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IHPOAOI'OX

O1 nAekTpoVvikoi UMOAOYIOTEC Ta TeAeuTaia Xpovia OiadpapaTifouv €vav
0AOEvVa Kal onUavTikOTEPO pOA0 oTnv Kadnuepivi pag {wn. Ta anoTeAéopata Twv
naveAAnviwyv €EETACEWY, Ta €KKABAPIOTIKA ONUEI®PATA TNG €popiacg, n HioBodoaia
XINGdwyV  unaAAfAwv K.a. anotehoUv napadeiyuata npoPAnuaTwv nou 6Ba
anaitouoav noAU nepICOOTEPO KOMO Kal XPOVO XWPIG Toug nNAEKTpovikoUg
UNOAOYIOTEG. 3£ APKETEC NEPINTWOEIG MAEOV, Ol UMOAOYIOTEC €ival CUVUPAONEVOI JE
autn TNV idila Tnv avBpwmivn {wr, ONwc yia napddsiyga oTtnv TNAEiaTpikr, Ta
XEIPOUPYIKA POMMNOT, TA CUOTNHATA EAEYXOU MUPNVIKOV Kscpa)\(bv,xl aTIOTIKA

OUOTANATA, TIC TNAEMIKOIVWVIEG, TOV EAEYXO agPOodIadpOUwV KAM,

Moipaia, o poAog Tou MnxavikoU H/Y & MANPopopPIKAC an0K}é au&avopevn
BapuTnTa PETa oTn onueEPIVR Kolvwvia. Ma va avranokplOgi.oe auTeC TIC AVAYKEC O
Mnxavikog H/Y & TMAnpogopikng 6a npénel va .€xel 1kavo unopfabpo yia va
avTanokpiveral ota unapxovta NpoBANUATA, KA Kg&iwq, ytﬁva opaparTileTal kail va

oxedialel Tic AUCEIC yia Ta NpoBAnuaTa nou avaqrsuv.

To padnua "Baoikég ApXEG Op’y)g)@onq Kalr AsiToupyiag YMnoAoyIoTIKOV
SuoTnUAaTwv" €Xel OKOMO va €10AYeL TIG apXEG Kal TNV opoAoyia Tng ENIOTANNG Twv
YnoAoyioTwv. Eival éva paénua dnyioupyiac npwtng UANG, TNV onoia Ta katomnva
pgaénuaTta Tou TUANATOC WAG Ba e€eidikeUoouv yia va dWOOUV TIC MPAyHaTIKEG

d1a0TACEIG TNG EMOTAKNG poq\

o] navammnww&apaééoalq nou KPaTAaTe OTA XEpla oadg &ekivnoav va
ypapovTal To@pm IOU 2001 avakaivioTnkav Tov enopevo ®AeBapn, Baocel Twv

unodeifewv TwWV APWTWV avayvwoTwv (PoITNTOV Kal METANTUXIAK®WV (PoITATWV),
TOUG 0Mnoioug Kal euxapioTw Bepud. H ékdoon 3.0 NTav n NpwTn Nou NepIiEAABe Eva
EKTEVEG OGUVOAO EVBEIKTIKOV AOKACEWV. H TPEXOUTA £KBOON £XEI MIKPEC EMIMAEOV

d10pOWOEIG Kal NPOOHBNKEG.

Skond¢ TWV ONUEIWOEWV €ival va dnoTEAECOUV €vd epydAgio oUVTOPNG

avadpoung anod Touc goITNTEC. Zav TEToIo, O Pnopouv —Oc OTOXEUOUV AAAWOTE-
va UnokKaTaoTnoouv Ta ooa J1daockovTal oTo au@IBEaTpo’ Kupiwg aduvaTtouv va

oupnepiAGBouv  TIC yovideg oulnThosic nou dleEayovTal ekei. Euxopal va

anodeixbolv &va XproiPo epyaAcio.

X. B€pyog
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KED®AAAIO 1

Eioaywyn

AN
~ ,

AoBévTwv (a) piag ouvaptnong f(x) kar (B) uiag TIUAG \V\ICI TOo X, &vag
urioAoyiouog sival n elpeon TNG TIMAG TNC ouvapTNong via uﬁéopévn TiynR x. O
ekTEAQV Tn d1adikacia Tou unoAoyiopolU ovopdaleral urnoAoyioTic. Tov TeAeuTaio
aiwva, kataokeualovTag PnXavec nou ortnv apxn GHOTS)QOVTGV ano6é ouvduacuo
NAEKTPIKWV — NAEKTPOVIKWV OTOIXEIWV Kal pnxav)(bv MEPWV, EVW OTIG MEPEG PAG
nAEov OXeDOV AMNOKAEIOTIKA PE NAEKTPOVIKA, OTOIXEIQ, KATAPEPAUE MOAAEC aAno TIG
OUVAPTAOEIC MOU Ouxvda Hac¢ anaocyxoAoUv oTnv kadnuepiviy pag Iwn va TG
unoAoyifouue nio eUKOAd, nio agonioTa KUpiwg nio ypriyopa. O1 unxaveg auTeg
OVOUAOTNKAV NAEKTPOVIKOI UAOAOYIGTEC (UMOAOYIOTIKG OUOTHUATA).

4

H peydAn dlapopd HETAEU €vOC NAEKTPOVIKOU UMOAOYIOTH Kal KAanoiag
AAANG anod TIG NAEKTPOVIKEC PNXAVEG NOU Wag nepIBAAAouyv gival n duvaToTnTa Mnou
pag divel yia tnv aAAayn TnG npog unoloyioud ouvaprtnong (versatility). Auto
EMITUYXAVETAl JETO vg EXOUME dWOEl aTOV UMOAOYIOTH Tn duvaToTnTa NPayuaTikng
uAonoinong eAAXIOTWV MPpWTAPXIKWV CUVAPTNOEwV (primitives) kal Tnv avaykn
ano HEPOUGHMAC MePIYpA@nG kABe AAANG mio oUVOETNG ouvapTnong oav pia
akoAeuBia auTdv Twv NpWTAPXIKWV ouvaptTnocwyv. Onwc dnAadrn ol avBpwnol
EXOUV ‘eéva aA@dpnTto ndvw and To onoio XTiouv TIC AEEEIC nMou KaATomivd TIG
XpnoigonoioUV yid va XTIOOUV €K@QPACEIG, £TOI KAl O UMOAOYIOTNG €XEl €va MOAU
OUYKEKPIPEVO KAl NEPIOPICHEVO AAPABNTO CUVAPTHOEWY, TO OMNOI0 XPNOILONOIOUUE
yla va ¢TIGEoule Kanola nio ouvleTn ouvaptnon. YnoB£oTe yia napadeiyua oTl
EXETE €&va oUOTNUA Nou JNopei va uAonoifoel TIG ouvapThnoelig npoabeonc fi(A, B)
= A + B, agaipeong f2(A, B) = A - B kal ouykpiong pe 10 0, f3(A) = 0 av A < 0 Kal
1 aAIwG. Eotw Twpa 0TI B€Aoupe va uhonoinooupe TG fa(A, B, C) = A + B - C kal
fs(A, B) = A * B. Tote Ba cixaupe 6T fa(A, B, C) = f2(fi(A, B) , C) kai fs(A, B) =




KE®PAAAIO 1 - Ewoaymyn

fi(A, fs(A, B-1)) av f3(f2(B, 1)) = 1 n fi(A, 0) aAMw¢. ZTa napandavw napadeiyyara
neplypayaye veéeg ouvapTnoelg epappolovTag e OUYKEKPIPEVN XPOVIKI akoAoubia
TIC NdOn undpyouosec. H Odiadikacia auTr ovopaleTal npoypauuarioyoc Kdl n
EKQPAON TWV VEWV OUVAPTNOEWY OE YId YAWOOA N onoia €ival karavonTr ano Tov

unoAoyioTr ovoudaleTal npoypauuda.

1.1 To povTéAo Tou von Neumann

>Ta npwTa XpoOvia napouciac TwV NAEKTPOVIK®WV  UMOAOYIOTWV O
npoypauuaTiogdsg  yivotav  de TV TonoBetnon  xIAIGdwv  OIaKONTWV  Of
OUYKEKPIPEVEC BEoelc. KaBe diakdNTNg €ixe dUo B£oeic. H TonoBETnon.otn Wia n
TNV GAAn 6€on onuaive kalr TNV avakAnon Kdl OUVEN®G EKTEAEON 510(p0p24u<r'1q
NPWTAPXIKAC ouvaptTnong and Tn MNxavr, OUVEN®MG Kdi v onoinon
dlapopeTikoU unoAoyiopoU. A@oU OAol ol dIaKONTEG eixay Tseﬁnv emoéupunTn
B£on, To akoAouBo Brpa ATav va dWOOUKE 0T UNXavn TIC.TIMEG TWV PETABANTOV
TNG ouvaptnong (TINEC €100d0U). H pnxavr €kTeAoUCE TOV UMOAOYIOWO KAl
napryaye Ta anoteAéopata —-oTnv ouadia Koe()ple/qu eécm)q KAnoiwv dIaKONTWV-,

pag €dive dnAadn TIC TIMEG €EGO0U.

Ynnpxav diagopa NpoBARKATa O adTh TN NPWTN HOPQPI TWV UNOAOYIOTOV:
¢ uvnOwc o idIoG UNOAOYIOUOG=XP OTAV va Yivel 0 NEPICOOTEPA TOU €VOG
0edopéva (n.X. 0 unoAoyiguoOC Tou=d@PoU Tou MNaoxa xpeialeTal va yivel navw
o€ NoAAAd pioBoloyika-<kAigakia).” Zuvenws Oa énpene pe kamnoiov TpoOMNoO va
MnopoUpe Ta dedopeva €100d0u va Ta divoupe OAa padi orn unxavn, avTi va
aAM\afoupe Tn BeonwdiakonTwv yia kaBe eva. AvrioTtoixa 6a B¢éAape Ta
anoTeAECUATA va HPNopPoUUE va Ta EXOUME OE HMIA MIO MOVIMN HOp®R, avTi va
XpelaleT OTAPATAPE TN pnxavr, va diaBaloupe Tn B€on dlakonNTwV Yid va
NAPOUME TO ANOTEAECNA KAl VA ENAVEKKIVOUHE TN Pnxavn.
¢ MéeyaAUTtepo npoBAnua nTav OTI 0 NPOYPANUATIONOG MOU €iXAUE KAVEI OTn
pnxavn X.CIVC')TCIV kaBe popd nou TNV npoypauuaTidape ek véou. Q¢ anoTEAECUA
K&*hpéypqppa nou TuxOv eixape ouvTa&el yia Tn pnxavh 6a énpene va
enaveioayeral kabs gopd npiv Tn Xpnon Tou. H cloaywyrl woToco &vog
npoypdpuaToc Ye TNV aAAayn 6€onc xiIAladwyv diakonTwv ATav pia diadikaoia
gninovn, xpovoBopa kai dioAou a&ionioTn.
Ta dUo napandvw npoBAnuata AUBnkav PeE TNV €10aywyn €vOG VEOU HOVTEAOU
unoAoyioTwv ano Tov OUyypo pabnuatikd John Louis von Neumann (1903 -
1957). (MoAAoi 1oTopikoi d1apwvoUv OXETIKG PE TN NATPOTNTA TOU PHOVTEAOU Kal TO
BewpoUVv WC ANOTEAECHA OUVOAIKNAC €peuvac Hiag ouadag orto MavenioThyio Tou

Princeton oTtnv onoia cuppeTeixav ekTOC Tou von Neumann, o J. Prespert Eckert
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kal o John Mauchly. AuToi ol Tpeig padi pe Tov Alan Turing o onoiog epyaldTav
HOVOC Tou TNV idia enoxn otnv AyyAia BswpoUvTadl o1 NAaTEPEC TNG EMIOTHMNG TWV
UNMOAOYIOTWV KAl OUVEXIOTEC TNG BEwpPiac Nou €ixe ToV NPONEPACHEVO Alwva EI0AYEI
o Charles Babbage (1792 - 1871)). To kaivoUupyio OTOIXEIO OTO POVTEAO TOU von
Neumann nTav n npocBson pia¢ Povadac n onoia unopoucde va anoBnkeUoel
npoypduuaTa, TIYHEC €10000U Kal €E000uU, N onoia ovopdoTnke yovada pvnunc. To
HovTEAO Tou von Neumann To onoio (aiveral oTo NAPAKATW OXNAKA AnoTeAEiTal
and 5 OIaKpITEC unopyovadec (ME XOVTPEC YPAWHEC @aivovTal Ta povondria

avtaAAayng OedopeEvwyY, EV® ME AENTEG Ta povondTtia avraAAayng onuatwv

eAéyxou) :

AN
Movada < . &y
Mwiung A

./

ApOuntikn
& Aoyum
Movéda

e
)

A
-
Ac Bﬁavg)\mmd nwC AEITOUpyEl TO napandvw HoOvTéAo yid va
KaTaAaBoupe pOA0 nou kaAeital va Odiadpapdatioel kABe unopovada.
Xpnoigonoiwvtag Tn govada eioodou (Input Unit), cicdyoupe Ta dedouéva
(data} ?%no)\oylmmb ouoTnua. Ta Oedopéva sival NAéov TOOO Ol EVTOAEG
(instructions) ol onoiec kaBopifouv Tnv akoAouBia €KTEAECNG TwV NPWTAPXIKWV
OUVAPTACEWV TNG MNXAVNG aAAG Kdl ol TIMEC Twv MeTaABANTwvV eigddou. Ta
d0edopéva auta anobnkelovtal oTn povada pvAung (Memory Unit). To
anoBnKeUPEVO NpOypaAppa OTAv apxioel va eKTEAEITAl, TAUTOXpovaA NEPIYPAPEl Kal
Tnv diadikacia avdkAnong Twv MeTaBANTwv anod Tn HVAMN. H ekTéAeon HIAg
EVTOANC Tou npoypduuatog AauBavel xwpa ortnv Api@untikn Aoyikn Movada
(Arithmetic Logic Unit — ALU) katw and tnv eniAewn Tng Movadacg EAéyyxou
(Control Unit). KaBe anoTéleopa nou napdyeral npowbeital orn Movada

E&0dou (Output Unit). ToANéc @opec n ALU paldi pe Tnv povada eAgyyou

-11 -
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ava@épovTal ouvoAikd w¢ Kevrpikny Movada Ene&epyaociac - KME (Central
Processing Unit - CPU).

To nio evdla@epov onueio Tou HovTéEAou Tou von Neumann eival o
XEIPIOPNOC TOU npoypduuaToc KAata Tov idlo Tpomo pe Ta undAoina Oedopeva.
AnAadn €va npdypappa pnopei va anobnkeUeTal oTn PVAMN KAl vad avakaAsiTal
ONw¢ akpIBwG Kal Yia HETABANTA. Av Kal OfUEPA auTo Pag gaiveral KAt npopaveg,
unAp&av NoAAd ortadia npiv yivel koivog To6noG. Ta npoypduuata o naAioTepa
ouoTHHATa €l0ayovTav Kabe @opa Mou anaiTeEITo €KTEAECT TOUG HE MESA ONWG
JIATPNTEC KAPTEG, MAYVNTIKEC Tdlviec kAn. AuTtrl n 10éa Tou von Ne ann
anoTéAecs OeguéAlo yia TN dnuioupyia PETAYAWTTIOT®WV ITOU va

ouoTNUATWV Kal €ival auTrp nou kavel TO0O0 sua)\lKTouq TO gpivoug
UMNOAOYIOTEG.

1.2 To HOVTEAO APTNPI®V CUCTHHATOG

EkouyxpoviCovTag kal TunonolwvTag naﬁ;oc’nep.} TO MOVTEAO TOU von
Neumann pnopoUue va KataAnEoude OoTo HOVTEAD. APTAPIWYV CUCTHNATOC TO OMoIio
napouaialeTal oTo NapakdTw oxnua. Bagel OQ)»U%TOU MOVTEAOU €va unoAoyIoTIKO
ouoTnua xwpiletar nAéov og 3 unopoyadsc i Tnv CPU nou nAéov avTika@iora tnv
ALU kai Tnv povada eAéyyou, &;
I/0 Unit) kar tnv povaéa uﬁu

10000uU / €€6dou (Input / Output Unit -
FAnpogopiec (dedoueva kai MANPoPopieg
eAéyxou) avraAldooovTal oa autoU Tou PovTEAoU navw ano 3 diapoipalOPEVES
apTnpieg Tou OUCTAMATOG : TV aprnpia disuBuvoewv (Address Bus), Tnv
aprnpia 0edoUEV@WV (BQa Bus) kal Tnv aprnpia eAéyxou (Control Bus).

(\ ®
P Movéoda
. Mvnun Ewc6o0v /
ﬁ\) E&6o0v
Aptpia Asdopévev

Aptpia Atevboveemv
Aprnpia Znuémov EXéYXOU D
(ITapatnpeiote Vv dlacvvdeon Kabe vmopovadag oe Kabe aptnpio. ['o Tapdderypa n povado
pvfung propet povo va "dtafdoet” and v aptnpic 61evfHveemy po Oyt Kot vo TNV 0dNynoEL.

Yrdpyet emiong kou 1 aptnpio TopoyNs Tdong 1 onoio vIOVoEitat).

-12 -
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To napandvw povTéAo Baciletal otn Bswpnon OTI KGO nAnpogopia Péoa
ot éva unoAoylioTikO cuoTnua Mnopei va avayvwpioTei povadikd BAcel TG
dleuBbUuvoewc TNG. ONwc yia napdadeiypya kabEvag pag €xel évav apiBuo unTpwou n
€vav apiBud aoTUVOMIKAG TAuToTNTAC nou Tov Jdlaxwpilel and OAoug Toug
unoAoinoug, £Tol Kal KAaBe nAnpogopia (evroAn rn O0edOPEVO) OTO UMOAOYIOTIKO
ouoTnua €xel pia dieuBuvon. ETtol otnv aptnpia dedopevwyv  diakivouvTal ol
NANPOPOpPIeC evw Ot aAUTAV Twv OIlsuBUVOEwY o1 avTioToixeg Olsubuvoelc. To
napandavw HOVTEAO MePIYPAPEl  1KAVOMOINTIKA TOo OUVOAO TwV ONUEPIVOV
NAEKTPOVIKWV UMOAOYIOTWV. ZTA KATOMva KepaAaia yiverar avaAuTikn napouaiaon
TWV AEITOUPYIK®V KOMMATIOV MNou anapTifouv kdBe pia and Ti¢ 3.-Unopovadeg
Kabw¢ Kkal neplypagovTal ol TPOMOol  E€NIKOIVWVIAC TOUug rfc'lvw\mé TIG

e

diapolpalOUeVeEG apTnpieg TOU CUCTANATOC. P N

y/

Onwc kabe ocuvBeTo CUOTNUA £TOI KAl O UNOAOYIOTNG €ival €va IEpapxIKo

A

ovuoTtnua. Kdabe eninegdo authg Tng lepapxiag oTnv oqia eKMETAAAEUETAI TIG

1.3 O unoAoyIoTiG oav IEpapxiko ocuoTnHa

UMNPECIEC MOU TOU NAPEXOUV Ta nponyoupeva (mo-KatTw oTnv Iepapxia) enineda
Kal avanTUooel VEEC UMNPECIEC NOU TIC MPOGPEPEI OTO Mo NAVW KAl MI0 KOVTIVO

oTov avBpwno £ninedo. € €&va unoAoyloTIKO:.oUGTNUA PNopoUUE va d1aKpivOUNE Ta

akoAouBa enineda R’

¢ To €ningdo AoYIKWV NMUAWV. Qimop Kal aywywv, nou gival Kal To KaTwTaTo
€ninedo €vog unoAoyloTIkoU/ /GUOTANATOG. 2TO €Minedo auTod n ASITOUPYIKOTNTA
TOU UnoAoyIoTr ekppaleral pe’duvapikda, pelparta, Xpovoug 01adoong onuaTwy
KAl YEVIKA @aivopeva MU XapnAou eninédou. Ta TpavdlioTop XpnaoidonoloUvTal
yId TNV KATAOKEUN AOYIK®WV MUAWV MOU €ival KAl n UNnNPecia nou Napexel To
eninedo auTd. OTO APETWS UWPNAOTEPO.

¢ To £ninegdo ASITOUPYIK®WV Povadwyv. 2To €ninedo auTo odAdeC anod AOYIKEC NUAEC
opyavwvovTal Ot AEITOUPYIKA KOMMATIA OnNWwG KATAXWPNTEG, aAPIOUNTIKEG
uovdés& ﬁvr']paq KA.

¢ To eninedo povadag eAéyxou. To €ninedo autd eAE€yxel Tn MeTAPOPa
nAnpogopiac YeTa&l AsiToupylkwv povadwyv. Me Tov TpOMo auTtod OTNV ouadia
NapéExel €va PeNeEPTOPIO OIAPOPETIKWV AEITOUPYIWV, TWV ornoiwv OIdpopeg
akoAoubBiec anoTeAoUV UIKPONPOoypduuaTa Yia €VTOAEC Tou uUywnAOTEPOU
eninedou.

¢ To eningdo yAwooac unxavng (Machine Code) / SupBoAikng Mwaooac (Assembly
Language). Eivar To uwnAOTEPO €ninedo Mou €ival KATavonTto ano Tov
unoAoyiaTr. H ekTéAean piag evroAnc autoU Tou €MINEdOU YIVETAl OTNV oUdiad HE

TNV €KTEAEON €VOC MIKpOMNPOypAuUaToG and To aPESWS KAaTwTepo eninedo. O
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KE®PAAAIO 1 - Ewoaymyn

¢

NPOypauuaTioyoc o€ auTd To €ninedo YIVETAl €iTE PE OUuyypa®n TEPAOTIWV
oslpwv anod 0 kar 1 €ite ye oupBoAikn YAwooa Tnv onoia avaiaupavel eva €101ko
npoypappa (oupBoAopeTappacTnG - assembler- To onoio €ival ypauuévo o€
ocipec ano 0 kar 1) va Tn peTappdosl o yAWOod KATAvonTh anod TO UAIKO.
MpooéETe OTI QUTO €ival kKAl To TeAeuTaio eninedo To onoio Jivel oTov
npoypauuaTioTn nAApn €Agyxo oTo UAIKO. Emiong, €ivalr duvatd Ta kKATwTEPA
enineda dUO UMOAOYIOTIKWV CUOTNMATWV va €Xouv OIApOPETIKEC UAOMOINOEIC,
aAAd o eninedo OUPPBOAIKAC YAWOOAC auTd va Npoo@EPOUV akpIBwe To idio
peENEPTOpPIO. TOTE Ba AEpe OTI AUTA TA UMNOAOYIOTIKA CUOTAMATA €ival ouupBara
og €ninedo OUMPBOAIKNG YAwooac. H ocupBatotnTa €ival noAU onuavTikn yiaTi
EMITPENEI NPOYPAUHNATA NOU £XOUV YpaPTei 0 CUPPBOAIKN YAWOOQ 1. o€ y)\dfcosq
no uPnA®v €ninédwv va ekTeAoUvTal 0 AAAOUG UMNOAOYIOTEG 0¢ €ival kal o
AOYoC nou ol unoAoyioTég pe CPU Tng etaipeiag Intel (% YVWOTOI WG
Npoownikoi urnoAoyioTeg — Personal Computers / PCs) &€xouv Bpel NoAU peydaAn
annxnon Ta TeAeuTaia Xpodvia, av kal oxediaoTika unfp&av noAU KAAUTEPEG
AUoegig (Onwc yia napadelyua ol UNoAoYIOTEG Tr]/q amnps'iq Apple nou BaailoTav
oe CPUg TnG Motorola). To eninedo auTO ©a. ArOTEAECEl AVTIKEIMEVO TOU
g€pyacTnpiou oac.

To €ningdo TwV UWNA®WV YAWOOWV NPOYPAUMATIONOU. 3To €ninedo auTto o
NPOYPAUMATIOTHC OUYYPAQEl TO=MPO MG TOU XpNOILOMNOIWVTAG TO PENEPTOPIO
nou Tou napéxel pia y)\(boﬁéln onoia €ival NoAU kovTd oTov avBpwno Kal
ApKETA Makpid ano TR . unxavn.” O1 nAéov O1adedONEVEG UWNAEG YAWOOEG
npoypauuaTiogou (héh level-languages) €ivai n C, n Java, n Pascal kai n
Fortran. O npoypapypa@moTNG auToU Tou eninNedou GuYypAPEl TO NPOYPANHA TOU
ayvowvTtac kdl adla@opwvTac yid Tnv uAonoinon TwV OUVAPTAOEWV Mou
napwpdq(l\rrn OUYKEKPIMEVN pnxavh. H euBlvn peTatponng Tou KwdIKa
UWPNANG YAWOOdG MpoypaupaTiogoU o€ yAwood WPNxavng enagietar oTtov
petappaoTtn (compiler) f Tov digpunveuTn (interpreter) nou eival npoypdauuarta
€10IKa YICI.TO okono auTo. O1 pev PeTappaoTeG (o assembler gival piag 1dIKAG
p&f\c METAQPAOCTNG) apoU avayvwaoouv OAo Tov nnyaio kwdika (source code)
Mou E€ypaye O MPOYPAMMATIOTNG Tov HeTappalouv oe kwOIKA PNXAVAG Kal
OnMIoupyouVv €va eKTEAECINO apxeio. H diadikacia PeTAPpAcNC anaiTeitar va
npaygartonoin®ei povo pia gopd. O1 JIEPUNVEUTEG, APOU HETAPPACOUV Wia
YPAUMNA Tou nnyaiou Kkwdika, TnV e€kTeAoUv kal n diadikacia auTh
enavaAauBaverar PJEXPIC OTOU OAOKANPWOEi n dlgpurveuon OAoU Tou nnyaiou
kwdika. H diadikacia auTr snavaiapBaveral Kabe @opd nou dispunveUeTal o
KwdikaG. Or1 OIEpUNVEUTEC OuxXVvA XpNoIdomnolouvTdl OTnV  anoc@AAPAaTwon

Aabwv Tou nnyaiou kwdika (debugging).
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KE®PAAAIO 1 - Ewoaymyn

¢ To eninedo xprortn / eninedo e@appoywv. 2To €ninedo autd o XpNoTng
EMNIKOIVWVEI UE TOV UMOAOYIOTR €EKTEAWVTAC MPOypAUHATA ONWC EMEEEPYAOTEC
KEIMEVOU, PUAAa dedopévwy, naixvidia kAn. O xpnoTng oTo €ninedo auto dev
Xpelaleral va yvwpilel Tinota oUTE yia TNV Opyavwon Tou UMOAoYIoTH oUTE Kal
yia Tn diadikaoia ouyypa@nc Tou NpoypaPPaToG NoU EKTEAEI.

H 1epapxia Tov napandvw eninedwv ¢paiveral oto akbAoubo oxnua.

Yynio Eninedo
(ITwo xovtd oTOV AVOpTO, AlYyOTEPOG EAEYYXOG TOV
TPOYLATIKOV S1ad1KACLOV)

A

Eninedo Xpnot / Eeappoydv

Eninedo Yyniov MNwocdv [Ipoypappaticpod

Eninedo I'hdooag Mnyaviig / Zvpforkig Idocag

Eninedo Movéoag EAéyyov

Eninedo Aeitovpyikdv Movadwv

pd

O Eninedo Aoywav ITvddv / Tpaviictop

/
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KED®AAAIO 2

Avanapaoraon Aedouévwv

A\
)N ,
/

Mpiv ano onoladnnoTe Mopen enegepyaaiag Tnunpocpopiaq oToV
unoAoyiaTr, 6a npénsl NPWTA va £XOUWE Kc'|n0|of\$c'>no £€K(PACNC TNG 0 HopPn
KaravonTr ano Tov unoAoyioTn. H ékppaon.Tnc nAnpogopiac (1codUuvapa Twv
d0edodéVwY) O PopPn KaTtavonTr and Tov unoAoyioTn ovoudlsTal avanapdoraon
NG nAnpogopiac n evaAAakTikd kwdIKOMoinon..7TNG r avanapdoraocn OE Kdroiov
kwdika (data encoding / data representation). Evac kwdikag eivalr €éva gUvoAo
Kavovwyv Baocel Twv onoiwv JnopoUle va pTIAEOUPE CUOTNUATIKEG avandpacTAOEIG
ol onoiec diEnovTal ano Kdnﬁsq 1010TNTEC (apIBunTIKEG, avixveuoncg / d16pBwaong
OQaAPATwWV KAN). Mpiv QuwG HIANCOUHE Yia Toug dIapopoug KWJOIKEG Mou Eival
d1aBgaipol, eival kaho'va OoUNE TIG HOPPEG TNG NANPOPOPIAG NoU €ival KATAVONTEG

and Tov unoAoyioTh. -

2.1 Auadiko A'rnl-l'u : To oUOTNHA TOU UNOAOYIOTH

ZAUepa (apxeg Tou 2001) Ta TPEXOVTA UMOAOYIOTIKA CUCTAMATA
AeiroupyoUv “€xovTag oav Bdaon duo d1akpITEC KaTaoTaoelg. O1 U0 AUTEG OIAKPITEC
KaTGO'regzq ekppalovTal E0CWTEPIKA OTOV unoAoyloTr oav dUo JIaKpITEG GTABUEG
duvapikoU nou 1deaTta eivar Ta OV kal Ta 5V. Baosl autoU BewpoUue OTI KABE
OTOIXEIWOEG KOUMUATI MANPOPOPIiag oTov UnoAoyloTh Pnopei va gival o€ pia ano duo
TIWEC To 0 kal To 1 pe kanola €va nNpog €va Kal €ni ouvapTnon aneikoviong YHETA&U

autwv TwV OUO TINWV Kal TwV oTabuwv duvauikoU nou ava@Epdnkav nio navw.

Ma va To KaTaAABOUUE NEPIOCTOTEPO AC BEWPROOUKE £va PwC NOU PMOpPEi vda
gival avolkTo 1 oBnoTo. AuTO Nou epeic BewpoUpe gav avolkTd Kal ofnoTO PMopEi

va avanapaoTtabei oTov unoAoyiaTr To PEV avolkTO yia napadeiypa pe 0 kal To O€
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KEDAAAIO 2 — Avarapdotacn Asdouévev

oBnoTd pe 1 n evaAAakTika To avolkTd We 5V kal To ofnoTo pe OV. Mpogpavwg Ba
HrnopoUCAPE va avanapacTriOOUHUE TO avolkTd pe OV kal To oBnoTo He 5V aAAa
autd Oev anoTeAsi napd pia oUuPBacn N e GAAa Adyia €vav eninAgov kKavova oTo
OUVOAO TwV KavOvwv Tou KwOIKA MOU XPNOIJONOIOUME. TO OTOIXEIWOEG KOMMATI
nAnpogopiac (Nou €niong anoTeAEI KAl TO OTOIXEIWIEC KOUUATI LUVILUNG) E0CWTEPIKA
TOU UMOAOYIOTN MOU Wnopei va BpiokeTal o€ pia and dUo dIaKPITEC KATAOTACEIC TO
ovopdaloupe duadikd wneio (BInary digiT - BIT) nAnpo@opiac. Mnopeite va
avTinapaBAaAAeTe To duadikd wngio nou pnopei va napel govo TG TIPEG 0 kal 1 pe

To dekadiko Wngio To onoio pnopei va napel Ti¢ TiNég 0, 1, 2, 3, 4, 5, 6, 7,.8 kai 9.

>Ta apéowg enopeva eEeraloupe Ta noAAanAdoia TnG BAOIKNG po%ﬁéaq
nAnpo@opiac kKal GTIAXVOUHE TOV NPpWTO PAG Kwdikd. AC unoBEooupe OTIBEAOUUE
va avanapacTHOOUKE OTOV UNOAOYIOTI QUTOKOAANTA Mnou unops%xouv €va ano
Ta €&nc €& xpwpaTta : aonpo, HAuUpo, KOKKIVO, MMAE,. KiTpIvo kal yaAadlio.
Xpnoigonolwvtag &va Oekadikd yngio 6a pnopoUcape va KAVOUHPE TNV €ENG
avTioToixnon META&U TwV KATACOTACEWV TOU 5€KCI§KOL'J Lprqiou KAl TOV XpWHATWV

(1c0dUvapa va eTidEoupe Tov €ENC KwdIKA) :

Katrdotaon AskadikoU Wn@eiou .| Xpwpa AuTtokOAAnTou
Aonpo

o KiTpivo

raAadio

KokkIvo
MnAe

OV N[O |UR [WN|FO

Maupo
>Tov uno)\ﬁﬁ] Mag woTO0O undpxouv MoOvo duadika wnoia. Eivar Aoindv

npo®aveég OTI XPROIYOMNOIOVTAG €va Hovo duadikdo wneio eivar adlvaTto va
pnopédoups va KwOIKOMOINOOUPE Ta €& OlaPopeTIKA XpwHaTa. Mnopeite va
avTin GBd)\XETE autTh TNV NEPINTWONn MPE TNV NEPINTWON Mou €npene va
Kwémﬁmﬁooups 20 ypwpata pe 1 dekadikd wneio. SUVEN®C OTNV NEPINTWON
auTn 8a xpelaoToUE NEPIOTOTEPA TOU €vOC duadika wneia. MNa va BpoUpe To ndaa
akpIBw¢ Ba xpelaoToUUE OKEPTONAOTE WG €ENG :
1 duadikd wneio pnopei va kKwdIKoNoIAoel 2 KATaoTACEIC.
2 duadika wneia pnopolv va KwdIKOMNoIAooUV 22 KaTaoTACEIC.

3 duadika wneia pnopolv va KwdIKonolifoouv 23 kKaTaoTAoEIC.

v duadika wneia ynopouv va KwdIKoMNoIoouv 2¥ KaTaoTAJEIG.
SUVEN®C Yia TO NPOBANMUA TwWV AUTOKOAANTwV Ba npenel va xpnoigonoindouv v

duadika ywneia woTe 2V > 6 1 100dUvapa v > log26. O eAaxioTog apiBudg duadikwy
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KEDAAAIO 2 — Avorapdotocn Asdouévav

Yneiwv dideTal ouven®¢ and Tn oxéon v = [logzp] 6mou p ol S1aPOPETIKES
KATaoTAoEIC nou BéAw va kwdikonoiow. (Me [x], cupBoAilouye To HIKPOTEPO
akE€palo y, yia Tov onoio IoxVUel y > X). MNa To napddeiyud pyag v = 3 kai évav and
Toug duvaToUC KWOIKEG MOU HMOPEITE VA KATAOKEUAOETE BAEMETE OTOV €MOPEVO

Mivaka.

KataoTtaon Tpiov Auadikov Wnepiov Xpoua
B2B1Bo AuTtokOAAnTou
000 Aconpo
100
010 KiTpivo
001 KOkKIVo
110 Fahalio - \
101
011 MnAg 4
111 Malpo

Eival npo®aveg 0TI NOAAEG POPEG YIa NPAKTIKA npoBWa Ba xpeiaoToUuE
MooOTNTEG MOAAANAACIEG TOU £vog duadikoU wngiou. Yndpxouv Aoindv Ta €&ng
noAAanAdoia Tou evocg duadikoU yngiou : ')

e Terpdada (nibble) = noooTnTa TeECOGpwWV (22) JIkwVv Ywneiwv

e Byte (okTada) = NoocoTNTA OKTW (23) BuddIKWV YnPiwv

e Kilobyte - KByte (KB) = nocoTtnTa 1024 (2'°) Bytes

e Megabyte - MByte (MB) = no0 TGM (219) KBytes = 22° Bytes

e Gigabyte - GByte (GB) =/ﬁ000TnTa 1024 (219) MBytes = 230 Bytes

e Terabyte - TByte (TB*= noocoTnTa 1024 (21°) GByte = 240 Bytes

MNa napddeiypa 1GB €ivalinocotnta nAnpogopiag (1c0dUvapa noocdTnTa MVAUNG)

233 juadik®v Yyneiwv.

2.2 ApleﬂTl&UO‘?ﬁpaTu - Kodikeg He Bapn - Ap1OunTikoi Kwdikeg

>Tnv unoevoTnTa auTn g&eTaloupe KWIIKEG ol onoiol 6a Pag eNITPEWoOUV va
eKTEAOUME apIOUNTIKEG NPAEEIG OTO UMOAOYIOTIKO pag oUOTNHA ypriyopa kai anAd.
MNa Tnv Mr']pr] WOTO0O KATAvonon Twv Kwdikwv nou xpnoigonoiouvTtal oTd
onUEPIVA OUCTANATA Ba eEeTACOUNE TOUC KWIIKEC MOU Xpnoigonoinénkayv 10Topika
yla To okond auTo, aAAd kal B8a eiodyoups TNV anapaitnTn Bswpia navw ortnv
onoia BagifovTal Ta apIBUNTIKaG ouoTnUATd. MNMoAAEC PopeC Ba XpNOILONOIOUNE WG
napdadeiypa 1o yvwoTo pag dekadikd ouoTnua.

Eva ouoTtnua ovopalerar p-01k0 av KaBe wn@io Tou PMopei va napel TINEG
oto digotnua [0, p-1]. O apiBuog p ovopalerar Baon 1 pida (radix) Tou
OUOTNHATOC auTou. XTo yvwoTo pag Oskadikd ouotnua p=10 kal kKabs wneio
pnopei va napel Tign and 0 €éwg kail 9. AvTioToixa oTo okTadikd cguoTnua p=8 Kai

kGBe wnoeio pnopei va ndper Tign and 0 w¢ 7. MNa ouotiuata pe p>10
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KEDAAAIO 2 — Avarapdotacn Asdouévev

xpnoigonoiouvTal Ta ypdupaTa TnG aA@apnTou yid va unodnA®Oouv KATACGTACEIC
TV Yneinv pgeyaAuTtepeg Tou 10. MNa napddeiypya o6tav p=16, KABs wneio pnopei
va napel Tign ano 0 éwcg kal 15 kal xpnoigonoiouvTal Ta ypauuara A, B, C, D, E
kal F yia va unodnAwoouv TI¢ Tiyéc 10, 11, 12, 13, 14 kai 15 avTioToixa, nou

Jnopei va napel kabs ynoio.

Eva apibunTik6 oluoTnua €ivalr gia unokarnyopia Twv Kwdikwv He Bapn.
levika@ kwdIkac e Bapn eivar evac kKwdIkac ornou eva wneio Exel yia Baputnta n
onoia €&aptdrar and 1 6€on TNV onoia karaAauBdver. A¢ UNOBECOUME TNV
nAnpo@opia Ov-10v-2...03020100, Onou Ta &, 0 < i < v-1, €ivar yneiaTou p-3iKoU
OUOTAKATOC Kal n nNAnpogopia €ival Kwdikonoinuevn Ye BAan Tov. KOdIKA ueédpn
Wy-1Wy-2 ... W2W1Wo. AUTO onuaivel oTi n B€0n nNou €xel TO Wn@ioov- 'xasvo Bapog
Wv-1, N B€0n nou &xel To YnPio Ov-2 €XEl €va BAPOC Wv-2 KOK. F|K KaTaAapoupe
nola nocoTNTa avTinpoowneUel N KwWOIKOMOINUEVN woq)opia, apkei  va
£QAPUOCOUNE TOV KaGvova ToU NMoAUWVULOU . p

MoooTnTa = Vz.i(wié‘i) *
MNa napddeiypa, €o0Tw OTI XPnoihonoloUps fo enTadikd ouoTnua Kkal Tnv
avanapdoracn 2 3 6 1 oe kwdika pe/Bapn 6 4 3 1. ToTe n nponyoUuevn €ival
Mia avanapdoTacn Tng nogoTnTag 6*M*B+3*6+1*1 = 43. MNpootETe OTI oTOV
KWOIKA auTto, n idla NoooTNTA €XEL KAl .AAAEG MBAvEG avanapacoTAacelg, Onwg yid
napdadeiyya Tnv 6 1 1 0 _(apou 6*6+4*1+3*1+1*0 = 43). e £va apidBunTIKO
ouoTnUa To Napanavw &v gival€moupunTd. AvTIBETWG, €ival andAuTta enmBupnTd
kdBe nNoocoTNTA va EXEl pig Kal yovo avanapdoraon. AuTO Ynopei va eniTeuxOei av
enIAEEOUPE Ta BApn £TOI WOTE O KABe B€on i va avTigToixel €va Bapocg p'. Z€ auTn
™Tmv nepim%o Kwdikag pe Bapn yiveral To p-dikd apiBunTikdé cuotnua. Tnv
avanapdoracn Hiag noodTnTAa¢ O auTd To ouoTnua 6a Tnv OUuPBOAIfOUME pE
Ov-10v42...03020100 p. AKOAOUBOUV pePIKA napadeiypara.
®

&u\ll‘]@i{OUpE oTo 0gkadikd cUOTNUAa va ypA@POUUE TNV nocotnta 827. 3Tnv
oucia unovooUue TNV Kwdikonoinon 82710 dnAadn Wia noodtTnTa ion pe 10%*8 +
101*2+10%°*%7. Me akpiBwg Tnv idia Aoyikp n noootnta 10001102 eivar n
Kwdikonoinon TnG noodTnTag 28*1+25*0+24*%0+23*%0+22*%14+21*1+20*0 = 701o0.

Eva npoBAnua nou npokunTel €ival nwg dedoPEvng MIAG avanapacTaong o€
kanoio guoTnua Pe Baon p pNopw va Bpw TNV avanapdoracn Tng idlag NnoocoTNTAG
o€ €va aAAo apiOunTikd cuoTnua Pe Baon kzp. Mpogavwg av k=10 apkei o

Kavovag Tou moAuwvupou. MapakdTtw Oivoupe Tnv diadikaocia HPETATPONnC OTav
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p=10 kal k=10. Mpopavwc av kal To pz10 Ba npeEnel NpwWTA va AKOAOUBNOOUNE

TOV KavOva Tou NoAUWVUHOU Kal HETA TNV napakdtw neplypa@opevn diadikaaoia.

EoTw A0 N noodTnTa nou BEAOUME va WETATPEWOUHE OTO K-OIKO oUOTNMA.
AUTO onuaivel OTI Npénel va BpoUWe Wia avanapaostaon TnG Hop®ng {G-1..00 « =
K'G+K1G-1...+kC1+K°C = A0, 2Zkonog npopavwg Tng Oladikaciag e€ivalr o
kabopiopog Twv §,G-1,..., 1,0.
Bnua 1. AiaipoUpe Ta dUo pEAN TNG napandvw 100TNTAG PE K KAl EXOUHE :

K™ 1G+HK2G-1...4+K? Qi+ (Qo/K) = (A10/ K)

To napandavw onuaivel 0TI To {o Pnopei va kabopioTei oav To UNOAOIND TNG

OlaipeonG Tou A HE TO K. SUVENWG EXOUMUE METATPEWEl “€vd R()B)\nua

kabopiopoU | ayvwoTwy og £va npoBAnua kadopiopoU.d=1 ayv DOTWV.
Bnua 2. @swpnoe oav Kaivoupio oTdOXo Tn HETATPONI TOU A = ()em} K) kal Tov

kabopiopd Twv §,{-1,..., G.
Bnua 3. Av A = 0 n diadikaoia oAokAnpwOnKe, a)\)ﬂq nr']vcu\}o/'ro Brjua 1.
(Ta napanavw anAd kal karavonTtd BrAuaTta nou I'IEpIYp(':I'?UV yia diadikaoia nou
xpelaleTal va akoAouBnBei woTte va Aubei K('Jno%npc')B)\npa, gival otnv ouacia n

nepIypaen Tou NpwTou AAyopiBuou Tov onoio. S1I0A0KEQTE).

EoTw OTI BEAOUME va PETATPEWYOUUE TNV NooodTNTa 11458 oTnV avTioToixn
avanapdoraon oTo duadiko. €TATPENOUNE AUTH TN NooOTNTA oTo deKADIKO.
Exoupe Aoindv 11455 = 83%1 +.82*%1 + 8'*4 + 80*5 = 61310. AKOAOUBOUUE TOV

napanavw aAyopiBuo yia Tn PJeTarponn Tou 61310 o€ duadiko Kal EXOULE :

aEn MnAiko YnoAoino
613/ 2 306 1 (=Bo)
306/ 2 153 0 (=B1)
L 153/2 76 1 (=B2)
\ 76/2 38 0 (=Ba)
38/2 19 0 (=B4)
19/2 9 1 (=Bs)
® 9/2 4 1 (=Be)
4/2 2 0 (=B7)
Vy 2/2 1 0 (=Bs)
1/2 0 1 (=By)

Suvenwg 11458 = 10011001015.

OTtav n apxikn (p) kar n oTtoxeuouevn (k) Bacon TnNG avanapdoTaong
ouvOEovTal PE KAMola oXEon TNG HOPpPNG p=kK® TOTE n WETATPONN HUNOPEI va Yivel
XWPIc To evdidueoo Bnua Tng dekadikng avanapdoTaong, ME avTikaTtaoTaon evog
wneiou Baong p Me a wneia Baoncg k. Fevikn anodeiEn yia auTo Tov IGXUPIOUO
gnopei kanolo¢ va PBpel ora BiBAia apiBunTikAG unoAoyloTwy. QoTdéco €3dw BOa

npoonabnooupe va dwooUNE Hia d1aiodnTIKN anodeiEn XpnoigonolwvTag p = 8 Kal

-21 -



KEDAAAIO 2 — Avarapdotacn Asdouévev

kK = 2. Ensidn autec ol dUo BacesiC ouvdsovTal PE TN OXEON P=K> PMNOPOUME va

avTIKATAoTHOOUME €va okTadlkd wneio he 3 duadika yneia. Eotw o apiBuog 525 =
8UX5 4 80%2 = 2% %5420 #2207 #(22# 142" *0+2° %)+ 20 ¥ (22 *0+2' *1+2°%0) =

2% 42 %0427 %1427 *0+2"'*14+2°*0= 1010102, oOnou kd&Bs wneio TOU
okTadlkoU OUCTAMATOG avTikataotadnke and 3 duadikd yngia Bdoesl Tou kavova
TOU NOAUWVUMOU KAl TOU NApAkATw Mivaka oToV OMoio €XOUME CUPNEPIAABEI Kal TIG
avTikaTaoTdoelg yia To dekaeEadikd ouoTnua (Npo@avwc yia To okTadikd oloTnua
npenel va xpnoigonoiouvrar MONO Ta 3 AlydTepo onuavTika wngia tng duadikng
avanapdoTacng) :

Ac npoonaBrjooupe va PETATPEWOUNE Tov aplBud A32Di6 oTO VTiO<OIXO
TOU OTO OKTadlkOé cuoTnua XpnoligonoiwvTac auTn Tn (opd €vOIGUECO TO
duadikd ouoTtnua. AgoU kdBe wngio Tou dekas€adikoU  avTIOTOIXEI O TEoOEpa

duadikd yneia gnopoUUe CUPBOUAEUOPEVOI KAl TOV nopax& mivaka va napoups

q

TNV €€nc avanapdoTtaon yia 1o duadiko : Ve

1010 0011 0010.4.101

A 3 2 D

Wnopia Tou OkTadikoU Wnoia Tou AckasEadikoU Wnoia Tou Auadikou

0000

0001

0010

0011

0100

0101

0110

NoO|un|~hWN(F|O

0111

1000

1001

1010

1011

1100

1101

1110

mMMmOO|W|> || (N[0 v~ wrv‘rt:

. 1111

MNa \&poﬂlua TnV 100d0UvVaun avanapdoTracn oTo OKTadlko, apoU KABe oKTadIKo
wneio avTikabioTa Tpia duadikd wneia 6a npénesl va Xwpicoupe Tov duadikd oe
Tp1adec apyifovrac and Ta de€id kal oupgnAnpwvovTtac Pe 0 Tnv NA€ov apioTepn
Tp1Gda. KaTtoniv oupgBouAsuOpevol Tov napandvw nivaka 6a KAVOUMPE TG

anapaiTnNTEC avTIKATAOTACEIG :

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

Suvenwg A32D1s = 1010001100101101> = 121455s.
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XpnoigonoiwvTag Tov napandvw KmOIKA KAaTapEPANE va avanapaoTOOUUE
OTOV UMOAOYIOTN Hag OAEG TIG PUOIKEG NOCOTNTEG. QOTOCO OTN KABNUePIv {wr| Hag
auTeég eival gOvo €va HIKPO UMOCUVOAO TWV apiOUNTIK®WV avanapacTaCEwv Mou
xpelalopaoTe., TN Ouveéxela Oa avanTu&oupe KWOIKEG HWE Bdpn vyia Tnv
avanapdaoraon akepdiwv (MPoonUACPEVWY) aplOuwV KAl KAToniv KWJOIKEG yia TNV

avanapdaoTaon nNpayuaTikwv apidpwyv.

2.3 AvanapdoTaocn akepainv

Ze OTI agopd TOUG NPOONHUACHEVOUG apiBuoug, Unapxouv _TECOEPIG
ONHOPIAEIG KWOIKEG OTNV KATnyopia kwdikwv We Bapn. EE autwv onuepa oe 6Aa Ta
UMOAOYIOTIKG OUOTNAUATA XPnOILOMOIEITAl KaTd KOPO KWOIKAC CUUNARPWUATOC WG
rpoc¢ 2. O1 unoAoinol KWJOIKEC XPNOILONOIOUVTAl OE CUYKEKPIMEVEC €pa HOYEC viaTi
NapeXouv HovadIkKES 1010TNTEC WG MPOG OPICHEVEC apIBUNTIKEC MApaEeic. QOoToo0
npiv MNpoXwprHOOUUE NAPAKATW E£ival OKOMINO va MnoUpe. PepIkA Adyia yia Td
npoBANUaTa TNG NeENEPAcPEVNG akpipelac avanapdgaor]q.

Exoupe ouvnBiosl oTnv  KABNUEPIVN HAG Cw'r'? va XpnoihonoloUpe
avanapaoTdacel¢ Tou OegkadikoU OUCTNHPATOC xéiq NnoTé va OKEPTOUACTE TOV
apiBud TV Wneinwv nou pag civall diabéoipa. QoTdoo Ot €va UMNOAOYIOTIKO
ouoTnNUa 6a npéEnel NAvToTe va AGMBAVOUREUNOWn [ag Tov apibud Twv duadikwy
wneiwv nou uag sivar d1abeao; aTi-UnNeICEPXETAl N EVVOIA TWV MENEPATUEVWV
wneiowv avanapdoraonc. Fia va. To KataAdpoupe autd KaAUTEpa ag UnoBECOUHE
OTI 0To Jekadikd cUOTNHA KAMOIOG Wag neplopile TIC VOUIKMEG avanapaoTAdoelG Hag
oTo €va 0ekadiko Lpncpio.,uéTe prnopoUue va dianioTwooupe OTI anAoi VOWol, onwg

aQuTOC TNG NPOCETAIPIOTIKOTATAG TNG NPOCBeonC kal TnG agaipesong navouv va
7+(4-3) = 8

Ioxuouv, n.x: \ ®
(7+4) -3 =2

oriou_n 69'wzpn npa&n O0ev UNopei va €KTEAEOTEl, yIaTi To €vOIAUETO ANOTEAECHA
odnyei }oe nocoTnTa n onoia dev €ival VOPIMA AvANApAcToIPn oTov JedopEVo
kwdika. Autn n katdoraon ovopaleTal unepxeiAion Kal NOAAEC (POPEC WMOPEi va
pgac odnynoel oe Aavbaopéva anoTeAeEopaTd. Zuvenw Oa npenel NAvToTE vda
AguBavoupe unoywn Pag 1o eUpoC Twv dUVATWY avanapaoTAcewV Kal va EAEYXOUME

yla TUXOV KATAOTAOEIG UNepXEiAiong.

-23-



KEDAAAIO 2 — Avarapdotacn Asdouévev

2.3.1. lNpoonuo — Mérpo (signed magnitude / sign and magnitude)

O KwdIKag npoonuou-hETpoU Ba pag gavei o Mo KATAvonTog, MIag Kal
napaAAayr Tou XpnoihonoloUhe oTo 0gkadikd oUoTnua €lo0dyovTag Tnv £vvold Tou
npoonuou (+/-). ETal £€xoupe ouvnBicsl avanapacTAcelc TNG HOPPNG —324510 6nou
nA£ov To NPWTO WNQio TNG avanapaoTaong pac deixvel av o apiBuog gival BeTIKOG

I apvnTIKOC KAl N unoAoinn avanapaoTaacn Pag deiXvel To JETPO Tou apiBuou.

Me akpiBwg TNV idia AoyIkn oTov K®OIKA NPOCHHOU PETPOU XPNOIKMONOIOUME
To NA€ov apioTepoTEpO Ouadiko Wngio yia va deifoupe To NPOCNUO Tou-apiduou
(ouvnBwc n ocupgpwvia nou yiverar sivar o611 To 0 Osixvel BeTIKO aplBuo kai 70 1
apvnTikd) evw Ta undloina duadikd wnepia OLiXVouv TO HETPO T ao(euou
oUpNPwva Pe Tov kavova Tou noAuwvupou. ETol yia Tnv aQa acn Bv-1
Bv-2...81Bo 10X UEI OTI AUTH avTiNnpoowneUel TNV NOCOTNTA :

CreSen)
=0

O napandvw TUMNOG Mag Oivel Tnv 5I05I'I:00'i0 Q’OK(DéIKOI‘IOir]O'r]Q MIag
avanapdoTacng og Npoonuo-PETPO. Mpopav®dg via TRy Kwdikonoinon anaiTeital n
€K(PAacn Tou METPOU BACel Tou aAyopifuou nou dwoape nponyoUdeva Kai n
enioUvayn Tou duadikoU Wngiou NMpoonuous Ac eEeTtdooupe Aiyo nepPICOOTEPO TIG
IKAVOTNTEG Kal TIG aduvapieg sz GUY&IUéVOU KwOIka. AedopEvwV K duadikwv
WYneiwv avanapdoraong, 0. KwoIkac auTtoG JNOopei vd HAG  NPOCPEPE!
avanapacTacelC yia OAOUGTOUG aKePAioug nou BpiokovTtal oto diaoTnua [—-(2%1-1),
2%1-1]. O kwdikag auTog onataAdesl dUo avanapaoTdosic Tou yia To 0. EidikoTepa
undapxel To +0 pe avanapdaocrtacon 000...00 kar To -0 pe avanapacTtacn 100...00.

ZAMEPA 0 KWAIKAG AUTOG XPpNOIMONOIEiTAl 08 EAAXIOTEG EPAPHOYEG.
AN\
2.3.2. [l6Awon - lNAsovaouog kard K (excess / biased code)

Stov. KOBIKA auTod ol apiBuoi petatiBevral kata pia noodTnTa ion pe K.
ZKOI‘&ThC HETABEONC €ival o PIKpOTEPOG apIBPOG (o MeEPICOOTEPO APVNTIKOC) va
Mnopei va napaotaBei pe 6Ao 0 kal ol unoAoinol apiBuoi kard osipd va
avanapiotavralr Me au&avopeveg o€ nocoTNTa davanapaotdoeslc. Ma va To
kaTaAdaBoupe KAaAUTEPA, ag unoBEooupe OTI diIaBEToUPE Tpia duadika Yyneia yia Tig
avanapacTacsl Pac. Autd pac odnyel o oKTw OIAPOPETIKEG AvanapdoTAoElG.
JUVENWCG YNopoUNE va NapacTnooune OAOUG TOUG akKepAioug Tou diaoTriuaTog [-4,
3]. Zkonog pac anod €dw Kai népa €ival va avabeogoupe oto -4 Tnv napdactacn 000

N 1ooduvaua 1o PeTpo 0. MpakTikGd auTto 1ooduvapei pe npodcBeon Tou 4. Ol
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KEDAAAIO 2 — Avorapdotocn Asdouévav

unoAoinec NapaocTACEIC NPOKUNTOUV WE NpdoBedn Tou 4 KAl TNV eUPECN TOU PETPOU

Tou anoTeAéopaTtog. O NnapakdTw nNivakag ouvowilel Ta Nnapanavaw.

Aekadikn MNapdaoraon MAgovaopog kata 4
+3 111 (=+3+44)
+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 akpiBeiac avanapdactaong p duadikwv Lpr]cpioov ouvnowg
emAéyerar K = 2°1, Onoiadnnote kal av gival n eniAoyn Tou K éséopavnq ™ng
avanapdoTaong pPv-1pv-2...p1Po N ANOKwOIKONoinan YNopei va Yivel B@TOU TUNou:
2'p,)-K
> (2'p)

E€eTalovTag nio npooekTIKa TIG 1ID10TNTEG TOU KWJIKA, HNOPOUHE va dIanioTWOOUHE

v-1

OTI aevog Oev UNAPXElI KAWia onaTain avanapaméoswv,ﬁ(psTépou 0€ OUYKPpIOEIC
METAEU apiBuwv pnopoUvV va yivouv MNoAuU an)\d)aélacpopcbvmq EVTEAWC YIia TO

dlaxwpiond duadikwv wn@iwv npooruou.

Qo
2.3.3. JuutmAfipwua we mpog 1 /

MNa va avanapaoTrAgoupe €vav apiBuo oTov KWOIKA CUPNANPWHATOC WC
npo¢ 1 apkei va BpoUUe To NETPO Tou 0To OUAdIKO CUOTNUA KAl av PEV O apiBuog
gival BeTikdC TOTE éxouusqv {nToUpevn avanapdaaoracn, av dg €ival apvnTiKOG N
napaoTacn NPoKUNTEl CUPNANP®WvVOVTAc (avTioTpEPoVTac) kabe duadikd wneio Tou
METPOU TOUS opeiTe va BewpeiTe TNV €UPECn TOU CUUNANPWUATOC Gav Hid
diadikacia nou anditei Tnv Unapén p avTioTpoPewyv (inverters) nou pabaivere oTo
paenua. Tou ‘\oleoo >xedlaopoU ol onoiol evepyonoloUvVTdl av Kal JOvo o apifuog
nou npomyeotjus va NapacTAooUWE eival apvnTikdG. Ac €Enyrooupe Ta napanavw
ME uspk’d napadeiypata BewpwvTac akpifeia NnapacTaons okT® duadikwV Yneiwv:
O apiBudc +1210 €xel peTpo 000011002. 2€ OUPNARPWHA WG NPOC 1 EXEl
napaotacn 000011001ss.

O apiBudéc -1210 €xel peETpo 000011002. & OUMNARAPWHA WG Npog 1 Exel
napdoraon 1111001115,

Ac doUpe Twpa PEPIKEG aAno TIG NiBaveg d1adIkaoiec anokwdikonoinong piag
napdoTaong o€ cUPNANPWHA wG nNpo¢ 1. YnoBeToupe akpiBeia K duadikwv yneinv

kal Tnv napdoraon B«-1P«-2 ... B1Po.
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Aladikaoia 1. E€etaloupe TO duadikd wneio Px-1. Av e€ival 0 TOTE 0 apIBUOC
npokUNTEl and Tov Kavova ToUu NOAUwVUPOU ndvw oTnv Oedopévn
napdortaon. Av gival 1 TOTE avTIOTPEPOUHE OAa Ta duadikd wnoia
Tng dedopévng napdacTaong. To npdonuo Tou apiBuou gival apvnTiko

EV(W TO HETPO TOU MpokUNTel and Tov kKavova Tou MOAUWVUPOU TNG

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

duadikoU ynoiou Bi.
Aladikaoia 2. Epapudloupe Tov Kavova Tou MNOAUWVUPOU BewpwvTac wG BAapog

otn 6€on k-1 Tnv nocotnTta -(2%1-1).
Ac OoUpe nwG pnopoUUE va KATAAAPBOUME Mold MNocoTNTA aAvTIHPOGWNEUEl N
napdoraon 11100010 og cupnAnpwua wc Npoc 1. AkoAouBwvTag'Tn GQKaoia 1,
dlanmoTwvoupde OTI 0 apiBuog €ival apvnTikOG. AVTIOCTPEPOVTAG. € Ta duadika
WnQ@ia Tou naipvoupe 1o PETpo : 000111012 dnAadn Tnv nooéT$9lo. SUVENWG
nNPOKEITAl yIa TNV napdoracn Tou -2910. E@apudlovrag Tn &émaoia 2 naipvouye:
2(27-1)%1 4 26%1 + 25%1 4 21%1 = -29;. P

q

Apou eEeTdoape TIG d1adikaoieg kKwdIKoNoiNonNG kal anokwdikonoinong ag
npoonabnooupe va KaTtaAdBoupe Aiyo - mePIgoOTEPO TIG 110TNTEG TOU KWJIKA.
Aedopévng TNG akpifeiac Twv K adlk®y Wneinv, o KwdIkag Mnopsi va
napacTnasl OAOUC TOUG GKSpGI% HOL%?KOVTGI oTto didoTnua [-(2%1t-1), 2%1-1],
Me TNV napactacn 100...00 yia Tov lepOTspo apiBuod kar Tnv napdoracn 011..11
yla Tov HeEYaAUTEpO ag@po. O kWdIkag auTtoc €xel To NpOBANUa TnG JINAAG
avanapdaoTtaong Tou 0-: 000...00kar 111...11,

g

Aedopévng TNG avanapdoracng Miag noodTnTag  OoTov  KWJolka
CUNNANPWHATOG:. WG 'npoq 1 (akpiBwg TO idI0 1oXUEl kal yia Tov KWwJlka
CUNNANPWHATOC WC NPOC 2 Nou akoAouBei), unopoUpe NoAU eUkoAa va BpoUue TNV
avanap@oragn  auThg TG noodTnTag pe AIyoTEpA N NEPIOOOTEPA  Wn@ia
avandpdaoraong. H Jdiadikacia nou XpelaleTal va dakoAhouBriooupe ovopdleTal
enekraon npoonuou. EoTw n napaoctaon Bk-1Bk-2 ... B1Po 1's. AQoU auTr avanapioTa

v=2 v=2
™ nooTTa [-(2-1)1%k1 4 3 (2B;) = [-(21)] *Bex +2U*Ber + 3 (2'B,),
i=0 i=0
IoxUel OTI Bu-1Bw-2 ... B1Bo 1's = Pu-1Pr-1Bk-2 ... B1Bo 1's = Pr-1 Br-1 Px-1Bx-2 ... B1Po1s = ...,
OnAadn MnopoUPe va enavaAduBAvoupde To aploTEPOTEPO duadikd wn@io HIAg
avanapdoTaocnc oTo CUUNANPWHA w¢ NpoG 1 60eC popeC BEAouPe oTa apioTepd

TnG. Eniong pynopoUpe va anokOnToupe wngia and Ta aploTepd Hiac NnapacTaong,
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€(POCOV TO aPIOTEPOTEPO Wn@io napapevel idlo Pe To apxikd. Ma napdadesiyua
111010115 = 1111010115 = 11010115 = 1010115

Onwc¢ 6a pabere oTo pABNUA Tou AoyikoU XxediaopoU 0dg, 0 KwIIKACG
CUMNANPWHATOC WC NPo¢ 1 ATAav 0 NMPWTOC NoU XPNOIYONoINBNKE yia TIG CUVABEIC
apiOunTikéG npda&eic. QoTOCO0 OTA ONPEPIVA OUCTANATA nou n Taxutnta nailel
KaBopIoTIKO pOAo, 0 KWOIKAC aAUTOG £XEl EYKATAAEIPOEi. To yeyovoc Tng Unap&ng
dUo napacTacswv Tou 0 0dnyei o au&énuevn duokoAia katd Tn ouyKpion apiBuwV

KAl OUVENWC 0 KaBUOoTEPNON TWV UMNOAOYIOH®V.

Mpiv NpoXwprooupe aTov TEAEUTaio KwWdIka Ye Bapn Ba npénel \hpiﬁoups
dia NpwTN YaTIa oTnV apléunTikn Tou duadikoU CUCTAHATOG Kai QUYKE pIgEVa oTnv
npoobeon. H npdobeon oTo duadikd cUCTNUa apiBunong yiveral e Tov idlo Tpono
nou vyiveral oto dekadikd cuoTnua. AnAadn E&ekivape ‘andé Ta Oefid npog Ta
aploTepd kal ot kabs B&on unoloyiloupe £va Xr]cpio aBpoiouartoc kair €va n
nepIoooTEPA WNOia KpaToupévwy. A¢ OoUHE | NwG yi.STal n npécbeon oTo
0ekadiko:

2910
4510 #

7410
ZekivovTac anod Ta de€ia npoops npwTa 1o 9 Ye 1o 5. ENsidry To abpoioud
TOuG unepBaivel Tn Baon ToﬁUO'rr']uaToq (10) €xoupe £va wneio abpoiouatog (4)
Kal €va kpaTtoupevo, dnAadf’ pia povada uywnAoTepng Babuidag. ETnv enduevn
BaBuida NpocOETOUPE TO 2. UE TO 4 KAl TO EI0EPXOUEVO KpaToUpevo. MapaTtnpolue
OTI dgv UNEPPAiVOUHE TN R‘cn KAl QUVENWG EXOUME HOVOo wngio abpoiouartog (7)

Kal kavéva KQQ:HJEVO npog TNV €nopevn Baduida.
e

AvTioToIXa unopoUpE va KAvouue Tnv npooBeon dUo api®uwv oTto duadiko.
O .nivakag mou akoAouBei unodeikvUel Ta napayopeva yneia abpoiopatog Kai
KPATOUNEVOU BAoel TWV OIAPOPETIKWV TIHWV MOU PNopei va ndpouv Ta yneia Tov
TEAOUUEVWV aAAd Kkal To KpaToUpevo anod Tnv nponyoUuevn Babuida. Mpopavwg
oTav o apiBuog Twv abpoilopevwy duadikwyv wneiwv nou eival oto 1 &enepvasl Tn
piCa Tou ouoTApatog (2) TOTE YeVVIETAl &€va KPATOUMEVO MPOG TNV EMNOPEVN
Babuida.
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Eicodol EZodol

Auadik0 WneioAuadikd0 Wn@ioKpatoUpevo ano TnvlYnoAoyi{opevo 6u06|K6|Ynvoy|C6p£vo duadiko
1°“ NMNpocBeTéoU [2°° MPocBeTEOU |NnponyoUHsvn Babuida [yneio aBpoiocparog Yneio KpaToupévou

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 napadsiypya npocBsonc pe Bdon To duadikd ouoTnua, napouadidleTal
napakatw. Exoupe apiBunoel Tig Babuideg navw and Ta duo TeloUpeva via
ypriyopn avagopd. ZekivwvTag ano Tn Baduida 0 €xoupe dUo 0 gra L|Jl’](piCl/I'IOU
NpOKeITAl va npooTedouv kal 0 kpaToUhevo and Tnv nponyoUdevn Ba%@q (agpou
0ev undapxel) KAl Ouvenwg and Tnv TpiTn YPAUPN Tou anavw nivaka
ouunepaivouue ot Ba ndpoupe €va 0 oTto GBpoiopa kal 0 kpaToUPevo Npog Tnv
enopevn Babuida. Suveyxiovrag Ye Tov idio TpodNo, napam&ps OTI oTnVv Babuida
3 dnuIoupyeiTal €va KpaToUPeEVO To onoio J1adidsral PEXp! Kal TNV TeEAEUTaid

BaBuida. Auto anoTeAei To coBapdTepo nNpoOBANNaA Tou tmaémoo OUOTANATOC HE

§6543210

11002
" 010110102 +

110101102

KavovTag TIg usTanonéQ(O'ro 0ekadikd oUOTNUA MMOPEITE va dlanioTWoETE OTI TO

ApPKETA nepinAokec AUOEIC.

NPWTO TEAOUMPEVO €ivarTo 12410, To deUTEPO TO 9010 KAI TO ANOTEAECHA TO 21410.
T

2.3.4. Zu,urm@a w¢ i’pog 2

Me TpoOno ‘avTioToIX0 ME TO CUMNARPWHA w¢ npo¢ 1 kartaokeualeralr To
CUMNANPWHA: WG NPOG 2 €VOG AKEPAIOU. ZUYKEKPIMEVA, YIA VA avanapacTr)GOUNE
évax&palo OTOV KWOIKA CUPNMANPWUATOC WC NPOC 2 dpKei va BpoUPE TO PETPO
Tou oTo Ouadikd oloTnUa KAl av PeV o aplBuoC sival BeTIKOG TOTE €£XOUME TNV
{nToUpevn avanapdaoracn, av O& e€ivdl apvnTIKOGC N nNapdoTacn npPOoKUNTEI
oupnAnpwvovTtac (avTioTpEPovTag) kdaBe duadikd yn@gio Tou MPETPOU TOU Kal
KaToniv npooBeTovTac Mia povada. Mnopeite va Bewpeite TRV eUpecn Tou
oUPNANPWHATOC WG nNpo¢ 2 oav Jia diadikacia mnou anaitei Tnv Unapén p
avTioTpopewv (inverters) kai evoc au&éntn (incrementer) nou pabBaiveTe oTo
Haenua Tou AoyikoU ZxedlaouoU ol onoiol evepyonoloUvTdl av Kal JOVo 0 apiOuocg

nou npoonaboUPe va NaApacThOOUME €ival apvnTikoc. Mia dAAn diadikacia nou
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MMOPEITE va XpNOIMONOIACETE Yia TNV KwOIKonoinon &voc apvnTikoUu, €ival agou
BpeiTe To YETPO TOU, va AVTIOTPEWYETE OAA Ta Ouadikd wngpia Tou PETPOU TOU
€€dIpoUPEVWV TWV Yneiov nou Ppiokovral de&id Tou Oe€idTEpOU AOOOU
oupnepiIAauyBavopévou kali auTtou. Ac €Enyrnooupe Ta nNapandvw MPE MHEPIKA
napadeiypara BewpwvTag akpifeia napdoTaonc okTw duadikwV Yneiwv :

e O apiBuog 4310 £€xel NApACTACN O€ CUMNARPWHA wg npog 2 : 00101011

e O apiBudg -43 exel perpo 001010112, AvTioTpépoupe Ta duadikd wneia Tou

METPOU TOU Kal naipvoupe Tnv napdoracn 11010100 (To oupunARp®WHA we Npog

1). H npdobeon Tou 1 pag divelr Tnv napdacracn 11010101 nou_eivar To

{NTOUPEVO GUUNANPWHA WC NPog 2.

e O apiBuog -32 éxel hETpo 00100000. To cupnAnpwHa wc .Mpog vZ\Eivcn TO

11100000, 6nou avTioTpEwape Ta duadika wneia oTa aplo-rapc']ﬁo de€16TEPOU

) )

Ag doUpE Twpa PEPIKEG and TIG MBaveg 01adikacieq anokwdIkonoinong Kiag
napacTacnc o€ CUMNARPWHA w¢ Npog 2. Ynoeém% akpiBeia K duadikwv Yneinyv
Kal Tnv napdoTaaon Bk-1Bk-2 ... B1PBo.
Aiadikaoia 1. E&sTaloupe 1o duadikd wn@io Bei.-Av eivai 0 TOTE 0 apiBuoOg

NPOKUNTEl and Tov kavova Tou n».«ovouou navw otnv dedouEvn
napdotaon. Av €ival 1 ToTe QvTIOTpEPOUNE OAa Ta duadika wnoia
NG OedopEvNG NaPacTacng kKai npooBeToupe pia povada. To
npoonuo TOU?I gival apvnTikd evw TO PETPO TOU MPOKUNTEI
andé  TOV kavova ~ Tou noAuwvugou  TNG  NapacTacng

(B..B.,.B,B, +1)7 onou To B.ouuBoAilel To avTiCTPOPO TOU

duadikoU yn®iou Bi.
Aiadikagoia 2. E@apuoloude Tov Kavova Tou MOoAUWVUHOU BewpwvTag wc Bapog
Géo?] k-1 Tnv nogoTnTa -2%1,
AG JoUpE NwC MNOpoUME va KaTtaAdBoupe nola noodTnTa avTinpoowneUel n
napaotaon 11100010 oe oupnAnpwpa wg npog 2. AkoAouBwvTag Tn diadikacia 1,
dlaMigTOVOUNE OTI 0 apiBudg sivalr apvnTikdG. AvTioTpéovTtac 6Aa Ta duadikd
wnoia %u Kal NpooBETovTag pia yovada naipvoupue 1o PETPO : 000111102 dnAadn
TV noootnTta 3010. JUVENWCG nMPOKEITAl yid Tnv napdoracn Tou -3010.

EpapuolovTag T diadikacia 2 naipvoupe : -27*1 + 26*1 + 25*1 + 21*1 = -3010.

O KWdIKAG auToC £xel pia pgovo napdacrtacn Tou 0, Tnv 000..00. Eniong
ENITPENEl NPOOBECN Kal apaipeon AKEPAiwyV va npayparonoioUvTadl anod pia Koivn
povada uAikoU 6nwcg 8a pabeTe oTo pAdnua Tou AoyikoU Xxediacopou. Aedouevmv
Kk Ouadikwv yneiwv avanapdoraonc pnopolv va napacrtadouv OAOI oI AKEPAIOI

oTo didoTnua [-2¢1, 2%1-1], dnou o PIKPOTEPOG £xel TV napdacTtacn 100...00 kai o
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MeyaAUTepog Tnv napactaon 011..11. YnevBupileTal T€Aog, OTI KAl oTov KWOIKA

auTov IoxUel n d1adikaagia ENEKTACNG NPOCrHouU.

2.4 AvanapdoTacn KAAoHAaTIK®V apidpwv

>TnVv kKabnuepivy pag Cwn ol NooOTNTEG MOU XPNOIMOMOIoOUNE ouvnOwg
avAkouv oTo oUVoAO TwV npayuatikwv. O1 napandvw KwOIKEC ONwG TOoug
eeTdoape MPEXPI wpac Oev  gival 1kavoi va Mpoo@EPOUV  avanapacTAdoElg
nNPAyHaTikwv apifuwy. TNV npayuartikdéTnTad OJwG, 0 Kavovag Tou MOAUWVUROU
unopei va xpnoigonoin®ei yia NPoCUPPWVNUEVEG avanapacTAcelC APAYMATIKOV
aplBpwv. Ac To doUPE auTO HE €va napadelypa. Ac¢ unoBEogoupe: pid u&\)\ov
"unepdepevn" yia Ta dedopéva Tou unoAoyloTn avanapdoracn.(a Ux(c'mr] dev
£xoupe EkaBapiosl To NWG avanapioTartal n unodiacToAr) Thv 1&?102, onou To
KOMMa XpnolgonolgiTal yia va unodnAwoel €va dekadiko YEPOG. Me Tnv idia Aoyikn
nou avantuxbnke yia Tov Kavova Tou MOAUWVUHOU, MMNOpoUUE Kal €d®w vda
Bewpriooupe OTI N nNaApanavw avanapdmaon/unoénu'yval Tnv noodTnTa
22%1420%1422%1423%1 = 5,37510 Kal YeVIKA UAOPOUME va BewpoUHPE OTI N

napacTtacn Tou p-01koU GUOTANATOG & Bk-1Bk-2...81Bo,B-1B-2...8-(»-1)B-A p UNODNAWVEI

TNV NoooTNTA : Kip‘Bi .
f—y \
AL

Eniong pnopoUpe Ue TPOMO AVAAOYO PE TOV MPONYOUHEVO va dIaTUNWOOUNE
Kal €&vav aAyopiBuo yia Tn. JETATPONM Tou dekadikoU UEPOUG EVOC NPAYUATIKOU OTO
K-OIKO av napartnpnooue OTI (MPOPAv®G Yia £vav NPAaydaTiko mou Exel Kal
akepalo kal Jekadikd MPEPOG ol dUo diadikaoieC METATPONNG anaiTeiTal va
npaypoTonWUV EexwpioTd) : av gupBoAicoupe pe 0,A10 TRV MoodTNTA Mou
BEAOUPE va METATPEWOUHE OTO K-O0IkO oUoTnua, TOTE npenel va BpoUpe Hia
avanapaoTaon TnNG HopPNnG 0,C-1G2...0p+1Gok = K1C1 + K2C2... + K® 1l p+1 + Ko
="0,A10. ZKo.néq npo®avwg Tng dladikaociag €ival o kabopiopodg Twv -1, G2, ...,
C-¢+1§’-‘
Brua 1. NMoAAanAaoialoupe Ta dU0 PEAN TNG Napandvw 100TNTAC UE K KAl EXOULE :
(0,A10 * K) = KOC-1+K 2.+ K® 20 ps1 + KO o = C-1,02..0p+10-0 «
To napandvw onuaivel oTi To {1 PNopei va kaboploTei oav To akEPAIo
HEpOC Tou noAAanAaciaopgoU Tou O,A10 ME TO K. ZUVENWC EXOUME
HeTaTpéwel éva npoBAnua kabopiopoU ¢ ayvwoTwVv o €va npoBAnua
kaBopiopoU ¢p-1 ayvwoTwy.
Brua 2. ©Oswpnos oav kaivouplo oTtoxo Tn peratponrn Tou A' = (0,A10 * K) - KOC1

Kal Tov kKaBopioho Twv (2,03, ..., Le.
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Bnua 3. Av A' = 0 n diadikaoia oAokAnpwOnKe, aAAI®wc Nnyaive oto Briua 1.

Ac dwooupe €va napdadslyua yid va yivouv akoun mio Katavontd Ta napandvw. Ag
Bewprjooupe gav oTdxXo Pag Tn peraTponn Tou 0,158 oTov avTioToixo Tou duadikou
OUOTNHATOC. ZUPPWVA HE TOV Kavova ToU NMOAUWVUHPOU HWNOPoUPE va OoUPE OTI
0,158 = 8'*1 + 82 *5 = 0,20312510. Eappoloupe Tov Napanavw alyopiBuo Twv

01adoxIKwV NoAAanNAacIaoPwy Kal Naipvoupe :

Mpa&n Aképaio Mépog | KAaopaTikdo Mépog
0,203125 * 2 0 (=B-1) 0,4062510
0,40625 * 2 0 (=B-2) 0,812510
0,8125 * 2 1 (=B-3) 0,62510
0,625 * 2 1 (=B-4) 0,2510 N\
0,25 * 2 0 (=B-s) 0,510
0,5*2 1 (=B-6) 010 v
yal
Zuvenwg 0,158 = 0,203125:10 = 0,001101>. Mpopavwg pnopoucape va

ano@Uyoupe To evdidueoso Brpa Tng napdoracng oTo SEKGWCJOTr]ua g€ auTnv
TNV NEPINTWON MIAG Kai ol pileC Twv duadikd kKal OKTadikd cuoTnUATWV apibunong
oxeTiCovral Bacsl TnG 8=23 kAl ouvenw¢ apkouoe n'}(pappoyr'] Tou nivaka
avTikataoTraong wneinwv. Moévo nou oe OUTr'])Tr] nepintwon 6a npénel va
douAelioupe anod Ta aploTepd npoc-Ta .de€ld cupnAnpwvovtag Pe 0 onou
xpeialovTal. MNa napddeiypya n peratponn Tou 0,010111> o dekasEadiko ynopei va
yivel wc €ENG : O,ww . OMllz = 0,5C1e.
5 C &~

Ta napandvw av.kaiypag Oivouv pia noAU KaAn BewpnTikn €ikOva eival
NoAU €AAINR oTnVv e@apupoyn. 'Ynapxouv Jdidgopol Aoyol ylI' auto. Ag doupe
pepIkoUC. Ac NpoonabroouUpE va YETATPEWOUNE Tov apiBud 0,210 OTOV AvTioToIXO

Tou duadikoU gUoTHuaAToC. ToTe Ba epapudlape TNV €EAC osipd NoAAanAaciacuwy:

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

BAEnoupe OnAadn OTI METG and TOUG MPWTOUG TEOQOEPIC MNoAAanAaciacpoug
@Tavoupe ndaAl orto idlo npoBAnua, Tnv peTatponny Tou 0,2. SUVENWG
oupnepaivoupe o1l To 0,210 Ogv Pnopei va napacTtabesi Ye Nenepacuévo apibuod
duadikwv Yneiwv. ZTNV oucia autd CupBaivel yia TNV CUVTPINTIKA NAEiown®ia
TWV aplBU®V Nou €X0OUV MEMEPACKPEVN napaoTacn oTto dekadikd. MNMpooLETe eniong
OTI apiBuoi onwg 1o 0,333333...10 NOpPEi va €xouv Nengpacuevn avanapaoracn o€

kdanoio aAAo apiBunTiko oguoTnua, n.x. 0,1s.
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2.4.1 21a6epr) uttodIQ0TOAN

Eva aA\o npdBAnua nou akoun Osv NPoOOEeyyioaue IKAvoOMoInTIKA €ival n
anoBnkeuaon TNG B€ong TNG unodiacToAnG. Ma va kaTtaAdBoupe To NPOBANuUa nou
dnuioupyeiTal ac Bewpriooupe Evav unoAoyioTr nou diabéTel 16 duadikd wngia yia
TNV avanapdoTacn npaydaTikov apipwv. AG Bewpr)GoUNE OTI To NAEOV APICTEPO
wneio d1aTiBeTal yia To NpOONUO Kal CUVEN®WG HEvouv 15 duadikd wneia. Mia
npo®avng Auan yia Tn 6€on TnNG unodiaoToANG ival va BewpriooUPE OTI auTn eival
navrta ornv idia 8€on. Ac unobéocoupe OTI CUPPWVOUNE va BpiokeTal de€id Tou 11°Y
and Ta evanopeivavra duadika wngia. X auth Tn oup@wvia, o apiBuoéc. 0,210
avanapiotarar cav  0000000000000011 dnAadn oav 0,187510. “H. anwAeia
akpifeiag yia auTtn Tnv avanapdortaon €ival yeyaAuTepn Tou 6%..Av swpoﬁ{mus
OHWG TNV unodiacToAn ndavtote Og€d Tou 7° duadikoU WwnQi (amd Ta 15
evanoyeivavTa), n napdoraon nou Oa sixape 6a nTav 0000000000110011 dnAadr
0,1992187510 pe anwAegia akpiBeiag Alyotepn Tou 1°/0WOT600 oTnNV npwTn
nepinTwon MNOpPoUPE va NApAcTOOUUE ClplG}JO/L'JS TG Taéng Tou 2'' evw oTn
O0guTeEPN MOAIC Tou 27. Zuvenwg av kal n OeuTepn es(bpq?r] Hag divel kaAuTepn

akpiBela pag napexel NoAU HIKPOTEPO €UPOC dvandpdoraong.

ZUPQwva Pe Ta napandvw, n NpocUH@WVNUEVN B€on Tng unodiacToANG
(fixed-point representations) pa oén&pmpaia oe £€va nadapl PeTa&l akpiBeiag
kal eUPoOUC avanapacTacnc. Avé)\aps Vva Ta KaAUwoupe kal Ta dUo €NapKwe, TOTE
0 apiBuoc Twv duadikwv. YReiwyv \nou Ba anaiteito 6a ATav TepdoTioc. Kair autd
ylaTi oTa emoTtnuovikd npoBAnudTa anaroUvTal NoAAEG PopEC NOAU peydlor (n.X.
n orabepa Tou Avogadro6,023 * 1023) ) noAU pikpoi (N.X. gopTia NAEKTpoviwy,
TIMEC MUKVWTWMW) aplBuoi. Suvenwg yia 1o duadikd ouoTnua 8a BEAaue va sixaue
nepi Ta 40@% eKaTEPWOEY TNG UNOJIACOTOANG. QOTOCO KATI TETOIO 0dnyei o€
TePAOTIEC AVAYKEG UVAMNG Kal Yolpdia o€ ouoTnuata noAU uywnAoU KOOTOUuG. Apa
atnv anVUgTIK(')Tr]TCI O0ev €ival CGUNQEPOV va undpxouv avanapacTAcelC HE
oTaBepn 8€on unodiaoToAnG. AuTtd nou Ba BéAape eival n unodiacToArn va eival
KIVO&ﬁ WOTE va PNopoUME va KAaAUWOUHE PE PIKPO aplBuo duadikwv wnepiny
TOOO HEYAAO €UpPOG apiBuwv 600 Kal va enITUXOUME IKAVOMOINTIKA akpiBeia
avaloya He TIC analThOEIC TNC €PAPPOYNG Mac. M’ autd kal oTa onuepiva
ouoThPaTa XpnoidonoloUvTal AnokAEIOTIKA Kkal povo avanapaoTdoelc KIvOThG

(floating — point) unodiacToANG.
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2.4.2 Kivntn utrod1acToAn

H 18¢a Tng kivnTng unodliacToAng &ekivnoe and Tnv €NICTNHUOVIKA ypagn

(scientific notation). MoAAéc @opéc oTav BéAoupe va ypawoupe évav apiBuod pe

NoAAd pndevika ota Je&Id Tou ) JE NOAAA PNOEVIKA APECWC PETA TNV UNOJIACTOAN

XpnoigonoloUPe Tn ypagn X*BE, onou X o ouvrteAeomng (onuavTtikd HEPOG -

significant - mantissa) Tou apiBuou, B n Bdon Tou apiBunTikoU CUCTAPATOG MOU

epyaldpaocTe kal E o ekBETNG (exponent) Tng napdoraong. MNa napdadesiyya oTov
apibud Tou Avogadro 6,023*10%3 ioxlouv = = 6,023, B = 10 kai E = 23.

Mpopavwc Ta = Kal E sival npoonuacpevol apiBuoi Kal nio ouyKeKpIYEVa.o-E €ival

akepalog. Av €€ apxng n Bacn B Tou apiBunTikoU CUCTANATOG NPOCUMPWVNOEI,

TOTE UNOpPEi va napaAsineTar kata Tnv NapacTacn KAnolag noodTNTAC.

'

)N
AlgnioTwoTte OTI €évac apiBuog Mnopei va Exel nsplcoé% NG Miag

napaordaceig oro idi0 apibunTikdé ouoTtnua. Ma napdéilypa ol napaocTdoeiq

3,76*10%, 0,376 *102 ka1 376*1072 napioTavouv m id10 apiBuo. Eav Bewpriooupe

OTI O OUVTEAECTNG €ival O napacTaon npéonpo-pénm) TOTE €€ autwv TWV

napaotdoswv 6a KaAoUPE KaAvoVIKOMOINKEVN

nocoTNTAG AuTV OTNV onoia n unodlagToAnR

normalized) napdaotacn wIag

BpiokeTal oTa apIOTEPA TOU

aploTEPOTEPOU N MNOEVIKOU Wngiou TOU CUVTEAEODTN. =TO NApANAvVw® napadsiyua

n deuUTePN €ival n Kavovmonom@apﬁdon TNG NoooTNTAG.

Epxopevol oTov unoAoyioTr, JnopoUne auBaipeTa va opicoupse To NARBOC

TV duadikwv Wneiwv " nou »xpnaoidonoliouvTal

yla Tnv napdoracn KIvNTAG

unodiacToAng, NG GUquTavéuowal O£ OUVTEAEOTN Kal €kBETN, nola €ival n

BewpoUpevn Baan kal €av yiveral kavovikonoinon r oxi. Ag doUue £va napdadelyua

OTO 0noio eMA&yoUpE™

68K0€EGQK(’J wneia.

O ouvTeAheoTnC eival gg npoonuo — WETPO. lMNa To HWETPO XPNOIPOMOIOUNE 3

¢ 0 EKG,'ﬂ'nq Mag Ba eival Tpiwv duadikwv Wwneiwv Ye avanapdoracn noAwaong

KCIw 4,

e H Baon pag Ba €ivail To 16.

e O1 anoBnkeupévol apiOuoi €ival og KAVOVIKOMOINUEVN HopPn.

e H popon Tng anobrkeuaong sivai :

Mpoonuo Tou

OUVTEAEDTN

EkBETNC 3 duadikwv Yyneinv

YrnovooUpevn

unodiacToAn

Tpia dekaeEadika ynoeia

O AOYOC yIa auTéG TIC EMIAOYEG NOU UNOpPEi va oag gaivovTal Aiyo napa&eveg sivai

OTI YE TN Mop®n autn dUo apibuoi pnopolv ANECA va GUYKpIBoUV wC NPog Tn
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1I00TNTA N va PBpebei o peyaAuTepoc and auTtolc. Ac¢ npoonabrnooupe va

napacTrnooude Tov apibuo 14310 o autd TO oloTnud. Me Tn pEBodO Twv
O1ad0XIKWV OldIpECEWY PNOPOoUPE va BpoUpe OTI 14310=8F16. Mpiv TNV napaocTaon
Tou apiBuou Ba npénel NPpWTA VA TOV KAVOVIKOMOINOoUWe. Exoupe Aoinov 611 8Fie
= 8F*16° =

nedia. Exoupe OTI TO NpOONUO TOU OUVTEAEOTN €ivar 0 apoU o apiBudg eival

0,8F*162. Twpa PNopoUPE NAEOV va CUPNANPWOOUUE TA NApanave

BeTIKOG. O ekBeTNC (2) Ot excess 4 napdaortacn &xel Ty 6 OnAadn 1102. Ta
Oekas€adika wnoia de€id TN unodiaoToAng €ival 8, F kar oupnAnpwvoupe 0 Kai
OUVENWC N oUVvoAIKn napdortaon €ivar : 0110100011110000.

H napandvw napdactacn BacioTnke oc auBaipeTeC €MIAOYEC.. Av 6@)@ o
kabévacg kavel TIGC OMNoIEC €MIAOYEC Tou aubBaipeTa, auTouara JuoxepdiveTal n
META@OPA OEBOUEVWY HETAEU DIAPOPETIKWV UNOAOYIOTIKWV OUCTNHATWY aAAd Kal n

EKTENEON MPOYPAMPATWV MNOU E£XOUV cuyypawel did ol UloBeTWVTAG £va
OUYKEKPIMEVO HOVTEAO MApAdcoTaonG. SUvABwC OTav, UNApPXOUV TETOIEC dUVATOTNTEG
yla €mAoyEG kal agoU OTo Mpayudartiko nséiolélanlm'a)eoov ol IKavoTnTeg /
aduvapieg kabe emAoyrc, Kanoia eNITPONr MPOTUNOMNOINONG KAAEiTal yia va opioel
andé Toug O1apopoug

KAnoio OTAVTAPT, TO OMoio auéowG MPETA  uloBeTeiTal

KATAOKEUAOTEC UMNOAOYIOT®WV  Kal  ETol“ AUvovTal autoépaTa Ta nNapanavew

npoBAAuata. to npoBAnua Tngwav acTaong KivnTAG unodlacToARG Auon
€0woe TO oTavrapt 754 ulaqgnwponﬁrq Tng IEEE (Institute of Electrical and
Electronic Engineers). To eTavrapt auTo £xel uloBeTnBei and dAa Ta uNoAoyIoTIKA
ouoTANATA TNG TE)\EUTCIic;g €IKOOQAETIAG.
iy

SUPupwva PE autd TO OTAVTAPT yid TNV napdoracn apibuwv KIVNTAG
UI'I05IOOTO)\QNCITi9£UI'CII gite 32 (anAn akpiBeia - single precision) €ite 64 (3INAN
akpiBela - double precision) duadikd wneia, avaAoya Ue TNV akpiBeia kai To eUPoG
nou -€miIBdAel n epappoyn Hac. =& auto To ouoTnua Baon eniA&yeTar 1o 2, O
ouvIE smf]q.sival oc napdortaocn npoéonuo - METPO KAl O €KBETNC og KWOIKA
noAwohc. To eUpoc kGOe nediou kal TNV NOAwoN yia kabe unooTnpilopevn akpipeia

napdoraong ouvowilovTal oTov NapakaTw nivaka :

SUVOAIKa Auadika

Auadika ynoia

Kwdikag EkBETN

Auadika Wnoia

Wnoia EkBETN SuUvVTeAEOTN
Single Precision 32 8 MNoéAwon katd 127 1+ 23 (+1)
Double Precision 64 11 MNoAwon kata 1023 1+ 52 (+1)
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Ta napandvw nedia akoAouBoUv Tnv €&nNG oeipd oTnv napdorTaon
MpOONUO CUVTEAECDTN, €KBETNG Kal OUVTEAEOTNC. MpoogETe OTI 01 OXEDIAOTEG TOU
oTavTapT €xouv OWOEl Pia OIaPOPETIKR OKOMIA oTnV &vvold TngG Kavovikonoinongc.
O1 apiBuoi g auTo TO OTAVTAPT MNPIV TNV AnoBnKeEUOT TOUC KAVOVIKOMolouvTal €70l
wOoTE n unodlaoToAn va BpiokeTal oTa O0g€IG TOU NMPWTOU APIOTEPOTEPOU duadikoU
wneiou. AnAadn n dop®n Twv apiBuwv nou unooTtnpilel To OTAVTAPT E&ival
1,XXX...2 ka1 ox1 0,1XX... énwg n ouvABdng Popepr| kavovikonoinong. Autd ouv TO
YEYOVOC OTI XpnoldonolsiTal oav Baon To 2 odnyei oTa €&NG :

e A@oU ndavTta apioTepd TNG unodiaoTOANG UNApPXEl €va Pn PNOEVIKO wn@io Kai
oTo duadiko oloTnPa Pn PNdevIKO Yngio €ivalr govo 1o 1, CUPNEPAIVOUUE OTI
0e xpeldleTal va anobnkeveTal autd To Yn@io aAAd pnopei” va unovoesiTal
(hidden bit), augavovTag Tn Npoopepopevn akpiBela (auTod YnodelkyUETal UE TO
(+1) oTov napandvw nivaka). R,

e Ta Tnv napdoracn Tou O oI OXedIAOTEG UMNOXPEWONKAV VA KpATHOOUV TO
ouvduaopo OAo 0 Tou e€kBETN oav aﬂ«'] nepintwon. Ta Adyoug

avanapdoTacng Tou +00 Kdl TOU -0 O ouvéuaopbi OAo 1 oTOoV €KBETn

)

O napakdtw nivakag unodelkVUEl “HEPIKEC EK TWV EIDIKWV MNEPINTWOEWV.

Alaipgoelc Tou TUNou 0/0 N o Umopkyfq TETPAYWVIKNAG pidac Tou -1 odnyouv
oTnVv TEAgUTAia napacTaon yp

unodnAwVvel €I0IKEG NEPINTWOEIG,

DVEOTI TO anoTéAeopa dev €ival npayuartikog

apiuoc.
ZUVTEAECTNG EkO£TNnC ZnuacioAoyia
0 000...00 000...00 +0
1 000..00 000...00 -0
0 000...00 111...11 +00
1 000...00 111...11 -c0

%1 @+ 000..00 | 111..11 | NaN (Not a Number)

e kGBe AAAN nepinTwon n noodTnTa nou avanapioraTtal o€ IEEE 754 diveral and

T oxgon : (-1)¢ * (1+3) * 2(Endhwon) dnoy Kk TO NPOONMO TOU OUVTEAEOTRH. AG

dolipe g KA napadeiyyata woTte O0Aa Ta napandvw va yivouv nio karavontd.

Eotw 5‘}1 BEAoupe va napaotriooupe Tov 18,7510 o0t single precision IEEE.

MeTaTpenoupe To 1810 PE TN HEBOOO TwV dladoxIkwv diaipecewyv oTo duadikd Kal

EXoUMe 1810 = 100102. Me Tn MEBOOO Twv OI1AdOXIKWV NOAAANAACIAOU®V

Bpiokoupe 6T 0,7510 = 0,112. Apa 18,7510 = 10010,11; = 10010,11 * 20 =

1,001011 * 24, MnopoUue Aoinov Twpa va BECOUE :

e T[poonuo BeTikd Apa To apioTepdTEPO duadiko wn@io oto 0.

e EkBeTNG = 4, apa oc excess 127 6a €xel Tnv napdoraocn 10000011,

e JuvteAeoTng = 1,001011, apa oe 23 duadikd ywn@ia kal anokonTovTag TO
npwto (hidden) 6a €xel napdoTracn 00101100000000000000000.
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H ouvoAikr napacTaocn cuvenwc Tou apibuou sival :
0 10000011 00101100000000000000000
Ac Bewpnrjooupe OTI Yag dideTal n napdoTaon
0 10000100 10100000000000000000000
TOTE NNOPOUUE VA GUPNEPAVOUME OTI MPOKEITAl Yia BETIKO aplBuo He ekBeTn 132-
127=5 kai ouvtereotn (1).101. Zuvenwg npoKeITal yia Tov adpiOuo 1,101*2> =
110100 * 2° = 521,.

2.5 Kodikeg xwpic Bapn — Avanapdaoraocn dAAwv Agdopévev

MNépa ano Tnv avanapdoracn apiOunTIKwV OedOUEVWY, OTOVAUMOAOYIOTH
npénel va nNapacTrOOUKE KAl XapakTApeG, onueia oTiEng kAn. Navw. o au(d Ta
Oedopéva Oev NPOKEITAI VA EKTEAECOUUE apIOUNTIKEG NPAEEIC, JOUVERWC £&vag
KwdIkag Pe Bapn dev eival anapaitntog. (Zuveyilel npocpavobq(ﬂloxt)sl OTI Kal
QUTEC ol NANPOQOPpIEC Punopei o €va unoAoyioTikd oloT va javanapacTtadouv
pMOvo ano oesipéc ano 0 kal 1. O ghaxioToc apiOuoc and duadikd wneia nou Ba
XPEIQOT® YId TNV avanapdoTracr Toug ouvanc'oq/, gival Q)V('J)\oyoq TOU MEYIOTOU

aplOpouU JIapopPETIKWV CUPBOAWV nou Xpeialouat):

2.5.1. Avammrapdoraan aA@apiBunTikwyv XapakTipwy
MNa Tnv avanapdoracn apiby KAl /XapakTnpwyv, o nAéov 01a0ed0HEVOG
KwdIkag e€ival o KwdIKAg AS&I (American Standard Code for Information

Interchange), nou ¢aiveTal0Toy. eNOPEVO Nivaka.

2

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; Space| 64 40 100 s#64; [ | 96 60 140 s#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 yneia yia TIC avanapacTACEIG TOU
Kal OUVENW®WG MMopel va npoo@epel 128 dla@opeTikeG avanapaoTtdoesic. Ol
avanapaoTdacslc nou Bpiokovral oto Oiaotnua 00n — 1F4 kar 7Fw €ival €101Koi
XOAPAKTNPEC EAEYXOU Yia TNV HETAd00N O€dOPEVWV N YIA TNV EKTUNWON TOUG. XTOUG
unoAoINouG XAapakThnpPeC €ival evOlaPEPOV vad NAPATNPNOETE OTI 0 KWOIKOC TOUG
npokunTel and 1o duadikd 1000UVANO TNG OTNANG KAl TNG YPAMMNC EVOG KAVOVIKOU
nAnkTpoAoyiou. Mpoo&ETe eniong OTI ol XxapakTnpeg "a" kai "A" gival d1aPopPETIKOI.
Me Tn 01aTaén auth pnopoUpe pe anAoUC UnNoAoyIoPoUC va NMAPOUPE OPIOHEVEG
avTioToixieg. Ma napddesiypa and evav Xapakrnpa-apiOpo, PHnopoUle va _AAdpoulE
TNV TIUN Tou agaipwvtag To 48 (30n). MNa va WPeTATpEWoOUpe €va. Kepahaio
XAPAKTRPA OTOV aVTIOTOIXO WIKPO TOU WMOPOUME OTNV avanapaoTtdon T(h NPWTOU

e

va npooBeooupe To 32 (20H). P N
V

To peyaio npoBAnua Tou kKwdika ASCII sival To NoAU NepPIOPICUEVO GUVOAO
. .01 128 avanapaoTtdosic sival
P p G

adlvaTo va enapkEoouV yia KAnolov nou BEAel va unoqi va XelpiCetar dUo n

)

Mia npwTn AUon oTo napanavw npofAnua anoTtéleos o kwdikag EBCDIC
(Extended Binary Coded Decimal.dnterchange Code), o onoiog eival €vag Kwdikag
8 duadikwv Yneiwv Kai o%n

OIQPOPETIKWV XAPAKTHPWYV TO OMOoio MPOCQEPEI

nepioooTeEPa aAgapnTa.

nopsi va napéxel €wg Kal 256 JdIapOpPETIKEC
avanapaoTdoelc. MeTa&u autou’Tou KWdIka kal Tou ASCII undpxel yia avTioToixia,
WOoTE KAOe Keigevo ypapuévor.oTov €va kwdlka va unopei va dlaBactei and
UNoAoyIoTIKO cUoTNHa no%pnomonmsi Tov dAAov Kal avTioTpo®a. EninAgov oTov
Kwdlka auTtov undapxouv ol {NTOUPEVEG KeVEC BE0sIC woTeE va PnopoUv eKei va

EH(D(D)\EUTOUVVCIQO‘W‘]QEC Kal evog deUTepou aApapnTou.

Qotdoo akOpa Kal ol enauénuevec avanapaotaoelg Tou EBCDIC eival Aiyeg
VIa TIG on’aglvéq EPAPHOYEG TWV UnNoAoyioTwv. H avaykn yia akoun HEYaAUTEPO
apiBud ravanapacTdoewy 0drynos O €va MNaykOOopio OTAVTAPT avanapactacng
XapakTnpwyv, nou ovopdletar Unicode. To Unicode sivar akdéuyn orto oTdadio TG
e€EAIENC. =TnVv €kdoon 2,0 autoU TOou OTAvVTApT €xouv kaTaxwpnBei 38.885
OlaOPETIKOI XAPAKTAPEC NMou KaAunTouv aApdaBnta and TIC MEVTE NMNEIPOUC Tou
nAavnTn Jac. To Unicode xpnoiponolei 16 duadikd wngia yia TIC avanapacTATelG
Tou. AkOMa Kal auTo TO OTAvTapT ONWC IowC TEAIKG dev enapkedel. EuTuxwe, AN
EXOUUE TMPOETOIYACEI TO EMOMEVO TO OMNoio €ival unepouvoAo Tou Unicode,
Xpnoigonolei avanapaoTdoeic Twv 32 duadikwv Wyneiwv Kal ovopdadleTal 32-bit ISO

10646 Universal Character Set (UCS-4).
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2.5.2. Avamrapdoraon €ikévag

Yndapxouv dia@opa €idn €ikdvac kKaTtaAAnAo To kabeva yia OUYKEKPIMEVA
€idn epappoywv. To Mo anAo ge ox€an PE TN NoAunAokdTNTa avanapdocTacnc Tou,
gival o1 dirovikég (duotone) €IKOVEG. 3TIG DITOVIKEG EIKOVEG UNAPXOUV HOVo dUO

xpwuaTta (ouvhBwc pavpo kal aonpo).

MeyaAUTepn noAunAokOTnTa avanapdoracng eP@avidouv ol EIKOVEG
OUVEXOUG TOVoU (continuous tone) oTIG onoieg KABE onpeio TNG €IkOVAG UNOpEi
va €xel o avTiBeon PE TIC DITOVIKEG, MOAAEC TOVIKEC diaBabuioslc. Ol NEPIOCTOTEPEC
OlaBaBuiosic pag Oivouv Kal Mia MPeEYAAUTEPN opaAdTnTA oOTnVv E€IKOVA. »2TnV
KaTnyopia Twv €IKOVWV OUVEXOUC TOVOU EXOUME EIKOVEC KAiUakacg Tou.ykpidou

(gray scale) kai éyxpwpeg (color). \/

H avanapdoTaon pIac €iIkOvac o€ £va UnoAoyIoTIKO eloT £KIVA JE TNV
KaTtaTuNon TNG o NOAU HIKPEG KOUKIOEG (elkovoaToixeia, picture elements, pixels),
HE opIlOVTIEG KAl KABETEC VONTEC YPAMMEC. 2TIC glevezx kal (B) napakdaTw
aneikovideTal autn n dladikacia yia pia aonpéﬁupn €1IKOVa €vOC AUTOKIVNTOU.
MapaTtnpeioTe 0TI N d1adikacia auTh ENIPEPE na‘%ipép)pwﬁn TNG ApxIKNG €IKOVAG.

0Oco0 peyaAuTepOG €ival o apiBuog Twv KOUKIGwV OTIG onoieg diaipeital pia gikova,

1600 nio nioTn Ba €ival n avanapdoTdon TNG OTov unoAoyloTn (TO0O PEYAAUTEPN

o

avaAuon 6a €xoupe).

1 10:0/0.0,0/0/0/0,0,0:0,0,0/0,0,0

1 10:0/0.0,0/0/0,0,0,0,0,0.0/0/0/0

. { [0:0/0.0,0,0/0,0[0,0,0,0,0,0.0.0

4 1000004944414 0000

L1 100004400/40040000

1 [000.0.4/00l0i# 00449000

— 18.010.0%000/1.00:4¢.0.00Q

4 C11119111111914110

1411911111 119491190

0111119171 11111410

4410170119119909011¢

00/0194.00000/19400

£0/0010/00[0.0,0002000

0/0{0:0.0/0;0.0/0,0,0,0.0/0.0.0

00/0.00/0,0,0.0,0,0,00/0,00

\/, 0:0/000000/00000000

CY) B ™

AkoAouBei n avTigToixnon TNG nAnpo@opiac Tou KABe €lKovoOToIXEioU O€
kanola ano TIC oTABUEG TOvVou. Ma TNV NEPINTWON HOVOXPWHWY €IKOVwY (paupo
Kal aonpo) anaiTeitar €va govo duadiko wngio yia auTr TNV avTigroixnon, agou
KGO eIkovooToIxXEio PNopei va ival acnpo 1 paupo. Fa Tn nponyoUlevn €IKOvVa, N

diadikacia auTn gaiveTal oTnv ikova (y) nio navw.
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Oco nepiogdTeEpol  €ival ol TOVOI nNou €nIOUPOUME va TMEPIEXEl N
avanapdoTraocn HIac €1Kovd, TOOO NePICCOTEpA €ival Ta duadika wngia nou
anarroUvTal yia Tov KaBopIiouo Tou TOVOU KABE KouKidag YE AVTIOTOIXEC ENNTWOEIG
oTo MEyeBog TNG avanapdoraong. MNa napddeiyua, yia 256 Tovoug anarrouvTal 8

duadikd yneoia.

=

Movoypoun gikdva Eucova 16 ypopdrov Ewova 256 xpo)Mv
1 dvadwd ynoeio 4 dvadikd yneio ava 8 SUW@Q ava
ava pixel pixel i

A
O)

QC YyVWoTOV OAd TA XPWHATA NANV TOU KOKKIVOU, TOU. MPACIVOU KAl TOU WNAE, Jnopouv
va napaxbolv and Ta napanavw. MNa napdadelypa To/AEUKO ival n napoucia oTov idio
BaBuoO TWV TPIWV BACIKWV XPWHATWY EVE TO JAUPO N anouadia Kal TV TPIWV. ZUVENWG
yIa HIa EYXPWHN €IKOVA, APKEI va@pi yla KABe EIKOVOQTOIXEIO TNG TO NMOCOCTO
OUMBOANG OTO Xpwla Tou, ?&: EVOC €K TWV TPIWV BACIKWV XPpWHATWY, [ ME AAAa
AOyIa To TOVO KABe BacikoU XpwUATOC. STnV Napakdtw £ikova gaiveral n avaiuon

HIag EYXPWHNG EIKOVAG OTIG Baougéq OUVIOTWOEG XPWHATOG.

Apyn ewcova

Mmle ZuvicTOon [Ipdowvn Zvvictoco Kokkivn Zvvictooa
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ETol, n avanapdoTaon HIag €IKkOvac nou o KABe BAoIKO XpwHa €MITPENEl 256 TOVOUG,
anaitei yia kabe gikovooTolxeio TNG 24 duadika wnoia. Kabe gikovooToixeio pnopei va
napsl €va and nepinou 16 skatouuUpia Xpwpata (2563). O aplBuoc Twv duadikwv
WYneiwv Nou agIEPWVETAl yid TNV avanapaoTacn Miac €ikovacg ovoudadleral kalr Badog

(image depth - BAéne kal napandvw oxnua).

2.5.3. Avamrapdoraon avaloyikou onuarog — To mapadeiyua Tou Hou

MNa Tnv avanapacrtacn e€voG avaloyikoU onuatog akoAouBouvral ol

diadikacieg Tng deiypatoAnwiag (sampling) kai Tng kBavTiong (quantification) Twv

<\

KaTa tn diadikacia TnG dsiydaToAnyiag kataypa@ovTal OTIYHIAIEG TIMEC TOU

OelypdaTwyv.

NAGTOUC €vVOGC ONUAToC avd TAKTA Xpovika OlaoTnuara. “Eva epwTnuad nou
npokUNTEl €ival MOCOC npénel va eival o /PEyIOTOC. XPOVOC WETAEU  dUo
OEIyHATOANWIWV £€TOI WOTE VA HMNOPW HE HEYAAN aKpiB:)] va avaouvBeow Tnv
apxikn Hou pop®n ; O Nyquist €dsi&e OTI npokeigévou yia onua ouxvorntag f,
anaiteital n deiyyatoAnyia va yiverar ge ouxvoTnTa TouldylioTtov 2*f. H diadikaacia

Tng delypaToAnyiag gpaiverar oTo NapakdTw gxnya :

AN

Av unoBgooupe OTI To avaAoyiko pag onua €ivai o fxoc¢. Eivar yvwortod oT1 o
avepwnoc avTiIAauBAaveTalr nXoug e€vToG Tou Od1aoTANAToG ouxvoTATwv 20Hz -

20KHz. Zuvenwc¢ pia moTn yia Ta avlpwniva dedouéva avanapdoraocn Tou fxXou,
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npenel va nepiAagpBavel diadikacia OsiyuaToAnyiac HE ouxvoTnTd TOUAAYXIOTOV
40KHz.

Me Tn diadikacia TnG KBAvTiong Twv delyudTtwy oTnv oucia diaipoUUe TO
OUVEXEC O1A0TNUA TIHWV €vOC avaAoyikoU onuaTtog ot Ol1aKpITA dlaoTANATA Kal
avaBeToupe pia duadikn Kwdikornoinon yia kabe diakpitd didotnua. EoTtw vyia
napdadeiyya OTI €XOUME €va onua OUVApIKoU TO omnoio Pnopei va ndapelr OAeg TIG
OUVATEG TIMEC METAEU -2 kal +6 V. Ac unoBéooupe OTI kBavTi(oupe autd TO
didoTnua TiHwv o€ 8 diaoTAuara Tou 1V, kal avanapioToUpe To kaBéva and auta
Je Tpia duadikd ynoia Eekivwvtag and To 000 yia 10 [-2, -1] £wgiTO 1\1 yla To
(5, 6]. ToTe éva duvapikd TnG Taéng Twv 1.2V 6a napaotabei pe To duadiko 100.
Mpopavwe €dw undpxel éva "nalap!" JYeTa&u akpiBeiag avanapd@nq Kal TV
anarroUpevwy duadikwv Wneiwv. H napanavw KBAavTtion nNpoo@Epel akpifeia TNG
Taéng Tou 0,5V aAAd anaitei povo Tpia duadika wneia. AvM(aus To didoTnua
oe 256 OlakpiTd OdlacTriuaTta TOTE 6a sixapsﬁ(piﬁsla 0,015625V aAAG 6a

xpelalopaoTav kal 8 duadikd wnoia.
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KE®AAAIO 3
ApiIBuntikég npa&eig

\\
)

3To nponyoUHevo Ke@AAdio avanTtu&aue 5I('J(pOpOUC;J/pOI'IOUQ ME TOUG
onoiouc PNOPOUNE va avanapacTr)OOULE apleuof)&s £€va unoAoyioTiko cuaTnua.
3€ auTo To KEPAAaio Ba KAAUWOUNE TOUG TPOMOUC HE Touq.anoiouq uAonoilouvTal ol
Baoikeéc apiBunTikéG npdéeic. Mo GUVGETE& I'IpC'I’SIC punopoUv va avaxbouv ot

ouvOuaopoUG TwV BAcIK®WV NPAEEWV.

H apiBunTikn unvowo,@ouvaxg aKOun Kal OnuUeEPa va npoOoQEPEI
EPEUVNTIKEC EUKAIPIEC, acpof/?mvesm npoBAfUATa ONwc ol NPoBAEYEIC yia Tov
Kaipd, €EOHOIWOTEIC TPOXIWV NAEKTPOViwV KAMN. kKaBioToUv akOun Kal Ta onuepIva
OUOTANATA, XapnAng anééoom;%umr’wam yla Ta OUYKeKPIPEVA npoBAnuaTa napda

TNV EVOWPATWON TEXVIK®V Yia al&non The anddoonc.

Oa EEK&C{OU.UE TNV avagopd pag ortnv  apiBunTiKi]  UMOAOYIOTWV
€€eTalovTac NpwWTA AKEPAioug apiBPouUc. ZAUEPA To OUVOAO TWV UMOAOYIOTIKWV
OUGTNHATWV® XPNOIYOMNOIEl  yla TOUG akepaioug apiBuolc Tnv avanapdoraon
obpnAnpd)ﬂaToq w¢ npoG 2. Iotopikd woTdoO, n NPWTN nNApacTacn nou
Xpnoigonoinénke ATAv auTr ToU CUMNANP®PATOC WG Npog 1 kal yi' autd napakaTw
TNV €EeTaloude NpWTN. Z€ OAAd pac¢ Ta napadesiyyata napakdTw UloBeToUE
akpiBeia avanapaoraonc 8 duadikwv wneiwv. Eniong 6a npénel va AaBeTe unown
oag OTI N npoaobeon kal n agaipeon €€sTalovral CUVOAIKAG oav dia nNpaé&n, agou n
apaipeon A-B 1o0oduvauei pe Tnv npocBson A+(-B) onou TOo -B ek@paletal
oUJQWVA HE TOUGC KAVOVEC KABe OUOTAMATOC avanapacTtaocng Onwc auToi

glonxénaoav oTo NponyoUNevo KEPAAaio.
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3.1 Npo6o0eon / Apaipeon o€ ZUPNNARPOHA WG NpoG 1

TNV apiBuNnTIKr OCUMNANPWHATOC WG npog 1 elgdyeTal n €vvola Tou
€£NAVEICAYOUEVOU KpaToupevou (end-around-carry). ZUYKEKPIYEVA, €AV KATA Hia
npa&n npocbeonc N agaipeong Pe apiBPouc oUPNANPWHATOC WG NPoG 1 NpokUYEl
KpaToupevo 000U (KpATOUPEVO NEPAv TnG TeAeuTaiag Babuidag avanapdoraonc),
TOTE auTd dev Ba npenel va ayvonbei, aAAd 6a npénel va npooTedei pe deUTEPN

npa&n oTto anoTteAeoua.

H Aoyikry Tou enaveioayOuevou KpaToupevou BacileTal Nndvw OTO._YEYOVOG
Tng dINAARC avanapdaoTaong Tou 0. YnoBoTe OTI €Xw va NpooBeow To A=-10010 UE
To B=10110. TOTE 0€ NAapdoTACGN CUUNANPWHATOG WG NPog 1 EXw : 4

A = -10010 = 100110112 \’
B =+10110 =01100101> (

To anoTéleopa TN Npoabeong Ba eivar 000000002 kal 1 @ro KpdToUpevo €E6J0U.
AG OouUue vyiaTi npénel va npooBECOUPE aUTO. TO KpaToUpevo €EOOoU OTO
anoTéAeopa. Kabwg kabe povada Tou B npomiesﬁal fo70) b,)To anoAuTo PETPO TNG
duadikng avanapdoraong Tou A peyalwvel. Me aAAa. Aoyia av npooBétape 1o 1 Ba
eixaue A + 1 = 100111001s = -9910. ZUveXiCOvTag Pe autdv Tov TpoOMO av
npooBeTtauye To 99:0 6a naipvape Tnv-mapactaon 1111111015, dnAadn o€
CUMNANPWHA WG Npo¢ 1 Tnv napdoT FOU -1. Av npooBerape 10 10010 Oa
naipvapge Tnv napdoraon 111&111'5 onAadn To -0. MNpoogETe OTI o€ kapia and
AuTEC TIG NpooBéoel O Ba NPOEKUNTE KpaToUuevo £E0d0ou. OTav OPWC NPOCBEcw
70 10110 oTnV oucia naipvw AavBacueva Tnv deUTEPN napdaortacn Tou 0, dnAadn
Tnv 000000001s. ZTNV ougia dnAadr €xw NPOCUETProel Tov apiBuod 0 dUo PopEg,
onwc KivoUupal navw oTtov dova Twv akepainv apibuwy. EninAgov n unéppaon Tou
UIKpC')TEQOUAI’]TIKO'b apibpou (111111111s) nou €ivar ge andAuTn TIPA Kal o
HEYAAUTEPOG apiBudc nou pnopw va nadpacTnow He 8 Jduadikd wngia Hou
unod€ikvUEl auTn Tnv avakoAouBia MPeTAEU akepaiwv Kal NApaocTAcewv HE TN
dnuioupyia T.ou KpaTtoupevou €E0dou. Ma va Tnv anokatacTnow Xpeldaletal va
npox%ﬂ
TOU KPATOUMEVOU €EODOU.

10w OTNV €NOHPEVN NApAoTACN KAl auTd €MITUYXAveETAl PE TNV npoobeon

Mepika napadeiyparta 6a anocagnvioouv Ta napanavw.

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

00111000 (+56) >woTd anoTéAeoua
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MpooéETe OTI Osv Ba MPENEl vad OUYXEETE TN AOYIKN TOU EMNAVEICAYOMUEVOU
KpAaToUPEVOU HE TNV unepxeidion. Mia npd&n nou odnyei ot unepxeilion eivai
navrta Aavlaouevn aveEdpTnTa TOU av €NAVEICAYETE 1 OXI TO KPpATOUMEVO.

MPooEETE TIGC NAPAKATW NPOCOETEIS :

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

01010011 (+83) Adboc anoTEéAeoua

To npoBAnua oTic napandvw nNpocBECeIC €ival OTI Eenepdoaps I péyfqaq TIMEC
avanapdoraong ([-127, +127], 0eg nponyoUHevO KePAAQIo) Kal ) oxl TO
EMNAVEICAYOUEVO KpaToUHEVO. ©a doUHE oTnV aplOuNnTIKN oupn)\npdfﬁ?oq WG Npog
2 Tponoug dianioTwong TNG UNePXEIAIONG. )

H avaykn yia Tov diaXwpiopo HeTa&l Twv-8Uo napc:T.ZOva Tou O kai n
meavh avaykn yia deUTtepn npdoBeon oTNV NEPINTOON noﬁ)To KpaToupevo E6douU
gival 1 €ival dUo Adyol yia va NpPoTINACEl KAVEIC TNV apIBuNTIKA GUPNANP®UATOC
WG npog 2. O1 Aoyol autoi €xouv 0ONyNaoEl Jnv oTadlakn €ykaTaAeiyn TNG
apIOuNTIKNG CUPNANPWHATOC WG Npog 1l oToug eunopikoUc UnoAoyloTeG. QoTdoo N

apiBunTIKn auTn ouveyilel va /@sl MQKETOUC, UMEPUMOAOYIOTEC Yia AAAOUC

AOYoUC. ya
4

3.2 NpooOeon / AQpaipeon o€ ZUPNNARPWHA WG NPOG 2

H apiOunTIKA CUNNARPWHATOC WC NPOoC 2 €ival anaAAayuevn and Tnv €vvola
TOU €navelioayouevou KpaToupévou. EminAéov, npoogépel Tn duvatotTnTa n
npocBeon Kai a(pgipson dUo apiBuwv va yivovral anod To idlo UAIKO. Tn
duvaTtotnTa autry Ba Tnv avanTUEoupe nio KATw. AC OoUME apxika MEPIKA

napadeiypaTta npocbeong (1coduvapa agaipeong) dUo apiBuwyv 0To cUCTNHA AuTo.

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

Onwc @aiveral kal and Ta dUo OefloTEpA napadeiyyata To KpAaTOUHEVO
€E€00ou and Tnv nAféov apioTepr Babuida oTo ocUoTnUa auTo WNopei va ayvonoOei
MIac kal nAéov UNApxel Mia npo¢ udia avTioToixia METAEU Twv aKeEPAiwV €vVOG
Ola0TANATOC KAl TWV avanapaoTdcewy Nou npoo@epel To ocUOTNUA avanapaoTaong

0€ OUMNARPWHA w¢ npog 2.
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QoTtdoo kal o autd To oUoTNPA undpxel n mBavoTnTa unepxeidiong. Eivai
npogpaveg oTI de PNopei va cupBei unepxeilion katd Tnv agaipeon dUo0 OPOCHUWYV
apibuwyv f Kata Tnv npocBeson dUO0 eTepoonuwv apiBuwyv, apou To HWETPO TOUu
anoTeA&EOUATOC Kal oTIG dUo napandvw MNEPINTWOEIC €ival JIKPOTEPO and To HETPO
TOU HeyaAUTepou ek Twv OUO TeAoupevwyv (operands). YnepxeiAion OUVEN®C
Jropei va cuuBei povo katda Tnv npoobeon dUO OPOCNHHWV N KATA TNV Aaipeon

U0 eTepoonNUwWV apiBuwyv. Ag doUue pepikd napadeiypara.

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

Ta napanavw Aavbaopéva anoteAéopaTa O Ba NpENel va PAGiek 'ocxﬁv, agpou
oTo nponyoUpevo KepdAlaio €idape OTI Pe 8 duadika qJn(piaE{:muonmd)vmq
avanapdoTacn CUPNANPWHUATOC WG NPog 2 UNopoUUE va avanapioToUNE akepaioug
oTo diaoTtnua [-128, +127]. Epdoov Ta avauevoueyva anoteAeouara (+130, -137)

gival ekTOC Tou d1ACTANATOC AUTOU, Holpaia NAipvVoOUE )\G\Ojjopéva anoTeAéopara.

MnopoUNE va HPadnuaTikonolinoouUHE. Aiyo NEPICOOTEPO TIGC NAPANAV®
napaTnpnoeiG Hag WOTE VA KATAOKEUAOOUHE €va KUKAWWPAa avixveuong Tou
(Palvopévou TG unepxeiliong. Qewpo MOVO Tn npda&n Tng npdobeong, agou
TEAIKA n npagn Tng acpaipsonqg)\onmei'ral Kal autn Pe npocbeon. Onwg eidape
napandvw unepxeihion pnopei va oUpBei yOvVo KATa Tnv Npocbeon ONOCTHWY Kal
autn ekONAWVETAl PE TO VA .-EXOUUE aMNOTEAECHA avTiBeTou npoonuou. Ag
Bewpnooupe Aoinov OTI Ta.&vreAd TnG NpooBeong €ival A = d70sas0403020100 Kal B
= B7BsBsP4B3B2B1Bo. EOTW 0706050403020100 TO AMOTEAECHA TNG NPOCOECNC, K TO
KpaToCJpav@éou Kal K7KseKsKak3kaki0 Ta KpaToUPEVA €10000U OTIC AVTIOTOIXEG
BaBuidec. YnepxeiNion ouvenwg €xoupe 6Tav az = Bz = 1 karor = 0 n orav ar
= B77=.0 kal o7 =1. H npwTn nepinTwon Pnopei va cupBei yovov otav k7 = 0 Kal
oThV spinT(:on auTtn sivar k = 1, evw n O0eUTEPN MePINTWON HWNOpPei va ouuPei
OTGV$¥ 1 kal pag divel k = 0. Zuvenwc n KATaoTaon UnepxeiAiong Ynopei va
AavIXVEUTEl e TN dianioTwaon aviooTnTac META&U Twv onudTwy K7 Kal K, 1 JE aAAa

Aoyia pe pia anAn nuAn anokAeioTikAG 01aleuéng NeETAEU auTwV TV dUO oNUATWV.

To napakdtw oxNua pag divel pia povada npoobeonc / agaipeong duo
apibuwyv oc apiBuNnTIKN CUPNANPWUATOC WG npo¢ 2. H ulonoinon BagcileTal oTo
YVWOTO 0ac ano Tov Aoyiko Zxediaoud nAnpn abpoloTtn evoc duadikoU wngiou Kal
oTn Aoyikn 31adoaong Tou KpaTtoupevou (ripple carry). OTav n ypapun €niAoyng Tng

€MBuuNTAC AsiIToupyiag gival oto Aoyikd 0, TOTE n Povada uYag eKTeEAEl TV Npagén
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TNG NpdoBeoNG. TNV NEPINTWON NOU N YPAMKNR €MIAOYNG €ival oTo Aoylkd 1 TOTE
kGBe duadikdo wn@io Tou evréAou B avTioTpEpeTal pe Tn Borfsid Twv NUAwV
anokAsioTIkAG O1aleuénc kal To KpaToupevo oTn AlyoTEpo onuavTikh PBabuida
yiveTalr 1 €101 WOTE va OXNMUATIOTEI TO CUPNARPWHA WS Npo¢ 2 Tou B (he dAAa
Aoyia n npa&n A-B ulonoisitar oav A+B2s). ZTo oxApa €Xoupe €niong npoobeoel
MIa MUAN anokAE£IoTIKNG O1aleuENg woTe va naipvoupe Tnv €vOeliEn unepxeiAiong

oUPPwva Pe Ta 60a avapEépbnkav nio Navw.

LV K7 Qg Kg 05 Ks ag Ky O3 Ky a, K, & Ky Gy 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 NpooOeon / Apaipeon OTIG UNOAOINEG uvunapaoﬁaslq
Nna va npooBEcoupe 1 va a@alpecoupe -OUo apliBuouc ol  ornoiol

avanapiotavral 0 npoonuo - WETPO;. Oa nca'\sl va OJlakpivoupe TIG €EAG

NEPINTWOEIC MPOKEIJEVOU Yia TNV nNpoabeon (yia Tnv agaipeon 1oxUoUV avTioToixa

npayuara) : B’

¢ Av ol apiBuoi ival opoonuol, € TO NPOCNHUO TOU ANoTEAECUATOC €ival To idlo
HE TO NPOONHO TWV EVTEAWV. TO HETPO TOU AMNOTEAECNATOG £ival To aBpoioua
TWV HETPWV TWV JUO EVTEAMV:

¢ Av ol apiByoi &ivai ETs@onpm, TOTE anaiTeiTal cUYKPION TWV HETPWV Twv OUO
apifuywyv. H.oUykpion Pnopesi va emTeuxBei Pe TN XPAON €VOG KUKAWHATOG
ouYKpITN G autd nou pabarte oTto paAbnua Tou AoyikoU Zxediagpou. To
NpOCNUO TOU AFOTEAEOHATOC €ival TO NPOONUO ToUu apiBuoU PE TO PEYAAUTEPO
METPO EVW TO METPO TOU AMOTEAEOWATOC €ival n dla@opd TWV HETPWV TwV dUO
aplepa‘y..

y

Mepikd napadeiyuara epapuUoyng Twv nio Navw Kavovwy ¢aivovtal NapakaTw.

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

onou n agaipson dUo duadikwv YWneiwv akoAouBei Tov napakdTw nivaka

aAn@eiag :
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Eicodol EZo0doI

Auadik0 WneioAuadiko WneioAaveiko ano TnvlYnoAoyi{opevo 6uc|6|K6’Ynvoy|Z6u£vo duadiko|
AQAIPETEOU A@aIpETn nponyoUuevn 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 npdéoBeon / agaipeon apiBgwv nou Ppiokovral o  apidBunTIKn
nAEovaopou KAaTa K akoAouBei TiG €ENG d1adikaaoieg :
¢ Ta Tnv npooBeon Pnopoupe €iTe va npoobecoupe Toug dUO apiBuoug (% |
NPOONUACKEVOUC KAl KATOMIV vd da@aipECOUME TNV noA®WoN \/EiTE va
METATPEWYOUHE TOUG apiBuoug o€ NapacTaon MPOCHHOU = HETPOU adPaipwvTdag
TOUC TNV NOAwON, META va akoAoudrijcoupe Tnv diadikdoia npoabeong aplifuwv
0€ NPOCONMO — HWETPO ONWG avanTUuXOnke nio NAvw KGI\ anoTéAeoud TnG va
NPooO£COUNE TNV NOAWON. y
¢ Ta Tnv agaipeon YnopoUpe va Bewprioouphe ToUc dUo apibpolc oav va rTav os
napaocTacn MNPOCHUOU — METPOU HE BeTIKO MPOCNUO, va AKOAOUBNOOUME TN
dladikacia agaipeong dUo apiBuwV/0E NpOENKo — UETPO KAl va NPOCOECOUNE
OTO anoTéAeopa Tnv NoAwon. EvaAAakTikd 6a pnopoUcdue va akoAoOUBrOoupE
dladikacia avaloyn HeE TN égﬁspn%ypaq)épsvn nio NAavw.
Kar oTigc dUo mio navw ngPINTWOEIC, Kal aveEdpTnTa and Tnv akoAouBoUuevn
diadikaaoia xpeialeTal NPOOEKTIKOG, OXEQIA0NOG YIaTi €ival mBavov n nepIopIoPEVN
akpiBela avanapdotdong \va pac odnynoel o€ UNEPXEINCEIC Twv €eVOIAUECWV

. TR
anoTeEAECNATWV.

3.4 MepIKEG X |'10|u:q Aoyikég npa&eig

>TO pgalnua Tou AoyikoU oac Xxediaopou £xeTe d1daxBei TIC nio NoAAEC anod
TIG/ AOYIKEC “OUVAPTNOEIG KAl TOUG nivakes aAnbeiac Toug. MEpa and auTEG,
uno@e va opicoupe kal AaAAoucg povadiaiouc TeEAEOTEC mou 1ooduvapolv HE
AoyIkEC npa&eic ol onoieg BaailovTtal og oAigbrosic (shifts) Twv duadikwv wneiwv
MIaG Wn@IoAEENG. O1 AOYIKEG auTEG npageic €xouv 101diTEPN oONpacia ortnv

apiBuNTIKA UNoAoyIoTWV Kal €ivai :

¢ ANoyikn oAioBnon (logic shift) npog Ta apioTtepd 1 Ta de€id, kaTa k B€ocic. Katd
Tn Asiroupyia auTn kabe duadikd Yngio TNG apxIKNG Hac wn@loAEENG oAigBaivel
npoc Ta aploTepd n Ta de&id katd k B€ocig. O1 Keveg BEogIC Nou dnuioupyouvTal

oupnAnpwvovTal e 0. MNa napdadeiypya ag Bewprioouphe Tn WnPIoAEEn 011101.
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AoyIkn oAioBnon katd Ouo Bfoeic npog Ta Oe€id Ba pag odnynoesl oTn
Wn@IoAEEN 000111 evw Aoyikry oAicBnon katd pia B€on npoc Ta aploTepd Ba
Mag odnynoel otn wn@loAéEn 111010. Mnopei va anodeixBei o1 av
BEWPNOOUPE TIG APXIKEC MAC WNPIOAEEEIC oav PN NpoonuUacuevoug duadikoug
apibpouc, n oAiobnon npo¢ Ta apioTtepd katd Kk O&osic odnyei ot
noAAanAaciacud Piac YneIioAEENG KATa 2%, evw n avTioToixn oAiobnon npog Ta

0€€1a 0dnyei oTo NNAiko TNG d1aipeonG TNG apXIKNG WNPIOAEENG pag Ye To 2K,

¢ ApiBunTikn oAiocbnon (arithmetic shift) npog Ta 0e€gid kata k Begeig. H
oAiobnon auTtnh dilagEpel and TNV Aoyikn oAiobnon npog Ta 0e§id-GTO OTI OTA
aploTepOTEPA K WNnPia nou aneAeuBepwvovTal KaTa Tnv oAiodnon Bshlodysml
To 0 aAAG avTiypagETal TA ApIOTEPOTEPO WNPIo TNG APXIKAC Hag N®IOAEENG.
MNa napdadeiypa n apiBunTikn oAioBnon kata 2 B€oeig TNG WnPIoAEENG 111000
odnyei otnv Wwn@IoA€En 111110. Av Bewpnoste o1 ol dUO naApanavw
WNQIOAEEEIC €ival aplBuoi 0g GUPNANPWHA WG n/peq 2, UNOPEITE va dIanIoTWOETE
OTI YE TNV apiBunTIKn OoAioCBNON EMNEKTEIVOUNE TRV léb'inm noAAanAaciacuou

kal diaipeong Pe DUVAMEIG TOU 2 KAl OE npocmsopévouq apiBuouc.

¢ KukAikn oAigBnon (rotation) npog Ta B€€id 1 Ta apioTeEpd, KATa K B£oeic. H
KUKAIKR oAioBnon diagéEpel O, TNV, AOYIKR OTO OTI 01 BECEIG TWV JUAdIKWV
wneinv nou adsialouv vy TK)UE Ta duadika yngia nou @gevyouv and Tnv
WNQIOAEEN OTO anévavTi. dkpo TnNE. Oewpeiote TNV WneioAEEn 100101 kal pia
KUKAIKN oAigBnon npog Ta dg&id. To duadiko wngio 1 nou @euyel anod 1o de&id
AaKpo TNG qJncplo)\éEnq,ﬂ'lavalodvsml oTo aploTepd TNG AGKPO KAl CUVEN®G N
KUKAIKI oAigBnon 6a pag dwoel oav anoTéleopua Tn A€En 110010.

\ ®

O1 napandvw Asiroupyiec oAioBnong npaypartonoloUvTal O KABE HOVTEPVO

UNOAOYIOTIKO ouoTnua anod éva KUKAwWPa nou ovopaleral oAiodnTng (shifter) kai

u)\ononsiTso.Upcpwva ME Ta 60a €xeTe HABel 0TO AOYIKO ZXEO0IACUO.

y
3.5 NMNoAAanAaciaopog BN NPOCNHACHEV®OV APIOH®V

Av  npoonaBoucape oTO XapTi va noAAanAdocidooupe  dUO  HN
npoonuUacuevouc apibpouc Tou duadikoU cuoTnuaTtoc Oa dianioTwvape OTI 00a

EXOUME HaOBel yia To dekadikd ouoTnua spapuolovTal kal oto duadikd dueoa. To

napakatw oxnua Ocixvel Tov noAAanAaciacopyd Tou 11 pye 10 9 oTO dUADIKO

ouaTnua.
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1 0 1 1 (1110)
x 1 0 0 1 (910)
1 0 1 1
0O 0 0 ©O
0O 0 O oO
1 0 1 1 +
1 1 0 0 0 1 1 (9910)

MnopoUude va KAVOUPE OPICUEVEG MaApaTnpnoel Ye Bdon To napanavw
napadelypa. H npwtn €ival 0TI Adyw Tou duadikoU cuaTANAToC KABe gEeTalOPeEvVO
wneio Tou noAAanAaciacTr pnopei va é€xel TIG TIWEG 0 kal 1, pye anoTEAEoua Ta
avTioToIXxa MEPIKA YIVOUEVA NOU NMPOKUNTOUV YIa AUTEC TIG TIUEC €ival giTe O €iTe o
noAAanAaciaoTéog. ZUVeN®G n nponaideia oto duadikd ouoTnua Bev EXEl Kapia
a&ia. H deuTepn napatnpnon eivalr O6TI avaloya e Tn B£0n TOU d9\6u06u<00
wneiou Tou noAAanAaciacTn nou eival 1, To PeEPIKO YIVOUEVO nﬁpom)m& EXEI
TIUA TNV TIMA TOU NOAAAQNAQCIAOTEOU APIOTEPA OAIOBNUEVOU KATA [TOOEG BETEIC OON
gival kar n 6€on Tou wneiou. MNa napadsiypa To TE)\EUTG&I&‘DIK() YIVOUEVO EXEl
apibunTik Tig 1011000, nou npokUnTel and® Tnv I0TEPr] oAioBnon Tou
noAAanAaciacTéou katd 3 Ofoeic. H TeAeuraia napmﬁﬁon nou MMOpoUME vda
KAvoupe €ival OTI 0 noAAanAaciacuog duo HOGOTr']va TOV K KAl A duadikwv
Wneinv pgag odnyei o €va anoTEAEONa’ TWV.K +X"—1 duadikwv Yyneiwv.

\

O1 dUo npWTEC napam"]crslq gival 1kaveg yia va pag odnynoouv oTo
ouhnEpaocpa  OTI 0  NoAMINAQOIAOMOG OUo  Jduadikwv apiBuwv  Jnopei  va
npayuyaronoin®si e ’6ICI§OXIK§:C; npooBeoeic  kal  oAloBnoels. MapakdTw
neplypdgoupe g anAa:Bnuara’mn diadikacia noAAanAaciacpol Tou A = Qk-10k-2 ...
do ME TO B = Br1Br-2 Eo H nepiypapn Tng Auong evog npoBARNATOG HE anAd

Bnuarta OVORTGI a)\ydplepoc;.

BrAuad. ©¢foe 6=0 kai '= A kal AnoTéAeopa = 0.

BAa 2. »EEETaoe To duadikd wnepio Ps.

BrAua Eav eival 0 niyyaive oto Brua 5.

Brna 4. MpooBeoe 1o I oTo ANOTEAEOHA.

BApa 5. ©coe N = AploTepr OAioBnon kaTta pia 8€on Tou T

Brna 6. AUEnoe kaTtd 1 10 O.

BApa 7. Eivar & = A ; Av val TOTE 0 NOAAANAACIAONOC OAOKANPWONKE. Av OXI

nryaive oto Brijua 2.

AG NapakoAoOUBRHOOUUE TNV €KTEAECN Tou napandvw aAyopiBuou yia Tov

noAAanAaciaocuo A=4=100 pe To B=5=101 Bripa npog Bnua.
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Brjua nou ekteAeital | Tigeg Twv MeTaBAnTwv / MeyovoTa

1 0=0, N'=4, AnotéAeoua = 0

2 E€£Taon Tou Bo

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 Bi1

3 EkTéAEon Tou BrjyaToc 5

5 =16

6 0=0+1=2

7 ExkTéAeon Tou BrjuaTtog 2

2 EE£Taon Tou B2

3 EkTéAeon Tou BriuaTtoc 4 A
4 AnoTéleopya =4 + 16 = 20

5 r=32 4
6 0=0+1=3

7

MoAAanAaociaopog oAoKANpWBONKE

Uit

MoAAEG QOpEC €ival €vav aAyopiBuo avTi va TOV. neplypagoupe pe Adyia va

kataokeualoupe €va OIAypaAMMa yid TNV Aneikoviar) TOLf)Tq dlaypdauuarta autd
ovopdlovtal diaypauparta pong (flow charts). Zrxa=diaypdupata pong ouvnlwg
XpnoigonoloUvTal Ta €ERC OXNMATA : |

¢ To napaAAnAdypappo yia va opioel NpA&EIc Nou NpeEnel va yivouv

¢ O pouBog via va dei&el onyei 'cpohg/

¢ HéAMeawn via Tn or]paTopbm TAC'ApXNG Kal TOU TEAOUG €vOG diaypAupaToG
Ta napandvw oxnuara 0{V5éOVTGI METAEU TOuC Pe BEAN nou deixvouv Kal Tn Oslpd
ekTEAEONC (pon) Twv BnUaTwv TOUu aAyopiduou. Eva diaypaupa pong yia Tov nio

navw aAyopiBuo ival To AapakaTw :

N oo

5=0,
r=A,
. ATtrotéAeopa = 0

E—
I o Ox1#» AmotéAeopa = AtrotéAeopa + I

Oxi Nai

L]

I = ApioTepn oAicbnon ()
=5 +1

0

Nai

Téhog
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3.6 Alaipeon KN NPOCNHACHEVWV APIOH®OV

Me TpONo avTioTOIXO MKE AUTOV TOU nNoAAanAaciaopou, HNOPOUHE va
ek@paocoupe Tn dlaipeon dUO PN NPOCNUACUEVWY apIBUWV WE &vav aAyopibuo n
€va diaypappua pong nou Baciletal os O1a00XIKEG ENITUXEIC apaIPETEIG TOU OIAIPETN
ano Tov dlaIpeTED. YNOBETOVTAC OTI O JIAIPETEOC EXEI HNKOC K+A duadika wneia kai
0 d1aIpeTNG K duadika wneia, To NNAiko TNG diaIpEoEwe Ba £xel UKo A wngia Kai

TO unoAoino To NoAU k duadika yngia.

To OdIGypappa ponAc nou Mepiypd@el Tov dAyopiBpo Twv 31adoXIKWV

aQaipEcewy QaiveTal NapakaTw.

4

Apxf (
Yméhormmo = A
MnAiko =0

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

A

Ano Ta napandvw givarnpogaveg oTI £vag noAAanAaciacuog n Jia diaipeon
oTo duadikO OUCTNMA “€ival HIa ONUAVTIKA MEPICOOTEPO XpovoPopa diadikacia
OUYKPIVOPEVN HE AUTAV TNG apaipeonc / npoadeong, apol £vac noAAanAaciaopodcg
yla napade MNopei va anaitnoel €wg kai A npooBeoelg. MNa To okond auTo
OTOUC MPOCNUACNEVOUG OKEPAIOUG £xOouv enivonBei Tponol €mTAXUVONC TWV
d1adIKacinv 2UTd)V onwg 6a doUpe NapakdaTw.

3.7 &A‘an)\aoluopéq NPOCNHACHEVWYV ApIOu®V

Av npoonaBrnooupe va epapPocoupe TNV anAn PHEBodo Tou xapTioU yia Tov
noAAanAaciacud nNpoonuUacuevwy apiBuwy B8a doUpe OTI KATAANYOUHE o€ AdBoG
anoTteAéopaTa. AuTd ogeilovtal oTo yeyovog OTi O AapBdavoupe unoéwn pag To

NPOCNHO TWV HEPIKWV YIVOUEVWV,

Eotw OTI noAAanAacialoupe To A = +5 pe 10 B=-3 0g apiBuntikn

CUNNANPWHATOC WG NPo¢ 2. TOTE €XOUWE :
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1 1 0 1 (-325)
x 0 1 0 1 (+52)
1 1 0 1
0O 0 0 O
1 1 0 1
0O 0 0 o +
1 0 0 0 O 0 1 (-632) !N

Eival npogaveg 0TI To AdBog oTov napandvw NoAAanAaciacyo NpokaAsiTal ano To
yeyovOoc OTI evw To 1° kal 1o 3° pepikd yivopevo Ba €npene va sival apvnTikoi

apiBuoi gueic Touc Napayoupe we BETIKOUC.

AUon oTo npoBAnpa auTtd pnopei va emTeuxBei Pe Tnv sné;craon\)oor']pou
TWV apvnTIKOV apibpwv. Autd onuaivel OTI Kabe GpVI‘]TIK? EVTIEAO TOU
noAAanAaciacuoU €MNeKTEIVETAI WOTE AnNO TNV apxn va KataAapel '[{J)/CIUEVOUEVG
duadikG wneia Tou anoTeAéopaTtoc. Ta napddsiypa gTov  napanavw
noAAanAaciacud nou €xoupe anod 4 duadikd wneia ot K('JMTE)\O, avVauEVOULE
€va anoTéAeopa Twv 8 duadikwv Wwneiwv. Ff\opebwm, EMNEKTEIVOUPE TOV

noAAanAaciacTtéo os 8 duadikd wneia KAl NAipVOULE :

1 1 1 1 1/1.40%1 (-32s)
X 0.1 ® 1 (+5)
1 1 1 1 1.0 1

0 0 0 0 0 0

1 1 1710 1

0O 0 0. 0.0 +

1 171 °31,/0 0 0 1  (-152)

MpootETe &I TOOO OTa PEPIKA YIVOUEVA 000 Kal OTO TEAIKO ANOTEAECUA AyVOOUUE

Ta duadika wneia népa and To 8° viati €€apxnc yvwpilouhe TNV akpipeia
avonapdmao&ou 'ea anaiTtolos To anoTéAeoud. MapartnpeioTe eniong otnv
nepinTwon nou o NoAAANAAciaoThC €ival apvnTikKOG n €néKTacn npoonuou Ba
npokaAouaoe :Tn dnuIioupyia NOAAWV HEPIKWV YIVOUEVWVY dIAPOPETIKWV Tou 0, ME
anon’:)\som 0 noAAanAaciacpdc va xpelaletal NePIOCOTEPEC NPOCOECEIG Kal

OUVENWC va €ival akoua nio apyog anod Tnv npocBeon.

3.8 Meiwon Tou Xpovou Tou noAAanAaciacpouU — AAyopi6uol Booth

Eotw A o noAAanAaciaoTéog kal B o noAAanAaciaoTthg o€ pia npdgn
noAAanAaciacuou. EoTw Bk Br-1 Bx-2 ... Pr MIa g€ipd diadoxIKwv duadikwv Wwneiwv
Tou noAAanAaciacTn nou €ival 6Aa oto 1. AuTa Ta wneia dnuIoupyouv Ta HEPIKA

yIvVOpeva A* Bi * 2K, A* B * 251, A* By * 2%, Twv onoiwv n npocBeon pag

-53 -



KED®AAAIO 3 — AplQuntucéc Ipdéeic

diver A * 2A * (A 4 2xi-A 4 4+ 20), Mapatnpeiote OTI N NOCOTNTA EVTOG
napevBeoswe cival ion pe 2<M! — 1, H noodTnTa OMWC €VTOC TNC NApeVOECEWG
anaitei Tnv npdoBeon K-A HEPIKWV YIVOUEVWY, &V avTiBeta n 10odUvapn
noodTNTA anaiTei pia kair pgovn agaipeon OUO HEPIKWV YIVOUEVWYV. E@ooov os
OUPNANPWHA WC Npoc 2 n agaipeon kal n npdéoBeon anarrouv idio XPOVIKO
d1G0TNHA yia TNV UAOMOINGr TOUC COUMNEPAiIVOUMPE OTI N avTikataoraon duadikwv
gsipwV ano k-A doowv HeE BETIKA KAl dpvnTIKA MEPIKA YIvOPEVA €ival noAu nio

npocodo®opa OTAv To K-A gival JeyaAUTEpPO Tou 2.

H napandvw napatripnon npaydatonoindnke yia npwTtn @opd and Tov
AyyAo pabnuaTtikd6 Booth, o onoiog kai npoTeive TNV CIVTIKGT(']O‘I'GGI"/TOU
noAAanAaciaoTn HE Hia osipd Yn@iov TV onoiwv n TIPA pnop% 3 0, (+1)

ed popen. Ag
doUpe Nw¢ epapuoletal o aAyopiBuog Tou Booth oTov noAAanAaciacpo Tou A=5

kai (-1). H véa kwdikonoinuévn pop®pn ovopdaletal Booth rec

pMe To B = 55. ApoU To B = 0110111, o kKavovikoG noAAanAaciacuog 6a anairolos
TNV Napaywyn 5 HEPIKWV YIVOUEVWV Kal Tnv/npéoew’ﬁ TOUG ME 4 npa€eig
npocBeong yia Tnv napaywyn Tou TeAIKOU anotekeopatog. O Booth agou
dianioTwoe 611 B = 55 =64 - 16 + 8 - 1. ='(1000002) - (00100002) + (0001000)
- (0000001) npoteivel Tnv kwdikonoinon“B = (+1) 0 (-1) (+1) 0 0 (-1). O
noAAaNAaciaocuog TnG véac KwdIkenoin ME TO A xpeldleTal TNV napaywyn HJovo
4 UEPIKWV YIVOMEVWV Kal xp?)go loodUvapo e 3 npooBEoelg, OUVENWC €ival
ToUuAdxioTov katd 25% ypnyopoTeEPOC anod Tnv npwTtn NepinTwon. To OQpeAog
au&avel dpapaTika avd)\éya HELTO HEYEBOC TwV aAucidwv ano diadoxika duadika

yneia Tou noAAanAaciaoT.nou eivar oTo 1.

H uWnon @e UAIKO Tou aAyopiBuou Tou Booth anaitei Tnv €€€Ttaon Twv
WYneiwv Tou noAAdnAaciaoTtry and de&id npog Ta apiotepd. Kabe eEetaldpevo
wneio nou €ival 1 kal To nponyoupevo Tou 0 kwdikonoleiTal oav (-1), evw kabe
Wneio nou s.ivcn 0 kal To nponyoUuevo Tou 1 kwdikonoleital gav (+1). OAa Ta
uné)&n ‘qm(pia napapevouv oto 0. Enmiong unovoeital éva €ETpa wneio ico pe 0

oTa 0g€1d Tou NOAAANAQCIAoTH YIa TNV ApXIKoMnoinon Tou aAyopiBuou.

H npwTn auTn €pyacia Tou Booth Opwg €xel kal coBapd pelovekThnuarta. H
recoded pop®n Tou 2110 = 0101012 sivar n (+1)(-1)(+1)(-1)(+1)(-1) nou
dUOTUXWG anaiTel TN Napaywyn Kal Tn npoabeon NEPICTOTEPWYV HEPIKWDV YIVOUEVWV
and OTI n apxikn pop®n. MNa va AUosl auto To NpOBANPA, O KATOMIVR ToU €pyaacia
o Booth npoTeive Tnv avanapdoraocn Tou noAAanAaciacTr] PE HIa oIpd wn@iwv

TwV onoiwv n TINA ynopei va €ival 0, (+1), (+2), (-1) kar (-2). H Tpononoinuevn
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autry avanapdoTtacn npokunTel and Tnv €&€rtaon TnGg recoded pop@ry TOUu
noAAGNAQciacTh Kal TNV avrikataoraon &vog (eUyouc ynepimv TnG ME &va POovo
Wwneio TNG TEAIKNG Kwdikonoinong. AQoU To auéowC apioTEPOTEPO WN@io €XEl TN
dinAdaia BaputnTa, evyn (+1)(-1) kar (-1)(+1) Tng recoded pop@nc pnopouv va
avTikataotrabouv ano (+1) kar (-1) ornv TeAIKA Kwdikonoinon. XTo napanavw
napddeiyya n TeEAIKR pop®n Tou noAAanAaciaotn 6a eivar (+1)(+1)(+1) énou
kGBe ynoio £xel BapuTnTa 2%¢ KAl nou sival 1I00dUvapun and nAsupdc KabuoTEpnong
ME TNV ApXIKN. ZUVENWC 0 TEAIKOG aAyopiBuoc Tou Booth otn xeipdTepn nepinTwon
yevva Ta idla pepika yivopeva He Ta apxikd. Ta duvaTtd lelyn TV Yn@iowv Tng
recoded pOP®AG Kal Ol AVTIKATAOTACEIG TOUG OTNV TEAIKN Hopgpn divovTal oTov
napakdtw nivaka. Mapatnpeiote 0TI KABWG kABe Yneio oTnv recoded h(pﬁ EXEI
npo€ABel and Tnv €&€taon dUO YEITOVIKOV OUadik®wVv Yyneiwv ano(i’;xu}(r']q HOPPNG
TOU nMOAAAMAAOoIAOTr, MMAOPOUME va NAPOUME Tnv TeEXNIKN K onoinon Me
kaTteuBeiav avTikaTaoTaon TPIGdwV Twv apxXIKwVv Yyneiwv. Tou noAAanAaciacTn,

onou kabe Tp1ada €xel €va KoIvo Wwngpio PeE TNV sn(')Asvr].

Zelyog TeAIkn ApxIKG duadik@/wngia noAAanAaaciaaoTn
KwdIkonoinon ‘ﬂ
0 0 0 000 A 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

Eotw yia napddeiyga o noAAanAaciaotng B= 010101111102 =70210. H
€pappoyn TNG.APWTNG Kwdikonoinong 8a yag 90Ive :
\ © (+#1)(-1)(+1)(-1)(+1)0000(-1)0
kai n TeAikn kwdikonoinon 6a nTav
. (+1)(-1)(-1)00(-2)
Onou NAEOV kaBe yn@io BEoNG k €xel BapuTnTa 22¢ ) ye aAAa Adyia n napanavw
K(J.)5IKO%iI‘]0r] gival n ypagn Tou 702 ogav 1024-256-64-2.

3.9 MNpa&eig o apiOPoUGg KIVNTRAG unodiaoToAng

H apiBunTiki KIivnTAG unodiacToAng diagépel and auTtnv Twv apifuwv
oTaBeprc unodiacToANG OTo OTI NEPA ano Ta onuavTika pépn Oa npénel NAgov va
MMopoUNE va dlaxeIpIoTOUNE Kal TOUG €KOETEC TwV apiBuwyv. Mpiv Aoinov ano Kade

npoobeon / agaipeon, Ba npénel oTnv apiBUNTIKAR KIVNTAG unodlacToARG va
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eEaopaAioupe OTI ol ekBOETEC €ival iool. A¢ €€eTdooupPEe NWG PNOPEi va Yivel auTo

XWPIC va anoAECoUPE onuavTikd HEPOC TNC akpiBeiag avanapdoTaonc.

YnoBeoTe OTI €xoupe va npooBéooupe Toug apibpouc 0.11100 * 2° kal
0.01000 * 22, 6nou OdiaTiBevTal 6 duadika wneia yia To onUavTiKO WEPOC KABe
apibuou. Molov and Touc dUO €eKBETEC Mpenel va UIOBETNOOUUE WG €KBOETN Tou
anoTeAEOHATOGC ; AC UNoBEooule OTI UIOBETOUPE TOV PIKPOTEPO. TOTE HETATPEMOUNE
To 0.11100 * 2° diadoxika o 1.11000 * 24, 1.10000 * 23, 1.00000 * 22. To
anoTéAeopa TnG npa&ng eivar 1.01000 * 22. ZTnv avTiBeTn nepinTwon, av..dnAadn
uloBeTouoaue ToV PEYAAUTEPO WG EKOETN TOU anoTeAEopaTog, TOTE Ba eixaue OTI
0.01000 * 22 = 0.00100 * 23 = 0.00010 * 2% = 0.00001 * 25 kar To GI'IOTé)(EOpCI
Ba nTav 0.11101 * 25, Eival npopaveg 0TI n deuTepn YEBODOC gival i evdedelyUEvn
aeoU pac Oivel To OwaTO anoTEAECUd, KATI Mou nTav d)\)\wo%cu BewpnTiKa
avapevopevo, agol To va xabei éva wneio anod Tov NpwTo.apiOPo 8a €xel KOOTOG
akpiBelac TG TA&NG Tou 2° evw KATI avTioTolxo ano,Tov deUTEPO Ba €xel onUavTika
MIKpOTEpO kOOTOC akpifeiag. MapatnpeioTe snic{nq OTI QfT(J Tn diadikaoia TNng
npocBeong pnopei va anaitnBei véa diadikagia Kavovikonoinong n onoia kar autn

unopei va odnynoel o anwAegia akpipeiac.

MeTd Ta napandvw €ipaoTe Mum va OWOoOoUME Ta BAuaTa via TIg

d1adikacoieg NpoaBeanc / apaipeoncduo=apiOuwyV KIVNTAG unodiaoToANG.

¢ SUYKPIVOUUE TOUCG €KBETEC Twv 0UO apIBUWV WOTE vad BpoUhe Tov apiBud e
ToVv HeyaAUTEPO €KBETN.

¢ O ekBeTnGg Kkal TO ‘mpoONUO TOou anoTeAéopatog Ba eival o ekBETNG Tou
HEYAAUTEPOU €K TwV dUO ApIBUWV.

¢ O uIkpO G Twvz:0Uo apliBuwv oAloBaivel de&ld woTe 0 €KBETNG TOU va €ival
i00G ME TOV €KBETN TOU PeyaAUTeEpou. STnV ouadia n diagopd Twv U0 EKOETWV
pag . divel Tov aplBud Twv BEoewv oAioBnong.

o LiveTai n.npéoeeor] N N agaipeon TwV CNUAVTIKOV HEPWYV, A@OU MpwTa ano

¢ AxolouBei diadikaoia kavovikonoinong.

1 NPpOONUO-HETPO HETATPANOUV OE JOpPr CUMNANPWHATOC WG NPog 2.

To npwTo BAPaA TnNG napandvw diadikaoiag €ival autd nou pag €Enyei To Adyo
yla TOV 0noio €NIAEXBNKE N OUYKEKPIMEVN HopPn KwdIKonoinong oto npdTuno 754
Tng IEEE. Eival npogaveg 0TI N oUykpion dUo apiBuwv Jnopei va EEKIVIOEl auEoWG
XWpIic va XpelaleTal va EpUNVEUTE N TIMA Toug npiv. H ouykpion sniong xpeialeral
va ouveXIOTEl JOvo MEXP! va dlanioTwBei aviootTnTa ot €va duadiko Wwneio Twv

avanapacTacewy Twv OUo apiBuwv.
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O1 npd&eic Tou noAAanAaciagpoU kai TnG 81aipeaong GToug apliBpouc KIvnNTNG
unodiacToAng dieEayovTal Pe avTioToixa Bruara. Av kal oTiG npdageig auTég dev
anaiteitar To BAPA TNG OUYKPIONG TwWV €KBETWYV, anaiTeitar npdén PeTa&u Twv
€EKOETWV Yyia Tov KaBopIiopgo Tou €KOETN TOUu anoTeAéouartoc. Ta BRPaTta nou
akoAouBouvTal givai :
¢ To npdéonuo Tou anoTeEAEOHATOC €ival N AOYIKR ouvdapTnon GanoKAEIOTIKAG
01aCeUENC METAEU TwV NPOCHNWY TWV OUO EVTEAWV.

¢ O npoowpivog €KBETNG TOU ANOTEAEOWATOG MPOKUNTEl YId TOV MEV
noAAanAaciacpd and Tnv npocBeon, yia Tn d€ diaipeon anod TNV agaipeon Twv
EKBETWV TWV dUO EVTEAWV. ’

¢ To npoowpivd oOnNUAavTtikd MPEPOC TOU AMOTEAECHATOC I'IpOK}"QTI ano  Tov
noAAanAaciacpd n Tnv d1Aipeon TwV ONPAVTIKWOV HEPWV/TWV dU0 EVTEAWV.

¢+ H diadikacia kavovikonoinong 6a pag dwaoel Tov TEAIKO €kOETN Kal To TEAIKO

ONMAavTIKO MEPOC TOU AanOTEAEOUATOC. P

3.10 ZuvOeTeg MNpa&eig )

O1 unoAoINeg paBONUATIKEG OUVAPTRAOEIC O €va UMOAOYIOTIKO CUOTNUA
uAonoloUvTal Je aAyopiBuouc no nolponoiouV TG Bacikeg NPAgelG. MpooegTe OTI
kGOe véa ouvapTnon nou (p}dxme WROpPEl YETENEITA va XpnoigonoinBei yia Tnv

uAonoinon akoun nio NOAURAOK®Y CUVAPTHOEWV.

MNa napadsiypa qu&evéq aAyopiBuou nou avnkel otov EpatocBevn, n pida
€VOG aplBuoU pnopei va npooeyyloTei and Tov apiBud enTuXxwv apaipeEsEwV
01adoXIKWV neﬁ(bv apiBuwv. MNa napddeiypa yia 1o 25 6a &xw :

25-1=24,24-3=21,21-5=16,16-7=9,9-9=0
Kal yia:7o 16 6a exw :
y. 16 -1=15,15-3=12,12-5=7,7-7=0
dnAadn5 emiTuxeiG apaipéoelg yia To 25 kai 4 yia 1o 16.

MoAAEG anod TIC NOAUNMAOKEC OUVAPTNOEIC NMOU BEAOUUE vad KATAOKEUAOOUUE
pgnopoUV va yivouv noAU ypriyopa avadpopikd. Ac¢ unoBeooupe OTI BEAoupe va
PTIGEOUNE Pia ouvapTnon Nou va pac unodeikvUEl av €vag apiBuog sival npwTog i
oxl. Na Tnv eniAuon autoU dpkei va €EeTdow TaA unoAoina Tng dlaipeong Tou
apiBuou pe kKabe npwTo aApIBPd £€wg TN pila Tou apiBuol Kal CUVEN®G £d® HNOPW
va Kavw &va Bnua avadpounc. MNa napadsiypa yia va Bpw av 1o 43623 e€ival

npwWTOC apIiBPOc 6a npenel va eAéyE&w Ta unoAoina TngG OlAiPECNG TOU ME TOUG
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NPWTOUG apiBuoug nou @Tavouv pEXpl To 208. H Aoinov Ba npénel va kavw 208
dlaip€delc nou e€ival pdAAov acUPgopo, 1 vad €vToniow HOVO TOUG MPWTOUC
apiBpouc pexpl To 208. TMa va €&etdow av €vag apiBuoc and Touc 208 cival
NPWTOC MNopw KAl NaAl va epapuocw Tnv idia Aoyikn kKok. Mpopavwg yia va Bpw
TN pifa Tou apiBuoU Pnopw va Xpnoidonoinow Tnv JeBodoAoyia TNG NponyoUHEevNG

napaypagou.
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Baoikég NeiToupyikéG Movadeg

X
\
A
Zkond¢ Tou KegpaAdiou auTou €ival va KaTavor|oOUHE TOV Tp)c')no ME TOV
ornoio AsiToupyoUv oI BACIKEG AEITOUPYIKEC HOVADEC TOU TEAOU apTNPIOV
OUCTAMATOG, ONWC TO MEPIYPAYAUE OTO NPWTO- KEPAAAlo. ©Oa EekIVAOOUME
MEAETOVTAC MPWTA Tn Movada HVAMNG Tou OUOTI"]LJCIT(')a gag kair kartoniv Tnv
KEVTPIKN Movada enegepyaciac. Oa a(pr']otps T’V neplypagpr] Tou OUOTHAHATOG

€10000U / €EOJ0U YId ENOUEVO KEPAAQIOX

4.1 ZUoThHa HVAHNG Q ‘)

Onwc eidapye aTo ofegpd alo 2, OAec oI avanapacTacelc apiBuwv,
XAPAKTNPWV, EIKOVAG , NXOU KAN gTOV UMOAOYIOTH, KATAANyouv va €ival pia osipd
and duadika yneia. To cUCTAPA PVARNG €ival ekeivo To oUOTNKA MOU WMOPEl va
anobnkelel autd Ta OuadIkA Wn@eia KAl COUVENWG KAl TNV nNAnpogopia nou
avTinpoowneUouv. MNa Tnv anobnkeuon evog duadikoU yngiou uneubuvn €ival n
KUWeAida uvﬁprﬁgmory cell) n onoia €ivalr pia oToixelwdng NoodTNTA UAIKOU
nou pnopei va Bpioketal oc dUO BIAPOPETIKEG KATAOTACEIC. [a napadsiypya €vag
d1akoNTNC pmopei va Bpebei o dUO KATAOTACEIC AVOIKTOC I KAEIOTOG. ZUVENWG
p'nopoﬂjus/\“/a Bewpnooupe OTI auTtdC HMopei va nai&el 1o poAo TNG KuweAidag

MVAMNG.

Kata tn didpkeia {wng Twv unoAoyioTwv didgopa ATav Ta UAIka Ta onoia
xpnoigonoindnkav oav KUWEeAIdeC PvAUNG. AIOKONTEC, nupnveg oidrnpou pe dUO
(POPEC MAyYVNTIONG, QUOAAiIdEG Ye piviopyaTa oidrpou €ival hepikd yovo ano Ta €idn
KUWEAIDWVY HVAMNG nou €&xouv XpnoigonoinBei. XTa onuepIVa UMNOAOYIOTIKA
OUOTNHATA XPNOIYONoIoUVTAl HOVO KUWEAIOEC WVAMNG Ol OMOIEC @TIAXVOVTAl HE

nuIaywyoucg (semiconductors), yia Tnv KUpia gviun.
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XpnaoigonolwvTag noAAd avriypaga Tng KUWEeAIdag PvnuNG €ival npopaveg
OTI PTIAXVOVTAl NOCOTNTEC KUVAKNG IKAVEG va anoBnkeloouv bytes r noAAanAdoid
Tou. Eival npo@avég eniong OTI 600 PIKPOTEPN €ival Yia KUWEAIda Pvnung, T600 Kal
Ta noAAanAdoid Tncg nou duvavTtal va anobnkeUoouv Mia oTaBepry noocoTnTa
nAnpogopiac Ba KATEXOoUV Kal MIKPOTEPO Xwpo. Evac npwto¢ okondg Tou
OUCTAMATOG MVAMNG €ival va Odivel oTtov XpnoTtn / MNpoypauuaTioTRy €napkn
XwpnNTIKOTNTA anobnkeuong. AsUTeEpoC oTOXOC €ival autd va enmTuyXaverar oTov

€AAxI0TO duvaTod XWPOo Kal PHE To eAAXIOTO duvaTo KOOTOG.

AG unoBgooupe Aoindv OTI avanapioToUHe Tov dIaBE0INo XWPO AVAKNG EVOC
guoThuaTtoc oav  €va diodiacTtato nivaka. H pia  diaotagn Tou M\’/GKG
avTikaTonTpilel To Noad NAnpogopiag nou diaxelpileTal €va UNOAO lb"oomr]pa
ava Xpoviko KUkAo. Ma napddsiyya €va unoAoyioTiKO OUO‘FHUG%T&GBéTSI £va
abpoioty 8 Jduadikwv wneiwv, 6a napdayel €va anoTEAEopa Twv 8 Juadikwv
Wneiwv Kal ouvenws autd Ba npenel va anodnkeUosl oTn YVAMN TOU. 3TN YEVIKN
nepinTwon KkKAabe unoAoyloTIKO ocuoTnua uno{si va oﬁlaxapiCaTal nocoTNTa
nAnpogopiag evog byte n noAAanAaciwv /Tou(ouvABwg 4 1 8 byte yia Ta
unoAoyloTikd guothpaTa Tou 2001). Tnv,nogoTnTad auth Ba Tnv ovopaloupe A€&En
(word). H aAAn didoTaon Tou nivaka pdg. 0a sival o apiBuoc Twv diabEoipwyv
J1aPOPETIKWYV AEEEWV Mou pag Oivel guoTnua PVNUNG MAacg kKal nou Quoika
kaBopilel kal To hEyebog NG pv/r{ng TOW OUCTANATOC pac. MNa éva cuoTnua VARG
Twv 32 duadikwv Wneiovikal"AEEswv Tou evoc byte o nivakag autdc 6a nrTav

Kanwc £rol :

AEEN 1

NEEN 2

AEEN 3

NEEN 4

Eofw OTI@ENaPE va ekTENECOUNE TV NpdEn (A+B) * (C-D) 6nou A=5, B=3, C=2
Kal &

'H npooBeon Twv A kal B 8a pag €dive To €vdIAUECO anoTEAeopa 8, To
onoio NpoPavwc KAnou NpeEnel va anodnkeuTei yia va xpnoigonoindei apyoTtepa. H
anoBrikeuon auToU TOU ANOTEAEONATOC NPOPAVW®G UNOPEI va Yivel Je Tuxaio Tpono
oe kdanoia and TIC O£0€IC TNG MVAMNG MAc. Ac umnoBgooupe Aoindv OTI Tuxaia

enIAéyeTal n AEEN 3 Kal CUVEN®G N MVAMN HAG anokTd Tnv €ENG kaTaoTaon.

AEEN 1
NEEN 2
ANeEn3 |0 ] 0O|J0O]0O0O]1]0]0]O
NEEN 4
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AUCTUXWC TO €nOPevo evdlapeco anoTéleopa (C - D = 1) pnopei Kalr autdo Aoyw
TOU Tuxaiou TpoOnou va eniAéEel Tnv anobnkeuor Tou oTnv idla A£En, pe
anoTé\eopa va xabei n Ndn anoBnkeupevn ekei NANPoOPOPiId. ZUVEN®G, O TUXAiOG
Tpoénog Oe pmnopei va akoAoubnBei kar Ba npénel va undpxel €vag TpoOnog
dlaxwplopoU Twv B€oewyv PVAPNG. O TpONog auToc eival va dwooUNE O KABE AEEN
TNG MVAMNG Hia dieuBuvon (address). 1o napddelyyd pag undapyouv 4
OlaPOPETIKEG AEEEIC KAl OUVENWCG Ba €XOUME KAl 4 JIAQOPETIKEG dleubuvoelc. EoTw
OTI ENIAEYOUHE AUTEG ol 4 dleuBuvaoelg va avanapactabouv pe duadiko Tpono. Etol

0 VEO0G I0EATOG Nivakag nou npokUnTel ivail :

AieBuvaon \
00 v
AlgvBuvon )
01

AieBuvan 0 ojo|O0O|1|0|0|O

10 \-L
Algvbuvon
11 A

L a

Eivalr nAéov unoxpewon Tou kdaBe &va ntﬁ £XEl KAnola ouvaAiayr HE TO

ouoTnua PVAMNG va opilel kar Tn dIEUBUVON TNG.AEENG yia auTr Tn ouvaAAayn. Ol

néavég ouvaAAayeg sival :

¢ Eyypagn orn pviun (Me @ wr . 2TNn NePINTWON auTr NapeExovTal aTn
HVAMN TOGO N 6|£L'Jeuv0r],ﬁr]v onoia 6a ypa@Tei n nAnpogopia 6o kai n idia n
nAnpogopia. 4

¢ Avayvwon ano.n pviun (Memory Read). ZTn NepinTwon auTtn NapeEXeTal
oTn pvARN N dielBuvon TNE anaimroUPEVNS NANPOPOPIAc KAl auTr anavTd e TNV
nANPogopid Nou €ival anobnKeUPEVN EKE.

Kai o1 duo ‘au ou?/q)\)\ayéq ovopadgovTtalr npooneAdcelg TnG PvAUNG (memory

accesses).

@

Mrwpofms NAE0OV va OAOKANPWOOUME TO NAPAnAavw napadelyyd pac. MoAIg
ohokAnpwBei n diadikacia napaywyng kar Tou OeUTEpou  evDIAGUEGOU
anoTeEAEOPATOG, AUTO anoBnkeUETal 0 KAnoid AAAn B€on pvnung. Eival npopavwg
€UBUvn auToU nou OTEAVEI TNV aiTnON €yypagnc oTn WVAMN, va yvwpilel 0TI ndn
kanoia AaAAn B€on PVNUNG €XEl €va anoTéEAeoua nou Ba XpelaoTei oTo HEAAOV. EoTw

OTI Aoinov OTI To JeUTepOo €vdIAueETo anoTEAeoua anobnkeveral orn dieubuvon 1

Kal OUVEN®G 0 Nivakag TG MVAMNG Hag €XEl TV €ENG Hop@n :
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AlevBuvon
00
Aigtbuvon | O (O | O | O|O0O|O0O]| 0|1
01
AielBuvaon 0 0| O 0 1 Oo|l0/|O0
10
AlevBuvon
11

Mpiv TNV eNITUXf EKTEAECN Tou noAAanAaciacuou anaiTeital n avakinon Tov. dUo
evTéAwvV, N Me GAAa Aoyia d1adikacgieg avayvwong Twv AEEEWV OTIG 6|£U60vcy|q 1
kal 2. Mpoo&Ete 0TI n diadikaoia avayvwong dev KaTAoTPEPEI TA 5850U%I'IOU non
unapyouv oTn Pvnun. Ta dedopéva autd Ba ouvexioouv va URApXouv Kdl HETA TNV
avayvwaor TouG. To anoTEAECHA Tou NMOAAANAAcIaopou, €vOeEXOMEVA VA XPEIACTEI
va anoBnkeuTei kal naAl oTn PvAun. Av Ta nponyou anoTteAéopata O€
xpelagovral unopei va eniAeyei kanmoila and TIGCAdN xpnolidonoinbeiceg BEaeig
MVAUNG. ZTNV avTiBeTn nepinTwon 8a npénel va eMAEYEi aﬁs n 8€on 0 ite n Béon
3. AG unoBeooupuE OTI eMIAEyeTal N B€on 3, ONOTE WETA {rr]v EKTEAEON TOU NIO NAVW

unoAoyiopoU n KaTaoTaon nou Ba eNIKPATE .OTn. VAN pag Ba sival :

AlevBuvon
00 w

NigeBuvons| 0 | O/ 0O | OO 0|01
01

AleuBbuvon 0 0 0 0 1 0 0 0
10

AlevBuvon 0 o|jojo0o|]1|0]|]0O0|O
11

®
>T0 (hpande napadsiyya Oewpnoape OTI kABe noocoTNTA Mou
anoenksooups gival ion pe TN NogdTNTA NOU PaAC NAPEXETAl 0 KABE B€on YvnUNG.
AUTn eivai mo anAouaoTeupévn undbeon. E@ocov xpeldleral va Oiaxeipi{OPaaoTe
no)\&vé)\ouq apiBuouc, n NoodTNTA NOU UNOPEi va XpelaoTei va anoBnkeUooupe
Mnopei va eival noAAanAdoia Tng xwpenTiIkOTNTAG TNG kaBe B€ong uvAuNng. MNa Tnv
anoBnkeuon TETOIWV MNOCOTATWY  XPNOIMOMOIOUNE TMEPICOOTEPEG TNG  MIAG
OUVEXOUEVEG B£0<IG PvnunG. Eival Bguimtd va pnopoUpe va autouaTonoloUUe TNV
avakAnon autTwv TwV NOCOTATWY ano Tn YvnAun napdyovrtag povo pia digubuvan.

QoTtdoo, avakunTouv diapopa npoBAnuaTa :

¢ [wcg oxeTileTal n dielBuvon anobrnkKeuong YE TNV AvandpioTAPevn nooodTnTa ;

>TO €pwTAMA auTto €xouv OieBvwg akohoubnBei dUo npooeyyiosic. H
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npocogyyion Tou big-endian Bswpsei 6TI oTN PIKPOTEPN diUBUVON ano TIG OETEIC
nou kataAauBdavel pia nocoTnTa anobnkeUeTal TO MNIO ONUAVTIKO KOWMATI TNG.
Ta unoAoina AlYyOTEPO ONUAVTIKA KOMMATIA anoBnkelovTtdl ot O1ad0XIKEG
uwnAoTeEpEG O1euBUvVOoselC. Ma napadelypa €0Tw OTI €XW va anobnkelow Tnv 32
bit nogoTnTa F2341088H oc pia pvnun nou kdbe Tng B€on anobnkelel eva byte.
Av Bewpriooupe 0TI n anoBrkeuon &ekivaye anod Tn 8&on pvnung 33FEx TOTE o€

pia big-endian pnxavn 68a ixape Tov €ENG nivaka anobnkeuong :

Ai1glBuvon Agdopévo
33FEx 11110010 (F2u)
33FFn 00110100 (34+) N\
3400k 00010000 (10r) -
34014 10001000 (88k) PN 4

O1 onadoi Tou little-endian npoTeivouv Tnv anobnkeuon, TwWV NOCOTATWV
£€T01 WOTE n WIKPOTEPN OlelBuvan va anoBnkeuvel TW()TEDO onNMUavTIko
KOUMATI TNC MOCOTNTAC KAl Ta OladoXIKQC Mo ONUAvTIKa KopudTia o€
au&ouoec dieublvoeic. H napandvw noadTnTa ouvsnmq B8a anobnkeuoTav o€
Mia little - endian unxavr oTig idieg GF'_'O'EIC’JVY']LIF]Q oUuPwva pPe Tov €EAG

nivaka :

Ai1glOuv Agdopévo
33FEn 10001000 (88k)
33FF4 00010000 (10H)

34004 00110100 (34+)
3401y 11110010 (F2u)
-

>Tnv npd&n dev. undpxel onUavTikO MAEOVEKTNMA TNG HMIAC and Tnv AaAAn peBodo

anoer']Ksuor]q\ ®

¢

EnirpéneTal dedopéva diapopeTikoU WAKOUC va anobnkevovTdl oc KABe B£on
pvﬁpn?r']‘snlﬁd)\)\sml kdanolo¢ kavovag yia Tn napdartaén Toug (alignment) ; 3¢
évaroloTnua Tou ornoiou kdBe Bfon pvAPNG amobnkevel 8 duadika yneia
MMopoUle va €niBAAAOUME JIAGQOPOUG KAVOVEG OTOIXIONC TWV JEDOUEVWV MOU
anairoUv neploooTeEpa ano 8 duadika wneia anobrkeuonc. MNa napddsiyya 6a
unopouoape va enifaAAoupe OTI dgdopéva Twv 16 duadikwv wn@iwv
anobnkevovTal kaTtad little-endian navrta €101 wWoTe To AIlYOTEPO ONUAVTIKO byte
va anoBnkeuTei og B€on PvAUNG YE apTia dielBuvon. TNV Npdén Ta cuoTANAaTa
nou eniBadAlouv kavoveg alignment npoogepouv kKaAUTEpeG OuvaTOTNTEG

anoo@aApdTwong.
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4.1.1 Karnyopiotroinon twv uvnuwy

O1 d1aB£aiueg oTnVv ayopd PovAdeG PMVAKNG YnopoUv va XwPIioTouv avaAoya
ME TO UAIKO and To onoio €ival QTIQYMEVEG, ME Ta €idn NPOCNEAATEWY MOU
EMITPENOUV, HE TO TPOMO nNOU YiveTal n npoonéAacn, MeE Tnv TaxuTnTa
npoonéAaong, Tov XpOVo MpoonéAacnc KAM. =Ta napakdTtw YIVETAl pia ypryopn

avagopd oTig dIAPOopPEG KATNYOPIONOIATEIG.

Avaloya pe TO UAIKO mou eival QTIaydEVEG ol PvAPeS diaxwpilovTal o€
NUIAYWYIKEG KAl JayvnTikeS. Kupla diapopd autwv Twv dUO0 KAaTnNyopIwv, gival OTI
Ol NUIAYWYIKEG UVAHUEC NPOOPEPOUV ToV idI0 akpIBwWG XPOvVo yia Tnv-fipooneAaaon
onolaocdnnoTe ALENG £xel anoBnKeuTel o€ AuTEC. MNa Tov AOYyo auTo. Ol PVAHEG AUTEG
ovopadlovtal Kkal MVAMEG Tuxaiac npoonehacng. And Tnv a% n&ﬂ
HayvnTIKEG HVAMEG O XpOVOC npoonéAaoncg eEaptaTal and tAv dlelBuvon TNG AEENG

MouU MPOCNEAACTNKE OTOV MPOoNYOUHEVO KUKAO. MOAAEG GHWTéq TIG MVNHEG €ival

pa oTIg

ocIpIakEG, dnAadn yia va npooneAAaoTEi N n)\r]pocpgpia oTn A€EN k Ba npenel npwTa
va npooneAacTouv OAEG ol NANPOYPOpiES OTIC BECEIC-0 éwqﬁ—l. KUpio nAgovekTnua
TWV NHIGYWYIKWV HVNHOV €ival N TaxutnTa Apoonekacng (o Xxpovog ano Tn OTIYHN
nou divoupe pia dIeUBuvan TN KVAKN HEXPI'TO XPOVO NMou auTn Hag Exel d1aBEaiun
TNV NAnpogopia autng TnG B€ong) nou eivalr Ing Ta&ng Twv ns. Kupio nAgoveEKTNHA
TWV HAyvNTIKOV PVNHOV sivcn/Tz foA HNAO KOOTOG TOUC, MOU CUVeENAyeTal Tn
duvaTtoTNTa KATAOKEUNG K@l EMMAOPIKNG O1a8song HPVAUWV  MNOAU  PEYAANG

A

XwpnTIKOTATAC.

Ol NUIaYWYIKEC PVNUES dlaxwpilovTal avaAoya YE TO av €MITpENOUV n oOxl
NPooneAAosIG gyypaPpnc o Mvrnueg Avayvwonc Movo (Read Only Memories -
ROMs) kai Qﬁ\/ﬁusqﬂvdvaonq/ Eyypaoric (RAMs). OI yvnuUeG avayvwong povo
€niong ynopouv va xwploToUVv 0€ NOAANEC UNOKATNYOPIEG :
¢ PROMs (.Programmable ROMs) : 0 npoypappaTioNOG TWV MNEPIEXOUEVWV TNG

yiveTal yovo pia popd oTo €pyooTACIO KATAOKEUNG TOUG.

. Fli&Ms (Erasable PPOMs) : Ta nepiexdpeva Toug pnopouv va ofnoTtouv e
TNV €kBeon Twv OAOKANPpWHEVWV 0t akTivoBoAia UV kar katémiv va
npoypapparioTouyv.

¢ EEPROMs (Electrically Erasable PPOMs) : Ta nepiexohevd Toug opfrivovTadl HE
TNV €Qapuoyn NAEKTPIK®OV TACEWV MEPAV TWV cuVNBIOUEVWY AEIToupyidag.

¢ Flash : Ta nepiexdpeva Touc pnopouv va oBfnoToUv Kadl va NpoypaupaTioTouv
Eava pe kavovikGd duvapika Aeitoupyiac. Eniong emTpénouv va ofnoTtouv

EMIAEYHEVEC JIEUBUVOEIG MVHNG HOVO.
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O1 MPVAMEG avayvwong MOvo ouvhBwg npoo@gepouv Tn OuvatotTnTad va pnv
ennpedlovTal Ta 0ed0OMEVA TOUG AKOWA KAl av TO OAOKANPWHEVO PVAMNG NAYWE! va
TpogodoTeiTal pye peupa (non volatile memories). MN' autd kar xpnoigonoloUvTal
OTd ONMUEPIVA UMNOAOYIOTIKG OUCTAMATA Yia TNV anoBrnkeuon nANpo@opimv Mou
xpeiadovTal KaTta TNV €KKivnon Tou unoAoyloTikoU cuoTtnuaTtog (bootstrap code).
AvTiBeta o1 RAMs xdavouv Ta Oedopéva Touc anoucia Tpogodoaoiag (volatile
memories). O1 RAMs eniong diaxwpidovTal nNepaiTépw oc oTaTikeG (SRAM) kai
duvapikéc (DRAM). O d1axwpIoPOC auTOC EYKEITAl OTO av Nepiodika xpelaleral yia
avaveéwan TwV MEPIEXOMEVWV TNG MVAMNG N Oxl. H kartaokeun Twv OUVAPIKWV
MVNHV oTnpileTal o€  MIKPOOKOMIKOUG NUKVWTEG. H napouadia gopTiou n OxI o€
auTtoUg kaBopilel Kal To anoBnkeupevo duadiko wneio. AOyw psuﬂc’nmhlappor']q
TO @opTio auTO €EacBevei pe TNV NAPOBO TOU XPOVOU OLLOUVAMIKEG WVAHEG
anarrolv ava TakTa XPovika JdlacThuaTa TNV avaveéwarn auTou. .Tou (opTiou
(memory refresh). O1 oTaTikég pvnueg €ival onpepa (2001) nepinou 200% nio

YPNYOPES ano TIG QUVANIKEG, dAAG TauToxXpova nsp/iqou To i010 akpIBOTEPEG.

MNépa and TIC WVNUEG OTIC OMNOIEC O MPOCHEXACEIC yivovTal BAcel Twv
OleuBUvoewy, uNapxouv €niong MVAMEG :OTIC on(ﬁq n npoonéAaon yiverar Baoel
TwV dedopEVwY Toug. O1 PUVAMNEC auTéG ovopalovTal PVRUEG NpooneAAcIPES BACEl
TOU NEPIEXOMEVOU TOUG (Conterﬁrew Memories - CAMs). OI PVAMNEG AUTEG

Bpiokouv epappoyn Jovo crs)p)\ IkQU okomnoU UMOAOYIOTIKA ouoThuaTa.

4

4.1.2 lepapyia Mviung

Onwc €idape n;?ande, otnv ayopd diaTiBevrar pia  nAnBwpa
6I0(p0p€TIKd.)VQT(']§F‘Q)V MVAMNG. KaBe pia and auTeég npoopépel dIapOpPETIKA
XApaKTNPIOoTIKG HEeYEBOUC, XpOvVoU MpoonéAacng Kal TIUAG ava anoBnkeudpevo

duadIiko wnio. MaTi dpaye va undpyxouv OAEG aAuTEG Ol JIAPOPETIKEG dIaTAEEIG

. . @
Hvipng A

y

H andvTnon oTo epWTNUA auTo npokUunTel and dIAPopeC NApATNPNOEICG :
¢ H npoonélaon TNG YvNUNG €ival pyia ano TiIc NA€ov OUVABEIC AEITOUPYIEC O €va
unoAoyioTikO ouoTtnua. Mapartnpeiote oto napddelyya Tou UMNoAoYIOHOU Mou
dwoahe nio ndvw, OTI yia 3 anAég npageig xpeidornkav 5 ouvoAika
NPOONEAACEIC TNG PVAMUNG. ZUVENW®G av BEAOUME €va oUOTNPA NOU VA EKTEAEI
YPAYOPa TOUC UMOAOYIOMOUG Hac MpEnel ol MPoOneAdosIC TNG MVAMNG va
yivovTal eniong ypnyopa.

¢ O1 unapxouoEeG Nio YPNYOPES MVAMEG €ival TAUTOXpOVA Kdl Ol Mo aKpIBEG.
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¢ 000 peyalwvel To péyebog piag Pvnung 16oo nio apyn yiverar. (Mia eAAINAG
€€nynon yia auTti Tn napartnpnon eivar oTl Pia PeyaAUTeEpn PvAWn Ba Exel
NnePICOOTEPEC  YPAUUEC OleubUvoswv KAl OUVENWC Oa XpelaoTei  €vag
MEYAAUTEPOG AanonAEKTNG yia TNV €niAoyn TNG nToUPevnG AEENG YVAMNG. MOAU
nio nAnpn €€nynon 6a ogac dwoouv Ta padnuara Texvoloyiag VLSI).

O1 napandvw napaTnpnoei Kavouv nNpo@aveg oTi ivar aduvaTto va neTuXw PE Hia

pHovo d1aTa&n MPvNUNG, HeyaAo HEyeBoG, HMeydAn TaxuTnTa Kal HIKPO KOOTOG

TauToxpova.

To endpuevo epWTNUA Nou Ba NPENEl va anavTrnoouue €ival nwg.8a npenel va
EKUETAAAEUT® OAEC AQUTEG TIG JIAPOPETIKEC TEXVOAOYIEC WVNAMUNG WOTE va q?ﬁdﬁw
€va ouaTnua nou va npooesyyilel Toug napanavw oToxous. H apavT r]xros auTo
To epwTnua BacileTal o dUO NAPATNPNOEIC MOU £XOUV YiVE YIKQHQOOHS)\({IOHC
MVAMNG :
¢ OI npooneAdceig yvnUNg napouacialouv TonikOTNTA OTO XPpOvo. Me GAAa Aoyia

av Tn XPOVIKN OTIyun T npooneAaUveTal n )féE,r] ME qef)euvon O eival noAu
nieavo Tn XPOVIKA OTIYUA T+K va npooneAacTei-ek/véou n idia dievBuvon. To
yiaTi €ival npo@avég and To napddslyud unoAoyiopoU nou dwoape aTnv apxn
Tou Ke@ahaiou. Ta €vOIGUeETa aAnNOTEAEGPATA NoU anodnkeUTNKav oTn PVAUN
XPEIAOTNKAV ANECWG META Yia TRV O NPWGCN TOu UnoAoyiouou.
¢ O NpooneAAceIg PvANNG nﬁéouoldCevUv TOMIKOTNTA OTO XWPO. AV Tn XPOVIKN
OTIYHR T npooneAauveTdl N AEEN We dielBuvon O ival NoAU miBavd Tn XPOVIKH
OTIYHN T+K va npooneAaocTeiln’AEN pe dieuBuvon O £ k. H 1310TNTA AuTH) IOXUEI
AOYW TNG OEIPIAKNGREKTEAEONG TWV MPOYyPAuudTwV aAAd kai TnG avaykng
dlapoipaonc.NnocoTATWY PEYAAUTEPWY TNG HIAG AEENG g€ dIadoxIKEG AEEEIC.
AN\
O1 napandvw OUo 1016TNTEG ANOTEAECAV TO €vAUONd YId VA UAOMOINOCOUKE TO
ouoTAEAa YVAMUNG oav Jia iepapyia diata&ewv pvAung. Ma va yiver nio karavonTh n
|£pa§|ﬂuvﬁﬁnq ag eioayoupe dUO ogvapia yia éva cluoTnua YvhAPNnG nou ¢gaivovTral

aTo n KATw oxnua :
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Méyebog = IMB
TayvmTa TpocTédacng =
100 ns
Kootog / Bit = 10 Apy,

Meéyebog = 8 KBytes

Taydtnto Tpocméracns =
10 ns
Kéotog / Bit = 107 Apy
y
Xevaplo A Xevapo B /\
e \“
3To Ogvapio A n MUVAMN Mag anoteAeital and pia povo 5dta€n. 3T1o OeUTEPO

oevapio n PVAPN pag anoTteAeital and 2 d1aTagelg, yia PIKpn yprnyopn HVAMN Kai
dia apyr YEyAaAn pvnun. To kKOoToC ava duadikd wnoeio ylaudmﬁn kKabwg Kkal
ol XpOvol MpoonéAacng ¢aivovral oTo oxnua. (ﬁ%oé&s OTI Kal ol duo AUGCEIg
odnyouv o€ nepinou id10 KOOTOG. H epapuoyn-Tou OeUTEPOU Oevapiou eniBAAel OTI
kdOe npoomnéAaon PVANNG avakolvWVEeTal KQ OTIC OUO MVAMEG. AV N HIKPR HVAMN
gxel TN {nToUuevn nAnpo@opia TOTE ancﬁT' o ns kal NA€ov nMpoonéAacn Tng
MEYAANG PVAMNG Oev anaiTeital. XTnv @(ﬂ] nou n MIKpR MVAPN Ogv NEPIEXEI
TN {nToUuevn nAnpogopia, a OVO n WeyaAn pvApn perd@ and 200 ns.
TauToxpova n HIKpen uvr']pﬁr\loen gUel &va avTiypago TnG nAnpo@opiag nou Tng
EAEINE aAAa kal Twv ysnﬁ/u( Tng,élsueovcswv Yla va €KPETAAAEUTEI OTO AUEDO
MEAAOV npoonéAacn.Tng idiac i KovTivig dielbuvong. YNoBEaTe OTI 0 XPOVOG Nou
anaiTeital yia Tnv vnUEPWON TNG MIKPAG MVAUNG €ival 40 ns kal TEAog OTI ol dUo
1010TNTEG TO ()Tr]Taq.Tcov ava@opwv 1oxUuouv oto 80% TwWV MPOCNEAGCEWY. AV
unoBéooupe 1000 npooneAdcelg, TOTE To oevapio A Ba xpeialdtav CuvoAikd yid
auTég.xpovo 100 ns *1000 = 100 ps. =T0 osvaplio B o ouvoAikdg xpovog Ba nrav
(10 ns 00) + (240 ns * 200) = 56 ys. H xpnoigonoinon TG Iepapyxiag PvAuNng
OUVERAWC [ag npoopepe au&non TnG anodoong Tou CUCTANATOC MVAMNG KATa 44%
Xwpic kavéva eninAéov ko6oToC. (MpoPavwe n XwpnTIKOTNTA TNG MVAUNG Mag dev
au&énbnke, a@oU n WIKPN HVAMN anobnkevesl avTiypa®a TnG nAnpogopiag Tng
MEYAANC MVAMNG Kal OXI d1a@opETIK nAnpogopia).

O apiBuoG Twv MNEdWY HIAG IEPAPXIKNAGC HVAMNG DEV €ival UNOXPEWTIKO Vda
gival povo 2. 3Ta ONUEPIVA UMOAOYIOTIKA CUOTAMATA O apiBudc auTtog eival
oNMavTIKAa MEYAAUTEPOC. Me aAAa AOyia n pvnun, NnapoTl BewpnTiKaG YAG CUUPEPEI

va TNV OKEQPTOMAOTE oav éva O1od1aoTaTo nivakd, oTta onuepIva unoAoyioTika
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ouoThnuaTa ivalr dlaonapTn Kdl uAonolgitTal Pe JIaPOpPETIKEG OIATAEEIC MOU AAAEG
UNApXouV YId va Npoo@EPouV TaxUTNTA KAl AAAEC IKQVOMOINTIKA XWPNTIKOTNTA HE
NoAU HIKpO KOOTOC. 2€ &vd TUMIKO ONUEPIVO UMOAOYIOTIKO OUCTNHA undpxouv

ouvnlwc Ta €ENc enineda Pvnung :

Ovopa MéyeBog MpoonéAaon o€ YAonoinon He
KaTaxwpnTeg 64 - 16384 bits 0.25-1ns Static RAM
Kpupny MvAun 1ou Eninédou 1KB - 1MB 2-10ns Static RAM
(L1 Cache)
Kpueny MvAun 2ou Eninédou 512 KB - 2 MB 5-20ns Static RAM
(L2 Cache)
KUpia Mvrun 64 MB - 1GB 6 -40ns D*amic RAM
MayvnTikoi Aiokol 4 - 60 GB > 10 us ‘ MayvnTiko YAIkO
Movdada Backup > 1.2 GB > 1 rr\ onTiko /
p MayvnTiko YAIKO

0)

MapaTnpeioTe oTov napandvw nivakd OTI napoTi TOC0 oI KATaxwpnTeG 600
Kdl Ol KpUPEC IVAMEG @TIAXVOVTaAl and oTaTIKh PVAMN, UNApXouv oageic d1apopeg
oTtnv TaxUTnTa Touc. H kpu®n HvAPN 1° emnedou €ival ypnyopoTeEpn anod auThVv
Tou 2°, yiaTti ouvnBw¢ BpioKETAOTO NO)\OK)\I’]pwpéVO HE TNV KEVTPIKN Hovada
enefepyaociac, ONWC Kalr of KATaxwpntéc. ETOI  anogeUyovtar  XpovoBOpEeC
NPOCNEAATEIG €KTOG TOU/(O)\OK)\I’]p(.L)LJE'VOU. Mpo@avwg ol KATaxwpnTeS €ival MoAU
TaxuTepol KaBWG ival Yia YVAPN EAAXIOTWV BETEWV.

T

KAgivovrac Tnv avagopd pag orto ouornua MPVvAPNG O6a npénel va
OnNUEILOOU | ota®uikpd kai ypriyopa eningda TnG 1epapxiac pvAMNG, OAEC ol
d1adikaagieg uhonoloUvTal PE UAIKO €Tl woTe va diatnpndei n anodocon oc NoAU
uwnAa snin%ESG. Etol via napadeiyya n diadikacia evnuéPwoNng Tng cache 1°Y
eningdou and autnv Tou 2° emnédou OTav pia nAnpogopia nou ¢nTnlei dev
undé&os auTnAV Tou 1° aAAd Bpebei og auTtrv Tou deuTEPOU, €ival pia diadikaacia
nANPWG adiapavng yia KAnolov NpoypauudTioT) n yid Tov Xpnotn Tou
ouotnuatog. Eniong, kaBe aAAayn Tng igpapyxiag dev yiverar avtiAnnTr. Eva
oUOoTNKAa av Tou aQaipECOUNE TNV KPUPR PVAMN Tou 2% eninédou, Ba ouveyioel va

unopei va ekTeAel Ta idia e NpIv NpoypappaTa e eAa@pa Peiwpévn anodoaon.
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4.2 Kevtpiki Movada Ene€epyaoiag

AvaTpEXovTac oTa nponyoupeva Ke@aiaia, Nnopei kanolog va d1anioTwoel
0TI n KME €ivalr To mnio oUvBeTo oAokAnpwuévo and o6oa undpxouv Ot £va
UNoAOYIOTIKO cuoTnua. Meoa ekei egpwAevovTal n ApiBunTikn Aoyikrp Movada, n
Movada EAEyxou, ol KATaXwPNTEG KAl N Kpupr PvAUn 1° eninédou TouAdxioTov.
>Tn ouvexela Ba e€etdooupe Pe PeyaAUTeEpN AeNTOHEPEIQ TO OoKoMno UNAp&Eng kabe

unopovadac.

H ApiBunTikn Aoyikn Movada €xel wg oKono TNV EKTEAEON APIBUNTIKWV KAl
AOYIKWV NMPpAgewv. € OTI aPpopd OTIG AOYIKEG NPAEeIG N ApIBuNTIKN Aoyikr Movada
npenel va €ival ikavn va npaypaTonolei Touldxiotov To AND, To OR, T()(OR duo
AEEEWV KAl va WMopei €niong va napayel To OUUNANPWHA WIAG AEENG €10080U.

Eniong n ApiBunTikn Aoyikrp Movada 6a np€nel va nepIEXelEva KUKAwWPa oAiodnTn

Reae?

To KOMMATI TWV apIiBuNTIK®WV MpAgewv, ouvnlwg .?OﬁIGIpEiTCII KI auTtd ot

yla Tnv uAonoinon AoyIK®V Kal aplOunTIKwV oAIgORHoswV.

OUo aveEdpTnTa KopudaTia oxedlaopou : Tn govada €ne€epyaciac akepaiwv Kai Tn
pJovada eneEepyaciac apiBuwv KIVNTAG unoélao$)\r']q. 3Ta NpwWTA UMOAOYIOTIKA
ouoTANaTa n  povada  enefepyadiag ~ QedOPEVWY  KIVNTAG  UnodIadToANG
ulonoloUvTav ocav €va Eexw 0 "OAOKANPWHEVO KUKAWWG, YVWOTO oav
HaBnuaTIKOG OUVENEEEPYATTNG. dIvOTav n duvaToTnTa O KAMNOIOV va €MAEEE
METAEU evdc @BNvoU CUCTANATOC . MOU Ogv CUMNEPIAAPBAVE TOV OUVENEEEPYAOTN
Kal  evOg akpiBoU Kal  YypnyopOTEPOU GCUOTAMATOG HE TOV  ApIOuNTIKO
ouvene&epyaoTn. TNV np@rn nepinTwon n povada akepaiwv ATAv avaykaopevn
va eKTeAEI €va OAOKANPO Npoypaupa yia Tnv uAonoinan kabe ouvdapTnaong KIvnThg
unoélamoAﬁqﬂ)\aéi NpENEl va NapaTtnpnosTe OTI av UNAPXEl KANold EVTOAN n.xX.
noAAanAaciacpoU »oe €va oloTnua, auTn O ouvendyeral OTI UNAPXEl Kal £vdg
NoAAGRAQCIaoTAC UAOMOINUEVOG PE UAIKO. Agev anokAgieTal NAvTwe Kal va undapxel.
AV dgy myfp?(a Onwg €idapPe KAl OTO NEPACHEVO KEPAAAIO, 0 noAAanAaciacuog 6a
uhonoinBei pe B1adOXIKEG OAIOONOEIG Kal NPooBEcelg. MpoPavag undapxel &éva
"naldap1" peTa&lu kKOOTOUC KAl TaxuTNTAac. OO0 MEPICOOTEPEC UNOPOVADEG UNAPYXOoUV
o€ UAIKO, TOOO Mo ypnyopo €ival éva ouoTnua Tautoxpova OPwC Kal TOoO Mio
akpIBo. ZTa onueEPIVA UMNOAOYIOTIKG OCUCOTAMATA OUVABWG O UAIKO Undapyxouv
UAOMOINUEVEC :

¢ OAegg o1 Aoyikéc npd&eig

¢ OAegc ol oAIgBRAoEIg

¢+ [pocBeon / apaipeon akepaiwv

¢ MoAAanAaciaocpog akepaiwv
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¢ [pb6coBeon / apaipeon apiBuwyv KIvaTAG UNodidoToANG

¢ MoAAanAaciaopog apiBuwv KIvnThG unodiaoToANRG

>e OAa Ta onuepiva UMOAOYIOTIKA CUOCTNHUATA Yid TOUC aKepdioug uloBeTeiTal To
OUUNANPWHA WG NPOoG 2 Kal yid Toug apiBuous KivnTAG unodidoToAnNG To NpOTUNO
TnG IEEE.

O1 KATaxwpnTeEG MOU UNApXouv OTo OAoKANnpwpevo Tng KME eivar n
HIKPOTEPN KAl TAUTOXpOvA N TAXUTEPN MWVAMN MOU UNAPXEl O €vd UMOAOYIOTIKO
ouotnua. O1 kataxwpnTeg Xwpilovtar oe dUo kartnyopieg. O yevikoU..okonou
KaTaxwpnTeg €ival PVAPN yid TNV Karaxwpnon &evOIGUECWY aMNOTEAECUATWYV.
SuvhBwcg eival 8 €wc 256 kal o kabévag Toug £xel Pnkog 600 pia )\éﬁr{Tou
ouoThpaToc. O1 €10IkoU OKOoMoU KaTtaxwpnTeg oXeTilovTal AEPICTOT ME TN
pgovada eAéyxou kal noikiouv avaloya MPeE TO KaBe uno)\xm ouoTnua.
JuvhBwc os £va unoAoyioTikd cUoTNNA UNapxouyV :
¢ O peTpnTAC NpoypdupaToc (program counter). H TIUR ToUu KAataxwpnTtn autou
gival navroTe n 01elBuvon TNG PVNUNG NMou nsplléxa Tn‘ofn()psvn NPOoC €KTEANEDN
EVTOAN.

¢ O KkaTaxwpnTnG KaTaoTacsws (status 'register). Kdbe duadikd wneio Tou
KataxwpnTr auTtoU pag deixvel dv n-“mponyoUpevn npd&n napryaye n oxl
KANola OUYKEKPIMEVN CUVOnKn. napadelyya n  €E0doc TNC nNUANG
anokAegloTIKAG O1aleu&nc Tf){‘ npoaPsTr / agaipeTn nNou napdyel To oOnfua
unepxeillong, odnyeiTaroav/ €icodog oTov KATaxwpnTr KaTaoTAOEWG, £TCI WOTE
€va OUYKEKpPIYEVO duadiko Touw wngio va pag dgixvel TNV ungpxeilion.

¢ O kataxwpnTng dieuBUvoewv TNG vNunG (Memory Address Register - MAR). O
KaTaxwpnThng autog 6tav n KME npoonehalvel Tn PvnAun, nepiéxel Tn dielBuvaon
npoonéw. @

¢ O kataxwpnTAg d0edopevwyv TNG WvnNung (Memory Data Register - MDR). O
KaTaxwpnTng autog nepiexel Ta dedopéva nou n KME okonevel va ypayel atn
BVAUN I’"|.TCI o0edopéva nou diaBacTnkav ano Tn MVAUN O Hid npoonéAacn
a&whonq.

Aev Ba npenel va AnOPovoUUE OTI 01 KATAXWPNTEC €ival KI auToi &va €ninedo Tng

IEpapxiag PVNHUNG. ZUVENWC ONw¢ KABe AANO KOWMATI PVAMNG Kal auToi €ival

npooneAdoigol Bacel Tng dIeUBUVONG TOUC MOU €ival EeXwpIoTn HECA OTO XWPO

dIEuUBUVOEWV.

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

nou ovopalovrtal onNUAata €A£yXou TIGC KATAAANAEC XPOVIKEC OTIVHEC WOTE vd
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prnopoUv ol dIAPOoPEC UNOPOVADEC va E€NIKOIVWVOUV anpookonTd. YnoBeoTe OTI
ekTeAEITAl pia NpdoBeon To anoTEAeoua TnG onoiag 6a NpEnesl va anoBnkeuTel aTn
B€on pvnung pe dielBuvon 60 (oTa napakdtw n @pdon "pe dievBuvon" Ba
napaAeinerar). H Tiyfp 60 undpxel oTov KATaxwpnTtn Me dieubuvon 32. Ma va
oAokKANpwOei autn n AsiToupyia 6a npenesl To anoTéleoua TnG nNpdobeong anodo TNV
apieunTIkn Aoyikr Jovada va PeTa@epBei oTov KaTaxwpnTr 0£O0NEVWY MVAKUNG Kal
€Niong n TIYNA Tou kataxwpnTtn HWe OleuBuvon 32 6a npenel va PeTagepBei oTov
kataxwpntn OIeubUvoewy TNG MVNHUNG. AUTEC Ol MIKPOAEITOUPYIEG anaiTouv
auotnpd XpovIiopo. Movo n povada ehéyxou yvwpilel ndTe oAokAnpwOnKe n
npoobeon kal ouvenwc NOTE Ba NPENEl va EVEPYOMNOINOEI TA OAPATA PMETAPOPAG TNG
nAnpo@opiac. Eniong napartnpeiote OTI n povada eAfyxou e€ivdl p HOvR nou
yvwpilel noia onuparta npenel va evepyonoinBouv oe KABe XPOVIKI OFIyun. ©a
MnopoUoape OUVENWG va noupe OTI n Povada eAéyyou eival uneubuvn yia Tnv
EKTEAEON akoAouBiac pikpoAsiToupylwv. And AGAAN onTIKA. ywvia pia akoAouBia
MIKPOAEITOUPYI®V €ival kal &va npoypauua (|oo€&/aua aAyopiBuoc) uAonoinong

piac Asitoupyiag. H povdada eAéyxou oTa onuepiva Lﬁo)\oym'rn(c'l ouoTANaTa

4.3 H exTéAeon pIag EVTOANRG

Onwcg £XoUpE avanTUEaJ@yofjWo UNOAOYIOTAG £EXEl £V OUYKEKPIPEVO
oUVOAO €VTOAWV Mnou pnopsi/@

uAonolgital €§ oAoKARpouU o€ UAIKO.

eNeéogel. Av o€ KAOe pia and auTeég TIG EVTOAEG
Baoel kAnolou KWJOIKA AVTIGTOIXICQUUE €vav KwOIKO, TOTE WMNOPOUNE KAl QUTEG TIG
EVTOAEG va TIC anoBnkeUoUUE, va TIG avakaAoUUE Kal YeVIKA va TiG diaxelpildpaoTe
onwg Kabe AAAn duaddikn W]pocpopia. O kWdIKOC HIAg EVTOANG ovopaleTal KwdIKOG
AsiToupyiac (operation code - opcode).
®

MoAAéc @opéc n idia Asitoupyia pnopei va peraxeipileTal aAAMiwg Ta
dedogéva TnG f Ta anoTeAéopaTtda Tng. MNa napadeiypa n Asiroupyia TnG Npoobeong
uriopei V?%ICIX(DDIOTEi oc npooBeon pIaGg AEENG, o0 nNpoOcOeon MoooTATWV
MEYAAUTEPWV TNG HIAG AEENG 1 MOCOTATWV HIKPOTEPWV. TO AMOTEAECHA MIAG
npooBeonc MMopei va anobnkeuTei o€ €vav KATaxwpnTn, oOTn MVvAMN 1 va
anoteAéosl yia napdadeiyya uia dievBuvon. Eivalr npogavec OTI ol napandavw
dlapoponoInosiG anaiToUuv kKal dIapopeTIKN akoAouBia MHIKpoAsIToupyliwv anod Tn
pHovada eA€yXou yia va ekTeAeoToUV OwOTd. SUven®wG Oa npenel va undapxouv
dlapopeTIKG opcodes yia TIGC napanavw OlapoponoInoeic Kal 8a npeEnel autd va

dlepunvevovTal d1IapoPETIKA anod TNV Jovada eAEyXou.
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Av yvwpiloupe Ta opcodes €vOC UMOAOYIOTIKOU CUOTHUATOC, TOTE €ipyaoTe
oc B¢éon va ek@pAooUNE &vav UMoAoyIioho KaTeuBeiav 0 YAwooa katavonTn ano
TOV UMOAOYIOTR. 2av €va UNEP-anAoucTEUPEVO napdadsiyya av 1o opcode yia Tnv
npoodeon duo bytes eival To 00010101 kai BéAw va npooBeow 10 4 pe To 18,
apkei va ypayw :

00010101 00000100 00010010
H ouyypapn evdg npoypduuatoc o pid akoAouBia anoé 0 kai 1 ovopdletal
NPOYpPAPMATIONOC 0 YAwooa pnxavig (machine code programming). MNEpa ano
TNV aPecdTNTA WE TN KNXavin nou napouacialel autdg o TpONoG NpoypapuaTiouou,
EXEl MOAAG pelovekTApaTa. O xpOVOG nNou anaiTeiTal €ivalr onuavTikog: Eva Aadog
uropei eUkoAad va napeio@proel OTIC NOoAU PeydAeg akoAouBieC 0. kal 1/nou

xpelalovTal o NpaypaTika npoypapuaTa. >To €nOPEVO KE(DGMKO YVOPIoOUNE

TN yYAwooa npoypapuartiogoU Assembly nou avTigeTwnilel og aAXo Babud TO

MEIOVEKTNHA TNG a&lonioTiag Tou npoypauuaTiopoU o€ y)\d)%ur]xavr']q.

ExovTac eiodyel Ta napanavw PnopoulE /n)\éov vo)naplypdtpouus TO NWG
EKTEAEITAI HIa EVTOAN O€ €va UNOAOYIOTIKO GUGTNHA R UE AAAa Adyia TiG d1adIKagieg
nou AapBdavouv Xwpa oc €vav KUKAO evioAng. O KUKAOG MIag evTOARG anoTeAsiTal
and Tn @Aon NPoOKOMIONG TNG €VTOANG, TN.(QAON €KTEAEONC TNG €VTOANG Kai Tn

(paon nposTolpaciag yia Tnv anc/')fvn € M)
i

H ¢don npookouionc anoTeAsiTdl ano Ta €€nc BAupata (PEoa o napevBeon os
kdBe Bria gaivovTal ol HIKPOAEITOUPYIEC NoU cuvendyeTal To KAGBe Briua) :

1. Mpookopion Tou KwdIKOU AeIToupyiag piag evroAnG. (Metagopd Tou
NEPIEXOMEVOU TOU HETPNTR nNpoypaupatoc otov MAR, avayvwon anod Tn
pviun). /N e

2. Anokwdikonoinan TnG evroAng (Metagopd Tou nepiexodévou Tou MDR atnv

povada eAeyxou Kal  €mAoyn  TNG akoAouBiag HIKPOAEITOUPYIWV MOU
@

crc'ldysTal 0 OUYKEKPIMEVOG KWOIKOG AEIToupyiag).

H ¢pdon ekTeAE0NC TNG eVTOARC anoTeAeiTal anod Ta €ER¢ Brpara :

1. Mpooaywyn TwV evTEAWV TNG eVTOANG av xpeialeral. (Ma kabe TeAoUPevo nou
Ot PBpiokeTal O£ KAMOIOV aANO TOUG KATAXWPNTEC ANAITEITAI PETAPOPA TNG
d1elBuvonc Tou atov MAR, avayvwon ano Tn PvAun kKar epodoov Oev gival To
TeAeuTaio TeAoUpevo MeTagopd Tou and Tov MDR o0 kdnoiov daAlo
KaTaxwpnTtn).

2. EkTéAleon Tng Asitoupyiag Tng evtoAng (MpdoBeon / agaipeon /

noAAanAaciacuog / ... )
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3. AnoBrkeuon Tou anoTeAéopaToc, av andiTeital (MeTapopda TOU AnoTEAECUATOC
o€ Kanolov karaxwpntr n orov MDR pe Tautdxpovn PeTagopd Tng dielbuvang

anoBrkeuong oTtov MAR, akoAouBoupevec ano diadikacia eyypagng ortn

MVAUN).

H ¢don nposToiyaciac yia TNV €NOMEVN NPOC EKTEAECN EVTOAN CUVENAyETAl
TNV EVNUEPWON TOU TMEPIEXOMEVOU TOU METPNTH mMpoypduuaTog e Tn dielBuvaon
nou BpiokeTal To enophevo opcode. ZuvnBWC 0 £va UNOAOYIOTIKO oUCTNHA €XOUME
akolouBiakr| ekTeAeon, dnAadn PeTd Tnv evToAn otn OlelBuvaon A ekTeAoUVTAl Ol
EVTOAEG oTn OleuBuvon A+ki, A+kKi+kz, A+Ki+ka+k3, ONouU Ki, K2-Kal K3 gival
peTaTonioslc oTIg dIeuBUVaOEIG PVAKNG nou kaBopifovTal and To €id0G T(x)&VTO)\d)V
(Mo ouykekpigéva and Tov dpiBud Kal To €id0C TWV EVTEAWV n(ﬁ: anaitnosl
KGBe evToAn). QOoTOCO UMAPXOUV NEPINTWOEIC MOU N EMOMEVN G €EKTEAEON
EVTOAR Ogv akoAouBei dueoa Tnv nponyoUHEVN €VTOAN. & AQUTEG TIC NEPINTWOEIG
AEUE OTI €yive kanolo aApa (jump) i Pia 6IGK)\(']5%UI'] (branch) oTov ekTeAoUpevo

KWOIKA. O)
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ZuuBoAikn Nwooa

\\
)

/

Onwg €idape nponyoUHEVaA n Cuyypa®Pn evoc NpoypauuaTog o yAwooda

P

MNXAavng anaitei onuavTikd KOMo Kdal Xpovo. kabwg eniong kabiotd dUOKOAN Tnv
anoo@aApdtwon evoc npoypduuaTtoc. <H ouppoAikni  yAwooa (Assembly)
eNIvondnke €101 WOTE va dWOElI AUGN OTa Napanavw npoBAnuata. QoTdéco ensidn
Kal autn n yAwooa divel o-ro%@appaﬂorr'] NG Tov NARPN €AEyX0 TOU UAIKOU,
gival pgia yAwooa noAU KeVTaroTn gnxavr kKdl ouvenwg noAU pakpld and Tov
avBpwno. Ifuepa oge Assembly. ypagovTal KopuuaTia Kwdika nou €ival Kpioiya and

nNAgUpPAg Xpovou EKTé)\EOI']Qi(]I peyéBouc.

To penePTOPIO, evTOAwV KABe oupBoAikng yAwooag eEaptdral and To
OAOKANPWHEVO &E Kdl ouvenwg eival dIa@opeTikO yia d1agopa UMOAOYIOTIKA
ouoTApaTa. ®a pnopoucape Aoinov va eavracToUUE OTI TO PENEPTOPIO EVTOAWV OE
OUUBO)\IKI’]/YxCOGGCI pag divel kal €va €ninedo apxITEKTOVIKAG TOU OUCTNHATOG Mou
ouxva ».ovouaderal apxITEKTOVIKI) OUVOAou evroAwv (Instruction Set
Architecture - ISA). AUO UNOAOYIOTIKA CUCTAMATA MMOpPeEi PE OIAPOPETIKEG
UAOMOINOEIC TOU UAIKOU vd Npoo@EPOUV TO 010 OUVOAO EVTOAWV KAl OUVENWG va
gival oupBaTtd oe eninedo ApXITEKTOVIKNAC €VTOAWV. AvVeEGPTNTA TOU PENEPTOPIOU
EVTOAWV, O NMPOYPAUMPATIOTAC 0 OUUPBOAIKA YAwooa agou ypdyel To Npoypauua
Tou Bdosl TWV NPOOPEPOUEVWY eVTOAWV, Ba kaAéoel Tov Assembler (Tov
HETappaoTry OnAadn TnG OUPBOAIKNG YA®WOOAcg), o onoioG kal 8a PETapPAoEl TO
npoOypaAPha o YAWOOA PNXAvhg. TN Ouveéxela o assembler Ba kaA£ael éva dAAo

npoypapua, Tov goptwTn (loader), o onoiog 6a TonoBeTACEl TOV KWOIKA PINXAVAG
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o€ kdanoleg BEgeIg pvhAENG. H dielBuvon TNG NpwTNG EVTOANG ToU KWOIKA PNXAavig
akoAoUBwG O6a @opTwBei oTOov HETPNTA nNpoypduhaToc kai Ba E&ekivhosl n

d1adikacia EKTEAEONG TOU NPOYPAHHATOC.

H noikiAia penepTopiwv nou undpxel o€ CGUPBOAIKEG YAWOOEC KabioTa
anapaiTnTo oTa NApakdaTw va EMNKEVTPWOOUUE O Wia kal povo ouuBoAikn YAwaooa,
WOoTeE va Tnv avanTtufoupe oe PBaBoc. Av kal n HopPn TWV EVTOAWV &ival
€10IKEUHEVN, NOAAG and Ta avapepOPeva NApPAKATw AnoTeAoUV KOIVO TOMO yid TIC
NEPIOCOOTEPEG OUMPBOAIKEG YAWOOEC. Oa EMIKEVTPWOOUME AOINOV OTn GUMBOAIKN
yAwooa Tou LAB196 Tou oucTtnuaTto¢ dnAadry oto onoio 6a die€axbolv Ta

€pyaoTnpid oag. Ag 00UHE NPWTA KAMOIA XapaKTNPIOTIKA auTou Tou oumﬁpavgq.

To ocuoTnua Baoiletar oe pia Povada eneEepyadiac K avnkelr ortnv
olkoyevela ene€epyacTwV / eAeykTwv MCS®-96 Tnc eraipeiac Intel. 'OAa Ta pEAN
NG MCS-96 poipalovTtdl KOIvO GUVOAO €VTOAWV Kdl KOIVI) apXITEKTOVIKN. H A&En
nou XpnoidonoloUv ol ENEEEPYAOTEC TNG omovévaﬁlq CIUTI"]')EiVCII Twv 16 duadikwv
Wyn@iowv. H pvApn nou diaTtiBeTal evTog Tou oAokAnpwievou (on-chip RAM) eival

TouAdxioTov 230 bytes. pye TN HOPPI KATAXWPNTWV YEVIKOU Kal €10IkoU okonou.

O 80C196KB £xel pia apTnpia 6M0vosmv nou anoTteA&itTal and 16 duadika
ynoia. Zuvenwg HMopei va nﬁggne)\docl TO NMOAU 2!® JIa@opeTIKEG dIEUBUVOEIG
MVAUNG. Eneidr) pnopsi va . xelploTel” KAt €AAXIOTO NoooTNTEC TwV 8 duadikwv
Yneiov kabe B&on WvAUNG €ivar okoniyo va anobnkevel €va byte. Zuvenwg n
MEYIOTN MVAMN TOU OUOTAMATOG pag anoTteAeital ano 64 Kbytes. To peyaAutepo
MEPOG ano auTr). TN WVAMN €ival diaBgaiun oTtov XpnoTtn. QoTtdoo autog Ba npenel
va vapiﬁs(& ol diguBuvaoelg pvhAung O0H - FFH €ival o1 digubuvoeic Twv 256
kataxwpnTwv. O 80196 £xel TNV 1010TNTA va Pnopei va Jeraxeipiletal 2 bytes Tng
MVIAUAG. 0av HId QUTOTEAN MoooTnTa Twv 16 bits, dnAadn ocav pia A€En, n duo
AeEeicuadi o.av pia dInAnR A£En (double-word). MNa va To enituxel autd anaitei ol
nooéﬁeé piac A€Encg va eival aligned og apTieg dieuBUVOEIC Kal ol NooOTNTEC PIAG
O0INAAG AEENG va eival aligned oe dieubuvoelg nou €ival noAAanAdoieg Tou 4.
Mapakdtw XPNOIYONoIoUPE TOUG €ENC OUMBOAIOUOUG, VYia va nePIypAWOUE
NogoTNTEC NMOU AAAOTE TIC XpnoigonoloUhe oav 8 kal dAAoTe gav 16 duadikwv
wnoeiwv.
AX, BX, kot CX givot kotayopntég v 16-bits
AL &ivor to younio byte tov AX, kot AH ivat to vynmio byte.
BL &ivat 10 yaunioé byte tov BX.

CL &ivon o younio byte tov CX.
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5.1 TUnoil AedopEVOV
>e €va unoAoyioTikO cuoTnua nou BaoileTar otov 80196 unootnpilovTal
apkeToi TUNOI dedopeEvwV. MMoOPEI KAVEIG va avTIOTOIXNOEl auToug Toug TUMOUG

O0E00MEVWV PE TOUC TUMNOUG OEQ0MEVWY PIAG UWNANG YAwooag npoypapuartiopgou. O

OUMBOAIONOC nou akoAouBeiTal napakdTw e€ivar 0TI To Ovopa Tou TUMOU TOU

TEAEOTN ypaAgeTaAl MPeE KepaAdaia. 'Eva "BYTE" cival pia uyn npoonuacuévn

MeTaBANTN Twv 8 duadikwv Yneiwv, evw eva "byte" cival dedouevo 8 duadikwv

wneiwv onoloudnnoTe TUNou. O1 unooTnpifouevol TUNOI dedOUEVWY Eival :

e BYTES: Ta BYTES eival un npoonuacueveg JeTaBANTEG 8 duadikwv wn@iwv rnou
MnopoUV va napouv TIC TINEG and 0 €wg 255. ApIBUNTIKEC N NPAEEIG.OUYKPIONG
hunopoUV va npayupatonoinfouv Navw Ot TETOIOU TUMOU TEAECTEG pc')% nou TO
anoTeheopa Ba eppnveubei oe modulo-255 apiBunTikr. AoyikeG Npagei; o€
TETOIOUG TEAEOTEG UAONOIOUVTAI WE TIG iDIEG AOYIKEG NPAEEIC Nnavw.ag kabeva and
Ta 8 duadika Yneia Tou TeAEoTH. Agev UNApPXEl KAMOIOG TEPIOPIOUOG Yia Tn B€an
MVAMUNG oTnV onoia pnopei va TonoBeTndei piaxYTE ps%mr'], OnoTE WMOpEi
va Bpebei onoudrnoTe péoa oTo XwPo dIEUBUVOEW Vs c)

e WORDS: O1 peraBAntec Tunou WORD cival NPOCNUACUEVEC HETABANTEC 16
Ouadikwv Yn@iwv nou Pnopouv va napouv :Dﬂpéq and 1o 0 péxpr To 65535.

ApIBunTIkEG 11 npa&eig ouykpionNG KMNOpoUvV va npayuartonoinfolv navw o€

TETOIOU TUMOU TEAEOTEG HOVO TonarioTéAeoua Oa epunveudei og modulo-

65535 apiBunTikn. /\ole;'e.Q;q O€ TETOIOUC TEAEOTEC uAonoiouvTal HE TIC

iI01EC AOYIKEG NMPAgeIg rl‘ivu) ogg kaBeva ano Ta 16 duadika ywneia Tou TeAeoTh. H

dlelBuvon piag PeTaBANTAG TUnou WORD eivar n dielBuvon MPvAWNG Tou

Alyo6Tepou onuavTikoU byte.

e SHORT-INTEGERS: O1 SHORT-INTEGERS <eivai 8-bit npoonuaoguévec
LIETCIB)\I’]T%':Q\U pﬂopOL’Jv va napouv TIC TIMEG and To -128 wg To +127.
ApIBUNTIKEG NPAEEIC NOU NApAyouVv anoTeAéouaTa €Ew ano To nNedio TIMWV Tou
TUnou SHORT-INTEGER 8a 6coouv Tnv Tipr 1 a1o duadiko wn@io unepxeiAiong
TOU KaTaXwpnTr KaTaoTaong.

e INTEGERS: O1 INTEGERS cival npoonuacupévec HeTaBAnTeG 16 duadikwv
WYnQiwv nou pnopoUv va NApouv TIG TIMEG and To -32768 pexpl To +32767.
ApIBuUNTIKEG NPAgeIG nou napayouv anoTeAéopaTta £Ew anod To nedio TIHWV TOu
Tunou INTEGER 8a 6€gouv Tnv Tiun 1 oto duadikd wneio EvOeiEng unepxeiAiong

OTOV KATaxwpnTr KaTtaoTaong.

e BITS: Ta BITS cival yetaBAnNTEG Tou evog duadikoU yngiou Mou Pnopouv va

NAapouv TNV AoyIkn TIUfA dAnB&g | WeudEc.
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e DOUBLE-WORDS: O1 DOUBLE-WORDS cival pyn npoonuAacueveG METABANTEG
Twv 32 duadikwVv Yn@iwv nou pnopouv va napouv TINEG and To 0 PEXP! TO
4294967295. H apxXITEKTOVIKI TOU CUCTRAHATOC napexel an' euBsiag unooTnpIEn
vl
dlaipeTeo o pia diaipeon 32 dia 16 oTto nARBog duadika wngia Kal yia To

autdév TOoV TUMO OedOopEVWV HOVO Yia TIG OAIOBNOEIC, KaBwC Kal yid Tov

yivopevo oeg evav 16 eni 16 noAAanAaciacpd. H Oievbuvon piag TEToIag
MeTaBANTNG ival n dielBuvaon Tou AlyoTEpoU onuavTikou byte. Mpageic navw oe
MeTaBANTEG TUNou DOUBLE-WORD nou dev unooTnpifovTal an' eubeiag ynopouv

g€UkoAa va uhonoinBouv pe dUo WORD npdageic.

e LONG-INTEGERS: OiI LONG-INTEGERS c€ival npoonuaouéveg PETABANTEC TwV
32 duadik®wVv YnPiwv nou ynopouv va NAapouv TIPEC ano To -2147483648 uexp!
To +2147483647. H apxXITEKTOVIKI] TOU GCUOTRHATOC na% an’ euBeiac
unooTnpIEN yI' autov Tov TUMo OedopEVWY HOVO Yid TIC oAIoBNOEIC, KABWC Kal
yla Tov dlaipeTEo og Wia diaipeon 32 dia 16 oTo n)\r']eo@aémc'l wneia kai yia
TO YIVOUEVO O€ évav 16 eni 16 no)\)\an)\acrlaloub. H d1elBuvon piag TETolag
METABANTNG €ival n dieuBuvan Tou AlyOTEPOU onUGVTlKoﬁjbyte. Mpa&eig ndvw o€
peTaBANnTeG TUNou LONG-INTEGER nou dev unoegrneifovral an' eubeiag pnopouv
€UkoAa va uAonoinBouv pe dUo INTEGER mnpd&eic.

©a pnopouaoape eUKOAA va éou% OVTIMiG TWV Napanavw TUnwv OedOUEVWV UE
Toug TUNoug dedopevwy Tng yAwoaag C. Fla napadelypa pia geTaBAnTn Tunou char
otn C &xel TG id1€q avaygq anoBnkeuong Kal XeIpIogou 6nwg pia JETaBANTH TUNou
BYTE, pia peraBAnTn«tunou short otn C éxel Tig idiec avaykeg anoBnkeuong Kai
XEIpIOPoU onwc pia JeTaBARTh TUNou SHORT-INTEGER, &vw TEAOC Pia PHETABANTH
TUnou long orf- C &€xel TIG idleC avdayKeg anoBnkeuong kKai XeIpioPoUu Onwg Mia
METABANTN TUN LONG-INTEGER.

5.2 PengpTopio EvroAawv

s)/ KwOIKOC AsiToupyiac kABe evTOANG MIAG CUMBOAIKNAG YAWOOAg ouvnOwg
neplypd@eral anod MPeEPIKA ypAPUATa nou anoTehoUv OCUVTOHUEUON Yid TNV
gvvooupevn Aeitoupyia. TMa napddeiyya vyia Tnv  npoéoBeon  ouvnRbwg
Xpnoigonolsitar o Kwdikog ADD kal yia Tnv apioTepn Aoyikr oAioBnon o Kwdikdg
SHL (Shift Left). MpooéETe OTI 0 KAOBE UMOAOYIOTIKO OUCTNHA UNAPXEl €va Mpog
€va avTioToixia HETAEU KWwdIKWV OUPBOAIKAC yYAwooag kal opcodes yAwooag
punxavne. EninAgov, epocgov unapxel duvartoTnTa XeIpIoPoU NEPICOOTEPWY TOU EVOG
TUNou dedopévwy KABe €vac and Toug napanavw KwdIkoUC NETAAAAOOETAl O dia

katnyopia kKwdIk®wV. AnAadr n npoécBeon dUo BYTES eival pia JIapopETIKN
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AsiToupyia and Tnv npdécBeon OUo WORDS kai ocuvenw¢ B6a é&xouv OUO

dlapopeTikoUG kwdikoUg (oTo cuoTnua pag ADDB kal ADD).

>T0 penepTOPIO eVTOAWV TNG YAwooag Assembly ouvnOwg Ppiokoupe
EVTOAEG MOU AVAKOUV OTIG £ENG KATNYOPIEG :
¢ ApIBuUNTIKEG
¢ NAOYIKQV ZUVApTHOEWV
¢ MeTapopac Aedopévwv
¢ AAAayncg Pong

¢ MeTaTponng TUnou AedopEvwY

N\

e

¢ XelpiopoU Zwpou .
¢ AANAegg Q

STIGC apiBUNTIKEC €VTOAEC Bpiokoupe (0t nNApEvOETn UMAPXEl O YEVIKOG

KwOIKOC TNG AsiToupyiac) : A

¢+ [pocBeon (ADD) c)
¢+ Aqaipeon (SUB) \

¢ ToAAanAaciacpd (MUL) ' )

¢ Aiaipeon (DIV)

¢ KaBapiopod (CLR) N’
¢ XUykpion (CMP) /o

¢ AUEnon (INC)

¢ Meiwon (DEC)
¢ AAAayn npoacnpuou (NEQ

2TIG ev&«':; AQYIK®WV oUVAPTAOEWY BPIOKOULE :
¢ SupnAnpwpa wc npog 1 (NOT)

¢ Noyikd KAI (AND)

. Aoylxl’ykl.c'llsuﬁn (OR)

¢ Noyikn AnokAeioTikn Aidgeugn (XOR)

¢ OAioBnon (SH)

>TIC EVTOAEG METAPOPAC OEDOUEVWV BPIOKOUE :
¢+ OO6pTwON (LD)
¢ Anobnkeuon (ST)
¢ MeTapopd evog koppaTioU PVAWNG o KAMoIeG AAAec dieuBuvoesic (BMOV -
Block Move)
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H evToAn @opTwong XpnoidonoleitTal Kupinwg yia Tn dnuioupyia evog avTiypd@ou
H1aG nAnpo@gopiac nou undpxel ornv KUpiad PVAMN Of KAMOIOV KATAXwPNnTr Tou
unoAoyioTikoU pac cuotnuatoc. O1 npda€sic nou 6a XpnOIMOMOINooOUV KAToniva
autd To avTiypa®o 0a ekTeAeoToUV £TCI Mo ypriyopd. H evrtoArn anoBnkeuong
XPNOIMONOIEITAl KUPIWG yia Tn dnuioupyia evog avTiypdgou Jiac nAnpogopiac rnou
Unapxel o€ KAnolov KataxwpnTh TOU UMOAOYIOTIKOU PAC ouoTAMATOC oTnv KUpia
MVAMN. Z€ Jia o€ipd unoAoyliopwv dnAadn XpNOIKMOMNOIoOUUE TOUG KATAXWPNTEG YId
TNV anoBnKeuon Twv NPOoCWPIVOV ANoTEAECGHATWY Kal oTo TEAo¢ TnG diadikaoiag,

TO TeEAIKO AMNOTEAEONA METAPEPETAl KAl oTnv KUPIA HWVAMN HE HIA..EVTOAN

>TIG EVTOAEC aAAAyYNG ponc BPiOKOULE : <\ \’

¢ AlakAadwon (BR - Branch) xwpic cuvenkn

¢ AApa (Jump) HE A XWPic ouvenKn \
¢ KARon ouvaptnong / poutivag (CALL)

anoBnkeuong.

¢+ EmoTpopr and cuvaptnon / unopouTiva (RET{ o)

Onwg Ndn €xel avapepbei, oUVABWG N pon g€ €va RPOypauua givar akoAouBiakn.
MNa va aAAd€oupe Tn pon &€ite unod kdamold. ouvelnkn, €iTe Xwpic Ba npénelr va
OWOOUNE pia kaivouplia di1elBuvon oTOV KETPNTH NPOYPAUUATOC. ZTNV NEPINTWON
uno ouvenkng aApartog / S1akAGdwan KANong, n véa dielBuvon 6a QopTwoOei
OTOV METPNTN npoypdppmoq{bvov OTav Ikavonolgital kanoia ouveOnkn. Ol
OUVONKEC nMou Jnopei va<TeBoUv EXouv OXEON ME TN KATAOTACON OTNV onoia
BpiokovTal Ta duadikd Wneia.Tou KATaXwpenTn katacrtaong. H Olagopd Tou
aApatog ano Tn KAnon,“eivalr 0TI oTo aApa Oe xpeldaleral NOTE n Por va yupioel
npo¢ Tad niow..AvTiOeTa auTo €ival avaykdio oTi¢ aAAeg dUo NEPINTWOEIC OTAV
auvavmesi(f\To)\r'] €nioTpoPnG. MNa To Adyo auTo xpelaleTal nNpiv TNV avavewaon
TOU PETPNTH NPOYPANUATOC N TIMNA NMou €xel va anobnkeuTei otov ocwpd. O owpog

gival-£vac €131KOC UNXaviouog anobrkeuaong nou eEnyeiTal NapakaTw.
@

&ﬁq EVTOAEG HETATPONNG TUNOU OEQOUEVWY BPIOKOUE :
¢ Enéktaon npoonuou SHORT / INTEGER vyia Tn peratponn Tou o INTEGER /
LONG INTEGER avTioToixa (EXT)

>TIG EVTOAEC XEIPIOUOU owpoU BPioKOUE :
¢ TonoB&tnon oto owpd (PUSH)
¢ Avakinon ano 1o cwpo (POP)
O owpog (oToifa) e€ival €vac pnNXaviouog anoBnkeuonc Mnou akoAouBei Tn

@IAooo@ia LIFO (Last — In — First - Out). Na va kataAaBoupe autn Tn QIAogoPia
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purnopoUUe va @avtaoToUPe To owpd oav pia oToifa ano marta. Kabe opa
grnopoUPe va npooBetoupe nadra povo OTn KOpupn TnG oToiBac kair va
anopakpUVoUupe nidTta govo anod Tn kopugpn. H idia AsiToupyia os €va unoAoyloTikd
ouoTnUa uAonoleiTal Je TN Xpnon &vog KataxwpnTr nou ovopadeTal KataxwpnThg
owpoU (stack pointer). Eotw 0TI 0 cwpdC pag ulonoleiTal anod TIC BETEIC PVAHUNG
FFFFH €wg FFOOH. Apxikd 0 owpOg pag ival adelog kal ouvenwg Ocixvel atn B&an
FFFFu (unoBeTtoupe OnAadr OTI 0 OWPOG MAG MeyaAwvel KabBwg KIvoUUaoTe O€
MIKPOTEPEG dleuBbuvoelg uvnung). H Asimoupyia PUSH ouvenwc avTioToIxXel PeE Wia
gyypaen orn 6g€on uUvAUNG nou OeiXvel 0 KATAXWPNTNG CwpPoU Kal HE _KATOMIVA
MEiwon Tou woTe va Oeixvel oTnv endpevn B€on anobnkeuonc. H Asiroupyia POP
avTIoTOIXEl PE MIa aUu&non TNG TIMNAG TOU KATAXWPNTH Cwpou aKo)\’oueohevn ano
avayvwon Tng B£on¢ YvnNUNG nou deiXVEl 0 KaTaxwpnThnc owpous; P N 4

¥

>TIG UNOAOINEG EVTOAEC BPIOKOUKE :
¢ Kapia Asitoupyia (NOP - No operation)
Apyxikonoinon Tou cuotnuaTog (RST — Reset)

Evepyonoinon onuatwv diakonng (EI - Enabl%nterrupts)
KataoTaon e€oikovounong evépyeidc (IDLPD)
XeIpIoPOC evdeiEewy ToU KaATa NTALKATAoTaong

Ta onfuaTa diakonng 6a GVGW& EMOEVO KEPAAQIO.

>Tn OUPBOAIKN v)&booo MFOPOUNE MNPIV TO KUPIO HEPOC TOU MPOYPANMATOC

.
.
¢ Anevepyonoinon onuaTtwv diakonng (PI - Disable Interrupts)
.
.

VA KAVOUHE OPIOHEVEC avwmxioslq METAEU TINWV Kal CUMPBOAIKWV OVOUATWV £TOI
WOTE va PN Xpelaletal va ypdpoupe apiBunTIKa TNV KABe XpnoidonoloUPevn TIWN.
Ma napadelyy EVTOAN :
# AX EQU 80

avTioToixei oto oUpBoAo AX Tn Ty 80. ETol OTIC unoAoineg ypauueG KWIKA
pnopoUps’vg xpnoigonoloUuye 10 AX YWpic va xpeialetrar va OuuodpacTte Tnv
npayparkn TigR Tou. O AEKTIKOG AVAAUTAG MOU €ival TO MP®TO KOMUMATI Tou
assembler nou ekTeAeiTal avaAauBavel va kavel TIC anapaiTnTeG avTIKATACTACEIG

METAEU ouuBOAWYV KAl TIHWV.

Eniong o€ kabBe evrtoAn TnG OUPBOAIKAC YAWOOAg MPMOpPoOUME va
eniouvawouue pia  nivakida (label). TMa napdadeiypa n  mvakida START
EMICUVANTETAl OTNV NpoaBeon dUo AEEewV wC €ENG :

[START] ADD AX, BX
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EvTOc Tou Kwdika o€ CUHBOAIKN YA®WOOGA NOAAEC PpopéC XpelaleTal va dAAAEouE TN
pon &vOC NPOYPANUATOC HE €VTOAEG AApaTocg / diakAddwong / kKAnonc. Tnv wpa
OMWC NMou YpApOoUUE To NPOypdupa, de yvwpilouhe Tn B€on PvAUNg oTnyv onoia Ba
anoBnkeuTel 0 KWJOIKAG YIa TNV napanavw npocdeon. Autr 6a npoodiopioTei NOAU
apyoTepa, kartd Tn dladikacia HETAPPAONC Tou CUHPBOAIKOU KwdIKa 0 KwOIKA
HNXavng. QoTooo gueiC pnopoUPE va XpNnolYonoIfooude TNV nivakida n onoia Ba

avTikataorabei apyoTepa otn d1adikacia cUPBOAOUETAPPACNC.

5.3 ApIOpog EvréAwv Miag EvToAng

H yAwooa Assembly nmoAAWV UMOAOYIOTIKOV CUCTNPATWY unoaTnpilel éva
Kal yovo oTaBepo apiBuod evtéAwv (10oduvapa dIeubUVOEwV EVTEAWY) Yia bl)\ouq
TOUC TEAEOTEG nou dev eival povadiaiol. AANa nNAAl UNoAOYIOTIKG oTnuara
NeEPIKAEIOUV OTO PENEPTOPIO TOUC TIC iDIEC EVTOAEC aAAd yia 6xpem«') apibuo
evTEAWV. € PePIKA and autd palioTa n B€on kabe EVTéAo@sl Kal NepPIOpIoUOUC
WG npog To TI OleuBUVOEIG MVAMNG MMNOpei va ndpel. TEAOG O oplopEva
UNOAOYIOTIKG CUCTANATA UNApyXouv Kanola &vTeAd Ta oIS}ia d0g dnAwvovTal aTtn
HOp®M TNG EVTOARG, aAAa unovoouvTal. Ag doUHE pepikd napadeiypata o€ didpopa

TETOIO OUOTAMATA XPNOIKMONOIWVTAG TO napddeiyyd Tng npocBeong C=A+B, onou

\ &

MpwTa unoBEToUupE éva’ﬁﬂjmnue’ OoTO onoio To anoTéAeopa KaBe npda&ng

C, A, B gival kataxwpnTeg.

anoBnkeUeTal NAvVTOTE OTOV. 010 .KATAXWPNTH. ZUVABWC aAUTOG O KATAXWPNTAG
ovopaleral accumulator (guoowpeuTng). ToTE yia TNV eniAuon TnNG npocBeong Oa
XpelagoTav eva npoypappa.tnG Hopeng :
LD A
(\ ° ADD B
STC
H npoin €vtoAr autoU Tou nMpoypdupaToG PETAQEPEl TA dedOPEVA NMOU UNApYouv
aTov. Taxm.pr]Tr'] A oTOV OUOOWPEUTH, 0 onoio¢ de ONAwVeTAl aAAd unovoeital. H
580T§’éVTO)\f] npayQaTtonolei Tnv nNpocOson TOU OUCCWPEUTH ME To B kai
anoBbnkelel To ANOTEAECNA Kal NAAl OTO OUOOWPEUTH. Mg Tn TPITN &VTOAN TO

anoTéAEoHa TNG NPA&nc anodnkeveTal oTov kataxwpntn C.

Av UNOBECTOUE OTI £XOUME £va oUOTNUA MOU EMITPENEl EVTOAEG OUO EVTEAWV
(1c0dUvapa 2 dieubuvoewv) To avTioTolXo Npoypaupa 6a nrav :
ADD A, B
STA,C
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>TIC nNapandvw &VTOAEC N OEIpd avaypaenc Twv eVTEAWV €XEl MOAU HEeEYAANn
onuaocia. Av unoB£ooupe OTI TO anoTEAeopa TnG nNpdaénc ADD anoBnkevUsTal oTo
NpwTo &VTENO TNCG, TOTE av apxika Ta A kal B sixav Tigég 3 kal 5 avTioToixa, HETA
TNV €KTEAEON TNG NPOOBeoNC To ApXIKO neplEXOPEVO Tou A xaveral ! O1 TINEG TwV
KATaXwpnTWV HETA TNV €KTEAEON TNG nNpdénc Oa eivar 8 kar 5. Av nBeAa va
d1aTNPNOoW TNV apxIkn TiUN yia To A kail de pe evolale n apxIkn TIKn Tou B, ToTE Ba
ENPENE va ypayw Tov KwOIKA pou oav ADD B, A !l H deUTepn evroAn anAd
anoBnkevel To anotéleopa Tou A oTto C. Av o0tg éva TETOI0 oUOTNHA nBeAa va
d1aTNPNoWw TIC APXIKEG TIMEG oTa A kal B, ToTe Ba €npene va XpnoihonoiRow Kdai
gvav BonénTikd kataxwpnTr £oTw D kal va diauopPpwow To NPOYPAENd HOU WG

€&ng :

e

LD D, A ) 0 4
ADD D, B \)
STD, C

PN
TéNog, og £va ouoTtnua 3 dieubluvoswy Ba apKoanaf)vo va ypAWwoupE :

ADD C, A/ B )

O nivakag evroAwv kdbe unoAoyloTIKOU CUGTAMATOC €ival auTdG Mou pHag

Kataypagel 6Aoug Toug nibavou BHoUG. eVTEAWY pIag evtoAng. Eival onuavTiko
o€ &vav unoAoylioTr nou xpryymi NEPICCOTEPA TOU EVOC EVTEAQ VA MPOCEXOUNE
noia XpnoigonolouvTal yia<avayvwon Povo (sources) Kal Moio XpnoihonolgiTal yia
anoBrkeuon (destination). Enionc eival onuavTikd va npogExoupe av kabe source
puropei va €xel OAEC TOU,&I‘IIGGVOUC ouvduaopoUc Tponwv 0disubuvaoioddTNoNng.
AEiCel va TovIOTEl yia GAAN HIa @opa OTI Eéva cUCTNHA Mou NPooPEPEl EVAAAAKTIKA
EVTOAEG 2 KG&EVT@\(DV (nepiocdTepa €vreha O xpnoigonolouvTal oTtn npdén)
oTnv ougia unokKpUNTEl TO YEYOVOG OTI QUTEG €ival EEXWPIOTEC EVTOAEC HE
6|c1(pop£T|KoU.<; kwdIkoUG AeiToupyiag (opcodes).
Y

5.4 Tponoi Aieuduvoiod0TNONG EVTEAWV

OTav ypAaQoupe £va Npoypauua o€ CUPBOAIKN yAwooa eival avaykaio va
npoodiopioupe Ta &vrela kaBe evToAng Baocel Twv dIEUBUVOEWY OTIC OMNOIEG AUTaA
nepiexovralr kar oxl PBdaosr TNG TIMAG TouG. O AOyoC €ival OTI O€ OUVEXEIC
unoAoyiopoUc Ta £vTteAa €ival anoTeAEOPATA NPOoNyoUNEVWY UMNOAOYICU®V YId Td

onoia dg yvwpiloupe €€ apxng TIG TIUEC NOU Ba €xouVv.

MePIKEC POPEC OUWC de yvwpilouhe oUTE kKav Tn disUBuvon Tou evTEAOU

nou 6a AdBel PEPOC OTNV EKTEAECN MIAG €VTOANG, AAAG yvwpiloupe Nwe va Tnv
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unoAoyiooupe. ©a BEAAPE OUVENW®G TO UMOAOYIOTIKO Mag ouoTnua va €xXel TN
duvaToTnTa unoAoylopoU TNG TeAIKNG dieuBuvonc. O1 duvaTtoi Tpdnol unoAoyiouou
NG dlelBuvong evOC evTEAOU NoU pac napexel &€va unoloyioTikd ocuoTnua
ovopdalovTtal Tponol dieubuvaoioddTNoNg (Twv eVTEAWV) 1 Tponol avagopdc oTn
MvAun. Na TovioTel yia pia akoun @opd OTlI KABe JlaPOpPETIKOG TPONOG
01euBuvol1000TNONG Yia TNV idia vTOAN oTnV oucia odnyei 05 EEXWPIOTEC EVTOAEG
Kal ouvenwc anaitei dIaPopeTIKO KwdIKO AsiToupyiac. KabBe unoAoyioTiko ouoTna
Mropei va npoo@épel PePIKOUG N akOPa NEPICOOTEPOUC and TOUC €ENG TPOMOUG
01euBuvo1000TNoNnG (UNOBECTE OTI yIA TA NAPAKATW IGXUOUV :

# AX EQU 80

# BX EQU 82 /

# CX EQU 84 N,
# AL EQU 80 (
# BL EQU 82 \
# CL EQU 84
OewpeioTe OTI 0 ouvapTnoeig MEM_BYTE (X) kai I\'XEM_WCF)D (X) pag enioTpEPouv
avTioToIxa TIG TINEG evOg BYTE kal piag WORD nou BpiokovTal anoBnkeuPEVEG OTIG
Boeic pvhAUNG X kai X, X+1 avTioToixa. YNoBETOUNE OTI
MEM_BYTE (80) = A2
M M_BMsl) =03
MgM_BYTE'(SZ) =42
MEM_BYTE (83) = F2

MEM_BYTE (84) = 08
MEM_BYTE (85) = 0A ):

e AMEOCEGQ Wops’:g HE KATAX®WPNTA.
Ta €vreha ot QuTn Tn nNepinTwon €ival ol dIeUBUVOEIC PYVAMNG KATAXWwpPnNTwy,
n.x.
®

INCB CL
&«bm auTh 100duvapel ue MEM_BYTE (84) = MEM_BYTE (84) + 1

o EpHpECEG AVaQoOpEG.
To €vteAo aTov E€UPeco Tpono dleubuvolodoTnong Hag kabopilel Tn dieBuvon
TOU TeAIKOU &evTeAou mnou Ba AdBel pyepog otnv npd&n. Mia evroAn ouvnbwg
Mropei va nepiexel yovo Hia €Upeon avagopd Kdal ol UMOAOINOol TEAECTEC TNG

EVTOANG, av unapxouv, NMpenel va npooneAavvovTal Je aueon avapopd. n.x.

LDB  AL,[AX]
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H evToAn auTn 1coduvapei e
MEM_BYTE(80) = MEM_BYTE(MEM_WORD(80)) 1
MEM_BYTE(80) = MEM_BYTE(03A2)

o 'EpHECEG ava®opEg HE auTOpaTn avgnon.
O Tpono¢ d1eubuvaolodoTNONG AuTOC £ival idIoC PE TOV MPONYOUMEVO HE HOVN
e€aipeon OTI n peTaBANTA nou JieuBuUVOIOdOTEITAlI EUUECA AUEAVETAl UETA TN
xprion TnG. H au&non unopei va sivar avaloyn Tou TUMoOU JedOMEVWV MOU
TeAIkG npooneAauveTal. ETol, av n evToAn evepyei ndvw o BYTES 1. SHORT-
INTEGERS n petaBAnTh Tng €upeoncg dieubuvong 6a auénbei kaTta-€va, evw av
evepyei navw oe WORDS 1} INTEGERS 6a au&n@si kata duo. n.X.
LD AX,[BX]+ .Y
H evToAR auTtn 10oduvayei pe \)
MEM_WORD(80) = MEM_WORD(F242
MEM_WORD(82) = MEM_WO&Q(sz) +S"
AvTigToIxa n evToAr npdabeong dUo BYTES
ADDB AL,BL/CX
1I000UVAEl JE 13
MEM_BYTE(80) = MEM_BYTE(82) + MEM_BYTE (0A08)

MEM_BY%) =MEM_BYTE(84) + 1

e 'AHECEG AVAPOPEG.
O TeAeoTAC kal OxI n:01eUBuvon Tou divovtal padi Je TN evioAn. Mia evroAn
Jropei va nepléxel uc’u&uia TETOIA Avagpopd, eV ol UNOAOINOI TEAEOTEC NpENEl

va ava@epovTdl Xpnolgonoiovrac dageon dieuBuvoioddoTnon HE KaTaxwpnTh.

n.x. \ ®
ADD AX,#340

H'evToAn auTtn 1c0duvapei e
Y N MEM_WORD(80) = MEM_WORD(80) + 340x
y
e A£IKTOOOTOUHEVEG AVAPOPEG
>& auTov Tov Tpono dieuBuvaoiodoTnoNG eva nedio To onoio UNApPXEl OTNV EVTOAN
npooTiBeTal oTn TIMR &€vOG eVTEAOU WOTE va pac dwoel Tn Oleubuvon Tou
{NTOUPEVOU EVTEAOU. M.X.
LDB AL,12[BX]

H evToAn auTr| iIcoduvayei pe
MEM_BYTE (80) = MEM_BYTE(12+MEM_WORD(82)), dnAadn
MEM_BYTE (80) = MEM_BYTE(F254),
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H avanapdoraon nou xpnoigonolgitTal yia 1o nedio €ival n dekasg€adikn ypaen
TOU apiBuou OTav auToc €XEl HOPPI CUMNANPWHATOC WG npoc 2. MNa napadsiyua
€0Tw OTI BéAoupe va npooneAdooupe pia B€on PVAMNG 61 B£oesic peTa and
auTAV nou nepIEXETAl aTov Kataxwpntn 90. To 61i0 €xel avanapdaoracn
00111101 o0g oupNANPWHA WG Npoc 2 KAl ouvenw¢ To nedio nou Ba
xpnoigonolovuoape €ival To 3D kai n avagopd orn HvAPn 6a eixe Tn popon
3D[90]. Avdloya pe TO nMpoonuo Tou nediou mMou npodoTiBeTal pnopoUde va
EXOUME OeIKTOOOTNON €iTE NEYAAUTEPWYV €ITE PIKPOTEPpWV OleubUvoswy. ETol yia
TN 6€on PvAuNG nou BpiokeTal 37 BECEIG Nplv ANO AUTRV MOU MEPIEXETAI OTOV
kataxwpntn 90, n owoTth avagopd 6a nTav DB[90], uiag kai T0.-3710 EXEl
avanapdoTacn o€ CUMNANPWHAa wg npog 2 : 11011011, TéAog, avaiovya »ﬂs TO
eUpoG Tou nediou Mou npooTiBeETAl UPNOPOUPE va €XOUM KTOOOTNUEVEG
avaeopEC JIKPNG N MeydAng andoTaonc. ?‘

e AlIguBuvoi1080TNON BACEI TOU KATAXWPNTH CWPOU.
Av BewpriooUpE OTI 0 JEIKTNG TWPOU oupBo)\i{s_Tal ME 553 TOTE WMNOPOUNE HE TN
XpPNon Tou eUKOAAd va NpooneAACOUNE EVTEAA Mou-NdN BpiokovTal otn owpo. MNa
napdadelyua yia va npooneAACOUNE TN, NPOTEAEUTAIa AEEN TOou ocwpoU PnopoUlE

va ypAWouE :

X_D \;(,Z[SP]

¢ AIguBuvaiod0TNON HE HNOEVIKO KATAXWPNTR.
Eidika yia éva ouoTnua TRG-Olkoyevelag MCS-96 oTig dieuBuvaoesig 00004 kal
00014 undapxel aneBnkeupevn n TiHR 0. AuTo pag dieukoAUvel oTnv
npoonéiacn Miag Oievbuvong, XpnoidonolwvTag Tnv G  METABANTA
5|£UBUV(NéTn0m ME O€ikTn. M.X. N EVTOAN
ADD AX,1234[0]
|006uv0%€i pe MEM_WORD(80) = MEM_WORD(1234).

5.4 &qfaxmpnrﬁq KataoTtaong

O kaTaxwpnTng kataoraong npoypdpuartoc (PSW) e€ivar €vac and Toug
€101koUG KATaXwpPNnTEC NMou unapxov oc kabe unoAoylioTikd cuoTnua. Kabe duadikod
Tou wnoio €ival yia Boolean pyeTaBAnTi nou napéxel nAnpogopia oXETIKA PE TNV
katdoTaon TOU MpPoypAupaToC Tou XpNnoTn. [MMapakdTw nepIypa@OUME  UE
neplioooTepn AenTopeépela Ta duadikad auTtd wngia, Ta onoia kalr ovouadlovTal

oUNPWVA JUE TO NAPAKATW OXNAMA :
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VT:

ST:

716|514 |3|]2|1|0
Z|IN|V|VT|C|X]|I]|ST

To duadikd wneio Z (Zero) TiBeTal oto 1 wOoTe va deixvel Nwg n AeiIToupyia
nou nNponynenke naprnyaye €&va anoTEAECUA i00 PE TO PINOEV.

To duadikd ywneio N (Negative) TiBetal oTo 1 wOTE va unodeikVUEl NwG N
nponyoUuevn AsiToupyia napnyaye €va apvnTikd anoTeAsopa. MapartnproTe
oTl 0 evdeiktng N Ba BpiokeTal oTnv owWOTH AAYEBPIKN TIMN GKOPA Kal av

napouaciaoTei pia ungpxeiAion.

To duadikd wn@io unepxeidionc V (oVerflow) TiBeTal oTo 1\)0T£ va
unodeikvUel NwG n nponyoUUevn AsiToupyia napryaye €vd (ROTé)\EELICI nou

gival €€w and To YEyebog Tou TUNOU OEdOUEVWY MOoU avauévow?

To duadikd ynoio VT (oVerflow Trap) TiBetal oTo 1 dtav To d0adikd wneio V
TiBeTal oTto 1, aAAa dev pndevileTal and €NOUEVEG sMéq. H Aoyikn Tou
duadikoU wnoiou VT emTpénel Tov €AgyXo yia .Jia mbavr karaoraon
unepxeiAiong oTo TEAOC HiaG akoAouBiag OXETIKWV apIBUNTIKWV AEITOUPYIDV.
AUTO (QUOIOAOYIKA €ival N0 ANOTEAEOUATIKO ANd TO va €AEYXOUME To V WETA

ano kabe pia evroAn.

To duadiko wneio Kpatoupgwou Ci(Carry) TiBeTal 0To 1 WOTE va UNOJEIKVUEI
TNV Kataoraon Tou apif nQJ KPATOUMEVOU anod TO MEPICCOTEPO ONUAVTIKO
bit Tng Ap1BuNTIKNAC AoYIKAG, Movadac yia pia apiunTikn AsiToupyia n Tnv
KATAOTAoN Tou TEAEUTAiOU bit nou oAioBnoe npog Ta £€Ew kaTd Tnv oAiobnon
evocg TeAeaTr|. To Ap@rml«') Aavelkd PeTa ano pia npd&n agaipeong €ival To
OUMNANPWUA Tou duadikoU wneiou kpatoupévou C (Mou onuaivel nwg av n
npagn nwayaéva daveikd ToTe C=0).

To Jduadikd, wneio autd emTpenel / anoTpénel aiTAoel¢ dlakonwy va

EEUI‘II’]pgTOl'JVTCII. Ma Tig d1akoneG 6a PIANCOUE O€ ENOUEVO KEPAAQIO.

To dUadikd wneio ST (STicky bit) TiBeTal oTo 1 WOTE va unodeikvUel OTI KATA
Tr&(‘]pKEIO piag de€iac oAioBnong €vag agoog (1) €xel oAIoBrosl NpwTa oToV
evdeikTn KpaToupévou C Kal PETA npoc Ta £€€w. O evdeikTng ST padi he Tov
evdeikTn KpaToupévou C pnopoUv va xpnoigonoinBouv yia va anopacioouv

yla Tov Tpono oTpoyyUAguonG WeTa anod pia de€id oAiobnaon

O PSW unopei va diacwbei 0T0 0wpO TOU CUCTANATOG WE Mia anAn npdaén

Kal va avakAnBei ye napopoio Tporno.
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5.5 Eva napadeiypa NpoypappatiogoU o Assembly

>To unokepdaiaio auTtd napoucidlovtal avaAuTikd Ta BAPATa  nou
xpelalovTal va yivouv yid Tnv €niAucn &voc NpoBAANATOG XPNOILOMNOI®VTAG Th
oupBoAIkn YAwooa. YnoBeaTe OTI BEAoupe va AUooupE To nNPpOBANPA TNG €UPEONC
TOU PeyaAUTEpPOU PN npoonuacpevo byte nou BpiokeTal oTic B£0gic yvnung 5F21 -
5F2A kai TnG TonoB&Tnoncg Tou otnv B£on pvnung 5F20.

O nio evdedelydévog TPOMOC yia TNV eniAuon kabe npoBARuaTog €ival n

KATaokeun €vog dlaypdapuatog pong. MNa 1o napandvw npoBAnua éva didaypaupa

ponc 6a nTav To akdAoubo :

\
Oéoe deikmng = 0 (
s

Ofoe Tpéymv péyiotog = MEM_BYTE (5F21)
OXI%{ péyov péytotog = MEM_BYTE (5F22 + deikg)

Eivat o péyov uéyiotog >
MEM_BYTE (5F22 + deixtng) ?

NAI N
‘ deiktng = deikng +1

A Nﬁl

‘ MEM_BYTE (5F20) = tpéyov péylotog ‘

T
(\ °

To napanavw diaypappaTtoc ponc, xpnoiuonolisi dUo peTaPAnTEC, TIC dEiKTNC

Kal TpEX@V ﬂéwo-roq. O deikTnC €ival pia PeTaBANTR Nou TNV XPNOILOMNoIoUUE Yia
va c%douu& d1adoxika TIC B€0gIc PvANNG ano Tnv 5F22 €wg kal Tnv 5F2A. Onwg

€idape nponyoUPeva auTd MMOpei va emTeuxBei péow TNG OeIKTOOOTNHEVNG
npooneAaonG. H PETABANT TPEXWV PEYIOTOG avd NAca OTIYUN €XEl AnoBnKeEUPEVO
TO WEYIOTO PN Npoonuacpevo byte nou €xoupe ouvavThoel. ApXIKOMOIEITAI HE TN
TIMA nou BpiokeTalr otn B€on PvAWNG 5F21 kar ouykpiverar diadoxikd HE Ta
nepliexodeva Twv Beogewv PvUNG 5F22 €wg kar 5F2A. Kabe gopd nou ouvavrarai

HMEYAAUTEPN NoodTNTA, TOTE AUTH VIVETAl O TPEXWV HEYIOTOC.
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MNa Tn peTdppacn Tou napandave OlaypdpuaToc pong os oUUBOAIKR YAWOod

XpelaleTal va OPICOUME TOUC KATaXwpnTeéCc nou BHa anobnkelouv TIG OUO

MeTaBANTEG. EoTw OTI XpnoigonoloUpe Tov AX yia Tn MeTaBAnTn OgikTn kai Tov BL

yia TN YETABANTA TPEXWV HEYIOTOC, 6nou AX kal BL ol cupBoAiouoi BEgewv PvAENG

ONWC¢ NapouciacTnKav vwpiTepd. To HOVO NAEOV MOU AMOUEVEI €ival n ouyypaen

TwV eVTOA®WV 0T OUPBOAIKR YAwood. O cuvoAikoG KwdIKAc rnou Ba npogkunTe Oa

nrav :

ETIKETA
# AX

# AL
# BL

LD

LDB
[LABEL 1] CMPB

JH

LDB
[LABEL 2] INCB

CMPB

INE

STB

EvToAn
EQU

EQU
EQU

AX,
BL,
BL,
[LABEL 2]

BL,
AL
AL,
[LABEL 1]

BL,

a

4

\-' °

80

80

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

#09

R

Enggnynon

SUMBOAIONOC TNG AEENG OTIC BETEIG VKNG
81 kai 80 pe AX p
SUMBOAIONOG Tou byte oTn.B£on pvhENg
80 pe AL o
ZupBoAIopOG Tou byte ot e\ém)wr']unq

82 pe BL

AgikTng = 0
Tpéxwv peEyloToc = MEM_BYTE(5F21)
TpéxwV WEYIOTOG - “BYTE(5F22 + AsikTng)

Av TO aneTéAeopa TNG agaipeong eivar BeTIKO
NapEKAPWe TAV. ENOUEVN EVTOAR
Tpéxwy. YeyloTog = MEM_BYTE(5F22 + AgikTng)

A€IKTNG €ikTnG + 1
AgikTNG -

Av_To. anoTEAEONa TNG agaipeong €ival dia@opo

Tou. 0 nnyaive oTnv €vToAn Me nivakida [LABEL

1] dAAMIWC OUVEXIOE TNV EKTEAECN akoAouBiakda
_BYTE (5F20) = péyioTog
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KE®AAAIO 6
Eiocodocg - EEodo¢

X
\
NC)

O1 povadeg €10000uU — €EOOOU €ival EKEIVEG O HOVADEG MOU UETATPEMNOUV TNV
nAnpo@opia nou diaxelpileTal 0 UNOAOYIOTNG G NANPOPOpPIES avonTeg and Tov
advepwno kai avTioTpo@a. Eneidr ol GUOKEUEG auTéG BpiokovTal Kal Tomika nio
KOVTa oTov avBpwno ouxva ovopalovTal Kal TEPUATIKEC r']ﬁ}pl(pspslaKéq OUOKEUEC.
SAMEPA uUNApXouv JeKAdEG 6|a(popsT|Kég‘0uo UEC nou Oa pnopoucav vda
XApaKTNPIoTOUV WG NEPIPEPEIAKEC CUGKEUEG. TO :'70 ouvnBec yvwpioud Toug sival
N onuavTika (Ta&eic pey£Boucg) PIKPOTEPN oUXVOTNTA AEITOUPYIAG TOUG O OXEON ME
TN ouxvoTNTa AsIToupyiag Tng . I'Iap%no gEeTalovTal ol d1apopol TPOMol
ENIKOIVOVIAE QUTOV TV HOVASWV. HE TO UMOAOINO UMOAOYIOTIKO oUOTNHa Kal
avaAlovTal Ta XapakTnpIoTika'kal oI apxeG Asitoupyiag Twv nio ouvnBiouEvwy anod
auTeC. MpaTA OPWG avaAdovTal ol TPOMOI MPOCAPHOYNC TWV SIAPOPWY CUOKEUGV

o’ €va unoAoyloTikO cuaTnHa.

6.1 KiUpiol (m&grss kai okAapoi (slaves) os pia aprnpia

EoTw OTI navw o€ pia apTnpia undapxouv NEPICOOTEPEC TNG MIAG OUOKEUEG.
©a., NTav. KaTaoTPoPIKO va EMTPEYOUHE OE MNEPIOTOTEPEC TNG HMIAG OUOKEUEG va
oSnvoUv Tauréxpova Ta OAPATA TNC apTNPiac, MIaC nou TO HOvo nou Ba
eniITuyxavage O6a nTav €va BpaxukUkAwpa. Ac¢ unoBegoupe OTI n aprtnpia
OleuBUVOEWY TOU UMNOAOYIOTIKOU HAC OUCTAPATOC anoTeAsital and 16 duadika
wneia kal pgnopei Tautoxpova va odnynbei ektdc and Tnv KME kal and kanoia
AaAAn ouokeun. YnoBéote 0TI N KME €kdidel evToAn avayvwong and tn dieubuvon
0000Hex kal N GAAN OUOKEeUN €VTOAN eyypa®ng orn Oieubuvon 0001Hex. AC DOUME TI
oupBaivel Navw oTn YPAWMn MOU avTIoTOoIXEl OTo AIYOTEPO ONUAVTIKO Wn@io TNG
aptnpiag dieubuvoswv. Apou n KME npoonaBei va B£o0sl aut Tn ypauun oTo

Aoyiko 0, onuaivel OTI anokaBioTd éva aywyigo PovondTti XapnAng avTiotaong
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METAEU auTAC TNG YPAUMNG Kal Tou OUVApIkoU Tou AoyikoU 0. AvTiBeTa n AaAAn
OUOKeUr npoonaBei va BO€o0sl auTrl Tn YPAUPR OTO AOYIKO 1 Kal ouvenwg
anokabioTa €va aywyigo povondTl XaunAnc avTiotaonc YeTa&l auThc TNG YPARUNAG
Kal Tou duvapikou Tou AoyikoU 1. Av unoB&ooupe 611 To Aoyikd O avTioToIXEl oTa

0V kai To Aoyiko 1 oTa 5V, T0TE To NAeKTPIKO KUKAWHA NOoU avTioToIXEi Ba eival :

+5V

Avyétepo
ONUOVTIKO Yynolo
g devbuvong

% Movonatio
XOHNANG /
% avtioTaong \
ov ) =

Ve

Bdosl Twv napandvw eivar npo@aveg OTINOE ea'blpénel va EMITPENOUNE

Bpoayvyxdxiopa

TAQuTOXPOVa Ot NEPICOOTEPEG TNG MIAG ouoKsuéE\vq o’gr]yoUv kanola aptnpia. Mg
aAAa Adyia o€ KABe XPOVIKN OTIYHR HOVO é\/\q WAopei va odnynoel Tnv aptnpeia,

gv® OAol ol unodAoinol "akoUv" Tig TIUé\I‘IOU unapyouv Nnavw oTnv apTnpia.

Ka&be ocuokeun nou /éxa ™M 6uv3¥6TnTa va odnyei yia aptnpia ovopddleral
KUpiog (master) evw ('))\j‘q 01.-UnoAoinec ouokeuég ovopalovTtal okAapol (slaves).
MNa napadeiyua, avaloyilopevoi Tnv aptnpia dieublvoswv, n KME eival £€vag

KUPIOC, EV® Ol HOVADEC HVANNG €ival OKAAROL.

6.2 Evag K@ ka1 noAAoi okAdBoi (Single master — Many slaves)

_Mia noAU anAi Auon oTto npoBAnua Tng diaxeipiong Wiag apTnpiag sival va
ENITPEYOUNE, O €va oUOTNHA va €XEl HOVO €vav KUPIO Kal OAEG OI UMOAOINEG
cuoﬁs\wa gival okAaBol. Ma Tnv €nikoIvwvia TwV NEPIPEPEIAKWOYV CUOKEUWV HE

TO UNOAoINO UNoAoyioTIkO cUOTNUA O aUuTn TN NEPINTWAON NPOKUNTEI TO OXNMA :

55 Movada Movéda Movdda
1\1/)101'11 B Ewodov / Eis6d0v / Ec6d0v /
VIEn EZodov 1 | | E&odov 2 cee E£650u k
Apmpia Aedopévarv 1 I I I I

Apmpia Aevbiveemv
Apmpia Znpdtov EXéyyov
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onou povo n KME pnopei va odnynaosl Tnv aptnpia dieuBUvoswy Kal CUVENWG HOVO

auTn Jnopei va Kavel JeTa@opeg 0eO0UEVWY NPOG TN KVNHN.

MNapakdTw Oeixvoupue OTI TO OXAMA auTd dev eival kaBoAou anodoTiko.
YnoBeoTe OTI KABOe povada €10000U-eEOOOU gival eEONAIOUEVN WE PIA TOMIKA WVAMN
pHeyEBoug 256 bytes. Ma €va nANKTPoAOyIo, auTd HETAPPAlETAl O YEUIOMA TNG
TOMIKNAG MVAMNG KABe popd nou NANKTpoAoyouvTal 256 XapakKTAPEC KAl CUVEMN®G
TNV avaykn anod&opeuong auThng TNG MVAMNG WOTE va CUVEXIOTEI anpdoKonTd n
dladikacia nAnkTpoAdynong. Ta OedopeEva OUVENW®G MOU UMNAPXOUV OTIG. TOMIKEG
MVAMEG Ba npenel va peTa@epBoUV aTnV KUPIA PMVARN TOU GUCTAHATOC 4AG.

AG unoBeooupe apxikd OTI oI povadeg €100d0u-gEOBOU Bey BlaBETouv
kanolov Tpodno woTte va €idonoifoouv TNV KME OTI n TONIKA TOUug MVAMN EXEI
yepiosl. AnNAG anoppinTouv Kaivoupyia dsdopéva PExp! n. KME, va adeidosl Tnv
TOMIKA MVAMN Touc. H KME népav Twv GAA®V NpoypapudaTtwy, nepiodika
avaAhapBavel va TpEXEl KAl €va eninAéov nNpoypapua,-To oﬂoio Tnv odnyei oTo va
eAEYEel TNV KATAOTACON TWV NEPIPEPEIAKWV TUOKEUWV. ETOl €EeTAlEl TNV KATAOTAGN
TNG KAOE NEPIPEPEIAKNG OUOKEUNG EEXWPIOTA pidnom npokaBoplouevn, Baocel
€EVOG OXNMATOG NPOTEPAIOTNTAG, O€lpd. Z€ NEPINTWON nou JdIanioTWoEl OTI N
NEPIPEPEIAKT OUOKEUN anaiTei €EURANPETNOR, TOTE eKTEAEl €va AGAAo nmpoypapua
€I0IKEUMEVO Yia KABe ouoke Q neplypagel To noia dedouéva kal nou Ba
HeTapepBoUv. To Oevaplo. AUTO EEUNNPETNONG TWV NEPIPEPEIAKWYV TUOKEUWV Eival
YVWOTO w¢ npoypauuarioyévn’ diadikaocia g100dou-g&6dou (programmed
I/0). H un C]I'IOéOTIK()TI’]Tg{UTOL'J TOU OXNMaTog NpokUNTel anod Tad KATwo! :

a) H KME avaAwvel apkeTd Xpovo OlEpeuvMVTAG Mnold NePIPeEPEIaKa XpeialovTal
€Eunnpetn MNas=napdadelyya av POvo To TEAEUTAIO OTNV MNPOTEPAIOTNTA
nepIpPePeIaKo XpelaleTal €gunnpétnon, autd Ba OianmioTwBei PeTd and K
eAEyXOUC OMnou ol k-1 €Aeyxol ATav ackonol.

BYH KME*ngC'ICETGI Vva €KTEAEI TN PETAPOPA TWV OEOOPEVWY, EVW OTOV idIo Xpovo
Ba pnopoloe va ekTeAei AGAAa npoypdppata nou dOe OXeTiCovTal HE Ta
METAPEPOUEVA dEdOMEVA.

y) O pe€ogoc XpdvoC avapovng yia €EUNNPETNON Ot MPId MEPIPEPEIAKN OUOKEUN
XAMNANRC NpOoTEPAIOTNTAC KUNOPEI va Yivel NOAU peydaAod.

To oxnua autd OPWC €Xel €va MOAU PeEYAAO MAEOVEKTNMA : TNV anAdTnTa Twv

anaroUPEVWYV NEPIPEPEIAKDV TUOKEUDV,

Se uia OeuTepn ekdoxn, Ouaialoupe eAappd nePICOOTEPO UAIKO avd

NEPIPEPEIAKN OUOKEUN ME OKOMO va anaAAayoUhe and To HEIOVEKTNWA a) nio
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navw. E@odidloupe dnAadn kdBe nepIPePEIAK) OUCKEUR MPeE T duvaToTnTa va
napdyel €va ornua To onoio deixvel av auTtn anaitei eEunnpernon n oxi. MEow TNG
apTnpiag e€Aéyxou Ta oOnQuarta autd kolvonoloUv Tnv Kardoraon Tng Kaée
NeEPIPEPEIAKNC ouokeung otnv KME kal Tng unodesikvuouv va dIakOYel Tn TpEXouoa
A€IToupyia TG yia va Tnv e€unnpetnosl. Ta onuata auta ovopalovrtal onuara
diakonng (interrupt signals). Etol Aoinov nepvaue ornv diadikaocia 100dou
HE xpnion onuarwv diakonng (interrupt driven I/0). Z autnv Tnv €kdoXn N
KME anaAAaypevn anod Tov €AEyX0 TNG KATAOTAONG TWV MNEPIPEPEIAKWYV, OUVEXICE
Kavovikd Toug UnoAoyiopouG TNG HEXP! va AdBel €va onua diakonng. ToTe, agou
oAoOKANPWOEl TNV TpEXouoa €vToAR Kal anodnkelosl To nepiBAAAov gpyaociac Tng
(TINEG KATAXWPNTWV, ONUAIEG KATAOTAONG KOK.) OTNV Owpod TOU OUOTr']|.r6Toq,
METANNOA OTO NPOYPAMMA €EUNNPETNONG TNG KABE NEPIPEPEIAKNG TUOKEUNC. OTav
oAoKANpwoel TNV €EUNNPETNON TNG NEPIPEPEIAKNG GUOKsquaKaAsi TNV
anoBnkKeupevn TNC KATaoTaon Kal enavapyifel Tnv ekKTEAEgn ano To onueio nou
diakonnke. O1 neplogoTepeg KME, divouv oTov npoypauudTioTn Tn duvaTtoTnTd, va
anokAegioel Ta ofuaTta J1akonng yia Kanoio KO[.I{.I('JTI KdJ&)Ka nou e€ival Kpioipou
Xpovou. T[piv Tnv €eKTEAEOn autoU ToU KWOIKG® HE E€I0IKEC EVTOAEC O
npoypaupaTtioTng anokAegiel Tig diakoneg (interrupt masking) kar TIG enmiTpénel

AUECWC PETA TO TEAOC TOU KPIGIHOU KWOIKG:

MNépa ano Ta npoBAr’lu’cﬁa B)=kal y) n diadikacia MPe Xpron onuATwWV
dlakonng enpépel To npéBAnpa, TWv no6cwv onuaTwv dOIaKonA¢ Mnopouv va
unapxouv. Av kai 6ad é)\aua va €Xoupde TOOA OnpaATa JIaKonnc OO0EC Kdl ol
NEPIPEPEIOKEG PAG OUOKEUEG, auTO €ival aduvaTto OTnV Tpexouoa TexvoAoyia. Ta
guyxpova oAokAnpwpeva KME ouvnBwc S1aBéTouv povo €vav akpodEKTN yia onua
dlakonnc. F(Nvéo nPOBANUA OUVEN®WC MoU NPOKUNTEl €ival TO NWG Yiveralr n
dlacuvdeon Twv MOAA®WV onudTwv aitnong €EunnpeTnong oTn Hia kalr povadikn

ypapyn, diakonng.
®

gE\IJICI npwTn anAoikn npooéyyion 8a PnopoUCAUE va XPNOIKOMOINCOUKE
Mia nuAn Aoyikng d1aleuéng (OR) n onoia 6a OUYKEVTPWVE TA CAMATA AiTAONG
€EunnpéTnong o &va povo onpa. H Auon opwe autn aduvaTtei va unodei&el To
OUYKEKPIMEVO nepipepeiakd nou ¢nTa €gunnpernon. Etolr Aomdv 10 npoypapua
€EunNnpETNONG TNG dIOKONAC O AUuTh Tn nepinTwon 6a np€nesl va nepiAapBavel Tnv
e€fTaon kAabe nepipepeiakoV yia va dianioTwdei av auTd eival nou {ATnoE TNV
diakonn f oxlI. MPooEETe OTI TO COEVAPIO AUTO €ival evTEAWC dIAPOPETIKO anod To
OEVApIO TNG NPOYPANPATIONEVNG dladikaagia €10000U-£EOD0U, OTNV OMNoid 0 EAEYXOG

yiveTal akdun kal 0Tav Kaveva nepipepeiako ds BEAEI eEunnpéTnon.
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MNa va anogeuxBei n xpovoBopa avalntnon TG CGUOKEUAC nou {ATnoes Tn
dlakonn €ival npogaveg OTI n anAoikn AUaon dev apkei. XpeialopaoTe Ye aAAa Aoyia
€va oAOKANPpWHEVO KUKAWPA, To onoio Ba dgxeTal OAEC TIC aIThoelc dlakonng anod
TIC NEPIPEPEIAKEC CUOKEUECG, Ba TIC Ta&ivouei Baoel evdc oxnUATOG NPOTEPAIOTNTAG
kal B6a avakolivwvel Tnv Unap&n aitnong e&unnpetnong otnv KME. To
oAOKANPpwHEVO auTd ovoualetal draxeipIioTnG —eAeykTnG— diakonwv (interrupt
controller). e ¢va ouoTnua e@odiacuevo e diaxelpiotn dlakonwv, n KME dg
xpelaleTal va e€peuvd OAa Ta MePIPePEIaKd, aAAAd pwTA TO OUYKEKPIMEVO
OAOKANPWHEVO YId TO MOId OUCKEUN anaitei €EunnpeTnon Kadli autd TNG.MApEXE!
kateuBeiav Tn OI1gUBUvVON TOU nEeEPIPEPEIAKOU Mou npenel va €EunnpetnOsi. H
dielBuvon auTr pnopei va xpnoiygonoinBei oav deikTng og éva nivaka n(hnspléxa
TIG OIEUBUVOEIG apXNG TWV MNPOYPAUHATWV  €EUNNPETNONG, KAGBE OUOKEUNG
(interrupt vector table). O1 cuUyxpovol OJlaxXelpIoTEG” OlakoAwy Jivouv Tn
duvaTtotTnTa va pubuileTal n npoTEPAIOTNTA KABE OUOKEUNG. EminAgov, ol
duvaToOTNTEC €MNEKTACINOTATAG AUTWV TWV oAOK)\ywpévwv gival noAU peyaAec.
MeplooOTEPA TOU €vVOC TETOIA OAOKANPWHEVA HMNOPOUV-va 'Snoluonomeof)v yla Tnv
eEunnpETNon NEPIOOOTEPWY CUCKEUWV 1/ yId:. TRV ENEKTACN TOU OXNMUATOC

npoTEPAIOTNTACG. )

6.3 Aiaitnoia peragy noAAanAev kupiwyv’(Multiple master arbitration)

MNa Tnv aneAeuBepw Q KME ano Tn 0Jladikacia METAQOpAC TwV
OedopEVWY ano Kal npog Tig NEPIPEPEIAKEG CUOKEUEG Ba MpeEnel va NpooOECOUNE
oTO oUuOoTNHa dAAn pia pevada.n onoia va €ival ikavy va odnynoel TNV aprtnpia
OleuBUvoewy, N U dAAa Wla gvav eninAgov kUplo. Eidapye Opwg nponyoUpeva oTi
O£ OUOTNAMATA PE NOoAAOUC Kupioug avadueTal n avaykn ouyXpoviohou Toucg, apou
e B€Aoupe Toi T@utdxpova va odnyouv TIG diapoipaldopeveg aptnpiec. To
npoBANUa Tou cuyxpoviopoU Auvetal pe dUo Tpdnoug : Tn diartnoia (arbitration)
Kal TNV UHOK‘\OI‘IF‘] KUKAWV.

Yy

Z€ €va oXnua PE auyxpoviopo Baocel diartnaiag pia anod Tig Hovadeg Kupioug
(ouvABwg n KME) 11 pia véa povada, ovopalopevn drairrntng aprnpiac (bus
arbiter) avaAauBavel va OUAAEYEl TIC AITACEIC TwV JlaPopwVv Hovadwv nou
dlapgoipdlovTal TNV aptnpia, vyiad dnokAEIOTIKA Xpnon TnG. Bdosl  evdg
NpoKaBopIoCUEVOU N &vOC npoypaupaTi{OJEVOU OXNAKATOC NPOTEPAIOTNTAC, O
diaITnTA¢ anogaailel o€ noia povada 6a napaxwpnBei n apTnpia KaTta Tov eNOPEVO
KUkAo. OAec ol unoloineg povadeg, ogeilouv va o£Bovral Tnv anogacn Tou
dlaITNTA Kal €70l AuECWG MOAIG OAOKANPwWBei o TpExwv KUKAOG, opeilouv va

odnynoouv Ta KUKAWUATa Npooapuoyns HWe Tn dlapoipalopevn aptnpia otnv
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katdortaon uwnAnc eunednong (high impendance), anoTpénovrag £€Tol kabe
€NNPEACUO Tou duvapikoU Kal Tou peupaTog nou Ba sniBaAAel ndvw oTnv aptnpia
n povada nou Oa anokTNOeEl Tov €AEyxo TNG apTtnpiac. AuTo TO OXAMA
OUYXPOVIOUOU, ouvniBwc epapuoleTal oTtav n TaxuTnTa MPeETAQOPAC OdONEVWV
navw ano Tn Jdiapoipaldopevn apTtnpia €ivar n idla yia TIC OIAPOPEC OUOKEUEC
Kupioug, ylaTi povo TOTE 0 apiBudc Twv KUKAWV KATA Toug onoiouc n KME de
hropei va xpnoigonoinosl Tn diapolpalOuevn apTnpia €ival CUYKEKPIPEVOC. Kabe
XAMEVOC KUKAoC vyia Tn KME 1ooduvapei pe unoBdaduion Tng anodoong Tou
ouoTnpaToG. Emiong auto To oxnua e@apudleTal o€ ouoTANATa ene€epyaociag

JOedOUEVWYV NpaypaTikou Xpovou (real-time systems).

To oxnua diaiTnoia¢ Ye unokAonn KUkAwv (cycle stealin &ppoﬁam
oTnVv nepinTwon unap&ng duo Kupiwv kal BacileTar oTnV napaznenon Ot pia
govada KuUploG akoupn kair Otav  €XEl OTNV  AnoKAEIgTIKN /Xprion Tng Hid
diapolpalopevn aptnpia dev €ival UMOXPEWTIKO va Tnv XPnoIMOMoIEl oc KABe
KUKAo. Ac unoBgogoupe yia napddeiyua Tnv KME,/OTI’]V nsp'bflm)on NMouU €KTEAEI TNV
akdAoubn evtoAn :

ADD R1, R2
onou R1 kar R2 gival di1euBuvoelg KaT PATWV KAl TO anOTEAECHUA TNG NPOCBEDNG
anoBnkeveTar otov R1. MNa Tnv apa& EVTOAN €ival npo@aveég o1 n KME dgv
XpelaleTal va Xpnoidonoinoel TN aanpm dleuBuvaoewyv kal 0edouEvwy, Napda Povo
oTnV apxn TNG €&VTOANG .yid TNV FAPOOKOUION TNG €VTOANG. Ouunbeite OTI ol
KaTaxwpnTec BpiokovTal aTto oXokAnpwuévo Tncg KME kal cuvenwc dev anairouvTal
NPOOoneAAcEeIG TNG KUPIAGKVAKNG YIa TNV Npooaywyn Twv dU0 eVTEAWV. ZUVENWG,
pia OeUTepn povada KUPIOC UMNOPEl va XpnolIJonoIfoEl auTEG TIC AdPTNPIEC TNV wPd
nou n KMWoonsmova TOUG KATAXWPNTEC TNG, EKTEAEl TNV npoobeon Kal
anoBnkelel Ta ANOETEAECUATA TNG. MNa va €ival epIkTO auTo To oxXnua Ba npeEnel iTe
n KME.va dnAwvel orn deUTepn povada Tnv npoBeon TNG va Pnv XPNoIYOnoInoEl
Kdi sn(bq.vq anodeopevoel TIG aptnpieg (bus grant) eite n deuTepn povada
KUplxdaKo)\ouesi dia d1adikacia avTioToixn TNG anokwdikonoinong TNG eVToARG
WOTE va yvwpilel o€ NoloUG UNOKUKAoUG Ba eAeuBepwBolv o1 apTnpiec woTe va TIG
xpnoigonoinoel. Ag doUPe Nw¢ epappoleTal autd TO OXNUA OTNV MNEPINTWON TNG

01a0UVOE0ONC TWV NEPIPEPEIAKWY CUOKEUWV HE TO UMOAOINO UMOAOYIOTIKO cUaoTnua.
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E;"S’YKTﬁQ Yroopmpia Awvdoveemv
Kopua Apeong (o AcSoLEvoy
KME Mviun Tpoonéhaong YroopeIpia AsSos
Mviipng B o
Movado | | Movéda | eee
1/0 1/0
Kipua Apmpic O
Kopio Apmpio Aedopé 1 l

Apmpia Inpdrev Exéygon

3To napandvw oxXAMa £XOUME NPOCBECEl OTO UMOAOYIOTIKO Pag ouoTnua
€Evav €eAEyKTn dApeonc npoongéiaonc Mvnung (Direct Memory Access -DMA-
controller), éva oAokAnpwpévVo To onoio Pnopei va odnynoel TiIG KUPIEG apTnpieg
dieuBlvoewv kal dedopévwv. lNa va kataAaBoupe Tn Asiroupyia G\TOL'J TOU

OXNHMATOG aG UMNOBECOUHE OTI HIA MEPIPEPEIAKT OUOKEUN METAPEPEL Ot KABE

egunnpérnon TnG 1Kbyte nAnpo@opiac npog Tn kUpia PvAunR. Yn \(?é)uus eniong

TNV unap&n evog eAeykTn onudtwv diakonng (nou dev Qaiveral .0To Napanavw

oxfua). H diadikacia nou Ba akoAoudnBei yia Tn HeTA@OPd.anoTeAsiTal and Ta

€&NG Pripara : A

1) Méow evog onuartog d1akonng To NEPIPEPEIAKO sléono@ TOV €AEYKTR dlakonwv
yla To OTI XpeialeTal eEunnpETnon. 2

2) O eAeyKTNG dlakon®v avakolvwvel v aitnan-diakonng otnv KME.

3) H KME oAokAnpwvel Tn TpEXouod £VTOAN, anodnkelsl Tn KATGoTacn TNG Kal
£PpWTA TOV EAEYKTN 5ICIKOI'IC9@TIKG UE TO nola ouokeun {nTa eEunnp&rTnon.

4) OTav 0 €AEYKTAG 6|ak§1d)v TNy evnuepwoel, WeTanndd oTo npoypapua
€EUNNPETNONG TNG GUYKEKPILEVNG OUOKEUNG (npoypaupa odnyog - device
driver).

5) To npdypaupa sEunnpﬂ'nonq evnuepwvel Tnv KME oXeTIKG Pe To ano nou Ba
diaBacel TG nAnpo@opiec kal nou 6a perapepbolv ol nAnpogopisc. H KME
npoypapp&a Tgv eAEYKTH AGUEONC NPOCMEAAONC YIA va KAVEl T HUETAPOPA
(ornv oucia Tou avakolvwvel Tn dlEUBuvan apxng avayvwaong Kal eyypagng
KAl TO PEyEBOG HETAPOPAG).

6) H KM! avakaAei TNV anoBnkeupévn TNG KATdoTaon Kdal ouveXilel va eKTEAEI
KaVoVIKAd TOUG UMOAOYIOHOUG TNG.

7) O eAeykTAC Apeonc npoonelaong uvnung diapadel TiIc nAnpogopieg and Tnv
NEPIPEPEIAKT CUOKEUN XPNOINONOIWVTAG OIAPOPETIKEG UNOapTNPieG Kai TIG
anoBnkelel g€ OIKN TOU TOMIKA UVAMN, EV® napdAAnAa oe kUkAoug nou n KME
Og XpnolJonolei TIC KUPIEC apTnPiec METAPEPElI TIC NMAnpo®opiec otnv KUpla
HVAUN.

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

aitnong diakonng, avakoivwvel otnv KME Tnv oAokAnpwon TnG METApopdc, n
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ornoia PEOw ToUu eAeykTn Olakonwv €IO0MNOIEl TNV MEPIPEPEIAKT OCUOKEUN va

anooupel TNV aitnon dlakonngc.
Ta napandvw BrAuarta €ival gia anAoudTeupévn neplypa®n Tng oAng diadikaaciag,
agou anokpUNToOUV GNUAvTIKA NPoBANUATA Nou Jnopouv va npokUuyouv, Onwg yia
napddelyya TI YivETal av TNV wpd Mou Yiveral jia JeTagopd €pbel aitnon yia
HETaQopd uwnAOTEPNG MNpPOTEPAIOTNTAC N OTAV MId METAPopd Ot MMopel va
OAOKANPwWOBEi 1 n oAokAfpwar TNG anaitei NoAU peyddo xpovo. Ta npoBAnuara
autd O6a avaAuBouv 0J1gEodika oTa HadnuaTa ApXITEKTOVIKAG YMOAOYIOTWYV,
Alaouvdeong MikpoUNoAoyIOTIKWV ZUOTNUATWV Kal [MpoxwpnueEvwy Beudtwy
ApPXITEKTOVIKAC. )
6.4 Zzipiakn kKal napdAAnAn avraAAayn SedopéEvev \"

Mia Bacgikn Kkartnyoplonoinon Twv JIdpopwV apmpm&lou ouvnowg
diaTiBevTal o€ £va unoAoyIoTIKO cUOTNMA €ival o€ apTnpPieC Hou aya XpovikKo KUKAO
MrnopoUVv va PeTagEPOUV POVOo €va duadikd wngio Kal o apTnpiec nou oe Kabe
XPOVIKO KUKAO MMopoUV va METAPEPOUV peya/)\fnepa 0300(1 nAnpo@opiac. Ol
aptnpieg autég ovopdalovTal oesiplakeC (serial) - _kai napdAAnAeg (parallel)
avTioToixda. O ovONagieC auTEG NPOKUNTOUV @nod TO OTI TN YEV NPWTN MEPINTWAON
€va nocO nAnpogopiac peyaAUTepo. ano néva duadikd wneio Ba npénsl va
METaQepBei o€ d1adoOXIKOUG _«KUK ./ €& orn OelTepn  nepinTwon
XpnoigonoiouvTal TGUTOXpOVO/é)\OI ol-0100€01hol nopol TNG aptnpiag. MoAAEg
(POPEC ol KATAANEEIC QUTWV. TWV. dPTNPIOV CE KAMOIOV TUMOMOINKEVO AKPOOEKTN
ovopalovTtal kal Bupeg (ports) Tou unoAoyloTIKOU ouoTAUAToC. ETOl n @paon
"oeiplakd novTiki" &€ OApaivel TiNOTA NEPICCOTEPO AMNO HIA MEPIPEPEIAKT] OUOCKEUN
nou ouvOEETAl gTOV AKPOJEKTN MIAG CEIPIAKAC apTnpiac.

AN\

ZuykpivovTac Ta dUo €idn apTnpiwv PETAEU Toug kdanolog Ba pnopouds va
ONUEIOEl OTI :

* 01 puepcﬁ HeTagopag dedopévwv nAvw anod TIG nNApdAAnAeg apTnpieg eival

c&fu(d MEYAAUTEPOI and AUTEG TWV OEIPIaKWY, OTAv auTEC dIaBETOUV TOV
id10 xpovikd kUkAo. Ma napddeiyuya Pia osipiakn apTnpia JE Xpoviko KUkAo 30
ns (1codUvaya, yia aptnpia nou xpoviletar ye poAol 33,33... MHz) oTtn osipiakn
nepinTwon npooPEPEl PEYIOTO pubuo petagopdg dedopévwyv 33,33 Mbps
(Megabits / sec), evw pia avTioToixn napaAAnAn pe 8 duadika ynoia 6a pag
€JIVE MEYIOTO PUBUO PETAPOPAG Oedopévwyv 266,64 Mbps. TiveTal ouvenwc
npo®avecg OTI ol NapdAANAec apTnpieg xpnoigonoloUvTal yia Ta nio yprnyopa
NEPIPEPEIOKA EVW Ol OEIPIAKEG Yia Ta nio apyd. (Mpoo€ETe 0TI oTa nNAapanavw

unoB£agape OTI Ol apTnpieg xpovilovTal Pe avTioToixa poAdyia. QoToco, autd
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ondvia I1oxUEl, MIAG Kal €ival NoAU €UKOAOTEPO va XPOVIOOUHE MIa OEIpIaKD
aptnpia Me NoAU uwnAoTeEpNC ouxvoTnTag poAdl amnd OTI pia napdAAnAn
apTnpia- onuepa -2002- osipiakoi pubpoi peTapopdc dedoPevwy TNG TAENG TwV
100 Gbps cival egnopika diabeaipol).

¢ To kb60oTOC HIag napaAAnAng aptnpiag eival noAAanAdcio autoU piag O€IpIaknc.
AuTO ogeileTal népa and Tnv avaykn unap&ng nepioooOTEPWV AYWYWV OTO OTI
anaiToUuvTal NeEPICCOTEPOI AKPODEKTEG OE KABE OAOKANPWHEVO MOU XPNOILONOIE
Hia napdAAnAn aprtnpia, nNeEpICOOTEPA KUKAWHUATA 0dnynong KAM. ZnuUavrika
MeyaAUTepo kOOTOC €niong anaiTeital yia Tn diacpdAion noloTNTag navw. os Jia
napaAAnAn aptnpia a@ou n miBavoTnTa Aabwv eival noAAanAdoia. \

Mia apTtnpia pnopei  eniong va Kartnyoplonoindei< avaAoyd” pe TIG
KATeEUBUVOEIG €nIKoIVWViag nou eniTpénel. YNoBETovTag TRV enikelvwvia PeTagu
TWV OUCKEUWV A Kkdl B navw and yia aptnpia, unapxouv ol €€n¢ nibavoTnTeg :

a) H A pnopsi va oreilel dedopéva otnv B GW n B dev pnopei va oTeilel
d0edopéva otnv A () To avTioTpo®o). & QUTH Tnv)nspinTcoor] MIAGuE yia
Hovodpoun (simplex) apTtnpia.

B) H A pnopei va oTeilel dedopéva aTnyv. B a)\)\c'l)auréxpova n B dev pnopei va
oTeilel dedopeéva otnv A () To avTioTpo®O). € AUTN TNV NEPINTWON MIAGUE yia
nui-apeidpoun (half-duplex) npia. .~

y) H A pnopei va oTteilel dedop otnv B kal Tautoxpova n B unopei va oTeilel
d0edopéva ortnv A. e auTtnh, TNV nEpinTwon WIAdue yia ap@idpoun (full-duplex)
apTtnpia. 4

Y

Eva peydAo npoBAnua dnoTeEAEl O OUYXPOVIOWOC TWV OUCKEUWV MNOoU
xpnoligonoioUveTny apTtnpia. O ouyxpoviopog eival anoAUTwC avaykaiog yia va
ano@euxBoUv OUYKpoUOeIC NAvw oOTnv aprtneia, aAAd kar yia Ttnv a&oniatn
avandapaywyn Twv 0edoPEVWY anod Tov NAapdAnnTn Wiac ninpogopiac. Ma va yivel
mo KaTovn‘Té To npoBAnua ac unoBéooupe OTI €vag aANooTOAEAc BeEAsl va
anooTeikel navw and pia osipiakn aptnpia Tnv nAnpogopia 10011001, Eotw OTI
TonoBeTei kKABe wnoio TNC nAnpo@opiac BAacel TNG BETIKNG AKMNG €vOC Tomikou
poAoyloU. ToTe Ba eixahe €va oxnua onwg To akoAouBo nou pag deixvel Tnv
pMeTadidopevn nAnpogopia oUPpwva e To poAdl nou Xpnoigonoinos o
anooToA£ac. QoTOéC0 n nNAnpogopia auTtr @TAvel eAappd KABuoTEPNUEVN OTOUG
d1Gpopouc NapaAnnTeG ol onoiol XpnaigonoloUv Pev poAol idiag auxvoTnTag aiAa
evdexopeva he dilapopa ¢paong (phase shift) oe oxéon pe To poAol Tou napaAnnTn.

Avaloya Aoinov e Tn KaBuoTEpnon TnG nAnpogopiag kai Tn diagopd ¢pacng oTa
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poOAOYIO TWV NApaAnNNTwV auToi pnopei va anokwdikonoifjoouv ocwoTtd (n.X.

napaAnnTng 2) f AdBog (napaAnntng 1) Tn peTadiddpevn nAnpogopia.

me [ [UU U UL UL L

Metad156pevn 1 1 1 1
TAnpopopia

Xpovikd
kabvotepnuévn

TAnpopopia
[T0avo porot |_-|_|_-|_|_-|— \/
[Mopainqm 1 (
[MBavo porot |_|-| | | | | | | | | | | |
Iapoinm 2

7 ‘
0)

Mia npwTn npogavnc AUon oTo nNapanavw npgsAnpa gival o anooToAéag

NG nAnpogopiac népa and auThv,-Vva PeTadidel kai To POAOI TO omnoio
XpNOIJONoiNCE yid TNV AnooToAn Trg)ucm(c'l eAnifouphe OTI Ta 2 onuarta Ba
€

unootouv Tnv idia KCIGUOTE'pIJ@ UE Va @TAoouV OTOUC NAapdAANTEG TOUG.

X

QoTooo n AUon auTr au&averTov anangf'Jpsvo apiBuod aywywv Kal avrevosikvuTal
oe uynAbdbouyva or']paTa/()o)\oylofJ. EvaAAakTikr AUon €ival n kKwdikonoinon kard
Manchester. Me Tnv kwdIKonoinon auTr oTnv oudia EJPWAEUOUNE TO POAOI EVTOG
Twv Oedopévwyv Kal sival guBlvn Tou napaAnnTn va To avanapayel. H
KwOIKOMOoINoN.AUTH OTO KEVTPO TOU XPOVOU PETAdOONG £VOG duadikoU wnpiou €Xel
dia avoémﬁ&i av To KwJIKOMOoIoUPEVO Wwneio €ival 1 kal pia kabodikr akun yia

7o 0. To napakdaTw oxnua deixvel Tnv Kwdikonoinon Tou 0110010

% | F
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OnwaodnnoTe kal av dAAoIwBei ¥povikd n nAnpogopia e€ival oiyoupo OTI ©
napaAnnTnG TNG APEowS PMETA ano Tn Afwn dUo idiwv duadikwyv YnPiwv PNopei va

avaouvBEaoel e HeydAn akpifeia To poAol Tou NapaAnnTn.

Eva aAAo INTnua TEAOG nou anaiTei oulnTnon €ival To Nw¢ avayvwpilel o
napaAnnTng TNV apxn anooToAnG OedopEVWV. ZTIC OEIPIAKEG APTNPIEC AUTO
EMITUYXAVETAl HE TO vA EXOUHME TNV aprtnpia Kabe oTiyynn ortnv onoia O¢
XPNOIKJONOIEITAl 0 KAMOIO MNPOCUPPWVNHUEVO duvapiko. H aAAlayn and autd TO
duvapikd unodeikvUel TNV apxn METAdoonc. ZTIC NApAAANAEC apTnpiec avrioToixa
uUnNapxouv opIohévol  ouvouaopoi KwlIKWV (npodpopol - preambles) ' nou
unodeikvUouv TNV apxn HIag PeTadoonc. Baocsl Twv napanavw’ mlq\nbpsvsq
napaypd@oug  napouciagovral ol BACIKEG  APXEG  AEITOUpPYiaG | HEPIK®V
NEPIPEPEIAKWV CUOKEUMV. \}

6.5 BonontikA MvAun (Secondary Storage / uass Ston%g)

To TeAeuTaio €ninedo TNG IEpApPXiag YVAUNG anombsiml ano NePIPEPEIAKEC
OUOKEUEC ONWG ol OIOKETEG, Ol payvnTikei digkel,.“0l Talvieg KAM. ZuvnoOwg
avaQepOUacTE O AUTEG TIC OUOKEUEG ME TOV ‘30 BonONTIkA MVAMN, MHIAG Kai
XpnoigonoloUvVTal oav Pvhnun unepxeiAiong Tng kUpIag YvAUNG Tou unoAoyioTikoU
ouoThApaToc. Mépa ano To Ol MVAHEG AUTEG MPOCPEPOUV MOAAANAACIEG
XWPNTIKOTNTEG ano OTI N KO%@
ava 0duadikd wn@eio, KUpIo. XapakTNPIOTIKO OAWV TwWV CUOKEUWV BondnTIKNAG

N*TOU CUCTANATOC O UNOMNOAAANAACIO KOOTOC

MVAMNG €ivar ol 5ICITnp%UV Ta./0edophéva TOUC, akoOPn Kal Xwpic Tnv napoxn
NAEKTPIKOU peUPATOG (no&volatile memory). EninAéov emiTpénouv Tn HETAPOPA
dedouévwy ano.To €va oloTnua oTo dAAo. ZhPEpa avapeoa OTIC OUOKEUEC AUTEG Ol
nio 5|06£60pé§£iva ol OIOKETEG, ol OioKol, Ol Talvieg kAl ol onTikoi diokol nou

e€eTalovTal NapakaTw.

6.5(1. Alokére¢

;ayéuaémé dedouéva oe éva sukapnTo dioko (flexible disk) anoBnkevovTal
oav TNV napoucdia n TNV anoucia PAyvnTIONG Of MIKPOOKOMIKA KOWMATIa
payvnTikoU uAikoU (ouvhBwc o&eidio Tou 01drpou). Ta owuaTidla auTa o€ PEYAAEG
nocoTNTeEG XpnoidonoloUvTal yid Tnv E€nioTpwon HIag eUKAPNTNG NAAOTIKNG
em@eaveiag, Je oxnua avaioyo Twv diokwv BivuAiou. H eUkapnTn auth em@aveia
TEAIKA nepikAgieTal and €va avOekTIKOTEPO NAACTIKO. TO GUVOAIKO TEAIKO Mpoiov
ovopdalerar diokéTa (diskette). H JiokeTa €xel €va napdbupo HPECW TOU Oroiou
yiverar n avayvwon 1 n eyypaen dedopévwv NAVw OTO HAyvnTIKO UAIKO Tou

eUkapnTou OiOKOU, amnMo HId CUOKEUN yvwoTn w¢ povada diokerac (Floppy Disk
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Drive — FDD). O1 npwTec dIOKETEG €ixav dIAUETPO 8 IvTowv. O NPWTOI NPOCWNIKOI
unoAoyloTeéc Tou 1981 ypnoipgonoinoav OIOKETEC 5,25 IvTowyv, ol onoiec onuepa

£€X0UV avTikataoTadei and TIC OIOKETTEC TWV 3,5 IVTOWV PE TO MOAU Mio avBEeKTIKO

nepiAnua.

A@ouU kdaBe cwpaTidio pnopei va anobnkeloesl éva duadikd wngio, €ival
Npopaveg OTl HEYAAUTEPEC NOOOTNTEG NANPOPOPIAC PNOopoUV va anobnkeuTouv o€
pia osipd and owpaTidld. SZUVENW®G NApakaTw, €EeTAlOUHPE TN PUOIKA opydavwaon
Twv dedopevVwY, NAvw oc Hia OIokeTd. Kabe empdveia piag diokeTag dialpeiTal o€
MeyaAo apiBud opdKevTpwV KUKAWY, nou ovopadlovTal tracks. Kabe track diaipeital
nepaITéEPW Ot €vav Peyaio apiBud and KUKAIKOUG Topeic, ol onoiol:ovopadovTal
sectors. € kaBe sector anoBbnkeveTal €vag oTabepodc apiBudc mANP oi)\rq, ME Mo
ouvnOiopéva peyedbn Ta 512, ta 1024 kal Ta 2048 bytes.‘Awpaivsl OTI ol
€EWTEPIKOI sectors €xouv onNUAvTIKaG PIKPOTEPN NUKVOTNTA gyypapnc and OTl ol
KOVTIVOI WC NpoC To KEVTPo sectors. Keva, dnAadn nipAveiec Xwpic payvnTiko
UAIKO pecgoAaBoUlv TOoO PETAEU Twv sectors 000 Kal psTaiv' Twv tracks, pe okono

TNV KaAUTEPN ouveEPYaoia HETAEU NAEKTPOVIKDV KQ HMNXAVOAOYIKWV OTOIXEIWV.

Awdoywoi Sector:

Evog Sector

H eyypagn Hiag nAnpo@opiac navw oe pia OIOKETA yiveTal nAvroTe o€
NnoogoTNTEC MOAAANAACIEG TOU €vOG sector. Av dnAadr kaBe sector pnopei va
anobnkeloel 512 bytes nAnpogopiag, TOTe &va apxeio peyéBoug 1243 bytes, 6a
kaTtaAdBel 3 sectors, 6rnou o TeAeuTaiog Ba sival YEPIKWC YENATOC. SUVENWG O HId
OIOKETA OUVOAIKOU peyéBouc 1.2 Mbytes noAU ondavia pnopoUPe va

XpNoIJonoifooupde OAo To dIaBE£CIHo anoBnKeuTIKO Xwpo. O JICKETEG AVAKOUV OTIC
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OUOKEUEC anoBnKeuonG AaPEoou NPooneAdoews. € avTIOIAOTOAN HE TIC OUOKEUEC
OEIPIOKAC NMPOCNEAACNG, 0 XPOVOG avakAnong Kiac nAnpogopiag sival aveEapTnTog

and Tn osipd eyypapnc Twv daPopwV NMANPOPOPIMYV.

H diadikacia eyypapng kai avayvwong npayhaTonolsiTal and Jia KEPAAn
ava snipaveia. MNa va apxiosl n eyypapn / avayvwon 0a npéner va €XOUUE TN
duvatdéTnNTa va TOMoBETOUPE TN KEPAAR NAvw anod OMoIoV CUYKEKPIPEVO sector
BeAoupe. AuTO nNpayPaTonolgiTal e TN Kivnon TnNG KEPAANG kaTtd Tov dfova Twv

tracks, kai Bacel Tng TaxUTNTAG NEPIOTPOPNG YVwpilovTag Evav apxiko sector.

AN\
Kivnon
Bpayiova O

IIeprotpoon
Aioxov

Kegong

Kepain
Avayveong/
Eyypagiig
Avoyvoplotikd
pundevikov sector

EoTtw yia napdadesiyua, &1 N KePAAn Bpioketar oto track 12, (o6nou Ta tracks
apiBuouvTal and pégannpoc Ta £Ew) kal BEAel va npooneAdcel Tov sector 8 Tou
track 3. AuTo petagpaleTal og Kivnon Tou Bpaxiova Tng KEPAANC Npoc To KEVTPO
TNG JIOKETAG %I T track 3 va Bpebei kaTw and Tnv Ke@aAr. AgdOUEVNG TNG
oTabepng TaxUTNTAG MEPICTPOPNG Kal KAMOIOU avayvwploTikou Tou sector 0 o€
kGOe track, n nepioTpo®n MNopei va orauarthosl oTav o sector 8 Bpebei kKATW ano
THV. KEPAAN. Zav avayvwplioTikd Tou pndevikoU sector &£xouv Xpnolponoindsi
ommé;(wa MIKpR onn ME Pia pwTodiodo Kal &vav PwToaviXVEUTN €KaTEPWOEV

TNG) 1 HNXAVOAOYIKEG KATAOKEUEC.

Eva ouvoAo nAnpogopiag anobnkeusTal o€ pia OIOKETA Cav Mid eviaia
ovtoTnTa, ovopalopevn apxeio (file). Eva apxeio pnopei va kataAaupBavel
NEPIOOOTEPOUC ano £vav sectors, ol onoiol pynopei va BpiokovTtal d1donapTol o€
diapopa tracks. Eival npogaveg OTI yia Tn ypnyopoTEPN AvAKTNON €vOC dpxeiou
and pia dIoKETA ol KIVAOEIC TNG KEPAANC XPEIGleTal va eAaxioTonolinfouv. SUVENWG

gival eniBupntd, o1 sectors nou anoTeAoUv &va apxeio va eival diadoxikoi (va
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avhAkouv oTo idlo track kai va €novrtal o €vac Tou dAAou katd Tn Oiadikacia
nePIOTPOPNC), MIAg Kal PE MOVO MIa Kivnon TnG Ke@AANG MMNOpoUHE O HId
nepiotpopn va Olapdocoupe noAAoUc and Toug sectors Tou apyeiou. AUCTUXWG
OHWC, AOYw TwV dIapKWV eyypapwy, OlaypapwV Kdl TPOMONoINOEWY TWV apXeiwv
nou undapyxouv Ot Mia OIOKETA, Ol sectors nou ouvhBwg eival eAeuBepol, eival
diaonapTol NAavw oTNV eniQAveld Tng dIOKETAC. ETol kaTtd Tnv eyypagpn Tou €va
apxeio kepuarTileTal o€ sectors nou Tonika d&v gival YEITOVIKOi. To (paivouevo auTo
ovopdaletal kepuaTiopog (fragmentation). MNa Tnv anoguyn Tou (pAivoUEVOU auTou
ouxVva XPNOIMOMNOIOUKE POUTIVEG TOU AEITOUPYIKOU CUOTANATOG NMou avaAapBavouv
TNV avadiapbpwon Twv apxeiov navw otn OiokéTa (defragmentation)  kai

MEIMVOUV TO (PAIVOUEVO TOU KEPUATIOWOU, au&dvovTag TauToxpova Tr‘V\TGXJIT]TG
NPOCNEAAONG TWV JESOUEVWV. (

Opwc kal n anoBrikeuon ot O1adoXIKoUG TOMEIC. YNOPEl va ano@Epel
npoBANuUaTa, Adyw TNG ENNAOKNAC TWV KMNXAVOAOYIK®V KATACOKEUWY nou anapTidouv
Mia povada OiokeETac. Katd Tnv nepioTpo®n TnG 5IOKéTCIQ,.\('JY(D adpaveiag, Pnopei
va npokAnBouv : diaBaocua népa and To TEAGC eVOC -apxeiou, aduvapia avayvwaong
eMNITUX®WC ano O1adoxIkoug sectors, aduvapia va avTiIAn@BoUpe To TEAOG €vO(G
sector kAn. AiGgopol TpdNol yia TNV ano@uyr auTwV TOV NPOoBANUATWY Nou £XOuV
npoTtabei €ivai :
¢ H xpnoigonoinon kwdika Géy Fla=Tn duvaTov ypnyopoTeEPN Kal EYKUPOTEPN

andé@aon OXETIKA ME TA .B€0n TNG KeEPAANG, ol sectors dev apiBuouvTal BAcel
Tou duadikoU ocuoThPAToc, .\aXA\d ot €vav kKwdika OToV ornoio o kKabe apiBuog
dlapépel and Tov MAPOnyoUHEVO KAl TOV €MOMEVO TOU Of &va HMOVO duadiko
wneio. H ansikdvion peTa&l duadikoU kal Gray kwdika, yiveral Baosl Twv €ENG

Kavévw\(f\ °

1. Av bn-ibn”... bo €ival n napdotaon evog apiBuou oto duadikd cuoTnHa,
TOTE 0 idlo¢ apIBudc oTtov kKwWOIka Gray napioraral ano Tn WnQIoAEEN gn-
1gn-2.... go, ONOU : gn-1 = bn-1 kai gk = bk+1 ® bk yia k=0,1, ..., n-2 (10

Soﬁp[so)\o @ unodeikvUel TN Aoyikn NpAa&n anokAesioTIkNAC d1aleu&nc).

2. Av gn-1gn-2 ... go €ival n napacTtacn evog apibuol atov kwdika Gray, TOTE 0
idloc apiBudc oTo duadikd napioTraTtal and Tn WPnQPIOAEEN bn-ibn2 ... bo,
Onou: bn-1 = gn-1 kKal bk = bk+1 ® gk yia k=0,1, ..., n-2.

O kwdikac Gray avAkel Ot Mia gupUTEPN KaTtnyopia Kwdikwv ol oroiol

ovopalovTal KATONTPIKOI, yiaTi gnopoUV va KATAOKEUAOTOUV WE KATOMTPIOHO

TWV O KATAOKEUAOHUEVWY WNPIOAEEEWV. M.X. yia Kwdika Gray evog duadikoU

WN@iou £XOUME TOV AVTIOTPENTIKO KaTonTpiowd O | 1. Ma va ¢Tiaoups Tov

Kwdika 2 duadikwv Yynpiov napedBAANOUPE €va avTIOTPENTIKO KATONTPO Kdl
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npokUNTel To 0 | 1 | 1 0. BaZoupe pnpootd and TIC apxIkES AéEeic pac To 0
Kal TIC KaTonTpIKEC To 1, ondTe nmaipvoupe Tic Aggeic 00 | 01 | 11 10, nou
gival o kwdikag Gray 2 wneiwv. Me Tnv idia diadikacia naipvoupe 00 | 01 |
11 10 | 10 11 01 00 kal YE TNV NPOGORAKN TOU apXIKOU WNPiou TIC KWSIKES
AEEgIC TpIOV duadik®v yneiov : 000 | 001 | 011 010 |110 111 101 100,
KOK.

¢ H anoBrikeuon evdg apxeiou, XpNOILMOMOI®VTAC £va NOCOOTO HOVO J1adoXIKWV
sectors, yvwoTo w¢ interleaving factor. MNa napddeiyya, av XPnoIKMONoIoUME

kanoiov sector, Tov PeBENOPeEVO TOu, TOV HEBENOPEVO TOU WEBEMOUEVOU TOU

Q)

H d1elBuvon Tou NpwTou sector kKABs apxeiou anoenKs(JaTg\:lov’sector 0

KoK, TOTE €xoule éva interleaving factor ico pe 2.

Tou track 0. >Tov idl0 sector anoBnkeleTal kal n dielBUYON ToU Tou adeiou
sector. OAeg auTeg ol B1euBUVOEIG €ival dUAdeg TNG HoPPNG <aplBuoG track, sector
Tou track>. O guyKkekpinévog sector ovopaleral Kc‘ksector ekkivnong (boot sector)
Kal yia va ano@Uyoupde va Tov JlaBaloupe mplv. anc’r)Kc'les npoconéAacn, Ta
dedouEva Tou PeTaPEépovTal oTny KUpIa YvREn HNETA-TRV Npw®TN npoonéAacn. Kabe
sector eniong Ocixvel €ite OTI €ival o TE)\SUTGij sector evOC apxeiou, €iTe TN

dlelBuvaon Tou enopévou sector Tou apxeiou,. iTe av €ival kevog Tn dielBuvaon Tou

ENOUEVOU KEVOU sector. o e

H pikpn XxwpnTIKOTATA (y1a . Ta onUePIva dedopEva) TwV OIOKETWV NEPIOPIOE
TN XPNON TOUG Ta TEAEUTdia Xpovia POVO O MEPINTWOEIG METAPOPAG MIKPWV OF
OYKO O€dOMNEVWV PETAEY um)\oylorn«bv ouOTNUATWV Kal yia TNV €KKivnon KAnoiou
UNOAOYIOTIKOU GUOTANATOG O NEPINTWOEIC avaykng (opdaApa oTtov okAnpo dioko,
npooBoAn an UG kAN). H gupeia d1adoon Twv dIKTUWV UMNOAOYIOT®V AVAPEVETAI

va MepIopioel AKOUN NEPICOTEPO TN XPON TOUG GTO WEAAOV.

@
) .
6.5.2. Zg\/}pm Aiokol (Hard Disks)

MNa Tnv anoBnkeucon HeEYAAUTEPWV MOCOTHTWV MANpo®opiac ora onuepiva
OUOTANATa xpnoigonolioUvTal ol okAnpoi Oiokol (oTo €&nc Ba avagepovTtalr oav
diokol). O1 diokol anoTeAoUvTal and NEPICOOTEPEG TNG MIAG HAYVNTIKEG ENIPAVEIEG
(nAAaTO) Nou n kABe pia Toug €xel opydvwaon avTioTolXn ME auTnVv piag OIoKETAC Kal
UNApXouVv TOUAAXIOTOV TOOEG KEPAAEG OCEG KAl Ol HAyVNTIKEG EMIPAvVEIEG. OAEG ol
MayvnTIKEG €MIPAVEIEC NEPIOTPEPOVTAl TaAuToXpova yUpw ano Tov idio afova.
Juvning TaxUTNTa nNepIoTpoPnG €ival ol 7200 nepioTpoPec ava Aentd (revolutions

per minute - rpm). ZTo NAPakaTw nApddelyha OAEC oI KEPAAEG avayvwong-
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€YYPAPNC KivouvTal TauToxpovd, aPoU OAEC TOUC OTEPEwvVOVTAl OTOoV idl0 apuo
(moving head disk). ZToug okAnpoucg diokoug XpnoidonoleiTal kal n opoAoyia Tou
KUAivOpou, nou oupBoAilel Tov vonTo KUAIVOPO nou oxnuaTileTal BewpwvTac To
id10 track oTa diagopa nAaTo nou anapTilouv To dioKo. XToug dioKOUG HNOPOoUV vda
xpnoipgonoin®ouv NoAAEC OIAPOPETIKEC OPYAVWOEIG Yia Ta apxeid. MNa napdadeiyuya
sectors Tou idlou apxeiou pnopouv napaAAnAa va ypdagovtal kai va diapadlovTal
oTa JlaPopeTIKA tracks Tou idlou KUAIVOPOU, evw O AGAANEC MEPINTWOEIC 0 KAOE

nAGTO pnopei va npoonehauvovTtal JdlAPOPETIKA bits TNG anobnkeupevng
nAnpogopiac.
A&ovog TepIoTPoPng /
Kegpodég Avayvoong Eyypoagng '

Mhotd \ A

A&ovog Kiviong Tov KEQOAOV

A

O xpOvoC nou. anaiTeital yia Tn HETAQOPA nAnpo@opiac PeyEBoug evog

sector and kai Npog éva dioKo, anoTeAEITal and TiC €EAC CUVIOTMOEC :

¢ To xpoévo.TonoBETNONG TNG KEPAARG oTo owaTo track (xpovog avalATnong -
head seﬁne). .

¢ To.Xpdvo NePIOTPOPNG MEXPI O OwOTOC sector va Bpebei kATw anod TNV KePaAn

(xpOvoC mepioTpoPnc — rotational delay) kai

. @évo avayvwaong Tou sector.

H npwTn and TIC napandavw OUVIOTWOECG €ival Kal n peyaAuTepn. Ma Tn PeTakivnon
MeETAEU vyeTovikwv tracks, pia Ke@AAn anaitei Xpovo MEPIKWV XIAIOOTWV TOU
OeuTepoAEnToU. H peiwon auTnG TNG ouvVIOTWOAG PNopPEi va eniTeuxBei pe Tnv
Unap&n nNePICOOTEPWYV TNG HIiAC METAKIVOUMEVWV KEPAA®WV ava nAato. Ta
napdadelypya unoBeaTe OTI O1aBETOUNE 2 KEPAAEC Kal 1024 tracks ava €nipaveld Tou
diokou. AvaBeTovTag oTnv pia KepaAr va gEunnpeTei aimrosic Twv tracks 0 €wc
511 kai orn O0elTEPN TwV UMOAOINWYV, HEIWVOUUE OTO MICO TO MEYIOTO XPOVO

avalnTnong. TNV akpaia NepinTwaon HNopoUUE va €XOUHE O0EC KEPAAEC 00a Kal Td
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tracks kaBe em@dveiag. O1 diokol autoi ovopdlovTal diokol OTaBepnC KEPAANG
(fixed heads disks) kai @uoikd npoo@Epouv PNdevIKO Xpovo avalntnong. O
apiBuog Twv KEPAAWV ava enipaveia woTdoo kabopilel kal To KOOTOG evOg OioKOU.
O1 diokol oTaBepwv KEPAAWY £XOUV MOAAANAAdoio kOOTOG And TOUC aAvTIOTOIXNG

XWPNTIKOTNTAG dioKOUG KIVNTAG KEPAANC.

6.5.3. Mayvnrikéc Taivieg (Magnetic Tapes)

e avaloyia PE TIC TAIVIEC JAyvNTOP®WVOU N HAOWMIVOPWVOU, Ol HAYVNTIKEG
Talvieg (oTto €€nc Oa avageEpovral oav Taivieg) anoteholv éva @TNVO MECO
ogiplakng anoBbnkeuong dedopevwy. Mia povada payvnTikng Taviac OU\qu EXEI
HOVO HIa KEPAAR, MNpoOoTa anod Tnv onoia NEPVAEl N TAlvia nou’sival EMgTPWHEVN
ME TO payvnTIKO UAIKG. KaTa Tnv €yypagr auTo uayvnTifeTat eMIAEKTIKA, EV® KATd
TNV avayvwon n Ke@ain aigbdaverar n oxI Tnv napouacia. payvhTiong. O1 Taivieg
xpnoigonolioUvTal yid TNV anoBnkeuon Heyaiwv nooow’nM)\npocpopld)v- ™G
Taéng Twv GB. Eniong xpnoigonoioUvTal noA'J\ guxvda vyia Tnv Jdnuioupyia
avTiypapwv acpaAeiag. H npoongéAacn kamelag NAnpogopiag ndvw oTnv Taivia
gival pia 181aitepa xpovoBopa diadikacia, agou 6)% 0l NPONYOUMEVEG NANPOPOPIESG

Ba npenel va neEpACOUV PNpoG anod TNV KEPAAR peExpl va Bpebei n oTOXEUOHEVN
nAnpogopia.
e oy

o

LT
Kavaio
Atdxevo peta&d

SrdoyKdv

@ Koppg EYYPUODV
- L
y A&ovag kivnong g Tawviog

H @uaikn opydvwon TnG nAnpogopiac oc pia Taivia yivetrar oe duo

dlaoTdceic. H Taivia katd nAdtoc ywpiletar oe O1akpITEC (WVEG, OVONALOMEVEC
kavaAia (tracks). ZuvnBwg unapxouv 9 kavaAia, Ta onoia anoBnkeluouv &va byte
TNG NAnpo@opiag padi pe €va ynoio 10oTiyiag (parity — deg ke@aAiaio 8). Ta 9 auta
ynoia oxnpaTtifouv €va kapé (frame) navw otnv Taivia. Mia ouada and ouvexn
Kappd cuvioToUv pia gyypaon (record) Tng Taiviag. H gyypa®n €ivar n YIKpOTEPN
nocoTNTa NAnpogopiac nou Pnopei va diaBacTei 1} va ypagei o€ yia Taivia kai auto

OupBaivel AOYyw TWV HNXAVOAOYIKWV KATAOKEUWV MOU gCuvundpxouv o€ €va
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MNXaviopo Taiviag kai nou Ogv €NITPENOUV WIKPOOKOMIKEG KIVAOEIG TNG Taiviag. lNa
Tov 010 AOyo evdidpeoa o dUO €yypageCc NAvTA UNAPXEl €va KEVO KOWMATI TNG

Taiviag nou ovopaletal didkevo PeTAEU Twv eyypawyv (inter-record gap).

6.5.4. Orrrikoi Aiokor (Optical Disks)

O1 onTikoi diokol Mou xpnoigonoloUvTal OTA ONUEPIVA  UMNOAOYIOTIKA
ouoTnuaTa eival Ta CDs (compact disks) kai Ta DVDs (Digital Video Disks). Mia
yla Ta TeAeuTtaia Oev UMAPXEl AKOUN HIA KOIV €vidia avTIMET®MNIoN N napakdTtw
oulnTnon enikevTpwveral ota CD. Ta CD eionxdnoav 10 1980 via wn®iakn
anoBnkKeuaon Kal avanapaywyn fXou Kal €KTOTE £XOouv Yivel nio ¢énva, no)\ﬂ no
afionioTa kair n nukvoTNTa &yypagnc nAnpogopiov o auTd é)&/auEnGei
onuavTika. O1 Aoyol auTtoi 0dfynoav ortnv  uloBETnor To oTa TpEXOVTA
UMOAOYIOTIKA OUCTNAKATA, OTNV apxn ME TN Hop@n Twv CD Q/Is.

/niacnq EVAVTI  €VOC  MpOTUMNOU

Ta CD ROMs kataokeudlovtal MECW
kaAouniou. H nieon autn dnuioupyei KolAadeg arnv enigpaveia Tou CD, ol onoigg
avakAoUv OJIaQOopeTIKA TOo QWG anod OTI n uné\)\omn enipaveia Tou diokou. H
anoBnikeuon TnNG nAnpogopiag os €va/CD yivéTal opoIa JE AuTnVv &vOog diokou, ME
povn diagopd OTI evw oTo dioKo.Ta dea gival opyavwpéva oav OPOKEVTPOI
KUKAoI, €dw €XOUME HIa OHEI‘)EI&'"] popen. O Adyog eival OTI €vag Oiokog
NeEPIOTPEPETAl He OTABEP YWVIAKEY TaxuTnTa kal dAAAloupe Tn MUKvVOTNTA
EYYPAPNG, E€VW OF éVO"OI‘ITIKb dioKO N ypauuikn TaxUuTnTa kai n nukvotnTa

€YYPaPnc cival maespéq‘.\

MpdogpaTa oTnv ayopd sugaviornkav ol onTikoi diokol TexvoAoyiag WORM
(write once read many) kai CD-R (read / write CDs). MNa Tnv gyypa@n Toug
anaiTeital €I0IKEUYEVN OUOKEUN, n onoia xapdalel Tov onTiko dioko e akTiva laser
XaUNAAG evTaoewG. H eyypapr O QUTEG TIC OUOKEUEG OJIApKel onuavTika

neEPICOOTEPO Ao OTI N avayvwan evog dioKouU.

-108 -



KE®AAAIO 6 — Eicodoc - EEodoc

6.6 ZUuokKeUuEg EiIcOodou

6.6.1. [AnkTpoAdyio (Keyboard)

To NANKTPOAOYIO OUYKATAAEYETAI AVANEDA OTA MIO APYA NEPIPEPEIAKA EVOC
unoAoyIioTikoU ouoTAUAToG. QC €k ToUTOU N OUVOEdr Tou WE To undAoino
unoAoyIioTikO oUoTnua yiveral BAcel hiag OEIpIlaknG apTnpiac. =Ta nNapakatw
avaAleTal n avayvwon Oedopévwv anod éva NANKTpoAOoylo TexvoAoyiac AT. Ta
neEPICOOTEPA NANKTPOAOYIA AsIToupyoUV UE NapOPolouc TPOMNOUC. € KABE NANKTPO
avTioTolXel évag Kwdikog 8 duadikwv Ywn@iwv nou ovopdletal KwdIKAG odpwaong
(scan code). O1 KWOIKEGC 0APWONG VYIad &€va nANKTpoAdyio AT cpaivovml oTnv

napa KATW €IKOVA.

® GEEE EEEE .(E

DWEEEEEEEEHEEEGEE
(38 (&) (0)(2)(&) () () ae) (8) (&) () () (&)

-@B...CI.@B.@ d =
(% )A@EGEEEHEEG@CE
2 O TF J(&) (8%

To natnua &vog ﬁ)\r']KTpou, Icoduvapel PeE TN METAQOPA TOU AVTIOTOIXOU

KwdikoU odpwaong. “OmkwdikdG odpwong 6a ouvexiosel va napdayeralr kai va
METAdiOETAl MPEXP!I va a*(;?:eai To NAAKTPpO ondTe napdayeral €vag KwoIKOG
anoonUpsvog‘lé 2.bytes : To FO1s ka1 Tov KwdIKO odpwong. MNa Tn YeTagopa
autTwWV TWV O0dOPEVWY NAvw ano TNV au@idpoun osiplakn apTtnpia peradidovral
TOOO0 .01 nAnpoopiec (ypauur KBD Data) 600 kal To poAol Tou anooToA€éa (KBD
Clock), miac ‘kal oTnv mepinTwon auTh n ouxvoTATA TWV SEBOPEVWV Eival MIKPH
nspinoq',z% - 30 KHz. Ta onuata nou xpnaigonolouvtdl ge 5 Pin DIN kai PS/2

NPOCAPMOYEIG €ival ONw¢ NapakdaTw :

1. KBD Clock 1.  KBD Clock

2. KBD Data 2. GND

3. N/C 3. KBD Data

4. GND 4. N/C

5. +5V (VCC) 5. 45V (VCC)
6. N/C
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To osipiakd nNpwTOKOAAO avTaAAayng OedoueEvVwY OTNV MNEPINTWON TOU
NANKTpoAoyiou akoAouBei Toug €ENC KAVOVEG :
¢ Otav dev avraAldoocovtal Oedopéva n ypaupr Oedopevwv (Data)  eival
avevepyn (oTo Aoyiko 1).
¢ Tia Tnv anooToAn JedOpPEVWV AMAITEITAlI N ANOCOTOANR €voc nakeTou 11 bits pe

XPOVIOWO MOU (paiveTal oTnV NApakaTw €ikova.

o JAHARRARARAT o

oin  Jo=[0[1]2[3]4]5[6[7[P[oe] =

N

¢ To npwTto duadikd Yn@io TNG YPAUHUAG JEDOHEVWV siv&va Wnoio ekkivnong
(start bit), akoAouBoUuevo and Ta 8 duadikd Wwneia Tou KwdIKa gapwanc, £va

yneio nepITTA¢ 10oTipiag (deg  ke@alaio 8) KGI') €va duadikd ynoio
TepuaTiopoU (stop bit). ‘
¢ To npwto duadikd yneio NAnpo@opiag nou. anocTEAAETAl €ival To AlyOTEPO

onuavTiko (Téoo yia Tov Kwdika aapwaonc, 000 Kal yia To FOis).
¢ O napaAfnTng TNgG n)\np/‘l)opiz&
4

XpnoiJonoifoel TNV apvnTikn akun Tou Clock.

A

1a Tn OdeiyyatoAnwia ©a npénel va

6.6.2. NoITTEG OUOKEUES €10060U

>TIG AOIEC OUOKEUEC €10000U UMOPOUMPE va KATATAEOUME TA MOVTIKIA, Td
trackballs, {q\laTdE&q wneionoinong oxediou (digitizing tablet - bit pad), Ta
oTUAO @wTOoC (lightpens) ol 080vec apng (touch screens) kalr Toug PoXAoug —

XEIPIOTHPIa QOystics).

Sb MOVTIKI €ival Jia OUOKEUN €10000U €vOC XEpIoU. YNAPYXOUV PNXavika Kai
ONTIKA MOVTIKIA. ZTA MNXAVIKA novTikia, Hia HIKPR AAoTixévia UndAa oTo KATW
MEPOG TOU MOVTIKIOU MEPIOTPEPETAI AvaAloya WE Tn Kivnon Tou novTikioU. H kivhon
MECW PIKPWV aI0ONTAPWY UETAPEPETAl OTO NAEKTPOVIKO HWEPOG TOU MOVTIKIOU, ONOU
METATPENETAI 0 OUO OIAPOPETIKEC NANPOPOPIEC : TNV KaTeLBUvON TNG Kivnong Kai
TNV anoortacn nou diavuBnke. O dUo NAnpo@opiec auTeéc pali ue Tn KATAOTAON
TwV NAAKTPWY TOU MNOVTIKIOU UETAPEPOVTAl OTO UMNOAOYIOTIKO ouoTnua. Ta onTiKa
novTiKia XpnolgonolioUv Hia €101KA KATAOKEUAOHEVN NAATPOpUA Kivnong navw otnv

onoia Pe kaBeTec kal opllOVTIEC YPANUEG £XOUV OPIOTEI NEPIOXEC MOU AvakAoUV I
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anoppo@ouv To PwC. To OoNTIKO MOVTIKI avTi TNG AAoTIXEvIAg PNAAAg €xel Hia
@wTodiodo (light emitting diode - LED) kal aiogBnTripec ¢wTOG NPOoC Tad TECOEPA
onueia Tou opilovra. Kabwc PeTAKIVOUPE TO MOVTIKI, N Kivnon PeTappdaleral os
NAALOCEIPEC UNAPENG N KUN UNAp&ng pwToG and Tov kabe aiodnTripa. Ta trackballs
gival avTioToixa JE Eva avanodoyupIoHEVO MOVTIKI, ONOU avTi va KOUVAUE TO owuad

TOU MOVTIKIOU, KOUVAUE TN MIKPN YNAAaQ.

O1 diata&eic  wnoglonoinong oxediou xpnoigonolouvTal  Kupiwg and
ApXITEKTOVEG Kal ypaQioTeC yia TN HETAPOPA evog oxediou and To XAPTi OTOV
unoAoyiotr. O1 dIaTA&EIC auTEC anoTeAouvTal and pia €idIkn €MIPAvEId Kadl €va
O€ikTN OTO OXNKAa €vOG NOVTIKIOU. 2TO KATW HEPOG TNG EI0IKNAG snlcpc'lvaaundpxsl
€va nAéypa ano dekdadeg XIAIAdeG kaAwdia 1kava va aloedvovmwo pelpa nou
ENAyeTal Navw Toucg and Tov O&iKTn ONWCG aUTOC KIVEITAI/OTd didgopa PEPN TNG
enmipaveiac. Avaloya Me To nold kaAwdia pacg divouv. peluad PMNOpPoUNE va
kaBopiooupe KGOBe aTiyun Tn B£€0on Tou deikTn. P \/

Ta oTUAOG QWTOC oTnv ouaia dsv Napdyouy. WG, aAAa aigbdavovTal To Pwg
nou ekAUstar and upia obovn. To QWG K('J9§ €IKOVOQTOIXEiOU TNG 008dvng
avavewvetral 30 €wg 60 @opec To [OsuTEPOAENTO. AV éva OTUAO QWTOC EXEI
TonoBeTnBei NAvw o€ éva TETOI KOVOOTOIXEi0, TOTE GUAAAUBAvVel To emnAgov
apxikd Qw¢ katd Tn odpwa Q €IKOVOOTOIXEIOU KAl OUVENWC Mag Odivel Tn
OUVTETAYMEVN Mou BpioKeTal e€keivn Tn OTIYMN TO OTUAO. ZTIG 000VEG aPng, N
em@aveia Tng o0dévne kaAumTetar and &va nNAEyha QWTEIVOV OECHWV  Mou
EKMEPMOVTAl KATA TOV @ETO kal opildvTio agova TnG. Angvavti and Toug
EKNOMNOUC TwV. PWTEIVOV deoU®Y undpxouv aiodntpes. OTav o XpnoTng HWE TO
XEPI TOU enl)\g KATI, TAuTOxpova OIaKONTEl TIC AVTIOTOIXEG OEOMEG KATA TOv
op1Z6vTIO KAl KABeTo GEova. H Tourn autwVv TwV deOPWV Pag OiVEl T CUVTETAYMEVN
™G n)\npocpo.piaq nou €IonNXOnKe.

) 4
6.7 Zuokeuég EE0d0U

6.7.1 H 066vn

H 080ovn anoTeAsi Tn povada ansikoviong €voc UnoAoyIioTIKoU CUCTANATOG
Kal 0Tav €ival EEXwpIoTO KOPUATI TOU UMOAOYIOTIKOU CUOTHMATOC ava@EPETal Kal
WG MOvITOop. Yndpxouv OIAPoOpeC TeXVOAOYieG kaTaokeung oBovwv. O1 nio
d1adedopEveG avapPeod Toug €ival :
¢ O1 0Bovec kabodikoU owArva (cathode ray tube - CRT) nou eival n kupia

TEXVOAOYia KATAOKEUNG 000VWV yIa UNOAOYIOTEG ypagEiou
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¢ 01 080veg uypwv kpuoTdAAwv (liquid crystal display — LCD) nou sival avaueoa
oTIG OUO ONUOPIAECTEPEG TEXVOAOYIEC 080VWV YIa GopnTOoUG UMOAOYIOTEG

¢ 01 0006veg pwTod10dWV (light-emitting diode — LED)

¢+ 01 0006vec aspiwv (neon and xenon gas plasma) kai

¢ O1 oBovec enioTpwong wTtoTpavliotop (Thin - Film Transistor - TFT), n nio

ONMOPIANG TexvoAoyia oBovwyv yia popnToUG UNMOAOYIOTEC.

AveEapTnTa and Tnv TEXVOAOYid NMou XpnoIJonoIoUKE yia TN KATAOKEUN HIAg
oBovng, n €kOva nou oxnuaTieTar O AuTEG anoTeAEiTal and HIKPOTKOMIKA
gikovoaTolxeia (pixels). Ooa neploodTEpa €ival AuTd Ta €IKOVOOTOIXEid TOOO
heyaAUTepn eival n eukpivela TnNG oxnuaTilopevng eikovac. O aplep(')c/va
duadikwVv WYneiwv nou a@IEpWVOUNE yid TNV napdcrtacn kaé ovoOoToIXEioU,
oTnVv ouaia pag divel Tov apiBud Twv dIaPOPETIKWV anoxp(bosw\z(u auTo Mnopei
va AdaBel. O apiBPog Twv eikovoaTolxeiwv (1c0dUvaua n ava@Auon Tng ansikoviong —
resolution) kal Ta duadikd ywngia ava eikovooToliXeio dev eival auBaipeta, aAAa
akoAouBouv kanoia npoéTUNA TA onoia eu(pclviO'rr]K/av HE Try’eé':',r']q IOTOPIKNA OEIPA :
¢ To 1981, n IBM eionyaye To npoTtuno/CGA. (Colour Graphics Adapter), e
avaAuon 320x200 eikovooToixeia , (0. npwTog apibudg pag divel Ta
€1KOVOOTOIXEIa KATA Tov opIfOVTIo dEovd Kal 0 deUTEPOC KATA TOV KABOETO) Kal 4
OIaPOPETIKA XpWHATA.

¢ To 1984 n IBM eionyaye T’o‘np()Tun‘o EGA (Enhanced Graphics Adapter), pe
avaiuon 640x350 kal 16 01a@opeTIKA XpWHATA.

¢ To 1987 kal To 1990 avTigroixa n IBM esionyaye ta npoéotuna VGA (Video
Graphics Adapter) kanSVGA (Super Video Graphics Adapter) - XGA (EXtended
Graphics Array) pge avdAuon nou pnopei va ¢gTtaosl Ta 800x600 gikovooTolxXEia
HE npaml«') xpwpa (16,8 ekaToppUpia XpwHATA — OOEC OIAPOPETIKEC
anoxpwoslC HRopel va Eexwpiosl €va €uneipo pat) i 1024x768 kar 216
OMAPOPETIKA XpwHATA.

+Zndepa, .0| nepioooTepeg 0080veg akoAouBouv To npdTuno Ulira Extended
Gﬁhi‘cs Array (UXGA), 1o otroio utrooTtnpilel avaAuoelg éwg kal 1600x1200

EIKOVOOTOIXEIWV Kal HEXPI 16,8 ekaToUPUPiwY XPWHATWV.

MapakdaTw €NIKEVTPWVOUUE TN oulnTnon pac o oBoveg TexvoAoyiag CRT,
av Kal Ta nepioodTEPA IOXUOUV KAl yia OAEG TIC UMOAOINEC TeXVOAoyiec. H
dnuioupyia piag €lkovag o€ pia oBovn CRT yiverar Bdosl Tou QWTIONOU Mou
napdyouv HIKPOOKOMIKA KOUMATIA pwopopou. Kabe koupdT pwo@opou napayel
QWTIONO avaAoyo HPe Tn NpooninTouca akTivoBoAia nou ¢Tdvel og autd, ocUPPwva

ME TO NAPAKATW OXNMA :
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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 oi1aTtaén otnv nepintwon Twv CRT oBovwv anoTeAsiTal and Hia ekKNgPROPEVN
O€oun nAekTpoviwv, n onoia avdloya HPE TO MOIO EIKOVOOTOIXEIO “TNG EIKOVAC
e€eTaleTal ekTpENETAl KATA Tov opIfovTio Kal kdBeto a&ova '}doa EUYQV
nAekTpodiwyv. AvaAloya Pe Ta dedopEva nou npenEl va aneikovigTouy, n&'lopiCaqu
n akTivoBoAia Tng O€0UNG Nou PpTAVEI OTA HIKPOOKOMIKA Gu)ud'riél oQOpOU, Kal
OUVENW®G NPoKaAei dlapopeTIKn AGUWn OTo KaBeva TOUQ@/ nepinTwon Twv
EYXPWHWV 0BovwVv ot KABe onueio TNG 06dvNng, u?&Exouv ouvnowc 3 dIaPOPETIKA
€idn QWoQEopou JlATETAYMEVA HE €vaV  KAVOVIKO Tp"nj]o, KAl TPEIG OECHEG
nAekTpoviwv. Avegaptnta anod Tn diaragn Twv €16V PWOPOPOU MOU UIOBETEITAl N
anooraon MeTa&u duo idiwv eIdwv (pmccpj;oui}/opdlsml BAua koukidag (dot
pitch), onwc gaiveral oTo NapakaTw oxfﬁpa.\

Dot Pitch

(Aperture Grill)

Dot Pitch

{Shadow Mask)

_‘-‘-'_"‘—-n..__:__---_

H enikolvwvia Tou umnoAoyIoTIKoU oCUuOoTAUATOC HE Tnv 0006vn, ouvnowg
yivetar péow piag pvhApng dUo Bupwv (two-port memory) nou NOoAAEG (OPEG
ovopalerar kai pvAun sikovag (Video RAM - VRAM). Ze upia pgvnun duo Bupwv

EMNITPENETAI N TAUTOXPOVN EYYPAPN HIag BEoNC MVAUNG KAl N avayvwaon ano kanoia
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AAAn B€on PvNUNG. ZTNV NEPINTWON TNG MVAKNG €1kOVAC To unoAoyiaTikd ouoTnua
YPAQEl TNV €NOHEVN €IkOva Mou OEAEl va daneikoviosl Kdl O €AEYKTNC €IKOvVAC
diaBadel kai aneikovilel TNV napouad. TNV NEPINTWON MIAG EyXpwHNnG 00dvng HE
avaiuon 640 x 480 eikovooToixeiwv, To AoyikO Oldypapua Tou eAeykTtn 6a

HnopoUoe va €ival To NapakdaTw :

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

—
Extpomneig déoung katd tov optlovtio d&ovo J_l—l_

Ad

Extpomneig déoung katd tov kdbeto a&ova ]

Aptpia Atevbiveewv Ovpag Aviyveong

Agdopéva yia kae pixel Amnoffkevon Ewovag péow M/ )
YIGTIKO

Eheyyog Evtaong - Mvipn Ewévag Avo Gupdv g BVpag Avlyve YKEO'
\ JLootnua

To oxnua anoTeAsiTal and évav WYETPNTA NMou WeTpAsl anodo To 0 €wc To 479 Kal

KaTeuBUVEl £TOI TOUG EKTPONEIG TNG OE0UNG KATA Tov KABeTo. afova va emAéyouv
Mia and TIG YPAMMPES TnG 08dvng. MNa kabe Tlpﬁ;UToﬂ TOU WETPNTHA, O WETPNTAG
oTnAWV naipvel OAec TIC TINEC and To 0 €wg To 639 Kkal [ﬁ)m auUTWV Ol EKTPONEIC
NG d€ounc KaTta Tov opilOVTIO AEova eKTPEMOUVL TR OEOUN Of KABE pia and TiC
oTAAEC TNG 006vNC. MapaAAnAa or dUO-AUTEC TILEC TWV PETPNTAOV, anoTeAoUv Tn
dleuBbuvon avayvwong ano Tn pvhun@vag. Ta dedopEva nNou MPoKUMNTOUV Yid

kGOe (eUyoC TIHwWV Twv OUO %’pm(b AEyxouv Tnv €vrtacn Tng d&oung nou

NPooninTEl 0€ KABE €IKOVOOTOIXEIO.

A

Eivar npogavéc and Ta mapandavw OTI pia ikdva oxnuarileTar atnv 08ovn

HE TN 0dpwWON TWV EIKOVOOTOIXEIWV TNG, CUNPWVA PE TO NAPAKATW OXNHA :

A Xpdvog opriovtiag apadpmong
@

\

Xpovog kaOeg apadpmong
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MNa va divetar n evrtUNwon TnNG devdou KIVIOEWG OTO avlpwnivo WATI, AapKei n
napandavw odpwaon va Yiveral TouAdxioTov 25 Qopéc Kabe deuTepOAenTo. QOTOCO,
a@evoc €neIdn Ta HIKPOOKOMIKA owuaTidold ¢pwopopou Xavouv €UKoOAd TO QOpTio
Toug, aAAd kal e€aiTiac oTI To avBpwnivo PATI EPXETAl MOAU KOVTUTEPA OTNV 000VN
Tou unoAoyloTl ano OTI 0 pia TNAeOpaon, n napandvw ouxvoTnTa Oev Eeival
ApKeTH. ZXTIC NPWTEC 000VEC n odpwon eKTeEAsiTo nepinou 50 @OpeECc TO
OEUTEPOAENTO OMou OPWG O JIAdOXIKEG OAPWOEIC avavewvovTav d1adoxika JOvo ol
AdpTIEC KAl Ol MEPITTEC YPAHUMESG TNG oBovng (interlaced). Eva Tpeuyonaiypa nou
ONMIOUPYEITO and auThv TNV HN OUVeEXN O0dpwon TwWV YPAUHwV, AUBRKE OTIG
oUYXpOveC Hn noAunAeypéveg (non-interlaced) 000veg he TRV Unapén
NEPICOOTEPWYV TNG MIAG JECUWV MOU TAUTOXPOVA OAPWVOUV TIG ﬁspn-ra Kal TIC
ApTIEC YPAMMEC TNG 080vNG. QOTd00 AOYW A@EVOC TNG auEnpé%q ouxvoTNTac
oapwong 000 Kdal Tou OIapKWG OCUPPIKVOUHUEVOU BAMATOG KOuKidag, nAEov
anaiteitar  YETAEU TNG odApwong JladoXIKWV  YPAMU®WY  KAMoioG  XPOvog
anopdkpuvong Tou QOpPTIOU MOU TUXOV NdN EXEl swesi oTa cwuaTidla pwopopou
(xpovoc opildvTiac apavupwong - horizontal bIanking)’ AVTIOTOIXOG XPOVOG
anaiTeital npiv Tn oapwon €vog Kaivoupyiou Kaps(xpévoq KaOeTng apavpwong -

vertical blanking).

. Biner”
6.7.2 O ekTUTTWTNS

Mia ano Tig nAéov Bﬁséouévsq NEPIPEPEIAKEG OUOKEUEG TWV ONUEPIVAV
UMNOAOYIOTIKWV oumnpdﬁov givar ol ekTunwTeg (printers). Ynapxouv Oekddeg
OUVATEC KATNYOPIOAOINJEIC TWV EKTUNWTWV MNou €ival €unopikd Olab£aiyol.

MNapakaTw €NIKEVTPWVOUWE OTIG MO J1adeDOPEVEC KATNYOPIEC EKTUNWTWV.

>TouG }una).'réq npoOKpoUONnG, N €KTUNWON ENITUYXAVETAl HECOW TNG
NpOOKPOUONC MIAG KEPAANG, Navw oTnv onoia undpxel r oxnuatierar o npog
eKTUNWON. XAPAKTAPAG, ME Hia PEAAvoTaivia, n onoia napepBAAeTal PETAEU TNG
KE(pCI)\I'E,EKTUI'I(DO'r](; Kdl Tou XapTioU. 3TNV NEPINTWON Nou ol Mbavoi EKTUNWCIKOI
XAPAKTNPEG €ival Aiyol, auTtoi pnopei va npolndpxouv kai anAd va enIAEyeTal €vag
and autoUc kAaBe @opd. XTnv NEPINTWON auTr Ol EKTUNWTEG ovopdalovTal
EKTUNWTEC aAuaidacg rnj Tpoxou (daisy chain / daisy wheel printers). OI ekTUNWTEG
auToi NPOCPEPOUV APIOTN MolOTNTA &KTUNWONG. To NEPIOPIOPEVO  GUVOAO
EKTUNWOIYWY XApaKTNpwyv, n aduvapdia Toug va €eKTUN®OOUV Yypagika Kal o
apkeTdC BOpuUBOC KaTa Tn AEITOUPYid TOUG, €XEl MEPIOPIOEl ONUAVTIKA TN XpHon
Touc. Ma Tnv ekTUNWON YPAPIKWY, avTi Yid NPOKATACOKEUAOUEVOUG XAPAKTAPEC, N

KeQAAn anoTteAeiTal and €vav nivaka akidwv (dot matrix). O nivakag autog Pnopei
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va anoteAeital and 7 Ewcg 24 akidsc. KdaBe akida evepyonolgital e
NAEKTpOMAyvNTIKG JEoa avaloya PE TO XApAKTAPA NoU TUNM®VETAIL. ZTNV NapakaTw
apioTepd ikdva BAENOUME TNV EKTUNWGN TOU A dno €vav eKTUNWTN ENTA akidwv. H
noloTNTA TNG EKTUNWONG MMOpel va BeATIWOEI €iTe PJE TN XPNON NEPICOOTEPWV
akidwv €iTe Ye TNV enikGAuwn Toug (JE KIvnoeic dnAadr &iTe Tou XapTioU &iTE TNG
KEPAANG 0 BAMATA HIKPOTEPA TNG MIAC KOUKIdAC - KATw Oefid eikdva). QoTdoo
KATI TETOI0O AUEAVEI ONUAVTIKA TOV XpOvo ekTUNWONG. O1 EKTUNWTEC NPOTKPOUONG
XpnoigonoiouvTal ONUEPA Yid TNV €KTUNWON O NOAU HIKPA 1 NOoAU PeydaAa PeyEdn
XApTIwV Kal MpPOTUNWHEVEG @QOpHeC. Eivalr eniong 1davikoi yia eKTUOWON O€

NOAAANAEC POPUEG WE KAPHUMOV.

N

AvTioToIxn €ival n @IAoco®ia nou prGIUOI'IOISiTGI OTOUG EKTUMNWTEG
€EKTOEEUONG MeEAAVNG. 3TNV MNEPINTWON auTn ‘ol cu<i6Q avTikaBioTavral and
MIKpOOKOMIKOUG WEKATTHPEC Kal n JeAavoTaivia andgia de€apevn uypng MeAdvng.
H TexvoAoyia auTn pacg divel EKTUNWTEG ME.OAPAVTIKA NAEOVEKTANATA :

a) Eival evreAw¢ aBopupol

B) Me Tn xpnon HOMO%V p&nd)v MMOPOUME va NETUXOUHE EYXPWHEG

EKTUMNMOEIG. 4

y) MnopouUpe va‘eKTuncbooups navw o d1apAveleg n onoladnnoTe AAAn

enipaveia.
H O1akpITOTATA QUTOWV T®V EKTUNWTWV KABWG KAl auTwv Tou nivaka akidwv
METPIETAI OTO NOCA CNUEiIa YNopoUV va EKTUNWOOUV OE Wid ivTaa xapTioU (dots per
inch - dpi)@lspa Ol EKTUNWTEG €KTOEEUONC PEAAVNG WNopoUV va npoosyyiocouv
N QwTOYPAPIKN MoI6TNTA ekTUNWONG (2400 dpi) kal ouvenwg anoteAolVv 10AVIKn
Auan yia EKT.L'Jn(oon pwToypaiwVv. KUpIo YEIOVEKTNHA AUTWV TWV EKTUNWTWOV Eival
ol X n)\éq TaxUTNTEG €KTUNWONC OTN MEYIOTN avdAuon Kal To UWPNAO KOOTOG
xpﬁ$

Ol EKTUNWTEC NOU XpNOoIdonoloUvTal KATa KOPo OTn GNUEPIVRA €N0XN Yia ToV
auTopdaTIONO ypageiou gival ol TexvoAoyiag Acilep. O1 eKTUNWTEG auToi napdyouv
HMOVOUIAC Pia ogAida ekTUNWONG KAl OUVENWCG JnopoUv va XapakTnpiotouv Kal oav
EKTUNWTEG OeAidag. Kdbe KUKAOC eKTUNWONG O AUTOUC TOUG EKTUMNWTEG AKOAOUOEI
Ta €€NG BApaTa :

1. To nepioTpe@opevo TUPNAvVO QopTileTal Kal KAAUNTETAlI YE &va pWTOEUAioONTO

UAIKO.
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2. Mia déoun A&ilep Oapwvel OTn OUVEXEID TO TUWUNAVO YPAUMN MPOC YPAMMHN
(katd TpONo avdaloyo He TNV o0Bovn) Pe TN Bondeia evoc KATOMTPOU Kal
anogopTilel opioyeva and Ta onpeia Tou Tupnavou.

3. Eva oTtpwpa ypa@itn £€pxeTal o€ enagn Pe kabe oapwpevn ypauun. Ol KOUKIOEC
Mou ouvexifouv va E£XOUV NAEKTPIKO @QOPTIO aAnoppoPouv HEPIKA HOpIa
ypaogiTtn.

4, Kabe ypapur agou nepdosl navw and Tov ypa@itn nieleTar navw oTO XApTi
Ornou evanoTiBeTal o ypagiTng nou €ixe anoppopnBei.

5. AkoAouBei Beépuavon Tou xapTioU woTe n evanobeon Tou ypagitn va napel
HOVIUN HoPPR.

6. To TUMNAvo TEAOC anogopTifeTal Kal anopakpuveTal TuxOV s\hopsivaq
YPa@iTNC WOTE va gival £ToIPo yia TNV enopevn ekTUNWonN. | P N 4

O1 ekTUNWTEG TeEXVoAoyiag Aéilep npoo@Epouv dapioTn noidTnTa é«cpé}nwonq (Tng

TA&nc Twv 1200 dpi) pe OXETIKA XANNAO KOOTOC XpronG. ZUIOVEKTﬁpaTd TOUG

ouykaTaAéyovtdal To UywnAO apxiko KOOTOG KTI‘BQQ, n aduvapia yia &yxpwun

ekTUNWON (01 EyXpwHol A&IlEp EKTUNWTEG NOU €ival epnopcjd dlaBeaipol kooTifouv

onuepa nepinou 10 QOpPEC NEPICTOTEPO ANO éVO§QVTi0T0|xo aonpduaupo) Kai n

aduvapia ekTUNWONG O BIAPOPETIKA PEYEON XAPTIWV.
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AikTua YnoAoyiotwv
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OI TIHEC NWANONG Twv MHovadwv &€10ddou / sﬁégau €XOUV UMoOTEl TOov
TEAEUTAIO KaIpO pia dpapaTikn NTwon. MNaAaidTepa OPwWC ATAv TOCO aKpIBEG nou
NTav oUvnBec £va UMOAOYIOTIKO KEVTPO YIGw..AApAdelyya va E£xel HOVO £vav
EKTUNWTN TexvoAoyiac Aé&ilep. H avaykn Aoinov yia anokatdoraon EniKoIvwviag
OAWV TWV TOMNIKWV OTAOU®V HPEKANOIO OUYKEKPIMEVO MEPIPEPEIAKO ATAV AUTH MOU
€0WOE TO ApPXIKO €vauoua @ T OnMIioupyia HECWV enikoivwviag (UAIK@WV Kal
NPWTOKOAAWV) NMou onuepa xpnoihonoiouvTal ota Aeyopeva dikTua unoAoyloTwyv.

D¢

Eva JikTuo Jev €ival TinoTa nNepICOOTEPO anod £va HECO S1acUVEDNC
UNOAOYIOTIK@WY oUoTNUATWY, YE okond Tnv dlahoipaocn NANPo@opInyY, EPAPUOYWOV
Kai nsplcpspaaN/c:oKaucbv. Eva dikTuo anoTeAeiTal and UAIKO, Aoyiouiko Kai
npwToKoAAd. To UAIKO yia napadelypa €ival kKaAwdia Kal KUKAWPATa npooapuoync.
To. anarroUuevo Aoyiouikd dlaclvdeong evog XpnoTn oTo JiKTUO €ival OAPEPA OTIG
néplocéTs&q NEPINTWOEIC POUTIVEG EPMPWAEUPEVEC OTO AEITOUPYIKO oUCTNUA TOU
unoAoyioTr. Ta NnpwTOKOAAQ €ival €éva gUVOAO KavovwVv rnou a@opoUlyVv To XPOVIOUO,
Tn dopn, TNV aAAnAouxia kal Tov TPONo gA£yXou opBOTNTAG TNG NANpPogopiag nou

avtaAAaoosTal navw ano 1o diKTuO.

ZTnv apxn napouciag Twv OIKTUWV UMOAOYIOTWV O KABE KATAOKEUAGTNG
NPOTEIVE KAl €va JIKO TOU NMPWTOKOAAO €nikolvwviag, UE anoTEAeoua Ta dikTud
OIQOPETIKWYV KATAOKEUAOTWV VA Un MNopouUv va €nIKOIVWVAOOUV HETAEU Touc. O

Aigbvig Opyaviopdg MpoTtunwv (International Standards Organization - ISO) yia
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Va YEQUPWOEI AUTO TO XAOPAd NPOTEIVE €va VEO KABOAIKO HOVTENO TO onoio KaAeiTal
OSI (Open System Interconnect). MNa va doBei n duvatoTnTa Oc JIAPOPOUC
KATAOKEUAOTEG va Napayouv CUOKEUEG / AOYIOMIKO TO OMoio va avTanokpiveral os
oplopeveg HOvo avaykeg enikoivwviag, To OSI dev €ival eva PJovoAlBikd POVTEAO,
aAA@ pia 1gpapxia npwTokOAwv. Katad 710 OSI n Jdiadikacia enikoivwviag
anoTeAeiTal ano enta (7) enineda nou eival (and TO XAPNAOTEPO NpPoG TO
uwnAoTepo) : physical, data link, network, transport, session, presentation kai

application. H iepapyia eninedwv ¢aiveral oto endPeVO oxnua.

Application ’
Presentation ’

Transport

Network

5 NS

Network

Data Link

|
/
| | Data Link
:

Physical Physical

/
Q>

To povTéAo Tou OSI 0Oe divel aueTnpouc opiohoUG yia To nw¢ 8a yivel n

enikoivwvia. AvTiBeTaq, dnoTeei To onueio avagopdc yia To nw¢ n diadikacia
ENIKoIVWViag npenel ¥a:01axXwpIoTel 0 MIKPOTEPEC KAl anAoUoTepeg d1adikaagieg Kal
noia npwTOKoAAA npér% va avanTtuxBouv yia Tnv uAomoinon autwv Twv
5IC15IKCIGIO'.)VN 6|c'1(%opc1 enineda. H npaypatikni oupBoAn Ttou OSI e€ival oTI o
TEAIKOG XPNOTNG moU €nIBUMEl eniKoIvwvia Pe unnpecieg noAunAokdTNTAG KAMOIOU
emnedou avTmihauBaverar O6TI auth oupPBaivel oav va pnv undapxouv KAaTtwTeEpa
enineda (J1aKEKOPPEVN YPAUMN TOU Mo NAVw OXAMATOC). TNV MPAydaTikoTnTa
oMW “mo kdTw enineda ulonoloUv TIC anapaitnTeg O1adikaoiec yia Tnv
anpdokonTn EMIKOIVWVIAQ TOU XPNAOTN Kal n npayhaTikn enikoivwvia ouupaivel
oUNpWVA JE T Oupnayn ypapun. Me aAAa Adyia Ta nio KATw €nineda
anokpUNTouVv ano Tov TEAIKO XPNOTNn TIG AENTOMUEPEIEC TNG EMIKOIVWVIAC nou Jev
TOV agopoUVv Kal napeEXouv €va Vveéo 10eatd eninedo enikoivwviac. H
JlaoTPpWHATWON auTn NpooPEépel €niong ave€apTnoia and KATAOKEUAOTEC Kal

EMIPYEPOUC AENTOUEPEIEG.

AG doUNE OUWC TI UNNPECIEC KAAEITAl va Npoo@Epel KAbe eninedo.

-120 -



KED®AAAIO 7 — Aiktva YoloyioTdVv

To eninedo e@papuoywv (Applications Layer) napéxel enikoivwvia HeTA&U
epapuoywv. TETOIEG €PAPUOYEC €ival KATAVEUNUEVEG PBACEIG OJEJOUEVWY,
NAEKTPOVIKO Taxudpopeio, yeTapopa apxeiwv (ftp - file transfer protocol).

To eninedo napouociaong (Presentation Layer) evowpaTtwvel 31adIKAGIEC NMOU
dlaopaAifouv OTI Ol EMIKOIVWVOUVTEG EPAPHOYEG AAUBAVOUV NANPOQOPIEC HE
owoTn doun n.X. Katd Tnv enikoivwvia evocg little endian pe éva big endian
ouoTnua.

To eninedo ouvedpiag (Session Layer) €ival unelBuvo yia Tnv apxn Kai Tov
TEPUATIOPNO OUVEDPIWYV HETAEU enikoIvwvoUvTwy dlepyaciwv. Eival. eniong
uUnevBbuvo yia TOV CUYXPOVIOUO TnNG enikolvwviag aAAd kai yia<va kpartdel
onueia avagopdac €10l WOTE OIAKOMEIOEG EMIKOIVWVIEC vd un&obv va
ouveyifouv PETA TO onueio dIAKOMNAGC. P N 4

To eninedo peragopdc (Transport Layer) eEac@alilel Tnv \CIZ%I'IIOTiCI ™G
gnikolvwviac. Eival To eninedo nou Ba diac@aAigsl 0TI uNApXOUV ol NOpPOol Nou
anairoUvTal WOTE N PETAPOPA TNG n)\r]poq)opiggva yivel ypriyopa kal owoTd.
To €ninedo autd IEpapxei TIG AVAYKEG €NIKOIVWVIAG I'IO’J TOu €pxovTal anod To
eninedo ouvedpiac woTe va eMITUXEl TO WKPOTEPO. dUVATO XPOVO €EUNNPETNONG
ME TO MIKPOTEPO KOOTOG. Na napdadelyua, TSEI‘IiI‘IEﬁO METApOPAC unopei va
anoqgaaiosl OTI hia nAnpogopia Ba’ npénel va diaxwpIoTei ge NOAAG NAKETA Kal
KGOe nakéto va peTadolsi g OlGPOPETIKWY B1adpOopwV TOou BIKTUOU ETO!
waoTe va d1aopaAioTei évygﬂ XPOVOC WETAPOPAC. NMPoCEETE OTI TO €ningdo
METAPOPAC Tou anodéKTn TG, NAnpogopiag eivar ekeivo nou Ba npénel va
avaouvOéoel TN NAnpogopia.akdua kal av Ta NakeETa GpTAoouV HE JIAPOPETIKN
osipd. ),
To eninedo dikTuou (Network Layer) dpouoAoyei Ta dedopeva aTouc dIApopous
unocrraeucx(al ynodikTua. To €ninedo auTod cuvenwc Ba Npénel va €xel oaen
yvwon TnG TornoeAoyiac Tou dikTUOU, dnAadr Tou SIKTUWPATOG O1aocUvOEoNC TWV
orabuwv nou BpiokovTtal navw oTto dikTuo. To eninedo auTtd KPATAEl EVNHEPO TO
snineé&&m(popdq yla Tnv katdoTtacn Twv d1apopwVv CUVOECEWY TOU JIKTUOU
ano nAeupdg TaxuTnTag, agionioTtiag kar diaBeaIpoOTNTAG.

To eninedo avaocuykpoTnong Tng nAnpogopiac (Data Link) OiaxeipileTal Tig
aneuBeiag ouvdEoelc HETAEU dUO OUOKEUWV Tou OIKTUOU. AlaxeipileTal KoyudaTia
nAnpogopiac Ta onoia ovopdlovTtal nAagiola (frames) kar Ta onoia NeEPIEXOUV
népa ano Tnv nAnpogopia, Tn OietBuvon Tou napdaAnnTn, nAnpogopia
dpopoAOYNGNG KAM.

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

navw anod To QUOIKO PEoo (KaAwdio, onTIKA iva, KAM).
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Ta dikTua ouvnBwc XwpilovTal O KATNYOPIEC avaAoyd HE To €UPOC TNG
YEWYPAPIKAC NEPIOXNG NOU KAAUMNTOUV, TNV TonoAoyia Toug, Tov Tpono BAacesl Tou
onoiou EMITUYXAVETAI O CUYXPOVIOUOC TNG METAd00NC TwV JEDOMEVWY, TO PUOIKO
HECO MOU Xpnoigornoiouv, TO pubuo HeTapopdc Oedopevwy KAM. MapakdTw
anooagpnvifovral OpICUEVEC MOVO anod TIG KATNYOPIOMOINOEIC. 2TO HABNHa Twv
AIKTUWV YnoAoyioTwv Ba e€xete Tnv duvatotnTa va OciTe ot BABog OAec TIC

NapapeTpouc evog dIKTUOU.

AvaAoya pe To €UPOC TNG YEWYPAPIKAG MEPIOXNG MOU KaAunTouv Ta. dikTua
KATaTaooovTdl Of€ :
¢ Tonikad (Local Area Networks - LANs) nou kaAunTouv Mia .€KTa@on psg(u«bv

TETPAYWVIK®OV HETPWV N TO MOAU HEPIKWV KOVTIVOV KTIPIWV.
s),.moU kaAunTouv

¢ Eupsiac Nepioxnc (Wide Area Networks / Long Haul Network
NOAEIC 1) OAOKANPES XWPEC. \

Eva anod Ta nAéov gupEwc xpnoluonmoﬂué‘ga péTpo)anééoor]q Twv SIKTUWV
gival o puBpog petagopag dedopevwv (bandwidth) nou napéxouv, o onoiog
nolkiAel onuavTika avaloya Pe To eUPOC.TNG YEWYPAPIKNG NEPIOXNG KAAUWNG, TOU
HMECOU Mou XPNnOoIYonoIEiTal yia TN Quaikn diaguvoson Twv oTabuwv KAn. O pubuog
METAQOPAG OEJOUEVWV aVTIKATONTEICE! noooTNTA TNG NANPOPOpPIag Nou HNopEi
va peTadobei ndvw and 1o dikTUO orfrpevada Tou XpOvou Kal JUETPIETAl Ot bits/sec
(bps) kai Ta noAAanAdoid-<Tou,~Kbps, Mbps. MpooéETe oTI €dw Ta K, M gvvoolv
noAAanAaciacTikoUug napdayovtes-103 kar 10° kai ox1 210 kai 220, MNépa dpwg ano
TNV @EAIUN nNAnpo@opia. oto OiKTUO MeTa@epovTal Kai AAAEG NANPOPOPIEG
(ouyxpoviouoU, wneia eA&yxou TG opBOTNTAG TNG NANpogopiac), ondTe YOVO £va
HEPOC TOU WWidtb gival NpakTika wE@EANIPO. AldQOpeTIKAG TURMWATa Tou idlou
JIKTUOU (segments) pnopei va npoo@Epouv OIAPOPETIKOUC PpUBHOUC PETAPOPAC
dedopévwy. AKOUN Kal oTo idlo unoAoyloTikd cUoTNKAa Pnopei o pubuodg anodoxng
OEDOLEVWV .vcn gival d1aQopeTIkOG auToU TNG amnooToANG Toug (AOUMMETPN
6|00$zdn - asymmetric connection).

O1 BaoikeG eVAAAAKTIKEG TOMOAOYIEC NMou KATA KaAlpoucg €xouv npoTtabei yia

TNV dnuioupyia evog dIKTUOU €ival :

7.1. TonoAoyia ApTnpiag

H TonoAoyia apTnpiag gaiveral oTo NapakaTtw oxXnua.
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H TonoAoyia auTh ival n anAoloTepn avapeosa oTic NpoTabeioeg kal ival napopola
ME Tnv TonoAoyia Oiapoipalopevng apTtnpiac nou ouvnBwc uAonolsiTal Kai
E0WTEPIKA O£ €va UMOAOYIOTIKO cuoTnua. Evag kaivolpyiog oTaduog o auTn Tn
TonoAoyia pnopei eUkoAa va npootebei pe T d1acUvOECT) TOU NAVW GFO QUOIKO
HEOO Nou anoTeAsi TNV aptnpia. H TonoAoyia autry napouacidlel To NAEOVEKTNHA OTI
kGBe oTaBpog Tou JIKTUOU WNOPEl va enikoivwvnoel dueoa e onofo\vé\r"]n*ms aAAo
oTabuod kai véol orabuoi pnopolv va npoaTiBevTal EUKOAQ. EnifiAéov o ')\é/yxoq ™G
aptnpiag €ivar og auTrl Tn TonoAoyia KATAVEUNUEVOC ME anmé%a TO MOAU
XAMNAG apxikd KOOTOC yia auTn Tn Auon. H TonoAoyia GUTW To NpoBANua ot
undapxel €va PEYIOTO OPIO OTO HNKOG TOU cpuomot%é:oou Kal 0TI N nNpoaBeon evodg
Kaivoupylou otabuou f n BAGRn evog orabuou OETEITO bﬁ'ruo ekTOC AsiToupyiac.
Eva napdadeiypa oto onoio Xpr]GILIOI'IOIr"]GI']I'(iS plajo\no)\oyia apTnpiag anoTeAei TO

dikTuo Ethernet.

7.2. TonoAoyia AakTuAiou Q R’

H TonoAoyia 60KTU)\i9Apa €TAI OTO NAPaAkATwW oxnua.

4

\ °

@

Y
y

H TonoAoyia auTh €ival avTioToixn M€ auThVv TNG apTnpiac he Tn diagopad oOTI ol dUo
AGKPEC €ival MAEOV EVWUEVEC £TOI WOTE va oxnuaTideTal evac dakTUAIOG. Ta NAKETA
nAnpogopiac Ta onoia OlakivoUuvTadl Ndvw oTo OIKTUO OTNV MEPINTWON auTn
dlakivouvTal ano Tov €va oraduo atov dInAavo Tou PEXPIG OTOU KATAAREouv oTov
TEAIKO anodEkTn Touc. O TeAeuTaio¢ anooUpel To NAKETO and To JiKTUO Kal o

OakTUAIOG anodeoueVsTal yia TNV €MNOMYEVN METAdOON. TNV NEPINTWON Mou €va
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NAakeTo NANPOPOPIAc oAOKANPWOEl €va KUKAO, TOTE NMpo@avwe O NapaAnnTng Tng
nAnpo@opiac dev pnopei va Tn dexOei kAl CUVENWG O ANOOTOAEAC MPENEl €ITE va
TNV anooUpel and Tov dakTUAIO €iTE va TnV TPOMonoIfcel oav Jia véa peradoon. H
TonoAoyia OAKTUAiou XpnoigonoleiTal gupéw¢ oTta Oiktua Token Ring nou

npotadnkav anod tnv IBM.

7.3. TonoAoyia AoTépa

H TonoAoyia aoTEépa @aiveral oTo napakdTw oxnua.

Q\

>Tnv TomoAoyia auTr KABe ouakeurn TOUu OIKTUOU OUVOEETAl O AUTO PEOW
£VOC KEVTPIKOU oTabuou (hub).,‘ KEVTPIKOG auToG oTabuocg sival peoalwv os KAbe
avtaAiayrn nAnpoopiac NeEFAEU dU0.0TABUWV TOU JIKTUOU. S€ JIa anAOUCTEUHEVN
uloroinon o KevTpIKOGAoTaBuoc, anooTéAAel oe OAouG KABe nAnpogopia mou
AauBavel kal sival nXéov guBUvVN Tou KABe oTaBuou va anodexTei f va anoppiyel
TN €I0gpXOMEVN n)\npO(p‘c‘)‘Bia. € M0 MNPONYMEVEC UAOMOINCEIC OMWG O KEVTPIKOG
oTaBuodc anogTeAAEl TNV nAnpogopia PNOvVo oTov MpayuaTtiko anodektn Tng. To
n)\sovéKTnpﬁq TOI'I?))\OYiCIQ aoTEpa €ival OTI OTIC NEPIOOOTEPEC avadiapBpwaelg
TOU OUOTHKATOC To BApoc NEPTElI oTnVv avadiapBpwaon Tou KevTpikoU oTabuol Kal
pgovo. Mpogavwg €va npoBAnua oe autd To oTabud PByalel ekTOG AsiToupyiag

0AO 0°To dikTUO (single point of failure).

7.4. ZuyXpOVIOHOG TV SIKTUWV

MNa Tov ouyxpovioud oe e€ninedo nakETou nAnpogopiac (yia va
ano@euxBouv n va eAaTTwBouv dnAadr niBaveéc ouykpoUOoelG AOYwW TAUTOXPOVNG
HETAd00NG Nou Pnopei va cuphBoUv OTIC ToNoAoyiec apTnpiag kar dAkTuAiou) €xouv

npoTabei d1aopa NPWTOKOAAQ :
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7.4.1. CSMA / CD (Carrier Sense Multiple Access with Collision Detection)

3To NPWTOKOAAO AUTO Ol OUYKPOUCOEIC eniTpenovTal. OTav €vac oTabuog
BeAnoel va peTadwaoel dedopeva, NpwTa akoUel To KavaAl. OTav kanoiog aAlog non
HeTadidel, TOTE anayopeUeTal va PeTadwoel. O oTaBudC NeEpIYEVEI yIa KAMOIO TuXaio
XpovikO didoTnua kal &avakoUel To kavaAl. H diadikacia auTr enavaiappaveral
MEXPIC OTOU O OTaBUOG Bpel To Kavahl eAelBepo onodTe kal apyilel Tn Ik Tou
peTadoon. MpoogETe OTI Kal KANOIOG AAAOC OTaBUOC NNopei TaUTOXPOova va apXioel
pJeTadoon. TNV MNePINTWON auTn €xoupde oUykpouon. O oTaBuoi nou petadidouv
€KEiv Tn oTIyur avriAauBavovrar Tn oUykpouon kalwg Ta OedOuEVE. TOUG
aAAOI®VOVTAl KAl CUVEN®C anocupovTdl Kdl MPMaivouv €K VEOU O€ KATaoTraon
avapovng yia peradoon. To npwTOKOAAO auTo €ival apKeTd anbéonb 000 ol
oTtabpuoi Tou dikTUOU peTadidouv nAnpogopia AlyoTepo and 35% . T1ou-X dvou. STnv
avTifeTn nepinTwon n mBavoTnTa yia oUykpouaon au&avel SKeaTch'l.\Zigv TeAeuTaia
nepinTwon To NPwWTOKOAAO auTd dev pnopei va eyyundei wéylmo XPOVO nou

anaiteital yia Tnv opOn PJETAd00N €vOC KOUNATIOU nAnpogopiac.

O)

7.4.2. Token Based )
Me okono TNV ano®uyn Twv olykpouoewv n IBM eioryaye Tnv €vvold Tou
token. To token eival eva €i101kd nzém W(popiaq n Kartoxn Tou onoiou Oivel TN

duvatdéTnTa Yia uaTdéoon.cY}
propei va YeTadwaoel av kdl govo ay kaTtexel To token. Eideun, anAd akolel Tnv

TAG-Hia TornoAoyia dakTuAiou, €vag oTabuog

nAnpo@opia nou KUK)\O(DSPEi oT0’ 0iKTUO Kal TNV avapeTadidel epocov NPOKEITal
yla nAnpogopia Tnc onojg dev eival anodektng. OTav évag oTabuog OEAel va
peTadwoel, Ba NpEnel va NMepIPEVEl WOTE va PTACEl o auTdv To token. ToTe B6a To
anooUpel anod 1o dikTuo, Ba BaAsl TN NAnpogopia nou BEAEI va PETAdWOEI KAl WETA
Ba |J€TCI5d)0€I$ To token woTE va €MITPEWPElI OTOV €NOUEVO va METAdWOEl Kal
auTog. To NpwTOKOAAO NMpoBAENEl NwG yevvaTal To token oTav npwtodnuioupyeiTai

TO 6IKTUO¢CII NWG avayevvieTar otav evag orabuog nou exel anocupel To token

naoel [»é[%n.
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KED®AAAIO 8

Kwodikeg yia Avixveuon & Aiopbwon Aabwv

\\
)

/

H napoucia AaBwv oTa Wyneiaka ouoTEATa enegepyaaiag nAnpopopiwv

P

gival kATl nou napartnpnBnke and TA NPpWIA XPOVIA EUPAVIONAC Toug. Ta Adén
OUulBaivouv AOYw YyApavong TwV METAMIK®OV aywyw®wv, €nnpeacyou and To
nepiBAllov, dTEASIWV OTNV KATAOKEUr. KAN. Onwc¢ 6a pabete ora Wneiaka
HAekTpovikGd oTnv oucia To X@sival anoppold TNG avikavoTnTac Xelpiohou
aAAaywv oOTIC oTABuec duvauikeU MEpa ano OuyKekpiyéva opia. Ma va yivel nio
karavonTto auto, ac dWOOUUE g/a npaydaTikd napadelyya €xXovTac Katd vou Tnv

napadooiakn TeXvoAoyia:TTL.
@

Eva @gneiako , KUKAwPa Tng Texvoloyiag autng Bewpei wg Aoyikd 0
oTIOANoTE BpiokeTar o oTaBueg duvapikou 0 — 0,7 V kal w¢ Aoylkd 1 oTidnnoTe
Bpiok€ral oe oTabueg duvapikoU 2,7 - 5 V. Ynapxel Ouvenwg Mia neploxn
anayopeup}fv.wv JuvapIkwv META&U 0,7 kal 2,7 V. YNO KAVOVIKEG OUVONKeC Ogv
NeEPINEVOUUE TA ORANATA €10000U TOU WNQIAKOU PAC KUKAWUATOG va Bpebouv evTog
auTtnG TnNG nepioxng, OI0TI Ogv EEPOUPE KATA NOCO Ol AVTINPOOWMNEUOUEVEG
nAnpo@opiec Ba epunveuTolv OwoTA. AG UMNOBECOUNE WOTOCO OTI Hid €K TwV
€€00WV TOU Wn@PlakoU Hhac ouoTriuatoc OIEPXETAl YEoa and €va nedio PEXPI va
anoteAéoel €i0odo TNG enopevng Babuidac enefepyaciac. YnoBeoTe OTI auTh
BpiokeTal oo Aoyikd 0 pe duvapikd 0,3 V. Ac unoBeooupe OTI oTiydidia To nedio
Hag AOyw napeuBoAwvV METATPENETAI O HayvnTikd. H wnoiakn ypaupun Hag
auTOPATA HPETATPENETAl O AywyO €vTOC payvnTikoU nediou KAl CUVEN®G ndyeTal

navw TnG Kanoio peUpya YE ANOTEAECHUA VA AMOKTNAOEl KAMOIO VEO OUVAPIKO. AV TO
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€nNayouevo pelpa €xel avTiBeTn popda PE To ApXIKO TOTE TO JUVAMIKO Ba HeIwOdEei
nepaitépw and Ta 0,3 V kal ocuven®wc To Yn@iakd pag cuoTnua 8a AsIToupynosl
OwOoTA. TNV AVvTIBETN NEPINTWON WNOPEi €iITE N ENPEIa TOU ENAYOUEVOU PeUPATOC
va eival pikpn kal To duvapikd va un &nepaoel ta 0,7 V &eite va oupBei TO
avTiBeto. =Tn 0O0elTEPn nepinTwon av To duvapikd unepBei Ta 2,7 V 16TE TO
enOPEVO WNQIAKO pac ouoTtnua 0a epunvelosl evTeAwG avanoda Tnv apxikn

nAnpogopia kar €éva Aaddog 6a €xel oupPEi.

2TV napandvw anAoUCTEUMEVN Nepiypapn Bewpnoape OTI €va. AdbBog
I00QUVAMEI JE TNV aVTIOTPOPN TNG TIMNAC £voc duadikoU ynoiou (single. bit error).
Av kal autn n Bswpnon Ba pag disUKOAUVElI NApAKATw va dIdTUNWOOUUE Be(m(éq
apxeg, 0 oupBadilel NAvToTE PE TNV NPAYUATIKOTNTA. Mnopei dnAadn nepicadTepa
Tou evog duadika wneia va aAAoiwbolv (multiple bit error). Kawoo napanavw
NEPINTWOEIC OMWG ANAITOUV TNV AVANTUEN anoTEAECUATIK®V METPWYV MNpoaTaciac.
To nA€ov gupUTepa diadedopévo ONAO KaTa Tng dnuioupyiag AaBwv oTta ynelaka
OUOTHAKATA anoTeAoUV ol KWOIKEC aviXVEUONG r'1// Kal &?pewcnq AaBwv (error

detection / correction codes).

AcG npoonabrjooupe va guPadbuvouldes Aiyo NePICOOTEPO OTIC IDIOTNTEC MOU
npénel va diEnouv éva cUoTNUa WAOTE ).va €xel TNV IKavoTnTa yia avixveuaon /
d010pBwon AdBwv. XTo napakdTw: OXAKA (aiveTdl €&va POVTEAO OUOCTAPATOC MNou
anoTeAgital and évav anogroAéd” kal €va napaAnnTn Kanoiag WneIakng
nAnpogopiac.

Metddoon
Pneuaxig
ITIAnpogopiog
(\ AmootoAréag [MopaAinming

To JOVIEAO a.UTc') gival ApKeTA YEVIKO, £TCI WOTE VA PNopouv va nepIAnPOouv KATwW
and.auTo OikTua unoAoyioTwyv, KME kal pvAun, MeTagopd navw ano apTtnpieg,
ouaTn d €10000U - €EOOOU KAM. MnopoUPE va napartnprooupe OTI £4v
anooToAéag - napaAnnTng avrtaAAdooouv nAnpo@opiec PeyeBouc n Jduadikwv
Wwneinv Kal XpnoigonoloUuv 0Aoug Toug 2" guvduaououg, TOTe dev undpxel Kayia
duvaTtoTtnTa avixveuonc / d10pbwaong Aabwv. AuTO yiaTti onoiadnnoTe nAnpogopia
Kal av napdyel o anooToAéac, onwc Kal auTr va aAAoiwBei o napaAnntng Oa Adapel
dia nAnpogopia n onoia €ival ka®' oAa vouiun kar avapevopevn. (Mpogavwg o
napaAnnTng avapével kabe duvatn AEEN ano Tig 27, yiaTi av o napaAnnTng n&epe T

va avapével dev unfpxe AOYOC yia TNV anooToAR TnNG nAnpogopiag).
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H napandvw avdAuon pag odnyei OTo oupnépacpa OTI yid vd UNApXEl
duvatdéTnTa avixveuonc / Oi16pBwonc AaBwv, nNpénel 0 dNOCOTOAEAC Kal o
napaAnnTng va ouvevvonBoUv €€ apxng, £Tol WOTE €vd POVO UMOCUVOAO TWV
duvatwv ouvOuaopwv va BswpeitTal eykupo (oUvoAo KWOIKWV Ag€ewv - set of
codewords) kai ol Aoinoi ouvduaouoi va BswpouvTal akupol (non-codewords). H
10¢a niow anod auTn Tn cup@wvia €ival 0TI 0 AnooTOAEAC NAPAYEl HOVO KWOIKEC
A£E€Ic Nou anouoia AaBwv @TAVOUV Kal YivovTdl anodekTEG and Tov NapaAnnTn,
EVW napoucia AdBwv HETATPENOVTAl O PN KWOIKEG AEEEIC Mou anaiTouv €IDIKEG
EVEPYEIEC and Tov napaAnnTn. H uAonoinon Tng napandvw cUpBaocng WAOPEi va
npayuyatonoin®esi eniouvantovragc k emnAéov duadikG wnoia oTnv  apxikn
nAnpo@opia (yneia eAéyxou — check bits) kal xapaktnpilovTag opl\é%uq povo
ano Toug 2"k guvduaopoUg WG E£YKUPOUC. TNV ouadia q;qc') oijsi ot pMid
Kwdikonoinon TnG apxIkng nAnpogopiac apol kabe apXikn AEEN Twy n duadikwv
wneinv avTioTolxileTal o€ pia véa ALEn Twv n+k duadikwy wneiwv. H avaiuon
auTn kabioTa npo@avec oTl n avaykn yia avixvsugﬂ/ d10pBwaon Aadbwv odnyei To
apxikd pac ouoTnua o diapopec snifapuvoelc. O pueuéq’psmcpopdq OEJ0UEVWV
gival nAéov XxapnAoTepoc evw xpelaleTar” Xpdvog .0ToV anooToAéd yia Tnv
kwdlkonoinon TnG nAnpogopiag kal goT napaAfnTn yia Tov €EAEyXOo TNG

0pBOTNTAG.

J
YnoBéoTe OTI TO ap“f@; ouoTnua €xel n=8 kal pubBud PETAPOPAG
dedopévwy 2 Mbit/s. Av BgGoupe k=3, TOTE O 1 sec peTapepovTal nail 2Mbit, pe
TN Olagopd OPwG OTI HOVOo 1; 8/11 eivalr xpnoiun nAnpogopia kar Ta 3/11
nAnpogopia eAéyxou. ZUVE:{Id)C 0 WEENPOG pUBPOC HETAPOPAC dedoNEVWY Eival
nAéov (8/11) * 2 Mbit = 1,45 Mbit ka1 n empBapuvon Tou CUCTANATOC Mag €ival

27%. \/ @

Ta peydAd epwTAPATA MOU KAAEITAl N ENICTAMN HAG va AnavTtnoel ivai :
a) fooa E})ICI.I Ta eAdxIoTa Wnoia €Aéyxou nou anaiTouvTal yia Tnv €niTeugén
OIaPOPETIKWY OTOXWV avixveuonc / d10pBwong Aabwv ;
B) MeTa&l Twv dI1APOPETIKWV KWOIKOMOINCEWV MOU YNopw va napw Pe k duadika
wneia eAéyxou, noia NMpoo@EPEl TIC MEPICOOTEPEC duvaTOTNTEG aAvixveuong /
010pBwong AaBwv, noia odnyei oTa nio ypnyopa KUKAwuaTa kwdikonoinong /

anokwdikonoinong KA. ;

AnavTnoeig o NOAAG and auTd Ta epwTANATA PPICKOUNE aAnod TIG EPYATIEC
Tou palnuaTtikou Richard Wesley Hamming (1915 - 1998), o onoiog Bswpeital o

BePeAIWTNC auToU TOU KOWMATIoOU TNG €NICTAMNG MAG HIAG KAl NTAV 0 NPWTOG Mou
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€I0NYAYE TUMIKOUG TPOMOUG KATAOKEUNG OPICHEVWY KWOIKWV. XTn OCUVEXEIQ
avanTUoOOUHE OPICHEVEG and TIG EVVOIEC Mou €lonyaye o Hamming. MpwTapxIkn
gival n évvola Tng anooraonc¢ peraéu duo wneioAe€ewv (Hamming distance), o
apibuog dnAadn Twv avTioToiXwv dUadIKWV WYnPiwv OTIG Onoieg auTeG dIApEPOUV.
MNa napadeiyya ol wneloAé€eic 01001 kar 11101 €xouv anooracn kKatd Hamming
2, agou diapépouv oTo 1° kar To 3° and apiotepd wneia. Ouola or YNPIOAEEEIC
111 kar 011 &xouv andortaon 1. Ag unoBeooupe TwpA OTI KATAOKEUAJ(OUUE €va
KwOIKA TOU OMoiou 0l KWJOIKEG ALEEIC €xOUV OAEC WAKOG 2"*% duadikd wnoia. O
Hamming ovouaoce anooTaon Tou kwdika (code distance) Tov eAdxioTo apiBuo Twv
wneinv ora onoia diapepel kabs duvaTd Jeuyog KWOIKWV A£€swv. MNa‘napadeiyua
ag unoBEgoupe Tov KWOIKA MOU €XEl TIG €ENC KWIIKECG AéEeic @ 1117, og;d’ooo,

1101. H katd Hamming anootaon PETAEU 2 KWIIKWV AEEEWV %T oV nio

KaGtw nivaka. O kK®WJIKAC ouvenwg €xel andoTacn TNV &Ad N TIUR nou
epgaviletar otn de€1a oTAAN, dnAadh 1. \
MeTa&u AnooTtaon 0)

1ng kai 2ng 2

1n¢ kail 3ng 4

1ng kai 4n 1

2ng 211 3n:\ 2

216 Kar4nc 3

3ng kar 4ng 3

Ac €EsTAdooUpPE TWPA TN QUOIKN €vvold auTwVv TwV MPeyeBwv Kal ag
HaONUaTIKONOINGOUNE OPICHEVEC NApATNPNOoEIC. MNapaTnpeioTe OTI Evac KWIIKAC UE
anooraon uac ‘npoogépsr kauia duvarornta yia avixveuon kai &10p6won
AaBwv. O Aoyoc gival npopavng, apou akoun kal €va Aaddog pnopei va odnynoel
oc GANR Kw§||<r'] AEEN. ZTov napandvw KwOIKa €AV O anNooTOAEAG €0TEAVE TNV
KwO A€En 1111 xar auty aAlloiwvotav oto 1° duadikd wneio, TOTE ©
napc&mq Ba €naipve Tnv A€En 0111, n onoia Oev cival A€En Tou KWAIKA KAl
ouvenw¢ 6a avTiAauBavoTav OTI KaTI nfAye AaBog. QoTtdoo av aAAolwvoTav To 3°
duadiko wneio, o napaAnntng 6a AduBave AavBaoupéva Tnv A€En 1101, nou

kabooov eival kwdikn Ba yivoTav anodekTr.

Av neplopifape Tov KWOIKA pag oTig Aé€eig 1111, 0011, 0000, TéTE auTodG
Ba anokTtouoe andoraon 2. Eival nAéov npopaveg OTI 0 vEOG KwAIKAG EXEl TNV
IKAVOTNTa avixveuong anAoU AdBouc. Eva anAd AdbBog e@appolduevo o€

onoladnnoTte KwdIKN AEEN de pnopei va odnynoel os kanoia dAAn agou kabe AAAn
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dlapépel o€ TouAdxioTov 2 duadikd wngia. MevikeUovTag auTn Tn AoOYIKr HNopoUpE
va noUpe OTI €vag kwdikag e andoTacn d+1 Npoo@EpPEl IKAVOTNTA AViXVEUONG WG

kal d AaBwv.

YnoBeoTe Twpa OTI PETAEU TOU aAMNOOTOAEA KAl TOU MAPAARNTN avTaAAdooovTal
nAEov KwOIKEG AEEEIC and kanolov kKwdika pe andéortaon 2. Otav Aoindv oupBei eva
anAd AdBog o napaAnnTng ayvoei autn Tn nAnpogopia kar {nTasl and Tov
anooToAEad va enavaAdBel Tnv anooToAn Tng idlag nAnpogopiac. To napandavw
oxnua sivar anodoTiko Yovov

a) O pubpocg eupaviong Aabwv gival JiIkpog

B) H nAnpogopia dev €ival Kpioigou Xpovou. \\
Mpopavwg o0Tav o0 pubuog Twv AabBwv eival augnuevog m&napa}de oxnua
XAveTal NOAUTIHOG XPOVOC Yia €navaueTaddoon nAnpo@opi®v. Enigné o WEyioTog
XPOVOC Yia Yia opBn peTddoon dev €ival ppaynEVvog avw. X€ AUTEC TIC NEPINTWOEIC
gival iowg kaAUTeEpo va dWOOUHE OTOV napa)\r'ln;q TNV 1KavoTnTa va dlopBwvel
TUXOV AGOn. Aedopévou Tou duadikoU COUCTAHNATOC, N 5|c'059coor1 Twv AaBwv oTtnv
NPAypaTikoTNTA £YKEITAlI OTOV EVTOMIOHO TWV OUAdIKWVAPNPiwV NoU €XOUV UMOOTEI
aAAoiwaon Kal oTnv avTioTpo®r TNG a)\)\om);‘vnq TIUAC Touc. NWG OPWC Ynopei va

Yivel 0 evroniopdg auTog ;

YnoBeéoTe kal  naA /IQploplcpsvo kwdlka WeE anoéoTacn 2 nou
XPNOILOMNOINCAPE MO NAVWSAGUNOBECOUNE OTI 0 ANOCTOAEAG OTEAVEI TNV KWJIKA
AEEN 1111 ka1 éva anAo )\d% TNV aAloliwvel otnv PN Kwdikr AgEn 1011. O
napaAnnTng npopavaweg avu)\aquvsTal OTI OUuVvERN AdBog Ouwc de pnopei va To
dlopBwael yiaTi.n A&En 1011 nou £@pTace o€ auTov "Holdlel" pe dU0 KWOIKEG AEEEIC
Tnv 1111 kar TRv 0014. Av nepiopiape akopa NepIooOTEPO Tov KWOIKA Hag o€ dUo
HOVO KWOIKEG )\ré&vc 1111 ka1 0000 TOTE €ival NpoPaveg OTI To Nio Navw Adboc oe
kabeoTw¢ anAwv Aabwv eival ca@eoTaTa diaxwpicIJo Kal GUVEN®WSG O NapaAnnTng
HriopEi n)\s':/ov.va T0o dlopbwaoel. O1 napandavw dUo KwdIKEC AEEeIc Exouv anooTaon 4
aAAd To idlo Ba oguveBaive kal av sixav andéoraon 3. Kabe anAd AdBog oe évav
kwdika e andoTaon 3 odnyei o€ hia pn KwdIkn AEEN nou €xel andéortaon 1 ano pia
HOVO KwOIKA AEEN kal 2 ano kABe AAAN. ZuvenwG o nNApAAnnTNG MWNOpPEei va
avayvwpidel autn TN Jn KwOIKA AEEN oav TNV KwdIKN AEEN €k TNG onoiag anéxel 1o
AlyoTepo. levikeUovTacg auTn Tn AOYIKN WNopoUpE va noupe OTI €vag KWwdIKAG HE

anooraon 2c+1 npoogEpel 1IKavoTnTa diIopbwaong €wg kal ¢ Aabwv.

Ma TNV epapuoyn Twv napanavw oTnv npa&n, kanolog xpeialeral va opicel

TOV apiBuo Twv Wn@iwv eAEyXou KABWC Kal TIC AOYIKEC ouvapTnoEIC nou Ba npénel
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va uAonoinBoulv yia Tnv avénon Tng andéortaong YETAEU Twv NANPoPopi®wV nou Ba
kwdikonoindouv. Mpopavwg £vac KwdIKAg €ival e@apPociyoc av odnyei o anAa

KUKAwpaTa kwdikonoinong / anokwdikonoinongc.

>TnVv nNAgov ouvnBln nepinTwon TNG avixveuong anAoU AdaBoug €xel desixOei
OTI anaiTeiTal JOvo €va snmnA&ov duadikd Wn@io 100TIPIAG yIa TNV €NiTEVUEN KWdIKa
anootaong 2. To wneio auto ovopalstar yneio 1ooTigiag (parity bit) kai
unoAoyileTal £€TO1 WOTE 0 TEAIKOC apiBuoc Twv doowv oTnv KwdIKn AEEN va eivai
apTiog f NeEPITTOG avaAoya We TNV eniAoyn ApTIag n NEPITTAG I0OTIKIAg. Av_n.apxIkn
pMag nAnpo@opia €ival n 100111011 kai B€ANCOUNE vaA KATAOKEUACGOUWE TNV
KWOIKA AEEN yia auTn Tnv nAnpogopia o€ evav kwdika apTiag IcoTidiag Oa n/péna
va npooBEcgoupe €va duadikd Yneio WOTE N TEAIKN AEEN va €x€l apTio, apiBuo and
aogouc. Apa oto napddeiypyd pac n npokunTouoa KwOIKN )\é& givar : 0 |

100111011. (ZTa napakatw Bswpolue OTI akoAouBeital ndvra n dpTia 100TIWia).

H apxikr pag nAnpo@opia anoTeAeiTal ang n 6u05\’<d Wwneia Kal GUVEN®G
MMopei va napel onoladnnoTe TIUR avaueoa,/oToug 2" ouvduaououc. H npoaBnkn
€vOC wngiou 10oTigiag odnyei oe n+1 duadikd wneia. OYwG ek Twv 2"
ouvOUAOUWV KOVO Ol JIooi €xouv apTio apiBpod and dooug, evw ol unodAoinol £Xouv
nepiTtd. EniAéyovTag ouvenwg apmia Tlia povo TIG MIoEC and TIC mBavég
WYNQIOAEEEIG TwV N+1 duadikwV Ynoiwy BewpoUpe wG KwdIKEG. H apTia 1goTidia
odnyei og kwdika anooTaanc 2 apou €va anAd Aabog unopei va aAld&el eite éva 0
oe 1 eite €va 1 og 0 kal évan(bq va odnynoel og pia napdaoTaon He NePITTO apiBuo
ano 1, dnAadn oe pn kwdikn Aegn. To wn@io 100TIHIAG KABWG Kalr 0 €AEyX0G
opBOTNTAC MIAG, A£ENG yia Tov K®WJOIKA 100TIMIAG MnopoUv va yivouv HeE €va anAod
OEVTpO CII'IC'A-OR nUAEC. To kKUKAWHA yia n=4, yia apxikn nAnpogopia nou
anoTteAgiTal ano Tarwneia ds, d2, di kar do Qaiveral napakatw (P To wneio aptiag
I00TIgiag). MpoogETe OTI 0TO 010 KUKAWHA EXEl EVOWHATWOEI TOOO n AsiToupyia
KOl noincﬁq 000 Kal auTn TOU €AEYXOU TNC EI0EPXOPEVNC KWOIKNG AEENG.

&0 & & P

il
Y

Pnoeio
Iootipiag
Evoeién
AdBovg
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MnopoUPE va MPOEKTEIVOUPE TNV €vvold TNnG I0OTIYIAc yia Tnv d10pbwon
AaBwv nou cupBaivouv oc ouada nAnpogopiac. YnobeoTe OTI €XOUME Pia oudda 3
NANPOPOPIVV NMOU KABE pia Toug cival Twv 4 duadikwv Ywneiwv, cUPPwva PE TO
napakdaTw oxnua :

1010

0111

1101
2 AQuTAV TNV apxikn nAnpogopia eniouvanToupe éva yneio (ag Bewprooupe
aptiac) 1ooTipiac o kABs oTAAN Kal kKABe ypauur TNG, ondTe naipvoUPe WId VEa
KwOIKOMOoINUEVN opada nAnpogopiac wc €Enc (€xoupe eniong éNJV gl &va

WnNeio yia Tov EAEYXO0 TNC I00TIMIAC TWV Wn@iwv gAEyXoU): ,\ )

~

0)

N
Wneoio E)\é&ou Tgv Wnoeiwv EAgyxou

Op1ZovTIa IGOTlpif\

= = O
o B

ol » O ~
Ol » R O
ol »r ~H O

0O O

Kabetn IooTiyia

AG unoBgooupe OTI OoTNV napa@ Ku)élKonomusvr] nAnpo@opia cupBaivel €va
anAé o@daApa ocluPwva Pe 10 napaKaTw oxnua :

ol B B O
ol » = O

-

@
Eivai npoyavég OTI kKaBe AdBocg ennpedlel €éva wn@io 100TIMIAC TOOO KATA TOV

KABeTo 000 Kal kATa TOV OPIfOVTIO A&ova. Zuvenwg To AdBog duadikd wneio
BpiokeTal oTnVv TOMN TNG YPAMMKNG KAl TNG oTAANG WE AABog IgoTiyia. To Napakatw

oxnua deixvel Tn diadikaagia evroniguou Tou Adboucg :

1 0 1 0 0
40 T, -
1 1 0 1 1

0

oo>oo
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Ano nAgupdcg uAonoinong waTogo, N TEXVIKR TNG KABeTNG kal opildvTiag 1goTIdiag
anaitei n+k wnoeia 1ooTigiac (+1 av UIOBETAOOUKE KAl TO WnPio EAEYXOU TwWV
Wwneiwv eA&yxou) ONou n To PNKOG KABe AEENG kal k To NARBog Twv AéEewv. TMa
kGBe &va anod autd anaiTeitTal €va KUKAWPa oav auto Tng nponyouuevng oeAidag,

EVW) O EVTOMNIOUOC TOU OUYKEKPIPEVOU duadikoU wngiou anaiTei eNMAEoV UAIKO.

O Hamming npwTo¢ npoTeive PBEATIOTOUG KWOIKEG Yia J10pBwaon anAwv
Adbwv. H Bewpia ndvw otnv onoia PacioTnke avanTUCOETAl €V CUVTOMIA
napakdTtw. Eotw OTI n apxikn nAnpogopia anoteAsital andé n duadikd yngia Kai
hnopei va ndpel 6Aoucg Toug 2" ouvduaouoUug TIMWV. € auTnv Tnv.-aAnpoQopia
BEAW va eniouvaypw Ta ehaxiora k duadika wneia WoTe 0 NapaAnnTng va Mqopsi
va diopBwvel anAo, diNAO, TpINAO KAN. AdBog. MNapakdaTw diVOUNE TO adelypa
yia anAo AaBog To onoio eUkoAa unopesi va enauénbei yia 1a I'I£K')T€p0 Aaén. H
nAnpo@opia nou QTAvel OToV anodEKTN €xel WAKOG n+k.duadika wnoia. Kabe
KwOIKN A£EN napoucia anA®wv AaBwv PNopei va JETAOXNUATIOTE :

a) =Tnv apxikn KwdIkr AEEN av dg gupBei kavéva {c'leoq.

B) Ze n J1apopeTIKEG AEEeic av To AdBog ogUPBel os.kdanolo duadikd wneio Tng
nAnpo@opiag

y) Z€ k dlapopeTikeG AeEelg av To A@Boc GuuBei og kanoio duadikd Wneio Twv

Al

EoTtw yia napadsiyga OFk.n apxikn nAnpogopia €ival n bz b2 bi bo kal os

WNeiwv EAEYXOU.

auTAV eniouvanTovTal Ta WnQia €AEYXoU Ck-1 ... Co. H kwdIkr A&EN ouvenwg nou
oxnuaricerar €ival n bs"ba. b1 bo ck-1 ... co. Mapoucia anAwv AaBwv n A£En autn

Mnopei va aAloiwBei f) va pnv aAAoiwBei wg €ENG :

N\

bz b2 b1 bo Ck-1 ... Co Na pnv aAAoiwBei didAou
@
g b2 b1 bo Gt ... Co
bs bz b1 bo Ck1 ... Co Na aMolwBsi kaTd 4 TpoMoug, O6CoUG
bz b2 b1 bo Ck-1 ... Co onAadn kai Ta yngia nAnpogopiag

bs b2 b1 bo Ck-1 ... Co

bs b2 b1 bo Ck1 ... Co Na aAloiwBei katd k TpodNoug, Oooug

bs b2 b1 bo Ck-1 ... Co onAadn kai Ta ynoia eAéyyou
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SUPpwva Pe Ta napandvw, n apXikn Hopgpry 600 Kal ol MBavec aAAoIWTEIC HIAG
nAnpogopiac ouvioToUV pia ogada pe nAnbapiBuo (1+n+k). O napaAnnTng Tng
nAnpo@opiac yia va €xel ikavoTnTa 010pBwong Tou anAoU AdBoug Ba npénel kKabe
OTOIXEIO PIag TETOIAG opadac va PMopEi va To avTIOTOIXEI oTnV apxIkn nAnpogopia,
n.X. N nAnpogopia bs_bzblboc;<-1...cO Ba npenel va avTioToixei Povadika otnv Hn
aAAoiwpevn nAnpo@opia bsbabibock-1...co. AuTd onuaivel 0TI kGBe ouada Ba npenel
va gival éva unooUvoAo &Evo wg npoc kKabs aAAn nmibavn oudda. Eqpooov o apiBuodcg
TwV ohadwyv eival 2", Ta diapopeTIKG OTOIXEIA NOU NPENEl va napaoradouv sivar 2"
* (1+n+k). Opwg Pe n+k duadika yneia gnopw va €Xxw To NoAU 2" d1apopETIKEG
NapacTAdeIC. SUVENWG :
2" * (14n+k) < 2"k & (1+4n+k) < 2K, \\

H napandvw oxéon divel Tov gAaxioTo apibuo 6u06||</d:/ wneinv eAgyxou
nou npenel va npooTedolv og n duadika wneia NAnpoPopiac woTe va undpxel n
duvaTtoTtnTa d16pbwong anAou AdbBoug. EoTw ylafgapdéslypa OoTI n=12. ToTe n
napandvw aviootnTa IoxUel yia kK = 5. lMpopavwg '3I)\éY£TClI k=5 ®oTe n
eniBapuvon va sival n PikpoTeEpn duvaTr. MMNOPEITE va@ OUYKPIVETE TOV EAAXIOTO
auTo apiBuo duadikwv wneiwv pe Ta 7 (i SCun(pi €AEyXouU Nou anaiTei n 100TIKia
OTAANG YPAMMNG Kal va JIanioTWOETE n‘6§ anoTeAeopaTikdg €ival o KwdIKAG

Hamming. o
A

Ma va yivel dpwe’anodekTdC o napandvw KOJIKAG, anaiTeital Kai n
gpapyoyn Tou va eivai st';;o)\r]. H e@pappoyn Paociletal otnv 10éa TwV
EMNIKAAUNTOPEVWV opc'léwv‘ IooTigiac. AnAadny, TA@ wneia TG nAnpogopiag
xwpidovTal o€ opadec, Nou OPWC Oev eival EEveg YeTa&l Touc. KaBe opdda €xel €va
wneio 100TIWi Kae npo@avwe €&va wneio nAnpogopiac nou avnkel o€
NEPIOCOTEPEG a:spia OHAdEC EAEYXETAI ANO NEPICCOTEPA TOU EVOG Wn®ia eAEyxou.
O apiBuog kal n Béon Twv wneiwv eAéyxou nou napoucidlouv AABog IgoTIyia pag
EVTOI'IiZOUV/J% wneio nou eival AavBaopevo. Ag doupe éva napadeiypa. Eotw oTI
eEXw 4 duadika yneia nAnpogopiag bsbzbibo kal cuvenwg kar 3 wneia gAeyxou
C3C2C1. ZXNMaTiCw TIg €ENG ouddeq : (bs, b1, bo, c1), (b3, b2, bo, c2) kai (bz, bz, b1,
c3). Kabe ywnoio gAéyxou opileTal oav To yneio IgoTiwiag yia Tnv opdda nou
avnkel. Eotw Aomdv Twpa OTI aAloiwveral n TINN Tou boe. O napaAnnTtng Oa
dianioTwoel AdBog 100TIMia TOGO OTo Yngpio eAéyxou ci1 600 kal oto c2. Or duo
OMAdEC 100TIMIag nMou eAfyxovTal and Ta wneia €AEyXOU Ci KAl C2 €XOUV KoIVA
oTolxeia Ta bo kal bs. To bz 6pwg de pnopei va eivar Aabog, yiaTi T6TE Ba uUNnpxe
AGBog I100TIPiag kal oTnv opada Tou c3, KATI nou Jev Io0YUEl. ZUVENWG TO AABOG

evtonifeTal oTto bo kal pnopei va dilopBwbei. O napakdTw nivakag Oeixvel noia
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wnoia eAéyxou Ba ennpeacToUVv availoya e TIGC AAAOIWOEIC NOU WNopei va nabel n
nAnpo@opia pag. Napartnpeiote OTI To anoTéAeoua kdBe nmiBavou AdBoug eival
povadiko, dnAadn vyia KABs nepiNTwOon npokUNnTel €vag Hovadikoc ouvOUdoPOG

AdBwv oTa wnoia eAEyxou, woTe va eniTpénel Tn d16pdwaon Tou Adbouc.

Aabocg Auadikd Wnoio Aabog Wnoio(a) EAEyxou
bo Ci,
b1 Ci, c3
b> C, c3
bs C1, C2, C3 /
C1 C1
C2 C2 \/
C3 C3

AG OoUME TWPA NWC PNOPOUME va écboouy,e €vav pnxavioTikd kavova yia
TNV KATAOKEUN TWV OMAdwV I00TIHIAG KAl “TOV aﬂ)Ka)\Uwsd)v Touc. Oa
XPNOIYOMNOINCOUYE  yid  napadsiyya  THV @pxIKn  nAnpogopia M =
MoMgM7MeMsM4M3MaM1Mo = 10001110144 Epdoov n = 10, cUPQWVA PE TNV IO
navw avaiuon yia Tnv kwdikonoinon Ba XpelaoTtoupe 4 duadika wneia eAéyyxou,
£0Tw Ta CsCaC2Cy. KCITCIO'KEUCIZ%IE Tn&mﬁ Hac A£EN, £TOI WOTE OTIC BECEIC NoU
gival BUVAEIC Tou 2, va eivarta Yneia eAéyxou. Ma To Napadelypd pac n Kodikn

ac A£En Ba sival :
Hag Aggn 4

14 13 12 11 10 9 8 7 6 5 4 3 2 1
Mo

Ms M7~ M
i1 o0 <o 0" 1 1 1 0 1 1

Opilw Ta q;rupia eAéyxou oav Ta wnoia 1ooTigiac (unoBéoTe apTIag) Twv Wn@iwv
TOU K®MAIKOMNOINUEVOU PNvUHATOG nou BpiokovTal oTIG BECEIG :

& C:1,3,5,7,9, 11, 13, ..

¢ NatoC2:2,3,6,7,10, 11, 14, 15

¢ NatoCs:4,5,6,7,12,13, 14, 15, ...

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

(EvaAAakTIkda, via kabs wneio nAnpogopiac ypagpw Tn B8€on nou BpiokeTal oav

¢

abpoigua duvapewy Tou 2. KaBe T€Tola dUvapn pou dNAWVEl KAl TN GUPKETOXH TOU
wneiou autoU OTnV oPAadA I00TIWIAC ToU Wngiou eAEyxou nou BpiokeTal aTn B€on

nou eival duvaun Tou 2. M.X. To wnio nAnpogopiag Me, BpiokeTal otn 6€on 11.
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Eneidn 11 = 8 + 2 + 1, To wn@io auto eA&yXeTal anod Ta yneia €A&yxou Mnou
BpiokovTal oTic B€0cic 8, 2 kal 1, dnAadr ano Ta Cs, Co, C1).

EpapudlovTtac Tnv 10oTigia Bpiokw :

¢ Ci1:0
¢ C:0
¢ Ci:1
¢ GCg:1

OnoTe To KWAIKO YAVUKA NMou NPoKUNTEl €ival To €ENG :

14 13 12 11 10 9 8 7 6 5 a4 34 2 01
Mo Ms My Ms Ms Me Cs Ms Ma M: Ca M\\z C
i1 0o 0o 0o 1 1 1 1 o 1 1 A ) 0 o0

To UAIKO nou XpelaleTal yia Tnv diadikaocia KwdIKkonoinong Tou napadeiynaTog pag

gival npo@avwc TEooepa avTiypa®a Tou UAIKOU Nou, NapouUCIAcTNKE YId ToV KWJIKa

1] A
I00TIMIAG. 0)

AG unoBEooupe OTI guppaivel Kc'lnmk)\dea; 0TO KWOIKO HAC MAVUPA Mnou

EXEl WG ANOTEAEONA TNV AVTIOTPOPN TOU MjéTe 0 napaAnnTng naipvel To KaTwoI

MAvuua : o
A

14 13 12 11 10 9 8 7 6 5 4 3 2 1
Mo Ms M7 Me Ms ¥4 Cs M3 M2 M1 Ca Mo C> Ci
1 0 0 0 1 0 1 1 0 1 1 1 0 0

EAéyxovTaciTn 00T|ﬁia TwV OMAdwv ONWG opioTnKav Napandvw o NapaAnnTng
naipvel €voeign Aaboug atnv 1ooTipia Twv Ci kal Cs. Ta koivd oToIxEia OTIC OPAdEG
iooTIpiag Twy, C1 kar Cs gival Ta wneia oTig B¢oeig 9, 11 kai 13. AaBog oT0 Yneio
TNC 8€onc 11 woTdo0 Ba npokalouos AABoOC kai oTnv 100TIHia Tou C2. Opoia, AaBoc
oTo wngio TnG B€ong 13 Ba npokahouoe AabBog Cs4. Miag Togo To C2 600 kai To Cq4
gival owoTd, oupnepaivoupe OTI AavBaopevo eival To ywngio orn B€on 9 kai

OUVEN®G TO AVTIOTPEPOUE.

To uAIkd nou xpelaletal yia Tnv diadikacia anokwdikonoinong npo@avweg
anoTteAsital ando XOR d&vdpa yia Tnv dnuioupyia Twv evdeiEewv AdBoug, €vav
anonA€kTn nou naipvel Tig evdei&eig AaBoug kal napdyel pyia pdoka Tng onoiag povo

€va ynoio gival oto 1 og nepinTwon nou kanoia and Ti¢ evdei&sic AaBoug sival oTo

-137 -



KEDAAAIO 8 — Kddwkee yio Aviyvevon & Awdopfwon Aabav

Aoyiko 1 kai pyia nuUAn XOR avd duadiko wngio nou naipvel TNV KwoIKn AEEN kal Tn

HMaoka kal napayel Tn diopOwpévn nAnpogopia.

H Baoikni pop®pn Tou kKwdika Hamming nou neplypayape no navw &ivai n
nAeéov evdedelyyevn vyia Tnv  J16pbwon anAwv  Adbwv. AuoTuxwg, av
xpnoipgonoinBei o nepiBaAiov dinAwv AaBwv, ToTE Ta dINAG AAGn diopbwvovTal
eniong AavBaoueva. Me gAdxioTo €ninAéov UAIKO PMopoUPE va KATAOKEUAOOUME
€vav kKwdika nou agevog dlopbwvel anAd AaBn agetepou avixveuel Ta dinAda. O
kwdIkag autdg ovopaleTal Tpononoinpevog kwdikag Hamming kar oxnuatileTal Je
TNV NpooBnNKn €vog Wwneiou 100TIKIAG yia OAn TNV KwJIKR AEEN. MpoKelpuEvou Yia
apTia 100TIdia N KWIKA AEEN Tou napadeiyyaTog Pag os auThv TNV ne@w&] Ba

nrav : (

14 13 12 11 10 9 8 7 6 5 3 2 1 Parity
Mo Ms M~ Me Ms M4 Cs M3 M2 M1 Cs Mo C1 P

O napaAnnTtng Tn¢ nAnpogopiag pnopei~nAgov. va avixveloel dinAd o@AaAparta Kai

va dlopBwoel Ta anAd £€XovTag unown Tou Td NApakATw :

a) Ynapxel €vdeign Adboug Kav‘ emnAgov duadikd yn@io 100TIHiag gival Aadog.

ToTe undpyxel anAd o@aXua-kal npoxwpdape orn d10pOwar) Tou.

B) Ynapxel &voeign )\c':leoﬁq kanTe eninAgéov duadikd wn@io 100TIPiag gival owoTo.

ToTe undapxel SINAG GQAAUA Kal NPENEl va anoppiyoups TNV nAnpogopia.

y) Aev unapxer-evdeiEn AdBoug kal To eminAgov duadikd wn@io I10oTigiag €ival
ﬂé\

owaTo. n nARpoopia gival owoTh.

> napgnde Bewpnoape TNV Unap&n povo aniwv n diNAwv AaBwv. Av Kal
GUTO{’ 'siéoq AdBwv eival To nAféov ouvnBeg oTa Wwn@Iakd KUKA®WUATA Ta
noAAanAd Adén naipvouv Tn OKUTAAN OTOV TOHEA TwV OIKTUWV N YEVIKOTEPA TWV
WYneIakwyv TnAenikoivoviwv. O nAéov d1adedopevol KWOIKEG OTOUG TOMEIC auToug
givar o1 kKukAikoi kwdikec (Cyclic Redundancy - CRC Codes). O1 kwdIKEC auToi
BaciCovTtal ornv 10€a OTI pia duadikn nAnpogopia MMopei va napioTtavel eva
NOAUWVUPO av EQAPPOCOUNE TOV KAvOva ToUu NoAuwvUpou Kal Begoupe oav pila
TOu apiBunTIKOU Pag ouoTnuUaTog To X. ETal n duadikn nAnpogopia 100111 pnopsi

va BewpnBei OTI NAPIOTAVEI TO NOAUWVUMO :

1¥x5 + 0*x* + 03 + 1*x2 + 1*¥x1 + 1*x0=x*+ x2+ x + 1
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O1 Lin kai Costello £€dsi&av 0TI pnopoUv va neTUuxouv avixveuon noAAanAwv Aabwv
av enicuvayouv oTnv apxikf nAnpogopia To unoAoino TnG Jdldipeonc TNG
BewpoUPEVNC WG MOAUWVUMO MHE €va AGAAO MOAUWVUPO TO onoio ovopaleral
YEVVATOPAG noAuwvupo. O1 1KavoTNTEC aAviXVEUONG MOU napexovTal and autoug
Toug KWOIKEG neplopidovral yovo anod 1o Babuo kair Tnv "moidTnTa" Tou yevvATOopa
noAuwvupou. MoAAG and autd Ta NoAuwvupad NPooTATEUOVTAl dnd MNATEVTEG Kal
anoteAoUV MAEOV OTAVTAPT TA OMoia UMOXPEWTIKA MpPEMEl va uAonoloUv OAEG ol
OUOKEUEC &VOC OIKTUOU. TOoUuG KUKAIKOUC KWOIKEG Ba €XETE TNV €ukaipia va
YVwpioeTe avaAuTikdTEpa oTa PabnuaTta Twv AIKTUWV YnoAoyloTwv Kal ZXed1agpou

SuoTnuaTtwy EidikolU Zkonou.
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KEDAAAIO 9

EniAeyuéveg AOKNOEIG ,‘ \

A7

[Iooa Oduadbwkd wneia armattovviat ywa IV AvAIAPACTACn £vOG @QUOIKOU aplBpou 1ou

Aokxnon 1

avartapiotatatl pe K yneia oto dekadikod ovotnpa ; g ’ .)

Avon
Me K yneia oto 6ekadiko ouotnua Pope ya avanadﬂéﬁow 0Aoug toug apBpoug and 0 €wg
10x-1, 6nAadn va &xe 10x avanapamé@. lNa apretd peyado K, 0 PeEYAAUTEPOG
avarnaplotepevog apBpog Ba exel upn nepimou 10x. H avanapdotaon autou tou apiBpou oto

duadko xpetdletat log, 10x 6UQ‘KC'1 tpr]ﬁpiq, 6nAadr) nepinou 3,32*k yneoia.

/ Aoknon 2

L ]
Arnobeifte o €vag prn mpoonpacpevog duadikog X eivat Suvapn tou 2 av Kat povo av 1o AoyiKo

AND tov yneieov tou X kat tou X-1 eivat O.
N ion

OpBo : rAPe apBpdg mmou eivar duvapn tou 2 propei va ypagei oa 0...010...0, orou
ekatépwbev g povadog urndpxouv K Kat A yneia avtiotoxa, pe 0 < K, A. O X-1 £xel ) poper)
0...001...1, dnAadn éxe1 0 ot O¢on mou o X é€xet 1o povadiko tou 1 kat ta mbavda 1 tou
Bpiokovtatl oe B¢oeig ou 0 X exetr 0. To Aoywd AND autev tov dUo Yynelodedemwv mmpopavag
Siver 1o 0.

Avtiotpogo : I'a va vgictatat o X-1 rat va eivat pn npoonpacpevog duadikog apBpog Oa
nipériet X>0. KdBe X propet va ypagei pe ) poper) b...b10...0 érou be{0,1} kat o apiOpog tewv
0 eivat K, pe k 2 0. O X-1 1ote €xet ) poper) b...b01...1. Apou 10 Aoyikd AND autav eivat O,

ouverntdyetat ot b...b = 0...0 kat ouvendg o X exet poper] 0...010...0. Apa eivatr duvapn tou 2.
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Aoknon 3

¢ Tlowo eivatl to Bapog tou 1 otoug apiBpoug : 10002, 1000, 100010, 10006 ?
¢ Tlowo deradikd ap1Opd avartapiota o dekaefadikog A0O1B e ?

¢+ Metatpéyte tov dexkae§adiko AS oe 6uadiko kat tov duadiko 11101100 oe derae§adixo.
Auon

¢+ Eivatl avtiotowxa 23, 83, 103 kat 163.

¢ TovA*16% + 1*16! + B*169 = 10 * 4096 + 16 + 11 = 40987 0.

¢ A5 =(1010)(0101), = 10100101,. ‘ \
11101100, = (1110)(1100)2=ECjs.

4
Aorxnon 4 ( S/

KdaBe pia amo tig akoAoubeg apOuntikeg rnpadelg eival omotr) oe €va_touldxiotov apOpnuko

ovuotnpa, mou éxet Bdaon r. a v kdbe mepimworn, va Bpedel 10 1, Bdote 1 mpPadn va eivat

o®otn. L ’ .)

¢ 1234 + 5432 = 6666

¢« 41/3=13 /\ \-)

¢ 33/3=11

¢ 23+44+14+32=223
£ Avon

¢ (1+5r3 + (2+4)r2 + (3+3)r1\(4+2)1rO = 613 + 612 + 61! + 619 = 6666,. Apa 10XVEL V 1>7.

¢  (4r+1) = 3(r+3) < r=8.

¢ 3r+3 = 3(r+ 1).?[0C')U’]IC[ autn 1oxUel yia KaBe r>4.

¢ 2r+3+4r€4+r+443r+2=2r2+2r+ 3 < 2r2-8r - 10 = 0. H 100t)ta autr) 10XUet

v r = 5 wat r= -1, H 8eutepn Auorn anoppirrtetat.

Aoknon 5

a) Avanapaotiiote toug Katwdt apiBpoug tou dekadikou cuotnpatog oto duadiko, oKtadiko Kal

dexkaeSadko ovotpa : 12345 123,1875 xat 0,125
B) Avanapaotrjote 1oug KAtwO1 ap1Bpoug tou derkadikou ouotnuatog oto Suadikd cuotnpa
XPNOTHIoIoOVIaAS avarnapdotacrn OpOonpo Kat HEIPOo, OUPMMANpopd ®¢ 1pog 1 kat

OUUIMATIPOUA OG TTpog 2 @ A= -23, B=45, I'= -64
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a)

Auon

Me ) pébodo twv Sadoxikav daipéoswv eivar 12345 = 11000000111001,, kat 123 =
11110115. Me ) pébobo twv Saboxikmv modAaridaclacpev sivat 0,1875 = 0,0011, kat
0,125 = 0,001,. Xwpifovtag oe 1e1pddeg ya 1o derae§adikd rkat Ipladeg yia 1o OKTadiKoO 1
6uabwkr] avarapdotaon SEKWVAOVIAG A0 TV UMOO1AOTOAL] IAVIA Kdl KIWOUMEVOl TPOG Td

axkpa g duadikig avarnapaoctaong rnaipvouvpe :

Aeradiko Auadiko Oxtadiko Aexkae€adiko
12345 11000000111001 30071 3039

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

B) To unoepotnua &¢ pag divel tov anartovpevo aplOpo Yneiov avanapc’tmd&g. Yrobetoupe

MAapakAI® OTl Xprnotporolovupe 8 Suabika ywneia, tov eAdxioto duvatd .aplBpo yneiov
6nAadn mou va kaluvrtel Kat Toug Tpelg aplfpoug. 4

Exoupe o1t A = -2310. Ente1d1r) 2310 = 000101115, o —23 eivat :{\np()or]&pétpo 10010111,
oe oupnAnpepa &g rpog 1 11101000 kat oe cuprArpopa og ripeg 2411101001.

0O 45,0 =001011017 kat auty €ival 1 MAPACTACT] TOU KA1l OTOUG TPELG {NTOUPEVOUS KOOIKEG.
O 6410 = 01000000;,. Apa o -64 ot npbonpo—uétp&ivaal 1'(300000, 0¢ OUPIMATPOUA O
rpog 1 10111111 xat og cUpIALpOPA ®G rtpog 2 11000000.

A
Aoxnon’'6

Aibovtat ot apibpoi : A= 11001000,:B = 10000000, ' = 01111111, os avanapdoctaocr)
OUNIMANPOIATOS BG ITPOG EKtsAéoQ xprnopornoloviag 8-bit akpifeia g npadeig A+B, A-

T, B+I'. ZxoAwaote Benpiikd Kal MPaktikd v opOotnta 1@V AroteAeopdt®v.

B) Avantapaotriote toug A, B, T' e ta edaxiota duadika yneia rmou arattovvial yua v opbr)

L4

EKTEAEOT] TV n{andvm’npd&wv 0€ PoP®PI] CUNITANPONATOS G IT1pog 1.
Avon

L
10000001 »0e ouprnAnpepa og mpog 2. A+B = 11001000 + 10000000 = 01001000 xat

Eiva%llOOlOOO = -128+64+8 = -5610, B=-1281¢9 ka1 I'=12710. Entiong -I' = -127,¢0 =
KpatoUjievo e§66ou. [Ipaxktukd to arnotédeopa eivat AdBog yati -5610 -12810 = -18410 KAt
Oxt 7210 mou Pprnkape epelg. Oewpnukd 1o arnotédeopa eivat Adabog, ylati undpxet
Kpatoupevo £€§odou adAd Ox1 Kpatoupevo Ipog v uyndodtepn Babpida xkatr ouvenmg
UTTIApXEL UTIEPXEIALoN.

A-T' = A+(-I') = 11001000 + 10000001 = 01001001 kat kpatoupevo £§0doU. BsPNTIKA
éxoupe id1a pe ) mpornyoupevn nepirmtoor). [paktuka A-T' = -1831¢ eve epeig uroAoyiocape
ot A-T" = 7310.

B+I' = 10000000 + 01111111 = 11111111 xwpig kpatoupevo &§odou. Ilparurda to

arotedeopa  eivat  0wotd, a@ou 0Og OUPIMANpOPA ®§ Ipog 2 to 11111111 =
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-128+64+32+16+8+4+2+1 = -1;p Kal T0 AVAPEVOPEVO ATIOTEAEOPA T)TaV TIAAL -128+127 =
-1. BewpPnUIKA TO ATIOTEAEOHA £1val OMOTO APOU KATd Tn IMpoobeon etepooripav ds propet
va PoKUYel urtepxeidion.

Me k 6uadbkd ynoeia oe ouprAnpepa oG rpog 1 avarapiotouvial ol AKEPAlol aro To
—(2x1-1) g to 2¥1-1. Amo ) napandve oudninorn @aiveral Ott 0 KAtd PEIPOo PeEyaAUutepog
ap1Bpog mou Ba mpénetl va avartapaoctabei sivat o 1841¢. Zuvenwg Ba mpérnel va ermAE§w

€101 10 K @ote 2x1-1 > 184 < 2x1> 185 < 2x> 370 & Kk 2 10g2370 < k > 8,53. Apa

<)

enmAEy® K =9.

Aokxnon 7

Aibovtat o1 apiBpol A=-42,¢, B=400s kat I'=5216. 4

a)

y)

Exg@paote 1ov A oe ouprirnpepa og mpog 1, tov B o @Ko&ovqopoﬁ Kata 64
rat tov I’ og ouprnmAnpepa og rpog 2 Xprnotponolnviag maviov akpifeia 8 duadkav
ynoeiov.

Extedéote 1ig nipagelg B+T' oe ouprnpepa c&npg l')tcu A-B oe ouprnnpepa og
npog 2, xpnowornowviag 8 1n 9 duddikd yneia. IxoAwaote v opbotnta v
ATIOTEAEOPATROV. /\

ExteAéote v napardate ipoodeot), ypdpoviag ta duadikd yneia tou arnoteAéopatog

Kal radve arnd rabe t0§o g AEKAA MOP®H ta kpatoUpeva 1pog Tig €IOHEVES

Babnibdeg, ‘
1

0 o
L

o420 = 001010102, -4210 = 110101011s. B=400s = 4*52 = 10019 = 011001003.
2€ kOd1ka mAeovaopoU katd 64 o B Ba éxet i duadikr) avarnapaoctaon tou 16410
6nAadn tv 10100100,. Tedog I' = 5216 = 010100102. Agou o apBuog eivat Betkog,
Ba ¢xel kat v 16a avanapdotaon oe KOd1KA CUPITANPOPATOS KOG ITPOG 2.
Eivat B = 011001005 kat I' = 01010010;s. Kdavovtag ) mpaln B+I' Ppiokoupe
10110110y = -127 + 32 + 16 +4 +2 = -73;0. [Ipopaveg Adyn urnepxeidiong to
arnotedeopa eivatr AavBaopévo agou n npdcobeorn dUo Oetikwv pag £dmoe apvnUIKO
arotédeopa. Av kavape 1 rpdén B+T xpnowponowvtag 9 duadika yneia Ba sixape
: B+I'=001100100ys + 001010010ys = 01011011015 = 128 + 32 + 16 + 4 + 2 =

18219, mou eivatl kat 1o o®otd arotéAeopa.
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y)

To A-B eivat ico pe A+(-B). A=-42;p = 110101102 kat -B = -10010 = 100111002s.
Apa £xoupe o011 A-B = 110101102 + 1001110025 = 0111001025 = 11445. Kat mtaAt
10 anotédeopa sivat Aavlaopévo kabwg mpoobetoupe 6Uo apvnukoug apilBpoug Kat
T0 arotédeopd pag eivar Betikog. (Autd emiong propei va drarmotwBel arod v
aviootnta tou Kpatoupévou €§o6dou 1rmou eivat oto 1 pe 1o KpAtoUpPevo IPog TV
uypndotepn Padpidba mou eivar 0). Me 9 6uadwkd wneia Oa eixape A-B =
1110101102 + 11001110025 = 10111001025 = -256 + 64 + 32 + 16 + 2 = -142;,,
TOU £ival KAl T0 0®OTO AToTEAEoHA.

Avtiotolxa ouprnepdopata PIopoupe va e§dayoupe avaloyiopevot ot duabika
Yynoeia propovpe va avarnapaotr)ooulle oTtd OCUNIMANPORATA ©OF npo& KQIK pog 2
ToUg akepaioug twv Staotnpatey (-27-1,20-1) kat [-27-1,20-1) aviigtowxa:

Ia v aBpoton, mpernet oe KABe OAn ouolACTIKA va |1 g povo@sg Amo 1)
duabikn avanapaotacn tou apiBpou nou Ppiokoupse, (itﬁxe&wnqno etvat autd
T0U aBpoiopatog, eve ta urdAourta gival 1 Suadikr avarapdetaor) IOV KPATOUPEVAV.

Tn dexkadikr) tpn avtov Xpetadetal va ypc’upm&s MAvVe aro ta toda.

1 0 1 1 O’.)

1 0 )A 0] )1
0 0 1 1 0
1 & 1 1+

3 2 1
— «“ Ve «—
0 0 0 0

'Y Aoxnon 8

Eote ot apiBpoti :

: @
B =-11410

I' =3Fis

XPNOoHOoIIoIVIAG avariapdotact] CUPRIMANPOHATOS G ITpog 2 kat akpifeia 8 duadikev ynoeiov

exkteAéote 1ig mipddelg A+B, A-T', B+T.

L4

YxoAldote Kat dikatodoyeiote v opBOTNTA 1] P TOV ATTOTEAEOPATGOV.
2. Tlowa eivat ta edaxiota duadika yneia mou amattovviat ywa v opbr] eKtéAeon TtV

MAPATIAVE IPASERV ?

Auvon

Exoupe 6t A=-5610. Xe¢ 8 OSuadkd yneia o 5610 exel avarnapdotacr; 00111000, xkat

OUVETI®OG 1] AvAIIApAotaon Tou -5619 0¢ OUNIANpOUA ®§ Ipog 2 eivat 11000111, + 1 =
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110010002.

¢+ Opota Bpiokoupe o1t B = 1000111045.

o TédogI'=3Fis=00111111,=0011111155 = 6310. Ertiong -I' = 110000012

» T v mpa§n A+B maipvoupe : 11001000 + 10001110 = 01010110 kat KpatoUPEVo

e§odou. To arotédeopa eival po@aveg Aavbaopevo agou pe v npdécbeon dUo apvnurwv
appov (To Mo onNpaAviko Yneio v mpoodetenv eival 1) npape og anoteAeopa Oeuko
apBpo (to mo onpavukd yneio tou arotedéoparog eivat 0). Eveo 6nAadr) avapévape to
A+B = -5619 - 11440 = -17010, Pprrape 01010110, = 8610. To AdBog ogeidetatr oe
uniepxeidiorn). ITio ouykekpipéva, 1o Kpatoupevo 1pog T tedeutaia Babpida (ke) eival O eve
10 Kpatoupevo e§odou (k7) eivat 1.
IMa ) owotn exktédeon g napanave npddng arattovvial tooa Yneia dés va ampai va
avartapaotafei acpalog 1o anotédeopa. A@ou pe n Yyneia Propa+~oto GUUMATIPORA O
IPog 2 va avarnapaotr|o® 1o diaotnpa v akepaiov [-2n-1, 20-1) yia v avqrﬁpquor] ToU
-17010 Ba xperafotav akpifeia 9 Suadikov YPneiov. %

» A-T=1100100025 + 1100000155 = 1000100125 = -11910 kar k7 =1. To armotédeopa sivat
00oto aou A — T' = -56109 - 6310 = - 119;0. Emtiong k¢ @ k7=1 ® 1 = 0 kat ouvernwg dev
Unapxel urepxeidion. g .)

» B+ T =100011102s+ 0011111125= 1100110125 = -5116 kat k7=0. To amotédeopa sivat
0woto apou B + T' = -11419 + 6310 = —S}m‘ Enioy% ® k7=0 @ 0 = 0 kat 6ev untapxet
uniepxeidion. Emiong priopotpe va rovuye ott otnv mepirmtoon auvtr) dev propei va uridpdet

npoPAnpa unepxeidiong a@ou mpogrifeviaterepoonpotl apdpoi.

)
\ Aoxnon 9

Acote v avarnapdaotaot) tou string :

Va Lucky 52

oto kodka ASCII xpr]omor.lmd)vmg T1g 6ekaeSadikég aviiotoxioeg.

Auon
H dOKr]c;%vrr'].éxm duo evbagepovia onueia. To mpoto eivat Ot 1o Kevod eivatr evag
XAPAKTLPAG, KAl OUVEN®OG Xpetadetal Kat 1 61kn tou avanapaotaot). To deutepo eivat 6t 1o 52
Oa avarntapaotabei oa duo xapaktrpeg, 1o 5 kat to 2. [Ipooédte 611 1 avanapaoctaon tou S5 Kat
ToU 2 oa xapaktpeg dev exel kapia oxéon pe v apuntukn duadikr] avarnapdotact) Toug.
Apa 1 {nroupevn avanapdaotacn avarpeéxoviag oe ortotodr)rote rivaka tou ASCII eivat :

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

¢ Aidoviat ot A = -11;0 xat B = 23;09. Exgpdote toug A, B o0e ocuprmrnpopa og mpog 2,
xXprowpornolwviag 6 duadika Yynoeia. Extedeote 1o moAdardactaocpo A*B. Ilooa eivat ta pn
pndevikda ywvopeva kat rnooeg rpoobeoeig anattovvrat ?

+ Exkoppaote 10 B 0g apxikn kat tedikr] kodikornoinon katda Booth.

¢ Me Bdon ) 1edkr KOdKOMOiNon, ypdyte ta HEPIKA ywvopevVaA IIOU yevviouvtdl KAtd To
OAAATTIAAO1A0PO A* Brecoded, Kal €§dyete 10 TeA1kO arotedeopa. Ildoa eival twpa ta pn
BENdevika pepikd yivopeva, rmooeg PooHEoelg anartouvial Katl oo 1o 0QeA0g ?

Avon

¢ Eivat A = -1110. Apou o0 1119 oe 6 duadwka yneia eivar o 001011, Ppiokoupe ot A =

1101012s. B = 0101119s. Ta tov 0pB6 moAdlardaciaopd tou A ilS 0 ];. agpou eival

mpoonuacpévol, Oa TPEMEl va KAVOUHE EMEKTIAOT npooﬁwdyapmoﬁ ywopévou
P€XP1 TOU PrjKoug tou artoteAéopatog 6nAadn tov 11 duadikay yn
0

@iev. Apa éxoupse :
1

1 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 1 0 1
1 1 1 1 1 0 Ai G) 1
1 1 1 0 1 G Gl +
1 1 1 0 0 0 *0 0 0 1 1

Ta pn pndevika pepkd ywé‘sva sivpl 4 kat o1 poobéoeig rou arattovviat ivat 3.

¢ XV apxikn redwkornoinor. kata Booth to B ekgppaletat oav (+1)(-1)(+1)00(-1). H teAwkr)
rodwomnoinon eivat (+1)(*#2)(-1), omou kaBe yneio éxer Paputnta 22 1 pe adda Aoy
B=(+1)(+2)(—1)‘?ﬁ(+ 1)2%+(+2)*22+(-1)20 = 24+23-20,

¢ Ta ywopeva TiouimAéoy yevviouviat etvat ta A*B = A * (24+23-20)= A*24+A*23-A, §nAadr) ta

1 1 1 0 1 0 1 0 0 0 0 A*24
1 & ol 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 pepikd ywvopeva eivatl oe autr) ) nepirmoon 3. Antattouviatl 2 npooBEoelg

Kat 1o ogelog ivat 33% ypnyopotepog rmoAAanAaoiacpog.
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Aoknon 11

O moAAarAaotaotr|g B oe pia nipdén nmoAAarmAaociaocpou eivat o 13 1.

a)

B)

y)

y)

Ex@pdote tov ap1Bpo oto duadiko. ITooa pn pndevikd pepika ywvopeva 8a yevvnBouv kata
) rpddn A*B kat mooeg aBpoioeig Ba xpetactouy ?
Kwdwkoroteiote tov B kata Booth. [Toéoa ywopeva 8a nmapaxBouv oe autr) 1 nepirmeon ?
IMoon n % PeAtioon ?
Emntavaddfete 1o (B) yia tov tportoroinpévo aiyopiOpo Booth.

Auon
Eivat 131 = 1*36 + 3*6 + 1 = 55;0 = 0110111,. Thwa xabe GUQK() @io toU
noAAarAdaoclaotn) ou eivatl 1, 6a yevvnBel K €va pn pndeviko pep1kd ywvopevo. Apa 6a

éxoupe S5 pepkd ywopeva. Autd Ba xpeiaotouv 4 mpooBéoelg ya’ va ndpoyps TO TEAKO

arotéAeopa. l(\

YrioB¢toupe eva 0 8e€idtepa g rmponyoUevng avarnapiotacns Kcuaydgoups Oladoxika
ermukaduvrtopeva {evyn ynoeiev arnd 6eid npog aplotepd. Kabe petafaon and o 0 oto 1
pag bivel (-1), kaBe petdfaon arno 1 oe 0 pag 6ivaq+1) S}d»ﬁ«':lea AaAdog ouvbuaopog pag

6iver 0. Apa n kwdikoroinon 1mou naipvoupe eivat :

0 1 1 0™ M1 o
TN

(+1)°0 =1)+1) 0 0 (1)

A

O noAAarAaolaotr)g SI]AOAK K(OalKOl![OIEiICH oav

(+1)*2604 (-1)*24+ (+1)*23+ (-1)*20=64 - 16 + 8 — 1 = 55;0.
Ta pn pndevika pepka ywopeva eivat 4 kat Oa xpelaotouv 3 1poobeoelg. Exoupe
ouvenwg piaPedtioon om nipddn tou noAAardactacpou Kata 25%.
(Enpeiwon : oe oupnAnpepa ©g pog 2 n mnpoodeon Kai n agaipeon €xouv axkpiPwg v
iba urdoxkotnta. I'a mapdadetypa o 6pog (-1)*24 tou moAdardaoctaotr) Oa vdorowOei pe
4“aplotepeg g)uoef]oag TOU ITOAAAITAQO1A0TEOU KAl T ITPO0HE0T] TOU CUPIMANPOUATOS ©OS
pog 2 g rapdaotaocng rnov Oa rpoxkuyel).
Ia va Bpoupe ) KedKoOMOINOn TOU MOAAAAACIACTY] OTOV TPOIIOIONHEVO aAyop1Opo
Booth, pmopoupe eite va §ekwvrjooupe amd v ApXIKr] avanapdoraon eite amo v
avanapdotaon Irou Pprkape oto IIPONYOUHEVO £p@Tnpa. EeKIVOVIAG ATld TV ApPXIKL),
unoBetoupe éva ermutdéov 0 Hefldotepa g avanapdotaong Kair Xeopifoupe tov apiOpo oe
erukalurnitopeveg p1adeg YPnoeiov ard de§ia mpog ta apiotepd. Baoilopevol otov mivarka
avukatdotaong, aviikadiotovpe tedog kdBe tp1dda pe v 1w0oduvapn avarapdotaot) ng.
HEeKlvOviag aro v avanapdotacn tou ardou adyopibpou Booth avukaBiotoupe kabe

dudda ynoiov mou ouvaviape Odlarpéxoviag TV avarapaotacn aro de§ia 1mpog ta
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aplotepd pe éva yneio g Kawvoupylag avanapdotacng. AveSdptnta Tou IOloV TPOIIOo

ermAéoupe Ba kataAnfoupe otnv e8ng tedkn Kodkomnoinon :
=+ 1 2 1)
SIOEEoRIOTID

(+1) 0 (-1)(+1) 0 0 (1)

VT Q.

=1 1) 2 (1)

Ortou o roAAartAaoilaotrg €xel ek@paotei pe yneia durrdaoag B fnuug
(+1)*22%3 + (-1)*22"2 + (+2)*22"1 + (-1)*220 =64 — 16 + 8 — 1.= 5510.

Kat mdAtr vniapxouv 4 pn pndevikoi Opotl kat ovvenwg Ba yevvnBouv aviiotoxa pepika

Aoxrjon 12 _)

Na neprypayete 1 Ba yivel Katd v eKtEAe0n KATOOU IIPOYPAPATOG ITOU UAortotel 1o KATwOt

ywopeva kat Ba xpeiaotouv 3 ripocBeoetg.

Aoyiko daypappa. @swpeiote 611 0 Ur[o)xoMg otov oroio Ba exktedeotel 10 mPoOypappa
untootnpidel povo 1o duadikd ocvotnua avarapaoctaong apOpwv. Atkatodoyeiote v anavinor)

oag. /‘ \

\ Oéoe

>=0 ka1 A=0,1,¢

>
A

=X+
@ =X+A

Agpou o urnoloyiotr)ig pag urootnpifer povo 1o Suadikd ououpa  avanapdotacng, 1)
avartapdaotaorn tou A=0,1;0 Ba yivel Xprjowonowwviag 1o duadiko ovotnpa. Emopevag mpernet
va Bpoupe v duadikn napdotaorn tou deradikou apBpou 0,1. Auto Ba yiver pe dradoxikoug
roAAarAaoclaocpoug pe v Bdon tou duadikou ouotrjpatog rou eivat o 2. 'a va mapoupe pia
axkpifn napaotaon tou derkadikou apiBpou 0,1 oto duadiko Ba mpemetl va KAvVOUPE TOOOUG

noAAarmAaolaopoug PEXP T0 KAaopatko pépog rou Oa rpoxkuyet va eivat pndev.
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Brjpa 1. a.; = aképato pépog tou 2x0,1 = 0 rkat KAaopauko =0,2
Brjpa 2. a.; = aképato pépog tou 2x0,2 = 0 kat KAaopatuko =0,4
Brjpa 3. a3 = aképaio pépog tou 2x0,4 = 0 rat KAaopatuko =0,8
Brjpa 4. a4 = aképaio pépog tou 2x0,8 = 1 kat KAaopatuko =0,6
Brjpa 5. a5 = aképato pépog tou 2x0,6 = 1 kat KAaopauko =0,2
Brjpa 6. a = aképaio pépog tou 2x0,2 = 0 rat KAaopatuko =0,4
Brjpa 7. a7 = aképato pépog tou 2x0,4 = 0 rat KAaopatuko =0,8

[Mapatnpoupe pia neplodikointa ota 61adoxikd KAaopatika Pepn rou mnpoxkurttouv: 0,2, 0,4,
0,8, 0,6 kat taAt 0,2, 0,4, 0,8 rAmn. Enopéveg dev Ba ndpoupe 1mote KAAOPATKO MEPOS 100 pe
pndev, apa bev eivat duvatov va rtapaotrioovpe tov deradikd apOpo 0,1 axkpipog oto duadiko
ovotnpa pe nenepacpévo apbpo duadikev yneiov. Autd Oa exel oav arotédegpd to abpoilopa
Y rou mpokurtel anod 1g dadoxikég rpoobeoelg tou A mote va Pnv Idpet axpth)g‘tnv T

1010. Apxikda Ba eival pikpdtepo Kat ot ouveéxela Ba yivel peyaAutepo tou 1010,VOHOIS oev Oa
OTAPATIOEL 1] EKTEAEOT] TOU IIPOYPAPLATOG.

H doxknon autr] ag nipoPAnpatioet cofapd éooug toxupifovral @Ho& va yivouv kadoi
MPOYPAPPATIOTEG av ayvoouv 1t Oopr Kat opyavmor ToUu Umoloylotr] 1] Tov  TpOIo

. R
Aom13_)

E¢nyeiote 11 €vvoleg compiler, interpreter, agiembler.

avarnapdotaong g mAnpo@opiag otov UIToAoy1oTr).

Avon
Kat ot tpeig évvoieg qvacpépovm‘os Aowopu«') OUOTIIATOG TIOU €XEl WG OKOITO T1 HETAPPAOT)
KOdka aro kdarola yAogoa Tpoypapipatiopou oe exktedeopo kodwka. Ot compilers kat
interpreters maipvouv oav €igodo KmdKa UVYNA®V YA®OO®OV IPOYPAPHUATIOHOU, &V O
assembler kOd1ka )A(booqg Assembly, tng uynAotepng yA®ooag mou Pag EIMITPEIIEL VA EXOUHE
amoéAuTo ¢leyxd Oto UAIKS Ttou ouotipatdg pag. H Sagopd petall tov  compilers
(petagpaoctev) kat interpreters (Sieppnveut®v) €yKettal Oto OTL Ol PEV MPAOTOL PETa@PAlouv
povopag Qv nnyaio koOika KAl MApdyouv &va eKTeEAL0N0 apXeio, eve ot deutepot
petagpadouv pila-pia tig ypappég tou nyaiov Kodika ektedwviag tig tapdAinda. Ta ouyxpova
epyaldeia avamtuéng AoylopikoU OUVEVOVOUV autég Tig 6uo @llooopieg. Exoviag ypdwet o
TMIPOYPAPHATIOTNG TNV MPOTH £€KO00T TOU MPOYPAPHPATOg TOU, TOV eKTIEAEl ypapPur) - ypappr) yia
va darmotwoet Tuxov Adbr. Otav rmAéov £Xel ArOOPAAPATOOEL AT P®S TOV KOOIKA TOU KAAel TOV
petagpaoty  yla  va  1mdpel 1o apxeio  Tou  exktedéopou  Kodwka. O assembler
(oupPoAopctappaoctr|g) eival €vag petapPaotrg g oUPPoAKNGS yA®ooag, TToUu Oviag ITOAU ITlo
KOVTd otov KOd1Ka PNnxavr)g eivatl oXeTtikd armiAo mpoypappa va Kataokeuaotel, apou xpetaletat
povo va avukafotd 1g oUupPoAikég evioAég pEe Ta mpaypatika opcodes, ta ovopata
KATAXEQPNIOV HE TG Mpaypatikeg toug Oieubuvoelg kat 1g otabepég pe ta duadika toug

1ooduvapa.
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Aoknon 14

E&nyeiote 10 ylati xpewadetat ) epapxia pvrpng.

2

Auon

Ao ) pvrpn tou ouotpatog pag BAoupe
1. Na eivat ypnyopn.
2. Na eivat moAs peyddn.
3. Na eivat @uvr).
Ot dratdagelg pvrpng Imou KUKAO@OPOUV TNV ayopd OPeg Siémoviatl aro ta e8§ng :
4. Ot ypr)yopeg Pvipeg eivat rmoAu arpifEg. ‘ \
S. Ot yp1ryopeg pvripeg eivatl oAU pikpéEg.
H tepapxia pvrjpng €pxetat va ye@upmoel 1§ avilBeéoelg Iou undpxoﬁv patgﬁJ TV 00KV

10XUOUV OTOV IMPAYPATIKO KOO0 Kal TV 6omv Ba B¢Aape va 1OX1'JO?A y

Aoxnon 15
Evag untodoyiotr)g £xel 8192 dragopetikeg Gtsueuvmoﬁor%bpaag aoelg pviung. [Iooa duadikd
yneia éxer n apupia Sieubuvoswv tou ; Iloony siva) N PEYloTn UPVIUIN TOU UITOAOYLOTY)
(exk@paopévn katd niepirmwon oe KB, MB 1) GB) otav :

e Kdabe B¢on pvnung eivat éva byte ;
e Kda0Oe B¢on pvrjung eivatl pia Aé€nrev.32 duadikov ynoiev ;

la v napayeyrn 8192 diagopetiky S1eubuvoemv, arattouviat |log, 81921 suadikd wneia.
Apa 1 aptpia SteuBuvos@vitou €xel 13 duadka yneia. Otav oe kAOe Beon amobnkevetal Eva
byte n ouvoAikn pvrun eivat 8192 bytes = 8 *1024 bytes = 8 *210 bytes = 8 Kbytes. Otav
arobnkevovtatl og/KAOe Gégr] 32 duadika yneia dnAadn 4 =22 bytes, n pvipn tou cuctpatog
pag eivat 22 * 23 * 210pytes = 32Kbytes.

@
& Aoknon 16

Exedlalete £va uroAoylotiko ouotnpa rmou BgAete va d1abetel kK H1a@opetikeéG evioAég (r.x. ADD,
SUB, ...), mou kAaBe pia toug propei va €xet 2 1 3 operands, kat kaBe operand propel va €xet
A dlagopetikoug tporoug S1eubuvolodotnong. Amote Tov KAEI0TO TUIO TV €AAXIOTOV SUASIKOV
Yneiov mou Ba mpErel va XProlpoIol)oeTe yld T0US K®O1KOUG Asttoupyiag (opcodes) tou
ouoTPatog oag.

Auon

H doknon autn éxel oa otoxo va oag nipoPAnpatioet yia 1o mote xpeladeral €va Kaivoupylo

opcode. H ardvinon eivatr 6t KATL 1€1010 Xpetdletal av arnatteital 1 eKteAeorn 5lapopetikou
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PKPOIIPOYPAPIHATOS Yid TNV €KTEAEOT] AUTOV TV evioAwv. Ot eviodég pe 2 katl pe 3 operands
IPOMAVAG aAItaltoUVv H1a@opeTikoUg K®OKOUG Asttoupyiag, a@ou ot Oeutepn Iepirtoon
xpeladetal pa ermrdéov npooriedaocn pvrpng. Ag doupe éva napdadeypa ya va kataddapfoupe
av anatteitat drapopetikd PiKporipoypappa avaloya pe to tporo dieubuvolodotnong. Eotw ot

EVIOAEG :
LDB 80, [90]

LDB 80, #90

Eva 1 6eUteprn evioAr) Ba kAvel poOvo piia IPooItiéAaot) ot PV yid 1o KaBop1lopd tou teAdikou
tedoupévou 1ou Oa Adfel Xapa oty evioAr), 1 mpotn Ba mpenet va Kavel 6Uo. Auto odnyel oe
SlapopeTikd PIKPOIIPOYypAPHATA KAl CUVEN®OG dlagopetikoug opcodes. ‘ \

Ze rabe eviodn duo Sieubuvoswv untapxouv A tpomotl Sieubuvolodotnong Tou. rpwIou’ operand
Kat yla kaBévav ano autoug A Stapopetikol yia 1o devUtepo. Apa oUuvoMKa yla KABe evioAr) Suo
O1euBuvoemv untapxouv A2 S1a@opeTIKol TPOIToL 618U8uv0106c')tr]0r]f(§\) s&yv Kal TeAKA K A2
dlagpopetika pikpornpoypdppata. Me arpifeg 1o i610 orenuko priopoupe va Ppoupe ot Ba
XPEIAOTOUE K A% S1apopeTikoUg Kad1KoUg Asttoupyiag yia 11g evioAég tpliav deubuvoenv. Omnote
ot Sragopetikoi opcodes eivat kK (A2 + A3) kAl ta €Aaxiora Ssﬁﬁd yneia mou Oa mpémnel va

aAPEPOCOUE Ya KOOIKO Aettoupyiag otnv eVvioAr pag sivat

z= rlogy(&\Q + KA:ﬂ

i
Aoknon 17

+ H apumpia 61eubuvoemv evog UreAoylotikou ououjpatog éxet eupog 32 duadikov yneieov.
Av og kdBe B¢on pvrung propoUpe va anobnkevoupe rminpogopia 16 Suadikwv Yyneinv,
mola €ivat 1 PEYIOTn QUOLKT) VI [TOU UItopel va €Xel auto 1o ouotnpa ?

¢ Eva ur[o)xoylo'tyﬂb ovotnpa 61abetel k Srapopetikeg eviodeg (r.x. ADD, LOAD, STORE, ...).
Ye rabBe eviodr), eva tsAﬁUpsvo propet va dieuBuvotodoteital pe A dra@opetikoug TPOTIOUG.

1. Tlowog eivatr o €Adaxiotog apiBpog duadikov Pneiov g eviodng mou Oa mpérel va
a&eai‘na KO1KO Aettoupyiag Kat 1molog yia to tporo dieubuvoilodotnong ?
2. Tlpoteivete evaAAakTiKr] K@OIKOIOINON aUt®v TV U0 mediowv mou va slaxiotorolel ta
Xprnoporniotovpeva duadika Pneia g eVioArng.
Auon

¢ Xeg kAOe O¢on pvrung priopoupe va anobnkevoupe 16 duadika yneia 1 aAdiwg 2 bytes. Ot
Ola@popetikég B€0ElS QUOIKIG PVIPING ITOU HUITOPOUHE va €XOoupe €ivat odot ot 1mbavoi
ouvbuaopol twv Yyneiov mg aptnpiag dieubuvoswv 6nAadrn 232. Apa 1 PEYVIOU QUOLK)
Pvijan oto ouotnpd pag eivat 2 x 232 bytes = 23 x 230 bytes = 8 GB.

1. Av 6wabetape Sexwplotd media otnv evioArn pag yua Kadiko Asttoupyiag Katl Tporo

-152 -



KEDPAAAIO 9 — EmAeypévec AGKNoELC

6teuBuvolodonong Ba xpeafopaoctav x = [logoxk| xat y = [logoA] Suadkd wneia
avtiotowxa. O ouvoAdikdg apBpog auvtawv eivat A = x + y = [logox ] + [logoAl. T
napdadetypa, av uroBéooupe ot k=25 rat A=5, Ba xpelafopactav 5+3=8 duadika
yneia.

2. A@ouU 10xUel 0T K < 2% Rat A £ 2¥, moAAarAaotadoviag Katd peAn rnaipvoupe ot KA < 2%
kat ouventog [logs (kKA) | < x+y < [logs (kA)] < [logy k| + [logs Al Zuvenidg évag tporog
edaxiotornoinong v duadikev Yneiov rmou xpnotporoovvial givatl 11 OUVEVROL AUtV
v U0 rediwv oe €va, 1o oroio kabopilel 1000 Tov Kd1KO Aettoupyiag 600 KAl TO TPOIIO
61eubuvolobotnong. Ol S1aQOPETIKEG KATAOTAOEIS AUTOU Ttou rebiou eivar. KA Kat

\ auto 1o

OUVEN®S 0 eAaxiotog apBpog duadikav Yneinv rmou Ba mpérnet va aplep@bet y

niedio eivar B =[logs(kA) |. Tia 1o mapadetypd pag sivat B = 7.

4
Aoknon 18 &

[Toteg eivatl ot ouvaptr)oelg IOV UAOTTO0UV 01 IIAPAKATR KAJ1KEG YADOOAG PNXaAVvr|G;
a) APXITEKTOVIKT] PNXAVIOPHOU 0®POU:

PUSH A " ’.)

PUSH D V) APXITEKTOVIKI] KATAX®PITL)-PUVI|ING:
ADD A AD RI,A
PUSH B ADD R1,D
f/{%iH D g LOAD R2,B
ADD R2,C
POP E STORE R2, E
PUSH A i ADD RIL,E
MUL ,‘ \ MUL RI, A
igSDH C »\ STORE R1, E
8) APXITEKTOVIKI] KATAX®OPITL)-KATAXDPNT] :
PUSH E LOAD RI,C
ADD LOAD R2, A
B) Apxt P;gP;WKE': 040(0 EUTT ADD X2, R R
TEKT T
" LOAD nA e kg%D gi’ gz R1
MUL  C LOAD R2,D
A B MUL R2, R2, R1
STORE E, ADD RI1,R2, Rl
LO D STORE R1, E
ADD ' E
STORE E
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Avon :
a) Y)
EvtoAr) ZOPOG PETA TNV EKTEAEOT) EvtoAr Amotédeopa PETd Vv eKTEAEON
(Kopueprn ota apiotepd) LOAD R1,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 R1, 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 R1,E  E = A*(A+D+B+C)
Znucioon : 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) 8) APXITEKTOVIKY|] KATAXDPT|T)-KATAXOPITL) :
PUSH E D*B, C+A*(D+A) EvtoAn ArnoteAeoia PETA TNV EKTEAEOT
ADD D*B+C+A*(D+A) LOAD RI1, C R1 =C
POP E KENO LOAD R2, A (\ = A
E = D*B+C+A*(A+D) ADD R2,R2,R1 R2 =A+C
LOAD R1,B R1 =B
B) ADD RI, R2, Rl "Rl = A+C+B
EvtoAr) Amnotédeopa peta v ektedeonp LOAD R2, D R2=D
(X = ouoowpeutrg) MUL 2, R2, Di R2 = D*(A+C+B)
LOAD A ADIA ADD 1, gs, R 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 ~ = D+B+A*C W
STORE E E = D+B+A*C
E = D+B+A*C
)
\ Aokxnon 19
Avagépete TTAsoveKTpATa / PEIOVEKTNIATA TOU MTPOYPAPPATIONoU o yAwooa Assembly.
/ Auvon
@

[MAeovektnuata :

o Ao ¢ Kivduvog AaBwv arnd tov mpoypappatiopo o€ YAOood PNXavrg.

. A1\f§3g KOO1KAG aro ) yAwooa pnxavrg.
o ITIAfjpng €Aeyxog 10U UAKOU.
o [IAnpng €Aeyxog NG TAXUTNTAG EKTEAEONG, O £MMINEdO KUKA®V PNXavng.
Metovektnpata :
o EAdaxiotn g kaBoAou petagepotpotnta petady S1a@opeTtik@v CUOTIATAV.
o  KdBe drapopetikd oAokAnpopévo enefepyaotr) €xel ) 61kr) Tou yAoooa assembly.
o XapnAr] yAoooa IpoypappatiopoU => TOAU HAKpPld amd 1o TPOIMOo OKEWPNS TOoU
MPOYPAPATIOT.
e O mpoypappatiopog Kat 1 anoo@adpdioon oe yldwooa assembly eival pia e§aipsuka

erirovr) dadikaoia.
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Aoxnon 20
H evioAr; LDB AL, [80] (pdptwong evog byte oe évav tuxaio kataxepnt) AL pe éppeon
avagopd ot pvrprn) rowa Asttoupyia extedet ; [Tolo Ba eival 1o amotédeopa eKtEAEONS AUTHS
NG €VIOANG Otav apxXikda toxuouv : [AL] = F3, [80] = F3A2, [F3A0] = AA, [F3Al] = AB,
[F3A2]=BA, [F3A3]=77 (to oupPodo [X] deixvel ta meplexdpeva tou X) ;
Avon

H evtoAn autr) poomtiedauvvetl tig B¢oeilg pvrpng 80 kat 81, wote va avakadéoel pia moootta
v 16 duadikav yneinv. AkoAouba rpooriedauvel ) B€on PvrEng rmou Urode1kvUoUuV autd ta
16 duadikd yneila avakadoviag amd ekel ) TEAKI MoooOUNtd TRV 8 6uc16u<cb\wn(pio)v.
Avtiypago autr|g g rmoootntag anodnkevetal otov Kataxepntr) AL.

Ta ta 6ebopéva g Aoknong maipvoupe ot 1 mpooriédaon otg Ofoeig pvnung 80.kat 81 Ha
pag smotpewel 1o F3A2. [Ipoormedavvoupe ot ouvéxela tr O€on pvﬁ%ﬁ‘;AQﬁn oroia pag

ermotpépel ) tpn BA. H tipr) aut) 8a anobnkeutei otov Kathﬂﬁ]tl"] , 0nNAadr) otn B¢on

pviung F3. Zuveniog n ektédeon autng g evioArng Oa éxel g aroteAeopa [F3]=BA.
h

Aﬂlﬂﬂ( y ¥

E¢nyeiote v avaykaotta unapéng sukewnv (labels) ot MNoooa Assembly.

Avon
Kata 1 ouyypagr) tou Kodika og OUUBOAIKMOOCL TTOAAEG @opeg Xpetddetal va aAAdagoupe 1
pOI] €VOG TIPOYPAPPATOS HE svro)xég’&pqtow dtakAddwong / kAnong. Tnv opa Opwg 1ou
ypagoupe 1o Ipoypappa, de yvwpifoupe tn Oforn pvrung otnv oroia Ba arobnreutel o
radikag. Qg arotédeopa de priopoupe’va npoodlopiooupe ) deubuvon — otOX0 ToU AAPATOS.
Autry Ba 1poodlopilotel TIOAU betapa, Katd 1 Swdkaoia petagpaocng tou oUpPoAikou
KOd1Ka ot KOOIKA pnxavrg. Qotoco epeig PIopoUPe va XPNOTHOIIOWO0UPE TV Ivakiba 1
oroia 6a avukataotadet apyotepa ot dadikaocia cupPoAopeta@Paocng.
Kdamolog Ba pmopouoe va ermxeiprjpatodoyrjoet ott epooov 11 Assembly eivatr pla xapnin
yAoooa n’&&vm&‘t)xrjpn ¢Aeyxo o010 UAKO, Ba propouce o mpoypappatiotrg va ermPaiet otov
Assemblef v apxikr) dieuBuvon otnv oroia Ba rmapdayetl Tov eKTEAL0I0 KOOIKA KAl PNETPOVIAG
Tg svroAég%%g Assembly xkat ta tedoupevd toug, va Bpet Tig anoAuteg Hieubuvoelg — oTOX0UG.
To eruxeipnpa autd eivat cabpd kabwg :
¢+ H 6oulAeld tou mpoypappatiotr) eivat pévo 1 ouyypagr) toU MPoypdppatog Kat 0xXt 10 va
Paxvel va Ppet rota rmePloxr) g pvhpng eivat d1absoun Kat Xopd 1o IIpoypappd tou.
¢ Me 10 TpdéIIO AUTO 0 KWdKAG Xavel 1) duvatotnta perakivnorg tou (relocability). Me tig
mvakideg avtibeta, 1o mpoypappa propel eukoda va @optwBsi oe oroladrjrmote O¢€on

pvipng etvat S rabeon.
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Aoknon 22

Fpayte éva poypappa Assembly rou va avuypaget 1o byte rou Ppioketatl ot 8¢on pvrpung
SF40:6 kat otn B¢on pvnung SF8016.
Avon
LDB 80, 5F40[00]
STB 80, SF80[00]

Aoknon 23
%,

Fpdayte éva mpoypappa Assembly mou va ripooBétet dUo tedoUpeva v 16, 8uadikev yneiov
e
X0Pig va kdvete Xprorn g evioArg mpooBeong Aeewv. Ta Suadika u}r]cpiq TOU IPOTOU
4
tedoupévou Ppiokoviatr otg Beoelg SF20:16 kat SF2116, tou Seutépol %leéoelg SF40:6 kat
Tal

SF4116, eve 10 amotédeopa g rpooBeong O¢loupe va arnobrkreve 1§ Boeig pvrung

5F8016 kat 5F81 s, h
Avon
LDB 80, 5F20[00] N %)
LDB 81, 5F40[00] | ‘)
ADDB 80, 81

STB 80, 5F80[00]

LDB 80, 5F21]00

LDB 81, .~ 5F41[00]"
ADDCB 80, 81

STB . 80, 5F81[00]

Yrniapxouv 2 Aermtd onpeia mﬂ napanave aoxknon. To mpwto eivat ott epoocov dev pag
Owatibetar mpooBeon Aeewv Ba mpérel va Xprotporowrjooupe TG dwatiBépeveg eviodég yua
npooBeon bytes. @a r[pér[s? va @poviicoupe ya 1 §1adoor TUXOV KPATOUPEVOU TTOU TTApAyeTal
Kata v (éoeaor] TV bytes xapnArg onpavukottag KAatd v rpoodeon avt®v g UWnArng
onpavrikotntag. Etotl otn 8eUtepn eviodr) mpooBeong Oa mpénet va AdBoupe Ut oYy pag Kat 1o
KpatoprS\y To 6eUtepo Aemto onpeio €ival to 1OTe MAPHXONKe 10 KPATOUHPEVO TO oOrtoio
Aappavoupe ur’ oy pag otn devtepn abpoiorn. Eivatl oviwg autd mou tuxov napnxdn ano tnv
PO 1] PTG £Xel aAlo1wbel and g evdiidpeoeg eviodég ? Avarpéxoviag Aotrov oto manual
TV eviodwv, Oa mpénel va Olarmotwooupe 6Tl ol evdidpeoeg sviodég LDB dev €xouv 1)

duvatotnta va ennpedoouv TV KAtdotaor ToU KPAatoupEvou.
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Aoknon 24

Fpayte eva mpoypappa Assembly mou e8etadet ) tpr) tou byte tng 6¢ong pvhung SF20:6 kat
av eivat aptiog apdpog anobnkevetl 0 otn O¢on pvrung SF2116. AAAM®G anobnkevet 1.

Avon
Ia 1o mpoPAnpa autd PIOPOURE va EIMIVON)COUHE O£lpd arod drapopetikeég Avoels. [Tapakdte
rapouotadovial PepIREG aro autég yua va deifoupe 61l 1 Assembly mapéxel mpaypatka i
duvatotnta oe €vav Eurelpo Impoypappartionr) va fexwpiloet aro évav anepo. Kabe daptiog
appog £xel 1o 6ediotepo Huadikd yneio 0. To aviiotowxo yneio oe évav meptttd sival 1. H

npetn ekdoxr) e§etalel auto 1o Yrneio péowm 6e1ag oAioBnong pe ratormvi) egétaon {ou carry

flag.

LDB 80, 5F20[00] A
LDB 81, #01 y
SHRB 80, 81 P %
JC ODD
LDB 90, #00 iy
STB 90, 5F21[00 c
SJMP END i Y9

[ODD] LDB 90, #01 [ ‘)

STB 90, 5F21[00]

[END] BRK \

O napandve kwdikag eivai smsu«bg’&quﬁwog. Kt autd yuati katd rnpwtov xprnotporoteitat
0 90 ya va @opwwbei to #01, Kat rou 1ndn unapxet otov 81 ! Emiong eite o apiBpog eivat
Aaptiog eite reptttog 1 anobrjkeyorn Ba I1pernet va yivel. ZUVEN®G 11 EVIOATL artoB1Keuong mperet
va eivat aveaptin tou rtmoqpudu Kadka Ba axkodoubrjcoupe. Mia mpatn PeAtiopévn

£€kdoon Tou Mapandave Kodika Ba propouoe va eivat  akoAoudn :
LDB ® 80, SF20[00]

" IDB 81, #01
A SHRB 80, 81
@ Jc ODD
LDB 81, #00
[033/] STB 81, 5F21[00]

H BeAtioon éykettatl a@evog otr Xprjon AlyOTeEpmV KATAXEPNTOV KAl APETEPOU OTO OTL 0 HeUTEPOG
KOO1KAG £ival PIKPOTEPOG KA1 OUVETIMG TAXUTEPOS O EKTEAEOT).

H e&étaon yneiov evog apiBpou pe 1 pébodo 1@V 0A100r)oemv KAl KATOITIVOU €A£YXOU TOU
Kpatoupevou Ba mpénet va arnogevuyetal. Ki autd yuati av 8gdoupe va eetdlooupe prjte 1o
aplotepotepo prte 1o 6e§lotepo YPn@io evog api®pou, o Xxpovog g oAicBnong aufavet
onpavukd. ErmumAéov moAAég @opeg xpetddetal va e§etdooupe Ox1 povo éva addd rmeploootepa

ynoeia evog apBpou. Méow 0A100r0e@v TOTE ITaipvoupe evav eKOetkO apBpd anod d1a@opeTikeg
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TMIEPUTIOOELG IMTOU IMPEIEL va €SETAOTOUV KATAALYOVIAG O £§AIPETIKA ITOAUIMAOKO KOOKA PE
OAAd dApata (Yyveotog Kal og Kedikag spaghetti). O nmapakdte kodikag eivatl aviiotoxog pe
TOV IMP®TO, PLOVO IToU Xpnotporolel ) peébodo g pdoxkag, aropovavel dndadr) ta Yynoeia mou

pag evdlagepouv.
LDB 80, SF20[00]
ANDB 80, #01
JNE ODD
LDB 80, #00
STB 80, SF21[00]

SJMP END
[ODD] LDB 80, #01

STB 80, 5F21[00] Y
[END] BRK

O rd1Kag autog eival ocapwg KAAUTePOog aArtd autov g pwing repintoong..Eivat pikpdtepog
Kal Xpnowgorotel povo évav kataxepnt). Mia emmAéov nmapatrpnel] opeg Hropel va pag
odnynoetl oe akopn Kadutepa arotedéopata. Metd 1o Aoyiko ANmU‘%‘;OU He 1 pdoka,
otov kataxepnt) 80 pevet 1o 0 av o ap1Bpog nrav aptiog Kat 1o 1 av o ap1Bpog frav neptrrog !

Yuvenwg Oe Xxperddetat va eSeTaoTOUV TEPAITEP® Ol OUO IEPUTIHOOEIS KAl MITOPOUPE va

kataAn§oupe otnv anobrkeuor tou 80 otr Bcon SF2116 B, ')
LDB 80, SF20[00]
ANDB 80, #01 ( ‘)
STB 80, SF21[00]
BRK

\
/\Aa on 25

Fpayte éva mpoypappa Ass&nbly oy va Ppiokel 1o peyadutepo pn npoonpacpévo byte
petady v anobnkeupévayv. otig Ofoelg pvhpung SF21 — SF2A56 kat va arobnkevet €va
avtiypa@o tou otr) B¢on pvrpung SF201.

- Avuon
CLR 80
LDB 82, SF21[80]
[I&P] CMPB 82, SF22[80]

®

JH SKIP
LDB 82, 5F22[80]

[SKIP] INC 80

CMP 80, #0009
JNE  LOOP

STB 82, 5F20[00]
BRK

Aoknon 26

Anote tov KOdka oe yAwooa Assembly yia 1o mpofAnpa tng avupetdBeong tov tpov duo
KAtaxepntev urobétoviag 61t to ouvodo evtodav oag AEN nepldapfdver kapia eviodr) LOAD 1

STORE.
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Auon

Evag 86xog 1pdrog ya v aviipetabeon eivat 1) Xpnoponoinon mg oopou. Yrobeéote Ot ot
6U0 KataxXwPNIEg TV ornoiwv embupovupe va avupetabféooupe ta rneplexopeva eival autol pe

O1euBuvoeig 80 kat 90. Téte 1o {nrovupevo npdypappa eivat :

PUSH 80
PUSH 90
POP 80
POP 90

R

Aokxnon 27 >
Awote 1ov kwdka oe yAoooa Assembly ya to mpofAnpa tng %S(%OU néoou opou 4
appov rou eivat arobnkreupévol oe daboxikeg Ogoelg Pvnung uroHEtoviag Ot 10 oUVOAO

evtodwv oag AEN nieptdapfavet eviodr) diaipeong. B

avon (. )

Avo eivat ta Aertd onpeia avtng g AOKNong :

1. H elpeon tou pécou 6pou 4 aplbuenv Xmpig 8\;IOAf] f)ipsor]g. I'vopifovrag o6t draipeorn dia
2 propet va ermteuxBel pe 6e§1d oAioBnon kata 1 O¢on, eival mpo@aveg ot 1 {nroupevn
Siaipeon propet va yivel pe 6e§ia /&Aio@n&td 2 B¢oeg.

2. Eva dAAo mpofAnpa eivatr autd g axpﬁﬁsmg nou xpetaletat. Av unoBeéooupe ot ot 4
apBpoi eivatr peyéboug Q/(’)g byte) Tote 1o ABpolopd toug Tpoavwg de pmopsi va
aroBnkevtel oe éva byte Adyw rmbavotntag vriepxeidiong. Apa Ba mperet ) aBpoton va yivel
pe dutddola akpifewa. -

YroB¢toupe mapaxkat® ou ot 4 apBpoi Ppiokoviat oug B¢oelg pvrpung 6000y ¢wg 6003y Kat o

Intoupevog 1£00g OPOG 1EVEL OTOV Kataxmpntr) pe dieubuvon 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 pvrpng SF20. Awote tov kodika Assembly yia tov
UTIOAOYIOO TOU aKepailou HEPOUG NG TETPAYDVIKNG pifag tou 600éviog apiOpou katl v

artoBr)kevor) tou ot Béon pvrung SF21.

Auon

To aképato pépog g pidag evog aplBpou propei va mpooeyyiotel amo tov aplBpo TRV EMTUXQOV
agpalpeoeev Sadoxikav reprttov aplBpev. O alyopiBpog propel va ek@pactel amd Tov

MAPAKAT® KOOKA, OroU o KataxXepni)g 81 &iatpexel toug meptttoug aplbpoug Kat o

KAtaxepntg 82 ival o PETpn)g TRV EMTUXMOV APAIPECEDV : Y
LDB 81, #01
LDB 80, S5F20[00] 7R
CLRB 82

[AGAIN] CMPB 80, 81 g
JLT  DONE A

SUBB 80, 81

INCB 82
ADDB 81, #02 p
SIJMP  AGAIN

[DONE] STB 82, 5F21[00] ( N %

Ao 29
Eényeiote nwg propet va r[pooayylo% i) Sﬁpson 6Uo un mpoonuacpévev aplBpwV pPe
1€6060 1TV dradoxikmv srutuxgv apapeoewv. Anote tov Kadika Assembly.
Avon
IMpogpavag n Slaipeon propel va mpooeyyiotei pe ) pEBodo 1@V S1adoXIKOV apalpeéoe®v Tou
dlaipétn and tov 61cup8téo.Kc'198 ermtuxr|g agaipeon Oa npooBetetl 1 oto rnAiko. To urdAoiro
givat ot pevet \0'[0\ Ola1peTéo peTa KAl TV TEAsUTala EMmTUXIn agaipeorn. 1o MAPAKAT®
Ur[oeétouq(c'm Srapetéog rkat Srapéng eivat prjroug 1 byte kat Bpiokovrat otig B¢oelg pvnpng
SF20-xat /5F21 .avriO'tmxa. To mnAiko g Slaipeong amobnkKeUetal OTOV KATAX®PNTL] HE

6181'16uv0n’2, eve 1o urtdAouro rapapevet 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
Anote 10 tov K@d1ka Assembly yia v eUpeon tou péoou 6pou MONO tev rneptttov aplfpnv
rmou PBpiokoviat otg Oéoeg pvrung SB20 — 5B29. O péoog o6pog aroBnkevetat ot Ofon
pvrpng SCOO.

Auon

ZInv AOKnon autr] UndpxXouv pepika Aermta onpeia. To mpoto eivat n dwariotwon av évag
ap1Opog eivat mepttrog 1 0xXt. Lt MapakAte AUon 1 £§€taor yiveral arnopovevoviag to Ayotepo
onpavukd yneio Kair cuykpivovtag auto to byte pe 1o 0. To devtepo eivatl ot 1o aBpolopa v
eItV aplBpev propet va §emepdoel oG eviiapeco anotédeopa v akpifea’ tou &(’)g byte.
Apa Ba mpémel ano mpv va PePIvI|coupe oote Kabe abpoion va yivel peddunAn, akpifeia. H
enéktaon Kabe byte oe A&fn duthdolag axpifelag mpo@avwg TMEEMEV va, YiVEL Jle €MEKTAOT

IIPOCT|IOU, A@OU 1] EKQ®VINOon dev KAvel vudn yia un r[poor]pqcrpévg‘ag apBpoug.

CLR 90

CLRB 86

LD 80, #5B20 i,
[LOOP] LDB 82, [80]

ANDB 83, 82, #01 (

JE NEXT y %)

LDBSE 84, 82

ADD 90, 84 ' )

INCB 86
[NEXT] INC 80

CMP 80, #5132&

JNE  LOOP

DIV 90, N

STB 90, 5C00[00]

O anattoupevog KOd1KaAg yla '&| Avon g doknong 6i1detal mapandve. TTov Kataxepnt A&gng
90 arnobnkevetat 1o evdidpeoo. dBpotlopa TV repttt®v apBpnv. O kataxepnt)g 86 perpdast 1o
mAn0og toug. O KATAXWPNTIG S‘acpnomortowital ya Vv €gPeoT) IPOooIEAaot) tev apldpav g
Alotag, mou npogepivd anebnrevovial otov Kataxepnt) 82. O kataxopnt)g 83 arnobnkeuvel 10
anotédeopa g ‘Aoyuq"]g ouleudng tou 82 e 1 PACKA IMOU ATIOPOVAVEL To teAdeutaio Suadiko
ynoio. O&lSKICl}JéVOQ KATA TPOONUO0 IEPTTog aplBpog arobrnkevetal otov Kataxepntr 84.
TéAlog Tipooedte ():1 Kata t dwaipeon tou aBpoiopatog pe 1o TANO0G TV MEPITIOV apldpov, 1o

nindiko (o alfoﬁpsvog péoog 6pog dnAadr)) pevel ot xapnAn dievbBuvon pvnung.

Aoknon 31
2 6¢on pvrpng SF20 unidpxet 1o byte brbebsbsbsbabibo. Znteitat va ypawete eva ipoypappa
oe yAoooa Assembly mou va avupetadétel ta nibbles autou tou byte, mou 6nAadn petd v

eKTEAEOT) TOU, otr B¢on pvrpng SF20 Ba unidpxet 1o byte bsbabibob7bsbsba.
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Auon

®a dwooupe dU0 Sla@opetikég AUoelg o AUty Vv aoknorn. H npotn Avorn anopovevel autég tig
U0 tetpadeg péow TV anapaitntev oAlo0roemv Katl Petd ouvevavel Ta SU0 anotedéopata PEo®
G Aoykrg d1adeuéng.

LDB 80, SF20[00]

LDB 81, 80

LDB 83, #04

SHRB 81, 83

SHLB 80, 83 S N\

ORB 80, 81 A

STB 80, SF20[00] v
H 8eutepn eivatl apretd mo efelnunpévn kat Paoifetat otnv o)xio%n%; 0AOKANPNG Aélng
(evtoAn SHR) ormou ta mepiexopeva g uywning dieubuvong oAioBaivouv ota uywning tasdng
yneia g SievBuvong pe ) xapnin dievbuvorn. e

LDB 80, 5F20[00] C N )
LDB 81, 80

LDB 82, #04 . )

SHR 80, 82
STB 80, 5F20[0&
7
( Aoknon 32

Fpayte éva mpdypappa Assembly rmou Siatpéxetr pia Aiota mpoonupacpeveav apBpov (short
integers) Katl petatpemnetl OAa ta bit nipoorjpou og 0, étav 1oXUouV 1a &§1g :

+ O 16-bit kataxepntg 82, Ba mepiexetl v apxikr) dievbuvon g Aiotag

¢+ O 8-bit Kq‘tax\copr]tf]g. 85, Ba mepiExet 1o prjkog g Aiotag (oe bytes).

& Advon

© LDBZE 90, 85
Y 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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Aoknon 33

Y B¢orn pvnpng SF20:6 uniapxel anobnkeupevo eva byte. Fpayte éva npdypappa o yAoooa

Assembly mou va avixveuel 1ooeg Qopeg eppavifetal o cuvduaopog "110" ota duadika yneia

autoU tou byte kat Ba armoBnkevet ) Ty avtr) oty B€on pvnung SF21 6.

[LOOP]

[SKIP]

[END]

LDB
LDB
LDB
LDB
ANDB
CMPB
JNE
INCB
SHRB
CMPB
JLT
SJMP
BRK

91,
90,
80,
81,
82,
82,
SKIP
90
80,
80,
END
LOOP

Advon
#01
#00
5F20[00]
#07
80, 81
#06 o

91
#06

o
,\ oKnNo

Fpdyte eva mpoypappa IOU aylioIpe@eL In oelpd TV otoxelwv puag Aiotag, dnAadr to

teAeutaio otowxeio yivetal rtp(b&, 10 IporeAeutaio deUtepo Kok. Ioxvtouv :

+ O 16-bit kataxepn)g.82; 0a repiExetl v apxikr) dievbuvon g Aiotag

+ O 8-bit kataxwpntg 85,&1 TEPIEXEL TO PKOG NG Alotag (oe bytes).

[END]

@
LDBZE
ADD
DEC
CMP
JLE
PUSH
PUSH
POP
POP
DEC
SJMP
BRK

90,
90,
90
90,
END
[82]
[90]
[82]+
[90]
90
LOOP

Avon
85
82
82
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Aoxnon 35
Fpayte éva mpoypappa rmou availdyng v duadikev yneiov plag paockag pndevifetl 1 agrvet
avaddoiota ta otowxeia pag Alotag. I'a mapadetypa av n pdoka eivatr 11001011, 1o 39, 10 5°
Kal to 6° orowxeio g Aiotag Ba pndeviotouv eve O0Aa ta urolourta Ba peivouv wg €xXouv.
YroB¢ote o :
¢+ H Aiota §exkva and ) dievBuvon SF00:6 kat eéxel prjkog 16 bytes.

+ H pdoxka (16-bit) Bpioketat ot B€on pvrpng SF4016.

Auvon
LD 7A, #0001 / N
LD 80,  5F40[00] p
.
CLR 90
Dy
[LOOP] SHR 80, 7A PN %*
JC SKIP
STB 7B,  5F00[90] \
[SKIP] INC 90
CMPB 90, #10 C ™, o)
JNE LOOP
BRK o )
Ao 36

Cpdayte éva npoypappa oe Assemny/})u Ur[ﬁoyiga 10 péyloto Kowo diapétn dvo bytes, rou
eivat anobnkevpéva oug Oéxlg pvnung SF2016 kat SF2116. O péyiotog Kowvog diaipetng
aroBnkevetal otr B€on pvipng SF24 6.

- Adon
O péyotog Kovog 61a1pér‘]g b6ev prmopel va eival peyaAutepog ToU HPIKPOTEPOU €K TV OUO
apBpov. Lo nagqx\dtm KOPPAT KOd1Ka eviortifoupe Tov PKPOTEPO arto toug duo apiBpoug kat
oV qno@&aﬁowps otov kataxepnt 82. O peyaldutepog arobnkeustatl zero extended otov

rataxepnt| 84.
y LDB 80, SF20[00]

CMPB 80, SF21[00]
JLT SWITCH
LDB 82, SF21[00]
LDBZE 90, 82
LDBZE 84, 80
SJMP LOOP

[SWITCH] LDB 82, 80
LDBZE 84, SF21[00]
LDBZE 90, 80
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Ma va Bpoupe tov péyloto kKoo diaipetn, waxvoupe diadoxikda 0Aoug toug apiBpoug aro to

eP1EXOPEVO TOU Kataxepnty] 82 mpog ta KAt® yia 1o av diaipouv kat toug duo apiBpoug.

[IpooéSte ot n mpddn ng Siaipeong rmelpddel ta reptexdpeva Tou dapeteéou Katl yr avto Ba

TIPETTEL VA Kpatdpe avriypa@a 1ptv ano kabe daipeon otoug kataxwpnteg 86 kat 88.

[LOOP]

[NEXT]

[FOUND]
[STOP]

LD
DIVUB
CMPB
JNE
LD
DIVUB
CMPB
JE
DECB
JE
SJMP
STB
BRK

86, 84
86, 82

87,  #00

NEXT

88, 90

88, 82 7 N
89,  #00 A

FOUND N

82 »*{

STOP

LOOP

82,  5F24[00]

O

A on 37
Fpayte éva mpoypappa oe Assembly mou va i Kel PeTd anod nooeg aplotepeg oA100r)oe1g Tou
byte rou PBpioketat ot B¢on pvnpng 2016%21 MPOKUYEL Toootnta peyaAutepn tou 3910. To

A1 00¢ TV 0A1001)0e0V autwv {q anobnkevtel ot O¢on pvnung SF22 6.

[LOOP]

[DONE]
[EXIT]

LDB

CMPB
@

JE

LDB
LDB
LDB
CMPB
JGT
SHLB
INCB
SJMP
STB
BRK

80,
80,
EXIT
81,
82,
83,
80,
DONE
80,
81
LOOP
81,

Auvon
5F20[00]
#00

#00
#27 (8910=00100111,=2716)
#01

82

83

5F22[00]
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Aoknon 38

Fpayte éva mpoypappa oe Assembly rou va evrortidetl tov rpoto dptio apBpd otn Aiota rmou
unapxel anobnkeuvpevn otg Oéoeig pvrung SF2016 €éwg SF29:6. H 61e0buvorn mou evioriotnke

Oa mpenet va anoBnkeutei otig Beoetg pvnung SF2A16 kat SF2Bys.

Avon
LD 80,  #5F20
[LOOP] LDB 82, [80]
ANDB 82, #01
JE FOUND
p B
INC 80
CMP 80, #5F2A 7N
JNE LOOP 4
SJMP  SKIP A
[FOUND] ST 80, 5F2A[00]
[SKIP] BRK S
C 59
Aoxnon 39

Aeite mwg propeite va vAorowoete ot yXwood Assembly tig axkoAoubeg duo Sopég g
vyAoooag C: \
+ if ouvOnkn then { code segmen’&} else {code segment B}
OIToU OUVONKI pia ano tg@arodoubeg™ al=p, a==B, a>B, a<P, a<=p, a>=p
+ for {i=0; i<MAXVALUE; i++} {code segment C}
g, Adon
¢+ Eoww 6u ot karaxepnteg 80 kat 82 mepiéxouv avtiotoxa TG Tpég a kat B. Tote ywa v

vlormoinon g doung if,‘ 0 kod1kag Assembly rou arnatteitat eivat o akoAoubog :
CMP 80, 82

& o IXX SEGMENTA
[SEGMENTB]
y Ed® tortoBeteital o kwdikag Assembly rmou udorotei 1o code segment B
SJMP NEXT
[SEGMENTA] ...

Ed tomoBeteital o kwdikag Assembly rmou ulorotel to code segment B

[NEXT]
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L

orou JXX eivatr éva umod ouvOnkn dApa. Avdloya pe 1 ouvlrnkn 1ou Oéloupe va
e§etaocoupe oto if statement, to dApa mou xpelafopaote drapopPvETal oCUPPOVA € TOV

MAPAKATE TIivakda :

al=p JNE

a==b JE

a>b JGT

a<b JLT

a>=b JGE

a<=b JLE . W

Eow ou o xataxepnuig 80 Oa maifet to podo g petaPAnuig i tou logp. Eotw ot n tipn
tou kataxepnu) 82 eivat ion pe MAXVALUE. Emiong Beopovpe omtt MAXVALUE < 25510.

Tote 0 kad1kag Assembly rou aratteitatl €Xet ) Poper) : »
LDB 80, #00

[LOOP] \ €

Edo tomoBeteital o kwdikag Assembly rtou ulorotetl to code segment C
Ey )

INCB 80

CMPB 80, 82 A )

JNE LOOP \
iy

Aoknon 40

[Teprypayte ouvortuika g dradikaoieg riou Aapfavouv xopa otav oupfel pla aitnon darkorng.

2

- Auon

Yridpxouv U0 meplimtmoeig :

1.

@) sns§spya<§tr’]g\ va pn Ppiloketalr oe Katdotaor €KTEAEONG KAIOOU KOOKA KpPiolpou
prvc&Ztnv nepumton auvtr 1 aitnorn 81aKor)g mou SeKvd armd Pl IEPLPEPELAKT)
OUGKEUL], H£06 TOU EAEYKT] S1AKOIGOV AVAKOIVAOVETAL OTOV £MeSepyaoctr]. AUTOG 0AOKATPGVEL
mv mvsor} MG TPEXOUOAG €VIOANG, amobnkeUsl 1 KATAOTACT TOU IIPOYPAPHATOS ITOU
€1pexe ot owpo oupnepldapPavopévng g H1evBuvong g emOPEVNG TPOG EKTEAEOT
EVIOANG KAl AKOAOUO®G PEO® TOU €AeyKTl] HlaKOM®OV evpeP@OVETAl yia TO ITO0 eivat To
neplPepelako mou {ntd efunnpétnon. Metanmdda otn dievbuvon apxr)g Tou IPoypApPpaTog
eSUINPETNONG Y1 TO OUYKEKPIIEVO ITEPIPEPEIAKO KAl EKTEAEL TO IPOYpAPaA eSUITPETNONG.
Otav tedewoetl autd 1o mPoypappa, avaradei ano ) oopod 1o reptPdiiov g drakoreioag

Sladikaoiag kat ouvexifel KAVOVIKA TV EKTEAEOT] TNG.
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2. O enedepyaotr)g va Ppiloketatr omv eKtéAeorn KAMOOU KOOKA Kpiotpou Xpovou. Zinv
MEPIMIOOT auty) oAU rmbavov va €Xel AIeVeEPYOIow|oet ) duvatdtnta §1aKomwv, Orote 1)

aitnon diaxorr)g Oa ayvonBei p€xpig 0tou 0AoKANP®OEL 1 eKTEAECT TOU KPIO1OU KOd KA.

Aoxnon 41
Yrootnpite v aAnBela 1 1o wépa ng nipodtaong : "Av pe ) Xprion DMA 1 petagopd £vog
byte petaly nepupepelakoy - Kuplag pvhpng dapkei 1 KUKAO poAoyloU, TOTE PIOP® va
petagépe ITANTOTE 100 bytes oe 100 iadoxikoug KUKAOUG".
Avon %

H nipotaon avrr eivat ipopavag weudng. H taxvtnta petagopdg dev €xel Tiftote va KAVEL He TO
edv o gleyktg tou DMA Ba eAéyxet yia 100 kUxkAoug 11§ aptnpieg oW ouotnparog. Me aAda
Adywa yia va priopei va peta@épel dapkng 1 byte / kUkAo Ba ,H‘bénch\l glvat KUplog TV

apmpv ya 100 ruxrdoug, nipdypa eSapetika aribavo.

Ry
(\')

Aoknon 42
—
AN 7
2
%6
2\
{X¥ V&
&S
S/ Tp

)

a) Znv ewkova @aivovrat 2 tracks evog diokou pe Kivoupevn Ke@aldr) pe 8 sectors 1o kabéva.
Av o rabe s\ector etvar twv 512 bytes moooug sectors, Ba kataddfet n anobrikevon TV
apxeiov A, B kat [ 6tav :

. T:&éxal sléyaeog 2123 bytes ?
¢+ 10"B £xel péyebog 2848 bytes ?
. IO%XSI péyeBog 640 bytes ?

B) ApOpoviag toug sectors kABe apxeiou, UTOdEISTE T PUOKI] OPYAVHOON TAV® OTo O10KO
IOU EIMITPETIEL TV TAXUTEPT] AVAYVAOOL KAl TV Ip1wv apxeiwv A, B kat I' osiplaka. (r.x.
ypagovtag "Al oto 1c", urtodeikviete Ol 0 MPwTog sector tou apxeiou A Ba tortoBetnOet

oto sector 1c g ewovag).

Auon

a) To A 6a xataddfer [2123/(512)] = 5 sectors, 0 B 6a xataddfet [2848/(512)] = 6

sectors kat 1o I'[640/(512) ] = 2 sectors. Me aAAa Adyia povo aképata ToAAamddoia tou
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sector propouv va avateBouv ota dia@opa apxeia, akOUn Kl av PEPN TV sectors autqv
eival pepka yepata.

IMa wmv taxvUtepn OLPlaKr avayveon auiov v dpxeiov, Oa mpénet  va
€AAX10TOTIOW|0OUE TIS KIVIOE1S NG KEPAATLG. Zuven®g Ba mpérnet va rpoornadrjcoupe va
aroBnkevooupe Oco 1o Huvatdv T1IEPLO0OTEPT] TTAnpPo@opia oe Yyelrovikoug sectors.
Bagoupe Aoutdv toug sectors tou A apxeiou wg €8ng : Al, A2, A3, A4, AS otoug sectors
la, 1b, 1lc, 1d, le avtiotowxa. Katémyv ouvexioupe oeiplarda pe 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 mpénet va ouvexiooupe oto 2°. H kepaldny opeg éxer daPacet tov 1h xat
OUVETIOG 1] HIKPOTEPN Kivnon eival amdda va petarivnBel oto eowntepikontrack. Apa 1
anobnkevon Oa npénetl va ouvexioer B4, B5S kat B6, I'l kat I'2 orou/g\sectovrs 2a, 2b, 2c
Kal 2d kat 2e avriotoxa. )

(Enpeiwon : Adye adpdvelag n kepadr Oa éxel katd naoa mbavotnta petakivnBel népa
aro to ©¥Aog tou 1h. Ondte 10 ArodAuto oot MPAKTKA elvat n.arobrikevon oto 2° track

va apxioetl anod 1o 2b).

C\')

\)

Aoxnon.43

Yrootnpigte tnv aArnBsia 1 10 Pépa tov napakato :

L4

[TpooBetoviag eva yrneio 10011piWs na 'tquiq opdda YPneoAéewv 110U £€XOUV Arootaot)
K, @TIAXVK pa véa opdda ALgewv, e amnootaon k+1.

KdaBe arépatog oe avanqp&)‘[qor] OUNITANPOUATOS ®G ITPOG 2 TV n duadikev Yyrneinv, £xet
ToV avtiBeTo Tou.

. ,
Auon

H npoétaon s{vaupsufnﬁ. Eotw ya napddetypa évag Kod1kag pe 1ig 6U0 Mo KATO KOOIKEG
A&getg ¢

0000

1111

pe an&‘/taon 4. Av ipooBéon Eva yneio dptiag wooupiag Ba rmapw tg akoAoubeg KOOIKEG
Aége1g

00000

11110
mou ouvexifouv va €éxouv anootaon 4.
H nipotaon eivat AdBog. O kwd1kag cupmAnp®PaATog ©g 1pog 2 pe n duadikda yneia propet
va arnewkovioel 1o drdotpa akepaiov [-2n1, 2n-1) 10 omoio dev eival MANPWG OCUPHETPIKO,

a@ou o avtibetog tou -27-1) Hev avr)kel 0To H1A0TNHA TOV AVATIAPIOTOHEVEOV [TOCOTITAV.
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Aoknon 44

Anote tov kwdika Assembly dote ot 6¢on pviung SF21 va anobnkevetat o duadiko ynoeio
ePITIng Wotipiag tou byte mou Bpioketal ot B¢on pvrpng SF20.
Auon

To mpoPAnpa Auvetatl arda eSetalovrag dadoxikda ta duadikd ynoeia tou byte kat aAAd{ovrag
&va apxXiko yneio ooupiag peta aro kabe e€raon. Xtov kataxepnt) 80 goptwvetal to byte
tou oroiou Bédoupe va g@udoupe to Yrneio mepitir)g wotpiag. Xtov 81 undpxel 10 TPEXAV
urtoAoylo0ev yneio. Lrov 82 arobnkevetal 1 rmoodtnta oAioOnong rouv yiverat oe kKabe KUKAO,
6nAadn oAioBnon katd 1 duadikd yneio. TéAog aviiotpo@r] TOU YPrPIioU 100TIHIAG éxahps Kabe

(PopA IMOU Katd v oAicbnon mnpoxkuyel kpatoupevo. H avuiotpoer) yivetat e pua eVIoAr)

ArtoKA£10TIKYG 61adeudng rou avtioTpePel Povo to teAeutaio yneio tou 81. )
LDB 80, SF20[00] »
LDB 81, #01
LDB 82, #01 \ -
[LOOP] CMPB 80, #00
JE  END c n #
SHRB 80, 82 [ )
JNC LOOP >
XORB 81, #01
SJMP LOOP \
[END] STB 81, 5F21[6m 4
A
 §
Aokxnon 45

And ta meov Guvnelopéw? Ad6n ota Yynelaka KukAopata eivat avtd nou rpoxkalovviatl arto
rapodikég . Pubioelg 1) audrjoeig ot taon tpoodooiag. Autég €xouv oav arotéleopa pa
YneA&dn n duadbikov Yneiev va yiverat 6do 0 1) 6do 1.

a) Mropei.0 kod1kag 1wotipiag va pag rpootatéyel apdAinia kat amno ta dvo napandve €i6n
AaBev ? (Yrodeln : Ipopaveg ernnpedletat availdyng kat to yneio wootpiag. Edetdote 6uo
MEPITIMOELS : TO N va €ival aptiog 1| IEPITTOg).

B) Xpnowonoioviag 1g 1810TTeg TIOU TTAPATIPI|OAte OTo (a), IIPOoTeiveTe €vav arnodotiko KMdika

nipootaociag amno tetola Addn.
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Avon
O mapardte® rivakag urodeikvuel 1o T oupPaivel yia daptio / meptttd n, apua / meptt

tootipia Kat yia Adfn rou ntapayouv 6Ao O 1) 6do 1.

n Iootiuia | Aa@og | Ilpootaoia
Aptiog Aptia OAa O Oxt
OAa 1 Nat
Aptiog [Tepitin OAa O Nat 2
OAa 1 Ox1
ITepttrog Aptia OAa 0 Nat o
OAa 1 Ox1 4
[Teprttog | Ilepirtr OAa O Nat
OMAa 1 Nat

BA¢roupe ouvenwg ot évag kwdikag ooupiag de pr[opsicaa pag rpootatéyet arno auvtd ta Aadn
Otr) MEPIUTTIOOT TIOU T0 1 givatl dptiog, eve emiong 6e pmopet va‘pc@ MPOOTATEWEL OTAV TO N eivat
[IEPITTOG KAl XPNOIHOIOooUpe dptia wootpia. | )

Mua Auvon oe auto 1o mpoOPAnpa eival va ﬁwﬁpéoco IOV APXIKI] Pou TAnpo@opia ot dUo 1o
duvatov ioa pepn. Lo POTo PEPOS EMOUVATII® Yn@io aptiag woonpiag Kat oto deutepo Yynio
meplItng ootipiag, @povtifoviag d)orﬁv unc’tgga HE€pPOg pe mepltto aplfpo yneiov oe auto va

epappootei 1 meptrtr) wotipia.

A

- Aoknon 46

[Toon eival n anodtaon tog KOO1KA TTOU TIPETEL VA XPIOIHIOIION)0®M Yid VA HUIT0P® VA EIMTUXE®
avixveuon £wg K\Cll ietpart)xd)v AaBov ? Av o rOdikag @riaxvetat ano A&elg v S duadkav
ynoeiov w‘:g KOO1KEG AeCe1g untdpxouv ? Artodeilte tov 10XUp1opo oag.
¢ Avon

a va pmM va aviXveuo tnv unapsn £¢og kat d Aabav, xpetdfopat Eévav Kadika pie anootaor)
d+1. Zuvenwg ya myv avixvevon tetparmdev Aabov Ba mpemnel va Xp1oponoujom evav Kodika
anootaong 5. Kodwkag amdotaong S5 onpaiver o6tt kaBe {elyog duadikwv Wwn@loAégemv tou
KQO1Ka £xouv andotaor katd Hamming touddaxiotov 5, dnAadr) Sragpépouv touddxiotov oe S5
duadikd ynoia. Av o1 kad1keg AEge1g €xXouv OAa K1 0Aa S5 duadika ynoeia, autd onpaivel 6T ot
A€8e1g mou urapxouv otov Kodika etvat povo duo, ot :

B4 B3 B2 B1 Bo

1Ba B3 B2 !B1 Bo
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(Enpeiwon : avdadoya pe ug Tipég rou Ba uoBetnBouv yia ta P4, B3, B2, B1 Kal Bo mporUITIEL K1

évag O1a@opetikog Kdkag, OXt Opwg dAdeg Kadikég Aegeig otov 1610 kKMOKa. XUvVoAka

untapxouv 16 dragopetikol KOO1KeG Pe HUo KOO1KEG AéCe1g 0 KAOe £vag).

a)

B)
y)

5)

Aoxnon 47

[Téon eival n andotaon evog K@O1KA TTOU EMMTPETEL TV avixveuor dirmdav Aabov ?

[Toon eivatl n arnootaon evog Kadika rmou ermrpernet ) 610p0won armiaov Aabov ?

[Toon eivat n andotaon evog Kadika 1ou Ba ermrpénetl 16oo 1o (a) 6oo kat 1o (B) mapdAAnia?

E¢nyeiote avadutikd 1o yati. §

Avaniapaotrote tov -78;0 0¢ CUUMANPOUA ©G TPog 1, xXpnowporowwviag .8 duadikd yneia.
A

Kodikoroleiote tv mmpokKUrmoucoa avarnapdotacn oe Kodika pe 1g 1§1c'>tr]tsg T0U

urnoep®Ipatog (y), Xpnowpornoiowviag ta eAaxiora duadikda Lpr]cpm)

Auon

Ia va priope va avixveuoe v unapdn ¢og xat d Aabov, hldgoum évav rodka pe
andotaor d+1. Zuvenmg yla v avixveuor SutAov Acéd)v 6& rﬂérm Va XP1OTHOIIo0® £vav
Kod1ka anootaong 3.

Ia va prope va 810pbwon eémg kat ¢ Adby, kpstdgaou gvav kodika pe anootaon 2c+1.
Zuvenog ya v 610pbwon armiev AaBov Oa, mpérel va Xpnolornou)om &vav Kodika

artdotaong 3.

y) Ioxtouv ta akodouba : /\ 4

¢ O am\og rodikag Hzmming 81o0pBwvel armdd Adblrn, xwpig va Propetl va mpoopEpet
aAdeg 16101Teg avixveuong /810p0wong. Apa £xel arootact ToUAdxiotov 3.
¢+ O armog xwdikag Hamming eival féAtiotog. Zuvenmg 1 anootaoct) tou gival akpipog
3.
¢ Me 11 apéo@son.svég duadikou yneiou wotnpiag naipvoupe tov Kdika modified
Hamming rou mapéxet kavointeg avixveuong dirmdov rat 610p0wong armiev Aabov
Katerniong sivat BéAtiorog.
Apa TO gpoINUa g AoKnong propet va tpororoinBei oto modon eival 1 arootacr £vog
modiﬁe}(Hamming KOdka. ®a amnodei§oupe o eival ek kataokeur|g 4. Eote ot Aégeig tou
ardou k0dika Hamming A kat B. Av ot A kat B éxouv andotaon 4 1) peyadutepn 0Tl Kat
yneio wootpiag va npoobiowm yla ) KATAOKEUI] TV aviiotowxev Aé§ewv tou modified
Hamming k®d1ka, o1 mpoxkuItouoeg kK@d1kEG Aégelg Ba éxouv andotaon toudaxiotov 4. Eote
Topa ot ot A kat B éxouv andotaon akpifag 3, dndadn Sagépouv ota duadika ynoia x, y
Kadl z KAt 0tt 0 apifpog 1@v acomv ota uriodora yneia tov A kat B eivat @. Tote propoupe
VA KATAOKEUAOOUHE TOV MAPAKAT® Itivaka 1mou deixvel o1l otov modified kodika Hamming
ot A&fe1g mou mporurTtouv aro ta A kat B Ba da@épouv katl oto ermouvantopevo Wneio

raBolwkrg wootipiag (Pa kat Pg).
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[0) Ap1Bpog 1 ota x, y katz | ApiBpog 1 ota x, y Kai z Pa Pg

0 3 0 1

Aptiog 1 2 1 0
2 1 0 1

3 0 1 0

0 3 1 0

[Tepittog 1 2 0 1
2 1 1 0

3 0 0 1

Apa 1 anootaon Kat avtev 10V euynv Ba sival 4 otov kwdika modified Hamming.
(Enpeiwon : pe v id1a arodekuikr dradikaocia propovpe va deioupe o611 1 1IPOOBEOT £VOG
ynoeiou wootpiag oe kABe kWOIKA Pe TIEPITIO AP1OPd ArodoTAoNg, AUSAVEL TNV APXIKL) ATTO0TAOT)
: V¢
Katd 1).
8) O -781p og ouprAnpopa ®g 1pog 1 &xel wg avarnapdotaoct to ouprnpepa mg 6uadikng

avarnapdaoctaong tou 7819, mou pe 1 PEBodo twv Sradoxikmv dlaipsoewv ﬁnopofms va

Bpotpe ot eivat 01001110,. Apa -7810 = 101100011s. H oUpevn k®d1KoToinon €xel

OUVETIOG Tr) PopQr) : \

131211110 9| 8 | 7 6(5!\
P M~ NIj__Ms M4 Cs Ms M, | Ca

OB N OIEeIDe)

C1=M M1 @ %ﬂs @ M4 @ M6 = O
4

CQ]‘Mo@Mg@M3®M5®M6=O

A OEMJ)O M, ® Ms © My = 1
CS=M4@M5®M6@M7=1
P=M0@M1@M2@ 3@M4@M5@M6@M7@C1@CQ@C4@C8=O

Kal OUVEN®G 1O KQ61KOHglnpéVO prvupa sivat :

1312 1109|8765 ala| 2]
& M7 | Mg | Ms | Mg | Cs | Mg [ Mo | My | Co | Mo | Cp | C
0

? 0 1 1 1 0 0 0 1 1 0 0

Aoknon 48

a) Aidetat to akoAouBo duadikd prjvupa :
Mo onpavuko yneio->000110101 101 <-Atydtepo onuRaAviKo Yneio
O arootodéag TOU  PnVUPRAtog 1o éxel Kpdwkoroujoer katd Hamming éxoviag
XP1OPoTIOW0el Ta eAdxXiota anattovpeva duadika ynoeia edéyxou. EAéyEte tnv opBotnta tou

pnvupatog, 610p8wote Tuxov AdBn tou Kat e§dyete TNV ApPX1KL) MAnpogopia.
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B) Anavirjote otov AIOCTOAEd TOU ITI0 IMAVE HUNVURATOG XPENOTHOIowwvIag Kadika tootpiag

otAng ypapprng (pe omotla opydveor) ermbupeite) Kat v minpogopia :

o onpavuko yneio ->01 110 1 1 <- Atydtepo onpavukod yneio
y) YroBetovrag éva pubpod petddoong dedopévev 1bit/ns mmoco xpovo diurjpreoe 1 aviaddayr)
auTOV TOV MANPOEOPIOV ? LE Tl IT0000TO ToU XpOvou aviaAAaxOnke xprjowurn minpogopia ?
[Tolog amd toug duo Xpnotporionbevieg Kodikeg €UBUVETAl TEPIOOOTEPO YA TNV HIKPT

@@EAn xpron tou dabéopiou pubpou petddoong ?

Q,

Avon

R

a) Agpou 1o prjvupa eivatr Kedwkonoinuévo kata Hamming cupniepaivotpe, ot ot1g 6€0e1g mou
% mAnpogopiag. Me

eivat duvapeig tou 2 Ppiokoviatl yneia eAEyxou Kat otig Ur[('))xog;[@ 1)

dAAa Aoyila 1o prjvupa €xXet ) popen) ¢
o
12 11 10 9 8 7 6 S 4 3 2 1
M~ Me Ms Ma Cs M M CM1 N a Mo Ca C
0 0 0 1 1 0o ., 1 )o 1 1 0 1
EAé¢yxovtag ek véou v ooupia tov opdwmpvoups :
Pi=Me® Ms® Mz® M: @ M Ci=1
1 6 4 3 1 0 ,% ) )
P2=M6® Ms@ Ms@ Mg@ Mo@ CQ=O
P4=M7® Ms@ MQ@ M1@ C4=O

P8=M7@ Me@ Ms@ M4(‘B t8=0

Zuvenwg éxa\oug[%ei AdBog oto PsP4sPoP; = 0001 = 1° yneio tou pnvupatog, To omoio Kat
AVTIOTPEPETAL WOTE VA TTAPOUE T1 0®OTH ITAnpogopia :

12 &1 1 « 10 9 8 7 6 5 4 3 2 1

M7 w6 Ms M4 Cs Ms M, M, Cs Mo Co Ci

0 0 0 1 1 0 1 0 1 1 0 0

Arnoppirtoviag ta yneia eléyxou, Bpiokoupe Ot 0 artootodéag €otelle 1 MMAnpogopia

M7M6M5M4M3M2M1MO=OOO 10 1 O 1 .
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B) Eote 6Tl ermdéyem TV opydveor) g MANPo@opiag Hou o T€00EP1S YPAPHES Kat SUo otnleg.

YroB¢toviag aptia wootpia naipve :

ol » O ~ O
= O ==
= = = O

To ¢€tpa duadwko yneilo de xperdletatr va petadobei, aAdd propel va urovoeitatr arod
artootoAéa kat rtapadrnrr. Emiong av e pag evbiagépet n wootpia twv Lpn(;}/io)v 10gupiag Oe

xpetaletal va tapaxfei kat va petadobei 1o katw de§ia ynoio.
R

y) Ta ocuvoAika yneia mou petagépoviat eivat 12 oy (a) nepirmtoon kat 13 (14).otn (B). I'a ta

25 (26) auta yneia Ba xpelraotel xpovog 25 (26) ns. H xprjowyun ;ﬁq&iq eivatl 8 duadika
ynoia oty (a) nepimewon kat 7 duadika ynoeia otn (). Apa To 10000td OEEAING XP1ONG
etvat 15 / 25 = 60% (15/26 = 57,7%). Zinv (a) exoupe o@eAun xpron kata 8/12 = 75%

eve ot (B) xata 7/13 = 53,8% (7/14 = 50%). & artd)g\o 5?1515909 rodkag ermpPapuvel
Q)

“\, Aoknon 49

¢+ YmolAoyiote ndéoa Suadka Lpij(pia eAdeyXou amattovvial yua v 610p0worn ardou AdBoug

EP1000TEPO TO PUOPO petadoong.

pnvupatog prkoug 11 duadikev YPreiov.

¢ Agite v k@d1Komoino” nqqtpom’mtm vatopnvupa:01111001010.

¢ Acifte oG propeite va ravete 610pOwOn T0U KOSKOIOUPEVOU pnvupatog, otav oupfet
AdBog oto 3° QUCL@K() Yhiio ToU apX1KoU Pnvupatog.

¢+ EnavaAdfete 1a maparndve oOtav ondooupe 10 APXIKO PNVURA  0f  TETPAdeg  Kat
scpapp(&uue gc'oﬁum ooupiag otAng / ypapung. Iow eivat mpotipotepn Avon kat yati ?

Avon

¢ Ao tc)/u'mo 2¢ > c+d+1, yua d=11, PBpiokoupe 611 0 eAdxiotog ap1Bpog YPneiov sAgyxou
TIOU 1KAVOITO10UV TV aviootnta eivat c=4 rat ouvenwg Oa mpénet va npoobeooupe 4 duadika
yneia eAéyxou.

* H {nrovpevn kwdikoroinon €xet ) pop@r) :

15 114 | 13 | 12 | 11 | 10 9 8 7 6 S 4

Mo | Mg | Mg | M7 | Mg | Ms | My | Cs | M3 | Mo Cq

L O] O] o S D é)@
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C1=M0@M1@Ms@M4@M6@M8®M10=O

Co=Mo @ My ® M3z @ Ms @ Mg ® Mo @ Mip =1
C4=M1@MQ@MS@M?@ME;@MQ@M‘loz1
C8=M4@M5®M6@M7@M8@M9®M1o=O

Ka1l OUVEN®G 10 K@d1Komonpévo prjvupa sivat :

15 |14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1

Mio| Mg | Mg | M7 | Mg | Ms | Mgy | Cg | M3 | Mo | M; | C4 | Mo | C | G

0 1 1 1 1 0 0 0 1 0 1 1 0 1\0

YroBétoupe o6t oupPaiver AdBog oto Mg kat ouvenwg Aapfavoupe 10 axoAoubo

AavBaopévo prjvupa :

15 114 | 13 | 12 | 11 10 9 8 7 6 ) 4 3 2 1
Mio| Mg | Mg | M7 | Mg | Ms | Mg | Cg | M3 | M M1\C4 Mo | Co | C
0 1 0 1 1 0 0 0 1 L 0 1 0 1 0

P,=Ci®Mo®M,; ® Mz ® Ms ® My ® Mg @ My = 1

Enavatnodoyifoupe v wootpia v 3’d6mv Kadl Iaipvoupe :
Py =Cy® Mo ® Mz ®Msz @ Ms @ Mg ® Mo @ Mip =0
Ps=Cs®M; ® M2 ® @ M7 ® Mg ® Mo @ Myp =1
P8=Cg@M4®5®W®M7@M8@M9®M10= 1
Zuvenwg to AdBog evrortifetaronn B¢on PsP4P>2P1 = 1101 = 13,0 rou Bpioketat to Ms.
Znadoviag 1o prjvupa og 4ddeg kavepappoloviag opfoviia Kat Kabetr ooupia maipvoupe
Vv €8¢ K®dkomoinon : g,

0N °

= O = O
Ol = O =
= O O =
O ©O = =
ol = O =

L
OITOU  UFtoVooUE £va ermrtAéov Pnoio ico pe 0. Eotew ot taAt aAdowwvetal 1o Mg, dndadn ot

0 mapalAfIng naipvet v £6ng mAnpogopia :
0 1 D

1 1 1
0 D 1 0
0 1 0 0 1
1 0 1 0 0

Ao tov €Aeyxo 1ootipiag Srarmotmvel mPOBAnpa ot MEOTN YPAPHL] KAl 1) IPOTN OTHAr.
Yuvenng 1o AavBaopévo duadiko yneio eviomidetal otV IO} TOUG KAl AVIIOTPEPETAL.
Metalt twv duo kwdikeV mpotipotepog eivat o Hamming, agou ywa prjvupa idiou peyeBoug

aratel onpavukda pikpotePo aplfpo Yyneiov eAgyxou.
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Aogknon 50

To ak6Aoubo prjvupa 1ouv e@tace oe oag eival Kedikornoupévo oe kwdika modified Hamming.
EAéyCte tnv opBOTNTA TOU KAl EQPOCOV 0AG TO EIITPEIIOUV 01 HUvaATOTNTEG TOU Kadika, dopbmote
TUXOV AdOn tou. Yrobéote dptia tootpia Kad1koroinong.

(ITwo onpavuxkd ynepio) > 001111011 O« (Wnoio Iooupiag)

Avon
ApoU 10 Yneio wotpiag éxer uroAoylotei mdve oe OAn ) KON A&Sn, propoupe va
oupriepdvoupe Ott 1 wotpia NG A&ng etvart 0 @ 0 @ 1 @ 1 @ 1 @1 @00 1 @ 1 = 0, ou
ouprirtetl pe 1o petadobev ynoeio wootipiag. Apa 1 1 KedKn ALln eival coot 1) £XeL oupPel

aptiog apBpog Aabwv kat npernet va v anoppiyoupe. H kodikr) A&ln exet ) poper) :

9 8 7 6 S 4 3 2 1 v

My Cg M3 Mg M; Cy Mo Cy‘ Cx

0 0 1 1 1 1 0 1 1

Kal priopoupe va doupe ot n wotipia yua to Cq, dnAadr) n Ci® Mo @ M; @ M3z @ M4 eivat
AavBaopévn. Xuvenwg é€xet oupPei aptiog apiBpog Aéo’ov ‘quéna va aroppiyoupe

mAnpogopia.
|

Aoknon 51
®cwpeiote pa half-duplex oegiplakn amKo&via petady 6vo otabpowv, ¢otw A xkar B evog
diktuou. Otav o A oteAvel HAnpocpopQOTov B, g otéAvel o nakéta wv 64 duadikev yneiev
ota oroia emouvarttet Hamming k@dwkorioinorn. Otav o B otéAvel mAnpogopieg otov A, tig
oteAvel og TIAKETA TV 16 6uqsu<d)v Ynoiov ota oroia ermouvarttel kKOdika ooupiag otmAng —
ypapung. YroBétoviag ot 0‘[040% TOU XPOVOU OTO0 KAVAAl eKIEPriel o otabpog A Kat oto
urntoAourto 40% o otabpog B, urodoyiote 10 110000Td WEEAING XP1ONG ToU Kavaldiou, dnAadr)
000 TO1G sKaté\xp1]01porbtaita1 10 RavdaAtl yua v avtaddayr) kaBaprg minpogopiag petagu

TV 6U0 otabuav.

" Avon

L
Zta 64 dudbika-pneia mAnpoopiag o A EIMOUVATTIEL TA €AAXIOTA PN @Pia €AEYXOU C £T01 OOTE va

wKavoroteital n oxéon 2¢264+c+1. Apa o A ermouvdritet 7 ynoeia eleyxou. Zuvernwg oOtav
petadider o A, peradider makéta v 64+7=71 yYneiov ek 1@V omoiwv KaBapd o@EAN
mAnpogopia sivat ta 64.

Ta 16 duadika yneia nmAnpogopiag o B ta Siataocoetl oav éva nivaka 4x4 kat ermouvarret 8 (9)
ynoia edéyxou (4 ya kabetn wotpia kat 4 yua opifovra) (kat 1 axkopn ya v wootipia tev
ynoiev wotpiag). Zuvenwg otav petadiderl o B, petadider nmaketa wv 16+8(9)=24(25) yneinv
€K TV ornoinv kabapd weeAun rmAnpogopia sivat ta 16.

To mooootod WEEAING XPr)jong tou Kavadiou otav petadibert o A katd 60% kat o B katd 1o

unoélowno eivat 0,6¥64 /71 + 0,4*16/24(25) = 0,8075 (0,7968) 6nAadr) 80,75%(79,68%).
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