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Xepd Aoxnosov 11:
Enidoon EneEegyaotmv

[Mopddoon: Magaoxevi 18 Maiov 2012 ($8.12), o xati, 6T0 pudOnuC
Aoxnon 11.1: Enidoon EncEegyaotov

Bipdrio (4n éxdoon, EMAnvixn): dwafdote tv § 1.4 (oeh. 61-74). H emidoon (performance) evdg vmohoyloty,
1OTA TV EXTELEOT 000£VTOG TTROYQANUATOGC, ElvaLl AVTIOTEOGO aVAAOYY TROG TOV XOVO EXTELEONS CLUTOD
TOU TROYQAUUOTOS O outdv Tov vmoioywoti). H emldoorn evog vmoloywoti), yevird xou adQLota,
OVEEQTNTWG EXTEAOVUEVOU TIQOYQAUIOTOG, OEV UTTOQEL VO OQLOTEL ETAXQLPDS HOL ETMOTNUOVIRG, UTOQEL
0g Vo ToiAAEL EVREMC AVALOYOL [E TO YOQOAKTNOLOTIRA TV SLOAPOQMV TROYQUUUATWOV.

Edv o voloyiotig A extelel éva do0év mpdypapupo o€ xdvo tA, 0 Oe VToAoYLOTIS B TO entelel og Y QOVO
tB, 6ov tB > tA now (1B / tA) = 1 .xy, 1OTe Aépe OTL "0 VIOAOYLOTHS A glvol TayTEQOS Tov B natd xy % yid
T0 000¢v meoYoapupa. ITagadelypatog oLy, av tA = 4s nou tB = 5s, 1ote (tB/tA) = 1.25, now 0 A elvon
To0TEQOG TOU B %atd 25 % Y1d 0 §06¢€v meoyoappa. O X0OVOG teyec EXTELEONG EVOS TQOYQAUUOTOS O
€Vav VTTOAOYLOTY) UTTOQEL GUY VA VA EXPOACTEL OaLv:

—N. L% *
texec = Ninstructions CPIaverage Telock

0oV Njpstructions EIVOL TO TAMO0G (0 0QLOPOG) TWV EVIOMDV TTOU O VTOAOYLOTIG EXTELEL TTQOUELUEVOL VO
ohoxhnowbel n extéleon tov doBEVTOg MEOYEAUNATOS, CPlyyerage Eiva TO uECO TANOOG (LECOS 0QIBOC)
TV ®0rAWV QOAOYLOU 7OV astottoUvToL YL TV extéleon udg eviols (Cycles Per Instruction --CPI), »au
Telock €VaL 0 xOVOg mou dagxrel £vag wOrhog Qoloylol, Onhadn M mepliodog Tou goroylot, dnradi) to
ovtioTEOPO TG OVYVOTNTAS QOAOYLOV.

Eootyon: Oeswonote évav vmoloyoth) A (thmov RISC), mov yid va telewdoer éva 000év mdyQaLua
mpémel va. exteléoel 2,400,000 evtohég, pue péoo CPI = 3.5 »0xhovg QOAOYLOU avd EVTOAT], ®oL e QOAOL 1.2
GHz. Evag dhhog vmoloyiotiic B (tumov CISC --complex instruction set computer) €xel méd "mAovoL0"
QEMEQTOQLO EVIOMDV, %L £TOL TOU OQxel va extehéoel povo 1,800,000 evrolég yid va telelmoel To (OLo
npdyeopua. Opmg, Moym g ovENUEVNS TOAVTAOROTNTAS TOV, £xeL uéco CPI = 5.2 xixlovg goroyol avad
evioM], xar QoAOL 1.0 GHz. IT6oovg ninhovg goroyol xou mdoo Odevtegdhemta yeldleTal o xa0e
VIOAOYLOTHS L& Vo exteléoel To doBEv mpdyoapua; TTowdg amd Tovg dVo voAoYLoTéS elval TayUTEQOS
ortd TOV AAAOV VLA TO 00EV TROYQA UL, RO TTOCO TAYUTEQOG;

Aoxnon 11.2: Méoso CPI tov EneEepyaoti) Tov Madfuarog

Zto mpoyedupato oxegalmv (OxL wvnthg vodlootorilg) peta&D twv SPEC benchmarks, 6tav outd
extehoUvton atov MIPS, 1 ouyvotnta extéheons TV dladpOQmV EVIOL®V elval meQimov 1) eENG:

26 % load (Iw, ®A),

11 % store (sw, ®AT),

40 % ALU (add, addi, sub, and, or, slt, slti, #A7),
3 % load upper immediate (lui),

16 % conditional branches (beq, bne, ®A),
4 % unconditional jumps (j, jr, jal, ®AT).

(o) Znv vhomoinom cag g doxnong 9 (Verilog - tunua eAEyyov), mOOOUG ®URAOUG QOAOYLOU TA{QVEL 1
EXTENEON WAG €VTOMS TOV ®AOe TUmOU; (edv dev vhomowoate tnv load-upper-immediate, Bewrote OTL
ovtr) drapxel 600 naw 1 jump). Baoel thg dudioxrelog authg extéheong Tov xAdbe TOTOV EVIOAG, ®aL PAoEL
TV TTOQOATAV® TOOOGTOV EXTEAEONS TWV JLadpOQMV TUTTWV EVTOA®V, 10 Oa eivorl To uéco CPI autol tou
emeEepyaoth yid autd ta mpoyeduuota; (ITpodpavag, to péoo CPI eivar 0 oTaOuopévog péoog 6Qog TmV
HORAWV QOAOYLOU aVA EVTOAT], OTTOV OL OUVTEAEOTES O0TAOWONG ElvVOL TA TTOCOOTA (CUYVOTNTA) EXTENEOTS
TOU %GO TOTOV EVTOADV).

() "Eotw thoa 611 ndvouue Pektiotomotfoels: £otw OtL ndvovue Oheg Tig eviohég dhpotog (j, jr, jal, #Am)
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©00mg nor v evioh| load upper immediate (lui) vo exteholvtor oe dUO avil TOLOV 1 TEQLOCOTEQWV
n0xhowv oloyot xabepia. II6co Ba eivar téte TO véo péco CPI tou emeEeQyaoti) yud avtd to
TQOYQALOTAL;

(y) Av n Pertiotomoinon (B) €xel oav aQvnTxd moevéQyela vo owENOEL Tov ®0xho QOLoYL0U amtd 2.4 ns o€
2.6 ns, woLdg amd Toug Ovo emeEeQyaotés (o) nor (B) Oa eivan tay1TeQOs, ot xatd mOc0; (YmOOEEN:
OhAVDOS, TO TANOOG TV EXTEAOVUEVWY EVIOMDY Ninstructions OV CAAALTEL 0rtd ToV () otov (B)).

Aoxnon 11.3: Méoo CPI EncEeoyaoti) ne Onoyergio (Pipelining)

Kotd tn olvroun elooymyn Hog oty Texvirt tg opoyeliog (pipelining), eidape 6T, 660 0 emeEeQya TG
Boioner aveEdoTnres peta&l TOovg eviohés, TIg extehel pe QUOUO pior eviolf) avd xixho goloyo¥. ‘Etot,
QA O YEYOVOG OTL 1) EXTELEDT TNG ®AOE EVTOANG SLoQuel TEQLOOATEQOVG TOV €VOg ®U%AOUG QOAOYLOV, TO
oVVOAKRO TANO0G ®UXA®Y QOLOYLOU YL TNV EXTELEDT] EVOS OAOAANQOU TTQOYQAUUOTOS --TTOV E(VOL AL AVTO
mov pog evOladéQel-- elval meQimov TO00 OCES %OL OL EXTENOVUEVES EVIOAEC (VIO TIG TOQOITAVM
npovmobéoelg aveEaptnolog). Aga, to péoo CPI vid Tig ovvOnres ovtég Ba elvar 1, dnhadn n xdabe
eviolM] pog "rootiCel" 1 nOinho goroylol, 600 ONAadT pag "rabuvotegel" LéyoL va Eextvijooupe ®at Ty
EMOUEVT] TTG.

Ouwg, 6Twg eimape, dOVoTVYMGS, VITAQYOVV %ol AAANAEEQQTHOELS EVTOAMDV, OL OTOLES TTEORAAOTVV QTTMAELLL
n0rAou 1] ®vO®AWV QOAOYIOU emmmAéOV TOV ToQATdvm evog "Baocirol" xixhov avd evtolh). Xweig va
LWtoUpe o€ TOMEG AETTOUEQELEG TOU TS 1AL YLATE, 05 OEWETNOOVUE, OF OYECT ROl UE TO TTOOOTTA EVIOADV
mou avapégdnrav oty magamdve doxnon 11.2, 6t

e To 33 % twv entehovuévov load (Gga to 33% tov 26% (cov 8.6% TOU GUVOAOU TV EXTEAOVUEVDY
eVIOLMV) anolovbeitor apéows amd eEaTnuévn eviold] (evioln mou yopewdletor Ta loaded data
otV 31 Paduido g pipeline tg), row doa mEororolv (avtég ol 33% twv load {oov 8.6% Tov
OUVOLOU TV EVTOADYV) TNV OTIHAELA VOGS nUUAOU QOAOYLOU eTITAEOV TOU EVOS POOLROV.

e To 25 % towv extehovpévorv doxrhadmoewv vitd ocuvOxn (branch) (Goo T0 25% tov 16% (oov 4%
TOU GUVOLOU TV EXTEAOVPEVMV EVTOAMV) Oev noBioTaTol ePntd vo TEQLEYEL uiat atd TLg TTOAAES
PeltioTomoLNoeLg oV VIAQEYOVV, KAl RATE OUVETELD TIRORAAOVY (L AVTéS oL 4% TOU GUVOLOV TWV
EVIOMDV) TNV ATTOAELD EVOS ®UUAOV QOAOYLOV ETITAEOV TOV VOGS BOoLROU.

Me avtd to dedopéva, mdéco Oa elvar to péco CPI (yid to moQamdve mpoyodupata the doxnong 11.2)
evog emeEepyaotiy MIPS mou yonowwomolel auth) T poedf opoxewiag; Oswomdviag OTL ovtdc o
eneEeQyaoTng €xeL To (010 QOADL pue exelvov thg Goxnong 11.2(a), xouw adov, dpvowmd, exterel TG (dleg
EVIOAES ava mEoyQOuUa, TOoO TayTeEQOg Oa elval avtdg o emeEeQyaoTic amd exelvov TG GOxNOMg
11.2(0);

Aoxnon 11.4: Méoo CPI EncEeoyaoti) Superscalar ue Onoygigio

Ou onpegivol (uxQo-) emeEeQYAOTEG TOU EUTTOQIOV YONOLUOTOLOUV TOGO TNV TEYXVIXT TNG OUOYELQLOG
(pipelining) mou eidape TOQATAVW, OO0 %L TEYVIXEG EXTENEONG TOMATADV EVIOADV TOUTOYQOVO. --
ovvNOmg pe TN poedT mov amoxaieitor "superscalar". OewENoTE £va TETOLOV €MEEEQYOOTH OV 08 ®AOE
n0rAo QoAOYLOU dLaAlel (fetch) amd T pviun Tis T€ooeQELs (4) emOUEVES EVTOLEG, AL EXTENEL TOWTOYQOVA
(ev maQaAANAW) 06eg OO ovTég elvor aveEdotnteg netaEd Ttovg. To péoo CPI evog tétolov emeEeQyooth
elvar 600 Ba fitov pe yofon opoyewpiog povo (xwels superscalarity), dinonuévo Ol to péco mAhBog
TOUTOYEOVA EXTEAOVUEVWY €VTOADV, dedopévou Ot Twea o #dbe %nOrAOog QOAOYLOU IOV TEQVAEL
"YOEMVETOL" 08 OAES TIG TAVTOYQOVA EXTELOVUEVES EVTOAES, QA OTNV RADE EVTOAT] XOEMVOVIAL AVTIOTOLY O
MyoTegoL ®OxAol gohoyLol (Myootevovv ol cycles per instruction --CPI).

Oewenote OTL vAvovpe Tov emeEepyaoti) g doxnong 11.3 superscalar, xal 0g mOOUE YA amAOTNTA OTL
ot yivetaw xweis va ahhdEouvpe tv dopn g pipeline Tov na xweEis va ahddEel To QOAGL (0TNV TAEN
oev eivau €tot). EGv to péoo mhhog Tautdyova exteAoUUEVOV aveEAQTNTMY EVTOADYV ival udon (1.5)
eVToAT], TOTe Moo Ba eivouw to péco CPI tou véou emeEegyaoth; 1600 yonyoeoteQos Ba eivor avtdg amd
exelvov g doxnong 11.2(a), xow 1600 amd exelvov g doxnong 11.3;
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