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Buxkunenuid

RISC-V

Marepuan u3 Bukuneauu — cBOGOAHON SHIIMKIIOMEANH

RISC-V — pacmupsieMasi OTKpPbITasi U CBOOOZHAS CHCTEMa KOMaH/| M IIPOLIECCOPHAs apXUTEKTypa
Ha  OCHOBE  KOHIEII[NH RISC[I], npefHa3HAYEHHAs] I CO3JjaHUs  IIPOLECCOPOB/
MHKPOKOHTPOJUIEpOB U paspabotku I10. Croenuduxanuu apXUTEKTYpHbIX omucanuii RISC-V
cBOOOZHO [TOCTYHHBI U OecIIaTHBI /i JIIOOOTO HCIOJIb30BAaHUSA, BKJIIOYAsA KOMMEpPUECKUE
peasm3anuu HENOCPEACTBEHHO B KpPEeMHHU Win g KoHdurypupoBanus I[IJIMC. Yuactue B
MMPOEKTUPOBAHUU U OOCYKeHUU crielu(PUKANNI apXUTEKTYPHBIX OMUCAHUN OTKphITOoe. Cucrema
KOMaHJ| UMeeT 3ape3epPBUPOBaHHbBIE B cHelUUKAIUYA OUTHI [/l KOJUPOBAHMSA paclIupeHuil Oe3
OorpaHUYeHHs 00JIaCTH IPUMEHEHUS.

Copep:xanue

WcTopusa cosgaHus u ynpasneHue pasButuemM
BasoBas cneuudumkaumna «RV32I»
Cucrtema KOMaHg
Cnucok HabopoB KoMaHz,
PopmaTbl MaLLMHHBIX KOMaHA,
Peructpbl
BbI30BbI nognporpamm, nepexofbl 1 BETBNEHMUS
ApudmeTnyeckme 1 nornyeckme Habopbl KOMaHz
ATOMapHble onepauum ¢ NaMaTbio
CokpalléHHble KoMaHabl
KomaHgb! Ansi BCTpavBaeMbIX MPUMEHEHUN
MpuBunernpoBaHHble HAabopbl KOMaHA
BuTtoBble onepaumu
KomnakTHbIn Habop komaHg ans SIMD
Onepauun ¢ BekTopamm
KomaHgabl Ans otnagku

Peanusauuun
IP-agpa
MpoLeccopbl 1 MUKPOKOHTPOSIEpbI
Cwm. Takxe
MpumeyaHusn
INuTtepartypa

Ccblinku

I/ICTOPI/I}I COo3JaHUud 1 yIIpaBJI€CHUEC pPAa3BUTUEM

Wpesa RISC-V mosABmiack B 2010 rofy Kak IPOAOJDKEHHE HCCIENOBAHUU 10 IPOEKTHPOBAHUIO
BBIYUCJIUTENBHBIX cucreM B KamudopHuiickom yHubepcutere bepxiu B CIHIA, mnpum
Herocpe/cTBeHHoM yuactun Jasuaa Ilarrepconal2l3]l — oxmoro us asropo u cropomHmKOB
npumeHeHns KoHnennuu RISC. HeiHemHme ydyacTHHKH nporecca passutua RISC-V sansarorces
JI06POBOJIBLIAMU U3 MHOTUX HAyYHBIX OPTaHU3AIMH, YHUBEPCUTETOB M KOMIIAHUHN Pa3HBIX CTpaH. B
OTJINYWE OT /IPYTMX aKa/JleMUUYECKUX IIPOEKTOB, COCPEIOTOUEHHBIX HAa 00pa30BaTEJIbHBIX LEJIAX,
RISC-V nsHayapHO MPOEKTUPYETCH JJIA IIMPOKOT0 KPyra KOMIIBIOTEPHBIX IPUMEHEeHUH.

B 2015 roay, [Uia yCTOMYHMBOTO pa3BUTHSA, CTaHAApTuU3anuu u mnpoxasmkenus RISC-V, cosman
MEeXIyHapOAHBIA (OHT RISC-VI4] » accoruanus co mTab-KBapTUPOH B LI}opI/Ixe[5] B lIBeiinapumn.
C 2018 roza ¢onx RISC-V paboraer B mapruéperse ¢ The Linux Foundation[®). B pykoeoacrso u
TEXHUYECKHE KOMUTETHI BXOJAT JIBE PYCCKHE KOMIIAHUM Pa3pabOTYMKHU IIPOLECCOPHBIX sIIEP —
Syntacorem n CloudBEAR, a Taxxke paspaborumku cucremHoro IO (Anbr Jlunyke, Acrtpa
Junyxkc)8l,

i RISC-\/

Pa3paboTtumk

PaspsigHOCTb

MpepctaBneHa

Bepcuu

ApxutekTypa
Tun

KoaunpoBaHue
CK
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nepexonos

Nopsipok
6anToB

Pa3mep
cTpaHuLbl

PacwupeHus

OTKpbITan?

O6wero
Ha3HaveHus

BelecTBeHHbIe

SIMD

MpepunkaTHbIe

Bcero

Accounaums RISC-V,
MHMUmaTop pa3paboTku
KanudopHunckmin
yHuBepcuTeT B Bepknun

32-6uT, 64-6uT,
128-6uT (3annaHmMpoBaHo)

2010

Unprivileged Bepc.20191213,
privileged Bepc. 20190608

RISC
Peructp-peructp

DuKCMpOBaHHbIN pasmep
KoMaHAaHoro cnosa — 32 6uta
CpaBHeHve 1 nepexon
Little-endian

4 KiB

M,A,F,D,QC,E V,PB

Oa
Peructpbi
32, Bknwyas x0 Bcerga

paBHbIN HYIIO,

(16 — TONBKO B PaACLUMPEHUU
E n, ycnosHo, B C)

32 (pacwwupenus F, D, G)

32 BEKTOpHbIX perucTpa
AnuHon ot 32 o 2048 6ut
Kaxapln (pacwmnpexune V),
ans LMY pekomenayetcs
128-6uT (ZvI128b)

HeT

Peructpbl cTaTycos,
yNpaBneHns, CHETUNKOB 1
TaimepoB

@ Megawnadpaiinsl Ha Bukucknage

B despase 2022 roxa xomnanuda Intel 061)51131/1)1:1[9] 06 mHBectrpoBaHuu B passutHe RISC-V omHOro Mmuimnapza 7oJ1apoB M BOILJIA B COCTaB
pyxoBozacTBa RISC-V. B centsabpe 2022 roma B Poccrn 06pazoBan AnbsHC RISC-vEI [1o cocrostrmmo Ha Jekabph 2022 roia 13 U3 25 MECT B
coBete aupekTopoB RISC-V 3aHNMAIOT KUTalCKHe KOMITAHUY U OPTaHU3aINH, BEIyIYI0 POJIb U3 KOTOPBIX 3aHNMaeT Kurtalickas akazieMus HayK.

bazoBasa cnemmudukanua «RV3z2I»

Basoas cnenudukanus RV32I (RV — RISC-V, 32-paspsouas, I osnawaem Integer — yenouucaeHnylo apugmemuxy), cooeprcum Habop us 32
peaucmpog u BKJIIOYAeT 39 UHCTPYKIUH. Mcrob3yercs 6 TUIIOB KOAUPOBAHUA UHCTPYKIUH (hopMaToB).

Basossle pacmmpers: 2]

= M — uenoumcneHHoe yMHomeHme/.qeneHMe
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= A — aTomapHble onepaumn ¢ NamATbIo
= F 1 D — BbluMCneHus ¢ nnaeatoLemn TOYKOWN € JoNONHUTENbHLIM Habopom perncTpos (oguHapHou Float n gsonHon Double ToyHoCTH)

= C — cxatblii hopmat komaH (noaMHoxecTso RV32l), Ans yaBoeHWs1 NNOTHOCTU YNakoBKW B MaLLMHHOM CroBe Hambonee BoCTPe6GoBaHHbIX
CTaHAaPTHbIX MHCTPYKLWI

Bazossiit Habop RV32E 151 BcTpanBaeMbIX CHCTEM COBIIAZIAET [0 KOAUPOBAHUIO M HA60pY MHCTPYKIUU ¢ RV321, HO coepKUT TOJIBKO 16 PETUCTPOB.
IIprMeHseTcs, HAIpUMep, B HEIOPOTUX MUKPOKOHTPOJLJIEPAX.

CucremMa KOMaH/,

B apxutektype RISC-V umeetcst 06s13aTeIbHOE AJIs1 peain3aiiiy HeOOIbIIoe IOAMHOKECTBO KoMaH L (Habop uHeTpykiuii I — Integer) u HECKOJIBKO
CTaH/JAPTHBIX ONIIMOHABHBIX PACIIUPEHUH.

B 6azoBbIii HAGOp BXOAAT WHCTPYKIIMU YCJIOBHOU M 0e3yCJIOBHOW IEpe/jaydl yIpaBJIeHUs/BETBJIEHUS, MUHUMAJIbHBIH HA60p apudMeTHYecKux,/
OGUTOBBIX OTlEpaIUii Ha PErrCTpax, oneparui ¢ mamsateio (load/store), a Takske HEGOJIBIIIOE YHUCIIO CIY>KEOHBIX HHCTPYKITHH.

Omnepanyy BETBJIEHHS HE UCIIOIb3YIOT KAaKUX-IM00 06IKX ¢1aroB Kak pe3yJIbTaTOB paHee BBITOJHEHHBIX OIlepalliil CpPaBHEHMUS], @ HEIIOCPE/ICTBEHHO
CPaBHUBAIOT CBOM PETUCTPOBBIE OIepaH/ibl. bazuc onepanuii cpaBHEHUss MUHUMAJIEH, a /I TO/ZIEPAKKH KOMIUIEMEHTAPHBIX OIepAIfil OllepaH/bl
IIPOCTO MEHSIOTCS MECTaMH.

Ba3oBoe MoMHOKECTBO KOMAaH/I KCIIOJIb3YET CIIEAYIOIHI HaOOp PETUCTPOB: CIEIMATbHBIA PErucTp X0 (zero), 31 MeIOYUCIEHHBINA PEHCTP 00IIEro
HazHaueHus (x1 — x31), peructp cuérunka komanz (PC, ucmosb3yercs TOJIbKO KOCBEHHO), a Takxke MHOkecTBo CSR (Control and Status Registers,
MO2KeT OBITh aIpecOBaHoO 10 4096 CSR).

Jlyist BcTpauBaeMbIX IIPUMEHEHH MOKET HCIIOJIb30BaThes BapraHT apxutekTypsl RV32E (Embedded) ¢ cokpaménuabsiv HaGOpOM perucTpoB 06IIero
HazHaueHus (mepBbie 16). YMEHbIIEHUE KOJUUECTBA PETUCTPOB MO3BOJISIET HE TOJBKO HSKOHOMUTD allapaTHBIE PECYPCHI, HO U COKPATHTH 3aTPAThI
[aMSTU U BpEMEHH Ha COXPaHEHNEe/BOCCTAHOBJIEHHNE PETUCTPOB IIPH [IEPEKTIOUEHIISIX KOHTEKCTA.

IIpu oaMHAKOBOM KOAMPOBKe MHCTpYKnui B RISC-V mpenycMOTpeHBI peayn3aliiil apXUTEKTyp € 32-, 64- U 128-OUTHBIMH PETUCTPaMH OOILIEro
HasHaueHus u onepanusamu (RV321, RV641 u RV128I, coorBeTcTBEHHO).

PaSpHZ[HOCTI) PErucTpoBbIX onepaunﬁ BCerga COOTBETCTBYET pa3dMEpPy PErucrpa, a OAHU U T€ XK€ 3HAYECHUA B PETHCTPaX MOTYT TPAKTOBATHCA KaK
eJible Yrucjia KakK CO 3HaKOM, TaK U 6e3 3HaKa.

Her onepaum‘/’l Ha/J 4YaCTAMHU PETUCTPOB, HET KaKux-116o BBIJICJIEHHBIX «PETUCTPOBLIX IIap».

Omnepauuu He COXPAHSAIOT I7e-Ti60 GUTHI IepeHoca WK IePEeIoJHEeHUs, YTO MPUOIMIKEHO K MOJIeJIN OIlepaliil B si3blke mporpaMmMupoBanus Cu.
Tax:ke anmapaTHO He TeHEPHPYIOTCS WCKIIOUEHHs II0 TEePENOJIHEHUIO U ke IO JIeJIeHWI0 Ha O. Bce HeoOGXoAMMble IIPOBEPKH OIEPaH/IOB U
Pe3yJIbTaToB OIepaIuil JO/KHBI IPOU3BOUTHCS IIPOIPAMMHO.

]_[eJ'IO‘II/ICJ'IeHHaﬂ apI/I(bMeTI/IKa pacmeeHHoﬁ TOYHOCTH (60]'[]:]1[8171, ueM pa3pAAHOCTb perHCTpa) AOJI2KHA ABHO HUCII0JIb30BaTh Ollepallvii BbIYHUCJIEHUA
CTapiux OuTOB pesyJsibTarta. HaanMep, JJIA TIOJIYYE€HUA CTapIINX 6uTOB IIPOU3BEAECHUA PETUCTPpa HAa PETUCTP UMEITCA ClieNUa/IbHbIE HHCTPYKIIUHU.

Pazmep omepaH/ia MOXKET OTJIMYATHCS OT Pa3Mepa PEerucTpa TOJBKO B ONEPALUAX ¢ HaMATHhI0. TpaH3aKIHHU K MaMATH OCYIIECTBIISIOTCA 0JI0KaMH,
pa3vep B 6aiiTax KOTOPBIX IOJKEH OBITh 1[I0 HEOTPUIIATEIBHON CTENEeHbI0 2, OT OAHOTO 6aiiTa /10 pa3Mepa perucrpa BKIYnTe bHO. OnepaHs B
MaMsATH JI0JKEH UMETh «eCTeCTBEHHOE BhIpaBHUBaHUE» (a[[pec KpaTeH pa3Mepy OlepaH/a).

ApDXWTEKTypa HCIOJIb3yeT TOJbKO Mozenb little-endian — mnepBsiii GaiiT omepaHia B IAMATH COOTBETCTBYeT MJIAALINM OWUTaM 3HAYEHHH
PerucTpoBoOro onepaHja.

JUist mapbl MHCTPYKIMHA COXPAHEHUs/3arpy3KH PETUCTpa ONEepPaH/ B HaMATH OIpeZesiseTcss Pa3MepoOM pPEerucTpa BbIOpAaHHOU apXUTEKTYpHI, a He
KOZIMPOBKOU MHCTPYKIMHY (KO MHCTPYKIIMHU OAVH U TOT ke /1A RV32I, RV64I u RV1281, Ho pazmep onepaH/ioB 4, 8 U 16 6AAT COOTBETCTBEHHO), YTO
COOTBETCTBYET pa3Mepy yKasaTeJis, TUIIaM sA3bIKa porpaMmmupoBanus C size_t win pa3HOCTU yKazaTesiel.

JIJis BceX JIOIyCTHMBIX Pa3MePOB OIIEPAH/IOB B IAMATH, MEHBIINX, YeM pa3Mep PETUCTPA, UMEIOTCA OT/e/IbHblEe HHCTPYKIIUH 3arPy3KH/COXpaHeHUA
MUIZIIINX OUTOB PETHCTPA, B TOM YHUCIIE JUIs 3aTPY3KH U3 IAMATH B PETUCTP €CTh IIAPHbIE BAPUAHTHI MHCTPYKLHUH, KOTOPbIE II03BOJIAIOT TPAKTOBATD
3arpy»aemMoe 3HaueHMe KaK cO 3HAKOM (CTapIIMM 3HAKOBBIM OHTOM 3HAUeHUS U3 MAMATH 3aIOTHAIOTCA cTapiine GUTHI perucTpa) uian 6e3 3HaKa
(cTapurne GUTHI pETHCTPA YCTAHABIUBAIOTCA B O).

WHcrpykiuu 6a30Boro Habopa MMEIOT JUIMHY 32 GUTa ¢ BbIpaBHUBAaHHWEM HA TPaHHIly 32-0HTHOTO CJIOBA, HO B 00IeM dopmare IpeayCMOTPEHbBI
WHCTPYKIUU PAa3JINYHOH JIUHBI (CTaHapTHO — OT 16 /10 192 6UT C maroMm B 16 6UT) ¢ BEIpABHUBAHWEM Ha TpaHUIly 16-6uTHOTO cyioBa. IloHas
JUIMHA HHCTPYKINY IEKOAUPYETCs YHUGDUIUPOBAHHBIM CIIOCOO0M U3 €€ IIEPBOTO 16-6GUTHOTO CJIOBA.

Jl1st HanGoJiee 4acTo UCIOJIB3YEeMbIX HHCTPYKIMN CTAHAAPTH30BAHO NPUMEHEHHE MX aHAJIOrOB B Gojiee KOMIIAKTHOM 16-6utHON KoxupoBke (C —
Compressed extension).

Onepanuy yMHOKEHUS], IeJIEHUS] U BBIYUCJIEHHS OCTAaTKA HE BXOJAT B MUHMMAJIbHBIA HAOOP WHCTPYKIIMI, a BBIIEJIEHBI B OT/IEJIHOE PACIIUPEHUE
(M — Multiply extension). imeeTcst psi/t TOBOZIOB B IOJIb3Y pa3ziesIeHUsI U JAHHOTO Habopa Ha JiBa OT/eIbHBIX (YMHOKEHUE U JIeJIEHNE).

CraH/1apTH30BaH OT/EIbHBIN Hab0p aToMapHbIX onepanuii (A — Atomic extension).

ITockobKy KOAMPOBKA 6a30BOro Habopa WHCTPYKI(MI He 3aBUCHUT OT PA3PSAHOCTH apXHTEKTYPHI, TO OAWH U TOT K€ KOJ IOTE€HINATHHO MOKET
3amycKarhesa Ha pasandHblx RISC-V apXuTekTypax, OIpPEAeATh PaspALHOCTD U APYTHe apaMeTphl TeKyLiel apXUTEeKTyphl, HATHUNE PACIINPEeHUI
CH.CTEMBI HHCTPYKITHH, 2 IOTOM aBTOKOHGUTYPHUPOBATHCS JJIs IIEJIEBOU CPeZIbl BHIIIOTHEHMUS.
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Cnernuduxanueii RISC-V npenycMOTpeHO HECKOJIBKO 06J1acTell B IPOCTPAHCTBE KOJAUPOBOK HHCTPYKIIU IS TIOJIb30BATENICKUX «X-PACIINPEHUH»

RISC-V — Bukuneauns

apXUTEKTYPHI, KOTOPBIE MO/AEPKUBAIOTCS HA YPOBHE acceMbJiepa, Kak TPyl HHCTPYKIHi customo u customi.

Cnucok HabopoB KomMaHAa

CokpalueHue

RVWMO
RV32l
RV64I

RV32E
RV128I

o o =M » =

Cc
Counters

L
B
J
T
P
Vv
Zicsr
Zifencei
Zihintpause
Zihintntl
Zam
Zfh
Zfhmin
Zfinx
Zdinx
Zhinx
Zhinxmin

Ztso
G

Machine ISA
Supervisor ISA
Svnapot Extension
Svpbmt Extension
Svinval Extension

Hypervisor ISA

B 32-OUTHBIX MHKPOKOHTPOJUIEPAX U JUIA APYTUX BCTPAMBAEMBIX IPUMeHEHUH ucnosb3yercsi Habop RV32EC. B 64-6GHTHBIX IPOIECCOPAX MOXKET

HaumeHoBaHue
BasoBble Habopbl
Baszosas mogenb cornacoBaHHOCTM NaMATH
Ba3oBblin HAGoP € LENOYNCEHHBIMU onepauusmu, 32-6UTHbI
Ba3oBblin HAGOP C LENOYNCIEHHBIMU onepauusamu, 64-6UTHbI
Ba3oBbIn Habop € LienoYncneHHbIM1 onepauusmy Ans BCTpaneaeMblx cuctem, 32-6uTHeln, 16 pernctpos
Ba3oBbIn Habop € LenoYncneHHbIMM onepaumsamm, 128-6UTHbIN
Yactb 1 CtaHAapTHble HenpuBUerMpoBaHHble Habopbl KOMaHA
LlenouncnenHoe ymHoxeHue u genenue (Integer Multiplication and Division)
AtomapHble onepauuu (Atomic Instructions)
ApudmeTnyeckne onepaumu ¢ nnasatoLLe 3anaTon Hag YmcnamMu oamHapHon TouHocTm (Single-Precision Floating-Point)
ApubmeTryeckne onepaumuy ¢ nnasBaroLLen 3anaToi Haj Yvicnamm ABoliHoi TouHocTu (Double-Precision Floating-Point)
ApudmeTnyeckne onepaumu ¢ nnasatoLLei 3anaTon Hag YucnamMm YeTBepHON TOYHOCTH
CokpaluéHHble umeHa ans komaHg (Compressed Instructions)
VIHCTpYKUMM ANSt CHETYMKOB NPOU3BOANTENBHOCTU U TaliMepoB — Habopskl Zicntr u Zihpm
ApubmeTryeckne onepaumnn Hag AECSTUYHBIMU Yucnamu ¢ nnaeatoweit 3anstoin (Decimal Floating-Point)
BuToBble onepauuu (Bit Manipulation)
[iBonuHas TpaHcnauus 1 nogaepxkka AuHamuyeckon komnunsumm (Dynamically Translated Languages)
TpaHsakunoHHas namsaTb (Transactional Memory)
Kopotkue SIMD-onepauuu (Packed-SIMD Instructions)
BekTopHble pacumpenus (Vector Operations)
WHCTpyKumm ans paboTbl C KOHTPOSbHBIMK U cTaTycHbIMK pernctpamu (Control and Status Register (CSR) Instructions)
VIHCTPYKLUMM CMHXPOHM3aLMM NOTOTOKOB KOMaHA 1 AaHHbIxX (Instruction-Fetch Fence)
Pause Hint
Non-Temporal Locality Hints
PaclumpeHve ansi cMeléHHbIX aTomapHbix onepauui (Extension for Misaligned Atomics)
Extensions for Half-Precision Floating-Point
Extensions for Half-Precision Floating-Point
Standard Extensions for Floating-Point in Integer Registers
Standard Extensions for Floating-Point in Integer Registers
Standard Extensions for Floating-Point in Integer Registers
Standard Extensions for Floating-Point in Integer Registers
Pacwupenune gns mogenu cornacoBaHHocTv namstn RVTSO (Extension for Total Store Ordering)
= IMAFD Zicsr Zifencei O606LeHHOe/cokpaLléHoe 0603HaveHne Ans Habopa paclumpeHuit
YacTtb 2 CTaHAapTHbIE HaGopbl KOMaHA ANsi NPUBUIErMPOBaHHbLIX PEXMMOB
VHCTpYyKUMM annapaTHOro ypoBHs
WHCTpyKUMn ypoBHS cynepsusopa
(Extension for NAPOT Translation Contiguity)
(Extension for Page-Based Memory Types)
(Extension for Fine-Grained Address-Translation Cache Invalidation)

WHCTPYKUMM YPOBHS runepsusopa

651TH HabOp rpynn RV64GC, To ke camoe B mostHoU 3anucu — RV64IMAFDC.

CDOpMaTbI MaLWWHHbIX KOMaHA

dopmar 32-0MTHOH MalIMHHON KOMaH/1bI (IPU3HAKYU — MJIAZIINE OUTBI BCET/IA «11» U 2-4 OUTHI # «111»)

https://ru.wikipedia.org/wiki/RISC-V
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= rs1 — HOMep perncTpa B KOTOPOM HaxXOAWUTCH NePBbIN onepaHa
= rS2 — HOMEep perucTpa B KOTOPOM HaXogQUTCS BTOPOW onepaHa
= rd — HOMep perncTpa B KOTOpbIV ByAeT 3anucaH pesynsrat
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RISC-V umeer 32 (win 16 /1A BCTPaMBaeMBbIX IPUMEHEHHH) LI€JIOYHCIEHHBIX perucrpa. IIpu peasnsanyy BelECTBEHHBIX I'PYII KOMaHJ eCTb
JIOTIOJTHUTEJIBHO 32 BellleCTBEHHBIX PETHCTpa.

PaccmaTtpuBaeTcss BapUaHT BKJIIOUEHMs B CTaHAAPT JIOMOJHUTEJIbHOrO Habopa M3 32 BEKTODHBIX PETHCTPOB € BapUATHBHOM JIMHOMN
0GpabaThIBaeMbIX 3HAUEHHL, ZUIMHA KOTOPHIX yKasbiBaetcs B CSR vienb[13],

JUist onepanuii Haj YMcjaaMH B OMHAPHBIX dopMaTax IUIaBalolell 3amATod HCIoIb3yercss Habop pomosHuTesbHBIX 32 perucrtpoB FPU (Floating
Point Unit), KOTOpble COBMECTHO HCIIOJIB3YIOTCS PACHIMPEHUAMHU 6a30BOro Habopa WHCTPYKIUH IS TPEX BAPUAHTOB TOYHOCTU: OJIMHAPHON — 32
6ura (F extension), Boiinoit — 64 6ura (D — Double precision extension), a Tak»xke uerBepHoit — 128 6ut (Q — Quadruple precision extension).

Umsa peructpa

B RISC-V

x0

x1

x2

x3

x4

x5
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x9
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f0-7
f8-9
f10-11
f12-17
f18-27
f28-31

MmeHa perncTpoB B cucteme KOMaHza 1 cornalleHunst o ncesgoHumax B EABI n psABI

Uma

B EABI

zero

sp
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tp

t0

s3

s4
s0/fp
s1

a0
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a2
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s2

t1

s5

s6
s7-16
s17-31

https://ru.wikipedia.org/wiki/RISC-V

B psABI

zero
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gp

tp

t0

t1

t2
s0/fp
s1
a0
al
a2
a3
a4
ab
a6
a7
s2-11
t3-6

Uma

OnucaHue

B psABI

32 yenoyucneHHbIX perucrpa

Bcerna Honb
Apnpec Bo3spara (return address)

Ykasatenb cTteka (stack pointer)

moGanbHblii ykasaTtenb (global pointer)

MoTokoBbIN yka3aTens (thread pointer)

KTto coxpansiet

B psABI

BbisbiBatoLwuii

Bbi3biBaembIn

Temporary / ansTepHaTMBHBIA aapec Bo3BpaTa

Temporary
Temporary
Saved register / frame pointer

Saved register

BbisbiBatoLwuii

Bhbi3biBatoLwuii

Bhi3biBatoLuii

Bbli3biBaeMbIn

Bbi3biBaembliii

AprymeHT (argument) / Bo3Bpallaemoe 3HayeHne

AprymeHT (argument) / Bo3BpaLLaemMoe 3HaveHune

AprymeHT (argument)
ApryMeHT (argument)
AprymeHT (argument)
AprymeHT (argument)
AprymeHT (argument)
AprymeHT (argument)
Saved register

Temporary

32 pononHUTeNnbHbIX PerucTpa c nNnaBakLLei TOYKON

ft0-7
fs0-1
fa0-1
fa2-7
fs2-11
ft8-11

Floating-point temporaries
Floating-point saved registers
Floating-point arguments/return values
Floating-point arguments
Floating-point saved registers

Floating-point temporaries

Bhbi3biBatoLwuii

Bhbi3biBatoLLnii

BbisbiBatoLuiA

Bbi3biBatoLwuii

Bhbi3biBatoLuii

Bhi3biBatoLnii

BbisbiBatoLwuii

Bhbi3biBatoLuii

Bbli3biBaeMbIn

Bhbi3biBatoLuit

Bhbi3biBatoLuii

Bbli3biBaeMbIn

BbisbiBatoLwuii

Bbi3biBatowui

Bbli3biBaeMbIn

Bhbi3biBatoLLuii
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Ga3oBke perucTps pacuvpexus I BewecTBEHHLE PErucTpsl BeKTopHuEe perwcTps
(8 pacunpeswn E Tombko x8 - x15) pacumpexwa F, D, Q, L pacumpenune V
x0 x1 x2 %3 8 f1 f2 f3
v@ vl v2 v3
Zero ra sp ap fte ftl ft2 ft3
X4 x5 x6 x7 f4 5 fé 7
vé v5 vé v7
tp te s3/t1 s4ft2 ft4 fts fté ft7
x8 x9 x18 x11 f8 9 1@ f11
v8 ve vie vil
s8/fp sl EL] al fs@ fsl fal-8 fal-1
x12 x13 x14 x15 f12 f13 fl4 f15
v12 v13 v14 vi5
a2 a3 s2fa4  tlfaS fa2 fa3 fa4 fas
x16 x17 x18 x19 fl6 f17 f18 f19
v1é v17 v18 v19
s5/aé séfa7 sTfs2 sB/s3 faé fa7 fs2 fs3
%20 %21 %22 %23 f20 f21 f22 f23
v2e v21 v22 v23
s9/s4 s10/s5 sili/sé s12/s7 fs4 fs5 fsé fs7
x24 x25 x26 x27 f24 f25 26 27
v24 v25 v26 v27
s13/s8 sl4fs9 S18/  s18/ fs8  fs9  fsl@  fsll
%28 x29 %30 x31 f28 f29 fi0 31
vas v29 vie v3l
s17/t3 s18/t4 s19/t5 s20/té ft3 tfa 15 fté
Nerexpa useTos AYeeK Nerenna coepxanmn Aueek
vl vtype
xB rnoGansHuii ISA uMCnUTEnD yp
x1 COXP. BHILBAVYMA EABI/psABl  anameHaTens
X2 COXP. BbISHBAEMbIA

BbizoBbl nognporpamm, nepexoabl U BeTBIeHUs
ApudmeTnyeckume n nornyeckme Habopbl KOMaHA
ATOoMmMapHble onepauun ¢ NaMATLIO
CoKpalwéHHble KoMaHAbI

KomaHabl ansa BcTpanBaemMbIX NpUMeHeHUn
MpuBunernpoBaHHble HAbOpPbLI KOMaHA

ButoBble onepauun

KomnakTHbIn Habop komaHa ansa SIMD
Onepauuu ¢ BeKTopamm

KomaHabl ans otnagku

Peanuzanmun

B paMKkax MpoeKTa co37jaHo U OIMyOJIUKOBAHO IO/ CBOOOIHOM JINIIEH3UeN MIECTh AN3aifHOB MUKPOIIPOIIECCOPOB ¢ apxutekTypoir RISC-V: reneparop
64-paspsazubix Rocket (7 oxrsi6ps 20141241051) i msrrs, ynpom@HusIx yueGHbIx saep «Sodor» ¢ pasiIMYHBIMA MUKPOAPXUTEKTYPAMH.

Tak>ke OIy6JIMKOBAHO HECKOJIBKO CUMYJATOPOB (Bkitrouas gemu u ANGEL — JavaScript-cumysiarop, pabotarouuii B 6paysepe), KOMIIISATOPOB
(LLVM, GCC), Bapuanrt simpa Linux g pa6orst Ha RISC-V u xomnuisaTop ausaiinoB Chisel, kotopsiit mo3sosisier mosnyvars Verilog-koz. Takske
omy6IMKoBaHbI BeprdHKauonHbIe TecThI0),

Hexommepueckas: opranu3aius lowRISC miaHupyer co3ziaHue CUCTEMBI Ha KpHUcTasule Ha 6asze 64-6utHoro simpa Rocket RISC-V ¢ moceayomum
MAaccoBbIM 1pon3BoacTBoM unmosl 7181,

Ha xoudepennun RISC-V Workshop 2017 cramo wusBectHo, uro kommauusi Esperanto Technologies paspabarbiBaer 64-OUTHBIN

BBICOKOIIPOM3BOIUTEILHBINA IpoIieccop o0Iero HazHayeHus Ha cucreMe koMauz RISC-V ¢ rereporeHHON apXHTEKTYpOH C BBICOKOH CTEIEHBIO
napayuiesin3ma (HanmoMuHaomun no crpoennto mporeccop Cell), koTopsiii B MakcuMasibHON KoOH(puUrypanuu Oyzer cozep:kath 16 sjaep «ET-
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Maxion» (mpefcTaBsilOT cO60M KOHBEHEPHI C HEYMOPSZAOYEHHBIM BBIMOJIHEHHEM KOMAaH ¥ paboTamolye ¢ JaHHBIMU C [IABAMOMIEN 3alATON) U
4096 anep «ET-Minion» (KOHBelepHI ¢ OC/IeA0BATEIbHBIM BBIIIOJTHEHUEM KOMaH/L ¥ 6JIOKOM € BEKTOPHBIMY BHIUMCJIEHUAMHE B KOKIOM ﬂ/:lpe)[19].

Komnauus Western Digital 3asiBuiia, uto B mapTHEPCTBe ¢ KoMmmaHuei Esperanto, OHa MOBBICUT TEKYIIHI CTATyC MPOIECCOPHON apxXuTeKTyphl RISC-
V ¢ ypOBHS MHUKDPOKOHTDOJIJIEPOB ZI0 YPOBHS BBHICOKONIPOM3BOJUTENBHBIX PELIEHUN U CO3/AACT BBHIUMCIUTEIBHYIO apXUTEKTYPYy HOBOTO HOKOJIEHUS
s 06paGoTKy «GobIIHX AaHHBX»[29], 4 TaksKe sKOCHCTEMY GBICTPOrO OCTYIA K JAHHBIM — pedb HAST O CO3/IAHUHU CIIeUATH3HPOBAHHEIX RISC-
V-sifiep U1l IOCTPOEHHsA APXUTEKTYPBI «IPOIECCOp B IAMATH» (processor-in-memory)t24,

CaMBIM JIOCTYIIHBIM MHKDPOKOHTPOJIZIEPOM € IporeccopoM Ha apxuTekType RISC-V aBiserca ESP32 c¢ mpomeccopamu cepuit ESP32-C, ESP32-H,
ESP32-P.

IP-agpa
Psap xomnaHuii npeziaraioT rotosble 6y1oku [P-saaep Ha 6aze apxurektypbl RISC-V, cpenu Hux:

= ECHX1 — komnanus Western Digital (CLLUA),

= Rocket — KanudopHuiickuin yHmsepcuteT B Bepknu n komnanus SiFive (CLUA),

= ORCA — komnaHnus Vectorblox (Kanaga),

= PULPino — Bbicwas TexHnyeckas wkona Lopuxa (LLsenuapus) n BonoHckun yHusepcutet (Utanus),
= Hummingbird E200 — komnaHus Nuclei System Technology (Kutan),

= AndeStar V5 — komnaHusi Andes Technology (Taiisanb)22),

= Shakti — NHawnncknini TexHonornyeckun nHectutyT B Magpace (MHaus),

= BM-310, BI-350, BI-651, BI-671 — komnaHusi Knayn6eap (Poccus),

= CemeiicTBo SCR komnaHuu CunTakop (Poccus)i23],

Mpoueccopbl U MUKPOKOHTpONMEpbI

CepuiiHble IIPOIeCCOPhl 1 MUKPOKOHTPOJLIEPHI Ha 6a3e apxutekTypbl RISC-V B popmare cucTeMbl Ha KpUCTAJLIE.
Muxkpomnponeccopsbl:

= 2018 — SiFive: Freedom U540 (64 6uta, 4+1 sigep, 1,5 [Tw, 28 Hm)24[25126]127]
= 2019 — Alibaba: XuanTie 910 (64 GuTa, 16 sifep, HelpoyckopuTens, 2,5 MM, 12 Hm)281291301[31]

= 2020 — SiFive: Freedom U740 (64 6uTa, 4+1 agep, PCle 3, DDR4 ECC, Ethernet 1G, QSPI, 1,5 I'Tu)[1] (https://www.crowdsupply.com/sifive/hifi
ve-unmatched) ApxusHas konus (https://web.archive.org/web/20201126011409/https://www.crowdsupply.com/sifive/hifive-unmatched) ot 26
Hos6ps 2020 Ha Wayback Machine[2] (http://linuxgizmos.com/sifive-to-demo-pc-running-new-risc-v-soc-and-unveil-next-gen-ai-soc/) ApxvuBHas
konus (https://web.archive.org/web/20201029164206/http://linuxgizmos.com/sifive-to-demo-pc-running-new-risc-v-soc-and-unveil-next-gen-ai-so
c/) ot 29 okTa6psa 2020 Ha Wayback Machine

= 2021 - ESP32-C n ESP32-H gnsa mukpokoHTponnepos ESP32.
MUKPOKOHTPOJIIEPH], BBIIIYIIEHHBIE B 2017—2019 rojiax:

= Western Digital: SweRV Core (32 6ura, 2 sigpa, 1,8 [MTw, 28 Hm)B233]

SiFive: FE310 (32 6uTa, 1 sigpo, 870 My, — 28 HM, 370 My — 55 Hm)i241129]

Kendryte: K210 (64 6uTa, 2 siipa + HeiipoyckopuTens, 600 ML, 28 HM, 500 mBr)[2411351136]

= GreenWaves: GAP8 (32 6uta, 8+1 siiep + Heiipoyckoputenb, 250 MIw, 55 Hm, 100 mMBT)E7]

NXP: RV32M1 (32 6uTa, 2 mbpuaHbIx sapa ARM-M4F/RISC-V + ARM-MO+/RISC-V, 48-72 MIw)38!
= WCH: CH572 (60 M, kopnyc QFN28)3% konTponnep BLE + Zigbee + USB + Ethernet + Touchkey

= HUAMI: MHS001 Huangshan Ne 1 (4 sgpa, HepoyckopuTtenb, 55 HM, 240 Mru,)[“o] 3HepProadeKTMBHbLIV NPoLEeCCcop A HOCUMbIX YCTPOWCTB U
loT

= GigaDevice: GD32VF103 (1 sigpo, 32 6uta, 108 My, O3Y po 32 kb, MN3Y no 128 KB)[41][42] MWKPOKOHTpOIep (He nyTaTb C CEMENCTBOM
GD32F103).

= FADU: Annapurna FC3081/FC3082 (64 6uta, MHorosiaepHbii, 7 i, 1,7 BT)A3I44I48] yourponnep ans NVMe SSD

BitMain: Sophon Edge TPU BM1880 (64 6uTa, 1 aapo RV64GC 1 'y + 2 agpa ARM A53 1,5 ITw, 2,5 BT) HelipoyckopuTenb 1 TOPS Ha INT8
ona loT n kpaeBbix Bbiuncrnennii4el47]

= TekoH: Opyx6a (32 6uTa, 1 agpo, 250 MI'y, 28 Hm, 0,5 BT)[48][49]

MUKpPOKOHTPOJIJIEPH], BBIITYIIIEHHBIE B 2020 TOAY:

= ONiO: ONiO.zero (16/32 6uta, 1 kb INM3Y, 2 kb O3Y, 8/16/32 kb IMMN3Y, 1-24 My, 0,36-1,44 BT, BCTPOEHHbIN paguo3aneKkTpo reHepaTop Ha
800/900/1800/1900/2400 MI'y) BLE, 802.15.4 UWBI5AI51]

= WCH: CH32V103 (32 6uta, 10/20KB O3Y, 32/64 KB MM3Y, o 80 Mru, kopnyca LQFP48, QFN48 unn LQFP64)1%2] yhusepcarbHbIit KOHTponnep
¢ USB 2.0, SPI, 12C, GPIO, USART, TouchKey, RTC, TIM, ADC

= Munangp: K1986BK025 (32-6utHoe sigpo BM-310S CloudBEAR, O3Y 112 K6aunT, MMN3Y 256+8 K6anT, MN3Y 16 KbawT, 60 My, 90 HM cdhabpuka
TSMC, 7 kaHanoB 24-6uTHbIx MeTponoruyeckux AL, conpoueccopos ans wugpos «KysHeunk», «Marma» n AES, kopnyc QFN88 10 x 10 mm)

= Espressif: ESP32-C3 (32-6utHoe sinpo RV32IMC, 400 Kbant SRAM, 384 Kbawt MN3Y, 160 MI'u, Wi-Fi, Bluetooth LE 5.0, no koHTakTam
coBmecTM ¢ ESP8266)(5%]

= Bouffalo Lab: BL602 n BL604 (32-6uTHbIi, AnHamuyeckas yacTtoTta ot 1 MI'y go 192 MI'y, 276 Kb SRAM, 128 KB M3Y, Wi-Fi, Bluetooth LE)[54]
= Cmsemicon: ANT32RV56xx (sapo RV32EC, 48 MIy, 32+8 K6aitt SRAM, 64 K6aiiT)[52]

MUKpPOKOHTPOJIJIEPH], BBITYIIIeHHbIE B 2021 TOAIY:

= MukpoH (Poccus): MIK32 (32-6utHoe RV32IMC sagpo SCR1 Syntacore, 1-32 MI'y, cdabpuka MukpoH, O3Y 16 KB, MMN3Y 8 Kb, 64 Bxona/Bbixoaa,
ALIM 12 6uTt 8 kaHanos ao 1 MI'y;, LIAM 12 6uT 4 kanana go 1 MI'y, kpuntorpadusi FTOCT P 34.12-2015 «Marma», «KysHeunk» n AES 128)[56][57]
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= MukpokoHTpornnepsl ESP32 ¢ npoueccopamu cepun ESP32-C n ESP32-H

CM. Tak:ke

RISC-V — Bukuneauns

ARM — cemeNCcTBO NULEH3NPYEMbIX 32-BUTHBIX 1 64-BUTHBIX MUKPONPOLIECCOPHBIX SiAep pa3paboTku komnaHum ARM Limited

OpenPOWER — konnabopauus Bokpyr apxuTektypbl IBM Power, ocHoBaHHas B 2013 rogy IBM, Google, Mellanox, NVIDIA

OpenSPARC — ceoboaHas (GPL) peanusauumsa apxutektypbl SPARC V9 ot 2005 roga

OpenRISC — cBoboaHas apxutektypa 2000 roga ¢ GPL-peanusaunen or1k

LEON — cBobogHble peanu3auum (GPL, LGPL) apxutektypbl SPARC V8, nosiBuBlumecs B 1997 rogy

MIPS (MIPS Open) — Habopbl KOMaHA U apxXMTeKTypa, MMetoLLme CBOBOAHY0 NULIEH3NIO HA HEKOTOpble Habopbl koMaHA ¢ koHua 2018 fo koHua

2019 rogal®®
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Frequently-asked questions. (https://web.archive.org/web/201602191
95430/http://riscv.org/faq/) RISC-V. Regents of the University of
California. fjata obpawerus: 25 asrycta 2014. Apx1MBMpOBaHoO 13
opurnHana (https://riscv.org/fag/) 19 despans 2016 roaa.

. Cosgatenb RISC npogsuraet open source mukpocxemsl (http://xakep.

ru/news/risc-v/), Xakep.ru (21 aBrycta 2014). ApxusuposaHo (https://we
b.archive.org/web/20140824110732/http://xakep.ru/news/risc-v/) 24 aBrycra
2014 roga. [lata o6palueHus: 26 aBrycta 2014.

. Contributors (https://web.archive.org/web/20140820002656/http://risc

v.org/contributors.html). riscv.org. Regents of the University of
California. jata o6pawerus: 25 asrycta 2014. ApxMBMpoOBaHoO 13
opurnHana (http://riscv.org/contributors.html) 20 aBrycta 2014 roga.

. History — RISC-V International (https://riscv.org/risc-v-history/). fata

obpawyeHus: 18 anpensa 2020. ApxusupoBaHo (https://web.archive.org/web/20
200415014905/https://riscv.org/risc-v-history/) 15 anpens 2020 roga.

. ApxusumpoBaHHasi konus (https://content.riscv.org/wp-content/uploads/

2020/03/Extract-from-daily-register-RISC_V-International-Association.
pdf) . [Oara o6paienus: 18 anpens 2020. ApxusuposaHo (https://web.archi
ve.org/web/20200504010247/https://content.riscv.org/wp-content/uploads/202
0/03/Extract-from-daily-register-RISC_V-International-Association.pdf) 4
mas 2020 roaa.

. The Linux Foundation and RISC-V Foundation Announce Joint

Collaboration to Enable a New Era of Open Architecture - Linux
Foundation (https://www.linuxfoundation.org/press/press-release/the-li
nux-foundation-and-risc-v-foundation-announce-joint-collaboration-to-
enable-a-new-era-of-open-architecture) (awrn.).
www.linuxfoundation.org. [Jata o6paiueHus: 9 anpens 2023.
ApxusupoBaHo (https://web.archive.org/web/20230409112849/https://www.lin
uxfoundation.org/press/press-release/the-linux-foundation-and-risc-v-foundati
on-announce-joint-collaboration-to-enable-a-new-era-of-open-architecture) 9
anpens 2023 ropa.

. Kim McMahon. RISC-V Founding Member, Syntacore, Upgrades to

Premier Level Membership (https://riscv.org/announcements/2021/12/
risc-v-founding-member-syntacore-upgrades-to-premier-level-member
ship/) (amep. aurn.). RISC-V International (7 nexabps 2021). Oata
obpalueHus: 10 despansi 2022. ApxusupoBaHo (https://web.archive.org/web/
20220210100239/https://riscv.org/announcements/2021/12/risc-v-founding-m
ember-syntacore-upgrades-to-premier-level-membership/) 10 dbeBpans 2022
roga.

Members — RISC-V International (https://riscv.org/members/) (amep.
anrn.). [lata o6palueHusi: 21 ceHTabps 2023.

. Karl Freund. Intel Creates $1B Innovation Fund To Grow RISC-V

Market (And Attract New Foundry Customers) (https://www.forbes.co
m/sites/karlfreund/2022/02/07/intel-creates-1b-innovation-fund-to-gro
w-risc-v-market-and-attract-new-foundry-customers/) (anrn.). Forbes.
[ata obpatyeHusi: 10 deBpansa 2022. ApxusuposaHo (https://web.archive.org/
web/20220209171348/https://www.forbes.com/sites/karlfreund/2022/02/07/int
el-creates-1b-innovation-fund-to-grow-risc-v-market-and-attract-new-foundry-
customers/) 9 peBpans 2022 roaa.

AnbsiHC pa3paboTynkoB Ha MUKpoapxmTekType RISC-V Bosrnasuna
akc-Ton-meHemxkep "MeradoHa" (https://www.interfax.ru/russia/86366
8). Interfax.ru. Oata obpatieHus: 15 oktabpa 2022. ApxusuposaHo (https:/
web.archive.org/web/20221015160051/https://www.interfax.ru/russia/863668)
15 okTs6psi 2022 roga.

riscv-alliance.ru (https://riscv-alliance.ru/). Nara obpalueHus: 27 aHeaps
2023. ApxuupoBaHo (https://web.archive.org/web/20230127014304/https://ri
scv-alliance.ru/) 27 sHBapsa 2023 ropa.

Moyemy RISC-V? (https://habr.com/ru/company/samsung/blog/66881
0/) ApxuBHas konus (https://web.archive.org/web/20230126145829/htt
ps://habr.com/ru/company/samsung/blog/668810/) ot 26 sHBaps 2023
Ha Wayback Machine — nekuusa CtaHucnasa NonoHckoro

GitHub — riscv/riscv-v-spec: Working draft of the proposed RISC-V V
vector extension (https://github.com/riscv/riscv-v-spec). flata
obpalueHus: 18 anpens 2020. ApxvsuposaHo (https://web.archive.org/web/20
191031233304/https://github.com/riscv/riscv-v-spec) 31 okTsi6psa 2019 roga.
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Launching the Open-Source Rocket Chip Generator! | RISC-V BLOG.
(https://blog.riscv.org/2014/10/launching-the-open-source-rocket-chip-
generator-2/) Apxueuposaro (https://web.archive.org/web/20141015184938/
https://blog.riscv.org/2014/10/launching-the-open-source-rocket-chip-generato
r-2/) 15 okta6psi 2014 roga.

. ucb-bar/rocket-chip - GitHub. (https://github.com/ucb-bar/rocket-chip)

[ata obpawyenus: 11 okts6ps 2014. ApxusuposaHo (https://web.archive.org/
web/20150403085654/https://github.com/ucb-bar/rocket-chip) 3 anpens 2015
roga.

Downloads (https://web.archive.org/web/20160123182236/http://riscv.
org/download.html). RISC-V. Regents of the University of California.
[ata obpawyenus: 25 asrycta 2014. ApxvBupoBaHo 13 opurnHana (http:/risc
v.org/download.html) 23 sHBapsi 2016 roga.

lowRISC: Open to the Core (http://www.lowrisc.org/). lowRISC. ara
obpatuerus: 25 asrycta 2014. ApxusupoaHo (https://web.archive.org/web/2
0140819085610/http://www.lowrisc.org/) 19 aBrycta 2014 roga.

. Project aims to build a «fully open» SoC and dev board (http:/linuxgiz

mos.com/project-aims-to-build-fully-open-soc-and-dev-board/)
ApxuHas konus (https://web.archive.org/web/20140819084702/http://
linuxgizmos.com/project-aims-to-build-fully-open-soc-and-dev-board/)
ot 19 aBrycra 2014 Ha Wayback Machine, Eric Brown // LinuxGizmos,
14 aBrycta 2014

BetepaH Transmeta Bo3BpaLlaeTcs Ha pbIHOK MPOLIECCOPOB C
apxutekTypor RISC-V (https://3dnews.ru/962190). 3DNews (29
Hos16pst 2017). dara o6patueHus: 30 HosiBpst 2017. ApxvsuposaHo (https://w
eb.archive.org/web/20171201044016/https://3dnews.ru/962190) 1 nekabps
2017 ropa.

Western Digital BkntovaeTcs B roHKy 3a NpoLeCCOpHbIMU
apxutektypamm (https://3dnews.ru/962181). 3DNews (29 Hosbps
2017). fata obpaiyerusi: 30 Hoabps 2017. ApxusuposaHo (https://web.archi
ve.org/web/20171129125415/https://3dnews.ru/962181) 29 Hos6ps 2017
ropa.

Western Digital nHBecTvpoBana B paspaboTunka «npoLeccopa B
namsatuy (https://3dnews.ru/958710). 3DNews (20 ceHTabps 2017).
[ata obpaLyerus: 30 Hosbpsa 2017. ApxusuposaHo (https://web.archive.org/w
eb/20171201031912/https://3dnews.ru/958710) 1 pekabps 2017 roga.
Andes Technology forms a Multinational Alliance with ASIC Design
Service Companies to Provide RISC-V Total Solutions | XtremeEDA (h
ttps://www.xtreme-eda.com/news/risc-v-total-solutions-with-andes-tec
hnology/). flata o6patexus: 23 aBrycta 2018. ApxueuposaHo (https://web.a
rchive.org/web/20180823210653/https://www.xtreme-eda.com/news/risc-v-tot
al-solutions-with-andes-technology/) 23 aerycra 2018 roaa.

. OTeyvecTBeHHbIE MUKponpoueccopsl. beinn! Ectb. Byayt? (https://3dn

ews.ru/973284/page-2.html), 3dnews (9 aBrycta 2018). ApxueuposaHo
(https://web.archive.org/web/20181117151322/https://3dnews.ru/973284/page
-2.html) 17 HosBps 2018 ropga. Aarta obpaieHns: 17 Hosbpsa 2018.
ApxvBupoBaHHasi konus (https://www.sifive.com/products/freedom/).
[ata obpalyenus: 1 ceHTsbpsa 2018. ApxusuposaHo (https://web.archive.org/
web/20180901215825/https://www.sifive.com/products/freedom/) 1 ceHTsbps
2018 roga.

SiFive: MNepBbii B M1pe paspaboTtunk npoueccopos RISC-V Ha 3aka3
(https://3dnews.ru/936265). Nara o6pawyerus: 1 ceHTsibps 2018.
ApxusuposaHo (https://web.archive.org/web/20180901215955/https://3dnews.
ru/936265) 1 centsbpsa 2018 ropa.

SiFive Introduces HiFive Unleashed RISC-V Linux Development
Board (Crowdfunding) (https://www.cnx-software.com/2018/02/04/sifiv
e-introduces-hifive-unleashed-risc-v-linux-development-board-crowdfu
nding/). fata obpatieHnus: 1 ceHTs6ps 2018. ApxusuposaHo (https://web.arc
hive.org/web/20180828025659/https://www.cnx-software.com/2018/02/04/sifiv
e-introduces-hifive-unleashed-risc-v-linux-development-board-crowdfunding/)
28 aBrycta 2018 roga.

HiFive1 | Crowd Supply (https://www.crowdsupply.com/sifive/hifive1).
[ata obpalyenus: 1 ceHTsbpsa 2018. ApxusnposaHo (https://web.archive.org/
web/20180901215839/https://www.crowdsupply.com/sifive/hifive1) 1

ceHTa6ps 2018 ropa.
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https://riscv.org/announcements/2021/12/risc-v-founding-member-syntacore-upgrades-to-premier-level-membership/
https://web.archive.org/web/20220210100239/https://riscv.org/announcements/2021/12/risc-v-founding-member-syntacore-upgrades-to-premier-level-membership/
https://riscv.org/members/
https://www.forbes.com/sites/karlfreund/2022/02/07/intel-creates-1b-innovation-fund-to-grow-risc-v-market-and-attract-new-foundry-customers/
https://web.archive.org/web/20220209171348/https://www.forbes.com/sites/karlfreund/2022/02/07/intel-creates-1b-innovation-fund-to-grow-risc-v-market-and-attract-new-foundry-customers/
https://www.interfax.ru/russia/863668
https://web.archive.org/web/20221015160051/https://www.interfax.ru/russia/863668
https://riscv-alliance.ru/
https://web.archive.org/web/20230127014304/https://riscv-alliance.ru/
https://habr.com/ru/company/samsung/blog/668810/
https://web.archive.org/web/20230126145829/https://habr.com/ru/company/samsung/blog/668810/
https://ru.wikipedia.org/wiki/Wayback_Machine
https://github.com/riscv/riscv-v-spec
https://web.archive.org/web/20191031233304/https://github.com/riscv/riscv-v-spec
https://blog.riscv.org/2014/10/launching-the-open-source-rocket-chip-generator-2/
https://web.archive.org/web/20141015184938/https://blog.riscv.org/2014/10/launching-the-open-source-rocket-chip-generator-2/
https://github.com/ucb-bar/rocket-chip
https://web.archive.org/web/20150403085654/https://github.com/ucb-bar/rocket-chip
https://web.archive.org/web/20160123182236/http://riscv.org/download.html
http://riscv.org/download.html
http://www.lowrisc.org/
https://web.archive.org/web/20140819085610/http://www.lowrisc.org/
http://linuxgizmos.com/project-aims-to-build-fully-open-soc-and-dev-board/
https://web.archive.org/web/20140819084702/http://linuxgizmos.com/project-aims-to-build-fully-open-soc-and-dev-board/
https://ru.wikipedia.org/wiki/Wayback_Machine
https://3dnews.ru/962190
https://ru.wikipedia.org/wiki/3DNews
https://web.archive.org/web/20171201044016/https://3dnews.ru/962190
https://3dnews.ru/962181
https://ru.wikipedia.org/wiki/3DNews
https://web.archive.org/web/20171129125415/https://3dnews.ru/962181
https://3dnews.ru/958710
https://ru.wikipedia.org/wiki/3DNews
https://web.archive.org/web/20171201031912/https://3dnews.ru/958710
https://www.xtreme-eda.com/news/risc-v-total-solutions-with-andes-technology/
https://web.archive.org/web/20180823210653/https://www.xtreme-eda.com/news/risc-v-total-solutions-with-andes-technology/
https://3dnews.ru/973284/page-2.html
https://web.archive.org/web/20181117151322/https://3dnews.ru/973284/page-2.html
https://www.sifive.com/products/freedom/
https://web.archive.org/web/20180901215825/https://www.sifive.com/products/freedom/
https://3dnews.ru/936265
https://web.archive.org/web/20180901215955/https://3dnews.ru/936265
https://www.cnx-software.com/2018/02/04/sifive-introduces-hifive-unleashed-risc-v-linux-development-board-crowdfunding/
https://web.archive.org/web/20180828025659/https://www.cnx-software.com/2018/02/04/sifive-introduces-hifive-unleashed-risc-v-linux-development-board-crowdfunding/
https://www.crowdsupply.com/sifive/hifive1
https://web.archive.org/web/20180901215839/https://www.crowdsupply.com/sifive/hifive1
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Alibaba npeactasuna ceon nepsbiv npoueccop | Komnbtoteppa (http
s://lwww.computerra.ru/239723/alibaba-predstavila-svoj-pervyj-protses
sor/). lata o6patuerus: 27 uons 2019. ApxusuposaHo (https://web.archive.o
rg/web/20190727113744/https://www.computerra.ru/239723/alibaba-predstavi
la-svoj-pervyj-protsessor/) 27 uons 2019 roga.

FIEREL B AR TR BRas 'RISC-VAMERE X #£910-BB F T2 E4E (https:/iw
ww.eet-china.com/news/201907261129.html). Jata o6paiueHus: 27
nions 2019. ApxumsupoaHo (https://web.archive.org/web/20190727113742/htt
ps://www.eet-china.com/news/201907261129.html) 27 niona 2019 roaa.

ApxueupoBaHHas konus (https://medium.com/syncedreview/alibaba-is
-open-sourcing-its-powerful-new-risc-v-processor-for-5g-and-ai-dcb6f
4eebbc4). Oara obpatierus: 27 nons 2019. ApxusuposaHo (https://web.arc
hive.org/web/20190727113741/https://medium.com/syncedreview/alibaba-is-o
pen-sourcing-its-powerful-new-risc-v-processor-for-5g-and-ai-dcb6f4eebbc4)

27 wionsa 2019 roaa.

ApxuBupoBaHHas konus (https://www.theregister.co.uk/2019/07/27/ali

baba_risc_v_chip/). Qata obpalueHus: 27 uons 2019. ApxusrposaHo (http

s://web.archive.org/web/20200429004606/https://www.theregister.co.uk/2019/
07/27/alibaba_risc_v_chip/) 29 anpens 2020 roaa.

Western Digital npegctasvna npoueccop SweRV Core ans
yckopuTenew no obpabotke AaHHbIX / ServerNews (https://servernew
s.ru/979190) ApxusHas konus (https://web.archive.org/web/20181205
210808/https://servernews.ru/979190) ot 5 gekabpsi 2018 Ha
Wayback Machine 05.12.2018

https://blog.westerndigital.com/risc-v-swerv-core-open-source/
ApxusHas konus (https://web.archive.org/web/20190823072404/http
s://blog.westerndigital.com/risc-v-swerv-core-open-source/) ot 23
asrycta 2019 Ha Wayback Machine —
https://github.com/westerndigitalcorporation/swerv_eh1 ApxvBHas
konus (https://web.archive.org/web/20190516025118/https://github.co
m/westerndigitalcorporation/swerv_eh1) ot 16 mas 2019 Ha Wayback
Machine

New Part Day: The RISC-V Chip With Built-In Neural Networks |
Hackaday (https://hackaday.com/2018/10/08/new-part-day-the-risc-v-
chip-with-built-in-neural-networks/). fata o6patyexus: 16 okTs6ps 2018.
ApxusuposaHo (https://web.archive.org/web/20181017002110/https://hackada
y.com/2018/10/08/new-part-day-the-risc-v-chip-with-built-in-neural-networks/)
17 okTs6psi 2018 ropa.

THELREEEIZ IR ? RS R EAAIG A Kendryte XIRGE &
442 (https://www.jinse.com/blockchain/238889.html). arta
obpatleHus: 16 oktabps 2018. ApxmsuposaHo (https://web.archive.org/web/2
0181017001827 /https://www.jinse.com/blockchain/238889.html) 17 okTs6ps
2018 ropa.

kendryte-doc-datasheet/003.md at master - kendryte/kendryte-doc-
datasheet - GitHub (https://github.com/kendryte/kendryte-doc-datashe
et/blob/master/en/003.md). Jata o6palueHus: 16 okTs6ps 2018.
ApxusuposaHo (https://web.archive.org/web/20190409200547/https://github.c
om/kendryte/kendryte-doc-datasheet/blob/master/en/003.md) 9 anpensi 2019
roga.

GreenWaves GAPS8 is a Low Power RISC-V loT Processor Optimized
for Artificial Intelligence Applications (https://www.cnx-software.com/20
18/02/27/greenwaves-gap8-is-a-low-power-risc-v-iot-processor-optimi
zed-for-artificial-intelligence-applications/). dara o6pawenus: 23 asrycta
2018. ApxumsupoBaHo (https://web.archive.org/web/20180828025701/https://w
ww.cnx-software.com/2018/02/27/greenwaves-gap8-is-a-low-power-risc-v-iot-
processor-optimized-for-artificial-intelligence-applications/) 28 asrycta 2018
ropa.

CRU: Free RISC-V Boards, Security in the FOSSi Era, and More (http
s://abopen.com/news/cru-free-risc-v-boards-security-in-the-fossi-era-a
nd-more/). fata o6palieHus: 26 sHeapsi 2019. ApxusuposaHo (https://web.a
rchive.org/web/20190126164336/https://abopen.com/news/cru-free-risc-v-boa
rds-security-in-the-fossi-era-and-more/) 26 siHBaps 2019 roaa.

WCH CH572 — 310 RISC-V MCU ¢ BO3MOXHOCTbI NOAKITHOYEHNS
Bluetooth LE — CNXSoft- HoBocTv Android-npucTaBok u
BCcTpamBaeMbIx cuctem (http://www.cnx-software.ru/2019/02/18/wch-c
h572-%D1%8D%D1%82%D0%BE-risc-v-mcu-%D1%81-%D0%B2%
D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE %
D1%81%D1%82%D1%8C%D1%8E-%D0%BF%D0%BE%D0%B4%D
0%BA%D0%BB%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D
1%8F-bluetooth-I/). Aata o6palyeHus: 16 mapTa 2022. ApxusuposaHo (http
s://web.archive.org/web/20200804 191706/https://cnx-software.ru/2019/02/18/
wch-ch572-%D1%8D %D 1%82%D0%BE-risc-v-mcu-%D1%81-%D0%B2%D
0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%
D1%82%D1%8C%D1%8E-%D0%BF%D0%BE%D0%B4%D0%BA%D0%B
B%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D1%8F-bluetooth-I/) 4
asrycta 2020 roga.

Huami’s Amazfit Debuts at MWC, Opening a New Chapter in Global
Expansion | Markets Insider (https://markets.businessinsider.com/new
s/stocks/huami-s-amazfit-debuts-at-mwc-opening-a-new-chapter-in-g|
obal-expansion-1027996253). [lata o6patueHusi: 25 mas 2019.
ApxusupoBaHo (https://web.archive.org/web/20190525095510/https://market
s.businessinsider.com/news/stocks/huami-s-amazfit-debuts-at-mwc-opening-
a-new-chapter-in-global-expansion-1027996253) 25 masa 2019 roaa.

https://ru.wikipedia.org/wiki/RISC-V
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GigaDevice BbinyckaeT MukpokoHTponnep GD32V RISC-V u nnartbl
ans paspabotkn — CNXSoft- HoBocTn Android-nprcTaBok u
BcTpamBaeMbix cuctem (https://cnx-software.ru/2019/08/23/gigadevice
-%D0%B2%D1%8B%D0%BF%D1%83%D1%81%D0%BA%D0%B
0%D0%B5%D1%82-%D0%BC%D0%B8%D0%BA%D1%80%D0%B
E%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%B
B%D0%BB%D0%B5%D1%80-gd32v-risc-v-%D0%B8-%D0%BF %D
0%BB%D0%B0%D1%82%D1%8B-%D0%B4%D0%BB%D1%8F-%D
1%80%D0%B0%D0%B7%D1%80%D0%B0%D0%B1%D0%BE%D
1%82%D0%BA%D0%B8/). NaTa o6paiueHus: 16 mapta 2022.
ApxusunpoBaHo (https://web.archive.org/web/20200804201616/https://cnx-soft
ware.ru/2019/08/23/gigadevice-%D0%B2%D1%8B%D0%BF %D1%83%D1%
81%D0%BA%D0%B0%D0%B5%D1%82-%D0%BC%D0%B8%D0%BA%D
1%80%D0%BE%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D
0%BB%D0%BB%D0%B5%D1%80-gd32v-risc-v-%D0%B8-%D0%BF %D0%B
B%D0%B0%D1%82%D1%8B-%D0%B4%D0%BB%D1%8F-%D1%80%D0%
B0%D0%B7%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%
B8/) 4 aBrycta 2020 roaa.

BET RISC-V /Y 32 finBAR AHHIL — 34 — cnBeta.COM (ht
tps://lwww.cnbeta.com/articles/tech/881519.htm). farta o6pawenus: 24
asrycta 2019. ApxusupoaHo (https://web.archive.org/web/20190824071721/
https://www.cnbeta.com/articles/tech/881519.htm) 24 asrycta 2019 roga.

ApxusupoBaHHas konus (https://web.archive.org/web/2018122301225
1/http://www.fadu.io/Controller.pdf) . [ara obpaiieHus: 19 mapra 2019.
ApxusupoaHo 13 opuruHana (http://www.fadu.io/Controller.pdf) 23
nekabpsi 2018 roga.

FADU Introduces SSD Controller and Bravo Series Enterprise SSD
Deliver Maximum I0PS/Watt (https://news.thomasnet.com/fullstory/fa
du-introduces-ssd-controller-and-bravo-series-enterprise-ssd-deliver-
maximum-iops-watt-40013948)

FADU Launches Industry Leading SSD Solutions Powered by SiFive
RISC-V Core IP (https://www.design-reuse.com/news/44564/fadu-ssd
-sifive-risc-v-core-ip.html). arta o6pawerus: 19 mapra 2019.
ApxusunpoBaHo (https://web.archive.org/web/20190417010823/https://www.de
sign-reuse.com/news/44564/fadu-ssd-sifive-risc-v-core-ip.html) 17 anpens
2019 roga.

Sophon Edge Al platform with RISC-V Processor — YouTube (https:/
www.youtube.com/watch?v=jaVEkc6aaTA). [JaTa obpaiueHus: 20
okTs6pst 2019. ApxusupoBaHo (https://web.archive.org/web/20190831061045/
https://www.youtube.com/watch?v=jaVEkc6aaTA&feature=youtu.be&t=677)
31 aBrycrta 2019 roga.

OcobeHHocTn nnatel Ans paspaboTtkm 96Boards Al Sophon Edge ¢
SoC Bitmain BM1880 ASIC — CNXSoft- HoBocTn Android-npncrtaBok
1 BcTpavBaeMmbix cucTem (https://cnx-software.ru/2018/11/12/%D0%B
E%D1%81%D0%BE%D0%B1%D0%B5%D0%BD%D0%BD%D0%B
E%D1%81%D1%82%D0%B8-%D0%BF%D0%BB%D0%B0%D1%8
2%D1%8B-%D0%B4%D0%BB%D1%8F-%D1%80%D0%B0%D0%B
7%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B8-
96boards-ai-sophon-edg/). lata o6patueHusi: 16 mapta 2022.
ApxusuposaHo (https://web.archive.org/web/20200804201235/https://cnx-soft
ware.ru/2018/11/12/%D0%BE%D1%81%D0%BE%D0%B1%D0%B5%D0%B
D%D0%BD%D0%BE%D1%81%D1%82%D0%B8-%D0%BF%D0%BB%D0%
B0%D1%82%D1%8B-%D0%B4%D0%BB%D1%8F-%D1%80%D0%B0%D
0%B7%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B8-96
boards-ai-sophon-edg/) 4 aBsrycta 2020 roga.

Mwukpocxema «[pyxba» ot komnanumn «TekoH» (https://isup.ru/news/1
4878/). Oara obpalenus: 26 mapta 2020. ApxusuposaHo (https://web.archiv
e.org/web/20200326114857/https://isup.ru/news/14878/) 26 mapta 2020 roga.

Mwukpocxemsl (http://www.tecon.ru/prodykciia/mikroshemy_/). flata
obpalueHmns: 26 mapta 2020. ApxusupoBaHo (https://web.archive.org/web/202
00326114857 /http://www.tecon.ru/prodykciia/mikroshemy_/) 26 mapta 2020
roga.

ONiO.zero npegnaraeTt MukpokoHTponnep RISC-V, koTtopbi
paboTaet 6e3 6atapen — CNXSoft- HoBocTu Android-npncTaBok n
BcTpamBaeMbix cuctem (https://cnx-software.ru/2020/01/11/onio-zero-
npeanaraeT-MUKPOKOHTPOINep-risc-v-koTopbin-paboTaer-6es-6arape
u/). Oata obpalenus: 16 mapta 2022. ApxusuposaHo (hitps://web.archive.or
g/web/20200803141511/https://cnx-software.ru/2020/01/11/onio-zero-%D0%B
F%D1%80%D0%B5%D0%B4%D0%BB%D0%B0%D0%B3%D0%B0%D0%B
5%D1%82-%D0%BC%D0%B8%D0%BA%D1%80%D0%BE%D0%BA%D0%
BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%BB%D0%B5%D
1%80-risc-v-%D0%BA%D0%BE%D1%82%D0%BE %D 1%80%D1%8B%D0%
B9-%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%B0%D0%B5%D1%
82-%D0%B1%D0%B5%D0%B7-%D0%B1%D0%B0%D1%82%D0%B0%D
1%80%D0%B5%D0%B8/) 3 aBrycta 2020 roga.

ONiO.zero Offers Up to 24MHz of RISC-V Microcontroller
Performance on Nothing But Harvested Energy — Hackster.io (https:/
www.hackster.io/news/onio-zero-offers-up-to-24mhz-of-risc-v-microco
ntroller-performance-on-nothing-but-harvested-energy-70285321d50
d). Oata obpaluerusi: 12 sivsapsi 2020. ApxusumposaHo (https://web.archive.or
g/web/20200112102044/https://www.hackster.io/news/onio-zero-offers-up-to-2
4mhz-of-risc-v-microcontroller-performance-on-nothing-but-harvested-energy-
70285321d50d) 12 aHBaps 2020 roga.
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https://www.computerra.ru/239723/alibaba-predstavila-svoj-pervyj-protsessor/
https://web.archive.org/web/20190727113744/https://www.computerra.ru/239723/alibaba-predstavila-svoj-pervyj-protsessor/
https://www.eet-china.com/news/201907261129.html
https://web.archive.org/web/20190727113742/https://www.eet-china.com/news/201907261129.html
https://medium.com/syncedreview/alibaba-is-open-sourcing-its-powerful-new-risc-v-processor-for-5g-and-ai-dcb6f4eebbc4
https://web.archive.org/web/20190727113741/https://medium.com/syncedreview/alibaba-is-open-sourcing-its-powerful-new-risc-v-processor-for-5g-and-ai-dcb6f4eebbc4
https://www.theregister.co.uk/2019/07/27/alibaba_risc_v_chip/
https://web.archive.org/web/20200429004606/https://www.theregister.co.uk/2019/07/27/alibaba_risc_v_chip/
https://servernews.ru/979190
https://web.archive.org/web/20181205210808/https://servernews.ru/979190
https://ru.wikipedia.org/wiki/Wayback_Machine
https://blog.westerndigital.com/risc-v-swerv-core-open-source/
https://web.archive.org/web/20190823072404/https://blog.westerndigital.com/risc-v-swerv-core-open-source/
https://ru.wikipedia.org/wiki/Wayback_Machine
https://github.com/westerndigitalcorporation/swerv_eh1
https://web.archive.org/web/20190516025118/https://github.com/westerndigitalcorporation/swerv_eh1
https://ru.wikipedia.org/wiki/Wayback_Machine
https://hackaday.com/2018/10/08/new-part-day-the-risc-v-chip-with-built-in-neural-networks/
https://web.archive.org/web/20181017002110/https://hackaday.com/2018/10/08/new-part-day-the-risc-v-chip-with-built-in-neural-networks/
https://www.jinse.com/blockchain/238889.html
https://web.archive.org/web/20181017001827/https://www.jinse.com/blockchain/238889.html
https://github.com/kendryte/kendryte-doc-datasheet/blob/master/en/003.md
https://web.archive.org/web/20190409200547/https://github.com/kendryte/kendryte-doc-datasheet/blob/master/en/003.md
https://www.cnx-software.com/2018/02/27/greenwaves-gap8-is-a-low-power-risc-v-iot-processor-optimized-for-artificial-intelligence-applications/
https://web.archive.org/web/20180828025701/https://www.cnx-software.com/2018/02/27/greenwaves-gap8-is-a-low-power-risc-v-iot-processor-optimized-for-artificial-intelligence-applications/
https://abopen.com/news/cru-free-risc-v-boards-security-in-the-fossi-era-and-more/
https://web.archive.org/web/20190126164336/https://abopen.com/news/cru-free-risc-v-boards-security-in-the-fossi-era-and-more/
http://www.cnx-software.ru/2019/02/18/wch-ch572-%D1%8D%D1%82%D0%BE-risc-v-mcu-%D1%81-%D0%B2%D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C%D1%8E-%D0%BF%D0%BE%D0%B4%D0%BA%D0%BB%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D1%8F-bluetooth-l/
https://web.archive.org/web/20200804191706/https://cnx-software.ru/2019/02/18/wch-ch572-%D1%8D%D1%82%D0%BE-risc-v-mcu-%D1%81-%D0%B2%D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C%D1%8E-%D0%BF%D0%BE%D0%B4%D0%BA%D0%BB%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D1%8F-bluetooth-l/
https://markets.businessinsider.com/news/stocks/huami-s-amazfit-debuts-at-mwc-opening-a-new-chapter-in-global-expansion-1027996253
https://web.archive.org/web/20190525095510/https://markets.businessinsider.com/news/stocks/huami-s-amazfit-debuts-at-mwc-opening-a-new-chapter-in-global-expansion-1027996253
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WCH CH32V103 yHusepcanbHbin RISC-V MCU npeanaraet 54. BL602/BL604 RISC-V WiFi n Bluetooth 5.0 LE SoC 6yayTt
anstepHaTmBy MukpokoHTponiepy RISC-V GD32V — CNXSoft- npogasatbcs no ueHe ESP8266 — CNXSoft- HoBocTn Android-
HoBocTu Android-npuctaBok n BcTpanBaembix cuctem (https://cnx-soft npucTaBok 1 BcTpausaembix cuctem (https://cnx-software.ru/2020/10/
ware.ru/2020/06/16/wch-ch32v103-%D1%83%D0%BD%D0%B8%D 28/bl602-bl604-risc-v-wifi-i-bluetooth-5-0-le-soc-budut-prodavatsya-po
0%B2%D0%B5%D1%80%D1%81%D0%B0%D0%BB%D1%8C%D -tsene-esp8266/). Nara obpatuenns: 17 fekabps 2020. ApxveuposaHo (htt
0%BD%D1%8B%D0%B9-risc-v-mcu-%D0%BF%D1%80%D0%B5%D ps://web.archive.org/web/20210301222408/https://cnx-software.ru/2020/10/2
0%B4%D0%BB%D0%B0%D0%B3%D0%B0%D0%B5%D1%82-%D 8/bl602-bI604-risc-v-wifi-i-bluetooth-5-0-le-soc-budut-prodavatsya-po-tsene-e
0%B0%D0%BB%D1%8C%D1%82%D0%B5%D1%80%D0%BD%D sp8266/) 1 mapra 2021 roga.
0%B0%D1%82%D0%B8%D0%B2%D1%83-%D0%BC%D0%B8%D 55 Cmsemicon ANT32RV56xx is a RISC-V microcontroller for wireless
0%BA%D1%80%D0%BE %D0%BA%D0%BE %D0%BD%D1%82%D charging (https://www.cnx-software.com/2020/12/17/cmsemicon-ant3
1%80%D0%BE %D0%BB%D0%BB%D0%B5%D1%80%D1%83-risc-v  2ry56xx-is-a-risc-v-microcontroller-for-wireless-charging/). flata
-9d32v/). Nlata obpaueHmsi: 16 mapta 2022. Apxusuposaro (https://web.arc obpalueHus: 17 fekabps 2020. ApxusuposaHo (https://web.archive.org/web/2
hive.org/web/20200616130642/https://cnx-software.ru/2020/06/16/wch-ch32v 0201217124341/https://www.cnx-software.com/2020/12/17/cmsemicon-ant32r
103-%d1%83%d0%bd%d0%b8%d0%b2%d0%b5%d1%80%d1%81%d0%b v56xx-is-a-risc-v-microcontroller-for-wireless-charging/) 17 aekabps 2020

0%d0%bb%d1%8c%d0%bd%d1%8b%d0%b9-risc-v-mcu-%d0%bf%d1%80% roga.
d0%b5%d0%b4%d0%bb%d0%b0%d0%b3%d0%b0%d0%b5%d1%82-%d0% 56
b0%d0%bb%d1%8c%d1%82%d0%b5%d1%80%d0%bd%d0%b0%d1%82%d
0%b8%d0%b2%d1%83-%d0%bc%d0%b8%d0%ba%d1%80%d0%be%d0%b
a%d0%be%d0%bd%d1%82%d1%80%d0%be%d0%bb%d0%bb%d0%b5%d
1%80%d1%83-risc-v-gd32v/) 16 nions 2020 roga.

Mpoueccop ESP32-C3 WiFi n BLE RISC-V no koHTakTam COBMECTUM 57
¢ ESP8266 — CNXSoft- HoBocTr Android-npucTaBok 1

BCcTpauBaemsbix cuctem (https://cnx-software.ru/2020/11/22/proczessor . . . :
-esp32-c3-wifi-i-ble-risc-v-po-kontaktam-sovmestim-s-esp8266/). Oara 3.&\_/:/:t;gzr:hsgzéorg/weblzom 0702180315/https:/fwww.meu. mikron.ru/) 2
obpaluenns: 17 aekabps 2020. ApxusuposaHo (https://web.archive.org/web/2 58 MIPS G 0 ) s EETi httos:/f i /d
0201129195659/ https://cnx-software.ru/2020/11/22/proczessor-esp32-c3-wifi-i  2°- oes Open Source | imes (https://www.eetimes.com/docu

-ble-risc-v-po-kontaktam-sovmestim-s-esp8266/) 29 HosGps 2020 roaa. ment.asp?doc_id=1334087). Hflara obpalyenms: 27 aHeaps 2019.
ApxusupoBaHo (https://web.archive.org/web/20190802153207/https://www.ee

times.com/document.asp?doc_id=1334087) 2 asrycta 2019 roga.

. Katanor npoaykuun komnaHum NMAO «MukpoH» (https://mikron.ru/prod
ucts/mikrokontrollery/mikrokontroller-mik32/). fara o6patenusi: 30
mapTa 2021. ApxusupoaHo (https://web.archive.org/web/20210420093657/ht
tps://mikron.ru/products/mikrokontrollery/mikrokontroller-mik32/) 20 anpens
2021 ropa.

. RISC-V mukpokoHTponnep MIK32 (https://www.mcu.mikron.ru/).
www.mcu.mikron.ru. Jata obpaienus: 2 uons 2021. ApxusuposaHo (http

JInteparypa

Instruction Sets Should Be Free: The Case For RISC-V (http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-146.html) ApxuBHas
konus (https://web.archive.org/web/20160304045606/http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-146.html) ot 4 mapta 2016
Ha Wayback Machine // Mybnukaumsa Krste Asanovi¢ n [JaBnga MNattepcona (pdf (http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-
146.pdf)  ApxusHas konus (https://web.archive.org/web/20140825023558/http://www.eecs.berkeley.edu/Pubs/TechRpts/2014/EECS-2014-146.
pdf) ot 25 aBrycta 2014 Ha Wayback Machine)

The RISC-V Instruction Set (http://www.hotchips.org/wp-content/uploads/hc_archives/hc25/HC25-posters/HC25.26.p70-RISC-V-Warterman-UCB.
pdf)  ApxusHas konus (https://web.archive.org/web/20170506031542/http://www.hotchips.org/wp-content/uploads/hc_archives/hc25/HC25-post
ers/HC25.26.p70-RISC-V-Warterman-UCB.pdf) ot 6 mas 2017 Ha Wayback Machine // HotChips 25

RISC-V, Spike, and the Rocket Core (http://www-inst.eecs.berkeley.edu/~cs250/fa13/handouts/lab2-riscv.pdf)  ApxuHas konus (https://web.arc
hive.org/web/20140903185328/http://www-inst.eecs.berkeley.edu/~cs250/fa13/handouts/lab2-riscv.pdf) ot 3 ceHTs6psa 2014 Ha Wayback
Machine

David Patterson n Andrew Waterman: «RISC-V reader: An Open Architecture Atlas», Strawberry Canyon, ISBN 978-0-9992491-1-6 (Sep. 10th,
2017).

CcebLIku

riscv.org (http://riscv.org/) — ocduumanebHein cant RISC-V

UCB RISC-V (https://github.com/ucb-bar) ApxusHas konusi (https://web.archive.org/web/20170114131434/https://github.com/ucb-bar) ot 14
sHBapsi 2017 Ha Wayback Machine // GitHub (anrn.)

WcTounuk — https://ru.wikipedia.org/w/index.php?title=RISC-V&oldid=133265045

3JTa cTpaHuua B nocneaHui pas 6bina otpegakTupoBaHa 26 ceHTA6ps 2023 B 09:14.
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