Exercise 4: Machine Lang., Instr. Formats (U.Crete, CS-225) 27/2/25, 13:49
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AvolEn 2025 © IMavemotho Konng

Acoxnon 4:
I'hwooo Mnyavils, Format Eviolov

A76 31 yua a9y Sng efdouddag Tov EEaunvou

Biphiio: Awafdote v §2.5, oehideg 122-130.
4.1 Méeye@oc Evrormv, ot 1 0¢on Tov Opcode otov RISC-V:

Eowteoud, 0o vohoylotic Aettovpyel povo e dvadirég tpég (bits). ‘Etot, yid va
umogéoel va exteheotel éva mpoyQoupo Assembly mpémel avtd vo peTapQooTel o€
I'oooa Mnyovig, Onh. oe Ovadrd ocvuPora. Tn petddoaon auth xdver éva
TEOYQOUUL, O Assembler (Y10 TQOYQAUUOATA YOOUUEVO O TTOMATAG aQyelo 1) TTOV
nohoVv PiploBixeg, ™ petdpoaon tov %naGbe apyeiov ndvel o Assembler xou T
OUVEVOOT) TOV ETUUEQOVS HETAGQAOUEVWVY aQYelwV TNV %dvel o Linker). ‘Otav ot
eVIOAEG nataAnyovv ot [Awooa Mnyavig, moémel va xaBopiotel to péyefog now m
B¢on tov xdBe "mediov" (field) péa otnv evrohrt|, dnhaodi tov "opcode" ov Aéel T
B&AheL VO ®AVEL M EVIOAT], ®OL TV OQLOUATWV (arguments) / TEAEOTEWV (operands) TOV
Aéve AV o€ ToLovg Oa To xAveL AVTO. AVTA TRETEL VAL 0QLOTOVV £TOL MOTE A’ EVOC
vo. TaELdLovy 0To TL oLVIBWG AAVOUV TO TQOYQAUUATO, ROl O’ ETEQOV V.
eMTEEMOVV ATt ®ow Toyela egunveio nou extéleon Twv eviolmv amd to hardware.

21y owoyévela RISC, to ovvionmrind emmnotéoteQo uéyebog evrolng eivor 32 bits,
%o TOALG pemeToQLa TUToV RISC éxouvv dAeg Tig evtoléc Tovg pe péyebog 32 bits 1)
noBepio (€tol etvon zow o MIPS), yid AOyoug opolopogdiog, dga amlotnTas, G
TOXVTNTOGS. 2T TEQUTTMOELS TETOLWV  VIOAOYLOTMV, OAEG OL €VTOAEC elval
evOuyoapuopéveg oe AEEeg Twv 32 bits, ONAadT oL dievBivoelg Tovg eivar axéoala
moAlamAdola Ttov 4 (doa ta 2 LS bits tovg elvon tdvta 0). Kaw otov facwxoé RISC-V
(OnAhad1] OTO TP TOV TTOU (VoL VITOYEEMTIXO YL OAeS TS VAomoLoels Tov RISC-
V), 6Aheg oL evTohég (avToV TOV Paotrol TUNUOTOS) elvor emtiong peyédovg 32 bits.

‘Ouwg, o RISC-V meouhapfavet, HETOED TV OQUETDV TQOAUQETIXDY EMEXTAOEWV TIG
omoleg TQOPAEMEL, nOL WO TQOOOLQETIAI EMEXTAON UE €VIOAES TwV 16 bits (Tnv
eméntaon "C" - Compressed Instructions), xaBwg emiong »ow mooPAiéypels Yl
evoeyoueveg pelhovinéc (1] un-mpotumomotnuéves / Wwwtnés - non-standard /
proprietary) €mEXTAOELS ®OL UE €VIOAES Twv 48 7)/non 64 f/nar 80... bits nabepio
(mévtote anéQauo mohhoamhdolo Twv 16 bits = 2 Bytes). H xwdwomoinon »ou
QTTORMOLROTTOMON TETOLWYV EVTOAMV LeTaPANTOU HeyEBoug, £xel TOMA ®OLVA LE TOUG
nmOmeg petafAntol mAdtovg (unroug) movu eidape ommv §10.5 g Wndronng
Zyedioong, pe tig eENg do Paocnodteges dLodopés: (a) edm to "xPAvto" ueyéboug
elvow too 16 bits avtt Tov 1 bit tote, now (f) €dd M "6dgvon" avayvwong (rat
atvEovoeg Oevbuvoelg) eivor Little Endian, doa mooxwed amd 0eEld moog To
0QL0TEQA, 0¢ avtiBeon pe TOTE MOV YOAPOUE T ELOEQYOUEVA bits QITO AQLOTEQA TTQOG
ta OeELd.

Ewwd yid v eméxtaon C towv 16-pmtwv evtohov otov RISC-V a&iler va
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onuetdoovpe to €ENg. O Mdoyog mov ewonyOnoav autég eivor yud 6oovg embvuotv vo
€E0LXOVOUT|OOVV Y WEO UVIUNG VL& TO TTQOYQAUUATO (RO XQUPDV VIOV EVTOADV):
ot oxedlaotég Touv RISC-V pétonoav ot ovyvd yOew oto 50 pe 60 % Twv VIOV
péoa oe évo meoyoauuo RISC-V pmogolv vo petatgamovv amd 32 oe 16 bits
noBepio, TEOoPEQOVTAS £€TOL WAV owovouta YVow 0to 25 pe 30 % oto ouvoMrO
uéyefog Tou EOYQAUUATOS 0T Uviun. Mid oAl evOLopEQOVON RALVOTOWO TOV
RISC-V o¢ oautd 1o Oépo elvar 1 €ENg. Ze Oho to dAha QETEQTOQLOL EVIOAMDV g
petafPintd péyebog eviohmv oto moelBOv, M wdbBe pio evioln elyxe éva nal
OVYAERQLUEVO peyeBog —dlhes "rovTES" nat ahleg "ponoléc". AvtilBétme, otov RISC-
V, xd6fe 16-pmty evioht] vmdyel xow oto 32 bits, ONAadT) elvar axopwg Loodivaun
ue zdmowa vmdyovod 32-pumty €VToll]. Avtd mQOOPEQEL TO €ENG TOAXTIXO
mheovéntnua: Ouv compilers aQxel vo yevvave mdvto xotl HOVoV 32-pmtes eVTOAES
RISC-V. Edv »ou 6tav éva moodyoapuo mov €xet yiver compiled €tor Behoouvue va
TEEEEL 08 nATOLOV eMeEEQYOOT O 000G TEQLAQUPAvEL TNV RoauEeTxt enéxtoaor C,
tOTe 0 Assembler xau o Linker pmogotv va alhdEouvv wdumooes amd TG 32-Ititeg
EVIOAEG Oe 16-umreg —00ec amd avtég tuyaiver va €xovv 16-umto wodivauo,
HELWVOVTOS £TOL TO péYEDOg TOV TQOYQAUUOTOGS.

Agdopévou 0Tl O T EOPAemOUEVO nOL eTQETTA UeYEDT evtolmv tou RISC-V
elvon anégauo moramhdolo Twv 16 bits (2 Bytes), mooxvrtel OtL, edv €va TQOYQOUUOL
Eentvd amd OtevBuvon pviung mou eival axéolo TOAMATAAOL0 Tou 2, TOTE OAES OL
eviohég tov Oa Polorovror oe OwevBivoelg mov Oa elvor emiong axéoatla
TOANATTAGOL. TOV 2, Ao OAeS TOVS evBuyQauOouEveS og uowrd OgLa half-words (2
Bytes). 'Etot, ou evtohég dApatog/dianhddmons tov RISC-V mov Oa dolue otnv
eMOUEVT 0€LRA aoxtoemV, Beweolv, emPdiovy, xot aEomolotv To 6Tl 0 PC (Program
Counter - Metontig ITooyodpupatog) €xel mdvrtote T anéQao ToAMaTAdoL Tov 2
(Onrad1) mov Afyer og 0, 0To dvadnd). Amd v GAAY, évag eneEegyaotng RISC-V
mov dev meQLAauPaver TNV mpoateTint) eméxtacn C, nat doa 0gv €xel 16-umteg (ovte
48-pumteg)  eviolés, Oa éxer ocadéc OPelhog o TayLTNTA KoL ATAOTNTO
evOUYoaUCOVTAGS OLES TIC EVTOAES TOV O anéQauo TOANATAGOLA Tov 4, ONAadY) o€

duvowma 0o words (4 Bytes). 53 55 - 5

H amaitnon yid dvvatodotnta mogovoiog ot 16- Al PC
pmrtwv - evtohdv  otov  RISC-V  emfPdiet 27 26q 25 = 244
TEQLOQLOUOVS OTO 7OV UECO OTNV €VIOM)| (O€ 220 1?2 |
yAdooa pnyxavic) moémer va tomobetndel o MS LS
opcod/e, 67])»0(67’/] 0 6voc6w4c’)g, %@6L%ég moU ogif;s/t 35 8 37 %5

TL TIQETEL VOL XAVEL 1) EVTOLT), GoaL now edv avth) T I L-PC
etvon 16-pmmtn M 32-pmrn () 48, N 64, %Aw) 43 yr T 0
SV‘E,OXT']. Av/r(’) /q)aivet(u 07O na@dé/ewu(/x ST N 16
oynua 0eEld, 0mov 1o ndBe "nouvtdnr eivar 1 N 7 a5 7
Byte tng (32-pmtng) puviung, xow 1 Otevbuvon 7P
Tov nd0e Byte avayoddpetal péco Tov Rl TEVW :

0eEldr  TOL  HOXQOUAG  ®OL  OXLOOUEVQL

TOQOAMAOYQO UL ElVAL EVTOAES. ZTO TQMOTO UEQOS TOV OYNUATOS, VITOTIBETOL OTL O
emeEeQynotig WOMS Teleiwmoe TV extéheon tng (yrotCag) eviohng I1, amd n
oLEvOuvon 20, ) omoia Tuyaivel va Ntav 32-pmty (4 Bytes), nat doa o PC tooa elvau
24 non o emeEeQyaotig moémel va Owofdoel TNV evtol| otn devBvvon 24, va
noToAGPer TL elval xow TL AEEL AUTT], AL OTY OVVEYELQ VO TNV extehéoel. H evtoli)
oavuti] ot devBvvon 24, éotw 1 12, pooet va eivan elte 16-pmtn eite 32-pmty. Edv
elvon 16-pmrn, tote outh amoteieitonr amd ta Bytes 24 wow 25. Edv etvon 32-pmty,
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toTE amoteleiton ammd Ta Bytes 24, 25, 26, now 27. Ago 0 eneEeQyaothg moémeL va
umoel va udber to péyebog g 12 nottdviag amorAeloTind noL povov ta Bytes 24
now 25 oL ta 26 ) 27, apov ta 26 naw 27 umoeet va elval péQog AAANG EVIOATC, TG
I3, otV mepimrwon mwov M 12 eivor 16-pmty. Aedopévou ot o RISC-V elvan Little
Endian (§3.3), mpoxvmrel Ot tar Bytes 24 now 25 eivon ta dvo de&ud (AyodTteQo
onuavtxd - LS) péoo omv 32-pmtn AEEN 24-25-26-27, Goa. péco OTIS 32-UTUTES
eVIOAéS (o€ megimTwon mov M 12 elvon 32-pmtn), meémer o opcode va PoioxreTal 0ToO
0gEi Nuov ™ evioic (oe avtiBeon my. pe To TL WYVEL oTov MIPS, 1) oTOV QAO
voloyroti) g Wnoranng pog Zyedioong, 6ov o opcode fitav 0to "0oLoteRd" (MS)
A%QO TNG EVTOANC).

Ta dua woyvovv ral otV Alyo mod mepimhoxn meQimtwon mov Oelyvel To OeVTEQO
UEQOG TOV OYTNUOLTOG, EXEL TTOU 1) ETVOUEVY] TTQOG EXTEAEON €VTOM) elval 1 17 amd
oLeBvuvon 42, 6mov to 42 givol pev axéQao TOAMATAGOLO TOV 2, Oyl OGS KAl TOL 4.
Edm, o emeEepyaotig €tuyxe va €xel wOMG extehéoel TN 16-pmtn evroln 15, xral
auEOWS petd v 32-pmtn 16 mov (avayraotind) eivor "omaopévn" og 000 RoudTiaL,
uéoo oe d0o diadogetinés AeEeg pviung to xabéva. H eviohn) 17 dev Eé¢pouvpue
oxopo eav eivar 16-pmn (Bytes @ 42 »ou 43) 1) edv eivar 32-pmtn (Bytes @ 42, 43,
44, nau 45). Aga 1 TAngodogia yid To péye0ds TG —ov maadoolard PoioxreTol
péoa otov opcode TNG— mEémeL vo. Poloxetal péoa ota Bytes 42 now 43 tng evioAig,
oxOUOL ®aL OTNV JEQimTmon mov avth elvar 32-pmtn, doa ota 00 AydTEQO
onuavtxd ("0eEld") Bytes g (€otm ®ou €dv 0TO OYNUA TO 0eEL0 ®opdTL TG 32-
umeng 17 etvon "omaopévo" xoL TomoOETNUEVO 0TV TTRONYOUUEV AEEN LVIIUNG).

16 bits

AoBévtoc Tov B y2 N 8(1),
TEQLOQLOUOV O opcode va. | | or 10
Bolonetan "moog ta MS 32 bis LS
O0eELd" uéoa otnv y 3 r2s 000, or 001,
gvtof), o RISC-V [ [« [11] oror0.orott,

, , or 100, or 101,
tomoBetel Tov faoird _ S~ 110

; - 48 or more bits

TOV opcode 0To dxpo f—3—42-
0e&id PEoa 0TV EVTOAT), | EREIEE]

OMAadn) ota MyoTeEQO
onuavted bits g (uAdpe yud Tov "Poowro opcode” emeldr) aQneETES EVIOAES ExOVV
nouw OeTeQN 1 ®o TEITN EMERTOOT TOV, VIO TO Ovoua "function code(s)"). Méoa otov
Baowrd opcode, Ta "momTa" (oo deEldTEQQ, LS) bits elvar autd mov xaboilovv To
uéyebog g eviolfg, 6mmwg paivetar oto oyfua: Otav ta momhta (deEdtepa) S0
bits eivaw elte 00, elte 01, elte 10, TOTE M) EVTOAT] elvan 16-umtn, evd edv avtd TOL
mowto OV0 bits eivan 11, TOTE 1) EVTOAN ElvoL TV 32 1] TEQLOCOTEQWV bits. Ztnv
televtaio vt megimtmon, pe To dUo mowta (0e510TeQ) bits (oo pe 11, TOTE €AV TOL
tolo emOpEVA (TQOG TaL aELOTEQA) bits elvor 111 Ba modneLTan YA "ueydin" eviod,
TV 48 1] TEQLOCOTEQWV bits, eV edv avTd Ta TElO "etOUEVA" bits oynuoatiCouvv évav
olovofmote artd Tovg voAoLovg 7 cuvdvaouovg (000,001, ..., 110) toéte mpdOrELTOL
Yu& d "vAooont)", 32- T VTOAT).

I mepLoodtepeg Aemtropépeleg oe Oha avTd Tar Bépata, WTOEEITE Vo ROLTAEETE TIG
oehideg 7-10, 97-100, 129-130, »on 141-147 tov eyyepidov (manual) tov RISC-V, pe
teéxovoo vedtepmn €ndoon v 20191213: riscv-spec-20191213.pdf mov evgloxetal
oaBéopo yid "watéfacua” O6mwg elmope xor otV 1IN 0glpd aoxNoEmV omd T
oehida: riscv.org/specifications/
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Aoxnon 4.2: Thoooo Myyovis zow Koduxeg Metafinrov IThdrovg

Kat' avaloyia mpog tig eviohés petafAntov peyéfoug (mAdtovg), nat UEoa OTNV
7100e evtolM] yonotpomolovvron media PeTAPANTOV TAGTOVS, ®al TEMT At Ol O
910G 0 opcode, 0 omoiog HAALOTO UITOQEL ®aL Vo elval "vouévog" oe dvo 1 o Teio
noudtio, "omoouéva" oe duddpoes (U ouvexOueveg) BEOELS PEGO OTNV EVTOAT. Zav
moogTolpaotar Y to Bépua autd otov (Paocwwd) RISC-V, ndvte v €&ng
QITAOTIOLNUEVT] Ao 0T —OITAOTTOLNUEVT RATA TO OTL BemEOVUE OTL OL EVTOLES €xouv 8
novov bits, now meEQLEXOVV €va LOVOV AAAO Tedio mEQav TOv opcode (ETEXTETAUEVO
puéom tov "function code") —ahAG avtd To dAAO TEd(O elvar GAlote oTEVO now GANOTE
$aditepo.

Tov Paowd opcode ag tov yoddpouue edm "op" ®oL TNV emExTOOT TOL (function code)
oG ™V Yoddouue "funct". T'ld va unv moudevopoote pe peydlo mihBog evtolmv, Ba
xonoporotoovpe éva 0o pog, pavrtootrd format eviohwv, evog GaAvVTOOTIROU
vroAoyLoti], Tov RV_8. Okeg oL evtoléc Tov RV_8 éxouv péyeBog 8 bits. O RV_8 éyel
uovo 8 rataywentég, toug X0, x1, ..., X7, now oL otafepég Tov moodTNTeS (immediates)
ooV va givar povo ot 32 pn-avnrwol (unsigned) axégawot 0, 1, 2, ..., 31. Ou
eVIoAég tov RV_8 éyouv povov évav teheotéo —elte rataywenti) eite otabem
moodTNTo immediate— xow €xovv povo dvo format, Ta eENG:

I-format:

e op (3 LS bits): o (uovadirdg) opcode,
e Imm (5 MS bits): 1 otaBeQd - TeheoTEOG.

R-format:

® op (3 LS bits): mpmTO PEQOG TOV Opcode,
e R (3 emoOueva bits): 0 RATOYWENTHS - TEAEOTEOG,
e funct (2 MS bits): 0e0TEQO HEQOG TOV opcode.

4(a): Eotw 0TL "E0devovpe" nat Tovg orto (8) dtabéoipuovs ouvouaouovg tov mediov
op YL& 8 evtoAég I-format, Tig eVTOAEéC ki, 1i, mi, ni, pi, qi, ri, si.X AUT TV
TEQIIT™MOoN, wrogolue va éyouvue xapic evtohy R-format; Twati oy, ‘Eotm mwg
emuévape vo €xovue TV evtol] R-format "RR" pe op=001 %0W funct=10. Tote, 1M
€VIOAT "RR x5" pe moldv AN evtolr) I-format (xou pe tL teheotéo) Ba Nrav dua %
QTTOLQAMAOKTY], UE OUVETELOL VO W) UTTOQOUVUE VA TIG €xoupe xo tig dUo otov RV_S;
AmodeiEte ev ovvropion alhd pe "podnuoaTtir" axgifelo wow oapivelo 6t to dLo Oa
toyve yud o dtrote AAAN duvarh evtot] R-format.

4(b): Eotw twpo Ot "Eodevoupe" povo tovg 7 amd tovg 8 dubEoipoug
oVvOVOOopoUg Tou mediov op —toug 001,010,011, 100, 101, 110, now 111-yud 7 evtolég
I-format —Tig ki, 1i, mi, ni, pi, qi, ri.ZX' QUTI] TNV TEQLITTWOT), TOOES EVIOAES R-
format prwogov e va €xovpe; Tu vMOLrES op no funct Oa €xeL vaBed Tovg; Natt dev
LWITOQOVUE VO €OV E TTEQLOOOTEQES ATTO TOOES eVTOAEC R-format;

4(c): T v megimtwon 4(b), oyxedidote £éva  ovvdvaoTivd  wiOrRAOUO,
yonowworowwvtag woheg NOT, AND, OR (oowvofmote eLl00dmV) (LOVO TETOLES, KL
OYL £TOLLOVS QUTORMOLROTIOMNTEG), TTOU VO, O€XETAL OOV (0000 WOV EVIOAT] (8 bits) oL
VoL TaQAYeL oo eE600VG:
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gva onua I wov avéfer dtav rat povov otav 1 evioit) elvar I-format,

¢va onuo R mov avafer 6tav xow povov étav 1 evtoln eivor R-format,

7 onuota, éva yid ®ofe evioAt) I-format, mov va avdfer otav kol poévov otav
PAEmEL T OVYRERQLUEVY] EVTOAT], RO

e ¢va onuo yud xobe evtohn) R-format, mov va avdafer 6tav xar povov otov
PAEmEL TN OVYRERQLUEVY] EVTOAT).

4(d): Avahoyn egmtnom pe v 4(b), alhd €otw OTL TOEA €Youpe POVO 6 eviohég I-
format. IT6oec eviohég R-format pmogolue va €yovpe; I'odyte ta opcodes (1) nai
function codes) OAwV TV EVIOA®V, ®aL Twv OVO format. [TpoomaOote va euléEte Tal
opcodes €TOL (MOTE VA amAomoleltol 1 amoxmOromoinon twv onudtov I ko R
(opdwva pe TNV eumelgla oag artd TNV €0mTNON 4(c), WIS TAVIMWS Vo Tnteltol e0m
0y €0(0.0M HVRADUATOG).

4.3 Ta Format Evrolov tov facwxov RISC-V:

210 VIOAOLTTO AVTOU TOV poBnNuatog Bo aoyolnBoiue povo pe tov Paowrd RISC-V,
TOV OT0l0V OAEC OL eVTOAES elvan peyeéBovg 32 bits. Méoa og auTég TG EVTOAES OUG,
ahhote yoewatopaote 1, dhhote 2, nat GALOTE 3 0QIOUOTO RATAYWENTOV, KoL GALES
$opég yoewnlopaote otobeQl] TOOOTNTA OVIL %ROTOYXWENTN: £TOL, ROTAAYEL VO
xoewalopoote Oddopeg poodéc (format) evrolmdv, xou pe petaPintd péyebog
(mhditog) Twv medlwv péoa oe avtés. To oyfua magoxdtm delyvel to Poownd format
Twv evtol®v Tov RISC-V. ITpwtov, 6mwg elmape mapoamdvw, o opcode Poloretor (1)
TOVAAYL0TO Eentvael amd) 0eEd (LS), now ta 000 deELd Tov bits elval mavta 11 apot
TEOKRELTOL YL 32-UTLTES EVTOAEG.

To mpwto format tov RISC-V oto oyfua elvar to "J" 1 "U" mpoOxeltan otnv
moaypotrOTNTO Yid 00 ehadpéc magarhayés tou wWiov format, mov diapégovv
UETOED TOUG UWOVO ®ATA TNV TOOOETNOoN TWV bits evidg g otabepng moocodTNTAC,
omwg Oa dolue oe emOpevo xepdholo, OAMG TTOU QUTY| TN OTLYW| CQ®El VO TIg
Bewpnoovue oav éva xal To autd format. Avtd to format To axolovBouv ol (Toeig
LOVOV) EVTOAES IOV YoeLdCovTal éva (LOVOV) OQLOUO HOTOYWENTY), ®oL Wi padLd —
600 peyalitepn yivetar— otabepn) moodtnra. ‘Etol, petd tov opcode (mdvta omd
0eELd oG TaL aELOTEQQ, ooV rahdg Little Endian), vrdyer éva medio nataywonti,
2Ol OTN OUVEXELM OAA TO VITOAOWTA bits TNG €VIOAMG APLEQDVOVTOL 0T OTOOEQT)
moooTTa. O 2OTOYXMENTNG ElVAL RATAYWENTNS TEOOQLOUOT VL& QUTES TLS EVTOAEC
(dhadn avtég yoddouv oe autdv), £tol Tov ovuPoriCovpe "rd" (d = destination -
mpooQLopdg). H otabepn) mooodtnTta Béhovue va éxel tooa bits mote, aboollopeva
outd pe to bits Tov dhwv (ureodtepwv) cvvnopévav otabepdv Tov RISC-V, va
pog dtvouv 32 bits, ovTtwg mote, Omtwg Ba dovue 0QEYOTEQO, VO UTOQOUVUE VO
1OTooreVACovUE WAV avbaigetn 32-umtn otabept) moodTNTA PECW OVO EVTOADV,
wés evrtolng U (Upper part of the 32-bit constant) 6mtwg €dm, ®al WAS ovvNOLOUEVNC
(;t.x. addi) evrtohngrov emduevov, I-format. Ou oyediaotég Tov RISC-V Bemonoav ta
12 bits oav iwavomomtird péyebog yid g "ovvnOwopéves" otabepég moooTnTES, QA
yoewatovrtav 20 bits yud tig "ueydhes" otabegéc mooodTnTeS, €dw oto U-format,
emoOUEVWS ovopatiCovpe to oyetrd medio Imm20 oto oyfua (20-bit Immediate
constant). Aol ta medior ratoywENTOV mEEMEL Vo glvar 5 bits nabéva 2> = 32
NOTOOYWOENTES), TEQLOGEVOVV 7 bits Y& Tov (mowTo, Baoirnd) opcode, 0eELG —ammd TaL
omota, PERara, Ta OV0 OeELd elvar MO maouéva (deopevpéva vo etvatl 11) yuo v
VITOOTNQLEN TWV 16-UUTOV EVTOADV.
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Exercise 4: Machine Lang., Instr. Formats (U.Crete, CS-225) 27/2/25, 13:49

To emdpevo Paownd format L 32 'i
tov RISC-V ovopdletan "I",
amd ™) MEEN Immediate L Jr2s | _rd | opcode, ,| 5,u
(constant), ONAadM = 20 —'k 5 H{‘i 7
"otafegQn] TooOHTNTO

o 7] | Immi2 | rs1 Junos| | opcode, | 1

noBoolopevn xat' evleiqy L 7% 1 R0 P e T

uéoa otV eVIol). Avtod ‘71244%5%3%5%—7%

daivetor 0eTEQO OTO

) . , | funct7 | rs2 ‘ ‘functs‘ ‘ opcode, || R
oyxnua, xou yeewdleton dvo  L——0 O e O SR P v 1.1
media RATAXWENTOV, ‘774'%5%5%3%5%—7%
EMITAEOV TNG OTOOEQTC | 2 ‘ ‘functs‘ ‘ opcode, || B,

noooTNTOC, OMOWG Ty oL e L e

evtohég addi xau load mov ’ % 5 f '
’ ’ Y A/

aTT0TEAOTVV TUTULHA
ToQOdElYHATO TETOLWV
EVIOAMV: 0 £VOC ®ATAYWENTNG Elvor 1) TowTY TNYT (source 1) mingodogiog —doa
ovouatetat "rs1"- 1 otabe1) moodTNTA €lvon 1) deTEET TANQOdOQLL TNYNS -
€0080g 0TOV VITOAOYLOUO (1) TNV AVAYVMOT UWVHUNG), XOL TO ATTOTEAECO YOADETOL
OTOV LOTAY WO T TIQO0QLONOU, rd.

Ou oyedlaotés tov RISC-V ypeidloviav avEnuévo yweo opcode —eQLOOOTEQO AT
600 Adhho pemeTOQLa RISC- mooxeuévou vo adfoovv xMEO Y TIQOMLQETIRES
EMENTAOELS, €(TE MEOTUTES €(Te WOLWTKES, VL& TOOPAEYN LEAMOVILROV EMERTAOEWV
TOV QEMEQTOQRIOV, RAOMGS RAL VL& TNV ®WOLXOTOIMOT TV 16-umtwv eviohwv. Eidaue
Ot autég oL tedevtaieg "todve" oM 2 amd to bits Tou Paowol opcode. Aga, ot
MEQLOOOTEQES €VIOAES (TéQol O TIS TEElS evtohég J/U-format) moémer va agpivouv
meQLoooTeEQA amtd 7 poOvo bits yud Tov opcode: mQoOnELTOL AXQPOS YA TNV LOEA TOV
opcode petofPAntov peyéBoug (AdTovg) mOU eldauE AUECHS TQONYOUUEVIS, OTNV
doxnon 4.2. ‘Etot, to I-format, avti va mdver xow ta 20 bits Tov mediov Imm20 pe 5
bits yu& tov rsl o to vrolowto 15 bits yid Immediate, emexteiver ovoloTnd TOV
opcode »otd 3 oxdupo bits, Ta omoion To maigver amd TN oTabeEr) moooHTNTA,
uxaivovtdg tv ota 12 bits. Avuti) TV eméxtaon tou opcode xotd 3 bits v
ovouatovpue pe to Alyo Otopooetind Ovoud function code Y VO GUVEVOOUUOOTE
7©00000TeQa, OAAG ovolaoTird amotehel xat avtd to medto, "funct3, xopdTi 1)
eméntaon tov opcode. To 12-pmto medlo mov péver, apLotepd, yud TN otabep
moooTNTA, TOo ovouortiCovue emopévwg "Imml2". lotoouxés onueidoes: Ov RISC-1
nouw RISC-II €8wvav 13 bits otig "ovvnOiopéves" otabepéc, avtl 12 €dm, naw 19 bits oTig
"ueydhes" otaBepég, avti 20 €d0m, now 0 opcode Toug Mty oTOfEQOV peYEBoUS 8 bits
(a6 Ta ommoia To éva apregwvoviav oav "set condition codes flag" — ndtL TOV OMOlOV
N pooda éxer mepdoer). O MIPS diver 16 bits yid g "ovvnOwopéves" otabegéc, pe
ATOTELEOUOL VO TOV PEVOLV HOVOV 6 bits yid tov faoxd tov opcode. ‘Olotr avtol ot
VIOAOYLOTES OVVOETOUV by avBaigetn 32-pwmtn otabepn) moodTTo pEcw 010
EVIOAMV IOV TEQLEYOVV TO OO %OUATIO TNG oAV eMUEQOVS oTafepés: 20+12 bits
otov RISC-V, 19+13 bits otovg RISC-I now RISC-II, 16+16 bits otov MIPS.

To dAho o ta teia Pacindtepa format tov RISC-V ewroviCetan otnv toitn B€01 TOUL
oyxNuatog, xal ovoudtetal "R" format, emeldn €xel tota media nataywonrtov (Register
format). Ze oyxéon pe to I-format, edm avrrabiotatar 1 otabepr) TOOOTNTO GOV
oelteen my1 TANEodoiog amd tov delTEQO RATAYWENTY TNYNS, "rs2" (source-2
register). Aedopévou OtL Ta medio RATAYWENTOV EXOVV LOVOV 5 bits, OGS TTEQLOOEVOVV
tmea nou dAha 7 bits oav Tolty eméxtoon tov opcode, WOV TNV OVOUOTiCovuE, ®OT
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Exercise 4: Machine Lang., Instr. Formats (U.Crete, CS-225) 27/2/25, 13:49
avaloyia 6mwg moeadve, "funct7".

Televtaio oto oyfjua dpaiveton drhrho éva format tov RISC-V, to omoio amotelel
noQoahhayf tov I-format. (Omwg »ow pe to J/U-format, étor %1 €dd vmwaQyouv d00
maQolhayés, N B xaw 1 S, mov dradégovv petaED Ttovg povo xatd TV TomoHETnon
TV bits eviog g otabepng moodtTTos, Omwg B dovue Oe emOUEVO %EPANALO).
Onwg now to I-format, £yovue xow ed® 000 medioL xATAYWENTOV %o pic, 12-pmTn
otaBepn moooTNTa. H dradopd elvar ot edm ov 010 ratoaywentés elvar xot oL Vo
myng, "rs1" nan "rs2", avti évag myng no €vag meoooLopol oto I-format. Ou evtolécg
store axohovBoUv to S-format: €dm o rsl mpootiBeton pe to (signed) Imm12 Y& va
onuovgynoetr Tt devBuvon pviung, xou Tov rs2 tov dwfdlovue oav data yud vo
QTOOTOAOVY VLG eyYyoodT) ot pvijun. Ot evtoléc drandddmwong (branch) axohovBoiv
to B-format: Odwfdlovpe tovg OU0 natoaywoentés rsl xar rs2 yud vo TOug
ovyxpivovue, n 0e otabeQT) TOCOTNTA YONOLUOTOLEITOL YA TOV VITOAOYLOUO TNG
dteBvvong meooLopov g dranrddwong. To B/S-format paiveton mopdEevo emeld
N otabet) moodtnTro Imml2 eivon "omaopévn" oe VO HOUATIOL PECA OTNV EVTIOAT)
ouTo yivetou yud Tov eENg AoYo:

O RISC-V ¢yeL 10 mepuoodtepo eEehyuévo format evtolmv 600V adoed T otadeon
0¢on tov tElEOTEWV-ROTOYXWOENTOV (register operands) péoo otnv evrol. O évag
AOYOG o B€AlovE TO TTED(O TV RATAYXWENTOV TN Y1HG o€ 0T00eQES B€oelg ueoa otV
eVIoM|, aveEapTitwg format, eivon yud vo Eégovue mévta mowot elvar avtol (edv
VITAQYOVY, O €vag 1] %ol oL OV0) MELV ATORMOLKOTIOL|OOVE TOV opcode YL va
udBovpe oo etvor To format TG, ®OL YOELS TNV AVAYAN TOAMTAEXTY OTO OQOUO
TQOG TNV €(0000 OlEVBVVoEWY TOU OQQYEIOV TWV %ATAYXMONTOV, 0VTWS (MOTE VO
0QYIOEL N AVAYVWOT QUTOV TWV ROTOYXWONTMOV TNYNG oo exel apéomg poMg élBeL n
EVIOAT] OTOV €MEEEQYOOTI] A0 TN UVI|UN €VIOADV, YwEis evildueon nabuvotéonon
nOL EV TOQAAANA® e TNV ATTORMAKOTOINOoT Tov opcode. To yaQaxTNELOTIRO AVTO,
TOV ROTAYWENTOV 7yHs oe otabegés Béoelg péoo otV €VIoAl], aveE0QTITWG
format, To eixe now o MIPS- 6uwg otov MIPS, 0 xatoaymonthg mTQOoQLopoU gival o
uetofAnt) 6éon péoa oto format, e TO ORETTIRO OTL TOV HOTAYWQENTY TTQOOQLOUOV
TOV YeLalONOOTE VO TOV EEQOVUE aQyOTEQO OTY OLAQUELD EXTEAEONS TNG EVIOANG,
otav Oa elvar €tolpwo to amoteheopo Yl va yoadtel exet, nor doa pExoL ToTE
VITAQYEL O YQOVOG Va. £xeL atoxrmoLromon el o opcode now va €xel eruleyel T oyeTIRO
nedlo HETA aTTO TNV EVTOAT).

O RISC-V eivor mo eEeMyUévog, noL RQOTE %ol TOV XOTOYWOENTN TQOOQLOUOU O
otaBepn B¢om, yud évav mpodobeTo AOyo. Ztovg emeEepyaotéc "Superscalar" (§10.4,
§14), draPalovpe 0vo 1 TEQLOOOTEQES EVTOAEG TAVTOYQOVO OTO TN UVI|U EVIOADYV,
noL ELEYYOVUE €AV M emOUEVY(eQ) Oev eapTdTor OTtd TNV TRONYOUUEVY, ONAAOT) OV
YONOLUOTOLEL TO ATOTEAEOUA TG, OTTOTE OTOV €lval £€TOL, AVEEAQTNTY), WTOQOUVUE VO,
TNV EXTEAECOVUE TOVTOYQOVA UE TNV TIQONYOUUEVT], YO OLLOTTOLMVTOS TQOOOETES
TOQTES TOV aQyelOV nOTAYWENTOV Rl TRO0OeTES 0ELOUNTIRES povades (ALU's). T'id
va eléyEovpe v eEdotnom 1 aveEaptnota 00 €VTOMDV, OUYRQIVOUUE TOUG
0QLOHOUS (SlevBVVOELS) TV RATOXMONTOV TNYNG TS ETOUEVNS UE TOV 0QLOUO TOV
1OTOYWONTY| TROOQLOMOV TG RO YoUuevNS. [d va pmogoiue va vavouue autd Tov
ENEYYO YONYOQO, TOLV TNV ATORMAXOTOIMON TV opcodes ®al ¥wEIS TNV QvAyxn
TOAVTIAEXTOV emAOYS amd dudpogo medio péoa ot eviolég, OEAouvpe %oL oL
NOTOYWONTES TNYNG OALG RO O RATOAYWENTHS TTQOOQLOMOV va. elval o oTobeQég,
mavta TS (0eg B¢oelg péoo oty eviol. I'id va pmogéoel va travomomBel avti 1
amaitnon, vo elvar mdvia otig (Oleg OE0elg ®OL Ol ROTOYWENTES TNYNS HOL O
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mooQLopol, o RISC-V avayrdotnue, 6mwg pdivetalr oto oxnue, va "omdoel" To
nedto Imm12 oto B/S-format, oe 000 noudtio —tor 7 bits aQLoteQd, »ou T 5 bits
0eELotega. Agdouévou 0t 1o medio Imm12 1o ypelalopaote ouvnbms aEYOTEQX OTN
OLAQUELDL TNG EXTEAEONS TNG EVTIOANG (UETA TNV QVAYVWOT TOV ®atoyonth rsl amd To
0QYELO HOTAYMONTWOV, Y& Vo Yivel aolOunTixnt] modEN peTakl tTng TLung tov rsl %o
tov Imm12), vrdoyel v T peta&L x0Ovog va €xel amoxwdxomoOel o opcode ral
VoL £YEL AELTOVQYTOEL KOl O OITOULTOVUEVOS TTIOAVTIAERTNG.

Tig minpels Aerttopépeteg yid to formats Twv evioAmv tov RISC-V Ba tig foeite otig
oehdeg 15-17 tov eyyelpidlov (manual) Tov RISC-V mov Aéyape voitega: riscv-spec-
20191213 .pdf (amd TN oehida riscv.org/specifications/). T meQLocodTEQES TANQODOQIES,
delte now g oehideg 129-130 (1) now edg 136) tov (dov eyyelpLdiov, now yué Tov
AN 0QLOUO TOV BaoLroV QETEQTOQIOV EVIOADYV TIG 0eAdes 17-29.

44 H Evrol Load Upper Immediate (1ui)

H evtoAi] 1ui rd, 1mm20 (load upper immediate), pe format "U", otov 32-pmto RISC-V,
vodder Ta 20 bits Tov mediov Imm20 g ota apLoteEd 20 bits Tou xnoTaWENTY rd,
now undevier ta deELd 12 bits tov rd. Ztov 64-pmrto RISC-V, Baler ta magamdvm 32
bits oto de&Ld (LS) fwov tovu rd, xan ta »dével sign-extend oto agLoted (MS) fuov
tov rd. [Tap' 6TL ovopdletar "load" Oumg dev elvor eVIOA] TQOOTEAONS TNG LVIUNG
0edouEVOV —dev avireL 0TV roTn Yol TV evioAmV load.

211 ovvinOn xenon g axorovBeiton amd WAV evtoit] addi (add immediate), 1) ool
mpoobétel otov (00 nataywENT) To 12-pumro Immediate thg. Agdouévov OTL N lui
EPale 12 undevind deELd oToV ®ATAYWENTI, ] TEOOHECN RATAATYEL OTO VO ADT|OEL
ota 12 deELa bits 11 otafepT) mOCOHTNTO ATTO TNV €VTOAY] addi. Ztov 32-pmto RISC-V,
0ta 20 0.QLoTEQA bits TOU RATOYWENTH, 1] LEV EVTOAT 1ui éPake TV 20-umtn otabeQd
™G, 1 O& €VTOM addi mQooOételL oe avtiv eite (o) 20 unoevixd ebv 1 (12-pwmn)
otaBed g €xeL 0 0To 0LoTEQO bit TNg, elte (P) 20 dooug edv 1 (12-pmtr)) otabBepd
™G €xer 1 oto aQoteEod bit Tng. Ztn pev megimrwon (o) ta 20 undevird aprvouv
avarotowto to 20 aQotegd bits, oty de mepimrwon (B) M medobeon 20 dowv
Loodvvapel ue v medobeon tov auot -1 (uetov 1) og avtd ta 20 bits. 'Etou
teEMnd umogovpe vo ovvBéoovue TV owdnmote auvBaipetn 32-pmtn otobed,
Balovtag ta pev 12 deEud bits Tng oto Immediate Tng addi, T d¢ 20 apLoTEQA bits TG,
elre autovolo eite avEnuéva xatd +1, oto Immediate TNg lui — OOV 1 €MAOYT
"avtovowa" N "avEnuéva xotd +1" yiverow 6tav Ta 120 and 0eEd bit eivan 0 1 1,
avitotorya. 2to PiPpAio M evioAn] oauti), ®aBmdg ral M TVMKY XONOM NG,
meoLyedpovrarl oty ayn g §2.10.

Toomog IMagddoons:

Kdévte v amii avti) doxnon amd Toea, yid vo v €xete €towun, mo' ot Ba TV
noeadmoete Ayo aQyodtepa, poli pe v emduevn oelpd aoxnoemv 5. O tEOmOg
TEAd00NG, YA TS aoxioels 4 xot 5 palt, Oa eivar on-line, o poodn PDF (urogei va
elvou nelpevo unyavoyoadnuévo 1n/zot "onavooLopévo" xeoyoado).
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