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Bipiio: Awofdote v §1.4 (oehideg 61-74) amd to EMAnvino Pipiio. Evoalioxrtind, pmogeite
va Owofdote v §1.6 (pp. 28-40) amd to Ayyhnd PipAio (o faoinég 10éeg e0M eivon (OLES VLA
tov MIPS (EAAvind PiPiio) nar yid tov RISC-V (Ayyhnod PipAio)). Zyxetinéc nou x0NOLUeES
elvon xan ou drapdaveles 26-37 twv ovyyoadéwv yid to Kepdiowo 1, mov Potoxovrar (PPT)
oto: www.elsevier.com/ _data/assets/powerpoint_doc/0010/273709/Chapter 01-RISC-V.ppt

Aoxnon 10.1: Enidoon EncEcoyootdv

H enidoom (performance) evog vrtoloyloti), xatd v extéleon 000£vToc mQoyQduuoTogs, eival
avTIOTQOPO. AVAAOYN TTEOG TOV YOOVO EXTEAEONS ALUTOV TOU JQOYQAUUATOS O€ OQUTOV TOV
vmoloyloti). H emidoon evog vmohoyloti), yevird ot a.0QLoTo, OVEENQTNTWG EXTEAOVUEVOU
TQOYQAUUATOG, OeV WITOQEL VA OQLOTEL ETTORQUPMOS KL ETMOTNUOVIXA, UTOQEl e Vo motnilheL
EVREWS AVAAOYO LLE TA YOQAXTNOLOTIXA TMWV OLAPOQWYV TQOYQOUUATWV.

Edv o vohoyotig A extehet éva 000év mpodyQaupa og xo0vo tA, o 0g VTOAOYLOTIS B TO
entelel og YQOVO B, Omov 1B > tA nou (1B / tA) = 1.xy, TtOTe Aéue OTL "0 VITOAOYLOTHS A elval
Toy0TEQOS TOV B %atd xy % Y1d 10 d00¢€V medyoauua. ITagadelypatog xdouv, av tA = 4s ral
tB = 5s, tote (tB/tA) = 1.25, now o A elvar tayvtegog tov B noatd 25 % yid to d0bHev
meoOyoappat. O YOOVOGS tayee EXTEAEONG EVOS TQOYQAMUATOS O' VAV VITOALOYLOTH HITOQEL OVUY VA
va exdPaoTel OAV:

= N. . * *k
texec = Nlnstructlons CPIaverage Tclock

OTOV Njpstructions EVOL TO TAN00G (0 0QLOUOG) TWV EVIOMMV OV O VTOAOYLOTNG EXTEAEL
TQOXELUEVOL VO 0hoxAnwBel 1) extéheon Tov d00€vTog mEOYEAUUATOS, CPlyyerage ElVAL TO
uéoo mAN0og (LEcOg aELOUOG) TV ®URAWY QOAOYLOU JTOU AITOLTOVVTOL YL TNV EXTEAECT LWAS
evtoM|g (Cycles Per Instruction --CPI), now T €lvar o xo0vog mov OoQxrel €vag ninhog
ooAoyloU, dMAadn m mepiodog tov EOoAOYLOU, dMACdN TO AVTIOTEQOPO TNG OCUYVOTNTAC
QOAOYLOV.

Eootnon: Oewonote évav vmoroyot A (tvmov RISC), mou Y& va telewwoel €vo 000€v
mooyoappa moémet vo extedéoel 2,500,000 evroréc, pe péoo CPI = 3.2 niinhovg goAoyLoU avd
eVTOM, ®o pe oAOL 1.25 GHz. Evag dilog voroyiotig B (timov CISC --complex instruction
set computer) £xel MO "TAOVOLO0" QETEQTOQLO EVTOAMV, %L £TOL TOV QLQHEL VO EXTEAEOEL LOVO
1,800,000 eviohég Y& va tehewmoer to O0 mpoyoapua. Opmg, AOym tng auENuévng
TOAVTAOROTNTAGS TOV, €)eL LEoo CPI = 4.0 ®0nAovg QoAoYLOU avd evioAt], nat QoAot 1.0 GHz.
[T6o0vg ®nhovg QOoAOYLOU %ol TOoO dgvTeQOLerTa YOeLAleTaL O ®éBE VITOAOYLOTNG YL VO
enteléoel To 000¢v meoyoappa; IToldg amd Toug dVOo VITOAOYLOTES elval TOXUTEQOS ATTO TOV
AALOV VLG TO 000€V TTROYQAUULL, %Ol TOOO T VTEQOG;
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Aoxnon 10.2: Méco CPI EncEeoyaoti IHolhamhov Koxiov/Evioly

Ag molpe OTL ®AITOLOG VTOAOYLOTNG €xeL OVO €MV €VIOAES: (i) €VTOAéC TUTOV A, OV
roBepd toug yoetdetor CPI, ®rhovg QOAoYLOU YId Vo exteleoTel, xau (ii) eviohés Tomov B,
mov rofepd Toug yoetdtetar CPIg ®inhovg goroylot yid va exteheotel. To mpdyoapuud pog,
YI& va. ohoxAnowBel 1 extéleot) tov, yoeldleton va exteheotolv: N to mAN00C evioléc
Tomov A, nar N 1o mi0og eviohég tumouv B (ITgodavmg, yid ohOxANQo TO mROYQOUuaL:
Ninstructions = Na + Np). Tote, 0 ouvolndg x00vog extéheons Tov meoyedupatos Oa etvor:
texec = (NA * CPIp + Ng * CPIg ) * Tejock = Ninstructions ™ CPIaverage * Telock

To apLotepd HEQOG NG €EI0MONG AVTNG TROEQPYETOL OTTO TO TTOCO YEOVO YEELGLoVTOL YIG V.
EXTELEOTOUV OAES OL EVTOAES --%aL OL TOTTOV A %o oL TuTov B. To 0eE16 pépog g eEtomong
etvow M "amhomornTint|" oyéon g moeartdve §10.1, 1 ooio YONOLUEDVEL ROl OOV OQLOUOG TOV
uéoov CPL. Amd ) 8eEd ooTTa, AOLOV, OmAOTOLOVTIAS TO Ty ok 0L dlouQdvtog Ol
Ninstructions TOORVTTEL OTL TO péoo CPI elvar o otabuiouévog uéoos 000G TtV xVxAwv

Q0A0YIOV avd €eVTOAY, OmOV oL OVVTEAEOTES oTdOuiong elval To TOO0OTA (OVYXVOTHTA)
EXTEAEONS TOV %d.Oe TVTOV EVTOADV:

CPIaverage = ( NA / Ninstructions )* CPIA + ( NB / Ninstructions )* CPIB

Ag eEetdoovpe AOTOV Ol OUYHEXRQLUEVY] TEQIMTWON: ZTOL TQOYQAUUATO axeQaimv (OyL
wvnThg vmodiaotorilc) petaEd twv SPEC benchmarks, Otav ovtd extehoivton o€
emeEeyaotég RISC, 1) ouyvotnta extéleons Tmv dadOoQmy eVIOAMV elval meQimov g 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 oe otaBepég devOUvoels (jal otov RISC-V),
1 % unconditional jump register (jalr otov RISC-V).

(o) Ztnv vAomoinon tov emeEeQyaoTh Hag o€ TOANATAOUS "oV VTopovs" ®IrAOUg QOAOYLOV
(alé Oyv axdpo pipelined) mov eldape otnv §8.9, éotw OTL 0oL ®UxAoL QOAOYLOU TOU
xoelatovtor yid TNV extéheon Tov xdbe TOmOV evioANg elval: méEvte (5) nOrAoL Y& ®d&Oe
evtoAt] load- téooepelg (4) Aot Y& »&0e eviohy store | ALU- »ou toeig (3) ®0xrAot i »d0e
evtoM lui, branch, 1) jump.

e Bdoel g dudorelag avtig extéleons tov xdBe TOMOUV €VTOATG, noL av voBéoovpe T
TOQATAV® TTOCO0O0TA EXTEAEONS TWV OLAPOQMV TUTIWV EVTOAMV, TO00 Oa elvor To péco CPI
oUTOU TOV eMEEEQYAOTI VLA QUTA TO TTQOYQCLUUATAL;

() 'Eotw thoa 0t ndvoupe Pedtiotonofoets: £0tm Ot vdvovue Oleg Tig evtohég load upper
immediate (lui) xow dipatog oe otaben devOvvon (jal otov RISC-V) va entehovtar og 000
(2) avtl Touwv whxhwv oloylot nabepia. I[To6co Ba eivon tote TO VéO péco CPI tou
emeEeQYaoT) VL& QUTA TO TTIQOYQAUUATOL;

(y) Av n Pehtiotomoinon (B) €xeL oov 0QVNTIXT] TTOQEVEQYELD VO AVETOEL TOV X UXRAO QOAOYLOV
oo 0.80 ns og 0.85 ns, moLOg amd Toug V0 eneEepyaotés (o) xan () Oa eivor TayTEQOS, %L
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rotd 1000; (Ymodelen: mpodavmg, to mifog twv extehoOuevov evIohOV Nijcructions OV
ohaCer amd tov (o) otov (B)) (OTNV TOAYUATIROTNTA, OL OUYHEXQUUEVES OUTEC
Pehtiotomoumoelg mBavOV vo unv €YOUV aQVNTIXES ETMUTTMOELS 0T OUYVOTNTO QOAOYLOU,
oAAG €0 TO RAVOUUE Alyo "dTioyTd" YId va YiveL 1) doxrnon...).

Aoxnon 10.3: Méco CPI EncEeoyooti ue Onoyerpio (Pipelining)
xwois Ioofreyn Avoaxradmoewv

210 nepdhato (doxnorn) 9 mepi opoyewptag (pipelining), eidape 6T, 600 0 emeEeQy0oTNG
Bolorel aveEdomnres petoEl tovg eviohéc, T extelel pe ouOpd o evrol] avd xinho
oohoyot. ‘Etot, mod o yeyovog Ot 1 extéheon g #dbe evioliic dlapxel meQLOCOTEQOVG
TOV €VOg ®URAOVS QOAOYLOV, TO OUVOMKRO TAN00C nUUAWY QOAOYLOV VL& TNV exTéleon evOg
OAOXANQOV TTQOYQAUUATOS --TTOV €(VAL KOL QUTO TIOU HAG EVOLAPEQEL-- Elval TeQmoV TO0O
O0EG O OL EXTEAOVUEVEG EVTOLES (VTTO TG TTaROTA V™ TTpouTobéoels aveEaptnotag). Aoa, TO
uéoo CPI vmd tig ovvOnreg autég Oa elval 1, dnAadn n »dbe evtol pag "vootiCel" 1 xiuho
00A0YLOU, 600 dNAaOT pog "vabuoTteQel" néyL Vo EEXLVIICOVE RAL TNV ETOUEVT) TNG.

Opwg, O6mwg eimape, dvoTVYMS, VTAQYXOVV %ol OAMNAEEQQTNOES €VIOAMV, OL OTOlES
TEORANOTVV QTTMAELD. KORAOV 1] KUUAWOV QOAOYLOU ETUTAEOV TOV TOQATAV®D VOGS "Paolrot"
n0xAOV Oovd evtol). Ag OewEnoouvue, o OYEON ®OL UE TO TTOCOOTA EVIOAMV TOU
avapEeOnrav oty magandvm doxnon 10.2, ot

e To 33 % twv extehovpévmv load (doa 1o 33% tov 26% (cov 8.6% TOU CUVOLAOU TWV
EXTEAMOVIEVOV EVTOAMV) axolovBeital apéomg amd eEaQTnuévn eVTtoi] (eVTOAY OV
yoetdetan Ta loaded data otnv 31 fabuida tng pipeline tg), raL AQA TQOXAAOVV (AVTEG
ot 33% twv load (cov 8.6% TOU OUVOAOU TWV EVIOAMDV) TNV OITMAELQ €VOS HUXAOV
Q0AOYLOU EMITAEOV TOV €VOG POOLROU.

e Ou doxhadmoelg vwd ovvOnun (branch) xootiCovv 2 ninhovg M rabepio: évag o
Paowog, ovv TV axewon Wag amd Tig 00 eviohég mov 1) pipeline édpege (fetch) Tovug
EMOUEVOUS OO0 ®VXAOVS (UGS "aTtd #ATM" ®oL A ATtO TOV TTROO0QLOWUO), HEYOL dNAao)
Va. SLEVHQLVLOTEL €AV 1) OLOHAADWON ETUTUVYYAVEL 1] ALTTOTUYYQLVEL.

e Toa dlpoto og otabepr) dievBvvon mpooplopov (jal otov RISC-V) nootiCouv 2 »inhovg
ooloyLol xaBéva (évag o "drds Toug" ovv évag €EToa Yauévog), oL Oe eVTOAES jump-
and-link-register (jalr) ®ootiCouv 3 xixhovg goAoyLoU rabepia (évag o "Omog ™" ouvv
dvo £EToa yauévor) (emetdn n devBvvon EooELopoT TwV jal vroloyiCetor oty delitepn
Pabuidoa, evd twv jalr otnv tolTn).

Me avtd ta dedopéva, moco Oa elval to péoo CPI (yud to TOQOUTdvem TQOYQAUUOTO TNG
aoxnong 10.2) evog emeEepyaoti) RISC-V movu yonowwomotel outi] 11 Hoedt) opoyelglog;
OewEm®VTOS OTL AVTOS 0 emeEEQYAOTNG €XEL TO (010 QOAOL e exelvov Tng donnong 10.2(a), nou
adol, puvowrd, extelel Tig (OlEg VIOAES avd TEOYQOUUL, TTOOO TayVTEQOS Bal glval avTdg O
emeEeQyaoTng atd exelvov g doxnong 10.2(a);

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

Zmv Baowr| pipeline g doxnong 10.3 éotw 6t mpooBétovue évav Branch Target Buffer
(BTB) (ITooPreym AtevBuvong ITgpoogiopot Aaxhadmdoemv), 0 omolog AeLTovyel oty
Tt Pabuida, magdhinio pe tov abgowoti) PC+4, xor o omotog pog Aéel, 0To TEAOG TG
TOWTNG Pabuidag, edv Bewel MOBavOHV 1 evioht| mov toea drafdlovue amd T dietBvvon PC
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Vo elvol emTUYMUEVT (Stom)\océoo(m n dhpo, ol eav €tol Bemoel Ttote old elvar M OOV
6Lev8vv0n TROOQELONOD TNS. AQa, edv poig nel »dtL tétolo o BTB, 1Ote TOVv emdpevo »inho,
ovtt va. pégovpe (fetch) Tnv evtoli] amd ) OevBuvon PC+4, péovovue TV VIO ammd T
oLeBuvon mov pog vredelEe ocov mBbavotegn o BTB. Edv ) mpoPAieyn tov BTB amodeuytet
TEMAA OWOTY), TOTE 1 EVTOAT] OLoxAAdwong 1 dApatog dev Ba ydoel xavévay wOxho eTAEOV
TOVg €VOS Paoctrov g, aAMmg Ba xaboiv Toool xiulol 6oeg oL AdBog mpoPredBeioes Goa
OXVQOVUEVES EVIOAEG TTOV GEQOALUE.

‘Eotw 6tL 0 BTB moté dev megiéyel dievbivoels eviohdv mov dev elvar daxrhadmoels 1)
ahpato, emouEvmg moté 0ev meogevel naBvoTtepNoels YId TéToleg "VTOAOLTTES" EVTOAES TEQOLY
towv xobuvotegioewv Tov load mov eldape ommv doxnon 10.3. T'd T 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 thg emOUEVNS TOUS VIO (Ao dev VITAQYEL
QTTOAELD. EMITAEOV ®DUAOU QOAOYLOV), €V 0TO VOAowto 10% TV OLOHAAOMOEMV %Ol
ohpdtwv o BTB #dver MdBog mmeOPAe)T) L OUVETELQL O€ QUTES TLS TTEQLITTWOELS VA, Y AVOVTOL
0v0 (2) xVxAot QOAOYLOV eMIAEOV TOV PaotroV. YO autég Tig ovvOnreg, Eavaimoloyiote To
uéoo CPI avtig g pipeline, naw Poeite mO00 YO11Y000TEQOS €lval avTdG 0 emeEeQyaoTNG A
enetvov g doxnong 10.3.

Aoxnon 10.5: Méco CPI EncEeoyooti) Superscalar ue Opoyeigic.

Ou onueowvol (xQo-) eMEEEQYNOTES TOV EUTOQLOV YQNOLUOTOLOUV TOCO TNV TEYVIXT TNG
opoyewptag (pipelining) mov eidape TOQATAV®D, OO0 RAL TEYVIXES EXTEAEONG TTOMOITTAWDV
EVIOAMV TOUTOYQOVA --0oVVI|OmGS Ue TN LoEd1) mov amoxaieiton "superscalar”. OewEnote éva
tétolov emeEeQyaoth) mov oe xdBe nOixho oloylol dwafPdaler (fetch) amd ™ pvhun Tig
té00eQelg (4) emOUEVES EVTOLES, nOL EXTEAEL TAVTOXQOVA (EV TAQUAAAW) 00€ES ATO AVTEG
elvan aveEdomteg peta&l tovg. To péoo CPI evog tétolov eneEeQyaoti| eivon 600 B ftav pe
YoM oM opoyelplag wovo (ywelg superscalarity), dimoenuévo dud to péoo mAnbog TavtdyOoVa
EXTEAOVUEVV  EVTOMDV, O€0OUEVOU OTL TMEO O %ABe %UXUAOG QOAOYLOU TOU TEQVAEL
"yoemVveTOL" 0€ OAEC TIG TOUTOYQOVO EXTEAOVUEVES €VIOAES, doo otnv xdbe evtoln
YOEMVOVTOL avTioTorya Ayotegol ®Uxhol QoAoyLoU (Myooteouv ol cycles per instruction --
CPI).

Ocewenote OtL ndvouue Tov emeEeQyaotn ™ doxnong 10.4 superscalar, ot ag moUue Yid
amAOTNTO OTL AVTO YiveTal Yweic va ahldEovue tqv doun g pipeline Tou %ow ¥wEIg va
ohGEeEL TO QOAOL (otTnv mEAEN dev eivon €tor). Edv to péoo minbog tavtdypova
EXTEAOVUEVOV aVEEAQTNTWV eVIOADV glvon 1.6 evtolég, TOTe mowd Ba elvar to péoo CPI tou
véov emeEepyoaoti); [1600 yonyopdtepog Ba elvar avtdg amd exelvov tng doxnong 10.2(a),
OO0 aItd exelvov g doxnong 10.3, xal 10600 amd exeivov g doxnong 10.4;

Toomog IMagddoons:

Kdévte tnv amii) avtf] doxnon amnd toea, Y& va v €xete €touun, mo' Ot Bo v
ToQadmoeTe Aiyo 0QyoTeQa, Lol pe v emdpevn oelpd aoxnoewv. O 106mog oeddoong Ha
etvow on-line, oe pood” PDF (uovov) (umopet va elvar xelpevo unyovoygoadpnuévo v/xol
"ORAVAQLOPEVO" XELROYQAPO, AAAG uovov oe pood1 PDF).
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