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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

RISC-V Internationa

b4 RISC-\/°

RISC-V a1o ceBobopHas u otkpeitas RISC ISA Poccuitckmit AnbsiHc RISC-V

* dsnseTcs pesynbTaTom OOWEMMPOBOTO * Co3aaH Ansg passuTKS
COTPYLHMYECTBA 1 NOMYNIPU3ALUMU APXUTEKTYPDI

RISC-V B Hawelt ctpare,

RISC-V Foundation / International PEACTABNEHMA U 3QLLUMTH OBLLKX

* OcHoeaH B 2015 nHaycTPMAnNbHEIMMU MHTEPECOB YHACTHMKOB
TMASPAMU U CTAPTANAMM e OCHOBHAS Uenb — CO3AAHME

* 4000 + uneros 13 70 + ctpaH OTKPLITOrO COODLLECTBO

DA3PAOOTYMKOB MPOrPAMMHOTO

* [lpomsuraeTt nccnefoOBAHMS M MHHOBAUMM /1 ANNAPATHOTO obecneyeHus
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

[Mpenmywectea RISC-V

[lpocToTa
. M

* DbazoBbiit HOOOP KOMAHL CYLLECTBEHHO MEHbLUE, YEM ApYTHe

Kommepyeckue |SA
MogynbHas cTpykTypa ¢ noaaepXkon paclumpsaemocTym 1 Base ISA _|_
cneumMann3aumm
* [Lnpokui Hobop CTAHAAPTHLIX PACLUMPEHMI
* PasymHoe ynpaeneHue KoanpoBaHMEM KOMOHL,

CYLLECTBEHHOE PE3EPBUPOBAHME
CrabunbHocTb Basoswit uenouncnennsiit Habop komans (Ha Bebop)
* bazosbiit HOBOP M CTAHAGPTHLIE PACLIMPEHUS * RV32l - ans paboTsl ¢ 32-6UTHBIMM LENBIMM U AOPECAMM

30UKCHPOBAHSI * RV32E - sapuaumsa RV32| ¢ ypesaHHbIm KonmnuecTsom

* JlobaBneHne GyHKUMOHANBHOCTM Yepes PACLUMPEHUS, He PerncTpos obuIero Has3HaYeHNs

BbIMYCK HOBbIX BEPCHIA * RVO6AI, RVI28I - Hobopbl komaHa Ans NoAaepXKH

Cneundukaumm goctynHel ans cBoboaHOro u becnnartHoro PACWMPEHHBIX LUeNbX 1 O4-OUTHBIX apPECOB
MCMONMb30BAHMUS
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

Pacwupsemocts RISC-V: IMAFDQLCBIJTPVN

* CTQHOOPTWM3OBAHHBIE PACLUMPEHNS HOYUHAIOTCS C * M 370 yMHOXeEHME U feneHue,

OVKBbl 7.
Y * A 570 aTOMMKN.

* ZiCsr 9TO MHCTPYKUMK ans paboTsl ¢ CSR
zifencei sto FENCE |

® zam 3TO HEBLIPOBHEHHbBIE ATOMMKHN

F, D, Q >10 pasnuubii FP,

* C 310 compressed.

V 70 (scalable) vectorization.

ztso 370 fotal store ordering

B 510 BuTOBBIE MAHMMYAALIMM,
P 510 packed SIMD.
bykesl Z, X, S v H 3apesepsunporaHs.

* PaclwmpeHms ypoBHs CynepBrM3opa HOUMHAIOTCS C
Y
OYKBbI .

* sinval 3to nuBanmaaums TLB

* PacwwupeHus ypOBHS rMnepBn3opa HaUYMHAKTCS C

Oykebl H.

* HecTaoHOOPTHHE PACWUMPEHMS HAUUHTIOTCA C
Oykabl X.
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Mogenupoeanme RISC-V Ha pasHbix ypoBHsx

DYHKUMOHANbHAS TpaH3aKkumMoHHas [ loTakToBas Jormnyeckmn

MOLENb MOLENb MOLENb OVN30MH
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Bepudukaums mopenm

* 3aaa4a BepudrKaLmM 3TO 3a0a4A NPOBEPKU COOTBETCTBMS Creumndukaumm (Hanpumep

cneundukaummn RISC-V)

* Kak pelwaTs 3Ty 3004y 8 0buwem cnydaes

The RISC-V Instruction Set Manual
Volume I: Unprivileged ISA
Document Version 20191213

: : Editors: Andrew Waterman!, Krste Asanovi¢h?

U nder TeST ISiFive Inc..

2CS Division, EECS Department, University of California, Berkeley
andrew@sifive.com, krste@berkeley.edu
December 13, 2019

Copyright © 2025 Syntacore. All irademarks, product, and brand names belong to their respective owners. 6



Mpes 1ISG u ko-cumynsaums

* [eHepaTopom nocnenosatensHoCTH MHCTpykumi (ISG) HasbiBaeTca nporpamma, KoTopast cnocobHa

BbIAOBATE OOHY 3Q APYTOM UHCTPYKUMM C 3QLAHHBIMM OTPAHUYEHNAMM.

addiw a2,a2,276
lw s7,340(a2)
sra gp,gp,ra
addi s3,a0,495
sra a4,al,a2
sra a3,gp,s5
sub s9,a2,s4

:} Model under test

4‘> Golden model

Copyright © 2025 Syntacore . All trademarks, product, and brand names belong to their respective owners.



KomnunstopHbie TexHonormMu B Beprndukaumm annapaTHoro obecneyeHus

[Tprmernenne ISG gna wupokoro knacca mopenen

* TectvposaHue cycle-approximate mogenu. ToT xe NOTOK MHCTPRYKLMIM, KOTOPLIM OTPABATHBAETCA BALLIMM
[IM3AMHOM, AOMKEH OTPADBATHIBATLCS M €r0 BbICOKOYPOBHEBOM MOENbIO.

* MOXHO HOWTM TOUKM MOKCUMAIBHOTO PACXOXAEHUA MEXIY NPEACKA3AHMAMM MOLENN U NTOTUYECKUM
InM3aHOM. OHM MOTYT CIIYXMUTB K YIYULIEHMIO MOAENM UK K YIYULEHWMIO AM3ANHA.
* TecTnpoBaHMe GYHKUMOHAMBHBIX CUMYSTOPOB.

* Cumynarops, Takue, kak spike, SAIL u QEMU baktuyeckn paboTtaioT Hap NOTOKOM MHCTPYKLMM. M13BECTHBI
OpPEeNn-source NPOEKTH CUMYISTOPOB, B KOTOPLIX llvm-snippy ncnonbayetcs ana KOCUmMynsaumm npoTus spike.

* YacTHbIN, HO BOXHbINA Cryyait 31O TecTnposarue valgrind. MHxekTMpoBaHmne MHCTRYKUMIA MOYLIMX MAMO
CXEMbI TAMATM M NPABMILHAS OTPABOTKa Takmx owmnbok B valgrind,

* TecTMpOBaHME OTNAAYMKA: NOTOK CAYHYAMHBIX MHCTPYKLMIA MOXET ObiTb QHHOTUPOBAH Aebar-nHbopmaume
(Hanpumep npo LoC).
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

CnoxHocTtb Bepudmkaumm Ha nprmepe RVV

vsetvli rd, rsl, vtype # AVL = x[rsl], x[rd] = vl

vsetivli rd, uimm, vtype # AVL = uimm, x[rd] = vl

vsetvl rd, rsl, rs2

vset* rd, x0, ... # AVL = VLMAX

VLEN

# AVL = x[rsl], VT = x[rs2], x[rd] = vl

Heckonbko coTeH pasnmyHbX ONKOAOB. V0

v1

4 (vnn 6onee) sapuanta SEW, 7 sapuantos LMUL.

Agnostic 1 undisturbed pexumb ansa tail u mask. i

Fixed-point rounding and saturation.

510 He cunTas BAPMAHTOB APryMEHTOB U MACOK AA&T

VLEN * LMUL

SEW

bonee yem 2.5 MUNNMOHA TOUYEK NOKPHITUS.

vO

v1

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners.



KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

Cyansba ad-hoc tectosoro reHepaTtopa

* [Tuwem nopgnepxky ang npoctor basosom RISC-V ISA
* [Inwem onnucaHns MHCTPYKUMM 1 UX KOAMPOBKY.
* [lnwem momens ¢ CEMAHTUKOM MHCTPYKLMI.
* [lo s1or Toukm gownu: risc-v ctg, risc-v torture, riscv-dv, aapg, DittuzRTL, efc...

* Cmeno bepémcs 3a pacumpeHms.
* [loxoomm mo scalable vector extension (RVV) n HaunHaem ctpagars.
* B >70i Touke HaxopsTcs: force risc-v, Microl ESK

* [lanblie BCnoMmMHaeMm, 4To ecTb bitmanip, vector crypto, packed SIMD 1 kactomHbie paclumpenms
M COOEMCH.

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 10



KomnunstopHbie TexHonormMu B Beprndukaumm annapaTHoro obecneyeHus

[pumep Tpyaa u ctpaganuii: force risc-v

<I name="VLSSEG7E16.V" isa="RISCV" class="LoadStorelnstruction" group="Vector">

<0 name="const_bits" type="Constant" bits="31-26,14-12,6-0"
value="1100101010000111"/>

<0 name="vd" type="VECREG" bits="11-7" access="Write" choices="Vector registers"
layout-type="FixedElementSize" reg-count="7" elem-width="16"/>

<0 name="vm" type="Choices" bits="25-25" choices="Vector mask" differ="vd"
class="VectorMaskOperand"/>

<O name="LoadStore-rsl-rs2" type="LoadStore"
class="VectorStridedLoadStoreOperandRISCV" alignment="2" base="rsl1l" data-size="14"
element-size="2" index="rs2" mem-access="Read">

<0 name="rsl1" type="GPR" bits="19-15" choices="Nonzero GPRs"/>

<0 name="rs2" type="GPR" bits="24-20" choices="Nonzero GPRs"/>

</0>

<asm format="VLSSEG7E16.V %s, %s, %s, %s" opl="vd" op2="rsl" op3="rs2" opd="vm"/>
</I>

<I name="VLSSEG7E32.V" isa="RISCV" class="LoadStorelnstruction" group="Vector">

v instructions.xml

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 11
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

Cyansba ad-hoc tectosoro reHepaTtopa

* [Tuwem nopgnepxky ang npoctor basosom RISC-V ISA
* [Inwem onnucaHns MHCTPYKUMM 1 UX KOAMPOBKY.
* [lnwem momens ¢ CEMAHTUKOM MHCTPYKLMI.
* [lo s1or Toukm gownu: risc-v ctg, risc-v torture, riscv-dv, aapg, DittuzRTL, efc...

* Cmeno bepémcs 3a pacumpeHms.
* [loxoomm mo scalable vector extension (RVV) n HaunHaem ctpagars.
* B >70i Touke HaxopsTcs: force risc-v, Microl ESK
* [lanblie BCnoMmMHaeMm, 4To ecTb bitmanip, vector crypto, packed SIMD 1 kactomHbie paclumpenms
M COQEMCA.
* A Benp NOAOEPXKA PACLIMPEHMHA STO TONLKO BEPLIMHA aicbepra.

o [Ina sBepudnkoumm xenesa HeobxoaMMo NOAAEPXATh (MHOMA OUEHb CIOXHYIO) NOMUKY
reHepaumm.
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

[Tprmepbl cnOXHOM NOrUKK

* HMUMONM3aUMa PETMCTPOB U NAMSATH,
* Ha FPGA BbIrofiHO BbI3bIBATL CMELMANBHYIO OYHKUMIO A% MHLUMANM3ALMM

* [lns cumynsTopa HOOBOPOT BHIrOAHO YTODLI BCE CeKLUMM Dbinn yxe
3QLNTH B OUHAPHBIA GAS.

* CrIOXHblE U HEPETYNSPHBIE CXeMbl OCTYNA.
* BO3MOXHOCTb MTHOPMPOBATL KAKME-TO aApeca.

* B cnydyae BEKTOPHbIX ONEPAUMii 3TU CXEMBI IOMXKHBI ObITb HANOXEHb HA
OOCTYMN CTPAMUOOMMU.

* Bo3MOXHOCTE 0OPALLIATECS MO OAPECAM, KOTOPHIE B CBOKO OYepeb
3ArpPYyXeHbl M3 NAMSITH.

* Linknossle NnaTTepHbI 1 BLI3OBLI GYHKLMA.
* PesepBaums perncTpoB Nog MHAYKTUBHBIE NEPEMEHHbIE.

* [locnenoBaTensbHbIE UMK,

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners.




KomnunstopHbie TexHonormMu B Beprndukaumm annapaTHoro obecneyeHus

Komnunsatopsl cnewat Ha nomouws: LLYM

* [LVM npenocTtasnaet passuTyio OTKPLITYIO def
MHQPACTPYKTYRY AN HAMUCOHUS MHCTPYMEHTOB,
OCHOBQOHHbIX HO KOMNUMSTOPE.

. def

* YXxe ecTb ONUCAHUs BCEX MHCTPYKLMM, KOTOPbIE def
MOXET NMOPOANTL KOMMUIATOP M NETKO def
nobaRAITh HOBHIE. def

* Jlioboe pacwmpenue B Nobom Clyyae CHaYana 4 ¢
MOABMAETCS B KOMIUASTOPE.

* 13 KOpOBKM NOAAEPXAHL PA3AMUHble BapuanTel  98F
ABI, cyuiecteyeT nogaepxka cbpoca B pasHblie def
obbekTHble daitnbl 1 accembnep.

* [LVM 310 npeBoCcxoaHbiit MCTOUHUK def

MHbopMaLMM OO APXUTEKYTPE.

ADDIW :

RVInstI<@boeo, OPC_OP_IMM_32,

(outs GPR:$rd), (ins GPR:$rsl, simml2:$imml2),

"addiw",

"$rd, $rsi, $immi2">,

Sched<[WriteIALU32, ReadIALU32]>;

SLLIW :
SRLIW :
SRAIW :

ADDW

SUBW

SLLW

SRLW

SRAW

ShiftW ri<oboeoeeoe, oboel, "slliw">;
ShiftW ri<eboeoeeve, oblel, "srliw">;
ShiftW ri<ebel1eeeeo, 0blel, "sraiw">;

: ALUW _rr<obooooooe, oboeo, "addw", Commutable=1>,

Sched<[WriteIALU32, ReadIALU32, ReadIALU32]>;

: ALUW_rr<oebo0100000, 0booo, "subw">,

Sched<[WriteIALU32, ReadIALU32, ReadIALU32]>;

: ALUW_rr<obeooooeeo, 0boel, "sllw">,

Sched<[WriteShiftReg32, ReadShiftReg32]>;

: ALUW_rr<oebeeoeeeo, 0blel, "srlw">,

Sched<[WriteShiftReg32, ReadShiftReg32]>;

: ALUW _rr<oeb0100000, oblel, "sraw">,

Sched<[WriteShiftReg32, ReadShiftReg32]>;

RISCVInstrinfo.td

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 14
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

Komnunsatopsl cnewat Ha nomouws: LLYM

* [LVM npenocTtasnaet passuTyio OTKPLITYIO // unit-stride segment load vd, (rsl), vm
c|> class VUnitStrideSegmentLoad<bits<3> nf,
MRPPACTPYKTYPY AR HAMUCARWA MHCTRYMEHTOB, RISCVWidth width, string opcodestr> :
OCHOBGHHbIX HO KOMMUIATOPE. RVInstVLU<nf, width.Value{3},
. LUMOPUnitStride, width.Value{2-0},
* YXe eCTb ONUCAHMSA BCEX MHCTRYKUMI, KOTOPbIE (outs VR:$vd),
MOXET NOPOANTb KOMIUNATOP M NErKO (ins GPRMemZeroOffset:$rsl, VMaskOp:$vm),

n0OaBNATL HOBBIE. opcodestr, "$vd, ${rsiltdvm">;

e M6 g // segment fault-only-first load vd, (rsl), vm
OLOE PACIIMPEHNE B JIODOM CITYHAE CHONANA 1355 vunitStrideSegmentLoadFF<bits<3> nf,

NOSABNAETCS B KOMNUNATOPE. RISCVWidth width, string opcodestr> :
RVInstVLU<nf, width.Value{3},
* V13 kopobKi NOAREPXKAHb PA3NMUHbIE BAPUAHTI LUMOPUnitStrideFF, width.Value{2-0},
ABI, cyuiecteyeT nogaepxka cbpoca B pasHblie (outs VR:$vd),

(ins GPRMemZeroOffset:$rsl, VMaskOp:$vm),

obbekTHble daitnbl 1 accembnep. opcodestr, "$vd, ${rsi}Svm">;

* LLVM 370 npeBocxoaHbilt MCTOUHMK
MHbopMaLMM OO APXUTEKYTPE.

RISCVInstrinfo.td

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 15



https://github.com/llvm/llvm-project/blob/main/llvm/lib/Target/RISCV/RISCVInstrInfo.td

KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

[lepebi B3rNsg

* [LVM-snippy 370 noTEHUMANBHO KPOCC-NNATGOPMEHHbIM reHepaToOp NOCNE0BATENLHOCTEN
MOLUHHbBIX MHCTPYKLNMN.

ADD 1.0 | I . c..
| m-sni .
oor o IR | oo
AN W s/, a
SUB 1.0 cra 8. gb, ra
LW 2.0 text |VMA: 0x210000 addl  s3,30,495
SW 1.5 SIZE: 0x100000 sra ag:al,ag
ACCESS: RX sra a3,gp,s
>RA 1.9 sub s9,a2,s4
data |[VMA: 0x100000
SIZE: ©x100000

ACCESS: RW

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 16



KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

ApXHTEKTYpa reHepaTopa

* [eHepaTop kpocc-nnatdopmeHHbiii. ['loka uto ects Tonsko RISC-V
backend. Mbl pagsl Bcem, KTo NprHecéT Ham cBoit BakeHs.

* Hukakoro py4Horo onmMcaHmns MHCTRYKUMIA M UX KOOMPOBKM, Mbl
ncnonsayem LLIVM.

* Hiukakoro™ onUCaHMa CEMAHTHKMA MHCTRYKLMMA, Mbl MCNIONb3YEM BHELIHME
MOLENU.

* B pe3ynbTaTe mbl B reHepatope MOXem COCPEAOTOUMTLCH HA JIOTUKE
reHepaumm.

* Kak Bbl lymaeTe CKOMbKO B reHepaTope TOMbKO BEPXHEYDOBHEBLIX TPy
HOCTpOEK®

¥ eCTb HIOQHCHI

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners.
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lvm-snippy

g

LLVM

Machine description

Infrastructure

Machine IR




KomnunstopHbie TexHonornu B eepudpmkaLmm annapatHoro obecneveHus

Hactpoiku renepatopa (BepxHmit yposeHsb)

sections histogram imm-hist

memor
4 branches

schemes

tfarget

extensions -
Jeltellife

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective o

wners.
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call graph




KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

AHATOMMS NPOCTENLLENO CHUMMNETA

sections: histogram:

- name: code - [ADD, 1.0]
VMA: 0x210000 - [SUB, 1.0]
SIZE: ©x100000 - [AND, 1.0]
LMA: 0x210000 - [OR, 1.0]
ACCESS: rX - [ORI, 1.0]

- name: data - [XOR, 1.0]
VMA : 0x100000 - [XORI, 1.0]
SIZE: ©x100000 - [LW, 10.0]
LMA: ©x100000 - [SW, 10.0]

ACCESS: rw

$ ./snippy --list-opcode-names -march=riscv64-linux-gnu

$ ./snippy -march=riscv64-1linux-gnu ./yml/layout.yaml -model-plugin=None

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners.




KomnunstopHbie TexHonornu B eepudpmkaLmm annapatHoro obecneveHus

Komnunatopsl cnewar Ha nomoub: machine IR

* [LVM npenocTtasnseT HECKOMbKO YPOBHEN MPOMEXYTOUYHOTO NPEACTABIEHMS.

* LLVM-snippy mcnonbayet Machine IR,

Clang (AST) Instruction SDNode I T MClnst

N\ N\

Copyright © 2025 Syntacore. All irademarks, product, and brand names belong to their respective owners. 20



KomnunstopHbie TexHonormMu B Beprndukaumm annapaTHoro obecneyeHus

YeM 30KaHYMBOETCS CHUNNEeTS

* Bbl MOXETE YyNPaBAATh HEM ABAAETCA NOCNEAHAS (HEe BXOAALLOS B TMCTOMPAMMY) MHCTPYKLMA CHUNNETA.
* [lo ymonuanuio sto EBREAK.
* Moxno seictasuts —-last-instr=OPCODE rnpe OPCODE 310 nioboit nogaepxmeoemslii onkoa,

* Takxe nonynapHsi:
* —last-instr=RET Ho Torna 86 camm oTBedOETE 30 TO, KYAA €My BO3BPALIATLCS (CM. ganee).

* —-last-instr= 3000&T cUTYOUMIO, KOTAA CHUAMNET HUYEM HE 3OKAHYMBAETCS.

Bce nactpoiiku llvm-snippy 310 YAML darnbl. [Mopanok Mx nogaun He BOXEH, HO Bbl HE UMeeTe
NPCBA PA3PBIBATL OAMH W TOT XXE& BEPXHEYPOBHEBbBIM KITIOY MEXTY HECKONbKUMKU OANamm.

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 21



KomnunsatopHble TexHonornu B eepudukaLmm annapatHoro obecneyeHus

[TprMep HacTpoikm: BeIBOP McnonbayemMbix immediates

* Mbl MOXEM YNPABASTL BEPOSTHOCTAMM TOrO Kakne immediate values nossarca B onepaumax.

$ ./1lvm-snippy -march=riscv64-linux-gnu ./yml/layout.yaml -seed=0
--trace-log=trace.log ./yml/imm-hist.yaml

* Cnesa -- YTO BCTPEYAETCS, CNPABA -- BEPOSITHOCTb.

imm-hist: 1mm-hist:
opcodes: opcodes:
- ".+': uniform - "ADDI":
* MoxHo cTasuTs Bornee nHTEpPECHsE BAPHUAHTSI. ) E;’ 13%
o o B ) .
* B Tom uncne ¢ nonnepxKkom perynspHbIX BoPAXEHMA. . "L[DWH]":
S [1, 1.0]

Copyright © 2025 Syntacore . All trademarks, product, and brand names belong to their respective owners. 22



KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

CnoXHOCTb B reHEPALMM CHUMMNETOB C NNABAOLLEN TOYKOM

* HaueHag nonbITka cAenaTts CHUMNNET fpu-config:
O4YeHb DLICTPO BLIPOXAAET NOYTU BCE OVG'“W'“it?3 D St 82
ero srayerms pernctpos B NaN. ?Zﬂg;_lf'all'OPera”ds
. > FADD
./1llvm-snippy min: -100 Q O O
./yml/layout-fd.yaml T’:’i(éhi?el .
./yml/memory.ygml rounding-mode: rup
./yml/fpu-config.yaml ieee-single: FDIV q b (V)
valuegram:
* 30ech AONONHUTENBHAS KOHOUIYDALMS - [0x7f800000, 1.0]
YKA3bIBAET KOrOa Mbl TOBMM U - [0x80000000, 1.0]
NepEenMCHIBAEM. - type: bitrange %
min: @x7f800000 FADD O O
* To, 4em Mbl MEPENMCHIBAEM, ITO TOXE max: 0x80000000
weight: 1.0

valuegram.

23
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

CrnoxHocTb Bepndpukaumm Mmogenen Ha npumepe Kellen

[lpobieMbl KOrepEeHTHOCTH Kelle.

A
Y

L1D
CPU L2
L11

~
A 4

A
Y

* Tects Ha false sharing

A
Y

L3
\ 4

* [ecTbl HO BbITECHEHMS M3 KELLEN

* TecCTb HO COYETAHMS KEeLIeN MHCTPYKUMIA M AAHHbIX
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* TecTbl Ha paboTy keller 1 npedetiepa

[lpobnembl coueTaHuns kelwen C PaclMpPeHUsIMU. L3
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* To xe camoe HO ¢ BekTopHbMK loads/stores
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* [0 xe camoe Ho emecTe ¢ FPU

[lpobnembl codetanus instruction cache ¢ control flow.
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* To xe camoe nmoc BbI3OBL GYHKLUMMC

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 24



KomnunsatopHble TexHonornu B eepudukaLmm annapatHoro obecneyeHus

[lobaBnseM NamsaTb: CXeMbl JOCTYNA.

* access-ranges: start, size, stride, first-offset, last-offset, access-size

first-offset .. last-offset

start stride

* access-evictions: mask, fixed, access-size

Varying fixed fixed

fixed

start + size

fixed

* access-addresses: addr1 + access1, addr? + access?, ...

* restricted-addresses: addr1 + access1, addr?2 + addr2 + access?2, ...
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KomnunsatopHsle TexHonormu B BepudukaLmm annaparHoro obecneyerus

CxeMbl [OCTYNA U CEKLMKU JOCTYNA

* Cxema gocCTyna MOXEeT UIOTU MUMO CEKLMI.

* DTO HOPMAMLHO, TAK KOK CEKLMM 3AAQI0TCS A9 XPAHEHWUSA AAHHLIX A4S SNIpPY, A AOCTYN MOXET ObiTb U
NO BHELIHMM OOPECAM.

* Ecnu cxema gocTyna He 304QHA, CXeMa AOCTYNA MO YMONYAHMIO 3TO Kaxasi 6aiT kakon-To RW
cexkumm.

sections: access-ranges:

- hame: data - start: 0x102000
VMA: 0x100000 <:> size: 0x1000
SIZE: 0x100000 stride: 16
LMA: 0x100000 first-offset: 1

ACCESS: rw last-offset: 2
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KomnunsatopHble TexHonornu B eepudukaLmm annapatHoro obecneyeHus

Komnpomucc: ancillary instructions

* Y106bl COOTBETCTBOBATL CXEME MAMSITM, HYXHO NOTPATUTL HECKOMbKO BCNomoratensHeix (ancillary)
MHCTPYKUMIA HO GOPMHUPOBAHME afpeca.

ADD 1.0 sra s8,gp,sl
lui t5,0x1cl
ADDI Lo addiw t5,t5,378
SUB 1.0 ::j>> SW $6,206(t5)
LW 2.0 lui al,oxl1fa
SIy 1.5 addiw al,al, 1054
SW zero,-1438(al)
SRA 1.0 sub s8,a5,s7

* B ructorpamme 3aa0éTCs pacnpeneneHne BeposSTHOCTEN TONbKO Afis OCHOBHBIX MHCTRYKUMA.

* BcnomoraTensbHbiX MHCTPYKLUMIA C TOUKKM 3PEHMS reHepaTOPd He CYLLEeCTBYET.
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KomnunsatopHble TexHonornu B eepudukaLmm annapatHoro obecneyeHus

[TporTnCh B gpyrom nopsake no TeM Xe afpecame

* Bb moxeTe coamnmTs Te aapecd, KoTopbie Obiiv MCNONb30BAHH

./11lvm-snippy -march=riscv64-unknown-elf -mcpu=scr9 \
./yml/layout.yaml ./yml/eviction.yaml -model-plugin=spike \
-num-instrs=1000 -seed=0 --trace-log=log \
--dump-memory-accesses=acc.yaml -o layout.elf

* |/l nponee ncnonb3oBaTh POBHO 3T aApecd

./1lvm-snippy -march=riscv64-unknown-elf -mcpu=scr9 \
./yml/layout.yaml ./acc.yaml -model-plugin=spike \
-num-instrs=100 -seed=0 -o layout.elf

* B cxeme access-addresses anpeca moryT 6uith ordered (Toroa no HMM CHUNNET XOOUT B TOM Xe
nopaake) wnu unordered (Toraa 8 cnyyanHom).
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Pexxum bonee cywectseHHoM Harpysku (burst mode)

* lHorna xoueTcs coO3a0BATh CYLIECTBEHHYIO HOMPY3KY KOMAd MHOTO Onepaumi C NaMaTbio MaYT OAHA
3Q APYrou.

X6 = LUI 262529 x6 = ADDI x6, 451

X6 = SLLT x6, 1 x14 = LUI 65643

x6 = ADDI x6, 451 x14 = SLLI x14, 3
x31 = LW x6, 173 x14 = ADDI x14, -276
x14 = LUI 65643 x16 = ADDI x0, 257
x14 = SLLI x14, 3 j\> x16 = SLLI x16, 23
x14 = ADDI x14, -276 x16 = ADDI x16, 1632
x23 = LW x14, 1948 x22 = LBU x29, -1156
x16 = ADDI x0, 257 SW x11, x15, -1257
x16 = SLLI x16, 23 Xx31 = LW x6, 173

x16 = ADDI x16, 1632 x23 = LW x14, 1948
SD x9, x16, 496 SD x9, x16, 496
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[Totok ynpasnenus (control flow)

* [lna llvm-snippy kpuTMaHO ymMeHMe creHeprpoBsaTh Nobyio
MHCTPYKUMIO, nogaepxanHyio B LLIVM.

* DTO BHI3bIBOET ONpeaenéHHuie Npobaemsl, ecim 310 BPaHy.

Copyright © 2025 Syntacore. All irademarks, product, and brand names belong to their respec

tive

owners.

ADD 1.0
ADDI 1.0
SUB 1.0
LW 2.0
SW 1.5
SRA 1.0
BEQ 1.0
BNE 1.0
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Komnunatopsl cnewat Ha noMoub: umknsl 8 LLVM

[Tpensaronosok Y CTOHQBAMBAEM MHIOYKTVMBHLIE NEPEMEHHBIE (M3 YMCNA 30PE3EPBUPOBAHHBIX PEMUCTPOB).

A 4

a

3aronosok B 30ronoBok MOXHO MONACTb TOMBKO U3 3ALLENKM MK npen3aronoska

Teno B Terne 1 B 3arofioBke He MCMOMb3YIOTCH 3APE3EPBUPOBAHHBIE PEMUCTPDI.

A 4

3awénka VIHKpeMeHTUpyemM M NpoBepsem 3HAYEHWUS NPOTMB YCNOBMS BEIXOAQ.

Mbl pesepBrpyem ABA PErMCTPA HA KAXAbIM YOOBEHb BIOXEHHOCTM LMKIIA.

* D70 MOXET NPMBOAUTL K NMPOBIEMAM HEXBATKM PErMCTPOB (0cobeHHO ans compressed MHCTPYKLMIA).
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C TOYKM 3peHUs nonb3oBaTeNs: OpaHyerpamma

./1lvm-snippy -march=riscv64-linux-gnu
./yml/layout-branches.yaml -num-instrs=100
./yml/memory-aligned.yaml -model-plugin=None

* [lns 6onee nogpobHoit nHdopmaunm o CFG
--dump-cfg --cfg-basename=branches

branches:
permutation: on # enable CF permutation, on by default
alignment: 32 # in bytes, 1 by default
loop-ratio: 0.5 # loop/all branches probability, 0.5 by default
number-of-loop-iterations:
min: 2 # 4 by default
max: 32 # 4 by default
max-depth:
if: 500 # unlimited by default
loop: 4 # 4 by default
distance:
blocks:
min: 1 # © by default
max: 20 # by default calculated, depending on max branch distance

Copyright © 2025 Syntacore. All irademarks, product, and brand names belong to their respective owners.
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KomnnnatopHble naen: nacc meHeaxep

* CHayana renepumpyetca control-flow, segepxmeas
MHBOPWAHTE CTPYKTYPHOCTM.

* [1pu oToM Mbl DEPEM NPUMEPHO CTONBKO BPAHYEH, CKOMBKO
ObINO NO BEPOSTHOCTY,

* [lanee reHepatop naét no 6asossim H610KAM U OAMH 3Q
OPYTMM HOMOMHAET MX OCTANbHBIMM MHCTRYKLMAMM.

CFGenerator

CFPermutation

InstructionGenerator
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[pad ebizosos dyHkumi (call graph)

Y llvm-snippy ectb BO3MOXHOCTE GOPMMPOBATH
cnyyaineir call-graph

* Crporo nepapxmueckui call graph 6es umknos. SnippyFunction fun5

* BO3MOXHOCTb HANMMYMS HEAOCTUXMMbIX OYHKLMIA. /

* EamHcTeerHas Touka yeaxerus k ABl 310 BHewHss
OYHKUMS cHMNNeTa.

fun1

fun2

* I3HQYQNbHO Y HAC HE BLINO HUKAKMX TPEOOBAHMM K
sHyTPeHHemy ABI. PyHkummn ceoboaHo nopTat
nobble perncTps.

.

fun3 fund fun6

* D70 BLI3BANO OnpenenéHHbie Nnpobnems v B snippy
ObINa BBEAEHO BO3MOXHOCTb PE3EPBALMM PETMCTPOB.

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners. 34



Cnucku pesepBauum 1 cnmnia

* Cnucok --spilled-regs-list sanaér sce pernctpel, koTOpHIE AOMXHBI BbITh COXPAHEHBI HO CTEK B HAYAre
CHUMMNETA M BOCCTAHOBNIEHH B KOHLIE.

--spilled-regs-1ist=X5,X6,X7,X28

* Cnncok —reserved-reg-list 3anaét pernctpel, KoTopble 3anpeLleHsl K MCNONb3OBAHMIO OCHOBHBIMM
MHCTPYKLUMAMMU CHUNMNETO.

--reserved-regs-1list=X1,X3,X4,X8,X9,X10,X11,X12,X13,X14,X15,X16,X17

* Mbl He 3anpeTUu MCnonb3oBaHKE Takmx pernctpos ancillary HCTPyKUMSIMK, MOTOMY 4TO ecnm
3abnokuposaHbl 30 13 32 perncTpos, MOXET He XBATUTL PEMMCTPOB HO GOPMUMPOBAHME OapPeCa.

Mbi CTapaemcs Takoe NCnonpb3oBAHNE MUHUMNINOOBATL, HO CEMNYAC BECH reserve 3710 SOH—FGSGFVG.

Daktnueckn hard-reserve B kofe reHepaATOPA NOAAEPXAH, HO KAK OMLMS HEIOCTYNEH.

B yactHocTM no ymonyanmio sapesepenposan (hard-pesepsurposan) SP
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[NepeonpepeneHue BHyTpeHHero stack pointer

* Pewenme o hard-pesepsaumn SP snnano Ha nokpeiTMe PErMCTPOB B CHUNMNETAX.

* Bbino NpuHATO pelleHre OaTh BO3MOXHOCTb €ro Nepeonpeaensh.
--redefine-sp=[any, SP any-not-SP. reg::R] roe SP 310 crek nonntep, ykasanHbii 8 ABI.
* Mu 6ynem obosHauaTs nepeonpenenérnbii SP kak RedefSP.

* lorna npasuna cnegyoume:
* RedefSP = any osHauaeT nioboit pernctp, koTopbif He peaeperpoBaH, He spilled

n He XO, X1, X6 gna RISC-V.

* RedefSP = any-not-SP osnayaer To xe camoe m He SP.
* XO 310 hard-wired zero, X1 310 agpec sosspara.

* X6 He moxeT 6biTb Redef-SP ucnonsayetca ana tail-calls & chained-RX.

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners.
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Pexum honor-target-abi

./1lvm-snippy -march=riscv64-unknown-elf yml/layout.yaml
-num-instrs=1000 yml/memory-aligned.yaml -model-plugin=sail
-entry-point=test 0 -stack-size=1024 -honor-target-abi
-last-instr=RET

* YnobHuit cnocob onpeaennts spilled-list 8 cootsetctmm ¢ tekywmm ABI s LIVM.

* 3pech NOKA3AHO MCMOMb30BAHME honor-target-abi ¢ BHYTPEHHUM CTEKOM, HO BOODLLE TAKOM PEXMM
NPEeAnonaraeT BCTRAMBAHME CHUMMNETA M YaLlle MCNonbayeTcs ¢ --external-stack

* [pu pabote ¢ honor-target=abi, onums --spilled-regs-list nrnoprpyetcs.

* [pu apyrvx onumax (kpome honor-target-abi) mbl He rapaHTUpyem, YTO 3TA GYHKLMS MOXET ObiTh
BbI3BAHA M3 C-kopa.

e [1o3TOMY C 3TUM PDEXMMOM He paboTaeT Takxe redefine-SP
Y
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Brewrnmn call graph

* [lonb3oBaTENb MMEET BO3IMOXHOCTb
HE TONbKO MOMNPOCKTL CreHEPUPOBATH
road BbI3OBOB.

* MOXHO COMOCTOATENBHO HAMMCATL
GYHKLMIO M MOMPOCKTb BCTABUTL €€ B
rpad BLI3OBOB [N CHUMMNETA O NMOTOM
CIMHKOBATLCH C KOAOM, HOMMCAHHbLIM

BRYUHYIO.
* Y dyrkumm fun3 6yaet C ABI.
* Ecnu 310 gonMXHO paboTaTh HA

monenu, fun3 ponxHa GbiTb
CTAOUINBMPOBAHA.

Copyright © 2025 Syntacore. All rademarks, product, and brand names belong to their respective owners.

entry-point: fun@
function-1list:
- name: funo
callees:
- funl
- fun3
- name: funl
callees:
- fun2
- name: fun2
- name: fun3
external: true

funo

fun1
(generated)

[\

fun2
(generated)

fun3
(external)
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KomnunstopHbie TexHonornu B eepudpmkaLmm annapatHoro obecneveHus

Ncnonb3oBaHMe

* Hukakor ISG He gaBnseTcs roToBbIM pelleHrem ans BAero NpoekTa co
BCEW €ro cneunpukon.

test runner | Device under
test
T [} 7'y 1
snippet snippet sniopet result
i »P > checker

* B oneH-copc HauUMHAIOT NOABAATCS FOTOBHIE PELIEHUS MO
npuKpy4meanmio livm-snippy k cuctemHomy Tectbendy (B OCHOBHOM
MHTEPEC MOET OT SHTY3UACTOB M MX YACTHBIX NTPOEKTOB).

Copyright © 2025 Syntacore. All irademarks, product, and brand names belong to their respective owners.

lvm-snippy ans yyebHbix npoekTos

y @\ Dmitriy Belimov = 15t

a I J Senior Digital Circuits Engineer | Autonomous Rebotics

- " 2mo « Edited » @

Good point of my pet project with own RISC-V core, Designed simple software
testbed for evaluation work and data flow. How to it works:

1. The fuzzing program generator LLVM-5nippy generates testcases.
2. Spike RISC-V golden model executes the testcases with a trace file generation.
3. My core simulates in lcarus Verilog and executes the same testcases with a trace

file generation.
4. Special python program compares the traces.
5. Goto step 1.

All information are stored into DB and can be viewed over simple web interface. Also |
did simple Telegram bot to see its and control (start/stop) the testbed. As | see the
way is very usefull for me.

| want to do 10000 tests rounds. Analyze and build result of testing. May be write a
paper about the approach.

In the image you may see simple web interface of statistics and control panel of the

Telegram bot.

“estbed siate: RUNNING
“est round: 3049
WT revision: bed1595i44115¢; 16

Toa: gy, eI boms_mees,_oad
L]

Opeesten: 41750405

Sl 4171

Core: SEILIIMLY

hitps://github.com /pitman/5 /test snippy
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https://github.com/pitman75/test_snippy

A roe eLé KOMNUASTOPbI CNeLwaT Ha MOMOLLB?

* [Ipencrasbte, YTO BAM HYXHO:
* [lpoaHaNM3nMpPoOBATL KOO 4O €rO BHIMOMHEHUS.
* 370 304040 CTATMYecKoro aHanmaa (clang-tidy).
* Ouennts throughput / latency MHCTpyKUMIA Ang NaThl, HA KOTOPYIO Y BAC HET ONMCAHMS.
* 270 304040 OEHUYMAPKMHTQ.
» Ceropns bynet noknag AHactacmn HepHimkosoh npo llvm-exegesis 1 ero npumenerus.

* CMOZEenMpoBaTh KOHBEEP MCXOAA M3 MOLENM KoHBeMepa & komnunatope (llvm-mca)
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https: // qgithub.com /syntacore /snippy
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