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[1] S. Prakash et al ., “CFU Playground: Full-Stack Open-Source Framework for Tiny Machine Learning (TinyML) Acceleration
on FPGAs,” 2023 IEEE International Symposium on Performance Analysis of Systems and Software (ISPASS), pp.157-167,
2023.
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[J sitstream file for FPGA

. $1-|J j'l.. 0)1_L 0 ‘j- . [ st7789 display library ] [ performance library ] I % Fllles edited by users
. CFU Playgl’OU nda)E%%E ‘: iil.m-;- 6 T: w 0) ; i 8 Programs that run locally
#ifc HW/SWIHHREE 7L — L7, ' v

i D Library
[ RISC-V compiler ] i
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config.vh main.v cfu.v
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B Custom Function Unit (CFU)
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Table 70. RISC-V base opcode map, inst[1:0]=11

inst[4:2]
000 001 010 011 100 101 110 111 (>32b)
inst[6:5]
90 LOAD LOAD-FP MISC-MEM  OP-IMM  AUIPC 0P-IMM-32 48b
@1 STORE  STORE-FP  custom-1 AMO oP LUI 0P-32 64b
10 MADD MSUB NMSUB NMADD OP-FP  OP-V  custom-2/rv128 48b
11 BRANCH JALR reserved JAL SYSTEM  OP-VE  custom-3/rv128 >80b

@ 1—H—AWMBIC74—IFEZEELTERATE?S
o ALUR—ZX WS CFUDEED S, REXD7 4+ — IV F%ZIERT 3

31 25 24 20 19 15 14 12 11 7 6 %]
funct? rs2 rsi funct3 | rd | opcode | R-type
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static inline unsigned int cfu_op(unsigned int funct7,
unsigned int funct3, unsigned int rsl, unsigned int rs2) {
unsigned int result;
asm volatile(
".insn r CUSTOM O, %3, %4, %0, %1, %2"
: "=r"(result)
: "r"(rsl), "r"(rs2), "i"(funct3), "i"(funct?7)

)

return result;

rslt = cfu_op(funct7, funct3, inl, in2);
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[st7789 displaylibrary] [ performance library ]

pg_perf_reset(); /] $19 2 &0ICHIHAML
long long start = pg_perf_cycle(); // AWV ZDIEDFTHELY
pg_perf_enable(); // ho>v MR

for (int i = @; i < SIZE; i++) {
for (int j = @; j < SIZE; j++) {
c[i] += a[i] * b[jl; HETARIA—7
}

}

pg_perf disable(); // hov MELE

long long end = pg_perf _cycle(); // h7 v FDEDFTHEY

pg lcd prints("Elapsed Time:\n");// XFMNEI=T 1 A7 L MICKTR
pg_lcd printd(end - start); /] BEEIZT4RATLMICRT
pg_lcd prints("\n");
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B E E’\J . RlSC-VrI:TJ (17 AX3xV/N [st7789disp|ay|ibrary] [ performance library ]

AIWEAXEVA A= DIERL

$ make prog
L] -~ b.—l—l —
o link.Id® X €Y ¥4 XD ERFR
MEMORY {
imem : ORIGIN = Ox00000000, LENGTH = 0x00008000
dmem : ORIGIN = 0x10000000, LENGTH = 0x00004000

}

® config.vhd XE UYL XDIEEEFR

// instruction memory size in byte

“define IMEM_SIZE (32*1024)

// data memory size in byte

“define DMEM_SIZE (16*1024)

[ RISC-V compiler ]
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iIc7’'a+t vy Y dnVerilogitik %
Verilator*ca v /~M L9 3

$ verilator --binary --trace --top-module top \

--Wno-WIDTHTRUNC --Wno-WIDTHEXPAND -o top *.v

=

$ make build

* https://github.com/verilator/verilator

) =AD

top.v

memi.txt memd.txt proc.v
4 4 4
config.vh main.v cfu.v
N g 7

A 4 h 4
verilator \

top
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$ gcc -02 dispemu/dispemu.c -o build/dispemu \

-lcairo -1X11

-

$ make build

J=AD
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$ ./obj dir/top | build/dispemu

- =

$ make drun

Simple dis... X
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® TEH#%#1T5CFU®MDVerilogitit

777 L—20D;

input
input
input
input
input
input
output
output
)
assign
assign

endmodule

module cfu (

wire
wire
wire [ 2:0]
wire [ 6:0]
signed wire
signed wire

wire
wire [31:0]
stall o = ©;

rslt o = (en_i) ? srcl i * src2 i

clk i,

en_i,
funct3 i,
funct7_i,
[31:0] srcl i,
[31:0] src2 i,
stall o,
rslt o

. 0;

==
AX A

cfu.v
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varvdas7=-HICVivadoT

bitstreamz &7 3

® config.vhh L ENMERLEE %= &5

HEXY), Clocking Wizard% 4
ThitstreamZz &K T 3

ERk L

$ make bit
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Vivado CFPGAICaOY 7 4 ¥ 2

L—avd 3

scripts/prog_dev.tcl

set ip addr 192.168.0.xxXx

set port 3121

@ OV 74F¥al—¥a vt

Bitstream

|

Local PC

Server PC I
Vivado HW } {
—tm—————- >
Manager

Vivado HW
Server

1Configuration

FPGA board

$ make conf

main.bit \

FPGA board

mini display
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® Intel Core i9-12900KF / 128 GiB DDR4

® Ubuntu22.04.2 LTS
® AMD Xilinx Vivado 2024.2

Jediz
® Arty A7-35T
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=T{ffi: CoreMark

B CoreMark
® VexRiscvDiEMIRIEICEhHE THE

Processer F.uax [IMHz] CoreMark/MHz CoreMark
ESP32-C3[2] 160 2.55 408
VexRiscv full mex perf[3] 200 2.57

RVProc (proposal) 235 2.65

[2] ESPRESSIF, “ESP32-C3 Series Datasheet Version 2.0,” 2024.
[3] SpinalHDL, “VexRiscv,” https://github.com/SpinalHDL/ VexRiscv, 2025. GitHub repository. Accessed: March 7, 2025.
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sE{f: N-Queens

BH—RNWV%ZECFUL LTEEL, F7LV—LT7—9DT 7V FDERDPOETY

— —— e e RN 'FOI"(_;_;){ - 31 DA~
n “/ 7-&/{ 7}b‘HF£ L TLLi’;JlS{E’-G)%E{t if(r‘){ L_ﬂf)‘lnp'nL@
int 1sb = (-r) & r;
alh+1].cdt = ( r & ~1sb);
alh+1].col = (a[h].col & ~1sb);
20 - 70 a[h+1].pos = (a[h].pos | 1sb) << 1;
18 —Speedup —6— Execution Time Q a[h+1].neg = (a[h].neg | 1sb) >> 1;
5 / 6.0 r = a[h+1].col & ~(a[h+1].pos | a[h+1].neg);
y 50 @ h++;
0 }
1%:12 4.0 = else{
§10 - S r = a[h].cdt;
» 8 ' § h--;
6 20 Ui if(h==0) break;
4 )Q/ if(h==n) answers++;
1.0
2 / }
0 Ca S 0.0 }
N=12 N=13 N=14 N=15 N=16 return answers;
Problem Size }

CFUIC#7A—F33R—-RFA4vDC7ATF L 18
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fix16_t
fix16_t
fix16_t
fix16_t
fix16_t
fix16_t

fixle t
fixle t

f[2*idx_upper]
f[2*idx_upper+1]
f[2*idx_lower]
f[2*idx_lower+1]

IND3BHICO
temp_varl = fix16_mul(f[2*idx_lower] , W _N[2*cnt_twiddle]);
temp_var2 = fix16_mul(f[2*idx_lower+1l], W_N[2*cnt_twiddle+1]);
temp_var3 = fix16_mul(f[2*idx_lower] , W_N[2*cnt_twiddle+1]);
temp_vard = fix16_mul(f[2*idx_lower+1l], W_N[2*cnt_twiddle]);

temp_varl 2 = fix16_sub(temp_varl, temp_var2);
temp_var3_4 = fix16_add(temp_var3, temp_var4);

real = f[2*idx_upper];
imag = f[2*idx_upper+l];

fix16_add(real, temp_varl_2);
fix16_add(imag, temp_var3 4);

fix16_sub(real, temp_varl 2);

fix16_sub(imag, temp_var3 4);

CFUIC#7A—F33R—XF4>DC7AI T L
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Efh: /y— F v x 7{ERE=

—_ . . Resouces | CFU Usage | Others | Total Usage | Available | Total Usage Rate
7 7 < v IN (32KIB 16KIB) LUT 0 1771 1771 20800 8.51%
mHAEU32KIB, T—XXEY FF 0 872 872 41600 2.10%
16K|B@1‘%ﬁk BRAM 0 19 19 50 38.00%
DSP 0 4 - 90 4.44%

H N'Queens (8 KlB, 4K|B) Resouces | CFU Usage | Others | Total Usage | Available | Total Usage Rate
LUT 1153 1666 2819 20800 13.55%

° 75 imE 1757
*E%E "‘""‘;E"‘%% 13 f ®, LUT FF 1279 | 1474 | 2753 | 41600 6.620%
\ -—

DSP 0 4 4 90 4.44%

- FFT (SKI B’ 32K| B) Resouces | CFU Usage | Others | Total Usage | Available | Total Usage Rate
e ER7—VIZXHTCIITREZZHT LUT 537 1699 2236 20800 10.75%
57’-:&5, DSP?&‘:‘E”” LTWLW3 FF 598 910 1508 41600 3.63%
BRAM 0 23 23 50 46.00%
o BERICWELEHMERETST—7 | por 16 4 20 90 22.22%

VIZ & Y) BRAMAYENN
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® Rocket Chip**BOOM#%HW7-SoCHEI&ERK 7L —LT7—7

@ VA= x—RIEOLNBEVWT /I L—2%/KS5 Z LHAIEEED, EM S HEE
m ASIP Designer[5]

® ASIPERFHRDY 7 b0z 7Y—NFxz—VDERETEYR—LTBIP

® F—T7 VYV —RTIIEV D THEEEICHIRIEA 4L
m Open ASIP 2.0[6]

® SDKOEKH AIRELIERE ICREER 7L —LT7—7

@ XMLR—ZD7—FTI7F v EXRANICL Y BRI’ EHE

[4] A. Amid et al., “Chipyard: Integrated Design, Simulation, and Implementation Framework for Custom SoCs,” IEEE Micro, vol.40, no.4,

pp.10-21, 2020.
[5] Synopsys, Inc., “ASIP Designer,” https://www.synopsys.com/dw/ipdir.php?ds=asip-designer, 2024. Accessed: March 7, 2025.

[6] K. Hepola et al., ” 2022 IEEE 33rd International Conference on Applicationspecific Systems, Architectures and Processors (ASAP),
pp.161-165, 2022.
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Try Me®

$ git clone https://github.com/archlab-sciencetokyo/CFU-Proving-Ground.git
$ cd CFU-Proving-Ground

$ make

$ make run

Simple dis... X

A 3 ®o

Contributors Issues

. https://github.com/archlab-sciencetokyo/CFU-Proving-Ground

w5

Stars

archlab-sciencetokyo/
CFU-Proving-Ground

T 1

Fork
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