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Xepa Aokinoesomv 14:
Eniooon Enelepyaoctav

[poBeopia éog Tetaptn 19 Maiov 2004, dpa padnpatog (Béopdda 11)
Aoknon 14.1: Ewidoon Enelepyoaoctav

H enidoon (performance) evog vmoAoyioth, katd v ektéleon dobBévtog mpoypdppatoc, etvar avtioctpoea
avaAoyn TPOg TOV YPOVO EKTEAEGNG QTOV TOL TPOYPALLATOS G aVTOV ToV VoAoyloth. H emidoon evig
VTOAOYIOTY], YEVIKA KOl 0aOplotd, OveEopTNTOG EKTEAOVUEVOL TPOYPAUUNTOS, OV UmOpel va oplotel
EMOKPIPDOG Kot EMOTNUOVIKA, UTopel Og va TOKIAAEL EVPEMG OVEAOYO LLE TO YOPUKTNPIOTIKA TV S10pOpmv
apoypappdtov. O opyaviopds "SPEC" (System Performance Evaluation Cooperative) 1dpbfnke 1o 1989 and
pepwkéc  etoupeieg vmoloylotdv, kot opiler éva obvoro mpoypappdtov (SPEC benchmarks) mov
ypNnoomoovvTat amd Kool ot fropnyovio yid T HETPNON TGOV EMOOCEDV TMV VIOAOYIGTMV.

Edv o voloyiotig 4 extelel éva 000€v Tpdypappa o€ xpovo t4, o de vtodoyiotig B 10 ektedel o€ ypdvo B,
oMoV tB > tA xau (tB / tA) = 1.xy, 10t€ Aépe OTL "0 VIOAOYIOTNG A givor Tayvtepog Tov B katd xy % Y16 1o
d00év mpoypappa”. Hopadetypotog xaptv, av tA = 4s ko tB = 5s, 10te (tB/tA) = 1.25, xor 0 A givon
TayvTEPOg Tov B katd 25 % y1d to 600&v mpdypappa. O xpdvog tovec EKTELEOTG EVOG TPOYPALLOTOG G Evay

VTOAOYIOTH UTTOPEL GUYVA VO, EKPPUCTEL GaV:
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olokAnpwBel N ektéheon Tov S06évtog mpoypdpupotog, CPI

etvar o TA00¢ (0 aplBpdc) TV EVIOA®Y TOL O LTOAOYLIOTHG EKTEAEL TPOKELUEVOL VO
average etvar 1o péco mnBog (pécog apBpog)
TOV KOKA®V POAOYLOV OV OOLTOVVTOL YId TV extéAeot pdg evtoAng (Cycles Per Instruction --CPI), ot
T jock EfVor 0 xpoévog mov Sdwpkel €vag kbdKAog poroytov, dniadn 1 mepiodog Tov poAoylov, dniadn to

avTioTPOPO TNG GLYVOTNTAS POAOYLOV.

Epatnon: Osopniote évav vroroyiot) A (tdmov RISC), mov yud va tereidoet éva d00v mpdypappa mpémnet
va gkteréoet 2,400,000 eviolés, pe péoco CPI = 3.5 kdxkhovg pohoylov avd evtodn, kot pe pordt 600 MHz.
Evag dAlog vrohoyiotig B (tomov CISC --complex instruction set computer) £ygt o "TAoVG10" pemepTOP1O
EVIOA@V, K1 £TG1 TOV apkel va ekteéoel povo 1,800,000 gvtorég yid va teEletdaoet to 1010 Tpodypappa. Opmc,
AOY® TS avENpEVNG ToALTAOKOTNTAG TOV, €xet pLéco CPI = 5.2 kdrhovg pohoylov avd evioln, kot porot S00
MHz. 16600 KOKAOLG POAOYLOV Kot TOGO. devTEPOLETTA YXPELdlETaL O KAOE VTOAOYIGTNG V1A VOl EKTEAECEL TO
d00év mpoypappa; oo amd Tovg dVo VITOAOYIGTES eival TayOTEPOG 0O TOV AALOV Y14 TO 500V TPOYpaLppLa,
Kot TG0 TayVTEPOC;

Aoxknon 14.2: Méoo CPI tov Enegepyaoti) oo Madfqpatog

Y10 mpoypdhppoto akepaiov (0xt Kwntg vmodiwnotorg) peta&d tov SPEC benchmarks, 6tav avtd
extedovvtat otov MIPS, 1 cuyvdtta ektédeons TV d10pdpmv EVIOAGV etval tepimov 1 e&Ng:

25 % load (lw, KAm),

10 % store (sw, KAm),

42 % ALU (add, addi, sub, and, or, slt, slti, kAx),
3 % load upper immediate (lui),

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

(o) Ztv vhomoinon cog g doknong 12.1 (dniadn| yopic T Pertictonomoels ¢ doknong 12.2), m6covg
KOKAOVG poroylod maipvel N ektédeon WA eVToAng Tov Kabe timov; Baoetl g didpkelag ovtrg ektéheong
oV KGfe TOMOL EVTOANG, KOl PACEL TV TAPATAV® TOGOOTMOV EKTEAECTIS TV JOPOP®V TOHTMV EVIOADV,
660 Ba etvor 1o péoo CPI avtov tov eneepyastn yud avtd ta mpoypdappota; (Ilpopavag, to péco CPI
glvar 0 otoBuiopévog HEcog 0pog TV KOKAMY PpOAOYLOD vl EVTOAT, OOV Ol GLVTEAESTES GTAOIONG glval
T T0G00TA (cLYVOTNTA) EKTELEONC TOL KAOE TOTOVL EVTIOADV).
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(B) 'Eoto topa 011 kbvovpe BEATIGTOTOMGELS OVAAOYES pe avTéG TG Goknong 12.2 oAAd meplocdTEPES:
£€0TM OTL KAVOLUE OLEG TG EVTOAES AApOTOG (, jr, jal, KAT) Kabmg kot v evtoAn load upper immediate (lui)
Vo EKTEAOVVTOL GE VO aVTi POV N TEPIGGOTEP®YV KOKA®V poloylod kabepia. [16co Ba gival tote TO VEO
pécso CPI tov emelepynoth) Y1l anTA TO TPOYPALLLLOTOL,

(7) Av n Bertiotomoinon (B) €xet cav apvntikd mapamrpoidv va avncet Tov kKikAo poroyod amd 2.4 ns e
2.6 ns, mowog amd tovg dvo emefepyactég (o) kou (B) Oo eivon toydTEpOC, Ko katd TOG0; (YTOdEEN:

TPOPAVAG, TO TANOOC TOV EKTEAOVUEV®V EVTOADY Ninstructions dev ahAdler amod tov (a) otov (B)).

Aocknon 14.3: Méoo CPI Eneepyaosti) pe Opoyepia (Pipelining)

Katd ) cvvtoun sloaymyn pog oty TeXVIKN ¢ opoyepiag (pipelining), €idape 611, 660 0 enelepyaotc
Bpiokel aveEaptnTeg petald Tovg eVIOALG, TIG ekTEAEL Le pBud pio evioAr avd kOkAo poloyiov. ‘Etot, Tapd
0 YeYovog OTL 1) eKTéAeoN TNG KABe EVTOANG dlopKel TEPIGGOTEPOVS TOV EVOG KOKAOLG POAOYLOD, TO GUVOALKO
TN00g KOKA®V poAoyloDh YL TNV EKTEAECT] EVOG OAOKAN POV TPOYPALLOTOG --TOV EIVOL KoL OVTO OV HOG
evolapépel-- givarl mepimov TOc0 O0eg KOl Ol EKTEAODUEVEG €VIOAEG (VIO TIG TOPUTAV® TPOUTOBETELS
ave&aptoiag). Apa, To péco CPI vnd 11 cuvOnkeg avtég Ba eivan 1, dnAadn 1 kabe evtodn pog "kootilel" 1
KOKAO poAoY10V, 660 dNAadN pag "Kabvuotepel” péypt va EEKIVIIGOVLLE KOL TV ETOUEVT TNG.

Opog, 6mwg eimape, SVOTLYMG, LILAPYOLY Kol OAANAEEAPTNCELS EVIOADV, Ol OMOIEG TPOKAAOVV OIMAELL
KOKAOL N KOKA@V poroyo0 emmAéov tov Tapamdve evoc "Bactkov” kikiov avé evtodn. Xwpig vo pmovue
o€ MOAMEG AEMTOUEPEIEG TOV TTMOG KOl Yotl, oG Bempnoovpe, G OXECT KOl [LE TO. TOGOCTH EVIOAMV OV
avaeépbnkay oty Tapardve doknon 14.2, ot

e To 40 % tov ektehovpévev load (dpa to 40% tov 25% icov 10% ToV GUVOAOL TV EKTELOVUEVOY
EVTOADV) akoAovBeital apécmg omd eEaptnuévn evioAn] (evrodn mov ypewaletor ta loaded data otnv
31 Pabuida g pipeline tng), kot dpo Tpokaiovv (awtég ot 40% twv load icov 10% Tov cLVOLOL
TOV EVIOADV) TNV ATOAELD EVOC KOKAOV POAOYIOV ETTAEOV TOV £VOG POGIKOD.

e To 25 % tov ektedovpévov dtukhadmcewv vd cuvnkn (branch) (dpa 10 25% tov 16% icov 4%
TOV GUVOAOL TMV EKTEAOLUEVOV EVIOADV) Ogv KkabioTtatol @ikt vo mepéyel pior and T TOAAEG
BEATIOTOTOWGELS TOV VITAPYOLY, Kol KATE GUVETELN TPOKOAOVY (Kot avTtég ot 4% Tov GuVOLOL TV
EVIOADV) TNV ATOAELD EVOG KOKAOV pOA0YLOD EMTAEOV TOV VOGS Pacikov.

Me avtd ta dedopéva, mdéso Ba glvar to péso CPI (yid ta mapandve mpoypdppata e doknong 14.2) evog
eneEepyoot MIPS mov ypnowponotet ovt ) popen opoyepiog; Ocwpadviag 0Tt aVTOS 0 emelepyaoTrg Exel
t0 1610 poAdi pe eketvov g doknong 14.2(a), kot apov, LoIKA, ekteAel TiG 101eC EVTIOAES avd TPOYpaApLULaL,
w660 TtayvTeEPOg Ba elvat awtdg o eneepynotig amd ekeivov g doknong 14.2(a);

Aoxknon 14.4: Méoo CPI Eneepyaoti) Superscalar pe Opoyerpio

Ot onuepwvol (HiKpo-) emeEepyaoTéG TOL EUMOPIOV YPNOLOTOOHY TOGO TNV TEYVIKN TNG OHOXEPIOG
(pipelining) mov gidople TOPUTAVEO, OGO KoL TEYVIKES EKTEAECTC TOAALATADY EVIOA®DV TOVTOYPOVA --GUVIOMG
He TN pope1 mov amokoAeitan "superscalar'". @swpnote éva tétolov emeepynotn mov of kdbe KOKAO
poroylov dwafdalet (fetch) amd ™ pvnun Tic 1éooepelg (4) emdueveg eVIoAés, Kot ektehel TavtOypova (gv
TapaAMA®) 6oec amd avtég sivar avegaptnreg petad tove. To péoo CPI evog tétolov emelepyaotn sival
600 Ba NTov pe xpnon opoxepiog povo (yoplg superscalarity), dSmpnuévo 814 10 péco TABoc TavTdYpova
EKTEAOVLEVOV EVTOADV, OedopEVOL OTL TP 0 KABe KOKAOG POAOYLOD OV TTepvaet "ypedvetal” oe OAES TIG
TAVTOYPOVO EKTELOVUEVES EVTOAES, Apal OTNV KABE EVIOAT XPEDVOVTOL aVTIGTOLYO AYOTEPOL KOKAOL POAOYLOV
(Myootevouv ot cycles per instruction --CPI).

Bewpnote OTL KAvovpe tov eneepyoaotn e aoknong 14.3 superscalar, kot og wovpe yié amkotnta 6Tl 0VTd
yivetot xopig va arddEovpe v doun g pipeline Tov kKot y@pig va aAAGEEL To pordl (oTnv Tpdén dev eivar
étot). Eav to péco mAnbog tavtdypova extelodpevey avebdpmtov evioAdv givar puduon (1.5) eviolq,
t61e oo B givar o péso CPI tov véov enelepyactn; 1660 ypnyopdtepog Ba gival avtdg and ekeivov g
aoxnong 14.2(a), Kot 1660 amd ekeivov g doknong 14.3;

Tpomog apddoong:
AdoTE OAEG TIG OMAVTNCELG GOG 6€ XAPTL (EAV YPAWETE TNV AXAVTNOT GE VITOAOYIGTY, TAPUKAAEIGTE VOl TV
TUTOCETE KOl VO TAPAODGETE LOVO YopTi, Y18 AOYOVG Opotopop®iag Kot d1evkdAVVeNg TG d10pBmong).
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