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10 o

1.1 BHK-0OO

oooboodbooboobo,00oboub BEHK-OOOOooobooobooooobg
gbobbuoogogobboood.

-ANBODOOO,A000D0 BOOOODOOODODODOOOODOOO.
-AvBOO0O0,A0000 BOOOOOOOOOOOOOOODODODDODODO.
-A—-pBO0000O0,A000D0 BOOOODDODOOOOODOOODOOO.
-1 00o0uoago.

- VzA(x)D0O0O0,00000d0 ADODODDOOODOOODOOOOOOOOODN.
- d2A(x)0000,00d000000O00O0 A(DDODODDODODOOOOOODOOO0.

gbobbbodoood,obbobuouooobbbbuoooooboobboo, oo
gbobobuoogobboboogobbobooan.

1.2 O0O00O0O00OO0OO0OODOOOOOODOOO

BHK-OOOOOOOOoOOooOobooboboboooooo,oogoooo,ooon
ooooobobooo “cobobooorboob,0bobobooooobobOoo
oo0O0 “cdboooobooorgooboob,0bobooboboobooobooboon.

gb,bbbodggoobbbbbuooooobbbbooog,gbbbboooon
gboboggoboogbbbogb,ggoboboobobbooobobooooboobgao
OO0o00oOgooO Curry-Howard DO ODOD0OOO0OOODO. ODOOOODOOODOOOOODO
gboboggoboogbbo,obbooobboobobbooobbooooboobgao
gb,ugggbbobuogobbbboogboboboooboboog.

goobo,ggggbobobog,guobbobboouoooobobobuoooag
gbbbuoooobbboooobobog.



1.3 translation 0O OO O OO

1930000, Godel O Gentzen 00000000 translation 0000000000000
000000000000 000000. 00 translation 00O OO O negative translation
O0000000000D00D00.00,0000000 1920000 Kolmogorov OO0
O00oo0dooobobooboboboboboboboboboobooboooooDoooog
O00000000. 0000000 translation 000000 translation 00O 0O OO
00,0000000000000000000000O0O0(@MOO0 4000).

00000000 00bO0000bO0o0o0oobOooDoobOobO,0boboooooog
Oo0ooooboboooboboobobooobobooboouooboooobg, -
00, Leivant [3] 0 Kolmogorov O translation 00000000000, 0000000
Oo00o0ooo,0bdb0bdboobdboboooboboooboooobUooooobo
O000,00000000D00000DO00D000DO0DO0O0DOO0ODOO0ODOODOO0ODOO
O000000000. 00,00 [2]0 minimal logic 00O O 1L 0O schema 00 00O place
holder 0000000 O0ODOODODOO translation 00 00 OO $-translation 0 0 0O,
Oo0oooobobooobobooboboboobooobobobooboooDooboo,00bo
O00000000000DbOO0o0bOOoDObOOoooo.

O00,0000dbo0b0bobobo0b0oboobobDooDbooDooboobooo
O000,000000000000D0DOO00DOO00ObObOODObOOoO0bOOoO0OO,000
O0o00odooboobobuooobboooobooooboobobooobooooobo
O00000. 00,00000 Curry-Howard DO00O0D0O0O0O0OOO0ODO,00000
Oo0oooobo,00b0bobobobobooobooooboooobuoooUobo
O000000oooooooon.

00000000 translation OO O, 00O Godel-Gentzen [ negative translation [
$-translation OO O OO .

1.4 0O00O00OO0OO0OOOO0O

OO000,0002000000000000000000000D000O000O00OA0O
oooooo.

00,0 3000 Godel-Gentzen [ negative translation OO0 00, 00000000
0000000000000 00000,0000,000000000D00D00DO00O
0000000000000 0000000000000,0000000000000
Oo0oOoooooo.

00004000 $-translation 0000, 000000000000 O0O0OOOOCOO
Oo0ooodobooobo3bboobooboobooboooo,g3obouooooonoog
OOooOooDoooooo.

Oo00,05000000000000O000DO000DO000.



20 OO0t

00000,0000000 minimal logic, 000000, 0000000 MQC, IQC,
CQCOO000D0DDONO0ONDONDOND,0000000000000000000
oooooo.

21 0O0Oooooood

OO00d000o000bodoodo,0bdooooo0 LOoogoo,0ogoooodg
ooooooo
AV — VY 3

O000. 000 A BOOO-AOUA—-10,A«BO(A—-B)AN(B—A)OODO.
O0,000000000000000O000ODODOD0OO0ODOO0O=0000.000,0000
Oooooo

—A=A—-1, A< B=(A—B)A(B—A).

000 A OO0z 0t0000, Alz/)0 ADDDOD¢0002z0000000.
FV(A), FV()00OO0O00000 A, 0¢t000000000, BV(A), BV()00000
oooooo.

00 2.1 (free for) ADOOO,z000,¢t00000. AODOO¢tO free fora00O0O
gooooodoonoooooooooon.

e JO0OOO POODO tO free for x.
e B,COOODO,0e{AV,—},Qe{V,3},y00000O0.

BOOO tO free for x
- BoCOOO tO free forx PN 00
coogno e free for z.

y & FV(t)
S QuBOOO tO free forx &L 2=y000{ DO
BOOO tO free for x.



2.2 minimal logc

00 2.2 (MQCOOOO) minimal logic 000 MQCOODOOO, 00000000,
conclusion, open assumption D0 0000000000000 0OOOOOOOOOOOO.

e ADDDDOUODD. D000 AO conclusion O A, open assamption 000 0 {A}
O000O0OoooobDboOoOOOd. conclusion D ADODOOOOOOO DO

D
A

gooogg.

e 1J000D0DDUODDOOODUOOOODUOODODOODODODOOOO (DOODO
0000000000000 00000oooo).

(A-introduction) Dy, D, 00000 conclusion O A, B, open assumption O O
OO0 O0,0,0,000n,n 000000000000, 0000

D, D,

i (D

O conclusion O AN B, open assumption 0000 O, U0, 000000003
max{n;,not +10000000.

(A-elimination) D O conclusion O A; A As, open assumption D000 OO, O
O0n000000000000. 0000

S (AE)

D
Ay N Ay
O conclusion O A; (i € {1,2}), open assumption 0000 00000000
UOn+10000000.

(—-introduction) D O conclusion O B, open assumption D000 OO, 000
nUO00000000000. 0000

D
B

A— B

(= 1)

O conclusion 0 A — B, open assumption D000 O\{A}000000O0O
On+10000000.000 A000O0O0O0DOO0O0DOODOO

[A]

gboooboogoooog.



(—-elimination) Dy, D, 00000 conclusion O A, A — B, open assumption
00000, 0,0,000n, 7000000000000, 0000
D, D,

A 4=8 g

O conclusion O B, open assumption OO0 00 O, U0, 000000003
max{n;,not +10000000.

(V-introduction) DO conclusion O A; (i =100 0 2), open assumption O 0O O
OOo0,000n00000D000D0000O0.DOO0ODO

D
A;
A1V Ay

(V1)

O conclusion 0 A1V Ay, open assumption DO OO0 OO00O00O0O000O n+1
goooodao.

(V-elimination) D;, Dy, D000 00 conclusion I AV B, C, C, open assump-
tion OODOD0 Oy, Oy, 030,000 ny, ny, ns 000000000000, O

oo
Dy Dy D5
AvB C (C
£ (vE)

O conclusion O C, open assumption 0000 O, U (O2\{A})U(O3\{B})O
0000000 max{ni,ne,nz} +10000000. 0y, 0,000000 A,
pO000bO0O0OboOobooOooDon

[A]  [B]
At @ T
€€y

gboooboogoooog.

(V-introduction) DO conclusion O A, open assumption 0000 OO0, 000 n

Oo0O00o0oO00oOboOo0,x¢g UFV(B)DDDDDD.DDDD
BeO

D
R
VyAlz/y

O conclusion O YyAlz/y] (D00 y0O ADODO free fora0O0 y & FV(A)\{z}
O00000), open assumption D000 O00000000n+100000
ag.

(V1)



(V-elimination) D O conclusion O Yx A, open assumption D000 OO, 000
nUO00000000000. 0000

D

VoA
Al P

O conclusion O Alz/t]) (D000 ¢t0 AO0OO free for c 0000), open as-
sumption DO OO0 OO0O00OO0O0O0OOn4+10000000.

(F-introduction) DO conclusion O Alx/t] (000 t0 AODOO free for x 00
00), open assumption 0000 OO0, 000 nO00000OCDOODODOOO.

oggno
D
Alz/t]
drA

(31)

O conclusion O dzx A, open assumption OO0 OO0 O0OOO0OO0O00OO n+10
oooood.

(3-elimination) Dy, D, 00000 conclusion O JyAlz/y], B (000 y0O AO
00 free fora 00 y ¢ FV(A)\{z}00000), open assumption 0 0 00O
0,,0,0,000n, n,00000000000,z¢FV(B)U |J FV(C)

CeO2\{A}

gooddoo.ogogd
D, D,
yAlz/y] B

5 ()

O conclusion O B, open assumption DO 00 O;U(Ox\{A})DOOOOOO
O max{n;,n.}+10000000. 0,00 ADODODOOOOOOOOOOO

[A]
D, D,
JyAlz/y] B

gboooboogoooog.

23 O0OO0OOOO

00 23 (IQCO0O00) DO0OOO0OO0O0O00IQCOOODUOOOOODOOODOOoboOoO
goo.

e MQCODOODDIQCOODODODODO.



e (intuitionistic absurdity) D O conclusion O L, open assumption 0000 O
0,000 n000000IQCOO0O0ODODOD. OOOO0OO0O0O0O0OO AQO
O0ad

O conclusion O A, open assumption OO0 OO0 OO0DO0O0O0O0O0O0OO n+1
OIQCcoooooog.

24 0O00O0O0O

00 24 (CQCOO0O0) DO0OO0ODOOCQCOODUOOOOODOOoOOooODoODOOOO
go.

e IQCOODIDOCQCUOUODODLDO.

e (classical absurdity) DO conclusion O L, open assumption 0000 OO, O
OO0np000000CQCOOO0OO0ODO. O0DO0O0OD0O00DOO0OO0 ADODOO

O conclusion O A, open assumption D000 O\{-A} 00000000 n+1
OcCcQCcoooooob.ooo-Aogooooboooooboooo

4]

A (Lc)

gboooboogoooog.

25 UO0oooobooobobogboogn

00 25 (00000) r0o0o0000o0, A00O0O0Oooog.
conclusion 0 A, open assumption DO OO0 I'O0000000O0DOOO0 MQCOOOO
Oo0O00o0O0o,MQCOTIoo Aoooooooon

e, A

000. 000T000000000000000000MQC+TFADODOODOO
00.000Tr=¢000000F,A MQCHADOODOODO.

IQC, CQCOO0000N00N0NN00N0NN0NON0NDN0NN0NON0ONDONnoNon,0non
0000



-THADOD IQC+TFA (0OOT=0000 HAOODO IQCH A)
-TFHADOO CQC+TFA (DOOT=0000 . AOO0O CQCHF A)

gooog.

00 26 (0000000C0) Ty, T,000000000.000000A0000O
T,FADOO ThvFA

ooboooT™,0T,000000000.

00 21 000000000 MQC,IQC, cCQCcOO0ODOOnDooooon.
- IQCOoOMQCOOOODOO.

. cQCcoIQecooooon.

00

O00 A0000 MQCHAODO,O00 2500 conclusion O A, open assumption [
O0o0o0ooooooMQCUOOOO DOOOOO. OO 2300 DpO0IQCOOOON
O00D00,IQCHA. ODDODO,IQCOMQCOOOOOODDOO.

000, CQCOIQCUOUODbDbDbiI00oooooooD. oOo,o0o 26000000
O000O0000ooobOcCcQCcOoMQCcOOoOoooo.
O

oo 27 (00000)  coboooooo, 1, T,00000000,T,0T,0000
gooog.

O00b000 AecOO0OD THHFAODD TyHA

ooooo,co0bd0 T,0T,0000000D00.



[0 30 mnegative translation] [J [ []
00000

O000000000000000D00000 negative translation 0 O O O |, negative trans-
lation D0 0000000000 OODO CQCOIQC, MQCOOUODOOOoDOoooooO
goobobooob, bbb booobbooobbooobbooobboo
ooo.

3.1 negative translation

00 3.1 (Negative formula) 00000000000000000O00O negative OO
gooog.

L, gb0oo0bpOODbDO

- L 0O negative,
- =P 0O negative.

A, BO negative 00000000

- AN BO negative,
- A — BUO negative,
- Ve A O negative.

00 3.1 000 A0 negative 000 MQC F —-—A — A.

HEN

000 A0D000O0O00O0DOO00O0O00DO00O0(OO,000000 open assumption
OO000bOooboobooboobooooonDobonn, g conclusion O, 000000
0000 openassumption 0000000 000000000000000O0O0OO0O0O).

Basis:



A=1000

m |
@] o] &
1L
(2)—\—\J_ — J_ (HI)
0MQC OOOOOOOOD, MQCF ——4 — A.
A=-PO0O0O
Hop @p
1
®mqemp  Oomp
1L
a=p D

<3)—|—|—|P — —|P (_J)

OMQCOOODOOOODO,MQCHE ——A— A.
Induction steps:

A=BACO0OO B, CO negative 00O, 00000000 MQC F —-——B — B,
MQCF-—-C —C. 00000

WBAC WBAC

@O-pB B - C
1 1
— = (=T — = (=
©==(BAC) W=(BAC) o I.H. @-=(BAC) “=(BAC) o I.H.
1 : 1 :
(2)—\—| (HI) —\—\B'—> B (4)—\—\6Y (HI) —\—\C'—> C
B C
BAC

=1
O—~(BAC)=BAC "

OMQCOODODODOD, MQCF ——A — A.
A=B—-CO00 CO negative 000, 00000000 MQCF—-C — C. 00
ooo

OB OB _ (O
@-C C
Ly
(4)—\—\(8 — C) (1)—\(8 — C) ]H
1 :
(2)—|—|O (_J) —|—|C—> O
.,
@B = C

—1I)

<4)—|—|(B—>C')—>(B—>C')(
OMQCOOODODOOOO,MQCE —-—A— A

10



A=VzxBODODO BO negative OO0, 00000000 MQCF —-—B — B. 00O
goo

OYrB
©_p i (VE)
# (_)[)
®——VrB  O-VzB I.H.
1 :
(2)—|—| (_J) —|—|B—> B
B

Ve B D)

®-VaB — VaB

1)

OMQCOODOODODOO, MQCF ——A — A.
O

Oo0O0,00000000000 AQ00OO0O

A

000000, conclusion 0 A, open assumption 0000000000000 0O00O0OO.
00, V-elimination 0 00 0000000000000 20, V-introduction O 0O 0O O

000000000000 2000000 (B=Bx/z)]00000000000O0O0O0O).

O00b0o0o0o0,b000ob0bboooooboboboooooboooon.

00 3.2 (Negative translation) Gddel-Gentzen O negative translation 90 0 0 O O
gooooooooono.

1, 00000 P (OO0 PO LOOOOOOOOODO)O0OOO
- 19:=1,
. P9 = P
A, BODOOOOODOO
(ANB)Y := A9\ BY,
(AV B)? := =(=A? A =~BY),
- (A— B)Y:= A% — BY,
(VzA)9 = VA9,
(JzA)9 := VoA,

00 32000000 A0000, A90 negative.

11



00

000 ADOO0DODOO0DOO0O0DODOOoOoooOOg.
Basis:

A=1000 A= 1 0O negative.

A=P(#1)000 A9=—--P. 00 3100 -P0O negative. 10000, 0000
3.100 A9 = —--P =-P — 1. 000 negative.
Induction steps:

A=BACOD0OO A=BIACY. 00000000 B0 €90 negative, 10000
00 3100 A000 negative.

A=B—-CO00A=RBY—CY 00000000 BY0 C90 negative, 0000
0003100 A9000 negative.

A=BvCOOO A9==(=BIA-CY). 00000000 B0 C90 negative, 00
000003100 A9=(BY— LACY— 1)— L 000 negative.

A=veBOO0O A9=VeB?. OO0D0OO00OO0O B0 negative, 0000000 3.10
O A0 00 negative.

A=4:B0O0O0 A9=-Ve-B9. O0OO0D0OO00O0O B0 negative, 0000000 3.1
00 A9 =Vx(BY — 1) — L. 000 negative.
O

OO0 3.3 000000 A0000, MQCFEF ——A9 — A9,

HEN
OO0 3200 A90 negative OO, 00 3.100 MQCF ——A9 — A9,
O

3.2 negative translation D 0000000000

00 3.1 A0DOO0OO,I'o00oogooo,v={py|Bel'}000ODO,
r-.A 000 1Y+, A%

00

r-,A00D000000DO000DOO00DOODOODO.

Basis:

0000000 o000,0000 Aell00g,IMOOoOooOOD AAelY. OO00O0O0O
rst,, A9.

Induction steps:

12



0000000000 A-introductionO 00,0000 A= BACO, conclusion 00 B,
C, open assumption OO0 00O I', L OOOOOO CQCOOODO Dy, D, 0000

D, D,
B C
BAC

(000Ul CI)OOODOO0O0OO0,00000000TY+, B, MY+, Cs. OO
O0MQCOOOO DY, pi0oO00

Di Dj
BI_ (Y

BINCY

Ooo0MQCOODOOOOO. furycrsono, 19, A9.

0000000000 A-elimination0 00O, 0000 A= A; (¢ = 100020,
conclusion 0 A; A As, open assumption OO0 AODDOOOOCQCOOOO DO
oo

A

(000D AChH0OUDO0O0UO0OO,00000000 A%F, A{NAS. DDDOMQCOO
ooOD/0ooon

D
Al N Ay

D9
A N A
A9
O0O0oMQCOUOOODOOO. A9CrvOn, v, A9

0000000000 —-introductiond0 00,0000 A=B — C 0O, conclusion [
C,open assumption 000 AODODODOOCQCOOOODOOOO

[B]
D
C

B —C

(000 A\{B}CINOOOOOOOO,00000000 A9+, Cs 000 MQCO
000 PpO000oon

[ BY]

DI

9

opgs e P

000MQCOOOOOOO. AI\{B9}CTe00,T9+H,, A,

13



0000000000 —-eliminationd 00O, 0000 conclusion 0 B, B — A, open
assumption OO0 OO ', L,OOOOODO CQCOOOO Dy, D, 0000
D, D,

B B— A
A

(000U, CI)OOOODO0O00,00000000TY+, B, Y+, B — A9
00O MQCOOOO DY, pioO00O
2 D3
BY B9 — A9
A9

OooMQCOODOOOOO. furycrsono, 19+, A9,
0000000000 V-introductionO OO, 0000 A= A;V Ay 0, conclusion [
A; (i=1000 2),open assumption 0000 AODODDODODO CQCOOOO DOOOO

D
A;
A1V Ay

(000 ACT)ODODODOOO0OO0,00000000 A%, A2. 000 MQCOOOO

DyOogogon
W-AT A 2AS D9

—AY AY
L
==L A =AY
DooMQCOOODDOOODO. ACIvyod,I9t, A9
0000000000 V-eliminationd OO, 0000 conclusion 0 BV C, A, A, open
assumption D OO0 ', I, 3000000 CcCQCOOOO Dy, Dy, Ds0O0ODONO

(=1)

[B] [C]
D, D, Ds
BVC A A

A

(000, U@ \{BHU@\{C}) CT)00000000,00000000TY+,
—~(=BI A —=C9), T by A9, T F,, A% 000 MQCOODOD DY, D, PEOOODODO

[ B9] (9]
D3 D;
3 A9 A9 3 A9 A9
1 1
DI gy P @_cg P
—(=B9 A =(C9) -BI A\ -CY 00 3.3
1 :
(3)—|—|Ag (*}I) —|—|Ag'—> Ag
A9

14



000MQCOOOOOOD. IYU(TY\ {B}) U\ {C/}) 900, I, AS.
0000000000 V-introductionOD OO, 0000 A=VyB[z/y|O, conclusion 0
B, open assumption D000 AODOJDOOODODCQCOODODOODOO

D
B

VyBlz/y]

(O0OO0ACT,z¢ FV(A) DODODOOOO, 00000000 A9+, BY. OO
O0MQCOOOODO0D0D,z¢ FV(AY)OOO
Dg
B
VyBI [z /y]

000 MQCOOOOOOO. VyBYx/y| =VBlz/yls, A CTYvO0O, Y9, A9,
0000000000 V-eliminationO0 OO, 0000 conclusion O VzA, open assump-
tion 0000 AODDODOOOCQCOOOODOOOO

D
Vr A

Alz/1]

(000 ACH)0OO0OO0OOO0OO0OO0O0,00000000 AY,VzA. OO0 MQCODOO
ODsOooan

DI

VA9

Aflz /1]
000 MQCOOOOOOO. Az/t] = Alz/t]?, AvCT900, 19+, A9.

0000000000 F-introductionD OO0, 0000 A= dxB 0O, conclusion 0 B,

open assumption OO OO0 AODDDOOOOCQCOOOODOOOO

D
Blz/t]
dxB

(000ACT)00D000000,00000000 A%, Blz/t)). 000 MQCOO
00 P!O0000, Blz/t) = BYz/t] 000

VB9 DI
——  (VE
B/ " Bl
1
W=Yr—-BI =

O0OMQCOOODOOOO. AYCI9yOO, 9k, A9

15



0000000000 F-elimination0 00, 0000 conclusion O JyB[z/y], A, open
assumption OO0 OO I', L, OOOOODO CQCOOOO Dy, D, 0000
[B]
Dy D,
A

JyBlz/y]
A

MO0 T, U\ {B) CI,2¢FV(A)U |J FV(C) 00000000, 000
Cel'2\{B}
00000 T¢ b, ~Vy-Bl/yls, TS ., A% D00MQCOODO DY, P40O0D,

¢ FV(A%)U |J FV(C)ODO, Vy-Blz/y)? =Vy-Bz/y|0 00

Ccerg\{Bs}

[ B9

D3

@49 A9

1
DY gy
1 2 (v])
~Vy-Bla/yl*  Vy=BIla/y] 00 3.3
1L :
@A P A9 s A
AY

D00MQCOOODDOOD. YuU(Mg\{B9}) Crsoo, v+, A9
0000000000 classical absurdity O OO, OO OO conclusion [ L, open as-
sumption 0000 AODODDODOODCQCOOOO DpOOOO

[-A]
D
il
A

(000 A\{-A}CT)00000000,00000000 A9+, L. 000 MQCO
000 Dp00000

REYY
D9 oo 3.3
L :
(1)—|—|Ag (_)I) —|—|Ag'—> Ag
A9

000MQCOOOOOODO. A9\ {=A9} CT900, T+, A9,
O

OO0 33000 A000DOO00DOOoO0OoooooboooooDooon.

- ADO spreading PLIN MQCH A — A9,

16



- A0 wiping ELEN MQCF A9 — A.
- A0 isolating PN MQC F A9 — ——A.

OO0, MQCOIQCOOOODOO,ODOn I-spreading, I-wiping, I-isolating O O O
Oo0oDobooooog.

OO0 3.4 000 A0 wiping 00O A O isolating.
O0,000 AQO T-wiping 0O0O A O I-isolating.

0

AO wiping 00, MQCH A4 - A. 00000
MQC
@ A9 A9 _> A

-4 A

L
-y (—1)
(2)Ag — —|—|A (_)I)

O, MQCODO0ODOO0OO0OOO0 MQCHE AY— —-—A. 0000 AO isolating.

00, MQCO IQCO, wiping O I-wiping O, spreading [0 I-spreading 0 0 00O O
O0O0000000, A0 I-wiping OO0 A O I-isolating DO OO O.
O

0ob0 34 000000TO00OO0O,
obodg Bel’ddOd 'k, BY

OO00oOobrogobooMQCOOODODODO.
oo, MQCUIQCUOIUODUOOODOObDoboooooogoo.

00 3.2 wiping D000 AD,¢gO00D00MQCOODOODOODOOOODODOTIoOOO
'-,AD000 I'kH, A

00, MQCO IQC O, wiping 0 Iwiping0000000000000000000O
oo.

00
r-.,A00,003100T1IYF, A9. OO0O0O0O, conclusion 00 AY, open asssumption
o000 oooodoooooooMQCcOooo p,ooodo.
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rocgdooMQCUIDOOODODO, D00 Bel'DODOOTI'H, BY, 0000
conclusion [0 BY, open assumption D000 I'00 000000000 MQCODOO0O
pEOoOoOoOO.

000, D, 00000 open assumption BY0 D2 0000000 conclusion O A9,
open assumption 0000 I'ODO00OOCOOOO0O00O0OMQCOODOO D, 000000.

ADO wiping OO0 MQCF A —- A0O0ODO,

MQC

D :

A9 A9 A
A

O conclusion 0 A, open assumption 0000 I'0000000000O0OMQCOOOO
OO00.00000,TF, A.

00, MQCOIQCO, wiping O I-wiping 0000000000 OOODOO, TF. A
OOoo0r+A0O0DO0ODO.
O

3.3 Uoooooooooobooon

003200,¢0000MQCOOODDONCOODONDDNOTIOO0O, wiping 00
00000 CO000CQC+I'0MQC+TI000000000O00O0OOO (0O,
MQC O IQCO wiping 0 I-wiping 00000000000, CQC+I'0IQC+T O
00000o000000ooo0).

00000,¢0000MQC(IQC)DDD0O000000000O, wiping (I-wiping)
00000000,00000000000000000000000.

00 3500000008, W, I00000000000000000. 000, PO
1gooooooooo, s, S, S0s0000oon,w, w, w,0 wooooonQ
0,1,,,0700000000000000.

- L, P, Sy NSy, S1V Sy, VS, JxS, I — S €S,
L, Wi AWy, YaW, S — W e W,
- P, W, LN, 1V Iy, 32l €T.
OO0 3.5 000 AO0O0OO
- AesS 000 AO spreading.

-Aew oo A0 wiping.
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- AeZ 000 A0 isolating.

00

000 AO0DODOODODOOOOODOODOODODOO.
Basis:
-A=1000 A9 = L.

LeS,wiooono

W
Wl — 1

OMQCOOODODODOO,MQCH 1L — 1900MQCFH 19— 1. 0000 L O
spreading [0 0 wiping.

OO0 LeZ0000,0000000 LO wipingOODO,00 3400 10O isolating.
CA=P(Z1L)000 A = ——P.

rPeSOOOO

(=1)

Wp @p
L

e

(2)P — —|—\P

OMQCOODOODODODO,MQCHP — P. 0000 PO spreading.
003500 P¢gWw.
Pe7I0000

(=1)
(=1)

WP
WeP — =P
OMQCOOODOODOOO,MQCH P ——=P. 0000 PO isolating.
Induction steps:
-A=BACOO0O A= BIANCY.
AeSODOOO3500 B, CesSO, 00000000 MQCH B — B9, MQC F
C—-Cs. 000

(=1)

I.H. I.H
WBAC : WBAC :
B B — BY C C— (9
BY (05
BINCY

OBAC —BInCs

OMQCOUODODDODDO,MQCHA— A O0ODOO AO spreading.
AewdiDoogoa3s500 B,C ewld,db0oonoooo MQC + BY — B,
MQCHCI— C. O0ODO

1.H. I.H.
MBI A CY : MBI A C9 :
BI BY > B c9 cI > C
B C
BANC
WBINCI — BANC

(=1)
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OMQCOODODODOD,MQCHAY - A. 0000 AD wiping.
AeT000003500 AewdDOB,CeT.
AewDODDOO000O0000 AD wiping OO, 00 3400 AD isolating.
B,CeZI000000000000 MQCH BY — —-B,MQCF C9 — -=C. 000

IH @R oC
@RI A9 H @=(BAC) BAC
I.H. (O 9 — —=C 1 (—1)
GBI A CY9 —C O
Bg Bg — —|—|B J_ I
—|—|B (2)_|B (_) )
—J_ —
S-~(BAC) (—=1)

—1I
(4)39/\Cg—>ﬂﬁ(B/\C)( :
OMQCOODODODDODODODO,MQCH A9 ——-—-A. 0000 AO isolating.
- A=B—-C000 A9=DB9 — (1.

AeSODOD0OO03500BeZ, CesSO,00000000 MQCF BY— ——B,
MQCHC—(C9. 00O

I.H.
OB WRB_ (¢
I.H. c Cc—f
: @19 9
9B B~ B L_
—_-B OB oo 3.3
1 :
@& 7 =9 s (9
9

ps e

(4)(B—>C)—>(Bg—>cg) (—1)
0OMQCOOODOO00000,MQCHA— A9 0000 A0 spreading.

AewlO0OO0OD00O3500BeS, Cewld,00000Oono MQCHF B — BY,
MQCHFCY— C. O0ODO

I.H.
“B B — B I.H.
BY @RI 9
cY ¢ —=C
C
5B 50 (—1)

OB S0 = (B=0) "

OMQCOOODODOODOOO,MQCHAY - A 0000 AQ wiping.
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AeZ000003500Aewl, 0000000 AD wipingOOQOQOO 3400
A D isolating.
-A=BVvCDOO0O A9 = (=B A=(9).

AesSOUO0ODOO3500 B, CeSO, 00000000 MQCH B — B MQCH
C—-CJ. 000

I.H. I.H.

@-BIN-C9 OB B _> B @ BIA-CI OC (O _> 9
—BY BY -9 9
®BvVC 1 1
1)
. L (1)
( )ﬁ(ﬁBg A ﬁcg) (
OBV C — =(=BIA-CY)

(VE)

D)

OMQCOODOODODOO,MQCHA— A9 0000 AD spreading.
003500 AgW.
Ae€ez000003500B,Ce7Z0,00000000 MQC F BY — —B,

MQC F C9 — -—=C. 000

I.H B I.H v
B ®~(BvC) BVC T ®O=(BvC(C) BVC
9B B — B Lo, Lo — oC L_
1 1
@_ B9 (=1 @9 (=0
©=(=BI A —=C9) —BI A\ =CY
Ly
©O==(BV C)

—I
O~(=BI A —C7) = ——~(BvO)

OMQCOODODODDODODODO,MQCH A9 ——-—-A. 0000 AO isolating.
-A=VvVeBOO0O A9 =V BI.
AesSOO00003500 BeSO,00000000MQCHB—BY. 000

I.H.

WYz B :

B B — BY
BY

Vo BY (
Oy B — Vo BY

(vVI)

—1)

OMQCOUODODDODDO,MQCHA— A OODOO AO spreading.
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AewlOO0D0O03500 Bewl,00ooooooMQCHBY—B. 00O

I.H.
WV BY
BY B9 —- B
B
VB v
OVYx B9 — VB

(=1)

OMQCOOOODDOODO, MQCFAY— A 0000 A0 wiping.
AeZ000003500Aewl, 0000000 AD wipingOOQOQOO 3400
A D isolating.
-A=d:BO0O0O A9 = -Va-BY.
AeSOD0O0O00O3500 BeSO,00000000MQCFEFB—BY. OO0

I.H.
@Vz-B? OB B — B
—BY BY
®3xB L
T @E)
@) —Vr—-BI =

®3rB — —Vr-BY =
0MQCOODDOODOD, MQCHA — A% 0000 AQ spreading.
003500 A¢gW.
AeZ000003500 BeZ0,00000000MQCHBY——-—=B. 000

I.H. »p
®—-JeB dzB
By B9 B TR
1
@ p9 (;II)
B9 ve-ps "
1
3B "

- (—1)
( )—\Vx—\Bg — ——dzB

OMQCOOODODOODOOD,MQCH AY — ——A. 0000 AD isolating.
O

00 33000 AeWD,/0000MQCOODNDDNDNONDONONONONTr0OOD
. ADO00 'k, A
0000, wWOOOOCQC+IOMQC+I0oooooooo.
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HEN

AewldOD AQD wiping OO O,00 3200000.
O

Ooo,S0000o0MQCO0ooonooooooboooooooon.

00 3.6 00000008, W, Z,00000000000000000.000, PO
100000o0o0oono, s, S, S0s80000000,Ww, W, W0 W,00000O
0o,7,L,L,0Z00000000000000.

- L, P, S{ NSy, S1V Sy, VaS, dzS, I — S € S;,

L, Wi AWy, YaW, S — W e W,,

- PLW, LN, L VI, 32I, S— 1 €T,

O00,003500 ;0000 S—1000000000000O.

00 3.6 000 AO0ODOO

- Ae S 000 AO I-spreading.

-Aew, 0ong A0 I-wiping.

- AeZ, 000 A0 I-isolating.

00

00350000000 A00D000DODOO0DODOOO0ODOOO0ODOOODOOO,A=B—C
0,AeZ,00 A¢gWw,000000000D0000O00O0O.

000000000 350000 MQC, spreading, wiping, isolating 0 0 0 O 0O IQC,
[-spreading, I-wiping, I-isolating 0 0 0000000 O0OOO.

A=B—-C0,AeZ;,00 A¢gW,000,003600 BeS;,,CeZ, 00000
000 IQCHB — BY, IQCHCY — —-=C. 00O

I.H.
OB B — BY
Oy BY
L (Le)
o
“-(B—-C)"B—-C 0033

L (—1) (3)
(2)—\—\39 _\_\Bg — Bg _[H (@ 70
BY GBI — (9 : -(B—C) B—-C

Cg Og — —|—|O J_ (—»I)

L 1)
(4)—|—|(B e C)

9B =) = -—B=0) "
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0IQCO0D0D00OND0D, MQCH A9 — ——A. 0000 AQD ILisolating.
O

00 34000 AeWw,0,900001IQCO0O00O000D0O0OOOrO0OO00O
'+, A000 Ik A
0000, w,0000CQC+I0IQC+roooooooog.

HEN
Aew, 00 AO I-wiping OODO,00 3200000.
O
000,600 0001Qcinooidooooooooooooooon.
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(140 $-translation OO0 OO0 00O
L] [

0000000000000 place holder 00O OO O schema OO, negative translation
0000 $-translation 00000 schema O0O00O00O00O0OO. $-translation O
OO000000000O0DO0D0O,cQCOIQCOnDObObDOobonoonoonoonoonoag
O, 0000000000000 000DO000bO00000Doooog.

4.1 schema
00 4.1 (schema) 00000000 place holder py, pe, ...00 00, schemaO OO
goouooooooon.

0000000 schema OODO.

- place holder py, po, ... 0000 schema OO0 .

- A, BO schema, 0000000
ANB, AvVB, A— B, VzA, dzA

OO0OO00 schema OOO.

OO0, place holder U0 OO OODOOOOOOOOOO, schema O OO0 MQC, IQC,
cQCoOopooooooooooog.

00 4.2 (0000 place holder 000 0) ADOODO, pO place holder 00O .
schema 0000 AOD pO0D00O0OO0O0OOOOOOOODOODOODO.

BOOOO, o0 place holder 0 0O 0O .

- Blp/A] := B.
(A (c=p00D)
~olp/A '_{ o (cp000).

C, DO schema, o € {\,V,—}, Qe {V,3},2000000.
- (CoD)lp/A] := Clp/A] o D[p/A].
- (QzC)[p/A] == QzClp/A].
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4.2 $-translation

00 4.3 ($-translation) 00 D000 schema D000 $-translation *0 000000
O0000000. 000 $0 place holder O, ~sA=A—$000.

1, 00000 P((@0O0 PO LOOODOOOOOODO)0OOO

A, BOOOOOODOO

(AN B)® = A% A B8,
(AV B)® i= ~5s(A% V BY),
- (A— B)* := A% — B,
(Vo A)® = VrAS,
(3zA)% := —g—gIrAS.

00 41 000000 A0000, MQC F A%[$/1] < A9,

00
D00 ADDODO0O0ODDOOOODDOOOO0.
Basis:
A=1000 A%=8$, A9= 1.
0000, A%$/1)=1000,
ONE @ |

O] - 1 (=0 ® ] - | =D

(L—1)A(L—1)

OMQCOOOOOOD MQCH A%[$/1] « A9.
-AEP(%J_)DDD A$E—|$—|$P, A9 = =P,
o000, 4%$/1)=--P0O0O0O,
WP @ P

o pp " o pp "

OMQCOOOOOOD MQCH A%[$/1] « A9.
Induction steps:
A=BACODOO A3 =BSACS, A9 = BIACY.

26



D0000000 MQCFB3[$/L)«— B/00, MQCF C%[$/1] «~ C9. 00000

LH. LH.
OBS[§/ L] AC3[$/ L] B$[$/L] - B OBS[$/ L] ACP[$/ 1] (J$[$/L:] — CY 5
B%$/1] B%$/1] — BY C%18/ 1] C8[$/1] — C9
BY c9
BINCY

=)

(
OBS[$/ L] ACP[$/L] — BIACY
OMQCOOOO, 00

I.H. I.H.
WBINCY B$[$/L] i ey PBINCY C$[$/L] o AE)
BY B9 — B%[$/1] C9 C9 — C%[$/ 1]
BS[$/1] CS[$/ 1]

BS[$/ L] AC3[$/ 1]
WBINCI — BY[$/ L] AC3[$/ 1]
D00MQCOODDO,00000000A/D00D0DOO0O0MQCODDOOOODO
MQC - A%[$/ L] « A9.
A=B—-CcO00 A*=B% - (%, 49= B9 — (".
D0000D000 MQCFB3[$/1)«— B/00, MQCF C%[$/1] «— C9. 00000

(=1)

I.H.
BU[8/1] < B AE) I.H
MBI B9 — BS[$/1] T
B[$/1] B8/ 1] - CH[8/L] Cif/L) - CY
C5[$/L] C8[$/1] — C9
9
WBI — Y r (—1)
O(B¥[$/L] — C[8/L]) — (B — ()
0MQCOOOO. 00O
I.H.
B%($/1] « BY . IH.
Ops$/L] B9$/L] — BY oS L o
BY @RI 5 9 [3/1] < (AE)
o C9 — C5[$/ 1]
C3[8/1] 1
WBH$/ L] — C¥[$/L] )

@(BI — C9) — (B$[$/L] — C’$[$/L])
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0D00MQCOODO0D,00000000A/00000000MQCOODOODOO
MQC | A%[$/ L] « A9.
A=BvCOO0 A% = —~g—g(B% v C%), A9 = —(=BI A =C9).

DD0000000 MQCHB¥$/1]«B/O00,MQCHC8$/1]«—Cs. 0D0DDOO

1.H.
B8($/ 1] « BY oy (9787 A =€)

@ B p—co WBS/L] BYS/L - BY T [0css/L])

- B9 B9 De
@BS[$/ L] v C3[$/ L] il Lo
™ |
W~(BYS/ L]V CYS/L])  O(BS/L]vCUs/L)
1 )

@—(=BI A =C9) (
@O~ (B¥[$/ L] v C3[$/L1]) — =(—=BI A —~CY)

(—=1)

(000 Dc0OVEODOODODODODOODOODOODOD LOODODOOODO BOCOOODOOOOO
O00)0oMQCOOOOOOO. oo,

]H
BS [$/L] — BY )
MBI BI — B$[$/L]
B[S/ 1] [©=(BS[$/L] v C3[$/L])]
©~(BY[$/L] v C¥$/L])  BY[$/L]vCP[$/1] @09]
(l)i_Bg =D (2)13%9
@W—(=BI A —(C9) “BI A (9

L I
@ (BS[$/ L] v C8[$/L]) -
(B9 A =C9) — ~—(B5[$/ L] v C5[$/ L))

(=1)

(000 DeO ANIODDODODDOOOO-BY0000O0O0OO0 BOCOOODODODOODODODODO)
OOooMQCUOUOODO,0D0b000booAI0oboooooMQCOOOoogn

MQC | A%[$/ L] « A9.
A=VeBOODO A =VeBS, A9 =VaBY.
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00000000 MQCFHBS[$/1] — Bs. 00000
I.H.

OyrBS[$/1] BY$/L1] « BY

B%[$/ 1] B%$/1] — BY
B9

Vo B9

OV B [$/ 1] — Yo BI

(AE)

(V1)

(—=1)

OMQCOODOO, OO
I.H.
wyepe BYIS/L] o BY
B9  BY— B%$/1]
B*[$/ 1]
VaB%[$/ 1]
OVzBI — Ve B3[$/ L]

(V1)

(—=1)

O0O0MQCUOODUOOO, 00000000 ANIOO000D0O00MQCOODODOOO
MQC F A%[$/ L] « A9.
A=FeB000 A* = —g—gIzB¥, A9 = —Va—BY,

00000000 MQCF BY[$/1] < Bs. 00000

I.H.
BY$/ L] < BY
(AE)
evpe—py VBY$/1] B%$/Ll] — BY
—BY B9
@32:B%($/ L]
W (3E)
(=1
(4)—\—\E|xB$[$/J_] (2)—\3.1'B$[$/J_]
1
B Yr—-BY el

(=0
(4)—|—|E|I‘B$ [$/L] — _|V¢T_‘Bg
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OMQCOODOODOD. OO,

I.H.

B%($/L] — BY
(AE)

MBI BI — B¥[$/1]

B*[$/ 1]
@Iz BS[$/ L] 3z B%[$/ 1]
I
oopgs D
W Vr-BI Va-BY

L (
®——=3rB3[$/ 1]
W-Yr-B9 — ~—JzB3[$/ L]

—I)

(=1)

0D00MQCOODOD,00000000A/00000000MQCOODOODOO
MQC | A%[$/ L] « A9.
O

4.3 S$-translation J OO0 0000000

00 41 ADOOO, 000000000, I%:={B%Bell00DOO,
[9h,, A9 <« T%, A5

0o
00,«<000.

', A*000 conclusion 0 A%, open assumption 0000 I*0000000000
OMQCOOODDPOOOD,POO0DDOOOOS$O LOODOO P[$/L]0MQCO
oooooo.

00410000000 B*00000000OO0MQCOOOO

0o 4l

BY BY — é$[$/¢]
B%[$/1]

00000, P$/L]00000 open assumption BS[$/ L]0 000000000000
0000 D[$/L)0000,D'[$/L]0 conclusion O A%[$/ 1], open assumption 0 0 0O
rMoobooooooooMQCOUoooooo.
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goooo
oo 4.1
D'[§/1] :
AS[8/L] AS[$/L] — A
A9

OooMQCOODOOOOOO.O0D00OOTIYtE, AY.

0o0,=000.

00 4100, conclusion O A%[$/ L] <+ A9, open assumption D000 O0O00000
OMQCOOOODOOODOO.

MQCUOUOUOOOOO LO00000D0DO0O placeholder 000D OO0OOOOOOO
O00,pP00000000 LOS00000DOOO0O0OMQCODODOOOOO. ODOO
D[L/$|00000000.

000 BOOOOOODOD LO$SOO0O0O0O0O0O0OO0DOO schema O B[L/$)0000O0O
0000 D[L/$] 0 conclusion O

(A%[$/ L)« A9[L/$] = (AS[$/L])[L/S] & AI[L/$] = A%< AI[L/9]

D0000,MQCF A%« A9[1/$)000. 004.1000000000000, <00
00 1e,$f00000¢%, 100000000019, A9=T%+, A*00000
ooog.

O

041 000000 A0000, MQC F —g—gA% — A%

00
003300 MQCF ——A9 — 490,00 4100 MQC F —~g—gAS — AS.
O

042 ADOOO,T00000OODDODOO,
', A 00O T8k, A5

0o
- A000,003100719+, 490,00 4.100 I'St,, A°.
O

4.4 OJ0O0O0OOOOOOOOOOO0O

00 44 0000000 Q, R, I0000000000O00O000O0. 000, PO
0o0o0o,Q,Q, Q.0 00000000,R, R, RROROOOODDDOD, I, I, 0
700000000000000.
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' La P7 Ql/\Q27 Ql\/Q27 vaa Elea I_)QEQ;
-1, RiANRy, VR, I - R€ R,

: L, P, ]1/\]2, Il\/IQ, ELT], R—>I€I,

00 42000 A000O0
. AeQUiO00 IQCH A — A%,
- AeR 000 IQCHE ~g—A — A5,

. AeT 000 IQCH A% — —g—gA.

0o

000 A0DD0ODO0ODO0OO0D0ODO0OO0OOODOoooo.
Basis:
CA=1000 A% =4,

leQ R, 70000

ULy
DL R D8 L
_ 8 Ly, 8 L, _ossbo
(I)J_ — $7 (2)_|$_|L — $7 (1)$ — —|$—|$L

D000D0IQCO0DODODND. 00000,IQCF A — A% IQC F —g—A — A3,
IQC F A% — —g—gA.
CA=P(£1)000 A% = ~g—4P.
PeQOOOO
W—gp @p
_ %
Wgg P
WP — —sgP

(—=1)
(=1)

0IQCOO0ODO0DNDOO0ODN,IQCH A — A8
004400 P¢R.

PezOddonO
W ag—g P

(1)—|$—|$P — —|$—|$P

(=1)

0IQCOOOO0DO0DOON,IQCH A% — —g—gA.
Induction steps:
-A=BACODDO A% =BSACS.
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AeQOlDO0OO04400 B, C € Q0,000000001IQC*HF B — B% IQC
C—C% oon

I.H. I.H.
OB AC : OB A(C :
B B — BS C C— (%
B* C3
B3 AC®

(—1)
WBAC — BSACS
0IQCOO0D0O0O00DO,IQCH A — A8
AeROODDOD4400 B,C e RO,00000000 IQC + ——B — BS,
IQCH—~-C —C% 000

OBAC @B AC
@B B (4)_|C' C
L, — L
Pg(BAC) WA(BAC) IH P752(BAC) “5(BAC) I.H
$ : $ :
(2)—|$—| (_J) —|$—|B — B$ (4)—|$—|C ( I) —|$—|O — C$
B? s
B3 A CH

(—1)
(5)—\3—\(BAC)—>B$/\C$
0IQCOO0DO00O0O0O,IQCH —g—A — AS.
Ae7000004400 B,C €e7Z0,00000000 IQC F B® — —4—¢B,
IQCH C® — —4—C. 00O

I.H. ®p WC
@pBs A CS ; ®—4(BAC) BAC
I.H. % C% — =5—5C $
@O RS A CS : —g—gC’ D—eC
B B% — —4—4B 5 o
5B ®—B

$
T5~5(BAC)

WBS A C% — —g—g(B A C)

(=1)

(=1)

0IQCO0ODO0DO0D0OON,IQCH A% — —~g—gA.
-A=B—-CO00 A* =B - (8,
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A€cQOO000D04400Be€Z,CcQ0,00000000IQCH B% — —g—gB,
IQCHC —C%. 000

I.H.
wWB WB - (C :
I.H. C C —C*®
(2)—\$C$ C’
OB B> osmsB 5
55 B W~ B 0 4.1
$ :
(=1) :
C$
RS _, 8 el

—1
(4)(B—>C)—>(B$—>C$)( :
0IQCOODODO0O0DOO0DN,IQCH A — A8
AcROOOOO04400 BeZ, CeRO,00000000 IQCHF B — —g—B,
IQCH—~—C —C% 00O

OB OB _ O
- C
: Pa-(B—=C)  “D=(B—=C0)
OB B> 2B 5
5 g @B I.H.
$ :

®—goc —g=C — 8

C$
(4)B$ N O$ (=0)

(=1)

® (B — C) — (B® — C%)

0IQCOOO0O0DO0DOO,IQCH —g—A — A%
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AeZI000004400B€eR, CeI0,00000000IQCFHF —-B — BS,

IQCHC® — —4—C. 00O

@B OR

L (L)

T ",
W(B-C)"B—-C " 14
$ :
(=I) )
S O = 25C 5
550 ©—C
$

.y
(B C)

(5)(B$ — C$> — —\$—\$(B — C)

(—=1)
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50 OO

5.1 UOQOOOOO

0000, 00 negative translation 00000000000 0OO0O0O, OO0O0OO
minimal logic 0000000000 0O0OD0OO0OOOOO WO, 00000000000
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ooooooooo.
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000000000000 0O0bOO0o KO, 0000b0obo0oo0oDoobooboboOoog
gooog.

Ooo0o0o,0b000fdbbb00obbooobboooboboboooooog, w;
OKOWNK£0,KZW,, W, ¢ KOODODOD0D0OD0OD00D0000D000ooo.

5.2 UQ0OOOO

Ooo0o00o0ooD,w, 0 KOOOoDooOoooooooooooooooooon
oooooooo.
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O, 0000000000000 O0000000O0DOD0000DoDODOO0o0OooooOoOg
O0.
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