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HY-225: Ogydvwon Ymoloyotamv Tu. Ext. Yrohoyiotav
AvolEn 2013 © IMoavemmotho Kottng

Yelpa Aoxrioeov 10:
Ewovizn Mviun (Virtual Memory)

IMogddoon: Tetdotn 22 Maiov 2013 (9. 11.2) oe x0QTi, 010 PdONuO
Bfrio (EAMMMVIrO, éxdoom 4) - duafidote Ta €ENG, oL e TOVS EENG TEOTOVGS:

e Ewovixn) Mvijun (§54, mooto pépog) - oerideg 571 émg wow péoov g 585: drafdote Tig
1AVOVIRA, amotehoUV péQog g eEetaoténs UANG.

e JIpootaoio Awepyaoinv péow Ewovirig Mviung (uépog g §5.4) - oghideg 590 ndtw
€mg nat 596: dLaFGoTe T vovovird, atoTeAOVV PEQOG TS eEETAOTENS VANG.

o ZUvoyn Ewovinnic Mvijung (§5.4) rau Bépata enidoong - oehideg 600 - 602: drofdote Tig
HOVOVIRA, ATTOTELOVV PEQOG TNG EeTaoTENS VANG.

o JuvOvaopds etmovirig Wviung, »Qudpng uvihung, »or TLB - oeAideg 585 - 590: dwofdote
TO. "oTo YOTYoQa" - EYRURAOTIAUOLKA.

e Aemropéoeleg yid TLB miss xow page fault exceptions - oehideg 597 - 599: dwofdote Ta
"ota Yo yooa" - eyrURAOTTOLOLRAL.

e Ewovixéc Mnyavég (Virtual Machines) - §5.6, ogh. 611-617: onpoavixd Bépa yid
TEQOULTEQW TTQOOWIUALT) 0O UEAETY, AALG EXTOC UANG auToU TOU paBTuaToc.

e 'Eva ®owd mhaioo yid egoyieg uvAuns - §5.5, oel. 602-611: evdiadégov Bépa yid
TEQOUTEQW RATAVONON], AALG EXTOC UANG auTOU TOU HaBTUaToC.

10.1 SRAM, DRAM, [Ipoorerdoeis Xuveyouevov AéEewy,
Awadvrhowon (Interleaving):

SRAM-DRAM: Omnwg elmope 0to udbnpo, to chips pviung eivor ogyavmuévo eomnteQurnd
oe napmooa blocks amd otouyeio pviuns. Ztig "otatéc"” pviues (SRAM - Static Random
Access Memory), ta otouxeta pviung etvar flip-flops (ue 6 transistors xaféva), xai 1
amoOnrevpévn minoodogia drotnoeitan 600 eivar avopévny n tdorn teodpodooias. ZTig
"duvapunéc" pvipes (DRAM - Dynamic Random Access Memory), Ta. otouyelo pviung ivan
TURVOTES (capacitors --évag TURVOTAS xou €vol transistor ovd bit), 6mov amoOnxreieToL
duvaunrd n mAngodopia. Adym Tov el OTOS OLOEQEONS, 1] TTANEOPoQia auTi (pogTio atov
TURVOT), Ydvetal péoa og Ay hootd Tov devteQorémrou (ms). ['id va datnenbolv ta
negleyOueva thg DRAM mpémel va ta avalwoyovoiue (refresh), d9niadi va ta dtofdlovpe
nol VoL T, Eavayoddoupe, vG0e mepimov 8 pe 16 ms.

Méyefog (Xoonuxotnte - Mbits): [Tapd to pelovéxmmud toug avtd, xor moQd v
peyaAvteE ®obvotéenorn mpoomélaong mov éxouv, oo DRAM duabétouv éva onpoviind
TAEOVERTNLOL: TIQOOGEQOVY TeQimov Wwiar TéEN peyéBoug peyorltegn ywonTurdThTA
(capacity, Mbits --OyL "capacitance") avd chip oe oyéon pe 1ig SRAM. Etol, oo DRAM
YONOLLOTIOLOUVTAL 0YeQOV TAVTA VLG TNV ROTOOKEVT] TG ®nUQLag uviung (main memory)
TWV VTOAOYLOTOV, €V 0L SRAM %0NOLULOTOLOUVTOL OYEOOV TAVTA YIG TIG RQUDES UVTUES
(cache memories), Aoyw g younioteons xobvotégnong tovs. Me v medodo Tng
TEYVOLOYIOG RATAOREVTG OMORANQWUEVOV RURAWUATWV (chips), 1) xwENTOTNTO TV chips
pvnung ouvvexmg avgdvel. Tig tehevtaies denaeties, 0 QUOKOS avthg Tng abENong Nrav:
tergomhaoiaonos (x4) ywenurotnrog xdbe toiow (3) yoovwa. Znupega eivar Alyo
yopunAdTEQOS 0VTOHS 0 QUOAS AENONG, %ot elvorl OAD uOAvVO vo ouveyioel ToEdUoLL, OV
no namote pddhov Ba méoel ni Ghho. To 2013, 1 texvoloyio twv DRAM Potoxetan yOow
ota 2 éwg 16 Gbits avd chip (. PA. www.micron.com). Epmooud, tnv pviun twv
VIOAOYLOTOV TN Polonel naveig oe punpég mhanéteg (modules - DIMM), ov 1 zaBepud €xel
TGvm g ovvhBwe 8 (11 9) 1 16 (1) 18) chips. ‘Etot, m.y., éva module pe 8 chips twv 256M x 8
bits = 2 Gbits ®a0éva eiye ovvolnt ywontuxdTto 16 Gbits = 2 GBytes. Otav ta chips giva
9 ovti 8, 1) 18 avti 16, To emmAéov chips (QNOLUOTOLOVVTAL YL OTt00T|#eEVOTN HOOIKWY
aviyvevong rau 016eBwong opaipudtwv (ECC - error correction codes).
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Foanpés nou Xtnhes: Méoa oto chip tng pviung, to xaBe block eivow évag megimou
TETQAYWVOS THUVOKRAS A0 OTOLYELD Uvi|UnG, He YOow otig 1024 1 moQamdve YOOUUES el
1024 1] mogamdvew otihec. [id va dtaffdoovpe éva otouxeto uviung emAEyou e TQMTO TN
yoouu oty omoio. avixel avtd, divovtag ) OetBuvvon yooauung (row address) otov
QITORMWOLLOTIOLNTY] YQOUUNG, O 0Totog avdfel éva ovopo (word line) ou OLoTEEYEL naL
evegyomotel Ty emmBupnti yoouui). Otav avdpel To ovopa avtd, OAO Ta OTOLXED VNG
(bits) v ot yoapupn avth dtofdloviar, dnhadi Tomobetolv to xabéva v TLu Tov
(mepLeyOpevd Tov) 0To avtiotolyo ovoua otAng (bit line) mov diatEéyeL T OTHAN TOV.
Etot, oto #ndtw pégog tou block tng pviung, otg amoiiEels twv ovoudtwv oThing,
epudaviCetor To meglexdpevo Ohwv TV bits mov elvor amoOnrevpévo oty emieyeioa
voopun. Evag peydhog molvmhéntng emiéyer tOte TO bit mov eueig Béhaue, Pdoel Tng
OevBvvong otiAng (column address), xou to divel mpog ta ¢éEw. H 0An avti) dwadiraoia,
otd ™V €ioodo g deBvvang yoouung péyol va Pyel to tehxnd bit otnv £E0do, diapxel
oxetd xo6vo (Yopow ota 30 ns yid Tig onueowvéc DRAM, Otav wAdpe omd ta pins
devBuvong péyoL ta pins dedouévawv tov chip thg DRAM, evid auti] avEAVEL ONUOVTLXG
otav mpootebel xou 1 xabvotépnon amd to chip Tov eneEegyaoti) puéyxol To chip g DRAM
AL THOW).

I'evtovizég Ilpoonerdoels (sequential Accesses): Edv petd mv mogamdve dwodiraocia,
ouwg, Oéhovpe va dwafdoovpe zor pegwd amd to "dumhavd" bits avtol OV POMG
dafPdoope, TOTE AUTO UITOQEL VO YiveL TOAD Yo Y0OTEQX: TA bits auTd ivan "étoua, oTLg
omoANEeLs TV ovopdTOV GTHANG, %ol TO chip TG LVIUNG WTOQEL VO TO. QTO0TE(NEL OTOV
ortotvta TV avéyvwon (. Tov emeEeQyaot) moAD yefyood To évo pETd To dAlO
(meptmov 1 bit #G0e wod pe 1 ns oe nobévo amd ta ovouata dedopévmv (data) Y& Tig
onueowvés DRAM). Expetolhevouevor T duvatdtnto  avti], JTETUXOIVOUUE VO,
mpooTeAavovpue peydes ouddes yertovirmv AéEewv (m.y. cache lines (blocks)) pe mohl
uxEn emmhéov empPAaQuvorn o oxéon He TNV apywrl] ®abvotéonon meoomElaoNs TG
TEMOTNG AEENG TS Opddg.

Awepvihoon (Interleaving): H dAln texvixi) mov yonowwomoteitor yid v avEnon g
naoyNG (throughput) wdig pvipng --xvelmg yud mpoomeldoelg oe Tuyoles dlevBivoelg na
oyl 1600 Y0 ovvexOueveg OevOivoels-- eivor M Awagpvrlwon Mviuns (Memory
Interleaving). Me v teyxvirt auti], 0tav ot dlevdUvoEeLs oV amooTtéhovTol 6' éva GVOTUA
pvnung (my. éva chip) avagpégovror oe dradogetind amd ta blocks (memory banks) swov
ovTd TEQLEYEL, TOTE 0 QUOUOS QTOCGTOAG TETOLWY dLEVOVVOEWY --%aL O avTioTOoLK0G QUOUOS
€vapEng mpoomehdioewv-- elvar oD YnAdTEQOS atd TOV QUOUO TROoTEAACEMY OF ndBE
éva block (bank), dedopévov OtL Ta blocks (banks) dovievouv ev magarhijhw, W' éva TedIo
mov Oupitel opoyepia (pipelining).

10.2 Ewovixi) Mviun, [livaxes Metddpoaongs, Ilgootacio Mviuns:
H ewxovixt) pviun yonotpomoteiton yid toels ®ueimg oxomoic:

i. ITpootaoia petaEd Twv TOMATADV dLleQ YoMV (processes) OV TEEXOUV.

ii. AveEaptnota dievBivoemv peTaED TV JLEQYUOLDV OUTMOV, AL EXYWDOTON LVAUNG
mov  poidler vo elvar ovvexoueves OlevBiOvVoeElS EVE OTNV  TQOAYUATIXOTNTO
amoteleitar ammd roudtia (oehideg) mov Potornovian ®oteomoQuévo "edm %L exel"
ot GUOLKT) LVTN).

iii. Avvatoémnta n xa0e diegyoaoio va "BAEmEL" y®EO pvAuNg peyoliTEQO O TO
ROUUATL TNG GUOLKNG UVIUNG TTOV OVIWG TG dtatiBeTal.

O Paowdg T0mOg Aettovpylag TG ewovirig pviung elvow o eEng. Kdabe diehBuvon
LVNUNG 7OV YEVVA O emeEeQyaotils --ONAadi] To medyQauua Tov Téxel-- Bemoeltal wg
"eixovixi] dievBuvon", ral uerapedlerton oe wav Gk, "¢pvewy dievBuven", mpotol
d00¢el otn pviun Y1 va. enheyet n AEEN v omola telnd o TQOOTELLOEL TO TTQOYQOUUOL.
H petddoaon avti) poovtitel:

i. Na ehéyyel 6TL 1 Olegyaoia mov TEéyeL el OLRalmUO VO XAVEL TNV TQOOTEANCT TTOV
TNta (avayvoon/eyyoadiy/extéleon) ot dievBuvon mov Tntd.

ii. No petadealel 1 ewmovirég dievbBivoelg g ndbe diepyacios oe diapogeTinég
dvowég devBivoelg Y1 tnv »dbe diepyaoia, EXTOC TMV TEQLITTMOEMV OV BEAOVUE
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oL depyaoieg vo emuovmvolv PeTaED Toug pEow xovoyenotng wiung (shared
memory).

iii. Na petaddler 11 mod ovyvd (emi Tov TOQOVIOS) YQNOLUOTIOLOUVUEVES ELROVIRES
devBivoelg otig duownés dievBuvoels Omou avtég "ymedve", evad 6oeg dev ywEAVE
otV vdEyovoa GuoLrt] Lvijun eoxalolv opdipa oeridag (page fault), dote va
doovTioeL To AeLTOVQYHO cUOTNU VO TIS GEQEL (ouviBmg artd to dioxo).

H petddpoaon dievBivoewv yivetor ameinoviCoviag ohdOrAnQeg "oerides" (pages) etnoviunng
pvnung oe oAOxAnEeg duowmég oelides. To péyebog tng oelidog eivow apretd KBytes
onueoa, xou 1 tdomn eivar va peyohover pe to xoovia. I'd va yivetar 1 petddoaon
vofyooa, yonowwomoteitor ovviidwg évag uneds notdhoyog Cevydv eirovixic-Gpuowmng
oeMdag yid T mod ouyvd xonolpomolotpeves oehideg --o "TLB" (Translation Lookaside
Buffer)-- 0Qyovouévog cov W puxet] ®Quon Uvipr, ovvilBmg TAQmS TQOCETALOLOTLXY.
Otov v ewovixt] oelida dev v Poitorovpe otov TLB, tétE TV avalntdue otoug
Hivaxes Metdgpoaons, mov PIOROVTOL 0T LWVun).

OeweENoTe T0 €ENG 1O (EEMTAYLATIXG ONUEQN) CUOTIUO ELXOVIXTG UVIIUNG, OOV OTTAO
TTOQAdELY AL,

e Ou ewovirés devBuvoels €xouv péyeBog 20 bits (dnA. eivan mevroyipieg oto
den0eEadnd olotnua), AEa 0 XMEOS ewovir®v devdivoemv elvar 1 MByte avd
diegyaoto.

o MéyeBog oelidog = 4 KBytes, dpa ta 12 LS bits xdabe detOvvong (3 LS
denaeEadumd Ynodia) emréyouv 1 byte péoo otn oehida, evad Ta vroAouto MS bits
vodNAOvouv yid mowd oehido wAdue. Etol, n va0e diegyaoio €xel 256 ewmovinég
oehideg (1 MByte / 4 KBytes = 256).

o H dvown uviun eivar 64 KBytes, doa oL pvowrég dievBivoelg ammotehotvtal amtd 16
bits (4 denaeEadwmd Yndia), emopévag vdoyouvv 16 puorég oehidec (64 KBytes / 4
KBytes = 16).

Torte, N petddooaon wdas ewmovirng OetBvvong, my. tng FE210, otnv aviiotowyn ¢uoirt
vivetal og eEng:

o XwoiCovue v ewovirt devbuvvon ota 12 LS bits, wov vodnimvouv to byte péoa
ot oehida (edm: 210), nat oto 8 MS bits, tov 0QiTouv TV emovixt) oehida (e0Mm:
FE).

e Ta 12 LS bits (210) dev yoeidlovial petddoaot, apol amewmovitovue oAdrANES
ewmovinég oehideg oe ohOulnEes ¢duvowréc oehldeg, nal Oleg oL oehideg elvan
evOvyQauLOPEVES 0T PuoLrnd OQLA TOUG.

e Ta 8 MS bits, dnhadf) o aQOuds eovintg oghidag (FE), yonoipomootvor oav
index otov mivaxra petddooong (page table) tng diegyaoiog (process) OV TOEYEL
ovth ™ otypd]. O mivoxrag avtodg €xer péyebog 256 BEoelg --00eg nOL OL ELROVIKES
oehideg ava depyooio. Ymhoyel ywErotdg mivorag peTddQoong yud xdaOe
degyooia, étoL mote M ndBe degyaolo va pmogel va €xer Tig Owméc g,
dapopetinés, puonég oehideg, maQd To YEYOVOS OTL YONOLUOTIOLEL (OLES ELOVIXES
devBivoelg pe Ohes Tig GhAeg dieQyaoles.

e 3tn 0¢éon FE tou mivoxo petddooons, 6mov pog odfiynoav to 8 MS bits tng
ewovirig dtehBuvong, vItdEyovV TANEOPOoRIES --0mwg Ba oV e ToQARATM-- Yid va
eAéyEovue av 1 ewxovirt] oelida FE mov 0éhoupe vitdoyeL oty Guotnt) uviur, ®oL ov
éxovpe dualmwpa vo TNV mpoomehdoovpe dmws Intd 1 Teéxovoa diegyaaia.

e 11 duo Béon FE tov mivaxo petddpoaons Potoxovue tov aBpd g duowxig
oehidag 6mov Peoloxeton avth) TN otiypi 1 ewoviny oerida FE. Zto moodderyud
pag, vmdoyouvv 16 ¢pvowméc oehideg, doa o aglBpds pvowic oelidag €xet 4 bits.
"Eotw 6t fofrape Tov aodpd A oav agdud dpuowrhs oelidog. e avtdv ®ohdue
7ol to 12 apetddoaota LS bits tng ewmovirng dietBuvong (210), nor dptidyyvoupue
€toL Ta 16 bits Tng puoxng dievBuvong: A210, 0to TaddELYUd LS.

Awyooropos xou Igootacio Aegyaoidv: 1o hardware tov emeEegyaoth Poloxel Tov
mivoro PeTadpaons g teéyxovoog depyaoiog amd T (Ppuorh) devbuvon Pdong tou
mivoxo avtov, mov elvor yooppévn (amd to Aettouywd olotnua) o évav eldno
ROTAYWONTH TOV CUOTHUATOS SLOYEIQLONG VNG -0yl 0TO ravovixo register file. ‘Otav o
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emeEeQyaotng ToéxeL o€ "user mode", dev EMTOEMETOL VO YQAWEL AUTOV TOV HOTOYWENTH],
00TWG MOTE VO UV UTOEEL Vo, VItoxELOEel OTL elval GAAN diepyaoio, ONAadT va unv wroet
VO ATTOXTNOEL TEOOB 0o 0T PV GAAOV SLEQYOLMV.

IMgootoacia Agitovgyzot Xvotnuarog: O TOQOTAVE  €0WMOg RATOAYXWENTNS OV
n000piCel Tov TEéYOoVTO MVoro petddoaons --Onhadn v teéyovoa diegyacio-- eival
TQOOTEALAOLUOG OO TOV eMeEeQy0oTh) povov Otav o emeEeQyaotis Poloxetar oe "kernel
mode", OnAadn TEéxer TO AertovEywd ovotnua. Kdabe eEaipeon (exception) --
TEQUAALUPAVOUEVOL %Ol TOU RAAECUATOS CLOTNUATOS (system call)-- amoOnxretel Tnv mald
notdotaon (user/kernel) otV omoia £€Toeye O emeEeQyaoTi|g, ®aL GEQVEL TOV emeEeQyaoTh
oe kernel mode. ‘Etot, o trap (exception) handler exteleitan mdvto oe kernel mode, evid o
novog teomog Yud éva xonotn va ¢égel tov emeEegyaoti oe kernel mode elvor va
mooxaléoel eEaiQeo, EXTEAMMVTOGS AV EVIOAT system call --xdtL oav madvoun evioi
mov mooxaiel eEaigeon, alhd mou 1o Aertovyrd olotnua Eégel OTL mooitetal cov
system call ®ow 0L ooV OTTAT] TOEAVOUN EVTOAT AOY®™ TQOYQAUUATIOTIROV opdipatoc. To
nAleopo. oVOTAROTOS elvar emitndeg dTloypévo va ovumeQupéQeTal cov  eEaipeom
(exception), o OxL cov oo wdheopa dradraociog (evtoit jal), oUtwg wote 1 elcodog oto
AettovQyrd ovotnua --mov mEEmeL va yivel oe kernel mode-- va ylvetow povo otnv
mooxafoglopévn OetBvvon tovu trap handler, naw Oyl oe owadfmote GAly avbaigetn
dievBuvon Oa umogovoe va TNthoel €vog %oxOPOUVAOS YQTOTNG TQOXELUEVOU VO
TOQOXAUPEL TO HEQOS EXE(VO TOU AELTOVQYIHOU OUOTHUATOS TTOU RAVEL TOUG EAEYYOVUS TOV
edv 0 yoNomg éxeL draimpa va tntioel ovtd ov Tntd.

Hagovoes/Amovoes Xerides »ou Ilgootocia Xehidov: KdébBe 0féon tov mivana
LETADQOONG TIEQLEYEL:

e To "valid bit", mov vwodenvieL av 1 ewmoviry 0eMOO 0TV ool AVOdHEQOUOTE
elvar mogovoa 1 amoloo amd ™ dvowmn pviun. Evdeyxduevn osmmovoio g
ewovinig oehidag amd ™) duowmi pvhun umogel vo odpethetal eite oto OTL 1)
elovirt] avuti) oelida eivan rapdvoun (dev yonoLporoLeitaL, ONAadT To oYU
dev elye eviolég 1) dedopéva exel, ovte CTitnoe va Paiel xdt péow malloc/sbreak),
elte oto OTL elvon Vo pev ohhd auti ™) otypn Poloxetal oto dioxo rai OxL 0N
V.

e Tov aeBuod g dvowxilg oehidag (4 bits oto edm mapdderyud pog) 6mov Potoretol
QUTT) TN OTLYRA 1) ELnovixt] oelioa, 6Ttav auTi) elvol TaQoVoa ot GuoLKT] L.

e Ta "bits mpootaciag" (.. 3 bits: "rwx"), mov dNAdvouv T eldovg TROoTELLOELS
emrteémeTal vo rdveL 1 moQovod dlegydota oTlg AEEES auThg Thg oehidag
(read/write/execute).

e To "dirty bit", mov delyvel av o emeEepyaotig dAlaEe 1] OyL Tal TEQLEXOUEVA QTG
™G oehidag armd TOTE OV TNV dofdcape Televtaia ol otd To dlO%O --ETOUEVMG
edv yoetateton 1 Oyl va yodypoupe to (VEO) meQlexOuevo g mow oto dioxo dtov
%1ATI0L0G AANOG TG HAVEL "EEmoN" (eviction) atd T pviun.

e To "reference bit", 10V TO YENOLUOTTOLEL TO AELTOVQYLHO GVOTNUA VLG VO TTQOOCEYYIOEL
tov alydplbpo aviwmotdotaons "LRU": oe xG0e moooméhaorn otn oehida, o
emeEeQyaoThs B€teL autd TO bit, evid TO Aettovynd cloTnuo TEQLOOLRA dLaPdiel
autd ta bits Y& va del molég oehideg yonolpomoOnxrayv medopaTa, Rl OTH
ouvéyela to undeviter.

"TTogdvoues" mQOOTEAAOELS ELROVIXTG VUG elvaw Y. oL €ENG: (i) mpoomdBelo eyyoads
oe oeMda O6mou dev €y Ouatmpo eyyoadns (m.y. oelida read-ony), 1| (ii) mpoomABeLo
avéyvmong dedouévarv amd oehida mov eival, m.y. "execute-only" (OnA. mEQLEYEL EVIOMES), 1)
(iii) mpoomdBela avdyvmwong pe oxomd v extéleon (instruction fetch) amd oehida ov dev
TEQLEYEL EXTEAEOLUES EVTOAEG, 1] (iv) mOOTA0ELD TTQOOTEAOONS OLOONTTOTE WOQPTNS OE
oehida "unallocated", dnhadf mov olte o compiler éPade exel (oTATIHG) RATOLO UEQOS TOU
EOYQRAUNaTOS (evtohéc 1) dedopéva), ovte N malloc() exymdonoe exel (duvouxd) xHEo
(4deo yonong). Téroleg "mopdvouec" mQOoomeELEOELS TQORALOVY TTQOMEO TEQUATIOUO TNG
eEUTELEONC, Le TO owelo oe OAOVG pog uivuue "segmentation violation - core dumped".

"Amovoes (0MAG vOHLpES)" OEMOES €OVl UVIUNG €lval €XEIVEC OV VL WPEV TO
TEOYQUUUAL EXEL VOLLUO OROLMUO TTQOOTEAOONS 08 ovTéS (ONA. dev elvol mopdvoun M
TOOTEANOT), OMAG OUWC TuYaivel (eite ehhelPel ema@roVg uviung, elte emeldr) mOTéE péyoL
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otyung 0ev v eixe Cntioer to medyoauua) 1 oehido avth) vo unv Peloxetolr avti ™
otryu] oty (xevioxf) uviun (RAM) touv vmoloywoth), oMd oto (0%AnQo) dioxo.
[Ipoonehdoelg o amooeg oehides TQOROMOUV TOOOWELYY OLOXOTN| TNG EXTEAEONS TOU
mEOYQAuNaTOS (page fault interrupt), avainymn omd TO A&LTOVEYRO OUOTNUO va
TQOOXOULOEL TNV amoVoo OeAldO, %Ol ETAVEXKRIVNOYN TOU TQOYQAUUATOS "oOov vo un
ovVEPN timota" PeETE TNV TROOKROWOT QUTH).

Aoxnon 10.3: Movoeninedog Iivaxag Metdpoaong

() TG 10 moamdvew uxEd (EEMTQAYUATIRG ONUEQX) TOQAOELYUO ELXOVIXNG UVIUNG,
HAVTE EVA OYNUATIRO OLAYQOUUO TTOU VO, OE(YVEL TOV ROTOYWQONTI] TTOV TEQLEYEL TOV pointer
OTOV TvOoxo MHETADQMONG NG maQovoag Olegyaoiog, Tov mivaxo UETAPQAOoNS, THV
ewovint devBuvon (20 bits) mov yevvd o emeEepynotrg, ta medio amd To omoia avTh
QITOTELE(TAL, QIO TTOV TTROEQYETAL TO index oTOV Tivaxa petddoaong, Tt daPdlovue amd
™) 0€om exeivn Tov mivaxa, zol TOg cuvOETouue T Ppuoirt) deBvvan (16 bits).

() Eotw 61, 010 TOQAmAVD OAd TQAGdEyd pag, 1 depyaoia pog éxer T €ENg
oeldec:

Ewovinny oehida 00: mapdvoun (mepiéyel tov NULL pointer).

Ewovinn oehida 01: meguéyel nmora (r-x), nan folonetor otn puort oehida B.

Ewovini) oehida 02: megiéyel »mdna (1-x), na foioretol oty puori) oerida 4.

Ewovinég oehideg 03 éwg »at 0A: amooeg amd ) Guotrt pviun.

Ewovixi] oehida 0B: megiéyel otatind dedopéva (rw-), rat Poloxetal ot Gpuotri

oehida F, dirty.

Ewovirég oehideg 0C émg now CF: mopdvopueg (unallocated).

Ewovinn oghida DO: megiéyel duvaund dedopéva (rw-), rol Peloretar ot Guoiri

oehida 9, dirty.

e Ewovinr oehida D1: meguéyel duvapund dedopéva (r--), nou Poloxretar otn Guoint
oehida 0.

o Ewovinég oelideg D2 éwg now D8: amovoeg amd T ot pviun.

o Euwovinég oelideg D9 éwg xou FD: mapdivopeg (unallocated).

o Ewovint) oelido FE: megiéyel dedopéva otoifag (rw-), vor Poloretol ot Gpuoiri
oehida C, dirty.

o Ewovint) oelido FF: megiéyer dedopéva otoifag (rw-), now foioretal otn Gpuoiri

oghida 3, clean.

AgiEte To megLeyOpeva Tov Tivaxo HETAPQAONS TG OleQYaolag Hag, xmelis ta reference bits
ol pe Oha to dhha medla Tov (256 yoauués emt 4 medio avd yoouun --emTOEmETOL M
¥01]01) QITOOLMITOLNTLRMDV...).

(y) Mowtg amd tic mogardtw mpoomehdoels otig emovirés devdivoelg mov didovran
eoxaAoVV opdiuo oelidag xar ywri; Ou vmdhouteg, oe moud duowrt) dedBuvon
petapedlovrol,

01038 (fetch), 0BOF4 (read), DOO1C (write), 0292C (fetch), 00000 (read), 99F88
(read), FESDS (write), FF100 (fetch), DDOCC (write), D0444 (read), 03FF4
(fetch), D1FFC (write), 008E4 (write), D7700 (read), 01E40 (write).

Aoxnon 104: TTolverinedor Mivaxes Metdgpoaons - Owovouic Xmoov

O\ mepLo00TEQES OLEQYOO(ES YONOLLOTOLOUV OYeTIRG AlYeS AT TLG ELMOVINES TOVUS OeMldeG,
noL ovTtés ovvoOnievpéves (clustered) oe peQréS "yelTOVIES", OTG OTNV TOQOITAVM
doxnom 10.3. Expetorhevopevor auth) TV OOTNTO, HITOQOUUE VO HELWOOUUE TO YX(HQO
pvnung mov xotohapfdver o mivarag petadpoaong thg xabe diegyaociag, ondloviag Tov o€
MEQLROUS UAEOTEQOVG THVAKES, OQYAUVWUEVOUS GOV WAL TTOAV-ETHTEd LEQaQyiaL.

Oewenote O6TL oto CVOTHUO pvAUNS ™ Goxnong 103 alhdlouvpe TOvV povadmd
(povoemimedo) mivara petddoaong avd diepyacia o diemimedovs mivaxes, g eENg. Kade
dlegyaotia £xel Evav mivoxa memtov emmedov, pueyébovg 16 Béoewv. Tov mivaxra avtdv Tov
Polorovue péow TOU YVWOTOU pointer WOV TEQLEXETOL OTOV €O ROTAXWENTI] IOV
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ovadéQaue ToQaTavm. XeNoluworolotue ta 4 MS bits g eixovirfg OetOvvong yid va
emAéEovpe pio amtd Tig 16 Oéoeig avtol tov mivara. Kabe cuvdvaouds tov 4 avtav bits,
eMOUEVIGS ®aL ®GOe B¢on avtol Tov mivaxa, aviiotouxet oe 16 ewmovinég oehldes. Eav
nopio oo avtés Tic 16 oehldeg dev VIAQYEL OTH GUOLKT) Ui, TOTE ONueELD VOV e T B€om
QUTY] TOU Tvaxo TEMTOV emmédov cav dxruen (valid bit = 0). AMoudg, 1 8o avti) Tov
mivoxo EMTOU emMESOV TEQLEXEL £vav pointer o€ €vo mivoxo Uetddaons devutépou
emnédov. Edv n emovini] pog OevBuvorn pog odfynoe oe tétowo B€on otov mivara
TOMOTOV €MITEOV, TOTE YO OLUOTOLOVUE TA EMOUEVA 4 bits TNg eovintg dievBuvong oav
index otov mivaxra devtépou emmédov Omov pog odiynoe o mvoxrog TEMTOV EMITEOV.
Exel, otov mivaxra devtégov emmédov, Poloxovpe ta teMnd otoyeio yud ) oghida mov

Cntdpe.

(afy) Kavte éva didyoappo avdroyo moog avtd g doxnong 10.3(a) yid to diemimedo
oVoTNUe LETAPQAONG OVTAG TG AoRNONS. ZT0 (010 dLdrypappa, deiEte GAOVG TOVG TVARES
OevTéQov emmédov mov Ba vrdEyouv Yid Tig oehides tng doxnong 10.3(B). Emiong deiEre,
Oha to mepleOUEVA OV TV TMVARWV UETADOAONGS, TQMTOVU %L OEVTEQOV ETMTEOOU.
Befowwbelte (ywols vo dmoete yooamtd TNV omdvinon oog) OTtL To oUoTNUo ouTd
petapedler tg devbivoels g doxnong 10.3(y) to (0o Omwg %ol To povoeminedo
oVOTNUA THS AORNOTG EXEIVIG.

(0) I1éoeg Béoeic uvhung ratarapPdvouv kot ou mivoxes HeTddoaons Tov TaQOVTOg
dlemimedov ovothpotog yid ™) degyaoio pog nar yid tig oehideg (B); Xe oyéon pe To
povoemimedo olotnua g Goxnong 10.3(B) vmdyeL orovoulo. 0TO YWQEO UVAUNG IOV
notohapfdvetol;

Aoxnon 10.5: Tlolveminedor IMivaxes Meradpouons oc éva Peolotixd
Tvotua

Enavoldfete v doxnon 10.4(a) --ov fjtov oav v 10.3(a) (oymuotind didyoappuo
TUVARMV PETAPOAONS)-- auTh T GO YId £va QEOMOTIRG, ONUEQLVO, CVOTNUO ELOVIXTG
HvAmg:

o O ewmovirég devBivoelg éxovv uéyebog 64 bits. Oumg, Y& moaxtiroig Aoyoug,
povo to 48 LS amd ovtd yonolomolotvTal (XHeog emovinmv dievdivoemy 256
TeraBytes avd Owepyooia..). Td vo punv pmouvv oL (ENOTES OTO TELQAOUO VO
"exeTaAAeEVTOUV" Y1 GALO o070 TOL 16 MS bits Tov ®G0¢ pointer wOV TEQLOCEVOVV
--xGvoviag £toL to portability TV mEoYoaUUdTOV TOUG O UEAAOVTILKES YEVIES
CULOTNUATOV e TTEQLOCOTEQX VAOTOMUEVE. bits elovintg OtetOvvong-- To choTHUd
pog eAEyyel ®G0e mQOOTENAOT UVAUNG YA VO OL1YoVQEVTEL OTL avTd Tar 16 MS bits
™ OedBuvong wovvtal Oha pe To MS bit twv 48 LS bits, dnhadi] amotehoiv
EMENTAON TQOOTUOU (sign extension) TOU VAOTOMUEVOU UEQOUG TNG ELXOVIRTG
deBvvong (étol, umoget 1 otoifa va ovveyioel va Tomobeteltan 0To Ave AxQo Tov
eoVIHoU ymeou uviung (dtevBuvoels FFFFFFE...).

e MéyeBog oehidag 4 KBytes. Emopévimg ta 12 LS bits tg ewovirig dievbuvong dev
yoedlovron petddooaon.

o Toia emimeda mvdrwv petddpoaons avd diegyaoio.

e Kd0e nivarog petddpoaong éxer uéyebog 4096 Béoelg, dpo "nortdlel" 12 amd ta bits
ToU 0QLOUOV eovinig oehidag.

e Avvatdtnrto eméxtoong €wg 256 GBytes puowig puviung, dmiadi 38 bits duowi
detBuvon, 1 64 M pvowrég oehideg (26-pmtog aolOpds duorfg oehidag) emi 4
KBytes avd oehida.

Aoxnon 10.6: TLB, Process ID, xat Kowvoyonorteg Xehideg

Onwg slmope ®oL TOQATAV®, Y& Vo YIVETAL 1) PETADQOON YONYOQW, YQNOLUOTOLETOL
ovvNOwg évag uxeds ®atdhoyos Cevymv ewmovirig-duorig oehidag yid T mod ovyvd
yonowporootpeves oelides, o "TLB" (Translation Lookaside Buffer), opyavmuévog oav ud
uxEM UG pviur, ouvhowg TANQWGS TTPOCETALQLOTLRY.

IMooxepévou va unv avoyrafopaote va axvomvovue Ta megleyopevo tov TLB oe na0e
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olMaryt] Thg dlepyaoiag o TeéyeL (context swap), OEAovue va PToQOUE va. EXovue UEoa
oto TLB, tovtdyeova, Cevydoia emovixNs-duowrfs oehidag moAAMOV OodoQeTndv
dLeQyaoLmv. Avtd OUmg amoutel vo pmogotpe va ta Eexweilovpe neTald Toug, adol v
nG0e ogLopévn ewnovint] devBuvon evdéyetar va Ty yenolpomoov mohhég diepyaoieg
oMé Y& drapogeTint] Angodopia ror xotd Owapogetind Tdémo 1 ndbeula. Ia va
vivetalr o OLoywELopds avtdg, ratayeddovue tov aoldpd depyaociog ("PID", Process
Identifier) poali pe tov aQOud eovirfs oehldag avtig tg degyaoiog oe xdbe Béom
(Cevydol ewovinng-duonig oehidag) tov TLB.

(o) Oewenote TV ewovirt] pvijun g doxnong 10.3, xow Bewpnote 6t to PID éyel péyebog
8 bits (uéyoL 256 tautdypoves degyaoies). Oewonote éva TLB peyéOovg 16 0éoewv, pe
TANQWG TQOOETAQLOTIXT ToToBETNON Cevydv (oodnmote Celyos petddoaong Umoel vo
umel omovdfrote oto TLB). ITowd media moémer va €xe 1 waBe B¢om avtov Tov TLB, now Tu
peyéBoug to vabéva;

(B) Awote éva agBunTrnd moedderypo Tov mAoug meglexopuévoy tov TLB otav autd
TeQLEYEL Tevydoa petddeaong yid tig eENg oehldeg:

e Trnv ewovint] oehida 02 tng diepyoociog 3B (megiéyel vMOKA), ROL TNV ELLOVIRY
oehida 02 tng diepyaoiosg B4 (megiéyel data r/w), oL OMOlES AvaPEQOVTAL 08 EVTIEANDS
drapogetinéc, aveEdotnteg duonéc oehides.

e H Owepyaoia 3B xau 1 diegyacio 3C amotehoV OLAPOQETIRES EVEQYOTOLNOELS TOV
1Oiov mEOYEAupHaTOS, TT.Y. O (0log web browser Teeypévog amd d00 diapopeTinolc
yxonotes. I'd owovopio (Guowrng) uvnuns, To Aettoveywd oloTnuo ®eatd povo
€vo. aVT{TUTTO TOU XMOA OVTNG TNG EGAQUOYNG OTN WVIUY, ®OL RAVEL OAES TIG
dlegyaoieg mov 1o TEEYXOLVV va "BAEmouV" avTd TO HOVAdLKO KOLVOYENOTO AVTITUTIO
ot dwi] Thg ewovin] pvijun n ®Aa0e pio. Bakte howtdv oto TLB %o tv eloviri
oehida 02 g diepyaoiag 3C, mov megLéyet Tov (010 xMOWwA pe Tt oedida 02 tng 3B.

e Bdhte v ewmoviri oehida FF tng diepyaotiag 3B, now v ewovixi oehida FF tng
diegyaoiag 3C, mov megEyovv dedopévo otoifag. Omwg elmope, autés or dVO
dleQyaoies amoteholv OLapoQeTInES €VEQYOTMOLNOELS TOV OOV TQOYQAUUOTOG.
IMogd to yeyovog OTL 0 »dOag Twv dVo avt®v dlegyaoidv elvar xnowvog, ta
dedopéva toug Oumg eivor dapogetind, oot m.y. dAla ndAveL 0 Evag XONOTNG U
TOV web browser Tov, ®o dhAa 0 GALOG.

e O depyaoiec D2 »aw D3 cuvepydlovtal PeTaED TOug, oL EMUOLVOVOUV HECW
nowvoyonotng uviung: H diegyaoia D2 mopdyer dedopéva moog emeEepyaaio, nat
o yohder otnv ewmovixi] g oehido C2 (mpootaocio -w-). H depyaocia D3
rnotovalovel Ta dedopéva ov madyel 1 D2, naw to emeEepydletan. H D3 duafdlel
to dedopéva avtd amd v emovint] oelida tg E3 (mpootacia r--), 1| omota 6pwe,
UECM TOV OUOTHUOTOG ELXOVIXTS UVIUNG, OVTLOTOLYKEl 0TV (OLa puoint) oelida oty
omoto. avtiotoxel xar 1 C2 g D2, ®ote vo emTUYYXAVETAL ) GUVEQYAOIX
TOQOYWYOU-®oTOVaA®TH TV 000 dtepyaoiwv. Bdlte oto TLB oag ®ot avtég Tig
300 eovinég oehidec.

(y) Ou diepyoaoieg 3B naw 3C, maQomdvm, elval TQOOTATEVUEVES N Wa amd TV GAAY;
Mmogel 1 pia va drafdoel Tta dedopéva g dAlng (vAéPoviag €ToL, Y., 0 Evag YENoTNG
oV apOud TMOTWTIKTG HAQTAS TTOV O AAAOG TANUTQOAOYEL OTOV browser Tou yud [udv
oyoQd péow dadimtiov); Mmogel n pia va alhowdoel (Yodaper) to dedopéva g dAng
(ToQamAavOVTaGS £T0L, Y., 0 €vag XoNoTNg Tov dAlov); Mmogel 1 pio vo ®aTooTQEéEL
(yodpet) tov xmOra g dAlng ("wohhavtag" €tol, ;y., 0 £vag (eNoTNg Tov dilov); Ilag
eEaopariCovpe v embBuunti mpootacion xor oveEaptnoia petaEd auvtwv Tov 00
OLEQYOOLMV, EV(D TAVTOYQOVA RAVOULE HOL OLXOVOLO LVHUNG RQOTOVTAS £val LOVO Guond
OVT{TUITO TOV ®MOLKO TTOV QUTEG TEEYOUYV;
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