Table 1: Smullyan’s a— and f—notation to classify formulae

« (0%} (6%)) ﬁl ﬁ2
NY ® Y P ® (0
E(pBvY) |~y | oV EXE(pB) ElUv) | | o NEXE(pU 1)
A(pBvy) | ~ | o VAXA(p BY) AlpU) | ¥ | o NAXA(pU )
Node 1 |
(1) A-node

E(p1Ups) NA(L B py)

[




(03 (051 (6] ﬁ 61 62
X @ Y oV

Y| (0
E(pBv) |~y | oV EXE(pB1) E(pUv) | | o NEXE(pU1))
AlpBy) |~ | o VAXA(p BY) AlpUd) | | o NAXA(@U )
Node 2 |
(1) A-node (2) AB-node

E(PlﬂUpz) N A(L B py)

< E(plﬂUZb) ; AU—BPQ)

B

O‘Ek B2

B1 5




a a; Qi 5 B 2

pNY @ Y eVY | Y
E(pBy) | ~¢ | o VEXE(p BY) E(pUv) | ¥ | p NEXE(pUY)
AlpBY) | ~Y | o VAXA(p BY) AlpUd) | & | o NAXA(pU )
Node 3 |

(1) A-node (2) AB-node

E(p1Upz) N A(L Bps) = E(p1Ups) ; A(L Bpy)

[ I

B

I

(3) V-node

B2

A1 5y



Table 2: Smullyan’s a— and f—notation to classify formulae

a oy Qo 5 B o

NP @ v eVY | Y
E(pBy) |~y | oV EXE(pB1) ElUy) | ¥ | p NEXE(pU1)
AlpBY) | ~¢ | o VAXA(p BY) AlpUy) | ¢ | o NAXA(pU )

Node 3a |

(1) A-node (2) AB-node

E(p1Upz) N A(L Bpo) E(p1Ups) ; A(L Bps)

I I

(3a) A-node

E(p1Ups) ; =p2 5 —po A po

[

E(p1Ups); —p2; LVAXA(LBps)

(3) V-node
[

?

[

B2

B2



Table 3: Smullyan’s a— and f—notation to classify formulae

a oy Qs B B B2

eANY | o Y Vi | Y
E(eBvy) |~y | o VEXE(pBYy) E(pUy) | ¢ | o NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUy) | ¢ | o NAXA(PU Y)

Node 3a’|

(1) A-node (2) AB-node

E(p1Ups) N A(L Bp,) = E(pi1Ups) ; A(LBpo)

[ [

(3a) A-node (3) V-node

E(p1Ups) ; =p2 5 —po A po

[

B

EpUps); —p2; LVAXA(LBp,)
I

(3a7)

E(p Ups2); =p2; —po ; Po

[

id-node

B2




Table 4: Smullyan’s a«— and f—notation to classify formulae

a oy Qs B B B2

eANY | o Y Vi | Y
E(eBvy) |~y | o VEXE(pBYy) E(pUy) | ¢ | o NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUy) | ¢ | o NAXA(PU Y)

Node 3a’T

(1) A-node (2) AB-node

E(p1Ups) N A(L Bp,) = E(pi1Ups) ; A(LBpo)

[ [

(3a) A-node (3) V-node

E(mUpy); —p2; —poApy <o E(piUps); —pa; LV AXA(LBpy)
I I

B2

(3a%) id-node
E(prUp2) 5 =p2 5 —po 5 Po
[] :: true, uev




Table 5: Smullyan’s a— and —notation to classify formulae

« ay Qg 5 B 2
eAY % (U eV |y Y
E(pBy) |~y | oV EXE(p BY) ElUy) | ¥ | p AEXE(pU)
AlpBY) |~y | oV AXA(p BY) AlpU¥) | ¥ | p NAXA(pU¥)
Node 3a
(1) A-node (2) AB-node
E(pl Up2) /\A(J_ sz) @ E(pl Upg) 3 A(J_ Bpg)
I I
(3a) A-node 5 (3) V-node
E(pUps) 5 —pa; "poApo == E(iUps); —pa; LV AXA(LBp,)
[] :: true, uev I
’ B2
(3a%) id-node
E(p1Ups) ; =p2 5 —Po ;5 Po
[] :: true, uev




Table 6: Smullyan’s a— and f—notation to classify formulae

« ay Qg 5 B 2
eAY % (U eV |y Y
E(pBy) |~y | oV EXE(p BY) ElUy) | ¥ | p AEXE(pU)
AlpBY) |~y | oV AXA(p BY) AlpU¥) | ¥ | p NAXA(pU¥)
Node 3b |
(1) A-node (2) AB-node
I I
(3a) A-node 5 (3) V-node
E(pUps) 5 —pa; "poApo == E(iUps); —pa; LV AXA(LBp,)
[] :: true, uev | I
ey B2
(3a’) id-node (3b) EU-node
E(p1Ups) ; =p2 5 —Po ;5 Po E(p1Ups) ; —p2; AXA(L Bp,)
[] :: true, uev | I

/ B2
O



Table 7: Smullyan’s a— and f—notation to classify formulae

o} ay Qg 5 B 2
AP ® (U eVY | p Y
E(pBy) |~y | oV EXE(p BY) ElUy) | ¥ | p AEXE(pU)
AlpBY) |~y | oV AXA(p BY) AlpU¥) | ¥ | p NAXA(pU¥)
Node 4a |
(1) A-node (2) AB-node
E(pl Up2) /\A(J_ sz) = E(pl Upg) 3 A(J_ Bpg)
I I
(3a) A-node 5 (3) V-node
E(pUps) 5 —pa; "poApo == E(iUps); —pa; LV AXA(LBp,)
[] :: true, uev I
ey B2
(3a’) id-node (3b) EU-node
E(p1Ups) ; =p2 5 —Po ;5 Po E(p1Ups) ; —p2; AXA(L Bp,)
[] :: true, uev I
B1
P B2
(4a) id-node

p2; —p2; AXA(L Bp,)

[




Table 8: Smullyan’s a«— and f—notation to classify formulae

a o Qg IS B Bo
AP ® Y eVY | p Y
EpBvy) |~y | oV EXE(pB1y) EpUy) | ¥ | p NEXE(pU1))
Al By) |~ | o VAXA(p BY) AlpU) | ¥ | p NAXA(pUY)
Node 4a 7
(1) A-node (2) AB-node
E(pl Upz) /\A(J- BPz) < E(pl Upz) ) A(J- sz)
n n
(3a) A-node 5 (3) V-node
E(piUps); =p2; “woApy = E(Ups); —pa; LVAXA(LBps)
[] :: true, uev I
o B2
(3a’) id-node (3b) EU-node
EmUpa); —p2 5 —po ;s Po E(pUps) ; —pa; AXA(LBps)
[] :: true, uev I
B1
P B2
(4a) id-node
p2 ;s P23 AXA(L Bp,)
[] :: true, uev

10



Table 9: Smullyan’s a— and f—notation to classify formulae

« ay Qg s b o
eAY % (U eV |y Y
E(pBy) |~y | o VEXE(p Bi) EeUy) | ¥ | ¢ NEXE(9UY)
AlpBY) |~ | oV AXA(p BY) AlpUd) | b | p NAXA(pU ¢)
Node 4b |
(1) A-node (2) AB-node
E(p1Upz) NA(L Bp) - E(p1Ups) ; A(L Bp)
n n
(3a) A-node 5 (3) V-node
E(p1Ups) ; =p2; ~woApo = Ep1Up2); ~p2s LVAXA(LBp,)
[] :: true, uev I
a B2
(3a’) id-node (3b) EU-node
Ep1Ups) ; =p2 5 =o' Po E(pi1Ups) ; —p2; AXA(L Bp,)
[] :: true, uev I
2 B
(4a) id-node (4b) EX-node
p2; 7p2 i AXA(L Bps) p1; EXE(p1Ups); —p2; AXA(L Bps)
[] :: true, uev | I

11

%



Table 10: Smullyan’s a— and —notation to classify formulae

a ay Qg s b o
pAY | Y pVi g Y
E(pBy) |~y | o VEXE(p Bi) EeUy) | ¥ | ¢ NEXE(9UY)
AlpBY) |~ | oV AXA(p BY) AlpUd) | b | p NAXA(pU ¢)
Node 5 |
(1) A-node (2) AB-node
E(p1Up2) NA(L Bps) - E(p1Ups) ; A(L Bps)
n !
(3a) A-node 5 (3) V-node
E(p1Ups) ; =p2 5 —po A po 1 EpiUps); =p2; LVAXA(LBp,)
[] :: true, uev I
a B2
(3a) id-node (3b) EU-node
E(prUp2) s =25 700 po E(p1Ups2) 5 —p2 5 AXA(L Bps)
[] :: true, uev ]
B1 By
(4a) id-node (4b) EX-node
p2; ~p2; AXA(L Bps) p1; EXE(Ups); —p2; AXA(LBp)
[] :: true, uev | I
|
|
(5) AB-node
HCR := [{E(p1 U p2), A(L Bps)}] E(p1Ups) ; A(L Bps)
HCR

12



[0 aq (0] ﬁ ﬁl ﬁ?

AP © Y eVY | p Y
E(wBvy) |~y | oV EXE(pB1) E(eUv) | ¥ | p NEXE(eU 1)
AlpBy) |~ | o VAXA(p BY) AlpUy) | ¥ | o NAXA(pU W)

Node 5 |
(5) AB-node
E(Pl UPQ) 3 AU—BPQ) <

HCR

B1

/

A1

HCOR :=[{E(p1Up2), A(L Bps)}]

13




(0%

(8%

AP

Y

E(pB1)

~Y | oV EXE(pB1)

A(p Bv)

~Y | oV AXA(p BY)

Node 6 |

(5)

HCR

AB-node

E(piUps); A(LBpo)

HCR := [{E(p1Ups), A(L Bpy)}]

/

B1

14

B B B2
VY | g Y
E@Uy) | ¢ | o NEXE(pU1)
AlpUd) | ¢ | p NAX AU ¥)
(6) V-node
E(p1Ups) 5 -2 s LVAXA(LBp,)
HCR




« Q' Qo B B o
AP © v eVY | v
E(pBy) | ~¢ | o VEXE(p By) E(pUy) | ¥ | o NEXE(pUY)
AlpBY) | ~Y | o VAXA(p BY) AlpUd) | & | o NAXA(pU )
Node 6a |
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(pi1Ups); —pa; LVAXA(LBDp,)
HCR HCR
/
B2
(6a) A-node
E(p1Upz) ; =p2 5 —~poApo )
HCR
HCR :=[{E(p1Ups), A(L Bps)}] i

15



o an 8P B B B2
A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)
Node 6a T
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(pi1Ups); —pa; LVAXA(LBDp,)
HCR HCR
/
B2
(6a) A-node

E(p1Upz2) ; —p2; —po A po
HCR :: true,uev

B2

HCR := [{E(p1Ups), A(L Bps)}] i

16



o an 8P B B B2
A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)
Node 6b |
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(pi1Ups); —pa; LVAXA(LBDp,)
HCR HCR
/ /32
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Upz) ; —p2; AXA(LBps)
HCR :: true,uev HCR

B 5y

HCR :=[{E(p1Up2), A(L Bp2)}]

17



o an 8P B B B2
A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)
Node 7a |
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(pi1Ups); —pa; LVAXA(LBDp,)
HCR HCR
/ /32
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Upz) ; —p2; AXA(LBps)
HCR :: true,uev HCR

(7a) id-node
p2; p2; AXA(LBp,)
HCR

HCR :=[{E(p1 U p3), A(L Bps)}]

18

B1

B2




o an 8P B B B2
A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)
Node 7a
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(pi1Ups); —pa; LVAXA(LBDp,)
HCR HCR
/ /32
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Upz) ; —p2; AXA(LBps)
HCR :: true,uev HCR

(7a) id-node
p2; p2; AXA(L Bps)
HCR :: true, uev

HCR :=[{E(p1 U p3), A(L Bps)}]

19

B1

B2




[0 aq (0] ﬁ ﬁl ﬁ?
\%

A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)

Node 7b |
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(piUpy); —pa; LVAXA(LBDp,)
HCR HCR
/ B2
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Upz) ; —p2; AXA(LBps)
HCR :: true,uev HCR
7 6

(7a) td-node (7b) EX-node

p2; p2; AXA(L Bps) p1; EXE(piUps); —pe; AXA(L Bps)
HCR :: true, uev HCR
HCR := [{E(p1Ups), A(L Bps)}] é

20



[0 aq (0] ﬁ ﬁl ﬁ?
\%

A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)

Node 8 |
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(piUpy); —pa; LVAXA(LBDp,)
HCR HCR
/ B2
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Upz) ; —p2; AXA(LBps)
HCR :: true,uev HCR
- 8

(7a) td-node (7b) EX-node

pa; —pa; AXA(L Bps) p1; EXE(piUps); —pe; AXA(L Bps)
HCR :: true, uev HCR

HCR :=[{E(p1 U p3), A(L Bps)}]
UEV(E(pUps)) =1

blocked by node (5) ‘

21



[0 aq (0] ﬁ ﬁl ﬁ?

AP © v eVY | v
E(pBy) | ~¢ | o VEXE(p By) E(pUy) | ¥ | o NEXE(pUY)
AlpBY) | ~Y | o VAXA(p BY) AlpUd) | & | o NAXA(pU )

Node 7b T
(5) AB-node (6) V-node
E(pl Upg) ) A(J_ Bpg) @ E(pl Upg) , P2, 1 V AXA(J_ Bpg)
HCR HCR
/ B2
(6a) A-node (6b) EU-node
E(piUpz) ; =p2; ~po A po E(piUps); —py; AXA(L Bps,)
HCR :: true,uev HCR
B1 By

(7a) td-node (7b) EX-node

p2; 2 s AXA(L Bpo) p1; EXE(pi1Ups); —p2; AXA(L Bpy)
HCR :: true, uev HCR :: false, UEV

HCR :=[{E(p1 U p3), A(L Bps)}]
UEV(E(pUps)) =1

blocked by node (5) ‘

22



« aq Q9 B B B2
oAy | @ Y VY |y Y
E(pBY) |~y | oV EXE(pB1) E(Ud) | ¥ | ¢ NEXE(pU)
AlpBY) |~ | ¢ VAXA(p BY) AlpUd) | ¥ | o NAXA(pU )
Node 6b T
(5) AB-node (6) V-node
E(pl Upg) ) A(J_ Bpg) = E(pl Upg) , P2, 1V AXA(J_ Bpg)
HCR HCR
/ B2
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Ups) ; —p2; AXA(L Bps)
HCR :: true,uev HCR :: false, UEV
- 8
(7a) td-node (7b) EX-node
pa; —pa; AXA(L Bps) p1; EXE(p1Ups); —p2; AXA(LBps)
HCR :: true, uev HCR :: false, UEV

HCR :=[{E(p1 U p3), A(L Bps)}]
UEV(E(pUps)) =1

blocked by node (5) ‘

23



[0 aq (0] ﬁ ﬁl ﬁ?
oAy | @ Y VY | @ Y
E(pBY) |~y | oV EXE(pB1) E(Ud) | ¥ | ¢ NEXE(pU)
AlpBY) |~ | ¢ VAXA(p BY) AlpUd) | ¥ | o NAXA(pU )
Node 6 T
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(piUpy); —pa; LVAXA(LBDp,)
HCR HCR :: false, UEV
/ B2
(6a) A-node (6b) EU-node
E(p1Ups) 5 —p2; —po A po E(p1Ups) ; —p2; AXA(L Bps)
HCR :: true,uev HCR :: false, UEV
B By
(7a) td-node (7b) EX-node
pa; —pa; AXA(L Bps) p1; EXE(p1Ups); —p2; AXA(LBps)
HCR :: true, uev HCR :: false, UEV

HCR :=[{E(p1 U p3), A(L Bps)}]
UEV(E(pUps)) =1

blocked by node (5) ‘

24



[0 aq (0] ﬁ ﬁl ﬁ?
A Y VY |y Y
E(pBy) |~y | oV EXE(p B) E@Uy) | ¥ | ¢ NEXE(pUY)
AlpBY) |~ | o VAXA(p BY) AlpUp) | ¢ | o NAXA(pU)
Node 5 T
(5) AB-node (6) V-node
E(p1Ups) ; A(L Bps) = E(piUpy); —pa; LVAXA(LBDp,)
HCR :: false, UEV HCR :: false, UEV
/ ﬂ?
(6a) A-node (6b) EU-node
E(p1Upa) ; =p2; —po A Po E(p1Upz) ; —p2; AXA(LBps)
HCR :: true,uev HCR :: false, UEV
7 6
(7a) td-node (7b) EX-node
p2; p2; AXA(L Bps) p1; EXE(piUps); —pe; AXA(L Bps)
HCR :: true, uev HCR :: false, UEV

HCR :=[{E(p1 U p3), A(L Bps)}]
UEV(E(pUps)) =1

blocked by node (5) ‘

25



[0 a1 (0]

AP % Y

E(pB1)

¢V EXE(pB1)

A(p Bv)

pVAXA(p BY)

Node 5 T

(1) A-node

E(pl[]UPZ) N A(L Bp,)

B1

(3a) A-node
E(prUps) 5 —p2 5 —po Ao
[] ;- true, uev
(3a%) id-node
EpiUps2) ; =p2 5 —po ;5 po
[] :: true, uev
(4a) id-node
p2; ~p2; AXA(LBpo)
[] :: true, uev |

HCR = [{E(p, U ps), A(
UEV(E(p1Ups)) =1

Bp)}]

26

B

B By 3
eV |y Y

E(eUd) | ¢ | o NEXE(pU%)
AlpUd) | ¢ | p NAX AU ¥)
(2) AB-node
E(p1Ups) ; A(L Bpy)

I

(3) V-node

E(p1Ups) ; —p2; LVAXA(LBp,)

I

B2

(3b)
E(piUps); —p2; AXA(LBp,)

EU-node

I

B2

(4b)
P13 EXE(ZM Upz) Y AXA(J—B]E)

FE X-node

I

l jump to new world

(5) AB-node
E(p1Ups) ;

HCR :: false, UEV




[0 a1 (0]

AP % Y

E(pB1)

¢V EXE(pB1)

A(p Bv)

pVAXA(p BY)

Node 4b T

(1) A-node

E(pl[]UPZ) N A(L Bp,)

B1

(3a) A-node
E(prUps) 5 —p2 5 —po Ao
[] ;- true, uev
(3a%) id-node
EpiUps2) ; =p2 5 —po ;5 po
[] :: true, uev
(4a) id-node
p2; ~p2; AXA(LBpo)
[] :: true, uev |

HCR = [{E(p, U ps), A(
UEV(E(p1Ups)) =1

Bp)}]

27

B

B By 3
eV |y Y

E(eUd) | ¢ | o NEXE(pU%)
AlpUd) | ¢ | p NAX AU ¥)
(2) AB-node
E(p1Ups) ; A(L Bpy)

I

(3) V-node

E(p1Ups) ; —p2; LVAXA(LBp,)

I

B2

(3b)
E(piUps); —p2; AXA(LBp,)

EU-node

I

B2

(4b)
P13 EXE(ZM Upz) Y AXA(J—B]E)

FE X-node

] :: true, - - -

l jump to new world

(5) AB-node
E(p1Ups) ;

HCR :: false, UEV




[0 a1

(8%

©NY ©

Y

E(wBvy) |~y | oV EXE(pB1)

AlpBy) |~ | o VAXA(p BY)

p b Bo
Vv v

<

e NEXE(pUv)

S|
el

ASHRSERS

o NAXA(pUY)

=
66

(2) AB-node

B1

E(pi Ups) ; A(LBp,)

[] :: true, uev |

[0}

(3) V-node

Node 4b -1 17
(1) A-node
E(p1Upz) NA(L Bps)
[] :: true, uev |
(3a) A-node
E(prUps) 5 —p2 5 —po Ao
[] ;- true, uev
(3a%) id-node
EpiUps2) ; =p2 5 —po ;5 po
[] :: true, uev
(4a) id-node

p2; ~p2; AXA(LBpo)
[] :: true, uev |

HCR := [{E(p, U ps), A(L Bpy)}]

UEV(E(p1Ups)) =1

B

E(p1Ups); —p2; LVAXA(LBps)
[] :: true, uev

B2

(3b) EU-node
E(p1Ups) ; —p2 5 AXA(LBp)
[] :: true, uev

B2

(4b) EX-node
1y EXE(pUp2) ;s —p2; AXA(LBpo)
] :: true, - - -

28

l jump to new world

(5) AB-node
E(pi1Ups) ; A(L Bpa)
HCR :: false, UEV




