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Abstract — With the availability of location based services|ocation management algorithms, where user locations are
applications that use locations for optimal performancel wikept track with minimal system overhead. Geographic rgutin
require efficient location management algorithms, wherer us[3] is one such application that has been suggested for ad
locations are kept track with minimal system overhead. Gedgoc networks which make use of the approximate location of
raphy based routing in mobile ad hoc networks is one such apades for routing data packets, where nodes are aware of thei
plication that uses location information of nodes in a nakvo location via the use of a GPS receiver or other localization
to route data packets. Previous work in this area has shovtechniques [4], [5]. Geographic routing lends itself as an
that the selection of location management protocol is eaiti attractive candidate for routing in large networks, sinaoies
to the performance of such routing algorithms. Many loaationot use pre-computed routes for packet forwarding during a
management schemes have been proposed in literature, andhmunication session between two nodes. Such protocols
in an effort to quantitatively compare the performance dre localized and the amount of state information that needs
some of these schemes, we carry out extensive simulatitmbe stored by nodes is minimal, and link breakage in a route
to study SLURP, SLALoM and HGRID, three grid baseagsually does not affect the end-to-end session. However, th
protocols described in literature. Our study is two prongedource requires the destination node’s location beforeuit c
— to compare the performance of location management witarry out geographic routing.
network mobility as well as traffic load, and to evaluate the Thus, location management forms an essential entity in pro-
effect these protocols have on the performance of geograptocols that use geographic routing, in which nodes perailyic
routing in mobile ad hoc networks. Our results show that thepdate select nodes that take on the role @dcation server
Hierarchical Grid Location Management protocol (HGRID)of their current location. Location servers can then be iqder
achieves steady performance for data throughput and deldy, source nodes in an on demand fashion for locating desti-
and minimally affects the performance of geographic rautinnation nodes. Location management usually consists oé thre
Keywords: Ad hoc networks, Location Management, GeoPhhaseS'. Iocanon up(;iate(cho-osmg Io_ca.t|on SErvers grmt!ugd
graphic Routing, Performance Study them with Ic_)ca.tlon mformauon perlc_)d|cally), location ma
tenance(periodic cleansing of location database for dagb
. consistency) and location discovery(querying locatiornveses
1 Introduction to obtain a destination’s location), and the cost of logatio
management algorithms basically depends upon the cost of
A mobile ad hoc network is a network without preexisterthe above three primitives.
infrastructure. Each node takes on the role of a router forMany location management protocols have been proposed in
packets not destined for itself. Due to mobility, the netiworliterature. Examples of these include the Grid Locatiorviger
topology varies frequently, and end-to-end sessions dijecu (GLS)[6], Scalable Location Update based Routing Protocol
to link failures constantly. Majority of current research ad (SLURP) [7], Scalable Location Management (SLALoM) [8],
hoc networks has focussed on designing a routing protoddhiform Quorum Systems [9], and Hierarchical Grid Location
that scales well with increasing mobility and network sigde. Management (HGRID)[10]. Except [9], all other protocols
performance analysis of popular unicast routing protocals are grid based protocols, in the sense that, they divide the
be found in [1] and [2]. terrain into an ordered grid, and nodes carry out the lonatio
As wireless access become ubiquitous, location based saenagement primitives based on the particular grid orderin
vices with user mobility will soon be the norm than thef the location management scheme. An upper bound for the
exception, and user location will play a key role in optimgi average cost of location management has been derived for
services for wireless customers. While such services wiledr SLURP, SLALoM and HGRID. In a previous work [11], we
the need for better localization techniques, applicatittvag analyzed the performance of SLURP, SLALoM and HGRID,
use locations for optimal performance will require efficierfor protocol scalability with increasing network size. Our



motivation in this work is two pronged — to study in detail the?, to obtain the current location aofi. The first location

effect of mobility and traffic load on location managementj a server to receive the query far responds with the current

to analyze how an increase in these parameters can affectldeation ofu. As soon aw receives this response, data packets

performance of geographic routing. In this paper, we presaare routed to this approximate location using the geogcaphi

our results from the extensive simulations that we carrigd orouting algorithm.

to compare the aforementioned protocols. In our simulation

we use a simple geographic routing scheme callededy 2.2  Scalable Location Management

Forwarding in which an intermediate node picks its C|OSGSSSLAL0M)

neighbor to the destination than itself as the next hop node

for packet routing. SLALoM combines K% Order-1 regions to form Order-2
The rest of this paper is organized as follows: Sectiagions. Each node selectsh@me regionin each Order-2

2 briefly describes the location management schemes ungggion viaf that maps roughly the same number of nodes to

study. In Sectior3, we describe our simulation environmenkach Order-1 region in an Order-2 region. Hence, every node

and outline the parameters for each protocol. Sectiae- hasO(+;) home regions inA (note that since the original

scribes our comments on the results obtained via simukaticgjuare cannot be perfectly tiled with Order-2 regions, it is

and conclude this work in Sectidn possible that some nodes may not have home regions in the
Order-2 regions adjacent to the boundaryAhfAlso, if a node
2 Location Management Protocols u is present in an Order-1 regid®;, which lies in an Order-2

region @;, then all home regions ai that lie in or adjacent
All the protocols that we describe in this section are grith @; are considerediear home regions, while the rest are
based: in other words, given a rectangular region of #@ea consideredar home regions.
all protocols divide the topography int® logical unit regions
(also known arder-1regions) where each node is aware of-2.1 ~ Location Management in SLALoM
the size of the terrain as well as the size of an unit region. ] ]
However, they differ from each other in how the unit regions WWhenu moves across two Order-1 regiofs and £, it

are aggregated for use in location management. does the following:

o If R; andR; are in the same Order-2 regi@h, u informs
2.1 Scalable Update Based Routing Protocol all its near home regions of the movement, by a partial
(SLURP) location update.

« If R; isin Q;, and R; is in a different Order-2 region

In SLURP, each mobile node selects exactly one unit region &j» U updates all home regions of the movement by a
as its home regionby using a mapping functiori, which full location update. o _
uniquely (and randomly) maps its address to the selecteghom® U &S0 requests nodes it; about the location information
region. The mapping function allows any node to discover It has to keep for nodes that had selectedas a home

another node’s home region simply by knowing its address. ~ region.
A single home region update in SLALoM is similar #o1.1.

2.1.1 Location Management in SLURP Multiple home regions are informed by location updates that
traverse aminimum spanningtree such that each update
All mobile nodes which are present in the home regidn traverses a distandé€ between two home regions. The length
of nodeu act as location servers far and keep an entry for of such a tree is ther@(%). Thus it is relatively easy to
u in their location database. Whanmoves across two unit understand that all home regions know thats in @Q;. In

regionsR; and R;, it does the following: addition, all near home regions know thats in R;.
« U updates its home regio®, of the movement by a
location update. 2.2.2  Discovering a node’s location

« ualso requests nodes i about the location information
it has to keep for nodes that had selecfedas a home
region.

A node v wishing to communicate to another nodesends
a query packet to the closest home regioruoff the home

A home region is updated by sending a location update pac %gion Is a near home region, a response is generated, by the

to the region, and the first location server to obtain the pac ocation server th.at gets the query, wills exact .Iocatlon. I
-gﬁe home region is a far home regionforwards its message

to the closest near home region wfand the location server

servers in that region of the movementwof X . . .
g that receives this message then forwards it to the exadidoca

2.1.2  Discovering a node’s location of u.

A source node that wishes to communicate withcan now 2.3~ Hierarchical Grid Location Management
usef to identify R,,, and sends a location query packet towarddHGRID)



For the purpose of clarity, we will refer to Order-1 regioss awith a "live connections” table, which is updated when a
Level-zero () regions, which form the lowest set of regionsiode receives a data packet or a location change notification
in the hierarchy. By combining.y regions in groups oftf Location change notifications are sent out by end points of a
and selecting exactly one of those regions in each group, w@nection when their locations change significantly frogirt
obtain the next set of leader regions, namely Level-Qng.( previously advertised locations. This table reduces thebar
A similar procedure of grouping and dividing is done untiéth of query packets transmitted during a session, since later d
hierarchy ofk levels can be established. packets in a session can use the destination’s locatiog entr
N . i . the table until the entry becomes invalid due to a timeoue Th
The grid hierarchy is defined by a recursive process as fell0v¥. . . : .

) . imeout is determined by the average time it takes a node to
at each level(1 < ¢ < k — 1), we select the top rightmost Lo ; e
move out of a unit grid with an average velocity specified by

L;—1 leader to be the" hierarchical leader of the bottom Ieftits mobility. A periodic broadcast protocol enables eacheno
L; grid, top leftmostL;_, leader to be the hierarchical leader Y- AP P

of the oo g, g1, bt rghimost, lescer o 4178 5 068 comecty an recods L et
be the hierarchical leader of the top l€ft grid and bottom geograp 9 y 8

. . . implemented as the geographic routing algorithm.
leftmost L, _; leader to be the hierarchical leader of the top Motivated to study the performance of the protocols for

right L; grid. The top of the hierarchy/(), is defined by the robustness with node mobility as well as increasing traffic

four Ly, grids. load, we carried out two sets of simulations. For the firstigtu

we subjected the network to high traffic, while increasing th

average node speed. For the second study, the average node

speed was kept constant, while varying the traffic condition

in the network. All studies were carried out in a square

topography of2000m x 2000m consisting of 320 nodes.
pecific parameters for our simulations are listed in table |

2.3.1 Location Management in HGRID

Whenu moves across two Order-1 regiois and R, the
following take place:
« If the movement is within the region under the sam
Ly leader,u sends a location update to,. Otherwise,

u additionally sends an update to its previols grid TABLE |
indicating its departure. SIMULATION PARAMETERS
« At each leveli, the update fronu is processed by the _ _
location server that first receives the update, and broad-||-arameters_ Scenario | Scenatio Il
. . . Simulation Time 300 sec 300 sec
casts_ _the message in the grld_. Further, if the _movement Unit Region Size >50m >50m
specified in the update requires the next hierarchical | Node Density 80 nodestm? 80 nodestm?
server to be notified, it forwards the packet to its leader. ?aﬂsm!ss!on gaﬂge 525'381 5435,\%”
. ransmission Speed ps ps
. When an updatg reachgsL@,l leader, the node receiv- MAC Protocol [EEE 802.11g IEEE 802.11g
ing the packet first carries out a local broadcast protocol [ Mobiiity Model Random Waypoint] Random Waypoint
to make all theL,_, leader databases consistent. Maximum Speed 0-25 m/sec 10 m/sec
Minimum Speed 0 m/sec 0 m/sec
. . , . Pause Time 0 sec 0 sec
2.3.2 Discovering a node’s location CBR connections 160 30-210
CBR Rate 2 packets/sec 2 packets/sec
To discover a node's location,v sends a query packet to || Data Payload 512 bytes 512 bytes
s L. leader. If d in th &t arid. th Traffic Pattern Random Random
us L; leader. ltu andv aré In the same.;" grid, the query Buffer Size 1000 packets 1000 packets

has to be forwarded until it reaches dn" server (in the

worst case), before a location reply can sent back. Since theince the performance of SLALOM is dependant on the
location databases in the upper levels of the hierarchyy catly|action of K, the recommended value df from [8] is
the approximate location information of nodes, locatiqnliess 7 ¢4 oyr scenario. However, that analysis does not consider
from these servers retgrn the address of the server who 'ﬂ?éoptimal node density for geographic routing, and kegpin
more accurate information af this in mind as well as the tractability of simulations, we
decided to simulate two versions of SLALoM, with = 2
3 Simulation Environment and K = 4 (hereafter called SLALOMK, and SLALOM-
K, respectively). For the scenario considered HGRID defines
We implemented all the three protocols in Glomosim [12]} hierarchical levels. The different packet types and lacati
as separate location management layers that operate in aoanagement overhead in bytes for all protocols are given in
junction with IP. Data from transport is queued in a separatable II.
buffer if the location of the destination is unknown. Packet To test the efficiency of the protocols with increase in
lifetime in the buffer ist seconds, and is subsequently droppeaiobility, we imposed high traffic on the network with 50% of
if a location query sent out for the packet’s destinatiotsfed  the nodes initiating constant bit rate sessions to otheesiod
return the location of the destination within this lifetinfpart For the second study, the maximum speed of node was kept
from having a location database, all nodes are also equipgruhstant aiOm/sec, while increasing the number of random



TABLE I
100

PACKET TYPES AND OVERHEAD + =
Packet Type | SLURP | SLALoM | HGRID
Update 33 35 34 801
Query 37 37 37 _
Response 53 53 53 S .
Notification 33 33 33 g 60
Maintenance| 33+20n | 33+20n | 33+20n %
=]
é 40 ¢
CBR pairs in the network fron30 to 210. Each session has
a rate of2 packets/second, randomly starting aftérseconds 20 g%ﬁ%g%:? D
into the simulation and terminating randomly 20 seconds SLURD -
into the simulation. 0 ‘ ‘ _ HGRID =
0 5 10 15 20 25
4 Simulation Results Mobility (misec)

Fig. 1. Data Throughput

4.1 Results with Increasing Mobility

SLALOM-K, —e—
The results shown in this section show the effect of mobility SLALGMR
on location management and how different location manage- 8 r HGRID =
ment protocols affect the performance of geographic rgutin
We varied the maximum speed in the Random Waypoint model
to change the average mobility of the nodes. An increase in
mobility is proportional to the rate at which nodes crossl gri
boundaries, and hence the rate at which new updates are sent
out to location servers. We study the effect of this phenamen

on the performance of the network. Each plot point presented 2t
here is an average of seven simulation runs.

Figures 1 and 2 show the average data throughput and
delay achieved by each protocol. Throughput decreases with 0
mobility for all the protocols, with SLURP being affected
most by mobility, and HGRID performing best. HGRID gives
a near steady performance, delivering a throughput above
90% in all the cases. SLALoMK, performs slightly better
than SLALoM-K,. Packet delay increases with mobility, with | = ‘ T ‘
SLALoM- K, performing worst, indicating that network con-
gestion due to mobility causes network under—performance,
and that the rate at which updates are sent out affect each
protocol with different degree. Since control overheadesst
for HGRID (see fig. 5), this easily explains why HGRID
performs best.

Recall that SLALoM groupsk? Order-1 regions to form

Delay (sec)

25
Mobility (m/sec)
Fig. 2. Average data delay

Query Success probability

04 f
Order-2 regions. Thus, in our simulations, each node in
SLALoM-K, has16 home regions, both near and far, while . SLALOM-K, —s— |
nodes in SLALoM#, only have4 home regions, all being : SLALOM-K =
near. Hence, a boundary crossing in results in more updates i IS{IE}%‘I‘]P)’ """ -
SLALoM- K, than SLALoM-K,. On average, both overheads 0 : : ‘
would be more than that of SLURP, since each node has 0 5 10 15 20 25
exactly one home region in SLURP (as indicated by figure Mobility (m/sec)
5). Since higher control overhead adversely affects data on Fig. 3. Query success probability

the shared channel, one would expect better performance for

SLURP than SLALoM. This can be explained by figures 3

and 4. for location discovery via the query-response phase. Since
Figure 3 shows the probability that a query for a destinatiaontrol overhead is least for HGRID, most queries are not

returned successfully, and figure 4 shows the average deddfected by network congestion, and destinations are yeasil



located within milliseconds. However, the high control bve 10
head affects SLALOMK, severely, with a lot of discovery
packets being dropped due to MAC layer contention (a quick
look at the number of CTS packets ignored by IEEE802.11
due to software carrier sense easily confirmed this). Alghou
the home regions are located closer to the enquirer tharinthat
SLALoM- K, or SLURP, the probability that a destination’s lo-
cation is discovered is smaller in SLALoM~. This accounts

for the reduced throughput for SLALOM,. However, since
the home region of an arbitrary node is located further from a
enquirer in SLURP (since home regions are chosen randomly,
there is no guarantee that the region is actually close to the
enquirer), the location discovery takes longest to corapiet I et
SLURP. In the worst case, the query-response phase takes 0 5 10 15 20 25
more thanl0 seconds in SLURP. This behavior also explains Mobility (m/sec)

why SLALoM-K, performs better than SLALoMg, in terms Fig. 5. Control Overhead (packets/sec/node)
of location discovery delay. Since data packets have antiget

of only 4 seconds in the buffer, the delayed responses in
SLURP are useless since the packets awaiting the destiisatio
location would already have been discarded at the source.
Delayed responses are more costly than no responses & all, a
indicated by the poor throughput of SLURP. However, given
the same number of hops for a data session, SLURP performs
better than SLALoM in terms of packet delay, since higher
congestion due to update traffic causes low priority dataeto b
gueued longer in SLALOM.

SLALOM-K, —o—
SLALOM-K;, o

SLURP -+
81 HGRID

[a]

,,,,,,,,,,,,,

Signalling overhead (packets/sec/node)

SLALOM-K, —e—
45 | SLALOM-K] o
A SLURP -+
0r HGRID =

1 : :
O [ SLALoNK, "

SLALOM-K} s
gl SLURP -+
HGRID -

Signalling overhead (packets/data packet rcvd)
o
wn

Mobility (m/sec)
6| 1 Fig. 6. Control overhead (packets/received data)

4.2 Results with Increasing Traffic Load

Discovery delay (sec)

Figures 7 and 8 show the achieved throughput and delay for
data packets. With an average velocitysef/sec, the average
» = control overhead is low enough for all protocols to perform
0 5 10 15 20 25 nearly equally, with ovep0% of the packets being delivered
Mobility (m/sec) successfully. The average delay increases proportiorally
Fig. 4. Average location discovery delay the average control overhead for HGRID and SLURP, with
HGRID having a lower average end-to—end delay. Packets
Figures 5 shows the average control overhead per ndueve a slightly greater delay in SLALoM~ than SLALOM-
incurred by each protocol in number of packets per unity, although SLALoM4, has a lower control overhead.
time. Clearly, the overhead due to update traffic increas8sice update packets are transmitted over greater number of
with mobility for all protocols, and is highest in SLALoM hops in SLALoM+4, data packets are often queued up while
because a grid crossing results in updating multiple horttee control packets are being serviced, resulting in a great
regions simultaneously. SLALoMg, performs better than delay.
SLALOM- K5 since it only has to updat¢ home regions at a  Finally, figures 9 and 10 show the per node average control
time. HGRID performs best, since updates are forwarded dwerhead for each protocol in packets as well as bytes per
higher level servers only when the movement is across a grateived data packet. Although HGRID results in least numbe
boundary that is not contained within the current hierarghi of control transmissions, the average number of bytes ket t
leader grid. Hence the number of updates are much smallepitocol transmits per received data packet is slighthatgne
HGRID than other protocols. than that of SLURP. This can be explained by the size of
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maintenance packets that are exchanged between servexr node

in the protocol. HGRID location server grids are concestiat extensive solutions to analyze the efficiency of each and
towards the center of the terrain, and as the hierarchy of #pair effect on the performance of geographic routing with
server grid becomes higher, so does the number of locatign subjecting the network to increasing mobility and traffic
entries in the location database in a location server whigBnditions. Our results indicate that location management
is present in it. Since higher order servers keep track phposes considerable overhead on geographic routing,amd c
greater number of nodes, the size of maintenance packets #jfoct the efficiency of the network since control and data
are exchanged between higher order servers are also greaigdre the same channel. All protocols perform well when
Overall, considering the performance with increasing Higbi the network is under loaded and the average mobility of
as well as traffic load, HGRID performs much better thapodes is low. However, the protocols start under performing

SLURP and SLALOM. in a congested network caused by the added overhead due
) to high mobility. Under low mobility conditions, we noticed
5 Conclusion that all protocols perform rather well even with high traffic

conditions. Thus, an efficient location management prdtoco
As wireless devices become more capable, location widl one that resists from congesting the network with ina@das
play a key role in the services offered to customers. Whitleode mobility, thereby maximizing the bandwidth for data
this necessitates inexpensive solutions for efficienttiona traffic. We also note that a key consideration for designimg a
tracking, managing these locations with minimal overhaad eéfficient location management protocol is the recruitmeint o
systems that use location for optimizing services will beeo location servers such that there is an efficient balancedsatw
equally important. In this work, we have implemented threthe update and paging process, leading to reduced control
grid based location management solutions and carried averhead and quick discovery of nodes. In particular, the



Hierarchical Grid Location Management protocol (HGRID)
achieved steady through and end—to—end delay for data for ou
simulations scenarios indicating that it is an efficientteoder

for location management to assist geographic routing igelar
mobile ad hoc networks.
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