Exercise 10: Processor Performance (U.Crete, CS-225) 31/03/2019, 23:56

HY-225: Opydvwon_Ymoloylotov Tw. Ex. Yohoyiotdv
AvolEn 2019 © Tavemotiwo Koftng

Yelpa Aoxrnoemv 10:
Enidoon EneEepyaotov, CPI

®ravte g Eng Agvtéga 8 Amoihiov 2019 (4. 10.1) (artd $9.9.1)

Biprio: Awafdote v §1.4 (oehideg 61-74) amd to EAMAnvind Pipiio. Evailoxtind,
pmopeite va daPdote tnv §1.6 (pp. 28-40) amd to Ayylxrd Bipiio (oL Paounés 1déeg
edm elvon (deg yud tov MIPS (EAAnvixd Piiio) o yid tov RISC-V (Ayylxd
Bprio)).

Aoxnon 10.1: Enidoon EncEegyaoctdv

H enidoon (performance) evog vmohoywoti), xatd Tnv extéheon 000&vtog
TOYQAUUATOS, ElvOl avVTIOTQODO QVALOYN TTQOGS TOV QOVO EXTELECNG QLUTOV TOU
TOYQAUUATOS 08 aUTOV TOV VIoAoyLoTi). H enidoor evog vohoyloti), yevird no
00QLOTOl, OVEEOQTNTMG EXTEAOVUEVOU TQOYQAUUATOS, OV UTOQEl Vo oQLoTel
EMOXQLPOS %Ol EMOTNUOVIXA, UmOQel de vo mowridlelr gvpéwg avaioya Ue T
YOLQARTNELOTILA TOV JLADOQWV TQOYQOUUATWY.

Edv o voloyiotig A extelel Eva 00€v mQOYQaUUO OE XQOVO A, 0 O€ VITOAOYLOTIG
B 10 extelel og ypOvo 1B, 6mov B > tA won (1B / tA) = 1xy, tOte Méue ot "o
vohoyotig A elvon TayteQog Tou B xatd xy % yud to 000&v mpdygopuua.
IMogadeiypatog ydowv, av tA = 4s now tB = Ss, tote (tB/tA) = 1.25, now o A elvor
TayUTeQog Tov B natd 25 % yid to 800év mpoyoapua. O (QOVOG texee EXTELEONS

€VOG TQOYQAUUOTOG O' £VOV VITOAOYLOTH WtoQel ouyvd va exdoaotel oav:
texec = Ninstructions * CPIaverage * Telock

00V Ninstructions €(VOL TO TAN00GC (0 0QOUOC) TWV EVIOADV TTOU O VITOAOYLOTIG

entelel mpoxeuévoy vo ohoxinowBetl 1 extéheon tov dobévtog mEOyQdupaTog,
CPlayerage €lvor to péco mflfog (pécog aubuds) twv xbxhwv Qokoyol mov

amoutotvron yid TV extéheon wag eviohi|s (Cycles Per Instruction --CPI), o Tejoek
glvar o ypo6vog mov Oopxnet évag xOnhog gohoywol, dnhadn m megiodog Tou
oAoyLol, dnhadi To avtiotgodo Tng ouyvoTNTAG QOAOYLOU.

Egoton: Oswonote évav vroloyioth) A (tvmov RISC), mov Y va TeheldoEL éva
000¢év mpdyoappa meémer va extehéoer 2,400,000 evtorés, pe péoo CPI = 3.5
©0ORAOVG QOAOYLOU V@ EVTOAT, ®ou e QoAOL 1.20 GHz. Evog dhhog vroloyiotilg B
(thmov CISC --complex instruction set computer) éyelr mod "mAoVOW0" EETEQTOQLO
EVIOMDV, %L £TOL TOV 0Q%el va. exteléoel povo 1,800,000 evtolég YIG Vo TEAELDOEL TO
0Lo mpdygapua. Oumg, Aoyw t™g avENUEVNS TOAVTAOROTNTAS TOV, £XElL uéco CPI =
5.2 whnhovg gohoylot avd evtoli], xat golot 1.0 GHz. T16oovg ninhoug goroylov
na wooa devteQdlemta YeLdletal 0 ®G0e VITOAOYLOTHS Y1l Vo exteLEéTEL TO dOOEV
mpodyoapupa; IToldg amd Toug 000 VTOAOYLOTES elval Ty UTEQOS OO TOV AAAOV VLA
to 00&v by, ROl TOCO TOYUTEQOG;
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Aoxnon 10.2: Méoo CPI EncEeoyaoti IToAamhov Kvxdov/Evioi

Ag molpe OTL ®ATTOLOG VITOAOYLOTG €xEL OVO €0V eVIOMES: (i) evTOAég TUMOUV A,
mov ®o0ed tovg yoeldletar CPI, wixhovg goAoyol Yid va exteheoTel, na (ii)
evTolég TOmov B, mov nobeud toug yoewdletar CPIg wixhovg Qohoylol yid va

exteheotel. To meoyQappd pag, Yid va ohoxrhnowBet 1 extéheot) Tov, yoeldletan va
enteheatolv: N to miijfog evioréc Timov A, »al Ng to miijfog evioréc Tomov B

(ITpodpavmg, yid ohdnAngo to mEOYAUUA: Ninstructions = Na + Np). Tote, o
OUVOAMROG XOOVOG EXTEAEOTG TOV TTROYQANUOTOS Bar elva:

texec = (N * CPI5 + N * CPIg ) * Tejock = Ninstructions * CPIaverage * Telock

To apuotepd péQog TS €Elomong auTthg TEOEQPYETOL OO TO TOCO YQOVO
xoeLaLovtoL Y va exteheaTolV OAES OL EVTOLES —-®aL oL TOTOV A a oL Thmov B.
To deE16 pépog tng eElomong elvon m "amhomomtixnd" oyéon g mogomdve §10.1, 1
omoio. XONOLHEVEL naL ooV 0QLOMAS Tov péoov CPL. Amd T deEdt 1odT T, AoLTTOY,
OTTAOTIOLOVTAG TO Tejoek %O SLOEMVTOS LA Nipstructions TTOORVITTEL OTL TO Uéoo CPI
elvar 0o otabuouévog uéoog 60og TV xVxAwv QoAoYloU avd evtol, 6mov ot
ovVvTeEdeoTés oTdOuong eival Ta TOo0O0Td (OVYVOTHTA) EXTELEONS TOV 2dbe TVTOV
evToldv:

CPIaverage = (NAa / Ninstructions ) ™ CPI + ( NB / Nipstructions ) * CPIp

Acg eEetdiooupe LOLTTOV 0L OUYHERQLUEVT] TEEQITTTWON: ZTOL TQOYQAUUATA OREQALIMV
(0L ®LvmTiG VTOdLAOTOANG) MeTa&l Twv SPEC benchmarks, 0tav avtd exteroivton
oe emeEeQyaotéc RISC, 1 ouyvotnto extéheons Tov dadpOQmv eViolmV elvon
neQimov mg eEng:

26 % load,

11 % store,

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

16 % conditional branches,
3 % unconditional jumps og ota.BeQég dievBUvoels (jal otov RISC-V),
1 % unconditional jump register (jalr otov RISC-V).

() Ztnv vhomoinom Tov emeEeQyaoTi) Hog o€ TOAMATAOUS "oUvTouovs" ®indovg
poAoyLoU (aAAG oy axodua pipelined) mov eidape oty §8.9, éotw OTL OL ®OKRAOL
0A0YLOU OV YeelGLovTal Yid TV extéleon Tov ®GOe TOOU EVIOM)G elval: TEVTE
(5) nOxhoL Y14 nG0e evtort) load- Técoegelg (4) nOxhoL Y1 nGbe evtolt store ) ALU-
now T1els (3) »Ouhot yid »6.0e evroli lui, branch, 1) jump.

e Bdoelr tng dudoxewng avutig extéheong tou ndbe TOmOU €VIOAMS, ®OL av
VTOOECOVE TA TOQATIAVM TTOCOOTA EXTEAEONS TMV OLAPOQWV TUTWV EVIOAMYV,
1600 Oa elvor 1o péco CPI avtot tou emeEeyaot Yid auTd T TQOYQALUATAL

() 'Eotw thoa 6TL ndvovpe Peltiotomotioels: £0tmw OTL ®dvovue OAES TIG EVIOLES
load upper immediate (lui) xow dApotog oe otabept dievOvvon (jal otov RISC-V) va
exterolvton og 000 (2) avil ToLmv ®Uxlwv gohoyol xabepio. [16co Oa elvor ToTE
to véo péco CPI tov emeEeQyaoth yid autd To TQOYQAUUOTA,

(y) Av n Pertiotomoinon (B) €xeL oav aQvnTIxY] TAEEVEQYELD VO QUETNOEL TOV RURAO
poroylo¥ a6 0.70 ns og 0.75 ns, moLdg amtd toug S0 emeEepyaotés (o) »at () Oa
elvar tayvtepog, xmoar notd mO00; (Ymodelen: mpodavag, to mifog Twv
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eXTENOVEVWV EVTOADV Ninstructions €V OAMGLEL amd tov (o) otov (B)) (otmv

TOAYHOTLROTNTAL, OL CUYHEXQLUEVES QUTES PELTIOTOTOLNOELS TWOAVOV VO UV €XOUV
OQVNTIXES ETUTTMOELS OTN OUYVOTNTO QOAOYLOV, OAAA €d® TO ndvouvue Alyo
"dTioyTd" Y1a va yivel ) donnon...).

Aoxnon 103: Méoo CPI EneEeoyaoti ue Opoyergio (Pipelining)
10ois Ipofreyn Avexrodmocmv

Zto xepdhao (doxnorm) 9 meol opoyewpiag (pipelining), €idape 6T, 600 O
emeEeQy0oTc Polonel aveEdgTnres LetaED TOUg eVIOAES, TI entehel e QUOUO pia
evtol] avd nixho goloywo¥. 'Etot, maed o yeyovog OtL n extéleon tng »dbe
eVIOMC OloQuel TTEQLOCOTEQOVS TOV €VOC ®UXAOUG QOAOYLOT, TO ouVoMxO TAH00g
nORAWV QOAOYLOU VLA TNV eXTELEDT EVOG OAORANQOV TTROYQAUUATOS --TTOV E(VOLL RO
oUTO IOV HOG EVOLADEQEL-- (VAL TTEQITOV TOGO OOES %Ol OL EXTEMOUVUEVES EVTOLEG
(V6 T TaRATdve TEovTo0éoels aveEaptnoiag). Aga, to péco CPI vmd Tig
ovvOfreg avtég Oa eivar 1, ONhadn n xdbe eviol] pog "xootilel" 1 »Oxho
0AOY100, 600 dNhadi] pag "robvotegel" péyoL va EexLviiOOUUE ®aL TNV ETOUEVT)
™g.

Opwg, 0mwg elmape, SUOTUYMG, VTIAQYOUV %L AAANAEEQQTIOELS EVTOLMV, OL OTTOlES
TEORAAOUV ATTWAEL ®ORAOV 1] ®UUA®MV QOAOYLOU EMTAEOV TOU TOQOATAV®W EVOG
N

"Baowot" wimAov avd evtoli]. Ag Bewnoovue, 0e OYEON %OL PE TA TOOOOTA
EVTOALMV IOV avapEQON®av 0TV ToQamdvm doxnon 10.2, otu:

e To 33 % twv extehovpévov load (doa to 33% tov 26% (cov 8.6% ToU
OUVOAOU  TMV  EXTEAOUPEVDV  EVIOAMV) axolouvbeitar apéowmg amd
eEaTNUEVY eVTOAT| (EVTOAT oL Yedleton ta loaded data otny 31 faduida
TG pipeline Tng), ®ot Qo mEorarovV (avtés ot 33% twv load (oov 8.6% tou
OUVOAOU TWV EVTOAMV) TNV OTMAELA EVOC ®URAOU QOAOYLOU €MITAEOV TOU
evog Paotrov.

e O danhadmoelg vd ovvOxun (branch) xootiCouvv 2 wimhovg 1 rabepio:
é€vog o faowrodg, ouv TV oxndEWan WAsg amd Tig dVo eviolég mov 1) pipeline
€depe (fetch) Tovg emduevovg 000 nirAoug (de "amd rdTm" na Wag amd
TOV TIQOOQLOWO), UéExoL Omhadn va dievxguviotel edv 1 droxhddwan
ETTUYYAVEL 1] ATTOTUYYAVEL.

e Ta dhpato oe otabegr) dtetBuvon mpoogLopot (jal otov RISC-V) nootifouvv
2 widmhovg ohoylol nabéva, oi Oe evtorég jump-and-link-register (jalr)
%00TiCouV 3 n0xrAoug QoroYLOU ®oBéva (emeldn 1 devOVVoY TEOOQLoUOT
TtV jal viohoyiCetow ot devteen Pabuida, evd twv jalr otyv ToiTN).

Me autd ta dedopéva, moco Ba eivol To péco CPI (yid To ToQomavem TQOYQEUUOTO
™G doxnong 10.2) evog emeEegyaoti) RISC-V mov xoNOWWOTOLEL ovTh T LoQdT
opoyelias; Oemomvtag Tl avtds 0 emeEeyaotic £xel To 010 QOAOL pe exelvov
™G doxnnong 10.2(a), now adol, pvowrd, extelel Tig (dleg EVTOLES ava TQOYQAUUAL,
1000 Tay1TEQOG Oa elval auTog 0 eMeEeQYOTHG ATd exelvoV TG doxnong 10.2(a);

Acoxnon 104: Méoo CPI EncEeoyaoti ne Opoysigia xou IMoofieyn
Az AadOoEOV

Zmv Paowi] pipeline tng doxnong 10.3 é0tw 6T mpooHétovpe évav Branch Target
Buffer (BTB) (ITp6pieyn Atev0uvong I1googiopot Atoxhadnoemy), 0 0moiog
Aettovyel oty M TN Paduida, magdiinia pe tov abgoitoti) PC+4, noL o omoiog
pog Aéet, 0to TEhog NG TS Pabuidag, edv Bemeel ubavoOv 1) VIO OV THE
dafdlovpe amd ™) detOvvon PC vo eivan emmtuynuévn dtaxhdadmon 1 dAua, xou
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e@v €10t Oewoel ToTe oL elvon 1 TmBovh dtehOvvon TEOOELoHOT TNS. AQa, EGV pHOG
niet #dtL tétowo o BTB, t1e Tov emdpuevo vinho, avii va dégoupe (fetch) Ty evroim
a7td T dlevBuvon PC+4, pégvoupe Thv evtort| amd T dehBuvon mov pog vrédelse
oav mBavotepn o BTB. Edv 1 mpofieymn tov BTB amodeiytel tehnd omoti), TOTE 1
eviol] daxhddwong 1 dipatog dev Oa ydoel xavévay nOrAO ETMTAEOV TOUS EVOG
Paowot tng, allmg Ba yabolv toool nixhol 60eg ou AMdBog mpoPredOeioes doa
OnVQOUVUEVES EVTOLEG TTOU DEQOLLLE.

‘Eotw 6t o BTB moté dev mepiéyel Oevdivoelg eviohdv mouv Ogv  elval
daxhadmoelg N Ghpata, emouévmg oté 0ev mpoLevel nobvotepnoels Yid TéToleg
"uIOAOLTIES" EVTOAES TTEQAV TV ®a.BVOTEQNOEMY TV load mov eldape otV doxnom
10.3. T'i& tig donhadmwoelg vrd ovvONxrN ®now Y& to dipata Ohwv Tmv eldmv (all
branch and jump), €otw 6tL 0T0 90% OAwV cutdv 0o BTB mpofiémer owotd
OLeOu Vo™ TG EMOPEVNS TOUG EVTIOATIG (AQOL OEV VTTAQYEL ATTMAELOL ETUITAEOV HURAOU
oAoYyLo0), evad 0to vrolowmo 10% twv dtoxhadwoewv rnar aludtwv o BTB xdvel
MEB0G TQOPAEYN e CUVETELA OE QUTES TIG TEQLITTMOELS VAL XAVOVTOL OV0 (2) xvxAot
0AOYL0U emITAEOV TOV PaotnoV. Yo avtég T ouvOnres, Eavaimoloyiote o péco
CPI avurtig ¢ pipeline, »ou foeite TOG0 YN Y000TEQOS elval AVTOS O EMEEEQYAOTIG
oo exelvov g doxnong 10.3.

Aoxnon 10.5: Méoo CPI EncEeoyaoti) Superscalar ue Onoysigio

O onpegLvol (JuxQo-) emeEEQYNOTES TOV EUTTOQIOV YO OLUOTTOLOVY TOGO TNV TEYXVIXT
™G opoyeptag (pipelining) mov eldope TOQATAV®, 000 ROL TEXVIXRES EXTENEONG
TOAMOTADV  EVTOADV TAVTOYQOVO --OUVAOWG pe TN HoEdT] OV oTorale(TOL
"superscalar”. @ewENote éva TéTOolOV emeEeQy0oTh) mov o xdbe rOnho QOAOYLOUV
Owafatel (fetch) amd ) pvAun g téooeels (4) emdueves eviohés, nal exTelel
TovTdYOovVa (eVv TOQUAMNAW) 06eg amd avtég eivar aveEdotntes petagd tovg. To
péco CPI evdg tétolov emeEeQyaoti) eival 660 Ba ftav pe Y7o OUOYELQINS HOVO
(xwelg superscalarity), dtnonuévo dud to péoo miNBog TavTdYQOVO EXTEAMOVUEVWV
eviohmv, dedopévou OTL Ta 0 ndBe n1nAog QOAOYLOU TOU TEQVAEL "yoedVETAL"
0g OAES TLS TAUTOYQOVA EXTELOVUEVES EVTIOLEG, GO 0TV ®AOE EVTOAT YQEDVOVTOL
avtiotoryo Ayodtegol »Onhol gohoylot (Ayootevouy ol cycles per instruction --CPI).

Oewofote OtL ®Avovue tov emeEeQyaoth tg doxnong 104 superscalar, xoL og
olue Y1l amhdtnTa OTL Avtd YiveTan weig vo aAldEovue tv doun tng pipeline
Tou %o XwEis vo ahhdEel To QOAGL (otnv mEAEN dev eivon étor). Edv 1o péoco
TAN00G TAVTOYQOVA EXTELOVUEVOV OVEEAQTNTWOV eVTOLDV eivan 1.4 eviolég, TOTE
mold Ba eivar to péco CPI tou véou emeEegyaoti); T1600 yonyoeodTEQos Ba elval
ovtog amd exelvov g doxnong 10.2(a), wéco amd exelvov tng doxunong 10.3, non
000 oo exelvov Tng doxrnong 10.4;

Toomog Iagddoons:

Kavte v amhi avti] doxnon amd thea, Y1d vo Ty €xete £tour, ma' otL Ba v
moadmoete AMyo aQyoteQa, poli pe emdpevy oepd acoxfoewv. O TEdITOG
moeadoong Oa eivor on-line, oe poodp”) PDF (udvov) (umogei va eivor xelpevo
UNYOvVOYQadNUEVO T/noL "ORAVOQLOUEVO" YEWROYQOPO, OANG udvov ce Lo
PDF).
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