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ABSTRACT

Doxastic logic has been an important topic in artificial intelligence. Hintikka'"! used
the possible worlds model to provide an intuitive semantics for these logics, which is
generally accepted as the foundation of doxastic logics. But it also commits us to the
problem of logical omniscience. Logical omniscience says that an agent believes a]
consequence of its current beliefs. It is clear that a reasonable agent should not have
so powerful ability that it can derive al] logical consequence from its current beliefs.

Hintikka himself has already discovered logical omniscience. However, there was
not so much research on this topic until the eighties of this century, when doxastic
logics became an important topic in artificial intelligence, where the
resource-bounded agents has to be considered.

A number of logics based on Hitikka’s model have been introduced to circumvent
the problem. Of particular interest is the logic of awareness originated from F agin and
Halpern'®. The idea of Fagin and Halpem is to use awareness as a limitation of belief
so that agents cannot believe so much. This thesis is based on their logic.

We present a new proposal to model awareness and belief. The underlying logics
are two-dimensional logics, in which awareness is considered as the presupposition of
belief. We will show that by this way we are able to flexibly construct bélief models
according to different conditions.

Three models of belief will be given using two-dimensional logics. The first is
essentially a limited variation of Fagin and Halpern's logic of general awareness, in
which we substitute two-dimensional logic for classical logic as its propositional
semantics. We call it two-dimensional logic of general awareness. In the second logic,
which is called two-dimensional rigorous awareness logic, an agent justifies a
proposition so as to make it to be its belief. Third, we give hybrid semantics such that
two-dimensional and classjcal semantics are combined into one system.

Each belief models presented in this thesis is completely formalized as an axiom

system.

Key words: awareness, explicit belief, implicit belief, two-dimensional logic.
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RAFHAN, Tﬁféﬁi@ﬁ%j{ﬂ@ﬁﬁ-ﬁ’ﬂﬁﬁﬁﬁﬁﬁ—IE%WIPHE%: BfFHE
REIMREEH Lo 5, MABRMAFEB IR ER, 18 IR BRIX L6 iR
HAXBABTR AR, EXEARIAT K REH, BRIRBATHEENAE
RGF. BINABRELE K REHT %, X K RGERRA B/ M A 1B 58
FIRE: HAES2EALSEE K RGHENT R %,

BARBIXER R, BEREMEAEE, ﬁ%*ﬁ%ﬁﬁﬁﬁﬁ%i%fﬂﬁﬁgﬂﬁo
ZEYW*WE?Ui%H@EH%Z:@EE‘JE‘J@WI‘E%‘J, LR BEMER RS, o
TREEEER, B L. &SN RF 4R 2

TR, E@%ﬁ’lﬂﬂ@*ﬂﬁﬁ&ﬂﬁ%ﬂ@)\ﬁ%%iﬁ*o — R R
SR, FHXA A BT A B 524 i 363, ﬁfvgr%/l\ﬁ)ﬁﬁﬁiféﬁi@ﬁ%%@
Rz EB IR, S TBEERm, @Kﬂ@%ﬂgﬁﬁéﬁ%@m%ﬁ@%,
TREEARMEBEREN ML &, B, T B i B, 55 50/ 1 2 3 “AEE



BEM—FHE. MANEBRBNFEY —RENERANBERS, RL
TENBREL FEESITHESRE. BXEMHBEEH A FEEEFEE
FHREFERUWRBTREE . ZLAHRE LRI LR T R K BIE Sl
BIEFERE. TXTEENEBN, BEANSENTR DR EESNALETFES
MR eI LB ERN AT RL KD4s F FE2 My A TEEE
IRMAER AT 49300 TAE s MR LB A RTIR R, 852 KD45 15 h#x
RN FZ RS

B, agent UESEF FHEMNMR, agent EEFFXTFETHSRANIZA.
EHRY, WR agent ME—HFHE, BACHFEERBEEN. Fll, WERE
HEWARMLTE, BARHERAETXE—MEE: BRELSTW. thifg
ARBZMIEBEEAFTBEEERNITAER. MIITRESH XN KL
—PMAAEFE A, BEBFMHXMESRATEEZRGH, bE84R
AERZ B CHEXANMNE. XHEFRETRENHN, BREMA LIS 43T
HIEKEFNEERBNTATNS, IBEAEENESNERZ —CLE28T.

THRAXREESE M, B LRELNY “4-08”,

(4) Lo—LLo

EL—WEXH TR FER S, FFAEXER R WEEAEABE. EXRE
WEF, 4AHFREERE . BRME - AFRIERA, DTSt R R
ImABR . SR AT REtH AR AR R R BASEAT (transitive), B R 32

R (s, ) &R (t, u) >R (s, w), HFs, t, u HEETEEHR,

M4 4- AN PR OBBRRANN . B 4-ABAIRIMAEMA K R,
BEMRGHLELFRZ A K4 R K4 RGN THBOTA MM —5
RS . e
BOAEBRNUARR BEM. XAMERARRETXEOBE: agent
EREXTFEASRENELR. RAGHIENE, MR agent FAME—H31E,
MACHETRIMEEN. BRI, agent BT EBLETHES, Y
LR - N R e |
FTHOARRER BEME, 5 EHREY “S-AE”.

(5) ~Le—>L~Lo



IR, A F AN X R R TR AT BEtE AR, S A IR R .
FAAE S-A BRI %, WAZHXE AT Rt SRASERRY o L PR 40, an SR AY Feth A RY o
HIFNES R R REULEAN (Buclidean), HIR 9 A2 :

R (s, t) &R (s, u) =R (1, w), Hos, t, u AR AT gett R,

A2 S IRARR TR RO BB RAT NG 45 5-ATRIE W I A TR Kd 5 55
MEINRGEACLE EFRL 0 KaS R K4S ROAM TAER0936 FLEKL B 48 ooy
RETH FRERY R — B A5 2 1

BN BEBENERR Bk, Agent TR ZAME— T /E rfl, HILL
RUTHAEREN: “RAEAR FHIEAR T, “FRAER TR oa
R RN REH IR, ~ IR agent o7 AR 5 RE Y £

ERAL, —BHREATFEOAR, % LH2 Y “Dssm”

(D) ~L (oa~p)

[FIEEHL, X FaHA%R R TG BRI ¥ AT Rt SR A A 2 D-ABHANRE X
A, BEAHE D-AEAF XA, AAZIR AT Rt AR i L PR 4 wEETRE
TP IEXER ZFFUR) (serial), B R %2 .

MESTHEM R s, FHETEEMR, FBR (s, 0

A4 D-2 BARRS FIX A M R K R 2 ¥ D-NEAER M AEMA K45 #
%, BEMREIES LT % KD45 REE. KD45 REAMH T80, B JL B 4
H, f??ﬂﬂﬁﬂﬁﬁﬂﬁfﬁﬂ%“ﬁﬁﬁﬁ?ﬁé%o

£ L8RS, A 5% B9 7T 52 B2 HAE B AT 4 45 s XX LEIF B 7T L) 7 7 ik
Fagin®!, MeyerP2#;: 3,

EINENIBEAF R R, KD45 ?\—%?ﬁf/ﬁj{]ﬁ?ﬁﬂ‘]fgﬁi@ﬁ%%o AR, B
W%Lﬁzﬁﬁﬁ%%EEﬁﬁ,&%ﬁ%%%1¢0@%$1%%§AI%%
MREILE, #2 KD4s REENBATT B R,

&5, ﬁ]ﬂ']iﬁﬁﬂﬂMfﬂﬁfﬁ@%ﬁﬂﬁgﬁfﬂiﬂfﬂ%ﬁﬂﬁ? FRUEIIA 41T 48 7 5
BHEA RS, ﬂﬂﬁ@ﬁﬂ*ﬂﬁ@ﬁ‘]“ﬁ%%ﬂﬁmﬁz MAREABENEES

(justified true belief). SRER RIS 4, EEURES FEoE, B 5
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REM. MEMRGESHEFRR, HHRLARSET K REMRET,
MFREF K BRELHEESE TR, 8 K EFH D 2 ~K(pr~o).
BRIcZSh, KETHLEFEME— MR, %% RN T-AH.

(T) Ko—o

BN ARENEERE: MBIE o, A o REH. HIXTT T-40 H R
FRMLEXRA R BRY,

MEEAREH R s Fit, R (s, t) =R (4, s).

B T-2EMAE] KD4s REAEAMMARE, BRMWRELKKS B S5 £4. 1
LIEB, WR—ATJ0kR R ZESBM, BILBEN, FIINMEREK, B4R
R—AFMRR. LhRL, ELREMH, FFMERLEY, T ERME
RS, WARELERR, BE D-AEWLUN T-AEPHEH. B, RATATLUM
S5 R H EH D-ABRMASHLMIRE.

MR EESHANEIMETETHEERYE, TLHER, 4ilEes
EORENEHNHEEARN . AR L, BTSRRI R - MR ER, &
X TE SRR YR R — 2,y TR RS S T B X R, Xt —
FHHIFT R AR, REAE 2B B AIBT T4 2 0 17 24 48 it BT LAk 2% 47131
ERNEGR, FLE, EATHEBEROMRS, UESNHEANTRES, AT
WK EESTARMIR. Filt, BATEEMRLSHE KD45 AL S5.

1. 2 BHEEHHM

LEXHBARSR T ES M TR AR, DU RAFERI(S BB RS KD4S.
BETR-AEBRMABERE: XG2S EATAEIbE T 152X MES IS
fiE?

B, EERREMLRINNG. CAHEENENY 8RB AR T fas
Gif. BR, BESE-MHLASBNGEE, HFHTENEELMEE. Agent
REEEIN, BRI, B agent BH LRMREMMEEL S, FE T
HEHPTH REBHE IS 10 . BAR, XM TN T SEBRA0 agent SRt TR T,
SLPRAT agent BT BRI SR IRA, S IOHEER AE 7 h 252 H0A FR AN YR U ) R
il o
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