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HY-225: Opydvmwon Ymoloylotamv Tu. Ext. Yrohoyiotdv
AvolEn 2012 © Iavemotio Konng

Yepa Aoxriosov 13:
Movades Ewo0d60v/EEd00v (I/0), Agtnoies (Buses), DMA

ITapddoon og yogti, megimov 1 Atg. 28/5, cvpudpwva pe 0dnyieg mov Ba otahov aQydTEQQ
péow NATd (email)

Bhio (4n éxdoom, EAAnvind): dwapdote tv § 6.6, dnh. oeh. 684-696. Mmogeite va piEete
EYRURAOTIOULOLRES LOLTLES HaL OTO VITOAOLITO REPAAALO 6.

Acoxnon 13.1: Anrewévion Mvijus tov Movadmv E/E (Memory Mapped 1/0)

Onwg elmope oto padnua, Evag ovvnOLoUEVOS TEOTTOS ETUXOLVOIVIOG EMEEEQYOOTH-UOVAOWY
e1.0000v/eE6d0V (E/E - meoudpepelanés ovonevég) elvar 1 "ammeindvion uviung" Tov povadwv
E/E (memory-mapped I/O). Ze tétola ovotiuato, £€va péQog Tou "ymeouv" ¢uommv
OLlevOVVoEMV OVTLOTOLKEL 0TV ®HDOLOL UV TOU VITOAOYLOTH], EVM OL VTIOAOLTES PUOLHES
OLlevOVVOELS AVTLOTOLYOUV OTLS TTEQUPEQELOXES OVOKREVES. AVTd onpaivel OTL evtoég load xa
store TV omoiwv 1 ewovirf] dehBuvorn petadodleton ot tétoleg "dAheg" Quownég
ALevOVVoELS TEORAAOVY LETAPOQE OEQOUEVIV OITO TNV EXAOTOTE ETUAEYOUEVY TTEQLPEQELORT
ovoxev) mpog tov emeEepyaotn (load) 1 avtiotgoda (store), avti va dafdlovv 1 va
voddpouv pia B€om wivgLog pvijung. H moootaoio twv megudpegetanmdv ouorevmv (). agyeio
010 Olono) amd avemitoemreg/naxndPovies, AavOaouéveg, 1 TAVTOYQOVES TQOOPACELS
eEopaliCetar pe to vo unv amerovitel to Aettoveyird olotnuo xauia erovixt] oehida
£010TH 0€ Guowri] oeAON TOV AVTLOTOLXEL OF TEQUPEQELAREG CUOREVES, ®aL va. "eudavitel
OVUTES TS GUOWES O0eMidEG HWOVO OTO Y(MEO EXOVIXMOV OlEvOVVOEMY TOU AELTOUQYIXOU
oVOTNUATOG (TTM]V TTEQUTTMOEWMV ELOKMY CUOKEVMV KAL ELOXMOV XONOTOV JTIOV ETUTQENETAL
Vo, amoxTtoUV not'evleiav mEOOPAoT 08 AUTES).

Zav amhoind TaQddELYHOL, VIO TOUG OXOTOUS QUTHG TS Aoxnong, Bememnote OTL wAdpe yia
éva ovotnua ®vOpog pviung xot ocvoxevav E/E mov PAéner puonég dievbivoelg AéEemv
(OyL bytes, ONAad” €xovv NON aporebel Ta 2-3 LS bits g dietBuvong tou eneEepyaoti)
peyéBoug (ou duorés devBivoelg AéEewv) 11 bits. Tov avilotolo YMEO Puomwmv
devBuvoemv, peyéboug 2048 héEewv, amopacifovue va polpdoovue mg eEng:

o Oxxxxxxxxxx: 1024 AéEeig nOoLag uviung (main memory).

e loxxxxxxxxx: 512 AEelg vl plo "peyaln" meoupegelont] ovonevn (Onhadn uio
OoVO%ELVT| IOV TEQLEYEL Evav pueydho buffer dedouévarv E/E mov B&hovpe va pmoet va
PAémeL 0 emeEeQyaoTC).

o 110xxxxxxxx, 1110xxxxxxx: 384 AéEeic notaveunuéves oe 3 "peoaies" ovonevés
E/E, 6mov m »dBe o amd outég Tig ouvonrevég umoel vo yenolpomolel €wg 128
dapogeTinés dlevBivoeLs Yo EcwTEQLHOVGS TNG OXOTOUG.

o 11llxxxxxxx: 128 AéEeig notaveunuéveg oe éwg 16 "wunrgés" ovorevéc E/E, dmou 1
n00e plo amd autés TG ovonevéc Wropel vo yonouporotel €mg 8 dladogeTinég
OlevBivoels Yo va euAéyeEL 0WTEQIROUS TG rataywontés 1 edwmés modEeis/
AettovQyles.

(o) Zxedidote, yonopomowdvrag woieg AND naw NOT, tov amoxwdinomotnth dievbivoewv
mov  emAEYEL TN OvOxEUN] 7OV TEEmEL va evegyomowBel ndbe ¢opd. Eicodog tou
amoxwdromomth elvar Ta 11 obpuata puowmng detBuvong AéEewv amd tov emeEeQyaoti
(neTd ™) petddoaon tng ewovixig detBvvong amd to TLB) --f| doa amd ovtd yeeldleote.
O amormdwmomoutig €xel 21 otopata €E6dov: 1 yior thv »rOQLa pvAun, 1 yio v peydin
ovoxevn E/E, 3 yua tig peoaieg ovorevéc E/E, nat 16 yia tig unpés ovorevég E/E. Eoelg
oyedLdoTe T0 HORAMPO TOV YEVVA TG TRMTES 8 0mtd autés g 21 €E6dovg, delyvovtag
TQOOEXTIXA TTOLO. CUQUOTO €L0OO0V %Ol TTOLOG TTOMROTNTAS YQMNOLHOTOLE(TE 08 nAbe TOAN
AND.
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(B) Ze oo AEEN pviumg (mt.y. "#135", agyiCovtag amd Ty "#0") 1| o€ moLov naTayweNTY (FT.Y.
"#5", apylCovtog amd tov "#0") mowag cvoxevhg (my. "wxehg #3", agyilovtag amd v
"xn #0") avapégeton ndbe pta amd Tig €ENg puorés devBuvoelg AéEewv mov didovtan
oto dexaeEadind avotnua: 000, 00A, OFF, 1FF, 200, 3FF, 400, 4FF, 500, 5FF, 600, 640, 680,
6C0, 700, 740, 760, 780, 7A0, 7C0, 7F0, 7F4, 7F8, TFC, TFF.

Aoxnon 13.2: Karaywenréis Karasraons, Busy Wait, Polling

Pvowmd, ov povadeg E/E dev elvar moaypatint] uviun: ovyvd, diafdloviog amd oguopévn
dLevBvvon, dev malpvel o emeEeQyaoTng TNV (Sl TLpY) Le avThv mov elye yodapel o avth ™)
dtevBvvon v tehevtalo God mov €ypape exel (0 emeEeQyaoTi|C) --TAlQVEL TV TLUY TTOV
BéleL va tov dmoeL xdbe popd N povada E/E, n omola tyui) ovyvd arldlel pe to xoovo.
Emlong, Ttétoleg avoayvoels omd TEQLHEQELONES OUOXREVES UTOQOUV  va  €YOuv
"mopevépyeles" (side-effects), Ommwe m.y. va Bétouv 1) va undeviCovv onualeg (flag bits) mov
vroderviouy my. 0Tl OoPfAaotnxre 1 maooo Tl €l06dov now dev €xel €hDeL andpa M
emouevn (véa) T ewoddov. Ouolwg, eyyoadr oe ogiouévn devBuvon megupepelonng
ovonevng Woget va mooxralel m.y. uetddoorn g minoopoplog o ®ATOLO GVQUO/DirTVO,
%ol Oyl mooypotkl] eyyoodt oe xdmoia flip-flops mov va pmogovpe aydtego vo Ta
Olafdoovpe, oL eVOEYETAL EONG 1 €YYQOdT) auTi Vo TQOXOAEL now GANeS TaEEVEQYELES
omwg m.y. undevioud evog flag mov vodetnviel 6t mapehihON 1 mapooo Tur €E6d0v naL
OTL M) ovorevT] dev elval axduo £ToLun Vo TAQOAGPEL TNV ETOUEVT] TLUA].

Emeldn) ov povadeg E/E dev ouumeQup£Qovial OOV TQOYUOTIXT VAU, Ot TLéS Tmov
dafPdlovue N yoddouvpe ot devOUVOES TOVG TEETEL VO Uy RQOTIOVIUL OTNV XQUQ7
pvhun, eldimg 0o dafdlovue mohéc TLuég N avtd ov Yoddouue dev Bo ptavouv dAa 1
apéomg otig ovoxevég E/E. Avuto, to va mapaxdumrovy dnhadr| oL TQooTEMAOELS QUTES THY
nOUPN pvhUY, emTuyXaveTal ovvildmg pe To Vo avayvmeiTer N ®QUpn uviun v eldxm
pnodf Twv dpvorkav dievbivoewy twv cvoxrevwv E/E.

"Eva. GMo olotmuo emmxowvoviag eneEegyaoti-ovorevdv E/E, dwapogetind amd v
ameovion wvipng Tov povédwv E/E, eivar  0moEn ewdwmmv evioddv e106d0v/eE6d0U
(I/O instructions) 0T0 QEMEQTOQLO EVTOAMV TOV emeEepyaoti). Ou eviolés elcddov potdtovv
pe tig load xow ou evtohéc eEO6SOV povdlouv pe Tig store, Opmg ov eviokés E/E eivan
"moovopotyec" (priviledged), dnhady| emroénetor vo extehovron povo oe "kernel mode",
no ov evioléc E/E ewdomoolv tnv noudn pvhun va punv maoépPer. Katd to dhha, otig
oaotnoleg E/E, o evtolég E/E pdhhov natarfyel va divouv dievBivoelg evieAdg avAahoyeg
OGS avtés mov divouv oL eviohéc load/store 0TAL OUOTAUOTO UE OITTELROVLON WVIUNG TV
povéadwv E/E.

e ouTh) TV Gonnon, Oewenote ot 1 "uxen" ovoxrevi) E/E #7 tng doxnong 13.1 eivon pia
ovoxevt| €.0600V aItd TANUTEOAOYLO, OTL 0 ®aTaywENTig #0 QUTHS TS oVOXEVNS lval O
"RATAYWENTNG ®OTAOTAONS", %Ol OTL 0 xoToywENntig g #1 eivar o "xataywoentig
dedopévarv". Mohg €ABeL VEOS YOQOXTNOAS QIO TO TANRTQOAOYLO, M oVox®eLT] OéTeL TOV
1OTOYWENTH ®aTdoTOONS OTHV TLh] 1, ®ow O€TEL TOV ®OoTOWENTN OEdOUEVOV GTNV TLUY TTOV
omotelel tov x®Owo ASCII tov yogaxtioa mouv MNAOe. Avayvwon (amd mhevedg
emeEeQYaOT) TOV XOTOYXWENTN] ROTAOTOONG OEV £YEL TTOQEVEQYELES, EVA AVAYVWOY TOU
1OTOYWENTT] OEOOUEVOV TQONRAAEL UNOEVIGUO TOV ROTOAYWENTN ®OTAOTAONS (LEXQL VO, EMOEL
0 emOUEVOS YoEarTNEOS --£ToL Eexweilovue, av motnOel 1o (dlo mAxTEOo TOMAES poég,
O0ES POES TATNONHE).

(o) Todyte pia dwadwaocio (procedure) "read_s7_busywait_char()" oe C (1], otnv
ovdryxn, oe Pevdornwdna otvh C) 1 omolo €MOTEEDEL TOV EMOUEVO XOUQOXTNQO OO TO
TOM®TEOAOYLO 0vTd. ‘Omwg Aéer now To Ovoud g, N dadiwaocio avth) Oa xdvel "busy wait",
Onhadn Ba megupével vo EMOEL O ETTOUEVOS YOQAXTNQAG ATOOYOADVTOS €V T UETOED TOV
emeEEQYOOTY LE TO VO ENEYYEL OUVEXDS, Eava naw Eavd, edv NABe yapantioag (avayvwon
TOU ROTOYWENTT ROTAOTACGNG) --PUOLLAL, TTQORELTOL YLOL TTOAD RAXO OTUA TQOYQOUUOTIOMOU,
OMG amd ndmov mémer vo. Eextvijoovpe... H dradinaoio Ba emotoédel tov yapantioa
(char) mov M\Be. Oewpiote OtL 1 dradwacio Ba téyel oe kernel mode (Ba elvan pégog tov
AELTOVQYLROU OVOTNUATOGC), ®aL OTL, 6Tav Oa TOEYEL, 1| HeETdPoaoT ewwovivmdv devBivoewv

http://www.ics.forth.gr/~kateveni/225/12a/ex13_io.html Page 2 of 7



Exercise 13:1/0, Buses, DMA (U.Crete, CS-225) 12-05-13 08:59

oe puowég Oa elvar 1 ouvdeInon tovtoéTnTag, dMAadn N puowry) dievBuvvon Ba woltal pe
™V ewmovirt] mov TV Yévvnoe. XoNOLWOToWoTe type casting, omd Tig otafeQég anépateg
TOCOTNTES TOV AleVBUVOoEWV OV EEQETE, YLOL VO LQYLXOTOLOTE TOVG pointers (vATdAANAoy
el0oug) MoV Bal XQELUOTEITE YLOL TQOOTEAUOT] OTOUG HOTOYMONTES TNG CUOKEUTG.

(P) H mogamdve drodiraocio (o) elvor mohh naxid, OdtL dev adfveL Tov emeEeQyaoth v
UAVEL TIMOTA GALO OONV QO AVTOG TEQLUEVEL VO TANUTQOAOYNOEL O ETTOUEVOC YOQOUKTNQOG.
Onwg elmope »xaw 0to pdOnua, évag xahbteQog TEOmog elvar va extehel o enegeQyaoTng
OLéipoQaL TQOYQAUUOTOL, KL, TIEQLOOWKA, OTTOTE €Q)YETOL OLOXOTT ATd TO QOAGL TIQOYUATIXOV
xoo6vou (ovviBwg 50 pe 100 Hz --dhlho amd to QOAGL Tou emeEeQyaoti], T®V TOAODV
exatoviadwv MHz), peta&0 GAMV TEQLOOLRMV EQYAOLMV, VO EAEYYEL 1AL AV IAOE ®ATOLOG
VEOG YOLQARTNQOG OO TO TANKTQOAOYLO (LQHEL OL YOLQOAKRTIQES VAL UNV EQYOVTOL TILO YQT)YOQ
aTto TG OLAROTEG, AU TTOU Loy el yia TANKTEOAOYLO ®aw 50-100 Hz uBuod diaxommv). O
T6m0Gg aTdS AéyeTan devyparoiypia (polling), dudtL o emeEepyaotig malgvel éva "deiypa"
oo TNV ROTAOTAON TOU TANKTEOoAoYiov ®dBe 10 pe 20 ms (50-100 Hz). Fodyprte pio véa
Oladuraota "read_s7_polling_char()", av@Aoyn He TNV TQONYOUUEVN, OAAE OUTH TN
$ood xweic avapovi). EGv éxel éA0eL vEog x0QOoxTNQOS OTTO TO TQONYOUUEVO RAAECUO TNV
read_s7_polling_char(), T0te Ba emoTQéPel aUTOV TOV YOQORTNOM, AAAOLDG (v OeVv £xeL ENOeL
véog yopaxrtiag) Oo emmotpédel (apéoms) '\0 .

Acxnon 13.3: Koorog E/E facer Asvypnatopiog xon faoer Ataxommv

H megroduxn) devynatoypia (polling) mov eidape otnv mogamdvm doxnon 13.2 eivor évog
eaMoTnog Tedmmog e1oddov/eE6dov (E/E - 1/0), agnretl m ovyvotnta detypatoMpiog va
elval a@rovtwg YN dote va unv ydvovtan eicodol 1 va unv xabvotegetl 1 é€odog. To
MELOVEXTNUA TNG OELYMOTOMPIOG €lval 1 OTOTAAN YEOVOU VLo TNV AVAYVWOY TOU
HOTOYWENTH ®aTdoTaons Otav dev &xel éM0eL axdpo véa elcodog 1 Oev €xeL TENELMOEL
OO, 1) TTQON YOV UEVY] TIQGEN €EGDOV.

"Evag evalhantirdg tomog e106d0v/eEGdov eivar E/E Paoer draxommv (interrupt-driven
I/0): n meoudpegelant] ovoxrevt] dronodmrel (interrupt) Tov emeEeQyaoT) OTOV VIAQYOUV VEQ
dedopéva eloddov Yy autdv, f| dtav eivar étoyun va deytel véa dedopéva eEHGdoV atd
avtov. ‘Etot, dev omotalétor xoovog yior derypatodpio xmeic Aoyo thg ovoxeuvis, 600
ovtr) dev eivor axopa étouun. To ndotog, mdviwg, tng E/E Pdoer diarnomdv eivar 1 e1duxn
doovtida (overhead) mov amoutei M ndbe Owonomi, dedouévov OTL quti] alhdlel ™
Olegyaoio mov TEEXEL, TA TEQLEXOUEVA TNG %QUONS pviung xow tou TLB, xou osmoutel
damavnem ratayoadi) otowyelmv (book-keeping) yia vo Aettoveynoel cwaotd. Avt' avtov, 1)
derypatoMplo. UmoQel vo €xeL TO TAEOVEXTNUO, OVAAOYQ UE TNV TEQimTwor, Ot
derypatolnmrel "uta now woht)" mollég ovonevég E/E yia xabe pia dtonomi amd 1o QoAdi
(batch processing), avti vo voiotator "xdBe TEelg xar Alyo" to nd60TOg piog emmhéov
draxomig amd wav ahin ovorevi]. ['d va amodacicovpe T pag ovudpégel pog evolapéQouv
TQELS TOQALUETQOL:

e [1600 »ovid yoovird umogel vo ovpPolv dUo yeyovota ewoddov; H mepiodog
derypoatoMiog moémet va eival Poay1TeQn amd auTd, TIQORELUEVOU VO UV Y AOOVUE
to 0Oeltego vyeyovos. Ilpoxewévov mepl €E600V, mOCO  deyduoote  va
noBvotegnoovpue amd TV 0AOrANQWOT Wog TEAENS €600V uéyoL va To avilhndOel
0 €MeEEQYOOTHG XA VA TQOYWETCEL OTNV €TOUEVT); TNV TOQAUETQO VT UITOQOVE
vaL TNV peyolmoovpe (dpa omavioteen derypotolnpic) av 1 ovoxevn E/E éyxel évav
peyaitego evropevti) (buffer) mov vo pmoel vo ®Qatd pECO TOU TEQLOCOTEQO
dedouéva elcddov 1) eE600V (TepLocdteen dovheld nd0e poQd).

e [1600g elvar 0 péoog EQUOUOS TV yeyovotwy eloddou; Anhadi), aveEdotnta av dvo
veYOvOTa, eL.0000V evOéyeTal Vo GUUPOVV TTOMD ®ovtd petall Toug, xatd uéoov 6po
71600 ®ovtd yeovnd Oa cupPaivouv; Oco omavidteEn elval 1 ®otd pEGOV 0QO
eUPAvIoT Toug, TOoo peyaliTegn elvor M omotdhn TG Aorommg deryuatohpiag.
TTpoxepévov mepi eEGO0V, OGO TTEQLOTOTEQO dLaHrel raTd PEGOV QO 1) ®A0e TEAEN
amd v meEiodo derypotoAnpiog (ONA. TV péyoty amodext) ®abuoTtéenom
avtidoaong);

e 1600 mohAég ovonevég E/E devypatolnmrotpe pali oe ®d0e droxomi tov QoAoyLol
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(batching factor); Oco meEQLOCOTEQES €lval QUTES, TOOO TEQLOCOTEQO ATOOPEVETOL
METAED TOUG TO ROGTOC TG OLOXOTTHG TOU QOAOYLOV.

OewEN0TE, 08 AUTHY TNV AO%N 01, OTL TO QOADI TOov emeEeQyaoth| elval 500 MHz (Goyeto ue
TO QOAGL MQAYUATIXOD XQOVOU TOV pag Oivel meQLodrnég dLarOTES), OTL M eldunt| pooviida
(overhead) ywoo »dBe Owonosm elvor dVo hdadeg (2000) »ixAor TOV QEOAOYLOU TOV
emeEeQyaoTh], nol OTL To ®O0TOS derypatorpiag piag ovorevng E/E elvar diaxdool (200)
%©0%AOL TOV QOAOYLOD TOV emeEeQyaoTh) (N ®UEL dution aVTNHS TG ®oBvoTéEEMONG Elval TO OTL
ou aptnoies E/E (I/O buses) eivar mohd mod 0Qyés amd toug (YO YOQOUS) OMueQLvols
emeEeQy0otés). OENoupE VA VTOAOYICOUUE TL TTOOOOTO TOU CUVOMXOU YQOVOU TOU
emeEeQyoot) Oa amooodpd N E/E 0T maQardtm TEQUITMOELS, OTAV auTh YiveTal Pdoel
derypatonpiag 1 faoel Sloxomwv.

() Eotw évag vmoloylotilc O omotog AapPdver zoi xotoyQdder onupoate amd 40
amopaxQuopéva onueta. Kabe pio oo tig 40 yoauués elc6dovg evoéyetal va GpEQvel vEeg
elo00oug xGBe 1 ms, Onhadn pe péywoto oubud 1 KHz. Eav yomowwomouoovpe
derypoatolia, emopévms, To QOAGL mpémel va. pag dlver 1 duaxomi) ovd 1 ms. e xna0e
diaxom), derypatolnmrovpe 40 ovoxevéc. I16covg »inhovg gohoylot (Tou emeEeQyaoTi))
Eodelovpe o »vdbe dronor, (i) yia TV idta T dranorei), o (i) yia Tig 40 derypatolpieg;
Agdopévov 6T avtd emovalopPavetor 1000 Gpoeés to devtegdiemto, mOCOUS RURAOVGC
gohoyov avd s Eodebouvpe ywo E/E; Tu m0000td TG OUVOMAXAG UTOAOYLOTIXNG
QUVAUROTNTOGS TOV EMEEEQYAOTI] AVTLITQOOMIEVOVV AVTOL OL ®URAOL;

() 'Eotw 6t oto ohotua (o), o' Ot véeg €i00doL pmogel var £0Y0ovTaL oYeTind #OVId M
ptoe pe v GAAn (xG0e 1 ms), o péocog QUOKOS APLENS TOVS elval ONUOVTIXG QALOTEQOG:
notd péoov 6o éoyovtar 50 véeg eioodor avd devtepdhermto ovd yoouun] €loddov.
Svvohrd, yiow OAeC TS YOopUES, TOoES elvan ot véeg elcodol avd s; 'Eotm 6t »dvovue E/E
Pdoer dronommv, rat 6TL ®G0e véa €(0000g (artd OLOLONITOTE YQOUUT) TTIOOXROAEL [io OLorOTTH.
IT6oeg dromomég ava devtepodrento Oa éyovue, ®atd pécov 60o; Idoovg nimAoug QOAOYLOD
0o Eodeler o emeEepyooths Yoo va Tig eSummoeetioel; Ti moc00Ttd TG OUVOMXTG
VIOAOYLOTIXTG TOU QUVAUXOTNTOS OVIWTQOOMIEDOVY aVTOol; ZvudEget 1 derypaTopia (o)
1] ou dranorég (P);

(y) "Eotow tdoa 6TL 0to cVotnua (o) avEdvetar o uéoog QuONdS APLENS vEémv el00dmV, 0Ttd
50 avd yoauurn avd devtegdiermto mov Ntav ato (B) og 500 avd yoouun ovd devtegdlemto
(dnhadn minowdler mepLoodTeQo oto péyloto eubuod, mov eivow 1 KHz). To ndotog tng
derypatolypiag dev alrdlel, apol auti) o0Twg 1) AAMWG emMOrETTETOL TNV RAOE YOO
1000 $poég to devtepdremro. Opms, ot uéBodo Phoet dianomdv, avEdvel To péco mAH0og
dlaxommv ava degvtepoiento. Ilog alhdlovv oL amavtioels cog s gomtnons () edm;
Svpdépet ) OerypaToinia 1 oL SLOOTES, TOOW,;

(0) Ztic megumTmoels (P) nou (Y), mvduvebovpe vo ydoovue xamolo véa €i00do av "mécouv
uolepévegs" véeg eicodol amd Oheg Tig yooupés; Eotw OTL auéowg petd v éhevon piog
véag elo0dov amd TN yoouun A, pag éoyxovial véeg elcodol rat amd Tig 39 GAleg Yoo uuéc.
INé va eEvmmpetiioel o emeEegyaotig tig 40 avtég dranomég (tn wia petd tv dAln), TOoovg
n0Orhovg eneEegyaoti) yoeldletal; [16oog yoovog eivan avtog; To vwpitego mov wroel va
€MOeL 1) emOpeVY €i0000g amtd ™) yoouun A elvol 1 ms PeTd TV TQONYOUUEVY), OTTIWG ElTTOE
0710 (). Oa €xeL mEoAdfeL 0 emeEeQyaoTi|g Vo EVTTNQETNOEL TIG TOQATTAV® 40 JLaROTES TTLY
€MOeL 1) emOpeV) ot €l0000g 0o T Yoaupun A, 1) Oa TV xAoEL auti) TV ETOUEVT €(0000;

(e) 'Eotw thea 611 avti twv 40 eloddmv Tov (o) 0 VITIOAOYLOTNG MaG £xeL TEVTE (5) el0ddoVG,
aAMG autég eivan yonyoodtepes. 'Eotm 6t ndbe eloodog eivar pio yoapuuf duxtdov twv 10
Mbit/s, dnhadi) megimov 1.2 MBytes/s. 'Eotm 0tL #40g ovongut] 10000V WIToQEl Vo ®QoThoeL
(éxev buffer yia vo. xpatfoer) 1 monéto, adhd Oy mapatdve. Otav xdvovpe E/E Bdoet
dwanommv, #GOe ovoneui] poag diver 1 dromomi yia x60e 1 apwvoipevo maxéto. Eotm ot
To uxoTeQa duvatd moxéta etvar peyébovg 40 Bytes naBéva (0TS 0T0 TQWTOROAAO TOU
dadtvov, to IP). Aga, 0 péytotog duvatods QUONOS APLENS maxétwv eivor 1200 KBytes/s
S 40 Bytes ava maxéto = 30 K maxéta/s avd yooupuh. ‘Eotw, de, 6TL 0 péoog guouog
APLENG morétwv eivar 10 K moréto/s avd yoouuh. Me avtd ta vovuega, Eava-amovtiote
g egmTNoels (a) ot (f). Amotehotv TOEO avTéS oL ovoxrevég E/E ehadol pogtio yia tov
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VITOAOYLOTH] HOG, OTIWG OTLG TEQUTTMOELS ()-(Y), 1] onuavind/fooi ¢pogtio;

(o7) Zfpeoa eppaviCoviar oryd-oryd yoopuués dumtvov tov 1 Gbit/s, dnhadi) 100 Ppogég
YONY0QOTEQES OO OVTEG TOV (8). Mmtogel 0 VTOAOYLOTHG MOS VAL TIG OVTEEEL OV 1] CUORELT)
€Lo000U ouveyloel va €xeL EVIOMEVT HOVO Yoo évo toxéTo, 1) ovveyioel va pag dlvel pia
dlarori] yia ®é0e advoUueEVo TaKrETO;;;

Acoxnon 13.4: AnevOziog [Mpdofaon Mvijuns (DMA) oo Xvoxevéig E/E

Ao to maQomdvem voupega ¢pdvnre OTL oL Y yopes ovoxrevégs E/E mpémel vo €youv
peyaiovg evroevtés (buffers), oltwg Mote oL donomés --elte Tov QOAOYWOUV gite TV
OVOXEVWV-- VO PNV €{vor TOAD OuyVvEg, koL vo. UoQel pueydAn "moootnto eoyooiog" va
OVOOMQEEVETOL OTOV EVIQMEVTN UETAED dLadoymmv "emornéPpemv" 0T ouoxeVT] amtd Tov
emeEeQya o). AnOua ®at pe avti T ADoT, OUMGS, VLo VO UV €lval oL OLoOTES TTOAD OUYVES,
vdeyel xo Eva dAlo meoOPANMa euddoemV Yo TIS YN Y0QES ovonevés E/E:

TG va avtrygdpel o emeEeQyaoTns éva peydho OYro OedOPEVV AVALESO OTOV EVIOUEUTY|
NG TEQUPEQELAKRNG OUOAEVNG 1AL TNV RVQIWG UVILN TOV UITOAOYLOTH], astatoUvror wollol
nOnAhol gohoylov, eneldr) ou aptneles E/E (Aewdpogol E/E - 1/0O buses) etvan mord md 0Qyég
atd TOUS ONUEQLYOUS (YONYOQOUGS) emeEeQyaotés. Aedopuévou OTL M avitypadh avti) elvol
pto oAl amhi) egyaoia, Oa amotehovoe omaTdAn dOTOVNQOV VITOAOYLOTIRMOV TOQMV (TOU
emeEeQy0oti) To va Pdlovpe tov emeEeQyaoTh) va TV ®AveL: 0 enEEEQYAOTNG, 08 QT TN
Oouheld, Oo oTraTOAG TNV TEQLOOOTEQT QO TOV TEQLUEVOVTOS VA amavTioeL 1) agtnota E/E.
H evdederyuévn Ao elvol vo ammorTiOeL 1) TEQLPEQELAUT) CUOKEVT] T OUVATOTNTA VO HAVEL
LOVN TNG TNV OVTLYQODT] AVAUEDT OTO EVTOMEVTH] THS ®oL 0TV ®VoLo pvijun: H "AmevBeiog
MeooPaon Mvijung (Direct Memory Access - DMA)" a6 tig ovoxevés E/E hettovoyel mg
eENc. H ovoxrevn E/E éyel 3 nataywoentég ehéyyou yio ™) Aettovgyioc DMA:

a. AedBuvon évaEng --etval 1 (puort) detBvvon uvihung meog Ty omoia 1 arwd v
omola Bo aQyioel | avitypadt) dedouévav.

b. MéyeBog petadogdgs --glvar to min0og twv Bytes mou Ba avtyoadpoiv.

c. Kataywontils evepyomoinong --eivar o xratzayxwentig exelvog Omov poMg o
emeEeQYOTNG YOAPEL £vav eldind rmdwma Ba agyioel 1 aviyoad).

H ovoxevi) E/E éyel emiong pio puxm) pwnyovi) memegaopévav xataotdoewv (FSM), ) omota,
uoMs do0et To oo exnivnong, ndver Tv €ENg dovield xat' emovainym:

i. Zntd va g 000¢&l 1 o1 orn tng agtneiog uvihung 1 towv agtnoiwv E/E xow pviung.

ii. Mohg tng do0el 1 yonom, avriiypdder v emOuevn "AEEN" TOU EVIOMEUTH TNG
OUOXEVTG OTNV ®VEImG Uviun, exel mov Oelyvel o xotaywentis dievbuvong, N v
AVTLYQAdEL OO TNV RVEIMGS WUVI|LI OTOV EVTOUEVTH] THG OVOXEVTS. [ZT0 Piua avto,
N "AEN" mou avirypddetan ouyvd dev elvor pior povo AEEN Tou emeEepyaoTi| 1) TG
agtnolag, alld pio uxen oudda (burst) AMEEEWV, TQOKELUEVOL VO, EXUETAAALEVTOVLE
™ dvvatdTnTa Twv DRAM Yo 01novourdTeQT) mQOoTELAOT ouveyOuevav AéEewv (§
10.1), »aBag naL vo amooPéoovue nohltega to overhead amdOnTNong ¥ONONG TG
0QTNnelag HEom TG HETOPOQAS TEQLOOOTEQMV Bytes ndbe dpood mou Ty amoxtoUpe].

iii. AvEdver tov nataymonti Oevbuvong zatd to mAHfog twv Bytes mov poOMg
UETEDEQE.

iv. Mewvel Tov notoymenti) peyédoug petadoeds xatd to mhnfog twv Bytes mov poig
UETEDEQE.

v. Av 0 nataymontig peyéboug elvor omduo  peyoAvtegog  tov  pndevog,
emavorapfdver oo to (i).

Ag Bewpnoovue og ouTh TV AoxrNon ToVv (010 emeEeQyaoTh) pe QoAOL 500 MHz mov elyoue
nOL TTOQOTTAVW, M uia eviaio (Yo amhotnta) ogtnolio uvhunc-E/E, 6mov 1 agtnoio
Aettovgyet pe ohdi 50 MHz (10 ¢popés ud 0gyo). H aptnoia éxel mhdtog 64 bits = 8 Bytes.
Ka0e yomfon g agtnoiag xootiCet: (i) 2 »inAovg g agtnoiag (= 20 »0xhovg eneEeQyaoTi)
overhead yia to Eexivnuo (Srawtnoio, éheyyog, emhoyrf ovoxrevig, petadpod dietbuvong),
ovv (ii) 1 emmiéov ninho aptnoiag (= 10 wirhovg emeEegyaoti)) Yo ®vG0e 64 bits = 8 Bytes
HETADEQOUEVV OEDOUEVOIV.
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() ‘Eotw Ot dev vmdoyer DMA, »ow o emeEeQyaotilc »dver v aviyeadr] petatld
EVTOUEVTT| TIEQLPEQELONTG CUOREVTS AL UVIIUNG, OG TOUUE OO T1) GUOKEUT] TTQOG T LVHu).
H avryoadn yivetow pe éva uxed Podyo mov megihopfdver uio evioli] load amd
OUO®EVT] 1oL Wi eviol] store ot pviun. H evtol load avogpégeton og pio povo AEEN (ag
molue TV 64 bits) --apol dev vrdyovv evtolég load/store oAlamhmv AéEewv. Emeidn
duaPéler amd v agtneio E/E »at oxL amd v (roudi)) pvhun, ovth) ®ooTtitel, xotd to
TOQAITAV®, 3 ®OAOVG TS apTneiag (2 overhead exxivnong + 1 ywo T wia AEEN dedopévav)
= 30 nOnlovg tov emeEepyaotn). Ag vmobécoupe OTL oL VIOAOLTES EVTOAES TOU [FROY OV
nootiCovv 10 »nOxhovg Tov €mMEEEQYAOTH, ®VOINMS AOYW TOV AVOTOPGEVRTOV AOTOYLDV
©OVPNG PviuNg v B TEORAAECOUV OL ETOVELMUUEVES EVIOMES store o€ OLleVOUVVOELS U
60T YONOLUOTOUEVES. ZUVOMKRAE, ETOUEVIIS, O QUONOS avTiyoadTg eivar 64 bits = 8
Bytes avd 40 nwiOxhovg emeEepyootr). [1600g eivor avtdg o Qubuds oe MBytes/s nau o€
Mbits/s; Edv o emeEegyaotiic autdg €xel va eEumnetel Tavtdygova 2 dioxovg pe ooyt 10
MBytes/s ®a0évag xat 1 dintvo fast ethernet pe ooy 100 Mbits/s, Tt 10000TO TOU YEOVOU
Tov 0o vmoyewOel vo aplegmdvel YioL avtryQadEés dedouEVIV Amd TOVUG EVIAUEVTES TWV
OUOREVMV QUTOV TTQOG TN LVTLLT TOV;

(B) "Eotw thea 6Tt vitdoyer DMA. Ag vo0£oouvpe, 1Qog oTLyufv, 0Tl 0 eneEeQyaothc dev
amaoyolel rabohov v agtnoia pviuns-E/E, my. emewdi) evotoyel ouveymdg otnv xoudh
TOU VTN, ®OL ETTOPEVMG 1 0QTNOL avTh Elvonl ouveydg dtabéaiun otnv (0TLg) ouoxevT|(eg)
DMA. ‘Eotw (i) 6Tt o1 ovoxevég DMA %Avouv TS avityQadEég Toug HEOM UETOPOQMOV Uiog
(1) MEng (twv 64 bits = 8 Bytes) »d0e popd, n omoio ®ooTilel, ®otd Tar TOQATAV®, 3
n0ORAOUG TNG apTholag 1 ®ébe petadod. Eav n agineio amaoyoleiton mifijows (100%) yia
tétoleg petadpoés DMA, moom Oa eivar 1 ouvolxi] ooy g oe MBytes/s xow og Mbits/s;
211 oUVEYELD, €0T (ii) OTL oL ouonevéc DMA #Avouv Tig avIlyQadES TOUG LECH PETAPOQMV
0o (2) MéEewv, Onh. 16 Bytes, xdbe dopd, oL omoieg xootilovv, xotd to magandvo, 4
n0rAOVUG NG 0QTNEiog M ®dbe petadopd. Edv n apmneila amoaoyoieitan mdir 100% Yo
tétoleg petapoés DMA, moom Oa eivar 1 ouvolxi] ooyt tns oe MBytes/s xow og Mbits/s;
Toia egdTNOM €V (iii) M) ®GOe petapod oty aptneia apod burst twv 4 AéEewv (32 Bytes)
%na0e Gpoed, nal (iv) edv adoed burst twv 8 AMEewv (64 Bytes) #é0e Gpod.

(y) Edv o petagpogés DMA eEummnoetovv toug 2 diorovg pe maoyi 10 MBytes/s xaBévag
%ol to 1 dintvo fast ethernet pe mapoyt 100 Mbits/s Tng €00TNONG (O), ®OL EAV OL CUCREVEG
DMA xzdvouv TG avityQadés Toug HEow petadoomv bursts Twv 8 AéEewv (64 Bytes) ndbe
$opd, TOTE TL MOCOOTO TOU YEOVOU TNg aQTnelog uviuns-E/E amooyohov autés ol
petadooéc DMA autdVv TV TEQUHEQELORMDY CUOKREVMV; ZUYXQIVETE OUTO TO TOCOOTO E TO
10000TO TN amdvtnong (). [a'dtL medxeLToL Yo avopola peyédn (to (o) ftav wooooTd
ToU YOVOU TOU emeEeQyaoTy], evid TO (Y) €lvalL TOCOOTO TOU YEOVOU TNG 0QTHEIMG),
eEnyelote og mOLOVG VO TORAYOVTES OdelleTOL 1 HELWON TOV TTOCOOTOU ATALOYKOAONG OO
70 (o) oto ().

Emumléov g pelmong autig, mov gtvar amd povn g éva ®€Q00G, TOQATNENOTE OTL OTO UEV
(a), dNhad” ywoic DMA, o emeEeQyaotic adiégmve éva pn evratadpoOvnTo PEQOS TOU
¥QOVOU TOV YLa Vo eEVTNQETEl TIg peTadoés dedopévov avtdv twv ovoxrevomv E/E, evod
010 (y), ONhadf pe DMA, o emeEeQyaothc dev adlegmvel ®aBOlov YoOVO 0 AUTES TIG
LETAPOQES (PooVTICeL HOVO vaL TIg EextvdeL, naL LETA TIG APTVEL VAL TEEXOUV HOVES TOUG YLO
moild KBytes ouvi0mg), »ot oL petadpogés yivovtal "poveg tovg" (ONAadt ammd Tig iy oves
DMA, mov douvhetovv moQdAMAo UE TOV €mMeEEQYNOTY)), ATAOKOMDVIAS (Ol UETADOQES
DMA) éva pégog povo g duabéaiung magoyig (throughput) tng agtnoiag pviunc-E/E, nou
adpNVOVTOS TO VIOOLTO PEQOS QWTNG TS TaROoYNS dtabéotuo Yo va eEvmmeetoivtal oL
00TOY (S TNG QUGS PVAUNG TOV EMEEEQYAOTH).

Acoxnon 13.5: DMA zou Zvpfarémre Kovdns-Kograg Mvijung

3 éva ovothuo 6mov yivovior petadogés DMA moémer vo Avbel to medfinuo tng
ovppatoTnTag ®eudNg ot xvolag uvhung (meoPAinua Cache Coherence). AgiEte oo eival
To TEOPANUE auTd, ®AvovTag To eENG. Zyedidote (i) Tov emeEeQyaoTi) e TNV ®QUPT Tov
puvhun, 1 omota ouvdéetal oty 0TNEio (Aewdoo - bus) uviuns-E/E, (i) tnv ®0oLo pvhum,
ovvdedepévy omv (0o agtnota, xou (i) wio ovoxevy E/E pe unyovioud DMA,
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ouvdedeuévn oty (dla apTnela.

() OewENOTE TNV TEQLPEQELONT] CUOKEVT] OOV CUOKREVT] ELGOOOV, %ol BemErote OTL avTh
petapéoel péow DMA véa dedopéva eloddov oe rdmola megLoyt devbivoewv otnv nvgLo
pviun. Metd ) MEN t™g peTtadods, To mQOYQaua Tov TEEYEL 0TOV emeEeQyaoti O€AeL va
dwafdoer (uéow load) Ta véa dedopéva elcddov amd TV megloyl devbivoewy oty ®ioLa
pvnun 6mov autd €xouv tomobetnBel and to DMA. Ze mowa meglntwon Bo dwafdoer Ta
owotd véa dedopuéva, nat o€ oL megimtmwon Ba drafdoel havBaopéveg maloég TLuéc;

(B) Oewpiote ™V TEQLPEQELONT] OVOREVT] OAV OUOoxeEUT] €E600v, nal Bewnote OtTL TO
TEOYQOULULOL TTOV TOEYEL OTOV EMEEEQYAOTN TTAQAYeEL Lepurd véa dedopéva Ta omoia YoAdeL
(Léow store) o€ 0QLOPEVT TTEQLOYT) dLevBTUVOoEWV HVIIUNG, Ol T OTTol0L 0T oUVEYELD BELEL VL
otelleL oty mEQLpEQELOnT] cuoxeVT). [d TO onomd avTd, To AettovEyrd oUoTua Egntviel
pto petodpood DMA amd v mogamdvew megroyl] devfivoemv ®QLag Uviung moog T
ovoxevt] eE6dov. ‘Eotw 6t 1 ®xQupf pvijun tov eneEepyaoti) eivar thmov write through,
OMAadi), wg Yvwotov, ndbe TL Tov YOAdEL 0 emeEeQYATTHS 08 AUTIV, AUTH] TO YoApEL ApETmS
noL OTNV ®0oLL vy, YU avtés tig ouvvOfres, vadoyel megimtmon va ptdoouvv AdBog
(mohaud) dedopéva oty ovoxrevy eE6d0v; It OyL;

(y) "Eotw thea 611 oto chotnua (f) M xoudp1f uvijun eivor tomov write back, dnhadi dev
YOadeEL apécms otnv wioLa uviun ®a0e alhayn Tyng (eyyoadn véag tung) mwov xdver o
emeEeQyaotng, ald to yodder aQydtega, dtav To block émov £yive M ahhoyf mEEmEL va
ovtrataotadel oty xeudpn pviun amd dilo block. YU oavutég tig ouvOfueg, o€ molo
neglmtwon O ratalnEovv ta cwotd véo dedopévo ot ovorevt) eE6O0V, ROl OF oL
negimtwon Oo natalEovv exel havOaouéves ohaég TUIES;

Aloelg 010 TMEOPANUO TG ovuPatdéTNTOS HQUOTNS ®OL HVQLOG UVIIUNG  VIIAQYOUV
"LecoPelines", pe exdiwen (flush) oelidwv amtd Ty xeudf pviun (d0oxoAo 1 xe0VoPmEO) )
pe xonon oeMOwv mov 1 ®QUPT Lviun avayvmiter xwor dev rgatd (non-cacheable pages)
(Lewover v emidoomn tou emeEepyaoth), N "olnéc", pe yofon &vog mEWTOROALOU
oupPATOTHTOS HQUODOV PVNUOV Oav OUTE 7OV YQNOLUOTIOLODV Ol TOAVETEEEQYAUOTES
©OLVOYOMNOTNG PvNUNG (shared-memory multiprocessors).
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