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A multi-clause dynamic deduction algorithm based
on clause activity and complexity and its application
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Abstract: First-order logic automated theorem proving is an important research content in the fields
of knowledge representation and automated reasoning. How to effectively select clauses to participate in
deduction is a research hotspot to improve the capability and efficiency of automated reasoning. Based on
the good de-duction characteristics of multi-clause dynamic deduction, this paper proposes a measure and
calculation method of clause activity and complexity by analyzing the properties of the variable terms and
the structure of function terms of clauses, which can effectively evaluate clauses with different term
structures. Based on the clause evaluation method, a multi-clause dynamic deduction algorithm with
fully synergized deduction of clauses is proposed, which can effectively optimize the multi-clause deduc-
tion search path. The multi-clause dynamic deduction algorithm is applied to the international top prover
Eprover 2. 6, and the 2021 international automated reasoning competition problems (FOF group) is used
as the test object. Within the standard 300 seconds, Eprover 2. 6 with the proposed multi-clause dynam-
ic deduction algorithm proven four more theorems than the original Eprover 2. 6, and the average proof
time is decreases by 1. 12 seconds under the condition of proving the same number of theorems as Eprov-

er 2. 6. In addition, it can prove 16 unproven theorems of Eprover 2. 6, accounting for 15.1% of the to-
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tal unproven theorems. The experimental results show that the proposed multi-clause dynamic deduc-

tion algorithm is an effective inference method, which can improve the capability and time efficiency of

automated reasoning to a certain extent.

Key words: first-order logic; theorem proving;automated reasoning; multi-clause dynamic deduction;

clause evaluation
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FL(f,(x))=2Layer(f(x;))=Layer(f,
(x3))=1,

5 G A .

CEL(f (x;)) =N+ > FL(f,(x;)) =100+
FL(f,(x)) =101,

R4 WA

CFL(f)=>,FL(f)=FL(f) =2,

g R U .

CFC=CFSVC+CFL(f,(x;))+CFL(f)=
2124101+ 2 =315,

4 ETFRAERENMERXENZT
NEERERE

AL A B 0 28 7 1 Z Ul A
FIRZAC S 5N TR Z [ P R 2R T .
B A [a] A9 38 26 1 R) BEA T P [ v 2, At 1 AN ]
R R 9 i AR AR R T A TR B4 R ] O A g3 s X
(Z LB AT ZF 1 72 P 2R T 54D B 22 o0 28
MR T ARR S RAT ., I, P S T2
52 I 300 KA 2o 1) ) B4 P T 9 2% fE T 4R
THEZUE AR SHOCRME Rk, AR
TR R M A R A BTk R T — R AR
DE TR ORI 58 73 S 45 © 2 5 38 26 1) [ P[] 35
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ZERE 0 2 o0 8 A 2 Sk L B ROD BRI T B
i

(DH— 2 87 Er A 7R 1A
ZRJEMNENRIEATHE R . 241 R0 5 2% AR [
A BRI /N B R

(2) 4% W5t P 41 HCHE P 5 A0 4R 0 BT A /Y BT 1
Ao A HER TR B A B0 A D BOGHE
N 1A TS 5k,

(30K HE 1) B v R Bl 28 MR R AR A A i
EFHEQ .

(43 Py fee 6 7 A 4 Q. IR T 1 2 5
2 0 B 25 1 2, A bR oE T S 1R A B OF & R
7 3,

(545 0 T M 43 8 50 23 ), U A4 1 S AT 3
RS R R A E R B O T T A
O A 2% ) o O 24 IR 2 A T BRI T D P
A B ZTCE I S 25 L ou sl S S MR
8 b o I A L 2% BB 1) 7 D A 28 50, R D R
(5) » HLBNZ T4 58 70 S A% Bp IR 38 26 o RIVAS P26 1A
B F BRI B, AT Q NE 1 Kl
i ) 245 0 Jis A g Xk Al B 0T A TS BRI T
MZHARRZICHERHEIL R, FBR LR @D,
it AR Q SR 2 U I W 2 0P 1Ay
XONAERIG T 00  F R 23 18 3307 508 31 1
{6 WS IL S50, 15 M e 320 3R (6) .

G R 53 88 A RO R I A 5 12

O & 7y B O fE 2

OF & 7y B N IR T

O J& P53 B 2 W AL B 5E 1 1 4] B R JEE 1
fH.

(6) M i T4 Q 27 1 Ui Py 58 Ui, Il XF
Q RS LEZEN T HIHEATER 2 UGE P MR E X
THIZ 52 Ius 8 AR e E 1L 15 8] 05
JE R B R BB (5)

TEE 2R L AT 1 R v B0 B3 47 I 18] 35 )
SR AR AT . O TR T 2 O 2R SRR
Ik S G I A 45 R B A E 2R R
T HERTCIEAT BT R0 oF & R o B L SR T
O 2F , P T — A TR 4kZE S G2k,

(DY 1 RZ I B RET R L% F
)2 5 R 2 YR IR 8 2R OBUE T — Ik
foe e T ) B HE PP B9 18 25 B HE R O SN2 . O
ERGIECE SiEe 2V NI PNIGRSEOE-F Y 9T
K s @ FAIE BREE M/ NBIR BRI EBR (2)

5 XBWRERSDH

5.1 XLWESR

T AR BLAS SCHR M BT R T BR B RN Ak
JE B 22 90 3 A5 18 B S E X T — By #2483 3 e Ik
T 008 S0 W 2 v A Bk 0 T I B S i 9 T
—BriZ %R A s & FIE W #8 Eprover 2. 6 W, 12 /E
mes_Eprover {IE B #F GXUF 88 & T 2 J0 1 28 [
RERET) ., LRER 2021 FHr—HE#H A
g PEAE B %5 CADE (Conference on Automated
DEduction) FOF 453 28 i # 47 I L (Fk 500 4> .
R AR ER5E S — B35 L (3. 2 GHz Intel® Core™
i7-8700 AL LS .8 GB AF) B 4E R Gt R ] Ubun-
tul 5.04 64 fii, & A~ 5E BH|E I H] BRAE S 300 s
(WRUERTTED) . B T¥ mes_Eprover #l Eprover 2. 6
AT A R 52 5 6 b, FE AH [ AY RE R 2R 8T X
Eprover 2. 6 #4732 I 3K B4l . o Eprover
2.6 fEUEH] S 2k 500 MaE R 394 N EH.,
T 2P MR AR SCHRE Y R TR T R R RN AT 2
JE I 22 70 o)) 45 3 28 5k 1 A U &F X Eprover
2.6 ANEEUEHARY 106 4> BRAEAT 1 Sk,
5.2 mcs_Eprover iE B [E BR = 2 41 (£ 500 1) #

EER

mes_Eprover 1iF B #5854 SCHE H 9 3 T 74
WEREME R EMZudh B E LA
Eprover 2.6 iE Bl 48 1, Eprover 2. 6 U B #% ¢
JEAT Y e BRAL ] 3G T 22 i SR B Oy 12
H1% 2 J0 i G4 305 2 B B B AR 1 R g
Kl 1 4 mes_Eprover 55 Eprover 2. 6 A9 PEREXT b
K. WM& BAIEM B ) B mes_Eprover ik B
398 MEHE, 7F Eprover 2. 6 T UFE B 394 4> Bt
B Al R T A4 S B B B T S A
YN 0,83, FRME N 0,94, WEFIEWIHR LF,
mes_Eprover WER] 398 4~ #HE BT 30. 538 s,
Eprover 2. 6 WEB] 394 4~ #LF- 2 T 29. 080 2 s,
TEAE A 2 BB B Rl 79 25 4 T mes_Eprove UE #
394 AN V- BB 27. 963 s, ML 1 43 i i
2k SRR E H . mes_Eprover 434l 4 B AR T
Eprover 2. 6 437 #6145 ),

LU FEM , mes_Eprover ) BE A BE 7 At
[B] %% R AH kb Eprover 2. 6 #7E — ERE 58T
Pt AR SCHR I BT G BRI 2R £ 0T
AR L e A AR = — B 2 A 3 BRI
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Solved numbers
Figure 1 Performance comparison of
mcs_Eprover and Eprover 2. 6
B 1 mes_Eprover 5 Eprover 2. 6 i REXT Lt &
AR HRE I FRE
5.3 mes_Eprover iE B§ Eprover 2. 6 i FA & I8
(106 ) By FI EF SR
mcs_Eprover il Bl #8 7€ Eprover 2. 6 H il A
TARSCER AR T ) 3 R R A AR Y £ T )
Bl Eprover 2.6 H4& T Z 02 P A
HESRRE J1 , B A 0N T e B2 R 808 8 1 o B IE
B, LB 458, mes_Eprover fig A ZIE B Eprover
2.6 TE B 48 B AR AE I 16 A2 B, o HRUE B @
BAy 15. 1%, £ 5 ¥ T mes_Eprover iE
f 16 > BRAY AL .
Table 5 Details of 16 theorems solved by mcs_Eprover
%5 mes_Eprover iFREEY 16 M EEHE R

AGTO013+2 0.72 5 70 279. 855
COM148+1 0. 86 5 323 236. 555
GEO514+1 0.81 3 708 205. 142
GEO532+1 0. 83 3 973 205. 783
ITP004+4 0.83 22 10 434 9. 443
NUM736-+4 1.00 8 1458 83.109
NUM924+4 0. 44 21 11 690 207. 826
SWB016+1 0.75 2 973 152. 110
SWB025+1 0. 64 2 978 14. 740
SWB090+1 0.97 2 973 149. 074
SWB093+1 0. 89 2 973 19. 844
SWB094+1 0. 89 2 973 27.073
SWW095+ 1 0. 44 2 148 212.166
SWW470+5 0. 64 16 501 205. 241
SWW470+6 0.72 16 2150 205. 386
SWW470+7 0.81 19 3700 205. 575

Ty 0.765 8 2 314 151.183

Hi 2 5 AT 3 M7 A H 3 26 B R RO L T

VxS 0k 0. 765, Hoh dfE B SR i ol 1
SN 1 Ron A Y IE SR BRI B D . AE
mes_Eprover IEB Y 16 4~ #, K4 1) & HE
AR 22 1 78 TC I B A A2 4k 1 RR BRI, AR ST A L
KT 500 M BEA 13 A, e KR BHUIR B K T 16
(E A 54, Horp @ B ITP004 + 4 H% K pR B0
TNy 22, 2 JTT WA 10 434, ME 55
0. 83, HAE WM 18] g 9. 443 s, Th R 5 A BREOT 45
P8 02 % 45 7 0 T 458 19 AR 1) L, AR SCHRE K 1 )
TR 7 1 B AT A X L) R AT VA L A b 4 o
Z U G B G — B IR R B, AT A Rk
P& A HEAT I 2, 3040 R 7 ) TE 2 0T 2 D 1 T
SCFRETT S AR R 25 ) B AR A R T R 09 7 I 1A
3 88 2, 0 T B v UE W R A B B HEFEAE J7 . moes_
Eprover JFE B ixX 2& & Sy & Z% () & 3 F ¥ H B
151. 183 s, ixX 225 FRME BE R £ K, Uk W 3 R 8%

=
6 ZRIZ

BEXF 2 H— B2 48 B 3 e SR g AR
JCTE ZEAE RO HE BRAIL R A SCHE T 22 o0 18 25 i .
A R AR R 38 A (R I 2 AL S A Y ) 2
5 20 B AT 40 B o LAF/n) v X 2R A EE R
W] (14 745 G 35T R R B0 AT 220 1 5 R R A ) R
U SR RN 0] R B A4 B Ll i R R R (AR
WO ) 2 5 2R 0 B 2 VEEA T VRAG L BRIV 200 5
AR S SEEN IR, BT T AP
TE AR T — M Zoush WA B2
JC T 2 3ok A v Y 22 T e A TR] B 0 B 52 2% [ I
Sk B W VEA L BB AT RO VE Al RS 20T T
e AR JT ok L L BEAT SRS . S T SR
AR SR A T ) O BR R R A AR Y 2ot s A
T 2R VR A OE R N T — B
H 3 & B #8 Eprover 2. 6 H, 528 £ W, A
A SR H 19 22 90 3l 25 8 28 555 ) Eprover 2. 6 1Y
TIE BH AE 71 11 18] S5 R AR A — & R P i 4 T, ELE
SLUEBH —3t Eprover 2. 6 TTEIEH AU EHE

— W5 [ 3 BRI JE T IR R R, HE
FIEAFAE TR 0 I 24 R AR .t T AN W) 0 2 2
FETEAS [6] B B %A%, ELIE B I A A 22 B R R Uik
B A [6] 14 5 B A0 A 33— 20 b A 20000k 1 ) R
TokpyEEM N . [FE AR B BT £ 00
Bl ST 28 T8 28 B AR I A ROTAR X T8 BLAY TE ] 2
O H L, Q] 3 T W) 4 2 B AT 2R B AR 1Y B S
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