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Biprio (EAvno, éxdoon 4) - dtafdote to eENg:

» Xeworopog EEapéoemv »at Alaxommv 010 vhnd evog emeEepyaoth: §4.9, oel. 448 - 455 (to
pecoio xoudtt, oeh. 452-454, uwopeite va to mepdoete "ota yorfyoga").

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

* §5.5, ogh. 602-611 (éva nowvd mhaiowo yud tegoyles Lviiung): xonowwo Bépa yud meQotéom
1OTOVONOT, OAAG EXTOS VANG avTol Tov pHobfuoTog.

* Ewmovinég Mnyavég (Virtual Machines) - §5.6, oeh. 611-617: pmogeite vo tic mepdoete "ot
yonyooa", av kot givar onpovtind OEpa TN onpeQLvig teyvoloyiog mov mpémel va E€pete meQl
Tivog moO%ELTAL VLA TNV TEQALTEQM OTAOLOOQOULIO GOC.

Awapavereg amd 1o Ayyhxd PPilo yid 1o xnedpdhowo 5: Poioxovrow (PPT) oto
www.elsevier.com/ _data/assets/powerpoint_doc/0005/273713/Chapter 05-RISC-V.ppt

12.1 Ewovixi Mvijun: Xtoyor tg

Aglte T Awapavera 68 tov (Ayyirot) Ppiiov.

O mp®dTOg ®aL PaondTEQOS OROTOS TOU PN oviopov g Ewovinig Mvijung (Virtual Memory)
elvar va divel Tnv evtumwon oe molhamholg "yonotes" ("mpoyodpupata) 6t éxovv "oAn
uyavi) ot Tovs". To PaoindteQo YoQoxTNnELoTRd Tov dTL TO 2A0e TEdYQauua "vopilel OTL
éxeL OAM T pnyovi Owr tou" elvon OTL To %dBe mEoOYQapupo Bewel OTL OralolToL VO
¥ONoLpoToL oL TV otodimote dievBuvon pviung, oav va Ntav 6An 1 pviun dwxi) Tou, »at
oav vo. Uy vmneyav dilo meoyodupota o Teéxouvy (0%edov) Tovtdyeova. O unyaviopog
™™g Ewoviuilg Mviung xdver wote o Xdog AievBivvoewy (Address Space) tov nGOe
TQOYQALUATOS VO ELVOL LAPORETIROS KO XWELOTOS AT TO XWEO dlevBivoewy Tou dAlov.

H povéda "mpoyodppotos 1 xonot" mov Bewoel ot €xel OAn ™) pnyovi) Ouxt Tng opopdleTon
Awggyooia (Process) (] noud ¢opd xal "medlo mpootaociag" - "protection domain"), o
amotelel "éva meoyoopuua. AlopogeTinég dieQyaoies HToQel va aviirouy og dLapoeTIroUg
avOeMOTOVC-YQ10TES, 0mOTE ®ow BELoVE VO TRooTaTEVOVTOL 1] Wi artd TNV GAAN SLOTL 0 nAbe
¥ONOTNG Wtoel va BAeL va €xel LOLWTIRES (ELTLOTEVTINES) TTANQOPOQIES TTOV VO NV LTTOQEL VO
Tig PAEmeL 1) vordémter o dAhog. Mmogel duwg emiong dradpopetinég diegyaoieg va avinrovv
oToV (010 dvBWIo-YENoTN, aAhd nal T va OEhov e Vo TIG TROOTATEYOUE T Wi otd TV
aM1, Ty yud oxomolg modularity (Taxtomoinon twv TANQOPoQLHV naTd ouddeg) wou
debugging: edv "yaldoel" m pla diepyaotia, va cuveyioel va dovheter M AN, Ztnv (do
TEQIITTMON AVIXOVV ROl OLAPOQETIRE TROYQAUUOTOL, TTOV O TIQOYQOUUATLOTHS TOVS Bewpovoe
OTL 10 nabéva TEEYEL POVOo Tov, %ol ®atéAnEav va teéyxouvv pali. MMagamiiow —av »o
dapogetirf) amd AmoyPn ORAWUATWY %Ol TQOOTOCIOG— &lvar ol 1 meQimtworn dg
"diepyaoiog xenot" ad' evog, xal Tov Aettoveyirol Zvothuartog (Operating System) atd Thv
AMAN: TO Aettovywo ovotnua elvar oav ud GAAn diegyaoia, mov €xeL oov oxomd va. Fonod
7oL VoL ovYyoviler Oheg Tig ddpogeg depyaoies Twv xonotdv. AMY mepimtwon eivar 800
duapooetinéc diepyaoieg va elvar to (010 pev mpdyQauua, ToV OUmS TEEYEL 08 dLAPOQETIHA
dedopéva a0t Gpoed —m.y. Eextvaue évov compiler yid va LETAPQACOUE VA TTQOYQOLLUOL, HOL
oW TeELeLoEL EavaEentvdpe éva ahho "instance" tou (dlov compiler yid vo petapodoel éva
AAAO TTQOYQOLILLLOL.

H Ovvatotnto tov emeEepyooth) (evvoolue tov xdbe éva muofva, O6tov WAGUE YA
moAvThenvovg (multicore) emeEeQyaotéc) va Olver v evtimworn Ot teéxel (0yedOV)
"tovtdyeova" mohamhéc diegyaoies Aéyetan Molvmgoygappnationos (Multi-Programming),
%o otnEiCetor 0To OTL oL EMEEEQYOOTES ElvVaL TTOAD YO YOQROTEQOL OITO TOUS OVOQMITOVGS: TOEYEL
oTE TN Ui wow woTe TV AAAN dtegyaoia, amd Alyo tnv ndbe wla, ahhd T evalldoel 1000
YONYO0QO MOV 0 avBe®ImVOg ¥eNoTNS 0V PAEmEL TNV evorlhayh ®ow VOUTeL OTL auTég TEé OV
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tavtoyoova. [d va evalldoovror peta&ld toug o diepyooieg yonolpomoleitar Pacirwd o
unxoviopuos twv EEawpéoewv/Avaxomdv (Exceptions/Interrupts) —Ph. §4.9 tov Bipiiov.

H ewoviuf] uviun, cov tedmog vo diver v eviimwon oty »dbe diepyooio ot €xer ™
"unxovny O] g, amotelel €Wdnl] TEQIMTWON TOU YEVIXOTEQOU UNYXAVIOMOU TNG
Ewovizonoinong (Virtualization) —pA. §5.6 tov Piiiov. H yevindteon avty) meglmtwon twv
"eleovin@v unyxovov" (virtual machines) divel ™ duvatdtnTa oty ®dBe diegyacia OxL pOVO va
(vopiCer 6T €yxer T wyovi Ot ™G, oA emmmhéov rat va €xel To Ond g AertouQyind
ZVotnua, aveEAQTNTO RoL EVOEYOUEVIGS OLAPOQETING QIO TO AELTOVQEYHO CVOTNUA IOV £XOVV
oL dllec OleQyaoies - ewmovirég NYOVES TOU TEEYOUV TOUTOYXQOVA TAVD OToV (010
eneEeQyaoT).

O 9eiTEQOS 1O OLAPOEETIROG OROTIOG TNG EROVIXTG UVIUNG €lvol va Aettovpyel oav éva
emmAhéov emimedo tng Iepaoyias Mviung petald xevigunfs pviuns (DRAM) xot pdviung
(non-volatile - pn wenTrng) pviung (oxAngov dloxov 7 pvhung flash). Me Ghha Aoy, 1
ewoviny] pvipn dtver T duvatotnta otnv xdbe degyaoion va "PAémel" xHEO UvVUNG
LeYOAUTEQO QT TO ROPUATL TNG Puonng pviiuns (DRAM) mov 6vimg g oatiBetal. [Tag' 6t
0 O%OTOG QTOG elval eVIEAMS OLadOQETIROS aTtd TOV TRMTO (TToATAES dieQyaoleg), Tuyxaivel
oumg ot dror punyoaviopol virot (hardware) vo PmoQoUV TOUTOXQOVA VO UAOTIOLOOUV KL
Toug 010 oromOVC.

Mwd ovvémela twv dU0 TEONYOUUEVIV OXOTIOV €lval TO TQOPANUC TOU TEUEHLONOV
(fragmentation) tg pviung, To omoio —xat avTd— T AOVOUV OL (SLoL UK AVICUOL TG ELROVIXTG
pvAung. O tepayopds TG Uvnung meordITtel atd To OTL OLddoeg dlepyaoieg Eentvave %ol
TEAELOVOUV O OLAPOQETIRES OTLYUES, oL ®AOE A TOU TEAELDVEL OPTVEL ROl HAUTOOES
"TtoUmeg" amd oaxoNOoLHomoL Ty (TAEOV) pviun exel TOU TQONYOUREVIS OUTH XOTEXE %OL
yonowpomorovoe uviun. Emlong, 6tav myowvoépyoviar oto dioxo (n otnyv flash) xopdtio
pvnung ds degyaoiag mov dev ymedve otnv DRAM, dnoveyovvial "teumes" ot DRAM
o7td TA ROUATLOL TTOV LETAXOUCOVY 0TO Oiono. OL PNy aviopot Thg elovixrig pviung divouv
duvatotnTa yid exydonon pviung (my. péom malloc()) mov potdler vo amoteleiton amd
ovveyopeveg OlevBivoels evd OTtNV  TEAYUOTIROTNTA OTOTEAE(TOL A0 ROUATIO. OV
Potorovian nateomaguéva "edm ni exel" 0T GuoLKT) pviu.

12.2 TomoOétnon nou Avevpeon Xehidwv: Iivaxes Metapoaong

Aglte Tig Arapavereg 69-74 touv (Ayylrot) Pipiiov.

Emeidn) ov aotoyles tc DRAM -—sedwopévng cov Pabuida g egaoylag pviunc—
eEumnetotviol omd to oxhnEd diono, nar Goa xootiovv TEOywd TOAD (exotoppiQLo
®0O®AOVG QOAOYLOU TOV €meEeQyaoTH), TEEMEL TO TOOOOTO aOTOYlOG VO Yivel mdoa moAY
yopnho. I'd va emmtevyBet avtod, mpémel ) tomoBETnon Twv ceMidwv va elvor oA gvélnTr) —
OeV PO ®AVEL O TQOTOG TTOV E(VOL 0QYOVWOUEVES OL RQUGDES UVIUES, GOV GUOYETLOTIREG UEQLRMDV
doopmv, doTL autd Bo édve mOAD uxpY) eveMElo otnv emloyn tov "Bvuatog" mov Oa
ovrtirataotadel yid vo ¢égovpe évo véo "pmhon" AéEewv, pe amotéheopo ouvyvd va
dubyvovvrol "uhoxg" mov ta yeewlopaote. ‘Etol, avtifeto amd tig ovvnOlouéves ®QudEg
WVAUES, M ewmovirl] pviiun Aettovpyel cov "mANQwg cvoyetiotni)!, dnhadi] To oLodNToTE
"umhor" AéEewv amd to dlono pmogel vo tomobetnOel omouvdimote otnv DRAM. Avto,
dvowmd, Ba éxave tnv avalntnon eSawpetind damavner edv émgeme vo avalntolue Tto
"umhon" mavtol, yi' autd 1 avalimon yivetor alhouwg: pe "mivoxeg petddooons” mov
1OTOYQAPOoUV 70U Potoretal To nAbe "umThon".

Eme1dn m ®60e mpooméhaon oto diono nootilel moAL (xoovird), Oéhovpe va "amooféocovpe"
ovtd TO %O0TOG xAVOVTIAG TOAA] Oovheld xdbe ¢opd mov mnyoaivoupue oto dioxo,
expeTaAleVOUEVOL TN YWOIRT TOTMXOTNTA %0OME %Ol TO YUQAXTNELOTXA TOu dlonov
(moooméhaon ovveyouevwv MEemv elvar oD yonyoeoTeen ot 6o tuyaimv AéEewv). ‘Etot,
To "Wthor" g tepayiag uviung petaEd DRAM xai diorov elvar oAl peyalivtego ot 600
TO UmAO% (Yyoopuui) Twv ®Qupmv pvnumv. To "umhoxr" g epagyios DRAM-8ioxov Aéyetan
Yehida (Page) xau eivan ovvibwg 4 N meplocdtego KBytes, »at 1 Tdiom elval vo peyalmvel pe
ta. yoovia. ‘Evag deltepog Paoinds (uddhov zow faordtepog) Adyog yid Tov omoio Béhovue
MEYAAD WTAORG (0EMOES) OTNV E1rovIXt] viun elval OTL £ToL OLEVHONDVETOL Ol ETULTOYVVETOL
0 UNYOVIOUOS OveDQEONS TOU UTAOX TIov Payvovue xdbe ¢$pod, dnhadi) m petddooon
oehidwv mov Ba ol e ApEomg TWQO.
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O Paowds Te0mog Aettovylag TNG etrovirng uviung elvow o eEng. Kabe diehOuvon pviung
ov Yevvd o emeEeQyaotig —OmAadT] To mEoYyQaupe TOU TEEXE- Oeweitar wg "ewovixi
devBuvon", nou perodealeron oe WAV diln, "guerr) dievBuven", Tpotov dobet ot puviun
yua va emheyel  AEEN v omoila tehnd Ba mpoomehdoel To mpdyoopua. H petddoaon auti
glvar  ovvdenorn mov "avevpioxrel" v xdabe AEEN, dnhadi avti mov uag Aéel mov ot
dvowi] pviun €xer tomobetmBet M xdbe ewovirfy AEN. H ouvdgtnom ovth Ba ftav
ovaxopn edv dovleve mdvw oe pepovopéves AéEelg, alhd éxel Aoyind nOOTOC EmELdT)
dovhetel tavm oe (ueydheg) oehides. H uébodog avth avalitnong xow ovetpoeong Wihdxrg Oev
0a dotAeve yid TV ®QudN pviun, AOYm Tov (oxeTind) WwxrEol peyédovg TV "yoouumVv" TG
2QUOAG UG, ®oL TNG exel arautovpevng tayttnTas. Opwg, dovheler wd xoed yid v
goviry v, Adym tov "xolmou" tou TLB xau Thg Aettovgylog Tov ev moQailim e v
®oudf vy, 6mwg Ba molpe magaxdtw (§2.7). H petddoaorn devBivoewv eEummpetel
TOALOTAOUE GROTIOVG TAVTOYQOVAL:

i. Boloxel mov €youv tomoBetnOetl ot Puort] pviun oL oeAideg eloVInfg UVIUNG OV
YONOLULOTTOLOVVTOL TTEQLOOOTEQO €Tl TOV TAQOVIOS, evid O0eg Oev ywEdAve OTnV
vrdeyovod ¢uokn pviun Pelorovtor 0to dioxo —OMAadn vhomolel v epayia
pviung petaEd DRAM xan dioxrov.

ii. Metagodlel Tig emovinég dlevOivoels g nGbe depyaoiag o dadooetinés Guoirég
OlevBivoels yid v #dbe diepyaoio, n €tol vhomolel TO OLayWELOUO Rl TV
meootacio petaED dleQyaolmv (exTdS TV TEQUITMOEWV oV BEAOVUE OL dleQyooies va
EMXOWVWOVOUV HETAED TOVG PETW 1OLVOYENOTNG PviunG (shared memory)).

iii. EA&yyer 6tL m dieyaoio mov téyel £yl dinaimpo vo »AVeL TV TQOOTEANOT oV TNtd
(avdryvoon/eyyoadiy/entéleon) ot debBuvon mov Tntd, Pehtidvoviag £€Tol axduy
TEQLOOOTEQO TNV TQOOTACIO TOV JLEQYATLDV.

H petddpoaon dievBivoemv yivetow amewmoviCovtog ohoninees "oehides” (pages) etmovinng
uvnuNg oe ohonAnoes puoirég oelides. To puéyebog Twv oehidwv elvar tdvto d0vouy tov 2,
%Ol QUTES ElVOL TTAVTO EVOVYQUUIOUEVES OTA pVOaxd ToVvG dpia, dNhadT Eentvolv idivta og
dievBivoelg mov eivar axégoto TOAOTAGOL0 TOu peYéBoug TOovg, TOOO OTO YWQEO TWV
emovix®v 600 %ol O exeivo Tov duomav devbivoemv. Oewenote To €ENS unEd
(eEwmparypatind ofuega) cVOTHUO EXOVIXNG UVIUNG, oav amho mapdderyua. Emopévag, 1
"oyetnt)" dletBuvon Wwag moodTnTag péca oe pia oehida, To AeYOUEVO page offset, elvan mdvta
To VIOAOLTIO TNG Olaipeong Tne amdAv TG dievBuvong dud To péyebog tng oehidag, Onhadi) ta
logy(PageSize) To mAhBog LS bits tng dtetBuvong, naw awtd elvon ta oo (auetdpoaota) 1060

0TO Y(MEO TWV EOVIXDV 600 %naw 0" exelvo Twv puowmdv dievdivoewv. ‘Etol, Bemohote To
€ENG rEO (EEMTOAYHOTIXG OTUEQA) CUOTNUO EXOVIXTG LVIUNG, OOV OTTAO TToedderypo:

e O ewmovinég Oevbivoelg éyovv péyebog 20 bits (OnA. eivar mevtayfdleg oTo
Oen0eEadnd odoTNUa), Ao 0 XMHEOGS emovirdv devBivoewy eivar 1 MByte avd
diepyaoio.

o MéyeBog oehidag = 4 KBytes, doa ta 12 LS bits »G0e diedBuvong (3 LS dexaeEadind
Ynota) emAéyouv 1 byte péoa ot oghida, evad ta vrdhouto MS bits vTOONADVOUV YL
mowd oehida whdpe. Etot, 1 #dBe diepyaoio €xel 256 eumovinég oehideg (1 MByte / 4
KBytes = 256).

e H ¢vownt pviun elvar 64 KBytes, doa oL puoixég dievbivoelg amotehotvtol amd 16
bits (4 denoeEadumd Yynodia), emopévog vayouvv 16 dpuorég oelides (64 KBytes / 4
KBytes = 16).

Tote, n petddpoaon wdg emovinng dievBuvong, my. g FE210, otnv aviiotolymn ¢uowi
yiveton wg eEfg:

o XwoiCovue tnv emxovixt] dtevBuvon ota 12 LS bits, tov vrodnidvouy to byte péoa ot
oehida (edm: 210), »aw ota 8 MS bits, ov 0giCovv v erovirt| oehida (edm: FE).

e Ta 12 LS bits (210) dev yoeidloviar petddooaon, apot amewmoviCovpe ohdOnAngeg
ewovinés oehideg oe oAORANQES ¢uowmég oehideg, mar Oheg oL oehideg elvou
evBuyoa O UEVES 0T PuoLrd 6L TovG.

e Ta 8 MS bits, dradf o aBuds etrovirig oeridag (FE), xonolpomototvtal oav index
otov mivoxo petdpoaons (page table) g diepyooiog (process) oU TEEXEL AVTH TN
otyu). O mivorog avutds €xer péyebog 256 BEoelg —00eg naL oL eovirnég oehldeg avd
dlegyaotio. Ymdyel ymerotog mivoxog uetddpoaons Yo »d0e diegyaoio, £ToL dote M
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%nA0e diepyaoio va umoet va €yxel tig dég g, dladpopeTinég, dpuowrés oehideg, moQd
TO YEYOVOS OTL YeNoLporoLel idleg etrovirnég dievBuvoels pe Oheg Tig AhAeg diepyaoies.

e 311 0¢om FE tov mivaxa petddooaong, 0mov pog odfynoav ta 8 MS bits tng ewovinig
deBvvong, vty ovv TANEOpoies —OTwg Ba oL UE TaQOXATW— YL va. eEAEYEoVE OV
N emovixn] oehida FE mov Oéhouvpe vmdQyer ot Quowry] pviun, %ol av €YOoUue
duaimpo vo Ty mgoomeldoovue 6Twg TNtd 1 Té)ovoa diepyaoia.

e 311 (010 Oéom FE tou mivaxa petddoaons Potonovpe tov aoldpud e puoirng oeridag
Omov Poloxetal avti T otryun 1 erwovixi] oehida FE. Zto mapdderypd pog, vadoyouvv
16 puowéc oehideg, Goa 0 apOUOS puowmhg oehidag éxel 4 bits. 'Eotm 0TL fofjraue Tov
0ud A oav aQepd duowig oehidag. Ze avtdv ®oldpe rat T 12 apetddoaota LS
bits Tng ewovixfc devBuvvong (210), nar dtdyvovue €tol ta 16 bits g Pvowig
deBuvong: A210, 0t0 TaEAdELY A HOG.

12.3 Igootacio Mviungs, Astrtovpyxo, EEapéoeic:

Awyogropos xar Igoorocia Aegyaowwv: Kdabe degyaoio éxer to dwmd tng mivoxa
petddoaong oeAdwv, xwELoTd %ol aveEAQTNTO amtd exelvoug Twv dAlmV dlegyaotmdv, %ot
ovtds 0pilel molég oehideg pmogel vor mooomehdiller M diepyaoio: Oedouévou OTL xdbe
TOOTEACOT UVAUNG TeQvder amd TN petddpoaorn auth, 1 depyaoio elvar advvatov va
mpooTeAdoEL GuornéEg aelideg mov dev €xovv tomobetnOel otov mivaxra LeTaPEaoNS TNG. ZT0
oynua ¢eaivovtow 0vo depyooies, A xnow B- 1 xnaBewd toug PAémer To dmd TG KWQEO
emovir®mv dlevBuvoemv (Yordllog yid v A, modowvos yid v B). Ta PéAn deiyvouv molég
emovirég oehideg g nabeds Toug éxouv tomobetnOel oe moLég puornég oehideg TG LviUNG.
Ou oehideg o€ yohpo My eival adpates TOoo Yid TV A 600 »al yid v B. Eniong pailveton
nol 0 ivarag petdpoaons g A (avédroyog eivor xor g B). H oehida pe tig eviohés ("text",
mpooTtooio execute-only) etvan xowvi), emeldn) vrotiBetor 6tL oL A »ow B elvou instances Tov 1diov
mpoyodppatos. Emiong, n dvown oelida 6 eivar xowvi] petagt tov A xow B emeldn) avtés
vrotifetal 6TL ouvepyatovial (avtolhdoouy dedopéva) HEow avTs: 0 QUTO TO TOQAdELY UL,
N A modyer dedouéva nal T yoadeL (uovov) exel, 1 0e B ratavalover autd ta dedopéva,
daPdlovtas ta (Lovov) amd exel.

_Process A Physical Physical Memory Two Processes, A and B,
Virtual Memory Page Number ——=0 instances of a same program,
0 .
. 1 isolated from each other,
— private data except for a shared data page
o]
E 2 2 Process B
€ o | Virtual Virtual Memory
2 3 Page Number —0
o 3
g *—|
o private stack_4 -——x 1|
= 4
p=) *—
E 5 —
> 5 ondisk «9W" "1 o
6 r— 3
6 output-only shared dafa (input-only)
7 4
7
o
8 5
Page Table of A )
V Prot D R Phy.Pg# 9 shared text (non—-writable)
o[o]---
11 --x 8
o[ 1] rw- 1 A rw— 7|16 ==
30| r—— <disk addr> ) — T
a1 =w= 6 | physical addréss: B1C
50| ——— B|7cm=— 4ﬂal address: 71C
6|0 —— private stack 1C is the offset-within-page
701 ] rw— 4

To hardware tov emeEegyaoth) Poiloxel Tov mivoro PETAPQAoNG TS TEEXOVOOS dleQYaaiog
amd 1N (Ppuowi)) devbuvon Pdong Tov mvoxo avtov, mov elvar YQOoupévn (omd To
AeLToVQYIRO oVOTNUA) O £Vav ELOLRO RATAYWENTI] TOU CUOTIUOTOS dLayelpLong Uvijung —oyL
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oto ravovird register file. Otav o eneEeQyaoths TEéyeL oe "user mode", dev emtoémeTaL Vo
YOOAYPEL AUTOV TOV RATAYMENTH, OVTMWE MOTE VO PNV WUITOQEl vo. voxollel Ot elvar GAln
dtegyaoto, Onhadmn va unv uroet vo amoxrthoel mpdofaaon ot pvijun dilmv diegyaoidv.

IMoootacio Aertovgyinot Xvotiuaros: O TOQATAVED EWOWOS ®OTAYMENTNS OV ®oB0QITeL
TOV TEéYOVTO THvoxo peTddoaong —Onradi] Tnv teéxovoa degyaoio— elvol TQOOTEAAOLUOG
o7td Tov emeEeQyaoty) povov 6tav o eneEepyaotig Poloxetar o "kernel mode", OnAadT| TEéyEL
To Aettoveywd ovothua. Kabe eEaipeon (exception) —meQuhapfavOUEVOD ®OL TOV RAAETUATOS
OVOTNUATOS (system call)— amoOnxrevel Tnv moid natdotaon (user/kernel) 0TV omoia £tpeye O
ene€eQyaoTig, nat Gpégvel Tov emeEepynoti] oe kernel mode. "Etot, o trap (exception) handler
extelelton mavia oe kernel mode, evid 0 pOVOS TEOMOS YA €va ¥ENOTN va GEQEL TOV
emeEeQyoot) oe kernel mode elvar va mpoxahéoel eEQIQEOT, EXTEADVTOG WAV EVIOM] system
(environment) call —xdtL cov moQEAvoUr €vioA] mov mpoxohel eEalpeon, oM mou TO
Aettouyd ovotnuo Eégel OTL mpoopitetar oav system call kol Oyl oav OmAT TOQAVOUN
EVTIOAT] AOYW TQEOYQOUMHOTLIOTIROU Opaipotos. To ndheouo ovothuatog elvor emitndeg
dTaypévo vo ovpmegupégetar oav eEaipeon (exception), xoL Oyt cov omhO rdleopo
dadiraotag (evtoir jal), oUtwg Mote 1) €(0000¢ 0TO AelTOVEYIHO CVOTNUO —TTOV TIRETEL VO
vivel o kernel mode— va yivetal povo othv mpoxabogolopévn detOvvon tovu trap handler, nou
oyl oe owdfmote dAn avbaipgetn devOvvorn Oo pmogovoe va Tntioer évag xandPoviog
¥ONOTNG TQORELUEVOU VO TAQOUXAMPEL TO UEQOG EXEIVO TOU AELTOVQYLXOU CUOTHUATOG TTOV
HAVEL TOVG EAEYYOVG TOV AV O YENOTNG £xeL duatmpa vo Tntnoel avtd mov Tntd.

Mogovoes/Anotvoeg Xerideg zon [Mgootacia Xeridmv: Kdbe 0¢on tov mivara petddpoaong
TIEQLEYEL:

e To "valid bit", mov vodenvieL av 1 ewovinr) oehida otV omoia avapeQOuaoTe elvol
aQovoa 1] amovoo amd ™ duowt) uvijuy. Evdeydpevn amovoia g eurovirig oehidag
amd T Guort pviun Ptogel va odeiletor eite oto OTL M eovint) auti oelda elval
maodvoun (dev yonoipomoteitor, diadr To modygappo Oev elye evtolés 1) dedouéva
exel, oUte Ctnoe va Palel vdt péow malloc/sbreak), eite 0T0 OTL €ivo VOLLEY peV 0AAGL
QUTH) TN OTLYUT PoloneTOL 0TO Oiox0 RaL OYL 0T LWVTU).

o Tov apBuo g dvowxig oeridag (4 bits oto edmd madderypd pag) 6mov Poloreton
QUTT) TN OTLYRT 1) Elxovixt] oeMOa, 6Tav auTi) elvol TaQoVoa 0T GUOLKT] VL.

e Ta "bits mgoorociag" (m.y. 3 bits: "rwx"), mov OnAwvouv T €idovg mEoomeAdoeLg
emroémetar va xdver 1 maoloo  degyacion oTig AEEEl avtfig ™S oeAidag
(read/write/execute, Onhad"): load/store/I-fetch). Ag vmoBéoovue OTL VOWpes aArG
amovoeg oelideg €xouv TouldyLoTo éva avoapévo bit mpootaciog (aAld V==0), evd
TOQAVOES (roL eMOUEVS ammoVoeg) oelideg éxouvv ofmnotd dha Ta bits mEOoTAGIOG
(now gruAéov na V==0).

e To "dirty bit", mov deiyveL av o emeEeQyaoths AMhaEe 1] OxL TO TEQLEXOUEVA QVTHG TG
oehidag amd tote mov Ty dafdoape televtaio God amd to dlorno —emouEvog eqv
yoerdletan 7 oL vo Yoaovu e To (VEo) megLeyduevo tng miow 0to dioxo dtav némoLog
GALOG TG ®AVEL "EEmoN" (eviction) artd TN L.

e To "reference bit", Tov TO ¥ONOLUOTOLEL TO AELTOVQYHO CUOTNUA YL VO TTQOOEYYI(OEL
tov alyoopo aviwatdotoaons "LRU": oe xdbe mgooméhaorn oty oehida, o
emeEepyaoThg BéteL auTod TO bit, EVD TO AettovEyLrd oVoTUa TEQLOdLRA dLadlel avTd
to bits y1d va del molég oehideg yonolpomoOnxray medodATA, ROl OTY CUVEXELD TA
undeviCet.

"Tlopdvoues" TQOOTEAATELS ELROVIXTG LVAUNG elvon T.Y. oL €ENG: (i) ToomabeL eyyQadig o€
oehida Omov dev éxm Owaiwpo eyyoadns (my. oehida read-only), 1 (ii) mooomdbeia
avdryvoong dedopévov amd oerida mov elvar, my. "execute-only" (OnA. meQLéyel evIohég), 1 (iii)
EOOTAOELL AVAYV™ONG He oxomd TNV extéleon (instruction fetch) amd oehida mov Oev meQLEYEL
eEXTELEOLUES €VTOMEG, T (iv) TQOOTAOEL TQOOTEAAONGS OLoodNToTE PoQEdNg ot oehida
"unallocated", dmAadn mou ovte o compiler éPoie exel (oTATHA) %ATOLO PEQOS TOV
TEOYQAPITOS (EVTOAES 1] dedopéva), olte 1 malloc() exymoemnoe exel (duvaund) ymeo (ddeia
yonong). Tétoleg "mogdvopues" mEOOTEAATELS TQORAAOVY TQOWQEO TEQUATIONO TNG EXTEAEDNG,
ue To owrelo oe GAOUG pag wivupa "segmentation violation - core dumped".

"Amooeg (aMAG vOLLUES)" 0eMIOES EOVIRTG UVIIUNG (VoL EXEIVES TTOV VOL UEV TO TTQOYQULLLILOL
€xeL VOUUO SoLmuUa TQOOTEAAONGS 0 avTés (ONA. dev elvou mopdvoun M TEOoTELAOT)), AALG
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oumg Tuyaivel (elte elheiel emorovg pviung, elte emeldn moté péyoL otiyung Oev v elye
Cnthoer to mpdyoapua) M oeAida avti) vo unv Poioxretal auti] T oTLyun oty (REVTouxn)
pvnun (RAM) tov vmohoylotr), aAld oto (orAngo) dioxo. [lpoomehdoels o amovoeg oehideg
TQORAANOVV TQOOWEVY dLOKOTT TNG EXTEAEONS TOV TQOYQAUUOTOS (0pAhpo oehidag - page
fault exception/interrupt), avédAnn amd to Aettovyrd cVOTNUC VO TIPOCKROWOEL TNV QIToVaa
oeMO0, %OL ETOVEXXIVIOY TOU TEOYQAUUOTOS "oov vo pn ovvéPrn timota" petd v
TQOOHOULON QUTH).

EEapéoeig/Avoxonés (Exceptions/Interrupts):

Awafdote yid avtd ta Oépoto and v §4.9 tov (EAMAvinot) Biiov o deite tTig Avodavereg
86-90, 92, naw 96-97 Tov nedparaiov 4 tov Ayyhrot Piiov.

IMpooéEte Wiaitepa OTL Ta opAlpaTa oeMidag TEEMEL VoL T OvayvVmEiLel To VKO %ol vo. TO
yewolletar meiv ohonAnowbel 1 extéheon g evtoAfg mov Ta mQondheoe: mELv YAEL M
eVToAT] load 0TOV ®ATAXWENTI] TQOOELOMOV 1) 1] EVTOAT store 0T AEEN TROOELONOV, LEca TNV
—avOTAxTN!— oeMda puviung. AAAOL®G, T.Y., 0eV UTOQOUV va emaveruvnBOUV 0waoTd, HETd
TNV TROOXROWOT TNG Amoo0g oeMdag amd to 0ioro, evtorés Omwg "lw $8, 4($8)" mov
TQOXVITTOVYV TT.Y. IO CUVNOLOUEVES EXYWENOELS ONWG: "p = p->next;".

Acoxnon 12.4: Movoeninedog Iivaxas Metddpoaong

(00) OewEN0TE TO TOQATAVD UKQEO (EEMIOAYUATIZG) TTOQAOELY IO EKOVIXTG VNG TG §12.2.
Kévte yid avtd éva oynuatind udyQo o Tov vo OelyVEL TOV ROTOYWQETTI] TTOV TEQLEYEL TOV
pointer 0TOV mvara UETAPQOONS TNG TAEOVOOS OleQyaolog, Tov mivaxra UEeTdpoaons, TV
ewovixi devbuvon (20 bits) ov yevvd o emeEeQynotilg, Ta mEdi OO TO OTOlC. VT
ostoteLe(TaL, 0O TOV TQOEQPYETAL TO index O0TOV Tivaxo petddpgaons, Tt diufdtovue amd T
0¢om exeivn Tou mvaxra, xou IHg ovviETovpe TN puort) drevOuvom (16 bits).

(B) ‘Eotw 611, 0T0 moQoutdivey arthd tapdderyud pog, 1 dteyaoio pog £xel g eEng oehideg:

e Ewovirr oehida 00: mapdvoun (megiéyel tov NULL pointer).

o Euwovint) oehida 01: megiéyel nmdwma (r-x), »ai folonetol oty puoiri) oerida 4.

o Ewovinég oehideg 02 €wg now 09: meQLExovv ®Mdra (r-x), aAlG elvan amooeg amd
ot pviun.

o Ewovinf oehida 0A: mepiéyer otatwd Oedouéva (rw-), »al Poioretar otn duowxn
oehida F, dirty.

o Ewovinég oelides 0B émwg nau BF: mapdvopes (unallocated).

e Ewovinr oehida CO: megiéyer duvapund dedopévo (rw-), xow Poloxetor ot duowxh
oehida 0, dirty.

e Ewovinr] oehida Cl: megiéyel duvapund dedopéva read-only (r--), xou Poloretor ot
dvowi) oelida 2.

e Ewovirég oehideg C2 naw C3: megiéxouvv duvaund dedopéva (rw-), olha elvan amovoeg
o TN GUOLKT) pviun.

e Ewovinég oelideg C4 £mg naw FD: mopdvopeg (unallocated).

e Ewovin] oehida FE: megiéyer dedopéva otoifag (rw-), xor Poioxetar otn dvowxn
oehida D, dirty.

o Ewovinf oehida FF: meoiéyer dedopéva otoifag (rw-), now Poioxetar ot duowxn
oehda 1, clean.

AeiEte ta meglexdueva Tov mivoro HETAPQaons Thg dlepyaoiag pag, xweic ta reference bits
olhd pe 6ho o Ahha edia Tou (256 yoopués et 4 medlo avd YOO —€TMTQETETAL 1) YQOT|OM
OLTTOOLOITOTLADV....).

(y) Iowég omd T moQordtw meoomeAdoels ot ewmovivég Oevdivoels mov didovtol
000N VY opalpo oelidog wor yuati; TToes amd avtés 0o mEoraAécouVV TEQUATIONS TOV
TQOYQAUUATOS, G AAVOAOUEVO, ROl TOLES OTTAMS Bo ®AVOUV TO AELTOVQYLRO GUOTHUO VO
dégeL v outnBeioa oehldo amd To diono 1AL vo emaverRLVIOeL TO ROy, Ol voloures,
o€ oLl puowt] diebBuvon petaddlovral;

01038 (fetch), OBOF4 (read), CO01C (write), 0292C (fetch), 00000 (read), 99F88
(read), FE5DS (write), FF100 (fetch), C20CC (write), CDOCC (write), C0444 (read),
01FF4 (fetch), C1FFC (write), 008E4 (write), C7700 (read), 01E40 (write).
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Aoxnon 12.5: IMolveninedor Mivaxes Metd¢poaons - Oweovouic Xbgov

OL meQLocOTEQES OLEQYAOIES YQMNOLUOTOLOUV OYETIRA ALYES OO TIG ELROVIXEG TOUG OEMDES, naL
ovTég ovvonlevpéveg (clustered) oe pegunéc "yeltoviég", OTmwg oTNV TAQATIAVM doxnon 12.4 1
010 moaderyua tov oyfuoatog e0m. Expetalievopevol auti v OLOTNTA, UTOQOUVUE VO
LELMOOOVE TO YMQEO UVNUNG TTOU RATOAAUPAVEL O THUVOrOS PETAPQAOoNS TS ®A0e dlepyaoiag,
ondCoviag Tov O€ UEQROUS [UKQOTEQOUS TUVARES, OQYOVOUEVOUS OOV A TTOAV-ETITEDT
tegapyta. To oyxnua deiyver éva moQdderypo evog povoemimedov mivoro yud 32 eirovirég
oehideg, TIg omoieg opodomolotpe o 8 opddes Twv 4 oelidwv nabepia. Otav petatoépouue
T0 oUotTpo avtd oe demimedo mivanra, OeELd 0To oYNuUa, O Tvaras TEMTOV emmTEdOV (root
page table) Oa €xeL pia Béon avd opdda oelidwv. Iivaneg devtégov emmédov Oa vdyovv
UOVOVY VLG exelVES TIG OUAOES ELROVIRWV OEMOMY TTOV SV (VO OLES TOUS AVITTOKRTEG.

Virtual Address Virtual Address
[0100]] A 5 C | [o10o] A 5 C |

\_’FS/\Z 12

Root Pg Thbl

Virtual Page Number ~ }5
Phy.P#

N
\o}

<

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 1
11111: FA

Physical Page Numbery ¥

000:
001:
010:
011:
100:
group 101:
001 110:
111:

oA group
3C 000

[ — -

Page Offset

00:|0
: 2A
10: 3C

= OOoO|=|O|—=
o
g

EE group
B7 & .
~ e 00:

EE
B7 ¢
05

|
0
|
-y
o
o= [—[—

group
011

Two—Level Page Tables

Page Offset

group ot
100 10:

8D
FA

—|=lolo

group
101 Y

[ B7 ] A5 cC |

?T;D Physical Address

One-Level Page Table

A 4

In this example:

group

e Page size: 4 KBytes

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

— (= (OO0 IOI0IDI0IOOOO|IO|=|=|=|OOOO|IO|= =IO

Page Offset

[B7 | A5 C | e Physical Address Space: 1 MByte
=> 256 physical pages

Physical Address

Sav aoxnon toea, Bewenote OTL 0To cvoTNUO PviuNng g doxnong 12.4 aildtouvpe tov
povadxd (povoeminedo) mivora petddaons avd diegyaotia oe diemimedovg mivaneg, dg eENG.
KaBe diepyaoia Ba éxer évov mivaxra momtov emmédov, peyébouvg 16 Béoewv. Tov mivoxa
ovTOV ToV PElOXOVUE LECM TOV YVMOTOU pointer OV TEQLEXETOL OTOV ELOLKO RATOYWONTT] TTOV
ovadpégape mooamdvm. Xonowwomowotue ta 4 MS bits g emovixiic detBuvvong yd va
emAéEovpe wio amd g 16 Béoelg avtot tov mivaxra. Kabe cuvdvaopdc tov 4 autov bits,
emopévarg now #ébe B¢on avtod Tou mvaxra, avilotowel oe 16 ermovirég oehides. Eav nauia
oo avTég TIg 16 0elideg dev VIIAQYEL 0T GuoLrT) ViU, TOTE oNueELDVOVpE TN B€om avTi TOV
mivara IMTOoU emEdov oav druen (valid bit = 0). AAAOG, 1 B€om ot Tov Tvaxra TEMTOV
emmédov mepléyel évav pointer oe évo mivanra petddoaons devtépou emmédouv. Edv m
ewmoviny pog OetBuvvon pog odfynoe oe tétowa B€om otov mivaxra mEMOTOV emIEdOV, TOTE
¥ONOoLLoToLoV e To eOUEVA 4 bits TG etvovixilg dlevBuvong oav index otov mvaxro OeVTEQOV
emmédov O6mov pog odfynoe o mivaxog mowtov emmédov. Exel, otov mivaxra deviégov
emmédov, Polorovpe Ta TeMxrd otouyela yid t) oehida mov TnTdpe.

(afy) Kavie éva didyoappo avdioyo mpog avtd thg doxnong 12.4(a) yud to dieminmedo
oVOTNUA UETADGQAONS AVTAS TNG AoxNONG. 210 (O10 ddygauue, OeiEte GAOVG TOVG THVOXES
deVTEQOV ETLITEOOV WOV O VITAEYOVV YA TIg 0eMideg TG dornong 12.4(B). Emiong deiEte, Ol
TO TEQLEYOUEVO OA®MV TV TMVAXOV UETAPQAONS, TOMOTOU oL OEVTEQOV  emTEOV.
BePawwBelte (ywoig va dmoete yoartd tv amdvinot cog) 0t to ovoTnua ovtd petadAdlel
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Tig OtevBuvoels tng doxnong 12.4(y) to (0o OTTWS %ol TO PHOVOETIMESO oVOTNUA TS GOUNOTG
enelvng.

(0) Ilooec Oéoeic pviung ratalopPdvouv OAoL oL mivaxres PeTddEAONS TOU TOQOVTOG
dlemimedov ovotuatog yid Tn Oiepyoocia poag xar yud g oehidegs (B); Ze oyéorn pe TO
povoemimedo ovotnue. g doxnong 12.4(B) vmdoyer owrovouio. 0TO YMEO HVIUNG IOV
notohapfdverol;

Aoxnon 12.6: Iolveninedor Mivaxes Metd.¢poaons oe Peahotixo vomua

Emavoldfete tnv doxnon 12.5(a) —mmov ftav oav v 12.4(a) (oxnuatird dudyQouuo mvanmy
HETADEOONG)— avTh TN GOA YLd £va QEaMOTIHG, ONUEQLVO, GVOTHUA ELXOVIXTG UVTUNG:

e O ewovirég devBivoelg éxovv péyebog 64 bits. Opwg, yid mEorTvog Adyovg, novo
to 48 LS amd autd yonoLuomootviol (meog eurovir®v dievBivoemv 256 TeraBytes
avé diepyaoia...).

e MéyeBog oehidag 4 KBytes. Emopévimg ta 12 LS bits tng ewovirig dievBuvong dev
¥oeLdlovral petddoaon.

e Tola emimeda mvanwv petddpoaong avd diepyaoio.

o Kda0e mivaxag petdpoaons éxel péyebog 4096 Béoels, doa "wortdlel" 12 amd ta bits
TOU 0QLOUOV eovinig oehidag.

e Avvatotnro eméntaong €wg 256 GBytes ¢uowic pviung, dnhadr) 38 bits duowxn
detBvvon, 1| 64 M dpuowrég oelideg (26-wmtog abuds dvowrng oehidag) emi 4 KBytes
ova oeMda.

Aoxnon 12.7: TLB, Process ID, xot Kowvoyonorteg Xehideg

Agite 1ig Avadavereg 75-80 tov (Ayyhnot) Biiov.

Ié va yivetow 1 petadpoaon yoryoea, xenotpomoleitar ouvhimg évag uxeds ratdhoyos
Cevymv eovirfs-dpuonng oehidag yid T md ovyva yonolpomolovpeves oelideg —o "TLB"
(Translation Lookaside Buffer)— oQyavmuévog oav wé uxei ®udt uviun, ouvhbwg miowg
mpooetaolotint] —PAéme oehideg 583-590 tov EAimvizol Pifiiov. Emedn) petadpodlovian
uovov ta apLoted (MS) bits Tng ewmovixng detBvvong, 6mwg Oa ToUE AUECMS TUQOXATW,
OTav oL 0elideg elvol 0QxeTd UeYAAeS ®aL 1 ®QUOT UV CERETA WXQET), WTOQOUUE VO
TETUYOVUE MOTE 1] TQOOTEAAOY OTNV ®QUDT UV, TTOU DG YVOOTOV Egntvdel le rAUTOo0
omd to 0gEld (LS) bits g OedBuvong, vo Eewivdel e uovov auetdpoacta bits g
dtevBuvong, %L étol to TLB va dovielel ev maQOaAANA® (TOUTOXQOVA) HE TNV RQUOT Uviiun,
nol GQa OMOUANQOG O UNYXOVIOUOS TNG ELROVIXTG UVIIUNG VO unv TQoxohiel xoulo emmiéov
©aBvoTéEQENON 0TO TEEELNO TOV emeEEQYOTH, OGO OL OEMOES TOV YO OLUOTOLEL O EMEEEQYAOTHG
gxouv T petddoaor toug péoa oto TLB. Otav pudv eiwovint| oehida dev tnv Poiorovue otov
TLB, tote TV avalntdpe otovg Iivaxes Metdgooons, mov Polorovial ot pviun.

Angpéorepa, Y v ev mogolhm Aettoveyia TLB nouw level-1 (L1) cache ¢pooviiCovue dote
to péyebog tov nabe way tg L1 cache (= mif)0og sets emi line size) va elvol puxoTEQoO 1) (00
omd 1o péyebog g oelidag. Tote, to index bits —mov yoewdllovion Y& vo Eexuvijoer m
mpooméhaon otnv L1 cache— mpoégyovtar Oha amd To auerdpoaoto nopdtt Tng dievbuvong
(To page offset): To ®opdtL exeivo g puorng deBuvong mov to Eépovue auéows, apot eivor
{00 pe to avtiotowo xopdTi TG €rovixfg delBuvons. Me autd to nopdtt Eexwvdel m
mpdoPaon omv L1 cache. Tavtdyoova pe 1o Eexivnua tng mpdofaong otnv L1 cache, dideton
now 1 ewmovint] oedida oto TLB yid petadoaon. To TLB 1o »dvoupe va elvolr 1600 yQi1Y0Qo
600 »at 1 avdyvwon twv tags g L1 cache. "'Etol, pe to mou tehetdver 1 avayvmon Tov tags
otV L1 cache (6mov ta tags avtd elvar puoinés dievbivoeLs), el Teelmoel not 1 HeTddoaon
o6 to TLB (edv fitav €dotoyn), %L €10l Ta tags twv lines mov Poloxoviar otnv cache
oUY®QIVOVTOL e TNV HeTOdQAoUEVT TTAEOV (0tO TO TLB) pvoixy dievBuvan.

ITooxewévou va unv avayralopaote vo arvQdvouue To meglexdueva tov TLB oe %dbe
alhayn g diepyaoiog mou Teéyel (context swap), BEAove vo WtoQOoUUE Vo €YOVUE PECO OTO
TLB, tavtdyQova, TevydoLa eovik®v-Gpuommv oeMdmV TOAMOV SLPOQETIRDV JLEQYATLODV.
Avtd Opmg amoutel va progotpe vo. to Eexmoitovpe peta&l toug, apol v ndbe ogLouévn
ewovint] OlevBuvon evdéyetar va Ty  XONOoWomoloUv ToAlES Olegyaocies oAMAA VLG
diapooetirt] mAngodopio xor xatd diodpogetvd TEOmOo 1M xAbepio. TN va yivetar o
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dLaymELopOg avTogs, ratayoddouvue tov aiud diegyaociog ("PID", Process Identifier) pali pe
Tov QPO ewovixilg oelidag avtiig tng Olepyaociag oe rdbe Béom (CevydoL ewrovinic-
dvorig oehidag) Tov TLB.

(o) Oewenote WAV emoviny] uviun ue peyédrn omws tg doxnong 12.4, o Bewenote Ot TO
PID éyeu puéyeBog 8 bits (uéyot 256 Ttautdypoves degyaoies). Osworote éva TLB peyéBoug 16
Béoewv, pe TANEWS TQOOETALQLOTIXY TomoBétnon Cevydv (owodnmote Celyog petddpooong
uropet va pmet omovdfmote oto TLB). [Towd medio moémer vo éxel m xaBe B€on avtov Tou
TLB, »nou T peyéboug to nabéva;

B) Awote évo oQBunTnd maEAdeLyua Tov mAEOovS mEQLexouévoy tov TLB dtov oautd
TeQLéyeL TevyaoLo LETAGQOONS YL TIG TTOQOXAT®W EROVIXES OEAIdES ammodpacioTe poOvoL oag,
ovbBaigeta (ocov vo gloaotav to Aettoveyird olvotnua), oe oy Guory oelido Oa
tomoOeTNoTe TV ®A0e erovixt] oeMida ov oag Tnteltol vo evgioneTal ev YT OEL:

o Trnv ewoviri oehida 03 tng diegyaoiag 3B (TeEQLEyEL RMOLKA), RAL TNV EXOVIXT) OEAIOO
03 g Owepyaotag B4 (megiéyer data r/w), oL omoleg avopEQOvIiaL O€ €VIEADG
dapopetinés, aveEdoTntes dpuoinés oehideg.

e H diegyaoia 3B xou 1 diepyaoia 3C amote AoV SLopOQETINES EVEQYOTOLTOELS TOV LO{OV
TQOYQEAUMATOG, T.Y. O (dlog web browser ToeyuEVOG atd d10 dLopoQeETIHOVS XONOTES.
I'é owovopia (Gpvowng) uviung, To Aettouyd oUoTNUo ®EATd UOVO €vol avTiTuITo
TOU RMOKA OUTNG TNG EGOAQUOYNG OTN MV, ®at ®AveL OAeg Tig dleQyaoies mov To
TéYOLVV VA "PAETOVV" 0UTO TO HOVAILRO KOLVOYENOTO AVILTUTIO OTT| OLrT] TG ELROVLXT)
pviun 1 »é0e pio. Bate hAoutdv oto TLB now tv emovint] oehida 03 g diegyaoiog
3C, mov meQLEyEL TOV (dL0 nMOrd pe TN oehida 03 tng 3B.

e Bdhte v ewovini] oelida FF tng diepyaoiog 3B, nou tnv ewwovini] oehida FF tng
degyaotag 3C, mov meQuéxouvv dedopéva otoifag. Omwg elmope, avtég ov dvo
dlegyaoies amoteholV dlapogeTinég eveQyomoLoels Tov Wiov mpoyodupatos. ITagd
TO YEYOVOGS OTL 0 RDOLRAS TV OV0 AVTOV dlegyaoLdv elval »owvdg, Ta dedouéva Toug
opwg elvor dtapopetind, adpot my. dAha xavel o £vag ¥NOTNS Ue ToV web browser Tov,
s Ao o GAhog.

e Ou diepyooieg A2 now A3 ovvegydCovtor HETOED TOUG, ®OL EMHOLVOVOUV UECW
®nowoyonotng pviuns: H diegyaoia A2 mapdyer dedopéva mopog emeEepyaoio, nat To
voddel otnv ernovint tng oerida C2 (mpootaoia -w-). H diepyaoio A3 xatavaidvel ta
dedopéva mov mapdyer n A2, now to emeEegydletal. H A3 dwofdler to dedopéva autd
amd Y ewmovirt oehida thg E3 (mpootaoia r--), 1 omoia Oums, HECw TOU CUOTHUATOS
ELROVIXTG UVIIUNG, OVTLOTOLYEL OtV (Ol puoLry] oeAida OTNV Oola AVTLOTOLYEL KoL 1)
C2 g A2, 00TE VO ETUTUYYAVETOL 1] OUVEQYOO(O TTOLQAYWYOU-RaTAVOAWTH TV &0
degyaolnv. Bakte oto TLB cog ®at autég Tig dU0 emmovinég oelides.

(y) Ou dtepyooieg 3B noun 3C, mapamdvo, eival mgootatevuéveg 1 pio artd Ty ahhn; Mmogel 1
pta va drafdoel ta dedopéva g dAlng (wAéPovtag £tol, my., 0 €vag XONOoTNG Tov 0QLONO
TWOTWTHYG ®AQTOS OV O dAlog mAnntQoloyel otOov browser Tou Y& WV ayoQd HECW
dtadirtov); Mmoogel 1 pior vo ahhowwoel (yodaper) ta dedopéva tng AAANG (TTOQOTAavOVTaG
€ToL, T.Y., 0 évag ¥eNoTNg Tov dAhov); Mmooel 1 wia vo ®oTtaoTeéYeL (YOAPEL) TOV *MDOLKA TNG
aMng ("rohhavtog" €tol, my., 0 évag yonotng tov Aaihov); Ilog eEaodaiiCovpe v
emBuunti mEooTaola ®aL aveEaQTNoia LeTaED avT®@V TV S0 JLEQYAOLDV, EVA TAVTOYQOVA
HOAVOUUE HOL OLXOVOWIO VIIUNG KOATOVTOG £Va LOVO GUOLRO OVTITUITO TOU RDOLKA TTOU AVTES
TOEXOVV;

Toomog Iaadoong

[Mapadwote TN oed avti aoxnoewv on-line, oe poedpf PDF (uovov) (umogetl vo etvor
AE(UEVO UNYOVOYQOPNUEVO T)/raL "ORAVOQLOPEVO" YEWQOYAPO, alLd uovov oe popdt PDF).
[Mapadmote péow turnin ex12@hy225 [directoryName] éva ayelo ovouatL ex12.pdf
7OV O TEQLEYEL TIS ALTIAVTT|OELS OOG.

Oa eEetooteite »ou MPoPowa Yo Tig aoxrnoels 10 xou 11 (uaki), amd Ponbo Tov padiuatoc,
pe draduraota yud tnv omoia Oa evnuepwOeite ueow NAtd (email) oty Alota Tov pabfuoTog.

© copyright University of Crete, Greece. Last updated: 29 Apr. 2020 by M. Katevenis.

https://www.csd.uoc.gr/~hy225/21a/ex12_vm.html Page 9 of 9


https://www.csd.uoc.gr/~hy225/21a/copyright.html
http://users.ics.forth.gr/~kateveni/

