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Evomra 6": Meciwon twv mowvadv oiokAddwons ue
OVVOUIKY TPOPAEWN TOV DAIKOD

Y KOTOG O oxomog TG EVOTNTOAS VTG EIVOL VO TAPOVOLAGEL GYNUATO TOV
npoPAEmoOvY SUVOUIKA TO OTOTEAEGHO HIOG OLOKAAOMONG KoL TO
07010 VAOTTOL0VVTAL E TT] YP1]OT] TOV VAIKOV VITOLOYIGTY.

IIpocook®dpeva  Otav 0o £xete peletiost TNy evotnTa, 00 cicte ot 0éon:
Amoteréopato
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"’“‘i';’ vo avayvopilete To Svvamkd oynuotae tpopiewnc ta onoio Basilovron

GTNV 10£0 TOV TPOCOPLVAOV KUTUYWPNTOV TPofrewnc dtokridomnonc,
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VO YPNGLUOTOLEITE TOVE TPOGMPIVOVC KUTAYOPNTEC TPpoBiewnc otdyov

OLUKAAOMGNC YLU TEPULTEP M UEIMGT] TOV TOWVAV OLUKAAODGNC.

=5

W%Wﬁm TPOCMWPIVOS KATUYOPNTIS TPOPLeyng LUKALAOIDCEMY, GUGYETIGUEVD,
oympote wpofreyng, bit cvoyiTiong, MPOSOPIVOS KOTAY@PNTIG
oTOY 0V HLOKALAIMONG
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Apyitektovikn Yroroyiotmv 11

N,

- Avvopikd oynquote  mpoPieyns Yoo TO
OTTOTELEGLO OLUKAGOMGT)C.

2t dSvvopukd oynuato TPOPAEYNS SIOKAAOMONG TO OMOTEAEGHO HOG OLOKAAOMONG
TPOPAETETAL OVVAIKE, LLE TNV XPTOT] TOL VAIKOL vroAoyiotr|. H mpdPreyn pmopet va
aAAGEEL, oV TEPITTMOOT OV KOTE TNV EKTEAEGT TOV TPOYPAUUATOS 1 OLUKAGLOMOT)
aALAEEL GLUTTEPLPOPAL.

OZT()XOQ TOV GYNUATOV TPOPAeYNS OLOKAAIMONS EIVOL VO EMTPEYOULY GTOV
enelepyacTi] vo 0moQacicel £yKalpo Y TO OTOTEALEGNHO MOG OLOKAGO®ONG,
eumodilovtag £Tol TIg EEUPTNOELS EAEYYOV VU TPOKAAEGOVY KOOVOTEPNOELS.

<< H OTOTEAECUATIKOTNTO EVOG oYM UaTOg TPOPAEYNC dlakAddwong eEaptdtat Oyt
povo amd v axpipeta TpoPAEYNS 0ALL Kot 0O TO KOGTOG UOG O1OKAAOMOoNG, OTaV M
TpoOPAeyn elvar coot) Kot 6tav givor AdBoc.

A
APAXTHPIOTHTA 1

Oupdote 1L givar N mwowvy SwwkAhddmwong; No oavoeépete TL givar 0ol TOWEG
OlKAGO®moNG Kol 0o T e€apTtovror. o TeprocdTepeg AemTopépereg kKaro 0o rav
va. avotpitere 610 1° KeQhalowo Kol ovykekpipéva oty 6" evotnrta: «Kivévvor
ELéEyyovor.

A
MAITANTHEH APAXTHPIOTHTAX 1

O KoBvoTEPNOES TOV TTAPOVOLALOVTUL GTNV GOAVMOOT KOl TOV OPEILOVTOL GE
KaBvotepnoels O10KkAGdMONGg ovopdlovtar moveg dlakradmonc. Avtég eEapTavran
amo TN dop] NG COMVOGTG, 0é To oyNua TPOPleyns KoL 0d TIS OTPATYIKEG
OV YPIGLUOTOLOVVTUL Y10, TN 016pOmon tng AdBog mploPreync. Mdiota 660 mo
Pa0ud givar  coAMvoon, T060 YEPOTEPT €ivar 1] TOLVI] OLOKAGIMONG 6€ KOKAOLG
POAOYLOV.

o To mo oamhé oyfqpo wpofreyng oSwkradwong eivar o mTPoowPIVOg
KOTOYOPNTAS 7TPOPLEYNS OWWKANOMGE®Y 1] TIVOKOG 16TOPIKOD  TOV
OLOKALAODCEMV.

O mpoowprvog kataywpnTs TPoPreyns S1oKLadMGEMV glvar Lo pikpn Lviun Tov
otevBuvorodoteitonl amd To AyOTEPO ONUAVTIKO TUNUA TNG devBuvong g eVIOANG
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dwkAddwone. H pviun mepi€yet éva bit mov dnimvel av 1 dStakAadmon akoiovdndnke
TpoOcOITO 1] OYL.

O mpocwpvog KOTOY®PNTAS TPOPAEYNS Sk adMGE®Y Elval TO amAOVOTEPO GYNLLOL
TpOPAEYMC Kol ypNOOTOlEiTOL HOVO Yl Vo, HEWDVEL TNV kaBvotépnon g
StkAddmong, 0tov avt elvar peyaAvtepn amd tov YpOdvVo TOL OmoLTEiTAL Yo Vo
VTOAOYIGTOVV 01 Thovoi 6TdY01 TNG SLAKAAIMOTG.

TSIy npdén dev yvopilovpe av n TpoPAeyn eivar cooth, Yot pmopel va xet
tomofetnOel kel amd GAAN evtoAr S1aKAGO®ONG OV £xEL TO 1010 AyOTEPO GNUAVTIKO
Tuua otevbuvong. Avtd Opmg dev pag omacyorel. H mpdPreyn vrotiBeton 6tL glvan
ocmotn Kot Eekvagl 1 avdkAnon Katd v katevBuvon g tpofreyng. Av n TpoPreyn
amodetytel AdBog, TOte To bit TpOPAeync avTioTpEPETOL Kot enavatomobeteital.

Hopdosrtyna

‘Eot® pio gvtol] dwokAiadmong péco o€ £va Bpoyo, 1 omoia axorovOeitar gvvéa
QPopéc ot oe1pd, eved TN o0fékaty oev akorovOeitar. Ilown civor m axpipela
npoPreync ywo avt T SwKAGO®ON, av vwoBicovpe O6TL TO bit mpofreyng
TAPOUEVEL GTOV TPOGSMPLVO KATOYOPNTN TPOPAEYNS;

Amavinon:

Xe avt Vv mepimtwon Oa mpoxvyel AavOacuévn TpoPAEYN KaTd TNV TPOTN Kot TN
dékatr emavdAnyn tov Bpoyov. H AavBacpévn npofieyn katd v TpdTn EmoviAnym
ovppaivet, d10TtL To bit glvar avAdmodo amd TNV TPONYOVUEVN EKTEAEST TNG TEAELTOIOG
enovaANYNG ToL Bpdyov, n omtoia dev giye arxorlovnbel (NTav n dékatn oy cepd). H
TPOPAeYN Katd T déKatn emavdAnyn Ba ivar oiyovpa AaBog, apov to bit TpoPAeyng
Ba oeiyvel 611 N dakAadmon axolovbeital, evd glvarl Yvwotd OtL T déKUTN POPA OEV
axoilovBeiton. Akdpa kot av pio dtakAddmon akoAovbeital oyeddv mavta, Otov pio
@opa dev akoAovOnBel, tote KAvovpe dVO Popég AavBaouévn TpoPreyn avti yio pia.
‘Eto1, pio dtokAadwon 1 omoio axoiovBeiton pe ocvyvotmra 90%, &xer axpifeia
npoPreyng povo 80% (dVo AdBoc mpoPréyelg Kot OKTd cmOTEG). evikd, yoo Tic
OLOKAOODGELS TOL YPNOLUOTO0VVTAL GE BPOYOVGS, ONANOT| TOL OKOAOVOOVVTOL TTOAAES
QOpEC o1 oElpd, VA dgv akorlovBovvtat pia, To oynua tpdPreyng tov evog bit Ba
Kével AaBog 600 Qopég OTL N dtaKAGd®o™ dev akoiovBeital. Oswpntikd, 1 akpifela
OV oynpaTog TPOPAeyNc Ba NTav iom pe ) cvyvdtTa Le TV omoio akoiovBeiton M
Soxhadmon.
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Apyitektovikn Yroroyiotmv 11

< To oyNua TPOPAEYNS TV dVOo bit, amotedel pio PeATIOUEVN LOPON O LOTOG
TpOPAeYNS. Ze €va TETO0 GYNa, pia TpoPAreyn Ba tpémet va amoTuyel SVO POPES TPV
aAloyOel. To oynua TpdPreyng Tov dvo bit sivor pia e&edikevpuévn HopeY| €vOG IO
YEVIKOU GYNUOTOC TPOPAEYN S T™V n-bit.

To oyquo TpdPreyng tov n-bit £yl évav petpnt n-bit Yo kdbe Kataydpnon cTov
TPocOPVO  Katoxwpnty mpoPreyng Swkiadwcewmv. Otav o petpnmg  eivon
peyoddtepoc 1 {oog amd 10 wod g péyiomng e (™), mpoPiémeton OTL 1
dtkAddmon axolovBeital, dtapopetikd 6Tt dev akolovbeital. 1o oyfua TpoOPreyng
Tov n-bit (cvuvendg kot tev 2-bit) o upetpnTig avidver Otav M SakAddmon
akolovBeital, eved pewdvetar 6tav 1 dkAGdwon dev akoAovbeitat. Xtnv wpasn, Ta
oynuata tpoPreyng Tov 6Ho bit Asttovpyolv e&icov KaAd pe avtd TV n-bit Kot yio
aVTO KO YPNGLULOTOLOVVTOL GTO TEPIGGOTEPH GLGTNLLATA.

270 TOPOKATO GYNUO POIVOVTOL Ol KOTAGTACELS EVOG GYNHOTOS TPOPAEYNS TV 00O
bit. Xpnowonowwvtag dvo bit avti y éva, 1 OOKAAO®OT TOL TPONYOVUEVOL
napadeiypatog Oa TpoPrepdei Aabog povo pia gopd. Ta dHo bit ypnopomolovvTal yio
VO KOOTKOTO|GOVV TIG TEGGEPLS KATAOTACELS EVOG GLGTNLOTOG,.

AxolovBeital

Agv axolovOeiton

[IpoPreym
akolovBOeital

[pdPreym
okoAovBOeitan

AxolovBeital

AxolovOeiton y Agv axolovOeito
Agv axolovBeiton

E—— [poPreyn odev
okoAovBOeitan

[poPreym odev
okoAovBOeitan

AxoiovOseitot

Agv axolovOeitor

Yypa 2.6.1 - Ov kotaotdoels evog oypratos Tpofieyng Tov dvo bit.

Hopaosryna

Tv axpifere pmopodue va mepipuévoope amd évav TPOCOPIVO KOTAYOPNTH
nPOPALeyNS OLOKAAIDGE®VY 0 0TTO10G YPMNOLROTOLEL OVO bit Yo kaOe KaTayOpNON;
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Amavinon:

o to mpdypappa odoxkune pe ovopa SPEC89 évac mpoompivdg katoympntig
mpoPreyng Swkrodmwoewv pe 4096 kotaywpnoelg pmopel vo emroyer axpifeta
poPreyng amd 82% Emc kal mave and 99% 1 pubud Adbog mtpoPreync and 1% wg
18%. %

L
iAPAZTHPIOTHTA 2

Oczmpeite Tog N akpipfero TPoPreyng TV eVTOLAV dtoKAGdOONS pe cLVONKN givon
OPKETI Y10 vo. KOOOPLoTEL N 0160001 TOV EVTOA®V OVTOV; No 01TIOA0YGETE TNV
OTAVTINGI] GOG.

.
iAHANTHEH APAXTHPIOTHTAX 2

I'vopilovrag povo v akpifero mpofreyng dev givar apkeTod Yo va kabopicovpe
NV 060061 TOV EVIOAMV SLOKAGIMONG, aKOpe Kol 4Tav givarl Yv@woTo 10 KOGTOS
TOV OWKAUOMGEMV KOl Ol TOWES Yo TNV TEPImTMON mov 1 wPoPreyn &ivar
havOaopévn. Hpémer va givar yvooTi) Kol 11 60YVOTNTO TOV SLOKAAIDCEMV, 0.YOV 1)
onovdaoTNTe TG OKPfovg mPoPreyng eivar peyoardtepn ote APOYPANpPATE PE
REYAAN GUYVOTNTA SLEKAUOIDGE®Y.

T To oyfjuota TpoPAeync twv Svo bit ypnowwonolody puévo THV TPOSEOTN
CLUTEPLPOPE. NG  OLOKAAOMONG TPOKEWEVOL v, TPOPAEYOLV TN UEAAOVTIKN
ocvumeprpopd c. H axpifeio mpdPreyng pmopel va Behtiwbel av e€etdoovpe kot v
TPOGPATN GLUTEPIPOPE TOV VTOAOITMOV SUKAAODGEDV.

R

5

=

L T Hopdosryna

AIVETOL TO TOPOKATO TUNRO KOOIKO:

SUBI R3, R1,#2
BNEZ R3, L1 ; AwkAiadmon bl
ADD R1, R0, RO ;

L1: SUBI R3, R2,#2
BNEZ R3, 1.2 ; Awkradmwon b2
ADD R2, R0, RO ;

L2: SUBR3,R1,R2;
BEQZ R3,L3; Awkiadmon b3
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Apyitektovikn Yroroyiotmv 11

Amavinon:

270 TOPATAVE® TUNHO KOOKO VITAPYOVV TPELS SIOKAAODGELS, b1, b2 kot b3. H Pacikm
mapoatnpnon eivalr 0Tt M ovumeprpopd TG SkAddwong b3 eglaptdtar amd TIg
CUUTEPLPOPEG TOV OAADV 000 SOKAAODGEWDV. XVYKEKPIUEVO OV Kopd omd Tig
dwkAadwoelg bl kot b2 dev akolovbeital, tote N Sakhadwon b3 akorovOeitar. ‘Eva
oyNUo TPOPAEYNC TOL YPNGUYLOTOLEL AMOKAEIGTIKA KOU LOVO T GLUTEPLPOPH HLOG
OLKAGO®ONG Yo Vo TPOPAEYEL TO OMOTEAECUA TNG, OEV UITOPEL TOTE VA OTOKTIGEL
QOTH T1 GLUTEPLPOPAL. &=

OExﬂuuw nPoPreyns SLOKALAIDGEMY TOV YPIGLUOTOLOVV TNV GUUTEPLPOPA
KOl GAL®V SLOKAAOMGEMV Y10, VO KAVOUV TTpofriyels, ovopdlovtor cvoyeTIoREVA
oympate Tpofreyng 1N oynpotae Tpopfreyng 000 emaEd@V.

P

1 -
il *:f""_:x

L Hopdaostyna

OemPovUE TO TAPUKATO TUNIO KOOIKO:

if (d==0)

d=1;

if(d==1)
Anmavinon:

Edv Bewpricovpe 611 10 d Kpateitar otov katoywpnt) R1, 10t€ 0 avtiotoryog KMOKOG
mov ekteleitan og pioe DLX coAnvmon Ba eitvar o mapoakdtm:

BNEZ R1, L1 ; AwuxAddwon bl (d!=0)

ADDI R1, RO,#1; d==0, dpa d=1
L1: SUBIR3, RI1,#I;

BNEZ R3, L2 ; AtokAddmwon b2 (d!=1)

L2:
‘Eoto bl n npd™ dtokAddmwon kot b2 1 devtepn. Ot mbavég axorovdieg ektéleo|,

yw plo eKTEAEON TOL TOPOMAVEO TUNUOTOS TOL K®OKa, Yio Tég d=0,1,2
TOPOVCIALOVTOL GTOV TAPUKATM TiVAKA.
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TiyqToud
TipgpToud d=07? b1 mpivinb2 d=17? b2
0 Nai Aev akohoubBeital 1 Noau Aev akohouBeital
1 Oxi AxolouBeital 1 Nai Aev akohouBeital
2 Oxi AxolouBeitan 2 Oxi Axohoubeitan

IMivaxoeg 1

A6 tov mivaka PAémovpe Ot av 1 dwkAddwon bl dev axoiovBeital, TdTE KOl M
otakAaowon b2 dev akoAlovbeital. Avtd, £vVog CLGYETIGUEVOS TPOYVAOCTNG UTOPEL val
TO EKUETOALELTEL, OAAG OYL O TVTIKOG TPOYVAOCTNG. Avti va e€etdoovpe OAa To Thavd
HOVOTATIOL O10KAAOMOE®MV, Bempoipe pa akoAovBia émov to d petafdrietor petald 2
kot 0. 'Evag mpoyvootng &vog bit mov Eexkwvder pe v Kotdotaon OtL dgv
axolovBeita, £yl TN CLUTEPIPOPE TOL TAPAKATM TIVOKAL.

Néa Néa
IpoéPreyn npoPreyn IIpofireyn npofreyn
d=? +ywrtobl bl1? ywtobl Twrtob2 b2? 7y Tobl
2 NT T T NT T T
0 T NT NT T NT NT
2 NT T T NT T T
T NT NT T NT NT

IMivaxag 2- To T onuaivel 611 n dokAadwon axolovBeitat, evd to NT onuaiver 6t dev
axoAroveitar.

O)eg o1 TpoPrEyelS TV Topamdve dtakhaddoenv givor Aaboc. &

T EvalakTikd, umopei va ypnowpomondei évog mpoyvdotng o omoiog drabitel
éva bit cuoyETionc. Xe avToV TOV TPOYVAOGSTN Bempole 0Tt kdbe dakhadwon £xel 600
Eexoprotd bit mpdPreyng: H mpdn mtpdPreyn vrobétet 611 1 terevtoio StaKAAOw®oN
oL EKTEAEGTNKE, dgv axolovOnOnke. Avtifeta, n debtepn TpdPAreyn vobétel 6TL N
TeEAEVTOLO OLOKAAOWGT TTOL EKTEAEGTNKE, AKOAOVONONKE.

"Etotr Aowmdv €yovpe ta dvo bits pali og Cevydpt, pe to mpdTo bit va givar n mpodPieym
otav 1 tehevtoio OlokAdomwon Oev akoAovOOnke kol To dgvTepo bit va givor 1M
TpoPreyn Otav m Terevtain StoukAadmorn oakolovOnOnke. Ov 1écoeplg dvvartol
oLVOLACLOL PaivOVTOL GTOV TOPAKAT® TIVOKAL.

Bit [popreyn av n terevtaio  IIpoPreyn av n tehevtaio
npofreync OLuKALad WO OV oruKkAadmon
akoAovOMOnke aKoAovVONOnKe
NT/NT Not Taken Not Taken
NT/T Not Taken Taken
T/NT Taken Not Taken
T/T Taken Taken

IMivakeg 3- Xvvévacpoi kot onpocio Tov 0o bit mpdPAeyng axolovbolduevng Kot un
akolovBovuevng dakiadmone. To T onuaivel akoiovBovuevn, evdd to NT onuaiver un
akolovBovpuevn daxkradmon.
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H dpdon tov mpoyvmaotn evog bit pe éva bit cuoyétiong, 6tav swodyetor to NT/NT
TOPOVCIALETAL GTO TOPOUKAT® TIVOKOL.

Néa Néa
MpoPreyn npofreyn  mpofieyn npofireyn
d=? ~ywtobl bl? vywtobl ywTob2 B2? ywo 70 bl
2 NT/NT T T/NT NT/NT T NT/T
0 T/NT NT T/NT NT/T NT NT/T
2 T/NT T T/NT NT/T T NT/T
0 T/NT NT T/NT NT/T NT NT/T

Iivaxag 4- H dpdon tov mpoyvdotn evog bit pe éva bit cvoyétiong, otav iodyetal o
NT/NT.

X oty v mepimtoon, n povn AdBoc mpoPreyn sivor oty TpdT
enmovainyn otav d=2. H coom mpofieym tov bl yivetoaw Adyw tng emroyng tov
TIOV Yoo To d, pia ko o bl dev gival eavepd GUGYETIGUEVO LE TNV TPOTYOVUEVT
poPAreyn tov b2. Qo1660, N OO TPOPAEYN TOoL b2 delyvel To TAEOVEKTUA TOV
GUOYETIGUEVOV TPOYVOSTMV. AKOHO KOl oV Ely0pe ETAEEEL SIUPOPETIKES TUUES Y10 TO
d, o mpoyvoomg v to b2 Ba mpoéPiene cwotd TV mepintwon mov to bl dev
akolovbeitan o€ KGO exTéLEST TOL b2, HeTd amd pio apyky amoTuYNUEVN TPOPAEYM.

O mpoyvdoG, MOV APopd TOLg dVO0 TEAELTOIOVG TIVOKEG OVOUALETOL TPOYVAGTNG
(1,1), emewdn ypnoponotel Tn CLUTEPIPOPA TNG TEAELTOLNG OIKAAO®ONG Yol v
emAégel avapeoa og Eva (EVYApL TPOYVOSTAOV JOKAAOMGE®Y TOV £VOG bit. XN yeviky
nepinTOON €vag TPOyvOGTNG (M, n), YPNOUOTOLEL TN GLUTEPLPOPE TOV TEAELTAIOV M
drakhaddoewv Yo va emrééetl avapeoa og 2™ Tpoyvdoteg SlokAaddoenv, o kabévac
Ao TovG 0moiovg glval £vog TPOYVAGTNG dlakAAO®oNG Le n-bit.

H peydin omovdondtnro avtov tov €id0Vg TPoyvmdotn, eivar 6Tt pmopel va emtdyet
mo peyddn oxpifela mpdPrewngs, amd Ot va oyfua twv 6o bit, eved amaitel poévo
€vaL ACTILAVTO EMUTAEOV TOGO VAIKOV.
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W

N
L % Mapdderyna

[Mopakdto Tapovsialoviol oynpuato TPOPAEYNS G€ YVOOTOVS ENECEPYOOTES.
+

{7

state 3
predict jump
state 2
predictjump
) < > +
state 1

predict nojump

state O

predict nojump

20l

ymua TtpoPAreyng otov Pentium 1.
Elvar @avepd Ot1 mpémer vo amotoyet 2 @opég mpokeyévou va aAra&er to bit
TpoPreyge.

£
o
E> o

@‘-) ‘-D " N C@
SR -

et
¢

r’“\@ﬁ

SO0

16 two-bit counters

>

O/0(1(0

History in 4 bit shift register

ymua tpoPreyng otov Pentium Pro, ILIIIL

Yrdpyovv 16 petpntég towv 2-bit Ko 1 1oTopkdTNTA KpATEITOL GE EVay KATOYX®PNTH
oAMoOnong twv 4 bit. Avdioyo ™V TN TOV GUYKEKPLUEVOL  KOTOYXWOPNTH,
AVOTPEYOVUE OTOV aVTIGTOUXO HeTPNTN TPOPAeyng o omoiog Ba mpoPAdyet v
ovuTEPIPOpPd THG dtakAGdmongc.
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= Emmniéov psioon ToOv koBvotepoe®v EAEYYOV.

[Tpoxewévov va peiwbBodv ot mowvég towv dkiaddocewv o pio amh DLX
COAMVOOT|, amolteitol va givat yvooty 1 oevbuvorn amd v omoio mpoKeLTal Vo
avakAnOei n emdpevn EVToAn, Katd 1o T€Aog Tov otadiov IF. Avtd onuaivel 6TL Tpémet
va givolr yvootd ov 1 HEYPL TOPO. [N OTOKMOWKOTONUEV EVIOAN &ivol €VvIOANn
SlaKAGO®oNG pe cuvOnNK”N Kot av vat, ot Ba Expene va elvar n emdpevn T tov PC.
I'vopilovtog avtd ta dVo ctotyeio, pmopolue vo Egovpe pio movr dtukAddmaong ion
LE TO UNOEV.

Mio. pviun (cache) mpdPreyng JSwkAddwone, otmv omoic amobniedeTon 1
wpoPAemoOpev 01€HOVVON TNG EVIOANG TOL EMETOL MOG EVIOAMG OLIKAAOWOONG,
ovopaleTol TIPOSMPIVOS KATAY®PNTHS 6TO 0V drakAddwong (branch target buffer).

=g pio DLX coAnvoon n tpdcsfact oTov Tpocmpive Katoympnt tpoieyng

yivetan Katd v didpkela tov otadiov ID, dote 6to TéA0g avToL Tov GTEdioL VO Etvat
yvoot n devbuvon tov 6todXoL dakAddwong (pe Kot vroAoyiletar otnv ddpkelo
tov otadiov ID), n AdBog d1evBuvon (mov vroAoyiletar oV ddpkeln ToL GTAdiov
IF), xaBa¢ ko 1 TpoPreyn. 'Etor Aowdv 610 16A0g TOoL otadiov ID €yovue apketég
TAnpoeopieg ®ote va avakAndel n emdpevn mpoPienduevn eviohn. Emiong, emeidn
npoPAémovpe TV 01€vBVVON NG emOUEVNG EVIOANG Ba mpémel va yvaopilovpe av n
EVTOAN OV &Yovue MOT ovaKoAEsEl TpoPAEneTal g akoAovBoevn dakiadmor. H
Agetrtovpyio. TOL TPOCWPIVOL KOTAY®PNTH] OGTOYOL OOUKAAOWGONG TEPLYPAPETAL GTO
TOPOKATO GYNULOL &

Number of

in branch-
target

- No: instruction is
L not predicted to be
P  branch. Procesd normally m
. taken or
Yes: then instruction is branch and predicted untaken
PC should be used as the next PC :

YyMpa 2.6.2 - Iipocmpivog KoTay®pnTig 6T0)0v SluKLIdmeNC.
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<70 PC ¢ evtolc mov avakahovue cuykpivetar pe éva chvoro dievbdveewmv
EVIOADV, TTOL &ivanl amofnkevpéveg oty TPOTN GTAAN. AVLTEG OVOTOPIOTOVV TIG
devbuvoelc yvootov dakradwcewv. Av o PC tapualer pe pio omd ovtég Tig
KOTOYOPNOELS TOTE 1 EVTOAN oL KoAgiton eivon pior akoAovBovpevn dtaxAddomon. To
devtepo medilo mepiéyer v mpoPreyn Yy v emdpevn T tov PC, petd v
owkAdowon. H avékinon apyiler apéowg o avty v 01evBvvon. To tpito medio
elvar mpoaipetikd kor pmopel vo ypnowyomownfel ywoo emmAéov bit mwpoOPreyng
KOTAGTOONC. ATO TOV TIVOKO TOV GYNUATOS TPOKVITOVV TO ENG GLUTEPAGLLOTO, ¢

e H enduevn eviol) givar yvoot oto t€log tov otadiov IF, onhadn éva kdkAo
vopitepa amd Ot PE TO TPOSMOPIVO KATOY®PNTH TPOPAEYNG SLUKAAODGEDV.

e Y10V mivaka amofnkedovror Hévo ot eviorég dtokAddmaong mov axoilovBovvrat. Ot
OlKAOOMCES oL dgv axolovBovvtor dev KataywpovVTAl, oPOV 1 PoY| TOV
TPOYPAULOTOS cuveyileTal Kovovikd.

e YV mepintmon mov ypnoiponoteitol Kot bit mpoPAeyns, amobnkevovtal OAeg ot
dtkAadmaoels, eite akoiovBovvtar gite OxL.

A
2%
Ry ,
L— """ [lapdaosryna

No kafopicete T GVVOMKN TOWVI] OLOKAAIMONGS Y £VO TPOCMOPLVO KATAYOPNTI
oTOY0V SLUKAAOMONG OE@PAOVTES TOVG KOKAOVS TTOIVIG Yo pHEpOVOpEvES AdBog
npoPréyerc, omd Tov mapaKdT® mivaka. Ocwpiote 6TL N akpifera TpoPreyng
givan 90% ko o poBpdg emrvyiog givar 90%, eveod n coyvéotnTa pe TNV omoia M
dwoxAddmon axorovOeitan givor 60%.

Amavinon:

[Towvy  dwkAddwong = mocootd pvOuod  emrvyiag* mocootd  AdBovg
poPreync*2+(1-10600T06 pLOUOY emTLYing)* akolovBovpeveg S10KAAODCELGH2
[Town daxrhadwong = (90%*10%*2) + (10%*60%*2)

[Town drakradmwong = 0,18 + 0,12=0,30 kdKAot poroyro?.

Ynapyer n evroin Hpaypatikn IHown o¢
GTOV TPOGMPLVO Mpopreyn CULUTEPLPOPE. Kvkiovg
KOTayOpNTR? OLOKAAO OGS pPoArOYLOV

Now AxoAovBeitat AxoAovBeitat 0

Nt AxolovBeitoan  Aev akolovOeitat 2

'Oy AxolovBeitat 2
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IMivaxkag 5 -TTowég yia 6A0vG Tovg dVUVATOVG GLVEVLAGHOVS TOL av 1 dlakAddwon gival cTov
TPOCOPIVO  KOTOY®PNTH TPOPAEYNG KOl TL TPAYUOTIKG KOVEL
Stukhadwong av Oha €yovv mpoPrepbel cwotd Kot M SleKAGO®oN PpiokeTor oTOV
Katoyopn ™ TPOPAEYNC 6100V StoKAGd®moNG. Av 1 dtokAGdwor dev £yl TpoPfrepbel cootd
toTE 1 TOWN givol dVo KOKAOL poloylov. H id1a mowvn 1oydel av 1 dtakAddwon dev €xet Ppebel

Apyitektovikn Yroroyiotmv 11

KaBOLOV GTOV KoToy®PNTH TPOPAEYNC 6TOHYOV StokAGSWwoNG.

To mapokdto oynuo deiyvel to Ppota Tov aKoAovBovviar dtav ypnoipomoleiTa
TPOCWPIVOG KATOY®PNTNG TPOPAEYNC GTOHYOL SAKALOWONG, KOOMOG Kot TO TOTE QLT

ovpPaivovy péca ot COANVOON.

AnodTohf Tou PC am
NI Ean Tow
L OTN0U
iakhadwoms
|

Oxl Y¥RapxEl
YYPOMEI] OTOY
rl— TR
oTOxoU
BiakAOdaTC]

A

Ol

Eival n evTohn
fnakhaBman

Amdz npoBhendpEvo
P

Agv  vmapyel mOwvM|

nou
arohauBziTal;
10
ApohouBziTal
MAl n
akhabman);
CFl
Kowover) pon
Tou
NpoYRAUUaTO;
v
¥ fuablog npdBhapn h J
Amaz IO GakABwang,
Gk Aoy Kal Enavidhnpn IF o= Eoam
Ex Béaz Tov endpeva PO o aTEY D, npohapn,
OO AR Augypacr) Aadoug Fuwdean parfs
0RO BIORAGOUIITE E\ypaipry; ana Tav NPy PO TG
KATRANARTL TR s00pl Mo
GIaE AN WG GiakAa0wan g

Yympuo 2.6.3 - Av pic Swkhddwon Ppebel otov Katayopnty wpoPreync 6TOYOL
dtokAddwong Kot akoiovbeital, tOte dev Exovpe kapio kabvotépnon. Av duwmc dgv vrdpyet
GTOV Tivaka, 1 VapyeEL AL TeEAKA dgv axoAiovdndel, Oa Exovpe o o TovAdyloToV dVO

KOKA®V.
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Kepdiaro 2 / Evomra 6

{APAZTHPIOTHTA 3

Na meprypdyete 1L givar 0 TPOSOPIVOS KOTAY@PNTIS TPOPAEYNS OLOKAGIADGEMY
Kol v ENYNOETE TO AOYO Y0 TOV 0TTO10 YPIGLUOTOLEITOL Y10 T1) LEIMOT TOV TOVAV
oluKkAGOmONG.

{AHANTHZH APAXTHPIOTHTAX 3

To mo amhé oyfqpo TPOPrLEYNS OLOKAAOMGNG EivOL 0 TTPOSMOPIVOS KATUYMPNTIC
npoPAreyng S10KLAIDOGE®Y. O TPOSOPIVOS KATAYMPNTNS TPOPLEYNS OLOKAUIDCEMY
givan pio pukpn pviun mov d1evBuvelodoTeiTOL 0Td TO MYOTEPO CNUOVTIKO TR
¢ d1ev0vveng TS EvToMg dtokAadmons. H pvijun mepigyer éva bit mov onraver av
1N OLuKAAO®O1 0K0A0VONONKE TPpOSPATA 1] 0L

O mpoowpvog Katay@pnTS TPOPAEYNS SLUKAAIDGEMV P CLUOTOLEITAL HOVO Y1d
VO PELOVEL TNV KAOVGTEPNON TNG OLOKAGIMONS, 6TV VT Eival peyarvtepn amd
TOV YPOVO TOV UTULTELTUL Y10, VO VTOAOYLGTOVV 01 TIBavol 6TOYO0L TG OLOKAGOMONC.
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Apyitektovikn Yroroyiotmv 11

AVUKEQUALILOVOVTUC AOLTOV... -

3

.jj'-*):w ovvoKd oynuote mPoOPrEYNS, TO OmOTéAEoNHO MOG OLOKAGOMONG
npofArémeTan SuvapIKA, pE TV PRGN TOL VAIKOV vroioyisTi). H mpofreyn propei va
OALGEEL, Ov KOTA TNV €KTELESY] TOVL TPOYPAURATOS, 1 OWKAGO®MON aAirdEer
oVuUTEPLPOPd. XTOY0S TOV oyYMUATOV TPOPreyns, sivor vo emTpéYouvv oTOV
emeCEPYUOTN VO OMOQUGICEL £YKOIPA YL TO ONOTELECHA HIOG OLOKAGO®ONG,
gumodilovrag £Tol TIC EEOPTNGELS ELEYYOV VO TPOKAALEGOVY KOOVGTEPTGELS.

"ﬁﬁﬁo TPOCOPIVOS KOTUYOPNTHS TPOPLeyns Swkradodoewv givor pio pukpm
pvijun tov 81€V0VVeL0d0TEITAL 0TO TO AYOTEPO GNUAVTIKG TU R TG 61E00VVENG TG
evTOM|c OtokrAadmons. H pvijun mepiéyer éva bit wov dNAovel av N SweKAGO®ON
aKoAovOOnke TpdopaTa 1 OxL.

\‘?ﬁuﬁTo omupo wpoPreyng tov ovo bit, amoteiel po BeATiopévny pop@er)
TPOYVAGTI. Xg £va TETOW0 G0, po TpoPreyn Oo mpémer va amoTiyEl 6V0 POpPES
npwv arrayOet.

ﬁﬁﬂpoyvd)msg OLUKAUOMGE®V TOV YPNOLUOTOLOVY TNV GUUTEPLPOPE Kol GAA®V
OLOKAOODGEMV Y10 VO KAVOUV TTpofréyels, ovopnalovial GuGyETIGUEVOL TPOYVAOOTES 1)
TPOYVAGTES 000 EMTESOV

—

FEEEYTn yevikn mepinTmon évag mpoyvdoTng (m, n), YPNGLUOTOLEL T GCUUTEPLPOPA.
ToOvV TEAEVTOiOV m Swkhaddoswv Yo va emAifel ovapecsa o 2™ APoyvAOGTES
OLUKAUODGEMV, 0 KOOEVAS ard TOVS 0T0iovg Eival Evag TPOYVMOOTNG OLOKAAIMGNG IE N-
bit.

3

! -i‘g"Miu pvijun (cache), mpoPreyng owkradmong otnv omoio omodnkeveTor 1
npoPremopuevyy OEVOULVON TNG EVIOANG, 7OV EMETOL MWOG EVIOA|G OLOKAGO®ONG,
ovopaLeTaL TPOSMPIVOS KATUYOPNTIS 6TOY0V drokradwong (branch target buffer). Mg
™m PO CLVTOV TOV KATUYMPNTY] ETLTUYYAVETOL EMTAEOV HEIOMON TOV TOWVAV
OLuKAAO MGG,
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