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Xepd Aoxnoesov 10:
Enidoon EneEepyaotov, CPI

navte g €wg Agvtépa 23 Amptiiov 2018 (B. 10.1) (amd BI. 9.1)
Biprio: Aopdote tnv §1.4, oehideg 61-74.
Aoxnon 10.1: Enidoon EncEeoyaoctav

H enidoom (performance) evdg vmmoloyloti], votd v extéheon do0£vTog mEoYQAUUOTOS,
elvar avtiotgodo avAaloyn QoS TOV XQOVO EXTEAECNS AUTOU TOU TQOYQAUUOTOS OF
ovtov Tov vrohoyloti]. H enidoorn evog vmoloyloti), yevind not 00QLoTd, aveEQQTHTWS
EUTEAOUUEVOU TIQOYQAUMATOS, OV UITOQEl Vo OQLOTEl EMOXQPOS %Ol EMOTNUOVIRA,
umwopet 0e va mowilAeL gUQEMS aAVAAOYQ HE TO (OQOXTNOLOTIXG TV OLodpOQWV
TUOYQAUUATOV.

Edv o viohoyiotiig A extelel éva 000&v meoyQa o o€ YoOVo tA, 0 O VITIOAOYLOTHS B TO
extelel 0€ YQOVO 1B, 0oV 1B > tA wau (1B / tA) = 1.xy, TOte Mpe OTL "0 vohoyLotig A elvar
To0TEQOS TOU B %atd xy % YA T0 000V medyoappa. ITagadeiypatog yaowv, av tA = 4s
nou tB = 5s, tote (tB/tA) = 1.25, now o A elvar tayitegog tou B natd 25 % yid 1o dobév
oy, O XQOVOG toxee EXTELEONG EVOS TQOYQAUUOTOS O €VAV VITOAOYLOTY] UITOQEL
ouyY VA Vo exPQATTEL GOV:

—N. . * *
lexec = Nmstructlons CPIaverage Tclock

010V Nijstructions EVOL TO TANOOS (0 aQLOUOG) TOV EVIOADV OV O VTOAOYLOTHG EXTEAEL
TQOXREWEVOL VO 0OLoxANQWOEL 1 extéheon Tov d00EVTOg TEOYEAUNATOS, CPlyyerage lvar
to péoo mihBog (p€oog aliudg) Twv rUxAMV QOAOYLOU 7OV amattolvror Yl ThV
extéheon ag evroing (Cycles Per Instruction --CPI), now Tejoek ELvaL 0 xQOvVOg mou dLapuel
évag nimhog gohoylot, dNAadf 1 megiodog tou goroylol, dNAadi] To AvTioTEodPo NG
ovyvOTNTAS QOAOYLOV.

Eooton: Osmonote évav vrohloyloti) A (thmov RISC), mou yid va tehewdoel éva doBév
poyQopua oémelL va extehéoel 2,500,000 eviorég, pe péco CPI = 3.2 n0nhovg goroyLo
ova evio], now pue goAot 1.25 GHz. Evag dhhog vmoroyiotiig B (tdmov CISC --complex
instruction set computer) €yeL moO "MAOVOLO" QEMEQTOQLO EVIOMDV, %L £TOL TOU OQARE( VA
exteréoel povo 1,800,000 eviolég yid va tehelmoel 1o (dlo meodypapuua. Opmg, Adyw g
QVENUEVNS TTOAVTTAOROTNTAS TOV, €XeL uéco CPI = 4.0 v0nAovg QOAOYLOU avE EVTOAT], ROl
oA6t 1.0 GHz. IT6covg ninhovg goloylot xot mwdoa devtepdhertta yoetdletan 0 nGbe
VIOAOYLOTHG VL& va exteréoel To 800&v medypauu; TTowdg amd tovg 000 VITOAOYLOTES
elvan tayUteQog amd Tov AALoV Yid To 00V TEOYQOUUAL, ROl TTOCO TAYVTEQOG;

Aoxnon 10.2: Méoo CPI tov EncEegyaoti] ToAMamAdV x0%AOV ava eVIOA)

Ag molpe 0TL ®dmolog vohoylotig €xel do eldwv evtolég: (i) evioréc Thmov A, mov
nabeud Toug yoerdletar CPI #Oxnhovg QOAOYLOU Y& va exteleoTel, ®aL (ii) EVTOAES
Tomov B, mov xoBeud tous yoewdletar CPIg ninhovg gohoyot yid vo extereotel. To
moYQappud pag, yid vo ohoxknowbei 1 extéheot) Tov, yoeldletol va exteleotolv: Ny 10
m\N00og evtoAég Tumov A, xou Ng to mAn0og eviohéc TOmov B (ITgodavdg, yid oAdxANQ0
T0 TEOYQOAUMO: Nipstructions = Na + Np). Tote, o ovvolndg yodvog extéheong tou
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meoyedupaTog Ba eival:
texec = (Na * CPIp + N * CPIg ) * Tejock = Ninstructions CPIaverage * Telock

To apLotepd péEog g eEICMONG QUTNG TROEQYETAL OTTO TO TOOO YEOVO YELGTovTaL Yidt
vo, exTeELEOTOVV OAEG OL EVIOAES --raL oL TOmov A nouw ot Tomov B. To 0eEud pépog tng
eElomong eivan 1 "amhommomn ey oyéon g mogadvew §10.1, 1 ool xONOLUEDEL RAL GOV
ooLopds Tov pécov CPL. Amd ) deBd 1odtnTa, AoutdV, amhomoldVToS TO Tejock %O
OLa@VTag 08 Nipstructions TOORVTTEL OTL TO Uéoo CPI eivar o otabutouévos uéoos 6pog
TV V%AWV 00A0YL0V avd eVTOAR, OOV Ol GUVTEAEOTES OTABULONS elval T TOGOOTA
(ovyvoTnTa) extéleons Tov xdbe TVTOV EVTOADV:

CPIaverage = (NA / Ninstructions ) * CPIA + (N / Nipstructions ) * CPlIg

Ag eEeTAoOVUE AOLTTOV LLOL OUYREXQLUEVT] TIEQITTTWON: ZTOL TQOYQAUUATO OXEQAUIOV (0L
wvnThg VoOLaoToAfg) petaEd twv SPEC benchmarks, 6tav oautd extelolvtol otov
MIPS, 1 ouyvotnto extéheons Tmv dloadpoQmwVv EVIOLMV elval Tegimov 1) eENG:

26 % load (Iw, ®A),

11 % store (sw, ®AT),

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

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

(@) Ztmv vlomoinom touv emeEepyaoth) pag o TOAMATAOUS "GUVIONOUS" ®U®AOUG
00A0YL0U (ahhd Oy andpa pipelined) mov eidape otny §8.9, £0tw 6TL OL #ORAOL QOAOYLOV
mov yeetdovtal yid v extéheon tov ndbe TOmov evrtong elval: mévte (5) vOuhol yid
%nA0¢e evrol] load: téooepels (4) ninhol yid ®aBe evioin store | ALU- o toeic (3) »Onhot
Y& #G.0¢ evtoiq lui, branch, 1] jump.

e Booel g dudoxrelog avtilc extéheong touv ndbe TOmMOU €VToAfg, ol PAoEL Twv
TOQOITAV® TTOCOGTWOV EXTEAEONS TV ALOPOQWV TOTWV EVIOMDV, OGO Oa elvol TO0 YEoO
CPI auto¥ Tov emeEeQyaoti Yl avTd Ta IeoYQdupaTa,;

(P) 'Eotw thoa 61t »dvovpe Pehtiotomofoels: €0tw OtL ndvovpue Oleg TG €Vtolég
ahpatog (j, jr, jal, »Am) »abog xow v evrol] load upper immediate (lui) vo exteAoVvVTOL O
00 (2) avil TV ®OrAwv goroyol xabeulo. I16co Ba elvor ToTe TO VéO péco CPI tou
emeEeQya ot Y14 VT TO TEOYQAUNAT;

(y) Av nm pPektiotomoinon (B) €xer cov aQvnTixl] TAEEVEQYELD VO AVENOEL TOV HUKAO
ohoy1o¥ a6 0.80 ns oe 0.85 ns, woLdS amd Tovg do emeEeQyaotés (a) xan (B) Oa eivor
ToyUTEQOS, oL ratd mOoo; (YmOdelEn: moopavog, to TANOOS TV eXTENOVUEVOV
eVIOADV Njpstructions OV 0ALATEL amtd Tov () otov ()).

Aoxnon 10.3: Méoo CPI EncEeoyaoti pe Opoyergio (Pipelining)

>to xepdhowo (Goxnon) 9 mepi opoyepiag (pipelining), eidape 6T, 600 0 emeEeQyaoThg
Polorel aveEdoTntes petaEl ToUg eVIOLEG, TIg extelel pe QUONO Pl eviolf] avd ninho
0oloyov. ‘Etot, apd o yeyovog Ot 1 extéheon g x(be eVIolg dLoxel TEQLO0OTEQOVG
TOU €VOG ®URAOUGS QOAOYLOU, TO OUVOAXRO TANO0C ®OXAWV QOAOYLOU Y& TNV extéleom
€VOG OMO%ANQOV TTEOYQAUUATOS --TTOV E(vaL %Ol QUTO TOV UG eVOLOPEQEL-- Elval TTEQlTov
TO00 O0ES 1AL OL EXTEAOVUEVES EVIOAES (VTTO TIG TAQATIAV® TEOVTOOEOELS AveEQTNTIOG).
Aga, to puéco CPI vmd g ouvBires ovtés Ba etvar 1, dnhadi n xdbe eviol] pog
"rvootiCel" 1 ®wOuho gohoylot, 6co dnhady pog "wobvotegel" péyxol va Eextvhoovue xon
TNV EMOUEVT] TNG.
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Ouwg, omwg elmape, duoTUXDC, VTAQYOUV ®oL OAANAEEQQTNOELS €VTOADV, OL OmOoleg
TEOROAOUV  ATTOAELD. ®OXAOU 1) HOXAWV QOAOYLOU EmMTAEOV TOU TOQATAV® €VOS
"Baowrot" nixhou avd eviol). Ag BewfoovuE, 08 OXEON %Ol UE TO TTOOOOTH EVIOMDV
oV avapEQONKAY 0TV ToRATAve doxnon 10.2, ot

e To 33 % twv extehovpévarv load (Ga to 33% Tov 26% ooV 8.6% TOU GUVOLOU TWV
EXTELOVIEVIV EVTOAMV) axolouvbeitol auéoms amd eEaQTNUEVN €VIOAT| (EVTOAN
mov yoeldletar ta loaded data omtmv 3m Pabuida tng pipeline tg), ®aL Goa
mooralotv (avtég o 33% twv load (oov 8.6% TOU CUVOAOU TWV EVIOADYV) TNV
aTTMAELDL EVOS HDHAOV QOAOYLOU ETUTTAEOV TOV EVOG PaoLOU.

e To 25 % twv entehovuévorv dtoxhadmoewv vitd ocvvOfxy (branch) (Goa to 25%
tov 16% {00ov 4% TOU OGUVOAOU TWV EXTEAOVMEVIV eVTOA®V) Oev xabioTtatal
ePTO va TEQLEYEL Wi 0Ttd TS TOMMEG PEATIOTOTOLOELS TTOV VITAQYOVYV, ROL RATA
OUVETELDL TTQOXOAOUV (HOL QUTES OL 4% TOU OUVOAOU TMV EVIOAMYV) THV OTIMAELL
€vog n0rAOV QOAOYLOU ETULITAEOV TOU EVOG PaOLrOD.

Me avtd ta dedopéva, mdéoo Ba elvar to péco CPI (Yid o moQamdvew TQOYQAUUOTO TG
aoxnong 10.2) evog emeEegyaoti) MIPS mov yoMollomoLel avti] T HWoQdT OUOYELQINGC;
BOewovtog 6Tl avTds 0 emMeEEQYNOTNG £XEL TO (010 QOAOL pE exeivov Tng doxnnong 10.2(a),
%ol adpol, puord, extehel TS (dleg eVTOréS ava mEdYQOUUa, TTO0O TayTEQOS Bar elval
ovToGg 0 emeEeQyaoThg amd exeivov g doxnong 10.2(a);

Acoxnon 10.4: Méoo CPI EncEeoyaoti Superscalar ue Opoygigio

O onpegLvol (uxrQo-) emeEeQyYaoTES TOV EUITOQIOV YQNOLUOTIOLOTV TOGO TNV TEYVIXT] TNG
opoyelpiog (pipelining) mov eidape TAEATAVW, O00 ®oL TEYVIKES EXTEAEONS TTOMATAMY
EVIOMDV TAUTOYQOVO --CUVNOWS [E T HoedT mov amoxaleltal "superscalar’. Oewnote
éva tétolov eneEepyaoti) mov o€ ndbe ninho goroyol dafdlel (fetch) amd T pviun TIg
té00eQels (4) eMOUEVES EVIOMES, ®OL EXTELEL TAVTOYQOVO (EV TALQAANA®) 00EG QIO QUTES
elvar aveEdomreg petakd tovg. To péoo CPI evog tétolov emeEeQyooth elvor 600 Oa
fTav pe xo1nomn oupoyelotag povo (xmweic superscalarity), dinenuévo dud to péoo mAnOog
TOUTOYQOVA EXTEAOUUEVOV EVIOADV, dedOUEVOU OTL THRO 0 ®A0e ®Inhog QOAOYLOU TOU
negvdier "yoemvetal" oe OAES TIG TAVTOYQOVO extehoUueveg evtolég, doa otV nabe
EVIOM] YQeMVOVTOL avTtiotowo Ayodtegol xinhor gohoylot (Aryootebouv ol cycles per
instruction --CPI).

Ocwenote 6Tl vdvoupe Tov emeEepyaoti) Tng doxnong 10.3 superscalar, xaw og moOue Yid
amoTY T OTL QUTod Yivetow xweis va alhdEoupe v dour g pipeline Tov xow ywEIg va
oMGEEL TO QOMOL (0tnVv mQEAEN dev eivar étor). Edv to péoo miiBog tavtdHygova
exTEAOVUEVOV OVEEQQTNTWV eVIOA®V elvan 1.6 evtolég, tOte mold Ba elvonr Tto péco CPI
Tov véou emeEegyaoti); [1600 yonyoodTeQog Ba elvar autdg amd exeivov Tng Aoxnong
10.2(a), now w600 amd exeivov g doxnong 10.3;

Toonog Ilagddoons:

Kévte tnv amhi] avti doxnon omd Toea, Y& va TV €xete €touun, ma' ot Ba tnv
A dMoeTE Myo aQydTeQa, nali pe emdpevn oelpd aoxfoewv. O tedmog mapddoons Oa
elvar on-line, oe poedt PDF (povov) (Lmoel vou elvar ®elpuevo punyovoyeadpnuévo 1/xo
"oravoQLOPEVO" YELROYQADO, alAd udvov oe poedt) PDF).
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