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Xepa Aoknoesov 16:
Ewkoviki) Mvijun (Virtual Memory)

[Ipobeopia £mg [Mapaockevn 4 Iovviov 2004, dpa podnuatog (Boopdda 13)
16.1 SRAM, DRAM, IIpooneracerg Xoveyopevov Aéemv, Ata@oiimon (Interleaving):

SRAM-DRAM: Onwg sinape oto pddnua, ta chips pviung sival opyavouéve esmtepikd oe kKapumooa blocks
amd otoyeio pvaung. Xtig "otatkéc" pviueg (SRAM - Static Random Access Memory), ta ototygion Lviung
etvan flip-flops (ne 6 transistors koféva), kor 1 amodnkevpévn TAnpopopia dtatnpeitor 660 etvar avapévn n
Taom Tpopodociog. Xtic "duvautkéc" uvniueg (DRAM - Dynamic Random Access Memory), To ototygio, Lviung
etvan muokvotég (capacitors --évog mukvOTIG Kol éva transistor ové bit), 6mov amoBnkedeTor duvopkd m
mnpogopia. Adym Tov pedaTog dlappons, N TANpoPopia cvth (PopTio 6TOV TLKVHOTN), YAveTol LEGH o€ Alya
YA0GTd ToL devteporéntov (ms). [d va datnpnbovv ta tepieyopeva tng DRAM mpénet va ta avalmoyovodpe
(refresh), oniadn va ta dSwwfalovpe ko va ta Eavaypdpovpe, kdbe mepinov 8 pe 16 ms.

MéyeOog (Xopntikétnta - Mbits): [Tapd to petovéktnpd Toug avtd, Kot Tapd v peyaAdtepn Kabvotépnon
npocmélacng mov &xovv, ot DRAM dwabétovv éva onpoviikd TAEOVEKTNUO: TPOSPEPOVY TEPITOL io TAEN
peyébovug peyarvteprn yopntkotnta (capacity, Mbits -0yt "capacitance") avd chip oe oyéom pe 115 SRAM.
Eto1, ot DRAM ypnoiponotodvior oyeddv mhvta Y16 TNV KOTOGKELT TG KOPLOG Wvhung (main memory) tov
VIOAOYIOTAV, VD 01 SRAM ypnoipomotovvion 6YedOV TAVTA Y1d TI KPLEEG uvipeg (cache memories), AOy® TG
yopunAoTEPTS KoBLOTEPTONG TOVG. Me TNV TPOOSO TG TEXVOAOYING KOTUOKELNG OAOKANPOUEVOV KUKA®UATOV
(chips), N yopntikdéTTO TOV chips pvAung cvveymg ovéavel. Tig televtaieg dekaetieg, 0 pLOUOG aVTAG NG
avénong Nrav: TeTpamraciocpndg (x4) yopnrikoétrog kabe Tpia (3) ypovia. Inuepa sivor tepinov 1000G (iowg
AMyo xopnAdTEPOG) AVTOG 0 PLOUOS avENONC, Kat ival TOAD TBOVO Vo Guveyioel £T61, v Kol KAToTe LAAAOV O
néoetl. Xnuepa (2004) n teyvoroyia twv DRAM mnyaivelr and ta 512 Mbits oto 1 Gbit avd chip (m.y. PA.
www.micron.com). Epmopwd, tnv pviun tov vroloyiotdv ) Ppilokel Kovelg oe pkpég miakéteg (modules -
DIMM), mov 1 kaBepid Exel mTavem g cvvnBwg 8 (1 9) 1 16 (1 18) chips. 'Etot, éva module pe 8 chips tov 256
Mbits kaBéva €xel cuvolikn| yopntikdétta 4 Gbits = 256 MBytes, evd éva avtiotoryo module pe 16 tétola
chips 0a mpoopéper 512 MBytes. Otav to chips eivor 9 avti 8, 1 18 avti 16, ta emmAiéov chips
YPTOLUOTOI0VVTAL Y14 amofnKevor kmdikmv aviyvevong kot dopbwone ceaipdtov (ECC - error correction
codes).

Cpoappég ko Xtiheg: Méoa oto chip g pvnqung, to kabe block eivar évog mepimov teTpdywvog mivakog amod
oToleio. LVIUNG, He YOp® otig 64 g 512 ypappéc emi 64 éwg 512 omlec. ' va dwafdcovpe éva atoyeio
LVIAUNG EMAEYOVLE TTPOTO TN VPO OTIV 0ol oviKeL avTo, divovtag T devBuvon ypouung (row address)
OTOV OTOKMOIKOTOWTH YPOUUNG, 0 omoiog avdfel éva cOpupa (word line) mov datpéyel kot gvepyonolel v
emBount ypapu. Otav oavéyel to cvppo avtd, 6Ac ta otolyeion pviung (bits) mwdve ot ypopun ovty
dwPalovral, niadn tomobetovv o KabEva TV TN TOL (TEPIEXOUEVO TOV) GTO OvTioToryo cupua oTnAnG (bit
line) mov dwutpéyet tn otAn Tov. ETo1, 010 KT péPOG Tov block g uvnung, otig amoAngelc v cupudTmy
omAnG, eppaviletor 1o mepexdpevo Ohwv tov bits mov givon omoBnkevpéva oty emheyeica ypapun. Evog
peydlog mToAvmAEkTng emAéyel TOTE TO bit Tov gueic OEhape, Bdoel e dievBvvong othAng (column address), Kot
10 dtvel mpog ta £Em. H 0An avt dwadikacia, and v gicodo g devbvvong ypappng néxpt va Pyetl 1o tehkd
bit onv €£000, drapkei apkeTd Xpovo (Yopw ot 60 ns yid tig onuepvég DRAM).

Iertovikég Ipoomelacels (sequential Accesses): Edqv petd v mopondve dwdikooic, opws, 0élovue va
dwPdoovue kol pepkd amd ta "dumAavd” bits avtov mwov poAG dwPdcape, TOTE aVTO WITOPEL va Yivel TOAD
ypMyopoTepa: To bits autd givan "étoya", 6TIC AmOANEELG TOV GUPUAT®V GTHANG, Kot To chip g pvAung propel
Vo T0, OOCTEIAEL GTOV alTovVTo, TNV avdyvoon (.. Tov eneepyaotn) TOAD YPIyopo TO £vo UETA TO GAAO
(mepimov 1 bit kabe 2 pe 5 ns oe kaBéva and ta cvpuata dedopévov (data) yid tig onuepivéc DRAM).
Expetolievdpevol ) duvatdtnta out, TETLYOIVOVUE VO TPOCTEAADVOVUE UEYUAEG OUAOES YEITOVIKMV AéEemV
(m.x. cache lines (blocks)) pe moAd kpn emmAéov emiPdpvvon oe oyéon pe v apykn koabvotépnon
TPOCTELAOTG TG TPATNG AEENG TNG OLADOG.

Aw@Orioon (Interleaving): H A\ teyvikn mov ypnoomoteitol yid v avénon g mapoyns (throughput)

UGG pviung --kupimg Y14 TpooneAdoelg oe Tuyaieg dlevfivoelc kot Oyt 1060 Yid cuveyOpeveg dlevBiveeic-- etvar
N diopvrilwon Mviuns (Memory Interleaving). Mg v TeyviKn avti, 6Tav 01 d1EVOVVGEIC TOL ATOGTEAOVTOL G
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éva cvonua pvung (m.y. éva chip) avagépovtar oe drapopetikd and o blocks (memory banks) mov avtd
TEPIEYEL, TOTE 0 PLOUOC UTOGTOANG TETOI®Y O1EVBVVGE®Y --Kal 0 aVTIoTOY0G PLOUOG EVOPENG TPOCTEAAGEDV--
etvar TOAD ynAdTEPOG amd ToV pLOUO TpooTELdoe®VY o€ KABE éva block (bank), dedopévov 6t ta blocks (banks)
dovAebOLVV gV TOPAAANA®, I €va TpoTo mov Bupilet opoyepia (pipelining).

16.2 Ewovikn Mviun, [livakeg Metdopaong, [Ipostacio Mviung:
H ewovikn pvrun ypnowonoteitat yid tpeic kupimg oKomovg:

i. TIpootacio peta&d TV TOAATADV SlEPYUCI®OV (Processes) Tov TPEYOLV.
ii. AveEoptnoio dievdiveewv Petald TV dEPYUSLUDY QUTAOV.
iii.  Avvartdtnra 1 kabe diepyacio va "PAEnel" yOPO LVHUNG LEYOAVTEPO OO TO KOUUATL THG PUOIKNG UVIHUNG
oV OVTMG NG datiBeTa.

O Baowkdg TpoOTOG Acttovpying TG €KOVIKNG pvAung eivar o €&ng. Kdbe dedvbvvon pviung mov yevva o
ene€epyaotnc --ONAadn To TPOYPULLLO TOL TPEXEL-- Bempeitan ¢ "elkoviky dievBuven”, kot peTa@pdletor o
pidv aAln, "@uown o1evlvven, wpotov dobel ot pvAun Yy va emileyel m AéEn v omoio teAkd Oa
npoomeldoet To mpdypoppo. H petdopaon avty epovrilet:

i. Na eAéyyer 61t 1 Odgpyoocic mov Tpéxel €xel dkaiopa vo KAveL TV Tpoomélacn 7ov (NTd
(avayvoon/eyypagn/extéleon) otn dievbuvor mov {nta.

ii. No petappdlel Tig ewovikég d1evduvoelg g kabe diepyaciog o€ daPOPETIKEG PUOIKEG d1eVBVVGELS Y14
v kGOe depyacio, EKTOG TOV TEPMTOGEDV TOV BEALOVLE Ol SIEPYACIES VO EMKOIVOVOUV UETAED TOVG
péo® Kowoypnotng uvnung (shared memory).

iii. No petappalet Tig o cvyvd (emi Tov TaPOHVTOC) YPTOYLOTOLOVUEVEG EIKOVIKEG O1EVHVVGELS OTIG PUGIKEG
devbvvoelg 0mov avtég "yopave", evd O0GEC OgV YOPAVE TNV VTAPYOVCH PUGIKT UVAUN TPOKOAOVV
oQAOApo oeAidag (page fault - § 13.1), ®ote va ppovticel To Agttovpyikd cHoTNH Vi TIC PEPeL (GuvnBmg
a6 To 6ioKo).

H petdopaon devbiveewv vyiveton amewoviloviag oloxAnpec "oehideg" (pages) €KOVIKNG WVAUNG OF
oAOKAMNpeg euokég oelMdec. To péyeBog e oeiidag etvon apketd KBytes ofuepo, kot m tdon eivor va
peyaA®vel pe to xpovia. I'ié va yiveton 1 HeTaQpacn YpNyopa, ¥pNoonoteitol cuviBg £vag Kpog KatdAoyog
Cevydv E€KOVIKNG-QUOIKNG GEAIdOG Yud TIg TO Guyva ¥pnoyLonolovpeveg oeiideg --o "TLB" (Translation
Lookaside Buffer)-- opyoavopévog cov Hid pikpn Kpuer pviun, cuvnbmg mAnpog tpocetoupiotiky. Otav pudv
elovikn ceAida dev v Bpickovpe otov TLB, tote TV avalntdpe otovg livaxes Metappaong, Tov Ppickoviol
oTn pvnun.

Ocopnote o e&N¢ KPO (EEOTPAYUATIKO OTUEPN) GVOTNLO EIKOVIKAG UVIUNG, OOV OTTAO TOPAdEyLLaL.

o O1 ewkovikég d1evdvveoelg £xovv péyebog 20 bits (OnA. gival Tevioyneleg oto dekae&adikd cuotnua), dpa
0 YOPOC EKOVIKOV devBiveewv givar 1 MByte avd diepyacia.

o To péyeBog ceridag sivon 4 KBytes, dpa ta 12 LS bits kdbe devbuvone (3 LS dexaeEaducd ynmoio)
emAéyouv 1 byte péca otn celida, evd ta volowre MS bits vtodnAdvovy Y14 otk ceiida puAdpe. Etot,
N KaOe depyasia £xel 256 ewovikéc oerideg (1 MByte / 4 KBytes = 256).

e H gpvown pviun givan 64 KBytes, dpa o1 puoikéc dievdiveelg amotelodvion omd 16 bits (4 dekoe&adikd
ymoia), emopévog vapyovy 16 puoikéc oerideg (16 KBytes / 4 KBytes = 16).

Torte, 1 petdppaocn pdg eikovikng devbvvong --m.y. g FE210-- omnv avtictoyn guoikn yivetar og eENG:

o Xopifoope v gwovikn devbvvon ota 12 LS bits, mov vrodniodvouvv 1o byte péca ot cerido (e5m:
210), ko oto. 8 MS bits, Tov opilovv v ekovikn celida (ed®: FE).

e Ta 12 LS bits (210) dev yperdlovtal HeTAQPAOT, AoV ameikovifove oAOKANPES EIKOVIKEC GEAIdEG GE
0AOKANPEG PUOIKEG GEMOES, Kot apov OAEC 01 GEAIdEG etvar EVOVYPUUUICLEVEG OTO PLGIKE OPIE TOVG.

e Ta 8 MS bits, onAadn o apBuog ewkovikng ceridog (FE), ypnoyomrotodvtoar cav index otov mivoka
petdppaong g oepyaciog (process) mov Tpéxel avt) TN otypn. O mivaxkog avtodg Exer péyebog 256
Béoe1g --00e¢g Kot 01 EIKOVIKEG GEAMDEC ava depyacic. YmApYeEL OPLOTOS TIVaKOS LETAPPOOTS Y8 KAOE
dgpyacia, £To1 dote 1M KAOe depyocio va pmopel va el TIG SIKEG TNG, SLOPOPETIKES, PVGIKES GEAIOEG,
Tapd To YeEYovog OTL xpnotponotel 101eg elkovikég d1evBUVoELg Le OAeG TIG GALEG dlepyaoies.

e ¥ 0éon FE 1ov mivaka petdepacnc, 6mov pog odynoav ta 8 MS bits g ekovikng dievbuvong,
VILAPYOVV TANPOPOPiES --OmwG Bo TovpEe TOpoKATO-- Yid va ehéyEovpe av 1 ewoviky oerida FE mov
0élovpe VITAPYEL OTN QLGIKN HVAUTN, KOl oV EYOVUE SIKOIOUA Vo TNV TPOoTEAdGOVE Omwg (NTd M
TPEYOLGO JlEPYOTia.
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e X idw 8éon FE tov mivaka petdepaonc Bpickovpe tov aptBpd g Quoikng ceridag émov Ppioketan
oot ™ oTypn 1 ewovikn celida FE. Xto moapddstypnd pog, vrapyovv 16 puoikég oedideg, dpa o aptBuodg
QUOIKNG oelidag €xetl 4 bits. ‘Eotm 611 Pprikape tov aplBpd A cav apBpd QUOIKNG GEAIDNG. X& ALTOV
KoAdpe kot ta 12 apetdopacta LS bits tng swovikng dievbuvong (210), kon etidyvovpe €tot Ta 16 bits
¢ PLoKNG devBvvong: A210, oto Tapdderypd pog.

Awyopiopég ko Mpoostacio Agpyaciav: 1o hardware tov eneEepyactn Ppiokel ToV TIVOKA LETAPPAONS TNG
péyovcog dlepyaciog amd ™ (euoikn) devbuvon Pdong Tov Twivoka avtod, mov givar ypouuévn (omd To
AETOLPYIKO cVOTNUA) G évav €101KO KOTOY®PNTI TOV GUOTHUOTOS SOYEIPIONG HVAUNG -0l OTO KOVOVIKO
register file. Otav o ene&epynotic tpéxel o "user mode", dev EMTPEMETOL VO YPAWEL AVTOV TOV KOTOYMPNTH,
o0T®mG MoTE v Unv umopei vo, vrokpifel OtL givan GAAN diepyacia, dnAad) vo UnV UTOPEl VO OTOKTHGEL
TpOGPaot ot LvHUN GAA®V Slepyacidv.

[pootacia Agrtovpytkod Xvetijpatog: O mapoandve e01Kog Kotoywpnts mov kabopilel Tov tpéyovia Tivoka
petappaong --niadn v tpéyovoa depyacio-- givol TPoomEAdSILog and Tov emefepynotn HOVOV OTOV O
eneéepyootg Ppioketal o "kernel mode", dniadn tpéxel 1o Asttovpykd cvotnua. Kabe e&aipeon (exception)
--meprlapPovopevoy kol Tov KoAEoPOTog cvotiuotog (system call)-- amofnkevel v moAld Katdotoon
(user/kernel) otnv omoia &tpeye o emefepyaotng, Kot Pépvel Tov enefepyaoctn o€ kernel mode. ‘Etol, o trap
(exception) handler exteleiton mhvta oe kernel mode, evdd o povog TpdmMOg Yd €va xpnoTn Vo PEPEL TOV
enetepyoot oe kernel mode gival vo mpokadécer e€aipeon, exteAdVTOG HIGv evtoAn system call --kdtt cov
TOPAVOUT EVIOAN oL TTpokoAel e&aipeon, aAAd oL TO Aertovpykd cvoTNU EEPEL OTL TpoopileTan cav system
call ko 6yt cov amAn Tapdvoun EVIOA] AOY® TPOYPOULUATIOTIKOD GPAANNTOC. To KdAEGHO CLGTHHOTOG Eival
emitdeg @TIoyUéVO Vo ovumeprpépeton cav e&aipeorn (exception), Kol Oyl Gov amAd KAAEGHO Sl0d1KAGIOG
(evtoln jal), o0Tm¢g MoTE M €16050G GTO AEITOVPYIKO GUOTNLO --TOL TPENEL VO, yivel og kernel mode-- va yiveton
uévo oty mpokabopicpévn devbvven tov trap handler, kot oyl o€ owdnmote AAAN awbaipetn dievbuvon Oa
umopovoe va {NThoel £vog KaKOPOVAOC ¥pNoTNG TPOKEUEVOD VO TAPOUKAUYEL TO LEPOG EKEIVO TOL AEITOLPYIKOD
GLGTIHOTOG TTOV KAVEL TOVG EAEYYOVS TOV €GV 0 YPNOTNG £xEl dikaimpa vo {ntioetl avtd mTov {nTd.

Mapovoec/Anovoeg Lehideg kat [Ipootacio ehidwv: Kabe 0&on Tov Tivaka petdppoaong Teptéyet:

e To "valid bit", mov VTOdeKVOEL v 1 €IKOVIKT GEAMOQ OTNV Omoio ovaPeEPOLOCTE glval mapovoa M
OmovGa Ao TN PLGIKN pvnun. Evdeyduevn amovoio g lovikng ceAd0s amd T QLGIKY UV Uropel
vo. opeileton €ite oTO OTL M €KOVIKN ot oeMda givar mapdvoun (dev ypnoponoleital, onAad” To
TPOYpappO OEV Eiye EVIOLEG 1 dedopéva ekel, ovte {ftnoe va Paiel kat péow malloc/sbreak), gite oto
Ot giva vopun pev oAAG aut T otiypn Ppioketon aro dioko Ko Oyl GT LViu.

Tov apOpd g Puoung oeridag (4 bits 610 €60 TOPAdEYHA HaG) OOV PPIoKETAL OLTH TN OTIYUN M
EIKOVIKT GEXISO, OTOV aVTN €ivol TopoHOO GTI PLGTKT UVTUN.

Ta "bits wpostaciog” (w.y. 3 bits: "rwx"), mov dNAdVOLV Tl €I60VG TPOCTEAAGELC EMTPEMETOL VO KAVEL 1)
apovoa dlepyacio oTig AEEELG aVTNG TNG GEAIDOG.

To "dirty bit", mov deiyvel av o ene&epyaotng GALAEE 1| OYL TO TEPLEYOUEVO, QLTINS TNG OEAMDAG Otd TOTE
7ov v dwPdoape omd To 6icKo.

To "reference bit", mov 10 ypnoiponolel T0 Aettovpylkd cOOTNUA Y& VO TPOCEYYioEL TOV ahyoplOpo
avtikatdotaong "LRU": ce kdBe mpoonéiaon otn celida, o eneepyaostic 0étel avtd 1o bit, evd 0
Aertovpykd ovotnpo meplodikd dwPfaler avtd to bits yid va el moég oelideg ypnoyLomomOnkoy
TPOGPATO, KoL GTN GLUVEYELD TO, UNdEVILEL.

Aocknon 16.3: Movoeninedog Ilivakag Metdopaong

(o) T6 o mopomdve Kpd (EOTPOYUATIKO ONUEPN) TOPASEIYHO EIKOVIKNG HVIUNG, KAVTE £va GYNUOTIKO
ShypappLo oL vor SEiYVEL TOV KOTOXOPNTN OV TEPIEYEL TOV pointer GTOV TIVOKO UETAPPACNS TNG TOPOVGOGC
depyaciog, Tov mivako HETAPPACNS, TNV eKOVIKT devBuvon (20 bits) mov yevvd o eneéepyaotic, Ta nedia and
T0. OTOi0 QLT amoTeAEiTAL, 0d OV TPoEPyETaL TO indeX GToV TivaKa HETAPPaoNC, Tt dwfalovpe and ) Béon
gKkeivn Tov mivaxa, Kot Tdhg cuvhETovpEe TN PLGIKT devBvvon (16 bits).

(B) Eoto 011, 670 Tapomdve amhd Tapddelypd pog, n depyoasio pag Exet Tig eENg oeAOEG:

Ewovikn oghida 00: mapdvoun (tepiéxet tov NULL pointer).

Ewovikn oehida 01: mepiéyel kadika (r-X), kot fpicketot 6T QUK GeXida. 7.

Ewovikn ogAida 02: mepiéyetl kadika (r-x), kot Bpicketal otn guoikn celida C.

Ewovikn celida 03: mepiéyet otatikd dedopéva (rw-), kot Ppicketor ot Lotk ceAida 0, dirty.
Ewovikég oelidec 04 €mg kot 09: amovoeg amd T QUOIKT UvAu.

Ewovikég oeAideg 0A éwg xar 9F: mapdvopes (unallocated).
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Ewovikn oehida A0: mepiéyetl dvvapukd dedopéva (r--), kai fpicketot 6tn Lotk cerida D.
Ewovikn ogAida Al: mepi€yetl dvvopika dedopéva (rw-), Kot Bpicketol otn ootk cerida E, dirty.
Ewcovikég oelidec A2 £w¢ Kot AS: 0TOVGEG OO T QLGTKN UVIUN.

Ewovikég oelidec A6 émg kot FD: mapdvopeg (unallocated).

Ewovikn oehMda FE: mepiéyet dedopéva otoifog (rw-), kot Bpioketon otn puoikn ogAida A, dirty.
Ewovikn oehida FF: mepiéyet dedopéva otoifag (rw-), kot Bpicketar 6tn uoikn celida 1, clean.

Acgiéte T TEPLEYOUEVA TOV TTIVOKO, LETAPPACOTG TNG OlEPYCiag Lag, xwpig Ta reference bits aAAd pe OAa ta GAAa
nedia Tov (256 ypoppés ent 4 medilo avd Ypop --ETITPETETAL 1) YPT|ON ATOCLOTOMTIKADV...).

(y) Moég amd TG TapaKAT® TPOSTELACELS OTIG EIKOVIKEG dEVBVVGEIS TOV JIOOVTOL TPOKOAOVY GOAALN GEAIDAG;
O vdroineg, o€ Tod PLoIKN devbuvon petappaloviat;

02038 (fetch), 03FF4 (read), A0O01C (write), 0192C (fetch), 00000 (read), 92FCO0 (read), FE5DS8
(write), 03FF4 (fetch), A1FFC (read), 008F4 (write), A2000 (read), 01E40 (write).

Aocknon 16.4: Iloiveninedor [ivakeg Metd@paong - Owovopio Xaopov

Ov meprocdTepeg dlepyncieg YPMNOWLOTOOVV OYETIKA Alye OmO TIC EWKOVIKEG TOLG GEAOEG, KO OUTEC
ovvodnievpéveg (clustered) oe pepikés "yertoviEg”, OTmg oty mapandve doknon 16.3. Expetolievdpevol avt
Vv 1010TNTe, UTOPOVLE VO LEIMGOVUE TO YHPO UVAUNG TOV KOTOACUPAVEL O Tivakog UETAPPOONG TNG kabe
depyaciog, omaloviog ToV 68 LEPIKOVS LKPOTEPOVS TIVOKES, OPYAVOUEVOLS GOV LA TOAV-ETITESN 1epapyia.

Oewpnote OTL 6TO GLOTNUO PVAUNG TG doknong 16.3 oAArdlovpe Tov povadikd (LOVOERITESO) TivoKa
HETAPpaoT g avd diepyacia oe deminedovg mivakes, d¢ eEng. Kabe diepyasia £xel Evay mivaka TpdTOv EMMESOL,
peyébovg 16 Béoewv. Tov mivaka awtdv Tov Ppickovie PHEGH TOV YVMOGTOV pointer Tov TEPIEXETOL OTOV EIIKO
KOTOYOPNTN 7OV OVOPEPUUE TOPATAV®D. Xpnolwomoovpe ta 4 MS bits ¢ ewovikng devbuvong yid vo
emAé€ovpe pia and 11g 16 Boeig avtov tov mivaka. Kabe cuvdvacog tov 4 avtev bits, emopévog kot kéde
0éom ovtov Tov mivaka, aviiotoryel o 16 swovikég oelideg. Eav kapio amd avtég tig 16 oehidec dev vapyet
OTN QUOIKN PVAUN, TOTE onuetdvovpe T Béon avt) Tov Tivaka TPOTOL emmédov cav dxvpn (valid bit = 0).
AlAoung, 1 B€on avT TOL TIVOKO TPAOTOV EMITESOL TEPIEXEL EVay pointer Gg €va Tivaka LETAPPUOTG SEVLTEPOL
egmmédov. Eqv 1 ewovikn pog devbuvon pog odnynoe oe tétoln BEom oTov MIVOKO TPAOTOV EMMESOVL, TOTE
YPNOWOTOIOVUE TO. EMOpEVE. 4 bits TG Kovikng dievbuvong cav index 6Tov mivako dEVTEPOL EMTESOV OTTOV
LOG 001 YNoE 0 TivoKag Tp@tov emmédov. Exel, otov mivaka dgutépov emmédov, Ppickovpe o TeEMKE oTotKEln
yud ™ oeAida Tov {nrdpe.

(afy) Kavte éva dSdypappa avaroyo mpog avtd g doknong 16.3(a) yid 1o deminedo GUOTNUA HETAPPAONG
VTG TNG AoKNONG. 210 1610 ddypappa, dei&te GAOVG TOVG TIVOKEG HELTEPOV EMTESOV TOV Bl VAPYOVV Y14 TIC
oglidec g doxnong 16.3(B). Emiong deiEte, 6Aa ta mEPIEYOUEVO OA®V TOV TIVAK®V HETAPPOACTC, TPAOTOL Kol
devtépov emmédov. Befaiwbeite (ympic vo ddoete yportd TNV omdvinon oag) 6Tl T0 cOGTNUA AVTO PeTAPPALEL
T1Gg dtevBvvoelg g doknong 16.3(Y) to 1610 6TWG KOl TO LOVOETITEDO GVGTNA TNG ACKNONG EKEIVNG.

(0) [Tooeg Béoelg pvnung katoAapupdvovy OAot ot TVaKeg LETAPPAOTS TOL TOAPOVTOG OEMIMEOOV GLGTILATOG Y14
) Sepyacio pog Ko yid 11g oeAidec (B); Xe oxéon pe 10 povoeningdo cvotnua e doknong 16.3(B) vmdpyet
O1KOVO LI GTO YDPO LVIUNG TTOL KaTaAapuPdveTar;

Aoknon 16.5: Ilolveninedor [livakes Metd@paong og éva Peaiotikd Zootnpa

Eravolafete v doknon 16.4(a) --mov ftov cav v 16.3(a) (GYNUATIKO SAYPOUIL0 TIVOKOV UETAPPACTC)--
OVTN T1 POPA Y18 £VO PEOALICTIKO, CTIEPIVO, GUGTNIO EIKOVIKNG LWVIUNG:

o O1 ewkovikég devBuveoelg Exovv péyebog 64 bits. Opwmg, y1d Tpoktikovg Adyovg, povo ta 46 LS and avtd
ypNoomolovvTal (YHPpog eiovikav devdiveewv 16 TeraBytes avd diepyaoia...). ['id va unv pmovv ot
YPNOTEG OTO TEWPOCUO Vo, "eKUETAAAELTOVV" Y14 GAAo okomd too 18 MS bits tov kdbe pointer mov
TEPIGGEVOLV --Y(vovTag £T61 TO portability TV TPOYPAUUATOV TOVG GE HEALOVTIKES YEVIEG CLUGTNUATOV
He mePLoGOTEPO VAOTOMUEVA bits gikovikng 01e0Bvvong-- 0 GOOTNUA Lo EAEYYEL KAOE TPOCTEANCT|
LVIAUNG Y1& va atyovpevtel 0Tt avtd to 18 MS bits g devfuvong ioodviar 6da e to MS bit tov 46 LS
bits, dNAadn amoTeELOVV EMEKTAGT TPOSTILOVL (Sign extension) TOV VAOTOMUEVOL UEPOVS TNG EKOVIKNG
devBvvong (étol, pmopel M otoifa va cvveyicel va tomobeteital 6T0 GV GKPO TOL EIKOVIKOD YMPOL
pviung (devBovoeig FFFFFF...).

e Méyebog oeridag 64 KBytes. Emopévog ta 16 LS bits tng ewovikng dievboveong dev yperalovral

LeTQpaoN.
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Exercise 16: Virtual Memory (U.Crete, CS-225) http://www.csd.uoc.gr/~hy225/04a/ex16_vm.html

o Tpia eninedo TVAKOV PHETAPPACNS OV dlEPYTIaL.
o Kdbe mivaxag petappoong €xel péyebog 1024 Béoeic, dpa "korralel" 10 amd ta bits tov apiBuov
EIKOVIKNG GEMDOOGC.

Aocknon 16.6: TLB, Process ID, kol Kowoypnoteg Xerideg

Onwg elmape Kol mopamdve, yid va yivetonw 1 HETAPPACN YPIYOPO, YXPNOHomoteitonr cuvnmg €vag Hkpog
KatdAoyog (evy®V EKOVIKNG-QUOIKNG GEAMSOC yud TIg MO ovyvh ypnoiponotovueveg oelideg, o "TLB"
(Translation Lookaside Buffer), opyovouévog cov pid pukpr kpuen pviun, cuvidmg TANp®mG TPOCETALPIGTIKN.

[Mpokeyévou va unv avaykaldpoaote vo akvpmvoupe ta mepiexdpeva tov TLB og kdfe addoyn g depyaociog
mov tpéyel (context swap), Oélovpe vo pmopovue va €yovpe péco oto TLB, tovtdypova, Cevydapila
EIKOVIKNG-PUCIKNG CEADOC TOAM®MV SOPOPETIK®DY OlEPYOSI®V. AVTd OUMG OmOITEL VO UTOPOVUE VO TO
Eeympilovpe peta&d Tovg, a@ol TV KAbe opiopévn EIKOVIKT d1E0BVVON EVIEYETAL VAL TV XPTGLLOTOLOVV TOAAES
dlepyaciec aAAd Y18 SOQOPETIKN TANPOPOPIn. Kol KOTA OlpOpeTIKO TpoOmo 1 KdaBepio. [d va yivetar o
dtyopopdg avtds, Kataypdeovpe tov apud depyaciog ("PID", Process Identifier) poall pe tov apiBud
EIKOVIKNG 6eMOOG aThG TG dlepyaciog oe kdBe BEom (Levydpt eucoviknG-puoikng oeridac) Tov TLB.

(o) OeopnoTe TNV EIKOVIKT PvApun TG doknong 16.3, kot Bewpnote 611 10 PID éxel péyebog 8 bits (uéypt 256
Tavtdypoveg diepyaciec). Oempnote éva TLB peyébovg 16 Bécemv, pe TANPOS TPOGETUIPIGTIKT] ToToBETON
Levymv (o0dnmote Levyog petdopoong propel va pmel omovdnmote oto TLB). [Towd nedio npémetl va £xel | kaOe
0¢om awtov tov TLB, kot 1 peyébovug to kabéva,

(B) Adote éva aplBunTikd Topdderypo Tov TARpovg mepEyopévovr tov TLB o6tav avtd mepiéyel (evydpia
petdppaong yud Tig e&ng oelideg:

o Tnv gwoviky oeAida 01 g diepyaoiog 3B (mepiéyel kddIKM), Kot TNV ewkovikn oeiida 01 g diepyaciog
B4 (mepiéyel data 1/w), o1 0moieg avapEPOVTUL O EVIEADS SLOPOPETIKES, AVEEAPTNTES PLGIKEC GEAIDES.

e H depyacia 3B kot n depyacio 3C amoteAovv SIPOPETIKEG EVEPYOTOUGELS TOV 1310V TPOYPAULATOG,
7.Y. 0 1010¢ web browser Tpeyuévog amd dV0o daPopeTikovs ypnotes. ['1d owovopio (PLOIKNG) UVAUNG, TO
AELTOVPYIKO GUOTNHO KPATH LOVO £VO AVTITLUTTO TOV KMOWKO OVTNG TNG EPAPUOYNG OTN LVIUN, KOl KAVEL
OAeG TIg diepyaoieg mov To TpEYovV va "BAETOVV" AVTO TO LOVOSIKO KOWVOXPNOTO OVTITUTO OTN JIKN TNG
€IKOVIKT] pviun 1 kabe pia. Baite Aowtov oto TLB ko v siovikn ogAida 01 tng depyaociag 3C, mov
TePLEYEL TOV 1010 KOdKA pe T oerida 01 g 3B.

e Bdlte v ewovikn oelida FF g diepyaoiog 3B, ko v ewovikn cerido FF ¢ diepyaoiag 3C, mov
weplEyovv oedopéva otoifag. Omwg eimape, ovtég o1 dVO dlEPYNcieg OMOTEAOVV  OLOPOPETIKEG
EVEPYOTOMGELS TOV 1610V TTpoypdppotos. [lapd to yeyovdg 0Tl 0 KMOIKAG TV 300 OVTAV dEPYasIOV
glvar Kovog, To OEGOUEVH TOVG OUMG EVOL SLOUPOPETIKA, 0LPOV T.Y. GAAO KAVEL O £VOC YPNOTNG LLE TOV Web
browser tov, kol GAAL 0 GALOG.

o O1 diepyacieg D2 kot D3 cuvepydalovion peta&d toug, Kot EXKOvovoly HEGH Kowvoyxpnotng pvniung: H
depyacio D2 mapdyst dedopéva mpog emeEepyacio, Kol To YpAPEL oTNV €KOViK oehMda g A0
(mpootacia -w-). H diepyacio D3 kotavaldvel o dedopéva mov mopdyel n D2, ko ta eneéepyaletor. H
D3 dwpdlet Ta dedopéva avtd and v ewkovikn oeiida g CO (Tpootacia r--), 1 omoio OUMG, HECH TOV
GUGTIOTOG EIKOVIKNG LVAUNG, OVTIOTOLKEL otV 10100 pUOIKN oeAlda oty omoia avtiotoryel Ko 1 A0 g
D2, oote vo emituyydvetal 1 GUVEPYACIN TOPAYDYOV-KATAVIA®TY TV 000 diepyaciov. Bdite oto TLB
00G KO 0VTEG TIG OV0 EIKOVIKEG GEAMDEC.

(y) O1 depyaocieg 3B ko 3C, moapomdve, eivol Tpootatevpéves 1 pio amd v GAAn; Mropel n pio va dofdost
T 0edopéva, TG AAANG (KAEBovtag £T01, m.y., 0 €vag YPNOTNG TIC EUTIOTEVTIKEG TANPOPOPIEG TOV O GAAOG
dwPaler péow dradiktvov); Mrmopei n pio v aAdowwoel (Ypdwyet) Ta dedopéva g GAANG (Tapamiovovtag €101,
Y., 0 évag YpNoTNG Tov GALoV); Mropei 1 pio vo Kataotpéyel (Ypayet) Tov kmdka g aAAng ("koAlmvtag"
€101, Y., 0 évag xpnotng tov aiiov); Iog eEacpaiilovpe v embount Tpoctacio Kot oveEaptnoio LETOED
QUTOV TOV OVO JIEPYACIDY, EVM TOVTOYPOVE KAVOLUE KOl OUKOVOUIO LVARNG KPATOVIOS £VO LOVO QUGIKO
OVTITUTIO TOV KMOIKA TOV OVTEG TPEYOVV;

Tpoénog IMapddoonc:
A®ote OAEG TIG AMOVINGEIS GOC 6E XUPTL (EAV YPAWETE TNV AMAVINGT GE VTOAOYIGTH, TOPAKOAEIGTE VO TNV
TUTOCETE KO VO TAPASDOETE POVO XOPTi, V1A AOYOLG OLOLOLOPPIaG Kol S1EVKOAVLVGNG TG S10pBmang).
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