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Biprio: Awopdote v §1.4, oehideg 61-74.
Acxnon 10.1: Emidoon EncEeoyaotidv

H enidoon (performance) evog vmmoloyLoti], votd v extéheon do0€vTog mEoYQAUUaTOS,
elval avtioteoda avAloYN TEOS TOV YQOVO EXTEAEONS GUTOU TOV JTROYQAUUATOS OF
ovtov Tov vohoyloti). H emidoon evog vmoloyloti), yevind not a0QLoTa, aveEaQTHTWS
EUTEAOUIEVOU TIQOYQAUMOTOC, 08V UTOQEl Vo OQLOTElL EMAXQPOS %Ol EMOTNUOVIRA,
pumwopet 0e va mowilheL gVQEMC aAvAAOYQ HE TO (OQOXTNOLOTIRG TV OLodpOQWV
TQOYQAUUATOV.

Edv o vohoylotiig A extelel éva 000¢v meodyQa o o€ YoOVo tA, 0 O VITIOAOYLOTHS B TO
extelel o€ YQOVO 1B, 0oV 1B > tA wau (1B / tA) = 1.xy, 1Ot MépE OTL "0 VIohOYLOTHG A glvar
Ty 0TEQOS TOov B natd xy % yid To 8008V medyoapuua. ITagadeiypatog xaoLv, av tA = 4s
o tB = 5s, 1Ote (tB/tA) = 1.25, now o A elvan tayvteQog tov B natd 25 % yid to do0év
oYy, O XOOVOG toxee EXTELEONG EVOS TQOYQAUUOTOS O' €VOAV VITOAOYLOTY] WITOQEL
OUY VA VO EXPQOOTEL COLV:

texec = Ninstructions * CPIaverage * Telock

010V Nipstructions EVOL TO TANO0S (0 aQLOUOG) TWV EVIOAMY OV O VTOAOYLOTHG eXTEAEL
TQOXEWEVOU VO 0OLoxANQWOEL 1) extéheon Tov d0DEVTOg TEOYEAMNATOS, CPlyyerage ElVOL
to péoo miBog (péoog aliudg) Twv rUxAMV QOlOYLOU TOU amattolvrol Yl THV
extéheon Wag evroing (Cycles Per Instruction --CPI), now Tejoek €0vaL 0 x0Ovog mou dLapnel
évag wimhog gohoylot, dNhadi 1 megiodog tou goroylol, dNAadi] To avtiotEodpo g
ovyvOTNTAS QOAOYLOV.

Eooton: Osmonote évav vrohloyloti) A (thmou RISC), mou yid va tehewdoel éva doBév
mpoéyoappa moémel vo. exteréatl 2,400,000 evtorég, pe péoo CPI = 3.5 winhovg gohoylov
ova eviol], now pue goAot 1.20 GHz. Evag dhhog vmoloyiotiig B (tdmov CISC --complex
instruction set computer) €xeL moO "mMAOVOLO" QEMEQTOQLO EVIOMDV, %L £TOL TOU OQARE(L VAL
extehéoel povo 1,800,000 evtohéc yid va teleudoel To (o modyoauua. Opmg, AMoym Tng
QVENUEVNS TTOAVTTAOROTNTAS TOV, €xelL uéco CPI = 5.2 wdnAovg QOAOYLOU aVG EVTOAT], ROl
oA6t 1.0 GHz. IT6covg ninhovg goroylot xot mwdoa devtepdherta yoetdletan o nabe
VIOAOYLOTHG YId va exteréoel To 00&v medypapuu; TTowdg amd tovg 000 VITOAOYLOTES
elval Tay0teEog artd Tov AALOV YA TO 00V TOYQAUUOL, ®OL TTOOO TAYDTEQOG;

Aoxnon 10.2: Méoo CPI tov EncEegyaoti] ToAMamAdV ®0%AOV ava eVIOA)

Ag molpe OTL ®ATOLOG VIOAOYLOTHS £xeL OO eldMV eVTOAEC: (i) eVTOAES TUTMOU A, 7OV
nabeud Toug yeerdletar CPI #Oxndovg QOAOYLOU YIG va exteleoTel, koL (ii) EVTOAES
Tomov B, mov naBeud tous yoewdletar CPIg ninhovg gohoyot yid vo extereotel. To
medyeouud pag, Yid vo ohorhnowOel 1 extéleot| Tov, xoeldleTon va exteLe0TOUV: N TO
m\N00og evtoAég Tumov A, xot Ng to mAn0og eviohéc Thmov B (ITpodavmg, yid oAdxANQ0
o 7EOYQOUWMO: Ninstructions = Na + Np). Tote, o ouvolndg ydvog extéleons Tou
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mpoyedppatog Oa elvo:
texec = (Na * CPIp + N * CPIg ) * Tejock = Ninstructions * CPlaverage * Telock

To aLotepd péEog g eECMONG QUTNG TROEQYETAL OTTO TO TOOO YXEOVO YELGTovTal Yid
va, eéXTELEOTOVV OAEG OL EVIOAES --raL oL TOToV A nou ot Tomov B. To 0eEud pépog tng
eElomong etvan 1 "amhommomn Tt oyéon g moQamdvew §10.1, 1 ommoia XONOLUEDEL RAL GOV

ooLopds Tov pécov CPI. Amd ) deBEd 1o6TNTa, AOUTdOV, AmAOTOLMVTOS TO Telock %O
OLa@MVTag OLé Nipstructions TQOXRVTTEL OTL TO uéoo CPI eivar 0 oTabuiouévos uéoog 6Qog
TV XVxAWV 00A0YI0V avd eVTOAN, OOV Ol GUVTEAEOTES OTABULONS elval To TOGOOTA
(ovyvoTnTQ) ExtTéleons Tov xdbe TVTOV EVTOADV:

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

Ag eEeTtdoove AOLTTOV LLOL OUYREXQLUEVT] TIEQITTTWON: ZTOL TQOYQAUUATO AXEQAUIOV (0L
wvnThg VodLaoToAfs) petaEd twv SPEC benchmarks, 6tav oautd exteholvtol otov
MIPS, 1 ovyvOTNTa EXTELEONS TV OLAPOQWV EVIOAMYV lvau epimov 1 eENG:

26 % load (Iw, ®\i),

11 % store (sw, A1),

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, ®ATr).

(@) Ztmv vlomoinom touv emeEepyaoth) pag o TOAMOTAOUS "GUVIONOUS" ®UrAOUG
0A0YL0U (ahhd Oy andpa pipelined) mov eidape otny §3.9, £0tw 6TL OL #ORAOL QOAOYLOV
70V YeELGLovToL Yid TV extéleon Tov ®A0e TOmoV evtolig eival: mévie (5) wixrAoL yid
%nA0¢e evroli] load: téooepels (4) ninhol yid ®a0e evioin store | ALU- xow toeic (3) »Onhot
Y16 %G.0¢ evtoAm lui, branch, 1] jump.

e Booel g dudoxrelog avtilc extéleons touv xdbe TOmMOU €VTOAfg, oL PAoEL TV
TOQATTAV® TOCOGTMV EXTEAEONS TV ALOPOQWV TOTWV EVIOMDV, OGO Ba elvol T0 YEoO
CPI auto¥ Tov emeEeQyaoti) Yl avTd To TIeoYQd ot

(f) 'Eotw thoa 61t »dvovpe Pehtiotomotfoels: €0tw OtL ndvovpe Oleg TG €Vtolég
ahpatog (j, jr, jal, »Am) »abog xow v evrol] load upper immediate (lui) vo extehoVvVTOL O
o0 (2) avtl TV ®OrAwv goroyol xabeuio. I16co Ba elvor ToTe TO VéO péco CPI tov
emeEeQya ot Y14 VT TO TEOYQAUNAT,

(y) Av nm pPektiotomoinon (B) €xeL cov aQvnTixl] TAQEVEQYELD VO AVENOEL TOV HIKAO
ohoy100 a6 0.70 ns og 0.75 ns, woLds amd Tovg do emeEeQyaotés (a) xan (B) Oa eivor
Toy0TEQOS, ®ou %atdh mOo0; (YmOdelEn: moodavag, to mAfog twv exteloluevov
eVIOA®V Nipstructions 08V OAALEL amtd Tov () otov (B)).

Aoxnon 10.3: Méco CPI EncEeoyaoti pe Opoyeroio (Pipelining)

210 nepdharo (doxnon) 9 mepi opoyelotag (pipelining), eidapue 6T, 600 0 €MEEEQYOOTIG
Potoxel aveEdotnteg petakl Tovg EVTOAES, TIC extelel e QOO pia VoAt ava xixho
ooloyov. ‘Etot, mapd o yeyovog Ot 1 extéheon thg xbe evTolg dLoxel TeQLO0OTEQOVG
TOU €VOG ®URAOUS QOAOYLOU, TO ouVOMxO TANO0C ®OXAWV QOAOYLOU Y& TNV extéleom
€VOG OMO%ANQOV TTROYQAUUATOC --TTOV Elval ®aL QUTO TOV Uag eEVOLOpEQEL-- ElvaL TTEQLTOU
TO00 O0ES RAL OL EXTEAOVUEVES EVIOMEC (VTTO TIG TTAQATIAVW TEOVTOOETELS aveEQTNOING).
Aoga, to péco CPI vmd tig ovvOfres avtéc Qo elvar 1, ONhadn)  »aOe evtoln pog
"vootilel" 1 w0xho QohOYLOU, 660 dNAaON pog "rabuotegel" péyoL va Eexntviiooupe xol
TV eTOUEVT| TNG.
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Ouwg, omwg elmape, dvOTUXDC, VIAQYOUVV ®ot OAANAEEQQTNOES €VTOADV, OL Omoleg
TEOROAOUV  ATOAELD. ®OXAOU 1] HORAWV QOAOYLOU E€mMTAEOV TOU TOQATAV® €VOS
"Baowrot" nixhou avd eviol). Ag BewfoovuE, 08 OXEON %OL UE TO TTOCOOTA EVIOMDV
oV avapEQONHAY 0TV ToRATAvVe doxnon 10.2, ot

e To 33 % twv extehovpévarv load (Ga to 33% Tov 26% toov 8.6% TOov GUVOLOU TWV
EXTELOVIEVV EVTOAMV) axolouvbeitol apéoms amd eEaQTNUEVN €VIOAT| (EVTOAN
mov yoewdletar ta loaded data ommv 3m Pabuida tng pipeline tg), ®al Goa
mooralotv (avtég o 33% twv load (ocov 8.6% TOU CUVOAOU TWV EVIOADYV) TNV
ammAeLa €VOG #UAOV QOAOYLOV EMUTAEOV TOV €VOG aotro.

e To 25 % twv extehovuévorv dtoxhadmoewv vrd ocvvOfxy (branch) (Goa to 25%
tov 16% {oov 4% TOU OGUVOAOU TV EXTEAOVMEVIV eVTOAMV) Oev nabiotatal
ePLrTO Vo TEQLEYEL ML 0ITO TLG TTOMAES PEATLOTOTOLNOELS TTOV VITAQYOUV, ROl RATA
OUVETIELOL TTQOXAAOUY (L AVTEG OL 4% TOU GUVOAOU TWV EVIOADYV) THV ATMAELQ
€vog nUUAOV QOAOYLOU eTULITAEOV TOU EVOG PaoLrov.

Me avtd to dedopéva, mdco Ba elvor to péco CPI (yud o TAQATAVED TQOYQAUUATA TNG
aoxnong 10.2) evog emeEegyaoti) MIPS mov yoMollomoLel avti] T HWoQdT OUOYELQIOGC;
Oewovtog 6TL AvTdHS 0 EMEEEQYNOTNG £XEL TO (010 QOAAL pE exelvov Tng doxnong 10.2(a),
now apol, pvowmd, exterel Tig (Oleg eVTorég avd mpdygapua, tOoo ToyiteQog Oa eivar
ovToGg 0 emeEeQyaoThg amtd exeivov g doxnong 10.2(a);

Aoxnon 10.4: Méoo CPI EncEeoyaoti) Superscalar ue Opoygigio

OL onpegvol (Luxo-) emeEeQyaoTés TOU EUTTOQIOV YONOLUOTOLOUV TOGO TNV TEYVLXT TNG
opoyelpiog (pipelining) mov eidape mAQATAV®D, 600 KoL TEYVIREG EXTEAEONC TOMAATADYV
EVIOADV TAUTOYQOVO --0VVNOWE PE TN HoEdT ov amoxaheital "superscalar'. OewToTe
éva tétolov eneEepyaoti) mov o€ ndbe nindo goroyol dafdlel (fetch) amd T pwvhun TIg
Té€00€QELS (4) eMOUEVES EVIOMES, ROl EXTELEL TAVTOYQOVA (EV TTALQAAMNA®) 00ES QIO QUTES
elvar aveEdomnteg petakd tovg. To péoo CPI evig tétolov emeEepyooti) elvor 660 Ba
fTav pe xoMomn opoyelotag uovo (xmweic superscalarity), dimonuévo dud to péoo mAnOog
TOUTOYQOVA, EXTEMOVUEVOV EVIOMDV, OEQOUEVOU OTL THRO 0 ®A0e ®IUAOg QOAOYLOU TTOU
megvdier "yoewvetal' oe OAES TIG TAVTOYQOVO extehoUueves evtolég, doa otnv nabe
EVIOM] YQe®VovTOoL avtiotoryo Aydtegol ximhor gohoylot (Ayootebouv ol cycles per
instruction --CPI).

Oememote 6TL ®AVOUUE TOV eMEEEQYOOTY) TNG Goxnong 10.3 superscalar, ®ou oG TOVUE YLd
amhoTTO OTL AVTd YiveTow YmEig va alldEouvpe tqv dour Tng pipeline Tov »nou xwElg va
oMGEeL To QOAOL (otnVv TEAEN dev eivan étol). Edv to péoo mAnbog tavtdyoova
exteEAOVUEVOV OVEEQQTNTWV eviol®v eivar 1.4 evtolég, tote mold Ba elvor To péco CPI
Tov véou emeEegyaoti); [1600 yonyoodTEQog Ba elvar autdg amd exeivov Tng Goxnong
10.2(ar), naL méoo amd exelivov thg dornong 10.3;

Toonog Iagddoons:

Kévie tnv amhi] auth doxnon amd T, Y& va Ty €xete €touun, ma' ot Oa tnv
noadwoete AMyo aQyotega, nali pue emduevn oelpd aoxioewv. O tedmog mapddoons Ba
elvar on-line, og pod1 PDF (nuovov) (umoel vou elval ®eluevo punyovoyeadpnuévo 1/xa
"oravoLopEVO" YelOYQAPO, Al udvov og poedt) PDF).
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