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Xepd Aoxnosov 14:
Eniooon Enelepyaotov

[IpoBeopia émg Tetdptn 3 Maiov 2006, dpa poadpatog (Boopdda 10)
Aoxknon 14.1: Emnidoon Eneepyaoctov

H enidoon (performance) evog LITOAOYIGTH, KATA TNV EKTEAECT] 000EVTOC TPOYPAUIOTOC, EIVOL AVTIGTPOPO
avaA0YN TPOG TOV XPOVO EKTEAECTIG WTOV TOV TPOYPAUIOTOS GE aTOV TOV VoAoyloTh. H enidoon evig
VTOAOYIOTY], YEVIKA Kol 0OPloTe, OVEEOPTNTMG EKTEAOVUEVOL TPOYPAUIOTOS, deV UTOpEl va OploTel
EMOKPIPDOG KOl ETIOTNUOVIKA, UTOPElL O€ VO TOWKIAAEL €VPEMC aVAAOYQ HE TO YOPOKTNPIOTIKA TMV
dwpopwv mpoypoppdteov. O opyoviouds "SPEC" (System Performance Evaluation Cooperative)
WpOonke 10 1989 amd pepikéc etapeiec vroroyiotdyv, Kot opilel éva cvvoro mpoypouudtav (SPEC
benchmarks) mov ypnoiponoovvtol amd Kowvov otn fropnyovic yid ™ HETPNON TV EMOOCEDV TOV
VTOAOYIOTAV.

Edv o vmodoyiotic A extelel éva 500V mpodypappa o€ xpovo tA, o de vtoroyiotig B to ektedei o ypdvo
tB, 6mov tB > tA wau (1B / tA) = 1.xy, tdte Aépe 611 "0 voloyiotig A eivor Tayvtepog Tov B katd Xy %
vy 10 600év mpdypappa. Tapadeiypatog xaptv, ov tA = 4s kot tB = Ss, tote (tB/tA) = 1.25, kw0 A
glvan Tayvtepog Tov B katd 25 % y1d to 600€v mpdypappa. O ¥pdvog texec EKTEAEONC EVOG TPOYPAUUOTOC
o' évav VTOLOYLIOTY| UTTOPEL GLYVE VUL EKQPACTEL GOV:

texec = Ninstructions * CPIaverage * Telock

6mov Ninstructions €var 10 mAN00¢ (0 ap1BUdC) TOV EVIOADY TTOV O VTOAOYIOTNG EKTEAEL TPOKEEVOL VL
olokAnpwBei n ektéheon tov 600évtog Tpoypdupatog, CPlaverage ivar 1o uéco minbog (pEcog apBuog)
TOV KOKA®V pOA0YI0D TOV omontovvTal Yid TV ektéleon pag eviong (Cycles Per Instruction --CPI), kot
Tclock €lval o xpovog Tov dlapkel Evog KOKAOG poAoyloD, dniadn 1 mepiodog Tov poAoylov, dnAadn To
avTioTPOPO TNG CLYVOTNTAG POAOYLOD.

Epaton: Oswpnote évav vtoroyiot] A (tomov RISC), mov yid va tedeidoet éva 300V Ttpdypopipia
npénel vo. ektedécel 2,400,000 eviorég, pe péso CPI = 3.5 xoxlovg poroylol avd €VIOAn, Kot UE poAOT
600 MHz. Evag dAlog vmoioyiotig B (tomov CISC --complex instruction set computer) €yt mo
"TAoVo10" PETEPTOPLO EVIOA®V, KL £TGL TOV Opkel va ekteréael povo 1,800,000 evtorég yid va TELEIDOEL
10 B0 mpdypoppoa. Opwe, Adyw ™ avénuévng moAvmilokotntdg tov, €xel péco CPI = 5.2 kdKAovg
pPOAOYLOV v EVTOAT], Kot poAdi 500 MHz. [16Govg KOKAOVG poroylov kot TOca devtepdAenTa YpedleTan
0 k@B vroloylotng Y va ektehécel to 600€v mpdypappa; ITodg and Tovg 600 VTOAOYIGTEG Elval
TOYOTEPOG OO TOV GALOV Y18 TO B0OEV TPAYPULLLLOL, KOl TOGO TAYVTEPOG;

Aocknon 14.2: Méoo CPI tov Enelepyaoti) Tov Madnpatog

Yto. wpoypdppoto akepaiov (Ot kvnmig vrodotorng) peta&d twv SPEC benchmarks, dtav avtd
exktelovvtat 6tov MIPS, 1 cuyvotnto ektédeons Tov S1apdpov EVIOA®Y gival Tepimov 1 eENG:

26 % load (Iw, K\n),

11 % store (sw, KAT),

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

16 % conditional branches (beq, bne, kAr),
4 % unconditional jumps (j, jr, jal, KAx).

(o) Xtnv viomoinon cag tng doknong 12.1 (dniadn ywpig tig Bertictomomoelg g doknong 12.2),
TOGOVG KOKAOVG pOAOYLOD TalpVEL 1) EKTEAEST) LAG EVTOANG TOV KABe TOTOV; Bacel g d1dprelag avtng
EKTELEOTG TOV KAOE TOTOV EVIOANG, Kal BAGEL TOV TOPOUTAV® TOGOGTMV EKTELECNG TV JAPOPOV TOTMOV
evtoAdv, 16c0o Ba gtvor to péso CPI avtod tov enefepyaotn yid avtd to mpoypappata; ([popavag, to
péco CPI eivar o otabpopévoc PHEGOC OPog TV KOKAMY POAOYLOD avA EVTOAN, OOV Ol GUVTEAEGTEG
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oTadoNG ivol To T0G0oTA (GVYVOTNTA) EKTELEGNC TOV KAOE TOTOV EVIOAGMV).

(B) 'Eoto topa 6T KAVOULUE PBEATIOTOTOGELG AVAAOYES e AVTEG TNG Aoknong 12.2 aAAd TeEPIGGOTEPEC:
€0t OTL KAVOLUE OAEG TIG EVIOAEG GApaTOC (5, JT, jal, KAT) Kabdg kot tv evtoAn load upper immediate
(lui) va exktelobvtan og 600 avti TPLOV N TEPIGCOTEP®Y KOKA®V poroylov kabepia. [Toco Oa ivor totE TO
véo péco CPI tov emelepynotn Y14 avTd T0 TPOYPALLOTOL,

(Y) Av 1 BeAtiotomoinon (B) £xel cav apvnTikd Tapampoiov vo avENGEL TOV KUKAO poA0Ylo0 ard 2.4 ns 6€
2.6 ns, mow0g amd Tovg Ovo emefepyaotég (a) kot (B) Ba eivor TayvTEPOC, Kol kaTd TOG0; (YTOdeEn:
TPOPAVAG, TO TANO0G TV EKTELOVUEVOV EVTOA®DVY Ninstructions 08V 0AAALEL 0md Tov (o) oToVv (B)).

Aocxknon 14.3: Méoo CPI Eneepyaost pe Opoyerpio (Pipelining)

Kotd ™ odvroun gicaywyn pog oty TeXVIKN TG opoyepiog (pipelining), eidape 611, 660 0 emelepynotng
Bpiokel aveEaptnTteg petal&hd Tovg eVioléc, TIC extelel pe puBud pio evioAn avd kdkAo poroylov. ‘Etot,
apd o yeyovog 6Tl N ektéheon g KaOe evtodng dapkel mePIocdHTEPOVS TOV EVOC KOKAOVG POAOYLOV, TO
GUVOAKO TAN00G KOKA®Y POAOYIOV Y18 TNV EKTEAEGT] EVOG OAOKAN POV TPOYPAUILOTOS --TTOV EiVaL KL AV TO
OV HOG EVOLPEPEL-- €lvol TEPITOV TOGO OCEG KOL Ol EKTEAOVUEVEG EVTOAEG (LIO TIG TAPOUTAVD
npotmobéoelg aveEapmoiag). Apa, To péco CPI vd tic cuvOnkeg avtéc B givar 1, dnAadn n kabe
evtoAn pog "kootilel" 1 xuklo poroylov, 660 dnAadn pog "kabvotepel” péypt vo, EEKIViGOLUE KOl TV
EMOUEVN TG,

Ouwg, 6mwg gimope, SVGTLYMG, VILAPYOLY Kol UAANAEEAPTNOEL EVIOADV, Ol OTOIEG TPOKAAOVY OTMAELL
KOKAOV 1 KOKA®V pPOAOYIOV EMITAEOV TOVL TapAmived evog "Pacikod" kOkAov ovd evtoAn. Xmpig vo
UToOLE GE TOMAES AEMTOUEPELESG TOV TG KO YiaTi, 0C OE®PGOLVLLE, G GYEON KO [LE TOL TOGOGTE EVIOADV
7oV avopépOnkay oy Topandve doknon 14.2, ot

e To 33 % twv ekterovpévov load (dpo 10 33% 10V 26% icov 8.6% TtovL GLVOAOL TV
EKTEAOVUEVOV EVTOADV) aolovBeital apécms amd eSaptnuévn eviodn (evtodn mov ypetdleTon Ta
loaded data otnv 31 Babpida g pipeline g), kot dpa Tpokarovv (avtég ot 33% twv load icov
8.6% TOL GLVOLOL TV EVTOAMV) TNV OTOAELD EVOG KOKAOV POAOYLO00 EMTAEOV TOV EVOC PaCTKOV.

e To 25 % 1mv ekterovpévav dakiadmoemv vtd cuvOnkn (branch) (dpa to 25% tov 16% icov 4%
TOV GLUVOAOV TV EKTEAOVUEVOV EVIOAMV) Oev kaBioTatal ePIKTO Vo TEPIEXEL Hio Amd TIG TOAAEG
Beltiotomomoelg mov vdpyovv, Kot Katé cuvémeln Tpokadovv (ko avtég o1 4% Tov GLVOLOL TV
EVIOADV) TNV OTMAELN EVOG KOKAOV pOA0Y1I00 EXTAEOV TOV £VOG BOGTKOD.

Me avtd to dedopéva, m6co Oa givor 1o péco CPI (Y14 ta mapandve mpoypdupate g doknong 14.2)
evoc emefepyaocty MIPS mov ypnoyomoiel avtq tn pHoper] opoyelpiag Oewpmdviag OTL avTtdg 0
ene€epynotne £xel o 1010 poAdl e ekeivov g doknong 14.2(a), kot agov, LOIKA, EKTEAEL TIG 1016
EVTOAES avd Tpdypapila, OGO TayVTeEPog o eivor avtdc o emefepyaotng and ekeivov g doknong
14.2(a);

Aocxknon 14.4: Méoo CPI Eneepyaoti) Superscalar pe Opoysipio

O onuepwol (Lukpo-) enelepyactég Tov EUTOPIOL YPNOLUOTOOVY TOGO TNV TEYVIKN TNG OHOXEPiog
(pipelining) mov e€idape mopomdvo, OGO Kol TEXVIKEG EKTEAEONG TOAAATAMY EVIOAMV TOLTOYXPOVA
--ouVN G pe T popeN o amokaeital "superscalar’. Bewpnote va TéTolov emegepynoTi Tov og kKabe
KOKAOo poloylov SwPaler (fetch) amd ™ pvaun TG téooepelg (4) emduevec evioAés, Kol eKTEAEL
Tavtdypova (ev maporAnim) 66eg amd avtég sivar aveaptnteg petald tovg. To péso CPI evog tétolov
emekepyootn givar 6co Oa fTav pe ypnon opoyelpiag povo (xwpic superscalarity), dSimpnuévo 814 to péGo
TAN00G TOVTOYPOVE EKTELODUEVOV EVTIOADV, BEGOUEVOL OTL TMPO. 0 KAOE KUKAOG POAOYIOD TOL TTEPVAEL
"ype@veTol" 6€ OAES TIG TOVTOYPOVA EKTEAOVLEVEG EVTOAES, Apa TNV KAOE EVTOAN YPEDVOVTOL AVTIOTOLYO
MyoTEPOL KOKAOL poA0YL00 (AMyoctevovv ot cycles per instruction --CPI).

Oewpnote 0TL KAvovpe Tov enegepyaotn g doknong 14.3 superscalar, kot ag moOue yié amiotnTo OTL
avtd yivetal yopig va oAlaEovpe v doun g pipeline Tov kot ywpig vo oAAGEel To poAdi (oTnv TPAEn
dev givar étot). Edv 1o péco mAnbog tantodypova ekteELodIEVOVY aveEApTNToOV evIoA®mV gival puapion (1.5)
€VTOAN, T0T€ MO0 Oa givar to péco CPI tov véou emeEepyaotn; [1oco ypnyopdtepog Ba sivar avtdg and
ekeivov g doknong 14.2(a), ka1 660 and exeivov g doknong 14.3;

Tpomog IMapadoonc:

A®GTE OAEG TIC AMOVINGELS GOG GE YOPTL, 6TO LAON U, TPV owTd apyicel. (Eqv ypdyete tnv andvinon o€
VTOAOYIOTY], TOPUKOAEIGTE VO TNV TUTMGETE KOU VO TOPUODMCETE HOVO YOPpTi, Y0 OpHOOHOPQio Kot
devkdAivvon dopbmonc).
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