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1.1 O0O00Ono

1.1.1 O0oon

gbobouogobboggobooobbooobobogobbuooobbooboa
U0 ct DOOOO0O0ODOO0ODOOOODOODOO0O0ODLOO000oobonoobDoDo
OO00000Db0000b0gDn Standard MLOODOODOODOODOOOOOODOODO

1.1.2 0O0O00O0

OO00000b00o0o0D et 00000000000 DO0O0ODO0OODODOO0OO subfor-
mula property D 0000 0DO0O0OO0OODOODOOOOOOOO0OODOOODOODOO
oboobobooobobobooboboboboobobobD LKOOobooooooo
gbbuoooouoooogbooobbuoooobboogbobbooobboobbog
gboggbuodobodboobbooobouobooboobbobbooonooa
goboboobogbobobobboobodoooouooooobobobbbobooga
gobobouogoobooogooo

O00O000o0bOobobD LKOOODOOooOoOdD WangDOOOOODOOODOOWang
UOo0b0o0DbO0O0 contraction UOUUODOOODODODOODUOOOOOOOOODOOOOU
OoOOob0b000 Wang OO OOOOooOOoDOoOOooOOODOOODODOOODOOOOD
gbbuogogbbougbbobooobbooobbooobbogbboonbboo
gboobooggboooan

gbogbogogbogbuogbobuodgboobobuoobobboouoogog
OO0000DoO0o0oooooooDoogoboogooibond Dyckhoff O Hudelmaier
000000000000000000000000oooooooooooooO (o
000000000 0)Oo000ooO00ooO0oooO0oooo0ooooOoUooooo



gooo
OO0 Dyckhof 0000000000000 DOODOODOOOOOOOODOOOODOO
gobbboogoboboogoobobbouoooobouoooboboood

1.1.3 000000

gbobodebbuodobogobblggoboogbbooboboogbbooboa
2000b000bobo0o0obooobbobDbb0 LKO LJooooo3boboooog
00000 LJOODO0O0ODO0O0O00DO0bO0DO0oDOn Dyckhof 0DOODODOODO
O0000400000000000 Dyckhoft OODOODOOODOOODOOODOODOO
gobobouggoboobsudggubobooooooobobooooobobbog
00 Logics Workbench (LWB) OO OO0 0O0O0O0O00O00O0OO0O0O00OOOOOOOO
gbooboogogoboboooan



020 0000000 LK O LJ

21 0OO00OO0O0

2.1.1 OO

gbobuoggboboodgobooogobboooobobbobbooobboobboa
gogdoooobogbobobbbobbobbobobbobboboboooon pygr,---
gbobobouogoobooooobobbod

2.1.2 0O0OO

gbobogbobbogdobooobboooboboobbooobbooonbboa
gogouoooooobobiboooouobooooooooobbbbobbooog
goo

e NOO OO0 (conjunction)
e VOOO OO0O (disjunction)
e D00 OO (implication)
e - 000 OO (negation)

gbobobooobboboooobobooobbboooobobobod
gboobgoboboboogoooon

e AB,C,--00000000000CO00C0OO0O

e ABODOOODOOOOOO(AARB), (AVB),(ADA), (400000000
00



21.3 0OO0OO0OOO

000 A0DOOO0DOO0oO0oOooobOobOobODOoboooboboobooOobobDOoDo
gooboooggno

0O
OO0 A0DO00O0O0OO0OO0ooOOooooooboooboog
1. ADOD AO0QOODODODOO

2. A0 (BVC),(BAC), (B> C)000000000000000 BOOO €O
000000000 AD0OOOOOOOO

3. A0 (-B)0000000000 BOOODODOOOOOOD ADODODOOODOO
HEN

214 0O0OO

(ADB)A(BDA)O A=BO0O0O0O0O0O000AD BOOOOOOOOOO

215 0000

OO000D00000000000 G. Gentzen O sequent D0 O0DOOOOOOOOO
O0O0000000 sequent HOO0ODOOO0O LKOOODOOOO LJOOOOOODO
00000 LKOOOO LJOOO0O0000000 (sequent) 0000000O0O0OO
goo
gobobobooggoboood



goboboogobooooobobod

1. A, 00 A,000000000 Bpv---VvB, 00000
2.00000 Byv---B, 00000
3. 42,00 A, 000000DOO0DOOOOOOO

4. 00000000000

oooobobD LJobo LKOOooOooobooboo LJobooooboo

Ay, AL — B

ooooooooobogo mboOOOODOOOODO pOOOOOODOODODOOOO LY
000 LKOOOoooooooooooboobooboobuolioobobobooo
goobooogoo

21.6 UO0OOOO

LKOOOO LJOOODOO0O0OO0O00000000 (initial sequent) 0000000
gobobbouoggbbbouoooobboboooaoo

A— A

OO000D0 AO0DODOoOOooOoooo

sequent 0 0000000000000 0O00OO00O0O0OO0OO0OOO0OOO0OO0OON
doodooooooobobooooboooooooooooooooooooooon
doodoobooooooboooooooooboooooboooooooooooon
doodooooooooooooboooooboooooooooooooooon
0ooooooooooooooooooooooooooon

S1 S1 Sy

S good S

Oo0og s, S, s0000f0boobooboobooboboonog ssooooobooo
Ssobobobooooobooooooogoo S,0 S, O0o0booboooboooo sgoo

>



ooooboooooobooboboboo Ioboogo s;000 S;OO0bDOoI10D0O
OOooosoooboIloboboogon
OOo0ooboobooobooobooobooooboooooooboor, Aogooooooo
gbobbooougoobooooobboooobobboooobboooooboo
obooobooboboLKOoboobobooboobuooboobooo

% (weakening —) % (— weakening)
A AT — A , I —AAA ,
AT S A (contraction —) T A A (— contraction)
I A BT — A I — A ABY
B AL A (exchange —) TS ALAS (— exchange)
r—-AA All—-X ;
T - A% (cut)
AT — A B, I' = A
ANBT oA M) ANBT oA M2
r—-AA I'-AB A
I >AAAND (=)
Al'—-A B, I' = A y
AVBT — A (v =)
r—-AA r—-AB
r=aavp VY r>Aaavp (V2
r-AA BIl—-X 5 Al —-AB 5
ASB.I,I,— A% (5-) F—>A,ADB(_} )
r—-AA AT = A
AT —a () F—A,-4 )



LJOOoo0oOOo0 LKOODODOoooooooooboobo LJoboobobooooon
100000000000 bobobbd0 LJoboooooooboooboooo
00000 LJOOOOOOO0O0O000 LJOO (— contraction) 00 O (— exchange)

Al —-C
ANB,I' = C

(/\1 —>)

r- A BIlI—-C 5
AsBra=c =)

O 2L LJO0O0OO0O

gbbuoooouoogbouogbbboogboooobboobbboobboo
gbbouogobbbugbbuoooobboogboogboboooobbooonobooo
goboboogobbooogobobod

2.1.7 00O

O000000000000000000000000000000000 (proof figure)
gboboboobbbougoboboogbbobo200bbbooobbbooonbbon
gobob20000b0bobbodggobobooooobobbououooobobooboog
0000 (end sequent) 0000

0O

gbobbooobbobooooobbboogbobbbouoon

l.gobbboogboobobooooooobboboooooboobbooobon
2. A, R,O000000O0 5,S 00000000000000

7
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Sl Sl S2

S gooo S

gbobobogoobbboooan

&) PP,
S oooo S
0000000oOo0o0oo0Oo sooaoo
O SO00000000000O000000O000O0S0 LKOOOO LJooono
O (provable) 0000000000000 SOOO0O0OOOOOOD —AQDQOOOO
00000000000 ADOOOOQOOOOOOobOOO0obO LJoooooooooo
LKOOOOOoOooooUo LJoooooobooo LKOooooooooono

218 cut U0OOOOOOOONO

LK, LJOOOoOoooooboU et 000 oooonobg ecat g
OO0o0obO0ob0obOobOob0obOobDobO0obobDobo0 r-A0 LKOOOO cut
gbobouogbbboggbooobodubb et OO0 boobboooboDo
gbobobooggobbbugoobbbooogbbobbooooobbbdudd cut
obhoooobooboobobooboobobooboboob0 LJOo ewt 0O ODO
goooog

0O

O0I'-A0LK((LJ)OODODODODODOOO I'-AD000 LK(LJ)HOOOO cut O
0000000000000 0000 (ewt) DO0OD0OOODOOOOOOOOOOODOO
gbobobougoobboboooobbbibtet dggoobooooobbbog
gbobuogobbbougbbuooogbboogbbbooobbooobboonbboo
gobooo



00 (subformula property)

PO0OTT—-AU000 ct 000000DOOODOODOOD PODOOODOOODO
o000 r-A0D00000O00DO0D0ODOO0ObOObOOU0bOODObO

oot

goboogobbogoobobbobogobouobbbooobbooonbbog
0000000000000 0000000000000000 (decision procedure) O
0000000000000 000000000000 (decidableyD0O00O0OOOO
gobobouogobobooooobobbod

0O

Orl'-AD00000 ''oooDOoOooOOoOoOoOoOooOoOooooooOonO ADOooo
0000000000000 bO0o0bO0o0DbO0o0DOD I'-AQ0DO0OO0DOOODOOOOO
0000000 SO0000 (exchange —), (— exchange) 00 OO (contraction —),
(— contraction) 000000000000 000000000 OOOOOO SO
0000 (weakening —), (— weakening) 00 00O (— exchange), (exchange —) OO
O0000000O00DO SsObO00Db00DbOO0o0b0o0obOo0obOoOoDbDOoO Ssooo
OO0SO00000DOooO So0o0ododoooooooooooooood
gogdoooboooobbbooogo

oo

gobobobboodogoooobbbbbuotoooooobobobobbbouoogga
gbobobooogobooooobobooogoood



0O

gboboogobbboggobogobbooobuobbbooobbouoobboo
gbobobbooogobooogoobbboooobbodooobbboooooboo

oboooobooboboboob roooboboo roocooocooobooboon
oboobooboooboboobobo rooobooboobobobbobo0 roobooo
OO00O0bO0DbO0oboobooooAILY,e000oooooooooooooDooDon
gbbouoggbboggbbouogbbuooobboooooobbu et doog
gbobobooggbbooooobobboooan

0O

LKOODO LJoooboooooo

0O

LKOOO LJOOOOO SOooooo0ooopooooooogooooooo &0
oooosS00000000000O000O0OO0OO0ODOODOODODODOODOOOOOO
gbobouogobbbougbooobbuooobbbooobbooogbboonobooo
OO000ooO0ob0ob0ooooboobOoboboboboob Ghobo
000 O0O0b00b000ob0ob0obobooooobo0b0oboooDoboDoooooobDo
OOoO0GfO000000000oo0o0ob0ooooboooooooobDoobooboooo
Oo0Oooboobodbooboobooob00 goobooboobooUobDUobOoUoboUobDoo
gboboboogobbuoogoboboboogoboogon

Ooo0o0o0o0oooo0ob0ob0ob0o qubobobo0bUobobobOoboooooo
OOo0oboboOooooboobooobooobooob0 Gobobobooooobo GrobbDOon
0000000000 000 SfeGr00000OO00O0O0ODOOO0ODOOO SOOO
gbooboogooobod
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219 0OO00OOOOO0OO

gbobouogobbbogdobooobbboobbooobbooobbbooobo
gbbogdgbbuoggbbooobbuooobbboogbobooogbboonoboo
gbobouodgbobuogbobogoobbouooobbooobbooobbbooonoboo
goboboogoobooogon

gobouogobbbogdobooobboooouobbbooobbouoonbboo
gbbouogogobouboboubbbooobboogbbooobbbooonoboo
gbbuogogobbougoboboogbbbobbbuooobbbtcetggog
goboboogdgbobodd contraction U 0O 0 U O O O contraction

A AT = A

AT S A (contraction)

000000000000000000 (D00o0oooooooooooooooo
O00000000) 0000000000000 oooUooooooooooooo
00000 (D0000o0oO0ooO0oO0o0oo0o0o0o0o0o0oo0o0o0o0o0oooooooooo
00)0000000000000000000000OOOOoOOOoOooDODOoOoOoOoOO
goboboogooboooon

gobuogobogobobooobooobougbbuoooobbooonobog
goooogo

ﬂ
Ll
>

ﬂ
L
>

googdoubobibooooouooagboooooobbbobooooboobooon
gobobobboboogoobobbouooobbobooobobbooooobobobooo
OOoo0oboobOoboboo sSsooooboOoboboboboboobooobooogooo SO
goboboobobogoooooobobboboboodooooobobobooon
OoOoobobobobooboobooboobobbool WangOODooo
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2.1.10 Wang 00O

OO00000 LKOOODOoOooDooobobO WangOOOOOOOOO Wang O
b0 prover UOUOUOOOOOODODODODOODOOUOOOOOOOOODODOOOOOO

O000000 Wang OOOOOOOOOODOOODO
1. VA O multiset OO O OO0
2.000 PRT—A,POOOODOOO

ccut DO OOQOOOooooon

O0Oo000obo0o WangUOOUOoDooboobooboooooooooo
Wang U0 OO cut DO DO ODOODOODO OO weakening rule O contraction rule O 00 0

r—-»AA I''B—A I'A— AB
TA>BE—A ) FToAASE 2
I'A,B— A A r- AJA I'—-AB A
RAABHA< ) I >AAAD (=)
rA—-A I''B— A v - AAB v
[AVB— A (v =) FHAAVB“*>
M(ﬂ_)) M(_)ﬂ)
Ir-A— —A-A

0 2.2: Wang 00O 0O

O00000 weakeingrule DO ODOO0OOOOOOOOOOOOODO contraction rule
0 (O—),N—)0 (—-\Vv)00000000000000000 WangOOQOO (V—)

gobobobooggboobood

I'A,B— A v
RAABHA<_ﬂ
0000 LKOOOoOOoo
I'A,B— A
vV —)

IAANB,B— A
AANB,AANB — A
NNAANB — A

(V=)
(cont —)

12



000000 contraction DO UOUOUOODDOOOOOODO

0000 Wang OOOOOOOOOOOOOOOOOOOOOOD (DooooOoOoO
000000000)00000000ooooooooooUooooooooooO
Wang 000 000R00)000000000O00OOOOOOOOOOOOOOOO
0000000000000 0ooOo00ooo0o0oooooooooooO (o—)oo
O000O000LKO (o—) 0000000 ILIOOO AX0000D00oo 200

r—-AA II,B—X r-AA I''B— A
TMASEoAY ) FTA>SE—A  °7)

0 23:LKO Wang 00O0D0O000 (0—) 000 (D0OLK, OO Wang)

0000000000000 WangDOOOOOOOOOOOOO000O0O0O Wang O
00000000000 000000000000000000000
0000000000000 0000000000000000000000000
00000000000 0000000000000000000000000r -A
000000000000 00C0000000000000000000000000
0000000000000 (@0O0)00000000000000000000000
00 pi,- pm— @1+ ¢, 00 (0000 p;,q; 00000000)00000000
0000000000000000000000000000000000000000
0000000000 0000000lr—>ADOO0ODOODOOOOOOODOOOO0
0000000000l —->ACOO0OCOO0OOOOO0OC0O000000000 WangOO
000000000000 000000000000000000000000000
O0000000000000000000000000000 WangOOOOODODO
0000000000000 00000000000000000000000000
000000000000 000000000000000000000000000
oooooooo
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130 Dyckhoft U [

3.1 Dragalin 0 00O

p—p

qu?p(—wueak)
~ 5545 ) PP (o P—p.q
(P> q) Dp— =5 5q 72 5o
POODIPZDD oy =Y PP o
(p2g)Ddp—p (=) (P>¢>Dp—p (=)
—((p>g)Dp)Dp —((pD>q)Dp)Dp
0 3.1: LKO Wang 000 (O: LK, O: Wang )
—A’FHA’A(actzon) 7f,F—>A(f_>)
A B, I'—= A A r—-AA I'—- BA AF
A/\B,F—>A( -7 I > AAB,A (= A7)
Al'—-A B, I'—- A Ve I'—- A B,A v
AVBT = A (v =) F—>A\/B,A(_) )
ADB,I'—-A BT—A Sy ATl'— B o
ASDBT S A (5=7) FHADB,A(_) )

O 3.2: Dragalin 0 OO

Dragalin 0 [1]0 0000000000000 O0OOCCOO0O0OO0OO WangOOOO
000000000000000000 weakening rule OO (A —%),(— V) OO0OO
(O>—*) 0000000000 ((@MOo0o0oo0D0 -ADAD fOODOOOOOODOOOO

14



00000000000000)0 Wang DOODODOOOOO 0000000000
(->*)000000000000000000000000000000000000
0000000 (—>*) O weakening 100 00000000000000 (5—*) O
0000 Wang DODODODOOO0O0 ADBTI - AODODOOOOOOOOOOOOOO

0000 ADVOOOOOOOO Wang0OODOOOO (200)00000000
000000000000 >S>02000000000000000000000000
000 (000 (b—*)00000000)0000000000000000000 >
000000000000000000000000000000

000 (>—)000000000000000000000 A0 A0D0O0O0O0O00O
000 (00)0000000000 A>DBI—-AO0000 A>DBT—-ADO0000
0000000000000000

3.2 Dyckhoff I Hudelmaier [ [ [

00000000000 Dyckhoff O Hudelmaier 000000000000 ([10]
[10)0000000 Dragalin 000000000 (Oo—*)00000000D04000
OOobO0oooo0oo0ooooboobobooboooobooooboD AoB,'—=AD
000 A00O0D0OO0DOO0O0O0ooOooOooboob0oo400b0obuobbooooo

B,AT — A
ADB/AT — A

C-Dononanoooo)

CD(DDB),F—>A<D )
—
(CAD)DB,I - A 2

C>B,D>BTI—=A (5—1)
(CvD)>BT'—A 3

D>BT -C>D RFHACDﬂ
_
(C>D)D> BT —A 4

0 3.3: Dyckhoff 0 Hudelmaier 00 O O

15



0000000000000 (o—%),(0—%),(>—)0000000000(0)00
000000000000000000000000000000000000 AO
00 w(A) 00000000000

ew(A)=1... A0000O0O0OOO
e W(AVB)=w(ADB)=w(A)+w(B)+1
o W(ANAB)=w(A)+w(B)+2
000 (o—3) 000000000000000000D0000O0
w(C D (D > B)) =w(C)+w(D) +w(B) +2

w((CAND)D B)=w(C)+wD)+wB)+3

00000000 (o—3),(>—3),(>—;) 00000000000000000000
0000000000000000000000 (2000000000)000000
000000000000000000000000(0000 multiset ordering O [
00000000000)

0000000000000000 provee 000000000000000000
0o0ooon
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(140 Dyckhofft 10O OOO

OO000D00000000D000D00D00 Dyckhoft 0OODODODOOOOOODOO
OO00000DO0000000000 Standard MLOOODOODOODOODOODO

4.1 0O0O0O0OOOOO

OO000D00D0O0O0D0D0oDbDOn Standard MLOOOOOOOODOODOODOO
gobobooggboooggo

e 10000 ‘Prop DO0DOOODODODOOOOOODOOProp ”A”0
e 10O AABDO Land (Prop ”A”, Prop ’B”) D0 00O
e 10O AV BDO Lor (Prop ”A”, Prop "B”) 00000

e 10O AD B O Limp (Prop ”A”, Prop "B”") 00000

O0o0o0doboooboboooboboooboooooobooooooooooog 7 d
O0000000AAB,CvD 000 OLand (Prop ”A”, Prop ”B”), Lor (Prop ”C”, Prop ”"D”)’
gogad

gbbouogogobbougbouogobbbogbboooobooobbooonboo
gbobobbougobobodogoobobooogbbouoooobboboooan

0o
ANB— AvBOO000000000000000000000

main (node ([Land (Prop "A", Prop "B")]1,([],[1)),
node ([Lor (Prop "A", Prop "B™)]1,([1,[1)));

17



gbobobooogbobooooobbboooogn
OO0 ANB,C—-AvBOUO0OODOODOOOOODOOO

main (node ([Land (Prop "A", Prop "B"), Prop "C"],([1,[1)),
node ([Lor (Prop "A", Prop "B™)]1,([1,[1)));

0o

gbobobooobbobtooooobobbooobbbuoooobobobougnoa
gboobooggoboooan

ANB— AV B
goboboud prover O OUOOOOODODOOU

main (node ([Land (Prop "A", Prop "B")]1,([],[1)),
node ([Lor (Prop "A", Prop "B™)]1,([1,[1)));

goooooooo
doodobooooooooooboooooooooooboooooon
B,A— B, A

ANB — B, A
ANB — AV B

gbobobouodboboodgd prover HOOOOOODOOOOOODODOOO

Node
((([Land (Prop "A",Prop "B")],[]),([Lor (Prop "A",Prop "B")]1,[])),
[Node
((([Land (Prop "A",Prop "B")]1,[1),([], [Prop "B",Prop "A"])),
[Leaf (([],[Prop "B",Prop "A"1), (], [Prop "B",Prop "A"1))1)1)

gbobobooggbbooooobobbouooan
e JIDOODO ‘Node’ OUD ‘Leat’ D0100000O0O0ODOO
e JIDUODOUOD ‘Leat’ DO0DOODUODOODODODODODLO

18
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gobobobboogoobobodan

l.2000000bbooobboobboobboooboooboobooooon
gobobouogbobooooobobod

2. 30000bbobooooobobooogo 20b00bD0d

. 4000bboboobboobbuoobobbooboboobboobboobon
Lea’ OO ODODODO

gboobo20000b0boogbobooogooon
gbobobooggboooon

AVB — B, A

gobobooggn

A—B,A B— B A
AVB — B, A

goboboogobooooobobod
goobooogd

main (node ([Lor (Prop "A", Prop "B")], ([1,[1)),
(node ([Prop "A", Prop "B"], ([1,01))));

gobobooggn

Node
((([Lor (Prop "A",Prop "B")]1, [1), (1, [Prop "B", Prop "A"])),
[Leaf (([], [Prop "A"1), ([J, [Prop "B", Prop "A"])),
Leaf (([], [Prop "B"1), ([], [Prop "B", Prop "A"1))]) : tree

OO00000D0000 ‘Leaf’0 2000000 200000000000000O

19



Jobooobtoobooobogood

pV(gAr)—(pVgA(pVr)OOoO
00000000

main (node ([Land (Prop"p", (Land (Prop "q", Prop "r")))]1,([],[])),
node ([Land ((Lor (Prop "p", Prop "q")),(Lor (Prop "p", Prop "r")))1,([1,[1)));

gobobooggn

Node
((([Land (Prop "p",Land (Prop "q",Prop "r"))],[1),
([Land (Lor (Prop "p",Prop "q"),Lor (Prop "p",Prop "r"))],[])),
[Node
((([Land (Prop "p",Land (Prop "q",Prop "r"))J1,[1),
([Lor (Prop "p",Prop "q9")1,[1)),
[Node
((([Land (Prop "p",Land (Prop "q",Prop "r"))],[1),
(d, [Prop "q",Prop "p"1)),
[Leaf
(([Land (Prop "q",Prop "r")], [Prop "p"1),
([, [Prop "q",Prop "p"1N11),
Node
((([Land (Prop "p",Land (Prop "q",Prop "r"))J1,[1),
([Lor (Prop "p",Prop "r")1,[1)),
[Node
((([Land (Prop "p",Land (Prop "q",Prop "r"))],[1),
(J, [Prop "r",Prop "p"1)),
[Leaf
(([Land (Prop "q",Prop "r")], [Prop "p"1),
(01, [Prop "r",Prop "p"1))1)1)]1) : tree

gboobogobuogbuobogbouogboobooboobuogboboobooon
O00 ‘Leat’ OO0DO0O0OO0O0 100000000DO ‘Leat’ D 200000000
OoOo0200000000000000D00O0O00O0O ‘Nede’OODODO10000O
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qAT,p =T, p qAT,D = q,p
pA(GAT)—=1p  PA(GAT) = q,p
pA(gAT)—=pVr pA(gAT)— (pVQ)

pA(gAT) = (PV @ A(pVT)

U 41: 00gooooboogooon

OO0O00O000O0DbO00b000 ‘Nede’ DODODOODOODODOODODOOODOOOODO
gobobooboboguogooooboboboboboodoooooboboboobon
20000 ‘Node’ DO ODOOODO20000000000000O0O0D0OO0ODOODOO

Node

Node
Leaf

ENode .
ELeaf

100 200 300

U042 002000000000000

gbobuogobboodobooogobooobbboooob 20b00b0bog
gooboooggno

Jooooogdn

gbogbobodgbogbbobboobuooboobuoobooobuoobobooboa
gboobooggoood

uncaught exception NO_PRINCIPAL

raised at: /home/***kkkxx/sxx*x***x sml:90.56-90.68

Jooooogood

O000000o0o0o0obO0o0ooobbo0obbooboboUOoboODbOog Standard ML
goboboogooboooon
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0 (00 1)

e J00DDODO ‘Prop 0IODODODODODODOODOD (DOODODDDODODDOODODDODO
O000000ooooon)

gbooboggbobooooooon

main (node ([Land(p, (Land (q, r)))]1,(0,[1)),
node ([Land(Lor (p, q)),(Lor (p, r))1,([1,01)));

goboooogd

stdIn:21.29 Error: unbound variable or constructor:

(o]

stdIn:21.27 Error: unbound variable or constructor:

stdIn:21.18 Error: unbound variable or constructor:

T Qo T

stdIn:21.16 Error: unbound variable or constructor:
stdIn:2.25 Error: unbound variable or constructor: r
stdIn:2.23 Error: unbound variable or constructor: q

stdIn:2.14 Error: unbound variable or constructor: p

OoOoboobobooobobog ‘Pprop0000bO0ObO0OOOOOODOnO
goooood

e main JUOODODDOOOOODODOOO

gbooboggbobooooooo

node ([Land (Prop "p", (Land(Prop "q", Prop "r")))]1,([],[])),
node ([Land ((Lor (Prop "p", Prop "q")),(Lor (Prop "p", Prop "r")))]1,([],[1));

obogooood
stdIn:24.54-24.60 Error: syntax error: deleting RPAREN COMMA ID

0000000 ‘main (00000000000 )y 00000000COOOO
gooboogboboooan
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e node’ 0 OUODODOODODOOOLDODODOODOODODOODOON ‘node’ 00O
gobobooobobbooooobobod

goboboogbobooood

main (([Land (Prop "p", (Land (Prop "q", Prop "r")))1,([1,01)),
([Land ((Lor (Prop "p", Prop "q")),(Lor (Prop "p", Prop "r")))]1,([,[1)));

goboooogd

stdIn:1.1-24.124 Error: operator and operand don’t agree [tycon mismatch]

operator domain: (formula list * formula list)
* (formula list * formula list)
operand: (formula list * (’Z list * ’Y list))
* (formula list * (°X list * ’W list))
in expression:
main
((Land (Prop "p",Land (Prop "q",Prop "r")) :: nil,(nil,nil)),
(Land (Lor (Prop "p",Prop "q"),Lor (Prop "p",Prop "r")) :: nil,
(nil,nil)))

OO0OobDooboboooboooboobbooboobOonbd mode’ DOODODOO
gobobouogbbobooooobobbod

0 (00O 2)

gbobobooobbbooooboboogbbbooooooon

e main JUOODODDODOOOOODDOOOOO

goboboogboboooan

main (node ([Land (Prop"p", (Land (Prop "q", Prop "r")))1,([],[1)),
node ([Land (Lor (Prop "p", Prop "q")),(Lor (Prop "p", Prop "r"))]1,(0,[1));
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goboooogd
OO000000 Standard MLOODOODOOODODOOOOOOODOOODOO
gooboogboboooan

ooboobooooobono yYyo3bobuooboobuooboobobuoobog

gbooboggbobooooooon

goboboogboboooan

main (node ([Land (Prop "p", (Land (Prop "q", Prop "r"))],([],[1)),
node ([Land (Lor (Prop "p", Prop "q")), (Lor (Prop "p", Prop "r"))]1,(l,[)));

goboooogd

stdIn:24.49-24.52 Error: syntax error: deleting RPAREN RBRACKET COMMA

gobobDo0D0O syntaxerror UODODODOOOOO0O0OO0O0ODODOOOOO00OOO
gobobooobbobooooobbboogobbouoon

gboboboogbobbooooobobogoboobod
goboboogboboooad

main (node ([Land (Prop "p", (Land (Prop "q", Prop "r")))1,([],[1)),
node ([Land (Lor (Prop "p", Prop "q")), (Lor (Prop "p", Prop "r"))],(l,[)));

goboooogd

stdIn:38.69-38.121 Error: operator and operand don’t agree [tycon mismatch]
operator domain: formula * formula
operand: formula
in expression:

Land (LOI (Prop "p",PI’Op uqn))

24



00000000000000000000 ‘Land ((Lor(Prop "p”, Prop 7q”)))’
oo oooooooooooood
0000000000000 ‘Land (Lor (Prop ”p”,Prop ”q”))) 00000000
dooooboooooooooooooooooooao
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4.2 0OO0OOOO

gbobbooobbbbouoooobobooobboboooon

< oooooo >

le—

le—

U 43: 000000

gbobobooobboboogoboboobboogbbobooooobobon
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4.3 O0OOOOO
0000000000000000000000000000000

Joboobooboboobooboobooboooboooo =

Compiler.Control.Print.printDepth := 2000 ;
Compiler.Control.Print.printLength := 2000 ;
Compiler.Control.Print.stringDepth := 2000 ;
Compiler.Control.Print.linewidth = 2000 ;

x OOooooog =)

00000 Standard MLOOODOOOODOODODOODOODODODOODOODODOO
gboobooogboogoooon

« 0000DOD0O0O0ODODOO0ODoOOoOooo =
datatype formula =

Prop of string

| Land of (formula * formula)

| Lor of (formula * formula)

| Limp of (formula * formula)

| False ;

OO00000O0bOO000O0b0ob0oDOob0o0o00ooO0O0DObO00O0DO formulaO OO0
OoOoobooOooboooonD ‘Prop U0DO0ODOODOOODODOODODOO string OO
000000000 AD‘Land’ O0000C0O0O02000000 (000OO0O0O0OOO)
OoOoboobooboobooboob voboo ‘Lo 000 D000 ‘Limp’d00OOO
OO000DO0Db0bO0ob00o0ob0oboooDoDoDoboboo00formula0dnDOnO
goooooggoo

x D0D0O00O00DO0O0OOooobooogg =)

(x OO (formula list * formula list) DOOOOODOOOO

00 (formula list * formula list) UO0OOOO0O0OOMIDOO0O

U0 formula list UUOUOO0O0O0OUOOOODOODODOODODO formula list
O000000oooooooooo =)

type sequent = (formula list * formula list) * (formula list * formula list) ;

27



OO000D00D00b00ob0g formula 0000000000 OOOODO0ODOODODOO

xOogoog =)
datatype tree =
Leaf of sequent

| Node of sequent * tree list;

gbgobgoboboobobugbgbogbuoobobobbooboobogobg
goboboogobooooobobod

 J0bOo0ob0obo0bo0obo0obooD sruve UOOOo0oODOO
false DODODOODODOOOO =)

 Jobo0obO0bo0boobuo0oboobobboOobDOonO true U000
0000 false JOOOO %)

(x compl : formula * formula list -> bool *)

fun compl (x, []1) false

| compl (x, (y::ys))
if x = y then
true
else

compl (x, ys) ;

 JoboobOoboooboooboo0bboobooonog =)

(x comp : formula list * formula list -> bool *)

fun comp ([1, _) false

| comp ((x::xs), ys)
if compl (x, ys) then
true
else

comp (xs, ys) ;

gbbouogobuoggbobooobbuooobbboogboboooobbooonobooo
gbobobbouogobobogooobobooogbbouoooobbobooogon
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 O0oooooooooooooOg =)
«O0ooooooooo =)
(x ip :formula -> bool *)
fun ip (Prop p) = true
| ip (Land (a, b)) = false
| ip (Lor (a, b)) = false
| ip (Limp (a, b)) = false
| ip (False) = true;

« Jooooooooboboboooooooooooooooon
formula list JOOOOOOO %)
(* node : (formula list * (formula list * formula list)) ->
formula list * formula list *)
fun node ([], (formula_list, prop_list)) = (formula_list, prop_list)
| node ((x::xs), (formula_list, prop_list)) =
if ip x then
node (xs, (formula_list, (x::prop_list)))
else

node (xs, ((x::formula_list), prop_list));

oooooooboo spoooobooboobobobobobobooobooooooon
000000 ‘node’ 000000000 O0OOOO (DODODODODOODODOO)ODOO
gooo

x D0ODOO0OoOobooOOo...00b0b0boooooooog %
exception NO_PRINCIPAL ;

(* get_principal : sequent -> formula lisrt * formul list *)

fun get_principal ((lhs, lhs_props), (rhs, rhs_props)) =

let

(x left_principal : formula list * formula list ->

29



formula list * formula list *)

fun left_principal ([], lhs_props) = raise NO_PRINCIPAL (x

000000000 DO00bO00bO0OD00bO0o0obLOO0o0obOo0oDOon
Ooooo =)

| left_principal (1::1hs, lhs_props) = (x DOOOOOOOOOO
OO0O0D000ODoOOg =)
(case 1 of
(Limp (A, B)) => (x DO0OOOODOODOO
O00000000D00 LimpO0000O0O0O*)
(case A of
(Prop p) =>(x Limp 00O OD0OO0ODOOODOO
O000000=*)
(if (compl (A, 1lhs_props)) then (* check
J=>1% - condition ! *)
(L1131, 00) «xOoOoOoOOoOO
0000000000000 000O0Oooooog =)
else
left_principal (lhs, lhs_props))
00000000 O00oOoooooog =)
| _=>([11]1, 1)) < O0OO00D0ODOOODOOO
OO0Ooooooo =)
l _=>([1], ONG&DO Cmp)OOODOOOOO0OO0OO
OO0 =)

(x right_principal : formula list * formula list ->
formula list * formula list *)
fun right_principal ([], rhs_props) = raise NO_PRINCIPAL
« D000000OO0o0ObO0ObOOoboOobDOoDOobOooog =
| right_principal (r::rhs, rhs_props) = ([1, [ r 1) (x OO
OO0000000booooooogoog =
xO0O0oog =)

30



in

right_principal (rhs, rhs_props) (x DUO0OODOOOOOOOOO
oogno %)
handle NO_PRINCIPAL => (x DOO00000DO0OO %)
left_principal (lhs, lhs_props) (x ODUOODOOODOOOOO
OO00oODoooo =)

end ;

gbbouogoobbougbbuogbbboogboogbobooobbbooonoboo
gooboooggno

O0o0oo0 =)
(x ipc_rule : formula list * formula list -> formula list ->
(formula list * formula list) list *)
exception NO_RULE;
fun ipc_rule (L, R) =
case (L, R) of
([ Land (A, B) 1, [1) => ("and->", [ ([ A, B1, [1D DD
(x O=>% x)
| ([ Lor (A, B) 1, [1) => ("or—>", [ ([ATI, D), (LBI, 1D D
(x O=>% x)
| ([ Limp (A, B) 1, [1) => (x O=>x% %)

(case A of

(Prop p) => ("imp—>1", [ ([ B, A 1, [1) 1)
(x O=>1% %)
| (Land (C, D)) =>
("imp->2", [ ([ Limp (C, Limp (D, B)) 1, [1) 1) (x O =>2% %)
| (Lor (C, D)) =>

("imp->3", [ ([ Limp (C, B), Limp (D, B) 1, [1) 1) (x [O=>3% %)
| (Limp (C, D)) =>
("imp->4", [ ([ Limp (D, B) ], [ Limp (C, D) 1), ([ B 1, [1) 1) (x O=>4x% x*)
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| _ => raise NO_RULE)
| ([1, [ Land (A, B) 1) =>
("->and", [ ([1, [ AD, (00, [B1) 1) (x=>0Ox% %)
| (00, [ Lor (A, B) 1) =>

("->or", [ (I, [A,BD) D (x =>0% %)
| (00, [ Limp (A, B) 1) =>
("=>imp", [ (L A], [B1) D (x =>0% %)

| _ => raise NO_RULE ;

gbobouogobbboogbbobooobboobooobobobooobbboobbon
gobobooggd

(* get_principal 0000000000000 0O0OOCOOOOCO0OO0OO0O0O =)
« 0000DDOO0O0ODOOOODoOOoOooo =
fun drop _ [1 = []

| drop x (y::ys) = if (x = y) then ys else (y :: (drop x ys)) ;

x 0oooooog )
(x elim_principal : (formula list * formula list) ->
(formula list * formula list) -> sequent *)
fun elim_principal (([ 1 ], [1), (lhs, rhs))
| elim_principal (([], [ r 1), (lhs, rhs))

| elim_principal (_, _) = raise NO_PRINCIPAL ;

)

(drop 1 1hs, rhs)

(1hs, drop r rhs)

00 drop 000000000000 O0ODOOODODOO0ODOODOODOODOOD
OO0O00D00000b00bDOn elimprincipall OO OOOOOOOOO0OOOOO
goboboogooboboooon

(*x align_side : formula list * formula list -> sequent -> sequent *)
x ODO0D0DO000OOoOooDO =)

fun align_side (1s, rs) ((lhs_remains, lhs_props), (rhs_remains, rhs_props)) =

(node (1s, (lhs_remains, lhs_props)), node (rs, (rhs_remains, rhs_props))) ;
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O0O000000 elimprincipal DO O0O0O0O0OOOOOOOOOOOO0OOOOO
goboboogoboboogoobobboooooboagn

« Joooooooooboboooooog =)

(x ifaxiom : (formula list * formula list) * (fomula list * formula list) ->
bool *)

fun ifaxiom ((1lhs, lhs_props), (rhs, rhs_props)) =

(comp (lhs, rhs)) orelse

(comp (lhs_props, rhs_props)) orelse

(compl (False, lhs_props)) ;

OO000000DO0D00O0000O00b00b0b0obObOOoDOOoDbObO0b0O0DOOn false
gbobobbobooogoooooobobbboooooooonobbiboD truedd g
goo

(* make_node : string * ((formula list * formula list) list) -> sequent -> seque
nt list *)
x JO000O000boboon 4 00boobooobboobobooooon
dooooooooo =)
fun make_node ((rule, side_fors),
((lhs_remains, lhs_props), (rhs_remains, rhs_props))) =
case rule of
"imp->4" =>
[align_side (hd side_fors) ((lhs_remains, lhs_props),
([1, [1)), align_side (hd (t1 side_fors)) ((lhs_remains, lhs_props),
(rhs_remains, rhs_props))]
| "->imp" =>
[align_side (hd side_fors) ((lhs_remains, lhs_props), ([1, [1))]
=>
map (fn sf => align_side sf ((lhs_remains, lhs_props),

(rhs_remains, rhs_props))) side_fors ;

(x main OJOOO0O x*)
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fun main (seq as ((lhs, lhs_props), (rhs, rhs_props))) =
if ifaxiom seq (x DO DOOOOOOODOO0O =)
then
Leaf seq (x DODOODOODOODOO =)
else
let
val principal = get_principal seq (*x UJUODOOOMO
O %)
val (rule, new) = ipc_rule principal (x OOOOO
Ooo =)
val (1lhs’, rhs’) = elim_principal (principal,
(1hs, rhs)) (xOO0ODOOOCOOO
Ooooo =)
val new_tree = (make_node ((rule, new),
((1hs’, lhs_props),
(rhs’, rhs_props)))) (x ODOODO *)
in (x OO0O0O0OO0OOCOOO0O0O %)
Node (seq, map main new_tree) (x map 0 OO O0OO
OO000000000000000000000 =)

end;

gbbuogobuoogobouogbbbooobboooobbbouogbboonoboo
gobbboogoboboogoobobboooobouooobobood

4.4 0O0O0O0OOOOOO

OO000D0Db0b0O0ob00oDOoD Standard MLODOOOOOOODOOOOODOO
goboboboggbbodgobogbbuobbuobbug stringdggooogoon
OO0 formula D000 prover OO OO0 0O0O0O0O0O0O0O0OO0OOOOO0OOOODODOO
Obhobooboobooboobooboboon stbooboboboboboooboon
gbobuogogobbougbbobooobbooobouooobbboogbbooonoboo

000 list 000000 oobobooboboboboboonog
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gbobuogobboobobboobuooobouobbuoooobbooonboa
gbobouogobbboggbbouooobbbooobbooobbbooobbooonoboo
gooood
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s oo

gobobooboboguooooobobbbobO prover HOOODOODODOOOOU
gbbuooogobbougbooobbboooboogobboobbbooonoboo
gobooo

5.1 UOQOOOOO

O00D0000400000000 Standard ML OODOOODOODO Standard ML
gobouogobbbougbbuoooobboogbbbooobooobbooonbboo
goboboobooobobobbobobbobioodguooooooooobooboboboa
Standard ML OOOOOODOOOOOOOODOOOOO0OOODOOOOOOOOOOOO
gbobouogogbboubobboogbbboogbboogobbbouogbboobboo
gbbouogobbbougbbuooooboogbbbooobboobbboooog
gbbouogogoubbobogobbooooboooogobbooobbbooonbbon
gobobooggbbuoogobobod

OO000D00D0000D00D0DOO0O Dyckhof 0DODOODOOOODOODOODO prover
gobobooodn prover HOUOUOOODODOOOOOODOOOOOODODO

0000 Standard MLOODODOOOODOODODOOOOOOOOOOOOODOO
gbobuogogobbougbouooobbboogbboooobboogbboonobooo
goboboobbobobbooododoooooounobDbDn parser DODOODOOOOU
gbobobouogobobooogobobooodgoboooooboboobod
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5.2 LwB UOUOOOOO

5.2.1 LWB OO

A. Heuerding 000000 prover O Logics WorkBench (000 LWBOOO) OO
OoOoboboobooobobobobooooo0 twBOoOoooo4OdOd prover U O
gobobbouggbbbouooobbobboooaoo

LWB 000

wBOUOOOoOoOoO vRLOOOODOO

http://www.lwb.unibe.ch/

5.2.2 LWB 0000

00 LWBOOOODO UNIX O X-Window system (00 Linux) 000000000
gbbouogogobbouogbbobooobboogbobobobbbbogbbooobog
obhoooobooboobobobooboboboboobbooboobooWBOOOoO
gbobouogogbouboboogbobboogboogbbooobbboonoboo
goo

5.23 LwBUOUOUOOO

o0 wBOOOOOODOoOobDoooboobooo
1. UNIX O X-Window system (Linux 000)00000O

2. 00000000000 (DOD0O0O000D0D0DO0O0DOO0O00OD0OODODOODODOODOO
O000000oooooooon)

. 0bouggoood

4. 0000000bobboooooboobbooooooboa
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5.2.4 00O

gbobobooobboboooooboboogboo
1. gggboobodn
2.00000000

. 0bbugdooobobbbouogobbbuoooobooboooagon

file edit module options hielp

¥ proodopd bons(” indek ", [TallT

ir—ﬂl} Ll B e |
F =} & = =y
£ =) B, @ =F
Ly FE ]

ar| ine{
L Ipbsizag{r \Eopfy ﬂll'lﬂ]'l il ".'.t
‘il!-'l'i-gﬁrﬂ"l‘llllﬂﬂ ¥ ".l.l " ﬁ“ "'l'ﬂ alkl

NS VGABES G o i = e
1

L] il I o il o, ol =l L
W prool ] (LP-geerabid prood o, ol opk bndsl =

:
:

fonz, suliiline imput etc,) follow fhe [ink MANE on dfe LWE
zape  for see File FABHOME aocii LHSindovivbhelo duil_

00 5.1: Logics Workbench [0 00 0J

gboboboooboboogoobobogobbbuoooonoboboogooon
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1. load (cpc);y DO OOOOOOOO
2.A=a-> a0 a——-—a0d AOODO
3. ‘proofoptions("indent”, ["all’])y 0000000000000 0O0OO0O

4. ‘proof(A);y 0 ADDDOOOOODODDDOOODOO (DOOOO0OOO0O0DOOO LaTeX
O00000Oooooo)

5.2.5 LWB 0000

OO0 wBOoOooooboooooobooooboobobooo
. gobboogooboboogoobobboogbobboooonboon

2. 000000000000000000000000000000000000
000000000000000000000000000 (Vine Linux 2.5 00
oooooo)

. 0bbutuogooobobobbbutbooooooobobobobobooga
goobogooobod

4. 0000000 0ODOO0ODOO0ODOODObOOObOO oOSUobUoUoboUobDUbO
. bUoobOobbobbobbobbobb wbOobbOoobOOO

gbobobougoobooogooo

5.2.6 0UO0OO

oooobooooobo LlwBOO4OooooooboooDbh twBOOOobooobOoo
gboobooggbboooooboboooan

o X-Window system U0 O OOOOOOOOOO kterm OOOOOOOOOOOO
goobogoobod

e 00 0SOODOD0D0O0O0O0 (MacODO)
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e HUUUUOODOUUOOOLODLDLOUOOUODLDDULOOUUOLDDLDbLOUOOUODLDOD

OO0O0D00000bobDo0oonoonDoobD LaIgX oo oooooog
goooog

e NUUUOOODOOOODLDODO

gobobouogbobooooobobbod

gobbboogoboboogoobobouoooobbouoooboboood
ODO0O0OX-Window DO OO0 OO0O0OOOOO0O0OO0OOOOODOOOOO0OOOOOO
oboobooobobooboboobobo tiwBOOooobooboooobooobooo
gbbouogogobbougbbobooobboobbuoobbooobbbooonbobo
gbbouogobbboggbouooobboogbbooobbbooobbooonboo
gboobooogbooooooo
gbobouodgobogobobooobooobbobooobbooobbobobboo
gbobobooogobooogbobboooooboooobbbooooooboo
OO0O0000 LaITgXOOODOOoooooo tiWBOOo4ooooooooooooo
00000000 (vO v OOOOOOOOOOO)O LaIgXOOOOOOOOoOoOo
gobboogobboooobobouooobooooobboooan
gbobouogobbboggobooobbbobbbooobboobboonbbobo
gbogobogbuogoboboogbuoboboobobboobuogboobogoboo
gobuogobbooodgoboogbbboobbooobboobbooooboa
gboobooogboaooooo
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