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HY-225: Opydvwon Ymoloylotmv Tu. En. Yroloyiotdv
Avoién 2006 © TMoavemomuo Kpnng

Xepd Aoknosov 16:
Ewkoviki) Mvijun (Virtual Memory)

[MpoBecpia £mg Tetaptn 24 Mdaiov 2006, opa padnuatoc, o yopti (Boopdada 13)

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

SRAM-DRAM: Onog cimape oto uddnpa, to chips uviung sivol opyovmpévo, EGOTEPIKE GF
Kképmoca blocks and otoyeio pvqung. Xt "otatikés" pvipeg (SRAM - Static Random Access
Memory), ta otoyeio uviung sivar flip-flops (e 6 transistors kobéva), kol 1 amobnkevpévn
mAnpoopia dratnpeitar 660 eivar avopévn 1 tdon tpoeodociog. XTig "duvapkég” pvrueg (DRAM
- Dynamic Random Access Memory), ta ototyeio. pviung eivon mokvetég (capacitors --£vog
TUKVOTNG kol évo transistor ovd bit), 6mov amoBnkedeTor duvapkd n TAnpogopia. Adyw Tov
peLLOTOG Sloppong, N TANpogopic avth (PoPTio GTOV TLKVMTY), YAvETOL HEGH OE Alya YIMOOTA
tov devteporémtov (ms). Id va dwtnpnbodv ta mepieydueva e DRAM zpémel vo ta
avalmoyovovpe (refresh), oniadn va ta dwwPdlovpe kot va ta Eavaypdpovpe, Kabe tepimov 8 pe
16 ms.

MéyeOog (Xopntikétyta - Mbits): [Topd t0 pEOVEKTUA TOVG OWTO, Kot TOPE TV HEYOADTEPN
kabvotépnon mpoomélaong mov &xovv, ot DRAM dwbétouv éva OMNUOVTIKO TAEOVEKTNMA:
TpooPépovy mepimov pio TAEN peyEBovg peyodvtepn ywpntikdtnTo (capacity, Mbits --Oy1
"capacitance") avd chip oe oxéon pe 1ig SRAM. Eto1, ot DRAM ypnoiponotodvior 6yedov mivto
Y TNV KOTOOKELT TNnG KOPG Hviung (main memory) Twv VTOAOYIoT®V, €vdd ol SRAM
YPNOWOTO0VVTAL OXEOOV TAVTA Y18 TIG KPLPEG pvnpeg (cache memories), AOy® NG XOUNAOTEPNG
kaBvuotépnong Toug. Me v mpdodo NG TEYVOLOYING KATOOKEVNG OAOKANPOUEVEOV KUKAOUAT®V
(chips), n yopnTkdéTTA TOV chips pvAung cvveymg avédvel. Tig tedevtaieg dexaetiec, 0 pvOUOC
avthig TG avénong Nrtav: TeTpamiactacpnig (x4) yopnrikommrog kabe Tpia (3) ypévia. Iiuepa
glvan epinov 1660¢ (iomwg Alyo yaunilotepog) avtdg o puopog avénong, Kot gival ToAd Thovo va
ouvveyioel €161, av Kol Kanote poAdov o nécel. Zpepa (2004) n texvoroyia towov DRAM mnyaivet
ond to 512 Mbits oto 1 Gbit avda chip (m.y. PA. www.micron.com). Epmopikd, tqv pviun tov
VIOAOYIOTAOV T Pplokel kKaveilg og pukpég mhakéteg (modules - DIMM), mov 1 kofepnd éxel mévem
g ovviBog 8 (11 9) 1 16 (1 18) chips. 'Etot, éva module pe 8 chips tov 256 Mbits kabéva €xet
ouvolikn yopntikdmta 4 Gbits = 256 MBytes, evd éva avtiotolyo module pe 16 té€towa chips Oa
npoopépel 512 MBytes. Otav to chips givor 9 avti 8, i 18 avti 16, 1o emmAiéov chips
YPTNOUOTOI0VVTAL Y18 amofnKevorn Kmdikmv aviyvevong kot ddopbmong cpaipdtov (ECC - error
correction codes).

I'pappég ka1 Xtijheg: Méoa oto chip g pviung, to kabe block givan €vag mepimov 1eTpdymvog
mivakag amd otoreion PvUNG, He Yopo oTig 64 émg 512 ypouués eni 64 éwg 512 omes. T'd va
dwPdacovpe vo oToLEID PVIING EMAEYOVE TPMTO T YPOULY OTNV OToio oviKeL ovtd, divovtog
T o1evbuvon ypouung (row address) GTOV ATOKOIIKOTOMTH YPOUUNG, O 0Toiog avapel éva cOPU
(word line) mov dwtpéyel Ko evepyomolel tnv emBount| ypouun. Otav avdyel To copue ovTo,
oAa To ototyeio pviung (bits) wéve ot ypopur avt) dwfalovial, dNAadn tomobeTodv o Kabéva
™V TN Tov (TEPIEYOUEVO TOV) 6TO avtioToryo cvpua othAng (bit line) mov dwatpéyel T GTHAN
tov. Etol, 010 kdtew pépog tov block tng pviung, otig amoAn&els TV cuppdtov GTHANG,
eppaviletal to meplexdeEVo OAMV T®V bits wov ivor amodnkevpéva oty emieyeica ypapuun. Evog
peydlog molvmAékTng emAEyel T0TE TO bit Tov gpeig BEAape, faoet Tng dievbuvong oTAng (column
address), kou to divel mpog ta €. H OAn avty dadwkacio, and v €icodo g devduvong
ypopuung péxpt va Pyel 1o teAikd bit otnv £€£060, dlopkel apkeTd ¥povo (YOopw ota 60 ns yid Tig
onpepwéc DRAM).
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I'ewrrovikéc Ilpoomeldcsig (sequential Accesses): Edv petd v mapamdveo dwdikacio, Op®G,
0élovpe va dtoPdoovpe Ko pepkd omd ta "durhovd" bits avtov mov poALg SuPdoalle, TOTE QVTO
pmopel vo yiver moAd ypnyopdtepa: to bits avtd givan "étowa", otTig amoAnEel; TV GLPUATOV
OTHANG, Kot To chip g pvAung pmopel va ta amooteilel otov autodvta TV avdyvoon (T.y. Tov
eneepynotn) TOAD ypryopa 10 Eva PeTd To AL (mepimov 1 bit kdbe 2 pe 5 ns o€ Kabéva amd to
ovpuata dedopévav (data) yié tig onuepwvég DRAM). ExupetaAlevopevorl ) duvatdtto ot
TETVYOIVOVUE VO TPOCTEAAVVOVUE LEYUAEG OUAdES YertoviKAV AéEewv (T.y. cache lines (blocks))
pe mOAD KPR emmAEOV emPApPLVOT GE GYEON HE TNV OpYIKN KAOLGTEPNON TPOSTEAAONC TNG
TPAOTNG AEENG NG OUADAG.

Aw@Orlhoon (Interleaving): H dAAn teyvikn mov ypnoipomoteital yid v avénon g mopoyng
(throughput) pidg pvqung --kvpiog yié Tpooneldoelg oe tuyaieg d1evdHVeELG Kot Oyl TOGO Y14
ouveyoueveg devbuvoeic-- ivon 1 diapdAlwony Mviuns (Memory Interleaving). Me v Te(VIKN
avt, 6tav ot d1evBuveelg Tov amocTéAoVTaL G' £va cLGTNHO LVRUNG (TT.Y. éva chip) avapépovTot
og olapopeTikd amd to blocks (memory banks) mov avtd mepiéyel, 10t€ 0 PLOUOG OTOGTOANG
TETOV d1eVBHVeEWV --Kat 0 avtioTtoyog puiuds Evapéng mpoomeldoemv-- ival TOAD YNnAdTEPOG
and tov pubBud mpoomehdoewv oe kdBe €va block (bank), dedopévov 6t ta blocks (banks)
dovAebovv gv TapaAAnA®, | €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 YDPO HUVAUNG UEYOADTEPO OO TO KOUUATL TNG
(QLOIKNG LVAUNG TOV OVTMG TNG dtatiBeTa.

O Paowkdg Tpdmog Aettovpyiag Tng €ovikng pviung eivar o €€ng. Kabe dievbuvon pviung mov
YEVWVA 0 eMeEePYOOTNG --ONANdT| TO TPOYPOLLL TOV TPEYXEL-- Bewpeitan w¢ "elkovikn d1evBuvon",
Kol pETAQPAaLeTal og v aAAn, "@uotkn} o1evBuvven", Tpotov dobel TN UvNUN Y1d va emAeyel M
AEEN v omoia TeAkd Oa Tpoomeldoet To Tpdypappa. H petdopaocn avti epovrilet:

i. Na ghéyyxel 6TL 1 diepyacio Tov TpEYEL EYEL dIKAU®UO Vo KAVEL TNV TPOSTEAAGN Tov (NTd
(avdyvoon/eyypapn/extéleon) otr dievbuvon wov {ntd.

ii. Na petappalel 11 eikovikég devBuvoelg g Kabe diepyaciog o SOPOPETIKEG PUOIKEG
devbivoelc yid v kabe diepyasia, EKTOG TOV TEPIMTOCEMY TOL BEAOVLE OL dlepyasieg Vo
EMKOWVOVOLV LETAED TOVG LEG® KovOypnotng Lviung (shared memory).

iii. No petaepalet Tic mo cvyva (emi Tov TAPOVTOS) YPTOLOTOIOVUEVEG EIKOVIKES S1EVOVVGELS
oTIG QLOIKEG dlevBhvoelc Omov avTég "ywpave", evd O0GeC dev YWPAVE GTNV VIAPYOVCH
QLOIKY HVIUN TPOKOAOVV GQAAuo oeAidag (page fault - § 13.1), dote va @povticel 10
AELTOVPYIKO GUOTNUA VO TIG PEPEL (GLVNO®G Ao TO Ji0KO).

H petdopaon dievbovoemv yivetal aneikoviCovtag oAokANpeg "oehidec" (pages) KOVIKNG LWVAUNG
o 0AOKAINpeC uokég oelideg. To péyeBog g oeridag etvon aprerd KBytes ofjuepa, kot n tdon
glvan va peyoravel pe o xpovio. [ va yivetor n HETAQPACT YPIYOPO., YPNOULOTOLEITOL GVVIHO®G
évag LIKpOc KaTAA0YOG (EVYDV EIKOVIKNG-QUOIKNG GEAIDNG Y18 TIC MO GUYVE XPOLUOTOIOVUEVES
oeAideg --o "TLB" (Translation Lookaside Buffer)-- opyoavopévog cov Pid LiKp Kpuen Hviun,
ocvvnbmg TANpw¢ TpoceTaptotTikn. Otav pidv eiovikn gedida dev v Bpickovpe otov TLB, tote
v avalntape otovg Iivaxes Metappaong, mov Ppiokovtal 6T Pvhun.

Ocopnote 10 €&Ng pIKPO (EEOTPAYUATIKO ONUEPA) GVUGTNUO EKOVIKNG HUVAUNG, GOV OmAd
TAPAOELY L.

e Ot ewovikég devBvvoelg Exovv péyebog 20 bits (dnA. elvarl meviaymeieg 610 dekaeEadikod
G G €XOUV HEYEDog M Yneeg

GUGTNU), (PO O YDPOS EKOVIKGV dlevBivaewv eivan 1 MByte avd diepyacic.
o Méyebog oeridoc = 4 KBytes, dpa ta 12 LS bits kéBe dievbuvong (3 LS dexoe&adukd
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ymoeia) emAéyovv 1 byte péca ot cerida, eved to vroloima MS bits vmoonAmvouy Yid mold
oceAida pdape. Etot, n ke diepyasia £xel 256 sikovikég oehideg (1 MByte / 4 KBytes =
256).

e H gpuown pviun givar 64 KBytes, dpa ot puoikég dievbivoelg amotedovvtal amd 16 bits (4
dekoe&adikd ynoeio), emopévas vapyovv 16 puoikég oelideg (16 KBytes / 4 KBytes = 16).

Tote, n petdppacn pag ucovikng oevbuvong --m.y. g FE210-- ot avtictoyn ouoikn yivetot
oG £§ig:

o Xopilovpe v ewovikn dievbuvon oto 12 LS bits, mov vmodnidvovv 10 byte péoa ot
oeAida (e0d: 210), kai ota 8 MS bits, wov opifovv v ekovikn ceAida (edm: FE).

e Ta 12 LS bits (210) dev yperdlovtor HeTaepaon, apod anetkoviloupe oAOKANPES EIKOVIKES
GEMOEG G OAOKANPES PLOIKEG GEAIDES, KOl apoV OAEC Ol GeEAidEC givar gVOLYPOUUIGHEVEG
GTO PLGIKE Op1d TOVC.

e Ta 8 MS bits, dnradn o apiBuds ewovikng oehidag (FE), ypnoyomolovvtal cav index otov
mivaka PETAPPAONG TNG dlepyaciog (process) Tov Tpéyel ot TN oTyun. O mivakog avtog
€xel p€yebog 256 Béoelg --00eg KO Ol EIKOVIKEG GEAIDES ava depyacia. YTApyelL oPLoTog
mivakag petdopoong yid kKa0e diepyacia, £To1 ®ote 1 KGO depyacio va Umopel vor EYEL TIG
SIKEC NG, OLOPOPETIKES, PLOIKEG GEAIDES, TOPA TO YEYOVOS OTL XPNOUOTOLEL 1d1EG EIKOVIKEG
devbivoers e Oheg TG AAAES dlepyaoies.

e Y1 0éon FE tov mivaka petdopoong, 6mov pag odnynoav to 8 MS bits Tng ekovikng
devbuveng, vdpyovy TANPoPopieg --0nm¢ o TOVUE TAPUKAT®-- Y10 VO EAEYEOVE OV 1|
ewovikn oelida FE mov 6éhovpe vdpyel 6tn @uoikn Uviun, Kol av €xovpe dikaimpo vo.
NV TPocmeELdGOoLE Onmwg {NTa N TpEYoVGa dlEPyAcial.

e Y1 6w Béom FE 1ov mivaxa petdopaong Ppickovpe tov apBud g uotkng oeldag 6mov
Bpioketar avt) ™ otiypn M ewovikn cerida FE. Xto mapdderypud pog, vadpyovv 16 puoikég
oelidec, dpa 0 aplBuog Puoikng oelidag xel 4 bits. 'Eotm 011 Bpnkape tov apBpud A cav
aplpd Quoikng oeddag. e avtdv KoAdpe Ko To 12 apetdepacta LS bits tng ewcovikng
devbuvong (210), kot eTidyvoupe €tol To 16 bits g euowng dievboveong: A210, oto
TAPASEY L LLOGC.

Awyopiwopog kot [pootacio Aepyacidv: to hardware tov eneéepyaot Ppiokel Tov mivoka
peTdppaong g TpExovcag depyaciog and ™ (puoikn) dievbuvon Baong tov wivake avtov, Tov
givar ypoppévn (omd To AEITOVPYIKO GVOTNUO) G €vav €WIKO KOTOXWOPNT TOV GLOTHLOTOC
dwxeipiong pvniung --6yt oto kavovikod register file. Otav o eneepyaostnc Tpéxet o "user mode",
dev emuTpémetal vo yYpAyeL ouTdV TOV KATAY®OPNTH, 0VT®MG MGTE VO UV UTOopEl va viokplOel 6Tt
glvar GAAn depyaocia, ONAAd vo UV Umopel vo amokTNoeEl mPOcPacn ot pvAun GAA®v
SlEPYACLDV.

Ipoctacia Asttovpykod Xvotipotog: O Topomdve €101KOG KoTo®pNTIS mov kabopilel tov
TPEYOVTO TMIVOKO UETAPPOOTG --ONAad| TNV TPEYOLGA dlEPYOTin-- ElVOL TPOCTEAAGILOG GO TOV
eneepyaotn povov Otav o emegepyaotn Ppioketor oe "kernel mode", dnAaodr Tpéxel to
Aertovpyikd ovotnuo. Kabe efaipeon (exception) --meptlopfavOopevoy Kol TOV KOAEGLOTOG
ovotiuotog (system call)-- amobnkevel v mold Katdotaon (user/kernel) otnv onoia €rpeye o
eneepyaotc, Kot @épvel tov enefepyaotn oe kernel mode. ‘Etot, o trap (exception) handler
exteleiton mavta og kernel mode, evd 0 LOVOC TPOTOG Y1l Eva YPNOTN VO PEPEL TOV EMEEEPYACTY OE
kernel mode eivon va mpokoadécel efaipeon, ektelovtag by eviodn system call --kdrti cov
Tapavoun evtoAn Tov Tpokoiel &aipeon, aALA TOV TO AITOLPYIKO GVGTA EEPEL OTL TpoopileTan
oav system call ka1 Oyt cav amAf Tapdvoun evioAn AOY® TPOYPOLUATIGTIKOD opAaipatoc. To
KAAEGLOL CLOTNUATOG Eival EMITNOEC PTIYUEVO VA GUUTEPIPEPETOL cav e&aipeon (exception), Kot
oyL oav amAd Kdleopa dadikaciag (evtoAn jal), ovTmg dote 1 €16000G GTO AEITOLPYIKO GUGTNLA
--mov wpénel va, yivel og kernel mode-- va yiveton povo oty mpokabopiopévn dievbuven tov trap
handler, ko1 60yt o€ owdnmote GAAN ovbaipetn O1evBvvon Bo pmopovce va {nTnost évag
KAKOBOVAOG XPNOTNG TPOKEWEVOL VO, TAPAKALYEL TO PEPOG EKEIVO TOL AEITOVPYIKOV GLUGTILOTOG
OV KAVEL TOVG EAEYYOVG TOV €AV 0 ¥PNOTNG £xEL dikaimpa va {nthioet avtd mwov (NTd.

Hapovosc/Anovceg Xerideg ko Ilpoctacio Xedidwv: Kdabe 0éon tov mivoko HETAQPAONG
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TEPLEYEL:

e To "valid bit", mov vodekVOEL OV 1 EIKOVIKT] GEAMDO GTNV OTOlN AVAPEPOUACTE Elval
Tapovod 1 arovod amd T UK uvnun. Eveyopevn arovcio g ewovikng ceridag and
TN QUGIKN UVAUN UITopel va 0peideTal €ite 6TO OTL 1] EIKOVIKY QT GEAIdA Elvan mapdvoun
(dev ypnoyomoteitan, dMAadn To TPdypapa dev giye eviorég 1 dedopéva ekel, ovte {ntnoe
va Paier katt péow malloc/sbreak), gite oto OTL givan VO pev aAAd ovT TN OTIYUN
Bpioketal oo dioko Kot Oyl TN PLvAun.

Tov apOpd Tnc Puoikig 6ehidag (4 bits 610 €6® mapaderypd pag) 6mov Ppicketal avtn
OTLYUN M EIKOVIKT] GEAIDQ, OTOV aVTN ivol TopoHoO, GTI PLOTKT UVTUN.

Ta "bits mpootaciag" (my. 3 bits: "rwx"), mov OomAdvouv TL €idOVG TPOCTEAAGEIS
EMTPEMETAL VO KAVEL 1] TOPOVG O dlepyacio oTig AEEES oG TG GEMDOG.

To "dirty bit", mov deiyvel av o enefepyactng dAla&e M Oyl T TEPLEXOUEVA QLTS TNG
oelidag amd tOTE oL TNV dafdoape and To dicko.

To "reference bit", Tov 10 Ypnoonoiel To0 AE1TOLPYIKO GVOTNHA Y18 VO TPOCEYYIGEL TOV
alyopBuo avtikatdotaong "LRU": og kdOe mpoomélaon atn cehida, o enelepyaotng 0étet
ovTo TO bit, EV® TO AertoVpyKd GVoTHUO TEPLOdIKE dafBalel avtd ta bits yid vo del moég
GEAOES YPpMOILOTOONKAY TPOCPATO, KOl 0TI GUVEYELD TO. Undevilel.

Aocknon 16.3: Movoenineoog Ilivakag Metdopaong

(o) T t0 mopomdve piKpd (EEOTPAYLOTIKO ONUEPN) TAPASELYLO EKOVIKIG UVIUNG, KAvVTE éva
OYNUOTIKO SIAYPOLIO TOV Vo SEIYVEL TOV KOTOYMPNTH 7OV TEPLEYEL TOV pointer GTOV TIVOKO
UETAPPACTG TG TapoVGOS SlEPYCING, TOV TIVOKO UETAPPACNS, TNV EKOVIKN dlevbvvon (20 bits)
OV YEVVA 0 eme&epynoTNG, TO TEDIO OO TO. OTTO10. CVTY ATOTEAEITAL, OO TOV TPOEPYETAL TO index
OTOV TivaKo LETAPPAOTS, Tt dtafalovpe amd tn B€or ekeiviy Tov TivaKa, Kol THOG GLVOETOVNE TN
euoikn devbuvon (16 bits).

(B) 'Eoto 611, 670 MOpamdve amid Topadetypd pag, n diepyacio pog Exet tTig e&Ng oeAldes:

Eucovikn cerida 00: Tapdavoun (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 cerido 03: nepiéyel ototikd dedopéva (rw-), Kot fpicketal otn QUGN ceida 0,

dirty.

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

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

Euwcovikn oehida AQ: mepiéyet duvoptkd dedopéva (r--), kat fpicketon 6t uoiky ceiida D.

Ewovikn oehida Al: mepiéyel duvapikd dedopévo. (rw-), Kol Bpioketal 6Tn QLOIKN GeAMda

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: mepiéyel dedopéva atoifag (rw-), kot BpiokeTor 6t @UGIKN ceXida A,
dirty.

e Ewovikn oerida FF: mepiéyet dedopéva otoifag (rw-), ko Bpiocketor ot puoikn ceiida 1,

clean.

Agite o TEPIEYOUEVO TOV TTIVAKO LETAPPACTG TNG dlepyaciog pag, xopig ta reference bits aAld pe
ora to Ao medio tov (256 ypoppés emi 4 media ové ypopun --emTPEMETOL T YPNOM
OTOGIOTOUTIKAV...).

(y) Totéc amd TG TOPUKAT® TPOCTEAAGELS OTIC EIKOVIKEG O1EVOVVGELG TOV SidoVTAL TPOKOAOVV
o@AaApo oeMidag; Ot vodAomeg, o€ Told PLOIKT dtevbuvon petappdlovar

02038 (fetch), 03FF4 (read), AOO1C (write), 0192C (fetch), 00000 (read), 92FCO0
(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 YPNOUOTOLOVV GYETIKA AlYEG A TIG EKOVIKEG TOVG GEAIDEG, KO AVTES
ovvoOnievpéves (clustered) oe pepwkég "yeuroviég", Omwg oty mopomdve doknorn 16.3.
Expetodievopevotl autr| tnv 1010110, UTOPOVUE VO LEIMGOVLE TO YDPO LUVIUNG TOL KOTOAALPAVEL
o mivakag petdepaong g kabe diepyacioc, onaloviag Tov 6€ PEPIKOVG UIKPOTEPOVG TIVOKECS,
OPYOVOUEVOLC GOV LA TTOAV-ETITESN 1EpapyicL.

®ewpnote OTL 6TO GUOTNUO PUVAUNG TG doknong 16.3 aAldlovpe tov povadikd (LOVOETITEDO)
mivaka HETaQpaong avd diepyacio og deminedovg mivakeg, g e&ng. Kabe depyasia €xer Evav
mivaka TpMTOL emmédov, peyébovg 16 Bécewv. Tov mivaxke avtov tov Ppickovpe UEGH TOV
YVOOTOV pointer 7OV TEPLEYETOL OTOV  €0KO  KOTOXWOPNT 7OV  OVOPEPOLE  TOPATAVE.
Xpnoyomotovpe ta 4 MS bits g ewovikng dievbuvong yud va emré€ovpe pio and Tic 16 Boeig
ovtod tov mivaka. Kdbe cuvovaopoc tov 4 avtov bits, emopévog kal kdbe 6éon avtod TOL
mivaka, avtiotolyel o€ 16 ekovikég oehidec. Eav kapio amd avtéc tic 16 oelideg dev vapyel ot
(LGIKT LVNUT], TOTE CTUEIOVOVUE TN BE0M 0L T TOV Tivake TPMTOL EMTEdOL cav axvpn (valid bit
= 0). AAMoundg, n Béon avtq ToL TivaxKe TPMOTOV EMTESOL TEPLEYEL VOV pointer 6€ £va TIVOKOQ
petdppaong dgutépov emmédov. Edv n euwcoviky pog dievbuven pog odnynoe o tétota 0éon otov
mivaka TPAOTOV EMTESOL, TOTE YPNCLOTOLOVHE To. emOpeva 4 bits tng ewovikng devBvvong cav
index oToV mivake SeVTEPOV EMMESOV OTOL LG 0dNYNCE O TivaKog TPAOTOL emmédov. Exel, otov
mivoka SgVTEPOL EMMESOVL, Ppickovpe Ta TEAMKE oToryeio Yid Tt 6elda mov {nrTdpe.

(afy) Kdavte éva didypappa avarioyo mpog owtd e doknong 16.3(a) yid to deminedo cvoTUA
LETAPPOOTG OVTHG TNG Aoknong. Xto ido dudypappa, ogiéte dlovg Tovg mivakeg OELTEPOV
emumédov Tov Ba vGpyoLvV YA TIC GEXidEG TG doknong 16.3(B). Eniong d¢ite, Oha ta mepieydpeva
OAOV TOV TIVAKOV LETAPPOCTG, TPMTOL Kot devtépov emumédov. BePfarwbeite (ympic va ddoete
YPOTTA TNV AAVINGT GOG) OTL TO GVLGTNHO aVTO PeTAPPalel Tig dtevBuveelg g doknong 16.3(y)
70 1010 OTI®G KO TO LOVOETIMEDO GVGTNLA TNG AGKNONG EKEIVNC.

(0) Tlooec Béoeig uvung KatoAappdvovy OA0L Ol TVOKEG LETAPPOONG TOV TOPOVTOG OETITESOV
GLGTIHLOTOG Y14 TN dtepyacio pog Kot Yid Tig oeAides (B); e oy€om LE TO LOVOETIMESO GUGTNLOL TNG
doxnong 16.3(B) vdpyel olkovouia GTO ¥MPO UVIUNG TTOL KATOAQUPAVETL;

Aoknon 16.5: Iloivenimedor [livaxeg MeTappaong
og éva Peaotikd Xootnpo

Enavolafete v doknon 16.4(a) --mwov ftav cav v 16.3(0) (GYNUOTIKO S1AYPOLUN TIVAKOV
LETAPPOOTG)-- VTN TH POPA Y18 £va pEOMOTIKO, CULEPIVO, GUGTNLLO EIKOVIKNG LVIUNG:

o O1 ewcovikég drevbovoelg Exovv péyebog 64 bits. Opwc, yid TpokTikobg AOYovs, Lovo To 46
LS amd oavtd ypnoipomoovviol (ympog ewkovikav devboveewv 16 TeraBytes avad
dtepyaocia...). & va unv pmovv o1 xpnoteg 610 TEWPASUO va "eKpeToAlevtovv" Y1 GArO
okomd ta 18 MS bits tov kdbe pointer Tov mEPIGGEVOVY --YAvovTag £T0L TO portability Tov
TPOYPOUUATOV TOVG OE UEAAOVTIKEG YEVIEC GUOTNUATOV UE TEPLGGOTEPA VAOTTOMUEVA bits
€IKOVIKNG OlevBuvong-- 10 ochomud pog eAéyyel kdbe mpooméiacon HvAUNG Yo Vo
oryovpevtel 0tTL ovtd ta. 18 MS bits g dievbuvong wovvtal 6Aa pe to MS bit tov 46 LS
bits, dNAadN amOTELOVV EMEKTAOT TPOCSTLLOV (Sign extension) TOV VAOTOUUEVOL LEPOVG TNG
giovikng devbvvong (€101, umopei 1 otoifa va cuveyioel vo tomobeteiton 610 Aved Gxpo
TOV €IKOVIKOV Ydpov pviung (devbovoeg FFFFFFE...).

e Méyebog oelidog 64 KBytes. Emopévog to 16 LS bits tng ewoviknig dievbuvong dev
ypedlovrol LETAPPAOT).

o Tpia emimedo TVAKOV PHETAPPACNS OV dlEPYOTiaL.

o Kda0Oe mivaxog petdppaong £xet péyeboc 1024 0écelg, dpoa "korrdlel" 10 amd ta bits tov
aptBpod ewovikng oeMOaG.

16/5/2006 7:10 pp 50f6



Exercise 16: Virtual Memory (U.Crete, CS-225) http://www.csd.uoc.gr/~hy225/06a/ex16_vm.html

Aoknon 16.6: TLB, Process ID, ko Kowoypnoteg Xehideg

Onwg gimaple Kol Topamdve, Y1d vo yivetor n LETAQPACT YPYOPO., ¥PNCIoTotEiTol cuvifmg €vag
piKpdc katdAoyog CEuydv EIKOVIKNG-QUOIKNG GEMOOS Y16 TIG MO GLYVE YPTOULOTOLOVEVEG
oeAideg, o "TLB" (Translation Lookaside Buffer), opyavouévog cav pid pukpn kpoen pviun,
oLVNO®G TANPOG TPOGETULPIGTIKY].

[Ipokeévou va unv avaykaldpooTe vo axvp@voupe ta mepleyopeve tov TLB og ke aliayn g
depyaciog mov tpéyel (context swap), Bélovue vo pmopovpe vo €yovpe péoa oto TLB,
TOVTOYPOVA, (EVYAPLO EKOVIKNG-QUOIKNG GEAMOOG TOAADV SOPOPETIKOV dEPYOoIDV. AVTO OUWGC
amotel va pmopovpe va ta Egyopilovpe peta&d tovg, agov Ty Kabe opiopévn eikovikn dtevbuvon
EVOEYETAL VO TNV YPNOILOTOOVV TOAAEG Olepyacieg OAAL Y18 SLOPOPETIKN TANPOPOPIO KOl KOTA
SpopeTikd TpoéTo 1 KABepia. [d va yivetor o doywplopdg avtds, Kataypdgovpe Tov aploud
depyaciog ("PID", Process Identifier) poli pe tov apBpd giovikng ceidog avtng g depyaciog
o€ kd0e 6¢om (Cevydpt ercovikng-Quoikng oeAidag) Tov TLB.

(0) OswpfoTe TNV EKOVIKN pvipn g doknong 16.3, ko Bewpniote 611 0 PID €yer puéyebog 8 bits
(néypL 256 TavtOYXpOves diepyacieg). Oewpnote éva TLB peyébovg 16 Bécewv, pe TANPOG
TPOGETUIPLOTIKY ToToBEéTon (evydv (o0dmmote {evyog HeTdppaong UTOpEl Vo pmel omovdnmote
oto TLB). ITo1d nedia mpémet va €xel n kabe BEon avtod Tov TLB, kot 11 peyébovg to Kabéva,

(B) Avote éva aplBuntikd mapdderypa Tov TApovg mepleyopévov tov TLB otav avtd mepiéyet
Cevydplo petdopoong yid tic e€ng oeAidec:

e Tnv swovikn celida 01 tng diepyociog 3B (mepiéyel Kodika), ko TNV €wkovikn cerida 01
¢ oepyaciag B4 (mepiéyel data r/w), ol omoieg avoQEPOVTIOL GE EVIEADG SLOPOPETIKES,
ave&apTnTeG PLOIKES GENIDEG.

e H diepyasio 3B ko 1 depyacia 3C amotehodv S10pOPETIKES EVEPYOTOIGELS TOV 1010V
TPOYPappOTOC, Y. 0 1010 web browser tpeypévog omd 600 dapopetikovc ypnotes. 'a
01KOVOUIa (PUGTKNG) VI UNG, TO AEITOVPYIKO GUGTNLO KPOTE LOVO £VOL OVTITUTO TOV KOOIKA
OUTAG NG EQPOPUOYAG OTN HVIUN, KOl KAVEL OAEG TIG OlEPYNOIES TOL TO TPEYOLV VO
"BAémovv" avTd TO LOVAOIKO KOWOYPNOTO OVTITUTO GTN OIKN TNG EWKOVIKN Uvhun 1 Kabe
pio. Baite Aowdv oto TLB kot v eikovikn oeAida 01 g diepyasiag 3C, mov mepiéyel Tov
010 kddKA pe ) oerida 01 g 3B.

e Bdlte v ewovikn oeAlda FF 1tng depyaciog 3B, kot v ewovikr| oehida FF 1ng
depyaciog 3C, mov mepiéyovv dedopéva otoifoc. Omwg gimope, avtéc o1 dVo dlepyacieg
OTOTEAODV OLOPOPETIKEG EVEPYOTOINGELS TOV 1010V mpoypdupatog. [apd to yeyovog Ot o
KOSKOG TOV dVO 0VTOV SEPYACIOV Eival KOWVOG, TO, dES0UEVA TOVG OUMG Eivan S10(POPETIKAL,
o T.Y. GAAL KAVEL O £Vag XPNOTNG e TOV Web browser Tov, kot GAAC 0 GAAOG.

e O1depyaoieg D2 ko D3 cvvepydlovton peta&hd Toug, Kot EKovovoiy HEcH KOoypnotg
pvniune: H diepyasio D2 mapdyer dedopéva mpog enelepyacia, Kot o YpAPEL GTNV EIKOVIKN
ceMda g A0 (mpootacio -w-). H diepyacio D3 kotavaiovel ta dedopéva mTov mopayet 1
D2, ko ta eme&epyaletor. H D3 Safdlet ta dedopéva avtd amd v ewcovikn oerida tng CO
(mpoctocia r--), M omoio OU®S, HECH TOV GLGTHLOTOG EIKOVIKNG UVIUNG, OVTIOTOLXEL OTIV
0 puokn celida oty omoia avtictoyel kot 1 A0 g D2, dote va emrvyydveton M
GUVEPYUOIO TOPUYOYOV-KATAVOANMTY TOV dV0 depyacidv. Bdite oto TLB cag kot avtég
T1G 0V0 EKOVIKES GEAIDES.

(7) Ot depyacieg 3B kan 3C, mapandve, elvor TposTOTELUEVEG 1 piot amd TV GAAN; Mmopel 1 pia
va dwPdoet To dedopéva g GAANG (KAéPovtag €101, m.Y., O €vOG XPNOTNG TIG EUTICTEVTIKES
TANpPoYopieg Tov 0 AAA0G dafalel pEcw d1adIKTVLOV); MTopel M pia vo, aAAOIDOGEL (YPAWEL) Ta
dedopéva g GAANG (mapamAavoviag €101, Y., 0 £vag XPNoTNG Tov dAlov); Mmopel 1 pio va
KatacTpEWYEL (Ypawetl) Tov KOdiko tng AAANG ("kKoAldvTac" €161, m.Y., 0 VoG XPNOTNG TOV GALOV);
[Mog eEoocporilovpe v embBount) npootacion Kot ovegoptnoio peta&d ovtdv Tev 600
SEPYACLDV, EVHD TOVTOYPOVA KAVOVLE KOl OIKOVOLIO LVALTNG KPOTOVTUG £VO LOVO PUGIKO OVTITLUTTO
TOV KMOIIKO TOV OLTEG TPEYOLV;
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