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1 Weakening on the classical context
e Case(s) rule 1

_— 1 _— 1
ehy :F {Ag}: 1 - ehy - {Ag, Fyy}: 1

e Case(s) rule !

-
hy - {Ag} :F:

By i {8} iFg N 1 2 3

- - ! hy :+ {Ag,F . F

ohy :F {Ag} :IFg 1 {Ag, Fw} i F3 ,

ohy :F {Ag,Fyy ) :IF3
e Case(s) rule ?

e
hy i {Ag,Fa}: A

by - {Fy, Ao} Ag , - E 274 3 H
_ = 7 hy - {Ag,Fy,F N
ohy - {Ao} : Ag, 7Fy 1 {82 Fa P} i Ag

ohy - {Ag, Fyy )} Ag, 7Ry
e Case(s) rule $

—_—ax

hy :F {Ag} : Ag,Fy,F5

by ik {Ag} 1 Fy,F5, Ag s N N 3A' i H
hy :F F H ,Fgq,F

eny i {An} : Ag, Fy8F5 Lo {8o Py} A3.F4.Fs

ohy - {Ag,Fyy} : Az, Fy8F5

o Case(s) rule &

F "
hy - {Ag} : Ag,F hy - {Ag} : Ag,F
hy ik {Ag} 1 Fg, Ag by i {Ag} i F5, Ag 1" (A2} : B30 Fa 17 {82} : A5 ¥

H
- hy ik {Ag,Fyy}: Ag,Fy hy ik {Ag,Fyy} : Ag,Fp

ohy i {Ag} : Ag, Fu&F5 0 — -
ohq : 2, Fyw )¢ 3, F4 &Fgy

o Case(s) rule @p

_
by ik {Ag} : Ag,Fy

OB - hy = {Ag,Fyy } : Ag,Fp

ohy - {Ag} : Ag,Fqy @ F5 w 3:F5 op
ohy i {Ag,Fyy} : Ag,Fy @ Fp

ny ik {Ag} i F5, Az

e Case(s) rule @4

-
hy i {Ag} : Ag,Fy

DA i hy :F {Ag,F : Ag,F

ohy :- {Ag} : Ag,Fy @ Fs 1 {82 Fw} i Ay @A

ohj i {Az,Fw}:Ag,F4G)F5

hy i {Ag} i Fy, Ag

e Case(s) rule L

—_ ax
b - {Ag}: A
hy - {Ag} : Az N N T8 3A IH
—_— hy :F {Ag,F H
ey :F {Ag}: L, A3 vh {82 Fwl:ds
ony i {Ag, Fyy}: Ag, L

e Case(s) rule T

_— T
ohy - {Ag}: T,A3 - ohy ik {Ag,Fyy}: Az, T

e Case(s) rule I3

I
ohy - {Ag} :p(ng), “(nz) T en ik {Ag.Fyy ) plng), (ng)



Case(s) rule ®

hy k-

{Ag} : F5,A3 hy:F {Ag} :Fg, Ay

Case(s) rule Iy

Case(s) rule I

Case(s) rule ?¢

eh; :F {Ag} : A3, Ay,F5 ® Fg

ohy :- {Ag, p(ng)} : “(n3)

oh; :F {Ag, “(n3)} : p(n3)

hy ik {F2,A3} 1 Fo, Ay N
_— 7o

oh; :F {Fgy, Az} : Ay

Iy

_ ax T A 1 A o
hy :- {Ag} : Ag,Fy hy - {Ag} : Ay, Fg

IH
hy - {AQ,FW}:A:;,FS hy i {AQ,FW}:A4,F6

ohy - {Ag,Fyy} : Ag, Ay, F5 @ Fg

I
- ohy k= {Ag,Fyy, p(n3)} : "(n3) !

- ehy - {Ag,Fyy, “(n3)} : p(ng)

-_—  ax
hy :F {A3,Fa} : Ay, Fo

N IH
hy {A3.F2,Fw} Ay, Fo

ohy - {A3,Fo,Fyy}: Ay

el



2 Contraction on the classical context

e Case(s) rule 1

_ 3 _ 1
ehg :- {Ag,Fp,F1}: 1 - ehg :- {Ag,F1}: 1
e Case(s) rule !
A T
h3 : JF1,F1} : F
by i {F1.F1 B0} iFy . % IH
ohg i {Ag,Fq,F1} ilFy "3 -i{{A21F1}}~'F4
oh3 : 9,F1} :IFy
e Case(s) rule ?
hg : {Ag,Fq,F1,F5} : A
by P {F1,F1,F5, Ao} i Ag N s (82,71, 71,75} - Aa H
ehg ik {Ag,F1,F1}: Ay, 7F5 53 t iilel’}FS}A'Af
ehg : 2,F1} 1 By, TF5
e Case(s) rule §
F{a PN =
hg JF1,F : L F5, F
hg - {Fy,F1, A2} : Fp5,Fg, Ag N 3 - Z 1 1}A EARL AR
ehg :F {Ag,Fq1,F1} : Ay, F58Fg hS'F{{AQ‘Fl}}' A4‘F5’$F5
ohg : 2,F1 B 4, F5$Fg
o Case(s) rule &
ax
hg - {Ag,F1,F1} : Ay, Fx hg - {Ag,F1,F1} : Ay, F
hg i {F1,F1,A0} : F5, Ay hg ik {F1,F1,Ag} : Fg, Ay N 3 m {82, F1,F1} i Ay Fs 3 {82, F1,F1} i Mg, Fe
ohg - (Ao F1.F1} : Ay, Fy&Fg hg3 :F {A2>F1)h= Ai,{FsA — Ahs 1: ‘iﬁz‘lﬁ} ERAVE 1
ohg : 2,F1} : Ay, Fr&Fg
e Case(s) rule &p
hg = {Ag,F1,F1} : Ay, F
hg i {F1,F1, A2} : Fg, Ay ap N 3h :{Z lF }1_}A 417 6
eh3 :- {Ag,Fy1,F1}: Ay, F5 @ Fg - 3F‘{A i’ }1 A t’ ;F ®p
ohg : 2:F1}: Ay, F5 & Fg
e Case(s) rule @4
N A o
hg sF1,F1} s ) F
hg i {F1,F1, A2} i F5, Ay @ . 3 :{Z 1 )l}A 475
A h3 : ,F : ,Fg
oh3 ;- {Ag,F1,F1}: Ay, F5 ©Fg ‘1 = 2'}1 X 4 ?e ®a
ehg : 2,F1} : Ay, F5 D Fg
e Case(s) rule L
- {A ag
hg : JF1,F1}:
ng ik {F1.F1, Ag} s Ag . w -
ohg - (Do Fp. F1): L, Ay "3 - {{AAQ‘Fl)} 'AA4L
ohg : 2,F1} : Ay,
e Case(s) rule T
T T
ehg :- {Ag,F1,F1}: T,Ay - ohg :F {Ag,F1}: Ay, T
o Case(s) rule I3
I3
ohg ;- {Ag,F1,F1} : p(ng), “(ng) - ohg ;- {Ag,F1} : p(ng), “(ng)



e Case(s) rule ®

ax

ax
b3 - {Ag,F1.F1}: Ay, F by - {Ag,Fp.F1}: Ag, F
hg :F {F1,F1,Ag} : Fg, Ay hg:- {F1,F1,Ag} :F7, Ag © . 3 {Z’ 1 }1 N 26y 3 {2A 1 }1 < Ty
hy - Fi} - F b3 - {Ag.F1) : Ag, F
ohg - {Ag,F1,F1}: Ay, Ay, Fg @ Fr 3 2°71 476 3 2°1 5 &
oh3 :- {Ag,F1}: Ay, Ag,Fg @ Fr

e Case(s) rule I

I

oy i (A1, p(3).p(a3)} : (z) | 7 emp i {Ag,p(ag)}  (n3)
Iy Iy
onp :- {(Ag,p(n3)),F1,F1} : “(n3) - ohp ik {Ay4,Fy, p(ng)} : “(n3)
e Case(s) rule Iy
I
ehg - {Aq, "(n3), "(n3)} : p(ng) 2 - ohp i+ {Aq1, "(n3)} : p(n3g)
I
ohy i {(Ayg, "(n3)),F1,F1} : p(n3) 2 - ohy i {Ay,Fq, "(n3)} : p(ng)
e Case(s) rule ?¢
. . . hy i {Ay,F3,F3} : Ay, F3
LA s DA Tl ¢ - hg :F {A1,F3} : Ay, F3
ohy - {Aq,Fg,F3}: Ay A 2
shy : 18375 ¢ 4
:+ {Ag5,Fq1,Fq, t Ay,
by :F {F1,F1,F3, A5} : F3, Ay v R h2h ::{ZFlFFlFF}s:}A 4FF3
eng i {(F3,A5),F1,F1} : Ay 2 513 L8 4,

ehy ik {A5,F1,F3}: Ay



3 Measure of derivations

e Case(s)

e Case(s)

w0

)

o Case(

e Case(s)

o Case(s)

e Case(s)

e Case(s)

o Case(s)

o Case(s)

o Case(s)

rule 1
_— 1
eh; :F {Ag}: 1
rule !
bt {Ag)iFy
ehy - {Ag} :IFg
rule 7
By b R4, B2} :8s
ehy - {Ag} : A3, ?Fy
rule $
hqy B {Az} :F4,F5,A3
ohy :- {Ag} : Ag,Fy$Fp
rule &

hy - {Ap} :Fy, Az hy i {Ag} :F5, Ag

ohy :F {Ag} : Ag, Fu&F5

rule &p
hy - {Ag} i F5, Ag
OB
ohy :- {Ag} : Ag,Fy @Fp
rule @4
hy i {Ag} i Fy, Ag
Da
ohy i {Ag} : Ag,Fy @ Fg
rule L
hy :F {Ag} : A3
ohy :- {Ag}: 1, Ag
rule T

- s
ony - {Ag}: T, Ag

rule I3

oh; := {Ag} : p(ng), “(n3)

[
eeh; :- {Ag}: 1

- ax
hy i {Ag} : Fg
—— IH
ehy :- {Ag} : F3
e A
eeh; : {Ag} :IFg

—_— ax
hy :F {Ag,Fgq} : Ag

ohy :F {Ag,Fy}: Ag
eeh; :- {Ag}: A3, 7Fy

IH

ax

by ik {Ag} : Ag,Fy,Fs
ehy - {Ag} : Ag,Fy,Fp

IH

eehy :- {Ag}: Ag,Fy$F5

hy - {Ag} : Ag,Fy hy - {Ag} 1 Ag,Fg

ohy - {Ag} : Ag,Fy ohy :F {Ag} : Ag,Fy

eenhy - {Ag} : Ag, Fu&Fy

—_—AX
ny - {Ag} Ag,Fy

eh; :F {Ag} : Ag,F5

®B
eeh; :- {Ay}: A3z, Fy BF5
_
hy i {Ag} : Ag,Fy
ohq - {Ag} : Ag,Fy
DA

eeh; :- {Ay}: A3,Fy BF5

—_— ax
hy :F {Ag} : Ag

ehy :F {Ag}: Ag
[T b " R
eeh; :- {Ag}: A3, L

IH

eeh; :- {Ag}: A3, T

eehy :- {Ag} : p(ng), “(n3)

ax



Case(s) rule ®

hy i {Ag} 1 F5, Ag by i {Ag} i Fg, Ay
ohy i {Ag} : Az, Ay, F5 ®Fg

Case(s) rule I

oh; :- {Ag,p(n3z)} : "(n3)

Case(s) rule I

oh; :- {Ag, "(n3)} : p(n3g)

Case(s) rule 7¢

hy (FQ,A;;} 1 Fo, Ay o
_— 7o

oh; :- {Fo, Az} : Ay

Iy

hy i {Ag}: Ag,Fp

hy - {Ag} : Ay, Fg

oh; :- {Ag} : Ag,F5

oh; - {Ag} : Ay, Fg

eeh) :- {Ag}: Az, Ay, F5 ®Fg

eeh; :- {Agy,p(n3)}: "(n3)

eeny - {Ag, (n3)} : p(ng)

-
by - {Ag,Fa} : Ay, Fy

ehy - {AS,FQ} : Ay, Fo

eeh) :- {Ag3,Fa}: Ay

e



4  Invertibility of Rules

4.1 Status of 1: : Invertible

e Case rule 1

—_— 1 -
ohy ik {Ag} i1 — trivial

e Case rule !

e Case rule 7

e Case rule $

e Case rule &
e Case rule &g
e Case rule ®4
e Case rule L
e Caserule T
e Case rule I3
e Case rule ®
e Case rule I
e Case rule I

e Case rule 7o

hy :F {Fg, A i1, F
e T D e
ehy :F {Fy,Agz}:1



4.2 Status of I: : Invertible

e Case rule 1

e Case rule !

—
hy i {Ag} i Fg . N hy - {Ag} : F3

P Ll A M iA2)iFy
ohy - {Ag} :IFg ohy - {Ag} : Fg

e Case rule ?

e Caserule $

e Case rule &

e Case rule &g

e Case rule ©4

e Case rule L

e Caserule T

e Case rule I3

e Case rule ®

e Case rule I

e Case rule I,

e Case rule 7¢

hy ik {F3, Ag} i Fg, Py N — o
—_—— "¢ oho : 4,F3} :IFy

oho - {Ay,F3} : Fq

ehy i {F3, Ay} :IFp

4.3 Status of 7: : Invertible

e Case rule 1

e Case rule !

10

- 0@ o0«
hy ik {Agq,Fg} i Fg, P



e Case rule ?

ny i {Fq, Ag} : Ag, 7Fg

e Case rule $

ho

ho :- {Ag} : (Ag, 7Fq), 7Fy

hy - {F4, Ao} : Ag
ohy - {Ag}: Ag, 7Fy

:= {Ag} : Fy,F5, Ag, 7F1

e Case rule &

hy ik {Ag} 1 Fg, Ag, 7F1 ho

‘- {Ag} : (Ag, 7F1), F4$F5

:- {Ag} : F5, Ag, 7F1

.
ohy - {Ag} : (Ag, 7Fq), F&F5
e Case rule ©p
ho i+ {Ag} : Fg, Ag, 7F1
OB
ohy - {Ag}: (Ag,?F1),Fq ©®Fp
e Case rule ©4
ho ik {Ag} i Fy, Ag, 7F1
Da
ohy :- {Ag} : (Ag, 7F1),F4 @ F5

e Case rule L

e Caserule T

e Case rule I3

e Case rule ®

hg ik {Ag} : Ay, 7Fq

L
ohg i {Ag}: L, Ay, 7Fy
ohy - {Ag}: T, Ay, 7Fy
ho i {Ag} :F5, A7, 7F; ho ik {Ag} :Fg, Ay
N
ehy :- {Ag}: (A7, 7F1), Ay, F5 @ Fg
ho i- {Ag} i F5, Ay ho i {Ag}:Fg, Ag, 7Fp
N

ohy :- {Ag}: Ay, (Aq, 7F1),F5 ® Fg

11

————————————— ax/ind
hy i+ {Ag,F1,Fq} : Ap
ohy :F {Ag,F1}: Ag, 7Fy
_—ax
hy - {Ag,Fa}: Ag
ohy - {Ag,Fu}: Ag

ax/ind

hy i {Ag,F1}: Ag,Fy, Fy

ehg - {A3,F1} : Ag,F48F5

hg :F {Ag3,F1}: Ag,Fy

ax/ind
ho :F {A3,F1}

ax/ind
: Ag,Fs

ohy - {Ag,F1} : Ag,F4&F5

ax/ind

hy i {Ag,F1} : Ag,F5 o
B

ehy :- {A3,F1}: Ag,F4 ®F5

—— ax/ind
ho - {Ag,F1} : Ag,Fy

eny :- {A3,F1} : Ag,F4 D F5

A

—— ax/ind
hg ik {Ag,F1}: Ay

ohy - {Ag,F1}: Ay, L

ohy - {Ag,F1}: Ay, T

B
by i {Ag} : Ay, Fg

ho - {A3,F1}: Ay, F5

ax/ind

hg - {Ag,Fq}:

Ay, Fg

oehy - {A3,F1}: Ay, A7, F5 ®Fg

ax

ho :F {A3} : Ay, Fp

ho :F {A3,F1}: Ay, F5

ax/ind
ho :F {A3,F1}: Ay, Fg

eho {A3,F1} 1 Ay, A7, F5 @ Fg



e Case rule I
e Case rule I

e Case rule 7¢

hg ik {Fg, Ag} i Fy, Ay, 7Fg

ong :F {Fy, Ag} : Aq, 7Fy

ax/ind
- hg Had {A5,F2,F4}:A1,F4

4.4 Status of $:

c
oh3 ;- {Ag,Fp, Fg} : Aq

Invertible
e Case rule 1

e Case rule !

e Case rule ?

h3 :+ {F5, Ay} : Ag,Fp8$Fg

ax/ind
. b3 :- {Ay,F5} : Ag,F1,Fy
eh3 :- {Ay} : (Ag,F18F3), 7F5 eh3 ;- {Ay} : Ag,Fq,Fg, 7F5
e Case rule $
ax/ind
hg i {A4} : F5,Fg, Ay, F18Fg s N hg i {Ay} 1 A7, F1,Fg, F5, Fg
eh3 - {Ay} : (Ay,F18Fy), F5%Fg ehg - {Ay} : Ay, F1,Fg, F58Fg
by ik {Ag} i Fy,Fs, A o
1 :F {Ag} 1 Fy,F5, Ag s N hy :k {Ag} 1 Ag,Fy,F5
ohy - {Ag} : Az, Fy$Fg ehy :F {Ag} : A3, Fy,F5
e Case rule &

hg - {Ay} : F5, Aq, Fq$Fy

hg ;- {A4} : Fg, A7, F18F
ohz :- {Ay} : (Ay,F18Fy), F5&Fg

ax/ind ax/ind
- hg - {84} : A7, F1,Fg,F5 b3 :- {84} : A7,F1,Fa,Fg
ohg ;- {Ay} 1 Ay, Fp,Fo, F5&Fg
e Case rule &g
ax/ind
hg i+ {84} i Fg, A7, F18F ® N h3 ik {A4} : Ay, Fq,Fo,Fg
B
ohg :- {Ay} : (A7,F18F2),F5 @ Fg ohg ;- {Ay} : Ay, Fq,Fo,F5 @ Fg B
e Case rule ©4
hg ik {Ay} : F5, Ay, Fq$F
3 i {Ag} i F5, A7, F $F &4 N
ong - {Ay} : (A7, F18F2),F5 ® Fg

ax/ind
hg :F {Ay} : Ay, Fq,Fo,F5

Da
eh3 :- {Ay} : A7,F1,F3,F5 ®Fg

12



4.5

Case rule L

hg i {A4} i Ag, Fq$Fy

ohg :F {Ay}: L, Ag,Fq$Fy

Case rule T

eh3 :- {Ay}: T,Ap,Fq8Fy

Case rule I3

Case rule ®

hg ;- {A4} : Fg, Ag,F18Fy hg :- {A4} :F7, Ap
oh3 :F {A4} : (Ag,F18F3), Ap,Fg ® Fr

hg Hal {A4}:F6,A5 hg Had {A4}:F7,A8,F1$F2
ohg - {Ay) : Ag, (Ag,F1$Fg), Fg ® Fr

Case rule Iy

Case rule I

Case rule ?¢

hy - {F5,Ag} : F5, Aq,Fo8F3

ohy - {F5, Mg} : Aq,Fy8Fg

—

h3 ;- {Ayg}: Ag,Fq,F2

ehg ;- {Ay}: Ap,Fp,Fp, L

ehg :- {Ay}: A5, Fp,Fp, T

hg Ha {A4} B AS’Fl‘FQVFG

ax/ind

ax/ind

—_— ax
hg :F {Ay} : A, F7

eng - {Ay} : A5, Ag,Fy,Fg,Fg @ F7

ax
ng i {A4} : A, Fg hg ik {A4}: Ag,Fy,Fp,Fr

ehg ;- {Ay} : As, Ag,Fy,Fy,Fg @ F7

by - {Ag,F5} : Ay, Fp,F3,F5

ohy i+ {Ag,F5} : Ap,Fo,Fg

Status of &: (Left Premise): Invertible

Case rule 1

Case rule !

Case rule ?

b3 - {F5, A4} : Ag,Fq&Fy

ohg - {Ay} : (Ag,F1&Fp), 7F5

Case rule $

h3 i {A4} : F5,Fg, Ay, Fq &Fp
ehg i {A4} : (A7, Fq&Fy), F5SFg

h3 - {Ay4,F5} : Ag,Fq
eh3 :- {Ay} : Ag,Fq, ?F5

h3 e {A4} B A7,F1,F5,F6

ohg :F {Ay} : Aq,Fq,F5$Fg

ax/ind

ax/ind

ax/ind

ax/ind



e Case rule &

ind ind
hg := {A4} : F5, Ay, F1 &Fo b3 := {Ay} : Fg, Ay, Fq &Fo © . hg o {Aa} A7 F1.7s ax/in T S ax/in
ong - {Ay} i (A7, F1&Fg), F5&Fg ohg ;- {Ay} 1 Ag,F1,F5&Fg
By ik {Ag} :F4, A3z hy i {Ag} :F5, Ag o 5 hF {Bo) A g
ohy - {Ag} : Ag, Fu&Fg ohy iF {Ag} : Ag,Fy
e Case rule ®p
_  ax/ind
b3 ik {Ay} i Fg, A7, F1&Fy ® . hy - {A4} : Ap,Fp,Fg
B 52}
ohg ;- {Ay} i (A7,F1&F3),F5 @ Fg ehg :- {Ay} : Ay, ,Fp,F5 @ Fg B
e Case rule ®4
—  ax/ind
h3 ik {Ay} i F5, A7, Fq&Fp ® . h3 - {A4} : Ag,Fp,F5 o
A
ehg - {Ay} : (A7,F1&F3),F5 @ Fg ohg :- {Ay}: Ay, Fq,F5 B Fg A
e Case rule L
—— ax/ind
hg ik {A4} 1 Ag, Fq&Fy N . hg ik {A4) : Ag,Fq
ohg :F {Ay} : L, Ag, Fq&Fy ohg i {Ay)} i Ag,Fq, L
e Caserule T
-
eh3 :F {Ay} : T, Ag,Fq&Fo - ehg :- {Ay} : A5, Fy, T
e Case rule I3
e Case rule ®
ax/ind
b3 ik {A4} :Fg, Ag,F1&Fy h3 :F {A4} :F7, Ap © . h3 :F {A4} : Ag,Fq,Fg h3 :- {Ay} : Ag,Fy
eh3 - {Ay} : (Ag,F1&F3), Ag,Fg ® Fp oh3 ;- {A4} : Ay, Ag,F1,Fg ® Fr
ind
hg = {Ay} 1 Fg, A5 hg := {Ay} : Fy, Ag,Fq &Fo ® R I N ax o (A1) Asin ax/in
oh3 ;- {Ay} : Ag, (Ag,F1&F3),Fg ® Fr oh3 :F {Ay} : Ag, Ag,F1,Fg ® Fp
e Case rule I
e Case rule I
e Case rule 7o
ax/ind
hy - {F5, Ag} : F5, Ay, Fa&Fz | . hy i {Ag,F5} : Ay, Fa,F5
‘'c 7
ony i {F5, Ag} : Ay, Fp&F3 ohy - {Ag,F5} : A, F2
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4.6

Status of & (Right Premise): : Invertible

Case rule 1
Case rule !

Case rule ?

————————— ax/ind
by i {F5, Aq} i A Fa&Fp R h3 i+ {Ay,F5} : Ag,Fa /
ohg :- {Ay} : (Ag,F1&Fg), 7F5 eh3 :- {Ay} : Ag,Fg, ?F5
Case rule $
hg :F {Ay4} : F5,Fg, Ar, Fq &F ax/ind
3 :- {A4} : F5,Fg, A7, F1 &Fy ¢ N h3 ;- {Ay} 1 Ay, Fo,F5,Fg
oh3 - {Ayg} : (A7, F1&F3), F58Fg oh3 :F {Ay4} : Ay, Fo,F58Fg
Case rule &
ax/ind
by :- {A4} :F5, A7, F1&Fy b3 :- {A4} : Fg, A7, F1 &Fy o . hg i {A4} : Ag,Fo, F5 hg - {A4} : Ay, Fg,Fg
ong - {Ay} : (A7, F1&F3), F5&Fg ohg ;- {Ay} 1 Ag,Fp,F5&Fg
-
hy :F {Ag} : Fq, A3 hy :F {Ag} :F5,A3 o 5 hy :F {Ag} : Ag,F5
ohy - {Ag} : Ag, Fu&F5 ohy ;- {As}: Ag,Fy
Case rule ©p
_ ax/ind
b3 ik {Ay} : Fg, A7, F1 &Fp ® . hg - {Ay} : Ay, Fo,Fg
B 52}
o3 ik {Ay}: (A7, F1&F3), F5 ®Fg ohy - (A4} i Ap.Fo.F5 ®Fg C
Case rule ® 4
— ax/ind
b3 ik {A4} i F5, A7, F1 &Fp ® 5 h3 :F {84} : Ay, Fo,Fg o
A
on3 :F {Ay} : (A7, F1&F3),F5 @ Fg ehg :- {A4} : Ay, Fy,F5 @ Fg A
Case rule L
hg ik {A4} : Ag,Fq &F ax/ind
3 :F {Ay}: Ap,F1 &Fp N R hg - {Ay} : Ag,Fg
eh3 ik {Ay} L, Ap, F1&Fg oh3 - {Ay} : Ay, Fo, L
Case rule T
T
oh3 :F {Ay} : T, Ap,Fq &Fo - ehg - {Ay}: Ag,Fp, T

Case rule I3
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e Case rule ®

hg ik {Ag} i Fg, Ag,F1&Fy h3 - {Ay} :F7, Ag g (A4} Ag.Fa.Fg e Aat agr
eng :- {Ay} : (Ag,F1&F3), A5, Fg © Fr oh3 :- {Ay}: Ag, Ag,Fy,Fg ® Fy
b3 :- {A4} :Fg. Ap hy ik {Ag} :F7, Ag.F1&Fp . by F (B4} :0g.Fg . hgi- {Ag): g Fy.Fr ex/ind
oh3 i {Ayg} : As, (Ag,F1&F3),Fg ® Fr oh3 - {Ay} : Ay, Ag,Fo,Fg ® Fr
e Case rule I
e Case rule I
e Case rule 7¢
hy - {F5, Ag} : F5, Ay, Fa&F3 | . hy - {Ag,F5} : Ay, F3,F5 ox/ind
o)
eny - {F5, Ag} : Ap, Fa&Fg ohy :- {Ag,F5} : Aq,F3
4.7 Status of ®r: : Non invertible
e Case rule 1
e Case rule !
e Case rule 7
b3 i {F5. A4} i Ag Fa ®@Fp ta o (AaFl o Agr T/
ohg i {A4} : (86, F1 ©F2), 7F5 ohg - {A4} : Ag,Fq, 7F5
e Case rule $
by b (B4} iP5 P, AvFA®Fy o mgof {Ag)A7.FpF5 e ax/ind
on3 :E {Ay4}: (A7, F1 @ F2), F58F¢ ehg :- {Ay} : Ay, Fy,F58Fg
e Case rule &
ax/ind ax/ind
hg :- {Ay} :F5, A7, F1 @Fy hg - {A4} :Fg, A7, F1 @ F2 © N h3 i+ {A4} : Ag,Fy,Fg hg i+ {A4} : Ay, Fqy,Fg
oh3 ik {Ay} : (Ay,Fq @ Fp), F5&Fg oh3 :F {Ay} : Ay, Fo, F5&Fg
e Case rule &g
_  ax/ind
hg :- {A4} : Fg, A7, F1 © Fy ® . h3 :- {A4} : Ag,Fo,Fg ©
B
eh3 ;- {Ay} : (A7,F1 @Fp),F5 @ Fg ehg :- {A4} : Ay, Fo,F5 @& Fg B
.
ny i {Ag} i F5, Ag o hy :F {A} : Ag,F5
B M1 i%25 235
ony i {Ag} : A3, Fy BF5 onj :F {Ag} : Ag,F5
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e Case rule ®4

b3 ik {A4} :F5, A7, F1 ©Fy . hy - {A4} : Ag,Fo,Fy ax/ind
oh i (A} (Ag Py ®Fg) F5 ®Fg oh3 :F {Ay} : Ay, Fo,F5 @ Fg ®a
hy ik {Ag} 1 Fy, Ag —_——— fail
o - (Do) A5 FaOFs DA - ehy :- {Ag} : F5,Ag
e Case rule L
_  ax/ind
b3 ik {A4}: A5, F1 ©Fp N . hg - {A4} : Ag,Fa
ohs - {Ay}: L, Ag,F @ Fy ohg i {A4}: Ag,Fo, L
e Caserule T
-
eh3 :- {Ay}: T,A5,F1 @ Fgy - oh3 (- {Ay} : Ay, Fp, T
e Case rule I3
e Case rule ®
hg = {A4} : Fg, Ag,F1 @Fy hg:- {Ag}:F7, Ay R hy - {A4} : Ag,Fo, Fg ox/1nd by - (A4} A5 Fp
ehg ik {Ay}: (Ag,F1 ©F2), A5,Fg ® Fr oh3 :F {Ay} : A5, Ag,Fo,Fg ® Fp
by {84} iF A5 by (A4} iFr.AgF1@Fy . by {Ag):As.Fe T (2a) Agirar
eng - {84} : Ag, (Ag,F1 ©Fz),Fg @ F7 oh3 :- {Ay} : Ag, Ag,Fo,Fg ® Fy
e Case rule I;
e Case rule I
e Case rule 7¢
by i {F5, Mg} iP5, A1, Fp @F3 . mik {Bg.F5): Ap F3.Fs ix/ind
ony ik {F5. Ag): D1 Fp ®F3  C ohy i+ {Ag,F5} i Ap,F3
4.8 Status of ©4: : Non invertible
e Case rule 1
e Case rule !
e Case rule ?
B F {F5, 84} i Bg F1@F2 v - (AaFa) Agirr /M
eh3 i {Ay}: (Ag,Fy ©Fp), 7F5 ohg :- {Ay} : Ag,Fq, ?F5
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e Case rule $

hg ik {Ay} : F5,Fg, Ag,F1 ® Fp
ehz :- {Ay} : (A7, F1 @ F2),F58Fg

e Case rule &

h3 {A4}:F5.A7,F1 @ Fy h3 :H {A4}:F6,A7.F1 @ Fo
ehg {A4} B (A7,F1 @Fz),FE)&FG

e Case rule &g

hg :+ {A4} H F6,A7,F1 @ Fo

OB
oh3 :- {Ayg} : (A7,F1 ©F2),F5 @ Fg
hy i {Ao} : F5, Ag
OB
ehy - {Ag} : A3, Fy @ F5
e Case rule 4
hg {A4}:F5,A7,F1 @ Fo ®
ohy ik {Ag): (Mg, Fp B Fg) Fg ®Fg
hy Had {A2} :F4,A3
Da
ohy i {Ag)} : Ag,Fy @ Fg
e Case rule L
hg :F {A4} : Ap,F1 @ Fo
ohg Had {A4} B L,A5,F1 @ Fo
e Caserule T
.
ohg - {Ay}: T,A5,Fy ®Fy
e Case rule I3
e Case rule ®
hg :F {A4} : Fg, Ag,F1 @ Fg h3g:F {Ay} :F7, Ap
oh3 :- {Ay} : (Ag,F1 @ Fp), As,Fg ® Fp
hg :F {A4} : Fg, A h3:- {A4} :Fy, Ag,F1 @ Fg

oh3 i {Ayg} : A5, (Ag,F1 ®F2),Fg ® F7

e Case rule I}
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ax/ind
h3 :- {A4} : Ap,F1,F5,Fg

ehg i+ {Ay} : Ay, Fp,F58Fg

ax/ind

h3 i+ {Ag} : Ap,F1,F5 h3 i+ {Ay4} : Ag,F1,Fg

ohg :- {Ay} : Ay, Fp,F5&Fg

—  ax/ind
ng - {A4} : A7, F1,Fg

B
ohg :F {Ay} : Ag,Fp,F5 @ Fg
—————— fail
ohy - {Ao} i Fy, Ag
— ax/ind
hg :+ {Ag} : Ay, F1,F5 ®
A
eng ik {Ay} : A7,F1,F5 ©Fg
-
hy ik {Ag}: Ag,Fy
ehy - {Ag}: Ag,Fy
—— ax/ind
b3 :- {A4} : Ag,Fp
ehg :F {Ay} s Ag,Fp, L
ehg ik {Ay}: Ag,Fp, T
ax/ind ax

hg :F {A4} : Ag,F1,Fg

h3 :F {A4} : A, F7

eh3 :- {Ay} : Ay, Ag,F1,Fg ® Fy

h3 :F {A4} : Ag,Fg

ax/ind
h3 :- {A4} : Ag,Fq,Fp

®
eh3 :- {Ay} : Ay, Ag,F1,Fg ® Fr

ax/ind



e Case rule I

e Case rule 7¢

4.9 Status of 1:

Case

Case

Case

Case

Case

Case

Case

Case

Case

hy :H {F5,A6} :F5,4A71,Fo & F3
ehy {F5,A6} :Aqy,Fo @F3

: Invertible

rule 1
rule !
rule ?
hy ik {Fg, Ao} i L, Ay
ohy :F {Ag}: (L,A4),?F3
rule $
hy i+ {Ao} : L,F3,Fyq, Ag
ohy :F {Ag} : (L, Ag), Fg$Fy
rule &
hy - {Az}:L,Fzs,AS hy :F {Ag} : L,Fy, Ag
ohy - {Ag}: (L,A5),F3&F4
rule &g
hy i {Ag} : L,Fy, Ag
ohy iF {Ao} : (L,Ap),Fg & Fy
rule P4
hy ik {Ag)} : L,Fg, Ag
ohy - {Ag} : (L,A5),F3 @ Fy
rule L
by i {Ag} : Ag
oh; :- {Ag}: L, Ag
rule T

—

®a

-
ohy - {Ap}: T, 1,A3
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ax/ind
hy - {A6,F5} H Al,FQ,F5

oh, :H {AG,Fs} : Aq,Fo

?

—— ax/ind
hy :F {Ag,F3} : Ay

ohy - {Ag} : Ay, 7Fg

———————————— ax/ind
hy - {Ag} : Ay,F3,Fyq

hy :F {Ag} : Ap,F3

ohy - {Ap} : Ag,Fg$Fy

ax/ind

hy :F {Ag}:

ohy :F {Ag} : Ag, Fg&Fy

_  ax/ind
by - {Ao} : Ag,Fy

ohy :- {Ag} : Ag,F3 @ Fy

OB

—— ax/ind
hy - {Ag} : Ag,F3

ony :F {Ag} i Ag,F3 @ Fy

®a

—_—ax
by i {Ag}: Ag

eh; - {Ag}: Ag

- @ <
oy - {Ag}:Ag, T



e Case rule I3

e Case rule ®

- ax/ind —m——————————— ax
ny ik {Ag}: L,Fy, Ag by ik {Ag} :F5, Ag . hy ik {Ag} : Ag,Fy / hy - {Ag} : Ag,Fy
ehy - {Ag}: (L, Ag),A3,Fq ®F5 ohy :F {Ag} : Az, Ag,Fy ® F5
ax/ind
By ik {A2} i Fyq, Az ny i {Ag}: L,F5, Ag = hy ik {Ag} : Ag,Fy By ik {Ag} : Ag,F5 /

ohy - {Ag} : Az, (L, Ag),Fy ®F;5

e Case rule I}

e Case rule I,

e Case rule 7¢

4.10 Status of T:

e Caserule 1

Case rule !

Case rule ?

Case rule $

Case rule &

e Case rule ©p

ony :F {Ag} : Az, Ag,Fy ®F5

_  ax/ind
hy - {F3, A4} : L,F3,Aq N hy i {Ag,Fg}: Ay, F3
ehy - {F3, A4} : L, A ohy - {Ag.F3) Ay C
Invertible
hy ik {F3, A} : T, A
1 (F3, A2} " — trivial
ohy - {Ag} : (T, Ay), 7F3
hy - {Ag} : T,F3,Fy, A
1 { 2} 374 5 - trivial
ehy :- {Ag} : (T, Ap),F38$F,
hy ik {Ao}: T,F3, A5 hy :- {Ag}: T,Fy, Ag . cetvial

oh; - {Ag} : (T, A5),F3&Fy

hy = {Ag}: T,Fy,Ap
ohy ;- {Ag}: (T,Ap),F3 ®Fy

— trivial
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4.11 Status of Is:

Case rule ® 4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule Iy

Case rule I

Case rule 7¢

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

hy :F {Ag} : T,F3,Ap

ohy i {Ag}: (T,Ap),F3 @ Fy

hy ik {Ag}: T,Ag
ohy - {Ag}: L, T,Ag

- 4
ony - {Ag}: T, Ag

hy - {Ag}: T,Fy, Ag

hy :- {Ag} : F5, A3

oh; - {Ag} : (T,Ag), A3, Fq ®Fp

hy :F {Ag} : Fyq, Ag

hy :F {Ag} : T,F5, Ag

ohy - {Ag} : A3, (T,Aqg),Fq ®Fp

ho i+ {F3, A4} : T,F3, Aq

ohy - {F3, A4} : T,Aq

Invertible
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— trivial

trivial

trivial

trivial

trivial

trivial



e Case rule ®p

e Case rule ©4

e Case rule L

e Caserule T

e Case rule I3

I3 -
eny - {Ag} : p(ng), " (n3) - v

e Case rule ®

e Case rule I

e Case rule I

e Case rule 7¢

hg :F {F3, A4} : F3,p(n1), "(n1)
oho - {F3,A4} : p(ny), "(n1)

? — trivial
e

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

e Case rule 1
e Case rule !

e Case rule ?

. . — ax/ind
by i {Fg, A5} : A1, Ay, Fy @ Fg . N hy i {Ag,Fg} : A, Fy
ohy = {A5} : (A1, A7, F2 ® F3), 7Fg ohy :- {Ag} : Ay, Fg, Fg
hy i {Fg, A5} : Ay, A7, Fy @ F3 —_ fail
7 = ohy - {Ag} :Fy, Aq

ohy - {A5} : (A1, A7, Fa ®F3), 7Fg

e Case rule $

ax/ind
hy :F {Ag} : Fg,F7, A1, Ag,Fy @ Fg s . hy :- {Ag} : Ag,Fo,Fg,Fy /
ohy - {A5} : (A1, Ag,Fa ®F3),Fg8Fy ohy - {A5} : Ag,Fg,Fg$Fy
—  ax/ind
hy i+ {Ag} : Fg,F7, A1, Ag,Fy @ F3 N hy :F {Ag}: Aq,Fy
ohy - {A5} : (Ay, Ag,Fa ®F3),Fg8Fy ohy :- {A5} : Aq,Fo
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e Case rule &

ax/ind
N hy - {Ag} : Ag,Fo, Fg hy - {Ag} : Ag,Fo, Fr

ohy :- {Ag} : Ag,Fo, Fg&Fr

hy :F {A5} : Fg,Aq,Ag,Fy ®F3 hy :F {A5} :Fp, Aq,Ag,Fy @F3
ohy - {A5}: (A1, Ag,Fy ®F3),Fg&Fy

ax/ind

- ind
by :- {A5} : Fg, Ay, Ag,Fy ®F3 hy :- {Ag} : F7, Ay, Ag,Fy @ F3 . hy - {A5} : Aq,Fy ax/n
ohy :- {A5} : (A1, Ag,Fy ®@F3),Fg&Fy ohy - {Ag} : Ay, Fo
e Case rule &g
———————————— ax/ind
by ik {Ag} 1 F7, Ay, Ag,Fy @ F3 ® N hy i+ {A5} : Ag,Fg,Fy
B 53]
ohy ik {A5} i (Ay, Ag,Fy ® F3),Fg @ Fy ohy - (Ag):Ag Fo Fg@Fp D
—  ax/ind
hy - {A5} i F7, A1, Ag,Fy @ F3 . hy - {Ag}: Ap,Fo
ohy :F {Ag5} : (A1, Ag,Fy ®F3),Fg O Fy ohy - {Ag} : Ay, Fgy
e Case rule ®y
—_—  ax/ind
hy i+ {A5} :Fg, Ay, Ag,Fy ® F3 . hy i+ {Ag5} : Ag,Fa,Fg
@
ohy ;- {A5}: (A1,Ag,Fy ®F3),Fg & Fy ohy :F {Ag} : Ag,Fo,Fg @ Fyp A
————————————— ax/ind
By ik {Ag} :Fg, Ay, Ag,Fy ® F3 ® N hy - {Ag}: Aq,Fo
A R - E Mt S
ohy i {A5} : (A1, Ag,Fa ®F3),Fg © F7 ohy :F {A5} : Ap,Fy
e Case rule L
hy - {Ag} : A1, Ag,Fa @F ax/ind
4 - {A5}: Aq, Ag,Fy ®F3 N hy - {Ag} : Ag,Fo
ohy = {A5}: L, Aq,Aq,Fp ®F3 ohy :- {Ag}: Ag,Fg, L
—— ax/ind
hy i+ {A5}: Aq, Ag,Fy ® F3 o hy - {Ag}: Aq,Fo
ohy i+ {A5}: L,A1,Ag,Fa ®F3 ohy :- {A5} : Ay, Fo
e Case rule T
-
ohy - {A5}: T,A1,Ag,Fy ®F3 - ohy - {Ag}: Ag,Fp, T
T —————— fail
ehy :- {Ag}: T,Aq,Ag,Fy @Fg3 - ohy - {Ag} : Fo, Aq
o Case rule I3
e Case rule ®
by ik {Ay} :F5, A7, Ag,F1 ®Fy hg:F {A4} :Fg, Ag, Ay N T = fail
ohg : / i Fq, ,Ag,Fs ® Fg
ohg :- {Ay} : (A7, Ag,F1 ® Fa), (Ag, A1g),F5 @ Fg 3 4 127 29055 W E6
ng i {A4} 1 F5, A7, Ag  h3:F {Ayg} : Fg, Ag, Aqg,F1 ® F2 N fail

eh3 - {Ay} :F1,Ap, Ag,F5 ® Fg
oh3 :- {Ay} : (A7, Ag), (Ag, A1, F1 ®F2),F5 ®Fg 8 ' LT EeTs B
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hg - {Ay4} :F5,A7,Ag,F1 ®Fo hg :F {Ay} :Fg,Ag,Aqg

fail
- ehg - {A 4} :F1, A7, A
oh3 - {A4}: (A7, Ag,F1 ®Fa), (Ag,A10),F5 @ Fg 3 ! penae

hg ik {A4} i F5, A7, Ag hg - {A4}:Fg, Ag, Aqg,Fq ® Fo

fail
N
ehg - {Ay} : F1, Ay, Ag
oh3 - {Ay} : (A7, A8),(Ag, A1, F1 ®F2),F5 ® Fg 3 4 1, 87,89

by i {Ag)} :F3,Ag, Ag by :F {Ag} :Fy, Ay, Ag

® ™ eny i (Do) iF3 A5, A, o
ony i {Ag} : (Ag, Ag), (A7, Ag),F3 @ Fy e
e Case rule I
e Case rule I
e Case rule 7¢
hy - {Fg, Ar} : Fg, A1, Ag,F3 ® Fy . . h i (A7, ol A1.F3.Fo ax/ind
ehg :- {Fg, A7} : Ay, Ag,F3 ®Fy ohs :- {A7,Fg} : Aq,F3
4.13 Status of ® (Right Premise): : Non invertible
e Case rule 1
e Case rule !
e Case rule 7
hg iF {Fg, A5}t : A1, A7, F2 ®F3 N ———————————— rail
ohy - (A5} : (Aq. Ay Fg ®F3), g ohg i {A5} T3, A1
by - {Fg, A} : Ay, A7, Fy @ F3 R ba - (D5 Fg): Ag.Fg T
ony :E {Ag5}: (Ay, A7, F2 ® F3), 7Fg ohy i+ {Ag5} : Ay, F3, ?Fg
e Case rule $
by - {Ag} : Fg,F7, Ay, Ag,Fy @ F3 . hy - {Ag} : Aq,F3 ex/1nd
ony - {A5} : (Ay, Ag,Fa @ F3), Fg8F7 ohy :- {Ag5}: Aq,F3
/ind
hy i {Ag} i Fg,F7, Ay, Ag,Fy @ F3 . by - {Ag) : Ag.Fg.Fg.Fp
ony :- {A5}: (Ay, Ag,Fa @ F3), Fg$Fy ohy :- {Ag} : Ag,F3,Fg$Fy
e Case rule &
—_— ax/ind
hy - {Ag5} :Fg, Ay, Ag,Fy ®F3 hy - {Ag5} :F7, Ay, Ag,Fy @ Fg - hy ik {A5}: Aq,F3
ohy - {Ag} : (A1, Mg, Fy © F3), Fg&Fy

eh, :- {A5}: Aq,F3

hy - {Ag} : Fg, A1, Ag,Fo ® Fg hy i {Ag} : F7, Ay, Ag,Fo ® Fg

—
ohy - {A5}: (A1, Ag,Fy ®F3),Fg&Fry

ax/ind
hy i+ {Ag} : Ag,Fs, Fy
ohy - {Ag} : Ag,Fg, Fg&Fr

ax/ind
hy i+ {Ag5} : Ag,F3,Fg
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e Case rule ®©p

hy - {A5} H F7,A1,A8,F2 ® F3
ehy :- {Ag}: (A1,Ag,Fy ®F3),Fg @ Fy

hy {A5} H F7,A1,A8,F2 ® F3
ohy - {Ag}: (A1, Ag,Fa ®F3),Fg @ F7

DB -

e Case rule &gy

hy i {Ag} : Fg, A1, Ag,Fy ® Fg
ohy - {A5} : (Ay, Ag,F2 ®F3),Fg ©Fyp

hy :F {AS} B FG,AI,As,FQ ® F3

DA i
ohy - {Ag}: (Ay, Ag,Fa @ F3),Fg @ Fr
e Case rule L
hy :+ {A5}: Aq,Ag,Fo ®F3 N
ohy - {Ag}: L, Ay, Ag,Fy @ Fg
hy :F {A5}: Aq,Ag,F3 @ F3 N
ohy - {A5}: L,Aq,Ag,Fy @ Fg
e Caserule T
-
ehy - {A5}: T,A7,Aq,Fy @Fg -

ohy - {Ag}: T,A7,Ag,Fp @ F3

e Case rule I3

e Case rule ®

hg - {Ay} :F5,A7,Ag,F] ®Fy hg :F {Ay} :Fg,Ag,Aqg

hy ok (A5} Ag,Fy

ax/ind

ohy - {Ag} : Ap,F3

hy :F {Ag} : Ag,F3,F7

ax/ind

ohy - {A5} : Ag,F3,Fg O Fr

hy :F {A5}: Aq,F3

ax

ohy - {A5} : Aq,F3

hy - {Ag5} : Ag,F3,Fg

/ind

®B

ax/ind

ohy i {A5} : Ag,F3,Fg ©F7

by - {Ag}: Ay, F3

ehy :- {Ag} : Aj,F3

ny ik {Ag} : Ag,F3

ax/ind

ax/ind

ohy - {Ag} : F3,Aq

ohy - {Ag} : Ag,Fs3, L

fail

oh3 :- {A 4} : (A7, Ag,F1 ®F3), (Ag,A1p),F5 ® Fg

h3g i+ {Ay4} :F5,A7,Ag h3g:- {Ay} :Fg,Ag,A109,F1 ®@Fg

eh3 - {Ay}: (A7, Ag), (Ag,A1g,F1 ®F2),F5 ® Fg

hg :- {Ayg} : F5, A7, Ag,F1 ® Fy hg :F {Ayg} :Fg,Ag,Aqp
oh3 :- {Ay} : (A7, Ag,F1 ®F3),(Ag,A1p),F5 @ Fg

hg :F {Ay} : F5,A7,Ag h3g:F {Ay} :Fg,Ag,A1g,F1 @ Fg
eh3 - {Ay} : (A7, Ag),(Ag,A10,F1 ®F2),F5 @ Fg

hy :F {Ag} : F3,A5,Ag hy:F {Ag} :Fq, A7, Ag
ohy - {Ag} : (A5, Ap), (A7, Ag),F3 ® Fy
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ohy :- {Ag5}: Ag,F3, T

®a

- ohg - {Ay}:

Fa, Ag, A1Q

- ehg - {Ay}:

F2

,Ag, A

fail

fail

- ohg - {Ay}:

F2,

Ag, A0, F5 ® Fg

- ehg - {A4}:

- ehq - {Ag}:

NN

8

fail

»Ag, A10,F5 @ Fg

fail

fail



e Case

e Case

e Case

rule I

rule I

rule 7¢

b i {Fg, A7} i Fg, A1, Ay, F3 @ Fy

ohy - {Fg, A7} : A1, Ao, F3 ®Fy

4.14 Status of I;: : Invertible

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

rule 1

rule !

rule ?

rule $

rule &

rule &g

rule @4

rule L

rule T

rule I3

rule ®

rule I

I
ohy - {Ag,p(nz)} : "(n3)

rule I

26

—

hy Ha {A7,F6} : A2,F4,F6

ehy {A7,F6} 1 Ao, Fy

—

trivial

ax/ind

?



Case

rule ¢

hy i {Ag,p(n1)} ¢ plag), "(n1)
ohp i+ {p(n1), Ag} : “(n1)

5 -
i#e] — trivial

by :F {F3, Aq,p(a1)} : F3, "(m1) |
ohg i {F3, Ayg,p(n1)} : "(n1)

— trivial

4.15 Status of Ir: : Invertible

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

rule 1

rule !

rule ?

rule $

rule &

rule &p

rule 4

rule L

rule T

rule I

rule ®

rule I

rule I

e i (Ao ~(aa)?} : — 2 — trivial
ohy = {Ag, "(n3)} : p(ng)

rule 7¢

hg i+ {Ag, "(n1)} : p(ny), "(n1) ”
ehg ;- {"(n1), Az} : p(ny)

— trivial

hy - {F3, Ay, "(n1)} : F3, p(ny)
ohy = {F3, 8y, "(n1)} : p(n1)

5 -
c — trivial
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4.16 Status of 7c: : Non invertible

e Case rule 1

1 _—  fail
ehz :- {F1,Ax}:1 - ehg : {Fy,Ag} :1,F
e Case rule !
hg : {F1, A0} : Fy , N X ; fail
ohg - {F1, Ao} Fy ong i {F1, Ao} ¢ 1, 1Py
e Case rule 7
. At A ax/ind
b3 - {F1,F5, Ao} : Ay R N h3 ik {Ag,F1,F5} : Ay, Fy
eh3 = {F1, Ao} : Ay, 7F5 ehg - {Ag,F1} : Ay, Fq, 7F5
e Case rule $
ax/ind
h3 ik {F1,Ag} : F5,Fg, Ay . hg ik {Ao,F1} : Ay, Fq,F5,Fg
eh3 := {F1, Ao} : Ay, F58Fg ehg :- {Ag,F1} : Ay, Fq,F58Fg
e Case rule &
ax/ind ax/ind
h3 :F {F1, Ao} : F5, Ay hg :F {F1,Ag} : Fg, Ay © N hg ik {Ag,F1} : Ay, Fq,F5 h3 :+ {Ag,F1} : Ay, Fq,Fg
ohg - {F1, A} : Ay, Fg&Fg ohg i {Ao,F1} : Ay, Fq,F&Fg
e Case rule &g
ax/ind
hg :- {F1, Ao} : Fg, Ay o5 N hg - {Ag,F1}: Ay, Fq,Fg &
oh3 - {F1, A0} : Ay, F5 §Fg eh3 :- {Ag,F1}: Ay, Fy,F5 ©Fg B
e Case rule @4
ax/ind
b3 :- {F1, Ag} i F5, Ay o4 N h3 i+ {Ag,F1} : Ay, Fq,F5 ®
eh3 :F {F1,A2} : Ay,F5 @ Fg eh3 :- {Ag,F1} : Ay, Fq,F5 @ Fg A
e Case rule L
_ ax/ind
hg - {F1, Ag}: Ay . by - {Ag,F1} : Ay, Fy
ehg i {F1, A} : L, Ay ohg - {Ag,F1} : Ay, Fp, L
e Caserule T
-
ehg :- {F1,A0} : T,Ay - ehg :- {Ag,F1} : Ay, Fp, T
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e Case rule I3

13 _ fail

eh3 i {F1, Az} : p(ng), "(ng) ehg ;- {F1,Ag} i F1,p(ng), "(ng)

e Case rule ®

ax ax/ind
hg i+ {F1,Ag} :Fg, Ay hg - {F1,Ag} :Fy, Ay ® . hg ik {Ag,F1} : Ay, Fg hg i {Ag,F1} : Ag,Fp,Fy /

ong i~ {F1, A2} : Ay, Ap,Fg @ F7 oh3 :- {Ag,F1} : Ay, Ag,F1,Fg ® Fr

e Case rule I

I
ohy ;- {Ag,p(n3)} : “(n3) . - ehy - {Ag,p(n3)} : p(nz), "(n3)

Iy N fail

oho - {(F1,A4),p(n3)} : “(n3) oho :+ {F1,Ay,p(ng)} : F1, "(n3)

e Case rule I

- Iz N - = I3
ohy - {Ag, "(n3)} : p(n3) ohy - {Ag, "(n3)} : p(n3), "(n3)

I N fail

ehy i {(F1, Ay), “(n3)} : p(ng) ohy - {F1, Ay, “(n3)} : F1, p(n3)

e Case rule 7¢

ax/ind
hy :F {Fy, Ag} : Fo, Ay 6 N hy :F {A3,Fa} : Ay,Fg,Fg o
ehy - {Fg, Az} : Ay oh; :- {Ag3,Fa} : Ay, Fy '
ax/ind
ho : {F1,F3, A5} : F3, Ay ” ho :+ {Ag,F1,F3} : Ay,Fq,F3

ehy - {F3,F1,A5} : Ay oho :- {Ag,Fq,F3} : Ay, Fqp
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5 Weakening

Case(s)
Case(s)

Case(s)

Case(s)

Case(s)

Case(s)

Case(s)

Case(s)

Case(s)

Case(s)
Case(s)

rule 1
rule !
hy :F {Ag} : F3 N
ohy - {Ag} :IFg, =
rule ?
ho :F {Fq, A3} : Ag,!Fq N
ohy :F {Ag} :IFy, Ag, 7Fy
rule $
ho - {A3}:F4,F5,A6,!F1 N
ohy i+ {Agz} :IFy, Ag, Fg$Fg
rule &
hg i {Ag} :Fy, Ag,Fq ho i {Ag} : F5, Ag, IFy .
ohy - {Ag} :IFy, Ag, Fu&Fs
rule &p
By :F {Ag} : F5, Ag, 'F1 N
B
ohy :F {Ag} :IFp, Ag,Fy @ Fs
rule ® 4
hy i {A3} i Fy, Ag, IFq
A —
ohy - {Ag} :IFy, Ag,Fy @ Fj
rule L
ho ik {Ag}: Ay, Py N
oho :F {Ag} :lFy, L, Ay
rule T
ohy - {Ag} :IFy, T, Ay T -
rule I3
rule ®
hy i {Ag} :F5, A7, IFq ho :F {Ag} : Fg, Ay N
ohy i- {Ag} :IF1, Ay, A7, F5 ® Fg
hy i {A3} :F5, Ay ho ik {Ag} : Fg, Ag, IFq .

ony :F {Ag} :IF1, Ay, Ay, Fy ® Fg

30

on bang: F I')!F implies I, F'.

_  ax
hy :F {Ag} : F3
eh; :- {Ag} : F3

T
hg i {Ag,F4} : Ag, IFy
ho i {Ag,F4} : Ag,Fq

ohy - {Ag} : Ag,Fqp, 7Fy

hg :F {A3} : Ag,Fy,F5, Fq
hy :- {A3} : Ag,Fp,Fy,Fp
ohy :F {Ag} : Ag,Fq,Fy$F5

IH

ax
ho :F {A3} : Ag,Fy,!Fq ho :F {A3} : Ag,F5, !Fq

ho i+ {A3} : Ag,F1,Fy ho :F {A3}: Ag,Fq,F5

ohy - {Ag} : Ag,F1,Fg&Fs

T
hy - {Ag} : Ag,F5, IFy
—_— 1IH
hy i {Ag} : Ag,Fq,F5

®B
ohy - {Ag} : Ag,Fq,Fy ®Fg

- o«
ho :F {A3} : Ag,Fy,!Fq
- ™
hg :- {A3} : Ag,Fp,Fy

ohg i {Ag} : Ag,Fq1,Fy BFp

DA

—
hg i {Ag} : Ay, Py
ho i {Ag}: Ay, Fqp

ohy - {Ag}: Ay, Fp, L

ohy :F {Ag}: Ay, Fp, T

—_—— ax
ho :F {A3} : Ap,F5,!Fq

IH
ho :F {A3}: Ay,Fq,F5 ho :F {A3} : Ay, Fg

eho - {A3} : Ay, A7,F1,F5 @Fg

-
ho :F {A3} : Ay, Fg, !Fq

ax
ho i {Ag} : Ay, F5 hy i {A3} : A7, Fq,Fg
ohy - {A3)} : Ay, Ay, Fq,F5 ® Fg

IH



e Case(s) rule I
e Case(s) rule I

e Case(s) rule ?¢

hg i {Ap,Fa} i Aq,Fy, Fo
hg ik {Fq, A5} i F4, Aq, IFp 3 22 H
‘c - hg i {A5,Fq} : Aq,Fa,Fy
ehg i {F4, Ag} :IFy, Aq

eh3 ik {Ag,Fq} 1 Aq,Fp
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6 Identity-Expansion

—:F{x}:0,T T

—:F{x}:1 1
—F{x}:1,L

— :F {*} : Fo, dual(Fo) = —:F {*} : Fq1,dual(F1) I

—:F {x} : dual(Fp),Fo ® F1 A TF {*} : dual(F1),Fo ®F1 %
—:F {*} : dual(Fo)&dual(Fy1),Fo ® F1

B

" F {#) : Fo,dual(Fo) 0 — i {x}: F1,dual(Fy) O

—:F {*} : dual(Fg), dual(F1),Fo ® F1
—:F {*} : dual(Fo)$dual(F1),Fo ® F1

$

—F {+} : Fo, dual(Fg) " " {x} : Py, dudl(Fy) O .
B

— i {*} : Fo, dual(Fo) @ dual(F1) A4 T {*} : F1,dual(Fo) ® dual(F1) N
— ik {*} : Fo&F1, dual(Fo) ® dual(Fy)

—F {#) : Fo,dual(Fo) 0 i {s}: F1,dual(Fy) O

—:F {*} : Fo, F1, dual(Fo) ® dual(Fy)
— :F {x} : Fo$F1, dual(Fo) ® dual(F1)

$

—:F {*} : Fo, dual(Fo) 1

—:+{Fo} : Fo, dual(Fp) )
— :F{Fo} : dual(Fo)
—:+{Fo} :ldual(Fo)

—:F {x} :ldual(Fo), ?Fo ~

—H{x}:1 1
—F{x}:1,L

—:F{x}:0,T T

— :F {} : Fo, dual(Fo) IH

— :F {dual(Fo)} : Fo, dual(Fo) )
—:+ {dual(Fo)} : Fo | ¢
—:+ {dual(Fo)} :!IFo

— ik {x} :IFo, ?dual(Fo) ~
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7  Cut-Elimination
7.1 Status of 1: 0K
e Caserule 1

e Case rule!

e Case rule ?

hg :F {F5,As}: L, Ag
1
oh; :F {A4}:1,% ohsz :F {A4} : dual(1), Ag, 7F5

Cut
—F {A4} : %, Ag, 7F5 "
—
1 ax
eh; - {Ay,F5}:1 hy - {Ay,F5}: Ag, L Cut
u

—:F{A4,Fs} 1 A
—:F {A4} : Ag, 7F5

o Case rule $

hs :H {A4} : 1,F5,Fg, A7
eh; :F {A4}:1,% ohs :F {A4} : dual(1l), A7,F5%F¢

Cut
T {A4} %, Ar, F5SFo U
—
ax ax
eh; :F {A4}:1 hg :F {A4} 1 A7, F5,Fg, L
hCut

— = {A4} : A7,F5,Fs
— :F {A4} : A7, F58Fg

e Case rule &

hz ;- {A4}: L,F5, A7 h3z:-{A4}: L,Fs, A7

eh; - {A4}: 1, % ohs :F {A4} : dual(1l), A7,F5&Fg

— = {A4} : %, A7, F5&Fg
—

Cut

ax ax ax ax
eh; :F {A4}:1 hs :F {A4} : A7, Fs5, L eh; :F {A4}:1 hg - {A4} 1 A7, Fg, L
hCut h

—:={A4}: A7,F5 —: {A4} : A7, Fg N

—:F {A4} : A7, F5&Fg

o Case rule ®p

h3 :F {A4} : 1,Fg, A7

1 52}
eh; :F {A4}:1,% ohs - {A4} : dual(1l),A7,F5 @ Fg B
Cut
—:+ {A4} : %, A7,F5 §Fg
—
ax ax
eh; :F {A4}:1 hg = {A4} : A7, Fg, L
hCut
— = {A4} : A7, Fg
— F{A4} A Fs ©Fg
o Case rule ©gy
hj3 :F {A4} : 1L,F5, A7
1 Da
eh; :F {A4}:1,% ohs :- {A4} : dual(1l),A7,F5 @ Fg
Cut

— - {A4} %, A7, F5 @ Fg
—

ax
eh; :F {A4}:1 hs :F {A4} : A7, F5, L
— {A4} : A7, Fs5
— {A4} : A7, F5 @ Fg

ax

hCut

Da
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e Case rule L

hj :H {A4} : As
1
oh; :F {A4}:1,% oh3 :F {A4} : dual(l), As

— - {As} i, As
—

—_— ax
— = {As}: A

Cut

e Caserule T

1
ehy :F {A4}: 1, % ohs - {A4} : dual(1l), T, As
— - {As} i, T, A5
—
— {A4} H A5,T

Cut

T

e Case rule I3

e Case rule ®

1 hg :F {A4} : L,F6,As hz:F {A4} : Fr, As
eh; :F {Ay4}: 1, % oh3 :F {A4} : dual(1l), As, Ag,Fg @ F7

Cut
— = {A4} %, A5, As,F6 @ F7
—
1 ax
eh; :F {A4}:1 hg :F {A4} : Ag,Fg, L
hCut ax
— i+ {A4} : Ag,Fg — - {A4}: As,F7 ®

—:F{A4} : A5, Ag,F6 @ F7

1 hs :F {A4} :Fg,As hg:F {A4} : L,Fr7, Ag
eh; - {Ay4}: 1, % ohs :F {A4} : dual(1l), As, Ag,Fg @ F7

Cut
— = {A4} %, A5, Ag,F6 ®F7
—
1 ax
eh; :F {A4}:1 hy - {A4}: Ag,Fr, L
ax hCut
—:F {A4}:A5,F6 —:F {A4}:A8,F7

— = {A4} : A5, Ag,Fg @ Fr

e Case rule I
e Case rule I

e Case rule 7¢

hy :F {F5,A6} : L,F5, A3
oh; :F {F5,Ag} :1,% ohy - {F5,Ag} : dual(1),As
— = {F5,Ag} : %, A3
—

-

Cut

1 ax
eh; :F {Ag,F5}: 1 hy - {Ag,Fs}: Ag,Fs, L

—:F{A¢,Fs5} : A3,F5
— i+ {Ag,F5} : Ag

Cut

e

7.2 Status of I: 0K

e Case rule 1
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e Case rule !

e Case rule ?

hy {AG} :Fy hy {1777 Ag} 1 Ag, ?dual(F4)
!
ohy :F {Ag} :IF4,x ~ ehs:= {Ag} : dual(IF4), As, 7F7
Cut
— i {As) : %, As, 7F7 "
—

—— axX
eh; - {Ag} :IFy

ohy - {Ag, Fr ) I bs i+ {Ag,Fr) : As, 7dual(Fa)
hCut
— - {Ag,F7} : Ag )
— = {A¢} : Ag, 7F7
hp :+ {Ag} :Fy \ hs :F {Ag,dual(F4)} Ay o
ohy - {Ag} :IFy,x ~ ehs:F {Ag} : dual(!F4), Ay
Cut
— i {Ag): %, Ag v
—
ax ax
oh; :F {Ag} :IFy hs - {Ag, dual(Fa)} : Az
mCut
—:F {Ae‘,} : A7

e Case rule $

h :+ {Aa} :Fy i {AG} : F7,Fg, Ag, ?dual(F4)
!
ohy :F {Ag} :IFy,x = ehs:F {Ag} : dual(!F4), Ag,F7$Fg
Cut
ZoF {Do} : *, Ao, Fr$Fs "
—
ax ax
ohy :F {Ag} :IF4 hs i {Ag} : Ag,Fr,Fs, 7dual(F4)
hCut
— = {Ag}: Ag,F7,Fs

— i+ {Ag}: Ag,F7$Fg

e Case rule &

hy :k {Ag} : Fy , hs :+ {Ag} : Fr, Ag, ?dual(F4) hs :- {Ag} : Fsg, Ag, 7dual(F4)
ohy i {Ag} :IFq, * ohs :- {Ag} : dual(!Fy4), Ag,F7&Fg
Cut
— i {Ag} : *, Ag, F7&Fg "
—
ax ax ax
eh; :F {Ag} :IFy hs = {Ag} : Ag,Fr, 7dual(Fy) oh; - {Ag} :IFy
hCut
— - {Ag} : Ag,F7

ax
hs = {Ag} : Ag,Fs, ?dual(F4)

hCut
— - {Ag}: Ag,Fg o

— = {AG} : Ag,F7&Fg

e Case rule ®©p

hp :+ {Ag} :Fy \ hs {Ae} : Fg,Ag,?dual(F4)
ohy = {Ag} :IFq,x ~ ehs:F {Ag}: dual(!F4), Ag,F7 B Fg B
Cut
— = {Ag} :x, Ag,F7 @ Fg
—

ax ax
eh; :F {Ag} :IFy hs = {Ag} : Ag,Fg, 7dual(Fs)
hCut
— = {Aﬁ}lAg,Fg @
B
— i+ {Ag}: Ag,Fr B Fs

e Case rule ®4

35



hy :F {AG} :Fy hs :+ {Ag} : F7,A9,?dual(F4)
!
ohy ik {Ag} :IFy,x = ehs:F {Ag} : dual(!F4), Ag,F7 O Fs

Cut
— = {Ag}: *, Ag,Fr ©Fs
—
ax ax
eh; :F {Ag} :IFy hs :- {Ag} : Ag,F7, ?dual(Fy)
hCut
— {AG}:AQ,F7 ®
A
— = {Ag} : Ag,F7 ©Fs
e Case rule L
hy - {Ag} : Fy \ hs - {Ag} : Az, ?dual(Fs)
ohy :F {Ag} :!Fy,x ~ ehs:- {Ag}: dual(!F4), L, Ay
Cut
— = {Ag} i, L, Ar u
—
ax ax
ohy - {Ag} :IFy hs :+ {Ag} : Az, ?dual(Fy)
hCut
— - {Ag}: A7
—:F {A(‘,} : A7,J_
e Caserule T
hp {Ag} :Fy T
ohy ;- {Ag} :IFy,x ~ ehs:F {Ag} : dual(Fq), T, A7
Cut
— i {Ag} ik, T, A7 "
—
[ SR
— i {Ag}: A7, T
o Case rule I3
e Case rule ®
hy - {Ag} : Fy \ hs :F {Ag} : Fg, Aqo, ?dual(F4) hs - {Ag} : Fo, A7
ohy :F {Ag} :IFq, * ohs - {Ag} : dual(!F4), A7, A1, Fs ® Fo
Cut
—:F{Ag} : %, A7, A10,Fs ® Fg
—
ax ax
ohy - {Ag} :IFy hs :+ {Ag} : Aqo,Fs, ?dual(Fy)
hCut —————— ax
— = {Ag} : A10,Fs — = {Ag}: A7, Fo o
—:F{A¢} : A10,A7,Fgs @ Fg
hp :F {Ag} :Fy \ hs :F {AG} :Fg, A7 hp:F {Ag} : Fg, Aqop, 7dual(F4)
ohy - {Ag} :IFy, x ohs ;- {Ag} : dual(!F4), A7, A1o,Fs @ Fg
Cut
— = {Ag} : %, A7, A10,Fs ® Fg
—
ax ax
oh; :F {Ag} :IFy hs - {Ag} : Avo, Fo, ?dual(Fa)
ax hCut
—:F {As} : A7, Fg — {AG} : A1o,Fo

— - {A¢} : A10,A7,Fg @ Fg

e Case rule I

e Case rule I

e Case rule 7o
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hy :+ {F7,Ag} : F5

hg {F7,A3} : F7,A4,'.7dual(F5) o
ohy - {F7, Ag} F3, * ehg - {Fr, As} : dual('Fs), Ay C

Cut
— - {F7,Ag} : %, Ay b
—

ax
eh; :F {Ag,Fr} :IF;5 he :+ {As,Fr} : Ay, Fr, ?dual(Fs)
hCut
— {A87F7} : Ay, Fr

— i+ {Ag,Fr}: Ay e

7.3 Status of 7: 0K

e Case rule 1

e Case rule !

hy :H {F5,A7} 1 Ag

he :F {A7} : dual(Fs)
eh; :H {A7} (7F5, As

1
ohg ;- {A7} : dual(?F5), *
Cut
— = {Ar}: Az, U
—

ax
hg = {A7} : dual(Fs)

ohg :+ {A7} :!dual(F5)
mCut
— = {A7}: As

hp :F {A7,F5} : As

e Case rule ?

hy i {F5, A7} : Ag he :+ {Fs, A7} : Ag, !dual(Fs)
?
ohy :+ {A7} :?F5, Az = ehg :+ {A7}: dual(?Fs5), Ag, ?Fg
— {A7} : As, Ag, 7Fg
—

eh; :F {A7} : Ag, 7F5
eh; : {A7,F8} 1 Ag, 7F5

ut

a:
hg {A7,Fg} : Ag, !dual(Fg,) *
hCut
— = {A7,Fs} : Az, Ag
— {A7} : As, Ag, 7Fg
h i {F4, Ag} : Fg, As , bk {F9, As} : A1g, dual(Fe)
ohy :- {Ag} :Fg,A5,?Fs  ehy :F {Ag} : dual(Fe), A1g, ?F
— = {Ag} : (A5, 7F4), Ay0, ?Fg
—

Cut

oh7 :F {Ag} : Ajg, ?Fg, dual(F¢) o
hy :+ {Ag,Fa} : A5, Fg ax eh7 :- {Ag,Fa} : Aqg, ?Fg, dual(Fe)
— = {Ag,Fa} : Ao, A5, ?Fg )
— = {As}: Ayg, A5, 7Fy, 7Fg

hCut

e Case rule $

hy - {Fs5, A7} : Ag ) he - {A7} : Fg,Fg, Ao, !dual(Fs) 5
ohy :F {A7} :?F5, A3 ehg :F {A7} : dual(?Fs), A1, Fs$Fg
= {A7}: Ag, Aso, FaFo

—
eh; :F {A7}: Ag, 7F5

Cut

ax
he = {A7} 1 Ay, Fs, Fo, /dual(Fs)
h
— = {A7} : A1o, A3, Fs, Fo

— = {A7} : Ao, Az, Fg$Fg

Cut
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ho - {F4,A8} : Fg, As " hy - {Ag} : Fg,Flo,All,dual(Fg)
ohy i+ {Ag} : Fg,A5,?7Fs ~ ehy - {Ag} : dual(Fg), A11,Fo$F10
— = {As} : (A5, ?F4), A11,F98F10
—

Cut

ax ax
ehy :F {A8} : As,Fg, 7Fy hy :F {Ag} : Au,Fm,Fg,dual(FG)
hCut
— = {As} : A11, A5, Fio,Fo, 7F4
— = {Ag} : A11, A5, ?F4,Fo8F10

e Case rule &

hy :F {F5, A7} : Ag ” he :F {A7} : Fg, Aqo, !dual(Fs) he = {A7} : Fo, Aqo, !dual(Fs)
ohy :F {A7} :?F5, Az ohg - {A7} : dual(?Fs5), Aqo, Fs&Fg
— = {A7} : Az, Ao, Fs&Fg
—

Cut

ax ax ax ax
ohy :- {A7}: Az, 7F5 he :F {A7} : Aqo,Fs, !dual(Fs) ohy :- {A7}: Az, 7F5 he :F {A7} : Aqo, Fo, !dual(Fs)
hCut hC
— = {A7}: Ao, A3, Fg — = {A7} : Aqo, A3, Fg ©
— {A7} : A1p, Az, Fg&Fg

ut

ho :+ {F4,Ag} : Fg, As " hy :+- {Ag} : Fg,All,dual(Fs) hy :+ {Ag} : Fm,All,dual(Fs) &
ohy i+ {Ag} : Fg, A5, 7Fy ohy ;- {Ag} : dual(Fg), A11,Fo&F1g

— = {As} : (A5, ?F4), A11,Fe&F10
—

eh7 :- {Ag} : Ay, dual(Fg),Fo&Fig
ho i+ {Ag Fa} i Mg Fo « ehs iF {As,Fa}: Ar1, dual(Fg), Fo&Fro
" F {As,Fa) : Arr, A, Fo&Fro heut
— i+ {Ag}: A1, As, 7F4, Fo&F1o

Cut

e Case rule &g

hp :H {F5, A7} : As " hg :H {A7} : Fo, A1o0, !dual(Fg,)

ohy = {A7} :?7F5, A3 = ehg :F {A7} : dual(?F5), A10,Fs B Fg B
Cut
— = {A7}: Az, Ao, Fs @ Fg
—
ax ax
eh; :F {A7}: Agz, 7F5 he = {A7} 1 Ayo,Fo, ldual(Fs)
hCut
— = {A7} : A1p, Az, Fg o
B
—:F{A7} : A9, A3,Fg © Fg
hy {F4,Ag} : Fg, As ” hy - {Ag} : Flo,All,dual(Fs) ®
B

ohy :F {Ag} :Fg,As,?Fs ~ ehy :+ {Ag} : dual(Fg), A11,F9 ® Fio

Cut
— = {Asg} : (As5,7F4), A11,F9 ®F10
—
ax ax
ehs :- {Ag} : A5, Fg, 7Fy h7 :+ {Asg} : Ay1,F10, dual(Fg)
hCut
—:F {Ag} : A11,A5,F10, 7F4 o
B
— = {As} 1 A1, A5, ?F4,Fg @ Fio
e Case rule ®4
hi i+ {F5, A7} : Ag ” he :+ {A7} : Fg, Aqg, !dual(Fs) ®
ohy i {Aq} :7F5, Az ehg - {Ar}: dual(?Fs), Ao, Fs ®@Fg
Cut

— = {A7} : Az, A10,Fs © F9
—

ax ax
eh; :- {A7}: Az, 7F5 he := {A7} : Ao, Fs, !dual(Fs)
hCut
— = {A7}: Ao, A3, Fg
— = {A7} : A1, A3,Fs @ Fg

Da
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ho :+ {F4,Ag} : Fg, As hy :+ {As} : Fg, A11, dual(Fg)
?
oho i+ {Ag} :Fg,As,?Fs  ehy :F {Ag} : dual(Fg), A11,F9 ® Fio

Cut
— = {Ag}: (As5,7F4), A11,F9g D F1o
—
ax ax
ehs :- {Ag} : As,Fg, 7Fy h7 = {Ag} : Aq1,Fg, dual(Fe)
hCut
— - {As} : A1y, As, Fo, 7F4 . U
A
— = {Ag} : A11,A5,7F4,F9 @ F1o
e Case rule L
hy :F {Fs5, A7} : A3 he :- {A7} : Ag, 'dual(Fs)
?
ohy = {A7} :?7F5, A3 = ehg :F {A7} : dual(?F5), L, Ag
Cut
— = {Ar}: As, L, As .
—
ax ax
eh; :F {A7}: Az, 7F5 he = {A7} : Ag, ldual(Fs)
hCut
— {A7} H Ag,Ag
—:F{A7}: A, Ag, L
ha :F {F4,Ag} : F6, A5 ) hy := {As} : Ag, dual(Fe)
ohy ;- {Ag} :Fg,As,?Fy  ehy :F {Ag} : dual(Fg), L, Ag
Cut
— {As} : (A577F4)7L,A9
—
ax ax
ohy :- {Ag} : As,Fg, ?Fy h7 ;- {Ag} : Ag, dual(Fe)
hCut
— - {As} : As, Ay, 7F4 "
— {Ag} : As, Ao, L,7Fy
e Caserule T
hy - {F5, A7} : Ag
ohy :- {A7} :7F5, A3~ ehg :F {A7} : dual(?F5), T, Asg
Cut
— - {A7} 1 A3, T, Ag "
—
T
— = {A7}: Az, Ag, T
hy :+ {F4, Ag} : Fg, A5
? T
ohy :- {Ag} : Fe, As, 7F4 ohy ;- {Ag} : dual(Fs), T, Ag
Cut

— - {Ag}: (A5, 7F4), T, Ag
—

— - {Ag}: A5, Ay, T, 7,

e Case rule I3

e Case rule ®

hy - {F57 A7} : Ag Y hg :F {A7} :Fg, Aqq, !dual(F5) hg :+ {A7} : Fi0, Asg
ohy :F {A7} :?F5, Az ohg (- {A7} : dual(7Fs5), Ag, A11,Fg ® Fig
— = {A7}: Az, As, A11,F9 ® F1o
—

Cut

ax ax
eh; :F {A7}: As, 7F5 hg = {A7} 1 Ay, Fo, !dual(Fs)
hCut ax

—:F{A7} : Ay1, A3, Fg — = {A7}: Ag,Fio
—:F{A7} : A11,A3,A5,Fg ®F1o

hy :F {F5, A7} : Ag ) he :F {A7} : Fg, Ag hg :F {A7} : Fi0, A11, !dual(Fs)

eh; :+ {A7} :?F5, As ohg :H {A7} : dual(?Fg;),Ag,All,Fg ® F1o
Cut
— = {A7}: A3, As, A11,F9 @ F1o
—
ax ax
eh; :F {A7}: Agz, 7F5 hg = {A7} 1 A1, F0, !dual(Fs)
ax hCut
—:F {A7} : Ag,Fg — {A7} : A11,As3,F10 ®

—:F{A7}: A11, A3, Ag,Fg @ Fio
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ho {F4,Ag} : Fg, As ) hy {As} : Flo,Alg,dual(Fg) h7 {As} :F11, Ao

ohy i+ {Ag} : Fg, A5, 7Fy oh7 ;- {Ag} : dual(Fg), Ag, A12,F10 ® F11 cut
u
— - {Asg} : (A5, 7F4), Ag, A12,F10 ® F11
—
ax
eh7 :F {Ag} : Ay, Ag, dual(Fg),F10 @ F11
ax

hy ik {Ag,Fsa} : A5, Fs oh7 :- {Ag,Fa}: A2, Ag, dual(Fs),F10 ® F11 hCut

u

— = {Ag,Fa} : A1z, A5, Ag,F10 ® F11
— = {Ag} : A12, A5, Ag, 7F4,Fio ® F11

hy :+ {F4, Ag} : Fg, As - h7 :k {Ag} : F10,A9 hy:F {Ag} :F11,A12,dual(Fs)

ohy ;- {Ag} : Fg, A5, 7Fy eh7 ;- {Ag} : dual(Fg), Ag, A12,F10 ® F11 cut

u

— = {Asg} : (A5, ?F4), Ag, A12,F10 ® F11
—
ax
oh7 ;- {Ag} : A1z, Ag, dual(Fes),Fio ® F11
ax

ho :F {Ag,Fa} : A5, Fg eh7 :- {Ag,Fa}: Ao, Ay, dual(Fs),F10 @ F11 e

ut

— - {Ag,Fa} 1 A12, A5, Ag,Fio ® F11
— = {As}: Ay2, A5, Ag, 7F4,Fio ® F11

e Case rule I
e Case rule I,

e Case rule 7¢

hy - {Fg,Fs,Ag} : Ag hy :+ {Fs,Ag} : Fg, As, !dual(Fg) ”
? ?
ohy :- {Fs, Ao} :7Fg, Az ehy :- {Fs, Ao} : dual(7Fg), As  ©
— {F87A9} : As, As
—

Cut

ax ax
eh; :F {Ay,Fg} : Ag, 7Fg h7 = {Ag,Fg} : As,Fg, !dual(Fg)

" F {Ag,Fs) : As, Ag, Fs hCut
— i {Ag,Fs}: A3, A5 ©
ho :+ {F4,Fg, A1g} : F7, A5 hg = {Fg, A10} : Fo, Ag, dual(F7) ro
ohy :+ {Fg,A10} : F7,A5,7F4 ~ ehg :F {Fg, A10} : dual(F7), As
o {Fo, Aro} : (Mg, 7F4), Ag e

—
ax ax
ohy :- {A1g,Fg} : A5, F7, 7Fy hg :F {A10,Fo} : Ag, Fg, dual(F7)
hCut
— - {A10,Fo} : As, Ag,Fg, 7Fy
— {Alo,Fg} : As, Ag, 7Fy

c

7.4 Status of $: 0K

o Case rule 1

e Case rule !

e Case rule 7
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hg = {F10, Ao} : Ay1, dual(Fg) ® dual(Fr) "

ohs :- {Ag} : dual(Fe$F7), A11, 7F10
Cut

hy = {Ag} : Fg,Fr, Ag

oh; :F {Ag} : Fe$F7, Ag
—:F {Ag} : Az, Aq1,?F10
—

Cut

hs - {Do,Fio} : Aur, dual(Fo) ® dual(Fr)
h

eh; :- {Ag}: Az, Fs$F7
ohy = {Ag,Fi9} : Ag,Fg$F7
— = {Ag,Fi0} : A11, A3
— = {Ag} : A1y, A3z, ?F10
hg :F {F10, Ao} : A11, dual(F7)
ehg - {Ag} : dual(F7), A1, ?F10

Cut

hy :k {Ag} : F7,F4,F5, A¢
eho :F {Ag} 1 Fr, Ag,F48F5
— = {Ag} : (A6,Fa8F5), A1, ?F10
—
ohs i {Do} : Aur, Fro, dual(Fr) :

Cut

ho = {Ag} : Ag,Fy,F5,Fr
— {A()} : A11,06,F4,F5, 7F10
— = {Ag} : A1, Ag, ?F10,F48F5

e Case rule $
hy :F {Ag} : Fg,F7, A3 hg :F {Ag} : F10,F11, A2, dual(Fg) ® dual(F7)
oh; - {Ag} : Fe$F7, A3 ohg :F {Ag} : dual(Fe$F7), A12,F108F11
Cut
—:F {Ag} 1 Ag, A127F10$F11
—
a
hg :- {Ag} : Ay2,F10,F11, dual(Fg) @ dual(F7)
hCut

ohy :- {Ag}: Ag,Fe$F7
— = {Ag} : A12, A3, F10,F11

— = {Ag} : A1z, A3, F108F11
hg := {Ag} : F10,F11, A12, dual(Fr)

ehg - {Ag} : dual(F7), A12,F108F11

Cut

hy :k {Ag} : F7,F4,F5, Q¢

ehs :F {Ag} 1 Fr, Ag,F48F5
— = {Ag} : (Ag,Fa8F5), A12,F108F11
—
hg := {Ag} : A1z, Fi0,F11, dual(Fr)
hCut

ohy :- {Ag} : Ag,F7,F48Fs
— = {Ag} : A12,Ag,F10,F11,Fa8F5
—:F {Ag} : A1z, Ag,F108F11,F48F5
hg :F {Ag} :F11,A12, dual(Fs) ® dual(F7)

hg :F {Ag} : Fi0, A1o, dual(FG) ® dual(F7)
ohg :F {Ag} : dual(F$F7), A12, F10&F11 c
ut

e Case rule &
hg :F {Ag} : A12,F11, dual(Fg) ® dua

hy :+ {Ag} : Fg,Fr7, Ag
oh; :F {Ag} : Fe$F7, Ag

— = {Ag} : Az, A12,F10&F11
—

oh; : {Ag} 1 Ag,Fg$F,
— = {Ag} : Ayz, Az, Fiy

hg :k {Ag} : A1, F10, dual(Fs) ® dual(Fr)
— = {Ag} : A12, A3, F10&F11

eh; :H {A()} : Ag,Fg$Fr
—:+{Ag} : A2, A3, F1g

hg :F {Ag} : Fi0, A12,dual(F7) hs :F {Ag} : Fi1, A1z, dual(Fr)
ohg : {Ag} : dual(F7),A12,F10&F11
Cut

hy :F {Ag} : F7,F4,F5, Ag

ohy : {Ag} 1 Fr, Ag,F48F5
—:F {Ag} : (A67F4$F5), Aq2,F10&F11
-
ohg :F {Ag} : Aya, dual(F7),F10&F11

hy = {Ag} : Ag,Fy,F5,F7
— = {Ag} : A12,A¢,F4,F5,F10&F11
—:F {Ag} : A1z, Ag,F48F5, F10&F11

e Case rule &g
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hy {Ag} : Fg,F7, A hg :F {Ag} :F11, A2, dual(Fg) 24 dual(F7)
ohy ;- {Ao} : FeSF7, As ohs :- {Ag} : dual(Fe$F7), A12,F10 ® F11
—:F{Ag} : Az, A12,F10 ®F11
—

B

Cut

ax ax
oh; :F {Ag} : Az, Fg$F7 hg = {Ag} : Ay2,F11, dual(Fg) ® dual(Fr) Lo
ut

—:F{Ag} : A1z, A3, F1y

OB
— = {Ag} : A1, A3,F10 @ F11
ho :- {Ag} : F7,F4,Fs5, Ag hg = {Ag} : F11, A2, dual(Fr)
B
ohy - {Ag} : F7, Ag, F4SF5 ohg - {Ag} : dual(F7), A12,F10 ® F11 .
ut
— - {Ag} : (A6,Fa8F5), A12,F10 ®F1y
—
ax ax
hy :- {Ag} : Ag,Fa,F5,Fr ohg :F {Ag} : Ayg, dual(Fr7),F1o @ F11 Lo
u
— = {Ag} : A1, A, F4,F5,F10 ®F11
— = {Ag} : A12, A6, Fa8F5,F10 © F11
e Case rule @4
hy - {Ag} : Fs,F7, Asg hg :F {Ag} : Fi0, A12, dual(Fg) ® dual(F7)
oh; :F {Ag} 1 Fe$F7, A ehg :F {Ag} : dual(F6$F7),A12,F10 DF11 c A
ut

— = {Ag} : Az, A12,F10 ® F11
—

ax ax
eh; :H {Ag} : Az, Fg$F7 hg :F {Ag} : A12,F10, dual(Fg) ® dual(F7)
hCut
— = {Ag} : A1z, A3,F1o

Da
— = {Ag} : Aya, Az, F10 ®F11
hs {Ag} :F7,F4,F5,Ag hg :F {Ag} : Fi0,Aqo, dual(F7)
ohy :F {Ag} : F7, Ag,F4$F5 ohg :F {Ag} : dual(F7), A12,F10 @ F11 cut
u
— = {Ag} : (A6,F48F5), A12,F10 O F11
—
ax ax
ho = {Ag} : Ag,Fq,F5,F7 ehg :F {Ag} : Aya,dual(F7),Fio © F11
— = {Ag} : Ay2, Ag,Fs,F5,F10 ©F11
— = {Ag} : A1, A6, F48F5,F10 © F11
e Case rule L
hy - {Ag} : Fg,F7, Ag hs :- {Ag} : Ao, dual(Fs) ® dual(Fr)
eh; :H {AQ} : Fe$F7, As ohg :H {Ag} : dual(F6$F7), 1,A10
Cut

— = {Ag}: Az, L, Ao
—

ohy - (Ao} : A, FoSFr  hs i (Ao} : Ao, dual(Fo) ® dual(Fr)
hCut
—:F {Ag} : Alo,Ag
—:F{Ag} : A1, A3, L

hs :F {Ag} :F7,F4,F5,Ag hg :F {Ag} : Am,dual(F7)
eho :F {Ag} 1 Fr, Ag,F48F5 ehg :F {Ag} s dual(F7), L, Ao
— = {Aog} : (A6, Fa8F5), L, A1
—

Cut

ax ax
hy :- {Ag} : Ag,F4,Fs5,F7 ohg i+ {Ag} : Ayg, L, dual(Fr)

Cut
— = {Ag} : A1g, A6, Fa,F5, L
—:F{Ag} : A1g, Ag, L,F48F5
e Caserule T
hy :- {Ag} : F,F7, A
ohy :- {Ag} : Fe8F7, A3 ohg ;- {Ag} : dual(Fe$F7), T, Aqo
Cut

—:F{Ag} : A3, T, Ao
—

T
— = {Ag}: Ayo, A3, T
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hy ik {Ag} : F7,F4,F5, Ag
ohy ;- {Ag} : F7, Ag,F4$F5 § ehg ;- {Ag} : dual(F7), T, Aqo

Cut
— = {Ag} : (A, FabF5), T, A1o
—
—:F{Ag} : Ao, A, T,F48F5
e Case rule I3
e Case rule ®
hp :F {Ag} : Fg,F7, As hg :F {Ag} B Fll,Alg,dual(Fe) X dual(F7) hg :F {Ag} :F12,A10
ohy = {Ag} : Fe$F7, Ag ehg :F {Ag} : dual(F$F7), A1o, A13,F11 @ F1a cut
1%
— = {Ag} : Az, A1o,A13,F11 ® F12
—
ax ax
eh; :H {Ag} : Az, Fg$F7 hg :F {Ag} : A1s,F11, dual(Fg) ® dual(F7)
ut ax
— - {Ag} : A1z, A3, F1n — = {Ag} : A1o,F12

— - {Ag} : Ao, A13,A3,F11 ®F12

hy :k {Ag} : Fs,F7, A3 hg - {Ag} : F11,A10 hg :F {Ag} : Fi2, A13, dual(Fg) ® dual(Fr) ©

oh; - {Ag} : Fe$F7, Az ohg = {Ag} : dual(Fe$F7), A1, A13,F11 ® F12 cut
u
— = {Ag} : Az, A1o, A13,F11 @ F12
—
ax ax
oh; :F {Ag} : As,Fg$Fr hg :+ {Ag} : A13,F12,dual(Fs) ® dual(F7)
ax
—:F{Ag} : A1, F11 — - {Ag} : Ay3, Az, Fi2
— = {Ag} : A1o, A1z, Az, F11 ® Fi2
hy :- {Ag} : Fg,F7, Az hg :F {Ag} : A1o,dual(Fg) hg :F {Ag}: A11,dual(Fr) o
ohy - {Ag} : Fe8F7, A ohg :- {Ag} : dual(Fe$F7), A1g, A11
Cut
— ik {Ao}: A3, Avo, A
—
ax ax
—:F{Ag}: A3, Fg,F7 —:F{Ag} : Aqq, dual(Fr)
sCut ax
— = {Ao} : A11,A5,Fs —:F {Ag} : Aqo, dual(Fg) ot
sCu
— = {Ag} : A10,A11,A3
ho :F {Ag} :F7,F4,F5, Mg hg :F {Ag} :Fll,Alg,dual(F7) hg :F {Ag} : F12,A10
ohs :H {Ag} 1 Fr, Ag,F48F5 ehg :H {Ag} : dual(F7), A1, A13,F11 ® F12 cut
A
— = {Ag} : (Ag,Fa8Fs5), A10, A13,F11 @ F12
—
ax ax
hy - {Ag} : Ag,F4,F5,F7 ehg :F {Ag} : Ajg, A3, dual(F7),Fi11 ® Fi2 Cut
u
—:F{Ag} : A10,A13,A6,F4,F5,F11 ®F12
—:F{Ag} : A1, A13,Ap,F48F5,F11 ® Fi2
hs :F {Ag} :F7,F4,F5,Ag hg :H {Ag} :F11,A10 hg:F {Ag} :F12,A13,dual(F7)
ohy :- {Ag} : F7, Ag, F48Fs ohg - {Ag} : dual(Fr), A1o, A13,F11 @ F12 cut
u
— = {Ag} : (A6,Fa8F5), A10, A13,F11 ® F12
—
ax ax
ha :F {Ag} : Ag,F4,F5,F7 ohg (- {Ag}: Aqg, A13, dual(F7),F11 @ F12 neut
u

— = {Ag} : A1g, A13, Ag,Fa,F5,F11 @ Fi2
— = {Ag} : A1o, A13, A6, Fa8F5,F11 ® Fia

e Case rule I

e Case rule I,

e Case rule ?7¢
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hy :+ {F10,A11} : F7,Fs, Ag

hg :+ {Flo, All} : Fi0, Ag, dual(F7) X dual(Fg) 2o
oh; :F {F10,Aq11} : F78Fg, A ohg : {F10, A11} : dual(F7$Fs), Ag
—:F {Flo, All} : Az, Ag Cut
—
ohy :F {A11,F10} : A3, F7$Fg

ax

hg :F {A117F10} : AG,Flg,dual(Fﬁ ® d’u.[ll(Fg)
hCut
—:+ {A11,F10} : Az, Ag,F1o
- C

—:F {Au,Fw} : As, Ag
hy :F {F10,A11} : Fg,F4,F5, Ag
oho - {F107A11} : Fg, Ag,F4$F5

hg :F {Fi0,A11} : Fi0, A7, dual(Fg) ”
ohg :F {F10, A11} : dual(Fs), Az ©
Cut
— = {Fi0,A11} : (A6, FaS$Fs5), A7
—

ho : {Ay1,F10} : Ag,F4,F5,Fg

ax
ohg :- {A11,F10} : A7, dual(Fg)

hCut
— = {A11,F10} : A6, A7,F4,F5

— = {A11,Fi0} : A, A7,F48F5

7.5 Status of &: 0K

e Case rule 1
e Case rule !

e Case rule 7

hy ;- {Ag} : Fs, A3 hy:F {Ag}:Fr, A3 © hg = {F10, Ao} : Ay1, dual(Fg) @ dual(Fr) )
ohy :F {Ag} : Fe&F7, A ohg :F {Ag} : dual(Fe&F7), A11, ?F10
—:+{Ag} : As,A11,?F10
—

ut

ehy :F {Ag} : As,Fg&F7
oh; :F {Ag,Flo} : Az, Fg&F7

ax
hs := {Ag,Fi0} : A11, dual(Fg) @ dual(Fr7)
hCut
— = {Ag,Fi0} : A11,A3 )
— = {Ag} : A11, A3, ?Fio

hy i {Ag} : F7,F4,A¢ ha:+ {Ag} :F7,F5, ¢ o hg :+ {F10, Ao} : A1, dual(F7)
ohy :- {Ag} : F7, Ag, F4&F5 ohg :- {Ag} : dual(F7), A1, ?F10
Cut
—:F{Ag} : (Ag,Fa&F5), A1z, ?F10
—

ohy ;- {Ag} : Ag,F7,F4&F5
ehy - {Ag,Fi0} : Ag,Fr7,F4&F5

ax
hg : {Agﬂplg} : Au,dual(F7)
hCut
— - {Ag,Fi0} : A11, Ag, Fa&Fs
— = {Ag} : A11, Ag, 7F10, Fa&F5

e Case rule $

hy :k {Ag} :Fs,Az hy:F{Ag}:F7, Az © hs :F {Ag} : F10,F11, A12, dual(Fg) ® dual(F7)
ohi :F {Ag} : Fe&Fr, Ay ohs - {Ag} : dual(Fo&Fr), Ara, F1o$F11
Cut
—:F{Ag} : Az, A12,F108F11
—

ax
eh; :- {Ag} : Az, Fe&F7

ax
hs :+ {Ag} : A12,Fi0,F11, dual(Fe) ® dual(Fr)

hCut
— = {Ag} : Ay2, A3z, F10,F11

— = {Ag} : A12, A3, F108F11
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ho :+ {Ag} :F7,F4,Ag ho {Ag} :F7,F5,Ag hg :F {Ag} : F10,F11,Aqa, dual(F7)
ohy :F {Ag} : F7, Ag,F4&F5 ohg :- {Ag} : dual(F7), A12,F10%F11
— = {Ag} : (Ag,Fa&Fs5), A12,F108F11
—

Cut

ax ax
ohy :H {Ag} : Ag,F7,F4&F5 hg :+ {Ag} : Alg,Flo,Fll,dual(F7) Cut
u
—:F{Ag} : A12,A¢,F10,F11,Fa&F5
— = {Ag} : A1a, A6, F108F11,Fa&Fs

e Case rule &

hy = {Ag} : Fs, Az hi:+ {Ag}:F7,Ag © hg :- {Ag} : Fio, A1a, dual(Fs) @ dual(F7) hg :- {Ag} : F11, A1a, dual(Fe) @ dual(F7) )

ohi ik {Ao} : Fo&kF7, Ag ohs ;- {Ag} : dual(Fe&F7), A12,F10&F11
Cut
— = {Ag} : Az, A12,F10&F11
—
ax ax ax
oh; :F {Ag} : Az, Fg&F7 hg = {Ag} : Ay2,F10, dual(Fg) ® dual(Fr) oh; :- {Ag} : Az, Fg&F7 hg :F {Ag} : Ay2,F11, dual(Fg) & du
hCut
— = {Ag} : A1z, A3,F10 — - {Ag}: Aya, A3, Fry

— = {Ag} : A1a, Az, F10&F11
ho i {AQ} :Fr,F4,A6 ha:F {AQ} : F7,F5,Ag & hg :F {Ag} : Fio, A12,dual(F7) hg {Ag} :Fi11, A12,dual(F7)
oh; :- {Ag} : F7, Ag, F4&F5 ohg :- {Ao} : dual(F7), A1a, F10&F11
— = {Ag} : (A6,Fa&Fs), A12,F10&F11
—

Cut

ax ax ax ax
ehy - {Ag} : Ag,Fr7,F4&F5 hg :F {Ag} : Ay2,Fi0, dual(Fr) ohy :- {Ag} : Ag,Fr7,F4&F5 hg :F {Ag} : Ay2,F11, dual(F7)
hCut hCut
— = {Ag} : A1, Ag,F10, F4&F5 — i+ {Ag} : Ara, Ag,Fi1,Fa&Fs
— = {Ag} : A1z, Ag,F10&F11,F4&F5

e Case rule ©p

hy :F {Ag} : Fg, Az hy:F {Ag}:F7, Az hg i+ {Ag} : F11, A2, dual(Fg) ® dual(Fr)

oh; :F {Ag} : Fe&Fr, Ag ehg :F {Ag} : dual(Fﬁ&F7),A12,F10 DF11 B
Cut
—:F{Ag} : A3z, A12,F10 ® F11
—
ax ax
oh; :F {Ag} : Az, Fg&F7 hg :F {Ag} : Ay2,F11, dual(Fg) @ dual(Fr)
hCut
—:F{Ag} : A1, Az, F1n
B
— = {Ag} : A1z, A3,F10 ®F11
hy k- {Ag} :Fs, Az hy - {Ag}:F7, Az hs :+ {Ag} : Ao, dual(Fr)
oh; :F {Ag} : Fg&F7, Ag ohg :F {Ag} : dual(Fe&F7), Ao B
Cut
— = {Ao}: As, A1
—
ax ax
—:+ {Ag}: As,F7 — = {Ag} : Ayo, dual(F7) cut
sCu
— {Ag} : A107A3
ho :- {Ag} : F7,F4,A¢ ha:F {Ag}:Fr7,F5, A6 hg := {Ag} : F11, A12, dual(Fr)
B
ohy ;- {Ag} : Fr, Ag,F4&F5 ohg ;- {Ag} : dual(F7), A12,F10 ® F11 cut
u
— = {Ag} : (Ag,F4&F5), A12,F10 ®F11
—
ax ax
ohy ;- {Ag} : Ag,F7,Fa&Fs5 hs - {Ag} : Ay, F11, dual(Fr)
Cut
—:F{Ag} : A12, A, F11,F4&F5 o
B
— = {Ag} : A1, Ag,F4&Fs5,F10 ® F11
e Case rule ®4
hp :F {Ag} :Fg,Asz hp:F {Ag} :Fr, As hg :F {Ag} : Flo,Alz,dual(Fg) [$3) dual(F7)
ohy :- {Ag} : Fe&F7, Ag ohg ;- {Ag} : dual(Fe&F7), Ai2,F10 @ F11
Cut
— = {Ag}: Az, Ay2,F10 ®F11
—

ax ax
ohy - {Ag} : Az, Fe&Fr hs - {Ao} - A1z, Fro, dual(Fs) & dual(Fr)
hCut
— = {Ag} : A12,A3,F10
— = {Ag} : Ay2, Az, Fio ®F11

A
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hy = {Ag} : Fg, Az hy:F {Ag}:F7,Ag hg = {Ag} : Ayo, dual(Fg)

ohy i {Ao} : Fe&Fr, As ohs - {Ao} : dual(Fe&Fr), Arg
Cut
— {AQ} : A3,A10
—
ax ax
—:F {A()} : Ag,Fg —:F {A()} : Am,dual(Fg)
sCut
— {Ag} : Aqg, As
ho {Ag} :F7,F4,Ag ho {Ag} :F7,F5,Ag hg {Ag} : Flo,A127dual(F7) ®
A
ohy - {Ag} : Fr7, Ag,F4&F5 ohg :- {Ag} : dual(F7), A12,F10 ® F11 cut
u
— = {Ag} : (Ag,F4&F5), A12,F10 ®F11
—
ax ax
ehs :F {Ag} : Ag,Fr7,F1&F5 hg {A()} : A127F103dual(F7)
hCut

— = {Ag} : A1z, Ag,F10,Fa&Fs
— = {Ag} : A12, Ag,F4&Fs5,F10 ® F11

Da

e Case rule L

hy :k {Ag} :Fe,Az hi:{Ag}:F7,Az hg = {Ag} : Aqg, dual(Fg) ® dual(Fr)
oh; :F {Ag} : Fg&F7, Ag ohg :F {Ag} : dual(Fe&F7), L, Aig

Cut
— = {Ag}:As, L, Aqg
—
ax ax
ohy :- {Ag} : Az, Fe&F7 hg = {Ag} : Ao, dual(Fg) ® dual(Fr)
hCut
— {Ag} : A107A3
—:F{Ag} : A1, A3, L
ho := {Ag} : F7,F4,Ag ho:F {Ag} :Fr,F5,A¢ hs - {Ag} : Ayg, dual(Fr)
eh, :F {Ag} : Fr, Ag,Fy&F5 ehg :F {Ag} : dual(F7), 1,Aq0
Cut
— = {Ag} : (Ag,F4&Fs), L, Arg
—
ax ax
ohy - {Ag} : Ag,Fr7,F4&F5 hg :F {Ag} : Ayo, dual(F7)
hCut
— = {Ag} : A1o, Ap, Fa&F5
— i+ {Ag}: Aqg, Ag, L,F4&F5
e Caserule T
hy :F {Ag} :Fg, Az hy :F {Ag} 1 Fr, Ag
oh; :F {Ag} : Fe&Fr, Ag ohg :F {Ag} : dual(Fe&F7), T, Ao
Cut
— = {Ag} : A3, T, Arg
—
-
— = {Ag}: Avo, A3, T
hy :- {Ag} : F7,F4, Ag ha:F {Ag} :Fr,F5,A¢
ohy :F {Ag} : F7, Ag,F4&Fs ohg :- {Ag} : dual(F7), T, Aqo
Cut
— = {Ag} : (Ag,Fa&Fs5), T, A1g
—

—:F{Ag} : Ao, A, T,Fa&F5

e Case rule I3

e Case rule ®

hy :F {Ag} : Fg, Az hy:F {Ag}:F7, Az © hg i+ {Ag} : F11, Ay3, dual(Fg) @ dual(F7) hg :F {Ag} : F12, Ao

oh; : {Ag} : Fe&Fr, Ag ehg :H {Ag} : dual(Fa&F7), A10,A13,F11 ® F12 c
ut
—:F{Ag} : A3z, A1o, A13,F11 ® F12
—
ax ax
oh; :F {Ag} : Az, F&F7 hg :F {Ag} : Ay, Fi1, dual(Fg) @ dual(Fr)
hCut ax

— = {Ao} : A1z, A3,F11 — = {Ag} : A1o,F12

— = {Ag} : A1g, A13,A3,F11 ®F12
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hy ;- {Ag} : Fg, Az hy i {Ag}:Fr,Ag © hg :F {Ag} : F11,A10 hg:- {Ag} : Fi2, Ays, dual(Fs) @ dual(Fr) o

ohy ;- {Ag} : Fe&F7, A3 ohg - {Ag} : dual(Fe&F7), A1o, A13,F11 @ F12 cut
28}
— = {Ag} : Az, A1o, A13,F11 @ F12
—
ax ax
eh; :F {Ag} : Az, Fg&F7 hg :+ {A()} : A13,F12,dual(F6) (<] dual(F7)
ax hCut
— = {Ag} : Ao, F11 — - {Ag} : Ay3, Az, Fi2

— = {Ag} : A1, A13, Az, F11 @ F12

hy :F {Ag} : F7,F4, Ag ha :F {Ag} : F7,F5,Ag & hg - {Ag} : F11, A1z, dual(F7) hg :F {Ag} : F12, A0
ohs - {Ag} : Fr7, Ag,F4&F5 ohg :F {Ag} : dual(F7), A1o, A13,F11 ® Fi2

Cut
—:F {Ag} : (Ag,Fs&F5), A1o, A13,F11 @ F12
—
ax ax
ohy ;- {Ag} : Ag,F7,F4&F5 hg :- {Ag} : Ays,F11, dual(F7)
hCut ax

—:={Ag} : A13,Ag,F11,F4&F5 — = {Ag} : Ao, F12
— = {Ag} : Avo, A1z, Ag, Fa&F5,F11 ® F12

ho := {Ag} : F7,F4,A¢ ho:F {Ag} :Fr,F5,A¢ < hg - {Ag} : F11,A10 hg :F {Ag} : Fi2, A13, dual(F7)
ohy ;- {Ag} : F7, Ag,Fa&Fs ohg ;- {Ag} : dual(F7), A1o, A13,F11 ® F12
— = {Ag} : (Ag,Fa&F5), A1o, A13,F11 @ F12
—

Cut

ax ax
ohy :F {Ag} : Ag,Fr7,F4&Fs hs - {Ag} : Ay3,Fi2, dual(Fr)
ax hCut
— = {Ag} : A1o,F11 — - {Ag} : Ays, Ag,Fro, F4&Fs

— = {Ag} : Ajo, A13, Ag,F4&Fs5,F11 @ F12

e Case rule I

e Case rule I

e Case rule 7¢

hp :F {F107A11} :Fr, As hp :F {Fl(], All} : Fg, A3 hg :F {FIO’AII} B Fm,Ag,dual(F7) b dual(Fg) o
oh; :F {Fi10,A11} : F7&Fs, As ohg : {F10,A11} : dual(F7&Fg), Ag o
Cut
— = {F10,A11} : Az, Ag
—
ax ax
oh; :F {Ay1,Fi0} : A3, Fr&Fg hg :F {A11,F10} : Ag,Fi0, dual(F7) @ dual(Fg) "
ut
—:F{A11,F10} : A3z, Ag,Fio R
[ge]
— {All,Fm} : As, Ag
hy = {F10,A11} : Fg,Fa, Ag  ho :F {Fi0,A11} : Fs,F5,A¢ hg :F {F10, A11} : F10, A7, dual(Fg) )
[£e]
ohy :F {F10, A1} : Fg, Ag,F4&Fs5 ohg :- {Fi0, A11} : dual(Fg), A7 cut
108
— :F {F10,A11} : (A6,Fa&F5), Ay
—

ax ax
eh, :F {All,Flo} : Ag,Fg,F4&F5 hg :F {AlquIO} : A7,F10,dual(F8) hCut
208
—:F {A11,F10} : Ag, A7, F10,F4&F5
—:F {A11,F10} : Ag, A7, F4&F5

?c

7.6 Status of ©p: 0K

e Case rule 1

e Case rule !

e Case rule ?
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hy :H {Ag} :Fr, As hg :F {Flo, Ag} HVANEN dual(Fg)&dual(Fﬁ
oh; :- {Ag} : Fg @ F7, Ag ohg :F {Ag} : dual(F¢ ® Fr), A11, ?F1o

— - {Ag}: Az, A11,?F10
—

Cut

ax

eh; :F {Ag} : A3, Fg ®Fr
ohy :- {Ag,Fi0} : A3, Fg & F7
— = {Ag,F10} : A11, A3
—:F {Ag} : A11, A3, 7F10
hy :- {Ag} : F7,F5,Ag hg :+ {F10, A9} : A11, dual(F7)
ehs :F {Ag} : F7,Ag,Fs D F5 ehg :- {Ag} : dual(F7), A11, ?F10
— - {Ag}: (Ag,F4s ®Fs5), A11,?F10
—

ax
hg := {Ag,Fi0} : Ay1, dual(Fe)&dual (F7)
hCut

Cut

ax ax
ho = {Ag} : Ag,F5,Fr ohg :F {Ag} : Ayy, ?F10, dual(F7)
hCut
— = {Ao} : A11, A6, Fs, ?Fio
— = {Ag} : Ay1, Ag, ?F10,F4 © F5

B

e Case rule $

hy - {Ag} : Fr, Az hg :+ {Ag} : F10,F11, A2, dual(Fg)&dual(F7)
oh; - {Ag} : Fe ®F7,A3 ohs :F {Ag} : dual(F¢ ®F7), A12,F10$F11

— - {Ag}: Az, A12,F108F11
—

ax
hg i+ {Ag} : Ay, Fi0,F11, dual(Fg)&dual (F7)
hCut

Cut

ohy - {Ao}: Ay Fo ®Fr
— = {Ag} : A12,A3,F10,F11
—:F {Ag} : A1a, A3, F108F 11
hg := {Ag} : F10,F11, A12, dual(F7)
ehg :- {Ag} : dual(F7), A12,F108F11

hy :F {Ag} : F7,Fs5, Ag

ohy :- {Ag} : F7, Ag,F4 @ Fs out
1%
— = {Ag} : (A6,Fs O Fs5), A12,F108F11
—
ax
ohs i+ {Ag} : Ag,F7,Fs ©F5 hs := {Ag} : A12,F10,F11, dual(Fr) hCut
U

— = {Ag} : A12,Aq,F10,F11,F4 ©F5
—:F {Ag} : A12,A,F108F11,F4s ®F5

$

e Case rule &

h; {Ag} :Fr,Ag hg :F {Ag} : Fu),Alg,dual(Fs)&dual(F7) hg :+ {Ag} : F11,A12,dual(Fg)&dual(Fﬂ &

DB
ohy :- {Ag} : Fg @ Fr, Ag ohg :- {Ag} : dual(Fs @ Fr), A1z, F10&F11

Cut

—:F{Ao} : Az, A12,F10&F11
—

ax
oh; :- {Ag}: A3, Fg ®Fr hg = {Ag} : Ay, Fi1, dual(Fg)&du

ax ax
eh; :H {A()} : Az, Fg & Fr hg :+ {Ag} : Aq12,Fi0, dual(Fg)&dual(Fﬂ
— - {Ag} : Ays, Ay, Fry

— = {Ag} : Aya, A3, Fio

— = {Ag} : A1a, Az, F10&F11

hs = {Ag} : Ayo, dual(Fg) hs = {Ag} : Ayg, dual(Fr)
B ehg :F {Ag} : dual(Fs¢ ® F7), A1o

— = {Ag}: As,Aqg
N

hy :F {Ag} :Fr, Ag
oh; :F {Ag} : Fg ®F7, A3

Cut

ax ax
— = {Ag}: A3, Fr — = {Ag} : Ayo, dual(F7) cut
sCu

— = {Ag}: Ao, A3

hg :- {Ag} : Fi0, A12,dual(F7) hg:F- {Ag} : F11,Ay2, dual(Fr)

hy :- {Ag} : F7,F5, As ®
B ohg {Ag} : dual(F7), Aq2,F10&F11

ehy {Ag} :F7,Ag,Fqy ®Fs
— = {Ag} : (Ag,Fa ®F5), A12,F10&F11
-

Cut

ax ax
ho :- {Ag} : Ag,F5,F7 ohg :- {Ag} : Aya, dual(Fr7),F10&F11
hCut

— = {Ag} : A12, A6, F5,F10&F11
—:F{Ag} : A1z, A6, F10&F11,F4 ©F5

B
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e Case rule ©p

hy - {AQ} :F7, A3 hg :F {Ag} :F11,Aqo, dual(Fa)&dual(F7)
B B
oh; :- {Ag} : Fg ©Fr, As ohs :- {Ag} : dual(Fs @ F7), Aqz,F10 @ F1q .
ut
—:F{Ag} : Az, A12,F10 ®F11
—
ax ax
oh; : {Ag} : A3, Fg ®F7 hg :+ {Ag} : A12,F11,dual(Fg)&dual(Fﬂ
hCut
— = {Ag} : A12, Az, F1n o
B
— = {Ag} : A12,A3,F10 ®F11
hy :F {Ag} : F7,F5, Ag o hs :F {Ag} : Fi1, A1, dual(F7)
ohy ;- {Ag} : F7,Ag,F4 ©F5 P ehg - {Ag} : dual(F7), A12,F10 ©F11 c B
ut
— - {Ag} : (A6,Fs ®Fs5),A12,F10 ®F11
—
ax ax
ohy ;- {Ag}: Ag,F7,F4 & F5 hg = {Ag} : Ay2,F11, dual(Fr) HCut
u
— = {Ag} : A12,A¢,F11,F4 ©Fs
B
— - {Ag} : A12,A¢,F10 ®F11,F4 F5
e Case rule @4
hy - {Ag} : F7, Ag hg - {Ag} : Fi0, A12, dual(Fg)&dual (F7)
B
oh; :F {Ag} : Fg © Fr, Ag ohg :F {Ag} : dual(F @ Fr), A1, F1o ® F11 oo
1%
— = {Ag} : Az, A12,F10 ®F11
—
ax ax
eh; :F {Ag}: A3, Fg @ F7 hg :F {Ag} : Ay2,Fi0, dual(Fg)&dual(Fr)
hCut
— = {Ag} : A1z, A3,F19
A
— = {Ag} : Ay, A3, F10 ® F11
hs :F {Ag} :F7,F5,Ag ® hg :F {Ag} : Fw,A12,dual(F7)
B A
ohy ;- {Ag} : F7, Ag,F4s ©F5 ohs :F {Ag} : dual(F7), A12,F10 @ F11 cur
a0

—:F{Ag} : (A6,Fs Fs5),A12,F10 ®F11
-

ax
ho - {Ag} : Ag,F5,F7 ehg :F {Ag} : Ayo,dual(F7),Fio0 ® F11

hCut
— = {Ag} : A12,A6,F5,F10 @ F11
B
— = {Ag}: A12,A6,F10 ®F11,F4 B Fs
e Case rule L
hy ;- {Ag} : Fr, A3 o hs :F {Ao} : A1o, dual(Fs)&dual(F7)
ohy - {Ag} :Fg B Fr, Az~ ehg ik {Ag} : dual(Fe ® Fr), L, Axg
Cut

— = {Ag}: As, L, Aqg
—

ax ax
ohy :- {Ag}: A3, Fg @ F7 hg = {Ag} : Ao, dual(Fg)&dual(F7)
hCut
— {Ag} H Alg,Ag
— = {Ag}: Ao, A, L

ho :- {Ag} 1 F7,F5,Ag ® hg :+ {Ag} : Alo,dual(F7)
ehs :F {Ag} : F7,Ag,Fs ®F5 B ehg :- {Ag} : dual(Fr7), L, Aqo
C

— = {Ag} : (A6, F4 DF5), L, A0
—

ax ax
hy - {Ag} : Ag,Fs5,F7 ehg :- {Ag} : Ao, L, dual(F7)
hCut
— = {Ag} : A1g, Ag, F5, L
— = {Ag}: A1, A6, L,F4 ®Fs5

ut

OB

e Caserule T
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hy :F {Ag} :F77A3 ®
ohy - {Ag} :Fg B F7, Az~ ehg i {Ag}: dual(Fe ® Fr), T, Aro

Cut
— = {Ag} : A3, T, Ao
—
.
— = {Ag}: Avo, A3, T
hs :F {Ag} :F7,F5,Ag ®
ohy i {Ag} i Fr,Ag,Fs ®Fs ehg i {Ag} : dual(Fr), T, Aro
Cut
— - {Ag}: (A6, FADFs5), T,A10
—
—:F{Ag} : A10,A, T,F4 ®F5
e Case rule I3
e Case rule ®
hy :F {Ag} : F7, A3 hg :F {Ag} : F11, A13, dual(Fg)&dual(F7) hg :F {Ag} : F12, A0 ®
ohy :- {Ag} : F6 ®F7, Ag ’ ohs ;- {Ag} : dual(Fe @ F7), A10, A13,F11 ® F12 c
ut
—:F{Ag} : Az, A1p, A13,F11 @ F12
—
ax ax
oh; :F {Ag}: A3, Fg @ F7 hg = {Ag} : Ay, Fi1, dual(Fg)&dual(Fr)
hCut ax
— = {Ag} : A13, Az, F11 — = {Ag} : A1o,F12
— = {Ag} : Aro, A1z, Az, F11 ® Fiz2
hy :k {Ag} : F7, A3 hs :- {Ag} : F11,A10 hs - {Ag} : F1a, A13, dual(Fg)&dual(F7) ©
B
ohy i {Ag} : Fs ®Fr, Ay ohs ;- {Ag} : dual(Fe © F7), Ao, A13,F11 @ F12 Cut
u
— = {Ag} : Az, A1o, A13,F11 ® F12
—
ax ax
oh; :F {Ag} : A3, Fg & F7 hg :F {Ag} : Ay, Fi2, dual(Fg)&dual(Fr)
ax hCut
— = {Ag}: Ao, F11 — = {Ag}: Az, A3z, Fi2
— = {Ag} : A1o, A1z, Az, F11 ® Fi2
hy :- {Ag} : F7,F5, Ag hg :k {Ag} : F11, A13,dual(F7) hg = {Ag} : Fi2,Aq0
B
ohy :- {Ag} : F7, Ag,F4 @ Fs ohg :F {Ag} : dual(F7), Ao, A1s,Fi1 ® Fia .
ut

— = {Ag} : (A6,Fs F5),A10,A13,F11 @ F12
—

ax ax
hy :- {Ag} : Ag,F5,F7 ohs :F {Ag} : Ajg, A1s, dual(F7),F11 @ Fia Hout
2%
— = {Ag} : A0, A1z, A6, F5,F11 @ F12
B
— = {Ag} : A1o,A13, A6, F11 ® F12,F4 ©Fs
hy :- {Ag} : F7,F5, Ag hg :F {Ag} : F11,A10 hg :F {Ag} : Fi2, A1z, dual(Fr)
B
ohy :- {Ag} : F7,Ag,F4 ©Fs ohs :- {Ag} : dual(Fr), Arg, Ars,F11 @ Fia .
ut
—:F{Ag} : (A6, Fs ©Fs), Aro, A13,F11 ® Fi2
—
ax ax
ha ik {Ag} : Ag,F5,F7 ohg = {Ag} : Aig, A1z, dual(F7),F11 ® Fi2 hCut
u’

— = {Ag} : A1o, A13, Ag, F5,F11 @ Fi2
— = {Ag} : A10,A13,A6,F11 ®F12,F4 O F5

B

e Case rule I

o Case rule I

e Case rule 7¢
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hy :F {F107 All} : Fi0, Ag, dual(F7)&dual(F8)

hy = {F10,A11} : Fg, A3
ohg :- {Fi0,A11} : dual(F7 @ Fg), Ag

oh; :F {F10,A11} : Fr ®Fs, Ag
— {FIO’AII} : Az, Ag
—

- c

Cut

oy F (A1 Fro) : Ag,Fr ®Fs o - {A11,Fio} : A, Fio, dual(Fy)&edual (Fs) :zut

—:F{A11,F10} : Az, Aq,Fio
— i+ {A11,F10} : Ag, Ag

hg :+ {F10, A11} : F10, A7, dual(Fg) .

eho :F {F10,A11} : dual(Fs), Ay ©

c

hy :k {F10,A11} : Fg,F5, Ag

ohy :- {Fi0,A11} : Fs, A6, F4 O F5 cut
u
— = {F10,A11} : (A6, F4 ©F5), A7
-
ax ax
ho = {A11,F10} : Ag,F5,Fs ehg :F {A11,Fi0} : Az, dual(Fs) HCut
1%

— = {A11,F10} : A, A7,F5
— = {A11,Fi0} : A6, A7,F4 ©Fs

®B

7.7 Status of ©4: OK

e Case rule 1
e Case rule !

e Case rule ?

h; {Ag} : Fg, Asz hg :+ {Flo,Ag} : All,dual(Fs)&dual(Fﬂ
ohy :- {Ag} : Fg ®Fr, Ag ohg ;- {Ag} : dual(Fs & F7), A11, 7F10

— - {Ag}: Az, A1, ?F10
—

Cut

ax

eh; :F {Ag} : A3, Fg ®Fr
ax
eh; :F {Ag,Fi0}: Az,Fg ®Fr hg = {Ag,Fi0} : Ay1, dual(Fg)&dual(Fr)
hCut

— = {Ag,Fi0} : A11,A3
— {Ag} : A11, A3, ?F10
hy :F {Ag} : F7,F4, Ag hg :F {F10, Ao} : Ay1, dual(Fr)
ohy :F {Ag} : F7,Ag,F4 B F5 ohg :- {Ag} : dual(F7), A11, ?F10
— = {Ag} : (A6,Fs F5),A11,?F10
—

Cut

ax ax
hy i {Ag} : Ag,Fyg,Fr ohs :F {Ag} : Ayq, ?F10, dual(F7)
hCut
— = {Ag} : A11,A6,F4, ?F10
— = {Ag} : A11,A¢, ?F10,F4 DF5

Da

o Case rule $

hg :- {Ag} : Fi0,F11, A2, dual(Fg)&dual(F7)

hp :+ {Ag} : Fg, A3
ohg :- {Ag} : dual(Fe ® Fr), A12,F108F11

oh; :F {Ag} :Fg ®Fr, Az
— = {Ag} : Az, A12,F108F11
—

ax ax
ohy :- {Ao} : A3, Fs ®Fr hg = {Ag} : Ay2,F10,F11, dual(Fg)&dual(Fr)
hCut
— = {Ag} : A12,A3,F10,F11
— = {Ag} : A1z, Az, F108F11
hg := {Ag} : F10,F11, A12, dual(F7)
ehg :H {Ag} : dual(F7),A12,F10$F11

Cut

hy :F {Ag} : F7,F4, Ag

ohy :- {Ag} : F7, Ag,F4 @ Fs X
1%
— = {Ag} : (Ag,Fs ®Fs5), A12,F108F11
—
ax ax
ohy :F {Ag} : Ag,F7,Fy @ Fs hg - {Ag} : A12,Fi0,F11, dual(Fr) c
ut

—:F{Ag} : A12,A¢,F10,F11,F4 ©F5
— = {Ag} : Aya, A6, F108F11,F4 @ Fs
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e Case rule &

hy :- {Ao} : Fg, A3 hs i {Ao} : Fi0, A1z, dual(Fg)&dual(F7) hs :- {Ag} : F11, A1z, dual(Fe)&dual(Fr) N
A
ohy :- {Ag} : F6 ®Fr, Az ohg ;- {Ag} : dual(Fg & Fr), A1a, F10&F11 .
ut
—:F {Ag}: As, Ay, F10&F11
—
ax ax ax
ohy :- {Ag} : Ag,F6 & Fr hs :F {Ag} : Ay2,Fi0, dual(Fe)&dual(F7) ohy :- {Ag}: Ay, Fg OFy hs :F {Ag} : Aya,Fi1, dual(Fe)&du
hCut
— = {Ag} : A12,A3,Fip — = {Ag} : Ay, Az, F11
—:F{Ag} : A1z, A3, F10&F1y
hy :k {Ag} : Fs, Az hs = {Ag} : Aqo, dual(Fg) hs = {Ag} : Ayg, dual(Fr) ©
A
oh; ;- {Ag} : Fg ®Fr, A3 ohg :- {Ag} : dual(Fs © Fr), Ao .
ut
— = {Ag}: Az, Ao
—
ax ax
—:+{Ag}: A3, Fg — = {Ag} : Ay, dual(Fe)
sCut
—:F {Ag} . Alo,Ag
hs :F {Ag} :Fr,Fq, Ag hg {Ag} : Flo,A12,dual(F7) hg {Ag} : F11,A12,dual(F7)
A
ohy :- {Ag} : F7,Ag,F4 ®Fs ohg :- {Ag} : dual(F7), A1a, F10&F11 ot
u
— = {Ag} : (A6,Fs D F5), A12,F10&F11

N
ax ax
ho = {Ag} : Ag,Fa,Fr ohs :F {Ag} : Aya, dual(F7),F10&F11 Heut
u
— = {Ag} : Aya, Ag,Fa, F1o&F11

A
— = {Ag} : Ay2, A6, F10&F11,F4 D F5
e Case rule ©p
hy :- {Ag} : Fs, As hs :- {Ag} : F11, A12, dual(Fe)&dual(F7)
A
oh; :F {Ag} :Fg @ Fr, Az ehg : {Ag} : dual(FG D F7),A12,F10 D F11 c B
ut
— = {Ag} : Az, A12,F10 ®F11
—
ax ax
oh; :F {Ag}: A3, Fg @ Fr hg :F {Ag} : Ay2,F11, dual(Fg)&dual(Fr)
hCut
—:F{Ag} : Ay, A3, F1n &
B
— = {Ag} : A1z, Az, Fi0 @ F11
hy :k {Ag} : F7,F4, Ag ® hg = {Ag} : Fi1, A1z, dual(Fr)
A B
ohy :- {Ag} : F7,Ag,F4 ©Fs ohg ;- {Ag} : dual(F7), A1a,Fi0 @ F11 .
ut
—:F{Ag} : (A6, F1 ®Fs), A12,F10 ® F11
—
ax ax
ohy :- {Ag} : Ag,F7,Fs G F5 hg ;- {Ag} : Ay, F11, dual(F7)
hCut
— = {Ag} : A1, Ag,F11,F1 ©Fs
B
— - {Ag} : A12, A6, F10 @ F11,F4 ©Fs
e Case rule @4
h; :+ {AQ} 1 Fg, Ag hg :F {Ag} : Fio, A12,dual(F6)&dual(F7)
A A
oh; :F {Ag} : Fg © Fr, A3 ohs :- {Ag} : dual(Fg ® Fr), A12,F10 © F11 .
A
— = {Ag}: Az, Ay2,F10 ®F11
—
ax ax
oh; :F {Ag}: A3, Fg ®F7 hg - {Ag} : A1, Fi0, dual(Fg)&dual(Fr)
hCut
— = {Ag} : Ays, Az, Fio
A
— = {Ag} : A12,A3,F10 ©F11
hy :k {Ag} : F7,F4, D¢ ® hs - {Ag} : Fi0, A12, dual(Fr)
A A
ohy :H {Ag} :F7,Ag,Fqy ®F5 ehg :H {Ag} : dual(F7),A12,F10 DF11 cut
u
— = {Ag} : (A6,Fa DF5), A12,F10 DF11
—
ax ax
ohy ;- {Ag} : Ag,F7,F4 ©Fs hg := {Ag} : A12,F10, dual(Fr) e
ut

— = {Ag} : A12,A¢,F10,F4 ©F5
— - {Ag} : A1z, A6, F10 ®F11,F4 ®F5

Da

52



e Case rule L

hy :F {Ag} : F6, A3 hg :F {Ag} : Aqg, dual(Fe)&dual(Fr)
ohy i {Ag} iFg ®Fr, Ay ehg i {Ao}: dual(Fe @ Fr), L, Arg
— i {Ag}: Az, L, Ayg
-

Cut

ax ax
oh; :F {Ag}: A3, Fg @ F7 hg = {Ag} : Ao, dual(Fg)&dual(F7)
hCut
— = {Ag}: Ay, Az
— = {Ag} : Ayp, A3z, L

hy :k {Ag} : F7,F4, D¢ ® hg :F {Ag} : Aqo, dual(F7)
ohy i {Ao} i Fr, A, Fs ®F; ' ehs i {Ag} : dual(Fr), L, Ao
C
— = {Ag}: (A6,F4 ®F5), L, Ao
—

ut

ax ax
hy i+ {Ag} : Ag,Fy,Fr ohg ;- {Ag} : Asg, L, dual(Fr)
hCut
—:F {Ag} : Ay, Ag,Fa, L
— = {Ag} : A1o, N, L,F4 @ Fs

Da
e Caserule T

hy ;= {Ag} : Fg, A3 © .
ohy F {Ag} :Fo ®F7, Ay ehg i {Ao} : dual(Fe & Fr), T, Aro
Cut
—:F{Ag}: A3, T, Ao
—

T
—:F{Ag}: Ao, A5, T

hy :F {Ag} : F7,F4, Ag ®
ohy - {Ag} :Fr,Ag,Fa®Fs  ehg - {Ag} : dual(Fr), T, Aro

Cut
— = {Ag} : (A6,F4 ®F5), T, A1o
—
— = {Ag} : A1o, N6, T,F4 @ Fs
e Case rule I3
e Case rule ®
hy - {Ag} : Fg, Ag hg - {Ag} : F11, A13, dual(Fg)&dual(F7) hg - {Ag} : F12, Ao
A
ohy :F {Ag} : Fg ® Fr, Ag ohg ;- {Ag} : dual(Fs ® Fr), Ao, A1z, F11 @ Fio out
u
— = {Ag} : Az, A1o, A13,F11 ®F12
—
ax ax
oh; :F {Ag}: A3, Fg @ F7 hg = {Ag} : Ay3,F11, dual(Fg)&dual(Fr)
hCut ax
— = {Ao}: Az, Ag,F1y — - {Ag} : Ay, F12
—:F{Ag} : A1o, A13, A3, F11 @ F12
hy :F {Ao} : F6, A3 hg :F {Ag} : F11,A10 hg :F {Ag} : Fi2, A3, dual(Fg)&dual(Fr)
A
ohy :F {Ag} : Fg ® Fr, Ay ohs :- {Ao} : dual(Fg © Fr), Ao, A1z, F11 ® F1o cut
u
— = {Ag} : Az, A1o, A13,F11 ®F12
—
ax ax
oh; :F {Ag} : A3, Fg @ F7 hg :F {Ag} : Ay3,Fi2, dual(Fg)&dual(Fr)
ax hCut
— = {Ag} : Ayo,F11 — - {Ag} : A1z, Az, Fr2
—:F{Ag} : A1o, A13,A3,F11 @ F12
ho :F {Ag} : F7,F4, Ag hg i+ {Ag} : F11, A1z, dual(F7) hg :F {Ag} : Fi12, A1
A
ohy :- {Ag} : F7,Ag,F4 ©Fs ohg :F {Ag} : dual(Fr), A1o, A13,F11 ® Fi2 cut
u
— = {Ag} : (A6,F1 ®Fs),A10,A13,F11 ® F12
—
ax ax
hy :F {Ag} : Ag,Fy,Fr ehg :- {Ag} : Ayg, A13, dual(F7),Fi11 ® Fi2 Cut
u

—:={Ag} : A9, A13,A6,F4,F11 ®F12
—:F{Ag} : A10,A13,A6,F11 @ F12,F4 ©F5

Da
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ho = {Ag} : F7,Fq, Ag hg i+ {Ag} : F11,A10 hg :F {Ag} : Fi2, A13, dual(F7)

Da ®
ohy :F {Ag} : F7,Ag,F4 ®F5 ohg - {Ag} : dual(F7), A1o, A13,F11 ® Fi2 cut
A’
—:={Ag} : (A6,F1 ®Fs5),A10,A13,F11 ®F12
—

ax ax

ho - {Ag} : Ag,Fq,Fr ehg :- {Ag} : Ayg, A13, dual(F7),F11 ® Fia Cut

u

— = {Ag} : A1g,A13,Ag,F4,F11 @ F12 &
A
— = {Ag} : A1o, A13, A6, F11 @ F12,F4 O Fs
e Case rule I;
e Case rule I
e Case rule 7¢
hy :F {Flg7 All} 1 Fr, Ag hg :F {F10,A11} : Flo,Ag,dual(F7)&dual(F8) ”
A ‘o
oh; :F {F10,A11} : F7 @ Fs, Ag ohg :F {F10,A11} : dual(F7 @ Fg), Ag cut
0
— = {F10,A11} : A3, Ae
—

ax ax
oh; :F {All-,FlO} : Az, Fr @ Fg hg :F {AthlO} : Ag,Flo,dual(F7)&dual(Fg) he
ut

— = {A11,F10} : A3, Ag,Fio

’c
— = {A11,Fi0} : Az, Qg
hy :k {F10, A11} : Fs,Fa, Ag hg :+ {F10,A11} : Fi0, A7, dual(Fs)
A ]
oh i {F10,A11} : Fs, A6, F4 ©Fs ohg :- {F10,A11} : dual(Fs), Az c
ut

— :F {F10,A11} : (A6,Fa ®F5), A7
—

ax ax
hy :- {A11,F10} : A6, Fa,Fs ohg :F {Ay1,Fi0} : A7, dual(Fg) ncus
u

— = {A11,F10} : D, A7,Fy

Da
— = {A11,Fi0} : A6, A7, F4 ®F5
7.8 Status of L: 0K
e Case rule 1
hy {A5} : Ag 1
ohy ;- {As}: L, A3 ohy :F {As5} : dual(Ll), *
Cut
— - {As}: Az, % v
—
———— ax
— = {As}: As
e Case rule !
e Case rule ?
hy - {As}: Ag hy - {Fg, A5} : 1, A7
oh; :F {As}: 1, A3 ohy :F {As5} : dual(Ll), Az, 7Fg
Cut
—:+{As}: Az, A7, 7Fg
—
————————— ax
oh; :F {A5}: Ag, L
w ax
oh; :F {A5,Fg} : Az, L hy :F {As5,F6}: 1, A7
hCut

— = {A5,Fe} 1 Az, A7
— = {As}: Az, A7, 7Fg
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ho :+- {A7} :F5, Ay hg :F {F87A7} : Ag,dual(Fs)
ohy :F {A7} 1 F5, 1L, Ay ohg :F {A7} : dual(Fs), Ag, 7Fg
Cut
— {A7} : (J_,A4),A9, 7Fg
—

a a
ho :- {A7} : Ay, Fs * ehg :- {A7} : Ag, ?Fg, dual(Fs) *
hCut
—:F{A7} : Ay, Ay, TFg
—:F {A7} Ay, Ag, L, 7Fg

o Case rule $

hp :F {A5} : Ag hy :F {A5} :1,Fg,Fr7, Ag
ohy = {A5}: L, A3 ohy = {As5} : dual(L), Ag,Fe$F7
Cut
—F {As} : As, Ag, FgSF; "
—
ax ax
oh; :F {A5}: Ag, L hy :+ {As5} : 1, Ag,Fg,F7
hCut
— = {As}: As, Ag,Fe, Fr
— = {A5}: As, Ag,F$F7
hy ik {A7} 1 F5, Ay he := {A7} : Fs,Fg, A1g, dual(Fs)
ohy ;- {A7} 1 F5, L, Ay ohg :F {A7} : dual(Fs), A1, Fg$Fg
Cut
—:={A7} : (L, Aq), A10,Fs8Fg
—

ax ax
ehy :F {A7} : Ay,F5, L hg = {A7} : Ayo,Fs, Fo, dual(Fs)

hCut
— {A7} : Aqp, Ay, Fg,Fg, L
— {A7} 1 Aqo, Ay, L,Fg$Fg

e Case rule &

hy - {As}: As hy - {As}:1,Fg,Ag hy:F {A5}:1,F7, Ag
oh; :F {As}: L, A3 ohy - {As5} : dual(l), Ag,Fg&F7
Cut
— {As} : Az, Ag,Fe&F7 v
—

ax ax ax ax
ohy ;- {As5}: Ag, L hy i {A5}: 1, Ag,Fg oh; ;- {A5}: Az, L hy ;- {As} : 1, Ag,Fr
hCut

Cut
—:F {As}: Az, Ag,Fg — - {As}: Az, Ag,F7 .
— = {As} : Az, Ag,Fe&F7
hy :F {A7} 1 F5,Ay hg :F {A7} : Fg, Aqo,dual(Fs) hg :- {A7} : Fo, A1g, dual(Fs)
ohy :H {A7} tFs, L, Ay ohg :H {A7} : dual(F\r,), Aqp,Fg&Fg
Cut
— = {A7} (L, As), Avo, Fe&Fyg

s
ax ax
hy :F {A7} : Ay, F5 ohg :- {A7} : Ayg, dual(Fs),Fg&Fg
— = {A7} : Ayo, Ay, Fe&Fo
—:F{A7} : Aqo, Ay, L, Fg&Fyg

e Case rule &g

hy {A5} : Ag hy {Ag} :1,F7, Ag ®
ohy - {As): L, As ohy i {As) : dual(L),As, Fo ®Fr  ©
Cut
— {A5} : A3, Ag,Fe @ Fr
—

ax ax
oh; :F {As}: As, L hy :F {A5}: 1, Ag,Fr cut
— = {As} : Az, Ag,Fy ® "
B
—:F {A{,} : As, Ag,Fg © Fr
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ho :+- {A7} :F5, Ay hg :+ {A7} : Fg, Ay, dual(Fs)
ohy :F {A7} 1 F5, 1L, Ay ohg :F {A7} : dual(Fs), A1o,Fs ® Fg

Cut
—:={A7}: (L, A4),A10,Fs ©Fg
—
ax ax
eho :F {A7} : Ay, Fs5, L hg :F {A7} : Alg,Fg,dual(Fg;)
hCut
— = {A7} : Ao, Ay, Fo, L o
B
— = {A7} : A1p, A4, L,Fs ©Fg
e Case rule ©gy
h; {A5} : Ag hy {A5} :1,Fg, Ag ®
ohy - {As): L, Ag ohy - {As) : dual(Ll), Ag,Fe @ Fr
Cut
— = {As5} : Az, Ag,Fe O F7
—
ax ax
eh; :F {As}: Az, L hy :F {As} :1,Ag,Fg
hCut
— = {As5}: Az, Ag,Fe o
A
— = {A5}: Az, Ag,F © Fr
hy ik {A7} : Fs5, Ay he :+ {A7} : Fg, A1g, dual(Fs)
ohy :F {A7} 1 F5, L, Ay ohg :F {A7} : dual(Fs), A1o,Fs & Fg A
Cut

—:F{A7}: (L,A4),A10,Fs ©Fg
—

ax ax
eho :F {A7} : Ay, F5, L he = {A7} 1 Ayo,Fs, dual(Fs)
hCut
— = {A7}: Ayo, Dy, Fs, L

Da
— = {A7}: Ao, Ds, L,Fg @ Fo
e Case rule |
hy ik {As}: Ag hy - {A5}: 1, A6
oh; :F {A5}: L, A3 ohy :F {As5} : dual(Ll), L, Ag
Cut
— = {As}: Az, L, Ag "
—
ax ax
eh; :F {As}: As, L hy F {As} 1, A
hCut
—:F{As5}: A3, Ag
— = {As5}: Az, Ag, L
hy ik {A7} 1 F5, Ay he :+ {A7} : Ag, dual(Fs)
oho :- {A7} 1 F5, 1, Ay ohg :F- {A7} : dual(Fs), L, Ag
Cut
— = {A7} (L, As), L, Ag
—

ax ax
ho ik {A7} : Ay, F5 ohg :- {A7} : Ag, L, dual(Fs)
hCut
— {A7}ZA4,A8,J_ v
1
— = {A7} A, Ag, L, L

e Caserule T

hy ;- {As5}: Ag
oh; :F {A5}: L, A3 ohy :F {As5} : dual(Ll), T,Ag
—:{As}: A3, T, Ag
—

Cut

T

— - {As}: A3z, A6, T
ho {A7} :F5,Ay
ohy :F {A7} 1 F5, L, Ay L ohg :F {A7} : dual(Fs), T, Ag
—:F {A7} : (J_,A4),T,A8
—

Cut

T

— - {A7} AL A, LT

e Case rule I3
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e Case rule ®

hy - {As}: Aj

hg k- {A5} : 1,F7, Ag
oh; :F {As5}: L, As

hy - {As} : Fg, Ag

ohy ;- {As} : dual(Ll), Ae, Ag,F7 ®Fs

Cut

— = {As5} : Az, Ag, Ag,F7 ®Fs

—
ax ax
eh; :F {A5}: As, L hy :F {A5}: 1, A9, Fr

hCut

— = {As5}: Az, Ag,Fr — i+ {A5} : Ag,Fs

—:={A5}: Az, Ag, Ag,F7 ®Fs
hy - {As}: Ag hy i+ {As} :F7, Ag

hy i+ {As5} :1,Fg, Ag
oh; :F {As}: L, A3

ohy - {As} : dual(Ll), Ag, Ag,F7 @ Fg
Cut
— = {As5} : Az, Ag, Ag,F7 ®Fs
—
ax
eh; :F {A5}: Ag, L hy :F {As5} :1,Ag,Fg
ax hCut
— = {As} : D¢, Fr — - {A5}: Az, Ag,Fg o
— = {As5}: Az, Ag, Ag,F7 @ Fs

hy {A7} :F5, Ay

hg i+ {A7} : Fg,All,d’ual(F;;)
ehy :F {A7} 1 F5, L, Ay

hg :F {A7} : Fr10, Ag

ohg :F {A7} : dual(Fs), Ag, A11,F9 ® Fio
Cut
—:F{A7}: (L, Aq),As, A11,F9 ® F1o
—
ho {A7} : Ay, Fs5

ohg :H {A7} : Aq1, As, dual(F5),F9 ® F1o0
— = {A7} : A1y, Ay, Ag,Fo @ Fio
— = {A7}: Ay, A4, Ag, L,Fg ® Fig

he := {A7} 1 Fg,Ag  he :- {A7} : Fio, A1, dual(Fs)

ohg :F {A7} : dual(Fs), As, A11,F9 ® Fio c
ut

— = {A7}: (L, A4),As, A11,F9 ® Fio

—

hy = {A7} i F5, Ay
ohy :- {A7} :Fs, L, Ay

ax
ho - {A7} 1 Ay, Fs ohg :F {A7} : Ay, Ag, dual(Fs),Fg @ Fig

— = {A7} 1 A1, A4, Ag,Fg ® Fio
— - {A7} 1 Aq1, Ay, Ag, L,Fg ® Fig

e Case rule I
e Case rule I

e Case rule 7¢

hy {FG,A7} : Ag hs - {F67A7} :1,Fg, Ay
ohy i+ {Fe, Az} : L, Ag ohs i+ {Fe, A7} : dual(L), Ay €
Cut
— {FG,A7} : As, Ay
—

eh; :F {A7,Fg}: Az, L ax hs = {A7,Fs} :1,A4,Fg o
F {Ar,Fo} : As, As,Fo houe
— i {Ar,Fe}: Ag, Ay €
hy :+ {Fg, Ag} : Fg, Ay
ohy :F {Fg, Ag} : Fg, L, Ay

h7 :F {Fs, Ag} : Fs, As, dual(Fs)

eh7 :F {Fg, Ag} : dual(Fg), As e
Cut
— {Fg,Ag} : (L,A4),A5
—
hy :F {Ag,Fs} : Ay, Fg

ax
oh7 :- {Ag,Fg} : As, dual(Fe)
hCut
— - {Ag,Fg} Ay, As
— {Ag,Fs} Ay, As, L
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7.9 Status of T: 0K

e Case rule 1
e Case rule!

e Case rule ?

hy - {Fg, A5} :0,A7
T
oh; :F {A5}: T,A3 ohy :F {As5} : dual(T), Az, 7Fg

Cut
— i {As}: Ag, Ay, 7Fg b
—
T ax
oh; :F {A5,Fs}: A3, T hy - {As5,F6}: 0, A7
hCut

— - {A5,F6} : As, Ay
— = {A5}: Az, A7, 7Fg

hg - {Fg,A7} : Ag,dual(F5)
T
ohy ;- {A7} :F5, T,Ay ohg ;- {A7} : dual(Fs), Ag, ?Fg

Cut
— i {A7}: (T,A4), Ay, ?Fg
—
- T
— {A7} : Ay, Ao, T,7Fg
e Case rule $
hg :- {As} : 0,F6,F7, Ag
T
ohy ;- {A5}:T,A3 ohy :F {As5} : dual(T), Ag,Fe$F7
Cut

—:+ {As}: A3, Ag,Fe$F7
—

T ax
eh; :- {Ag}: Az, T hy - {As5}:0,Ag,Fg,F7
hCut
— = {As} : Az, Ag,Fg, Fr
—:F {A5} 1 Az, Ag,Fg$F7

hg := {A7} : Fg,Fg, A1g, dual(Fs)
ohy i {A7} : F5, T,Ay ohg = {A7} : dual(Fs), A1o,Fs$Fg
—:F {A7} : (T,A4),A10,F8$Fg
—

Cut

— = {A7} : Ay, Ay, T,Fs$Fy
e Case rule &
hg ;- {A5}:0,Fs, Ag  hy:- {As5}:0,F7,As

oh; :F {As5}: T,As ohy - {As5} : dual(T), Ag,Fe&F7
C
— {A5} : Az, Ag,Fe&F7
—

ut

ax ax ax ax
eh; :F {A5} : A3, T hy :+ {A5} : 0, Ag, Fg ehy - {As}: A3, T hy - {A5} : 0, Ag,Fr
hCut hCut
—:F {As}: Az, Ag,Fg —:F {As5}: Az, Ag,Fr
—:F {At;} : Az, Ag,Fe&F7

hg :F {A7} : Fg, Ao, dual(Fs) hg :- {Ar7} : Fo, A1g, dual(Fs)
ohy :F {A7} 1 F5, T,Ay ohg :- {A7} : dual(Fs), A1, Fs&Fg &

— = {A7} : (T, A4), A1o, Fs&Fy
—

— {A7} : Aqp, Ay, T,Fg&Fg

Cut

e Case rule &g
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hy := {As}: 0,F7, Ag
T
oh; :F {A5}: T,A3 ohy :F {As5} : dual(T), Ag,Fg @ F7
— {As} : A3, Ag,Fe @ Fr
—

OB

Cut

T ax
eh; - {As}: Az, T hy - {As5}:0,Ags,Fr
Cut
— = {As}: A3, Ag,Fr
— {A5} : As, Ag,Fg & Fr

®B

he := {Ar7} : Fo, A1o, dual(Fs)

T
ohy :F {A7} 1 F5, T,Ay ohg - {A7} : dual(Fs), A1o,Fs ® Fg B
Cut
— = {A7}: (T, A4),A10,Fs ®Fo
—
— = {A7}: Ao, Ay, T,Fs ®Fg
e Case rule ©4
hy :F {As5} : 0,Fg, Ag
T Da
oh; :F {A5}: T,A3 ohy :F {As5} : dual(T), Ag,Fg @ F7
Cut
—:={As5} : Az, Ag,Fe O F7
—
T ax
oh; :F {A5}: A3, T hy :F {As5} :0,Ag,Fg
Cut
— = {A5} : A3z, Ag,Fg o
A
— = {As} : Az, Ag,Fe @ Fr
hg :F {A7} : Fg, Aqo, dual(F5) ®
-
ohy - {Ar) : Fs, T, Ay ohg :- (A7) : dual(Fs), Aro, Fs @ Fy
Cut

— = {A7}: (T,A4),A10,Fs ©Fg
—

— = {A7} : A1o, A4, T,Fs @ Fg
e Case rule L
hy :H {A5} : 0, Ag

T
eh; :F {A5}: T,As ohy :F {As5} : dual(T), L, Ag
— = {As5}: As, L, Ag

—

Cut

T ax
oh; :F {A5}: Az, L, T hy :F {As5}:0,Aq

—:F {Ag} H Ag,Ag,J_

hCut

hg :F {A7} : Ag,dual(F;;)

ohy :F {A7} 1 F5, T,Ay ohg - {A7} : dual(Fs), L, Ag
Cut
— = {Ar} (T, A4), L, As
—

— {A7} : A4,A8,J_,T T

e Caserule T

T
Cut

T
oh; :F {A5}: T,A3 ohy :F {As5} : dual(T), T, Ag
— = {As}: A3, T, Ag

—

T
— = {As}: A3z, A, T

T
Cut

ohy :F {A7} 1 F5, T,Ay T ohg :F {A7} : dual(Fs), T, Ag
-+ {A7} : (T,A4),T,A8
—

T
—H{A7} Ay, A, T, T

e Case rule I
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e Case rule ®

hy - {As5}:0,F7,Ag hy:F {A5} :Fs,Ag

oh; :F {A5}: T,As ohy - {As} : dual(T), Ag, Ag,F7 @ Fg

Cut

— = {As5} : Az, Ag, Ag,F7 ®Fs

—
ax ax
oh; :F {A5}: A3, T hy - {A5}:0,A9,Fr
hCut ax

— i+ {As}: Ag, Ag,Fr —:F {As}: Ag,Fs

—:={A5}: Az, Ag, Ag,F7 ®Fs
hy i {As5} :F7,A¢ hy k- {As5}:0,Fs,Ag
oh; - {A5}: T, Az ohy - {As} : dual(T), Ag, Ao, F7r @ Fg
— = {As} : Az, Ag, Ag,F7 ® Fg
—

Cut

T ax
eh; :F {A5}: A3, T hy :F {A5}:0,A9,Fg
ax
— = {As5} : D¢, Fr — = {A5}: Az, Ag,Fg
—:F{A5} : Az, Ag, Ag,F7 @ Fs

he :F= {A7} : Fo, A11,dual(F5) he :- {A7} : Fio, As

ohy ;- {A7} :F5, T,Ay ohg ;- {A7} : dual(Fs), As, A11,F9g @ Fig
Cut
— = {A7}: (T,A4),As, A11,F9 ®F1o
—

— = {Ar} A1, Ay, As, T,Fo ® Fio
hg i+ {A7} : Fg, Ag hg : {A7} : Fio, A11, dual(Fs)

ohy :F {A7} 1 F5, T,Ay ohg - {A7} : dual(Fs), As, A11,F9g ® Fig
Cut
— = {A7}: (T, A4), As, A11,F9 @ F1o
—

— - {A7}: Av1, Ay, Ag, T,Fg ® Fig

e Case rule I
e Case rule I,

e Case rule 7¢

T hs ;- {Fg, A7} : 0,Fg, Ay
oh; - {Fg, Az} : T, Ag ohs i+ {Fg, Az} : dual(T), Ay ©
C
— = {Fs, A7} : Az, Ay
—

ut

T
ohy :- {A7,Fe} : A, T hs - {A7,F6} : 0,A4,Fs
— i+ {A7,Fe} : Az, Ay, Fs
— - {Ar,Fo}: As, Ay C

hCut

h7 it {Fs, Ao} : Fs, As, dual(Fs)

ohy - {Fg,Ag} : Fg, T, Ay oh; :- {Fg, Ag} : dual(Fg), As e
Cut
— = {Fs, Ao} : (T, A4), A5
—
T

— - {Ag,Fs}: Ay, A5, T

7.10 Status of I3: OK

e Case rule 1

e Case rule!
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e Case rule ?

. hs - {F7, A} : Ag, p(na)
oh; - {Ag}: “(n4),p(ns) 3 ohs - {Ag} : dual(”(n4)), As, 7F7

Cut
— = {As} : p(na), Asg, ?F7
—
ax
— = {Ag,F7} : Ag,p(n4) )
—:={A¢} : As, ?F7, p(n4)
; hs :F {F7, Ag} : Ag, "(n4)
ohy - {Ag}:p(na), (ma) ~  ehs - {Ag} : dual(p(na)), As, 7F7 o
A’

— - {Ag}: "(na), Asg, 7F7
—

— ax
— = {Ag,Fr} : As, "(n4) )
— - {Ag}: Ag,?F7, "(na)

e Case rule $

, hs :F {Ag} : F7,Fs, Ao, p(na)
ohy :- {Ag}: (na),p(ns) ° ehs:- {Ag} : dual("(ns)), Ao, F7SFs

Cut

— = {A¢} : p(na), Ag,F78Fs

—
ax
— = {Ag} : Ag,F7,Fs, p(na)
—:={Ag} : Ag,p(ns),F78Fs
, hs :- {Ag} : F7,Fs, Ag, "(n4)

oh; :F {Ag} : p(na), "(na) 3 ehs i {A6} : dual(p(ns)), Ao, F73Fs cut
u

— = {A¢} : "(n4), Ag,F78Fs
—

N ax
— = {Ac} : Ag,Fr,Fs, "(n4)
—:F {Ag} : Ag, A(n4),F7$Fg

e Case rule &

hs :k {Ae} : F7,Ag,p(na) hs :F {Ag} : Fs, Ao, p(na) ©
ohy - {Ag}: “(na), plng) ° ohs - {Ag} : dual(”(n4)), Ag, Fr&Fs
—+ {Ag} : p(na), Ag,F7&Fg
—

Cut

ax ax
— = {A¢} : Ag,F7,p(na) —:={A¢} : Ag,Fs,p(na) ©
— = {A6} : Ao, p(na),F7r&Fs

hs :k {Ae} : F7,Ag, "(n4) hs:k {Ae} : Fs,Ag, "(n4) &
ohy - {Ag}: p(ng), “(na) ° ohs i+ {Ac} : dual(p(na)), Ao, Fr&Fs
— = {Ag} : "(na), Ag,Fr&Fs
—

ut

- ax . ax
— = {Ag}: Ag,F7, "(n4) — i+ {Ag}: Ag,Fg, "(n4) ©
—:F {Ag} : Ag, A(n4),F7&Fg

e Case rule ®p

, hs :+ {Ag} : Fs, Ag, p(ns) o
h (Ao} (ma) p(aa) " ehy i (e}t dual((a:) Ao Fr GFs "

— {AG} :p(n4),A9,F7 D Fg
—

a.
— = {Ag} : Ag,Fs, p(ns)
— = {A¢} : Ag,p(na),F7 ®Fs

ut

X

®B
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s hs :- {Ag} : Fg, Ag, "(n4)
oh; :F {Ag} : p(n4), "(na) 8 ohs - {Ag} : dual(p(ng)), Ag,F7 @ Fs

— = {A¢}: "(n4),Do,F7 ®Fs
—

OB

Cut

X

a
— = {Ag} : Ag,Fs, "(n4)
— = {Ag} : Ag, "(n4),F7 ©Fs

e Case rule ®4

, hs :+ {Ag} : Fr, Ao, p(na)
ohy - {Ag}: "(n4).p(ns) °  ehs - {Ag} : dual("(n4)), Ao, Fr & Fs

— = {A6} : p(ns), Ag,F7 O Fs
—

a
— {Ag} : A97F7,p(n4)
— = {A¢} : Ag, p(ns),F7 D Fs

D a

Cut

X

s hs i+ {Ag} : F7, Ag, "(n4)
oh; :F {Ag} : p(n4), "(na) 3 ohs - {Ag} : dual(p(ng)), Ag,F7 @ Fg

— = {A¢}: "(n4),Do,F7 ®Fs
—

a
— = {Ag} : Ag,Fr, "(n4)
— = {Ag} : Ag, "(n4),F7 ©Fs

Da

Cut

X

A

e Case rule L

hs :F {Ag} : A7, p(na)

oh; :F {Ag}: "(n4),p(na) I ohs :F {Ag} : dual(”(n4)), L, A7 (Ji_t
— i+ {Ag} :p(na), L, A7 v
—
— = {Ac}: A7, p(ng) =
— = {Ac}: A7, L,p(na)
I hs :H {AG} Az, A(n4) n
oh; :F {Ag} : p(n4), "(na) 3 ohs :F {Ag} : dual(p(ng)), L, A7 cut
—F {Ag): "(ma), L, A7 "
—
— = {Ag}: A7, "(n4) =
—:F {Ag}: Az, L, "(ng)
e Caserule T
Is T
ohy :- {Ag}: "(n4), p(ns) ohs - {Ag} : dual("(n4)), T, A7 cut
— i {A¢} : p(na), T, A7 "
—
— (Do} Ar Top@a) |
oh; :F {Ag} : p(na), “(na) Is ohs (- {Ag} : dual(p(na)), T, Ar CTt
ZoF {De): (@), T, A7 "
—
— {Aﬁ} : A7,T, ‘(n4) T
e Case rule I3
13 IS
oh; :F {As5}: “(ng), p(ne) ohy - {As5} : dual(”(ng)), "(ng) cut

— = {As5} : p(ns), " (ne)
—

—:+{As5} : p(ns), " (ne)

I3
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oh; ;- {As} : p(ng), "(ne) I r {As} : dual(p(ng)), p(ng) ft
—:F {As5} : "(ns), p(ne) "
—

—:F {As5} : p(ne), "(ns)

I3
e Case rule ®

I hs {Ae} : Fg,Al(),p(n4) hs :F {Ag} : Fg, Ay
ohy - {Ag}: “(na),p(ns) °  ehs - {Ag}: dual(”(n)), A7, Aro,Fs ® Fo
— = {Ag} : p(na), Az, A1g,Fs ® Fg
—

Cut

T F (Do) DrosFs,p(na) o i {De}:Ar,Fe
— {Ag} : Am,A7,p(n4),Fg ® Fg
hs - {Ag} : Fg, A7 hs:+ {Ag} : Fg, A1p, p(na)
ohy - {Ag): “(na), p(na) °  ehs i {Ag} : dual(” (n1)), Ar, Aro, Fs @ Fo
— = {A¢} : p(na), A7z, A10,Fs ® Fg
—

Cut

ax ax
— = {Ae} : A7,Fs —:F {A6} : Aro,Fo, p(na)

—:F {Ag} : Am,A7,p(n4),Fg ® Fg
hs {AG}:FS,Alo,A(IM) hs :F {A6}:F9}A7
ohy i {Ag): p(na), “(na) °  ehs ik {Ag}: dual(p(ng)), Az, Ao, Fs ® Fo
— = {Ag} : "(na),A7,A10,Fs ® F9g
—

Cut

ax ax
—:+{Ag}: A10,Fs, "(n4) — = {Ag}: A7, Fg o
— {Ag} : Aqo, A7, A(n4),Fg ® Fg
Is hs {AG}:FS,A7 hs {Ae}:Fg,Alo,A(IM)
oh; :F {Ag} : p(na), "(ng) ohs :F {Ag} : dual(p(na)), A7, A1o,Fs @ Fg
— = {Ag} : "(na), A7, A10,Fs @ Fg
—

Cut

ax

ax
— = {A¢} : A7, Fs —:+ {Ag} : Ao, Fg, “(n4) o

— = {Ag} : A10, A7, "(n4),Fs ®Fo

e Case rule I

ohy :- {As5,p(ns)} : p(ng), "(ns) fs ohy - {As5,p(ng)} : dual(p(ne)), * h

—:F {As,p(ne)} : “(ng), *
—

— = {As,p(ne)} : “(ng)

Cut

I

e Case rule I

oh; :F {As, "(ng)} : “(n6), p(ng) Is ohy - {As, “(ng)} : dual(”(ng)), * (1:2
— i {Bs, (me)} : plae), * h
—

t

I3
— = {As, "(n6)} : p(ne)

e Case rule ?7¢

I hg :- {F7, Ag} : F7, Ay, p(n5)
ohy i+ {F7,As} : "(ns),p(ns) ° ehg :- {Fr,As} : dual("(n5)), As :’t
A’

— = {F7, Ag} : p(ns), Ag
—

ax
—:F {As,F7} : A4, F7,p(ns) )
— = {As,F7} : A4, p(ns)
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hg = {F7, Ag} : Fr, Ay, "(ns5)
oh; :F {F7,Ag} : p(ns), "(ns5) 3 ohg :- {F7, Ag} : dual(p(ns)), Ay ©
—:F {F7,Ag} : A(n5),A4
—

ax

—:+ {Ag,Fr} : Ay, Fr, "(ns5)

5

¢
—:+ {Ag,F7} : Ay, "(ns5)

7.11 Status of ®: 0K

e Case rule 1
e Case rule !

e Case rule ?

hy := {A10} : F7, Az hy = {Ago} : Fs, Ay

hg :F {F11,A10} : A12, dual(F7)$dual(Fs)
oh; :- {A9} : F7 @ Fg, Ag, Ay

ohg :F {A10} : dual(F7 ® Fg), A12, 7F11 cut
u
— = {A10}: (A3,A4), A1, 7F11
—

ax
oh; :k {A1o} : Az, Ay, F7 @ Fg

ax
ohy :- {A19,F11}: Az, Ay, Fr ® Fg hg :+ {A10,F11} : A1z, dual(F7)$dual (Fg)
h
— = {A10,F11} : A1z, Az, Ay
— i {A10} : Ar2, Az, Ay, 7F1n
hy :- {A10} : Fs,F5,A7 hy:F {A10} : Fs, Ay
eh, :F {Alg} :Fg, Ay, A7,F5 @ Fg

hg :F {Flla Al[)} : Alg,dual(Fg)
ehg :H {Alo} : dual(Fg), Aq2, ?F11
Cut
— = {A10} : (A4, A7,F5 @ Fg), A1z, 7F11
—

ax
ohy :F {A10} : Ay, A7,Fs,F5 ®Fg

ohy :- {Ajo,F11} : A4, A7, Fg,F5 ®F¢

ax
hg :F {AIOsFll} : Alg,dual(Fg)
hCut
— = {A10,F11} : A12, Ay, A7, F5 @ Fg .
— = {A10} : A1, Ay, A7, 7F11,F5 ® Fe
hy :F {A10} : F5,As hy - {A0} : Fs,Fs, A7
ohs :H {AIO} :Fg, Ay, A7,F5 ® Fg

hg :F {F11,A10} : A12, dual(Fg)
ohg :H {Alo} : dual(Fg), Aj2,7F11
Cut
—:F {A10} : (A4, A7,F5 ® Fg), A12, 7F11
—

ax
ohy (- {Ajo} : Ay, A7, Fs,F5 @Fs

ax
ohy - {Ag,F11} : Ay, A7, Fs,F5 ® Fg hg :F {A10,F11} : Ar2, dual(Fg) hCut
u
— = {A10,F11} : A1z, Ay, A7, F5 @ Fs
— = {A0} : A12, Ay, A7, ?F11,F5 @ Fg

e Case rule $

hy :F {AIO} :F7, Az hy i+ {A]o} :Fg, Ay

hg :- {A10} : F11,F12, A13, dual(Fr)8dual(Fs)
eh; :F {AIO} :Fr ® Fg, Az, Ay

ohy - {A10} : dual(F7 ® Fg), A13,F118F12 .
ut

—:F{A10} : (A3,A4),A13,F118F12

—

ax
eh; :F {A10} : Az, As,F7 ®Fg

ax

ho :F {A10} : Ay3,Fi1,Fia, dual(F7)$dual (Fg)
hC

— = {A10} : A1z, A3, Ay, F11,F12

—F {A10} : A1z, A3, Ay, F118F12
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hy - {A1o} 1 F7, Ay by - {A1g} i Fs, Ay hg - {A1g} 1 Aix, dual(Fr), dual(Fs)
ohg :F {Aio} : dual(F7 ® Fg), A1y
Cut

oh; :F {A10} : Fr @ Fg, Ag, Ay
—:F{A10}: (A3,A4), A1r
—

ax ax
— {AIO} : Ay, Fg — {AIU} : Au,dual(F7),dual(Fg)
ax sCut
—:F {A10} : A11, Ay, dual(F7)
sCut

—:F {A10}: A3, Fr

—:F{A10} 1 A11, A3, Ay

hy :F {A10} : Fs,F5, A7 ho:F {Aig} :Fg, Ay hg :+ {A10} : F11,F12, A13, dual(Fg)
ohg : {AIO} : dual(Fg), A13,F118F12

Cut

ehs :F {Alg} :Fg, Ay, A7,F5 ® Fg
—:F{A10} : (A4, A7,F5 ®Fg), A13,F118F12
—

ax
hg := {Ai0} : Ays,Fi1,Fi2, dual(Fs)
hCut

ax
ohy :- {A1o} : Ay, A7,Fs,F5 @ Fg
— = {A10} : A1z, A4, A7,F11,F12,F5 ®Fp

— = {A10} : A1z, A4, A7,F118F12,F5 ® Fg
hg := {A10} : F11,F12, A13, dual(Fs)

ehg :F {A10} : dual(Fs), A13,F118F12
Cut

hs :F {Al()} :F5,A4 ho {AIO} : Fg,Fg, A7

ohs :F {Alo} :Fg, Ay, A7,F5 @ Fg
— = {A10} : (A4, A7,F5 @ Fg), A13,F118F12
—

ax
hg :F {A10} : A13,F11,F12, dual(Fg)
hCut

ax
ehs :H {AIO} : Ay, A7,Fg,F5 ® Fg
—:F{A10} : A1z, A4, A7,F11,F12,F5 @ Fs

—:F{A10} : A1z, Ay, A7, F118F12,F5 ® Fg

e Case rule &
hg :+ {A10} : F11, A13, dual(F7)$dual(Fs) hg :- {A10} : Fi2, A1z, dual(F7)$dual(

hy = {A1o} : F7, Az hy:k {Aio} : Fs, Ag ©
oh; :F {A10} : F7 @ Fg, Ag, Ay ohg :F {A10} : dual(F7 ® Fg), A13,F11&F 12 cut
u

— = {A10}: (A3, A4), A1z, F11&F12
—

ax ax
hg :F {A10} : A13,F11, dual(F7)$dual(Fs) HCut oh; :F {A10}: Az, A4, F7 ®Fg hg := {A1p} : Ay3,F12,d
u
—:F{A10} : Az, Ag, Ag, Frg

ax
eh; :F {AIO} : Az, Ay, F7r ® Fg
—:F{A10} : Aus, Az, Ay, Fia
— {AIO} : Ayz, Az, Ay, F11&F12

hg := {A10} : Fi2, A13, dual(Fg)

hy :F {A10} : Fs,F5,A7 ho:F {Aip} :Fg, Ay hg :F {A10} : F11, A1z, dual(Fg)
eh, :F {Alg} :Fg, Ay, A7,F5 ® Fg ohg :H {Alg} : dual(Fg),A13,F11&F12 cut
u
—:F {A10} : (A4, A7,F5 ®Fg), A13,F11&F12
—

ax

ax
ohy :- {A10} : Ai3, dual(Fg),F11&F12
hCut
—:F {AIO} : Ay, Fg

ax
hy :F {A10} : A7,F5,Fs
—:F {AIO} : A13, A7, F5,F11&F12
—:F {A10} : A1z, Ay, A7, F11&F12,F5 ® Fe
hg :F {A10} : Fi2, A1, dual(Fs)

hy :k {A10} : F5,A4 ha:F {Ai0} : Fs,Fe, A7 hg := {A1p} : F11, A13, dual(Fs)
ohy :- {A19} : Fs, Ay, A7,F5 @ Fg ohg :- {A1¢0} : dual(Fs), A13,F11&F12 cut
u
— = {A10}: (A4, A7,F5 ® Fg), A13,F11&F12
—

ax
N hy = {A1o} : A7, Fg,Fg ohg :F {A10} : A1s, dual(Fs),F11&F12
X
— = {A10} : A1z, A7,F6,F11&F12

— i+ {A10} : Ay, F5
— = {A10} : A1z, Ag, A7, F11&F12,F5 ® Fg

e Case rule ®p
hy ik {A10} : F7,As hy :F {Aq0} : Fs, Ay hg :+ {A10} : F12, Ays, dual(F7)$dual (Fg) ®
B
ohg :- {A1o} : dual(F7 ® Fg), A13,F11 @ F12 c
ut

oh; :- {Aj0} : F7 ® Fg, Az, Ay
— = {A10} : (A3, Ad), A13,F11 @ Fr2
—
ax
hg = {A10} : A3, Fi12, dual(F7)$dual(Fs)
hCut

ax
eh; :H {AIO} : Ag, Ay, Fr @ Fg
— = {A10} : Az, Az, Ay, Fio
®B

— = {A10} : A1z, A3, A4, F11 D F12
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ho = {A10} : Fs,F5,A7 ho:F {Aip} : Fg, Ay hg = {A10} : Fi2, A1, dual(Fs)

B
ohy :- {Ajo} : Fs, Ay, A7,F5 @ Fs ohg :- {A10} : dual(Fs), A13,F11 @ Fi2 cut
u
— = {A10}: (A4, A7,F5 ®Fg), A13,F11 @ F12
—
ax ax
ohy i {A1g} : A4, A7,Fs,F5 ® Fe hg :F {A10} : Ai13,F12, dual(Fs) Heut
u
— = {A10} : A1z, Ay, A7,F12,F5 ® Fs o
B
— = {A10} : Auz, Ay, A7,F5 ® F6,F11 @ F12
ho :- {A10} : F5,A4 ha:F {Aj0} : Fs,Fe, A7 hg :F {A10} : F12, A13, dual(Fs)
B
ohy :- {Ajo} : Fg, A4, A7,F5 @ Fs ohg :- {A10} : dual(Fs), A13,F11 ®F12 cut
u
—:F {A10} : (A4, A7,F5 ®F6), A13,F11 © F12
—
ax ax
ohy :- {A1o} : Ay, A7,Fs,F5 ®Fg hg :k {A10} : A13,F12, dual(Fg) hCut
u
— = {A10} : A1z, A4, A7,F12,F5 ® Fe
B
—:F{A10} : A1z, A4, A7,F5 ®F6,F11 DF12
o Case rule ©4
h; - {AIO} :F7, A3 hy i+ {AIO} : Fg, Ay hg {AIO} : Fll,Alg,dual(F7)$dual(Fs)
A
eh; :F {Alo} :Fr ® Fg, Az, Ay ehg :H {AIO} : dual(F7 ®F8),A13,F11 D Fi2 cut
1%
—:={A10}: (As,A4), A13,F11 @ Fi2
—
ax ax
eh; :F {A10} : Az, A4, F7 ®Fg hg :F {A10} : A3, F11, dual(F7)$dual(Fg) he
ut
—:F{A10} : A1z, A3, Ay, F11 o
A
—:F{A10} : A1z, A3, Ay, F11 DF12
hs :F {AIO} :Fg,F5, A7 ho:F {Alo} : Fg, Ay hg :F {Alo} : F11,A13,dual(Fs)
A
ohy :- {Ajo} : Fs, A4, A7,F5 @ Fs ohg :- {A10} : dual(Fs), A13,F11 @ Fi2 cut
u
— = {A10}: (A4, A7,F5 ®Fg), A13,F11 ©F12
—
ax ax
ehy : {Alo} : Ay, A7,Fg,F5 @ Fg hg :H {Alg} : A13,F11,dual(Fg) hCut
u
— = {A10}: A1z, Ay, A7,F11,F5 QFg &
A
— = {A10} : A1z, A4, A7,F5 ® F6,F11 @ Fi2
ho :- {A10} 1 F5,A4 ha:F {Aj0} : Fs,Fe, A7 hg :F {A10} : F11, A13, dual(Fs)
A
ohy :F {A10} : Fs, A4, A7,F5 ® Fg ohg :- {A10} : dual(Fs), A13,F11 ® F12 cur
u

—:F {A10} : (A4, A7,F5 ®Fg), A13,F11 @ F12
—

ax ax
ohy ;- {A19} : Ay, A7,Fg,F5 ® Fg hg :F {A10} : Ays,F11, dual(Fg) Cut
u
— = {A10} : A1z, Ay, A7,F11,F5 @ Fs
— = {A10} : A1z, A4, A7,F5 @ Fg,F11 D F12

Da

o Case rule L

hy :F {A10} : F7, A3z hy - {A10} : Fg, Ay hg :F {A10} : A11, dual(F7)$dual(Fs)
oh; :- {A1g} : Fr ® Fg, Ag, Ay ohg - {A1¢} : dual(Fr ® Fg), L, Aq1

Cut
— = {A10} : (A3,A4), L, Aqq
—
ax ax
oh; :F {A10} : Az, A4, F7 ® Fg hg :F {A10} : A11, dual(F7)$dual(Fg)
Cut
—:F{A10} : Ar1, Az, Ay
— = {A0} A, A, Ay, L
hy :k {A10} : Fs,F5, A7 ho :F {A19} : Fe, Ay hg := {A19} : A1, dual(Fg)

ohy :- {Ay0} : Fg, Ay, A7,F5 @ Fg ohg :F {A10} : dual(Fg), L, Aq1 cut

u

— = {A10}: (A4, A7,F5 ®F6), L, A11
—

ax ax
ehs :F {Alg} : Ay, A7,Fg,F5 ® Fg hg {AIO} B Au,dual(Fg) hCut
u
—:F {A10} : A11, A4, A7, F5 ® Fg
— = {A10} : A1, Ay, A7, L,F5 ® Fg
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ho :+ {AIO} :Fs5,A4 ho:F {Alo} : Fg,Fg, Ar hg :+ {Alo} : All,dual(Fs)
ohy :- {Ajo} : Fs, Ay, A7,F5 @ Fs ohy :- {A10} : dual(Fs), L, A1y

Cut
— = {A10}: (A4, A7,F5 ®F6), L, A11
—
ax ax
ohy :- {Aig} : Ay, A7, Fg,F5 ® Fg ho :F {A10} : A1, dual(Fg) hCut
0
— {Aw} :Aq11,A4,A7,F5 ® Fg
— = {A10} : A1, Ay, A7, L,F5 ® Fs
e Caserule T
hy :F {A10} : F7, Az hy - {Aq0} : Fg, Ay
oh; :- {A10} : F7 @ Fg, Ag, Ay ohg :F {A10} : dual(F7 ® Fg), T, A1 c
ut
— = {A10} : (A3,A4), T, A1
—
T
— = {A10} : A11, Az, Ay, T
hy := {Aq0} : Fs,F5, A7 hp ik {Aj0} : Fe, Ay
ohs :- {Ay0} : Fs, Ay, A7,F5 @ Fg ohg :F {A10} : dual(Fg), T, Aq1 c
ut
—:F{A10}: (A4, A7,F5 ®Fg), T, An1
—
—:F {A10}: A1, A4, A7, T,F5 ® Fg
ho :- {A10} : F5,A4 hy i {Ai0} : Fs,Fe, A7
ohy - {Ajo} : Fs, A4, A7,F5 @ Fs ohy :- {A10} : dual(Fs), T, A1y cut
A

— = {A10}: (A4, A7,F5 ®F6), T,A11
—

—:F{A10}: A11,84,A7, T,F5 @Fs

e Case rule I3

o Case rule ®

hy :k {AIO} :F7, Az hp:F {A10} :Fg, Ay ® hg :+ {Al()} : F12,A14,dual(F7)$dual(Fg) hg :F {Al[)} :F13,A11
ohy :F {A1o} : F7 ® Fs, Az, Ay ohg :- {A1g} : dual(F7 @ Fg), A11, A4, F1o @ Fig ot
u
— = {A10} : (A3, A4),A11,A14,F12 @ F13
—

ax ax
oh; :F {A10} : Az, A4, F7 @ Fg hg :F {A10} : A4, Fi12, dual(F7)$dual(Fg)

ut ax
— = {A10} s A1a, A3, Ay, Fi2 — = {A10} : Ay1,F13 o
—:F{A10} : A1, A1a, A3, Ay, Fi12 @ Fi3

hy i {AlO} :F7, Az hy b {A10} 1 Fg, Aq ® hg :- {AIO} :Fi12,A11  hg :F {Al()} : F13,A14,dual(F7)$dual(Fs)
oh1 - {A1o} 1 F7 ® Fs, Az, Ay ohy :- {A10} : dual(F7 ® Fg), A11, A14,F12 ® F13 cut
u
— = {A10} : (A3, A4),A11,A14,F12 ® F13
—

ax ax
eh; :F {AIO} : Az, Ay, F7 @ Fg hg {AIO} : A14,F13,dual(F7)$dual(Fg) N
— = {A0}: A1, Fi2 — = {A10} s Ava, Az, Ay, Fig
— = {A10} s A1, Aug, Az, Ay, Fi2 @ Fis

hy :F {A10} : F8,F5, A7 ho:F {Aip} :Fe, Ay hg :F {A10} : Fi2, A4, dual(Fg) hg :F {A10} : Fi3, A1
ohy :- {Ajo} : Fg, A4, A7,F5 @ Fs ohg :- {Aj0} : dual(Fs), A11, A14,F12 ® F13 cut
u
— = {A10} : (A4, A7,F5 ®Fg), A11, A14,F12 @ F13
—

ax ax
ohy ;- {A1p} : Ay, A7,Fs,F5 ® Fg hg :k {A10} : A14,F12, dual(Fg) .
u ax
— = {A10} : A1a, A4, A7,F12,F5 @ Fg — = {A10}: A11,F13
— = {A10} s A11, Ara, Ay, A7, F12 @ F13,F5 @ Fe
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ho :F {AIO} :Fg,F5, A7 ho: {Alo} : Fg, Ay hg :+ {Alo} :F12,A11 hg :F {Al()} :Fi3, A1y, dual(Fg)
ohy ;- {A19} : Fs, Ay, A7,F5 Q@ Fg ohg :- {A10} : dual(Fs), A11,A14,F12 @ F13

Cut
— = {A10}: (A4, A7,F5 ®F6), A11,A14,F12 ® F13
—
ax ax
ohy :F {A1p} : A4, A7, Fs,F5 ® Fg hg :F {A1o} : A1a,Fi3, dual(Fs) hCut
ax u
—:F{A0}: A1, Fi2 — = {A0} : Ays, Ay, A7, Fi13,F5 @ Fg
— = {A10} s A1, Aug, Ay, A7, Fi12 ® F13,F5 @ Fe
ho := {A10} : F5, A4 h2 :F {A10} : Fs,Fe, A7 hg :F {A10} : F12, A14,dual(Fg) ho :F {A10} : F13,A11
ohy :- {A10} : Fs, Ay, A7,F5 @ Fg ohg :- {A1o} : dual(Fg), A11, A1, Fi2 @ Fi3 ot
u
—:F{A10} : (A4, A7, F5 ®Fg), A11,A14,F12 @ F13
—
ax ax
ohy i+ {A10} : Ay, A7,Fs,F5 ® Fg hg := {A10} : A1a,Fi2, dual(Fs) HCut ax
A
— = {A10} : Ara, Ay, A7,F12,F5 ® Fg — = {A10}: A11,F13
— = {A0} : Ar1, Arg, Ay, A7, F12 @ F13,F5 @ Fg
hy :- {A10} : F5,A4 hy - {Ajo} : Fg,Fe, Ar hg :F {A10} : F12,A11  hg :F {A10} : Fi3, A14, dual(Fg)
ohy :- {Ajo} : Fs, A4, A7,F5 @ Fs ohg :- {A10} : dual(Fs), A11,A14,F12 @ F13 cut
A
—:F{A10}: (A4, A7,F5 ®Fg), A11,A14,F12 @ F13
—
ax ax
ohy :F {A1g} : Ay, A7, Fg,F5 @ Fg hg :F {A1o} : A1a,Fi3, dual(Fs) hCut
ax 0
— = {A10} : Aq1,Fi2 — = {A10} : Ava, Ay, A7, F13,F5 @ Fg
—F {A10} s A1, Aua, Ay, A7, F12 @ F13,F5 @ Fs
e Case rule I
e Case rule I
e Case rule 7¢
hy :k {F11,A12} : Fg, Az hy - {F11, 12} : Fo, Ay hio = {F11,A12} : F11, A7, dual(Fg)$dual(Fg) )
’c
oh; - {F11,A12} : Fs @ Fo, Ag, Ay ohig :- {F11,A12} : dual(Fs ® Fg), Az cut
u
— i+ {F11, 812} 1 (A5, Ay), Ar
-

ax ax
ohy = {A12,F11} : Az, Ay, Fs ® Fg hio :F {A12,F11} : Az, Fi1, dual(Fs)$dual(Fg) nCut
A

— = {A12,F11} 1 Az, As, A7, F1y

‘c
—:F {A12;F11} : Asg, Ay, Ay
ho i {F11,A12} : Fo,F5, A7 ha :F {F11,A12} : F6, Ay hio - {F11, Ao} < Fi1, As, dual(Fo)
]
eho :F {F11,A12} : Fg, Ay, A7,F5 ®Fg ohi :F {F11,A12} : dual(Fy), As cut
u
— - {F11,A12} : (A4, A7,F5 ®Fg), Ag
—
ax ax
ohy - {A12,F11} : Ay, A7,F9,F5 ® Fe hio :F {A12,F11} : Ag,F11, dual(Fg) nout
A
— = {A12,F11} : Ag, A7, Ag,F11,F5 @ Fe
— = {A12,F11} : Ay, A7, Ag,F5 ®Fg
hy :k {F11,A12} : F5, Ay ho i {F11,A12} : Fo,Fe, A7 hio :F {F11,A12} : F11, As, dual(Fg) )
’c
ohy ;- {F11,A12} : Fo, Ay, A7,F5 ® Fg ohig :F {F11,A12} : dual(Fg), Asg cut
u
— i {F11, 812} : (A4, A7,F5 @ Fs), Ag
—

ax ax
ohy ;- {A12,F11} : Ay, A7, Fg,F5 @ Fg hig :F {A12,F11} : Ag,F11, dual(Fg) nCut
u
— = {A12,F11} 1 Ay, A7, Ag,F11,F5 @ Fs
— i {A12,F11}: Ay, A7, Ag,F5 @ Fs

7.12 Status of I;: 0K

e Case rule 1
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e Case rule !

e Case rule ?

s he - {F7, A4, p(ns)} : Ag, p(ns)
ohy - {A4,p(ns)}: “(ns), *  ehg :F {As, p(ns)} : dual(”(n3)), As, 7F7

— i+ {A4,p(ns)} : %, Ag, 7F7
—

Cut

ax
— = {A4,F7,p(n5)} : As, p(ns) )

— - {A4,F7,p(ns)} : As “
— = {A4,p(ns5)} : Ag, 7F7

o Case rule $

I hg - {A4,p(n5)} : F7,Fsg, Ag,p(n5)
ohy i {Ay,p(ns)}: (n5), % | ehg - {As, p(ns)} : dual("(n5)), Ao, F7Fs c
— = {A4,p(ns)} : *, Ag,F78Fs
—
ax
— i {24, p(ms)} : Ao, Fr,Fs, p(ns)

—:F {A4,p(n5)} : Ag,F7,Fg e

— = {A4,p(ns5)} 2 Ay, Fr$Fs

ut

e Case rule &

he :F {A4,p(ns)} : F7, Ag,p(n5) he - {A4,p(ns)} : Fs, Ag, p(ns) @

1

ohy :- {A4,p(ns)} : "(ns), * ohg ;- {Ay4,p(ns)} : dual(”(ns5)), Ag,F7&Fg

—:F {A4,p(ns)} : *, Ag,F7&Fg
—

ax
— = {A4,p(n5)} : Ao, Fr,p(ns) —:+{A4,p(ns)} : Ag,Fg,p(ns)
— = {A4,p(ns)} : Ag,p(ns), Fr&Fs .
— = {A4,p(ns)} : Ag,Fr&Fsg e

Cut

ax

&

e Case rule ®p

he :- {A4,p(ns5)} : Fs, Ao, p(ns)

. I = B
oh; :F {A4,p(ns)}: “(ns), * ' ehg i {A4,p(ns5)} : dual("(ns)), Ag,F7 & Fg cut
0
— = {A4,p(ns)} : %, Ag,Fr ©Fs
—
ax
— - {A4,p(@s)} : Ao, Fs,p(ns)
— F{A4,p(ns)} s Ao, Fs  ©
— i {As,pas)} : Mo Fr BFs
e Case rule @4
I he ;- {A4,p(ns5)} : F7, Ag, p(ns) ®
- . A
ohy - {Ay, p(ns)} : “(n5),*  ehg - {A4,p(ns)} : dual("(n3)), Ay, Fr @ Fg o
0

— = {A4,p(ns)} : %, Ag,F7 O Fs
-

ax

— i {4, p(@s)} : Ao, Fr,p(ns) |
— i+ {A4,p(ns)} : Ag,F7 c
Da

— = {A4,p(ns5)} : Ag,F7 ©Fs

e Case rule L
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s he :F {A4,p(n5)} : A7, p(ns) N
ohy F {A4,p(ns)} - "(ms),* = ehg - {A4,p(ns)} : dual(*(ns)), L, Ar ot
— = {A4,p(ns)} %, L, A7
—

— i (B, p(ms)} : Ar,plas)
— i {A4,p(ns)} : Ay ©
— = {A4,p(ns)} : A7, L

e Caserule T

I T
ohy ;- {Ayg,p(ns)}: "(ns5), * ' ehg i {A4,p(n5)} : dual("(n5)), T, A7 e
u
— = {Ag,p(ns)} %, T, A7
—

T
— = {A4,p(ns)} : A7, T

e Case rule I3

ohy ;- {A4,p(ne)} : “(ne), * I ohs - {A4,p(ne)} : dual(”(ng)), "(ns) éit

— i+ {A4,p(ng)} : *, "(ng)
—

" (Bap@o)) - (o)

1

e Case rule ®

he := {A4,p(n5)} : Fg, A1o,p(ns) he :F {A4,p(ns)} : Fo, A7
ohy (A4, p(ns)} : “(ms),* ohg - {A4,p(n5)} : dual("(n5)), A7, Ao, Fs ® Fo
—:F{A4,p(n5)} : *, A7, A10,Fs @ Fg
—

Cut

ax
—:F{A4,p(n5)} : A1o,Fs, p(n5) Y

—:F {A4,p(n5)} : Aqo,Fg ez He {A4,p(n5)} : A7, Fg ax
— i+ {A4,p(ns)} : Ao, A7, Fs @ Fo @
hg :+ {A4,p(n5)} :Fg, A7 hg :F {A4,p(ﬂ5)} : Fg,Alo,p(ns)
ohy - {A4,p(ns)} : "(ms), * ! ohg ;- {A4, p(ns)} : dual(”(ns)), A7, A1o,Fs ® Fo
— = {A4,p(ns)} i *, A7, A10,Fs ® Fo
—

Cut

ax

ax ‘= {A4,p(ns)} : Ao, Fo, p(ns) .
—:F{A4,p(n5)} : A7, Fg — = {A4,p(n5)} : A1g, Fo @
— = {A4,p(n5)} : A10, A7,Fs ®Fo

e Case rule I3

e Case rule I,

oh; :F {(Ag, "(n5)), p(ns)} : "(ns), * h ohy :F {(Ae, "(ns)), p(ns)} : dual(”(ns)), * L2

—F{(A6; "(n5)), p(m5)} : *, %
—

Cut

I
—:F {46, p(ns5), "(n5)} : p(ns) ?2
— i {Ag,p(m5), (m5)} % C

e Case rule 7¢
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he :- {A7,p(na)} : As, p(na), p(na) ”
7o

ohy F {A7,p(ma)} : "(ma),* = ehe:F {A7,p(na)} ¢ dual("(n4)), As o
— = {A7,p(na)} : %, A5
—

—:F {A7,p@a)} : Bs, p(na), p(ma)
— i+ {A7,p(n4)} : As, p(na) %0
— = {A7,p(n4)} : As
I he :+ {F7, Ag,p(na)} : F7, As, p(ns) 'o
oh; :F {(F7,Asg),p(na)} : "(na), = ohg :F {(F7,Ag),p(na)} : dual(”(n4)), As cut
— = {(F7,As),p(na)} : %, As
—

ax
—:F {Ag,F7,p(n4)} : As5,F7,p(n4) )
e}
—:F{As Fr,p(na)} : A5, Fr
e}
— i+ {Ag,F7,p(na)} : As

7.13 Status of [,: 0K

e Case rule 1
e Case rule !

e Case rule ?

L he - {F7, A4, "(n5)} : Ag, "(ns) .
oh; :F {Ay4, "(n5)} : p(ns), * ohs :F {A4, "(n5)} : dual(p(ns)), As, 7F7 C
—:+{Ay4, "(ns5)} : %, Ag, 7F7
—
—F (A4, Fr, (n3)} : As, (m3) :’;
— - {A4,F7, "(n5)} : Ag .
—:+{A4, "(ns5)} : Ag, ?F7

ut

e Case rule $

I hg := {Ay, "(n5)} : F7,Fs, Ag, "(n5)
oh; :F {Ay4, "(n5)} : p(ns), * ? ehg ik {A4, (n5)} : dual(p(ns)), Ao, F7$Fs

— = {A4, " (ns5)} : %, Ag,F7$Fg
—

ax
— - {A4,"(n5)} : Ag,F7,Fs, "(n5) "
— = {A4, " (n5)} : Ag,Fr,Fg @

— = {A4, "(n5)} : Ao, F78Fs

Cut

e Case rule &

he :F {A4, "(n5)} : F7, Ag, "(n5) hg :k {A4, “(ns5)} : Fs, Ag, “(ns5)
ohy - {Ay, "(m5)} :plns), x ohg - {A4, "(n5)} ¢ dual(p(ns)), Ao, Fr&Fs
—:F{Ay4, "(n5)} : %, Ag,Fr&Fsg
—

&

Cut

—F {Da, (m5)}: Do Fr, (n5)  — i {Au, (n5)} : Ao, Fs, (a5) &

—:F {A4, A(ns)} : Ay, A(ns),F7&Fg o
— = {A4, "(n5)} : Ao, Fr&Fs

e Case rule ®p
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he :F {A4, "(n5)} : Fs, Ao, "(ns5)

= {Ay, "(n5)} : p(ns), * 2 ohg :F {Ay4, "(n5)} : dual(p(ns)), Ag,F7 @ Fs

©B

e Case

Cut
— = {A4,"(n5)} : x, Ag,F7 D Fs
—

ax

— - {A4, "(@5)} : A9, Fs, “(m5)
—:F{Ay4, (ns5)} : Ag,Fg
— = {A4,"(n5)} : Ag,F7 ©Fs

B
rule @4

he :F {A4, "(n5)} : F7, Ag, "(ns5)

= {Ay, "(n5)} : p(ns), * & oh :F {A4, "(n5)} : dual(p(ns)), Ag,F7r B Fg

Da

e Case

Cut
— = {A4,"(n5)} : %, Ag,F7 D Fs
—

—F {A4, “(ms)) : Do, Fr, " (m5) :x

—F {A4, (n5)} : A, Fr c
— = {A4, (n5)} : Ag,F7 DFg

A

rule L

he = {A4, "(n5)} : A7, "(n5)

oh;

= {Ag, "(n5)} 2 p(ns), * f2 ohg ;- {Ay, "(n5)} : dual(p(ns)), L, Ay ;t

e Case

—:F{Ay, "(n5)} %, L, A7
—

— i {Ar, (@)} A7, ()

~F{Ag, (ms)y:Ar©
— = {Ag,"(m5)} 1 A7, L

rule T

oh;

T {An, (m0)}  p(as)x 2 ehg i {Aa, (an)} : dual(p(as)), T, A

T

e Case

Cut
— i {Ay, "(n5)} :x, T, A7
—

—:F{A4,"(n5)} : A7, T T

rule I3

oh;

= {A4, "(n6)} : plng), * f2 ohs :- {Ay, "(n6)} : dual(p(ne)), p(ne) éit

e Case

— = {A4,"(n6)} & *, p(ns)
—

Iz
— = {A4,"(n6)} : p(no)

rule ®

hg :F {A4, ”(n5)} : Fg, Aqo, A(n5) hg {A4, A(n5)} : Fg, A7

oh;

= {Ay, "(n5)} : p(ns), *

I
§ oh :- {A4, (n5)} : dual(p(ns)), A7, Ao, Fs ® F

Cut
— = {A4, "(n5)} : ¥, A7, Ao, Fs @ F9

—
— — ax
—:F{A4,"(n5)} : A10,Fs, "(n5) |
- ’c ~ ax
— = {A4, (n5)} : Ao, Fs — - {Ay4, "(n5)} : A7, Fg o
— = {A4,"(n5)} : Ao, A7,F3 @ Fo

hg :F {A4, A(n5)} :Fg, A7y hg {A4, A(n5)} : Fg, A1o0, A(n5)

oh;

i {A4,"(ns5)} : p(ns), * 2 ohg :F {Ay, "(n5)} : dual(p(ns)), Az, Ao, Fs ® Fy

Cut
— = {A4,"(n5)} : %, A7, A19,Fs ® Fg

—

— — ax
— = {A4, " (n5)} : A1o,Fo, "(ns5) )

ax
—:F {A4, A(ng;)} : A7, Fg — {A4, A(n;—,)} : A1g,Fo ®
— = {A4,"(n5)} : Aro, A7, Fs ® Fo
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e Case rule I

oh; :- {(Ae6,p(ns)), "(ns5)} : p(ns), * f2 ohy :- {(A6, p(ns)), "(n5)} : dual(p(ns)), * (Ijlln-,
—:k {(AG;p(nE’)))i A(HS)} Dok, K
—
I
— :F {A¢, p(ms), "(ms)} : p(ns)
— - {Ae,p(ns), “(m5)} i x

2

e Case rule I

e Case rule 7¢

s hg :H {A7,A(n4)} :A5,A(n4),A(n4)
ohy - {A7, (ma)} :p(na),x  ehg - {A7, " (na)} : dual(p(na)), As
— = {A7, " (n4)} : %, A5

—
— = {A7, (na)} : As, "(n4), "(na)
—:F{A7,"(n4)} : A5, "(na) )
— = {A7,"(n4)} : A5 "
I he :- {F7,As, "(n4)} : F7, As, "(n4)
oy {(Fr,As), "(n4)} : p(na), * ~  ehg :- {(Fr,As), (ma)} : dual(p(na)), As (‘:Ct

— = {(F7,Ag), "(na)} : %, Ag
—

ax

—:+ {Ag,F7, "(n4)} : As,F7, "(na) .

— {AsFr @)} A5 Fr
— - {Ag,F7, "(n4)} : A5 ©

c

Cut

ax

C

7.14 Status of 7-: 0K

e Case rule 1
e Case rule !

e Case rule ?

h3 :F {Fe, A7} : Fs,Fe, A2 ” ho :F {F¢,F10, A7} : A11, dual(Fs)
ohy :- {Fg, A7} : Fg, As © ohg :- {Fg, A7} : dual(Fs), A1, ?F1o
—:F {Fs, A7} : Ao, Ay, ?F10
—

Cut

ax ax
h3 := {A7,F6} : Az,Fs,Fg ohg :+ {A7,Fg} : A1, ?F10, dual(Fs)
hCut
—:F {A7,Fe} : Aur, A, Fo, Fio0
—:F{A7,F¢} : A11, A2, 7F10

e Case rule $

hg :- {Fs, Az} : Fg,Fg, Ag ) hg :+ {F¢, A7} : F10,F11, A12, dual(Fs)
ohy i {Fg, A7} :Fs, Ay ©  ehg ik {Fg, Az} : dual(Fs), Az, F1o8F11

— - {Fs, A7} : Ao, A12,F108F11
—

ax ax
ohy :F {A7,Fg} : Ao, Fg hg := {A7,F6} : A12,F10,F11, dual(Fs) hCut
1%

— = {A7,F6} : A1z, Az, F10,F11

— = {A7,F6} : D12, A2, F108F 11

Cut
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e Case rule &

hgs :+ {F¢, A7} : Fg,Fg, As 76 hg :+ {F¢, Az} : F10, A12,dual(Fg) hg :F {Fg, Az} : F11, A1z, dual(Fs)
oh3 - {Fg, A7} : Fg, Aa ohy :- {Fg, A7} : dual(Fg), A2, F10&F11
—F {Fo, A7} : Az, Ay, Fro&kFry Cut
—
by i {A7, Fo} : Ao, Fo,Fs  ehg i {Ar,Fo} : Ara, dual(Fs), Fio&Fis
— = {A7,Fe} : A12, A2, Fg,F10&F11
— = {A7,Fg} : A1, A, F1o&F11

c

e Case rule ®p

h3 :F {F¢, A7} : Fg,Fg, Az ) hg :F {Fe, A7} : F11, A12, dual(Fg)
fc B
oh3 ;- {Fg, A7} : Fg, Az ohy :- {Fg, A7} : dual(Fg), A12,F10 ® F11 c
ut
—:F{Fs, A7} : Az, A12,F10 ®F11
—
ax ax
ohs ;- {A7,Fg} : Ag,Fg hg = {A7,Fe¢} : A12,F11, dual(Fg)
hCut
— = {A7,F6} : A1, Az, F1y
B
— = {A7,F6} : D12, A2, F19 ® F1y
e Case rule @4
h3 :+ {F¢, A7} : Fg,Fg, Ao ) hg : {Fg¢, A7} : F10, A12, dual(Fs)
‘o A
ohj3 :H {FG,A7} : Fg, Agy ehg :F {Fg,A7} : dual(Fg),A127F10 D F11 cut
u

—:+{Fs, A7} : Az, A12,F10 ® F11
—

ax ax
eh3 :F {A7,Fg}: Aa,Fg hg = {A7,F6} : A12,F10, dual(Fg)

Cut
— = {A7,Fs} : A2, A, Fio
A
— = {A7,F6} : A2, A2, F10 ®F11
e Case rule |
hy :F {Fg,A7} : Fg,Fg, Ao ” hg :+ {FG,A7} : Aqg, dual(Fg)
ohs - {F6, A7} :Fs, Ay C  ehg :F {Fg, Ar} : dual(Fs), L, A1o
Cut
— = {Fs, A7} : Ao, L, Ao
—
ax ax
ehs :- {A7,Fs} : Ay, Fg hg := {A7,Fs} : Avo, dual(Fg)
hCut
— = {A7,Fs} : A1g, A
— i+ {A7,Fg}: Ao, Ao, L
e Caserule T
h3 :+ {Fs,A7} : Fg,Fg, Ao
ohs :F {Fg, A7} : Fg, Ao e ohy :- {Fg, A7} : dual(Fg), T, Ao
Cut

— i+ {Fe, A7} : Ao, T, Aqp
—

T
— = {A7,F6} : A1o, D2, T

e Case rule I3

e Case rule ®
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hs :+ {Fg,A7} : Fg,Fg, Ao ” hg :+ {Fg, A7} :F11,A13,dual(Fg) ho :F {Fg,A7} 1 Fi1a,Aqo
-C
oh3 - {Fg, A7} : Fg, Aa ohg :- {Fg, A7} : dual(Fs), A1o, A13,F11 ® F12

— = {Fs, A7} : Ao, A1o, A13,F11 @ Fi2
—

ax
h3 := {A7,F6} : Ag,Fg,Fs ehy :- {A7,Fs}: Ao, A1z, dual(Fg),F11 @ Fi2
— = {A7,F6} : A1, A1, Az, F6,F11 @ F12
— = {A7,F6} : A1o, A1z, A2, F11 ® Fio

Cut

h3 :F {Fg, A7} : Fs,Fg, Ao , b :k {F6, A7} : F11,A10 hg :F {Fs, A7} : F12, A3, dual(Fs)

’c
oh3 ;- {Fg, A7} : Fs, Az ohy :F {Fg, Az} : dual(Fg), A1, A13,F11 ® Fi2 cut
u
—:F{Fs, A7} : Az, A10, A13,F11 @ F12
—
ax
hg :+ {A7,Fg} : As,Fg,Fg ohy :- {A7,Fs} : Ao, Ay, dual(Fg),F11 @ Fi2 et
u

— = {A7,F6} : A1, A13, A2, F6,F11 @ Fi2
— = {A7,F6} : D10, D13, A2, F11 @ Fio

e Case rule I

e Case rule I

e Case rule 7¢

hg :F {Fg, A10} : F7,Fg, Ao ) hg :F {Fg, A10} : Fo, Ag, dual(F7)
ohs :F {Fg, A0} : F7, Ao C ohg :F {Fg, A0} : dual(Fr), Ag e
Cut

— :F{F9,A10} : A2, Ag
—
ax ax
hg = {A10,F9} : Az, F7,Fg ohg :- {A10,F9} : Ag, dual(F7) hCut
u
— {Alo,Fg} : Ao, Ag, Fg

— {Alo,Fg} : Ao, Ag

e

h3 :k {FGyF107A11} : Fg,Fg, Az ” hg :+ {F67F105A11} :FIO,A7,dual(Fg)

‘o - C

ohy :F {Fg,F10,A11} : Fg, Ag ehg :F {Fg,F10,A11} : dual(Fg), Az cut
1%

— = {F6,F10, D11} : Az, A7
—
ax

oh3z :- {Ay1,F10,F6} : A2, Fs hg :- {A11,F10,F6} : A7,F10,dual(Fs) hCut

u

— = {A11,F10,F6} : A2, A7,F10
— = {A11,F10,F6} : Az, A7

e
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8

8.1

8.2

Cut-Elimination

Status of 1: 0K

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule ® 4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule I

Case rule I

Case rule 7¢

Status of I: 0K

Case rule 1

hy - {A4} : Fs \

ohy ;- {Ay}:IF5

— - {A4}:1
—

— = {A4}:1

1

1
ohg :F {dual(Fs),As} : 1
Cut
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e Case rule !

hy - {A4} i Fs \ hg :F {Ay,dual(Fs)} : Fr
ohy :F {A4}:IF5  ehg :F {dual(Fs5), Ay} :IF7

Cut
—:F {A4} IF, U
—
ax ax
eh; :F {A4} :IF5 he :+ {Ay4, dual(Fs5)} : Fr
hCut
— i+ {A4} : Fr '
— = {Ay} IF,
e Case rule ?
hy - {A4} : Fs \ hg = {Fs, A4, dual(Fs)} : Az
ohy :F {A4}:IF5  ehg :F {dual(F5),As} : Ay, ?Fs
Cut
—:F {A4}:A7,?F8 v
—
—_— ax
oh; :F {A4} :IF5
ax
oh; :F {A4,Fg} :IF;5 hg :F {Ay4,Fs, dual(Fs)} : Az
hCut
— - {A4,Fg}: Ay
— = {A4}: A7, 7Fg
e Case rule $
hy :F {A4} : F5 \ he :F {Ay4, dual(Fs)} : Fg,Fg, A7

oh; :F {Ay} :!IF5 = ehg :F {dual(F5), A4} : Ay, Fg8Fg
— :F {A4} : A7, Fg$Fg
—

Cut

ax ax
oh; :F {A4} :IF5 he - {Ay4, dual(Fs)} : A7, Fg,Fg
hCut
— {A4} : A7, Fg,Fg
— = {A4} : A7, Fg$Fg

o Case rule &

he - {A4, dual(F5)} : Fs, A7 he :+ {Ay4, dual(Fs)} : Fo, Az

ohg :H {dual(F;,), A4} 1 A7, Fg&Fyg &

— - {A4} : Ay, Fg&Fg
—

hp {A4} : F5
ohy - {Ay} :IF5

Cut

ax

oh; :- {Ay} :IF5 ax hg :F {Ay4, dual(Fs)} : Az, Fg
— {A4} : A7, Fg

ax ax
oh; :F {A4} :IF5 hg :F {Ay4, dual(Fs)} : Az, Fg
hCut hCut

—:F {A4} : A7, Fg

— = {A4} - A7, Fe&Fy

e Case rule &g

hy {A4} :Fs hg :F {A4, duﬂ.l(Fs)} : Fg, Ay
!
ohy :F {A4}:IF5  ehg :F {dual(F5),As} : A7,Fs @ Fg B
Cut
— = {A4} : A7,Fs @ Fo
—
ax ax
eh; - {Ay} :IF5 he = {Ay4, dual(F5)} : Az, Fg
hCut

— = {A4}: A7, Fg
—:F {A4} : A7, Fg @ Fg

SB

o Case rule ®y
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hy - {A4} i Fs hg = {Ay4, dual(Fs5)} : Fg, Ar
!

ohy i {A4) IF5  ehg :- {dual(Fs), A4} : Ar,Fs BFg
Cut
— = {A4} : A7,F§ ©Fg
—
ax ax
oh; :F {A4} :IF5 hg :H {A4,dual(F5)} : A7, Fg
Cut

—:F {A4} : Ar,Fg
— = {A4} : A7,Fs ©Fg

Da

e Case rule L

hp :F {A4} : F5 \ hg :F {A4,dual(F5)} Ay
ohy ;= {A4} :!F5 ~ ehg :F {dual(F5),As}: L, Ay

t
ok {A4): L, A, Cu
—
ax ax
eh; :- {Ay} :IF5 hg :F {Ay, dual(F5)} : Az
hCut
— {A4} : A7
—H{A4} A7 L
e Caserule T
hy - {A4} i Fs \ T
ohy :F {A4}:!F5  ehg :F {dual(F5),As}: T,Ay
Cut

— i {A4}: T, A7
—

e — T
— i {Ay} A, T

e Case rule I3

hy - {A4} : Fs I
ohy - {A4) IFs  ehg :F {dual(Fs), A4} : p(nr), "(n7)

— = {A4} : p(n7), "(n7) oot
—

— = {A4} : p(n7), “(n7)

I3
e Case rule ®
hy :F {A4} i F5 \ he :F {A4,dual(Fs5)} : Fo, A7  hg :F {A4, dual(Fs)} : Fio, Asg

ehy ;- {A4} :IF5 ohg ;- {dual(F5), As} : A7, Ag,Fg ® Fig
—:F{A4} : A7, Ag,Fg ®F1p
—

Cut

ax ax ax ax
oh; :- {A4} :IF5 he :F {Ay4, dual(F5)} : Az, Fg ohy - {A4} :IF5 he :F {A4, dual(Fs)} : Ag,Fio
hCut

— {A4}ZA7,F9 —:F {A4}:A8,F10
— = {A4} : A7, Ag,Fo ® F1o

e Case rule I

hi :+ {A7,p(ne)} : Fa
ohy :+ {A7,p(ng)} :!Fs  ehs :F {dual(Fs), A7,p(ne)} : "(ns)

—:+ {A7,p(ne)} : “(ne)
—

— = {A7,p(ne)} & “(ne) !

Cut

1

e Case rule I

hy :F {A7, "(ne)} : Fa I
ohy :F {A7, "(ng)} :!Fs ~ ehs :F {dual(F4), A7, "(ng)} : p(ne) cut
—F {A7, " @0)} : pno) ’

—

— = {A7, " (n6)} : p(ne) f2
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e Case rule 7¢

hy {Aﬁ} :Fy

ohy :F {Ag}:IFy

—:F {AG} H A7
—

hs = {Ag, dual(Fa)} : Az, dual(Fa) )

ohs :F {dual(F4),Ag} : A7
Cut

C

ax
eh; :F {Ag} :IFy

a:
b - {Ag, dual(Fa)} : Ar, dual(Fa)
h

ax

—:+{Ag} : Fy — i+ {Ag} : A7, dual(Fs)
— - {Ag}: Ay "
hy :+ {Fg,Ag} : Fy hs :F {Fg, Ag,dual(F4)} : Fg, A7
ohy :F {Fg, Ag} :IFy ohs :F {dual(F4),Fg, Ag} : Az C‘:
u

—:+ {Fg,Ag} : A7
—

oh;

ax
:H {Ag,Fg} :IFy

— {Ag,FG} : A7, Fg ”
’c
— - {Ag,Fs} : A7

8.3 Status of 7: 0K

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

rule 1

rule !

rule ?

rule $

rule &

rule &p

rule @4

rule L

rule T

rule I3

rule ®

rule I

rule I
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ax
hs :+ {Ag,Fg,dual(F4)} : A7, Fg
hCut

Cut

Cut



8.4

8.5

Case rule 7¢

Status of $:

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule @4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule I

Case rule I

Case rule 7¢

Status of &:

Case rule 1

Case rule !

Case rule ?

0K

OK
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8.6

Case rule $

Case rule &

Case rule ©p

Case rule @ 4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule Iy

Case rule I

Case rule 7¢

Status of ©p:

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule &4

Case rule L
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8.7

Caserule T

Case rule I3

Case rule ®

Case rule I;

Case rule I

Case rule 7¢

Status of ©4:

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule &4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule Iy

Case rule I

Case rule 7¢

0K
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8.8

8.9

Status of L: OK

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule @4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule I

Case rule I

Case rule 7¢

Status of T: 0K

Case rule 1

Case rule !

Case rule ?

Case rule $
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Case rule &

Case rule ©p

Case rule ® 4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule I;

Case rule I

Case rule 7¢

8.10 Status of I3: 0K

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule ©p

Case rule P4

Case rule L

Caserule T
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Case rule I3

Case rule ®

Case rule I

Case rule I

Case rule 7¢

8.11 Status of ®: 0K

Case rule 1

Case rule !

Case rule ?

Case rule $

Case rule &

Case rule &g

Case rule © 4

Case rule L

Case rule T

Case rule I3

Case rule ®

Case rule I

Case rule I

Case rule 7¢
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8.12 Status of [;: 0K

e Case rule 1

e Case rule!

e Case rule ?

e Case rule $

e Case rule &

e Case rule &g

o Case rule ©y

e Case rule L

e Caserule T

e Case rule I3

e Case rule ®

e Case rule I

e Case rule I

Case rule 7¢

8.13 Status of I,: 0K

e Case rule 1

e Case rule !

e Case rule ?

e Case rule $
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e Case rule &
e Case rule &g
e Case rule ©gy
e Case rule L
e Caserule T
e Case rule I3
e Case rule ®
e Case rule I
e Case rule I

e Case rule 7o

8.14 Status of 7¢: 0K

e Case rule 1

ho :+ {F5,Ag} : F5,F7 .
? 1
oh, :- {F5,Ag} :IF7 c ohg :F {dual(F7),F5,Ag}: 1
Cut
— {F5,A6} 01
—

[ —
— i+ {Ag,F5}: 1
o Case rule !
ho :+ {F5,A6} 1 Fs5,IF7 o hg :+ {F57 Ag, dual(F7)} : Fg

ohy i {Fs,Ag} :IF;  C  ehg i+ {dual(F7),Fs, Ag} IFg
Cut
—:F {F5,A6} :IFg v
—

ax ax
ohy :F {Ag,F5} :IF7 hg :+ {Ag,F5,dual(F7)} : Fg

— = {Ag,F5} : Fg
—:+ {Ag,F5} :IFg

hCut

e Case rule ?
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ho :+ {F5,Ag} : F5, F7

hg :F {F5,F10, Ag, dual(F7)} : Ag
ohy :F {F5,Ag} :IF7

ohg :F {dual(F7),F5,Ag} : Ag, ?F10
Cut
—:F {F5, Ag} : Ag, ?F10
—

—_— ax
ohy - {Ag,Fs} :IFr
ohy - {Ag,Fi19,F5} :IF7

ax
hg :+ {Ag,Fi0,Fs, dual(F7)} : Ag
hCut
— i+ {Ag,F10,F5} : Ao

—:F {Ag,Fs5} : Ag, ?F10

o Case rule $

ho :+ {F5,Ag} : F5,F7

hg :F {F5, Ag, dual(F7)} : F10,F11, Ag
ohy :F {F5, A5} JIF7

ohg :H {dual(F7),F5,A6} : AQ,F10$F11

Cut
— = {Fs5, A6} : Ag,F108F11
—

ax
ohy :- {Ag,Fs} :IF7 hg :F {Ag,F5, dual(F7)} : Ag,F1o,F11

hCut
— = {Ag,F5} : Ag,Fi0,F11
— = {A¢,Fs5} : Ag,F108F11

e Case rule &

ho :+ {F5,Ag} : F5, IF7 o

hg :F {F5, Ag, dual(F7)} : F1o, Ag
ohy :- {F5, Ag} :IF7

hg {F5,A6,dual(F7)} :F11, Qg

ohg :- {dual(F7),Fs5, Ag} : Ag,F1o&F11
Cut
— = {Fs, A6} : Ag,F10&F11
—
ax ax
ohy ;- {Ag,F5} :IF7 hg := {Ag,F5, dual(Fr7)} : Ag,Fig ohy : {Ag,F5} :IF7

ax
hg :+ {A67F5,dual(F7)} : Ag,F11
— i+ {Ag,F5} : Ag,Fig

hCut
—:F {A6,F5} : Ag,F11 ©

— = {Ag,F5} : Ag,F10&F11
e Case rule ®p

hy :+ {F5,Ag} : F5,!F7

hg :+ {F5, Ag, dual(F7)} : F11, Ao
oh, :- {F5,Ag} :IF7

®B
ohs ;- {dual(F7),Fs5,Ag} : Ag,F10 @ F11
Cut
— = {Fs5, A6} : Ag,F10 ® F11
—
ohy :- {Ag,Fs} :IF7

hg = {Ag,Fs5, dual(F7)} : Ag,F11
hCut
— = {A6,F5} : Ag,F11 o
—F {Ag,Fs}: Ao, Fro @ F1y

e Case rule ® 4

ho :+ {F5,Ag} : Fs, F7

hg :F {F5, Ag, dual(F7)} : Fio, Ag
ohy :- {F5,Ag} :IF7

Da
ohg :- {dual(F7),Fs5, A} : Ag,F10 @ F11 cut
u
— - {F5,A6} : Ag,F10 @ F11
—

ohy ;- {Ag,F5} :IF7 hg := {Ag, F5, dual(F7)} : Ag,Fip

— = {Ag,F5} : Ag,Fip
Da
— = {A6,Fs5} : Ag,F10 ®F11

e Case rule L

hy :- {Fs, A6} : F5,!F7

hg {F5, Ag,dual(Fﬁ} : Ag
eh, :- {F5,Ag} :IFy

ehg :F {dual(F7),F5,Ag}: L, Ag

Cut
— = {Fs5,A6} : L, Ao
—

ax
ohy :F {A67F5} JIF7

hg :+ {A67F5,dual(F7)} : Ag
hC
e {Ag,Fs} : Ag ut

— - {Ag,F5} : Ag, L
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e Caserule T

hs :F {F5,A6} : F5, IF o
ohy o {Fs,Ag} IF;  C  ehg i+ {dual(F7),Fs5,Ag}: T, A

— - {F5,06}: T, Ao
—

T
— = {Ag,F5} : Ag, T

Cut

e Case rule I3

ho {F5,A6}:F5,!F7 o I
‘c = 3
ohy :- {F5, Ag} :IF7 ohg - {dual(F7),Fs5,A¢} : p(ng), "(ng) cut
u

= {F5, AG} : p(ng), A(ng)
—

— = {A6,Fs5} : p(ng), "(ng)

I3

e Case rule ®

ho :F {F5,A6} : F5, IF7 ” hg :F {F5,A5,dual(F7)} :F11,A9 hg:F {F5,A5,dual(F7)} : F12,A10

C
ohy ;- {F5, Ag} :IF7 ohg :- {dual(Fr),Fs5, Ag} : Ag, A1g,F11 ® F12 cut
1%
— = {Fs5, A6} : Ag, A10,F11 ® F12
—
ax ax ax ax
ohy :F- {Ag,F5} :IF7 hg = {Ag, Fs5,dual(F7)} : Ag,F11 HCut ehy :- {Ag,F5} :IF7 hg :F {Ag,Fs5, dual(F7)} : Ao, Fia
u
—:F {As,Fg;}:Ag,Fll — :F {A67F5}:A10,F12

— = {A¢,F5} : A1o, Ag,F11 @ F12

e Case rule I

h :F {p(ns), As} : p(ns), 'Fe s
ohy i+ {p(ns), As} IFg O ehy i+ {dual(Fs), p(ns), As} : ~(ns) ot
— {p(ns), As} : " (ms) .

—

1

T (Do p@e)) - ()

hy {F5,A9,p(ng)} : Fs5,!Fg s
¢ - 1
ehs - {F5, Ag, p(ng)} :!Fg oh; :- {dual(Fs),Fs5, Ag,p(ng)} : "(ng) c
— :F{F5, A9, p(ns)} : "(ns)
—

ut

I
— = {Ag,F5,p(ns)} : "(ns)

e Case rule I
hy - {"(ng), As} : “(ns),!Fe

ha i { (), B} Fe ' ehr i {dual(Fe), (). Al 1 plas)
— = {"(ns),As} : p(ns)
—

I
— = {As5,"(ns)} : p(ns)

hy :+ {F5, Ay, "(ng)} : F5, IFg s
- c -
ohy : {F5, Ag, "(ng)} :'Fg ohy :+ {dual(Fe),Fs, Ao, "(ng)} : p(ns) c2t
A

— :+{Fs5, Ag, "(ns)} : p(ns)
—

T (Do Fa ()] p(am)

e Case rule 7¢
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ho :+- {F5,A6} : Fs5,IF7 hg :+ {F5,A6,dual(F7)} 1 Ag, dual(F7) ”
ohy i+ {Fs, Ag} IF7  C ehs - {dual(F7),Fs, Ag} : Ag ©

Cut
—:F {F5,A6} : Ag
—

_ ax ax ax
— i+ {Ag,F5} :IF7 oh, :- {Ag,F5} :IF7 hg = {Ag,Fs, dual(F7)} : Ag, dual(Fr)
——————— BlInv hCut
— i+ {Ag,F5} : Fr — :+ {A¢,F5} : Ag, dual(Fr7)

mCut

— = {Ag,FE)} : Ag

hy :+ {Fg, As} : Fg,!Fg ) h7 :+ {Fg, As,dual(Fg)} : Fg, Ag

oh, :- {Fg, A5} :IFg c oh7 :F {dual(Fg),Fs, As} : Ag c
Cut
—:F {Fs, A5} : Ag
—
ax
ohy ;- {A5,Fg} :IFg h7 :k {A5,Fs, dual(Fg)} : Ag,Fg
hCut

— {A57F8} : Ag,Fg
— = {As,Fg} 1 Ag

?c

hs :F {F5,F8,A10} : Fs5,!Fg ” hy {F5,F8,A10,dual(F6)} : Fg, Ag

ohy i {Fs,Fg, Ao} :(lFg ©  ehr i {dual(Fg),Fs,Fs, Ao} : Ay ©
Cut
— :+ {F5,Fs, A0} : Ag
—
ax ax
ehy :F {A10,F5,Fg} :IFg h7 = {A10,Fs5,Fs, dual(Fg)} : Ag,Fg
hCut

— = {A10,F5,Fg} : Ag,Fg
—:F {A10,F5,Fs} : Ag

el
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