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rnévte T éwg Tetdotn tov [doya, 19 Amouhiov 2023 (6. 9.8) (oo 3S. 8.3)

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 enpoootel oov:

— N. . * *k
texec = Ninstructions CPIaverage Telock

OTOV Nipctructions ELVOL TO TANBOG (0 0QOUOG) TV EVIOAMV TOU O VITOAOYLOTHG EXTEAEL
TQOXELUEVOL VO 0hoxAnowBel 1 extéheon Tov d00€vTog mEOYEAUUATOS, CPlLyerage ElVaL TO
uéoo mN00og (LECOS 0RLOUOS) TV X UXAWV QOAOYLOD TTOV OTTALTOUVTAL YL TNV EXTEAEOT MGG
eviolg (Cycles Per Instruction --CPI), now Tg o €vaL 0 x00vog mov dwaprel €vag winhog
ooAoyloU, dMAadn M mepiodog Tov EOoAOYLOU, dMACdN TO AVTIOTEOPO TNG OUYVOTNTOC
QOAOYLOV.

Egoomon: Oemwonote évav vmoroyot A (tvmov RISC), mov yid va tehewwoel €va doHEv
TEOYQO UL TTRETEL Vo extehéael 2,400,000 evioég, pe péco CPI = 3.5 ®0nAovg QoAoYLOU avd
€VTOAT], na pe QoAOL 1.20 GHz. Evag dAlog vroloyiotig B (timov CISC --complex instruction
set computer) €xel MO "TAOVOL0" QETMEQTOQLO EVTOAMV, %L £€TOL TOV CLOKEL VO EXTEAEDEL LOVO
1,800,000 evioAég yid va telewmoel To (00 mEoOYoouua. Opmg, AOYm NG avENUEVNC
TOAVTAOXOTNTAG TOV, €€l LEoo CPI = 5.2 ®0nAovg QoAOYLOU avd evioAt], »al QoAot 1.0 GHz.
[T6oovg ®nhovg QoAoYLOU ®ow TOoO devTeQOherTa YoeldleTal 0 ®dbe VITOAOYLOTNG YL VO
exteléoel To 000¢v moyoappa; TToldg amd Toug dV0 VTOAOYLOTES ElVaL TOYVTEQOS ATTO TOV
AAAOV Y16 TO 00OEV ROV, AL TOOO TOYVTEQOC;
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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
rnaOewd toug yoetdletar CPI, nhnhovg gohoylov yid vo exteleotel, xou (ii) evtohég TOmov B,

mov xofeud Tovg xoerdleton CPIg ninhovg porhoyol yid va exteleotel. To mpdyoauud pog,
YW vo. ohonAnowOel 1 extéleot] tov, yoeldleton va exteleotov: Ny 1o mAN00C €vTOhég
tomov A, naw Ny t0 mAn0og eviohéc thmov B (Ilpopavmg, yid ohOuANQo TO TEOYQOUUAL
Nipstructions = Na + Np). TOTE, 0 0uvolrog 00Vog exTéleong TOV TOOYQAUUOTOS Oa elva:

toxee = (Np #*CPI, + Ng *CPIg ) * T =N. % CPI £ T

clock instructions average clock

To apLotepd PEQOG NG eEICMONG AVTNG TROEQPYETAL OTTO TO TTOCO YEOVO YEELGLoVTaL YIG V.
EXTELEOTOUV OAES OL EVTOAES --%aiL OL TOTTOV A %o oL ToTov B. To 0eE16 pépog g eEtomong
etvow M "amhomornTint|" oyéon g moeartdve §10.1, 1 ooio YONOLUEVEL ROL OOV OQLOUOG TOV
puéoov CPI. Amd tn 0€€ld 1odtnTa, AoV, amhomolmviag To Ty ®at dlopmvrog Ol

Ninstructions TOO®UVITTEL OTL TO wéoo CPI eivar o otabuiouévos uéoos 060og twv xVxiwv
Q0A0YLOV avd &eVTOoAl, Omov oL ovvTeAeoTés otdOuiong elvar to. mTO000TA (OUYXVOTNTA)
EXTELEONS TOV %dOe TVTOV EVTOADV:

CPIaverage =( Na / Ninstructions ) * CPIA +(Np / Ninstructions ) * CPIB
Acg eEetdooupe AOUTOV [OL OUYAEXQUUEVY TEQITTMWON: ZTO TTQOYQAUUOTO axeQAimV (OxL
wvNTig  VTodLoToAng) petaEl twv SPEC benchmarks, o6tav outd exteholvial o€
emeEeyaotég RISC, 1) ouyvotnta extéleons Tmv dadOQmy 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 ota0eég dievBUvoels (jal otov RISC-V),
1 % unconditional jump register (jalr otov RISC-V).

(o) Ztnv vAomoinon tov emeEeQyaoTh Hag o€ TOANATAOUS "oV vVTopovs" ®rAOUg QOAOYLOV
(al\& Oyxv axdpo pipelined) mov eldape otnv §8.9, éotw OTL 0oL ®UxAoL QOAOYLOU TOU
yoetatovtor yid TNV extéheon Tov xdbe TOmOV €vIOAN elval: méEvTe (5) nOrAOL Y& ®d&Oe
evtol load- Téooepelg (4) ninhol yud »éBe evtolt) store 1) ALU- zou toeils (3) ®Onhol yud néOe
evtoM lui, branch, 1) jump.

e Bdoel g dudorelag avtig extéleons tov xdbe TOMOUV €VTOATG, noL av voBéooupe T
TOQATAV® TTOC0O0TA EXTEAEONS TWV OLOPOQWV TUTIWV EVTOAMV, 1000 Oa elvon To puéco CPI
oUTOU TOV eMEEEQYAOTI VLA QUTA TO TTQOYQCLUUATOL;

() 'Eotm thoa 0T ndvoupe Pedtiotonofoets: £0tm Ot ®dvovue Oheg Tig evtohég load upper
immediate (lui) xow dApatog oe otaben devBuvvon (jal otov RISC-V) va entehovtar og 000
(2) avtli Touwv whxnhwv oloylot nabepia. I[lo6co Ba eivon tote TO VéO péco CPI tou
emeEeQYAOTI VL& QUTA TO TIQOYQALUUATOL;

(y) Av n Pehtiotomoinon (B) €xeL oov 0QVNTIXT] TTOQEVEQYELD VO LVETOEL TOV X UXRAO QOAOYLOV
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oo 0.70 ns og 0.75 ns, moLdg amd Toug V0 eneEepyaotés (o) »an () Oa eivor TayTEQOS, ®aL
ratd wo00; (YrmodelEn: mpodpavmg, 1o mi0og twv extehoVpeEVWVY EVIOMDV Nijciructions OEV

ohaCer amd tov (o) otov (B)) (OTNV TOAYUATIROTNTA, OL OUYHEXQUUEVES OUTEC
Behtiotomouoelg mBavOV vo unv €YOUV aQVNTIXES ETMUTTMOELS OT1) OUYVOTNTO QOAOYLOU,
oAAG €0 TO RAVOUUE Alyo "dTioyTd" YId va YiveL 1) doxrnon...).

Aoxnon 10.3: Méoo CPI EncEeoyooti ne Onoyerpio (Pipelining)
1owois Ioofreyn Avoazxrhadmoewv

210 nepdhao (Gdoxnorn) 9 mepl opoyewtag (pipelining), eidaue 6T, 600 0 emeEeQyaoTNG
Poloxel aveEqoTnres netoEl Tovg €viohéc, Tig extelel pe ouOud ol evtoll] avd xOxho
ooloyo¥. ‘Etot, mapd o yeyovog Ot 1 extéheon tng #GOe evtohs dlorel TEQLOCOTEQOVG
TOV €VOg ®URAOVG QOAOYLOV, TO OCUVOMXO TAMO0GC ®UXAMV QOAOYLOU YLA TNV eXTEAEON €VOG
0AOUANQEOV TEOYQAUUOTOS --TTOV elval ®aL avTd OV Hog evOladEQeL-- elval mepimov TG00
O0EC nOL Ol EXTEAOVUEVEG EVTOAES (VTTO TIG TTaROtdvm poumoBéoels aveEaptnotag). Aoa, To
uéoo CPI vmd tig ovvOnures autég Ba elval 1, dnhadn n »dbe evtoln pag "xootilel" 1 xwiuho
00AOYLOU, 600 ONAOT) pag "vaBvotegel" PEYXOL VO EEXLVIIOOVE ROl TNV ETTOUEVT) TNG.

Opwg, Omwg etmope, dUOTVYMOG, VTAQYXOUV %l AAMANAEEAQTIOELS EVTOAMV, OL OOLES
TQOXROAOUV QTTWAELA RVKAOV 1] KOXAWV QOAOYLOU ETUITAEOV TOV TTAQOATAV®D €vOS "Paotxon”
nOUAOV OvA eVIOAT. Ag Oewprfjoovue, 0e OYEON ARAL UE TO TOOOOTH EVIOADV IOV
avadéednrav oty mogandve doxnon 10.2, otu:

e To 33 % twv extehovuévmv load (doa to 33% tov 26% ooV 8.6% TOU CUVOAOU TWV
EXTENMOVUEVOV EVTOAMV) axolovBeital apéomg amd eEaQTnuévn evtoln (eVTOAY OV
yoetdletan Ta loaded data otnv 31 fabuida tng pipeline tg), ®aL AQA TQOXAAOVV (AVTEG
ot 33% twv load toov 8.6% TOU CUVOLOU TWV EVIOADV) TNV OTIMAELL VOGS HURAOU
Q0AOYLOU EMITAEOV TOV £VOC Baoitno.

e Ou danhadmoelg vmd ovvOnun (branch) xootiCovv 2 »lxhovg M xobepio: évog o
Paowrog, ovv v oxnewon wag amd T 00 eviohég mov 1 pipeline épege (fetch) Tovug
eMOUEVOVS OO0 HUUAOVG (LUAS "omtd ®ATW" ®al IWAS ATtd TOV TTQOOQLOUO), HEYOL ONAOT
VO, OLEVXQOLVLIOTEL €AV 1 OLOXAGOMOT) ETUTVYYAVEL 1) ALTTOTUYYAVEL.

e Ta dlpoto og otabegt) dievBvvon meooplopov (jal otov RISC-V) nootiCouv 2 »linhovg
eoloylo¥ nabéva (évag o "dwmdg Toug" ovv évag €Etpa yapévogs), oL Oe evtolég jump-
and-link-register (jalr) ®ootiCouv 3 »iuhovg goroylol rabepio (évag o "Omog t™c" ovv
Ovo £EToa yauévor) (emetdi) M devBvvon mEooELopol Twv jal vroloyiCeton oty delitepn
Pabuida, evd twv jalr otnv tolTn).

Me avtd ta dedopéva, moco Oa elvar to péoo CPI (yud ta maQoumdvem mQoyQdUUoTo TS
doxnong 10.2) evog emeEepyaoti) RISC-V mov yonowpomolel auti) T Hoed1] opoyeLolag;
OewEmVTOG OTL QUTOG 0 eMEEEQYAOTNG €XEL TO (010 QOAOL Le exelvov tng doxnong 10.2(a), xou
adov, puord, extehet TG (OLEG EVTOAEG OVA TTQOYQOUUO, TOOO TaUTEQOS Bal elval avtdg O
emeEeQyaoTng atd exelvov g doxnong 10.2(a);

Aoxnon 10.4: Méco CPI EncEeoyooti ne Onoyergio
zon IpoPreyn Avaxhadmoemv

2ty Paowr| pipeline tg doxnong 10.3 éotw 6t mpooBétovue évav Branch Target Buffer
(BTB) (ITooPreypn AevBuvong Ilpoogiopot Awoxhadmdoemv), 0 omolog Aeltovyel oty
oMt Pabuida, magdiinia pe tov aboowoti) PC+4, nor 0 omotog pog Aéetl, 0To TEAOS TNG
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ngo’otng Pabuidag, edv Bewpel mOBavOV 1) €VTOA| OV t(an 6LaBdCov ue oo m 6L8’()6Uv07] PC
Vo elvol emTUYMUEVT éta%}\aémon n dhpo, nal eav €tol Bemoel Tote old elvar M OOV
BLSUBUVGT] TQOOQLOWOV TNS. Aga, eGv pog nel »dtL tétolo o BTB, tOte TOVv emdpevo »inho,
avti va ¢égovpe (fetch) tnv eviorn amd T dievBuvon PC+4, pégvoupe TV €vtolt] ammd T
oteBuvon mov pog vredelEe ocov mbavotegn o BTB. Edv ) mpoPAieyn tov BTB amodeuytet
teMnd omoTi), TOTE 1) eVTOM)| SLanrhddwong 1 dlpatog 0gv Oa ydoel novévay ®ixho emmiéov
Tovg evog Paocwot g, adlmg Ba yabolv tdéool xixrhol 6oeg oL AaBog mpofhedpBeioeg Goa
OXVQOVUEVES EVIOAES TTOV GEQOALUE.

‘Eotw 6tL 0 BTB moté dev megiéyel dievbivoels eviohdv mov dgv elvar darhadmoels 1)
ahpato, emouEvmg moté 0ev meogevel nabvotepNoels YId TéToleg "VITOAOLTTES" EVTOAES TTEQOLY
twv xobuvotegioewv Tov load mov eldape ommv doxnon 10.3. T'd Tig daxhadmoelg Vo
ovvONxn ral Y& to dhpata OAowv Twv eldmv (all branch and jump), é0tw OTL 0TO 90% OAWV
ovt®v 0 BTB mpofAémel owotd tn OlevBuvon thg emOUEVNS TOUS EVIOAS (Ao dev VITAQYEL
QTTOAELD. EMITAEOV ®UXUAOU QOAOYLOV), €v(d 01O VOAowto 10% TV OLOrAAOMOEMV %Ol
ohpdtwv o BTB »dver MdBog moOPAe)) Le OUVETELQL O€ QUTES TIS TTEQLITTWOELS VA, Y AVOVTOL
0v0 (2) xVxAot QOAOYLOV EMIAEOV TOV PaotroV. YO auTtég Tig ovvOnreg, Eavaimohoyiote To
uéoo CPI avtig g pipeline, naw Poeite mO00 YO1Y000TEQOS €lva avTdS 0 emeEeQyaoTig Ao
enetvov T doxnong 10.3.

Aoxnon 10.5: Méco CPI EncEeoyooti) Superscalar ue Opoysigic.

Ou onueowvol (uxQo-) eMEEEQYOOTES TOV EUTOQLOV YQNOLUOTOLOUV TOCO TNV TEYVIXY TNG
opoyelptag (pipelining) mov eidape TOQATAV®D, OO0 RAL TEYVIXES EXTEAEONG TTOMAOITAWDV
EVIOAMV TOVTOYQOVA --0VVI|OmG Ue TN Lod1) mov amoxaheiton "superscalar". OewEnote éva
tétolov emeEeQyaoti) mov oe xdBe nOxAo oloylol dwafPdler (fetch) amd ™ pvhun Tig
té00€eQelg (4) emOUEVES EVTOLES, nOL EXTEAEL TAVTOYQOVA (EV TAQOUAAAW) 00€ES ATO AVTEG
elvan aveEdomteg peta&l tovg. To péoo CPI evog tétolov eneEeQyaoti| eivon 600 Ba ftav pe
¥0NOoM opoyewtag novo (ywelig superscalarity), Omenuévo Otd to péoo mAnBog tavtTdEOVa
EXTEAOVUEVV  EVTOMDV, O€0OUEVOU OTL TMEO O %ABe %UXUAOG QOAOYLOU TOU TEQVAEL
"yoemMVeTOL" 0 OAEC TIG TOUTOYQOVO EXTEAOVUEVES €VIOAES, doo otnv xdbe evtoln
YOEDMVOVTOL OVTIOTOLYO AMYOTEQOL ®UKAOL QOAOYLOU (AryooTtevovv oL cycles per instruction --
CPI).

Ocewenote OtL ®dvouue Tov emeEeQyaotn ™ doxnong 10.4 superscalar, ot ag moUue YLd
amAOTNTO OTL AVTO YiveTal Yweig va ahldEovue tqv doun g pipeline Tou xow ywEIg va
ohGEeL TO QOMOL (otTnVv mEAEN dev eivon €tor). Edv to péoo minbog tavtdypova
eEXTEAOVUEVOV aVeEQQTNTWV eVIOADV elvon 1.4 evtolég, ToTe mowd Ba elvan to péoo CPI tou
véov emeEepyaoti); [1600 yonyopdtepog Ba elvar avtdg amd exelvov tng doxnong 10.2(a),
OO0 aItd exelvov g doxnong 10.3, xal 106co amd exeivov g doxnong 10.4;

Toomog [Magddoons:

Kdévte tnv amii) avti] doxnon amnd toed, Y& vo v €xete €touun, mo' Ot Ba v
ToQadMmOoeTE Aiyo aQyoTeQa, Lol pe v emdpevn oelpd aoxnoewv. O 106mog oeddoong Ha
elvaw on-line, oe pood” PDF (uovov) (wrogel va elvor xnelpevo unyavoyQopnuévo v/xou
"ORAVAQLOPEVO" XELROYQOPO, AAAG uovov oe poodt PDF).
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