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Abstract  This paper extends the logic of Knowledge, Belief and Certainty (KBC) for one agent
to that for multi-agent systems. It presents a Concurrent Dynamic logic of Knowledge, Belief and
Certainty for MAS, which is called CDKBC logic, with a good combination between logic of KBC
and action modalities that have concurrent and dynamic properties in multi-agent systems. Fur-
thermore, a CDKBC model is given for interpreting this logic. The authors construct a CDKBC
proof system for the logic and show the proof system is sound and complete, where the validity
problem for the system will be proved to be EXPTIME-complete and give an application of the
CDKBC logic.
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B 252 0 B SR AR Rk A SR G il
HRBFNZ2RENRETRZ—. B 1962 4,
— iR ) A AL 2 2 i DA 32 B (s R AR 2 D AN
HREBE G ALK, C & B LR
2T N e R Xk BT AR R T
FRIRIE ST SR 1T 46 % 45 AN RE i 4 R ANE A i A2 1L,

1979 4%, Fisher fll Ladner 321} T 31 X2 1Y
RAES A R AR A SR L BRI B AR T Ay
BRI 7 P = S P S| B = SN I
KNS ZHITRIE R DS INEHB IR G

S X L I R B A AR MR A S NS E P
BEEAMREEEEZHN -4 SZ L5,
AEHZHBESEBRNES . MSERS 2 HEK
SRS A E R A BE

IR E SN E M &S & ) Lenzen 42
RS Lenzen BF5E T A ARG & RS &
PE AL & B4 5 1R BT A A B0 45 A AT A OG5 3L
Lamarre #il Shoham £ H{ T —EHR . EEXME E
PEAST R FE F X S 8 R R AR S5 iR Y
Su FEHEH TR AR S S et B
SR LA 2 HOR S A — AR RE AR i B At | i
HA BT A A5 S E R I A Sl

X SR RUR S S AT E I N A
RV B ZRBEERRGE. I HIH T 2RI R
AR E M 2 S ARG IR SR
AT R Z A AR B 45 . DA O Rl 18 SCHe s T 2
BRAERG TIE LB HR G EME ErEZ A
#r CDKBC(Concurrent Dynamic Knowledge, Belief
and Certainty) i#Z . i T X} CDKBC # 5 i 17 fi#
e et gt T CDKBC #2883 B ig 1 AR,
fEEME EEZ B R ARG E &M
FEPEZRCE S & I8 WA I 1T — AN AH N B TE ] &R
G (AVAPRR G I HOUEW T 3% R 4802 W] 5 10 F 5
LA S R G Pk ]2 EXPTIME 58 42 1.
BJGIE X4 T CDKBC 32 45 /Y 5L 1.

2 ZERFRRH RIS CDKBCIRE
T i 010 B0 B A I 2 3l A ML L 6 B

CDKBC B8, — IR A n A BER 4L, &
IR G120 on) TR n DR 50 KRN

TR 5., RN BRI B 5 R 2800 T
TRY 5 1 TR0 BB agent ¢ J& W] LAY HAIC AR
s (i=1,2, ). BHBRERE s, = (s,
s ) XL s, R s, R LAFR P A (1) =
1,2, n). agent i TEXF FREE A 55 j 8 70 A7 WL 4¢
JE ARG HJR R A 52, G =12, ). BRATE K
B B 465 45 I I A RE K AT RE AN RE XS PR BT
HEAT 58 4 E B B WL SR IR A4 A AT RE s, A GE T
st ARB R NIRRT 50 = (shyvsi s oerasi) . — 2R
RE s Bl —DIHERE s, A—DHNEARE 5., H
F s BI 5= Csn 5500 ) = (sby 555, 5000 easho.
KATH S RRITA 2R IREHBMES. TR
(7 FRATH eno’ () M int’ () 43 B 367 si, Fl s,
(i=1,2,,n).

Bes Mt AN RRE W int' () =int' (1),
WA FRATHEE s NFHR AL A s Fl 2 X agent 7 &R
AL AR HACHE s~ i XATIE R K, ={(s.0) |
SESE S, s~it) (i=1,2,,n). ATH K LR
A EXERK, (i=1.2, ) ES.

Vst BN RIRE W int (1) =end' (1) =
env' Cs) o 8 2 FATTAE Ul » INAF & B9 WL A5 s F2 X
agent i JE AP HERY HACHE s~ 0. XTI R R
B,={(s,)|s€ES,tES,s~5t}(i=1,2,,n). FA]
I B FRTA TR R B, (i=1,2, ) INER.

BEs Mt ZWINEJRPIR A W int (1) =env' (s)
A FRATTHE UL N REPERI LA . s Al 2 X agent @ J&
AF IR HER s HACHE s~ @ TR R AR C = {0 |
s€SteS, s~} (i=1,2,,n). TN C T RFF
B EKRC,G=1.2, . nEE.

TEFRATH R B BRI G RS s P ]
PLRACAS (0 BIFRATT A 455 20 2 Bl 25 A9 F0 L (R & A
SE TR ) U S R RE A I SR AT RO AT S S R Y. AT
F Act FoR A B ReR I B 4T h IS X5 —17
Ha€ Act Gl A—A5ZAT KRB RS FIRZS
BAZEMN ZICRER m(a), (s, W) €Em(a) 2 HILY
TR s ATAT N o JE FBORESHESG W. EATH A
FRINA — TR FR m (O ES (a€ Ach).

T HEFRATE O RSB B @ & — A E T
AR A DR IR R EEAF L B A L E
SR T4 @ MAT A& Act b 6T n ANRRE
K JF k& g & CDKBC # AL, & — A1 F iy ot
M=(S,V,K,B,C,A):

(DS ZERGEMITA LIRS, S h 1T
ELINVE |

'2 e
Sen s

7 .l 2
s Sen 9Sin 2 Sin o
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S= (S 085 ) = (), 082, svoe s st st s st sreeash )L

(2) V@27 J& — > BB, XF T 44 5t 7 iy i
PR p Ry B AR FRATTE SO oR 5K s
TERFA BRSO B 5 i R A7 AR PRk
XA R p F4 e RE s IRATA «(o(p)=
7(s,,) (p) € {true,false} , X H 5., = (sl s 5%, s oo ost)
BRI, BT AP AR i R PR 55 AR EB 43
AR BB 2 e AT B AR R W AR ], BAR V il 2
EWH B o T AMES B VR Ok Voal DL
S

(3) K ZARRK, (55 agent 1 KEKAD HIER.

() B 2T A KRB, (5 agent 1 RIKID IER.

(5) C A KRARC (5 agent i KEEADES.

() AT IR FE m(a) (517K a LBEHD
HIEE S (a€ Act).

AT M, (D, Act) Fom it A & AL 5 F i
AE © FIAT A Act b R TF n AN BEIKI I K& 3
A CDKBC BERVH B2, 1 7 B AEAS 7 A 1R
s OLT AR S Sy M,

w1l XRKZEHENLR.

B K AR o6 & 08 S0 AR 45 5 14 3 4
1R

THZHILAE L E LR ()=t s, €K, }
Ri(s)={t|(s,t) EB;},RL(s)={t|(s,t) EC;}.

2. R MEM PR H s 2 S
H AT RS IR 4 Ry (D) SR ().

H Rjy () o Re Cs) 1Y 8 S 12 il 82 AN ME A% 3 3
.

3 FHrRHEMIGSHEEREE

X7, FATHET & TR A5 &G 2 tE It
RNBZH XD ZE PR COKBC 2%, AT
F 4R b T A CDKBC 124 1 HE Y.

3.1 CDKBC ZiEHiE%

ik P & — 45 i i 4 , CDKBC % # (1 i
& R 8 BNF 35 82:5E X

(wff> =P BT IEE [ = Cwf ) | Cwff) A

Cof 1K Cwf £ | B Cwf | CCwff) |
EcCwff) | CoCwffy | Lal(wff).
TR a @ LF .
ali=72a|(a;P [ (aNP|(aUP) |a".

BESEF K ATFRINERERAELTIHEEM

B E R . WA K o BIRE ¢ Xt

TRREAR  ZATH, 805 UL o X T RBEE T
IBE R HNY. B KA B ReIR 0 MIEPEDR ¢
Ciop KRB REM X o BTG &, X BIKA
fBAE H TR A R 28 45 D DL A R AR S A2 g o
G TE B 1 SN R 1. PR e — AN BB AR A A — A A
Ry B H X A i BAT BE AR L GO AR I
M—N 5. Ece BWE G EANFREIKMIE ¢,
Cop BWE ¢ J2 G TRTA BRI 2 SLHH.

Lale RRAK ¢ TEPATIT R « J5 HE. AT H 7
FoRRAT R o FEATIN AT N (as B RRFTH o FitT
N B WE AT AT R (e B RIRAT N « FIFT N B
I K IAT AT R (e U B RN XATH o FIAT R B 1)
EH B AT R o RRITH o PEH AT G
WEITH « EEEEMEE 0 RETHEZY0.

3.2 CDKBCZiERIEX

N7 € X CDKBC 2 # i X (% F CDKBC
BRI AT T 5 AA R RE S R R.R, I
RETILRFRKATE LN KR R R, A A
R, R, —N_J6 k&R {(u,W)| AW, such that (u,
W)ER, and VoEe W, , AW, such that (v, W,) €
R, ,W:ULJWl{Wz | (v,W,) €R, )9 HiEt L R, * R,

N—PZJuFFE{(u,W)| AW, such that (u, W) €
R,, 3W, such that («,W,) €ER, , W=W, UW, "],
REFAE XM T :R'=R I H R =R" R &
— N TIRAR TOEX—NR T Fr(R) = {5, {5} |
s€ESIUTR. HSUEM Frl2 il ny, W71 Fr
Yy f5e /N E i LEP (Fr).

MR LA EE SCom O REREY & 3 v A 1947
ma; ) =m(a)em(f),
mCaN P =m()*m(p),
m(aUP) =m(a) Um(p),
m(a”)=LFP(F, ).

WG 2,onp AER T8 BATU — R

B DR s J& kB G AR R AFTE IR TS 7 91
SosSiac s (i S sy =5 F s, =t FHEXIAEj(0<;<
k=1 AFTEIE€ G TGS, ~ s, 1. WERAFLEREA k=1,
AR ¢ WOIRA s 22 26 G LIk AT UL ¢ A
IRZE s 2 G A iKY (G-reachable).

B M=(S,r, K.B.C.A) H ¢ & CDKBC # &

ANAGFATIADE L o BRI

(M,s)E=p iff ©(s)(p)=true.

(M,9)E=—¢ iff (M,s)Fe.

(M,s)EeA¢ iff (M,s)=¢ and (M,s)=¢.
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(M,s)E=K, ¢ iff (M,t)=¢ for all ¢ such that
.s'N’}J.

(M,s)E=B¢ iff (M,t)E¢ for all ¢ such that
s~’gl.

(M,s)E=C, ¢ iff (M,t)=¢ for all ¢ such that
.s'Né;t.

(M,s) =EEqe iff (M,s) =K, ¢ for all i€G.

(M,s)E=Cso iff (M,t)=¢ for all ¢ that are
G-reachable from s.

(M,s)E=La]e iff for all W such that (s, W) &
la]: teW ., (M, =o.

(M,s) =[7¢]¢ iff (M,s)=¢= 0.

BAEFATAR TS TR G &R & P A B
XK BWE AL @ &30 HA RER ¢ IF ) 3 /&
T IEL. Coo Bl AT BE T 1 A2 P “ certainty "
J5 I E R SC B BB AR ¢ 5 I 358 23t BEAE R
t, B John 5 E B AR SR 7 AE M T4 John HE A C
HLE X EH”. 5 & “beliel " 5 10 B UL B e
K @ FMEPERT @ SR M0 o AT RE S Y. ] 4, Bl A% A
AR A B A ELRI I AT BRI AN A7 7E R A (HLAE A
45 K Al REAT [R] D).

4 CDKBCIiEFHZR%

X4 AT e CDKBCIEM &4, © F %
RFHEBET HBNMBES JFEBE S
AR E S e

FRATHY CDKBC ik B ZR 4t Hh LT 2 2 A0 4 700
JLUEENT

AL i 8 5 b Y A ik E L

A2, (K;p NK, (9= ) =K, (), i=1,2,,n.

A3. K, p= ¢, i=1,2,.n.

Al Kio=> K, K¢, i=1,2,,n.

A5, mK,o=>K K @, i=1,2,,n.

A6. E(;§0<:>_é\(Kiga,

A7. Coo=> (e NE;Cso).

A8. (B¢ AB,(¢=>¢) =B, (), i=1,2,,n.

A9, (Cip NC (=) =>C () s i=1,2,,n.

A10. Cio,=>C K@, i=1,2,+,n.

All. Cio=>B,p, i=1,2,,n.

A12. [a](p= ) = ([ao=[a]¢).

A13. [a](pA )& (LadeALald).

Al4. [7¢]¢pe (o= ¢).

A15. [a;ple= [allBle.

Al6. [aNBles (LaleV [Ble).

A17. [aUBle= (Lale A [Ble).

Al18. ¢\ [a]la"Jp slaJo.

A19. oA La" J(g=[alp) =[a" Jo.

A20. K. [ale=[a]K, ¢, i=1,2,,n.

RI. 412k @ Ml o= ¢ HE L4 o= ¢ W H.

R2. 2Rk ¢ WE A Ko ANCip RE.

R3. ik o= E; (WA NE B4 o= Cod
N H.

RA. 402 @ IR 4 [ale R I,

HE . CDKBC iFEl R4 & AR ALL D
S AHE BRI R2, 7 DA ZR G0 5 AN 5 A0 55 T 4 28R
ek o HE L4 Bie NH.

w3, MEEAKX .o L, fEEHI Me
M, FfE & agent i, FATH

()M E=Cio= B, ¢.

(M =C,0,>C,Kg.

(oM ElalpA ) & (LaleALalp).

(DM ELaNple= (LaleV [Be).

()M FoAlalle’Je =lae.

i 9.

(DB M, ) =Co. HfE 2, WM{TE €
Ry () IATA t€ R (o). iR Coo B AT 15
(M, ) =¢. P4l Be B9iE L FANTHA (M, ) =B ¢.
P AR (ML) =Cip A (ML) =B, ¢ [7] B A E
WRWM, ) =K @ B4 (M, ) =Ce.

(b) BB (M, ) F=C o B 2R 45— J imt' (1) =
env' (O BPIRE ¢, FANTAE M. =@, BHEIH (M, s) =
C K, o, FATBAE , X8 — i 2 int' (u) =env' (s)
RS w, (M) =K @ BT T ZEUEW] (M, w) =K ¢
BT AT HTG UE B X B R ine’ () = int' (w)
ARES oo (M, 0) = BEaL. SR FATIN int’ (u) =
env' (s) Fl int' (v) = int' (w) B LA 15 2] int' (v) =
env' (), HIEHM,s) =C, 0, A]1E(M,v) =¢. Xt
W T ME=Co=CK,o.

(O FATHLUEH ME=[a](o A ) = ([a]@ N\
Loy R M E=lal(e A HBAXFiAT s€ S, K
i1 (M) ELal(e A @) PR BT A Bl 2 &1 e
W MG W) € La T ARE . RATH M, 0 =9
M, 0) = or. Bk, (Ms) E=la]e H(M,s) =
Lalg. BT L ME=[a]g A Lalg. ITT Mi=[a](p A )=
(LaloAlal). B IE M = (aleA[ald) =
LalCo AN BRI M F=La](@A ) & (LadeALa]d).
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(DR M=LaeN Bl BB AR T A s€ S, FAl
A M, =LaNBle. BT A il 2 & (s, W) €
LaNBIRRET A W AERE c€ W AERF (M, 0) =
0 X H (s, W) E[a]. (s.W)E[BIHW=W, UW,.
bR ce W 84 (M, s) =La]es iR t€ W,
W4 M) =[Ble. i (M, ) = aleV [Ble). fif
U ME=LaNBle= (LaleV [Ble). B4EFT A HITE L.
FFIRER 7% RATHE S IEM = (Lol V [Ble)=
LaNB]e.

() R Mi=¢ALalla"Jo. AP LXK FTA s€ S,
TATH M) = A [alla" Jo. HI(M,s) =g¢ Hl
(M, ) =la]la"Jo or. FiLa 10 @ L RATHA
(M.s)=La Jo . ik (M, s) F=eA La]la” Jo=
La™Je. NTfT M =g A La]la"Jo=[a"Jo. 75— I [
A TIE ] 2 25 5 114 TE 5.

@ 4. CDKBC IEB] R X F M, &0 51
(sound).

H A 3 A SCHRC3 ] rp i B 3. 3. 1, ASHEAR TS
EER RN

5 &MY (complete) f1E 214

X35, R ATHIE B CDKBC IF B & 45 i — 4t
ALE R
1 ZE&ME
AT EELERZ — RGN TR
S8 5 VE I UE AR HE SCHRC7 . 15, 18 i A L %
B 4%t Fischer-Ladner L3479 .
5.1.1 Fischer-Ladner ¥ B
FATE A B WA K% EFL: @—>2°f EFL, .
{la] pla€ Act. oD} =211 E L.
EFLORAE LAF
(a) EFL(p)={p},p R JRT i i
(W EFL(=~¢)={—-¢} UEFL(¢).
(¢) EFL(e N p)={e A ¢} UEFL(@) UEFL({).
(D EFL(K;¢)={K;¢} UEFL(9) UEFL(C: ¢).
(e) EFL(B;¢)={B,¢} UEFL(¢).
(D EFL(Cop)={Co¢} UEFL(¢) UEFL(B; ¢).
(g) EFL(K,¢)={K,¢} UEFL(¢) U{K,C;¢:
i€G).
(hEFL([e]e)=EFL,([a]le) UEFL(¢).
EFL, ORZE LIF .
(a) EFL, ([ale) = {[al@}.a JyJ5i ¥ Fp (5
170,

G

(b) EFL, ([aUB)@) = {[«UBlg} UEFL, ([a]p)
UEFL, ([Ble).

(o) EFL, ([aNBle) = {LaNB]e} UEFL, (La]e)
UEFL, ([fle).

() EFL, ([a;8]¢) = {[a;fle} UEFL, ([a][B]®)
UEFL, ([8e).

(e) EFL, ([a" Jo)={[a"Jo} UEFL, ([a][a" J¢).

(D EFL, ([7¢]e)={[7¢]e} UEFL, ().

XTFARA A ¢, F A€ X ¢ H Fischer-Ladner
M EFL(@) )N EFL(@) E L. R4 5
B LAS P .

RS, W eel, .4 o€ EFL(9).
5.1.2 REAIAR

R TUEW R GE ) o8 A e AT e B B M =
(S, V,K,B,C, M) & g8 M'= (S, V', K',
B',C".A" .

S'={DIr ZEPrHmk—5%E) ;

V(@) ={I'l¢€T};

KIEXHT~ A BHMN S (w|KweTl =
{w|Krw €AY ;B C2EMLE X

m/(a):{(l—‘,W)[a]gDGF, and W={A|pE A} }.

BN —BAK @ i HE 5. 11 RATAT L
HWRHY BHM EFL(o). & X —MREE S 11
TIKR=:

u=v E XN V‘ﬁEEFL(gD)(ueV/(s[J)(:)"UG
V().

Slul=u/prp = {¢| € EFL(@), € uy,
E(ful)={vlve S, [v]=[ul},

(W]={[t]lteW}, E((WD ={v|ve E(t]),
teW).

FATFIH EFL (o) n] LSRR M faj 4k Ky

M/ prrio = (S Jerrco sV Jerrco s K grncp »

B /v »C/erip s A /prip ) s

Horp

S /errp ={lullu€ S}

V' errco (O ={[uJIECuD NV (P F# T}, i%
HORREE;

K/ eriep B XK Lul~i prep [v] 2 HAUSFETE
HEE([ul)t, EE(v ) i 6y ~itys

B:/EFL(@ vCI//EFL(sﬂ) AR SR

m//EFLw) (a):{([u],[W]) ‘ HUEE([u]v HW/ €
E(W]1.4#4% (0, W) Em' ().

5 3CmRE7 1200, FRATT 25 5 459 3 T 1f 99 i A

W6 XA ¢EEFL(@,u€V (Y H
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11%[“]6‘///}%1(@(511) 1EH);] ‘&SD%?M,,%mﬁEE(JQH%@K%

W 7. XA La]gE EFL(g).

(D WHR (u, W) Em' (O, 4 u], [W)DE
7n//EFL(<;>(a)5

) R Cul [WD € m'/erp (@) Hue
V//EFL((;) ([0‘]</)) a%K/A ng//EFL(sa) (.

HH il A 6 iy R 7, FRATT A S ik WY N R B S B
(Small Model Theroem) ,

E I 1(Small Model Theroem). {iif ¢ 7
M, HOE Rl R IS AR E— DA 2T 2 AR
() CDKBC 15 ¢ 5 T 320058 AU /2 v] i 2 1.

HRAE SCHRL18 ], BEE W] & 48 1) 56 &5 Pk« R uE W]
KR F M/ eerco B EALHETS (Truth Lemma) . B 4IE
FLAEHES e RUZIER] ¢ () Cod M1 DL GX B ()
Sy La XD . R TS IE W 2.

AT L PR AR,

— KN TEM/prrip th &R () Co WO AT 8
BREM /e W REUT 3 MABRERE D=
Dy~ I~ [~ DK €G,i=1,2,

(D FFFEAT R, (i=1,2, - n) i e =, ~ e,
~xy e~ a, (KI€Gi=1,2,,n);

() a)yTET;(i=1,2,,n);

(e PET,.

SR LIS T2 AL, XF T 4 B A%, T T8 75 > iy
AT

w8  KlalC,¢p€EFL (o) M RAFLE— 4
M Lo & X R Ca) Co ¢ I AR TR 4 (a) Co p € T

WA, WHE D Aa)Cod J=—EH IR 4AF
TE— 2 M Do & X 1 Ca) C o 1 6 B 42

DAL T A o AR SR (18 L FRATT S ME A
i 10.

& 10(Truth Lemma). % ¢ &L, H—14—
HAR NI AH o€ EFL(@) fl '€ M /g »
(M//EFL(go) IDEY TR BELMRZ YET.

EE 2GS, WEE e L, ik e,
M4 Fe.

A AR F o ABOL B A @ & —EH A
M—e — AT L, MENRK—BED . Hir
W5 Al =o€ EFL(= @), N itt— e [T, 1 Ay 5
10 M /Lo s I @0 5 =0 FIE BT F @ B

o)

N7 FARE. HEHE.
5.2 E%&M
1L A e kT CDKBC #58 M, 2

AL 9 Y HACS ¢ JE M, — 2.

M, —Z I 2 ¢ 48 M, & ATk . i A 4
=@ KT M, A Nt @ 56 F M, 522 A Al il
FEB SR TE T JE S BT @ & M, — S b B AR R A
WE. TR e IR e 2 M, — B I8 A
5.1 R I T3k - RATREUE M @ & F M, J2 Al il

JEIH. JEEE.
12, —DAX o T M, &AL

R VBEZRMRAE-TREZAH 27 DMREN
CDKBC # B i 15 @ & T8 B 2 ] 1 2 1.

. R e T M, Y IR 4 i
B1l,e M, —Ba0 i Ed LA E— 1T R2
A 219 AR CDKBC B 15 ¢ 6 Tz i &
AR 5 — L IR — R 2 21 AR
& H) CDKBC #ERU 1 ¢ 56 T8 B J2 W il 2 19
MLAR IR o KT M, )2 T i 2 1. TEHE.

PAEFRATHE— 22k 1hie M, B A R vk R) R (el %
it CDKBC HiE B & 48 19 w] 30 31k M 7] &0 .

el 13, M, BA R R AT CDKBC iE B &
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Background

Modal logic has been proved to be a good tool for the
formal representation of properties in systems or programs,
such as knowledge, belief and many other mental attitudes.
Since 1962, a special kind of modal logics called epistemic
logic and belief logic were introduced and have been investi-
gated widely in philosophy, computer science, artificial intel-
ligence, and game theory. However, these logics can not de-
scribe the change of knowledge and of beliefs although their
static counterparts provide wonderful ways to formalize sys-
tems.

In 1979, Fisher and Ladner proposed the idea of dynam-
ic logic. Following this idea, researchers proposed and inves-
tigated the propositional dynamic logic, the first-order dy-
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logics can express the dynamic properties of knowledge, be-
lief and certainty, they just consider the combination of dy-

namic logic and one-dimension modal logics instead of multi-
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dimension modal ones, which has more expressive power.

The notion of knowledge, belief and certainty was first
introduced by Lenzen. He listed many syntactic properties of
the notion for knowledge, belief and certainty, but he did not
give any their semantics. Kaile Su presented a computational-
ly grounded logic of knowledge, belief and certainty. lLama-
rre and Shoham provided a model theory of knowledge, belief
and certainty, but they rejected S5. However the above log-
ics are just for one agent and did not consider the concurrent
and dynamic properties of knowledge, belief and certainty.

This paper aims to develop a concurrent dynamic logic of
knowledge, belief and certainty for MAS (Multi-Agent Sys-
tem), and presents the proof system and then show its
soundness and completeness.
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