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Fig.1 : Flow of the proposed tool.
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module sample 4x2(
input [7:0] A[3:@][1:0],
input [7:9] B[1:@],
output [15:8] C[3:@]

// 4x2 matrix
// 2-dimensional vector
// output 4-dimensional vector

)
integer i, j;
always @(*) begin
for (i =@; 1 <4; i=1+ 1) begin
C[i] = e;
for (j =0; 7 <2; =7+ 1) begin
C[i] = €[] + A[1][3] * B[i];
end
end
end
endmodule

2 : for b —7"%ETr Verilog 2 — K
Fig.2 : Verilog sample code with for loop.

module sample 4x2_unrolled(
input [7:8] A[3:0][1:0],
input [7:8] B[1:0],
output reg [15:@] C[3:@]
);
always @(*) begin

// Row ©
c[e] = (A[e][e] = B[e]) + (A[2][1] * B[1]);
// Row 1
c[1] = (A[1][e] = B[e]) + (A[1][1] * B[1]);
// Row 2
c[2] = (A[2][e] = B[e]) + (A[2][1] * B[1]);
// Row 3
c[3] = (A[3][e] = B[e]) + (A[3][1] * B[1]);
end
endmodule

3 for /b — 7 HMEBA ST Verilog =1 —
Fig.3 : Verilog code with for loop unrolled.

3.2.1 HBXRHT
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Fig.4 : Example of generated AST.
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i. BeAl - BRo Ry,

ZORRTOHEN(@O—FIT TS DL IITRD.

"type""Always",

"data";[
{"type""Subst","left":"C[0]",
"right":"( (A[0][OT*B[0]) + (A[O][IT*B[11) + (A[O][2]*B[2]) + (A[CI[3]*B[3]) )"},
{"type""Subst" "left":"C[1]",...},

.{.'-'type":"Subst""'left":"C[5]"....} ]

5 LFFUL ST
Fig.5 : stringified formula.
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{
ype""For™ pre""i=0" "cond" "i<4" "post™ i+ +"
"body"[
("type""Subst" "lefe""C[{]""right""0"},
{
type"For "pre" =0 "cond"{<2" "post" 4"
"body"[

{"type":"Subst","left":"C[i]",
"right""C[i] + (ALILI*BL)'}
1

..

6 : for L —"7" % &1 Verilog = — K@ IR {4
Fig.6 : IR example for Verilog code with loops.
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Fig.7 : Listed assignment expression.

{

"module_name":

"ports"{(% 84)],

"operations":[

sample_6x4_unrolled",

nn " " URD

"type":"For","pre""i=0","cond":"i<6","post™"i++",
||b0dyll [
{"type™"Subst" "left""C[i]","right":"0"},
"type""For" "pre""j=0" "cond""j<4","post"++",
"body™[
{"type""Subst" "left""CIi]",
"right™"C[i] + (AL []*BLI)"}

8 : BB I 7z 6x4 17817 FAFED IR
Fig.8 : IR of expanded 6x4 matrix-vector product.
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BAER R L LT OnDITEHINT AR EAT 9
VerilogHDL FRik 2 A&k L7=. MiExt% & L THWD
VerilogHDL = — R & % 1 ITR” 7.



T ALER T Se R
IPSJ SIG Technical Report

1 REERTS
Table.1 : Verification target
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1. Sample_4x2 AX2ATHNRT M ATE %
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2. Sample 8x8 8x8 1747 R %
FHET (VA XEND)

3. Sample 4x2 renamed | A DR D
42 {THIR T bk VFE

4. Sample 4x2 unrolled | BB S 417z
4x2 1780~ F VR

5. Sample 6x4 unrolled | HEBH X 4172 6x4 474
T MVEE( A RED)

6. Sample 4x2 _ur m EEAL DR DREE
AT A2 ATHIAN 7 VRS

7. Sample 1x4 no for | Vv — &7 72 WA H
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Table.2 : Verification results

et Z4HI( .sc) IS4 JL— 7 QLB
1. Sample_4x2 O O
2. Sample 8x8 O O
3. Sample 4x2 renamed O O
4. Sample 4x2 unrolled O O
5. Sample 6x4_unrolled O O
6. Sample 4x2 ur O O
7. Sample 1x4 no_for O O

for V— T & ETATHINT MAFICE LT, MR
sample 4x2.v & HGLI% D sample 4x2.sc & FNFIX 9,
B 10 (2R T

for )L — 7% & ie Verilog = — NIZBAL T, LA W%
WZAER SN 2— K5, SystemC 22— R~Diigk L =
— RN DB « L —TWIDOREERE R TE 5.

F 7= Sample 8x8 DIRALAE KD, 1787 MUVEEDH
ARZE BT, [THIRZ FAVEE NxM IZRIE L TnD 2 &
iR CT& 2. F£72 Sample 4x2_renamed DR 5, 4K
I HIRF L TORNWE ENRERTE .
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module sample 4x2(
input [7:8] A[3:0][1:0], // 4x2 matrix
input [7:@] B[1:0], // 2-dimensional vector
output [15:@] C[3:0] // output 4-dimensional vector
)3
integer i, j;
always @(*) begin
for (1 =@; 1 <4; 1=1+ 1) begin
c[i] = e;
for (j =@; j <23 j=73+ 1) begin
Cli] = c[i] + A[i][3] * B[31;
end
end
end

endmodule

9 : fZ{LAT D Sample 4x2.v
Fig.9 : Sample 4x2.v before abstraction.

#include <systemc.h>

SC_MODULE (sample_4x2) {
sc_inc<bool> clk;

void process
for (int 1 = @; i < 4; i++) {
c[i].write(0);
for (int j = @; j < 2; j++) {
C i .write (C[i].read() + (A i j .read * B j .read )) ;

}

SC_CTOR sample_ax2
SC_METHOD(process);
sensitive << clk.pos(); // always@(*) => simplified

10 : fH5:1b#% @ Sample_4x2.sc
Fig.10 : Sample 4x2.sc after abstraction.

Fio, BAINATIINZ PAREICEL T, fiigbrio
sample_4x2_unrolled.v & fili5:{.#% 0 sample_4x2_unrolled.sc
rENENK 11, 12 IZRT.

for L— 7 R STV D Verilog = — FIZBEALTH,
B L B MR IR SN 3 — RS for v— 7 & fES ]
BEZR S LB & 4578 L, SystemC 22— R~DgIL & 22—
RNDOES - N— TR OBEEDEBR LR TED.

Sample 6x4 unrolled OHRFEFEF NS, BB &7z for /L
— BV TEFIITHI DY A RITRKAF LW ilig kL v
— T OREEN EBICHBITELLFE XD,

F 7= Sample 4x2_ur nn OFERLIL, ZHLDOEHAICE
WTHERAL OIRAFR 2N L 2R TE T,

Sample_1x4_no_for TIIATHI~X2 hAFEES TOHIGAL,
N—T OHEEEEITE L LT, 5%ONIGEMCL S
BERED M ENFEETH D LIRT T M TE 2.
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module sample 4x2 unrolled(
input [7:0] A[3:0][1:0],
input [7:0] B[1:0],
output reg [15:@] C[3:8]
)3

always @(*) begin

// Row ©
Cle] = (a[e][e] * B[e]) + (A[e][1] * B[1]);
// Row 1
C[1] = (A[1][e] = B[e]) + (A[1][1] * B[1]);
// Row 2
c[2] = (A[2][e] * B[e]) + (A[2][1] * B[1]);
// Row 3
C[3] = (A[3][e] = B[o]) + (A[3][1] * B[1]);
end
endmodule

11 : fhZ{LHT O Sample 4x2_unrolled.v

Fig.11 : Sample 4x2 unrolled.v before abstraction.

#include <systemc.h>

SC_MODULE (sample_4x2_unrolled) {
sc_in<booly clk;

void process
for (int 1 =0; i < 4; i++) {
C[i].write(0);
for (int j = @; j < 25 j++) {
C i .write C[i].read() + (A[i][j].read() * B[j].read()) ;

}

SC_CTOR sample_4x2_unrolled
SC_METHOD (process) ;
sensitive << clk.pos(); // always@(*) => simplified

12 : g% @ Sample 4x2_unrolled.sc

Fig.12 : Sample_4x2_unrolled.sc after abstraction.

43 BR
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NG K.

IV, fH 7 BT A
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W 2T L C. IR OFXICEBmN [ RETH S .

E 72, AR AIE L TY — AL OESEE AT 9 2 T <
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AR

(1) gL HmBEOa— FOEYHITMARERHE TH
D
AR Y, BUK RTL il ofig ki X v ARk L
T-ENERRARAY, ST RTL fhak & —FH L T a0z
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SERDIE L 2w, SHBOBEE LIS
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EThHDA
Pyverilog ZfiEHTO#HIZ LTV D E°, AHIICZ
AVE A VerilogHDL, SystemC % HW T2 i CHka@ L
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D3, WEHE TG L — L D A SR I X A BIF O R
HENTPEIND 2D, BEIREHETHD.
(B) Y=L OWWHMEIZDONT :
ARFFETHRE L= — TR E L2 e s o2
WK D a— FIZHE L L &I > TRY, AHT
% Verilog R TR ISN TERLLR>TLED.
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DORIEZHRLT Z ENATREIC 2D, A% DOFRELE LT,
1 SCHRAT TR 7= s BRI X B P — o LBE &
BETDLFRIEEZR LIV,
4) =F7—n1> Y7ol :
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5, F&EH

AFHILTIL, VerilogHDL DL A/ - /L— 7 WIR & 5
T AR T RE R B ERR IR~ & AT B Rk IRE L.
KESTIRAT DFER NS for — T OFMETHIE L, L —F N
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