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Acxnon 12.1: Méeog Xeovog Igoonélaons Iegaoyiog Mviung

Onwg eldope 0To Hadnuo, yLd Tov VITOAOYLoUS TV ETMOOCEMV WAG LeQaEyiog uviung (m.y.
noudN pviun (cache memory) pe xrUgo pvijun (main memory)) opiCouvpe Ttic €ENg
TOLQALUETQOVG:

® hit_ratio (T0000TO €VOTOYLOG): TL TOOOOTO TOV cuvoMxrol mABovg mpoomeldoemy
OTNV LEQOOYLA LV UNG NTaV E00TOYES TQOOTEAATELS.

® miss_ratio (TOO0OTO QOTOY(OC): TL TOCOOTO TOV CUVOMXOU TABovg mpoomehdoemv
otV Lepayia pvnung Nrtav dotoyeg mooomerdoels. [Toodavac, hit_ratio + miss_ratio
=1.

® 1y (hit time - x00vOg gvoTOYiaG): XOOVOG €VOTOYNG TEOOTEAAOTS, dNACOT) TTOOT MO
maiQVveL d mpoomélaon mov Peioxel autd mov Tntd otV puret| xal YOyoen pviun
(7Y OTNY %QUPT pviium).

® i (Miss time - yoOvog aotoyiag): xodvog dotoyns meoomélaong, dniadt Tdon wea
maigver (ouvohrd) pd meooméhaon mou dev Poioxrel avtd mov TNt otV KT %ol
vonyoon wvhun (f.y. otnv ®Qudn uvhun), now ovayratetal vo 1o dapdoer amd v
HEYAAN %0 QYT pvijun (7. xboua pvium).

® lmiss_penalty = Tmiss - thir (Miss penalty - emmhéov x00TOG TG aoTOXlAC): TOON MDA
TAQATAVM HOG ®0O0TICEL 1) aoToy o 0Ttd TNV voToyia.

Tote, 0 uéoog xQOVOS TROOTEMAONG OTNV LEQaQY0 IVIUNG, .4 (effective access time), Ba
elvan, mgodavmg:
lefp = hit_ratio * typ; + miss_ratio * tyjss = tpjy + MisS_ratio * tyiss penairy

Oemefote WA ®QUPTN pviun pe mocootd aotoyiag dvouol (2.5) %, yeodvo gvotoyiag 1
®O%AO QOAOYLOU, ROl ®OOTOC aoToYlag (miss penalty) 40 xOxhouvg goroylov. IT6cog elvar o
LECOG QOVOG TQOOTEANLONG O AUTH] TNV Legayta pviiung (og ®irAovg QoAoYLOD);

Acxnon 12.2: Emidoon EncEeoyaoti ne Iegagyio. Mvijung

To CPI twv aoxfjoemv 11.2 - 11.4 Bewpovoe 6Tl Oheg oL mRooTeELAOELS uviung (instruction
fetch, data load, data store) eivor e0otoyeg, ONAadT Peiorovv avtd mov TNTovv oThv REUOT)
pvhun (n omota €xeL xeOvo meoomélaons 1 #0xho QOAOYLOV). AVOTUYMG, 1) TEOYUATIHOTNTO
Japégel  onuovivd oamd  out) Vv Woviel]  ewmova  (ral,  duaTUX®S, TETOLOUG
eELOAVIXEVUEVOUS 1Ol EEMTOAYHOTIXOUS 0QONOTS emddoewy dMUooLteEbouy Oyl OTTAvLAL
oAEg eTaleleg, Yud evvonTovg Adyovuc...). Ag dolUE TOOO UTTOQEL VO XELQOTEQEPYOUV TA
dryportor pe d pun tdavirt) pviu.

Oewenote évav emeEeyootiy MIPS pe opoyelpia, W éva "Wavixd" CPI (CPI pe wovini
pvnun) (oo pe 1.4 (nammg xewpdtego amd avtd thg doxnong 11.3 dedouévou OTL oL eVIoréC
WVNTNHGS VITOALOOTOANG YeELROoTEQEVOVV To CPI). OewE1oTe OTL AVTOG TEEXEL £VO TQOYQOLULL
mov amowtel TV exntéheon 1 exaroppugiov evrormv. (o) T1d6oovg nixhovg goroyov Ba
xoeLdCovrav autd to medyQoupa Yid va TEEEEL av 1) LleQay i pviung fitav Wavixt (OAes oL
eoomeMdOELS EVOTOYEC);
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Ag vmohoyloovpe TMQO TOOES TQOOTEALACELS UVIUNG ®AVEL 0UTO TO TEOYeauua. Kdabe
EVTOAT ®AVEL Pio TROOTEACON UviUNG Y& i_fetch, won, emumhéov, ou evtohés load nau store
ndvouv o axdua mpoomélaon pviung xabepia. () Bdoel Tov mooootdv evioldv g
doxnong 11.2, vmoloyiote 10 mANBOG TEOOTMEAAOEWV UVUNG TTOU KAVEL TO TOQOTAV®

TQOYQOCL.

And tig mpoomeldoels avtég (B), dhhes elvan ebotoyeg, nau dhheg dotoyec. Me tig elotoyeg
TOOTEAATELS, TO TQAYUATA EXOUV OIS oL 0ToV Wavind voroyoti) (o). Kabe dotoyn
TQOOTELOOT, OUWG, WG %OOTCeL miss_penalty ®0xAoug QOAOYLOU €MITAEOV QUTOV OV
Eodevel o Wavirdg vmoroyloths. (y) Ildoes dGotoyeg mooomeldoels Uviung rdver to
TOQAITAVM TQOYQOUU, €6V TO miss_ratio elvan 2.5 % (O0mwg notr oty doxnon 12.1); (d)
[T6oovg ®hnhovg QOAoYLOU (EmmAéOV TOV WOVIKOU) HOG ROOTILOUV AUTES OL GOTOYEG
TOOTEAATELS, €AV TO miss_penalty eivar 40 nOxhol goAoyLol (0mmg xot oty doxnon 12.1);

O mpayuatnds vrohoyLotig, Aowtdv, Bo agyel meplocdTeQo amtd Ttov Wovird (o) 1aTd
TOO0VUS nURAOVGS QOAOYLOU OoOL YdBNHav Aoyw dotoywv mpoomehdoemv (8). Emouévmg, (€)
OO0VS ®ORAOUS QOAOYLOU Bol Y0eL00TEL O TEAYHOTIXOS VITOAOYLOTNG VL& Vo TEEEEL TO
TOQATTAVM TROYQOUUO Tov 1 exortoppwgiov eviohmv; (ot) I1dco eivon, ouvemdg, To
wooduvapo CPI tov mpaypatixot vmoloywot); (§) Ildoec ¢Ppopég agydtepog eivar o
TEAYHOTROS amtd TOV L0OVIKO VIoAOYLOoTH; (ONA0OT mOoes GoEég Tay1TEQOS €lval o
OAVIHOG aTTO TOV TAYMATIRO —-OMAADT troayparminie / Ldavinog)-

Acoxnon 12.3: Kovon Mvijun Movooinaving Anewxéviong (Direct Mapped)

‘Otav tomobetoipe éva avtitumo wag MENS artd TV ®0QLoL vl 0Ty %QUdT pvhun, avtd
uwopel va tomobetnOel o ogrouéves povo "emroentés" Béoes g xoUPNS puviuns. Edv
Oheg oL Béoels TG ®EUPNC Pvhung elvon emteemtés (Yid v ®G0e AEEN g nOQLag pvhun),
TOTE 1 ®QUON pviun Aéyetor mAEws moooetargrotixy] (fully associative cache). To
LELOVEXTNUA OUMC TNG TANQWGS TQOOETALQLOTIXNG QUPNGS UVAUNG elvar To vymid Tng
%60T0G: YLd va Ppagovpe va footpe av ud emBupnti AEEN Tng ®oLog VNG €xeL auTh ™)
OTLYW] QVIITUTO TG OTNV ®QUT] Lvi|Ur, DOTE Vo TO JLaPAoouvpe amd exel YO YOQO, TIQETEL
va phEoupe og dheg Tig O€0eLs TG RQUONG PVAUNG, apol 1 emBupnTh AEEN, OTav elye éMOeL
otV ®QUOT puvihun (av elye EABeL, vaL av eival axdua exel), NTav emTEentod va Tomofetnoel
o¢ omoladNoTe BE0M TNG RQUPTG LVIIUNG.

H opydvwon noupig pviung pe to uxeotego duvatd xO0TOG €lval 1 movosuaving
amewoviong (direct mapped cache). Ze auti) TV 0QYAV®OY, VTIAQYEL ok HOVO EMTQETTI
0éom otV xoudN pvhun Yud v xGbe AEN g xioLag pvhuns. ‘Etot, to YaEuo yid wuad
AEEN elvon amho: myalvoupe othv povadint emuteenti) 0€om yid ot T AEEN, ®oL ®OLTANE
va. doUpe moldg Poioxretal exel avt T otrypd): 1 emmbuunt AEN, dAln AEEN, 1) napio AEEN;
(H amdvenon didetan amd to address tag »ow to valid bit, 6mwg eimape 010 pdbnua).

Duornd, To TEOPANUA UE TNV LOVOOT|UOVTY AELrOVLOT glvarl OTL povo wia amd TG ToALES
AMEelg g wioLog uviung mou €xouvv Oheg v (Oua emmtoermth) B€on otV ®QUPT pUviun
uwopel va Poloxetor otnv #Qudt uviun oe omolodnmote Ogdouévy OTLYUi] -0V TO
mpoyQaupd pag Toyel vo Bélel va doviépel (oxeddv) "tautdypova" pe dVO 1) TEQLO0OTEQES
amd avtég Tig MéEelg, TOTe Ba éxeL ovveyels aotoyles: 1 wa AEEN Ba dubyvel Ty GAAn. T'd
VO HELWOOUVUE 000 UTOQOUVUE TLS AQVNTIXES OUVETELEG AUTOU TOU (POLVOUEVOU, ETUOLMHOVE
N amemdvion tov AEemv g xELag UVAUNG otV %QUN pviun -—-pud ovvaQTnom
OLaomods (hashing), ovolaoTKA-- VO TIG OTEQVEL 000 TWO OUOLONOQPA UITOQEL 08 OAN TNV
NQUPT LVTUN, ROL VO TLG OTEEQVEL Y MOLS AQVNTIXES CUOYETIOELS UE TLG OUVNOLOUEVES LOLOTNTES
TOTUXOTITOS TMV TQOYQAUUUATOV.

Ov ouvnOLopéveg TomrOTNTES TV TROYQOUUATWY glvol 1 geovixn (temporal - (dua AEEN
Eavad nat Eavd), nouw 1 yoewxn (spatial - yertovirég AéEelg yonotpomorotvron "pali"). Td va
v €xet 1 ameEtROVION TOV AEEEMV 0QVNTIRES OUOYETIOELS LE TNV Y MOLKT] TOTUROTNTO, TTQETEL
verrovixég AEEELS TG n0ELOG PviunG (Fou xonotpomotovvton "pali") va amewmoviCovrtol og
dradogetirég BEoerg TG ®EQUPNGS PviUNG (WoTe va punv dudyvel 1 wo v dAin). Emmiéov,
OTEOVION TV AEEEMV TQETEL VO E(VOL OUTAT], TIQORELUEVOU VO, VAOTOLE(TAL TAYLOTO OTO
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noxhopa. H ouvdoton dlaomods mov £xel autég Tig WOLOTNTES %Ol QT OLUOTOLE(TAL OTIG
NQUPEG UVIUES HOVOOTUOVTNG amelrdviong elvou 1 eENg (6mov "modulo” givor To vdloumo
™ dwaigeong --OvunOeite 6TL draipeomn dud dVvaun Tov 2 LOdVVOEL LE TO VO LOLQAOOVE
amAms ta bits TG AENGS oto ratdiinio mAnBog MS bits (rnAiino) xaw LS bits (vtdAoLm0)):

(Bé¢om_noudng_pv) = (dtevO_xnvoiac_uv) modulo (uéyebog_noudnc_Lv)

Oememote, YA OmAOTNTO 08 QUTH TNV Aoxnon, 6Tl 1 ®OQLa pviun €xer puéyebog uovo 256
Bytes, emopévmwg oL AéEelg g éxovv dievbivoeig 0,4, 8, 12,... 248, 252. Oewt|ote, emiong yud
amAOTNTa, OTL 1] ®EUPT pviun €xel péyebog povo 32 Bytes, dnhadr| 8 AéEels, emopévmg oL
0¢oeig g elvar o1 0,4, 8, 12, 16, 20, 24, nau 28.

() Kavte évav mivaxo mov va deilyvel molég AéEelg tng »boLog uviung amewoviCovtal og
n00e plo Oéon g ®nEUPNg uvhung (q »dbe AEEMN tng »lELog uvhung, meodavmg, Oa
epdaviCeton pia pdvo ¢popd, oe pio povo B€om tou mivaxra, apol amerovitetal oe pia povo
0¢om g neudpTg pviung). Tldoes AéEeig g ®VQLag pviung ameroviCovror otnv (dia B€om
(Subyvouv M wio v GAAN), Y& ®dBe B¢om thg xoudnc puviung;, Eilvor opowdpogda
dlaomapuéveg 1 ouvmotiCovtol OAeg e ueQnég Lovo BEaels g xeUdNg uvhung; Ymaoyouvv
ov0evd yertovirés AéEelg tng wioLag uvhung mov va amewoviCovtal oty dia 0&om g
®OVPNG wviung, dOhadt| va "dudyvouv" 1 pia T dAAn;

(B) Zro mapamdve amhd moedderyua, 1 dteBuvor pviung elvau 8 bits (apot to péyebog g
n0QLOG PviUNg etvan 256 Bytes). H diehBuvom tng noudig puviung elvon 5 bits (uéyebog 32
Bytes), alé povo ta 3 amd avtd ta bits pog evoladpégovy yid va emhéEouvpe T Oéom g
®UONG PvAEMG Omov amtewroviCetal wd AEEN, adol 1 xQudTh pviun éxer 8 povo Béoels (Yd
vaL To TOUUE adloldg: M ®eudh pviun dev evdladpégetal yid Bytes, adld povo yid AéEeig).
‘Otav o enekegynotic pog diver ta 8 bits thg dedOVVONG pvhums ths AENS mov BéAeL, g
Ba mpoxhpouv ta 3 bits mov vodnAdvouv T B€aM TNg ®EUPTS UVIIUNG OOV TRETEL VAL
PYaEovpe; Metapodote tov mivaxo tng eodtong (a) oto dvadwmd yid va Oelte v
QITAVTNOT) €TOLUT UITQOOTA OOG.

(y) Td va Poolpe T AEN mouv Oéher o emeEepyaotns, eidape oto (P) oL mEémeL va
PaEoupe. OTav TACOVE EXEL, 1) ETTOUEVY EQWOTNOT] EVAL OV VITAQYEL EXEL AVTITUIIO RATOLOLG
MENG pviung, ov vou Toldg, ®oL av givar authg mov epeig Pdayvovpe. To av vmdyel
ovtitumo xagolag AEENG pviung, To amavtdel to valid bit (bit eyrveottag). To mowdc AENG,
to amavidel to address tag (etwéto devBuvong). I1doa bits moémer vo €xel M eTnéta
devBvvong (va ndivete orovopla ota bits --xootiCouv!); ITowd bits tng dtevOvvong pviung
mov OéheL o emeEeQyaotic mEEmEL vo. guyrQlivovue pe TV etxéta OletOvvong yud va
Eéoovpe av Porfrape ™ AEEN mov Tntdel (evotoyia) 1 Oyt (aotoyin); I va amoveiote
OVTES TIS EQWTIOELS, UEAETIOTE TQOOEXTING TOV THivoxo oV petadodoate 010 duvadind
otV eowTNon (B), vou deite péow oL bits dlevBUVvVONC pmogel raveig vo Eexmoioetl petato
TOUG TLG MEEELS TNG ®VOLOG UVI|UNG TTOU ETUTQETETAL VO, ATELROVICovTaL 0T €01 TG ®EVPNS
PVHUNG 0o Py vouue, ®oL Tov emouEves Béhouvpe va E€Qovue mold ot Oheg auTég
Potoxeton exel avti) ™) oTLyuA).

Acoxnon 12.4: ITocootd Actoyiog oc Mvijun Movooijuaveyg Ameizoviong

OewENOTE TNV RQUOT] UV GUEONG OTEROVIONG TNG doxrnong 12.3, 1 omola elval agywmd
nevi) (Oha o valid bits Pevdn), nor Oewprote 0Tl 0 emeEeQy00THC TEOOTEAAUVEL TIG €ENG
OLeEVOUVVOELS PVI|UNG, HOTA YQOVOLOYLXT) CELQG:

100, 200, 56, 96, 204, 60, 52, 100, 208, 96,
200, 52,204, 104, 60, 100, 208, 52, 96, 212,
100,208, 52, 108, 104, 60, 56, 108, 204, 52,
96,204, 56, 100, 60, 52, 104, 64, 60, 204

(o) TTolég amd autég T mEoomehdoels elval Gotoyes »oL molEg elvar evotoyeg; I'd va to
OTTOVTIOTE, YOOAPTE TIG TOOTEANOELS OTY OelRd, ol Olmho oe xnobewd onueldote oe

nmoévieon T B€om g ®EUPTS uviung 6mov avti) tomoBeteitan, xal "A" 1 "E". To "A" 1
"E" moox0TeL ®olTdvTos mow 0To X0vo nau PAémovtog motd AEEN uvhung elxe et oe
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ot ™) Béom tehevtalio.
(B) Mooec amd Tig mpoomeldoels etvan dotoyeg; [Towd elvar To mooootd aotoyiog;

(y) Eotw 6t o ypdvos evotoylog etvar 1 nixhog Qoloylov, evd to emmhéov %OOTOG
aotoyiag elvar 4 xirhol goroylov. Tote, moudg eival 0 HECOS YQOVOG TROOTELAONG OF QLUTH)
™V egagyia pviung; (BA. doxnon 12.1 yud tovg ogiopotc). (To xndotog aotoyiog mov
Otdetan €dd elvar vmegfolnd wxEd Y& onuegvd dedouéva, OUMS %Ol TO TOCOOTO
aotoylag eival vregfolnd peydho AOym Tov TeEXVNTOU TAQAdElYLOTOS TTOU EYOULE).

Acoxnon 12.5: AvEnon tov Mey£0ovg Block

Ztg aoxrfoelg 12.3 now 12.4, 1o uéyedog block g ®oudng puviung Nrav wia (1) AEEn povo,
Onhadi) og ndbe aotoyion héovape oty xQUOT pviiun LOvo Ty o ouyrexQLuévn AEEN mov
Béhape nan pog éhelrte. Mid tétola 0Qydavmwaon), 0ev eXIETAMAEDETOL TN YWEWXT] TOTUXROTNTA,
Onhadi) 6t To TEOYEA AT, LOMS X QELOTOUV L AEEN, éxouv pueydhn mbovotnta o€ Alyo
va xeelotovv xrot Tig Oumhavés te. Nd va expetailevtovpe vt v WOTTO (08
oUVOUAONO e TO YeEYOVOS OTL mpoomehdioels oe ouveyxoueveg dlevBivoelg »LQLOG UviUng
elvar o Pt voTEQES amd mpoomeldoels o Tuyaleg dlevOivoels) (naL Y& va LELOOOVUE
%o To mAN00g TV address tags), avEdvoupe To péyebog Tmv blocks Thg QUGS pviung.

Ag molpe 0TL 0TV %EUOT pviun tg doxnong 12.3 ndvoupe to péyebog block va etvar 2
AéEelg, ONhadN 8 Bytes. Tote, M ®oudn pviun, peyébovs mévta 32 Bytes, Oa éxel 4 povo
blocks, Ta 0, 8, 16, nou 24. To block 0 megiéyel Tig Béoelg 0 naw 4, To block 8 meQLéyeL Tig Béoelg
8 now 12, n.ox. Emiong, ov AéEewg uviung Bewpoivtar Cevyagwuéveg oe blocks (oou
peyéBoug, mou elvar evBuygauuopéva ota Guotrd Tovg OQLal (OTTWS %Ol OL YVMOOTOl HOg
TeQLOQLOpOl eVBVYEAILONS TV TRooTEAdoEMY Tov emeEepyaoth). Emopévag, ta Tevydola
TV MEewVv pviung etvan ta: 0 pe 4, 8 pe 12, 16 pe 20, 24 pe 28,... 240 pe 244, nou 248 pe 252.

e nd0e aotoyia, pégvovue otV ®QUOT pvijun OxL wovo ) AEEN mov yoealopoote, aAld
%o To "taigl” g (ta Taigla TG, Yud peyahitega blocks), diadi ohéxineo to block oto
omoto avuth] avixel. Avtd to block AéEewv tng niELog pvhung, to dpégvovue oto block
0¢oewv TNG ®QUPNG UVHUNG OOV AVTO ATEWMOVICETAL, e THV (OL0L CUVAQTNON ATEROVIONG
OTWG TOLV.

(o) Tlooec etmnéteg OeBuvong (address tags) yQeldleTor TMOQEA 1 RQUOT WVhuN;
[Magatnofote 06T, apol mhvta pégvouue ohdxAnEa blocks »at wOTE pepovwpéveg AEEeLS, av
Eé¢poupe mold AEEN Polonetan m.y. ot B€om 24 TS RQUOTG UVIIUNG, TOTE EEQOVUE QUTONATAL
o ToLG AEEM Poloxetar ot B¢on 28, dnhadi otnv drhn B€om Tov idrov block: to "taigl"
™G TQWTNG.

(B) Bewpnote TV (010 0ELRA TROOTELAOEWY OTIWG %KoL 0TV doxnor 12.4. Me ) véa xQudn
pvhun, moleg amd avtéc TG TEOOTEANOELS €lvol GoTtoyes xoL TOEg &eivolr €00TOYEG;
Amavtiote pe 1900 avAaloyo eog TV eotnon 12.4(a), alhd TQocéETe OTL THQEO 1) TEMTY
ootoyia oe wd AEEN evog block dépver ohdnlngo 1o block (2 AéEelg), nou emopévog 1
ETOUEVT) TTQOOTIEAQLOT 0TV GAAN AEEN TOV 810V block B evaTtoyNoeL.

(y) [1o6oec amd g mpoomeldoels etvan dotoyeg; [Towd elvar To mooootd aotoyiogs;

(®) ‘Eotw 6t 0 yxebévog gvotoyiog eivar 1 #hxhog Qohoylol, evdy to emmhéov ®O0TOg
aotoyiag eivor 5 winhol QohoyloD: 4 nixdoL Y& TV TEMTN AEEN, ®au 1 emmmAéov winAog YLd
™V pio emmiéov AEEN. H deltepn AEEN pog xootilel évav povo »rinko mogoamdvew amd Ty
oM TN £meldr) ov dVo AéEelg mov pépvoupe avirovv oto do (evBuygapuouévo) block g
n0QLOG UVAUNG, 2oL Goa pmoQotv va dtafactovv "palil", moAl yonyopdtepa amd dvo
TUYOlES, AOYETES avayvimoels o Ba yoeldloviav 4+4=8 ninhovg goroylov. Tmoa, moLdg
elval 0 péoog YEOVOG TQOOTEAAONG OE QUT TNV LEQAQY A Lviiung;
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