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Yepd Aoxnosov 12:
Ewovixn Mvijun (Virtual Memory)

IMooBeopia éwg Asvtépa 16 Maiov 2022 (BS. 12.1) dpa 23:59 (amd BS. 10.3)

Bipiio (EAANVIrO, éxdoom 4) - dwofdote to €ENG:

* Xelpopog EEatpéoemv rat Aloxommy oto VAo evog eneEeQyaoti): §4.9, oel. 448
- 455 (T0 peoaio xoudtt, ogh. 452-454, umwoeite vo to meQAoeTe "ota Yo yoea").

* Ewovixn) Mviun: §5.4, ogh. 571 - 602,

* §5.5, oeh. 602-611 (éva ®owvO mAaioLO YA LeQaQyies LvNUNG): xonowwo Béuo yud
TEQALTEQM RATAVONON, AALE EXTOS VANG 0uTOU TOV HolOUaTog.

o Ewovinég Mnyavéc (Virtual Machines) - §5.6, oel. 611-617: pmwogeite va Tig
meQAoeTE "oTO YO Yo", v RO €lval onuavTivd OERa TNG OMNUEQLVTIS TEXVOAOYLAS
OV TQETEL VAL EEQETE TEQ( TIVOG TTQORELTAL YLA TNV TTEQOUTEQW OTAILOOQOMLN OULG.
Awodavereg amd 1o Ayylro Ppiio yid to redpdhowo 5: Potoxovrar (PPT) oto
www.elsevier.com/__data/assets/powerpoint_doc/0005/273713/Chapter_05-RISC-V.ppt

12.1 Ewovwxn Mvijun: Xtoyot g

Aeite ) Awadpdvera 68 Tov (Ayyhrov) Bpitov.

O mowtog xrotr PaordTEQOS O0XOTOS TOU Unxaviopol ts Ewoviriig Mviung
(Virtual Memory) eivor va Oiver v evtumworn o€ ToAlamhovg "yenoteg"
("mooyodppata'") Ot €xouv "OAn T pyyovip own tovs". To PaowmdteQo
YALQOXTNOLOTIRO TOU OTL TO ®AOe MQOYQaUUO "VvOorLTel OTL £xeL OAN T PNy oV Ounn
tov" elvon OtL To ndBe mEOYQOUHO BewEEl OTL OLOLOVTOL VO Y ONOLULOTTOLT|OEL TNV
oL dnmote dlevOvvon wvHung, cov va Ntav OAN 1 Lvijun Owxt] Tov, ®aL OOV Vo, UV
vITNEYOV GALa TEOYQAUUOTO TTIOV TEEXOVV (0%edOV) Tavtdyeova. O unyoviopog
g Ewovinng Mviung ndver mote o Xawpos AevBvvoewv (Address Space) tov
7100e  TEOYQAUMATOS VO elval OLPOQETIXOS KAl YWELOTOS ad TO  Y(MDQO
dLevBvvoewv Tou AAAOV.

H povdoda "mpoyodppatog 1 xonot" mov Bewel OTL €xel OAN T Py ovi) O] g
opopdletor Awggyaosio (Process) (1) xoud ¢oed nouw "medio mpootaciog" -
"protection domain"), koL omotelel "éva mEoOYoouua. AlapoeTinés dieQyaoieg
WoQel va aviirovv og dLadoeTRoVg avOQMITOVG-YEN0TES, OTTOTE %ol OEAOVUE VO
mpooTaTevOVTOL 1 o amtd TV AAAYN OLOTL 0 ®&BE ENOTNG WToEEl Vo BEAeL vau el
WOLOTKES (EUMOTEVTIRES) TANQOPOQIES TOU vo. pnv UmoQel vo Tig PAETEL 1)
VITOXAETTEL O AALNOS. Mimogel Opmg emiong OLopoQeTInég dleQyaoies va. avirouv
0ToV (010 AvOQWITO-YE1NOTY, AAAG ROl TTAAL VO OEAOVUE VO TLS TTQOOTATEYOUUE TN
piar amd v AhAn, Y. yud oxomovc modularity (TOXTOTOMOT TWV TANQEOGOQLOV
7notd opadeg) nouw debugging: edv "yahdoel" M pia depyaoio, va ouvveyioel vo
dovievel 1 dAA. Ztnv (Ol TEQimTmOon aviHouV ®aL OLOPOQETIXA TQOYQAUUATAL,
OV O TROYQOMUATIOTHS TOvg Bewpoloe OtTL To ®obéva TEéYeL LOVO TOU, %Ol
notéMEav va teéyovv poli. IMogaminowo —av xar diapogetnt] amd dmoyn
OXALMUATWV KL TROOTACIOG— €lval ral N megimtwon wdg "depyaoiag yonotn"
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o' evog, noL Tov Agrtoveywot Zvothuatog (Operating System) amwd v GAAN: TO
Aettovyrd ovotnua elval oov pd ahAn diegyaoio, mov €xel oav oxomo vao fonoa
®naL vo ouyyeoviler Ohes Tig dLdpopeg depyaoies Twv yonotdv. AMAN meQiTTTwoN
etvow 000 OlopopeTinég dleQyaoies va eivol To (OL0 PEV TQOYQOUUD, TTOU OUMG
TOéYEL 08 dLopogeTind Oedouéva nabe Gpod —m.y. Eextvdue évav compiler yud vo
HETOPOACOVUE VOl TQOYQUUUO, %OL TIOLV TeAELWOEL EavoEextvapue €va GALO
"instance" Tov (OLov compiler Y14 Vo peTaAPQAoEL £vVo GALO TQOYQOLULOL.

H dvvatdtnta tov emeEeyaoti) (evvoolue Tov xa0e éva muonva, 6Tav WAdUE Y6
moAvmuEoNvovg (multicore) emeEeQyaotéc) va Olver ™V evrimworn OTL TEEXEL
(oyedov) "tavtoyoova" molhamiég depyoaoieg Aéyetor IMoAvmgoyoaupationog
(Multi-Programming), »ouv omiletar oto Ot1L oL emeEepynotég elvar oAy
YONYOQOTEQOL a0 TOVg OvOQMIOUS: TEEYEL TOTE TN Mo ®now moTe TNV GAAY
depyaoio, amd Alyo tv xdbe pio, odAhd Tig evolldoel TOOO YQETYOQM TOU O
avOpmmvog xonotng Oev PAEmel v evalhayn oL VOWTeL OTL QUTéS TEEYOLV
tovtoyoova. INd va evaildoovror petaEl Toug oL dleQyaoleg YQMNOLULOTTOLEITOL
Baowmd o pnyaviopos tov EEawpéocwv/Adiaxomawv (Exceptions/Interrupts) —3h. §4.9
tov BiAiov.

H ewmovixy) pviun, oov teomog va divel v evtimwon otnv xdbe diegyaocio OTL
éxer TN "pnyovi) Ot TS, omotehel €W TEQIMTWON TOU  YEVIXOTEQOU
unyxoviopot s Ewovixomoinong (Virtualization) —fA. §5.6 tov Pipiiov. H
YEVIROTEQT OUTH] TEQITTTMWOT TV "emovirdv unyoavav" (virtual machines) Olvel
duvatotnta oty ndbe diegyaoto Oyt povo va (vouiter OtL) €xer ™ pnyovn S
™G, aAAG emITAEOV 1oL va €xeL To Od TS AettovQyrd Z0oTnua, aveEAQTNTO %KoL
eVOEYOUEVIS OLOPOQETIRG QIO TO AELTOVQYMO OUVOTNUOL TIOV €Youv oL dhheg
Olegyoaoleg - €MovIrég PNYAVES TTOU TEEYOUV TAUTOXQOVO TAV® OToV (dLo
emeEeQyaoTy).

O 0gvUTEQOS 1Ol OLAPOPETIROG OHOTIOC TNG ELOVIXTG UVIUNG €lvor Vo AettovQyel
oav éva emmhéov emimedo g legaoyiag Mviung petaE0 ®eviouuig Kvhung
(DRAM) now poviung (non-volatile - pn wenunng) pviuns (oxAnoot dioxou 1
pviung flash). Me dhho AOywa, 1 ewxovixt] pvijun oivel ) duvatotnta oty nabe
olegyaoio va "PAEmel" xMEO UviUNg HeYOAUTEQO A0 TO AOPUATL TNG PUOLRTG
pviung (DRAM) mov ovtmg g dwatiBetor. [Tag' 0t 0 o%omdg avTodg elval eviehmg
OLapoEeTIROG amd TOV TEMTO (MOAATAES OleQyaoieg), Tuyaivel Opmwg ot tdol
punyoviopot vMxot (hardware) vol WtoQoUv TavTd)QOVO VO, VAOTIOL|COUV %Ol TOVG
010 oxomovE.

Mud ovvémelo Tmv 010 TRONYOUVUEVMV OROTIMV EIVAL TO TTQOPANULO TOV TERAYLOUOV
(fragmentation) tmg pvNung, To omOLO0 —%oL AVTO— TO AUVOUV OL (dLoL PNy ovVIoHOL
™G emovixng pviung. O Tepaylopos TG Wviung mooxirttel amtd To 0Tl dLddoQEg
olepyaoieg Eentvdve xnal teheLvouy o€ OLoPOoQeTINES OTLYUES, ®aL xAOe d o
TELELDVEL OLPTVEL KO KAWTOOES "TQUIES" QIO O ONOLLOTTOL T (TTAEOV) pviun exel
OV JIQONYOUUEVIS CUTH ®OTElE now yonowwomowovoe pviun. Emiong, otav
) yovoéQyovtol oto dioxro (1 otnv flash) xopdtia pvinung wdg diepyaoiog mov
oev ywedve otnv DRAM, dnwoveyotvrat "teimes" otn DRAM amd to ®opdtio
mov petoxoitovv oto dioro. Ou pnyoaviopol g emovirf|s uvihung oivouvv
duvatoOTnTa YL enymEnon pviung (.. péom malloc()) mwov potdler va ammoteheiton
aTtd oVVEYOUEVES OLEVOVVOELS EVI) OTNV TTQAYUATIXOTITO ALTTOTEAE(TAL OLTTO KOUATLOL
7OV PolorOVTOL RATECTTOQUEVA "edW %L eXEL" 0T GUOLKY) LVTUY).
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12.2 TomoBétnon zou Avevpeon Xehidwv: [livares Merddpoaons

Acglte Tig Awadpavereg 69-74 tou (Ayylrot) Biiiov.

Enewdn o aotoyies g DRAM —edwpévng oav Pabuida g tegaoytag wvnung—
eEVEETOUVTOL atd TO O®ANEO Oloro, %ol AQa %ooTiCouvv TEOYWRA TOAD
(exoTopUOLOL XOUAOVG QOAOYLOT TOV EMEEEQYOOTI)), TTRETEL TO TTOCOOTO AOTOY(0G
va yivel mdpa moAv younho. T'd va emtevyBel avto, meémer | tomoBétnon Twv
oeMOwV va gtvor TOAD evéMnt -0V Hag ®AVEL O TQOTOG IOV EVOL 0QYOVWUEVES
oL XQUDES UVIIES, OAV OUVOYETLOTIXES HEQLXMV OQOMMV, dLoTL avTO Bal €dLve TTOAD
uxet evelM&lo otnv emAoyn tov "OLpatog" mov Oa avurortootabel yud va
déoovpe éva véo "UmAOr" MEEEWV, e ATTOTEAETUO OUY VA VO Ol VouvTaL "UITAO%S"
ov to. yoewlouaote. Etol, avtifeta amd tig ouvnOopéves xQudES uviueS, 1
ELXOVIXT) VNN Aettovyel oov "mANemg ovoyetiotkt]", ONAadl To 0L0dTToTE
"wwhoxr" AéEewv amd to dtoxo pmogel va tomobetnOel omovdote otnv DRAM.
Avto, puowd, Ba éxave TNV avalntnorn eEogetind damovnor) edv Emgeme va
ovalnroivpe to "umhox" movtol, yI' avtd M avalhtnom yivetar allolbg: e
"mivoreg petddoaons” mov rotoyeddouvv mol Poioretol To ®dOe "UTAOR".

Emeldn) n ®d0e mooomélaon oto dtoxo xootiler oAl (yoovixd), Bélhovue va
"amooPéoovpe” ouTtd TO %O0TOG nAvoviag TOAAT dovield xdBe ol mov
Yyoivoupue 0to OlORO, EXUETOALEVOUEVOL TN YWELXT] TOTUXOTNTA ®OOWDS ®al T
YOLQOXTNOLOTIRG TOV OiorOU (TTQOOTEAOON OLVVEXOUEVOV AEEEWV €lvol TOAD
YONY0OTEEN Ot 600 TuYaiwVy AéEewv). 'ETot, To "uwmhon" g tepagyliog pviung
uetaE0 DRAM o diorov eivor mohl peyahiteQo ot 600 TOo WIAOK (YQOLULT) TWV
1QUOOV pvnuov. To "umhon" g tepagyias DRAM-0lonov Aéyeton Xehida (Page)
now eivor ovvnBwe 4 1 megrocotepa KBytes, wow 1 tdom elvar vor peyohmvel pe to
yoovia. ‘Evog deitepog Paoinds (uahhov xan faotxdtepos) Moyog yid Tov omoio
Oéhovpe peydho umAOxg (0elideg) otV ewovixt] pviun  elvar 0Tl €tol
OLEUXOAUVETOL %Ol ETUTAYVVETOL O WNYOVIOUOS OaVEVQEONS TOU UTAOX  TTOU
Payvouue xabe Gpoed, ONradi N petddoaon oeAdwv mov Ba TOVUE APETHOS TMQO.

O PBaowmog TedTOS Aettovyiag TG etrovirng uvnung eivoe o e&Ng. Kébe dietBuvvon
LUVIUNG IOV YEVVA 0 eMeEEQYOOTHS —ONAOT) TO TEOYQOUUOL TTOV TOEYEL— BemElTal
g "ewovixi devOuvvon", nou petadeateton oe dv dihr, "puvowxr dievBuven',
mpoto¥ dobel oty wviHun Yid va emheyet  AEEN TV omota teMxd Bo mpoomeLd.oeL
to mEoOYyappa. H petddoaon avti) elval n ovvdotnon mov "avevgiorel" tv ndOe
AEEM, ONhad auti) mov pog Aéel ol ot duownt) pvnun €xel tomoBetnOel 1 ndOe
ewoviny AMEN. H ouvvdgtnon avti) Ba fitav mavdxoPrn ebdv dovieve mdvew oe
nepovouéves AEEELS, aALG €xel Aoynd ®OoTog emeldn dovAevel mlvw oe (Leydleg)
oehdeg. H pgbodog avti) avalnimong xar avevpeong Pmhong 0ev Oa dotieve yid
™MV ®eUdN pvhun, AMOyw tov (oyetrd) uxQol peyéBovg twv "yoouumv' g
RQUPNG UVAUNG, xaw TG exel amatotuevng TayxvTntas. Oumg, dovhedel wd yaed
VU8 TV eovixt] pviun, Aoyw tov "xOAmov" tov TLB now thg Aettovylog tov ev
TOQOAMA® pe TNV ®QUPT pviun, 6mwg Bo molue mopaxdtw (§2.7). H petddpooaon
oLevBivoemv eEumnpetel TOAOITAOUG OROTTOVG TOUTOYQOVAL:

i. Botoxer mov €youv tomoBetnBel ot Puvowry) puviun ov oeMOEg €LrOVInTC
LVT|UNG TTOU X QNOLUOTTOLOVVTAL TTEQLOCOTEQO €T TOV TTALQOVTOG, VW OOES OgV
YwEAve otnv vmdoyovoo ¢uowxi] uviun Poioroviar oto dtoxo —OMAaom)
vhomotel TV Legayia pviung peta&l DRAM zou diorov.

ii. Metagpealet Tig ermovinég dievBivoelg Tng »vdbe diegyaoiog oe dradooeTinég
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duownég devdUvoelg yud Ty ndbe diegyaoio, xL £ToL VAOTIOLEL TO OLoLYMOLOUO
%Ol TNV TQOOTOOLN UETAED OleQydoldv (eXTOS TV TEQUITMOEWY IOV
Béhovpe o depyooleg vo emrOVOVOUV HETAED TOUG UEOW %OLVOYQNOTNG
pvnung (shared memory)).

iii. EAéyyer 6tL 1 diepyaoio mou toéyel el Oatlmpo Vo AVEL TNV TQOOTEAAON
mov  Intd  (avdyvoon/eyyoodi/extéleon) oty  devbBuvon mouv  Intd,
Pehtiwvoviag £ToL andun TEQLOCOTEQO TNV TTQOOTACIA TWV OLEQYOOLDV.

H petddoaon devbivoewv yiveton amewnoviCoviag ohOxhnoes "oehides" (pages)
ELXOVIXNG UVIIUNG O 0AO%ANEES duowrég oeldes. To péyebog Ttwv oehidwv eival
mévro dUvoun Tou 2, ®ou QUTéS elval TAvTo evOVYQAUUIOUEVES OTA YUOLXA TOVS
oota., OAadn Eextvoiv mavta og dlevbUVoeLg IOV elvol axéQalo TOALATAGOLL TOV
peyéBovg Toug, TOOO OTO YMWEO TWV EXOVIXMDV OC0 %OL O EXEVO TV GUOHOV
olevBuvoewv. OewEnote To €ENg WxEd (eEmmoayuatind ofueoa) ocloTnua
ELXOVIXNG UVIUNG, ooV arthO mapdderypo. Emouévog, n "oxetixy)" dtevBuvvon wdg
moooTNTOS HEoa og wo oelida, To Aeyouevo page offset, elvar mévto to VITOAOLTO
™¢ dwaigeong g amdlvng devBuvong dud to péyebog g oehidag, dnhadn ta
log,(PageSize) to miOog LS bits g OwetBvvong, now avid elvar to O
(QUETAPOOOTA) TOOO OTO YWEO TWV EOVIXOV 000 %OL O' EXEVO TOV GUOKDOV
devBivoewv. 'Etol, Bewphote to €Efg unred (EEmmoaypatind ofueoa) otoTnua,
ELROVIXNG WVIIUNG, OOV aTTAO To@aderypaL.:

o O etrovixég devBivoelg éxouvv péyeBog 20 bits (ONA. elval mevioyndleg oto
denaeEadnd ovotnua), doa 0 XHEOg eovixmv dlevbivoewv eivar 1 MByte
ava Olepyaota.

e MéyeBog oehidag = 4 KBytes, doa ta 12 LS bits »&dBe detOuvvong (3 LS
denaeEadumd Ynoia) emudéyovv 1 byte péoa ot oehida, evad to vroOAoLto MS
bits vTOONAOVOUV Y& oL oehida wAdpe. Etot,  »dBe diegyaoio €xel 256
emovixég oelidec (1 MByte / 4 KBytes = 256).

e H ¢puown pviun eivor 64 KBytes, doa oL puoxég dievbivoelg amoteholvial
amd 16 bits (4 dexaeEadind Ynodlia), emouEvmg vtdyovv 16 puowrég oelideg
(64 KBytes / 4 KBytes = 16).

Tote, N petdpoaon s eovirig oevbuvong, my. g FE210, otnv avtiotowyn
duownn yivetan og eENg:

o XwoiCovpue v etrovirt) diebBvvon ota 12 LS bits, mov vmodniodvouv to byte
puéoo oty oehida (edw: 210), xwow ota 8 MS bits, mwov 0QiCovv TNV eLrovirt
oehida (edm: FE).

e Ta 12 LS bits (210) 0ev ypewdlovtor petdpoaorn, adol amewmoviCovue
olOnANEeS ewmovinés oelldec oe OAONANQES PuOorEG oehideg, naL OAEG OL
oeMOeg elvar evBuyQapOUEVES 0T PuOoLrd OQLE TOVG.

e Ta 8 MS bits, ONAad1 o aOuog ewovixig oehidag (FE), yonowpomorotvial
oav index otov mivaxa petddpaong (page table) Tng depyaotiag (process) Tov
Teé€YeL avTh) T oTLypn. O mivaxrog avtog Exel péyebog 256 B€oelg —00eg nal oL
EOVInEG 0eMOES avd Olepyaoia. Ymdoyel ymELotog mvoras UETAPQAONGS
Yid 2d.0g dregyaoio, £Tol mote 1 ndBe diepyaotia vo LWroet va €xel TIg Onég
™G, OLaPOQETIRES, PUOLKEC OEMIOES, TOQA TO YEYOVOS OTL XONOLUOTOLEL (dLES
elovirég dlevBivoels e Oleg tig dlheg diegyaoiec.

e 211 0¢om FE tou mivanra petddoaong, 6mou pog odnynoav ta 8§ MS bits tng
erwovixig deBvvong, vrdeyouv TAneopoies —Omwg Bo TOVUE TAQARATW—
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& va eléyEouvpe av 1 emovixt] oelida FE mov Bélovpe vadoyel oty duoini
LV, 2oL oV €xouue duraimuo vo TV TeoomeAdoovue Omwg Tntd M
TOéY0VOa OleQYaaiaL.

o >t dwa Béom FE tov mivaxa upetddoaons Poiorovue tov aoBud g
duownng oehdog 6mov Poloretar vt TN otryui M ewrovint] oehida FE. Zto
ToQAdeLYud pag, vrdeyouvv 16 ¢vowrég oehideg, doa o aQlOUOS puonig
oelidag éxer 4 bits. "Eotw 0tL fofjrope tov aobud A cav agdud dpuorig
oeMO0g. Ze autOv xohdue ral to 12 apetddoaota LS bits tng ewnovinig
deBvvong (210), xar dtdyvovue €tol Ta 16 bits g duowxig devBuvong:
A210, oto TaLeAdeLyId HoLS.

12.3 Tlgootacio Mviung, Aettovgyzo, EEagéoseis:

Awyoorwopos zou Igootacia Awggyoowmv: Kdabe diepyooio €xer to dwmd g
mvaro peTddpoaong oeMOmV, xmwELoTd ®oL AVEEAQTNTO aTd eXelVOUS TV GAA®V
dLegyaotmv, xou avtdg 0Qilel molég oehides umopel va mpoomehdlel 1 dieQyaoia:
oedopévou OtL xdfe mQOOTELAON UVIUNG TeQvdeL amd TN UeTddQaon auTh, M
olegyaoio etvor advvartov va mpoomehdoel puowrég oelMdeg mov Oev €youv
tomoBetnOel oToV Tvara PeTddpoaons ™e.

_Process A Physical Physical Memory Two Processes, A and B,
V'gt“a' Memory Page Number ——0 instances of a same program,
1 1solated from each other,
= private data except for a shared data page
9] 5 2 Process B
= o Virtual Virtual Memory
3 3 Page Number —0
o 3
= P
o private stack_4 -—x 1
s 4 ¢
£ i 5 2
> 5 on disk «——2— "1 o
6 r—— 3
6 shared data (input-only)
4
7
o |
8 5
Page Table of A .
V Prot D R Phy.Pg# shared text (non—writable)
- 9 6
] I ——
1 —=x 8
211 | rw— 1 A rw— /|I¢
310 | r—— <disk addr>
a1 =w= 6 5 physical addréss: B1C T
50| —-— lc virtual address: 71C
60 —— private stack 1C is the offset-within—page
701 | rw— 4

210 oynua paivovror dvo diegyaoieg, A now B- 1 nabeud tovg PAEmeL To dnd g
X0QEO emovirmV devBivoemv (Yaldliog yid v A, mpdowvog yid v B). Ta Béhn
Oelyvouv molég ewovinég oelldeg tng nabedc Toug €xovv tomobetnOel oe moLég
Puownég oelideg g pviuns. Ou oelideg oe yompa My elval adQaTeS TOOO YId
™mv A 600 »ou yid tnv B. Emiong ¢aivetor now o mivarog petddoaong s A
(avéhoyog eivar nwow Tng B). H oehida pe tig evrohég ("text", moootaotia execute-
only) elvar xouvr), emeldr] vmotiBetar 6tL o A now B elvan instances tov 1diov
mooyodupatos. Emiong, n puown oelida 6 eivar xowvi) peta&d tov A wow B emeldn
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ovtég vmotiBetal 6t ovvegydloviar (avrarlhdoovv dedouéva) pEow OUTNG O
ouTO TO TOEAdELYUO, | A Taedyel dedouéva xow T YoAdeL (Lovov) exel, n 0 B
1OTOAVOADVEL AVTA Ta Oedopéva, OLofdlovids Ta (LOVOV) Ao exel.

To hardware tov emeEeQyaoTy] PolOREL TOV THUVOKRA UETAPQAONS TNG TEEYOVOUC
olegyaoiog amd ™ (dpvowr)) OetBuvorn Pdong tov mvaxo avtov, OV Elval
YOOUUEVT (OO TO AELTOVQYMO OVOTNUA) O €vav €rd  RATOYWENTI] TOU
oVoTNUATOG Olayelpong pvAung —OxL oto xravovird register file. Otav o
emeEeQyaoTtng ToéxeL oc "user mode", Oev EMTOEMETOL VO YOAPEL QUTOV TOV
1OTOYWONTY, OVTWG MOTE VO NV UToQEel Vo voxQLOel 6T elvar AhAn diepyaoia,
ONAadY) va. unv Wtoel vo amoxrtioel TeOofaor ot wvnun GAAmV OLEQYOOLDYV.

IMgootacio Agttovgyxov Tvotiuatos: O moamdvem el0rOS RATOYWENTIS TOV
710000(Cel TOV TEEYOVTA THVOra PETAGQAONS —ONAAOT TNV TEEXOVOA OLEQYOIO—
elvol TQOOTELAOLIOG ATTO TOV EMEEEQYAOTI] LOVOV OTAV 0 emeEeQyaoTng PotoxreTal
oe "kernel mode", OnMAad” TEEXEL TO AettovEywrd ovotnua. Kdébe eEaipeon
(exception) —TEQIAAUPAVOUEVOU %OL TOV ROAEOUATOS OVOTNUOTOS (system call)—
aroOnueveL TV tohd ratdotaon (user/kernel) otnv omola €tpeye o emeEeQynoTig,
ol Gpégvel tov emeEepyooth) oe kernel mode. 'Etoi, o trap (exception) handler
entelelton mavta og kernel mode, evad 0 pOVOG TEOTOG YLl £val Mot VA PEQEL TOV
emeEepynotn oe kernel mode elvar vo mooxohécel eEaipeon, extehdviag wav
€VIOAT system (environment) call —xdtL ooV TAQAVOUN €VIOAN TOU TQOXOAEL
eEalpeomn, ald ov To AetTovEYIrd ovoTna E€pel OTL mpooiletal oav system call
7noL OYL ooV oAl oQdvoun €vtoA] AOYw TEOYQAUUOTIOTIROU opdipatog. To
NOAEOUA OVOTNUATOG elval emitndeg PTIaYUEVO var ouUTEQLPEQETAL OOV eEaiQeon
(exception), now Oyt oav amhd rdieopo dwadiraciog (evioAr jal), oltwg wote M
€(0000g 0TO AetToVEYLRO CVOTNUA —TTOV TREMEL va. Yivel o€ kernel mode— va yiveton
uovo oty meoxaBooLopévr dievBuvon Tovu trap handler, xouw Oyl og oladNTOTE AAAY
ovBaipetn OeBuvon Ba pmogovoe vo Tntinoel évag raxdPoviog xE1NoTNg
TIQORELUEVOV VO TIAQOXRAUPEL TO MEQOS EXEIVO TOV AELTOVQYLROU GUOTHUATOS TTOU
HAVEL TOVG EAEYYOVGS TOV €AV O ¥ONOTNGS £xEL Oralmuo va Tnthoel outd mov TNntd.

IMogovoes/Anovoes Xehides »zou I[lgootacio Xehidmv: Kdabe 0¢on tov mivara
LETAPOOONG TTEQLEYEL:

e To "valid bit", mov vmodewmvier av 1 ewovixl] oehida otV omoio
avodpeopooTe elval magovoa 1) amovoo artd T Guownt) pvnun. Evoeyouevn
QITOVOLOL TNG EMOVIXTG OeMOS amd TN duowt pviun wroget vo opeileton
elte 0To OTL M etrovirt] aut) oeMOa elvor apdvoun (Oev YONOLUOTOLETAL,
ONAadN to EoYeaupa dev elye eviohég 1) dedouéva exel, oUTe Citnoe va
Pdarer natL péow malloc/sbreak), eite oto OTL elvar vouun pev alhd auti )
otwyur) Poloxetal oto dioxo nan OyL oTN Lviju.

e Tov aOud g Guowils oeridag (4 bits oto €dw mOEAdeELYUA HOg) OOV
Poloxetor auth TN oTLYUi M €ovixy] oghida, otav auti elval magovoo 0T
duout) uvium.

e Ta '"bits mgootacias" (my. 3 bits: "rwx"), mov OMAdvovv TL €idovg
TOOTEAAOELS ETUTQETIETAL VO RAVEL 1] TTALQOVOA, dleQYa ol oTig MEELS AUTHG
g oeloog (read/write/execute, dnAadY): load/store/I-fetch). Ag vmoBéoovue
OTL vOMpeS oANG amovoeg oelideg €xouv TouAdyloto €va avopévo bit
mpootaotag (aAld V==0), ev) maQdvoues (1oL EMOUEVIS amoVoeg) oeAOeg
gxovv ofnotd Oha ta bits mpootaciog (xat emmmhéov vow V==0).
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e To "dirty bit", mov deiyveL av o emeEepyaotng dAaEe 1) OxL T TTEQLEXOUEVAL
ouTig TG oelidag amd tote mou TV Olofdoaue televtaion Good amd To
dloro —emopévmg eqv yoetdletal N OxL va. yodpouue to (VEO) TEQLEXOUEVO
NG WO 0To Olo%o ATV RATOLOS AALOS TG ®dveL "éEmon" (eviction) o T
pviun.

e To '"reference bit", mov to YENOLwomOLEl TO AettoVEYMO oVOoTHUO YUd VO
mpooeyyioer Tov alyoolbuo avtiratdotoaong "LRU": oe ndBe mooomélaon
0T oeloa, o0 emeEeQyaoTc B€TeL avTO TO bit, EVO TO AELTOVQEYIHO CVOTNUOL
meQLodd OLofdlel avtd ta bits yud va del molég oehideg yonolpomodnrav
TEOOPATA, ROL OTY) CUVEYELX TO UnOeVITeL.

"TTapdvoueg" TEOOTEAAOELS ELXOVIXTG UVIIUNG Elval TT.y. oL €ENG: (i) mEOooTAOELn
eyyoadns oe oelda 6mou dev €xm dwaimpa eyyoadns (m.y. oehida read-only), 1
(ii) mpoomdBelor avayvoons oedouévov amd oelida mou elval, my. "execute-only"
(OnA. TeQLéxeL eVTOhEQ), 1 (iii) TEOOTADEL aAVAYVMWONS UE OXOTO TNV EXUTENEON
(instruction fetch) amd oelido mov Oev meQueEyeL extehEéolues €VTolés, 1) (iv)
TEOOTAOELD TTQOOTEANONG OLoONTOTE HOEOTS 0e oehida "unallocated", dnAodN
mov ovte o compiler éBale exel (oTaT®A) ARATOLO UEQOG TOU TTQOYQAUUATOG
(evtorég 1| dedopéva), ovte 1 malloc() exymonoe exel (duvapunrd) ymeo (ddela
xonong). Tétoleg "madvoues" mEOOTEAGOELS TTQORAALOTVV TROWEO TEQUATIONO TNG
extéleons, Ue TO owelo oe OMOVG pog unvupo "segmentation violation - core
dumped".

"Amotoeg (AAAG VOLLPES)" 0eMOES ELXOVINTIC UVIUNG Elvol EXEIVES TTOV VAL UEV TO
TEOYQOUHO  €xeL VOUO Owoudpa eoomEhaons oe autés (Onh. dev  eivan
TOQAVOUN N TROOTEANON), AAAG OPmG Tuyaivel (eite elhelPpel emaQrovg Uviung,
elte emeldn moté péyoL oTLyung 0ev TV elye TnTioel To TEOYQOUUA) 1 oeAida auTh
va unv Peloxetal outi) T otryur) oty (revigud]) pviun (RAM) tov vmoloyloti,
oA oto (oxAnpd) Otoxo. Ilgoomeldoelg o€ amovoeg oehideg TQORAAOVV
TOO0WOEWVY SLOKOTI TNG EXTELECNC TOVU TROYQAMUATOS (OPAaAuo oeMOag - page
fault exception/interrupt), avaAnpn owd 1O AELTOVEYLO OVOTNUO VO, TTQOOKOULOEL
TV amoVoa OeMOO, ROl ETAVEXX(VION TOV TROYQAUUATOS "OOVvV VO U1 OUVEPRT
timota" PETA TNV TQOOKROOY QUTH).

EEmpéoeig/Avanonég (Exceptions/Interrupts):

Awafaote yid avtd to O¢pata and Ty §4.9 tov (EAMAvizov) Piiiov nou deite Tig
Awadpavereg 86-90, 92, nat 96-97 tov xepoaraiov 4 Tov Ayyhxotv Piiiov.
[TpooéEte Wiaitega OtTL ToL oPAlpaTo oeMdAS TEETEL VO TAL AVOYVWQEITEL TO VMRS
2Ol VO, TOL YELQICETOL TRIV OAOXANQEWOEL 1 EXTELEON TNG EVTOAG TTOV TO TIQOXAAEDE:
oW yoduper m evtold| load otov ®ataymENT TEOOQLOMOU 1) 1) €VTOAY] store 0T
AMEEN mEOO0QLOUOV, pEoO OTNV —ovOTEaxTn!— oehida pviiung. AAlowmg, m.y., Oev
UTTOQOVV VA, EOVEXRXLVNOOUV 0wOTd, HETE TNV TIQOOXOWON THS AoV oag oeAd0S
amd TOo Olono, eViOhég OmMwg "lw $8, 4($8)" OV TEOXVITTOUV Y. OO
ovVNOLoPEVES EXYWENOELS OTIWG: "p = p->next;".

Aoxnon 12.4: Movoeninedog Ilivaras Meradpoaong

() Oempnfote T0 TOQATAVED WKrEO (EEmmQayuaTinG) mAQAOELYU ELROVIXNG
pviung g §12.2. Kavte yid avtd éva oxnuatird OudyQouua tov va. Ol VeL Tov
NOTOYWENTY| OV TEQLEYEL TOV pointer OTOV Tvoxo UETAPGEOONG TNG TOQOVOUS

dlepyaoiog, Tov mivaxa petddoaons, TV ewovixt) otevBvvon (20 bits) wov yevvd o
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emeEeQy0oTNg, Ta medion amd Ta omola AVt amoTeAElTOL, OTTO TOV TQOEQYETAL TO
index otov mivaxra petdpooaong, Tt dtafdalove amd ) B¢on exelvn Tov mivaxa, xol
g ovvOEToupe TN dvort) dievBvvon (16 bits).

() "Eotw 61, 0T0 mo0atdivey artho mooderyud pag, 1 dteQyaoia pog £xet tig eENG
oelideg:

e Ewovini) oehida 00: mopdvoun (egiéyel tov NULL pointer).

o Ewovini) oehida 01: mepuéyer nmowma (r-x), »ou Poloretar otn puownt) oehida
4.

o Ewovirég oehideg 02 €mg no 09: megiéyouv rmdra (r-x), alhd elval amovoeg
aTtd TN GuoLKT] Lviu.

e Ewovini] oelida 0A: megiéyxer otatird dgdouéva (rw-), nor Potoxetor oty
dvownt) oelida F, dirty.

e Ewovinéc oelidec OB éwg nou BF: mogdvopeg (unallocated).

o Ewovini] oeMoa CO: megiéyxer duvauxd dedouéva (rw-), nol foloxetal oty
duowi] oehida 9, dirty.

e Ewovini) oehida Cl: megiéxer Ovvauxd dgdouévo read-only (r--), xai
Potoxetor ot puowmn oehida 0.

o Ewovunéc oehideg C2 naw C3: meguéxouv duvouxrd dedopéva (rw-), alhd
elvol arroVoeS A0 TN GUOLKT) LVTUN.

o Ewovirég oehideg C4 ¢mg nat FD: mapdvopeg (unallocated).

o Ewovini) oehida FE: megiéyer dedopéva otoifag (rw-), now Poioxetal ot
duownr) oelMda D, dirty.

e Ewovini] oeMda FF: meouéyer dedopéva otoifag (rw-), now Poloxetar oty
dbuownn oeMda 1, clean.

AelEte TO MEQLEYOUEVO TOV THvOXra UETADQOAONG TNG OLEQYOOIAS UOG, WIS T
reference bits aAM& pe OAa Taw GALa Tedia Tov (256 Yoo pués el 4 medio avda Yoo
—ETTQETETOL 1] Q101 ALTTOOLWITOLNTLAMDV....).

(y) Tog amd Tig maQoxdTM TQOOTMEAGOELS OTLS €WwMOVIrES OlEvOUVOoELS TTOV
otdovtal mporarov odpdlua oehidag xou yrori; [Toéc and avtég Ba mporaréoovv
TEQUATIONO TOU TIQOYQAUUOTOS, WG AAVOAOUEVO, ®oL TTOLES QA Ba ®#AVOUV TO
Aertovpyird olotnuo va Gégel Tnv atrtndeioa oehida amd To Olono xal va
emaverxniviioel 1o meoyoouua; Ou vmdhlouteg, oe mowd  duowi] OetiBuvvon
uetadpodlovral;

01038 (fetch), OBOF4 (read), COO1C (write), 0292C (fetch), 00000 (read),
99F88 (read), FESDS (write), FF100 (fetch), C20CC (write), CDOCC (write),
C0444 (read), O01FF4 (fetch), C1FFC (write), 008E4 (write), C7700 (read),
01E40 (write).

Aoxnon 12.5: ITolverinedor Iivaxes yio. Owwovouio Xmgov

O meQLoooTeQES OLEQYNOleS XONOLUOTOLOUV OYETHA AlYeS QIO TIS EWMOVIXES TOVG
oehideg, now autég ovvoOnlevuéveg (clustered) oe peQurég "yertoviég", Ommg otV
noQomdve doxnon 12.4 1 oto mopdderyuo Tov oxuatos e0m. Expetarievduevol
oUTH] TNV LOLOTNTA, UTOQOVUE VO LELMDOOUVUE TO Y MO UVIUNG TTOV XATANAUPAVEL O
mvoxrag petddoaons g ndbe depyaoiag, omAloviag TOV 0E  UEQLROVG
WXQOTEQOVS TUVOKES, OQYOVWUEVOUS OOV WA TTOAV-emimedn epayia. To oyxnua
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Oelyvel éva moddelypa evog HOVoeETimedov mivaxa yud 32 eumovirnég oehideg, Tig
omoieg opodomolotue og 8 opuddeg Twv 4 oehidwv nabepio. Otov PETATEEYOUUE TO
oot avTtd o demimedo mivana, 0eELG 0To oYU, O TVAROS TEMTOV ETUTESOV
(root page table) Oa €xeL o B€om avd opdda oehidwv. IMivaxreg devtégov emmmédov
Oa vdyovV uovov G exelves TG OUAOES EOVIXMV OeAMOWV TTOV OV elval OAeg
TOVG OVUTTOQHTEG.
Virtual Address Virtual Address
[0100]] A 5 C | [o10jo] A 5 C |

\_’FSAQ 12

Root Pg Thbl

Virtual Page Number g
V Phy.P#

N
N

pointer to second-level

00000: page table

00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
— 01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
11101:
11110: 8D 111
11111: FA

Physical Page Numbery Y

000:
001:
010:
011:

100:
group 101:

001 110:
11:

oA group
3G 000

*———

Page Offset

0

1 2A
10: 1 3C

0

= OooIo|= o=
o
prg

EE group
B7 ¢ .
05[] |010 o

|
0
l
—_
o

O ||
o
1

group
011

Two—-Level Page Tables

Page Offset

group 01:
100 10:

8D
FA

—|=(olo

group
101 v v

[ B7 ] As5cC |

s1;r1061p Physical Address

One-Level Page Table

In this example:

group

e Page size: 4 KBytes
e Virtual Address Space: 128 KBytes
=> 32 virtual pages per process

—|=OoI00DIDC DI IDIOOO|= == O IO[= =IO
o
o

Page Offset

-

[B7 ] As5cC | e Physical Address Space: 1 MByte
=> 256 physical pages

Physical Address

2Zov Goxnon toeo, Bewenote OTL 0To OoVOTNUA PviUNG g Goxnong 12.4
ahGCovpe tov povadrd (Lovoeminmedo) mivaxa petddooong avd depyoota o
olemimedovg mivaxeg, mg eEng. Kdbe diegyaoio Oa €xer évav mivaxra medTOU
emmédov, peyébovg 16 Béoewv. Tov mivaxa avtoév tov Poloxovue Péow TOU
YVOOTOU pointer 7OV TEQLEYETOL OTOV €O  RATOAYWENTY] OV  OVOPEQUUE
mooamdvw. Xomnowpomoovue too 4 MS bits tng ewmovirng OevBuvong yud va
emAéEovpe wio amd Tig 16 Béoeig avtov tov mivaxra. Kabe ocvvdvaouds twv 4
ovtmVv bits, emopévog rar xdBe B¢on auvtol tou mivaxoa, aviotouel oe 16
ewovinég oeMdec. Eav napio amd autéc tig 16 oehideg 0ev vmdyeL ot Guoxt)
Vi, TOTE ONUELOVOVUE TN B€0M VT TOV TUVOXO TEMTOU EMITEOOV OUV AXVQY
(valid bit = 0). AMuidg, | B€0om ouTi] TOV TUVORO TEMTOV EMITEOOV TEQLEYEL EVaV
pointer og éva mivaxo petddpoaons devtégov emmédov. Edv n ewwovini) pog
oleBuvon pag odfynoe oe tétolo BE€om otov mvaxo TEMTOU emITEdOV, TOTE
YONOLUOTIOLOVME TO €mOueva 4 bits tng ewmovirng OlevBuvong oov index otov
Tvoxra OeVTEQOV EMITEAOV OOV HOG 00N YNOE O Tvaxrag TEMTOV emmédov. Exel,
0ToV Tivara deVTEQOV EMUITEOOV, POLOROVE TOL TEMKE OTOLYXEID YIA TN OgAd TTOU

Cnrape.

(afy) Kdavte éva Oayoopuo avaioyo moog avtd g doxnong 12.4(a) yid to
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OLETITEdO OVOTNUOL METAPQOONS QUTHS TNG GAORNONG. 2TO (010 didygapuo, OeiEte
OMOVG TOUG Tvaxes OgVTEQOV emmEdOV 7oV Ba VIdEYouV YLd Tig oelideg TNg
doxnong 12.4(p). Emiong oOelEte, Oha T meQuexdpeva OA®V TV  TMVAROV
petddoaons, momTou rou deutéQov emmtédov. BePouwBbeite (ywoic va dwmoete
YOOTTTA TV amdvTNoT 0ag) OTL TO oVOTNUO AVTd HeTadEAalel Tig dlevBvvoeLs TG
aoxnong 12.4(y) to idLo 0rwg %ol TO LOVOETHTEOO GVOTNUO TNG AORNONG EXEIVNG.

(0) ITooeg Béoelg puviung xatarauPavouv OAOL OL THVOXES UETAPQAUONS TOU
TOQOVTOS OLETITEOOV CUOTNUATOS VLA T dleQyaoio pag xot yia Tig oehdes (B); Ze
0Y€01 L€ TO MOVOETIEOO oLoTNUa TG Goxnong 12.4(B) vadoyel owrovouio 0To
YOQO UVI|UNG TTOV RATOAAUPBAVETAL;

Aoxnon 12.6: ITolveminedou [livaxes oc Pealotind Tvotnua

Enavaldfere tnv doxmon 12.5(a) —mov ftav oav v 12.4(a) (oynuotird
OLAYQAUUO. TUVARMV UETADGQAONG)— avTi) TN GOEA Y& €va QEAAOTIRG, ONUEQLVO,
OVOTNUO ELLOVIXNG UWVIUNG:

e Ou axovirnég devbivoelg £xouvv péyebog 64 bits. Ouwg, Yid mEOxTIXOVC
AOyoug, povo ta 50 LS amd avtd yonolpomolovvrol (XMEOG EHOVIXMV
devBivoewv 1 PetaByte avd depyaoia...).

o MéyeBog oehidag 16 KBytes. Emouévog ta 14 LS bits g ewmovirig
deBvvong dev yoeldlovtal HeTapoao.

o Tola emimeda mvarwv petddoaong ava dleQyaoia.

o Kdabe mivanrag petddoaong éxer péyebog 4096 Béoeic, doa "wortdlel" 12 amd
Ta bits TOV AEOUOV enovinig oeMdac.

e Avvatdémro eméxtaong émg 1 TeraByte ¢uowwiig pviung, oniadi 40 bits
duowrn) Oevbuvon, 11 64 M dvorég oehideg (26-pmrtog aQOuds Guorig
oehidag) eml 16 KBytes avd oehida.

Aoxnon 12.7: TLB, Process ID, o Kowvoyonoteg Xelideg

Aglte Tic Arapavereg 75-80 Tov (Ayyhxrot) BipAiov.

INd va yivetow 1 petdpoaon yonyoed, xoNoLuosoLeiton ouvinlmwg €vag wunog
notdhoyog  Cevywv  ewmovixng-¢uowrng  oelidag yid g md  ouyva
xonotpomolovueves oehides —o "TLB" (Translation Lookaside Buffer)— 0Qyovouévog
ooV d uxEtn ®euodn uvhurn, cvvhbwg TANEws mpooeTapLlotint] —PAEme oelideg
583-590 tov EAMAnviro¥ Biiiov. Emeldn petadodloviar povov ta agotepd (MS)
bits Tng exovixng devBuvong, 6mwg Ba TOVUE AUEOWS TAQARATW, OTOV OL OEAOES
elvol 0QUETA PEYAAES RAL 1] RQUPT) LVI|UN AQRETA [UKQT], WTOQOUVUE VO TTETUYOVUE
(MOTE 1) TQOOTEAACY] OTNV HQUPT] UVIUY], TTOU OC YVWOTOV Eextvdel pe rAUmooo
oo Ta 0eELa (LS) bits tng dieBvvong, va Eextvdel pe uovov auetdpoaota bits Tng
oetBuvong, xu €tol o TLB va dovhelel ev moQalNAm (TautdYQOova) UeE TNV
1QUPT UV, %ol GO OMORANQOG O UNXOVIOUOS TNG EWOVIXNG UVAUNG VO unV
mooxralel napio emmiéov raBvotéonon oto TEEEWO Tou emeEeQyaoT), 0G0 Ol
oeMOEG TTOV YONOLUOTOLEL O €MEEEQYAOTNS €XOUV TN UETADQOOT TOVS UEOO OTO
TLB. Otav av ewmovixn] oehido dev v Potoxovue otov TLB, toOTe TNV
avalntépue otovg Iivaxes Metdgpoaons, mov folorovial oty puviun.

Axripéotega, yid v ev moQaiiihw Aettovpyion TLB nau level-1 (L1) cache
doovtiCovue mote To péyebog Tov ndBe way tg L1 cache (= min0og sets enl line
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size) vo. elval puroTeQo 1) (0o amd To péyeBog g oehidag. Tote, Ta index bits —wov
yoewatovron yid va Eexvijoet ) mpoomélaon oty L1 cache— mpoégyovial OAa amd
TO0 auetdpoaoto woudtt g deBuvvong (to page offset): To xopdtt exeivo Tng
dvorng Olevbuvong mov To EEQOvuE auéows, adol elvar (00 UE TO OVTIOTOLYO
ropdTL TG errovirng devBuvong. Me avtd to xoudtt Eextvdel | mpdoPoon otnv
L1 cache. Tavtoypova pe to Egnivnua tng mpdoPaons oty L1 cache, dideTton now 1
ewoviny] oehidoo oto TLB yud petadoaon. To TLB 1o ndvouue vo eivor TG00
YOY0Q0 OG0 ®aL M ovayvwor twv tags tg L1 cache. "Etot, ue to mov tehewdvel 1
avayvmon tov tags otV L1 cache (0mmov ta tags autd eivar puonég devbuvoelg),
€xeL Tehelmoel xaL M petddooon and to TLB (edv fitav edoToyM), %L £TOL TO. tags
twv lines ov Peioxovtor oty cache ovy®EIVOVTOL UE TNV UETOPQAOUEVY TTAEOV
(a6 to TLB) ¢pvouxn diehBvvon.

ITooxelpévou va unv avoyroloOpaoTe vo. 0xvQmVouuE To eQLeyoueva tov TLB oe
1G0e alhoyn tng depyaotag mov TEéyeL (context swap), OEAouvue va WTOQOUUE VL
gyouvpue péoa oto TLB, tavtdyeova, Tevydola EloVIXDV-GUOLROV GEAOWV TOAAMDV
OLaPOQETIRMV OLEQYAOLMV. AVTO OUWG QITALTEL VO UWTOQOUUE VA Ta EeyxmweiCovue
HETOED TOUG, adol TNV %Adbe 0QLopEVN ewmovint] OlevBuvon evdéyetor vo TV
YONOLUOTIOLOVV TTOAAES diegyaoieg alhd yid diapogetint] mAngodogio xaL ®oTd
oladogetind TeO6mOo 1N nAOepio. Tid va  yivetor o duaywEopdg  outog,
rnotoyoadovpue tov agoud depyaoiag ("PID", Process Identifier) palt pe tov
0QLOUO erovinig oehidag avtig Tg diepyaciog oe naBe B¢on (Cevydol etovinig-
dvownng oelidag) Tov TLB.

() OewEnote WAV ewmovirn) uviun upe peyedn omwg g donnong 124, zo
Bewonote O0tL To PID éyel péyeBog 8 bits (uéyor 256 tavtd)QOveS OLEQYOOIES).
Ocwenote éva TLB peyéboug 16 Béoewv, pe TANOMS TQOCETALQLOTIXY] TOTTOOETNON
Cevymv (owodnmote Cevyog petddpoong wrogel vo pmel omovdnmote oto TLB).
[Towd medio mpémer va €xer n »AdBe B¢on avtov tov TLB, nou T peyébouvg to
noOEva;

(B) Amote évo aQlOuNTILO TaEAdELYHO TOV TTANQOUG megleyopévou tov TLB otav
ovTd TEQLEYEL Cevydola UETAGQOONG VUG TS TAQOXAT® €WMOVIXES OeMdeS
aodaoiote povol oag, avbaigeta (oav va e(l000Tav TO AELTOVQYIHO CUOTNUA), O
moudv puowrt) oehida Ba TomoBetnoTe TV 1A ewovirt oehida mov ocog Tntelton
VO EVQIONETAL EV (QTOEL:

o Tnv ewmoviuny oehida 03 tng Oepyaociog 3B (meQuéExer ®mOM), 1oL TNV
ewoviny) oeMoa 03 tng Oepyaoiog B4 (megiéyxer data r/w), oL omoleg
avodpEQOVTOL 08 EVIEADS dLadOQETIRES, aveEAQTNTES PUOLKES OEMDEC.

e H dwepyaota 3B xou 1 diepyaotio 3C ammoteAoUV OLOPOQETIRES EVEQYOTTOLNOELS
Tov 100V mEOYQAuUOTOS, Y. O (0o web browser TEeEYUEVOS amd OVO
duadogeTivolg yonotes. [id owovopiar (Gpuorng) Pviung, To AELToUQYLRO
oVOTNUA %QOTA LOVO €VO OVTITUIIO TOU XMOKA QUTNG TS EPAQUOYNG OTN
LVTIT), ®OL RAVEL ONES TLG OLEQYAOLES TTOV TO TEEYOLVV va. "BAéovV" auTd TO
HLOVaOHO ®OLVOYXONOTO AVTITUTO 0T Ol TNG Eovixy] wvhun n »dbe pio.
Bdéte howtov oto TLB »ow tqv ewovixi] oehida 03 tng diepyaoiog 3C, mov
TEQLEYEL TOV (010 nMOrd pe Tt oehida 03 tng 3B.

e Bdhte v ereovint) oehda FF g diepyaoiag 3B, xatl tnv emovixn oehido FF
g depyaoiog 3C, mov megLExovv dedopéva otoifoag. Omwg elmape, AVTES OL
0vo Olepyaoiec amoteAOUV  OLADOQETIHES  EVEQYOTOLNOELS TOV  LOLOV
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moYAupatos. [Tagd to yeyovog 6t 0 vMORAS TwV OVO QUTMV OLEQYOOLDV
elvol ®owvog, ta 0edopuéva Tovg Opmg elval dodogetind, adol m.y. GAhla
nAVEL 0 VOGS XONOTNG LE TOV web browser Tov, xow Ahho 0 GALOG.

e Ou diegyaoieg A2 now A3 ovveQydfoviar HeTaED TOUG, ROl ETMHOLVOVOUV
nEow nrowoyonotng pviuns: H Owepyooio A2 mapdyer dgdouéva mQog
emeEeQyaoio, ®ou To YOAPEL OTNV elxovIrT) NG oelida C2 (mpootaotia -w-). H
diegyaocio A3 xrotavohover to Ogdopéva mou modyel 1 A2, noL T
emeEepyaletar. H A3 dwofater ta dedopéva avtd amd v ewovirt] oehida
g E3 (mpootaotia r--), 1 omoiar OUwG, MECH TOU CUOTHUOTOS ELXOVIXNG
VNG, ovToTtolyel oty dla puowrt) oehido otV omoio avtiotolyel »ou M
C2 g A2, ®OTE VO EMTVYYXAVETOL 1] CUVEQYAOIO TTAQOYWYOV-KATAVALNDTI
Tov 000 Oepyaolwv. Bahte oto TLB oag notr avtég tig OV0 emovirég
oehidec.

(y) Ou depyaotes 3B »ou 3C, moQaimdvw, €(vol JTIQOOTATEVUEVES 1] W atd TNV
ahAn; Mmopel 1 pior va dafdoer ta dedopéva g dAANg (vAéPovtag €tot, m.y., O
€vog xoNoms tov aoBpd moTmTRNG ®AQTAS OV O GANOS TANxTQOAOYEL OTOV
browser Tou Y& Wdav ayoed péow Ouadirtiov); Mmopel 1 piar va aAAOLDOoEL
(yodper) ta dedopéva g AAANG (TToQamlavovtog £Tot, Y., 0 £€vag XNoTNg TOV
ahhov); Mmogel M plo va xotaotoéyer (yodapel) tov xdOwma TS GAANg
("woAhvTog" €tol, my., 0 évag yonotng tov dihov); Ilaog eEacparilovpe v
emOuunTi mEooTacion ®aL aveEaptnoio uetaEL avtov Twv dUo depyaoldy, evd
TOVTOYQOVA RAVOUUE ROL OLWXOVOWOL UVIUNG RQOTMOVTAS €vo UOvo huono
OVTITUITIO TOU HMOLXOL TTOV QLUTES TOEYOVV;

Toonog Iagddoong

[Mogadmote 1N oepd avth aoxrfnoewv on-line, oe poedn PDF (uovov) (umogel va
elvoul xelpevo unyovoyQadnuévo f/xat "onavoolopévo" xewdyoado, oAl uovov
oe woedpn PDF). [MoQadmote pEéOw turnin ex12@hy225 [directoryName] £VO.
0QYE0 OVOUOLTL ex12.pdf TTOV OOl TTEQLEYEL TIS ATTALVTT|OELS OOLG.

Oa eEetooteite o MPOGOEIXA YL TIC alorNOELS 12, amd PonBo Tov pabiuatog, pe
owadwwaota Y& v omota Bo evnuegwBeite péow mAtd (email) otn Alota TOv
paOnuotog.
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