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On Finding Minimal-Models Using DPLL-based SAT Solver
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Abstract:We present a method to find minimal models using a SAT solver based on DPLL (Davis-
Putnam-Logeman-Loveland) procedure. The algorithm of the method is described together with its
correctness proof. A DPLL-based SAT solver outperforms MM-MGTP, a theorem prover of first-order
logic which is adapted to finding minimal models, in solving SAT instances of the Random category in the
standard SAT benchmarks. Still it is much slower than MM-MGTP in solving many other SAT instances.
This is mainly due to its inappropriate strategies for model search. It remains to be solved how we can

determine the order of decision variables appropriately.
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Fig. 1 MG-tree for clause set S with branching assump-
tion and lemmae.
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Fig. 2 Minimal model generation with DPLL.
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SAT V )L 7S MiniSat O /N E 7 )b & g 17 U 20E FR
(MM-DPLL & FER) &MM-MGTP & OMEEEZ1T-
fe. ETREIIROED.

CPU: Intel Core 2 Duo E6600 (2.4GHz Dual Core)

Memory: DDR2 SDRAM PC6400 2GB

0S: Microsoft Windows XP Service Pack 2

Java VM:  Java(TM) 2 Runtime Environment,

Standard Edition (build 1.6.0_01-b06)

SATA VARV RL LTI, "yFv—2 L LUTREE
—%# & 7% > fzIndustrial, Random, Craft®D34 7 IV —
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Table 1 Results on standard SAT benchmarks.
Instance Vars Cls Minimal Conflicts CPU time (sec)
Models | DPLL MGTP | DPLL ’ MGTP
Industrial
ferry7 ks99i.r 1,946 | 22,336 5,040 | 28,375 — 9.97 T.O.
depotsl_ks99i.s 161 496 2 13 40 0.02 0.02
driverlogl _vOli.r 128 493 | 338,100 | 96,387 1| 823.05 2.16
driverlogl_v0la.r 128 489 | 676,269 — 1 T.0. 4.31
driverlogl_vOli.s 128 493 | 149,184 | 18,185 527,517 | 381.59 8.64
Random
uf100-04 100 430 2 598 7,995 0.05 0.20
uufl125-01 125 538 0 933 28,229 0.06 0.83
uf100-06 100 430 4,730 | 3,811 53,125 0.61 0.91
uuf150-01 150 645 0| 3,203 277,909 0.06 8.92
uf200-01 200 860 3| 14,992 | 5,116,091 0.53 | 213.64
Crafted
qg7-09 729 | 22,060 4 28 4 0.11 0.02
qg6-10 1000 | 33,466 0 230 59 0.16 0.06
qg5-09 729 | 28,540 0 19 15 0.11 0.03
qg4-08 512 | 9,685 0 735 601 0.13 0.11
qg4-09 729 | 15,580 194 | 37,660 27,200 7.92 6.55
Random: T YXLICEMEINERE. FIC3SAT. KTHEENHDORERICEED RV, FWVHA B LY

Crafted: N-Queens, 77 > A%/ SXVROME.

KERER % Table LIRS, HIRRRER I3 20000 & LTz,
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Crafth 73V —Tl&, BIIFLAEDA VARV AT
DPLLAMGTP X V4> T35, FhbiBWVWTiX, —
IRICHERBICTTEELN DRV, B RICARREENS

NEEBHO TV ENSI T EREZLNS. TSLT,
DPLL CII BN Y E OERK - BHEODIETEI A b
MRBINhZCLER3. MAT, WhETFIVEDZN
BEERICRRETFVEOERICE D, HREZISICELT
%, THhICHL, MGTPIC BT % LS OEHROm/)
EFNVEGRABEBIMBHNINTHEDT, LEEDHE
KICBEUTDPLLE O EFTHS L, BtEARKYID
BATCOMEZE#TETLETRETHS.

LA LAEDS, &o L iBANRERISIEFERDEN
KHBLEILNS.

e DPLLOZME :
AFOFRHEDBRRONFICBVT, £, IXT
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o MGTP®D5 s :
SHOFFRED[(DEAFEICBVT, EEWERKE
CHRE ) — F RS~ VDT L, CHOKEMDIEY
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Table 2 Results on MM-hard problems.

Instance’ | Vars | Cls | Minimal Conflicts CPU time (sec)
Models | DPLL | MGTP | DPLL | MGTP
S
n=4 40 10,000 1,193 0 0.45 0.02
n=>5 50 100,000 | 20,475 59.17 0.06
n=6 60 1,000,000 — 0 T.O. 0.48
S5
n=17 69 | 83 131,072 | 17,848 1 269.08 1.08
n=18 73 | 88 262,144 | 59,461 1 1,310.30 2.22
n=19 77T 93 524,288 — 1 T.0. 4.80

CLTRBEIRES ERABB. X HICHERE & 7EH
HICED, TOEBZAELOBMEIETNA.

—77, DPLL TZ{ay,a2,as,b1,b2,c1,c2,c3,ca} D &
5 IIER/ N ETFIVERRIR LRV L, EE, ZEGER
KRV NBFBEREBE)DCNEBT S &S ICEED
nNTWiaLY. ML LT, DPLLEMGTP & TRIFEAD
A XBKEL BREDHEEDNH B,

TOBOEBIICEIET 20 L LT, ROGEEE ST
BEZBD.

{piVphVph ViV phVpE VPV pEVpsVplo |

1<i<n}

SP OMGTPIC KA FEEARIE I HnDE2109 K &
b, ERINZETNVOREIII0"T, 2ETEWNTH 3.
FTARTCONVIETCHIEHENEATRETSH D, BMERE
Z—YTbTIET LWV MGTPIZIEERIZA VAR Y
AMTH%B., —FH, DPLLORFRAZBEOERES, &
10nD5ER2HRKE D, REER%Z Table 2 IZ/RY.

5 —DDEESE ST 3, TRTDDE THBHHE
MNEARARETH 0, BiICH/MEREEZB LS &0
IMGTPICEBD TR A VARV ABTHBN, C
NHIKBVWTER, LEFEKROEHICE > TDPLLOM
BESILD T HEEE L x> T 5.
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MM-MGTP & D B kAR R LTz, REXHRDZEIK
X BBERZEEOYIREENS, BEARMEEEIC BV TDPLL
BISATV VADMGTPIZBS T EERIEL TS,
LALAENS, MM-MCGTPE D24 VAR VANS
ZOLHEETHB. ERTHENLSIC, DIKERDORE
BARZZCLE, BMICNNMEINIEHORORHENE

KO FELRRATHS. HBRE LT, EROMEMDY
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