuTn (interpreter) nou eival npoypauuarta
€10IKa yia To okond autd. O pev PeTappacTeEC (o assembler €ival piag €10IKAG
HOPPNG METAPPACTNG) apou avayvwaoouv OAo Tov nnyaio kwdika (source code)
nou €ypaywe O MPOYPAMMPATIOTAC Tov HETA@PAlouv Ot KWOIKA MWNXAvAg Kai
dnuioupyoUVv £€va ekTeAéoipgo apyxeio. H diadikacia petdgpaong anaiteital va
npayuyatonoin®si povo pia @opd. O1 dIEpUNVEUTEC, apou MPeTAPPAcOUV Hid
YPAUMRA Tou nnyaiou kwdika, TNV ekTeAoUv kal n Jdiadikacia auTh
enavaAapBaverar PEXPIC OTOU OAOKANPwOEei n digpuriveucn OAoOU Tou nnyadiou
kwdika. H diadikacia auTr] enavaiapBaveral kKabe @opd nou digpunveUeTal o
KwdikaG. Or1 OIEpUNVEUTEC Ouxva XpnoidonolouvTdl OTnV  anoo@aAuaTwaon

AaBwv Tou nnyaiou kwdika (debugging).
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¢ To eninedo xprortn / eninedo e@appoywyv. 2To €ninedo autd o XpPNoTNG
EMNIKOIVWVEI JE TOV UMOAOYIOTH €KTEAWVTAC MPOYPAUHATA ONWC EMEEEPYAOTEC
KEIMEVOU, PUAAa dedopevwy, naixvidia kAn. O xpAoTng oTto €ninedo autd dev
xpelaletal va yvwpilel Tinota oUTE yia TNV opydvwaon Tou unoAoyiaTr oUTE Kal
yla Tn diadikacia ouyypagpnc ToU NPoypauaTog Nou eKTEAEI.

H 1epapyia Twv napandavw eninédwv (paiveral oto akoAoubo oxnua.

YwnAo Emitredo
(Mo kovTd oTov AvBpwWTTO, AIyOTEPOG EAEYXOG TWV
TTPAYHATIKWY O1adIKATIWV)

A

Emitredo Xpriotn / Egappoywv

Emimedo YynAwv MNwaoowv Mpoypappatioyol

Emriredo Mwooag Mnxavng / ZupBoAikig Mwaoaag

ETritredo Movadag EAEyxou

ETriredo Asitoupyikwv Movadwyv

Emiredo Aoyikwv MuAwv / TpavlioTop
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KED®AAAIO 2

Avanapaoraon Aedouévwv

Mpiv and onoladnnote pop@pn enegepyaociac TG nAnpogopiac oTov
unoAoyioTr, 8a npenel NpwTa vd £XOUHE KAMOIO TPOMO €KPPACHC TNG O HopPn
katavonT and Tov unoAoyliotnl. H ékppaon TnG nAnpogopiag (1coduvaua Twv
0edoEVWYV) O PopPn KaTtavonTn and Tov unoAoyioTn ovouddlsTalr avanapdoraon
NG nAnpo@opiac n evalAakTikG kwdikoroinon TNG N avanapdoracn OE KAroiov
kwdika (data encoding / data representation). Evag kwdikag €ivalr €éva ouvoAo
Kavovwyv BAocel Twv onoiwv JnopoUpe va pTIAEOUPE OUOTNUATIKEG AvanapaoTAOEIG
ol onoiec dlEnovTal and KAnoieg 1016TNTeG (ApIBUNTIKEG, avixveuons / d10pbwaong
OQAANATWV KAM). MpIv OJWC MIANCOUME Yyid Toug Olagopouc KWOIKEC Mou &ivail
d1aB&aipol, gival KaAo va doUNE TIG HOPPEG TNC NANPOPOPIAc Nou €ival KATAVONTEG

ano Tov unoAoyIoTh.

2.1 Auadiko Z0oTnpa : To cUoTNHA TOU UNOAOYIOTH

>nuepa (apxéc Tou 2001) Ta TPEXOVTA UMOAOYIOTIKA OUCTAPATA
AgIToupyoUv £xovTacg oav Baon dUo JIaKpITEG KAaTaoTAaoslG. O1 dU0 aUTEG dIAKPITEG
KaTaoTaoesic ekPpalovTal ECWTEPIKA OTOV UMNoAoyiaTr oav dUo JIaKpITEC OTABUEG
duvapikoU nou 10eaTta sivar Ta OV kal Ta 5V. Bdaosl autoU BewpoUpe OTI KABE
OTOIXEIWOEG KOMUATI NANPOPOPIac aTov UNoAOYIOTH PMopEi va eival og pia anod duo
TIMEC TO O kal To 1 ye kanola €va nNpog €va Kal eni ouvapTnon aneikoviong YETAgU

auTwVv TV dUO0 TIHWV KAl TwV oTaduwv duvapikoU nou ava@epbnkav nio navw.

Ma va To KaTaAdBoUPE NEPIOTOTEPO AC BEWPNOOUKE £va PwC NOU PIMOpPEi va
gival avoikTo 1 oBnoTo. AuTO Nou epeic BewpoUpe gav avoikTd Kal oBnoTO PMopEi

va avanapacTtabei oTov UNoAOYIOTN TO PEV AVOIKTO Yid napddsiyya pe 0 kai To o€
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KEDPAAAIO 2 — Avanapdotaon Asdousvav

oBNoTo pe 1 1 evaAAakTIkd TO avolkTo Pe 5V kal To oBnotd pe OV. Mpogpavwg Ba
pHrnopoUOAPE va avanapacTriOOUHPE TO avolkTo Pe OV kal To oBnoTo pe 5V aAAa
autd Oev anoTeAei napd pia ouuPBacn N Pe aAAa Adyia €vav eninAgov kavova oTo
OUVOAO TWV KAVOVWV TOU K®WOIKA MOU XPNOILOMNOIOUME. TO OTOIXEIWMIEG KOMUATI
nAnpo@opiac (nou eniong anoTeAEl Kal TO OTOIXEIWOEC KOUUATI UVALNG) E0WTEPIKA
TOU UMOAOYIOTH nou Jnopei va BpiokeTtal og yia and dUo dIaKPITEG KATACGTATEIG TO
ovopaloupe duadikd wneio (BInary digiT — BIT) nAnpo@opiac. Mnopeite va
avTinapaBaAAeTe To duadikd Wngio Nou pnopsi va napel govo TIG TINEG 0 kal 1 pe

To dekadiko Wngio To onoio pynopei va napel Tic TiNéc 0, 1, 2, 3,4, 5, 6, 7, 8 kai 9.

>Ta duéowg enopeva e€EeTaloupe Ta NoAAanAdoia Tng BAcikng povadag
nAnpo@opiac kal PTIAXVOUNE ToV NpwTOo PAG Kwdikd. Ac unoBéooupe OTI BEAoUE
va avanapacTHOOUKE OTOV UMOAOYIOTr QUTOKOAANTA Mou PNopeEi va €xouv €va anod
Ta €ENG €& xpwpaTta : Aaonpo, Haupo, KOKKIVO, MNAE, KiTpivo kal yaAddo.
XpnoiyonolwvTag €va dekadikd wngio 6a unopoUoAUe va KAVOUHPE TNV E€EAC
avTioToixnon METAEU TwWV KATAOTAOEWV TOU OekadIKoU Wwngiou Kadl TV XPWHATWV

(lcodUvapa va epTIaEoupe Tov €ENG KWOIKA) :

Katdotaon AskadikoU Wneiou | Xpwpa AuTokOAAnTou
Aonpo

KiTpivo

raAadio

KokkIvo
MnAe

VN[O UN|RWNIFO

Maupo
3TOV UMNoAoyIOTr HAC woTO0O Uundapyxouv Hovo Jduadika wnoia. Eivar Aoindv

npo®aveéc OTI XpnolgonoimwvTag &va Hovo duadikdo wneio eivar adlvaTto va
MMOpECOUNE va KWOIKOMOINOOUWE Ta €& OIa@OpPETIKA XpwHaTd. Mnopeite va
avTinapdBAAAETE auTn TNV MNeEPINTWON ME TNV NEPINTWON MNOU E£nNpeEne va
Kwdlkonoinooupe 20 xpwpata pe 1 0ekadikd Wneio. ZUVENW®G OTNV NEPINTWON
auTn 8a XpelacToUNE NEPICCOTEPA TOU €vOC duadika wneia. MNa va BpoUue To nooa
akpIBwg Ba XpeldoTOUPE OKEPTOHAOTE WC EENC :
1 duadikd wneio pnopei va KwdIKoMNoINoel 2 KaTaoTAoEIC.
2 duadika yneia pnopolv va kwdikonoifoouv 22 KaTaoTACEIC.

3 duadikda yneia pnopolv va kwdikonoifoouv 23 kataoTdoeic.

v duadika wneia ynopouv va kwdikonoiroouv 2¥ KATaoTAgEIG.
SUVEN®C Yia To NPOBANUA TwWV AQUTOKOAANTwV Ba npénel va xpnoigonoindouv v

duadika wneia wote 2¥ > 6 n 100dUvapa v > log,6. O eAaxioToc apiBuog duadikwv
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Yneiwv dideTal ouven®¢ and Tn oxéon v = [logopl 6mou p ol SIaPOpPETIKES
KATaoTAoEIC nou BéAw va kwdikonomow. (Me [x], cupBoAiloupye To HIKPOTEPO
akEépaio y, yia Tov onoio IoXVUel y > X). Na To napddeiyud pag v = 3 kai évav anod
TOug duvaTouC KWOIKEC MOU MMOPEITE VA KATAOKEUAOETE BAENETE OTOV EMNOMEVO

Nivaka.

KataoTtaon Tpiov Auadikov Wnepiov Xpoua
B2B1Bo AutokOAAnTOU
000 Aconpo
100
010 KiTpivo
001 KOkKIVO
110 raAddio
101
011 MnAeg
111 Maulpo

Eival npo@avég OTI NOAAEC POPEC yia NPAKTIKA NpoBARpaTa 6a XpelaoTOUNE
noooTNTEC NoAAanAdaciec Tou evog duadikoU wngiou. Yndpxouv Aoinov Ta €E&ng
noAAanAdoia Tou gvog duadikoU yngiou :

e TeTpada (nibble) = noodTnTa TEGTAPWY (22) SUAdIK®V YNPiwv

e Byte (okTada) = noodTNTA OKT® (23) duadikwv Yneiwv

e Kilobyte - KByte (KB) = nogdtnta 1024 (2!°) Bytes

e Megabyte - MByte (MB) = noodTtnTta 1024 (2!°) KBytes = 2%° Bytes

e Gigabyte - GByte (GB) = nocotnTa 1024 (2!°) MBytes = 23° Bytes

e Terabyte - TByte (TB) = nocdtnTa 1024 (2!°) GByte = 2%° Bytes

MNa napddeiypa 1GB €ival noocotnTa nAnpogopiag (1c0dUvapa noocdTnTa WVAHNG)

233 duadikov Yneiwv.

2.2 ApiIOunTika ZuoTnpara - Kodikeg He Bapn - Api1OunTikoi Kwdikeg

>TNV unoevoTnNTd auTn €€eTaloupe KWOIKEC Ol onoiol Ba Pac enNITpEYoUV va
EKTEAOUME apIOUNTIKEG NPAEEIC OTO UNOAOYIOTIKO Pag cUaTnUa ypriyopa Kai anid.
Na Tnv NAApn woTOCO KATAVONON TWV KwdiKwv Mou XpnoigornolouvTtal oTd
onuepIva ouoThPaTa Ba eEeTdooupe Toug KWOIKEG NOU Xpnoidonoindnkav 10Topika
yla To okond auTo, aAAd kal B8a eiodyoupe TNV anapaitnTn Bswpia navw ortnv
onoia BaocifovTal Ta apiBunTIKaG cuoTnuaTtd. MoAAEC Qopéc Ba XPNOILOMNOIOUHE WG
napdadelypa 1o yvwoTo hag dekadikd ouoTnua.

Eva ocuoTtnua ovoudleral p-01kO av kABe wn@io Tou Pnopei va napel TINEG
oro Oiactnua [0, p-1]. O apiBudéc p ovopaletal Baon n pida (radix) Tou
OUOTAMATOC auTou. 3TO yvWOTO Pag Oekadiko ouotnua p=10 kal kabe wneio
pnopei va napel Tign ano 0 €wg kal 9. AvTioToixa oTo okTadiko cUoTnua p=38 Kal

kGbe ywnoio pnopei va ndapel Ty and 0 wg 7. MNa ouoTthuata pe p>10
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xpnoigonoiouvTal Ta ypdupaTa TnG aA@apnTou yia va unodnAwoouv KATACGTAOEIG
TV Yneinv pgeyaAuTtepeg Tou 10. MNa napddeiypa o6tav p=16, KABs wneio Pnopei
va napel Ty ano 0 éwg kal 15 kar xpnoigonolouvTal Ta ypaupata A, B, C, D, E
kal F yia va unodnAwoouv TIC TINEG 10, 11, 12, 13, 14 kal 15 avTioToixa, nou

Jnopei va napel kabs wnoio.

Eva apidunTikd oloTtnua €ival gia unokartnyopia Twv Kwdikwv He Bapn.
Fevikd kwdIkac e Bdpn eivar vac kwdikag ornou £va wngio €xel yia Bapurnra n
oroia &€&aprtdrar and T1n 6fon TNV onoia karaAauBdvel. AC unoBEooupEe TNV
nAnpo@opia d,.10y.»...030,0:0¢, Onou Ta &, 0 < i < v-1, eival yneia Tou p-dikoU
OUCTAMATOG Kal N nAnpo@opia sival Kwdikonoinuevn YE Baon Tov KwdIkA PeE Bapn
Wy-1Wyo2 ... WoWiWgo. AUTO onpaivel 0TI n B€on nou €xel To yngio d,.1 EXEl €va BApog
Wy.1, N B€on nou &xel To wnio O,., €XEl €va BApog wy., Kok. MNa va kataAaBoupe
nola noocoTNTa avTinpoowneUel n  KwdIKOMOINUEVN NAnpogopid, apkei va

£EQAPPOCOUNE TOV KGVOva TOU NMOAUWVULOU
MoodTnTa = Vi(wié'i)

i=0
Nna napddeiypya, £0Tw OTI XpnoigonoloUpe To enTadikd ouoTnua Kal Tnv
avanapdoraon 2 3 6 1 oc kwdika Ye Bapn 6 4 3 1. ToéTe n nponyoUuevn €ival
dia avanapdoraon Tng noooTntag 6*2+4*3+3*6+1*1 = 43. MPooeETe OTI OTOV
KwdIKa auTo, n idla noodTnTa €Xel Kal aAAec mBavéc avanapaoTdoeic, Onwe vyid
napadeiyya TV 6 1 1 0 (apou 6*6+4*1+3*1+1*0 = 43). Ze €va apiBunTIKO
ouoTnua To napanavw dev eival enBunNnTO. AVTIBETWC, €ival anoAuTta mBupunTd
kGBe NoooTNTA va £xel Pia kal yovo avanapaoTaacn. AuTo Pnopei va eniteuxBei av
emA&Eoupe Ta Bapn £T01 WOTE O KAOe B&on i va avTioToixel éva Bapog p'. =€ auth
TNV nepinTwon o KwdIKag Pe Bapn yiveral 1o p-3ikd apiBunTikd cloTtnua. Tnv
avanapdoTracn HIag noodTnTa¢ O auTtd To ouoTnua 6a Tnv OupBoAifoUME pE

Oy-10y-2...0302010¢ p. AKOAOUBOUV pepIKA napadeiypara.

>uvnBiloupe oTo dekadikd oUOTNUA va YPAPOUKE TNV nocoTnTa 827. XTnv
oucia unovooUpe TNV kwdikonoinon 8271, dnAadr pia nocdTnTa ion pe 102*8 +
10'*¥2+10°%7. Me akpiB®g Tnv idla Aoyikh n noootnta 1000110, sivar n
KwdIKonoinon TnG noodTNTag 28*%1+2%%0+2%0+23*%0+22*1+21*%1+2%%0 = 704,.

Eva npoBAnua nou npokUNTel €ival nwc dedoPEévnG HIAg avanapaoTaong os
kdanolo cuoTnHa Pe Baon p ynopw va Bpw TNV avanapdoracn Tng idiac noodTNTAG
o€ €va aAlo apiOunTikd cuoTnua Pe Baon kzp. Mpogavwg av k=10 apkei o

Kavovag Tou noAuwvupou. Mapakdatw Oivouue Tnv dladikacia PeTATPONnG otav
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p=10 kal k=10. MNpopavwg av kai To pz10 Ba npeEnel NnpwTa va akoAouBrjocoupe

TOV KavOva Tou NoAUwvVUHOU Kal UETA TNV nNapakdtw neplypa@opevn diadikaaoia.

EoTw Aig N NooOTNTA nMou BEAOUHE va PETATPEWOUHE OTO K-JIKO ouaThua.
AUTO onuaivel OTI Npénel va BpoUWe Wia avanapaostaon TnG Hop®ng (G.1...0:0 « =
KG+K ™ ... +K'G+KG = A, Zkondg npo@avag Tng diadikaciag eivar o
kaBopiopog Twv g,.-1,..., &,%.
Brua 1. AlaipoUpe Ta dUo pEAN TNG napandvw 100TNTAG PE K KAl EXOUHE :

K G+K 2Gr... 4K Gt (Go/K) = (M1o/ K)

To napandavw onpaivel o1l To {y pnopei va kabopioTei oav To unodAoino Tng

Olaipeong Tou A HE TO K. ZUVENWG EXOUHE METATPEWEI €va npoBAnua

kaBopiopoU | ayvwoTwy ge £va npoBAnua kabopiopoU -1 ayvwoTwy.
Bnua 2. ®swpnoe oav kaivoupio atdxo Tn HeraTtponr Tou A = (Ao / K) Kal Tov

kaBopiopd Twv {,.4,..., (.
Bnua 3. Av A = 0 n diadikacia oAokAnpwOnke, aAAI®WG nNnyaive oto Brpua 1.
(Ta napandavw anAd kal karavonTd BrAuata nou neplypdgouv pia diadikaoia nou
xpelaleTal va akoAouBnBei woTte va Aubei kanoio npdBAnua, €ival ornv ouadia n

neplypagn Tou npwTtou AAyopiBuou Tov onoio 0I0A0KEDTE).

EoTw OTI B€Aoupe va PeTaTpEWOUHE TNV noodtnTa 11455 oTtnv avTioToixn
avanapdoraon oTo duadiko. MpwTa YETATPENOUKE AUTA T NooOTNTA 0To deKAdIKO.
Exoupe Aoindv 11455 = 831 + 82*%1 + 8!*4 + 8°*5 = 613,,. AkoAouBoUpe Tov

napanavw aAyopiOuo yia Tn JeTaTponn Tou 6139 o duadiko KAl EXOULE :

Mpa&n MnAiko YnoAoino
613 /2 306 1 (=Bo)
306/ 2 153 0 (=B1)
153 /2 76 1 (=By)
76/ 2 38 0 (=B3)
38/ 2 19 0 (=B4)
19/2 9 1 (=Bs)
9/2 4 1 (=Be)
4/2 2 0 (=B7)
2/2 1 0 (=Bs)
1/2 0 1 (=Bo)

Juvenwg 1145 = 1001100101,.

OTtav n apxikn (p) kar n oroxeuouevn (k) Baon TNG avanapdoTaong
ouvd£ovTal JE KAMola OXEON TNG HOopPNnG p=kK® TOTE N PETATPONN WMOpPEi va yivel
XWpIic To evdldueco Briya Tng dekadikngG avanapdoTacng, JE avTiKkaTaoTaon €vog
wneiou Baong p Pe a wneia Bdong k. Mevikn anodei&n yia autd Tov I0XUPIOUO
unopei kanoiog va Bpel ota BiBAia apiBunTIKAC unoAloyloTwv. QoTdoco €dw Ba

npoonadbrnooupe va dWOoOoUKE Wia d1aioBnTIKn anodel&n xpnoigonoinvTag p = 8 Kal
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kK = 2. Eneidr) auTtéc ol dUo BAcEIC ouvdéovTal PE T OXEon p=k> pnopoUuE va

avTIKATaoTAOOUKE &va okTadikd yngio he 3 duadika wneia. Eotw o apiBuocg 525 =
8U¥5 + 80%2 = 27 #5407 ¥ =7 ¥ (22 %42 ¥ 042" *1)+ 20 * (22 *0+2' *1+2°*%0) =

2% 42 %0427 %1427 *0+2"'*14+2°*0=  101010,, oOnou kd&Bs wneio TOU
OKTadIKoU CUCTNHATOG avTikataoTddnke ano 3 duadika wneia Bacel Tou kavova
TOU NOAUWVUHOU Kal TOU NApakdaTtw nivaka oToV onoio £XOUNE CUMNEPIAABE! Kal TIG
avTikaTaoTaoslc yia To 0gkag€adiko cuoTnua (NpoPavwc yia To okTadikd cuoTnua
npenel va xpnoigonoloUvtalr MONO Ta 3 AlyOTEPO ONUAvTIKG wnoia TnG duadikng

avanapdoTtaong) :

Ac npoonabnooupe va PETATPEWPOUNE Tov apiBud A32Dig OTOV avTiOTOIXO
TOU OTO OKTadlkd ouoTnua XPNOIMOMOIWVTAC auTn Tn (opd oav evOIGUECSO TO
duadikd ouoTtnua. AgoU kdBe wn@io Tou Oekas€adikoU avTIOTOIXEI O£ TEoOeEpa
duadika wneia ynopoUPe GUUPBOUAEUOUEVOI Kal TOV NApakdaTw nivaka va napoups
TNV €E€NG avanapacTaon yia To duadiko :

1010 0011 0010 1101
A 3 2 D

Wnopia Tou OKTadikou Wnopia Tou Aekae§adikouU Wnoia Tou Auadikou

0000

0001

0010

0011

0100

0101

0110

NoO|un|~hWN(F|O

0111

1000

1001

1010

1011

1100

1101

1110

MmMOO|m|>|v|o(N R lwW|IN|IF|O

1111

MNa va Bpoupe TNV 1000Uvaun avanapdoraon oTo okTadikd, apou kabe okTadiko
wneio avrikabiora Tpia duadikd wneia 6a npénel va Xxwpiooupe Tov duadikd o€
Tp1addeg apyifovrac and Ta de€€id kal cupnAnpwvovTtac Pe 0 TNV NAEov apioTeEPn
Tp1dda. Kartoéniv oupBouAsudpevol Tov napandvw nivaka 6a KAVOUMPE TIC
anapaiTnTeG avTIKATAOTACEIG :

001,010 001,100,101 101,
i 2 1 4 3535

Zuvenwg A32D;g = 1010001100101101, = 1214554.
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XpnoigonoimwvTag Tov napandvw kKwdIKa KAaTapEPAPE va avanapaoTiooUNE
OTOV UNOAOYIOTH HaAg OAEC TIG PUOIKEG NOCOTNTEC. QOTO0O0 OTN KABNUepPIvh {wr Pag
QUTEG €ival JOVO €va HIKpO unooUVOAO TWV apiBunTIKWV avanapaoTACEwV Mou
xpelalopaoTe. 3TN ouvéxela Ba avanTtufoupe KwOIKEC ME Bapn yia Tnv
avanapdoraon akepaiov (NPoonUAcKEVWY) aplBuwy Kal Katoniv KWJOIKES yia TNV

avanapdoTacn nNpayuaTikov apiduwy.

2.3 AvanapdaoTaon aKepainv

Se OTI agopd TOUC NPOCNUACHEVOUC apiBPouc, UNApXoUV TECOEPIG
ONUOQPIAEIG KWOIKEG OTNV KaTnyopia Kwdikwv Pe Bapn. EE autwv onuepa o€ 0Aa Ta
UMOAOYIOTIKA OUOTNAKATA XPnOoIUOMOIEITAl KATd KOPO KWOIKAG CUUNANPWUATOC WG
rnpog 2. O1 undAoinol KWAIKEG XPNOIKMONoIoUVTAl OE CUYKEKPIPEVEG EPAPHOYEG YIATI
NnapeEXouv HovadIKEC 1010TNTEC WG MPOG OPIOHEVEG aplBunTIKEC nNpd&eic. QOTOC0
npiv npoXwprOoOUUE NAPAKATW E£ival oKOMINO va MOUME HEPIKA Adyia yia Ta

npoBAnuUaTa TnNG NeENEpAcuéVNG akpiBeliac avanapaoraong.

Exoupe ouvnBiosl otnv kabnuepiviy pag Iwn va XPNOIMOMoIoUUE
avanapaoTdaoel Tou OekadikoU OUOTHAHATOC XWPIC MOTE va OKEPTOUAOTE TOV
apiBud TV Wneiwv nou pag civar diabéoipa. QoTdoo Ot €va UMNOAOYIOTIKO
ouoTnua Ba npéenel navroTe va AauBdvouus unown Hag Tov apiBuo Twv duadikwv
wn@iowv nou uac eivar d1abeoiua, yidati UMNEICEPXETAl 1] EVvOId TWV MENEPACLEVOV
wneiwv avanapdaoraonc. MNa va 1o KAataAdBoupe auTo KAAUTEPA AC UNOBECOUME
0TI 0TO dekadiko oUOTNUA KAMOIOG KAg nepiopile TIC VOUIMEG avanapdoTAoEelG Pag
oTo €va 0ekadikd wn@io. TOTE pnopoUUe va dIanioTWOOUNE OTI anAoi vOpol, 0nwg
autdc TNG MNPOCETAIPIOTIKOTATAC TNG NpdoBeonc kal TNG agaipeonc nauvuouv va
ioxuouv, n.x. :

7+(4-3) = 8

(7+4) -3 = ?
onou n OegUTepn NPA&n dev PNOpei va €KTEAECTEI, yiaTi To €vOIAUECO AMOTEAECUA
odnyei og noodTNTa n onoia dgv €ival VOMIYA avanapacThoiun oTtov OedouEVo
Kwdika. AuTn n katdoTtacn ovopddleral urepxeiAion KAl NOAAEG QPOPEC PMOpEi va
pgag odnyhnoel oe AavBaopéva anoTeAéopata. Suvenw¢ Ba npénel nAvroTe vda
AapBdavoupe undéywn pag To eUPoC TWV dUVATWV avanapacTACEWV Kal va EAEYXOULE

yla TUXOV KATAOTAOEIG unepyeiAiong.
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2.3.1. lNpoonuo — Métpo (signed magnitude / sign and magnitude)

O kwdIKAC MPOCrHoU-PETpOU Ba pag gavei o mio katavonTocg, Hiag Kai
napaAAayn Tou XpnoigonoloUpe oto 0gkadikd oUoTnUa €10ayovTag Tnv &vvold Tou
npoonuou (+/-). ETol £xoupe ouvnBiosl avanapacTAoeIC TNG HOPPNG —32454, 6nou
nA£ov To NPWTO WNQio TNG avanapdoTaonc pag deixvel av o apiBuog ival BeTIKOG

N apvnTIKOG Kal n undAoinn avanapdoTtaon Pag deiXvel To JETPO Tou apiBuod.

Me akpiBwg TNV idia Aoyikn oTov K®OIKA NPOCHHOU PETPOU XPNOIKMONOIOUME
TO NMA£ov apioTepOTEPO duadiko Ywngio yia va deiEoupe 10 Npdonuo Tou apiBuou
(ouvnBwc n oup@wvia nou yiveral sivar oTI To 0 dcixvel BeTIKO apiOuod kai 1o 1
apvnTikd) evw Ta undloina duadikd wnoia Otixvouv TO HETPO TOu apiBuou
ouyPwva HE TOV kavova Tou noAuwvupou. ETol yia Tnv avanapdoraon By.i

Bv-2...B1Bo 10XUEI OTI AUTH avTINpPoowneUEl TNV NOCOTNTA :
oSl

O napandvw TUMNOG pag Oivel Tnv Jdiadikacgia anokwdikonoinong HIag
avanapdoTaocnc o NPOoNUOo-PETPO. Mpo@avwe yia TNV KwdIKonoinon anaiTeital n
£K@PAON TOU HETpoU Bdoel Tou alyopiBuou mnou OwWOAPE MNPONYOUMEVA KAl n
eniolvayn Tou duadikoU ywngiou npoonuou. Ac e€etdooupe Aiyo nepIoodTEPO TIC
IKAvVOTNTEG KAl TIC adUVAMIEC TOU OUYKEKPIMEVOU KwOIKA. Asdopévwy K duadikwv
WYneiwv avanapdoraong, o KwOIKAC auToG HMNOPEl va HAG NPOoPEpPEI
avanapaoTdoeig yia OAOUC TOUC aKepaioug nou PpiokovTal oTo diaoTnua [-(2¢1-1),
2%1-1]. O k®wdIkag auTtdg onataldsl dUo avanapacTacelc Tou yia To 0. EidikoTepa
unapxel To +0 pe avanapdoracn 000...00 kal To -0 pe avanapdortacn 100...00.

SAMEPA 0 KWJIKAG AUTOC XPpNOILoNoIsiTal 0 EAAXIOTEG EPAPUOYEC.

2.3.2. loAwan - lNAeovaoudc kard K (excess / biased code)

>Tov KwdIKa auTod ol apibpoi peraTibevral katd pia nocotnTa ion e K.
>KonoG TNG METABOEONC €ival 0 HIKPOTEPOG apIiBPoG (0 MeEPICOOTEPO APVNTIKOC) va
punopei va napaortaBsi pe 6Ao 0 kal ol unoAoinol apiBuoi kartd oeipd va
avanapioravralr Me au&avopeveg o€ noocoTNTad avanapaotdoels. Ma va To
kaTaAdBoupe KAAUTEPA, ag unoBEooupe OTI diaBEToune Tpia duadika yngia yia TIG
avanapaoTacslc hac. Autd pac odnyei o oKTw OIAPOPETIKEG AvanapdoTAoElG.
SUVEN®C UNopoUME va NapacTriOOUNE OAOUC TOUC aKEPAioug Tou dlacTnuaTog [-4,
3]. Zkonog yag and €dw Kal néEpa ival va avabgéooupe oTo -4 TNV napaocrtacn 000

n 1oodUvapa 1o METPo 0. MpakTikd auTto 1ooduvapei pe npoobeson Tou 4. Ol

-22 -



KEDPAAAIO 2 — Avarapdotaon Asdousvaov

unoAoIneg NapaoTACEIG NPOKUNTOUV WE NpdoBean Tou 4 KAl TNV €UPECN TOU PETPOU

Tou anoTteAeopaTos. O napakdTw nivakag ouvowilel Ta napanavw.

Aekadikn NapdaoTaon MAgovaopog kata 4
+3 111 (=+3+4)
+2 110 (=+2+4)
+1 101 (=+1+4)
0 100 (= 0+4)
-1 011 (=-1+4)
-2 010 (=-2+4)
-3 001 (=-3+4)
-4 000 (=-4+4)

Agdopevneg akpiBeiag avanapdactaon p duadikwv Wwneiwv ouvidwg
emAéyetar K = 2°1, Onoiadnnote kai av sivar n emAoyr) Tou K dedopévng TnG

avanapaoTaong Py-1Pv-2...P1Po N anokwdikonoinon Ynopei va yivel Baoel Tou TUNOU:
3 (2ipi)_K

i

E€eTdlovTag nio NpogoeKkTIKA TIC IO10TNTEG TOU KWOIKA, HNOPOUNE va dIaniOTWOOUNE
OTI aPevoc dev undpxel kKapia onatdAn avanapacTAdCswy, aPETEPOU OE GUYKPIOEIC
METAEU aplBuwv pnopoUV va yivouv noAU anAd, adiapopwvTag eVTEA®MG YId TO

J1aXwpIoHO duadIkKwV YnPiwv Npocryou.

2.3.3. ZuummAnpwua wg mpo¢ 1

MNa va avanapacTrooupe €vav apiBud oTov KWOIKA CUPNANPWHATOC WG
npo¢ 1 apkei va BpoUue To PNETPO Tou oTo duadikd oUOTNUA Kal av JeEV 0 apiOuog
gival BeTIkOC TOTE €xoupe TNV {nToUpevn avanapdoTtaon, av O€ €ival apvnTIKOG N
napdoTaon NpokUNTEl cupdnAnpwvovTag (avTioTpEPovTas) Kabe duadikd Yyngpio Tou
METpOU TOUu. Mnopeite va Bewpeite TNV €UpeOn TOU OCUPNANP®UATOC Oav Hid
dladikacia nou anaitei Tnv unapén p avTioTpoPewy (inverters) nou padaivere oTo
pHaeénua Tou AoyikoU 2xedlacuoU ol onoiol evepyonoloUvTdl av Kal JOVo 0 apifuog
nou npoonaBoUpe va NapacTnOOUUE €ival apvnTIKOG. Ag eENyOOUKE Ta Nnapandavw
ME HEPIKA NapadsiypaTa BewpwvTacg akpiBeia napdoTaons okTw duadikwv Wneiwv:
O apibuoc +12;9 &xel péTpo 00001100,. Xe oupnAnpwHa ¢ nNpoc 1 Exel
napdaoraon 00001100;.
O apiBudc -12;, €xer peETpo 00001100,. & OUPNANPWHA ®G MNpo¢ 1 Exel
napdoraon 111100114.

AG OoUME TwPAa UEPIKEC anod TIC MBaveg d1adikaoieC anokwdIkonoinong piag
napacTacnc o€ CUMNANPWHA WG npog 1. YNnoBEToupe akpifeia kK duadikwyv Wwneiwv

kal Tnv napdortaon B1Bw-z ... B1Po-
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Aladikaoia 1. E€etaloupe 1O duadikd Ywneio Bi. Av eivar 0 TOTE 0 apIBPOG
NMPOKUNTElI And TOV KAvovd Tou MOoAuwvUpou navw otnv OedopEvN
napdaoraon. Av givar 1 TOTE avTIOTPEPOUHE OAa Ta duadika wnoia
Tng dedopévng napacTaong. To Npocnuo Tou apiBuoul sival apvnTiko

EV®W TO PETPO TOU MPOKUMTEI and TOV KAvovad Tou NMoAUwvUPOU TNnG

napdoTaong BK_IBK_Z..EE, ornou To B_icuuBo)\iCa TO AVTIOTPOPO TOU

duadikoU wneiou B;.
Ailadikaoia 2. Epapudloupe Tov Kavova Tou MNOAUWVUPOU Bewpwvtac wG Bapog
otn 8éon k-1 Tnv noodtnTa -(21-1).
Ac OoUpe nwG MMopoUME va KATAAABOUME nolid MNoocoTNTA avTINPOOWNEUEl N
napdoraon 11100010 og oupnAnpwua we npog 1. AkoAouBwvTacg Tn diadikaaoia 1,
OlanIoTWVOUHE OTI 0 apiBuoG eival apvnTikog. AvTioTpépovTtag 6Aa Ta duadika
Wneia Tou naipvoupe To PETPO : 00011101, dnAadn TV NoocoTNTa 29:9. SUVEN®G
NPOKEITAl YIa TNV napdcTaon Tou -29:¢. Epapuolovtag Tn diadikaacia 2 naipvouys:
-(27-1)*1 + 2%%1 4 2°*1 4 21*1 = -29,,,.

A@oU eEetdoape TIC d1adIKaoieC KwWdIKOMOINONG Kal anokwdikonoinong ag
npoonabrnooupde va KaTtaAdBoupe Aiyo NEePIOCCOTEPO TIG IOIOTNTEG TOU KWJIIKA.
Aedopévneg TnG akpifeiag Twv K duadikwv wneiwv, o KwdIKag MNopei va
napaocThosl GAOUG TOUG aKEPAioug nou BpiokovTal oto diaoTtnua [-(2%1-1), 2¥1-1],
Me Tnv napaoTtacn 100...00 yia Tov HIKpPOTEPO apiBud kal Tnv napacrtacn 011..11
yla Tov HeyaAUTepo apiBuo. O kwdIKAG auTog €xel To NpOBAnuUa TnG OINAAG
avanapdaoTtacng Tou 0 : 000...00 ka1 111...11.

Agdopévng NG avanapdoracng Miag noocdTnTag  oTtov  KWJoIKa
oupgnAnpowpaTtoc w¢ npoc 1 (akpiBwg To idl0 1oXUEl Kal yid Tov KwdIKa
OUPNANP®WHATOC WC NPOC 2 NOU AdKOAOUBE(), pnopoUpe NoAU eUKOAa va BpoUpe TNV
avanapdoTacn autnc TnG noodTnTag MeE AlydTEpA 1N NEPICOOTEPA  Wnoia
avanapdortaonc. H diadikacia nou xpeialetar va akoAouBrooupe ovopaleral
enekTaon npoornpou. Eotw n napaotaon Be-1Bwz ... B1Bo 1. APoU auTn avanapioTd

v=2 v=2
™ nooTTa [-(2°-1)1%Bes + .(2B;) = [-(2“1)] *Bey +2Bey + 3 (2'B,),
i=0 i=0
IOXUEI OTI B-1Bi-2 .- B1Bo 1's = Bw-1Bw-1Bi-2 - B1Bo 15 = Bi-1 Bt Bi-1Bi-2 - BiBo1s = -ory
onAadrn pnopoupe va enavaAapBAavoupe TO aploTEPOTEPO dUAdIKO WYn@io HIag
avanapaoTaong OTo CGUMNANPWHA WG Npog 1 00eg popeg BEAoupe oTa aploTepd

TnG. Eniong pynopoUpe va anokOnNTOUPE wn@ia anod Ta apioTepd Hiag napdaoTaong,
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€QPOCOV TO apPIOTEPOTEPO Wn@io napapevel idlo PE To apxikd. Ma napddeiyua
1110101, =11110101; = 1101015 = 10101+

Onwc 6a pabete oTo padNUa Tou AoylkoUu ZxediaopoU o0ac, 0 KwOIKAG
CUMNANP®WHATOG WC NMpog 1 ATav 0 NpwTOG Nou XpnoidonolfdnKe yia TIC GUVABEIC
apiBunTikéc npa&eic. QoTdoo OTa ONUEPIVA CUCTANATa nou n Taxutnta naidel
KaBopIoTIKO POAO, 0 KWDOIKAC auTOC €XEl eyKaTaAelpBei. To yeyovog Tng Unapéng
dUo napaoTacswv Tou 0 odnyei o au&nuévn duokoAia kaTtd Tn oUyKpion apiBuwyv

Kal CUVEN®G 0 KABUOTEPNGCN TWV UMOAOYICU®V.

MpIv NpoXwpPrnooupde oTov TEAEUTAIo KWAIKa PE Bapn Ba npénel va piEoups
MIa NpwTN PaTIia oTnVv apiBunTikn Tou duadikoU OUCTAHPATOCG KAl CUYKEKPIPEVA OTNV
npocBeon. H npoaBean oto duadikd oUoTnua apibunong yiveral e Tov idlo TPONo
nou vyiveral oto 0ekadikd ouoTnua. AnAadn E&ekivapye ano Ta de&id npog Ta
aploTepd kal o kAabe Ofon unoloyiloupe €va wneio abpoiopatog kalr £€va n
nepiocooTEPA Wnoia KpaTtoupévwyv. Ac¢ OdoUPe nwg yiveTral n npocbeon aTo
0ekadiko:

2910
4510 +

7410
ZekIivavTag ano Ta de€id npooBETOUPE NPWTA To 9 Ye To 5. Ensidr) To abpoioua
Touc unepPaivel Tn Bdon Tou cuoThuaTog (10) €xoupe €va wneio abpoiouaTtog (4)
Kal €va kpaTtoUpevo, OnAadr Hia povada uwnAdTepnc Babuidac. XTnv endpevn
BaBuida NpooBETOUPE TO 2 UE TO 4 KAl TO EI0EPXOUEVO KpaToUpevo. MapaTtnpouue
o1l dev unepPaivoupe Tn BAon KAl CUVENWG EXOUME MOVO wngio abpoiopaTtog (7)

Kal KAVEva KPATOUPEVO Mpog TNV enopevn Babuida.

AvTioTOIXa HNOpoUME va KAVOUWE TNV npooBeon dUo api®uwv oTto duadiko.
O nivakag nou akoAouBei unodeikvUel Ta napayopeva wnepia abpoioyatog Kal
KPATOUPEVOU BAoel TWV dIAPOPETIKWY TIMWV MNOU WMopEi va ndpouv Ta wneia Twv
TEAOUMEVWV AAAG Kal TO KpaToUPEVO ano Tnv nponyoupevn Babuida. Mpopavwg
oTav o apiBuoc Twv abpolldpevwy duadikwv WYneiwv nou eival oto 1 Eenepvasl Tn
pida Tou ouoTnuaTog (2) TOTE YeVVIETAl €va KPATOUHUEVO MPOG TNV EMNOMEVN
Babuida.
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Eicodol EZodol

Auadik0 WneioAuadikd0 WnoioKpatoUpevo anod TtnvlYnoAoyi{opevo 6u06|K6|Ynvoy|C6p£vo duadiko
1°° NMNpocBeTéou [2°° MPoocBeTEOU |NnponyoUusvn Babuida [yneio aBpoiocparog YnQio kKpaToupévou

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0

0 1 1 0 1

1 0 0 1 0

1 0 1 0 1

1 1 0 0 1

1 1 1 1 1

Eva napdadeiyya npodéoBeong He PBaon TO duadikd cuoTnua, napouaialeral
napakatw. Exoupe apiBunosl TIC Babuidec navw and Ta dUo TeloUpeva vyid
ypnyopn avagopd. ZekivwvTac ano Tn Baduida 0 £xoupe dUo O ota ywngia nou
nPOKeITal va npoaTtedolv kal 0 KkpaToUPeVo ano Tnv nponyoupevn Babuida (agou
dev undapxel) kKAl ouvenw¢ and TNV TpiTn YPAUMRA Tou napandvw nivaka
guunepaivouue ot Ba ndpoupe €va 0 oto dBpoiopa kal 0 kKpaToUPEVO NPog TNV
enopevn Babuida. XuveyxiovTag Ye Tov idio Tpono, napaTtnpoUue OTI oTnv Babuida
3 dnuioupyeiTal €va KpaToUPevo To onoio J1adideTal PEXp! Kal TNV TeEAEUTaId
BaBuida. Auto anoTeAei To cgoBapdTepo nNpoPANua Tou duadikoU CUCTAHUATOG ME

apKeTA NePINAOKEG AUOEIG.

76543210

01111100,
01011010, +

11010110,

KavovTtag TI¢ peTaTtponeg oto dekadikd oUoTNUA MMOPEITE va OIanioTWOETE OTI TO

NPWTO TEAOUHEVO €ival To 1244,, To deUTEPO TO 909 KAl TO AMOTEAECHA TO 214 ,.

2.3.4. JuumAnpwua wg mpog 2

Me TpOMO aVTIOTOIXO ME TO CUMNANPWHA WG npo¢ 1 kataokeudleral To
OUMNANPWHA WG NPOG 2 €VOG AKEPAIOU. JUYKEKPIYEVA, YIA va avanapacTHOOUNE
£vav aKEPAIo aTov KWOIKA CUMNANPWHUATOC WC NPpoc 2 dpKei va BpoUUE TO HYETPO
Tou oTo duadikd oloTNUa KAl av Pev o apiBuoc sivalr BeTIKOG TOTE EXOUME TNV
{nTouuevn avanapdoracn, av O& e€ival apvnTikoG n napdoTacn npokunTel
oupgnAnpwvovTtac (avTioTpEPovTac) kabe duadikd YWn@io Tou MPETPOU TOU Kal
KaToniv npooBeTovTac Mia povada. Mnopeite va Bewpeite TRV €eUpPeEcn Tou
CUMNANPWHATOC WG MnpoG 2 oav Jia diadikacia nou anaitei Tnv unapén p
avTioTpopewv (inverters) kair evoc auéntn (incrementer) nou pabaivere oTo
padnua Tou AoyikoU IxediaguoU ol onoiol EVEpyYonoloUvTdl av Kal JOVo 0 aplOuog

nou npoonaBoUle va NApAcTHOOUME €ival apvnTikdg. Mia aAAn diadikacia nou
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MMOPEITE va XpNOIMONOIACETE yid TNV KWJAIKoMoinon &vog apvnTikou, €ival agou

BpeiTe TO YETPO TOU, va AVTIOTPEWETE OAA Ta Ouadikd wngpia ToU PETPOU TOU

e€aIpoUPEVOV TWV Yneiov nou Ppiokovrtal de&id Tou Oe€idTEpOU AOCOOU

ouunepIAauBavopévou kal autoU. A¢ €EnyrnOOUME Ta nNApAnavw HeE MEPIKA
napadeiyyata BswpwvTac akpifeia napdoTacng okTw duadikwv Yneiwy :
e O aplBuog 430 €X€l NAPACTACN O CUMNARAPWHA wg npog 2 : 00101011
e O apiBudg —-43 £xel perpo 00101011,. AvTioTpépoupe Ta duadikd wneia Tou
METPOU TOU Kal naipvoupe Tnv napaoctacn 11010100 (To cuhnARpwHa wg npog
1). H npdobeon Tou 1 pag divelr Tnv napdacracn 11010101 nou eivar To
{NTOUPEVO GUUNANPWHA WC NPog 2.

e O apiBuodg -32 éxel péTpo 00100000. To cupNARPwWHA WG NPog 2 €ival To
11100000, 6nou avTioTpEWape Ta duadika wneia ora apioTepd Tou OeEIOTEPOU
1.

AG O0OUME TwPAa HEPIKEC anod TIG MmBaveg d1adikaoieg anokwdikonoinong piag
napacTacnc o€ CUMNANPWHA WG Npog 2. YNoBETOUHE akpiBeia kK duadikwv Ywneiwv
Kal Tnv napdacTtaon Bk-1Bk-2 ... B1Bo-

Ailadikaoia 1. E&eTaloupe 1O duadikd ywn@eio PBi. Av eivar 0 TOTE 0 apIBPOG
npokUNTel and Tov kavova Tou NoAuwvuUpou ndvw oTtnv Oedopévn
napaortaon. Av €ival 1 TOTE avTIOTPEPOUNE OAa Ta duadikd ywnoia
TnG OedopévnG napdoTaong kal MNpooBeToupde Mia povada. To
npooNUo Tou apiBuoU €ival apvnTIKO v TO HWETPO TOU MNPOKUNTEI
and  TOV kavova  Tou noAuwvupou  TNG  nNapdaoTacng
(EE--EE‘”)/ Onou TO B_iouuBo)\i?,sl TO QvTioTpo®Oo TOU
duadikoU yniou B;.

Ailadikaoia 2. Epapupdloupe Tov Kavova Tou MOAUWVUPOU Bewpwvtac wG Papog
otn 6¢on k-1 Tnv nocdTnTa -2¢1,

AG JoUpE NwC WMNOopoUME va KaTtaAdBoupe nola noodTNTa avTinpoowneUel n

napdoraon 11100010 og cupnAnpwHa wc Npog 2. AkohouBwvTag Tn diadikacia 1,

dlanioTwvoupe OTI 0 aplBPoOG €ival apvnTikoG. AvTIoTpEPovTac OAa Ta duadikd

wneia Tou Kal NpooBETovVTAC Mia povada naipvoupe To PeTpo @ 00011110, dnAadn

TV noootnTta 3040. 2UVENWC MPOKEITAl yid Tnv napdoracn Tou -304g.

EpapuolovTac Tn diadikacia 2 naipvoups : -27*%1 + 25%1 + 2°%1 + 21*1 = -304,.

O kwdIKAG auToC £xel pia pgovo napdoracn Tou 0, Tnv 000..00. Eniong
ENITPENEl NpOOBeECN KAl APaipeon AKEPAiWY va npayparonoiouvTal anod pia Koivn
povada uAikoU 6nwcg 8a pabeTe oTo PABNUA Tou AoyikoU Xxediaouou. AedouEVWV
K duadikwv wneiwv avanapdoracng pnopouv va napactabolv OAol ol akEpaiol

oto diaoTnua [-2%1, 2€1-1], 6nou o pIKkpPOTEPOG éxel TNV napdoTtaon 100...00 kai o
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HMEYaAUTeEpoG TNV napdortaon 011..11. YnevBupileTalr TENOG, OTI KAl 0TOV KWOIKA

auTtov 1oxUel n diadikacia ENEKTACNG NPOCHUoU.

2.4 AvanapdaoTaocn KAAoHAaTIK®OV apiOpwv

>Tnv kabnuepivrl pag Iwn ol nNoogoTNTEC MOU XPNOIMOMNOIoUUE ouvhBWG
avnkouv oTto oUvoAo Twv npayhaTikwv. O napandvw KoOIKEC ONwe Toug
egeTaoaue pEXPI wpac Oev  eival 1kavoi va MNpoOCQPEPOUV  aAvAnNapacTACEIq
NEAYMATIK®OV aplBu®yv. 3TNV nNpaydaTtikoTTa OJWG, 0 KAavovac Tou MoAUwVUPOU
unopei va xpnoigonoin®ei yia NpPoCUPPWVNUEVEG AvanapacTACEIC NPAyHaTIKWV
apilOpwv. Ac To doUME auTO HE €va napadelypa. AG UnoBECOUME Mia PAAAoV
"unepdepevn" yia Ta dedopéva Tou unoAoyioTr avanapdoracn (agouU akoun Oegv
£€xoupe &gkabapioel To NwG avanapioratal n unodiacTtoAn) Tnv 101,0110,, dnou To
KOMMa XpnolgonolgiTal yia va unodnAwaoel éva dekadiko PEPOC. Me Tnv idla Aoyikn
nou avantuxbnke yia Tov Kavova Tou MNoAuwvUpou, HNopoUUE Kal €3w vda
Bewpnooupe OTI n napandvw davanapdoracn unodnAwvel Tnv noodTnTd
22%1420%14272%14273%1 = 5,375, kal YeVIKA MNOPoUME va BewpoUpe OTI N

napaoracn Tou p-01koU OUOTAMATOG : By-1Bk-2..-B1Bo,B-1B-2-..B-(r-1)B-r p UNOINAWVEI

K—1
TNV nogdTTa @ Y p'p,.
=

Eniong pnopoUpe Ye TPpOMO avaAoyo PE TOV NPonyoUHEVO va dIaTUNWOOUNE
Kal €évav aAyopiBuo yia Tn PeTaTponn Tou dekadikoU PMEPOUC EVOC NPAYHATIKOU OTO
k-O0IkO av napartnprijooupde OTI (Mpogavwg yia €vav npayudaTtikd nou ExXel Kal
aképalio kar Oekadikd MEPOG ol dUo diadikaoiec METATPONNG anaiTeiTal va
npayuartonoinBolv &exwplotd) : av cupBoAicoupe pe 0,Ap TNV nNocodTNTA MNOU
BEAOUPE va HETATPEWPOUMPE OTO K-OIkO ouoTnua, TOTE npénel va BpoUPE Hia
avanapaortacn TG HOPPNG 0,818 2...Ler1lpk = K G1 + Ko + KM g1 + K90
= 0,A;0. ZKONOG NpoPavwg TnG dladikaaciac €ival o kabopiopog Twv &y, (s, ...,
Corts Con
Brjua 1. NMoAAanAaoialoupe Ta dUo PEAN TNC Napandvw 100TNTAG HE K KAl £XOUUE :
(0,A10 * K) = K1 +K gt K pr1 + K"y = C1,02--Lor1lp
To napandvw onuaivel oTI To {1 PMopei va kaboplioTei oav To AKEPAIO
MEPOC TOu noAAanAaciaopoU ToUu O,A;p ME TO K. ZUVEMNWC EXOUME
METATpEWEl é&va npoBAnua kabopiopyoU ¢ aAyvwoTwyv O £vad npoBAnua
kabopiopoU ¢p-1 ayvwoTwy,
Briua 2. @swpnoe oav kaivouplo aToxo Tn peratpont Tou A' = (0,A1p * K) - K°C4

Kal Tov Kabopiopo TwV &.2,83,..., G-
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Bnua 3. Av A' = 0 n diadikacia oAokANpwOnkKe, aAAwg nNnyaive oto Briua 1.

Ac dwooupe €va napdadelyua yia va yivouv akoun mio Kkaravontd Ta napandvw. Ag
Bewpnooupe gav aTdxo Pag Tn peratponn Tou 0,155 oTov avTioToixo Tou duadikou
OUOTANATOC. ZUNQWVA ME TOV KAVOVA TOU MOAUWVUPOU HNopoUHE va JdoUME OTI
0,155 = 81*1 + 82 *5 = 0,203125,,. EQapudloupe Tov napanavw aiyopiduo Twv

01adoXIKWV NMOAAANAAQCIACU®Y Kal NAiPpVOUE :

Mpa&n Aképaio Mépog | KAaopaTikdo Mépog
0,203125 * 2 0 (=B4) 0,40625;,
0,40625 * 2 0 (=B.,) 0,8125,,
0,8125 * 2 1 (=B.3) 0,625
0,625 * 2 1 (=B.) 0,251
0,25 * 2 0 (=B-5) 0,510
0,5*2 1 (=B) 010
>uvenwg 0,15¢ = 0,203125;;, = 0,001101,. [Mpopavw¢ pnopoUoaue va

anopUyoupe To evdidueoo BrApa TnNG napdoraocnc oto dekadikd cUoTnUa O AUTHV
TNV NEPINTWON PIAag Kal ol pifec Twv duadikd kal okTadikd cuoTnudTwyv apiéunong
oxeTiovtal Bdacel TG 8=2° Kkal OUVEN®MC APKOUCE N €(PApUOYR Tou mivaka
avTikataoraong wneiov. Moévo nou o€ aut Tn nepintwon Oa npénsl va
OouAelioupe and Ta apiotepd npog Ta de&d oupnAnpwvovtag HPe 0 onou
xpeialovTal. MNa napdadeiypya n yeratponn Tou 0,010111, os dekac&adiko pnopei va
yivel w¢ €ENc : O,M&Q& . AnAadn 0,010111, = 0,5C.
5 C

Ta napandvw av kal pag divouv pia NoAU kaAn BswpnTikn €lkOva eival
noAU eAAINR oTnv e@appoyr. Yndpxouv O1agopol Aoyol yI' auTtd. Ag doUpe
MEPIKOUC. AC NpoOonaBriOoUNE va PETATPEYOUUE Tov apiBud 0,21, OTOV avTioToIXO

Tou duadikoU ouoThuaToc. ToTe Ba epapudlape TNV €EAC ocipd NoAAaNAAcIAoUWV:

Mpa&n Aképaio Mépog | KAaopaTiko Mépog
0,2 %2 0 (=B.1) 0,4
0,4%*2 0 (=B-2) 0,8
0,8 %2 1 (=B.3) 0,6
0,6 * 2 1 (=B.4) 0,2

BAénoupe OnAadr OTI HETG and TOUuG NPWTOUC TECOEPIC noAAanAaciaououg
@Tavoupe ndaAl oro idlo npdBAnua, Tnv peratponny Tou 0,2. SUVENWG
oupnepaivoupe 611 To 0,219 Ogv pnopei va napaotabei Pe nenepacuévo apiBuod
duadikwv yneiwv. TNV oucia autd cupPBaivel yia TNV CUVTPINTIKN MAEloWnQia
TwV ApIBU®V Mou €xouv NeNepacpevn napdoracn orto dekadikd. MPoo£ETe €niong
OTI apiBuoi onwc 1o 0,333333...1¢9 MNOPEI VA £XOUV NEMNEPACUEVN AvANapaoTacn o€

kanolo dAAo apibunTiko ocuoTnua, n.x. 0,1s.
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2.4.1 21a6epn) utrodIaaToAn

Eva aA\o npdBAnua nou akoun Osv NpoOeyyioaue IkAvomoIinTIKAa €ival n
anoBnikeuon Tng 6€onc Tng unodiaoToAnG. MNa va KataAdBoupe To NPOBANUA nou
dnuIoupyeiTal ag Bewpriooupe &vav unoAoyioTh nou diabETel 16 duadikd wnepia yia
TNV avanapdoTacn npayhaTikov aplduwv. Ac BewprioouPe OTI TO NAEOV ApPIOTEPO
wneio O1aTiBeTal yia To nNpoonuo Kal ouvenwg HeEvouv 15 duadikd wneia. Mia
npogavnc AUon yia Tn 8£€on TNG unodiacToARC ival va Bewpriocouphe OTI auTn €ival
navrta ornv idia 8€on. Ag unoBéocoupe OTI CUPPWVOUNE va BpiokeTal de€id Tou 11°
andé Ta evanopeivavrta duadikd ywneia. X auth Tn oup@wvia, o apipog 0,21
avanapiorarar cav  0000000000000011 0dnAadn oav 0,1875;,. H anwAeia
akpifeiag yia auTtn TNV avanapdaoraon €ival yeyaAuTtepn Tou 6%. Av Bewpouoape
OJwWC TNV unodiacToAn navrtote deg€id Tou 7°Y duadikoUu wneiou (and Ta 15
evanopeivavra), n napdoraon nou Ba eixape 6a nTav 0000000000110011 dnAadn
0,19921875;, Me anwAeia akpifeiag Alyotepn Tou 1%. QOTOCO OTNV MNpPWTN
nepinTwon PNopoUPE va napacTAooupe apiBpolc Tng Tagng tou 2! eve omn
deuTeEPn MOAIC Tou 27. Zuvenwc av kal n deUTepn Bewpnon pag divel kKaAUTepn

akpiBela pac napexel NoAU PIKPOTEPO €UPOC avanapdoTacne.

SUhewva PeE Ta napandvw, n NPoocUP@WVNUEVN B€on Tng unodiaoToANG
(fixed-point representations) pag odnyei poipaia o €éva naldpl YeTA&U akpifelag
kal elpoug avanapdaaTaonc. Av BEAape va Ta KaAUWou e kal Ta dUo eNapkwe, TOTE
0 apiBuog Twv duadikwv wneiwv nou Ba anaiteito 6a ATav TepdoTioG. Kai autd
ylaTi oTa enioTnuovikd npoBAnuaTta anaroUvTal NoAAEG PopEC NOAU peydlor (n.x.
n oTtaBepd Tou Avogadro 6,023 * 10%3) /| noAU pikpoi (n.X. @opTia NAEKTpoviwy,
TIMEC MUKVWTWV) aplduoi. Zuvenwcg yia 1o duadikd ouoTnua Ba BEAaue va eixaue
nepi Ta 40 wneia ekatépwBev TNG UNOdIACTOANG. QOTOCO KATI TETOIO 0dNYEi OF
TEPAOTIEC AVAYKEG MVNAMNG Kal Poipaia o€ cuoTrniuaTta noAU uywnAoU KOoTouC. Apa
oTnV NpayhaTikoTnTa Oev €ivdl CUPQEPOV va UMAPXOUV avanapacTAacel HE
oTaBepry B€on unodiaoToAnG. AuTo nou Ba BEAape €ival n unodliaoToAr va eival
KIVOUHEVN WOTE vad MNOpoUPE va KAAUWOUME HE HIKPO apiBud duadikwv ynepinv
TO600 Meydho €Upog apiBuwv 600 Kal va €eMTUXOUME 1KAvonoInTiKn akpipeia
avaloya HeE TIC ANAITAOEIC TNG €PAPMOYNG Mac. M’ autd kal oTa onuepiva
OUCTAMATa XpnoigornolouvTal anokAEIOTIKG kal pOvo avanapacTAaoeliC KIVNTAG

(floating — point) unodiaoToAnC.
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2.4.2 Kivnr utrodiaoToAn

H 10¢a Tng KIivnTAC unodidoToANG Eskivnos anod Tnv €nIOTNUOVIKA ypadn

(scientific notation). MoAA&éc @opéc oTav BéAoupe va ypadwoupe évav apiBuod pe

NoAAG pndevikd oTta Ol Tou 1) JE NOAAG PNOEVIKA APECWC KMETA TNV UNOJIACTOAN

xpnoiponoioUPeE Tn ypagr =*BE, 6nou I o ouvTeAeoTnc (ONUAvTIKO HEPOC -

significant - mantissa) Tou api®uou, B n Bdon Tou apIBUNTIKOU CUCTAHUATOG MOU

epyalopaoTe kal E o ekBETNG (exponent) Tng napdoraonc. MNa napadsiyua oTov
apiBud Tou Avogadro 6,023*10% ioxUouv X = 6,023, B = 10 kai E = 23.

Mpogavwe Ta Z kal E sival npoonuacpevol apiBpoi kail nio ouykekpigeva o E sivai

akepaiog. Av €€ apxng n Baon B Tou apiBunTikoU GUOTANATOG MPOCUUPWVNBEI,

TOTE YNopei va napaAsineral Kata Tnv napdoracn Kanolag nogoTNTac.

AlgnioTwoTe OTI €vag apiOPoG pnopei va Exel

napacTAacei oTo

idlo apIiBunTikO cuUoTNUA.

nepIooOTEPEG TNG MIAG

MNa napdadeiyya ol napacTdoelg

3,76*10%, 0,376 *10? kar 376*107% napioTavouv Tov 10 apiBuo. Eav Bewprooupe

OTI O OUVTEAEOTNG €ival O napaoTacn npOonUo-pETPO TOTE €€ AUTWV TwWV

napaoragewv BOa kaAoUpe kavovikonoinuévn (normalized) napaotaon Hiag

noooTNTAG auTrv oTnv onoia n unodlacToAn PpioKeTal oTa dapioTEPA ToOU

apIoTEPOTEPOU KN KNJEVIKOU Wn@iou TOU CUVTEAEOTH. 2To napandvw napdadsiyya

n OeuUTepn €ival n kavovikonoinueévn NnapacTacn TngG NogoTnTa .

Epxopevol oTov unoAoyioTr), JnopoUue aubaipeTa va opicoupe To NARBOC

TwV JuadikwVv Yneiwv nou xpnoipgonoloUvTal

yla Tnv napdcracn KIvVNTAG

unodiacToANG, NWG auTa KATAVEPOVTAl O GUVTEAEOTN Kal €kOETN, nola e€ival n

Bewpoupevn Bdon kal €av yiveral kavovikonoinon n oxi. Ag doUue £va napadelyua

OTO OMoio EMIAEYOULE :

Oekae&adikda ywnoia.

O ouvTeAeoTC eival og npoonuo - MPETpo. MNa To PETPO XpnoligonoloUpe 3

e O ekBéTnc pag Ba eival Tpiwv duadikwv Yneiwv Pe avanapdoracn noéAwaong

kaTta 4.

e H Baon pag Ba eival To 16.

e 01 anoBnkeupevol apiBuoi gival 0 KAVOVIKOMOINKWEVN HopPn.

e H pop®n Tng anoBrikeuong sivai :

Mpoonuo Tou

OUVTEAEDTN

EkBETNC 3 duadikwv Yyneinv

YrnovooUpevn

unodiaoToAn

Tpia dekae€adika wnoeia

O AOYOG VIO QUTEC TIC EMIAOYEG NOU PMOpPEl va oag (aivovTal Aiyo napda&evec sivai

OTI ME TN Hop®r auTrn duo apibuoi pnopolv APECA va CUYKPIBoUV wC Mpoc TN
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1I00TNTa N va PBpebei o peyaAuTepog and autolc. Ac npoonadrnooupe va

napacTnoouphe Tov apibuo 143,y o autd TO ovoTnua. Me Tn HEBOdO TWV
O1a00XIKWV OIAIpECEWY PNOPOUPE va BpoUue OTI 14310=8Fc. Mpiv TNV napaocraon
TOU apiBuol Ba npénel NpwWTA va TOV KAVOVIKOMOINGOUME. Exouue Aoinov ot 8F ¢
= 8F*16° = 0,8F*162. Twpa UNOPOUUE MAEOV va GUUNANPWOOUKME TA NApandavw
nedia. Exoupe OTI To npoOonUo Tou OUVTEAEOTH €ival 0 apoUu o apiBuog eival
BeTIkOG. O €kBeTng (2) ot excess 4 napdoracn €xel TiUA 6 dnAadn 110,. Ta
dekaeg&adika wnoia de€ia Tng unodiacToAng eival 8, F kal cuynAnpwvoupe 0 Kkai
OUVENWC N OUVOAIKN napaortaaon €ival : 0110100011110000.

H napandavw napdactacn BacioTnke oe aubaipeTeg €mAoyec. Av OPWG O
kabévacg kavel TIG OMNoIEC €MIAOYEG Tou aubBaipeTa, autopara JuoxepaiveTal n
METaPOPa OedONEVWV HETAEU DIAPOPETIKWV UMOAOYIOTIK@WV CUCTNHATWY AAAd Kal n
EKTEAEON MPOYPAMMATWY MOU £XOUV Ouyypawel Jdidgopol UuloBeTwvTag €va
OUYKEKPIMEVO POVTEAO NMApdoTaonG. ZuvhABwg OTav UNApYXoUV TETOIEC dUVATOTNTEG
yla €niAoyec kal agoU OTo npaypaTtiko nedio dianmoTtwBolUv ol 1KavoTnTeS /
aduvapiec kaBe eniAoyng, Kanoia €NITPONr NPOTUMNOMNOINONG KAAEITAl yia va opioel
and Toug O1APOopPOoUG

kanolo OTAVTAPT, TO OMNOI0 AUECWC META UIOBETEITAl

KATAOKEUAOTEG UMNOAOYIOTWV KAl €70l AUvovTal aQuTopaTta TAd Napandavw
npoBANuata. ZT1o npoOBANuUAa TNG avanapdoracng KIVNTAG unodiaoToAng Alon
£0woe TO OTavTapT 754 piag enitponng TnG IEEE (Institute of Electrical and
Electronic Engineers). To oTtdvTtapT auTo £xel uioBeTnOsi and dAa Ta UNoAoYIOTIKA

OUCTAMATA TNG TEAEUTAIAG EIKOOAETIAG.

SUypwva PeE autod TO OTAVTAPT Yiad TNV napdoracn apiBuwv KIVNTAG
unodiaoToAng diaTiBevTal €ite 32 (anAn akpiBeia - single precision) €ite 64 (3INAR
akpiBeia - double precision) duadika yneia, avaloya Pe TNV akpiBeia kal To eUPog
nou eniBdAel n s@appoyn Mac. € auto To cuoTnua Bdacon enAéyeTalr 7o 2, O
OUVTEAECTNG €ival Oog napdoTacn nNpoonuo - HETPO KAl O €KBETNG Ot KWJIIKA
noAwong. To eUpoc kabe nediou kal TNV NOAWON yia KaBe unoaTnpIfOPEVN akpipela

napaotacng cuvoywilovTal oToV NApakaTw nivaka :

SuvoAika Auadika |Auadika ynoial Kwdikag EKBETN Auadika Wnoia
Wnoia EkBETN SuUvTeAEOTN
Single Precision 32 8 MNoéAwon katd 127 1+ 23 (+1)
Double Precision 64 11 NoAwon kata 1023 1+ 52 (+1)
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Ta napandvw nedia akoAouBoUv Tnv €&NG ocipd oTnv napdoraon
MpOOoNUO CGUVTEAEODTN, €KBOETNG Kal OUVTEAEOTNC. MpooggTe OTI 01 OXEDIAOTEG TOU
oTavTapT €Xouv OdWOEel Jia JIaPOpPETIKA oKonid oTnv €vvola TNG KAvovikonoinongc.
O1 apiBuoi o€ auTo TOo OTAVTAPT MNPIV TNV ANoBAKEUCH TOUC KAvovikonolouvTal €70l
WOoTE N unodiaaToAn va PBpiokeTal ora J€€IG TOU MPWTOU aApPIOTEPOTEPOU duadikou
wneiou. AnAadn n dopPn TwWV aplBuwv nou unooTnpilel To OTAVTAPT &ival
1,XXX..., kal oxl 0,1XX..., 6nw¢ n ouvndng Popepr) Kavovikonoinong. AutTd ouv To
yeyovoc OTI Xpnoiygonoleital oav Baon To 2 odnyei oTa €&ENG :

e A@oU ndavrta apioTepd TNG unodiaoTOANG UNApPXEl €va Pn PNOEVIKO wn@io Kai
oTo duadiko cuaTnua pn KNdevikO wn@io €ival yovo To 1, oCUPNEPAiIVOUNE OTI
0 xpelaletal va anoBnkeUsTal autd To wngio aAAd pnopei va unovoeiTal
(hidden bit), au&avovTag Tn npoopepduevn akpipeia (auTO UNOJEIKVUETAI UE TO
(+1) oTov napanavw nivaka).

e Ta Tnv napdortacn Tou O oI OXedIAOTEG UNOXPewOnkav va KpaTHoouv To
ouvduaopd OAo 0 Tou €kBETn oav  €dikn nepinTwon. a  Adyoug
avanapdoTaong Tou +00 KAl TOU -co 0 ouvduaopoc OAo 1 oTov €ekBETn

unodnAmvel 10IKEG NEPINTWUOEIC.

O napakdtw nivakac unodelkvUEl HEPIKEC €K TWV EIDIKWV MNEPINTWOEWYV.
Alaipgoeig Tou TUNou 0/0 1 0 UNOAOYIOUOG TNG TETPAYWVIKNAG pidag Tou -1 odnyouv
oTnv TeAguTaia napacrtacn nou dnAwvel OTI To anoTéAeoua dev €ival NPAyHaTIKOG

apleuoc.

ZuvTeAEOTAG EkO£Tng ZnuaogioAoyia
0 000...00 000...00 +0
1 000...00 000...00 -0
0 000...00 111..11 +00
1 000...00 111..11 -00
0/1 # 000...00 111..11 NaN (Not a Number)

>e kABbe AAAN nepinTwon n noodTnTa nou avanapioratal oe IEEE 754 divetar anod

™ oxéon : (-1)X * (1+43%) * 2EMM0N {a6y k TO NPAONHUO TOU OUVTEAEDTR. AC

doupe pepikG napadeiypata woTte 6Aa Ta napandvw va yivouv nio karavonTd.

Eotw OTI O&Aoupe va napaoctrooupe Tov 18,75:, 0t single precision IEEE.

MeTaTpEnoune To 1819 HE TN MEBOOO TwV dladoxIkwv diaipecewyv oTo duadikd Kal

Exoupde 18y = 10010,. Me Tn MEBOOO Twv OIAdOXIKWV MNOAAANAACIAOUWV

Bpiokoupe OTI 0,751, = 0,11,. Apa 18,755, = 10010,11, = 10010,11 * 2° =

1,001011 * 2% Mnopouye Aoindv TOPa va BECOUE :

e [lpoonuo BeTIkO Apa To aploTepOTEPO duadIko wneio oTo 0.

e EkBETNC = 4, apa oc excess 127 Ba €xel Tnv napactaon 10000011,

e SuvTteAeotng = 1,001011, apa oeg 23 duadika ynoia kal anokonTovrtag To
npwTo (hidden) 8a €xel napacTtacn 00101100000000000000000.
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H ouvoAikn napdoTaon ouvenwg Tou apiBuou eivai :
0 10000011 00101100000000000000000
Ac Bewpnooupe 0TI Yag dideTal n napdoraon
0 10000100 10100000000000000000000
ToTe ynopoUPE va CUPNEPAVOUUE OTI NMPOKEITAl Yid BETIKO aplBuo pe ekBeTn 132-
127=5 ka1 ouvteAeotn (1).101. Zuvenwc npodkeTal yia Tov apibud 1,101%2° =
110100 * 2° = 524,.

2.5 Kodikeg xwpic Bapn — Avanapaoraocn dAAwv Ae3oHEVOV

MNépa anod Tnv avanapdoracn apiOunTikwv OedOPEVWY, OTOV UMOAOYIOTH
NPENEl va NapacTiOOUHE Kal XApaKTNpeG, onueia oTiEng kAn. Navw og autd Ta
O0edopéva Oev NPOKEITAI va EKTEAECOUME apiOUNTIKEG NPAEEIC, OUVENWG €vag
kwdikag pe Bapn dev eivalr anapaitntod. (Zuveyilel npopavwe va ioxuel OTI Kal
AUTEG ol MANPoQOpIieG YNopei o €va UNOAOYIOTIKO ogUCTNUA vad avanapactabouv
MOVo ano oeipéc anod 0 kal 1. O gAdaxioToc apiBuog and duadikd ywngia nou Ba
XPEIAOT® Yid TNV avanadpdoTdcr TOUG OUVENWC, €ival avaAoyog Tou WEYIOTOU

apiBpou d1aPopeTIKWV CUPBOAWY nou Xpeidloual).

2.5.1. Avamrapdoracn aAQapiBunTiKwyv XapakTipwv
MNa Tnv avanapdoracn apiBpwv Kdl XapakTnpwyv, o NA£ov O1aded0UEVOG
Kwdlkag e€ivar o kwdikag ASCII (American Standard Code for Information

Interchange), nou ¢aiveral oTov €ndPEVO Nivaka.

Dec HxQct Char Dec Hx Oct Html Chr  |Dec Hx Oct Html Chr| Dec Hx Qct Himl Chr
0 0 000 NUL (ruall) 32 20 040 &#32; Zpace| 64 40 100 &#64; 0 | 96 60 140 &#96;
1 1 00l S0H (start of heading) 33 21 D4l &#33; ! 65 41 101 &#65: 4 | 97 61 141 =#97; =
2 2 002 5T (start of text) 34 22 042 &#34; " £6 42 102 «#66: B | 98 62 142 &#93; b
3 3 003 ETY (end of text) 35 23 043 s#35; # 67 43 103 «#67: C | 99 63 143 &#99: ¢
4 4 004 EAT (end of transmission) 36 24 044 s#36; § 68 44 104 «#68: D |100 64 144 =#100; d
5 5 005 ENQ {enguiry) 37 25 045 &#37: % 69 45 105 «#69: E (101 65 145 &#101; e
£ & 006 ACK (acknowleddge) 38 26 046 s#38; & 70 46 106 «#70; F 102 66 146 s#102; £
7 7 007 BEL (bell) 39 27 047 &#39; " 71 47 107 «#71: G |103 67 147 &#103; ¢
8 @ 010 BS (backspace) 40 25 050 &#40; | 72 48 110 &#72: H |104 68 150 &#104: h
9 9 011 TAE (horizontal tah) 41 29 051 s#41; ) 73 43 111 &#73; I |105 &9 151 &#105; 1
10 4 012 LF (NL line feed, new line)| 42 24 052 &§42; * 74 44 112 «#74: T (106 64 152 &#106: ]
11 B 013 VT (wertical tah) 43 2B 053 &#43; + 75 4B 113 #75: K 107 6B 153 &#107; k
12 C 014 FF (NP form feed, new page)| 44 2C 054 &§44; , 76 40 114 &#76; L |108 6C 154 &#108; 1
13 D 015 CR {carriage return) 45 ZD 055 &#45; - 77 4D 115 &#77; M |109 6D 155 &#109; m
14 E 016 30 (shift out) 46 2E 056 s#46; . 75 4E 116 &#758: I |110 6E 156 &#110; n
15 F 017 5I  (shift in) 47 ZF 057 &#47: / 79 4F 117 &«#79: 0 |111 6F 157 &#111: o0
16 10 020 DLE (data link escape) 48 30 060 &#48; 0 80 50 120 &#80: F (112 70 160 &#112: p
17 11 021 DC1 (dewvice control 1) 49 31 061 &#49; 1 81 51 121 &#Bl: 0 |113 71 161 =#113: q
18 12 022 DC2 (device control 2) 50 32 062 &#50; 2 52 52 122 «#B82: B (114 72 162 &#114; ¢
19 13 023 DO3 (device control 3) El 33 063 s#51; 3 83 53 123 «#83; 5 |115 73 163 s#1l5; 3
20 14 024 DC4 (device contrel 4) 52 34 064 &#52; 4 54 54 124 «#84; T |Lle 74 led =#llé; ©
21 15 025 NiE (negative acknowledge) 53 35 065 &#53; 5 85 55 125 &#B85: U |117 75 165 &#117: u
22 16 026 3¥N (synchronous idle) 54 36 066 s#54; 6 86 56 126 «#B86: V |118 76 166 &#118; v
23 17 027 ETE (end of trans. block) 55 37 067 &#55: 7 87 57 127 «#87: W |119 77 167 &#119: w
24 18 030 CiN (cancel) 56 38 070 &#56; 8 88 58 130 &#88: X (120 78 170 &#120; %
25 19 031 EM  (end of medium) 57 39 071 &#57; 9 59 50 131 &«#B89: ¥ |121 79 171 =#121:; ¥
26 LA 032 SUB (substitute) 55 34 072 &#58; @ 90 54 132 «#90; I (122 Th 172 &#l22; 2
27 1B 033 E3C (escape) 59 3F 073 &#59; ; 91 5B 133 «#91; [ |123 7B 173 s#123; {
28 1C 034 F5 (file separator) 60 3C 074 &#60; < 92 5C 134 &«#92; % (124 7C 174 =#124; |
29 1D 035 G5 (group separator) gl 3D 075 &#6l; = 93 5D 135 &#93: ] |125 7D 175 &#125:; )
30 1E 036 RS (record separator) 62 3E 076 s#62; > 94 5E 136 &#94; ~ |126 7E 176 s#l26; -
3L LF 037 US (unit separator) 63 3F 077 &#63; ¢ 95 SF 137 «#95; _ (127 7F 177 &#127; DEL
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O kwdIkag auTog xpnoidonolei 7 duadika yngia yia TIC avanapaoTACEI TOU
KAl OUVENWG MMopei va npoo@epel 128 dla@opeTikec avanapaortaoelc. Ol
avanapaoTaocelg nou Bpiokovral oto Oiaotnua 00y — 1Fy kar 7Fy €ivar €1d1koi
XAPAKTNPEG EAEYXOU YIa TNV NETAd0ON OedONEVWY N YIa TNV EKTUNWON TOUG. STOUG
UNOAOINOUC XaPakKThPeG €ival evdiapEépov va napaTtnpnoeTe OTI 0 KWOIKOG TOUG
npokUNTEl anod To duadiko 100d0UvVaPo TNG OTAANG KAl TNG YPAMMKNG EVOC KAvoVvIKoU
nAnkTpoAoyiou. MPoo€ETe eniong OTI ol XapakTApeg "a" kal "A" gival dlIapopETIKOI.
Me Tn O1GTA&n auTth pNopoUME Pe anAoUg UNoAoYIOHOUC va NApOUUE OPIOUEVEG
avTioTolxiec. MNa napddsiypa and €vav XapakTnpa-apiOuod, ynopoUPEe va NAPOUKE
TNV TINA Tou a@aipwvtag To 48 (304). MNa va PETATPEWOUHE £va KepAAdio
XAPAKTNPA OTOV avTioTOIXO HIKPO TOU WMOPOUME OTNV avanapdcoTacn Tou npwTou

va npooBeooupe To 32 (204).

To peydAo npoBAnua Tou kKwdika ASCII eival To NOAU NeEPIOPICUEVO GUVOAO
OIAQOPETIKWV XAPAKTHPWV To onoio npoo@epel. O1 128 avanapacTdceic eival
adlvaTo va enapkeocouv yia kdanolov nou B€Ael va pnopei va xelpietar dUo R

nepiocoTEPA aAPapnTa.

Mia npwTtn AUon oTto napandvw npoBAnua anotélecs o kwdikag EBCDIC
(Extended Binary Coded Decimal Interchange Code), o onoiog €ival évag kwdikag
8 Juadikwv YnQiwv Kal CUVENWG MMOPEI va NApEXEl €wC Kal 256 OIAPOPETIKEG
avanapaoTdaocslG. MeTa&u autou Tou kKwdika kal Tou ASCII undpxel yia avTigroixia,
WOTe KAOe Keipevo ypapuévo OTOoV €va Kwdlka va pnopesi va diaBaoctei and
UMOAOYIOTIKO GUOTNHA Nou Xpnoldonolsi Tov dAAov kal avTioTpopa. EninAgov oTov
Kwdlka auTtov undapxouv ol {NTOUPEVEG KEVEC BECEIC wOTE va PnopoUv eKei va

EHPWAEUTOUV Ol XAPAKTNPEC KAl EVOC OUTEPOU aApaBnTou.

QoTO00 akoOua Kal ol enauénuéveg avanapaoTdaocelc Tou EBCDIC sival Aiyeg
yla TIG ONUEPIVEG £PAPUOYEG TWV UMOAOYIOT®WV. H avaykn yia akopn HeyaAuTepo
apiBuo6 avanapaotdoswv odAyNoE Ot €vad MAyKOOWIO OTAvTapT avanapaoTacng
XapakTnpwyv, nou ovopaletal Unicode. To Unicode eival akoun oto oTadio Tng
€EENENC. ZTnv €kdoon 2,0 auTtoU TOU OTAVTAPT E£XOUV KkaTaxwpnbei 38.885
OIaPOPETIKOI XAPAKTNPEG NMOou KaAUNTouv aA@apnta ano TIG MEVTE NNEipouc Tou
nAavntn pag. To Unicode xpnoiponolei 16 duadika yneia yia Tig avanapaoTdoeig
Tou. AkOpa Kal auTd To OTavTapT ONWC IowC TEAIKA dev enapkeETel. EuTuxwg, foNn
EXOUME TMPOETOIUACEl TO EMOMYEVO TO oOnoio €ival unepoUvoAo Tou Unicode,
Xpnolgonolei avanapaoTdoeic Twv 32 duadikwv wneinv kal ovopdaleTal 32-bit ISO
10646 Universal Character Set (UCS-4).
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2.5.2. Avarmrapdoraon €ikévac

Ynapxouv didgopa €idn sikdovac kaTaAAnAo To kabBéva yla OUYKeKpIPEVA
£i0n e@appoywv. To nio anAd oe oxéon YE TN NOAUNAOKOTNTA avanapdoTaong Tou,
gival ol dirovikég (duotone) €IKOVEG. ZTIC DITOVIKEG EIKOVEG UNAPXOUV POVOo OUO

xpwuaTta (ouvnbwcg paupo Kail aonpo).

MeyaAUTepn noAunAokoTnTa avanapdoracng epgavifouv ol EIKOVEG
OUVEXOUG TOvou (continuous tone) oTIC onoieg KABe onueio TNG IkdOvVAC PNOPEi
va €xel o€ avTiBeon Pe TIC DITOVIKEG, MOAAEC TOVIKEC diaBabduioelc. OI NEPIOTOTEPEG
dlaBaBuioelic pag Oivouv Kal dia MPeEYAAUTeEpn opaAdTnTa oTtnv €kodva. ZTnv
KaTnyopia Twv €IKOVWV OUVEXOUG TOVOU EXOUWME EIKOVEG KAiakag Tou ykpidou

(gray scale) ka1 éyxpwueg (color).

H avanapdaoTtaon piag €ikdvag o€ €va UnNoAoyIoTIKO ouoTnua &ekiva Pe Tnv
KaTATPNoN TNG 0 NOAU PIKPEC KOUKIDEC (eIkovoaToixeia, picture elements, pixels),
ME opIlOVTIEC KAl KABETEG VONTEG YPAMMEG. 3TIGC €ikoveg (a) kal (B) napakdaTw
ansikovileTal auTtn n diadikaoia yia dia aonpopaupn €IKOvVa €vOG AUTOKIVATOU.
MapartnpeioTe 0TI n diadikacia auTn €NIPEPEl NAPAPOPPWAON TNG APXIKAC €IKOVAC.
000 peyaAUTepoG €ival o aplBuodc Twv KoUKIdwv OTIC onoiec dialpeiTal pia €ikova,
1600 nio nioTn Oa €ival n avanapdoTacn TNG oTov unoAoyloTrn (TO0o PeyaAUTePN

avaiuon 6a £xoupe).

o

-

o
OO0
:
(=)=
Yooooo

oiociocoioioiciolbio

oo

OO0
(-

oooooo
200

oloaoo
=1

OO OO e wld O

¥

CComamacocccon
IO OID - ) i e el o 5
fo OO b g i [ . L e e

Do ol

e R
cloolobesomoooocoooo

OIOIGIO IO s i e e [

T

o wlh

==Y
5 ol s 5

Y

200

=l - (__'lll;_)!-,

f

SEEEE

OO0
Cao'co.

=

(o) G )

AkoAoubBei n avTioToixnon TNG nAnpogopiac Tou KABE €IKOVOOTOIXEIOU OF
kanola ano TIG oTdBuec TOVOoU. Ma TNV NEPINTWON HOVOXPWHWYV €IKOVWY (Haupo
Kal aonpo) anaiteitar €va povo duadikd wn@io yia auTn Tnv avTigroixnon, agou
kaBe gikovoaToIXEio Nnopei va ival donpo n paupo. MNa Tn nponyoUuevn gikdva, n

diadikaaia auTr @aiveral oTnv €ikova (y) no navw.
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Oco0 nepiocOTEPOI  €ival ol TOvVOl Nou €nMBUPOUNE va MNeEPIEXEl N
avanapdoraon HIac £1kova, TOOO NePIoccoTepa eivalr Ta duadikd wngia nou
anaiToUvTal yiad Tov KaBopiopgo Tou TOVOU KABe Koukidag PJE AVTIOTOIXEG EMINTWOEIG
oTo PEyeBoG TNG avanapdoraond. MNa napddesiyua, yia 256 Tovouc anairouvral 8

duadika yneoia.

=

Movoypoun eucova Ewova 16 ypopdtov Ewoéva 256 ypopdtov
1 dvadwd ynoeio 4 dvadikd yneio ava 8 dvadikd ymoio ové
ava pixel pixel pixel

QG yVwOoTOV OAA TA XpWHATA NANV TOU KOKKIVOU, TOU NMPAcCIvVou Kal TOU KNAE, Hnopouv
va napaxBbouv ano Ta napandvw. Ma napadeiypa To AsUKO €ival n napouacia atov idio
BaBuo TwV TPIWV BACIKWV XPWHATWY EVW TO JAUPO N dnouadia Kal TV TPIWV. ZUVENWG
yia Jia EyXpwun €IkOva, apkei va kabopiooupe yia KABe IKOVOOTOIXEIO TNG TO NOCOOTO
OUMBOANG OTO XpWHa TOU, KABe evOC €K TWV TPIWV BACIKWV XPWHATWV, 1N ME GAAa
AOyIia To TOVO KkABe BacikoU XpwHATOC. TNV NApakAaTw £KOva Qaiveral n avaiuon

MIaG EYXPWHNG €IKOVAG OTIG BACIKEC CUVIOTWOEG XPWHATOC.

Apyuc ewova

Mmie ZuvioTtdoo IIpdowvn Zvvictooa Koxkivn Zvvicthoa
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ETol, n avanapdoraon Hiag €IkOvac nou os KAbe Baoiko xpwua enmiTpenel 256 Tdvoug,
anaitei yia kGbe sikovooToixeio TNG 24 duadika yneia. Kabe sikovooToixeio pnopei va
napel éva and nepinou 16 ekatoppupia Xpwpara (256%). O apiBudc Twv duadikwv
WNQInV Nou agIEP®VETAl yia TNV avanapdoracn iag €ikoévag ovopddleral kal Badog

(image depth - BA&ne kal napanavw oxnua).

2.5.3. Avamrapdoraan avaAoyikoU onuaro¢ — To mapddeyua tou rxou

MNa Tnv avanapdoracn &vog avaAoylkoU onuato¢ akoAouBouvTal ol
d1adikaoiec TnG dsiypaToAnyiacg (sampling) kar Tng kBavTtiong (quantification) Twv

delypaTtwyv.

KaTa tn diadikaoia TnG deiyuaTtoAnyiac kataypa@ovTal OTIYHIAIEC TIMEC TOU
NAGTOUC €vOG ONUAToGc avd TAakTd Xpovika Oiaotnuara. Eva epwtnua nou
npokunTel &ivar nNOCOC nNpEnsl va e€ival o MEYIOTOC XpoOvoc MeTAa&u oduo
delyyaToAnWInV £T0I WOTE vad MNOPW MWE MEYAAN akpifela va avacuvBeow Tnv
apxikn gou pop®n ; O Nyquist £de1€e OTI NpoKeIJEVOU Yyia onua ouxvoTtnTag f,
anaiteitTal n delypatoAnwia va yiveral ge ouxvotnTa TouAdayioTtov 2*f. H diadikaocia

Tng delypaToAnwiag (paiveral oTo NApakdTw oxnua :

JAVAVAVAVAL

Av unoB£ogoupe OTI To avaloyikd pac onua €ival o nxoc. Eivalr yvwaortd o1 0
avlpwnog avTIAGUBAVETaAl NXOUC €VTOG Tou JlacTnNUATOG CuxvoThTwv 20Hz -

20KHz. Zuvenwc pia moTn yia Ta avlpwniva dedouéva avanapdoracn Tou fxou,
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npenel va nepiAagpBavel diadikacia dsiyuaTtoAnyiag HE ouxvoTnTd TOUAAXIOTOV
40KHz.

Me Tn diadikacia Tn¢ KBRAvTiong Twv delyudTwy oTnv ouocia diaipoUUE To
OUVEXEC O1aoTnua TIHWV &vOC avaloyikoU OANATOC Ot OlIakpITG dlacThuata Kal
avaBgToupe pia duadikn kwdikonoinon yia kabe diakpito didoTnua. Eotw yia
napadelyya OTI £XOUME £€va orua duvapikoU To onoio pnopei va ndapel OAEG TIG
duUVaTEC TIMEC METAEU -2 kal +6 V. Ag unoBécoupe OTI KPavTiloupe auTto TO
didoTnua TIwv o€ 8 diaoTnuata Tou 1V, kar avanapioToUUe To KaBeva and auta
Me Tpia duadikd ynoia &kivwvtag and 1o 000 yia 1o [-2, -1] £€wg To 111 yia To
(5, 6]. ToTe €va duvapiko TnG Taéng Twv 1.2V B6a napacTtabei pe 1o duadikd 100.
MNpopavwe €dw undpxel éva "nalapl" PeTa&U akpifeiac avanapdoTacng Kal Twv
anarroUpevwy duadikwv Wwneinv. H napanavw KBAavtion npoo@Eépel akpifeia TnG
Ta&ng Tou 0,5V aAAd anaitei povo Tpia duadikd wneia. Av xwpilaue To diaoTnua
oe 256 OlakpiTd OiaotriuaTta TOTE Oa eixape akpifeia 0,015625V aAAd 6a

xpelalopaoTav kal 8 duadika ynoia.
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KE®AAAIO 3
ApiIBuntikég npa&eig

>T0 nponyoUpevo KepdAaio avantu€ape OIAGQOPOUC TPOMOUC HE TOUG
onoioug pnopoUPE va avanapacTriOoOUHE apiBuouc o€ €va UNOAOYIOTIKO oUoTnHa.
>€ auTo To KE(AAaio Ba KAAUWOUHE TOUC TPOMOUG PE TOUC onoiouc uAonoloUvTal ol
Baoikec apiBunTikéG npd&eic. Mo ouvBeTec npd&eic pnopouv va avaxbouv o€

ouvOuaopoUG TwV BaciKwV NPAgEwV.

H apiBunTikn unoAoyioTwv ouvexilel akdOun KAl CAMEPA va MNPOCPEPEI
EPEUVNTIKEC E€UKAIPIEC, apoU cuvBeTa NpoBARNATA ONWG ol NPOBAEYEIC yid Tov
Kaipo, €EOMOIMOEIC TPOXIWYV NAEKTPOVIWV KAM. kKaBioToUv akOun Kal Ta onuepiva
OUOTANATA, XauNANG anodoong oUCTAUATA YIA Ta CUYKEKPIYEVA npoBARuaTa napd

TNV EVOWPATWON TEXVIKWV YIa au&nan Tng anodoong.

©a EekIVOOUHYE TNV ava@opd Mdag oTnv  apiBunTiKn  UMOAOYIOTWV
e€eTalovTag NpwTA AKEPAIOUG apiBPoUc. ZAPEPA TO GUVOAO TWV UMOAOYIOTIKWV
ouoTNNATWV XPNOIYOMOIEl yia TOUG akepaiou¢ apiByouc Tnv avanapaortacn
OUMNANPWUATOG G npog 2. IoTopikd woTOCO, N nNpwTn napdoracn nou
Xpnoigonoinénke ATAv auTr TOU CUMNANP®HATOC w¢ Npo¢ 1 kal yI' autd napakdaTtw
TNV €EeTaloupde NpwTn. 2€ OAd pac¢ Ta napadeiyyata napakdtw UloBeToUNE
akpiBeia avanapaoraong 8 duadikwv wneiwv. Eniong 8a npénel va AaBeTe unown
oag OTI N npoabeon kal n agaipeon €€sTalovral oUVOAIKA oav dia npdaé&n, agou n
agaipeon A-B 10oduvauei pe Tnv npocBeon A+(-B) onou TOo -B ek@paleral
oUJPWVA HE TOUGC KavoOveg KABeE OUOTAPATOC avanapdoTacns OnweG dauToi

€10nxOnoav oTo nponyoUUEVO KEPAAQIO.
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3.1 NpoocOeon / APaipeon o€ ZUNNARPWHA WG Npog 1

>TnV apiunTiki CUPNANPWUATOC WG npo¢ 1 eiodyerar n €vvoid Tou
£MNaveIoayodevoU KpaToupevou (end-around-carry). ZUYKEKpPIYEVA, €AV KATA Hia
npa&n npocBeong n apaipeonc Pe apiBuouc CUPNANP®HATOC WG NPOC 1 NpokUYEl
kpaTtoUpevo €€6dou (kpaToUUeEVo nNEpav TnG TeAeuTaiag Babuidag avanapdoTaong),
TOTE auTd dev Ba npenel va ayvonBei, aAAa B8a npénel va npooTedei pe deUTEPN

npagn oTo anoTeAeoua.

H Aoyikrnl Tou esnaveioayOuevou KpaToupevou BacileTal Navw OTO YEYOVOG
TnG SINAAG avanapdaoTtaong Tou 0. YnoBeoTe OTI €Xw va npooBéow To A=-100;0 HE
To B=101;,. TOTE 0 NnapadoTacn CUPNANP®HATOC WG NPoG 1 Exw :

A =-100;, = 10011011,
B =+101,,=01100101,

To anoTéleopa TN npoabeong Ba eivar 00000000, kai 1 oTo KpaToUpuevo €E6d0U.
Ac OouUpe vyiati npénel va npooBECOUPE aUTO To KpaToUuevo €EOOoU aTO
anoTéAeopa. Kabwe kdbe povada Tou B npooTiBeTal oto A, TO anOAUTO HETPO TNG
duadiknc avanapdaoracng Tou A peyaAwvel. Me aAAa Aoyia av npooBeTape 1o 1 Ba
gixaue A + 1 = 10011100y = -99;5. Zuvexilovrac HE aAUTOV TOoV TPOMO aAv
npooBerage 10 99,0 Ba naipvape Tnv napdoracn 11111110;, OnAadrn os
OUMNANPWHA WG npo¢ 1 Tnv napdortacn Tou -1. Av npocBerape 10 10040 Oa
naipvape tnv napaocracn 11111111, dnAadr 1o -0. MpooeETe OTI O KaApia ano
AuTEC TIG NpooBéoelg O Ba NPoEKUNTE KpaToUuevo €E00ou. OTav OPWCG NPOoBEow
T0 10145 oTnVv oucdia naipvw AavBaoueva Tnv OsUTEPN Nnapdortacn Tou 0, dnAadn
Tnv 00000000;. 2TNV ouadia dnAadn €xw NPOCUETPNOEl Tov apiBuo 0 dUo QOopEC,
onwc KivoUupal navw oTtov dova Twv akepainv apibuwyv. EninAgov n unépBaon Tou
MIKPOTEPOU apvnTiIkoU apiBuou (11111111,,) nou eivar o andAutn TIUR Kai o
HMEYAAUTEPOG apiBudCc nmou pnopw va napacTnow He 8 Jduadikd wngia pou
unodeikvUel auTr Tnv avakoAouBia MPeTaA&U akepdiwv Kal NApacTACEwWV ME TN
dnuioupyia Tou KpaToupevou €EOdou. Ma va Tnv anokataoTnow Xxpelaleralr va
NPOXWPNOoW OTNV €nOPEVN NAPACTACN KAl auTd €MITUYXAvVeTal WE TNV nNpoobeon

TOU KPATOUHEVOU €EODOU.

Mepikd napadeiyuara 6a anocagnvioouv Ta napandavw.

01001011 (+75) 11000101 (- 58)
10001001 (-118) + 01110010 (+114)+
0 11010100 (-43) ZwoTo6 anoteAeopya 1 00110111 AdBocg anoTéeoua
1

00111000 (+56) >woTO AnoTEAeoUa
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MpooeETe OTI Oev BA MpPENEl va OUYXEETE TN AOYIKN TOU EMNAVEICAYOUEVOU
KPATOUPEVOU HE TNV unepxeidion. Mia npd&n nou odnyei oe unepxeilion eivai
navrta Aavlaouevn aveEdpTnTa TOU AV E€MNAVEICAYETE N OXI TO KPATOUHEVO.

MNPOC£ETE TIC NAPAKATW NPOCBETEIC :

01001011 (+75) 11000101 (- 58)
01000000 (+64) + 10001101 (-114)+
0 10001011 (-116) AaBog anoTédeopa 1 01010010 AdBog anoTeleoua
1

01010011 (+83) Adboc anoTEéAeoua

To npoBAnua oTic napandvw npooBedeIC €ival OTI EeNeEpACAUE TIC HEYIOTEG TIMEC
avanapdoraong ([-127, +127], 0ec nponyoUdevo KePAAdio) kai OXI To
EMNAVEIOQYOHUEVO KPATOUPEVO. ©a OOUPE OTNV ApIBUNTIKA CUMNANPWHATOC WC NPOG

2 TpoOMnoug d1anioTwoNng TNG unepxeiAiong.

H avaykn yia Tov d1aXxwpIiopgo PETAEU Twv dUO NapaoTdcewv Tou 0 Kai n
moavn avaykn yia deUTepn Npoobeon oTnNV MNEPINTWON NOU To KPATOUUEVO £E6J0U
gival 1 €ival dUo Adyol yid va NPOTIUACEl KAVEIC TNV apIiBUNTIKA CURNANPWHUATOG
wC npo¢ 2. O1 Aoyol auToi €xouv 0dnynoesl oTnv oTadlakr €YKATAAEIWYn TNG
apIBuUNTIKNG GUUNANPWHATOG WS NPOC 1 oToug EUNopikoUG UNOAOYIOTEC. QOTOCO N
apIBunTIKn auTr Guvexilel va undapxel € apKeToUC UMEPUMOAOYIOTEG Yid GAAOUG

AOyouc.

3.2 NpooOeon / APpaipeon o€ SUNNARPWHA WG NPOG 2

H apiOunTIKA GUNNANPWHATOC WC NPOC 2 €ival anaAAayuévn and Tnv €vvola
TOU EMAveEIOAyOUEVOU KpaToupevou. EninAgov, npoo@eépel Tn duvartotnTa n
npocBeon kalr n agaipeon OUo apiBuwv va yivovral and To idlo UAIKO. Tn
duvartotnTa autrp 6a Tnv avanTtU&oupe nio KATw. AC OOUME apxika MEPIKA

napadeiypara npdécbeong (1codUvapa agaipeons) duo apiBuwy oTo cUCoTNUA AuTo.

00001010 (+10) 00000101 (+5) 11111111 (-1)
01010000 (+80) + 11111110 (-2) + 11111100 (-4)+
0 01011010 (+490) 1 00000011 (+3) 1 11111011 (-5)

Onwc @aiveral kal andé Ta dUo de&l0TEpa napadsiyyata To KpaToUHEVO
€€00ou and Tnv nAféov apioTepr) Babuida oTto oUoOTNUA AUTO HPNOPEi va ayvonoei
MIag kal nAéov undpyel Wia npog uia avTioToixia METAEU Twv akKepaiwv &vog
OlaoTANATOC KAl TWV avanapaoTdoewy Nou npoo@Epel To oUOTNPA avanapaoTaong

0€ CUPNARPWHA WG npog 2.
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Qotdoo kal o autd TO ouoTNPa undpxel n mBavoTnTa unepxeidiong. Eivai
npogaveg OTI de PNopei va cupBei unepxeiAion katd Tnv agaipeon dUoO OPOCHUWV
apifuwv f Kata Tnv npocBeson dUO €TEpoonPWV apIBuwV, apou To HPETPO TOU
anoTeAECUATOC Kal OTIC OUO napandavw MNEPINTWOEIC €ival JIKPOTEPO aAnod To PETPO
TOU MeyaAUTeEpou ek Twv OUO0 Teloupévwv (operands). Ynepxeilion ouven®g
pnopei va ouuBei yovo katd Tnv npdobeon dUO OPOCHNWY ) KATA TNV aPaipeon

dUo eTepoonuwv apiBpwv. Ac doUue pepikd napadeiyuara.

00110010 (+50) 11010001 (-47)
01010000 (+80) + 10100110 (-90) +
0 10000010 (-126) !l 1 01110111 (+119)1

Ta napanavw AavBaouéva anoteAéopara de Ba npenel va Yag eKnNAfooouv, agou
oTo nponyoUpevo KepdaAaio €idape OTI pe 8 duadikad wneia XpnoihonoiwvTag
avanapdoTacn GUPNANPWHATOC WG NPog 2 MNopoUHE va avanapioToOUNE aKePaioug
oTto didoTtnua [-128, +127]. Epdoov Ta avapevoueva anoteAéouara (+130, -137)

gival ekTd6C Tou S1ACTANATOC auToU, Holpaia naipvoupe AavBaopéva anoTeAéopara.

MnopoUpPe va padnuaTikonoliNooUPE Aiyo MEPICCOTEPO TIC NAPANAV®
napatnpnoeiC MaGg WOTE VA KATAOKEUAOOUME €va KUKAWWG avixveuong Tou
(PAIVOPEVOU TNG unepxeiAlong. OsewpoUue PoOvo Tn npda&én Tng npoobesong, agou
TeEAIKG n Npd&n Tng agaipeong uAonolsital kar auTn Pe npocBeon. Onwc eidape
napanavw unepyeilion pnopei va cupBei HoOvo KaTa Tnv npoobeon OPOCHHWYV Kal
autn ekONAWVETAI PE TO Vva €XOUME danoTéEAeopa avTiBeTou npooruou. Ag
Bswpnooupe Aoindv OTI Ta €vTeAa TnNG npoobeonc sival A = a,;0¢0504030>010¢ Kal B
= B7BeBsPB4B3B2B1Bo. EOTW 07050504030,0:09 TO AMOTEAEOUA TNG NpOCBeoNG, K TO
KPATOUHEVO €EODOU KAl KyKeKsKsiK3KpK10 Ta KpaToUPeva €10000U OTIC AVTIOTOIXEG
BaBuidec. YnepxeiAion ouvenwg exoupe 6Tav a; = By = 1 karo; =0 n orav as
= By = 0 kal 0; =1. H npwTn nepinTwon Pnopei va cupBei yovov otav k; = 0 Kal
oTnv nepinTwon autn €ival Kk = 1, evw n deUTEPN NEPINTWON MWNOpPEi va ouuBei
oTav k; = 1 kal pag divel k = 0. SUVENW®G N KATACTAON UnePXEiAIoNG MNopei va
avixveuTei he Tn dianioTwon aviodTNTag METAEU TWV ONUATWY Ky KAl K, 1 KME aAAa

AOyIa pe pia anAf nUAN anokA€IoTIKAG d1aleUENG METAEU auTWV TwV dUO ONUATWV.

To napakdtw oxApa pag divel pia povada npdobeong / agaipeong duo
aplBuwv og apldBunTIKn CuUNANPWNATOC WG npog 2. H ulonoinon BacileTal oTo
YVWOTO 0ac ano Tov Aoyiko Zxediaoud nAnpn abpoloTtn evog duadikoU wngiou Kal
oTn Aoyikn d31adoaong Tou KpaTtoupévou (ripple carry). OTav n ypapun eniAoyng Tng

eMmBuuNTNC AsiToupyiag gival oto Aoyikd 0, TOTE n Povada pag eKTeAEl TV Npagén
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TNG NpooBeonC. TNV NEPINTWON MOU N ypauun €MAOYNG €ival oto Aoyikd 1 T1OTE
kGBe duadikd yneio Tou evrTéAou B avTioTpépeTal pe Tn Bonbeid Twv nMUAwv
anokA&gIoTIKAG O1aleuEng kal To KPAToUpevo oTn AlyOTEpo onuavTikh PBabuida
yivetal 1 €701 wOTE va OXNUATIOTEI TO GUMNANPWHA WG Npog 2 Tou B (Pe aAAa
Aoyia n npda&n A-B ulonoisital oav A+Bys). STo oxAna £Xxoupe €niong npoobioel
pia nUAN anokAeioTIKNAC O1aleUENG WOTE va NaipvoUue Tnv EVOeEIEn unepXeiAiong

oUJQWVa Pe Ta 0oa avaPepObnkav nio Navw.

a, K, Gy Ks O Kg Oy Ky Oy K3 a, K, O K, O Ko
Ymepxeihion —<( l l l l l l l

Mnpng TMhipng TThpng Mhnpng TMhipng TThipng TThipng
abpoiotig abpoioti abpoiotic abporotri abpoiotig abpoiotic abpoiotic

! ! ! ! ! ! !

K o, Og Oy g, [*F) g, g, Oy

3.3 MNpooOeon / Apaipeon OTIG UNOAOINEG AVANAPACTACEIG
Nna va npooBéooupe 1 va dagaipecoupe dUo apiBuouc ol onoiol

avanapioravral o€ npdéonuo - METPO, Ba npénel va OIAKPIVOUHUE TIG €ENG

NEPINTWOEIC NPOKEIJEVOU Yia TNV nNpocBeon (yia TNV agaipeon 10XUOUV avTioToixad

npayuara) :

¢ Av ol apiBuoi €ival opoonuol, TOTE To NPOCNKO TOU ANMOTEAECUATOC €ival To idIo
HME TO NPOONHO TWV EVTEAWV. TO PETPO TOU AMNOTEAECHATOC €ival To ABpoioua
TWV HETPWV TWV OUO EVTEAWV.

¢ Av ol apiBuoi €ival eTepoonUol, TOTE ANAITEITAI OUYKPION TWV PETPWV TwV OUO
aplBuwv. H ouykpion MMOpei va €nITEUXBEl PE TN XPrON €vOC KUKAWWATOG
OUYKPITH ONWC auTd nou pabate oto pabnua Tou AoyikoU ZxediaopoU. To
NPOCNMUO TOU anoTeAECOUATOG €ival TO NPOCNKO TOU dpIBPoU PE TO PEYAAUTEPO
METPO €VW TO UETPO TOU AMNOTEAEOHATOC €ival n dIAPOPA TwWV PETPWV TWV dUO

apifpwv.

Mepika napadeiyparta epapPoyng Twv nio Navw Kavovwyv gaivovTal NnapakaTtw.

00110010 (+50) 10101111 (-47)
00010000 (+16) + 00100000 (+32) +
01000010 (+66) 10001111 (-15)

onou n agaipeon dUo duadikwv Yneiwv akoAoubei Tov napakdTw nivaka

aAn®eiag :

=45 -



KEDPAAAIO 3 — AplBuntikéc Ipdéeic

Eicodol EZodol

Auadiko WneioAuadiko6 WneioAaveiko ano TnvlYnoAoyi{opevo 6uc|6|K6’Ynvoy|Z6u£vo duadiko|
AQAIPETEOU A@aIpETN nponyoUpevn Baduida [wn@io unoAoinou yneio daveikou

0 0 0 0 0

0 0 1 1 1

0 1 0 1 1

0 1 1 0 1

1 0 0 1 0

1 0 1 0 0

1 1 0 0 0

1 1 1 1 1

H npdobeon / agaipeon apiBuwv nou Ppiokovral G€  apiBPNTIKN

nAgovaopoU katd K akoAouBei Tic €En¢ d1adIkaaieg :

¢ Ta Tnv npdoBeon pnopoUpe €iTe va npooBeocoune Toug dUO apiBPoUc wg un
NPOCNUACKEVOUG Kal KaTtoniv va a@aipéoouhs Tnv noOAwon K, €iTe va
METATPEWOUHE TOUuG apiBuolc O NapacTacn NMPOCMHHUOU — PETPOU aAPAIPWVTAG
TOUC TNV NOAwON, WETA va akoAouBnaooupe Tnv diadikacia npdobeong apiBuwv
0€ NPOCNMO — HWETPO ONWG avanTUuxBnkKe nio NAvw Kal 0TO ANOTEAECNA TNG va
NPooOECOUNE TNV NOAWON.

¢ Ta Tnv agaipeon pnopoUpe va Bewprooupe Toug dUo aplbuolc oav va rTav os
napaoTacn MpPoOChUoOU — HETPOU HE BeTIKO MPOONUO, va AKOAOUBNOOUME TN
diadikacia agaipeong dUo apiBuwv o€ NMPOCNUO - UETPO KAl va NPOCOECOUNE
OoTO anoTéAeopa Tnv nNoAwaon. EvaAlakTikd 6a pnopoUcdue va akoAoUBRooupEe
dladikacia availoyn e Tn OeUTEPN NEPIYPAPOHEVN MO NAVW.

Kal oTic dUo nio nadvw MeEPINTWOEIC KAl aveEdpTnTa anod Tnv akoAouBoupevn

dladikacia xpelaleTal NPOOEKTIKOG oXedIAOWOG yiaTi €ival mibavov n NepIopIoPEVN

akpiBela avanapdoraong va pac odnynoel o€ UMEPXEIAIOEIC Twv evOIAUECWV

anoTeAEoNATWV.

3.4 MepIkEG XPNOIPEG AOYIKEG NPA&eIg

>T0 pgABnua Tou AoyikoU oac Xxediaopou €xete d1daxOei TIC nio NOAAEC and
TIC AOYIKEC OUVAPTAOEIC KAl TOUC Nivakeg aAnBeiag Touc. Mépa amd auTeg,
MMopoUUE va OpicoUHE Kal AAAouc povadidioug TEAEOTEG mou I1ooduvapouv HE
AOYIKEG Npa&eig ol onoieg Baailovtal os oAioBrocig (shifts) Twv duadikwv wneiwv
MIag wneIloAgEnc. O1 AoyIKEC auTeég npageic €xouv 101aiTEPN oOnupacia ortnv

apIBunTIKn unoAoyIoTWV Kai €ival :

¢ Noyikn oAioBnon (logic shift) npog Ta apiotepa n Ta de€id, kaTd k B€osic. Kata
Tn AsIToupyia auTn kade duadiko Yngio TG apXIKNG Hacg Wwn@IoAEENC oAloBaivel
Npoc Ta aploTepd ) Ta Oe&ld kaTd K B£oeic. OI Keveg BEoeIC Nou dnuioupyouvTal

oupnAnpwvovTal pe 0. MNa napdadeiypya ag Bewpriooupe Tn WneIloAeEn 011101.
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Aoyikn oAioBnon katd Ouo Bfosic npog Ta Oe€id B6a pag odnynoel oTn
WwneIoAEEN 000111 evw Aoyiknl oAicBnon katd pia B€on npog Ta apiotepd Ba
pgac odnynoer otn  wneIioAéEn 111010. Mnopei va anodeixbei o1 av
BEWPNOOUNE TIC APXIKEG MAC WNPIOAEEEIC oAV UN NPOCNHACHEVOUC duadikoug
api®polc, n oAiobnon npo¢ Ta daploTEpPd Katad Kk Ofoeic odnysi o€
noAAanAaciacuo HIag Wn@IoAEENG kata 2%, evw n avTioToixn oAiobnon npog Ta

d€&1a odnyei oTo nNnAiko TNG diaipeong TNC apXIKNG WNPIOAEENC pag PE To 2%,

¢ ApiBunTikn oAioBnon (arithmetic shift) npoc Ta de€&id katd k BOfosic. H
oAioBnon auTtn diapépel and TNV Aoyikn oAioBnon npog Ta 0g€id oTO OTI OTA
aploTEPOTEPA K WN(ia nou aneAeubepwvovTtal Katd Tnv oAiobnon dev sigdyeTal
To 0 aAAG avTiypa@ETal TA APICTEPOTEPO WNQPIO TNG APXIKAC MAG WNQPIOAEENG.
MNa napadsiypya n apieunTikn oAiobnon katd 2 B<€osic TNG Wwn@IloAEEng 111000
odnyei otnv Wwn@IoAgEn 111110. Av Bewpnoste OTI ol dUO nApanavw
WNQIOAEEEIG €ival apiBuoi o€ UPNARPWHA WG NPoG 2, HNopEiTe va d1anioTWOETE
OTI ME TNV dpIBUNTIKN oAioBnon enekTeivoupe Tnv 1010TNTA NoAAanAaciacuou

kal diaipeong Pe dUVAMEIG TOU 2 KAl OE NPOONUACHEVOUG aplBpouc.

¢ KuUkAIkn oAioBnon (rotation) npog Ta de€id 1| Ta apioTepd, kKata K Bfosic. H
KUKAIKN oAigBnaon diagépel and Tnv Aoyiknp aTo OTI ol BE0eIC Twv duadikwV
wneiwv nou adeialouv yepifouv pe Ta duadika ywngia nou gelyouv ano Tnv
WNQIOAEEN OTO AnEvavTl AKpo TnNG. OewpeioTe TNV Wn@ioAéEn 100101 kar yia
KUKAIKI oAioBnon npoc Tta 0g€id. To duadiko ynepio 1 nou ¢euyel anod 1o Oe€I0
AKpo TNG WNQIOAEENC enavelodyeTal OTo ApIoTEPO TNG AKPO KAl CUVEN®G N

KUKAIKI oAioBnon 6a pag dwoel gav anoTéleopua Tn A€€n 110010.

O1 napandvw AsiToupyieg oAioBnong npaypartonoiouvTal Ot KABE HPOVTEPVO
unoAoyIoTIkO cuoTnua and éva KUKAwpa nou ovopddletar oAiobnTng (shifter) kai

uAonolsiTal oUPPWVA YE Ta 00a EXETE HAOEI TO AOYIKO ZX£DIA0UO.

3.5 NMNoAAanAaciaopog BN NPOCNHACHEV®OV APIOH®OV

Av  npoonaBoloaye oOTO XapTi va noAAanAaciacoupe OUO  WN
npoonUacuevoug apiBuolc Tou duadikoU cucoTrpaTtog 6a dianioTwvape OTI 00d
EXOUME HaOBel yia To dekadikd ouoTnua spapuolovTal kal oto duadikd dpeoa. To
napakdtw oxnua odcixvel Tov noAAanAaciacuoé Tou 11 pe 1o 9 oTo JUAdIKO

ouoTnua.
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1 0 1 1 (lly)
X 1 0 0 1 (910)
1 0 1 1
0O 0 O O
0O 0 0 O
1 0 1 1 +
1 1 0 0 0 1 1 (99)

MnopoUude va KAVOUMPE OPICUEVEG NApaTnpnoel Pe Bdon To napanavw
napadelypa. H npwtn eival 011 Adyw Tou duadikoU cuaTriuaTog Kabe eEeTalOPeVO
wneio Tou noAAanAaciaoTr pnopei va €xel TIG TIWEG 0 kal 1, PJe anoTEAEoua Ta
avTioTolXa PEPIKA YIVOPEVA NOU NPOKUMNTOUV YIid AUTEG TIG TIMEG €ival €iTe 0 €iTe 0
noAAanAaciaoTéoc. Suvenwc n nponaideia oto duadikd cUoTnua Oev €XEl Kapia
a&ia. H deuTepn napatnpnon eivar oTI avaloya Pe Tn B£€on Tou KaBe duadikou
wn@iou Tou NnoAAanAaociaoTrn nou €ival 1, To PePIKO YIVOUEVO MOU MPOKUNTEl EXEI
TIMA TNV TIYA Tou NOAAANAQOIAOTEOU aploTEPA oAIoBnUEVOU KaTd TOOEG BEoeIc OoN
gival kalr n 8£on Tou wn@iou. MNa napdadelyya TO TEAEUTAIO PEPIKO YIVOUEVO EXEI
apiOunmikn TR 1011000, nou npokUNTEl and Tnv apioTepr] oAioBnon Tou
noAAanAaciacTéou kaTtd 3 B€osic. H TeAeuTaia napaTtripnon nou MMNOPOUME vd
kavoupe €ivalr o1l o noAAanAaciagpog dU0 MOCOTATWV TwV K Kal A duadikwv

WYnN@iwv PJag odnyei og €va anoTéAeoua TwV K + A —1 duadikwv yneiwv.

O1 dUo MnMpwTeC NAPATNPNOEIC €ival IKAVEC yia va pag odnynoouv oOTo
oupnépaopa  OTI o noAAanAaciacpog Ouo  duadikwv  apliBuwyv  PNopei  va
npaygartonoin®ei  pe  J1adOXIKEG MPooBECEIC  Kal  OAloBnoslc. MNapakdTw
neplypagoupe o anAd BAuarta tn diadikacia noAAAnAAcIiacpou Tou A = 0y 10c.3 ...
0o ME TO B = Bi.1Br2 ... Bo. H nepiypa®n Tng AUong evog npoBARUaAToc Pe anAd
BriuaTa ovoudaletal aAyopibuog.

BApa 1. ©foe 0=0 kal N'= A kal AnotéAeopa = 0.

BApa 2. EE&£taoce To duadiko wngio Bs.

BAua 3. Edv eival 0 nAyaive oto Brua 5.

Briua 4. MpbdoBeoe 1o I oTo ANOTEAEOHA.

BrAna 5. ©¢oe N = ApioTepr) OAioBnon kaTta pia 8€on Tou T

Brijua 6. AUEnoe kaTtd 1 10 0.

BAua 7. Eivai 8 = A ; Av val TOTE 0 NOAAANAAcIaopuog oAoKANpwONnkKe. Av OXI

nryaive oto Brijua 2.

AC NapakoAouBrnooUPE TNV €KTEAECN TOU napandvw dAyopiBuou yia Tov

noAAanAaciaouo A=4=100 pe To B=5=101 Brnua npog Bnua.
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Brjua nou ekTteAeital | Tigéc Twv MeTaBAnTwyv / M'eyovoTta

1 0=0, =4, AnoTéAeopa = 0
2 EE£Taon Tou Bg

3 EkTéAeon Tou BrjuaToc 4
4 Anotédecpa=0+4=4
5 r=8

6 0=0+1=1

7 EkTéAeon Tou BrpaTog 2
2 EE£Taon Tou By

3 EkTéAEon Tou BrjyaToc 5
5 =16

6 0=0+1=2

7 EkTéAeon Tou BruaTog 2
2 EE£Taon Tou By

3 EkTéAeon Tou BrpaTog 4
4 AnoTéleopya =4 + 16 = 20
5 =32

6 0=0+1=3

7

MNMoAAanAaciacudc oAoKANPwWONKE

MoAANEC opec eival €évav aAyopiBuo avTi va Tov NePIYpAPOUME HE Adyia va
kataokeualoupe €va dldypapua yia Tnv ansikovior Tou. Ta diaypduupara auTd
ovopalovTal diaypaupaTta pong (flow charts). Sta diaypappaTta pong ouvnlwg
XpnoigonoloUvTadl Ta €N oxAMaTa :

¢ To napaAAnAdypappo yia va opiosl Npa&eic nou npenel va yivouv

¢ O pouBog via va deikel onueia anogaong

¢ H éAAeiwn via Tn onuaToddTNOoN TNG apXNnNG Kal Tou TEAOUG €vOg diaypdupaTog
Ta napandvw oxnuara ouvdgovTal JeETAEU Toug PE BEAN nou dgixvouv Kal Tn osipda
ekTEAEONC (pon) Twv BnuaTwv Tou aAyopibuou. Eva diaypaupa pong yia Tov nio

navw aAyopiBuo €ival To NnapakaTw :

Apxn

I

6=0,
r=A,
AmotéAeopa = 0

Ox1» AmotéAeopa = AotéAeopa + I

N

Oxi Nai

L]

I = ApioTepr) oAicbnon ()
=5+1

J

Nai

Téhog
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3.6 Alaipeon KN NPOCNHACHEVWV APIOH®OV

Me TpONo avTioTOIXO MKE AUTOV TOU NOAAANAAOIdOPOU, MMNOPOUME vda
ek@pdaooupe Tn dlaipeon dUO PN NPOCNUACUEVWY apIBUWV WE &vav aAyopiOuo N
£€va didypappa pong nou BaocileTal o dIAdOXIKEC ENITUXEIC apalpETEIC TOU dIAIpETN
and Tov dlaIpeTED. YNOBETOVTAC OTI O JIAIPETEOC EXEI MNKOC K+A duadika wneia Kal
0 dIaIpETNC K duadika wneia, To NnAiko TNG d1aIPECEWG Ba £xel NNKOC A Wnoia Kal

To unoAoino To noAU kK duadika wneia.

To OJiIGypaupa ponAC MNou Meplypa@el Tov aAyopiBpo Twv J1adoXIKWV

Apxny

Yméhormmo = A
MnAiko =0

aQaipEcEwV QAaiveTal NapakaTw.

MnAiko = MnAiko +1
YméAormmo = YTroAoitro - Alaip€tng

And Ta napandvw €ival Npo@Avec oTI £&vag NoAAAnAaciacpog n yia diaipeon
oTto duadikd cuoTnua e€ival yia onuavTika nepioocoTepo XpovoBopa diadikaacia
OUYKPIVOPEVN ME AUTAV TNG apaipeonc / npoaobeong, apou €vac noAAanAaciacpocg
yla napdadsiyya pnopei va anaithoel €m¢ kal A npocBeoceic. MNa To okonod auTo
OTOUC TMPOONHACHPEVOUG OKEPAIOUG £xOuv enivonBei Tponol emTAXUvong TwvV

01adIKaoIwV auTwv Onwc 6a doUue NApakaTw.

3.7 NMNoAAanAaciaopoG NPOCNHACHEV®WV AdPIOH®OV

Av npoonadrjooupe va epappOCoUUE TNV anAn HEBodo Tou XapTioU yia Tov
noAAanAaciacuo npoonuacuevwy apiBuwv 6a doUpe OTI KATAANYyoUuue Ot AaBog
anoTeAéopata. AuTa ogeilovTal OTo YEYovogG OTI de AauBAvoupe unown pag To

NPOCNMO TWV HEPIKWV YIVOUEVWV.

Eotw OT1 noAAanAacidloupe 10 A = +5 pe 10 B=-3 0g apiBunTikn

GUNNANPWHATOC WG NPoC 2. TOTE EXOULE :
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1 1 0 1 (-324)
x 0 1 0 1 (+525)
1 1 0 1
0 0 0 0
1 1 0 1
0 0 0 0 +
1 0 0 0 0 0 1 (-63z)!N

Eival npogavég 611 To AdBog oTov napandvw noAAanAaciacuo npokaAsital and To
yeyovocg OTl evw To 1° kar 1o 3° pepikd yivouevo Ba €npene va ival apvnTikoi

apiBuoi gueic Toug Napayoupe we BETIKOUC.

AUon oTo NpOBANUAa auTo PNopei va eMITEUXOEl NE TNV ENEKTACGN NPOCTHOU
TWV apvnTIKwv apiBuwv. AuTd onuaivel OTi kdBe apvnTikd €vreho Tou
noAAanAaciacpoU €MNeKTEIVETAI WOTE ANO TNV Apxn va KaTaAdBel Ta avaPevoueva
duadikGd wneia Tou anoTeAéopatoc. [a  napddelyya OTOV  MApAnavw
noAAanAaciacud nou €xoupe and 4 duadikd wneia oe KABe &vTeAo, avAPEVOUUE
gva anoTéleopa Twv 8 duadikwv wnoiwv. MNa opbdTNTA, €NEKTEIVOUPE TOV

noAAanAaciacTeo o€ 8 duadika Yngia Kal Naipvoule :

1 1 1 1 1 1 0o 1 (-325)
X 0 1 0 1 (+525)
1 1 1 1 1 1 o0 1

O 0 0 0 0 0 O

1 1 1 1 0 1

0O 0 0 0 O +

1 1 1 1 0 0 o0 1 (-155¢)

MNPoo£ETE OTI TOGO OTA PEPIKA YIVOUEVA OC0 Kal OTO TEAIKO AMOTEAEONA ayvooUlE
Ta Ouadika ynoia népa ano To 8° viaTi €€apxng yvwpilouhde TNV akpiBela
avanapdoTtaong nou Ba anairoUos To anoTéAeoud. lMaparnpeioTe eniong oTnv
nepinTwon nou o NoAAANAAciacThC €ival apvnTikOG n €néKTAcn npoconuou Ba
npokahoUoe Tn Onuioupyia NOAAWV HEPIKWV YIVOUEVWV OIAQOPETIKWV Tou 0, ME
anoTéEAeopa o noAAAnAaciacpog va XPeldleTal NeEPICOOTEPEC NPOOBECEIC Kal

OUVEN®G va €ival akopa nio apyog anod Tnv npocbeaon.

3.8 Meiwon Tou Xpovou Tou noAAanAaciacpou — AAyopi6uol Booth

Eotw A o noAAanAaciaotéog kai B o noAAanAaciactng o€ pia npdén
noAAanAaciacpoU. Eotw By Be-1 Brz ... Bx M1 ocipa diadoxIkwv duadikwv ynepinv
Tou noAAanAaciacTn nou €ival 6Aa oto 1. AuTd Ta wnoia dnuioupyoUv Ta HepIKa

yIvopeva A* B, * 25, A* B, * 2%t ., A* B, * 2%, Twv onoiwv n npdobeon pag
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diver A * 20 x (2%h 4 %A 4 4+ 29, MapaTtnpeioTe 6TI N NooOTNTA €VTOG
napevBéosw sival ion pe 2! — 1. H noodTNTa OPWG €VTOC TNG NAPEVOECEWC
anaitei Tnv npdéoBeon K-A HPEPIKWV YIVOUEVWY, &V avTiBetra n 10oduvaun
nocoTNTA anaitei dia kar Povn agaipeon OUO HEPIKWV YIVOPEVWY. Epdoov ot
CUMNANPWHA WC Npo¢ 2 n agaipeon kal n npocbeon anaitouv idl0 Xpovikd
d1doTnua yia Tnv uAonoinor] ToUuC CUMNEPAIVOUPE OTI N avTikataoraon duadikwv
gElp®WV ano k-A Aoowv Pe BETIKA KAl apvnTIKA HEPIKA YIVOMEvVA €ival noAU nio

npocodo®opa OTav To K-A €ival yeyaAUTEpo Tou 2.

H napandvw napatrnpnon npaygatonoindnke yia npwTtn @opd and Tov
AyyAo pabnupaTtikd Booth, o onoiog kal npoTeive Tnv avTikatdoTracn Tou
noAAanAaciaoTr HE HIa oIpd Wn@iwv TwV onoiwv n Tiun pnopei va sivar 0, (+1)
kai (-1). H véa kwdikonoinuévn pop®ry ovoualetal Booth recoded popon. Ag
doUpe Nw¢ epapuoleTal o aAyopiBuog Tou Booth oTov noAAanAaciaopo Tou A=5
Me To B = 55. ApoU To B = 0110111, o kavovikog noAAanAaciacuog 6a anairolos
TNV Napaywyn 5 HEPIKWV YIVOUEVWV Kal Tnv npocBeor Touc MHe 4 npdEeig
npocBeong yia Tnv napaywyn Tou TeAlkoU anoTeAéguaTtoc. O Booth agou
dlanioTwoe 611 B = 55 =64 - 16 + 8 - 1 = (100000;) - (0010000,) + (0001000)
- (0000001) npoteivel TNV kwdikonoinon B = (+1) 0 (-1) (+1) 0 0 (-1). O
noAAanAaciaocpdc TnG véag kwdikonoinong e To A xpeldleTal TNV napaywyn Hovo
4 PEPIKWV YIVOMEVWV Kal Xpovo 1ooduvapo e 3 npooBEoeig, ouvenwc eival
TOUAAxIoTOV KATa 25% ypnyopoTeEpog and TNV nNpwTn MepIinTwon. To OQEAOC
au&avel dpapaTikd avaloya He To PéEyeBoc Twv dAucidwv anod diadoxika duadika

wneia Tou noAAanAaociaoTn nou €ivai oTo 1.

H uAonoinon o€ uAikd Tou aAyopiBuou Tou Booth anaitei Tnv €&&Taon Twv
Wwneiwv Tou noAAanAaciaoctry and de&id npog Ta apiotepd. Kabe eEetaldpevo
wneio nou eival 1 kal To nponyoUuevo Tou 0 kwdikonolsital oav (-1), evw Kabe
wneio nou cival 0 kalr To nponyoUudevd Tou 1 kwdikonoleitar gav (+1). OAa Ta
unoAoina ynoia napagévouv oro 0. Eniong unovoeital éva £€Tpa wneio ico pe 0

oTta dg€1a Tou NoAAANAAaCIACTH yia TNV apxikonoinan Tou aAyopiBuou.

H npwTn auTn epyacia Tou Booth dpwc €xel kal coBapd pelovekTnuarta. H
recoded pop®n Tou 21;, = 010101, sivar n (+1)(-1)(+1)(-1)(+1)(-1) nou
dUOTUXWG anaiTei TN Napaywyn Kal Tn npoabeon NEPIOCTOTEPWY PEPIKWV YIVOUEVWV
and OTI N apxikn pop@n. MNa va Auosl auto To NpdBANUA, O KATOMIvVr) ToU €pyaacia
o Booth npdTelve TNV avanapdoracn Tou nNoAAanAaciacTh PE Hia O€Ipd Wneinv

TWV onoiwv n TIUAR pnopei va sivai 0, (+1), (+2), (-1) ka1 (-2). H Tpononoinuévn
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autry avanapdoracn npokunTel and Tnv €ETtaon TnG recoded pop@ry TOUu
noAAGNAQcIacT Kal TNV avrikataoraon &vog (eUyouc wnepiwv TnG ME &va POvo
wneio TNG TEAIKAG Kwdikonoinonc. AQoU To AUECWC APIOTEPOTEPO YNPIo £XEl TN
dinAdaoia BaputnTa, evyn (+1)(-1) kai (-1)(+1) TnG recoded popPnC Unopouv va
avTikataorabouv ano (+1) kar (-1) ornv TeAIKA Kwdikornoinon. =To napandavw
napadelyya n TeAIKR Pop®n Tou noAAanAaciaoTtrh 6a sivar (+1)(+1)(+1) onou
KaBe wneio £xel BapuTtnTa 2% kal nou sivai 1008Uvaun and NAeupdac KabuoTEPNONG
ME TNV apXIKn. SUVENW®G 0 TEAIKOG aAyopiBuog Tou Booth otn xeipdTepn nepinTwon
yevva Ta idla JepIKA yivopeva HPe Ta apxikd. Ta duvatd lelyn TwV wn@iov Tng
recoded PoOP®NAG Kal Ol AVTIKATACOTACEIG TOUG OTNV TEAIKN Hopgpn divovTal oTov
napakdaTw nivaka. MapaTtnpeioTe 0TI KABWG KABe wneio otnv recoded pop@n EXel
npogéABel anod Tnv €&€raon OUO YEITOVIKWV dUadIKWV WnPiwv TNG apxIKAG HOPPRG
TOU noAAanAaociaoTh, MMAOpoUME va NApPOUHE TNV TeEAIKR Kwdlikonoinon Me
kateuBeiav avTikaTtaotaon TPIAdwVv Twv apxXIK®V Wyneiwv Tou noAAanAaciaoTn,

onou kKaBbe Tp1ada £xel €va KOIVO Yn@io JE TNV ENOHEVN.

Zelyog TeAIkn Apxika duadikd yngia noAAanAaaciaaoTn
Kwdikonoinon
0 0 0 000 fj 111
0 (+1) +1 001
0 (-1) -1 110
(+1) 0 +2 011
(+1) (-1) +1 010
(-1) 0 -2 100
(-1) (+1) -1 101

EoTtw yia napadsiyya o noAAanAaociaotng B= 01010111110, =7024. H
€pappoyn TNG NpwTnG Kwdikonoinong 6a pag €JdIve :
(+1)(-1)(+1)(-1)(+1)0000(-1)0
Kal n TeAIKn kwdikonoinaon 6a nTav
(+1)(-1)(-1)00(-2)
dnou nAféov kaBe ywnio BEoNg k éxel BapuTnTa 2% 1 pe AGAAa Aoyia n napandvw

kwdikonoinaon €ival n ypaen Tou 702 oav 1024-256-64-2.

3.9 MNpa&eig o apiOHoUg KIVNTRAG unodiaoToAng

H apiOunTikny KivnTAg unodiacToAng Olagepel and auTtnv Twv dapiBuv
oTabepric unodiacToANG oTo OTI NEpa anod Ta onuavTika pépn 6a npénel nAéov va
HMMopoUle va dIaxeIpIOTOUNE Kal TOUG €KOETEC TwV apiBuwy. Mpiv Aoinov ano kabe

npocBeon / agaipeon, 6a npénel oTnv apiBunTIKR KIvOTAG UnodiaoToARG va
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eEaopaAifoupe OTI ol €KBOETEC €ival iool. Ac €EeTACOUNE NWC PNOPEI va Yivel auTo

XWPIG va anoAECoUPEe onuavTikd PHEPOG TNG akpiBeiag avanapdoTaong.

YnoBéoTe OTI €XOUME va nNPooBECOUPE Toug apiBuouc 0.11100 * 2° kai
0.01000 * 22, 6nou diaTiBevTal 6 duadika wneia yia To oNUAvTIKO PEPOG KABE
apiBuou. Moiov and Touc dUO €KOETEC MPEMEl va UIOBETAOOUPE WG €KOETN Tou
anoTeAEONATOC ; AC UNOBECOUE OTI UIOBETOUHE TOV HIKPOTEPO. TOTE PETATPEMOUWE
To 0.11100 * 2° diadoxika o 1.11000 * 2%, 1.10000 * 23, 1.00000 * 22. To
anoTéAeopa TnG npd&ng sivar 1.01000 * 22, ZTnv avTiBeTn nepinTwon, av dnAadn
uloBeTouoape Tov YEYAAUTEPO WG EKOETN TOU anoTeAéopaTog, TOTE Ba sixape OTI
0.01000 * 22 = 0.00100 * 23 = 0.00010 * 2% = 0.00001 * 2° kai To anoTéAeoua
8a ATav 0.11101 * 2°, Eival npo@aveg OTi n deUTepn pEBOSOG €ival n evdedelypevn
aeoU pag Oivel To OwaoTO aAnoTEAECHA, KATI Mou NTav AAAwoTe kal BewpnTika
avapevouevo, agoU To va xabei éva wneio and Tov npwTo apiOud Ba €xel KOOTOG
akpipelag TNG TAENG Tou 2° v KATI avTioToixo and Tov deUTEPO Ba £xEl onuavTiKa
HIKpOTEPO KOOTOG akpiBelac. Mapartnpeiote eniong o1 pera Tn Oi1adikacia TNG
npooBeonc pnopei va anairnBei véa d1adikaoia Kavovikonoinong n onoia Kdl auTn

pnopei va odnynoel os anwAegia akpipeiac.

MeTd Ta napandvw €igacTte €Toigol va OWOOUME Ta PRAWATA yid TIC

dladikaoiec npdoBeonc / apaipeonc dUo apiBuwyv KivnTHS unodiaoToANC.

¢ SUYKPIVOUUE TOUC €KBETEC TwV OUO ApIBUWV WOTE va BpoUpe Tov apiBud pe
ToV HeYaAUTEPO €KBETN.

¢ O ekBeTng kar To npodonuUo Tou anoTeAéopato¢ Ba eival o €kBETNG Tou
MEYAAUTEPOU €K TwV dUO ApIBHWV.

¢ O pikpOTEPOC TWV OUO apiBuwv oAioBaivel 0e€id woTe 0 €KBETNG Tou va eival
i00G ME TOV €KBETN TOU PeyaAUTeEpou. ZTnV ouadia n diaPopd Twv U0 EKOETWV
pag divel Tov aplBud Twv BE€gewv oAicBnaonc.

¢ Tivetal n npoobeon A N a@aipeon Twv CNUAVTIKOV HEPWV, apou npwTa and
HOP® NPOCNHO-PETPO HETATPAMNOUV O HOPPr CULNANP®WHATOG WG Npog 2.

¢ AkoAouBsi diadikaagia kavovikonoinong.

To npwTo Briga Tng napanavw diadikaciag €ival autd nou pag €Enyei To Aoyo
yla TOV onoio €NIAEXBNKE N OUYKEKPIKMEVN HopPpr Kwdikonoinong oto npdTuno 754
Tng IEEE. Eival npogaveg 0TI n ouykpion U0 apiBuwv PNopei va EEKIVAOEl apEowG
XWPIiG va XpelaleTal va epunVeEUTE N TIWA Toug npiv. H olykpion eniong xpelaletal
va oUVeEXIOTEI JOvo MEXP! va dlanioTwBei aviodtnTa og éva duadikd Wwneio Twv

avanapacTacewyv Twv dUOo apiBu®v.
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O1 npa&eic Tou noAAanAaciacpoU kal TnG di1aipeong oToug apiBuoUc KIVNTAG
unodiaoToAnG dleEayovTal WYe avTioToixa BApaTa. Av kal oTiG npd&eic auTeg Oev
anaiteitar To BAna TNG olykpiong Twv ekBeTwv, anaiTeital nNpd&n pPeTadl Twv
€EKBETWV yia Tov KaBopIouod Tou €KBETN Tou anoTeAeéopatoc. Ta BRuara nou
akoAouBouvTal ivai :
¢ To npbéonuo TOU anoTeAEOMATOC €ival n AoyIKr ouvdapTnon anokKAEIOTIKAG
31aleUENC HETAEU TWV NPOCHNWY TWV OUO EVTEAWV.

¢ O npoowpivdg €KBETNG TOU aANOTEAEOUATOGC MPOKUNTEI YId TOV  MEV
noAAanAaciacuo and Tnv npocBeon, yia Tn de diaipeon and Tnv apaipeon Twv
EKDETWV TWV JUO EVTEAWV.

¢ To npoowpivd oONUAvTtikd MPEPOGC TOU aAMOTEAECHATOC MPOKUNTEI aAnod Tov
noAAanAaciacuo r Tnv di1aipeon TwWV CNUAVTIK®OV HEPWV TwV dUO EVTEAWV.

¢+ H diadikacia kavovikonoinong 6a pag dwael Tov TEAIKO €KOETN Kal TO TEAIKO

ONMAavTIKO MEPOC TOU ANOTEAEOUATOC.

3.10 20vOeTeg Npageig

O1 undAoineg MPABNUATIKEG OUVAPTHOEIC O £vd UMNOAOYIOTIKO ouoTnua
uAonolouvTal HE AAYOpiOPOUC NMou XpnaolgonolouV TIC BACIKEG Npa&eic. MpooETe OTI
kdOe vea ouvdapTnon nou PTIAXVOUME UMNOPEl METENEITA va XpnoigonoinBei yia Tnv

uAornoinon akoun nio NOAUNAOKWY CUVAPTHOEWV.

MNa napdadeiypa Baocel evoc alyopibuou nou avnkel atov EpatooBévn, n pida
€EVOG aplBuoU pnopei va npooeyyioTei and Tov apiBud emTuxwv apaipeCEwV
01adoXIKWV NEPITTWV apiOuwv. MNa napddeiypa yia 1o 25 8a xw :

25-1=24,24-3=21,21-5=16,16-7=9,9-9=0
Kal yia 7o 16 0a éxw :
16 -1=15,15-3=12,12-5=7,7-7=0
dnAadn 5 eniTuxeic apaipeoeic yia To 25 kai 4 yia 1o 16.

MoAAEC anod TIG NOAUNAOKEG GUVAPTACEIC NMou BENOUPE VA KATAOKEUAGOUNE
hrnopouUv va yivouv noAU ypriyopa avadpouikd. AG unoBsooupe OTI BEAOUME va
(TIGEOUNE Pia ouvapTnaon Nou va pac unodeikvUel av €vag aplduog ival npwTog i
oxl. MNa Tnv eniAuon autoU apkei va e€€eTdow Ta unoAoina Tng dlaipeong Tou
apiBuou pe kabe npwTo apiBPd £€wg TN pida Tou apiBuol Kal CUVEN®G £dW HNOPW
va Kavw éva Bnua avadpounc. MNa napadeiypa yia va Bpw av 1o 43623 eival

npwToC aplBuoc Ba npenel va eAéyE&w Ta unoAoina Tng OlAipECNG TOU ME TOUG
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NpwWTOUC apiBuouc nou @Tavouv PeExpl To 208. H Aoimdv Ba npénel va kavw 208
OlaIpEdeIC nou e€ival PaAAov acUPgopo, 1N va EvToniow HOVO TOUG MPWTOUC
apibuouc pexpl To 208. Ma va €€stdow av €vag apiBudc and Toug 208 eiva
NPWTOC UNopw Kal NaAl va epapudow Tnv idia Aoyikr Kok. Mpogavwg yia va Bpw
Tn pida Tou apiBuoU Pnopw va Xpnoigonoinow Tnv pebodoloyia TS NnponyoUHEVNG

napaypagou.
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Baoikég NeiToupyikéG Movadeg

>kond¢ Tou KegaAdiou auToU €ival va KaTavor|ooOUHPE TOV TPOMO HE TOV
onoio AsiToupyoUv ol BAOIKEC AEITOUPYIKEG HMOVADEG TOU HOVTEAOU apTnpiwv
OUOTANATOG, ONWC TO nNEeEPIYPAYAUE OTO MNPWTO KEPAAdIo. ©a EeKIVIOOUUE
MEAETWVTAC MpwTA Tn Movada HVANNG TOU OUCTAMATOC MAg Kal KAtonmv Tnv
KEVTPIKN Movada eneEepyaciac. ©a a@nOOUHPE TNV MNeEPIYPAPR TOU CUCTRHATOG

€10000U / €EOJ0OU YIa ENOUEVO KEPAAQIO.

4.1 Z0oTnpa HVAHNG

Onwg eidapye oTo Ke@PdAAaio 2, OAeG Ol avanapacTdoesl apibuwy,
XApaKTNpwyV, €IKOVAG , NXOU KAM OTOV UMOAOYIOTN, KATAANYOUV va €ival hia osipd
and duadika yneia. To oloTnUa PVAKNG €ival ekeivo To cUOTNPA MOU HMOpPEi va
anobnkelel autd Ta Ouadikd@ Wnoia KAl CUVENWG Kal Tnv nAnpo@opia nou
avTinpoowrnevouyv. MNa Tnv anobnkeuon evoc duadikoU yngiou unelbuvn €ival n
KuweAida pvAung (memory cell) n onoia €ival pia oroixelwdng noogoTnTa UAIKOU
nou pnopei va PBpiokeral o dUo dIAPOPETIKEG KATAOTAOEIC. MNa napdadsiyhda £vag
dlakonTnG pnopei va Bpebei o dUO KATAOTAOCEIC AVOIKTOC N KAEIOTOC. ZUVENWG
MnopoUHeE va Bewprooupe OTI AUTOG pnopei va naifel To poAo TNG KUWEAIdAC

MVAKNG.

Katd 1n didpkeia {wng Twv unoAoyioTwv d1dgopa ATav Ta UAIKA Ta onoia
xpnoigonoimnénkav oav KUWEAIDEC PVAWNG. AIGKONTEG, NMUPRVEG oO1dfpou HE dUO
(POPEC PayvATIONG, PUOAAIDEG YE piviopaTa o1drpou €ival pepikd povo anod Ta €idn
KUWEAIDWV MVAMNG MOU €XOUV Xpnoidonoin®ei. 3Ta OnNUEPIVA UMOAOYIOTIKA
OUOTANATA XpnoigonolouvTdl PHOVOo KUWEAIDEG PVAMNG Ol OMOIEG PTIAXVOVTdl HE

nuiaywyoug (semiconductors), yia Tnv KUpIa yvnun.
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Xpnoigonoiwvtac noAAd avTiypa®a Tng KuWeAidag Pvniung ivalr npopaveg
OTI QTIAXVOVTAl NOCOTNTEC UVAKNG IKAVEG va anoBnkeuoouv bytes r noAAanAdoid
Tou. Eival npogaveg eniong 611 000 YIKPOTEPN €ival Yid KUWEAIdA PJvUNG, TOOO Kal
Ta noAAanAdcid Tng nou duUvavTal va anoBnkevoouv pia oTabepr] NoooTNTA
nAnpogopiac 6a KaTéXouv Kal HIKPOTEPO Xwpo. Evac npwToC oOKonog Tou
OUOTAMATOC MPVAMNG €ival va divel oTtov XprnoTn / Npoypauuartiorn €napkn
XWpNTIKOTATA anobnkeuong. AgUTEPOC OTOXOC €ival auTd va €mTUYXAvVeETAl OTOV

€AAXIOTO dUVATO XWPO Kal Je To eAdxIoTo duvaTo KOOTOC.

Ag unoBeooupe Aoindv OTI avanapioToUHE Tov JIABETIPO XWPO PVAHNG EVOG
ouoThuaToc oav  €va OdiodiaoTtato nivaka. H pia  didotacn Tou nivaka
avTikaTtonTpilel To Noagd nAnpo@opiac nou diaxeipileTal €va unoAoyioTikd cUoTnua
ava Xpoviko KUkAo. lMNa napddeiyya €va unoAoyioTikd oUoTnua nou JIaBETel éva
abpoioty 8 duadikwv wneiwv, 6a napdayel éva anoTéAeopa Twv 8 Jduadikwv
YnQiwv Kal ouvenwg auto Ba npéEnel va anobnkeuael aTn PVARN TOU. ZTN YEVIKA
nepintTwon kabes unoloyioTikd olUoTnua Jnopei va diaxeipileTal noocoTNTd
nAnpogopiac evoc byte n noAAanAaciwv Tou (ouvnBwc 4 n 8 byte via Ta
UMOAOYIOTIKA ouoTnuaTa Tou 2001). Tnv nocoTtnTa autn 8a Tnv ovopaloupue A€En
(word). H aGAAn didoTaon Tou nivakd pac 6a sival o apiBudc Twv diabBEoIpwyV
Ol1a@OpPETIKWV A£Eewv nou pac divel To oUOTNUA PVAMNG HAC KAl Mou (UOIKA
kaBopilel kal To JEyeBOC TNG MVAKNG TOU GUOTHKATOC Jag. MNa éva cuoTnua PvARNG
Twv 32 duadikwv yneiov kal Ae€swv Tou evog byte o nivakag autdéc 6a nrTav

Kanwc €Tol :

NEEN 1

NEEN 2

AEEN 3

NEEN 4

EoTtw OTI BEAape va ekTeAeooupe TNV Npaén (A+B) * (C-D) onou A=5, B=3, C=2
kal D=1. H npdoBeon Twv A kal B 6a pacg €dive To evdiGueso anoTeAsopa 8, To
onoio NpoPavwe KAnou NPEMel va anobnkeuTei yia va xpnoiygonoinBei apyoTepa. H
anoBrkeuon autoU TOU anoTEAECUATOC NPOPAVWG UMNOPEI va Yivel Je TuXaio Tpono
gt kanolia ano TIGC B€0€IG TNG MVAMUNG Mag. A¢ unoBEooupe Aoinov OTI Tuxaia

eniIAéyeTal N AEEN 3 Kal CUVEN®G N YVAMN HAg anokTa Tnv €ENG kaTtaoraon.

NEEN 1
NEEN 2
ANeEn3 |0 ] 0O|J0O0O]0O0O]1]J]0]0]O
NEEN 4
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AuoTUXWC TO €ndpevo evdidpeco anoTéleopua (C - D = 1) ynopei Kai auto Aoyw
TOU Tuxaiou Tponou va enAéEel Tnv anobnkeuon Tou oTnv idla A£En, pMe
anoTEAsopa va Xabei n ndn anobnkeupevn kel NAnpo@opia. SUVEN®C, O TUXAiog
Tpono¢ de pnopei va akohouBnBei kar 6a npénel va undpxel €vag TPOMogG
dlaxwpiopolU Twv B€oewv pvAPNnNG. O Tponog auTodg sival va dWOoUUE O KABe AEEN
TNG MVAWNG Hia drevuBuvon (address). >To napddelyyd pag undapyouv 4
OIaPOPETIKEC ALEEIC KAl CUVENWG Ba €xoupe Kal 4 d1apopeTIKEG dieubuvoelc. EoTw
OTI €ENIAEYOUHE AUTEC ol 4 dieuBUvaoelc va avanapactabouv pe duadiko Tpono. ETol

0 V€og 10eaTOG Nivakag nou npokUNTel €ival :

AielBuvaon
00
Aleybuvon
01
AigBuvan 0 ojo|oO0|1|0|O0|O
10
AieBuvaon
11

Eivalr nAéov unoxpewon Tou KABe €va Mou €xel KANoid ouvaAAayn HE TO
ouoTnua PvAPNG va opilel kal Tn dieuBuvon TnG AEENC yia autn Tn ouvaAAiayn. Ol
meavec ouvailayEg ivai
¢+ Eyypapn orn pvioun (Memory Write). ZTn nepinTwaon auTr napexovTal atn
HMVAMN TOoO n d1eUBuvon oTtnv onoia 8a ypapTei N nAnpogopia 6co kai n idia n
nAnpogopia.

¢ Avayvwon ano tn pvaun (Memory Read). >Tn NepinTwaon auTn napéxeral
oTn Mvnun n dielBuvon TnG anaiToUPevng NAnpogopiag Kal auTr) anavTtda Je Tnv
nAnpogopia nou €ival anoBnkKeupPevn eKei.

Kal ol dUo auTéc ouvaAhayéc ovopalovtal NPOCMEAACEIC TNG MVAMNG (memory

accesses).

MnopoUpe NAEOV va OAOKANPWOOUHE TO Napandvw napadelypd pag. MoAig
ohokAnpwBei n Jdiadikacia napaywyng kar Tou OeUTEpou  evOIAUEGOU
anoTeAECPATOG, AUTO anoBnkeUeTal o€ KAnola AAAn B€on pvAung. Eivalr npopavwg
€uBlvn autoU Nou OTEAVEI TNV aiTNON €yypa®ng otn PVAMN, va yvwpilel 6T Adn
kanoia AaAAn B€on PvNUNG €XEl €va anoTéEAeoua nou Ba xpeiaoTei oTo HEAAOV. EoTw

OTI Aoinov OTI To deUTEpPO e€vdIGueoo anoTéAeopa anobnkeveTal orn dielBuvon 1

Kal CUVEN®G O nivakag TnG MVAUNG Hag €xel TNV €ENG Hopor :
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AleuBbuvon
00
AlguBuvon o|lo|lO0O|lO|O0O]O0O]O0]|1
01
Aigtbuvon | O O | O | O |1 |0|O0]|O
10
AleuBbuvon
11

MpIv TNV €niTuXn €KTEAEON Tou NoAAanAaciacpou anaiteitar n avakAnon Twv dUo
EVTEAWV, N ME AAAa Adyia diadikaoiec avayvwong Twv Aé€swv oTic disubuvoelg 1
kal 2. Npooé€Te 611 n diadikacia avayvwong dev KaTaoTpEPel Ta dedopuéva nou non
UnNapxouv oTtn WVAKN. Ta dedopuéva auTa Ba ouveXioouv va undpyouv Kadl JETA TNV
avayvwor Touc. To anoTéAeopa Tou noAAanAaciaopoU, €vOEXOUEVA VA XPEIACTEI
va anoBnkeuTei kal naAl orn Pvnun. Av Ta nponyoUueva anoTeAéoupata O€
xpelalovTal Propei va emiAeyei kanola ano TIC NOn Xpnoigonoinbeiosc B€oeIg
MVAMNG. TNV avTiBeTn nepinTtwon 6a npénel va snileyei ite n 0€on 0 €ite n 6€on
3. Ac unoBéooupe OTI emAEyeTal n B€on 3, onoTe PETA TNV EKTEAECN TOU MIO NAV®

unoAoyiopoU n katdoTaon nou Ba enikpaTei oTn YVANN Pag Ba sivai :

AlguBbuvon
00
Aigtbuvon | O (O | O | O|O0O|O0]| 0|1
01
AigvBbuvon 0 ojojoj1|0|0]|oO
10
AigBuvon 0 0|00 1 0Oj]0}|O
11

>To napanavw napddeiyya Oewprijoage OTI kKABe noocdTNTA  nou
anoBnkeUoule €ival ion YE TN NOCOTNTA MOU PAC NAPEXETAl O KABs BEon PVANNG.
AuTn €ival pia anAouoTeupevn undBeon. Egooov xpeldletal va diaxeipi{OUaoTe
noAU peyaAoug apiBpuouc, n NoodTNTA NMOU HMOPEI va XPEIAOTEI va anobnkeUooulE
pnopei va ival noAAanAdoia TnG XxwpnTikOTATAC TNG KaABe B€ong uvnune. MNna tnv
anoBnkeuon TETOIWV MNOCOTATWV  XPNOIMOMNOIOUKE MEPICOOTEPEC TNG  MIAG
OUVEXOMEVEG BE0eIC UuvnuNnG. Eival Bgpitd va unopoUPE va auTOPATOMNOIOUPE TNV
avakAnon autwv TV NOoCOTATWY and Tn PvAUN napayovrag povo yia dievBuvon.

Qortdoo, avakunTouv diapopa npoBAnuaTa :

¢ TMwcg oxetileTal n dieUBuvon anoBnkKeuong YE TNV AvanapioTagevn noooTnTa ;

>TO €pwTNPA auTto &xouv OieBvwg akohoubnBei dUo npooeyyiosic. H
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npoaoéyyion Tou big-endian Bswpei 0TI 0TNn PIKPOTEPN O1EUBUVON ANo TIG BETEIC
nou kataAaupdavel pia noooTNTA anoBbnkeUETAl TO MIO ONUAVTIKO KOPUATI TNG.
Ta unoAoina AlyOTEPO ONUAVTIKA KOMMATIA anoBnkevovTtal o€ O1ddOXIKEC
uWnAOTEPEG dleuBuvaoelC. MNa napdadeiyua €0Tw OTI £Xw va anobnkevow Tnv 32
bit noocoTnTa F2341088y o< pia pvnun nou kabe Tng B£on anobnkelel €va byte.
Av Bewpnooupe 0TI n anobnkeuon &ekivaye and Tn 6€on pvnung 33FE, TOTE O€

Jia big-endian ynxavn 8a sixapye Tov €ENG Nivaka anobrnkeuong :

Ai1gUOuvon Agdopévo
33FEy 11110010 (F2y)
33FFy4 00110100 (344)
34004 00010000 (104)
3401, 10001000 (88y)

O1 onadoi Tou little-endian npoTeivouv Tnv anoBnkeuon Twv MNOCOTHTWV
£TOI WOTE N MIKpOTEPN OlelBuvon va anobnkevsl To AIYOTEPO ONMHAVTIKO
KOMMATI TNG nogdtnTag kai  Ta O1adoxIKwG Mnio onuavTtika KOPWdTia o€
av&ouoec dieubuvoelc. H napandvw noodTnTa OouVeENwS Ba anoBnkeudTav o€
pia little — endian pnxavn oTig idleg B€oei¢ PvNUNG cUPQWVA HE TOV €ENG

nivaka :

Ai1glBuvon Agdopévo
33FE4 10001000 (88y)
33FFy 00010000 (104)
34004 00110100 (344)
34014 11110010 (F2y)

>Tnv Npagn Oev unNApXel ONUAVTIKO NAEOVEKTNUA TNG MIAC ano Tnv AAAn PEBodo

anoBnkKeuong

L4

EniTpéneTal dedopéva diapopeTikoU WNKOUC va anoBnkevovTdl o KABe Bon
MVAMNG N emBAAAEeTal kanolog kavovag yia Tn napartagn Toug (alignment) ; e
€va ouoTnua Tou onoiou kABe Bgon pvnung anobnkelel 8 duadika wnoia
MMopoUME va €niBAAAOUME dIAQOPOUG KAVOVEG OTOIXIONG TwWV JEDOUEVWV MOU
anairoUv neplocoTepa ano 8 duadika wneia anobrkeuong. MNa napddsiyya 6a
pnopouoape va eniBdANoupe OTI Oedopéva Twv 16 duadikwv  wnoinv
anoBnkevovTal katd little-endian navra €101 woTe To AlydTEPO ONUAVTIKO byte
va anoBnkeuTei o B€on PVAKNG KE apTia dieuBuvon. =Tnv nNpdén Ta cuoThuaTa
nou eniBaAAouv kavoveg alignment npoo@Eépouv KAAUTEPEG OuUvVATOTNTEG

anoo@aApdTwongc.
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4.1.1 Karnyopiotroinon twv uvnuwy

O1 01a6€01uec oTnV ayopd Povadeg YVAKNG MNopouv va XwplioToUv avaloya
HE TO UAIKO and To onoio €ival @QTIAYUEVEC, HUE TA €idn MNPOCMEAACEWY MOU
€NITPENOUV, ME TO TPOMO nou Yivetal n npoonélacn, MeE Tnv TaxutnTa
npoonéAaong, Tov XpPOVo MpoonéAaong KAM. ZTa napakdTtw YIVETAl Hia yprnyopn

avagopa oTig dIaPOopPES KATNYOPIOMNOINTEIC.

Avaloya He TO UAIKO MOU €ival (PTIQYMEVEC Ol PVNAHEG OlaxwpilovTal o€
NUIGYWYIKEG Kal payvnTikec. KUpia diagopd autwv Twv dUo KATNyopiwv, €ival ot
Ol NUIAYWYIKEC MVNHUEC NPOCPEPOUV TOV idI0 aKpIBWS XpOVo Yia TNV NpooneAacn
onolaocdnnoTe AEENG £xel anoOnKeUTEl o€ auTeC. Ma Tov AOyo auTod Ol YVAPEG AUTEG
ovopdlovTal KAl MPVAMEG TuXaiag npoomneAaons. Ano Tnv AAAN nAsupd oOTIC
HayVvNTIKEG UVIHEC 0 XpOVOG npooneAaong eEaptdTal ano Tnv d1eubuvaon TNG AEENG
NMou NPooneAAoTNKE OTOV NponyoUPevo KUKAO. MOAAEC and AUTEG TIC UVAMEG €ival
oslplakég, dnAadn yia va npooneAacTei n nAnpogopia otn AEEN k Ba npEnel NnpwTa
va npooneAacToUVv OAEG ol NAnpogopieg oTIc B€oeic 0 €wg K-1. KUplo NAEoVEKTNHA
TWV NUIGYWYIKOV JVNU®V €ival 0 TaxutnTa npoonéhacng (o XpoOvog ano Tn oTIyHN
nou divoupe Hia dIUBuvan oTn PVAKN MEXP! TO XpOVO MoU auTn Pag £xel d1aBEaiun
TNV NAnpogopia auTtng Tng B€oncg) nou eival TNG TA&nNg Twv ns. KUpio NAgovEKTNUA
TWV JAyvnTIKOV JVNUOV €ival To NoAU XaunAo kOOTOC TOUG, MOU GUVENAYETAl TN
duvaTtdTNTa KATAOKEUNG Kal  €PMOpIKAG O1aBeong HvNUWV  NOAU  HEYAANG

XwpnTIKOTNTAG.

Ol NUIaYWYIKEG PVNUEG dlaxwpilovTal avaioya UE TO av €MITPENOUV N OxI
NPooneAAoelg eyypapng oe Mvnueg Avayvwong Movo (Read Only Memories -
ROMs) kai og pvrpeg Avayvwong / Eyypaonc (RAMs). O1 uvhiuec avayvwong Hovo
€niong pnopoUV va XwpIoToUV O NOAAEC UNOKATNYOPIEC :
¢ PROMs (Programmable ROMs) : o0 npoypauuaTionog TwV MNEPIEXOMEVWV TNG
ROM vyiveTal yovo pia popd oTo EpyooTACIO KATAGKEUNG TOUG.

¢ EPROMs (Erasable PPOMs) : Ta nepiexOhevda Toucg pnopolUv va ofnoTouv HE
TNV €kBeon Twv OAOKANpwHEVWY Ot akTivoBoAia UV kar katoéniv va
npoypapuarioTouyv.

¢ EEPROMs (Electrically Erasable PPOMs) : Ta nepiexOheva Touc oBnvovTal HE
TNV €QApuoyn NAEKTPIKWV TACEWV MEPAV TWV CUVNOIOUEVWY AEIToUpYidag.

¢ Flash : Ta nepiexdpeva Toug pnopouv va oBfnoTouv Kal va NpoypaupaTioTouv
E€ava pe kavovikd Ouvapika Asitoupyiag. Eniong emitpénouv va oBnoTtoluv

enIAeyHEVEG OIEUBUVOEIC HVAKNG HOVO.
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O1 PvAMEG avayvwong MOvo ouvhBwg npoogepouv Tn duvatotTnTa va pnv
ennpealovTal Ta dedONEVA TOUG AKONA KAl AV TO OAOKANPWHEVO PVAMUNG NAWEl va
TpogodoTeiTal Yye peupa (non volatile memories). MN' autd kar xpnoigonoloUvTal
OTA ONUEPIVA UMNOAOYIOTIKA OUCTRAMATA Yid TNV ano®rkeuon NANPo@opI®V Mou
xpeialovTal Kata Tnv e€kkivnon Tou unoAoyioTikoU cuoTthuaTtoc (bootstrap code).
AvTiBeTta o1 RAMs xavouv Ta Oedopéva Toug anoucdia Tpogodoaciac (volatile
memories). O1 RAMs eniong diaxwpilovTal NepaITEPw O OTATIKEC (SRAM) Kkal
duvapikéc (DRAM). O diaXwpIoPOC auTOG £YKEITAl OTO av NePIOdIKA XpelaleTal pia
avavéwaon TwV MNEPIEXOMEVWV TNG MVAMNG N Oxl. H kaTtaokeur) Twv OuvadiKwV
MVNHV oTnpifeTal o€  MIKPOOKOMIKOUG NUKVWTEG. H napouaia gopTiou 1 oxI o€
auTtoUg kabopilel kal To anoBnkeupévo duadikd Wneio. AOYw PEUPATWY OlIapPONG
TO @OpTio auTto &facBevei Pe TNV NAPOdO TOU XPOVOU Ol JUVAHIKEC MVNMEG
anarroUv ava TakTa Xpovika JdlacTnuaTta TNV avavéwon auTtoU Tou (opTiou
(memory refresh). O1 oTaTikéc pvhpeg eivar onuepa (2001) nepinou 200% nio

YPNYOPEG ano TIC SUVANIKEG, dAAG TauTdxXpova nepinou To idio akpIBOTEPEC.

MNépa and TIC WVAMEG OTIC OMOIEC Ol MPOONEAACEIC YivovTal BAcgel Twv
dleuBbUvoewy, UNApXouv €nionc PMVAMEC OTIC onoieg n npooné\aon yiveralr BAocel
TwV dedopEVWY Toug. O1 PVAMEG auTeG ovopalovTal PVRUEG NpooneAAcIPeS BAcEl
Tou nepiexopevou Toug (Content Addressable Memories - CAMs). O1 PVIMEG QUTEG

Bpiokouv epappoyn HOvo g€ NoAU €101koU gKonou UNoAOoYIOTIKA oUCTAMATA.

4.1.2 lepapyia Mviung

Onwc €idaye napandvw, oTnv ayopd OdiatiBevral pia  nAnBwpa
dlaQopeTIK®WV dIaTa&ewv MvAPNG. KdaBe pia and auTtég npoo@eEpel Ol1aPOopPETIKA
XApaKTNpPIOTIKA HEYEBOUC, XPOVOU MPOCMNEAAONG KAl TIMAC avd anobnkeuduevo
duadikd wneio. MaTti dpaye va undapxouv OAEC AUTEC ol JIAPOPETIKEG OIATAEEIC

MVAMNG ;

H andvtnon oTo epwTNUa auTto npokUunTel and dIAPopeC NapaATNPNOEIC :
¢ H npoonélaon TnG YvnuNG €ival pgia ano Tic nAéov ouvhBeIC AEITOUPYIEC O €va
unoAoyioTIkO ouoTnua. MapaTtnpeiote oto napddelyyd Tou UMNOAOYIOHOU Mou
dwoaue nio navw, OTI yia 3 dnAéc npd&eic xpeiaotnkav 5 ouvoAika
NPooneAAosIC TNG PMVAMUNG. ZUVENW®G av BEAOUME €va oUOTNHA MOU VA EKTEAEI
YPAYOPA TOUC UMOAOYIOWOUG Hac MpENEl ol MPOONEAAOEIC TNG HMVAMNG va
yivovTal gniong ypnyopa.

¢ O1 Uunapxouoeg Nio YPNYOPEC MVAMEG €ival TAUTOXpOVA Kal Ol Mo akpIBEG.
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L

000 PeEYaAWVElI TO PEYEBOC MIAC PVNMUNG TOOO mio apyn viverar. (Mia eAAINAG
€€nynon yia auTti Tn napartnpnon eivai oTl Pia PeEyaAuTeEpn WvAPn Ba Exel
NeEPICOOTEPEC  YPAMUEC OleubUvoswy KAl OUVENWG Oa XPpelaoTei  €vag
MEYaAUTEPOC anonAEKTNG yia TNV €miAoyn TN {NTOUNEVNC AEENG WVAMNG. oAU
nio nAnpn €&€nynon 6a oag dwaoouv Ta padnuarta TexvoAoyiag VLSI).

OI napandavw napaTtnprosi Kavouv npo@avec OTi gival adlvaTo va neTuXw JE dia

MOVO JI1aTa&n MVAMUNG, MeEYAAo peEyeBoc, peydAn TaxUTNTa Kdl HIKPO KOOTOG

TauTdxpova.

To endpevo epwWTNUA Nou Ba NpENel va anavTrnoouue gival nwg 6a npenel va

EKUETAAAEUTW OAEC QUTEG TIG JIAPOPETIKEC TEXVOAOYIEG MVAUNG WOTE va PTIGEW

€va oloTnua nou va npooeyyidel Toug napanavw oTdéxouc. H andavrtnon kai og autd

To epwTnua BacileTal g€ dUO NAPATNPHOEIC NOU €XOUV YIVEl yIa TIG NPOCTEAATEIG

MVAMNG :

L

O1 npooneAdcelg PVAUNG napouaialouv TonikdTNTa oTo Xpovo. Me dAAa Aoyia
av Tn XPOVIKR OTIyun T npooneAauveral n AEEN pe OielBuvon & €ival nMoAu
moavd Tn XPOVIKNR OTIYUN T+K va npooneAdcTei ek veou n idia dieubuvaon. To
yiaTi €ival npogavéc anod 1o napddeiyya unoloyiopgoU nou dWOAPE oTnV apxn
Tou Ke@aAhaiou. Ta €viIGUeECTa aAnNOTEAECPATA NOU anodnkeUTnNKav oTn HVAUN
XPEIAOTNKAV ANECWG META YIa TNV OAOKANPWGN TOU UnoAoyiguou.

O1 npooneAdosIc YVAKNG napouaialouv TonikOTNTA OTO XWPO. AV Tn XPOVIKN
oTIyHn T npoonehauveral n AEEN e dielBuvon O €ival NoAU mBavd Tn XPOVIKN
OTIYHN T+K va npooneAaoTei N AEEN pe dieuBuvon O + K. H 1310TNTA AUTH I0XUEI
AOY® TNG OEIPIAKNG EKTEAEONC TWV MPOYPAUMATWV aAAAd Kal TNG avaykng

dlapoipaonc NOCOTATWY PEYAAUTEPWY TNG MIAG AEENG oe O1ad0OXIKEC AEEEIC.

O1 napandvw OUo 1016TNTEG ANMOTEAECAV TO €vAUOMNA YIA VA UAOMOINOOUPE TO

ouoTnPa YVAUNG oav Jia lepapyia diata&swv pvnunc. Ma va yivel no karavonTh n

IEpapxia YvNUNG ag eicayoupe dUo osvapia yia €va ocUoTnua JVARNG Nou ¢gaivovTal

OTO NAPAKATW OXAMA :
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MéyeBog = 1MB
Taxutnta TpooTréAacng
=100 ns
KoaTog / Bit = 10 Apy

MéyeBog = 8 KBytes
Tax0TnTa TTpoaTéAacng
=10 ns
KoaTtog / Bit = 10* Apy

2evapio A 2evapio B

>To Oevaplio A n MWVAMN Mag anoteAsital and pia povo diataén. 3To deUTEPO
ogvAapIoO N MVAMN Mac anoTeAsiTal anod 2 dIaTAgeIg, Yia HIKPR ypnyopn HVAMN Kai
dia apyn HEYAAn pvnun. To KOoToC ava duadikd wngpio yia Kabe diata&n kabwg Kai
ol XpoOvol npoongéAaong ¢aivovtal oTo oxnua. MNMpoc€Ete OTI kail ol dUo AUCEIG
odnyoUv og nepinou id10 KOOTOGC. H epapuoyn Tou deUTEPOU oevapiou €nIBAAEl OTI
kaOe nNpoonéAaon PVANNG avakolVWVETAl Kal oTiG dUO0 PVAMEG. AV N MIKPR MVAMN
Exel TN {nToUuevn nAnpo@opia TOTe anavtd o€ 10 ns kal NAEov NPOCNEAATN TNG
MEYAANC PVAMNG dev anaiTeiTal. TNV NEPINTWON MOU N WIKPR KVAUN &V NEPIEXEI
Tn {nToUuevn nAnpogopia, anavtd POVOo N PeyaAn dvnun PeTra and 200 ns.
TauToxpova n HIKpNR Wvnun anodbnkelel €va avTiypad@o Tng NAnPogopiac nou Tng
eAEINE AAAG KAl TWV YEITOVIKWV TNG OIEUBUVOEWY YIa va €KPETAAAEUTEI OTO APEDTO
HMEANOV npoaonéAaon Tng idiag n kovTiviag dielBuvong. YnoBéoTe 0TI 0 XpOvoG nou
anaiTeiTal yia Tnv evnUEPWON TNG MIKPNG KVAMNG €ival 40 ns kal TEAOG OTI ol dUo
I010TNTEG TOMIKOTNTAG TWV aAvapopwv Ioxuouv oTto 80% Twv npooneAdoewv. Av
unoBeéooupe 1000 npooneAdcelg, TOTE To oevaplo A Ba xpelaldTav ouvoAikd yid
auTég xpovo 100 ns *1000 = 100 ps. =To osvaplio B o ouvoAikdg xpovog 6a nrav
(10 ns * 800) + (240 ns * 200) = 56 ps. H xpnoigonoinon TnG IEpapxiag PvRUNG
OUVENWCG Pag npoopepe au&non TnG anodoong Tou CUCTANATOC MVAMNG KAaTa 44%
XWPIG kavéva eninAéov kooToG. (Mpo@avwe n XwpenTIKOTATA TNG MVAMNG Mag dev
auénenke, a@oU n WIKPN HVAMN anobnkelsl avTiypaga TnG nAnpogopiag Tng
MEYAANG WVAMNG Kal o1 d1IapopETIKN NAnpogopia).

O apiBuoG TwV ENINEdWY HIAG IEPAPXIKNAG HVAMNG DEV €ival UNOXPEWTIKO vda
gival povo 2. >Ta ONUEPIVA UMOAOYIOTIKA CUCTAMATA O apiBudc auTtog eival
oNMUavTIKa PHEYAAUTEPOG. Me GAAa Adyia n Pvhun, NapoTi BewpnTIKA NAG CUPQEPEI

va TNV OKEQPTOMAOTE oav €va O1odIaoTaTo nivakd, oTa onuepIva UnoAoyioTIKa
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oucoTAMATa €ivalr d1aonapTn Kal uAonoleitTal e dIaPopPETIKEG OIATAEEIC NMoU AAAEC
UNApXouV YIa va Npoo@EPOUV TaxUTNTA KAl AAAEC IKQVOMOINTIKA XWPNTIKOTNTA KE
NoAU HIKpO KOOTOGC. Z€ &va TUMIKO ONMEPIVO UMOAOYIOTIKO CUOTNHA undpxouv

ouvnBwc Ta €E€A¢ enineda PvnuNg :

Ovoua MéyeBog MpoonéAaon o€ YAonoinon He
KaTaxwpnTtég 64 — 16384 bits 0.25-1ns Static RAM
Kpupn MvAun 1ou Eninedou 1KB - 1MB 2-10ns Static RAM
(L1 Cache)
Kpueny MvAun 2ou Eninedou 512 KB - 2 MB 5-20ns Static RAM
(L2 Cache)
KUpia Mvrun 64 MB - 1GB 6 -40ns Dynamic RAM
MayvnTikoi Aigkol 4 - 60 GB > 10 us MayvnTiko YAIKO
Movada Backup > 1.2 GB >1ms onTiko /
MayvnTiko YAIkO

MapaTnpeioTe oTov napandvw nivaka oTli napoTi TO600 o1 KATaxwpnTeG 600
Kal Ol KPUPEG PIVNAHEC PTIAXVOVTAl Aano OTATIKA MVAMN, undpxouv oageic d1apopEeg
oTtnv TaxuTnTa Touc. H kpupn pvAun 1% emngdou eivar ypnyopoTepn anod autnv
Tou 2°, yiaTi ouvnBwc BpioKETAl OTO id1I0 OAOKANPWHEVO PE TNV KEVTPIKN Hovada
enefepyaaoiag, OMNWG Kdl ol karaxwpnTéc. ETol anogeuyovTtal XpovoBOpeg
NPOCTMEAAOEIG EKTOGC TOU OAOKANPWHEVOU. Mpopavws ol KataxwpnTeC ival noAu

TaxuTepol KaBwg gival gia PvAPN EAAxIoTwV BETEWVY.

KAgivovtac Tnv avagopd pag oTto olotnua MvAung 6a npénel va
ONMEIWOOUNE OTI OTA MIKPA Kal ypriyopa €nineda Tng lEpapxiag PVAHPNG, OAEG ol
diadikacieg uAonoloUvTal PE UAIKO €TOl woTe va diatnpnOei n anodocon o€ NoAU
uynAa enineda. ETtol yia napadelypa n diadikacia evnpépwong Tng cache 1°
emnédou and autrv Tou 2°° emnédou OTaAv Mia nAnpogopia nou {nTnOei dev
Unapxel og auTnv Tou 1°¥ aAAda Bpebei og auTrv Tou deuTépou, €ival Yia diadikaaia
nANPwWG adiapavng yia KAnoiov NpPoypauuaTioTr 1 yia Tov Xpnotn Tou
ouoTnuaTtoc. Eniong, kdBe aAAayn Tng lepapxiac Oev yiveralr avmiAnnTn. Eva
oUOTNHAa av Tou aQaipEOOUNE TNV KPUPR KvAun Tou 2°° eninédou, Ba ouvexioesl va

Hnopei va ekTeAei Ta idia Pe Npiv NpoypaupaTa Ye eAa@pd Peiwpevn anddoon.
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4.2 Kevtpikn Movada Ene§epyaaciag

AvaTpéxovTac oTta nponyouueva Kepdaiaia, Ynopei Kanoiog va dianioTwoel
0TI n KME €ivalr To mnio oUvBeTo OAOKANpwHEVO amnd 00a unMApXouv Ot £vad
unoAoyIoTikO oloTnua. Méoa ekei eppwAetovTtal n ApiBunTikA Aoyiknl Movada, n
Movdada EA€yxou, ol KaTaxwpnTEC Kal n Kpuen PvAun 1°° emnédou TouAdxioTov.
>Tn ouveéxela Ba e€etdooupe Pe PeyaAUTepn AenToPEPEld TO okono Unapéng kale

unopovaddag.

H ApiBunTikn Aoyikn Movada £xel w¢ oKono TNV EKTEAECN APIBUNTIKWV Kdal
AoYIKQV Npa&ewv. Z€ OTI apopd OTIG AoYIKEG Npageig n ApiIBUNTIKA Aoyikh Movada
npénel va €ival 1kavn va npayparonolei TouAaxiotov To AND, To OR, To XOR duUo
AEEEwV Kal va pnopei €niong va napdyel To ouunAfpwpa MIag AEENg €100dou.
Eniong n ApiBunTikn Aoyikfi Movada 8a npenel va NepIEXEl €va KUKAWHPA oAlodnTn

yla Tnv uAonoinon Aoyik®v Kai api@unTikwv oAIoBRoEwWV.

To KOMHATI TWV apiOunTiIk®WV npd&ewyv, cuvnbwc unodiaipeital KI auTd O€
dUo aveEapTnTa KOUMATIa oxedlaopoU : Tn povada ene€epyaociac akepaiwv Kai Tn
Hovada enefepyaociac apiOpwv KIvNTAG UnodiaoToANG. ZTA MPwTA UMOAOYIOTIKA
ouoTnUaTA N dovada ene€epyaociac  OedOPEVWV  KIVNTAC  UNodIaoTOARG
ulonolouvtav oav €va E&exwpIoTOd OAOKANPWHEVO KUKAWMG, YVWOTO oav
HabnuaTikog cuveneEepyaoTnG. ETol divoTav n duvatdTnTa O KAMNOIOV va €NIAEEE]
METAEU evog @BnvoUu cuoTAUAToG nou Osv oupnepIAGuBave Tov OUVENEEEpyaoTn
Kal evdg akpifoU kAl  ypnyopOTEPOU COUOTAMATOG HWE TOov  apIBUNTIKO
OUVENEEEPYAOTN. TNV NPWTN NEPINTWON N Povada akepaiwv ATAV avaykaopevn
Vva eKTEAEI €va OAOKANPO NMpoOypaApua yia Tnv uAonoinon kabe ouvapTnong KIivnTAG
unodiaoToAnG. AnAadn NpEnel va NnapdTnpnosTe OTI av UNAPXElI KAMNoIla EVTOAN M.X.
noAAanAaciacpoU o€ éva ouoTnua, autn O ouvendyeral OTI UNApXeEl KAl £vdg
noAAanAaclaoTrG UAOMOINUEVOG PE UAIKO. AEv anoKAEIETAl NAVTWG KAl va uUndapxel.
Av dev undpxel OnNwc idape Kal oTo NEPACPEVO KEPAAAIo, o noAAanAaciacuog 6a
ulonoinBei pe d1adoXIKEG OAIOBAOEIC Kal npoaBéoeic. Mpo@avwe undapxel £va
"malap!" PETAEU KOOTOUG Kal TaxuTnTag. O00 NEPICOOTEPEC UNONOVADEC undapxouv
O£ UAIKO, TOOO Mio ypriyopo €ival €va ocUuoTnua  TauToXpova OUWG Kal TOCO nio
akpIBO. 3Ta OnUEPIVAG UMOAOYIOTIKA OCUCTAMATA OUVABWC O UAIKO Unapxouv
UAOMOINUEVEC :
¢ OA\eg o1 AoyIkEG npdageig
¢ OA\gg ol oAIoBN0EIG
¢+ [pocBeon / apaipeon akepaiwv
.

MoAAanAaciacuog akepaiwv
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¢ T[pbdoBeon / apaipeon apiBuwyv KIvnTAG UNodIaoToANG

¢ ToAAanAaoiaopog apliBPwy KIVNTAS unodiaoToANG

>e OAa Ta onuepiva UMOAOYIOTIKA CUOTNHUATA YId TOUC aKEPAioug uloBeTeiTal To
CUMNANPWHA WG NPOC 2 Kal yia Toug apiBuoucg KIvNTAG unodiasToANG To NpOTUNO
TnG IEEE.

O1I KaTaxwpnTeC MOU UMAPXOUVv OTo oOAokAnpwpévo TnGg KME eivar n
MIKpOTEPN KAl TAuToxpova n TaxUTeEpn MWVAMN Nou undpxel o €va UMOAOYIOTIKO
ouoTtnua. O1 kataxwpnTeg Xwpilovral e dUo kaTtnyopiec. O1 yevikoU okornou
KATaxwpnTeG €ival PVAMN yid TNV Karaxwpnon &vOIGUECWY aMNOTEAECUATWYV.
SuvhBwcg eival 8 €wg 256 kal o kabévag Toug £xel PNkog 000 Mia A€EN Tou
ouoThpaToc. O1 €10IkoU OKOMoU KaTtaxwpnTeg oOXeTi(ovTal NEPICCOTEPO HE TN
Movada eAéyxou kal noikiouv avdloya Me To KABe unoAoyioTikd oloTnua.
Zuvnbwg o€ éva unoAoyioTikd ocUoTNUa undpyouy :
¢ O peTpnTAC npoypdupaTog (program counter). H TIUR Tou KAtaxwpnTtn autou
gival navroTe n d1eUBuvon TNG UVAMNNG NOU NEPIEXEl TNV ENOUEVN NPOG EKTEAEDN
EVTOATN.

¢ O kaTaxwpnTng KaTtaoTacsws (status register). KdBe duadikd wneio Tou
KaTaxwpnTn autoU pag deixvel av n nponyoupevn npda&n napnyaye n oxi
kanola OUYKeKpIYEvn ouvlnkn. TMa napddeiypya n  €€odoc TNG nNUANG
anokAegloTIKAC O1aleuénc Tou npooBeTry / a@AIpeETn Mou napdyel To Onua
unepxeillong, odnyeiTal oav €i0000¢ OTOV KATAXWPNTH KATAOTACEWG, £TCI WOTE
£va OUYKEKPIPEVO Ouadikd Tou Yngio va Pag deixvel TNV unepxeilion.

¢ O kataxwpnTig dieubuvoewv TNS HvAKNG (Memory Address Register - MAR). O
KaTaxwpnTng autog oTav n KME npooneAauvel Tn PvAun, Nepiéxel Tn dielbuvaon
npoonEAAonG.

¢ O kataxwpnTng Oedopevwy TnG Pvnung (Memory Data Register - MDR). O
KaTaxwpnTAG autog nepiéxel Ta dedopéva nou n KME okonelel va ypdwel oTn
MVAMN N Ta dedopéva nou diaBdoTnkav and Tn PVAMN O dia NpooneAacn
avayvwongc.

Aev Ba npEnel va AnouovoUUEe OTI ol KaTaXwpnTEG €ival KI auToi €va €ninedo Tng

IEpAPXiac MVAMNG. ZUVEN®C ONWG KABe AAAO KOWMATI PVAMNG KAl auToi eival

npooneAdciyol Bacsl TnG d1eUBUVONG TOUG MoOU €ival EEXWPIOTH PECA OTO XWPO

OlEuBUVOoEWV.

H TeAeuTtaia unopovada Tou oAokAnpwpévou Tng KME eival n povada
ehéyxou. H povada autn ovopddleTal €10l yiaTi napdayel €éva guvoAo and conuara

nou ovopaldovral ONUATA €AEYXOU TIG KATAAANAEG XPOVIKEG OTIYMEG WOTE va
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prnopoUv ol dIAPOPEG UNOPOVADEC va EMNIKOIVWVOUV anpookonTd. YnoBeoTe OTI
eKTEAEITAl pia NpdoBeon To ANoTEAEOUA TNG onoiag 6a Npensl va anobnkeuTel aTn
fcon pvNuNg pe dielBuvon 60 (oTa napakdtw n @pdon "pe dievBuvon" Ba
napaAegineral). H Tiyn 60 undapxel oTtov kataxwpnth MWe dielBuvon 32. MNa va
oAokAnpwOei auTr n AsiToupyia Ba npgnel To anoTéAedpa TNG NpocBeong ano Tnv
ap1BunTikn Aoyikn povada va peTapepBei oTov KaTaxwpnTr OEOUEVWY PVAKNG Kal
eniong n TIYR Tou kKataxwpnTtn Me dievBuvon 32 B6a npénesl va PeTapepOei oTov
karaxwpntn JIsublvoewv TNC MVAMUNG. AUTEC OI MIKPOAEITOUPYIEG anaiTouv
auotnpd Xpoviopo. Movo n povada eAéyxou yvwpilel nOTE oAokKAnpwONnKe n
npoobeon kal ouvenwg NOTe Ba NpENel va EvePyonoInoel TA GAPATA PETAPOPAG TNG
nAnpo@opiac. Eniong napartnpeioTe OTI n povada eA£yxou e€ival n povn nou
yvwpilel noia onuarta npénel va evepyonoin®olv O KABE XPOVIKN OTIyuR. ©a
HMrnopoUoaue CUVENWCG va NoUPE OTI N povada eAéyxou €ival unevubuvn yia Tnv
EKTEAEON akoAouBiag MIKpoAeIToupyiwVv. Anod GAAN onTikh ywvia pia akoAouBia
MIKpOAgITOUpYI®V €ival kal €éva npoypappa (1coduvapa aAyopiBuog) ulonoinong
piIaGg Asitoupyiac. H povada eA€yxou OTA ONUEPIVA UMOAOYIOTIKA OUCTAMATA

uAonolgitTal €€ 0AOKARpouU O UAIKO.

4.3 H ekTéAegon HIaG eVTOARG

Onwc £xoupe avanTu&el NponyoUPEVA O UMOAOYIOTAC EXElI £VA CUYKEKPILEVO
OUVOAO €VTOAWV MOU MMOpPEei va ekTeAETel. Av 0g KABE pia anod auTéG TIG EVTOAEG
Baoel kAnolou KWJOIKA avTIOTOIXIOOUWE €vav KwWOIKO, TOTE PUNOPOUUE KAl AUTEG TIC
EVTOAEG va TIC anoBnkeUOUNE, va TIG avakaAoUUE Kal YeVIKa va TiG diaxeipi{OuaoTe
onw¢ kabe aAAn duadikn nAnpogopia. O KwWdIKOC PIAG EVTOANG ovoualeTdl KwdIKOG

AsiToupyiac (operation code - opcode).

MoAAEG opec n idla AsiToupyia pnopei va petaxelpileTral aAAIwG Ta
dedoug€va TNG N Ta anoTeAéopaTta TnG. MNa napadsiyya n AsiToupyia TG NpodoBeong
urnopei va Odlaxwplotei 0 npocBeon HIaG A€ENG, O npoobson MNoCoOTHATWY
MeEYaAUTEpWY TNG MIAG AEENC 1 MNOOOTATWV HIKPOTEPWV. TO AMOTEAECUA HIAG
npocBeong Mnopei va anoBnkeuTei oeg €vav karaxwpnTn, OTn MVAUN 1 va
anoTeA£oel yia napddeiypya Jia dielBuvon. Eival npogaveég OTI ol napandavw
d1apoponoIACEIC anaiTouv Kal JIa@OopPETIKN akoAouBia WIKPOAEITOUPYIWV ano Tn
Movada €AEYXOU yia va €KTEAEOTOUV OWOTA. ZUVENWG Ba npéEnel va unapxouv
dlapopeTIKA opcodes yia TIG napandvw O1agoponoInoeic kal 6a npénel auta va

dlepunvevovTal J1IapopPETIKA anod TNV Jovada eAEyxou.
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Av yvwpifoupe Ta opcodes €vOC UMOAOYIOTIKOU OUOTHMATOC, TOTE €iyaoTe
oc Béon va ek@pAooUlE &vav unoAoylono KaTeuBeiav o YAwooa kartavonTn ano
TOV UMOAOYIOTR. Zav €va UNEP-AnAOUCTEUPEVO napdadelyya av 1o opcode yia TNV
npocBeon dUo bytes eivar To 00010101 kal BEAW va NpooBEcw To 4 e To 18,
apkei va ypdyw :

00010101 00000100 00010010
H ouyypagr evoc npoypduuatoG ot Hia akoAouBia ano 0 kal 1 ovopaleral
npoypauuaTiondc o yA\wooa pnxavng (machine code programming). MNépa ano
TNV aPecOTNTA PE TN MNXavih nou napoucidlel autdg o TpONoG NpoypapuaTiouou,
£€XEl NOAAG peiovekTruata. O xpOvog nou anaiTeiTal €ival onuavTikog. Eva Adbog
Mnopei eUKoAad va napeio@priosl OTIC NOoAU peydAeg akoAouBie¢c 0 kalr 1 nou
xpelalovTal o€ NpaypaTika npoypapuaTa. XTo enOPevo KEQAAdIo 6ad yvwpiooUpE
TN YAwooa npoypauuartiopgoU Assembly nou avTigeTwnilel og pyeyalo Badud To

MEIOVEKTNMA TNG a&lonioTiag Tou NpoypaupaTiogol o YAwooa Pnxavige.

ExovTag sioayel Ta napandvw HMopoUUE MAEOV va NEPIYPAYOUHE TO NWG
EKTEAEITAI MIa EVTOAN Og €va unoAoyioTikd cuoTnua r Je aAAa Adyia Tig 51adIKaoieg
nou Aappdavouv xwpa os €vav KUKAO €vToAnG. O KUKAOC HIag eVvTOANG anoTeAsiTal
andé Tn pAacn NPoCoKOMIONG TNG €VTOANC, TN (pAon €KTEAEONC TNG EVTOANG KdAl TN

(paaon NPOETOIYACIAC YIA TNV EMOMEVN EVTOAN.

H ¢don npookouiong anoTteAsiTal ano Ta €Eng BAuarta (UEoa o napevOeon o€
kaBe BrUa gaivovTal ol HIKPOAEITOUPYIEC NOU ouvendyeTal To KABe Briua) :

1. Mpookouion Tou KwdikoU AsiToupyiac pdiag evrtoAng. (Metagopd Tou
NEPIEXOMEVOU TOU WETPNTA npoypaupatoc otov MAR, avayvwon ano Tn
HVAKN).

2. Anokwdikonoinon TNG evroAng (Metagopd Tou nepiexodévou Tou MDR oTtnv
Movada eA€yxou Kal  €mAoynl TNC dakoAouBiag HIKPOAEITOUPYIWV MOU

OUVENAYETAl O CUYKEKPIPMEVOC KWIKOG AsiToupyiac).

H qdaon ekTéAeonG TNG evTOARC anoTeAsiTal ano Ta €ENG BripaTa :

1. Mpooaywyn Twv evTEAWV TNG EVTOANG av xpeialeral. (Ma kadbe TeAoUpevo nou
e BpioKeTal O£ KAMOIOV ANO TOUC KATAXWPNTEC anaiTeital PeTagopd Tng
dleubuvong Tou otov MAR, avayvwon anodé Tn PVAUN Kal €pocov dev €ival To
TeAeuTaio TeAoUpevo MeTa@opd Tou and Tov MDR o0 kdnoiov daAlo
karaxwpnth).

2. ExkTéleon Tnc Asitoupyiag TG evioAng (MpooBeon / agaipeon /

noAAanAaciaopdg / ... )
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3. AnoBnkeuon Tou anoTeAéopaTog, av anaiteitar (MeTapopd ToU AMOTEAECUATOC
o€ Kanolov Kataxwpntn n orov MDR pe Tautoxpovn PeTagopd Tng dieubuvong

anodnkeuong otov MAR, akoAouBoupeveg and Odiadikacia eyypapnc orn

HVAMN).

H qdaon nposToiyaciag yia TNV €NOPEVN NPOC EKTEAECN EVTOAN CUVENAYETAI
TNV EVNUEPWON TOU MNEPIEXONEVOU TOU WETPNTR MPoypaupaTog pe Tn dieubuvon
nou BpiokeTal To eNOYEVO opcode. SUVNBWG O €va UNOAOYIOTIKO cUOTNUA EXOUUE
akoAouBiakr| ekTEAeon, OnAadn PeTa Tnv evToArn otn dielBuvon A ekTeAoUvTadl Ol
EVTOAEC aTn OlelBuvon A+kK;, A+Ki+Ky, A+Ki+Ky+Ks, OMoOU Ki, Ky Kal Kz givai
peTaToniosic oTic dIeuBUVOEIC NVhKNG Nou kaBopilovTal and To €id0G TWV EVTOAWV
(Mo ouykekpigéva and Tov apiBuod kal To €idog Twv eVTEAWV nou Ba anaiThoel
KGBe evToAn). QOTOCO UNAPXOUV MNEPINTWOEIC MOU 1N EMNOMEVN NPOC EKTEAEDN
eVTOAr Ogv akoAouBei dueoa Tnv nponyoUUEVN €VTOAN. € AQUTEG TIC NEPINTWOEIG
AEPE OTI €yive kaAnolo aipa (jump) i pia diakAadwon (branch) oTov ekTeAOUPEVO

KWOIKa.
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KEDAAAIO S

ZuuBoAikn Nwooa

Onwc €idape nponyoUHEVA N Ouyypa®n €vog NpoypdupaTtog o yAwood
MNXavnG anaiTei onuavTikd KOMo Kal Xpovo Kabwg eniong kabiota dUoKoAn Tnv
anooQaApdaTwaon evoc npoypdppatoGc. H  oupBoAikn  yAwooa (Assembly)
enivondnke €1ol woTe va dWaOel AUON oTa napanavw npoBAnuarta. QoTdoo ensidn
Kal auTn n yYAwaooa divel oTov NpoypapudTioTn TNG Tov NARPn €AEyX0 TOU UAIKOU,
gival pgia yAwooa noAU KovTd oTn pnxavr kKdl ouvenwg noAU pakpld and Tov
avBpwno. Zfuepa oge Assembly ypdgovTal KopuaTia Kwdika nou €ival Kpioiga and

NAEUPAG XpOVOU EKTEAEDNC KAl PHEYEBOUC.

To peneptdpio evTOAWV KABe OUMPPBOAIKAC YAwooac eEaptdTtal and To
ohokAnpwpévo KME kal ouvenwg eivalr d1apopeTiko yia d1a@opa UMNOAOYIOTIKA
ouoTnuaTa. ©a pnopoucdape Aoindv va GpavracToUPE OTI TO PENEPTOPIO EVTOAWV OF
OUMBOAIKN YAwooa pag divel kal €va €ninedo apXITEKTOVIKNC TOU CUCTANATOG NMou
ouxva ovopdaleTal AapxITEKTOVIKI) OUVOAou &evToAwv (Instruction Set
Architecture - ISA). AUo unoAoyloTikG ouOTAUATA MMOPEl PE OIAPOPETIKEG
UAOMOINOEIC TOU UAIKOU va NMpoo@EPOUV TO 010 OUVOAO EVTOAWV KAl GUVEMNWC va
gival oupyBatd oe eninedo ApXITEKTOVIKNG €VTOAwV. AveEGpPTNTA TOU PENEPTOPIOU
EVTOAWV, O MPOYPAHUMPATIOTAC 0 OUUBOAIKA YAwooa agou ypdwel To Npoypauua
Tou Bdosl TWV NPOOPeEPOUEVWY €eVvTOAWV, Ba kaAéoel Tov Assembler (Tov
METAaPpaoTry dOnAadn TnNG GUPBOAIKNG YAWOOAG), o onoiog kal 8a PeTappdaosl To
npoypauua o€ yAwooa Pnxavic. =Tn ouveéxela o assembler 6a kaAéoel eva aAAo

npoypapua, Tov goptwtn (loader), o onoiog Ba TonoBeTrosl TOV KWAIKA PUNXAVNG
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o€ KAnoleg B€oeig¢ pvAung. H dielBuvon TNG NpwTNG VTOARG TOU KWOIKA PNXAVAG
akoAoUBwG 6a @opTwbei oTOov PETPNTA npoypduuaToc kai 0a E&ekivhoel n

01a01kagia EKTEAEONG TOU NPOYPANKATOC.

H noikiAia penepTopiwv MNou undapxel Ot OUUPBOAIKEC YAWOOEC KabBioTa
anapaiTnTo OTA NApakdTw va ENIKEVTPWOOUNE O Wia Kal JOvo GUMBOAIKN YAwoaoa,
woTe va Tnv avanTtUfoupe oe BABoG. Av Kal n HOPPR TwV EVTOA®V Eival
€10IKEUNEVN, NOANG and Ta ava@epOeva NAPAKATW anoTeAoUv Kolvo TOMO yia TIG
NEPICOOTEPEG OUMPBOAIKEG YAWOOEC. Oa EMIKEVTPWOOUHE AOINOV OTNn CUMBOAIKN
vyAwooa Tou LAB196 Tou oucTtnuaTto¢ dnAadry oto onoio O6a die€axbolv Ta

€£pYacTnpIa oac. Ac doUHE NpwTa KAnola XapakTnpioTIKa auToU Tou CUCTHHATOC.

To ocuUotnua PBaoiletar oe pia povada enegepyaciag Mou avnkel orTnv
olKoyévela eneEepyaoT®V / eAeykTwV MCS®-96 Tng eraipeiag Intel. 'OAa Ta péAN
NG MCS-96 poipalovTal KOIVO GUVOAO €VTOAWV Kdl KOIVI] ApXITEKTOVIKN. H A&En
Mou XpNnoidonoloUVv ol ENEEEPYAOTEC TNG OIKOYEVEIAC AUTNC €ival Twv 16 duadikwv
wneiwv. H pvAun nou diaTiBetal evtdg Tou oAokAnpwuevou (on-chip RAM) eival

TouAdaxioTov 230 bytes. pge TN HOPPN KATAXWPNTWV YEVIKOU Kal €101koU okonou.

O 80C196KB £xel yia apTnpia dieuBUvoswy nNou anoTeAeiTal and 16 duadika
Yneia. SUvenwe pnopei va npooneAdcel 1o noAU 2'° SiapopeTikég S1eubUVOEIG
MVAUNG. Eneidr] pynopei va XeiploTel KaT' €AAXIoOTO NoooTNTEC Twv 8 duadikwv
wneinv kabe B£on PvAUNG €ival okonmiyo va anobnkelel éva byte. Suvenwg n
MEYIOTN WVAMN TOU CUCTAMATOG Pac anoTeAsital and 64 Kbytes. To peyaAuTtepo
MEPOG ano auTr Tn PVAMN €ival diaBgaiun oTtov XpnoTn. QoTtdoo autog Ba npenel
va yvwpilel o1 o1 dieuBlvoeic uvApng 00H - FFH eival o1 dieuBuvoelig Twv 256
kataxwpnTtwv. O 80196 £xel TNV 1010TNTA va Pnopei va JeraxelpileTal 2 bytes Tng
MVAUNG 0av HId QUTOTEAN MoooTnTa Twv 16 bits, dnAadn oav pia A£En, n duo
AEEeig padi oav pia OInAn A€En (double-word). Ta va To eniTUxel autd anaiTei ol
nocoTNTEC WIag AEENG va eival aligned oe dpTieg d1UBUVOEIG KAl Ol NOCOTNTEG HIAG
OINANG AgENc va eival aligned oe dieublvoeic nou €ival noAAanAdciec Tou 4.
MapakdTw XPNOIYOMOIOUPE TOUG €ENC OUMPBOAIOPOUC, Yid vd NEPIYPAYOUUE
noooTNTEC NMou AAAOTE TIC XpnoigornoloUhe oav 8 kal aAAoTe oav 16 duadikwv
wnoeiwv.

AX, BX, kot CX givor kotayopntég tov 16-bits
AL &tvon to younio byte tov AX, kot AH eivat to vynmio byte.
BL &ivat 10 younioé byte tov BX.
CL &eivar To yopunio byte tov CX.
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5.1 TUnoil Asdopévwv
e €va unoAoyioTikO cuoTtnua nou Baciletar otov 80196 unoortnpilovTal
apkKeToi TUMOI dedopevwy. MMopei KAVEIC va avTIoTOIXNOEl AuToUC TOUG TUMOUG

OEJOUEVWY HE TOUC TUNOUG OEdOEVWV PIac UWNANG YAwooag npoypapuaTtiopou. O

OUMBOAIOHOC mou akoAouBeital napakdTw eivar 0TI To Ovoua Tou TUMOU TOU

TEAEOT] ypdgeTal HPe KepaAdaia. 'Eva "BYTE" cival pia pn nNpoonuacpévn

METABANTN Twv 8 duadikwv wneiwv, evw éva "byte" cival dedopévo 8 duadikwyv

wneinv onoloudnnoTe TUNou. O1 unooTnpIlOJevVol TUMNOI DEDOUEVWY Eival :

e BYTES: Ta BYTES &ival yn npoonUAacuEVEG PETABANTEC 8 duadiK®WV Wn@iwv nou
MNopouv va napouv TIG TIHEG and 0 £€wg 255. ApIBUNTIKEG 1 NPA&eIg oUYKPIoNG
MnopoUv va npaypatonoinBolv nNdvw O€ TETOIOU TUMOU TEAEOTEG MOVO MOU TO
anoTéAeopa Oa epunveubei o€ modulo-255 apiBunTikh. AoyikéG npd&elg o€
TETOIOUG TEAEOTEG UAONOIOUVTAI HE TIG iIdIEG AOoYIKEG Npdgelg navw os kabeva and
Ta 8 duadika ynoia Tou TeAeoTH. Agev uNdpXel KAMoIOG NEPIOPIOUOG yia Tn B€an
MVAMUNG oTnv onoia pnopei va tonoBetndei pia BYTE peraBAnTr), onoTe PnopeEi
va Bpebei onoudrinoTe HEoa OTo XWPOo dIEUBUVOEWV.

e WORDS: O petaBAnTéc TUNou WORD egival yn nNpoonuUacpéveg HeTaBANTEC 16
duadIk®wV Wn@iwv nou pnopoUV va napouv TIC TINEC and To 0 péEXpl To 65535.
ApIBunTIKEC N npa&sic ouykpionGg PnopoUv va npayuartonoinbolv navw o€
TETOIOU TUMNOU TEAEOTEC MOVO Mou To anoTéeAeopa Ba epunveuBei oe modulo-
65535 apiOunTIKr. AOYIKEC NPAEEIC O TETOIOUC TEAECTEG UAonoloUvTal WE TIG
i01€G AOYIKEG NpAgelg navw o€ kabgva anod Ta 16 duadika wneia Tou TeAeoTr. H
OlelBuvon piag PeTaBAnTAG Tunou WORD eivar n dielBuvon PvAWNG Tou

AlydTepou onuavTikou byte.

e SHORT-INTEGERS: OI SHORT-INTEGERS eivali 8-bit npoonpacuévec
METABANTEG nMou pnopoUv va ndpouv TIC TIMEG and To -128 £wg To +127.
Ap1BuNTIKEC Npa&eic nou napdyouv anoTeAEopaTa €Ew and To nNedio TIHWV Tou
TUnou SHORT-INTEGER 6a 8¢oouv Tnv TIun 1 oTto duadikd Yyneio unepxeiAlong

TOU KaTaxwpnTr] KaTaoTaongc.

e INTEGERS: 01 INTEGERS eival npoonuacpevec HeTaBAnTEG 16 duadikwv
wn@iowv nou pnopoUv va nApouv TIG TIMEC anod To -32768 uexpl To +32767.
ApIBUNTIKEG NPAEEIC NOU NApAyouVv anoTeAEoUaTa €Ew ano To nedio TIHWV Tou
TUnou INTEGER 6a 6€gouv Tnv Tiun 1 oto duadiko wneio £vOsIENG unepxeiAlong

OTOV KATaxwpnTn Kataoraong.

e BITS: Ta BITS cival yetaBAnNTEG Tou €vog duadikoU ywngiou Nou Pnopouv va

napouv TNV AOYIKNA TIUAR aAnBEg ) WYeUDEG.
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e DOUBLE-WORDS: 01 DOUBLE-WORDS cival pyn npoonuaopéveg METABANTEC
Twv 32 duadikwVv WYn@iwv nou Pnopouv va napouv TINEG and To 0 PEXP! TO
4294967295. H apxXITEKTOVIKI TOU CUOTAKATOC napexel an' eubesiac unooTtnpi&n
yr'
dlaipeTéo oe pia Oiaipeon 32 dia 16 oTto nAnBog duadika wngia Kal yia To

auTov TOV TUMO JedOUEVWV HOVO YId TIG OAICOBNOEIG, KABWG Kal yia Tov

ylvouevo oe évav 16 eni 16 noAAanAaciacopo. H dievbuvon piag TETOIAG
METABANTNG €ival n dielBuvaon Tou AlyoTeEpoU onuavTikoU byte. Mpa&eic navw oc
MeTaBANTEC TUNoU DOUBLE-WORD niou dev unootnpilovTal an' euBeiag pynopouv

eUkoAa va ulonoin®oulv pe dUo WORD npdEeic.

e LONG-INTEGERS: O LONG-INTEGERS cival npoonuacuéveg PHETABANTEC TwV
32 duadikwVv Yn@iwv nou pnopouv va napouv TIHEG and To -2147483648 uexp!
To +2147483647. H apxITEKTOVIKI| TOU OUCTNUATOG napexel an' eubeiag
unooTnpIEN yI' autov Tov TUMo OedOoPEVWY HWOVO YId TIC OAIOONOEIC, KABWC Kal
yla Tov dlaipeTeo o€ Wia diaipeon 32 dia 16 oTo nAnBoc¢ duadika wneia kai yia
To yivopevo oe €vav 16 egni 16 noAAanAaciaopo. H dieubuvon piag TeETolag
METABANTNG €ival n dieuBuvaon Tou AlyOTEpoU onuavTikoU byte. Mpa&eic navw oc
MeTaBANTEG TUNoU LONG-INTEGER nou dev unooTnpilovTal an' suBeiag pynopouv

eUkoAa va ulonoinBoulv pe dUo INTEGER npd&eic.

©a pnopouoape eUkoAa va doUpe avTioTolxia Twv napandvw TUNwv OedOPEVWV HE
TouG TUNoucg dedopevwy TNG YAwooag C. MNa napadsiyya pia geraBAnT TUNou char
otn C £xel TI¢ idIEC avayKeG anoBnKeuong Kal XeIpIooU Onwc Jia JETaBANTH TUNMouU
BYTE, upia peraBAnTn Tunou short otn C &xel TIg idlEC avaAykKeg anobnkeuong Kai
XEIpIOPoU Onw¢ pia JeTtaBAnTh TUNou SHORT-INTEGER, &vw TEAOC Pia PHETABANTH
TUnou long otn C &xel TIC idleC AvAyKeG AnoBNKEUONG Kal XEIPIOYOU ONwc Mid
peTaBAnTn TUnou LONG-INTEGER.

5.2 PenegpTOpIio EvToAmV

O kwdIKOC AsiToupyiag kaBe evTOANG pIag OUPBOAIKAG YAwooag ouvhnowg
neplypagerar ano MepIKG ypAPPATa MNou anoTeAoUV CUVTOPEUOH Yia Tnv
gvvoolpevn Aegtoupyia. Ta napddsiyya vyia Tnv  npocBson  ouvhbwg
xpnolgonolgital o KwdIkOg ADD kal yia Tnv apioTepr] Aoyikr oAigbnon o KwdIKOG
SHL (Shift Left). Mpoo€ETe 0TI ot kKABe unoAoyioTikO cUOTNUA UMAPXEl £va Mpog
€va avTioToixia JETAEU KwOIKWV OUPPBOAIKAC yYAwooag kal opcodes yAwooag
unxavng. EninAgov, epogov undapyel duvaroTnTa XeIpIoPNoU NEPICOOTEPWY TOU EVOG
TUNou dedopévwy KABe €vag and Toug napanavw KwdIkoUC NETAAAAOOETAl G€ Jia

katnyopia kwdikwv. AnAadr n npocBeon OUo BYTES eival pia JIapOpETIKN
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AsiToupyia and Tnv npdécBeon Ouo WORDS kai ouvenw¢ B6a &xouv OUO

01aPopeTIKOUC KwdIkoUg (oTo ouoTnua pag ADDB kai ADD).

STO PENEPTOPIO EVTOAWV TnNG YAwooac Assembly ouvnBwg Bpiokoupe
EVTOAEC MOU aAVNAKOUV OTIC £ENG KATNYOPIEG :
¢  ApIBUNTIKEG
¢ NoYIK®V ZuvapTroEwV
¢ MeTapopdac AsdOUEVWV
¢ AMNAayng Porc
¢ MeTaTponng TUnou Aedopévwv
¢ XelpiopoU Zwpou
¢ AlAegg

3TIG apIBUNTIKEG €VTOAEG Bpiokoupe (0 napévBeon uUNAPXEl O YEVIKOG
KwOIKOG TNG AelIToupyiag) :
¢ [poaoBeon (ADD)
A@aipeon (SUB)
¢ T[ToAAanAaoiaopo (MUL)
¢ Aigipeon (DIV)
¢ Kabapiopo (CLR)
¢ >Uykpion (CMP)
¢ AUEnon (INC)
¢ Meiwon (DEC)
¢ AAAayn npoonuou (NEG)

*

>TIC EVTOAEG AOYIKWV OUVAPTNOEWV BPiOKOUE :
¢ SupnAnpwpa wg npog 1 (NOT)
¢ Noyikd KAI (AND)
¢ Noyikn Aialeuén (OR)
¢ Novyikn AnokAeioTikn Alaleugn (XOR)
¢ OAigBnon (SH)

STIG EVTOAEG METAPOPAC DEDOUEVWY BPICKOULE :
¢ OOpTwON (LD)
¢ Anobnkeuon (ST)
¢ MeTapopd evog KoppaTioU MVAMNG O KANoleG AaAAeg OieuBuvoeig (BMOV -
Block Move)
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H evToAn @opTwoNng XpnoIMOMOIEiTAl KUPIWG yia Tn dnuioupyia €voc avTiypa@ou
H1aG nAnpo@opiac nou undpxel ornv KUpIad PVAMN OE KAMOIOV KATAXWPNTH TOou
unoAoyioTikoU pac ocuotnuatog. O1 npda€sic nou Oa Xpnoigonoioouv Kartoniva
auto To avTiypago 6a ekteAeoToUVv £TOI Mo ypriyopa. H evrtoAn anoBnkeuong
XpNOIYoNoIgiTal KUPIWG yia Tn dnuioupyia evog avTiypa®ou Hiag nAnpogopiag nou
UNApXEl OE KAMOIOV KATAXWPNTA TOU UMoAoyIoTIKOU Pacg CUCTAPATOC OTnV KUpid
MVAMN. 2Z€ Pia gsipd unoAoyiopwv dnAadr XpnoigonoloUPE TOUG KATAXWPNTEG Yid
TNV anoBrKeuon TwV MPOooWPIVEOV ANOTEAECUATWY KAl 0To TEAOC TNG diadikaaiag,
TO TEAIKO dAMNOTEAECNA METAPEPETAl KAl oTnv KUpIA HVAMN HE HIa EVTOAN

anoBnkeuong.

>TIG EVTOAEG AAANAYNRG PONG BPIOKOUE :
¢ AlakAadwon (BR - Branch) xwpig ouvenkn
¢ AApa (Jump) pE | Xwpic ouvenkn
¢ KARon ouvaptnong / poutivag (CALL)
¢ EnioTtpo®n and cuvaprtnon / unopouTiva (RET)
Onwc non €xel ava@epbei, ouvhBwWG n pon oc €va npdypapua €ivar akoAoubiakn.
MNa va aAAaG&oupe Tn pon €iTe und kanola ouvlrkn, €iTe Xwpic 6a npensl va
dWOoouNe pia kaivoupla dlelBuvaon OTov WETPNTA NPOYPAPHATOG. XTNV MEPINTWON
uno ouvelnknc aipartog / diakAadwaong / KAAong, n vea dieubuvon 6a popTwOEi
OTOV HETPNTA npoypduuaToc POvVOvV OTav IKavornoleital kanoila ouvenkn. Ol
OUVONKEC mMou Jnopei va TeBoUv €XOouv OXEON ME TN KATAOTACGN OTNV onoia
BpiokovTal Ta Ouadikd wneia Tou KATAXwpnTtn kartdoraons. H diagopd ToU
aAgaTog ano Tn KAARon, €ival 0TI oto aApa de XpeldleTal MOTE n Pon va yupioel
npoc Ta niow. AvTiOeTa AUTO €ival avaykaio oTi¢ aAAeg dUOo NEPINTWOEIC OTAV
ouvavTnOsi n evroAn enioTpo®nc. MNa To Adyo auTtd xpeldleTal npiv TNV avavewon
TOU METPNTN NPOYPANMATOC N TIMNA Mou €xel va anobnkeuTei otov ocwpd. O owpog

gival €&vacg €131KOC YNXaviouog anobrnkeuaong nNou eENyeiTal NapakaTw.

STIC EVTOAEG METATPOMNNG TUNOU OEQOUEVWY BPIOKOUE :
¢ EnékTtaon npoorjpou SHORT / INTEGER yia Tn petratponn Tou oc INTEGER /
LONG INTEGER avTioToixa (EXT)

3TIGC EVTOAEG XEIPIOUOU owpoU BPiOKOULE :
¢ TonoBetnon oto owpd (PUSH)
¢ Avakinon ano 1o cwpo (POP)
O owpog (oToiBa) e€ival €vag pNXaviopuog anoBnkeuonc Mnou dakoAouBei Tn

@IAogoia LIFO (Last — In — First - Out). Na va kataAdBoupe autn Tn @IAogo®ia
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MnopoUWe va @avrtaoToUPe To owpd oav pia oToifa anod marta. Kabe opa
grnopoUPe va npooBetounye mdara pOVO OTn KOpupn TnNG oToiBac kair va
anopakpUVoOUHE MidTa govo anod Tn kopugn. H idia AsiToupyia o€ €va unoAoyioTiko
oUoTnMa UAOMOIEITAl YHE TN XPNON €VOG KATAXWPNTA NMou ovoualeTal KaTaxwpnTng
owpou (stack pointer). EoTw OTI 0 0WPOG Pag ulonolgitTal and TIG BECEIC PVNAHNG
FFFFy €wg FFOO4. Apxikd 0 owpOC Pag €ival adelog Kal ouvenwc Ocixvel atn B€on
FFFFy (unoB€Ttoupe dnAadr OTI 0 owpPOG PaAG PeyaAwvel Kabwc KivoUUdoTe o€
MIKpOTEPEC dieuBbUvaoelC Pvnung). H Asitoupyia PUSH ouvenwg avTIOTOIXEI ME HIa
gyypagn ortn 6£€on WvVAUNG nou OsiXVEl 0 KATAXWPNTNG owpoU Kdl PE KaTtomivn
Meiwon Tou woTe va dsixvel oTnv enduevn B6€on anobrikeuonc. H Asitoupyia POP
avTIoTOIXEl PE JIa aUu&non TNG TIMNG TOU KATAXWpnTh owpou akoAouBouuevn and

avayvwon Tng B€on¢ YvnuUNng nou deiXVel o KaTaxwpnThng owpou.

>TIG UNOAOINEG EVTOAEC BPIOKOUE :
¢ Kapia Asitoupyia (NOP - No operation)
¢ Apyxikonoinon Tou cuotruaTtog (RST - Reset)
¢ Evepyonoinon onuatwv diakonng (EI - Enable Interrupts)
¢ Anevepyonoinon onuatwyv diakonnc (DI — Disable Interrupts)
¢ KartdoTaon e€oikovounong evépyeiac (IDLPD)
¢ XeIpIopog evOEeiEewv TOU KATAXWPNTH KATdoTaong

Ta onuaTa diakonng 8a avaAuboUyv o ENOPEVO KEPAAQIO.

3TN OUMBOAIKN YAwooa pnopoUHE NpIV TO KUPIO PJEPOC TOU MPOYypAPHATOC
va KAVOUUE OPICHEVEG AVTIOTOIXIOEIC HETAEYU TINWV KAl CUUBOAIKWV OVOUATWV ETOI
WOTE va N XpelaleTal va ypapoupe apiBunTIKa TNV KABE XPNOILONOIoOUHEVN TIHN.
Ma napddelypa n evioAn :

# AX EQU 80

avTioTolxei oTto cUPBoAo AX Tn Ty 80. ETol OTIC undAoineg ypauuEC KWIKa
MrnopoUue va XxpnoigonoloUPe To AX Xwpic va xpeldletar va BuupdpacTte Tnv
NPAyMaTikn TIMA Tou. O AekTIKOC avaAuThnc Mou €ival To NpWTO KOWMATI ToUu
assembler nou ekTeAciTal avaAapBavel va kKavel TIC anapaiTnTeEG AVTIKATACTACEIG

METAEU OUUBOAWV KAl TIHWV.

Eniong o€ kaBe &evrtoAn TnG OUPPBOAIKAC YAWOOAG MPMOPOUNE  va
eniouvawoupe pia  nivakida (label). TMa napadeiypa n  mvakida START
EMNICUVANTETAl OTNV NpoaBeon dUo AEEewv wC EENG :

[START] ADD AX, BX

-79-



KEDPAAAIO 5 — YvuBolxn 'hdooa

EvTOGC TOU KwdIKka o€ CUMBOAIKN YAWOGA NOAAEC PpopéC XpelaleTal va aAAG&oupe Tn
pon &vOC NPOYyPANMATOC HWE €VTOAEG AApaAToC / diakAdGdwong / kKAnong. Tnv wpa
OMWG NMou YpApOoUUE To NPOypappa, de yvwpiloupe Tn 6€on PvAuNg oTnv onoia 6a
anoBnkeuTel 0 KWOIKAC yia TNV napandvw npocBeon. AuTtrh 6a NpoadiopioTel NOAU
apyoTtepa, kata Tn diadikacia PETAPPACONG TOU OUMPOAIKOU KwdIKa 0t KWJAIKA
MNXavne. QoTdoo €ueic pnopoUPE va XpnoIMONOoINCOUKUE TNV nivakida n onoia 6a

avTikataoTadei apyoTepa otn diadikacia cupBoAoUETAPpaAcNC.

5.3 ApIOpoOG EvTéAwv Miag EVTOANG

H yAwooa Assembly noAAwvV unoAoyloTIKWV CUOTNPATWY unoaTnpilel éva
Kal yovo oTaBepo apiBuod evréAwv (10oduvapa dIeuBUVOEWV EVTEAWV) YIad OAOUG
TOUC TeEAEOTEG nou dev eival povadiaiol. AAAa ndAl unoAoyloTIKG GUuOTHPATA
NEPIKAEIOUV OTO PENEPTOPIO TOUCG TIC iDIEC EVTOAEC AAAG via OIAPOPETIKO apiBuo
eVTEAWV. Z€ PEPIKA and autd paAioTa n B€on kabe evTEAoOU BETEl KAl NEPIOPICHOUC
WC npo¢ To TI JleuBUvoelc WPVANNG Mnopei va ndpel. TEAoG Ot oOpiopPEva
UMOAOYIOTIKG OUCTANATA undapyxouv kdanola €vteAla Ta onoia Ot dnAwvovTal oTn
Hop®n TNG evTOANG, aAAd unovoouvTal. Ag SoUle PepIkA napadeiyyarta o diagopa
TETOIQ CUOTNUATA XpPNOIMoNoImvVTAg To napdadelyya TnG npoobeong C=A+B, dnou

C, A, B gival kataxwpnTeg.

MpwTa unoB&Toupe &va oUOTNUA OTO OMoIO TO AMOTEAEOHA kABs npda&ng
anoBbnkeUeTal NAvVTOTE OTOV 010 KATAXWPNTH. ZUVABWC AUTOG O KATAXWPNTAG
ovopdaletal accumulator (ouocowpeuThg). TOTE yia TNV €niAuon TNG NpocBeonc Ba
xpelaloTav €va npoypappa TnG HopengG :

LD A

ADD B

STC
H npwTn €vtoAn autoU Tou MPOypANPATOC METAPEPEI Ta OEDOUEVA MOU UMAPXOUV
OTOV KATaxwpnTr] A oTOV CUGOWPEUTH, 0 onoiog ds dnAwveTal aAAa unovoeital. H
deUTEPN €VTOAN npayuartonolsei Tnv npdoBeon TOU CUOCWPEUT ME To B kal
anobnkelel To anoTéAeopa Kal MAAl OTO GUCOWPEUTR. Me Tn TpiTn €VTOAN TO

anoTEAECNA TNG NPA&ng anodnkeveTal atov kataxwpnth C.

Av UNOBETOUE OTI £XOUME €va oUOTNUA MOU EMITPENEI EVTOAEG OUO EVTEAWV
(1c0dUvapa 2 dieubuvoewVv) To avTioTolXo Npoypaupa 6a nrav :
ADD A, B
STA,C
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STIC napandvw &VTOAEC N OEIpd avaypaens Twv eVTEAWV €XEl MOAU HEeEYAANn
onuaoia. Av unoB&ooupe OTI TO anoTéEAeopa TnG nNpda&nc ADD anoBnkevusTal OTo
npwTo &VTEAO TNCG, TOTE av apxika Ta A kai B eixav Tigeg 3 kal 5 avTioToixa, HETA
TNV €KTEAEON TNG NPOCGBeonC To apXIkO nepleXOPevo Tou A xaveral !!! O1 TIHEC TV
KaTaxwpnTwv HETA TNV €KTEAEON TNG nNpdéng Oa eival 8 kalr 5. Av nbeAa va
d1aTnpnow TNV apxikn TIKA yia To A kal de pe €volale n apxikn TiyA Tou B, ToTE Ba
Enpene va ypaww Tov KwOIKA pou oav ADD B, A !l H deUTepn evToAn anAd
anoBnkevlel To anoTtéAedgpa Tou A oto C. Av ot éva TETolo cuoTnua nbsAa va
d1aTNPNowWw TIC ApXIKEC TIMEC oTa A kal B, TOTe Ba €npene va Xpnolgonoinow Kal
gvav BonénTikd kartaxwpnTr €oTw D kal va dIauopPpwow TO NPOYPAUHA HOU WG
&ng :

LD D, A

ADD D, B

STD, C

TéNoc, o€ €va cuoTnua 3 dieuBuvoswv Ba apkoUoe HOVO vad YPAWOULE :
ADDC, A, B

O nivakac evtoAwv KABe unoAoyIoTIKOU CUOTAHPATOC €ival AauTOG MouU Hag
KaTaypagel 6Aoug Toug niBavoug apibpouc evTéEAwV PIag evToAng. Eival onuavTiko
O€ £vav UMoAoYIOTH NoU XPNOIYONOIEl NEPICOOTEPA TOU €VOC EVTEAA VA NMPOCEXOUUE
noia xpnoigonoloUvTdl yid avayvwon Jovo (sources) Kal noio XpnoidonolgiTal yia
anoBnkeuon (destination). Eniong €ivalr onuavTikd va NpooExoupde av Kabe source
pgnopei va €xel 6Aec Touc mBavoug cuvduaopouc Tponwv diseubuvaioddTnongc.
AZiCel va TovioTel yia dAAn yia gopd OTI €va oUOoTNUA NOU NPOooPEPEl EVAAAAKTIKA
EVTOAEG 2 kal 3 evTeAwv (nepioadTepa £vreAa Oe xpnoigonoliouvtal oTn npdaén)
oTnv oudia unokpUNTEl TO YEYOVOG OTI AUTEC €ival EEXWPIOTEC EVTOAEC HE

dlapopeTikoUG KwdikoUC AsiToupyiag (opcodes).

5.4 Tponoil AieuBuvoi1030TNONG EVTEA®WV

OTav ypa@oupe €va npoypauua o GUMPBOAIKR YAwooa eival avaykaio va
npoodiopifoupe Ta £vTeAd KABe evTOANG Baosl Twv dIeuBUVOEWY OTIC OMOIEC AuTA
nepiExovralr kai Oxl Bacslr TNG TIUAC Touc. O AOyoC e€ival OTI O OUVEXEIG
unoAoyiopoUc Ta £vTteAa €ival anoTeAEoPaTa NponyoUNEVWY UMOAOYICU®V YId Td

onoia 0g yvwpiloupe €€ apxng TIG TIUEG Nou Ba €xouv.

MepIkEG POPEG OPwG O yvwpiloupe ouTe kav Tn dlEUBuUvon Tou evTEAOU

nou 6a AdBel PEPOC OTNV EKTEAEON HIAG €VTOANG, AAAG yvwpiloupe Nwg va Tnv
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unoAoyiooupe. ©a BEAAPE OUVENWC TO UMOAOYIOTIKO HAC OUOTNHA va EXEl TN
duvaToTnTa unoAoyiopoU TNG TeAIKNG dieuBuvong. O1 duvaTtoi Tpdnol uNoAoyiouou
NG dOlelBuvong evdC e€VvTEAOU MNOU pacg napexel &va unoAoyioTikd ouoTnua
ovopadlovTtal Tponol dieubuvoiodoTnong (Twv eVvTEAWV) 1 TPOMOI avagopdac ortn
MvAun. Na TovioTei yia pia akoun @opd OTl KGBe JIapopPETIKOC TPOMOG
d1euBuva10d0TNONG Yia TNV idla evTOAN oTnVv oucia odnyei og EEXWPIOTEC EVTOAEG
Kal OUVEN®C anaiTei d1apopeTiko KwdIKO AsiToupyiac. Kabe unoAoyioTiko cuoTnua
MMopei va npoo@Epel PePIKOUC 1 aKOUA MEPICOOTEPOUC aANO TOUuC €ENG TPOMOUG
d1euBuva10d0TNoNG (UNoB£oTe OTI yia TA NAPAKATW IoXUOUV :
# AX EQU 80
# BX EQU 82
# CX EQU 84
# AL EQU 80
# BL EQU 82
# CL EQU 84
OewpeioTe OTI 01 ouvapTiosic MEM_BYTE (X) kat MEM_WORD (X) pag snioTpégpouv
avTioToIXa TIC TIUEG evOg BYTE kai piag WORD nou BpiokovTal anoBnKeUPEVEG OTIC
B£osic pvhApng X kai X, X+1 avTioToixa. YnoB&Touue OTI
MEM_BYTE (80) = A2
MEM_BYTE (81) = 03
MEM_BYTE (82) = 42
MEM_BYTE (83) = F2
MEM_BYTE (84) = 08
MEM_BYTE (85) = 0A ):

o AHEOCEG AVAPOPEG HE KATAXWPNTH.
Ta &vreha o0t aAuTn Tn MNepPINTwon €ival ol dIeuBUVOEIC UVAHNG KATAXWPNTWY,
n.x.
INCB CL
H evToAn auTr 1coduvapuei ye MEM_BYTE (84) = MEM_BYTE (84) + 1

o EPMECEG AVaQOPEG.
To évTeAo OTOV £Yeco TpONo dieuBuvaolodoTnonG pag kabopilel Tn disuBuvaon
Tou TeAlkoU evTéAou nou Ba AdPel pEpog oTnv npda&n. Mia evToAr; ouvnéwg
Jropei va nepiéxel YOvVo Wia €UPEDn avagopd Kdal ol undAoinol TEAEOTEC TNG

€VTOANC, av undpxouv, NpENEl va npooneAauvovTal Ue AYecn avaeopd. n.x.

LDB  AL,[AX]
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H evToAn auTn 100duvapei he
MEM_BYTE(80) = MEM_BYTE(MEM_WORD(80)) R
MEM_BYTE(80) = MEM_BYTE(03A2)

e 'EMHECEG ava®opEG HE AuTONATn augnon.
O TpoNoc¢ dleuBuvaolodOTNONG auTog €ival idI0G PE ToV NPOoNYOUHEVO HE POVN
e€aipeon OTI n PeTaBANTh nou JdisuBuvolodoTEITAl EUPECA QUEAVETAl UETA TN
xpnon TnG. H au&non pnopsi va sival avaloyn Tou TUMOU OedOMEVWY MOU
TeAIkKG npooneAhauveTal. ETol, av n evToAn evepyei ndvw o BYTES 1 SHORT-
INTEGERS n petaBAnTh Tng éupeoncg dieubuvong 6a auénbei kata €va, evw av
evepyei navw oe WORDS 1) INTEGERS 6a au&nbéei kata duo. n.x.
LD AX,[BX]+
H evToAn auTn 1000uvayei e
MEM_WORD(80) = MEM_WORD(F242)
MEM_WORD(82) = MEM_WORD(82) + 2
AvTioToIxa n evtoAr npocBsoncg dUo BYTES
ADDB AL,BL,[CX]+
1I000UVaEl PE
MEM_BYTE(80) = MEM_BYTE(82) + MEM_BYTE (0A08)
MEM_BYTE(84) = MEM_BYTE(84) + 1

e AHECEG AVAPOPEG.
O TeAeoTAC kal OxI n dlelBuvon Tou divovtal padi ge TN evioAn. Mia evroAn
MMopei va nepiExel yovo pia TETola avagopd, eV Ol UNOAOINOI TEAEOTEC NPENEI
va ava@epovTal Xpnoigonoiwvrac ageon dieuBuvoioddTnon HE KaTaxwpnTn.
n.x.
ADD AX,#340
H evToAn auTr 100duvayei e
MEM_WORD(80) = MEM_WORD(80) + 340y

e A£IKTOOOTOUHEVEG AVAPOPEG
Se auTov Tov Tpono d1euBbuvaoiodoTnNoNG £va nedio To OMoio UNApPXEl OTNV EVTOAR
npooTiBeTAl OTN TIUR €vOC €VvTEAOU WOTE va pag dwael Tn dieuduvaon Tou
{NTOUPEVOU EVTEAOU. M.X.
LDB AL,12[BX]
H evToAn auTr| icoduvayei pe
MEM_BYTE (80) = MEM_BYTE(12+MEM_WORD(82)), dnAadn
MEM_BYTE (80) = MEM_BYTE(F254),
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H avanapdoraocn nou xpnoigonolsital yia To nedio €ival n dekag€adikn ypaen
Tou apiBuou 6Tav auTog €XEl HOPPN CUMNANPWHATOC WG npog 2. MNa napadeiyua
€0Tw OTI BéAoupe va npooneAdooupe pia B€on PVAMNG 61 B&oeic peTa anod
auTAV Nou nepiExeTal oTov kataxwpntn 90. To 61,5 €xel avanapdoracn
00111101 o0t oupnAApwPA WG NPOC 2 Kal OUVeEN®WC To nedio nou 6a
xpnoigonolouoape €ival To 3D kal n avagopd orn PvAun 6a €ixe Tn popen
3D[90]. Avaloya Pe TO npdonUo Tou nediou nmou npooTiBeTal pnopoUPe va
EXOUUE OEIKTODOTNON &ITE YEYAAUTEPWV EiTE MIKPOTEPWY dleuBUVOewy. ETOl yia
Tn 6€on PvAUNG nou Ppioketal 37 B£0<IC Npiv and auThV Mou MNEPIEXETAI OTOV
karaxwpntn 90, n owoTth avagopd 6a ntav DB[90], upiag kalr 1o -3710 EXEl
avanapdoTacn o€ oUUNANpwHPa wg npog 2 : 11011011, TéAog, avaloya pe TO
eUpoG Tou nediou Mou npooTiBeTal PNOPOUPE VA €XOUME OEIKTOOOTNHEVEG

ava@opEC JIKPNG N MeEydAng andoTaonc.

¢ AIguBuvai0d0TnON BACEI TOU KATAXWPNTH CWPOU.
Av Bewprjooupe OTI 0 J&ikTNG owpoU CUMPBOAiIleTal ye SP TOTE PNOPOUHE HWE TN
Xpron Tou eUKOAd va NpooneAdcoUPE €vTeAa nou fdn BpiokovTal otn cwpd. MNa
napddelypa yia va npooneAdooupe Tn NpoTeAeUTAia AEEN Tou cwpoU PNOpoUlE
vVa YPAWOUE :
LD AX,2[SP]

e AIguBuvoi0d0TNON HE HNOEVIKO KATAXWPNTA.
Eidikd yia éva ouoTnua Tng olkoyéveliag MCS-96 oTic dieuBuvoelig 0000y Kai
0001y unapxel anoBnkeupevn n TR 0. Autd pag OIEUKOAUVEl oTnv
npooneAaon Hiac dielBuvong, XpNoIgonoiwvTac TNV ¢  MeTABANT
01euBbuvo1000TNONG KE JEIKTN. N.X. N EVTOAR
ADD AX,1234[0]
iooduvapei pe MEM_WORD(80) = MEM_WORD(1234).

5.4 O Karaxmpntng Kataortaong

O kaTaxwpnTAC KaTaoTtaong npoypauupatog (PSW) eivar €vac ano Toug
£101KoUC KATaxwpnTEG Nou unapxov oc KAabe unoAoyioTikO cuoTnua. Kabe duadikd
Tou ynoio €ival yia Boolean pyeTaBAnT nou napéxel NAnpo@opia OXETIKA YE TNV
katdoTaon Tou MpoypdupaToc Tou XpnoTn. MapakdTw nepIypA@OUME  UE
nepIoooTePn AenTopépEla Ta duadikG auTd yngia, Ta onoia kalr ovopalovTal

oUNPWVA UE TO NAPAKATW OXNHA :
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VT:

To duadikd ynpio Z (Zero) TiBeTal oto 1 WOTe va deixvel Nwc n AsiToupyia
rMou nNponynenke napriyaye €va anoTéAeoua ico UE TO PNOEV.

To duadikd wneio N (Negative) TiBeTal oTo 1 ®WOTE va UNodeIKVUEl NWG N
nponyoUuevn AgIToupyia napriyaye €va apvnTmikd anoTéAeopa. Mapartnpnore
OTI 0 evdeikTnG N Ba BpiokeTal oTnV owaTr AAyePpIKn TINA akdua kal av

napouaciacTei pia unepxeiiion.

To 0duadikd wneio unepxeidiong V (oVerflow) TiBetar oto 1 woTe va
unodeikvUel NwG N nponyoUUevVN AsIToupyia napryaye €va arnoTEAEOUA MNou

gival €€w and To Peyebog Tou TUNOU JEDOUEVWY MOU AVAUEVOUHE.

To duadikd ynoio VT (oVerflow Trap) TiBetal oTo 1 0Tav To duadikd wneio V
TiBeTal oTo 1, aAAa dev pndevileTal and enNOUEVEG €VTOAEC. H Aoyikn Tou
duadikoU wneiou VT eniTpénel Tov €Aeyxo yia pia mbavry kataoraon
unepyeiAiong oTo TEAOG piag akoAouBiag OXETIKWY ApIOUNTIKWYV AEITOUPYIWV.
AUTO QuOIoAoYIKA €ival Nio anoTeAeouaTikO and To va eAEyXOUHE To V HETA

anod kdabe pia evToAn.

To duadiko wneio Kpatoupévou C (Carry) TiBeTal oTo 1 WOTE va UNodeIKVUEI
TNV KATAOTAON TOU apiBuNTIKOU KPATOUMEVOU and To NEPICOOTEPO ONUAVTIKO
bit Tng ApIBuNTIKAG Aoyikng Movadag yia pia apiBunTikn A€iIToupyia n Tnv
KATAOoTAon Tou TeAeuTaiou bit nou oAioBnoe npog Ta €€w kaTtd Tnv oAigbnaon
€vOC TeAeaTr. To ApIBunTikO Aavelkd PETA ano pia npd&n agaipeong €ival 1o
CUMNANPWHA Tou duadikoU wn@iou kpatoupévou C (Mou onuaivel Nwg av n
npa&n napryyaye éva daveikd 10T C=0).

To Juadikd wn@io autd emTpenel / aAnoTpEMnel AITAOEIC OlaKonwy va

ggunnpeTouvTal. MNa TI¢ diakonég 6a YIANCOUNE OE ENOUEVO KEPAAQIO.

To duadiko wnio ST (STicky bit) TiBeTal oTo 1 woTe va unodeikvUEl OTI KATa
Tn di1dpkela piag 0g€iac oAiobnong évag acoocg (1) £xel oAIoBROEl NPpWTA OTOV
evdeikTn kpaToupévou C kal PeTA npog Ta €€w. O evdeiktng ST padi pe Tov
evOEeikTn KpaTtoupevou C pynopouUv va xpnoigonoinolv yia va anopaciocouv

yld Tov TpoOno oTpoyyUAguonG JeTA and pia de€ia oAiodnon

O PSW unopei va diacwBei 010 owpd TOU CUCTANATOG WE Wia anAn npdén

Kal va avakAnBei ye napopolo Tpono.
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5.5 Eva napadeiypa NpoypappatiogoU o Assembly

>TOo UnokepaAaio auTtd napouoidlovral avaAuTikd Ta BAPATA MNou
xpeladovTal va yivouv yia Tnv €niAuon evoc NpoBAANATOG XPNOILOMNOIWVTAG TN
OUMBOAIKn YAwooa. YnoBgoTe OTI BEAoupe va AUCOUME To NpOBAnua TnG Upeong
TOU PEYaAUTEPOU Un Npoonuacdpévo byte nou Bpiokeral oTig B€oeic Pvhung 5F21 -

5F2A kal Tn¢G TonoB£TnonG Tou otnv B€on pvhAung 5F20.

O nio evdedelyUEVOC TPOMNOG yia TNV eniAucn KaBe npoBARuaATog cival n
KATAoKeun €voc dlaypdapuaTtog ponc. MNa 1o napandvw npoBAnua €va diaypaupa

ponc 6a nTav To akdAoubo :

APXH

O¢oe Seiktng =0
Ofoe Tpéxwy péyiotog = MEM_BYTE (5F21)

Eivai o Tpéxwv péyiotog > . . _ "
MEM_BYTE (5F22 + 8eikng) ? OXI-»{ Tpéxwv péyiotog = MEM_BYTE (5F22 + deiktng)

N/

‘ OeikTng = deikTNG +1 ‘

>

NAI

v

‘ MEM_BYTE (5F20) = Tpéxwv PEYIOTOG ‘

TEAOZ

To napanavw diaypAPpaTog ponc, Xpnolponoisi dUo PYETABANTEG, TIC OEIKTNG

Kal TPEXWV MEYIoTOG. O deikTng €ival pia PHeTaBANTH Nou TNV XpNOILOMNOIOUME Yid
va oapwooupe d1adoxIKa TIC BEOEIC PVvAUNG and Tnv 5F22 £wc¢ kal Tnv 5F2A. Onwg
€idape nponyoUPeva auTO MMOpPEi va enTeuxBei péow TNG OsIKTOOOTNHEVNG
npooneAaonc. H YeTaBANTA TpEXWV MEYIOTOG avd ndoa oTIyPn €XEl anoBnKeEUPEVO
TO MEYIOTO PN Npoonuacpevo byte nou €xoupe ouvavThoel. ApXIKOMOIEITAI PHE TN
TIUA nou BpiokeTalr otn B€on PvAWNG 5F21 kar ouykpiverar diadoxika HE Ta
nepliexodeva Twv Beogewv PvAUNG 5F22 €wg kar 5F2A. Kabe gopd nou ocuvavrarai

HMEYAAUTEPN NoodTNTA, TOTE AUTH VIVETAl O TPEXWV HEYIOTOC.
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Ma Tn Yerdppacn Tou napanavw OlaypdppaTog pong o€ oudBoOAIK YAWOoda

XpeIAleTal vad OPICOUHME TOUC KATAXWPNTEC nou Oa anobnkelouv TIG OUO

METABANTEG. EOTw OTI XpnoipgonoloUue Tov AX yia Tn YETABANTA deikTn kar Tov BL

yla Tn HETaBANTH TPEXWV PEYIOTOCG, 6nou AX kal BL o1 cupBoAIouoi BECEwY PVARNG

ONwG napouacidoTnkav vwpitepa. To pdvo NAEoV nou anopével ival n ouyypagn

TWV EVTOA®V OTN OUPBOAIKR YAwooad. O ouvoAIKOC KwdIkag nou Ba npogkunTe Ba

nTav :

ETikETa
# AX

# AL
# BL

LD

LDB
[LABEL 1] CMPB

JH

LDB
[LABEL 2] INCB

CMPB

INE

STB

EvToAR

EQU
EQU
EQU

AX,
BL,
BL,
[LABEL 2]

BL,
AL
AL,
[LABEL 1]

BL,

80

80

82
#0000
5F21[00]
5F22[AX]
5F22[AX]

#09

5F20[00]

Enegnynon

ZUMBOAIONOG TNG AEENG OTIG BECEIG UVAKNG

81 kai 80 pe AX

SUMBOAIONOG Tou byte oTn B€on pvAENG

80 pe AL

SUPBOAIOPOC Tou byte oTn B€on pvARNG

82 pe BL

AgikTng = 0

Tpéxwv PeEyIoToc = MEM_BYTE(5F21)

Tpéxwv PEYIoTOG - MEM_BYTE(5F22 + A€ikTng)
Av TO anoTéAeoud TnG a@aipeong eivalr BeTIKO
NapEKAPYe TNV €NOMEVN EVTOAR

Tpéxwv PeyioToc = MEM_BYTE(5F22 + AcikTng)
AgikTng = AeikTng + 1

AgikTng - 9

Av To anoTéAeopa Tng agaipeong sival diagopo
Tou 0 nnyaive oTnv €vToAn Me nivakida [LABEL
1] aAAIWG OUVEXIOE TNV EKTEAECN akoAouBiakda
MEM_BYTE (5F20) = p&yIoTog
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O1 povadeg €10600uU — €EODOU gival EKEIVEC 01 JOVADEC MOU PETATPEMNOUV TNV
nAnpoopia nou diaxelpileTal 0 UNOAOYIOTAG O NANPOPOPIEC KATAVONTEC and Tov
avbpwno kal avTtioTpopa. Eneidfy ol oUOKEUEG auTEG BpiokovTal KAl Tomika nio
KOVTA OoTov avBpwno ouxva ovoualovTal Kal TEPUATIKEG I NEPIPEPEIAKEG OUTKEUEG.
SAMeEpa undpxouv OekAdeG OIAQOPETIKEC OUCKEUEG nou ©Oa pnopolcav va
XapakTnNpIoToUV WG NEPIPEPEIAKEC OUOKEUEC. To nio oUvnBeg yvwpioud Toug €ival
n onuavTika (Ta&eic pey€Bouc) PIKpOTEPN ouXVOTNTA AEITOUPYIAG TOUG O OXEON ME
TN ouxvoTnTa Asitoupyiag Tng KME. Mapakdatw e€&sralovrtal ol O1agopol TPOnol
EMIKOIVWVIAG QUTWV TwV Hovadwv HeE TO undAoino unoAoyioTikd oloTnua Kai
avaAlovTal Ta XapakTnpIoTIKA Kal ol apXEG AsIToupyiag Twv nio ouvnBIoPEVWY and
auTec. MpwTa OPWC avaAuovTal ol TPOMOol NMPOCdpPHOYNG TwV dIdPOPWV CUCKEUW®V

o’ €va unoAoyIoTIkO guoTNUa.

6.1 Kupiol (masters) ka1 okAapoi (slaves) o€ gia aprTnpia

Eotw OTI ndvw og pia apTnpia undpxouv MePICOOTEPEC TNG HIAC OUOKEUEC.
Oa ATav KaTaoTpoPIKO VA EMTPEWYOUPE O MEPIOCOTEPEC TNG MIAC CUOKEUEC va
odnyolVv Ta@uToxpova Ta ONuATta TngG aprtnpiag, MIAG nou To HOvo nou 6a
eniTuyxavauge Oa nTav €va BpaxukUkAwpa. Ac¢ unoBegoupe OTI n  aprtnpia
O0lEUBUVOEWVY TOU UMOAOYIOTIKOU HAC OUOTAPATOC anoTeAeital and 16 duadika
wneia kal pgnopei Tautoxpova va odnynbei ektoc and tTnv KME kai anoé kanoia
aAAn ouokeun. YnoBéoTe 0TI n KME £kdidel evToAn avayvwong ano tn dielBuvaon
00004ex Kal N GAAN ouoKeur evToAn gyypagpnc otn dietBuvon 0001 4ex. AG dOUUE TI
oupBaivel NGvw OTn YPAPPN MOU avTIoTOIXEI OTO AlYOTEPO ONMAVTIKO Wn@io TNG
aptnpiag dleuBuvoswyv. Apou n KME npoonabei va 6£csl auTtn Tn ypapun oTo

Aoyiko 0, onuaivel 0TI anokaBioTd £€va aywyldo PovondaTl XaunAng avrioTaong
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METAEU auTAC TNG YPAUMNG Kal Tou OUVAuIKoU Tou AoyikoU 0. AvTiBeTa n aAAn
OUOKeUur npoonabBei va B£o0sl aAuTn T YPAUPR OTO AoyikO 1 Kal ouvenwg
anokabioTa €va aywyipgo hovondTl XaunAng avriotaonc YeTa&U auThC TNG YPANKNAG
Kal Tou duvapikoU Tou AoylkoU 1. Av unoB€goupe OTI To Aoyiko O avTigTolXel oTa

OV kal To Aoyikd 1 oTa 5V, TOTE To NAEKTPIKO KUKAWHA NOU avTioToIXEl Ba sival :

+5V

Avyotepo
GNUOVTIKO YyNoio

Movomndrtio
g devbuvong

% HoMAnG
% avTioTaong
oV

BpaxuxkUukAwua

Bdosl Twv napandavw e€ival npo@avec oTi 0 6a npenel va €mTPEMNOUME
TAQUTOXPOVA O< NMEPIOTOTEPEC TNG HIAC OUOKEUEC va odnyouv Kdanoia aptnpia. Me
AaAAa Aoyia o KABe XPOVIKN OTIYMR MOVO £vac Pnopei va odnynoesl Tnv aptnpia,

€V OAOI 01 unoAoinol "akouv" TIC TIMEC MoOU undpyxouv Nadvw oTnv apTnpid.

Kd&Be ouokeur nou €xel Tn duvatoéTnTa va odnyei hia aptnpia ovoupdlerai
KUplog (master) evw OAec ol undAoineg ouokeuég ovopalovtal okAdapor (slaves).
MNa napddeiypya, avaloyilopevol Tnv aptnpia dieuBuvoewv, n KME eival &vag
KUPIOG, EVW Ol Jovadeg PvNUNG €ival okAdapol.

6.2 Evag kUpi1og kal noAAoi okAapoi (Single master — Many slaves)

Mia noAU anAf Auon oTto npoBAnua Tng diaxeipiong piag apTnpiacg ivail va
ENITPEYOUHE 0 €va ouoTnPa va €xel hpovo £vav KUpIo Kal OAEC Ol UMOAOINEG
OUOKEUEG va gival okAdpol. Fa Tnv €nikoIvovia TwV NMEPIPEPEIAKWYV CUOKEUWV HE

TO UNOAOINO UMNOAOYIOTIKO cUOTNNA O AUTR TN NEPINTWON NPOKUNTEI TO OXNKA :

50 Movada Movéda Movada
l\l}'chT,n”a Eioédou / Eioédou / Eioédou /
nHn E¢odou 1 | | E€650u 2 cee E€6d0u k
ApTnpia Aedopévwv I I I I
ApTnpia AleuBivoswv !
ApTnpia Znudtwv EAéyxou
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ornou povo n KME pnopei va odnynoel Tnv aptnpia dieuBUvoewy Kal OUVEN®G HOVOo

auTh JNopei va KAvel HETapopeG OeDOPEVWY NPOC TN UVAKN.

MNapakaTw OEiXVOUHUE OTI TO OxNUa autd dev eival kabBoAou anodoTiKo.
YnoB&oTe OTI KGOe povada €100d0U-cEOO0U eival EONAICUEVN ME WIA TOMIKN HVAMN
peyEBoUG 256 bytes. MNa €va nAnNKTpoAdylo, auTd WeTa@paleTal O YEUIOUA TNG
TOMIKNG MVAMNG KGBe opd nou nAnkTpoAoyoUvTal 256 XApAKTrPEG KAl OUVEN®G
TNV avaykn anod&oPeucnc AUuTAG TNG MVAMNG WOTE va CUVEXIOTEI anpoOoKonTd n
diadikacia nAnkTpoAdynong. Ta dedopeEva GUVEN®G MOU UMNAPXOUV OTIC TOMIKEG

MVNUEG Ba npénel va peTapepBoUlv aTnv KUPIA YVAKN TOU OUCTAPATOC JAG.

AG unoBéooupe apxika OTI ol Hovadec €100d0uU-£E000U dev dlabETouV
kanoiov TpONo waTe va idonoifoouv Tnv KME OTI n TOMIKR TOUC MVAMN EXEl
yepioel. AnNAG anoppinTouv Kaivoupyia dsdopéva PeExpl n KME va adeidosl Tnv
TOMIKAN MVAMN Touc. H KME népav Twv GAAWV npoypaupdtwy, nepiodika
avaAauBavel va TpEXEl kal €va sninAéov npoypauua, To onoio Tnv odnysi oTo va
eAEYEEl TNV KATAOTACON TWV NEPIPEPEIAKWV CUOKEUWV. ETol €€eTalel Tnv kaTtaoraon
TNC KABE NEPIPEPEIAKAC CUOKEUNG EEXWPIOTA HWE KdAmola npokaboplopyevn, BAcel
€evOC OXNUATOG MPOTEPAIOTNTAG, OcIpd. € MeEPINTWON nou JdlanoTwoel OTI N
NEPIPEPEIAKI OUOKEUN anaiTei €EunnpeTnon, TOTE eKkTeAei €va AaAAo npoypapua
€I0IKEUPEVO YId KABE OUOKEUr Mou neplypdgel To nola dsdopéva kal nou BOa
HeTapepBoUv. To gevapio autd €EUNNPETNONG TWV NEPIPEPEIAKWYV TUOKEUWV Eival
YVWOTO w¢ npoypauuarioyévn diadikaocia €1060dou-g&6dou (programmed
I/0). H un anodoTikdTNTA auToU TOU OXNMATOG NPOKUNTEl anod Td KATWO! :

a) H KME avaAwvel apkeTd Xpovo OJIEPEUVOVTAG MOIA NePIPEPEIaKA XpeialovTal
etunnpérnon. Ma napddsiygya av POVo TO TEAEUTAIO OTNV MPOTEPAIOTNTA
nepipepeiakd xpelalerar e€unnpernon, auto Oa OdianioTwBei pera and K
eAEyXOUC O6Mnou ol k-1 €é\eyxol ATav aokonol.

B) H KME xpeialeTal va ekTeAel TN NeETApopd Twv JEDOUEVWY, EVW OTOV idIo XpOvo
Ba pnopoloe va ekteAei GAAa npoypdauppata nou Ot oxertilovral HE Ta
METAPEPOUEVA dedopéva.

y) O PEOOC XpOVOC avapovhc Yia €EunnPETNON O MId NEPIPEPEIAKN CGUOKEUN
XAUNAAC NPOTEPAIOTNTAG MNOPEI va Yivel NoAU peydaloc.

To oxnua autd OpwWC €Xel €va MOAU PEYAAO MAEOVEKTNMA : TNV anAdTnTa Twv

anaroUPEVWY NEPIPEPEIAKDYV TUOKEUWDV.

>e pia OeuTepn ekdoxn, OBuaialoupe eAappd nePICCOTEPO UAIKO avd

NEPIPEPEIAKN OUOKEUN HE OKOMO va anaAAayoUhe and To HEIOVEKTNWA a) nio
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navw. E@odidloupe dnAadn kdBe nepIPEPEIAKN OUCKEUN MPeE Tn duvaToTnTa va
napdyel €va onua To onoio deixvel av autn anaitei eEunnpernon n oxi. MEow TNG
apTnpiag eA&yxou TaA ONUATA auTd KolvonoloUv TNV KATaoTraon Tng Kabe
NEPIPEPEIAKNG GUOKeUNC oTnv KME kal Tng unodeikvUouv va diakoyel Tn TpExouada
AgIToupyia TG yia va Tnv sunnpetnosl. Ta ofuata auta ovopalovTtal onuara
diakonng (interrupt signals). ETol Aoinov nepvaue otnv diadikaocia g100d0u
HE xpnon onuarwv diakonng (interrupt driven I/0). S autnv Tnv €kdoxn N
KME anaAAaypévn and Tov €AEyXo TNG KATAaoTaong TwV MEPIPEPEIAKWY, OUVEXILE
Kavovika Toug UMnoAoyIiopoUG TNG HEXP! va AdBel €va onua diakonng. ToTe, agou
oAOKANPWOEl TNV TpEXouoa €VvTOAR kal anodnkelosl To nepiBAAAlov epyaociac Tng
(TIMEC KATAXWPNTWYV, ONMAIEC KATAOTAONG KOK.) OTNV Owpd TOU CUOTANATOC,
MeETAnndd oTo NpOypaAuua €EUNNPETNONG TNG KABE NEPIPEPEIAKNG OUOKEUNG. OTav
oAoKANPWoel TNV €EUMNPETNON TNG NEPIPEPEIAKNG OUOKEUNG aVAKaAel Tnv
anoBnkeupeévn TNG KATAoTaon Kai enavapyifel Tnv ekKTEAEon anod To onueio nou
diakonnke. O1 neplogoTepeg KME, divouv gTov npoypauuaTioTn Tn duvaTtoTnTd, va
anokAegiogl Ta onuaTta OIaKOMNG yiad KAMoIo KOUMATI KWOIKA Mou €ival Kpioigou
Xpovou. T[piv TNV €KTEAEON auToU Tou KWOIKA HE EIOIKEC EVTOAEC O
NPOyPAMMaTIoTAC anokAeiel Ti¢ diakonég (interrupt masking) kail TIG eniTpEnel

AMECWC PETA TO TENOC TOU Kpioigou KwOIKA.

MNépa ano Ta npoBAnuaTa B) kar y) n Owadikacia HeE XprHon onUATWV
dlakonng enipepel To NpOBANNA Twv nNo6cwV onuatwv OIdKOoMNNG HNopouv va
unapxouv. Av kal 06a 0&Aape va €Xoupe TOOA ONPATA OlAKOMNG OCEC Kal Ol
NEPIPEPEIAKEC PHAC CUOKEUEC, AUTO €ival aduvaTto oTnv Tpéxouaa TexvoAoyia. Ta
guyxpova oAokAnpwpeva KME cuvhnBwc d1a0€Touv povo évav akpodEKTN yid onua
dlakonnc. Eva veo npoBAnpa ouvenwc mMou MnpoKUNTEl €ival TO NWC YIVETAl N

dlaolvdeon Twv MOAA®WV onudTwV aiTnong €Eunnpernong orTn Mia Kar povadikn

YPauun d1aKomnG.

e piIa NpwTN anAoikr npooéyyion 6a YnopoUCAPE va XPNOILOMNoINCOUKE
dia nuAn AoyikAc di1aleuéng (OR) n onoia 6a OUYKEVTPWVE Ta ONUATa aitnong
€EunnpeTnonNg o €va povo onua. H Alon opwg auth aduvaTtei va unodei&el To
OUYKEKPIMEVO NePIPeEPEIaKO nou InTd €Eunnpétnon. ETol Aoindv To npoypauua
€EunnpETNONG TNG dIOKONAC OE AuTn Tn nepinTwon Oa npénesl va nepiAauBavel Tnv
e€fTaon kABe nepipepeiakoU yia va dianioTwdei av auTtd eival nou {NTnos TNV
dlakonn f oxl. MNpoogETe OTI TO OEVAPIO QUTO €ival EVTEAWG JIAPOPETIKO aAnod To
OEvVApIo TNG NPOoYypPANPATIoONEVNG dladikaaoia €16000uU-£E000U, OTNV OMNoia 0 EAEYXOG

yiveTal akdun kal 0Tav Kaveva nepIPePeIako ds BEAEI eEunnpéTnon.
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MNa va anogeuxBei n xpovoBopa avalnTnon TNG GUOKEUNG nou {NTnoes Tn
dlakonn €ival npo@aveg oTI n anAoikn Aucon dev apkei. XpeialopaoTe pe aAha Adyia
€va OAOKANPWHEVO KUKAWPA, TO onoio Ba d&xeTal OAEC TIC aITAoelg diakonng anod
TIC NEPIPEPEIAKEC OUOKEUEG, Ba TIC Ta&lvouei BAosl evog oXANATOC NPOTEPAIOTNTAG
kal Ba avakolvwvel Tnv Unap&n aitnong e€&unnpétnong ortnv KME. To
oAokAnpwpEVo autd ovoualetal draxeIpIoTnG —eAeykTnG— diakonwv (interrupt
controller). >& éva oloTnua s@podiacuevo Pe diaxelpiotn diakonwv, n KME dg
xpelaleTal va egpeuva OAa Ta NEPIPEPEIAKA, AAAG pWTA TO OCUYKEKPINEVO
OAOKANPWMEVO YIO TO Mold CUCKEUNR anaiTei €Eunnp&éTnon Kal auTd TNG NApeEXEl
kateuBeiav Tn OI1EUBUVON TOU nNEPIPEPEIAKOU Mou npeEnel va €gunnpetnOei. H
d1elBuvaon auTr pnopei va xpnoiygonoinBei oav deikTng o €va nivaka nou nepPIEXEI
TIC OleuBUvVOeElG apxNC Twv MNPOYPAUMATWY €EUNNPETNONG KABE OUOKEUNG
(interrupt vector table). O1 oUyxpovol JiaxelploTEG dlakonwv Odivouv TN
duvaTtotTnTa va pubpileTal n npoTEPAIOTNTA KABE OUOKEUNG. EmimAgov, ol
duvaToTNTEC €NEKTACINOTATAC AUTWV TWV OAOKANPWHEVWV €ival MoAU HEYAAEG.
MeploodTEPA TOU €vOC TETOIA OAOKANPWHEVA PnopoUlyv va xpnoigonoinboulv yia TNV
€EUNNPETNON MNEPICOOTEPWYV OUOKEUWV N YIid TNV €néKTAcn TOU OXNHATOC

npoTePaldTNTAG.

6.3 Aiaitnoia peTa&§l noAAanAwv kupiov (Multiple master arbitration)

Na Tnv aneAeubépwon TN KME and Tn Oiadikacia pPeTa@opdc Twv
O0edopévwy and Kal nNpoc TIC NEPIPEPEIOKEC OUOKEUEG Ba npenel va NpooBEcOUNE
oTo cuoTnua AaAAn gia Pgovada n onoia va €ival ikavn va odnynoel Tnv aprtnpia
dleuBbuvoewy, N JE GAAA Aoyla évav emnAgov KUpio. Eidape dpwg nponyouueva oTI
0€ oUOTAMATA YE NOAAOUC KUpioug avaduUeTal n avaykn GuyxXpoviouoU Toug, agou
0e B€Aoupe auTtoi TaAuTdXpova va odnyouv TIG Olapoipaldopeveg aptnpiec. To
npoBANUA Tou ouyxpoviopoU AUveTal e duUo Tpodnoug : Tn diaitnoia (arbitration)

Kal TNV unokAonn KUKAwV.

Se €va oxNUa YE GUyXpovIouo Bacel diaitnoiag pia and Tic Hovadeg KUpioug
(ouvABwc n KME) 1 pia véa povada, ovopalopevn drairntng aprnpiag (bus
arbiter) avalapBavel va oUAAEyel TIC aQITAOEIC TwV JlapopwVv HOVAdwv Mnou
diapolipalovTal TNV apTtnpia, yia dAnokAEIOTIKA Xpnon Tng. Baosl evog
NnpokabopIoPEVOU N &vOC npoypauuaTi{ONEVOU OXNAMATOC NPOTEPAIOTNTAC, O
diaiTnTA¢ anogaailel o€ noia povada Ba napaxwpnOei N apTnpia KATAa Tov ENOUEVO
KUkAo. OAec ol undAoineg povadeg, ogeilouv va o€Bovral Tnv anogacn Tou
dlaITNTA Kal €70l APECWG MOAIG OAOKANPwWOEei o0 TpExwv KUKAOG, o@eilouv va

odnynoouv Ta KUKAWPATa Npooapuoyng He Tn dlapoipalopevn aptnpia otnv
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kataotaon uwnAnc epnednong (high impendance), anoTpénovrac €T1ol Kabe
£NNPeacuo Tou duvapikoU Kdl Tou peupaTog nou Ba eniBaAAel ndvw otnv aptnpia
n Hovada nou Oa anokTAOeEl Tov €AEyXo TNG aptnpiac. Auto TO OXAMA
guyxpoviopoU, ouvnlwc spappoleTal 0Tav n TaxutnTta METAPOPAC OEDOPEVWV
navw ano Tn diaugoipaloyevn aptnpia eival n idia yia TIG JIAPOPEC CUTKEUEG
Kupioug, yiaTi povo TOTE 0 apiBuoG TwvV KUKAWV KaTa Touc onoiouc n KME de¢
unopei va xpnoiponoinosl Tn diapoipalopevn apTnpia ival ouykekpigévog. Kabe
XAUEVOG KUKAOC yia Tn KME 1coduvapei pe unofdduion Tng anodoong Tou
ouoThuaToc. Emiong autd To oxnua e@apuoleTal O CUCTAMATA €ne€epyaaciag

O0edopEVWY NpaypaTikou Xpovou (real-time systems).

To oxnua diaiTnoiac Pe unokAonn KUKAwv (cycle stealing) spappoleral
oTnv nepinTwon unap&ng dUo Kupiwv kal BacileTar oTnv naparfipnon OTI Mia
Movada Kuplog akoun kal OTtav  €xEl OTNV  AMOKAEIOTIKN XPAon TnG Hid
dlapolipalopevn aptnpia dev eival UNOXPEWTIKO va Tnv XPnoIMOMolEl o€ KABe
kUkAO. Ac unoBeogoupe yia napdadsiypa Tnv KME, oTnv nepinTwon nou ekTeAEl TNV
akoAouBn evtoAn :

ADD R1, R2
onou R1 kar R2 sival d1euBUVOEIC KATAXWPNTWY KAl TO ANOTEAECHA TNG NPOoBeoNC
anobnkeveTal otov R1. MNa Tnv napandavw €vtoAn €ival npopaveg oti n KME dev
XpelaleTal va xpnoigonoinoel Tnv aptnpia dieuBuvoewyv kai dedopueEvwy, napd Hovo
oTnVv apxn TNG &€VTOANG yia TNV MPOOKOWION TNG &VTOANG. OuunBeite OTI 0Ol
KaTaxwpnTeg BpiokovTal oTo oAokAnpwuévo TG KME kal ocuvenwg dev anairouvTal
NpooneAAosIC TNG KUPIAG MVAUNG YIA TNV Npooaywyn Twv dUO0 EVTEAWV. ZUVENWC,
pia OeUTepn povada KUPIOG PMOPEl va XpNnoIYONoINCEl AuTEG TIC APTNPIEC TNV wPd
nou n KME npooneAaUvel TOUuG KATAXWPNTEG TNG, €KTEAEl TNV npooBeon Kai
anoBbnkelel Ta anoTeAEoUATA TNG. Ma va sival epikTd auTo To oxnua Ba npenel iTe
n KME va dnAwvel otn 0gUTepn povada Tnv npoBesor TnG va Ynv XPnoIUonoInosl
Kal ouvenw¢ va anodeopevosl TIC apTnpieg (bus grant) eite n dsUTepn povada
KUPIOG va akoAouBsi pia diadikacia avTioToixn TNG anokwdIKomnoinong TNG EVTOANG
woTE va yvwpilel og noloUc unokUKAoUC Ba eAeuBepwBoUV o1 apTNPIEC WOTE va TIG
xpnoigonoinoel. AG doUNE Nw¢ epappoleTal autd To OXAMA OTNV NEPINTWON TNG

31acuvdE0NG TWV NEPIPEPEIAKWY CUGKEUWV KE TO UNOAOINO UMOAOYIOTIKO oUoTNnUa.
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3To napandvw oxXAMa £XOUHME NPOCBECEl OTO UMOAOYIOTIKO Hag ouoTnua
€vav €eAEyKTn dapeong npoonéiaong Mvnung (Direct Memory Access -DMA-
controller), €éva oAokAnpwuévo To onoio pnopei va odnynoel TI¢ KUPIEC apTNPIEC
dleuBbuvoswv kal dedopeévwv. lMa va kataAdfoups Tn AsiToupyia autoU Tou

OXNUATOC ac unoBEooupe OTI MPIA NEPIPEPEIAK) CUOKEUN METAPEPEl O£ KABE

egunnpérnon TnG 1Kbyte nAnpo@opiac npog Tn kUpia PvAMN. YNOBETOUWE €niong

TNV Unap&n evog eAeykTrh onuaTtwv diakonnc (nou Oev (aiveTal O0TO NApAnavw

oxnua). H diadikacia nou Ba akoAouBnBei yia Tn HeETAPOPA anoTeAsiTal and Ta

€&NG Pripara :

1) Méeow evog onuaTog dIaKoMNNnG To NEPIPEPEIAKO €100MOIEI TOV EAEYKTH dlaKONWV
yla To OTI xpeialeTal eEunnpeTnon.

2) O eAeykThC dlaKONWV AvakoIvWVel TNV aitnon diakonng otnv KME.

3) H KME olokAnpwvel Tn TpExouoa €vToAn, anobnkelel Tn kKatdoTaorn TnG Kai
£pWTA TOV EAEYKTN dIAKONWY OXETIKA ME TO Mola ouokeun InTa eEunnpernon.

4) OTav 0 €AeykTAC OIaKOMWY TNV EVNMEPWOEl, HETANNDA OTO NPOypAuua
€EUNNPETNONG TNC OUYKEKPIMEVNG OUOKEUNG (npdypaupa odnyodc - device
driver).

5) To npdypappa eEunnpetnong evnuepwvel TNV KME oxeTika Ye To and nou Ba
diaBacel TIG nAnpo@opiec kal nou 6a perapepBbolv ol nAnpogopisc. H KME
npoypauuatifel Tov eAeyKTH AUEONC NPOCNEAAONG YIA vad KAVEl T HETAPOPA
(oTnv oucia Tou avakolvwvel Tn dieUBuvon apxng avayvwong kKal eyypaeng
Kal To HEYEBOG PETAPOPAG).

6) H KME avakaAei Tnv anoBnkeupévn TnG KaTaoTaon Kal ouvexilel va €KTEAEI
KAVOVIKAd TOUG UMOAOYIOHOUG TNG.

7) O eAeykTAC Apeonc npoonelaocng uvnung diapadel Tic nAnpogopiec and Tnv
NEPIPEPEIAKT CGUOKEUN XPNOINONOIWVTAG OJIAPOPETIKEG UNOapTNPIeG Kai TIG
anoBnkelel og JIKN TOU TOMIKN UVAKN, Ev® napdAAnAa o kUkKAoug nou n KME
O0€ XpnOoIYONOIEl TIC KUPIEG APTNPIEC METAPEPEI TIC NMANPOPOPIeC oTnv KUPIa
HVAHN.

8) ZTo TEAOG TNG METAPOPAG O EAEYKTNG AMEONG NPOOMEAACNG MVAMNG MECW MIAG

aiTnong diakonng, avakoivwvel otny KME Tnv oAokAnpwon TngG METApopdc, n
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ornoia PJEOW TOU €AeykTr dlakonwyv €IO0MNOIEl TNV MNEPIPEPEIAKN) OUOKEUN va

anocupel TNV aitnon d1akonngc.
Ta napandvw BrAparta €ival gia anAouoTeudevVn NMepIypapn TnG 0Ang diadikaaoiag,
a@oU anokpUNTOUV GNUAvTIKAa npoBARUaTa nou pnopoUv va npokUwouv, 6nwg yia
napadelyya TI YiVETAl av TV ®PaA Mou Yiveral yia peragopd €pbel aitnon via
METagoOpa uwnAOTEPNC npoTepaldTNTAG N OTav Mdia HeTagopd O pnopei va
oAOKANPWOEl 11 N oAOKANPwWOr TNG anaitei NoAU peyailo xpovo. Ta npoBAnuara
auta ©6a avaAuBoUv OIeEodikG oTa pabnuata ApXITEKTOVIKNG YMOAOYIOTWV,
Alaouvdeonc MiIkKpoUMNOAOYIOTIKOV JUCTNUATWY Kal [Mpoxwpnuévwy Ogudtwy

ApPXITEKTOVIKAG.

6.4 Zeipiakn kal napdAAnAn avraAAayn 3edopEvmv

Mia Baoikn kartnyoplonoinon Twv OlAQOopwV apTnpi®wv Mnou ouvndwg
diaTiBevTal og €va unoAoyioTikO ocUCTNUA €ival g€ apTNPIEG NOU ava XPOVIKO KUKAO
MMopoUVv va PETAQEPOUV HOVO €va duadikd wngio kAl G apTnpiec nou ot Kabde
XPOVIKO KUKAO HMOpOUV Vva METAPEPOUV HeyaAUTepa nood nAnpogopiac. Ol
apTnpiec auTtéc ovopalovtal ocsipiakec (serial) kar napdAAnieg (parallel)
avTioToixa. O1 ovopacieg auTeG NPoKUNTOUV anod To OTI OTnN MEV NPpWTN NEPINTWON
€va nooO nAnpogopiac peyaAUutepo ano &va duadikdo yneio 6a npénel va
pHeTapepBei oe  diadoxikoUG  KUKAoucg, evw otn  OslTepn  MNePINTwON
XpnoigonoiouvTtal Tautoxpova OAol ol diabéaipol nopol TNG aptnpiac. MoAAEg
POPEC ol KATAANEEIC QUTWV TWV APTNPIWV OE KAMOIOV TUMOMOINUEVO AKPOOEKTN
ovopalovTtal kal Bupeg (ports) Tou uMNoAoOyIOTIKOU oucThRuatog. ETol n @paon
"geipiakd novTikl" O onuaivel TinoTa NeEPICOOTEPO AMNO UIA MEPIPEPEIAKT CUOKEUN

nou oUVOEETAl OTOV AKPOJEKTN MIAC OEIPIAKNG apTnpiac.

SuykpivovTag Ta dUo €idn apTnpiwv PMETA&U Toug kanolog 8a pnopouos va
ONMUEIWOEI OTI :
¢ O puBpoi peTapopdc dedopevwv navw and TIC NAapAaAAnAec apTnpieg eival
ONMAavTIKA YEYAAUTEPOI anod AUTEC TWV CEIpIaKWY, OTav auTéC dIaBETouv Tov
010 XpovikO KUkAo. MNa napdadsiypa Yia osipiakn apTnpia JeE Xpovikd KukAo 30
ns (1ocodUvapa, pia aptnpia nou xpovileral ge poAol 33,33... MHz) oTn osipiakn
nePIiNTWon npoo@EPel PEYIOTO PUBPO peTagopdag dedopévwv 33,33 Mbps
(Megabits / sec), evw pia avTioToixn napaAAnAn pe 8 duadikd wnoia 6a pag
€JIVE HEYIOTO PUBUO PETAPOPAG dedopévwv 266,64 Mbps. TiveTal ouvenwg
npo®avec OTI ol NapdAANAec apTnpieg xpnoiyonoloUvTal yia Ta nio yprnyopa
NEPIPEPEIAKA EVW Ol OEIPIAKEG yia Ta nio apyd. (Mpoo€ETe 0TI oTa napandavw

unoBEagape OTI Ol apTnpiec xpovilovtal Pe avTioToixa poAdyia. QoTocgo, autd

- 96 -



KEDPAAAIO 6 — Eicodoc - E€odoc

onavia 1oxUel, Jiag kal givalr noAU gUKOAOTEPO VA XPOVIOOUUE HIA OEIPIAKN
aptnpia pe NoAU uwnAoTeEpNC ouxvoTnTag poAdl and OTi pia napdAAnAn
aptnpia’ onuepa -2002- osipiakoi pubpoi peTapopdc dedopevwy TNG TAENG TwV
100 Gbps cival epnopika diabgaiyol).

¢ To kbdoToC piac napdAAnAng aptnpiag €ivar noAAanAdcio auTtoU WIag OEIpIAKG.
AUTO ogeiAeTal népa ano Tnv avaykn Unap&nc nepicooTEPWY AYWYWV OTO OTI
anairoUvTal NEPICOOTEPOI AKPODEKTEC O KADE OAOKANPWHEVO MOU XPNOILOMOIEI
dia napdAAnAn aptnpia, nepioogdTeEpa KUKA®PATA odnynong KAM. ZnuavTika
peyaAUTepo KOOTOC €niong anaiTeital yia Tn diacpaAion noidoTNTag Navw o< Jia

napaAAnAn aptnpia a@ou n niBavoTnTa Aabwv €ival noAAanAaocia.

Mia apTnpia pMnopei eniong va katnyopionoin®ei avaloya ME  TIC
KaTeuBUVOEIC €NIKOIVWVIAC NMou €nITpENEl. YNOBETOVTAG TNV €nIKOIVwvia HeTAEU
TWV CUOKEUWV A Kal B ndvw and pia apTtnpia, undpyouv ol €ENG mBavoTnTeG :

a) H A pnopei va oteilel dedopéva otnv B aAAd n B dev pnopei va oTeilel
dedopeéva otnv A (N To avTioTpogo). € aAuTn TNV NEPINTWON MIAAUE Yia
Hovodpopun (simplex) apTtnpia.

B) H A pnopei va oTteiAel dedopéva otnv B aAAd Taurdxpova n B dev pnopei va
oTeilel dedopéva otnv A () To avTioTpogo). =€ AUTA TNV NEPINTWON HIAGUE Yia
nui-apeidpoun (half-duplex) aptnpia.

y) H A upnopei va oTteilel dedopéva aTnv B kal Tautoxpova n B pnopei va oTeiAel
dedopeva otnv A. Z€ auTn TNV nepinTwon WIAGue yia apeidpoun (full-duplex)
aptnpia.

Eva peydAo npoBAnUa anoTEAEl O OUYXPOVIOWOG TWV OUCKEUWV MNOU
xpnoigonoiouv Tnv aptnpia. O ouyxpoviopog eival anoAUTwG avaykaiog yia va
anogeuxBouv ouykpouoelic ndvw oTnv aptnpia, aAAd kar yia Tnv a&ionorn
avanapaywyn Twv dedouévwv and Tov NnapdAnnTn diac nAnpogopiac. Na va yivel
no karavontd To nNPOBANUA acg unoBEcoupe OTI €vac anooToA£ag O€Ael va
anooTeiAel NGvw ano Jia osiplakn aptnpia Tnv nAnpogopia 10011001. Eotw OTI
TonoBeTei kKABe Wneio TNG nNAnpogopiac BAcesl TNG OETIKAC AKWNAG €vOG Tomnikou
poloyloU. ToTe Oa e€ixaue €va oxnua Onwg To akoAouBo nou pag deixvel Tnv
METAdIdONEVN nNAnpogopia oUP@wWva HPE TO POAOI MOU XPNOIJonoinoe o
anooToA£ac. QoTdéco n nAnpogopia auTtr @TAvel eAappd KAaBuoTeEPNUEVN OTOUG
d1dpopouc NapaAnnTeg ol onoiol XpNaoigonoloUv Pev poAol idiag auxvoTnTag aiAd
evdexopeva pe dilaopa ¢paong (phase shift) oe oxéon pe To poAol Tou napaAnnTn.

Avaloya Aoinov pe Tn kaBuoTEpnon TnG nAnpogopiag kai Tn dia@opd ¢pdaong oTa
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poOAOYIa TWV NApaAnNnTwV auToi pnopei va anokwdikonoioouv owoTtd (n.X.

napaAnnTng 2) n Addog (napaAnntng 1) tn peradiddpevn nAnpogopia.

ms | [U LU U UL

Metadidopuevn
mAnpopopia

Xpovikd
kabvotepnpévn
TAnpopopia

e LT UL L
s | TULUTU UL

Mia npwTn npo®avng AUcon OTO Napandvw npOoBANUa €ival o anooToA£ag
TNG nAnpo@opiac népa and autiv va WeTadidel kal To pPoOAOI To onoio
Xpnoigonoinos yia TNV anodToAn Tng. ®duaoikad eAnifoupe OTI Ta 2 onuata 6a
unooToUv Tnv idla kaBuoTépnon HEXP!I va (PTACOUV OTOUC NAPAARNTEG TOUC.
QaTtooo n AUon auTr au&avel Tov anaiToUPeEVo apiBPd aywywyv Kal avTevoesikvuTal
oe uwnAbouxva onuata poAoyloU. EvaAAakTikn AUon €ival n kwdikonoinon katd
Manchester. Mg Tnv kwdikonoinon auTr oTnv oudia EYPWAEUOUNE TO POAOI EVTOG
Twv Oedopeévwyv Kal €ival €uBlvn Tou napaAnntn va To avanapdayel. H
KwOIKOMOoIiNaN auTr| OTO KEVTPO TOU XPOVOU HETAd0ONG evog duadikoU wn@iou €Xel
Mia avodikn akpr av To KwdIKonoloUPEVo Wyngio €ival 1 kal yia kabodikf akun yia

70 0. To napakdTw oxnua deixvel Tnv Kwdikonoinon Tou 0110010
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Onwaodnnote kal av dAAolwBei xpovikd n nAnpo@gopia eival aiyoupo OTI ©
napaAnnTng TnG auéows PETa anod Tn Afwn duo idiwv duadikwyv YnPiwv Propei va

avaouvBEaoel Ye HeydAn akpifeia To poAol Tou napaAnnTn.

Eva dANo IATnua TEAoC nou anaitei oulTnon €ival To NwG avayvwpilel o
napaAnnTng Tnv apxr anooToAnC OedOopEVWYV. ZTIC CEIPIAKEC APTNPIEC AUTO
EMITUYXAVETAl HPE TO va €XOUME Tnv aptnpia kabe oTiyurp otnv onoia Oc¢
XPNOIYOMOIEITAl O£ KAMOIO MNPOCUPPWVNUEVO duvapiko. H aAAayn ano autd To
duUVauIKO unodelkvUel TNV apxn METAdoong. >TIC NapaAAnAeg apTnpiec avTioToixa
UNAapyxouv OpIoUEvVol ouvduaouoi Kwdikwv (npodpopol - preambles) nou
unodeikvUouv Tnv apxn HIag PeTadoonc. Baosl Twv napandvw OTIC EMOUEVEG
napaypda@oug napouocidlovral ol  BacikéCc apxEC  AsIToupyiag  MEPIKWV

NEPIPEPEIAKWY OUOKEUWV.

6.5 BonOntikn Mvipun (Secondary Storage / Mass Storage)

To TeAeuTdio eninedo TNC IEpapyxiac PVAUNG anoTeAsiTal and NEPIPEPEIAKES
OUOKEUEC ONWG ol OIOKETEG, Ol payvnTmikoi diokol, ol Taivieg kAM. ZuvnoOwg
avaQePOUACTE OE AUTEG TIC OUOKEUEC ME TOov Opo BonBnTikn Wvnun, HIAg Kai
XpnoigonoloUvTal oav Pvhnun unepxeiAlong Tng kUpPIAg PVAHUNG TOU UMOAOYIOTIKOU
ouoTnuaTtoc. Mépa and To OTI Ol MVNHUEC AUTEC MPOOPEPOUV MNOAANAMAACIEG
XWPNTIKOTATEG and OTI N KUPIA PVAMN TOU CUOTANATOC 0 UnonoAAAanAdacio KOOTOG
ava Jduadikd wn@io, KUPIO XAPAKTNPIOTIKO OAWV TWV CUOKEUWV BondnTiKAG
MVAMNG €ivalr o1 diatnpouv Ta JedOopEéva TOUC, akOPn Kal Xwpic Tnv napoxn
NAEKTPIKOU peupaTog (non volatile memory). EninAgov emTpenouv Tn HeETAPOpPA
d0edopévwy ano To €va ouoTnua oTo dAAo. ZhAPEpa avapeoa OTIC CUOKEUEG AUTEG Ol
mo O1adedONEVEG €ival Ol JIOKETEG, Ol OiOKOI, Ol TAIVIEC Kal Ol onTIKoi dioKol nMou

e€eTalovral NapakaTw.

6.5.1. Aiokéteg

Ta duadika dedopeva os eva sukapunTo dioko (flexible disk) anoBnkevovTai
gav TNV napoucia n TNV dnoucia HayvnTionG O MIKPOOKONIKA KOPHATIa
HayvnTikoU UAIkoU (ouvnOwc o&eidio Tou a1dripou). Ta cwpaTidla auTa O PHEYAAEG
noooTNTEG XpnoidomnolouvTal yid TNV ERioTpwon Miag €UKAPnTNG NAAOTIKAG
EMNIPAVEIAC, JE OXNHa availoyo Twv diokwv BIvUuAiou. H sukaunTn auTtn nigaveia
TEAIKA NEPIKAEIETAl AnNO €va avOeKTIKOTEPO MAACTIKO. TO OUVOAIKO TEAIKO MPOiov
ovopdletalr diokéTa (diskette). H OlokeTa €xel €éva napdbupo HPECW TOU OMoiou
yiveTar n avayvwon n n eyypaen O0edopeEVWV MAVW OTO HAYVNTIKO UAIKO Tou

eukaunTou dioKoU, AnMO HId OUOKEUN yvwoTn w¢ povada diokerag (Floppy Disk
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Drive — FDD). OI npwTeG OIOKETEC €ixav d1aueTpo 8 vtowv. O1 NpwTolI NPOCWNIKOI
unoAoyloTec Tou 1981 xpnoipgonoinoav JIOKETEC 5,25 IvTowyv, o1 onoieg onuepa

£x0oUVv avTikataoTadei and TIC OIOKETTEC TWV 3,5 IVTOWV PE TO MOAU Mo avBEeKTIKO

nepiBAnua.

ApoU kaBe owpaTidlo pnopei va anobnkevosl €va duadikd wnoio, €ival
npo®aveg oTI JeyaAUTePEG NooOTNTEC NAnpo®opiac pnopolv va anobnkeuTtolv o€
dia osipd anod owudaTidla. Suvenw¢ napakdTtw, €EeTaloUPE TN QUOIKR 0pYyavwaon
TwV dedOPEVWY, NAVW O HIa OIOKETA. KaBe smipdveia yiac dIoKETAG dialpeiTal o€
MeyaAo apiBud opokevTpwy KUKAWY, nou ovopalovTal tracks. Kabe track diaipeital
neEPAITEPW Ot €vav PeyaAo apiBud and KUKAIKOUG Topeic, ol onoiol ovouadlovTal
sectors. € kGBe sector anobnkevueTal evag oTabepdg aplBPoOG NAnpopopiag, P nio
ouvnOiopéva peyedbn Ta 512, Ta 1024 kar Ta 2048 bytes. AuTtd onuaivel OTI ol
€EWTEPIKOI sectors €xouv onNUAvTiKa PIKPOTEPN NUKVOTNTA gyypapnc and oOTl ol
KOVTIVOI ¢ Npoc To KEVTPo sectors. Keva, dnAadrn €niQaveiec Xwpic PHayvnTiko
UAIKO peocoAaBouv Tooo PeTa&U Twv sectors 000 kal HETAEU Twv tracks, pe okono

TNV KAAUTEPN ouvepyaoia PETAEU NAEKTPOVIKWV KAl HNXAVOAOYIKWV OTOIXEIWV.

Evog Sector

H eyypagpn piag nAnpogopiac navw o€ did JIOKETA YiveETAl NAVTOTE OfF
noooTNTeC NoAAanAdoiec Tou evoc sector. Av dnAadr kaBe sector pnopesi va
anoBnkevosl 512 bytes nAnpogopiac, TOTE €va apyeio peyedoug 1243 bytes, Ba
kaTtaAdpel 3 sectors, 6rnou o TeAeuTaiog Ba sival YEPIKWCG YENATOG. ZUVENWG O HIA
OIOKETA OUVOAIKOU pHeyéBouc 1.2 Mbytes noAU ondvia pnopoUde va

XpNoigonoifooupde 0A0 To d1aBE€aIHo anoBnkeuTIkO Xwpo. O JIOKETEG AVAKOUV OTIC
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OUOKEUEC anoBnKeuonG AapeEooU NPooneAdoews. =€ avTIOIAOTOAN HE TIC OUOKEUEG
OEIPIOKNAG NMPOCMEAAONG, 0 XPOVOC avakAnong Piag nAnpo@opiacg sivar aveEaptnTog

and Tn oIpd eyypaPnc Twv dIapopwV NANPOPOPIwV.

H diadikacia eyypapnc kKal avayvwong npayudTonoleiTal ano pia Ke@aAn
ava snmipaveia. MNa va apxioel n gyypapn / avayvwon 6a npenel va €XOUNE TN
duvaTtoTnTa va TonoBeToUUE TN KEPAAN NAvw anod OMolov OUYKEKPIUEVO sector
B€Aoupe. AUTO MpayuaTonolsiTal Je TN Kivnon TNG KEPAANG KATa Tov agova Twv

tracks, ka1 Baoel Tn¢ TaxUTNTAG NEPIOTPOPNC YvwpilovTag £vav apXiko sector.

I'Ispl'choq)r'] Kivnon
Aiokou Bpayiova
Kepaing

KegpaAn
Avayvwong /
AvVayvVWwpIOTIKO Evypa¢rig
MNOEVIKOU
sector

Eotw yia napddeiypa, OTI n Ke@aAn Bpiokerar oto track 12, (6nou Ta tracks
apiBuouvTal and péoa npog Ta €Ew) kalr BEAel va npoonehdcel Tov sector 8 Tou
track 3. AuTo petagpadleTal og Kivnon Tou Bpaxiova Tng KEPAAnG npog To KEVTPO
TN OIo0KETACG MEXP! To track 3 va Bpebei kdTw anod Tnv KepaArn. Aedouévng TNG
oTabepric TaxuTNTAc NeEPIOTPOPNG KAl KAMOIOU avayvwplioTiIkou Tou sector 0 ot
kaBe track, n nepioTpo®ry ynopei va orapaTnosl 6tav o sector 8 Bpebei kATW aAno
TNV KEQAAR. Zav avayvwpioTika Tou MPNndevikoU sector €xouv Xpnoigonoinoei
ONTIKEG (MIa PIKPR onn HE HMIa ¢wTodiodo Kal £vav QWTOAVIXVEUTH eKATEPWOEV

TNG) N MNXAVOAOYIKEC KATAOKEUEC.

Eva ouUvoAho nAnpo@opiac anoBnkelUstal O pia OIOKETA Oav Mia evidia
ovtoTnTa, ovopalopevn apxeio (file). Eva apxeio unopei va kataAapBavel
nepIcoOOTEPOUG anod £vav sectors, ol onoiol pnopei va BpiokovTal diaonapTol O€
didgpopa tracks. Eival npogaveg OTI yia Tn ypnyopoTeEPN AvakTnon €vOc apxeiou
ano pia dIOKETA Ol KIVIOEIC TNG KEPAANC XpelaleTal va ehaxioTonoinfouv. SUVEN®G

gival eniBupnTo, ol sectors nou anoTeAoUv €va apxeio va eivar diadoxikoi (va
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avAkouv oTo 010 track kai va &novrtal o €vacg Tou dAAou katd Tn Oiadikacia
NeEPIOTPOPNG), MIAC KAl HYE MOVO HId Kivnon TNG KEPAANG MMNOpoUUE O Hid
nepiotpopn va oOlapadooupe noAAoUc and Toug sectors Tou apyeiou. AUCTUXWG
OHWG, AOYW TWV dIAPKWV EYYPAP®V, dlaypa@®V Kal TPOMOMOINCEWY TWV APXEiWV
Mou uUnapyxouv ot Mia JIOKETA, Ol sectors mou cuvnBwc eivalr eAelBepol, eival
didonapTol Navw oTnv enipavela Tng dIokETac. ETol kata Tnv €yypagn Tou éva
apxeio keppaTileTal og sectors nou Tonika dev €ival yeirovikoi. To paivouevo autd
ovopaleTal kepuaTiopog (fragmentation). MNa Tnv ano@uyr Tou ¢paivogevou auTou
OUXVA XPNOIMONOIOUKE POUTIVEC TOU AEITOUPYIKOU CUCTANATOC NMou avaAauBavouv
Tnv avadidpbpwon Twv apxeiov navw otn OiokéTa (defragmentation) kai
MEIMVOUV TO (PAIVOUEVO TOU KEPUATIOPOU, au&dvovTag Tautoxpova Tnv TaxuTnTa

NPoomnéAaonc Twv JESOUEVWV.

Ouwc kal n anofrikeuon oe 01adoXIKoUG TOMEIC HMOpPeEl va ano@Epel
npoBANuUaTa, AOyw TNG ENNAOKNAC TWV MNXAVOAOYIK®OV KATAOKEUWY Nou anapTi{ouv
Hia govada diokETac. KaTtda Tnv nepioTpodr) TNG JIOKETAC, AOYw adpdavelag, KMNopeEi
va nNpokAnBouv : diaBaocua népa ano To TEAOG EvOC apxeiou, aduvapia avayvwong
enITuxw¢ and diadoxikoUG sectors, aduvapia va avTiIAngOoUPe To TEAOG evOg
sector kAn. Aidgopol Tpdnol yia TNV ano@uyn auTwv TOV NPOoBANHATWY Nou £XouV
npoTabei €ival :
¢ H xpnoigonoinon kwdika Gray. MNa Tn duvatov ypnyopoTEPN Kal EYKUPOTEPN

andépaon oxeTIKA Pe TN B€0n TNG KEPAANG, ol sectors dev apiBuouvTal BAcel
Tou OuadikoU ouoTAPATOC, aAAd Ot €vav Kwdlka OTovV 0rnoio o kabe apidBuocg
OlaPEpel and Tov MNPONYOUHEVO Kal TOV €NOPEVO TOU Ot €va HOvo Ouadiko
wneio. H aneikdvion yeTa&u duadikou kal Gray kwdika, yiveral Baoel Twv €ENG

Kavovwy :

1. Av b,.ibns ... bg €ival n napdoraon evog apiBuou oTo duadikd cuoTnua,
TOTE 0 idlo¢ apiBuodc aTtov kKwdika Gray napiotatal and Tn WnPIoAEEN gn.
19n-2 ... 9o, OMOU : gn1 = bny Kal g = byy1 @ by yia k=0,1, ..., n-2 (70
oUlBOAO @ unodeikvUel TN AoyIKr NpAa&n anokA&IoTIKAG dIAZeuEnc).

2. AV gn.19n-2 ... 9o €iVal n napdacTaon €vog apiBuou oTov Kwdika Gray, TOTE O
idloc apiBudc oTo duadikd napiorartal and Tn WPnQIoAEEN bn.ibno ... b,
onou: b,y = gn1 Kai by = b1 ® g yia k=0,1, ..., n-2.

O kwdikac Gray avnkel Ot Mia gupUTEPN KaTtnyopia Kwdikwv ol onoiol

ovopadovTal KATonTpikoi, yiaTi pnopoUv va KATAOKEUAOTOUV WE KATOMTPIOHO

TWV AON KATAOKEUAOUEVWV WNPIOAEEEWY. M.X. yia kwdika Gray gvog duadikou

WNPiou £XOUHE TOV AVTIOTPENTIKO KaTonTpioud O | 1. Ma va ¢Tiaoups Tov

Kwdika 2 duadikwv Yyneiov napedBAAAOUPE €va avTIOTPENTIKO KATOMNTPO KAl
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npokUNTel To 0 | 1 | 1 0. Baloupe pnpootd and TIC apXIkES AéEeic pac To 0
Kal TIC KaTonTpIKEC To 1, ondTe naipvoupe Tic AgEeic 00 | 01 | 11 10, nmou
gival o kwdikag Gray 2 wneiwv. Me Tnv idia diadikacia naipvoupe 00 | 01 |
11 10 | 10 11 01 00 kai HE TNV NPOTORKN TOU aPXIKOU WNPIou TIC KWSIKES
AEEgIC TpIOV duadik®v yneiov : 000 | 001 | 011 010 |110 111 101 100,
KOK.

¢ H anobnkeuon evdc apxeiou, XpNoINONOI®VTAC £vad MNOCOOTO HOVO JIadoXIKWV
sectors, yvwoTd wc interleaving factor. MNa napadeiyuya, av XpnoidonoloUhE
kanoiov sector, Tov PEBEMNOPEVO TOU, TOV WEBEMNOPEVO TOU PEBEMONEVOU TOU

KOK, TOTE €XOUWE £va interleaving factor ico ye 2.

H d1elBuvon Tou NpwTou sector kKABs apyxeiou anoBnkeveTal oTov sector 0
Tou track 0. =Tov idl0 sector anoBnkeleTal kai n dieUBuUvVON ToUu NPWTOU AdEIoU
sector. OAeG auTEG ol diIeuBuvoelg gival duadec TN HopPNG <aplBuog track, sector
Tou track>. O oUyKeKpIPEVOG sector ovoudaleTal kal sector ekkivnong (boot sector)
Kal yia va ano@Uyoupe va Tov diaBaloupe npiv and kabe npoonéAacn, Ta
OedouEéva Tou PeTaPépovTal aTny KUPIA YVAUN META TNV NPpWTN npoconéAaocn. Kabe
sector eniong Ocixvel €iTe OTI €ival o TeAeuTaioc sector evog apxeiou, €iTe Tn
d1ellBuvaon Tou enNopdévou sector TOU apxeiou, €iTe av €ival Kevog Tn dielBuvon Tou

€nopEvou KevoU sector.

H pikpn xwpnTikdTNTA (YIa Ta onUepIva 0edopeva) Twv SICKETWV NEPIOPICE
TN XPNON TOUuC Ta TeAeuTaia Xpovia HOVO O MEPINTWOEIC PMETAPOPAC PIKPWV OF
OYKO dedoMEVWY UETAEU UMOAOYIOTIKWV CUCTNHATWY KAl yid TNV €KKivnon KAanoiou
UMOAOYIOTIKOU OUOTANATOG O€ MNEPINTWOEIC avaykng (opdaApa oTtov okAnpo dioko,
npooBoAn ano 10U¢ kKAM). H eupeia d1ddoon Twv OIKTUWV UMOAOYIOTWV AVAUEVETAI

va MePIOPITEl AKOUN NEPIGAOTEPO TN XPNON TOUG GTO HEAAOV.

6.5.2. 2kAnpoi Aiokor (Hard Disks)

MNa Tnv anobnkeuon HEYAAUTEPWV MOCOTNTWV MAnpo®opiac ora onuepiva
guoTnUaTa XpnoigonoloUvTal ol okAnpoi diokol (oTo €€rc Ba avagepovTal oav
diokol). O1 diokol anoTeAoUvTal anod NEPICOOTEPEG TNG MIAG HAYVNTIKEC EMIPAVEIEG
(nAaTO) Nou n KABe pia Toug £xel opyavwaon avTioToixn UE auTnV HIac OIOKETAC Kal
UNApYXOUV TOUAAXIOTOV TOOEC KEPAAEC OOEG KAl Ol JAyVvNTIKEG em@avelec. OAEG ol
HayvnTIKEG €MIPAVEIEG NEPIOTPEPOVTAl TaAuTOXpova yUpw anod Tov idio da&ova.
>uvnenc TaxuTnTa nepIoTPOPnC €ival ol 7200 nepioTpo®PEC ava Aentod (revolutions

per minute — rpm). 2T0o NAPAKATW NAPAdEIYNA OAEC Ol KEQAAEC avayvwong-
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EYYPAPNC KIvoUvTal TAUuTOXpOovd, aPou OAEC TOUGC OTEPEWVOVTAlI OTOV 00 ApHo
(moving head disk). ZTouc okAnpouUg dioKoug XPNOILONOIEITAl KAl N opoAoyia Tou
KUAIiVOpou, nou oupBoAilel Tov vonTo KUAIVOPO Mnou oxnuaTileTal BewpwvTac To
id1o track oTa didpopa nAatod nou anapTilouv To dioKo. STouG dioKoug PHnopolV va
xpnoigonoinBoUv NOAAEG JIAPOPETIKEC OPYAVWOEIG YIa Ta apxeia. MNa napdadeiyua
sectors Tou idlou apxeiou unopoUv napdaAAnAa va ypagovTtal kal va diapalovTal
oTa d1a@opeTIKA tracks Tou idlou KUAIVOpoOU, evw 0 GAANEC MEPINTWOEIC O KABE

nAatd pnopei va npoonehalvovtal dlaPOpPeTIKG bits TG anoBnkKeupevng

nAnpogopiac.

A&ovog TepIoTPoPng
Keparég Avayvoong Eyypaeng

Mhotd NG

=

I W
==
S

Y/
i

-

- A&ovog Kiviong Tov KEQOAOV

O xpOvoC MNou anaiTeitTal yia Tn HETAQOPA nAnpo@opiac HeyeBoug evog
sector ano kal Npog €va dioko, anoTeA&iTal anod TIG €ENG OUVIOTWOEG :
¢ To xpbvo TONOBETNONG TNG KEPAANG 0TOo owoTo track (xpovocg avalntnong -
head seek time).
¢ To xpoOvo neploTpopnG HEXP! 0 0WOTOC sector va Bpebei kKATW anod TNV KEPAAR
(xpOvog nepioTpoPng — rotational delay) kai
¢ To xpovo avayvwaonc Tou sector.
H npwTn and Tic napandvw OUVIOTWOEC €ival Kal n hgeyaAuTepn. Ma Tn PeTakivnon
METAEU vermovikwv tracks, pia Ke@aAn anaitei Xpovo HEPIKWV XIAIOOTWV TOU
deuTepoAenTou. H peiwon AuTtnG TNG OUVIOTWOAG PNOPEi va eniTeuxBei pe Tnv
unap&n nePICOOTEPWYV TNG HIAC METAKIVOUMEVWV KeEPAA®WV avda nAarto. lia
napdadelypya unoBeoTe OTI OIAOETOUNE 2 KEPAAEC Kal 1024 tracks ava enipaveia Tou
diokou. AvaBeTovTag oTnv Hia Ke@AAR va Eunnpetei arirnoelg Twv tracks 0 €wg
511 kar ortn deUTeEpn TWV UMOAOINWY, HEIWVOUUE OTO HICO TO MEYIOTO XPOVO

avalnTnong. =TnV akpaia nepinTwon PNopoUNE va €XOUNE O0EC KEPAAEC O0A Kal Ta
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tracks kabe enmipaveiac. Or diokol auTtoi ovopadlovTal diokol oTabepnC KEPAAAG
(fixed heads disks) kai @uoikd npoo@epouv HPNOeEVIKO Xpovo avalntnong. O
apIBuOC TwV KEPAAWV ava enipavelad wotTdéoo kabopilel kal To KOOTOG evog diokou.
O1 diokol oTaBepwv KePAAWV €Xouv MOAAANAdCIO KOGTOG and TOUG avTioToIXNG

XWpNTIKOTATAG dioKOUC KIVNTAC KEPAANC.

6.5.3. Mayvnrikéc Taivieg (Magnetic Tapes)

>e avaAoyia PE TIG TAIVIEG HAYVNTOPWVOU N MMOKUMIVOPWVOU, Ol HAayVNTIKEG
Tavieg (oTto €&ng Oa avagepovral oav Taivieg) anotehoUv €va ¢TNVO HECO
OcIpIaKNG anoBrikeuoncg dedopevwy. Mia pgovada payvnTikng Taviag ouvnbwg €xel
MOVO HIa KEPAAR, MNpooTd and Tnv onoia NepvAsl N TAlvia NMou €ival ENICTPWHEVN
ME TO hayvnTIKO UAIKO. KaTd Tnv eyypa®r auTto payvnTileTal ENIAEKTIKA, EVW KATA
TNV avayvwon n Ke@aAn aiobaverar n oxI Tnv napouadia payvntiong. O1 Taivieg
XpnoigonoloUVTdl yid TNV anoBnkKeuon MEYAAWYV MOGOTATWV MANPOPOPIOV TNG
Taénc Twv GB. Eniong xpnoipgonoloUvtal noAU ouxva yia Tnv Jdnuioupyia
avTiypa@wv aopaAsgiac. H npoongélaon kanoiac nAnpogopiac ndvw oTnv Taivia
gival pia 131aitepa xpovoBopa diadikacia, apoU OAEG ol NPonNyoUHEVEG NANPOPOPIEC
B8a npEnel va nNeEPACGOUV PNPOG anod TNV KePAAn PEXP! va Bpebei n oTOXEUOUEVN

nAnpogopia.

Eyypaon
N
' I
ol
Kavaio A
Atdxevo peta&d
SrdoyKdv
Koppg EYYPUODV
- L

Aé&ovag xivnong g touviog

H ouoikn opydvwon Tng nAnpogopiag o€ Mia Taivia yiverar ge duo
dlaoTdceic. H Taivia katd nAdtoc xwpiletar oe O1akpITEG (WVEG, OVONALOMEVEC
kavaAia (tracks). ZuvnBwc unapxouv 9 kavaAia, Ta onoia anoBnkevouv €va byte
TNG nAnpo@opiag padi ue éva wnoio 10oTIpiag (parity — deg ke@aiaio 8). Ta 9 autd
wneia oxnuaTtidouv €va kape (frame) ndvw ortnv Taivia. Mia oydada and ouvexn
Kappa cuvioTouv pia gyypagn (record) Tng Taiviac. H gyypa®ry gival n HIKpOTEPN
nocoTNTa NAnpogopiac nou pnopei va diaBacTei 1 va ypagei o€ yia Taivia kai auto

oupBaivel AOyw TWV PNXAVOAOYIKWV KATAOKEUWV MOU OUVUNAPYXOUV Of £vad
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MNXaviopo Taiviag kai rnou J&v €MITPENOUV HIKPOOKOMIKEG KIVAOEIC TNG Taiviac. Ma
Tov 010 AOyo evdidpeoa o dUO €yypagec NAvTa UNApXEl €va KEVO KOWMATI TNG

Taiviag nou ovopaleTal di1akevo PETAEU Twv eyypawv (inter-record gap).

6.5.4. Omrmikoi Aiokor (Optical Disks)

O1 onTikoi Oiokol nou XpnoigonoloUvTal OTd ONUEPIVA  UMOAOYIOTIKA
ouoTnuaTa eivar Ta CDs (compact disks) kai Ta DVDs (Digital Video Disks). Mia
yla Ta TeAeuTaia Osv undpxel akOPn HIA KOIVH €vidia avTIMETWNION N NApakdTw
oulATnon enikevTpwveTal ota CD. Ta CD eionxBnoav 1o 1980 yia wnoIiakn
anoBnkeucon Kal avanapaywyr NXoU Kal €KTOTE £XOUV Yivel nio ¢oinvda, noAu nio
afioniota kar n nNUKvOTNTA &yypapnG nANpogopiwv O autd €xel auéndei
onuavtika. O1 Aoyol auTtoi odnynoav oTtnv UIoBETNCR TOUuG OTA TPEXOVTA

UMOAOYIOTIKG CUCTAKATA, TNV apxn ME TN Hop®pr Twv CD ROMs,

Ta CD ROMs kataokeudlovtal MECW nieong é&vavrl evog npodTUnou
kalounioU. H nieon autn dnuioupyei KOIAAdec oTnv enigpdveia Tou CD, ol onoieg
avakAoUv JIaQopeTIKG TO pWC anod OTI n unoAoinn enipaveia Tou diokou. H
anobnkeucon Tn¢ nAnpogopiag oe éva CD yiveral opola Pe AauThv evog OioKoU, HE
povn diagopd OTI evw OTo diOKO Ta KAvdAld €ival opyavwueva oav OPOKEVTPOI
KUKAoI, €dw €&XOoupe HIa onelpoeidr poper). O Adyog eival OTI €vag diokog
nepIOTPEPETAl PE o0TaBepn ywviakr TaxuTnTa kal dAAAloupe Tn MUKVOTNTA
EYYPAPNG, €vw Ot €va onTikO JioKo n ypauuikn TaxutnTa Kal n nukvoTnTa

€YYypPaeng sival orabepéc.

Mpoo@aTa oTnVv ayopd gugaviornkav ol onTikoi diokol TexvoAoyiag WORM
(write once read many) kal CD-R (read / write CDs). lNa Tnv yypagr Toug
anaiTeitTal 10IKEUPEVN CUOKEUR, n onoia xapadlel Tov onTIKO dioko Pe akTiva laser
XauNAnG evTadoewG. H eyypagr O QUTEG TIG OUOKEUEG OJIapKel onuavrika

neEPICCOTEPO Ao OTI N avayvwan evog OioKoU.
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6.6 Zuokeuég Eicodou

6.6.1. [AnkTpoAodyio (Keyboard)

To NANKTPOAOYIO CUYKATAAEYETAI AVAPETA OTA MIO APYdA NEPIPEPEIAKA EVOG
UNoAoYIOTIKOU OUCTAMATOG. QC ek ToUTOU N OUVOECH TOU HE TO UMNOAOINO
UMOAOYIOTIKO oUOTNHa Yiveral BACel pIAC O€IpIaKNG apTnpiac. =Ta napakdaTw
avaAUeTal n avayvwon Jedopévwv anod €va nAnKTpoAdyio Texvohoyiac AT. Ta
NEPIOCOTEPA NMANKTPOAOYIA AEITOUpYOUV UE NAPONOIOUC TPOMOUG. € KABE NANKTPO
avTioToIXel €vac KwdikOC 8 duadikwv Wwneiwv nou ovoudletal Kwdikag odpwong
(scan code). O1 kWOIKEC 0APWONCG Yia &va nAnKTpoAdyio AT ¢aivovTtal otnv

napakdaTw €ikova.

DWEEEEEEEEEEEEE
() (&)0)(R)(@) (2) () ) (&) (&) (L) (E) (&)

(=AGEEEEEEEE)EEI(
(5 )@@@@EHEEEEE
2 N J(&) (8%

To natnua evog NAAKTPoU, 100dUVAUEl YE Tn METAPOPd TOU aVTIOTOIXOU

KwdikoU odpwong. O kwdikOC cdpwon¢ 6a ouvexiosl va napayeralr kal va
peTadideTar péEXpl va agebei To NAAKTPO ondTE napayeral €vac KwdIKOG
anotehoUpevog ano 2 bytes : To FO;6 Kal Tov KwdIKO odpwaong. MNa Tn PeTapopd
autwVv TV O0dopEVWY NAvw ano Tnv au@idpoun osiplakn aptnpia peradidovral
TOOO ol nAnpo@opiec (ypauur KBD Data) 600 kal To poAol Tou anooToAéa (KBD
Clock), piac kal oTnv NEPINTWAON AUTR N ouxvoTnNTad Twv OeOOMEVWV €ival HIKPN
nepinou 20 - 30 KHz. Ta onuaTta nou XpnoigonoloUvtal o 5 Pin DIN kai PS/2

NPOCApHOoYEiG €ival ONwg NapakaTw :

1.  KBD Clock 1. KBD Clock

2. KBD Data 2. GND

3. N/C 3. KBD Data

4. GND 4. N/C

5. 45V (VCO) 5. +5V (VCO)
6. N/C
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To ocipilakd nNpwWTOKOAAO avTaAAayng OedoueEvVWY OTNV NEPINTWON TOU
NANKTPoAoyiou akoAouBei Touc €ENC KAVOVEC :
¢ Otav 0ev avrtaAAacoovTtal dedopéva n ypauun Oedopevwv (Data)  eival
avevepyn (oTo Aoyiko 1).
¢ Ta Tnv anocTtoAn dedopévwv anaiTeital N anooToAn evoc nakeéTou 11 bits pe

XPOVIOUO Nou paiveTal oTnv NapakaTw €ikova.

o JAHARRARARRT o

Dt |s=|0]|1]|2|3|4(5(|6|7|P|==| —

¢ To npwTo duadikod Wngio TNG ypapung dedopeEvwy gival é&va wneio ekkivnong
(start bit), akoAouBoUuevo and Ta 8 duadikd wneia Tou KwdIka gapwanc, £va
yneio nepirrig 1ocoTigiag (deg kepdaAaio 8) kai &va duadikd ywneio
TepuaTiopoU (stop bit).

¢ To npwto duadikd wngio nAnpoopiac nou anoodTEAAETAl €ival To AlyOTeEpo
onuavTiko (Tooo yia Tov Kwdika odpwaonc, 600 Kal yid To FO46).

¢ O napaAnntng TnGg nAnpogopiac yia Tn deiydatoAnwia Oa npénsl va

Xpnoliyonoinoel Tnv apvntikn akun Tou Clock.

6.6.2. N\OITTEC OUOKEUES E100O0U

3TIC AOINEC OUOKEUEC €10000U WMOPOUNE va KATATAEOUUE Ta novTikia, Ta
trackballs, Tic diatd&eic wnolonoinong oxediou (digitizing tablet — bit pad), Ta
oTUAO @wTOC (lightpens) ol 08oveg aeng (touch screens) kalr Toug poxAoug —

xelpiotrpia (joystics).

To MovTiKI €ival Pid CUOKEUN €10000U €vOG XEpIoU. YNAPXOoUV HNXavikda Kal
onTiIka MovTiKIa. XTa MNXAvika MovTikia, Jia JIKpR AacTixévia pndAa oTo KATw
MEPOG TOU MOVTIKIOU NEPICTPEPETAl avaAoya PE TN Kivnon Tou novTikiou. H kivnon
MECW MIKPWV aIgONTAPWY HETAPEPETAl OTO NAEKTPOVIKO HUEPOG TOU MOVTIKIOU, OMOU
METATpENETAl 0 dUO OIAPOPETIKEG MANPOPOPIEG : TNV KATEUBUVAON TNG Kivnong Kai
TNV anooracn nou diavuBnke. O dUo NANpo®opiec auTec pali ye Tn KATAOTAON
TV NANKTPWV TOU MOVTIKIOU UETAPEPOVTAl OTO UMOAOYIOTIKO ouoTnua. Ta onTika
MovTiKIa XpNoIKJonoiouv Hiad €101KA KATAOKEUAOUEVN NAATPOPUA Kivnong navw otnv

onoia Pe kaBeTec kal opilOVTIEG YPANUEC £XOUV OPIOTEI MEPIOXEC NMOU AvVAKAOUV N
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anoppo®ouv To PpwC. To ONTIKO MOVTIKI avTi TNG AACTIXEviAG PndAag €xel uia
pwTodiodo (light emitting diode — LED) kai aioBnthpec ¢pwTdC NPoc TA TEOOEPA
onueia Tou opilovra. Kabwg PETAKIVOUHPE TO MOVTIKI, N Kivnon PeTappdaleral o€
NAaAUOOEIpEC UNAPENG 1N KN UNApENG eWTOC ano Tov Kabe aigbnTrpa. Ta trackballs
gival avTioToixa YE £va avanodoyuploUEVO MOVTIKI, OMOU avTi va KOUVAUE TO OWHa

TOU MOVTIKIOU, KOUVAUE TN HIKPN KNAAd.

O1 diata&eic  wnolonoinong oxediou xpnolgonoloUvTal  Kupiwg ano
apXITEKTOVEC KAl YpA@IOTEC yia Tn METAPoOpA evoc oxediou and To XapTi OToV
unoAoyiotr. O1 dIaTAEEIC AUTEG anoTeAouvTal and pia €i0Ikn €nmAveld Kal €va
OeikTn oTO OXNMUa €vog MovTIKIoU. 3To KATW MEPOG TNG €I0IKNG ENIPAVEIAG UNAPXEI
€va nAEypa ano dekadeg XIAIAdeg kaAwdia ikavda va aicbavovTtal To peupa nou
ENAyYETAl NAvw Toug and Tov OeikTn ONwg auTdg Kiveital ota didpopa PeEPN TNG
empaveiac. Avaloya Me To nold kaAwdia pag divouv pelua WMNOPOUNE va

kaBopiogoupe kABe aTiyun Tn B£€0on Tou deikTn.

Ta oTuAO PWTOC oTnVv ouaia dsv napdyouv pwc, aAAd aiobdavovTal To PG
nou ekAUeTal and uia o08ovn. To ¢@wc KABe €IKOVOOTOIXEiOU TnNG 000vng
avavewvetral 30 £éwc 60 @OpEC To OeUTEPOAENTO. AV €va OTUAO PWTOC EXEI
TonoBeTnBei NAvw oec €va TETOIO E€IKOVOOTOIXEIO, TOTE CUAAQUBAVEI TO €nINAEOV
apxIk6 PG KATA Tn oApwan €&vOC EIKOVOOTOIXEIOU Kal OUVEN®C Pac Oivel Tn
OUVTETAYMEVN NOU BpPIiOKETAl €KEIV TN OTIYMN TO OTUAO. ZTIC 000veEG a®nc, N
eMIPAveld Tng 00o6vng kaAunTeTal and &va NAEydad QWTEIVOV OECHWV  MOU
EKMEPMOVTAl KATA Tov KABeTo Kai opifovTio afova Tng. Anévavr and Toug
EKMOMMOUC TWV QWTEIVWV OEOUWV UNApxouv aiobntipec. Otav o XprnoTng KE TO
XEPI TOU €MIAEEEl KATI, TQUTOXpova OIAKONTEl TIG AVTIOTOIXEG OEOPEG KATA TOV
op1ZdvTIO KAl KABeTo dfova. H Toun autwv Twv dEOPWV PAg OiVEl T CGUVTETAYMEVN

TNG NAnpo@opiac nou €0 xONKE.

6.7 Zuokeuég EE0d0U

6.7.1 H 066vn

H o0B0ovn anoTeA&i TN povada ansikoviong evoc UMoAoYIoTIKOU GUOTNHATOG
kal oTav €ival EEXxwpIoTO KOPUATI TOU UMOAOYIOTIKOU OUOTHMATOC ava@EePETal Kal
WG MOvITop. Yndapxouv OIdpopeG TeEXVOAOYIEG KATAOKEUNG oBovwv. O1 nio
01adedopEVEG avaPEeDd TouG €ival :
¢ O1 o08oveg kabodikoU owAnva (cathode ray tube - CRT) nou eival n kupia

TEXVOAOYIA KATAOKEUNC 000VWYV YIa UNOAOYIOTEG YpaAPEiou
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¢ 01 0060veg uypwv kpuoTtaAAwv (liquid crystal display - LCD) nou €ivar avaueoa
oTIG OUO ONUOPIAECTEPEG TEXVOAOYIEC 080VWV YIa GopNTOUG UMOAOYIOTEG

¢+ 01 00806vec pwTod100WV (light-emitting diode - LED)

¢ 01 0066vec agpiwv (neon and xenon gas plasma) kai

¢ 01 080veg enioTpwong pwTtoTpavliotop (Thin — Film Transistor - TFT), n nio

ONUOPIANG TexvoAoyia oBovwv yia popnToUc UNOAOYIOTEC.

AveEApPTNTA ano TNV TEXVOAoyia nou XpnolIKMonoloUKE Yia T KATACOKEUN MIAG
oBovng, n €kOva nou oxXnuaTieTal Ot auTEC anoTeAsiTal and HIKPOOKOMNIKA
elkovooTolxeia (pixels). Ooca neploodTEpaA €ival autd Ta EIKOVOOTOIXEId TOOO
MeyaAUTepn eival n eukpivela TnG oxnuaTtilopevng €ikovac. O apibuog Twv
duadikwv Yn@iwv nou aQIEpWVOUHE Yid TNV NapdacTacn KABe €IKOVOOToIXEiou,
oTnVv oucia pag divel Tov apiBud Twv dIAPOPETIKWV ANoXPWOEWV NOU AuTO PNOPEi
va AaBel. O apiBuog Twv eikovooToixeiwv (Icoduvapa n availuon Tng ansikoviong —
resolution) kal Ta duadikd wneia ava eikovoaoToixeio dev gival auBaipeTa, aAAa
akoAouBoUv kdnoia NpoOTUNA TA onoia gugaviornkav Je TNV €ENG I0TopIKN ocipd :
¢ To 1981, n IBM seiofiyaye 1o npéTtuno CGA (Colour Graphics Adapter), pe
avaiuon 320x200 eikovooToixeia (0 npwTog apiBuog pag divel Ta
€IKovoaoTolxeia kaTa Tov opilovTio aEova Kal o OeUTEPOC KATA TOV KABETO) Kal 4
OlapopETIKA XpwHaTa.

¢ To 1984 n IBM ceioryyaye 1o npoétuno EGA (Enhanced Graphics Adapter), pe
avaAuon 640x350 kai 16 d1aPopeTIKA XpwHaTd.

¢ To 1987 kai To 1990 avtiotoixa n IBM eionyaye ta npdétuna VGA (Video
Graphics Adapter) kai SVGA (Super Video Graphics Adapter) - XGA (EXtended
Graphics Array) pge avaAluon nou pnopei va ¢gTaocsl Ta 800x600 ikovooToIXEia
ME npaypaTikd xpwua (16,8 ekaTodpupia xpwuata - 00eC OlAPOPETIKEG
anoxXpwoeIiC MNopei va Eexwpioel €va éuneipo MATI) 1 1024x768 kar 21°
JlapOPETIKA XpwHaTa.

¢ >MMEPaA, ol NePIOCOTEPEC 0060veG akoAouBoUv To npdTuno Ultra Extended
Graphics Array (UXGA), 10 otoio utrooTtnpiel avaAuoeig £€wg kar 1600x1200

EIKOVOOTOIXEIWV Kal EXP! 16,8 EKATOUPUPIWY XPWHATWV.

MapakdTw ENIKEVTPWVOUME TN ouldnTnon hacg o oBovec TexvoAoyiac CRT,
av Kal Ta NePIoCOTEPA I0XUOUV Kdal yid OAeC TIC unoAoineg TexvoAoyieg. H
dnuioupyia piIag sikovac oe pia o6ovn CRT yiveral Baocsl Tou @wTIONOU Mou
napayouVv HIKPOOKOMIKA KOMMATIA Ppwo@Opou. KaBe KoppdaT ¢pwopopou napdyel
PWTIONO avaloyo Pe Tn npooninTouca akTivoBoAia nou @Tavel og auTtd, oUPPWva

ME TO NAPAKATW OXNKA :
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E)eyyog évtaong g
Séopung Hiektpoviov Axtivopolodpevo copatido poeeopov

)

Aéopn Hhextpoviov

Extpomneic déoung katd tov kabeto dEova
Extponéag déoung katd tov opiidvrio dEova

H o1aTtaén otnv nepintwon Twv CRT oBovwv anoTeAsital and pia ekneunopevn
0£0oun nAekTpoviwv, n onoia avdloya HE TO MOIO EIKOVOOTOIXEIO TNG €IKOVACG
e€eTaleTal ekTpENETAl KATA TOov OpIfOVTIO Kal kaBeto dfova Bacesl (euywv
nAekTpodiwyv. AvaAoya pe Ta dedoPEvVa NMOU MPEMEl vad AneEikovioTouyv, nepiopileTal
N akTivoBoAia Tng 0€ouNG Nou PTAVEI OTA HIKPOOKOMIKA OwHATIOIa pwopopou, Kal
OUVENWG NPokKaAei diapopeTikn Aduwn oTo kaBéva Toug. STnV MNEPINTWOn Twv
EYXpWHWV 0Bovwv ge kGBe anueio TG 08dvng, undpxouv cuvnBwc 3 dIaPOPETIKA
€idn Qwo@opou DdlaTteTayhéva HE £€vav  KAvovikd TpOmMo, Kdl TPEIC OECHEC
NAekTpoviwyv. AveEaptTnTa ano Tn dOIATa&n Twv 10wV PpwoPOPOU NMou UIOBETEITal N
anooTacn HETA&u dUo idiwv €dWV PwoPopou, ovopaletalr Bripa koukidag (dot

pitch), 6nwc gaiveral oTo NapakaTw oxnAua.

Dot Pitch
. (Aperture Grill) "
i I! e
—-—._._______-_‘-;--______
Dot Pitch
' {Shadow Mask)
| |r—1_: =
_‘-‘-'_"‘—--_.__:__-—--_

H enikoivwvia Tou uUmoAoyIOoTIKOU OUOTAMATOC HWE Tnv 000vn, ouvndwg
YIVETAl YEOW MIaC PvAMNG dUo Bupwv (two-port memory) nou MOAAEC QOpPEC
ovopddleTal kalr pvAun eikovag (Video RAM - VRAM). Zg pia pgvAun dUo Bupwv

EMITPENETAl N TAUTOXPOVN Eyypa®n HIag BEong YVNUNG KAl N avayvwaon ano kanoia
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AAAn B€on PVANNG. ZTNV NEPINTWON TNG MVAMNG €1KOVAG TO UNOAOYIOTIKO ouoTnua
YypAQEel TNV €nOpevn €lkOva mou OEAEl va ANEIKOVIOEl KAl O EAEYKTNC €IKOvVACG
d1aBadler kal ansikovilel TNV napoucd. XTNV MEPINTWON MIAG EYXPWHNG 080vNG HE
avaiuon 640 x 480 €IKOVOOTOIXEiWV, TO AOYIKO dldypapua Tou eAeykTh ©Oa

JnopoUde va €ival To NapakaTw :

Emnitpeyn Métpnong
Metpntig Zmiodv Kké0e 640 nakuof)g‘ Metpntig Ipoppdv
modulo 640 o modulo 480

—
Extponeig 6éoung katd tov opilovio Ggova J_l—l_

Extponeig d8opng katé tov kdbeto GEova. ]

Aptpia Atevbiveewv Ovpag Aviyveong

Aedopéva yio kGO pixel Amnobnikevon Ewovog péom )
Eheyyog Evtaong - Mvipn Ewovog Abo Oupov | T1s 80pag Avayvaon Ymnoloyiotikd
2o

To oxnua anoTeAsiTal and &vav PeTpNTH Nou PeTpdel and 1o 0 £w¢ To 479 Kal
KaTeuBUVEl £TOI TOUG EKTPONEIC TNG OE0UNG KaTd Tov KABeTo Gfova va eniAEyouv
Mg ano TIG YPAUMEG TNC 0Bdvne. MNa KABe TIUR auToU TOU WETPNTR, O METPNTNG
oTnAwV naipvel OAec TIC TIHEC ano To 0 €wg To 639 kal BACEl AUTWV Ol EKTPONEIC
NG d&ounc kaTtd Tov opifOVTIO Afova eKTPEMOUV Tn O£0UN Ot KABE pid and TIG
OTAAEG TNG 000vNnG. MapdAAnAa ol dU0 QUTEG TIMEG TWV HETPNTWYV, AMoTeAOUV Tn
dleuBbuvon avayvwong and Tn PvNun €ikovac. Ta dedouéva nou npokUNTouv yid
kKGBe CeUyoC TIHWV TwV OUO MPETPNTWV EAEYXOUV TNV €vraon Tng O£0unG nou

NpooninTel o€ KAOE EIKOVOOTOIXEIO.

Eival npogavec and Ta napandvw OTI Hia €IkOva oxnuaTideTal otnv o00ovn

ME TN 0dpwWON TWV EIKOVOOTOIXEIWV TNG, CUNPWVA PE TO NAPAKATW OXNAMA :

Xpdvog opriovtiag apadpmong

\

Xpovog kaOeg apadpmong
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MNa va diverar n evrunwaon TnG dsvdou KIVAOEWG oTo avlpwnivo WPATI, apkei n
napanavw odpwaon va yiveral TouAdxioTov 25 ¢opeg kabe deutepdAenTto. QoTdoo,
a@evog €neidn Ta HIKPOOKOMIKA owuaTidla ¢pwopopou Xavouv €UKOAd TO QopTio
Toug, aAAd kal eEaitiag OTI To avBpwnivo PATI £pXETAl NOAU KovTUTEPA OTNV 000VN
TOU unoAoyloTr and OTI Ot Wi TNAEOpAcn, n napanavw ouxvoTnrta Oev eival
apKeTN. Z3TIC NPpWTEG 0B0VeEC n OApwon €eKTEAsiTo nepinou 50 @opéc TO
OeUTEPOAENTO ONOU OPWC Ot OIadOXIKEG OAPWOEIG avavewvovTayv diadoxikda Povo ol
ApTIEC KAl Ol MEPITTEG YPAMMEG TNG oBovng (interlaced). Eva Tpepdnaiypya nou
ONUIOUPYEITO and auThVv TNV HN OUVEXN Odpwon TwWV YPAUH®V, AUBNKE OTIC
oUYXPOVEC Hn noAunAeypéveg (non-interlaced) o000veg ME Tnv Unap&n
NEPICOOTEPWY TNG MIAG JECPWV MOU TAUTOXPOvVA OAPWVOUV TIG MEPITTEC KAl TIG
ApTIEC YPAMMEG TNG 0B0vNnG. QoTdoo AOYW AQPEVOC TNG AUENMEVNG ouxvoTNTAG
odpwong 000 Kal Tou OlapKWG OUPPIKVOUPEVOU Bruatog Koukidag, nAéov
anaiteitar  PeTagU TG odpwong O01adoxXIKwV  YPAUHWV  KAMolog  Xpovog
anopdkpuvong Tou QOpPTIOU NMoU TUXOV NdN €xel enaxBei oTa cwuaTidla pwaPopou
(xpovoc opildvTiac apatupwong - horizontal blanking). AvTioToixog Xpovog
anaiTeital npiv Tn odpwaon evoc Kaivoupyiou kapé (Xpovog KABeTNC apaupwaong —

vertical blanking).

6.7.2 O ekTUTTWTNS

Mia and TIc nNAéov JIadEDOUEVEC NEPIPEPEIAKEG OUOKEUEC TWV ONUEPIVOV
UNOAOYIOTIKQWV CUCTNUATWV €ival ol ekTUNWTEG (printers). Yndapyouv Oekdadeq
OUVATEC KATNYOPIOMOINCEIS TwV EKTUNWTWV MNou €ival gunopikd Oiabaiyol.

MapakdaTw €NIKEVTPWVOUNE OTIG N0 dIadEDOPEVEG KATNYOPIEG EKTUNWTWV.

STOUG EKTUNWTEC NPOOKPOUONC, N EKTUNWON EMTUYXAVETAI HEOW TNG
npOOKPOUONG MIAG KEPAANG, NAVW OTnNV onoia undpxel r oxnuaTti(eTar o npog
eKTUNWON XApakThnpag, ME Pia PeAavoTaivia, n onoia napehBAAAeTal PeTa&U TG
KEPAANG ekTUNWONG KAl TOU XApTioU. 2TNV MEPINTWON NOU ol MBavoi EKTUNWOIUOI
XAPAaKTRPEC €ival Aiyol, auToi pnopei va npolndapyxouv Kal anAd va enIAEYETal €vag
and autolG kdaBe opd. TNV MePINTWON dUTH Ol EKTUNWTEC ovopdalovTal
EKTUNWTEG aAuaidac n Tpoxou (daisy chain / daisy wheel printers). OI ekTUNWTEG
auToi MNPOCPEPOUV APIOTN MoIOTNTA &KTUNWONG. To NEPIOPICHEVO  GUVOAO
EKTUNWOIYWY XAPAKTNPpwV, N aduvapia TouC va EKTUNWOOUV YpadQpIkd Kal o
apkeTdc BOpuUBOC kaTa Tn AEITOUpyiad TOUCG, €XEl MEPIOPIOEl ONUAVTIKA TN XpHon
Touc. Ma TNV ekTUNWON YPAPIKWY, AVTI YId NMPOKATACKEUAOPEVOUG XAPAKTAPEC, N

KepAAn anoteAeiTal anod évav nivaka akidwv (dot matrix). O nivakag autdg pnopei
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va anoteAsital and 7 €wg 24 akidec. KdaBe akida evepyonolsitar  HE
NAEKTpOMAyYVNTIKA JEOa avaloya PE TO XApaKTAPA Nou TUNW®VETAI. TNV nNapakaTw
apioTepa eikdva BAENOUKE TNV EKTUNWON TOU A ano €vav eKTUNWTN &NTA akidwv. H
noldTNTa TNG €KTUNWONG MMopei va PBeATiwdel €iTe Pe TN XPNon NePICOOTEPWV
akidwv €iTe ge TNV enIKAAUWr Toug (ME KIVAOeIC dnAadn €iTe Tou XapTioU &€iTE TNG
KEPAANG ot BAMATa MIKPOTEPA TNG MIAG Koukidag - kKATw Oefld €ikova). QoTo00
KATI TETOI0 AUuEAvel onUavTiKa Tov XpOvo ekTUNWong. Ol EKTUNWTEC NPOTKPOUTNG
XpnoigonoloUvVTal CNUEPA Yid TNV eKTUNWON o€ NOAU PIKPA ) MoAU PeydAa PeyEBn
XApTIOV Kal MPOTUNWHEVEC @OpHeEC. Eivalr eniong 1davikoi yla ekTUNwOn o€

NOAAANAEG POPHEG E KAPUMOV.

AvTigToIXn €ivar n @IAogo®ia Nou XPNOIMOMOIEITAl OTOUC EKTUMWTEG
€KTOEEUONG MeAAVNG. 3TNV nepinTwon auTtn ol akidec avTikabioTtavralr and
MIKpOOKOMIKOUG WEKAOTAPEG Kal N hJeAavoTalvia and pia de€apevn uypng HeAavng.
H TexvoAoyia auTn pag divel EKTUNWTEG JE ONPAVTIKA MAEOVEKTANATA :

a) Eival evreAwg abopuBol

B) Me Tn xprion nNoAAAnAwvV PeAavi®V PMNOopoUUE va NETUXOUPE EYXPWHEG

EKTUNWOEIC.
Y) MnopoUue va eKTUN®OOUME NAdvw ot OlAPAVEIEC 1 onolddnnoTe AAAn
enmgaveia.
H O1akpITOTNTA QUTOV TwWV EKTUNWTOV KABWC KAl QuT®V Tou nivaka akidwv
WETPIETAI OTO NOOa onueia gnopolv va KTUNMWOOUV OE Jid ivioa XapTiou (dots per
inch - dpi). ZAPEPA Ol EKTUNWTEC EKTOEEUONG PEAAVNC KINOPOUV VA MPOCEYYiooUV
™ QwToypaPIkn noldTnTa ekTUNWOoNG (2400 dpi) kal cuvenwc anoTeAoUuv 10AVIKn
AUOnN yia ekTUNWON PwToypaPI®V. KUpIo PHEIOVEKTNHA AUTOV TWV EKTUNWTOV €ival
Ol XaunA&C TaxuTNTEC €KTUNWONG OTN MEYIOTN avaAuon Kadl To uwnAd kOOTOC

Xprong.

Ol EKTUNWTEG NMOU XpnaoiJonoloUvTal KaTd KOPo OTn CNUEPIVA €N0XN Yia ToV
auTopaTiond ypageiou ival ol TexvoAloyiag Aéilep. O1 eKTUNWTEG auToi napdayouv
MOVOMIAc pia ogAida ekTUNWONG KAl CUVEN®G pnopolv va XapakTnpioToUv Kal gav
EKTUNWTEG 0eAidac. Kabe KUKAOG ekTUNWONG 0 auTOUG TOUG EKTUNWTEG AKOAOUBEI
Ta €&NG BruaTa :

1. To nepioTpe@OUEVO TUPNAVO POPTI(eTal Kal KAAUNTETAl YE €va PWTOEUAIodNTO

UAIKO.
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2. Mia d¢oun A&ilep Oapwvel OTn OUVEXEID TO TUWNAVO YPAUMN MPOC YPAMMKN
(katd TpOMNO avdaloyo pe TNV 08Bovn) HeE TN Bondeia evoc KATOMTPOU Kal
anogopTilel opioyeva and Ta onueia Tou Tupnavou.

3. Eva oTpwpa ypa®itn €pxeTal o enagpn Ye KGBe oapwuevn ypapur. O KOUKIdEeG
nou ouvexilouv va €Xouv NAEKTPIKO (POPTIO anoppo®olVv HeEPIKA HOpIa
ypagiTn.

4, Kabe ypauun agou nepdoesl navw and Tov ypagitn méletal ndvw oTo XapTi
onou evanoTiBeTal 0 ypa®iTng nou €ixe anoppo@pnOei.

5. AkolouBei 6épuavon Tou xapTioU WOTE n €vanoBeon Tou ypagitn va napsl
HOVIUN HOoPPR.

6. To TUMNavo TEAOG anogopTileTal kal anopakpUveTal TuxXOVv evanopeivag
YPa®iTNC WOTE va gival €ToIPo yia TNV enopevn ekTUnwon.

O1 ekTUNWTEG TexVoAoyiag A&ilep npoo@Epouv ApioTn noldTNTA ekTUNWONG (TNG

TA&Nc Twv 1200 dpi) PYE OXETIKA XAMNAO KOOTOG XPNONG. =TA WEIOVEKTNHATA TOUG

ouykaTaAéyovtal To uywnAd apxikd KOOTOC KTnong, n aduvapia yia €yxpwun

eKTUNWON (01 EyXxpwHol ALIlEp EKTUNWTEG NOU €ival egnopika diabgaiyol koaTi(ouv

onuepa nepinou 10 gopéc NeplocodTEPO and €vav avTioTolxo acnpoduaupo) Kal n

aduvapia ekTUNwaong os JIaPOPETIKA HEYEDN XAPTIWV.
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KED®AAAIO 7

AikTua YnoAoyiotwv

O1 TINEC NWANONG Twv Hovadwv e€l06dou / €EOGOOU €XOUV UMOCTEI TOV
TeAeuTaio kKaipod pia dpapaTikni nTwon. MNMaAaidTepa OPwE ATav TOOO AKPIBEG MoU
NTav oUvnOeC £€va UMOAOYIOTIKO KEVTPO Yid napdadelyya va E£xel POvo Evav
EKTUNWTN TexvoAoyiag A&ilep. H avaykn Aoinov yia anokatdoraon EniKoIvwviag
OAWV TWV TOMNIKWV OTABUWV HYE KAMOIO CUYKEKPIMEVO MEPIPEPEIAKO ATAV AUTH MOU
€dwoe To apxlkO €vauopa yia Tn dnuioupyia HECwWV enikoivwviag (UAKOV Kal

NPWTOKOAAWYV) NMou Cruepa XpnoigonoloUvTal oTa Aeyoueva dikTuad UNOAOYIOT®V.

Eva 0dikTtuo dev eival TinoTta nepiogdTepo anod £va HECO dlaoUVOEDNC
UMOAOYIOTIK@WV CUCTNHATWY, YE OKONO TNV dlapoipacn nNANPo@opiwyV, EPApHOY®V
Kal MEPIPEPEIOKWY CUOKEUWV. Eva JikTuo anoTeAsital and UAIKO, Aoyiouiko Kai
npwTOKoAAa@. To UAIKO yia napdadelypa ival kaAwdia Kal KUKAQPATa Npooappoyng.
To anairroUpevo Aoyiopikd dlacUvdeong evog XpnoTn oTo JiKTUO €ival OfPEPA OTIG
NEPICOOTEPEG MEPINTWOEIC POUTIVEG EMPWAEUPEVEC OTO AEITOUPYIKO oUCTNUA TOU
unoAoyioTh. Ta NnpwTOKoAAA €ival €éva cUVOAO KavovwVv rnou agopoUyV To XPOVIGHO,
Tn 0oun, TNV aAAnAouyia kar Tov TpOno eA&yxou opBOTNTAG TNG NANpPoPoOpiag nou

avraAAaooetal navw anod To diKTUO.

ZTnv apxn napouciac Twv OIKTUWV UMOAOYIOTWV O KABE KATAOKEUAOTNG
NpOTEIVE Kal €va OIKO Tou MPpwTOKOAAO enikolvwviac, PJe anoTéAeoua Ta OikTua
OIa(POPETIKWYV KATAOKEUACTWY va PN PnopoUV va €nNIKOIVWVROOUV PeTA&u Toucg. O

AleBvng Opyaviopog Mpotunwv (International Standards Organization - ISO) yia
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KEDPAAAIO 7 — Aiktvo. YToAOYIOTOV

Va YEQUPWOEI AUTO TO XAOPA NMPOTEIVE €va VEO KAOOAIKO HOVTENO TO onoio KaAeiTal
OSI (Open System Interconnect). MNa va doBei n duvatoTnTa o€ JIAPOPOUC
KATAOKEUAOTEG va NApAyouVv CUOKEUEG / AOYIOMIKO TO OMOoio va avTanokpiveral o€
OPIOHUEVEG HOVO AVAYKEC enikolvwviag, To OSI dev €ival éva PHOVOAIBIKO HOVTEAO,
aAAG Mg IgpapXia NpwWTOKOAwV. Kata To OSI n Jdiadikacia enikoivwviag
anoTeAgiTal ano entd (7) enineda nou e€ival (and To XAPNAOTEPO MNpog TO
uwnAoTepo) : physical, data link, network, transport, session, presentation kai

application. H 1epapyia eninédwv gaiveral oTo ENOUEVO OXANA.

Appllcatlon Appllcatlon
| Presentation | ’
s

‘ ——eo-- ’

Network Network

|
/

Data Link | | Data Link
:

Physical

Physical

To povTéEAo Tou OSI Ot divel auoTnpoug opiohoUG via To nw¢ 0a yivel n
enikoivwvia. AvTiBeTa, anoTeAei To onueio avagopdc yia To nw¢ n Oiadikaacia
€NIKOIVWVIag Npenel va diaxwpIoTei 0 PHIKPOTEPEC Kal anAouoTepeg O1adIKATIEC Kal
nola npwTokoAAa npénel va avantuxbolUv yia Tnv uAonoinon autwv Twv
diadikaciwv oTta diagopa e€nineda. H npayuaTikn oupBoAr Tou OSI €ival OTI o
TEAIKOC XPNOTNG Nou €nIBUMEl eniKoIVwvia PE UunnpecieG NoAUNAoOKOTATAC KAMOIoU
emnédou avTiAauBaveral OTI auTthl oupBaivel oav va pnv undpxouv KaTtwTepa
enineda (JlaKEKOPNEVN YPAUMA TOU Mo NAvw OXNAMATOG). TNV npayuartikoTnTa
OMWG Ta nio KAGTw e€nineda uAonoloUv TIG anapaitnTeg d1adikaciec yia Tnv
anpooKonTn €MNIKOIVWVIA TOU XPNOTN Kal N npayuhaTikh €nikoivwvia oupBaivel
oUNpWVA WE T oupnayn ypauun. Me AaAAa Adyia Ta nio KATw €ningda
anokpunTouv and Tov TEAIKO XPNOTN TIG AENTOPEPEIEG TNG EMIKOIVWVIAG Mou Ogv
TOV aQopoUv Kal napeExouv £€va veéo 10eatd eninedo enikoivwviag. H
JlaoTPpWHATWAON auTn Npoo@Epel €niong aveEapTnoia and KATAOKEUAOTEC Kal

EMNIPMEPOUG AENTOMEPEIEG.

Ac doUpEe OPWCG TI UNNPECiEC KaAeiTal va npoopépel kABe eninedo.
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KEDPAAAIO 7 — Aiktva YToloyloThV

To eninedo e@apuoywv (Applications Layer) napéxel enikoivwvia MeTAEU
EQApUOYWV. TETOIEG EPAPMOYEG €£ival KATAVEUNUEVEC PBAOEIC O£dOPEVWYV,
NAEKTPOVIKO Taxudpopeio, yeTagopd apxeiwv (ftp - file transfer protocol).

To eninedo napouciaong (Presentation Layer) evowpaTtwvel di1adikagieg nou
dlacpaAifouv OTI Ol E€NIKOIVWVOUVTEG E£PAPHUOYEG AaUBAvouv MANPoPOPIEC HE
owoTh doun n.X. Katd Tnv enikoivwvia evog little endian pe €va big endian
ouoTnua.

To eninedo ouvedpiag (Session Layer) €ival unglBuvo yia Tnv apxn Kai Tov
TEPUATIONO OUVEDPIWV MPETAEU enikolvwvoUvTwy Odiepyaoiwyv. Eivar eniong
unevbuvo yia ToV CUYXPOVIOUO TNG enikolvwviag aAAd kai yia va kpaTdel
onueEia avagopdc €Tol WOTE JIAKOMEIOEC EMIKOIVWVIEC va Jnopolv  va
ouveyifouv WETA TO onueio dIAKOMNAGC.

To eninedo petagopdc (Transport Layer) e€aocgalilel Tnv a&onioTtia TNng
enikolvwviac. Eival To eninedo nou 6a diac@aligsl 0TI UNApXouv ol Nopol nou
anairoUvTal WOTE N METAPOPA TNG NAnpo®opiac va yivel ypriyopa Kal owoTd.
To eninedo auTo Iepapxei TIC avayKec €nIKOIVWVIAG Nou Tou €pxovTal and To
€ninedo ouvedpiac waoTe va €NITUXEl TO HIKPOTEPO duvaTod XPOVo €EUNNPETNONG
HE TO HIKPOTEPO KOOTOC. lNa napddelypd, To €ninedo HPETAPOPAC WNOPEi va
anogaacioel OTI gia nAnpo@opia 8a npenel va diaxwpIoTei 0 NOAAG NAKETA Kal
kGBe nakETo va peTadobei peow OIAPOPETIKWV OIadpouwV Tou OIKTUOU E£TOI
woTe va d1aoPaAIoTel €vag KAAOC XpovoG PeTapopdc. MpoceETe OTI TO ninedo
HMETAQOPAC TOU anodEKTN TNG MNAnpogopiac €ival ekeivo nou Ba npenesl va
avaouvBeoel Tn NAnpogopia akdua Kal av Ta NAKETa PpTACoUV HE OIAQOPETIKN
osipd.

To eninedo dikTuou (Network Layer) dpopoAoyei Ta dedopeva aToug dIdpopous
unooTaBpuoug kal unodikTua. To eninedo auTod cuvenwc Ba npenel va £xel oaen
yvwon TnG TornoAoyiac Tou dikTUOU, dnAadn Tou SIKTUWHPATOC O1aouvOEoNnG TWV
oTabuwv nou BpiokovTtal Navw oTo dikTuo. To eninedo auTd KPATAEl EVIUEPO TO
€ninedo PETAPOPAC YIa TNV KATACTAON TWV O1aPOpwV OUVOETEWY ToU OIKTUOU
and nAsupdag TaxuTnTac, aglioniaTiag kai d1abeciInoTNTAC.

To €ninedo avacuykpoTnong Tng nAnpogopiac (Data Link) diaxeipileTal TIG
ansuBeiag ouvdEoelc HETAEU U0 OUOKEUWV TOU JIKTUOU. AlaxelpileTal KOPUATIA
nAnpo@opiac Ta onoia ovopalovral nAaiola (frames) kal Ta onoia nepIEXoUV
népa ano Tnv nAnpogopia, Tn OieUBuvon Tou napdaAnnTn, nAnpogopia
OpOoPOAOYNONG KA.

To quaoikd eninedo (Physical Layer) diaogaAilel Tnv petadoon Ttou 0 kal Tou 1

navw and To QUaIKO PEoo (KaAwdlo, onTIKN iva, KAM).
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Ta dikTua ouvnBwc XwpilovTal 0 KATNYOPIEC avaAoyd HE To €UPOC TNG
YEWYPAPIKAG NEPIOXNG NOU KAAUMNTOUV, TNV TonoAoyia Toug, Tov Tpono Bdacel Tou
0onoiou EMITUYXAVETAI O OUYXPOVIOUOC TNG METAd0ONC TWV JOEJOMEVWY, TO QUOIKO
MECO nou Xpnolygonololv, To PuUBPO HETAPOPAC OJedOMEVWV KAM. MapakaTw
anooagpnvifovtal OpIOUEVEG HOVO ano TIC KATNYOPIOMOINOEIG. 3TO HABNUa Twv
AIKTUWV YrnoAoyloTwv Ba €xeTe Tnv duvaTtotTnTa va Oeite oe PBABOC OAEC TIC

NnapaPeTpoug evog OIKTUOU.

Avaloya Pe To €UPOC TNG YEWYPAPIKAC NMEPIOXNC Mou KAAUNTouv Ta dikTua
KaTaTaooovTal o€ :
¢ Tonika (Local Area Networks - LANS) nou kaAUNTouv Mia £KTACN MHEPIKWV
TETPAYWVIKOV HETPWV N TO MNOAU HEPIKWV KOVTIVOV KTIPIWV.
¢ Eupeiac Nepioxnc (Wide Area Networks / Long Haul Networks), nou kaAunTtouv

NOAEIG N OAOKANPEG XWPEG.

Eva ano Ta nA£ov eupewc XpnoigonoloUPeva YETPA anodoong Twv JIKTUWV
gival 0 puBudc peTapopdc dedopevwyv (bandwidth) nou napéxouv, o onoiog
NOIKIAEl onuavTikd avaAoya Pe To eUPOC TNG YEWYPAPIKAC NEPIOXNC KAAUWNG, TOU
HEOOU MOU XpNOIKONOIEITAl Yia Tn uUaOIKn dlacuvdeon Twyv oTadBuwy KAn. O pubuog
HETAaPOpAac dedopévwy avTikaTonTpilel TN NooOTNTA TNC NMANPOPOPIAC NMOU HMNOpPEi
va petadobei navw and To dikTuo oTn PHovada Tou XPOVoU Kdl PETPIETAI o€ bits/sec
(bps) kai Ta noAAanAdaoida Tou, Kbps, Mbps. MpooéETte oTI €dw Ta K, M gvvoouv
noAAanAaciaoTikoUg napdayovteg 10° kar 10° kar ox1 2! kar 2%°. Népa dpwg anod
TNV WEEAPN NAnpo@opia oTo OIKTUO METAPEPOVTAI KAl GAAEC NANPOPOPIEC
(ouyxpoviopou, wneia eAeyxou TNG opBOTNTAG TNG NANpogopiac), ondTe YOVO £va
HEpOC Tou bandwidth eivalr npakTika w@EANIPO. AlIAQOPETIKA TUAPATA Tou idlou
OIkTUOU (segments) pnopei va npoo@Epouv dIAPOPETIKOUC PpUBPOUG PETAPOPAC
OedOUEVWY. AKOMN Kal OTo id10 UMOAOYIOTIKO OUCTNHUA WNopei 0 pubBuog anodoxng
O0edopeévwy va e€ival dlaPOopPETIKOGC auToU TnG anooToAng Toug (acUPPETPN

dlacuvdeaon - asymmetric connection).

O1 BaoikeG evaAAakTIKEG TonoAoyieg Nou KaTd kaipoug £€xouv npoTadei yia

Tnv dnuioupyia evog dikTUoU €ival :

7.1. TonoAoyia ApTnpiag

H TonoAoyia apTnpiag gaiveral oTo NapakaTw oxnua.
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H TonoAoyia auTn eival n anAolUoTepn avaueoa oTic NpoTabeioeg Kal ival napodpola
ME TnVv TonoAoyia OdiapoipaloPevnG apTtnpiag nou ouvnOwc uUAonolsiTal Kai
€0WTEPIKA O €va UMoAoyIoTIKO ouoTnua. Evag kaivoupylog oTtaBudc os auTth Tn
TonoAoyia pnopei eUkoAa va npooTedei pe Tn dlaocuvdOeon Tou NAVW OTO (PUOIKO
HMECO Nou anoTeAei TNV aptnpia. H TonoAoyia auTtry napouadidlel To NAEOVEKTNHA OTI
kGBe oTaBuog Tou JIKTUOU WMOPEI va ENIKOIVWVAOEl AUECA PE onolovOnmnoTe AAAO
oTabuo kai véol oTabuoi ynopoUv va npooTiBevTal eUkoAd. EninAEov o €AeyXog TNG
apTnpiag €ivar o€ auTn TN TOMOAOYyid KATAVEUNUEVOC ME AMOTEAECHA TO MOAU
XAUNAOG apxikd KOOTOC yia auTn Tn Auon. H TonoAoyia auTtrh £xel To npoBAnua oTi
UNApXEl €va PEYIOTO OPIO OTO PNAKOC TOU QUOIKOU PECOU Kdal OTI n Npoabeon evog
kaivoupylou otabuoU f n BAGBN evoc oTabuol B£Tel To JIKTUO €KTOG AEITOUpYiac.
Eva napadeiyya oTo onoio Xpnoigonoindnke pia TonoAoyia apTnpiag anoTeA&i To

dikTuo Ethernet.

7.2. TonoAoyia AakTuAiou

H TonoAoyia dakTuAiou gaiveTal oTo NApakaTw oxnua.

H TonoAoyia auTr €ival avTtioToixn YHE AUTAV TNG apTnpiac he Tn diagopd ot ol dUo
AKpeG €ival NAEov eVWMEVEC £TOI WOTE va oxnuaTileTal évag dakTUAIoG. Ta NakeTa
nAnpo@opiac Ta onoia OdiakivoUvtal Ndvw oTo OIKTUO OTnNV MEPINTWON auTn
dlakivouvTal ano Tov €va otaduo oTov dInAavo Tou PEXPIG OTOU KATaAngouv oTov
TEANIKO anodekTn TouG. O TeAeuTaiog anooupel To NAKETO and To OiKTUO Kal O

OakTUAIOG anodeoueVETal yia TNV €MNOMYEvVN METAdOON. TNV NEPINTWON Mou &va
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NAKETO NANPOPOPIAc oAOKANPWOElI £va KUKAO, TOTE Npopavws O NApaAnnTng Tng
nAnpogopiac dev Pnopei va Tn dexOei kKAl OUVENWC O ANMOOTOAEQC MpEMEl €iTe va
TNV anoouUpel and Tov dakTUAIO €ITE va TNV TPOMOMoINCel oav Hia véa peradoon. H
TonoAoyia JdakTuAiou xpnoigonolsital supéw¢ oTta Odiktua Token Ring nou

npoTtadnkav ano Tnv IBM.

7.3. TonoAoyia AoTépa

H TonoAoyia aoTépa @aiveral oTo napakdTw oxnua.

>Tnv TonoAoyia auTr kaBe cuokeurn Tou OIKTUOU CUVOEETAl OE AQUTO PEOW
€vVOC KevTpikoU oTaBuou (hub). O KevTpIkOG auToG OTaBuOC cival peocalwv os KAbe
avTaAiayr nAnpo@opiac NeTa&l dUo oTaBPwv Tou JIKTUOU. Z€ Wi anAOUCTEUHEVN
uAonoinon o KEVTPIKOG oTaBuOCc anodTEAAEl 0 OAoug kABe nAnpogopia nou
AapBavel kai givalr nAéov €uBuvn Tou kABe oTaBPOU va anodexTei N va anoppiyel
TN €10gpXOMEVN NANpo@opia. Z& Mo NPONYUEVEG UAOMOINCEIC OUWG O KEVTPIKOG
oTabuodc anoaTéAAEl TNV nAnpogopia POvo oTov MpayuaTtiko anodektn Tng. To
NAEOVEKTNHA TNC TornoAoyiag aoTépa €ival OTI OTIG NEPICOOTEPEC avadiapBpwoElg
TOU OUCTHMATOC TO BAPOC NEPTEI TNV AvadiapBpwaon Tou KEVTPIKOU oTaBpou Kal
povo. Mpopavwe éva npoBAnua o autd To oTaBuo Byadel ekTOC AsiToupyiag

oAOkAnpo To dikTuo (single point of failure).

7.4. ZUyXPOVIOHOG TWV SIKTU®V

MNna Tov ouyxpovioud oec e€ninedo nNakeETou nAnpogopiac (yia va
anogeuxBouv n va eAaTTwBouv dnAadrn nMiBavég ouykpoUOoEeIiG AOYW TAUTOXPOVNG
METAd00NG Nou Pnopei va cuphBoUv OTIG TONOAOYIEC apTnpiag kalr dAKTUAIOU) €xouv

npoTabei d1aPopa NPWTOKOAAQ :
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7.4.1. CSMA / CD (Carrier Sense Multiple Access with Collision Detection)

>T0 NPWTOKOAAO auTd ol cuykpoUosic emiTpeEnovTal. OTav &vag oTadbuocg
BeAnoel va peTadwoel dedopéva, NPWTA akoUel To kavaAl. OTav kanolog aAAog non
HeTadidel, TOTE anayopeveTal va YeTadwaoel. O oTaBuoOC NEPIYEVEI YIA KAMOIO TUXAIO
XpoVIKO didoTnua kal &avakouel To kKavaAl. H diadikaocia auTtn enavaAaupaveral
HEXPIC OTOU O oTaBuodC PBpel To kavaAl eAelBepo onoTe kal apyilel Tn OIKN TOu
peTadoon. Mpoo£ETe OTI Kal KANoIoC AAAOG oTaBudc pnopei TauTdoxpova va apxXioel
METAdoON. XTNV MEPINTWON auTn €xoupe ouykpouon. O oTaBuoi nou petadidouv
€KEIVN TN OTIyuR avTiAagBavovTtal Tn ouykpouon kKaBw¢ Ta Oedopeva TOUg
aAAoI®VOVTAl KAl OUVEN®G anocupovTdl Kdl MMaivouv €K VEOU O KATAoTaon
avapovng vyia peradoon. To npwTOKOAAO auTo eival apkeTd anodoTikd 600 ol
oTabpoi Tou dIKkTUOU peTadidouv nAnpogopia AiyoTepo and 35% Tou XpOvou. XTnv
avTifeTn nepinTwon N NBavoTnTa yia oUyKpouon au&dvel ekKBETIKA. ZTNV TEAEUTAIA
nepinTwon To NPWTOKOAAO auTd dev Pnopei va gyyunbBei To UEYIOTO XPOVO Mou

anaiteital yia Tnv opOr YeTadoon evog kouuaTioU nAnpogopiac.

7.4.2. Token Based

Me okono TNV ano®uyn TWV ouykpouoewv n IBM eionyaye Tnv €vvolia Tou
token. To token cival €va €101kd NAKETO NMANPOPOPIAC N KATOXN TOU ornoiou divel Tn
ouvatdéTnTa yia peTddoon. YnoBETovTag pia TornoAoyia dakTuAiou, €évag oTaduocg
pnopei va YeTadwoel av kal Jovo av KaTtexel To token. Eideun, anAd akouel Tnv
nAnpogopia nou KUKAopopei oTo OIKTUO Kal TNV avaueTadidel e@ooov npoKeITal
yia nAnpogopia TnG onoiag dev eival anodektng. Otav évag oTabudcg BEAesl va
peTadwoel, 6a npEnel va NePINEVEI WOTE va PTACEl O auTOV To token. ToTe Ba To
anooupel and To dikTuo, Ba BaAel Tn NAnpo@opia nou BEAEl va YETAdWOE! Kal PETA
8a peTadwoel kal To token wOTE va €NITPEWYEI OTOV EMNOUEVO va WETADWOEl Kal
auToG. To NpwTOKOAAO NpoBAEnel Nw¢ yevvaTal To token oTav npwTodnuioupysiTal
To JIKTUO KdlI NWC aVvAayevVvIETAl OTAV €vag oTaduog nou £xel anooupel To token
nadel BAAPN.
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KEDAAAIO 8

Kwodikeg yia Avixveuon & Aiopbwon Aabwv

H napoucia AaBwv oTa Yn@iaka ouoTnuadta sne€epyaciac NANPoPopIwyV
gival kATl nou napartnpnénke anoé Ta nNpwTA Xpovia €PPAvIong Touc. Ta Adabn
OUlBaivouv AOYw YyAPAvong TwV METAAAIKOV aywywv, €nnpeacuou anod To
nepiBailov, dTeAslwv OTnNV KATAOKeUr KAN. Onw¢ 6a pabete ora Wnolaka
HAekTpovikG oTnv oucgia To AdBoc¢ €ival andppoia TnG avikavoTnTac Xeipiopou
aAAaywv oTIC oTaBueg duvapikoU MEpa anod CuyKekpiyéva oOpia. Ma va yivel nio
katavonTtd autod, ac dWOOUHE €va NMpayuhaTiko napddsiypya €xovracg katd vou Tnv

napadooiakn TexvoAoyia TTL.

Eva wneiakd kUKAwpa Tng TexvoAoyiac authng Beswpei w¢ Aoyikd 0
oTIdfAnoTe BpiokeTal o€ oTaBueg duvapikou 0 — 0,7 V kal w¢ Aoylkd 1 oTidnnoTe
BpiokeTal o oTdBueg OuvapikoU 2,7 - 5 V. YnApxel OUVEN®WG HIA MEPIOXN
anayopeupeEvwY dUVAMIK®V HWETAEU 0,7 kar 2,7 V. YNO KAVOVIKEC OUVONKeC Oev
NEPINEVOUUE Ta ONUATA €10000U ToU WnPIakoU pac KUKAWUATOC va Bpedolv evTog
auTAC TNG nNepIoxng, OI10TI Oev EEpPOUPE KATA NOCO Ol AVTINPOCWNEUOHUEVEG
nAnpogopiec 8a epunveuTolVv OwWOTA. AC UMNOBECOUHPE WOTOCO OTI Hid €K TWV
€€00WV TOU Wn@lakoU hag ouoTnuaTog OIEPXETAl YeEoa and €va nedio HEXPI va
anoteAéosl €i0odo TNG enopevng Babuidac enefepyaciac. YnoBeoTe OTI auTh
BpiokeTal oTto Aoyikd 0 pe duvapiko 0,3 V. Ag unoBécoupe OTI oTiydidia To nedio
Hac AOyw napePBoAWV HETATPENETAl O PAYVNTIKO. H wngiakn ypagun Mpag
auTOPATA PETATPENETAI O AYwYO €vTOC payvnTikoU nediou KAl CUVEN®G endAyeTal

navw TnG Kanoio pelua PE ANOTEAECNA va ANOKTAOEI KANolo veo duvapikd. Av To
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€NayOuevo peUpa €xel avTiBeTn popd PE TO ApPXIKO TOTE TO JUVAMIKO Ba Helwdei
nepaitépw and Ta 0,3 V kal ouvenwg To Yyneiakd pag cuoTnua 8a AsIToupynosl
OwOoTd. TNV AVTIOETN NEPINTWON WNOPEI €ITE N ENPEIA TOU ENAYOUEVOU PEUPATOC
va eival pikpn Kal To duvapiko va un &nepdosl Ta 0,7 V €ite va oupBei TO
avTifero. ZTn delTepn nepinTwon av To OUVAMIKO unepBei Ta 2,7 V TOTE TO
€nOPevo Wwnelakd pag ouoTnua B6a €ppnvelosl evTEAWG avanoda Tnv apxIkn

nAnpo@opia kal £va Aabog Ba £xel ouuBEi.

STV napandvw danAOUCTEUMPEVN Nepiypan Bewprnoape OTI €va Adbog
I000UVANEI JE TNV aVvTIOTPOPN TNG TIMNAG €vog duadikoU ywnoiou (single bit error).
Av kal autn n Bewpnon 8a pag dIEUKOAUVEI NApAKATW va dIdTUNWOOUHE BACIKEG
apxeg, 0 gupBadilel NAvToTE PE TNV NPAYHATIKOTNTA. Mnopei dnAadn nepioadTepa
Tou €vog duadika wneia va aAAoiwBolv (multiple bit error). Kal o1 dUo napanavw
NEPINTWOEIC OUWG ANAITOUV TNV avanTuén anoTEAECUATIKWV WETPWYV MpoaTaciac.
To nA€ov gupUTepa diadedopévo ONAo KaTa Tng dnuioupyiag AaBwv oTta ynelaka
OUCTAMATa anoTeAoUv ol KWOIKEG avixveuong n / kai didpbwong Aabwv (error

detection / correction codes).

Ac npoonabrjooupe va euBabuvoupe Aiyo nepPIOCOTEPO OTIC IOIOTNTEC Mou
npenel va dIENouv €va oUoTNHA WOTE AuTO va €XEl TNV IKAvoTnTa yid avixveuon /
O010pBwaon AaBwv. XTo NapakdTw OXNUA @PaiveTal €va POVTEAO CGUOTAPATOC Mou
anoTeAeiTal and €vav anooToAEd Kal €va napaAnnTn  Kanoiag WnQIakng
nAnpogopiac.

MeTddoon
Wneiaknig

) i
ATTo0TOAéOC — MapaAqTTng

To govTEAO aQUTO £ival ApKeTA YeVIKO, £TOI WOTE vad HNOpoUV va nepIANgOoUv KATW
andé auto Oiktua unoAoyioTwv, KME kal pgvnun, MeTagopd navw anod aptnpieg,
ouoTAMATa €10000uU - €£E000U KAM. MnopoUPe va napaTtnprnooupe OTI €dv
anooToAéac - napaAnnTng avrtaAAdooouv nAnpo@opiec PeyeBouc n duadikwv
Wwneinv Kal xpnoigonoloUv 6Aoug Toug 2" ouvduaououg, TOTE dev undpxel Kayia
duvaTtoTtnTa avixveuoncg / 010pBwaong Aabwv. AuTO yidaTi onoiadnnoTe nAnpogopia
Kal av napdayel o anootoAéac, onwc Kal auTr va aAAoiwBei o napaAnntng 6a Aapel
dia nAnpogopia n onoia €ival ka®' oAa vouiun kar avapevopevn. (Mpopavwe o
napaAnnTng avapével kabe duvatn AEEN ano Tig 27, yiaTi av o napaAnnTtng NEepe T

va avapével dev unfpxe AOYOC yia TNV anooToAR TnNG nAnpogopiacg).
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H napandvw avdAuon pag odnyei 0To oupnépacpa OTI yid vad UNApXEl
duvatdéTnTa avixveuong / Oi16pBwong AaBwv, nNpEnel 0 dANOCOTOAEAC Kal o
napaAnnTng va ouvevvonBoUv €€ apxng, &€Tol WOTE €vad HOVO UMOCUVOAO TWV
duvaTwV CuvdUAONWV va Bewpeital €ykupo (OUVOAO KWOIKWV AEEswv - set of
codewords) kal ol Aoinoi cuvduaouoi va BswpouvTal akupol (non-codewords). H
10éa niow and auTn Tn cupwvia gival 6Tl o anooToA£ac napdayel HOVO KWOIKEG
AE€Egic nou anoucia AaBwv QTAvouv Kal yivovTal anodekTEG and Tov napaAnnTn,
evw napoucia AaBwv PETATPENOVTAl O PN KWOIKEC AEEEIC MOU aANAITOUV EIDIKEG
evépyelec ano Tov napaAnnTn. H uAonoinon Tng napandavw cUpBacng Pnopei va
npayugaronoinBei  enicuvanTovTag K ennAéov duadika wngia oTnv  apxikn
nAnpo@opia (wneia gréyxou — check bits) kar xapakTtnpifovracg opiopévoug podvo
and Toug 2"k guvduaopolc wG £yKupoug. TNV oucdia autd odnysi ot pia
Kwdlkonoinon TnG apxIkng nAnpo®opiag apou kabe apxikn AEEN Twv n duadikwv
Yyneiwv avTioTolxieTal o€ pia vea AEEn Twv n+k duadikwv wneiwv. H avaAuon
auTn kabioTd npo@aveg ot n avaykn yia avixveuon / d16pbwon Aabwv odnyei To
apxIko6 pag ovuotnua os diagopec eniBapuvoelc. O pubudC PeETaPOpPAc dEdOUEVWV
gival NAéov XAuNAOTEPOC evw XpelaleTal XpOvog OToV dnooToAEd yia ThV
kwdikonoinon TnNG nAnpo@opiac kai oTov NapaAnntn yia Tov €AEyX0o TNG

opBOTNTAG.

YnoB&oTe OTI TO APXIKO MAG cuOTNUa €xel n=8 kal pubuod peTagopdc
o0edopévwy 2 Mbit/s. Av Béooupe k=3, TOTE 0 1 sec peTapépovTal naAl 2Mbit, pe
TN dlagopd OpwG OTI povo Ta 8/11 eival xpnoiun nAnpogopia kar ta 3/11
nAnpogopia eA&yXou. ZUVENW®WG 0 WPEANIPNOG pUBPOG HETAPOPAC OedOMEVWV Eival
nAgov (8/11) * 2 Mbit = 1,45 Mbit ka1 n eniBdpuvon Tou cuoTAPATOC Kag €ivai
27%.

Ta PJeydAa epwTRUATA NOU KAAEITAl N ENICTAKN KAG va anavTnaoel gival :
a) Nooa eivar Ta eAaxiota wneia €Aéyxou nou anaiToUvTdl yia Tnv €niTeuEn
OIaPOPETIKWV OTOXWV avixveuonc / d10pBwaong Aabwv ;
B) MeTa&l Twv JIAPOPETIKWV KWOIKOMOINCEWY MOU PNopw va napw Pe k duadika
wneia eAéyxou, nolad NPooPEPEl TIC MEPICCOTEPEG duvaTOTNTEG avixveuong /
016pBwaong Aabwv, noia odnyei OTA N0 yprnyopa KUKA®PATA kwdikonoinong /

anokwd1konoinong KAn. ;

AnavTtnoesig og NoAAG and auTd Ta epwTANATa BPIOKOUNE anod TIG EPYATIEC
Tou padnuaTtikou Richard Wesley Hamming (1915 - 1998), o onoiog Bswpeital o

BePeNIWTNC auToU TOU KOoWpaTioU TNG €nIOTAKNG MAG HIAG KAl NTAV 0 NPpWTOC Mou
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€I0AYaye TUmKoUG TPOMOUG KATAOKEUNG OPIOHEVWV KWOIKWV. =Tn OCUVEXEIQ
avanTUOOOUHE OPICHEVEG anod TIC €VVOIEC MOU €ionyaye o Hamming. MpwTapxikn
gival n évvoia Tng anooraonc ueTa&u duo wn@ioAe&swv (Hamming distance), o
apiBuocg dnAadn Twv avTioToixwv duadiK®wV Yn@iwv OTIC ONOIEC AUTEG OIAPEPOUV.
MNa napadsiypa ol wneioAggsic 01001 kal 11101 €xouv andoraon katd Hamming
2, apou diapEpouv oto 1° kal To 3° anod apioTepd wneia. Opoia ol YnQIoAEEEIC
111 kar 011 €xouv anoortaon 1. Ac unoBéooupe Twpa OTI KaTaokeualoupe &va
KOOIKa TOU onoiou ol KwdIKES AEEEIC €xouv OAeC pnkog 2"k duadika wneia. O
Hamming ovouaos anooTtacn Tou kwdika (code distance) Tov eAdxioTo apiBuo Twv
wneinv ora onoia diapepel kabs duvaTd (euyog KWOIKWV A&€swv. MNa napadeiypua
ag unoBEgoupe Tov KWOIKA MouU €XEl TIC €ENC KwIKEG AéEeic : 1111, 0011, 0000,
1101. H katd Hamming anoocTtaon HeTa&l 2 KWOIKWV AEEEWV PaiveTal oTov MIo
Katw nivaka. O kK®JOIKAC OUuveENWG €xel andoTacn Tnv €AAxIoTn TIUR nou

epgavileral orn de€1d atAAN, dnAadn 1.

MeTagu AnooTaon
1ng kair 2ng 2
1ng kai 3ng 4
1ng kai 4ng 1
2nG Kai 3ng 2
2nG kai 4ng 3
3n¢ kai 4ng 3

AG eEeTdooupe Twpa TN QUOIKNA €vvold AUTWV TwV MHeEYEBWV KAl dag
HadnuaTikomnoIr)OOUKE OPICUEVEG NapaTnpnoseic. NapatnpeioTe OTI £vag KwWAIKAG UE
anooraon 1 3 paAc¢ npoo@Epel kauia duvaroTnTa yia avixveuon kai O10pBwaon
AaBwv. O Aoyoc eival npo@avng, agou akoun kal €va Adbog pnopei va odnynoel
o€ AAAn kwOIKn AEEN. ZTov napandvw Kwdlka €4av O aANOOTOAEAG E0TEAVE TnV
KWOIKA AEEN 1111 kar autr aAAoiwvoTtav oTto 1° duadikd wneio, TOTE O
napaAnnTng Ba €naipve Tnv A£En 0111, n onoia dev €ival A&En Tou KwAIKA Kal
ouvenwg 6a avTiAauBavoTav OTI KATI nNRye AdBog. QoToco av aAloiwvoTav 1o 3°
duadikd wneio, o napaAfnTng 8a AduBave AavBaopeva Tnv A€En 1101, nou

kaBodoov eival kwdikn Ba yivoTav anodekTr.

Av neplopifape Tov KwdIkA pag oTic Aé€sig 1111, 0011, 0000, TOTE AUTOG
B8a anokToUoe anoortacn 2. Eival nAéov npo@avég OTI 0 VEOG KWAIKAG EXEl TNV
IKavOTNTa avixveuong danAoU AdBouc. Eva anAd AdBoc¢ e@appolOuevo o€

onoladnnoTte KwdIKN AEEN O pnopei va odnynoel os kanoia AAAn aou kabe AAAn
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dlapepel o€ TouAdxioTov 2 duadika wngia. MevikelovTag auTn TN AoYIKN KNopoUpE
va noupe OTI évag KwdIKAG ue anooraon d+1 npoo@Epel IKavOTNTA AVIXVEUONG WG

kalr d AaBwv.

YnobéoTte Twpa OTI PETAEU TOU aAnooToAéa Kal ToU NApaAnnTn avraAAdooovTal
nAéov KWOIKEC AEEEIC ano kanolov Kwdika Pe andoracn 2. Otav Aoindv cuuBei €va
anA6 AdBoc o napaAnnTng ayvoei auth Tn nAnpogopia kal {nTasl and Tov
anooToA£a va snavaAdBel TNV anooToAr Tng idlac nAnpogopiac. To napandvw
oxnua €ivar anodoTIKO HOVOoV

a) O pubpocg eugpaviong Aabwv givar hIkpog

B) H nAnpogopia dev €ival kpioigou xpovou.

MNpopavwe oTtav o pubudc Twv AaBwv eival auénuévog OTO nNapanavw oxnua
XAVveTal NoAUTIMOG XpOVOG yia enavapeTadoon nAnpogopiwv. Eniong o peEyIoTog
XPOVOC YIa Yia opBn PeTddoon dev €ival ppaynéVog Avw. Z€ AUTEG TIC NEPINTWOEIG
gival iowg kaAUTeEpo va dWOOUHE OTOV NAPAAnnTn TNV IKAvoTnTa va JlopBwmvel
TuXOVv AGOn. Asdopévou Tou duadikoU ouoThpaTocg, n 016pbwaon Twv AdBwv oTnv
NPAyHaTikOTNTA EYKEITAI OTOV EVTONIOKO TWV dUadikwV Yn@iwv nou £€XOUV UMOCOTEI
aAloiwan kal TNV avrioTpo®r TNG AAAOIWHEVNG TIMAG Toug. MW OPwG Unopei va

yivel o evToniopog auTtog ;

YnoBéoTe kai ndAl TO nNeEplopIOUEVO KwdIKA HE anodooracn 2 nou
Xpnoligonoioaue nio Navw. Ag UNOBECOUNE OTI O ANOCTOAEAC OTEAVEI TNV KWOIKN
AEEN 1111 kar éva anAo AdBog Tnv aAloiwvel oTnv Pn Kwdikn A£En 1011. O
napaAnnTng npo@avws avriAauyBaveral 0TI ouvéBn AdBo¢ Opwg O Pnopei va To
dlopBwoel yiaTi N AéEn 1011 nou €pTace oe auTtov "polalel" pe dUo KWOIKEC AEEEIC
Tnv 1111 ka1 Tnv 0011. Av nepiopifape akdPa NePIOCTOTEPO ToV KWOIKA Pag o dUo
HOVOo KWOIKEG Ae€eic 1111 kal 0000 ToTE €ival npoPaveg OTI To Nio navw AdBog oe
KaBeoTw¢ anAwv Aabwv gival ca@eoTaTa dIaXwpIoIJo KAl CUVEN®MG 0 NapaAnnTng
pnopei nA€ov va To diopbwoel. OI napanavw dUo KWIIKEG AEEEIC £xouv anoaTaon 4
aAAG To idlo Ba ouveEBaive kal av sixav andoraon 3. Kabe anAd AaBoc oe €vav
KwdIKa JeE anooTaon 3 odnyei o€ pia un KwdIkn AEEN nou £xel andoTacn 1 ano yia
HOVO KwOIKN A€EN kal 2 ano KABe AAAn. Juvenwc¢ o NApaAAnTng MMopei va
avayvwpilel autn Tn PN Kwdikn AEEN oav TNV KwOIKN AEEN €k TNG onoiag an€xel To
AlyoTepo. levikeUovTag auTrn Tn AOYIK WNOpoUNE va noUpe OTI €vag KwdIKAG ME

anoartaon 2c+1 npoopEpel 1IKavoTnTa di1opBwang €wg kal ¢ Aabwv.

Ma Tnv eQpapuoyn Twv napanavw oTnv npagn, kanoiog xpeialeral va opioel

TOV aplfuo Twv Wn@iwv eAEyXou KABwC Kal TIC AOYIKEC ouvapTnoEIC Nou Ba npénel
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va uhonoinBoulv yia Tnv auénon Tng andéortaong YETA&U Twv NANPoPopiwv nou Ba
kwdikonoinBouv. Mpopavwg €vac KwdIKAG €ival epapPociyoc av odnyei o anAda

KUKAwPaTa kwdikonoinong / anokwdikonoinong.

>Tnv nA€ov ouvnBn MNePINTwon TN avixveuong anAoU AdBoucg €xel deixOei
OTI anaiTeital yovo £va enminAgov duadikd Wngio 100TIMIAC yia TNV €NiTEUEN KWIIKA
andoraong 2. To wn@io autd ovopdlstalr wneio 1ooTihiag (parity bit) kai
unoAoyileTal €70l WOTE 0 TEAIKOG apIBUOG TwV Aoowv oTnVv KwdIKN AEEN va eival
AapTIoC 1 NEPITTOG avaAoya JE TNV €niAoyn apTiac n NePITTAC I00TIMIAc. Av n apxIkn
Mag nAnpogopia eival n 100111011 kai B€ANCOUNE va KATAOKEUAGOUME TNV
KWOIKA AEEN yia auTtn Tnv nAnpogopia o€ evav kwdika apTiag IcoTIHiag 6a npénel
va npooBécgoupe €va duadikd Ynoio WOTE N TEAIKN AEEN va €xel apTio aplBuo and
aogouc. Apa oto napddeiyud pag n npokuntouoa KwoIKn AEEN B6a eival : 0 |

100111011. (=Ta napakaTw Bewpoupe OTI akoAoubeitTal navra n apTia 100TIyia).

H apxikfl pag nAnpogopia anoTteAsital and n duadikd wn@ia KAl GUVEN®G
hnopei va ndpel onoladfAnoTe TIPR avapeoa oToug 2" oguvduaopouc. H npoabnkn
€VOC wn@giou 100TIiac odnyei oe n+1 duadikd wneia. Opwc ek Twv 2"
ouvOUaoP®V POVO Ol JIooi £xouV ApTIo apiBud and Aooucg, eV ol unoAoinol £Xouv
nepiTrd. EnIAéyovTag ouvenwc ApTIA I00TIMIA WOVO TIC MICEG anod TIG mBaveg
WNOQIOAEEEIC TwV N+1 duadikwv Yneinv BewpoUhe w¢ KwdIKEG. H apTia 10oTiyia
odnyei og kwdika anoéoTaong 2 apou £va anAo Aaboc pnopei va aAAdéel ite éva 0
oe 1 €ite €va 1 og 0 kAl ouvenwg va odnynoel o pdia napdoraon Pe nNepITTo apiBuo
and 1, dnAadn oe pn KwdIKN AEEN. To wn@io 100TIHIAC KABWC KAl O €AEYXOG
opBOTNTAC PIag AEENC yia Tov KwOIKA 100TIMIAG pnopoUv va yivouv PeE éva anAod
0evtpo anod EX-OR nuAec. To kKUKAwHa vyia n=4, yid dpxikn nAnpogopia nou
anoTeAeiTal and Ta ywneia ds, d,, d; kal dy Qaiverar napakdTtw (P To wneio aptiag
I00TIYiag). Mpoo€ETe OTI OTO 010 KUKAWMA €XEl evowpaTwBei TOOO n AsiToupyia
KwdIKoMoinong 000 KAl auTr] TOU EAEYXOU TG EICEPXOMEVNG KWOIKNGC AEENG.

d, d, P

Wneoio
looTiyiag
Evoeign
NdBouc
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MnopoUHE va MPOEKTEIVOUPE TNV €vvolid TNnG ICOTIYIAC yia Tnv d10plwon
Aabwv nou cupBaivouv og ouada nAnpogopiac. YnoBeoTe OTI €XOUPE pia opdda 3
NANPOMOPI®YV MNOU KABe Wiad Toug gival Twv 4 duadikwv wneiwv, cUPNPWva PE TO
NapakaTw oxnua :

1010

0111

1101
e auThv Tnv apxikn nAnpogopia enicuvanTtoupe éva ywneio (ag Bewpriooupe
aptiac) 1ooTipiac o kABe oTAAN kal kKABe ypaupr Tng, ondTE NAipVOUPE Hia VvEa
Kwdikonoinuévn opada nAnpogopiac wc €ENC (EXOUME emiong eniouvayel £va

WYnQio yia Tov €AeyX0 TNG ICOTIMIAG TwV Yn@iwv eAEyxXou):

1 0 1 0 0

0 1 1 1 1 | OpiZovTia IooTiyia

1 1 0 1 1

0 0O O O |0 |WnoioEAéyxou Twv Wnopiwv EAEyxou

KaBetn IooTiyia

AG unoBéooupe OTI oTnVv napandvw kKwdikonoinuévn nAnpo@opia cupPaivel éva

anAo o@AAua cUNPWVA JE TO NAPAKATW OXNKA :

ol »r B O
ol B, B O
ol » M O

ol = O =

Eivar npogavég 611 kGBe AdBoc ennpedlel €va wn@gio 100TIHIAGC TOOO KATA TOV
kdBeTo 000 Kal kKaTa Tov opifovTio afova. Zuvenwg To AdBog duadikd wngio
BpiokeTal OTNV TOMN TNG YPAMMKNG Kal TNG oTNANG Ke AdBog 1ooTigia. To napakaTw

oxnua deixvel Tn diadikacia evTonioyou Tou AaBouc :

1 0 1 0 0
10 -
1 1 0 1 1

0

oo>oo
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And nAgupdc ulonoinong woTooo, N TEXVIKN TNG KABETNC Kal opifOVTIAG I0OTIMIAG
anaitei n+k wnoeia 1ooTigiag (+1 av UIOBETNOOUKE KAl TO WNPIo EAEYXOU TWV
WPneiwv gAeyxou) O6nou n To PNKOG KABe AEENC kal k To NARBoG Twv AtEewv. Ma
kGOe €va ano autd anaiTeitTal €va KUKAwPa oav autd Tng nponyoUuevng ogAidac,

EVW O EVTONIONOC TOU OUYKEKPIPEVOU duadikoU wngiou anaiTei eNiNAEoV UAIKO.

O Hamming np®wToC npOoTeIvE BEATIOTOUC KWOIKEG Yia O10pBwon anAwv
AaBwv. H 6Beswpia navw ortnv onoia BacioTnke avanTUCOETAl €V OUVTOMIa
napakatw. Eotw OTI n apxikn nAnpo@opia anoTeAsital and n duadika ywneia Kai
Mnopei va napel 6Aoug Toug 2" ouvduaopoUg TIHWV. ZE€ AUTAV TNV NAnpo@opia
BEAw va eniouvayw Ta eAaxiota k duadika yneia woTe 0 NAPAARNTNG va PNOPEi
va diopBbwvel anAo, dINAO, TpINAOG KAN. AdBog. NapakdTw divoupue To napddeiyua
yla anAo Aabog To onoio eUkoAa unopei va enauénbei yia Ta nepioocodTEPa AGON. H
nAnpo@opia nou ¢TAvVel OTOoV aAnodEKTN €xel PAKOG n+k duadika wnoia. Kabe
KwOIKN A£EN napouadia anAwv AaBwv PNopei va JETAOXNUATIOTE :

a) =Tnv apxikn kKwdikn AEEn av d& oupBei kaveva Aaboc.

B) =€ n OIAPOPETIKEG ALEEIC av To AABoc oupBei o kanolo duadiko Wngio TNG
nAnpogopiag

y) Ze k dia@opeTikéc AéEeic av To AdBog oupBei o kanoio duadikdo Wneio Twv

WYneiwv eAgyxou.

EoTtw yia napadeiypya ot n apxikn nAnpogopia €ival n bs b, by by kai os
auTAV ENICUVANTOVTAl TAd YnQia €AEYXOU Ci.q ... Co. H KwIIKN AEEN ouvENW®C nou
oxnuariletal €ival n bz b, by bg c1 ... Co. Mapoudia anAwv AaBwv n AEEN auTh

pnopei va aAlolwBei 1) va pnv aAAoiwBei wg €ENG :

bs b, by by C-1 ... Co Na pnv aAAoiwBei didAou

E bz b1 bo Ck-1 --- Co
bs b, by by Ck1 ... Co Na aAloiwBei kata 4 Tponoug, OOOUG
bs b, by bg €1 ... Co dnAadn kai Ta yngia nAnpogopiag

b3 bz b1 bTCk—l ... Co

bs b, by bg Cq ... Co Na aAloiwBei kata k TpoOnoug, OooUC

bs b, by by Ck-1 ... Co OnAadn kai Ta yneia eAéyxou
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SUPQwva JE Ta napandvw, n apxikn Hopgpry 060 Kal ol mMBavec aAAoIWOEIC HIag
nAnpo@opiag ouvioTouv pia oga@da pe nAnBapiBuo (1+n+k). O napaAfnTng TG
nAnpogopiac yia va €xel 1IkavoTnTa d16pBwong Tou anAou AdBouc Ba npenel KABe
OTOIXEIO PIag TETOIAC ouAdAG va PNopPEl va To avTIoToIXEI oTnV apXIkn nAnpogopia,
n.x. N nAnpogopia b3_bzb1b0ck_1...c0 Ba npénel va avTioToIXei Povadika oTnv [N
aAlolwpévn nAnpogopia bsb,bibgcy 1...co. AUTO onuaivel 0TI kKGBe ouada 6a npEnel
va eival €éva unocUvoAo £€vo w¢ Npog kabs aAAn mbavr opada. Egocov o apibuog
TWV opadwv ival 2", Ta dIapopPETIKA OTOIXEId Nou npenel va napacrtadoulv sivar 2"
* (14+n+k). Opwg pe n+k duadikd yneia unop® va €xw To NoAU 2" diapopeTikec
NapacTAdeIC. SUVENWG :
2" * (1+n+k) < 2"k & (1+n+k) < 2%

H napandvw oxéon divel Tov €AdxioTo apiOuo duadikwVv Wneinv gAEyXou
nou npéenel va npooTedolv o n duadika wneia nAnpogopiag woTe va undpxel n
duvatoTtnTa d16pOwaong anAou AdbBouc. EoTw yia napadeiypa o1l n=12. ToTe n
napandvw avigotTnTa IoxUel yia kK = 5. TMpo@avwg enmAéyeTal K=5 wOTE n
eniBdpuvon va €ival n PikpoTEPN duvaTrh. MMopeiTe va ouykpiveTe Tov €AAXIOTO
auTod apibpo duadikwv wneiwv Ye Ta 7 (| 8) wneia eA&yxou nou andiTei n I0oTIdia
OTAANG YPAMHAC Kal va OlanioTWOETE NOCO AMNOTEAEOUATIKOG €ival 0 KwJIKAG

Hamming.

MNa va yivel OJwG anodekTOC o0 napandvw kwdikag, anaiTeitalr kai n
€pappoyn Tou va e€ivar eUkoAn. H e@appoyn Paciletar ortnv 10éa  TwV
EMNIKAAUNTOMEVWY OPAdWV I00TIYIAG. AnAadn, Ta wneia Tng nAnpogopiag
XwpidovTal o€ oPAdeC, Nou OPWC Oev gival E&veg YeTa&lu Touc. KaBe opdda exel €va
wneio 100TIMIAG KAl mpogavwe &va wneio nAnpo@opiag nou dAvnKel O€
NEPIOOOTEPEC ANO Wia opAdeG EAEYXETAI ANO NEPICCOTEPA TOU EVOG WNPia eAEyXOU.
O apiBuog kai n B€on Twv Yneiwv eAéyxou nou napouaialouv AGBo¢ I0oTIdia pag
evTonifouv To Ywngio nou eival AavBaouévo. Ag doUpe €va napdadeiyua. Eatw OTI
EXw 4 duadikd wneia nAnpogopiac bsb,b;by kal ocuvenwg kai 3 wneia eAéyxou
C3CyCy. ZXNMATICw TIC €ENG ouddecg @ (bs, by, by, c1), (bs, by, by, C2) kai (bsz, by, by,
c3). Kabe wnoio gAéyxou opileTal oav To wngio I0oTIPiac yia Tnv opdda nou
avnkel. Eotw Aoindv Twpa OTI aAAolwveTal n TiMA Tou bg. O napaAnntng 6a
dlanioTwoel AABog 100TIhia TOCO OTO WnQio gAéyxou c; 00O Kal OTo Cp. O1 duo
OMAdEC 100TIMIAC NMou eA€yxovTal and Ta wneia €AEyXOU C; KAl C; €XOUV KoIvd
oToixeia Ta by kal bs. To by Opwg Og pnopei va eivalr Adabog, yiaTti TOTe Ba unNnpxe
AGBog I100TIPiag kal oTnv opada Tou c3, KATI nou dev IoOXUEl. ZUVENWG TO AAGBOG

evTonileTal oto by kal pnopei va dlopBwbei. O napakdTw nivakag Oeixvel noia
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wnoeia eAsyxou Ba ennpeacToUv avaioya Pe TIC aAAOIWOEIG Nou Ynopei va ndabel n
nAnpogopia pacg. Mapartnpeiore OTI To anoTeAeopa kaABe niBavou AdBoug eival
povadiko, dnAadn yia KABe nePIiNTwOn MPokUNTEl €vag Hovadikog ouvOUaopoGg

AaBwv oTa wneia eAgyxou, waoTe va eniTpénel Tn di0pbwan Tou Addouc.

AaBog Auadiko Wnepio AaBog Wnopio(a) EAéyxou

bo Ci G

by Cy C3

b, Cy c3

bs Ci, G, C3

Cy Cy

C C

Cs3 C3

Ac doUpe Twpa NWC PnopoUUe va OWOOUNE €vav PnNXavioTiko kavova yia
TNV KATAOKEUN TWV OpAdwv I00TIHIAC KAl Twv  ENIKAAUYE®WY TouG. Oa
XpNOIJONOINOOUNE  yia  napddsiyga TNV apxikn  nAnpogopia M =
MgMgM;MgMsM4MsM;M Mg = 1000111011, Epocov n = 10, oUhpwva PE TNV MO
navw avaiuon yia Tnv kwdikonoinon 6a xpelacTtoupe 4 duadika wneia eAEyyxou,
£0Tw Ta CgC4C,yC,. KaTaokeudloupe TN KWOIKA HAG AEEN, £TOI WOTE OTIC BECEIG Nou
gival duvapeig Tou 2, va eival Ta yneia eAéyxou. MNa 1o napddeiyyd pag n Kwdikn

Mag A€En Oa sival :

14 13 12 11 10 9 8 7 6 5 4 3 2 1
Mo Mg My Mg Ms My C M3 M, My C My GC C
1 0 0 0 1 1 1 0 1 1

Opilw Ta wnoia eAéyxou gav Ta wneia 1ooTipiag (UNoBEaTe ApTIAG) TWV WnPiwv
TOU KWJIKOMNoINKEVOU PUNVUNATOC Nou BpiokovTal oTIC BECEIC :

¢ MatoC;:1,3,5,7,9,11, 13, ...

¢ NatoC,:2,3,6,7,10, 11, 14, 15

¢ latoC,4:4,5,6,7,12, 13, 14, 15, ...

¢ MatoCg: 8,9, 10, 11,12, 13, 14, 15, ...

(EvaAAakTikd, yia kabe wneio nAnpogopiac ypdpw Tn 6£on nou BpiokeTalr cav
abpoiopa duvapewy Tou 2. Kdbe TéTola duvaun pou dnAWVEl Kal T CUPKETOXN TOU
Wn@iou autoU oTnv oudada 100TIYIaGC Tou Wngiou eAEyxou nou PBpiokeTal oTn O£on

nou eivar duvaun Tou 2. MN.x. To wn@io nAnpogopiag Mg, BpiokeTal otn B€on 11.
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Eneidn 11 = 8 + 2 + 1, TO wn@io auto eA&yxeTal anod Ta yn@ia €A&yxou Mnou
BpiokovTal oTic B€0cic 8, 2 kal 1, dnAadr ano Ta Cg, C,, Cy).

EpapudlovTac Tnv 10oTigia Bpiokw :

¢ Ci:0
¢« C:0
o C4:1
¢ Cg:1

OnoTe To KWAIKO PAVUNA NouU NPoKUNTEl ival To €&NC :

14 13 12 11 10 9 8 7 6 5 4 3 2 1
Mg Ms M; Mg Ms My GCg M3 My, My G4 My G, (o}
1 0 0 0 1 1 1 1 0 1 1 1 0 0

To UAIKO nou xpelddeTal yia Tnv diadikacia kwdikonoinong Tou napadeiypaTtdg pag
gival npo@avwc TEoogpa avTiypa®a Tou UAIKOU NoU NApoucIacTnKE yid Tov KwdIKa

I00TIHIaG.

Ag unoBegoupe OTI gupPBaivel kanolio AaBog oTo KWOIKO PAc PAvuPa nou

EXEl WG ANOTEAECHUA TNV AVTIOTPOPr Tou My, TOTE 0 NApPAARNTNG NAipvel To KATWO!I

MAvupa :

14 13 12 11 10 9 8 7 6 5 4 3 2 1
Mg Mg M; Mg Ms My C M3 M, My C My G C
1 0 0 0 1 %0 1 1 0 1 1 1 0 0

EAéyxovTag Tnv 100TIHIG TWV OPAdwV ONWC OpPIoTNKAV NMAapandvw o napaAnntng
naipvel £voeiEn AdBouc otnv 1ooTigia Twv C; kal Cg. Ta kKolva oTolxeia oTIG ONAdEC
I0oTigiag Twv C; kai Cg ival Ta wneia oTig 6€osic 9, 11 kar 13. AaBog oTo wneio
TnG B€on¢ 11 woToco Ba npokaAouos AaBog kal oTnv 100TIdia Tou C,. Opola, Aadog
oTo wneio TnNG B€ong 13 6a npokaholoe AaBog C4. Miag Togo To C, 600 Kal To Cq4
gival owoTd, oupnepaivoupe OTI AavBaouévo €ival To wnegio ortn 6€on 9 Kkai

OUVENWG TO AVTIOTPEPOULE.

To UAIkd nou xpelaletal yia Tnv diadikacia anokwdikonoinong npopavwg
anoteAeital ando XOR d&vdpa yia Tnv dnuioupyia Twv evdeiEewv AdBoug, €vav
anonA€KTn nou naipvel TiI¢ evOei&eig AdBoucg kal napdayel yia paoka Tng onoiag govo

€va ynoio €ival oto 1 o€ nepinTwon nou kanoia and Tig evdei&eig AdBoug €ival oTo
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Aoyiko 1 kai pia nUAn XOR avd duadikd yngio nou naipvel TNV KwdIkn AEEN kal Tn

pHaoka kar napayel tn diopBwuevn nAnpogopia.

H Baoikf pop®r Tou kWdika Hamming nou neplypdwaps nio navw €ivai n
nAéov evdedelyuyevn vyia Tnv  O010pbwon anAwv  AdBwv. AuoTUuxX®G, av
xpnoigonoin®ei og nepiBaiiov dINAwv AaBwv, TOTE Ta dINAG Aa6n diopbwvovTal
eniong AavBaopéva. Me gAaxioto eninAéov UAIKO PNOpoUUE va KATAOKEUAOOUWE
£€vav KwdIKka nou agevog dlopBwvel anAa Aabn agetépou avixvelel Ta dinAd. O
KwdIKAg autdg ovopaletal Tpononoinpévog Kwdikag Hamming kal oxnuaTileTal Je
TNV NpooBnNKn €vog Wngiou 100TIMIAG yia OAn TNV KwJIKA AEEN. MpokeIuEvou yia
apTia 1ooTIdia N KwdIKA AEEN Tou napadeiypyaTtog Pag o€ auThv TNV nepinTtwaon 6a

ATav :

14 13 12 11 10 9 8 7 6 5 4 3 2 1  Parity
Mg Mg M; Mg Ms My C M3 M, My C My GC C P
1 0 0 0 1 1 1 1 0 1 1 1 0 0 0

O napaAnnTng TNG NAnpo@opiac ynopei NnAgov va avixveloel dINAAG o@AAPaTa Kai

va dlopBwaoel Ta anAd £xovTac unoywn Tou Ta NAPAKATY :

a) Ynapxel €voeign AdBoug kal To eminAgov duadikd wn@io IgoTidiag ivar Addoc.

TOTe unAapxel anAd o@AApua Kai npoXwpdape otn d16pOwar Tou.

B) Ynapxel €vdelEn AdBouc kar To emnAgov duadikd yngio 100TIYIAC €ival owaoTo.

TOTe unApxel dINAG oPAAUA KAl NPENElI va anoppiYouue TNV NAnpogopia.

y) Aev undapxel &vdelEn AdBoug kal To eninAéov duadikd wngio I0oTIdiag e€ivai

owoTO. TOTE N NAnpogopia sival cwoTn.

>Ta napandvw Bswprnoaue TNV unapén povo anAwv n dinAwv Aabwv. Av kai
auto To €idoc AaBwv eival To nAfov ouvnBec oTa wneiakd KUuKAwparta Ta
noAAanAd AGen naipvouv Tn oKUTAAN OTOV TOMEQ TwWV JIKTUWV I YEVIKOTEPA TWV
WNEIaKWV TNAEMKOIVWVIOV. OI MAEov d1adedopEvVol KWOIKEG OTOUG TOUEIC auToUg
gival ol kukAikoi kwdikeg (Cyclic Redundancy - CRC Codes). O KwdIKEG auToi
Bacilovtal otnv 10éa OTI pia duadikn nAnpogopia WMopesi va napioTavel £va
NOAUWVUPO av €pApPOCOUHE TOV Kavova Tou noAuwvUPou Kal B€coupe oav pida
TOU apiOuNTIKOU Pag ouoTnuaTog To X. ETal n duadikn nAnpoopia 100111 pnopei

va BewpnBei OTI NAPIOTAVEI TO NOAUWVUO :

1%%% + 0*%x* + 0*%x° + 1*%x% + 1% + 1%’ = x> + x> + x + 1
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O1 Lin ka1 Costello €dei€av 0TI pnopoUv va NeTUXouV avixveuon noAAanAwv Aabwv
av eniocuvayouv oTnv apxikf nAnpo@opia To unodAoino TNG Oldipeonc TNG
BewpoUpeVNG WC MOAUWVUMO MHE €va AAAO MOAUWVUPO TO onoio ovopaleral
yevvnATopac noAuwvupo. O 1kavOTNTEG avixveuong nou napexovral and autoug
Toug KWOIKEC neplopiovTtal povo and 1o Babud kar Tnv "noidTNTA" TOU YeEVVATOPA
noAuwvupou. MoAAG andé autd Ta NoAuwvupa npooTaTtelovTdl and NATEVTEG Kal
anoteAoUv NA€ovV OTAVTAPT TA OMoid UMOXPEWTIKG NpéEnel va uAomnoloUVv OAEG ol
OUOKEUEC &vOC OIKTUOU. TouC KUKAIKOUG KWJOIKEC Oa €XETE TNV €ukaipia va
YVWPIOETE avaAuTIKOTEPA 0TA PabnuaTa Twv AIKTUWV YnoAoyloTwV Kal ZXediaguou

SuoTnuatwyv EidikoU =konou.
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KE®AAAIO Y
EniAeyuéveg AOKNOEIG

Aoknon 1

[Iéoa 6Guadika wneia amattovvial yia TV aAvanapdoctaorn &vog @UOKoU aplfpou 1ou
avartapiotatatl pe K yneia oto dekadiko cuotnua ;

Avon
Me K yneia oto 8ekadiko ouoINPA PIOPX vd Avartapdotr|o® 0Aoug toug apBpoug aro 0 €mg
10x-1, 8nAadr] va &xo 10x avamapaotdoels. Ta apketd peyddo K, 0 HEYAAUTEPOG
avanaplotepevog aptbpog Oa éxel i nepirntou 10x. H avanapdotaon autou tou apiBpol oto

duadikod xperaletat logs 10x Suadika yneia, dndadr) nepinou 3,32*k yneia.

Aoknon 2

Arnobeifte o €vag pn npoonpaocpévog duadikog X eivat duvapn tou 2 av kat povo av 1o AoyiKo

AND tov yneiev tou X kat tou X-1 eivat O.

Auon

Opbo : rABe apBpdg mmou eivar duvapn tou 2 uropei va ypagei oa 0...010...0, orou
ekatépwlev g povdadog urndpxouv K Kat A yneia avriotoxa, pe 0 < K, A. O X-1 éxel ) poper)
0...001...1, dnAadn €xet 0 ot O¢on 1ou o X éxet 10 povadiko tou 1 kat ta rmbava 1 tou
Bpiokovtatl oe B¢oelg mou o X €xer 0. To Aoyikd AND autev tov dUo PneloAégemv mpopaveg
oiver 1o O.

Avtiotpogo : Tha va ugiotatat o X-1 kat va eivat pn npoonpacpévog duadikog apibpog Oa
nipentel X>0. KaBe X propet va ypagei pe ) poper) b...b10...0 orou be{0,1} kat o apiBpog twv
0 eivat k, pe Kk 2 0. O X-1 tote €xet ) poper) b...b01...1. Apou 10 Aoyikd AND autav eivat O,

ouventayetat o6tt b...b = 0...0 ka1 ouvenwg o X éxet popern) 0...010...0. Apa eivat duvapn tou 2.
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Aoxnon 3

¢ Tlowo eivatl to Bapog tou 1 otoug apiBpoug : 10002, 1000, 100010, 10006 ?
¢ Tloto dekadiko apBpno avarnapiota o dexkae§adikog AO1Bis ?
¢+ Metatrpéyte tov 6exkaefadiko AS oe 6uadikod kat tov duadiko 11101100 oe dekae§adiko.
Auon
+ Eivat avtictowxa 23, 83, 103 kat 163,
¢ TovA*163 + 1*16! + B*16%9 = 10 * 4096 + 16 + 11 = 40987 0.
¢ A5:6=(1010)(0101)2 = 101001015.
111011002 = (1110)(1100)2=ECjs.

Aokxnon 4

KdaBe pia anod tig akoAoubeg aplOunuikég mpadelg eival omotr) oe €va touddxiotov apldpnuko

ovotnpa, rou €xel Paon r. 'a mv kabe nepimworn, va Bpebel 1o r, wote 1 mpdasgn va eivat

o®otn.

¢ 1234 + 5432 = 6666
¢« 41/3=13

¢« 33/3=11

¢ 23+44+ 14 +32=223
Avon
o (1+5)r3 + (2+4)r2 + (3+3)r! + (4+2)r° = 613 + 612 + 61! + 610 = 6666,. Apa 10XVeL V 1>7.
¢  (4r+1) = 3(r+3) & r=8.
¢ 3r+3 = 3(r+1). H 1w00tnta autr oxvet yua kabe r>4.

¢ 2r+3+4r+4+r+4+3r+2=2r2+2r+ 3 < 2r2- 8r - 10 = 0. H 1wo6mta avtr) oxvet

yuar = 6 kat r= -1. H deutepn Avon anoppirrtetat.

Aokxnon 5

a) Avarnapaotr)ote toug KatmBt ap1Opoug tou dekadikou ouotrjpatog oto duadiko, oKtadikod Kat

6exkaeadiko ovotmpa : 12345 123,1875 xat 0,125

B) Avanapaotrjote toug KATO1 apiBpoug tou dekadikoU ouotpatog oo Huadikd cuotpa
XPI1|OIOTIOVIAS  avarapdotacn MPOonpo Kat HEIpo, CURIMANPpORA ®¢ Ipog 1 kat

OUNIMATIPONA ©G TIpog 2 @ A= -23, B=45, I'= -64
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a)

2

Auon
Me ) 1pebodo twv Sadoxikav daipéoewv eivar 12345 = 11000000111001,, kat 123 =
11110115. Me ] pébodo twv dradoxikwv moAAardactacpwv eivar 0,1875 = 0,0011, kat
0,125 = 0,001,. Xwpifovtag oc 1e1pddeg ya 1o derae§adikd Kal Tpladeg yia 10 OKTAd1KO 1)
duadikn avarapdotaon $ERVOVIAG Ao TtV UMod1aoToAr] mdvia KAl KIWVOUHPEVOL IPOG Td

axkpa g duadikng avanapaoctaong naipvoupe :

Aeradiko Auadiko Oxtadiko Asraefadiko
12345 11000000111001 30071 3039

123,1875 1111011,0011 173,14 7B,3
0,125 0,001 0,1 0,2

B) To untogpotnpua de pag diver tov anattovpevo apBpRo Yneiov avanapdaotaons. Yrobetoupe

a)

Mapakdi® o1l xprotpornolovupe 8 duadikd yneia, tov sAdxioto duvatd apiBpo yneiev
6nAadn rou va kaluvrtet Kat Toug Tpelg apldpoug.

Exoupe o611 A = -231¢. Ete161] 2310 = 000101115, 0 —23 eival oe ipoonpo perpo 10010111,
o ouprnAnpepa og rpog 1 11101000 kat og cUPIANPOPRA ®G Tpog 2 11101001.

O 4510 =001011017 kat auty €ival 1 MapACTACT] TOU KAl OTOUG TPELG {NTOUEVOUS KOOIKEG.
O 6410 = 01000000;. Apa o —-64 oe mpoonpo-perpo eivar 11000000, oe ouprnpopa wg
npog 1 10111111 rat oe cuprArpopa g ripog 2 11000000.

Aokxnon 6

Atbovtat ot apiBpoi : A= 11001000, B = 10000000, I' = 01111111, oe avarapdaotaor
oupImnpopatog oG mpog 2. Extedéote xpnowponowwviag 8-bit akpifeia 1g npageig A+B, A-

I, B4T'. ZxoAldote Bempnuikd KAl MTPAKTIKA TNV 0p00TNTA TOV ATTOTEAEOUATOV.

B) Avanapaotrjote toug A, B, T’ pe ta eAdxiota duadika wneia mou arattovuvial ya v opbr)

L

EKTEAEOT] TOV MAPATIAVR TIPASEMV O€ POP@PT] OUPMANPOIATOS ®G T1pog 1.
Avon

Eivat A= 11001000 = -128+64+8 = -5610, B=-12809 ka1 I'=127,¢. Entiong -T' = -1270 =
10000001 og ouprAnpepa og pog 2. A+B = 11001000 + 10000000 = 01001000 kat
Kpatoupevo e§66ou. [Ipaktukd 1o arotédeopa eivat AdBog yiati -5610 -128;10 = -184;0 kat
ox1 7210 1Tou Pprnrape epeig. Oswpnukda 1o arotédeopa eivatr AdBog, ylati urdpxet
Kpatoupevo €§66ou aldda oOxi1 kpatoupevo 1pog trv uyndotepn Pabpida kat cuvenwg
UTIapXxel urepxeidion.

A-T' = A+(-I) = 11001000 + 10000001 = 01001001 xai xkpatoupevo £§66ou. OewpPnTiKA
éxoupe 161a pe ) mponyoupevn nepirmtoon. [Hpaktukd A-T' = -1831¢ eve epeig urtodoyioape
ot A-T' = 7310.

B+I' = 10000000 + 01111111 = 11111111 xwpig xkpatoupevo &odou. IIpakuxd to

aroteAdeopa  eivat  0wotd, a@ou oOg OUPIMANPOPA ®§ Ipog 2 1o 11111111 =
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-128+64+32+16+8+4+2+1 = -110 KAl T0 AvapeVOPEVO arotéAeopa rjtav mnait -128+127 =
-1. BewpnUKA TO ATOTEAEoPA €ival OMOTO APOU Katd tn rpoobeorn erepoorjpwv de priopet
va rpoxkuyet uriepxeidion.

Me k duadika yneia oe cuprrpopa ©¢ 1pog 1 avarapilotouvidl ot aKEPAlol Aro To
—(2x1-1) éwg to 2¥1-1. Ao 1 Mapandve oulrnon @aiveral 0Tt 0 Katd HETIPO PeyaAutepog
appog mou Ba mpémnel va avartapaotabel eivar o 184, Zuvenong Oa mpérnet va ermALio
€101 10 K @ote 2x1-1 > 184 < 2x1> 185 < 2x> 370 < Kk 2 10g2370 < k 2 8,53. Apa

ermAeym K =9.

Aoxnon 7

Aibovtat o1 apiBpoil A=-42,¢, B=400s kat I'=5216.

a)

y)

Ex@pdote tov A oe ouprAnpepa og rpog 1, tov B oe kodika mAeovaopou kata 64
Kat tov I’ og ouprmAnpepa og rmpog 2 Xpnopononviag rnaviou akpifeia 8 duadikov
ynoeiov.

Extedéote g npddeig B+TN oe ouprAnpopa og npog 1 kat A-B os ouprnAnpopa og
pog 2, xpnowornowviag 8 n 9 duadikd yneia. IxoAwacte v opbotnta TV
ATIOTEAEOPATROV.

ExteAéote Vv naparat® rpoodeon, ypagoviag ta duadikda yneia tou arotedeoparog
Kal iave and kabe 10§o oe AEKAAIKH MOP®H ta kpatoupeva mpog TS EMOHEVES

Babnibeg,

Aot 4210 = 00101010, -42;0 = 11010101;s. B=400s5 = 4*52 = 100,90 = 01100100..
Y& KOO1Ka mAsovaopoU katd 64 o B Oa éxet i duadikr) avanapaoctaon tou 1641
6nAadn v 10100100,. TeAdog I' = 5216 = 010100102. ApouU o apBpog eival Betikog,
Ba £xel kal v 161a avanapdotaon oe KOdH1KA CUPIANPOIATOS ©G TTPOG 2.

Eivat B = 0110010075 xat I' = 010100101s. Kdavovtag t mpaln B+I' Bpiokoupe
1011011015 = -127 + 32 + 16 +4 +2 = -7310. [Ipopavwg Adyn urepxeidiong to
arotédeopa eivat AavBaopévo agou 1 1pocBeon SUo BetkOV pag €86woe apvrTiko
artoteAeopa. Av kavape ) rpadn B+T xpnowpornowwviag 9 duadika yneia Ba eixape
: B+I'=001100100;s + 001010010y = 01011011015 = 128 + 32 + 16 + 4 + 2 =

18210, TTOU €ival KAl 10 0®OTO ATOTEAEOHA.
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y)

To A-B eivat ico pe A+(-B). A=-42;0 = 1101011025 xat -B = -10019 = 100111002s.
Apa £xoupe 611 A-B = 110101102 + 1001110025 = 0111001025 = 1144p. Kat rtdAt
1o arotédeopa eivat Aavbaopévo kabwg mpoobetoupe HUo apvnTkoug aplBpoug Kat
10 arotédeopd pag eivar Ostikdg. (Auto emiong propet va SiarmotwBel ard v
aviootnta Tou Kpatoupévou e§odou 1mou eival oto 1 pe 10 KPATOUHEVO IIPOG TV
uyndotepn Pabpida mou eivar 0). Me 9 6uadwkda yneia Oa eixape A-B =
11101011025 + 11001110025 = 1011100102 = -256 + 64 + 32 + 16 + 2 = -142,,
IOU €ival KAl T0 0®OTO AToTtEAeopd.

Avtictoxxa ouprniepdopata priopoupe va s§ayoupe avaloyi{opevol ot pe n duadika
Yrneia Popoue va avarnapaotjooulle 0td CUPIMANPOPATA ©§ ITPpog 1 Katl ®g 1ipog 2
T0Ug akepaioug twv Stactnpatev (-2n-1,20-1) kat [-20-1,20-1) gvriotoxa.

IMa v aBpoorn, mpérnet oe KAOe OTNAN OUCLACTIKA va PETPAPE TG PovAadeg. ATo 1)
duadikr) avartapdotaon tou aplBpou nou Ppiokoupie, To tedeutaio Pneio sivatr auto
Tou aBpoiopatog, eva ta urtodAotra eival ) Huadikn avanapdotacr) IOV KPATOUPEVAV.

Tn 6erkadikn T avtwv xXpelaletal va ypaypouls TIAve arod td toda.

1 0 1 1 0

Eotw ot apiBpot :

*

*

*

1 2 2 3 2 1
— — — —
1 0 0 0 0 0 0
Aoknon 8
A =-5610
B=-1 1410
F = 3F16

XP1NOHOoIIoVIAG avariapdotact] CUPMANPOHRATOS G ITpog 2 kat akpifeia 8 duadikev yneiov

extedéote g ipadeig A+B, A-T', B+T.

1.

ZxoAaote kat 61ratloAoyeiote v 0pBOTTA 1] 11 TOV ATTOTEAEOPATOV.

2. Towa eival ta eddxiota duadika yrneia mou arattovuvial ya v opbr eKtéAeon TV

napanave npadewv ?

Avon

¢+ Exoupe ot A=-5610. Xe 8 bduadikd ynoeia o 5610 exel avarnapdotraocr; 00111000, xkat

OUVETI®OG 1] Avarapdaoctaon tou -5619 0¢ OUNIANpOUa ®§ Ipog 2 eivart 11000111, + 1 =
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110010002.

¢+ Opota Bpiokoupe o011 B = 1000111095%.

¢ TéAogT'=3F1s=00111111,=001111112s = 6310. Ertiong -I' = 110000012

» Tw v mpa§n A+B maipvoupe : 11001000 + 10001110 = 01010110 katr KpatoUPEVO
e§odou. To arotédeopa eival po@aveg Aavbaopevo agou pe v rpodcbeon 6Uo apvnurwv
appev (o Mo onpaviko Yyneio v rpoodeténv eival 1) mpape og arnoteAsopa Oeuko
appo (1o mo onpaviko yneio tou anotedéopatog eival 0). Eveo dndabr) avapévape to
A+B = -5610 - 11410 = -17010, PBprikape 01010110, = 8610. To AdBog opeiletar oe
uniepxeidiorn). ITio ouykekpipéva, 1o Kpatoupevo 1ipog t tedevtaia fabpida (ke) eival O eve
10 Kpatoupevo e§odou (k7) eivat 1.
lMa ) owotr] ektéAeon g MAPATIAVE TIPASNG AIIAltoUvVIal T00a Prn@ia wote va propet va
avarniapaotaBei acpalog 1o anotédeopa. A@ou pe n yneia Prope oto CURIMANPOUA O
IPog 2 va avanapaotr|o® 1o diaotnpa v akepaiav [-27-1, 2r-1) yia v avanapdotact) tou
-17010 Ba xperafotav akpifeia 9 duadikav YPneiov.

» A-T=1100100025 + 1100000125 = 1000100125 = -119;¢ ka1 K7 =1. To arotédeopa sivat
00oto a@ou A — T = -5619 - 6310 = - 119;0. Emtiong ke ® k7=1 ® 1 = 0 kAt ouvenwg dev
unapxet urepxeiiion.

» B+ T =100011102s+ 0011111125= 1100110125 = -5110 ka1 k7=0. To arotédeopa eivat
000oto aou B + T = -11419 + 6310 = -Sli0. Emiong ke @ k7=0 @ 0 = 0 kat dev unapxet
unepxeidion. Emiong priopoupe va mmoupe 011 otnv repinmon auvtr) dev propet va urapdet

nipOPAnpa unepxeidiong a@ou rpootibevial etepoonpot apldpoi.

Aokxnon 9

A®ote Vv avanapaotaocr tou string :

Lucky 52
oto k0dka ASCII xproponolmviag TG dekae§adikeg aviloToXioetg.

Auvon

H doxknon autn éxet dvo evbiagépovia onpeia. To mpwto eivair ot 1o Kevo eivatr évag
XAPAKTINPAS KAl OUVENOG Xpeladetal Kat 1) 81kn tou avanapdaoctaor. To devtepo eivat o6t to 52
Oa avanapaotabei oa duo xapaktrpeg, 1o S kKat 1o 2. [Ipooédte 611 n avanapaotaon tou S KAt
ToU 2 oa xapaktpeg dev exel kapia oxeon pe v apOuntikn duadikr] avanapaotactr) Toug.
Apa n {ntovupevn avarnapdotaon avatpexoviag oe ortotodr)ote ivaka tou ASCII givat :

4C 75 63 6B 79 20 35 32
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Aoknon 10

¢ Aiboviat ot A = -11;0 xat B = 2319. Ex@pdote toug A, B oe cuprmrpopa og 1pog 2,
xprnowpornowwviag 6 duadika yneia. ExteAéote 1o moAdarmiaoiaopo A*B. ITooa eivat ta pn
pndevika ywvopeva kat mooeg rmpoobeoelg anartouviat ?

+ Exoppaote 10 B 0g apxikn kat tedikr] Kodikoroinon katda Booth.

¢ Me Bdon 1 teAdKr KeOKOIOINon, ypAyte ta HEPIKA YIVOHEVA ITOU YEVVIOUVIAl KATA TO
moAAaTAao1aopo A* Brecoded, KAl €€dyete 10 1eAKO amotédsopa. [looca eival twpa ta pn

pndevikd pepika yivopeva, rmooeg rpoobEoelg analtouvial Kat 1moto 1o o@elog ?
Avuon
¢ Eivat A = -1110. ApoU o 1110 oe 6 Suadbwka yneia eivat o 001011, PBpiokoupe oO6TL A =
1101012s. B = 0101112s. T'a tov opB6 moAAamiaciacpd tou A pe 1o B, agpou eivat
npoonpacpévol, Ba TPEmel va KAVOURE EIMTEKTACH ITPOOT|HOU KABe HPEPIKOU yivopEvou

HEXP1 TOU PI)KOoUg Tou arnoteAeopatog 6nAadr) v 11 duadikev yneiov. Apa €éXoupe :

1 1 0 1 0 1

0 1 0 1 1 1 X
1 1 1 1 1 1 1 0 1 0 1
1 1 1 1 1 1 0 1 0 1
1 1 1 1 1 0 1 0 1
1 1 1 0 1 0 1 +
1 1 1 0] 0 0 0 0 0 1 1

Ta pn pndevikd pepka ywvopeva eivat 4 kat ot pooHeoelg rmou arnattovvat eivat 3.

¢ XV apxikn kediwkoroinon katd Booth 1o B ekgpdletatr oav (+1)(-1)(+1)00(-1). H tedkn)
rodwkonoinon eivat (+1)(+2)(-1), omou kaBe yneio &xer Paputnta 22 1 pe adda Aoy
B=(+1)(+2)(-1) = (+1)24+(+2)*22+(-1)20 = 24+23-20,

¢ Ta ywopeva rou mAéov yevviouvtatl eivat ta A*B = A * (24+23-20)= A*24+A*23-A ) 6nAadn ta :

1 1 1 0 1 0 1 0 0 0 0] A*24
1 1 1 1 0 1 0] 1 0 0 0 A*23
0 0 0 0 0 0 0 1 0 1 1+ -A

1 1 1 0 0 0 0 0 0 1 1

Ta pn pndevikd pepkd ywvopeva eivatl oe auvtr) ) nepirtoon 3. Antattouviat 2 1ripocBeoetlg

Kat 1o o@elog eivat 33% ypnyopotepog roAlardaociaopog.
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Aoknon 11

O noAAarAaotlaotr|g B og pia npadn moAAdamdaoiaopou givat o 13 1.

a)

B)

y)

y)

Ex@paote tov apiBpo oto duadiko. Iooa pn pndevikda pepikd ywopeva Oa yevvnBouv katd
) rpdagn A*B kat mooeg abBpoioelg Ba xpelaotouv ?
Kodwkomoteiote tov B kata Booth. ITéoa ywvopeva 6a mapaxBouv oe autr) ) nepirtoon ?
IToon n % PeAtioon ?
EntavaAdfete 1o (B) yia tov tporortoupevo alyopiOpo Booth.

Avon
Eivat 131 = 1*36 + 3*6 + 1 = 55;0 = 0110111,. Tha xaBe OSuadikd wneio TOU
noAAardaocwaotn) rou eivatl 1, Ba yevvnBei K éva pn pndeviko pepikd ywvopevo. Apa 6a
EXoupe S5 pepkd ywopeva. Autd Ba xpelactouv 4 1pooBeoelg yla va mAPoUpe 10 TEAKO
arotédeopa.
YroBetoupe eva 0 8eiotepa g mponyovupevng avarapdotaong Kat e§etafoupe dradoxika
erukaAuvrmtopeva {euyn Yyneiov arno 6eid pog apiotepda. Kabe petafaon and 1o 0 oto 1
pag &ivel (-1), kdBe petaPaon and 1 oe 0 pag diver (+1) eved kabBe dAdog cuvduaopodg pag

6tver 0. Apa n kwdkomoinon mou naipvoupe eivat :

o 11 01 1 1 0
IRRERE)
(+1) 0 (-1)(+1) 0 0 (1)

O rnoAAarAaotaotr)g 6nAadr) kwdikoroteitat ocav

(+1)*26 + (-1)*24+ (+1)*23+ (-1)*20 =64 - 16 + 8 — 1 = 55;0.
Ta pn pndevikd pepika ywopeva eivalr 4 kat Ba xpelraotouv 3 mpooBéoelg. Exoupe
ouvenmg pia BeAtinorn ot rpddn Tou roAAarniaciacpou katda 25%.
(Enpeiwon : oe ouprAnpepa O pog 2 1 poodeon KAt 1 agaipeon £xouv axkpifug v
161a moAurmdokotnta. I'a napaderypa o 6pog (-1)*24 tou moAAartdaoiaotr) Ba vAdoronOet pie
4 aprotepeg 0A100r)0e1g TOU TTOAAATMAAO1AOTEOU KAl 1 IPO0Oe0T] TOU OUUIMANP®OIATOS ®OG
Ipog 2 g rapdaoctacng rnou Ba rnpoxuyel).
lNa va Bpoupe i kwdkoroinon tou MOAAANAAOc1ACTI] OTOV TPOIIOTIOUHPEVO dAAyopiOpo
Booth, propoupe eite va §ekwvrjooupe arod v apXiKy avarapdotaon eite ano v
avanapdotacn mou BPrnKape oto IIPONYOUHEVO £pOINHA. EEKIVOVIAG A0 TNV APXIKI),
untoBetoupe éva ermurtdéov 0 Se§otepa g avanapdotaong Katr xepifoupe tov aplOpo oe
erukaAurtopeveg prddeg ynoeiov and 6eia npog ta aplotepd. Baoifopevotl otov mivaka
avuxkatdotaong, avukabiotoupe t¢dog kKabe tp1ada pe v 1ooduvapn avanapdotaot) Ins.
Hekivoviag and v avarnapdaotacrn tou ardou adyopibpou Booth avtikaBiototpe kdabe

6udda yneieov mou ouvaviape Olarpéxoviag v avarapdotacn arnd 6e§id mpog ta
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aplotepd pe €va Yynoeio g Kawvoupylag avartapaoctaong. Ave€dpinta tou 1molov TpOoIo

ermAefoupe Ba kataAri§oupe otnv €§1g teA1Kr] Kodikoroinon :
1 1 2 (1)
C R B 1P D

(+1) 0 (-1)(+1) 0 0 (1)

vl

=1 1) 2 (1)

Ortou o moAAarAaolaotr|g €xel ek@paotel pe yneia dSumdaoilag faputiag oG :
(+1)*22%3 + (-1)*22"2 + (+2)*22°1 + (-1)*220=64 - 16 + 8 — 1 = 551.
Kat mdAtr untdpxouv 4 pn pndevikoi opot kat ouvvenwg Ba yevvnBouv aviiotoxa pepikd

ywopeva kat Oa xpelaotouv 3 nipooBeoetg.

Aokxnon 12
Na neprypayete 11 Oa yivel Katd Vv eKTEAEOT KATIO10U IIPOYPAPHATOS TTOU UAOTIOEL T0 KAT®O1
Aoyiko daypappa. @eswpeiote 611 0 UmoAoylotr)g otov oroio Ba exktedeotel 1o mpoypappa
urtootnpidet povo to 6uadikd cvuotnpa avarniapdoraong apBpov. AtkailoAoyesiote v andvinor)

0ag.

f¢oe
2=0 ka1 A=0,1,,

ApoU o umodoylotig pag urootnpifer povo 1o duadikod ouoctnpa  avanapdotacng, 1
avartapdaotaon tou A=0,1;0 Ba yivelr Xpnoonowwviag 1o duadiko ocvotpa. Enopévag mpénet
va Bpoupe v duadikr) mapdaotaor 1ou dekadikou apOpou 0,1. Autd Ba yivel pe dradoxikoug
roAAartAaoctacpoug pe v Bdorn tou duadikou ouotrjpatog rou eivat o 2. 'a va ndpoupe pia
akp1pr) napdaoctaon tou deradkou apiBpou 0,1 oto Guadikd Ba mpéretr va KAvoupe TOO0UG

TOAAAITAQO1a0I0UG PEXPL TO KAAOPATIKO HEPOG TToU Ba rmpokuyet va givat pndév.
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Brjpa 1. a1 = aképato pépog tou 2x0,1 = 0 kat KAaopauko =0,2
Brjpa 2. a. = aképato pépog tou 2x0,2 = 0 rat KAaopatuko =0,4
Brjpa 3. a3 = aképato pepog tou 2x0,4 = 0 kat KAaopatuko =0,8
Brjpa 4. a4 = aképaio pépog tou 2x0,8 = 1 rat kKAaopatuko =0,6
Brjpa 5. a5 = aképato pépog tou 2x0,6 = 1 kat KAaopauko =0,2
Brjpa 6. as = aképato pepog tou 2x0,2 = 0 kat KAaopatuko =0,4
Brjpa 7. a7 = aképaio pépog tou 2x0,4 = 0 rat KAaopatuko =0,8

[Mapatnpoupe pia neplodikotnta ota dradoxikd KAaopatikd pepn rou npoxkurtovv: 0,2, 0,4,
0,8, 0,6 ka1 taA 0,2, 0,4, 0,8 rAm. Enopéveg dev Ba nidpoupe rmoté kKAaopanko pepog oo pe
Bpndev, apa dev eival duvatov va napaotrjcovpe tov deradiko apOpod 0,1 axkpifag oto duadiko
ouotnua pe rnenepacpévo apbuo duadikev yneiov. Autd Oa £xel oav arotédeopa to dbpolopa
Y mou mpoxkurtel aro 1ug 6adoxikeg rpoobeoeig Tou A moTE va Pnv rndpet akpilpog v T
1010. Apxika Ba eival pikpotepo Kat ot ouvexela Ba yivel peyadutepo tou 1010, omote dev Ba
OTAPATIOEL 1] EKTEAEOT] TOU TIPOYPAPHATOS.

H doxknon aut) ag npofAnpatiost coBapd 6ooug toxupifoviat 6Tt propouv va yivouv xkadot
MIPOYPAPHATIOTEG av  ayvooUv 1Tr Oopr] Kat opydveor] TOU UIOAOYloTr] I IOV  TPOIIOo

avanapdaotacng mg MAnNPo@opiag otov UTToAoy1oTr.

Aoknon 13

E&nyeiote 1ig évvoieg compiler, interpreter, assembler.
Advon

Kati o1 tpeig €vvoieg avagpépovtal oe AOYIOPIKO OUCTIHATOS ITOU €XEl WG OKOIMO TI HETAPPAOT)
KOdKa arod KAMold yA®Ood IMPOYPAPHPATIOpNoU of ektedéopo kwdwka. Or compilers kat
interpreters maipvouv oav €i00b0 KoO1KA UPNAGOV YAROO®V TIPOYPAPUATIOHOU, &€VR O
assembler kod1ka yAwooag Assembly, tng uwnAotepng YA®ooag IouU pag EIMITPEIIEL VA €XOULE
artoAuto €Aeyxo 010 UAIKO TOoU ouctupatog pag. H Swagopd peta§u twv compilers
(petappaoctov) katl interpreters (dieppnveutwv) €ykettal oto OTL Ol PEV TP®IOL petagpalouv
povopag 6Ao tov rnyaio keodka KAl mapdyouv éva eKIeAeollo apxeio, eve ot deutepotl
petagpadouv pia-pia g ypappég tou rinyaiov kodika ektedwviag tig rtapdAinda. Ta ouyxpova
epyadeia avamtuéng AoylopikoU OUVEVOVOUV auteg Tig duo @ldocopieg. Exoviag ypawetl o
MIPOYPAPHATIOTNS TNV PO €KO00T TOU IMPOoYyPAPHATOg ToU, TOV eKTeEAEL ypapuur) - ypapur) yia
va darmotwoet Tuxov AdBn. Otav rAgov £Xel ATTOOPAAPATOOEL TIATP®G TOV KOO1KA ToU KaAei tov
petagpaotry yla  va 1mdpet 1o apxeio tou  ekteAéopou  kdka. O  assembler
(oupPoAopctappaoctr)g) eival évag petappaoctrg g oUPPoAKNG yAwooag, ITou 6viag ITOAU ITlo
KOVIA OTOV KOJ1KA PUNXaAvr)g £ival oXeTKA a6 rpoypappia va KataoKeuaotel, agou xpetddetal
povo va avukafiotd TG OoUPPOAKEG eVIOAEG PE A MPAYHATIKA opcodes, ta ovopata
KATAXQPNIOV He TG Mpaypatikes toug dieubuvoelg kat tg otabepég pe ta duadika toug

ooduvapa.
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Aoknon 14

E&nyeiote 1o yiati xpetadetatl n iepapxia pvnung.

Auon

And ) pvrjpn tou ouotrpatog pag Oédouvpe :
1. Na eivat yprjyopn.
2. Na eivat oAU peyaln.
3. Na eivat guvn.
O1 61atdgelg pvrung rmou KUKA0OQOPOoUV OtV ayopd opeg dieroviatl anod ta &Eng :
4. Ot ypr)yopeg pvnpeg eivat oA arpipég.
S. Ot ypryopeg pvrjpeg €ivatl oAU PIKPEG.
H 1epapxia pvrpng €pxetat va ye@upmoel 11§ avilBeoelg mou undpxouv petay tov 0omv

10XUOUV OTOV IIPAYHATIKO KOO0 Kal TV 00®Vv Ba B¢Aape va ioxuouv.

Aoknon 15

Evag urntodoyiotrg exet 8192 drapopetikég dieubuvorodotoupeveg Beoetg pvnung. I1ooa duadka
yneia éxer n apupia deuvbBuvoesmdv tou ; Ildon eivatr n péyotn Pvipn ToOU UIOAOYLOT)
(ek@paopévn kata nepirmoon oe KB, MB 1) GB) otav :

o Kda0Oe B¢on pvrung eivat éva byte ;

e Ka0Oe 0¢on pvrjung eivatl pia A&dn tewv 32 duadikov yneiev ;

Auon

Ta v napayoyr 8192 dagopetikov Sieubuvosmy, amnarovviat | logs 8192 suadika yneia.
Apa n aptnpia dieuBuvoenv tou €xel 13 duadika Yynoeia. Otav oe kABe O¢on armobnkevstal Eva
byte n ouvoAikn pvrun eivat 8192 bytes = 8 *1024 bytes = 8 *210 bytes = 8 Kbytes. Otav
anoBnkevovtal oe kKAOe B¢on 32 duadikd yneia dndadn 4 =22 bytes, n Pvrjpn T0U CUCTPATOS
pag eivat 22 * 23 * 210 bytes = 32Kbytes.

Aoknon 16

Exedlalete €éva uroAoylotiko ouotnpa mou BgAete va d1abetel kK Hrapopetikég evioAég (r.x. ADD,
SUB, ...), mou kAaOe pia toug propei va €xet 2 1 3 operands, kat kK&Oe operand propei va £xet
A Sragopetikoug tporoug H1eubuvolodotnong. Awote ToVv KAE10TO TUIO TV €AAXIOTOV HUadKav
Yneiov mou Ba mpéret va XPnotpoIou)oete ylia Toug KmOKOoUG Asttoupyiag (opcodes) tou
OUOTIATOG 0ag.

Auon

H doknon autn éxet oa otoxo va oag npoPfAnpatioet yia 1o mote xpeladeratl €va Katvoupylo

opcode. H anavinon eivat ot kau té€too Xpetdetat av aratteital n exktedeon dragpopetkou
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PKPOTIPOYPAPHATOS Yid TNV €KTEAEOT AUT®V TV evioAwv. Ot eviodég pe 2 kat pe 3 operands
MPOPAVKOG ATATIoUV J1a@opeTiKoUug KO1KOUG Asttoupylag, a@ou ot OeUtepn TePIMI®ON
xpetddetal pla emrmdéov mpoortedaon pvnuns. Ag dovpe éva mapdadetypa yia va kataddBoupe
av aratteitatl Stapopetikd pikporpdypappa avadloya pe to tporno deubuvolodotnong. Eote ot

EVIOALG :
LDB 80, [90]

LDB 80, #90

Evo n 6eltepn eviodr) Ba kdavel povo piia rpootieAaot) ot Pvijpn yia 1o KaBoplopo tou teAlkou
tedoupévou mou Ba Adfel Xppa otnv eviodr], N npwtn Ba mpénetl va kavel dvo. Auto odnyei oe
Slagpopetikd PKporpoypdppata Kal CUVEn®g diagopetikoug opcodes.

Ye rAaBe eviodn) duo dieubuvoeswv untapxouv A tporotl SieubBuvolodotnong tou mpwiou operand
Kat yia kabévav ano autoug A dlagpopetkoi yia 1o dsUtepo. Apa ouvoAikd yia Kabe eviodr) 6o
O81euBUvoeVv urtapxouv A2 Sla@opetikol TPOrtotl H1eubuvolodOTNONG TOV EVIEA®V KAl TEAIKA K A2
dlagpopetika pikporpoypappata. Me akpifog 1o 1610 okernmuikd priopoupe va Ppoupe ot Ba
XPELAOTOUHE K A3 §rapopeTtikoug kKmd1KoUg Asettoupyiag yia tig eviodég tp1av dieubuvosnmv. Omote
ot dagopetikoi opcodes eivat Kk (A2 + A3) kat ta edaxiota duadikda yrneia mou Ba mpenetl va
aAPEPOOOUPE Yia KOOIKO Aettoupyiag otrnv evioAr] pag eivat :

z =[log, (kA2 + KA3) |

Aoknon 17

+ H aptpia deubivoenv evog urtoAoylotikoU ouotrjpatog €xel eupog 32 duadikav yneiaov.
Av oe kaBe B¢on pvrpng propoupe va arnobnkevoupe mAnpogopia 16 duadikwv Yyneinv,
mola eivat n péyiotn QUOIKT) PVIjHn TToU Propel va €Xel auto 1o guotnpa ?

+ Eva unodoyiouko ouotnpa dtabetel Kk dragpopetikeg evioAég (r.x. ADD, LOAD, STORE, ...).
Ye raBe evioAr), éva tedoupevo propel va dieubuvotloboteital pe A H1aQopeTkoug TPOITOUG.

1. TIlowog eivar o edaxiotog apOpog duadikav YPneiov tng evtodng mou Oa mpéretl va
aplepnbel yia kwO1KO Aettoupyiag Kat 1mo1og yia 1o tpodrno dieubuvolodotnong ?
2. Ilpoteivete evadAakukr] Koadikornoinorn aviov tov 6Uo nediov rmou va eAaxiotorolel ta

Xprotpornolovpeva duadika Pyneia g EVIOATG.
Avon
¢ Xg rAOe B¢on pvrung priopouvpe va anobnkevoupe 16 duadika yneia 1 addiog 2 bytes. Ot
dlapopetikeg O£0elg QUOIKIG HPVIHING ITOU UIIOPOUPE va €xXoupe eivat odot ot rmbavoi
ouvbuaopol v Yneiev mg apinpiag dieubuvoenv dnAadn 232. Apa 1n HEYIOUN QUOLKI)
Pvijpn oto ovotnpa pag eivat 2 x 232 bytes = 23 x 230 bytes = 8 GB.

1. Av b6wbétape Sexwplotd media otnv eviodr] pag yua KOO Asttoupyiag Katl TpOIo
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SteuBuvoodotnong Ba xpetaldpactav x = [logok| wat y = [logod] Suadika wneia
avtiotoxa. O OUVOAKOS aplBuds autdv eivar A = x + y = [logok] + [logoAl. Ta
napadeypa, av uroBeooupe ottt k=25 rat A=5, Ba xperafopaoctav 5+3=8 duadka
yneia.

2. A@ou 10xUel OTL K < 2% Rat A £ 2¥, moAAarAaoctadoviag Katd peAn rnaipvoupe 6t KA < 2%
kat ouvenog [logs (kA)] < x+y < [logy (kA)] < [logz k| + [logz Al. Zuvendg évag tpomog
eAaxiorornoinong v duadikev YPneinv Imou Xpnotpornolovvidl eivatl 1 oUVEVOOT aut®V
TV dvo rnedinv oe €va, 1o oroio kKabopilel 1600 Tov KOO1KO Asttoupyiag 600 KAl TO TPOTIO
OteuBuvolodotnong. O dagopetikég Kataotdoelg autoUu tou mediou eivar KA Kat
ouven®g o eAdxiotog apldpog duadikav Yneinv rmov Ba rpérnet va aplepebei yi' autod 1o

niedio eivat B = [logy(x}) |. Ta 1o mapadetypa pag eivat B = 7.

Aoknon 18

[Toieg eivatl o1 ouvaPTr)Oelg ITOU UAOIIO0UV 01 MAPAKATO KOOIKEG YADOOOAg PIXAVE|G;
a) APXITEKTOVIKT] PNXAVIOPOU 0®POU:

PUSH A
PUSH D Y) APXITEKTOVIKI] KATAXDPITL)-PIVIHINS:
ADD LOAD RI,A
PUSH B ADD RI,D
PUSH D LOAD R2, B
MUL ADD R2,C
POP E STORE R2, E
PUSH A ADD RIL,E
MUL MUL RI, A
igSDH C STORE R1, E
8) APXITEKTOVIKI] KATAXDPITI)-KATAXDPITL] :
PUSH E LOAD RI,C
ADD LOAD R2, A
POP E , ADD  R2, R2, Rl
B) ApX1TEKTOVIKY] CUCORKPEUTH) : LOAD RI1,B
LOAD A ADD RI,R2, R1
MUL  C LOAD R2,D
ADD B MUL R2, R2, Rl
STORE E ADD RI1, R2, RI1
LOAD D STORE R1, E
ADD E
STORE E
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Avon :

a) V)
EvtoAr) ZoPOG PETA TNV EKTEAEOT EvtoAr) ArotéAdeopa petd v eKtéAeon
(Kopuepr ota apiotepd) LOAD RI1,A R1=A
PUSH A A ADD R1,D R1=A+D
PUSH D D, A LOAD R2,B R2 =B
ADD D+A ADD R2, C R2=B+C
PUSH B B, D+A STORE R2, E E=B+C
PUSH D D, B, D+A ADD RL,E R1 = A+D+B+C
MUL D*B, D+A MUL R1, A R1 = A*(A+D+B+C)
POP E D+A STORE RI1, E E = A*(A+D+B+C)

Znueioon : E=D*B E=A*A+D+B+()
PUSH A A, D+A
MUL A*(D+A)
PUSH C C, A*(D+A)
ADD C+A*(D+A) 0) APXITEKTOVIKI] KATAX®PITL)-KATAXDPNTL] :
PUSH E D*B, C+A*(D+A) EvtoAr Artotédeopa PETA TV EKTEAEOT
ADD D*B+C+A*(D+A) LOAD R1,C R1=C
POP E KENO LOAD R2, A R2=A

E = D*B+C+A*(A+D) ADD R2,R2,R1 R2 = A+C

LOAD RI1,B R1=B

B) ADD R1,R2,RI1 R1 = A+C+B
EvtoAr) Arnotedeopa peta v extedeonn  LOAD R2, D R2=D

(X = ouoowpeutrg) MUL R2,R2,R1 R2 = D*(A+C+B)
LOAD A ADIA ADD R1,R2,RI1 R1= D*(A+C+B)+
MUL C Z =A*C (A+C+B)
ADD B % = B+A*C STORE R1, E E= D*(A+C+B)+
STORE E E = B+A*C (A+C+B)
LOAD D =D E=D*A+C+B)+(A+C+B)
ADD E Y = D+B+A*C
STORE E E = D+B+A*C

E = D+B+A*C

Aoxnon 19

Avagépete TTAEOVEKTATA / PEIOVEKTPIATA TOU MIPOYPAPHATIONO0U og yAwooad Assembly.
Auon
[MAeovektpata :
e AyO0tepog KOd1KAG ATTd 1 YA®OOoA PNXAVvr|G.
e  Aydtepog Kivduvog AaBwv ard tov mpoypappatiopo o8 YAwooa PNXavrg.
e TIAr)png €Aeyxog T0U VAKOU.
o TIAnpng €Aeyxog g TAXUTNTAG EKTEAEONG, O £TINEHO KUKAMV PNXAVI|G.
Metovektparta :
e EAdxiotn og kabBoAou petagepopotnta petadl H1a@opeTikmv oUoTHATOV.
o KdabBe dragpopetikd odorAnpapévo ernefepyaotr) £xel ) 61k tou yAwooa assembly.
e XapnAr, yAoooa IpoypappatiopoU => IOAU HAKPld armd 1o TPOII0 OREWPNG TOoU
MPOYPAPIATIOTY).
e O mpoypappatiopog KAl 1 aroo@aipdioon o yAoooa assembly eivat pua e§aipeuka

erirnovn) diadikaoia.
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Aoxnon 20
H evtoAr; LDB AL, [80] (poptwong evog byte oe évav tuxaio kataxwpnt) AL pe éppeon
avagopd ot pvrpn) rota Asttoupyia ekteldet ; [Towo Ba eival to amotédeopa ektédeong autng
g eVvioArng otav apxika oxuouv : [AL] = F3, [80] = F3A2, [F3A0] = AA, [F3Al] = AB,
[F3A2]=BA, [F3A3]=77 (to oupfolo [X] beixvel ta meplexopeva tou X) ;

Auon

H evtoAn autn nipoortedavvel tig O¢oeig pvhpung 80 kat 81, ®ote va avakaAEéoel pia 1moootnta
v 16 duadikev yneiov. AkoAouba rpooriedauvvet ) B€on Pvrng rou Urodelkvuouv autd ta
16 duadikd yneia avarkadeviag ard ekel ) TeAKn nooounta v 8 duadkev yneiov.
Avtiypago autr|g g rmoootntag arnodnrevetal otov kataxeopntr AL.
IMa ta 8edopéva tng doknong rnaipvoupe ot n nipoortiédaorn otg Beoeg pvrung 80 kat 81 Ba
pag ermotpéwet 1o F3A2. [Ipoornedavvoupe otn ouveéxela tr Béon pvnung F3A2, n oroia pag
ermotpépetl ) tpn BA. H tipr) auvt) Ba anoBnkeutei otov kataxepntr) AL, 8nAadr) otn B¢on
pvrung F3. Zuvenwg 1 ektédeon autrg g evioAng Ba £éxel wg anoteAdsopa [F3]=BA.

Aoknon 21

E&nyeiote v avaykalotnta vntapéng etiketav (labels) otn MNwooa Assembly.
Avon
Kata 1t ouyypagr) tou kodika oe oupfoAikr) yAoooa 1moAdeg @opég Xpetadetatl va adAdadoupe
po1] €VOG ITpPOypAPHATog Pe evioAég dApatog / dardddwong / rAnong. Tnv eopa 6peg rou
ypagoupe to mpoypappa, St yvopifoupe tn Oforn pvrung otnv oroia Ba amobnkeutel o
Kodkag. Qg arotédeopa de propoupe va rpoadilopicoupe ) Sieubuvor — otoXo Tou AApartog.
Autr) Ba mpoodlopilotel 1OAU apyodtepa, kata T Stadikaoia petdgpaong tou oupfoAikou
KQO1Ka ot KOdKa pnxavrg. Qotdoo epeig PIropoupe va XProlHoIol)0oUPE Vv rmvakida n
ortoia Ba avukataotabei apydtepa o dradikaocia cupPoropetdppaong.
Kdrolog Ba propouos va esrmxelpnpatodoyrioet O0tl e@déoov 11 Assembly eivar pa xapndn
yA®ooa 1ou divel mAnpr €Aeyxo oto UAKO, Oa pIropouoe 0 MPOypappatTiotg va ermPBaAAet otov
Assembler v apxikr) dievBuvon otnv ortoia Ba rapdyetl Tov eKTEALOI0 KOO1KA KAl PEIPOVIAG
TG evtoAég g Assembly kat ta tedovpevd toug, va Ppet Tig artoAuteg dieubBuvoelg — oTOXO0UG.
To srxeipnpa autd eival cabpo kabwg :
¢+ H boulAeld tou mpoypappartiotr) eivat poévo 1 ouyypagr) tou mpoypdppatog Kat 0xXt 10 va
pdaxvel va Bpet rola meploxr| g pvrpung eivat d1abéoin Kat xe@pd to npdypappd tou.
¢ Me 10 TPOIO autd 0 KOdIKAG xXavel 1 duvatotnta petakivnorg tou (relocability). Me g
mvakideg avtibeta, 1o mpoypappa propel eukoda va @optwbei oe orowadrjrmote O¢on

pvrpng eivat dtab¢on.
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Aoknon 22

Cpayte éva npoypappa Assembly mou va avuypdagel to byte mou Bpioketatl o O¢on pvrung
S5F4016 rat ot B¢on pvrpng SF801s.
Auon
LDB 80, SF40[00]
STB 80, SF80[00]

Aoknon 23

Fpayte éva mpoypappa Assembly mou va nipooBetel duo tedovupeva v 16 duadikwv ynoeiov
XQPIg va KAvetre Xprjon g &vioArg mpooBeong AeCewv. Ta Suadikd wyneia 10U mMPOIOU
teAdoupevou Ppiokoviat otg Bcoelg SF2016 kat SF2116, Tou beutepou otg Ocoelg SF4016 kat
SF4116, evd 10 amotédeopa tng 1mpoocBeong Béloupe va amobnkevetat otlg O£osig Pvrung
S5F8016 kat 5F81 6,
Auon

LDB 80, SF20[00]

LDB 81, SF40[00]

ADDB 80, 81

STB 80, SF80[00]

LDB 80, SF21[00]

LDB 81, 5F41[00]

ADDCB 80, 81

STB 80, SF81[00]

Yrniapxouv 2 Aermtd onpeia otv napandave doknon. To mpoto eivat out e@ooov Sev pag
OlatiBetar mpooBeon AeCewv OBa mpérel va Xpnotporotrjooupe TG dwatiBépeveg eviodég ya
nipooBeon bytes. @a mpéretl va @poviicouple yia T 61ado0or TUXOV KPATOUHPEVOU TTOU TTapAyeTal
Kata v npoobeon tov bytes xapnAng onpavukotntag Katd v mpocbeon auvtmv g UWnAng
onpavukomtag. Etotl ot 6eltepn evioAdr) mpoobeong Ba mpénet va AaBoupe v’ oy pag Kat 1o
Kpatoupevo. To deutepo Aemtd onueio eival 1o 1mote MAPHXONKe 10 KPATOUPEVO TO OITOI0
AapBavoupe urt’ oy pag oty deutepn aBpotorn. Eival dviwg autd mou tuxov rapr)xOn and v
MPWTN 1) PHNIRG €Xel aAdowBel aro tig evdiapeoeg eviodég ? Avarpéxoviag Aortdév oto manual
TV eviodwv, Ba mpérnel va Olarmotwooupe Ott ol evdidpeoeg sviodég LDB Sev €xouv 1)

duvatotnta va ernpedoouv vV KAtdotaor ToU KPAatoupévou.
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Aoknon 24

Fpayte eva mpoypappa Assembly rou efetdlet ) tipr) tou byte tng 6¢ong pvrung 5SF20:6 kat
av givat aptiog apdpog arobnkevetl 0 ot B¢on pvrung SF2116. AAAMwg arnobnkevet 1.
Advon

Ma 1o mpoPAnpa autd propoUPe va €IMIVOIICOURE Oe1lpd arto diagopetikeg Avoelg. [Napakdaim
napouotadovial PepKEG aro auteg yua va deifoupe ot 11 Assembly mapéxetl mpaypatukd
duvatotnta oe €vav EUMePpo Ipoypappationr] va exepioet aro evav amepo. Kdabe daptiog
ap1Bpog £xetl 1o 8eglotepo duadiko yneio 0. To avriotoxo yrneio oe évav meptttd eivar 1. H
Pt €k6oxr| £§etadel auto 1o YPneio péow 6e81ag oAlobnong pe katoruvr €§étaon tou carry

flag.
LDB 80, SF20[00]

LDB 81, #01
SHRB 80, 81

Jc ODD

LDB 90, #00

STB 90, 5F21[00]

SJMP END
[ODD)] LDB 90, #01

STB 90, 5F21[00]
[END] BRK

O napandave kodikag eival emekag anapadektog. Ki autd yuati katd mpotov xpnotporoteitat
0 90 ya va @opwwbei o #01, rat rou 1én unapxet oov 81 ! Emiong eite o apiOpog eivat
aptiog eite meptttog 1 anobrjkevorn Oa mpenet va yivel. ZUVENQOG 1] EVIOAT ArtofKeuong mpemnet
va eivat ave€dpin) 10U oo kKoppdtt kKwdika Oa axkoloubrjooupe. Mia mpwtn PeAtiopévn

€kdoon Tou napanave Kodika Ba propouvoe va eivat 1 akdAoudn :
LDB 80, SF20[00]

LDB 81, #01
SHRB 80, 81

JC ODD
LDB 81, #00
[ODD] STB 81, 5F21[00]

H BeAtioon eykettat agevog ot XPr)o1 AyOTEPOV KATAXMOPNTWV KAl APETEPOU OTo OTL 0 HeUtePOg
KOO1KAG €ival PIKPOTEPOG KAl OUVENRG TAXUTEPOG O EKTEAEOT.

H e§¢taon ywnoieov evog apiBpou pe ) pébodo twv 0Aofroewv Kal KAtormvou €A£yXou TOoU
Kpatoupevou Ba mperel va arogeuvyetat. Ki auto yuati av O¢doupe va eetdooupe pr)te 1o
aplotepotepo prjte 1o 8edlotepo yneio evog aplBpou, o Xpovog g oAioBnong auddavet
onpaviikd. EmmAéov moAAég @opég xpetaletal va e§etacoupe 0X1 povo eva adAd meploodtepa

yneia evog apdpou. Meow oAoBnoe@v t0te Taipvoupe evav ekOetko ap1Bpd ano da@opetkeg
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TMEPUTIMOELS TTIOU IIPETEL VA E€SETAOTOUV KATAATyoviag oe eSalperikd ITOAUMAOKO KWOKA HE
moAAd dApata (yveotog kKat o kodikag spaghetti). O mapakdto Kodikag eival aviiotoixog pe
TOV TIPAOTO, POVO TOU Xprotporiotel ) pébodo g paokag, arnopovavel dndadn ta yneia nou

pag evdiagépouv.
LDB 80, S5F20[00]
ANDB 80, #01
JNE ODD
LDB 80, #00
STB 80, 5F21[00]

SJMP END
[ODD] LDB 80, #01

STB 80, 5F21[00]
[END] BRK

O rROd1KAg aUtog gival oapeg KAAUTEPOG A0 AUTOV NG MPOINg nepimtoong. Eival pikpdtepog
Kal xprnowgoriotel povo évav kataxepnt]. Mia emmAéov mapatrjpnon Opwg propei va pag
odnyroetl oe akopun KaAutepa arotedéopata. Metd to Aoyikd AND tou apiBpou pe ) pdoka,
otov kataxepnt) 80 pével 1o 0 av o apBpog nrav aptiog kat to 1 av o apiBpog frav neptrrog !
Yuvenog O xpeldadetat va €§etactouv IMepAltépm ot U0 IMEPUTINOElS KAl HITOPOUHE va

kataAndoupe otnv anobrikevorn tou 80 otr O¢orn SF216 :
LDB 80, SF20[00]
ANDB 80, #01
STB 80, 5F21[00]
BRK

Aoxnon 25

Fpayte éva mpoypappa Assembly mou va Bpiokel to peyadutepo pn mpoonuacpevo byte
petady wwv anobnkevpévev otg O¢oelg pvhpung SF21 - SF2A56 kat va amnobnkevet €va

avtiypa@o tou otn B¢on pvrpung SF2016.

Auon

CLR 80

LDB 82, SF21[80]
[LOOP] CMPB 82, SF22[80]

JH SKIP

LDB 82, SF22[80]
[SKIP] INC 80

CMP 80, #0009

JNE LOOP

STB 82, SF20[00]

BRK

Aoknon 26

Awote tov ROdka o yAwooa Assembly yia to mpofAnpa g avupetdBeong twv tipov duo
KAtaxopntov urobétoviag 61t 1o ouvoldo eviodav oag AEN nepidapfBavel kapia evioAr) LOAD 1)

STORE.
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2

Auon

Evag 60xpiog tporog yia v avupetabeon eival n xpnowpomnoinon tmg oopou. YroBeote 611 ot
OU0 KATAX®PNTEG TRV OrMoiV ermbupoupe va avupetaféooupe ta MePlEXOPEvVaA €ival autoi pe

S8teubuvoeig 80 kat 90. Tote o {nrovupevo mpoypappa eivat :

PUSH 80
PUSH 90
POP 80
POP 90

Aoxnon 27

Acote tov kOdka oe yAwooa Assembly yia 1o mpoPfAnpa tng eUpeong tou pécou opou 4
apBpev rou eivatr anobnkreupévol oe dradoxikég Oeoelg pvnung uroHetoviag Otl 10 OUVOAO
eviodwv oag AEN neptdapfBavet evioAr) dwaipeong.

Auon

Auo eivat ta Aertd onpeia avtrg g AoKNong :

1. H eupeon tou péoou opou 4 aplBuav Xwpig evioAr) draipeong. 'vopifoviag ot dwaipeon da
2 propet va erteuxBei pe 6e§id oAioBnon kata 1 B¢on, eivatr rpo@aveg Ot 1 {nroupevn
Oiaipeon propet va yiver pe 6e1d oAioBnon rata 2 Béoeig.

2. Eva dAlo mpofAnpa eivar autd g axkpifelag rmou xpeiwaletat. Av urnoBécoupe ot ol 4
apBpotl eivar peyéboug evog byte, tote 10 ABpolOPA TOUG TIpOoAVRG Ot propei va
aroBnkeutei oe eva byte Adoyw mbavotntag uniepxeidiong. Apa Ba mpérnet n aBpoion va yivet
pe dutddola akpifera.

YroBetoupe napakdai® ot o1 4 apiBpoi Ppiokoviat otg Beoelg pvrpung 6000y €¢wg 6003y katl o

{ntoupevog 1E00G OPOG PEVEL OTOV Kataxaprty pe dieubuvorn 80.

LDBSE 80, 6000[00]
LDBSE 82, 6001[00]
LDBSE 84, 6002[00]
LDBSE 86, 6003[00]
ADD 80, 82

ADD 84, 86

ADD 80, 84

LDB 82, #02

SHRA 80, 82
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Aoxnon 28
Aidetat éva pn npoonpacpévo byte otn O¢on pvpng SF20. Awote tov kwdika Assembly yia tov
UTTOAOY1I010 TOU aKepAiou HEPOUSG NG TEIPAYDVIKIG piag tou 600éviog apiBpou kat v

aroBrjkeuor) tou otr) O¢on pvhung SF21.

Auon

To aképato pépog g pifag evog aplBpou propei va mmpooeyylotel amo tov aplOpod TV EMIUXOV
agpapéoemv dadoxikwv meptttav aplBpwv. O aldyopiOpog propei va ekgppaotei aro tov
Mapakdt® Kodka, omou o kataxepnt)g 81 Jiarpexel toug meptlttoug aplBpoug Kat o

KATaxopnmg 82 eival o Pepning oV eIIUXmOV a@alpEoERV :

LDB 81, #01
LDB 80, SF20[00]
CLRB 82

[AGAIN] CMPB 80, 81
JLT DONE
SUBB 80, 81
INCB 82
ADDB 81, #02
SJMP AGAIN

[DONE] STB 82, SF21[00]

Aoxnon 29
Eényeiote wg propei va mpooeyyiotel 1 dwaipeson U0 pn mpoonpacpévev aplBpov pe T

1EB0d0 1wV 61a60X1IKMOV ETMTUXOV apalpEoe®v. Awote Tov Kdika Assembly.

Auon

IIpopavag n daipeon propetl va mpooeyyilotel pe 1 peBodo tov S1adoX1K®OV a@alpeéoenV ToU
Slapétn arno tov dapereo. Kabe srmtuxrg agaipeon Ba mpoobetet 1 oto rinAiko. To urndAouro
elvat ot pever oto Olalperéo Perd Kal v TeEAeutaia ermruxn agaipeor. Xto MAPAKAT®
unoBetoupe ot draipeteog Kat diapeng sival prjkoug 1 byte kat Bpiokovial oug O¢oeig pvrpng
SF20 xat S5F21 avtiotowxa. To mnAiko g diaipeong arobnxkevetal OTOV KATAXDPNTI] HE

O61eUBuvon 82, eve 1o untdAourto rmapapevet otov 80.

LDB 80, 5F20[00]
LDB 81, 5F21[00]

CLRB 82
[LOOP] CMPB 80, 81
JLT  END
INCB 82
SUBB 80, 81
SJMP  LOOP
[END] BRK
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Aoxnon 30
Acote 10 tov Kwdika Assembly yia tnv gupeon tou pécou 6pou MONO twv meptttov apldpov
rou PBpiokovrat oug Oéoeig pvrung 5SB20 — 5B29. O péoog 6pog artoBnrevetat ot O£on
pvipng SCO0.

Auon

IV AOKNOor aut] UMapXouv pepika Aemta onpeia. To mpwto eivatr n dwarmiotwon av évag
ap1Bpog sivatl mepttrog 1) OXl. X1 MapaKAtm AU 1] €§€TA0T YIVETAl ATTOOVOVOVIAG TO AlyOTEPO
onpaviko yneio kat ouykpivoviag autd 1o byte pe to 0. To Sevtepo eival ot 1o abpoiopa twv
neplttOVv aplBpwv propei va erepdoel g evoldpeco anotédsopa v akpifela tou evog byte.
Apa Ba mpémnel anod mpv va pepipvrijcoupe oote Kabe abpoton va yivel pe Sumdr) akpifewa. H
enéktaon KdaBe byte oe Aeln diumddoiag akpifelag mpo@aveg MEEMEl va yivel Pe eMEKTAOT

TIPOCT|IOU, A@OU 1] EKQGOVINON dev KAVeL VU yla 11 Ipoonpacpévoug aplfpoug.

CLR 90
CLRB 86
LD 80, #5B20
[LOOP] LDB 82, [80]
ANDB 83, 82, #01
JE NEXT
LDBSE 84, 82
ADD 90, 84
INCB 86
[NEXT] INC 80
CMP 80, #5B2A
JNE  LOOP
DIV 90, 86
STB 90, 5C00[00]

O anattovpevog KOd1KAG yla ) Avon g doknong 6idetal nmapandve. TTov RATaxePntr) A&gng
90 amobnkevetatl 1o evilapeoo aBpolopa twv neptttov aplBpwv. O kataxepnig 86 perpdet 1o
mA1)80g toug. O kataxepntg 80 xprnoporoteitatl yia v EPPeoT) MPOOTEAAon TV apldpev g
Alotag, mou rpoowpvd arodnrevovial otov Kataxepnt) 82. O rataxwpng 83 arodnkeuet 1o
artotedeopa g Aoyikng ouleudng tou 82 pe ) PAoKA IMTOU AIOPOVAVEL To TeAeutaio Suadiko
yneio. O emMeKTapevog KAtd IPOONHO IEPLTIog ap1Bpodg arobnkevetal otov Kataxopnt 84.
TéAog mpooelte o1 Katd 1) Swaipeon tou abpoiopatog pe 1o mAr0og v meptt®v apldpwyv, 1o

rinAixko (o {nroupevog peoog 0pog dnAadr)) pével ot xapnin dievBuvon pvrung.

Aoxnon 31
Ztn 6¢on pvniung SF20 uniapxet 1o byte brbesbsbsbsbabibe. Znteitatl va ypawete eva nipoypappa
oe yAdwooa Assembly mou va avupetaBétel ta nibbles autou tou byte, rou dnAadn peta v

€KTEAEOT) TOU, otr) B¢on pvrpng SF20 Ba unidpxet 1o byte bsbabibob7bsbsba.
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2

Auon

®a dwooupe dUo Srapopetikég AVOEIG O AUTY| TV AoKnon. H npwtn Avuorn anopovovel autég Tig
OU0 1eTpadeg PEO® TOV ATIAPAitnI®V 0A100T|0E®V KAl PETA OUVEVOVEL Td dUO aroteAsopata PEo®
g Aoykr|g Hraleuéng.

LDB 80, SF20[00]

LDB 81, 80

LDB 83, #04

SHRB 81, 83

SHLB 80, 83

ORB 80, 81

STB 80, SF20[00]
H &ettepn eival apketa mo eefnnpévn kat Paoiletat otnv oAioBnon plag oAorAnpng Aedng
(evtoAr) SHR) orou ta mepiexopeva g uwning dievbuvong oAiwoBaivouv ota uywnAng tadng
ynoia g dieubuvong pe ) xapnAr dieubuvor).

LDB 80, SF20[00]

LDB 81, 80

LDB 82, #04

SHR 80, 82

STB 80, SF20[00]

Aoxnon 32
Fpayte éva mpoypappa Assembly mou diatpéxel pia Aiota mpoonpacpévev aplbpov (short
integers) kat petatrpenet 6Aa ta bit poorjpou oe 0, 6tav 1oxVoUV ta &Erg :
+ O 16-bit kataxepntg 82, Ba mepiExetl v apXikr) dievbuvon) g Aiotag
+ O 8-bit kataxwpntg 85, Oa rmepiéxel 1o PrKog g Alotag (os bytes).
Auon
LDBZE 90, 85
ADD 90, 82

DEC 90
[LOOP] CMP 90, 82
JLT  END

LDB 84, [82]
ANDB 84, #7F
STB 84, [82]+
SJMP LOOP

[END] BRK
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Aoxnon 33
Ztn B¢on pvnung SF20:6 untapxel anobnkevpevo eva byte. Fpdyte éva npdypappa oe yAoooa
Assembly rou va avixveuel 1100eg @opég ep@avifetatl o ouvduaopog "110" ota duadika yneia
autou tou byte kat Ba aroBnreuvet ) T auvtr) ot 6€on pvrpng SF21 6.
Auon
LDB 91, #01
LDB 90, #00

LDB 80, 5F20[00]
LDB 81, #07

[LOOP] ANDB 82, 80, 81
CMPB 82, #06
JNE SKIP
INCB 90
[SKIP] SHRB 80, 91
CMPB 80, #06
JLT END
SJMP LOOP
[END] BRK
Aoknon 34

Fpayte éva mpdypappa ITOU AVIIOIPEPEL 11 OLlpd TV otoxelwv piag Aiotag, 6nAadn to
teAeutaio otoxeio yivetatl mpwto, 1o npoteAeutaio deutepo Kok. loxvuouy :
+ O 16-bit kataxepntg 82, Ba mepiexetl v apxikr) dievbuvon g Aiotag
+ O 8-bit rataxwpntrg 85, Ba mepiExet 1o PrKog g Alotag (oe bytes).
Avon
LDBZE 90, 85
ADD 90, 82

DEC 90
[LOOP] CMP 90, 82
JLE  END
PUSH [82]
PUSH [90]
POP  [82]+
POP  [90]
DEC 90
SJMP LOOP
[END] BRK
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Aokxnon 35
Cpayte éva mpoypappa mou avadoyng tov duadikov yneiov plag paokag pndevifet 1) agrijvet
avadAointa ta oroxeia piag Aiotag. I'a mmapadetypa av n paoka eivart 11001011, to 30, 1o 5°
Kat 1o 6° otowxeio g Alotag Ba pndeviotouv eved OAa ta unodlowrta Ba peivouv wg EXouv.
Yrobéote ot :
¢+ H Alota §exwva amo ) Sievbuvorn SF0016 kat éxel prjkog 16 bytes.

¢ H pdoxa (16-bit) Bpioketatl ot B¢on pvnpung SF40;6.

Advon

LD TA, #0001

LD 80, SF40[00]

CLR 90
[LOOP] SHR 80, TA

JC SKIP

STB 7B, SF00[90]
[SKIP] INC 90

CMPB 90, #10

JNE LOOP

BRK

Aoxnon 36

Fpayte eva mpoypappa oe Assembly rou urodoyilel 1o péyloto kowd Siaipétrn duo bytes, mou
eivat anobnkevpéva oug Oéoelg pvrung SF2016 kat SF2156. O péylotog Kowvog dialpeng
artoBnkevetat otr) B€on pvripng SF24 6.

Auon

O péylotog Kowvog draipetng 8ev propel va eivalr peyadutepog ToU HIKPOTIEPOU €K T®V OUO
appev. 1o mapakdt® KOPPATt Kadika eviortifoupe tov pikpotepo ard toug duo aplfpoug rat
Tov arofnrevoupe otov Kataxepnt) 82. O peyaldutepog amobnkevetatr zero extended otov
Kataxepnt) 84.

LDB 80, SF20[00]

CMPB 80, 5F21[00]

JLT SWITCH

LDB 82, SF21[00]

LDBZE 90, 82

LDBZE 84, 80

SJMP LOOP

[SWITCH] LDB 82, 80
LDBZE 84, S5F21[00]
LDBZE 90, 80
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Ia va Bpoupe tov péytoto Kowvd draipetn, paxvoupe dradoxika 6Aoug Toug apiBpoug arnd To
EPEXOPEVO TOU Kataxwpnty] 82 mpog ta KAW® ya 1o av diaipouv kat toug dvo apiBpoug.
IMpooe€te o1 1 mpddn g Swaipsong mepadel ta replexdpeva tou dlalpetéou Kat yr auvtd Ba
MPEIIEL va Kpatdpe avilypaga rptv and kdbe daipeon otoug kataxepntég 86 rat 88.
[LOOP] LD 86, 84

DIVUB 86, 82

CMPB 87, #00

JNE NEXT

LD 88, 90

DIVUB 88, 82

CMPB 89, #00

JE FOUND
[NEXT] DECB 82
JE STOP

SJMP  LOOP
[FOUND] STB 82, 5F24[00]
[STOP] BRK

Aokxnon 37
Fpayte éva poypappa oe Assembly rou va Bpiokel petd anod rnooeg aplotepeg oAlo0r)oelg Tou
byte rou PBpioketat oty B¢on pvnpng SF20:16 Ba mporuyet roocdtnTa peyadutepn tou 39;0. To
mAn0og twv oA100r|oe®v autwv va anobnkeutel ot B¢on pvrpng SF22+6.
Auon
LDB 80, SF20[00]
CMPB 80, #00

JE EXIT
LDB 81, #00
LDB 82, #27 (3910=00100111,=27 1)
LDB 83, #01

[LOOP] CMPB 80, 82

JGT DONE
SHLB 80, 83

INCB 81
SJMP LOOP

[DONE] STB 81, 5F22[00]

[EXIT] BRK
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Aoknon 38

Fpayte éva npoypappa os Assembly mmou va eviortiel tov rmpwto dptio apBpo otn Aiota mou
unapxetl anobnkeuvpevy otg Ofoeig pvrung SF2016 £w0g SF29:6. H 81euBuvorn rou evioriotnke

Oa npénetl va anobnreutei otig O¢oelg pvrung SF2A 16 kat SF2B 6.

Advon

LD 80, #5F20
[LOOP] LDB 82, [80]

ANDB 82, #01

JE FOUND

INC 80

CMP 80, #S5F2A

JNE LOOP

SJMP  SKIP
[FOUND] ST 80, SF2A[00]
[SKIP] BRK

Aoknon 39

Aeilte Tiwg propeite va uldoroujoste oe yAwooa Assembly 1ig  akolouBeg 6Uo Sopeg g
yAoooag C:
¢ if ouvOnkn then { code segment A} else {code segment B}
orou ouvOnKn pia ano tg akoAoubeg : al=f, a==B, a>f, a<P, a<=p, a>=p
+ for {i=0; i<MAXVALUE; i++} {code segment C}
Auon
+ Eoww 61 o1 kataxwpnieg 80 xkat 82 mepiExouv aviiotowxa Tig tpeg a kat B. Tote yua v

vdornoinon g dopurg if, o k®dkag Assembly rou anatteitat eivat o akdAoubog :
CMP 80, 82
JXX SEGMENTA

[SEGMENTB]|
Ed® toroBeteital o kadikag Assembly rmou uvldorotet 1o code segment B
SJMP NEXT
[SEGMENTA] ...
Edm toroBeteital o kwdikag Assembly rmou uAorotetl to code segment B
[NEXT]
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L4

ormou JXX eivat éva umd ouvbnkn dApa. Avddloya pe t ouvOnkn 1ou Ofdoupe va
egetaocoupe oto if statement, 1o aApa mou xpelaldopaote SapopPAOVETAl OCUPP®VA e TOV

Mapakdte ivaka :

al=B | JNE
a==b JE
a>b JGT
a<b JLT
a>=b JGE
a<=b JLE

Eote ot o kataxwpnt)g 80 Ba maifel to poAo g petaPAntg i tou loop. Eote o6t n tpr)
Tou kataxepnt) 82 eivat ion pe MAXVALUE. Emiong Oswpotpe o1t MAXVALUE < 255:0.
Tote o kwdkag Assembly rmou anatteitat €xetl ) pope :

LDB 80, #00
[LOOP]

Ebdm toroBeteital o kwdikag Assembly rmou uAorotetl to code segment C

INCB 80
CMPB 80, 82
JNE LOOP

Aoknon 40

[Meprypayte ouvortuikd 11g H1adikaoieg rmou AapBdavouv xopa otav ocupfei pla aitnon drakorrg.

Auvon

Yriapxouv U0 meputtooelg :

1.

O eneCepyaotns va pn Ppioketal oe KATAOTAON €KTIEAEONG KATOOU KOOKA Kpiolpou
XpOvou. Zinv Tmepimworn autn 1 aimmon dtakormg rmou eEKivd amod Pla MEPLPEPEIAKT)
OUOKEUT], P€0® TOU €AEYKTI] S1AKOTIOV AVAKOIVOVETAL OTOV eTeepyaotr]. AUTOG OAOKANPGOVEL
TNV E€KIEAECT] NG TPEXOUOAG EVIOALG, ArOBNKeUel 1] KATAOTAON TOU IIPOYPAPHATOG ITOU
€pexe ot 0wpoO oupnepldapfavopévng g Sieubuvong g emOPEVNG TPOG EKTEAEOT)
EVIOAT|G KAl AKOAOUO®G PEO® TOU €AEYKTN) O1AKOMGOV EVIHEPOVEIAL yld TO OO €ival to
nepupepelakod mou {nra efunnpénon. Metannda otn d1evbuvon apXrig Tou MPOoyPAPaTog
eSUIINPETNONG YA TO OUYKEKPIPEVO TIEPUPEPEIAKO KAl EKTEAEL TO TIPOYpaAPla SUITNPETNONG.
Otav tedewwoesl autd 1o mpodypappa, avakaldei arno 1 oopo 1o nepiPdddov g drarkoreioag

O1ad1kaoiag Katl ouvexifel KAvoviKa v eKTEAEOT) TG.
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2. O eneSepyaotr)g va Ppiloketatr otnv ektéAeon KAMOOU K®OWKA KPiotpou Xpovou. Xinv

nepinmwon autr] oAU mbavov va €xel arevepyoror)oet ) duvatdtnta dlrakonmv, orote 1

aiwon diaxorir)g Oa ayvonBei pexplg 0tou oAokANPwOel 1 eKtEAeon Tou Kpiolpou KOd1KaA.

Aoknon 41

Yrootnpite v aAnBeia 1 o wpépa ng npotaong : "Av pe 1w Xprjonn DMA n petapopd evog

byte petal mepupepslakoly - KUplag pvrpng dwapkei 1 kKUKAo poldoyiloU, tOTE PIopm va

petagpépem ITANTOTE 100 bytes oe 100 Hi1adoxikoug KUKAoUG".

Avon

H nipotaon avt eivat popaveg weudng. H taxutnta petagopdg dev €xet Tirote va KAvVeL Pe 1o

eav o gleykirg tou DMA Ba eAéyxetl yia 100 kUkAoug 11§ aptpieg tou ouotrjpatog. Me dAAa

Adoyla yua va propel va petagépet diapkwg 1 byte / kUkAo Oa mpéretl va eivat KUPLOG TRV

appv yua 100 xkukAoug, nipaypa e€aipetika artibavo.

a)

Aoknon 42

Y
\) 7
2
%6
QI

< (9]
&S
S/ TP

Zinv ewkdva @aivovral 2 tracks evog diokou pe Kivoupevn Ke@alr) pe 8 sectors 1o kabeva.
Av o raBe sector eivat twv 512 bytes moooug sectors, Oa kataddaPel n arnobrnrevon TV
apxeiov A, B xai ' étav :

¢+ 10 A éxel peyeBog 2123 bytes ?

¢+ 10 B ¢xet péyebog 2848 bytes ?

¢+ 10 I' ¢xe1 peyeBog 640 bytes ?

ApiBpwviag toug sectors kABe apxeiou, UMOBEISTE 1) PUOLKI] OPYAVROT] ITAVK 010 H10KO
ITOU EITITPETIEL TNV TAXUTEPT] AVAYVOOL KAl TV TPV apxeiov A, B kat T’ oeplaka. (m.x.
ypdagovtag "Al oto 1c", umodeikvuete 611 0 IP®TOG sector tou apxeiou A Ba tortoBetnBei

oto sector 1c g ekovVAG).

Auon

To A 6a katadaPer [2123/(512)] = 5 sectors, 10 B Ba katadaPet [2848/(512)] = 6

sectors kat 1o I'[640/(512)] = 2 sectors. Me dAAa Adyia 116vo aképata moAAamddoia Tou
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sector propouv va avateBouv ota dagpopa apxeia, akoOpn Kt av pepn tov sectors auvtomv
eivatl pepika yepdra.

lMa v taxutepn OEPlAKL AVAYVOO!] AUtV TV apXeiov, 6Oa 1mpemetr  va
€AaX10TOITOU|O0UNE TIG KIVI|OEG NG KePAAG. Zuvenag Ba mpernetl va npooradrjooupe va
anobnkevooupe 00O TO dUVATOV TIEPIOCOTEPN TMANPOEPOPIA OE YEITOVIKOUG sectors.
Bafoupe Aoutdv toug sectors tou A apxeiou g €8¢ : Al, A2, A3, A4, AS otoug sectors
la, 1b, 1c, 1d, le avriotowxa. Katormv ouvexioupe ogiplaka pie 1o apxeio B kat fafoupe
B1, B2 xat B3 otoug sectors 1f, 1g kat 1h avtiotoxa. A@ou topa €xel yepioet auto 1o
track Oa mpénel va ouvexiooupe oto 2°. H kepaldr] opwg exer dwafdoetr tov 1h kat
OUVETIOG 1] PKPOTeEPn Kivnon eival amdda va petarwnBel oto eontepkod track. Apa 1
anobnkevon Oa npémnetl va ouvexioel B4, BS kat B6, I'l kat I'2 otoug sectors 2a, 2b, 2¢
kat 2d kat 2e avtiotowxa.

(Enpeiwon : Adyn adpavelag n repadrn Ba exel katda rnaoca rmbavotnta petakivnOei mepa
artod to teAog tou 1h. Omodte 1o arnoAuto omotd MPAKTKA givat 1) anobrjkeuorn oto 2° track

va apxioet amnod to 2b).

Aoknon 43

Yrootnpigte tv aArBeia 1) 1o Yépa tov naparato :

L

IIpooBétovtag éva yneio wooupiag os pia tuxaia opdada YPneloAé§emv mou £€Xouv arootaor)
K, @TIAXVR pla véa opdda Aéewv pe andotaon k+1.
KdaBe akepalog oe avarnapdotacr) CUPITANPOPATOS ©OG TIPS 2 TV n duadlkeOv Pneinv, £xet

ToVv avtibeto tou.

Auon

H mpoétaon eival weubdrg. Eote yia napddetypa évag kodikag pe 1ig 6U0 mo KAT) KOOIKEG
Aége1g :

0000

1111
pe andotaon 4. Av pooBeow €va yneio daptiag ootipiag Ba rmdp® t1g akoAoubeg KOOIKEG
A&elg

00000

11110
ITOU OoUVEXI{OUV va €Xouv anootaot) 4.
H mpotaon eivat AdBog. O kwdikag cuprmAnp®uatog og 1pog 2 pe n duadikda yneia propeti
va arewkovioel 1o drdotnpa axkepaiav [-2n-1, 2n-1) 10 oroio dev eival MANPWG OCUPHETPIKO,

a@oU o avtiBetog tou -27-1) §ev avr)kel oto H1dotnpa IOV AvarapliotwEVEOV ITIO0OTTAOV.
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Aoknon 44

Anote tov kwdika Assembly cote ot 6¢on pviung SF21 va anobnkevetat o duadiko ynoeio
rneptttng wotipiag tou byte rmou Bpioketat ot B€on pvrpng SF20.
Auon
To mpofAnpa Auvetat amda efetadoviag dtadoxikd ta duadikd ynoeia tou byte kat addaloviag
éva apx1ko yneio ootpiag petd amo rabe e§€taon. Lrov kataxepnt) 80 goptoveratl to byte
ToUu oroiou BgAoupe va @uadoupe 1o Yneio Imeptting ootipiag. Xtov 81 UrdpXet 10 TPEX®V
urtoAoyloBev pneio. Lrov 82 arobnrevetal 1 rmoodtnta oAioOnong rouv yiverat oe kKaBe KUKAO,
6nAadr) oAioBnon kata 1 duadiko ynoeio. Tédog avtiotpoer| tou Yreiou ootipiag eéxoupe KAbs
(PopA ToU Katd Vv oAiobnon mpoxruUyel Kpatoupevo. H avuiotpoer) yivetat pe pia eVvioAr)
anorAe1otikng 61adeulng ITOU aviloTPEPEL 11OV 1o tedeutaio yneio tou 81.
LDB 80, SF20[00]

LDB 81, #01
LDB 82, #01

[LOOP] CMPB 80,  #00
JE  END
SHRB 80, 82
JNC  LOOP
XORB 81, #01
SJMP LOOP

[END] STB 81, 5F21[00]

Aoknon 45

Ao ta mAéov ouvnBiopéva AdBn ota Pnelaka KukAopata €ival autd Imou MPoKAAouvidl arto
napodikeg Pubioeig 1 aulrjoelg ot taon tpo@odooiag. AUTEG €XOUV oav aAroteAsopa pia
PnoeAéln n duadikav Yneieov va yiverat 6Ao 0 1 6Ao 1.

a) Mropei 0 kd1kag wotpiag va pag rpootatéyet rapdAAnda kat arno ta dvo napandve €i6n
AaBov ? (Yrodeln : Ipogpaveg ermpeddetal avaloywg Kat to yneio wootpiag. Egetdote duo
TMEPUTIMOELS © TO N va £ival APTIog 1) MEPITTOG).

B) Xpnowyonoioviag 1g 18101TeEG TIOU TTapaAtnprjoate oto (a), rpoteivete €vav arodotiko k®dika

nipootaoiag aro tétota Adbn.
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Auon
O mapakdie® mivakag urodelkvuel 1o 1 oupfaivel ya aptio / meptttd n, dpua / meplin

ootipia kat yia Adfn rou mapdayouv 6Ao 0 1 6Ao 1.

n Iootiuia | AaBog | Ilpootaocia
Aptiog Aptia OAa O Oxt
OAa 1 Nat
Aptiog [Tepitin OAa O Nat
OAa 1 Oox1
[Tepittog Aptia OAa O Nat
OAa 1 Oxt
[Meprttdg | Tleprrrr OAa O Nat
OAa 1 Nat

BA¢noupe ouvenmg Ot évag Kwdkag ootipiag de propel va pag rnpootatéPet arno avtd ta Adln
Otr) MEPUTIOOT ITOU 10 1 givatl ApTiog, eve ermiong 6 Popel va pag mpootatéPet otav 1o n eivat
TIEPTTTOG KAl XP1OOTIO|00UE ApTid 100Tiid.

Mtua Auon oe autd 1o mpoPAnpa eivat va dapéon v apXikn pou rmAnpogopia oe duo To
duvatov ioa péprn. 1o mpwto PEPOG EMOUVAITI® Pr@io dptiag wootpiag kat oto deutepo Pneio
MEPITING 1ooTIiag, @poviifoviag Mote av UTIAPXEL PEPOG PE TEPTTIO aplBpod yneiov oe autd va

£QAapPootel 1 TepTTr) 100TIHiA.

Aokxnon 46
[Téon eivatl n arnootaon ToU KOOKA ITOU IPEMEL VA XPIOIHIONOU|06M Yid vd HUIT0P® VA EITUX®
avixveuon £€mg Kat tetpdrmiev AabBov ? Av 0 Rodikag @riaxvetral and A&gelg v S5 duadikov
Ynoeiov mooeg kwd1keg Aéferg untapxouv ? Arnodeite tov 1o0xUplopd oag.

Avon

Ma va priope va avixveuo® v urnapdn €og kat d Aabav, xpeidafopatl evav Kodika Pe arnootaot)
d+1. Zuvenwg ya myv avixveuon tetpardev Aabav Ba Ipernel va Xproonoujoe evav Kodika
andotaong 5. Kodwkag amdotaong S5 onpaivel ot kdBe {euyog duadikwv WPn@loAégemv tou
KOd1Ka &xouv andotaon katd Hamming touAdaxiotov 5, dndadr) dragépouv touddaxiotov oe 5
duadkd ynoia. Av o1 kKOd1KkEG AEge1g €Xouv OAa K1 0Aa S duadika Yynoeia, autd onpaivetr 6Tt ot
A£8e1g TIou urntdpxouv otov kOdika eivat povo duo, ot :

B4 B3 B2 B1 Po

1Ba B3 B2 !B1 Bo
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(Enpeiwon : avddoya pe tig tég rou Ba uvoBetnBouv yua ta P4, Bs, P2, P1 kat Po mporUITIEL K1

&vag d1a@opeTikdg KMOKAG, OX1 Op®G dAdeg KwdkEg Aefelg otov 1610 Kdka. XuvoAika

unapxouv 16 dragpopetikoi kwdikeg pe 6U0 Kad1KEG AESe1g 0 KAOe évag).

a)
B)
y)

5)

Aoknon 47

[Toon eivat ) arnootaon £vog KOd1KaA MoU EMITPENEL TV avixveuon HirmAov Aabov ?
[16on eival n andotaon evog Kwdka 1ou ermtpenet i) 610pBwon armwv Aabov ?
[Téon eival n anootaon evog kK@d1Ka 1ou Ba ermrpénet 16oo 10 (a) 6oo Kat 1o (B) mapdAAnia?
E&nyeiote avadlutukd 1o yati.
Avaniapaotrote tov -7810 0¢ CUNIMANIPOUA ®G ITPog 1, xpnowporiowviag 8 duadikd yneia.
Kodkoroleiote v IPOKUMIOUcd avamapdotaon o KeOdka pe TG 1810tteg 1ou
UTIOEPRTIATOG (Y), XPNOolponolnviag ta eAdxiota duadika yreia.

Avon
lNa va prope va avixveuom v unapén £€ng kat d AaBwv, xpeidlopatl évav kwdika pe
arnootaorn d+1. Zuvenog yla tv avixveuor durmdev AaBov Ba mpemel va Xpnotponoon vayv
rOdKa andvotaong 3.
Ia va priope va 810pfwoe €wg kat ¢ Adabrn, xpsialopatl évav kodika pe anodotaorn 2c+1.
Zuvenog ya v 810pbwon armlev Aabov Ba mpérel va XPrnolpornoujoe &vav Kodika

artootaong 3.

y) IoxUouv ta akodouba :

¢ O amdog kwdikag Hamming S10pBavel arda Adbrn, xwpig va propel va mpoo@eépet
aAleg 1610teg avixveuong / 610pBwong. Apa £xel arnootacr TouAdxiotov 3.
¢ O amdog k0dikag Hamming eivat BEATiotog. Zuvernag n amnootaoct] tou eivatl akpifog
3.
¢ Me ) mpooBeon evog duadikou yrneiou wotpiag maipvoupe tov kKwdika modified
Hamming mou mapéxel wkavotnieg avixveuong dSutdev kat 610pBwong armiowv Aabov
Kal ertiong eivat BEAtiotog.
Apa 1o gpotpa g doknong propet va tpororiowBel oto 1moon eivatr n anootaor evog
modified Hamming kodika. ®a armodeioupe ot eival ek kataokeurg 4. Eotw ot Aédeig tou
armlou k0dika Hamming A kat B. Av ot A kat B éxouv anootaon 4 1 peyaAutepn Ot KAt
ynoeio wotpiag va 1mpoobéom yla ) KATAOKEUIN TV aviiotoxev A&§ewv tou modified
Hamming kod1ka, o1 mpokurtouceg kod1keg Aégelg Oa éxouv andotaorn touAddaxiotov 4. Eote
T0pa ot ot A kat B éxouv anootaon akpipag 3, dnAadr) dragépouv ota duadikd yneia x, y
Katl z Kat 01t 0 ap1fpog tov Acoev ota urtoAorta yrneia tv A rat B eivat @. Tote priopoupe
VA KATAOKEUACOUHE TOV ITAPAKAT® ITivaka rmou deixvel ot otov modified kwdika Hamming
ol Aé§e1g ou mporuIntouv anod ta A kat B Ba Sagépouv kat oto emouvantopevo Wyneio

raBoAkrg wootpiag (Pa kat Pg).
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® ApBpog 1 ota x, y katz | ApiBuog 1 ota X, y Kat z Pa Pg

0 3 0 1

Aptiog 1 2 1 0
2 1 0 1

3 0 1 0

0 3 1 0

[Tepitrog 1 2 0 1
2 1 1 0

3 0 0 1

Apa n andotaon kat avtev v guynv Ba eivat 4 otov kwdika modified Hamming.
(Enpeiwon : pe v 161a anodeiktikn dadikaocia propovupe va deifoupe o611 1 MpocOeon evog
Yrneiou ootipiag os Kabe kOO1KA P TePttd apldpo anootaong, auSdvel TV ApXIKI) Artootaor)
Kata 1).

8) O -7810 oe ocuprAnpepa ®g mpog 1 £xel g avarnapdotacr To CUPNAnNPepa g duadikng
avarapdotaong tou 7810, Tou pe 1 péBodo twv dradoxikwv daipéoewv propoupe va

Bpoupe ot eivar 01001110,. Apa -7810 = 101100011s. H {ntovpevn kodikoroinon é€xet
OUVETI®OG 1) HoP®1) :

13 | 12 | 11 | 10 9 8 7 6 5 4

3
P M7 | Mg | Ms | Mg | Cg | Mg | Mo | M Cs | Mo | C | Cy

@ JO=Q] I W] DO

Ci=Mo@®M; @ M3 @ M4 @ Mg =0

Co=Mo @ M2 ® M3 ® M5 ® Mg =0
Ci=M1®@Ma®Mz® M7=1
Cs=M4 ® Ms ® Mg @ M7 =1
P=Mo @M1 @M@ M3 ®@M4sOMs @M DM7@C1 ©Co@Cs4DCg=0

Kal OUVETI®G 10 K@d1Komonpévo punvupa sivat :

13 | 12 | 11 10 9 8 7 6 5 4 3 2 1

P M7 | Mg | Ms | Mg | Cg | Mg | Mo | M1 | C4 | Mg | C | C
1 0 1 1 1 0 0 0 1 1 0 0

Aoknon 48

a) Aidetat to akodouBo duadiko prvupa :
o onpavuko Yyneio->000110101 101 <-Atydtepo onpaviko yneio
O arootodéag tOU PnvUpatog 1o €Xel K@OKoroujoel Kata Hamming éxoviag
XPNopornolrost ta eAdxiota arnattovpeva duadikd yneia edéyxou. EAgylte trv opBotnta tou

pnvupatog, 610pBwaote Tuxov AdBn tou Kat e€dyete TNV ApX1Kr) Anpogopia.
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B) Amavtr)jote otov aArootoAéd TOU ITI0 IMAVE HPNVUHATOS XPI1OTHOITOIOVIAS K®OOKA 100Tipiag

oAnNg ypapprg (pe orota opyaveon ermbupeite) kat v mAnpogopia :

mo onpavuko yneio->01 110 1 1 <- Atyotepo onpavuko yneio
y) YrioBetovtag eva pubpo petadoong dedopévov 1bit/ns nmdéoo xpdvo dujpreoe 1 aviaddayr)
AUTOV TV MANPOEOPIOV ? LE Tl TI0000TO TOU XPOVoU aviaAAdaxOnke xprjowyn minpogopia ?
[Tolog amd toug HUO Xprotpornoinfevieg KOIKEG eUBUVETAl TEPLOCOTEPO YA TNV HIKPEL)

®@EAN Xprjon tou drabeopou pubpou petadoong ?
Avon

a) Apou 1o pnvupa eival kedikonowpévo katad Hamming ouvpnepaivoupe 6t oug B€oeig mou
eivat duvapeig tou 2 Bpiokovial yneia eAéyxou Katl otig urnodotreg yreia minpogopiag. Me

aAAa Adyla 1o prjvupa €xel T Hoper) ¢
12 11 10 9 8 7 6 5 4 3 2 1
M7 Ms Ms M4 Cs M; M, M, Cq Mo C, Ci
0 0 0 1 1 0 1 0 1 1 0 1

EAéyxovtag ek véou v 10oTipia 1@V opad@v raipvoupe :

Pi=Me® Ms® Ms® M1 ® Mo® C; =1

P=Me® Ms® Mz® Ma® Mo® Cp=0

Ps=M7® Mz® Mpa® M;® C4=0

Ps=M7® Mg® Ms® Msa® Cg=0

Yuvenwg ¢xel oupPei AdBog oto PsP4PoP; = 0001 = 1° ywngio tou pnvupatog, 1o Oroio Kat

AVTIOTPEPETAL WOTE VA TIAPOUHE T1] O®OTH TIAnpogopia :

12 11 10 9 8 7 6 ) 4 3 2 1
M~ Mse Ms M4 Cs M; M-, M, Cs Mo Cy C;
0 0 0 1 1 0 1 0 1 1 0 0

Anoppirtoviag ta ynoeia eléyxou, Bpiokoupe ot o arootodéag €otelde 1 TAnpogopia

M7MeMsM4M3MoM1Me=00010101.
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B) Eotw 6Tl ermAeym v opydveon g rAnpo@opiag p1ou oe T€ooeptS YPAPPeg Katl dUo otr)Aeg.

YroBetoviag dptia ootipia naipve :

S|l w O ~ O
= O = =
el e e

To ¢&tpa duadkd ynoeio d6e xperdletatr va pertadobei, aAlda propel va urnovositat aro
artootodéa katl napaldnrmrn. Emiong av 8 pag evdiagépet n wootipia tov yneiov wooupiag ds

xpetdletal va napaxBei kat va petadobei 1o katw Hedia yneio.

y) Ta ouvoAikd yneia mou petagépoviat eivatl 12 oy (a) nepirmoon kat 13 (14) ot (B). I'a ta
25 (26) auta yneia Oa xpelaotel xpovog 25 (26) ns. H xprjoman rmAnpogopia givat 8 duadika
yneia oy (a) nmepimoon kat 7 duadika yneia ot (B). Apa 10 TOCOOTO GEEAING XPL)0NG
etvatr 15 / 25 = 60% (15/26 = 57,7%). Zwv (a) exoupe w@eAun xpron kata 8/12 = 75%
eve ot (B) xata 7/13 = 53,8% (7/14 = 50%). Zuvenwg o devtepog Kwd1KaAg srmPapuvel

eP1000TEPO TO PUOPO petddoong.

Aoknon 49

¢+ Ymoloyiote mooa duadika yneia eléyxou arnattouvial yua v 610pOworn ardou AdBoug
pnvupatog prikoug 11 duadikev yneiav.

¢ Asite Vv RS1KoOMOIN 0N ITOU TIpoKUITIeEl yia to prjvupa : 011110010 1 0.

¢ Acifte wg propeite va Kavete 610pOwON TOU KOSIKOTIOUPEVOU PNvUpATog, otav oupfet
AdBog oto 3° Suadiko Yn@io 10U APXIKOU PNVURATOS.

¢+ Enavaldfere 1ta napandve Otav OMACOUPE TO ApPXIKO JPNvupa oe terpadeg  Kat
epappoooupe kKwdika wootpiag omAng / ypapuns. I[Howa eival mpotpdtepn Avon kat ywati ?

Advon

¢ Amo tov tUro 2¢ > ct+d+1, yua d=11, Bpiokoupe o011 0 €Adx10T0§ aplOPOg YPneinv eAéyxou
IOV 1KAVOITO10UV TV aviootnta €ivat c=4 kat ouvenwg 0a npenet va rpooHecoupe 4 duadikd
ynoeia eAgyxou.

. H {ntovupevn kodikoroinon €xel ] popen :

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4

M, Mo | Mg | M7 | Mg | Ms | Mgy | Cg | M3 | My | M Cs

o eDoE=aDoEoDe
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Ci=Mo® M; ® M3 ® M4 ® Mg ® Mg ® M0 =0
Co=Mo ® M2 ® M5 @ Mg ©® Mo @ Mo = 1
Ci=M1 @M@ M3 ® M7 @ Mg ® Mo @ Mo =1
Cs=M4 ©® Ms @ M @ M7 ©® Ms ©® Mo ® M1p =0

Kal OUVENOG T0 KOOIKOMOPévo prjvupa givat :

15 114 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1

Mio| Mg | Mg | M7 | Mg | Ms | Mg | Cg | Mg | Mo | My | G4 | Mo | C | &

. YrioBetoupe out oupPaiver AdBog oto Mg kat ouveniwg Aapfdvoupe 1o axkdAoubo

AavBaopévo prjvupa :

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1

Mio| Mg | Mg | M7 | Mg | Ms | Mgy | Cg | Mg | Mo | M; | C4 | Mo | C | G

0 1 0 1 1 0 0 0 1 0 1 1 0 1 0

Enavatrniodoyifoupie tv 1cotipia 10V opdadmv Katl maipvoups :
Pi=Ci®My®M; ® M3 ®M4®Mg® Mg ® Mjpo=1
P,=Co®Mog® My ®Ms®Mg® Mg ® Mip=0

Ps=Cs®M; ®My;® M3z® M7 D Mg® Mg ®Mjp=1
Pg=Cs® M4y ® Ms ® Mg ® M7 ® Mg @ Mg ® Mjp =1
Zuvenwg to AdBog evrorti(etat otn B¢on PsPsP2P; = 1101 = 13;0 rou Ppioketat to Ms.
¢ Zndloviag to pnvupa oe 4adeg rat epappoloviag opifoviia kail kabetn ooupia naipvoupe

Vv &§ng Kndikoroinorn :

= o = O
o m O +~
— O O +~
O © = =
O —m O +~

orou urtovooupe éva srmrAéov yneio ico pe 0. Eotw ot aAt aAdowwvetal to Mg, dndadrn ot

0 mapalrng naipvet v £§rg rmAnpogopia :
0 1 b

1 1
0 D 1 0
0 1 D 0 1
1 0 1 0 0

Ao tov €Aeyxo 1ootpiag Srarmotwvel POPAnpa ot MPT YPAappr Kdl 1) NPT OtnAn.
Zuvenwg to AavBaopévo fuadikd Yr@io evrortietal otV TOUL] TOUG KAl AVIIOTPEPETAL.
¢+ Metady wwv Vo kedikaV npotpdtepog eivalt o Hamming, agou ywa pnvupa idou peyeboug

anattel onpaviikda pikpotepo apdpo Yyneiev eAéyxou.
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Aoxnon 50

To ako6AouBo prvupa rou é@tace os oag eival kKadikoroinpévo oe kwdika modified Hamming.
EAgyEte v opBONTa TOU KAl £POOOV 0ag TO EMTPENIOUV o1 duvatotnteg tou Kwdika, dopBwote
TUXOV AdO1 tou. YroBéote dptia ootipia Kodikoroinong.

(o onpavuko ynepio) > 001111011 O« (Wnoio looupiag)

Auon

ApoUu 10 Ynoeio wootipiag éxer uroAoylotel mAve oe OAn T KOWKY A&n, pIopoupe va
ouprniepdvoupe o6t N wotipia Mg Ae§ngeivar 0 @ 0@ 1 @ 1 @ 1 @1 @ 0@ 1 @ 1 =0, ou
ouprurttel pe to petadobev yrneio wootpiag. Apa 1 n kedkr Aedn sival owotn 1) €éxel oupPet
aptiog ap1Opog Aabwv kat rpénet va v aroppiyoupe. H kobikr) Ae€n £xetl ) popen :

9 8 7 6 S 4 3 2 1
Mg | Cg [ Mg | My | M | G4 | Mg | G | G

0 0 1 1 1 1 0 1 1

Kal priopoupe va doupe ot 1 wwoupia ywa to Ci, 6ndadn n Ci® My @ M; @ Mz @ My eivar
AavBaopévn. Zuvenwg €xel oupPel aptiog apiBpog Aabwv Kal mpernel va arnoppiyoups 1)

mAnpogopia.

Aokxnon 51

®cswpeiote a half-duplex oegiplakn emkowvevia petalt dvo otabpwv, ¢otw A kat B evog
d1ktuou. Otav o A otédvel MAnpo@opieg otov B, 1ig oteAvel oe akéta twv 64 duadikwv YPneiov
ota oroia ermouvarttel Hamming kedikoroinon. Otav o B otédvel mAnpogopieg otov A, tig
otéAvel 0og TIAKETA TV 16 Suadikav YPneiov ota oroila €mMOUVAITIEl KOS1KA 100TIHiAg OtAng —
ypappng. YroBétoviag ot oto 60% tou XpOvou OTo KavaAdl ekmeprnel o otabpog A kat oto
urtodourto 40% o otabpog B, urtodoyiote 10 1OCOOTO WEEANG XP1IONG TOU KavaAilou, 6nAadr)
o600 101§ EKATO XPNOIPOTIoEital To Kavdll ywa tv aviaddayr] kaBapr)g rmAnpogopiag petadu
v dUo otabuav.

Advon
Zta 64 duadika yneia mAnpogopiag o A emouUvATTIEl Ta €AAX10TA YPN@ia €AEYXOU ¢ £T01 OOTE va
KRavoroteital n oxéon 264+c+1l. Apa o A emouvdritel 7 yneia €Aéyxou. LUVenwg Otav
petadider o A, peradider makéta v 64+7=71 yYneiov ek 1@V omoiwv KabBapd o@EAn
mAnpogopia sivat ta 64.
Ta 16 duadikd yneia mAnpogopiag o B ta dratacoet oav éva mivaka 4x4 kat ermouvartet 8 (9)
yneia eAéyxou (4 ya kdBetn wotpia kat 4 yia opovra) (kat 1 akopn ya v ootipia v
Yneieov wotpiag). Zuvenwg otav petadidel o B, petadibel maketa wwv 16+8(9)=24(25) ynoiov
€K TV onoinv kabapa weeAun Anpogopia sivat ta 16.
To 11000010 GEEAING XPLoNg Tou KavaAilou otav petadibet o A kata 60% kat o B kata 1o

untoAourto eivatl 0,6*64 /71 + 0,4%¥16/24(25) = 0,8075 (0,7968) 6nAadn 80,75%(79,68%).
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