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A Prototype of Learning Support System for Formal Proof

KI1vOoYUKI MIYAzZAwWA ,+ K0z0o OxANO! 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.

1. $AHDE

7 &=V T TU—FICEEDO T RS X 7 LS
Qv ariuF« Vies X7 LEFZ RSk
& LT, MDA (Model Driven Architecture) 37
Hiffe LTRHIBEEN TS, 74— )7 Ta—FF
HEELTAREL, CogY, Agda, Isabelle/HOL %z ¥
RGN EETE L EFVREFEY 02D
D7 Ta—FNH 5. FiEdHEEEORRBREH &
HATHY, HHIHENXOFRETREENEDOE®RL
PEBETEITE H> TV 5.

—7, Yfﬁfm T “Mathematical reasoning is intrin-
sic to both traditional engineering and software engi-
neering, [ -+ ] Software engineers usually use discrete

mathematics and logic in a declarative mode for speci-
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Graduate School of Information Science and Technol-
ogy, Osaka University

fying and verifying system behaviors and for analyzing
system features.” EHBXII, VI b7 THIC
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BL, 74—=I7 S0—FOEAFENOBE AR
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TES. ZOfM, BT Computing Curricula
20019 TCSHBFOATHY F25 LO—EE LTH
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Z 1,307 T CSHBEOEMRE L L THEDTLNT
W5, ARBIFE TS BEXEY AT LEREICE DY
TR OBEEZLETHLDTH 5.

BIpe E L TR TS8O NE. R 74—
R KE#OD Jon Barwise 5 I3HAEDET T IVERE & 8
ERBRY, Fa—VITBET ST 4 EE
T %Y AT LTHS Turing’s World *°, HUEERHEY
DEWRET T4 ANVIKFEBTDVATLTHS
Tarski’s World® 7z & ZBIF U729,
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CEBETEZ 70y s REETLCLIcLD, TO%
R LR X Nz sl D BLAZ 5T 5 D,
ZDZEFOERZHEXE AV TR 5 MER L,
K OMEEHTE S, /2, Gentzen i
HRERD OFETES AT LE LT, MacLogic®
NSV IT U T DS,

AV —VIEEHEBEZE O FEEZH/RIC L TWVABTED,
TR BRI S OBEBROMAIIE R TWEL. I
SRRSOV EE RIS UTSRER R E X 72, £z,
MRS TR Le Y — VEBERERICE AR BT
WBELOPZVLN, AY—VEHRERICESE BV
T3, £, ¥ T Hilbert OEEREZHLOICH-
THY, BABNEREZHETHA 3O HEs
K> TIXERTH AN, WM A - TEELZ
BLEATT#EYIEE 2 T2,

EEHOHNFHAE LR Tid, Hilbrert ROFGEH
EREBTZIHOYV—IVEROh Lot Eiz,
FIEEB N UTEHEREZ 1T, —BOFHIZES C
EWTEREEZS.

DA% 2 8 TR IERAGEIRIC DV T B R, 3 K
TR TEELE Y AT LT DN TN S, 4 Hi
TV AT LOFTHEFERRIC DV TR, 5 EiTE%xE,
BERIC6HTELDAS.

2. FZIURIEERA

NHEEIE, TOMOGEEF EELEHTSH0
R THD. TUTHRHAME W, FREHOHEEN
NOETAHEREENT 5 HORATHS. HIX
&, BiEEE (modus ponens) &FREN B HERER]
P —-Q&PHsQRELZENTESZLEWVIH
BTH B (P L QIRIEDHMED . NEEHERE
BlEF DT, NEREMR. iz, RNERMLED
N2 B E R

N S HERRRBIE B TR L T GEfR
ZERPEEREES, B1KEFX - X EWSEHR
ZE L BRFRE ORI EET .

3. —MERFEREORNERAFERRY AT A

AW TIER LIe Y AT LTH% “Learning Assist
System for Proof” (L% LASP) lZDWTiR%.

3.1 YATLEE

A THIE LIRS AT LV LASP i, K
BRI TR IR MR R ORI ORETH
3, MBS CEMRINAZEEENE LTS,
TSI ) T, Hilbert ONHFRY ICHI
RWEEEZH > TED, 1 HiTET T Tarski’'s World

NEFR

) ~(P—(@— A

(@) m((P— Q= RA)—= (P— Q= (P—A))
@) F(P= Q= (MP— Q) — P)

MR
(1) PEP— QDO EHED.

HEBRA

=X (X X = X)) = (X (X X)) (X — X))
(BF21ZP=X Q=(X— X, R=XERA) ()

(X (X )~ X))

(R 2P= X @=(X— X Z{AN) (2)
=X (X X))
(AE1IZP=X Q= X&) (3)

(X (X X)) = (X — X))
GEBAFRF] (1) | (2) LHESRHRAN L) (4)

X
GEBFRZ (3) . (4) LHEHHET ) (5

B 1 EEERSIG
Fig.1 A proof example
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WEWRE > T3 T, MacLogic l& Gentzen
DEREEERL->TVRHET, BEITZYV—IVERE
ToTn5s.

FEEIHHAOMBEHREORSL LT, UTO
KXo LHBFOEND.

(1) BVLHHEXEFHEICTS L, HOHEREH
HOBEETHEUERCT
FHRAIOMERIC BTz 0, JE—&R—A M
MM 28RS E T EPMREICRZ S
Liehi>T, DEDRZEET 5, AY—ILTIE
BIFO &S HBEREDT:.

(1) mESOANEZEPECEEDBZ AN R

T 1 — AR

(2) aE—&R—2A MIEHTIEERZERLZN

UTFOET, Tn5 DEKNEZEREDA V2T 2 —
AN DNTHRNB.

3.2 MRET— 2 EidiAdr

KESHEO BRI, MERRETZILH>T, TE
TEMTHET AT LICH B,

AR, 21— TF— 2R LT 7 A
BT 5L, TOMBECET AN, R, KE,
R REFEHOT — 2% VAT LICANT 5.

AREBETHH T AT — 213 xm] B TRoT
5. xmlDETFFEIOLIITERELE. iz, xml
R TER LT — 2 D2 R 2 TRT

3.3 RAXHE

LASP ORAZEERIC DV TENS.

AEEEDBINE, A S AT KX AHEIHEE OEEZ
Hig 2 &licds. adnd, KAS RIEAKRDIL
BB 2 3E L EBGRIEN S TH S,

PIEBIPTEIHT 5. LIFONE

(P—-(Q— R))—
(P—Q)— (P —R)) (1)
DPQRICFNEFN, X =Y, Z, (Y — Z)— X)

(2)
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Table 1 Definition of the XML tag

root V—hEFE
axionis axiom BEOES
axiom NHERTEER
inference_rules  inference_rule BEOES
inference_rule #mRAl R T ER
proof 1 DO question BFEL,
0 fALLED hypothesis BEN SR 2EE
question HRITNEERZETER
hypothesis REZZTER

<?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>
B2 xml 7720
Fig.2 An example of the xml file
2RAT B L,

(X =Y)—=(Z— (¥ — Z) - X))

-+ ({((X — ¥}~ Z)— {{X )

=+ {{Y — Z) — X)) (2)
WX (2) DX ICEMARERICES. B LKA
SRZLTWEGS, EORDZRER 2O EHEL
TWa e, IEFICFRMIIM-oTLES. FbD@ED,
CO7 Ot AIMmERIAIC B 358 L IR TH
5. Fiz, FEZTWHERX (2 DX GETHEM
ERZELORIEEICKE L FRNINS. BEITR
AZITS T LT, MR & FRIZHIBT 25132
HrsTcE 3.
REFEOME RS, ABEEL, T—YHTED
NHZEIRL, ZONEORMELEICH LT, [1E
DiHERZ ANT 5 L, SmELizAmuEicEs
LT, HLVamERZEKT 28aETH 5.
BIZIE, a—8h (3) TEITLHEZERL,

(£ =(Q— FPJ) (3)
CONEIDPIC(X =Y) %, QIZ Z ZRAT 3,
EWVWS T EEEETSE, WwERX Q) ZHEITERK
5.

((X—=Y¥)=2[Z -+ [X=Y)) (4)

Fiz, —ERFERECBY ZEHADORAICELT
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No. jaxioms B
2 [(P=(@=R)=(P—Q—(P—R)
B l=P==a)=(=P=0)=P)

After selecting Axiom1, | substitution
click “substitution” button

delete

iP::, X |
@ -%

After filling out all sub logical expressions,
click the “OK” button

Y (2 [fx=x
q 3| X=((Y—X)—X) | Substitute P=X, Q=(Y—X) in Axiom1 _
The result of substitution is added at
the end of the list

B3 HKADHN

Fig.3 term substitution flow

&, KARROZENEHERTHED, TLTRA
TREDTTORBROLENICH L THEN E S h 2 E
ELERTNEZS a0, FIZELTORER (6) %
EZB.

Vz3y f(y, z) (5)
R (5) Dy id Iy ICHEETNTWB D, KA
THILWETERY., Flz2l, z £3 y 2EA
RHERAT R L, TOMBEMNBEILEBICHEINT
LES. Il 21 gz) ZRAT 3 L3HER (6) I
5.

vzIy f(y, g(z)) (6)

M (6) OB x 1F, Vo ICHBENTWB 7
®, WX 6) LIEHEZZERICEZ->TLE ST
%, AY—)VTIE, BEEICRAZIEESR) X 25
5T LICE>T, TNHDRERRADTONES
IC7x5 &, FINUEZRETS IS LTE.

HEOV T 2T FeBF B, I—PADEED
BEAEONTIINS, NEIE, K3DEDKSIC,
F—=TNEAVTERT .

A—HRET—=T N6, RAZRTOIZWAEE S
Uw o UGEIRT 5. #IRIRERIC UTztg, TR R
DRIV ITE THE, K3OHICHDB KD RN
ASTIVHEHL DT, Sim@EAEIc, KA LWanEE
AZANL, FTRZVZHT.

FETRR VR &, FHHRIOT— T IVORRKIC,
RALTASRAEMENS (K 3) .

34 HHEEZE

AERHRY N HERRIRRIZ @ 9 B HEREIC DV TN B,

RERED BN, FEEZ TiHA%Z T % LT, 8B
FEC D HBIE—&N—A MCHHT B EFREIRES
HTlicHB. IxEED, HERRAHEBEED

L
Iy
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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

>
|2
2.
4

|- X—(X—X) e
- X=((X=X)=X) ‘

| POl 000

‘ _ The resulit of inference is
added at the end of the list.

B4 #EROWN

Fig.4 Flow of constructing a proof with the system

FEBLTVAENTFEEZTHETSILHZ>T, O
P—&X—Z b DREI 7R 2 IR T 5720 72 h
5TH5.

X7z, HEROBEBLIC X BEHORIEDTD, H#
MM AL TDIC, HEERHRAIZEALELS LT
WSEREERDY, AYICERATE R THEDO0ZF v
7L, ELWBAICOZHERIERE, EdEbmz
5. EREA LR, ERINImERY, Lo
REHEGRIRAD SER S NIZONZRTEDTHS.
Fi-, #HEREEHEBITIT O C LICE- T, NMETEHE .
HER CEREAEEL FENET 3.

ABREOMEIC DV TN S, ARERETIZ 22—,
WAL OHERRA S, ZO#RIRBNCEA 3 A0
BRORERZENT 3 &, BANCHIET 2H LWk
\AEEAWTERT S, £z, BEITERLUHRRE
BC, TOHEREEZMNINT ST, FEE T
%9 HEEOERFERZ T 2 RS HIET 5.

EEOV T 2T FIEBT B, I—PADHEEED
BAAEIC OV TBRNS, R LRI, Z
NFNT—TIVTERLTWS. 2—PRET, EH
L7z HEmREz, #aaRBlo7—7uhs o)y o
UGEIRT 5. i, SR UHERIRANCES S 55E
ARG E VY 7 UGEIRL, BHRZ 2#T L,
EUL SR MZBEIRTE TV AICH L, HERH
ANCEDNT, #ifckhamdlXeERs 5. Y ATLE
TOFETE, R4DE5ICES.

35 BEETE

T, BRI BV TRERAIRAEHET
H5B. I—FHETTHEBIEIR 5 DX ks,

3.6 BTpX FE&

FHEFED BME, LR— M OBRREFRT % FHE
EE, AR Z BH CHRICHERRRICT 2L T

e

1 PQ

Select a prove you want to be deduced and
click the deduction button.

Select a hypothesis
 you want 1o deduct
O Then, open the deduction
-Q panel like this.
3 R 7
L oK

" Check the radio button

Qand click the OK button

,
2
3

|2 [RQREY s -
3  QR|-P->Y Pwasdeduced from No.2

Then, result of deduction is added to the table

B 5 #EEEDBE

Fig.5 Applying Deductive theorem with the system

- |
. s e ;
= R

. i s
- s
s
v -
B 6 LASP

Fig.6 Overview of LASP

% 2 LOC (Lines Of Code) ®PHER
Table 2 details of LOC

REXON—Y ¥ 130017 GUI #1000 17
A 7— 208 #1000 17 HKAZE #6017
RIREF AT # 70 17 HERREEE %9 250 17
BTEX Hih #9100 47 EEEE K 3017

HB. 33EHTLBNA, FHERRL FT, i
BHRAIZEKT B T &id, IEHICXEZENE S FEN
Mm%, 3.3 Hi%® 3.4 HiCEA L ZY LM F]
FAUTREH L 74458 %72, BEITT7 7 AIIVICH T,
BRTAGICHERETE ST L3, IFHICEBTHED
HBEEZD. TORBEICIDEREI N tex 774
a2 )MV g 5L, R1OHAONELNS.
3.7 LASP DFI¥ '

LASP O EZK 6 1R .

LASP OBIFICIE Java Z AWV 2. 87 5 253 17,
BIBUZHT 4000 fTic iz o 72, ZOWREE 2 TRY.
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4. FHEER

4.1 B #

REBROBMZ, H-Ic, FIRCBT BB
AT LOBENI—FILE > TEDREERTH SN
EEHIITAC & B, AVRATLEEBICAHMKR
LOIT B, EDXIaHiErRETIRE
MEVSBRZEDBZDTHS.

4.2 FMER

TMEEB IR AEL 2BETHB. B, ¥ATF
LOECZEOFME, B, YAFLENBLES
BLFHRETIHHELZES L OMERMOZETH .
VAFLOBOGEOFEE LT, XY nErs
FZILLTUTOLS BEERERB T 77— N lEL
L7z
Q1 RATEEEERG EOBEMH TN
Q2 HHTIBEAER EOBREMFNDTVOL
Q3 FHELIWLT, FMBEEERICE 2
Q4 MOFEREGHBEIRI B LI E s EEY D
Q5 LASPIC, fic ¥k 5 e S En7

S,
EE I 5 BT T, FEHREWVIE EFMENE .
Tl (1 RERE 2 8 B HREC, 20
Bl e AL T it

4.3 K &

SRR ETT - 2 FNEIE, LITORDTHS.
(1) MEHIEICDWTOTF X MR HEREICEH
(2) 3045, HEREICHMEELTESS
(3) LASP O #HEREICHIA
(4) MEAFHET2M, LASP ZRHLT 2/,

RHIBNTES D

(5) #WEBRHICTr—FOEERIT>TELS

FEFAME, XHELY O ppl10-120 B AWz,

WHRENERPICEE L TCLES T EZELT,
FIREIES A LICE D T, FHE L LASP fIA%E
RERITo . FEMREIERE RSB —F v,
RN T LIz DB ICTFR BT TL 6V, HEvg
DB A EIER L 72,

4.4 & s

T T T, RAERICBIAHHFZIC DV TEORT 5.
WERBIFRBIEORE 12 A (EHRPIHITR
IRHARERE 14 1A, BLRIRERE 2 E S A, 143
A, BEREFR4EIN) THS.

4.5 HELHE

HE U BRBRELITOED TH 5.

NEB1 (P —-(Q— P)

x3 Try—LMER
Table 3 Result of questionnaire

WERE Q1 Q2 Q3 Q4

1{ 7412 4 4 5 4 5 3 3
21812 5 2 5 4 5 2 3
31904 4 4 2 4 4 3 3
41104 4 4 4 5 3 3 3
5111038 4 3 4 5 5 a 5
61124 5 4 4 3 5 1 3
FEH N 3.75 3.75 4.33 3.00

RE2 F(P-(Q—-R)—-(P—-Q)— (P~
R)))
RE3 F(P—Q)— (P—~(Q)—~(P)
W1 PEP-QhE QEES.
HEOKERICBNT, UTFEFHE L.
BRE1 X F--X
2 (X -Y),~Y+-X
B3 ~(X—-Y),-XF-Y
BfE4 X =Y W—2,~X—-W-YFZ
4.6 & £
4.6.1 TUir—MER
KEBRTEONT V7 — MERE, #3IRT
Ql~ Q41 42HO7 20— FEE QL ~ Q41X
BLTWA. Fie, EFHGEMI2REOER L
LT, LUTHBEF5hE.
o 7 hOBNIEET, WMEAXDIA FEIHRE
ICTENERN
o YURN—VIVEHEHEDEHT EHHETHS
o IYUABEHMNKEL, BHTHS
o A ROV A XEBEICHREL 20
e NEEL AR, FFEARIEEDNRRIVOREEE X
BNE
e Ya—hhw bF—PHIUIBV
e ANIS—DAyb—I% BAEMICERL TH
L
e LYMEENHNERL
o EEFRLTINBHEREIT LY
4.6.2 MEZEMOAEER
FE TRFALEE &, LASP ZRIAB LU TEHAL
1B OFIHTR T ¥ TORRIERIE L/eReR 41
IRT. ARSI, FERAET 9B L ERRICHRREIC
FRBFTLH D T L TR L. 24 OB,
FIRER R PN SR o 123 E &, TIEROHREOM
EREEERRA LT TEEER T E L.
TOFEEN S, EMEIIFEE LIRLTERD
EHRONE, S L, 2TOREZRELE
LT A, FEETHHETZRENS, 2HO/KA
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4 FHEOBEEL LASP ZER L IBEOBRERBOGS
(FERAE BRUT T= 155 D%
Table 4 Result of answer time of comparing handwriting

with using the LASP
FihE

LASP

M1 149118 0 114 00 % (1)
M2 44578 (B 59418 (D
ME3 545138 M 34956 # (3)
M4 79328 (3 75 408 @
i 745 58 # 74904 8
IANEDI T,
5. & =

9, 3D QIRBHT S L, 2EEOEL LN
4335 THBT &Hh S, LASP BRBLIEAD, 21—
WL > TSI R B ENER B, £, &4
DFERZRB &, FEICHIICHH BB E ko
TWBDT, FHAZHRLT 28ETOERTSH
5T LBRLTVAS.

iz, QL QitEBEBT 3L, FHHAK 3T HT
HBEMD, BHOI—-TERBEILLNBEYD
EEHIILIES T LA TERD o T, RATERHE
ML, SO EEXRFECOBTENRL, ER
THB NS ePbhote, 7or—rTIh6m
BREIC DWW TIRFHE R (i 2 BEh o B o8B
EBELTRHE, ERI—Y - A& T z—AWBY
THEOEMNBEZ NS T L THo k.

CNODBAZERLT, 2—YOUBETA &
Tz—ADL—YEYF 4 BWHET DT ETRAZE
LR EREEOENH T2 EZ NS,

ELIT Y r— FOEBGMIOBERTH B, v
R RRFEDITHEE, AT, BEEOLIVICED
WTHET ZEHER T — LB L Vo n b O sty
L, KO EBESROFEDPPFING 2D, BiE
ICRETANETHB.

EVIRERICE S TS, THUIHEERED— ADEIE
15 3N TR LizTz b T, "B PEBTCH B0,

LNd., COWBEETEEZOMER 2 e LHIE
BHEMICRET 2 A TET, LASP 2R LTH
HOMBOREETERE. LEh->T, M2 OFREmR
FHRHEREL 2o TV B EOD, LASPICLBF A
Yo b EFEZIC V. B2 DS OB, T
RBRIC R E S Nah - 10, FEEOEE,
52 HORAI ZANE DD - /28, KIIEOEMIE
ERTERELEZS,

6. HLNHE

ARFE TR, FTHEIC X HMEEE O/ EE et
Bicic, BT —25RAR, AR, #HvE
5 EORRER EE U TLERGIHOEE LB AT Ly
RIELE. SHOBEELT, 2V AV BT x—
ADUHE, RU, FEENERTERVE T A 2R
iU, HBRMEd &S BEIEOEENRTE NS,

BE AT, RENABRANSEE o
(21500036) & 3CEBRIEEE TR 1T B4s0 -
HOWERFE] FHFERREES - V7 by o 7 s
RO HFULEITDOBFRLE R) DOBIRkEE:.
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