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An Approach to Human Reasoning
in Automatic Theorem Proving

TAgesH1 OsHiBat

In human reasoning, the following deduction process ‘proof by cases’, often appears :
under the axiom of excluded middle ‘E or not E holds’ and modus ponens, to show a
certain statement, it is sufficient to show the statement in two cases, one when ‘E’ holds,
and two when ‘not E’ holds. Usually, LK-proofs directly derived from 1st order theorem
provers have neither ‘proof by cases’ nor modus ponens. In this paper, we present an al-
gorithm which converts any LK-proof (but not LJ) to a proof in (LJ+Excluded middle
type axiom) system, where the obtained proof scheme has, as skeleton, a tree structure of
processes of ‘proof by cases” with modus ponens. Thus, connecting this algorithm to a pre-
viously given LK-prover, we can arrive an approach to an automatic theorem prover which
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produces a humanlike proof with processes of ‘proof by cases’ and modus ponens.
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Fig. 1 P;: an LK-proof of A.: JxVy{p(z)>p(¥)), with a contraction right inference.
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Fig. 2 An (LJ+Extended middle type axiom)-proof P obtained by eliminating
the contraction right inference in P, (Fig. 1).
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(I-1) POk I'i—4: 3 A~A BT iR
—SEVE'#XOOTUHLTH I, POFERO, R
ANOFHICHBE LT, RORLDRD2DEESHRD 5.
ZNZTNRAB LT, EVIKERE dual % E E %
o, ATEMHLT, TN Q; R 0K K, O
-, E/, 03 #BRT 5.

TZictiZ AVZA, fid TANA #ETELT
RN

R 1OXOEHRETOL S i LT BEsHAE/ >

=0i—2,

£ 1 PohoRos 2 —-vitnd2Q ROMOBR

Table 1 The corresponding pairs of beginning sequents in @ and R for separation types of any

beginning sequent in P.

Beginning sequent
Beginning sequent in P:I'—4 Separation type: (0—¥; 6—-3)
in Q: E, 0¥ in R: E/,8-3
1 A—A (A-A; —) t, A—A fo*
2 ” (A—; —4) 7A A A—A
3 ” (-—PA, A—>) A A 7 A—-A
4 ” (=5 A=A f- ¢, AnA
5 —E\ E’ (—EVE; —) t—E\/ E’ Sf—
6 ” (—; SEVE) S t—E\/E’
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T EWTEB.

A—A
A, A
7S ANA, A
A, 7 ANA—>
ZANA 7 ANA—
7 ANA—

(LHL, RQ; ROPTHREERT 3.)
(M-2) POFROHER

e Fj“’Aj(Fk*"Ak)
@1 =4

KIS LT,

0 o¥ETH G, Jﬁf—igﬂwﬂ@ s =T or (I
i—%

ROHERRDS G K)_——@j—*g"(@;?m) ;K=(Dorl
i

75 E& [72720 or ZRIEL #FlcicBERT &
Ej, @j‘*w‘j(Ek, @k—’w})
E;, ©i—7;
Ei’, 8,3 (Ey, Oy )
i, 0,3

Q oitEw (0, J)

Ro#d . K)

WO,
E{E) 25 E: OFEDH, BLXUOJIORE
{Efl(Ek/) S ES OFDEH, BLXUKORE
BROX> T 3.
(1) IDERBTYAE, JAMRTENEE:
E;=E;; E/=E;; J=J, K=K
&EF 5.
(2) IBVEATEIEERTEHEEK 2D
& &,
(a) En Ef BDEEEH o &30 EE:
Ei=E; E/=Ey, J=J, K=K
&7 5.
(b) E; E/ PEEER a 28L& &:
Fbb Ei=Efa), E//=E;"a) DL &
(1) J=I K=<I) oBA.
Ei=VziElz:), Ed=32:E;(2:)
E LTI (VERTR, [ET; K3 (ILET)
&35,
(i) J=<{D, K=I1 DHA.
Ei= Ez;E,(z,-), E/= VZ.’E,-'(Z.')
<UL
JiI3 (AEFET) &L, Kid (VEET®R, I57)
E3 5.
&2, It VAT (i)JJ=I K=(DDEA:
PROMER

HBERICEY 2 HABRERER~NO—>DERE 229

(Z 1) F"’A*yA(a) :Fl_-)Ai
YU DA%, Y 2 A(x)=T— 4,

KLU, Q RAOHIET ZH#RIIRD L Sl 3.
0% A
(Z,‘I]Il)é:m(VE),

@, K)g;; (dummy)
@7

ZCT, Q; RADMIST 2% (J); (LK) ©
i L sequent RO TIC & > T3 Efa),
Ef(a) 20T, ROELIICT B,

= Efa), 0-U*, Ala)
(VZ2) Vz;E;(z:IQ:_W_;—,—X(a)
V2B 1), 0T, Yz A(z)
E;

Ei(a), 03
Jz:E/(2:), 0%

B ]

(3) I 2853UBIHERRT cut PADE &«

(3-1) J=I K={I) Ot &: E;=E,\E, E:'=
E/VEY &L, Jid ((AE) E£fTk, T£2%7F), K
2 ((VE) £f7) &£93.

(8-2) J=KI), K=Ip&%:E;=E,VE, Ei/=
E/NEY &L, Ji3 ((VE) Ei7), Kiz (AK)
ETH, 1h%T) L95.

727U, weakening /£, 7, exchange 72, £,
contraction Z:M#EE (FF L] BMERTIZIRNV) Ol
HIBALRES.

FAELT, I: DET, (8-1) J=1, K=<XI) DBA.

PORO#ER

4, r
I ,—>/A—F,B C,/E*"’Ak
BoC I, Iy¥—dX 4, =Ii—4;
XL, O, RNOMIST 2HRIBROK I icis 3.

) (VA)

G, K)
3

G I)

3, 3,
o 2 ERB GO,
"WB>C, @, OF-TXV,=0:-Y;

, k)22 003,
("5‘2 6;,0,-3, 3, =0:-3;

ZZT, Q; RROMKT 2R 0); G K) o
HRIZ E sequent T TiIL&FT-TW3 E;, E,
E/, EY ZHOTROEDT S :
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230 HROLEFE SR E
: EwC 057,
50728 AL, COF-T,
(NEE) E,NEy, ®,—~¥ * B (exch. E)g E;NE, 8-V,
I(DE)
Q (i, J) Bo C, Ej/\Ek’_QJ" Ej/\Eb gk*——)%*’ w_‘k
(exch. /)
Ej/\Ek) E]/\Etu B2, g:’: 2»*"*21‘*’ gk
(cont. £)
E,/\Ek, B> Cy_@j! gk*—)gi*’ g.k
E; :
_EN6~E, (el E)...M
RGE,  E4,6,03,3, \*MEH Ele,60-3,3,
(V)
E/VE/, 0,0,—~3; 2,
B :
i

I (DF) T (3-2): J=XD, K=1 0EALHE
BTHY, IBNE, VEDOBALIVABIHET
%2Q; RRTO G, J), (i, K) DERAETNS 3.

(4) I cut DEE: 9 Tic L(Q2) THEKTAHD
SHERENQ, ROMIST AMABOHR :

N {Q oD (G <{D)=(i, dummy)--(L(2)@: )
Rothd (4, D=(, cut)--(I(2)@:x)

L, 51 Q; RAOKIET 2HR/ERD LT

RT3/

E, 0Tk

(

weak. 72, &

E, 0557,

e

@ o Er & 20T T exch Tt/ g, 0, 00T XY,
\%
ENVE, @;, 0T XV,
— B
Ei H
. Ek’a D’ @k*_')ZQ
: (NE)
E/ 03 *D E/AEJ, D, 0%,
(NEE) (exch. &)
EJ/NEY, 0,23 * D D,E/N\E, OF—2,
R I (cut)
(i» K) E,'/\E,,’, @j’ Ej’/\Ek’: @h*—)zj*: 2y
(exch. &)
E,"/\Ez", Ejl/\E,,l, @,, @,\*-'Zj*, E;
(cont. &)
E;’/\E»', @1, @k*"’zj*x DI
B

(V) #5378, Bf27v 70, WT4EOIEL]
RIREHROBIMB TN EOHRREETHSB. Lk
- T, P=>(Q; R) BAEHRIBNT, HH (1) K
9 3.

82 LK EBARATOREIOEM

(I) LK ¥Ry 2mEN0OETEK

LK O&ZHRIT—DODF sequent S gL, —D%
723 =D sequent Si(, S2) & Eic B ERXTEI N,

Gentzen DR E LT 21 D inference scheme
MHBILBD,
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LK @ cut DS O#ERTIL, T sequent WNiCHERE:
FEOBRIERO LERBRKPILI2REIANS D, FRE
R EMIN S (exchange HERTIX 2 M, MOHRT
W1 EOERERID ). F/cE 5ic weakening DL
ATk E sequent WiT (EHRERICHIE LT)
COWRBEEOERBEDL 2B (1@ERIVL2
f@) by, BRERNETFEINS (weakening iZEl
RERITRL).

cut #ETIE, =D sequent ROEEDMEIC
H—HOWmBEXMSH Y, T sequent KB THEIN
3. COHRERIT cut HBREFINB.

(1) TF sequent OFFHBRITHL, _I: sequent O

BB SINE, Zho2RBROBEEVS. 72
L, exchange HmOEA, XHERXLBHERXNT
0By, FNEFNZELABORRENLELE
9% (weakening OERBRITIEE SIITV).

(2) TF sequent OFHBEAIANOBERIZ I,
4,1, N\ EOhTHEEINSDS, | sequent D [,
4,7, A, - AORIET 5 MNEDRERZ TLORERD
HE IS

(3) cut HBARFVHIEI3HBR0BE LIRS
R AN

HEERIKEY 2 HRABERERNO—2 DL 231

(I) LK ZEFINOHETFRRESHE LTORERER
LK R PRO—_DOHERA, Ciko, C
WADFHTH S EIFRD (1) F /3 (1) MSHRILT B
ZEET 3.
(i) CHADHTHA.
(i) CHH2MEXBOFTHD, BUADKH
ThH5.
(EEk 64 4 B 8 HEA)
(FBR 5 4% 10 B 14 HiR$F)

XE & (E48)

WA 6 4FAE. FERN SO4E B R K%
EEEHEN FE B RERK
BRERBEEHFENRFERELE
BET. B¥HEL BRSBERR
EEgEAL. BN A2EHEKE
1%%@5%& WEF 49 SR B TR KT s,
RERKFEAERTENEE. A—-t~ty - ¥E
EEOWEL S, BERFTEHORA K HE FE
TR RPN ) (G 38 10). BAKSS, 8F
BEGEEYS, ATAEEARSA.




