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Abgract: Group communication will undoubtedy be a useful paradigm for many
goplications of wirdess networking in which reigbility and timdiness are requirements.
Moreover, location-avareness is dealy centrd to mobile applications such as traffic
management and smat spaces. In this paper, we introduce our definition of proximity
goups in which group membership depends on location and then discuss some
requirements for a group membership management service suitable for proximity groups.

1 Introduction

The widespread deployment and use of wirdess data communications is generdly recognised as
being the next mgor advance in the information technology indudry. In the long term, wirdess daa
networks will represent a key enabling technology underlying the vison of ubiquitous computing [1].
In this vison, interconnected computers will be embedded in a wide range of gppliances ranging in
gze from door locks to vehide controllers, and will cooperate to perform tasks on behdf of ther
human users ranging from automaticaly opening doors to routing vehides to ther intended
dedtinations in cooperaion with other vehides controllers Mobility, and hence wirdess networking,
is dealy centrd to this vidon. We bdieve that, as is the cae for fixed networks group
communication [2], [3] will be a ussful paradigm for many such gpplications of wirdess networking
in which rdiability and timdiness ae important requirements A mgor festure of wirdess
communications is the fact that participants can be mobile and hence that their location can have an
impact on the information in which they are interested or that they can provide Hence, we bdieve
tha aty wirdess group communication sysem should support location awareness. Moreover,
knowledge of the location of paticipants can be exploited in the implementation of the group
communication system itsdlf.

In this paper, we condder the problem of group communication in a wirdess nework. Much of the
previous work in this area deds with routing protocols for group communication based on multicast
or geocast [4], [9]. In this paper, we concentrate on the definition and semantics of group membership
for locaion-aware mobile participants While some research has dready been done on groups in
which membership is based on location informetion [6], [7], our definition of proximity groups takes
into account both location and functiond aspects When group membership depends on location, it
becomes important to undersand what proportion of the area of interest is within wirdess network
coverage. For this purpose we defined a nove goproach to coverage estimation [8]. Another
important agpect of mobile computing is that patitions are very likdy to occur. For this resson our
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membership layer ds0 incdudes a new falure and patition anticipation scheme that can take into
account movement of nodes, battery life, etc. This dgorithm can be set up to be ather optimisic or
pessmidtic and tries to anticipate partitionsfalures in order to maintain condgstent group views

2 Overview of Proximity Group Communication

At the heat of our gpproach to group membership mamegement is the use of location for both
functiond and non-functiona reasons.

Frdly, in functiond terms, it often makes sense to define a group in a mobile gpplication in
teems of a geogregphicd aea We can eadly imagine many cases where this would be
interesting: in traffic management, for example, the area around a traffic-light could be used to
define a group with cars in that vicinity becoming members of the group to receive natifications
of changes to the dae of the lights in a smilar way, we might want to define a group
corresponding to the area around an ambulance in order to inform nearby cars to yied the right
of way.

Secondly, from the non-functiond point of view, we can use location informetion to, for

example, anticipate partitions atd hence teke preventative measures to ensure consstent group
views when these partitions happen.

In dasscd group communicetions, a group is defined by its functiond aspect, eg. its name. Our
notion of proximity group involves both location and functiond aspects, i.e, to be able to goply for
group membership, a node mug firgly be located in the geogrgphica area corresponding to the group
and secondly be interested in the group. In the following paragraphs we discuss the various
possihilities reated to the location aspect of group membership.

To define a proximity group, we firdly have to define the area that it covers as a geometric shape
with associated coordinates. Any kind of shgpe can be used, i.e, it need not necessarily be a circle or
a sguare but can be abitraily complex. We can obvioudy imagine usng 2 or 3 dimensons, but it is
ds possble to indude time in the definition of the area, eg., the area around the pogtion a which
the ambulance was located at 2.00pm". To define the coordinates of the area, we associate a reference
point with the shgpe. We diginguish two cases. dther the group is absolute, i.e. geogrgphicaly fixed,
or it is rdaive to a moving point, its socdled nave. In the absolute case, the reference point is
atached to a fixed point in gace. In the reldive case it is atached to the nave, i.e an identified

node.
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Figure 1: Area Definition

Figure 1 illugrates this notion of an area. The first shape S on the Ieft is associated with a reference
point R. This reference point is redive to the shgpe. The definition of the area is not complete sSnce
R has not been dtached to a point (possbly moving) in space. For the second shape, R has been
attached to the point (0,0), making the area absolute. The reference point of the third shape has been
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atached to a node M tha represents the navel of this reative
example group aress for two different gpplication domains.

proximity group. Table 1 gives some

Domain

Absolute Proximity

Relative Proximity

Traffic Management

Traffic light: atraffic light informs nearby
cars of its status. The shapeisacircle; the
reference point is the centre of the circle
and is attached to the geographical
coordinates of the traffic light.

Ambulance: an ambulance on cdll
informs nearby cars to yield the right
of way. The shape is a square, the
reference point its centre and the
navel isthe ambulance itself.

Smart Spaces

Resource access: to use a printer, nearby
people must reserve it using the printer
proximity group. The sysem
adminigtrator defines the shape according
to the available printers and offices; the

Centralised tour guide: in a museum
a group of tourists wear headsets and
are remotely guided by an automatic
guide. The area surrounds the group
of tourists, while the navd is attached

reference point is a the printer and | to oneof them.

attached to the printer's coordinates.

Table 1: Examples of Group Areas

In typicd group communicaion, a group is roughly defined by a topic (or a name) and nodes can
join this group if they are interested in its topic. We bdlieve that this is dso necessary for proximity
groups because a node in the area of the group may or may not be interested in joining the group. We
then add the functiona aspect to the previous definition of a proximity group by associding a name
with each group:

Definition 1. A Proximity group G is completely defined by the shape, thereference point, the
navel and the name:

G = {Shape, Reference Point, Navel, Name}

3 Architecture Sketch

Our god is to define a group membership management layer suitable for proximity groups. Since in
this modd, location is intrindc to group membership, it is important to be ddie to provide
goplications with a leest an esimae of the probability of there being one or more nodes, which while
currently in the area of interest, are disconnected from the group, typicaly because of lack of network
coverage. To address this issue we provide a coverage estimation tool [8] based on a nove agorithm
that uses knowledge of the connectivity graph of the network. Coverage edimation can dso be usd
to sdect the appropriate approach to our group communication. Our membership management
protocols should dso be falure avare and anticipate partitions, which are very likdy to occur in the
kind of networks that we are congdering. This will lead us to the definition of a partition anticipation
too. Given these tools we will be in a postion to define appropriate routing and geocasting protocols
to be usd by the group membership management layer. Fgure 2 summarizes the resulting
architecture.
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Figure 2: Summary of Requirements

4  Summary, Conclusonsand Future Work

In this paper, we described a mode of group membership for location-avare mobile participants that
is & the heart of a new group communication toolkit for wirdess networks that we are developing. In
this modd, digibility for group membership depends on the location of the potentid member and, in
paticular, each group is associaed with a gatic or a mobile area of interest within which its members
should be located. This modd is amed primaily a applicaions in the traffic management [9], smart
space [10] and augmented redity domains. We adso described some of the congderations underlying
our goproach to group membershp management that exploits location information to achieve
coverage edimation and patition anticipation. We ae currently developing a suite of multicast
protocols providing different ordering, reiability and timeiness guarantees based on this membership
subdgtrate.

5 References

[1]
2]

[3]
[4]

[5]

[6]
[7]

[8]

[9]
[10

M. Weiser, “Ubiquitous Computing,” |EEE Hot Topics val. 26, pp. 71-72, 1993.

K. P. Birman, R. Cooper, T. A. Jospeh, K. P. Kane, F. Schmuck, and M. Wood, “ISSa
digtributed programming environment,” Corndl Universty, Corndll 1990.

F. Cridian, “Synchronous and Asynchronous Group Communication,” Communications of
the ACM, val. 39, 1996.

E. M. Roya and C. E. Pekins, “Multicast Operation of an Ad Hoc On-demand Distance
Vector Routing Protocol,” presented a MobiCom, Seettle, WA, 1999.

Y.-B. Ko and N. H. Vadya “GeoTORA: A Protocol for Geocading in Mobile Ad Hoc
Networks,” presented a 8th International Conference on Network Protocols (ICNP), Oska,
Jgpan, 2000.

R Prakash and R. Bddoni, “Architecture for Group Communication in Mobile Sysems”
presented a Symposum on Rdiable Didributed Systems, West-L afayette (IN), USA, 1998.

G.-C. Roman, Q. Huang, and A. Hazemi, “On mantaning Group Membership Daa in Ad
Hoc Neworks” Washington Universty, S Louis Technicd Report wucs-00-26, April 16,
2000 2000.

M.-O. Killijian, R. Cunningham, R. Meder, L. Mazae, and V. Cahill, “Towads Group
Communication for Mobile Participants” presented & Workshop on Middleware for Mobile
Computing, Newport, Rhode Idand, USA, 2001.

R. Cunningham and V. Cahill, “Sysem Support for Smat Cas Requirements and Research
Directions,” presented a 9th ACM SIGOPS European Workshop, Kolding, Denmark, 2000.

P. Nixon, S. Dobson, and G. Lacey, “Smat Environments Some chalenges for the computer
community,” presented a& 1¢ Internaiona Workshop on Managing Interactions in - Smart
Environments, Dublin, Irdland, 1999.



