ISSN 1009 - 3095 Joumal of Zhejiang University( SCIENCE) V.2,No.2,P.132 ~ 136, Apr. ~ June, 2001
hitp: //www . chinainfo. gov. cn/periodical; http: //www. zju. edu. cn;

132

hitp: //lib. zju. edu. cn/English; http: //www . zjupress. com

ANALYSIS OF THE KQML MODEL IN MULTI-AGENT INTERACTION *

LIU Hai-long(Xy#§ ), WU Tie-jun( R4 %E)

( National Laboratory for Industrial Process Control Technology , Institute of
Intelligent Systems and Decision Making , Zhejiang University , Hangzhou 310027, China)

Received June 18, 1999; revision accepted Apr. 18,2000

Abstract: Our analysis of the KQML(Knowledge Query and Manipulation Language) model yielded some
conclusiops on the knowledge level of communication in agent-oriented program. First, the agent state and
transition model were given for analyzing the necessary conditions for interaction with the synchronal and asyn-
chronous KQML model respectively. Second, we analyzed the deadlock and starvation problems in the KQML
communication, and gave the solution. At last, the advantages and disadvantages of the synchronal and asyn-
chronous KQML model were listed respectively, and the choosing principle was given.
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INTRODUCTION

In the multi-agent theory, there are two
communication models dealing with knowledge
sharing and problem distributed solving:

1. Public storage, communication among
agents can be achieved by building up public
storage area, which every agent can visit. Black
board model is the typical application ( Stefan,
1994) .

2. Message transfer, the information is ex-
changed among some agents directly with sur-
roundings support. Agent communication lan-
guage ACL (Michael, 1994; Thomas, 1992)is a
representation. In addition, the AOP language
(Shoham, 1993) was raised for agent program-
ming, presented a meta-language for agent com-
munication. It also belongs to message transfer
model. There are some difficulties in establish-
ing public storage in heterogeneous and distribut-
ed multi-agent system. So the research on a
message transfer model becomes a focus in multi-
agent communication .

Mauro (1994) did some primary research in
support of agent oriented programming on label
level. He gave the synchronal and asynchronous
communication model of KQML, and showed the
problems of resources starvation and deadlock in
synchronal communication. But he did not ana-
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lyze the reason and give the solution. In this pa-
per, we established the agent state model and
the KQML transition model, analyzed all the
above problems, and gave the solution.

AGENT STATE MODEL AND KQML TRANSI-
TION MODEL

Synchronal and asynchronous communication
models are two ways for message transfer. There
is no buffer in the synchronal communication,
and the acceptor should stay in waiting state be-
fore receiving the message. On the other hand,
there is a buffer in asynchronous communication,
so the message can be received when the accep-
tor is idle. The set of KQML instructions is too
large. For convenience, the instruction subset
consisting of “assert”, “tell” and “ask” are list-
ed. We can explain how to implement synchro-
nal and asynchronous communication in KQML..

1. Agent state model space

If A is an agents set, P is an agent working
processes set, STATES:: = {IDLE, BUSY,
WAIT(a) | a€ A} is an agent state set. Then
we can define agent state model space.

Definition 1. Agent state model space is de-
fined as three-tuple I" = {{a, p, state) | a €
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A,p€E P,state € STATES| .V Yy €T, is
called agent state model.
I I'kom. is denoted as agent state model

space of KQML, we can describe I'kgm, as: -

Ikom.:: = i@ eusy @ Iwarr

Pipg:: =1{a) | a€ Al

Tgusy:: =1€a, p> | a€A, pE Pl
Fyar:: = 1{a, p, wait(a’) | a€ A ,a’EA )}
“€”is an operator for constructing state model
spaces .

2 KQML state transition model

Definition 2. KQML. transition model can be
expressed as a three-tuple( I'yomt.» L, =l e
L})(Mauro, 1994), in which, L is an instruc-
tion set 3 —>!': I komr. ™ I'kour is transition rela-
tion satisfying a set of axioms and inference rules
for YIC L.

For different axioms and rules system, we
can construct different KQML transition models.
al — a4 and bl — b5 give two sets of rules for
point to point communication in KQML model re-
spectively. In al — a4, L = {assert (a), tell
(a, a'), ask(a, a'), /1, I'C I'kom =
Iipie D Isusy D Mwarr s and function “dispatch”
maps the message is received by the agent to the
corresponding process.

al) (a, assert (a’).P)pI'{a’)
—eel ) (g, PY@T'@(a’, P')
where P’ = dispatch (assert(a’))
(a, ask (a’).PYPI® {a )=k
{a, P, wait(a’))®I'®{a ,P )
where P’ = dispatch (ask(a’,a))
(a, tell (&’).PYDT P(a’, P ,wait
(a)>_>tell(a’,a)<a’ P>®F@<a' , P”>
where P’ = dispatch (tell(a’), P’)
{a,)oI'='{a)®T
From rule al and a2, we draw the conclu-
sion that the message of “assert” and “ask” can
be received by the acceptor without delay, be-
cause the acceptor is in IDLE. From rule a2 and
a3, we know one side is always in waiting state
after sending out “ask” message. So the “tell”
message can also be received without buffer.
There are no message saving and loading pro-
cesses with buffer, and the sending and receiv-
ing message is a whole block at a time. So we
have the following conclusions:
Conclusion 1. The communication in KQML

a2)

a3)

a4)

state model satisfying the transition rules of .al -
a4 is a synchronal process.

In the communication model corresponding to
bl -b5, L = {assert (a), tell (a,a’), ask
(a, a'), get(a),~/}. m(+,+) denotes the
state model of the buffer.

“+ 7 denotes the combining of agent state
model and buffer state model.

bl) <(a, assert (a’).P)g TS—==ert(<>a)
(a, P)®TS + {m(a’, assert(a’))}

b2) {a, ask (a’).P) @ TS—>=+(<+a) (4,
P)®TS +{m(a’, ask(a’,a))}

b3) (a, tell (a’).P)Pp TS—>N9) (4, P)
DTS+ {m(a’, tell(a’))}

b4) (a,/)DTS—~'{a)DTS

b5) (a)@®TS + {m (a,msg)} >+ (q,

pP®TS
where p’ = dispatch(msg)

According to rules bl, b2 and b3, agent a
can perform instructions “assert”, “ask” “and
“tell” without delay. And he does not need to
judge which state the action object is in. b5 is
the rule that agent a receives information flow of
the system. Under this rule, agent a need to be
in the “IDLE” state, and the information flow m
(a, msg) need to be in the buffer. There is no
state judgement in the communication process
under this rule set. So we can draw the following
conclusion: .

Conclusion 2. The communication in KQM
model satisfying the transition rules of bl — b5 is
an asynchronous process.

3. The trace of state transition

Definition 3. Supposing the initial state of
multi-agent system A is “IDLE”, namely 7, €
I'ipig - The succeeding transition processes start-
ing from the instruction Y, is:

'}/0—>X0 'yl—>X1 Y2 -——>X,,'yn+ 1o

Then the trace of state transition is instruc-
tions array {XO’ X1s"""s Xn™"" {, denoted as T
(70) % -

In addition, we use ¢, € T( Yo)xo to denote
the ith term of the trace T(YO)XO, and t ¥ a
denotes the instructions array only agent a par-
ticipates in. There are two situations for ¢ va:

(i) an infinite instructions array of communica-
tion; (ii) a finite instructions array ending with
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a finished process.

ANALYSIS OF KQML MODEL

Before analyzing the features of the KQML
model, we give some definitions of the KQML
model .

1. Ibstruction enable space

Definition 4. Supposing § C I'kqw, is a sub-
space of KQML state model space, y € L is an
instruction in instruction set L. When the rule
corresponding to instruction 7 is enabled in &,
that is to say 3 & € I'kgu,,» and §—>%€" holds,
then we call the transition of instruction y as en-
abled in sub-space of state model, denoted as: &

Fx . and also we call & a sub-space of enabled
state model of y, or enabled space for short.

In addition, the set consisting of all the en-
abled space of y is called the enabled space set,
denoted as p(y); the set that is the mapping of
all the enabled spaces in p( X) is called value
space, denoted as R(y) .

After acting on &, the enabled instruction
in an enabled space £ will make y change into
state space &, so the instruction ¥ can be
viewed as a function of state model space, de-
noted as X Ikou™ ko - The definition field
of function y is p(y ), its value field is R(y),
and they satisfy p(y) C Ixome > R(x) C Ikow -

Definition S. Supposing £ is enabled space
of function . If a is an agent that can execute
instruction y in enabled space, then we say a
can activate y in space &.

“Enabled” is used to describe the space that
X can act on, while “activation” is used to de-
scribe the relation between agent and instruction
in enabled space. The following example will ex-
plain the situation above:

Example 1. Supposing three agents a, b,
c& A, their state models are ¥, = { a,- assert
(b)-pa>’},b = <b>9yc = <C9 Pc>’ and E =
{7as 75, 7.} respectively. If we use synchronal
transition rules of KQML, the rule condition part
corresponding to y = assert(b) is satisﬁesi in
this sub-space of state model. We also can find
a sub-space of state model & = {(a, pa> y Yy =

(b, pb’),{c, p:)}, in which §—»w=ert(ba) &
holds. Then the rule assert (a’, a) correspond-

ing to instruction y is enabled in §. In &, if
agent a can observe the state of b is IDLE, then
a can trigger instruction y . So we say a can ac-
tivate y in the space & .

2. Feature of synchronal KQML

In example 1, if agent a cannot observe the
state of b, a will not trigger instruction y . Al-
though a is in the enabled space of ¥, a cannot
activate y . So, in agent communication, agent
@ must satisfy two conditions before sending
communication instruction y :

1) agent a is in the enabled state space of
X3

2) agent a can activate X in the enabled
space of vy .

In the synchronal communication model of
KQML, the activation is based on the observing
state of the agent on which the instruction acts.
So state observing is an essential gondition for
the synchronal KQML model. In fact, to judge
the activation is to judge if its state space is en-
abled.

Conclusion 3. Supposing A4 is an agent set,
Iy is the state model space, L is a communica-
tion instructions set. Then the necessary condi-
tion of the synchronal model of KQML is: VY x
EL,YaEA

FAGP(X)Q%FAG,O(X)

here, “k,”is a know operator of normal modal
logic, «, Iy € p(x) means agent a knows the
proposition Iy € p( ) holds.

In conclusion 3, proposition “T'y € o( )=
k4 € p(x)” means agent a knows that the
state model space he is in, is enabled space of

. So it ensures the activation of y . Proposition
“e € p(x)=>I4 € p(x)” means agent a is
truly in state model space p(y). So it ensures
the validity of the activation of y .

3. [Feature of asynchronous KQML

In the asynchronous KQML communication
model, supposing V/ ¥ {assert, tell, ask}, the
enabled space p(y) of y is:
p(x) =181 & byl

Inbl - b5, Vea& A , suppose the state
model space which a is in, is I'ggwy, then the
sufficient and necessary condition for proposition

“FKQMLG ‘O(X)" 1s:
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Ja’ €A, and a;éa’<a,x(a').P>€FKQML

So, for agent a and VY y € {assert, tell,
askf, the activation of y is only related to its
own state. They are whether the next program is
x(a’) and a5 a’ . The reason to limit a 5 a’
is to prevent agent a from activating the nonsen-
sical instruction to establish a communication
link with himself.

The asynchronous KQML communication
model includes instruction “get” to load message
flow in the buffer. This is the key distinction be-
tween asynchronous and synchronous communi-
cation. In bl) —b5), for ¥ a © A , the state
model space which a is in, is I'kgmi. - Then the
sufficient and necessary condition of proposition

Dkom € p(get(a)) is:

<a> + { m (a,msg)} GFKQML
So, the activation of instruction “get(a)”
only applies to the state of agent a and buffer.

DEADLOCK AND RESOURCE STARVATION

Mauro pointed out that there are resource
starvation and deadlock in synchronal KQML
communication .

1. Resource starvation

Resource starvation arises when one activat-
ed process monopolizes the necessary resource
enduringly, so thal other processes cannot be ac-
tivated in finite time. For example, two agents b
and d, try to send “assert” and “ask” instruc-
tion to the same agent a:

Suppose: B = assert( a) . B
D = ask(a).D
Dispatch(ask (a,d) ) = tell(d) .~/
Dispatch(assert(a, b)) =/

And suppose state space is i{d,D),{b,B),
(a)!, then instructions “assert (a, b)” and

“ask(a,b)” are enabled:

{{d, D),{b, B),(a)i—=="(="{(d, D),
(b, B),(a,/)!
{<d, D),(b, B),{a)}—>**9{(d, D,
wait(a)),{b, B),{a, tell(d) .~/ )}-"

If ask(a, d) is activated, then we will get
an infinite nested process, and its state transition

trace ¢ ¥ d is an infinite instruction array {ask
(a, d), ask(a, d), ---}. So it leads to re-

source starvation.

The essential reason for resource starvation is
that when a process monopolizes some resources
(for example, monopolize CPU, communication
port and link ) , it leads to infinite loop or infinite
nested process. So resource starvation is not re-
lated to communication model ( synchronal or
asynchronous ) . Process monopolizing resource
should be avoided in agent-oriented program-
ming.

2. Deadlock

Deadlock occurs when an agent a wants to
create a communication link of instruction y,
but in finite time, the state model space I,
which a is in, is not enabled space, namely I’
¢ 0(x) . There are two situations in deadlock:
one is that both of two agents want to be commu-
nication sponsor and create communication link
with the other concurrently, but none of them
will recede. So the establishment of communica-
tion link fails; the other situation is that agent a
is in an infinite loop process, this makes the oth-
er agent, which wants to create a communication
link with a, stay in waiting state.

Lacking overall control and recede coordina-
tion in communication, agents are in mutual
waiting state when they both want at the same
time to create a communication link. This leads
to the first situation. It is the general problem in
synchronous communication when inquire in-
struction (for example “ask”) transits by block
without buffer (Mauro, 1994). So in communi-
cation based on label level, establishing an ef-
fective control and recede coordination mecha-
nism can ensure that synchronous communication
works well.

From conclusion 2, the necessary condition
for establishing a KQML model is that the agent
has the ability to judge the enabled space. The
key of judging enabled space is to get the state of
its own and related agents. For example, the ac-
tivated state model of rule “assert( b, a)” are
{a, assert (b).P) and {(b) for a, b respec-
tively. That is to say the next instruction of a is
assert{ b), and the state of b is IDLE. At com-
munication level, the agent needs to get the state
of related agents. The agent can also find out if
he is in deadlock state while he judges if the en-
abled space exists. For example, the state of
agents @ and b are: {a, assert (b).P,) and
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(b, ask(a).P,) respectively. When a and b
prepare to execute assert(b, a) and ask(a,b)
at the same time, if the state can be known by
each other, then a and b will know that they are
in deadlock state. This needs mutual coordina-
tion and receding. How to coordinate and recede
is another problem in the multi-agent research
field. This paper will not deal with this situ-
ation.

The second situation of deadlock is just like
that of resources starvation, because an infinite
loop and an infinite nest process will lead to
deadlock. We cannot solve it at communication
level. But we can try to avoid it in the agent
program. Generally, we use a static limiting
method to avoid deadlock. For example, prohib-
it agent from sending inquire that may cause infi-
nite loop calculation to other agents; prohibit
mutual recursion request and so on.

In asynchronous communication, establish-
ing a communication link does not need to wait
for a particular enabled state of the other agent.
So deadlock will not occur. The following can
explain why this is so:

Supposing the state model space of system is
I' in sometime, the state model of agent a is
{a,x.P),and x € {ask, assert, tell} . In bl
— b5, we know '€ p( ) holds. So agent a
can activate instruction ¥, and deadlock does
not occur in asynchronous communication model

based on bl) —b5) .

CONCLUSIONS

From Conclusion 2, there must be a mecha-
nism, which can give agents messages about
their state, to implement KQML synchronal com-
munication. So establishing KQML synchronal
communication is more difficult than KQML

asynchronous communication.

Message transmission by asynchronous com-
munication can support higher knowledge level
program ( Angela, 1995; Newell, 1982). But in
the distributed problem solving, asynchronous
communication cannot use the last results to exe-
cute its next solving process in time. That reduc-
es the efficiency of distributed solving. Analyz-
ing the communication mechanism, we know
synchronism communication has no such prob-
lem.

These two communication models have their
own advantages. Which one should be chosen
depends on the practical objects. Generally, for
knowledge sharing problem, it is not necessary
to get knowledge in real time, so we can choose
the asynchronous communication model for con-
venience. But for distributed problem solving,
we should consider adopting the synchronal com-
munication model.
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