Exercise 8: Single-Cycle RISC-V Implementation (U.Crete, CS-225) 17/3/25, 17:55

HY-225: Opydvwon_Ymoloylotov Tu. En. Yrohoywotmv
Avolgn 2025 © IMavemotno Kontng

Aornoeis 8: Mio Amin YAhomoinon tov RISC-V
oc 'Evav Kivxho Poloyiot ava Evioin

Az Ty 51 vty 8n efdopdda tov EEaunvou
YmevOOwon: n EEétaon [Tpoddov minoid.lel!

Biphio: (o) Yrhomoinon EmeEegyaoti): Awafdote tnv §4 .4, oehideg 319-332. EmumgooBétmg, ol
§4.1-4.3 (oeh. 302-318) meQLELOUV ELOAYOYIRO VKO, YONOLUO YL LAV OQYLXT) ROTOVONOT),
oAAG veQralITTOVTOL ATtO TV §4.4 600V adood TV TehxT) expdOnomn. (f) Immediate fields
in instructions: oyetwxi) etvou m §2.10 (oehideg 157-165).

2e outO To 08VTEQO PEQPOS Tov pabnuotog Ba dolue mmg vhomoleitow oe vMxO (hardware
Ynoroxd rurhopata) évog emeEegyaotng RISC-V pe éva aviummgoommeutind vmoovoro Twv
eEVIOAMV TOov maypotxo RISC-V. Eenwvdpe, oe autiv edm 1 0elpd 8 ONUELDOEMV %O
aoxNoewv pe d oAl amAl) vAomoinom, avdaloyn exelvig Tou amlol VTOAOYLOTI] TOU
naOnuotos g Wnoranig Zyedioons, 6mov OAeS oL eVIOAES exteLOTUVTOL OE €vav (UEV) LOVOV
©0%AO QOAOYLOU, O OTOLOg OUWG €lval TOAD uaxovs (LeydAn meplodog QOAOYLOU = WxEM
ovyvotnTa. ohoyot). Omwg o tote, Ba yeraotobue to Metonti Iooyodupatog (PC -
Program Counter), Ty Mviun Evtol®v (Instruction Memory), ™ Mviun Aedopévov (Data
Memory), wdv Movdda yid tig AoBuntirés & Aoywmés TTpdEeig (ALU - Arithmetic-Logic
Unit), ®ou ®GUT000VG TOAMTTAERTES (OVTL %0 TOV Bus, TOU 01)UeQA OTOVIMG QN OLUOTTOLELTOL)"
ot1 0€om tov evog, TotE, ZvoowEevth (ACC - Accumulator) tdoa Oa €xovue WA uxEM (now
YONYOQT) VI UE TOUG 32 HOTOYWONTES —EERLVALE LLE AVTNV.

iRegWrite 6 4J/tWri’[eDalta

8.1 IMoAvmogto Agyeio Kataymontov [ o Sy

I
Onwg  Oheg ov  pviues  (89.3  Wnduoxig 3 ﬁ 64
yedlaong), étor  naw  To  agyeio TV | 8o | IdEn ﬂ| register 07 (x1) 4
rnotoymontov (Register File - RF) amoteheitan | o I
om0 pavtolwtés —edm ag vmobéoovue flip- é EL 64
flops— ogyavwpéva oe MEeLS (roTaxwENTES), HE [ 2 4ol 111, ﬁ| reglster10 X2y dck
EVAV QITORMOLLOTIOLNTT] YA TIS OlevBUvoeLs ot |
mohvmhéxteg Y& TV avdyvwon. Ouwg, Aoyw |=
TOV WxEOU UeYEBOoUg %o ™G EMOLWROUEVNS

TOU  0QYElOV TV  RATAYWENTOV—  OTOVG
TEQLOCOTEQOVG ONUEQLVOVG EMEEEQYAOTES AVTO
vAOTIOLE(TAL 08 oY MOAVTOQTNS uviuyg,
Onradt mpoodégel ™ duvatodHTTA TOAAATADY
TAUTOYEOVWY TROOTEAAOEWY, 0€ TOAMATAES AEEELS, o8 avbalpeteg, aveEdoTnTeg dlevbivoelg
N ®d0e pio. Epeic Oa yonolpomojoovpe évo TImoeTo aQyelo ®RaTaymENTOV, IOV ETUTQETEL
onhadt toeic (3) tavtdypoveg, aveEdoinreg mpoomehdoels: OVO AvVAYVOOELS, RAlL W
eyyoadtn. To nixhwpa evog tétoov Agyeiov Kataywontwv daivetor oto oyxnua Oimia,
novo yid va xmodel Oelyvouue LOVOV TOUG 4 TOMTOVS ROATAYWENTES, VTl TwV 32 IOV €YEL O

VMg TaxdTNTAS QVTAG TNG UrETG MVANG — %
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RISC-V. Onwg »ow 1o PiPhrio, vwobétovue 6tL dpridyyvovpe 64-pmrto RISC-V, doa o »d0e
HOTAYWENTNG €lval 64-pwmtog. Ze auTi) TV VAOTOiNoN Tov €vOog ®U%AOU QOAOYLOU avd
EVTOAT], YQELALETOL OL XOATAYWENTES VO EIVAL AXUOTTVQOAOTNTOL, OV KOL OTOVG TTQOYUOTIXOVGS
emeEeQynoTég (ue opoyewpio (pipelining) mov B dovue petd) avtol aguel vo elvor arhot
LAvVTOAOTES. O raTayWENTNG VT aBUOV undév elvar eldrds, Ommg Eégovue: dev yoeldtetol
flip-flops —vAomoteitar cav 64 cvguata yelwong, Omwg delyvel To oYU OTO €AV UEQOGC,
adol tavtote 6tav Tov dafaouvpe Olvel megLeyOpevo UNdEV.

I'é va dwofdoovpe (emiéEouvpe) évav amd Toug 4 1 32 noataywentés, Ommwg o€ ®abe puviun,
Y0eL0LONaOTE EVvav 64-umTo TOAVTAERTY 4-0¢-1 1) 32-0¢-1, 0 omotog puowd yeeldleton 2 1 5
eLo6dovg (2 1) 5 bits) emAoyng yud va Tov Aéve ooV amd Tovg 4 1) 32 notaywoentés Béhovue
va dafdlovpe (emAéyovpe) ®dbe otypr| avtd ta 2 (oto oxnua) 1 5 (otov RISC-V) bits elva
N oevBvvon avdyvwons. Edv towoa mpooBécovue nal £vav 0e0TeQo avAAOYO TOAVTIAEXTY
(64-pmmto now avTov), ®ow Tov eAEYEove pe 2 1 5 dAla bits "detBvvong" (ov €xovv ev yével
OLOLPOQETLXRY) TUU OLTTO TOL TTRMTA, WIS ROL VO OITAYOQEVETOL MEQLRES HOQES VAL TTALQVOUV KO
™V (O L), TOTE QVTOS 0 0eVTEQOS TOAMTAEXTN S Oa pag draPdler (emhéyel) Evav GAlov,
0eUTEQO RATAYWENTT ATO TOVGS 32 (TToV elvon eV YéveL AAAOG OItd TOV TQWTOV, XWEIG OUMG %L
va amoxrhetetor peoués $opéc va elvar o tdlog, edv €tol doBolv oL o devBivoelg
avayvoong). 'Etor ptdEope éva agyeio xatoymontdv Airtogtns Avdyveoeng (2-port read),
onrady|, avd mdoa otiyu), umogolue vo emAéyouvpe ot BAEOVUE, OTIS OVO (64-umTeg)
eE000Vg  dedopévrv, TO TeQleXOpeva OO0 OLWVONTOTE ammd TOUS 32 %OTOYWENTES
(SrapooeTivmv 1 (OLwv, peta&l tovg). Amd dmoyrn xabvotéenong, oL V0 TOMVTTAERTEC
00VAEVOVV €V TTAQOANAW —TavTOYQOVA ONAAOT— oL AQA HECO OTO XQOVO WAS %ol WOVO
avayvmwong amd povomoto RF, edm emtuyydvouue 0vo avoyvmoels ovti uog.

Tavtdoypova pe Ta TOQATAVW, AV VITAQYEL noL £VAS TEITOS ATORMOLLOTOM TS 2-08-4 1] 5-
0e-32 (toi(to ToVv Aéue emeldn oL OVO TOAMTAERTES AVAYVMWONS ®QUPOVV UECO TOUG AL OO
gvav amoxmoromolnti) dievBvvong, xabévag), xoar edv QUTOV TOV TEITO ATOXWILROTIOLNTT
TOV YONOLUOTOLooVpE YId vo. ehéyEovpe ta 4 1) 32 onpato evegyomoinong ¢ogtwong (load
enable) Ttwv 4 1 32 xotaywEnNTOV, TOTE TAVTOXQOVO HE TNV OAVAYVOON TV VO
1OTOYWONTOV, Oa PTOQOUVUE Vo EYOVLE oL €YYQApT] 0e Evav TE(TO (OLadOQETIRG 1] RAL TOV
do pe tovg dvo mowtovg). Puowrd, M €Eodog 00 1 00000 Tov amOXWOLXOTOLNTY] OgV
YONOLUOTOLELTOL, apol TVXOV eyyoadt) otov x0 dev €xer ravéva amotéheopa. INd va
Aettovynoel o 0mMS TOETEL N EYYQODT], AL VA UMV EYYQAPOUUE OE RATOLOV RATAYWENTI OE
xdBe wOUAO QOAOYLOV, KATAOTOEPOVIAS £TOL TO TTAAOLAL TTEQLEXOUEVA TOU OROUOL %L OV OEV
EYOVUE TLmMOTOL YONOWO Vo yodpouue, yoelalopoote %L €va ouvolMxrd onua eAEYYOU
eyyoadng, RegWrite, mov 6tav elval undév adoavomoiel TV eyyQadpt) yevird, o€ OAOVG TOUG
HOTAY WO TEC.

Onwg elmape oty §4.3, o RISC-V éyeL og otabepr) mdvra 6¢on péoa oty evtoh] Ta medio
rsl %Ol rs2 TOV XOTAYWENTOV TNYNG RAL OUOIMS TOU RATAYWENTY) TQOOQLOMOV rd —OTOV
outol vTdEyouv. AxQIpmg avtd Ta Teilo edia TG VIOANG elvar oL elcodot "dtevBuvong" yid
TS teelg mopTeg Touv RF: 800 Y& tovg moAvmAéntes avdyvwong, xal To TE(To Yyl TOV
aroxmdroTomT) eyyoadns. Ot evtoréc mov Oev €xouv éva 1] now Ta dVo amd to media rsi,
rs2, AmAMG SLaPACouv Tov évav 1 xol Tovg OVO "TuXatoUs" RATAYWENTES OV TUYOIVEL VO
VIOOEWUVVOUV exelva Ta bits Omolwv dAAwV mediwv Poloxovror otig Oéoelg exeiveg, »oL 0T
OVVEYELD AyVOOUV avTi) TN o 1) ®a Tig 000 avayvmobetloes TLpéS. AuTto elvol Toy0TEQO Atd
TO VO TIEQLUEVOULE TTOMTA VO OITOXWOLXOTOL|OOVUE TOV opcode YLd va. OLOTIOTMOOVUE EQV
%Ol TTOOOVG XOTOYXWOENTES YOELLCOUOOTE RAL OTN] OUVEYELD VO Olofdoovue WOVOV O00UG
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Y0ELLOUOOTE, £0TW Rl EAADEDS 0 BAOOG TG RATAVAAWONG EVEQYELAS VLA TNV OVAYVMOT)
otav 0ev Toug yoewlopaote. Ov evtolés mov Oev YOAPOUV RAVEVO ATTOTELEOUA OF
rnotoymont Ba éxouv ofnotd o ocuvolMxd ofua ehéyyxov eyyoadrc, RegWrite, doa Oa
ayvoouv to 5 bits Tov mediov "rd" TG €VIOANG, TOV OTNV TQAYUATIROTNTO, O QUTES TLS
eVTOLEG, elvan "tuyato" roudtt GAlou mediov.

8.2 Ofon tov bits tov Xradepmv Immediate otov RISC-V

[Aeite Ty mapdyoapo avty oav éva magdoeryua s aoxns "[oté unyv avaPdliete yid run-
time 0,TL UWTTOQEITE va xAVETE T€ compile-time" udALov, maQd oov xdTL T0V TQETEL VoL QVUdOTE
T Aemrouéoetés tov]. Ov mhneodoLég edd mooépyovtal and v §2.3 (oeh. 16-17) Tou
eYyewLolov tov RISC-V, riscv-spec-20191213 .pdf .

Onwg eiyope det otnv §4.3, otabepéc "Immediate" vdoyovv ota format I, B, S (otabegéc Tmv
12 bits) now J, U (otaBepég Tv 20 bits) Tov RISC-V. Ou popdéc B naw S elvon mopahhoyég tng I
OV aTAWG ®OPoVV To 12-pmto Immediate o€ OVO LOUATIOL TTQORELUEVOD VA, LEVOUV TIAVTOL OE
otaBepn) B¢on ta media Twv xataywenTov. Ou B o S eivon ideg peta&l Tovg extdg amd 1o
o0tL N B yonowpomoteitan otig dtoxhadmoelg (Branch), 6mov to Immediate12 oAhamhaoldletol
et 2 moLv mpootebel otov PC, evd M S yonoluomoteital ot eyyoodég uvnung (Store), 6rmov
0ev VIdEYEL TOAAITAOOLOLONOS TIOLY T ¥0NOT. AvTioTolya, 1 poedn J xonopomoteitor oo
™V €vToAT jal, 6ov To Immediate20 wolhamhaordleton emi 2 moLv mpootebel otov PC, evo 1)
pnoodn U (Upper) yonowpomoieltor om0 T €vtoléc lui nan auipe, 0mov to Immediate20

nolharhaotdteton ent 212 mow yonowomomBe.

Me dedopuévo to oV péoa oty VIO wraivouv ov otabepég mooodTnTeg Imm12 »ow Imm20
omwg eidaue oty §4.3, Ba mepipeve xaveig ta bits Tovg va yoddovtor pe v "dpuotoroyixn"
TOVG O€LRA PHECO OTNV EVTOAT], OIS delyveL TO MEMOTO oyHua edm, mov dmwg Oa eEnynoovue
Opmg dev eivar avtd mov ndvel o RISC-V. Zta oyfpato magotdvoupe to 12 bits Tov Imm12
wg ill, i10,...i2, i1, i0 6mov i1l givon TO TEQLOOOTEQO OMNuavTivd (most significant - MS) bit, nou
i0 gtvon To Aydtepo onuavtind (least significatn - LS) bit. Opoiwg ogrotdvouue ta 20 bits Tov
Imm20 wg i19,il8,...i2, i1, i0 6mov i19 eivar To MS, %o i0 eivon to LS.

~

I-format (addi,1oaq)  |i1|i0] 9 |is iz |is|is|i|iz]i2]u]iw] s 1 | funct3 | rd |op

S—format (store) |i11‘i10‘i9’i8‘i7‘i6|i5| rs 2 | rs 1 |funct3 |i4’i3‘i2‘il‘i0|0p

i1]i10] 9 [ i8 | i7 | i6 | is i3] i2]it]io
_ )
B-format (branch) b12|b11|b10| 59 | b8 | b7 | b6 rs 2 rs 1 Junct3 b5 | bt | b3 | b2 | b1 |OP

. ‘ i19]i18]i17]i16]i15 ] i14] 113 112 i1 ]i10] 9 [ i8 | i7 | i6 | is | i4 | i3 | i2 | il | i0 . d -
J-format  (jal) b20|b19|b18|b17|b16|b15|b14|b13|b12|b11|610| 9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | b1

amplifier, driving large fan—out

sign extension ? ? T

T et eses sunus

b31 b30 b29 * * * b23 b22 b21 b20 bI9 bI8S bl17 b16 bl5 bi4 bi13 bi2 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bO

Ta bits avtd, petd amd eméxtoorn meoonuov (§7.7), Teopodotolv ouvinbwg TN OeVTEQN
el00do was agBuntnic/hoynis povadag (ALU) 6mov v momtn €l0odo toopodotel o
rotoywenTs rs1 1 o PC. Ot BeATiOTOmOWOELS QUTNG TG TOQAYQAdOV apoovV laitega
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emeEEQYAOTES UKQOV ®OOTOVG, OTTOV O (010G 0LDQOLOTH|C WTOQEL VOL YO OLLOTTOLEITOL RO VLG TLG
nmodEelg 6mwg addi, load/store address, ®ou Y& TOV VITOAOYLOUO TNG OLeVOUVVONG TEOOQLOUOV
twv branch/jump. Otav cvpPaiver avtd, n dedteen elcodog avtod Tou 0bpoLoTi) TEETEL VO
toodpodotnBel pue 5 dwapopetinég magarlhayés g otabepng TOoOTNTAS, AvAloYo €GV M
evtoAf] elvaw tOmov I, S, B, J, 1 U. 'Eotw o611 avti] 1 dg0tepn eloodog tov abooloti
amoteheltor amd ta 32 bits: b31, b30,... b2, bl, b0 6mov b31 eivar to MS, naw b0 eivor to LS.
Onwg deiyver to oyfjua (Wihé yodpuota), ot meQuTtdoel B xow J Omov amowtelton
moAamhaolaopog et 2, wd@Be bit i mpémer va oMoOnoer pior B€om oQloteQd noL Vo
TQ0Pp0d0TNoEL TO OUTAAVO TOU TQEOG Ta 0QLoTeEQd bit . Ou oloBNoelg autég, %oL oL
moQoilayéc B¢ong twv Immediates Oa arrouToVoOV 0EXETOVS TOAVTAEXTES OTNV €l00d0 b3 1,...
b0 tov 0BoLoTi], OIS GOLVETAL OTO OYNUA: YLd ATAOTNTA, TO TPMTO CUTO OYNUA O&V
meglhapuPavel Tig evrorég U.

AvTi yud TV moQamdve amhoinn)/datcOnTint tomtofétnon twv bits Twv Immediates péooa oTLG
eviolég, 0 RISC-V moatngel 0Tt dev vmdyel navévog MOYOS 0 TOAMOTTAACLOONOG €71 2, 1)
aAleg petaxtvinoelg bits, va yivovrar amd to hardware tqv xdfe pood xaL otov xdbe ®Hrho
00AOYLOU OV Yonotpomoleitol €va Immediate, aALE avTiBéTme arel TOMA amd avtd va ta
naveL ula pood o Assembler now vo tor feioxer étowua To vArd (hardware)! To amotéheopa
etvou 1 TomoB€Tnon twv bits Twv Immediates péoa 0TV eVIOAT OV OelyveL TO OeVTEQO TN,
omwg OMAadt opiler o RISC-V. H tomoBétnon avth vour pev powdler mad&evn ol
OVOXOTOUEVY] OTOV OvOQMIMVO TAQOTNENTY, TANV OUMS EAAYLOTONOLEL TIS €L0000VC
TOAVTIAEXTOV TTOV OTtoToVvTaL 0To hardware, evay To ®O0TOS TG VL& TOV Assembler eivaul
undauvo.

I-format (addi,load) |i11‘i10‘ i9 ‘ i8 ‘ i7 ‘ i6 | is ‘ i4 ‘ i3 ‘ i2 ‘ il ] i0| rs 1 | funct3 | rd |0p

S—format (store) lirlio]io]is|i7]is]is]| r s 2 | r s 1 |funct3 |i]is]i2]ir]io|op

i1 9 |8 |i7 |i6 | i5 | i4
B—format (branch) oi2ln10l 59 | 58 |57 | 56 | 5 rs 2 rs 1 Junct3

i3 |2 | il |0 |il0

0,
b4 | b3 | b2 | bl bl P

i19|i18|il7|il6 |il5|il4|il3|il2|ill|il0| i9 | i8 |i7 | i6 | i5 | i4 | i3 |i2 | il | i0 e

_ ; ; 0
U-format  (1ui,auipc) b31(b30|b29|b28|b27|b26|b25|p24|p23|p22|b21|p20|p19|b18|b17|b16|b15|b14|b13|b12 P

_ ; 0
J-format  (jal) 20610 b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | b1 |b11|b19|b18|b17|b16|b15|b14|b13 |12 rd P

amplifier, driving large fan—out %7 ! ‘

sign extension

RidiiidRiARAARRAARRAR RS ARAARE A A

b31 b30 b29 b28 b27 b26 b25 b24 b23 b22 b21 b20 b19 bi8 b17 bi16 bl5 b14 bi3 bi2 bl1bl0 b9 bS8 b7 b6 b5 b4 b3 b2 bl b0

IMogatnptote og avtd To deliteQo oyNua Ta eENG. Zvyxpivoviag ™ poodn (format) B mpog
™v S, PAémmovpe 6TL otV B T bits tov Imm12 eivor 101 olMoOnuéva pio B¢om apLoteQd amd
tov Assembler, doa €tolpa otnv Oéomn mov meémer Y& TV €icodo b31,... b0. EEqugéoels,
ONUELWUEVES ME ®iTELVO, amoteloUv Ta eENg: To MS bit, b12 = ill, mov Ba TeododoTioeL TV
EMEXTOLON TIQOOT|UOV, TTOQAUEVEL TTAVTO O¢ oTafeT) OE€0m —TNnVv 0pLoTEQOTEEN: TO bit aVTO
teoPpodoTel MOAOUS amQoatés, ONAaON €xer peydio "fan-out", Ga amartel evioyvom
TQORELUEVOL VO UNV €lvor TTOAD a0, Goa Béhovue va amopUyovue €ETOO TOAVTTAERTY TTQLV
TOV evioyuTi Tov Oa avEave v xabvotéonon (PA. HY-120 §12.8). To emduevo bit, b1l = il0,
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mov "exdudyOnue" amd T Of0om Touv AOY®w aQLoteEnc oAioOnong, tomobeteitar ot
"vevnBeioa" B¢on tov bit b0 mov eival tavta 0, Goa TEQLTTO VAL YOADTEL OTNV EVTOAT).

211 ovvéyeln, maQoTnenote Tig eviorés U: auvtég yonowpomootv to Imm20 ota 20
"apLotepd" (MS) bits Tou aBpoloti) (edobeomn yid TV auipe, athd QOO YA TYV lui), doa.,
omwg delyvel To oxnua, To MS bit (/9 Tov Imm20 moémer va. odnynOel oto MS bit 31 Tov
aBgototi), To LS bit i0 oto bit b12 tov aBpoloti], evad Ta vdlouwta 12 LS bits Tov abgototi,
bll,... b0, mpémer va. elvar 0. T'd tg eviodég U, ta bits Tov Imm20 tomoBetovror oTig
"dpuolohoynés" Béoelg mov Ba meQlueve navelgs.

Tooa nowtdEte ™ B€om twv bits Tov Imm20 otV eviohy| jal, poedng J: poudlovv OAD
ovoxaTOUEvVa, oAlE 1 B€om toug elval M PEATIOTN OTAV TNV OLYREIVOLVUE pe Tig Boelg TV
bits otig evrorég U non L. [Tomta magatnooiue ot emetdn) ) evror jal xonotpomolel To Imm20
moAamAaolaopuévo emt 2, To MS bit i/9 tov Imm20 mpémer va. 00N ynOel oto bit H20 Tov
a0gototi], To LS bit i0 oto bit b1 tov aBoLoTi), %®.0.%., OTwg OelyveL To oyfua. Tooa deite OTL:
() TO bit i19=b20, oV B0 TOEQOPOOTNOEL TNV EMEXTAON TQOOT LoV, BoloxeTal 0T 0TAVTOQ
B¢om yU' avtd TO 01O, 0pLoTEQA: (B) Ta eOueva 8 bits, i18,... i11, wov Ba TpoPodoTHoOVV TA
bits b19,... b12 Tov aBpoiloti, Pelorovtor othv axQPng (dlo BEon Odmwg »oL ta bits TV
evioA®v U mov 1godpodotovv ta idua bits Tov abBoowotiy (y) Ta 10 LS bits Tov Imm?20, i9,... i0,
mov Ba Tpododoticovy ta bits b10,... b1 Tov abBoloti), feiorovrar oty axoPwg tdia B€on
OTmG %ol Ta bits TV evioAdv I (raBdg not TV evioA®V S xai B yid ta 6 0.0L0TEQA TOVC) TTOV
Te0Pp0doTOUV TOL {(OLar bits Tov aBpoioti) xaw (0) To €va bit i/0=bll, mov meQlooee,
tomoBeteital otV xnevi) B€om tov i0 Twv eviolmv I, 1 omoio €dm elvar xevi) apov to b0=0
AOY® moAaThaoloopov et 2.

Me auti] TNV TomoHETnon TV bits TV 0TafEQMV TOCOTHTWV AOLTOV, TTOV EMEAEEE OROTUUAL O
RISC-V, oL molumiéxteg mmov outoutoUvtal oty 0gvteen €ioodo tov abgoloti), yid va
TeoPp0odoTHoOUV TO %GO bit TOV aMO Ta OmOLR OLapoQeTvA bits ™G €VTOAS (1] Undév)
asarteltol, elvar avtol wov gpaivovror oto deltego oyfua. Onwg PAémovue, yoerdlovtal 31
TOAVTIAERTES, OO TOVG OTTOIOVG oL 25 elvan peyéBovg 2-oe-1, oL 5 elvan peyébovg 3-oe-1, nan
évag eivor 4-oe-1. Avtol eivor ol oovouxdtegol amd to TL Oa xeewdlovtav edv ta bits
TV 0ToHEQMV TOCOTNTWV ETOTOOETOVVTO UEOA OTLS EVIOAES UE TOV QITAOIXO, dLaoONTIrd,
"[eodavi" TEOTO OV £DELYVE TO TTQMTO OYTUO. ZTO TTOMTO EXEIVO OYNUAL ECYOUE TTOQAAENEL,
Yu& amhoTTaL, TS eviohég U. Edv ¢pavraototpe tooa 0tL megrhapfdavuovue nat tig U, autés
Oa moooébeTav piar axduo i0odo moAvTAEENS ota bits amd b30 €wg nou bl. To amotéleouo
Oa fitav 31 mohvmhénteg, ex twv omotwv 11 peyéboug 2-oe-1 (Y& ta bits b30,... b20), 9
neyebovg 3-oe-1 (yud ta bits b19,... b12 now to b0), 7 peyéBovg 4-oe-1 (yud ta bits bll,... b5), non
4 ueyébouvg 5-oe-1 (Y& to bits b4,... bl), dhadi ovvolMxd oNuUOVTIXG peYAADTEQOL
TOAMTAEXTES ATt OO0 YoeLAleToL e TIS BEATLOTOTOLO0ELS TOTOOETNONG TV bits TV 0T0OEQDV
ToooTNTWV OV ®AveL 0 RISC-V, é0Tm »at eGv avtég potdlouvv oav "avaxrdtoua" Twv bits.

8.3 Amho Datapath tov RISC-V Evog Kvxhov goroyiov ava evioin

Baowo ooag PonOnuo €dd eivow ov dwaddveieg 10-14 nabBbdg »our oL avtioTtouyeg
Brvteoonommuéves draléEels. Mmogeite emiong va diafPdoete Tig oehideg 328 emg nat 332 amd
™mv §44 ( axopa rou, o amd avtég, v §4.3, oehideg 310-318). Avtd to datapaths
VAOTTIOLOOVV LOVOV €VA AVTIUTQOOMIEVTIXO VTTOOUVOAO TV €VTOA®MV TOv Paotwol RISC-V.
210 PPpiio, To exel datapath vhomolel povo piow evioit) load (tnv 14 - load double), pio evto
store (TNV sd - store double), pia evtoAr) branch (TnVv beq - branch if equal), xaL TE00EQELS EVTOLES

https://www.csd.uoc.gr/~hy225/25a/ex08_scpi.html Page 5 of 12



Exercise 8: Single-Cycle RISC-V Implementation (U.Crete, CS-225) 17/3/25, 17:55

tomov R, g add, sub, and, or (rapio. evrol] modEewv pe Immediate, nal xavévo Ahpo). ZTig
OLadpaveleg TOu HaBNUOTOS VITAQYEL ®aL 1] TTEOPAEYN YL evtoléc modEewv pe Immediate, xol
yud dhhec tEElg OLORAAOMOELS MEQLROL OQOUOL TTOV AELTTOUV YId T AAUOTA ETTABIEVTOL G
0LO%T|OELS E0M TTOLQARATW.

8.4 Opcodes ot Ta wedio funct3 xou funct7 orov RISC-V

Ouunbeite amd v §4.3 6T 0 "Paowmoc" opcode Tov RISC-V, 0eEd oe %GOe evioAd,
astoteleiTan amd 7 bits, xaw raBoilel TV xatnyopia, doa ot to format, TNg EVIOATC —1aL VLG
g evtolég pe format J/U now v (O Tnv eviohd). ['d epdg mov eEetdlovpe povov tig 32-
umteg eviohég Tov RISC-V, ta 000 deEldtega bits Tov Paowrot opcode eivon mévra "11". O
TANENG ®OoTdAOYOG pe Toug Paoctnoic opcodes Tou RISC-V vmdoyer otig oelideg 103-107 tov
eYY€eLOloV  riscv-spec-v2.2.pdf yid Omolov eviladégeTar €0m, ag avodepbBoiue oTIC
PaowoTEQES POVOV OO TIS €VTOAES TOu —delte nal TG dwaddveleg 16-18 twv dohéEemv.
Xonotpo edw elvar ®ot To TEMTO PEQOS TG §4.4 Tou PLfiiov, oel. 319-327.

2to format J/U, mov €xel povov tov Paowmdv opcode, Vdoyovv Toelg LOVOV EVIOAES OTOV
RISC-V, o yvwotés pog jal (opcode: 1101111), 1ui (opcode: 0110111), now auipe (opcode:
0010111). Apov yia Tig 32-pmteg eviorés o Paowrdg opcode (Twv 7 bits) €xel mdvta Ta 000
0eELd Tov bits = 11, Tov "mepuooeovv 5 "yonowua bits, dNAadmn 32 cvvdvaouoi. Amd avtovg,
oL Té€00€eQels (4) ™ noedns "xx11111" dnAdvouv evtolég peyéBovug 48 1 meQLocoTéQmyV bits,
ahhou teeig (3) elvan Y g eviohég pe format J/U mov wolg elmope, ailol toeic (3) etvon
nooTnuévol yud pedhovinn xonon (reserved for future use - RFU), t€00epelg (4) dhlou elvau
adpnuévol yud eldéc, OLWTIKES K ONOELS (custom/proprietary use), k0L ETOUEVIS OTTOUEVOUV
oenaoxto (18) anouo Pactrol opcodes OV VITOONAMVOUVV RATNYOQ(ES 32-UMTOV EVIOADV UE
to. volouta formats, I, B/S, now R. Amd avtolg tovg 18 evamouévovieg Baoiwoig opcodes,
eVOLOLPEQOV VLA gdg €xouv oL eENG €EL:

e Opcode=0000011: evtoréc load (I format): oe ouvtd to format, o Paocwwdg opcode
emextelveTal pe ta 3 bits Tov mediov funct3. O 7 amd tovg 8 cuvOVAOHOUS AUTOV TOV
nedtov eivar ev yomnoel otov RISC-V, now 0pilovv tig €ENg evtolég load: 000: load byte
(Ib), 001: load half (lh), 010: load word (Iw), 011: load double (1d); 7/00: load byte unsigned
(Ibu), 101: load half unsigned (lhu), //0: load word unsigned (Iwu). [Tagatnenote O6tL TO
uev 0QLoteod bit tov funct3 Onlmver signed/unsigned, Ta de dvO 0eELd ONAdVOULV TO
LEYEDOG TG TOOOOTNTAS IOV UETOPEQETAL QIO T LVI|UN OTOV HOTAY WO TH.

e Opcode=0100011: evtoléc store (S format): opoiwg pe to format I, o Paocindg opcode
emextelveTal xat €0m pe ta 3 bits Tov mediov funct3. O 4 amd Tovg 8 cuvvovaoHoTg
autol Tov mediov eivar ev xonoel otov RISC-V, nat 0piCovv tig €ENg eviohég store: 000:
store byte (sb), 00I: store half (sh), 010: store word (sw), 0IlIl: store double (sd).
[Tagatnenote 6t avtoi oL 4 nddwreg funct3 elval axgPmg (dLoL pe Tovg avIioToLr oug
v Tig evtolég load yid data wdiov peyéBoug: n opolopodio arhomolel To ®VRAOUOTOL.
YrevOuuiCetor OTL 0oL €vtoAég store Oev yoeldlovror moQalhay) unsigned, SuoTL
voddovv ot pviun uovov 60 Bytes 0pilel to péyeBog tov teleotéov, doa dev Ta
emextelvouv 0QLoTeQd oUTe He undevind oUTe Ue To bit TIQOoT|UoV.

e Opcode=1100011: evtohég branch (B format): opoiwg pe ta formats S »ou I, o faoindg

opcode emextelveton now €0 pe ta 3 bits Tov medlov funct3. Ov 6 amwd ToOUg 8
ovvOVaopoUg avtov Tov mediov eivon ev yonoel otov RISC-V, zow 0pilovv Tig €ENg
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evtoAég branch: 000: branch if equal (beq), 001: branch if not equal (bne); 100: branch if less
than (blt), /01: branch if greater or equal (bge), //0: branch if less than unsigned (bltu), //1:
branch if greater or equal unsigned (bgeu). [Togatnenote now €M TIG OpOLONOQPiES: TO
O€EL0 bit Ttov funct3 emAéyel T BeTint) ovvON« 1] TNV AEVNOT] ™G, TO peoaio bit emAéyel
ovyrolon signed/unsigned (tov Y& ™V W0OTNTA OV dlapégouv peTaEl Tovg doa
megLrTeveL 1) OeTEQET), RAL TO 0QLOTEQD bit ONAWVEL CVYXQLON LOOTNTOS 1) AVICOTNTAC.

e Opcode=0010011: evroréc mpdEewv Immediate (I format): opoimg pe TS TEONYOUUEVES
ROTNYOQIES EVIOAMV, O Paondg opcode emexteiveTal »ou €0M Ue ta 3 bits Tov mediov
funct3. Ot 8 ovvovaopol avtol tov mediov opilovv Tig €ENg evroléc aQBunTinamv/
Aoywav medEewv petaEl wotaywenth) kol otabepng moodtntag Imml2: 000: add
immediate (addi), 0/0: set if less than immediate (slti), O/7: set if less than immediate
unsigned (sltiu); 7/00: exclusive-OR immediate (xori), //0: OR immediate (ori), /1/: AND
immediate (andi); 001: shift left logical immediate (slli), /01: shift right immediate (o 000
mogalhayéc). Tlagatnonoete Tig opoopoQdpies otov nwdwmo functd pe v emouevy
ROTIYOQI(OL EVIOADV.

e Opcode=0110011: evtorés mpdEemv Register-to-Register (R format): o avtd to format, o
Paowmog opcode ementeiveton nal pe ta 3 bits Tov mediov funct3 xwow pe ta 7 bits Tov
nedtov funct7. Me Ol avtd to 10 emmiéov bits, vadyel TANOMEO CUVOVACUDYV
dwaBéopmv yid evtohég pe format R, évo uxQod moo00td atd TOVg OTOLovg elval ev
yonoer amd tov Pacnd RISC-V, evd oL vmOlomol moQopuévouy diabéotpol yud Tig
TQOOQETIHES  eMENTAOELS. O avodpEéQovpe pHeEMOVS amd TOVug OUVOUAOUOUG,
TIQOXELUEVOY VO TTOLQOTNQT|OETE TIS OpoopoQdies otov xnwowmd funct3 pe v
TQONYOUUEVT] %ATNYOQIOL €VIOADV, ®aBMS ®oL TN yoNon tov xwdowol funct? cov
eMERTAON TOV funct3 Yud opOELdELS HATYOQIES EVIOAMV:

o funct3=000: aQOuNTI*ES TEAEELS: QUTES OLOLPOQOTTOLOVVTOL UETAED TOVg e Bdon
to funct7: 0000000: add, 0100000: subtract, 0000001: multiply. [Tagatnorote 6t N
1p6o0eon amd TNV apaigeon dtapogomoloVvTal e To 0e0TEQO Atd ALELOTEQA bit
Tov 2wAOU funct7, TO OMOI0, TTOQEWTITTMOVIWG E(voL axQLp®g To (00 He To o
ehéyyov "add'/sub" tov nRVKAOPOTOC_TmEoobadarpétyy mov elyape Oel oTnv
Wnoprani Zyedioon.

o funct3=010: set if less than (slt), funct3=011: set if less than unsigned (sltu);
Sfunct3=100: xor, funct3=110: or, funct3=111: and; funct3=001: shift left logical (sll). Z¢
Oleg aVTES TIC €VTOAEG, TO pev funct3 elval to (00 pe exelvo Tng avtioTowymng
evtoAn g Immediate, to d¢ funct7 eivou "0000000" Y& OAeS TOVG.

o funct3=101: deElég oMoONoeLS: auTég dlapogomolovvTol HeTaED Toug pe Bdomn to
funct7: 0000000: shift right logical (dnA. unsigned), 0100000: shift right arithmetic
(dnA. signed).

e Opcode=1100111: evtoA jalr (jump-and-link-register) (I format): oe avti|v TO funct3 eivor
000, evar oL vmohoutor 7 ovvovaopol Tiuwv tov funct3, pe avtdév tov opcode, Oev
YO OLLOTTOLOVVTOL.

[Mogatnpmote mdéco oAl o opcodes / function-codes Y0 ovvadeic/opoedels notnyoQles
EVIOAMV, 1) YA eVTOAES auTég naBevaTég, poldlouv PETaED Toug, T.y. OladEQOUV TOALES
$oEg natd £va poMg bit: Tétolol opcodes etvon yertovirnol oto Xdotn Karnaugh, doo odnyotv
0€ QUITAOTIOLTOELS OTO RKURAMUAL ELEYYOV, TTOU ONUOAIVOUV Uix00 %l YO1Y0Q0 KURAMDUOL.
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Aoxnon 8.5: To (Zvvdvaotixo) Kixdoua Eréyyov

Aol Oheg oL evIOAéS 0TV TAEOVON aItA) VAOTOINOT extehoVVTOL 08 €vav HOVOV (OANG
aQxreTd porev!) ®inho gohoywov, o éheyyxos Oa eivar Jvvovaotixo Kirhwuo, povov: ol
¢€odol Tov (ta ofuoata eléyyov) Ba eEaQTOVvTaL amd TNV TEéyovoa T TV EL0OdMV TOU
(opcode, funct3, funct7), ONAadT amd ™V TEEXOVOO EVIOAT] ®AlL UOVOV, TTOU TNV EXTEAOUUE
OTOV TEEYOVTO %XVUXAO QOAOYLOU, %ou Oyl amd oladNmote TANQodogia amd to moeehdov,
ONAad amd o youevoUs ®rAOUS QOAOYLOT ONAAOT) OTTd TTRONYOUUEVES EVTOLEC.

Aglte v dwaddvelo 15 towv dohéEewv. Ta onuatoa eréyyxov (€EodoL Touv %UAAMUOTOC
eAEYYOV) onuelmvovror pe xoxnvo. To ofuo immMd (immediate constant Mode) Oa to
ayvonoovue og oUTH TNV AoxNoN: ouTO TEEMEL vo. eAEYEEL TOvg ToAvmAénteg Tng §8.2,
TOQATTAVW, OALE 0€ aVTY) TNV Goxnon 0ev BEhovpe va tovue o€ TOON Aettouégela. Amd tTa
VIO OLTTAL OT|UOTaL EAEYY OV, Ba OLOLTLOTMOETE OTL, e TIS VITODETELS QUTNG TS AoxNoNg, OAa
eXTOG O 000 eE0QTMVTOL TEMKA 0o ToV Paowrd Opcode xaot povov, zot OxL amd to funct3
»ou funct7. To medio funct3 To yeerdlovral pdvov oL evtorég donhddmong yud To orfjuo peSre
(to branch or not to branch) zaw 1 ALU yud To Tt TAEN axopog va navel —onuo aluMd- yid to
televtaioo vTd onua, yeewotopoote xor To medio funct7. O evtoléc mov Ba vAomowoete o€
ouTi] TNV doxnom, xat ol vobéoelg yud ta Opcodes/funct3/funct7 Tovg —xow WOLLTEQA VLA TO TL
Oa ndvoupue Y& TOUS VITOAOUTOVS OUVOVACUOVS UTMV— £XOVV WG EENG:

e Iw (load word): MetaED Twv 5 eviohdwv load (Iw, lh, Ib, Ihu, Ibu) Tov 32-pmtov RISC-V
(vroB€tTouvpe 32-wmito o€ aUTH TNV AORNON), euelc Bo vhomoloovpe povov v load-
word (Iw), xou paioto yud Oheg tTig Ahleg —dhheg TLpES Tov funct3, ardua ®oL TLUES TTOU
avTLOTOL(OUV 08 Un oglopéves evtohés (undefined/reserved)— epeic Oa T PAémovue cov
Iw naw O extehovpe evtoli] Iw. Avtd wwodvvapel pe ayvonon tov medtov funct3 6tav
Opcode == 00.000.11 (;Tov onuatodotel eviolég load).

e sw (store word): MetaED TV 3 eviohmv store (sw, sh, sb) Tov 32-wmitov RISC-V, gueic Oa
VAOTTOL| OOV E WOVOV TNV store-word (sw), ®oL LAAMOTA YA OLES TIG AAES —AANES TLUES
tov funct3, oxOpo ®OL TWWEG TOU  OVILOTOLKOUV OF W1 OQLOMEVES EVIOAEG
(undefined/reserved)— eueig Oa Tig PAémovue oav sw xoL O extehoUE EVIOA| sw. AUTO
tooduvapel pe ayvomon tov medtov funct3 6tav Opcode == 01.000.11 (;tov onpatodotel
EVTOAEG store).

o Awoaxrodmwoers: MetaEl twv 6 evtohwv branch tov RISC-V, gueic Oa viomowoouvpe
Hovov Tig 4 mov ®AVOUV TROCNUAOUEVY] oVY®QLoT. 2t Oéom twv dvo dAAWV OV
ZAVOUV OTTQOCNUN OUYXOLOT), ROOMS ®al 0TS OVO TEQLITMOELS Omov To funct3 elval
undefined/reserved, epeic Ba ayvoolue ™ Owadod %ol o ®AVOUUE TROOUACUEVY
ovyxELon xat dAl. Tnv olyxroion Ba tnv ndvouvue péow adaipeong (rsl)-(rs2) otnv
ALU, vroBétovtag OtL dev mpoxraheltor vmeQyeiMon notd v apoaigeon —xdTL Tov
évag moorypatindg emeEepyaotig dev Bo émpeme va to voBétel xau aryvoei. ‘Etot, ou
eVIOAES OLarAAdwong mov Ba vAomotoovue Ba eivou:

funct3==0x0 =beq funct3==0x1 =bne
funct3==1x0 =blt funct3==1x1 =bge

e Zfua peSre: avtd noboilel edv emduevn evtoli] Ba eival N "omwd rdTw", 1 wd diin
Omwg ovpPaivel yid Tig emTuyNUéves danhadmoels (ro Yud to GApaTa, Al 08 CVTY)
™V doxnon oev Ba aoxoAnBovpe pe dhpata). H nevioun povdda eréyyou ("Main Ctrl"
OTO OYNUA) OVIYXVEVEL €AV TTQOXELTOL VLA €VTOAT OlaxAdowong, 6mote Opcode ==
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11.000.11. Z& ovti Vv mepimtwon avdfer to onuo brOp (1 bit). H devtepetiovoa
povada eléyyov owomhadmoewv —"br ctrl" oto oyfuo— 6tav ral povov o6tav brOp==1,
Bdoer Tov mediov funct3 naw twv eEGOWV zero o sign g ALU, moémel va amodpacioet
edv 1 SLanAadwon elvor emmTLYTS ROl TOTE VA OTQIPEL TOV TOAVTAERTY) ATTO TNV TTAEVQA
pcSre=1. YnodelEn: 1 AMhon vmieye oxedov érolun oto rUArouo eAéyyov tov "Amhol
Ymohoyoth)" tov pabnuotog g Wnoranng Zyxediaonc.

o IlpdEeig ne Immediates: MetoE) TV ®AuWTmOoWV TETOLWV £VTOA®YV TOV RISC-V, gpeic Oa
vAomooovpe POVOV TEELG, oL A AVTIXOTOOTIIOOVUE OAES TIS VITOAOLTEG WUE TNV
Baowri amd tg Tels, Ty addi, wg eENg: Otav Opceode == 00.100.11, dnhadN TRAEELS pe
Immediates, TOte:

funct3==110 =ori funct3==111 =andi
‘O)ot oL VITOLOLTOL GUVOVAONOL TOV funct3 -addi

o IIpaEeis Register-to-Register: Meta&l twv ®Quwmoomv tétolmwv evioddv tou RISC-V,
epels Oa viomorooupe HOVOV TEVTE, ®oL B0 AVTIXOTOOTI|ICOVUE OAES TIS VITOAOLITES €
Vv Paowi] peta&l Tovg, v add, wg eEfg: Otav Opcode == 01.100.11, dnhadi) medEelg
register-to-register, TOTE:

funct3==110 =or  funct3==111 =sand U OLAONTOTE TLUN] OTO funct7
funct3 == 000 »ou: funct7==0100000 =»sub  funct7==0000001 =mul
‘O)ot oL VITIOLOLTTOL CVVOVOOUOL TWV funct3 ®OL funct? =add

o Znuo aluMd (4-pmto): ma' 6t B aprotoav 3 bits yid vo eAEYEouv Tig 5 medEelg mou
0¢hovpe, evroltols yid amhooTtevor Tov ®Uurhopotog vrobéote 0tL 1 ALU ehéyyeton
atd 4 bits, OOV TO 0LELOTEQO EAEYYEL TOV TTOAMOITTAOOLALOTH], TAL OVO PeTaio EAEYYOUV TNV
Loywri) vropovada (or, and), xow To OeELO eAEYYEL TOV TROaBadALQETY, G EENG:

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

o ZNuo aluOp (3-pmto): o' 0t Ba aprovoav 2 bits Y& vo eAéyEOVV TIg 4 TAQORATW
TEQUTTMOELS, EVTOVTOLS YL OQUTAOVOTEVOT TOU ®UAAOUOTOS Ba yonolpomooovpue 3
ovopata Yud vo. o000 yNoeL o xevigurl] povada eAéyyov TV dgvtegelovoa LovAada
eréyyov g ALU, 6mov: to 0Loted, otav elvan 0, onpaivel "ayvonoe to medio funct7":
TO peoatio, o6tav eivow 0, onuaiver "ayvonoe 1o medio funct3d" o to OeELO eAEyyEL TOV
mpooHadalpéty, wg eENG:

aluop==110 = JOAEM register-to-register: xAve 0,TL ooV Aéve Ta media funct?, funct3
aluop==010 = 7PAEMN e Immediate: xdve 0,TL 6oV AéeL TO medio funct3

aluop==001 = OLOXAAOMON): ®Ave apaigeon, ayvomvrag to media funct7, funct3
aluop==000 = QALY EVIOAT): ®dve mEHOoBea, aryvomvrag ta media funct7, funct3

Acoxnon:

(o) Katayodypte tov Ilivora AlnOeiog nar oty ovvéxewad oyedidote to ®UxAwpa T™g
%nevtourng povadag eréyyou ("Main Ctrl" oto oyxnua). Eicodog avtot tov vurhouotog eivar
o Opcode (7 bits). "EEodol Tov ival ta ofpata: aluSre, rfSrc, mRd, mWr, rfWr, brOp, xouw aluOp

(643 = 9 bits). Ou yooupuég Tov mivaxro oev Oa elvon 128 27y 0AMG TOAD MYOTEQES: AVTES TTOV
ovTLoTol oV otig evtolés load, store, branch, mpd&elg ue Immediates, modEelg register-to-
register, x0OWG ®aL pia eMITAEOV YQAUUN Y& OAOVS TOVS VOAOLTOVS GUVOVAOUOUVS TV bits
elo6dov. ' avtovg 6Aovg Toug VITOAOLTTOVS CVVOVOOHOUS, Béhovue va eEaopaiiocovue OTL
0 aAOg oUTOG emeEeQynoTic pog Oa tig PAémel now Ba T extelel cov va Noav noop (no
operation), ONAad” dev Ba yoddeL Timota, oUTe 0 naTAWENTH 0VTE 0T Uviun (ovte Ba
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nmooomobel vo diafPdoer amd dyvmoteg/tuyaleg Béoelg puviung) —amhog Ba avEdver tov PC
10Tl 4, TEOYWEMVIAS £TOL OTNV €MOUEVT] €VTOM] (xonoipomowote "don't care (x)" Omov
umogeite, €dw). Bdoer ovtol tou mivaxo oainBelag, oyedidote 1O ARINAOUO AVTO
YONOLUOTIOLMVTAS TTUAES not, and, or 00WVONTOTE ELOOOWV.

(B) Kataypdapte opoimg tov ITivara AAnOeiog nor 0t ouveéyeLd oYeOLAOTE TO KURAMUA TNG
ogutepevovoag povadag eréyyou diaxladmoewv ("br ctrl" oto oyxnua). Eicodou eivar ta
onpata brOp, zero, sign, xow To medio funct3 g evtolng (343 = 6 bits)- aElomoinote evoeiEelg
"x (don't care)" otV TAEVEA €L0O0MV TOV TVAXO TIQOELUEVOV VO UELMOTE TO TAMNO0G
YOOUUMV TOv (Oeite ®oL TO €QYQOTNOLO/Goxnon 12 tov pobnuotog g Pndroxic
Zyedtaong). Edw, to nixhopd cog emTEmeTAL VO TEQLEYEL AL TUAES Xor (oBMS ot Evav
TOAVTTAERTY], AV TOV TTQOTLUATE AVTL TV LOOOUVAIMY Tov dVO TUAMV and, piog not, ot piag
or).

(y) Téhog, ndvte To (010 naw yid TV dgvtegevovoa povada eréyyov tg ALU ("alu ctrl" oto
oynua). Kow edw, petwote 1o mAn0og yooppmv tov mivaxo ainbeiog aglomoimvtog evoeitelg
"x (don't care)" otV TAEVEA ELOOOWV, KOOGS KAL YQOUUWDV TOV TUITOV "VITOAOLITOL CLVOVOOUOL
nedlov...". Bdoel avtol tov mivaxa alndeiog, oxedidote To ®ORAMUA UTO YQNOLUOTTOLD VTS
TOAES not, and, or 00WVONTOTE ELOOOWV.

Aoxnon 8.6: ITpooOixn twv Eviolav jal, jalr oro Datapath evog Kivxdov

To datapath tov poOnuotog (drapdvereg 2 xnow 10-14 tov OwodéEewv) dev wrogel va
vhomowoel TV €vioAn] jump-and-link (jal - #Anjon Swadwaoiag) doTL dev €xel TeOmO Vo
vodaper To PC+4 0TOV RATOYWENTY] TQOOQLOUOV, 0UTE TNV €VTOAT jump-and-link-register (jalr)
OLOTL, emIThéov, Ogv €xeL oUTE TEOTO va p€QeL ®ATL TOV T YALEL ATTO RATAYXWENTES YEVIXOU
oromol oav emdpevn Tt tov PC. Tid v jal, mogatnonote 6tL tiur) PC+4 vmdoyer 1o
%nAmov oto datapath, alhd dev vdoyeL 0 OQONOG YL var GTdoeL exel TOV TNV Y OELALLOUOOTE.
I v jalr, magatnenote OTL N OLeLOUV VO VNG 0TIV OTTOl0L AV TT) RAVEL AALOL TTQOXVITTEL UE
axQLPBMS TOV (010 TEOTO OTTMWS WA HON VIIAQYOVON EVIOAT): e TOLdY 1oL TTOLOG E(VaL O TQOTOG;

Zyxedidote T ohhayés mov amautovvtal oto datapath tng OLopAVELOS 2 TQOXELUEVOL VA
uogel avtd va extelel nan Tig evrohég jal nou jalr. Emiong, oyohdiote (0 amhd %eipevo) Tig
ohhayég mou Ba OELOTOUV OTOV €AEYYXO %OL OTA OYETIXA ONUATA, YMEIS TAVTIWS VO
Inrovvton ahhayéc/moooBineg otovg mivaxreg ahndelag 1 0Ta HURADOUATO TOV EAEYYOV.

Aoxnon 8.7: I1660 a.0y0 eivar To poAoi Tng Aniig Yromoinoncg;

2TV asthi) VAOTOIMOoT Tov evOg (Lorl) ®VU®AOV QOAOYLOU avd eVTOoAT TG §4.4 Tov PLPfAiov,
voBéote OtL oL Paowméc povdadeg vAnov (hardware) éxouvv Tig €ENg rabvotepnoelg, 1M
naBepio:

(Kouo1) Mvijun Evtohav: 500 ps

(Kouo1) Mvijun Aedopévmwv: 500 ps

Agyeto Kataywontov (avayvmon): 300 ps

Agyeto Kartaymwontov (eyyoadn): 200 ps

ALU: 400 ps (to tdto zou oL aBpoLotég yid tov PC)
Zvvovaotint Aoyt EAéyyov: 200 ps

Avyvornote Tig raBuoTtepoelg ToAVTAERTMV ®oL Tov PC
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"Eotw OtL Vv yoovirt) otwyuf t=0 ps £0yetaL 1 axuf] QOAOYLOD Tou EEXLVA TNV EXTENEON TNG
Té€Y0V00G eVTOAM|S. TOte melte o€ MOLEG XQOVILES OTLYUES, OTNV YELQOTEQT TEQimTMOT), O
elva £yrvQeg noL ETOLUES OL €ENG TLUES 1) opaTa:

H evtoh).

Ta ofuota ehéyyov.

O TES TV RATOYWENTOV TINYTG.

H ¢E0dog tng ALU.

Ou tipég PC+4 now PC+2xImm12.

H tui yud tov emdpevo PC (petd tov molvmhéxtn), oty eicodo tov PC).
H ¢E0d0g tng Data Memory.

H eioodog Write Data tov Agyeiov Kataywontav.

OloxnANewon g Tuyov eyyoadns oto Ayeio Katayxmwontmv.

=50 -0 a0 o

ZvvoMud, To QOAOL (TTOV €xeL 0Tabepn oV VOTNTO ROl TTEQ(I0O0), TRETEL VO TTIQOOPEQEL XQOVO
emaxr YU& va. ohoxhnowBel M yelpotepn (apyoteon) amd T hettovyieg mov BEhovue va
YWEOUV o€ évav xninhogoroylol. Bdoel Tov mooamdvm amaviioe®v oag, Told elval M
1eL0TEQEN; [1600 ToVAdYLoTO AoLTOV Ba TEETeL va dtapxel 1) TEQI0O0C (HUHAOS) TOU QOAOYLOV
YU& avtOV ToV emeEeQyaoTH|, o€ ns; [160m, To oAV, emopuévmg Ba wroel va eivat 1 ovyvoTnTa
TOV QOAOYLOV, 08 MHz;

"Eotw 611 mpoobétovpe xan evtohr| daipeons, 1 omoio xdver tyv ALU va €xer nabvotégnom
4400 ps, avtt 400 ps moonyouvuévws. Tote, moon Ba yiver 1 péyiotny duvati) ouyvotnta
ooroyloU; I1ooeg popéc mod aQyds Ba yiver TOTE OAORANQOG O VITOAOYLOTH|C, €meLd 1) xdbe
EVIOAT], 7OV malgvel mavto €voav olOxAngo xUxho Qoloylol, Bo apyet tO0es oEEc
TEQLOGOTEQO OCO 1 CUYVOTITO TOV QOAOYLOU (VO TOQA XOUNAOTEQN;

8.8 Ilepi Xmataing
Ynohloyrotinmv IIogmv

| b « Aigvbuvrig
e TP - AievBuving

 Moagopév
| oo mmmesgucon o w_h)owv i AevBuving Texvikiv
AwoBdote Tig Tehevtaieg d00 0ehideg TG [wemor _ FE e
§4.4 Tov BiPAiov, 0. 331-332. Ze ovti) | . ‘ gt
™V arthi) VAooinom Tov evog (Loxo) : Nrives T

©O%AOV QOAOYLOU avd EVIOAT], OTIWG R -  (Enovovioy |
notoAaPate xou amd TV Goxrnon 8.7, ; e | 1
Baowd, Ty ®dOe oty uia uovo

b Npocwmikol

uovdoa (mopog) vixov (hardware o . ey " : e
resource) dovAeDeL, EVD oL VITOAOLTTES £> S Ry ot )
"v@BovraL", mepimov oav TNV S s
YOLQOXTNOLOTIXY) dWTOYQODLa dEELHL — OL SoR T A v

UEV LOVAOES TTOLY OITO OUTHV TTOV
egydletan "ndBovian" pe otabeQég Tig
€L0OO0VG TOVUG TIQOAELUEVOD VO HQATOUVV
otabeQég TIg €E6O0VS TOVS YL VO UITOQEl fgs
va eQYALeTol pe avTég ooV EL00O0UG 1
novéda mov eQydletal, oL de povadeg
UETA 0TT0 AVTHV IOV €QYALeTOL
"ndBovron" dmpayeg OLOTL oL eloodol
tovg dev €yovv otabepomnBel axndpo
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OTNV TEMXT], £YXVOT) TLUI TOVG.

8.9 Ylomoinon [Morrhanrhov Kvzhov avd Evioin,
vid EEowovopunon Iogmv

To O¢po oauTo epeleTdTO €V EXTAOEL (ROL NTAV AVTLXEIPEVO UHQEOV "project") o€ TOAALOTEQES
exdO0ELS oUTOV TOV PaBNuoTos. 2t0 TwEWvo PAio vdoyel otnv §4.5 mov gudaviCetol ev
meQUMPeL 0t oerida 333 1oL 0TV OAOTNTA TN 0TO VALXO on-line Tov PiAiov (otar Ayylnd),
TQORELUEVOV OUTO Vo emrevTQWOEl otV opoyelpia (pipelining), ol opotwg rau epeic GEtog
To ®nohOYoue eEapetnd emitooyddnyv. Agite v Oladpdvela 23 Tov HOONUOTOS %Ol T
oyeTnt] OLAAEEN VLA WAV ETUYQOUUOTIXT TTAQOVOLAOT) TOV BEuaTog: (i) XQNOoLUoToLoU e £va
QO0AOL TeQlmmov 5 poeéc mo Yo yoeo: N "xelpodteon" evioit] (load) maigvel 5 ®inhovg Tov véou
Q0AOYLOU, G TEQLTTOV TO (010 YT oL dAheg eVTOLES malpvouy 4 1) xow 3 ®nAoUg TOv VEOU
ooAoyloU nabepio, doo Alyo mo yonyoec. (ii) Kdvouue owovopio 0toug mOQoug virov
(B00L0TEC/ALU, UVIUES), ETAVOYQNOLUOTOLDVIONS TS HOVAOMES OYETIRES WOVAOES TTOU
EYOVUE TMOO, OELOTOLDVTOS QOGS TOUTO TO O "AETTOROXKO" OUOL KQOVIOMOU TTOV €YOVUE
Tmea, OMAadY TOo QOAOL S5-mAdolag ovyvotntag. (i) Id va methyouvpe oL €Vvroiég
OLaXAGOMONG va. TELELDVOUV 0€ 3 HOMG ®1UUAOVG QOAOYLOU, TTROETOLUALOVE (OTOV HOVAOLKRO
00poLoti)/ALU mov €yovpe) tig tipég PC+4 wouw PC+2*Imm 600 o voig WITOQOUE —ToLy Vo
udBouvpe mold etvar 1 evioh] (yud to PC+4), now mowv va pdBovue edv 1 evitoAn eivou
draxhadwon 1 oyt (Y& to PC+2*Imm). EQv Oélete meQuoodtepes AemropéQeles not vno,
UEAETTOTE TLS ONUELDOELS TOV polffpatog Tou €toug 2009, evotnreg: 10, 11, nan 12.

Toomog [Magddoons:

Kdévte tv doxnon avti amd tToma (row peletnote Ty rat mowv v eEétaon [lpoddov yia va
nmpoetopooteite yid v [1gdodo! xar) yio va v €xete €rolun, alhd Oa TNV TOQAdDOETE
AMyo apyotepa, pali pe ) oelpd aoxrfoewv 9. Etowpndote v og poodpn PDF (uovov) (umogel
Vo elvor xe(UEVO UNYOvVOYQAPNUEVO T)/#al "ORAVAQLOMEVO" YeROYQOPO, alhd Ba v
noadmoete o€ poedt) PDF uovov).
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