Exercise 10i: I/O, Buses, DMA (U.Crete, CS-225) http://www.csd.uoc.gr/~hy225/07a/ex10_io.html

HY-225: Opydvwon Yroloyiot®dv Tu. En. Yroloyiotov
Avoién 2007 © MMavemotuo Kpnng

Xepd Aoknoeov 10i:
Movaoec Ewsooov/EEdoov (I/0), Aptnpieg (Buses), DMA

[IpoBeopia émg Asvtépa 14 Moaiov 2007 (Boopdda 8)
Aocxknon 10.1: Anaikévion Mviung tov Movadowv E/E (Memory Mapped 1/0)

Onwg eimope oto pabnuo, évoc ovvndicpévog Tpomog emKowvaviag emeEepyaoTn-HLovAd®Y
€16000v/eE6d0v (E/E - meprpepeiaxés ovuokevég) eivor n "amewdvion pvaung" tov povadwv E/E
(memory-mapped 1/0). Xg tétoln cvotTiuUota, €vo HEPOC TOL "ympov" @LoK®V devdhveewmv
QVTIOTOLYEL OTNV KOPLOL LV TOV DTOAOYIGTY], EVA Ol VIOAOITES PLGIKEG S1EVOBVVGELS OVTIGTOLYOVV
OTIG TMEPUPEPELOKEG CLOKEVEG. AVTO onuaivel 0Tt evtolég load ko store T@v Omoi®V 1 EKOVIKY
SdevBvvon petappaletor oe tétoteg "GAAEC" PLOIKEG d1EVOVVOELG TPOKAAOVV LETAPOPE dEdOUEVDV
amd TNV EKAGTOTE EMAEYOUEVT] TTEPIPEPELOKT] CLOKEVN Ttpog Tov emeepyaot (load) 1 avrtictpopa
(store), avti va dwwPfalovv N va ypdoovv pia BEon koplag pvnung. H mpoctacio tov mepipepelokdv
oLOKEVAOV (Y. Opyelo oTo JOioK0) Omd OVEMITPENTECG/KOUKOPOVAES, AOVOAUGUEVEG, 1 TAVTOYPOVEG
npocPdoelg eEoporiletal pe 1o va unv amelkovilel 10 AEITOVPYIKO GUCTNUO Kouio, EIKOVIKY] GEALON.
XPNoTH GE QUCIKT GEMOO TOV OVTIGTOUYEL GE TEPLPEPEIKEG GLOKEVES, Kat vo. "epeovilel” ovtég Tig
QUOIKEG OEAIDEC LOVO OTO YMPO EIKOVIK®YV O1eubivoemy Tov AEITovpylkod GLGTAHOTOG (TANV
TEPIMTAOCEMV EWOIKOV GLOKELMV KOl EWIKAOV YPNOTOV OV EMTPEMETAL VO OMOKTOVV KOT'€LOgioy
TPOSPaoT 68 AVTEG).

2oV OmAOIKO TOPASELYHO, YU TOVG OKOTOUS OLTAG TNG GoKknong, Oempnote 6Tl wAdpe yid éva
oLoTNUHO KVplag pviung kot cvokevdv E/E mov PAémel guokég devBuvoelg AéEewv (0x1 bytes,
Mradn Exovv NN apopedel ta 2-3 LS bits g diebbvvong tov ene&epyaot) peyéboug (o1 puotkég
devbovoelg Aégewv) 11 bits. Tov aviictoyo ydpo euoikov devbivoewv, peyébovg 2048 Aéewmv,
amoPacifovpe Vo LOPAGOVHE MG EENG:

o OxxxXxxxxxxx: 1024 AéEeic kOprog pvnung (main memory).

e 10xxxxxxxxx: 512 AéEeig yid pio "peyddn" mepipepelokny cLoKeLT (ONAAdN UG GUGKELT] TOL
mepéyel évav peydio buffer dedopévov E/E mov 0éhovpe va pmopel va PAémer o
ene&epyaoTtnq).

® 110XXXXXXXX, 1110xxxxxxx: 384 Aéfeig kotovepnuéves o 3 "pecaies” ovokevég E/E, dnov
N KaOe [l omd ovTEG TIC GLOKEVEG UTOPEL VO YpNOIOTOLEL £¢ 128 SropopeTikég devBuvoelg
YU E6OTEPIKOVS TNG GKOTOVGE.

e 1111xxxxxxx: 128 AéEeic katavepnpéves o€ émg 16 "pkpéc" ovokevéc E/E, dnov 1 kdbe pud
amd OVTEG TIG CLOKEVEG UTOPEl va yproionotel €o¢ 8 dopopeTikéc devdiuvoelg yid va
EMAEYEL ECMOTEPIKOVG TNG KOTOYWPNTES N E0IKEG TPAEEIG/AEITOVPYIEG.

(o) Zxedudote, ypnowomoldoviog nodec AND ot NOT, tov amokmdikoront S1evfhveewmv mov
EMAEYEL TI] GUGKELT TTOL TTPEMEL va. gvepyomomBel kabe popd. Eicodoc tov amokmdikomomn eivor ta
11 oOppoto euotkng devbuvvong AéEewv amd tov enefepyaotn (LETA TN HETAPPOACT TNG EWKOVIKNG
devbvvong amd to TLB) -- 6ca amd ovtd ypewdleote. O omokmdtkomomntng €xel 21 cOppota
€€6dov: 1 y1d v kopo pvnqun, 1 yid v peyddn cvokevn E/E, 3 yid tic pecaieg ovokevég E/E, kan
16 116 11g pukpég ovokevég E/E. Eogig oyedidote 10 KOKAMUO TOV YEVVA TIG TPMTESG 8 amd owTég Tig 21
€EO600VC, dElYVOVTOC TPOGEKTIKA TTOLA GUPHOTO EGO00V Kol TOLAG TOMKOTNTOG YPTCUYLOTOIEITE CE
Kké0e mHAn AND.

(B) Ze mowd AéEN pvnung (m.y. "#135", apyiCovrag amd v "#0") 1 o To6V Kataywpnty (m.y. "#5",
apyilovtog and tov "#0") moidg cvokevng (my. "wkpng #3", apyiloviag amd v "uikpn #0")
avapépetor kGOe pd amd TG €€Ng Quokég devbivoelg AéEemv mov didovtal oto dekaeEadKo
cvomnua: 000, 00A, OFF, 1FF, 200, 3FF, 400, 4FF, 500, 5FF, 600, 640, 680, 6C0, 700, 740, 760, 780,
7A0, 7C0, 7F0, 7F4, 7F8, TFC, 7FF.
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Aocxknon 10.2: Koaroyopntés Katastaong, Busy Wait, Polling

dvooikd, ot povadeg E/E dev givar mpaypotikn pviun: ocoyvd, dtopalovtag omd opiopévn devbuvon,
Oev Taipvel o emeEepyacTnG TNV 10100 TIUN HE OLTAV 7oL €lye YPAYEL GE aLT TN Olevbvven v
TeAevTaio Popd Tov Eypaye ekel (0 emeEepyaotig) --maipvel Ty T Tov BEAEL va Tov ddoel Kabe
@opa M povada E/E, n omoia tiuf ovyvd oAralel pe 1o ypovo. Emiong, tétoiteg avayvmoelg omd
TEPLPEPELNKES GLOKEVEC UTTOPOLV va. Exovv "mapevépyeleg” (side-effects), Omwg m.y. va BETovv 1 va
undeviCovv onuaieg (flag bits) mov vrodeikvoovy Y. 6Tt dSoPdotnke 1N TAPOVOA TIU EIGOSOV KOl
dev €xel €ABel axopo 1 emopevn (véa) Tiun €106dov. Opoimg, eyypagn o€ optopévn dlevbuvon
TEPIPEPEINKNG OLOKEVNG MUmMOpel vo. TPOKOoAEl T.x. HETAdOON TG TANPOPOPIOG G€ KATOL0
GUPHO/OIKTVO, KOl OYL TPOYUATIKN €yypapn o€ Kamola flip-flops mov va umopovue apydtepa vo to
SoPAcove, KoL EVOEYETOL EMIONG N EYYPOON OLTH VO TPOKOAEL Kot GAAEG TAPEVEPYELES OTWS T.Y.
undeviopd evog flag mov vrodekviel 6Tt TopeNedn 1 Tapovca T €£660V Kol OTL 1| GLOKEVT] deV
glvar axopo £Toun vo Topaldfel TNV ETOUEVN TIUN.

Eneidn o povadeg E/E dev cuumeppépovIol ooV TPOYUATIKY UvAUN, ot TWHEG Tov StaPdlovpe M
Ypapovpe oTIC S1ELOVVOELS TOVG TPETEL VOL (v KPATIOVTOL GTNV kpo@n WU, E00Amg Oa dtafdlovue
TOAEG TIHEG 1 awTd ov ypdpovpe dev Bo pTdvovy OAa N apécwg otig cuokevég E/E. Avtd, to va
TOPOKAUTTOVV dNAAOT Ol TPOOTELACELS AVTEG TNV KPLON KVIUN, ETLTUYYAVETOL GLVHOWOG e TO Va
avayvopilel | KpueN LvRUn TNV €01KN LOPET| TOV PUOIK®OV d1evbiveeny Tov cuokevmv E/E.

‘Eva dAho ocvotpo emkowwviag emeepyaotn-cvokevdv E/E, Stapopetikd omd v ameikovion
pviung tov povadwv E/E, eivor n Omopén edikov evioddv gio6dov/eE6dov (I/0 instructions) oto
PEMEPTOPLO EVIOA®V TOL eneEepyaot]. Ot evioréc e10000v potalovv pe Tic load kot o1 evioAég e£0dov
powafovv pe Tig store, Opmg ot evtoréc E/E eivar "mpovopovyeg” (priviledged), oniadn emitpémetan
va ektelovvion povo oe "kernel mode", kot ot eviolég E/E edomotovv v Kpueh uvhAun vo unv
mapépuPel. Koatd ta dhia, otig aptnpieg E/E, o1 evtoréc E/E péddhov kataAnyetl va divouvv devbuveeig
EVIEADC OVAAOYEC TPOG AVTEC TOV divouv o1 EvToAEG load/store 6T GLUGTALATO LE OTEIKOVIOT) WVIUNG
Tov povadwv E/E.

e avtn v doknon, Beopiote 6TL N "pikpn" ocvokevn E/E #7 g doxknong 10.1 givan pid ovokeon
€16000V amd TANKTPOAOYO0, OTL 0 Kotoywpntig #0 avtig T™C ovoKeLNG €ivarl 0 "KaTay®mPNTAG
KoTaotaong”, kot 0Tl 0 Kataywpntg g #1 gival o "koataympntg dedouévav". MOAG EABel vEog
YOPOKTAPOG 0O TO TANKTPOAGYL0, 1| GLOKELT BETEL TOV KATAX®PNTH KaTdoTaonS oty Tun 1, Kot
0étel Tov Kotaympnt dedouévav oty Tun mov arotedel Tov kmdiko ASCII tov yopoktipo mTov
NABe. Avayvoon (amd TAevpds emeEepyaotn) TOV KATAX®OPNTH KATACTOONG OV EYEL TAPEVEPYELES,
VO aVAYV®GCT TOL KATOX®OPNTH SESOUEVOV TPOKOAEL UNOEVIOUO TOV KOTOY®PNTH KaTdoTtoong (et
va €MBgl o emduevog yapaxtipag --£tol Eeympilovpe, ov motnbel 10 1010 TANKTPO TOAAEG POpPEG,
TOGEG POPEG TATHONKE).

(o) T'payte pd dadwkacio (procedure) "read_s7_busywait_char()" oe C (1, omv avaykn, ce
yeudokmoke 6TVA C) 1 oTtolo ETIGTPEPEL TOV EMOUEVO YOPAKTNPA 0mtd TO TANKTPOAOYI0 0vTd. Ong
Aéel Ko 1o dvoud tng, 1 Swdkacia avtn Bo kdvel "busy wait", dnAadn Ba mepuével va €ABgl o
EMOLEVOG YOPOUKTHPUG OTOACYOADVTOS €V T® UETOED TOV EMEEEPYATT LE TO VO EAEYYEL CLVEYMGS, EAVA
Kat Eava, dv MABe yapaktpag (avayvooTn Tov KaToympnT) KOTAoTUoTG) --QUOIKH, TPOKELTAL Yid
TOAD KOKO GTUA TPOYPOUUATICHOV, OAAG and kdmov mpémel va Eekwvnoovpe.... H dadwkacio o
emoTpEPEL TOV Yapaktipa (char) Tov NABs. Oswpnaote 6T 1 dwdikocio Oa tpéyetl o€ kernel mode (Ba
glval HEPOC TOVL AEITOLPYIKOL GUGTNUOTOC), Kot OTL, OTOV Qo TPEYEL, M UETAPPUCT] EIKOVIKMDV
dtevbivoewv o uoikég Ba eivar 1 cvvdpTNon TOVTOTNTOG, ONAAST 1 PLGIKN devBuven Ba 1ovTon
HE TNV EIKOVIKN] 7OV TNV yévvnoe. Xpnoyomouwote type casting, amd Tig otobepéc aKEPUIEG
ToGOTNTEG TV O1eVBHVeEY Tov EEPETE, V1A VO aPYIKOTOOTE TOVG pointers (KaTdAiniov €idovg)
7oV Oa YPELNCTEITE Y18 TPOOTELOGT) GTOVG KOTOYWOPNTES TNG CVOKELNG.

(B) H mopomdve dwadikacio (o) ivor moAd Kokid, S10TL OV apnveL Tov eneEEpyOoTn Vo KAVEL TITOTO
dAlo donv dpo avTOG TEPUEVEL VO TANKTPOAOYNOel 0 endpevog yopaktipoc. Onmg eimape Ko 610
péonuo, évag KoAvTEPOG TPOTOG €ivar vo ekterel o eme€epyaotng Sdpopa TPOYPAUUATO, KO,
TEPLOJIKA, OTOTE EPYETAL OOKOTN OO TO POAOT TpayUaTIKoD ¥povov (cuvnBwg 50 pe 100 Hz --dAlo
amd T0 poAdi Tov emeepynotn, T®V WOAAGV exoToviadwv MHz), petafd GAA@V TEPLOdIKOV
EPYACLOV, VO EAEYYEL Ko €hv MADE KATO0G VEOG YOPOKTAPOG OTO TO TANKTPOAOY (opkel ot
YOPOKTAPEG VO LNV EPYOVTOL TTLO YPNYOPa amd TIG OLOKOTES, TPAYLLO TOV 1GYVEL Y10 TANKTPOAOYLO Kot
50-100 Hz pvBud odwokondv). O 1poémog ovtdc Aéyeton derypatoinyio (polling), d6TL o
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eneepynotg maipvel éva "delypa” omd v katdotaon Tov TAnkTpoloyiov kdéBe 10 pe 20 ms
(50-100 Hz). T'payte wd véa dwodwkooio "read_s7_polling_char()", avdioyn upe v
TPOTYOOLEVT], OALL avTh T Qopd ywpig avapovr. Edav éxer éABel véog yopoktipog omd To
mponyovpevo kdiecpo oty read s7 polling char(), tote Ba emoTpépel avTOV TOV YOPOKTIPO,
aALo1dg (av dev €xet EMOgL vEog yapaktnpag) Bo emiotpépet (apéomg) “\0".

Aocxnon 10.3: Kootog E/E Bacer Asvypoatoinyiog kon faoel Alokor@v

H mepodwkn deryporoinyio (polling) mov eldape ommv mapomdve doknon 10.2 etvon €vag
PEAMOTIKOC TpOTOg €160d0v/eEdGdov (E/E - 1/0), apkel m ovyvoétrta detypotoinyiog vo givol
APKOVVTOC YNAN OOTE Vo unv yavovtal icodot i va unv kabvotepel 1 €€odoc. To pelovéktuo g
derypotonyiag etvor 1 omatdAn xpodvov yid TV avayvmon Tov KaToxwpnt katdotacng étav dev
€xel €A0el akopa vER £16000G 1 0V €YEL TEAEIDOEL KO 1 TPOTNYoUUEVN TPAEN €£G60V.

"‘Evog evaAloktikog 1pomog €16060v/e£0dov gival E/E Bacer dwokon®v (interrupt-driven 1/0): n
TEPLPEPELOKT] GVGKELVT dlokdmTel (interrupt) Tov enelepyactn 6TV LLAPYXOVY VEX dedopéva 16660V
YU avtov, | Otav eivon Etoyun va dextel véa dedopéva e£600v omd avtov. Etol, dev omataitéTon
xpOVOoG Yo derypoTonyio ywpig Adyo Tng cuokevung, 660 avty dev etvan axopa étoyun. To kdoTOC,
nwhvtoc, g E/E Bdaoel dakomdv givar 1 e1dikn gpovtido (overhead) mov amoutel 1 kdbe diakon,
dedopévou 0Tt avt aALAlEL T dlepyacio TOV TPEYEL, TO TEPLEXOUEVO TNG KPLONG LUVIUNG KOl TOV
TLB, kot amortel damavnpn kataypagn otoyeiov (book-keeping) yid va Asitovpynoel cwotd. Avt'
ovtov, M OelyHtoANnyio umopel va €€l TO TMAEOVEKTNUO, OVAAOYO HE TNV TEPITTOOTN, OTL
detypotonmrel "pd ko koAn" moAAéc ovokevég E/E yid kdBe b Soxomn and to poAroi (batch
processing), ovti va vpiotatar "kdbe Tpeic Ko Alyo" 10 KO6TOC UGG EMTALOV S10KOTNG OO LAV
AN ovokevn. ['d vo AmoPAGIGOVLE Tl LOG GUUPEPEL LG EVOLOPEPOVV TPEIS TAPALETPOL:

e [1600 kovTd Ypovikd pmopel va cupPfodv dvo yeyovota e106dov; H mepiodog derypatoinyiog
TpEMEL vou gival PBpaydtepn amd avTo, TPOKEWEVOD VO UMV YOOCOVLUE TO OEVLTEPO YEYOVOC.
Ipokeévou mepi €£660v, TOGO deyOLOOTE VO KAOVGTEPNGOVLE AO TNV OAOKANPWOOT LG
TPA&ENG €600V PEYPL va To avTIANEBEl 0 ene&epyaotnc Kot va TpoywpNoeL oty exduevn; Tnv
TOPAUETPO OLTI] UTOPOVUE VO TNV UEYOADGOLUE (PO GIOVIOTEPT OSLyHOTOANYi) ov T
ovokevn E/E éxet évav peyoivtepo evrapievnty (buffer) mov va umopel vo kpotd péco tov
TEPLOGOTEPQ SESOUEVA E1GOS0V 1) €000V (TEPLETOTEPT) SOVAELN KAOE POpdL).

e [I6c0g gival o pécog puBuds TV YeyovoTmv €16000V; Anladn, avegdptnta av dvo yeyovota
€16000V evdE et VoL oLUPOHY TOAD KOVTE PETAED TOVG, KaTd HETOV Opo TOGO KOVTA YPOVIK(L
0o ocvppaivovv; Oco omoaviotepn ivar 1 Katd HEGOV OPO EUPAVIOT] TOVG, TOGO UEYOADTEPT
glvar n omatdAn g dokonng derypatonyioc. Ipokeévou mepi e£650v, TOCO TEPIGGOTEPO
dwpkel kotd pécov 6po M kabe mpdln amd v mepiodo derypotoinyiog (dnA. TV pEyloTtn
amodekTn Kobuotépnon avtidpaong);

e [I6c0 moléc ovokevég E/E derypoatoinmrovpe poli oe kabe dakonr tov poloyiod (batching
factor); Oco meplocoTEPES EIVOL AVTEG, TOCO TEPIGGATEPO ATOGPEVLTAL HETAED TOVG TO KOGTOG
g O10KOTNG TOV POAOYLOD.

BempnoTe, 68 ATV TNV Aoknor, 6Tt T0 porodl Tov eneéepyaotn eivar S00 MHz (doyeto pe to poAdi
TPOYLATIKOD XPOVOL TIOL Lag divel meptodikég dlakomés), 6Tl 1 ek epovtida (overhead) yid kdaOe
dwokomn eivar dvo yddeg (2000) kvkhor Tov poroyoh Tov emeepyaotn, kol OTL T0 KOGTOG
derypatoinyiog pag cvokevng E/E eivan diaxooiot (200) kAol tov pohoytod tov emeEepyactn (1
KOplo atio. avtg ¢ kabvotépnong eivan o 6tL o1 aptpieg E/E (I/0 buses) givor mold mod opyég
amd Tovg (Ypyopovs) omuepwvoic emeEepyaotéc). OELOVUE VO VTOAOYIGOVUE TL TOGOGTO TOV
GUVOAMKOV YpOvov tov enefepyaoth Oa anoppopd n E/E otig mapakdte mepumtdoels, 0tav ovtn
yiveton Baoet derypotonyiog 1 Pacel Stakondv.

(o) Eoto évac vmoloylotig o omoiog AapuPdvel kot katoypdgel onfpoto omd 40 omopokpuouéva
onueia. Kabe pd and tig 40 ypoppég £166000¢ EVOEXETAL VO, PEPVEL VEEG £10000VG KGO 1 ms, dnAadn
pe péyoto puduod 1 KHz. Eav ypnoiponomoovpe derypatoAnyio, ETOUEVMS, TO POAOT TPETEL VAL LLOG
dtver 1 dwaxom avd 1 ms. Xe kdBe dwokonn, derypatoinmrovpe 40 cvokevéc. [locovg KdKAOLG
poloylov (tov emeEepyaotn) Eodevovpe og kdbe daxomn, (1) yid v idwa ™ dakomn, Ko (ii) yid T1g
40 derypatoAnyieg; Asdopévov 0Tt owtd emavoropuBaveror 1000 popéc T0 deVTEPOLENTO, TOGOVG
KOKAOVG poAoyov avd s Eodevovpe Yid E/E; Tt mocootd 1TNG GUVOMKNAG VLTOAOYIGTIKNG
SUVOIKOTNTOG TOV ENEEEPYAGTI] OVTUTPOCHOTEDOVY CVTOL 0L KOKAOL;
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(B) Eoto 611 ot0 cvompua (o), map' 6Tt véeg 160001 pumopel va EpYovTol GYETIKE Kovd N pio pe v
AN (kéBe 1 ms), O6p®G 0 PEGOG PLOUOS APIENG TOVG EIvOL CHAVTIKG 0POLOTEPOG: KOTA LEGOV OpO
épyovtarl 50 véeg €lc0d0t avd SeVTEPOAENTO aVA YPOUUT E1GO00V. ZVVOMKE, Y14 OAEG TIG YPOUUES,
mooeg etvan o1 véeg eicodot ava s; Eotm 61t kdvouvpe E/E Pdoet dwokondv, kot 611 Kabe véa €i6060g
(amd odnmote ypopupn) mpokadel pio dwoxomn. [ocec drakomég avd devtepdriento Ba Exovpe, KOTA
pésov 0po; Iocovg khxhlovg poroyod Ba Eodevel o emefepyaotng Yid va T e&ummpetoet; Ti
TOGOOTO TG GUVOMKNG VTOAOYIGTIKNG TOV OSLVAMIKOTNTOG OVTITPOCMTEVOVY OVTOL; ZUUEEPEL M
derypatoinyio (o) 1 ot drokonég (B);

(y) 'Ecto topa 6T 610 cvotnuo (o) avEdvetal o pécog puBuog aeiing véwov €ic6dwv, ard 50 avd
YPOUUN ava devteporento Tov NTav oto (B) og 500 avd ypapupn ava devteporento (dniadn TAncialet
MEPLGGOTEPO GTO PEYIOTO pLOUO, Tov givor 1 KHz). To k66T0g TG detypatoinyiag dev aAralel, apov
avTn 0UTMG N GAL®G emokénteton v ke ypappnq 1000 popég to devteporento. Opwmg, otn pébodo
Baoet drakommv, avéavetl o péco mAnbog dakondv avd devteporento. Iog aArdlovv ol amavINoeLg
oag ™G epatong (B) edm; Zvpeépet 1 detypatoAnyic 1 o1 SLKOTES, TP,

(0) X1ig mepurtdoelg (B) ko (y), Kvduvevoupe va ydoove kKamoo véa €i6odo av "mtécovv palepévec”
véeg gicodol amd Oreg Tig Ypapupés; ‘Eotm O0TL apéomg petd v éhevon Hag véag €16600V omd T
ypappun A, pog épyovior véeg g€icodot kol amd Tig 39 dAleg ypappés. I'd vo e&ummpemoet o
eneepyaotc Tig 40 avtéc dwkomég (tn pic petd v GAAN), TOGOLG KUKAOLG emegepynotn
ypewleton; T16cog ypdvog givar awtdg, To vopitepo mov pmopei va EAOgL | emdueVn €i6050G amd ™
ypopun A etvor 1 ms petd v mponyodpevn, 6mwg einape oto (o). Oa £yel TpordPet o emeepyacTnc
va g&umnpetnoet Ti¢ Topoandve 40 dakomég Tpv EMOEL 1| emduevn vt €i60d0G amd T Ypouun A, O
Ba Vv yaoel avtr TV enduEVn €16000;

(¢) 'Eoto tdpa 6Tt avii tov 40 €1060w@v Tov (0) 0 VTOAOYIGTNG Hog £xel TEVTIE (5) €16000VG, GANG
aLTEG etvan Ypnyopotepes. 'Eotm 011 ke gicodog ivor pud ypoppn diktbov tov 10 Mbit/s, dniadn
nepinov 1.2 MBytes/s. 'Eoto 611 kd0e cvokevn €166d60v pmopei va kpatnost (€xel buffer yid va
Kkpoatoel) 1 mokéto, oAAd Oy mapordve. Otav kdvovpe E/E Bdoel dwokonmv, kdbe cuokevn HogG
divelr 1 dwkomq y1d kdbe 1 agikvovpevo makéto. 'Eoto 0Tl to pukpoTepa duvatd mokéta ivor
peyéBovug 40 Bytes kabéva (6nwe 010 TpmtdKorro Tov dadiktoov, 1o IP). Apa, o péyiotog duvatodg
pLOuoS dpiEng makétwov eivan 1200 KBytes/s did 40 Bytes ovd mokéto = 30 K makéta/s avd ypapun.
‘Ectm, dg, 011 0 pécog pubudg apitng maxétov sivor 10 K moaxéto/s avd ypapur. Me avtd to
vovpepa, EAva-amovInoTe TIg epOToels (o) kot (B). ATotedobv tdpa owtég o1 ovokevég E/E ehappv
@OPTIO Y16 TOV VTOAOYIGTH LOGC, OTWE OTIG TEPMTOGELS (o)-(Y), 1] onuavTiko/Boapd goptio;

(o7) Znuepa gpeaviCovral oryd-otyd ypappég diktvov tov 1 Gbit/s, onaadn 100 popéc ypryopdtepeg
amd avTég Tov (€). Mmopel 0 VTOAOYIGTNG LG VO TIG AVTEEEL OV 1] GUGKELT 16000V GUVEXIGEL VOl EXEL
EVIOUIELT HOVO Y10 évo, TaKETO, 1| ouveyioel va pag Oivel pior dtakomn yid kdabe apucvoduevo
TOKETO;;;

Aoxknon 10.4: AmncgvOsiog IIpocPaon Mvijung (DMA) ané Xvokevég E/E

Amo 10 mapomdve voduepa @avnke OtL ol ypiyopeg ocvokevéc E/E mpémer va €yovv peydlovg
evtapievtég (buffers), ovtwc dote o1 dl0KomEG --€(T€ TOL POAOYIOD EITE TOV GLGKEVMOV-- VO, PNV Eivar
TOAD GLYVEC, KOl VO LImopel Leyddn "tocdtnta pyaciog” Vo GVGGMPEVETAL GTOV EVIOUIEVTN UETOED
SadoyIkdV "emokEWEOV" 6T GLOKELT and TOV ENEEEPYUSTN. AKOUA Kot UE AVTN TN AVOT, OUMG, Y1l
Vo Unv €ivar ot S1oKoTEG TOAD GLYVES, LITAPYEL Kot EvVo. GAAO TPOPANLLL ETOOGEDVY Y10 TIG YPNYOPES
ovokevég E/E:

Id va aviypdyel o emelepyaotig éva HeyGAo OYKO SeSOUEVOV OVALESO GTOV EVIOUIEVTN TNG
TEPLPEPEINKNG OCLOKEVTG KOL TNV KLPI®G UVAUN TOV VTOAOYIOTH, OTOLTOVVTOL TOAAOL KOKAOL
poloyov, emedn ot aptnpiec E/E (Aeweopor E/E - I/O buses) givor moAd mod apyéc omd TOvG
onpepvovg (ypryopovg) emeepyaotéc. Agdopévov OTL 1 avTypa®n ovth eivor pid moAd omin
gpyocio, Ba omoteAoVoE OMATAAN OOTOVNPOV VTOAOYIGTIKOV TOp®V (TOv enefepynotr]) TO va
Balovpe tov enefepyaoctn vo MV Kavel o enefepydotng, o€ avtn TN O0VLAEWL, Oa omataAd TNV
TEPLOGOTEPN DPO TOV TEPUEVOVTOG Vo, amavtiosl N aptnpio E/E. H evdedetypévn Adom eivarl va
QTOKTNOEL N TEPLPEPELNKT] GVGKELT TN SLVOTOTNTO VL KAVEL OV TNG TNV OVTLYPAPT OVALEGO GTO
EVTOULEVLTH TNG Ko oty kuptla pviun: H "Amevlgiog MpdoPfacn Mvijung (Direct Memory Access -
DMA)" an6 11c cuokevég E/E Aertovpyel og e€nc. H ovokevn| E/E éyet 3 kotoywpntég eAéyyov yid
Aertovpylo DMA:
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a. Awevbuvon évapéng --etvon 1 (puoikn) dedBvvon pvAung mTpog v omoia | omd v omoio Oa
apyioel  avtrypaer] 6ed0UEVOV.

b. Méyebog petapopdg --givar to TAn0o¢ tv Bytes mov Ba avirypoapovv.

c. Katayopnmg evepyomoinong --givol o Kotoyopntig ekeivog 6mov HOMG o emeepyooTng
yYpawel Evay g101K0 KK Ba apyicel 1 avirypaon.

H ovokevn E/E éyer emiong pio pkpn pnyovn nenepacpévev katootdoemv (FSM), n omola, poig
do0el To onpa exkivnong, kavel v €N SovAeld kAt emavainym:

1. Zntd vo g dobel ) xpon g aptnpiog pviung N tev apmpidv E/E kot pyqung.

ii. MOALg g doBel ) ypnom, avtiypdeet TNy endpevn "AEEN" TOL EVTAUELT] TG GUOKELNG OTNV
KUPI®G PVALT, EKEL TOV dElYVEL O KaTaympnTng devbuveong, 1 TV avTypdeetl amd TNV Kupimg
LUVAUN OTOV EVIOQULEVTH TNG GVOKELNG. [ZT0 Pripa avto, 1 "AEEN" oL avTiypdeEeTal GLYVA dEV
givan pio poévo AéEn tov emefepyactn N ™G aptnpiog, aAld pio pikpn opdda (burst) AéEewv,
TPOKEWEVOL VO,  EKPETOAAELTOOUE TN dvvatotnte, twv DRAM yid  owovoukotepn
npoonélaor cuveyouevav Aéewv (§ 16.1), kabng kot va amooBdcovpe kaidtepa 1o overhead
ATOKTNONG YPNONG TNG ApTNPiag HECH TNG LETAPOPAS TTEpLocoTéEPV Bytes kdbe popd mov tnv
OTOKTOVE].

iil.  Av&avel tov Katoympnrr dievbuvong kotd To mAnbog Twv Bytes Tov poAg petépepe.

iv. Melovel Tov xotayopnt| neyéboug petapopds katd to TAn00¢ tv Bytes mov poAig petépepe.

v. Av o katoyopntg peyédovg eivar akopa pLeyaAdtepog Tov Pndevac, emavolapfdvel and to

().

Ag Bswpnoovpe oe ovtn TNy doknon tov oo enefepyootn pe pordt 500 MHz mov elyoue xot
TOPOTAVE, pe pio eviaia (Yo amkotnta) aptnpio pwquns-E/E, énov n apmpia Aettovpyel pe porot 50
MHz (10 gopég mo apyd). H aptnpia €xel midtog 64 bits = 8 Bytes. Kabe yprion g aptnpiog
rxootilel: (1) 2 wOKAovg g apmpiog (= 20 wkoxhovg emefepynotn) overhead yid 1o Eegxivnpa
(droutnoia, EAeyY0C, EMAOYN GLGKEVTG, LETOPOPA dlevduveng), ovv (ii) 1 emmAéov KuKAo aptnpiog (=
10 xvxdovg eneEepyaotn) Yid kabe 64 bits = 8 Bytes petapepopuévav dedouévoy.

(o) 'Eotw 011 dev vmapyer DMA, kot o emeepyaotng KAvel v aviiypa@n HeTad EVIOUIELTY
TEPUPEPELOKTIG GLUGKEVTG KO LLVI|UNG, 0G TOVUE amd T GLOKELY| TTpog TN pwvnun. H avtiypaen yivetal
pe éva pkpd Ppdyo mov meprhopPavel pio evtodn load amd ™ cvokevn Kot pio EVTOAN store ot
pviun. H evtoAn load avaeépeton o pio povo AéEn (ag movpe tov 64 bits) --apov dgv vdpyovv
evtoAég load/store molhamhav AéEgwv. Enedn dapalel and v aptnpia E/E kot oy amd v (kpoen))
UV, avtq KooTilel, KoTd To Tapumdve, 3 KokAovg e aptnpiag (2 overhead ekxivnong + 1 y1d
pio AéEn dedopévav) = 30 kbdkhovg Tov emeepynotn. Ag vrobécovpe OTL 01 VTOAOITEG EVTOAES TOV
Bpoyov kootilovv 10 kOKAOVG TOL EMEEEPYAOTN, KUPIMG AOY® TOV OVATOPEVKTOV ACTOYIDOV KPUPNG
pviung mov Bo mpokaAécovv ot emavelnUUEVES €VTOAEG store oe devBlivoelg pn mpodceaTa
YPTOLOTOMNUEVES. ZVVOAIK(, ETOUEVMG, 0 PLOUOS avTrypapnc ivar 64 bits = 8 Bytes ava 40 kokiovg
ene€epynot. [16cog eivar avtdg o puBudc oe MBytes/s ko e Mbits/s; Edv o enefepyaotig avtog
&xel va eEummpetet tavtdypova 2 dickovg pe topoyn 10 MBytes/s kafévag kot 1 diktvo fast ethernet
pe mapoyn 100 Mbits/s, T1 T0G0GTO TOV YPOVOL TOL OO VTOYPEOEL VoL APLEPDOVEL YIA OVTLYPAPEG
SESOUEVAV ATO TOVG EVIOUIEVTES TOV GCUOGKEVMV QUTAOV TPOS TN UVILUT TOV;

(B) Eoto topa 611 vdpyet DMA. Ag vroBécovpie, Tpog oTiypnv, 0Tt 0 ene&epyaoTtng OV IOy OAET
kaBoAov TV aptnpic pvqung-E/E, m.y. emedn €votoyei cuvey®dc oTtnv KPLuen TOL UVAUN, Kot
emopévmg 1 aptnpia avt) etvor ocuveywg dbéoun oy (otig) cvokevn(eg) DMA. ‘Eoto (i) 6t ot
ovokeVEg DMA kGvouv TIC avTlypagég Toug LEGH peTapopmv piog (1) Aéénc (tov 64 bits = 8 Bytes)
k@Be popd, 1 omoio KOoTILEL, KATA TO TOPATAV®, 3 KOKAOVG TNG aptnplag 1 kdbe petapopd. Edv n
apmpio amacyoreitor mApog (100%) 114 tétoteg petagopés DMA, mdon Ba eivor 1 Guvorky
mopoyn ¢ o MBytes/s ka1 oe Mbits/s; Xtn cvvéyela, £éotm (il) 0Tt 01 cuokevéc DMA kdvouv Tig
AVTIYPOQEG TOVG HECH peTapop®dv 00 (2) AéEewv, dnk. 16 Bytes, kdbe popd, ol omoieg kootilovv,
KATO TO TOPOTOvVE, 4 KOKAOVG TG aptnpiog N kdbe petagopd. Edv 1 aptnpio amacyoAeitor molt
100% v16 tétoteg perapopés DMA, moon Oa eivanr n cvvolkn) mapoyn T oc MBytes/s koi og
Mbits/s; Id1a epdTnon edv (iii) n kabe petapopd otnv aptnpio apopd burst Twv 4 AéEewv (32 Bytes)
k& popd, ko (iv) €dv agopd burst tov 8 AéEewv (64 Bytes) kdbe popd.

(y) Eav o1 petagopég DMA g&uanpetodv toug 2 dickovg pe mapoyn 10 MBytes/s kabévag kot 1o 1

diktvo fast ethernet pe mapoyn 100 Mbits/s tng epamong (o), kot €6v ot cuokevég DMA kdvouv Tig
AVTIYPOQEG TOVG LECH HETOPOP®V bursts Tmv 8 Aé&ewv (64 Bytes) kdbe popd, 10TE TL TOGOGTO TOV
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xpévov ¢ apmpiog pvauns-E/E anacyorodv avtég ot petapopéc DMA outdv TV TEPLPEPEIOKDV
GLOKELMV; ZVYKPIVETE AWTO TO TOGOGTO LE TO TOG0oTO TG andvinong (a). [Hap'dtt mpodkerton yid
avopown pey€édn (to (o) Tov TOGOGTO TOL YPOVOL TOL EMEEEPYUOTN, EVD TO (Y) €ival TOGOGTO TOV
xpOvoL NG aptnpiag), Opmg Enyeiote o TO100G 800 TaPdyovTeG OQEILETAL 1] HEIDOT] TOV TOGOGTOV
anacyoinong omd to (a) oto (y).

Emumdéov g peimong avtg, mov eivar amd povn g €va KEPSOS, TapaTNnpnote OTL 6to Hev (a),
nradn yopic DMA, o enefepyaotng apiépmve £va Un evKoToEPOVNTO HEPOG TOV ¥POVOL TOL Y1l VO
gbumnpetel TIc peTapopég dedopévav avtmv Tov cvokev®v E/E, eved oto (y), dniadn pe DMA, o
eneepyaots dev aplepdvel KaBOAOV ¥pOVo Gg OVTEG TIC LETAPOPES (ppovTilel poVo va Tig EeKvaet,
KOl LETA TIC APVEL VA TPEXOVV HOVEC TOVG Y10 ToAAd KBytes cuvifmc), kai ot pHetopopés yivovtot
"uéveg toug" (nAad” amd Tig punyovég DMA, mov dovievovv mapdAinio pe Tov eneEepyaotn),
amaoyolovtog (ov petagopés DMA) éva pépog povo g dwbéoyng mapoyng (throughput) tng
aptpioc pvnunc-E/E, kot agpivovioc to vmdélouto HEPOG AVTNAG TNG Tapoyng obéciuo yid vo
€ELINPETOVVTAL O1 AGTOYIEG TNG KPLENG LVALUNG TOV eneEepYaoT.

Aocxnon 10.5: DMA kot Zoppatrotnra Kpovenc-Koprag Mvijung

' éva ovomue 6mov yivovton petagopés DMA mpémel va Avbel 1o mpdPAnpa e cvoppatotntog
KpLeNG Ko Koprog pvaung (mpopinue Cache Coherence). Agi&te mod givar to TpoOPANUE oo,
Kkavovtog Ta €ENg. Xyxedidote (i) Tov ENeEEPYNOT LUE TNV KPLET] TOV VAT, 1 OTOl0 GUVOEETAL GTNV
apmpia (Aeweopo - bus) pvqung-E/E, (i1) tv kopro pviun, ocuvdedepévn oty ida aptnpio, Ko (iii)
wd cvokevn E/E pe unyavicpnd DMA, cuvdedepévn otny oo aptnpia.

(o) OePNOTE TNV TEPLPEPELOKT] GVGKEVT GOV GUOKELT €16O00V, Kol OempNoTe OTL VT UETAPEPEL
péom DMA véa dedopéva e10680v o€ Kamota meployr] devfdveemv oty kopla pviun. Metd m Anén
NG UETAPOPAS, TO TPOYPAULO TOV TpEXEL otov eneepyonotn 0élel va dafdoet (péow load) ta véa
dedopéva €16000V amd TNV TEPLOYN S1ELBHVGE®Y GTNV KVPLOL LV 0TV avTd £xovv Tomobetn0el amod
10 DMA. X¢ mo1d mepintwon Oo dwfdoet ta c®woTd vén dedopéva, Kol o€ mold mepintwon Oa
SwPdoet AavBaouéveg TOAAMEG TILES;

(P) Oeopnote TV TEPIPEPELOKT] CLGKELT] GOV GLOKELT ££000V, Kot BEPNOTE OTL TO TPOYPOLLIL TOV
Tpéxel oToV eneepynoTt mapdyel HEPIKE véa dedopéva o, omoia Ypapel (LEcwm store) oe opiopévn
meployn O1evbiveemv PVAUNG, Kol T 0oio. otr cuvéyeln 0EAel vo OTEINEL OTNV TEPLPEPELOKN
ovokevn. [14 10 okomd avtd, T0 Aetrtovpykd cvotnua Eekwvael pd petapopd DMA ond v
TOPOTOV® TEPLOYN SEVOVVEEDY KVPLAG UVIUNG TPOC TN cvokevn €£600v. 'Eotm 4Tl 1| KpuOn LvAuN
tov emefepyaoctn eivor tomov write through, omAadn, ®g yvootdv, kdbe TL MOL YPAPEL O
eneEEPYOOTNG GE QVTHV, OVTH TO YPAPEL OUECMG KO GTNV KOPLo PvAUN. YT auTéc TIG GLVONKEC,
VILAPYEL TEPITTOOT VAL PTAGOVY AAB0G (madaid) dedopéva otn cvokevn e£6dov; Iarti oy,

(7) ‘Eoto tdpo 611 610 cvomue (B) n kpuen pvniun givar tomov write back, dniadn dev ypdoet
OUESMG OTNV KOPLoL LV KABe aAloyn Tiung (eyypagn vEéag TIUNG) OV KAVEL 0 ENEEEPYACTNG, OALA
T0 YPAQEL apydtepa, dTav 1o block 6mov Eytve n adhayn TPEmEL va ovTIKATAGTAOEL 6TV KPLEN LV
amd ailo block. Yr' avtég Tig ouvOnkeg, o€ mold mepintmon Ba kotaAnEovy Ta c®oTd VEL dEdopEVD
61N ovokev €650V, Kot 6g Told mepintmon Bo KatarnEovv exel AavOoopéves TaAESG TYHEG;

AVoelg 610 TPOPANUO TG cLUPATHTNTOG KPLENG Kol KOPLG UVAUNG vadpyovv "pecoPélikes”, pe
ekdiwén (flush) ceridwv amd v KpLen uvHun (dVoKoAo 1 ¥POvoPdPO) 1 LE XPNON CEAID®V OV M
KPLUON pvAun avoyvopilel kot dev kpoatd (non-cacheable pages) (pewdver v emidoon Tov
enekepynot), N "plikéc”, pe xpnon evoc Tp®TOKOAAOD GUUBOTOTNTOC KPVPDV UVILDY GOV OVTE IOV
YPTOUYLOTOI0VV 01 TOAVENEEEPYAOTES KOVOYXPNOTNG LVAUNG (shared-memory multiprocessors).

Tpoénog [Mapddoong:

[apotpiveote va Aboete avtég Tig aoknoels tpv v e&étaon [Ipoddov, Y16 Adyovg mpogtoipaciog
Y& 0TV, ADGTE OAEG TIG OMAVTNGELS GOG 6 YOPTL, 6TO pabnua, Tpwv avtd apyiost. (Eqv ypdyete
TNV amn@vVTNeN G€ VIOAOYIOTY, TOPUKAAEIGOE VO TV TUAMGCETE KOl VO, TOPASDGETE LOVO YOPTi, YId
opotopopeio Kot drevkdivvon dopbwong).

Up to the Home Page of CS-225 © copyright University of Crete, Greece.
last updated: 2 May 2007, by M. Katevenis.

6 of 6



