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Aoknon 14.1: Emidoon EmregepyacTwv

BiBAio (EAA. €kd.): diapdaoTte T § 4.1&ndashl4.3 (oeh. 258-276), kal oeh. 348-349" e1Tiong, eyKUKAOTTAIBIKA,
gival KaAd va dloBaoTe kal To UTTOAOITTO KEP. 4 (OeA. 277-299). H emidoon (performance) evog uttoAoyioTr,
KaT& Tnv €KTEAEON BOBEVTOG TTPOYPAUMATOG, Eival avTioTpo@a avaAoyn TTPOG TOV XPOVO EKTEAEONG AUTOU TOU
TTPOYPAUMOTOG 0 auTdv Tov uTtoAoyioTr. H emmidoon evog uTttoAoyIoTH, YEVIKA Kal adpIoTd, AveCapTrTwS
EKTEAOUUEVOU TTPOYPAUMATOG, Oev WTTOPEI va OPIOTE ETTAKPIBWG KAl ETTIOTNUOVIKA, UTTOPEI OE va TTOIKIAAEI
EUPEWG avAAOya HE TO XAPOKTNPIOTIKA Twv Ol0QOpwyv TTPoypaupaTwy. O opyaviopog "SPEC" (System
Performance Evaluation Cooperative) 10puBnke 10 1989 ammd PEPIKES €TAIPEIEG UTTOAOYIOTWYV, Kal Opilel Eva
ouvoAlo Trpoypappdtwy (SPEC benchmarks) tmou xpnoigotroloUvtal amé koivoUu oThn Blouynxavia yid n
METPNON TwV €MIOOCEWV TWV UTTOAOYIOTWV.

Edv o uttoAoyIoTAG A ekTeAei Eva doBEv TTpdypauua oe Xpovo tA, o de UTTOAOYIOTNG B TO ekTeAET O€ Xpdvo (B,
otrou tB > tA kai (B / tA) = 1.xy, 101€ Aéhe OTI "0 utToAOYIOTAG A €ival TaxUTepog Tou B katd xy % yid 1o
000¢v TTpoypapua”. Mapadeiypatog xdpiv, av tA = 4s kal tB = 5s, 161¢ (1B/tA) = 1.25, ka1 0 A eival TaxUTePOg
Tou B katd 25 % yid 10 606év Tpdypaupa. O XPOVOG texec EKTEAEONG €VOG TTPOYPAMMOTOS O' évav
UTTOAOYIOTH JTTOPEI OUXVA va EKQPPACTEI oav:

texec = Ninstructions * CI:)laverage * Tclock

010U Ninstructions €ival 10 TTANB0G (0 apIBUOG) Twv EVIOAWYV TTOU O UTTOAOYIOTAG EKTEAEI TTPOKEIPNEVOU va
oAokANpwbei n ekTéAean Tou BoBEvTOG TIPOYPAPNATOG, CPlgyerage €ival TO PG TTARBOG (HECOG OPIBUOG) Twv
KUKAWV poAoylou TTou atrairouvTal yid Tnv ekTéAeon pidg evioAng (Cycles Per Instruction—CPl), kai Tgjock
gival o xpovog 1mou dlapkei £vag KUKAOG poAoyiou, dnAadr n 1repiodog Tou poAoyliou, dnAadr) To avTioTpoPo
TNG oUXVOTNTAG POAOYIOU.

EpwTtnon: Otwpnote évav utroloyioth A (Tutrou RISC), TTou yid va TeAEIwoel Eva 00BEV TTPOYPAPUA TTPETTE
va ekteAéoel 3,600,000 evioAég, pe péoo CPI = 2.4 KUkKAoug poAoyiou avda evioAr, Kal pe poAoi 2.0 GHz.
Evag aAAog uttodoyioTrg B (Tuttou CISC --complex instruction set computer) €xel o "TTAOUCIO" PETTEPTOPIO
EVTIOAWV, KI £TOI TOU ApKeEi va ekTeAEoel povo 2,400,000 evtoAég yid va TeAeiwael To idIo TTpoypappa. Ouwg,
AOyw TNG augnuévng TTOAUTTAOKOTNTAG Tou, €xel WEao CPI = 4.0 KUKAoug poAoyiou avda evtoAn, Kai poAdi 1.5
GHz. MNéooug KUKAoUG poAoyiou Kal TTéoa deUTEPOAETITA XPEIAdeTal O KABE UTTOAOYIOTAG YIG va eKTEAECEI TO
000év Tpoypappa; lMoidg amd Toug OUO UTTOAOYIOTEG €ival TaXUTEPOG aTmO Tov GAAoV yId TO 60BEV
TTPOYPAUMA, Kal TTG00 TaXUTEPOG;

Aoknon 14.2: Méoo CPI Tou EtregepyaocTtiy Tou Mabrijpartog

2€ €va gUVOAO TTPOYPAUMATWY TTOU €KTEAOUV TTPAELEIC JOVO O€ aKEPAioUG, OTav auTd ekteAouvtal otov MIPS,
N ouxvoTNTa EKTEAEONG TWV dIAPOPWY EVTOAWV Eival TTEPITTOU N €ENG:

24 % load (lw, KATT),

13 % store (sw, KATT),

45 % ALU (add, addi, sub, and, or, slt, slti, KATT),
2 % load upper immediate (lui),

13 % conditional branches (beq, bne, KATT),
3 % unconditional jumps (j, jr, jal, KATT).

(a) ZTnv uAoTtroinor) oag TG doknong 12.1 (dnAadn xwpig TG BeATIOTOTTOINOEIG TNG AoKnong 12.2), TrTéooug
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KUKAOUG poAoyioU Traipvel n ekTEAEON PIAG €VTOAAG Tou KGBe TUTTOU; Baoel TNG dIdpKeEIag auThG EKTEAEONG TOU
KABe TUTTOU €VTOANG, Kal BACEl TwV TTOPATTAVW TTOCOOTWYV EKTEAEONG TwV SIAPOPWY TUTTWV EVTOAWY, TTOCO
Ba civar To péoo CPI autou Tou eme€epyaoTn yid autd Ta TTpoypdupata; (Mpogavwg, o yéoo CPI gival o
OTOOUIONEVOG HECOG OPOG TwV KUKAWV poAoyloU avd €viOAr}, OTTOU Ol CUVTEAEOTEG OTABPIONG eival Ta
TTOO0O0TA (CUXVOTNTA) EKTEAEONG TOU KABE TUTTOU EVTOAWV).

(B) EoTtw Twpa 0TI KAvoupe BEATIOTOTTOINOEIG AVAAOYEG PME QUTEG TNG AokNoNng 12.2 aAAG TTEPIOOOTEPEG: £€0TW
OTI KAVOUME OAEG TIG €VTOAEG GApaTOG (j, jr, jal, KATT) kKaBwg kai Tnv €vioAn load upper immediate (lui) va
ekTeEAOUVTOI 0 OUO avTi TPIWV I TTEPIOCOTEPWY KUKAWY poloyiol kaBeuia. Méoo Ba eival T0TE TO VEO PECO
CPI tou emre€epyaoTn yid auTtd Ta TTPOYPAUMOTA;

(y) Av n BeAtiototroinon (B) €xel oav apvnTIKA TTAPEVEPYEID VA AUEAOEI TOV KUKAO poAoylou atrd 2.4 ns O€
2.6 ns, ToI6G ammd TOug OUO emeEepyanTés (a) kai (B) Ba eival TaxUuTePOG, Kal KaTtd TT600; (YTTOdEIEN:
TTPOPAVWG, TO TTARBOG TwV EKTEAOUPEVWYV EVTOAWV Ninstructions ©€V aAAACEl atTd Tov (a) oTov (B)).

Aoknon 14.3: Méoo CPI Emre§epyaoTti pe Opoxeipia (Pipelining)

BiAio (EAA. €kd.): diafBdoTte TNV § 6.1 (0eA. 388—402). Katd tn ouvtoun €l0aywyr JOg oTnV TEXVIKN TNG
opoxelpiag (pipelining), €idaue o11, 600 0 eTeEEPYAOTAG BPioKel AVEEAPTNTEG PETAEU TOUG EVTOAEG, TIG EKTEAEI
ME puBuod pia evioArl avd KUKAO poAoyiou. ‘ETol, TTapd o yeyovog OTI N eKTEAEON TnNG KABE evioAnG SlopKei
TTEPICOOTEPOUG TOU €VOG KUKAOUG poAoyioU, TO OUVOAIKO TTANBOG KUKAWV poAoyiou yid Tnv ekTEAEon evog
OAOKANpoOU TTPOYPAPPATOG —TTOU €ival KAl Qutd TTOU HAG evOIAQEPEI— €ival TTEPITTOU TOOO OCEG Kal Ol
EKTEAOUUEVEG EVTOAEG (UTTO TIG TTapaTTdvw TTPoUTToBECEIC aveEapTnaiag). Apa, To yégo CPI utrd TG ouvbnkeg
auTtég Ba gival 1, dnAadn n KABe evtoAn Pag "kooTilel" 1 KUKAO poAoyiou, 600 dnAadr] pag "kabuoTepei" Péxp!
va {EKIVAOOUE Kal TNV ETTOUEVA TNG.

Opwg, OTwG eitrape, dUOTUXWG, UTTAPXOUV Kal AAANAECAPTAOEIG EVTOAWY, Ol OTTOIEG TTPOKAAOUV ATTWAEIX
KUKAOU 1 KUKAWV poAoyiou e€mITTAéOV TOu TTapatrdvw €vog "Bacikou" KUKAOU avd evTOAr. Xwpig va UTToupe
o€ TTOAAEG AETTTOUEPEIEG TOU TTWG Kal YIOT, ag Bewprioouue, o€ OXEON KAl PE TO TTOOOOTA EVTOAWYV TTOU
ava@épdnkav aTnv TTapamavw aoknon 14.2, ot

e To 50 % Twv ekTEAOUPEVWY load akoAouBeital apéowg atrd e¢apTnuévn evToAn (EVTOAR TTou XpeIadeTal
Ta loaded data otnv 3n Babuida g pipeline TNG), Kal dpa TTPOKAAOUV TNV ATTWAEID €VOG KUKAOU
poAoyIou eTTITTAEOV TOU £vOG BaaikoU.

e To 20 % Twv ekTEAOUPEVWY dlakAadwoewyv UTTO ouvlnkn (branch) dev kabioTatal EQIKTO va TTEPIEXEI
Mia a1td TIG TTOAAEG BEATIOTOTTOINCEIG TTOU UTTAPXOUV, KOl KOTA CUVETTEIQ TIPOKAAOUV TNV OTTWAEIA £VOG
KUKAOU poAoyiou eTTITTAEOV TOU £vOG BaaiKoU.

Me autd Ta dedopéva, Téoo Ba eival To péco CPI (yid Ta TTapatmdvw TTpoypdupara Tng aoknong 14.2) evog
eme¢epyaocTh MIPS TToU XpnOIWOTTOIE QUTA TN HOPPI OUOXEIPIAG; OewpPWVTAG OTI AUTOG O ETTECEPYAOTAG EXEI
TO 010 POAGI Pe ekeivov TG Goknong 14.2(a), Kal a@ou, QUOIKA, €KTEAED TIG iBIEG EVTOAEG avd TTpOYpauMQ,
TTO00 TaXUTEPOG Ba ival auTdg 0 €TTEEEPYAOTAG aTTO €KEIVOV TNG Aoknong 14.2(a);

Aoknon 14.4: Méoo CPI EmregepyaoTtn Superscalar pe Opoxeipia

O1 onuepivoi (MIKPO-) ETTEEEPYOOTEG TOU EUTTOPIOU XPNOIKOTTOIOUV TOOO TNV TEXVIKA TNG OpoXEIpiag (pipelining)
TToU €idape TTapaTTévw, 600 Kal TEXVIKEG EKTEAEONG TTOAAQTTAWY EVTOAWY TAUTOXPOVA —OUVABWGS PE TN HopPn
TTOU OTTOKOAEITaI "superscalar”. OsewpAoTe €va TETOIOV ETTECEPYQOTH) TTOU O KABE KUKAO poAoyiou diaBadel
(fetch) amé t™n pvAuN TIg TEoOEPEIG (4) €TTOPEVES EVTOAEG, Kal eKTEAEI TauTOXpOva (ev TTAPAAANAW) 60€g aTTO
auTéG eival avegdptnTeg PeTagu Toug. To péoo CPI evdg TéTolou eTTeEepyanTn €ival 600 Ba ATav Ye XpAon
opoxelpiag pévo (xwpic superscalarity), dinpnuévo d1& 10 PECO TTANBOG TAUTOXPOVA EKTEAOUUEVWV EVTOAWY,
dedopévou OTI TwPa 0 KABE KUKAOG poAoyIou TTou TTeEpVAEl "XpewVveTal" 0€ OAEG TIG TAUTOXPOVA EKTEAOUNEVES
EVTOAEG, Apa aTnVv KABE €VTOAN xpewvovTal avTioToixa Alyotepol KUKAOI poAoyioU (AlyooTeUouv ol cycles per
instruction --CPlI).

OewpnoTe OTI KAVOUNE TOV £TTECEPYAOTH TNG doknong 14.3 superscalar, kal ag TToupe yid ammAdTnTa 611 auTd
yiveTal xwpig va aAAdgoupe tnv dopr Tng pipeline Tou Kal Xwpig va aAAG&el To poAdT (oTnv TTpagn dev givai
¢1o1). EGv 10 péoo TTARBOG TauTdxpova eKTEAOUMEVWY avEEAPTNTWY EVTOAWV gival piduion (1.5) evioAn, 16T
o166 Ba eival To péoo CPI tou véou emegepyaaTn; MNoéoco ypnyopdtepog Ba eival autdg atrd ekeivov TNG
aoknong 14.2(a), ka1 TG00 aTTO €KeEivov TG Aoknong 14.3;

MapadwoTe NAEKTPOVIKG TOV KWOIKA 0ag, O¢ éva apxeio "ask1l4.txt".
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