74 —=XIV7 T O—FDEAXZKMBRIOLHDFEEXEY AT LOIE

HOEOE oM M OB OE =T WM oA "

VTR 2 7 ERHERICEOT 7 4 — L7 TO—FNHEEE BB U TS, T OHGFORA
BERREETH D, &0 DIHRGHOMEZIT 5 C L3, 7+ —<V7 T a—FOIAH O
MRS L CEETH S, B0 FH R RAROEE LR THHD, MES R EEERE N
BB BRSO L AbNS. ZTT, FHEORMEEORRC B TR DY
BRI %Y — VORI & R T > 7o, Y — VOB LI H 0, SEHOLEEN
L5 FBEC KB MEEEOKAEYET S HEEED . BIRIICE, LTFD 3 HTH%. 1. E
VBRI 2 ASIEHE 2. FEIIRIIDIERIEOD I ¥ — & R— 2 MY 2 A E2 ZER Law
3. FEBIEIRO LaTeX 7. FRFHBORSE, v —ILEMH LA BIRE I3 Z ORIRHS O K]k
WERNED, V—V RS LA TR TP SES .

A Prototype of Learning Support System for Formal Proof

KiyoyuKl MivAazawAa,t Kozo OKANO' and SHINJI KUSUMOTO!

Recently, formal approach has been obtaining a lot of attention in software development.
The basis of this technology is mathematical logic. Especially, it is important to understand
the concept of the formal proof, because it is closely related to the basic technique of the
formal approach. However, it is difficult for the novices to study formal proof because of
rigorous operations. To resolve such a problem, the authors propose and implement a pro-
totype of a learning support tool for formal proof in the class of Logic. The purpose of the
proposed system is to prevent the drawbacks which occur when normal learners exercise by
the hand. The authors also propose design and implementation of the tool. The advantages
of the proposed method are the following: 1. Input support for long logical expressions; 2.
the users are not required to operate copy and paste when they make proofs; and 3. the
proofs are able to output in LaTeX files. Experimental results show that the tool improves
the drawbacks of conventional exercises.
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&1 XML X7 DEH
Table 1 Definition of the XML tag

root Jb— R
axioms axiom BHROES
axiom INERE AT R
inference_rules  inference_rule BWREOES
inference_rule HesRHIR 2 R4 5
proof 1 DO question E#HE L,
0 L £ hypothesis BEMN SR ZHES
question HEw g NEE 2R T U
hypothesis e 2 &3 B

<?xml version="1.0" encoding="Ascii" 7>
<root>
<axioms>
<axiom> P -> (Q -> P) </axiom>
<axiom> (P-> (Q->R) )~
((P-> Q) -> (P -> R)) </axiom>
<axiom> (P -> Q) -> ((P -> not Q) -> not P) </axiom>
</axioms>
<inference_rules>
<inference_rule> P . P -> Q :: Q </inference_rule>
</inference_rules>
<proof>
<question> not Y</question>
<hypothesis> not (X -> Y) </hypothesis>
<hypothesis> not X </hypothesis>
</proof>
</root>

2 xml 77 A)VOH
Fig.2 An example of the xml file
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After selecting Axiom1, | substitution | [delete |
click “substitution” button

P
Q

After filling out all sub logical expressions,
click the “OK” button
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the end of the list
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Fig.3 term substitution flow
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No. |inference rule
’1 Q is obtained from P—Q and P

2 —P is obtained from P—Q and —Q

selec

|- XX X)) A XXX o (XX)) -

lllHEﬂllllllllllIl

|- X—((X=X)—X)
Click the “inference” button

I (X)X (O X=X~ X—)) [ =+
|- X—(X—X) -

|- X—((X—X)—X)
- X))~ (X=X)

ﬁ The result of inference is
added at the end of the list.
4 HEROWN
Fig.4 Flow of constructing a proof with the system
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click the deduction button.

Select a hypothesis
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No. | proof reason
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Then, result of deduction is added to the table
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Fig.5 Applying Deductive theorem with the system
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Fig.6 Overview of LASP
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Table 4 Result of answer time of comparing handwriting
with using the LASP
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