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New Algorithms to Implement Efficient Bottom-up Provers
and Their Evaluation

Ryuzo Hasecawa, T Mivukl KosHiIMURAT and Hirosur FujiTaff

This paper presents several algorithms for implementing efficient bottom-up theorem
provers based on lazy model generation. The tasks of the model generation based prover are
the generation and testing of atoms which are to be the elements of a model for the given
theorem. A problem with this method is explosion in the number of generated atoms and in
the large computation amount and memory space required for proof process. To solve this,
it is important to view proving processes as generate-and-test processes and to control the
generation process by a demand from the testing process. The algorithms given in this paper,
based on the above idea, avoids generating unnecessary atoms that are irrelevant to obtaining
proofs. In this paper, we give an analysis to show that with these algorithms, the time and
space complexity can be decreased by several orders of magnitude (for a clause with »
antecedent literals, by a factor of nth root). We also confirm the practical effects through
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some experiments.
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then return(unsat);
D := DUneuw'’;
end return(sat)
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Fig.2 Full-test algorithm.
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Fig.3 Lazy algorithm.
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Fig.6 Complexity of full-test/lazy algorithm.
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Fig.7 Effect of the lookahead optimization in the full-test/
lazy algorithms.
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Fig.8 Effect of partial evaluation in the full-test/lazy algo-
rithms.
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R1 &7V ) XADEHESR
Table 1 Summary of complexity analysis.
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.+ Bt m? | (u/p)m® | m/p m

2 UFINEH
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T Pt | potmie | pmd | gt
BT AN [BE | pPmt | pm?| m2| pm?

T omiE BRT AT Y XACBWT false B S RIS
TO BT MERHOEHR K

P op RERTET FA0EESR p EEHRARYR
(p<p) o HEHETFXOHR
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na,
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p(X),p(i(X,Y))—=p(Y).

true—p (1 (1 ((X,Y), 2),i(Y,2Z))).

true—p (1 (i(i(X,Y), Z), i(n(X), 2))).

true— p (i (i (n(X), 2),i((Y,2),i(i(X, Y),

Z)))).

2 (i(ila, b),i(i(b, c),i(a,c))))—false.

#64(7: implication)

(X)), p(i(X, Y))—p(Y).

true— p (i (¢ (i(X,Y), Z), i(i(Z, X), i(U,

X)),

p(i(a, a))—false.
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K2 MRECMT 2R (L 28)
Table 2 Results (Prob. #28).

FEIRE # 28 HA 2F R b iz
- FAIL 1912.42 1849.19
(2] L 1901.19 358.32 356.00
(®) P 2024.54 196.62 198.67
H—f |- FAIL | 672399412292 | 671920412292

G+T L | 672399+12292 | 2417941059753 | 2406441059753
(=) P | 671579+362853 | 241794364416 | 240644-364416

- FAIL 338326 338226
AET AR L 338326 13358 13300
(&) P 338106 13358 13300
ATV |- FAIL 819-+11476 819+11473
|M{+|D| | L 819+11473 154+668 1544665
() P 819-+11470 1544-668 1544665
- FAIL 0.577/0.018 0.577/0.018
ulo L 0.577/0.018 0.633/0.035 0.633/0.035
P 0.577/0.018 0.633/0.035 0.633/0.035
}3 ERECBET B R (M 64)
Table 3 Results (Prob. #64).
FARE # 64 EA 27 Ak BIE
- 277.65 211.28 208.73
53] L 209.54 192.32 190.94
(B) P 230.50 165.31 163.77
B—{ |- | 93329+305 707554306 707154305
G+T L | 707554306 | 50624+137351 | 50465137351
([E]) P | 70489-+44960 | 50624+45423 | 50465445423
- 81419 62602 62576
BT AN | L 62602 44336 44324
(1) P 62443 44336 44324
AT Y& 305+112 265-+41 265-+40
|M|+1|D] | L 265-+41 224450 224+41
(18) P 265-+39 224-+50 224-+41
- | 0.929/0.004 | 0.946/0.004 |  0.945/0.004
u/p L | 0.946/0.004 | 0.947/0.005 |  0.944/0.005

P | 0.943/0.004 0.947/0.005 0.944/0.005
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