Some variants of analytic (cut) of modal logic S5, K4B, and
K4
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1 EU&IC

PRMEREL S5 & K4B, MR MG K4 IS L7y —27 TV MERIFZRTOD (cut)
FE D RS 22K BNWZ EHSNT WD, @EE [4] &l fll 1] X2 s DRz
(cut) ZLANICHIRTE D Z L 2R U T,

r—e,Cc C AsA
A —06,A

ZZ T, SIT) IFGmEARDEE T O AR OEAZ2RT. R, =551
M & X 2 KR BE I AR AT RE 72 N & W T, Bk 72 FIETIHEHEZ 52X TW5

2018 4, @y [6] 1 analytically saturated % F\NT, HEGwHiAI & Kripke %TJDODF'EJO)
gzl L7z, 2, E-HolMNEZ —RibS g a2 RS, Z0MR%E
AWd Z & T, K4B & S5 D (cut) % (cut)* IZHIRTE 5 Z & 2 ZRimNRFEEZHAWT
RIZENHRS.

AROBREL, KEL DT ohd. —Dik, & 6] OTHEE2RE TSI 2T, S5
& K4B @ (cut) & (cut)® & O HHRWHIRIZHRK D Z & 2 BIRIRIICEEH T 5 2 & TH
5. ZD7HIZ, K4B OHftFHAIIESH O 0L 3R G502 M5, 523, &
BOFEEzRHGRE K4 IRl 7zy—22 Y MRRICEASIES2Z 2 THDB. 22T
&, L ORER 23z, #EEREA & Kripke T VOMOBGREFANRS. 512, ZOKR
D (cut) % (cut)® & BIMNHIBRIZHERS Z & 2RT.

(cut)* (772U, C e S{TUAUBUA))

2 Analytically saturated ICDWT

ETHIDIT, @ [6] H3EA L 7z analytically saturated (2 DWW THHT 5. 2 Z Tlkim
s LT D, O0D0AZHW, pgr,--- & A B,C,--- lZZNZTNaEEE L mit
ReRYT. 72, 1,A,0,- - [ FinBHAOH R Z KT,

ZITHEIETOY =7 TV MRREBATOMEZH T DL TS,

* ARld, EEOH LRI OB ELHDTY.



Stipulation 1. %88 LT A — A 255, #@mHAIE UT (= w), (w =), (= e),
(e =), (=), (c =) 2.

-0 A, B, A I'-0 A A T'—©O

1T " A aBroe “?) —Arse )
' -0 (= w) P—>@,B,A,A(_)) P—>@,A,A(_>)
T-o, 4 r—o, 4 B, A ¢ T—o,A ¢

Ko TINDBE T X A FARESE UTHS.

T 2.1. (M [6, Definition 1.1]) GL % Stipulation 1 #7293 > —27 Y MERE
$5. ' O GL T analytically saturated TH 5 & 1X, L N2~ HETH 5.

(2) T — © 13 GL TR THE.
(b) D A € ST UBO) IEHLT, A, T — © # GL CAWIRTEEASIE A e T,
[ — 0, AH GL CHBRTHEZSIE A co.

GL ® analytically saturated sequent £KDESE W 2T 5.

analytically saturated sequent % w,v,w,--- TRU, u DEL & HDIZHBLT 5 G
RehoEEsz2 TN TN a(u), s(u) TET. S22, alu)Ns(u) =0 THD. 72, &
analytically saturated sequent v (ZxfU, T, £ ©, ZBLFD X 512 5.

I',={B|0OBeca(w)}, ©,={B|0OB¢€cs(u}

analytically saturated sequent |FFERIARTIRE R N & L ITHEEE T 5 Z L kD

& 2.2. (8% [6, Lemma 1.3]) GL % Stipulation 1 %729 > — 2 TV MERET
5. = OMWGL CItHATEETH D L &, L RE2#729 & 54 analytically saturated
sequent u BMFAET 5.

(1) T Ca(u) 72 O C s(u)

(17) a(u) U s(u) C S{(I"UO)

analytically saturated sequent &, & DIKR T admissible 7S HEGMBLIANT & > THRA 72k
BxdD. (#iwH GL T admissible TH 5 & 1%, £ DOHeiwd N A2 GL TREHTRED, L
KXDOWTNDA GL THHARFRETH LA TH L. ) HIAIEK UTFTDXSE DA% T
Y AT

i 2.3. (&% [6, Proposition 3.1]) GL % Stipulation 1 7= > — 27 TV MR
5B, 2O E, LLFRAEDILD.

GLTEEDOT, A, ©, A BeSI{(TUAUOUA) IZH LT (cut)® 2% admissible
< Sf(a(u) U s(u)) C a(u) Us(u).

analytically saturated Z2E A9 5 HWIE, 2D X5 2MEE2HNTY—2 Y MRRD
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Kripke completeness #/R9 Z & ThH 5.

& 2.4. (&% [6, Proposition 1.4]) GL % Stipulation 1 %729 > — 27 TV MER
&45. W CWe, & W EOZHHBER R 225725 Kripke frame (W, R) 2MLED A, B
LueWIZHUTUFORAZHEZLTWSET 5.

) —A€a(u) 51X, A€ s(u).

) mA € s(u) 56IE, A€ a(u).

AD Bea(u) %oIX, A€ s(u) £721% B € a(u).

AD Bes(u) %olX, Aca(u) 2 B e s(u).

O—a) OA€a(u )& I, RO v e WIZHUTuRy 251X A € a(v).
O—s) DA€ s(u) 256X, BB veW BMFELT, uRv 1D A € s(v).

ZDeE, ErxulEp & pealu) &b X 57% (W, R) LD satisfaction relation &9
58, EEOMBAC & ue WIZHUTBTAHED L.

Cealu) = ulEC, »>Ces(u) = ulEl

RIZ, fERED u € Wep IR U T N E2m 723 & 572 Kripke frame (W, R) MFAEL T
Wb 95,

euc W C Wegp.
o (W,R) I3 2.4 DM (= —a)~(0—s) 2Tl d
o “THBHMR RIX L OFM AT

SOrET 5 OBGL THMNATETHL L T8, ME22 £ Zhaskic Lz
analytically saturated sequent u € Wg DMFAET 5. TD w XU, EOSRMEZHT29 &
5 72 Kripke frame 23749 2 &, fifif# 2.4 @ satisfaction relation = ZH\WT, C el #&
SIupECH»DC e bifulEC Thd D% Kripke model ST 2 Z & A3
k2., Thbb uE ANTDVO 42, ULhrd, SOETLADN L OFEMEE2RHZLTVWD
DTHNIX, GL D Kripke completeness 73615 Z L1272 5.

LoT, EED u e Wep 12U T EDSM %4723 Kripke frame 2835 Z L 2°H
e 72%. 20O &7 Kripke frame 23T & 2 7%, GL OH#EGHANITIKZET 5.
Bl 21X, AR AR D 3D,

R 2.5. (&% [6, Proposition 1.6]) GL % Stipulation 1 Z¥7-3 > — 2 TV MKR
95, ZDLE LED A BIZHUTU IR LD,

(1) GL T (- =) PMEEDT & © T admissible

S EEDOue Wep iZX LT, ~Acalu) olX A e s(u).
(2) GL T (— —) WMEED T & O T admissible

S EED u e Wep RUT, ~Aes(u) 251K A€ alu).



(3) GL T (D—) WMEZED T & O T admissible

S FEEDue W WRHUT, AD Bea(u) %20lF A€ s(u) ¥721F B € a(u).
(4) GL T (—=D) BMMEEDT & © T admissible

SAERD ue W I LT, AD Bes(u) o6iE Acalu) D Be s(u).

m( =) A,l"——>@(_> )

A, T—6 ‘' -0, -4

r—-oe, A B, I' -0 (5=) AT -0, B ()
ADB, I'—-06 I'-06, A>B

Stipulation 2 Z A FD &K 5 IZE AT 5.
Stipulation 2. #&ifiHl & LT, (= =), (= ), (D), (—=D) 26D,

fired 2.5 & 0, Stipulation 1 & 2 2§72 TEED Y — 27 TV MEFR GL @ analytically
saturated THEHE X 15 Kripke frame 1, (= — a), (= —s), (D —a), (D —s) %729 2
EWON5.

BOD (O—a) & (O—s) Z2WTEHERBAZ T T, Hwd “HBERIZBKEFET
5. @ [6] (ZRRAHGREL O KRR U T, £ DIRRD analytically saturated sequent 2
ROES % FI\WT Kripke frame Z 5L 7.

KOETI, S5 ¥ KAB OKRIZoWT, (O —a) & (0 5) 2737 ic b B
analytically saturated sequent D&% i\ 2 L WS FIETHERET VEBHET 5.

3 S5& K4BICDWT

V=TV MER G(S5) X LK U Tz 2 TcRoNIEDLET 5.
O - 06, A AT -0 1)
Or — 00,04 OA T - ©
K4B iIZ 6 U7z — 2 T ¥ MERIZDWTIE, L FOHEGwHAZH W28 D2 E <A
5NTWD.

(55)

I,0T — 060,00, A
0T — 000,004
Lo U, Zo#tmBl AL Z 1 E & 2% subformula property 2§72 W2 L TW5
28, SRO#HMETHIIH>TAHALUFENIZ W, FZT, 22 TRy—2r MR
G(K4B) % LK (U To#amHllz EdZ e THRONDI DL T S.
r —- 0e, A AT —-©
0T = 006,04 TAT = 0,08
G(S5) & G(K4B) IZ2TD (cut) 2D Fr< T & HSRZR W, FIZ XU D FEEH X I
G(K4B) i85 (cut) #E DR T & DR VEEHKOHITH 5.

(B45)

Ty

(59)



— U=p, "U—-p (55) —p,p —
— U=p, O=0—p U=p, p — O=0—p
p— D—|D—|p, D—\D—\p

p — U=U=-p (=)

(= =)
(ry
(cut)

TS, G(SE) & GKAB) O (cut) HIRIZOWTHE X 5. G(S5) 12 OWT I, #%
4] 12 £ 5T (cut)® KHIRT 23 2 EARINT NS, ARTRE SIHHTES 2 &
ERTZEHVHEHENZRD.

T THIDIZ, KAl 72 subformula T®H % box internal subformula %EANT 5.

& 3.1. I 2ETHhVIBEAOELELT5. @A A DT O box internal subformula
Thdeid, 5 0B el BMFIELT, Ae SI({B}) £ %5546 TH%5. T’ O box internal
subformula £EDES % BSHT) £ 9 5.

BlziX, T ={p>0q, O@r Ds)} THDLE, SHI) & BSHI) XZTNZTNUTD LS
127525,

SIT) ={p>0q, Og, p, ¢, O(r D), r D5, 1, s}
BSH(T) ={r>s, r, s}
([FREDETRWES T 25 LT BSKT) C SHI) 7+ SKT) — BSHOT) 25/ 2. %7,
I COTHaEX BSHT) C BSHO) L7425,

i 3.2. G(S5) & G(K4B) @ (cut) I, AT OHDIZHIET 2 Z LA HHRS.

-6, 0B OB, A —= A
T.A>0, A
G(S5) & G(K4B) O (cut) % (cut)® IZHIBR U 7-k% &2 TN T G(S5)” & G(K4B)~
&35, EOMmEEZRTZOICE, Zh6 DRRED Kripke completeness Z 7RI &\,

(cut)® (7272L, OB € BS(TUAUBOUN))

@ 3.3. GL % Stipulation 1 79> —2 TV MERET D, ZDL &, LN
DALD.

GLTHAEEDOT, A, ©, A OB eBS(TUAUOUA) IZXUT (cut)® 2% admissible
& RO ue Wgp LB BIizxt U, OB € BSf(a(u)Us(u)) % 51X 0B € a(u)Us(u).

AIERA

(=) OB € BSf(a(u) Us(u)) £35. IREEL Y, a(u) — s(u),0B » OB, a(u) — s(u) D
EH 601X GL THFHARTEETH 5. X o T analytically saturated D E % &
v, 0B € a(u)Us(u) &7%25.

(<) T,A = ©,A 7 GL CARTEET, OB € BSHTUAUOUA) & 95, i 2.2
O, TUA C a(u) 2 OUA C s(u) Zifi7=¢ analytically saturated sequent
u € Wer PWFEET 5. OB € BSI(TUAUOUA) C BSf(a(u) U s(u)) THSDT,
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OB €alu)Us(u) 745, £>TI — 0,083 »0OBA 5> ADESLLSN—TIZ
GL CHtHAHRETH 5. O

E% 3.4. GL % Stipulation 1 27293 —2 1V MR ET D, W EO THBER
Rss & Ry 2 ZTNTHU T TEHRT 5.

uRgsv < I', =T, »>2 6, =0,
uRk4pv < uRgsv 7*D O, # )

EHLD, FEOETHRNW C Wep WU, (W, Rgs) IXRFHH, SFRK 2D HERS 172
frame TH Y, (W, Rgan) [ FW R0 DHEFE I 72 frame TH 5.

EFHDIC, (O—a) IKDOWTHEZ D, HMBA (T) IS L, LR A D 320,

@ 3.5. (&% [6, Proposition 2.2]) GL % Stipulation 1 Z§7-3 > — 27 TV MER
YEB. TOEE EED AL LT AR D o,

GL TEEDT & © T (T) » admissible
S RO ue W 2 UT, 04 €alu) oIE A€ alu).

A& T, GL A (T) 2 #HRBAI L UTHOBA, AEOETRN W C W (O
LT (W,Rgs) 1 (O—a) 232 20055,

AR, (T) 1ZDWTHIRAEK D LD,

@ 3.6. GL % Stipulation 1 2723 —27 TV MERET D, 2D &, AED A
XU TBARDI D AL D.

GL TEEDOT & 0 & BT (T) 7 admissible
S fEED u,v € Wep IR UT, UA € a(u) 2*D uRkgapv 72 51, A € a(v).

AIERA

(=) DA ca(u) D uRkapr £9%. 0, D THZHDT, H5 BAFHEL TOB € s(u)
7o TWT, uRgsv &Y OB € s(v) THB. A, a(v) — s(v),0B I GL TRk
R DT, EL D A a(v) = s(v) B GL THEHAARTRE. X->T Aecalv) &
5.

(<) OA,T — 0,0B 75 GL TAMFTHEL 5. ##22 X0, {0A)UT C a(u) 7>
OU{0OB} C s(u) &725 u e Wg, WFHETS. OB € s(u) THDD 5, uRkapu &
%Y, 0A€calu) THBIDTIRELY Acalu) &%, Ko TAT —>0OIFGLT
AEAHA T HE. O

Tk 5T, GL A (T) ZHRRA L LTROBE, AEOETHRN W C Wy 125 L

T (W,Rksg) ® (O —a) 2T 20 bh 5.
HERFEEDwIZHLULTENZEL LD W C War, ﬁ‘ﬁﬁbf, (VV,R55) X

(W,Riap) 28 (O — ) 2=+ 2 2R3 IV, &% [6] 13 GL AWHE#RBAI L LT

6



(S5) 2Hi245it, (War, Rss) 7* (cut)® OHIROE & T (O —s) 27z T & 2R L7k,

il 3.7. (&% [6, Proposition 3.3]) GL % Stipulation 1 %¥i7- U, (cut)® ZFDMH%
89D, ZDEE ED AT UTURMRE YLD,

GL THEED T, © 12 U T (S5) 2% admissible
S RO ue W i UT, JA€ s(u) 261X, 5 v e Wer WFLEL T uRgsv 9D
A€ s(v).

I 2L FABKIZ, (cut)® & (cut)® IZHIR L 72RRICF L TE War, Rgs) #8 (O — s)
BT ERTIENHEKS. LrL, —D2DOY—27 T2 MEKRD analytically
saturated sequent (& — NI IZIERMEFAES 5 DT, D Kripke frame (ZfER 7 L — 4
ThHd. 12720, GZONZHEHATREZAT — 0 12X U, &5 analytically saturated
% a(u)Us(u) CSHTUO) 27275 DDAICHIRT S ZETARETIVIZTHI LD
TE5. UL, ZOERETVOHIZIEAT D VO OEBERET S5 XA THHEDR
analytically saturated sequent &N TUL £ 5.

ZIZTUNO@MET, EX6NuwiZHU, (O—s5) 27 72DITHELIRD Res-
successor DA EED 7=, FEEKD D72 WA RO Kripke frame MEETE L5 2 L 2R U 7.

@ 3.8. GL % Stipulation 1 %7z U, (cut)® 2F>Y—27 TV MRRETE. 2D
&, LLRAE D LD,

GL TEED T, ©, AT (S5) 2% admissible
S EEDue Wer WHUT, ANZ2H72 T L5 BRARES W C Wqp BEET 5.

() ueW
(it) (W, Rss) i (O—s) 2727 .

SIEER
(=)ueWe, & U, A, & A, ZBTOESIZEDS.
A, ={Be€OB,|Bes(u}
A, =0, \ A,

LU A, =0 ThNE, {u} B&ERUEEMZTEEL LS.

Ay 2D THBEE Ay= A, A ET5. & A € Ay IZHEL, A, € s(v) %
723 & 57 u ® Rgs-successor v; LA RO FNEIZ L D IEET .

Or, — 00,,04; & GL CHEMRTRETH 20T, i & v O, — 060, 4; &
GL CALHIAFRETH 5. Mg 2.2 &b, O, C a(v) »2 0O, U{A4;} C s(v) »
2 a(v) Us(v) € SHON, U060, U{A;}) 2ii7d v e Wo, PFEETS. TDw
M uRgsv #7292 Z2Rd. Ho,riz I, C T, D2 0, C O, D HKHLDDT,
r,cr,0e,Co,z2zrs2Z3ctaths.



-
—

AS)

OB €a(v) £$5. ZOEE, BURAHY 7.

OB € a(v) Us(v) C S{(OT, ude, U{A;})
— Or, U0e, USHT, Ue,)
— Or, ude, uBSHOr, Ue,)
C a(u) U s(u) UBSf(a(u) U s(u))

(cut)) ¥HpZHDT, ME 3.3 &0, 0B € a(u)Us(u) &7%25. KIZ OB € s(u) &7
¢, 0BelO, Cs(v) &0 FETHDT, OB E€alv) TH5S. &->TIl,CT,
5. Fkkic, 0, CO, ThHLZOT,T,=T,12D20, =0, T4bb uRgzv &
85,

vii=v 2 U, ABRIZ Ay, A, DENTENT oy, -+, v, ZHEETS.

W ={u,vy, - ,v,} &TE, BTS2 (W, Res) 1F (0 —s) iz 7.

OF — 00,04 75 GL CHAMRAEEL T 2. H#E 22 X0, OF C a(u) 7o
OO0 U{0A} C s(u) 2 a(u)Us(u) C S((OMUO0 U{0A}) &7%% u € Wg ¥
FAETD. ANEL D, u 2BT X BERES W BELMEL, (W, Rss) 1% (O —5) %
fi7z3. JA € s(u) &b, DD veW BFIELT, uRsso D A € s(v) &7 5.
O C a(v) 22 00 C s(v) THA5DOT, O - 00, A H GL TIEAAFIEE T H
5. O

Z T X 5 Kripke frame 1% S5 frame &\ 5 7217 T <, BT HEM AL frame 12

Ul.

|

UZD

A

&

Un—1

Un

3.1 i 3.8 THFE I N5 frame

ZoOmEN» S5 G(S5)” @ Kripke completeness %R Z & 23K, G(S5) @ (cut) %
(cut)? IZHIRTE D Z L brd. I Hh 5 G(S5) @ subformula property 2313541, X
SIZHEREINZETNVIEIEIZERET LV THDLOT, BRETAUEE ~FIZBELNS.

ES
5.

7z, G(K4B)~ B Rk, AN O@@E» & Kripke completeness % /R Z & A3 HIK
TDZ e, (cut) % (cut)® IZHIRTE S Z LA 2D, G(K4B) @ subformula
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property ¥ BRETF WML ~ZIZBLSNS.

8 3.9. GL % Stipulation 1 %572 U, (cut)® ZHgmplAlE LTH DY —27 TV ME
FLEB. ZOEE DFAKD IO,

GL TEED T, ©, A T (S5) » admissible
S EBDuE Wop \CRUT, MF2-T X OBRARES W C Wo DMEET S.

(i) ueW
(it) (W, Rkag) 1& (O —s) Z2i7=9.

AEAIE, R 3.8 L[AIRRTH 5.

4 BEHEHBIEKA4ICDOWT

A SRR 2 ORI T [F] & [P) 2V CRRBIORN AR RELTH 5. [F]A
i TEABRERTHEF oL ARTELW , [PIAE TEABBETET > AFTELY-
7| LIRIRTB. 20 [F]A & [P]A O F BRI T ORI 5.

uE[F]A & Yo, uRv 2ol vE A
uE[P|JA & Yo, vRusoldvEA

FEAHGR B K4 ZA F OB 2 2 TED L 5 BR/NO ERBRMHRE TH O, HEBHR
frame IZX g 5.

[Fl(p > q) > ([Flp > [Flq)
[Pl(r > q) > ([Plp > [Plq)
p D [F]=[Pl-p
p D [P]=[F]-p
[Flp > [F][Fp
[Plp > [P)[Plp

Kid (SIS 5 Y —2 T2 MER G(Ked) |, K [2] 12 & > TEAS N MU FOHER
BllZ LK 2z 2 ZitkoTRONS.

[FII, " — [P]O, [P|Q), A
[FII' — [P]©,$, [F]A

(1)

[PIL,T — [F]O,[F]Q, A

[P — [F]©,Q,[P]A
ZD G(K¢d) BETO (cut) LD RS Z & AR, B2, DU OFEBH XA (cut)
OB ZeDTERWHITHS.

(12)



[Fl=p — [F]-p

-)

= [Flp, ~[Flp

Py T =
p — [P]=[F]-p

UA U, il i [1] 12 G(K4) @ (cut) % (cut)® 12, (T1), (T2) % ZHE L NIZHIER
LU 72K% G(K¢4)* @ Kripke completeness % R U 7z.

[FIT,T — [P]O, [P, A
[FIT — [P]O, Q, [F]A

(T1)* ([PIQ2 S SHTUOU{A}))

[P0, T — [F]O, [F]Q, A
[PIT' — [F]©, Q, [P]A
FEBHIZ X E- R FUATE & XN B KR 2 BEB AR T RE 72 X & W72, 29I analytically
saturated & M EZF > TWADOT, £TIXZDFEHERIZ, 2o OGRS
B8 D analytically saturated D FiEZ2EHHATE 5 & 2R7.

G(K4)* @ Kripke completeness % R3 72121, AR DOEM: %572 L, D DB
Kripke frame D3FE T X X\,

(T2)* ([F]Q2 CS{(CTUBU{A}))

[F]—a) OA€a(u) 5, fEED v e W IZHUT uRv 72 51E A € a(v).
[Pl —a) DA€ a(u) o, TED v e W IZH LT ovRu72 51X A € a(v).
[F]—s) DA€ s(u) moiE, b veW PFIEL T, uRv 2D A € s(v).
P- ) () 7551 )

P OA € s(u X, H20eW PFELT, vRu P2 A€ s(v

(
(
(
(
t

KT LA IO IR R 28 AL, EDOZRM %2729 Kripke frame #8872,

uRv RO BIZX U, [F|B € a(u) 751X, B,[F]|B € a(v)
7D [P]B € a(v) 72 51X, B,[P]|B € a(u)

COZHEBRERAWS Z LT, (cut) 2R2Y—27 TV MRR GLIZX U, GL 28 (T1)¢,
(T2)* ZHegalAl e UCRiD A oI, (War, R) 8 ([F]—s) & ([P] —s) 27292 %
RTZENHEKS. ULALIO HBERTIE, ME37T 0L IT# 2 RT I 2 xRk,
ZFZTHMENZ, ZOWERED &I, ZHEHERIZWL D004 EMAZEDE NS,

% 4.1. GL % Stipulation 1 2723 —27 TV MKRE T 5. Wop LD IEHER
Ry, Rp, Ry, R, By 2 ZNENDFCEHET 5.

uRpv < VB, [F|B € a(u) 7 B, [F]B € a(v)
uRpv & VB, [P|B € a(u) 7 B, [P]B € a(v)
uRwv < VB, [F]|B € s(u) 7% [ |B € s(v)
uRpv & VB, [P]B € s(u) 72 51 [P]B € s(v)

uRrv & uRpv, vRpu, vRpu 72 uRpv
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EHERED, LEDOETHEDW C Wap XL, (W, Ry) BHEBHTH Y, ((F] - a) &
([P] - a) % 7=

&8 4.2. GL % Stipulation 1 %572 U, (cut)® Z#saiAle LTED2Y =27 TV MK
HReTDH. ZOLE TEOMEA AT U TEURAK D LD,

(i) GL TEEDOT, © & [PIQ CSH(TUOU{A}) 2723 Q T (T1)* A admissible
S EEDue W XU, [F]A € s(u) 261X, 5 v e Wgp DPFEL T uRpv
"D Ae€ s(v).

(it) GL TEREDO T, © & [FIQ CSH(TUOU{A}) 273 Q T (T2)* A admissible
S EED ue Wep IZXU, [PlA € s(u) 7261, 5% v € Wer DWHFLEL T vRru
"D A€ s(v).

SRR (i) OAaERT. (i) 1 () LR TE 3.
(=) [FJA€s(u) £F5%. 1,0, Q2 FO LS ITEDS.
I'={B|[F]B€a(u)}, ©={B|[P]B € s(u)}
QO ={BeoO|[P|BeSI(TUOU{A}}

S 21z, [FIT — [P]O,Q, [F]A X GL TEHIATRETH 5. [P]Q C S{(TUBU{A})
THHDT, RELD [,[FI — [P]O,[P]Q, A HIEHARAIRETH 5. fiEH 2.2 KD,
TUIF|T Ca(v) 2 [PIOU[PIQU{A} C s(v) D a(v)Us(v) C SE([FITU[P]OU
{A}) 2729 v € Wop BFEIET D, ZD v iZ2WTC, uRpv 2725 2 2RI &
W, uRpv & uRpv (S 2D T, vRpu & vRpu DH%ERT.

[PIB€a(v) &5, 20L&, 2.3 KDLUTFLED LD,

B,[P]B € a(v) Us(v) CSI[FITU[PIOU{A}) C Sf(a(u) Us(u)) C a(u) U s(u)

Iz [PIB € s(u) £ $5&, [PIBe[P]OCs(v) £7457-0FFT5DT, [P|B €
a(u) TH2. £, KIZ Bes(u) 35L&, [P|IBE[P]© £b [P|BeSH(TueU
{A}) &BDT, BeQeid i [PIQCs(v) &R DFETHDT, B € alu)
THbd. £>TovRpu 75, FAKIZ, [F]B € s(v) £ 95 &, [F]B € a(u) U s(u)
7%, A [F]B € a(u) &35 &, [FIB € [FII C a(v) 72 b FET 5 DT,
[F1B € s(u) £742%. X>ToRpu &7%%5%.

U722 T, uRpv £72 5.

(<) [FII' — [P]O, Q, [FIAD GL TitHIATae L 95 (727U, [P)Q C Sf(TUOU{A})
$5.) 22 X0, [FIT C a(u) 222 [PIOUQU{[F|A} C s(u) 22 a(u) U
s(u) CSH([FITU[P|OU{[F]A}) 279 u € Wgr BFAET 2. [F]A € s(u) &b,
HbveWg WEIELT, uRrv 2D A€ s(v) &%, TDvIZD2WT, uRpv H
DuRpv THZHDT, T,[FIT Ca(v) 2 [P]O© C s(v) THD. d&id [P]Q C s(v)
2R &,
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BeQrTsd ZOrE ME23 &0 AR LD,
[P]B € S{T UO U {A}) C SH([FIT U [P]O U {A}) C Sf(a(v) U s(v)) C a(v) U s(v)

fRIZ [P]B € a(v) €35 &, vRpu &Y B €alu) &7V FETSH. K>T[P]B €
s(v) TH 5.
L7z23-C, T, [FIT = [P]O, [P]Q, Al GL Tt RAIRETH 5. O

U £ 5T, (Waeyay Br) B (IF — a), (1P] — a), ([F] — s), ([P) — s) 27T 2 &
RO Y, OB frame TH S D T, Kripke completeness %135 .

I 5T, ZfFED S5 & K4B 054 & FARRIZ, G(K¢4) $ (cut) % box internal subfor-
mula 2 W2 Z & T (cut)* £ D HFRVHIRDOH DIZEHTT 5 L WHKD. ZD7dIZ,
F FIXRHFR L D 72 12 box internal subformula D& % % LIRS 5.

& 4.3. T 22 TRV RAOEATH D LT 5. AW T O Box internal subformula
ThdriX, % [FIBeT BWFMELT A e SI({B)}), £721%, % [P|B € S{(I') 2" 71E
LT AeSI({B)) L maBaThs.

L& {A, - A} zinHA0EGLTH L, &iTO; e {[F],[P|} 7= dHkAM
HETOF Oy, -+ O, IS UTEURAE D 32D,
Sf({Al, s >An}) — BSf({DlAl, s >|:|nAn})
Bizig, St({A, B}) = BSI({[F]A, [P]B}) = BSI({[P]A, [F]B}) = BSI({[F]A, [F]B}) =
BSt({[P]A, [P|B}) T® 5.
i 4.4. G(K¢4) O (cut) 1%, LRDEHDIZHIRYT 5 Z L AHKS.

-6, B B, A=A
b A—-06, A
ThERTEDIZ, GK4) O (T1), (T2) 2 202Eh (T, (T2) 12, (cut) % (cut)”
WZHIR U 72483 G(K4)~ @ Kripke completeness % 737"

(cut)’ (727U, B BS(TUAUOUA))

8 4.5. GL % Stipulation 1 279> —2 TV MRRETD. ZDOLE, BLFD
FMREETH B,

« GL CHAEDT,0,A,A & B € BSHTUOUAUA) 27 $EED B Itk LT
(cut)” 7% admissible
o TED u e Wgp i UT, BeBSf(a(u)Us(u)) w5I1E B € a(u) Us(u)

AEAI AT 3.3 LA TH 5.

&8 4.6. GL % Stipulation 1 7= U, (cut)” Z#REH L LTHDOY =27 T2 ME
ReTDH ZOLE, MTEOFRMA AT UTEARA# D LD,
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(i) GL TEED T, © & [PIQ CSHTUOU{A}) 2i7=4 Q T (T'1)* »* admissible
= LED u e Wor T U, [FlA € s(u) % olX, 5 v e Wgr BMFEL T uRpv
Do A€ s(v).

(it) GL TEED T, © & [FIQ CSH(TUOU{A}) 2§73 Q T (T2)* A admissible
= [TEDO u e Wgp iU, [PlA € s(u) ol, 25 v € Wer DHFLEL T vRru
"D A€ s(v).

FEER (1) DAZERT. (i) 1 (1) EAEBRICHERS
[FJA € s(u) &35, T, 0, Qz2@mE 42 LAKIZEDD. Ho»IZ, [FII' —
(PO,0, [F]A 13 GL THWRTHETH 3. [P]Q C ST UO U {A}) THBDT, i
LD T [FII' - [P|O,[PIQ, A BAtHIATRETH 5. MiE2.2 X0, TUFT C a(v) »
D [PIOU[PIQU{A} C s(v) D a(v)Us(v) C SIH([FITU[P|OU{A}) 2723 v € Wqy,
PFIET D, ZDOvIiZD2WT, uRrv 785 2 ZmEIX LV, uRpv & uRpv 1FHH S 275
DT, vRpu & vRpu DH%ERT.
[PIBe€alv) 295, ZOLE WS [PIB ¢ [P]O THDh 5, [P]B e S{([FIT'U
[PIOU{A}) &b, [PIBeSHTUOU {A}) £%5.
B,[P|B e Sf(TTuo U {A})
= BS{([F]T U [P]O U {[F]A})
C BSf(a(u) U s(u))
5T, (cut)” &9 B,[P|B € a(u)Us(u) £7%2%. {RIZ [P|B € s(u) £ $%5& BeoO
LY FIETHBHDT, $>TI[P|B € alu) &b, 72, IKIZ B € s(u) T35,
[PIBeSITUOU{A}) kYW BeQ &7, [PIBe[PIQCs(v) 25D TFHIE. &o
TBea(u) THS. £>TvRpu &745%.
FRRIZ [F]B € s(v) &35 &, [FIBeS{[FITUBOU{A}) TH2DT, LR Y LD,
[F]B e S{([FITuB U {A4})
=[FIITUS{(Tue U{A})
= [F|T UBSH([F]T U [P]© U {[F]A})
C a(u) UBSf(a(u) U s(u))
FoTI[F|Bea(u)Us(u) &2 fRIZ[F]B €alu) 295 Bel LD FFE. o
T[F|Bes(u) &%, $>oToRpu &725%.
U723 T, uRpv £ 72 5. O
Tz & o T, (Wek,a)-, Rr) & ([F—a]), ([P]—a), ([F]=s), ([P]—s) &9 Z &
MO0 I DHER R frame T 5 DT, Kripke completeness 255, & - T, G(K4)
D (cut) i (cut)? IZHIRTEZ Z 2 2%b 0 5.

GKd) T U THERETREAN 28D D, £ —mHIE, i 4.6 1% Kripke complete-
ness #E < Z X IFHRDL D, ME 42 DX DITHIIR DL WETHS. T LTH D —
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M, G(Kid) R G(Ki4)* Tlk, S5 % K4B O X 5 24 E 72 analytically saturated
DAZEDTERT LV —L2WETLTFRPERLPVBSD L I 5D > TWRVWKTH
5. INoEMHFT DI, FEFHBROEREEHTLIBEUPDHLLEFZATWVDS.
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