Persistent Location Management

AdHoc l\nT etworks

Kapil Sundrani*
Lalit Kumar Awasthi*

INTRODUCTION

Location management is a process that enables
routing protocols to determine the current position of
the destination through a lacation directory. It
basically consists of location updates and location
searches operating on the location directory. This
process is a critical process in any mobile networks
because the position information changes frequently

Mobile ad-hoc wireless networks have no fixed
infrastructure. Nodes are mobile and relay packets
destined for other nodes. Due to these networks'
constantly changing topology, one of the biggest
challenges today is to design routing protocols that
scale well as the number of nodes increases. Many
schemes have been suggested, most of which are
route-based. Nodes discover and maintain routes to
destination nodes either in a pro-active or on-demand
manner.. However, this approach could be
problematic in a highly mobile setting because links
on a given route break frequently as nodes: move
about. As a result, maintenance of end-to-end routes
can incur heavy signaling traffic, which is a major
cause of limited network scalability for routing
~ protocols. Recently, a family. of routing protocols has
been proposed as a potentially scalable solution for
mobile ad-hoc networks. These protocols are
location-based; i.e., the network maintains nodes'
geographic locations (as opposed to routes) and uses
this information to route packets. Studies show that,
even with knowledge of the approximate locations of
nodes only, location-based routing can significantly
reduce signaling overhead compared with route-
based methods. Since maintenance of nodes'

approximate locations can be easier than -

maintenance of end-to-end routes, location-based
routing protocols are likely going to be more scalable.
A critical issue for location-based routing protocols is

R
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the management of location information at the nodes.
Forinstance, should a node store the location of every
other node in the network? If not, for how many nodes
should it act as-a location server? Should the node
change the location information it keeps as it moves?
How often should location information be updated?
These questions must be answered carefully to
minimize the overhead costs of the protocols.

In this paper we. propose a novel scheme which
addresses all- the issues in an efficient location
management scheme. Henceforth we shall refer this
scheme as Persistent Location Management (PLM).
There are several benefits with our scheme. It scales
efficiently to a large adhoc netwdrk. Since it follows a
decentralized scheme of distribution of location
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information, it is fault tolerant. The scheme is adaptive
in nature as it involves the distance of a node from its
origin and the user profile to determine location
update and search procedures. To add to it, in a
network with a high degree of mobility, the inclusion
of mobility rate_to determine the location
management procedures further increases the
efficiency of the algorithm.

Existing Framework

One of the earliest location-based routing protocols is
DREAM [1]. In DREAM, a node typically has accurate
location information for nodes close to it. If it has to
send a message and the destination location is
unknown, partial flooding is used to find the location.
Some more recent schemes, e.g., GLS [3] and SLURP
[2], call for nodes to maintain location of specific
subsets of the nodes. In addifion, the location server
systems are designed so that when a destination
node's location is not in their databases, nodes can
learn about this information in a deterministic manner
and thereby reduce signaling overhead. GLS
designates location servers for each node so that
property P is achieved: the distance traversed by a
location query will be proportional to the path length
between the source and destination node of a
message. To maintain P, the location servers are more
densely distributed near the node. Consequently,
when a node moves, GLS has to reassign location
servers for the node, which could incur heavy
overhead if nodes are highly mobile. SLURP divides
the area in which the nodes move about into unit
regions. Each node is assigned a home region and the
nodes in this region act as the location servers for the
node. SLURP has eliminated the need to change
location servers when nodes move. In the process,
however, it has sacrificed property P. The location of a
node is independent of its servers' location. Thus, a
query sent by a node near a far-away from- home
destination node may need to traverse a long way to
discover the destination node’s location.

Due to the fixed nature of the location directories used
in the conventional location managements including
PLMN, WATM, mobile IP, and satellite network [4],
[5], [6]; such approaches are not appropriate for a
mobile ad hoc network since it relies on a fully mobile
infrastructure. This implies nonexistence of a fixed
location directory as in the conventional location
managements. Thus, the main issue is the place where
the focation directory is stored. There exist two

extreme situations: proactive where all nodes
maintain the location directory information, and
reactive where none of the nodes maintain the
location directory information.

In the proactive location management, each node
keeps up-to-date location directory information about
every other node in the network. Location update is
periodically transmitted throughout the network to
maintain consistency. This makes the cost of location
update operations high. Hence, full-update strategy is
used to track nodes at the cost of no-search strategy.
The proactive ad hoc routing protocols apply the
proactive location management. Most of them are
topology-based routing including DREAM, GSR [7],
CGSR (8], FSH-HSR [9], and LANMAR [10]. Among
them, DREAM is a position-based routing {1]. The
overhead of the full-update in GSR, CGSR, LANMAR
and FSHHSR is reduced because of the hierarchical
architecture used in these protocols. In FSH-HSR and
LANMAR, nodes stow down the update rate as their
distances from destinations or landmark nodes
increase, respectively. Conversely, DREAM builds
location tables by flooding position updates
throughout the network. The frequency at which
DREAM sends position updates is related to both
mobility rate, and distance between nodes. To sum
up, proactive location managements decrease the
delay of location search, but they waste a significant
amount of wireless resources in order to maintain up-
to-date location directory information. Such
mechanisms are scalable in relation to the frequency
of end-to-end connection. Although proactive
location managements are not scalable in relation to
the total number of nodes, they can be made scalable
if a hierarchical architecture is used. Finally, proactive
location managements are not scalable in relation to
the frequency of topology changes. Thus this strategy
is more appropriate for a network with low mobility,
where the position of nodes changes infrequently.
Furthermore, they are not suitable for a large network
because of the flooding nature of the proactive
approaches. On the contrary, in the reactive
mechanism a node broadcasts a location search
message to the entire network when it wants to
communicate with its destination. No prior location
directory information is kept, which makes the cost of
location update operation low. Consequently, full-
search strategy is used to locate nodes at the expense
of no-update strategy. The reactive ad hoc routing
protocols uses the reactive location management.
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Some of the topology-based routing protocols are
CBRP [11], QUERY [12], and RDMAR [13].
Conversely, LARisa position-based routing {14]. All of
them apply selective flooding in order to reduce the
overhead generated by the full-search. Among them,
LAR floods location requests instead of route requests.

Reactive location management decreases the
communication overhead at the expense of an extra
delay for location search; and they are not optimal in
terms of bandwidth utilization because of the flooding
nature of location search. Reactive mechanisms
remain scalable in relation to the frequency of
topology changes. Such location managements are
not scalable in relation to the total number of nodes.

Nevertheless, similar to proactive mechanisms they

can be made scalable if a hierarchical architecture is
used. Finally, reactive location managements are not
scalable in relation to the frequency of end-to-end
connection. Since the reactive approaches explicitly
rely on flooding, they are not suitable for a large
network. Our purpose is to designa moderate strategy
that makes the cost of both location update and search
relatively cheap, which we denote as hybrid
approach. In this approach, the current location
directory information of nodes is maintained in a
database known as location server. Each node
registers its location information in the location server,
which will be paged by the location search. This
approach provides a trade-off between location
update and search. One of the main concerns of this
trade-off consists of server architecture. There exist
three design choices for this architecture including:
centralized, distributed, and decentralized database
[15]. With a centralized architecture, a single server
performs the given functionalities. If the architecture is
distributed, each server independently provides
portions of location information but must cooperate to
provide the complete information by exchanging
results. In the decentralized architecture, multiple
replicated servers maintain the current location of the
nodes. This architecture can either be dynamic or
static depending on whether the position of a location
server moves. Another concern is the scheme used in
the location update and search procedures. The first
generation of the hybrid location management
inherits from hybrid ad hoc routing protocols. This
means that the proactive location management isused
within a zone (i.e. full-update and no-search), ang
reactive location management outside of a zone (i.e.
no-update and full search). Some of the topology-

E

based routing protocols in this class are ZRP [16],
ZHLS [17] and DDR [18]. All of them partition the
network into a set of zones. In DDR, the overhead of
full-update within a zone is reduced by embedding
the necessary information in a beacon. ZHLS on the
other hand decreases the overhead on full-search
outside of a zone by maintaining the zone
connectivity of the whole networks. Other hybrid
location management, more closely related to our
approach are UQS [19), GLS [3], VHR [20] and HA
[21]. Both UQS and GLS are based on a decentralized
architecture, where the positions of location servers
are dynamic. UQS relies on topology-based routing.
in. GLS, the network is partitioned into a set of
hierarchical squares. Both VHR and HA use a single
location serverwith static position. As a result, hybrid
approaches provide a trade-off on scalability issue in
relation to the frequency of end-to-end connection,
the total number of nodes, and the frequency of
topology changes. However, it is subjected to its
design choices including database architecture,
location management scheme, etc. Thus, the hybrid
approach is an appropriate candidate for location
managementina large network.

Here we propose a hybrid location management
based on a decentralized architecture. We call it
Persistent Location Management. It is persistent
because the rate at which location update takes place
is determined by a persistent factor which depends on
the network history and on the user profile. It is also
adaptive in nature because the location management
procedures are determined as a function of distance.
Similarto UQS and GLS and VHR/HA, PLM isa hybrid
approach based on the notion of location server. PLM
is hybrid because it is based on the notion of location
server which is decentralized in itself. Indeed, it relies
on multiple location servers replicated on several
geographical positions. Each of them performs the
given location management. But unlike UQS, PLM
relies on the position-based routing; ittherefore avoids
an extra overhead due to the intermediate nodes
movement. Also, the position of the location servers in
PLM is static. This avoids the overhead of the location
server search. To make it faul'tl tolerant, PLM uses
multiple location servers per node.

The Model ' T

Node Addressing

In our scheme we shall usea three dimension structure
to denote the profile of a node viz., its geographical
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position (according to some homogeneous origin) and
the id which is a location independent identifier of a
node which must be unique and known throughout
the network. The position is a location dependent
address and reflects a node's current spatial location in
the network. This position provides the distance and
the direction from source to destination. We can use
any homogeneous coordinate system by which the
distance and direction between two positions can be
calculated.

Distribution of Location Servers

A location server is defined as a set of nodes located
close to a geographical position. This position is
represented by a disk d(c, r), where c is the center of
the disc and r is the radius. The location server is in
charge of maintaining the address of nodes. The
address for each node can be registered with multiple

location servers in the network. To get the required -

level of redundancy, the size of the distribution
pattern may be dynamically increased‘or decreased,
s0 as to obtain a certain minimum number of nodes in
the location server.

Choice for distribution of Location Servers

To make up for an optimal location server replication
on several geographical positions, we consider that
the distribution of location servers follows the graph
generated by any of the following schemes:

i) Archimedean Spiral: Archimedean spiral R = ag;
where r represents the radius, 'a' is a constant
parameter, and 0 represénits the angle.

Archimedes! <pnr1l r= theta

Fig 1. Archimedean Spiral {or distribution of
Location Servers [34]

ii) Epi-spiral: Here r=acos®. Faraheing integer,

the curve is more radial compound hyperbola, than a
spiral. The number of sections depends on the value of
the parameter a: for odd a there are 'a' sections, for
even 'a’ there are 2a sections. For a=2, we see the
cross curve. For a=3, the curve is the trefoil. Non
integer values fora give the curve the spiral form.

Q\/&
7/&,

Fig 2. Epi-Spiral for distribution of Location
Servers [34]

iii) Cotes spiral : r £ 1/cosh{a®)

Cotes' spiral a= 1 Cotes' spiral a=1/10

Y@

Fig 3. Cotes Spiral for distribution of Location
Servers [34]

Several node distribution technigques are available, for
distribution of location servers. Any of the above
could be used for distribution. For our algorithm, we
use Archimedean Spiral for distributing the nodes in
global positioning system.

The objective of a node is to create {virtually) its own
spiral. For this purpose, the node applies the basic
polarequation of the chosen scheme.

Any of the above schemes can be chosen according to
the density of nodes and the traffic in the network.

However Archimedean Spiral and the Cotes Spiral are

considered to be more flexible [22).

The origin o of the spiral changes from node to node.
However it is ensured that the orientation XY remains
the same in accordance with a predefined
homogeneous global coordination system. In case of
very small networks the mapping of anode to its origin
in the coordinate system can be stored as a
decentralized structure. However in case of large
networks, the relation between a node and its origin is
defined by a well-known hash function H. The hash
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function operates on the nodes' id and returns the
origin of their spiral, that is: H(id) = o(p, q), where o(p,
q) represents the position of origin. The centers of
location servers are then defined every 6 degree on the
curve.

The parameters 'a' and '0' are very important since
they determine the distance between two consecutive
location servers, and the total number of the location
servers, respectively. Although they can be adjusted
on per-node basis; for simplicity reasons, we consider
them as the protocol set-up parameters which have to
be worked out at the design stage. For efficient setup,
the parameter 'a' should be proportional to the
average radio transmission range of nodes; and it has
to be set in such a way to avoid both too close and too
far inter-server distance. Secondly, the 8 should be
chosen in relation to the network density and
geographical information in order to ensure network
connectivity. Multiple location servers perform the
given location management. Hence, the location
information is replicated. Each server independently
provides the location information without requiring
information from other servers. This increases the fault
tolerance of the location management. It also reduces
the response delay by spreading the load among
multiple servers. Furthermore, the density of the
location servers increases as the distance to the origin
decreases.

Persistence Factor

For static determination the probability of incoming
calls can be set up at the design stage. This however
could be changed at will as the density of the network
increases. '

We know that the probability of calls in not same
throughout the day. For example among all calls
generated for a user during the whole day, only 2-
percent of the calls are generated between 00:00 to
08:00 hours, 50 percent of the calls in between 08:00
to 18:00 and the remaining 30 percent of the calls are
generated in between 18:00 to 24:00. So we can
define the probability matrix as:

1 Probability of incoming Messages

An improvement over this static definition of the
persistent factor could be the application of a fuzzy
rule. The fuzzy rule takes a fuzzy input which is
determined by the history of the node movement in
the network. This is especially useful when the node
movement follows a pattern in their movement.

The location management scheme involves selection
of location servers. For this we define a location
update or search zone and determine the next location
server to update/ search. The search continues till the
required position is found or updated or till the search
is inside the defined zone. We can define two time
constraints for our location update/ search. The first
constraint will determine the time till the update or
search-call is valid in the network and the second
constraint will define the time after which the
update/search call needs to be repeated. When a
server receives a location update call, the server will
update the current position of the node as well as its
validity interval. All this is done in the specified zone.

For location search within a zone, the first server
containing the required information about the current
position of the destination node will reply to the
search call. All those servers within the zone which do
not contain the required information become active
for the search time interval. This will ensure that if they
get updated within the validity time they can reply to
the search call.

The network defines 'n' probability factors according
to its history and the specific user profile. The number
n can vary network to network.

Network Parameters

We define the following network parameters:
PROB_1//Probabilities of a node being messaged
PROB_2// atsome time. These depend on the '
PROB_n//history of the network.

TIME_VALID// Time ill which an update is valid
TIME_UPDATE // Time after which an update needs to
berepeated

A_VALUE //Constant value dépending on the

OG'OOFOQ&QO. e 500 distribution pattern
1081000 18:00 ~0.5° THETA_VALUE //Constant value depending on the
18:0010.24:00 0.3 distribution pattern
Table 1. Probability distribution with respect to ZONE_SEARCH //Constant value for defining the
time [35] range of search zone
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Simulation and Results

We simulated our algorithm for dynamic persistent
location management in adhoc networks using C + +.

The simulation creates a virtual network by generating
n number of hodes, where n is entered by the usér. The
simulator generates random co-ordinates for every
node, making sure that no two nodes have exactly the
same global co-ordinates. Every node is mapped to its
origin and this origin is kept constant for the rest of the
simulation. At each simulation step, we assume thata
randomly taken node moves to its new position. This
position may or may not be in the network zone. At
each simulation step we also make a search for a
randomly generated node. For both the search as well
as he update we define location server at each
simulation step determined as a function of distance.

Simulation

The simulation creates a virtual network by generating
n number of nodes, where n is entered by the user. The
simulator generates random co-ordinates for every
node, making sure that no two nodes have exactly the
same global co-ordinates. Every node is mapped to its
origin and this origin is kept constant for the rest of the
simulation. At each simulation step, we assume thata
randomly taken node moves to its new position. This
position may or may not be in the network zone. At
each simulation step we also make a search for a
randomly generated node. For both the search as well
as he update we define location server at each
simulation step.

Finding the location Server

To find the location server of any node, first we find
the origin of that node. To find the origin we use a hash
function that maps a node to its corresponding origin.
However if we have a relatively small network, we can
store this information since the storage overhead will
be less. The selection process occurs upon a location
update/ search. It determines what the next location
server to update / search is. For this purpose, the
process always selects the closest location server in
terms of physical distance. Therefore, a node initiates
the location update/ search from its closest location
server. Then;-the closest location server forwards the
same message to the next closest location server
towards the node's origin. At the origin, the message
spreads evenly among the remaining directions based
on the location update/ search zone. Note that the

next location server is always known because the
node's origin, parameter 'a’ and 6, and the global
coordination are well known. This process ends up
when the next location server does not belong to the
defined location update/search zone. It may also
happen that the process ends up in the expiration time
since nodes may have unanticipated behaviors that
may delay the location update or search procedures.
To sum up, this process avoids the distance-effect by
always selecting the closest location server.
Furthermore, -its overhead is optimized on the
distribution of the location servers.

Location Update

Whenever a node in the network makes a move, it is
checked whether the new location lies within the
network zone. If the new position of the node is
outside the network, there would not be any location

© update and after the TIME_VALID counter expires any

node that wants to page to that node will not be able to
reach the node.

However, if the new position co-ordinates are within
the network region, the corresponding origin and
hence the location server of that node would be found
out. Then it is checked whether the nodes in the
location server already have some location.
information of the node. For any node having location
information,-the old information is deleted and the
new information is stored, and for all other nodes the
location information is stored straightaway. And
hence all the nodes in the location server have the
updated information about the new location of the
node.

Location update procedure occurs based on its
parameters including location update time interval
and location update zone. They are determined after
each movement as a function of distance from node's
origin. The primary goal of a node in the location
update procedure is to form its own archimedean
spirals. Then, a node develops its own location
management strategy; so as to determine the location
update time interval and the location update zone.
Afterwards, it applies the selection process to update a
subset of the set of location servers. Basically, a
location update message includes the current address
of the node, location update time interval, and the
location update zone. The location update message is
then transmitted at every update time interval towards
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the update zone. This message declares that the
node's location information remains valid until the
end of the update time. Upon receiving the location
update message, each node within the disk of the
location server updates the location information
corresponding to the node and save the validity
- interval. In this way, those location servers within the
defined update zone become aware of the current
location of the node.

Location Search

The location search procedure occurs when a node
wants to communicate with another node whose
position is unknown. Destination search is initiated by
forming its archimedean spiral in order to locate the
set of its location servers. Then, the requesting node
elaborates a location search strategy based on its
distance from the destination's origin. Indeed, it
determines the frequency at which its location search
procedure has to be triggered over the location search
zone. Once the location management strategy is
made, the selection process routes the location search
message to the location search zone requesting
destination's current position using its id. Therefore, a
subset of the set of destination's location servers is
searched. Location search message can be only
retransmitted after the location search time interval.

In order to reply to the node which wanted to
communicate with the requested node a Location
reply happens after a successful location search. It is
sent by the first location server containing the
destination's curient position. This implies that the
intersection between the location update zone and
location- search zone is non-empty. Otherwise, no
location reply will be sent. However, the searched
location servers remain active for the search time
interval. This enables them to provide destination's
current position if in the meanwhile they get updated.
The first updated active location server sends a
location reply and labels the location update message.
This label is used to avoid the next location server
sending another location reply. It has to be mentioned
that lack of location information within the location
server at the origin implies that this information only
exists in at most one of the remaining directions. This
is because of the way the selection process routes
location update messages. Since the first location
server containing the destination's current position
sends the location reply and destroys the location

search message, the possibility of multiple location
replies does not exist.

Results

It is observed that the update with the persistence
factor defined as in the algorithm takes place only
about 65% of the times when the new position of the
node is inside the network. This means that with the
probability of a node being messaged, set according to
the history of the network, update of a new location
will take place roughly 65% of the time, with
persistence factor mostly being on the higher side.

Whenever a search takes place, the location
information is found more than 94% of the time. That
means that for rest of the 6% times, the required
location information will have to be searched apart
from the location server information. For this a
location search procedure will have to use a reactive
scheme of location search.

No. of ’ No. of No. of } No. of Positive
nodes | Simulations | Updates | Searches
10 10 7 8

10 100 69 91

10 500 349 463

10 | 1000 | 58 939

Table 2. Number of updates and searches when
number of nodes in the network are 10

No.of | No.oi 1| ‘No.of | No.of Positive
nodes | Simulations | Updates | Searches
20 10 7 e
20 100 68 93
20 500 345 462
20 | 1000 645 943

Table 3. Number of updates and searches when
number of nodes in the network are 20

No.of | - No:of N0 Noiof Positive
~ nodes ES"imuIaiions Updaie'sjl Searches
30 10 7 9

30 ~ 100 65 94

30 500 339 469

30 1000 640 957

Table 4. Number of updates and searches when
number of nodes in the network are 10
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The above results can be plotted on a graph as follows:
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Fig. 4 Number of updates as a function of number
of nodes and number of simulation steps
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Fig 5 Number of successful searches as a function
of number of nodes and number of simulation steps

The algorithm scales well to large network. This is
because in a large network, the distribution pattern of
nodes is upiform: so the probabilityF of location
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