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Abstract Hardware description languages (HDLs) such as Verilog and SystemVerilog are widely used for digital circuit design,
but their outdated language design limits productivity. Most existing alternative HDLs are built as domain-specific languages em-
bedded in programming languages; they cannot introduce HDL-specific syntax, and the generated Verilog has low readability,
making them difficult to coexist with existing design flows. We are developing Veryl, a new HDL that features syntax specialized
for hardware description and transpiles into human-readable SystemVerilog. The Veryl toolchain integrates an IR-based semantic
analyzer, a simulator, and logic synthesis, enabling a complete design cycle within a single toolchain. This paper describes the
design and implementation of Veryl.
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// Counter

module Counter #(
parameter WIDTH = 1

) (C
input logic iclk ,
input logic i_rst_n,
output logic [WIDTH-1:0] o_cnt

logic [WIDTH-1:0] r_cnt;

always_ff @ (posedge i_clk or
negedge i_rst_n) begin
if (li_rst_n) begin
r_cnt <= 0;
end else begin
r_cnt <= r_cnt + 1;
end
end

always_comb begin
o_cnt = r_cnt;
end
endmodule

/// Counter
module Counter #(
param WIDTH: u32 =1,
) (C
i_clk: input clock
i_rst: input reset ,
o_cnt: output logic<WIDTH>,
)
var r_cnt: logic<WIDTH>;

always_ff {
if_reset {
r_cnt = 0;
} else {
r_cnt += 1;
}
}

always_comb {
o_cnt = r_cnt;
}
}

(a) SystemVerilog

(b) Veryl

1 SystemVerilog & Veryl IZ& 2 /W ¥V X E Y a—)LDsLakfl
Fig.1 A counter module written in SystemVerilog and Veryl.

module ModuleA (
// signals in clock domain 'a
i_clk_a: input 'a clock,
i_dat_a: input 'a logic,
o_dat_a: output 'a logic,
// signals in clock domain 'b
i_clk_b: input 'b clock,
o_dat_b: output 'b logic,

DR
// safe: within the same domain
assign o_dat_a = i_dat_a;

// crossing domains requires
// an unsafe (cdc) block
unsafe (cdc) {

assign o_dat_b = i_dat_a;

}
}
B2 28y AL EROZRA]
Fig.2 An example of clock domain annotation.
st TcE 5.

F72, Vv hokl e [ - JEFMIE, SystemVerilog ~D
BRI TBY 2 FRETHETE S, SystemVerilog Tl
Dty bORMEIZIE DT if (lirstn) ¥ if (Arst) &\ o
F25MEEZ T EBENRDHZD, Veryl TIEV &y FEAD
ifreset XX ELRMEL, HEWZIGUZY Y NEME2 IR
A IHPERT S, ZHUZED, F—O Veryl ibidbh 5, HlxIX
FEFHEGREL Y £y &2 W5 ASIC [ & [AHEGRE ) £ v
k% F\ % FPGA [[1} @ SystemVerilog 2 £ L3156 Z &8
TE5.

5 Veryl ik, 20y I RAA VERIZEE 71y 7 KA
1vruy>rs (CDC) D% SiEkEL UTRItT 5.
B2 IZRT &5, HBDI/my 7 &2FKDOEY 2 — L TIE&
F—=PMaD XS BEREMT, FilET 578y 7 RAA Y
EHRTDIENMBEATHS., AV TIHMEEDRAA V
ZEHL, FASVEBECARAZII - LTHRIETS. FH
bR 2 R H T 5 72 &£ ORI 7L CDC 1, unsafe (cdc)
Ty 7 THEZ L THRT S, {EHKD SystemVerilog 7 B —
(ZBEWT CDC A Ffli 72 B Y — )L 2 B8 & LT W7z,
Veryl Tl VA VHHZEHETHREI NS,

// prototype of SRAM modules
proto module SramProto #(

param WIDTH: u32 = 8,
)(

// port definitions (omitted)
J;

// queue independent of SRAM types
module SramQueue::<T: SramProto> {
inst u_sram: T;
// queue logic (omitted)
}

module Top {
// queue with SRAM by vendor A
inst u®: SramQueue: :<SramVendorA>;
// queue with SRAM by vendor B
inst ul: SramQueue: :<SramVendorB>;

}

M3 YRV IR TabRATDOHMBH]

Fig.3 An example of generics and prototype.

224 VxxrYyR&TONIAT

SystemVerilog TIE/NT A =X A —N—=F 41 RIZ&-T, ®
Va— AW RAVR—=—Tz2—ADNRTA—=REA VARV AW
WZEABETES., LU, 1 VAR VATHEY a—)VOFEHER
ENRTA—REUTHBETERVEDEA—N—-FA FTZ
T, EBUCRTENRTIA—RF—N=F 1 RETERWN.
ZTVeryl TlEY =2V AZEAL, EVa— -1V R—
Tx—RA - Nor—y - BERREZBNT A —XIZ
Lo THNAfbTEB LD I,

X 312 SRAM #ZEE e L CHMATA2F 2 —0fl2RT
SRAM IZIP RV X =R T AT LIZB R BEY 2 — V&%
FfD7-8, SystemVerilog Tld, {9 5 SRAM Z&IiZFa—
DFtik % EB 3 5D, generate XY 7 O THEES NI HE
BHO, WTFNOFELEMTH S, Veryl TIREY 2— V%
ERNRIA-RTELTHENLSE525622T, Fa—0n
Vv 7Y SRAM EY a—)VESHEL, FRAMED&EWELR
TE5.

ZDrE, BN A—XIZIEES (bound) & LT b XA
7 (proto) 2{EETHEHENHSD. TH MR TIEEY 22—
WREDRFEORENSA—RER—-N2HRET L DY

3



Veryl ¥V —Z3a—F

TR
HESOR i
SEEY —N
RERAR T 22 N
veryl-1ls
WESOR - Bl # IR IR
SystemVerilog S iaL—% P
QEE‘Z%% v (g =y=pb
System Verilog ./ T A MER - Wi - AL -
V—=Avw T BIE EBHRMY

4 Veryl JLFLR DHERL
Fig.4 Architecture of the Veryl toolchain.

I2F Y THY, NI A—-RIZEINZES[ LT s &RA
TERWTIEEIVAALINRRET S, Zut kD, V=
2Dy o RHBROEAE, 1 VAR ALDE%ERF I
mHTE 5.

2.5 FDMDEE

ZDIENZH Veryl | i ﬁJ%ﬁ”@I/Z 7 4 > 2 (one-hot,
Tl a—RRY) OFE, MEEKaVA I 7 %, AHifTE
BB X AR OH L, ZRESICE 28, T a—
WA VR —=T 2 —ADHHEZE Vo Tz, FLdMEEFHD LS

SREZ R 2. SHEAKORERIEEA VIV DEEEY 7 7
VYA Bl 2SRRI N0,

3. Veryl D&

31 JVRA SR

Veryl DALER L Rust TEEI N —DIAT Y RI1 Y
Y—)bveryl & ULTiMtEHh, Ymyz s MERK (new), %%
J& (fmt), #ZE (check), SystemVerilog &% (build), 7 A
b (test), WG (synth), FF =2 A Y MER (doo),
1770 OFTLEE (publish, update) ZREDYTa~v v
K ’5:%’). Z AT A T, Language Server Protocol [8] (23D
{EFEY —/Nveryl-1s 214t L, Visual Studio Code * Vim 73
EDITT 4 XS IVNRA T LAIFEOMNIEREY TR A
LIZHHTES.

B 4 \ZBLR DM 2 RS, 3 VN TR, RESCRTT
28, EIkfEfres, RNy 2T N (SystemVerilog Effds - ¥
Jab—% -G oM E NS, KSURIER I —
Pz R —K parol [9] IZ & > THEEENP SEKINDE. K
BRIGAT 82 1 RE XA D S LB R EZFEEE L CAMTRR  BiRE %
TV, T HITEBRT 2RI (IR) 258 L CHfllRd %
Fifid 5. SystemVerilog H AR IFHXAD I A v M ER %
TEBMRDLERFL 72 £ £ SystemVerilog 2L, HbETHE
B3 — R & Veryl sl DXtz m_T Y — A3y T2 EHKT 5.
VIalb— R emBAKARIE, BEMTARSRELZ IR 2 A
HEUTHEET 5.

3.2 IR N— 2 EBRERMT

Veryl 3V XA 1, WAl FOEEPRELE, F5HME

RA - SROR—F, By MEDOAR K& Vo 72— LR
TITMA, RRAZBPEKLAENWT vy FERR Y, [Eko
SystemVerilog 7 B — TiEEflizz V > b — LRl O 155
MEER THREINTWAZZ I =2 3V A VRHIZHRE T 5.
INSDMREILSIEY — N veryl-1s IZHHMARENTH D,
MR BT T T R CTOMEFIZHT I -2 TILRA L
BT E 3.

LI NS DMREIIMIAR L TEREINT WD, 85 A—
RA=N=F 4 RPTV XV I A2ERBLUI-MENIHELL, £
REOKELRSNT W, Z I CHEDMBMATIE, N
TA—RERR U BOREEGEEZRT IR 2/HEL, Zo L
TR 2175, IR ETIEITRTOEEN LY NEMTE
HEhdizd, HlZIEEENEDO—FORETOAMEED—
WOy hBRRAINZW, EWolzby NEAD T v F4
ERHTE S, 72 IR DEANIT & o TR O A AL
XN, RS KiE A B U7z,

3.3 XMF14T7¥3alL—%

Veryl DJLIERRIE, EURMENTAROREEE T 5 IR 6 EHEEEST
I—RZ2ERTEXAT 1 TV Ial—XENBT 5. {Ek
@D Alt-HDL (2B} 2 #EEIE, 2R U 72 Verilog % Verilator [10]
REDHHY I 2L —RIZATTEHTITONTELN, 21
TATYIalb—RIZEoTHBY =Dy N7 v TL
WZTANEFEFTTESD., TAMRYF I Veryl VY — AT — RN
WZ#[test] BMHEMITTEE L, veryl test IA¥ Y RiZ&»
TEFING, 2 Ialb—Ya VITMAT, REHzED
4T Ial—vavizbind s,

V3ab—ROFEFI-RFOERANITIE, T2V HE
CETFHEED N L — KA TDEIET S, Verilator 2 1Z U E T
DMFEDEEY I 2L —XIFC++ I—FERALLFEHa v
NANFA%E L B0, ETHBETIZEW T VoA VIRHE
AETS, FZTVeryl DY IaLb—RF220DNNy 7TV R
HAGHLES. 12133231 7 HHE Cranelift[11] 2 W7z
Ny TV NTHY, REEOREIIENEDD I 23 LD
EETH DD, YIalb—YarEIRIFAEICHBTE S,
£S5 123 Cca—FaRbLTGee cifbda Ny sy
KThb, Xvo 759y RTHib N1+ DEKEED,
TR U RS TETHDOY I a L —Y a v R RE#HLAN T FY
ANEIZI 0 EZ S, Zhizk b, BEIOES L ETOHES
ZMWALLTWS., MEEOFMIZ 4.1 THERS.,

3.4 SHEE K

veryl synth I~ Y R, IR »SEART7— L RVEEH %

, TELE MY TEV AL DM - 7T« ISR
L @ﬁ®%ﬁbéﬁ¢?5 YIVOTHE - BT - EDEIZ
SKY130[12], ASAP7[13], GF180MCU [14], IHP SG13G2[15] &
Wo 724 — 7 PDK WABT % Liberty 7— R IZEDWTF ¥
V7 L=y arvInTsh, MRMNRTr— Mtk < ER
DY AVOBIZEISRAEOAESNS. ZhiExY 1 v
A7HTIERSEEVIOERELZHN L Lz Th b, i

DEENHEEP XA IV IIC5 X208 %, WwEAKY —
WEREET S K MEICHERTE S, 72720, ZORM

4



F1 AHEZAEWY Jrvay

Table 1

—U B KO R

Versions and revisions of the tools and target design used in the

FonN—va v

evaluation.

ZFR N=Tayv/ )evayv
Veryl revision 49435563
Verilator  v5.050

Heliodor revision a3®afc7

#2 Heliodor IZ &% Linux 7— hD¥ I 2L — a V] (). TH
1% Verilator % Z£H#E ¥ U 72 Veryl D FEATR#I L (Veryl/Verilator) %
E X

Table 2 Simulation time of Linux boot on Heliodor in seconds. The ratio is

Veryl time relative to Verilator time (Veryl/Verilator).

Xeon Gold 6434 1950X
MiRK 5817 Verilator  Veryl It Verilator  Veryl Ik
127 #mE 162.7 88.0 0.54 431.6 1593 0.37
2 [\ H 78.1  63.1 0.81 3002 1163 0.39
237 AlH 4994  287.0 0.57 1183.4 6825 0.58
2 A H 287.5 248.2 0.86 9144 671.7 0.73
437 wmE 2941.7 1726.3 0.59 3933.0 2202.0 0.56
2 [\H 22279 1568.9 0.70 2728.7 2200.7 0.81

0 DEEHHIBICERTH B 720121E, A ELEBROHR

BHEFERE FHTHBELTWARELRDH . \_OD,ﬁ\ODﬁﬁlﬂé
T E 5B ORETH 5, FHRESFET, A -7V
Y — ZADFMELA Y — IV Yosys [16] 12 & % & kS & D41
10~20% FEETH - 7=.

3.5 ZofoY—Ib

IR RIE Z DIENIT,
W5,

BFEEOBITXEEL LT, SystemVerilog ¥ —A 31— K%
E M7 Veryl NEHLT 5 N5 AL —4& (veryl translate)
ZIMT S, Veryl I SystemVerilog & DI HSBHBAIHETH 5
7=, BETOY I NO—EDT 7 A VDA% Veryl ~NEBEfE
ICBEMA TV Z LN TES.

TAT7ZVRHOEEL LT, Ny —UBEMBEGE S Rt
T5. TuVz I MNERT 7 ANV git VARY MY D URL &
N=Da ViR T 5720 TRETA TS ) 2HFTE, I
17 I9VNTEZEINEZEYa—IL - A VR —Tz—A v
T—VRMHATES.

FRFaAYTF—varvaivhe, avS1 T HBMRT

BRE BTV —LVEEEHEAELT

LEVa— LY R— bR OSBRI, Ik
ADRFaAr b2HBEKT S (veryl doc). I AV R

ZIXTE (WaveDrom [17]) X (Mermaid [18]) DLk % i
AL ZENTES.

oI, Vo Fx— VEKOEA - BEHEAEHT S A VA
=3 verylup 22t L THB D, WHEHRDNN—Va v %270
VML IEE - B TES.

4. ¥l & FH5)

4.1 YIal—4MHeE

2T 4TV Iab—ROMREE, F—T Y —ZAD Sys-
temVerilog ¥ X 2 L —& & UTIA L HHI T3 Verilator [10]
CHIR Uz, =210 — N2, Veryl TRl Iz 7 W b A
7' — & RISC-V 27 Heliodor [6] {Z & % Linux 7' — b % W,
1242370 (ZFNZFNH 1,000 75 - 1,400 J5 - 2,000 15
Y1 7)) THIE Lz, Veryl & Verilator D\W§ 4 $ I 2 %8A
VIEABREMZE XYy a2 UTHMNHET 2D, Frvyva
PEAELRWYIEETE, FET 5 2 B EHUBEDOFEIT 25100
THIE U7z, HBEOERIE Verilator v5.050 T& 5. Verilator % 4
EYIalb—ra il G L TWa D, XN 2 HERE
ThHd7-0, AFMTIIHEZ 2ET— NTHlEL =,
WFHEARDEZ S 2 D20 CPU (Intel Xeon Gold 6434 & & UF AMD
Ryzen Threadripper 1950X) ET47 - 7z, FHIiIZ W2 — b
BITRHRHRFADNN—Va V¥V arva2R1ITRT.
FK2IKHERZRT. WEIFETTIX, Verlator 23F47HREE D
%< % Ct+ I—RDOIUNAIIZERTDITH L, Veryl I
Cranelift |12 & 2 @ #7232 XA DV CHIBEIZE T 2B TE S
728, MR~ U T 41~63% MW T% 7 L 7=,
AR NVFEARERY EFRAT S 2 BHUBEOFEITIZE W
TH, Veryl 1T R TOMEAK T Verilator & 0 &#E T, SEFTHRFH
I 14~61% S -7z, Zho D@D RLE 200
CPUDWTNTE—ELTHSLN, VerylO¥YIalb—Ya v
IVIVVHREDYA 78T =% 77 F v ITRERET I
BELINTWE I ZRBLTNVS

4.2 HHEAEH

Veryl 12202 fE 12 A SA—T VY =AY 7 b7 e L
THRFINTE D, 2026 4 7 AR T I v MUK 5,000,
IV MY a—&IIH 304, GitHub DA X —%id 950 %8 X
TW5. DAUNIZEREOREHI BT 2 BHEN 2R .
PEZEM A & U TIX, PEZY Computing 5B &t o ¥R i A%
HPC/AL [ 70ty Y OEFHTEAINTE D, #6005
17 @D SystemVerilog I — R RX—Z & flAEHE TH 35 TITD

Veryl it M I N T WA, Zhik 2.1 TR, BEEFED
SystemVerilog & & OM A M2 EH U 7225 Gt O AR
MERTHEDTH5.

Fd =TV —ADFEFHE LTI, Bidkd Heliodor [6] H3Z 1T
51%. Heliodor I3 Veryl Talik & N7z 2-way A —/N— AN 5
DT MNATA—XRISC-VITTHH, RVA23 717 74 )L
WCHEPLL, BK 8 37 D SMP T Linux 2 77— hT& 5.
RISC-V Architectural Compatibility Tests (ACT) v4 Z /YA L TH
0, Veryl BEABIED Tot vy iEHIM A2 Z L 2R L TW
%. %7z, Linux 7'— b A[§E72 RISC-V 27 T& % bluecore [19]
i, Z ORFEE % MRS L - BRI GE [Veryl TE S CPUY
0] MEMASNTH Y, ML LTHRHTINTNVS

HEMHEELTIE, A7 x—FT 20 Luled T.RIRZIZ BCTZ)
F 4 VRIVEEHDHEHET Veryl BDESHEI T W3S, 2025 FE
RALEMTOREFECTELE ST L LTHRHAI N, 2026

5



EREIFEZHE PR S Veryl 2 W THBEIZIN Y AT
W5,

F7z Veryl ZIRD B TaV AT LAEHMELTED, CSR
VAL —&®DRegGen[21] %, Rust TF A MRV F 23T 5
TV —=ALT7—2® Marlin[22] 72 &, Veryl IZ® it U 724N —
NBEEBGLTWAS.

5. BEMRE

Tus5 IV EFEDDSL & UT HDL T 5 Al
HDL & U'TliZ, Scala %38 & "% Chisel [1] ¥ SpinalHDL [23],
Python % 3£#% ¥ 3% MyHDL [24] % Amaranth [2] 72 ¥ 3% 1F 5
N5, INSHRFR—ASEOBN LB BREEZFHTE S
—7%, 1. TRz B0, HDL IZEL L - 2 EATE S,
R I D Verilog DAIHMEIZHIRED D 5.

MHE OS2 RO HDL & U T, Bluespec System Verilog [25]
X Spade [26] 23Z51F 54115, Bluespec I3V — L R — 2D &\ M
RIEZFFDOSFETH D, Spade I Rust IZHE 2 Z I - %
Fib, XA T34 Vv a2E - RERLUTKS EETHS. Z
NS RTIL LD EWHIREORWRMRZEAT 5720, ERE
N3 Verilog &V —AJI— RKOMIGEBES ZLIF#HLWV. Zh
W2 U Veryl 1%, %% % SystemVerilog & [ASE 1215, Ak
I— R OXEZEHATREICRD Z & T, BFORE 71—
& OHIGERAMEZBEE L TWERARLRS.

F, TNSOMAFZSHEONIRAIZVI NG I— NERSE
THEMEY L, MEEPABRIIIMEEY —VicERTW5.
L— X GG E TRMUIRICHRAL, BERTHEEY 12
7% SERET & % 55UE Veryl IZRBIITH 5.

6. ¥ & ®

AFWXTIE, HDL (R b U7 e 2 Kb, mamttosny
SystemVerilog ~NZH#A[HEZHT L W N— R D = 75k S 38 Veryl
DF%at & EEIZDWTH ATz, Veryl &, & TREZR B DAL
WIZREI NIV EEELEEEZ2EDS E LD
Iz, R E 1D SystemVerilog & DHAREZ X IGIZ & D BEAF D #%
Ft7n—C OMEEAEZMERL TS, WHRIF IR ITHED
SEBENTER, Y Ialb—&, WMBEAKEREGL, SMEY—IL
TSR - MGE - A OBEY 1 oV RS TE S,
2454722l —&IE Verilator & D LLEIZEWT, #HE
FATT 41~63% SN FEATHRMZ R U7z, Veryl ldA—7 vy —
AV 7 b7 EUTHREINTED, EE- A -T2V —
A - BEOESITRAVEATHS., 55K, YIal—&
DI L5 EBACHRAEREDIL A Z DD L2 HIZ, KD
&AW A% Big L ChX 2 ki d 5.

B ®

Veryl DBIFIZEBAL TWEATRTOIY MY Va—&, &
ST I a=T 1 DERRICEHT 5.
X Ak
[1] J. Bachrach, H. Vo, B. Richards, Y. Lee, A. Waterman, R. AviZienis,
J. Wawrzynek, and K. Asanovié¢, “Chisel: Constructing hardware in

vIa

[2]
(3]
[4]
(3]
(6]

(71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

a Scala embedded language,” Proceedings of the 49th Annual Design
Automation Conference (DAC), pp.1216-1225, 2012.

“Amaranth: A modern hardware definition language and toolchain
based on Python,” https://github.com/amaranth-lang/amaranth.
“Veryl: A modern hardware description language,” https://veryl-lang.
org/.

“The Rust programming language,” https://www.rust-lang.org/.

“The Go programming language,” https://go.dev/.

“Heliodor: An RVA23-compliant multicore out-of-order RISC-V core
in Veryl,” https://github.com/dalance/heliodor.

N. Hatta, T. Ishitani, and R. Shioya, “Veryl: A new hardware descrip-
tion language as an alternative to SystemVerilog,” DVCon Japan 2024.
arXiv:2411.12983, 2024.

“Language Server Protocol,” https://microsoft.github.io/language-
server-protocol/.

“parol: LL(k) and LALR(1) parser generator for Rust,” https://github.
com/jsinger67/parol.

W. Snyder, “Verilator: Speedy reference models, direct from RTL,”
Presentation to University of Massachusetts Amherst, https://www.
veripool.org/papers/Verilator_Modeling_UMass2017b_pres.pdf, 2017.
“Cranelift,” https://cranelift.dev/.

“SkyWater Open Source PDK,” https://github.com/google/skywater-
pdk.

L.T. Clark, V. Vashishtha, L. Shifren, A. Gujja, S. Sinha, B. Cline, C.
Ramamurthy, and G. Yeric, “ASAP7: A 7-nm finFET predictive pro-
cess design kit,” Microelectronics Journal, vol.53, pp.105-115, 2016.
“GlobalFoundries 180nm MCU Open Source PDK,” https://github.
com/google/gf180mcu-pdk.

“IHP Open Source PDK,” https://github.com/IHP-GmbH/IHP-Open-
PDK.

C. Wolf, “Yosys Open SYnthesis Suite,” https://yosyshq.net/yosys/.
“WaveDrom: Digital timing diagram everywhere,” https://wavedrom.
com/.

“Mermaid: Diagramming and charting tool,” https://mermaid.js.org/.
“bluecore: A RISC-V core written in Veryl,” https://github.com/
nananapo/bluecore.

nananapo, “Veryl T{E% CPU,” I — I I f%L%, https://cpu.
kanataso.net/, 2024.

“RgGen: Code generation tool for control and status registers,” https:
//github.com/rggen/rggen.

“Marlin: Hardware testing/simulation in Rust,” https://github.com/
ethanuppal/marlin.

“SpinalHDL: A high level hardware description language,” https:
//github.com/SpinalHDL/SpinalHDL.

K. Jaic and M.C. Smith, “Enhancing hardware design flows with My-
HDL,” Proceedings of the 2015 ACM/SIGDA International Sympo-
sium on Field-Programmable Gate Arrays (FPGA), pp.28-31, 2015.
R. Nikhil, “Bluespec System Verilog: Efficient, correct RTL from
high level specifications,” Proceedings of the Second ACM/IEEE In-
ternational Conference on Formal Methods and Models for Co-Design
(MEMOCODE), pp.69-70, 2004.

F. Skarman and O. Gustafsson, “Spade: An HDL inspired by modern
software languages,” Proceedings of the 32nd International Confer-
ence on Field-Programmable Logic and Applications (FPL), pp.454—
455, 2022.



