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Abstract This paper presents a report on an approach for solving satisfiability
problems (SAT) using Reconfigurable Hardware. Recently, due to advances in Recon-
figurable Hardware such as FPGAs, users can now create their own reconfigurable logic
circuits. This technology has enabled users to rapidly create logic circuits specialized
for solving individual problem instances. Satisfiability problems were chosen because
they make up an important subclass of NP-hard problems. We have developed a new
algorithm which is suitable for hardware and can reduce the search tree size. We re-
port evaluation results and implementation status.
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TN X LADFHEBIOVWTRRL, LFTIR
z; WETH HE, (z4,1) L§ 5.

o BEH x; IIH LT depth(z;) FEHZSND.
MY 0. EAE S NHATOEREA
DIRESERT.

o BEH x; XX LT determined(z;) BEES
o, MEEIRO. 1 MEFRESATWEE
ERY.

o BEH x; \IxH LT branch(z;) PEFEIN 5.
branch(z;) = 0 THHIZL, z; DfEIF unit res-
olution TRE I N/ Z & %, branch(z;) =
1 THHE z; DS branching TRE S 7z
ZEERT.

o /O —NVEH current_depth BEZR SN 5.
MEMEI 1. ’

o ZHEICE LT, HKEE% not-satisfied, satisfied,
unit, other 254§ 5.

o HWHO unit DEHIVDHYH, ALEKIHE)IHEE
B THEE, TSSO unit HIXFETH
LEE.

BETHT7 NI XL “Main Procedure” &
“Experimental Unit Propagation Procedure” %
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Procedure (X Main Procedure ¥ @ Branching
AT = MIRWT, RCEVFFIHBTLNREE
EREAPRETHOICAVONG. WHRETE
current_depth i3 1, #EHD z;, determined(x;)
B branch(z;) 130 Th 5.
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1. Not Satisfied: not-satisfied DEiH H 53
&, b LIIFET % unit HiNH 556,512
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2. Satisfied: T TDHEA satisfied DHE, H
TEOEOE Y B TrfEe LTHIT. 51247<.
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&, & unit HiF D determined(x;) 750 DX
B CELTC, o; 0EZHTIEES (8%
12, determined(z;) % 112, branch(z;) % 0
I2, depth(z;) % current_depth \Z#%E, 112
B5.

. Branching: Z DD E, maz_eval min=0,

maz_eval_sum=0 & LT, determined(z;) =
0CTH5 TRTCOERIZ 2 KB LTUTEE
17.

(a) eval 0 iZ Experimental Unit Propaga-
tion Procedure(z;, 0) DFEATHRE v
F¥ 5. eval 0 DIES not-satisfied D
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depth & L, 1 1247< (B0 ERIZET 2
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branch(z;) = 0, depth(z;) = current_
depth L L, 1147 < (B0 BEHICET 5
MLFEIT abort).
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¥ 721 maz_eval .min = min(eval 0,
eval 1) 2D maz_eval_sum < eval 0+
eval_1, % 51X best.pos \Zz; kv b,
maz_eval_min 12 min(eval 0, eval_1)
%, maz_eval_sum 1T eval 0 + eval_1

EERENLY MY AL

branching End best_pos TIRE SN 5K
7; KB LT, z;=0, determined(z;) = 1,
branch(z;) % 1, depth(z;) % current_depth+
1 I[ZE%5E, current_depth % 1 ¥h0. 1ICRE 5.
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T, depth(z;) = current_depth 7o
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current_depth 72 branch(z;) = 17
bid, z; DfE% 112, branch(z;) % 0
iZ, depth(z;) % current_depth — 112
B,

5.3 current_depth % current_depth—1 i
WE, 1LiIch &5,

Experimental Unit Propagation(z;, value)
Procedure

%§ count=0, z; = wal, branch(z;) %*
112, determined(z;) = 1, depth(z;)) =

current_depth+1, current_depth = current_depth+

1295,

1. Not Satisfied: not-satisfied O H 5
%56, bLAEFBETS umit §idH 254,
result = not_satisfied £ LT 5 1247¢.

2. Satisfied: X TOHH satisfied DA,
result =n & LT51247<.

3. Unit: unit "FEL, ThEBFHE LR
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DB KHLT, o OB THES NS
B v; I, determined(z;) % 112, branch(x;)
% 012, depth(z;) * current_depth \Z3%5E,
count & 1 3N (RO unit HHH BB ET
b1 5727 TRY), 1IZRES.

4. Branching: ZDMWOB 4, result = count
ELT5 9L,

5. Backtracking: %% z; B L T, depth(x;)
= current_depth % 51X, determined(z;) %
012, branch(z;) % 012, depth(z;) % n+l
I29 5. current_depth % 1 857 . result
iR
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DEERE I H B8, £ % Main mode, EUP
mode LIFS. evaluation, unit RO backtracking
D &KX Main mode, EUP mode OF 5 CHib
NBHH, ZOEMEIE I N F T/ X 9 12 mode 12
LY RPRELE-TVE. ZORNESD) 20, eup
LIFRT7 T 7 %, ZNIE W IREORE, HIH
z2179.
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backtracking TI1X, SEEC depth(z;) &
current_depth % LB L, EXfE, determined,
depth E% P2 T 5. NS OBEDL EERE T
LTINE e (-0

unit T, ZOEHEF unit HICEINE5HE,
EREPRESNS.

JREEDS evaluation A7 — b5 branching A 7 —
MIBBT L8, eup 112y b &R, mode ¥
Main %*& EUP %4k ¥ %. branching 27—+
branching end A7 — METIE, 7T XLLHE
DEENEFNITHILT 2EMEPIT bR S,
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5 V¥ MHER S/ 3-SAT ORIE % v T,
YIal—Tarvili AT VT XLAOFEME
Tlholz., HOBIEHOBED43EL L. 2
NWELE CHMER R LR, L WREDSTE
BIETH B L SN T3 [17].

1()?' T T T LI
L o :D&P (S) 1 day
3,' o : D&P (H) 1 hour
10°F & : D&P with MOM (H)
S r o:D&P with EUP (H) 1 min
2
g 10%F 1sec
=k
r 1
1073, 1
2 (H): Hardware !
P (S): Software 3
E' D&P: Davis & Putnam  }
1 0_6 1 1 N 1 I " 1 L
50 100 150 200 250 300

Number of variables

X 3: 7 ¥ hlk3-SAT 2 CBEICLEREE

H 3R R AR Y. HN— Py o7 TIREME
sy 7 EEROER LD DD IMHz & L
Twab, I FAERSNHETIIFOM/E
MIEFICKREL BB GENH D120, 100 HOHERD

RoborBETYIalL—2ary 2R TLTW
5. MOM % BW/cii 6 [12]), BEADOKE SHE
BoBEn & LeEOQYIT3) TREL LD
AL, EUP %l a, £has0(2v/200) ok
ELRBIENDNAE. THEREROEIAEL
Lolht, RETHFEIPAHTHLI L ETRL
Tn5.
RUCEMELR DL ELRAT— M B
S UEEBERY. Zh o oRIEIR DIMACS Chal-
lenge benchmark problems[18] \Z& ¥ 1 5 RE
Thb. I TEEES Ty 7 T 620 TEIE
AR ISR/ 12MHz £ LTw3,. kB0,
POSIT[15] 717 %% 2 % Sun Ultra 30 Model 300
(UltraSPARC-II 296 MHz) b CEHE & 7250
cpuF M4 LERY. ZORIVBEFESY 7 b
TrT LN EEICBEERODLIEFTELI LN
G5

6.2 FEERA

ALTERA #® FLEX10K250 % fi\»°C, 7 VT
N XA xKELIHERERT. FLEX10K250 i3
12,160 {8l ® Logic Cells (LCs) # Wi L, #EHT
Be s — M Ed 149k 5 310k BETH L. D
FPGA #—2HWT, “aim-100-2_0-no-l.cnf” %
EETLHIEMNTESL, THIT100EE, 2005
% & A7 DIMAC benchmark ORJETH 5. %
B LTHWA LC Ut 9,464 ©, &40 7%
BHE, YI2l—va v IiCE A BEQFHETIE
12.07TMHz OB EL T EETH o /2. 72, 2004
B320HOMETH 5 “aim-200-1_6-yesl-1.cnf”
L FPGA LIty ¥ U s §A6Z L TE. 7272
L, 21 o FLEX10K ¥ 1) — XDF v T34 8
hie, TR LCHOERICE ) V- A2 LE
ElL7ckwrEZzoND, LCOFEREIT13% T
Hot:.

B 41 “aim-{50,100,200}-1_6-yesl-1.cnf” D&
BERKO Y — M ERT, TrTYXHEED
VELTL7F— MEORBRD -0, HEERED
WEE Q%M — FE AV TWwS,. SHRE
L7ZEUP L B7 VI XL MOM 2L 55
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3 1: “aim-<ffvariables>-2_0-no-1.cnf” % f# { 72D E R R 57— M - BER

problem # of states | time (s) @ 12MHz | cpu time of POSIT (s)
aim-100-2_0-no-1 | 182,766,201 15.2 92.2
aim-100-2_0-no-2 | 154,293,446 12.8 50.2
aim-100-2_0-no-3 | 137,816,329 11.5 18.7
aim-100-2_0-no-4 | 415,784,455 34.6 43.3

average 222,665,107 18.5 51.5
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TRORLERT— MY
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KBTI FPGA # VT ET e ME + %
CFHRIZDWTERAZ. Davis-Putnam O Fi%
#A L L, Experimental Unit Propagation i X
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WORBR7z, ZOFEEHAVE I LICL Y MOM
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100 ZEOMBEICEI L THEEL, HiZ 200 TR
BICBELTH FPGA XYy UV VAT e T & %
HERL 7=,
SREBZTVITY X 8% KB L, PCA[19]%
DEYWBHBRTRE LN — Ko 2 7 ECET TR %
FRIIODVWTRET S FETH 5.
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