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Syntacore

Custom cores and tools

O komnaHuu Syntacore

Pa3spaboTumk npoueccopHoro IP c RISC-V ISA, B akocucteme RISC-V ¢ MOMeHTa
OCHOBaHWUA

Pa3spabaTbiBaem n anueHsmpyem cospeMenHble RISC-V aapa ¢ KOHKYPEHTHbIMM
XapaKkTepucTnKamm

o HauvanbHas anHenka IP npoBepeHa B KpEMHUK, AOCTYIMHA U INLEH3UPYETCS

o Okono 4 net cneumanmsaumm B RISC-V

o Bonee 15 net npodumabHOro onbiTa y core team B KpynHou npodunbHon MHK

0 NHcTpymeHTbl, SDKS, 06pa3subl B KpeMHUM, JOKYMeHTaL s

[lo/HBIN CepBUC NO CneLnanmsaumm aaep nNoa NpUaoXKeHMs 3aKasumka
o AHa/IN3 NPUNOXKEHUS, AN3ANH pacluMpeHum ISA, umnaemMeHTauus
* C NOJIHbIM NAKETOM MHCTPYMEHTOB
o WMuterpaymsa B CHK, noptnposaHue MO
o Bo3moxeH hardening Ha Tpebyemon bubamnorteke




Syntacore

Custom cores and tools

O komnaHum Syntacore (npoa.)

OcHoBaHa B 2015, 30+ COTPYAHMKOB

LLITab-kBapTmnpa: Knnp (EU)
= R&D oduckl B CaHkT-lMNeTepbypre n Mockse
= [lpeactaButensctsa B Kutae/APAC, EMEA

OnbIT KOMaHAbI:

= 15+ 1eT R&D B KpynHbIX MeXAYHAPOAHbIX NPOPUABHBIX KOMMAHUAX
= Pa3spabaTbiBanu sapa n CHK, 4o0CTynHbIE HA MAaCCOBOM pbIHKe

= 15+ tapeouts, 180..14HM

JKcnepTm3a:
= Bbicokonpoun3sBoguTenbHble BCTpanBaemble aapa u IP ¢ Hu3kmm notpebaeHmem
= ASIP TexHON0rMmn n pekoHPUrypmpyemble apxmTeKTypbl
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CemencTBo npoueccopHoro IP SCRx
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OyHKLMOHaNbHOCTL saep SCRX

RTOS/ Bare Metal Linux/ “Full” OS
SCR3 SCR4 SCR5 SCR7

. . . basoBble aapa:
L L o @
ISA Rva2iEMc]  Rv32ledmca] Rvi2faimerap] Rvis2faivdAfol | RvedimcarD Pa CLUMPAEMOCTb U
Pipeline type In-order In-order In-order In-order Superscalar
Pipeline, stages 24 35 35 7-9 10-12 cneuunasinauind
Static BP, BTB, Dynamic BP, BTB,
BHT, RAS BHT, RAS
User, Supervisor, | User, Supervisor,
Machine Machine

Features

Width

Branch prediction Static BP, RAS Static BP, RAS

Execution priority levels Machine User, Machine User, Machine

Extensibility/customization [ ] [ ] [ ] [
area-opt O
hi-perf [ ]
FPU
TCM o
L1$ w/ECC O
2% w/ECC
MPU [ )
MMU, virtual memory
Integrated |TAG debug [ ] [ ]
Debug HW BP 1-8 adv ctrl 1-8 adv ctrl 1-8 adv ctrl 1-8 adv ctrl
Performance counters O O O O
Interrupt IRQs 8-1024 8-1024 8-1024 8-1024
Controller Features advanced advanced advanced+ advanced+
SMP support up to 4 cores with coherency up to 8-16 cores
AHB O O O

I/F options AXI4 L o e
ACE

Execution MUL/DIV
units

Memory
subsystem

wnload SCR1 free

* Do
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O630p aapa SCR1

KayectBeHHOe komnakTHoe agpo MCU knacca A5 BCTPOEHHbIX MPUMEHEHUIN

RV32I|[E[MC] ISA
2 10 4 CTaANWN KOHBENepa
M-mode

KoHdurypupyembiv KoHTpoanep npepbiBaHmin IPIC
8..32IRQs

Debug Controller
OpenOCD n kommepyeckoe MO

Onuwun MUL/DIV
OnTuMKM3auma No Naowaamn n/mam nponsBoAUTENbHOCTU

OTKpbITbIN UCXOAHBIV KOZ noa SHL anueHsunen (~Apache 2.0)

HeorpaHquHHoe NCNOJZIb30BaHNE B KOMMEPYECKUX Lendax

KauectBeHHoe, becniatHoe MCU IP, npoBepeHHOE B KpeMHUM
OavH 13 cambix nonyaspHbix System Verilog penosutopues GitHub B mupe

Best effort TexHuMueckas nogaepxka, Takxke 40CTyNHa OTBETCTBEHHASA
noAAepXXKa Ha KOMMepYeCckon OCHOBe

SCR1 core top cluster

SCR1 core

TAP
Debug Controller P oy P
Breakpoint Module

_II_..-iioutef“--.,ﬁl 1 nut er',

64KB TCM :F
g

bri
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O630p aapa SCR1 (npog,.)

MpoussoanTens| Hyiioc -02 1.28
HOCTb*, -best** 1.89
R Coremark |-best** 2.95

* Dhrystone 2.1, Coremark 1.0, GCC 7.1 BM from TCM

** 03 -funroll-loops -fpeel-loops -fgcse-sm -fgcse-las -flto
[laHHbIE NOrNM4YecKoro CMHTEe3a:
MwuH. koHpurypauus RV32EC : 11 kGates

Tunosaga koHdurypaumsa RV32IMC: 32 kGates
[OnanasoH 10..40+ kGates

250+ MHz @ tsmc90lIp {iypical, 1.0v, +25¢}

Syntacore

Custom cores and tools

Y10 HOBOIO:
» [logpobHas goKymMeHTauusa n pykoBoacTea Angd
BbiCcTporo crapra

» Pabotaet «n3-kopobkm» BO BCEX OCHOBHbIX

cumynsartopax + Verilator

bonblle TecToB 1 NPUMEPOB:

* RISC-V compliance n gpyrue
PeannsoBaHo B KpEMHUN PSOOM KOMMNAHUM

PerynsapHbi Tpek Ha ORCONF =R
ObHoBNAeTCA U NoaaepXnBaeTcsd ﬁ
LbﬁJ




SCR15SDK

Terminal -

Philosopher @ [P: 3] STARVING
Philosopher 1 [P: 2] HOLDIMG ONE FORK
Philosopher 2 [P: 1] EATING [ 475 ms ]

https://github.com/syntacore/scra-sdk Philoscpher 3 [7} 0] THIWING [ 625w ]

hilosopher 5 [C2] EATING T 775 s 2
CoaepxurT:
docs — gokymeHTaymo Ha SDK
fpga - SCR1 SDK FPGA npoekTbl
images — npekoMNnAnpoBaHHble Ganbl
Scri—ucxoaHbin koa SCR1
SW — MpMMepbl NPOrpamm

‘Demo Description

An implementation of a solution to the Dining Philosophers
problem (a classic multi-thread synchronization problem).

'This particular implementation demonstrates the usage of multiple
preemptible and cooperative threads of differing priorities, as
well as dynamic mutexes and thread sleeping.

MNoaaepxmBaemble NA1aTGOPMBbI:
Digilent Arty and Nexys 4 (Xilinx)
Terasic DE1o-Lite and Arria V GX starter (Intel)

[TONHOCTbIO OTKPbITHIV AWU3AUH

Bootloader M npe-cobpaHHble 06pasbl
Zephyr OS

TecTbl n npumepsl o
CobpaHHbIn toolchain Ha 6a3e GCC (Win/Linux) OAMH N3 NMPOCTENLLUNX cnocobos

HauyaTb paboTaTtb ¢ RISC-V

[lporpammHoe obecneyeHue:

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners.



Aapo SCR3: 32 am 64 but

BoicokonpounssoautenoHoe aapo MCU knacca

RV32I[MCA] nnan RV64I[MCA] Habop komaHA

Machine- n User mode

MPU (Memory Protection Unit)

TCM (Tightly Coupled Memory), kew L1 ¢ ECC/KOHTpO/1IEM YETHOCTM
BHewHnn nHtepdpenc 32|64-butHoie AHB nan AXly4

Bbibop MUL/DIV ﬁ
|

onTMMn3auuna nNno Npom3BognNTe/IbHOCTUN NN NAOWaAN D
' bridg

14 (ane/ocr)

BcTpoeHHbIM KOHTpoanep npepbiBaHnM ufnam PLIC o
PacwmpeHHbi 610k otnagkm ¢ JTAG iff

RV32| RV64

MHorosiaepHble KOHPUrypaLmm
[NMponsBoauTeNs- -O2 1.86 | 1.97
20 4 SCRx sigep Ha knactep e PSS T —
SMP n reteporeHHble KOHUIrypaLum Ha MHz Coremark |-best** |3.30 | 3.40

* Dhrystone 2.1, Coremark 1.0, GCC 8.1 BM from TCM
** .03 -funroll-loops -fpeel-loops -fgcse-sm -fgcse-las -flto

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners.



Apapo SCR4: 32 nam 64 bit

BoicokonpoussogutesibHoe MCU ag

po c FPU

RV32IMCF[DA] nan RV64IMCF[DA] Habop komMaHA

Pexxumbl U- 1 M-mode

KoHpurypmpyembin pacwmpeHHbin BP, 6bictpein MUL/DIV

BcTtpoeHHbin koHTpoasep IRQ n PLIC
BHewHWn nHteppenc 32|64-6utHoie AHB

OnunoHanbHble MPU, TCM, L1 ksw c ECC

PacwmpeHHbin 610k oThagku ¢ JTAG
K0H¢MrypmpyeMbM FPU oanHapHOW nau

ABOMHOMTO%HOCTM

CoBmecTtuM c IEEE 754-2008
MHorosiaepHblie KOHOUIypaLum

n0 4 SCRx agep

nan AXl4
DEMO

RV32| RV64
[MpounssoauTens- DMIPS 02 1.86 | 1.97
-best** | 2.96| 3.27

HOCTb ™,
a MHy Coremark |-best** | 3.30 | 3.40
DP Whetstone|-best** | 1.22 | 1.22

[Nogaepxka SMP n reteporeHHoCTH

* Dhrystone 2.1, Coremark 1.0, GCC 8.1 BM from TCM
** .03 -funroll-loops -fpeel-loops -fgcse-sm -fgcse-las -flto

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners.
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Aapo SCR5: 32 nam 64 6ut

JdPPpekTrBHOe APU HayabHOro ypoBHSA /
BCTpaMBaeMoe 4p0

RV32IMC[AFD] nan RV64IMC[AFD] Habop koMaHA

MHorosgepHble KOHPUrypaLumum
A0 4 SCRx aaep
[Nogaepxka SMP n reteporeHHOCTU

DEMO

YnyudweHHbin npeAckasatens setsieHnun (BTB/BHT/RAS)

KonTponnep IRQ (integrated and PLIC)
YpoBHu npusuaerum M-, S- n U-mode
BupTtyanusauymsa namsatm, nosHoueHHsin MMU
Kowwn L1 n L2 c korepeHTHOCTbIO, atomic n ECC
BoicokonpownssoautensHoii FPU DP
[Nogaepxka Linux n FreeBSD

1GHz+ @28HM

YnyJdweHHbIM MoayAb oTAagku ¢ JTAG

SCRS core top SMP cluster

SCR5 core 0
SCR5 core

Debug Con

4-64 KB 4-64 KB
ICACHE DCACHE

Instmem I/F < Data mem I/F

128-512 KB
shared L2 cache

RV32|RV64
-O2 ,6 ,

[lponssogutens DMIPS 1,60 | 1.70

-HOCTb¥, -best** | 2,48 2.62

Ha MHz Coremark |-best** | 2,83 | 3.02

* Dhrystone 2.1, Coremark 1.0, GCC 8.1 BM from TCM
** O3-funroll-loops -fpeel-loops -fgcse-sm -fgcse-las -flto

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners.
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Aapo SCR7: RV64

JPPeKTUBHOE A4P0 NPUIOXKEHUN CPESHErO YPOBHS

O

a

O

RV64GC Habop KomaHA

MHorosigepHble koHPUrypaumm go 8 (no3gHee 16) aaep

[MOKUN MUKPOAPXUTEKTYPHbIN LWABAOH,
10-12 CTa4gMWN KOHBeKepa

Basosas koHPurypauma SCR7 (Q2'19):

- Decode & dispatch g0 gByx MHCTPYKL MM 33 TaKT
* Out-of-order issue 5,0 yeTbipex MUKpoOONepaLun
* Qut-of-order completion, in-order retirement

Pexxumbl M-, S- and U-mode
BupTtyanausauymsa namsatm, nonHoueHHsin MMU
16-64KbaunT L1, ao 2MbBbant L2 kaw c ECC

1.2GHz+ @28HM
YayuleHHbI Moayab oTaaaku c JTAG

\

% Syntacore

Custom cores and tools

o )
Mbkmm 2-way SCRy
MWKPOApX. |::> peanu3sauus

wabsoH
SCR7

QA
4-way SCRy

peanusayus

[Cneu,manmmposaH
-HbIN Habop INT,

FPU n LSU
. KOHBenepos

o

J

[NpounsBoauTens- 0 2.75
DMIPS

HOCTb¥, -best** 3.01

per MHz Coremark |-best** 5.00%




[TonHOQYHKUMOHaNbHaA cpega pa3paboTku ¢ IDE

Ha OCHOBE Open source
CrabunbHas production Bepcus:

= GCC8a
=  GNUBinutils 2.31.0
= Newlib3.o

= GNUGDBS8.0o.50
=  OpenOn-Chip Debuggero.10.0
= Eclipse 4.9.0

XocT: Linux, Windows

Llenesble niatdopmsl: BM, Linux (beta) Pewenua AnAa oTnafkn Ha 6ase JTAG:
MopaepxmuBawTcAa: Segger J-link, cemeinctBo Olimex ARM-
USB-0OCD, Digilink JTAG-HS2 + kKomMmep4yeckue MnoCTaBLWMKHK

Tak>xe 4OCTYNHbI: CumMynAaTopsl:

=  LLVM =  Qemu . ——
= CompCert3a = Spike T NN

* bBosblue BEHAOPOBB 2019 =  Jlpyrue \ s

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners.
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Kommepueckmne noCTaBLWMKN COBMECTUMbIX
MHCTPYMEHTOB pa3paboTumka

] LauterbachTrace32 = |AR Embedded Workbench @|AR
= NEW! SYSTEMS

TRACE32° https://www.iar.com/iar-embedded-workbench/#!?architecture=RISC-V

https://www.lauterbach.com/frames.html?pro/pro__syntacore.html

e
SEGGER

+HOBble B 2019

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners. 14



SCRx SDK

CtabunbHbin toolchain ¢ IDE Ha 6a3eEclipse/GCC:
= GCC8.a
. GNU Binutils 2.31.0 : : . 7

= Newlib3.0 - [FEE T R

- Terminal -
. GNU GDB 8.0.50 o Philosepher 1 [F. 31 oLoIG O roRk
, ; Philosopher 2 [P: 1] EATING [ 475 ms ]
. N | -Philosopher 3 [P: 0] THINKING [ 625 ms ]
=  OpenOn-Chip Debugger o.10.0 Plosoer $ T e T T 1
: -
=  Eclipse 4.9.0 -

| ) Zephyr”

An implementation of a solution to the Dining Philosophers
problem (a classic multi-thread synchronization problem).

This particular implementation demonstrates the usage of multiple
preemptible and cooperative threads of differing priorities, as
well as dynamic mutexes and thread sleeping.

‘Demo Description

HW nnatdopma Ha 6a3e ctaHaapTHbIX FPGA HabopoB

=  MHoxecTso naat noaaepxusaetca (Intal/Altera, Xilinx)
= Hegoporue cToOpoHHUE NHCTPYMeHTbI JTAG

= OTKpbITbIN AM3aKH Ans BbicTporo cTapTa

[porpammHoe obecneyeHue:

= 3arpy3uuk (bootloader)

https:/iwww.xilinx.com/products/  https://www.altera.com/products/boar

. boards-and-kits/1-6olhwl.html 0! d_kits/dev-kits/altera/kit-arria-
= OS:Zephyr/FreeRTOS/Linux do_anc. vl evKisialieralkitara

= [lpuMepbl NpUAOXKEHUW, TeCTbl, beHUMapKK

Sk

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners. 29



PacwmnpaemMocTb 1 cneyuanmsauug

[InHamun4yeckoe
notpebnexHune

CneuynanmsmpoBaHHoe

AAPO Aapo obuiero
Ha3HayeHus

Bpems o6paboTku

Syntacore

Custom cores and tools




Syntacore

Custom cores and tools

Cneuynanmsauma aapa nog 3ajaudy

BO3MOXHOCTU A5 pacluMpeHnn:
" BbluMCUTE/IbHbIE BO3MOXHOCTU
* HoBbIM QYHKLMOHAJ Ha CYLLECTBYIOLLEN

[pumepbl chep npumeHeHuUs:

" YcKkopeHue BblYNCANUTE/IbHO-
Harpy>eHHbIX aJAroOp1TMOB

annapartype
* HoBble GyHKLNOHAbHbIE 6/10KM = CneumnanbHble npoLeccopsbl (B TOM
= XpaHeHWe JaHHbIX “ncne DSP)
MamaTs/RF, = [MpnnoxeHns C BbICOKOW NPOMYCKHOW
CreumanmsmposaHHbie AGU CMOCOBHOCTHIO
- rlOprI I/O Wire Speed Processing/DPI/Real-time/KommyHukaumm

* CrneuymannsnpoBaHHOeE NOBejeHMe
Ob6paboTka cTaHAapPTHbBIX COObITUMN
HecTaHgapTHble cObbITUSA



[Tpumep cneyunanmnsaumm SCRx

CneynannsnpoBaHHble pacwimpeHms Habopa komaHa sapa SCRs ans yckopeHusa AES u
APYrmxX KpUNTO-aJAropuTMOB

" Ycnosus [NoppobHee
RV32G - SDK Ha 6a3e FPGA, g++ 5.2.0, Linux 4.6, onTumMun3anpoBaHHbiv C++ Koz B CTaTbe C
Rv32G + pacwumpeHnsa — Toxe + MHTPUHCUKM KOHbepeHLnm
Core i7 6800K @ 3.4GHz, g++ 5.4.0, Linux 64, onTMn3npoBaHHbIY C++ KOZA EW2018

= YckopeHue 60..575X NpU pazyMHOM yBenYeHUM naowwaan: 11.7% aapa,
3.7% Ha ypOBHe NpoL,EeCcCOPHOro KaacTepa

MponyckHasa cnocobHocTb MpeumyuwecTso
wudpposaHusa, Mb/c HopmuposaHo Ha My, MB/c  Rv32G + pacumpenus,

Mnhatpopma Fmax, MHz Crypto-1 Crypto-2 AES-128 Crypto-1 Crypto-2 AES-128 pas3
RV32G 20 0.025 0.129 0.238 0.00125  0.00645 0.0119 575.00 117.74 60.93

RV32G +
pacwupeHuna 14.375 15.188 14.502 0.71875 0.7594 0.7251

Core iy 79.115 235.343 335.212 0.02327 0.06922  0.09859 30.89 10.97 7.35

Corei7 + NI 3874.552 1.13957
Disclaimer: Authors are aware AES allows for more efficient dedicated accelerators designs, used as example algorithm

Copyright © 2019 Syntacore. All trademarks, product, and brand names belong to their respective owners. 18



Syntacore

Custom cores and tools

Kak nosnyunTb gocTyn

SCRa

» [lonHocTblo OTKpLIT: https://github.com/syntacore/scri mn https://github.com/syntacore/scri-sdk

= PaspeleHo KOMMepyYeckoe NCNoab3oBaHMe b6e3 orpaHnyYeHnm
= [JocTtynHa oTBeTcTBeHHaa SLA-based nogaepixka

SCR 3|4l5]7

= JlocTyn K NO/IHOMY MaKeTy* nocse nognucaHms npoctoro evaluation cornawerums

AononHuTtenbHaa nHpopMauus: evaluation(@syntacore.com



https://github.com/syntacore/scr1
https://github.com/syntacore/scr1-sdk
mailto:evaluation@syntacore.com

Syntacore
Cust

om cores and tools

3aKJ/ito4yeHume

= Syntacore npegsiaraet BbicokokavyecteeHHoe RISC-V coBmecTnmoe
MuKponpoueccopHoe IP

= B RISC-V akocmncteme ¢ MOMEHTA ee OCHOBAHUA, MOJHOCTbIO
chokycnmpoBaHbl Ha RISC-V ¢ 2015

= [lpoBepeHO B KPEMHUM M NOCTABAAETCA 3aKa3uMKaM
= Cepsuc no crneyunanmsaynm IP «nog karou»
" C MOJIHOW NOAAEPXKOWN B MHCTPYMeEHTax pa3paboTumka

Y3HaTtb bosblie: evaluation(@syntacore.com



mailto:evaluation@syntacore.com

Syntacore

Custom cores and tools

Cnacubo!




