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; s s KQML
, , assert,tellask 3 s KQML
11
A P ,STATUES::={IDLE,BUSY,WAIT(a)lacA4}
1. I={<ap,statue>lac A,pe P, statuec STATUES}. V ye ]
I koML KQML ,
Iy KQMLZZ:FH)LE@F BUsY®L warr
TipLg ={<a>lacA}
Tgusy::={<a,p>lacA,peP}
Lyarrii={<a,p,wait(a")|lacA,a' €4>}
“@
IipLE s , D . P R statue=IDLE, statue
12 KQML
2. KQML (Tkowr -L.{=>'lleL}), L —" T Tkomt
Vliel
, KQML o1 2
KQML R 1 L={assert(a),tell(a,a’),ask(a,a’),\/},FgFKQMLZFIDLE@FBUSY@FWAH,
dispatch
Table1l Transition rules of synchronous system
1
(1) <a,assert(a’). P>®I®<a’>—" " Vq P>®[D<a’,P'>
where P'=dispatch(assert(a’))
(2) <a,ask(a").P>®I®<a’>—" " <q,P,wait(a')>®®<a’',P'>
where P'=dispatch(ask(a’,a))
(3) <atell(a'). P>®T®<d’ P ,wait(a)>—"""<a, P>®OI®<d’ ,P">
where P'=dispatch(tell(a’),P")
(@) <a\>®I>'<a>@
1 @ ,assert  ask s IDLE . ,
2 3 s ask R Jtell
s (blocking)
1 1 KQML
KQML ,KQML BNF

Program::=CommAction.Program|V|C
CommAction::=assert(a)|tell(a)|ask(a)
C=""Program

2 L= {assert(a),tell(a,a'),ask(a,a'),get(a),\/} .

s ask 5 Twarr 5
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Icr KQML:RDLE(‘BF BUSY-
m(e,s) e
Table2 Transition rules of asynchronous system
2
(1) <a,assert(a’).P>OTS—™*" " Vey P>@®TS+{m(a' assert(a’))}
(2) <a,ask(a’).P>®TS—* " Veq P>®TS+{m(a’ ,ask(a’,a))}
(3) <a,tell(a’).P>OTS—""“ Vg P>®TS+{m(a' tell(a’))}
(4) <a\N>®TS—<a>®TS
(5) <a>®TS+{m(a,msg)}—>*"“<a,p’>OTS

where p'=dispatch(msg)

(H~@3) s a assert,ask,tell 5
5 a , a IDLE ,
a m(a,msg). 3
, , 2.
2. 2 KQML
KQML JKQML BNF
Program::=CommAction.Program|V|C
CommAction::=assert(a)|tell(a)|ask(a)|get(a)
C="Program
13
3. A IDLE, welipLe » 7
1> S, rsd o T
) L€ T(70) 0 T(%) 10 i tla t a Ha
:(a) ;(b)
2 KQML
KQML , KQML
21
4. felxome KQML ,JYEL L s
X $ , 3¢ elkqumi &7 > ¢,
z R VA 1 ,
, W , P P X
, R(%).
KQML S X S . < T 4
, X dkom—>Txome- X (1), R(p),
P! kouLR(N=L kqu- X X
S. ¢ x ., cep(p), a 4 X ., a Z
a ¢ x
X >
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1: 3 a,b,ceA, y=<a,assert(b).pa>,y,=<b>,y=<c,pc>,
VarVor7e} - KQML ; ., jassert(b)
, TxomL &={<a.pa>,y;=<b,pb'>,<c,pc>}, gomenbag > V4
assert(a’,a) & N ¥4 . &, a b IDLE
) a x4 g X
22 KQML
, a b , X a x ; X
) > a X
*a X ;
ta g X
KQML s
, KQML ;
3. 4 T, 4 3 . KQML
V yelL,VaecAd
Tyep(p) < K dy€p()s
K Kal y€p(%) a Iyep(x)
3 iep() = kadiep(n) a X
. a x skalaep() = iep() a
> a x
23 KQML
KQML s V ye{assert,tell,ask},y ()
p()={4¢ x
2 , Yacd, a Txome, Trourep()
Jda'eAd at a', <a,y(a").P>elxqmL-
, V ye{assert,tell,ask}, a y . ), azd.
a%t a', a
R ask tell )
KQML get . R
2 , VYaeda Txome,  TxomLep(get(a))
<a>+{m(a,msg)} € Ikqmr.
R a get(a) a , a
a
2 , ) ,
3
Gapari[S] , KQML (starvation) (deadlock)
31
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b d, a assert  ask s

:B=assert(a).B
D=ask(a).D
Dispatch(ask(a,d))=tell(d).N
Dispatch(assert(a,b))=V
{<d,D>,<b,B>,<a>}, ,assert(a,b)  ask(a,d)
{<d,D>,<b,B><a>}—"" g D> <b B>,<a N>}
{<d,D>,<b,B> <a>} "D (<d D wait(a)>,<b,B><a,tell(d).N>}...

ask(a,d) , , Nd  {ask(a,d),ask(a,d),...}
,assert(a,b) 5
( CPU, ),
5 (
) ,
3.2
P a r > 1Tep(n),
1 IDLE
,ask o],
2 ,KQML
,assert(b,a) a b
<a,assert(b).P> <b>, a assert(b),b IDLE.
, : R a b
<a,assert(b).Pa> <b,ask(a).Pb>, a b assert(b,a) ask(a,b) ,
bl a b 9
2 b
[6]
T, a <a,y.P>, ye{ask,assert,tell}, 2
Lep(y) , x a s 2
4
2 ,KQML
KQML
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[7] ) C

KQML s KQML

References:
[1] Stefan, K. STRICT: a blackboard based tool supporting the design of distributed PPC application. Expert Systems with Applications,
1994,7(1):10~20.
[2] Genesereth, M.R., Ketchpel, S.P. Software agents. Communications of the ACM, 1994,37(7):48~54.
[3] Gruber, T.R. A translation approach to portable ontology specifications. Technical Report, KSL 92-71, Computer Science
Department, Stanford University, 1992.
[4] Shoham, Y. Agent-Oriented programming. Artificial Intelligence, 1993,60:51~92.
[5] Gapari, M., Motta, F. Symbol-Level requirment for agent-level programming. Technical Report, UBLCS-94-2, Laboratory for
Computer Science, University of Bologna, 1994.
[6] Newell, A. The knowledge level. Artificial Intelligence, 1982,18:87~127.
[7]  Dalmonte, A., Gaspari, M. Modelling interaction in agent system. Technical Report, UBLCS-95-7, Laboratory for Computer
Science , University of Bologna, 1995.

Analysis of the KQML Model in Multi-Agent*
LIU Hai-long'?, WU Tie-jun'

"(National Laboratory of Industrial Process Control Technology, Zhejiang University, Hangzhou 310027, China);

*(Human Computer Interaction and Intelligent Information Processing Laboratory, Institute of Software, The Chinese Academy of
Sciences, Beijing 100080, China)

E-mail: hlliv.dai@163.com; tjwu@iipc.zju.edu.cn

http://www.zju.edu.cn

Abstract: The KQML (knowledge query manage language) is a representative model in multi-agent interaction.
In this paper, some conclusions are given about the necessary communication support to the agent-oriented program
on the knowledge level based on the analysis of KQML model. Firstly, the agent statue model and the transform
model of KQML communication are founded to analyze the necessary conditions in performing interaction with the
synchronal and asynchronous KQML model respectively. Secondly, the deadlock and starvation problems in the
communication process with KQML model are analyzed from the KQML statue transform aspect, and the cardinal
reasons and the solutions are given. At last, the advantages and the disadvantages of the synchronal and
asynchronous KQML model are listed respectively, and the choosing principle is given.
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