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On Improvements of a SAT-Solver PCMGTP on FPGA
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Abstract: In this paper, an improved design of a SAT-solver PCMGTP on FPGA is described. The
previous implementation of PCMGTP achieved considerable speedup of SAT-solving compared to the
software counterpart of MGTP. After intensive analyses and experiments, it turned out that the early de-
sign contains much redundancy and has room for improvement. Also, we developed a generic description
style in Verilog using arrays and iterative constructs. Experimental results show that the new implemen-
tation outperforms the old one with regard to both execution time and circuit size.
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Block diagram of the improved PCMGTP.

Fig. 1

BMELTHY > ML, BALTE)IC (B
BBEROBEI (D) RE.

(2) BREOBR, BEOME BREREOIER

BREZ1FBY, ZOHOREEY F IV & 1HR

ATENICRBH CEBEZMEL, RRMHE IR

LTORES.

(3) UF I OHEER

BE(2) TRBRESNZBKHICRBROKREEY 75

IWREETHEE, THCEMERBIICHEL,

BEHELELT)RES. bR THIE, T0&

RECE I BBEROMLEROFHESTRRETNS

DT, URiOERSICHED LEL, YFIIDOE

BIRERAD. BROTREZBRENEFELRENE

&, BEEKTL, (4)TED.

(4) FREHE

FRMAHPUEL LR E > TWBHAISAT, T &1

HUEUNSAT L HIET B.

ED(2),3)BNT, BREICEDI S RELKDER
DHERZHORBECHEBERAD I LICKD, 7))
I XL EERENRBDPHEERFICT D ENTES.

3. FPGA LOPCMGTP

Fig. 1 H B RPCMGTPOFPGA LD EY 2 — IV
REXRT. Engine, FEHR—H N; (0<j<v), LY
MELER P 0<i<p OHEEYa—IVIZIEFEET
BB, b—F ALk Tnt EfiCp (0< k<) OTWE
Ta— )VBHEREBTHD. 2L, MEEROKREK
Zu, HORKEy, ER-HOREEY £T5.

BTF, BETa—VOEMIZDOWTRNSD, HHAIK
FIRT B Verilog I — R¥FF 2 & XHICETH> TRY.
assign XIS L VEKOERORICHESEREGEMTD



FPGA F® SAT Y w8 PCMGTP OB Iz DWW T

ge &k cd==1
“ {ca--}
(o)

ge && cd==1

gi&kgdikgs

{mc++}

gigkgdbtgs NX ) J

{cd++} 0

Fig. 2 State transition diagram for new PCMGTP.
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ﬂnodule bcbe(lit, unit); \

parameter N = 3;
input [N-1:0] 1lit;
output [N-1:0] unit;
reg [N-1:0] out;
always @(1it)
begin: block
integer i;
reg [N-1:0] 12r,r21;
12r[0] = 1; r21[N-1] = 1;
for (i=0; i<N-1; i=i+1) begin
12r[i+1] = 12r([i] & lit(i];
r21[N-2-i] = r21[N~-1-i]

& 1it[N-1-i];
out[i] = 12r[i] & r21[il;
end
out [N~-1] = 12r([N-1] & r21([N-1];
end

assign unit = out;

\end.module /

Fig. 3 Verilog code for a BCBE circuit.
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function [CBITS-1:0] disj_size; \
input [CWIDTH-1:0] nv;
integer 1i,j;
begin
j=0;
for (i=0; i<CWIDTH; i=i+1) begin
if (nv[i]==0) begin j = j+1; end
end
disj_size = j;
end

\endfunction /

Fig. 4 Verilog code for a “disj-size” circuit.

///;eg [CWIDTH-1:0] ncv, dor; ‘\\\

reg [CWIDTH:0] dol;
assign eb = dor[CWIDTH-1];
integer i;
always @
begin
dol1[0] = enai;
for (i=0; i<CWIDTH; i=i+1) begin
nevlil = “sel & c¢vlil |
dol[i] & “nav(il;
dor[i] = sel & cv[i] |
dol[il & nav[il;
dol[i+1] = dor[il;

end
K end /

Fig. 5 Verilog code for a “next literal” circuit.
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parameter TN = 2xNU+1; ‘\\\
reg [CBITS-1:0] win[TN:0];
reg [NN:0] cnwrk,enwrk;
integer i,j,k,mpp,mp,m;
always @x
begin
mpp = 0; m = NU; k = m~mpp;
while (k>1) begin
mp = m;
for (i=0; i<k-1; i=i+2) begin
j = i+mpp;
if (cnwrk[j+11==0 || cnwrk[jl==
&& (win[jl<=win[j+11)) begin
cnwrk[m] = cowrk[j];
winlm] = win[jl;
enwrk[j] = enwrk([m];
enwrk[j+1] = 0;
end else begin
cnwrk[m] = cnwrk[j+1];
win[m] = win[j+1];
enwrk[j] = 0;
enwrk([j+1] = enwrk[m];
end
m = m+l;
end
j = it+mpp;
if (k%2==1) begin
cowrk[m] = cnwrk[jl;
winfm] = win(j];
enwrk[j] = enwrk[m];
m = m+l;
end
k = m-mp; mpp = mp;
end
enwrk{m-1] = 1;

kend /

Fig. 6 Verilog code for a tournament circuit.
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Table 1 Numerical results for some benchmark problems.

Vars Cls | M Cells | Comp. | FMAX Clocks HW SW | Ratio

Problem (sec) | (MHz) (usec) (msec)
aim-50-1_6-yes1-1 50 80 1 2371 275 33.03 294 8.9 15 1685
(9542) (839) (19.6) (854) (43.6) {4.9}
aim-50-2_0-yes1-1 50 100 1 2818 255 33.52 461 13.8 15 1087
(14303) | (1474) | (17.89) (1354) (75.7) {5.5}
aim-50-3_4-yes1-1 50 170 1 3735 344 32.22 1579 49.0 62 1265
(22281) | (3565) (15.5) (3153) (203) {4.1}
aim-100-2_0-no-1 100 200 0 6052 613 28.89 | 7.3x107 | 2.4x10° | 2.1x10° 86
8queen 64 6708 | 92 1999 242 28.79 4138 143.7 31 216
(6708) (557) | (18.72) (11258) (820.6) {5.7}
qg5-8 512 | 17430 1 34507 46732 13.16 175 13.3 63 1737
qg6-8 512 | 17374 2 32788 19268 14.67 138 9.4 63 6702
qg7-8 512 { 17430 0 34884 47017 13.75 1041 75.7 31 410
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