The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

Communicability among Agents with Dynamic possible World Semantics
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In this paper, we introduce communicability among agents into a multi-agent system. We formalize this commu-
nicability by Dynamic Logic, which is a logic to reason about an action of agents and to update model dynamically.
Also, we combine the system of the logic with branching-time Belief Logic in order to describe what agents consider
possible given their current information and changed states for per time-step. In addition, a communicative act
inform is defined as an action operator in our logic. This logical model would be important for multi-agent systems
since the coordination and collaboration between agents depends on effective inter-agent communication.

1. FIPA

inform
Al

inform (i, j, p)
: B;p A =B;(B;jpV B;-p) A B;ci;

: B;Bjp B;B;p A Bjp A B;B;p
[Meyer 98, inform

Rao 98, Baltag 99, van Benthem 05]

(i) Bip ) P

[FIPA 01] [Hagiwara 06] [Rao 98] BDIcrs (ii) ~Bi(B;jpV B;~p) i j p
[FIPA 01] inform
inform (iil) Bici; @ J

(a) BiBjp i j p

(b) Bjp j P
9. (c) BiBip j i p

inform

[van Eijk 03] [Hagiwara 06]

c

Eijk 03 i ]
[van Eijk 03] “ I [van Eijk 03]

¢iTpj - update(p;) [Hagiwara 06]

¢l J i Jop

update(p;) j
[Hagiwara 06] ‘cij’ ij
A: 1-1 0761(51)1111 FAX

0761(51)1370 m-kobaya@jaist.ac.jp

3E9-3

ACL



The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

[Hagiwara 06]

[Hagiwara 06] Cij
Cij
(i5)
c
[Hagiwara 06]
Dynamic Epistemic Logic
DEL [Gerbrandy 98] {a)
(a) (a)e
a @
1 «a
{a)p [van Eijk 03] [Hagiwara 06]
° « P
P
° «
@ @
(a)
(a)
!
ai;(i,j € Agent)
[Hagiwara 06]

4. Btp
[Hagiwara 06] Berr
DEL aij
Borr
Borr
[ ] Borr
) P
. :Action
. A, V, D,
. X, F, G, U
) ‘A, E
. :B; (i € Agent)
. H(aijY(a € Action,i, j € Agent)
° 5 1],
. ()
BorL p
o AXp ¥
o AFyp P
o AGyp ©
o A(pUy) (G @
e By i P
* (aij)e a i
7
* phiaij @ij
o aij|Bi; aij B
o o wij
‘v Qij ®
AP =(mpV ), 9DY=-pVY,

EX(p = —|AXﬁ<p,
EG(p = —|AF—|(’0,
AG(p = ﬁEF—!QD,

EF¢ = E(trueUyp),
AFp = A(trueUyp),
(aij)p = —[aij]-p



The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

[ 1 Bére M
M = (W,Tw, Ru,B;,V) W w we
w Tw R,
veV p€eEP
Bi *1
1 Bi
KD45
[ ] Bore E
(M, w,t) = o
M w t ©
v(w,t,p) €V j € Agent Path(t) path[n]
(M,w,t) E" p =
v(w,t, ) €V(p )
(M,w,t) " —p —
(M, w,t) " ¢
(M,w, t) F" ¢V =
(M, w,t) " ¢ (M,w,t) E" ¢
(M,w,t) E* Bjp =
Vu'" € {w'|(w,t,w') € Bj}, (M,w",t) " ¢
(M,w,t) E" AX¢p <=
Vpath € Path(t), (M,w, path[1]) =" ¢
(M,w,t) " E(eUy) —
dpath € Path(t),3In > 0, (M, w, path[n]) E* ¢
n>m>0 VYm
(M, w, pathlm]) =" ¢
(M, w,1) | A(pU) =
Vpath € Path(t),3In > 0, (M, w, path[n]) =* ¢
n>m2>0 Ym
(M, w, path[m]) E* ¢
(M,w,t) E" {aij)e —
dpath € Path(t), (M w, path[1]) E* ¢
i M*ii
5. Berp
[Hagiwara 06]  inform 4.
(1)
inform  inf
(M,w,t) " (inf ;;)p
Jpath € Path(t),(M™ii w, path[1]) E* ¢ (1)
(1) anz]
inf;
FP RE e 1
mf”

FP = B;p A—B;i(B;pV —B;p)
RE = ij

#1 BiDWxTwXxW : (w,t,w")€ B;

*2 (M,w,t) f* FP
4.
{aij) (M,w,t) =" FP
(M,w,t) =" (infi;)RE Mhis
Jpath € Path(t), (M™ii w,path[1]) =* RE.
FP RE
6. inf
M M*™fii
i,j € Agent p €EP
q €EP
v(w,t,p) € V <
M = (W, Ty, Ru, Bi, V) My =
W, Ry B vt
(1) T:,nf” — Tw U {t’,t”}
weW Tw infy;
tl,t”
2) RiF =R, U{t <t t <t"}
weW
R, (1) vt t
t<t,t<t"
(3) B = B; U{(w,t',uw")|(w,t,w) € B;}U
{(w,t",w")|(w,t,w') € B;}
B i
w, €W
w eW B;

(w) t’) w’)) (w’ t”? w’)

(4) Vi = {w(w,t',q)lv(w,t,q) € V,q € P}U
{v(w,t",q)|lv(w,t,q) € V,q € P}U
{v(w,t',p)lp € P}

v
¢ q tl’ "
z‘nf,;]-
v(w,t', p)
[ ] wo to inf;;
2
inf 2
(2
2
1
x2 [Hagiwara 06] ‘B; Bjp Bjp A B; B;p’

[FIPA 01]  inform



The 21st Annual Conference of the Japanese Society for Artificial Intelligence, 2007

Bj (wo,t1,w1,t2)
B;

B;

[Hagiwara 06]
DEL

tn

(Bi CW x Ty xTyw x W)

B;

Berr  [Gerbrandy 98]

SMTP

*
BCTL

POP

[Baltag 99]

[Hagiwara 06]

CTL

Baltag, A., Moss, L. S., Solecki, S.: The Logic
of Public Announcements, Common Knowl-
edge, and Private Suspicions. Technical Re-
port TR534, Department of Computer Sci-
ence(CSCI), Indiana University, 1999.

[van Benthem 05] van Benthem, J., van Eijck, J. and Kooi,

[van Eijk 03]

[FIPA 01]

B. : Common knowledge in update logics.
In Proc. the 10th conference on Theo-
retical aspects of rationality and knowl-
edge(TARK10),2005, pp. 253 — 261.

van Eijk, R. M., Boer, F. S. der, Hoek, W.
van der, and Meyer, J-J. Ch. : Process algebra
for agent communication: A general semantic
approach. In Huget, M. P. (Ed.), Communi-
cation in Multiagent Systems Agent Com-
munication Languages and Conversation
Policies, Springer-Verlag, 2003.

Foundation  for Intelligent Physical
Agents(FIPA), Communicative act library
specification, http://www.fipa.org, 2000.

[Gerbrandy 98] Gerbrandy J. : Dynamic Epistemic Logic,

In: Lawrence S. Moss, Jonathan Ginzburg,
and Maarten de Rijke, editors, Logic, Lan-
guage and Computation, CSLI Publications,
Stanford, vol.2, 1999, pp 67-84.

[Hagiwara 06] Hagiwara, S., Kobayashi, M. and Tojo, S. :

[Meyer 98]

[Rao 98]

Belief Updating by Communiaction Channel,
In Proc. the 7th International Workshop
on Computational Logic in Multi-Agent
Systems(CLIMA), 2006, pp.177-190.

Meyer, J. -J. Ch., Wieringa, R., Dignum, F.:
The Role of Deontic Logic in the Specification
of Information Systems, Logics for Databases
and Information Systems, 1998, pp. 71-115

Rao, A. S. and Georgeff, P. M. : Decision
procedures for BDI logics, Journal of Logic
and Computation, vol. 8(3), 1998, pp.293 —
343.



