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AvolEn 2021 © Havemotio Konng

Xepd Aoxnosov 11:
Kovdég Mvijues zoun 1) Enidoon Ttovg

TTpoOeopia éwg M. TTéumen 29 (*) Amgihiov 2021 ($9. 10.5) (a6 $6. 10.2)

Awapavereg a6 1o  AyylMro  Ppiio  (repdhowo  5):  Peolorovrow  (PPT) oto
www.elsevier.com/ data/assets/powerpoint_doc/0005/273713/Chapter 05-RISC-V.ppt
Biprio (4n éxdoom, EMAnvind): diafdote 1o momTo Mov tov xeparatov 5 —§ 5.1 €mg nau
5.3, ogh. 524-570. Awafdote WdioiteQa mQooerTnd Tig 0eAldeg 524-542 non 551-564.
(*) HgoBeopia: Kdvte avtés tg aoxioes €wg (Meydhn) Iépmmm 29 Ampuhiov 2021,
TQOXEWEVOL PeTd va Eenovpaotelte yid to Tlaoya. Ilag' 6ha avtd, To turnin ex1011@hy225
0a maapeiver avourtd émg: Asvtéga tov Maoyo 3 Matov 2021, mea 23:59 oe mepimtwon
mov emupévete vo meedioete to TIaoya oog QYOTOUEVOL TTAV® O RQUBES PVTLLEG. ...

Acoxnon 11.1: Méoog Xpovog Ilgosnéhaong Iepagyios Mvijung

Acite 1ig Avodavereg 11a xon 38 tov (Ayyirov) Bipiiov.

Omnwg etdape oto uddnua, yid Tov voroyloud twv emddoemv WA LeQaylag Lviung (T.y.
noudN pviun (cache memory) pe xboua pviun (main memory)) optCovue Tig €Eng
TOQOUETQOVG:

® hit_ratio (10000TO €VOTOYIOG): TL TOOOOTO TOV CUVVOM®OU TAHBoVS TROCTENLOEMY
OTNV LEQAY IO UVTUNG NTav EDOTOYES TTQOOTEAOELS.

® miss_ratio (TT0000TO QLOTOY(OG): TL TOCOOTO TOV CUVOM®OU TA|Boug TROooTENG.OEMY
otV Lepayia pvhung ftov Gotoyeg mpoomehdoels. [lpodavag, hit_ratio + miss_ratio
=1.

® 1 (hit time - x0dvog gvotoyiag): xodvog e00TOYNG TQOOTELAONS, dNAadT OGN DA
TAQVEL G TROOTELON TV PoioneL auTO TOU TNTd TNV UKQT) ROL YOTYOQN WV
(TLY. OTNY %QUT V).

® fuiss (Miss time - ¥0OVOG aoToy{0g): YEOVOG AOTOYNG TQOOTEAAONG, ONAADT TTOOT MO
maigveL (ovvohxd) d meooméhaon mou dev Polorel owtd mov TNntd oTNV UKRET %ol
vonyoon wviun (fy. otnv xeudh pviun), xal avayrdletol va to dofdoer amd v
HEYAAN 20w QYT pvijun (7. xboLa pvium).

® lmiss_penalty = tmiss - thir (Miss penalty - emmmhéov ®00TOg NG a0TO)(AC): OO (DEWL
TOQATAVM HOG ®0OoTiCeL 1) aoToy o 0mtd TNV evoToyia.

Tote, 0 péoog xeovog meoomEhaong otV teeoylan viung, t.p (effective access time), Oa
elvau, mpodavag:
loff = hit_ratio * ty;; + miss_ratio * tyjss = tpjp + MisS_ratio * tyjss penairy

Aoxnon: Oswonote Wwd %xQueHN pviun pe moootd aotoyiag evauwot (1.5) %, xo6vo
evotoyiag 1 wimAo QoloyloU, ol ®d60oTog aoToyiag (miss penalty) 40 ®Oulovg QOAOYLOU.
IT6oog eivalr 0 péoog YEOVOS TEOOTEAMONG O€ QUTH TNV Legayia uviung (oe xixhoug
Q0AOYL0V);

Acoxnon 11.2: Enidoon EncEepyonoti ne Iegaoyio Mvijung

Agite 1ig Avadavereg 36, 37, nat 39 Tov (Ayyhrot) Biiiov.

To CPI twv aoxnoewv 10.2 - 104 Bewovoe OtL Oheg OL MEOOTEMAOELS LvunG (instruction
fetch, data load, data store) eivau gbotoyeg, dNAadm Polorovv avtd mov Tntolv otV ®EUOH
pvnun (n omota £xeL yeo6vo meooméhaong 1 xinho QOAOYLOD). AUOTUYMDGS, 1 TOAYHOTIXOTNTA
owapégel  onupovivd oamd ovut) ™V Woviel]  ewmova  (ral,  duoTUYMS, TETOLOUG
eELOAVIXEVUEVOUS ROl EEMTQAYUATIXOVG 0QLOUOUS emdO0EwV dMUOCLEDOUV HeQLéES HOQES
ETOUQEIES, VL& EUVONTOUS AOYOVG...). Ag 0V uE TOCO UITOQEL VAL XELQOTEQEYPOUV TAL TIQAYUATA
LE MG U LOoVLKT] ).
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Oemofote évav emeEegyaoti]) RISC pe opoyewla, p' éva "tdoavird" CPI (CPI pe wdavixn
pvnun) (ot avadoyia pe 6co cvtnrovoape otnv doxnon 10.3) ico pe 1.4 . Oewiote OtTL
oUTOG TEEYEL EVal TTQOYQOUUO TTOU OTTOLTEL TNV EXTELEON 1 EXOTOPUVQIOV EVIOADYV.

(o) TT6oovg nixhovg goroyol Ba ypeldtoviav avtd To mEOYQOUUA Y vo TEEEeEL av m
tegayta pviung NTav Wavixt (OAeg oL mEooTeAAoELS EDOTOYES);

Ag vmoloyloovpe TMQEO TOOES TEOOTEAACELS PVIIUNG RAVEL OUTO TO TQOYQOUUO. ME pn
Wavirt egagyio uviuns. Kdabe évtoln xdver piow mpooméhaon uviung yuéd i_fetch, »ou,
emmhéov, ot eviohég load nal store ®Gvouv o axdpa mEOoTEANCY uviung xobeuia.

(B) ©ewomnote OTL ®OTA TNV EXTELEOT TOV TALQATAV® TQOYQAUUATOS 25% TV EXTEAOVUEVDV
eviohmv givor load »al 10% elvar store. Ymohoyiote to mAN00S QOOTIEAAGEMV TTOV HAVEL
ovTd TO TEOYEAUUA 0TV ®EUOT) pviun eviohadv (ICache) (Yid moooxrduor eviohav - IFetch)
%ol TO TANOOS TV TPOOTEAAGENV TTOV AVTO RAVEL 0TIV ®QUT uviun dedopévwv (DCache)
(Y& avayvooelg dedouévav amd evtorég load 1 yid eyyoadés dedopévmv amd evtohég
store).

Ano tig mpoomeldoelg avtég (B), Ahheg etvan eotoyeg, rat dhhes dotoyes. Me Tig e0OTOYES
TOOTEAATELS, TO TRAYUATA €XOUV OTMWG KOl OTOV OavVIrd vrmohoyloty) (o). Kébe dotoym
TQOOTELOOT, OPWG, MG %OOTICEL miss_penalty »0xAovg QOAOYLOU €mMITAEOV QUTAOV IOV
EodeeL 0 1OaVIROG VITOLOYLOTHG.

(y) Il6oeg dotoyeg MQOOMEAGOELS OTNV RQUOT] WVIUN EVIOADV HAVEL TO TOQOITIAVM
mpodyQaupa, edv To miss_ratio avti|g g ICache elvor 2.0 % non mOoES AOTOYES TQOOTEAATELS
nAVEL AVTO 0TV nQUOT wviun dedopévwv, edv To miss_ratio tng DCache elvor 5.0 % ;

(®) TT600vg nnAovg QOLOYLOU (emmAéov TOV WOAVIXOD) HOG ®OOTICOVV QUTES oL doToyeg
mpoonehdoels, edv To miss_penalty elvar 16 xOxholr goloylov; (to (d0to, 16 nidnhol, amd
oL dMmoTe amd TIg OV0 QUTES ®EUPES Uviueg mowTou emmédov, L1 Caches, puéyoL tnv ®ouodn
pvnun devtégov emmédov, L2 Cache, mov eivor xowvi) yid eviolés nou yid 0edopéval, ®at Tov
0og Besworfoovpue €dw, Y& amhotTnTo, OTL mOTé Oev aoToyel...) (d ArlAn vmdBeon mov
ndvovpe €dd elvor OtL, 600 dorel o eEummeétnorn g aoToxiog, O VITOAOLTOG
eneEeQyaotng "ndbeTon Ampayos", P ®AvovTag TImoTa XMoo, 000 TEQLUEVEL VO TEAELMOEL
0 YEWLWNOS TS aotoyiag (mpdypo mov Oev elvar oAffewa oe mOMOUG omMueQLvolg
TOYWENUEVOUS EMEEEQYAOTES)).

O meayuatnds vIohoyLoTiG, Aowtdv, Ba aoyel meQLocoTEQO amd ToVv Wavird (o) notd
TOO0VG ®UAOVS QOAOYLOV O00L XdBnrav AOyw dotoywv mpoonehdoewv (9). Emopévmg,

() mOoovg nOrAOVS QOAOYLOU B YOELOTEL O TEAYHOTIXOS VITOAOYLOTHS Yud Vo TREEEL TO
TOQOITAVM TIROYQOUUO TOV 1 EXOTOPUVEIOV EVIOADYV;

(o) [1600 givar, ouvenmg, To 1odUVapo CPI tov meoyuatinol VIToAOYLOTH);

(€) T160es Ppopég 0QYOTEQOS Eival 0 TRAYUATIHOS artd TOV Wavird vIohoyloTy); (dnhadn
mooeg Gpoés TayhTEQOg elvan 0 WOVIROS amd TOV TRAYHATING —ONAUDN troeypatinoe !

tLéowmég)-

Aoxnon 11.3:
Kovoi Mvijun Movooiuaving (Apeong) Anexoviong (Direct Mapped)

Aglte TiIg Avopdvereg 17-26 touv (AyyMrot) PLAlov, ®oL TO OYU0 TOQOXAT®.

‘Ortav tomobetotue £va avtitumo wdg MENG ammd TV #OoLo LV 0Ty %QUdT uvijun, ovTod
uwopet va tomoBetnOel oe ogLopévegs povo "emrpemtés” Béoeg g vV pviuns. Edv
Oleg oL B€oelg TG ®EUONG pvhung eival eutemtés (Yid tv ®a0e AEEN g wloLag pviun),
TOTE M ®QUON pvhAun Aéyetan mANEog moooetougrotixi (fully associative cache). To
LELOVEXTNUA. OUWC TNG TANQWS TIQOOETOLQLOTIXNG XQUOTS UVIUNG €lvor To VYMAO ng
%1607Tog: Yud va Ppagovpue va Poolpe av wd embuunti AEEN g ®0Log uviung £xel ot ™)
OTLYU] ovTiTUITO TG 0TV %QUT) LV, MoTe vo To dafdoovpe otd exel YT Yoo, TQEMEL
va. PpaEovpe ag 0heg Tig O€0elg TG ®EUONG VIIUNG, adov 1 enbuunti AEEN, dtav eiyxe éMOeL
otV ®QUOTN puvhun (av eixe €MOeL, naL av eivol andpo exet), tov emtemntd vo tomoetnOet
o€ omoLadNTote 0£0m TG ®QUBTG UVAUNG.

H opydvwon xoupng uviung pe 1o uxQotego Ouvatd xO0TOS €(vol 1 HOVOGTUavINg
(queong) amewxovieng (direct mapped cache). Ze vT] TNV 0QYAV®ON, VITAQYEL Wid nOVO
gmroemti] 0o otV nEUGT pviun b v ®a0e MEN g ®owag pviung. "Etot, To Yago
UG W AEEN elvar amho: myaivoupe oty povadxn emmtgemei 0£om yid avth ™ AEEN, nat
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®noLTApE v dolue moldg Poloxetan exel auti) Tn otwypd): M emBuunti) AEEN, dhhn AEEN, N
xnopio AEEN; (H amdvtnon didetor amd to address tag xou to valid bit, 6mwg elmope oto
naoMuQ).

duond, To TEOPANUA PE TNV HOVOOT|LOVTY OTEWOVLOT Elval OTL LOVO Wit ot TG TOMES
MEelg g wioLag pvhung mov €xouvv OAeg Tnv (dwo emtemti) B€om oty ®QUPT UviHum
uwopetl va. Poloxetan oty ®Quodh) uviun oe omowadnmote dedopévy OTLYH] —av TO
eoYQaupd pag TOyeL vo 0éhel va douvréel (oxedov) "tautdygova" pe 00 1) TEQLOCOTEQES
amd avtég TG AEEelg, ToTte Oa €yl ovveyels aotoyles: N wd AEEN Oa dudyver Tnv alAn. Td
VO, LELWOOVE 000 UTOQOVUE TLG AQVNTIXES OUVETELES OVTOU TOV GOULVOUEVOU, ETLOLDHOVUE
N amemdvion tov AEEemv Tng ®VQLOG Uviung oty xeudt] pviun —wd ovvagtnom
dLaomoedg (hashing), ovoLOOTIRG— VO TIC OTEQVEL OGO TUO OMOLOUOQDO WTOEEL GE OAN TNV
NOUGT LVTUN, RO VO TLG OTEEQVEL YWOIG 0QVNTIXES CUOYETIOELS [E TIG CUVNOLOUEVES LOLOTITES
TOTMAOTNTOS TV TQOYQOUUUATWOV.

OL ovvnBopéveg tomndTnTeS TMV TEOYQOUUATOV glvor 1 yoovixn (temporal - {duor AEEN
Eavd nan Eovad), nau 1 yoewxi (spatial - yertovirég AéEeig yonowpomootvtan "pai"). Td va
LNV EXEL 1] ATEWUOVLON TOV AEEEWV OQVNTIXES CUCYETIOELS [E TNV XWOWKT] TOTMHOTNTO, TIQETEL
verrovirég AEEeS g ®0QLog pvipung (mov yonotpomototvon "pali") vo amewwoviCovial og
drapogetirég O¢aerg TG noUPNS wviung (wote vo unv dudyver 1 wia Ty GhAn). Emmiéov, n
amewmovion Twv AEewv mEEmEL va (VoL OTTAT), TIQORELPEVOU VO VAOTIOLETAL TAYLOTO OTO
worhopo. H ovvagtnon 0toomods mou €xel dutég Tig LOLOTNTES KAl XOTOLUOTOLE(TOL OTLS
NQUPES UVIUES LOVOOT|LOVTNG OITELROVIONG POLVETAL OTO AQLOTEQS PEQOG TOU TYTUATOG, ROl
elvar M €ENg (6mov "modulo" eival to vdhowmo g duaigeons —Buundeite 6T daipeon Oud
dUvapm tov 2 LoodUVOEL e TO VA HORACOVUE ath®g To. bits Thg AEENG 0TO ROTAMNAO
min0og MS bits (mnAixo) »ow LS bits (VTOAOLTTO)):

(B€om_noudng_pv) = (d1ev0_xioiac_uv) modulo (uéyebog_noudnc_uv)

Block Address Block Address
Memory _L Memory

00000 . Hashon Hashon /| 00000

00 N 00001
00010 ,I‘—\id bit Add :;AIS S 00010
00011 .\ Address bits ress bits © | 00011
00100 ' ’ ‘ 00

00 1 01
00110 10
_____ 00111 —t L 11
01000 N 01000

01 S . 01001
01010 | 01010
01011 Cache .~ - 101011
01100 < ¢ 01100

01 01101
01110 010 01110
______ 01111 . 011 L. 01111
10000 100 1 10000

10 0 10001
10010 10010
10011 10011
10100 00
10101 10101

! 10110 Y g 10
_5..10111 L o bits fi . 10111
1 11000 : Tag bits for egch block L ! 11000
! 11 must be stored in the cache : 11001
11010 . in order to identify which of the 11010
11011 : /" multiple blocks that hash in the same slot . 11011
11100 i / P i ; 11100
11101 is currently in that slot 11101

' 11110 \ 11110
L 11111 __// e neighbour blocks e neighbour blocks  “________ 11111
T do not collide will usually collide e et

Tag |ndex Index Tag

210 oyNua, Index eivor | O€om Tng ®EUPNG pviung omov mpémel va el dobeioa AEEN amd
™V ®evIQurl] pviun, dniadn to amotéheouo ™S EPAQUOYNS TS OUVAQTNONGS dL0OTTOQAC
v ot OletBvvon pvhung s ev Adyw AéEng. To yompa tng %dbe AEENG pviung
ovTLOTOLYKEl otV B€0M TNG RQUPTS UVIUNG OTTOV QUTH) VITOYQEOVTAL VO WITel eGv BEhovpe va
™V dpégoupe oty ®euoT pviun. To oyfpo avtdiaotéler Ty Taamdve ®ohf] ouvAaQTHoN
OL0.00Q4s (0QLOTEQA OTO OYNUA), oV Paoctletar ota Aydtego onuavtwd (LS) bits tng
devBuvong, pe noxég ovvoQTNoElS OL0oToQds, OeELG 0To oYU, €4V xoLTtovoaue GAla,
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7eQLo00TEQO onpavtivd (MS) bits tng dedBvvong. Omws maQaTnQolue, GV 1) CUVAQTNON
OlaomoQdg elvar tar LS bits tng devBuvong g AéEng, toTe diadoyunéc AEEeELS pviung
amewoviCovtow oe dapogetinés (Oradoyiréc) 0Ofoelg TS ®QUONG Uviung, HEXoL va
yonotpomonBovv 6Aeg oL OE0ELS TS HQUDTNG UVIUNG, ROl OTH oVVEYELD YVOLTouv miow (wrap
around) naiw Eavoyonowpomowotv Okeg Tig 0foelg TG ®QUONG pvAung MWé-ud, %.0.x.
Av1tifBeta, edv 1 ovvagtnon dtaomodc ayvoet LS bits tng dievBvvong tng AéEng, Téte avtd
OUVETAYETOL OTL yertovixés MEEES Twv omoimv ol dievBivoels dadégovv oe autd Ta
ayvooiueva LS bits poévov Bo amewoviCovtal otnv idia B€om g noudng pviung, dnradn
0a ovyrgovovial —0a duwyvouvv N pio Thv AAMAN— O6mwg dalvetar amd T yerrvioon ot
Lvnun Tov AEEEmV e TO (OL0 X ua.

To oyfua, yid amhoéTta, Oeweel 0Tl 1 ®0QLoL pviun éxel péyebog udvo 32 AéEeig (dnhadn
128 Bytes, Oewopmvtog 32-pmto datapath), ko 6t 1 ®QudT puvhun €xer péyebog wovo 8 AéEelg
(dnA. 32 Bytes). Apol 1 €ddd noudpM pviiun amoOnuetel naw ovaralel ohdxinoeg 1é&eis Tmv
4 Bytes M nd0epio, v xoupn uviun dev v eviladéoouv ta 2 LS bits tng mAHoovg
devOvvong pviung (dnh. tg detBvvong vmoloyioti) Byte-Addressable), alhé pdvov ta
vrdhouto MS bits wov elvar 1 dtevOvvon 1éEns. Zto oyfua, 6ha ta 0gBoymvia rouTdNLo
mov paivovtol eivar "blocks" —mmov €dm ta Oewotue oav pio AEEN To nabéva— xau OAeg oL
devBvvoelg mov dpaivovror (zat to Index g ®xEUPNg pviiung) etvan dievBvvoels Twv blocks,
OnA. devOivoels AéEewv €d. Edv 0 vmoloylotig pag ®at 1 ®oudt wviun pog frav 64-
pmty, tote 1 #dbe MEEM (block) Oa fitav 8 Bytes, xou tOTE TO oYU O €deuyve pvium
peyéOoug 32 AéEewv (blocks) = 256 Bytes (Goo pe 8-pmteg OlevOUVOELS), ®QudT) uvium
ueyé0oug 8 MEewv (blocks) = 64 Bytes, xat oL dlev0UvoeLs ov paivovtol oto oyfuo Oo frav
To. 5 MS bits oo ta 8 ouvolurd bits g AHpovg dievBuvong uviung, apot ta 3 LS bits Oa
adogoltoav to Byte péoo otn AEEN (block) nal dpa dev O evdlédpegav v noudh uvhuy. To
oyfua wAGeL yud blocks o block addresses Yidt Vo oG TTQOETOLUAOEL VLA TIG RQUGDES UVTUES
ue peyodvtepo uéyebog block (line) mov Ba dotue oy §11.6 moQORATO.

Acxnon: Ocmehote Thea d xeudth wvijun Movoofuaving Aredviong (Direct Mapped)
oealotnov peyéBouc: Méyebog Block (Line) = 1 A¢En (word) = 8 Bytes (64 bits), uéyefog
Kovong Mvijuns = 64 KBytes (mdvta, omote divovpe to péyebog pdg ®Qudphg uvinune,
evvoolpe ta Data, ywois va meguhappdvovpue ta Tags), nou puéyebog Kevroueing Mvijung = 4
GBytes (dnh. 32-umteg dtevBUvoelg o pviun Byte-Addressble).

(o) TT6o0 blocks (lines, words) €xer 1 xevrourd] pvhun; Aga 1 diedBuvon tov rabevog amd
ovtd Ta blocks/lines/AéEelg mOoa bits mpémel va €xel; Ta 32 bits tng devBVVONG TG UViUNG
mov elval Byte-Addressable mmg ywotCovrar oe mdéoa now mowd bits g Block Address »ou
oo ®ou 7oLd bits ov emAéyouv Byte péoo otnv AéEn/block/line?

(B) T1ooec Béoeis (blocks, lines, words) €xgL 1 ®QUT] Lviun; AQO( 7o Index tng %qu)ng LVIUNG
(6nk n devBvvon emhoyng Béong otnv xEUPN },wnmr]) oo bits ngsnu va éxel; Aoa, 1
ouvéiotnon dLaomods mov xaBoilel To Index avtd mOGA ®ow 7oA bits Tng Block Address
(Tng ®evrorng uviung) moémet va eivar; To vdhouma bits Tng Block Address, mov amotehovv
to Tag, méoa wow mowd eivar, OuuiCoupe O6tTL YA vor Poovpe T AEEN mou Béher o
emeEeQyaotg, Payvouue exel mov pag Aéel to Index. Otav Gprdoouvpe exet, 1 €mOUEVY
eQMTNON €lval gav vIdEyeL exel ovtitumo ndmolag AEENS (block) pviiung, oV va ToLds, ®ol
eav elvarl authg mov epeis Payvovue. To eav vadQyel avtitumo ®amolag AEENGS Lviung, To
amavtder to Valid bit (bit eyxvooéTag). To mowds AEEng, to amoavtder 1o address Tag
(etwéta devBuvong).

(y) T160eg AéEeig (blocks/lines) Tng ®UQLog uviiung omewovitovtor otnyv dia B€om (duwyvovv
N o Ty GAAn), yid ®aBe pio B€om (AEEn/block/line) Tng ®QUPNG Lviiung; Eéoovue OTL avTég
elvan opoldpoQdpa draomaguéveg oTig OE0ELS TG REUPNS LVIUNG, AOa 1) ATTAVTINGY) TTQETEL VAL
woovToL pe To TMAino Tou mANBoug TV blocks tng xeviguric uviung did Tto mAnBog Twv
blocks (Béoewv) g ®eudnc puviung. To mAnBog mov Porfrote (blocks pviung avad (dua Béom
nQUPNG pviung) g oyetiCetar pe to péyebog touv Tag (mAn0og bits avd Tag) xouw yoti,
Péoer tng amdvinongs (B); Ilagatnernote Tdoa 6Tl OLOg Tov Tag eival va Eeyxmilel petagy
Toug Ohal avtd Ta blocks TNng ®evrouig Uviung mov amaroviCoviar oty (oo Béom g
1OUPNG PviUNG, doa Tov To TOAD éva amtd avtd evdéyetal va Poloreton exel- Pdoel avtov,
T, THg oxetiCeton To péyeBog tov Tag (bits per Tag) pe to mapandvem miiBog blocks

®eVTQUeS pviiumg avd 6éom xeudhic pving;
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114 O IIgooouowmtiis YAC_SIM yud Koudés Mvijueg

211G eMOUEVES TQEIG OLOUNOELS, ETUTAEOV TV EQTNUATOV oV Ba amaviioete "ue to yéoL",
Ba xOMNOLUOTOLoETE KoL EVAV OTTAO TIQOCOUOLWTH XQUPWOV UVNUOV, Yoo uuévov (2018) amd
Tov TOTE perosTuyand ¢ovtnti] tov Tunuotds pog Iwdvvy Bdoda tov omoio xou
guyaolotolpue TOAV! Alvovtag to péyefog nal TG TOQOUETEOVS MAS TETOLOG %QUPTS
LvAUNG, ®aw d adiniovyio mooomeralopévwv dLlevdivoemy, 0 TQOCOUOLMTNG TUTIMVEL TO
hit ratio yio avtf] Tqv ohAnlouvyia mQOOTEAAOEMV, ROl UITOQEL VO OGS TUTMVEL XL TO
TEQLEYOUEVA TNG RQUPNS UVIUNG O OTLYHES Tov €oelg To Cntdte. O mQOCOUOLMTAS AVTOg
Aéyetar YAC_SIM (Yet Another Cache Simulator) xow 6o Tov Poelte oTig punyovég Linux tou
Tpnpatog, oto directory:
~hy225/YAC_SIM -dnhad1) oto: /home/misc/courses/hy225/YAC_SIM

Zag mpoteivovue va avtyodapete olOxANQo To moQamdvw directory 0TV TEQLOYT OAG, VO
"umelte" oto oyxeTind aviiypado, nat vo Eextvijote To exteléopo aQyelo "yac_sim": cp -r
~hy225/YAC_SIM . ; cd YAC SIM ; ./yac_sim config.txt; Aedouévov OtL O
YAC_SIM dgv yonotpomolel yoodnd xor 6Tl O 1 emuovmvic Tou Pe Tov Yot elval
terminal-oriented, cog mEotelvouue va Tov TEéYETE TAVM 0TS PXovéS Linux tov Tunpatog,
remotely a6 omovdijmote PoioneoTe.

Iow Eexmvijoete tov mpooouoiwtr: O YAC_SIM Oéyetar £vo 0Qyelo TAQUETQOTOIMNONG
—configuration file. To exteléolpo Tov YAC_SIM eivar To yac_sim, o O€yeTOL TO OVOUA TOU
configuration file wg oA ueTQO T.Y. TOEETE: . /yac_sim config.txt -—to apyelo avtd Ha
TIOETTEL VOL TTEQLEYEL TLUES YLOL TLG EENG TTAQAUETQOVG Rl e TNV EENG LOQDT):

memsize aotfuos [MeyéBog uviung, oe Bytes]

wordsize aptfuds [Meyébog MéEng, o Bytes]

cachesize ap0ucs [MeyéBog nouong pviungs, oe Bytes]

cachelinesize aotfuos [MéyeBog I'oappng (Block/Line Size, §11.6) oe Bytes]
associativity aoBuds [ITA8og Agdpwv (Ways, §11.7) TTpooetaigrotindtntag]

‘Oleg oL mapdpuetool ov adoQotv péyebog moémet v eioon oe Bytes. Emiong Oleg o Tupég
mpémeL vo. elval OUVAUELS TOV 2 xou €YRVQEG, ). cachelinesize < cachesize. Ou TOQOTAV®
TOQAUETQOL UTTOQEL Elval now e OLoPOQETINT] OELQA, ROL OV RATTOLA TTOQAUETQOS Oev Poebel
0a oag Tnnoel amd to mEOYeauua va Ty ewodyete 6tav Bo to tEéEete. & TOo prog
YOOGS, ov Ba Tto dolpe magaxrdtm oty §11.6, fakte yid Twoa (doxrnon 11.5) tov idio
000ud 600 to péyebog AEENG. I'd TV mpooeTalgloTivdTNTO, IOV Bl TV dovUE TOQArATM
oty §11.7, amodentés Tpés minBoug dpopwv elvae: 1, 2, 4, 8 now 16. INa va mpooopowmOet
©QUPN pviiun dueons (LOVOoTUovTNG) ametndvions oglote minbog 0popmv = 1. Zag didetal
éva. étowpo configuration file oto maomdve directory tov podnuotog —pmogeite va to
yonotpormotote oav 0d1yo Yo vo dpTidEete o dind oag.

Motig toé&er 0 mpooouowwtis: Av dev €xete ELOAYEL RATOLES ATTO TLS TOQAUETQOVS OTIMG
TOQOITAVW, Oa cag Tntnoel va Tig elodryete. Aol eloayBolv Oheg oL TOQAUETQOL, EexLvdel
1 TEOCOUOIWOY), ®OTA TNV omole €xete TS €ENg OuvatdTtes: Aivovrag évav aQiud
(denadind), avtdg Oeweeitar dlevOuvon, ®aL 0 TEOCoOUOLWTHS ®oLTAlEL GV VITdyEL 1] OXL
ouTh 1 AEEN otV nEUT] pviun, now oag avadéel aviiotorya "Evotoyia" 1 "Aotoyia". Ze
TEQUITTMON A0TOYI(OS, O TIPOCOUOLWTNG ELCAYEL OTNV ®QUOT pviun v yoauun (§11.6) mov
meQLéyel avth) ™ AEEN. Emeldn) 1o va divete tig mpoomehdioels pvijung wio-pia pe to xéol
elvar aQyd xat PaQetd, 0 TEOCOUOIWTNG Umogel vo Olafdoel éva OAOXANQO aEYElO uE
devBvvoels (o avo yoaupn) ("access trace file"), wow va #Aavel tig dovielés o eimape yud
™V ®00ed tétowo dLletBVvoN: aUuTO YiveTaL Ue TNV EVTOAT source. ZuvolMxrd oL dtobéoipeg
EVTOAEG elvau:

e Owevbvvony [Ilgooopoimon mpoomélaong og auti) T dtelBuvon]

e source filename [A10fdCeL OLeVOVVOELS OTTO CLEYEID %A TLG TQOTOUOLMVEL]

e display [Tundver to megiexOUeva NG %QUPHS UVAUNG, TO OUVOMXO TOCOOTO
gvotoyiac/aotoylog, oL TIg TQOOTELAOELS TTOV EYLVaV]

e flush [Adeidlel (invalidate) To meQLeOUEVA TNG ®EUDTG LVhUNS]

e help [Tvmwver tig duaBéoipeg evrolég (source, display, flush, help, exit)]

e exit [Tuvmdvel To CUVOMKO TOGOOTO EVOTOYLAS/ACTOYIOG KL TLG TTQOOTEAGOELS TTOV
EyLvay, nau tTeQUATiCeL TV mpocopoinon]
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Aoxnon 11.5: IMocootd Actoyiag o Mvijun Movooipuoving Aneixoviong

Oememote TV ®EUPT UviuN dUEONS ATEWROVIONG TOV OYXNUATOS TS doxnong 11.3, dnhadn
%©ouUoN pviun peyéBoug 32 Bytes = 8 lines (blocks), yid AéEelg Twv 4 Bytes ko yid ®evigurn
uviiun peyéBoug 128 Bytes, yud tv omoio. to YAC_SIM configuration file Oa to Poeite oto
oyeto ex11_5_config.txt oto directory tov YAC_SIM —udvo moooéEte OTL 0TO PEV oYU TG
§11.3 ou dtevBivoelg fitav Block Addresses, evidd o YAC_SIM eivor Byte-Addressable (Oleg oL
dtevBuvoels avadégovtal oe Bytes). H noud1 puviun elvar agywnd xevi (6ho ta valid bits
Pevdn —xoL 0 évav meaypaTnd vmoioyloti) xot otov YAC_SIM), xou Bewofote 6t 0
emeEeQy0 ot mooomeldlel Tig €ENG OLevBUVOELS LVvANG, ROTA XQOVOLOYLXY] OELQA:

100, 72, 56, 96, 76, 60, 52, 100, 80, 96,
72, 52, 76, 104, 60, 100, 80, 52, 96, 84,
100, 80, 52, 108, 104, 60, 56, 44, 76, 52,
40, 76, 56, 36, 60, 52, 40, 64, 60, 76

(o) TTowtg amd avtés T mpoomehdoels elvar dotoyes »at molég elvar evotoyeg; I'd va to
OITOVTOTE, YOAWTE TIG TTQOOTEANOELS OTN OELRA, %ol Olmha 08 %abgd ONUELDOTE OF
moévleon T B€om g xEUPNS pviung 6mov avti) tomobeteitan, »al "A" 1 "E". To "A" 7
"E" mgoximtel ®oLtdvTog mow oto ¥eovo xou PAEmoviag mold AEEN uviung eixe umel oe
ovTr) TN B€om televtala.

(B) Mooec amd g mpoomeldoels eivan dotoyeg; [Told elval To m0o00Td 0oTOY(OS;

(y) Me ™ PonBeia tov mpooopolwti) YAC_SIM, exteléote TS TQOOTEALOELS QUTES Rl
OLOLOTAVQMOTE TO ATOTEAEOUOTA 0OC. Aglte moLég AEEELS (Umhon - cache lines) myaivouv og
moteg B€oelg TG ®EUTG pviuns. Agite to mi0og Twv misses xal hits, ®x0OmMg ®oL TO miss
rate, ®ou hit rate.

(0) Eotw 6t 0 x06vog evotoyiag (hit time) elvar 1 ®0xAog QOAOYLOD, EV(D TO EMITAEOV ROGTOG
ootoyiag (miss penalty) elvar 5 »Oxhot gohoyiov. Tote, moudg elvar o péoog yOvVog
oomELOONS Oe vt TV epaEyion uvhung; (BA. doxnon 11.1 yiéd Ttovg ogiopote). (To
%©060TOg aoToylag mov didetal edm elvan vEQPOMKRE UKEO VLG onueQvd dedouéva, dpmg
%O TO TTOC0O0TO A0TOYlaG elval vriegfolnd peydho Aoyw Tov TeXVNTOU TOQAIEYUATOS TTOU
EYOULE).

Aoxnon 11.6: AVEnon tov Mey£0ovg Block (Line)

Aglte Tig Avodpavereg 28 now 33-34 tov (Ayyhxot) Pipiiov, OTMS ®oL To OYNUOTO 0TO TELOG
OQUTNG TNG TOQOYQAPOU.

Ztig aonnoelg 11.3 wow 11.5, to uéyedog block g xoudng pviung Nrav pia (1) AEEn povo,
Onhadi) oe »dbe aotoyion dégvape oty xQUPT pviipun LOVo TV pia ouyrexQuuévn AEEN mov
Béhape naL pog éhelrte. Mid tétola 0Qydavmwon, 0ev exPeTAMEDETOL T WOLXT] TOTMXAOTITA,
Onhadi) 6t To TQOYQAUMATO, LOMGS YeELoTOUV Wd AEEN, éxouv peydin mbavotnta oe AMyo
va yeelotovv xrat T duthavég . [Nd va expetalievtovpe auti) v WOt TAL (O
oUVOUONO PE TO YeEYOVOS OTL ROOTEAAOELS 08 ouvexOUeves OlevBivoelg »whoLag pviung
elvar mohl PTnvoTeEQES O MEOOTELGOELS O TUYaies dlevBUvVoELS) (roL YLl VO HELWCOUVUE
%o To AN00g TV address tags), avEdvoupe to péyebog Tmv blocks Thg QUGS pviung.

Ag molpe 6TL otV %eudn pwviun g doxnong 11.5 (dnhadi) Tov oyxNuatog Tg Aoxnong
11.3) ndvoupe to péyebog block va elvar 2 AéEelg, Onhadn 8 Bytes. Tote, 1 noudi) pviun,
peyéBoug mavta 32 Bytes, Oa éxel 4 povo blocks, ta 0, 8, 16, naw 24. To block 0 megiéyel Tig
0¢oelg 0 now 4, to block 8 meguéyel Tig Béoelg 8 »aw 12, ».0x. Emiong, ov AéEewg pviung
Bewpovvtor Tevyapwuéves oe blocks toov peyéBoug, mov elvor gvBuypapmuopévo ota
dvomd Tovg OQlo (OGS AL Ol YVOOTOl HOGC TEQLOQLOMOL eVBUYQAUILONG  TWV
mpooTmerdoewv Tov eneEepyaot). Emouévag, ta Cevydoia tov AéEewv pviung elvor ta: 0
pe 4, 8 pe 12, 16 pe 20, 24 pe 28,... 112 pe 116, now 120 pe 124.

e nd0e aotoyia, pégvovue otV ®QUOT pviiun OxL wovo ) AEEN mov yoealopaote, aAld
%ol to "taipl" g (T Taigla TG, Yid peyalitega blocks), OnAad) odéxingo to block oto
omoto avuti] avixel. Avtd to block AéEewv tng wholag pvhAung, to ¢péovovue oto block
0¢oemv NG ®EUPNG UVHUNG OOV AVTO ATTEWMOVICETOL, e TNV (DLoL GUVAQTNON ATELROVIONG
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OIS TQLV.

(o) Tlooec emnéteg OeBvvong (address tags) yoeldletan TMEA 1 ®QUOT  Uviun;
IMagatnonote 6T, adol Thvta dégvovue ohdrAna blocks xou TOTE pepovmuéves MEeLg, av
Eépoupe mold AEE Poloxretan mt.y. otn B€om 24 Tng ®EUdTg uvhung, tOTe Eggove avtouoTa
o 7oLd AEEN Polonetar otn B€om 28, dnhadr oty dAly B¢om tou (dlov block: To "taigL"
NG TEMTNG.

(B) Bewenote TV dra ogLd TEOCTIEAATEMV OTTWG 1AL 0TV Goxnon 11.5. Me ) véa zouodn
pvnun, moleg amd avtés TG mEOooTeAdoelS elvor dotoyxes xol molég elval eloTtoyeg;
Amavtiote pe Tedmo avdloyo mog v egmtnon 11.5(a), alld mooEETe OTL TOEA 1) TEWOTY
aotoyion oe a AEEN evog block dégver ohdnAngo to block (2 AéEelg), nan emopévag
emOEVY TROOTELOON oTNV AAAN AEEN Tov (dlov block Ba evotoynoeL.

(y) [16oeg amod g mpoomeldoels eivan dotoyeg; [Told elval To mooooTd aoToyiags;

(0) Me ) Ponbeta Tov pooouolwt] YAC_SIM, »ow pe to véo ex11_6_config.txt avth )
$0ood, exteréote Eavd TIG TQOOTEAATELS OUTES RO OLAOTAVQWOTE TO TOTEAECUATA OOG.

(&) Me ™ Ponbeia tov YAC_SIM doxiudote Tnv moQoxdtom, Alyo OLodoQomoimuévn
alAniovyio mpoomerdoemwv, Tov Ba tnVv Peeite nal oto ayeio ex11_6e_trace.txt:

io00, 72, 56, 96, 76, 60, 52, 100, 80, 96,
72, 48, 76, 104, 60, 100, 84, 52, 96, 80,
100, 84, 52, 108, 104, 60, 56, 44, 76, 52,
40, 76, 56, 36, 60, 52, 40, 64, 60, 76

T mocootd evotoyioc/aotoyiag Polonete og aUTHV TNV TEQITTOOT; AoXIUAOTE ROL UE TO
mponyoUpevo péyeBog umhox tng doxnong 11.5. Topa vrdoyel fertimon;

(0t) ‘'Eotow 6t 0 ypdvog gvotoyiog eivar 1 ®x0rhog QoAOYLO0, eVD TO €mITAEOV %OOTOG
aotoyiag eivor 6 ®Oxhot QOAOYLOD: 5 nOxAOL YIG TV TTEWTY AEEN, ®at 1 emmiéov xOulog yid
™v wio emmiéov AEEN. H delteon AEN pog nootilel évav udvo rinho moQomdvw amd Ty
MM €mELDT oL OV0o AEeLS mov Ppégvoupe aviirouv oto (Oto (evBuygapuopévo) block g
%n0QLOG UviunG, xou doa umootv va dwafactotv "uali', mohlh yonyodtega amd OVo
Tuyoteg, doyeteg avayvmoels ov Oa xoetdtoviav 5+5=10 x0xhovg goAoylol. Tmoa, Totdg
glval 0 Péoog (EOVOG TQOCTEAAONG O€ CUTH TNV LEQAQY IO UviUnG;

(©) T'odyte éva nouvoiylo trace file pe 20 mpoomeldoels mov Oa €xeL IUKRQOTEQO TOCOOTO
gvotoylag pe TV cache pe block size = 8 Bytes amd otL pe v cache pe block size = 4 bytes. T
0000TO emTUyiag elye otn a ot T oty AhAn; [apadbote avtd to trace file cog, pe
ovoua ex11_6z_trace.txt polt pe Tnv avagpoed oag.

Oewpio — mEQAV TG AoUNONG, ®OoL emmxovord mEog Tig dwaddveleg 27, 28, 33, 34 tov
PPriov: Ta do emdpevo oyfuoto delyvouv wd ®QudT puvhun peyébovg 8 Lines (Blocks)
Tov 4 MEewv 1 ®a0e yoauu (line/block). Zto momto oy, To ®opudtt Twv data (YoAdllo)
elvan oyedLaopévo yid va Pondfoel 0Ty ®aTavonon ot TOV AvayvVMOTI), EVM 0TO OEUTEQO
OYNUO TO ROUUATL AVTO Elval Omtmg O ®oTao®EVALOVTAY 0TV TRAYUOTIROTNTA. ZTO TIRMTO
oyxnua Aoutdv, To ®d0e "pmhon" (block), 1| "yoauun" (line), eival oyediaouévo oQLllovtia, oav
pio yoaupr (row) Tov Jivaxo g ®QUeNg wviung: asmoteleiton amd 4 AéEeis, rabepio twv 4
Bytes, xat ouvodetetan amd to Tag Tov »aw to Validity bit tov.

Otov pio yoouui oty ®xQudpf wvihun megiéyel £yrvoa dedopéva, tote avTd givon mdvra 4
YELTOVIRES, OUVEXOLEVES AEEELG QIO TNV REVIQLXT] UVAUY, ®OL TAVTO evOVYQUUUIOUEVES OF
duowrd 6gLal Yooupmy oty pvhun, diadn n dievBuvon tou mpdtou Byte Tng Yoouung etval
ovto. oxéQauo mohhamhdolo touv 16 — 6co to péyeboc Tng yoauuns. Adol ol
(evBuyoapuopéves) Teteddeg yertovivmv AEewv "taldetovv" mdvta poll -1 oleg Ba eival
pEcO o€ o YQOUUN TNG QUGS VUG, N ®oputlo— mpoxr el Ot évo povov Tag apnel yud
olOnAmoN ™ Yoauur, adot avtd ToUToToLEl OMORANQO TO UTAOR/YQOUUT] TOV 4 YELTOVIROV
(w0 eVOVYQUUUOUEVIV) AEEEWV.

Aol oL yoapués otnv revtown pvhun Eextvave mdvta and dievBuvon mov elvor oxéoaio
moAOTAAOoL0 TOU peYEBoug yoaupns (twv 16 Bytes, edm), mooxvmrel 6t OAa Tar Bytes ®au oL
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AéEeLg péoa Toug €xovv ta idla agLotepd (MS) bits dteBuvong, uéyoL xou pe eEaigeon ta 4
0g&Ld (LS) bits dievBuvong, edd- avtd ta ®owvd aQLoteed bits deBvvong amotehov TV
Block (Line) Address otn pviun. Avtig tng Line Address ta 8eEld bits amotehotv T
ouvAQTNoN OLaomods, dnhadt| to Index mov xabopilel ™ BEon péoo atnv nEuUT uviun
omov empPaietal va €hOeL, 0tav EMOEL, 1] YOQUW QUTY) TG REVTQLRNG UVAUNG Ta bits autd
elvol YOMUATIOUEVA HORULVO. OTO OYNua. Méoa atnv ®Qudm pvhun, To Index emAiéyer v
"0¢am", 6mov oL Oéoels eivar peyébovug s yoopuung (line) rabepio (16 Bytes edm), adpol 1
yooupn elvor m povada tng exdotote petadeQOUEVNS TOGOTNTOS TANQodopias. Méyol
oTLypng, éxouvpe "Eodéyel" 7 bits amd To 0eEL0 pégog tng devbuvong (6oa dnhadn
ovtotol oV oto péyefog g ®eUPTc pviung - 128 Bytes €dm): 2 bits yud Byte-in-Word, 2
bits yu&. Word-in-Line, #ow 3 bits yud Line-in-Cache Index, mov avtiotorovv 6viwg oe: 4
Bytes/Word et 4 Words/Line, eni 8 Lines/Cache = 128 Bytes/Cache. Ta vrohourma aglotepd bits
™g diehBuvong, 25 bits edm, Y1 32-pmteg dievBUvoeLs, amoteloUV to Tag.

Example: e Line (Block) Size = 4 Words = 16 Bytes
Address - ‘ « Cache Size = 128 Bytes = 8 Lines (Blocks)
| 25 L322

o Lines (blocks) are always ‘properly’ Aligned

L | I 2 iiy\t/sord ¢ All or none words in Line brought in Cache
ﬁl 3 Index Word in Line (Block) 2
000 |V| Tag000 | ,, ‘01(30|1011x|x 00 | 11 |01g0|1oqxfoo 11 |01(30|0011x|x 00 | 11 |O1go|ooqxxxoo
oot |v I ol U i) AR Ul coaikondl LN oucouk HcoN Il ot it
010 V| Tag010 | ; ]011)0|1011x|xoo 11 |()1])()|10qu00 11 |011JO|0011x|xoo 11 |01110|009xxxoo
o5 011 V| Tag0lt |, \()1])1|101Xf(oo 11 |01131|109Xf(oo 1 |()1])1|001Xf(oo 1 |01131|0qu\)(00
100 |V Tag100 1 11190|1011XIX 00 | 11 I11(30I109XT00 11 |11(o)0|0011xlx 00 | 11 |11(30|00qu00
1011V] Tagfol |, ‘11%)1|1011x|x00 11 I1lg1l1oqxf00 11 |11(0)1|0011X|x00 11 |11(0)1|009X\X00
110 (VIR 1 11119101Xf(00 11 |113]O|1001X[X00 11 1111)0|0011X|X00 11 |11])0|0001X}X00
111 |V] Tagitl |, 1111)1|1011x|xoo ﬂ% 11 111l1|0011x|xoo ﬂ%
%r 32 32 32
Conceptual ilo 01 00
15‘,(;:527 ,‘;,Ie, J[gg Numbers inside boxes
words in a Line Data are addresses - not contents
Address
1 25 i .3 Hz 2‘ Byte
| e 2o |
= . Tgrune&wm index {5 .~
Line Index
% 000V Tagooo |
001|V| Tag001
010|V| Tag010
011|V| TagO11
100|v| Tagto0 | =~ 1oooo
101|V| Tag101
110|V| Tag110
111|V| Tagiii
Same example:
e Line Size = 4 Words = 16 Bytes

o Cache Size = 128 Bytes = 8 Lines
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Me tov 10070 7OV €lvol OYeSLAOUEVT 1 ®QUDT] LVIIUN OTO TEMTO OYNUC, VITOVOE( OTL OF
%nA0e mpooméraon dofalouvpe wd ohdxinen yoouut, Onradt (uall pe to Tag & Valid bit)
now TG 4 AEEeLg 0edoUEVMIV TNG, ROL OTY OUVEYELD EMAEYOUUE HETOED TV 4 avTv AéEewv
exelvnv mov mpaypoatwd Citnoe o emegegyaotiic Pdoel twv 2 bits "Word in Line" tng
OtevBvvong. IMagatnenote 6pmg Ot ovtd Ta 2 bits emAoyng elvor yvootd Mon mow
0QylocovuE TNV Avayvmon TS Yoo uus Tmv data, xou eivor pdiiov omatdin vo dtafdtovpe
4x32 = 128 bits amd Wwd pvhun amhd xor povo yid va xatioovue 32 amd autd ex TV
votégmv, otav fitav NdN yvwotd €€ oQyic mowd 32 0éhape. Me dlha Aoy, nou
eVOUHOUEVOL OTL 1] AVAYVOON OTTO VU Elval ®AT' Vot évag pHeyahog TOAMTAERTNG OTNV
1oTonOQUON ddotaor: wa "epaedid" pviun o 6mov doPdalovpe molhéc AéEelS nal ot
ouvéyeln emiéyovpe "ogllovtimg" o amd ovtéc elvor oodUvaun pe  plo pvhpm
"otevoTepn" xol "YnhoTeQN", OTTMG onQIPWS Oeiyvel To deliteQo oyfua.

"Etot, To de0teQ0 oyfua delyvel g moaypatind 0o xotaoxevale ®avelg ud xQudmh uviun
pe mohharthég AéEewg avd yoauur (block). To xoppdtt twv data £xer mAdtog pwiaw AEEN —600
ONMAad” eivar oL moocodTNTES WOV BEhoupe va drafdlovpe— rat 0pog 6oes oL AéEelg exet,
OMAadn mi0og yoauuwmv et yoauués avd AEEN. Aviifeta, to xoppdtt twv Tags (ue Ta
Validity bits) éyer uxpdtepo 0 pog: 660 10 TANO0Gg TV Yoauuwv udvov, adot oldxinon M
240 yoouun éxer éva xar povov, eviaio Tag (vow Validity bit). Otav (payvovpe uio AEEN,
duafdlovpe to Tag tng voyndLog Béong (Yoauuns) oty omoia deiyvouv ta Index bits Tng
devOvvong mov Tntdue, evd tovtdyeova OwPatovpe (speculatively — pe v eAmida
evotoyiag) »aw ta Data oo t) 0¢om mov avtd Oa feiorovral, edv Exovue gvotoyio: T MEN
ot to Data array mov avtiotouyel oty emnbuunti yoouun (Index bits) xar emOuunti AEN
evtog Yoo uung (word-in-line address bits).

Aoxnon 11.7:
Meguog Igooetougrotizés Koudpés Mvijues Avo 1) TeQLocoTéEQMV AQORmV

Acglte Tig Avopdvereg 40 Ewg nou 46 Tov (Ayyhxo?) Pupiiov.

210 pdOnuo eidape 6tL N ®EUPN PVHUN pe arevdeiog (LOVOOTUOVTY) QTTELROVLON ETULPEQEL
ovyrQotoelg uetoEl devfivoemv mov tuyaiver vo amewxovitoviar oto (dlo block Tng
nQUPNG PVIUNG. AuTég oL ouyrpoloelg elvor avemBiunteg, eldd edv | QUM pwviun €xel
X0EO Yy eloeQyouevo dedopéva (ulo 1) meQLocoTeQes YQOUUES elval invalid) aAld Tt
ELOEQYOUEVO OEQOUEVA RATAANYOUV VAL ExOLDEOVY (avTraTaoTnoouy) dAla éyrvga (valid)
now mavov yonowwa oto meodyoaupa dedopéva. Mia mijpows moooetangiotiny (fully
associative) ®xQudT pvnun emAveL autd To TEOPANUA, TO ®O0TOS VAOTOINOTS TG OpUng elval
TOAD VYNAO Yo QEAMOTIHA LeYEDN nQUOT|S uviiung (mry. 64 KB).

Mo evdidpeon Abon pe xopnAOTEQO %OOTOC OO TNV TANQWS TTQOOCETALQLOTIXY] QU
pvnun etva pio "peounmg TQOoeTALQLOTIXT" ®QUdT Lviun (set associative cache). Ze auti) TV
TeQITTMON 1) RQUOT) LVTLL 0QYOAVAMVETOL OF TEQLOCOTEQES OO Jiat OTNAES (TVTUHA ATTO 2 £mg
8 otfheg og oUYYEOVOUG emeEepyaotég). Ou otiheg autég ovoudlovtor ouyvd xou "ways" 1)
dpopor. H amewwdvion dievbivoemv oe YQOUUES TG ®QUONGS HVIIUNG elval ToQoOUoLe THV
LOVOOT|LAVTY OTElROVION. Q0T600, ndbe yoouu tTg ®QUONGS UVIUNG TEQLEXEL TWQOA EVal
o0volo (set) amd blocks (TOoM O0ES ®aL OL OTNAES) ®OL O EMEEEQYOOTIG WTOQEL VoL "eAEEEL"
to block (dNA&dM TN oTNHAN) 0TO Oomolo o amewovioel pio ewoeQyoOpevn dievBuvon. Ta
nadderyua, dv To oUvoro €xel dxrva blocks évo amd avtd wrogel va yernoiuomowmdel yio
TNV AmEWOVLON TNG €L0eQYOUeEVNS dletBuvong yweis va exdumwyBolv dhha éynvoa (valid)
blocks mou vmdyouv 10N oto clvoho. Mmogel va el xavelg Loodivaua, Tl To GUVOAO
blocks %G8 yoopung ™G ®QUONG HVIUNG OQVTLUETOICETAL ooV Uio [uxQT TANOWS
TOOOETAULQLOTIXT XQUDT] LV YL VO astodeDyovTal avemOiunteg ovyrpoloels. Puvord ol
ovyrgovoelg dgv  wrogolv vo amodpevyfovv mavra, epdoov oe ndbe cUvolo Oa
armewoviCovrtor o0Tmg 1 dAhmwg moAD meQLocOTeQES dlevBUivoels amd To mANOog Twv blocks
TOU OUVOLOU.

IMapdderyua: Ag vroBéoovue Ot Eyovue o xQUeT pviiun peyébovg 16 KB xaw to uéyedog
Tov block eivar 32 bytes, ®atd cuVETELD TA 5 AMyOTEQO oNuavTird bits Thg dtehOvvomng divouv
to block offset. H pvijun €xer 512 blocks. Av 1 pviun yQNOLLOTOLOU0E UOVOCT|LOVTY
QTTELROVLOT, Ta. €TTOMEVA 9 bits (bit 6 £mg bit 14) tng diehBvvong Ba xENOoLUOTOLOVVTIAY TV
delntng tov block. Ag vmobécoupe OTL M QUGN  UVAUN  YONOLMOTIOLEL UEQLRMG
TOOETAULQLOTIXY amtetrdvion pe 2 ovoha. Ta blocks ymwoiCovtar o 2 othies Twv 256 blocks
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%O XONOLULOTOLOUVTOL 8 (OVT( YLt 9 0T LOVOOT|HOVTT) QTEOVLOT), dNA. Ta bits 6 £wg 13, Yo
va dewtodoTinoovv éva ovvoro Twv 2 blocks. H tavtomoinon tg diedBuvong yivetan pe
gheyxo TV tags wmor Tov 2 blocks tov ovvolouv. Edv m tavtomoinon amotiyel, o
emeEeQyootic emAéyel £va amd Ta 2 blocks Tou CUVOLOU YO VO aTtEOVIOEL T dLevOVVOT),
avtiraOotovtag to block eév avtd elvou valid.

H peourag mpooeTolQLoTing ®QUdT) LV TUTIHG LELDVEL CNUAVTIXG TO TOCOOTO AOTOYLMDV
(miss rate) AOyw ommodpuyng ovyrnoloewv, Ao OTHV TEQLOCOTEQO EVEMATY] ATTELROVION
devBlvoemv oty xeudpT pviun. Tewpapatind, éxel dewybel 6T To MWOoOOTO QOTOYIOS OGS
UEQLRIS TTQOOETOLQLOTIXTS ®QUPTS uviung 2 dpouwv (2-way set-associative) eivol meQimov
1600 000 TO TOOOOTO AOTOYI0G WaAS RQUPTG UVIIUNG LOVOOTLOVTING ATTEWOVLONG OLTAAGLOU
peyébovg. Qotdoo, M pElmON POVO TOU TTOCOOTOUD 0OTOY(OG Miag ®QUONG pviiung Oev
onuaivelr amagaitnta xol Peltimon g emidoong tov emeEepyaoth! Omwg pudboue oto
pudbnuo, 1 emidoon wog tegoyiog pe ®QudN uviun eSaptdror amd 3 TUEAYOVTES: TO
10000TO AoTOY(aS, TNV RABVOTEQNOT TNG EVOTOYIAS, RAL TNV KOBUOTEQNON THS AOTOY(0G.
TNV meQlmTmon TV HEQIXMS TIQOCETALQLOTIXMV QUMDY UVNUMV, OTOV VITAQYEL EVOTOY O
(OnA. o emeEepyaotic amewovioel T devOvVvon oto o0volo, TaupLdEel TV eTréta tag Tng
dievBuvong pe wio amd T amodnrevuéveg eTvéTteg TOU OVVOAOV, nou eAéYEEL OTL M
amoOnrevpévny dieBuvon eivon valid), o emhoyéag g yoauuns emiéyer éva ovolo blocks,
nOTO OVVETELD. outoLteiTol emmmmhéov vAMxo i vo dwofaotel to ouyrexouuévo block mou
ovalntel o emeEegyaotic. Avtd pmopei va yiver pe yonomn molvmiéxtn N:1 6mou N to
m\0og twv blocks %GOe ouvvohov. H yofjorn tov molvmhéxtn emdéger emmhéov
noOvotéonon oty avdyvwon tov omotot block, 1 omoia dev vidyeL otV TEQITTWON
HOQUPNG UVIIUNG ME MOVOOTIUAVTY oterOVIon. MdMota, 600 meguoodTtega blocks vmdyouvv
o€ éva 00volo, 1600 peyaliTeen eivar 1 vabvotépnon. Katd ovvémelo o yo0vog evotoylog
o€ pio ®QUGT wviun mou elval set associative eivol peyohiteQog ad 1o YEOVo evoTtoyiag o€
pioe xQud” pvijun mov eivon direct mapped, ®ou avEdvetar (ue QOO TeEimov 2% Yo ®G0e
othhn ™5 7oudfg pviung). O pOvVog TEOTOC VO CUUTEQAVOUME €GV WL HEQLHMG
TOOOETAULQLOTIXY] ®QUOT Uviiun emTuyyXaveL xoAlTeQn emidoon amd uia xQudpth uvihun
LOVOOTUAVTG QITELROVIONG E(VOL VO, VITOAOYIOOUUE TO UECO YQOVO TTQOOPAONG 0TI WV
(average memory access time = hit_time + miss_rate * miss_penalty).

Acxnon:

Ztov mpocopolmti] YAC_SIM, xoNoLpomotote dhl Ty pvijun tg doxnong 11.5, teéyoviag

./yac_sim ex1l_5_ config.txt,xoL peletnote v eEig alnlovyia mooomeldoewy:
0,32,8,40,0,32,8,40

Tv mooootd evotoyiog €xer avty M axolouvBio mpoomeAdoe®V OTNV %QUOT] Uviun

LOVOOTLaVTNG amtewroviong g §11.5; Ztn ovvéyela, ahhdEte to configuration tng cache mote

va yiver 2-way set associative: GTldEte éva veo configuration file xar otnv petofinti

associativity fdite typi 2. Tu mogatnoeite ota bits Tov index oe oyéon pe meiv; Ti mooc00Td

gvotoylag éyel M (O anolovBio TQOOTELAOEWVY e TN VEX TQOCETALQLOTIXOTNTO TV 2

doopwv; lNatl;

Acxnon 11.8: IloMtixés AVIxaTdoTaong

Aglte T Awepavera 47 tov (Ayylrot) Bpiiov.

e 100 ocVoTNUO PVHUNG (RQUGT UV, ELROVIXT] LV, ...) OTO OTIO(0 VITALOYEL ETUAOYT] MG
P0G TNV AtEROVION pag dleBuvong (ONAadf 1 ameirdvion dev eival LOVOCTIUAVTY), ROl
otav Oleg ov duvatég emAoyég yuo TNV amewmovion amewoviCovv 101 voupes (valid)
devBUvoelg, mpontmrel To TEOPANUO TS avtiratdotaong wog vouung debBuvong mov
elvar H1ON moQotoa oty pvAun. ZV TEQITTWON TWV TANQWS TTQOCETAULQLOTIXRDV XQUPDV
VIOV Yo ToRAdeLypaL, dv o OtetBvvon Tov emeEepya ot 0ev armelrovileTanl 08 ®aveEva
block nouw 6Aa T blocks givar vouua (ratdotaon valid) o eneEeQyaotig eivol voyQewUEVog
vo. avurataotioer (replace) éva amd to vOowpa blocks. Edv Eéoape to pédlov, Oa
mpoTtipoVoape vo dimwEovpe (evict) To block exeivo to omoio Oa to Eavampoomehdoouvpe mod
HoxQLd 0to PEAAOV (0T0 ammtoto WEALOV). Ev T aduvvauio pog va yvweilovue to uéhdov,
ovviOwg raliteen EOPAEYT VL& TO €Yyl uéMAOV eival to eyyig maeeh0ov: ta blocks mmou
pooTEAdcOE TEOOHOTO 0TO TAEEADOOV elval vIoYNPLa Vo Ta EAVOITTQOOTEAACOUUE %Ol
o0viopo oto péAMOV, ol ovtiotgoda, T blocks mov €xouvpe TOAMD ®ouQd Vo TO
PO0TEAdGOVE 0TO TaeAOOV, waAhov Oo megdoel noL TOMD xOvVOg uéxoL va To
EavampoomeAdcou e 0TO HEANOV.
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"Etot, 11 ovvifwg moTiuduevn moltiki] aviiratdotoons (replacement policy) eivaw M Least
Recently Used (LRU): avtinatdotnoe to block exelvo 1o omolo mpoome hdotnxe 0To amMTOTO
moeA06v (Mydtego moOodata - least recently) omd tov emeEepyaoti], nou YU avid
TEQLUEVOUNE VO PNV Toomelaotel Eava olvroua (] xow xabBohov) oto péhiov. H
vhomoinon g LRU og mepimtmon emhoyg petagv 2 blocks eival oyetind amii] 0to vinod:
WIToQel va yivel e yo1om evog bit To omoto Oa delyvel edv 1o medTo block (0) 1) To delteQo
block (1) elvar To AydTEQO TEOGHATO YONOLULOTONUEVO OO TOV EMEEEQYAOTT. AVOTUYMDG, 1
vhomoinon tov ahyoéeBpov LRU yia o0vola 4, 8, ... blocks dgv elval owrovopuni) oe vixro,
EVHD OxOUA ROL 08 AOYLOWRO 1] VAOTIO(NOM YLoL LEYAAES VTUES UITTOQEL VO €XEL QTTOYOQEVTIHO
nootoc. [oaxtnd, otg »oudéc pviues xoatdue ovvibwg mingodopia LRU peta&l
0AOUANEWV VITOCUVOAWV TV blocks evog set, avti yid to #dbe €va block ywolotd, 1 o
mineodopic. LRU peto&l twv blocks evog vmoouvoiov tou set, avei Tou set ohOxANQOL:
evalhantind, zol 1 (Yevdo)tvyata emioyi O0pATOS aviratdoTaong 0ev eival TOAD raxt),
gviote. TNV eovirt] Lviun, 6oV oL VTOYNPLES OGS avTiratTdotaon oehideg elval mdoa
TohAEG, oMnoLuomolovue "mpooeyyioelc" g LRU, 6mov éva 1) mepuocdtega bits avadods
(reference bits) petpolv mpooeyyotind to av éva block mpoomeldotnre oto TQEOOPATO
0QeAOOV naL xoTd ouvEmELD OeV elval OhOS VIIOYNPLOG Yo avtiratdataor. To chotnua
meQrodrd pundevitel ta bits avadpods (dnradi v mohadTEQT LOTORIO TV TPOOTEALTEWV
oe dlevBivoelg pviung), Mote 1 TANEOPoQia TOV RATAYQAPETAL 08 AVTA VA glval 600 O
eminaun yiverou.

Aoxnon:

O mgooopowwtilc YAC_SIM yonowwomotet moltix] aviwotdotoaons LRU. Edv ol
TOAYUOTIHES  TQOOTEAGOELS TOXEL vo  unv  axohovBolv "potifo LRU", totE OL
TQOOETAULQLOTIXES UVAMES UTOQEl VO amofolV axOpo ®oL YEOTEQES OO TN UVUN
povoouavtng amemovions. I'id v xoudn uvhun g televtaiag doxnong, §11.7, ptiaEte
o dwmf oag olnhouyio mooomeldoewv (to mOAD 20 EOOTEANCELS), UE OVOUd
ex11_8_trace.txt, 6tov 1 2QUPT pviun 2 SQOUWV Va. £XEL ¥ELROTEQO TOGOOTO EVOTOY0G ATd
g direct mapped emeldn Oa Tvyaiver o ahyoeLOpog avtratdotaons LRU va punv elvor édd o
owotog. [Tapadmote To agyelo autd pe TV doxnon.

119 Mohtzés Eyyoadnv

Agite 1ig Avodaveieg 29 £mg nat 32 Tov (Ayyhrot) Biiiov.

H »oud1| pvihun meoiéyel avilygada dedopévav mov Poiorovror otnv »igwa pvhun. Edv o
eneEeQyaoTng peTafdlel Ta meglexOueva piog dietBuvong dedouEVmV OTNV RQUPT VAU LE
JLoL EVIOAT| store, TTQOXUVITEL OLOUVETELD UETOED TWV TEQLEYOUEVOV TOU aVILYQAPou TNg
OLeOVVONG OTNV RQUPT) VI RO TOV TIEQLEXOUEVMV TOV avTLYQddou Tng dievBuvong otnv
woola uvhun. H aouvvémela avti) emliveton pe v aviyoadn otnv xiQuo uviun tov
niegleyopévov devfivoemv mov Peiorovtal TV ®QUOT LVIUN %Ol TO TEQLEYOUEVA TOUG
€xouv aALAEEL 0Tt TN OTLY] TTOU OL dLeVOVVOELS QUTES OTTELROVIOTRAY OTNV XQUDT] LVIN.
Ou olyyoovoL emeEeQyooTéc YONOLUOTOLOUV dVO0 TOATIHES THENONG TNG OUVETELNS TWV
TIEQLEYOUEVMV TV AVTLYQAUD™V:

Tovtoyeovn Eyyoeadn (Write Through): Ztnv moltini auti), 0Tov o eneEeQyaoTns extelel
EVIOM] store %ol petafdiler to meglexdpeva piog Oevbuvong oty Ut uviun,
EVILEQMVEL TNV (O dLevBVvVOoN oty VLo Pviun pe Ta véa megleyopueva. H mohtiny avti
TPOGAVOS TNEEl T ouvémela o nGOe evtol] store, alhd rabvotegel v extéleon g
EVIOM]G store péyoL vo. evueemwOel 1 ®OQLa uvhun, AELTOVQYi0 TOU WITOQEL VO OUTOLTHOEL
0enddeg M) exatovtddeg vrAovg 08 GUYYQOVOUS emeEeQYaoTéS. Me dhha AOyLaL, 1 TTOALTIXY
write-through psmogel va avEnoer to yxodvo gvotoyiog (hit time) otnv xEuPN uviun otav
exteAOVVTOL EVTOAES stores. Mia ADom o€ avtd 1o EOPANUa eival 1) EvBeon evog eviapuevTh
eyyoadmv (write buffer), o omoiog amoOnreveL Ta vEa megieydpeva Twv OevBiveemv uviung
OTIG OTTO(ES YIVOVTOL Stores, KO 1] AGVYYQOVT LETAPOQA TV dedouévarv Tov write buffer otnv
w0l uvnun, evad o emeEepyaoths ovveyilel va extehel eviohés ywElg vo TeQLuéver vo
0AonANEWOOUV oL peTadpoés mov exxenotv amd to write buffer. @éuata oyedioong Twv
write buffers cuintdvToL 0T0 Pabnua HY425 - Agyrrexntovixy] Yroloyiotmv.

Etepoyoovn Eyyeadn (Write Back): Zmmv moltnf) auth], étav o emeEeQyootic extehel

EVTOM] store petafdihel Ta megexoueva g detBuvvong povo oty xeudt pviun. Ta véa
negleyOpeva g dieBuvong mpowBolvtal oty nvgLa uviun povo otav 1 diehBuvor avti
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ovrirataotabel amd v xeudn pviun, Aoyw olyrpovong pe Ghin dievBuvong 1)/xat g
TOMTIXNG OVTIXATAOTOONG IOV XONOLUOTOLEL 1] XQUPT] LviUn. Ze auTi] TNV TEQImTman, T
dedouéva moémel vo mpowOnBov oty xioLa uviun LOVo €4V To avtiyeado otnv xuodh
pviun éxer alloypéva meglexopeva AdOym evog 1 meQuocotéQmy stores. T'a var yvmilel o
emeEeQYOOTNG MO avTiyQada Exouv meQlexOueva mov Exovv petoPfAndel amd tote mov Tal
avTiyoada ot amEOVICTNHAY OTNV ®QUOT] LV, XONOoLpomoLel £va bit wov ovopdletol
dirty bit. Otav o eneEepyaotic extehel store now TO store gVOTOYNOEL OTNV XQUOT LvhuN,
Béter to dirty bit touv block o0to omolo éywe TO store. Av to block outd aydTEQU
aviortootadel, To  meQlexOuevd Tou  yoddovror oty ®voloL  pviun. AAMdg, M
avTIHaTAoTaot Tov block yivetor amhdg YoAdGOVTOS TAV® OItd T TOAALAL TOV TEQLEYOUEVOL
oty ®eudM pviun. H mohrtint| write back 0ev emudégel Ty apyomopia eyyoadrs otnv »vigLa
pvnun oe néOe store, xow o OtebBvvomn pmoget va drofoaotet 1) yoadtel morlés popég otnv
NQUPT LVIIAN], TTOLV TAL TTEQLEYOUEVE TNG TIROowONBOTUV oTNV %V pvijun. 0Td00, 1 ToALTLXHT
write back pmogel vo peyoldoel to yedvo aotoyiag oty ®Quph uviiun wg e&ng: Otav o
emeEeQy0oTNg aotoyel ®oL To block g pviung to omoto avtradiotator €xel alloypéva
megLeyopeva (Onh. éxel to dirty bit (0o pe 1), tote 0 emeEeQyaoths ®rabvoteQel 600 TEQLUEVEL
va yoapoUv ta meQLeydpeva Tov block mov aviwabiotatal oty ®ioLa pvip.

Write allocate/no-allocate: ‘Otov o emefeQyaotilc extehel Wwo eVTOA] store xoL QOTOYNOEL
otV 7eudh uviun éxer 0o emloyés: O emeEegynotic Wrogel va yodyer ta véo
megleyOpeva g dleOuvong oty ®rUQLoL WU xwEig va amewovioer Ty diehOuvorn avth
otV »eudn uvhun. H mohitixh) avth) ovopdletar write no-allocate, dnAadf) o eneEeQyaotig
dev deopeDeL YMEO OTNV ®QUOT uvhiun Yo dtevO0voeLs oTig ommoieg YoAdEeL ®aL oL 0TToleg Oev
Potorovtalr MO oty xeudpt uviun. H evallaxtixh emhoyh eivor o emeEegyaotig va
OMovEYNoeL avtiyoado tg detOvvong oty ®QUdT| Lviur, ®oL ovoudtetol ToOATIKT write
allocate. H write allocate ammodider noaAdltepa edv o emeEeQyaothg mpdneLTaL va dlaPdoel
olviopo tar dedopéva to omolo €ypape, omdte xkal Oo evotoyfoer dwafdloviag Tt
dedouéva amd v xeudmM pviun. H write no allocate amtodider xahiteQa eGv o emeEepyaotng
0ev TEOAELTUL VO XOTNOLUOTOOEL T dedopuéva Ta, omoio €yoape (FTy. O o EGAQUOYN
nwdwmomoinong Oedouévov, o emeEepyooths mapdyer oav €000 o axohlovBio
yagaxtnewv »dbe évag amd Tovg omoiovg yoddetol pio God). ZuviBmg 1 ToMTIxY| Write
no allocate ouvOv&letan pe ™V oAt write through, evd 1 mohtixi write allocate pe thv
molTint] write back.

11.10 TTolv-Emninedes Koupég Mviueg, ».0.

Acglte T1c Atodaveieg Tov (Ayylrol) Bipiiov: 48-51 yid tig mohv-eminedeg noudEg Uvipeg,
52 Y14 TN Oox€on RQUGOV UVNUOV e THV opoyelRlo extog oelpds (out-of-order pipelines —
§14.4), nou 53 yud v enidoaon twv ohyolBuwv oTNV TOTUOTNTA TWV TQOCTEALOEMV
HvAHmG.

Toomog Iagddoong

IMogadmote pali tnv mgonyovuevy Goxnorn 10 xar avthv €dm N oepd 11, on-line, og
poodt, PDF (uovov) (umogel va eivor xeipevo unyovoyooadnuévo f/xat "onovoolopévo"
¥eoYQUPOo, aAlG uovov oe popdn PDF). TMoagadmote péow turnin ex1011@hy225
[directoryName] £vo aQyelo ovopott exl0.pdf yud v 10, éva oagyelo ovouot
exll.pdf Y& TV 11, nou Tta apyeta trace files: ex11_6z_trace.txt now ex11_8_trace.txt

Oa eEetaoteite zow mEogogwd yio Tig aoxnoels 10 xow 11 (uali), amd Pondd ToU
pabfuatog, pe dradwaoio yud v omolo Oa evnuepwOeite péow MAtTd (email) oty Aiota Tov
pafnuortog.
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