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An Efficient Method to Generate Minimal Models by Introducing
Splitting Lemmas '
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Abstract: An efficient method for minimal model generation is presented. The extended MGTP, called

MM-MGTP, was implemented using the method so that every model it generates is guaranteed to be

minimal. The method employs splitting assumption which is equivalent to Bry’s complement splitting

rule as a basic mechanism. Moreover, we introduce a new concept called splitting lemma which can avoid

performing unnecessary tests on minimal models and prune branches leading to non-minimal models.
Experimental results with MM-MGTP show remarkable speedup compared to Bry’s MM-SATCHMO.
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Mo = (¢, Uo, Do); M = {Mo};
/* Us: (Consequents of Horn clauses) */
/* Do: {Consequents of non-Horn clauses) */
Li: while (M # ¢) do { M = (M,U,D) € M;
while (U#£ ) {U=U\{ueU}
if (u & M) /* Unit subsumption */ {
M =MuU{u}; (U,D")=CIM(u, M);
U=UuU's D=DuD’;
D =Simp&Subsump(D, M);
when ( Model candidate rejected ) {
M = M\ M; continue Li; } } }
if (D = ¢) { output MODEL(M);
M = M\ M; continue L; }
else {d=(d1V...Vdn) € D;
M= (MA\M)U{M (1< k <m); }}
;if (/* No model found */) output UNSAT;

Fig.1 CMGTP procedure
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(b) Disj-simplification

(a) Unit refutation

Fig.2  Inference rules in CMGTP
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Fig.3  Clause set SO and its MG-tree
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Fig.4  Clause set S1 and its MG-tree
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Fig.5 MG-tree for clause set S2 with CA
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Fig.6 MG-tree for clause set S3 with CA
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Fig.7 MG-tree for clause set S4 with CA and CL
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Fig.9 Partial minimality test
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Fig.10 MG-tree for clause set S6 with CA and CL

RENEMGRIZBEWT, MEGE-B,] (i +1<j <n)
ZHWTETVEHF 721308 S BRI b WA,
{~B:} &l & LCB;n &4z 5,
THEZ LK TEZWHN L LT, Fig8NHikEA
S5%EF 2 L9, RKAIRT & 912, adATIZ[-b]p
HEN T B3 EHE{ a2 IR TEL W, L1
2o T, aDHFWbD FTHLNIZETFT b a}izH W\ T
i, ShEF N A{a, cHI T BMAMET 2k AE T4,
2720, BMET X M IEor A A AR L 2 e o ey
WO TFICK L ToAITZIE LW, M2, Fig9nkiic
{—a,—c}DFUEHBED FTETF N MYEH LA, M
DRRAMET 2 M IR E R L 2 % 5 72bd Tzt
LTHHITH, — iz, Mo o %900z 5 ux
TERE D OB ER XN TV 2840, Rt
TR P EHELIEDTES, HZ21E, Fig10 DEEN
S6TIFTXT DML THBHIEE LR TE DT, M
T2 b 2T, 4O NEFALIHRLNDS,

4.1 XY
ETNAEMM P ERNET A M I ) ENI N D8
B, MEDAOMGRIZEBE W T AT T F LB
EXNBEBAO»H L, B2, Figll O HEASTT
TFN My {ba,e,d} HAF b LR &, RBANVEE T 2
FOFER, A ET A {a izt BBEI NS DL
PR, FHINLKAEELL, oKk, EFA
M. : {b,a,c,e}, My : {b,a,c, f}PMEKEF LN, &1
IZhRAMET R P TEINSING, 22T, M., M@



~148- EAN - mEH A

S7= ¢

{ —a, [-‘b] V b. (16) a, [_‘ﬁ\ b

a—bVe. (17) VN |

b c a

b— a. (18) % o |

bha—c. (19) c
bAhaNc— %

dveVvf (20)} ®

Fig.11 MG-tree for clause set S7
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Fig.13 MG-trees explaining Theorem 2
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Table-1 Performance comparison

[ Problem || Remp+SL | Mchk+SL Remp |  Mchk | MM-SATCHMO | CMGTP |
ex1 0.719 1.342 6.569 2.282 8869.650 0.555
(N=5) 100000 100000 | 100000 100000 100000 | 100000

0 0 0 0 0 0

exl 71726 | OM (> 144) | 899.473 | OM (> 115) | OM (> 40523) 55.064
(N=7) 10000000 = | 10000000 — — | 10000000
0 — ol - — 0

ex2 0.015 0.015 | 254.020 40.631 1107.360 26.778
(N=14) 1 1 1 1 1| 1594323
26 26 | 1594322 1594322 1594322 0

ex3 54.763 11.304 |  51.286 10.851 OM (>2798) | 1520.686
(N=16) 65536 65536 65536 65536 — | 86093442
1 1 1 1 — 0

syn9-1 0.296 0.283 0.259 0252 | TO (> 61200) 0.273
0 0 0 0 — 0

19683 19683 19683 19683 — 19683

channel 8.582 10.127 | 101.769 10.951 NA 8.321
51922 51922 51922 51922 — 51922

78 78 78 78 — 78

top: time (sec), middle: No. of models, bottom: No. of failed branches.
OM: Out of memory, TO: Time out, NA: Not available due to lack of constraint handling
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