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HY-225: Opydvwon Ymoloylotmv Tu. En. Yroloyiotdv
Avoign 2005 © TMoavemomuo Kpnng

Xapd Aoknosov 16:
Ewkoviki) Mvijun (Virtual Memory)

ITpoBecpia €mg v nuépa g TeEMKNG eE€Taong A' Tepltodov, apEomS TPy TNV e&€taon.

16.1 SRAM, DRAM, IIpocreracerg Xoveyopevov Aéewv,
Aw@oiroon (Interleaving):

SRAM-DRAM: Onog cimape oto pdOnpa, ta chips pvaung ivor opyovouévo €00TEPIKE o€
Kképmoca blocks and otoyelo pvnung. Xtig "otatikés" pvipes (SRAM - Static Random Access
Memory), ta otoyeio uviung sivar flip-flops (e 6 transistors kabéva), kor 1n omodnevpuévn
mAnpoopia dratnpeital 660 eivar avouévn 1 téor tpoeodociog. Xtic "duvapés" pvnueg (DRAM
- Dynamic Random Access Memory), ta ototyeion uviung eivon mokvetég (capacitors --£vog
TUKVOTNG Kal évo transistor avd bit), 6mov amodnkeveTon duvopukd n TAnpoeopia. Adyw Tov
peLLOTOG dloppong, N TANpogopia. avTh (QOPTIo GTOV TLKVMTY), YoveTal HécO GE Alyd YIA00TA
oV degvteporémtov (ms). [d va dwtnpnbodv ta mepieydpeva ™c DRAM mpémer vo ta
avalmoyovovpe (refresh), oniadn va ta dwwPdlovpe kot va ta Eavaypdpovue, kdbe mepimov 8 pe
16 ms.

MéyeOog (Xopntikétyra - Mbits): [Topd 10 pEOVEKTNUA TOVG OVTO, Kot TAPE TNV HEYAADTEPT
kabvotépnon mpooméraong mov €xovv, ot DRAM dwbétouv €va onuaviikd TAEOVEKTNUOL
npooPépovv mepimov pio TaEN peyéBovg peyarvtepn yopntikdtnrto (capacity, Mbits --Oyt
"capacitance") avd chip o€ oxéon pe 1ig SRAM. Et61, ot DRAM ypnoiomolodviot oxedov Tavto
Y TNV KOTOOKELT TNG KOPOG pviung (main memory) T®v vROAOYloTdv, &ved ot SRAM
YAPNOWOTO0VVTAL GXEOOV TAVTA, Y18 TIG KPLOEG Lvnueg (cache memories), Aoy® g yapunAdTEPNS
kaBvotépnong Toug. Me v mpdodo NG TEYVOLOYING KOTUOKEVTG OAOKANPOUEVOV KUKA®UATOV
(chips), n yopnTkdéTTa TOV chips pvAung cvveymg avédvel. Tig tedevtaieg dekaetieg, 0 pLOUOC
avThg ¢ avénong Ntav: TeTpamiactacpniog (x4) yopntikotmtog kabe Tpia (3) ypévia. Iiuepa
glvan mepinov 10006 (Iomg Alyo YoUnAOTEPOG) 0LTOG 0 PLOUOC avéNnoNg, Kot gival TOAD ThavO va
ouvveyioel €161, av Kol Kanote pariov Bo méoel. Zipepa (2004) n texvoroyio twv DRAM anyaivet
omd to 512 Mbits oto 1 Gbit avd chip (m.y. PA. www.micron.com). Europucd, v pviun tov
vroloylotdVv T Ppiokel kaveic o pikpéc maakéteg (modules - DIMM), mov 1 kabepid €xet mbve
g ovviBog 8 (11 9) 1 16 (1] 18) chips. 'Eto1, éva module pe 8 chips tov 256 Mbits kabévo éyet
ouvolikn yopntikotta 4 Gbits = 256 MBytes, evd éva avtictolyo module pe 16 té€to1a chips Oa
apoopépel 512 MBytes. Otav to chips eivar 9 ovti 8, 1 18 avti 16, to emmAiéov chips
YPNOUOTO0VVTAL Y18 amodnkevon Kmdikmv aviyvevong kot d10pdmong cpaipdtwv (ECC - error
correction codes).

I'pappég kar Xtiheg: Méoa oto chip g pvniung, to kabe block sivon évag mepimov teTpdrywvog
mivakag amd otoyeio pvung, He yopw otig 64 mg 512 ypapuég eni 64 émg 512 omhec. I'd va
dwPdacovpe va oToLElo PVAING ETAEYOVE TPMTO TN YPAUUY GTNV OToio, oviKeL ovtd, divovtog
1 d1evbuven ypouung (row address) 6TovV aTOKOIIKOTOMT YPOUUNG, O 0T0i0g avafel Evo cVupua
(word line) mov draTpéyel Kan gvepyomotel v emBounty ypouun. Otov avéyetl o cuppo avtd, OAa
ta. otoyyeio pvAung (bits) wéve ot ypapun avth defalovral, dniadn Torobetovv to kabéva Tnv
TN T0V (TEPLEYOUEVO TOV) OTO avTioTolyo cvupuo otnAng (bit line) mov dwotpéyetl T oTNAn TOL.
Eto1, oto kdtw pépog tov block g pviung, otig amoAnEels Tov cupHAT®Y GTHANG, peavifeTol To
mePLEYOUEVO OV TV bits mov eivon amobnkevuéva oty emireyeica ypouun. Evag peydiog
TOALTAEKTNG emAéyel T0TE TO bit mov eueig Béhape, Pdoet g devbuvoneg otiing (column
address), kot to divel mpog ta €. H OAn avty dadwkacio, omd v €icodo ¢ devduvong
ypopung péxpt va Pyet to teAkd bit otnv £€£0do, drapkel apkeTd ypdvo (Yopw ota 60 ns yid Tig
onpepwéc DRAM).
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I'ewrtovikéc Ilpoomehdosig (sequential Accesses): Edv petd v mapomdve dadikacio, OUOG,
0élovpe va dopdoovpe kot pepikd and ta "dumhavd” bits ocvtov mov HOAG SaPAcapLE, TOTE AVTO
pmopel vo yiver moAd ypnyopdtepa: Ta bits avtd givarl "étoya, oTig AmoAEES TOV GUPUATOV
OTAANG, Kot To chip Tng UvAUNG UTopel vao. To OMOGTEIAEL GTOV OLTOLVTO, TNV AvAyvoon (Y. ToV
eneepynotn) TOAD ypryopa 1o Eva PETA To GAAO (mepimov 1 bit kébe 2 pe 5 ns o€ Kabéva amd to
ovpuata dedopévav (data) yid tig onuepwvég DRAM). Expetailevopevol tn dvvatdtnta avti,
TETVUYOIVOVLE VO, TPOCTEANVVOVLE LEYOLEG ONAdES YerToviKOV AéEewv (T.y. cache lines (blocks))
pe moAD ukpn emmAéov emPapuvorn oe oyéon He TV opyikn kabvotépnon mpoomEUoNS NG
TPAOTNG AEENG TNG OUAdaG.

Aw@Orlhoon (Interleaving): H dAAn teyvikn mov ypnopomoteital yid v avénon e Tapoyns
(throughput) pidg pvqung --xopiog yié mpoomeddoelg og tuyaieg d1evdviveelg Kar Oyl TOG0 Yid
ouveyoueveg devbuvoeic-- sivon 1 diapvrlwon Mvijuns (Memory Interleaving). Mg tnv TeyvViKn
avt, 6Tav ot devBVVeEIS TOL ATOGTEAOVTOL G' £va GUGTNHO LVAUNG (T.). éva chip) avagépovton
o€ olopopeTikd amd to. blocks (memory banks) mov ovtd mepiéyel, 10T€ 0 PLOUOS OTOGTOANG
TETOWV J1EVBVVEEWV --Kot 0 avTioToyog puBudg Evapéng TpoomeldcemV-- givol TOAD YNAOTEPOS
and tov pubud mpoomerdoewv oe kdBe €va block (bank), dedopévov 6t Tor blocks (banks)
dovAebouvv gv TapaAAnAm, I €va Tpomo mov Bupilet opoyeipia (pipelining).

16.2 Ewovikn Mviun, [livakes Metdopaong, Illpostacio Mviung:

H gwovikn pvfun yprnoponoteiton yid Tpeig kupimg oKomovg:

i. IIpootacio peta&d TV TOAATADV SlEPYUCSI®V (Processes) Tov TPEYOLV.
il. AveEoptnoio d1evdiveewv Petald TV JEPYASLUDY OVTAOV.
iii. Avvatotnta n ke diepyoacio va "PAEREL ¥DPO UVALNG UEYOADTEPO OO TO KOUUATL TNG
(QLOIKNG LVAUNG TOV OVTMG TG dtatiBeTa.

O Paowkdg Tpdmog Aettovpyiog g KoviKNG uvnung eivar o €€ng. Kdabe devbuvon pviung mov
YEVVA 0 eMEEEPYOOTNG --ONANDT| TO TPOYPALLL TOV TPEXEL-- Dempeitan mg "etkoviki] dievduven",
Kol peTa@paleTan og v aAAn, "@uoetkn o1evBuvven", Tpotov d00el TN LVHUN YId Vo emAEYEL M)
AEEN v omoia TeAkd Oa Tpoomeldoet To Tpdypappe. H petdopaocn avti epovrilet:

i. Na ehéyyxel 6TL | diepyacio mov TpEYel el diKaimpo v KAvel Ty mpootélact mov {ntd
(avéyvoon/eyypapn/extéleon) otr dievbuvon wov {ntad.

ii. No petappalel 11 ewovikég devbiuvaelg g kdbe diepyociag o€ SUPOPETIKEG PUGIKES
devbivoelc yid v kabe diepyasia, EKTOG TOV TEPIMTOCEMY TOV BELOLLE 01 dlepyacieg va
EMKOWVOVOLV LETAED ToVg HEG® Kovoypnotng Lviung (shared memory).

iii. No petappalet Tic mo cuyva (i ToOL TAPOVTOG) YPNOLOTOIOVUEVES EIKOVIKES S1EVOVVGELS
OTIG PLOIKEG OlevBvvoelc Omov ovTég "ywpdve", eved 0Geg deV YWPAVE GTNV VTAPYOVCH
QLOIKY PV TPOKOAOVV GQAApa ceAidag (page fault - § 13.1), mote va @povticel to
AELTOVPYIKO GOOTNUA VO TIG PEPEL (GLVNO®G Ao TO Ji0KO).

H petdopaon dievbovoemv yivetan aneikovilovtog ohokAnpeg "6eMdES" (pages) elOVIKNG LVAUNG
o 0AOKAINpeC uokég oelideg. To péyeBog g oeridag etvan apketd KBytes onpepa, kot 1 téon
glvan va peyoddvel pe to xpovio. Il va yivetor n HeTaepacn YpNyopo., Yp1NOLOToLEiTon cuviOmg
évag LIKpOc KaTAAOYOS CEVYDV EIKOVIKNG-QUGIKNG GEAIDNG Y18 TIC MO LYV XPNOLUOTOIOVUEVES
oeAideg --o "TLB" (Translation Lookaside Buffer)-- opyavouévog Gov b LUK KPLEN Lviun,
ocvvnbmg TANPpwS TpoceTaptoTiky. Otav UGy eiKovikn celida dev v Ppickovue otov TLB, tote
v avalntape otovg Ilivaxes Metappaons, mov Ppiokovtal 6T Lvhun.

Oecopnote 10 €&Ng pkpd (eEOmpaypatikd oNpePE) OCVOTNUO EIKOVIKNG HUVAUNG, OOV OmTAO
TaPASELY L.

e O ewovikég devbBivoelg Exovv péyebog 20 bits (dnA. eivor mevtayneleg oto dekaeadiko

GUGTNHA), AP0 O YDPOS EKOVIKMV dlevBiveewv eivan 1 MByte avd diepyacio.
e Méyebog ceridog = 4 KBytes, dpa ta 12 LS bits kdbe devbvvoneg (3 LS dexae&adikd
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ymoeia) emAgyovv 1 byte péca otn oeAida, eved Ta vroAowma MS bits vTodNA®VoOLY Y18 TOLd
oerida phape. Etot, n kabe depyacio £xel 256 sikovikég oeAideg (1 MByte / 4 KBytes =
256).

e H gpvown pviun givar 64 KBytes, dpa ot puoikés d1evdvveelg arotelodvtor omd 16 bits (4
dekoe&adikd ynoeia), emopévas vapyovv 16 puoikég oelideg (16 KBytes / 4 KBytes = 16).

Tote, n petdppacn pdag wovikng otevbuvong --m.y. g FE210-- oty avtictoyn guoikn yivetol
oG £§ig:

o Xopiloope v ewovikn dievbuvon ota 12 LS bits, mov vrodnidvovy 1o byte péoa ot
oeAida (e0d: 210), kai ota 8 MS bits, wov opilovv v ekovikn ceAida (ed®: FE).

e Ta 12 LS bits (210) dev yperdlovrar LeTdppaot], apov ameikovifovpe oMOKANPES EKOVIKEG
GEMOEG 08 OAOKANPES PUGIKEC GEAIDEG, KOl aPoV OAES Ol GeAIdeS eival evBuypapGUEVES
OT0 PLGIKE Op1d TOVC.

e Ta 8 MS bits, dniadn o apBuog ewovikng oeridag (FE), ypnoiponotovvtol cav index otov
mivaka PETAPpACoNG TG dlepyaciog (process) Tov Tpéyel avtn T oTiyun. O mivakog avtog
€xel p€yebog 256 Béoelg --00eg KoL Ol EIKOVIKEC GEAIDEC v dlepyacio. YTApyeEL oPLoTog
mivakag Petdopoong Yid kKa0e diepyacia, £161 ®ote 1 KAOe diepyacio va pmopel vo EYEL TIC
SIKEC NG, OLOPOPETIKES, PLOIKEG GEAIBES, TOPA TO YEYOVOS OTL ¥PNGILOTOLEL IO1EG EIKOVIKEG
devbivoers e OAeg T AAAES Olepyaoies.

e Y1 0éon FE tov mivaka petdopoong, omov pog odynoav to 8 MS bits g €kovikng
devbuvong, vdpyovy TANPOEOpPieg --0Twe Ba TOOE TOPUKAT®-- Yid Vo eAEYEovpe av 1M
ewovikn oelida FE mov Béhovpe vdpyel 6tn QUOIKN) pviun, Kot ov EYOVHE SIKOimUA Vo
NV TPocmeEAdGovE Onwg {NTa N TpEYoVca dlEpyacial.

e Y1 6w Béom FE tov mivaxa petdopoong Bpiokovpe tov aptfud g euoikng oeAidag 6mov
Bpioketar avt) ™ otiypn N ewovikn cerida FE. 1o mapdderypd pog, vrapyouvv 16 guoikég
oelidec, dpa 0 aplBuog uotkng oelidag éxel 4 bits. ‘Eotm 0Tt Bprikape tov apBud A cav
aplOpd QLoIKNGg oeAMdag. e avtdv KoAdue Kot ta 12 apetdppacto LS bits g icoviknig
devbuvong (210), ko @Tidyvovpe €tol ta 16 bits g @uowkng devbuvong: A210, oto
TAPASELY O LLOGC.

Awyopiwopog ko [pootacio Aepyaosi@v: to hardware tov enefepyaot Ppiokel Tov Tivoka
HeTappaog TG TpEYoVsag depyasiag and T (Puoikn) dievbuven Bdong Tov mivakoe avTod, Tov
glvar ypappévn (omd to AETovpylKd oLOTNUHA) G €vav €WIKO KOTOX®OPNT TOV GLGTHLOTOC
dwxeipiong pviung --6yt oto kavovikd register file. Otav o eneéepyaotng Tpéxel o "user mode",
dev emuTpémetal vo YpAyeEL autdV TOV KATAY®OPNTH, 00TMG MGTE VO UV Umopel vo vokpilel o1t
glvar GAAn Sepyacio, dMNAadn vo punv pmopel vo amoktioel mpdoPacn ot pUvAun GAA®V
SlEPYACLOV.

Ipoctacio Asttovpyikod Xvotipatog: O mopondve €101KOG KoToy@pntg mov kabopilel tov
TPEYOVTO TMIVOKO UETAPPAOTG --ONAad] TNV TpEYovca diepyacia-- €lval TPOCTEAAGIUOG OO TOV
eneepyaotn povov Otav o emeepyaotc Ppioketon ot "kernel mode", dniadn Tpéyel To
Aertovpyikd ovomnuo. Kdabe e&aipeon (exception) --meptAapPavOopevov kot Tov KOAECUOTOG
ovoTiuotog (system call)-- amofnkevel v moid katdotaon (user/kernel) otnv omoia £Tpeye o
enekepyaote, ko @épvel tov enefepyaotn oe kernel mode. ‘Etol, o trap (exception) handler
exteleiton mavta og kernel mode, evd 0 HOVOC TPOTOG Y1l Eva YPNOTN VO PEPEL TOV EMEEEPYACTY GE
kernel mode eivar va mpokaAécel Eaipeon, exteAdvTOg iy evtoAn system call --kdti cov
Tapavoun evtoAn mov mpokoiel eaipeor, aALd oV To Aertovpyikd oot EEpel OTL mpoopileTal
oav system call kol Oyt cov omAr] mapdvoun eviodn Ay TPOYPOULATICTIKOV G@dApatos. To
KAAEGLOL CLOTHUATOG Eival ETITNOES PTIAYHEVO VO, cuUTEPLPEPETOL oav eEaipeon (exception), Kot
oyL cav amAd kdAeoua dadikociog (evtodn jal), o0TOC MOTE 1 €160860¢ GTO AEITOVPYIKO CUGTNLA
--ov wpénel vo. yivel o kernel mode-- va yivetoar pudévo oy mpokabopiopévn devbuvon tov trap
handler, ko1 Oyt ce owdnmote AAAN avbaipetn JSevBvvon Oa umopovoe vo {ntioel €vag
KAKOBOLAOG XPNOTNG TPOKEWEVOD VO, TAPAKALYEL TO HEPOG EKEIVO TOV AEITOLPYIKOV GUOTHLOTOG
OV KAVEL TOVG EAEYYOVG TOV €AV 0 ¥PNOTNG £XEL dikaimpa va {nthioet avtd mov (NTd.

MHapovosc/Amovceg Xerideg ko Ilpootacio Xedidmv: Kdabe 0éon tov mivaka petdopacng
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TEPLEYEL:

e To "valid bit", mov vTodekVOEL OV 1] EIKOVIKY] GEAIDD. GTNV OTOl0. OVOPEPOUOOTE Eival
apovod N arovoa amd T ELOIKY LvAun. Evdeyouevn anovoia trng ucovikng oeAidog amod
TN QUGIKN UWVAUN UTopel Vo opeidetar gite GTO OTL 1| EIKOVIKT aVTN GEAdA glvar Tapdvoun
(dev ypnoyomoteiton, dradn To TPdypapa dev eiye evioréc 1 dedopéva exel, ovte (Rnoe
va Paiel katt péocw malloc/sbreak), gite oto OTL gival vOpIUN pEV AL aVTA TN OTIYUN
Bpioketal oo dioko Kot Oyl TN LvAuN.

Tov apOpd T @uokig ogridag (4 bits 610 €60 mapadetypd pog) 6Tov PpiokeTor avtn ™
OTLYUN M EIKOVIKT] GEAISQ, OTOV aVTN ivol TopoHoO GTI PLOTKT UVTUN.

Ta "bits mpootaciag" (my. 3 bits: "rwx"), mov omAdvovv TL €idOVG TPOCTEAAGELS
EMUTPEMETAL VO KAVEL 1] TOPOVG O dlepyacio oTig AEEES oG TG GEAMDAG.

To "dirty bit", mov deiyvel av o emelepyootng GAha&e 1 Ol To TEPLEYOUEVO OVTAG TNG
ceMidag amd tOTE oL TNV dafdcape and To dioko.

To "reference bit", mov 10 YpnolponolEl TO AEITOLPYIKO GVGTNUA YU VO TPOCEYYIGEL TOV
alyopiBuo avtikatdotaong "LRU": cg kG0e mpoomélaon ot oehida, o enelepyaotng Oéte
ovTo TO bit, eVv®d TO AglTOVPYIKO GVCTNHO TEPLOdIKA dafalel avtd ta bits yid va del molég
GEAOES YPMOILOTOMONKAY TPOCPATO, KOl 0TI GUVEYELD TO. Undevilet.

Aocknon 16.3: Movoenineoog Ilivakag Metdopaong

(o) T t0 mopomdve piKpd (eEOTPAYLOTIKO ONUEPN) TAPASELYA EKOVIKNG UVIAUNG, KavTe €va
OYNUOTIKO SUAYPOLUO TOL Vo JElYVEL TOV KOTOYMPNTH TOV TEPLEYEL TOV pointer GTOV TIVOKO
UETAPPAOTG TNE TApOoVGAS OlEPYACING, TOV TIVAKO UETAPPACTG, TNV gkovikn dievBvvon (20 bits)
7OV YEVVA 0 eme&epynoTig, T media and Ta omoio QVTH amoTeAEiTOL, OO TOV TPoEPyETal To index
OTOV TivaKo LETAPPAOTS, Tt dtafalovpe amd tn B€om ekeivn Tov mivoka, Kol ToOg cuvlETovye T
@uoikn devbuvon (16 bits).

(B) 'Eoto 611, 670 mopamdve amid Topadetypd pag, n diepyacio pog Exet Tig e€Ng oeAldes:

Eucovikn oerida 00: Topdavoun (mepiéyet tov NULL pointer).

Ewovikn ogAida 01: mepiéxel kadika (r-x), kot Bpiocketar oTn Quoikn ceAida 7.

Ewovikn oglda 02: mepiéyel kaddika (r-x), kot fpioketor ot guoikn oeiida C.

Ewovikn cerida 03: mepiéyel otatikd dedopéva (rw-), Kot Bpicketal 6t Quoikn cerida 0,

dirty.

Ewcovikég oehidec 04 mg ko 09: amovoeg amd T QUGIKN HVALT.

Ewovikég oelidec 0A émg kan 9F: mapdvopeg (unallocated).

Euwcovikn oehida A0: mepi€yet duvoptkd dedopéva (r--), kat fpicketor 6t GLOIKN oeAida D.

Ewovikn oehMda Al: mepiéyel dvvapkd dedopéva (rw-), Kot Bpicketal otn QLoIKn ceAda

E, dirty.

o Ewovikég oeridec A2 £¢ Kot AS: 0moVGEG OO TH QLGTKT UVIUN.

o Ewovikég oerideg A6 émg ko FD: mapdvopeg (unallocated).

e Ewovikn oehida FE: mepiéyetl dedopéva otoifag (rw-), Kot Ppioketor 6t QUGN celida A,
dirty.

e Ewovikn oeAiida FF: mepiéyer dedopéva otoifag (rw-), ko fpicketor otn puoikn ceiida 1,

clean.

Agite o TEPIEXOUEVO TOV TTIVAKO LETAPPACTG TNG dlepyaciog pag, xopig ta reference bits aAld pe
o ta Ao medio tov (256 ypopupég emi 4 media ové ypopupn --emIpémETonl M XPNOM
OTOGIOTOUTIKAV...).

(y) Totéc amd TIC TOPOKAT® TPOCTEAGGELG OTIC EIKOVIKEG O1EVOVVGELG OV SidoVTaL TPOKOAOVV
o@AApo oelidag; Ot vodAomes, o€ Told PLOIKT dtevbuvon petoppdlovar

02038 (fetch), 03FF4 (read), A001C (write), 0192C (fetch), 00000 (read), 92FCO
(read), FE5DS8 (write), 03FF4 (fetch), A1FFC (read), 008F4 (write), A2000 (read),
01E40 (write).
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Aoknon 16.4: Iloivemimedor Ilivakeg Metagpaong - Owovopio Xapov

O1 tepLocOTEPES dEPYOTIEG YPNOLUOTOLOVV OYETIKE AlYES amd TIG EOVIKEG TOVG GEAIDEG, KOl AVTES
ovvoOnievpéveg (clustered) oe pepwég "yeurroviég", Omwg oty mopamdve doknon 16.3.
Expetodievopevol autr] tnVv 1010TNT0, UTOPOVUE VO LEIMGOVE TO YMPO UVIUTNG TOV KOTOAAUPAVEL
0 mivaxog petdppaong e kdbe diepyaoiog, omdlovtag Tov o€ UEPIKODS HKPOTEPOVS TIVOKEGS,
OPYOVOUEVOLC GOV LA TTOAV-ETITESN 1epapyicL.

®ewpnote OTL 6TO GVUOTNUO UVAUNG TG Goknong 16.3 aAldalovpe tov povadikd (LOVoETITEDO)
mivaka HETAQpaong avd diepyacio oe deminedovg mivakeg, dg e&ng. Kabe depyacio éxel évav
mivaka mpOTOL emmédov, peyébovg 16 Bécewv. Tov mivaxo avtov tov Ppickovpe HEG® TOV
YVOOTOV pointer 7OV TEPLEYETAL OTOV  E0IKO  KOTOXWOPNT] 7OV  OVOQEPOLE  TOPATAVE.
Xpnowomotovpe ta 4 MS bits ¢ ewovikng dievbuvong yid va emiéEovpe pio amd tig 16 0éoeig
ovtov Tov wivaka. Kdbe cuvovaouog tov 4 autav bits, emopuévoc kat kdbe BEon avtov Tov Tivaka,
avtiotolyel oe 16 gucovikég oelideg. Eav kapio amd avtéc Tig 16 celidec dev VIAPYEL GTN PLOIKY
pviun, tote onue@vovpe T 0éon awt) Tov Tivaxka TPMTOL EMTESOL cav dxvpn (valid bit = 0).
Aloudg, M Béom avt) TOL TIVOKO TPOTOL EMMEGOL TEPIEXEL évov pointer o€ €va Tivoka
petdppaong dgutépov emmédov. Edv 1 ecovikn pog dievbuven pog odfynoe og tétola Béomn otov
mivaka TPAOTOV EMTESOL, TOTE YPNOYLOTOOVUE TO EnOLEVH 4 bits g gwkovikng dievBuvong cav
index oToV mivake deVTEPOV EMITESOV OOV LG 0dNYNCE O TivaKog TPOTOL emmeédov. Exel, otov
mivoka SgVTEPOL EMMESOVL, Ppickovpe Ta TeEAMKE oToryeio Yid Tt oelida mov {nrTdpe.

(afy) Kdavte éva didypappa avaioyo mpog ovtd g doknong 16.3(a) yid 1o dieminedo cvotnua
LETAPPOOTG OVTHG TNG GoKNong. Xto 6o dudypoppa, dei&te OAOVG TOVG TIVOKEG OEVTEPOL
emuméSOL oL Ba VITAPYOLY V1A TG 6EXidEG TNC doknong 16.3(B). Eniong d¢ite, OMa Ta mepieydpeva
OAOV TOV TIVAKOV HETAPPACNG, TPMTOV Kot deVTépov emumédov. BeParwbeite (ywpig va ddoete
YPORTO TNV OTAVINGT G0C) OTL TO GVGTNA AVTO HETOPPAlet Tig drevbivoelg ¢ doknong 16.3(y)
7O 1010 OTIMG KO TO LOVOETIMEDO GVGTNLA TNG AOKNONG EKEIVNC.

(0) TToceg Béoeic uvnung katoAappdvovy 6A0L Ol TIVAKES PETAPPOACTS TOV TOPOVTOG OETIMTESOV
GLGTHLOTOG Y16 TN dtepyacio pag Kot Yid 11 oeAideg (B); Xe oxEomn e TO LOVOETITESO GUGTNLOL TNG
doxnong 16.3(B) vdpyel otkovouia GTo YMPO UVNUNG TOL KaTOAAUPAvVETOL;

Aoknon 16.5: Iloivenimedor [livaxeg MeTappaong
og éva Peaotikd Xootnpo

Eravolafete v doknon 16.4(a) --mov ftav cov v 16.3(a) (oynmuatikd Stéypoppo TvaKov
LETAPPOOTG)-- VTN TH POPA Y18 £va pEOMOTIKO, CUEPIVO, GUGTNILO EIKOVIKNG LVIUNG:

o O1 ewovikég drevbivoelg Exovv péyebog 64 bits. Opwc, Y10 TPOKTIKOLS AOYOVG, Hovo To 46
LS amd avtd ypnoomoovviol (ympog ewovikav oevdoveewv 16 TeraBytes avad
dtepyaocia...). & v unv umovv ot ¥pNoTeG 610 TEWPAGUO VO, "EKUETAAAEVTOOV" V1A GAAO
okomd ta 18 MS bits tov kdbe pointer Tov TEPIGGEVOVY -~y AvoVTaG £TG1 TO portability Tov
TPOYPOUUUATOV TOVG OE UEAAOVTIKEG YEVIEC GUOTNUATOV UE TEPLGGOTEPO VAOTOMUEVA bits
€IKOVIKNG O1evBuvong-- 10 ocvomud pog eAéyyel kdbe mpooméloorn pvAUNG yud vo
oryovpevtel 0tTL ovtd ta. 18 MS bits g dievbuvong 1oovvtar 6Aa pe to MS bit tov 46 LS
bits, dNAadn amoTEAOVV ETEKTACT TPOGT OV (Sign extension) TOV LAOTOUEVOL LEPOVG TNG
gikovikng devbuvong (101, umopei n otoifa va cvveyicel va tomobeteiton 610 Gved GKpO
TOV €IKOVIKOV Ydpov pviung (devbovoeig FFFFFE...).

e Méyebog oeridoc 64 KBytes. Emopévaog ta 16 LS bits g ewovikng dievbuvong dev
ypedlovrol LETAPPAOT).

o Tpia emimedo TVAKOV PHETAPPACNS OV dlEPYOTiaL.

e Kda0e mivakog petdopaong €xet péyebog 1024 Béoeig, dpa "korralel" 10 amd ta bits tov
aptBpod ewovikng oeMOaG.
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Aoknon 16.6: TLB, Process ID, ko Kowoypnoteg Xehideg

Onwg gimaple Kol Topamdve, yid va yivetor 1 LETAPPAcT] YPIRYopa, X1 olLoToteitar cuvifwg évog
piKpdc katdAoyog Levymdv E€KOVIKNG-QUOIKNG GEMOAG Yud TIC MO GLYVA YXPNOLUOTOIOVUEVEG
oeAideg, o "TLB" (Translation Lookaside Buffer), opyovopévog cav pid pukpn kpoen pvhun,
oLVNO®G TANPOG TPOGETULPIGTIKT].

[Ipokeévou va unv avaykalOpaote vo akup®@voupe ta mepleyoueve tov TLB g kdbe ariayn g
depyaciog mov tpéyel (context swap), Oélovpe va pmopovdue va égovpe péco oto TLB,
TOVTOYPOVA, (EVYAPLO EIKOVIKNG-PUOIKNG GEMOOG TOAAMY SULPOPETIKMV SEPYUCIDV. AVTO OU®G
amotel va pmopovpe va ta Egyopilovpe peta&d Touve, a@ol TV Kabe opiopévn eikovikn diebbvvon
EVOEYETAL VO TNV YPNCLLOTOOVV TTOAAEG OlEPYACieg OAAG Y18 OLOPOPETIKY TATPOPOPID Kol KOTA
SpopeTikd TpdTo 1 KABepio. [d va yivetor 0 Soy®PIGHOG AVTOG, KOTUYPAPOVUE TOV aplOpo
depyacioc ("PID", Process Identifier) poli pe tov apBpd gikovikng 6eAidog avtng g depyaciog
o€ kd0e 6¢om (Cevydpt ercovikng-Quoikng oeAidag) Tov TLB.

(0) OewpnoTe TNV EKOVIKN Hvipn g doknong 16.3, xon Bewpnote 611 10 PID éyer péyebog 8 bits
(néypL 256 TavtOYpOveG depyacieg). Oempnote éva TLB peyébovg 16 Béocewv, pe TANPOG
TPOGETUIPLOTIKT ToToBEToN (evydv (o0dnmote {e0yog UETAPPACTG UTOPEL Vo UMEL OTOVONTOTE
oto TLB). ITo1d nedia mpémet va €xel n kaBe BEon avtod Tov TLB, kot Tt peyébovg to Kabéva;

(B) Aoote éva aplBuntikd mapdderypa Tov TANPovg meplexopévov Tov TLB 6tav avtd mepiéyet
Cevydplo petdopoong yid tic e€ng oeAidec:

e Tnv swovikn celida 01 tng diepyaciog 3B (mepi€yel kmddwka), kol TNV €KOVIKN ceida 01
g oepyaciag B4 (mepiéyerl data r/w), ol omoieg avapEPOVIOL G EVIEAMS O0POPETIKES,
ave&apTNnTeG PLOIKES GENIDEG.

e H diepyacio 3B kot 1 digpyacio 3C anotehovv S0POPETIKEG EVEPYOTOMGELS TOV 150V
TPOYPaUPOTOC, .. 0 1010 web browser tpeypévog omd 800 dapopetikove ypnotes. a
01KOVOUia (PUGIKNG) UVIUNG, TO AEITOVPYIKO GUGTNLO KPOTA LOVO £VOL OVTITUTTO TOV KOOIKA
OUTAG NG EPOPUOYNG OTN HVIUN, Kol KAVEL OAEG TIG Olepyncieg TOL TO TPEYOLV Vo
"BAémovv" avTd TO LOVOSIKO KOWVOYPNOTO GVTITLUTO OTN OIKN TNG EKOVIKN UVAUN 1 KaOe
pio. Baite Aowdv oto TLB ko v eikovikn oedida 01 g depyaciog 3C, mov mepiéyet tov
1010 KddKA pe N oedida 01 g 3B.

e Bdlte v ewovikn oeAida FF 1tng depyaciog 3B, ko v ewovikn ceiida FF 1tng
depyaciog 3C, mov mepiéyovv dedopéva otoifoc. Omwg simape, avtég ol 6v0 depyacieg
OTTOTEAOVV OLOPOPETIKEG EVEPYOTONGELS TOV 10iov Tpoypdaupatog. ITapd to yeyovog 611 0
KOSKOG TV SO aVT®V S1EPYoIOV Eival KOVOC, To SESOUEVE TOVG OUMG EIVOIL SLAPOPETIK,
oD T.Y. GAAL KAVEL O £vag XPNOTNG e TOV Web browser Tov, kot GAAC 0 GAAOG.

o O1 depyaoieg D2 ko D3 cvvepydlovton peta&ld Toug, Kot EMKOVmvVoHV LEGH KOWVOYXPNOTNG
pvniung: H diepyasia D2 mapdyst dedopéva mpog emeéepyaoia, Kol To YPAPEL GTNV EIKOVIKN
ceMda g A0 (mpootacio -w-). H diepyacio D3 koatavaidvel to dedopéva mov Tapdayet M
D2, ko to eme&epyaleton. H D3 dopdlet ta dedopéva antd amd tnv gucovikn ceida g CO
(mpoctacia r--), 1 omoio OU®G, LEG® TOV GLGTNIOTOG EIKOVIKNG UVIUNG, OVTIGTOLXEL OTNV
0 uokn celida oty omoia avtictoyel kot 1 A0 g D2, wote va emituyydveton n
GLVEPYUOIO TOPAY®YOD-KATAVOA®TH TV 800 diepyoacidv. BdAdte ato TLB coag kot avtég Tig
d00 eKOVIKEG GENIDEG.

(y) Ot depyasieg 3B kan 3C, mapomdve, eivar Tpoctatevpéveg N pia amd v GAAN; Mmopel 1 pia
va dPdoet To dedopéva g GAANG (KAéPovtag €101, m.Y., O EVOC YPNOTNG TIC EUMICTEVTIKEG
TANPoYopieg Tov 0 AAAog dafalel p€ow dadikTLOV); Mropel N pia vo aAlowdoel (Ypdwel) to
dedopéva g GAANG (TopomAavovTog €161, Y., 0 £vag XpNoTNGg Tov dAlov); Mmopel 1 pio va
KatacTpEWYeL (Ypayet) Tov Kadika g aAANg ("koAlmvtag" £tot, Y., 0 EVag ¥PNOTNG TOV GAAOV);
[og eEoocporiloope v embBount) mpootoacics Kot aveloptnoio peta&d ovtdv Tov 600
SEPYACLOV, EVA TOVTOYPOVA KAVOVIE KoL OIKOVOUIN LVIUNG KPATOVTOS £VA LLOVO PLGIKO OVTITVITO
TOV KMOIKO TOV OVTEG TPEYOLV;
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