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Abstract Toward more efficient ASIP (Application-Specific Instruction-set Processor) development, we propose a novel func-
tional verification method for the high-level synthesis-based design flow of CFU Proving Ground. Its system-level functional
verification is done by simulation using Verilator. However, it is a cycle-accurate verification with an RTL model generated
by high-level synthesis. It may increase simulation time and degrade development efficiency. The proposed method enables
partial instruction-level verification to custom instructions, by directly integrating the C++ model for high-level synthesis into
the simulation environment, to achieve faster functional verification. Using an adaptive line enhancer as a case study, we
evaluate the usefulness of the proposed method for improving ASIP development efficiency.
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void cfu_hls (
char funct3_i, // funct3 74 —J)F

// funct7 74 —JLFK
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char funct7_1i,
int srcl_i,
int src2_i,

int *rslt_o
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TORTHRMEITDLZ2IZED, ABOGMEFLRLDOY I a
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WIE S A2MMATBEIE 74 VX THS. ALE I, Bdlnlzs
B AHEERZ ML x(n) 2 DV TIVETERES E-2R
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x(n=-D)=[x(n-D),xn-D-1),....x(n—-D-M+1)]7

EERTS. ThEz#a 74 VR IZHEHEATAZ LT, EEOD
FHUE y(n) 2EHET B, T4V 2DOES y(n) 1E, 714 IVED
Ry TEEMEUIEE, TAIREHRRZ ML

h(n) = [ho(n), hy(n), ..., a1 (m)]"
EBREFTRZ M x(n-D) DAEE LT,
y(n) = h(n)"x(n)

DEIIZTERSINDG. ZOTHIE y(n) LEEDASIEE x(n)
L DEDDRERES

e(n) =x(n) —y(n)
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module top(
input wire clk_i,

input wire rst_i,

output wire cfu_en,

[2:0] funct3,
[6:0] funct7,
[31:0] srcl,
[31:0] src2,
[31:0] rslt,

output wire
output wire
output wire
output wire
input wire

input wire stall

wire clk,rst_n;
assign clk = clk_i;

assign rst_n = rst_i;

assign cfu_en = soc.cpu.cfu.en_i;
assign funct3 = soc.cpu.cfu.funct3_i;
assign funct7 = soc.cpu.cfu.funct7_i;
assign srcl = soc.cpu.cfu.srcl_i;
assign src2 = soc.cpu.cfu.src2_i;
assign soc.cpu.cfu.stall_o = stall;

assign soc.cpu.cfu.rslt = rslt;

3: top EY 2 —I)b ($K#)

while (!contextp->gotFinish()) {
// clk toggle

top->clk_i = !ltop->clk_i;
// reset
if (ltop->clk_i) {
top->rst_i = !(contextp->time() > 0

&& contextp->time() < 50);
}
// cfu
if (top->clk_i) {
if (top->cfu_en) {
top->stall = 1;
cfu_hls(top->funct3, top->funct7,

top->srcl, top->src2, &rslt);

top->rslt = rslt;
top->stall = 0;

}
top->eval ();

contextp->timeInc (5);
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5.2 FRfHFGHE & Fe

RERTIHELIRETIEICBII SV I a b — 3 UHERE O ik
RERSIZRT. BSITRTED, TRTOESTNITY XL
IZBWT, BEFEIIERTIEE KIFIEOVEITRR % fi8% L
TWBIZ LA bnb. LMS TIE 17.6 005 7.3 43\ & JEkn
N, FHEATOEW NLMS T 137.0 95 5 8.0 5, APA T
13 133.6 3H 5 103 4~ g, H 13450068 17 55 o mdfb %



M 7: ERETOEMERRES

B U7z, £, RERTHEIZT, LMS L T NLMS, APA
OEGFHMIZMHICEWZ 223025, 2k, TALIY XL
KEENIRENEOMETH DI EZS5ND. LMS IEFH
HEE EARE T 226U T, NLMS ¥ APA IEREE2EATWL
2. ZNERILYIalb—Yaryd 38Rz, EMlnkaEs
DEEEZBRHABET 2BEDRDH L7720, $REFHZ2ET 5.
—F, REFHETRHINSOEHEEZ C++ ET IV E L THEITTS
7, YIal—YarvdAd—N—~y REZHHETETVWS L
WZx 5. DEDORRNPS, BRERO KL S REEEKAAKE 2
LEABREEUEAY, BOBRLVWEEMES EHLRT VI X
LOEBEIZBWT, RBEFEOFMAENRBINZEWZ S,
WRIZ, ALE DM %87 — 227 N VEE (PSD) I2HD
S L7z, K 6h 5, ¥ -40dB/Hz D707 ) A X&FDAN
FEIT L, 70 TY XA L%&EMH L7 ALE (ZBEHEZ 7 1 X4
HilsIER %2R L TWD. LMS 1%, # —60dB/Hz {138 % TOHHIIZ
BE->TWBH, NLMS ¥ APA X —80dB/Hz %* 5 —100dB/Hz
MEET/ A X2 EEIETEY, 9%/ 1 ZMERIR?H
L2 bhb. DLEOREENS, ALE & LTHo%RMERTH
5LERD.

5.3 FEHTOEEMHR

fER S 1172 CFU % %% SoC % CFU Proving Ground @ Vivado
70 —TCi#E AL, FPGA R— h@@ﬁ#%%%ﬁok.m
TIZF QBB R, FHIiAR— N2l Digilent Arty A7-35T, %
@Pmﬂ%?ﬁ%m%yz—WHmd%2%%hbt.amﬁ
BOAHIRELT, PCOA YRV Yy oo hanis
FEEHEY 2 —)LD AT ~EHE L, FPGA Wi CTIE S
AT -BOH %, SEEYa— VORI IcEEIN
TN A Y — I N T DM R & o 72, 3 FRIE O A58 i E G
T T ZALIZEWT, CFUIZ &k ZEH{%E L7254 (ASIP)
EZSTRWES W7ok y ) TOEMEEZfERL 7.
ZORER, NHTaX Y ¥ Tk, BbHEEARDOKN LMS T
TOERICEEL R o7z, AC—=ADSIHMEHED S LD
EORENH LT, BHOESLIZHSNIIRREETH-
7=, F7z, BV A RZIZE B ZORYNBFEELZ. Z
ik, Y7V U IRNICE UTBEA RIS > Tz
ThdeHEZLND. —F, ASIP TiE, WThOHEE7 LI

WZHBWTHEHEZRSEELEZ. AY—2D 513 1 kHz [FiX

BB H DI N, A APMHIE N2 ) 7R R R
T&7%., IhlE, CFUNDHEBEA7T—NIZLD, ETHA2
NVEDBHR X N/ DTHEeEZSND.

6. £ & ®

AFFETIE, ASIP BHFIC BT 2B REMREEO SR 2 HIY
LT, CFU Proving Ground D&M AR 7 H—% X—A & L2&
HRBREMGE IR 2 IRE L. BEFIEZH VT ALE D%
B L ORli 24T o 72 K5H, RO RTL I ab—vavelt
WLUTYIalb—Ya VREZBIMICERTE S Z & 2L
T BT, BREZHRO LS RRBREOR S WVHRESRZLEE
% NLMS % APA 7L 3V ZLIZBWT, RATH 17THOH
HALZER L. %72, PSDIC& BT, /1 AL NILE
-80dB AN E CHIflcETH D, ALE & LT HoilkmgsiE
SNTWVWE I 2R, ZHUT &Y, BREXHE DR UL
ZEUEML I AR L& G0 ASIP DFRFEIZBENT, AT
EDVE R BREMGEE E 70 2 Z LRI 7z

SHBOBE L UT, ASIP IS B1F B ARFHEOE IS %
MTBRIENFETONS. WHEREORL SR T T r—
¥ a v COFEIZELC T, AFEPER L 2502
DMEDDHB.
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