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Abstract— A major challenge faced in Mobile Ad Hoc Net-
works (MANET) is locating devices for communication, espe-
cially with high node mobility and sparse node density. Present
solutions provided by ad hoc routing protocols range from
flooding the entire network with route requests, to deploying
a separate location management scheme to maintain a device
location database. In this work, we propose a novel scheme called
Acquaintance Based Soft Location Management (ABSLM) in
MANET. In ABSLM, nodes make use of the real life concept
of making acquaintances and keeping in touch with them
regarding each other’s current locations. ABSLM has a two-
fold aim: to avoid the overhead of flooding; and to use a
‘soft’ location management setup that does not require strict
location management strategies and is thus computationally less
expensive than standard ‘hard’ location management schemes.
Simulation results show that ABSLM not only outperforms
existing flooding schemes (such as DSR [1] and LAR [2]) in
terms of throughput, overhead and location discovery latency,
but also achieves performance comparable to ‘hard’ grid based
location management schemes (like SLALoM [3]) with a much
lower control overhead.

I. INTRODUCTION

A wireless mobile ad hoc network (MANET) is an infras-
tructure less group of wireless nodes that forward packets
for one another. The hurdles in designing routing protocols
for such networks are node mobility, limited node power,
and restricted bandwidth of the wireless medium. Traditional
routing protocols developed for wired networks like Distance
Vector and Link State routing do not consider these limitations,
and hence are unsuitable.

Routing protocols for MANET can be broadly classified
into two categories: proactive and reactive. Proactive protocols
maintain an up-to-date image of the network topology at each
node by broadcasting the neighborhood information of each
node frequently throughout the network. In MANET where
the network changes fast, such an effort is costly in terms of
bandwidth and power consumption. This also leads to conges-
tion and poor throughput. On the other hand, discovering and
maintaining a route to the destination for every new session is a
major challenge for reactive protocols. For example, Dynamic
Source Routing (DSR) [1] uses pure flooding technique to
locate destinations. Location Aided Routing (LAR) [2] tries to
fair better than DSR by estimating the approximate region con-
taining the destination (from some prior location information)
and flooding only within that expected zone. However all such

source routed protocols suffer significantly from path breakage
caused by node mobility since there is a high probability of
nodes in the path moving out of range of transmission of the
preceeding node. Repeated efforts in finding a path between a
source and destination pair increases the overhead to maintain
a single session.

Recently, a new family of protocols [3], [4], [5], [6] has
been proposed for MANET which makes use of location man-
agement and geographic forwarding for routing data packets,
where nodes are aware of their own location via the use of
a GPS receiver. When a source needs to communicate with
a destination, it tries to find the geographical coordinates of
the destination using a location service. Once the location
is obtained, each packet is forwarded to one of the source’s
neighbors which is geographically closer to the destination
than the source itself. The neighbor that receives the packet
forwards it in a similar fashion till the packet finally reaches
the destination. Geographic forwarding lends itself as an
attractive candidate for routing in MANET, since the amount
of network topology information that needs to be stored by
each node is minimal and since the data packets need not
store the entire route within them anymore. Moreover, since
an end-to-end session does not depend on any specific route,
the effect of link breakage on a session is greatly reduced.

However, the challenge now lies in effectively maintaining
a location database of all nodes in the network. SLALoM
[3] is one such location management scheme that operates
by partitioning the network terrain into well numbered grids.
A hierarchy is then setup to have bigger regions comprising
of smaller ones. All nodes are then assigned multiple home
regions distributed evenly throughout the network such that a
given node’s location is known to all nodes in that node’s home
region. Each node is also responsible for updating its home
regions with its current location information. Home regions
that are near are updated more frequently than those that are
far. Thus a source node just needs to query one of the home
regions of the destination (that can be computed by the source
locally) which is closest to the source, to get the destination
location information.

Deployment of such schemes in MANET requires a fair
amount of node density to prevent the occurance of empty
home regions. In networks with highly mobile nodes, these
schemes will incur considerable overhead in terms of location



updates and maintenance of a distributed location database
even with low traffic. Thus there is a wide gap between the low
maintenance, low performance flooding based protocols and
the high maintenance, high performance location management
based protocols.

In this work, we propose a novel framework called Ac-
quaintance Based Soft Location Management (ABSLM) that
makes use of a simple heuristic to maintain a distributed loca-
tion database for efficient geographic routing in MANET. A
main difference of our scheme from the location management
schemes mentioned above is that we make no assumptions
regarding either the shape or size of the network terrain or
the density of the nodes. By the aid of acquaintances, our
scheme informally builds a ‘soft’ location management setup
and eliminates the need for strict management strategies (like
computation of grids, assignment of location servers or home
regions, location registration, etc). Our main idea is inspired
by the experimental studies in social sciences by S. Milgram
[7]. In this pioneering work, the author spoke of the likelihood
of two individuals in a social network to be connected through
a short sequence of intermediate acquaintances. On repeated
experiments amongst different pairs of strangers in USA, the
average length of the intermediate sequence came out to be
around 5 or 6. This later became popular as the principle
of ‘six degrees of separation’ [8]. In their study however,
the source was informed about the approximate location of
the destination and the source had to forward the packet to
acquaintances known to itself only on a first name basis. In
our case, the source has no idea regarding the location of
the destination, but it uses acquaintances to search for the
destination with the hope of finding them being connected
via a short list of common contacts, as observed by the
studies mentioned above. Additionally, while other protocols
(like DSR and LAR) struggle to cope with the challenges
imposed by mobility, ABSLM uses the mobility of the nodes
to its advantage for achieving better performance. Thus on
one hand, ABSLM uses geographic forwarding to avoid the
limitations of flooding protocols, and on the other hand due to
the “soft” location services provided, it achieves performance
comparable to location management schemes (like SLALoM)
with a significantly lower control overhead. To the best of
our knowledge, no other solution has been proposed in this
capacity that tries to utilize this concept of acquaintanceship
amongst nodes, to bring about a soft location management
based routing protocol for wireless ad hoc networks.

The rest of the paper is outlined as follows: In Section 11,
we describe the details of the ABSLM protocol. In Section
I1l, we analyze ABSLM and compare it with DSR, LAR
and SLALoM, and present our simulation results. In Section
IV we present a detailed survey on other related work and
conclude this work in Section V.

Il. THE PROPOSED ABSLM PrROTOCOL

The basic idea of ABSLM is to make use of the real life
concept of making acquaintances and keeping in touch with
them regarding each other’s current locations to bring about a

‘soft’ location management system. When a source needs to
obtain the location of a destination, it queries its acquaintances
about it. If the destination is unknown to the acquaintances,
they in turn ask their acquaintances and the process is repeated
until the destination’s location is discovered. Thus, ABSLM
makes use of a location database which is maintained among
the nodes in a distributed fashion. In the following subsections,
we outline the different phases that constitute the ABSLM
protocol.

A. Acquaintance Selection

Each node periodically broadcasts its current location so
that all nodes are aware of their neighbors and their respective
locations. At start, each node randomly selects a neighbor who
is not already an acquaintance, and sends an acquaintanceship
request (ACQ_REQ). Simultaneously, it adds this neighbor in
its acquaintance table as a pending entry. If the node does
not get an acceptance from the pending acquaintance after a
specific period of time, it deletes the entry from its acquain-
tance table, and retries the acquaintance selection process with
a new neighbor. If the neighbor does accept the invitation
(ACQ_ACC), the node marks that entry in its acquaintance
table as accepted. As far as using acquaintances to locate a
destination is concerned, a node does not distinguish between
its pending and accepted acquaintances. The node however,
sends location updates (LOC_UPD) containing its up-to-date
location only to its accepted acquaintances.

We fix the maximum number of acquaintances that a node
can have so that the memory requirements to keep track of
acquaintances and the overhead to maintain acquaintanceship
and discover destinations are practically manageable. Thus,
any node that receives an acquaintanceship request replies with
an acceptance only if it can accommodate a new acquaintance.
In the event that a node receives an acquaintanceship request
from a node to which it had send an acquaintanceship request
previously, it marks the corresponding entry in its acquaintance
table to accepted. In case of rejection, the node just ignores
the request and lets the requesting node time out.

B. Acquaintanceship Termination

If a node finds any of its acquaintances to be in its neigh-
borhood for a period of time greater than a timeout interval,
it deletes that entry from its acquaintance table. Since both
acquaintances will sense each other in their neighborhoods, the
acquaintanceship will terminate mutually without the need for
explicit termination messages. The timeout interval is chosen
to be the time it takes for a node to move in and out of
its acquaintance’s transmission range at a speed equal to the
average velocity of the nodes in the network. This method
of initiating and maintaining acquaintanceship is illustrated in
Figure 1. The intuition behind this form of acquaintanceship
termination is for nodes to have acquaintances spread all over
the network which, in turn, leads to faster discovery of a
destination (see Section I1-E for more detailed description).



(a) Acquaintanceinitiation  (b) Acquaintance after timeout

Fig. 1. (a)Initially make acquaintances with neighbors (b)After a timeout,
only those nodes that move out of the neighborhood remain as acquaintances

C. Location Update

Each node checks its own location periodically, and on
moving a distance equal to its transmission radius, sends
out a location update (LOC_UPD) to each of its accepted
acquaintances. Additionally, the node sends a location update
to each node with whom it has an ongoing data connection.
On getting location updates from its acquaintances, a node
updates its acquaintance table with the location information
contained within the updates.

D. Nosy Neighbors

As an optimization attempt, each node also maintains a
location cache whose entries consist of the locations of the
nodes (other than its acquaintances) this node learned of, while
forwarding packets for other nodes in promiscuous mode.
However, the information contained by only two types of
control packets are relevant:

1) Location Update

While forwarding a LOC_UPD packet, each node inserts
(or updates) the location information contained within
the packet into its cache. Additionally, if the node has
room to make a new acquaintance, it adds a new entry
for this node in its acquaintance table, and sends an
acquaintanceship request to it. Intuitively, the cache
allows for faster discovery of destination nodes during
the discovery phase. To prevent nodes from using stale
cache entries, entries from the cache are deleted after a
timeout interval.

2) Location Response

If a node knows about a queried destination, it geo-
graphically forwards a response (LOC_RESP) back to
the source containing the location of the destination.
This node may know of the destination for one of the
following reasons:

« the destination is a neighbor or an acquaintance

« there is a live connection with the destination

« destination’s information was in the location cache

An intermediate node while forwarding this LOC_RESP packet
looks inside and may cache the location information of both
the source and the destination.

E. Acquaintance Based Location Discovery and Data Transfer

At the start of communication, the source checks its neigh-
bors, acquaintances, and location cache in that order for

information regarding the destination. If there is no such
information, it buffers the data packet and creates a location
query (LOC_QRY) with an unique sequence number. It also
specifies a maximum logical hop count in the query, which
specifies the number of times a query packet can be forwarded
by acquaintances to other acquaintances during the discovery
process. The query is then geographically forwarded to all its
pending and accepted acquaintances. Figure 2 illustrates the
case where the maximum logical hop is 2. If the node has
no acquaintances, it broadcasts the query to all its neighbors.
This type of broadcasting in the absence of acquaintances is
done only at the source node to enable a location query to
be initiated properly. The neighbors in turn forward the query
to all their acquaintances. In the absence of acquaintances, a
neighbor (other than the source) will drop the query. Thus,
ABSLM avoids full flooding of location query packets.

(b) 1 logical hop

(a) Querying 2 hops away

Fig. 2. (a) Node 1 queries 2 and 3 by one logical hop each. Node 2 queries
4 and 5, and node 3 queries 6 and 7 by one logical hop each (b) single logical
hop from 1 to 2 by geographic forwarding (the larger circles in both figures,
represent the transmission range of each node)

An intermediate node (nosy neighbor), while forwarding
query packets from a node to its acquaintance, sniffs into the
packet to see if it knows of the destination. If it does, it creates
a LOC_RESP containing the location of the destination, and
geographically forwards the response back to the source (as
described earlier). When an acquaintance gets a LOC_QRY,
if it knows of the destination, a LOC_RESP containing the
location of the destination is sent back to the source. Oth-
erwise, it decrements the logical hop count by unity, and if
it is non-zero, geographically forwards the query to all its
acquaintances. However, a node does not forward the query
to an acquaintance if:

« that acquaintance forwarded this node this query
« that acquaintance is the source of this query

On receiving a LOC_RESP, the source retrieves all the buffered
data for that destination and forwards them geographically
to the destination. Duplicate location responses are ignored.
It also adds the destination to a list of ongoing connections
and appends its location information to each data packet that
it forwards to the destination. The destination also adds the
source to its list of live connections, and from then on, both
nodes update each other of their current location periodically
for the duration of the communication session. To further
optimize this discovery process, a source while waiting for
a LOC_RESP keeps a check to see if the destination itself
entered the neighborhood. In that case all buffered packets



are readily forwarded to that destination and all LOC_RESP
packets for that particular query are ignored.

I1l. COMPARATIVE STUDY

To evaluate the efficiency of the protocol, we implemented
ABSLM in GloMoSim [9] and compared it with three pro-
tocols: DSR [1] (as it represents the most rudimentary of
all source routed flooding techniques); LAR [2] (since it
utilizes approximate destination location information to restrict
flooding); and SLALoM [3] (since we found it to be a
good representative of the grid based location management
protocols). For additional performance comparison between
various other existing MANET routing protocols (including
the ones chosen in this paper) the readers are referred to: [10],
[11], [22], [13], [24].

We used the standard distribution of DSR and LAR Scheme
1 provided with GloMoSim and implemented SLALOM as
described in [3]. The simulation parameters were chosen as
follows:

« simulation time = 2000s
o terrain size = 2000 m x 1000 m
« number of nodes = 100
« radio range = 350 m
(a transmission covers 19.25% of the terrain)
« mobility = Random Waypoint Model
(velocity from 0 m/s to 10 m/s with pause of 15s)
« traffic = Random CBR
(packets of size 1 K ; 50 packets/connection; inter packet
arrival time uniformly distributed between 1s to 3s)

We performed some simulations of ABSLM alone with the
above parameters in an effort to see the effect of maximum
number of acquaintances and the maximum number of logical
hops on the throughput and control overhead. When the
maximum number of acquaintances is greater than 3, we saw a
dramatic increase in overhead whereas the throughput remains
same. Similarly, allowing query packets to be forwarded for
more than 2 logical hops increases the overhead unnecessarily
without substantially increasing the throughput. So we empiri-
cally fixed the maximum number of acquaintances to be 3, and
the query hop count to be 2 for the subsequent experiments.

Figure 3 shows the average throughput for each protocol
as a function of traffic load. While both LAR and ABSLM
achieve high and stable throughput with increasing traffic
load, DSR performs poorly. This is mainly because DSR
cannot deal with link failures as efficiently as LAR, whereas
ABSLM is not affected much by link breaks due to geographic
forwarding as discussed earlier. LAR is much more aggressive
in searching for new routes when compared to DSR since LAR
continually expands the estimated region of the destination and
searches for a path to the destination in that region. SLALoM
performs the best since it has the advantage of both geographic
forwarding and the complete location database that allows the
destination location to be quickly ascertained. ABSLM did not
fare as well as SLALoM since it only offers a ‘soft’ location
management setup.
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Figure 4 shows the impact of traffic load on the con-
trol overhead in each protocol measured in terms of the
number of control packets received at all nodes. Control
packets in DSR and LAR consist of ‘route requests’, ‘route
responses’ and ‘route errors’. In ABSLM we consider: periodic
HELLO, ACQ_REQ, ACQ_ACC, LOC_QRY, LOC_RESP and
LOC_UPD. In SLALoM we have: periodic HELLO, location
queries, responses, updates, notifications, and protocol main-
tenance packets that are needed to inform a node entering a
new region, of all the nodes that have that region as their
home. In Figure 4 we find DSR to have the lowest overhead
since it is purely reactive in that it only needs to broadcast
a ‘route request’ at the start of each session, or if a source
route fails. On the other hand, LAR has a very high control
overhead which increases with traffic load. This is because in
LAR, if a source had heard from a destination previously, it
tries to estimate the region where the destination is expected to
be found, and floods route requests in that area. Worse, if the
request times out, this procedure is carried out repeatedly by
increasing the size of the flooding zone which may grow to the



entire terrain. This results in many redundant route requests.
SLALOM has a high control overhead even for lower traffics
just to maintain the location database. From the figure 4, it’s
clear that the overhead in ABSLM, while much lesser than
that of LAR and SLALoM, is a bit more than that of DSR
(note that ABSLM has a much better throughput than DSR).

Route Discovery Latency (in hops)

20 40 60 80 100 120 140 160 180 200
No. of Connection Requests

Fig. 5. Route Discovery Latency vs. Load

Figure 5 shows the route discovery latency(in physical hops)
in each protocol. This metric gives us an estimate of the
time a source has to wait before it can initiate data transfer
after the request for a session arrives. Since the route request
has to reach the destination before a reply can be sent (in
the absence of a cached location), route discovery latency
is higher in both LAR and DSR on average. In ABSLM,
since a LOC_RESP can be sent back to the source by an
acquaintance (or an intermediate node), node discovery can
be much faster, as evident from the figure. SLALoM performs
best by virtue of its complete location database, where each
node can query a destination’s home region for its location.
In our simulation scenario almost all queries in SLALoM
were serviced successfully by the ‘near’ home regions, thereby
reducing the overall discovery latency considerably.

As a final test to the robustness of each protocol, we also
simulated the performance by increasing the mobility of each
node. We kept all other simulation parameters same as before
but went on to increase only the maximum velocity of nodes in
the Random Waypoint model from 10 m/s to 50 m/s and fixed
the pause time to 0 s. The traffic was fixed to 200 connection
requests. Figure 6 shows the throughput achieved by each pro-
tocol with varying mobility. Both LAR and DSR suffer from
increased mobility because of increased number of source
route failures, which considerably affect their throughput.
On the other hand, ABSLM fares much better, since higher
mobility enables a node to have acquaintance nodes spread
all over the network, thereby ensuring efficient destination
discovery. SLALoOM is not much affected by mobility either,
due to its dependance on geographic forwarding that shields
it from link breaks. Overall, ABSLM emerges as a clear
winner over LAR and DSR in terms of higher throughput,
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lower control overhead, lower route discovery latency and
performs very well in highly mobile networks. At the same
time ABSLM is a viable alternative to extensive location
management schemes as it performs nearly as well with a
significantly lower control overhead that would lead to lower
power consumption and lesser congestion.

1V. OTHER RELATED WORK

In [15], the authors tried to complement pure reactive
approaches by proactive strategies within zones to reduce the
location discovery delay and restrict the flooding required. In
[16], the reactive part of [15] was supplemented with the GPS
based query optimizations. In [17], [18] the advantages of
reactive nature of DSR is combined with the location-based
solutions to achieve improved efficiency, but they still restrict
themselves to source routes and consequently suffer more from
link breaks than the protocols based on geographic forwarding.
In [19], the authors introduced an efficient way of dissem-
inating geographical position of nodes. By this mechanism,
nodes far apart update each other about their own positions
less frequently than those closer together, based on the relative
velocity. Using this concept several multipoint communication
protocols have been proposed, such as [20], [21]. In [22] the
authors used a clustering algorithm to restrict the flooding
required by DSR. Consequently literature describes several
protocols (e.g. [23], [24], [25]) that extends this concept
of clustering to propose soultions for multicasting issues in
wireless ad hoc networks.

In [26], the authors did extensive analysis of an anchor
based routing technique that uses a concept of ‘anchors’ to
loosely source route messages towards the destination. In their
work, they tried to make geographic routing more efficient by
finding some fixed geographic locations (hot nodes) enroute to
the destination that are called ‘anchors’. Packets are forwarded
geographically towards an anchor point until it reaches a node
close enough to that point. Thereafter its forwarded to nodes
that take the packet towards the next anchor point, till it
reaches the destination node. They used special nodes called



Friend Assisted Path Discovery (FAPD) [27] responders that
maintain friendship amongst themselves to learn about the
irregular network topology and to help sources find appropriate
anchor points towards their respective destinations. These
responders do not take part in the forwarding path themeselves.
Thus, this work differs from ours in the following ways: we
do not reserve nodes for specific tasks (like the responders);
we make use of acquaintanceship not only to learn collectively
about the network neighborhood but to also forward packets
to the destination.

We are currently working on a novel approach to selection
of acquaintances, based on some activity index that will grade
the attractiveness of each node as an acquaintance to others.
We are comparing this scheme with the current approach of
randomly selecting neighbors as acquaintances. In addition
to this, we are trying to optimize the geographic forwarding
technique to include power aware concepts in choosing the
next hop neighbor. We hope to achieve longer network lifetime
through this modification.

V. CONCLUSION

We have described a few popular schemes for routing in
mobile ad hoc networks, and show that these schemes perform
rather poorly in networks with high traffic volume and node
mobility. Geographic routing may be a possible candidate for
routing in such networks, and we propose a novel scheme
known as Acquaintance Based Soft Location Management
(ABSLM), in which nodes use the real life concept of making
acquaintances and keeping in touch with them regarding their
current locations, for efficient geographic routing. ABSLM,
inspired by the ‘small-world phenomenon’ concept, combines
the advantages of purely reactive protocols with the concept
of location databases to offer a cost effective solution that
is intended to bridge the gap between the two extremes of
flooding and complete location management schemes. The
number of acquaintances that a node can have, and the number
of query steps are the two parameters that need to be tuned
for the efficient operation of ABSLM. By empirically selecting
appropriate values for these parameters, we have shown that
ABSLM not only outperforms flooding protocols like DSR
and LAR in terms of throughput, discovery latency and
control overhead, but also peforms as well as ‘hard” location
management schemes like SLALoM at a significantly lower
control overhead.
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