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Abstract

In a mobile computing environment that supports mobile
agents, a client can send an agent to visit a sequence
of servers in the network. Tracking the location of
agents becomes a critical problem in managing a
mobile agent service network. In this research, we
studied the performances of a number of intelligent
search strategies that make use of prior knowledge
about the possible service time each server may take.
Our study found that, under a variety of circumstances,
the mean service time is a reliable index to predict the
location of a mobile agent even if the service time is

probabilistic.

1. Introduction
1.1 Agent and Agent Mobility

The goal of a ubiquitous information service network is
to provide information to the users any time anywhere
[7]. To accomplish this goal, a service network must be
supported by a wireless communication network and be
able to conveniently access to various information

resources [9].

Due to the immaturity of distributed computing
technology, clients have to access network resources in
a prescriptive fashion by interacting with individual
servers probe by probe to accomplish a complicated
task. However, in most mobile computing
environments, the nature of communications is
intermittent and the battery energy is limited. Thus, it is
very difficult to accomplish a complicated task that
requires its client to interact with multiple servers
intensively. A non-traditional computing paradigm, the
intelligent messaging, which allows clients to interact
with multiple servers in a dynamic fashion has been
brought up to cope with this problem [1,2,3,6,8].

Simply speaking, an intelligent message is an
electronic message that carries a computer program,
whether procedural or declarative, which can be
executed by the receiving servers on behalf of the

originating client. The program in the message can also
instruct a receiving server to forward automatically the
message itself to another server, on which the program
is executed continuously in a pipeline fashion. For
simplicity, it is called a mobile agent, or agent in the
rest of this paper. Good examples can be found in [3].

Since an agent may be traveling in a service
network, the originating client may not be able to trace
or control its operation directly. A service network must
provide some mechanisms allowing its clients to trace
and control these messages. This problem is referred to
as the agent mobility management.

1.2 Mobile Agen1t Service Networks

1.2.1 Open serViCE! network architecture

Traditional telecommunication networks such as PSTN
and 800 Toll-Free service used to take considerable
resources and long deployment duration to establish.
One major resource drain in such networks is the
OA&M (Operation, Administration, and Maintenance). It
will be impractical to demand the comparable resources
to support the OA&M functionalities in many prospective
information services. Thus, the computing community
have to develop and deploy the demanded
functionalities by themselves. All infrastructures and
solutions must not require any change to the existing
telecommunication network. To achieve this, we would
employ the open service network architecture proposed
in [3], which separates service networks from transport
networks. It also allows services of any scale and any
quality to be introduced into the network easily.
Readers are referred to [3] for details.

On the top of the open architecture mentioned
above, Lien proposed a hybrid operation mode in [2]
that allows a service provider to offer both centralized
and distributed operation modes to its subscribers.
Subscribers can choose to use their own Internet
facility, called Home Base Node (HBN), to share the
OA&M functionalities. (Typical OA&M functionalities are
billing, client location register, agent tracking and
control, agent status holder, etc.) At their own expense,
subscribers can also designate some OA&M
functionalities to the centralized facility managed by the
service providers. In this paper, we assume that a
service network that supports mobile agents is
established based on the proposed open architecture
and managed using the proposed operation
infrastructure.

~ This work is partially supported by ITRl/CCl grant under MOEA

Distributed Information Processing Program (86-EC-2-A-17-O204).

10



1.2.2 Searching a mobile agent

After an agent is submitted into a service network, the
client or the network manager may need to know its
current location in order to inquire its status, or to
control its execution, etc. A simple way is to send
another agent, called search agent, to search the
original agent along the original path, or to broadcast a
message to every server where the agent might have
visited. There are some problems associated with
these straightforward solutions:

1. Sending many messages over a wireless network
may be too expensive.

2. The path that an agent traveled along may be
non-deterministic such that it is difficult to trace.

3. A sequential search may take too much time.

Therefore, better ways to locate an agent are in need.
In [4], Lien and Leng proposed and analyzed several
search strategies, which will be described in next
section. Among the proposed strategies, the intelligent
search is the most promising one if the service time of
each individual task can be estimated using prior
statistics. To reduce the computation time that is
required to estimate the best possible location of a
target agent, we studied various ways based on the
aggregated statistical properties to improve the
computational performance of the intelligent search
strategy (18S) proposed in [4]. The rest of this paper is
organized as follows: Section 2 will review the search
strategies proposed in [4]; Section 3 will discuss the
intelligent searches using the aggregated service time
statistics to reduce the computation time. An adaptive
search strategy will be presented in Section 4. Finally,
Section 5 will discuss some complicated issues and
future research directions.

2. Previous Work
The strategies proposed in [4] can be categorized into
two types: blind and intelligent searches. The intelligent
search strategies make use of prior knowledge about
the execution of all tasks, while blind search strategies
don't.

The following notations will be used in the following
sections:

.s'= {S1,S2. Sn}: the set of distinct servers
visited by an agent.

.T: the elapsed time since the target agent was

originated.

.T k: the time duration that the target agent stayed at
server Sk. It is called the service time at server Sk.

In this paper, we assume that the target agent visits
{S1,S2. ...,Sn} sequentially and non recursively.
Further, the time for the target agent to move from one
server to another is considered nominal and is

neglected.

2.1 Chase-tram-holder Algorithms

In the hybrid operational infrastructure proposed by lien
[2], users are encouraged to use their own HBNs to
participate in the management of their agents. One
possible usage of HBNs is to store the current status of
agents, including agents' locations. Thus, the current
reported location of an agent can be obtained right in
the status holder (i.g. HBN) of its originating user. If the
accurate current location is needed, the search agent
can visit the reported location first and proceed with a
sequential search right from there if the target agent
had passed that server. This type of algorithms is called
the Chase-trom-holder algorithms.

Obviously, one major problem with the Chase-from-
holder algorithms is the extra expense to update status
periodically. The update cost has at least two major
components: the induced network traffic and the
resource consumption in the status holder. The system
resources could be very expensive if the status holder
is designated to the network management center.
Thus, the trade-off between update cost and the status
availability must be carefully balanced. Depending on its
status inquiry frequency, a client may choose to
command an agent report its status either completely or
selectively. The following search strategies are useful
when the current location of an agent is not available in
its status holder.

2.2 Binary Search Algorithms

The Basic Binary Search algorithm (BBS) is similar to
the binary search in searching a data object in a sorted
list. The search agent probes the middle server in the
search list and excludes half of the servers out of
search list at a time. The search is performed
recursively until the target agent is found or the list is
exhausted. In average, the number of probes required
to find the target agent is in the order of log (n), where
n is the number of servers in the search list. BBS might
be a very good search strategy f~ blind search.
However, BBS may fail to find the target agent if the
target agent continues to move during the search.
During the course of search, some unvisited servers
may be exclude out of the search list after a server is
probed. This may cause a slip through problem, which
means the target agent slips through the search window
so that the servers it visits afterward are not included in
the search list. As a result, the search agent fails to find
the target agent.

The /fxtended Binary Search algorithm corrects this
problem by not excluding any unvisited server at the
cost of demanding more search probes. Fortunately,
the average number of probes required to find the
target agent is still in the order of log (n). only with a

larger coefficiency.

Without a prior knowledge about the status of the
target agent and servers, by intuition, the binary search



is probably the best way (or close to the best) to search
an agent. However, when there is a prior knowledge,
other algorithms that take this advantage will be better
than binary search algorithms.

2.4 Comparison of Blind Search and
Intelligent Search

Intelligent search algorithms are much better than blind
search algorithms because they make use of prior
knowledge about the service time of each task in each
server. !However, it requires the service time to be
predictable. In other words, the algorithm assumes the
target agent and the service network work normally
without any exception. Thus, these algorithms have
better be used under healthy operation conditions. They
may not be appropriate to be used in handling
exceptional cases. For example, if the target agent is
found far behind the schedule, the client may send out
a search agent to check the status of the first agent.
Apparently, the intelligent search is not appropriate to
deal with this situation since the prior knowledge is
definitely useless. In this case, blind search strategies
may be a better choice. It requires further study to
determine the appropriate strategies under various
conditions.

Another problem associated with the calculation of
residing probability is its quadratic computation time for
each individual residing probability. Even if the
computation overhead can be compensated by using
faster processors, the collection of the entire service
time distribution from every server will still consume
significant system and network resources. Furthermore,
the distribution of service time may not be well formed
as we expected. Therefore, paying extra computation
overhead to gain a specious accuracy may not be
worthwhile. In this paper, we propose to use
aggregated statistical properties to predict the location
of a mobile agent. After a careful study, we found that
the result is encouraging.

2.3 Intelligent Search

If a client has a good estimation on the service time in
each probe, he/she may have a good guess on the
current location of an agent. By using this information
in a search, it will be able to reduce the search time
significantly. The term intelligent search here reflects
the fact that these algorithms make use of service time
statistics and thus, is non-blind.

We assume that an agent visits a set of servers,
S1,S2, ...,Sn, in sequence and it stays at each
server, says Sk' for a time duration of T k. At any
elapsed time T, the current location of the agent, Sc,
can be determined by the following formula:

c-1 c
}: Tj ~ T < }:Tj.
j=1 j=1

However, it is impractical to know in advance exactly
how long the target agent will stay at each server. The
service time in each server is most likely probabilistic
and can be pre-estimated through either sample
collection or experiments. As a result, the location of
the agent is also probabilistic. To minimize the number
of search probes, it is essential to calculate the location
of the target agent with the highest probability, next
highest, etc., so that a search agent can locate the
target agent with the minimum number of probes.
Assuming that the service time of each task is uniformly
distributed, Lien and Leng derived a formula to
calculate for each server the probability that a target
agent might reside [4]. For simplicity, this probability is
called the residing probability. In their proposed
Intelligent Binary Search algorithm (IBS), the search list
is presorted according to the calculated probabilities.
Then, the search agent probes the servers in the
search list sequentially. During a search, the search list
is maintained in the following way:

1. If the target agent had visited and left the currently
probed server, all servers that precede the current
server in the traveling sequence are removed from
the search list. (Traveling sequence is the visiting
sequence the target agent is commanded to take.)
The original search order remains unchanged.
The search agent continues to search for the
target agent according to the shrunken search list.

2. If the target agent has not visited the currently
probed server yet, the search list will not be
changed. However, the search agent will probe
the server that precedes the current server (in the

traveling~quence) and has the highest residing

probability .

3. Aggr.eg.ated Statistics Based
Preclcllon

In this section, we will investigate the performance of
intelligent search using aggregated statistical properties
over several different distributions, namely, normal,
uniform, and skewed distributions. We assume that T;
is the service time of an agent on server i and P (T;) is
the probability density function of T;. The residing
probability Pr(k, T) is defined as the probability that the
target agent is at server Sk on the elapsed time T. In
other words,

k-1 k
Pr(k, T) = P(r, T; ~ T < r,T;). (In order to make the

;=1 ;=1
summation of the residing probability of all servers
equals to one, we can add a pseudo server to the end
of server sequence with an infinite service time.) The
server that has the highest residing probability with
respect to a elapsed time T is called the most probable
server (MPS) of time T. Without loss of clarity, it may
be called the MPS for simplicity.
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3.1 Normal Distribution

The first type of service time distribution we studied is
normal distribution. Assuming that the service time of
server $i is normally distributed as N(Jli,O"i), where Jli
is the mean service time and O"i is the standard
deviation. According to the property of normal

k
distribution, the accumulated service time L Ti is also

~1
normally distributed, with a mean of LJli and a

k i=1

variance of LO"i2.
i=1

3.1.1 Calculating Residing Probability

The residing probability P r(k, T) can be calculated as

follows:
[k-1 k

]Pr(k, T) = P ,; Ti ~ T < t Ti

= P [T < i Ti < ~ ] -P [T < ~i Ti < ~ ].
1=1 1=1
k

L(Ti -Jli)
i=1Let Zk = -(K-; ,we can transform Pr(k,T) into

-\j ~O"i2
i=1

E (1) as follows:
k k-1

T -LJli T -L Jli
i=1 i=1

P w <Zk<~ -P W <Zk-1<~ k k-1 LO"l L 0"1

i=1 i=1
The distribution of Z is then a standard normal
distribution and these probabilities can be easily
obtained from tables. For a given elapse time T, we
can calculate the residing probability for all servers and
select the MP8, the next MP8, and so forth in
O(nlogn) time.

3.1.2 Experiments

In order to verify this analysis, we proceeded with a
simulation experiment using 20 servers. The service
time for the target agent in each server is normally
distributed with its mean and standard deviation shown
in Table 1.

The elapsed time is set at 30. The MP8 is then at
$15 based on the calculation given by Eq. (1). 8ased
on this statistic, compute the number of probes
required by 888 ( suming that the agent is not moving
during search), E88, and the 188. As we can see in
Table 2 and 3, the 188 is much better than 888 and
E88. Further, it only requires about 2 probes in average

to reach the target agent.

Table 3. Average number of probes required by BBS
EBS, and IBS over 10000 samples.

Search Algo. # of Probes

avg. probes by !BS (Calculated) 1.80

avg. probes by IBS (Simulated) 1.82

avg. probes by BBS (Simulated) 3.54

avg, probes by8BS (Simulated) 3.71

1

2

The theoretical calculation of residing probability
based on the Eq. (1) is very accurate when
compared to the simulated experiments.

The number of probes required to locate a mobile
agent using the IBS is about half the number of
probes required by using either BBS or EBS.

From the experiment shown above we can draw the
following conclusions when the service time of all
servers are normally distributed:

3



P[

4:>Jeas hJeU!8 aJ\!Jdep"v' 'p

~pe!!S!les

S! !'t~ >1.1 5 !'t~ J! JlS = S::JW :GN poljJew
JI ~-JI I

"G

~pa!lSijes ~=! i ~=!

S! !11';r >11. >:: !11';r j! >Is = S.::lW :I-N PO4l8W
>I' ~->I I

J.

~~~~

:8::1~ e 6u!SO04:>

U! sp041aUJ u0gew9sa IUaJall!p OMl 10 a:>uewJoJjad

a41 I.pn}S 01 Sluaw!Jadxa awos 41!M papaa:>oJd

al\e4 aM .6u!410U ue41 Ja~laq aq I.ew ssan6 PU!lq e

Jal\aMOH .8d~ a41 aleln:>le:> I.laS!:>aJd 01 alq!ssodw! S! I'

.pJeM)j:>eq JO pJeMJOI Jal\Jas pa~!s!1\ I.lsnO!l\aJd

a41 01 pcau Jal\Jas a41 6U9!S!1\ I.lle9uanbas .~

~UO!lnq!JIS!P I.1!I!qeqoJd 6u!p!saJ
10 anlel\ apow a41 S! 4:>!4M '8d~ a41 6U9!S!1\ "~

:sMOIiOI se aq

II!M 881 10 u09n:>axa a41 '(ade4s xal\uo:> Jo) 'UO!lnq!JIS!P
leWJOU e S! a:>uanbas Jal\Jas a41 01 l:>adsaJ 41!M

I.1!I!qeqoJd 6u!p!saJ 10 u09nq!JIS!P a41 le41 6u!wnssv

.I.6aleJIS 4:>Jeas
6U!MOIIOI 841 asn 01 asodoJd aM 'aJOlaJa4.L lnlasn

aq 01 a6Jel OO~ aq I.ew JOJJa UO!lew!~Sa a41 'Uo!~nq!J~s!P

WJOI!un JOI pasodoJd aM ~e4M 01 Jel!W!S pa~nq!J~s!P

I.lIeWJOU S! ~! awnsse ~sn! Plno:> aM 46n04~le 'liews S!

SJal\Jas 10 Jaqwnu a41 ua4M .pIJOM leaJ a4~ U! SJal\Jas

10 Jaqwnu a~!u!lu! ue ~:>adxa louue:> aM 'u!e6v .SJal\Jas

10 Jaqwnu a~!u!lu! aJe aJa41 I! aw9 a:>!l\Jas lenp!l\!pu!

4:>ea 10 uo!~nq!JIS!P a41 10 SSalPJe6aJ palnq!JIS!P

I.lIewJou S! aw9 a:>!l\Jas ,elol a41 'AJOa4.L I!W!l leJlua:)

01 6u!pJo:>:>V .u09nq!JIS!P aw9 a:>!l\Jas 10 sadl.1 Ja410

JOI W41!J061e 881 6u!sn 10 I.1!I!q!ssod a41 ale69Sal\u!
WM aM 'uo9:>as S!41 ul .sIU!eJISuo:> AJessa:>auun

asealaJ 01 a6ualle4:> e S! II "liaM se SUO!lnq!JIS!P

Ja410 JOI po06 aq osle I.ew Inq 'suo!~nq!JIS!P a>!!I-leWJOU

JOI po06 I.luo ~ou aJe SW4~!J06Ie 4:>Jeas ~ua6!lIa~UI

suo!tnq!Jts!O paMa>ts £°£

£ I SZ"l I S.~

j~I-SL.O I S.O

.(~) 'b3 Aq p8leln:)le:) 8q u84l
~=!

ue:) (.1 ')j) d Al!I!qeqoJd DU!P!S8J 84.1 .iD:i s! 8:)ue!JeA

~=! )f

Sl! pue ! :i S! 8Wij 8:)!AJ8S ue8W Sl! 'uoijnq!JlS!P

)f
wJol!Un I 1\lJ8dOJd 84l Ol DU!pJO:):)V 'p8lnq!JlS!P

~=!
AlleWJOU S! !.1:i 8Wij 8:)!AJ8S p8lelnwn:):)e 84l 8wnssv

)f
.JOJJ8 81qeJ810l e U!4l!M SJ8AJ8S 10 J8qwnu lIews e

JOI 8Iqe:)!ldde lIijs S! l! 'SJ8AJ8S 10 J8qwnu 8l!U!IU! e 8Ae4

ol 8Iq!SSOdw! S! l! 4Dn04llV .p8lnq!JlS!P AIWJOl!Un S! 8W!l

8:)!AJ8S lenp!A!pU! 4:)e8 I! p8lnq!JlS!P AlleWJOu lIijs S! 8Wij
8:)!AJ8S lelOl 84l 'SJ8AJ8S 10 J8qwnu 8l!U!IU! JOI 'AJ084.1

l!W!l leJlu8:) A8 'SJ8AJ8S lie JOI Al!I!qeqoJd f)U!P!S8J

84l 8leln:)le:) Ol (~) 'b3 8sn lI!lS ue:) 8M 'p8lnq!JlS!P

AIWJOl!Un 8Je SJ8AJ8S lie 10 8W!l 8:)!AJ8S 84l U84M

j SUO!lnQ!JlS!O WJOj!Un 'l"£

SG'O

'v lUaw!Jadxa U! aW!l a:>!AJas 10 UO!lnq!JlS!O valqe.L

lua6e la6Jel a41 ale:>°l ue:>
881 'saqoJd aaJ41 JO OMl ul 'po06 AI6u!s!JdJns S! p04law
UO!leW!lSa lSJ!1 a41 10 a:>uewJoJjad a411e41 M04s s}JnsaJ
a4.L 's alqe.L U! paZ!JeWwns aJe s}JnsaJ uO!lelnw!s
a4.L 'sl!un aW!1 £ S! anleA apow a41 pue Sl!un
aW!l 6£'G S! aW!l a:>!AJas ueaw a4.L 'v alqe.L U! UM04s
S! V lUaw!Jadxa 10 uoqnq!JlS!P awq a:>!AJas a4.L "Pl'!
aJe lUaw!Jadxa 4:>ea U! SJaAJas lie 10 awq a:>!AJas a4.L

'ApmS S!4l U! Sluaw!Jadxa X!S 4l!M papaa:>oJd aAe4 aM

SIUaW!Jadx3 .."£"£

o(!.L)d JO anleA apow a41 S! !~ aJa4M

S!41 iiq pal!lauaq aq iilPJe4 Plno:> I! 'poofi iiJa"
iipeaJle uaaq se4 881 Jo a:>uewJoJjad a4.L) "UO!I:>as
S!41 10 ISaJ a41 U! passn:>s!p aq II!M S!4.L "u!fiJew
lue:>!l!ufi!s e iiq sa!fialeJls 4:>Jeas PU!lq Jo a:>ueUJJoJjad
a41 a"oJdw! iiew anb!U4:>al :>!weuiip S!4.L

"4led paueld leu!fi!Jo a41
fiuole pJeMJol fiu!4:>Jeas iilPU!lq ue41 Ja"aq aq iiew S!4.L
"8d~ a41 aleln:>le:>aJ 01 UO!lewJolu! aW!1 aJnJjedap S!41
asn ue:> luafie 4:>Jeas a4.L "aleJn:>:>e IoU S! 8d~ a41 Jo
UO!leWnsa a41 le41 MOU>j II!M I! 'Ja/IJas paqoJd iinuaJJn:>
a41 ijal pue pal!S!" iipeaJle se4 luafie lafiJel a41 le41
Ino SPU!1 luafie 4:>Jeas 881 ue I! 'a:>ueISU! J°:l "Ja/IJas
e saqoJd luafie. 4:>Jeas e Jaije awn 4:>ea 'ijal luafie
lafiJel a41 ua4M aW!1 aJnlJedap a41 uo paseq 'At!I!qeqoJd
fiu!p!saJ a41 aleln:>le:>aJ 01 S! sa!fialeJIS 4:>Jeas pasodoJp
a41 a"oJdw! 01 iieM auQ "a:>uanbas 4:>Jeas a41 Isn!pe
01 'Ja/IJas e ijal luafie lafiJel a41 ua4M aW!1 aJnJjedap
a41 se 4:>ns 'UOneWJ01U! Ja410 Jo asn a>jew IOU op
iia4.L luafie lafiJel a41 iiq ua>jel 41ed a41 iiq paU!UJJalap
iilalaldwo:> S! alnOJ 4:>Jeas a41 'iifialeJIS 4:>Jeas
Jeln:>!lJed e J°:l ">jJoMlau a41 01 pa4:>unel S! luafie
4:>JeaS a41 ua4M pax!J S! iifialeJIS 4:>JeaS a411e41 sueaw
4:>!4M ':>nels lie aJe pauonuaw sa!fialeJIS 4:>Jeas a4.L



technique.)

We assume that every server maintains an
execution log that stores various execution status
including the departure time when the target agent
moved to next server. By making use of this
information, a search agent can choose the best search
strategy dynamically. One possible adaptation is to
have the search agent switch from EBS to the
sequential search if the target agent "just" left the
currently probed server not long ago. The algorithm is
shown in the followings:

Adaptive Binary Search (ABS) Algori thm
(1) SrhSet = {S1,S2,... ,Sn}
(2) if (SrhSet = empty)
(3) then return (NOT_FOUND)
(4) Sc = Middle Server in the SrhSet
(5) if (target in Sc) return (Sc);
(6) if (target had visited Sc)
(7) then {
(8) SrhSet = {Sc+1,... ,Sn}

(9) if ( target left recently)
(10) then {

while ( SrhSet is not empty) {
(11) Sc = head of SrhSet
(12) if (target in Sc) return (FOUND)
(13) SrhSet -= Sc

} } }
(14) else SrhSet = 1st half of SrhSet
(15) return ( ExBinSrh(target, SrhSet»

There are two issues yet to be addressed. First, what is
the proper condition to have the search agent switch
from a search strategy to another? For instance, the
time since the target agent left the current probed
server is shorter than a certain limit. This is a
parameter requiring intensive experiments. The second
question is how to modify the EBS to take advantage of
this log information. One possible way to improve EBS
or BBS is to adjust the range of search probes to
increase of the possibility of probing a visited node. (For
instance, the forward probes can be shorter than half of
the search list and the backward probes can be longer
than half of the search list.) In a dynamic search,
probing a visited server is better than probing a
unvisited server. This is because the search agent can
make use of the log information to obtain a more
accurate prediction if the target agent had visited the
currently probed server. Both issues require intensive
experiments to address. It is beyond the scope of this
paper. They will be studied in the future.

acknowledge. To make the location of an agent remain
unchanged after it is found, a freeze agent has to be
submitted together with the search agent as explained
in [2]. Otherwise, only an approximate location will be
obtained.

5.2 Non-deterministic Execution

The search algorithms presented so far all assume that
the agent to be searched traveled along a
predetermined path. This may not be the case if the
path a target agent traveled along is non-deterministic.
In this case, the chase-from-holder algorithms are more
appropriate. It is yet to be researched if the status
holder is not available.

5.3 Lost Agent

An agent might get lost due to a failure in the agent
itself, the server it resides, or the network it travels so
that no search agent can locate it. Sometimes it has no
harm to ignore the lost agent. However, it may be
essential to recover the lost agent in some critical
situations such as business transactions. This problem
becomes more complicated when a concurrent
execution is allowed. Therefore, further researches on
this issue are needed.

5.4 Conlcurrent Search

Sequential search may take a much longer time than
what a client can tolerate. A client may submit more
than one search agent into a network to reduce the
search time. A search agent may also create child
search agents by itself to cover all possible paths in a
non-deterministic situation such as an if-then-else
decision. (The actual route an agent took may depend
on real time conditions or the information it obtained in
the course of its execution.)

We are expecting many open issues under this
situation. The typical issues are:

.How to converge forked agents?

.What to do if some child agents or even the parent
search agent itself gets lost?

.How to terminate all child agents?

6. Summary
In a mobile computing environment that supports mobile
agents, a client can send an agent to visit a sequence
of servers in the network. To track the location of
agents becomes a critical problem in managing a
mobile agent service network. This paper describes the
performances of a number of intelligent search
strategies that make use of prior knowledge about the
possible service time each server may take. Our study
found that, under a variety of circumstances, the mean
service time is a reliable index to predict the location of
a mobile agent even if the service time is irregularly
probabilistic. By using this discovery in the proposed

5. Issues and Future Research
5.1 Exact Search vs. Approximate Search

Because the execution of an agent continues to
progress, the exact current location of an agent might
have already changed when the client receives the

15



intelligent search, a search agent can easily locate the
target agent in two or three probes without an intensive

computation.
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