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CTpyKTypHaa opraHmsauus
NpoLEecCoOpoOB C apXUTEKTYPOM
Intel 64

Munxaunn KypHOCOB



OpraHusaumga appa npoueccopa ¢ apxutektypou Intel 64

Jlormueckum npoueccop
Architectural State

Processor
chip

Frontend
(Fetch, Decode)

Backend
BbluncnurenoHoe aapo
(Execution Engine)

Kew-namarb
(Cache)

Q Intel64 and 1A-32 Architectures Software

Developer Manuals //

https://software.intel.com/en-us/articles/intel-sdm

Jlornueckui npoueccop (Logical processor)
NpeacTaBfieH apxumeKkmypHbIM COCMOSHUEM
M KOHTPOJIIEPOM MpepbiBaHMM

(Interrupt controller, APIC)

ApXUTEKTYpPHOE COCTOSIHUE
(Architectural state, AS) Bkntovaer:

O peructpbl 06uwero HasHaveHus (RAX, RBX, ...)

O cermeHTHble perucTpsl (CS, DS, ...),

Q ynpasnstowme pernctpbl (RFLAGS, RIP, GDTR, ...)
O X87 FPU-peructpol, MMX/XMM/YMM-peructpel
O MSR-peructpsbl (time stamp counter, ...)

= JlorMyeckuit npoueccop -

3TO TO, YTO "BUAMUT OrnepaumoHHas CUCTEMA


https://software.intel.com/en-us/articles/intel-sdm

Opranusauusa sapa npoueccopa ¢ apxutektypou Intel 64

" P = JlorMyeckuit npoueccop Ucnonb3lyer
Jloruueckui npoueccop rocessor DecypChbl BbIYUCAUTENBHOO SApPa
Architectural State chip
Frontend Frontend
(Fetch, Decode) " 3qepyxaem (fetcb) M3 KEeLW-naMaTn/naMaTu
IR | Kew-naMsaTb CISC nHcTypkunm Intel 64
S iiceke?-:ie S (Cache) = Jekodupyem (decode) CISC uHcTpykumit Intel
b(Exe?utioTEnging)p 64, pasbuBaeT nx Ha RISC Mnukpoonepauunm
(uops) n nomewaeT B o4epeds pnsa Backend

= Frontend BkntoyaeT Moaysb npenckasaHunsg nepexonos (branch prediction unit),
KOTOPbIA HAa OCHOBE MCTOPUK BETBIEHM BO3BpaALLLAET aapec YC/IOBHOMo nepexoaa

" Frontend peanusyeT CnekynsTUBHYIO BbIOOPKY M AEKOOMPOBAHUE UHCTPYKLMMA



Opranusauusa sapa npoueccopa ¢ apxutektypou Intel 64

= Backend
Jlornyeckuii npoueccop Processor
Architectural State chip " NJIGHUpyem BHeo4YepenHoe napannenbHoe
BbinonHeHue RISC Mukpoonepaumm Ha
Frontend nOCTNyHbIX Moaynsax (noptax: ALU, FPU, LD/ST)

(Fetch, Decode)
= peanm3yeT BHeo4YpeaHOoe napanienbHoe

L | Kew-namarb o
Backend (Cache) 8bIN0/IHEHUE MUKPOONEPALMA MO FOTOBHOCTY
BblUMCAMTENBHOE SAPO onepaHaos (out-of-order execution)
(Execution Engine) = 3anucsieaem (retire) pesynbTart onepalmm B

apXUTEKTYpHOE COCTOSHUE/NaMAaTb B UCXO4HOM
nopsake nporpammel (in-order)

= Backend peanusyet napannenunsm yposHa MHCTpYyKumMi (Instruction Level Parallelism):
napasnnenbHoe BbINOJIHEHNE MUKpOOoMNepaunin Ha OOCTYMHbIX QYHKLUMOHANbHbIX MOAYIAX,
BHeoyepenHoe BbinosiHeHue, SIMD-uHcTpykumm



Intel Nehalem Core Pipeline

Intel 64 CISC macro-instructions

Reservation Stations

]

A 4 A 4
—+ Execution Units |<—|—)| DTLB |(—)| Data Cache (32 KiB)

———————————————————————————————————————————————————————

. 4. - - - - - - - - - - - - "y - """ """ ""7]
Front-End Pipeline | [ c ction Fetch & Pre Decode - ITLB > Instruction Cache (32 KiB) | '
(in-order) : ! .
| 1
Intel 64 CISC i Instruction Queue (1Q) » I I :
macro-instr. 1 L :
1
! Decode 1 LT L2 Cache I
I:::::::::::: e m ! (256 KiB, 8-way) |
Execution Engine | Rename/Allocate i | :
(out-of-order) i * ! 7~ :
| |
Nehalem RISC | | Retirement Unit L :
micro-operations | | (Re-Order Buffer) | :
1 N | 1
I i ! I
: Scheduler B :
| X :
I (. I
1 (. |
| (. I
1 1! I
1 [ 1
| ! |



Intel Nehalem Frontend Pipeline (in-order)

Intel64 CISC ITLB & L1 I-cache (32 KiB, 4-way) «—> Unified L2-Cache
macro-instr.
_____ I L —
. Branch Pre D;acode,
InStLustlolrl‘:SetCh > Prediction Prefetch Buffer,
nit (IFU) Unit (BPU) Instruction Length Decoder

16 instr./cycle

Instruction Queue (IQ)
(18 entry - 18 instruction max.)

5 instructions/cycle

Instruction Decoding Unit (IDU)
5 simple + 1 complex

Simple Simple Simple cW—# micro-code
l l l ‘ | ‘ ‘ 4 uops./cycle

Decoded Instruction Queue (DIQ, 28 uops. max)
Loop Stream Detection, Micro-Fusion, Macro-Fusion

micro-
operations HH4m|croops/cycle """"""""""""""""

Nehalem RIS




Intel Nehalem Frontend Pipeline (in-order)

Intel64 CISC ITLB | L1 I-cache (32 KiB, 4-way) «—>Unified L2-Cache
macro-instr.
I 6 byte/cycle
i . Branch Pre Diecode, i
| '"St'lrjuc,tt"’lgse“h k> Prediction Prefetch Buffer, ;
: “'/4( ) Unit (BPU) Instruction Length Decoder :
e 3_10_%;!}2:\ ~~~~~~~~~~~~~~~ :
i IFU Ha Ka)xaoM TakTe BblGUpaeT Instruction Queue (1Q) Pre Decode onpepensieT gavHy

MHCTPYKLMUI, UX NPEPUKCHI U TUMbI

3 kawa L1 (vepes ITLB) 16 6aiit (18 entry — 18 instruction max.)

MHCTPYKLMA M NepeaaeT ux Ha 5 instructions/cycle (ycnoBHbI/6e3ycnoBHbIN Nepexog, ...)

n nepepaet nHdopmauumio B Instruction

npenekoamposaHue B Pre Decode

Instruction Decoding Unit (IDU)
3 simple + 1 complex

Queue

Simple Simple Simple

CW% micro-code

| A

‘ l ‘ | 4 uops./cycle

Nehalem RIS

micro-

Decoded Instruction Queue (DIQ, 28 uops. max)
Loop Stream Detection, Micro-Fusion, Macro-Fusion

—— e ——— e ——— —— - )

operations T TTTTTTTTTTTTTITTTTIIIIOOS Im 4 micro-ops./cycle



Intel Nehalem Frontend Pipeline (in-order)

IDU npeobpasyert Intel64 nHcTpykumm B RISC-Mmukpoonepaumm (CNoXHbIe MHCTPYKLMMK 4 L2-Cache
NpeobpasyoTcsa B HECKOIbKO MUKpOONepaLmi)

IDU nepenaet Mnkpoonepaumm B odepenpb DIOQ, roe BbINOAHAETCS MOUCK LMKIOB '
(LSD, onsa npenoTBpalLeHns X NOBTOPHOro AeKOAUPOBAHMUS), CIUSHME
MUKpoonepaunn (419 yBennmyeHus nponyckHom cnocobHoctn FEP)

[loTok RISC-MuKpoonepaumin nepenaetcs B UCNOMHSKOLWEE 94p0

~
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<
<
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~
~
<
Sy
<

Instruction Queue (I1Q)
(18 entry — 18 instruction max.)

N
.
~.
~
~
S
~,

~.

~~~~~~~~ 5 instructions/cycle

™ Instruction Decoding Unit (IDU)
3 simple + 1 complex

| | | | || ] 4uops/eyct

Decoded Instruction Queue (DIQ, 28 uops. max)
micro-— Loop Stream Detection, Micro-Fusion, Macro-Fusion

operations ' ‘ ' ‘JH 4 micro-ops./cycle

Nehalem RIS

i Sirr*ple Sin;ple Sirr+ple CW% micro-code



Intel Nehalem Execution Engine

Frontend Pipeline (DIQ)

3333 4 micro-ops./cycle

Register Renaming, Resource Allocation (RRRA)
l @

Retirement Unit (RU),
ReOrder Buffer (ROB, 128 uops)

AN A}

9} Unified Reservation Station (dynamic scheduler, 36 micro-ops)

i IPort 0 I Port 1 IPort 2 l Port 3 I Port 4 I Port 5

i Int. ALU, Int. ALU, Int. ALU,

i Shift LEA Load Store Address Store Data Shift

E FMUL, FDIV FP Add I I I Branch

i Complex Int. Memory Order Buffer (MOB) FP Shuffle

: SSE Int. ALU,

| Int. Shuffles SSE Int. ALU,

i >3E Int. Mul T Int. Shuffles

: ] ] |

g I 7 SR
Data TLB <—>L2 TLB

= 6 micro-ops.
6 micro-ops./cycle L1 Data Cache (32 KiB) <—>L2 Cache




Intel Nehalem Execution Engine

Frontend Pipeline (DIQ)

3333 4 micro-ops./cycle

Register Renaming, Resource Allocation (RRRA)

\ N,
N A
LN b
\
N i
\ B\ 1
\ N, I
\ N, ]
\ N
\ N, !

: Retirement Unit (RU) - R .
! ’ esource Allocation - Bbigenset ans
| ReOrder Buffer (ROB, 128 uops .
! A ( Ps) N NOCTYNalLWmMX MMKpoonepaumm 610Ku
: N2 ] 5 .
| 9} Unified Reservation Station (dynamic sc¢, 8 Re-Order Buffer, Reservation Station,
; NpuUBSA3bIBAET MUKpOONepaumm K NopTy
: Ipoft 0 IPort 1 IPort 2 Poi Bblgaum (dispatch port)
|nghﬁi\thu, |ntLéAALU, Load Store Addree. ™ Register Renaming — nepenMeHoBbIBaeT
| apxutektypHble peructpol (RAX, RBX, ...),
: FMUL, FDIV FP Add I MCNOJSib3yeMble B MUKpOONepauum B
| MUKPOAPXUTEKTYPHbIE PErNCTPbI NS
| SSE Int. ALU, Cormplle It Sy Ol npeaoTBpaLLeHMs KOHMDINKTOB AaHHbIX
i Int. Shuffles A T (Data hazards)
i | | ] |
| o o o o o o o e o o o o o o o o o o o o e - ‘1,_ ____________________________________ 1
Data TLB <—>L2 TLB

= 6 micro-ops./cycle
ps./cy L1 Data Cache (32 KiB) <> 12 Cache




Intel Nehalem Execution Engine

Frontend Pipeline (DIQ)

3333 4 micro-ops./cycle

Register Renaming, Resource Allocation (RRRA)

l L

Retirement Unit (RU),

AN A}

9} Unified Reservation Station (dynamic scheduler, 36 micro-ops)

/| ReOrder Buffer (ROB, 128 uops)

=
I-P—t“*“’ """""" T Port 2 T Port 3

TPort4 TPortS

URS - nyn 13 36 Mukpoonepaummn + ouUHaMMUYeCKMn NINAHUPOBLLMK

Ecnn onepaHabl MMKpOONepaLmn roToBbl, OHa HANPaBASETCS HA OAHO UX UCMONHSAIOLWNX YCTPOUCTB —
BbINOJIHEHME MO FOTOBHOCTM AAHHbIX (MAaKCMMYM 6 MUKpOONepaunit/TakT — 6 NOpToB.)

URS peanusyeT paspelueHns HEKOTOPbIX KOHMANKTOB AaHHbIX — NepenaeT pe3ynbTaT BbINOAHEHHOM
onepauuMm HaNpsSMYyK Ha BXo4, apyroun (ecnum tpebyetcs, forwarding, bypass)

-—— e d

| ITIL STIUTTLES |‘I

________________________________________________________ Y'____________________________________I
) Data TLB <12 TLB
= 6 micro-ops./cycle
ps./cy L1 Data Cache (32 KiB) <> L2 Cache




Intel Nehalem Execution Engine

Frontend Pipeline (DIQ)

3333 4 micro-ops./cycle

Register Renaming, Resource Allocation (RRRA)

L

Retirement Unit (RU),
ReOrder Buffer (ROB, 128 uops)

= ROB - xpaHuUT MMKpoonepaumu c nx

COCTOSIHMAMU B UCXOAHOM nopsaake (in-order)

PE3yNbTAaTOB B apXMUTEKTYPHbIE PETUCTPbI
BbINO/IHANACL B MPAMOM NOC/NeA0BaTENbHOCTY

» BbinonHeHue Intel64-MHCTPYKLMKU CUMTAETCS

a) BCe eé MMKpOoOonepaLnu BbiNOSHEHbI,
6) BCce bonee paHHMe onepaLmm 3aBepLUEHbI

X D
9} Unified Reservation Station (dyr..
= RU - oTtcnexuBaeT, 4ToObl 3anmCb
Port 0 Port 1 Port 2
Int. ALU, Int. ALU,
Shift LEA Load Store At (11cxo4HOM MPOrpamMMmbl)
FMUL, FDIV FP Add I I
3aBEPLUEHHbIM, €CNK

Complex Int. Memory Orde

SSE Int. ALU,
Int. Shuffles SSE Int. Mul T

| |
________________________________________________________ q,_____________________________________.
Data TLB <—>L2 TLB

= 6 micro-ops./cycle

L1 Data Cache (32 KiB) <> L2 Cache




Skylake Microarchitecture

Intel 64 and 1A-32 Architectures Optimization Reference Manual

.| 32K L1 Instruction
R i Cache 7
Y
VSROM Decoded Icache 2 Legacy Decode F
(DSB) Pipeline
4 uops/cycle
l sk s 6 uops/cycle epsiees | = DSB — 6 uops per cycle
’ Instruction Decode Queue (IDQ,, or micro-op queue) - |DO _ 64 UOpS per logical processor
\ 4 - . .
’ Allocate/Rename/Retire/MoveElimination/Zeroldiom ‘ = Qut-of-Order execution en gine
l o Exec. ports: 8
Scheduler
256K L2 Cache
| port2 (Unified)
Port 0 Port 1 Port 5 Port 6 "| LD/STA
Int ALU, Int ALU, Int ALU,
Int ALU,
Vec FMA, Fast LEA, Fast LEA, Port 3
VecMUL, | | VecFMA, | | VecSHUF, Int Sht, LD/STA
Vec Add, Vec MUL, Vec ALU, Branchl,
Vec ALU, Vec Add, QT 32K L1 Data Cache
Vec Shft, Vec ALU, > Port4 ==
Divide, Vec Shft, SE »
Branch2 Int MUL,
Slow LEA Port 7
STA



Ice Lake Microarchitecture

32KB
"| Instruction Cache Ll

Legacy

Decode Pipeline uop Cache SIS
v v Y
Hop Queue = |DQ — 70 uops per logical processor
Allocate / Rename / Move Elimination / Zero Idiom =  Qut-of-Order execution engine
I o Allocation: 5 uops per cycle
Scheduler o Exec. ports: 10
¢ 4 4 L 1 I | I |
P4+P9|| P2 || P8 || P3 || P7 Port O Port 1 Port 5 Port 6
Séore load || STA || load || STA ALU ALU ALU ALU
- | LeA LEA LEA LEA

T T L v+ =] shift Mul MulHi Shift

48KB L1 Data Cache JMP1 iDIV JIMP2

! FMA FMA*
512KB L2 Cache Ol AL ALU* ALU
S| shift Shift*
fpDIV Shuffle* | | Shuffle
| SOC |

Intel 64 and IA-32 Architectures Optimization Reference Manual



Golden Cove Microarchitecture

FastADD

FastADD

ITLB + 32KB Instruction Cache |4 BPU
MSROM Decode It-— uop Cache
pop Queue
d
Allocate/Rename/Move Elimination/Zero idiom
Scheduler / Reservation Station
PO P1 P5 P6 P10 P2 B3 R P4 P9 P7 P8
AGU AGU AGU STD STD AGU AGU
+ + + + + + -
ALU ALU ALU ALU ALU Load Buffer Store Buffer
LEA LEA LEA LEA LEA P 3x256
INT 3 2612
Shift MUL MulHI Shift
LD DTLB 2x256 STADTLB
Jmp IDIV Jmp s
A 3x256
X512
FMA FMA || FMAs12 = *
48 KBDCU
ALU ALU ALU
VEC Shift Shift AMX
1.25 MB Client / 2MB Server MLC
fpDiv Shuffle || Shuffle

SOC

Intel 64 and 1A-32 Architectures Optimization Reference Manual

IDQ — 144 uops per logical processor
(72 uops per SMT thread)

Out-of-Order and execution engine
o Allocation: 6 uops per cycle
o Retirement: 8 uops per cycle



Raptor Cove Microarchitecture (2022)

Intel - 2022 By Cardyak

Raptor Cove

Microarchitecture Block Diagram

= Boost frequency up to 6.0 GHz
= 2 MB L2 cache per core

= New dynamic prefetcher

B8 5
6
8 jiops
| Retirer I; L ity gl Ao I 512 Entry Reorder Buffer (ROB)
% 12 jis

[ 205 Entry Unified Scheduler ]




MHorosaepHbie npoueccopsbl (Multi-core Processors)

Jlornueckui npoueccop
Architectural State

Core O

Frontend ILP

(Fetch, Decode)

Backend
BoluncnutensHoe s4po
(Execution Engine)

Kew-namMaTb
(Cache)

Jlorndeckuim npoueccop
Architectural State

Core 1l

Chip

Frontend ILP

(Fetch, Decode)

Backend
BoluncnutenoHoe sapo
(Execution Engine)

Kew-namaTtb

(Cache)

----------------------------------------------------------------------------------------------------------------------------------

fopa npoueccopa Mory pasfaensatb HeKOTopble pecypcbl (HanpuMep, Kew-namartb L3)

MHorosaepHbI NpoLeccop peanusyeT napannenmsMm yposHsa notokos (Thread Level Parallelism)




MHorospaepHblie npoueccopbl ¢ noaaepxkon SMT

Jlornueckui npoueccop | Jlormueckuim npoueccop
Architectural State Architectural State

Jlornueckuit npoueccop | Jlornueckui npoueccop
Architectural State Architectural State

Frontend ILP
(Fetch, Decode)

Frontend ILP
(Fetch, Decode)

Kew-namaTb
Backend (Cache)

BoluncnutensHoe s4po
(Execution Engine)

Kew-namMaTb
Backend (Cache)

BeluncnmutensHoe s4p0
(Execution Engine)

AnnapatHblie noTtokn SMT (hardware threads) pa3aensaoT ogMH CynepckansapHbii KOHBeKep s4pa
(napannenusm UHCTPYKLUMN)

SMT no3BonsieT 3arpy3nTb KOHBENEP MHCTPYKLUMAMU PA3HOPOAHbLIX NMPOrPaMMHbIX NOTOKOB
Simultaneous multithreading (SMT): Intel Hyper-Threading, Fujitsu Vertical Multithreading

OnepaunoHHag cucTema npeactaBnseT Kaxablt SMT-NOToK Kak NorMyecknim npoueccop



MHorosaepHblie npoueccopbl ¢ noaaepxKkon SMT

' Thread O ' Thread 1 ! Instruction Level Parallelism (concurrency)
L ’. _____ 1 L —
Jlornueckum npoueccop | Jlormueckuit npoueccop Jlornueckumit npoueccop | Jlormueckuin npoueccop
Architectural State Architectural State Architectural State Architectural State
Frontend ILP Frontend ILP

(Fetch, Decode) (Fetch, Decode)

Kew-namartb
Backend (Cache)

BoluncnutensHoe s4po
(Execution Engine)

Kew-namMaTb
Backend (Cache)

BoluncnutenoHoe sapo
(Execution Engine)

OnepauMoOHHOM cMCTEME OOCTYMNHbI 4 norMyecknx npoueccopa (annapaTHbIX NOTOKA)

[lporpamMmHbie NoTokn O 1 1 BbINOMHAKTCA Ha pecypcax O4AHOro a4pa — NPUBA3aHbl K IOTMYECKUM
npoueccopam SMT

O6a noToka pa3aensoT pecypcbl 0AHOIO CynepCcKanspHOro KOHBeMepa — KOHKYPUPYIOT 3a pecypchbl
(TONbKO NapannennsM ypoBHS UHCTPYKLIMIA)



MHorosaepHbie npoueccopbl ¢ noaaepxKkon SMT

PR ! Thread Level Parallelism +
, Thread 0 Instruction Level Parallelism  Thread 1
4 ®
Jlornueckum npoueccop | Jlormueckuit npoueccop Jlornueckuit npoueccop | Jlormueckuin npoueccop
Architectural State Architectural State Architectural State Architectural State
Frontend ILP Frontend ILP

(Fetch, Decode) (Fetch, Decode)

Kew-namaTb
Backend (Cache)

BoluncnutenbHoe sapo
(Execution Engine)

Kew-namMaTb
Backend (Cache)

BeluncnutensHoe s4po
(Execution Engine)

OnepaunoHHON CUCTEME OOCTYMHbI 4 TorM4yeckmnx rnpoueccopa (annapaTHbIX NOTOKA)
[ToTokn O 1 1 BLINONHAKTCS HA CyrnepCcKansgapHbIX KOHBENepax pasHbix aaep
3a4enCcTBoBaH napannenusm yposHa notokos (TLP) n uuctpykumn (ILP)




Mukponpoueccop «nbbpyc-16C» (1891BM038)

16 anep B npoueccope
4/2 npoueccopa B Moayne

Kew-namarb:

o L1: 64 K6anTt paHHble + 128 Kb6anT KOMaHAbl B KaXXO40M siape

ApxuTekTypa: 2nbbpyc, Bepcus 6

o L2:1 M6aut B KaxgoM agpe, 16 M6anT cyMMapHo
o L3: 32 M6awnT B npoueccope

[MamaTtb: 4 kaHana DDR4-2400 ECC

PF ALCO: Int/FP/LD
_
—
[ALC 1: Int/FP/LD L1D$
RF
[ALCZ: Int/ST
[ALcs: Int/FP/LD
ALC4: Int/FP/LD
MMU
[ALCS: Int/ST/DIV
Ad cu | L1IS |

http://mcst.ru/elbrus-16s

L2s

RF - yHuBepcasibHbIN peruct-
poBbiv ain

PF - peructpoBsli ¢pain ais
OHOGUTHBIX NMpeArKaToB

ALCO...ALC5 - kaHanbl Mc-
NoNHEeHUs

MMU - YcTpo#cTBo ynpasne-
HUSA NamMATH

L1DS - Kaw-namsTh AaHHbIX
1ro ypoBHsa

L1IS - Kaww-namsTb MHCTPYK-
yni 1ro ypoBHS

L2$ - Kaw-namsiTe 2ro ypoB-
Hs

CU - ycTpoiicTBoO ynpaBaeHus
AAU - ycTporcTBo npeaBapm-
Te/IbHOW NOAKaYKM JaHHbIX

K ceBepHomMy MmocTy

Y} b6p§%

LLiInpokas koMaHAa — B OAHOM TakTe A0 23 onepauun
(> 33 onepaumit Npu YyNakoBKe B BEKTOPHbIE KOMAHAbI)

6 KaHanos AJ1Y, paboTatowmx napanienbHo
PernctpoBbii ¢ann: 256 84-paspsagHbix perncTpos
AnnapaTtHas npeaBbl6bopKa AaHHbIX

CI'IeKyJ'ISITI/IBHOE BbIMOJIHEHWNE, NOAAEPIKKA 0AHOOUTOBbIX
npeanKkaToB (MI/IHI/IMM3aLI,I/I$I Yncna rnepexonos u
napannesibHoe BblMOJIHEHNE HECKOJIbKUX BGTBEVI)



AnbtepHaTusHble RISC-apxutekTypbi?

= ARMv8: Apple Mx, Cavium ThunderX, Huawei Kunpeng
= SPARC

= MIPS

= RISC-V

https.//riscv.org/alliances/

https://riscv-alliance.ru/

https://cloudbear.ru/

https://syntacore.com/

SCR1 RISC-V Core (SystemVerilog) // https://github.com/syntacore/scrl

O O O O O



https://riscv.org/alliances/
https://riscv-alliance.ru/
https://cloudbear.ru/
https://syntacore.com/
https://github.com/syntacore/scr1

