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Xepd Aonocsov 12:
Ewovien Mviun (Virtual Memory)

IMooOeopio éwe Tetdot 21 Maiov 2014 (BS. 12.2) doa 23:59 (mapdd. on-line) (amd BS. 10)

Bifhio (EAMvinG, éxdoon 4) - dafdote Ta eENg:

e Xeloopdc EEapéoemv now Alorom®mv oto vixrd evog emeEegyaotr): §4.9, oeh. 448 - 455
(to peoaio nopdt, oeh. 452-454, pmogeite va 1o megdoete "ota Yot yooa'").
o Ewoviun) Mviun: §5.4, oeh. 571 - 602, extdg 0O Tal €ENG EVOLAUETO ROUATLOL:

— ogeh. 585-590 (ouvdvooudg ewmoviric Lvnung, ®eudig pvipns, xow TLB): dwafdote Tig
"ota yofyoea”,

— ogh. 597-599 (hemropépeieg Y& TLB miss xou page fault exceptions): Eepuiiiote Tig "ota
TEeTaYTA" .
e §5.5, oeh. 602-611 (¢va nowvd TAAIOLO VLG LlEQaQYiES LVIIUNG): Y ONOLo BEpa yid TeEQoUTEQM
1OTOVONOT, alAd exTOS UANG cvToD Tov PO uaToC.
e Ewovinéc Mnyavég (Virtual Machines) - §5.6, oeh. 611-617: pmogeite va tig mepdoete "ota
yofyooa", av xoL eivar onuovtird B€ua g onuegvig texvoloyiog mov moémel va E€Qete
1ieQl Tlvog TEORELTAL VLA TNV TEQOUTEQ®M OTAALOOQOLIC OAG.

12.1 Ewovixi Mviun: Xtoyor mg

O mpwtog xal PaowmdTEQOS O%OMOS TOu pnNyoviopov tng Ewovinfic Mvhung (Virtual
Memory) eivat va divel TV evtimwon o€ tohhamhovg "yonotes" ("mooyodpuata") 6t Exouv
"oAn T unyovi duxd) Tovg". To PaoirndTteQo XAQAXTNELOTIHO TOU OTL TO ®AOE TEOYQULLLAL
"vopiCer OTL €xelL OMn Tt pnyxoviy Owxf tov" elvow 6TL To ®AOe mEOYQauUe Oewel OTL
OuarotaL va xenoLlpomoLoel TV oladnmote dletBvvon uviung, oov vo ftav Ohn 1 Lviun
i) TOU, ®OL GOV VO UMV VITNOY AV AL TQOYQANUOTA TTOV TEEXOUV (OYeOOV) TAUTOKQOVOL.
O unyoviopdg g Ewoviniic Mvijung »dver @ote o Xdpog Aiev8vvoewy (Address Space)
Tov ®d0e MEOYQAUUATOS Vo elval SLAPOQETIHRAS 1AL XMELOTOS ATtd TO XMEO OevBivoewv
Tou dAlov.

H povddo "mgoyodupotog 1 xofiotn" mov Oswel 6tL €xer OAn TN pnyovi] dund) g
opopdletar Awegyooio (Process) (1] napd ¢opd xor "medlo moootaociag" - "protection
domain"), o amotehel "évo mEoOyoappa". AlopogeTinég diegyaoies Wtogel vo avirouv og
OLapoeTIROTE 0VOQMTOVE-YQT0TES, 0TOTE ®oL BENOVUE VO TQOOoTATEVOVTOL 1) Wl aTtd TNV
A1 OLoTL 0 ®AOE YoM oTNG MToEel vo BELEL va €xel LOLWTIRES (EUTILOTEVTIRES) TTANQODOQIES
OV VO Wy WtoQel vo. Tig PAémel 1] vmoxdémtel o Ghhog. Mmogel Opumg emiong dtadooeTinég
dlepyaoteg vo avirouv otov (Olo avBowmo-xenotr, ahhd xol k. va Béhovpe vo TG
EOOTEYOUUE TN W ammd TV AGMAY, Y. Y& oromovg modularity (Taxtomoinon twv
TANE0POQLMV ®aTA opddeg) val debugging: edv "yaldoel" n pia diegyaoio, vo ovveyioel va
douhevel 1 GAAY. Ztnv (Owa meQimTmon avixrovv %ot JadOQETIRG TROYQAUUOTO, TTOU O
TOYQUUUATIOTAS TOovg Oemwoioe Ot to ®abéva TEéxeL MOVO TOu, %ol ®ATEAMNEAV Vo
teéyouv poli. [Togamhnolo —av xat SLodoQeTInT artd Aoy SXALWUATMV ROl TIQOOTACT0G—
elvar nwow 1 megimtwon wag "degyooiog yonot" ad' evog, xmoL TOU  AELTOVQYLXOU
Svotipatog (Operating System) oo TV GAAY: TO AettovEynd clotnua eival oov wd dAin
diegyaoia, mov £xeL ooy oxomd vo fon0d now va guyyoviter Oheg T OLAdoES OLeQyaoies
TOV XoNoThV. AMN megimmwon eivar 000 dapopeTinés diepyaoies va eivar To (do uev
TEOYQOUUAL, TTIOV OUmS TEEYEL TEEYEL 0 dlapogeTnd dedopéva vdbe God —m.y. Eentvape
évav compiler Yid v HETOHQACOVUE VO TTQOYQOUUOL, KOL TTOLY TEAELDMOEL EavaEenivaue éva
AaM\ho "instance" tov (Otov compiler Y va. petapodioel Eva AANO TQOYQOUUOL.
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H dvvatotnro tov emeEegyaoti) (evvoolue tov xdbe éva muonva, Otav WwAdue yid
moAvThenvovg (multicore) emeEeQyaotés) vo Olver v evtimworn OTL TEéYeL (0YEOOV)
"tovtoyoova"  molhamhés  degyaoles  Aéyetar  IMolvmgoyooupotiopos  (Multi-
Programming), xou othpiCetar oto 0Tl oL emeEeQyaoTés elvol TOAD YONYOQROTEQOL OTTO TOUG
avOpmITovg: TEéYEL TOTE T Wio ®ow TwoTe TV GAAn degyaoia, amd Alyo thv na0e pio, alhd
TG evailGoel 1600 YEMYoQa Tov 0 avOpm®mvog yonotng dev PAEmeL TV evalhayf no
vouiCel OTL avtéc TEéyovv Tawtdyeova. I'd va evaildoovtor petad toug oL degyaoieg
yonotporoteitar Paowd o pnyoviopos twv ESapéocwv/Aiarondv (Exceptions/Interrupts) —
PA. §4.9 Tov Piprlov.

H ewxovuiuny pvhun, cov 106mog va divel Ty eviimwon otnv xdbe diegyooio OTL €xeL ™
"unyovi) i G", omotelel €Wl TEQITTWON TOU YEVIXOTEQOU NXOVIOUOU TNG
Ewovixonoinong (Virtualization) —PA. §5.6 tov Bipriov. H yevirdteon avti negintwon twv
"glwovin@v pnyovav" (virtual machines) divel T duvatrdtnTa oty ©dbe diegyacio Oyl poOvo
va (voiCer OTL) €xeL T punyovi Ourt) g, aAld emmhéov xat va £xeL To dnd TG AELToVEYIRO
ZVotnua, aveEGQTNTo xoL eVOEXOUEVIS OLAPOQETIRO AO TO AELTOUQYIRO CUOTNUO TTOU
€xouv oL GAleg dieQyaoieg - emoviné UNyavég OV TEEXOUV TOUTOYQOVA TTAVM OTOV (Ol
emeEeQyaoTh.

O de0TEQOS %Ol OLAPOPETIROG OROTOG TNG EWOVIXTG UVIIUNG elvar va Aettovyel oov éva
emmhéov eninedo g legagyios Mviung petaEl xevroung pvijung (DRAM) xow povipmg
(non-volatile - pn wenTrng) pviung (oxAneot dtonov 1 puviung flash). Me dhha Adya, M
ewovinn pvhun Oiver ) duvatdTnta omv xGOe diegyaoio va "BAEmEL" XDEO UVHUNG
HEYOADTEQO OTTO TO ROUUATL TS PpuoLrng puvhung (DRAM) mov ovtwg tg dwatiBetor. TTag'!
OTL 0 o%OTOG AVTOG elval eViEAMS dLoPOoEETIHOS amd TOV TEMTO (TTOAATAES dleQYaOies),
TuxoiveL Opwg ot dtor umyxoviopot vMxot (hardware) vo  wroQotv TavTdYQOVA VAL
VAOTOL|COVY %Ol TOVS 010 OXOTOVG.

Mud ovvémela tov dU0 TEONYOUREVOV OROTIMV €lvol TO TEOPANUO TOU TERALOHOU
(fragmentation) tng pviung, To omolo —xoL outd— To ADvouv o dlol pnyaviopol tng
emovirng pvnuns. O TepoyoNOg TG UVIUNG TQOXUTTTEL 0td TO OTL OLddpoQes OLeQyaoies
Eentvave nat TELELOVOUV 08 dLoPOQETIHES OTLYUES, oL RAOE LA OV TEAELDVEL QdTIvEL KL
nAUTT00eC "TQUTMES" QO ayENoLpoToL T (FTAEOV) pviun exel OV TEONYOUUEVMS avTh
nOTElYE noL YoNoLpomolovoe pviun. Emlong, 6tav myawvoégyovrtal oto dioxo (n otnv flash)
nopdTioL Pvnung wag Oegyaotiag mov dev ywedve otnv DRAM, dnuoveyotvror "toimeg"
ot DRAM and to »opdtia mov petaxopiCovv oto diono. OL punyoviopol g erovirnig
pviung dtvouvv tn duvatdtnTa Yl ex®ENOT WviuNng (.. péow malloc()) mov potdlel va
amoteleitar amd ovveyxoueveg OlevOUVOELS EVED OTNV TROYUATIXOTNTO OITOTEAE(TOL OTTO
nopdTia Tov Poiorovtal ®aTeomaueva "edm nL exel" 0T GuoLnT) pviun.

122 TomoOétnon xou Avevgeon Xehidwv: Ilivaxes Metadoaons

Emedn) ov aotoyies g DRAM -ewdwpévng ocov Pabuida g egapyiog pviunc—
eEummnetovvtol amd to o%xANEd dloro, noL Ao ®ooTiCovv TEOywMd TOAD (Exatoupiolo
©0®AOUG QOAOYLOU TOV emeEeQyaoTY]), TEETEL TO TOOOOTO AOTOYlOG VO YIVEL doo TOAY
younho. I'd vo eutevyBel avtod, mpémel 1) TomoBéTnor twv oehidwv va elvar ToAD evéhnty)
—dgv pog ndver 0 TQOTOG OV €(VOL 0QYOVWOUEVES OL HQUPES UVIUES, OOV CUOYETLOTIRES
LEQUHMV 0OV, dLOTL 0vTd Bl £dLve TOAD uxen evelMEla oty emioyh Tov "Bpatog" o
B aviwataotodel yid vo dégouvpe €va véo "umhon" AéEewv, pe amotéleoua ovyva va
dudyyvovvral "uthdxng" mou ta xeewalopuaote. ‘Etot, aviibeto amd T ouvnOiopéves ®Qupég
LLVT|UEG, 1) ELXOVIXY] Uviun Aettovgyel oav "mAnowg cvoyetiotxi]”, dnhadi Tto olodijmote
"uhox" AEEewv amd to dlono pmoel vo tomobetnOel omovdfmote oty DRAM. Avtd,
dvowmd, Ba éxave v avalfitnon eEogetind domovnen edv €mpeme va avalntovue To
"uhox" moavtot, yU' avutd 1 avalitnon yivetor allowdg: pe "mivaxes petddpooons” mov
naToyeadpovv ot Poloretol To ndBe "pmhon".

Eme1d1 | »é0e mpooméhaor oto dioxro rootilel ol (yoovind), Béhovpe va "amooPéoovpe"
ovtd TO %O0TOS %AvOovTtog TOAAY Odoukeld xdbe Gopd mov mnydivovue oto dioxo,

http://www.csd.uoc.gr/~hy225/14a/ex12_vm.html Page 2 of 8



Exercise 12: Virtual Memory (U.Crete, CS-225) 14-05-05 00:45

EXUETOALEVOUEVOL TN YWOWKY] TOTUKOTNTO %OOMS %Al TO YOQAXTNOLOTIXA TOU OlOXOU
(mpooméhaon ovvexouevov AéEewmv elvar ol yoNnyooTeEn ot 600 Tuyainv AéEewv).
"Etot, to "urmhon" g tepaoyiag pviung peta€d DRAM xat dioxov elvor mohl peyahihteQo
ot 600 T UTAO® (Yoauur) TV UGV pvnumv. To "umhon" tng tepayiag DRAM-0ioxov
Méyetou Xehida (Page) xou elvaw ouviibwg 4 1) meprooodtepa KBytes. "Evag de0tepog foourog
(WGAhov nan PaordteQog) Aoyog Yid tov omoio Béhovue peydho pmhong (0elideg) otnv
eurovirt) Ly eivar 6TL £Tol dLeurONUVETOL ROL ETUTOYVVETAL O UNYOVIOUOS OVEVQEDTS TOU
uhon wov Pdyyvovue xébe Ppoed, dradn n petdpooon oeridwv mov Bo molue apéomg
THQA.

O Baowds 1o6mog Aettovyiog Tng ewovirig uviung eivor o eEig. Kabe diehBvvon pviung
IOV YEVVA O emeEeQyaoTiic —ONAadi] To TEOYQaUUO TTOU TEEYE- Bempeital mg "ewovini)
devBuvon", naL perodpaletar oe wAv GhAn, "¢pvewn devBuvon', mootol dobel ot
pvnun yud voo emheyel m AEEN v omoia tehxd Bo mooomeldoer to mEoyoappo. H
petdpoaon auti) elval 1 ouvagTnon mov "avevpioxel" T ®dOe AEEN, dnhadT) auTi) OV Hog
AéeL o0 ot Puorn pvnun €xel Tomobetnel  wabe ewoviny) AEN. H ovvdagtnon avti Oa
NTav TavaxgLprn edv doVAeve mAvVm oe LePOVOUEVES MEEELS, MM €xEL AoYind #OOTOG EMELON
douhevel mhvm oe (ueydieg) oehidec. H nébodog avti avalimmong rar avelbgeonsg pumhong
dev Ba dovAeve yLd TV xQUDT pvhun, AOYw Tov (OeTHA) unQol peyéfovug Tov "yoouumv"
™G ®QUONGS UVAUNG, ®at TG exel amoutotpevng tayitntas. Opwg, doviedel wd xagd yié
TNV EWOVIRT] VU, AOY® Tov "®OATmov" Touv TLB %0l TNng AELTouQyiag Tou €V TaQaAAA® [
™V ®QUOT pviun, 6mwg Ba movue magoxdtw. H petddooon devbivoewv eEummoetel
TOAAOTTAOUE GROTTOVG TAVTOYQOVOL:

i. Boiloxel mo¥ éyovv tomoBetnOel ot puowmt) uviurn oL oeAdeg elrovInig Uviung o
YONOLULOTIOLOVVTOL TTEQLOOOTEQO €7l TOU TAQEOVTIOS, eVl O0eg Oev YwEAVE OTNV
vadEyovod Guorh pvijun Peioxovtor 0to dioxo —OMhadi) vAomolel TV epayia
pvhung petaEd DRAM »ou dionov.

ii. Metapedlel tig ermovirnég dievBivoels Tg xdbe diepyaoiag oe dadoeeTInéS GUOLRES
dievBivoels Y& v #ébe depyooio, %L €Tol VAOTOLEL TO OLOYWOLOMO %OL TNV
700TAC(0 PETAED dleYa oLV (eExTdg TV TEQUTTMOEWV 7oV BEAOVUE OL dleQyaoieg
VO ETUROLVOVOUV PETAED TOVG PECW KOLVOYENOTNG Mvhung (shared memory)).

iii. EAéyyer 6t 1 depyaoiar mwov TEéyeL €xel dOlmUa Vo XAVEL TV TTQOOTEANCT TTOV
Nt (avayvoon/eyyoadn/entéleon) otn OetOvvon mov Tntd, Peltidvovrog €tot
oxO U TTEQLOOOTEQO TNV TTQOOTAGIC TWV SLEQYOOLDV.

H petddoaon dievbivoemv yiveton amerroviCovtag ohdnlnges "oehides" (pages) erovinng
pvnung oe ohOxAngeg ¢uowrég oehldes. To péyebog tng oehidag eivar agnetd KBytes
OTUEQQ., kAL 1] TAOT elval va peyalmdvel pe ta xeovia. ['ié va yivetan 1 petddoaon yoryooa,
yonotpormoteitar cuvibwg évag uxrog ratdhoyog Cevyov emovinic-puowmng oehidag yud
g md ovyva yonowwomolotpeveg oehldeg —o "TLB" (Translation Lookaside Buffer)—
0QYOVOUEVOS Oav WA WxrEN %®Qudh Uviurn, ouvhlmg TANWMS TQOoETOUQLOTINY —PAETE
oehideg 583-590. Emeidn) peradodloviar povov to 0Qotegd (MS) bits Tng €irovirig
dtevBvvong, 0mwg Ba oV UE APECHS TOQARATW, OTAV OL OEMOES elvol 0LQHETA peyAhes naL M
HQUPT UV CLORETA UnQT], WTOQOUUE VA TETUXOUVUE (MOTE 1] TQOCTEAAOT] OTNV RQUOT
LVTUn, OV MG YVOoTov Eextvael pe xapmooa amd ta deEud (LS) bits tng detiBuvang, va
Eenwvdel pe uovov auetdgoaoto bits tng devbuvong, xi €tol o TLB va dovkevel ev
TOQOAMNA® (TAVTOYQOVA) UE TNV %QUDT UViUN, ®oL QA OAORANQOS O PNYOVIOMOS TNG
EWLOVIXNG WVAUNG VO unv Tooxohel xwoplo emmiéov nabuvotégnon oTo TEEELWWO Tou
eneEeQyaoti), 600 oL oehideg OV YONOLUOTOLEL O EMEEEQYAOTNG £XOUV T HETAPQAOT TOUS
uéoa oto TLB. Otov wdv ewovirn oehida dev tnv Polorovue otov TLB, totE TNV
avalntdpe otovg livaxes Metdpoaons, mov folorovial T Lviun.

Bemomote to €ENG WrEd (EEmmoaypatind ofuega) oUOTNUO ELROVIXTG UVHUNG, OOV QITAO
TTOLQAELYLCL.

e O ewmovinég OevBuvoels €xovv péyeBog 20 bits (dmA. elvar meviayndleg oto
denaeEadmd odoTNua), AEo 0 YMEOG ewovix®v dlevdivoewv elvar 1 MByte avd
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diegyaoto.

e MéyeOog oehidag = 4 KBytes, dpa ta 12 LS bits ®é0g dietOvvong (3 LS denaeEadind
Ynodia) emiéyovv 1 byte péoa ot oehida, evad ta volowta MS bits vmodnAdvouy
Y6 woLd oehida uAGue. Etol, ) #é0e diegyaoia éxel 256 ewovirég oehideg (1 MByte /
4 KBytes = 256).

e H ¢uown uviun eivon 64 KBytes, doa oL pvowés dievdivoelg amotelotval omd 16
bits (4 denaeEadwmd Ynoia), emoutvog vdeyovv 16 pvowés oehideg (64 KBytes / 4
KBytes = 16).

Tote, n petddoaon wag ewovirng devBuvong, my. g FE210, otnv avtiotowyn dvowxrn
yivetal og eEng:

o XwpiCovue v ewmovint dievBuvon ota 12 LS bits, mov vrodnhovovv to byte péca
ot ogMoa (e0m: 210), vow ota 8 MS bits, tov 0piCouv tVv erovirt) oehida (e0®m: FE).

e Ta 12 LS bits (210) dev yoeldloviar petddaon, apol amewmoviCovpe ohdrAnQeg
ewmovinég oehideg oe olOnAnoes ¢uorég oehldeg, oL OMeg oL oelldeg eival
evBuyoa o UEVES 0Ta puoLrd OQLA TOVC.

e Ta 8 MS bits, dradn o aplOuos erwovinig oeridag (FE), yonolpomootvror cov index
otov Tivaxa puetddoaong (page table) tng dieyaoiog (process) OV TEEXEL AVTH T
otryp). O mivarog avtdg Exel uéyebog 256 0éoelg —O0eC 1oL OL EOVIRES OeMIOES AVl
dlegyaoia. YAQyeL merotog mivarag LETAPQaons Yid »ade diegyaoia, £ToL HOTE 1
%n00¢e dlepyacia vo umoet va €xel Tig Ouég TG, OLadoQETIRES, uotrés oelides, TaQd
TO yeyovog OtL yonouorolel (Oteg ewmovinég OlevOivoelg pe Oheg g AMAES
dlegyaoteg.

e 3tn 0éon FE tov mivaxo petddpoaons, 6mov pag odfjynoav to 8 MS bits g
ewovixig dehBuvong, vrtdeyovv TANEopogies —Omws Ba ToLUE TAEAXRATW— YL VO
eAéyEoupe av 1 erwovixt) oedida FE ov 0éhovue vidQyel oty puowi] uviur, ®oL ov
éxouvpe dualmua va T m1oome doove OTwg TNntd M Teéyovoa dieQyaoia.

e 3t 0w 0é0om FE tov mivaxra petddpoaons Poloxovue tov aplOud tg dvowxig
oehidag omov Peioxretal auth ™ otrypn 1 ewovirt] oehida FE. Zto moodderyud pog,
VIAEYOLVV 16 Ppuowréc oehideg, Goo 0 aEOPOS puotxkilc oelidag éxel 4 bits. ‘Eotm 011
Pofrope tov agud A oav aoldud dvowig oehidas. Ze autdv ®oAdue ®at Ta 12
apetddpoaorta LS bits tng etrovirig dietOvvong (210), naw ptidyvouue £tot Ta 16 bits
™g dpvowig detBvvong: A210, 610 TaEAdELYUd HOG.

123 Ilgootocia Mviungs:

Aweywoionog xou Igooracio Awegyasimv: 1o hardware tou emeEegyaoty) Poloxel TOv
mivoro petddooong e teéyovoag diegyaotas amd t (puowri)) dedbuvon fdaong tou
mivoro ovtol, mov elval yoaupévy (amd To A&ttovQyrd clotnua) o évav o
ROTAYWENTH TOV CUOTARATOS dtorxelplong pviung —OxL oto ravovird register file. Otav o
enmeEeQy0oTc ToéyeL o "user mode", Oev ETMTQEMETOL VO YOAYPEL AUTOV TOV ROTAYWONTH],
00TWG MOTE VA PNV proeel vo voxgldel ot elvar ahAn diegyaoia, Onhadn va pnv wroet
VO QITOXTNOEL TQOGP oM 0T UV GAAmV dleQyaoLmV.

IMoootacia Asrtovgyixot Tvotnuatog: O maamdve eldinds RATOYXWENTNS OV ®aHoQiTeL
TOV TEEYOVTA TVOra. PETAPoaong —ONAadT] TV TEéyxovoa dlegyaoia— elvol TEOaTEAAOLLOG
omd Tov emeEeQyooth) povov otav o emeEepyaothc Poioxetor oe "kernel mode", dnhadi
ToéyeL To hettoveywmd ovotnua. Kdbe eEaigeon (exception) —meQulapfavopevou xal tov
NOAEOUOTOG CVOTHUOTOG (system call)— amoBnuevel v mald natdotaon (user/kernel) otnv
omolo. étoeye o emeEeQyaothg, nal Gpégvel Tov eneEepyaoti) oe kernel mode. ‘Etot, o trap
(exception) handler exteheiton mdvta oe kernel mode, evd 0 POVOG TEOTOG YLd €va (QNOTY VL
déoeL Tov emeEegyaoty] oe kernel mode eivar va mooxohéoel eEaiQeon, exteADVTAG AV
evtoA] system call —xdtL oov magdvoun eviol] mov mooxaiel eEalgeon, alld mov TO
Aettovyrd obotnua E€gel OTL mEooiletal oav system call xow Oyl ooV AmAT] TOQAVOUN
EVIOM] AOY® TQOYQOUHOTLOTINOV oddAiuatos. To xndheopo ocvotiuotog eivor emitndeg
dTioypévo vo ovumeQupéoeTar oav eEaigeon (exception), xar Oyl oov OmAO HANECUOL
dladuractag (evtoit jal), o0Twg Mote 1 €l0000C 0TO AELTOUQYHO GUOTNUO —TTOV TQETEL VO
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vivel og kernel mode— va yivetor wovo oty poxabogiopévny diehOuvor tov trap handler, xou
oyl oe oLadNmmote GAAN avbaipetn devOvvorn Ba pwwogoloe vo Tntioel évag noxdBouvhog
YONOTNG TIQORELUEVOU VO TTOQOXAMPEL TO UEQOS EXEIVO TOU AELTOVQYIXOT GUOTHUATOS TTIOV
HAVEL TOVG EALEYYOVG TOV GV O Y0NOTNG £XEL dwatmua vo Cnthoer autd mov Tntd.

Hapovoes/Amovoes Xerideg »an [lgootacio Xehidwv: Kabe 0¢on tov mivaxra petddooaong
TEQLEYEL:

e To "valid bit", mov vmodenvieL av N ewoviri] oehida otV omolo avapeQONaOTE
elval mogovoa 1) amotoo amd T puort| pviun. Evoeyopevn amovaoio tng ewoviuig
oeMdag amd TN Puowxi] pviun Wrogel vo odpelletol €lte 0TO OTL 1] ELROVLXY] OVTH)
oehida elvon mapdvoun (dev yonowpomoleitar, dMAadn to mEdYyoaupa Oev elye
eviohég N Oedopéva exel, ovte Ctnoe va faier xvdtt péom malloc/sbreak), eite oto 6TL
elval vouun pev alld auti) T oty Poloxetal ato 0ioxo nat oYL oTH L.

e Tov aguo ™ pvoxig oeridag (4 bits 010 €00 TOEAdELYHA pag) OOV PoloreTal
QUTT) TN OTLYRN 1) Elrovixt] 0eAida, OTav auTh) Elvol TEo Voo 0T GUOLKT Lviun.

e Ta "bits mpootaciag" (). 3 bits: "rwx"), mwov dnhdvouv T €idovg mpoomehdoelg
emToémeTol va. #xdveL 1 moQovoa dlegyaoto ot AEEElC avtfg g oelMdag
(read/write/execute).

e To "dirty bit", wov deilyveL av o emeEepyaotic dAhaEe N Oyl Ta TEQLEXOUEVO QUTHG
™G oeMoag amd ToTE oV TV dofdocape tehevtaion poed amd To diono —eTOUEVMG
edv yoeldletar ) OyL va yodapovpe to (vEo) meQLeyOpuevd g miow oto dioro Otav
1AIoL0g AMAOG TG ®AVEL "éEmon" (eviction) atd T Lviun.

e To "reference bit", mov TO YENOLWOTOLEL TO AELTOVEYIRO OVOTNUO YA VO, TIQOOEYYIOEL
Tov alyopbpo avuxratdotaong "LRU": oe »dbe mpooméhaorn oty oehdo, o
emeEepyaothg 0€teL autd TO bit, evd TO AettovEyrd oUoTNUO TTEQLOOWA daPAlel
avtd to bits yid va el moléc oehideg yonolporoOnrav mEoohaTa, %KoL OTN
ouvéyeLD Ta undevitet.

"TIovOoES" TTQOOTELATELS EROVIXNG LVIIUNG Elval TT.Y. oL €ENG: (i) TROoOoTAOEL0 eYYQAPNC
oe oehida Omov dev &xym duraimpo eyyoadng (my. oelida read-ony), 1 (ii) mooomdbela
avdyvmong dedopévmv amd oelhlda mov elval, my. "execute-only" (dnA. meQLEYEL EVTOAES), 1)
(iii) mpoomaBela avayvmong pe oxomd Ty extéleon (instruction fetch) amd oehida mov dev
TeQLEYEL EXTENEOLUES €VTOMEG, 1) (iv) QOOTAOEL TQOOTEANONS OLOOOTTOTE MOQOTG OF
oehida "unallocated", dnhadt| mov olte o compiler éfaie exel (oToTind) ®ATOLO PUEQOS TOU
mpoyodupatog (evtorég 1) dedopéva), ovte 1 malloc() enymonoe exel (duvoauxd) ywEO
(4dewa xonong). Tétoles "magdvoues" mooomerdoels mEOoraAoUV TEOWQEO TEQUATIONO TNG
EXTELEONC, LE TO Owelo o OAOVG pag pvupua "segmentation violation - core dumped".

"Amovoeg (aANG vOMLpES)" OeMidES eovirig MVAUNG elval exelveg TOU VAL UEV TO
mooyQoppa €xel vOoupo duxaudpe meoomélaong oe autés (dmA. dev elvon magdvoun M
TOOTEANGT), AALG OUWS TuYOivEL (eite eMAelPeL emoQrOVg VUG, elte emeldT) ToTé péy QL
otrypng dev v eixe TntioeL To mEOYyQOaUUa) 1 oeAida avth) va pnv Poloxetal auth ™)
otiyu] otnv (nevrowi) pviun (RAM) tou vmoloywoti), alld oto (oxined) dioxo.
[Mooomeldoels o amoloeg oehideg MEORAMOUV TQOOWELVY OLAROT TNG EXTELEONG TOV
mooyQdppatos (odpdipa oehidag - page fault exception/interrupt), avaAnym omd TO
Aettovynd OUOTNUOL VO TTQOOKOWOEL TNV Oomo0od OeAd, %Ol ETOVEXXIVIOYN TOU
TOYQAUUATOC "oV va, U ouVERT TimoTa" HETA TNV TIROOXRAULON QUTH).

Awefdaore Yo tig EEamgéoeig/Avaxonég (Exceptions/Interrupts) amd v §4.9 tov Bifiiov.
ITpooéEte Wiaitega 6TL Ta opdipata oehidag TEémeL Vo To avaryvmitel To vMxd ®oL va To
xewolletar meiv ohoxAnomOel 1 exTELECT TNG EVIOAG MOV TA TQOXRAAECE: TOLV YQAWEL 1)
eviolM] load otovV ®aTOXWENTH TQOOQLOUOU 1] M €VTOAT store ot AEEN mEoOQLOUOU, PECH
otV —avOTTEOX TN - 0eAd uviiung. AAAOLIG, TT.)., OV UIToQOVV va. eTovexxLYNOOTUV 0WOTA,
HETA TV TQOOXROWOT TNG AmoVoag oeAdag ad To Oloro, EVTOAES Omws "1w $8, 4($8)"
JIOV TTQOXVITTOUV TT.Y. ATd CVVNOLOUEVES EXYWOT|OELS OTIWG: "p = p->next;".
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Acoxnon 12.4: Movoeninedog Iivaxag Mera.dpoaong

(o) &t 10 TOQOTTAVD xR0 (EEWTQAYUATIRG OTUEQQ) TTALQAIELY IO ELROVIXTG UVIIUNG, HAVTE
Eva oyMUOTO SLAYQOUUA TTOU VoL OEl)VEL TOV ROATOYWENTY OV TEQLEYEL TOV pointer 0TOV
mvoro PETAGQOONS TNG TTOQOVOMS OLEQYUOINS, TOV THVOXO UETAPQOONS, TNV EXOVIXY
devBvvon (20 bits) mwov yevvd o emeEeQyaotilc, Ta medio. ammd Ta omoio auTi) amoteleiTtal,
oTtd OV TEOEQRYETOL TO index oToV mivoro petddeaongs, T dafdlovpe and T Béon exeivn
TOU TVOra, ®oL TOG oUVOETOUE TN PpuoLxrt) dretBuvon (16 bits).

(B) ‘Eotw 0T1, 0T0 TaQoutdive othd i@ aderypd pog, 1 dtegyoota pog éxet tig eEfg oelidec:

o Euwovint) oehida 00: magdvoun (megiéyel tov NULL pointer).

o Euwovint) oehida 01: megiéyer nddna (r-x), nou foloxetor oty puoirt) oerida 4.

o Ewovinég oelideg 02 €mg xau 09: megLéyovy vmOra (r-x), aAld elvol 0rovoes amd T
Puouri) pviun.

o Ewovinf] oehida 0A: meguéyel otatind dedopéva (rw-), nal Poloxetol oty Ppuoiri
oeMioa F, dirty.

o Ewovinég oehideg OB éwg »au BF: mopdvopes (unallocated).

e Ewovint) oehido CO: mepiéyer duvapnd dedopévo. (rw-), xou Poloretar otn dpuowni
oelida 9, dirty.

e Ewovint) oelida Cl: mepiéyer duvaund dedopéva read-only (r--), xon folonetor ot
dpuowxi) oelida 0.

e Ewovinéc oehideg C2 non C3: megéxouvv duvaund dedopévo (rw-), aAld etvor
QTOVOES ATTO TN GUOLKT Lviun.

o Ewovinég oehideg C4 ¢mg naw FD: mapdvopeg (unallocated).

o Ewovint] oehida FE: megiéyxel dedopéva otolfag (rw-), »or Poioretar otn Guoiri
oelida D, dirty.

o Ewovinf) oehida FF: megiéyel dedopéva otoifag (rw-), nor Poloxetal otn Guoiri
oehida 1, clean.

AelEte Ta meQLeyOUEVO TOV Tiivoro peTddpoaons thg dlepyaoiog pog, xweic ta reference bits
oM e Ao Tar o Tediar Tov (256 yoaupés el 4 edio ava YQO Ul —eTTQETETOL 1) X010
OTTOCLWITONTLRMDV....).

(y) Iowtc amd tg moQondtw TQOOTMEMMOES OTLS ewovirés OevBivoelg mov didovron
mpoxaholv opdipa oehldag xor yrori; [Towég amd autég Ba mEoraréoovv TEQUATIONO TOU
TEOYQAUOTOS, WG AavOaoUEVO, ®oL TTOLES aA®MG Oa ®Avouv To AELTOUQYLRO CUOTNUA Vo
déger tnv autnBeioa oehida amd to Oloro naL vo emovexwviljoel to mEoOYyeaupo; Ou
VOLOLTTEG, O€ TOLG puaLrt| dlevOvvor peTadoatovral;

01038 (fetch), OBOF4 (read), CO01C (write), 0292C (fetch), 00000 (read), 99F88
(read), FESDS8 (write), FF100 (fetch), C20CC (write), CDOCC (write), C0444
(read), 01FF4 (fetch), C1FFC (write), 008E4 (write), C7700 (read), 01E40 (write).

Aoxnon 12.5: TTolveninedor Mivaxes Metddpoaons - Owxovouia Xdeov

OL meQLocOTEQES OLEQYAOIES XONOLUOTOLOUV OxeTind Aiyeg amd Tig emovinég Tovg oeAideg,
noL QUTEG ouvoOnhevuéves (clustered) oe peQLrés "YELTOVIES", OTIG OTNV TOQOTIAVM GLOXN O
12.4. Expetolhevopevol auti) Ty 00TTd, LTOQOUNUE VO LELOOOVUE TO YMQO UVIUNG TTOV
notohapfdver o mivarog petadpoaons tg xdbe diepyaoios, ondfoviag Tov o8 HeQLrOUG
WUKQOTEQOVGS TUVARES, 0QYAVWOUEVOUS OOV WA TOAU-eTtimedn) LlegaQyial.

Oewofote 6tL 0TO OVOTHMA Wviung Thg doxnong 124 alhdlovpe tov pOvodod
(novoeminedo) mivoro petddpoaons ava diegyaoio oe deminedovg mivores, wg eEfg. Kdbe
diegyaoio £xel évav mivaxra mEMOTOV emmEédov, pueyébovg 16 Oéoewv. Tov mivaxra autdv Tov
Potorovpe péow TOU YVWOTOU pointer 7OV TEQLEYETAL OTOV OO RATAYWOENTH OV
ovadégape mapamdvw. Xonowpomootue to 4 MS bits tng ewovixig deOvvong yud va
emAéEovpe pia amd g 16 Béoes avtot tov mivaxra. Kabe ovvdvaouds tov 4 avtov bits,
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EMOUEVIIC ®aL ®AOe BE0M avToD TOv Tvara, avtiotoly el oe 16 ewmovinég oelides. Eav xapio
O avTég TG 16 0elideg dev VITAQYEL OTN GUOLKT) PviuT), TOTE ONUELDVOUUE TN BE0N auTH)
TOV JHVOxOo TEMTOV emtédov oav dxruen (valid bit = 0). AAowwg, | 6€on avth Tov mivoaxa
TOWMTOU EMITEdOV TEQLEYEL £VaV pointer o€ €val Tivoxo petddpoaons devtégov emmmédov. Edv
1 ewovix pog detBvvon pag odfynoe oe tétowo 0£€01 OTOV TVArA TEMOTOV EMITEOV, TOTE
yonowworootue to emopeva 4 bits tng ewovixilg dedOuvong cov index otov mvoKra
devuTéQoV emmédov Ommov pag 0dfynoe o mivarog memTov emuEdov. Exel, otov mivaxra
OevtéQov emmédov, foionovpe ta Tend otouyelo yidt T oehida mov Tntdpe.

(afy) Kbvte éva dudyooppa avdroyo mog avtd tng doxnong 12.4(a) yid to dieminedo
oVOTNUA HETAGQAONS QUTH|G TNG Goxnons. Zto (Oto didyoapua, delEte OAOVG TOUG TVARES
dgvuTéQov emmédou mov Ba vrdyovv Yid Tig oehideg tng doxnong 12.4(B). Emilong deiEte,
oha Ta megleyOpeva OAWV TOV VARV UETAGQOONS, TQMTOVU oL OEUTEQOV EMITEOOV.
Befowwbelte (yweic vo Odoete yoamtd Ttnv oamdvinoi oag) OTL TO CUOTHUA dUTO
petapdlel Tig dievBuvoels Tng doxnong 12.4(y) to idlo dmmwg »aw To povoeminedo cuoTnua
NG AOUNONG EXEIVNG.

(0) TIooec Oéoeg pvhung rotohapfdvouv GAOL OL THVOXES UETAPQOONG TOV TTOQOVTOG
Jlemimedov ouoTHuatog Yid ™ dlepyaocian pog o it tig oehideg (P); e oyéomn pe To
povoemimedo ovotmue. g doxnong 12.4(B) vmdoyeL owovouia, 0To YMEO UVIUNG TTOU
notohapPaverol;

Aoxnon 12.6: Iolveninedor Mivaxes Metdgoaong
o¢ éva Peahotino Tvotyna

EmavordPete v doxnorn 12.5(a) —mov fitov oav v 12.4(a) (oynpotind Siaygoppo
vanmv peTadAoNg)— avti T Goed Y& €vo QEOMOTIXO, ONUEQLVO, OUOTNUO ELROVLRTG
HVAHNG:

o O ewovirég dlevBivoels éxouv puéyebog 64 bits. Opwg, yid meaxTrolg AOYOUg, HOVO
t0. 50 LS amd avtd xonotpomootvtal (xmeog ewmovir®mv dtevBivoewv 1 PetaByte ava
diegyaoia...).

o MéyeOog oelidag 16 KBytes. Emopévmg ta 14 LS bits tng ewovixng dievBuvong dev
yoedlovron petddoaon.

o Tola emimeda mvarwv petddpooong avd diepyaoia.

e Kda0e mivanag petdpoaong éxel péyebog 4096 Béoeilg, doa "wortdlel" 12 amd ta bits
ToU 0QLOPOU eovixig oelidag.

e Avvatdtnra eméxtoong éwg 1 TeraByte ¢uowic pviung, dmiadn 40 bits duowi
devBuvon, 1 64 M puowrég oehideg (26-pumtog aQlOuds duvowrng oehidag) emi 16
KBytes avd oghida.

Aoxnon 12.7: TLB, Process ID, a1 Kowvoyonoteg Xehideg

Onwg elmape wow maQomdvm, yud vo yivetor 1 HeTadoaon YONYoQo, YONOLUOTOLE(TOL
ovviBwg évag uxog ratdhoyog Cevymdv ewovixic-puoxig oehdag yid tig mod ouvyvd
yonowpomootpeveg oehideg, o "TLB" (Translation Lookaside Buffer), ogyavopévog cov ua
LUxQT ®QUOT LVir], oUVIBwG TAQMGS TTQOCETAULQLOTIXT).

ITooxelévou va unv ovoyraloOpooTe va orvQdvouue ta meglexopeva tov TLB oe xdbe
olhayt) ™G Olepyaoiag mov TeéyeL (context swap), OEhovpe va wroQotue va £xovue péco 0To
TLB, tautdyoova, Cevydola eimovirnc-Gpuoirng oeMO0s TOMMDY OLOPOQETIRMV OLEQYAOLIDV.
Avt0 6pmg amoutel va oo pe va ta Eexmoitoupe petaEl Tovg, apol Ty ®abe ogLopévn
ewoviny OletBuvon evdéyetor va TNV XONOLWOTOOUV TOAAES Olepyaoies oAMAG Yia
dapogeTirny mngodogion rar xatd Owodogetind 1eo6mo 1 ®dbepio. I'd vo yivetor o
dLaymELopos awtds, ratayoddpouvpe tov agdud diegyaoios ("PID", Process Identifier) poCi
pe Tov aQLiud emoviric oehidag avtig tg diegyaotiag oe nabe Oéom (CevydoL etrovinic-
dvowrig oeridag) tov TLB.
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(o) OewEnoTe A eovirn Lviun pe peyedn ommg tng doxnong 12.4, xal Bewenote 6Tl T0
PID éyeL puéyebog 8 bits (uéyoL 256 tautdypoves dlepyaoies). Oswonote éva TLB peyéboug
16 O¢oemv, pe ARG TEOoETOLRLOTIXT] ToTTo0éTNnoN Levymv (owodmmote Lelryog petddpoaong
wwoet vo uel omovdfmote oto TLB). ITowd media moémer va €xel 1) wabe O€om avtol Tou
TLB, »at T peyéBoug 1o nobéva;

(B) Adote éva agOunTnd maddelypo Tov TANEOUVS meglexouévoy tov TLB otav autd
negLéyel Cevydolo PeTddaong YLa Tig eENg oelldeg:

e Tnv ewovini] oghida 03 tng Oepyooiog 3B (meQéyel nMAMA), ®AL TNV EXOVIXT
oehida 03 tng diegyaoiog B4 (megiéyel data r/w), oL omoieg avapEQovtal og evieMDG
dapooeTinés, oveEGoTNTES duoLréS oEMOES.

e H diegyacio 3B »nou 1 degyaoio 3C amotehov dLapoQETIRES EVEQYOTIOLOELS TOV
ilov meoyeduuatog, Y. 0 (dlog web browser TEEYMEVOS amd OVO dLadpOQETIROTG
yonotes. I'id orovopio (puonig) uviung, To AetTovEyind oUoTNUO ®QATA HOVO Eval
avTiTLITO TOV ®MAKO CVTNG TNG EGOQUOYNS 0T VN, ®oL ®Aver ONeg TG dleQyaoieg
7OV TO TEEYOLVV VA "PAETOUV" AvTd TO HOVAILLO ROLVOYQENOTO AVTITUTIO 0T OLXT) TG
ewovixt] pviun n »ébe pia. Bdhte howtdv oto TLB xow tv eixovixt) oehida 03 tng
dtegyaotag 3C, mov megLéyel Tov (0o nmAmaA pe T oehida 03 tng 3B.

e Bdhte v emovint] oehida FF g diepyooiog 3B, nal v emovixt) oehida FF tng
diegyaotag 3C, mov megExouvv dedopéva otoifag. Omwg elmape, avtés ot dvo
dleyaoieg amotehoUv OLOPOQETIRES EVEQYOTIOLNOELS TOV WOIOV QoY puatogs. ITagd
TO YEYOVOS OTL 0 ®MOWMOG TV 000 CUTMV dleRYaoL®V gival ®owdg, Ta dedopéva
TOUg OpWS elvor dLapoeTind, adol my. Ghho #ndvelL 0 évag yeNoTNG He Tov web
browser Tov, xou GAla 0 GALOG.

e O diegyaoteg A2 nat A3 ovvegydlovial petaEd Toug, ROl EMXROWVOVOUV HECW
nowvoyonotng pviuns: H diepyaocio A2 mapdyer dedopéva mog eneEepyaoio, nal Ta
voadeL oty emovint] Thg oelido C2 (mpootacia -w-). H diepyaoio A3 natavalmvel
o dedopéva mou madyer ) A2, xouw to emeEepydletar. H A3 dwafdler ta dedouéva
outd od TV ewrovixt] oehda tg E3 (mpootacia 1--),  omolo Opwg, pEcw TOU
OUOTUATOS EXOVIXTS UVAUNG, OVTLOTOLKEl oty (O duvown oehida otnv omoia
avtiotolyel now 1 C2 tng A2, MOTE VA EMTUYYAVETOL 1] OUVEQYACI(O TTOLQAYWYOU-
notovalmti] Tov d0o diepyaoiwv. Baite oto TLB oag ®ot avtés tig 000 eiovinég
oehideg.

(y) Ou diegyaoieg 3B nou 3C, mogamdvm, elval TQOOTATEVUEVES 1] W artd TV GAAn; Mmooel
1N pia va dwoPdoet to dedopéva tng AhAng (vhéPovtag £ToL, Y., 0 évag X01oTNng Tov agLipd
TWOTMTIXNG RAQTAS OV O GAAOG TANUTQOAOYE(L OTOV browser TOU YLG WAV 0yOQA HECM
OLadxtov); Mmogel 1 pia va adlowwoel (Yodwet) to dedopéva tng GAANG (TTOLQATAAVOVTOS
€T, )., 0 €VOg XENOTNG ToV GALOV); Mmogel 1 pia va xotaoteéPel (Yoayel) Tov xmiura
™G dAng ("rohhdvtog" €tot, Y., 0 évag xoNotng tov aiiov); Ilog eEaodparilovue v
emBuunti moootaocio. zoL aveEogtnota petaEl avtdv twv o degyaoidv, eva
TOUTOYXQOVA RAVOUUE ROL OLXOVOUIOL PVIIUNG XQATOVTAS VO HOVO Guond avil{Tumo Tov
1O TTOV AVTES TEEYOVV;

Toomnog Iagddoong

O mpotiudpevog Tedmog maeddoong elval on-line, oe popdi) PDF (udvov) (umogel va eivor
UELUEVO UNYOVOYQAPNUEVO T)/raL "OROVAQLOUEVO" (ELOYQOPO, alhd udvov oe pogdt) PDF).
[Mogadmote péow submit ex12@hy225 [directoryName] éva 0Qyelo ovopott ex12.pdf
mov Ba mepiéyel Tig amavtnoels oac. (Edv dev pmopeite va mopadwoete on-line PDF, 6a
yivetal denTi) —av nat 0L TQOTLUOUEV— 1aL TAPddooN O XaQTl, aAhd veiteQa, 0TV MO
TOU HOOTUATOG TNG NUEQOUNVIAS TOQRAS00TG).
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