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Am6 téhog 8ng v to Téhog Tg INg efdopuddac tov EEaunvou

Bipiio: Awofdote Tnv §1.6 (0ehideg 58-70).
Aoxnon 10.1: Enidoon EncEeoyootov

H enidoomn (performance) evog viroloyloti), xatd v extéleon d00€vtog mEoyQduuaTog, eival
OVTLOTQOPO ALVAAOYN TTQOG TOV XQOVO EXTELECNC QLUTOU TOVU TROYQAUUATOS O AVTOV TOV
vroloyloti). H enidoon evog vmohoyloti), yevird ot 00QLoTo, OVEEQQTNTMWG EXTEAOVUEVOU
TOYQAUUOTOG, OEV UTTOQEL VO OQLOTEL ETTAXQLPMS RAL EMOTNUOVIXG, WTOQEL O Vol TToLniMAeL
EVOEMG OVAAOYA LE TO YOLQOXTNOLOTIXA TV OLAPOQWV TTQOYQOAUUAT!V.

Edv o vohoyotig A extehet éva 000év mpodyoapupa og xo0vo tA, o 0g VTOAOYLOTIS B TO
extelel oe YQOVo 1B, Omov (B > tA nou (1B / tA) = 1.xy, TOte Aépue OTL "0 VITOAOYLOTHG A glval
TOy0TEQOS TOV B natd xy % yiud 10 §00¢€V meodyoauua. ITagadelypatog xdoiv, av tA = 4s nal
tB = S5s, tote (tB/tA) = 1.25, now 0 A elvow toyvteQog tov B natd 25 % yud to d00¢év
oy, O YOOVOGS teyee EXTEAEONG EVOS TQOYQAUUATOS O' VAV VITOAOYLOTY W0l CUY VA
va enpooTel oov:

= N. . * *
texec = Nlnstructlons CPIaverage Tclock

OTOV Njpstructions ECVOL TO TANO0OG (0 0QOUOG) TV EVIOAMV OV O VTOAOYLOTHG EXTEAEL
TQOXELUEVOL VO 0hoxAnowBel 1 extéheon Tou d0BEvTog TEOYQEAUUATOS, CPlyyerage EVOL TO

uéoo mAn0og (LEcOg aELOIOg) TV ®URAWY QOAOYLOU JTOVU AITOLTOVVTOL YL TNV EXTEAECT LWAS
evtoh|g (Cycles Per Instruction --CPI), now Tg o €vaL 0 %00vOog mov dwapnel €vag winhog

00A0YLOU, dNAadi) M TEQR(0OO0G TOV QOAOYLOV — TO AVTLOTEOPO TNG CLYVOTNTAS QOAOYLOV.

Eoomon: Oewonote évav vmoroyot A (tvmov RISC), mov Y& va tehewwoel €va doHEv
TOYQa o TTREMEL Vo extehéoel 2,400,000 evtohég, pue péco CPI = 3.5 »inAovg gohoylov avd
€VTOAT], naw pe QoAOL 1.20 GHz. Evag dAlog vroloyiotig B (thmov CISC --complex instruction
set computer) €xel MO "TAOVOL0" QETEQTOQLO EVTOAMV, %L €TOL TOV QLOKEL VO EXTEAECEL LOVO
1,800,000 eviolég yid va telewmoer to (00 mEoyoouuo. Opmg, AOY®m NG CUENUEVNG
TOAVTAOROTNTAGS TOV, €)eL pEoo CPI = 5.2 #0nhovg QoAoyLoU avd evioAt], rat QoAot 1.0 GHz.
[T6oovg ninhovg QoAoyLOU %o WOoO. degvtegodherta yoeldletal o ndbe VITOAOYLOTNG VL& VO
exteléoel To 000¢v moyoappa; IToldg amd Toug dVO0 VITOAOYLOTES elvVaL TOXVTEQOS ATTO TOV
AAAOV Y16 TO 00OEV ROV, RAL TOOO TAYVTEQOC;

Aoxnon 10.2: Méso CPI EncEeoyaoti Holhamhov Koxiov/Evioly

Ag molpe OTL ®AITOLOG VTOAOYLOTNG €xeL OVO €0MV €VIOAES: (i) €VTOAéS TUmOL A, OV
raBeud Toug yoetdletar CPI, ®inhovg Qoroylol yid vo exteheotel, now (i) eviorég TOmov B,
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mov rofepd Toug yoetdtetor CPIg ®inhovg goroylot yid va exteheotel. To mpdyoapud pog,
Y& va. ohorAnowBel 1 extéleot) tov, yoeldleton va exteheotolv: N to TANO0C evioléc
tomov A, rar Ng to mhih0og evtorég tumov B (ITpodavag, yid ohOxANQO TO TOOYQOLULUAL:
Ninstructions = Na + Np). TOte, 0 ouvolndg 00vog extéheong Tov mpoydupatog Oo etva:

texec = (NA * CPIp + Ng * CPIg ) * Teiock = Ninstructions ™ CPIaverage * Telock

To aQLoTeQd nEQOS ™S eElomong VTG TEOEQYETAL ATTO TO OO0 XEOVO YQELATOVTaAL YId VO
EXTELEOTOUV OAES OL EVIOAES --%alL OL TUTOV A %o oL Tumov B. To 0eE10 pépog g eEtomong
etvou 1 "amhomomTixn" oxéon g mapartdve §10.1, 1) ool YENOLUEVEL %Ol OOV OQLOUOS TOV
puéoov CPL. Amd t 0eEd oottt Aowmdv, amhomoldvTos TO Tioex KL OLOLQMVTAS Ol
Ninstructions TOO®VTTEL OTL TO wéoo CPI eivow o otabuiouévog uéoos 600G Twv xVxAwv

Q0A0YLOV avd €VTOAY, OmOV oL OVVTEAEOTES oTdOuiong elval Tt TO00OTA (OVYVOTHTA)
EXTEAEONS TOV %dOe TVTOV EVTOADV:

CPIaverage = ( NA / Ninstructions )* CPIA + ( NB / Ninstructions ) * CP IB

Ac eEetdooupue AOUTOV O OUYAEXQUUEVN TEQIITTMWON: 2TO TTQOYQAUUOTO axeQAimV (OL
vt vmodiaotorilc) petaEl twv SPEC benchmarks, Otav ovtd exteloivton o€
emeEepynotég RISC, 1 ovuyvotnTo extéleons TV OLadOQmV EVIOAMYV elvol meQLmov wg 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 otaBepég dievOUvoels (jal otov RISC-V),
1 % unconditional jump register (jalr otov RISC-V).

(o) Ztnv vAhomoinon tov emeEeQyaoTn Hag o€ TOALATAOUS "oV vVTopovs" ®U*AOUS QOAOYLOV
(al\& Oyv ondpa pipelined) mov eldape otnv §8.9, €otw OTL OL ®UxAOL QOAOYLOU TTOV
xoeldlovror yid v extéheon tov rdbe TOTOUV €VTOANG elvar: mévie (5) nvnAol yid #dOe
evtoAt] load- téooepelg (4) Aot Y& »dBe eviohy store | ALU- »ou toeig (3) nOnrAot i »d0e
€vToA lui, branch, 1) jump.

e Bdoel g dudoxrelag avthg extéleons tov xdBe TOTOV €VTOATG, ®oL av voBécovue Ta
TAQOITAV® TTOOOO0TA EXTEAEONS TWV OLaPOQWVY TUTIWV eviohwv, TOoo Ba eivar To péoo CPI
oUTOU TOV eMEEEQYAOTI VL& QUTA TO TTIQOYQCLUUATOL;

() 'Eotw thoa 6T ndvoupe Beltiotomofoels: £0tm Ot vdvovue Oleg Tig evtohég load upper
immediate (lui) xow dApatog oe otaben dievBvvon (jal otov RISC-V) va extehovtan og 000
(2) avti Touv wOxhwv goloylot xabepia. [lo6co Ba eivow tote TO VéO péco CPI tou
emeEeQyaoT YId QUTA TO TTQOYQCLUUATAL;

(y) Av 1 Pehtiotomoinon (B) £xeL ooV 0QVNTIXT] TTOQEVEQYELD VO ALVETTEL TOV X UXRAO QOAOYLOV
a6 0.70 ns og 0.75 ns, moLdg amd tovg dvo emeEepyaotég (a) »at () Ba elvor TayTEQOC, RO
ratd wo00; (YrodelEn: moodpavag, 1o mi0og tmv extehoVpevwy eVIOAOV N;jciructions OEV

ohaCer amd tov (o) otov () (OTNV TOAYUATIROTNTO, OL OUYXHEXQUUEVES OUTEC
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Pehtiotomowoelg mOavov vo unv €Youv aQVNTIXES ETUTTMOELS 0T OUYVOTNTA QOAOYLOV,
oAAG €0 TO RAVOUUE Alyo "dTIoyTd" YId Vo YiveL 1) doxrnon...).

Aoxnon 10.3: Mécso CPI EncEeoyaoti ue Onoyerpio (Pipelining)
xowois Ioofreyn Avaxrhadmoewv

210 nepdhato (doxnorn) 9 mepl opoyewptag (pipelining), eidape 6tL, 600 0 emeEeQyaO0TNG
Bolorel aveEdomnres petoEl tovg eviohés, T extelel pe ouOpd o evrol] avd xinho
oohoyot. ‘Etot, mod o yeyovog Ot 1 extéheon tng »dbe eviolic dlopxel meQLOCOTEQOVG
TOV €vOg ®UrAOVG QOAOYLOV, TO CUVOMXO TAMNO0C ®UXAMV QOAOYLOU YLd TNV exTéAEON €VOG
OAOXANQOV TTQOYQAUUATOS --TTOV €(VAL KoL OQUTO TIOU HAG EVOLOPEQEL-- elval TeQimou TO0O
O0EG O OL EXTEAOVUEVES EVTOAES (VTTO TG TTaQaTd v poumobéoels aveEaptnotag). Aoa, TO
uéco CPI vmd tig ouvOfreg avtég Ba etvan 1, Onhadn n »vdbe evroli] pog "rootilel" 1 ninho
00A0YLOU, 600 dNAaOT) pog "vabuoteQel" néyoL Vo EEXLVIICOVLE RAL TNV ETTOUEVT] TNG.

Opwg, O6mwg eimape, dvoTvY®MS, VTAQYXOVV %ol OANAEEQQTNOES €VIOAMV, OL OTOlES
TEORANOTVV QTTMAELD. KORAOV 1] KUUAWOV QOAOYLOU ETUTAEOV TOV TOQATAV®D €VOg "PBaolxot"
n0%AOV Oovd evtol]. Ag OewEnoouvue, og OYEON ®OL UE TO TTOCOOTA EVIOAMV TOU
avoapEeOnrav oty magandvm doxnon 10.2, otu:

e To 33 % twv extehovuévmv load (doa 1o 33% tov 26% (cov 8.6% TOU CUVOLOU TWV
EXTEAOVIEVOV EVIOMDV) axolovBeital apéoms amd eEaQTnuévn €VvIoAr (EVIOA) mOv
yoetdetan Ta loaded data otnv 31 Pabuida tng pipeline tg), vat AQA TQORAAOVV (AVTEG
ot 33% twv load (cov 8.6% TOU OUVOAOU TWV EVIOAMV) TNV OITMAELQ €VOS HUXAOV
Q0AOYLOU EMITAEOV TOV €VOG POOLROU.

e Oi dorhadwoelg vwd ovvONun (branch) xootiCovv 2 ninhovg M rabepio: évag o
Baowog, ovv v oxewon Wag amd tig 010 eviohés mov 1) pipeline édpege (fetch) Tovug
eMOUEVOUS OO ®VXAOVS (UGS "aTtd #ATM" ®oL A ATtd TOV TTROO0QLOWUO), HEY oL ONAao)
Va. SLEVHQLVIOTEL GV 1) OLOHAGDWON ETUTVYYAVEL 1] ALTTOTUYYQVEL.

e Ta dhpato og otabet) dieBvvon mpoogouov (jal otov RISC-V) nootiCovv 2 »inhovg
ooloylol naBéva (évag o "ddg Toug" ovv évag €ETpa yauévog), oL Oe eVTOAES jump-
and-link-register (jalr) ®ootiCouv 3 »ixhovg goAoyLOU rabepia (évag o "Omog " ouvv
Ovo £EToa yauévor) (emeldn n deBvvon EooELopoT TwV jal vroloyiCeton oty delitepn
Pabuida, evd twv jalr otnv toitn).

Me avtd ta dedopéva, moco Oa elvar to péoo CPI (yud ta maQoumtdvem TQOYQAUUOTO TNG
aoxnong 10.2) evog emeEepyaoti) RISC-V movu yonowwomotel outi] 11 Hoedt opoyelglog;
OecwEMVTOS OTL AVTOS 0 eMeEEQYAOTNG €XEL TO (010 QOAOL e exelvov tng donnong 10.2(a), nou
adol, puvownd, extelel Tig (OlES EVIOAES avd TEOYQOUUL, TTOOO TOyVTEQOS Bal glval awTog O
emeEeQyaoTng ad exelvov g doxnong 10.2(a);

Aoxnon 10.4: Méco CPI EncEeoyaoti) ue Onoyergio
zou [lpofreyn Avaxhadmoemy

2ty Paowr| pipeline g doxnong 10.3 éotw 6t mpooBétovue évav Branch Target Buffer
(BTB) (ITooPreypm AtevBuvong ITgoogiopot Aaxhadmoemv), 0 omolog AeLTovyel oty
mowty Babuida, mogdAinio pe tov abgototi) PC+4, xal o omolog pog Aéet, 0to TéAog TG
n@qug Pabuidag, edv Bewpel mOBavOV 1 vTor| Tov 1:(1)@(1 6LOL[3('x?;ov pe oo ™ 6L81’)6Uv0n PC
va. elval emTuynUEVY 6LO(%)\O(6(DO1’] n dhpa, xou eav €tol Bemeel ToTe mold elvar M mbavi
detOvvon mEooEoPo TS. Aga, edv pog met ®dtL tétowo o BTB, tdte Tov emdpevo ninho,
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ovtt va. pégovpe (fetch) Tnv evtoli] amd ™) OevBuvon PC+4, péovovue TV VIO ammd T
oLeBuvon mov pog vredelEe ocov mBavotegn o BTB. Edv ) mpoPAieyn tov BTB amodeuytet
TEMRA OWOTY), TOTE 1 EVTOAT] OLoxAAdwong 1 dApartog dev Ba ydoel xavévay ®Oxho eTAEOV
TOoVg €VOS Paocrov g, aAMmg Ba xaboiv Toool xinlol 6oeg oL AdBog mooPredBeioes Goa
OXVQOVUEVES EVTOLES IOV PEQUILLE.

‘Eotw 611 0 BTB moté dev megiéyel dievbivoels eviohdv mov dgv elvar daxrhadmoels 1)
ahpato, emouEvmg moté 0ev meogevel nabvotepnoels Yud Tétoleg "uOAOLTTES" EVTOAES TTEQOLY
twv xobuvotepioewv Tov load mov eldape ommv doxnon 10.3. T'd g daxhadmoelg Vo
ovvONxn ral Y& to dhpata OAwv Twv eldmv (all branch and jump), é0tw OTL 0TO 90% OAWV
ovt®v o BTB mpofAémel owotd tn 0levBuvon T emOUEVNS TOUS VIO (doa dev VITAQYEL
aTtMAEL0. EMITAEOV ®UXUAOU QOAOYLOV), €vd 01O VOAowto 10% TV OLOHAAOMOEMV %Ol
ohpdtowv o BTB ndvel MdBog meOPAe L OCUVETELQL O€ QUTEG TLS TTEQLITTWOELS VA, Y AVOVTOL
0v0 (2) xVxAot QOAOYLOV eMIAEOV TOV PaotroV. YO autés Tig ovvOnreg, Eavaimohoyiote To
uéoo CPI avtig g pipeline, xau Poeite mO00 YONY0QOTEQOS elval avTtdg 0 emeEeQYa0TNG QIO
enetvov g doxnong 10.3.

Aoxnon 10.5: Méco CPI EncEeoyooti) Superscalar ue Opoyeigic.

Ou onueowvol (uxQo-) eMEEEQYOOTES TOV EUTOQLOV YQNOLUOTOLOUV TOCO TNV TEYVIXY TNG
opoyelptag (pipelining) mov eidape TOQATAV®D, 000 RAL TEYVIRES EXTEAEONG TTOMOITTAWDV
EVIOAMV TOVTOYQOVA --oVVI|OmGS Ue TN LoEd1) mov amoxaieitor "superscalar". OewEnote éva
tétolov emeEeQyaoti) mov oe xdBe nOxho oloylol dwaPdaler (fetch) amd ™ pvhun Tig
té00eQelg (4) emOUEVES EVTOLES, nOL EXTEAEL TAVTOYQOVA (EV TAQUAAAW) 00€ES ATO AVTEG
etvon aveEqpmreg peta&l tovg. To péoo CPI evog tétolov emeEeyaoti) elval 600 Oa NTav pe
¥ONoN opoyelplag wovo (yweig superscalarity), dimonuévo dud to péoo mAnbog TavtdyOVa
eEXTENOVUEVOV €VIOADV, Oedopévou OTL T O xdbe %nOnAOg QOAOYLOU 7OV TEQVAEL
"YoeMVeTOL" 0 OAEC TIG TOUTOYQOVO EXTEAOVUEVES €VIOAES, doo otnv xdbe evtoln
YOEMVOVTOL avTioTolya Ayotegol ®inhot QoAoyLol (Myootevouv ol cycles per instruction --
CPI).

Ocewenote OtL ndvouue Tov emeEeQyaoti g doxnong 10.4 superscalar, ot ag moUue Yid
amAOTNTO OTL AVTO YiveTal Yweic va ahldEovue v doun g pipeline Tou %ow ywElg vo
ohGEeL TO QOAOL (otTnv mEAEN dev eivon €tor). Edv to péoo minbog tavtdypova
eEXTENOVUEVOV OVEEAQTNTWV eVTOMDV elvor 1.4 evtolés, TOTe owd Ba eivar to péoo CPI tov
véov emeEepyoaoti); [1600 yonyopdtepog Ba elvar avtdg and exelvov tng doxnong 10.2(a),
OO0 aIto exEVOV TG Aoxnong 10.3, xal 1000 amd exelvov g doxnong 10.4;

Toomog [lagddoons:

Kdévte v amii] avti] doxnon amnd toed, Y& va v €xete €touun, mo' Ot Bo v
ToQadmoeTe Aiyo 0QyoTeQa, Lol pe v emdpevn oelpd aoxnoewv. O 106mog oddoong Ha
etvow on-line, oe poodn PDF (uovov) (umopet va elvar xelpevo unyovoygoadpnuévo v/xol
"ORAVAQLOPEVO" XELQOYQAPO, AAAG uovov oe pod1 PDF).
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