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Apyrtextovikn Yroloyiotov I

= H pviun vmoroyiot@v

‘Eva and ta kOpro tunuata kabe vmwoloyiot| eivar n pvnun. Me tov 6po pviun
yopoktnpiovpe OmodNTOTE HOVAdL €YEL TN SLVATOTNTO VO ATOONKEVEL OLUOIKEG
TANPOPOPIEG KOL VO EMTPEMEL TNV OGPOAN OVOKTNGN TOVG. XTO ECMTEPIKO TNG
KEVIPIKNG HOVADNG €£VOG LTOAOYIGTY], UTOPOVUE VO EVIOTIGOVUE HOVAOES LVIUNG,
oTOV eMeLEPYAOTN, OTN UWNTPIKY TAOKETA N GE KAPTES, KAOMG Kol 6€ UayvnTIkéG 1M
OmTIKEG LoVAdES (oKANpol dlokot K.a.). Opiopéveg amod T LOVAdESG aVTEG (KPLON Kot
Kopww pvnun) stvor queca mpoomeAdoipueg and tov emefepyaotn (KME), evo
opwopéveg GAleg (okinpdg dlokog K.d.) eivol mPOoTEAUCIUES HEC® UNYXOVIGUOV
€10000v-eE0600V. EmumAéov umopodv vo ypnoipomonBodv pHoyvnTikés 1 OMTIKEG
povadeg pvnung, mov Ppiockovrar €@ amd TNV KEVIPIKN HOVASQ TOVL VTOAOYIOTH,
HEC® PNYOVICUAV €16000V-e£0000. H pvrun evdg voroyiot otaxpivetonr cuvifwg
oTNV KOPLOL PviuN, N amAd pviun, kot tn dgvutepevovsa 1 Pondntikn pviun. v
Kopua pvnun meptapfPavetar 1 RAM (Random Access Memory) kat 1 ROM (Read
Only Memory) eve otig Pondntikég pvnpes meptiapPfévovior ot Hoyvntikés Kot ot
OTTIKEG LOVAOEG LVIIUNG.

Toyaio ko akorlovOrok Tpoonélaon

Ot povadeg uvAuNng umopohv va Sloy®PIoTOVV G€ HOVASEG Tuyoiog (1 QUEOTQ)
TPOOTELUONG KOl Hovadeg okoAovOlakng (1 oeplokng) mpoomélaons. O tpdmog
TPOCTELACNG L0 LOVAdAS Lvnuns kaBopiletar amd Tov Tpdmo pe Tov 0moio pumopodv
va avalnBoldv kol vo avakAnBovv ot TANpoeopieg TOv TEPLEXEL | GLYKEKPIUEVT
povéda pviung. O xpodvog mpocmédacng (access time) pag Lvipng etvat o xpovog mov
TEPVAEL OO TN OTIYU] MOV emMALYeTal o B€omn pviung, Héypt tn OTIYUn 7OV TO
neplexOpevo g Béong avg £xet draPaoctel n ypaptel.

Mviuec tyaioc mpoomélaons: €lval  KOTACKELAOUEVEG OO  OAOKANpOUEVA
KUKADUOTO NUayoyov, dev dafétovy kivodueva PPN Kot 0 YpOdvog TPocTELUCNG
pag 0éong pvnung eitvor mwhvta o 1010g kot ivar aveEApTNTog omd TN GLYKEKPIUEVN
0éon g pvipme.

Mviuec axolovbraxne mpoomeiaonc: ol Bécelg pvnung dev gival dpeco StobEIIES Kot
n npoécPfacn oe avtéc omoutel TN YPNON  KWOVUUEV®V  UEPDV  (KEPAAEG
avayvoong/eyypaonc). I'a to Adyo avtod, o ypdvog Tpocmédacng o€ pia BEom pvAung
dev gtvan otafepdg, oAl eEaptdrar amd T 601 TG GLYKEKPUEVNG BEoNC LVUNG ™G
TPOG TNV KEPAAN.

OH KOpue Kou 1 Kpue1 pvipun €ivol TOmov Tuyeiog mTPooTELAGNS EVA oL
PonOntikég pvipeg givar TOTOL 0KOAOVOLOKN G TPOGTELUGTG.
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SRAM kar DRAM

Ta oloxkAnpopévo kKukAGpata povadmv tuyoiog tpoonéiaons (RAM) dwartiBevton oe
dv0o TOTOLG:

e Ot dvvapikég pvnueg DRAM (Dynamic RAM)

e Ovotatikég pvnueg SRAM (Static RAM)
®» Mo oratikf pvAun zmeptlopPdver ovolaotikd eowtepikd  flips-flops, mov
amofnkevovy dvadikég mAnpoeopies. H amoBnkevpévn minpogopio mopapével
£yKvpn (0ev AALOIDOVETAL) Y10 OGO TOPEXETAL NAEKTPIKO PEVUO OTN LOVADOL LVIUNG.
®» Y dvvamkn uviun 1 Svadik mAnpogopio. amodnkedetor pe T popen
NAEKTPIKDOV Qoptimv mov epapudloviar G6€ TUKVOTEC. To @optio mov &ivar
amoONKELUEVO OTOVG TUKVOTEG EYEL TNV TAGCT VO EAATTMVETOL WPE TNV TAPOSGO TOV
xPOVOL Kot Yo TO AGY0 avTtd Ba TPETEL 01 TLKVAOTEG TEPLOOIKA VO ETOVOPOPTILOVTOL.
Anhodn yiveton éva "epeokdpiopa" (refreshing) g Svvopikng puvAung. To
QPECKAPIGHO TPAYHATOTOEITON KAOE Alyol YIAOGTO TOL OELTEPOAENTOV HE KLKAIKT
chpwon 6hov Tov Bécewv pviung. H dvvapikn pviun oe oxéon pe v oTOTIKY
pviun xpnolomotel Mydtepa MAEKTPOVIKA oTolyeion kol Yy to AOGYo avtd £xel
HEIOUEV KATOVAA®ON 10YVOC, UEYUADTEPT YOPNTIKOTNTA 0modKELONG aVA TOIT
UVAUNG Kol pIKpOTEPO KOGTOG. AvtifeTor M OTOTIKY] pvAUN €mEWN Oev ypetdleTal
aAVOVEDOT, Elval TayVTEPN OO TN SVVOLUIKT).

o H x¥pro pvijun viomoreitonr pne Suvo itk pvijun Evo 1 KPoQ1| RE OTATIK.

Eion DRAM oc7tovg [Ipocomkovg Yaoroyrotég

H SDRAM (synchronous DRAM) civor éva yevikd 6vopo mov JSivetol o€

oplopéves pvnueg Tomov DRAM ot omoieg pmopovv va GuyYpOvIGTOOV UE TNV

ToOTNTO TOV POAOYOD TOL JOoVLAEVEL 0 emefepyoosts. H toydtmra pog

pviung SDRAM vroioyiletoan 6 MHz kot 6yt 6€ nanosecond.

o H RDRAM (Rambus Dynamic Random Access Memory) sivol £vo, oYeTIK
véa texvoroyia pviung DRAM 1 omoia ypnoipomotel pio StopopeTikn dtataln
TOV GTOEWWODV HOVAd®Y OmOONKEVONG TOL SBETOVY TO OAOKANPOUEVA
KukAGpoata pviune. H otdtaén avt) pe ) Ponbeta eKAeKTOV Kol apTnpidv
emutpénel oty pvnun RDRAM va petaeéper péypt ko 1.6 dicekatoppdpio
bytes 10 dgvtepOAENTO

o H DDR- SDRAM (Double Data Rate SDRAM) &ivai pio cOyypovn SUVOLIKTY
RAM 1 omoia Becwpntikd umopel va SIMAAGLAGEL TV TOCOTNTA TV OEGOUEVOV
OV PETAPEPOVIOL GE o dedopévn ovuyvotnto Asttovpyiog g Avtd 10
EMTLYYAVEL EKUETOALEVOEVT] KOl TNV GVOOO KOl TNV TTMGT TOL GYLLOTOG KAOE
KOKAOL POAOY10U YiaL TN HETAPOPE dEdOUEVOV.

Elllpéokorpn kar pun npdokarpn amodikevon

Ot pvnpeG T TEPLEYOUEVA TWV OTOI®MV YAVOVTAL OTAV TOWOLLE VO, TIC TPOPOOOTOVE
pe miextpwd pedua ovopalovrar "mpookoupec" (volatile). Ta oloxAinpopéva
KUKADLOTO TOV GTOTIKAOV Kot Suvopuk®v RAM aviikovv 6g oot Ty kotnyopio apov
TO KOTTOPO UVIUNG TOVG YpetdlovTot EMTEPIKN NAEKTPIKN 1oYD Y10 VO O10TPHiGOVY
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Apyrtextovikn Yroloyiotov I

Vv amofnkevpévn TAnpoeopia. Avtifeta ot un mpdokapes pvnueg (novolatile) 6mmg
glval o1 fonOnTikéc pvnueg, d1aTNPOVV TIC TANPOPOPIES TOVG KOl YMPIg TNV VTAPEN
NAEKTPIKOD pevpaTog. AVTO ovpPaivel O10TL OTIG UVAUES OVTEG Ol TANPOPOPIEG
amofnkevovTal Pe HoyvnTiKO 1 onTikd Kot dgv emmpedlovtal amd v dloKomn g
NAEKTPIKNG 16YVOC. AAAO Tapddelypo Un mpdoKapng Uvnung sivor n pviun povo-
avéyvoong (ROM). Ot un mpdokaipeg LvneS ival amopoitnTeEG GTOVS VITOAOYIOTES
Yo vo  pumopovpe vo omofnkebovpe mpoypdupato Kot dgdopéva mov  Ogv
YPNOLOTO0VVTOL Apesa aAAd Ba to ypelactovpe oto péALov. Tlpoypdupato kot
dgdopéva mov etvar amapoitnTo KoTd TN oldtkacio eKkiviong evog LTOAOYIGTY Kot
dev mpémet vo petafAnBovv moté anobnkevovtal ce ROM. O vmoloyiotig umopel va
ypnowonomoet ta meplexopevo g ROM otav mapéyetar oe avtov oyv. Otav o
VTOAOYIOTNG €ivol 6e Agrtovpyio Kot OTOV YPEGTEL TO VITOAOUTO, TPOYPAUUOTO KoL
dgdopéva ov givarl amodnkevpéva oe PondnTikég Pvnpeg UTopovy va LetapepHovv
otV kopra pvnun (RAM) tov vroroyiotr. Eniong mptv v dwokonn ¢ Asttovpyiog
TOV VTOAOYIOTY| TO, TEPLEYOUEVA TNG KOPLOG UvAUNG, Oa Tpémel va petapepBovv og o
BonOntkn pvqun v n TAnpogopia avt TPENEL Vo QLAY TEL.

1\

ﬁAPAZTHPIOTHTA 1

o Ilog dwympilovrar o1 povadeg pviung avdroyo pe tov TPOmo mov yivetar 1
TPOCTELACT OE QUVTEG; LE OO, KATIYOPia VI]KOLV 1] KPL@P1] KO 1] KUPLo. pvijun)
KoL o€ Tol0 ot fonOnTIKES pvijpeg;

e No gnynoete Tig givol «avavé®on» Kol Yioti givol amapaitnT) OTIC UVINHES
DRAM. T yvopilere yia Tig pvijpes SRAM; Na 6uyKpiveTe TIG 0maVTGELS GOG
pe v evotnto «H pvijun vroroyiotdvy.

o To mePLooOTEPES AETTOPEPELES VIO TOVS TUMOVS UVIIUNG VO avaTPEEETE 6TO
pprio Tov M. Morris Mano: «Pnerokn Xysdioon» kot cvykekpyuéva 6to 7°
kepaiaro: «Katayopntéc, Metpntég kor Movadeg Mviuno».

345



Kepdhowo 4 / Evomra 1

= H Iepapyio pvipng

{APAZTHPIOTHTA 2

H toydtnto pe v onoia o enelepyaotic enelepyaleTor Ta dedopéva givar ToAD
REYOAVTEPY 0T TNV TOYVTTO UE TNV OTTOL0 1) PVI|UN UTOPEL VO TOV TPOPOOOTEL N
ogoopéva. T ovvémern £xer avTéd otV 006061 TOV GVGTNNOTOS; Na TpoTeiveTe
TPOTO pe TOV 0moio 0o PTOPOVGE VU UVTINETOMIGTEL GVTO.

{AHANTHZH APAXTHPIOTHTAX 2

H pkpn toydmra g pvijpung o€ oyéon pe auti Tov eneepyacti] £XEL OG GUVEMELN.
N pvijun vo amoterel Evav Tapayovta emppaovveng g amdd0061g Tov enelepyaotn
KOl KOt~ ETEKTOON OAOKANPOL TOV cvoTraTtos. Etopévag to 10aviké Oa ftav va
APNOUOTO|GOVIE UVI|UT] HE HEYAAN YOPNTIKOTNTO 0AAG KOU VYNA] TOXOVTNTO
peta@opds dedopévov. Mia tétoro pvipn opmg Ba £yxer woAd vynié kéotoc.
Enopévog pio Aon 0o 1Mtav vo propoOcope vo YPNGLUOTOOVHE TO €105 TG
pviung to omoio e€ivor kotdAinio o kaBe mepimtwon, avaioyo pe T
AOPNTIKOTNTO KOL TAYVTITO TOV TPOCPEPEL.

OFm va avénbel 1 ocvvoMKi] 0700061 TOL VAOAOYLOTIKOV GUGTILOTOS
avalnT)Onkav eVOALOKTIKOL TPOTOL, £TOL (OGTE N UVI|UN] VO PNV omoTeAEl
napayovra emfpdovveng Tov cveTNnotos. O KLPLOTEPOS 0md GVTOVS TOVG
TPOTOVG givar 1) 1EPAPYNON TUNRATOV TNG UVIAUIS OVAAOYE PE TN TOXVTTO KoL
™ YOPNTIKOTNTE 7OV TPOSYEPOVY. LTV KOPLON TNG EPUPYiog £XOVHE TOAD
KpES, YPNYOPES arAG akpiPéc pvipes, eved otn Paon £rovpe pvipeg pe peyaro
péyedog, apyéc kot @Ovéc.

Ye o tomikn epapyio pwqung (oymua 4.1.1), oto avotepo eninedo Ppickovrarl ot
katayopntég e KME, ot omoiot ypnotpomotodval yio tnv mpocwpivi amodnkevon
EVIOA®V Kot dedopévev. H tayvmta tov Katayopntdv sivor moAd vymin (ion pe m
TaYOTNTO TOL EMEEEPYOOTN), N YOPNTIKOTNTA TOVG €lvol TOAD UIKPN VA TO KOGTOG
KATOOKELTG TOV KATOXOPNTOV Elvatl VYnAO.

AxolovBel n kpve1 pvrun M omoia dtabéTeL TayhTNTO PEYAAVTEPT OO €KElVN TNG
Koplag pvnune. H xpoer pviun a&lomotel v apyn e TomkoOTNTOS TS 0VapOopdg
KOl TEPLEXEL avTIiypopa TUNUATOV NG KOPLOG UVAUNG, HE OKOTMO TN ypnyopn
TPOPOSOTNOT TOV ENEEEPYACTN LE TO OEOOUEVA TTOV YpeLdletal. XvvBmg vAomoleiTon

pe ymoidec ototikng pvnung (SRAM).
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AxoAiovBel M kVplo pviun, M omoio. VAOTOEITOL pHE YNEIOES SLVOUIKNG UVAUNG
(DRAM), ot omoieg yapoaktmpilovtor amd HEYOADTEPO YPOVO TPOCTEANCTG KO
LUIKPOTEPO KOGTOG aVA LOVAd amoONKELUEVIG TANPOPOPLOG.

Ot poyvnrikoi ko o1 ontikoi dickot Tomofetohvtal oto 6V0 ETOUEVO EMITEDA, EVOD GTN
Bdon cvvoviovpe TIC LOVAdES LOYVNTIKAOV TOWIMV, PE KOPLoL ¥PNoN T HOVIUN Kot
acQOAT 0moOnKeEVOT HEYAAOL OYKOVL dEGOUEVOV, OALE Kol TN SLOTPNON OVTLYpAp®V
acPOAElRG. AOY® TOV NAEKTPOUNYOVIKAOV SLOSIKACIOV TPOCTELUGTC GTA OEOOUEVA, 1|
TayHTNTO TPOSTELUGNG £V GYETIKA YaunAT. Ot poyvntikoi 61oKol TPOGPEPOVTOL Yo
TNV LAOTOINGT TOL PUNYOVICHOD TNG EKOVIKNG UvNUNG (otov omoio Ba avagepBovpe
otV 41 evOTNTU TOV KEPAANIOV).

T CpTTE

Kpuvgn pvijun

Kipur  pvijpm %

Morenmikol  dioxm %%

Oankoil  Siokm

/ Maoywnrikéc touvieg \

Yympa 4.1.1 - H Iepapyio g pviung

0’000 Kotefaivovpe To emimeda TG epopyioc pvipung oavédveton 1
YOPNTIKOTTO TG UVI|UNG KOl 0 HEGOS YPOVOS TPOCTELUONG, EVE UELAVETAL TO
KO00T0G 0001KEVONG OEO0PUEVOV.

OEV({) TO YOPUKTNPLOTIKA TNG TOYVTNTOS KOl TOV KOGTOVS TMV OTTIKMOV
OloK®V 6€ 6Y£61 PNE TOVG HAYVITIKOUS 0I6KOVS (GKANPOL dioKor), Eival cOpPva
pe ™ 0éon TOUG OTNV EpOPyic. PUVIUNG, M YOPNTIKOTNTA TOVG E£PYETOL OF
avtifeon pe avti.

OH wepopyio pviuig €ivar opyavopévly €Tl AOGTE VO EMITPEMETOL 1)
EMKOWVOVIO. (avTIYpa®1], HNETOPOPA OedOpéVOV) HOVOV pETACD YELTOVIKMOV
emmEd MV, ONA. gite pe 1o TPonyovuevo eninedo (av £yel), €iTe e T0 ENOPEVO TOV
(av éxer). To avatepo emimedo €ivor Mo Kovrd oTov emeepynoTi] Ko givan
MKPOTEPO KL 710 YP1YOPO 0l TO KaTATEPO. H ELAYLOTN TOGHTNTA OEGONEVOV 1)
omoio pmopei va peta@epdel and 1o éva eminedo oto AAAO OVONALETOL PTAOK.
2TV antAoVoTEPT] TEPITTOGT £VO PTAOK popel va givar pio AEEN.

347



Kepdhowo 4 / Evomra 1

ﬁ‘gjlmopmd ot KME ntav ypnyopdtepeg amd tig pvhues. Kobdg ot pvnuec
Bektidvovtal, Pektidvoviar kot ot KME, k1 éto1 1 avicoppomia Statnpeitat. Xtnv
pdln, 6tov 1 KME dmoet pio aitnon mpog m pviun, avactéAel T Asttovpyia TG
péxpt M pvaun vo amokpifel. LTovg oVYYPOVOVS VTOAOYIGTES OVAUESH OTOVG
KOTOYOPNTES KO TNV KOPLo. pvijun tomodeteiton pia evorapeon ypryopn pviun
mov ovopdlerar kpven pviun. H pvipun ovty Peitiover ™ toyvtnTto
EMKOVOVIOG TOV EMEEEPYAOTN NE TV KVUPLO VI UN).

&

g(APAZ‘.THPIOTHTA 3
No xototrdtete oe emimedo Ta €ion TNG PvIUNG, TOTOOETAOVTAS GTO LVYNAOTEPO
eninedo To €idog pe TV peyarldtepn TaOTNTO. No GUYKPIVETE TO GO COG IE TO

ompa 4.1.1.
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= H pviun kot n opyavemon g

H pviun Beopndnke cav Pacikd cuotatikd g doung vOG LTOAOYIGTY, APk omd
tov Turing Kot ot cvvéyela and tov Von Neumann, mov £€0ece Tig apyég Asttovpyiag
TV vroAoylotdv. H dmapén g xoplag pviung oe £vay vtoAoytoty| eivon amopoitnt
vyl aveEdpmta o mota Ponbntikny povado pviung Pploketon éva mpdypoppa
(oxAnpodg diokog, ookéta, CD- ROM), vy va ektedectel avtd 10 mpoOypoaupa Oa
TPENEL VO, LeTaPEPDEL GTNV KVPLOL VAN Kot va Tapopeivel ekel yio OAN T ddpkeia
EKTELEONC TOV.

H xdpro pviun evég GueTtNUATOG VTOAOYIGTH AOTEAEITOL OO £vOL GOVOAO KEAMDV 1)
KoyeAidmv N o amhd Bécelg pvnune. Kabe kel 1 B€on pmopet va amodnkevoet Eva
otafepd apBud ymoeiov. O apBuog avtdc cvvnbog ivor 8 bits 1 ToAlomAdo1d TOV
Kot ovoudletal pkog Aééng. Kabe keAl yopaxtnpileton omd éva povadikd apifuo, o
omoiog mpocdiopilel tn d1evBuvon| tov. Méow ¢ devbuvong avtig o enelepyacTis
KOl TOL TPOYPAUUATO UTOPOVV VO AVOPEPOVTOL GTO TEPLEYOUEVO TOV KEMOV. Eav a
pvnun éxet m keMd, tote ot devbivoelg g eivor amd 10 0 péypt 10 m-1 7
OLLPOPETIKA, av 1 dtevbuvon TaPIoTAVETOL e N dVAdIKE Yyneia, ot dlevBvveelg g
pvAung kopaivovtar and 0 £mog 2"°-1, evd 1oydet 2" = m. Ot d1ev0VVoelC TOV KEAMDY
ocuvnBmg exppaloviar oto 16-0w6 cvotua. To oyfua 4.1.2 amewkoviler v
0pYvV@OGoN TG UVAUNG LE TIG AETTOUEPELIEG TOV TTPOAVAPEPONKAY Yo TOL KEALH, TO
UNKOG TOLG Kot TIG O1eVOVVOELC.

00 aplpnoc mov mpoosowpiler kaGOe B¢on pviung, n oevOuve] e, eivan
ROVOOIKOS Kol Ogv aAAALEL, 6' avTiOEsT PE TO TEPLEYONEVO TOV KEMADV TTOV €ivar
petafinto.

To péyeBog evdc kehMov pviung ovopdletor AEEN Kou amotelel tn Pacikny povado
avaeopds oty opydvmon g uviune. To unkog g AéEng eitvar ocvvhibog amd 1
péypt kot 8 bytes 1 peyoAvtepo, avaioyo pe TG dvvotdtnreg tov emeepyact. H
AEEN cvvnBog kaBopilel ko T PkpATEPT HLOVAdO UVAUNG OTNV omoia Umopel va Exet
dupeon tpoGPact o eneEepyacTn .

O Aertovpyieg Ypoens KoL avayvmong

Ot dV0 Aertovpyieg TOV UTOPEL VO EKTEAEGEL L0, VUM TUYOIOG TPOOTEANONG Elvar M
ypaen kot 1 avayvoor. To onua ypaeng Kavovilel tn Asttovpyia LETAPOPAS TPOG TN
QVAUN Kol TO ONuo avayvoong Tn Asttovpyia peTagopds omd m pvaun. Ta
€0MTEPIKA KUKADOUOTO OEY0VTOL £va amd oVTA TO CUATO EAEYYOL KOl EKTEAOVV TNV
emBoun Aertovpyio. Ta PApata mov akoAovBovdvton yloo T HETOPOPE g AEENG
oTN pvnun givot to akdAovba:

1. Metagopd ¢ dvadikng 61evvvong oTig YpaupES d1evBuvvong.

2. Metagopd Tov bits dedopévmv, ta omoio BEAovpe va amobnievtovy on

LUVI T, OTIS YPOUUES IGO0V OEOOUEVMV.

3. Evepyomoinom g £16000v EAEYYOL YPOOTS.

H povada pviung Ba mapet tote ta bits and tig ypappég dedopévov kot O Tig

amofnkevoel 6t AéEN Tov kabopilovv ot ypappég dtevbuvvong.
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Ta prpota mTov akolovbovvtal yio T HeTOQOopd pog amodnkevuévng AéEng €@ and

™ pvnun tvor to akdAovOa:

1. Metagopd ¢ dvadikng 01ev8vvong oTig YpaupES devbuvvong.

2. Evepyomoinomn g 106600V eAEyy0V avayvmong.

H pviun Ba mapet tote ta bits amd ) AEEN mov €xet emdeyet omd T devbuvon
Kot B0 To PETOQEPEL OTIC YPAUUES dedopévev e£0dov. To mepiexduevo tng
eMAEYUEVNG AEENG OV OALALEL LETA TNV OVAYV®OT).

.‘

n his >

=12 U B Lk b =D

m Keild <

Il\'xm-l

4.1.2 — H opyavoon g KOpLag pviung

N
APAXTHPIOTHTA 4

Ovpdote Tov TPOTO pe TOV 0moi0 amewkovileTtan oympatikd mo pvijpn ROM; Na
oyedldoete To ovpfoikd owaypappo pog pviipng ROM. T wepiecotepeg
Aenttopépereg Yo ) pvijuny ROM vo avatpé€ete oto Pifiio Ttov M. Morris Mano:
«Pnewoxn Xyedioon» kKor ovykekpipéva otnyv evotinte 5.7: «Mvijun avayvoong

povo ROM».

b
ﬁ%AHANTHZH APAXTHPIOTHTAX 4

H ROM c¢ivan pia csvokevn pviung 6ty onoia amwodnkeveran éve 61a0epd ovvoro
0VadIKOV TANpoeoprdv. To oyfpa mov akorovdel deiyver To copPorikd ovaypappo
o pviuns ROM. "Eyel n ypappég €166000 ko m ypoppés e£600v. O apOpég tov
bits kG0g LEENG voovTON pE TOV OP1OpPd TOV Ypoupd@v €£060v, onradn m. O apOpiog
TOV SUVITAOV SLHQPOPETIKAV d1evdvivesmv yia n petafintéc £166d0v civan 2". Mia
ROM yopaktnpiletar a6 Tov opiOpé tov Aécsov 2" ko Tov apldnd os ka0 ALEn

m.

2" x m

,
n geilcodor —¥ ROM

—» m é&odot
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= H xipro pvijun Kot To Kpreipro 116 0000061
™me

H xopro pviun etvor 1o emdpevo enimedo otnv tepapyios LviuNG HETA omd TNV KPuen
pviun. Ikavomolel Tig outmoelg ™G KpLENG UVAUNG Kol omoterel 1O Pocikod
amoONKeLTIKO YOPO Yoo dedopEVA Kot EVIOAEG, TOL omoia gival amapaitnTa yio TV
eKTéLEON TOV TPOYpappdT®V, Oty 0 VROAOYloTG givar oe Asttovpyia. H xvpua
pvnun emkowveovetl pe tig povadeg Eic60o0v/EEGS0v HEGm €vOG KUKADUATOG, HLOG
Otemaeng mov e£0cPaAilel TNV opaAn Aertovpyia Tovg.

TS ZT00C TPMTOVG VIOAOYIGTEG 1) KOPLOL VAU Elye pikpn xopnTiKOTNTO, Kot TOAD

VyNAo ko6otoc. [ va ektedeotel Eva peydAo Tpoypappo ETpene vo vrodlopedet amod
TOV TPOYPOAUUOTIOTH € aveEaptnTa Tunpate. Me v tdpodo tov ypdvov to péyedog
NG KVUPLOG UVAUNG LEYOAMGE OTTMG HeYAAMOOV Kot To Tpoypaupota. H epgdvion tov
GLUGTNUATOV TOAVTPOYPOUUATIGHOV, EXEPOAE GTNV KVPLOL LvAun vao polpdletol o€
TEPLGGOTEPO  TPOYPAUUOTA, YEYOVOS TOL dnuovpyovoe véa mpoPAnuoata (OTmG
TpoPANUATO ACPAAELNG EVOG TPOYPAUUOTOS Omd TS emdpdoelg €vog GAiov). H
TEYVIKN NG 10€0TNG UVAUNG Kol 1 ovIOAAOYN €pyocidv HETaEd Koplag Kot
dguTePEHoVGOS VNG £0maav pio ADOTN oTo TPOPANLLATA QVTA.

Kpvmipue Yo tqv amddoon g Koproag pvijpung

ZNUOVTIKA KPUTNRPLL Y10 TV omdd0oom TG KOPLOG LVAUNG TPOKVITOLY Old TOV TPOTO
0pYAVMOONG TNG KPLONG LVNUNG Kat efvat:
® 0 ypovog avauoviis, o omoiog ivar o xpovog mov M Aertovpyio g KME
AVOSTEALETAL, DGTE VO, OAOKANp®OEL 1 Agttovpyio TG KPLENG LVIAUNG,
e 10 &vpog {wvyg, t0 omoio givar o pvOUOS peETOPOPAS dedopévev amd TV
KPLEY LU TPog Tig povadeg Eio6oov/EE6d0v.
O yp6vog avapoving ennpedlel TNV OV AroTLYING TNG KPLENG UVIUNG, VO TO €0POG
{ovng etvan 1o TpOTOPYIKO HEANUA Yo TIG povadeg Eic0d0v/EEGd0v yiati emnpedlet
TO YPOVO LETAPOPES TV OESOUEVOV OO KO TPOG TIG LOVAOEG AVTEC.
Me v gupeia ¥pnoLUOTOINCT TOV KPLOOV UVIUOV OELTEPOL ETTEOOV Kol TOL LEYAAQ
HEYEOM TV UTAOK TOVG, TO VP0G {AOVNG TNG KVPLOG LVIUNG ALEAVETOL OTLLOVTIKA.
["a tov xpovo avapovig xpnoomolovvTot 0o peyeon:
e O ypovos mpoafacns, Tov eivar 0 YpOVOG HETOED UG OUTNONG OVEYVmONG Kot
NG OTIYUNG TOV OTAVEL 1 EMBLUNT AEEN,
e O ypovog KvKiov, TOL gival 0 EAAYIOTOC YPOVOG LETOED OUTNGE®V GTI UVIUT).

*""L--.--""O xPOVOG KOKAOL givan mhvta peyaAdtepog and tov xpovo Tpodcfacng yoti ot
ypappég dievbivoemv mpémetl va otafepomomBovv Tpotov yivel n enduevn tpdsPaon.
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= APYITEKTOVIKES Yo TN PelTioon TS am06001S
NG KOPLOG PViung

ZNUOVTIKN TOPAUETPOS Y10 TIC KPVOES LVILEG KOL KOT® ETEKTOCT KO TNV OTAd00T TNG
pvnung, omotelel o YapunAog ypovog avapovig. otd00, GE YEVIKEG YPOAUIES lval
EVKOAOTEPO VO BEATIOGELS TO €0pOC {AOVNG TNG UVAUNG LE VEEG OPYLTEKTOVIKES, TP
Vo PEldoels TV Kabvotépnon. Ot kpueEég uvnpeg etw@erobvtal amd TV avénon Tov
€0povg LAVNG NG KOPLUG UVIUNG, 0OV ETTPEMETOL GE OTOLOLONTOTE PEYEBOVG UITAOK
va avénoet to péyehog tov, xwpic HeyGAn avEnom oTnV TowY| amoTuyioG.
‘Eoto n nepintwon piog amotuyiog, (dtav dev Bpebel 1o {ntodpevo urAok otnv Kpuen
pviun). Ag 0o0pE MG LAOTOOVVTAL OUTES Ol OPYLTEKTOVIKES, VToBETOovVTOG OTL 1)
amoOd0cN NG KLPG UvhUNG etvo:

e 4 KOKAOL Y10, TNV OTOGTOAN TG dtevbuvong

o 24 xdKhot o ypovog TpocPaong avd AEEN

e 4 KOKAOL Yl TNV EMOTPOPN TNG AEENG

AwBétovpe po Kpoen Ly pe pmhok 4 AéEemv oty omoia Ba £xovpe po Towv
amotuylog:
[4 AéEerg avh PmAOK X (4 KOKAOL yig my arostol e Sieobuvene T XPOVOS mpsoBacnc ava Asen T
4 kdrhot Y10 TV EMGTPOEN TG AEENG )] =

4 x (4+ 24+ 4) =128 xoKhovg, pe éva gdpog Lovng (16/128)=1/8 tov byte ava
KOUKAO pOoAOY100.
A&lomoidvtag to dedopéve Tov Tapadetypatog, Ba avel n Beltioon g amddoong
™G KOPLOG LVAUNG, HE TN XPNOT SpOpwV HEBOOmV.
Ot TpEIg ONUOVTIKOTEPES APYITEKTOVIKES Yo TN PeAtimon ¢ amddoons e Kopiag
Mvnung, eivat:

o H cvpvtepn kvpia uvijun

o H amin evaliacoousvy uvijun

o H ypnon aveéaptnrwy tpareldv uviung.

H amlovotepn npocéyyion yuo v adénomn tov 0povg {dvng givar 1 eupvtepn KLPLOL
pviun. Xto oynuo 4.1.3 moapovcialovror tpion mwopadelypato yuo to €0pOg NG
apmpiog, HUVAUNG Kot EVOAAAGGOUEVIG UVAUNG UE OTAOTEPO GTOXO M UVIAUN Va
OTOKTNOEL UEYOAVTEPO €Vpog Covne. Xto oyfua (a) £€xo v  amhovoTtepn
apyrrektovikny pe €vpog 1 AéEn yuo v KME, v kpoen pvaun, v aptmpia Kot tnv
Koplo. pvrun. 1o oynua (B) mopovcstdleTon N aPYITEKTOVIKY MG EVPVTEPNG KOPLOG
pvnuns, KME, aptpiog kot kpueng pvqune. Téhog oto oynua (y) mopovsidaletal 1
aPYLTEKTOVIKN piag HiKpoL €0povg aptnpiag, Kpuen Hviun Kot pioe EVOAAOGGOUEV
KOpla pvnqun pe 4 tpamelec.
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fet) Apyrezwrovoaj (r) Apguzncovaa

fadio i {8y Aprrrzwrovoaf avellaordurrng
pzzipos 1Ay Fuoavtirzsonc Jw'ouc_uvﬁamc EYiERS

KEME EME

Kpugy Kpugi
I T LTY I THATY

= -
Aprypio ApTy pi

Mo Mwvijuy Mwvijuy |} Mwijuy Mvijuy
b Tpireie 0 || Tpirweie 1T piredo 2 || Tpinele 3

Mvijuy

Yympo 4.1.3 - Hopadeiypoto Yo €0pog aptnpiog, pvijung Kor EVOALAGOONEVIG HVIUNG
JE ATTDOTEPO GTOYO PViuN PE PEYOAVTEPO EVPOS LDVIG

i
APAXTHPIOTHTA 5

No meprypawyete ovvonTikd TL €ivor 0 TOAATAEKTNG KOl Towo 1 AgrTovpyio mov
emredel. Na ovykpivere TNy andvtict] cog pe v mapdypago mov axorovdei. INa
TEPLOOOTEPES AEMTOUEPELES Y10, TOVG TOAVTTAEKTES VO, avoTpEEETE 6To Pifflio Tov M.
Morris Mano: «¥neukn Xyedioon» Kol GUYKEKPUEVO oTnV gvotnta 5.6:
«IToAvmAéKkTESY.

W,

0 TOAVTAEKTNG €lvol YeviKA Mo GLoKELN 1 éva KOKAOUO HE OVO 1)
TEPLOOOTEPES €16000VG Kol pioe €€000, TO omoio VLAOmOlEl NG A€rTovpyio TNG
noAvmie€lag. H molvmieéio pe t oepd TG, 0popa:

" TN HETAPOPE TEPIOCOTEPMV OO dVO0 ONUATOV GE piol YPOLLUY ETKOWVOVIOG 1

"IN PETAPOPA OEQOUEVAOV O YOUNANG TaXOTNTAG GLUCKEVEG OO KELONG, O

pio. VYMANG TaOTNTOC GLOKELN, N
" TEAOC TNV EMAOYN OGS OO TOAAEG E1GOJ0VE OEOOUEVOV KOL 1] LETAPOPH TNG
o711 pHovadikn £€£000.

70 VTOAOYIGTNG OMOTEAEITOL OO TOAAES LOVAOEG CLUVOEOEUEVEG LETOED TOVG LE
aptnpieg 0edoUEVMV, o1 omoiec ypetdlovtal cuyva onuoto EAEYYoL Yo vo. puBuilovv
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™ dpactnpomTd Tovg. To onNpota eA&yyov dnpovpyovvtal amd £vo TUNHO TOL
VTOAOYIGTH TOL ovopdleTon povada eAéyyov. H povada eréyyov eival vmevbovn yio
TN UETOPOPE, amd TUNUA GE TUNUO, TOV COOTOV O£d0UEVOV TNV KATUAANAN oTLyun
Kol v v emPePaioon O6t1 Aappdvovv ydpa o1 KatdAANAeG mpdlelg mave ot
dgdopéva. InNUavtikd Tunpa g povadag eaéyyov eivar to polot (clock), to omoio
TopAyel oNUOTE 68 KOVOVIKO puOud. Avtd To ONUATO YPNCLUOTO0VVTAL O TN
povada eAEYxov yia va emPBePoatmbel OTL OAa TOL TUAKLOTO TOL VITOAOYIGTH TOPAUEVOLV
CLYYXPOVIGHEVO HETAED TOLG Kol OTL 6TO KAOE TUNMUO TOL VLTOAOYIOTY| TOPEXETOL
APKETOG YPOVOS VO OAOKANPADGEL T1) AELITOVPYIN TOV.

‘H EVPVTEPT KUPLO Vi)

210 TEPIGGOTEPO. GLGTNLOTOL VITOAOYIGTMV 1 KPLPT Lvhun eivat opyavouévn oe pia
moAveninedn owpdduon, oy omoia cuvnBwg dtakpivovue to emimeda L1, L2. Ot
KpLeEG uvnueg mpatov emmédov (L1) eivan opyavopéves cvvinbmg pe gbpog piog
AEENG ywtl o1 meprocotepeg mpocsPacelg ™ KME givoan avtod tov evpovg. Ta
GLGTNLATO TTOL OEV £YOVV KPLPN Uviun devtépov emmédov (L2) cuvibwg oyedialovv
™V KOplo. pvnun €161, MOTE avti vo cuuPadilel pe 1o €0pog TG KPLENG UVAUNG.
Awmlocidlovtog 1 tetpamiactaloviag to €Hpog NG KPLENG KVAUNG Kot TS KOPLog
UVAUNG 00N YOOUOOTE GTO OIMANCIOGUO 1] TETPATAACIOCUO TOL €VPOLS LMVNG NG
pvnuns. 'Eoto 6t amddoon g kbpag pvhiung sivo:

4 KOK o1 Yo TNV AmOGTOAN NG d1evHBuvong,

24 kdKAot 0 xpovog mpdoPaomg ava AEEN Kot

4 KOK o1 Y10 TNV EMGTPOPN TNG AEENG.

EmumAéov dwbétovpe pio kpuen pvnun pe urhok 4 AéEewv. Me gdpog KOplag Lviung
2 AMéEemv N TOowN amoTLYING GTO TOPATAV® Topdoetypa Oa Emepte and 4 x 32 = 128
oe 2 x 32 = 64 xdKAOVG kOl TO €VPog LAVNG YiveTow GE QVTN TNV TEPINTOON
(16/64=1/4) bytes avd kOKA0 poroylov. Me ghpog kvprag pvniung 4 AEEeic 1 mowvn
amotuyiag yivetar 1 x 32 = 32 kdxhot kot 10 €0pog (wvng sivan (16/32 = 1/2) bytes
avé KOKAO poroy100.

Ta ovomuoto mov dev €xovv KpveY pviun oevtépov emmédov (L2) cvvnbwmg
oyedalovv v KO VNN €161, ®OTE aLT Vo cVPPadilel pe To €OPOG TNG KPLONG
HVAUNG.

H apmpio pvqung amotedel tov evotikd kpiko petald g KME kot g kdpog
LVAUNG OTNV OPYLTEKTOVIKT TNG evpiTepng Kuplag pvnune. [Hopeppdiiovpe to Tupo
and 1o oynua 4.1.3, Tov avaeépetor oty vpvTtepn uvnun (oynua 4.1.4).

H KME 0a cvveyilet va mpocmeladvel Ty kpuen pviun pio AEEn Kabe popd kot £tot
ypedletar €vag mTOALTAEKTNG peTtasy kpvene puvnung ko KME. H texyvikny avm
TPENEL VO amoPevyeTOL Yiati tvar ypovoPopa. Ot KpLEEG UVILES SEVTEPOL EMTEDOV
(L2), ponBodv apov n moAvmielio pmopel va yivel peta&d TPAOTOL KOl OELTEPOL
emimédon Kot Oyt HeTa&L ™G kpveNg uvnung ko tng KME. H eldyiom enéktoon mov
UTOPOVUE VO KAVOLUE ElvOl VO OITAOGIAGOVLE 1| VO TETPOTAAGIACOVUE TV KOPLoL
VUM TOV MGTE VoL ETOPEANB0VLE LT TV avéNnon Tov gvpovg {dVNC.
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() Aprirexroveaf
Foodirzonc Jﬂj.puc_uﬁamc

2ympoa 4.1.4 Apyrtektoviki] gupOTEPNS KOPLOGS UVIUNG

001 KUPLES PvijpeS pe oplmon 6QaApaT®V dVOKOAEVOVTUL GTNV AVTLYPOPN
TUNRATOV TOV TEPLEXOVY TPOSTUTEVREVE. UTAoK. Ta vrorouta doedopévo Tpémel
vo. S1ofactovv £T61 OGTE va Yivel 1] evijuépmon Kot 1) aodfkeven mapdiinia pe
™mv gyypoen tTev dsoopévov. Eav n 610p0mon tov oc@dipatog yivel 6€ 610 TO
€0POS TING HVAUNG, 1 €upvTeEPN KOpw pvipun Oo avéfoer T ovyvotTnTo
akolovO®V "avayvoon - tpomomoinon - eyypaen'", utiog TOV TUNNATIKOV
eYYPOOAV o610 PTAOK. Ov TEPLOGOTEPES OPYLTEKTOVIKEG ELPUTEPINS MVIIUNG
owBétovv Eeyoproti] 010pOmon cpaipndatov Yo KOs 32 bits, 660 onradn] kKot To
péyedoc TOV eYYPUOOV.

“-‘ARM] EVOALOGGOUEVY] Vi UN

H avénon tov gdpovg {dvng dev amotehel tn povodikn 0dd yo ) PeAdtimon tng
amddoone ¢ kvuplag puvung. Evoldoktikd ypnoipomolovpe mopdAANAo TOAAEG
dvvapukég pvnueg (DRAMs) og éva suoTnuo LVqUNG.

Ta 0AOKANPOUEVE KUKADUOTO TNG UVAUNG UTopodV va opyavwbodv oe Tpdredes Yo
va pmopovv va ypdeovv 1 va dtafalovv meptocotepes and pio AEEeig ™ popd. evikd
0 OKOTOG TNG EVOAALACCOUEVNG LV UNG elval va Tpoomafel va ekpetaddevtel T0 €0POG
{dvNng OA®V TV SLVOUIKAOV LVNULOV TOL GUGTNOTOC, GE AVTIOEON e TO TEPIOTOTEPOL
GUOTNLOTO, UVIUNG TTOV EVEPYOTOLOLV UOVO TIC QUVOIKES UVIUEG TTOL TEPLEXOVV TIG
ATOTOVEVEG AEEELG.

[Mapepfarrovpe o U omd to oynua 4.1.5, wov avagépetal otV doUn TG OTANG
EVOALOGGOUEVIC VI UG,
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() Apgusrzovaf
EP AT ORIV S

BV G
KME

Kpugi
INTITY

Mwijuy Mwijun | Mvijuy Mvijpun
Tpiamede 0§ Tpdmede 1|0 pémede 2 || T pdmeie 3

Yympa 4.1.5. ApyLTeKTOVIKY] EVOALAGGONEVIG PVIiUNG

Ot tpdimeleg éxovv ovvnBmg vpog piag AEENG, dote 10 péyeboc TG aptnpiog Kot g
KPLONG LVAUNG Vo unv xpetdleTor aAlayn, VA 1 amoGToAn oG dtevbvvong og évav
apOud anod tpdmeleg emrpénel 6° OAeg va dafdlovv TavTOYPOVA.

gy 7

'-i' ﬁ}é
I ,

ﬁLHf-' IHapaostyuo

Av vmoBéocovpe 0Tt €yovpe pio KOpOw PVAUN pe amddoomn : 4 KOKAOLG Yo TNV
amocToAn TG d1evBuvong, 24 KhkAovg o ypdvog mpdsPaomg ava AEEN Kot 4 KOKAovS
vy Vv emotpopn ¢ Aééng. EmmAéov dwbétovpe o kpven pviun pe umiox 4
AéEewv kan pio mowvn amotuyiag: 4 x (4 + 24 + 4) = 128 kdkhovg pe éva gvpog Lovng
(16/128)= 1/8 = 125 tov byte avd KOKA0 poroylov. Xtédvovtog pa dievbuvon oe 4
tpaneleg Exovpe por mown amotvyiog 4 + 24 + (4 x 4) = 44 kdxhovg, divovtag Eva
ebpog Covng 16 /44 = 0.4 bytes avd kOKAo poAoywod. Avtd cvpfaivel yoti
ypedlovtarl 4 KOKAOL Yoo TNV AmOGTOAN NG dtevbuvong oe Oheg TG Tpameles (apod
aVTEG Umopov va v dalovv tavtdypova), 24 KOKAOL Yia TV €VPECT TG AEENG o€
k&Oe tpdmela (apov ot Tpdmeleg Asttovpyovv mapdAAnia) kot KaBe pviun Bérer 4
KOKAOLG Yo Vo oteilel TV AéEN Ticw. Emetdn dpwg dev pmopohv va oteilovv OAEG Tig
MEeic Tantoypova ypetalovtar (4 korhot) X (4 Tpamelec) = 16 kdKAovG. #*

OH avTIoTOiYNON TOV 01EVBVvVeemv og Tpaneles exnpedlel T cvuTEPLPOPA
TOV GUOTINOTOG UVIIUT)G.
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YroBétovpe OtL o1 d1evbivoelg TV Te6GapwV Tpanel®V evalldocovtal og eminedo
AéEnc. AnA. n tpdmela 0 mepi€yetl Oheg Tig AéEerg TV omoiwv 1 (Sievbuven modulo 4)
etvan 0, n tpamela 1 t1g AéEeig Tv omoimv N (dtevBvvoen modulo 4) givan 1 x.0.x. To
oynua 4.1.6, deiyver avtn v evoriaym.

AoevBuvey Tparele 0 AedBuvey Tpirele 1

0 1
4 =)
8 o
12 13

MevBuvey Tporeie 2 AevBuvey Tpirelio 3

2 3
i T
10 11
14 15
Yympo 4.1.6 — Evoilayn owevBdvoemv tov 4 tponel®v oe emimedo Aéénc. Edv ot

devbivoelg tov tecclpmv tpaneldv evaAldocoviav oe eminedo byte (dedopévov OTL
4bytes=1 AéEn) kdBe pio amod Tig dtevbovoelg Ba Enpene vo Tolhanlociactel el 4.

Avt| 1 aviiotolynom avaeEpETOl G mapdyovreas evailayns. Me 1oV Opo
evaliacodusvy pvijun ovvnbog evvoovue tpameleg pPvung Omov ot AEEElg
evaAlddooovtol. Avt 1 evaddayr Beitidvel v ceplokn (S1adoyiKY]) TpooTEAACT
oV unun. Mio amotvyion avayvoonsg e Kpueng pvnung stvor woavikn yo pio
pviun evaArayng AéEewv, Kabmg ot AéEelg og Eva umlok daffalovion GeElplaKd.

Oco av&avel n yopntikomto ava O.K. (chip), vrdpyovv Myodtepa O.K. 610 16100
peyébovg cvoTnUo UVAUNG, ME OMOTEAECUO. Ol TOAAOMAEG Tpameleg vo givor mo
akpiféc. Eved ovppwva pe tov kavéva tov Amdahl cvwvictdror advénon g
YOPNTIKOTTOS NG UVAUNG He v avénon g amddoong g KME, moAlroi
KOTOOKEVOGTEG TPOTIHOVV UIKPT Uy N 610 Bacikd Toug HovTELD. AVTOG O HEWOUEVOG
aplOuog tov duvapikav pvnuov (DRAMs) elval to KOplo  HEIOVEKTNUO TOV
evarloooopevev tpamel®v pviunc. 'Eva debtepo petovékmua eivar n duskoiio otnv
dtepebivnon g KOPLag Lvinune.

%
gﬁAPAETHPIOTHTA 6

e No TEPLYPAYETE GUVOTTTIKA Y10 TOWO GKOTO YPGLUOTOLEITOL | EVAALAGTONEVY
pviun ©¢ pédodog yra T fertioon g 0m6d06Mg TG UV UG,

e No e&nynfoete Tov TpémO pe Tov omoio Aertovpyel N oyedioon pe aveEapTnTeg
Tpameles.
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7
{AHANTHZH APAXTHPIOTHTAX 6

e H evorhooodpevn pvijun yP1CLHOTTOLEITOL TPOKEINEVOV VO EKUETAAAEVTOVE TNV
napdriinin Aeitovpyio moAkdv DRAM og¢ éva ovotnpo pviuns. Ta
OLOKANPOUEVE KUKAONOTO TG HVIUNG OPYOvVAOVOvVTOL o€ Tpameles ywo va
pumwopovv va. ypaeouvv 1M va dwpdalovv mepiocdtepes amd pio AEeic ™ @Qopa.
I'evika, 0 okomog TG EVOALAOOONEVIIC UVIIUIIS €ivVOL VO EKPETAAAEVTEL TO €VPOG
Lovng 6Lov Tov DRAM 10V 6ueTijpartog.

e T va emrevyBel peyarvtepo evpog LavNg PN oLHOTOL0VVTOL TPATTECES PV NG pe
gvolraocoopeves ceiplokés mpoofaocic. Mo yevikevon tg pedodov evarioyng
givan vo emrpémovran moilamAiéc aveSdptnTtes mpoofdoeis, 6mov morlamhoi
eleyKTéS pviung emrpémovv otTig TPameleg va Aettovpyovv aveCaptnrtoa. Kade
Tpanelo yperaletar Ceymprotég ypappés d1evOvvong ko mOavév diin aptipio
ogoopévov. Tétown oyediaon Exel vonpo va yiver povo pe tpameles pvipng oilmg
o1 TOAAATTAES avayvacels Ba eEunpeTovvial and o pvipn kot 0a £xovv povo
KPO 69eL0g 0é avTh TN SvvaToTNTO.

L= ** [Tapaosryna

BOewpodpe OTL £QOoVpE TNV TAPAKATM TEPLYPAPN Y0 £VOV VTOAOYIOTH] KOl TNV
008061 TG KPLONG PVIpNG:

MéyeOog phok = 1 AEEN

Evpog apmnpiog pvijpne =1 Aédn

IMocooto amotvyiog = 3%

I[IpocPaon pviung ava evroin = 1.2

ITown amotvyios KpLENS pvipng = 32 KUKAOL

Mécog 6pog KOKA®V avd evTor] (EKTOS TV ATOTVYLAOV TNS KPS PVIiuG) = 2
Osopodpe g av arracovpe 1o pnéyeBog Tov pmwAok og 2 AECEIS TO TOGOGTO
amoTVYiog TEPTEL 670 2% Ko pe phok 4 AéCemv £xovpe m0600To amotvyiog 1%.
Iow givon  Berticoon 6TV 066001 oG EVEAALAGOOPNEVIIC LVIIIGS 2 dPON @V KoL
4 opopmv amé otav owmhoociaocovpue To pEyedog TNG pVIUNG KoL TG apTIpiog,
vwoBétovrag 6TL 01 Ypovor mpdoPaong €ivar or axorovBor: 4 kOKAovg Yo TNV
0mooTOM] TNG Oevluvong, 24 kvkAovg o ypovog mpocPaong ava A&En ko 4
KUKAOVG Y10 TNV EMGTPOPN TNGS AEENC;

Amavrnon:

Ot kOkrot avd evtoAn (CPI) yu 10 Pacikd vwoloyiot mov ypnowpwonotel umioxk 1
AéEnc elvau:
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(néoog 0pog KOKL@V)+[(TpdsPfaocn pvipng) x (% amotvyiac) x (néyedog pmriok) x
(mown amotuyioc)]=2 + (1.2 * 3% * 1 *(4+24+4) =3.15

210 mopddstypo mov eEetalovpe Oev oAAGCEL 0 ypdVOG KOKAOL pnyavig ovTE 1
HETPNOT EVIOADV KO £TGL UTOPOVUE VO VITOAOYIGOVUE TN PerTioon T amddoong Ue
Baon to CPL. Avéhvovtag to pmlox g Kpueng UvAung oe 2 AéEeig éxovue Tig
TOPOKATO ETAOYES:

(Amevbeiog extéleon))
» 32-bit apmqypic wor pviaun, pn evoileooopevy = 2 + [1,2 x %
OTTOTVYLOG vio X
(2 Aé€arc x o) amotvyiog )] =2 + (1,2 x 2% x (2x32)] =
3,54
» 32-bit aptnpio ko pvipun, evarhaceopevn =2 + [ 1,2 X % amotoyiog v
x[4+24+
(4 Tpameleg x 2 Aé€erc)]] =1 1,2 x 2% x [4+24+(4x2)]] = 2,86
» 64-bit aptnpio ko pvijpn, pn evorraoodpevn =2 + (1,2 x 2% x (1x32))
=277

AlmoTdOVOLHE OTL OTOV OUTANGIACOVUE TO UEYEBOg TOL PmAOK EMPBPAOVVOVUE TNV
anevBeiog extédeon (3,54 évavtt 3,15) evd m evadlooooOuevn N 1 eupOTEPT UV
etvan 1,10 xon 1,14 popég taydtepn avtictoya. Av avEnocovpe to péyebog tov pmhox
o€ 4 MéEeig Epovpe:

» 32-bit aptnpic kKo pvijun, pun everracoopevny =2 + (1,2 x 1% x (4x32))

=3,54
» 32-bit aptnpio ko pvipun, evarhaceopevn =2 + [ 1,2 X % amotoyiog v
x[4+24+
(4 tpameleg x 4 Aé€earg)]] = 2 + (1,2 x 1% x (4+24+(4x4))) =
=2,53
» 64-bit aptnpio kol pvijun, pn evoerlacoeopevn =2 + (1,2 x 1% x (2x32))
=2,77

[Mopatnpodpue 6t 10 péyebog oV pmAok emiPoapdvel TV AmdS00TM Yoo TNV OTAY
TEPIMTOON TAPOAO TTOV 1) EVOALAGGOUEVT uviun TV 32-bit eivon tdpa ypnyopdtepn.

(1,25 @opég ypnyopotepn Evavtt 1,14 g gopitepng pviuneg & aptnpiog)

H vmodwipeon avt) pog deiyvel 0Tt 1 evaliacoopevn puvinun givor otnv ovoio po
€VPVTEPT UVIUT, LOVO OV 01 TPocPaoelg oTic Tpdmeles ava mep1dOoVS avaykalovtol
VO LLOIPAGTOVV EGOTEPTKOVE TOPOVE (GE OVTHV TNV TEPITTMON TNV apTNpio).

O’Eva EPOTNUA TO OTOI0 TPOKVTTEL VLU TIS EVUAMUGGONEVES PVIpES givar
nooeg Tpameleg mpémer va vmapyovv. 'Eva pétpo mov ypnoiwpomoreiton og
OLOVUORATIKOUS VITOLOYIOTEG Elval:

ApOpog Tpomel@v pviung = AprOpog KOKA®V Yo TPoSTELAGT) og AEENS TG
Tpanelog.
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.
{APAZTHPIOTHTA 7

I oo Adyo Bcwpeitar 6TL TPEmer va oY VEL 1] TAPATAVE® oYEST). No 01TI0OAOY|CETE
™V ondvT o1 oug divovtag Eva TapadeLypa.

Y
{AHANTHZH APAXTHPIOTHTAX 7

O 0710610c €vOg ovoTNnaTOoS pUviung &ivorl N peta@opd minpoopios and po véa
Tpanelo 6e kKGO KOKAO poroyrov, Yo akorovOrokég Tpocfaoeils. Ag vmoOécovpe
011 0 apOpiog TOV TpamEL®OV pvijung ivar PKPOTEPOS 06 TOV 0PLON6 TOV KOKA®V
Yo v npocnéracn puos AEEnS g Tpdmeloc. 'Eotm ot &rovpe 8 tpdmeleg pe
xpoOvo Tpooméhaong 10 kOkAovg poroyrov. Metd ané 10 kdkiovg poroyrov 1 KME
00 propei va maper pia AEEN and v Tpdmela 0, ko eve 1 Tpanela 0 Oa apyilerl va
oépver v emBopnt AéEN, n KME 0Oa déyeton Tig emdpeveg 7 Aéceg amd Tig
vohowteg 7 Tpaneles. XTov kKOKAo poroyrov 18 n KME 0o npéner va meppuéver v
Tpanelo 0 Yo va waper v emopevn AEEN, péyxpr 1oV KVKAO poroywov 20. Ta va
amo@PVyovue Aowwov auTi)v TNV avopovi] ypewlopocte meprocotepeg TPameleg
PV UGS 0t6 TOVG KOKAOVS TPOGTELAOTG.

‘? Avedaptnteg Tpameles pvipug & Amopuyn
GLYKPOVGEMV

Mo va emtevyBel peyordtepo e0pog LOvne ypnoyLomolovvTot Tpameleg UVNUNG He
EVOALOGOOUEVES GEPLOKES TPOGPAcELS. Mia yevikevon tng nebddov evariayng sivorl
vo emTpEMOVIOL TOAMATAEG aveaptnteg TPooPaoelg Omov TOAAATAOL EAEYKTEC
pvnung Bo emrpénovy otig Tpdmeleg va Asttovpyov aveEdptnrta. Me évav eleyktn
pviung ot tpameleg umopoHv va popdlovtol Tig Ypappés 01evbiveemv Kot €10t 1M
kafepd pmopel va ypnowwomolel v mAnpogopio. mov Ppicketor otnv aptnpio
pvnune. Kabe tpdamela ypewdletor Eexwpiotés Ypoupés oevbuveloddtnong Kot
mBovov dAAn aptnpia dedopévav. o mapdaderypa, o cvokevn Eicddov/EE6d0v
UTOpEL VO YPNOIUOTOMOEL £voV EAEYKTN Ko pia Tpamela, N avayvmoon e Kpueng
LVAUNG VO XPNOOTOMGEL Evav GAAOV KOl 1) €YYPOON TNG €vav TPITO TOVTOYPOVO.
Térow oyedioon €xet vomua va yiver povo pe tpdmeleg Pviung, OlPOPETIKAE Ot
TOALOTALG avayvaoelg Ba eEumnpeTobvtan amd po pvniun Kot Ba Egovv povo pkpod
0peL0g amd avth T dvvatdtra. Onwg PAETovUE 0 0poc Tpdmela uviuns £xel 600
SpopeTikovg opiopovg. ' avtd ypnowomoodue tov 0po vmép — Tpdmela
EVVOMVTOG OAN TNV EVEPYN LVIAUN KATA TN petagopd evog block kot tov 6po tpdrela
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YL TO HEPOG TNG VIEP — HVNUNG oL lvan evaiiaocoopuevng Aéénc. To oynmua 4.1.7,
delyvel v oyéon ovy.

Ap1Opée Yaep-spaneloc Metatomon Yrep-tpanelog

ApOpog tpamelog | Meratomion Tpamelog

Yympoa 4. 1.7 — H oyéon tov vaep-tpansldv Kol TV Tpansldv

AToQUYN] TOV GVYKPOVGEMY TMV TPATELOV UVI|UNG

Otav 10 cvoTuo pvnung eivoat oyedtacpévo va vTootnpilel TOAOTALG aveEAPTNTES
a1tnoelg (Onwg otV nepintwon twv cuokev®dV E16660v/EE6d0v mov €xovv amgvbeiog
npdsfacn otn Pviun Kot pmopodv va ypagovv kot va dafdlovv dedopéva and pn
ocuveyopeves OevBHVGEIS) 1 OmOdOTIKOTNTO TOL GLOTHUATOG €&opTdTon Omd TNV
GLYVOTNTO TOL 01 AVEEAPTNTEG OLTHGELS TNYOIVOLVY GE OUPOPETIKES TPAmelES.

H ocgpuoxn mpooméhaon dedopévov, Ommg emiong Kot ot TPOSPACGES TOv Ot
otevBuvoelg dnpépovy kotd mEPTTO aplBUd OO0VLAEVOLV KOAQ HE TNV KAOGGIKN
evarlaooopevn pvnun. To TpoPAinua vapyet 0tav 1 dtoeopd Twv devdiveewmv givor
aptiog apBudc yati tote oo dedopéva givar moAy mhavov va Ppickovior oty 1o
tpanela. Mia Avorm mov Tpotddnke ftav va pelwbel To T0c0oTd avTd pe v avénon
oV aplBpov TV tpaneldv. To TpdPAnua pe avt ™ AVoT glval 6TL o1 avaPopEéS oTa
dgdopéva ™G uvnung oev givar tuyoieg Ko pumopovv va mhve otnv 1o tpamnelo
avedptnro and tov aplud Tov Tpanel®dv Tov VILEPYoLV.

Hopdosryno.:

N tapdderypa vwoBétovpe 6t Erovpe 128 Tpameleg pvijung Kol EKTELOVPE TOV
TOPOKATO KOOKA:

int x[256][512]
for(j=0;j<512;j=j+1)
for i=0;i<256;i=i+1)
x[i][j1 = 2 * x[il[jl;

Amavrnon:

Me tov Koo avtd oPalovpe 6o To oTotyeio Tov Tivaka Kotd oTHAES, ONAdN
katd oepd x[0,0] , x[1,0] , x[2,0] x.0.x. Ta croyeio avtd dpwg emewdn to 512 wov
glval 0 aplBudg TV oTNA®V glvar dptio moAlamAdoto Tov 128 (wov eivar o aptBuog
TV Tpanel®Vv), o ototyeio kabe otNAng Ba eivan otnv 101 tpanela. [To edwd, T
otoyeio g omAng 0 Ba Ppiockovron otnv tpdmela 0, g otAng 1 oy tpdanela 1
k.0.K. 'Eto1l 10 cvotua Bo koAldel o amotuyieg TG KPLENG UVIAUNG AGYETO LLE TO
1660 ToAVTAOKN 1 cLYYpovn givar 1 KME 1 10 cvotyua pviung.

["a v enthivon tov TPOPALATOG VITAPYOLY AVGELS LE AOYIGUKO AL KoL AVGELS e
vAKo. O petayrottiotg Oa uropovce vo Kdvel Bedtictomoinon g eVOALOYNG TOV
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Bpoyov v va amo@vyel To TPOPANUA 1) TLO A Vo emeKTEIVEL TO HEYEBOC TOV TTivaka
MOGTE OVTO VO NV €ivar dVVauT TOL 2 £TCL MOTE Ol TOPATAV® SEVOVVOELS VO TTAVE GE
OlopopeTIkéG Tpdmeles.

H avtictoiynon tov o1evbiveewv oe pia 0éon g tpdmelag pvnung yiveton pe Tig
e€ng e&lomoels tov Tomov 4.1, 4.2:

Ap1Opog tpameCog = (ArevBuven) MOD (Xvvorikog aprOpds Tpameldv) (4.1)

AevBvvon péoa oty Tpanela = Aev0vuven / Tvvoiko aprOpod tpoameldv 4.2)

H Aon péow vAikov mov 060nke yio v pelowon twv cuykpoOce®mv TV Tpameldv
pvnung etvar o meploptopdg 1o mANBog twv tpamel®v va glvar mpdTog apoude.
Téroot apBpol omartovv cLVROME TOAVTAOKOVG VTOAOYIGHOVG Yo, va. Ppebel To
VIOAOMO KOl TO TNAIKO OAAGL VTAPYOLV OPKETE oYNUOTA Yo vo, yivel avtdg o
VTOAOYIGUOG YpNyopo. X’ autn TNV mepintwon N dwipeon avrikabiotator ond tov
e€NGg VITOAOYIGUO:

AevOvvon péoa otnv Tpanelo=(A1e00vvon)MOD(Ap1Opiog Aé€ewv oty Tpamela)
Epocov o apBudc tov Aééewv oty tpanela pviung ivar cuvinbmg ddvaun tov 2
£€YOVE AVTIKOTOGTNGEL TN O10UPEST) LE TNV EMAOYN TOV bit.

Tpanrela uvijuns
Xepwkd Evallacoopeva Evoiloocoopnsvo kata MOD
AigvQovon oTyy

Tpaneda 0 1 > 0 | )
0 0 1 2 0 16 8
1 3 4 5 9 1 17
2 6 7 8 18 10 2
3 9 10 11 3 19 11
4 12 13 14 12 4 20
5 15 16 17 21 13 5
6 18 19 20 6 22 14
7 21 22 23 15 7 23

Yympo 4.1.8 — IMoapoveialovrar 3 otoyeio pviung (0, 1, 2) to kaBéve pe 8 Aéceg
OgiyvovVTUg TNV KAUGOLIKI] GEIPLUKI] EVOAALUGOONEVY] OVTIOTOIYNGT] GTO OPLGTEPE KoL T1)
véa avtieToiynot kotd modulo ota 0£d1a.
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7 Ta 3 otoyeion puvnung ota apotepd tov oynuotog 4.1.8, amoartodv pa
dwipgon yw tv Oevbuvelodotnon g AéEng péca oto oTtolEio evd M véa
avTIoTolyNnom amottel LOVo T0 LWOAOITO LG OVLVAUNG TOL 2.

Hopaosyuao:

I'a ) d1evBuvvon 5 £xovpe:
* T v Khaoowkn aviietoiynon: ApOpog tpanelag =5 MOD 3 =2
AebBvvon péca oty tphmela=5/3=1
Apa n oevBovvon 5 aviietotyiletarl oty dievbouvon 1 g tpanelog (ototyeiov) 2.
* T v véa avtictoiynon: ApBuog tpdneloc =5 MOD 3 =2
AtevBuvon péoa oty tpaneCo =5 MOD 8 =5
Apa n devBovvon S5 avtiotoyel oty dievBvvon S g tpanelog (oTotyeiov) 2.

%
{APAZTHPIOTHTA 8

Mg mowv TPOTO OGTOPEVYOVTOL Ol GUYKPOUOES TOV TPomel®v pviuns; Na
OUYKPIVETE TNV UMAVTNOY| GUC PE TNV TAPAYPOPO: «ATOPLYN TOV GLYKPOVGEMV
TOV TPORELOV UV CO».

1
APAXTHPIOTHTA 9
No Ppebei n owdbuvvon 7, oe éva ocvotnuo pvipng mov ypnowpomorsi 4
Tpameleg pviung (0,1,2,3), n kaOe pia pe 8 Aé€ers, pe:

e Klaoow] avrtiotoiynon

e Néo avtioToiynon

{AHANTHZH APAXTHPIOTHTAX 9

INo v Khooown avtiotoiynon: ApOudc tpareloc =7 MOD 4 =3

AebBvvon péca oty tphmelo = 7/4 =1

Apa n devBovvon 7 avtictoryel oty drevBovvon 1 g tpdmelog 3.
INa v véa avtiotoiynon: ApBuog tpaneloag =7 MOD 4 =3
AtevBuvon péoa oty tpaneCo =7 MOD 8 =7

Apa n devBvvon 7 avtictoryetl oty devbuvon 7 g tpamelog 3.
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AVOKEQOUAULOVOVTUS AOLTOV. .. ‘

{¥

=H pvipn yevika sivolr kaBe Aertovpyki] povasa 1 péco oto omoio Quidocovral
O0E00UEVH KO TTPOS EKTEAECT EVTOAEG ME OLVOTOTNTO OVAKTNONG. XTIV KUPWO pvijun
nepriapfavetor 1 RAM kor 1 ROM, evo otig Bondntikés pvipeg mepriappfdavovrar ou
ROYVITIKEG KOL OL OLTIKEG POVASES pvijumg.

SOL povaoeg pviung pmopovv Vo YMPLOTOUY GE HOVASES TLYOINS TPOoTELAGIS Kot
povades oxoAovOoKNG TPoméhaons. To olokInpopéve KUKAOROTOE MOVES®V  Tuyoiog
npoonéhacns (RAM) owrtifevror og 600 Tomovg: Tig Avvokés pvijpes - DRAM kot Xtotikég
pvnpes — SRAM.

{Fw va  0vENGOVHE TNV  GLVOMKIY 0700061 TOV VTOAOYIOTIKOD GUGTINOTOS
ypnowonoeitor  pio woOAvETinedN 1epapyio pvAuUNS Oovaroyo pE TG E€MOOGEIS 7OV
TPOGPEPOLY.

H xvpro pvijun &vég cvoTipatog vroroyloTi], amotereitor and éva oOvoro KEMAOV 1)
0écsv. KaOe kel amotereitar amé éva otaBepd apOpé yneiov (bits), rov covi|dmg

givan 8 bits 1 Trolhamwhdol Tov.

O ypovog avapovilg Kot To gvpog AOVNG amoTEAOVY TO, TLO GNUOVTIKG KPLTHPLO Y0 TNV
am6docn TG pviune. H gupitepn xopro pviun, n anh] evorilooodpevn pvijpn Ko 1
xpnon aveCaptnrov Tpameldv pviung, arotelovy TS Tpels Pacikéc Texvikég Peitioong
G eméd0eNg TG KOPLag pvijung.

}f
L0 okomog TG evorhoooopevig pviung ivar vo ekpetailevtei 10 £Hpog {OVNG HAOV TOV
SUVOUIKOV PVII ROV TOV GUGTHHATOG.

[T

o va emteoyOsi peyolitepo £0pog (OVNG YPNOHOTOLOOVTOL TPOTELES PVAUNG pe
gvallaooopeves oeiplokég mposfacsic. o va amotpéyovpe ™ oOykpovon Tov Tpanel®v
NG UVIUNG OivovpE ADOELS PHE P11 AOYICHIKOD Kol VAIKOV, 6t®¢ 1 antaitnon to win0og
TOV Tponel®V vo, gival TPpAOTOS aprdpdc.
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