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1. IZU®HIC

AR T, THERDER L T 72k & ST 2mBlER e - Rl anb £ L
HHEEBIZ, ROZHOOZEHEAMNET D,

1 WL ODDOFL TR R ANV OfRIEEIRET D,

2  ®RMERFEY (Dynamic Normative Logic, DNL) % W T, #BIEY 7 — A3 8

DX ITFRIRTE D0 ERT,

EFTHALLT, AMOT—~ICHT 2 INETOROMIBELZFTRL THIZ S,
ARIFFEIE. 2010 F DR BEGR L EEEY —2 v 3 v 7 SOCREAL 2010 D@ 3CIi2 BT,
HFARmPEY: (Logic for Normative Systems, LNS) #42R L7- & &b UE->TW
% (#1111 2010, Nakayama 2010), LNS /&, ERIHERRCETEROHERR 2 & & 0 7o BLERAHE
i a TEARNCRRT DDA LR R TH D, TORFUL, [HE L 7 —2] 2k
THEn e (il 2011, £ 2Tk, HEARR L 7 — MR &0 D o DOPA I & B
WL THREE Z2#< 2 AL NT, L LEDOKYE, 207 7a—F3EESh
TWD, 2012 FoREMGR R TOIRE THEARRREFOREOT ] (20T,
TR 72 27— 505 LNS O A O TRIR TE 5 Z & 23R &4, SOCREAL 2013 THEAY
FRERE O ML A RS S 72 (Nakayama 2013), % L C. LNS X° DNL % 57817 &
(T 5 ESS, Al (2012) % Nakayama (2013, 2014) CIREShis, F7. =0
7 7a—F ORFE T A3 Nakayama (forthcoming) T Sivlz, & 512, BIRAGR
iam P ORFRRR A~ OB 23l (2014) TRESNA TV D,

2. BIRARMA LS

B RARERRGR EE S (Explicit Epistemic Logic, EEL) 1%, FAN S £ X E A2 /E TR/ LT
TR R DOIEME L IR DA TH U | HEUAR RT3 X 0BRGN 5
R T oM ARV H L b D Lo TS, ZOHITIX, EEL DA L 2
DFFPEZFRIT L THL,
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EE1 T % MibiEim#EY (First-order Predicate Logic, FOL) O A/ &35, LAT.
T% Me&iiE (belief base) | LFESR, F72, [©) A X SEOmMMANRMERT LT
Do TLT, [T p ) 13 ITH0 p FEEANICIEN TE 5] ZLakbT &5,

(1) B,p & 4 [T+ p & T IZHEFJE],

(Ib)yM;p &, [Tu{p} ITIEFJE],

(Ie) Cn(D) =4y {p: T+p }o Cn(T) % UEEES (beliefset) | &S,

(1d) X R ERDO L &, XPHRMIEFELC TCWDILEEDZ L X EEL Z EITT
Do LT, BypXoMyp R EORBIZHND Z L1275, £, XIEEANCRE
INTHT £HTHHY 9 5L 2,

(le) Byp i, BIEMRATp NETHLZLE2ERT L ET D, ZDLE, @ IR
FEEGTHY | EEDOL plZoNT, Ipe@ ElTpE @) DALY LD,

(1) HesEEaEE] GIIAMOAMEEG LT D, T i Ko TV HEEERE TS
LE NG =pynicecC(T) LTEFRL.TG) % [ 7 V—7 G OIEEEEM] LTS,

B p. Myp, Bup ZZNEIVRDE SIS Z LICT L EREETOL L Tp HME
Lo TWa], BB TOLETp NAELEEELLN TS, [BLFEMRTp X
HThd], Brp & M pZ BFESHETRETX, [ GREURE T Z2amIcd4uX,) p T
HHITENRN ], Z LT, TEEFEORIE T 2RI ThE) porb Lz Eno 2
Lz %,

EFRLNOMBE L BRSO LT, BHITHEHTE 5,

MRE 1 2AIAFZFED [R2BIF), &IFAZFEED 13D, not |ITAZFSFHEOEE., £
LT, orlZAXSFED T£213) 2%+L45
(2a) [E#ERIPATIME] Byp = p € Cn(D).
(2b) [Modus Ponens] B, (p O ¢) = (B;p = B;q).
(2c) [REREAIERAAYE] B,p = M;p.
(2d) [HFAME] (TIST2& T2 13157 )5 ) = By p = Bpp).
(2e) (@ OWBKREFJEE] Byp©op €@.
2f) [EMEDJFEE] By p or By p.
(2g) [EEHEE] Brop©ViEGB,p. £72, Bygp & Brp &, HAHIIB,p BL VB, p
LELZE LD D,
FEH] (2a) 1% (la) & (1) A HEBITFERT 2. (2b) iF (1a) 725 . (2¢) 13 (la) & (1b)
MOIFFET D, (2d) 1% (la) & FOL O HEFMEN S, (2e) & (2f) 1% (le) 2B, (2g) I
(1f) M5 IF#ET 5., Q.ED.

K THEHRT DL ORI NEML T-20I2iE, ARICEHIERDO L D ANnEH W5 054
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WD D, T TABTIE, WOMBFREEZRDD Z LT D,

Q) LR JFE] MR ERX D@D RGO LETHRL, 2l bl TRE&p &
TERL L7z & ZI2iE, RO T EDEY 32D - Byp = Bp.

WIZ, WRARRGREL OB AN D DDA N B HIEERE L T <,
oG TR )L

[t T/RAN) 1d, lEFDOAH TRV OOESY ZE D H L CEHMb
L7=XANTHY, NE--/H (2001) 2iEim L TW5b, i, RO L D 72X LT
HD,

N7 e T AR —FNZWATND, =Y aN AR E NS
5, ETVAOBFOBITATHIN, T T oaixfach Ly, 7oriEeron
OWETERDZENTELRADOETIIRD ZENTERY, ET U AT ELLD
bR ENRTERY, =V an NZHT s TZADET0 S b7 &
b—HIXATT I, &

T IETT I [BRTE-ORTFOEIZATTN?) EHI<,

(A) 7T Thnhswa) &2,

B ET U HFZhEzEE , B0 s 5,

T FIRIZET B [HRTDOETOEIIETT N2 L#E<,

B2) BT HiE NIy L&z 5,

ZDONRANDOEE, BRFENEELRER LT L TND, ZLTAXLVOMRES Z
DIEEIFBOMLT LIRS B> TS, ET U HIE, RET VTN Thry £8A] &
BRTZNZONWTEZ, ZZNDT VT OETFPATHLZ L2 ET VAN A TN &
WO FEFICE D . ZOHERRIZHESWT NTn) EEXZXTWDHDThHD, ZDONRANVERE
LZERLTNLVDE, T TOMBEEZHRL TET U IR ETHRNEDIZHONT
BZDHEIAIIHDH, FITET, BRIFRELEME D OMEEFEROZ T ANICET DK
DRI ERD D Z LN HHRET D,

(42) Bypry)-a p © [BBFROLFEHB(PR) L APMEL TS EBRESTWHIES
MO BpHELL ZENTED ], ZDOEE, Byer-ap & [JFRE BPR) (2S00
TBRXMEEpEALRET D) el L35, 2L, 2O/ L
TET o HHRRDHEH BPR) 1, A Z SiEICET % i i ﬁ@% miAsR, A
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. HRIFEL (3) 72T D,
(4b)p BADOMBENTEERT IO L ZIZiE, ROMENAKY L - Bigery> a2 = B p.
DFEVZDOLI L E, BIFARRBIELEEEZERLO L LTZITANS,

ZOLE, BT UHNASOETFAALLHRTED Z L EZRD LI ITFEHTE 2,

(1) Bger-a (T (B, A) V BT (A, H)). [V adRESFE NE BT
55 ]

(2] not Biger) -4 187 (A, H). [ET7 v AbHoTWBEHic,. =Y aERlicT
MO FERHA) ETUTFTREXTENG]

(3) B, i1~ (B, Colour) = By, - 4, 81 (B, Colour). [(3). (4a) LV ]

(4] Bispry-a) (187 (B, Colour) A Colour # ) = Ber) -4 181 (A, H). [[1) £¥]

(5] not Bggry- o ~ 18F (B, H ). [(2). (4] kvl

(6] not B, ~ 8-+ (B, ). (3], (5] kv]

(7) B, M8+ (B, B). [(6). (2f) £k V]

(8) Byger)-a M8+ (B, B). [(3]. (7 &V]

(9) By g+ (B, A@). [(8]. (4b) £ V]

ZDE I, ZoDREAYEIL (3), (4a), (4b) ZFRBOIUT, ET L ANEKKICRE N
W &2 -0 E . EEL O HAZ FAWTIRIATE 5,

4. RBESTOT=HD/ X)L

72 61 o172 (Muddy Children) @32/ (Fagin et al 1995, van Benthem
2011: 12) 1%, HWEFCBT DAL THD, SN2 D L. ZORRNVEfE gIC
720U, WEZEFREFONETH L, ZONRZAVE, KO KD ITHETE 5,

3A@%&ﬁ%?ﬁhﬁ%\3A@5%@:A@%&ﬁ%hﬁﬁo<oﬁgmm@
THERLZENTE L0, BBHOREBIZOWTIID Z ENTERY, ST,
BHDRBABRL-TET, ROXLIZED  [BRIELDOI HOLe b —ANRXK
INTWA, ) ZELTHIEM Y :TEOR LN THDEE S0, -S> TND N ?
T BIE, EEICEZ, 2B IRED, BWERIERBY RS &, T
W DTEA DI

ZIT, ZONRANEFLRT DOV ONOREEMZ2DZ LT 5, = ADF
A, a. b, c AT XD, BIWERIZENEVIRENDZFNENDIRELZ 0 2 DIEE
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LEHREn TERL Y, o, TOZANDPOELEEE G LTS (G={a, b, c}), &b
2, REEn TO=NDEEEBEZNZEI. a(n). b(n), c(n) TXRT, LT, Gn) =
Cn(a(n))mCn(b(n))an(c(n))& £ 2, 2F0 Gn) 1%, KEn TO=ANDFEIZELD
WESHEELZRLTND 2 EIIRD,
%1i#AkD %f@ﬁi%hv#%vﬂm@%%#@%é®f\ﬁ@iﬁ&%@
B4 (Elementary Theory) ET,.= {(5a), (5b)} 235k Y 322,

(5a) Vi, j, k(i #j Nj# kNk# i DVm(@m=iVm=jVm=h).
(5b) Vi (B (G, &)V BE (1, 750 ) A-Ti (B G RO )A B G 750D).

a.b.clITEN O IL. ENWDEWVDLOEL LN THDH | Z L x2M-Tn5, £7-.
NI HOFEE RAHZ LN TE D, T2 T, IRDZEDRKY LD,

(5¢) ET,,. S a(0) & ET,. < b(0) & ET,,, < c(0) & ET,,. = G(0) & ET,
(5d) VI,jEG Vx (i # j = (B, #H (/: x) = By, %8 (j, X))

mc—

ZORZVORWTIE, MFENRTFEIND72H, (5e) Bk >, ZLTEIND,
(5f) ~ (5h) WFHET D, LI 2T, EED i(n) NEFEE LREL TN,

(5e) Vi €G Vn (i(n) < i(nt1)).
(5f) Vi €G Vn (B, p = By.1) D).
(Sg) Vn (BG(n)p = Bc(n+1)P)~

(5h) Vi €G Vn By, p = By, p).

ZONRANAVTITET, [BRITEHBDIBHLOLRLEL—ANRLINTWS] ERENE
FZLITEY, BREOESENEHENS ;

(51) T_TD G OREKE i 12>V T (1) = i0){ Ti % (1, 151V )}, k5T .G0)u { ik,
B S 6(1).

ZONRAVTE, —AOBERMGONGE, AOBPMETOSE, S ANOENEWEE L
(A%} 3%@iﬁ®jﬁbf§ﬁ)§)éo T ITENENDBELSIIONT. SAE LEFEREAS
FoTna LW oo b Lo, #ma ik LThE I, P ~ AT OBENE G
BOHfERIE. KO XD IZ D,

(1) B, I3 iHHGIBE). [ ARZTOBEMNE NS
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(2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]

ViEGd=i &% (i,15\). [k Z b T 272012, £4H1d 28 N]
B, 3% G, Eh ). [[1). (5a2). (5b). (5¢) £V ]

VIiEG (i #d= By 8 (G, Eh\v)).  [[1), (2], (3], (5a) £V ]
ViEG (i #d= B, K, ). [4), (). (5d). (5f) &b ]

B, 3i(i #dAFG Eho)). [3), 4, (5) £9]

B, Ji B (G, 15\ ). [(1a), (51) £ 0]

B, 88 (d, 75\ ). [(6). (7). (1a). (5a). (5¢). (Se) £ V]

B, 3 i KH (i, 75\ ) > JiEG By, K (i, 75\ ). [(1), (8) Xkv]

ZD XN, — NETOEPEODIGEITIE, EOEDIBEN— NOFHLTET 2 TR 3138 -
TW5, BooORITHE ] E&Z2D iﬁ“f%é

TANDOFERBEWGAEIZIE, THZREL TN TWENE D, LS TWVEN?] &
IEBAORCNTIZH L CTFESE X 6T, b [Hbhn) E&x D,

(1]
(2]
(3]

(4]
(5]
(6]
(7]
(8]

B, 3G 5. [ ADEREN D]

B, 3% G, ). (1), (Sa). (3b). (5i) k]

B I A G, 15VY). [RIOVINFICHEL K2 b= D T, ko
APPSR L FARIC L ORT 2 LB TE D]

BE (d1, 15\ ) A FA (d2, 75\ ) Adl +# d2. [[1] L o2) 1TSS EART0EA]

By Ji (i # dI NG ). [L2]) L (3) k]

By 37 HH (1, 15\ ). [[3 (Sh) I 19]

B o #EH (d1, 75\ ). [(5], (6], (5a) & V]
B@HZZ"%‘M%“>f>3iEGBi<z>%:E(z’,%ﬁw). [0, (7 £9)

DX ANDENENGEIIE, BRAIOMOWNTIZ=ANE EZ bR o7
W2, ZEE OBWOHZIFENE WX TR > Tnad, BOOFIXEN) &
iééiff“%éo ZLT, BENEVTHIIZANDEDT, 20X HIIEZDL AT A

5T TH D,

ZANDOFEBBEWGEIZIE, TEZRIITNTWHENE I, SN TNEN?] LW

9 A DR NT jfrbf%ﬁ%%i%ﬂfﬁé%ﬁi s & ZFEX D &R D,

(1]
(2]

(3]

B, 3V 15V, [ ADERIENDE]

B 3 (G 5. [ZRIOMWMNFICHED & 2 b Tod T, ZALo
BEDENRANVERREICL ORTZENTE D]

ViEGB % (I, 15\). [[2). 2g) £V ]



P RARERGREL S & BRI e B2 127

DX IICENDEENIFEWGEICIE, ZHEIOBWNFICEAE b E bR o2
(2, ZEE ORBWNFIIZZADFHEE D TBSOEITIE] &2 DT TH D,

5. Mg Ram LS & EhRY B # i

Z OHITIE, WIRAIRERRGR LY & BRI U ORI IR R & B LR R PR A E 26
‘j—é:t ;‘3—50

(6a) T £ OBIZFOL DX DHELS LT 5, £ T EEFME ) OB % [REE | LS,
S Bz, NS= (T OB) ZHEMAFR (normative system, NS) & IFES,

(6b) Bysp Sy Brp,

(6¢) Mg p <, My p.

(6d) Oysp <:>de{/' [Brups p & not B, p].

(6€) Fysp S Ons ™

(6f) Pyp <:>def [M;uoz p & not B, pl.

(6g) BT NS W JE 72 D%, TUOB NI JE7r L &, 2vD, ZD L XIZ[RD,

Oyp. Fysp. Pyp ZZFNZEH, FNST“p%;’F%%?%T“%E)J\ INS CpldfEibain T,
INS CplidifF&ncuna| EEide 1235,
Z I T, BEAERE fi%@%mfi@jfoﬁ%ﬁ’]iﬁ%@é’nﬂb“(ib<

a2 NS= (T,0B) \FWFELBHEARLET D, 20L&, ROGEEBEDPKY LD,
(7al) Oysp = Pysp.
(7a2) Fys p = not Py p.
(7a3) Pysp = not Fyg p.
(7a4) Oys p = not By p.
(7a5) Bysp = (Mys p & not Oyg p & not Fyg p & not Py p).
(761) (Oys (p 2 q) & Bysp) = Oysq.
(762) (Oys (p 2 q) & Oysp) = Oy q.
(7b3) (Oys (p A q) & not Bysp) = Oy p.
(764) (Oys (p A q) & Bysp) = Opsq.
(7b5) (Oys (pV q) & Bys 7p) = Oys g.
(766) (Oys (pV q) & Fysp) = Oys g.
(7b7) (Oysp & Bys (p A q)) = not Py q.
(7cl) Oxs(p 2 7 q) @ Fys(p A ).
(7¢2) Ops (p 2 7 q) & Bysp) = Fsq.
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(7¢3) (Fys (p N g) & Bysp) = Fisq.

(7c4) (Fys (p A g) & Oysp) = Fs g

(7d1) (Pys (p © q) & Bysp) = Pysq.

(7d2) (Pys (p 2 q) & Pysp) = Pysq.

(7d3) (Pys (P V ) & Bysp) = Pys q.

(7d4) (Pys(pV q) & Fysp) = Pys q.

(7d5) (Pysp & not Bys (pV q)) = Pys (pV g).

(7el) (Ops Vx; ... Vx, (P(xy, .. X)) D Oxy, ..., X)) & Byg Play, ..., a,) & not Byg O(a,, ..., a,))
= 0,5 0(a,, ..., a,).

(7€2) Ops Vx; ... Vi, (P(xy, .., x) D 20, ..., %)) © Fyg 3x; ... Ax, (Plxy, ..o x) AOK, ..o X))

(7€3) (Fys 3x; ... Ix, (P(xy, ..., x,) AO(xy, ..., x,)) & Bys Play, ..., a,) & not BysO(a, ..., a,))
= Fy O(ay, ..., a,).

(7ed) (Pys Vx, ... Vx,(Pxy, ..., x) 2 Oy, ..., X)) & Byg Play, ..., a,) & not By, ~O(ay, ..., a,))
= Py Oay, ..., a,).

AEB (7al) ~ (7a5) 1ZEF (6b) ~ (6f) 22 HELLITIHFET D, (7Tbl) ZFET 5721,

Ous(p D q) & Byp ZIET H, T5H& (6b) & (6d) 725 Brugs (p 2 q) & not B (p 2 q)

&Bip WD IO Z L 30D D, Ko T B g BV D, Z 2T Brg ERET D &

B, (p O q) WIFFET B3, ZHULnot B, (p O q) EFXIETH, Ko T, not Brg MY L

oy FBEL (6d) 7D Oy g BIREET B, LoT. (Tbl) MEED S0, oA S S

DOEA TR TE %, Q.E.D.

fEE MHE & 7 — 2] (2011) 2B\ TIE, (Tel) ~ (Ted) OEBUZIB WV THIFIC not
By Oay, ..., a,) X° not Bys ~0(a,, ..., a,) DFRMEPRITTND, T ZITE, AIEEDORY 23]
ELEEREESh T\,

B BLE R CIX, k2 AR E T2 L &, HEKR NS oD ICHEIRE
(Normative State) NS(k) % H\ 5, BIEIAPRREIL, B&IRHEE T(h) & FHEIREE OB(k) 7D
iR S 4L, NS(k) = (T(k), OB(k)) 3%V SLD, H7pFT NS(k) 1X. k IR T O BLERATIRAE
ERDOLTWD, BINHERIEIE, HErREOEH (update) %77 L 9 Zeamdik
R ThHD, EERELEBREDL L BICHEFTEZ LN, ARMTIEBLICERIREOE S
IZOWNWTELET 5,

6. ENRHERERSE D 7 — L~ D A

g L 77— 2] TlE, — AT — 23RO X 512, REE LT A7 1T AR IR EHET
52 I Lo TSI STV D (p. 100),
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(8a) [WIHIRAE] #IHIRIEIL, 7V — 2 DOHBRICB T DREDZ L TH D,
(8b) [1T#y22MA HBIE] TR ZEMEHEEIT, SAXAONTRETT LA ¥ —D1T%
ZEH (LA VT —ICHF STV DT/ I A TORE) ZHIHT 2B TH D,
(8c) (T4 G2 SNTRIBIZ L > THET DT/ ZER NSO L SDITH I A T %
BIRL, ZNEFTTDHILICLY, 1TRBRIIETEND,

(8d) [RAESEHBIS] REEFHBEIL, LITREL T LA Y —DETIT AP OHE S
hoREZHET 2B TH 5,

(Be) [H&THRIF] F— LT T 2R EHET S,

ZOHITRLIEWOIE, AR S — A O5EITIE. 205 — MMEROBUE ST
B LOPHADOFTHIT D L VWH 2 ThDH, 22T, = HHEROFI % AT
IOZEERES, ZHMMENS OIE, M (magic square) DOEDTHY |, IES
B3 X 3D~ RIEFEZEE L, #t - 8 - ROONWTNDFNZONTH, ZDFIDH
FORHNBECIZRDEODZ L TH D,

AR T, ZHEERO— AT —LZLRT D010, RO X D725 A 7 OamESCBEK
BHAWDZLI2T 5, 2770, k7 —L0MITEREARDTEHRE (Chit [F—2aK
REml) ERES) &35,

AR B (K, M k.
PRERRE R (R), AR (k). R (0. T (K. BRI (K).

Z 2T, HLERAIREE NS,.(k) = (T,(k), OB,) & T,(k) =ET, uSTATE(k) %% % %, 12
72U, ET, X =07 Mo LR (elementary theory) %, OB, 1% = J7F#H D #5550k % |
STATE(k) 1% k Re R COREEER KT T 5,

[ =M@ ] ET,, = {(ET1), (ET2), (ET3)}. 7ok, 4w (FIREAIC

FRE S H7z) EARMKERITRHRI N TWD & T 5,

(D) CREEEBICETIHE] TLA YD —HOHFEx 2~ A yITEL L 20T

DFERL LT, v Ay BZOHFTHEIN, REBEH LD,

(ET) VxVyVn(ES @y,n) D (REHE @) =REH (n— 1) — {}A HEE @)= HiE
(n—Du{miA KEM (m)=KEM (n — 1) — {x})).

(ID) DR TEIICETAHE] =it WA TR TAKTTHEEShE &SIk

TT%, TO&E, fitFB LOHIE LOROIOHE B LAEbEEGF T X TIH

—CRRoTe XTI LAY —DRI & 72 D,

(ET2) Vn ($&T (n) =& 55E (n) =2).

(ET3) Vn (WA (n) = (KT (m) A Vx, Vx, Vx, Vxg Vx, Vi Vx, Vi, Vg (5 (n) =
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O, @), 06, 0), x, €, Oy ), O @0, O £, g, 80, O 1), O, 1)} DT s (o, = 5 A Xt
=5 Axx00 = 5 AxFxte, = 8 Axtxn, = s Axqbxdx = s Axqbhx = s Axdxx, = 5)))).

[ =FMoFEEAE ] OB, = {(OB1), (OB2), (OB3), (OB4)}.

(OB1) Vn (- #& 7 (n—1)D 3% Iy (EL (v, p, W) AxE KRB (n — D AyeEREHEH— 1)).
(F—=LBRETRE, LAY —IZREHOETOL 2E R TFREZIAE
TR OE DD ADHFIZENRIT IR B 720,)

(OB2) Vn~37'x 3y EL (x,»,n).

(—EITEB O E~ ATEZIAATIIRBR0,)

(OB3) Vn—3dx Jy (EL (y,m) A“xERMEH (n — 1)).
(—EFEHINHTFE2HEZIAALTIIRBR,)

(OB4) Vn—3dx Fy(EL Ly, ) AmyERETEH (n — 1)).

BT BT TICEERAENIC Y AT TLIE T2 EZAATIIRLRN,)

ZDEE, ByguwP = Bip DEEFITTE D, Fio, [F—A0URE TR0, A e
RO ZEXAND ZERTFENTND Pyguw CHET (1) DVx Vy (x ERMEH
(M AyEREHE ) DEL (x,y, ntl))) ] EW0H Z LN, AIRET VORI E > CTREH
T&E 5, ENTIHE, = HMO T — AOHEITH 2 B L fm B O P 2 %2 FH W TRk L
THEL I,

(F1) wknE

STATE(0) = { REEH (0) = {1,2,3,4,5,6,7.8,9}, KL (0) = {a, b,

a|lb|c

dlel c,d,e f,gh, i}, H#H(0)=7}.
T1,,0)=ET, uSTATE(0).

g|h|i

(F2) 1TABR [EHS (Be 1)) ROKE

ol e STATE(1) = STATE(0) u{ #< (5, e, 1)} & T,(1) = ET,,, uUSTATE(1).

d f BTms(l) (iﬁ,fiﬁﬁ (1) = {1525354:677a859} A 5'% Eﬁ/g(l) = {aa b: Ca d: f5 g5
Ny h, i} A HE (1) = {5, e} A HET (D).

g 1

2. 3, 4, 5, 6, TEBIIOVWTIE, KE/MELZEKL, LOXH>RFRLH
ZNFATSN, EDO LD REBEF AR SN0 ZT 2k + 5 2 Licd 5,

STATE(2) = STATE(1) u{ E< (8, a, 2)} & T,,(2) = ET,,,u STATE(2).
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STATE(3) = STATE(2) u{ #< (2,1, 3)} & T,(3) = E,,u STATE(3).
STATE(4) = STATE(3) u{ %< (6, ¢, 4)} & T,(4) = ET,,.u STATE(4).
STATE(5) = STATE(4) u{ =< (4, g, 5)} & T,,(5) = ET,,,u STATE(S).
STATE(6) = STATE(5) u{ #< (3, d, 6)} & T,,(6) = ET,,u STATE(6).
STATE(7) = STATE(6) u{ £< (1, f, 7)} & T,(7) = ET,,u STATE(7).

(#3) 1TxER TFELS (7,1, 8)) &ROIRE

s 1116 STATE(8) = STATE(T) u{ #< (7, f, 8)} & T,.(8) = ET,,,u STATE(S).
31515 By (RHEA (8) = {9} A 4 58 (8) = {h} A i%E (8) = {(5,¢),

(®,2),(2,1),(6,¢),(4, 2 ,(1,b),3,d),(7, ) } A= HET (8)).

(F4) 17AIR TEH< (9,h,9)) &ROKRE

s 111 STATE(9) = STATE(8) u{ < (9, h, 9)} & T,,(9) = ET,,,u STATE(9).
31517 B (R (9)=0 A K 5HEH (9) =0 A HEE (9)= {(5,¢),(8,a),

(2,1),(6,¢),(4, 2 ,{(1,b),(3,d) {7, {9, h) } A #& T (9) A BEF (9)).
4192

Zokolz, TES G, IME, D] EWI XA TDITEDEITICE » THF—ADIREE
FHEATL T & BRI TIRRBICET 5 2 L0 D, R &0 MR IR 77— 2
WL T, [R5 1E CEIRBERERIC X Al R e Th 5 Y,

7. H— RO/ )L

H—FDONRZL NI DN H 5 (van Benthem 2011: 8), AFH Tldk, Z DO/ XX L%
—fEOF =L L TR THZ iz 5,

H.S.NOZANIZENE, R A FOIT— FR—KTonTonTnsd 35,
KETVAY—ZADOI—RERDZLIFTELN, tOANDOHI—FRERDZ L
XTE RV, EEOGEIL, HRREFHL, MPAERL, SEHEEZFF2E VD
LD ot 5, 2T, SENBBEND,
MIZHIZHY : [HEOI—REFFoTWETN? |
HIZE®EIZ Wiz &2 5,
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BRI BRI 2 VT Z ORFEOEIT 2 M < 7201, HHEIATR NSk) ORISR &
72 DEEM G DT O RWER G & B2 MET D,

(I G={H,M, S8} £§%, LT, REXITIGPHMIMMS THL LT D,
NS (k) =(X(k), OBs) & X(k) = ET;u STATE (k).

[I] £ G O 7= O HFEPGR ET, = {(9a), (9b)}.

(92) Vid 'x (Fo (G, x) A(x=7% Vx=H Vx=3F)A-3iTjTx (i #j A FFO(G,x) A FED @, ).

(9b) Vn (Vi Vx(EZ5 (@x,[1E0 ], n) DFD () A ViVx(E x5 (,x, W2, n)
D =R (1, X))

(1] M G D72 DFEHHAE © OB, = {(9¢)}

(9¢) VnViVjVx (5 (i,j,x,n) D (F2 (,x) DB Z 5 (, x, 11X ], nt ) A FFD (7, x)
DEZD (,x, W2, ntl)))).

[IV] FIHIREE

(9d) STATE(0) =& & STATE(0) = { £ (H, 7} )} & STATE,(0)= { Fio (M, H )} &
STATE(0) = { £5> (S, F)}.

MIZBSPEHDO A — REFFoTNWDHZ &2 H->TWD, £ZTMIL, O ADH— R
DOEMD = DIIE, MOHEINT, REF TV, H50F, [FHE2F->Tn50)
VWS ZEEMITIEEV, EZTMIL, THOT—RE2FFoTn50?2) & HIZEWE:
DTHDH, Hix TWinz ] BT, HIZHETIERLSFROT—REfFoTnbH I &
2725, TZTHD ST, HDOH—FEE-TWAHZ ENbnb, ZoHm %2 ERMIC
i< LD L IR D,

(1) PyoM> M, H, &,1). [(HRET VORI Y]

(2) Buy, M5 M, H,%,1). [MAHIC HF») /5]

(3)  STATEL1)=STATE,(O)u{ 15 (M, H, &, 1)}. [12]. 3) £Vv]

(4) By, o H, 7). [(50). (9a). (9d) Lv]

(5] Oyy&z25MH, &, vz ,2). [3) 4). (%) £b]

(6] By ZA5MH,F, Wnxl ,2). [HAMIZ Wz EEZD]
(7)) STATEL2)=STATE,()u{ %25 H, &, Wz ,2)). [6), 3) £V]
(8) Bgy " FFOMH,H). L[(7). (9b) Lv]

9) By, FFoMH,FH). [8). 2g) LVv]

(10) By ¥55 M, F1).  [(50). (9d) k9]

(11) By (F5o (H, #% )V #o (H, #7)).  [(10), (9a) £ 0]

(12) By o (H, #7). [9). (11) XkV]

(13) Byp 2 (S, & ). [(10). (12), (9a) £ V]



P RARERGREL S & BRI e B2 133

:@iﬁm\w—Pmﬂfwm:i;:&—vay%mwt~@®E~AtLT%ﬁ
TEDHZERbnd, LT, BINHREHREZIT. ZOXRXLVORRICEHA T2 L
DAL o T,

8. £&¥

AR TIE, BURRRMGR L, BRIy, BIRHERIEFORR LB L, £

NEHNWTED L IITANANVEHRLS O, EOXHICTHM T — A& RBT D00 %R
L7z, Za0D OFmEMARIL, MRS IR —BikiERIETEZ AL Z &, BLO,
ERRERLHELRIEZ I RIICRBL CTE L Z LICEDRELR H D, FTo. U4 N va
ZA L DRFEYEET — L%, BIEHGRIETZHW TR TE % 2 & 28 Nakayama
(2013a, forthcoming) TR ZFL T 5,

E

1) ZATF—2IZEL T, #ERFRICHL0E T IRERENLEIZR S, £ LT, F
B WEINE T — DT AITAR™FINTELT., FRICHAEIIRO—F%H
B OITAZEM D HER L il 5720,
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Explicit Epistemic Logic and Dynamic Normative Logic

Yasuo NAKAYAMA

In this paper, I report and summarize my recent researches on dynamic change of epistemic and
normative states. | systematically redefine Explicit Epistemic Logic (EEL), Logic for Normative
Systems (LNS), and Dynamic Normative Logic (DNL). There are several logical frameworks
for change of epistemic and normative states. Approaches in this paper, have two characteristic
features.

1. These frameworks explicitly express information of epistemic and normative states.

2. These frameworks deal with first-order logic.

The paper can be divided into four parts.

In the first part, EEL is defined and its fundamental propositions are introduced and explained.
EEL is a framework that represents a belief state based on a belief base 7. In EEL, "p is believed
under the belief base 7" is represented as B; p. In the second part, EEL is applied to two problems,
namely to puzzle of two girls in Yasugi and Oda (2001) and puzzle of Muddy Children in van
Benthem (2011). To solve these puzzles, I accept a perception principle and a principle for
ascription of beliefs. For Muddy Children, additionally, the belief update has to be taken into
consideration.

In the third part of this paper, LNS and DNL are defined. A normative system NS is defined as a
pair composed of a belief base T and an obligation base OB (NS = (T, OB) ). Now, we can express
not only that p is believed in NS but also that p is obligated (or forbidden or permitted) in NS.
They are represented as By p, Oys p, Fus p, and Py p. DNL is an extension of LNS equipped with
devices for update of the belief base and the obligation base (NS(k) = (T(k), OB(k)) ).

Finally, in the fourth part, DNL is applied to a description of typical games, namely to a play for
construction of a magic square and puzzle of cards in van Benthem (2011). Furthermore, DNL can
be used to describe primitive language games.



