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Abstract Location-specific data retrieval is an attractive application in a Mobile Ad-hoc
Network (MANET). Simple solution for it is that an observer retrieves the data
by geocasting from an observer node, but its overhead highly depends on lo-
cation of the observer and the designated region. We propose a mobile agent
approach. A mobile agent migrates from the observer node to a node in the
designated region, retrieves data from there, and summarizes, filters, and com-
presses the retrieved data, This data is sent back to the observer, when the ob-
server request. Since the data is retrieved by the mobile agent located near the
data sources, the data retrieval in the mobile agent approach would involve low
overhead, even if the observer is far from the target region or moves around. In
the MANET, however, even after the first migration, to stay near data sources,
a mobile agent should migrate to another node in response to node movements..
In this paper, we propose the Geographically Bound Mobile Agent (GBMA)
which is a mobile agent that migrates to always be located in a designated re-
gion. Moreover, to clarify where the GBMA should be located and when the
GBMA starts to migrate, we introduce two geographic zones: required zone and
expected zone. Compared with the conventional methods with geocast or with a
conventional mobile agent, the GBMA with these zones for retrieving location-
specific data can reduce the total number of messages.
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1. Introduction

Mobile Ad-hoc Networks (MANETS) consisting of mobile wireless nodes
that communicate with each other have been receiving great attention[1]. The
MANET without a fixed infrastructure is expected to be effective in post dis-
aster areas where fixed infrastructures have been destroyed[2]. We believe
that people under such situation become more voluntary and cooperative than
usual, and that they will provide their personal mobile devices, such as PDAs or
smart phones, to create and to maintain the MANET used for communicating
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Figure 1.  Applying mobile agent in a MANET

with each other. In the post disaster area, location-specific data in particular is
exchanged. For example, an observer may confirm a safety of missing people
among patients in a certain hospital, locate disaster victims in a certain danger-
ous place, or inquire what goods are necessary at a certain shelter. We call the
region in which the observer is interested designated region in this paper.

Simple approach to the location-specific data retrieval is that an observer
sends, from the observer node, messages to retrieve this data. Geocast based
on directed flooding[4][5][6] can make this approach produce low message
overhead. Geocast[3] is a subclass of multicast with the multicast group de-
fined by a geographic region, and is the delivery of messages to nodes within
this region. Geocast based on directed flooding, such as LBM[4], Voronoi-
based routing[5], or GeoGRID[6], is a subclass of geocast whose messages are
delivered by directed flooding. One of major protocols in them is LBM. LBM
adopts directed flooding and defines forwarding zone. When receiving a LBM
message, only a node in a forwarding zone described in this message forwards
this message, and otherwise discards it. Because nodes in the forwarding zone
is subset of whole nodes in a MANET, LBM reduces the message flooding
overhead. Adopting LBM for the message delivery, the overhead of this ap-
proach can be reduced. We call this approach adopting LBM geocast simple
geocast approach in this paper.

However, overhead of the simple geocast approach highly depends on the
location of an observer and a designated region, even if it adopts LBM. Con-
sider the case that the observer tries to survey the necessary goods at certain
shelters. The observer is sometimes located far from the region, and exchanges
data from there, as shown in Figure 1 (a). The circles represent nodes and the
arrows represent message transfer. The observer (the circle at lower left) fre-
quently interacts with many evacuees in the shelter (the rectangle at top right).
Then, data are exchanged many times between the observer and the evacuees.
Moreover, one data exchange involves many message forwardings, since for-
warding zone covers a large region according to a distance between the ob-
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server and the shelter. As a result, for the observer far from its designated
region or moving around, the simple geocast approach will produce the mas-
sive number of messages in spite of limiting the number of forwarding nodes.

In this paper, we propose a mobile agent approach[7] for the location-specific
data retrieval.In client/server applications, the use of the mobile agent migrat-
ing from a client node to a server node and interacting locally with the server
can reduce network traffic[8]. We apply this scheme in a MANET. In our
method, a mobile agent migrates from an observer node to an evacuee node
in a designated region, and retrieves data from evacuee nodes in this region
(Figure 1 (b)). After this migration, the mobile agent can retrieve the data
via shorter length routes with a smaller number of messages. Therefore, the
number of messages involved in the mobile agent approach would not highly
depend on location of the observer and the designated region.

However, conventional mobile agent may not provide sufficient solution for
the data retrieval. Because each node in a MANET can physically move, the
mobile agent host node may move apart from the designated region during the
data retrieval. This increases of data retrieval overhead of the mobile agent and
makes tracking of the mobile agent difficult. In response to node movements,
the mobile agent should migrate among nodes while retrieving data, to remain
in the designated region. We propose a mobile agent reactively migrating to re-
main the designated region in response to the host node movements, and name
it Geographically Bound Mobile Agent (GBMA). This GBMA will provide a
solution for the location-specific data retrieval.

This section has presented the background of our work. The rest of this pa-
per is organized as follows. Section 2 describes details of the GBMA. Section 3
discusses the effects of applying the GBMA, referring to the simulation results.
Section 4 describes related works. Finally, Section 5 presents a conclusion.

2. Geographically Bound Mobile Agent

The GBMA is a mobile agent whose location is restricted geographically.
GBMA must be hosted on a node located in a designated region, until the tasks
are completed. When the current host node of a GBMA leaves the designated
region, the GBMA should migrate to another node in the designated region
to remain in the region. Restriction of the GBMA location provides two ad-
vantages. First, communications between the GBMA and nodes in the region
will be relative stable and involve low overhead. Since they communicate via
shorter length routes, these communications are hardly prevented by decou-
plings of MANETS and involve a small amount of messages. Second, locating
a GBMA is easy and involves low overhead. Sender needs to discover the
GBMA only from nodes in the designated region.
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Figure 2. GBMA migration based on expected zone

However, it is difficult to determine when does start the remigration. The
following actions are performed after starting GBMA migration until finishing
migration: search for nodes in the designated region and routes to them, select
a candidate node based on the aggregated node states, deactivate the GBMA,
transfer its program code and data to the candidate node via the discovered
route, and reactivate the GBMA on the candidate node. These actions cause
migration latency. If a GBMA starts migration after its host node leaves the
designated region, it remains outside the designated region until these actions
are finished. While it remains outside the designated region, messages sent to
it are not received. It must start its migration before its host node leaves the
designated region. On the other hand, too early determination of the migra-
tion causes needlessly frequent migrations. To reduce the total duration for
these migrations, the frequency of its migrations should be low. Therefore, the
GBMA must start its migration at an appropriate timing. To define the desig-
nated region and to easily adjust the start timing of GBMA migration and the
migration frequency, we propose two zones for the GBMA: the required zone
and the expected zone.

2.1 Required zone and expected zone

A required zone is defined to clarify the region in which the GBMA should
be located. The GBMA must be on a node in the required zone. The required
zone, which restricts the GBMA location, can be also used when someone
sends a message to the GBMA. The sender geocasts with a geocast region
represented by the required zone. If the node receiving the message hosts the
GBMA, the node passes the message to the GBMA.

On the other hand, an expected zone is defined to clarify the start timing
and the frequency of GBMA migration. Figure 2 shows the GBMA actions
based on the expected zone. The expected zone must be within the required
zone. The GBMA continues to execute its own tasks while it is in the expected
zone. When it detects that its host node is outside the expected zone, it starts to
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search for other nodes located in the expected zone and routes to them (Figure
2 (a)), selects one (Figure 2 (b)), and migrates to it through the discovered
route (Figure 2 (c)). A start timing and a frequency of GBMA migration can
be easily adjusted by modifying the expected zone size.

2.2 Application example

We take up data retrieval in a post disaster area described in Section 1, and
describe the behavior of the GBMA. An observer surveys goods needed by
evacuees in several shelters via a MANET. For each shelters located far from
the observer, the observer uses GBMA to retrieve data about necessary goods.

(Kroqman, Yisgmax)

requested zone\
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Figure 3. GBMA behavior example

Consider the case illustrated in Figure 3. The observer is interested in shel-
ter A. First, the observer configures a required zone represented by coordinates
(Treqmins Yregmin) and (Zregmaz, Yregmax) and an expected zone represented
by coordinates (Zezpmin, Yezpmin) and (Tezpmaz, Yezpmaz) to the GBMA.
(@regmin, Yreqmin) AN (Tregmaz, Yreqmaz) are set to a region that includes the
shelter A. (Tezpmin, Yeapmin) aNd (Zezpmaz, Yezpmaz) are set to be within the
requested Zone: Tegpmin = Tregmins Yexpmin = Yreqgmins Texpmar < Tregmazs
and Yezpmaz < Yregmaz- Configuring (xexpmim yerpmin) and (xezpmaa:a yea:pmax),
the start timing and frequency of GBMA migration can be easily adjusted.

Next, the GBMA on the observer node migrates to a node in the expected
zone. GBMA migration protocol somewhat like Location-Aided Routing (LAR)
[9] protocol. LAR is a source routing protocol based on DSR protocol[10].
Main difference between them is that a route request (RREQ) message in
LAR protocol contains a destination node identifier, location of the destina-
tion node, and forwarding zone, and is delivered by directed flooding in the
same way adopted in LBM protocol. The LAR RREQ can discover routes
to a node which has same identifier contained in this RREQ and which is
located in a region contained in this RREQ. After the route discovery, reply



162 K. Tei, N. Yoshioka, Y. Fukazawa and S. Honiden

message is transferred to the observer node along the discovered route. In
GBMA migration protocol, RREQ can discover routes to not one node but
any nodes in the expected zone described by coordinates (Zezpmin, Yezpmin)
and (Zezpmaz Yezpmaz)» and these nodes reply its route and its location. Af-
ter that, the agent selects the node nearest to the coordinate ( g”””"“’—’;x”m

&fﬂ'ﬁﬂggw) from among the received replies, and migrates to this node
along the discovered route.

After migration, the GBMA in the requested zone starts to survey for nec-
essary goods data in shelter A. The GBMA geocasts messages containing the
required zone and the GBMA identifier, to the required zone. Evacuee nodes
that receive this message send their own necessary goods data to the GBMA by
LAR unicast, with the required zone and the GBMA identifier contained in the
received message sent from the GBMA, each time necessary goods are added
or modified. The notification messages are received by the GBMA as long as
it is not migrating, at least one path from the notification source to it exists,
and it is located in the required zone at the time. While aggregating the data,
the GBMA periodically checks its host node location. If the GBMA is outside
the expected zone, the GBMA starts to migrate in the same way as described
above. The GBMA executes such migration and data retrieval.

The GBMA summarizes or filters aggregated data and compresses them in a
manner befitting to this application, to reduce data size. Reduction of the data
size reduces overhead of reporting back to the observer. On the other hand, if
the GBMA deals with personal data, the GBMA needs to encrypt aggregated
data. This application level encryptions prevents malicious host node from
picking the data aggregated by the GBMA. If the observer wants to get the
result, he or she sends a request to the required zone, and the GBMA receiving
the request sends back the retrieved data via a route through which the request
comes. Since the observer does not communicate with the GBMA until getting
results, data retrieval does not prevent from decoupling of MANETS between
the observer and the designated region, and he or she can moves freely.

Note that the expected zone size should be carefully chosen. Appropriately
adjusting the size of the expected zone can reduce the duration for which the
GBMA is outside the required zone. If the expected zone is too large, the
GBMA leaves the required zone until migration is finished. Messages sent
to the GBMA while the GBMA is outside the expected zone are lost. If the
expected zone is too small, the GBMA frequently migrates and the duration
for which the GBMA is migrating increases. The messages to the GBMA,
which are sent while the GBMA is migrating are also lost. The GBMA with
the optimal size of the expected zone may minimize the number of such lost
messages. We examine this issue in Section 3.
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3. Experiments and discussion

We evaluate the GBMA using the simulator implemented on JiST/SWANS
[11]. Java in Simulation Time (JiST) is a high-performance discrete event
simulation engine that runs over a standard Java virtual machine, and Scalable
Wireless Ad hoc Network Simulator (SWANS) is a scalable ad hoc network
simulator built atop the JiST platform. We implement the LBM protocol and
the LAR unicast protocol, and develop the GBMA upon JiST/SWANS. With
this simulator, we evaluate two issues concerning the GBMA: the reduction
of the number of messages compared with the simple geocast approach with
LBM described in Section 1, and the optimal expected zone size.

3.1 Simulation model

In the experiments, initially, nodes are distributed according to a grid over
a rectangular region of 1000m x 1000m square described by the coordinates
(0,0) and (1000, 1000). Each node is equipped with an IEEE 802.11b wireless
device and communicates with other nodes in the range of the wireless device.
Each node is also equipped with a GPS device with which it can identify its lo-
cation. Moreover, each node supports two mobility models: static and random
walk[12]. In the static model, each node does not move, and in the random
walk model, each node picks a direction randomly, walks a certain distance in
that direction, pauses for some time, and repeats. Shelter A is rectangular in
shape and defined by the coordinates (600, 600) and (800, 800).

3.2 Compared with Simple Geocast Approach

First, we compare the number of messages produced in a mobile agent ap-
proach, to that in the simple geocast approach. In this experiment, let the
number of nodes be 122 and 142. Let the node mobility model be static. Fur-
thermore, let the observer node be located at (x, z) where x is 600, 500, 400,
300, 200, and 100. In the simple geocast approach, the observer retrieves data
from nodes in the shelter A. On the other hand, in the mobile agent approach,
the observer sends a mobile agent to a node located in shelter A, and the mobile
agent on the node retrieves the data. In both approaches, the observer (or the
mobile agent) and the evacuees in the shelter A exchange messages 10 times.
The simulation result is depicted in Figure 4.

In Figure 4, dotted lines represent results of the simple geocast approach,
and solid lines represent results of the mobile agent approach. In the simple
geocast approach, the number of messages increases exponentially, because
the number of forwarding nodes increases according to the forwarding zone
size. Therefore, the increment rate when the number of nodes is 142 is greater
than that when the number of nodes is 122. On the other hand, in the mobile
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Figure 4.  Total number of outgoing messages

agent approach, the increase in the number of the messages is smaller than that
in the simple geocast approach. This is because, in the mobile agent approach,
a mobile agent exchanges messages via shorter length routes, after migration
to shelter A. Therefore, the distance affects the increase in the number of mes-
sages only when sending the mobile agent to shelter A, and does not affect
message exchanges after migration. When z is 600, or the observer is located
at shelter A, the number of messages in the mobile agent approach is slightly
larger than that in the simple geocast approach. This is because, in this case,
the data exchange overheads in both approaches are almost the same, but there
is the overhead of mobile agent migration in the mobile agent approach. This
result shows the mobile agent approach to be effective when the observer is far
from the designated region, compared with the simple geocast approach.

3.3 Optimal expected zone size

Next, we compare the mobile agent and the GBMA, and examine how the
expected zone affects the results. In this experiment, the number of nodes is
152 and the node mobility model is the random walk where the node walks
10m for 10 seconds and 20m for 10 seconds. Initially, the mobile agent or
the GBMA is on the node at (700, 700); it is located at the center of shelter
A. In the mobile agent approach, the mobile agent continues to retrieve data
at the initial hosted node in spite of the node movement. In the GBMA ap-
proach, the GBMA migrates according to the node movement. The requested
zone of GBMA is defined by the coordinates (600,600) and (800,800), and the
expected zone is defined by the central coordinate of them and the length on
the side being 200, 180, 160, 140, 120, 100, or 80 meters. When the length
is 200 meters, the expected zone is the same region as the required zone. The
smaller the side length is, the smaller the expected zone size is. The GBMA (or
the mobile agent) initially geocasts a subscription message, and the nodes that
receive it send messages to the GBMA at about one-minute intervals twenty
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times. We measure the message arrival rate, which indicates the number of
messages received by the GBMA (or the mobile agent) per total number of
messages sent by the notification nodes, and the total amount of outgoing data.
The simulation results are depicted in Figure 5, Figure 6, Figure 7, and Figure
8.

Figure 5 and Figure 6 show the message arrival rate and the total amount
of outgoing data where the node speed is twenty meters per ten seconds, re-
spectively. Similarly, Figure 7 and Figure 8 show where the node speed is ten
meters per ten seconds, respectively. Figure 5 and Figure 7 show that the mes-
sage arrival rate of the GBMA is always better than that of the mobile agent
within the range of the expected zone sizes in this experiment. This is be-
cause the mobile agent not reacting to its host node movements goes outside
the required zone where it does not receive the notification messages. On the
other hand, the GBMA migrates to receive the messages in response to the
node movement. The result shows that the GBMA effective for data retrieval,
relative to the conventional mobile agent.

Let us consider the results of the GBMA. When the expected zone size
is large, the message arrival rate is low. A large expected zone means that
the GBMA starts to migrate relatively late in response to the node movement.
Therefore, the duration for which the GBMA is outside the required zone be-
comes long. On the contrary, when the expected zone is small, the message ar-
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rival rate is also low. A small expected zone means that the GBMA frequently
migrates. Therefore, the duration for which the GBMA is migrating becomes
long. By appropriately configuring the expected zone size, the message arrival
rate can be increased. In Figure 5, for an appropriate expected zone size, we
observe that the rate improves by as much as 32%. Moreover, the results in
Figure 5 and Figure 6 indicate that the optimal expected zone size will depend
at least on the node speed. The optimal expected zone becomes bigger when
the node speed becomes higher, because the time from when the node leaves
the expected zone to when it leaves the required zone becomes shorter. The
expected zone should be configured on the basis of the node speed. Figure 7
and Figure 8 show that the GBMA produces a larger number of messages than
does the mobile agent. However, at the optimal expected zone size, the incre-
ment is not very large. In Figure 7, the increment with the optimal expected
zone size is about only 11%. From these results, with the expected zone, the
start time and frequency of GBMA remigration can be easily adjusted. More-
over, appropriate adjustment of expected zone size can improve the GBMA
performance.

4. Related works

The battery problem is a major issue ina MANET[13]. Marinescu et al. pro-
posed a method for conserving the battery of nodes by classifying the mobile
devices on the basis of the node capability and specifying the role of each node
in data transmission on the basis of that classification[14]. Song et al. proposed
localized algorithms for energy-efficient routing structures[16]. Gitzenis and
Bambos focused on data prefetch and proposed a method for minimizing the
battery consumption of a certain node by postponing data prefetching when
the link quality is low, and by proactively prefetching data items when the link
quality is high[15]. Subramanian et al. proposed a battery-state-aware MAC
protocol[17]. These strategies focus on message routing protocol or MAC pro-
tocol, and reduce the energy consumption in each message transmissions, but
do not reduce the number of messages. Therefore, when many messages are
transferred at application level, with only those methods, a large amount of
battery power will be consumed. Applications using directed flooding with a
location information[4][5][6][9] can reduce the number of messages by limit-
ing node forwarding of the message, but does not provide sufficient reduction
in some cases which we have described. We focus on application level, and
propose a location-specific data retrieval application minimizing the number
of messages, using a mobile agent.

Location tracking of the mobile agent is important for message exchanges
with the mobile agent. Roth and Peters proposed a scalable and secure global
tracking service for mobile agents with a method similar to the global hash
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table[18]. Li and Lam proposed a location update and search algorithm for
tracking mobile agents[19]. Since these works target mobile agents in an inter-
net, they will not be directly applicable to mobile agents in-a MANET whose
topology dynamically changes. We restrict the mobile agent location using a
geographic data and realize simple tracking of the mobile agent. Moreover, by
restricting the mobile agent location, efficient messaging to the mobile agent
can be feasible by directed flooding with geographic data.

5. Conclusion

In this paper, we proposed the Geographic Bound Mobile Agent, the re-
quired zone, and the expected zone for a data retrieval of location-specific data
in a MANET. With the GBMA migrating to remain near data sources, even
when an observer is far from data sources and exchanges many messages with
them, data can be retrieved with a small number of messages. Simulation re-
sults show that overhead of the GBMA approach is hardly affected by the dis-
tance between the observer and the designated region, whereas overhead of the
simple geocast approach increases exponentially according to it. The required
zone clarifies location of the GBMA and reduces overhead of looking up the
GBMA, and the expected zone easily adjusts a start timing and a frequency
of GBMA migration. Simulation results show that message arrival rate in the
GBMA approach with appropriate expected zone size is 32% greater than that
in the conventional mobile agent approach, in the case that each node speed is
about 20m/10sec.

Some issues still remain unresolved. In this work, the expected zone size
was static. Because the speed of each node is different and is dynamically
changed, the expected zone size should be dynamically adjusted in response
to the speed of the current host node, and change its shape on the basis of the
direction of the node movement. Moreover, the GBMA selected a candidate
node for its migration destination on the basis of only current node locations,
but this is insufficient. We should consider a more sophisticated selection with
more properties such as node movement speed or node movement direction.
We will take up these issues in a future work.
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