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A categorical generalization of models for modal logics

Subdirectly irreducible 72 H R Heyting {22815 B Jankov DEFMN G, HR E W9 &4
2L, HDH—EDOEEET-T sudirectly irreducible Heyting N ~D¥LEE{T - 7-.

*7-, AFR Kripke frame (231} 5 canonical formula OFEE%, —#D Kripke frame (254
L7z
A ER
(SHEHEAL - 1)
ELPERR ik & &t
200 644E 1, 000, 000 0 1, 000, 000
200 7HE 900, 000 0 900, 000
200 S4EE 900, 000 270, 000 1,170, 000
G
R
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1. BRSO 5

(1) CEMEEOANTIAVEL, T:ICoC %
C k@ endofunctor ¢ 95%. ZdDLx, CD
B D object ¢ &, ¢ B TIZLD c D&
Te ~D C DIEED arrow f: c—Te 12X L,
Fhooxt (¢, f) % coalgebra & 9.
Coalgebra OME/&iL, A — b~ b < Kripke
ETVED state based system % EiEm CHh
2 LT D THD. £72, coalgebra D4
MomEY, T 2 comonad OIFHEIE, algebra
@ dual 272> TW5. Coalgebra OHEHITL,
FRAHGREL OB iR & REBEHE HbLY k-
TW5. FEE, HRHEGRHEOEERET L TH

% Kripke &7 /W1, coalgebra @ Epk 72 fiz
2o TWA., 72, Moss X° Pattinson HIZ &
T, coalgebra MDIRDHEA, FRAH LR
FUZ Ko TRELCHEBRTED I L HRES
NTW5., ZDX 957, coalgebra & ERFHFR
OB OBEELRBRIZ, EHGHEOT T LVE
Fw coalgebra (Z LB —f LA FIRETH S Z
LS EL LD THoTz.

(2) HHHHEOTERETLTHD
Kripke &7 /VIZBI L CTix, AR Kripke
frame % R F 26BN, ¥4bb
canonical formula DTE(ED, Fine &I k&



STHBNTLLEE, ZoHEIZ>WT, H
RFETIZ, L DFEERIE SN TH

7. F£7-, Kripke frame & XD BIRICH
%5, R ICBE L Tix, subdirectly

irreducible 72 H R Heyting {44k & FFfS 1 F
HinFOTFEED, Jankov IZX > THIL
TW., £LTC, ZNHEEESITLHO
E LT, frame EREDOBOIHERH Y,
FRIZHOWNT Y, ZL OFERREB MO
TWb. —FHT, BRiEmEECERRELOE
T/I/%%Z_éi}%/m\ AIRD Kripke frame =°
RETIIA+THY, FREFRL 7220,
— R DOBEEDOMIENMETH -T2, £z,
coalgebra & Kripke frame & (DER#:7EE
Ez 5D E, Pattinson HIZ X B, FEIAER
FMBIZ LD coalgebra DOFFEATITNHIX
Kripke frame |28\ TH, ARE WD HIR
ZHUY BR\UN 2 canonical formula DTELEDN
HARC TR ST, &6I2, f3E Kripke
frame OMXHEEZE 25 &, AR LIRS 2
VW, — %D Heyting L% ® canonical
formula DEEBLHIFFS N, EHIC
Kripke frame <° Heyting {%#%® canonical
formula %, AR & IERB 5 2V — R DFEI
PRIk U7 BEa A 1 b uiuiX, Pattinson 1T
K DHFE & D B A R ST '?L'C §<0)
LREN B D EEFRG @@%T}bfﬁ Bl 5
WFFesE 8%, coalgebra ~¢& ﬁxﬂi'ﬁ‘é L
DHIFF ST,

2. HREOEK
(1)  HMHEGmELOET AR THM O T
é%ﬁ&ﬁnﬁ%% R %ucwm%m
WA HWT— ﬂxﬂ:‘ﬁ”é P o (e
@ , coalgebra DT~ 72t ig%ﬂigﬁﬂﬁ'ﬁﬁ%’) Z
S:%ZE?ET L. F e, BMEREOTT VR
B k% 72815 %, BEimoH TFE—m
3:67_6 L. flzxiE, Barcan formula &
infinite meet & £k FH W B F o
distributivity ZEFHOF THE—AICE Y
YL E BT,

(2) (1)@Eﬁk&5ﬁ%kbf,ﬁ
[ Kripke Frame <°FBR Heyting {{#%iZ

% canonical formula OGN D, 755&3:11\
I HIPRZHL Y brx, MRERPEEZHWT, AR
EVIIR S WV — /R D5 HRE & continuous
homomorphism X2, —fX® Kripke frame O
canonical formula #XRHBZ L. X HI|Z
Fh o oOBE &, Pattinson H 1T X B
coalgebra DERFAEERRGHPRIC X D FFEAHT &
OEEZALNCTLHZ L. e, Thbxn
coalgebra OHHOT T—HIL L, H—HIIZ
BOPDNNTX LR EMEET L L.

3. W0 Hk

(1) Subdirectly irreducible 72 A [R
Heyting fX#&IZ%}9" % canonical formula |Z
& B AT I, Jankov IZX T, 1960
FERIZITTTICEabBNTWEZ., ZORR2D
AREVOIHIBERVBRS Z52Ex 5. T
LHE, FZITX, 2o00F5MBHDH I ENSy
MmAH. 121, REFDOHL DO cardinality
DYETH D, T ELR->TEND D D
19o1%, RED meet X° join D& HEAD
cardinality OYEETH H. Z D 2F B DOHE
5E1%, homomorphism MDLE-D meet X2 join DPL
ELEATWD., ZZTIE, O OHLE
ZWOEF, HDHEOFMERZT, AR
TR S v, fEE ® subdirectly
irreducible & Heyting ¥z xt4 %, &
FREm¥R %4 B\ /= canonical formula Z3Kb7=.

(2) AMWT, root DL 57 Kripke
7 L —AIZ%9 5 canonical formula (2 X2
BT 1E, Fine 22k, 197 04T
FELN TV, ZORRENS, frame @
cardinality AR E W I HIRZED X,

— %D rooted Kripke 7 L — A%} 5, HE
[RamPE 4 FV /= canonical formula 3R 7=,

B S
(1) A % subdirectly irreducible Z2HER
Heyting f\#k & 4 5. Jankov I, #E = x T,
fEE D Heyting fR¥ BTkt L, LAFD 2 &Mt
MEMEICR D X9 b EFEA L

(a) B T x i refutable
(b) A X, B ® homomorphic image O
subalgebra & [A)7HY

ZOEB)G, Heyting fW#( D cardinality
<2 homomorphism DfE-D join, meet D & HEE
B D cardinality AR E WD K24 L T,
HARIZIEET A2 &t 2525, £7, =
Heyting fX# A NEEIZHE AN LT 5.

T 5 &, WEREEZ HW e x OB 7 ikik
TBERICEEDS. 20 42, 8O %
Heyting fRE B (ZkF L, RO 2 FefbZimi/=d
ZEERERNNZ LIRS

(¢c) B T xliXrefutable
(d) AlZ, B ® continuous homomorphism
image @ closed subalgebra & [A)7!

Z ZC,Heyting ¥ A7>5 B~ continuous

homomorphism f & 1%, A DIEEDOEHES X

WL, AXRVX B AIHEET D6,
f(AX)= AFIX]

ES



f(VX)=V f[X]

MDD E D, TbbH, A DEED meet
L join ZREFET A LODOZ LAWY FT-,
B @ closed subalgebra S & X, B @
subalgebra T, inclusion i:S—B 7%,
continuous {2 AL DD & w9 . FEE,
S 23520k Heyting fR1ET&H > TH, inclusion
23 continuous {Z72 & 22 WIS TEET D720,
ZDOXD RIENRMENI D, I IS, &I

(d) TORMIL, continous 72 BH NIELE
THIEEEHRLTND.

L AN, Tk Jankov OJFIETIHEA L &
FYEeTHE, FORTHNTWS Lemma D 1
DB BH D Z Lotz T, E
BOPRZ DL OOKFITIXARNL DD,
Jankov OEHDOILIEE Jankov D JFiE TR
ZElE, RA[EECHAILERT I EIZo
7-.

(2) (1) OFERZ 51T T, Jankov OJE
B % Jankov ® FiETHLIERT D2,
continuous homomorphism & ¥, 59V V&N
VETHHI ERbholz., 22T, KD
pseudo continuous homomorphism & V9 &

PEANLT

EF T Z580 Heyting fREL A 25 551
Heyting %% B ~® homomorphism &3 5. F
ZIIZL D BORARTOMBEL, bE FD
MEAESD join &35, Zdb L FITXL,
A {b—x €F | x€F} €F

Mo & &, f % pseudo continuous
homomorphism &V 9. Z#ULiX, countinuous
homomorphism @ B AR YLIRIZ 72 > TUNVA. H
J&AYIZIE, pseudo continuous homomorphism
1, VX PR KRICIZRD X972 join LAt D,
£ B ® meet & join & R o XK 95 7
homomorphism M Z & TH 5.

S BT, 5EfK Heyting fR% A T, &AL TR
WVMEEDOHEFE a b, a G FRWVEEDOHR T
S VE—FIZxL, ADBHDLEF Db T, LT
DAGZRT-THEONFETHE X, A &
T-regular &W9H Z &2 5

1. b OWEAZGCLETHEEX, GIZAD
T A IVH =

2. A 225 A/G ~D projection 1L pseudo
continuous

3. alX, AD>H A/G~D projection T, A/G
@ second greatest element |28 X115

4. FCSG

72770, Lb X, x=Zb&W~-TADERxD
£ 45%FK 9. T-regular Heyting ¥ D7 Z
A%, AEEDOAMR Heyting 3, B IOMEER
DO#IE Heyting R¥A &L, £/, BEE, H

MTALTWD., lkhkoXoicERLE
pseudo continuous homomorphism L
T-regular Heyting A%, B L, HE[RiHEE
e x O ERIRIRIC L, ITFO LD
7% Jankov OEHEOPLIENRY LD Z & HIR
L7z:

T A % subdirectly irreducible 72 5&0H
Heyting %%t & L, B % 54§ T-regular
Heyting f¥& & 45, Zor &, kD 25404
VI EME

(e) BT, xI&refutable
(f)A %, B @ pseudo continous homomorphism
@ image @ closed subalgebra & [E7HY

(3) FZAMRT, root ZH> X 9 72 Kripke
frame &9 5. FIXZEBTEIED frame TH o
Tb, FEHGHED frame TH-oTH LV, =
DL X, FiX, 5 canonical formula o T
Rftirons Z eEnmonTng. 374k2b
5, O Kripke frame G (2% L, LLF®D
2 RMENEMEIC 72 D X 9 2ein PR o O TFEFE
DHHNTWD

(a) G Talrefutable
(b) G725 F ~~ subreduction BN{EET B

Z D HFZE RS R 2> 5, Kripke frame 0
cardinality 23A R & W5 HlBRZ B Y FRu iz
— b E1To72. T72bb, AREIZES A
VMEE D Kripke frame G [ZxfL, o OHER
FBR A T AR PEBEDS,  EREOSA: (a)
(b) -4 2 2Lz, ZOMERERE

(2) OWFFEFER L 2T 5 &, T-regular
Heyting %% &, Kripke frame @ dual algebra
EORIZMENOBEEENH D Z &N TR
Ehb. LaL, Litak (X v, T-regular
T2 Kripke frame @ dual algebra OIELE
X2, Kripke frame @ dual algebra T72\»
T-regular Heyting fAEDIFIENH LM E
NTWAB., ZDOZ D, Jankov DEFOHL
ENR D STORE D 7 5 2%, T-regular
Heyting f%ED 7 5 A L0 LAV &3 TR
END. FO®EEEHTRPIRTZ X, &
BOMBELE LTI TWS.
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