Exercise 8: Single-Cycle RISC-V Implementation (U.Crete, CS-225) 30/03/2021, 20:49

HY-225: Ooydvwon_Ymohoylotov Tu. En. Ynohoywotov
AvolEn 2021 © TTavemotiwo Koftng

Aoxrnoeig 8: Mio Anhy Yrhomoinon tov RISC-V
oc 'Evav Kixho Poloyiot avd Evroli

2nAvte TV £wg Agutéga 5 Amoihiov 2021 (B9. 8.1)

Biprio: (o) [Tooonpaouévor apiBpol: Awafdote v §2.4 (oehideg 127-134 oto EMAnvind Piiio, pp. 74-81
010 Ayyhxo), wmow Eovabupnbeite 1o Egyaotfhoww 6 g Yndiaxhg Zxediaonc. (B) YAomoinon
EmeEegyaotn: Awfdote v §4.4 (oehideg 374-389 oto EAAnvixd Bipiio, pp. 251-262 oto AyyMxrd):
emITEO0OETWG, oL evoTNTeS 4.1 - 4.3 (0€h. 356-374, pp. 236-251) TEQLEXOVV ELOAYWYIHO VMRS, ONOLHO YLdt
™V 0y ®ATAVON O, alld vIegrallTTOVTIOL, 000V adoQd TNV Texrt exudOnon, and v §4.4. (y)
Immediate fields in instructions: oyetixég eivar oL oehideg 113-121 tov Ayyxot Piiov.

Ze outd to de0TEQo PEQOg Tov pabfuatog Bo dolue mg vhomoteitan o vArd (hardware Yndroxd
wurhopota) évog emeEepyaotic RISC-V pe évo ovimmQoowmmeutind VIToGUVOAO TV EVIOAMDV TOU
mooypotiwov RISC-V. Eextvape, o auThv €dm TN 0Ll 8 ONUELDOEWVY ®OL QOXTCEMV Ue U TTOAD oIt
vhomoinom, avdroyn exelving Tov amhot vmoloywotr) Tov padfjuatog e Wneoranng Zxedioong, dmov
OMheg oL evtolég exteholvToL o€ évav (pev) novov x0rAo QOAOYLOV, 0 0Tol0g OUWS elval TOMD uaxovc
(LeyGhn mepiodog pohoylol = xreT ouyvotnto goloyot). Omwg xal téte, o yoelaotoiue To MetonTi
ITooyodppatog (PC - Program Counter), T Mvijun Evitoh®dv (Instruction Memory), tn) Mvijun Agdopévarv
(Data Memory), wédv Movada vt tig Aguiunuréc & Aoywég ITpdEeig (ALU - Arithmetic-Logic Unit), xa
1OUTTO00VS TTOAMVTAERTES (OvTl %o TOV Bus, mov ofuepa omovimg xenolpomoteitar): ot 0€o1m tou evog,
to18, ZvoomEeuth (ACC - Accumulator) Ta Oa €youpe d puxEn (xou Y yoen) Uviun pe tovg 32
NOTOYWONTES —EERLVANE PE AVTV.

i , , lRegWrite WriteData

8.1 Iolvmopro Agysio Katoymontmv = 64

- RS ?5959
Omwg  Oheg  ov  pviAues (893 Wnpuoxig | 5 |
Zyediaong), £tor wow  tOo  aQyelo  Twv |3 64
xatoymontdv (Register File - RF) amoteleiton | @ 01—/ -IdEn ﬂ| register 01 (x1) ck
ot pavtalmtés —edm ag vobéoouvpe flip-flops— o T
ooyavmpuévo o MEelg (rataymEnTés), pe évav § 64
amorwowomomt] yud Tic devBivoelg na | o 64
molvmhéntes Y& TV avdyvoon. Ouwg, Moyw 10—~ 4| register 10 (x2) <"ik
TOU MrEol peyéBoug xzar TG emOLwnOUEVNS | © T
vymAfis Taxbmrag avtie TS urehs wving - | = 64
TOU  OQYEOV TOV  XROTAYWENTOV—  OTOUG 64
TEQLOOATEQOVS ONUEQLYOUS emegglgyamég auTod 11— ——] registe‘r‘ﬁ (X3)<ﬁk

OMAad” mpoodégel T duvatdINTa TOALATADY
TAUTOY0OoV@WY TQOOTEMAOEWY, O TOMATAES rsi
MEeig, oe avbaigetes, aveEdotnteg dievBivoelg 6411

N né0e pio. Epeic 0o yonowwomomoovpe éva { ReadDatat
ToimoeTo apQyelo xkatoaxwENTOV, mov emtoémel OMAadn Toelc (3) TavTOYQOVES, aveEdoTnTEe
mooomerdoelc: d0o avayvmoelg, xou pio eyyoadr. To rixhoua evog tétolov Agyeliov Kataywontov
datvetor oto oyfua dimha, LOVO YA Vo XwEAEL Ol VOUE LOVOV TOUG 4 TQWNTOUS ROTAYXWENTES, AVTI TV
32 mov éyeL 0 RISC-V. Onwg »ow to Bifhio, vrobétovpe 6tL pridyvovpe 64-pmrto RISC-V, doa o %0
1OTOYWENTNG €lval 64-pumtog. Ze avth) TV vAomoinon Tou evog #UxAov QOAOYLOU avdl e€VTOAT],
YOELALETAL OL RATOYWENTES VA ElvaL AXPOTTVEOOOTNTOL, OV %Ol OTOUS TRAYUATIXOUS EMEEEQYQOTES (UE
opoyewta (pipelining) wov Ba dolpe petd) avtot aguetl va eival amhol povTalmtés. O raTaywENTNS VT
0QOpOV pndév eivor ednodg, 6mwg Eégovue: dev yoerdlletar flip-flops —vhomoleitar cov 64 olouota
velwong, Omwg delyvel To oYU OTO EMAVD pPEQOGS, adol mavtote Otav Tov OwPdlovue Olvel
meQLEOUEVO UNdEV.

vhomote{tal o€ poQdT TOAMITOQTNS UvNUNS, J(

INé va dwpdoovpe (emmAéEovpe) évav amd toug 4 7 32 nataywentés, Omwg o€ xGOe pviun,
YL oNaoTE Evay 64-pmito ToAVTAERTY 4-0¢-1 1) 32-0¢-1, 0 omoiog puowrd yeedletar 2 1 5 elod6doug (2
7] 5 bits) emloyng Y& va tov Aéve mowdv amd tovg 4 1 32 natoywontés Oélovue va dofatovpe
(emmAéyovpe) »dBe oty avtd ta 2 (oto oyxnua) 1 5 (otov RISC-V) bits eival 1 devbvvon avdyvwons.
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Edv topa mpooBéoouvpe now évav Oevtego ovdhoyo moAVTAEXTY (64-pmto xow OUTOV), ROL TOV
eréyEoupe pe 2 1) 5 Ghha bits "dteBuvong" (mov €xouv ev yével OLohoQETIXT T OO TA TRAOTO., YWEIS
O VO OITTOYOQEVETAL LEQIXES POQES VAL TTAULQVOUV RaL TV (0L TI)), TOTE AvTOS 0 OEVTEQOG TOMUTAERTNG
Ba pag drafatel (emmAéyer) évav dAlov, de0TeQo natoywENTH amd Toug 32 (mov elvar v yével dAlog amd
TOV JOWTOV, YWEIS OUWS 1aL Vo amoxheletal neprég ¢pooéc va elvor o (dLog, edv étol doBotv ou dvo
devBivoelg avayvoong). ‘Etol ptidEape éva agyelo xataywontdv Airogtns Avayvoong (2-port read),
OnAad”, avéd mdoa otiyps), pmogovue va emAéyouvpe xou PAEmovpe, otig dUo (64-pmteg) €E600vg
dedouévov, Ta meglexdueva 8o olwvaNTote amd Toug 32 ®oTayWENTES (OLAPOQETIRMV 1] (OLwV, LeTaED
ToVG). Amd dmoymn xoBvotépnong, ol HV0 TOATAERTES HOVAEVOVV €V TTOQOAANAW —TavTOYQOVA ONAAOT—
noL 4o UEcO. 0To XEOVO MAG %ol WOvVo avayvoong omd povomogto RF, edd emtvyydvouvue 6vo
avayvmoeELS ovti pulog.

Tovutdyeova pe Ta TOQATAV®, €AV VITAQYEL Rl £VOS TOITOS armormdLkomomThg 2-0e-4 1) 5-0¢-32 (10(t0
Tov Aépe emeldn) ov 000 molvmAéxteg avdyvmong ®QUPBouV PECA TOUS %Al OO EVAV OITORMOLXROTIONTT)
dlevBuvong, nabévag), ol edv autOV TOv TE(TO ATOXMOLLOTOLTI] TOV YOYNOLUOTOL|OOVME Y& Vol
eléyEoupe ta 4 1) 32 ofpata evegyomoinong doégtwong (load enable) twv 4 7 32 xataymenTtdv, TOTE
TOUTOYQOVA HE TNV AVAYVOOT TV d00 ®rATAX®mENTOV, Ba LToQoUUE Vo €XOUUE kAL EYYQADT Ot évav
To(to (OapogeTivd 1 nou Tov (B0 pe Tovg Ovo mpwtoug). Puowd, m €Eodog 00 1 00000 tou
OITTORMWOLKOTIOMTY) OeV Y ENOoLoToLe(TaL, adol TuXOV eyyoadT otov x0 dev £xel navévo amotéheopa. Id
va. AeLtovynoer ®a0mg TEETEL 1) EYYQOPT], KAl VO LNV €YYQADPOVUE O RATOLOV RATAYWQNTH O¢ xdbe
w0OnAO QOAOYLOU, ®OTAOTQEPOVTIAG £TOL TO TOAOLE TEQLEXOUEVA TOV axdOUa kL ov Oev €xouue Timota
¥O1OLLO VOl YQAWOUE, XOELOLONOOTE %L £VOL CUVOMKO Ofjual EAEYYOV eYYQadTS, RegWrite, ov 6tav elva
unoév adgavomotel TV eyyoad yevird, o€ OAOUG TOUG ROTAYWONTES.

‘Onwg imape oty §4.3, 0 RISC-V éyel oe otabeom| mdvta B6on péoo oty eviolf) ta medio rsl wow rs2
TV RATOAXWENTOV TYNS KL OUOIMS TOV RATAYWENTH TRO0QLOKOD rd —0Tav ovTol VITdEYoUV. ARQPDS
outd Ta 1olo media TS eVTOANS elval oL elcodol "delBvvong" yid Tig Toeig moTeg Tou RF: 80 y1d Tovg
TOMTTAERTEG AVAYVONG, ®OL TO TOITO YA TOV amormOoToT eyyoadils. O eviolég mov dev éxovv
éva ) naw to 0o amd to mEedia rsl, rs2, amhdg dwfdalovv tov évav N rar tovg do "tuvyaiovs"
HOTOYWONTES TTOV TUYALIVEL VO VTTOOEWVDOUY exelva T bits dmolwv Ghlwv medimv foiorovtal otig 0€oelg
eXE(VES, ROl OTN CUVEYELD OLYVOO TV QUTH) T pia 1] ®aw TLg 000 avayvoodeioes Tipés. Avto eival ToyteQo
o0 TO VO TMEQLUEVOUHE TOMTO VO OITOXRMILOTIOLICOVHE TOV opcode YLl VO OLATOTMOOVUE €AV AOL
TOO0VG HOTOYWONTES XOELATOUAOTE XKL OTN OVVEYELR VO, Olafdoovpe udvov 6o0UG YRELALOUAOTE, £0TW
noL ENOPEMS o€ FAQOS TNG RATAVAAWONG EVEQYELOS YA TNV avdryvmon otav dev Toug yoewalopaote. Ou
eVIOLég OV Oev YRADOUV nOVEVA OTOTEAECU O xnotoywENTh Oa éxouv ofnotd To cuvolxd ofua
eréyyxou eyyoodic, RegWrite, doa Ba ayvoolv ta 5 bits tov mediov "rd" tng €vToAng, mov otnv
TOAYLOTIXOTNTA, O AUTES TIG EVTOAEG, elval "tuyato" xoudtt dAhov mediov.

8.2 Ofon tov bits Tov Xtadepmv Immediate otov RISC-V

[Aeire ypv mapdyoapo avty oav éva moagdderyua s aoxns "loté unv avafdlete yid run-time 0,1t
UTT0QE(TE va xdveTe o€ compile-time" udllov, maod oav xdtt mov meémel va OvUdoTe TiG AeTTOUEQELES
Tov]. OL TANQOodoQLES €dd RoépyovTal ammd TV §2.3 (ogh. 16-17) Tou eyyeordiov tov RISC-V, riscv-spec-
20191213 .pdf .

‘Onwg elyope del oty §4.3, ot00e0és "Immediate" vrdoyovy ota format I, B, S (ota0g0ég tov 12 bits) xow
J, U (otaBepéc twv 20 bits) Tov RISC-V. Ot popdpég B nan S elvan magarlayés e I mov amhog »opfouv to
12-pymto Immediate og 800 xoudtior EOXEWEVOY va. uévouy mdvto. oe otobegn Béom ta medio twv
wotoyoontdv. Ou B xow S elvor (deg petafld toug extdg amd 1o 6Tl 1 B yonoluomoleitor otig
dranhadmoelg (Branch), 6mov to Immediate12 mollomhaotdleton eni 2 mowv mpootedel otov PC, evib n S
¥ONOLUOTOLE(TOL OTIS €YYQodEs uviung (Store), dmov dev vdioyel TOALATAACLOONOS TV T XT|0M).
Avtiotowya, N poedn J yonoipomoteitor amd thv evtoAd] jal, 6mmov to Immediate20 mohhamhootdleTon el 2
sowv meootebel otov PC, evid M poeodn U (Upper) yonoipomoteitor amd Tig eviolég lui zaw auipe, 6mmov 1o

Immediate20 molomhaotéletan et 212 mow yonouomomoei.

Me dedopévo to mov péoo oty eviol] paivouy ol 0tafepég mocodTnTeg Imm12 now Imm20 6mwg eidape
omv §4.3, Oa mepipeve xnoveic ta bits Tovg va yoddovtor pe v "Gpuooroyixi" Tovg oelpd péoca otnv
€VTOM], OTtwg delyveL To mEMTO oyfua €dd, Tov dmwg Ba eEnyHoouvpe OUMS dev elval ovTd OV RAVEL O
RISC-V. Zta oyfuota moglotédvovpe ta 12 bits tov Imml12 wg ill, i10,... i2, il, i0 6mov ill elvar to
eQLoodTEQO onuavTird (most significant - MS) bit, xow i0 elvor 1o Ayodtego onpovtird (least significatn -
LS) bit. Opotwg magotdvovpe ta 20 bits tov Imm20 wg i19, il8,... i2, il, i0 émov il19 eivar To MS, nou i0
elvar to LS.
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I-format (addi,10aqy |i1]ito]io]is]iz]is|is[u]izlulio] r s 1 | funct3 | rd lop
S—format (store) litfio]io[is[i7]is|is| r s 2 | r s 1 |funce3|u|iz]i2]iu]io]op
ir1]ito] io | is iz ] ie | is i |i3|i2|ir|io
_ unct3 )
B-format (branch) b12|b11|b10| b9 | B8 | b7 | b6 rs 2 rs 1 fi b5 | b4 | b3 | 52| b1 |P
. . i19|i18|i17|i16|i15|i14\i13|i12|ir1 0] 19 | ig | i7 | i6 | is | ia | i3 | i2 | i1 | i0 . d op
J-format  (jal) 520|b19|b18|b17|b16|b15|b14|b13|b12|b11|b10| 9 | b8 | b7 | b6 | b5 | b4 | B3 | b2 | b1

L3 t Z t 1 ] ‘
- B —3 11
.‘.

sign extension

— + * H—F
- . . . - oo o o . } e ‘ é ’» It
&aa&&&é§@a&aaaa oo 8
Yy vy Yy Yy Yy Yy Yy vV Y VY VY VY Yy Yy Yy vy vy Y VYV VY YVY
b31 b30 b29 * * ¢ Db23 b22 b21 b20 bl19 bIS b17 bl6 bl5 bi14 bl3 bl2 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bO

amplifier, driving Iuryeﬁm—vm
1
|

Ta bits autd, petd and eméxtaorn mooonuov (§7.7), toododotovv ouviiBwg ) delteen elcodo b
oppnTurnc/Aoyrig povdadag (ALU) 6mou Tty medtn elcodo toododotel o nataywentig rsl 1| o PC. Ot
Peltiotomotioels autig TS TaEayeddov adoolv Wiaitego. emeEeQyaotés WwxrQol ®60TOVG, IOV O
(dlog aBpoloTig Hmoel va yonolomoteltan ®ot Y Tig mpdEels 0mwgs addi, load/store address, ®ou yié Tov
vohoyopd g detOuvong mEooeLopot twv branch/jump. Otav cupfaiver ovtd, N deltegn elcodog
ovtol Tov 08poLoTi| mEémel va TeodpodotnBel e 5 dapooeTinéc maparlayés Tng otabepi)c mocoTNTAC,
avaloya eGv 1 evtold] elvou thmov 1, S, B, J, /) U. 'Eotw 611 avti) 1 deltepn elcodog tov abpoloti
amoteheitan ammd to 32 bits: b31, b30,... b2, bl, b0 dmov b31 givar to MS, xaw b0 givar to LS. ‘Omwg delyvel
To oyNuo (LTAE YOAUIOTA), OTLS TEQLITTMOELS B now J 6mov amauteiton molhamhaolaopds el 2, »a0e bit i
moémeL vo. oMoBnoeL i B€0m apLoTeQd %ot Vo Tod0d0TIoEL TO OLITACVO TOV TTROG Ta 0.OLoTEQA bit b. OL
olMoOnoels avtég, xot oL mogailayés 0éong Twv Immediates B0 amoLTOVOOY AERETOVS TOAMVTAERTES OTNV
€toodo b31,... b0 Tov aboloti], 6Twg Palvetol 0to oYU Yl AmAdTNTO, TO TEWOTO AVTd oYNuUe dev
neguhapPdver tig evtohég U.

Avti v ™V mogomdve asthoixn)/otactntirny| tomobétnor twv bits twv Immediates péoo 0TI EVTOAES, O
RISC-V mopatneel 6t dev vmdioyel novévag Moyog o molhamhaotaondg et 2, 1 Ghheg petoxtviioels bits,
va yivovtor amd to hardware v xdfe $poed naw otov xdfe vOrAO QOAOYLOU TTOU YONOLUOTOLE(TOL £Val
Immediate, AL avTlB€Tmg apxel TOMA amd autd va Ta ®AVEL uia pood o Assembler xou va ta. Poloxel
érolpa to vAwmd (hardware)! To amotéheopo elvar 1 tomoBétnon Tov bits twv Immediates péoa otnv
eviolM) mov OelyvelL 1o deltego oyfua, 6mwg dNAadf opiCer o RISC-V. H tomoBétnon auth vau pev
potaler moQdEevn ®aL avoxoTtoUEV) OTov ovOQMmVO moQaTNENTH, TANY OUMS EAOYLOTOTOLEL TIG
€L0OOOVUS TTOAVTAEXTMV OV ATTALTOUVTAL 0T0 hardware, evdd TO %OOTOS TG Yud TOov Assembler eivou
pndauvo.

I-format (addi,10aq) |#1]i0] i8] i7]is|is|i|is[2]ulw] r s 1 | funct3 | rd |op

S—format (store) lit[io]io[islizlis[is| r s 2 | r s 1 |funct3 |i4]is]i2]i]iw]op

il 9|8 | i7 |6 | is | i4
B-format (branch) oi2lo10l 59 |68 | 57 | 56 | b5 rs 2 rs 1 Junct3

i3 2| il | i0 |il0

0,
b4 | b3 | b2 | bl |b11 P

Uot . . i19|118i17|i16|i15|i14|i13|i12|i11|i10| i9 | i8 | i7 | i6 | is | i4 | i3 | i2 | il | i0 v d op
—format (lui,auipc) b31|b30|b29|b28|b27 |b26|b25|b24|b23|b22|b21|b20|p19|b18|b17|b16|b15|b14|b13|b12

; . i19] io [ ig| iz | is | is | ia [ i3] i2 | i1 ] io|iro]irslir7]it6]irs]ir4]ir3)irz]iri - d .
J-format  (jal) 520|b10| b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | b1 |b11|b19|b18|b17|b16|b15|b14|b13|b12

amplifier, driving large fan—out \J J ‘v ‘

sign extension

EETEE IR

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 bl

= e

\
ASAAA

b18 bl17 b16 b15 b14 b13 b12 b11bI0 b9 bS b7 b6 b5 b4 b3 b2 bl bO

o
<

TTagoatnonote oe autd 1o delitego oyxnuo to eENg. Zuyrpivoviag ™ poodn (format) B moog v S,
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PAémoupe 6tL oty B Ta bits tov Imm12 elvoun 101 ohoBnpéva pia Béon apLotepd amd tov Assembler, doa.
éropua oty 0éom mov mpémel yid v eicodo b31,... b0. EEapéoels, onuelwuéves pe #itoLvo, amotehotv
ta e&ng: To MS bit, b12 = ill, mov Bo TEOPOJOTNOEL TNV EMEXTAOT TQOCTUOV, TOQOUEVEL TTAVIA OF
otafen) B€on —tNv 0QLoTEQOTEEN: TO bit dvTd TEOPpodoTEL TOALOUG anpoatés, dnhadi éxel peydro "fan-
out", doa asmoLtel evioyuon TEOXELUEVOU VO UV elvar oD ayd, doa Béhovpe va amodpiyoupe €EToa
TIOAVTIAEXTY] TIQLV TOV eVIoY LT ov Oa abEave tv nabvotéonomn (PA. HY-120 §12.8). To emdpevo bit, b1l
= {10, mov "exdudybnure" amd T B€om Tou MOYW 0QLOTERT|S OAioONONG, TomobeTelTAL 0T "vEVWOElTQ"
B¢om tov bit b0 mov elvon mévta 0, da TEQLTTO VO YOOAPTEL TNV EVTIOAT).

2T OUVEXELD, TOQATNONOTE TIg evTolég U: autég yonotpomolotv to Imm20 ota 20 "agiotepd" (MS) bits
Tov 0Boloth) (Tpdabeon yud TV auipe, amhd mEpaoua yi& v lui), doa, 6mwg Oelyvel To oxnua, To MS
bit {719 Tov Imm20 mpémeL vo. 0dnynOet oto MS bit b31 Tov aboloth, To LS bit i0 oto bit b12 Tov abgoloti),
evd ta vohowma 12 LS bits tov abgowoti), bl1,... b0, mpémel va. eivan 0. Tud Tig eviolég U, ta bits tou
Imm?20 TomoBeTovvTan oTig "puoloroynés" Béoelg mov Ba mepipeve navels.

Tha ®otdEte TN B€0m TV bits Tov Imm20 otV eviorf jal, poedng J: potdlovv TOAD avaratouéva,
oG M B¢om toug etvar 1 BéATIOTN OTaV TNV ovyxplvoupe pe T Béoelg Twv bits otig evtorég U noun 1.
TTowta mapatneovue 6t emeldn 1 evrolt] jal yonoiwpomotel To Imm20 molhamhaoiaouévo emi 2, To MS bit
19 tov Imm20 mpémeL va. 00 yNOel oto bit b20 touv aBgoioti], To LS bit i0 oto bit b1 Tov aboLoTh, ®.0.%.,
omwg Oelyvelr to oxnua. Topa Oelte ot (a) to bit i/9=b20, mov Bo ToQOPOdOTIOEL TNV EMERTOON
mooonpov, Peloxnetar otn otdvtaQ B¢omn yU' avtd To oromd, aploteed: (B) ta emdueva 8 bits, il8,... ill,
mov Oa TododoTiicouV Ta bits b19,... b12 Tov aboloth, foioxovtar oty axQPog idia B€omn dmwg xa
Ta bits Twv evtol®dv U ov todpodotoiv Ta (dia bits Tov abgoioth) (v) ta 10 LS bits Tov Imm?20, i9,... i0,
mov Ba Teopodotioovy Ta bits b10,... b1 Tov aboloT), felorovror otV axPag idia BEon dmwe xo Ta
bits Twv eviohdv I (xabwng nor Twv eviohdv S now B yid ta 6 apLotepd Tovg) mov TeohpodoToV Ta (OLo
bits Tou aBpototh »at (8) To éva bit i10=bll, mov megiooee, TomobeteltoL otnv xevi) 0o Tou i0 Twv
eviol®v I, 1) omola €dd elvau xevi) oot to b0=0 Aoy TOAATAAOLALONOD €T 2.

Me avti TV Tom00£TNoN TV bits TOV 0TABEQMOV TOCOTNTWV AOWTOV, OV eméleEe ondmua o RISC-V, ot
TOAMUTAERTES TTOV aTtaLtoUvVToL 0T deVTEQT €(0000 TOU 0BQOLOTH, YId Vo TQOPodoTHoOVY TO %AOE bit TOU
amd Ta Omola dradoeTind bits Tng evioing () pndév) amanteital, elvar avtot mov Gpaivovror oto deTeEQO
oyfue. ‘Onwg Prémovpe, yoetdLovror 31 mohvmhéxntes, amd Toug omoloug oL 25 eivar peyéboug 2-0e-1, 01 5
elvan peyébovg 3-oe-1, now évog elvor 4-oe-1. Avtol elvar moA0 owovouxdtegol amd to 1L Oa
yoeratovtav eav ta bits Twv 0t00eQ®Vv TOCOTNTWV £T0TONETOUVTO PECO OTIC EVIOMEG UE TOV ATTAOIXO,
dwooOnTrd "mpopovn" TEOTO TOU £0ELYVE TO TEMTO OYNUC. ZTO TQMTO €XE(VO OoyNua elyoue
toQOAEPEL, YIG amhdTHTA, TIC €VToAéS U. Edv dpavtaotoitue thoo 6Tt meguhopufdvuouvpe xon tg U, avtég
Ba mpooébetav plo axdpa ei0odo moAOTAEENS ota bits amd b30 éwg xnou bl. To amotéheoua Oa fltav 31
ToAVTAERTEG, X TV omolwv 11 peyéBovug 2-oe-1 (yid ta bits b30,... b20), 9 peyéBovg 3-oe-1 (yid Ta bits
bl19,... b12 non to b0), 7 peyéboug 4-oe-1 (Y1 ta bits b11,... b5), naL 4 peyébovg 5-oe-1 (y1d ta bits b4,... bl),
ONAadf ouvolxd onuovtind peyohitegol ToAUTAERTES At OO0 YQELALeTAL Ue TIS PEATIOTOMOLHOELS
TOmOBETNONGS TV bits TV 0T00EQMV TOCOTHTWV MOV *dver 0 RISC-V, éotm »an edv avtég pold.ovv oav
"avoxrdTmpa" Tmv bits.

8.3 Amho Datapath tov RISC-V Evog Kvzhov 0ohoyLot avd evioin

Baowd cog PonOnuo edd eivor ov dwoddveleg 8-12 xabhg xar ov avtiotouyes PLvteooromuéveg
daléEels. Emunrovoud, pmogeite vo dtofdoete omd 1o AyyhMnd Piio tig oehideg 255 emg now 260 (1
oxopa noL TG oehideg 243-251 tov Ayylxrot Bipiiov, 1| now 365-374 Tov EAAnvino(). Avtd ta datapaths
VAOTTOLOOUVY LOVOV £VOL AVTLTQOOMITEVTIXG VITOGVVOAO TV eVIOA®MV Tov Boaotrot RISC-V. Zto Biffiio, To
exel datapath vhoroiel povo pia evrodt load (tnv 1d - load double), pio eviol] store (tnv sd - store double),
utor evtoA) branch (v beq - branch if equal), xoL Té00eelg eviolés Tomov R, g add, sub, and, or (napio
eviolM] medEewv pe Immediate, naw xovéva diua). Ztig diaddveles Tov LabBNUOTog vIdEYEL %Al T
TEOPAEYN YA eviolés mpdEewv pe Immediate, wow Y1 GAheg TEElG dlorAaddoels: peQLrol dEOpOL o
Aelmovv yid T GApato emadpieviol wg aoxrNoels €0 TaQArATO.
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8.4 Opcodes xou T tedio funct3 xou funct7 orov RISC-V

Ouunbeite amd v §4.3 6tL 0 "Paowrds" opcode Tov RISC-V, deEld oe »abe evioht|, amoteleitor amd 7
bits, ®aL xa00QITeL TNV naTnyoQia, doa »at To format, TG EVTOAAS —xOL VLG TIg eVTOAES e format J/U o
™V Ot Ty eviohd). T epdic mov eEetdlovpe povov tig 32-pmites evrtoiés tov RISC-V, ta do deEdTepa
bits Tou Paowxot opcode eivar whvta "11". O wAHENg notdhoyog pe Tovg Paotxotc opcodes tov RISC-V
vrdoyer ot oehideg 103-107 tov eyyewoudiov riscv-spec-v2.2.pdf yid Omowov evdiodépetor €dm, ag
ovadpepBolpe otic Paowdteges HOVOV ammd TIG €VTOAES Tou —Oeite xal Tig dwaddveleg 14-16 Tov
OLoAEEEWV.

2to format J/U, mov éyeL povov tov Paomdv opcode, umdQyovv toels povov evtoiés otov RISC-V, ou
yVvootéc pog jal (opcode: 1101111), 1ui (opcode: 0110111), xou auipe (opcode: 0010111). Adpot yid Tig 32-
pnteg eviolés o Paowds opcode (tav 7 bits) éyel mdvta tor d00 deELd Tov bits = 11, Tov "meguoceouv 5
"yofiowua" bits, ONAadf 32 ovvdvaopol. Amd autols, oL téaoepels (4) Tng poedng "xx11111" dnhovouv
eviolég peyéboug 48 1) megLocoTémy bits, dAlol toels (3) elvar yud tig eviolég pe format J/U mou poALg
elmope, aAhou Toelg (3) elvan xpatnuévol yid pelhovtinr xofon (reserved for future use - RFU), téooegelg
(4) kol elvar apnuévol yLd eldrég, LOLWTIRES YoM 0ELS (custom/proprietary use), ®0lL ETTOUEVIG OITTOUEVOUY
dexaontd (18) andpo Paocirol opcodes OV VIOONADOVOUV ®ATNYOQ(ES 32-WHUTOV EVIOADV UE T
vrohouto formats, I, B/S, now R. And avtoig toug 18 evamopévovieg Paoikoic opcodes, evOladpEQov YLa

euag €xouv oL eENg €EL:

e Opcode=0000011: evrolég load (I format): o autd to format, o faoirdg opcode emextelveTal e T
3 bits Tov mediov funct3. Ou 7 and toug 8§ ovvovaouolc avtov tov mediov elvour ev xoNoeL oTOV
RISC-V, »nai 0giCovv tig €ENg evtolég load: 000: load byte (Ib), 001: load half (1h), 010: load word (1w),
011: load double (Id); 100: load byte unsigned (Ibu), /0I: load half unsigned (lhu), //0: load word
unsigned (Iwu). ITagatnofote 6tL TOo pev agLotegd bit tovu funct3 dnhdvel signed/unsigned, ta de
000 0eEld dnhvouvv 1o péyebog TG MOOHOTHTOG TTOU UETOMEQETAL OO TN UVAUN OTOV
HOTOYWONTH).

e Opcode=0100011: evrolég store (S format): opoiwg pe to format I, o Paocirdg opcode ementeiveton
nou €d@ pe Ta 3 bits Tov mediov funct3. O 4 amd Toug 8 cuvdVAoHOUg autol Tov mediov elval ev
yonoer atov RISC-V, xow 09ilovv Tig €Efg evtolés store: 000: store byte (sb), 001: store half (sh), 010:
store word (sw), 011: store double (sd). [Tagatnenote 6TL awtol oL 4 ®wdreg funct3 elvor axQLPmg
(9oL pe Toug avtiotouyoug YId T eviohés load yud data wdiov peyéOouc: 1 opolopoQdio amhormoLet
T ®urhopoto. Yrevlupiletonw Tl ou evtolég store dev yoeldlCovtal magarhayh unsigned, dLoTL
voadovv otn uviun uovov 6oa Bytes 0pilel to péyeBog Tov teheatéov, dQa Oev To EMERTE(VOUV
0QLoTeQd 0UTE pe undevird oUTE e To bit TQooT|Hov.

e Opcode=1100011: evtorég branch (B format): opoiwg pe ta formats S xow I, o faowrdg opcode
ementeivetol xoL edm pe ta 3 bits Tov mediov funct3. O 6 amd tovg 8 GuVOVAOUOVS CUTOU TOU
mediov elvan ev yonoeL otov RISC-V, nou 0gllovv Tig €Efg eviolég branch: 000: branch if equal (beq),
001: branch if not equal (bne); /00: branch if less than (blt), /01: branch if greater or equal (bge), 110:
branch if less than unsigned (bltu), //1: branch if greater or equal unsigned (bgeu). [Tagatnenote ®ou
edm TIg opolopodies: To deELd bit Tou funct3 emAéyel T OgTnf) ouvOnxn 1| v dovnon g, To
pecaio bit emAéyer ovyrolon signed/unsigned (mov Y& v w0oéTYTO dEV OLopéQOovV UETOED TOVG
oo mepLTTeVEL 1 OeTEQRT), ®OL TO AQLOTEQD bit ONADVEL 0TY*ELON LOGTNTAS 1) AVICOTNTAC.

e Opcode=0010011: evroréc medEemv Immediate (I format): opotwg pe Tic mponyoleves natnyooleg
EVIOAMDV, 0 Paowrdg opcode ementelveton xow ed® pe Ta 3 bits Tou mediov funct3. Ou 8 cuvdvacouot
ovtol Tov mediov o0gilovv Tig eENG eVIOorES aQLOUNTIROV/AOYIXRGDV TRAEEMY PETAED RATAYWENTH
nou 0T0.0eQNg mooodTNTas Imm12: 000: add immediate (addi), 010: set if less than immediate (slti), 011:
set if less than immediate unsigned (sltiu); /00: exclusive-OR immediate (xori), //0: OR immediate (ori),
111: AND immediate (andi); 001: shift left logical immediate (slli), /01: shift right immediate (oe d00
mogohhayég). Tlagatnenoete Tig opolopoedies otov ®wOwd funct3 pe v emduevy xoTnyoQio
EVTOADV.

e Opcode=0110011: evtoréc mpaEemv Register-to-Register (R format): oe avtd to format, o facirdg
opcode emexteivetal nat pe Ta 3 bits Tov mediov funct3 xow pe to 7 bits tov mediov funct7. Me Oha
outd ta 10 emthéov bits, vdoyel TANBmoea cvvdvaoumv dtadéopwy yud eviohés pe format R, éva
uxQd 10000Td Qtd TOVg Omolovg eival ev yonoel amd tov Paowd RISC-V, evd or vidlowmol
TAQAUEVOUV OLAOECLUOL VLA TIS TIQOAUQETIXES EMENTAOELS. O avadEéQOovUe UeQIROUS Atd TOVG
OoVVOUOOUOVG, TQORELUEVOU VO TTOQOTNQTOETE TIS OUOLOMOQPies otov %xwOwmd funct3 pe v
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TQONYOUUEVY RATIYOQ(OL EVIOADV, RABWC ®aL TN XENON TOv ®wdwmol funct? cav emérTO.ON TOU
funct3 Y& opoeldelc voTNyoQies EVIOMMDV:
o funct3=000: aQOunTnés medEels: avtég dladogomolotvtar UeTaED Toug pe Pdom To
funct7: 0000000: add, 0100000: subtract, 0000001: multiply. [Tapatnofote 6T M mEdGBeo
oo ™V odaigeon dadpogorolotvtal pe To 0eTeQo amd aLoTeEd bit Touv ®WOWOV funct7,
TO O70(0, TOQEWUTTOVIMG elvar axQPas to (0o pe to ofua eréyyov "add/sub" tov
wVRADOUOTOC TOooHabhapéty mov eiyape del otnv Wnoraxn Zyediaon.
o funct3=010: set if less than (slt), funct3=011: set if less than unsigned (sltu); funct3=100: Xor,
Sfunct3=110: or, funct3=111: and; funct3=001: shift left logical (sll). Z& OAeg auTég TIG EVTOLEG,
To pev funct3 eival to id1o pe exelvo g avitotolyms evroiic Immediate, To e funct7 eivan
"0000000" y1& 6heg TOVG.
o funct3=101: deELéc ohoOoels: avtég dapogomotovvrar petad toug pe faon to funct7:
0000000: shift right logical (dnA. unsigned), 0100000: shift right arithmetic (dnA. signed).

e Opcode=1100111: evtohAy| jalr (jump-and-link-register) (I format): oe autiv to funct3 etvar 000, evod
ot virdhowtot 7 ouvdvaouol TLumv Tov funct3, pe avtdv Tov opcode, eV QNOLULOTOLOTVVTAL.

TTagoatnenote mé6co ol ol opcodes / function-codes yid cvvadeic/opoeldeic rotnyogles eviolmv, 1 Yid
eVIOAEG aUTES nabevotég, podlovv petald toug, m.y. diodéoouvv moMAES Ppopég »atd éva poOMS bit:
tétoloL opcodes elvar yertovixol oto Xdaotn Karnaugh, doa odnyolv oe amhomowioelg oto ®ninhwpo
EAEYYOU, IOV ONUOLIVOUV LtxQ0 xaL yO1y000 RORADUOL.

Aoxnon 8.5: To Zvvdvaotuxo) Kvxhouo Eréyyov

Aol Oheg oL eviolég oty mapooo asthi] VAOToinom extelotvton og évav povov (alrd aoretd poni!)
©0nho QOAOYL0V, 0 Eheyyos Oa eival Svvovaotixd Kinhwua, povov: ol €£000i tov (ta ofpata ehéyyov)
0o eEagtdvror amd ™V teéyovoa Tuf Twv €06dwv Tou (opcode, funct3, funct7), dnhadn amd v
TQEYOVCO. EVIOAT] ROL HOVOV, IOV TNV EXTEAOVE OTOV TOEYOVTO XURAO QOAOYLOV, KL OYL 0TtO OLOdNTTOTE
mAnoogopta. amd Tto maeABOV, OMAadY amd moonyoluevoug ®rUxAovg Qohoylol OnAadi amd
TIQONYOUUEVES EVTOLEG.

Agite v dwaddveln 13 tov dwwhéEewv. Ta ofuata eréyxouv (§Eodol tou xuxhduatog eléyyov)
onuerdvovtor pe xoéuxwvo. To ofpo immMd (immediate constant Mode) Oa to ayvorjcovue o€ avti v
Aoxnon: autd mEETEL vo. eAEYEEL TOUGS TOAVTTAEXTES TG §8.2, TOQATAvV®, 0AAG O€ auTi] TV doxnon dev
B8éhovpe vo pmotpe oe toom Aetropépeto. Amd to vrdroma ofporta ehéyyov, o damotmoete OTL, e TG
vro0£0ELg QUTAHG TG AorNONS, OAa exTOS 0Itd 10 eEagTdvtol TeMxd amd Tov faoind Opcode rat pOVOV,
nou Oy artd ta funct3 xow funct7. To medio funct3 to yeerdlovtal povov oL evtoiés dtonladmwong yid to
oo peSre (to branch or not to branch) xow 1 ALU y1é To T medEnN axgidg vo ndver —ofjpo aluMd: yid to
tehevtaioa vtd ofua, xeeatopaote o to medio funct7. Ou eviorés mov Oa vhomowoete o qUTH TV
doxnon, xol ot vroéoels yud ta Opcodes/funct3/funct7 tovg —xou Wdiaitega yid to Tt Ba xavoupe yLd Tovg
VIOAOUTOVS OUVOVACUOUS AUTMOV- £Y0UV WC EENG:

e lw (load word): Meta&0 twv 5 evtohdv load (1w, 1h, b, Thu, Ibu) tov 32-pumrtov RISC-V (vmobétovpe
32-pmuto og auti) TV donnaomn), epelc Bo viomoroovpe poévov Ty load-word (Iw), #at pdloto yié
Oheg TG dhheg —dhhec Tuég Tou funct3, andpo koL TUHES TTOU AVILOTOLXOUV OF LI OQLOMEVEG
evtolég (undefined/reserved)— epeig Oa tig PAémovpue cav Iw xow Oa exteholpe eviolf) lw. Avtd
wooduvapetl pe ayvonon tov mediov funct3 6tav Opcode == 00.000.11 (tov onpatodotel eviolég
load).

e sw (store word): Meta&U twv 3 evtoAdv store (sw, sh, sb) tov 32-pmrtov RISC-V, eueic Oa
vhomojooupe Povov v store-word (sw), zoL LAMOTA YA Oheg Tig dhhec —AMhes TLHES TOU funct3,
OxOUa RO TLUES TTOV OVTILOTOLKOUV Og U oQLopéves evtolég (undefined/reserved)— epeig Oa Tig
PAémovpe oav sw kot Bo extehoUpe eviolf] sw. Autd 1ooduvapel pe ayvonorn tov mediov funct3
otav Opcode == 01.000.11 (Tov onpotodoTEL EVTOAES Store).

o Awnxhadooers: MetoEL twv 6 eviol®v branch tou RISC-V, eueis Oa vhomotjoovue povov g 4
OV %RAVOUV TQOONUOOUEVY oUyxoLon. Ztn Béon twv o dAMwV mou %Avouv ampdonun
o0Y®QLo1, ®0Bmg xow otg dvo megurTtdoelg 6mov to funct3 eival undefined/reserved, epeis Oa
ayvoouue ™) dadoed xnow Ba névoupe mpoonuacouévy oyxoLon xot tdAl. Tnv olbyxoion Oa v
ndvoupe péow adaipeons (rsl)-(rs2) omv ALU, vmobétovtag OtL dev mpoxraheltar vmegyelion
1aTd TV adaigeon —xdTL oV Evag TEayuaTndg eneEepyaotis dev Oo émperne va To vto0ETeL naL
ayvoel. ‘Etot, oL evtohéc dlanhddwong mov 0a viomotoouue O eiva:
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funct3==0x0 =beq funct3==0x1 =bne
funct3==1x0 =blt funct3==1x1 =bge
e Zfuo peSrc: autd xabopiler edv emduevn evtohf) Ba eivaw M "omd xdtw", N wd GAhn Omwg
ovppaiver yid tig emmTuynuéves dtorhaddoels (von Yid ta Ghpoto, ohAd o avti) THY doxnon dev
0a aoyolnBolpe pe dhpota). H nevrtowi povéda ehéyyov ("Main Ctrl" oto oyfuo) oviyvevel eGv
moonerTton Yid eviolt) danhddwong, émote Opcode == 11.000.11. Ze avti) TV megintwon avafet
to ofua brOp (1 bit). H devtegebovoa povdda eléyyov daxiadmdoewv —"br ctrl" oto oyfuo—
o6tav xou pdévov 6tav brOp==1, daoeL tov mediov funct3 ra tTwv eE6dWV zero rau sign tng ALU,
moémeL vo. amopooioel edv 1) dlonhadwon elvan emTuyng ®ow TOTE va 0TE{(PEL TOV TOAMTAERTY ATd
™V TAevEA peSre=1. YmodelEn: n Avon vrhoye oxedov tolur oto xUAxwpo eAEYYOU Tov "ATAOU
Ymohoyioti)" Tov pobiuatog te Pnoronng Zyediaong.

o IlpdEeris pme Immediates: MetoE0 twv xdumoowv tétolmwv evioddv tou RISC-V, euelc Oa
vhomotfjooupe udvov TQeig, xot 0o avTraTaoTooUE OAES TIC VTTONOLTES e TV Paoxt] oo Tig
toeic, v addi, wg €Efc: Otav Opcode == 00.100.11, dnhadf| mpdEeig ue Immediates, TOTE:

funct3==110 =ori funct3==111 =andi
‘Ohol oL vrdloutol ouvdvaopol Tov funct3 =addi

o TlpaEeis Register-to-Register: Metal tov zdumoocwv tétolwv evtoddv tov RISC-V, gueic Oa
vhomotjoovpe LOVOV TEVTE, ®oL B0 AVTLRATAOTIIOOVUE OAES TLS VTTOAOUTES L€ TNV Paoixi] HETAED
Tovg, ™V add, wg eEfg: ‘Otav Opcode == 01.100.11, dnhadf) moGEeg register-to-register, TOTe:

funct3==110 =or  funct3==111 =band  UE OLAONTOTE TLU1} OTO funct’
funct3 == 000 »ou: funct7==0100000 =sub funct7==0000001 =mul
‘Ohot o1 vrdhowutol cuvdvaouol Twv funct3 #ow funct7 =add

e iua aluMd (4-pmro): mog' 6t Ba aprotoav 3 bits yid va eléyEouv Tig 5 mpdEelg mov Béhoupe,
€VTOUTOLS YL OTAOVOTEVOT TOU ®UXAMUOTOC VoBéote OTL 1) ALU eléyyeton omd 4 bits, 6wov T
0010TeQH EAEYYEL TOV TTOAAOTTAOOLOOTT, TAL OVO pecaia eAEyyouv Thv Aoywxi vopovdda (or, and),
%ol 1o OeELd eEyyeL Tov mpoobadaQétn, mg eENG:

aluMd==00x0 =add aluMd==00x1 =sub
aluMd==010x = or aluMd==011x =and
aluMd==1xxx =mul

e Sfua aluOp (3-pmto): o' 6t Ba aerotoay 2 bits Y& va ehéyEouv TS 4 TUQAXAT® TEQLITTMOELS,
evTonTolg YL OmAOVOTEVON TOU ®UxA®UATOS Ba yonolwomowoovue 3 ovopata Yl vo
n000dMyNoeL 0 xevigrt povada eréyyov Tnv devtegeovoa povada eléyyov g ALU, démou: to
aQLoteQd, otav eivar 0, onuaiver "ayvonoe to medio funct7"- to pecalo, d6tav eival 0, onuaivel
"aryvomoe to medio funct3"- naw to 0eELd eréyyel Tov mpoabadalpétn, wg ENG:

aluOp==110 = mEdEM register-to-register: ®dve 6,tL oov Aéve ta media funct7, funct3

aluOp==010 = mEd&EN pe Immediate: xdve 6,11 ooV AéeL To medio funct3
aluop==001 = QLo AGdWON: ®dve adaigeor, ayvowvrag ta medio funct?, funct3
aluOp==000 = GAAM evIOAT): ®dve mEOGOeD, ayvowvtag ta media funct7, funct3

Acxnon:

() Kartayodayte tov Ilivoro AAnOeiog ®ou 0T GUVEXELD OYESLAOTE TO XUARAWUO TNG REVTOLRNG LOVADOG
ehéyyov ("Main Ctrl" oto oxfua). Eicodog avtod tou xuxhdpotog eivar o Opcode (7 bits). "'EEodoi tov
elvan T onpatao: aluSre, rfSrc, mRd, mWr, rfWr, brOp, »ou aluOp (643 = 9 bits). Ot yoopupég Tov mivana dev

Ba elvon 128 (27) ahhé TohD MYOTEQES: AUTEG IOV AVTLOTOLYOUV OTLS €VTOAES load, store, branch, mpdiEelg
pe Immediates, TQGEeLs register-to-register, xaBmg xow pio emmAéov yoapun yud 6hovg Tovg vadlowmovs
oVvOVOOUOUG TV bits €l00d0v. T'd autovg Ghoug TOug VAIOAOLTOUS CUVOVOOUOUG, Béhovue va
eEaohaliocovpe 6Tl 0 amhdg avtds emeEegyaotig pog Oa Tig PAEmel xau Oa Tig extelel oav vo |oav noop
(no operation), dnhadi) dev Ba ypddeL Timota, 0UTe 08 raTaymENTH 0UTe ot Uviun (0UTte B mpoomabel
vo. dLofdoel amd ayvwoteg/tuyaies Béoelg pviung) —amhodg 8o avEdvel tov PC notd 4, mooywedviog
€TOL 0TV ETOUEVT) EVTOM] (YoMopomotfjote "don't care (x)" OOV popelte, dm). Bdoel avtol tov mivara
olnOeiag, oyedidote To ®OxAWUO QUTO YONOLULOTOLMVTAS TUAES not, and, or 00WVONTOTE ELGOOWV.

B) Kotaypdayte opoimg tov Ilivaro AlnOeiag xow ot ovvéyxeld oxedldote To ®OxAwpo Tg
devtegetiovoag povadag ehéyyov daxhadnoemv ("br ctrl" oto oyfua). Elcodol eivan ta onpata brOp,
zero, sign, xow 10 medio funct3 g evitoliic (3+3 = 6 bits): aElomoifjote evdeiEelg "x (don't care)" otnv
TAeVQA ELOOOMV TOV VAR TIQOKELUEVOV VO LELDOTE TO TTANO0G YOOUUDV TOV (OE(TE ROl TO EQYAUOTNQLO/
aoxnon 12 tov padnuatog g noronig Zyediaong). EO®, 1o ®ixnlwud cog emutoémetal va TeQLéyeL xol
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mOAeg xor (OBDG ®oL Evav TOAVTAEXTY, OV TOV TTQOTLUATE OavTl TOV 10odVVAU®Y Tov dV0 TVA®V and,
piag not, xow Wog or).

(y) Téhog, nGvte T0 (010 nOw Y& TV devtegeovoa povado eréyyov thg ALU ("alu ctrl" oto oyfua). Ko
edm, Uewmote To TANOOS yoouudy Tou mivaxra aindeiog afomowbvtog evdeigels "x (don't care)" otnv
TAEVQA €L0O0WV, ®OODOGS %Al YQOUUDV TOV TOTOV "vadhotol cuvdvacuol mediov...". Bdoel avtol tou
mivaxa alnBelog, oxedidote To vORAOUO AVTO XONOLUOTOLMVTOS TUAES not, and, or 00WVOTTTOTE ELCOSWV.

Aoxnon 8.6: IMeocOixn Twv Eviolav jal, jalr oto Datapath Tov evog Kivxhov

To datapath tov pabfpatos (dradaveres 2 xou 8-12 twv dtahéEewv) dev UmOQEEl VoL VAOTIOLOEL TV EVTOAT)
jump-and-link (jal - »Afjon Swadixaciag) ddTL dev éxer TedmO va yodper to PC+4 otov rataywonth
TQOOQLOUOV, 0UTE TNV €VTOAT jump-and-link-register (jalr) O1OTL, eumhéov, Oev €xeL 0UTE TEOMO Vo GEQEL
ATL IOV TTNYATEL OO ROTAXWENTES YEVIXOU 0XOTOV oarv emtdOpevT T tov PC. ' tnv jal, mogatnenote
otL ur) PC+4 vndoyel dn namov oto datapath, ohhd dev vmdyeL o 0pOpog Yid va. ¢ptdoel exel mou v
yoewalopaote. g v jalr, mogatnofote 6t n OedBuvon pviung oty omoia. auth xdver o
TQOXVTTTEL PE axQUPBDS TOV (010 TEOMO OIS L 101 VTTAQYOVO EVIOAT: UE oLdY ®aL TOLOG €lval O
T4TOG;

Zyedidote Tig ohhayég mov atautovror oto datapath tng dtaddvelag 2 TQOKELPEVOU VO LWTOQEL QUTO VO
entehel nwou TG evrorég jal nau jalr. Emiong, oxohdiote (o amho xelpevo) Tig alhoyéc mov Ba yoeiaotoiv
OTOV €LEYYO OL OTO OYETHA ONUOTA, YMWEIS ThVTMg Vo Tntolvior ahhayéc/mpoobfnes otovg mivoneg
alnBeiag 1 ota ®urAdpoTo Tou eMEyyYov.

Aoxnon 8.7: 1660 0.0y6 civon To 0oroT Tg Anls Yhomoinoncg;

2tV astAf) vAomoinom tov evog (Lor) ®xAov QoAoYLOU avd evioli Tng §4.4 tou Pifiiov, voBéote OTL
oL faoinég povadeg virot (hardware) éyovv Tig €Efg raBuotepnoels, | wabeuio:

(Kovon) Mvijun Evtohav: 500 ps

(Kovon) Mvhjun Aedopévov: 500 ps

Agyeio Kataywontov (avéyvwon): 300 ps

Agyeio Kataywontav (eyyoad): 200 ps

ALU: 400 ps (to (010 %ot oL a8golotég yud tov PC)
Zuvdvaotni] Aoyt EXéyyou: 200 ps

Avyvofjote tig n00voteQnoelg moAvTAert®V 1ol Tov PC

"Eotw OtL TNV Y00viri] otiyud] t=0 ps £0)eTon 1 oxput] QOAOYLOU TTOU EEXIVG TV EXTENEON TG TOEXOVOAS
evtoAc. Tote meite o€ MOLES XQOVIrES OTLYUES, 0TIV YELQOTEQN TEQITTMON, D0 elval £ynvQEeg ®aL ETOLUES
oL €ENg TLpéG 1) ofpaTa:

H evtohy.

Toa ofpoato eréyyou.

OL TLHEG TV ROTOYWENTOV TNYNG.

H éEodog g ALU.

O tipég PC+4 now PC+2xImm12.

H tpi) yié tov emdpevo PC (petd tov mohumhénty, oty elcodo tov PC).
H £E0dog g Data Memory.

H &eioodog Write Data tov Agyeiov Kataymontwv.

Oloxfipwon g Ty OV eyyoadns oto Agyeio Kataymontov.

=50 -0 a0 o

ZuvoMud, To QONOL (TToV €xeL oTabfe) oUYVOTNTO ROl TEQLOOO), TIQETEL VO TTQOOPEQEL XQOVO €MLK VLA
va. ohonAnowBel M yewodteon (agyoteon) amd T Aettovyleg mou Bfhovue vo xwEoUv oe évov
®OnhoQoAoYLOU. Bdoel Twv moQamdve amavtioemv oog, ol eivar M xewoteen; I1éco tovldyioto
Aoutdv Oo mpémer vo duapxel 1 megiodog (vnhog) Touv QoAOYLOU YA avtdv Tov emeEeQyaoty), o€ ns;
T160m, To oAV, emopévmg Ba umoeel va elvat 1 ovyvotnTa Tov QoAoyLov, oe MHz;

"Eotw 611 mpooBitovpe xou eviodt| dwaipeong, ) omoia xdver v ALU va. £xeL vaBvotéenom 4400 ps, avti
400 ps moomyovuévas. Tote, moon Ba yiver | péyiotn duvarti) cuyvotnta goroylol; I[looeg Ppopég mod
0QY6s OBa yivel TOTE OAONANQOG O VTTOAOYLOTH|G, ETELON 1) A Be EVTOAT], TTOV TTALIQVEL TTAVTA VAV OAMORANQO
w0nho QoAOYIOU, O apyel TOoEg HOEES MEQLOGOHTEQO OGO 1 CUYVOTNTA TOU QOAOYLOD E€lval Tha
XapnAoteon;
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8.8 Ilepi Xmoraing
Ynohoyotizav Iopmv

Areubuvrig
o Maogopév

AigvBuvifg

Awafdote Tig /re)»svt(usg V0 oehldeg TG o sguio o Nufozwy . Avbovific Tokv
§4.4 tov PifAiov (o€h. 261-262 oT0 L»ma e & g Yninpeoiov
Ayyhnd Bpiio): Ze avth Ty o S g A Fevixos
vhomoinom Tov evog (Laxe) ®0xAoU B : gy’ R N
00hoyLo¥ avé eviol), dmwg xatoldfate £ Wi | L Vrcitovos L
%a ogtd v doxnon 8.7, faocd, v > :  (Emxovwvioy E

1G0e oTLypn, uio uovo uovddoo. (m6Qog)
vAixov (hardware resource) SOVAEVEL, EVD
oL vroAourteg "wdBovtal", megimov oav
™V yoeoxtnolotxl dpwrtoyoadio deEid
— OL UEV MOVADES QLY OTtO QUTHV TTOV

e
‘3;

l'loi'nmtwrt]c
Npogumixod

eQydleton "ndbovtal" pe otabeég Tig . m
€L0OO0VG TOUG TROXELUEVOD VO RQATOUV £ medoviig
b Npocwmixol

otabepég Tig eE600VS Toug YId VoL
urooel vo. egydletal pe avtés oov
€Lo000Us 1 povada mov egydletal, ol O
LOVAdES ueTd OTtd QTN TTOV €QYATETAL
"véBovraL" Gmaryeg dLdTL oL elcodol
Toug dev €xouv otadegomnOel anduo
OTNV TEMXT), EYRVQT) TU] TOVG.

8.9 Ylomoinon Horrhamhov Kvzhwv ava Eviol), yia EEowwovounon Iogwv

To 6épo autd eueheTtdto €V EXTAOEL (ROl NTAV AVTIXEINEVO WKrQOD "project") o€ moAaLOTEQES EXOOOELS
oUTOU TOU HOBNUATOS, ROL VITNQYE ROL OTLS TEONYOUUEVES £xdO0ELS TOV PifAlov, adld dev vmdoyeL otV
4n éxdoon tov Pipiiov, mopoxreuévou va erunevigwOel To padnpa oty opoyelpia (pipelining), xow opoimg
nou epeis pérog to ol pape eEatpetind enitooyadnv. Aelte tnv doddvela 21 Tov padfpaTog xow T
oyetnn) OLdheEn yid wdv emyoappatiny moovoioon tov Bépatog: (i) Xoemnowwomootpe €vo QOAOL
nepimov 5 ¢popég mod Yo yoo: M "xewpdteon" evioli) (load) maigvel 5 nhxhovg Tov véou goroylol, doa
niegimov to (0Lo aEyN: oL dAdes eviolég maipvouv 4 1 naw 3 ®0xhovg Tou véou goroylol xabepia, doa
Myo méd vyofyooes. (ii) Kdévoupe owovouic otovg mdoovg vixol (abgowotég/ALU, uviuec),
ETOLVALYQNOLUOTOLMVTAS TLG HOVOILKES OYETINES LOVADES TTOV £XOVUE TMOQO, OELOTOLDVTAS TTQOS TOUTO TO
o "AETTOROUNO" ONUA KOOVIOUOU OV €YOUUE TOEOA, dONAadT TO QOAOL 5-mAdolag ovyvotntag. (iii) I'a
Vo TeTOXOVUE OL EVIOLES OLarhAdmong va Tehewdvouy o€ 3 polg n0xrhovg goroylol, moetoudtovue
(otov povadwmd abpoloth/ALU mov éyovue) tig Tipés PC+4 »ow PC+2*¥Imm 600 mud voeis pmoQoiue —
oW vo. paBovpe mold elvar 1 evtoAn (Y& to PC+4), nor mowv va pdbouvue €dv 1 evtoAn elvou
dronhédmwon 7 Oyt (yud to PC+2*Imm). Edv 0élete megioodtegeg emropégeles xow vAro, avotoéEte o
moonyotpeves exdooels tov PBihiov, 1 peletnote TLg onuewdoels tov pabfuatog tov €toug 2009,
evotnreg: 10, 11, xow 12.

Toomog Mogddooncg:

Kévte tqv doxnomn ovti) amd Toea, yid vo Ty €xete £touun, ahhd Ba Ty maaddoete Ayo aQyoteQd,
poll pe ™ oepd aoxfoewv 9. Etowdote v oe poodn PDF (uoévov) (umogel va elvar neluevo
N ovoyQadNUEVO f/znan "oravoQLopévo" xelpdyoado, alld Ba Ty magadmoete o poedpn PDF usvov).
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