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Xapd Aoknosov 14:
Eniooon Eneepyactov

ITpoBeopia éwg [Mapackevn 1 Tovviov 2007, mpiv to pabnua (Béopdada 10)
Aoxknon 14.1: Emnidoon Eneepyaoctav

Biio (EML. €xd.): dwpdote Tic § 4.1 - 4.3 (oeh. 258-276), ko oeh. 348-349- eniong, eyKukAOmAIOKA,
glvar kadd vo dwpPdote kot to vmolouwto ke@. 4 (oeh. 277-299). H emidoom (performance) &vog
VTOAOYIOTY], KATO TNV EKTEAECT] S0DEVTOC TPOYPAUUATOS, €ival avTioTpOEa OVOAOYN TPOG TOV YPOVO
EKTEAECTG GLLTOV TOL TPOYPAUUATOG GE AVTOV TOV VITOAOYIoT. H €midoomn evog voAoyIoTn, YEVIKA Kol
adp1oTa, aveEUPTNTMG EKTELOVUEVOL TTPOYPALLATOS, OEV LUITOPEL VO OPLOTEL ETOKPIPMOG KOl EXGTILOVIKA,
umopel de vo mOKiAAEL €VPEMG AVALOYO LE TO YOPOKTINPIOTIKG TV O610popmv Tpoypappdtov. O
opyaviopog "SPEC" (System Performance Evaluation Cooperative) 18pvfnke to 1989 amd pepucég
gTalpeiec voroYoTdV, Kot opilel éva ohvoro mpoypappdtov (SPEC benchmarks) mov ypnoiponotodvon
oo KowoL otr fropnyovia yid tn LETPNON TOV EXOOCENDY T®V VTOAOYIGTAOV.

Edv o vmoroyiomc A extelel éva d00év mpdypappa o xpovo tA, o de voloyiotig B 1o ektedel o€ ypovo
tB, émov tB > tA ko (1B / tA) = 1.xy, 10te Aépe 611 "o voroyioig A givar Taydtepog Tov B xatd Xy %
y1d to 600év mpdypappa". Tlapadeiyparog yapwv, av tA = 4s kot tB = 5s, 10te (tB/tA) = 1.25, kan 0 A
etva tayvtepog Tov B kotd 25 % 114 1o 300<v mpdypapa. O xpdvog texec EKTEAESTG EVOC TPOYPALLLLOTOC
6' évav VTOAOYIGTN UTOPEL GUYVA VO, EKQPACTEL GaLV:

texec = Ninstructions * CPIaverage * Telock

6mov Ninstructions €ival To TA00¢ (0 Ap1OUOG) TOV EVIOADMV TOL 0 VITOAOYIGTNG EKTEAEL TPOKEYEVOD VO,
olokAnpwBei n extédeon tov doBévtog Tpoyphppatos, CPlaverage eivol to péco minbog (uEcog apbuog)
TOV KOKA®V pOAOYIOD TOV OTOLTOVVTAL YId TNV eKTEAEOT MAG evioAng (Cycles Per Instruction --CPI), kot
Tclock €tvol 0 gpdvog mov dropkel £vag KOKAOG poAoyloD, oMAadn 1 TePiodog Tov POAOYIOD, dNAdT TO
OVTIGTPOPO TNG GLYVOTNTOG POLOYIOD.

Epamon: Oswpnote évav vroloyiot) A (tdmov RISC), mov yid vo tedeidost évo 600Ev mpodypapLpa
npénel va ekteréoetl 2,400,000 gvtorés, pe péco CPI = 3.5 kidrhovg poAoylol avd evioAr, kol Pe poAdt
600 MHz. Evag GAlog vmoroyiotig B (tomov CISC --complex instruction set computer) &yer mo
"TA0Vo10" PETEPTOPLO EVIOA®V, K1 £TG1 TOV opkel va ekteléoetl povo 1,800,000 eviolég yid vo TEAEUDOEL
10 d10 mpdypoppa. Opwe, MOy ™ avénuévng moAvmlokotntdg Tov, £xel péco CPI = 5.2 kdxhovg
POAOY10U ava gvToln], kot poidi S00 MHz. [Técovg kOKAoLG poroylol kot Tdoa devteporenta ypeldletal
0 Kabe vroloylotig Y18 va ekteAéoel To doBév mpdypappa; [Todg and Tovg dVo VITOAOYISTES eivar
TOYVTEPOG OO TOV GALOV Y18 TO B0OEV TPAYPULLLLOL, KO TOGO TAYVTEPOG;

Aoknon 14.2: Méoo CPI tov Enelepyaoti) Tovo MaOnpatog

Y10, wpoyphppota akepaiov (Ox1 Kivnte vrodinotoing) peto&d tov SPEC benchmarks, 6tav avtd
exteAovvTan otov MIPS, 1 cuyvotnta eKTELECTG TOV dAPOP®Y EVIOADV Elval wEPITOL 1) eENC:

26 % load (Iw, kAm),

11 % store (sw, KAT),

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

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

(o) Zv viomoinon oag ¢ doknong 12.1 (dniadn yopic tig PertioTonomoslg g doknong 12.2),
TOGO0VG KOKAOVG pOAOYLOD TAIPVEL 1| EKTEAEOT] LAG EVTOANG TOV KAOe TOTOL; Baoel TG didpKelog avTng
eKTEAEOTG TOV KAOE TOMOV EVIOANG, Kol BACEL TV TOPATAV® TOCOCTMY EKTEAECNG TOV JAPOP®YV TOTMOV
eVToAdV, 160 Ba givar to péso CPI avtod tov emelepyaoctn yud avtd ta mpoypdupote; (IIpopavag, o
péso CPI givar 0 otabuepévog pHécog 0pog TmV KOKA®V poloylod vl €VIOAN, OTOL Ol GUVTEAEGTEC
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oTadoNG £ivot To T0G0oTA (GVYVOTNTA) EKTELEGNC TOV KAOE TOTOV EVIOAGMV).

(B) 'Ecto topa 6TL KAVOULE PEATIOTOTOGCELS AVAAOYEC e aVTEC TNG Goknong 12.2 aAAd meEPIoGOTEPEC:
€0t OTL KAVOLUE OAEG TIG EVIOAEG GApaTog (j, jr, jal, KAm) kaBdg Ko v evtodn load upper immediate
(lui) va exktelobvtan og 600 avti TPLOV 1 TEPLGGOTEPOV KOKA®V poroylol kabepia. [Toco Ba eivar TOTE TO
véo péoo CPI tov emelepynotn Yid aLTA TO TPOYPALLOTO,

(Y) Av 1 BeAtiotomoinon (B) £xel cav apynTiKd TapATPoiov va avENGEL TOV KUKAO poAoylol amd 2.4 ns o€
2.6 ns, mo0G amd Tovg Ov0 emefepyaotég (a) ko (B) Ba elvar taydTepog, kol Kotd wO6Go; (YTOdeEn:
TPOPAVAG, TO TANO0G TV EKTELOVUEVOV EVTOA®DV Ninstructions 08V 0AAALEL 0md ToV (o) oTOoV (B)).

Aocxknon 14.3: Méoo CPI Eneepyaost pe Opoyerpio (Pipelining)

Biprio (EAL. €kd.): dapdote v § 6.1 (oeh. 388-402). Katd ) cOVIOUN E1G0YOYT LOG GTV TEXVIKN TNG
opoyepiag (pipelining), €idape 6t1, 600 0 enefepyactng Ppiokel aveEapTnTeg PHeTa&d TOVG EVIOAES, TIG
exteAel pe puBud pio evrodn avd kokAo poroyiov. Etotl, mapd o yeyovog 0TL 1 eKTEAEST TNG KAOE EVIOANG
dlupkel TEPLOGOTEPOVG TOV €VOG KOKAOVG POAOYIOV, TO GUVOAKO TANB0C KOKA®V poioyod yid tnv
EKTEAECT] EVOG OAOKANPOL TPOYPAUUOTOC --TTOL EIVOL KO ALTO TOV UG EVOLUPEPEL-- Elval TEPITOL TOGO
00EC KOl Ol EKTEAOVLEVEG EVTOAEG (VT TG TTapamdve Tpoimobioels aveéapnoiag). Apa, to péco CPI
V1o TG cuvOnKkeg avtég Ba givar 1, dnAadn N kabe evtodn pog "kootiler" 1 kdKAo poroylon, 660 dNANOT
pog "kabvotepel" péypt vo EEKIVIICOVLLE KoL TIV ETOLEVT TNG.

Ouwe, 6mwg gimape, SuOTLYMG, VILAPYXOLY Kol OAANAEEAPTNOELS EVIOADV, Ol OTOIEG TPOKAUAOVV OTMAELN
KOKAOV 1 KOKA®V POAOYIOV EMTAEOV TOL TAPOTOV® £vOg "Bacucol" kuKAov avd eviodn. Xwpic va
UTOOE GE TOAAEG AEMTOUEPELES TOV TG KO Y10Ti, 0G OE®PNGOVLLE, G GYEON KOl LLE TOL TOGOGTH EVIOADV
oV avopEPONKaV oTNV Topandve doknon 14.2, 4t

e To 33 % twv extehovpévov load (dpa 10 33% t0L 26% icov 8.6% TOL OULVOAOL T®V
EKTEAOVUEVAOV EVTOADV) aKkolovbeitonl apéomg amd eEaptnuévn evioln (evtoAr mov ypelaletot Ta
loaded data otV 3n BaBpuida g pipeline tg), kot dpa Tpokorovv (avtég ot 33% twv load icov
8.6% TOL GLVOLOL TV EVTOAMV) TNV OTOAELD EVOG KOKAOV POAOYIO00 EMTAEOV TOV €VOC PaCTKOV.

e To 25 % 1oV ektehovpévav dtakiadmoemv vtd cuvinkn (branch) (dpa o 25% tov 16% icov 4%
TOV GUVOAOV TOV EKTEAOVUEV®V EVIOAMV) 0ev KabioTatal EQIKTO Vo TEPLEXEL Uio Omd TIC TOAAEG
BeltioTomomoelg mov vITdpyovV, Kal KATé cLVETELN TPOoKaAOUV (Kol avTég ot 4% Tov GLVOLOL TV
EVIOADV) TNV OTMAELN EVOG KOKAOV pOA0YI0D EXTAEOV TOV £VOG BOoTKOD.

Me avtd to dedopéva, moco Ba givar to péco CPI (yid ta mapamdve Tpoypaupate e doknong 14.2)
evoc enefepyaocty MIPS mov ypnowomolel ovti T popen opoxepiog Oswpidviag OTL aLTOS O
enekepynotc £xel o 1010 poroi pe exeivov g aoknong 14.2(a), kol apod, PUCIKA, EKTEAEL TIG 1d1€G
EVIOAEC avd TTPOYpPOLO, TOGO ToyLTEPOG Bo givar avtdc 0 emefepyaotig amd ekelvov NG ACKNGOMG
14.2(a);

Aocxknon 14.4: Méoo CPI Enelepyaoti) Superscalar pe Opoysipio

O onuepwvol (Hukpo-) emelepyactég TOV EUTOPIOL ¥PNOLUOTOOHY TOGO TNV TEYVIKN TNG OROYEpiag
(pipelining) mov €idape mopamAvVm, OCO KOl TEYVIKEG EKTEAECNG TOAAATAMV EVIOADV TOVTOYPOVO.
--ouVIBmG pe ™ popen Tov amokaeital "superscalar’. Oewpnote £va TéTolov eneEepyactn mov o€ KAbe
KOkAo poroylov SwPaler (fetch) oamd ™ pviun TG téooepelg (4) emduevec evioAég, Kot eKTEAEL
TavTOYpova (ev TaPUAAIA®) 06€C omd avtég etvan aveEdptnreg petad toug. To péoo CPI gvog té€to1ov
emeEepyaotn elvar 6co Ba ftav pe ypron opoyepiog povo (ywplig superscalarity), dinpnpévo did o péco
TAN00G TOVTOYPOVO EKTEAODLEVAOV EVIOADV, OEO0UEVOL OTL TOPO 0 KAHE KOKAOG POAOYIOD TOL TTEPVAEL
"ype@veTol" 6€ OAES TIG TOVTOYPOVA EKTEAOVLEVEG EVTOAES, Apa OTIV KAOE EVIOAT XPEDVOVTOL OVTIGTOTYN
MyoTEPOL KUKAOL poA0Y100 (Myostevovv ot cycles per instruction --CPI).

Bewpnote 0TL Kavovpe Tov enegepyaotr g doknong 14.3 superscalar, Kot ag ToOUE Yi0 amAdTNTO OTL
avtd yivetal yopig vo aAddEovpe v dopn g pipeline Tov kot ywpig vo oAAGEEL TO poAdi (oTnV TPAEN
dev givan €tot). Edv 10 péco mAnboc tantdypova eKTEAOVUEVOV aveEapTnTv evToAdV ivor pidpon (1.5)
€VTOAN, 10T€ MO0 Oa givar to péco CPI tov véov enefepyaotn|; [16co ypnyopodTepog Ba eivar avtdg amod
ekeivov g doknong 14.2(a), ka1 660 and exeivov g doknong 14.3;

Tpomog Maopddoons: Adcte OAES TIC OMAVINGEIS GOG 68 XAPTi, 6T0 UAOnpa, Tpv ovtd apyiost. (Edv

YPAWETE TNV AXAVINGT GE VTOAOYIOTY|, TAPAKUAEIGTE VO TNV TUTMGETE KOl VO TOPUODCETE LOVO YOPTi,
Y opotopopeio Ko d1ievkoAvven d1ophwong).
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