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1 Measure of derivations

e Case(s) rule 1

e Case(s)

o Case(s)

o Case(s)

o Case(s)

o Case(s)

o Case(s)

o Case(s)

o Case(s)

o Case(s)

rule

rule

rule

rule

rule

rule

rule

rule

rule

W

C

®B

Da

ehp :F 1

hy ik F3, ?Y2

ohy :F7T2, IFg

hy - Ag
ohy - Ag, 7F3

hy ik Ag, 7Fg, 7F3
ohy - Ag, 7F3

hy :F Ao, F3

?C

ehy :F Ao, 7F3

hy :F Ag,F3,Fy

ohy - Ao, F38$Fy

hy - Ag,F3  hy :F Ag,Fy

ohy iF Ag, F3&Fy

hy ik Ao, Fy
ohy - Ag,F3 @ Fy

By ik Ao, Fg
ohy - Ao, F3 @Fy

hy ik Ag

®B

DA

ohy - L, Ag

eenh; :F1

—_— ax
hy :F?Y2,F3
———————— 1IH
eh; :F7Y2,Fg

eeh; :F?7Y2,IF3

— ax
hy i Ag
—— 1IH

ehy :F Ag
—_—— W
e eh; :F Ag, 7F3

_
By i Az, 7, %3

ehy :- Ag, ?Fg, 7F3 e

e eh; - Ag, ?Fg

—
hy ik Ao, F3

IH

ehy - Ag,F3
®eh; - Ag, ?F3

—— 292 g
e ehy - Ao, F3$Fy

ax
hy ik Ag,Fg hy ik Ag,Fy

IH
ehy - Ag,F3 oh] :F Ao, Fy

eehy ;- Ay, F3&Fy

—— ax
hy ik Ag,Fy
h F Ao, F IH
ehy : 2,54
——— @B
®ehy :- Ay, F3 B Fy

—_— ax
hy :F Ag,Fg3
————— IH
ehj - Ag,F3
—— @4
eeh; :- Ay, F3 B Fy

— ax
hy - Ao
—— IH
eh :F Ag

-
eeh; :F Ao, L

ax

IH



e Case(s) rule T

_ 7 _ 7
ehy - T, Ao - eehy - Ay, T

e Case(s) rule I

_— —_— 1
ehy :F p(ny), "(ng) i eehy :- p(ny), “(n3)
o Case(s) rule ®
b1k Ao Fq FA =
. X 1 2:Fq hy : 3:F5
hy = Ag,Fq4 hy :+ Ag,Fg TH 375 TH
- ehq (- Ao, Fy ehy - Ag,Fj

ohy - Ag, A3,Fy ®@Fp

eeh; :F Ay, A3, Fy ®Fp



2 Weakening on bang: + I',!F implies - IT', F'.
e Case(s) rule 1

e Case(s) rule !

by F P 7T2 by F7Y2, Fg
ony FIF3, 7Y2 ‘ohy :F7Y2,Fg

e Case(s) rule 7W

ho i Ay, IFp

_— W — ho - AL F H

ohy :HIFp, Ay, 7F3 27 241 7
ohy :- Ay, Fqp, 7F3

ho - Ay, IFy

e Case(s) rule 7C

ho ik Ay, IF, ?F3, 7F3

hpi- A MRy g —— kL
-_— ! ho F 7F. 7F.
ehy :HIF1, Ay, 7F3 2 4’Al’ 3278 Le
ehgy - Ay, Fyp, ?F3
e Case(s) rule ?
by ok Ay F3
by : 4,F3,'F1
ho :k Ay, Fg, !Fq N — . H
ehy :HIF1, Ay, 7F3 b2 ‘F A4‘F1’i3
ohy - Ay, Fqp, 7F3
e Case(s) rule $
by - Ag,Fg, P, Py
hy : 5,F3,Fyg, IFq
hy ik Ag,F3,Fy, IFq . FAO 3 H
_— ho : Fq,Fs,F
ohy :HIF1, Ag, F3$Fy %
ohy : 5, F1,F33Fy
e Case(s) rule &
a Fy Fa !
Had ! : !
ho ik Ag,Fg,IF]  hg ik Ag Fy, IFp . b2 . A5vF3v fro P2 . A51F4, F1
ohy :HIFy, Ay, F3&Fy b2 5~F1vi3A ) -& 5,F1,F4
ohy : 5,F1,F3&Fy
o Case(s) rule @p
. !
hg i Ag,Fy, IF1 . R ho .FFAA5,F4-,-F1 .
ehy :HIFy, Ay, Fg @ Fy B "2 ¢ 5:F1.F4 ®p
ehy :- Ag,Fq,F3 @ Fy
o Case(s) rule @4
hy :F Agp, Fg, IFq
hy i+ Ag, F3, IFq o R 2 - A5 3 -
Y A L ho Fq,Fs
oho FIFy, Ag, F3 ®Fq O 2FA 51 j’e ®a
ehy :- Ag,Fy,F3 @ Fy
e Case(s) rule L
i+ Ag, !
ho - Ag, IFy b i A3, Py 0
- ho i Ag,Fq

ehg :IFp, L, A3
ehy :F Ag,Fp, L



e Case(s) rule T

_— 7 L, ——— T
ohy :HIFy, T, Az ohy :F Ag Fp, T

e Case(s) rule T
o Case(s) rule ®

-
ho :F Ag,Fy, IF
ho i Ag,Fy,!Fy  hg i Ag,Fg 2 674,71

N H ax
hg :F Ag,Fq,Fy hg :F Ag,Fy

ehy :-IF3, Az, Ag,Fg @ F5
ohy :F Ag, Ag,F1,F4 ®F5

hg i A3,Fqy  hg :F Ag,Fy, IF1

.
hg - Ag, Fs, IFq

ax
- ho :F Ag,F hy i Ag,Fq,F
ehy :F!Fy, Az, Ag,Fy @ Fp 2 374 2 6:F1,F5

ohg i Ag, Ag,F1,Fy ®F5

3  Invertibility of Rules

3.1 Status of 1: : Invertible

e Case rule 1

o -1t - trivial

e Case rule !

e Case rule ?W
e Case rule 7C
e Case rule 7

e Case rule $

e Case rule &
e Case rule ©p
e Case rule @4y
e Case rule L
e Case rule T
e Case rule 1

e Case rule ®



3.2 Status of I: : Invertible

e Case rule 1

e Case rule!

ax

By iy, 7Y2 N hy :F?Y2,F3
—_— —_— H
eh; =772, IFg eh; :-772,Fg
e Case rule ?7W
hy H7T4, Iy hy rrrarg O/
—_—— W - —_— W
ohy i (774, IF1), 7Fg ohy :H7T4,Fq, 7Fg
e Case rule 7C
774! ? ? rrTa T T op. x/imd
ho :H7Y4,IFy, ?F3, ?F3 e . hy :F7Y4,Fq, 7F3, 7Fg
R P04, Py, TP, TR ho F7Y4Fy, TP, T3
ehy :H (774, !Fq), ?Fg ehy :F7T4,Fq, 7F3 e

e Case rule ?

-
ho :F7T4,F3, IF
hy i Fg, 774, IFy 2 3.1,
—_— 7 -+ eho =774, !Fq, 7F
ohy i (774, IF1), 7F3 P28
ohg :H?Y4,Fq, 7F3

e Case rule $

e Case rule &

e Case rule &g

e Case rule ©4y

e Case rule L

e Caserule T

e Case rule I

e Case rule ®



3.3 Status of ?7IW: : Non invertible

e Case rule 1

e Case rule!

ho :F F3,?Y4, 7Fy ho :F?Y4,F ax/ind
e S| — 2 3 |
eho - (704, 7Fq), |Fg eho :-?774, IFg
e Case rule 7W
A, ————— ax/ind
hy :H Ay, 7Fy o - ho - Ay
—=2- 1, .
ohg i (Ay, 7F1), 7F3 oho - Ay, ?F3
- ax
hy ik Ap o N hy ik Ag
ehy - Ao, 7F3 ehy - Ao
e Case rule 7C
ho - AL, 7Fq . 7Fa. 7F T A T e ax/ind
B N T . Rintey LA L R
oho :- (Ay, 7F1), 7F3 ehy i Ay, 7F3 :
hy ik Ag, 7Fg3, 7Fg —————— fail
_—— ?C - : .
ohq - Ay, 7Fg onioF A2
e Case rule ?
—————— ax/ind
. N hg - Ay, Fg
ohy - Ay, 7F3
hy ik Ag,F3 N A il
ehy - Ao, 7F3 *h T B2
e Case rule $
hy :F A F3,F 7F ax/ind
2 5,F3,Fq, 7Fq N ho :F Ag,F3,Fg
ehy - (Ap, 7F1),F3$Fy ehy i Ag,F3$Fy
e Case rule &
ho ik A ? A 2 ax/ind ax/ind
ot 5,F3,7F1 hg : 5,F4, 7F1 © N hg :F Apg,Fg3 hy ik Ap,Fy
eho - (Ag, ?F1),F3&Fy ohy - Ag,F3&Fy
e Case rule ®p
A Y —— ax/ind
hy : 5,F4, 7F1 ® N hy - As, Fy
B —_— &
onp - (Ag, 7F1).F3 @ Fy ohy iF Ag, Pz @F, D



e Case rule ®4

. — ind
ho = Ag,Fg, 7Fp ® N ha o Apita ax/in
: A — 2 9
ehy - (A, 7F1),F3 ® Fy ohy ik Ag,F3 @F,
e Case rule L
. ——— ax/ind
ho ik Ag, 7Fq N N hy i Ag /
eho k- L, A3, 7Fy ehy (- Ag, L
e Caserule T
e
ehg - T,Ag, 7Fy ohy - Ay, T
e Case rule
e Case rule ®
ho i Ag,Fy4,?F7 hy - Ag,F ax/ind ax
2 ik Ag,Fy, 7Fy by - Ag,Fp . hpiF Ag,Fy hg - Ag, Fg
eho :- (Ag, 7F1), A3,F4 Q@ Fy ehy - Az, Ag,Fq @ F5
ax ax/ind
hg :+ Ag3,F4 ho :F Ag,Fg, 7Fp N hg :F Ag,Fy hy :- Ag,Fp x/am
ehy :F Az, (Ag, ?F1),Fq @ F5 ehy i Ag, Ag,Fq @ F5
3.4 Status of 7C: : Non invertible
e Caserule 1
e Case rule !
- - —_— ax/ind
hy :k F3, 704, 7Fq , - ho :-?Y4,F3, 7F1, 7F1 /
ehy i (?Y4,7Fy), IFg3 ehg :H7T4, IFg, 7Fq , 7Fq
e Case rule 7W
. . — ax/ind
hy i Ay, 7Fy ho - Ay, ?Fp, ?Fy
— - oy - _2To4L
ehy - (Ay, ?Fy), ?F3 eho :- Ay, ?7Fy, 7Fp, 7F3
hy i Ao " . A e
ohy iF Ag, 7Fg oh1 T B2, fF3, T
e Case rule 7C
e A 7F1 . 7Fa.? ax/ind
hy : 4, 7F1, 7F3, 7F3 o N ho : Ay, ?Fq, ?Fq, ?Fg3, 7F3
22 v 8, 2o}
ohy it (Ay, ?F1), 7F3 ehy i Ay, ?Fq, ?Fq, 7F3
hy :F Ag, 7F3, 7F3 hy :F Ao, ?Fa, ?Fa, 7] ax/ind
P17 A2, %P3 F3 1 :F Ao, 7F3, ?Fg e

ohy :F Ao, ?

ony :F Ag, ?F3, 7Fg



e Case rule ?

hy :F Ay, Fg, ?F

e L At S
ohg i (Ay, ?Fy), 7F3

hy i Ao, Fg
ohy - Ag, 7F3

o Case rule $

ho Hal A5,F3,F4,?F1
ey i (Ag, 7F1), F3$Fy

e Case rule &

ho ik Ag,F3, ?Fy  hg ik Ag,Fy, 7Fp

N
ohy i (A5, 7F1), F3&Fy
o Case rule ®p
hg :F Ag, Fy, 7Fy
ehy - (Ag, ?F1),F3 @ Fy
e Case rule © 4y
hy i+ Ag, F3, 7F1
Da
ehg i (Ag, 7F1),F3 © Fy
e Case rule L
hy i Ag, 7Fy
243
ohy - L, Ag, 7F
e Caserule T
+

ehg - T, Ag, 7Fy

e Case rule [

e Case rule ®

ho :F Ag,Fg,?F7  hg :- Ag,Fy

N
ohy i+ (Ag, 7F1), Ag,Fy ® Fg
hy ik Ag,Fy hg ik Ag,Fg, 7Fp

N

ohy - Ag, (Ag, 7F1),Fy ® F5

————————————— ax/ind
N hg :F Ay, Fg, ?F1, 7Fq
oho :- Ay, ?Fq, 7Fp, 7F3
—————— fail
- ehy :+ Ao, ?F3, 7F3
ax/ind
N hg :F Ag,F3,Fy, ?F1, 7Fq

ehy i+ Apg, ?Fp, 7Fq,F38$Fy

ax/ind

hy - Ag,Fg, 7F1, 7Fq ho ik Ag,Fy,

7Fq,

7Fq

ohy i Ag, ?Fq, ?F1, F3&Fy

—  ax/ind
hg :F Ag, Fy, ?F1, 7F1

OB
ehy i Ag, ?Fy, 7F1,F3 & Fy

——————————— ax/ind
hy :- Ag,F3, ?F1, 7F1

a4
ehy (- Ap, ?Fq, ?F1,F3 @ Fy

———————— ax/ind
ho - Ag, ?Fy, 7F1

ehy - Ag, L, ?Fq, 7F

ehy - Ag, T, ?Fq, 7Fp

ax/ind

ho - Ag,Fy, 7F1, 7F1 hy iF Ag, F5

ohy iF Ag, Ag, ?F1, 7F1,F4 ® Fg

ho ik Ag,Fy hy i Ag, Fg, 7Fq, 7Fq

®
ehy :- Ag, Ag, ?F1, 7F1 ,F4 ® Fg

10

ax/ind

ax/ind
&



3.5 Status of 7: : Non invertible

e Case rule 1
e Case rule !
hg :- F3,7Y4, 7F —_———————— fail

— 0 ! - ehoy i Fq,?7Y4, IF:
ehg ik (774, 7Fq), IF5 20 3

e Case rule 7W

ho ik Ay, 7F ; ax/ind
2 4, 7F1 o N ho i Ay, Fq
oho - (Ay, ?Fp), 7F3 eho :- Ay, Fqp, 7F3
hy ik Ag — fail
_— 7 - hy - Ao, Fs
oh; - Ag, 7F5 o 2078
e Case rule 7C
ho :F Ay, ?Fq, ?F3, 7F : : ax/ind
2 4, F1, 7F3, 7F3 hg :F Ay,Fq, ?F3, ?F3
—_————————— C - ?C
eho - (Ay, ?F1), 7F3 ehy - Ay, Fq, 7F3
hy i Ag, 7F3, 7F3 - N A il
ohy - Ay, 7F5 ohL i A2, F
e Case rule 7
- ax/ind
ho :F Ay, Fg, 7Fq N ho i Ay, Fq,Fg /
ehy :F (Ay, ?F1), ?F3 eho - Ay, Fq, 7Fg
—_— ax
hy i+ Ao, Fg ) . hy - Ao, Fg
ohy i Ao, 7F3 ohy - Ao, Fg
e Case rule $
. — ax/ind
hg :k Ag,F3,Fy, 7F1 N ho :+ Ag,Fq,F3,Fy /
ehy :- (Ap, 7F1),F3$Fy eho :- Ag,Fq,F3$Fy
e Case rule &
- A ? - A 2 ax/ind ax/ind
hy i Ap,F3, ?F1  hy i Ag,Fy, 7F1 o N hy ik Ag,Fq,F3 hg - Ag,Fp,Fy
ohy :- (Ap, 7F1), F3&Fy ehy :- Ag,Fp,F3&Fy
o Case rule ®p
— ax/ind
ho - Ag,Fy, 7F1 o N ho - Ag,Fp, Fy /
B —_— 0
ehy i (Ap, 7F1),F3 @ Fy ehy i Ag,F1,F3 @ Fy B

11



3.6

Case rule ® 4

Case rule L

Case rule T

Case rule I

Case rule ®

Status of $:

Case rule 1

Case rule !

Case rule ?W

Case rule 7C

Case rule ?

hy :F Ag, F3, 7Fq

ehy - (Ap, 7F1),F3 @ Fy

ohy - L, Ag, 7F

ehg - T, Ag, 7Fy

hg i Ag,Fq,?F;  hg - Ag,Fg

ohy i (Ag, 7F1), Ag,Fy ® F5

hy ik Ag,Fy hg ik Ag,Fg, 7Fp

ohy - Az, (Ag, ?F1),F4 @ F5

: Invertible

hg i Ag, Fp$Fo
ehg : (Ag,Fq$Fg), 7Fy

hg :F Ag, 7F4, 7F4, Fq $Fq

ohg i (Ag,Fq$Fg), 7Fy

h3 :+ Ag,Fyq,Fq$Fg

oh3 i (Ag,Fp8Fg), 7Fy

———————— ax/ind
ho ik AS’FI'FS

S - —_— &4

ehy :- Ag,Fy,F3 @ Fy

——————— ax/ind
N N hy - Az, Fy

ehy - Ag,Fq, L

- ehy (k- Ag,Fqp, T

ax/ind ax
ho - Ag,Fq,Fyg ho i+ Ag,Fy

oho - A3, Ag,F1,Fy @ Fg

ax/ind

ho ik Ag,Fy hy ik Ag,Fq,F5

ohy - Ag, Ag,Fy,F4 @ Fg

——————— ax/ind
hg :+ AS’FI!FQ
—_— W
eh3 :F Ag,Fy,Fg, 7Fy

ax/ind
hg := Ag,F1,Fo, 7Fy, 7Fy
- ?C
ehg ;- Ag,Fy,Fo, 7Fy
- ax/ind
- h3 :+ Ag,Fy,Fo,Fy

eh3 :- Ag,Fq,Fo, 7Fy

12



e Case rule $

e Case rule &

h3 :F Ag,Fyq,Fq$Fp

hg :k Ag,Fy,F5,Fq$Fgy

eh3 :- (Ag,F1$Fy), Fy8Fy

hy : Ao, Fg,Fy

ohy i Ao, F3$Fy

hg - Ag,F5, Fq$Fg

e Case rule &g

e Case rule ®4

e Case rule L

e Caserule T

e Case rule I

e Case rule ®

eh3 - (Ag,Fq$Fp), Fy&Fs

hg :+ Ag, Fg, Fq$Fg
oh3 i (Ag,F18Fp),Fq @ F5

h3 :F Ag,Fy,Fq$Fg
oh3 :- (Ag,F18Fp),Fy @ Fy

hg :F Ay, Fq$Fo
ohg - L, Ay, Fq$Fp

ehg - T, Ay, Fq$Fy

h3 i Ay, F5,Fq$Fg
ehg - (A7,F1$F3), Ay, F5 ® Fg

hg :+ Ay, Fg

hg i+ Ay, F5 hg :F Ag, Fg,Fq$Fg

ehg i+ Ay, (Ay,F18F2),F5 @ Fg

—————— ax/ind
. hg ;- Ag,Fy,Fg,Fy,Fp
eh3 :F Ag,Fq,Fg, F $F5
ax
N hy i Ao, F3,Fy

ohy - Ao ,F3,Fy

ax/ind
. hg i+ Ag,Fy,Fg,Fy h3 :+ Ag,Fq,Fg,Fy

oh3 :- Ag,Fq,Fg, Fy&Fy

———————— ax/ind
h3 :+ Ag,F1,Fo,F5

Sp —+ OB

ehg :- Ag,Fp,Fy,Fq @ Fp

- ax/ind
hg AG,Fl,FQ,F4

eh3 :- Ag,Fy,Fo,Fy @ F5

DA

—— ax/ind
hy :F Ay, Fp,Fo

ehg :- Ay, Fy,Fo, L

- ehg :- Ay ,Fq,Fo, T

—————————— ax/ind ————— ax
5 hg ;- Ay,Fy,Fo,Fg hg i+ Ay, Fg

eh3 :F Ay, Ay, Fq,Fg,F5 ® Fg

ax/ind
N h3 - Ay, Fg h3 :F Arp,Fq,Fo,Fg

eh3 :- Ay, Ay,Fq,Fy,F5 ® Fg

13

ax/ind

&



3.7 Status of &: (Left Premise): Invertible

e Case rule 1
e Case rule !

e Case rule 7W

———————————— ax/ind
hg - Ap,Fq&Fy N /
—_— W g _— W
ehg - (Ag,Fq&Fy), 7Fy ehs3 :- Ag,Fq, 7Fy
e Case rule 7C
h A ?F, ?F, Fq &F. ho e Ar Fa 7Fa 7Fa ax/ind
3 5 ‘Fq, 7Fq,F1 &F2 20 N h3 :F Ap,Fyp, ?Fgq, 7Fg
ohg i (Ag,F1&Fa), 76y Teng i Agp,Fq, 7Fy
e Case rule ?
- ax/ind
h3 :+ Ag,Fq,Fq &Fo . N h3 i+ Ag,Fq,Fy /
oh3 :F (A, Fq&Fg), 7y oh3 :F Ag,Fq, 7Fy
e Case rule $
—  ax/ind
h3 - Ag,Fy,Fg, Fq &Fo N h3 :- Ag,Fy,Fy,F5
oh3 i (Ag, F1&Fg), F4$F5 ohg ik Ag,Fp,Fg8F5
e Case rule &
ax/ind ax/ind
hg i Ag,Fy,FL&Fy hg i Ag,Fs, Fq&Fy . N h i Ag.F1.Fa / hg - Ag,Fq,F5 /
&
eh3 :- (Ag,Fq &Fg),F &Fp eh3 :- Ag,Fy,Fq&Fp
—_— =
hy i Ag,Fg hy ik Ao, Fy N hy ik Ao, Fg
ohy :F Ag, Fg&Fy ohy :F Ao, Fg
e Case rule ©p
—————————— ax/ind
hg i Ag, Fs, F1 &Fy hg - Ag,Fqp,F5
- OB - —_— &pB
eh3 :- (Ag, F1&F3),Fq ©F5 ehg - Ag,Fy,Fy @ Fg
e Case rule ©4
— ax/ind
h3 :+ Ag,Fy, Fq&Fg ® N h3 :F Ag,Fq,Fy
A —=2 " g
eh3 : (Ag,Fq&Fg),Fq @ Fp eh3 - Ag,Fy,Fq @ F5 A
e Case rule L
———— ax/ind
hg ik Ay, Fq&Fg . hg ik Ay, Fqp
eh3 :- L, Ay, Fq&Fg eh3 - Ay ,Fq, L

14



e Caserule T

. -
oh3 :F T, Ay, Fq&Fgy - eh3 :F Ay,Fp, T
e Case rule [
e Case rule ®
. . ax/ind ax
hg ;- A7, F5,F1&Fy  h3 - Ay, Fg - h3 i+ Ap,Fq,Fp ng - Ay, Fg
ohg :F (A7, F1&F3), Ay, F5 @ Fg eh3 - Ay, A7, F1,F5 @ Fg
hg :- Ay, F5 h3 :- Ap, Fg,Fq&F ; ax : ax/ind
3 4,F5 b3 7:F6, F1&Fg . hg - Ay, Fg hg - Ag,Fq, Fg
oh3 i Ay, (A7,F1&F3),F5 ® Fg ehg - Ay, Ag,F1,F5 ® Fg
3.8 Status of & (Right Premise): : Invertible
e Case rule 1
e Case rule !
e Case rule ?7WW
hg - Ag, Fq&F [N ax/ind
3 5,F1 &Fp W N h3 : 5,F2
eh3 :- (Ag,Fq&Fg), 7Fy ehg :- Ag,Fo, 7Fy
e Case rule 7C
e As 7 o ——— ax/ind
h3 : 51 7Fq, 7F4, F1 &Fo . . h3 :k Ap,Fo, 7Fy, 7Fy
? —_— 7C
oh3 :F (Ag,Fq&Fg), 7Fy ohg i Ag, Fo, 7Fy
e Case rule ?
) — ax/ind
h3 i+ Ag,Fy,Fp &Fg . N hg :k Ag,Fg,Fy
eh3 :- (Ag,Fp&Fg), 7Fy ehg :F Ag,Fo, 7Fy
e Case rule $
—  ax/ind
h3 :F Ag,Fy,F5, F] &Fo . h3 :+ Ag,Fg,Fy,Fg
eh3 - (Ag,F1&Fp), Fy3F5 eh3 :F Ag,Fg,Fy$F5
e Case rule &
. . ’ ax/ind ax/ind
h3 :+ Ag,Fq,Fy&Fgy h3 :- Ag,Fg,Fq &Fp © N h3 :F Ag,Fo,Fy h3 :F Ag,Fo,F5
ohy :+ (Ag,Fq&Fgy), Fy&Fy ehg :- Ag,Fg,F &F5
—_—  ax
hy i Ag,F3  hy ik Ag,Fy N hy ik Ao, Fy
ohy - Ao, F3&Fy ohy i Ao, Fy
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3.9

Case rule ©p

Case rule @4

Case rule L

Caserule T

Case rule I

Case rule ®

Status of ©p:

Case rule 1

Case rule !

Case rule ?7W

Case rule 7C

————— ax/ind
hg i+ Ag, Fg, F1 &Fg ® N hg i Ag, Fa, Fy /
B —_— @B
oh3 :- (Ag,F1&Fy),Fq @ F5 eh3 - Ag,Fo,Fy P F5
hg ik Ag,Fy, Fq &F ax/ind
3 6>F4,F1&Fg ®a N h3 :F Ag,Fg,Fyg ©
oh3 i (Ag,F1&F3),Fy @ F5 ehg ik Ag,Fo,Fy @ Fs A
—————— ax/ind
hg ik Ay, Fq&Fg . hg - Ay, Fo /
ehg - L, Ay, Fq&Fp eh3 - Ay, Fo, L
_ 7 N e —
eh3 :F T, Ay, Fq&Fy oh3 :F Ay, Fy, T
ax/ind ax
hg ik Ag,F5,F1&Fy hg ik Ay, Fg . L, h3 i A7 EF / hg i Ay, Fg
oh3 - (A7, F1&Fp), Ay, F5 @ Fg eh3 (- Ay, Ay, Fo,F5 ® Fg
» ) ax ax/ind
hg - Ay, F5 hg - Ag,Fg,F1&Fg N h3 :F Ay, Fs h3 : Ay, Fo,Fg
eh3 :- Ay, (A7, F1&F3),F5 ® Fg eh3 :- Ay, Ay,Fy,F5 @ Fg
: Non invertible
hg - Ag,Fp @ F ax/ind
3 - A5, F1 @ Fg o . hg - Ag, Fo
eh3 :- (Ag5,F1 @ Fg), 7Fy eh3 :F Apg,Fo, 7Fy
hg ik Ag, 7F4, 7Fy,F1 @ F ax/ind
3 5, 7F4, 7F4, F1 P e . h3 :+ Ag,Fg, 7Fy, 7F4
;. fe _— 7
eh3 :- (Ag,F1 @ Fg), 7Fy eh3 : Ap,Fo, 7Fy

16



e Case rule ?

h3 :+ Ag,Fy,F1 @ Fo
eh3 :- (A5,Fq @Fp), 7Fy

e Case rule $

h3 :+ Ag,Fy,F5,F1 @ Fg
eh3 : (Ag,F1 @ Fg),Fq$F5

e Case rule &

h3 :+ Ag,F4,F1 ©Fy hg :F Ag,F5,F1 @ Fg
ehg :k (Ag,F1 @ Fa), Fy&Fs

e Case rule ®p

hg ;- Ag,F5,F1 @ F2

DB
eh3 - (Ag,F1 ©F2),Fqy @ F5
hy ik Ao, Fy
— 2" op
ehy :F Ao, F3 B Fy
e Case rule ®4
hg :F Ag,Fy,F1 @ Fa
eh3 :- (Ag,Fy ©F2),Fy ©F5
hy - Ao, Fg
Mt AzFs g
ohy :F Ag,F3 & Fy
e Case rule L
h3 Had A4‘F1 Q}Fz
by ik L, A4 F ®Fy
e Caserule T
by ok T, A4 F1 ®Fy
e Case rule [
e Case rule ®
h3 :k Ag,F5,F1 @ Fy hg :k Ay, Fg
N
eh3 i (A7, F1 ©F3), Ay, F5 ®Fg
h3 - Ay,F5 hg :F Ap,Fg,F; @ Fg
N

ohg :- Ay, (A7,F1 ©F2),F5 @Fg

17

——————— ax/ind
h3 :F Ag, Fo, Fy

——————————— ax/ind
h3 : Ag,Fo,Fy,Fg

———————— ax/ind ———————— ax/ind
hg :F Ag, Fo, Fy h3 :F Ag,Fg,F5

oh3 :- Ag,Fo, Fy&Fy

ha i Agorarg /M
h3: 6,F2,F5
- —— &3B
eh3 :k Ag,Fo,Fy @ Fy
—_—
_ hy :F Ag,Fy
ohy :F Ao, Fy
A Ao T ax/ind
3 6252554
7 ————————— @4
eh3 :F Ag,Fg,Fy @ Fg
- fail
ehy :F Ao, Fy
———————— ax/ind
h3 :F Ay, Fo
oh3 - Ay, Fo, L
ohg - Ay, Fo, T
ax/ind ax
h3 := Ay,Fo,Fy hy = Ay, Fg

eh3 - Ay, Ay, Fo,F5 ® Fg

ax/ind
hg : Ay, Fs h3 :F A7 ,Fo,Fg

eh3 - Ay, A7, Fo,F5 ® Fg



3.10 Status of ®4: :

Non invertible

e Case rule 1

e Case rule !

e Case rule 7W

h3 - A5, F1 @ Fg
ohg - (A5, F1 ©Fg), 7Fy

?

e Case rule 7C

h3 :F Ag, 7F4, 7F4,F1 @ Fo
eh3 : (A5, F1 @ Fg), 7Fy

e Case rule ?

h3 :F Ag,Fq,F] @ Fg

oh3 i (Ag5,F1 @ Fg), 7Fy

e Case rule $

hg : Ag,Fyq,F5,F1 @ Fg
oh3 - (Ag,Fq @ Fg),Fy$F5

e Case rule &

hg :- Ag,Fq,Fp @ Fy hg :- Ag,F5,Fp @ Fg
ong - (Ag,F1 @ Fg), Fy&Fy

o Case rule ®©p

hg :- Ag,F5,F1 @ Fo

OB
oh3 i (Ag,F1 ®F),Fq @ F5
hy ik Ag,Fy
—_— ®p
ehy :- Ag,F3 & Fy
e Case rule ©4
h3 - Ag,Fq,F1 @ Fo
eh3 - (Ag,Fy @ Fp),Fq ©Fp
hy :- Ao, Fs
3 &4

ohy :F Ag,F3 @ Fy
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- ehy - Ay, Fg3

ax/ind
W

hg :+ Ag,Fq
ohg - Ag,Fqp, 7Fy

ax/ind

h3 :F Ag,Fp, 7F4, 7F4 o

ohg - Ag,Fqp, 7Fy

——————— ax/ind
hg i+ Ag,Fqp,Fy

eh3 :F A, Fq, 7Fy

—_  ax/ind
hg - Ag,F1,Fy,Fg

eh3 :- Ag,Fp,Fy$F5

———— ax/ind ———————— ax/ind
hg ik Ag,Fq,Fy hg :+ Ag,Fq,F5

eh3 :F Ag,Fq,F &Fy

Eree—— ax/ind
— h3 :F Ag,F1,F5
—_— ®pB
eh3 : Ag,F1,Fy @ Fp

fail

o Bgrrrs D/

3 ¢ 6>51,%4

— ’ ®a
eh3 :- Ag,Fq1,Fy @ Fp
—— ax

N hy : Ag,Fg3

ehj - Ag,F3



e Case rule L

hg ik Ay, Fq & Fgy N hg - Ay, Fp ax/1nd
ehg - L, A, Fq @ Fo ohg ik Ay, Fqp, L
e Caserule T
- (S
eh3 :- T,Ay,Fq ®Fy - eh3 ;- Ay, Fq, T
e Case rule I
e Case rule ®
h3 :- A7,F5,F1 @ Fg hg :- Ay, Fg N hg :- A7,Fq,F5 ax/ind h3 k- Ay, Fg =
eh3 - (Ap,F1 ®F3), Ay, F5 @ Fg eh3 :- Ay, A7, F1,F5 QFg
hg :F Ay, F5 hg :- Ag,Fg,F1 @ Fg N hg :F Ay, Fp = hg :F Av,Fq,Fg ax/ind
ohg ik Ay, (A7, Fy @ Fp),F5 ® Fg ehg - Ay, Ay, Fy,Fg ® Fg
3.11 Status of 1: : Invertible
e Case rule 1
e Case rule !
e Case rule 7W
—————— ax/ind
hy = L, Ag hy i Ag
—_— W - —_— 7w
eh; :- (L, Ag), ?Fy ehj :F Ag, ?Fy
e Case rule 7C
) o ——— ax/ind
hy i L, Ag, 7Fg, 7Fy hy :+ Ag, ?Fg, 7Fg
—_ 7C - _ - = ¢
ony :F (L, Ag), 7Fy ohy :F Ag, 7Fg
e Case rule ?
R — ind
M basE L Ay
ohy - (L, Ag3), ?Fy ehy :F Ag, 7Fy
e Case rule $
by i L, Ay, Fo,Fy L, bk Ay Ry R ax/nd
ehy :- (L, Ay),Fo$Fg ehy k- Ay, Fo$Fg

19



e Case rule &
by - L Ay, Fy by i L, Ay F3 L by Ay Ty /A R,
eh :F (L, Ay),Fo&Fg eh; - Ay, Fo&F3
o Case rule ®p
hy i L, Ay, F3 o N n o AgE /M
oh; - (L,Ay),Fg &F3 B ehy :F Ay, Fy BFg3 ©p
e Case rule ®4
By i L, Ay, Fy o by i Ay, Fo ax/ind
A —
ony i (L,Ay),Fy ®F3 oh| :F Ay, Fy & Fg o4
e Case rule L
- S Yy vy -
eny - L, Ag BYREYe
e Caserule T
ehy - T, 1, Aqy T - ohy - Ao, T
e Case rule I
e Case rule ®
hy ik L, A5, F3 hy ik Ag,Fy by o Ap.rg /i .
ehy :- (L, A5),Ag,F3 @ Fy eh; :F Ao, Ag,F3 @ Fy
by :- Ag,F3 by i L, Ag,Fy L, b F g Py o hp i AgEy ax/ind
eh; - Ag, (L, A5),F3 @ Fgq ohj - Ao, Ag,F3 Q@ Fy
3.12 Status of T: : Invertible
e Case rule 1
e Case rule !
e Case rule 7W
k1 i T’AB 2W — trivial

ohy :F (T, Ag), 7Fy
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Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

rule

rule

rule

rule

rule

rule

rule

rule

rule

rule

?C

DB

D a

ny ik T, Ag, ?Fg, 7Fy
ohy :- (T, A3), 7Fg

e

h ik T, Az, Fy
ony i (T, Ag), ?Fy

hy T,A4,F2,F3
ohy - (T,Ay),Fo$F3

hy - T,Ay,Fy by ik T,Ay,F3

ohy i (T, Ay), Fy&Fs

hy ik T, Ay, F3

—— @B
ohy - (T,Ay),Fy @ Fg

By ik T, Ay, Fy
ohy - (T, Ay),F2 ©F3

hy ik T, Ag
_—
ony :F L, T,Ay

_— T
ohy (- T,Ap -

hy ik T,Ag5,F3 hy ik Ag,Fy

ony :F (T,A5), Ao, F3 @ Fy

hy - Ag,F3 hy :F T,Ag,Fy

ehy - Ao, (T,Ap),F3 ® Fyq
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— trivial

trivial

trivial

— trivial

— trivial

— trivial

trivial

trivial

— trivial

— trivial



3.13 Status of I:

e Case

e Case

e Case

e Case

e Case

e Case

e Case

e Case

e Case

e Case

e Case

e Case

e Case

3.14 Status of ®:

e Case

e Case

e Case

rule 1

rule !

rule ?7W

rule 7C

rule ?

rule $

rule &

rule &p

rule P4

rule L

rule T

rule I

rule ®

rule 1

rule !

rule TW

Invertible

-
ohy ik p(ng), "(n2)

—

trivial

(Left Premise): Non invertible

hy - Ay, Ag,Fg ®F3
>

ohy i+ (A1, Ag,F2 ® F3), 7F5

hy :k Ap, Ag,F2 @ F3

W
oy i (A1, Ag,Fy ® F3), 7F5

22

hy :F Ag, Fo

hy :F Aqp,Fg

ehy :F Aq,Fo

ax/ind

?

—_— 7w
ehy - Ag, Fo, 7Fp

ax/ind



e Case rule 7C

hy i Ay, Ag, 7F5, 7F5, Fy @ Fg by - Ag. Fa ax/ind
— ’ o
- W
ohy :- (A7, Ag,Fy ®F3), 7Fg ehy :- Ag, Fg, 7F5
ind
by - Ap, Ag, 7F5, 75, Fy @ F3 . e Apry
ohy :+ (Aq, Ag,Fa Q@ F3), 7F5 ehy :- Aq,Fg
e Case rule ?
————— ax/ind
hy ik Ay, Ag,F5,Fy ® Fg . hy :F Ag, Foy /
- —_— 7w
ohy :+ (A7, Ag,Fy ® F3), 7F5 ehy :- Ag, Fo, 7F5
———— ax/ind
hy :- Ay, Ag,F5,F3 @ F3 N hy :F Aq,Fg
ehy :+ (A7, Ag,Fo @ F3), 7F5 ehy - Aq,Fg
e Case rule $
_ ax/ina
by - A1, Ag,Fg,Fg. Fa ® F3 , hg A7 Fy F5.Fg x/am
ehy - (Aq, A7, Fy ® F3),F58Fg ehy : Ay, Fo,F5$Fg
[ ind
hy - Ay, A7,F5,Fg,Fy @ F3 N hy ik Aq,Fy ax/in
ehy :- (Aq, A7,Fy ®F3),F58Fg ehy :F Aq,Fg
e Case rule &
ax/ind ax/ind
hy - Ay, Ay, F5,Fg @ F3  hy :k Ay, A7, Fg,Fy ® F3 N hy i Ag,Fo,Fg / hy :+ Ay, Fg,Fg /
ehy :H (Al,A7,F2 ®F3),F5&F6

ohy - Ay, Fo,F5&Fg

hy i+ Ay, A7,F5,F3 ® F3 hy :- Ay, A7,Fg,Fy @ F3
ehy :- (Aq,A7,Fy ® F3),F5&Fg

T A ax/ind
N hy i+ Ap,Fg

ohy :F Aq,Fo
o Case rule ®©p

hy ik Ay, Ay, Fg,Fy ® F3 ax/ind

hy :F Ayg,Fo,Fg

OB - 252
ehy - (Aq,A7,Fy ® F3),F5 @ Fg ehy :F Ay, ,Fo,F5 @ Fg
- Al A —————— ax/ind

hyg = 1,A7,F5,F2 ®F3 ® N hy - Aqp,Fo

B 2 "2

ohy :F (A1, A7,Fo ®F3),F5 D Fg ehy (- Aq,Fg

e Case rule 4
— ax/ind

hy :F Ay, A7, F5,Fy @ Fg N hy :F A7,Fg,F5

ehy :- (A3, A7,Fy ®F3),F5 @ Fg ®a

ehy :+ Ap,Fo,F5 @ Fg

hy ik Ay, A7,F5,Fy ® Fg
ehy - (A1, A7,Fy @F3),F5 & Fg

T AL ax/ind
N hy 1,Fo

ehy :F Aq,Fo
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e Case rule L

e Caserule T

e Case rule I

e Case rule ®

hy i Aq, A, Fy @Fg

ohy ik L, A,A5,F3 @F3

hy - Ay, A5, Fg ® Fg
ehy :- L, A7, A5, Fy ® Fg

ehy ;- T,A71,Ag,Fy ®F3

ehy :- T,A7,Ag,Fy ® F3

hg i Ag, A7,Fq,F1 ®Fy  hy - Ag, Ag, Fg
eh3 :- (Ag, A7, F1 ®F3), (Ag,Ag),Fq @ Fp

h3 - Ag, A7,Fy h3 :F Ag, Ag,F5,F1 ® Fg
ohg i (Ag, Ay), (Ag, Ag,F1 ® Fa),Fy @ Fp

hg i Ag, A7,F4,F] @ Fg  hg :- Ag, Ag,Fg

oh3 - (Ag, A7,F1 @ F2), (Ag, Ag),Fy ®F5

hg i Ag, A7,F4 h3 :F Ag, Ag,F5,F1 ® Fo

eh3 :- (Ag, A7), (Ag, Ag,F1 ®F2),Fq @F5

hy - Ay, Ag,Fy by ik Ag, Ay, F3
ohy :- (Ay, Ag), (Ag, A7), Fo @ F3

3.15 Status of ® (Right Premise): : Non

e Case rule 1

o Case rule !

e Case rule 7W

hy :F Ay, Ag,Fo @ F3
ehy i+ (Aq, Ag,Fg @ F3), 7F5

W

hy :k Ay, Ag,Fa ® F3

W
ohy :- (Ag, Ag,Fy @ F3), 7F5

24

——————— ax/ind
. hy i+ Ag, Fo
ohy - Ay, Fo, L
———— ax/ind
N hy i+ Aq,Fg
ohy :F Aq,Fo
- ehy i Ag,Fy, T
-
- ehy - Aq,Fg -
- eh3 :F Ag,Ag,Fy1,Fy @ Fpg
- eh3 :- Ag,Ag,Fy1,Fy @ Fpy
-
= ohg - Ag, Ag.Fp
-
® T eng i Ag, Ag,Fp
-
= ehy iF Ay, Dg Fy
invertible
—————— ax/ind
. hy ik Aq,Fg
ehy - Aq,F3
——————— ax/ind
N hy - Ag,F3

47 7673,
ehy i Ag, F3, 7F5

fail

fail



e Case rule 7C

hy ik Ay, Ag, ?F5, ?F5,Fy @ F, o
4 1,486, 7F5, 7F5, F2 @ F3 - N hy ik Aq,Fg
ehy :- (Ay, Ag.Fy ®F3), 7F5 oha b 81T
hy :F Aq, Ag, 7F=, 7F= , F F o ags
4 - Aq, Ag, ?F5, 7F5, Fp @ F3 "4 " B6.F3
C — —_— W
ehy :F Ag,F3, ?F5

ohy i (Aq, Ag,F2 ®F3), 7F5

e Case rule ?

| ‘ , ax/imd
hy 1= A3, Ag,F5,Fy ®Fg 2 — M
ohy i+ (A1, Ag,Fp @ F3), 7F5 R
ax/ind

by ik Ay, Ag,F5,F2 ®F3
? bd
eh, :- Ag,Fg3, 7F5

ohy :- (Aq,Ag,Fy ® F3), 7F5

e Case rule $

—— ax/ind
hy k- Aq,F3

hy - Ay, A7,F5,Fg,Fy @ F3 —

ehy :F (A1, A7, Fp ® F3), F58Fg

— ax/ind
hy i A7, F3,F5, Fg

ny ik Az, A7, F5,Fg,Fa ® Fg -
ohy = A7,F3,F5$Fg

ehy - (Ay, A7, Fy ®F3),F58Fg

o Case rule &

—— ax/ind
hy :F Aq,F3

hy :- Aq, A7, Fg,Fa @ Fg < N
ehy :F Aq,Fg

hy ik Ay, A7, F5,Fp ® F3
ohy - (A1, A7, Fy @ F3), F5&Fg

ax/ind

ax/ind
hy ik Az, F3,F5 " A7,F30 T

ehy = A7, F3,F5&Fg

hy ik Ay, Ay,F5,Fp @ F3 hy ik Aq, A7, Fg,Fg ® Fg
& -

ohy :F (Aq, A7, Fy ® Fg), F5&Fg

e Case rule ®p

- ax/ind
hy i A1, Aq,Fg,Fy ® Fg ® N B i B10F3 :
- B B S
ehy - (Ay, A7, Fy ®F3),F5 ®Fg oha A1
 a/im
by k- Ay, A7, Fg,Fy ®F3 - bt Srrgre
B 2]
ohy i A7, F3.F5 ®Fg D

ehy :F (Ay, A7,F32 @ F3),F5 © Fg

e Case rule ®4

——————— ax/ind
hy :F Aq,F3

hy ik Ay, A7,F5,F2 ® Fg -
4 ’ 52} F
ehy - Aq,F3

ohy - (A3, A7, Fy ®F3),F5 @ Fg

ax/ind
hy ik Ay, Ag,F5,Fy ® F3 = hr s
N _ PaF A7 F3F5

ohy - A7 F3.F5 ®Fg

ehy :F (Ay, A7,F3 ®F3),F5 O Fg
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e Case rule L

e Caserule T

o Case rule I

e Case rule ®

hy :F Aq,A5,Fy ® F3

eh, :- L,Aq,A5,Fp ®F3

hy :F Ay, A5,F3 ®Fg

ehy - 1L, Aq,A5,Fy ®Fg

ohy - T,A1,A5,Fo ®F3

ohy - T,Aq,Ap,Fy QFg

h3 :F Ag, A7,Fq,F1 ® Fg  h3 :k Ag, Ag,F5

eh3 i (Ag, A7,F] ®F3), (Ag, Ag),F4 @ F5

h3 :- Ag, A7,F4  h3 ik Ag,Ag,F5,F1 ® Fp

eh3 - (Ag, A7), (Ag, Ag,F1 ®F3),F4 @ F5

hg :- Ag, A7,F4,F1 ® Fp h3 :F Ag,Ag,Fy

oh3 ;- (Ag, A7,F; ®Fa), (Ag, Ag),Fqy Q@ Fy

h3 i Ag, A7,F4 hg - Ag, Ag,F5,F1 ® Fp

oh3 :F (Ag, A7), (Ag, Ag,F1 ®Fg),Fy Q@ Fy

hy - Ay, Ag,Fy hy :k Ag, Ay, F3

ohy - (Ay, Ap), (Ag, A7), Fo @ F3
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®

®

®

—

by i+ A, F3

eh3 :F Ay,

eh3 :F Ay,

ax/ind

ax/ind

fail

fail
Ag,Fo

fail
Ag,Fo

eh3

TN

»F2,Fy ®@Fp

NN

NN

F2,F4 ®@Fp

fail

fail

fail



4 Identity-Expansion

—:=0,T T

—:=1 1J_
—:F1,1

—F Fo, dual(Fg) ~F Fy, dual(Fy) IH@
—:F dual(Fo),Fg (&) Fl A —F dual(Fl),Fg D Fl &B
— : dual(Fg)&dual(F1),Fo ® F1

— :+ Fo, dual(Fo) H = i+ F1, dual(Fq) IH

— :F dual(Fo), dual(F1),Fo ® F1 s
— :F dual(Fo)$dual(F1),Fo ® Fq

IH

— :F Fo, dual(Fo) I — :F F1,dual(F1) o
B

— :F Fo, dual(Fo) ® dual(Fq) — :F F1,dual(Fo) ® dual(Fq) ©
—:F Fg&Fl, dual(Fg) D dual(Fl)

—:F FO, dual(FO) IH —F F]_, dual(Fl) IH

— :F Fo,F1,dual(Fo) ® dual(F1) s
— :F Fo$F1, dual(Fo) ® dual(F1)

— :F Fo, dual(Fo) iH

— Z"?Fo,dual(Fg) '
— Zl‘!dUCLl(FO),?FO '

1

-1

—:=1,1 L

—:+0,T .

IH

— :F Fo, dual(Fo)
—F F()7 7dual(F0) '.
— :HFg, ?dual(Fo) ~
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5

Cut-Elimination

5.1 Status of 1: 0K

e Case rule 1

e Case rule !

e Case rule 7W

ho i L, Ay W
1 ?
eh; :F 1, % ohs :F dual(1), Ay, 7F3
Cut
—F %, Ag, 7F3 v
—
1 ax
eh; :F 1 ho :F Ay, L
~F A, hCut
— ik Ay, 7F3
e Case rule 7C
ho ;- L, Ay, ?F3, 7F3
1 e
ehy :F 1, ohy :F dual(1), Ay, 7F3
ZF %, Ag, 7F5 Cut
—
ax ax
eh; :F 1 ho (- Ay, L, ?F3, 7F3 c
hCut
— - A4, ?F5, 7F3 o v
— = Ay, 7F3 ’
e Case rule 7
ho :F L, Ay4,F3
1
eh; :F 1, % ohs :F dual(1), Ay, 7F3
Cut
— k%, Ay, 7F3
—
ax ax
eh; :F 1 ho :F Ay, F3, L
hCut
—F A4, Fs v
Z - A4, 7F,

e Case rule $

1 hp i+ 1, A5,F3,Fs
eh; - 1, % oh, :F dual(l), As,F3$F4
Cut
— *,A5,F3$F4

N
ax ax
eh; :F 1 ho :F As,F3,F4, L
hCut
— = A5, F3,Fq "
— :+ Aj,F3$Fy

e Case rule &

ho :F L,A5,F3 ho:= 1, A5,Fy
ehy :F 1, % 1 ohs :F dual(1l), As,F3&Fy

Cut
ZF %, As, FadeFa U
—
1 ax 1
eh; :F 1 hy :F Ag,F3, L eh; :F 1 ho :F Aj5,F4, L
hCut
—:F A5, F3 — :F Aj5,Fy
— i+ A5, F3&Fy

28

ax

hCut



e Case rule ®p

ho :F L, A5,Fy
1 OB
ehy :F 1, x ohy :F dual(1l), As,Fs @ Fy
Cut
— k%, A5, F3 ©Fq
—
ax ax
eh; :F 1 ho - Ap,Fy, L he
t
—:F A5,F4 U
—:F A5,F3 B Fy B
e Case rule 4
ho :F L, A5,F3
1 Da
eh; :F 1, % ehs :F dual(1l), As,F3 @ Fy
Cut

— k%, A5, F3 @ F4

—
ax ax
eh; :F 1 hy :F Aj,F3, L c
— = Aj,F3 & heu
—:F A5,F3 ®Fy A
e Case rule L
1 hy - Aj
ehy :F 1, % ehy :F dual(1l), Ag
% As Cut
—
—F axX
— A'g

e Caserule T

oh; :F 1, % 1 eho :F dual(1), T,As

— k%, T, A3
—

—F A, T

Cut

T

e Case rule I

e Case rule ®

ho :F L, Ag,Fs4 ho:H A3, F5
1
oh; :F 1, % eho :F dual(1l), Az, A¢,Fs @ F5
— k%, A3, Ag,F1s ®F5
—
ax
eh; :F 1 ho :F Ag,Fyq, L he
t
—:F Ag,Fy T A3z, Fs
— = A3,A6,F1 ®F5

Cut

ax

ho :F A3,F4 ho:F L, Ag,Fs5
1
eh; :F 1, % ohy :F dual(1l), Az, Ag,F4s @ F5
— k%, Az, Ag,F4 ®Fs
—
ax
eh; :F 1 ho :F Ag,F5, L c
ax hCut
—:F A3,Fy —:F Ag,F5 .
— = Az, Ag,Fs @ Fp

Cut

ax
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5.2 Status of I: 0K

o Case rule 1

e Case rule !

hy i Fy,?T2 b - Fe, 277, 7dual (F4)
|
eh; :FIF4,?Y2 °  ehg :F dual(!F4),?Y7,!Fg
t
— 772,777, IFg v
—
ax
oh; :F7Y2, !F, hs :F?7Y7,Fg, 7dual(Fy)
hCut
—F7Y2, 707, Fy

_—
ZF7T2, 7707, IFs

e Case rule ?7W

hy :F F3,7Y4,5 hg :F Ag, dual(5)
ehy :F 5,7Y4,!F3 = ehg :+ dual(b), Ag, ?F7

— = (7074, !F3), Ag, ?F7
—

Cut

ax ax
eh, - 5,74, !F3 hg = Ag, dual(5)
hCut
T F7T4, Ag, IF5 "

?
74, Ag,F, 78 Y
By Fa,?T2 By - Ar, Zdual(Fa)
ehy :H!F4,?7Y2 °  ehs :F dual(!F4), A7, 7F¢
Z 772, Ar, 7R Cut
—

ax ax
ohy (712, IF, hs :F A7, 2dual (Fs)
h

t
Z Y2, A Cu
— F7T2, A7, 7Fg
hy :F Fy, 772 hs :F A
1 4, ' 5 6 ?W
ohy :FIFy, 772 ohs :F dual(!Fy), Ag
Z 772, Ag Cut
—
—F axXx
— Z'* Ae,
—F7Y2, Ag
e Case rule 7C
hy :+ F3,?Y4,5 ' he :+ Ag, 7F7, ?F7, dual(5)
ohy - 5,774, IF3 ohg :F- dual(5), Ag, 7F7
Cut
—F (774, IF3), As, 7Fr "

—

ax ax
ehy - 5,74, !F3 he :+ Ag, ?F7, ?F7, dual(5)

— :F774, Ag, 'F3, 7F7, 7F7
— =774, Ag, !F3, ?7F7

e

hy :FFy,?7Y2 hs :F Ay, ?Fg, ?Fg, 7dual(F4)
!
ohy :FIF,, 72 ° ohs :F dual(!Fy), A7, ?Fg

Cut
—F?72, Ay, 7Fg v
—

ax ax
oh; :F7Y2,IF, hs :- Az, ?Fg, ?F¢, 7dual(F4)
h
— :F?Y2, A7, ?Fg, 7Fg
— =772, Ay, 7Fg

7C

Cut

Cut
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hy :F Fy, 772

hs :F Ag, ?dual(Fs), 7dual(Fa)

ohy :FIF4, 702

ohs :F dual(!F4), Ag
ut

2772, Ag
—

eh, (772, IF,

ax
hs :F Ag, ?dual(Fy), ?7dual(Fy)
m

o Case rule 7

ho :F F3, 774, 5

T2, Ag Cut

hg - Ag, Fr, dual(b)

ehy - 5,74, !F3

ohg - dual(5), Ag, 7F7

Cut
- (774, IF3), As, 7F7 "
—
ax
oh, :- 5,74, !F3 hg :F Ag, F7, dual(b)
hCut
—F7Y4, Ag, Fr, IF3 b
— 774, Ag, IF3, 7F7
hy i Fy,?72 hs :+ A7, Fg, ?dual(Fs)
oh; :HIFy, 772 ohs :F dual(lF4), A7, 7Fg
Cut

—F?Y2, Ay, 7Fg
—

eh; :F7Y2,IF,

ax
hs = A7, Fg, ?dual(Fa)
hCut

—F?Y2, A7, Fo
—F?T2, Aq, 7Fg

hy ik Fy,?7Y2 . hs - Ag, dual(Fs)
oh; :H!F4,?Y2 °  ehs :F dual(!F4), Ag
ZF7T2, Ag Cut
—
ax
— F?Y2,Fy — :F Ag, dual(Fsq)
T2, Ag sCut

e Case rule $

ho :FF3,7Y4,5

hg :F Ag,F7,Fg, dual(5)

ehy :- 5,774, IF5

ohg :H dual(S), Ag, F7$Fg

t
—:F (?T4, !Fg), Ag,F7$Fg u
—
ax
ehs :F 5,774, IF3 hg :+ Ag,F7,Fs, dual(5)
- hCut
— :F7Y4, Ag,F7,Fg, F3
—:F?774, Ag, IF3, F7$Fg
hy - Fyg, 272 hs :F Ag,Fe, Fr, 7dual(F4)
oh; :FI!Fy, 7Y2 ohs :H dual(!F4), Ag,Fg$F7
Cut
— :F?Y2, Ag,Fg$F7
—
ax
eh; :F7Y2,1F, hs :+ Ag,Fg,Fr, 7dual(Fq)
hCut

— k772, Ag,Fg,F7
— :F772, Ag,Fg$F7

e Case rule &

hy :F F3,7Y4,5 hg = Ag, F7, dual(b)

hg = Ag, Fg, dual(b)

ehy i 5,774, IFs

ohg :H dual(S), Ag,F7&Fg

Cut

—:F (774, !1:‘3)7 Ag,F7&Fg
-

ehy :- 5,7Y4,!F3

hg :F Ag, Fr, dual(5)

ohy :- 5,

274, IF5

hCut

— =774, Ag,Fr, IF3

— =774, Ag,Fg, |F3

— F?Y4, Ag, IF5, Fr&Fs
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ax
hg = Ag, Fs, dual(b)
hCut



hy - Fa,?T2  hs :F Ag,Fe, ?dual(Fs) hs :- Ag,Fr, ?dual(Fs)
!
ohy :FIFy, 7072

ohs :F dual(!Fy), Ag,F&F7
— :F?TQ,Ag,Fg&Fﬁ
—

Cut
ehy :F7Y2 IF,

ax
hs - Ag, Fg, ?dual(Fy) oh; :F7Y2,F,
hCut
—F7Y2, Ag, Fg "

ax
hs :+ Ag,Fr, ?7dual(F4)

hCut
— :F?7Y2, Ag,Fr "

— F?Y2, Ag, Fo&F7
e Case rule &g

hy :F F3,?7T4,5

hg :- Ao, Fs, dual(5)
ehs :F 5,774, IF3

®
oh - dual(5), Ag,Fr ®Fs ©
Cut
— :F (?74,F3), Ag,F7 ® Fg .
—

ax
ohy - 5,714, IFg hg i Ag, Fg, dual(5)

hCut
TN Ao Fe Ty "
Tr7YA, Ay, 1Fs Fr B Fs P

hy :F Fy,?772

hs :F Asg,F7, ?dual(F4)
oh; :FIFy, 7?72 °

D
ohs :F dual(!F4), Ag,Fg @ F7 ?
Cut
— :F?Y2,Ag,Fg @ Fr "
—
ax
ehy :F?7Y2 IF,

ax
hs :+ Ag,F7, ?7dual(Fy)
—:F772, Ag,Fr ® hout
— :F?7Y2, Ag,Fg B Fr B

o Case rule ©4

hy :F Fs,7T4,5

he :F Ag, Fr, dual(5)
ohy :- 5,714, IF3 ohg : dual(5), Ag,F7 @ Fg

Cut
- (774, IF3), Ao, Fr @ Fs .
—

ohy :- 5,7Y4,!F3

ax
he :F Ag, F7, dual(5)

hCut
— :F774, Ag,F7,!F3 o

— :F?Y4, Ag,!F3,F7 & Fg Ga

hy - Fy, 702

hs :F Ag, Fe, 7dual(F4)
|
oh; :FIFy, 772 °

©®
ohs :- dual(!Fy4), Ag,Fg @ Fr 4
t
— =772, Ag,Fg B Fr o
—
ony F772, IF,

ax
hs :F Ag, Fg, ?dual(F4)
hCut
— k712, Ag,Fg @ o
— =772, Ag,Fg B Fr 4

e Case rule L

ho :FF3,774,5

he :F Az, dual(5)
ehy - 5,74, !F3

ehg :F dual(5), L, Ar
Cut
o (?T4,1F3), L, A;
—
ehy :- 5,774, F3

ax

hg :F A7, dual(5)

ZF?T4, A, IFs "
ZFY4, Ay, L, 1P,

hy i Fy, 772 hs :- Ag, ?dual(Fq)

ohs : dual(!F4), L, Ag

— 772, 1, Ag cut

—

1
ehy :FIFy, 772 °

oh; :F7Y2,IFy

ax
hs = Ag, ?dual(F4)
— 772, Ag houe
—:F772, Ag, L
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e Caserule T

ho :F F3,774,5
ehy :F 5,774, IF;

ohg :F dual(5), T, A7
Cut
—F (774, F3), T, Ay v
—

—:F?7Y4, A7, T,!F3 T
hi :FFy,?772 |
ehy :FIFy, 7072

-
ohs :F dual(lFy), T, Ag
—F?Y2, T, Ag
—

ut

Z Y2, Mg T |
Case rule I

e Case rule ®

hy :F F3,7Y4,5 \ hg :F Ay, Fs, dual(5) hg - A7, Fg
oho - 5,74, F3 ohg :F dual(5), A7, A1g,Fs ® Fg
—:F (774, !F3), A7, A19,Fs ® Fg
—

Cut

ax
ehy - 5,7Y4,!F3 hg :F Aqo,Fs, dual(5)
hCut
T 774, Arg. Fa. IF

ax
—:+ A7, Fg

— :F?Y4, Ayo, A7,!F3,Fg ® Fg
ho - F3,?7Y74,5

hg - A7, Fg
ohy - 5,7Y4,IF3

he :F Aqo,Fo, dual(5)
ohg :F dual(S), A7, A10,Fs @ Fg
—:F(?74,F3), A7, A10,Fs ® Fg
—

ehs :F 5,774, !F3

Cut

ax
— :+ A7 Fg

ax
hg :F Aqo, Fg, dual(5)
Z R4, Arg, Fy, IF: hCut
ZF 774, Arg, A7, IF3, Fs @ Fy

®
hy :F Fy, 772

hy Ag,F7,?duﬂ.l(F4) hs :F Ag,Fs
|
ohy :FIFy, 772 °

ohs - dual(lF4), Ag, Ag,Fr Q Fg
— :F?772, Ag, Ag,F7 ® Fg

Cut
—
ax
ehy :F7Y2,1F, hs :F Ag, Fr, ?dual(Fy)
r hCut ax
— k772, Ag,Fr — :+ Ag,Fg
— :F?Y2, Ag, Ag,F7 ®Fg
hy b Fg, 702 hs :F Ag,F7  hs - Ao, Fg, ?dual(Fa)
oh; :HIFy, 772 ° ohs - dual(lF4), Ag, Ag,Fr Q Fg
Cut
—:F?772, Ag, Ag,F7 ® Fg v

—
eh; :F7T2, IF,

ax
—:+ Ag,Fr

ax
hs :F Ag, Fg, ?dual(Fa)
— :F7Y2, Ag,Fg
— =772, Ag, Ag,F7 ® Fg

ut

5.3 Status of ?W: 0K

e Case rule 1

e Case rule !
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hy - Ao hs :F7Y6, dual(Fa)
?
ehy :F7Fy, Ao W ohs :+ dual(?F4), 776

—F A, 776 Cut
—
——— ax
— = AQ
—F776, As
e Case rule 7W
ho - Ay, F he :+ Ag, dual(Fs
2 4,5 2 6 8 (Fs) W
oh, :- F5, Ay, 7F3 ohg - dual(Fs), As, 7F7
Cut
— (A4,7F3),A8,7F7 b
—
ax ax
ho :F Ay, Fs ohg - Ag, 7F7, dual(Fs)
hCut
—:F Ay, Ag, 7F7 v
W
—:F Ay, Ag, ?F3, 7F7
hy k- Ag hs - Az, 'dual(Fq) w
oh; :F7F4, Ay ohs :- dual(?F4), Ay, 7Fg
Cut
—F Ao, A7, 7Fs u
—
ax ax
eh; :F Ao, 7Fy hs - Az, !dual(Fy4)
hCut
— A A v
— i+ Ao, A7, 7Fg

e Case rule 7C

ho :F Ay4,Fs5 " hg :+ Asg, ?Fr7, 7F7, dual(Fs)

7 7C
oh, :- F5, Ay, 7F3 ohg :F dual(Fs), Asg, 7F7
Cut
—F (Ag, 7F3), Ag, 7F7 "
—
ax ax
hy i Ay, Fs ehg - Ag, 7F7, dual(Fs)
hCut
— = Ay, Ag, 7F7
— - Ay, Ag, 7F3, 7F7
hy :F Ag hs :F Ar, !dual(F4), ?F¢, ?Fe
? 7C
ohy :F7Fy, Ao ohs :F dual(?F4), A7, 7Fg
Cut
—:F As, A7, 7Fg v
—
ax ax
oh; - Ao, 7F4 hs :F Ar, ldual(F4), 7Fg, 7Fg
r r hCut
—:F Ao, A7, 7Fg, 7Fg 20
—:F Ag, A7, 7Fg ’
e Case rule 7
ho - Ay, Fs ) he :F Ag, F7, dual(Fs)
ehy - F5, Ay, 7F3 w ohg - dual(Fs), As, ?F7
Cut
— ik (A4, 7F3), Ag, 7F7 "
—
ax ax
ho :F Ay, Fs ohg :F Ag, 7F7, dual(Fs)
hCut
—F Ag, Ag, 7Fq "
Yl
— i+ Ay, Ag, ?F3, 7F7
hy - As o hs :F A7, Fg, !dual(Fs)
oh; :F7Fy, Ay ohs :F dual(?F4), A7, 7Fg
Cut
—F Ao, Ay, 7Fg U
—
ax
oh; - Ao, 7Fy hs :+ A7, Fg, !dual(Fs)
hCut
— = Ag, A7, Fg "
—:F As, A7, 7Fg
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e Case rule $

ho :F Ay, Fs
ohy i F5, Ay, 7F3

hg Ag,F7,Fs,dual(F5)
ohg :H dual(Fg,), Ag,F78Fg

Cut
— (A4, ?Fg), Ag,F7$Fg
—
hy - Ay, Fs ehg :F- Ag, dual(Fs),F7$Fg
—:F Ay, Ag,F7$Fg
— i+ Ay, Ag, 7F3,F7$Fg
hy i+ Ag hs : As, Fe, F7, !dual(Fq)
oh| :F7F4, Ay ohs :F dual(?F4), Ag,Fe$F7
Cut
— Az,Ag,F6$F7 v
—
ax ax
oh; :F Ay, 7Fy hs - Ag,Fg, F7, !dual(Fy)
hCut

— = Az, Ag,Fg,Fr
— I+ As, Ag,FsS$F7

e Case rule &

hy :- Ay, Fs he :F Ag, F7, dual(Fs)

he :+ Ag, Fg, dual(Fs)

ehy - F5, Ay, 7F3 ohg :F dual(Fs), Ag,F7&Fs

— (A4, ?Fg), Ag,F7&Fg
—

Cut

ho - Ay, Fs ehg :F Ag, dual(Fs),F7&Fg
—:F Ay, Ay, F7&Fg
—:F Ay, Ag, 7F3,F7&Fg
hy - As hs :F Ag,Fg, ldual(F4) hs k- Ag,F7,ldual(Fy)
oh; :F7Fy, Ao ohs :F dual(?F4), Ag,Fe&F7
Cut
—F A, Ag, Fo&Fr v
—
ax
oh; :F Ay, 7Fy hs - Ag, Fg, /dual(Fa) oh; - Ao, 7Fy hs :+ Ag,F7, !dual(Fs)
hCut

—:F Ay, Ag,Fg

—:F Ay, Ag,Fr

— i Ao, Ag, Fg&Fr
e Case rule ®©p
ho :F Ay, F5 he :F Ag, Fs, dual(Fs)

oh, :- F5, Ay, 7F3 ohg :F dual(Fs), Ag,F7 & Fg
— (A4,?F3),A97F7 @ Fg
—

B

Cut

ho :F Ay, F5 ohg ;- Ag, dual(F5),F7 @ Fg
hCut
— = Ay, Ag,F7 ©Fs o
— ik Ay, Ay, ?F3,F7 O Fg
hy - Ao hs :F Asg,Fr, !dual(F4)
B

ohy :F7F4, Ao ohs :H d’LLO,l(?FAL)7 Ag,Fg @ F7

— i+ Ao, Ag,Fe @ Fr
—

Cut

ax ax
ohy :F Ay, 7Fy hs = Ag,F7, !/dual(Fa)
h
—:F As, Ag,Fr

—F Ao, Ag,Fo ®F; 7

e Case rule ©gy
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ho :F Ay, Fs W he :F Ag, Fr, dual(Fs)
ohy - F5, Ay, 7F3 ohg :+ dual(Fs5), Ag,F7 @ Fg

Cut
— - (A4, 7F3), A9, F7 @ Fg
—
ax
ho :F Ay, F5 ehg :F Ag, dual(Fs),F7 & Fg
Cut
— kA4, Ao, Fr @ Fs .
— = Ay, Ag, 7F3,F7 @ Fg
hy - Ao hs :F Asg, Fg, !dual(F4)
oh; :F7Fy, Ay ohs :F dual(?F4), Ag,Fg ® F7 A
Cut
— F Az, Ag,Fe B Fr "
—
ax
oh; - Ay, 7Fy hs :F Ag,Fg, !dual(Fa)
hCut
— Ao AsFs "
— Ay, A5 Fe ®F;
e Case rule L
ho :F Ay4,F5 hg :F Az, dual(Fs)

W
oh, :- F5, Ay, 7F3 ohg :F dual(Fs), L, Az

Cut
— i+ (A4, 7F3), L, Aq U
—
ax ax
ho i Ay, F5 ohg ;- A7, L, dual(Fs)
T NS hCut
— = A4, A7, L, 7F3
hy - Ao hs :F Ag, !dual(Fa)
ohy :F7F4, Aoy ohs - dual(?F4), L, Ag
— AQ,J_,AG Cut
—
ax ax
ohy - Ay, 7Fy hs :F Ag, ldual(Fa)
hCut
— AQ, A(; Cu
—:F As, Ag, L
e Caserule T
hy :F Ay, F5
W
eh, - F5, Ay, 7F3 ohg :F dual(Fs), T, A7
Cut
— ik (A4, 7F3), T, A7 "
—
— Ay, A7, T, 7F3 T
hy - Ao
oh; :F7Fy, Ay ohs : dual(?F4), T, Ag
t
— AQ, T, Ae Cu
—

— ik Ag, Ag, T T

o Case rule I

e Case rule ®

hy i+ Ay, Fs o he :F A1, Fs, dual(Fs5) he := A7, Fo
oh, :- F5, Ay, 7F3 ohg :F dual(Fs), A7,A10,Fs ® Fg

Cut
— i+ (A4, ?F3), A7, A19,Fs ® Fg
-

s - As,F5  ehg ik Aro, Ay, dual(Fs), Fs @ Fo
— = A9, Aq, A7,Fs @ Fg
— = Aqo, Ag, A7, 7F3,Fs ® Fg

hCut

36



ho :F Ay, Fs

hg :F Az, Fg
ohy i F5, Ay, 7F3

hg :F Ajo,Fo, dual(Fx;,)
ohg :+ dual(Fs5), A7, Ao, Fs @ Fg

Cut
— i+ (A4, 7F3), A7, A19,Fs ® Fg
—

ho - Ay, Fs ohg :- Ajg, Ar, dual(Fs),Fs ® Fo

hCut
— = A, Ag, A7,Fs @ Fg
W
— Alo,A4,A7;?F3aF8 ® Fo

hy :F Asg

hs :F Ag,F7, !dual(F4)
oh; :F7Fy, Ao

hs :F Ag,Fs
ehs :- dual(?F4), Ag, Ag,F7 @ Fg

Cut
— :F Ag, Ag,Ag,F7 ®Fg "
—
ax
oh; :- As, 7Fy hs = Ag,Fr, !dual(Fy)
hCut ax
—:F As, Ag,Fr " — - Ag,Fs
—:F As, Ag, Ag,F7 ® Fg
hy - Ao hs :F Ag,F7  hs - Ag, Fg, /dual(F4)
eh; :F7F4, Ag ohs :F dual(?F4), Ag, Ag,F7 ® Fg
Cut
— :F Ag, Ag,Ag,F7 @ Fg .
—
ax ax
oh; - Ao, 7Fy hs - Ag, Fg, ldual(Fa)
a: hCut
—:F Ag,Fr * —:F A, Ag,Fg "

— k- Ay, Ag,Ag,F7r @ Fg

5.4 Status of 7C': 0K

e Caserule 1

e Case rule !

hy :- Ag, ?F4, 7F4

hs 776, dual(Fs)
oh; :(F7Fy, Ao

ohs :F dual(?F4),?77Y6

Cut
—F A, 776 "
—

- ax
hs :F?776, dual(Fa)

by 776, ldual(F1)
Cut
ZF776, Mg e

hy :k Ag, ?F4, 7F4

e Case rule ?7W

ho :F A4, F5, 7F3, 7F3

he :F Ag, dual(Fs)
ohs :F F5, Ay, 7F3

ohg :F dual(Fs), Ag, 7F7

Cut
— i+ (Ay4, 7F3), Ag, 7F7
—

ax
ehy (- Ay, F5, 7F3 heg = Ag, dual(Fs)
hi

Cut
— Ay, Ag, 7F3 :
w
—:F Ay, Ag, ?F3, 7F7

hy :- Ag, PF4, 7F4 hs = Az, !dual(F4)

"W
ohs :F dual(?F4), A7, 7Fg
— = Ag, A7, 7Fg ot
—

ohy :F7F4, As

ax
oh; :F Ay, 7Fy hs :F Az, ldual(Fs)
hi

o As,Ar o
—_——— "W
— :F Ao, A7, 7Fg

e Case rule 7C
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hg :F Ag, ?F7, 7F7, dual(Fg,)

hy :- Ay, F5, 7F3, 7F3
ohg :F dual(Fs), Asg, 7F7

ohy :F F5, Ay, ?F3
Cut
— (A4, ?Fg), Ag, 7F7
—
ho :F Ay, F5, ?F3, 7F3 ehg - Ag, ?F7, dual(Fs)
Cut
—:+ Ay, Ag, ?F3, 7F3, 7F7 20
—:F Ay, Ag, ?F3, 7F7 :
hy :F Ag, ?7F4, 7F4 hs := Az, !dual(F4), ?Fg, ?Fg c
oh; :F7Fy, Ao ehs - dual(?F4), A7, 7Fg
Cut
—:F As, A7, 7Fg v
—
ax ax
eh; - Ao, 7Fy hs = Az, !dual(F4), 7Fg, ?Fg
hCut
—F A, Ay, ?Fg, 7Fg ro b
— k= As, A7, 7Fg :
e Case rule 7
hs :t+ Ay, Fs, 7F3, 7F3 he :F Ag, F7, dual(Fs)
oh, - F5, Ay, 7F3 ohg :+ dual(Fs5), As, 7F7
Cut
— (A4, ?Fg), Ag, 7F7
—
ho :+ Ay, F5, ?F3, 7F3 ehg - Ag, 7F7, dual(Fs)
hCut
—:+ Ay, Ag, 7F3, 7F3, 7F7 20
—:F Ay, Ag, 7F3, 7F7 ’
hy :F A, 7Fy, 7Fy hs :F A7, Fg, !dual(F4)
oh; :(F7Fy, Ao : ohs :F dual(?F4), Az, 7Fg
Cut
—:F As, A7, 7Fg
—
ax ax
oh; :F Ao, 7Fy hs - A7, Fg, ldual(Fa)
hCut
—:F As, A7, Fg

—F As, A, 7Fg
e Case rule $

hg = Ag, Fr,Fs, dual(Fs)

hy :+ Ay4,Fs5, 7F3, 7F3
ohg :H dual(F5), Ag,F7$Fg

ehs :F F5, Ay, 7F3
— :F (A4, ?F3), Ag,F7$Fg gut
—
ho :- Ay, Fs, 7F3, 7F3 ohg :- Ag, dual(Fs), F7$Fg
— i+ Ay, Ag, 7F3, 7F3, F7$Fs
— :+ Ay, Ag, ?F3, F7$Fg
hy - Ag, 7Fy, 7F4 hs : Ag,Fg,Fr, ldual(Fy)
oh; :F7F4, Ao ohs :F dual(?F4), Ag,Fe$F7 cut
A’

—:F Ag, AS,F6$F7
—

ax ax
oh; - Ay, 7Fy hs :+ Ag,Fg, Fr, ldual(Fq)
h

Cut
— = Ay, Ag,Fg, Fr

—:F Ag, Ag,Fg$F7

e Case rule &

hg :F Ag,F7,dual(Fs) hg - Ag, Fg, dual(Fs)

ho :F Ay4,F5, ?7F3, 7F3
ohg :F dual(F5), Ag,Fr&Fg

ohs :F F5, Ay, 7F3
Cut
— (A47 ?1:‘3)7 Ag,F7&Fg
—
ho = Ay, Fs, 7F3, 7F3 ohg ;- Ag, dual(Fs),F7&Fsg
Cut

— = Ay, Ag, ?F3, 7F3, F7&Fg
— k= Ay, Ag, 7F3,F7&Fg
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hy - Ag, ?Fy4, 7F4 hs :+ Ag,Fg, !dual(F4) hs - Ag,Fr,!dual(F4)
?
¢ ohs :F dual(?F4), Ag,Fe&F7

ohy :F7F4, Ao

Cut

— i+ Ay, Ag,F&F7 U
—
ax ax
hs :+ Asg, Fe, !dual(Fy) hs :+ Asg,Fr7, !dual(Fy) o
ax
hy :F Ao, 7Fy, 7F4 ohs :F Ag,!dual(Fy),Fe&F7
mCut

—F Ag, As, Fe&Fr
e Case rule ®&p

ho :F Ay4,F5, 7F3, 7F3 hg :+ Ag,Fg,dual(F5) &
B

?
oh, :- F5, Ay, 7F3 c ohg :F dual(Fs), Ag,F7 ® Fg
— (A47?F3)7A97F7 @ Fg

—

Cut

ax
ho :F A4, F5, 7F3, 7F3 ohg :F Ag, dual(Fs),F7 @ Fg
— i A4, Ao, 7F3, 7F3,F7 © Fg
— = Ay, Ay, ?F3,F7 D Fg
hy :F Ag, ?Fy, 7Fy hs :F Ag,Fr, !dual(F4)
7C DB
oh; :(F7Fy, Ao ohs :F dual(?F4), Ag,Fe @ Fr

Cut

Cut
—F Ay, Ag,Fe ® Fr .
—
ax
oh; - Ay, 7Fy hs :+ Ag,F7, !dual(Fa)
hCut
—:F As, Ag,Fr @ v
— kA, As Fg ®Fr
e Case rule ®y
ho - Ay, Fs5, 7F3, 7F3 R hg :F Ag,F7,dual(F5) ®
ehy :- Fs, Ay, 7F3 = ehg i dual(Fs), Ag,Fr @ Fg
Cut
— - (A4, 7F3), Ag,F7 @ Fg
—

ax
ho :+ Ay, Fs5, ?7F3, 7F3 ehg :F Ag, dual(Fs5),F7 @ Fg
— = Ay, Ag, ?F3, 7F3,F7 D Fg

— = Ay, Ag, 7F3,F7 @ Fs

hy :F Ag, 7Fy, 7F4 hs :F Ag, Feg, !dual(F4) @
A

o
oh; :F7F4, Ao e oh; :F dual(?F4), Ag,Fs @ Fr

Cut

e

t
— i+ A, Ag,Fe ©Fr o
—
ax ax
oh; :F Ao, 7Fy hs :F Ag, Fg, !dual(Fa)
hCut
—:F Ao, Ag,Fg ® v
— i Ay, Ag Fg®F;
e Case rule L
hy - Ay, Fs5, 7F3, 7F3 he = Az, dual(Fs)
oh, - F5, Ay, 7F3 c ohg :F dual(Fs), L, Az
— (A4, ?Fg), 1,A7
—
ax ax
ho :+ Ay, F5, ?F3, 7F3 ehg :- A7, L, dual(Fs)
hCut
ZF A4, A7, L, 7F3, 7F; "
7C
— Ay, Ar, L, 7F3
hy :F Ao, 7Fy, 7F4 ” hs := Ag, !dual(F4)
oh; :F7Fy, Ao e ohs - dual(?F4), L, Ag
— AQ,L,AG Cut
—
—_— aX
hs :F Ag, ldual(F4)
ax
hy :F Ao, ?7F4, 7Fy ehs :F Ag, L, !dual(Fs)
mCut

— i As, Ag, L
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e Caserule T

hs :- Ay, Fs, 7F3, 7F3
C T
ohs :F F5, Ay, 7F3 ohg :F dual(Fs), T, A7
Cut
— ik (A4, 7F3), T, Ag v
—

— ik Ay, A7, T, 7F3 T

hy :F A, ?Fy, 7Fy 20
ohy :F7Fy, Ao . ohs :F dual(?F4), T, Ag

— AQ,T,AG
—

— kAo, A6, T

Cut

T

e Case rule I

e Case rule ®

ho :F A4, F5, 7F3, 7F3 hg Alo,Fs,dual(F5) hg :F Az, Fg
?
ohy :F F5, Ay, 7F3 ’ ohg :- dual(Fs), A7, Aig,Fs @ Fg

Cut
—:F (A4, ?F3), A7, A10,F3 ® Fo
—

ax
ho :F Ay, Fs, 7F5, 7F3 ohg :- Aqg, A7, dual(Fs),Fs @ Fo
— = Aqo, Ay, A7, 7F3, ?F3,Fs @ Fg
— = Ao, Ay, A7, 7F3,Fg ® Fg

hCut

’e

hy :F Ay, Fs, ?F3, 7F3 - he ;- A7,Fg  hg :F Ay, Fg, dual(Fs)
ohs :F F5, Ay, ?7F3 ohg :- dual(Fs), A7, A1p,Fs @ Fg

Cut
— = (A4, 7F3), A7, A10,Fs ® Fy
—
ax
hy :F Ay, Fs5, 7F3, 7F3 ehg :- A, A7, dual(Fs),Fs @ Fg
hCut
—F Avo, Ay Ar TR TRy Fs 8 F "
— = Ay, Ay, A7, 7F3,Fg ® Fg ’
hy :F Ay, 7F4, 7F4 ) hs = Ag,F7, !dual(F4) hs - Ag,Fs
ohy :F7Fy, Ao : ohs :F dual(?F4), Ag, Ag,F7 ® Fg
Cut
— k= Az, Ag, Ag,F7 @ Fg "
—
ax ax
hs ;- Ag, Fr7, !dual(Fy) hs :F Ag,Fsg
ax
hy :F Ao, 7Fy, 7F4 ohs :F Ag, Ag, ldual(F4),F7 ® Fg
Cut
— i Az, Ag, Ag,F7 @ Fg "
hy :- Ao, 7F4, 7F4 hs :- Ag,F7  hs :- A, Fg, ldual(Fs)
ohy :F7Fy, Ao c ohs :F dual(?F4), Ag, Ag,F7 ® Fg
Cut
—:F Ag, Ag, Ag,F7 @ Fs "
—
ax ax
hs :F Ag,Fr hs = Ag, Fg, !dual(F4)
ax
hy :F Ao, 7Fy, 7F4 ohs :F Ag, Ag, !dual(F4),F7 @ Fg
Cut

— i Az, Ag, Ag,F7 @ Fs

5.5 Status of 7: 0K

e Case rule 1

e Case rule !
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hy ik Ag,Fy ) hs =776, dual(Fa)

oh; :F7F4, Ay~ ehs :F dual(?F4),?YT6
—F Ao, 776 Cut
—
ax ax
— :F Ay, Fy — 776, dual(F4)
ZF7Y6, Ay sCut
e Case rule 7W
ho :F Ay,F5,F3 hg :+ Ag,dual(F5)
ohy - F5, Ay, ?F3 ~ ehg : dual(Fs), As, 7F7
Cut
— :F (A4, ?F3), Asg, 7F7 "
—
ax ax
oh, : Ay, F5, 7F3 hg :F Ag, dual(Fs)
hCut
—F A4, Ag, 7F3 v
W
—:F Ay, Ag, ?F3, 7F7
hi :F As,Fy R hs :F Az, !dual(Fa)
oh; :F7F4, Ay~ ehs :F dual(?F4), A7, ?Fg
ZF Ao, A7, 7Fg Cut
—
ax
oh; - Ao, 7Fy hs :F Az, ldual(F4)
T F Ao, A, Cut
T F Ag, An,7Fg

e Case rule 7C

ho :F A4,F5,F3 ) he :+ Ag, ?F7, ?F7, dual(Fs)

ohs :- F5, Ay, 7F3 ohg :F dual(Fs), Asg, 7F7
Cut
— (A47 7F3), Ag, 7F7
—
ax ax
ehy - Ay, F5, 7F3 he :F Ag, ?F7, ?F7, dual(Fs)
hCut
— i+ Ay, Ag, ?F3, ?F7, 7F7 20 v
— = Ay, Ag, ?F3, 7F7 ’
hy :F A, Fy ) hs = A7, !dual(F4), 7Fg, 7Fg o
oh; :F7F4, Ay ohs :- dual(?F4), Ay, 7Fg
Cut
—:F As, A7, 7Fg u
—
ax ax
ehy - Ay, 7Fy hs = Az, !dual(F4), 7Fg, ?Fg
hCut
— = Aq, Ay, ?Fg, 7Fg 20
—:F Ag, A7, 7Fg .
e Case rule ?
ho :F Ay,F5,F3 he :F Ag, Fr, dual(FS)
ehy :F F5, Ay, ?F3 = ehg :F dual(Fs), Asg, 7F7
Cut

— k- (A4, 7F3), Ag, 7F7
—
ax ax
ho :F Ay, F3,F5 ohg :F Ag, 7F7, dual(Fs)
hCut
—:F A4, Ag,F3, 7F7 "
—F A4, Ag, 7F5, 7Fr

hy ;- Ao, Fy ) hs = A7, Fg, !dual(Fs)
eh; :F7F4, Ay ehs :+ dual(?F4), Ay, 7Fg

— i+ Ag, Ay, 7Fg
N

Cut

ax ax
eh; - Ao, ?7Fy hs :+ A7, Fe, !dual(Fyq)
— i Ay, A7, Fg hCut
—:F Ag, Aq, 7Fg



e Case rule $

hy :- Ay4,F5,F3 he :F Ag,F7,Fg, dual(Fs)
ohy :F F5, Ay, ?7F3 = ehg :F dual(Fs5), Ag,F7$Fg
Cut
-+ (A4, ?F3), Ag, F7$Fg
—
ax
ho : Ay, F3,Fs5 ohg = Ag, dual(Fs),F7$Fs
— i+ Ay, Ag,F3,F7$Fs
— = Ay, Ag, 7F3, F7$Fg
hy :+ Ao, Fy ) hs :- Ag,Fg,Fr, /dual(F4)
ohy :F7F4, Ay~ ehs ik dual(?F4), Ag,Fg$F7
Cut
— Az,Ag,F6$F7 v
—
ax ax
oh; :F Ay, 7Fy hs :F Ag, Fg, F7, !dual(Fy)
hCut

— = Az, Ag,Fg,Fr
— = Ag, Ag,Fg$F7

e Case rule &

hy - Ay4,Fs,F3 ) he :- Ag,F7,dual(F5) he :F Ag,Fs, dual(Fs)

ohy - F5, Ay, 7F3 ohg :F dual(Fs), Ag,F7&Fs
Cut
— iF (A4, 7F3), Ag, Fr&Fg v
—
ax
ho :+ Ay, F3,F5 ohg :F Ag, dual(Fs),F7&Fg
—:F A4, Ag,F3,F7&Fs
—:+ Ay, Ag, 7F3,F7&Fg
hy :F Ag,Fy hs :F Ag,Fg, ldual(F4) hs - Ag, Fr, ldual(F4)
oh; :F7Fy, As ohs :- dual(?F4), Ag,Fe&F7
Cut
—F A, Ag, Fo&Fr v
—
ax ax ax
oh; :F Ay, 7Fy hs - Ag, Fg, /dual(Fa) oh; - Ao, 7Fy hs :+ Ag,F7, !dual(Fs)
hCut
—F Ag, As, Fo v — s AsFr

— :F Ao, Ag,Fe&Fr

e Case rule ®p

ho :F Ay, F5,F3 hg :F Ag, Fg, dual(Fs)
ohy :F F5, Ay, 7F5  ehg - dual(F3), Ao, Fr @ Fs =
Cut
—:F (A4, ?Fg), Ag,F7 @®Fg
—
ax
ho :- Ay, Fs, Fs ehg :F Ao, dual(Fs),Fr ® Fs
hCut

— = Ay, Ag,F3,F7 @ Fg
— = Ay, Ay, ?F3,F7 O Fg

hi :F As,Fy hs :F Ag, Fr, !dual(F4)
eh; :F7F4, Ay = ehs :- dual(7F4), Ag,Fg ® F7
— k- Az, Ag,Fe @ Fr
—

B

Cut

ax ax
ehy - Ay, 7Fy hs :+ Ag,F7, !dual(Fa)
h
—:F Ag, Ag,Fr
— = As, Ag,Fe ©F7

B

e Case rule ©gy
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hy ;- Ay, F5,F3 ) hg :F Ag, Fr, dual(Fs)
ohy :F F5, A4, 7F3 = ehg :F dual(Fs5), Ag,F7 & Fg

Cut
— i+ (A4, ?F3),Ag,F7 ®Fg
—
ax
hs :F A4, F3,Fs ohg :- Ag, dual(Fs),Fr & Fs
hCut
— - Ay, Ag,F3,F7 G Fs "
— = Ay, Ag,?F3,F7 ©Fg
hi :F As,Fy R hs :- Ag, Feg, !dual(F4) &
eh; :F?F4, Ay~ ehgs : dual(?F4), Ag,Fe & Fr A
Cut
— i+ As, A, Fs @ Fr "
—
ax
oh; - Ay, 7Fy hs :+ Ag,Fg, !dual(Fa)
Cut
—:F Az, Ag,Fe @ "
— A, A Fg ®F;
e Case rule L
hy :+ Ay4,F5,Fs he :+ Az, dual(Fs)
ehy :F F5, Ay, ?F3 = ehg :F dual(Fs), L, Az
Cut
— i (A4, 7F3), L, Aq b
—
ax ax
hy :- Ay, F3,F5 ohg ;- A7, L, dual(Fs)
— = Ay, A7, F3, L hCut
— Ay, A7, L, 7F3
hy - Ay, Fy ” hs :F Ag, ldual(Fa)
ohy :F7F4, Ay = ehs :F dual(?F4), L, Ag
—:F AQ,J_,AG Cut
—
ax ax
oh; :F Ao, 7Fy hs :F Ag, !dual(Fa)
hCut
-+ AQ,A(; Cu
— ik As, Ag, L
e Caserule T
hy :k Ay4,F5,F3
eh, ;- F5, Ay, ?F3 ~ ehg :F dual(F5), T, A7
Cut
— i (A4, 7F3), T, Ar h
—
T Aa Ar T 7, |
hi :F Ag,Fy
oh; :F7F4, Ay~ ehg :F dual(?F4), T,Ag
T F Ao, T, Ao Cut
—
— ik Ag, Ag, T T
e Case rule
e Case rule ®
hy - Ay, Fs5,F3 he : Aio,Fs, dual(Fs) he :- A7, Fo
ehy - F5, Ay, 7F3 ohg - dual(Fs), A7, Aip,Fgs ® Fg
Cut
— (A4, ?F3), A7, A10,F3 @ Fo
—
ax ax
ho - Ay, F3,F5 ehg :- Ajg, A7, dual(Fs),Fs @ Fg
hCut

— i+ Ay, Ay, A7,F3,Fg ® Fo
— i+ Ay, Ay, A7, 7F3,F3s ® Fg
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hy :F Ay4,F5,F3 ” hg :F A7,Fg  hg :F Alo,Fg,duﬂ.l(Fs)

ohy - F5, Ay, 7F3 ohg - dual(Fs5), A7, A1p,Fs ® Fg
Cut
— i+ (A4, 7F3), A7, A19,Fs ® Fg
—
ax ax
hy - A4, F3,Fs ohg :F- Ajg, Az, dual(F5),Fs @ Fg
hCut

— = A10, A4, A7,F3,Fs ®Fg
— = A1g, A4, A7, 7F3,Fg ® Fg

hy :F Ag,Fy ) hs :F Ag,F7, ldual(F4) hs - Ag,Fg
oh; :F7Fy, Ay ohs :- dual(?F4), Ag, Ag,F7 ® Fg

Cut
—:F Az, Ag,Ag,F7 ® Fg
—
ax ax
oh; :F Ay, 7Fy hs - Ag, Fr, ldual(Fa)
hCut ax
—:F As, Ag,Fr — :+ Ag,Fsg

—:F As, Ag, Ag,F7 ® Fg
hy :F Ag,Fy ) hs :F Ag,F7  hs - Ag, Fg, ldual(Fy)
oh; :F7Fy, As ohs :- dual(?F4), Ag, Ag,F7 ® Fg
— k- Az, Ag, Ag,F7 @ Fg
—

Cut

ax ax
oh; - Ao, 7Fy hs - Ag, Fg, ldual(Fa)
ax hCut
—:F Ag,Fr —:F A, Ag,Fg

— k- Ay, Ag,Ag,F7r @ Fg

5.6 Status of $: 0K

e Case rule 1

e Case rule !

e Case rule 7W

ho :F As,Fg,F3,F4 hy - Ag,dual(FG)
eh, - Fg, A5, F38F, oh7 :- dual(Fg), Ag, 7Fg

—:F (A5,F3$F4), Ag, 7Fg
—

ax
ohy ;- A5, Fg,F3$8F, hy - Ag,dual(Fﬁ)
— i+ A5, Ag,F38F,
— ik A5, Ag, 7Fg,F3$F,

Cut

ax

hCut

hy :+ Ag,F5,Fg h7 :F Ag, dual(Fs) ® dual(Fg)
oh; :F F5%Fg, Ao oh7 :F dual(F5%Fg), Ag, ?Fg
—:F As, Ag, 7Fg
—
ax ax
eh; :- Ao, F5$Fg hy :F Ag, dual(F;;) ® dual(Fe)
hCut
—:F Az, Ag u
— ik Ao, Ag, 7Fg

Cut

W
e Case rule 7C

hy :F As,Fg, F3,Fy hy :F Ag, ?Fg, ?Fs, dual(Fg)
oh, :- Fg, Ay, F3$F,4 eh7 :F dual(Fg), Ag, 7Fs
— :+ (As5,F38F4), Ag, 7Fg
—
ax ax
oh, - Aj,Fg,F3$F, h7 = Ag, 7Fg, ?Fg, dual(Fg)
hCut
— i+ As, Ag, ?Fg, ?Fg, F3$F,
—.F A5, Ay, 7Fg, Fa$Fy

e
Cut
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hy :F Ay, ?Fg, 7Fg, dual(Fg,) ® dual(Fg)
e
oh7 :F dual(F5%Fg), Ag, 7Fg

— i+ Ay, Ag, 7Fg
—

ax
h7 = Ag, 7Fg, ?Fg, dual(F5) ® dual(Fg)
- hCut
—:F As, Ag, 7Fg, 7Fg
— = Ay, Ag, 7Fg

hy :F As,F5,Fg
oh; :F F58Fg, Ag

Cut

ax
ehy :F Ay, F5%Fg

e

e Case rule ?

hy :F As,Fg,F3,Fy h7 :+ Ag, Fg, dual(Fg)

ehy :- Fg, A5, F38F, ohy :F dual(FG), Ag, 7Fg

— :+ (As,F38F4), Ag, 7Fg
—

Cut

ax ax
ohs - Aj,Fg,F3$F, h7 :F Ag,Fsg, dual(Fe)
hCut
—:F A5, Ag,Fg,F38F,
— = As, Ag, ?Fg,F3$8F,
h7 :F Ag, Fg, dual(F5) ® dual(Fg)

hy :F As,F5,Fg

oh; :- F58Fg, As eh; :F dual(F5$F6), Ag, 7Fg
— = As, Ag, 7Fg Cut
—
ax ax
ehy - Ay, F5%Fg h7 :F Ag, Fg, dual(Fs5) ® dual(Fg)
— = Az, Ag,Fg hout
—F Ag, A, 7Fg
e Case rule $
ho :F Aj,Fg,F3,Fy4 hy :F Alg,Fg,Fg,d’ual(FG)
ohy :F Fg, As, F38F, eh7 :- dual(Fg), A1o, Fg$Fg
Cut
— :F (A5, F38F4), A10, Fs$Fo
—

ho :F As,F3,F4,Fg eh7 :F Ay, dual(Fg), Fs$Fg

— :F Aq, A5, F3,Fy, Fg8Fo

— = Ao, As,F38F4, Fg$Fg

h7 :F Aqo,Fs, Fyg, dual(Fs) ® dual(Fg)
eh; :H dual(F5$F6),A10,Fg$Fg

— :F As, Ay, Fg$Fg
—

h7 := A1, Fs,Fg, dual(Fs5) @ dual(Fg)
— :F Aqp, Ay, Fg, Fg
— = Ajo, Ao, Fg$Fg

hy :F Ay, F5,Fg
eh; :F F5$F5, YA

Cut

ax
ehy :F Ay, F5%Fg Gt
u

e Case rule &

ho :F Aj,Fg,F3,F4 h7 Aw,Fs,dual(Fg) h7 Aw,Fg,dual(Fg)
oh, :- Fg, A5, F3$F, oh7 :F dual(Fg), Ao, Fs&Fg

— :F (A5, F38F4), A1o, Fg&Fg
—

Cut

ho i Mg, Fa,Fa,Fo - ehy - Arg, dual(Fo), FeleFy
" F Ao, Ag, F3, Fa, Fs&Fy Cut
—F Aqo, As, F38Fy, Fs&Fo
h7 = Aqg,Fs, dual(Fs) @ dual(Fe)
oh7 - dual(F5$Fs), Ao, Fs&Fg

—:k Ag, Aqg,Fg&Fyg
—

hy :F A, F5,Fg h7 = Ay, Fg, dual(F5) ® dual(Fg)

oh; :F F58Fg, Ag

Cut

ax
h7 :F Aqg,Fg, dual(Fs) @ dual(Fg)
—:F Aqo, Az, Fg howe

ax ax ax
oh; = Ay, F5%Fg h7 :F Aqg,Fs, dual(Fs) @ dual(Fg) ohy = Ay, F5%Fg
hCut

— Ay, As, Fg

— = Ay, Ao, Fg&Fyg
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e Case rule ®p

h7 :F Aqp,Fog, dual(F(;)

hy :F A, Fg,F3,F4
B
ohs :- Fg, As,F3$F, eh; :H dual(FG), A10,Fs @ Fg
Cut
— :F (As5,F38F4), A10,Fs @ Fg
—
ax
hy :+ As,F3,F4,Fs oh7 := Ao, dual(Fs),Fs @ Fo
hCut

— = Ay, As,F3,F4,Fs @ Fg

— i Ay, A5, F38F4,Fs @ Fg

h7 :F Aqo,Fg, dual(F5) ® dual(Fg)
oh7 :F dual(F5$Fs), A1o,Fs @ Fg

hy :F As,F5,Fg

oh; :F F58Fg, Ao
Cut
— = Az, Ayo,Fs B Fo
—
oh; :F Ay, F5%Fg h7 = Aig, Fg, dual(Fs5) @ dual(Fg)
— k= Ay, Az, Fg
OB
— i Ay, A2, Fs @ Fg
e Case rule ©4
hy :- Ag,Fg,F3,Fq h7 :k Aqo,Fs, dual(Fe) ®
ehy :F Fg, A57F3$F4 oh :H dual(Fg), A10,Fg @ Fg A
Cut
— i (As5,F38F4), A1o,Fs @ Fg
—
ax
hy :k As,F3,F4,Fs oh7 := Ao, dual(Fs),Fs @ Fo
hCut

— = Ay, As,F3,F4,Fs @ Fg
— i A1, A5, F38F4,Fs @ Fg

h7 :F Aqo,Fs, dual(F5) ® dual(Fg)

hi :F A3, F5,Fg
oh; :F F5$Fg, As oh :H dual(F5$F5), A10,Fs @ Fo A
Cut
— = Az, Ayo,Fs @ Fo
—
ax ax
ohy :F Ay, F5%Fg h7 :F Aig, Fs, dual(Fs5) @ dual(Fg)
— k= Aqp, Az, Fs & houe
A
— i+ Ay, A2, Fs B Fo
e Case rule |
ho :+ Aj,Fg,F3,F4 hy :F Ag, dual(FG)
ohy :- Fg, As,F3$F, oh; :F dual(F6)7J_,Ag
Cut
—:F (A5,F3$F4),J_,Ag v
—
ax
hy :- Aj,F3,F4,Fg eh7 : Ag, L, dual(Fg)
hCut
—:F As, Ag,F3,F4, L
— = A5, Ag, L,F38F,
hy :F As,F5,Fg h7 :F Ag, dual(F5) ® dual(Fg)
oh; :F F5$Fg, Ao oh; :F dual(F5$F6), 1,Ag
Ay, L, Ag Cut
—
ax ax
oh; - Ay, F5%Fg h7 = Ag, dual(Fs) @ dual(Fg)
hCut

—iF Ao, Ag
—F Ao, As, L

e Caserule T
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hy = Ag,Fg,F3,F4

T
oh, - Fg, A5, F38Fy oh; :F dual(Fg), T, Ag
Cut
— ik (A5, F38F4), T, Ag "
—
— = A5, Ag, T,F3%F,
hy :+ Ao, F5,Fe
oh; :F F58Fg, Ao eh; :F dual(F5$F6), T,As
Cut
—F Ao, T, As v
—
T As As T |
e Case rule
e Case rule ®
ho :+ As,Fe,F3,Fa h7 := Ay, Fg, dual(Fg) h7 :- Asg,Fio
ohy :+ Fg, As,F3$F, oh7 :F dual(Fg), Ag, A11,Fg @ Fig
Cut
— :F (As5,F38F4), As, A11,F9 ® F1o
—
ax
ho - As,F3,F4,Fg eh7 :F Aq1, Ag, dual(Fg),Fo @ F1o
— i Aq1, A5, Ag,F3,F4,F9g @ F1o
—:F A1, A5, Ag,F38F4,Fg ® Fio
ho :F Aj,Fg,F3,Fy h7 :+ Ag,F9 hy :F All,Flo,dual(F(;)
oh, :- Fg, As,F3$F, oh7 - dual(Fe), Ag, A11,F9 ® Fio
Cut
— :F (As5,F38F4), As, A11,F9 ® F1o
—
ax
ho :F As,F3,F4,Fg eh7 :F Aq1, Ag, dual(Fg),Fg @ Fio
— = Aq1, A5, Ag,F3,F4,Fg ® Fio
— = A1, As, Ag, F38F4,Fg @ Fio
hy :F As,F5,Fg h7 - Aqq,Fo, dual(F5) ® dual(Fg) hr :F Ag,Fio
oh; :F F58Fg, As oh7 :F dual(F5$Fg), Ag, A11,Fg ® Fio
Cut
— k= Ag, Ag, Aq1,Fg ® F1o
—
ax ax
ehy - Ay, F5%Fg h7 :F Aq1,Fg, dual(Fs) ® dual(Fg)
—F Aus, Ag, F e T A P
— = A1, Az, Ag,Fg ® Fig
hy :F As,F5,Fg h7 :- Ag,Fg9 hy - Au,Flo,dual(Fg,) %) dual(Fg)
eh; : F5$Fg, Ao oh; i dual(F5$Fg), As, A11,Fo ® Fo
Cut
— k= Ag, Ag, Ay1,Fg ® F1o "
—
ax ax
ohy - Ay, F58Fg h7 :k Aq11,F10, dual(Fs) ® dual(Fe)
ax hCut
—:F Ag,Fg — = Ay1, A, Fio ®
— = Ay, Az, Ag,Fg ® F1o
hy :+ As,Fs5,Fg s h7 :+ Ag, dual(F5) hr = Ag, dual(Fe)
oh; :F F5$Fg, Ag oh7 :F dual(F5%Fg), As, Ag
t
—:F AQ,Ag,Ag Cu
—
ax
— :+ A5, F5,Fg — Ag,dual(Fg)
sCut ————————— ax
— i As, Ag,Fs5 — :+ Ag, dual(Fs)
Cut
—F Mg, Ag, Ag seu

5.7 Status of &: 0K

e Case rule 1
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e Case rule !

e Case rule 7W

hy :F As5,Fg,F3  ho - A, Fg,Fy © h7 = Ag, dual(Fg)
ohs :F Fg, A5, F3&F4 oh7 :F dual(Fg), Ag, 7F
Cut
— ik (A5, Fs&Fy), Ag, 7Fg "
—

ohy - A5, Fg,F3&Fy

ax

h7 ;= Ag, dual(FG)
hCut

—F A, Ao, Fad&eFa U

— = Ap, Ag, 7Fg,F3&Fy

hy :F As,F5 hy :F As,Fg h7 - A97dual(F5) 53} dual(FG) ”
oh; :F F5&Fg, Ag & oh7 :F dual(F5&Fg), Ag, 7F
— :F Ag, Ag, 7Fg

Cut
s
oh; :F Ao, F5&Fg

h7 = Ag, dual(Fs) ® dual(Fg)

—:F Ag, Ag

e Case rule 7C

hy - As,Fg,F3  ha k- Ag,Fg,Fq

h7 :F Ag, 7Fg, ?Fg, dual(Fe)
ehs :F Fg, A5, F3&Fy &

ohy : dual(Fg), Ag, ?F
Cut
— :+ (A5, F3&F4), Ag, 7F

—

ohy :F Ag, Fg, F3&Fy

ax
h7 :F Ag, ?Fg, ?Fg, dual(F¢) N
—:F Aj, Ag, ?Fg, 7Fg, F3&Fy

Cut
— i+ A, Ag, 7Fg,F3&Fy

hy :F As,Fg
ohy :F F5&Fg, As

hy :F As,F5

h7 :F Ay, ?Fg, ?Fg, dual(Fs) ® dual(F6)

oh; :F dual(F5&Fs), Ag, 7Fg
— ik Az, Ag, 7Fs

Cut
—

oh; :F Ao, F5&Fg

ax
h7 = Ag, 7Fs, ?Fg, dual(F5) @ dual(Fg)

h
—:F As, Ag, ?7Fg, 7F

2
— = Ag, Ag, 7Fg e

o Case rule ?

hy :k As,Fe,F3  ha - As,Fg,Fy © h7 :+ Ag, Fs, dual(Fe)
ohs :- Fg, As,F3&Fy oh; :F dual(FG), Ag, ?Fg
Cut
—F (A5, F3&Fys), Ao, 7Fg "
—

ehs :F Aj,Fg,F3&Fy

ax
h7 :F Ag,Fsg, dual(Fg)
Cut
— i Ag, Ag,Fg,F3&Fy
—F As, Mg, 7Fg, F3&Fy
hy :F Ag,F5 hy :k A, Fg " h7 :F Ag, Fg, dual(F5) @ dual(Fg) )
oh; :F F5&Fg, Ag oh7 :F dual(F5&Fg), Ag, 7F,
ZF A, Mg, 7F

Cut
—
oh; :F Ay, F5&Fg

h7 = Ag, Fs, dual(Fs) @ dual(Fe)
— = Ay, Ag,Fg

—iF A, Ay, 7Fg

Cut

e Case rule $
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hy = As,Fg,F3  ha ik Aj,Fg,Fa

h7 Alo,Fs,Fg,dual(FG)
ohy i Fg, Ag, Fa&Fy

oh7 :F dual(Fg), Ao, Fs$Fg
Cut
— (A5,F3&F4),A10,F8$F9 v
—

ax ax
ohy :F A5, Fg, F3&Fy hy :+ Ay, Fg,Fo, dual(Fg)

hCut
— i Ao, As,Fs,Fg, F3&Fy

— ik Ao, A5, Fg8Fg, F3&F4
hy :F As,F5 hy :F As,Fg

hr7 :+ Ay, Fs, Fo, dual(Fs) D dual(Fg)
oh; :F F5&Fg, Ao

oh; - dual(F5&Fg), A1p, Fs$Fg
Cut
— i+ Ag, Aqp,Fs$Fg h
—

oh; - Ay, F5&Fg h7 :+ Ay, Fs,Fg, dual(Fs) ® dual(Fg)

hCut
— = A1, Az, Fs, Fg
— i+ Ay, Ay, Fg$Fg

o Case rule &

ho :F Aj5,F6,F3  ho - As,Fg,Fy

h7 :+ A1, Fs, dual(Fg)
ehs :F Fg, A5, F3&F,

h7 :F A1, Fg, dual(Fg)
ohy :- dual(Fg), A1o, Fs&Fg
Cut
— (A5, F3&F4), Ao, Fg&Fg "
—

ho :F Aj5,F3,Fg

eh7 :- Aqg, dual(Fg), Fs&Fg

ho :F Ag,Fy4,Fg
— = Ay, A5, F3,Fg&Fg

oh; :F Ayo, dual(Fg),Fg&Fg
— i+ Ao, A5, Fq, Fg&Fg < hout

—:F Ay, A5, F3&F4, Fg&Fg
hi :F As,F5 hi :F A3, Fg

h7 :F Aqo,Fs, dual(F5) [$3) dual(FG)
oh; :F F5&Fg, Agy

h7 :F Ajo,Fg, dual(F5) (oo dual(Fﬁ)
oh; - dual(F5&Fg), A1, Fs&Fg

t
— - Ag, Aqg,Fs&Fyg Cu
N
ax ax
oh; - Ay, F5&Fsg hy :F Aj0,Fs, dual(F;,) D dual(FG) eh; - Ay, F5&Fg hy :F Ajp,Fg, dual(F5) [$) dual(Fg)
hCut hCut
—:F Ajg, A2, Fg v —:F A, A, Fy © v
— = Ao, Ag, Fg&Fyg

e Case rule ©p

hy - As,F6,F3  hy ik Aj5,Fg,Fq

h7 :F Ajg,Fg, dual(Fg)
ohy i Fg, As, F3&Fy

oh7 - dual(Fg), A1o,Fs ® Fg
Cut
— i (A5, F3&F4), A1, Fs @ Fg
—

oh, :- Aj,Fg,F3&Fy h7 = Aqg,Fg, dual(Fg)

hCut
— i A1, A5, Fo, F3&F4 ®
B
— = Ay, A5, F3&F4,Fs @ Fg

hy :F Ag,F5 hy :F As,Fg

h7 :F Aqo,Fg, dual(Fs) @ dual(Fg)
oh; :F F5&Fg, Ao

oh; :H dual(F5&F6), A10,Fs ® Fg B
Cut
— i Az, Ay, Fs @ Fy
—
oh; - Ay, F5&Fg

ax
h7 = Ayo,Fg, dual(Fs) @ dual(Fe)

—:F Ajo, Az, Fg & "
— = Ay, Az, Fs @ Fg B

hy :F As,F5 hy :F Ay, Fg

hy :F Ag, dual(FG)
ohy :F F5&Fg, As

S2]
oh7 - dual(F5&Fg), Ag N
A A Cut
N

ax
— F Ao, Fg — i+ As, dual(Fg)
S

t
—:F AQ,Ag Cu

Case rule &4
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hy : As,F6,F3  hy = As,Fe,Fa h7 :F Ay, Fs, dual(Fg)

ohy i Fg, Ag, Fa&Fy eh; :F dual(Fg), A1o, Fs @ Fo
Cut
— - (A5,F3&F4), A10,Fs @ Fo
—
ax ax
ohs - A5, Fg,F3&Fy h7 :F Ajo,Fs, dual(Fg)
hCut
— = Ao, A5, Fg, F3&Fy & v
—F Avo, As, Fa&Fy,Fs @ Fg
hy :F As,F5 hj :F As,Fg h7 - Aqo,Fs, dual(F5) 57 dual(FS)
oh; :F F5&Fg, As oh; :F dual(Fg,&Fg), A10,Fg @ Fg A
Cut

— = Az, Ay, Fs @ Fg
—

ax
oh; :F Ay, F5&Fg ax h7 = Aqg,Fs, dual(Fs) & dual(Fe)

— = Ay, Az, Fs
— = A10,A2,Fs @ Fg

hCut

Da

hy :F As,F5 hy :F As,Fg h7 :+ Ag, dual(Fs)
oh; :F F5&Fg, Ag oh7 :F- dual(F5&Fg), Ag
—:F Ag, Ag
—

Da

Cut

ax
—:F A5, F5 —:F Ag,dual(F5)
—:F As, Ag

sCut

e Case rule L

hy :F A5, Fg,F3  hy ik Ag,Fg,Fa hy :F Ag, dual(Fg)
oh, :- Fg, As,F3&F, oh7 :F dual(Fg), L, Asg
— (A5,F3&iF4)7 1,Ag
—
ax ax
ohy - A5, Fg,F3&Fy h7 :F Ag, dual(FG)
hCut
— i+ As, Ag,F3&Fy
—:F A5, Ag, L,F3&Fy

Cut

hy :F As,F5 hy :F As,Fg h7 :F Ag, dual(Fs) @ dual(Fe)
oh; :F F5&Fg, As oh; :F Cl’lLD.l(F51§(l:‘6)7 1,Ag
— AQ, J_, Ag
—
ax
oh; - Ay, F5&Fg h7 = Ag, dual(Fs) ® dual(Fe)
—:F AQ, Ag

— - Az, Ag, 1

Cut

hCut

e Caserule T

hy :+ Ag,Fe,F3  ho = As,Fe,Fa
ohs :- Fg, Ag,F3&Fy ohy - dual(Fs), T, As
— i+ (A5, F3&Fy4), T, Ag
—

T
Cut

—:k A5, Ag, T,F3&Fy

hy :F Ag,F5 hy :F Ay, Fg
ohy :F F5&Fg, As oh7 :F dual(F5&Fg), T, Ag
—:F Ay, T, Ag
—
— Ag,Ag,T T

Cut

o Case rule 1

e Case rule ®
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ho :- As,Fg,F3  hy :- Ag,Fg,Fy h7 :k Aq1,Fo, dual(Fg) hr :+ Ag,Fio

ohy :F Fg, As, F3&Fy oh; : dual(Fg), Ag, A11,Fo ® Fio ot
u
— i (A5, F3&F4), As, A11,F9 ® Fio
—
ax
ehy - Aj,Fg,F3&Fy hy :+- All,Fg,dual(Fs)
hCut ——— ax
— = Aq1, A5, Fg, F3&Fy — - Ag,Fio o
— = Aq1,As, Ag,F3&F4,Fg @ Fio
ho :F As,Fe,F3  hy :F Aj,Fg,Fy h7 :- Ag,Fo hy :F Aqq,Fi0, dual(Fe)
ohy :- Fg, As,F3&Fy ehy :F dual(FG),Ag,Au,Fg ® F1o
Cut
— i+ (As5,F3&F4), Ag, A11,Fg @ F1o
—
ax ax
ohy - Ajs, Fg, F3&Fy h7 :k Aq1,F10, dual(Fg)
ax hCut
— = Ag,Fg —:F Aq1, Ag,Fio, F3&Fy

— i Aq1, As, Ag,F3&F4,Fg @ F1g

hy :- Ay, F5 hy :F Ay, Fg © hy7 i+ Ay1,Fy, dual(Fs) @ dual(Fg) hr :k Ag,Fig

ohy :F F5&Fg, Ag oh7 - dual(F5&Fg), As, A11,F9 ® F1o
Cut
— = Az, Ag, A11,F9 ® Fio
—
ax ax
oh; - As, F5&Fg h7 :k Aq1,Fg, dual(Fs) @ dual(Fg)
Cut ax
— = Ay1, Az, Fo — = Ag,Fio
— = Ay, A, Ag,Fg ® Fio
hy :- Ag,F5 hy :F Ay, Fg h7 i Ag,Fg9 hy :F A1, Fi0, dual(Fs) @ dual(Fe)
eh; :F F5&Fg, Ao eh; :F dual(F5&Fg), As, A11,Fo ® Fio
Cut
— = Az, Ag, A11,F9 @ F1o "
—
ax ax
oh; :F Ay, F5&Fg h7 :F Aqy1,Fi0, dual(Fs) ® dual(Fe)
ax hCut
— = Ag,Fg — = Aq1, Az, Fig ®

— = Ay1,A2,Ag,Fg ®Fio

5.8 Status of ©p: 0K

e Case rule 1
e Case rule !

o Case rule 7W

hs :F Ag,Fg,Fy ® hy i+ Ag,dual(Fg)
ehy :F Fg, Ay, F3 B Fs 0 ehy :- dual(Fg), Ag, 7Fs

Cut
— i (As5,F3 @ F4), Ag, 7Fg
—
ax ax
ohs - As,Fg,F3 @ Fy h7 :F- Ag, dual(Fg)
hCut
— = As, Ag,F3 B Fy
— = Ap, Ag, 7Fg,F3 @ Fq
hy :F Ay, Fg h7 :F Ag, dual(Fs)&dual(Fe) )
ohy - Fs B Fo, Ay P ey - dual(Fs ®Fg), Ao, 7F5
ZF Aa, Ay, 7Fs Cut
—
ax ax
oh; (- Ay, F5 @ Fg h7 = Ag, dual(Fs)&dual(Fe)
T hCut
ZF Aa, Ay, 7Fs

e Case rule 7C
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hy :F As, Fg, Fa hy i+ A, 7Fs, 7Fs, dual(Fe)
ehy iF Fg,As,Fs B Fs ~°  ehy:F dual(Fg), Ao, 7Fs
Cut
— i+ (As5,F3 @ Fy4), Ay, 7Fg
—

ax
ohs :F As5,Fg,F3 G Fy h7 :F Ay, 7Fg, i’Fg,dual(Fg) he
ut
— = As, Ao, ?Fg, ?Fg,F3 ® Fy c
— A5, Ag, ?Fg,F3 @ Fa

hy :F As,Fg h7 :F Ag, ?Fg, ?Fg, dual(F5)&dual(F6)
?
oh; :F F5 @ Fg, Ao eh7 :F dual(Fs @ Fg), Ag, ?Fg .
t
— ik As, Ag, 7Fg Cu
—

oh; :+ Ao, F5 @ Fg

ax
h7 = Ag, 7Fg, ?Fg, dual(F5)&dual(Fg)
h

t
—:F As, Ay, ?Fg, 7Fg Cu
?C
—:F As, Ag, 7Fg
e Case rule 7
ho :- Aj,Fg,Fq o h7 :F Ag,Fs, dual(FG)
ehy iF Fg, A5, F3 DFs ~©  ehy - dual(Fs), A, 7Fs
Cut
—:F (A57F3 @F4)7A97?F3 U
—

ax ax
oh, (- As,Fg,F3 @ Fy h7 :k Ag, Fg, dual(Fg)
hCut
— ik A5, A9, Fs, Fs ®Fs
— = A5, Ay, 7Fs, F3 @ Fq

hy - Ag, Fg hy :F Ag, Fs, dual(Fs)&dual(Fg)
oh; : F5 @ Fg, Az B eh7 i dual(Fs @ Fe), Ao, ?Fs
— = As, Ag, 7Fg cut
—
ax ax
oh, iF Ay, Fs & Fg hy - Ag, Fg, dual(F5)&dual (Fs)
—:F Az, Ag, Fg R nowe

—F Ag, Ao, 7Fg

o Case rule $

ho :- As,Fg,Fy © h7 :k Aqo,Fs, Fo, dual(Fe)
ohy i Fg, A5, F3 D Fs ©  ehy - dual(Fg), A1o, Fs$Fo
Cut
— = (As,F3 @ Fa), A1o, Fs$Fg
—

ax ax
ohy :+ A5, Fg,F3 & Fy hr :F Ayg,Fg, Fo, dual(Fg)
h

— = Ay, As,Fs,Fo,F3 © Fq
— i A1o, A5, Fg8F9,F3 @ Fa

h; :F As,Fg h7 = Aqo,Fs, Fo, dual(Fs)&dual(Fe)
oh; :F F5 @ Fg, Ao eh; :F dual(F5 @ Fg), A1o, Fg$Fg
Cut
—F Ay, Aqo, F3SFe "
—

eh; : Ay, F5 @ Fg h7 = Aqo,Fs, Fo, dual(Fs)&dual(Fe)

hCut
— = Aqg, A2, Fs,Fg "
— = Aqg, Ao, Fg$Fg

e Case rule &

hy :F Ag,Fg,Fy h7 :+ Aqg,Fs, dual(Fg) h7 :F Aqg,Fg, dual(Fes)
oho i Fg, A, F3s O Fs 0 oh; :+ dual(Fg), Ao, Fs&Fo
Cut
—:F (As5,F3 @ F4), A1o,Fs&Fo

—

ax
hy :F As,Fy4,Fg eh7 ;- Ajp, dual(Fg), Fs&Fg
hCut
— i Ayg, A5, Fq,Fg&Fg o "
B
— i+ Ay, A5, Fs&Fg,F3 @ Fa
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hi :F A3, Fg h7 Alo, Fg, dual(Fs)&dual(Fﬁ) hy A107FQ7 dual(Fg,)&dual(Fg)

oh, :F F5s B Fg, Ao 0 ohy i+ dual(Fs ® Fg), Ao, Fs&Fo

— i+ Ag, Aqp,Fg&Fyg
-

Cut

a; ax al ax
oh; :- Ay, F5 @ Fg * h7 :F Aqo,Fs, dual(Fs5)&dual(Fg) oh; :F As,F5 @ Fg * h7 = Ayo, Fg, dual(Fs)&dual(Fg)
—:F Aqjg, As,Fg hCut —:F A, Az, Fy hout
—:F Ay, Ag, Fg&Fy

hy : Ao, Fg h7 :+ Ag,dual(F5) hr = Ag, dual(Fg)
ohy - Fs B Fg, Ay P oh; - dual(Fs ® Fg), As
— ik Ag, Ag
—
ax ax
— i+ Ag,Fg — :F Ag, dual(Fg)
T F Al As sCut

e Case rule &g

hy A57F67F4 s hy - Alo,Fg,dual(F(;)
ehy i Fg, As,F3 ®Fq4 °  ehy i dual(Fg), A1o,Fs @ Fo

— = (As5,F3 ®F4), A10,Fs @ Fg
—

ax
ho :F As,F4,Fg eh7 :F Ay, dual(Fg),Fs ® Fo
— it Ay, A5, F4,Fs O Fg
—:F A10,A5,F3 ©Fg,Fs ©Fg

B

Cut

hCut

DB

hy :F Ag,Fg h7 :k Aqo, Fo, dual(Fs5)&dual(Fe)
ohy - F5s ®Fg, Ay ©  ehy :F dual(Fs @ Fg), A1o, Fs @ Fg
— ik Az, Ay, Fs @ Fg
—
ax
oh; - Ay, F5 @ Fg h7 :F Aqo,Fg, dual(Fs)&dual(Fg)
— i Aqg, Az, Fyg
— k= Ay, Az, Fs @ Fg

B

Cut

hCut

OB

e Case rule ©4

ho :- As,Fg,Fy ® h7 :k Aqo,Fs, dual(Fe)
ohy i Fg, A5, F3 ®Fs ©  ehy - dual(Fg), Aro,Fs @ Fe

— - (As5,F3 ®F4),A10,Fs @ Fg
—

ax
ho :F As, Fa, Fg oh; :- Ay, dual(Fg),Fs © Fo
— = A0, As5,F4,Fg @ Fg
— = A1, A5, F3 @ F4,Fs @ Fo

A

Cut

hCut

DB

hy :F As,Fg hy :F Am,Fg,dual(Fg))&dual(Fg)
ohy :F F5s B Fg, Ay ~°  ehy :F dual(Fs @ Fg), Ay, Fs @ Fy

— = Az, A10,Fs @ Fg
—

ax
ohy :F Ao, Fs BFs By i Ay, Fs, dual(Fs)&dual(Fg)
hCut
— i A1, Az, Fg "
— = A9, Az, Fs @ Fg

A

Cut

Da

e Case rule L

ho :F Aj,Fg,Fq o hy i+ Ag,dual(Fe)
ehy iF Fg, A5, F3 D Fs ~©  ehy - dual(Fg), L, Ag
—:F (A5,F3 @ Fq), L, Ag
—
ax
ho :+ As,F4,Fg eh7 :F Ag, L, dual(Fg)
—:F A5, Ag,Fq, L
— = A5, Ag, L,F3 ®Fy

Cut

hCut

®B
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hy :- Ag,Fg h7 - Ag, dual(F5)&dual(Fe)
ohy - F5s B Fg, As ~©  ehy i+ dual(Fs @ Fg), L, Ag
— ik Ag, 1, Ag
—

Cut

ax ax
eh; :F Ao, F5 @ Fg h7 :F As, dual(Fs5)&dual(Fg)
ZF Ag, A hou
- ~7s
ZF Ay As, L

e Caserule T
hy :+ As,Fe,Fq

oho i Fo, Ao Fs @ Fs P eny i dual(Fo), T, Ag
—:F (A5,F3 @F4),T,Ag
—

T

— - Ap, Ag, T,F3 @ Fy4
hy :F As,Fg o
ohy - F5s ®Fg,As ~°  ehy i dual(Fs ® Fg), T, As
—F Ay, T, As
—

Cut
T F As As T |

e Case rule [

e Case rule ®

hy :F Ag,Fg,Fy h7 = Aq1,Fg,dual(Fg) hr:F Ag,Fio
ohy iF Fg, A5, F3 @Fs ©  ehy ik dual(Fe), As, Ai1,Fo @ Fio

Cut
— = (As,F3 @ F4), As, A11,Fg ® Fio
—
ax
ho :+ As,Fy,Fg eh7 :- Aqq, Ag, dual(Fg),Fg ® F1g
Cut
— = Aq1, A5, Ag,Fa,Fg @ F1g
B
— = Aq1, A5, Ag,F9 @ F10,F3 © Fs
ho :F As,Fg,Fy © h7 ;- Ag,Fg  hy :F Ayq,Fi0, dual(Fg)
ohy iF Fg, A5, F3 DFs 0 ehy :- dual(Fe), As, A11,Fo ® Fio
Cut
—:F (A5,F3 @ F4),As, A11,F9 ®F1p
—
ax
hy :F As,Fy4,Fe oh7 = Ay, Ag, dual(Fe),Fo ® F1o
hCut
— = A1, As, Ag,Fq,Fg ® Fio ®
B
— = Aq1, A5, Ag,Fg ® F10,F3 © Fa
hy :F Ao, Fg hy - All,Fg,dual(F5)&dual(F6) h7 :F Ag,Fio
ohy ;F F5 @ Fg, Ay © eh; :F dual(Fs ® Fg), As, A11,Fe @ Fig
Cut
— = Az, Ag, A11,F9g @ F1o
—
ax ax
eh; :- Ay, F5 @ Fg h7 = Aqq,Fg, dual(F5)&dual(Fg)
t ax
— = A11,Az,Fg T A, Fro
— = Aq1, A, Ag,Fg ® Fig
hy A27F6 h7 :F Ag,Fg h7:F A11,F10, dual(Fg;)&dual(Fg,)
oy F F5s G Fg, Ay 0 ehi; - dual(Fs @ Fg), As, A1, Fo ® Fig
Cut
— = Az, Ag, A11,F9 @ F1o
—
ax ax
oh; :F Ao, F5 @ Fg h7 :F Aq1,Fi0, dual(Fs)&dual(FG)
ax hCut
— = Ag,Fg — = Aq1,Az,F10

&®
— = Aq1, Az, Ag,F9g @ F1o
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5.9 Status of ©4: OK

o Case rule 1
e Case rule !

e Case rule 7W

hs :F Ag,Fg,F3 & hy :+- Ag,dual(Fg)
ohy - Fg, As,F3 @ Fy A eh; i dual(Fs), Ag, 7Fg
C
— :+ (As5,F3 @ Fq),Ag, 7Fg
—
ax
ohy - Aj5,Fg,F3 @ Fy h7 :F Ag, dual(Fg)

ut

— = A5, Ag,F3 DFy houe
— = A5, Ag, 7Fg,F3 @ Fy
hy :F As, Fs h7 = Ag, dual(Fs)&dual(Fe)
oh; :F F5 & Fg, Ag A ohy : dual(Fs @ Fe), Ao, ?Fg
t
—:F As, Ag, 7Fg Cu
—
ax ax
oh; - Ay, F5 @ Fg h7 = Ag, dual(F5)&dual(Fe)
hCut
— i As A0 "
—:F Ag, Ag, 7Fg w
e Case rule 7C
hy i+ Ag, Fg,Fs h7 := Ag, 7Fs, ?Fg, dual(Fg)
ohy i Fg, A5, Fs @ Fs ° ehy :- dual(Fg), Ao, 7Fs
Cut
— i (A5,F3 @ Fy), Ay, 7Fg
—
ax
oh, - Aj,Fg,F3 @ Fy h7 :F Ag, ?Fg, ?Fg, dual(Fg)
hCut
A5, 8o, Py TPy B OF1 "
— = Ap, Ag, ?Fg,F3 @ Fa '
hy :+ Ay, Fs h7 :+ Ag, 7Fg, ?Fg, dual(F5)&dual(Fg)
> e
oh; :- F5 @ Fg, Ay ©a oh7 : dual(Fs @ Fs), Ao, ?Fg
—:F As, Ag, 7Fg Cut

-
ax ax
ehy - Ay, F5 @ Fg h7 :F Ag, ?Fs, ?Fs, dual(Fs)&dual(Fe)
hCut
—:F Ao, Ag, ?Fg, 7Fg v
— :F Ao, Ag, 7Fg

e Case rule ?

hy :- As,Fg, F3 o h7 :F Ag, Fg, dual(Fg)
ohy i Fg, A5, F3 @ Fs " ehy :- dual(Fe), Ao, 7Fs
— (A5,F3 @F4),Ag,?Fg
—

Cut

ax ax
ehy - A5, Fg,F3 @ Fy h7 = Ag, Fs, dual(Fg)
hCut
— i A5, Ag,Fs,F3 & F4 i
— i+ Ap, Ay, 7Fg,F3 @ Fy

hy :- Ay, Fs h7 = Ag, Fs, dual(Fs5)&dual(Fe) )
oh; :F F5 @ Fg, Ao Pa oh7 : dual(Fs5 @ Fg), Ag, 7Fg
T F As. Ay 7Fs Cut
—
ax ax
ehy :F Ay, F5 @ Fg h7 = Ag, Fg, dual(Fs5)&dual(Fe)
— Ay, Ag,Fg neue
—:F As, Ag, 7Fg
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e Case rule $

ho :F Aj,Fg,F3 h7 :F Aqo

,Fs, Fg, dual(Fe)

oho i Fo, Ao, Fs ®Fs " ehn i dual(Fo), Ao, FsSFs

Cut

— i+ (A5,F3 ®Fy4), A1g,Fg$Fg

_
ax ax
ohy : Ay, Fg,F3 @ Fy h7 = Ay, Fg, Fg, dual(Fg)
hCut
— = A10,A5,Fs,Fg,F3 G Fy "
— i Ao, A5, Fg8Fg,F3 D Fy
hi :F Ay, F5 h7 - A107F87F97dual(FS)&dual(FG)

oh; :F F5 @ Fg, Ag ®a oh7 dual(Fg, (&) FG), Aqq,Fg$Fg

Cut

— ik As, Aqg,Fs$Fg

—

ax ax
eh; :- Ay, F5 @ Fg h7 = Ay, Fs, Fo, dual(F5)&dual(Fg)
h

Cut

— i+ Aqg, Ay, Fg,Fg
— :F Ay, Az, Fs$Fg

e Case rule &

hy :+ As,Fg,F3 h7 = Aq9,Fs, dual(Fg) h7 :F Aqg,Fg, dual(Fs)

A
ohy :- Fg, A5,F3 @ Fy

ohy :- dual(Fg), A1g, Fs&Fg
Cut

— :F (A5,F3 @ F4), Ao, Fs&Fo

—

ax ax
hy - Ag, F3,Fg oh; :- Ayg, dual(Fg), Fs&Fo
h

Cut

— = A1, A5, F3, Fg&Fg

Da

— k= Ao, As,Fs&Fg,F3 © Fq

hy :F As,F5

hy :F Ajo,Fs, dual(F5)&dual(F6) h7 :F Ajp,Fo, dual(F5)&dual(F6)

ohy F Fs @Fg, Ay 04

eh7 :F dual(Fs @ Fg), A1o, Fs&Fg
Cut

— i+ Ag, Aqp,Fs&Fyg
N

ax ax ax ax
oh; - Ay, F5 @ Fg h7 :+ Aqg, Fs, dual(F5)&dual (Fg) eh; :- Ay, F5 @ Fg h7 = Ay, Fg, dual(Fs)&dual (Fe)
hCut hCut

— = Ay, Az, Fs

— = Ay, Az, Fy

— = Ao, Ag, Fg&Fyg

hy :- Ao, Fs5 h7 :+ Ag, dual(Fs) hr = Ag, dual(Fg)

A

oh; :F F5 @ Fg, Ag oh; - dual(Fs5 @ Fg), As

Cut

— AQ,A&
—

ax ax
— i+ Ay, F5 — :+ Ag, dual(Fs)
s

Cut

—:F Ag,Ag

Case rule ®p

ho :F Aj,Fg,F3 hy :+- Alo,Fg,dual(FG)

B

ohy F Fo As.Fs 0Fs °A enn iF dual(Fg), Aro, Fs @ Fo

Cut

—:F (A5,F3 @ F4),A10,Fs D Fg
—

ax
ohy - A5, Fg,F3 @ Fy h7 = Aig,Fg, dual(Fg)

Cut

— = Ao, As,Fg,F3 G Fs

®B

— it Ay, A5, F3 © Fq,Fs @ Fg

hy :F Ay, Fs h7 :+ Ay, Fg, dual(Fs)&dual(Fg)

eh; :F F5 & Fg, Ao a oh; :H dual(Fg, D FG), Aq0,Fg @ Fg

B
Cut

—:F Ag, A1o,Fs @ Fg
—

ax
oh; :F Ay, F5 ©Fg h7 :F Aq0,Fg

ax
, dual(F5)&dual(Fg)
hCut

— :F Ajo, Az, Fg

—:F A, A2, Fs &

(&)
Fo 0
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e Case rule ®4

hy :+ Ag,Fg,Fs3 o h7 = Aqo,Fg, dual(Fe)
oh, :- Fg, A5,F3 @ Fy A oh7 :F dual(Fg), A1o,Fs @ Fo

— - (A5,F3 ®F4), A10,Fs © Fo
-

ax
ho :F Aj,F3,Fg eh; :F Alo,dual(Fg),Fs @ Fo
— = Ay, A5, F3,Fs @ Fg
—:F A10,A5,F3 @ Fg,Fs @ Fg

A

Cut

Cut

Da

hy :F As,F5 h7 :F Aqo,Fs, dual(F5)&dual(F6)
ohy :F F5s B Fg, Ay~ ehy :F dual(Fs ® Fg), A1, Fs @ Fg

— Az, A10,Fs @ Fg
—

ax ax
oh; :F Ao, F5 & Fg hy - Ay, Fs, dual(F5)&dual(F6)
hCut
— = A1g, Az, Fs "
— i A9, Az, Fs @ Fg

A

Cut

Da

e Case rule L

ho :F Aj,Fg,F3 o h7 - A87dual(F6)
ehy iF Fg, A5, F3 ®Fs °  ehy :F dual(Fg), L, Ag

— i+ (A5,F3 ®Fa), L, Ag
—

Cut

ax ax
hy :+ As,F3,Fg eh; ;- Ag, L, dual(Fg)
— i+ A5, Ag,F3, L hCut
— = Ap, Ag, L,F3 ®Fs

Da

hy :F Ag,F5 h7 :+ Ag, dual(F5)&dual(Fg)
ohy ;F F5 ®Fg, Ay " ehy i dual(Fs ® Fe), L, As
— i Ag, 1, Ag
—

Cut

ax ax
eh; :F Ao, F5 @ Fg h7 :F Asg, dual(Fs)&dual(Fg)
h
" F Ag, Ag Cu
—:F As, Ag, L L

e Caserule T

hy :F Aj,Fg,F3
ohy F Fo A Fs &Fs A ehn ik dual(Fg), T, Ag
—F (A5, F3 ©F4), T, As
—
—:F As5,Ag, T,F3 @ Fy

T
Cut

hy :F Ag,F5 ®
oh; :- F5 @ Fg, A2 A oh7 : dual(Fs & Fg), T, As
— Az,T7A8
—

Cut

T s As T |

e Case rule I

e Case rule ®
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hy :+ Ag,Fg,Fs3 o h7 :k Aq1,Fg, dual(Fs) hy :F Ag,Fio
ohy - Fg, A5, F3 @ Fy 4 oh7 :+ dual(Fe), As, A11,F9 ® F1o
—:+ (A5,F3 ®Fa), As, A11,F9 ® Fig
—

Cut

ax ax
hy :+ As,F3,Fs oh7 = Ay, Ag, dual(Fes),Fg ® Fio
hCut
— = Aq1,As, Ag,F3,F9 ® F1g
— = Aq1, A5, Ag,Fg ® F10,F3 @ F4

A

hy :F Ags,Fg,F3 h7 :- Ag,Fo h7 :F Ay, Fi0, dual(Fe)
ohy :F Fg,A5,F3 ®Fs ' ehy - dual(Fg), As, Ai1,Fo @ Fio

Cut
—:F (As5,F3 ®F4),As, A11,F9 @ F1p
—
ax ax
hy = Ag,F3,Fg oh7 - Ay, Ag, dual(Fs),Fg ® Fio
hCut
— = Aq1, A5, Ag,F3,Fg ® Fig &
A

—:F Aqy1,As5,Ag,Fg ® F10,F3 @ Fa

hy :F As,Fs © h7 = Aq1,Fg, dual(Fs)&dual(Fg) hr = Ag,Fio
oy :F F5s B Fg, Ay 2 eh; :- dual(Fs ® Fg), As, A11, Fo ® Fio

Cut

— = Az, Ag, A11,F9g @ F1o

—
ax ax
eh; :F Ao, F5 @ Fg h7 :k Aq1,Fg, dual(Fs)&dual(Fe)
ax
— - Aq1, Az, Fg " T A, Fro
— = Aq1, Az, Ag,Fg ® Fio
hi :F A, F5 h7 :- Ag,Fg9 hy - Au,Fm,dual(Fg,)&dual(Fg)
ehy :F F5s B Fg, Ay 2 eh; :F dual(Fs @ Fg), Ag, A1, Fo ® Fio

Cut

— = Az, Ag, A11,F9g @ F1o

—
ax ax
oh; - Ay, F5 @ Fg h7 = Aq1,Fi0, dual(F5)&dual(Fg)
ax hCut
— = Ag,Fg — = Aq1,Az,F19

®

— = Aq1, Az, Ag,F9g @ F1o

5.10 Status of L: 0K

e Case rule 1

hy - Ao i 1
eh; (- 1, Ay ohs :F dual(Ll),
— ik Ag, % Cut
—
— ax
—:F Az
e Case rule !
e Case rule 7W
hi :F Ao hs :F 1, A5
1 W
ehy - L, Ay ohs3 - dual(Ll), As, 7Fy
—:F As, As, 7Fy Cut
—
ax ax
oh; :F Ao, L h3 - 1,A5 he
t
—:F AQ, A5 v
— k- Ag, As, 7Fy
ho :F Aj3,Fy hs - A7,dual(F4) W
ohy (- Fy, L, As ohs :- dual(F4), Ay, 7Fg
Cut
—F (L, As), A, 7Fg "
—
ax ax
oho - A3, Fy, L hs = Az, dual(Fs)
T FAs AL, L heur

—F Ay, Aq, L, 7Fg
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e Case rule 7C

hs :F 1, As, 7Fy, 7Fy
e

hy - Ao
ohy :F L, A, oh3 :F dual(Ll), As, 7F4
Cut
T Ay Ag.7F, B
—
ax ax

oh; :F As, L hs i 1, As, 7F4, 7F4

hCut

— i+ Ao, Ag, 7F4, 7Fy

c

—:F Ao, As, ?F4

ho :F A3, Fy

hs :+ Az, ?Fg, ?Fg, dual(F4)

ehs :FFy, L, Ag

ohs :F dual(F4), Ay, ?Fg
Cut

—:+

(L,A3), A7, 7F¢
—

ax
ohy = Az, Fy, L

— i+ Az, Ay, 1, 7Fg, 7F¢
307, Fe, Fe ,

— = Az, A7, L, 7Fg

e Case rule ?

hy - Ay

hy =1, A5,Fy

oh; :F L, Ay

ohs3 - dual(Ll), As, 7Fy
Cut

—:F

Az, Ag, 7F4
—

ax

ax
eh; :F Ao, L

hg =1, As,Fy
hCut

—:F
—:F

ho :F A3, Fy

Az, Ag,Fy
Az, Ag, 7F4

hs = Az, Fg, dual(Fq)

ehy :FFy, 1, Ajg

ohs - dual(F4), Az, 7Fg
Cut

—

(L, A:;)7 Az, 7Fg
-

ax
ohy - Az, Fy, L

ax
hs = A7, Fg, dual(Fy)
hCut

F Az, A7,Fe, L

—F Ag, Aq, L, 7Fg

e Case rule $

hy - Ao

h3 :F 1, Ag,F4,F5

ohy - L, A,

ohs3 :F dual(Ll), Ag,F43F5
Cut

— = Ao, Ag,F4$F5

—
ax

ax
ohy - Ao, L

hs :F1,Ag,F4,F5
hCut

hy :F A3, Fy

‘F Ao, Ag,Fy8F5
hs : Ag,Fe, F7, dual(F4)

ohs :FFy, L, Ag

ehs :- dual(F4), Ag,Fe$F7

+ (L, Asz), Ag,Fg$F7
—

ehy - A3, Fy,

ax
L hs i Ag,Fg, F7, dual(Fa)

—:+ As, Ag,Fg,Fr, L

— k- A3, Ag, L, Fs$F7

e Case rule &

ax
hs :+ A7, ?Fg, ?Fg, dual(F4)
hCut

Cut

Cut
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hi :F Ao hs :F1,Aq,Fs4 hz:F1,A6,F5

oh; (- 1, Ay oh3 :F dual(Ll), Ag,Fs&Fs5
t
—:F As, Ag,F4&F5 Cu
—
ax ax ax ax
eh; :F Ao, L hs :F1,Ag,Fy he eh; :F Ao, L hs :F 1, Ag,F5 he
t t
—:F As, Ag,Fy v — :F Az, Ag, Fs .
—:F Ag, Ag,F4&F5
hy :+ As,Fy hs :F Ag,Fg,dual(F4) hs - Ag,Fr7, dual(Fs)
ohy - Fy, 1, A3 ohs :- dual(Fy4), Ag,Fg&F7
Cut
— ik (L, Ag), Ag, Fe&eFr :
—
ax ax
hy i Az, Fy ohs - Ag, dual(F4),Fe&F7
hCut

— :F Ag, Ag,F&F7
— i+ Az, Ag, 1L, Fe&F7

e Case rule &g

hy - Ag h3 :- 1, A6, F5
1 DB
oh; :F L, Ay ohs :F dual(Ll),A¢,Fs ®F5
t
— i As, Ag,F4 @ Fs cu
—
ax ax
eh; :F Ay, | hs :F 1, Ag,Fs5
hCut
—:F As, Ag,Fs5 @ v
—F Az, Ag,F4 ®F5
ho :F Aj3,Fy hs :F Ag,Fr, dual(Fs)
ohy - Fu, L, Ag ohs - dual(F1), As,Fo ®F7
Cut
— = (L,As3),As,Fe¢ ®Fr
—
ax ax
ohy :F Az, Fy, L hs :+ Ag,Fr, dual(F4)
h
— = Az, Ag,F7, L o e
— ik As,As, LFg®F,
e Case rule ®4
hi ik As h3 :+ 1, Ag,Fs s
ohy - 1, A, ohy - dual(Ll), Ag,Fq ®F5
Cut
— - Mg, Ag,F4 @ Fs "
—
ax ax
eh; :F Ao, L hs :F1,Ag,Fy
- hCut
—F Ay, Ao, F4 ®F5
hy - As,Fy hs :+ Asg, Fe, dual(Fa) ®
oho - Fy, L, Aj3 ohs :F dual(F4), Ag,Fe @ Fr A
Cut

— = (L,As),As,Fg ®F7
—

ax ax
ohy - A3, Fy, L hs :F Ag, Fe, dual(Fa)
h
—:F A3z, Ag, Fg, L

—F A3, Ag, LFo@F,
e Case rule L
hy - Ao hg i1, A4
oh; :F L, Ao ehs :F dual(Ll), L, Ay
—:k Az, J_, A4
—
ax ax
eh; :F Ao, | hg :F1,A4
TF Ao, A heut
— ik Ag, Ay, L
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hy - Ag,Fy hs = Ag, dual(Fa)
oho - Fy, 1, Ag + ohs :F dual(Fy), L, Ag

Cut
ZF (L, As), L, Ag "
—
ax ax
ho :F Az, Fy ehs :F Ag, L, dual(Fa)
hCut
—:F A3,A6,J_ v
— Ag,Aﬁ,J_A,J_
e Caserule T
hy - Ao -
ohy - L, Ao ohs :F dual(Ll), T,As
T Ao, T, Ay Cut
—
— kA, Ay, T T
hy :F Ag,Fy
1 T
ohy - Fy, 1, Ag ohs - dual(Fa), T, Ag
Cut
Z o (L, As), T, Ag "
—
— Az, Ag, L, T T
e Case rule
e Case rule ®
hy - Ag N hz :=1,A7,F5 hz:F Ay, Fe
oh; :F 1, Ay ehj :- dual(Ll), Ay, A7,F5 @ Fg
t
— = Az, Ay, A7,F5 @ Fg Cu
—
ax ax
eh; :F Ay, L hs :F1,A7,F5 he
t — ax
—F Ay, Aq,Fs " TF AL Fe
— Az, Ay, A7,F5 @ Fg
hy - Ay N hz :- A4,F5 h3:F1,A7,Fs
ohy - L, Ay oh3 :- dual(Ll), Ay, A7,F5 @ Fg
— i As, Au, A7 s © Fg cut
—
ax ax
eh; :F Ao, L hs :F1,A7,Fg
ax ut
—:+ Ay4,F5 —:F As, A7, Fg
— ik Az, Ay, A7,F5 @ Fe
ho :F A3, Fy N hs :F Ag,F7,dual(F4) hs - Ag,Fg
ehs :FFy, L, Ag ohs - dual(Fa), Ag, Ag,F7 @ Fg
Cut
— (L, A3),Ag, Ag,F7 ® Fg
—
ax ax
ho - Az, Fy ehs - Ag, Ag, dual(F4),F7 ® Fg
hCut
— = Az, Ag, Ag,F7 @ Fg “
— i Az, Ag,Ag, L,F7 ®Fs
hy :+ As,Fy N hs = Ag,F7  hs :F Ag, Fs, dual(Fs)
ohy - Fy, 1, Aj3 ohs :F dual(F4), Ag, Ag,F7 @ Fg
Cut

—:F (L, A3),Ag, Ag,F7 @ Fg
—

ax ax
ho - Az, Fy ohs ;- Ag, Ag, dual(F4),F7 @ Fg
hCut
— = Az, Ag, Ag,F7 ® Fg o
— i Az, Ag,Ag, L,F7 ®Fs
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5.11 Status of T:

e Case rule 1

e Case rule!

e Case rule 7W

0)¢

hs :F 0, A5
W
ehy - T, A, oh3 :F dual(T), As, 7Fy
ZF Ag, As, 7F, Cut
—

ax

7
ohy :F Ay, T, 7F, hs :F 0, As
hCut

— :F Ao, Ag, 7Fy

hs :F Ay, dual(F4)

ehy :F Fy, T, Ag

ohs - dual(F4), A7, 7Fg
Cut

— (T, A3), A7, ?Fg

—F Ay, Aq, T, 7Fg

e Case rule 7C

—
T

hs :F 0, As, 7F4, 7F4
?2C

ehy ;- T, A,

ohs :F dual(T), As, 7Fy
Cut

— i+ Ag, As, 7Fy
—

ax

eh; :F Ao, T

hs :F 0, As, 7Fy, 7Fy
hCut

— ik Ag, A5, 7Fy, 7Fy

’e

— i Ao, As, 7Fy

hs :F A7, ?Fg, ?Fg, dual(F4)

ohs :FFy, T, A3

ohs :- dual(F4), A7, 7Fg

—:F (T,A3), A7, 7Fg

— = Az, A7, T,7Fg

e Case rule ?

N
T

h3 :F 0, As,F4

oh; :F T, Ao

ohs :F dual(T), As, 7Fy
Cut

= Ao, Ag, 7Fy

—
ax

eh; :F Ag,

T T hs :F 0,A5,Fy
hCut

= Az, Ag, Fy

(F Ao, As, 7F4

hs - A7, Fg, dual(Fs)

ehy - Fy, T, A3

ohs :F dual(F4), A7, 7Fg

— = (T,A3), Az, 7Fg

o Case rule $

—

— Az, A7, T, ?Fg T

Cut

Cut
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h3 := 0, Ag,F4,F5
ohs3 - dual(T), Ag,F43F5

eh; :F T, Ay
Cut
— i+ Ao, Ag,F48F5
—
T ax
eh; :F Ay, T hs :F 0, Ag,F4,F5
hCut

—:F Ag, Ag,Fy,F5
— ik As, Ag,F4$F5
hs - Ag,Fe,F7,dual(F4)
ehy (- Fy, T, Ag ohs - dual(Fs), Ag,Fe3F7
— = (T, As), Ag,Fe$F7
—

Cut

— i+ Az, Ag, T,Fg$F7

o Case rule &

hs :F 0,Ag,F4  h3 :F 0,Aq,F5
ehj :H dual(T), Ag,F4&F5

eh; :F T, A,
Cut
—:F Ag, Ag,F4&F5 U
—
ax ax ax ax
ehy - Ay, T hs :F 0, Ag,Fy ohy - Ay, T hs :- 0, Ag,F5
hCut
— 1k Ag, Ag, F5 "

—:F Ag, Ag,Fy

— k= Ay, Ag,F4&F5
hs :F Ag, Fg, dual(F4) hs :F Ag, Fr, dual(F4)
ohs :- dual(Fy), Ag,Fe&F7

—:+(T,A3), Ag,Fe&F7
—

—F A3, As, T, Fo&F

ehy - Fa, T, Az ot
A

e Case rule ©p

hs :- 0, Ag,F5

ohy iF T, A, oh; - dual(T), Ag,Fs @ Fs ©n
— i+ Ag, Ag,F4 @ F5 Cut
—
T ax
eh; :F Ao, T hs :F 0, Ag,F5 c
hCut
—:F A, Ag,F5 v

— Az, Ag,F4 ©F5 @n

hs :F Ag,Fr, dual(F4)

D
ohy - Fa, T, As ohs -+ dual(F1), Ag,Fo ®Fr °
Cut
—:+(T,A3),As,F6 ©Fr
—
— = A3z, Ag, T,Fs @ F7
e Case rule ®4
hs :F 0, Ag,Fy
Da
oh; :F T, Ao ohs3 - dual(T), Ag,Fs B F5
t
—F Ay, Ag,F4 B Fs e
—
T ax
eh; :F Ao, T hs :F 0, Ag,Fs he
t
—F As, Ag, Fa v

T As Mg FaBFs A

hs :F Ag, Fg, dual(Fa)
ohy - Fy, T,A3 ohs :F dual(F4), Ag,Fe & Fr
— = (T, As), As,Fe ® Fr
—

Cut

— = Az, Ag, T,F6 © F7
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e Case rule L

hs :F 0, Ay
T 1
ehy - T, A, ohs3 - dual(T), L, Ay
— AQ,J_,A4 Cut
—
T
eh; :F Ao, L, T hs :F 0,4y
— AQ,A4,J_

ax

hCut

hs :F Ag, dual(F4)
ohy :-Fy, T,A3 T ohs :F dual(F4), L, Ag

—:F (T, As), L, A¢
—

—F As,Ag, L, T

Cut

T

e Caserule T

oh; - T, A, T ehs :F dual(T), T,As
— - Az, T, A4
—

Cut

—:F Ag, Ay, T T

ehy :FFy, T, A3 T ohs :F dual(F4), T, Ag

— (T, As3), T, Ag
—

— A3, A6, T, T

Cut

T

e Case rule I

e Case rule ®

h3 :- 0,A7,F5 hs:F A4, Fg
ohy - T, A, T oh3 :F dual(T), A4, A7,F5 ® Fg

Cut
—:F Ag, Ay, A7, F5 @Fg
—
T ax
oh; :F Ao, T hz :F 0,A7,F5
hCut —————— ax

—:F Ao, A7, F5 — :F Ay4,Fg
— = Az, Ay, A7,F5 ®Fg

hs :- A4,Fs hs:F0,A7,Fg
oh; - T,As T ohs :F dual(T), A4, A7,F5 ® Fg

Cut
— itk A, Ay, A7,F5 ®Fg "
—
T ax
eh; :F Ao, T hj =0, A7,Fg
ax hCut

— - A4, Fs — = As, A7, Fg
— kA, Ay, A7, F5 ® Fg

hs :F Ag,F7,dual(F4) hs - Ag,Fs
ohy - Fy, T,A3 T ohs :F dual(F4), Ag, Ag,F7 @ Fg

— = (T, Asz), Ag, Ag,F7 @ Fg
—

— = Az, Ag, Ay, T,F7 ® Fg

Cut

hs :F Ag,F7 hs :F Ag,Fg,dual(F;;)
ohy :-Fy, T,A3 T ohs :F dual(Fq), Ag, Ag,F7 ®Fg

— (T, As), A, Ag,F7 @ Fg
—

— = Az, Ag,Ag, T,F7 ®Fg

Cut
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5.12 Status of I: 0K

e Case rule 1

e Case rule!

e Case rule 7W

hy :F Ag, "(n3)

g W
oh; :F p(n3), "(n3) ohy i dual(p(nz)), Ag, 7Fs Cut
— :+ "(n3), Ag, ?F5 .
—
— Y .
e m)
— k- Ag, 7F5, "(n3)
hy :F Ag, p(n3)
_ I . W
oh; :F “(n3),p(n3) = ehy ik dual("(n3)), As, ?Fs
Cut
— :F p(n3), Ag, ?Fs h
—
_—  ax
— i+ Ag, 7F5, p(n3)
e Case rule 7C
hy :F Ag, ?F5, 7Fs, A(n3)
g ?C
eh; :F p(n3), "(n3) ohy : dual(p(ns)), Ag, 7Fs Cut
—:+ "(n3), Ag, ?F5 .
—
ax
— :F Ag, 7Fs, ?F5, "(n3)
7C
— i+ Ag, ?F5, "(n3)
hy :F A, ?Fs, ?F5, p(n3)
_ I i ?C
oh; : “(n3),p(ng) ~ ehy :F dual(’(n3)), Ao, 7Fs
Cut
— :F p(n3), Ag, ?Fs *
—
ax
— ik Ag, ?F5, 7F5, p(ng)
7C
— i Ag, ?F5, p(n3)
e Case rule ?
, hy :F Ag,F5, "(n3)
oh; : p(n3), “(n3) ohy :- dual(p(nz)), Ae, 7F5 cut
— :+ "(n3), Ag, ?F5 .
—
—_————— ax
i AeFs, T(mg)
— = Ag, ?F5, "(n3)
, hy :F Ag,Fs,p(n3)
ohi :- "(n3), p(ns) = ehy :- dual(”(n3)), Ag, 7Fs
Cut

— i p(n3), Mg, ?F5
—

—_— aX
— i A, F5,p(n3) "

— i Ag, ?F5, p(n3)

o Case rule $



; hg :+ A7,F5,Fe, "(n3)
ehy :F p(n3), "(n3) oh, :F dual(p(n3)), A7, F58F¢ c
— = h(n3),A7,F5$F5
—

ut

- ax
— :+ A7, F5,Fg, "(n3)

— = Az, "(n3),F58F¢

s hy :F A7,Fs5,Fs, p(n3)
eh; :F “(n3), p(n3) ohy i dual(”(n3)), A7, F58F¢
— ik p(n3), A7,F58F¢

—

Cut

ax
— i A7,F5,F¢, p(n3)
—:F A7,p(n3),F5$F¢

e Case rule &

hy :- A7,F5, "(n3) ha :k A7, Fe, "(n3)

I
eh; :F p(n3), "(n3) ohy :F dual(p(nz)), A7,F5&Fg cut
— = A(n3)7A7,F5&F6 b
—
- ax - ax
— = A7, F5, "(n3) — = A7, Fs, "(n3)

— = Az, "(n3),F5&Fs

hg :F A7,F5,p(n3) hy :k A7, Fg,p(n3)

I
eh; :F "(n3), p(ns) ohy : dual(”(n3)), A7,F5&Fg
Cut
— :F p(n3), A7, F5&Fsg
—
ax ax
— = A7, Fs, p(n3) — i A7,Fe,p(n3) &

— = Az, p(n3),F5&Fs

o Case rule ®p

hy := A7, Fe, "(n3)

N I bB
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), A7,F5 @ Fg cut
A
—:F "(n3), A7,F5 ©Fg
—
— A o o,
—:F A7,Fs, "(n3)
— = Az, "(n3),Fs ©Fe
hy :F Az, Fg, p(n3)
s 1 = DB
eh; :F "(n3), p(ns) ohy :F dual("(n3)), A7,F5 @ Fg cut
u
— :F p(n3), A7,F5 @ Fe
—
—_— aX
— :F A7,F6, p(n3)
B
— = A7, p(n3),F5 © Fg
e Case rule ®4
hy := A7, F5, "(n3)
= I Da
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), A7,F5 ® Fg cut
A
—:F A(n3),A7,F5 @ Fe
—
— o o
— = A7,Fs5, "(n3)
= Da
—:+ Az, (n3),F5 ®Fs
hy :F A7, F5, p(n3)
s I = DA
eh; :- "(n3), p(n3) ohy :F dual("(n3)), A7,Fs5 © Fg cut
A

— :F p(n3), A7,F5 © Fs
—

—:F A7,F5,p(n3)
-+ A7,p(n3),F5 © Fe

ax
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e Case rule L

hy :F As, “(n3)
I
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), L, As

Cut
— A(ng),J_,A{) v
—
—_ ax
—:F As, "(n3)
— = As, L, "(n3)
s hy = As, p(ng) L
eh; :F "(n3), p(n3) oh, :F dual(”(n3)), L, As
Cut
— i+ p(n3), L, As
—
— ax
— i Ag, p(n3)
— = As, L, p(ns)
e Caserule T
. I T
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), T, As cut
— h(ng),T7A5 v
—
B
= I ”
eh; :F "(n3), p(ng) ohy :F dual(”(n3)), T, As
Cut

— :Fp(n3), T,As
—
—:F A5, T, p(n3) i

e Case rule I

eh; :- p(n4), "(na) ! oh3 : dual(p(na)), p(na) éut
— = "(n4), p(nq)
—

— i plaa), (ma)

X

eh; :F "(n4), p(ns) ! oh; i dual(”(n4)), "(na) (I:ut

— i+ p(n4), “(n4)
—

— i p(na), “(na) I

e Case rule ®

hy :F Ag,Fg, "(n3) ha :F A5, Fr .
I
eh; : p(n3), "(n3) oh, :F dual(p(ns)), As, Asg,Fe ® Fr

Cut
— i "(n3), As, Ag,Fe ® F7
—
ax ax
— :F Asg,Fg, "(n3) — = A5, F7
—:+ A, Ag, “(n3),Fs ® F7
hy :k As,F¢  hy :F Ag,F7, "(n3)
I
eh; : p(n3), "(n3) oh, :F dual(p(n3)), As, Ag,Fs ® Fr cut
u

— h(ng),A5,Ag,F6 & Fr
—

ax

ax
— = A5, Fe — :F Ag,F7, "(n3)
—:F Aj, Ag, A(ng),FG ® Fr
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hg :F As,Fe,p(n3) ha :- As,Fr
oh; : “(n3), p(n3) ohy - dual("(n3)), As, As,Fg @ Fr cut
A’
— :F p(n3), As, Ag,Fe @ F7
—

ax

— :F Ag, Fg, p(n3) — = A, F7

— = As, Ag, p(n3),Fe ® Fr
hy :k As,Fg  hg :- Ag,Fr, p(n3)
eh; :F "(n3), p(n3) oh, :F dual(”(n3)), As, Ag,Fs @ Fr cut
)

— :F p(n3), As, Ag,Fe @ F7
—

ax ax
— = As5,Fe — :F Ag,F7,p(n3)

— = A5, Ag,p(n3),Fe @ Fr

5.13 Status of ®: 0K

e Case rule 1
e Case rule !

e Case rule 7W

hg :F Aqo, dual(F7)
w

ho :F Ag,F7,F4  ha - A3, F5 ?
ohg : dual(F7), A1o, 7Fg
Cut

ehy :-F7, A3, Ag,Fs @ Fs
— = (A3, A6,F4 ® F5), A1o, ?Fg
—

ax
oh, - A3, Ag,F7,F4 @F5 hg :F Ay, dual(F7)
hCut
— = A9, Az, Ag,F4s @ F5 "
— = Aqo, As, A, ?F9,F4 @ F5

hg :F Aig, dual(F7) )
"W

ho :F A3,F4 ho:F Ag,F7,F5

ohs - Fr7, A3z, Ag,F4 @ F5 ehg :F dual(F7), A1g, ?Fg
Cut
—:+ (A3, Ag,F4 ® F5), A1o, ?F9
—

ax

ehs :F Aj, Ag,F7,Fy ®F5 hg = Aqg, dual(F7)

hCut

— k- Aqj0,A3,A6,F4 ®F5 W
— 1+ Ao, Az, Ag, 7F9,F4s @ F5
hg :F Ajo, dual(F6)$dual(F7)
ohs - dual(Fg ® F7), Ao, ?Fg
Cut

hy :F Ag,F¢ hy :F Az, Fr7

oh; :F Fg ® F7, Ay, Ag
— = (A2, Az), Ao, 7Fg
—

ax
oh; :F Ay, A3, Fg @ Fr ax hg = Aqg, dual(Fg)$dual(Fr)
hCut
— i Agg, Az, A3 .
— = A1, Az, Az, 7F9

e Case rule 7C

hg = Aqg, ?Fg, F9, dual(F7)

ho :F Ag,F7,F4  ho - A3, F5
ohs - Fr7, A3z, Ag,F4s @ F5 ehg :F dual(F7), A1, ?Fg

—:F (A3, A6,F4 ®F5), A1o, ?Fg
—

Cut

ax ax
ohy (- A3z, Ag,F7,F4s @ F5 hg :F Aig, ?Fg, ?Fg, dual(F7)
hCut

— = Ao, Az, Ag, ?Fg, 7Fg, F4 ® F5
— = Aqo, Az, Ag, 7F9,Fa @ Fs
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hy :- A3,Fs ho :F Ag,F7,F5 hg :+ Ay, ?Fg, 7Fg, dual(F7)
ohs - Fr, A3z, Ag,Fqs ®F5 ohg - dual(F7), Ao, ?Fg

Cut
— (Ag, Ag,Fq ® FS)’ Ajo, 7Fg
—
ax
ehy - Az, Ag,F7,F4 ® F5 hg := Ao, ?Fg, 7Fg, dual(F7)
Cut
— = Ay, Az, Ag, 7Fg, 7F9,F4 ® F5 .
— AIO; A3, Aﬁ; ?F9a F4 ®Fs5
h; :F Agz,Fg  hy - A3z, Fr hs - Aig, 7F9, 7Fo, dual(Fs)$dual(F7)
oh; - Fg ® Fr, As, Ag ohg : dual(Fg @ F7), A1g, ?Fg
Cut

— i+ (A2, Ag), A1o, ?Fo
—

ax ax
ohy - Ao, A3, Fs @ Fr hg = Aqg, ?Fg, 7Fg, dual(Fs)$dual(F7)
hi
— i Aqg, Az, Az, ?Fg, 7Fg "
— i Ay, Az, Az, 7Fg

e Case rule ?

hy :k Ag,F7,F4  hp :F Ag,Fs hg :+ Aqg, Fg, dual(F7)
ohs - Fr7, A3z, Ag,Fqs ®F5 ohgs - dual(F7), Ao, ?Fg
Cut
— - (A3, A6,F4 ® Fs5), A1o, ?Fg
—
ax ax
ohs :F A3, Ag,F7,F4 @ F5 hg :F Aqo,Fg, dual(F7)
hCut
— = Ay, Az, Ag,Fg,F4 ®F5 .
— = Ay, Az, Ag, 7Fg,F4 ® F5
ho :F A3,F4 ho:F Ag,F7,F5 hg :F Aqp,Fg, dual(F7)
ohs - Fr7, Az, Ag,F4 @ F5 ehg :F dual(F7), A1g, ?Fg
Cut
—:F (A3, Ag,F4 ® F5), A1o, ?F9
—
ax ax
ohs :F A3, Ag,F7,F4 ® F5 hg :F Ayo, Fo, dual(F7)
hCut
— = Ay, Az, Ag,F9,Fs @ Fp "
— = Ay, Az, A, 7Fg,F4 ® F5
hy :k Ag,F¢ hy :F Az, Fr hg :F A1g, Fg, dual(Fe)$dual(F7)
oh; :FFg ® F7, Ao, Ag ohg - dual(Fg ® Fr7), A1, 7Fg
Cut
— i+ (A2,A3), Ao, 7F9
—
ax
oh; :F Ao, A3, Fg Q Fr hg :F Ajg, Fo, dual(F6)$dual(F7)
— = A1, Az, Az, Fg
— = A1, Az, Az, 7Fg
e Case rule $
hy :F Ag,F7,F4  ho :F Ag,F5 hg : Aq1,F9, Fio, dual(F7)
ohs - Fr, Az, Ag,Fqs ®F5 ehg :H dual(F7), Aq1,F98F10
Cut
—:F (A3, A¢,F4 ®F5), A11,Fo8F10
—

ax ax
ehs :F A3, Ag,F7,F4 ® F5 hg :F A11,F10,Fo, dual(F7) he
ut

— = Aq1, A, A6, F10,F9, F4 @ F5

—:F A1, Az, Ag,F98F10,F4 ® F5

hy :F A3,F4 hy :F Ag,F7,F5 hg :F Aq1,Fg,Fio, dual(F7)
ohs i Fr, Ag, Ag, Fa @ Fs ehs :- dual(F7), A11,Fo$F1g
Cut
— = (A3, A6,F4 ® Fs5), A11,F9$F10
—

ax ax
ohy :- A3, Ag,F7,F4 ® F5 hg :F A11,F10,Fo, dual(F7)
hCut
— = Aq1, Ag, A6, F10,F9, F4 @ F5
— = A1, A, Ag,Fo$F10,F4 @ F5
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hy :F Ag,F¢ hy :F Az, Fr7

hg :F Aqy1,F9,Fio0, dual(F6)$dual(F7)

oh; :FFg ® F7, Az, Ag

ehg :F- dual(Fg ® F7), A11,F9$F 10

— = (A2, Az), A11,F9o8F10

—

Cut

oh; :- As, Az, Fg ® Fr

— = A11,Az,Az,F10,F9
— = Aq1, Ao, Az, Fo8F10

hi :F As,Fg h; :F A3, F7

ax
hg :F Aq1,Fi10,Fg, dual(F6)$dual(F7)
h

Cut

hg :F Ag, dual(Fg), dual(Fr)

oh; - Fg @ F7, Ao, Ag

ohg :F dual(Fg ® F7), Ag

—:F (Ag, A'g), Ag
—

ax
—:+ A3,F7

ax
— :+ Ay, dual(Fg), dual(F7)

sCut

ax

—:+ Ay, Fg

— ik As, Ag, dual(Fg)
s

— = Ag, Az, Ag

e Case rule &

hs :F Ag,F7,F4 ho :F Ag,Fs

Cut

hg :F Aq1,Fg, dual(F7r) hg :F Aqq,Fi0, dual(F7)

ohy :- F7, Az, Ag,Fa @ Fs

ehg :- dual(F7), A11,F9&F10

Cut

— i (A3, A6,F4 ®F5), A11,Fg&Fio

N

ho :F Ag,F4,F7

ehg :F A1, dual(F7), Fo&F10

hCut ax

— i A1, Ag,Fa,Fo&Fig

—:F Aj3,F5

— = Aq1, Az, Ag,Fo&F10,Fs @ F5

ho :F A3z,F4 ho :F Ag,F7,F5

hg :F Aq1,Fg, dual(F7) hg :F Aqq,Fi0,dual(F7)

ohy :FF7, A3, Ag,F4 ® Fs

ehg :F dual(F7), A11,F9&F10

Cut

— i (A3, A6, F4 ®F5), A11,Fg&Fip
—

ax
hy = Ag,F5,F7

ax
ohg ;- Aqq, dual(Fr7),Fo&Fig
hC

ax
—:F Az,Fy

— = Ay1, Ag, F5,F9&Fi1g

— = Aq1, Az, A6, Fo&Fi10,Fs @ F5

hy - As,Fg  hy - Az, Fr

hg :F A11,Fg, dual(Fg)$dual(F7) hg :- Aqy1,F10, dual(Fg)$dual(Fr) ©

oh; - Fg @ F7, A2, A3

ehg :F dual(Fg ® F7), A11,Fo&F1o

Cut
F (A2, Az), A11,Fo&Fio
—

oh; :F Ao, A3, Fg ® Fr

ax
hg :F A1, Fo, dual(Fg)$dual(F7)
hCut

oh; = Ag, A3, Fs @ Fy

ax
hg :F A11,Fi0, dual(Fg)$dual(F7)
hCut

— - Aq1, Az, Az, Fg

— = Aq1, Az, Az, Fig

e Case rule ®p

ho :F Ag,F7,F4 ho :F Aj,F5

— = Aq1, Az, Az, Fo&Fig

hg = A11,Fi0, dual(F7)

ohy :FF7, A3, Ag,Fs ® Fs

SB

ohg :H dual(F7), A11,F9g @ F10

Cut

— i+ (A3, A6, F4 @ Fs5), A11,Fg & Fip

—

ohy i Ag, Ag,F7,Fs @ Fp

— = Aq1,A3,A6,F10,F4 ®F5

ax
hg :F Aq1,F10, dual(F7)
h

Cut

OB

— = Aq1, Az, Ag,Fs ® F5,F9 @ Fio

hy :F A3,F4 ho :F Ag,F7,F5

hg :F A11,F10, dual(F7)

DB

ohy :- F7, Az, Ag,Fa ®Fs

ohg :+ dual(F7), A11,Fg @ Fio

Cut

— = (A3, Ag,F4 ®Fs), A11,F9 @ F1o
-

ohy :- A3, Ag,F7,F4 ® F5

hg :F Aq1,Fi0, dual(F7)

Cut

— = Aq1,Az,A6,F10,F4 @ F5

52):]

— = Aq1,A3,Aq,F4 ®F5,F9 @ F1o
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hy :k Ag,F¢ hy :F Az, Fr hg :+ Aq1,F10, dual(Fg)$dual (F7)
oh; :FFg @ F7, Ao, Ag ohg :F dual(Fg ® F7), A11,Fg @ Fio

Cut
— - (A2, A3),A11,Fg ©F10
—
ax
oh; :- Ay, A3, Fg @ Fr hg = Aq1,Fi0, dual(Fg)$dual(Fr)
Cut
— = Aq1, Az, Az, F1o ®
B
— = Aq1, Az, Az, Fg @ F1o
e Case rule @4
ho :F Ag,F7,F4  ho - A3, F5 hg A11,Fg7dual(F7)
ohy :-F7, A3, Ag,Fs ® Fs ohs :- dual(F7), A11,F9 @ Fio
Cut
— = (A3,A6,F4 ®Fs5), A11,F9 @ Fio
—
ax ax
ohy - A3, Ag,F7,F4s @F5 hg :F A11,Fg, dual(F7)
— = Aq1, Az, Ag,F9,Fs @ Fp P hout
A
— i+ Ay, Az, Ag,Fs ® F5,Fg ©Fip
hy :F A3, Fy4 hy k- Ag,F7,F5 hg = Aq1,Fg, dual(Fr) ®
ehy :F7, A3, Ag,Fs @ Fs ohg : dual(F7), A11,F9 @ F1o A
Cut
— = (A3, A6,F4 ®Fs5), A11,F9g ©Fio
—
ax ax
ohs :F A3, Ag,F7,F4 ® F5 hg :F Aqq,Fog, dual(F7)
hCut
— = Aq1,A3,A6,F9,F4 ® F5 o
A
— - A11,A3,A6,F1 ® F5,F9 ®F1o
hy :F As,F¢ hy :F Ajz,F7 hg :F A1, Fo, dual(F6)$dual(F7)
oh; :- Fg ® F7, Ao, Ag ohg : dual(Fg ® F7), A11,F9 @ F1o
Cut

—:F (A2, A3),A11,F9 ®Fio
—

a ax
oh; (- Ay, A3, Fg ® Fr * hg = A11,Fg, dual(Fg)$dual(F7)
— i A1, As, Ay, Fo neur

Da
—:k Aq1, A2, Az, Fg ©F1o
e Case rule |
hy :+ Ag,F7,F4  ho - Ag,F5 hg = Ag, dual(F7)
ohs - Fr7, Az, Ag,Fs ®F5 ohg :+ dual(F7), L, Ag
Cut
— = (A3,A6,F4 ®Fs), L, Ao
—
ax
ohy :F Az, Ag,F7,F4 ® Fs hg :+ Ag, dual(Fr)
hCut
— = Az, Ag, Ag,Fy ® F5 .
— = A3, A6,A9, L,F1 ®Fs
ho :F A3,F4 ho:F Ag,F7,F5 hg :F A97dual(F7)
ohs - Fr7, A3z, Ag,F4 @ F5 ehg :F dual(F7), L, Ag
Cut
— = (Ag,Ag,F4®F5),L,Ag v
—
ax ax
ohy :F A3, Ag,F7,Fy @ Fs hg = Ag, dual(F7)
—:F Az, A, N9, Fy QF5 heut
— i Az, Ag, Ag, L,F4 ®F5
hy :k Ag,F¢ hy :F Az, Fr hg :F Ag, dual(F¢)$dual(F7)
oh; :FFg ® F7, Ao, Ag ohg :F dual(Fg ® F7), L, Ag
Cut
—F (A2, A3), L, Ag v
—
ax ax
oh; - Ay, A3, Fg @ Fr hg :F Ag, dual(Fg)$dual(F7)
hCut
ZF Ag, Az, Ay .

T F A2 As Ag L
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e Caserule T

hs :F Ag,F7,F4 ho :F Aj,F5

ohy :- F7, Az, Ag,Fa @ Fs ohg :- dual(F7), T, Ag T
o (A5, Mg Fa ®F5), T, Ag gut
—
— i+ Az, Ag,Ag, T,F4 ®F5
ho :F A3,F4 ho :F Ag,F7,F5 T
ohy :- F7, Az, Ag,Fa @ Fs ohg : dual(F7), T, Ag
~F (A3, Mg, Fa @ Fs), T, Ao gut
—

— = Az, A6,A9, T,F41 ®F5

hy :F Ag,F¢ hy :F Az, Fr7
oh; :F Fg ® F7, Az, Ag ohg : dual(Fs ® Fr), T, Ag

Cut
— ik (A3, A3), T, Ag "
—
e Case rule
e Case rule ®
hy :F Ag,F7,Fy  hy :F Ag, Fs hg := Ay2,F10,dual(F7) hg = Ag,F11
ohy i F7, A3z, Ag,Fy @F5 ohg : dual(F7), Ag, A12,F10 @ F11
Cut
—:F (A3, A¢,F4 ®F5), Ag, A12,F10 ® F11
—
ax ax
ohy (- A3, Ag,F7,Fys @F5 hg :F A2, Fi0, dual(F7)
Cut ax
— = Ay2, Az, Ag,F10,F1 @ F5 — - Ag,Fq1
— = A1z, Az, Ag, Ag,F10 ® F11,F4 @ F5
hy - Ag,F7,F4  ho :F A3, Fs hg :- Ag,F10 hg = Ajz,F11, dual(Fr)
ohy :FF7, A3, Ag,Fy ®F5 ohg :- dual(F7), Ag, A1a,F19 ® F11
Cut
— i (A3, A6,F1 ®F5), Ag, A12,F10 ® F11
—
ax ax
ohy :- Az, Ag,F7,F4 @F5 hg :F Aia,F11, dual(Fr)
ax hCut
—:F Ag,Fio — = Ay2, Az, Ag,F11,F4 @ F5
— i Ay, Az, Ag, Ag,F10 ® F11,F4 @ F5
hy :F A3, Fy hy :F Ag,Fr,Fs hg :k Ay2,Fi0,dual(F7) hg :F Ag,F1y
ohy - F7, A3z, Ag,Fys @F5 ohg : dual(F7), Ag, A12,F10 @ F11
Cut
— i (A3,06,F1 ®F5), Ag, A12,F10 ® F11
—
ax ax
ohy - A3, Ag,F7,Fys @F5 hg :F A2, Fi0, dual(F7)
hCut ax
—:F A2, A3,A6,F10,F4 ®F5 — - Ag,Fq1
— = A1z, Az, Ag, Ag,F10 ® F11,F4 @ F5
hy ;- A3z, F4 ho :F Ag,F7,F5 hg :- Ag,F10 hg = Ajz,F11, dual(Fr)
ohy :FF7, A3, Ag,Fy ® F5 ohg :- dual(F7), Ag, A1a,F10 ® F11
Cut
— - (A3, Ag,F4 ®F5), Ag, A12,F10 ® F11
—

ax ax
ohs (- A3z, Ag,F7,F4s @ F5 hg :F Aq12,F11, dual(F7)
ax hCu
—:F Ag,Fio — = Ay2, Az, Ag,F11,F4 ®F5
— = Ay, Az, Ag, Ag,F10 ® F11,F4 @ F5
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hy :- As,Fg¢ hy :- As,Fr hg :F Ai2,F10, dual(Fg)$dual(F7) hg :- Ag,Fiq

oh; :F Fe ® F7, Az, Ag ohs :- dual(Fg ® Fr), Ag, A12,F10 ® F11
Cut
— = (A2, Az),Ag, A12,F10 ® F11
—
ax
oh; (- Ay, A3, Fg @ Fr hg = Aq2,Fig, dual(Fg)$dual(Fr)
hCut
— = Aq2, Az, Az, F1g — = Ag,F11
— A1z, Az, Az, Ag,F1o ® F11
hy ;- Ay, Fg hy - As,Fr hg :- Ag,F10 hg :F Aj2,Fi1, dual(Fe)8dual(Fr)
oh; - Fg ® Fr, Az, Ag ehs :F dual(Fg ® Fr), Ag, A12,F10 ® F11
Cut

— i+ (A2, A3), Ag, A12,F10 ® F11
—

ax
— t+ Ay, Fio — = A2, Az, Az, F1q

—:F Ay, Az, Az, Ag,F10 ® F11
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ax

ax
oh; = Ag, A3, Fg @ Fr ax hg :F Aq2,Fq11, dual(F5)$dual(F7)
hCut



6

Cut-Elimination

6.1 Status of 1: 0K

6.2

Case rule 1

Case rule !

Case rule 7W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule &g

Case rule @ 4

Case rule L

Caserule T

Case rule I

Case rule ®

Status of !:

Case rule 1

Case rule !

hy :F Fy, 772

0K

eh; :FIF,,?7Y2 °

he :F F7, 778, ?dual(F4), contract(ns, 7dual(F4)) \

ehg :- contract(sns, ?dual(F4)), 7Y8, IF7

—F7T2, 778, IFy
—

Cut

ax
ohy 772, IF,

— k772,778, Fy

- T
ZF7Y2,778, IF;

74

ax
hg :F7Y8, F7, 7dual(F4), contract(ns, 7dual(F4))

hCut



e Case rule 7W

hy i Fy,?Y72 hg = Ag, ?dual(F4), contract(ns, 7dual(F4)) )
1
ehy :FIFy,?7Y2 ° ohg :- contract(sns, ?dual(F4)), Ag, 7F7
Z 772, Ag, 7Fr Cut
—
ax ax
ehy :F7Y2 IF, hg :F Ag, ?dual(F4), contract(ns, 7dual(F4))
Z 772, Ag
—F7Y2, A, 7F5
hy :F F5,772 h7 = Ay, contract(ng, ?dual(Fs))
|
eh; :H!F5,?Y2 °  ehy :F contract(sng, ?dual(Fs)), Ay
— Y2, Ay
—
ax ax
oh; :F7Y2, IF5 h7 :k Ay, contract(neg, 7dual(Fs))
Z T2 A, h

e Case rule 7C

hy k- Fy, 272 hg - Ag, ?F7, ?F7, 7dual(F4), contract(ns, 7dual(F4))
! ?
oh; :HIF,, 772 ° ohg :F contract(sns, 7dual(Fy)), Ag, 7F7
ZF772, A, 7F, Cut
—
ax ax
eh; :F?Y2 IFy he :+ Ag, 7F7, ?F7, 7dual(F4), contract(ns, 7dual(F4))
hCut
—F772, Ag, 7F;, 7F; v
7C
— :F772, Ag, 7F;
hy :F F5,?2Y2 h7 :F Ay, ?dual(Fs), ?dual(Fs), contract(ng, 7dual(Fs))
1 7C
ohy :FIF5,7Y2 eh7 :F contract(sng, 7dual(Fs)), Ay
t
—F7r2, A Cu
N
ax ax
oh; :F7Y2, IF5 h7 = Ay, ?dual(Fs), 7dual(Fs), contract(ng, ?dual(Fs))
hCut
—F772, Ag v
e Case rule ?
hy ik Fy, 272 hg = Ag,F7, ?dual(F4), contract(ns, ?7dual(F4))
|
oh; :F!Fy, 702 ohg :F contract(sns, ?dual(F4)), Ag, ?F7
Cut
— 772, Ag, 7Fr v
—
ax
oh; :F7Y2,!F, hg = Ag,F7, ?dual(F4), contract(ns, 7dual(Fy))
hCut
— 772, Ag, Fr v
—:F?772, Ag, 7F7
hy i F5, 772 h7 i+ Ay, dual(Fs), contract(ng, 7dual(Fs))
!
eh; :F!F5,?7Y2 ° eh7 : contract(sng, 7dual(Fs)), Ay
Cut
— 772, Ay U
—
ax
eh; :F7Y2, IF5 h7 :+ Ay, dual(Fs), contract(ng, 7dual(Fs))
ax hCut
— :F?7Y2,F5 —:F?Y2, Ay, dual(Fs)
Cut
ZRTT2, Ay i
e Case rule $
hy ik Fy,?Y2 hg :F Ag,F7,Fs, ?dual(F4), contract(ns, 7dual(F4))
|
oh; :HIFy, 702 ° ohg - contract(sns, ?dual(Fa)), Ag, F78Fg
— :F772, Ag,F7$Fg
—

ax

oh; :F7Y2, !F, hg :F Ag,F7,Fs, 7dual(F4), contract(ns, ?dual(F4))
— k7?72, Ag,F7,Fg
—F7T2, Ay, Fr $Fs

hCut
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e Case rule &

hy ik Fy, 272 hg = Ag, Fr, ?dual(F4), contract(ns, 7dual(Fs)) he = Ag, Fs, ?dual(F4), contract(ns, 7dual(Fy))
|
ohy :FIFy, 772 ° ohg : contract(sns, 7dual(F4)), Ag,F7&Fg
— :F?772, Ag,F7&Fg Cut
—

ax ax ax ax
oh; :F7Y2,IFy hg = Ag,Fr, ?dual(F4), contract(ns, ?7dual(F4)) ehy :F7Y2 IF, hg :F Ag, Fg, ?dual(F4), contract(ns, 7dual(F4))
hCut hC
Y2, Ay, Fr v — T2 Ao Fs u
—F7Y2, Ay, Fr &Fg

e Case rule &g

hy - Fyg, 72702 hg :F Ag, Fs, ?dual(F4), contract(ns, 7dual(Fy))
!

ohy :HIF,, 772 ° ohg :F contract(sns, ?dual(F4)), Ag,F7 @ Fg
— :F?72, Ag,F7 G Fg Cut
—
ax ax
eh; :F?Y2 IFy hg :F Ag, Fg, ?dual(F4), contract(ns, 7dual(Fy))
hi
Z 772, Ay, Fg ¢
ZF7Y2, Ay, Fr @ Fs D
e Case rule ®4
hy ik Fy, 772 hg - Ag, F7, ?dual(F4), contract(ns, ?7dual(Fq)) &
| A
ohy :FIFy, 7Y2 ohg :F contract(sns, 7dual(Fa)), Ag,F7 @ Fg
— :F7Y2, Ag,F7 @ Fg Cut
—
ax ax
eh; :F?Y2 IFy hg = Ag, Fr, ?dual(F4), contract(ng, 7dual(Fy))
h
—:F772, Ag,Fr o
— =772, Ag,F7r & Fg A
e Case rule L
hy :F Fy,?Y2 hg :F A7, ?dual(F4), contract(ns, ?dual(F4))
|
eh; :FIF,, 772 ° ehg :F contract(sns, ?dual(Fa)), L, Az
t
Y2, L, A, Cu
—
ax ax
oh; :F7Y2, !Fy hg = Az, ?dual(F4), contract(ns, ?dual(F4))
hCut
— 772, Ay v
— 772, A7, L
e Caserule T
By b Py, 272
eh; :FIF4,?7Y2 °  ehg :F contract(sns, ?dual(Fa)), T, A7
t
Y2, T, A Cu
—
— 72, A7, T T

o Case rule I

e Case rule ®
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hy - Fy, 2702 hg = Aqg,Fg, ?dual(F4), contract(ns, 7dual(F4)) hg :k Az, Fg
!

oh; :HIFy, 7,2 ohg :F contract(sns, ?dual(Fs)), A7, A1o,Fs @ Fg
Cut
— :F7T2, A7, A1g,Fs ® Fy .
—
ax ax
eh; (72, 1F, he :F A1o,Fs, 7dual(F4), contract(ns, 7dual(F4)) hCut ax
— :F?72, A10,Fs v — = A7, Fg

— =772, Ayg, A7,Fg @ Fg

hy :F Fy, 7272 hg :F Ag, F7, contract(ns, 7dual(F4)) he :F Aqg,Fs, 7dual(Fy)
!

oh; :HIFy, 772 ehg - contract(sns, ?dual(Fa)), Ag, A10,F7 ® Fg
r Cut
— F?7Y2, Ay, A19,F7 @ Fg
—
ax ax ax ax
eh; :F7Y2,IF, he :F Ag, Fr, contract(ns, ?dual(F4)) oh; :F7Y2,IFy hg :F Aqo,Fs, ?dual(Fa)
hCut hCut
— =772, Ag,Fr v —:F772, A9, Fs v

— :F?772,7Y2, A1p, Ag,F7 ® Fg
— 772, Ayg, Ag,F7 @ Fg

hy - Fyg, 72702 hg :F Ag,F7, ?dual(F4) he :F Aqo,Fs, contract(ns, 7dual(F4))
|
oh; :HIFy, 772 ° ohg - contract(sns, ?7dual(Fa)), Ag, A10,F7 ® Fg

—:F772, Ag, Alg, Fr @ Fg
N

ax ax ax ax
ehy :F7Y2 IFy he :F Ag, Fr, ?dual(Fa) ehy F7T2 IFy hg :F Aqo, Fs, contract(ns, ?7dual(Fa))
h h

Cut

Cut

— :F772, Ag,Fr — :F?72, A10,Fs
— :=?72,772, A1, Ag,F7 ® Fg
— =702, Ayo, Ay, F7r @ Fg

hy - Fy, 2702 hg :F A7,Fs  hg - Aqg,Fg, ?dual(F4), contract(ns, 7dual(F4))

!
oh; :FIFy, 772 ° ehg :F contract(sns, ?dual(Fa)), A7, A1o,Fs ® Fg
Cut
— :F?7T72, A7, A19,Fs ® Fg v
—
ax ax
oh; 72, IFy hg = Aig,Fg, ?dual(F4), contract(ns, ?dual(F4))
ax - hCut
— = A7, Fg —:F?Y2, A10,F9

— =772, Ayg, A7,Fg ® Fo

6.3 Status of 7IWW: 0K

e Case rule 1

e Case rule !

ho :F?77T4, IF5 h7 :F Fg, ?Y9, ?dual(Fs), contract(ng, ?dual(Fs))
W
ohy :HIF5, 704, 7F3 eh; :F contract(sng, 7dual(Fs)),?Y9, IFg

— F (774, 7F3), 779, IFs
—

ax ax
oh, :F7Y4,!F5, 7F3 h7 779, Fg, 7dual(Fs), contract(ng, ?dual(Fs))

Cut

ZF7Y4, 779, Fg, 7F3 heut
774, 779, Fg, 7F5
e Case rule 7W
ha :F?7T4, IF5 hr :+ Ag, ?dual(Fs), contract(ng, ?dual(Fs))
>
oh, :FI!F5,7Y4,7F3 w eh7 :F contract(sneg, ?dual(Fs)), Ag, ?Fg
Cut
—F (774, 7F3), Ao, 7Fs U
—
ax ax
ehy (74, F5, 7F3 h7 :F Ag, ?dual(Fs), contract(ng, 7dual(Fs))
hCut
—F774, Ay, 7F, Cu

)
0 7T4, Ay, 75 75
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ho :F?74, IFg hg = Ag, contract(ny, ?dual(Fg))
?
ehy :F!Fg, 774, 7F3 w ehg :F contract(snz, ?dual(Fg)), As
—:F (7T4, ?Fg), As
—
ax ax
oh, 714, !Fg, 7F3 hg = As, contract(nz, ?dual(Fg))

hCut

—F7Y4, Ag, 7F5 v

Cut

e Case rule 7C

ho :F?74,F5 h7 = Ag, 7Fg, ?Fg, 7dual(Fs), contract(ng, ?dual(Fs))
W 7C

oh, :FIF5, 774, 7F3 eh7 :F contract(sng, ?dual(Fs)), Ag, ?Fg
Cut
— i (274, 7F3), Ag, 7Fg v
—
ax ax
ohy (74, F5, 7F3 h7 :F Ag, 7Fg, ?Fg, 7dual(Fs), contract(ng, ?dual (Fs))
hCut
— FTXA, Ao, TRy, PR s v
—F7Y4, Ay, 7F3, 7Fs
hy :F?74, IFg hg = As, ?dual(Fg), ?dual(Fg), contract(ny, 7dual(Fg))
W ?
ehy :H!Fg, 774, 7F3 ohg - contract(snr, ?dual(Fg)), As
Cut
— k- (274, 7F3), As v
s
ax
oh, 7714, !Fg, 7F3 hg :F Ag, ?dual(Fg), ?7dual(Fg), contract(ny, ?dual(Fg))
hCut
— :F774, As, 7F3 u
e Case rule 7
hy 7?74, IF5 h7 = Ag, Fg, ?dual(Fs), contract(ng, 7dual(Fs))
ohs :F!F5, 704, 7F3 eh7 :F contract(sng, ?7dual(Fs)), Ag, ?Fg
Cut
- (774, 7F3), A, 7Fs v
—
ax ax
ehy :F7Y4,IF5, 7F3 h7 :F Ag, Fs, ?dual(F5), contract(ng, ?dual(Fs))
hCut
— 74, Ao Fs, %Py v
— 774, Ay, 7F5, 7Fg
hy :F?Y4, IFg hg :F As, dual(Fg), contract(nz, ?dual(Fg))
W
eh, :F!Fg, 74, 7F3 ehg :F contract(snz, ?dual(Fe)), As
Cut
Ik (774, 7F3), As "
—
hg = As, dual(Fg), contract(nz, ?dual(Fg))
ax ?
hy :F?74, IFg ehg :- As, ?dual(Fg), contract(ny, 7dual(Fg))
hCut
— T4 A v
— :F?Y4, A5, ?7F3 w
e Case rule $
hy :F?T4, IF5 h7 = Ay, Fs, Fo, ?dual(Fs), contract(ng, 7dual(Fs))
?
ohy :H!F5, 774, 7F3 W eh; : contract(sng, 7dual(Fs)), A1p, Fs$Fg
Cut
— (?T4,?F3),A10,F8$F9 v
—
ax
oh, :F774,!F5, 7F3 h7 :F Ao, Fs,Fg, ?dual(Fs), contract(ng, ?dual(Fs))
hCut

— :F7T47 A107 Fg,Fg, 7F3
— =704, Ayg, 7F3, Fg$Fg

e Case rule &
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ho :H774, IFs ) h7 = Ay, Fs, ?7dual(Fs), contract(ng, ?dual(Fs)) hr :F Aqg,Fg, 7dual(Fs), contract(ng, 7dual(Fs))

s v C 9

ohy :H!F5, 74, 7F3 w eh7 :F contract(sng, ?dual(Fs)), A1o, Fs&Fg

Cut
— (7T4, ?Fg),Alo,Fg&Fg v
s
ax ax
h7 :F Aig, Fs, 7dual(Fs), contract(ng, 7dual(Fs)) h7 :F Ao, Fg, 7dual(Fs), contract(ng, ?dual(Fs))
ax &
hy (774, F5 oh7 :F- Aqg, ?dual(Fs), Fs&Fg, contract(ng, ?dual(Fs))
hCut

— :F7Y4, A1, Fg&Fg
— 774, Aqp, ?F3, Fg&Fyg

e Case rule ®p

hy :F?74, IF5 h7 = A1, Fg, ?dual(Fs), contract(ng, ?dual(Fs))
W
ehy :FI!F5, 774, 7F3 eh; :F contract(sne, ?dual(Fs)), A1o,Fs ® Fg B
Cut
— = (704, ?F3), A10,Fs © Fo v
—
ax ax
ohs :F7Y4,!F5, 7F3 h7 = Aqg,Fg, ?dual(Fs), contract(ng, ?dual(Fs))
hCut
— Y4 Ao Fo TR U
R4, Aro, 7Fs, Fs @ Fy P
e Case rule ®4
ho :H?Y4, IF5 h7 = A1, Fs, ?dual(Fs), contract(ng, ?dual(Fs))
oh, :F!F5,?7Y4,7F3 eh7 : contract(sng, ?dual(Fs)), A1o,Fs @ Fo A

Cut
— (7?74, 7F3), A10,Fs ® Fg
—

ax ax
oh, 714, !F5, 7F3 h7 :F Ao, Fs, 7dual(Fs), contract(ng, 7dual(Fs))
hCut
— 774, Ao, Fs, 7F3 v

T 7T, Arg, 7Fs, Fs @ Fg A
e Case rule L
ho :F?774, IF5 h7 = Ag, ?dual(Fs), contract(ng, ?dual(Fs))
ohs :FIF5, 714, 7F3 eh7 :F contract(sng, 7dual(Fs)), L, Asg
Cut
ok (774, 7F3), L, As "
—
ax ax
ehy :F7Y4,IF5, 7F3 h7 :+ Ag, ?dual(Fs), contract(ng, ?dual(Fs))
hCut
—.F?774, Ag, 7F5 Cu
— k774, Ag, L, 7F3 L
e Caserule T
ho (774, IF5
W
ehy :FI!F5, 774, 7F3 ohy :F contract(sng, ?dual(Fs)), T, Asg
Cut
- (774, 7F3), T, As "
—
0 7T4, Mg, T, 75 |
e Case rule 1
e Case rule ®
hy :H?774, IF5 h7 : A11,Fg, ?dual(Fs), contract(ng, 7dual(Fs)) h7 :F- Ag,Fig
oh, :F!F5, 774, 7F3 W eh7 :F contract(sng, ?dual(Fs)), Ag, A11,F9 @ F1o

Cut

— = (774, 7F3), As, A11,F9g ® F1o
—

ax ax
oh, :F7Y4, IF5, 7F3 h7 :F Aq1,Fg, 7dual(Fs), contract(ng, 7dual(Fs))
—.F7T4, A1y, Fy, 7F3 Y T A, Fio
— 704, Ay, Ag, 7F3,F9 @ Fio

ax
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hy (774, F5 h7 = Aqg,Fg, contract(ng, ?7dual(Fs)) hr :k= Aq1,Fg, ?dual(Fs)
?
oh, :FIF5, 774, 7F3 W eh7 :F contract(sng, 7dual(Fs)), A1o, A11,Fs ® Fg
—:F (7?74, 7F3), A10, A11,Fs ® Fg
—

Cut

ax ax
h7 :F Ao, Fs, contract(ng, ?dual(Fs)) h7 = Aq1,Fg, ?dual(Fs)
ax
hy (774, F5 oh; ;- Ao, A11, ?dual(Fs5),Fs ® Fg, contract(ng, ?7dual(F5))
h

— T4 Ao, A Fs 8Fs cut
—:F?T4, Ao, A11,7F3,Fs @ Fg
hs :F?Y4, IF5 - h7 :+ Aqg,Fs, ?dual(Fs) h7 : Aqq,Fg, contract(ng, 7dual(Fs))
ehy :HIF5, 704, 7F3 eh7 :F contract(sng, 7dual(Fs)), A1, A11,Fs ® Fg
—F (774, 7F3), Aro, Ar1, Fs © Fo Cut
—
h7 :+ Aqg, Fs, 7dual(Fs) ax h7 := Aqq,Fg, contract(ng, ?dual(Fs)) ax
ho :F?774, IF5 ax eh7 :- Aig, A11, ?dual(Fs),Fs ® Fo, contract(ng, 7dual(Fs))
— :F?Y4, A1, A11,Fs ® Fg nowe
— 774, A1g, A11, ?F3,Fg @ Fg
hy :F?Y4, IF5 h7 :+ Ag,Fg h7 - Ay1,Fi0, 7dual(Fs), contract(ng, ?dual(Fs))
ohs :F!F5, 774, 7F3 W eh7 :F contract(sng, ?dual(Fs)), Ag, A11,F9 ® F1o cut
u

—:F (774, 7F3), Ag, A11,Fg ® F1o
—

ax ax
ohy (74, F5, 7F3 h7 :F A11,F10, ?dual(Fs), contract(ng, ?dual(Fs))
ax hC
— :+ Ag, Fg — :F?Y4,A11,F10, ?F3

— 774, A1, Ag, 7F3,Fg ® Fig ®
6.4 Status of 7C: 0K
e Case rule 1
e Case rule !
ho :F?Y4, IF5, 7F5, 7F3 h7 :F Fg, ?Y9, ?dual(Fs), contract(ng, ?dual(Fs))
ohy :FIF5, 74, 7F3 e eh7 :F contract(sng, ?dual(Fs)), ?Y9, IFg
Cut
—F (774, 7F3), 79, IFs "
—
ax
ohs :F7Y4,!F5, 7F3 h7 :F?Y9,Fs, ?dual(Fs), contract(ng, ?dual(Fs))
—F7Y4, 779, Fs, 7F5 heut
K774, 779, IFs, 7F3
e Case rule 7W
hs :H?Y4, IF5, 7F3, 7F3 h7 :k Ag, ?dual(F5), contract(ng, ?dual(Fs))
0
ohy :FIF5, 74, 7F3 C eh; : contract(sng, 7dual(Fs)), Ag, ?Fs w
Cut

— = (774, 7F3), Ao, 7Fs
—
ax ax
oh, 7714, !F5, 7F3 h7 :F Ag, ?dual(Fs), contract(ng, ?dual(Fs))
hCut
— 774, Ay, 7F5 v

?
774, Ag. 775, 75
ho :H?74,Fg, ?F3, 7F3 hg :F As, contract(nz, 7dual(Fg))
ohs :H!Fg, 74, 7F3 c ohg :F contract(snz, ?dual(Fg)), As
Cut
ok (774, 7F3), As "
—
ax ax
oh, 74, !Fg, 7F3 hg = As, contract(nr, 7dual(Fg))
hCut
—.F?774, Ay, 7F, v

e Case rule 7C
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ho :F?Y4, IFs, 7F5, 7F3
ohy :FIF5, 774, 7F;

h7 = Ag, 7Fs, ?Fg, 7dual(Fs), contract(neg, 7dual(Fs))
o
eh7 :F contract(sng, ?dual(Fs)), Ag, ?Fg
Cut
.k (774, 7F3), Ao, 7Fs "
—

- ax
ohs :F7Y4,F5, 7F3

h7 :F Ag, ?Fg, ?Fg, ?dual(Fs), contract(ng, ?dual(Fs))
hCut
— 774, Ag, ?F3, 7Fg, 7Fg 20
— :F774, Ag, ?F3, 7Fg ’

ho :F774,!Fg, 7F3, 7F3

hg :F As, ?dual(Fg), ?dual(Fg), contract(ny, 7dual(Fg))
ohy :HIFg, Y4, 7F3

ehg : contract(snr, 7dual(Fg)), As o
C
i (774, 7F3), As
—

ax
eh, (74, IFg, 7F3 hg :F Asg, ?dual(Fg), ?dual(Fg), contract(ny, 7dual(Fs))
h

— F?Y4, Ay, 7F3

e Case rule ?

hy :F774,F5, ?F3, 7F3

h7 = Ag, Fs, ?dual(Fs), contract(ng, ?7dual(Fs))
ohy :FIF5, 774, 7F5

eh; - contract(sng, ?7dual(Fs)), Ag, 7Fg
Cut
— ik (774, 7F3), Ag, 7Fg v
—

oh, 7714, !F5, 7F3 h7 :+ Ag, Fs, ?dual(Fs), contract(ng, 7dual(Fs))

hCut
— P74, Ag Fs, 75
— :=?7Y4, Ay, ?F3, 7Fg

ho :F7Y4,!Fg, 7F3, 7F3

hg :F As, dual(Fg), contract(nz, 7dual(Fg)) ”
oh, :HIFg, 714, 7F3

ehg :F contract(snz, ?dual(Fg)), As
Cut
- (774, 7F3), As
—

ax
hg :F As, dual(Fg), contract(nz, 7dual(Fg))
ehg :- As, ?dual(Fg), contract(nz, ?dual(Fg))
Z P74, Ag, 7F5, 7F3 hCut
7C
— :F?7Y4, As, 7F3

ho :F7T4, IFg, 7F3, 7F3

o Case rule $

ho :F7Y4,!F5, 7F3, 7F3

h7 = Aqo,Fs, Fg, ?dual(Fs), contract(ng, Tdual(Fs))
ohy :FIF5, 774, 7F3

eh7 :F contract(sng, 7dual(Fs)), Ao, Fs$Fg

Cut
— (774, 7F3), A1, Fs$Fy v
—

ax
ohy 74, !F5, 7F3 h7 = Aqo,Fs, Fg, ?dual(Fs), contract(ng, 7dual (Fs))
h

Cut
— 774, Ao, Fs, Fo, 7F3 v
— :F?7Y4, Ay, ?F3,Fg$Fg

o Case rule &

ho :F7Y4,!F5, 7F3, 7F3

h7 :F Ao, Fs, 7dual(Fs), contract(ng, ?dual(Fs)) hr :k Aqo,Fo, ?dual(Fs), contract(ng, ?dual(Fs))
ohs :HIF5, 74, 7F;

eh7 :F contract(sng, ?dual(Fs)), A0, Fs&Fg
Cut
" F (774, 7F3), A1, Fg&Fo
s

h7 :F A1, Fs, 7dual(Fs), contract(ng, 7dual(Fs))
ax

ho :F77Y4,!F5, 7F3, 7F3

h7 :F Ay, Fo, 7dual(Fs), contract(ng, 7dual(Fs)) ax
eh7 :- Ajg, ?dual(Fs), Fs&Fg, contract(ng, ?dual(Fs)) L
—F7Y4, Ao, 7Fs, Fg, Fs&Fy _ heut

— :F?Y4, A1, ?F3,Fg&Fg

o Case rule &g
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ho :F?Y4, IFs, 7F5, 7F3

h7 = Aqg,Fg, ?dual(Fs), contract(ng, ?dual(Fs))
ohy FIF5, 774, 7F5

@
eh; :F contract(sne, ?dual(Fs)), A1o,Fs ® Fg B
Cut
— (704, 7F3), A1o,Fs @ Fg v
—

ax

ax
oh, :-7Y4,!F5, 7F3 h7 = Aqg,Fg, ?dual(Fs), contract(ng, ?dual(Fs))

hCut
— =774, Aq0,F9, 7F3
OB

— :F?Y4, A19, ?F3,Fg B Fg

e Case rule 4

ho :F?Y4, |F5, ?F3, ?F3 h7 :+ A1, Fs, ?dual(Fs), contract(ng, ?dual(Fs))

A
ohy :H!F5, 704, 7F3 eh7 : contract(sng, ?dual(Fs)), A1o,Fs @ Fo
Cut
—:F (774, 7F3), A10,Fs @ Fg
—
ohy :F7Y4, IF5, 7F5

ax
h7 :F A1, Fg, 7dual(Fs), contract(ng, 7dual(Fs))
Z.F774, Ao, Fs, 7F5
Da
—F7Y4, Ao, 7F5, Fs @ Fo

e Case rule L

ho :F?Y4, IFs, 7F5, 7F3

h7 :+ Ag, ?dual(Fs), contract(ng, ?dual(Fs))
ohy FIF5, 774, 7F5

eh7 :F contract(sne, ?dual(Fs)), L, Ag
Cut
ok (774, 7F3), L, As "
—

ax
oh, 714, !F5, 7F3 h7 = Ag, ?dual(Fs), contract(ng, ?dual(Fs))
hCut
A v

~ 774, Ag, L, 7F5

e Caserule T

ho :F?7Y4,!F5, 7F3, 7F3
ohs :HIF5,7Y4, 7F3

eh7 :F contract(sng, ?dual(Fs5)), T, Ag
Cut
—F (774, 7F3), T, As "
—

C 774, Ag, T, 75 |

e Case rule [

o Case rule ®

ho :F774,!F5, 7F3, 7F3

h7 :F A1, Fg, 7dual(Fs), contract(ng, ?dual(Fs)) hr :F Ag,Fig
ohs :FIF5, T4, 7F;

eh7 :F contract(sng, ?dual(Fs)), Ag, A11,Fg ® F1o

Cut
— i+ (?Y4,7F3), As, A11,F9 ® F1o
—
ax
oh, 7714, !F5, 7F3 h7 :F Aq1,Fg, 7dual(Fs), contract(ng, 7dual(Fs))
ax
Z P74, Aqq, Fo, 7F5 hCut A P

— =774, Aq1, As, 7F3,F9 ® F1g
hy :H?74, IF5, 7F3, 7F3

h7 :k Aqo,Fs, contract(ng, 7dual(Fs))
ehy :FIF5, 774, 7F3

h7 :+ Aq1,Fo, 7dual(F5)
eh7 :F contract(sng, ?dual(Fs)), A1o, A11,Fs ® Fg
Cut
— = (7074, ?F3), A10, A11,Fs ® Fg v
—

h7 = Ay, Fs, contract(ng, ?dual (Fs))
ax

ax
h7 :k Aq1,Fg, ?dual(Fs)
eh7 :F Aig, A1y, ?dual(Fs),Fs ® Fg, contract(ng, 7dual(Fs))

h
— =774, Ao, A11, ?F3, ?F3,Fg ® Fg

— =774, Aqo, A11, 7F3,Fs ® Fg

ho :F774, IFs, 7F5, 7F3
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hy :F774,F5, 7F3, 7F3 h7 = Aqo,Fg, ?dual(Fs) h7 :F Aqq,Fg, contract(neg, 7dual(Fs))
?
ohy :HIF5, 774, 7F3 e oh7 :F contract(sng, 7dual(Fs)), A1o, A11,Fs ® Fg
— (7?74, ?F3), A10, A11,Fs ® Fo
—

Cut

h7 = Ay, Fs, ?7dual(Fs) ax h7 = A1, Fg, contract(ng, 7dual(Fs)) ax
hy (F774, [Fs, 7F5, 7F5 b7 :- Aro, A1y, 7dual(Fs), Fs @ Fo, contract(ng, ?dual(Fs))
ZF?T4, Arg, Ar1, 7F3, 7F3, Fg @ Fo h
— =704, Ayo,Ay1,7F3,Fg ® Fg

Cut

hy :F?Y4,F5, 7F3, 7F3 h7 :+ Ag,F9 h7 - Aqy1,F10, ?dual(Fs), contract(ng, ?7dual(Fs))
oh, :H!F5, ?7Y4,7F3 eh7 :F contract(sng, 7dual(Fs)), As, A11,Fg ® Fio
—F (774, 7F5), As, Ar1, Fo ® Fro Gut
—
oh, 7714, !F5, 7F3 ax h7 = Aq1,Fi0, ?dual(Fs), contract(ng, ?dual (Fs))
— o As,Fo — A A Fio s houe

— =774, Ay1, As, 7F3,F9 @ F1g

6.5 Status of 7: 0K

e Case rule 1

e Case rule !

hy :F F3,?Y4,F5 h7 :F Fg, 7?79, ?dual(Fs), contract(ng, ?dual(Fs))
oh, :FI!F5,7Y4,7F3 eh7 : contract(sng, ?dual(Fs)), 719, IFg
- (274, 7F3), 719, IFs
—

ax ax
ehy :F7Y4,F5, 7F3 h7 :F?Y9,Fs, ?dual(Fs), contract(ng, ?dual(Fs))
hC
—.F774, 779, Fs, 7F5
—F7Y4, 779, [Fg, 7F3

e Case rule ?7W

hy :F F3, 7704, F5 h7 = Ag, ?dual(Fs), contract(ng, ?dual(Fs))
oh, :FIF5,?7Y4,7F3 oh; :F contract(sne, 7dual(Fs)), Ag, 7Fg
Cut
—F (774, 7F3), Ao, 7Fs h
—
ax ax

oh, :-774,!F5, 7F3 h7 :F Ag, ?dual(Fs), contract(ng, ?dual(Fs))
hCut
—:F774, Ay, 7F3 .

W

— =774, Ag, ?F3, 7Fg

hy :F F3,?Y4,Fg hg :F Asg, contract(nz, ?dual(Fg))
2
ehy :H!Fg,?YT4,7F3 = ehg :F contract(sny, 7dual(Fg)), As

— (?T4, ?Fg), As
-

ax ax
oh, :F7Y4, IFg, 7F3 hg :+ As, contract(nz, 7dual(Fg))
hC

— F?Y4, Ag, 7F3

o Case rule 7C

ho :F F3, 774, F5 h7 = Ag, ?Fs, ?Fg, 7dual(Fs), contract(ng, 7dual(Fs))
? 7C
ohy :FIF5, 74, 7F3 eh; :- contract(sng, ?dual(Fs)), Ag, ?Fg
Cut
— i+ (7?04, ?F3), Ao, 7Fg
—
ax ax
oh, 7714, !F5, 7F3 h7 :+ Ag, ?Fg, ?Fg, ?dual(Fs), contract(ng, ?dual (Fs))
hCut

—.F7?Y4, Ay, 7F3, 7Fs, 7Fs
— :F7Y4, Ag, 7F3, 7Fs

e
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hy :+ F3, 7?74, Fg hg = As, ?dual(Fg), ?dual(Fg), contract(ny, 7dual(Fg))
N 2
oh, :F!Fg, 7Y4, 7F3 ohg :F contract(snz, ?dual(Fg)), As
— i+ (774, 7F3), As
_

Cut

ax ax
oh, 774, !Fg, 7F3 hg :F Ag, ?dual(Fg), ?7dual(Fg), contract(ny, ?dual(Fg))
h

—:F?774, A5, ?F3
e Case rule ?
hy :F F3,?Y4,!F5 h7 = Ag, Fg, ?dual(Fs), contract(ng, ?dual(Fs))
ohs :F!F5, 704, 7F3 eh7 :F contract(sng, ?dual(Fs)), Ag, ?Fg
Cut
- (774, 7F3), A, 7Fs v
—

ax ax
ehy (74, IF5, 7F3 h7 :F Ag,Fg, ?dual(Fs), contract(ng, 7dual(Fs))
hC
— :F?Y4, Ag,Fg, ?F3
Z R4, Ag, 7F3, 7Fg

hy :F F3, 7?74, Fg hg :F As, dual(Fg), contract(nz, ?dual(Fg))
?
eh, :FIFg, ?7Y4, 7F3 ohg :F contract(snz, ?dual(Fg)), As

o (774, 7F3), Ag Gut
—
— 774, IFg, 7F3 ax oh, :-774, !Fg, 7F3 ax hg :F Ag, dual(Fg), contract(nz, 7dual(Fg)) ax
T4, F, 7R, U1 —F7Y4, As, 7F3, dual(Fg) hCut
T 7T4, As L 7Fs mCut
e Case rule $
hy :F F3, 74, !F5 ) h7 :+ Ao, Fs,Fg, ?7dual(Fs), contract(ng, ?dual(Fs))
ohy :H!F5, 704, 7F3 eh7 :F contract(sng, ?dual(Fs)), A1o, Fs$Fg
- (774, 7F3), Aro, Fs$Fo cut
—
oh, 774, !F5, 7F3 ax h7 :F Ao, Fs,Fg, ?dual(Fs), contract(ng, ?dual(Fs))
~F7T4, Aro, Fa, Fo, 7F3 hCut
—F7T4, Ao, 7F3, Fg$Fg
e Case rule &
ho :F F3, 7?74, IF5 h7 :+ Ao, Fg, ?dual(Fs), contract(ng, ?dual(Fs)) hr :k Ay, Fg, ?dual(Fs), contract(ng, 7dual(Fs))
ohy :HI!F5, 704, 7F3 oh :F contract(sng, ?dual(Fs)), Ao, Fs&Fg
i (774, 7F3), Ao, FadeFo Cut
N

ax ax ax
oh, 714, !F5, 7F3 h7 = Aqg,Fg, ?dual(Fs), contract(ng, ?dual(Fs)) oh, :-7Y4,!F5, 7F3 h7 :F Aqg, Fg, 7dual(Fs), contract(ng, ?dua
hCut
— k774, Ao, Fs, 7F3 v —:F?7Y4, Ao, Fo, 7F3
— :F?7Y4, A1g, ?F3,Fg&Fg

o Case rule ©p

hy :F F3,?Y4,!F5 h7 :F A9, Fg, 7dual(Fs), contract(ng, 7dual(Fs))
oh, :F!F5,?Y4,7F3 eh7 :F contract(sng, ?dual(Fs)), A1o,Fs D Fg
— :+ (704, 7F3), A1o,Fs @ Fg
—

B

Cut

ax ax
eh, 7714, !F5, 7F3 h7 :F Ay, Fg, 7dual(Fs), contract(ng, 7dual(Fs))
hC
—F?T4, Ao, Fo, 7F3
—F7T4, Ao, 7F3, Fg @ Fo

OB

e Case rule ®4
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hy :+ F3, 7?74, F5 ) h7 = Aq,Fs, ?dual(Fs), contract(ng, 7dual(Fs))

A

ohs :FIF5, 704, 7F3 = eh; :F contract(sne, ?dual(Fs)), A1o,Fs ® Fg

Cut
— = (7714, ?F3), A10,Fs © Fo v
—

ax ax
oh, :-7Y4,!F5, 7F3 h7 :+ Ao, Fs, 7dual(Fs), contract(ng, ?dual (Fs))
h

Cut
— :F?Y4, Aq0,Fs, ?F3

— =774, Aqp, ?F3,Fg & Fg ®a
e Case rule L
hy :F F3,?Y4,!F5 h7 :+ Ag, ?dual(Fs), contract(ng, ?dual(Fs))
?
oh, :H!F5,?Y4,7F3 eh7 :F contract(sng, ?7dual(Fs)), L, Ag

Cut
— (7?04, 7F3), L, Ag

—

ax ax
eh, 714, !F5, 7F3 h7 :F Ag, ?dual(Fs), contract(ng, 7dual(Fs))
h

e Caserule T

Cut
— k774, Ag, 7F, v

7T, Ag, 1,75 T

ho :F Fs, 774, IF5

? T

oh, :FIF5, 74, 7F3 eh7 :F contract(sne, ?dual(Fs5)), T, Ag
Cut
—F (?74,7F3), T, Ag v
—
S — T
— :F?Y4,Ag, T, 7F3
e Case rule
e Case rule ®
hy :F F3,?Y4,!F5 h7 :k Aq1,Fg, ?dual(Fs), contract(ng, 7dual(Fs)) hr :- Ag,Fio
oh, :HI!F5,7Y4,7F3 eh7 :F contract(sng, ?dual(Fs)), Ag, A11,F9 @ Fig
Cut
— (?T4, ?Fg),Ag,All,Fg(gFlo v
—

ax ax

ehy (74, IF5, 7F3 h7 = Aq1,Fg, 7dual(Fs), contract(ng, ?dual (Fs))
hCut ax
— :F?7Y4,A11,Fg, ?F3 v —:F Ag,Fio
— =774, A1, As, ?F3,F9 ® Fio
hy :F F3,?Y4,F5 h7 :+ A1, Fs, contract(ng, 7dual(Fs)) hr :k Aq1,Fg, ?dual(Fs)
oh, :F!F5,?Y4,7F; eh7 :F contract(sng, 7dual(Fs)), A1, A11,Fs ® Fg
Cut
—:F (774, 7F3), A10, A11,Fs ® Fg
—

ax ax ax

oh, 7714, !F5, 7F3 h7 :F Aqg, Fg, contract(ng, ?dual(Fs)) oh, 7714, !F5, 7F3 h7 := Aqq,Fg, ?dual(Fs)
hCut
—.F7T4, Ao, Fs, 7F3 v — 774, A1, Fo, 7F3 -

—:F?774,7Y4, A10, A11, ?F3, ?7F3,Fs ® Fg
— =774, Ayo, A11, 7F3,Fs @ Fg

hy :+ F3, 7?74, F5 h7 = Aqg,Fs, ?dual(Fs) h7 :F Aqq,Fg, contract(ng, ?dual(Fs))
ohs :F!F5,?7Y4,7F3 eh7 :F contract(sng, ?dual(Fs)), A1o, A11,Fs ® Fg
Cut
—:F (7?74, 7F3), A1o, A11,Fs ® Fg "
—

ax ax ax
ehy (74, F5, 7F3 h7 :F Aqo,Fs, 7dual(Fs) ohy (74, IF5, 7F3 h7 :F Aq1,Fg, contract(ng, 7dual(Fs))
hCut

— :=?7Y4, Ayo,Fg, 7F3 — :F?Y4, Ayq1,Fg, 7F3

— 704,774, Avog, A1, ?F3, 7F3,Fg @ Fg
— =704, Ayo, A1y, 7F3,Fs @ Fg
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ho :F F3, 774, IF5

hy :F Ag,Fg

h7 = Aq1,F10, ?dual(Fs), contract(ng, 7dual(Fs))
®

ohy :FIF5, 7174, 7F5

ohy :F contract(sng, ?dual(Fs)), Ag, A11,F9 ® Fig

—:F (774, 7F3), Ag, A11,Fg ® F1o
—

Cut

ax
ehy :-7T4, IFs, 7F5

ax
h7 = Aq1,Fi0, ?dual(Fs), contract(ng, ?7dual(Fs))

ax

— i+ Ag,Fg

—:F?Y4,A11,F10, ?F3

— =774, Ay1, Asg, ?F3,F9 @ F1o

6.6 Status of $: 0K

6.7

Case rule 1

Case rule !

Case rule ?W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule &4

Case rule L

Case rule T

Case rule I

Case rule ®

Status of &: 0K

Case rule 1

Case rule !
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6.8

Case rule ?W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule &4

Case rule L

Caserule T

Case rule I

Case rule ®

Status of ©p:

Case rule 1

Case rule !

Case rule ?7W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule &g

87



6.9

Case rule ® 4

Case rule L

Case rule T

Case rule I

Case rule ®

Status of ©4: 0K

Case rule 1

Case rule !

Case rule ?7W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule ® 4

Case rule L

Case rule T

Case rule I

Case rule ®
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6.10 Status of L: 0K

Case rule 1

Case rule !

Case rule ?W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule ®p

Case rule @4

Case rule L

Caserule T

Case rule I

Case rule ®

6.11 Status of T: 0K

Case rule 1

Case rule !

Case rule ?7W

Case rule 7C

Case rule ?
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6.12 Status of I:

Case rule $

Case rule &

Case rule ©p

Case rule @ 4

Case rule L

Case rule T

Case rule I

Case rule ®

Case rule 1

Case rule !

Case rule ?W

Case rule 7C

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule P4

Case rule L

Caserule T

0K
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e Case rule [

e Case rule ®

6.13 Status of ®: 0K

e Caserule 1

Case rule !

e Case rule 7W

e Case rule 7C

e Case rule ?

o Case rule $

e Case rule &

e Case rule &g

e Case rule @4

e Case rule L

e Caserule T

e Case rule I

e Case rule ®
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