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HY-225: Opydvoon Yrnoloylotmv Tu. En. Yroloyiotov
Avoign 2004 © Mavemotmo Kpnng

Yepd Aokinoesov 17:
Movadeg Ercoo0v/EE0o0v (1/0), Aptnpieg (Buses), DMA

[IpoBeopuia éwg Tetdptn 9 Iovviov 2004, dpa 5:00 p.p. oto "kovti" Tov padpatog (Boopdda F)
Aocknon 17.1: Anmaikévion Mviung tov Movadwv E/E (Memory Mapped 1/0)

Onwg eimope oto pddnuo, évag ovvnBiopévog TPoOmog emkowvmviag emegepyaotn-pLovadwv
€16000v/€€6d0v (E/E - mepupepeloxés ovokevég) eivan 1 "amewovion pviung” tov povadwv E/E
(memory-mapped 1/0). Ze tétown cvotiuota, €va HEPOG TOL "ydpov" @LoK®V d1evdHvoewmv
OVTIOTOLXEL GTNV KUPLO, LVIHT TOV VITOAOYIOTH, EV® Ol DTOAOITES PLOIKEG SIEVOBVVGEIS OVTIGTOLYOVV
OTIG TMEPUPEPEINKEG CLOKEVEG. AVTO omuaivel 0Tt eviodéc load kou store TtV omoiv M €KOVIKNA
devbvvon petappaleton oe téroteg "dAAeS" PLOIKEG devBivoels TPokoloHY LETAPOPE SESOUEVEOV
oo TNV EKACTOTE EMAEYOUEVT TEPLPEPEIOKT) cvokevn Tpog Tov emetepyaotn (load) 1 avrtictpopa
(store), avti va dwfalovv | va ypaeovy pia Béon koplog pvAunc. H mpootacio tov nepipepeloakdv
ovokevdV (T.y. opyeia oto dioko) amd avemitpenteg/Kakofovreg, AavOaouévec, 1 TOVTOYPOVES
npocPaoelg eEcporiletal pe 10 vo unv omelkovi(el T0 AEITOVPYIKO CUGTNIO Kouia EIKOVIKT GEMON
XPNoTH GE QUCIKN GEMON OV OVTIGTOLYEL OE TEPIPEPELNKES GVOKEVEG, Kot Vo, "eupavilel" avtég Tig
(QUOIKEG OEAIDEG HOVO OTO YMDOPO EKOVIKOV O1EuBUVeE®mY TOL AEITOLPYIKOL GLOTAUATOG (TANV
TEPIMTAOCEMV EOIKMOV GLOKELMOV Kol EWOIKAOV YPNOTAOV OV EMTPEMETAL VO OTOKTOVV Kat'gvbeiov
TPOcPoom o€ aVTEG).

Zav amhoikd TopddEyUd, YI0 TOLG GKOTOVG OLTNG TNG AGoknomng, Bewpnote Ot pAdue yud Eva
oLOTNHO KUPLOG Hviung kol ocvokevdv E/E mov PAéner puowkég devbivoels AéEewmv (Ot bytes,
dMradn €xovv NN apopedel ta 2-3 LS bits tng dievbuvong tov enelepyaotn) peyéBoug (o1 puoikég
devbivoeic Aé€ewv) 11 bits. Tov avtictoyo ydpo euokdv devbiveewv, peyéBovg 2048 AéEewv,
aro@acifovpe Vo LopAcovUE MG EENG:

o Oxxxxxxxxxx: 1024 Aé&eig kKOpLog pvRuNg (main memory).

® 10xxxxxxxxx: 512 AéEeig yid pia "peydin" mepipepetokn cvokevn (dnAadn (i GLGKELT| TOL
mepéyel €vav peydro buffer dedopéveov E/E mov 6élovpe va pmopei vo PBAémer o
eneEepyaoTtnq).

® 110xxxxxxxx, 1110xxxxxxx: 384 Aéfeig kataveunuéveg o 3 "pecaiec" ovokevéc E/E, 6mov
N KaOe pd omd avTég TIG CLOKEVEG Uopel va ypnoiponolel Emg 128 drapopetikég devbivoelg
Y1 €6MTEPIKOVS TNG GKOTOVG.

e 1111xxxxxxx: 128 Aé€eig kotavepmpuéves oe €m¢ 16 "pkpés" ovokevég E/E, 6mov 1 kébe pd
omd OVTEG TIG CLOKELEC Umopel va, ypnoylomolel €og 8 drapopetikéc dievbuvoelg yid va
EMAEYEL ECMOTEPIKOVG TNG KOTOYWPNTES 1] EWOIKEG TPAEEIG/AEITOVPYIES.

(o) Zyedudote, ypnoyomoldviog woieg AND kow NOT, 1ov amok®dikomomty dievbiveemv mov
EMAEYEL TI] GVOKELY TOL TPETEL Vo evepyomombel kabe popd. Eicodog Tov amokmdikomomnty ival to
11 oOppota euokng devbuvvong AéEewv amd tov emelepyaotn (LETd TN HETAPPOOT TNG EKOVIKNG
devbvvong and to TLB) -1 6ca amd avtd ypeidleote. O anokwdikomomn g &xel 21 ovppato e£6d0v:
1 y14 Vv kOpra pvAun, 1 y1d v peydin cvokevn E/E, 3 yid t1g pecaiec ovokevég E/E, kot 16 yid tig
pupéc ovokevég E/E. Eoeig oyedidote 10 KOKAmpo Tov yevvd T Tpmteg 8 and ovtég Tig 21 e£6d0vg,
delyvovToc TPOGEKTIKA o0 CUPUATO EICOO0V KOl TOLHG TOAIKOTNTAG YPNOLLOTTOLEITE 68 KAOE TOAN
AND.

(B) Ze mowd AéEN pvqung (m.y. "#135", apyilovtag amd v "#0") 1| og modv kaToywpnt (). "#5",
apyilovtog amd tov "#0") moudg ocvokevng (m.y. "pwkpng #3", apyilovrag amd v "pikpn #0")
avagépetar kdbe pa omd 115 €&Ng puokég devBivoelg Aéewv mov didovtar oto dekaeEAdIKo
ocvompa: 000, 00A, OFF, 1FF, 200, 3FF, 400, 4FF, 500, SFF, 600, 640, 680, 6C0, 700, 740, 760, 780,
7A0, 7C0, 7F0, 7F4, 7F8, 7FC, 7FF.
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Aocknon 17.2: Karoyopntéis Katastaong, Busy Wait, Polling

duokd, ol povadeg E/E dev eivon mpaypatikny pvqun: ovyvd, defaloviog amd opiopévn devduvon,
dev maipvel o enefepyaotng TNV O T UE OLTAV TOV €lxe YPAWYEL o€ avTN TN Olevbvven v
tehevtaio popd mov Eypoye ekel (o emelepyaotng) --maipvel v Ty Tov BEAEL va Tov ddoel KaOe
eopa M povada E/E, n omoio Ty ovyvd aArdlel pe to ypovo. Emiong, tétoleg avayvaocelg amd
TEPLPEPELOKES CLOKEVEG Umopovy va £xovv "mapevépyeteg”" (side-effects), Onmwg m.y. va Bétovv 1 va
undevifovv onuaieg (flag bits) mov vwodekvoovy m.y. 6Tl SAPACTNKE 1) TAPOVOA T EIGOGOV KOl dEV
€xel €\Bel axopa m emduevn (véa) T €1c06dov. Opoiwg, e€yypagn oe oplouévr dievbuvon
TEPIPEPELOKNG OLOKELNG UTOPEL VO TPOKOAEL 7.x. METAOOCN TNG TANpoPopiag o€ KAmolo
GUPLO/OIKTVO, KOl Ol TPOUYUATIKN €YYpaon o€ kamowo flip-flops mov vo pmopodue apydtepa va To
SwPacovye, KoL EVOEXETOL EMIONG 1 EYYPOPT OVTN VO TPOKOAEL KOl GAAES TTOPEVEPYELES OMWG T.Y.
undevioud evog flag mov vrodekvoet 6Tt TapeAnEon N Tapovoa Tiun €£600V Kot OTL 1] GLOKELT deV
glvar axcopa £Toun va TapaAdfet TNy xopeVN TYL.

Eneidn ov povadeg E/E dev cvoumepipépovial Gov TPAYHOTIKY HviAUn, ot Tyég mov dwuPalovpe M
ypapovpe 6TIg 01EVOHVGELG TOVC TPEMEL VO 1AV KPOTIOVTAL GTIV Kpv@h VAT, E104A0c Oa dofalovue
TOALEG TIHEG 1 aTA OV YPAPoLE dev Ba pTdvouv OAa 1 apéowg otig ocvokevés E/E. Avto, to va
TOPAKAUTTOVV dNAAOT Ol TPOCTEAAGELS CUTEG TNV KPLPT UVIAUN, EMLTLYXAVETOL GUVHOMG e TO Va
avayvopilel 1 KpueY| LviRun v €01KN LOpeN TOV PLOIK®V dtevfivoemv tov cuokev®mv E/E.

‘Eva. Ao ocvompo emkowmviog eneéepynoti-cuokevdv E/E, dapopetikd amd Tnv amewovion
pviung tov povadwv E/E, eivar n dmapén edikdv eviodmv €166d0v/eE6dov (I/O instructions) oto
pemEPTOPLO EVIOADV TOV emeepyaotn. Ot eviolég e160d0v potalouvv e Tig load Ko ot evroiég e£E6dov
powafouvv e Tig store, Opwc ot evtorég E/E etvon "mpovopiovyeg” (priviledged), dniadn emtpéneton va
extehovvtonr povo oe "kernel mode", kot ov evioréc E/E €domolodv v Kpuen uvAun vo pnv
napéupetl. Koatd ta dAdla, otic aptnpieg E/E, ot evtodég E/E pdilov kotainyet va divouv devdovoeig
EVTEAMDC OVAAOYEG TPOG QVTEC OV divouy ot viorég load/store 6To GUGTANATA LE ATEKOVIGN UVING
tov povadwv E/E.

e avt) v doknon, Beopiote 6TL N "pikpn" ovokevn E/E #7 g doxnong 17.1 eivor pd cvokeun
€16000V amd TANKTPOAOY0, OTL 0 Koatoympntig #0 avTig TG OLOKELNG &ivol o "KoToy®PNTAS
Kkatdotaons", kot 61t 0 kaToywpns ™S #1 elvan o "koatoywpntig dedopévav". Mol éABel véog
YOPOKTAPUG OO TO TANKTPOAOYLO, 1| GLOKELY BETEL TOV KOTOY®PNTH KOTAGTAONG otV T 1, Kot
Bétel Tov Kotaympnt dedouévav otnv Tun mov omoteAel Tov Kodika ASCIL Tov yopaktipo mToL
NABe. Avayvoon (amd TAevpds emeEepynoTi) TOV KOTOXOPNT KOTAGTAONG OV £XEL TOPEVEPYELEG,
EVD AVAYVOGCT] TOL KATOXWOPNTH OESOUEVOV TPOKOAEL UNOEVIGUO TOV KATO®PNTH Katdotaong (LExpt
va éABgl 0 emdpEVOS YopaKTPOG --£T01 Egympilovple, av matnOel To 1610 TANKTPO TOAAEG POPEG, TOGES
Qopéc TathoOnKe).

(o) T'payte mid dodwacio (procedure) "read s7_busywait char ()" oe C (1], omv avdykn, oe
yeudokmoka 6TVA C) 1 0Toia EMGTPEPEL TOV EXOUEVO YOPOUKTAPO OO TO TANKTPOAOYLO 0vTd. Ommg
Aéel Ko 1o Gvoud tng, M Sadwkocio avtny Ba kaver "busy wait", dniadn Oa mepyiével va Bl o
EMOUEVOG YOPOKTHPUG OTOCYOADVTOS EV T® HETAED TOV eMEEEPYOOTN LE TO VO EAEYYEL GUVEXDGC, Eavdl
Kot Eava, v MA0e yopoktpag (avayvmon Tov KaToympnty KATAoTaons) --QUGiKd, TPOKeLTatl Yid
TOAD KOKO GTUA TPOYPOUUATICUOV, OAAG amd Kamov mpémel va Eekwvnoovpe.... H dadwkacio o
emoTpéPeL Tov yapaktipa (char) mov NABe. Oewpnote 6TL 1 dodikacio Ba Tpéyel oe kernel mode (B
glval HEPOC TOL AEITOLPYIKOV GLOTAUOTOC), Kot OTl, Otav Oa TPEYEL, M UETAPPAOCT] EIKOVIKMOV
dtevbivoewv oe puoikég Ba gival n cvuvapton TavTdTTUS, dNAAd) N PLGIKY dievbBuven Ba 1ovToL
LLE TNV EIKOVIKT] TTOV TNV YEVVNGE. XPNOUOTOINOTE type casting, and Tig 6TafepEG AKEPALES TOGOTITEG
TV devfivoewv mov EEPete, Y18 VO apP)IKOTOOTE TOLG pointers (katdAiniov €idovg) mov Oa
YPEWOTEITE Y18 TPOOTELOOT) GTOVG KOTOYDPNTES TNG GVOKELTG.

(B) H mopondve dwdikoacio (o) givar Todd Kokid, 10Tt dev aprvel Tov ene&epyaotn vo KAveEL Titota
Ao 6onv dpa owtdg mepével va mAnktporloynbel o emduevog yoapoaktipag. Onwg einape Ko 6to
uaonpo, évag KaAdTePOog TPOTOG &€ival va ekTeAel 0 eme€epynoTng O1GQOpa TPOYPOUUATA, KO,
TEPLOOIKA, OTOTE £PYETOL AKOTY| GO TO POAOT TPAYHATIKOV ¥povov (cuviBmg 50 pe 100 Hz --dAio
and 10 PoAdl Tov emefepynotn, TOV TOAMOV ekatovtddov MHz), peta&d GAA@V TePlodIKOV
EPYOOIDV, VO gAEYYEL KOl €4v MABE KATOLOC VEOC YOPOKTAPOS ONO TO TANKTPOAOY0 (0pKel ot
YOPOKTAPEG VO LNV EPYOVTL TO YPYOPa OO TIG OKOTES, TPAYLLO TOV 1GYVEL Y10 TANKTPOAOYO KOt
50-100 Hz pvbud odwokomndv). O tpoémog ovtdg Aéyetar devypotoinyio (polling), 51611 o
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enekepynotnc maipvet Eva "detypa amd TV Katdotaon Tov TAnkTporoyiov ke 10 pe 20 ms (50-100
Hz). I'payte i véa dwadikooio "read s7_polling char ()", avfAoyn HeE TNV TPONYOVHEVT), QAN
avTh TN Eopa Ywpig avopovh. Edav éxel éABel vEog yopoKTNPOG OO TO TPOTNYOVUEVO KAAEGHO OTNV
read_s7 polling_char(), 10te o emoTpépel avTOV TOV YOPAKTNPO, GALOIDG (v dev Exel EABeL vEOg
yopoktNPpog) Oa emotpépet (apéowmc) '\0".

Aocxknon 17.3: Koéotog E/E Bacer Asvypotoinyiog kon faoel Atokor®@v

H mepodkn devypoatoinyio (polling) mov eidape oty mopamdve doknon 17.2 eivor €vag
PEAMOTIKOC TpOmOg €16660v/eE600v (E/E - 1/0), apkei 1 ocvyvotnto SerypatoAnyiog vo givol
aPKOVVTIOG YNAN ®oTe va unv xévovtol gicodor 1 va unv kabvotepel 1 €€0dog. To petovéktnua g
detypotolnyiag eivon 1 6TATAAN XPOVOL YIA TNV OVAYVOG TOV KOTOY®PTNTH KOTAGTOONG OTOV gV
€xel €EADeL akOpa VEX £16000G 1) OEV €YEL TEAELDMOEL AKOWO 1] TPOTYOVLEVT TTPAEN €E0S0VL.

‘Evoc evolhaxticog tpomoc 1060ov/eE6dov givar E/E Pacel dwokont®v (interrupt-driven 1/0): n
TEPLPEPELOKT] GVGKELT OlakoTTEL (interrupt) Tov eme&epyaostn OTAV VIAPYOLYV VEL dESOUEVA E1GOG0V
yi' avtov, 1 0tav gival étoyun vo deyxtel véa dedopéva £06ov and avtdv. ‘Etol, dev omataiiétaol
1pOVog Yo derypoTonyio ywpig Adyo TG cLGKEVNG, 060 avTt dev givarl akdpa Etowun. To kdoTOC,
navtoc, g E/E Bdacel dwaxomdv givar n €101k @povtida (overhead) mov amartel 1 kabe dtokomn,
dedopévou Ot ot aAldlel T dlepyasion TOL TPEYEL, TO TEPLEYOUEVE TG KPLPNG UVAUNG KOl TOV
TLB, kot omortei damovnpn Kotoypoen otolxeiov (book-keeping) yid va Aettovpyncel cwotd. Avt'
ovtol, M OelyutoAnyio pmopel vo €YEl TO TAEOVEKTNUO, OVOAOYO WE TNV TEPIMTTOOTN, OTL
detypotoinmrel "d ko koAn" moAléc ovokevég E/E yid kdBe pud dwoxomn amd to poAdi (batch
processing), avti vo vpiotatat "kdbe Tpeic Ko Aiyo" To KOGTOC UGG EXTAEOV S0KOTNG ad UG GAAT
ovokeLT. [ va amoQacicOvUE T oG CUUPEPEL LOG EVOLLPEPOVY TPELG TOPALETPOL:

e [1600 KoVTA YpoviKd pmopel vo. cupfovv dvo yeyovota €160d0v; H mepiodog derypatoinyiog
npémel vo gival Ppoydtepn amd ovtd, TPOKEWEVOL Vo PNV YUCOVUE TO SEOTEPO YEYOVOG.
IIpokeyévov mept €£6d0v, OGO dexdlaoTe Vo KabBvotepnoovpe amd TV 0AOKANPMOT| LG
TPAaEng €660V UEYPL va To avTIANgOEl 0 enelepyacTng Kot Vo TPOoYmPNoeL 6Ty exduevn; Tnv
TOPAUETPO OLTI] UTOPOVUE VO TNV UEYUAMGOVUE (APO OTOVIOTEPT] OEIYUATOANWIM) OV 1
ovokevn] E/E éxel évav peyakvtepo evtopienty (buffer) mov vo pmopeil va kpotd péca tov
TEPLEGOTEPQ OedoUEVA E16000V 1 5000V (TEPIGGOTEPT) OOVAELL KAOE POpPLL).

e [I6c0g gival o pésog puBlog TV Yeyovotmv €16000V; AnAadn, avesdptnta av dvo yeyovota
€16000V eVOEYETOL VAL GLUPOVY TOAD KOVTH HETOED TOVC, KaTd UEGOV Opo TOGO KOVIA YPOVIKE
0o ocvppaivovv; Oco omavidotepn €ival 1 KATA HEGOV OPO EUPAVICT] TOVG, TOGO UEYOADTEPN
givan  omatddn g doxomng detypatoinyiag. [Ipokepévon mepi €600V, TOGO TEPIGGOTEPO
dwopkel kotd pécov 6po M kabe mpdEn amd v mepiodo derypatonyiog (OnA. v péEyoT
amodektn Kabvotépnon avtidpaonc);

e [I6c0 molhéc ovokevéc E/E derypotolnmrovpe pali og kdbe drokomn tov poroyov (batching
factor); Oco meplocdTEPEG £Vl QVTES, TOGO TEPLEGOTEPO OmOGPévuTal LeTa&d TOVG TO KOGTOG
Mg O10KOTNG TOV POAOYLOV.

BempNoTE, G AVTAV TNV ACKNGT, 0Tl T0 PpoAdT Tov emefepyaotn givar 500 MHz (doyeto e T0 pordi
TPOYLLATIKOD XPOVOL OV poG divel TEPLodIKES SLoKOTES), OTL 1 €101KN Ppovtida (overhead) Y14 kdOe
dwkomn eivar dvo yadeg (2000) kOKAOL TOv PoAOYIOD TOL eme&EPYAOTH, KOL OTL TO KOGTOG
derypatonyiog pag cvokevng E/E elvan daxocior (200) kdkAol Tov poroylov tov enelepyaotn (M
KOplo otion avTg g KabBvotépnong eivar to 6tL o1 aptnpieg E/E (I/O buses) givar mold mod oapyég
omd tovg (YpNyopovg) omuepvolc emelepyaotés). @EAovUE Vo VTOAOYIGOLUE TL TOCOGTO TOL
ouvolikov ypdvov tov enefepyaotn Ba amoppopd 1 E/E ot mopokdto mepmtdoelg, 6tav auth
yiveton faoet derypotoAnyiog 1 PAoEL SloKoT®V.

(a) Eoto évag vmohoyiotig o omoiog AapPdavel kol Kotoypaeer onpote omd 40 omopokpuopéva,
onueia. Kabe d and tic 40 ypopég E16000VC EVOEYETAL VO PEPVEL VEEC E1G0O0VE KABe 1 ms, dnAadn
pe péyotro pvoud 1 KHz. Eav ypnoyomomoovpe detypotolnyio, ETopEVOG, T0 poAdT TPETEL VOl LLOG
diver 1 daxom| avd 1 ms. e kdBe Owakomn, derypotoinmrovpe 40 cvokevéc. T1dcovg kvKhovg
poloylob (tov emeEepyaotn) Eodevovpe oe kdbe drakonn, (1) yid v bt T drokonn, ko (il) y1d 116
40 oderypatoAnyieg; Aedopévov 0tL avtd emavarapPdvetor 1000 @opég t0 deVTEPOAENTO, TOGOVG
KOKAOLG poroyiov avd s Eodevovpe yid E/E; Tt 1060616 TG GUVOAIKNG VTOAOYIGTIKNG SUVOLIKOTITOG
TOV EMEEEPYOAOTI OVTUTPOCHOTEVOVY AVTOT 01 KOKAOL;
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(B) Eoto 611 610 cvotnua (o), mop' 0Tt véeg 160501 UTOPEL Vo £pyovTal GYETIKA KOVt 1 [ pe TV
A (kdBe 1 ms), Ouwc 0 pécog pLOUOG APIENG TOVG Eival OTUOVTIKE 0poOTEPOG: KOTH LEGOV OPO
épyovton 50 véeg €ic0d01 ava SELTEPOLETTO OV YPOUU E1GOJ0V. ZUVOAIKA, Y10 OAEC TIG YPOLLES,
wooeg etvar o1 véeg eicodot avd s; ‘Eotm 611 kdvovpe E/E Pacel dtaukonmv, kot 0Tt Kabe véa £i6060g
(amd ordnTote ypopuun) mpokadel pio dwokomn. [1ooeg dokoméc ava devtepdrento Ba £yovpe, KoTd
pésov 0po; Iocovg kvxlovg poroyov Ba Eodedel o emeEepyaoctig Yy va tig e&umnpemoet; Ti
TOGOGTO TNG GUVOAIKNG VTOAOYIGTIKNG TOV SUVOUIKOTNTOG OVIUTPOCHOTEDOVY QUTOL; ZVUPEPEL N
derypatonyia (o) N ot drokonég (B);

(v) 'Ecto topa 6T1 6T0 chotnua (o) avEdvetor o HEcog puludc dpiEng vémv e160dmv, amd 50 ava
ypopun ava devtepdiento mov Ntav 6to (P) o€ 500 avd ypoppn avd devteporento (dnaadn TAncialet
MEPIOGGOTEPO GTO PEYIOTO pLOUOS, Tov givar 1 KHz). To k6ot0C TG derypatoinyiog dev aridlel, apov
avT 0VTMOG N AAA®G emokénteTal TNV KAOe ypapuun 1000 eopég to devtepdiento. Opmg, otn pébodo
Baoet dakommv, ovéaverl To Léco TAN0og dtakommdv avd devtepdiento. TIog aAAGlovy o1 amavTNGELS
oag ™G epdtTong (B) edm; Zvpeépet n detyoToAN i 1] O1 SIOKOTEG, TP,

(0) X1ig mepurtoelg (B) ko (), Kivdvvevovpe va xaoovpe kamola véa €600 av "mécovv palepévec”
véeg gicodol amd Oheg TIc Ypappéc; ‘Eotm 0Tl apéomg petd v €levon WdG véag €16000v amd T
ypopuun A, pog €pyovior véeg €icodol ko amd Tig 39 dAheg ypaupés. T va eEumnpemoet o
eneepyoomc Tig 40 ovtég dlokomég (T pio PETd TNV GAAN), WOGOVLS KVUKAOVLG emefepyaoTh
ypewletor; TIocog ypdvog sivar avtog; To vopitepo mov pmopel vo EABel | exduevn €icodog amd ™
ypopun A givar 1 ms petd v mponyovpevn, 6nwg sirape oto (o). Ao £xel mpordfet o emeEepyacTnc
va g&umnpetnoet Ti¢ Topandvm 40 dtakonég mpv EAOEL 1 emdpevn avt €i60d0¢ amd ™ Ypapun A, 1
Ba v yacel avt TV enduevn €16060;

(g) Eoto topa 6Tt avti tov 40 £16600Vv ToL (1) 0 VToroyiotig pag £xel 10 e10600ve, 0AAG aVTEG sivar
ypnyopotepes. ‘Eotm 011 kKabe €ic0dog givan pid ypapun diktoov tov 1 Mbit/s, oniadn nepimov 120
KBytes/s. 'Eoto 011 kdBe cvuokevn €16000v pmopel va kpatnoet (€xel buffer yid va kpatioet) 1
TakéTo, aALG Oyt mapomdve. Otav kdvovpe E/E Bdoet dwokondv, kabe cuokevn pag divel 1 drokomn
yid ke 1 agpuvovpevo makéto. 'Eotm o011 ta pukpotepa dvvartd maxéta givar peyébovg 40 Bytes
kaféva (6nwg 610 TPWTOKOAAO TOv dladikTvov, to IP). Apa, o péyiorog duvatdg pvOudc aeiEng
makétov gival 120 KBytes/s 61d 40 Bytes avd mokéto = 30 K mokéta/s avd ypappn. Eoctw, de, 611 0
pésog puluds apiEng maxétav gtvon 8 K mokéta/s avé ypapupn. Me avtd ta voopepa, Eovo-amavtnote
T1g epooelg (o) Ko (B). AmoteAovv Tdpa owtég o1 cuokevég E/E ehappd goptio yid Tov vmoAoylot)
LOG, OT®G OTIG TEPTMOGELS ()-(Y), | onuavTikd/Papd @oprtio;

(o7) Znuepa gpeoviCovral oryd-cryd ypappéc diktvov tov 1 Gbit/s, dniadn 1000 popéc ypnyopodtepes
amd avTéC Tov (€). Mmopel 0 VTOAOYIGTNG HOG VO TIG OVTEEEL OV 1] GLOKEVT] EIGOO0V GLVEXIOEL VOl EXEL
EVIOMIELTH] HOVO Y10 évo makéTo, N cuveyioel va pog otvel pio dtakomn yid KAbe a@uvovuevo
TOKETO;;;

Aoxknon 17.4: Amnegvlsiog IIpocPfaon Mvijung (DMA) and Xvokevéc E/E

Amo t0 mopomdve voduepa @dvnke OTL o1 ypnyopeg ovokevég E/E mpémer vo €xovv peydAovg
evtapevtés (buffers), oVTOC OOTE 01 S1OKOTES --EITE TOV POLOYIOV EITE TV GUGKELMV-- VO UMV EIvol
TOAD GLYVEG, Kol VoL UTOPEl LEYAAN "ToGOTNTA £pYOCING” VO GLGCOPEVETOL GTOV EVIOUEVTH HETAED
SdoyIKAV "eMOKEWYEWDV" GTN GVGKELT amd TOV ENEEEPYAOTN. AKOLA KO LLE OVTY T AVOT, OH®S, Y1d
vo unv €ivar ot SoKoTES TOAD GLYVES, VIAPYEL Kot £va GALO TPOPANLA ETOOCEDY Y10, TIG YPNYOPES
ovokevég E/E:

IMé va avtiypbwyer o eneEepyaotg €va peydAo OyKo SedOUEVOV OVOUESO GTOV EVIOUIEVTN TNG
TEPIPEPELNKNG CLOKEVNG KO TNV KLPIOG UVAUN TOL VTOAOYIGTYH, OTOLTOUVTOL TOAAOT KOKAOL
poloyov, emewdn ot aptnpieg E/E (Aewpdpor E/E - /O buses) elvar moAd mod apyég omd TOVG
onpepwvovg (ypryopoug) emeepyaotéc. Asdopévov OTL M avTiypon ovty eival pid moAd omdn
gpyooio, Oo 0moTEAOVCE GMATAAN SUTAVNPOV VTOAOYICTIKGOV TOpwV (Tov emeEepyaotn) T0 Vo
Balovpe tov emefepyaoctn vo TV KAvel o emefepynotng, o€ ovthi TN dovAEw, Oo omaToAd TNV
TEPIOGOTEPN PO TOV TEPYEVOVTOC Vo amovinoel 1 apmpia E/E. H evdederypévn Avon sivar va
OTOKTHOEL 1] TEPLPEPELNKT GLOKELN TN SVVATOHTNTA VO KAVEL LGV TNG TNV AVTLYPOPY| OVALEGO OTO
EVTOLELTT TNG Kot oty kupla pviun: H "AzrevBeiog lpéofaon Mvijung (Direct Memory Access -
DMA)" a6 115 ovokevég E/E Asttovpyei g e€ng. H ovokeun E/E €xet 3 xatoywpntéc eAéyyov yid ™
Aertovpyia DMA:
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a. AwrevBuvon évapéng --etvar 1 (puoikn) dievBovvor pvAuNg Tpog TV omoio N amd v oznoia Ha
apyioel N avtypaer 6ed0UEVOV.

b. Méyebog petapopdg --givar 1o TA00¢ twv Bytes mov Ba avtiypoapoiv.

c. Kataympnmg evepyomoinong --eivor o katoy®pnte ekeivog 6mov POAMG o emeepyaotnc
YPAWEL Evov €101K0 KOSKa Oa apyioel n aviypagr.

H ovokevn E/E €xet emiong pio pikpr unyovn memepacpévov katactdoewv (FSM), n omoia, poig
dobel to onpa exkivnong, kavel v &N SovAeld Kot emavaAnym:

1. Znrtd vo g dobel | xpnon g aptnpiag pviung | tov apmmpidv E/E kot pvqung.

ii. MoOMg g d00el n xpron, avtrypapel v endpevn "AEEN" TOV EVIOUIEVTN TG GUGKEVNG OTNV
Kuplog pvnun, eket mov deiyvel o KaToywpNnTg dlevbbuveong, 1 TV avIypaeel amd TNV KLpimg
VAU OTOV EVIOUIEVTH TNG GLOKEVNG. [XT0 Prina avtd, 1 "AEEN" Tov avTlypdpeTol cuyvd dev
eivan pio povo AéEn tov emegepyastn 1 ¢ aptnpiag, aAAd pio pikpn opdda (burst) Aé&ewv,
TPOKELUEVOL VAL EKUETOAAEVTOVUE TN duvatdTTa TV DRAM Y14 01kovopIKoTEPT TPOCTELNGT
ouveydpevav AéEeov (§ 16.1), kabmg kot va amocPdcovpe kaAvtepa 10 overhead amdKTnoNg
YPAONG NG apTNPiog UEC® TNG UETAPOPAS TePlocoTépmv Bytes kdbe @opd mov v
OTOKTOVLE].

iii.  Av&avel tov Kotoywpnty dievbvvong kotd 1o TANnbog Twv Bytes mov poOALG petépepe.

iv. Mewovel tov katayopnt| peyéboug petapopds kotd to mAnbog tov Bytes mov poAG pHetépepe.

v. Av o xotoyopntig neyédoug ivar akdpa peyaAdtepog tov pundevoc, emavaiappavet amod to (i).

Ag Bewpnoovpe oe ovt v doknomn Tov ido emefepyactn pe poroi 500 MHz mov elyope kot
TopOTAve, pe pia eviaia (Y1d amkotra) aptnpio pvnunc-E/E, émov n aptmpia Aettovpyel pe pordi 50
MHz (10 @opég mod apyd). H apmpia éxer mhdtog 64 bits = 8 Bytes. Kdabe ypnom g aptnpiog
Kkootilel: (1) 2 kOKAovg g aptmmpiag (= 20 kdkhovg emefepyaotr]) overhead yid 1o Eexivnpa
(dwutnoia, Eheyyog, ETAOYT GLOKELNG, HeTaPOPA dtevBuvong), ouv (ii) 1 emmAéov khkho aptnpiog (=
10 koKAovg emelepyactn) yid kdbe 64 bits = 8 Bytes petapepopévev 6edopévamv.

(o) 'Eotw 011 dev vmapyer DMA, ot o eneepyact KAvel TNV avtlypa®n HETAED EVIOUIEVTN
TEPUPEPELOKTG GUOKEVTG KOl LVIUNG, 0G TOVIE OO TN GLOKELT TTpog Tn pwvnun. H avtiypoaen yiveton
pe éva pkpod Ppoyo mov mepthapPdver pio evodn load omd tn cvokevn kot pio. EVTOAN store ot
pvnAun. H evtoAn load avoaeépeton o pio povo AéEn (ag movue tov 64 bits) --apov dev LIAPYOLY
evtoAég load/store moAhamimv AéEewv. Eneidn dwafaler amd v apmnpio E/E kot oyt and v (Kpven)
Pvfun, avt kootilel, katd To Tapamave, 3 KokAovg ¢ aptnpiog (2 overhead ekxivnong + 1 y1d ™
pia AEEN dedopévav) = 30 kbxdovg Tov enelepyaotr). Ag VTOOEGOVIE OTL 01 VTOAOUTEG EVIOAEC TOV
Bpoyov xootilovv 10 kKOKAOLG TOV emeepynoTn, KUPIOG AOY® TOV OVOTOPEVKTOV AOTOYIDV KPLUPNG
pvAung mov Ba TPOKOAEGOLV Ol EMOVEIMUUEVEG EVIOAEC store o€ Olevbvvoely un mpocPaTa
YPNOYLOTOMUEVES. ZVVOAIKA, ETOUEVMG, 0 pLOUOS avTrypapng eivar 64 bits = 8 Bytes avd 40 kbhkhovg
enekepyoot. T16c60g eivor avtog o pvBudc oe MBytes/s kor oe Mbits/s; Edv o ene&epyaostc avtog
&xel va eEummpetet tavtdypova 2 diockovg pe mapoyn 10 MBytes/s kaBévag ko 1 diktvo fast ethernet
pe mapoyn 100 Mbits/s, Tt T060GTH TOL ¥POVOL TOL OO VITOYPEWOEL VO APIEPDOVEL Y18 OVTLYPOPES
dedOUEVOV OO TOVG EVTUUIEVTEC TOV CLGKELMY OVTMV TPOG TN UVI T TOV;

(P) 'Eoto topa 6tL vdpyelt DMA. Ag vtoBécovpe, Tpog oTiyunyV, 0Tl 0 eNeEePYAoTC OEV OMOGYOAEL
kaBo6Aov ™V optnpic pvAung-E/E, m.y. emnedn €uoTtoxel cvveymG GTNV KPLON TOL UVAUY, Kot
EMOPEVOS 1 apTnpia. avTh eivan cuveyde dabéoun oty (ot1g) cvokevn(eg) DMA. 'Ecto (i) 611 ot
ovokevég DMA kdvouv Tig avtiypagég Toug pécm petapopav piag (1) Aééng (twv 64 bits = 8 Bytes)
K@Oe @opd, n omoio KooTilel, KOTA Ta TAPATAV®, 3 KOKAOLG TG apTtnpiog N kabe petapopd. Edv n
apmplo aracyoieiton mAnpwg (100%) yid tétoeg petapopéc DMA, moon Oa eivar m cvvolkn
wapoyn ¢ o MBytes/s kol oe Mbits/s; Xt cvvéyela, €0t (i1) 611 01 cvokevég DMA kdvouv Tig
AVTLYPOQEG TOVG HECH UETAPOPOV dVO (2) AéEewv, onA. 16 Bytes, kdBe @opd, ot omoieg xootilovv,
Katé To Topomave, 4 KOKAOLG TG aptnpiog N Kabe petapopd. Edv n aptmpla aroaoyoieiton moi
100% y14 tétoteg perapopéc DMA, moon Ba eivar m cvvolkny mapoyr g oe MBytes/s kot g
Mbits/s; 1o epddnon eav (iii) 1 ke petapopd oty aptnpia apopd burst Twv 4 AéEemv (32 Bytes)
Kka0e popa, kot (iv) ebv apopd burst Twv 8 AéEewv (64 Bytes) kdbe popd.

(y) Edv o1 petapopéc DMA e&ummpetovv tovg 2 diockovg pe mopoyn 10 MBytes/s kabévag kot to 1
diktvo fast ethernet pe mapoyn 100 Mbits/s g epdTnong (o), Kot v o1 cvokevés DMA Kdvouv Tig
AVTLYPOQEG TOVG HECH PETOPOP®V bursts Tov 8 AéEemv (64 Bytes) kdbe @opd, TOTE TI TOGOCTO TOV
xpovov g apmpiog pvauns-E/E anacyolodv avtég ot petapopés DMA avt®v TV TEPIPEPEINKDY
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GLOKEVAV; XLVYKPIVETE 0VTO TO TOGOGTO WE TO TOCOGTO TG anmdvinong (o). Ilap'ott mpdkertar yid
avopolo peyédn (to (o) HTav TOCOGTO TOV YPOVOL TOV €meEepynoTh, EVM TO (Y) €ivol TOGOGTO TOV
xpdvoL NG aptnpiag), OpmG eEnyeiote o€ mTOOHS dVO TAPAYOVTES OPEIAETOL 1 LEIMON TOV TOGOGTOV
arooyoAnong ard to (o) 6To (y).

Emumléov ¢ peloong avtng, mov gival omd uoévn g éva kEPOOC, Topatnpnote OTL oto pev (o),
dnradn yopic DMA, o enelepyactng apiépmve €va, |1 EVKATAPPOVITO HEPOS TOV XPOHVOL TOL Yid VO
e&ummpetel TIg peTaeopés dedopévev avtdv Tov cvokevdv E/E, evd oto (y), onAadn pe DMA, o
eneEepynoTng 08V aPlEp®VEL KaBOLOL ¥POVO G OVTEG TIC LETAPOPES (PpovTilel povo va Tig Eekvdet,
KOL PETE TIG APTVEL Va TPEXOVV HOVES TOoVg Y14 ToAAd KBytes cuvinBmg), kot ot petapopég yivovton
"noveg toug" (dNradn amd Tig unxavégc DMA, mov dovievovv TopAAANAL pe Tov emeEepyactn),
aroaoyoAdvtag (ot petapopés DMA) éva pépog povo g dabéociung moapoyng (throughput) g
apmpiog pvnuns-E/E, kot a@fivoviog to vadAomo UEPOg avtig NG mapoyns dwbéoipuo yid vo
€ELANPETOVVTOL O OGTOYIES TNG KPLPNG UVIUNG TOV eMeCepYaoTh.

Aoxknon 17.5: DMA ko Xvppatotnte Kpovenic-Koprag Mvijpung

' éva ovotnua 0mov yivovton petapopég DMA mpémel va Avbel to mpdPAnua e ovpPatodtnrog
KpuenNg Ko Koprog pviung (mpoPAnuoa Cache Coherence). Agifte mold eivor 10 mpdPfAnpa ovtd,
Kavovtog to e&ne. Tyedidote (i) Tov eneepyaotn e TNV KPUQT TOV UVAUT, 1| OTOl0 GUVOEETAL GTNV
aptnpio (Ae®@opo - bus) pvAunc-E/E, (ii) v kdpia pviun, cvvoedepuévn oty id1a aptnpio, kKo (iii)
i cvokevn E/E pe punyoviopnd DMA, cuvdedepévn oty idto aptnpio.

(o) OePNOTE TNV TEPLPEPELOKT] GUOKELT] GOV GLOKELN €1GOS0V, Kot BewpoTeE OTL QLTI UETOPEPEL
pécw DMA véa dedopéva 10000V o€ Kamola meployn dlevfiveewv otny KOpla pvniun. Metd t Anén
G UETAPOPAS, TO TPOYpapLpo mov Tpéyel otov enelepyaoctn Bélel va dwfdoel (Léow load) ta véa
dedopéva €16600v 0o TV TEPLOYN dEVBVVGEDY GTNV KVPLA LVIUN OTToL ovTd £)ovv TomobetnOel amod
10 DMA. X¢ mod mepintwon Oa dwfdoel to cwotd véo dedopéva, Kol o€ mowd mepintwon Oa
dwPaocel AavOoopuéves TaAES TIHEG;

(B) ®cpnoTe TNV TEPIPEPELNKT CLOKEVT] GOV GVGKELT €£000V, Kot BemPoTe OTL TO TPOYPOLLLO TOV
TPEYEL OTOV EMECEPYOOTN TTAPAYEL UEPIKA VEX OEOOUEVO T OTOl0. YPAPEL (LEC® store) oe OPIGUEVT
meployn O1evbiveemv pviung, Kor to omoia ot ocuvvéxeln 0EAel va oteilel otV TEPLPEPEIOKN
ovokevn]. [d 10 okomd avtd, T0 AElTovPyKd cvotnuo Eekwvder d petapopd DMA amd v
TOPATAVE TEPLOYN devBuvoewv KOPaG PVRUNG Ttpog T cvokevn €£6dov. ‘Eotw 6t 1 kKpuen pviun
tov enmeepyaoty eivor tomov write through, oniadn, oc¢ yvootév, kabe TL WOL YPAPEL O
ENEEEPYOOTNG OE VTNV, GLTH TO YPAPEL AUECMG Kol oTny Kuplo pviun. Y@ avtég Tig ouvOnkec,
VRLApYEL TEPINTOON VO PTAGOVV AdBog (Takaid) dedopéva 6t cvokevn eE6dov; [Nati Oy

(y) ‘Eoto tdpa 611 610 cvotua (B) n kpuen pvAun eivor tomov write back, onAadn dev ypapet
OUECMG OTNV KOPLoL v KaBe aAdoyn TG (€yypaer vEOg TIUNG) TOL KAVEL O EXEEEPYAGTNG, AN
10 YPAQEL apydTEPa, dTav 1o block 6mov £yve 1 adAayn TPEMEL VoL AVTIKOTOGTOOEL OTNV KPLEN LV
armd dAdo block. Y7' avtég T1g cuvbnkeg, og mold mepintwon o kataAnEovy 1o cmotd véa dedopéva
0TN GVOKELT| 6000V, KOl o€ O epinTmon Ba katoAnEovv ekel AavOaouéves TOAUEG TILES;

Avcelc 610 TPOPANHA TG cupPatoTNTAG KPLENG Kot KOplag pvipng vrdpyovy "pecofélikes", pe
exdimén (flush) cedidov amd v kpven pvniun (SVGKOAO 1 XPOVOPMPO) N LE XPNON GEAID®V TOL 1
Kpuen pviun avayvopilel kot dev kpatd (non-cacheable pages) (ueidver v emidoon ToL
emekepyonotn), N "plikéc”, pe xpnon evog TPOTOKOALOV GLUUPATOHTNTOG KPLO®V VLAV GOV QVTE TOV
YPNOYOTOLOVV 01 TOAVETEEEPYOUOTEG KOWVOYPNOTNG VNG (shared-memory multiprocessors).

Tpoénog llapadoong:
[Mopaddote OAeg TIG AMOVINGCELS GOG 6€ YOPTi, 610 "kouti" TOov pobnuatog oto emimedo -0 tov

Agvkov Ktipiov (edv ypdwyete TV omdvTnorn 6€ DVIOAOYIGT, TOPOKOUAEIGTE VO TNV TUTMOETE KOl VO
TAPASDOETE POVO XOPTL, V1A AOYOLG OLOLOLOPPIaG KOl S1EVKOAVVGN G TG S10pBmang).
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