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1 Measure of derivations
e Case(s) rule 1
ehp :F 1

e Case(s) rule $

hy i F3,Fy, Ao
ohy - Ag,F38Fy

e Case(s) rule &

hy :F F3,Ag  hy :F Fg, Ag

ohy :F Ao, F3&Fy
o Case(s) rule @p

hy ik Fy, Ag

—_— @B
ohy :- Ag,F3 @ Fy

o Case(s) rule @4

hy i F3, Ag

—_— @4
ohy - Ag,F3 @ Fy

e Case(s) rule L

hy - Ao
ohy = L, Ag

e Case(s) rule T

_ 7
ony :F T,Aq

e Case(s) rule I

-
ohy - p(ng), “(ng2)

e Case(s) rule ®

hy :FFg,Ag by ik Fg, Ag

ohy - Ao, A3,Fq ®Fsy

—

eenh; :F1

—_
hy i+ Ao, F3,Fy
— ™
ohy :- Ao, F3,Fy

®eh; - Ag,F38Fy

ax ax
hy ik Ao, Fg hy ik Ao, Fy

IH IH
ehy :F Ao, F3 ohy :F Ag,Fy

e ehy ik Ay, F3&Fy

—_— ax
hy ik Ao, Fy

eh] :F Ao, Fy

_— ®p
eeh; (- Ay, F3 B Fy

—_— ax
hy :F Ag, F3

ohj - Ag,F3

—_——— @4
®ehy :- Ay, F3 B Fy

hy ik Ag

eh :F Ao
- <
eeh; - Ag, L

——
eeh; :FAg, T

- 7
e ehj : p(ng), “(ng)

ax ax
hy ik Ag, Fy hy :F Ag,Fy

IH IH
ohy :F Ao, Fy ehy - A3, F5

eeh) :F Ay, A3, Fy ®Fp



2 Invertibility of Rules

2.1 Status of 1: : Invertible

e Case rule 1

—_— 1
ehp :F 1

e Case rule $

e Case rule &

e Case rule &g

e Case rule ®4

e Case rule L

e Caserule T

e Case rule [

e Case rule ®

2.2 Status of $: : Invertible

e Case rule 1

e Case rule $

h3 :- Fy,Fg, Ag, F $Fq

eh3 :+ (Ag,Fq$Fy), Fy$Fy

hy i+ F3,Fyq, Ao
ehy - Ao, F38$Fy

e Case rule &

h3 :F F4, Ag,F1$Fy  h3 :+ F5, Ag, F1 $Fo

oh3 i (Ag,Fq$Fg), Fy&Fp

o Case rule ®p

h3 :- F5, Ag, F1 $Fg
oh3 i (Ag,F18F2),Fy @ F5

—

OB

— trivial

hg :+ Ag,Fq,Fg,Fy,Fp
ehg :- Ag,Fq,Fg,Fy$Fs5

—_— ax
hy :F Ag,F3,Fy
————————— height
ehy : Ag,F3,Fy

ax/ind

ax/ind

hg :+ Ag,Fq,Fg,Fy h3 :F Ag,Fq,Fg,Fg

eh3 :F Ag,Fq,Fo, Fy&Fy

hg :+ Ag,Fq,Fg,F5

eh3 :F Ag,Fy1,Fo,Fy ©Fp

ax/ind

OB

ax/ind



e Case rule ®4

—————— ax/ind
hg - Fy, Ag, Fq$Fp - N hg ;- Ag,Fq,Fo,Fy /@
oh3 - (Ag,F18F2),Fy @ F5 ohg i Ag,Fq,Fo g ®F5 O
e Case rule L
—— ax/ind
h3 : Ay, Fq$Fp . hg :F Ay, Fp,Fo
ehg - L, Ay, Fq$Fg ehg - Ay, Fy,Fy, L
e Caserule T
- < e ——
eh3 :- T, Ay, Fq$Fy eh3 :- Ay, Fq,Fy, T
e Case rule I
e Case rule ®
—_— ind —_——— ax
h3 :- Fg, A7,F1$Fy  hg :F Fg, Ay 5 h3 :+ Ay, Fp,Fo,F5 ax/in h3 :F Ay, Fg
ohg i (A7,F1SFp), Ay, F5 © Fg ehg - Ay, A7, Fq,Fp, F5 ® Fg
ax ax/ind
h3 :-F5, Ay h3 - Fg, Ay, Fp8Fp N h3 - Ay, Fg h3 :+ Ay, Fq,Fg,Fg /
ohsg i Ay, (A7, F1$F2), F5 ® Fg ohs :F Ay, Ay, F1,Fa, Fy ® Fg

2.3 Status of &: (Left Premise): Invertible

e Case rule 1

o Case rule $

—————————— ax/ind
h3 :F Fy,F5, Ag, F1 &Fp s N h3 i Ag,F1,Fq,F5 /
eh3 :- (Ag,Fq&Fg), Fy$F5 ehg :- Ag,Fp,Fy8F5
e Case rule &
- A & - A & ax/ind ax/ind
hg - Fy, Ag,FL&Fo  h3 :F- F5, Ag, F1 &Fp < N hg :F Ag,Fq,Fy hg :F Ag,Fq,F5
ohg3 - (Ag,Fq &Fg), Fy&Fy ehg : Ag,F1,F &Fy
- A
hy iF Fg, Ag  hy ik Fy, Ag N hy i Ao, Fg
————— ="~ height
ohy - Ao, F3&Fy ohy i Ao, Fg g
e Case rule &g
- ax/ind
hg i Fg, Ag, F1 &Fg o N hg - Ag,Fqp,F5
B e —— 2]
ohg i (Ag,Fq&Fy),Fy @ Fg ong - Ag,F1.Fs @F5 D



e Case rule ®4

e Case rule L

e Caserule T

e Case rule [

e Case rule ®

2.4 Status of & (Right Premise): :

e Caserule 1

e Case rule $

e Case rule &

e Case rule ©p

hg k- Fy, Ag,F1 &Fo

eh3 :- (Ag, F1&F3),Fq ©Fs

hg :F Ay, Fq &Fg
ehg :- L, Ay, Fq&Fg

ohg :- T, Ay, Fq&Fy

hg i F5, Ay, F1&Fy h3 :F Fg, Ay

eng i~ (A7, F1&F3), Ay, F5 @ Fg

h3 :F F5, Ay h3 :+ Fg, Ay, Fq &Fg

ohg :F Ay, (A7,F1&F2),F5 ® Fg

h3 :- Fy,Fsg, AG,Fl&FQ

ohg i (Ag, Fq &Fy), Fy8F5

hg - Fy, Ag,F1&Fg hg i F5, Ag, Fq &Fg

oh3 i (Ag,Fq&Fg), Fy&F5

hy :F F3, Ao hy :F Fy, Ao

ohy - Ao, F3&Fy

hg ik F5, Ag, F1 &Fg

®B
oh3 :F (Ag,F1&Fg),Fy @ Fp

Da

—————————— ax/ind
hg - Ag,F1,Fy

—  ®a
ehg3 :- Ag,F1,Fq @ F5

—— ax/ind
h3 ik Ay, Fq

ohg - Ay, Fq, L

ehg - Ay, Fqp, T

ax/ind ax

h3 - Ay,Fp,Fg h3 :F Ay, Fg

ehg :- Ay, Ay, F1,F5 @ Fg

hg - Ay, Fp

ax/ind
hg := Ay, Fqp,Fg

eh3 ;= Ay, A7,F;,F5 Q@Fg

Invertible

————— ax/ind
hg ik Ag,Fg,Fy,F5

oh3 :F Ag,Fg, Fy$F5

ax/ind ax/ind

;- Ag,Fo,Fy h3 :F Ag,Fo,F5

oh3 :- Ag,Fo, Fq&Fg

—_— ax
hy = Ao, Fy
— =~ height
eh] :F Ao, Fy

————————— ax/ind
h3 :F Ag,Fo, Fj o
ohg - Ag,Fa, Fg BF5 D



Case rule ® 4

————— ax/ind
hg ik Fy, Ag, Fq &Fg N hg - Ag, Fo, Fy /
DA —_— DA
oh3 :- (Ag,F1&Fy),Fy @ F5 eh3 - Ag,Fo,Fy P F5
Case rule L
— ax/ind
hg ik Ay, Fq&Fg N hy ik Ay, Fo
ohg - L, Ay, Fq&Fy ohg - Ay, Fo, L
Case rule T
[ — -
oh3 :F T, Ay, Fq&Fy - eh3 i Ay,Fg, T
Case rule [
Case rule ®
ind ax
hg ik Fg, Ay, F1&Fy  hg i Fg, Ay L, g F Ag.Fy g ax/in b3 - Ay, Fg
oh3 :- (A7,F1&Fg), Ay, F5 ® Fg eh3 :- Ay, Ay,Fy,F5 @ Fg
ind
hg - F5, Ay hg i Fg, Ap, Fq &Fo L by Ay ¥ i3 ik Ag.Fa.Fg ax/1n
eh3 :- Ay, (A7,F1&F2),F5 @ Fg ehg ik Ay, Ay, Fo,F5 ® Fg
Status of ©p: : Non invertible
Case rule 1
Case rule $
— ax/ind
hg :+ Fy,F5, Ag,Fy @ Fg s . h3 i Ag,Fo,Fy,F5
eh3 :- (Ag,F1 @ Fg),Fy$F5 eh3 :H Ag,Fo,Fy8Fy
Case rule &
 aJid — a/ina
hg :F Fq, Ag,Fq @ Fg hg :-Fg5, Ag,Fq @ Fg © N h3 :F Ag,Fg, Fyq ax/1n h3 :F Ag,Fo,F5 ax/in
&
ehg :F (Ag,F1 @ F3), Fu&Fy eh3 ik Ag,Fo, Fy&Fy
Case rule ©p
— ax/ind
hg :F F5, Ag,F1 @ Fg N hg :F Ag,Fa,F5
B — 220 g
en3 - (Ag,Fy @ Fa),Fy @ Fs ohg - Ag,Fa, Fg B F5 D
.
hy ik Fy, Ag on . By AgiFg
T E———— S 2% heigh
ohy ik Ag,Fg @ Fy ohy ik Ao, Fy g



e Case rule ®4

hg i Fg, Ag,F1 @ Fo

ehg - (Ag,F1 ©F2),Fy ®Fp

hy i Fg, Ag
eh; :F Ag,F3 & Fy

e Case rule L

i Ay, Fp @ Fg

oh3 - L, Ay, Fy @ Fy

e Caserule T

oh3 :F T,Ay,F; @ Fo

e Case rule I

e Case rule ®

h3 :F F5, A7, F @ Fg
oh3 :- (A7,F1 ©Fy), Ay, F5 ® Fg

hg i+ Fg, Ay

h3 :- F5, Ay hg :F Fg, A7, Fy @ Fg

oh3 :F Ay, (A7, Fy ©F),F5 ® Fg

2.6 Status of ©4: : Non invertible

e Case rule 1

o Case rule $

hg - F4,F5,Ag,F1 @ Fo

DA -

oh3 : (Ag,Fy @ Fg),Fy$F5

e Case rule &

h3 :F F4, Ag,Fp @ Fo h3 i F5, Ag,F1 @ Fp
oh3 i (Ag, F1 @ Fp), Fu&Fy

e Case rule &g

h3 :F F5, Ag,F1 @ Fg
eh3 :- (Ag,F1 ©Fz),Fq @ Fg

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

DB -

————— ax/ind
hg :- Ag,Fg, Fy

4 - — @4

eh3 :F Ag,Fg,Fy @ Fp

—————— fail
ehy :F Fy, Ao

—————— ax/ind
hg ik Ay, Fo

eh3 :F Ay, Fg, L

- ehg - Ay, Fo, T

ax/ind ax
N h3 :F Ag,Fo,F5 h3 - Ay, Fg

ehg - Ay, A7, Fp,F5 ® Fg

= = ax/ind
N hg i Ay, Fy hg = Ay, Fo,Fg

oh3 - Ay, A7, Fp,F5 @ Fg

—  ax/ind
hg : Ag,F1,Fy,F5

eh3 : Ag,Fq,Fy$F5

—— ax/ind —————————— ax/ind
. h3 :+ Ag,F1,Fy h3 :- Ag,Fp,F5

oh3 - Ag,Fp,Fq&Fs

ax/ind

. h3 :F Ag,F1,F5

—_— ®pB
eh3 :- Ag,F1,Fq @ Fp

——————— fail
ehj : F3, Ag



e Case rule ®4

——————— ax/ind
hg i Fy, Ag,Fy @ Fo N hg - Ag,Fp, Fy /
A —_— &4
eh3 - (Ag,F1 @ Fy),Fy ©F5 eh3 :- Ag,Fq1,Fy @ Fp
_— =
hy k- F3, Ag N hy : Ag,Fg3 )
—_— DA ————————— height
ehy - Ao, F3 @ Fy ehy :+ Ao, Fg
e Case rule L
—— ax/ind
h3 :F Ay, Fp ®Fgy . hg :- Ay, Fq
eh3 :F L, Ay,Fy @ Fy eh3 - Ay, Fq, L
e Caserule T
e
ohg ik T,Ay,Fq @ Fy ohg - Ay, Fq, T
e Case rule
e Case rule ®
ind a:
hg i F5, A7,Fq @ Fy hg :-Fg, Ay © N h ok A7, F1.7s ax/in Y Bate X
ohg :- (A7,F1 ©F2), Ay, F5 @Fg eh3 - Ay, A7 ,F1,F5 ®Fg
ind
h3 :FF5,Ay h3:FFg,A7,F1 ©Fg N hg :H Ay, Fp x hg :F A7,Fqp,Fg ax/in
oh3 - Ay, (A7,F1 & Fg),F5 Q@ Fg eh3 :- Ay, A7, F1,F5 QFg
2.7 Status of 1L: : Invertible
e Caserule 1
e Case rule $
hq : L. Feo.Fa.A T A L o /imd
1 ,Fo,F3, A4 N hy :F Ay,Fo,F3
ehy :- (L, Ay),Fo$Fg oh; : Ay, Fo$Fg
e Case rule &
ind ind
hy :+ 1,Fp, Ay hy :F 1,F3,Ay o N hy :F Ay, Fg ax/1n hy :F Ay, F3 ax/in
ohy - (L, Ay),Fo&F3 ohj - Ay, Fo&F3
o Case rule ®p
— ax/ind
Ry ik L,F3, Ay o N hy - Ay, Fg
24 gy, [ L= R
eny i (L, Ay), Fy @ Fg ohy F Ay, Py @F3 D



2.8

Case rule ® 4

ax/ind

————————— ax/ind
By - L, Fy, Ay o . by - Ay, Fo /
—_— A —_— 0
ohy : (L, Ay),Fo ©Fg ehy - Ay,Fo & Fg A
Case rule L
-
hy k- Ag hy :k Ag
—_—— L1 - ——  height
ony - L, Ag oy - A,
Case rule T
- 7 P e ——
ehy (- T,L1, Ay - ehy - Ao, T
Case rule
Case rule ®
hy ik L,F3, Ay hy :F Fy, A ax/ind
1:F L,F3, A5 hy - Fy, Ap . by Ag,Fg by - Ag,Fy
ohy i+ (L, A5), Az, F3 ®Fy ehy - Ay, Ag,F3 @ Fy
ny ik F3,Ag hy ik L,Fy, Ag N hy - Ao, Fg hy ik Ag,Fy

ohy - Ao, (L, A5),F3 ®Fy

Status of T: : Invertible

Case rule 1

Case rule $

hy i T,F3,F3, Ay
ohy i (T,Ay),Fo$Fg

Case rule &

hy ik T,Fy, Ay by :F T,F3, Ay

ohy i (T, Ay), Fo&Fg

Case rule ©p

hy - T,F3, Ay

—_— B
ohy - (T,Ay),Fg @F3

Case rule &4

hy ik T,Fg, Ay
ehy - (T,Ay),Fo ©F3

ohy - Ap, A5, F3 ® Fy

— trivial
- trivial
— trivial
— trivial



2.9

Case

Case

Case

Case

Status of I:

Case

Case

Case

Case

Case

Case

Case

Case

Case

rule L

rule T

rule I

rule ®

rule 1

rule $

rule &

rule &p

rule © 4

rule L

rule T

rule [

rule ®

hy ik T, Ag

Invertible

e Ed trivial
ony i L, T, Ay
ohy i T,y | - trivial
ny ik T,F3,Ag hy :F Fy, A
1 375 M 472 — trivial
eny i (T,A5), Mg, F3 ® Fy
hy ik F3,Ag hy ik T,Fg, A
1 372 M 475 — trivial
oh| :F Ay, (T,A5),F3 ® Fy
~ I - trivial
ehy :F p(ng), “(ng)

10



2.10 Status of ®: (Left Premise): Non invertible

e Case rule 1

o Case rule $

hy :- Fg,Fg, Ay, An,F F : ax/ind
4 5,Fg, A1, A7, F2 @ F3 N hy :+ Ag,Fy,Fg,Fg
ohy :F (Aq,A7,Fy @ F3),F58$Fg ehy :F Ay, Fo,F5$Fg
) ——— ax/ind
hy i Fg5,Fg, Ay, A7,Fy ®F3 4 N hy ik Aq,Fo
————— = height
ehy - (A3, A7, Fy ® F3),F5%Fg ehy - Aq,Fy o9
e Case rule &
ax/ind ax/ind
hy :+ F5,Aq,A7,Fy ® F3 hy :F Fg, Ay, A7, Fo @Fg N hy = Ay, Fo,F5 hyq :F A7, ,Fg,Fg
ohy :F (Aq, Ay, Fy @ Fg), F5&Fg ohy - Ay, Fo, F5&Fg
R ind
hy ik F5, Ay, A7, Fy ®F3 hy ik Fg, Ay, A7, Fy @ Fg N e Agr, /M
———— = height
ehy :- (A1, A7,Fy ® F3),F5&Fg ehy - Aq,Fg rverah
e Case rule &g
— ax/ind
hy :F Fg, Ay, A7, Fy ® F3 ® N hy :F A7, Fg,Fg
B _ b
ohy i (Ay, A7, Fy ®F3), F5 @ Fg ehy ik Ap Fp Fs @Fg D
—— ax/ind
hy :- Fg, Ay, A7, Fy ®F3 o hy - Aq,Fp
B ————— height
ehy - (Aq,A7,Fy ®F3),F5 @ Fg ehy - Aq,Fo g
e Case rule @4
—— ax/ind
hy :F F5, A7, A7, Fy @ Fg N hy :F A7,Fg,F5
A U ——]
ohy i (A1, A7, Fy ®F3),F5 & Fg ohy - Ap Fo.Fs @Fg
————— ax/ind
hy i+ F5, Ay, Ag, Fo @ F3 o . ma AL /P
A — "= height
ohy - (Aq,A7,Fy ®F3),F5 @ Fg ehy - Aq,Fo g
e Case rule L
hy ik Ay, Ag,Fo ® F: ax/ind
4 A1 A5 P2 ®F N hy ik Ag, Fo
ehy :F 1, Aq,A5,Fy ®Fg3 ehy :F Ag,Fo, L
———— ax/ind
hy :F Ay, A5,Fp ® F3 B N hy :F Aq,Fg
————————— height
oy - L, Ay, Ag,Fa ® Fy ohy - Ap,Fo g
e Caserule T
- -
ehy :- T,A7,A5,Fy ®F3 - ehy k- Ag,Fo, T
T _ — fail
ohy - T,Aq,Ap, Fo @ Fg ohy i Fo, Aq

11



e Case rule [

e Case rule ®

hg :F Fy, Ag, A7,Fp ® Fp  hg :F F5, Ag, Ag

® g ohs - Fq,Ag, Ag,Fy @F fail
: ,Ag, Ag,F4 @ Fy
ehg i (Ag, A7,Fq @ Fp), (Ag, Ag),Fy ® Fs 3T 6 28 T S
h3 i Fy4, Ag, A7 h3 i F5,Ag, Ag,F1 @ Fg fail
® - eh3 :- Fy, Ag, Ag,Fy @ Fg
oh3 :F (Ag, Ar), (Ag, Ag,Fq ®Fy),Fy @ Fg
h3 :- Fy, Ag, A7,F] ®Fy h3:-F5, Ag, Ag —_— fail
- eh3 - F1, Ag, Ag
oh3 ;- (Ag, A7,F1 ®@Fg), (Ag, Ag),Fy ®F5
h3 :- Fy, Ag, A7 h3 :FF5,Ag,Ag,F1 ®Fo _ fail
® - eh3 - Fp, Ag, Ag
ohg - (Ag, A7), (Ag, Ag,Fy ® Fa),Fy ® F5
hy :-Fo, Ay, Ag hy :-F3,Ag, A7 —_—  fail
- ehy - Fo, Ay, Ag
eh; :F (Ay, Ag), (Ag, A7), Fo ® Fg
. . . .
2.11 Status of ® (Right Premise): : Non invertible
e Case rule 1
e Case rule $
ax/ind
hy :+ F5,Fg, A1, Ay, Fy ® F3 N
— " height
ohy ik (A1, A7, Fy ® F3), F5$Fg ong - Ay, Fg 0"
hy - Fg,Fg, A, Ar,Fy @ F ax/ind
4+ F5,Fg, Ay, A7, Fo 3 N hy = Ay, F3,F5,Fg
ehy :+ (A, A7,Fy ® F3),F58Fg ehy :- Ay, Fg3,F5$Fg
e Case rule &
- ind
hy :F F5, A1, A7, Fy ® F3 hy :F Fg, Ay, Ay, Fo @ F3 o N SN ax/in
—— "= height
ohy - (A1, Ay, Fa ® F3), F5&Fg ong - Aq,Fg Y
hy - Fs, Aq, An,Fy ® F3 hy - Fg, Aq, Am,Fy @ F ax/ind ax/ind
4 F5. A1, A7 Fa OFy by i Fe A1, A7 Fa @F3 . hy - Ay, Fg3,Fg by - Ay, Fg,Fg
ehy :- (Aq,A7,Fy @ F3),F5&Fg ehy :- Ay, F3,F5&Fg
e Case rule &p
———— ax/ind
hy :- Fg, Ay, A7, Fy ®F3 N hy - Aq,F3
B ——=" " height
ehy - (Aq,A7,Fy ® F3),F5 @ Fg ehy - Aq,F3 eran
———————— ax/ind
by i- Fg, Aq, A7, Fy ® Fg N hy - Ay, Fg,Fg
B —_— 0
ohy :- (A7, A7,Fy @ F3),F5 @ Fg ohy :F A7,F3,F5 @ Fg B

12



e Case rule ©4

e Case rule L

e Caserule T

e Case rule I

o Case rule ®

hy :+ F5,A1,A7,F2 ® Fg

Da
.h4 Ha (Al,A7,F2 ®F3),F5 @Fa
hy :FF5,A1,A7,F2 ®F3 N
ohy i (A1, A7,F2 ® F3),F5 © Fg
hy AI,A5,F2®F3 N
ohy i+ L, Aq,Ag,Fy ® F3
hy :F Ay, A5,F3 ®Fg .
ehy ik L, A1, A5, Fy @ F3
ehy - T,Ay,Ag,Fy ®F3 -
ehy - T,Ay,Ag,Fy ®F3 -
hg :+ Fy, Ag, A7,Fq1 ® F3 hg :F F5, Ag, Ag ©
oh3 - (Ag, A7,F1 @ F2), (Ag, Ag),Fy ®@F5
hg :+ Fy4, Ag, A7 hg :F F5,Ag,Ag,F1 @ Fg ©

eh3 - (Ag, A7), (Ag,Ag,F1 ®Fy),Fq ®Fp

hg :+ Fy, Ag, A7,F; ® Fp  hg :- F5, Ag, Ag

on3 :F (Ag, A7,F; ®F2), (Ag, Ag),Fgy ®Fp

hg :+ F4, Ag, A7 h3 :FF5,Ag, Ag,F1 ® Fg

eh3 - (Ag, A7), (Ag,Ag,F] ®Fy),Fq4 ®F5

hy ik Fy, Ay, A hy :FF3,Ag, A7

ohy - (Ay, Ap), (Ag, A7), Fo @ F3

13

®

®

®

ehy = Aq,F3

hy - Aq,F3
ehy - Aq,F3

ax/ind

height

hy = Ay, F3,F5

ohy - Ay ,F3,F5 @ Fg

hy - AI’FS

hy i Ag, F3
ohy iF Ag,F3, L

ohy i F3,Ap

ohy - Ag,F3, T

- eh3 : Fo,

- eh3 : Fg,

ax/ind

height

ax/ind

fail

ax/ind

DA

A7, Ag

A7, Ag

fail

fail

ehg :- Fo, Ay,

Ag,Fy ®Fy

A7

,Ag,Fy @ Fg

fail

5

fail

fail



3 Identity-Expansion

—:=0,T T

—:=1 1J_
—:F1,1

—F Fo, dual(Fg) —F Py, dual(Fy)

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

B

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

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

$

— :F Fo, dual(Fo) I — :F F1,dual(F1) =

i Fo,dual(Fo) & dual(Fy) i Fy, dual(Fo) & dual(Fy)
—:F Fg&Fl, dual(Fg) D dual(Fl)

®B

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

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

$

— =1 1L
—:=1,1

—:=0,T T

14



4

Cut-Elimination

4.1 Status of 1: 0K

e Case rule 1

o Case rule $

ho = L, F3,F4,Ap 5
1
eh; :F 1, % ehs :F dual(1l), As,F3$Fy
Cut

— ik %, Ag,F3$Fy
—
ax ax
eh; :F 1 ho :F Ajs,F3,Fy, L c
hCut
— - Aj5,F3,Fy "
— A5,F3$F4

e Case rule &

ho - L,F3,A5 ho:F L,Fy, Ap

1
ohy :F 1, % ohy :F dual(1l), As,F3&Fy
ZF %, Mg, Fa&eFa Cut
—
ax ax ax
eh; :F 1 ho :F Aj,F3, L c eh; :F 1 ho :F Aj5,Fy4, L
hi
— :+ Aj,F3 ut —:F A5,Fy
— Ik A5, F3&Fy

e Case rule &g

hy :F L, Fy,As

@
eh; :F 1, % 1 ehs :F dual(1l), As,F3 @ Fy B
Cut
—:F %, A5,F3 @ Fy
—
ax ax
eh; :F 1 ho :F Ag,Fy, L
—:F A5,Fy hCut
—F A5, Fs@®Fy D
e Case rule @4
ho :F L,F3,As
1 Da
ehy :F 1, % ehy :F dual(1l), As,F3 @ Fy
Cut
— k%, A5, F3 @ Fy
—
ax ax
eh; :F 1 ho :F Aj,F3, L he
t
— :+ Aj,F3 v
—————— ©a
— = As5,F3 ©Fs
e Case rule L
1 ho :F Aj
eh; - 1, % ohy :F dual(1l), Ag
— k%, Ag Cut
—
——— ax
— = Aj

e Caserule T
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hCut



ehy :F 1, % ohy :F dual(1), T, As
Cut
— k%, T, Ag
—
—:F Ag,T T
e Case rule 1
e Case rule ®
ho :F L,F4,As ho :FF5,A3
ehy :F 1, % ohy :F dual(1l), Az, A¢,Fs @ F5
— k%A, Mg, Fa O F; cut
—
ax ax
eh; :F 1 ho :F Ag,Fq, L c
hCut ax
— :+ Ag,Fy v —:F A3,F5
— 1+ Az, Ag,F4s ®F5
ho :FF4, Az hgo:F L F5,Ag
oh; :F 1, % eho :F dual(1l), Az, A¢,Fs @ F5
Cut
— %, A3z, Ag,F4 @F5 U
—
ax ax
eh; :F 1 ho :F Ag,F5, L
a
TOF APy X ZF Ag, Fs hCut

— - Az, Ag,Fs @ F5

4.2 Status of $:

e Case rule 1

e Case rule $

hy :+ F5,Fg, A2

0K

hy :F Fg,Fg, Ay, dual(Fg,) ® dual(Fe)

eh; :F F5$F5, JAD

oh7 :F dual(F5$Fs), A1, Fg$Fg

Cut
— i+ Ag, Aqp,Fs$Fg

—

eh; - Ao, F5$Fg

ax
h7 :F Ay, Fs, Fo, dual(F;)) ® dual(FG)

hy :+ Fe,F3,Fa, As

hCut
— i A1, Az, Fs, Fg

— i+ Aqo, Az, Fg8Fg

h7 :F Fs, Fo, A1o, dual(Fe)

ohs :- Fg, As,F3$F,

oh7 :F dual(Fg), A1g, Fg$Fg

Cut

— :F (As5,F38F4), A1o, Fg$Fo

—

hy :+ As,F3,F4,Fs

oh; :- Aqg, dual(Fs), Fs$Fg

— A

10, As,F3,F4, Fg$Fg

— kA

e Case rule &

hy :

10, A5, F38F4, Fs$Fg

b Fs,Fg, Ag hy :F Fg, A1, dual(Fs) ® dual(Fg)

h7 :F Fg, A1, dual(Fs) ® dual(FG)
&

oh;

- F58Fg, Ao

oh; :F dual(F5%Fs), A10, Fs&Fg

—:F Ag, Ay, Fg&Fg
—

Cut

oh; - Ay, F5%8Fg

ax
h7 :k Aqo,Fs, dual(Fs) ® dual(Fg)
hCut

oh; - Ay, F5%8Fg

— = Ay, Ao, Fy

— = Ay, Az, Fg

— i+ Ao, Ag,Fg&Fyg
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h7 :k Aqp,Fg, dual(Fs) ® dual(Fg)
hCut



ho :F Fg,F3,F4, As h7 :F Fg, A1g, dual(Fg) h7 :F Fg, A1g, dual(Fg)

oh, :- Fg, A5, F3$8F, oh7 :F dual(Fg), A1o,Fs&Fg
Cut
—:F (A5,F3$F4), Ajo,Fg&Fg
—
ax
hy :F As,F3,F4,Fg eh7 :- Ajg, dual(Fg), Fs&Fy
Cut

— = Ay, As,F3,F4, Fs&Fg
— ik Ao, A5, F38Fy, Fg&Fg

e Case rule ®p

hy :F Fs5,Fg, Ag h7 = Fg, Ao, dual(F5) ®@ dual(Fe)
oh; :F F58Fg, Ao eh; :F dual(F5$F6)7 Aq0,Fg @ Fg
Cut
— = Az, Ay, Fs B Fo
—
ax ax
ohy :F Ay, F5%Fg h7 = A1, Fg, dual(Fs5) @ dual(Fg)
—:F Aqo, Az, Fy e
— i Ao, Ao, Fs ®Fg
ho : Fg,F3,Fq, Ajg h7 :F F97A107dual(F6)

ohs :- Fg, As,F3$F, eh; :F dual(Fe), A10,Fs ®Fg

Cut
— tF (A5, F38F4), A1o,Fs © Fg
—
ax
ho :F Ag, Fs, Fa, Fg oh; :- Ay, dual(Fg), Fs @ Fo
Cut
— = A1, A5, F3,F4,Fs © Fo
— i A1, A5, F38F4,Fs @ Fg
e Case rule © 4
hy :+ F5,Fg, Ao h7 :F Fg, Ao, dual(Fs) @ dual(Fg)
oh; :F F5$Fg, Ag oh; :H dual(F5$F6), A10,Fs @ Fg A
Cut
— = Az, Ayo,Fs @ Fo
—

ax
oh; :F Ao, F5%Fg h7 :F Aqo,Fs, dual(F5) Q dual(Fe,)

hCut
— i Aqg, Az, Fg o "
A
—:F A0, Ao, Fg B Fg
ho :F Fg,F3,Fq, As h7 Fg,Alo,dual(Fa)
ehy :- Fg, Ay, F3$8Fy eh; :H dual(Fg), Aq9,Fg @ Fg A
Cut
— :F (A5,F38F4), A10,Fs @ Fo
—
ax ax
ho :F As,F3,F4,Fg oh7 ;- Aqp, dual(Fg),Fs ® Fg
hCut
— = Ay, A5, F3,F4,Fs @ Fo .
—:F Aqo, A5, F38F4,Fg © Fg
e Case rule L
hy : F5,Fg, Ao h7 :+ Ag, dual(F5) ® dual(Fg)
eh; :F F5%Fg, Ao oh7 :- dual(F5$Fs), L, Ag
t
—:F AQ,J_,Ag Cu
—

ax ax

eh; - Ao, F5$Fg hy :F Ag, dual(F;;) ® dual(Fe)
h
—:F Az,Ag

— Y L1

— Ag,Ag,J_
ho :F Fg,F3,F4, As hy :F Ag, dual(FG)
ohy :- Fg, As,F38F, oh; :F dual(Fs), L, Ag

Cut
— (A5,F3$F4),J_,A8 v
—
ax
ho :F As,F3,F4,Fg eh7 :F Ag, L, dual(Fg)
hCut

—:F As, Ag,F3,Fq, L
— i+ A5, Ag, L, F38Fy

17



e Caserule T

hy :F F5,F6, Ao
oh; :F F5$8Fg, Ao oh; :F dual(F5%Fs), T, As

—:F AQ,T,AS Cut
—
— kA, Ag, T T
hy :+ Fe,F3,Fa, As
oh, :- Fg, A5, F3$F, oh7 :F dual(Fg), T,Asg
Cut
—:F (As5,F38F4), T, As
—
— ik A5, Ag, T,F38F,4
e Case rule
e Case rule ®
hy :F F5,Fg, Ao h7 :F Fg, A11, dual(Fs) ® dual(Fg) hr7 :F Fip, Ag
eh; :F F5$Fg, Ao oh7 - dual(F5$Fs), As, A11,Fo ® Fio
Cut
— k= Ag, Ag, A11,Fg ® F1o "
—
ax ax
eh; - Ay, F5%Fg h7 :F Aq1,Fg, dual(F5) ® dual(Fe)
hCut ax
—:F Aq1, A2, Fy — :+ Ag,Fio
— = Aq1, Az, Ag,Fg ® Fig
hy :F F5,F6, A2 h7 :FFg,Ag h7:FFi0,A11, dual(Fg,) [ dual(FG)
oh; : F5$Fg, Ao eh; :F dual(F5$F6), Ag,A11,Fg ® F10
Cut
— = Aa, Ag, A11,F9g ® Fipo "
—
ax ax
oh; - Ay, F5$Fg h7 :k Aq1,Fio, dual(Fs) ® dual(Fe)
ax hCut
— = Ag,Fg — = Aq1,Az,Fig
— = A1, As, Ag,Fg ® Fig
hy :F F5,Fg, Ao h7 :F Ag,dual(Fs) h7 :F Ag, dual(Fg)
ohy :F F5$Fg, As oh7 :F dual(F5%F¢), Asg, Ag
Cut
—:F AQ, Ag, Ag v
—
ax
—:+ As,F5,Fg — Ag,dual(Fg)
sCut ————————— ax
— i+ Ag, Ag,F5 — :F Ag, dual(Fs)
TF Ao, As, Ao sCut
ho :F Fg,F3,F4, As h7 :F Fg, Aqq, dual(Fg) hy :F Fip, Ag
oh, :- Fg, A5, F3$8F, eh7 :H dual(F6)7 Ag,A11,F9 ® Fio
Cut
— :F (A5, F38F4), Ag, A11,F9 @ Fio
—

ax
ho - A5, F3,F4,Fg eh; :F Ay, Ag, dual(Fg),FQ ® Fi10
— = Aq1, A5, Ag,F3,F4,Fg ® F1o
— i Aq1, As, Ag, F38F4, Fg ® Fio

ho :F Fg,F3,F4, As h7 :F Fg,Ag h7:FFi0,Aqq, dual(FG)
oh, :- Fg, As,F3$F, oh7 :F dual(Fs), Ag, A11,Fg @ Fig
Cut
—:F (As5,F38F4), As, A11,F9 ® F1o
—

ax
ho i A, Fa,Fa, Fg oh7 i Ayr, Ag, dual(Fg), Fy ® Fio
— = A1, As, Ag,F3,F4,Fg @ F1o
— = Aq1, As, Ag,F38F4,Fg ® Fio

hCut
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4.3 Status of &: 0K

o Case rule 1

o Case rule $

hy :F F5,A2 hy :FFg,As

h7 :F Fg,Fg, A10, dual(F5) (5% dual(Fa)
oh; :F F5&Fg, As

oh; :H dual(F5&F6), A19,Fs8$Fg

Cut
— i+ As, Ay, Fg$Fg
—

ax
oh; :F Ay, F5&Fg h7 = Ay, Fs, Fo, dual(F5) ® dual(Fg)
h

— :F Aqo, Ay, Fg, Fy
— ik Aqp, As,Fg$Fg

ho :F Fg,F3,As ho - Fg,Fyq, Ajp

h7 :F Fg,Fg, A10, dual(Fe,)
ohs :- Fg, Ag,F3&Fy

eh; :F dual(FG), A1, Fg$Fg

Cut
— i+ (As5,F3&F4), Ao, Fg$Fg
—

ax
oh, - Aj,Fg,F3&Fy h7 = Aqo,Fs, Fg, dual(Fg)

hCut
— = Ay, As, Fs, Fg, F3&Fy
— = Ayg, A5, Fg8Fg, F3&Fy

o Case rule &

hy :FF5,A2 hy :FFg, A

h7 :F Fg, Aqg, dual(Fg,) [$3) dual(FG)
oh; :F F5&Fg, Ay

h7 :F Fg, Aqg, dual(F5) (oo dual(Fe)
oh; :H dual(Fs&Fg), Aqp,Fg&Fg
t
— :F Ag, Aqg,Fs&Fyg cu
-

oh; - Ay, F5&Fg

ax
h7 - Aqo,Fs, d’LL(ll(Fr)) D dual(F(j)
hC

oh; - Ay, F5&Fg
— = Ay, Az, Fs

h7 :k- Aqp,Fg, dual(F5) ® d’LL(ll(F(;)
hCut
— i+ Aqg, Az, Fo o

— = Ao, Ag, Fg&Fyg
hy :F Fg,F3,As ho - Fg,Fyq, Ajp

h7 :F Fg, Aqg, dual(Fg)
ohs :- Fg, As,F3&Fy

h7 :F Fg, Aqg, dual(Fg)
eh7 :F dual(Fg), A1o,Fg&Fg
Cut
— i (A5, F3&Fa), Ao, Fs&Fg "
—

ho :F As,F3,Fg

eh7 :F Ajp, dual(Fg), Fg&Fg

hs :F Ags,F4,Fg
— ik Ao, A5, F3,Fg&Fg

eh7 :F Ajg, dual(Fe),Fg&Fg
hCut
— i+ Ao, As,Fq,Fg&Fy "

—:F Aqjp, A5, F3&F4,Fg&Fg
e Case rule ®p

hy :F F5,A2 hy :FFg,As

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

oh; :H dual(F5&F6), A10,Fs ® Fg B

Cut
— i+ Az, Ayo,Fs @ Fo
—
ax
oh; - Ay, F5&Fg h7 :+ Ayo,Fg, dual(Fs) @ dual(Fg)
— = Aqp, Az, Fg . hout
—F Do, A, Fg @Fy ©
hy :F F5,A2 hy :FFg,As h7 :F Ag, dual(Fg)
oh; i F5&Fg, Ay oh7 - dual(Fs&Fg), As
ZF A, A Cut
—
ax ax
— i+ Ao, Fg — :F Ag, dual(Fg)
ZF As, As sCut
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hy :F Fg,F3,As ho - Fg,Fy, As h7 :F Fg, A1g, dual(Fg)

ohs :F Fg, A, F3&Fy eh; :F dual(Fg), A1o, Fs @ Fo
Cut
— i (A5, F3&F4), A10,Fg @ Fg
—
ax
ohy :F Ay, Fg, F3&Fy h7 = Aqo, Fg, dual(Fe)
hCut
— i A1, As,Fo, F3&F4 ® .
—F Ao, A5, F3&Fy,Fg ©Fg  ©
e Case rule &4
hy :FF5,A2 hy :FFg,As h7 - FS;AIO;dual(F5)@dual(F6)
oh; :F F5&Fg, As oh; :F dual(Fg,&Fg), A10,Fg @ Fg
Cut
—:F As, Aq10,Fs B Fg
—
ax
oh; - Aoy, F5&Fg h7 = Aqg,Fs, dual(Fs) @ dual(Fe)
hCut
—:F Aqg, A2, Fg o "
A
— = A10,A2,Fs @ Fg
hy :F F5,As hy :F Fg, Ao © h7 :F Ag, dual(Fs)
oh; :F F5&Fg, Ag oh7 :- dual(F5&Fg), Ag A
t
—F Ao, As v
—
ax ax
—:F A5, F5 —:F Ag,dual(F5)
T F Ao, As sCut
ho :F Fg,F3, A5 ho :FFg,Fyq, As h7 :F Fg, A1g, dual(Fg)
ohy i Fg, Ag, Fa&Fs ehy :- dual(Fg), A1, Fs B Fy
Cut
— :F (A5,F3&F4), A10,Fs @ Fo
-

ax ax

ohy - Aj,Fg,F3&Fy h7 :F Aqg,Fs, dual(Fg)
hCut
— = A1, As,Fs, F3&Fy "

— ik Ay, A5, F3&F4,Fs @ Fg ©a
e Case rule L
hy :F F5,A2 hy :FFg, Ao h7 :F Asg, dual(Fg,) D dual(Fﬁ)
oh; :F F5&Fg, As oh; :F Cl’lLD.l(F51§(l:‘6)7 1,Ag
Cut
— AQ, J_, Ag v
—
ax
oh; - Ay, F5&Fg h7 = Ag, dual(F5) & dual(Fe)
hCut
— AQ, Ag v
— - Az, Ag, 1
ho :F- Fg,F3,As ho :FFg,Fyq, As h7 :F Ag, dual(Fg)
ohs :- Fg, As,F3&Fy oh; :F dual(Fa),J_,Ag
Cut
— ik (A5, F3&Fy), L, Ag "
—
ax
oh, - As,Fg,F3&Fy h7 = Ag, dual(Fg)
" F A, Ag, Fa&Fs hCut
—:F A5, Ag, 1L, F3&Fy
e Caserule T
hy :F F5,A2 hy :FFg,As
oh; :F F5&Fg, Ao oh7 :F- dual(F5&Fg), T, Asg
T F Ay, T, Ag cut
—
— i As, Ag, T T
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hy : Fg,F3, A5 hg :F Fg,Fq, Ag
ohs :F Fg, A5, F3&Fy
— (A5,F3&F4),T,Ag
-

T F As, A, TRk, |

oh7 :F dual(Fg), T, Asg
Cut

o Case rule I

e Case rule ®
h7 :F Fg, A1, dual(F5) @ dual(Fg) h7 :F Fip,Ag
oh7 dual(Fg,&Fg), Ag,A11,F9 ® F1o

Cut

— i Az, Ag, Aq11,F9 @ F1o
—

hy :F F5,A2 hy :FFg,As
oh; :F F5&Fg, Ao

ax
h7 = Aqq,Fg, dual(Fs) @ dual(Fg)

ohy i Ay, FaliFg
ZF A, Ag, Fo ot A Fro
— = Aq1, Az, Ag,Fg @ F1g
hy :F F5,A2 hy :FFg,As h7 :F Fg,Ag  hy :FFio,A11,dual(F5) & (iu(ll(F(;)
eh; :F dual(F5&F5),Ag,A11,F9 ® Fio0 cut
u

ohy - F5&Fg, Ao

— i Ag, Ag, Aq11,F9 @ F1o
—

ax ax
oh; :F A, F5&Fg h7 :k Aqy1,F10, dual(F5) ® dual(Fe)
ax hCut
— = Aq1, Ag,Fg

— :+ Ag,Fg

— = Aq1, A2, Ag,Fg @ F1o
hy Fg,All,dual(Fg)
oh; :+ dual(Fg), Ag, A11,Fg @ Fig
Cut

hy :+ Fg,Fs, A5  hy :F Fg,Fy, Ag h7 i+ Fig, Asg
oh, :F Fg, A5, F3&Fy
— i+ (A5,F3&F4), Ag, A11,F9 ® F1o
—

ax
hy :F Au,Fg,dual(Fg)
hCut —————— ax
—:F Asg,Fi0

ax
ohs :F Aj5,Fg,F3&Fy
— = Ay, A5, Fg, F3&Fy
— = Aq1, A5, Ag,F3&F4,F9 @ Fio

h7 : Fg, Ag  h7 - Fig, A11, dual(Fe)
oh7 : dual(Fg), As, A11,Fg @ Fig
Cut

hy : Fg,F3, A5 hp :Fg,F4, Ap
ehs :F Fg, A5, F3&F,

— i (As5,F3&F4), Ag, A11,Fg ® Fio

—

ax ax
ohy (- As, Fg,F3&Fy h7 :F Ay1,Fi0, dual(Fe)
ax hCut
— = Ag,Fg — = Aq1, As, F10, F3&Fy
— = A1, As, Ag, F3&F4,Fg ® F1o

4.4 Status of ©p: 0K

e Case rule 1

e Case rule $

hy :F Fg,Fg, Ay, dual(Fs)&dual(Fg)
oh7 :F dual(Fs @ Fg), A1, Fg$Fg

— i+ Ag, Aqg,Fs$Fg
—
ax ax
hy7 :+ Ay, Fs, Fo, dual(F;;)&dual(FG)
hCut
— = Ao, A2, Fg, Fy
— :F Ay, Ay, Fg$Fg

hy :F Fg, Ao
oh; :F F5 @ Fg, Ao

Cut

eh; :F Ay, F5 ®Fg
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hy :F Fg,Fy, As o h7 :F Fg,Fg, A1g, dual(Fe)
ehy i Fg, A5, Fs D Fs ©  ehy i+ dual(Fg), Aro, F5$Fe
— i+ (As5,F3 & Fy4), A1g,FgdFg
—

Cut

ax ax
ohy - Aj5,Fg,F3 ®Fy h7 :k Aqo,Fs, Fo, dual(Fs)
hCut
— = Ay, As,Fs,Fg,F3 @ Fy
— i A10, A5, Fs8Fg,F3 O Fy

e Case rule &

hy :F Fg, Ag h7 :F Fg, Ao, dual(Fs)&dual(Fg) hr :+ Fg, Ao, dual(Fs)&dual(Fg)
o By @Fg, Ay 7 oh7 i~ dual(Fs @ Fs), Ao, Fs&Fy
" F Ay, Ao, Fs&Fo gur
—
ax ax ax
oh; - Ay, F5 @ Fg h7 :F Aig, Fs, dual(F5)&dual (Fg) ohy - Ao, F5 @ Fg h7 i+ Ayo,Fg, dual(Fs)&dual(Fe)
—F Ao, Ao, Fy heut — :F A, Ao, Fo cur
—:F Ayp, Ag, Fg&Fyg
hy :+ Fg, Ao h7 :F Ag,dual(Fs) hr :F Ag, dual(Fe)
on, FF @Fg. Ay 0P oh7 - dual(Fs ® Fg), As
ZF A, Ag
—
ax
— :F Ag,Fg — :F Ag, dual(Fg)
T F Al As sCut
hy :F Fg,Fy, As ® hy i Fs, Ao, dual(Fg) hy :k Fg, A1g, dual(Fe)
ohy :F Fg, As,F3 O Fs 0 ohy :+ dual(Fg), Ao, Fs&Fo
Cut
— i+ (A5,F3 @ Fy4), A1o,Fg&Fy
—

ax ax
ho :+ As,F4,Fg eh7 :F Ay, dual(Fg), Fs&Fg
hCu
— i Ay, As,Fq,Fg&Fg

— I A10, A5, Fs&Fg,F3 G Fy on
o Case rule &g
hy :F Fg, Ao h7 :F Fg, Aqo, dual(Fs)&dual(Fg)
oh; :F F5 @ Fg, Ao B eny i dual(Fs & Fg), A10,Fs $ Fy o
Cut
— = Az, Ay, Fs @ Fg
—
ax ax
oh; - Ay, F5 @ Fg h7 - Aqg,Fg, dual(Fs)&dual(Fg)
hCut
— i Aqg, Az, Fy @ "
— i Aj, Ay, Fg BFg 0
ho :F Fg,Fq, As h7 :+ F97A107dual(FG)
DB DB
oh, :- Fg, A5,F3 @ Fy oh7 :F dual(Fg), A1o,Fs @ Fo
Cut
—:F (A5,F3 @F4),A10,Fs D Fg
—
ax ax
ha :F As, Fa, Fg eh; :F A1g, dual(Fg), Fs @ Fg
hCut
— = A1, As,Fq,Fs @ Fo & o
kAo, As,F3 @F4,Fs ®Fg
e Case rule &4y
hy :F Fg, Ag & h7 :F Fg, Aqo, dual(F5)&dual(F6)
oh, :F F5 @ Fg, Ay 0 ehy i+ dual(Fs @ Fg), Ao, Fs @ Fy
t
— = Aa, Ayo,Fs @ Fo cu
—
ax ax
eh; :F A5, F5 @ Fg h7 :k Aqo,Fs, dual(F5)&dual(Fg)
hCut

— i A1, Az, Fg
— = Ay, Az, Fg @ Fg

Da
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hy :F Fg,Fy, As ® hy :+ Fg, Aio, dual(Fe)
ehy i Fg, A5, Fs ®Fs ©  ehy - dual(Fg), Aro,Fs @ Fo
— - (As5,F3 @ F4),A10,Fs @ Fg
—

Cut

ax
ho :+ As,Fy,Fg eh7 :- Ajg, dual(Fg),Fs @ Fo
— = A1, A5,F4,Fs @ Fg
—:F A0, A5,F3 @ Fy,Fs B Fg

hCut

SB

e Case rule L

h; :F Fg, Ao ® h7 :F Ag, dual(Fs5)&dual(Fg)
oy :F Fs ®Fg, As 0 ehy i+ dual(Fs @ Fg), L, Ag
— Az, J_, Ag

—

Cut

oh; :F Ay, F5 @ Fg ax h7 :F Ag, dual(F5)&dual(Fg)
—:F AQ,AS
e — l
—:F As, Ag, L

ho :F Fg,Fq, As o h7 - A87dual(F6)
ehy iF Fg, A5, F3 DFs ©  ehy i dual(Fg), L, Ag
—:F (A5,F3 ®F4), L, Ag
—
ax ax
hy :- As,Fy,Fg eh7 :- Ag, L, dual(Fg)
—:F A5, Ag,Fyq, L hCut
— = A5, Ag, L,F3 ®F4

Cut

®B

e Caserule T

hy :F Fg, A &
ohy - F5s ®Fg, Ay ©  ehy - dual(Fs ® Fg), T, As
~F A,, T, Ag
—

Cut

—:F Az,Ag,T T
hs :F F6,F4,A5 o
ehy i Fg, As,F3 ®F4 °  ehy :F dual(Fg), T, As

— = (A5, F3 @ F4), T, Ag
—

— - A5, Ag, T,F3 O F4

Cut

e Case rule [

e Case rule ®

hy :F Fg, Ag & h7 :F Fg, Aqq, dual(F;;)&dual(Fg) h7 :F Fi0, Ag
ohy ;F F5 @ Fg, Ay © eh; :F dual(Fs ® Fg), As, A11,Fe @ Fig
— = Az, Ag, A11,F9g @ F1o
—

ax ax
eh; :- Ay, F5 @ Fg h7 = Aqq,Fg, dual(Fg5)&dual (Fg)
Cut

— = Ag1, Az, Fg — = Ag,Fio
— = Aq1, A, Ag,Fg ® Fig

Cut

hy :F Fg, Ao o h7 :FFg,Ag h7:FFi0,Aqq, dual(Fg;)&dual(Fg,)
oy F F5s G Fg, Ay 0 ehy i+ dual(Fs @ Fg), Ag, A1, Fg @ Fio

— = Az, Ag, A11,F9 @ F1o
—

ax
oh; :F Ao, F5 @ Fg ax h7 :F Aq1,Fi0, dual(Fs)&dual(Fg)
hCut

Cut

ax
— = Ag,Fg — = Aq1,Az,F10

— = Aq1, Az, Ag,F9g @ F1o
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ho :F Fg,Fq, As

hy - Fg, Aqq, dual(Fg) hy :F Fi0, Ag

ohs :F Fg, A5,F3 @ Fy

oh7 :+ dual(Fe), As, A11,F9 ® F1o

Cut

—:F (A5,F3 @ F4),As, A11,F9 @ F1p
-

hy i Aj,F4,Fg

eh7 :- Ajq, Ag, dual(Fg),Fg ® F1g

Cut

— = Aq1, A5, Ag,Fa,Fg ® F1g

[5):]

— All,A5,Ag,F9 ® F10,F3 ©Fy4

ho :- Fe,Fq, A5

h7 i+ Fg,Ag  h7 :F Fio, A11, dual(Fe)

ohy :- Fg, A5,F3 O Fy

oh; :F dual(Fg), Ag,A11,Fg ® F19

Cut

— :F (A5,F3 ®Fq),Ag, A11,Fg ® Fio
—

hy :F As,Fy4,Fg

ax
ehy :- Aq1, Ag, dual(Fg),Fg ® F1g

— = Aq1,As, Ag,Fq,Fg ® F1o

B

— = Ay, As, Ag,Fg ® F10,F3 @ Fy

4.5 Status of 4

e Case rule 1

e Case rule $

hi :F F5, Ag

0K

hCut

h7 :F Fg,Fg, Ao, dual(F5)&dual(F6)

oh; :F F5 @ Fg, Ag

oh7 :F dual(Fs @ Fg), A1, Fg$Fg

Cut

— i+ As, Aqg,Fs$Fg

—

oh; :+ Ao, F5 @ Fg

hy :+ Ay, Fs, Fo, dual(Fs)&dual(Fg)

— = Ao, A2, Fg, Fy
— :F Ay, Ao, Fg$Fg

hy :F Fg,F3, As

h7 :+ Fs,Fg, A10, dual(Fg)

ohy : Fg, A5,F3 @ Fy

oh; :H dual(Fa), A1p,Fg8$Fg

— :F (As5,F3 @ Fq), A1o, Fe$Fg

—

ax
ohy : Ap,Fg,F3 O Fa

— = Ay0,As,Fs,Fg,F3 B Fy

— i Ao, A5, Fg8Fg,F3 D Fy

e Case rule &

hy :F F5, Ag

ax
h7 :F A4y, Fs, Fo, d?L(Ll(FG)
hCut

Cut

h7 :F Fg, Ao, dual(Fs)&dual(Fg) hr7 :F Fg, Aqg, dual(Fs)&dual(Fg) ©

Da

oh; - F5 @ Fg, A2

ohy : dual(Fs & Fe), A1o, Fs&Fo
Cut

— = Ao, Aqp,Fg&Fyg

—

ax
oh; :F Ay, F5 & Fg

ax
b7 :- Avo, Fs, dual(Fs)&dual(Fo) oh; - A, Fs B Fs  hy o Aro, Fo, dual(Fs)&dual (Fo)
hCut

—:F Aqp, Az, Fg

— i Ay, Az, Fy

—:F Ajp, Ag, Fg&Fg

hy :- Fs, Ag © h7 :+ Ag, dual(Fs) hr = Ag, dual(Fg)
oh; :F F5 @ Fg, Ag A oh7 :F dual(Fs © Fg), Asg

Cut

—F A, Ag U
N
ax ax
— = Ao, Fs5 — :F Ag, dual(Fs)
2 A As sCut
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hy :F Fg,F3, As hy - Fg,Al(),d’u.al(F(;) hy - Fg,Al(),d’u.al(Fs)

&
ohy F Fo As.Fa @Fs A oh; - dual(Fg), A1o, Fs&Fe
Cut
— :F (A5,F3 @ Fy4), A1o, Fs&Fo
—

ax
ho :+ Aj,F3,Fg eh7 :- Ajg, dual(Fg), Fg&Fg

Cut
— = A1, Az, F3,Fg&Fg & .
—F Ao, Ap,Fg&Fg,Fg G F4
e Case rule ®p
hy :F F5, Ao o h7 :F Fg, Aqo, dual(Fs)&dual(Fg)
ohy - F5 B Fg, Ay ' ehy i+ dual(Fs @ Fg), Ao, Fs ® Fo
Cut
— = Az, A1g,Fs © Fg
—
ax ax
oh; (- Ay, F5 @ Fg h7 = A1, Fg, dual(Fs)&dual(Fg)
hCut
— :F Ajo, Az, Fg o
— i Avo, Ao, Fg @ Fy
hy :F Fg,F3, As & hy :+ Fg,Am,dual(F(;)
ohy i Fg, As, F5 B Fs °  ehy :- dual(Fg), Ao, Fs @ Fy
Cut
— - (A5,F3 ®F4),A10,Fs B Fg
—
ax
ohy ;- Aj5,Fg,F3 ®Fy h7 := Aqo, Fg, dual(Fg)
hCut
— = A1, A5, F9,F3 O Fy ®
Z ik Aqo, Ap,F3 D Fq,Fs OFg 0
e Case rule © 4
hy :F Fs5, A o h7 i Fg, A1p, dual(F5)&dual(Fs)
ohy - F5 @ Fg, Ay ' ehy :+ dual(Fs @ Fg), Aig,Fs ®Fg
Cut
— = Az, A1, Fs © Fg
—
ax
oh; :- A, F5 @ Fg h7 :F Aqo, Fs, dual(Fs)&dual (Feg)
h
—:F Ay, Az, Fg s gut
—F Ayo, Ay, Fs ®Fg
hs :F Fg,F3, As h7 :+ FS’AI(J’dual(FG)
Da Da
ehy - Fg, A5,F3 B Fy eh7 :F dual(Fg), A1g,Fs @ Fo
Cut

—:F (A5,F3 @ F4),A10,Fs D Fg
—

ax
ho :+ As,F3,Fg eh7 ;- Ajp, dual(Fg),Fs @ Fg

hCut
— = Ay, As,F3,Fs © Fg o
A
— i Ay, A5, F3 @ Fq,Fs @ Fo
e Case rule L
hy :F F5, Ag o h7 :+ Ag, dual(F5)&dual(Fg)
ey :F F5 @ Fg, Ax *  ehy :- dual(Fs @ Fg), L, Ag
t
— AQ, J_, Ag Cu
—
ax ax
eh; :- Ay, F5 @ Fg h7 = Ag, dual(F5)&dual(Fe)
hCut
—:F AQ, Ag Cu
— AQ, Ag, iR
ho :F Fg,F3, As o h7 - Ag, dual(Fﬁ)
ohy i Fg, A5, F3 ®Fs °  ehy :F dual(Fg), L, Ag
Cut
T F (A5, F3 ©Fa), L, Ag "
—
ax ax
hy :F As,F3,Fg eh7 :F Ag, L, dual(Fg)
hCut

— = A5, Ag,F3, L
— = A5, As, L, F3 ©Fy

Da
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e Caserule T

hy :F F5, A
by Fs ©Fo,A; by i dual(Fs ©Fo), T, As
—:F A, T, Ag

—

T
Cut

T

hy :F Fg,F3, As ®
ohy i Fg, A5, F3s B Fs °  ehy i+ dual(Fg), T, As

—:+ (As5,F3 ®F4), T,As
—

Cut

— kA5, Ag, T,F3 @ Fy

e Case rule I

e Case rule ®

hy - F5,As o hy7 - Fg, Aqq, dual(Fs)&dual(Fg) hy :F Fi0, Ag
oh; - F5 @ Fg, Ao A oh7 :F dual(Fs @ Fg), Ag, A11,F9 ® Fig
— = Az, Ag, A11,F9 ® Fio
—
ax ax
eh; :F Ao, F5 @ Fg h7 :F Aq1,Fg, dual(Fs)&dual(Fe)
— = A1, Ag, Fg N
— = Ay, Az, Ag,Fg ® Fio

Cut

hy - Fs, Ao & h7 :F Fg, Ag  hy :F Fio, A1, dual(Fs5)&dual(Fe)
oh, - F5 © Fg, Ag 2 oh; :- dual(Fs ® Fg), As, A1, Fo @ Fio
— = Az, Ag, A11,F9g @ F1o
—
ax ax
oh; :- As,F5 @ Fg h7 :F Ay1,F10, dual(Fs)&dual(Fg)
ax hCut
— :+ Ag,Fg — = Aq11,A2,F10
— = Ay, Az, Ag,Fg @ Fio

Cut

hy :F Fg,F3, As & hy - Fg,Au,dual(Fe) h7 :F Fi9, Ag
ohy i Fg,Ag, F3 @ Fs ' ehy ik dual(Fg), Ag, Ar1,Fo ® Fro
— i+ (As,F3 ©Fa), As, A11,Fg ®F1p
—

Cut

ax
hs :+ As,F3,Fg eh7 :F Aqq, Ag, dual(Fg),Fg @ Fio
— = Aq1, A5, Ag,F3,Fg ® Fig
— = Aq1,A5,As,Fg ® F10,F3 @ F4

hCut

A

hy :F Fg,Fs, As © h7 :- Fg,Ag hy :F Fio, A11, dual(Fg)
ohy :- Fg, As,F3 O Fy A ohy :- dual(Fs), Ag, A11,F9 ® Fio
— i+ (A5,F3 ©Fa),As, A11,F9g ®F1p
—

Cut

ax
ha :F As, Fs, Fg oh; :F A1y, Ag, dual(Fg),Fo ® Fio
— = Ay, As, Ag,F3,F9 ® Fig
— = A1, A5, Ag,Fg ® F10,F3 © F4

hCut

A

4.6 Status of L: OK

e Case rule 1

hy - Ao L
ohy :F L, Ao ehs :F dual(Ll),
t
— ik Ag,x Cu
—
— ax
— i As
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e Case rule $

hy - As N h3 :F 1,F4,F5,A¢
eh; (- L, Ay ohs3 - dual(Ll), Ag,F43F5
t
—:F Az,Ag,F4$F5 b
—
ax ax
oh; :F Ay, | hs :F 1, Ag,F4,F5
— = Az, Ag,Fq,Fs noue
— = Ao, Ag,F48F5
hy i+ Fy, Ag hs : Fg,F7, Ag, dual(Fy)
ehy (- Fy, |, Ag ohs :- dual(F4), Ag,Fe$F7
Cut
—:F (L, A3), As, Fe8F7
—
ax

ohy - Az, Fy, L hs - Ag,Fg, Fr7, dual(F4)
—F D, As,Fo,Fr, L nowe
— i+ Az, Ag, L, Fg3F;

e Case rule &
hy i Ag hg :F 1,F4,A¢ h3:-1,F5, Ag

eh; (- L, Ay + oh3 :F dual(Ll), Ag,Fs&Fs5

Cut
—:F As, Ag,F4&F5 v
—
ax ax ax ax
eh; :F Ay, | hs :F1,Ag,Fs oh; :F Ay, L hs :F 1, Ag,F5
hCut hCut
—F Ay, Ag, Fa u —F A, Ag, Fs v
—:F Ag, Ag,F4&F5
hy i+ F4, As hs :F Fg, Ag, dual(F4) hs :F Fr7, Ag, dual(Fs)
ohy - Fy, 1, Aj3 ohs :- dual(Fy), Ag,Fg&F7
Cut
— = (L, A3), Ag, Fe&F7
—

ax
ho :F Ag,Fy ohs - Ag, dual(F4),Fe&F7
— :F Ag, Ag,Fg&F7
— i+ Az, Ag, 1L, Fe&F7

Cut

e Case rule ©p

hy i Ag h3 :-1,F5, Ag o
ohy - L, A, ohs :+ dual(Ll), Ag,Fy ©F5
Cut
—F Az, A6, F4 B Fs "
—
ax ax
eh; :F Ay, | hs :F 1, Ag,Fs
— ik Az, Ag, Fp @ gur
— Ay, AG,Fi®F;
ho :F Fy, As hs :F Fr7, As, dual(Fa) ®
ohy iF Fa, L, Ag ohs - dual(F1), As,Fo B Fr
Cut

— = (L1, As3),As,Fe ©Fr
—

ax ax
ohy (- Ag,Fy, L hs :+ Ag,Fr, dual(Fa)
h
— = A3, Ag,F7, L
— = Az, Ag, L,Fe ®Fr

OB

e Case rule &gy
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hy - As h3 - 1,F4, Ag @

ohy - 1, Ay ohy - dual(Ll), Ag,Fs ®F5

t

—F D2, Ag,F4 & Fs o
—
ax ax
oh; :F Ao, L hz :F1,A¢,F4
hCut

— ik Ag, Ag,Fy

— = Az, Ag,Fs D F5

Da

ho :F F4, Ag hs :F F67A87dual(F4)
ohy - Fu, L, Ag ohs - dual(F1), As,Fo & F7
Cut
— = (L, Asz), Ag,Fe ©Fr
—
ax ax
ohy (- A3, Fy, L hs = Ag, Fg, dual(Fy)
hCut
— = Az, Ag,Fe, L &
— = Az, As, L,F6 ©F7 4
e Case rule L
hy - Ag hz :-1,Ay4 n
oh; :F L, Ay ehs :F dual(Ll), L, Ay
t
— AQ,J_,A4 Cu
—
ax ax
eh; :F Ao, L hs :F 1,44
hCut
—F Az, A "
— ik Ag Ay, L
ho i Fa, Ag hs :k Ag, dual(Fa)
oho :-Fy, 1, A3 ohs :F dual(F4), L, Ag
Cut
— i (L, As), L, A "
—
ax
hy i Az, Fy ohs ;- Ag, L, dual(Fa)
h
T F As, Mg, L gut
—F As,Ag, L, L
e Caserule T
hy - Ao T
oh; :F L, Ao ehs :F dual(Ll), T, A4
Cut
Z kAo, T, A .
—
—:F Ag, Ay, T T
ho :F Fy, Ag T
oho - Fy, 1, Aj ohs :F dual(F4), T, Ag
Cut
—F (L, As), T, Ag "
—
— Az, Ag, L, T T
e Case rule I
e Case rule ®
hy :F Ap h3 :=1,F5, A7 h3:-Fg, Ay
ohy - L, Ay oh3 :- dual(Ll), Ay, A7,F5 @ Fg
— itk Ao, Ay, A7, F5 @ Fg gur
—
ax ax
eh; :F Ao, L hs :F1,A7,F5 he
t — axX
—:F As, A7, F5 v — - A4, Fg ®

—:F Aa, Ay, A7,F5 ® Fg
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hy - Ag N h3 :FF5,A4 h3:F1,Fg,Ar
oh; - L Ay ehj :- dual(Ll), Ay, A7,F5 @ Fg

t
— i Az, Ay, A7,F5 @ Fe o
—
ax ax
oh; - Ao, L hz :+ 1, A7,Fe e
ax t
— - A4, F5 — - Az, A7, Fg .
—:F As, Ay, A7,F5 ® Fg
hy i+ F4, As hs :F F7, Ag, dual(F4) hs :- Fg, Ag
ohy - Fy, 1, A3 ohs :F dual(F4), Ag, Ag,F7 ® Fg
Cut
— = (L, A3), Ag, Ag,F7 @ Fg
—
ax
ho - Az, Fy ohs ;- Ag, Ag, dual(F4),F7 Q Fg
— = Az, Ag, Ag,F7 @ Fs hout
— = Az, Ag,Ag, L,F7 ®Fg
hy :F Fy, Ag hs :FF7,Ag  hs i Fs, Ag, dual(Fa)
oho - Fy, 1, Ag ohs - dual(F4), Ag, Ag,F7 Q@ Fg
Cut
-+ (L, A3),Ag, Ag,F7 @ Fg
—
ax
ho - A3z, Fy ehs - Ag, Ag, dual(F4),F7 ® Fg
hCut

—:F A3, Ag,Ag,F7 @ Fg
— = Az, Ag, Ag, L,F7 ®Fg

4.7 Status of T: OK

e Case rule 1

o Case rule $

h3 :F 0,F4,F5, Ag
oh; - T, As T oh3 :F dual(T), Ag,Fa$F5

— ik Ag, Ag,Fa8F5
—

ax
eh; :F Ao, T hs :F 0,As,F4,F5
— = Ay, Ag,Fy,Fs
— i+ Ao, Ag,F48F5

Cut

hCut

hs :+ Fg,F7, Ag, dual(Fy4)
oho - Fy, T,A3 T ohs :F dual(Fy), Ag,Fe$F7

— = (T, As), Ag,Fe$F7
-

—:F Az, Ag, T,Fs$F7

Cut

e Case rule &

hs ;- 0,F4,Ag h3 :F 0,F5,Ag
oh; - T, Ao T ohs : dual(T), Ag,F4&Fs5

Cut
—:F Ag, Ag,F4&F5 v
—
T ax T ax
eh; :F Ao, T hs :F 0, Ag,Fs he eh; :F Ao, T hs :F 0, Ag,F5 ne
ut ut
— i+ Ag, Ag,Fy — :F Ag, Ag,F5

—:F Ag, Ag,F4&F5

hs :F Fg, Ag, dual(F4) hs - Fr7, Ag, dual(Fa)
ehs :FFy, T, A3 T ehs :F dual(F4), Ag,Fg&F7

— (T, A3), Ag,Fe&F7
—

— i+ Az, Ag, T,Fs&F7

Cut
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e Case rule ®p

hs - 0,F5, Ag

5]

oh - T.As | ehs it dual(T), Ao Fa@Fs 7
Cut

— - Az, Ag,Fs @ Fs "
—
T ax
oh; :F Ay, T h3 :F 0, Ag,Fs
— ik Ag, Ag, Fp houe

— i Az, Ag,Fs DF5 o

hs :F F7,Ag,dual(F4)
ehy (- Fy, T, Ag T ohs :F dual(Fy4), Ag,Fe ® Fr
— = (T,As3),As,Fg @ F7
—

— = Az, Ag, T,Fe @ Fr

e Case rule ®4

hs :F 0,F4, Ag

®
ohi - T.As | ehs - dual(T), Ao, Fa G Fy A
—:F Az, Ag,Fs D Fs Cut
—
ax ax
eh; :F Ao, T h3 :F 0, Ag,Fy c
— Ay, Ag,Fy heur

— = Az, Ag,Fs DF5 Ga

hs :F Fg, Ag, dual(F4)
ohy :-Fy, T,A3 T ohs :F dual(F4), Ag,Fe @ Fr
— (T, Asz), As,Fe © Fr
—

— i+ Az, Ag, T,Fg ® Fr

e Case rule L

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

ax

hCut

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

— = (T, As), L, Ag
—

— kA3, Ag, L, T

Cut

T

e Caserule T

ohi F T2, | ehs it dual(T), T,As
— i Ay, T, Ay
-

—:F AQ,A4,T T

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

— (T, Ag), T, Ae
—

— A3, A6, T, T

Cut

T

e Case rule I

B

Cut

A

Cut
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e Case rule ®

hs :F 0,F5,A7 h3:FFg,Ay
ohs :F dual(T), A4, A7,F5 ®Fg
— ik Az, Ay, A7,F5 @ Fe our
—

ohy ;- T, A,

ax
hs :F 0,A7,F5 ax

ax
eh; :F Ao, T he
¢ —

v —:+ Ay4,Fg
®

— = Az, A7, F5
— = Ao, Ay, A7,F5 ® Fg
hz :FF5,A4 h3:F0,Fg, Ay
ehs :F dual(T), Ay, A7,F5 ® Fg
— ik Az, Ay, A7,F5 @ Fg gut
—
ax x
ohy :F Ay, T hz :+ 0, A7, Fg c
ax
— = Ay, A7, Fg hout

eh; :F T,A,

— :F Ay4,F5
— ik Ao, Ay, A7, F5 @ Fg

hs :F Fr, Ao, dual(F4)
ehs :FFy, T,Ag T ohs - dual(F4), Ag, Ag,F7 Q@ Fg
Cut

— = (T,As), Ag, Ag,F7 @ Fg
—

— = Az, Ag,Ag, T,F7 ® Fg
hs :F Fs, Ag, dual(Fa)

hs :F Fg, Ag

hs :F F7, Ag
oho - Fy, T,A3 T ohs - dual(F4), Ag, Ag,F7 Q@ Fg
Cut

— = (T,As),As, Ag,F7 @ Fg
—

— = Az, Ag, Ay, T,F7 ® Fg

4.8 Status of I: 0K

e Caserule 1

e Case rule $

hy :F F5,F6, A7, p(n3)

I
oh; := "(n3), p(ns) ehy : dual(”(n3)), A7,F5$Fs c
ut

— i p(n3), A7,F58F¢
—

ax

— :F A7,Fs5,Fs, p(ns)
— = Az, p(n3),F5$F¢
hy i F5,Fg, A7, "(n3)
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), A7, F5%Fg cut
u

— k- "(n3), A7, F58F¢
—

ax

—:F A7,Fs5,Fe, "(n3)
— Az, (n3),F5$F¢

e Case rule &

hy :F F5,A7,p(n3) hy - Fe, A7, p(n3)
ohy : dual(”(n3)), A7,F5&Fg

— :F p(n3), A7, F5&Fg
—

eh; :F “(n3), p(n3)

ax ax
— = A7,F5,p(n3) — = A7,Fs,p(n3) o

—:F A7,p(n3), F5&Fg
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hg :FF5, A7, "(n3) ha :FFe, A7, "(n3)

- I
eh; :F p(n3), “(n3) ohy :F dual(p(nz)), A7,F5&Fg cut
— A(ng),A7,F5&F6 v
—
- ax - ax
—:F A7,F5, "(n3) — i A7, Fe, "(n3)

— = Az, (n3),F5&Fs
e Case rule ©p
hy :+ Fe, A7, p(n3)

I
eh; :F "(n3), p(n3) oh, :F dual(”(n3)), A7,F5 & Fg
— - p(n3), A7, F5 ©Fe
—

OB

Cut

_— ax
— := A7,F6,p(n3)

—:+ Az, p(n3),Fs @ Fe
hy i Fg, Az, "(n3)
= I S22}
eh; :F p(n3), "(n3) oh, :F dual(p(nz)), A7,F5 @ Fg c

— i+ "(n3),A7,F5 ®Fg
—

[ S
— :F A7,Fs, "(n3)
— = Az, "(n3),F5 & Fe

B

ut

X

B

e Case rule 4

hy4 i F5, A7, p(n3)

n 1 = Da
eh; :- "(n3), p(n3) ohy : dual(”(n3)), A7,F5 @ Fg c
ut
— :Fp(n3), A7, F5 © Fe
—
—_— axX
— = A7,F5,p(n3)
A
—:+ A7,p(n3),F5 © Fe
hy i F5, Az, "(n3)
= 1 Da
eh; :F p(n3), "(n3) ehy :F dual(p(nz)), A7,F5 @ Fg cut
1%

— i "(n3), A7,F5 ® Fs
—

— = A7,F5, "(n3)
— Az, (n3),F5 ©Fg

ax

Da

e Case rule L

s hy :- As, p(n3)
eh; :+ “(n3), p(n3) ohy i dual("(n3)), L, As
Cut

— i+ p(n3), L, As
—

——————— aX
— - Ag, p(n3)
— i+ As, L, p(ns)

s hy :F As, "(n3)
eh; :F p(n3), "(n3) oh, :F dual(p(nz)), L, As

Cut
—:F "(n3), L, As :
—
- ax
—:+ Ag, "(n3)
—:FAs, 1, (n3)
e Caserule T
~ I -~ T
ohi i "(na),p(ng) ~ eha i dual(”(n3)), T, As
Cut
— i+ p(n3), T,As
—

e — T
— A5, T, p(ns3)
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I
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), T,As

— h(ng), T, A5
—

—:F A5, T, (n3) T

Cut

e Case rule I

eh; :F "(n4), p(na) I eh3 :F dual(”(n4)), " (n4) !
Cut

— :Fp(na), "(na)
—

— :F p(n4), “(na) I

b p(an), (aa) | ehe i dual(p(an), plas) |

— i "(n4), p(nq)
—

i pa), (@a)
e Case rule ®

hg :-Fg, Ag,p(ns) ha:FF7, Ag
I
eh; :F "(n3), p(n3) oh, :F dual(”(n3)), As, Ag,Fs @ Fr

Cut
—:Fp(n3), As, As,Fe ® Fr
—
ax ax
—:F Ag,Fg,p<n;3) —:F A5, F7
—:+ A5, Ag,p(n3),Fs @ Fr
hy :F Fg, A5 hy :- Fr7, Ag, p(n3)
I - ®
eh; :F "(n3), p(n3) oh, :F dual(”(n3)), As, Ag,Fg @ Fr cut
u
— :Fp(n3), As, As,Fe @ Fr
—
ax ax
— = A5, Fe — - Ag, Fr7, p(n3)
— = As, Ag,p(n3),Fe @ Fr
hy :F Fg, Ag, “(n3) hg :FF7,As
— 7 ®
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), As, As,Fs ® Fr cut
u
— i "(n3), As, Ag,Fs ® F7
—
ax ax
— :F Ag,Fg, "(n3) — i As,F7
—:F A5, Ag, "(n3),Fs @ Fr
hg - Fg, As  hyg - Fr, Ag, "(n3)
— 7 ®
eh; :F p(n3), "(n3) oh, :F dual(p(n3)), As, As,Fs ® Fr cut
u

—:F "(n3), As, As,Fg @ Fr
—

ax

ax
— = A5, Fs —:F Ag,F7, "(n3)
—:F A5, Ag, "(n3),Fs @ Fr

4.9 Status of ®: 0K

e Case rule 1

e Case rule $
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hy :F Fg, Ay hy :F Fr, Ag hg :+ Fg,F10, A11, dual(Fg)$dual (Fr)
oh; :FFg @ Fr, Ag, Ag ehg :F- dual(Fg ® F7), A11,F9$F 10

— = (A2, Az), A11,F9o8F10
—

Cut

ax ax
oh; :F Ao, A3, Fg ® Fr hg :+ All,Flo,Fg,dual(F6)$dual(F7)
hCut
— = A11,Az,Az,F10,F9
— = Aq1, Ao, Az, Fo8F10

hy - Fg,As hy:FFr, Az hg :F Ag, dual(Fg), dual(Fr)
oh; - Fg ® Fr, Ao, A ohg :F dual(Fg ® F7), Ag
—:F (Ag, A'g), Ag
—
ax ax
— :F A3, Fr — Ag,dual(Fg),dual(Fﬂ
ax sCut
— i+ Ag, Fg — ik As, Ag, dual(Fg)
— = Az, Az, Ag seut
ho :F F7,F4, Ag  hy : F5, Ag hg :F Fo,F10, A11, dual(F7)
ohs - Fr, Az, Ag,Fqs ®F5 ehg :H dual(F7), Aq1,F98F10
ut
— i (A3, A6,F4 ® Fs5), A11,F9$F10

—

ax ax
ohy :- Az, Ag,F7,F4 ® F5 hg : A11,F10,Fo, dual(F7)
hCut
— = Aq1, As, A6, F10,F9, F4 @ F5
— = A1, Az, Ag, Fo$F10,F4 @ F5

ho :F F4, A3 hy :F F7,F5, Ag hg :F Fg,F10, A11, dual(F7)

ohy :F Fr, Az, Ag,Fy @ Fs ohg :F dual(F7), A11,F9$F10

— = (A3, A6,F4 ®Fs5), A11,F9$F10
—

Cut

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

e Case rule &

hg :F Fg, Aqq, dual(F6)$dual(F7) hg :F Fi0,Aqq, dual(F6)$dual(F7)

ohg :F dual(Fg ® F7), A11,Fo&F1o

— i+ (A2, Az), A11,Fo&Fig
—

hiy :F Fg,As h; :FFr7, Ag
oh; :F Fg ® F7, Ag, Ag

Cut

ax
oh; :F Ay, A3, Fg @ Fr ax hg :F A11,Fi0, dual(Fg)$dual(F7)
hCut
— = A11,A2,A3,F10

ax
oh; :F Ay, A3, Fg @ Fr ax hg :F A11,Fg, dual(Fg)$dual(Fr)
hCut
— = Aq1,A2,A3,Fg "

— = Aq1, Az, Az, Fo&Fig

hg :F Fg,All,dual(F7) hg :F Fm,All,dual(F7)

ho :F F7,F4,Ag ho :FF5,A3
ehg :F dual(F7), Aq1,F9&F19

ohy :- F7, Az, Ag,Fa ®Fs .

u

— i (A3, A6,F4 ®F5), A11,Fo&Fio
—
ax ax
ho :+ Ag,F4,Fr ehg :F Ay, dual(F7),Fo&Fio

hCut ax

—:+ Ag3,F;5

— i A1, Ag,Fq,Fo&Fig
— i Aq1, Az, Ag,Fo&F10,Fs @ F5

hg :F Fg, A1, dual(F7) hg :F Fio, A11, dual(F7)

hy :F F4,As  hy:FF7,F5,Ag
ohg :F dual(F7)7 A11,F9&F10

ohs - F7, A3z, Ag,F4s @F5
— i+ (A3, A6, F4s ®F5), A11,F9&F1o
—

Cut

ax ax
hy :F Ag,F5,F7 ohg ;- Aqq, dual(Fr7),Fo&Fig
ax
— - A3, Fy — = Aq1, Ag, F5,F9&Fi1g
— = A1, Ag, Ag,Fo&F10,F4 @ F5

e Case rule &p
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hy :F Fg, A2 hy :FF7, Ag hg :F Fi0, A11, dual(Fg)$dual(Fr)
oh; :F Fg ® F7, Az, Ag ehg :+ dual(Fs @ F7), A1, Fo @ Fio
— = (A2, A3), A11,F9 ©Fio
—

Cut

ax
oh; :- Ay, A3, Fg @ Fr ax hg = Aq1,Fi0, dual(Fg)$dual(Fr)
hCut
— = Aq1, Az, Az, F1o

S35z}
— = Aq1, Az, Az, Fg @ F1o
ho :F F7,F4, A ho :FF5, A3 hg F107A11,dual(F7) ®
ohy :-F7, A3, Ag,F4 ® Fs ohs :- dual(F7), A11,F9 @ Fio o
Cut
— = (A3,A6,F4 ®Fs5),A11,F9 @ Fio
—
ax ax
ohs :F A3, Ag,F7,F4 ®F5 hg :F A11,F10,dual(F7)
hCut
— A1, A3, Aq,F10,F4 @ Fs o
B
— = Ay, As, Ag,Fs ® F5,F9 B Fio
hy :-Fq, Az hy :FF7,Fs5,A¢ hg :F Fio, A1, dual(F7)
ehy :FF7, A3, Ag,Fs @ Fs ohg : dual(F7), A11,F9 @ Fio B
Cut
— = (A3, A6,F4 ®Fs5), A11,F9g ©Fio
—
ax ax
ohy - A3, Ag,F7,F4 ®F5 hg = Aq1,Fi0, dual(Fr7)
hCut
— = A11,A3,A6,F10,F1 @ F5 ®
B
— = A11,A3,A6,F4 ®F5,F9 @ F1o
e Case rule @4
hy :F Fg, A2 hy :FFr, Ag hg :F Fg, Aqq, dual(F6)$dual(F7)
oh; :- Fg ® F7, Ao, Ag ohg : dual(Fg ® F7), A11,F9 @ F1o
Cut

— = (A2, A3z),A11,Fg ©F1o
—

a ax
oh; (- Ay, A3, Fg ® Fr * hg = A11,Fg, dual(Fg)$dual(F7)
T F Ary, As, A, Fo hCu

Da
— A1, Az, Ag, Fg ©F1o
hy - F7,F4,Ag ho :FF5, A3 hg :F Fg, Ay1, dual(Fr) ®
A
ehy i F7, A3, Ag,Fs @ Fs ohg :F dual(F7), A11,Fg @ Fig
Cut
— - (A3, A6,F4 ®Fs5), A11,F9g ©Fi1o
—
ax ax
ohs :F A3, Ag,F7,F4 ® F5 hg :F A1, Fo, dual(F7)
hCut
— = Aq1,A3,A6,F9,F4 ® F5 o
A
— = A11,A3,A6,F1 ® F5,F9 ®F1o
ho :FF4,As ho:FF7,F5,Ag hg :+ F97A117dual(F7) &
ohs - Fr7, A3z, Ag,F4 @ F5 ehg :F dual(F7), A11,F9 @ Fio A
Cut
— i+ (A3, A6, Fa ®F5), A11,Fg ©Fio
—
ax ax
ohy (- A3z, Ag,F7,Fqs @ F5 hg :F A11,F9, dual(F7)
hCut

— = Aq1, Az, A6, F9,Fs ®F5

Da
— = Aq1, Az, Ag,F4 @ F5,F9 @ Fio
e Case rule |
hy :k Fg,As  hy - F7, Aj 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 .

— i Ao, Az, Ag, L
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hy - F7,F4,Ag ho :FF5,A3 hg = Ag, dual(F7)
ohs - Fr, A3z, Ag,Fqs ®F5 ohg :+ dual(F7), L, Ag

— = (A3,A6,F4 ®Fs), L, Ao
—

oho - Ay, Ag,Fr,Fs @F5  hg - Ag, dual(Fr)

Cut
— = Az, Ag, Ag,Fy ®F5 "
— = A3, A6,A9, L,F41 ®Fs
ho :FF4, A3 ho :FF7,F5,Ag hg :F A97dual(F7)
ohs - Fr7, A3z, Ag,F4 @ F5 ehg :F dual(F7), L, Ag
Cut
—F (A3, Ao, Fa ®Fs), L, Ao "
—
ax
ohs (- A3, Ag,F7,F4 @ F5 hg = Ag, dual(F7)
hCut

— = Az, A6, D9, F4 @ F5
— i Az, Ag, Ag, L,F4 ®F5

e Caserule T

hy :F Fg, A2 hy :FF7, Ag
oh; :FFg ® F7, As, A3 ohg :F dual(Fg ® F7), T, Ag

Cut
— ik (82, A3), T, Ag v
—
T As, Ag Ag T |
ho :FF7,F4,Ae ha :FF5,A3
oho i F7, Az, Ag,Fa ®Fs ohg - dual(F7), T, Ao
Cut
— ik (A3, Ag,Fa ®F5), T, Ag U
—
— = Az, A6, A9, T,F1 ®F5
hs :F F4,A3 ho :F F7,F5,Ag ® T
ohy i F7, Az, Ag,F4 @ Fs ohg : dual(F7), T, Ag
Cut
— - (A3,A6,F4 ®Fs), T,Ag
—
— = Az, A6,A9, T,F4 ®F5
e Case rule
e Case rule ®
hy :- Fg, Ay hy :FF7, As hg :F F10, A12, dual(Fg)$dual(F7) hg :FFi1,Ag
oh; :FFg ® F7, Ag, Ag ohg :F dual(Fs ® F7), Ag, A12,F10 ® F11
Cut
— = (A2, Az), Ag, A12,F10 ® F11
—
ax
oh; :F A3, Az, Fg ® Fr hg :F Aq2,Fi9, dual(Fg)$dual(Fr)
hCut ax
— = Aq2, Az, Az, Fig — = Ag,F11 ®
— kA2, As, Az, Ag,Fig ® F11
hy :FFe,Aa hy - F7, Ag hg :F F10, Ag hg :F Fi1, A2, dual(Fe)$dual (F7)
oh; - Fg ® F7, Ao, Ag ohg : dual(Fs @ Fr), Ag, A12,F19 ® F11
Cut
—:F (A2, A3), Ag, Ay2,F10 ® F11
—

a; ax
oh; :F Ay, A3, Fg @ Fr * hg :F Aq2,F11, dual(Fe)$dual(F7)
ax hC
— i Ag,Fio — = Aq2, Az, Az, F11
— = Ay, Ao, Az, Ag,Fio ® F11
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ho :F F7,F4, Ag hy:FF5, Az hg :F Fi0, A12,dual(F7) hg - Fi1,Ag

ohy - F7, Az, Ag,Fs ® F5 ohg :- dual(F7), Ag, A12,F10 @ F11
Cut
—:F (A3, A,F4 ®F5), Ag, A12,F10 @ F11
—
ax ax
ohy :F A3, Ag,F7,F4 ®Fs hg :F Aj2,Fi0, dual(F7)
Cut
—:F A2, A3,A6,F10,F4 ®F5 — - Ag,Fq1
— = A1z, Az, Ag, Ag,F10 ® F11,F4 @ F5
hy :F Fr,Fyq,Ag ho :F Fg, Az hg :F F10, A9 hg :F Fi11, A2, dual(Fr)
ohy :FFr, A3, Ag,Fy @ F5 ohg :- dual(F7), Ag, A1a,F19 ® F11
Cut
— i (A3, A6,F1 ®F5), Ag, A12,F10 ® F11
—
ax ax
ohs - A3, Ag,F7,F4 @ F5 hg = Ai2,Fi1, dual(F7)
ax hCut
— :F Ag,F10 — = Ays, Az, Ag,F11,F4 @ F5
— = Ay, Az, Ag, Ag,F10 ® F11,F4 @ F5
ho :F F4, A3z ho :FFr,F5, Ag hg :F Fi0, A12,dual(F7) hg :FFi1,Ag
ohy - F7, Az, Ag,Fs @ F5 ohg : dual(F7), Ag, A12,F10 @ F11
Cut
— i (A3, 06,F1 ®F5), Ag, A12,F10 ® F11
—
ax ax
ohy :F Ag, Ag,F7,F4 ®Fs hg :F Aya, Fig, dual(F7)
hCut
— = Ay2, Az, Ag,F10,F1 @ F5 — - Ag,Fq1
— = A1z, Az, Ag, Ag,F10 ® F11,F4 @ F5
hp :F F4, Az hy :-F7,F5,Aq hg :- F10, A9 hg :F F11, A2, dual(Fr7)
ohy ;- F7, A3, Ag,Fy ® F5 ohg :- dual(F7), Ag, A1a,F19 ® F11
Cut
— = (A3, Ag,F4 ®F5), Ag, A12,F10 ® F11
—
ax ax
ohs - A3, Ag,F7,F4 @ F5 hg = Ai2,Fi1, dual(F7)
ax hCut
— = Ay, Fyo — k- Ay2, Az, Ag,F11,F4 @ F5

— = Ay, Az, Ag, Ag,F10 ® F11,F4 @ F5
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