Scalable Team Multicast in Wireless Ad hoc Networks
Exploiting Coordinated Motion °

Yunjung Yi and Mario Gerla
Computer Science
University of California, Los Angeles
Los Angeles California, USA 90095

fyjyi,gerlag@cs.ucla.edu

ABSTRACT

In this paper, we study a new multicast paradigm for large
scale mobile ad hoc networks, namely team multicast. In
team multicast the multicast group does not consist of in-
dividuals, rather, of member teams. For example a team
may be a special task force that is part of a seardh and
rescue operation. The messagemust be broadcast to each
member of each team in the multicast group. Team multi-
cast is very common in ad hoc networks set up to accom-
plish some collective tasks, such as for emergencyrecovery
or battle'eld applications. A key problem in sewral of the
above applications is scalability to large membership size as
well as network size. Our approach exploits motion atnit y
(more precisely, team members' coordinated motion) which
is typically presert when the set of nodeshasa commonality
of interests. Each team can be viewed as a logical subnet.
Within the team a landmark node is dynamically elected.
The addressesof and the paths to the chosenlandmarks are
propagated into the whole network so that a source of a
multicast group can route to the landmark of a subscribed
team.

Our proto col, Multicast-enabled Landmark Ad Hoc Routing
(denoted as M-LANMAR), usestunneling from multicast
sourcesto eadh landmark of the subscribed team and re-
stricted °ooding within the motion group. Simulation study
shows that M-LANMAR provides excient and reliable mul-
ticast compared with the application of a \°at" multicast
scheme (e.g., ODMRP) that doesnot exploit team coordi-
nated motion.

This paper contains three contributions: a new model for
team multicast, with the de nition of team dynamics (join,
merge, split); the exploitation of team mobilit y and of land-
marks in order to achieve scalable multicast, and; the im-
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plementation and performance evaluation of M-LANMAR,
a landmark basedteam multicast scheme.
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1. INTRODUCTION

Mobile ad hoc networks (MANETS) are self-organizing net-
works that do not needa wired/wireless infrastructure. Two
nodes communicate directly if they are in the transmission
range of each other. Otherwise, they reach via a multi-hop
route. Each MANET node must therefore be able to func-
tion asa router, forwarding data packets on behalf of other
nodes. Because of their unique benets and versatilities,
MANETs have a wide range of applications such as collab-
orativ e, distributed mobile computing (e.g., sensors, con-
ferences), disaster relief (e.g., °0od, earthquake), war front
activities, and communication betweenautomobiles on high-
ways.

In many MANET scenarios(e.g., warfront activities, seard
and rescue,disaster relief operations, etc.), the mobile nodes
are often organized in teams with di®erert tasks and, cor-
respondingly, di®erert functional and operational charac-
teristics. In particular, nodesin the same team will have
coordinated motion. We call this model the \atnit y team
model". For example, attendees of a major conferencecan
be subdivided into teams based on their topic interests for
the purpose of organizing birds of a feather sessions;vari-
ous units in a division can be organized into companiesand
then further partitioned into task forces based on their as-
signmerts in the battle eld.

One of the main challengesof MANET proto col designis the
fact that unlike in Internet nodes are moving cortin uously.
In particular, it is ditcult to keeptrack of individual node
movemerts and to route packets to them especially when
the network grows large. The \atnit y team" model, con-
siderably simpli'es the mobility managemert problem and
allows us to design a routing protocol that scales. In fact,
it sutces for a sourceto know the path to one of nodesin
the team (say, a landmark) in order to route a packet to any
other destination within that team.

Scalable routing in a team situation with coordinated mo-
tion has already been addressedin [9] [19]. Here we extend



that conceptto team multicast. First, we will make someas-
sumptions about team multicast. Nodesin the sameteam
share the same interest, and thus all the members in the
team participate in the samemulticast group(s). For exam-
ple, all the members of a seard and rescuetask force receive
situation updates from other teams. Moreover, multicast
dynamics are on a per team basis - and ertire team joins or
withdra ws from a multicast group. Two or more teams may
mergeinto one; or ateam may split in sub-teams, depending
on the operational needs.

Since MANETs function under sewere constraints such as
limited bandwidth and energy, group communications should
be performed excient and at low control overheadcost. Sev-
eral MANET multicast proto colsalready exist (e.g., ODMRP
[16], MAODV [20], CAMP [15], MCED AR [24]). Anyone of
these proto cols could be used in a brute force, \°at" ap-
proach by treating ead node in the team as an individual

unit without exploiting the group mobility feature. How-
ever, these schemesrequire periodic or event-driv en control

packet updates for eadh member in the multicast group in
order to maintain the multicast structure (e.g., membership
information, routes, etc.). Those proto cols work e®ectively
with small-scalemulticast groups (e.g., lessthan 100 nodes).
However, they su®erfrom sewere communications overhead
causedby control packet °oods (e.g., Join Query or Request
packet °ooding in ODMRP and MAODV) in a large-scale
network with alarge number of multicast groups. Such over-
head would be unsustainable in a battle eld scenario with

multicast groups consisting of dozen of teams, where each
team includes hundreds of units.

In this paper, we propose a new approach to multicast in
large-scale mobile ad hoc networks. Our approach exploits
team motion atnity. For simplicity, we assumethat the

teams have beenprede ned and do not change(e.g., merge/split)

during the experiment. Distributed algorithms for dynamic
recognition of motion axnit y among nodesand of formation
of groups based on such atnit y have been described else-
where and could be applied here as well [11]. Our multicast
proto col works with dynamic team creation. The foundation
of our team multicast schemeis Landmark Ad hoc Routing
(LANMAR) protocol [9]. LANMAR provides an excient
proactive routing platform which ezciently exploits team
mobility. LANMAR assignsa unique \subnet address" to
each team. Each team elects a landmark node. The land-
mark propagatesthe team addressalong with the multicast
group address(es)the team belongsto into the network us-
ing a proactive routing algorithm such as DSDV (Destina-
tion SequencedDistance Vector). As a result, each node in
the network has an up-to-date routing entry to the land-
mark of eacdh team. It also knows which multicast groups
are active and which teams belong to ead group.

Building on LANMAR, we proposeM-LANMAR, a Multic ast-
enablel LANMAR protocol. Our approach works as fol-
lows. With the landmark routing information, a multicast
source sendsmultiple copies of the packet to the landmarks
in the multicast group. Each landmark then forwards the
multicast packet to its assaiated team via °ooding. M-
LANMAR has seweral attractiv e properties: (1) it dramati-
cally improvesthe scalability of multicast protocolsin team
environments. In fact it doesnot require a separate group

maintenance proto col and extra control packetsto exchange
or establish multicast membership information. Instead, it

piggybacks multicast group information on landmark rout-

ing broadcast packets; (2) it improvesthe reliabilit y and con-
gestion control properties of the multicast protocol. In fact,

TCP-lik e protocols (instead of the traditional UDP) can be
used to reliably deliver packets from source to the Land-
marks on the unicast tunnels. TCP-lik e window control will

provide the necessarycongestion protection. If a real time
stream, for example video (instead of data) is being deliv-
ered to the teams, an adaptiv e streaming proto col (friendly

to TCP) can be used on the tunnel. Within ead team,
scoped °ooding achieves very good delivery ratio without

excessie overhead. Another requirement that can be eas-
ier satis ed by the unicast tunnel (than by multicast across
landmarks, say) is security.

In summary, the main contributions of this paper are: (1)
the identi cation of team multicast as an important new
model in MANETS; (2) the exploitation of mobile \a£nit y"
to render the problem scalable,and; (3) the implementation
and evaluation of M-LANMAR, a version of scalable team
multicast.

The organization of the rest of the paper is as follows. In
Chapter 2, we brie®y intro duce related work. Our approach,
M-LANMAR will be described in detail in Chapter 3 and
the simulation results will follow in Chapter 4. After that,
we discuss our future works in Chapter 5 and we "nally
conclude the paper in Chapter 6.

2. RELATED WORKS

As the node mobility is one of main challengesto design
MANET routing proto col, many researtdes have been con-
ducted to develop a mobility model [5, 8]. The obsenation
of group atnit y is not new. In [5, 14, 22], the author al-
ready proposeda group mobilit y model where a set of nodes
move together. There are many researdes on clustering al-
gorithms and routing algorithms considering node mobilit y
[6, 3, 12, 9]. However, not many researdes have been ac-
complished on hierarchical MANET multicasting proto cols
working with group mobilit y.

In the wired network, a book of hierarchical multicasting
proto cols have been proposed for the purpose of scalabil-
ity [4, 23]. As mentioned earlier, the hierarchical multicast
proto colsin wired network favors the etciency of multicast-
ing. As our targeting scenarioshave di®erert characteristics,
those proto cols can not be directly applicable to MANET
environment.

2.1 MANET Multicast Protocols

Due to its unique characteristics of the MANET such as
node mobility, limited resourcesand very unreliable chan-
nel, typical Internet multicast proto cols do not perform well
in MANET scenarios. MANET multicast proto cols should
exciently cope with dynamic topology changessuch as frag-
ile multicast tree structure. In general, MANET multicast
proto cols can be categorized into a tree-based proto col and
a mesh-basedproto col based on the constructed multicast
structure. A tree-based protocol, e.g., MAODV (Multi-

cast Ad hoc On demand Distance Vector), AMRoute (Ad
hoc Multicast Routing) [7] and ARMIS (Ad hoc Multicast



Routing protocol utilizing Increasing idnumberS)[26], ex-
plores and enhancesa multicast tree structure specializedin
MANET scenarios. On the other hand, a mesh-basedproto-
col such asODMRP (On Demand Multicast Routing Proto-
col) [16], MCED AR (Multicast Core-Extraction Distributed

Ad hoc Routing) [24] and CAMP (Core-Assisted Multicast

Proto col) [15] usesa multicast mesh structure that allows
redundant paths between a source and a member. With a
multicast mesh, members are permitted to receive multicast
packets from any their forwarding neighbors, instead of from
the only onenode (parent) in a multicast tree. Thus, a mesh
topology improvesthe connectivity of a multicast structure
and the availabilit y of multicast routes in the presenceof
dynamic topology changes.

MA ODV builds up a multicast tree. In MAODV, a new
member that is not a part of the multicast tree °oods Join
Request packet to the network. Any subscribed member
(knows the path to the source) sendsJoin Reply with the
reverse path from the new member. Among multiple re-
ceived Join Replies, the new member choosesthe suitable
route (usually the shortest path) and sendsan activation
messageto the replier. A node that has received an activa-
tion messageis in charge of forwarding packet to the new
member. The forwarding node (parent node) usesits routing
table to senddata to the new member. Upon the link failure,
ead node maintains the route using on-demand route query
°oods similar to AODV. MAODV maintains multicast tree
structure using prune messages.Notably, MAODV tends to
increase control overhead as the o®eredload increasesdue
to route query °ooding packets to maintain routes.

Moreover, AMRoute usesunderlying unicast routing proto-
col to build up a multicast tree. Each group has at least one
logical core that maintains the multicast structure. Cores
periodically sendJoin Requestsand members send Join Re-
ply. And, ARMIS, without depending on underlying unicast
routing proto col, maintains a tree structure. A new mem-
ber can join the multicast group by sending a unicast Join
Query packet to the potential parent. If this join fails, then
the new member incrementally broadcasts Join Requestun-
til succeedingin joining.

In ODMRP, a mesh-basedproto col, group membership and
multicast routes are established and updated by the source
on demand. When multicast sourceshave data to sendwith-
out the knowledge of membership, they °o od the Join Query
packet to the whole network. A member, upon reception of
the Join Query packet, replies \Join Reply" using the re-
verse path from the source. ODMRP employs a soft-state
maintenance of a multicast structure. One member canleave
the multicast group simply by not sending the Join Reply
back to the sourcesand thus the sourcesremove the mem-
bership after the timeout. A node, which doesnot belongto
the multicast group but receivesthe Join Reply packet from
the neighbor node, becomesa forwarding node and relays
(broadcast) multicast data from the source. To update and
maintain the membership information, sourcesperiodically
°ood the Join Query packets. Each multicast group dif-
ferentiated by a multicast address maintains the multicast
structure separately. Thus, one can easily seethat ODMRP
is not scalable as the network size grows or the number of
multicast groups increasesdue to the proportional increase

of the maintenance cost.

Another mesh-basedmulticast proto col, CAMP extends the
basic approach of the core-basedtree (CBT) protocol for
the creation of multicast structure with an allowance of one
or multiple cores. \Cores" can limits control overhead for
members to join the multicast groups. CAMP is based on
underlying unicast routing proto col (bellmand-ford routing
scheme) to get the correct distance between nodes. A new
member that is not part of multicast mesh rst sends a
Join Request to the nearest core if none of its neighbors
are joined to the targeting group. Otherwise, this node ad-
vertises membership to neighbor nodes. Without the reac-
able core, a new member broadcasts Join Request using in-
cremertal °ooding (i.e., increase the initial TTL upon re-
transmission of Join Request packet). Any member node
can send Join Reply to the new requested member, and
the new member choosesthe shortest path among multi-
ple replies. With deploying one or multiple Cores for each
multicast mesh, CAMP can reduce °ooding overhead for
Join Request packets. However, CAMP has a limitation of
scalability due to the underlying proactive unicast routing
protocol. In large scale network, a \°at" proactiv e routing
scheme such as bellman-ford scheme results the huge mem-
ory requirement and heavy routing overhead [13].

MCED AR [24] constructs the set of cores which is a set of
dominant nodesthat covers all the membersin a multicast
group. By constructing a multicast mesh among only cores
and allowing coresto re-broadcast the data packet, where a
core covers a set of members, MCED AR reduces member-
ship maintenance cost and forwarding overhead.

Our proposedidea, however, is divergert from existing MANET
multicast protocolsin that M-LANMAR aggregatesunicast
routing table updates and multicast routing maintenance.
Thus, M-LANMAR achieves constantly low maintenance
cost, becauseof the underlying hierarchical routing LAN-
MAR, regardlessof dynamic membership changes(e.g., the
increasing number of members and multicast groups). Fur-
thermore, none MANET multicast protocol, to best our
knowledge, e®ectiely utilize a+nit y team model. We needa
new multicast proto col to maximally exploit the group a+n-
ity model. LANMAR proto col works e®ectively with atnit y
team model [9]. Naturally , we build our multicast proto col
by extending LANMAR proto col to support multicast in our
targeting scenarios.

3. PROTOCOL DESCRIPTION

3.1 Backgrounds

As a rst step to a hierarchical multicasting, M-LANMAR
constructs a virtual hierarchy by organizing nodesto a few
teams based on atnit y team model and selecting a leader
for each team. With such a hierarchy, M-LANMAR pro-
vides a two-tier multicasting paradigm where the sourcede-
liversthe packet to each member in two steps: (1) inter-team
data forwarding: data forwarding to each team leader called
landmark and (2) intra-team forwarding: data dissemination
within a team initiated by the landmark node.

The overview of our target system is showvn in Fig. 1. The
network consists of several teams f Tg and individual nodes
that do not belongto any team due to the lack of atnit y. A



Figure 1: Target System Overview of M-LANMAR
proto col

team T is a connected un-directed graph with the maximum
distance D from anodei toj (iandj 2 T). A link (i, j)
implies a direct connection betweeni and j. A team T is
de ned as a set of nodes satisfying following conditions:

2 same mobility pattern: Our atnit y team model as-
sumesthat the mobilit y of a team can be speci ed as
a vector with velocity and direction (seeFig. 1, eacth
team hasa mobility Vi). Each nodein ateam canran-
domly move within a bounded area (d * T X, where d
= % and T X is the transmission range). Thus, a set of
one-hop neighbor nodesof each node may be dynamic,
but a set of D-hop neighbor nodes of each node in the
sameteam is stable.

2 common multicast group membership: Any two nodes
in the sameteam should have subscribed at least one
common multicast group. By subscribing a common
group, nodesin the sameteam share the interest.

2 D-hop reachability: Any two nodes in the team are
mutually reachable within D -hop distance.

Each node discovers a team and selects a leader in a dis-
tributed manner similar to a clustering mechanism [6, 12].
The detail description of full team discovery proto col is out
of scope of the paper. Current team managemern algorithm
is basedon the idea proposedin [12].

In the paper, for the sake of simplicit y, we assumefollowings:

2 a node does not join a multicast group if it does not
belong to a team

2 all nodesin the sameteam subscribe the same multi-
cast groups

We addressthe extension of our proto col without upper as-
sumptions in Section 5.

3.2 Overview of LANMAR Protocol

LANMAR (Landmark Ad Hoc Routing) protocol is a proac-
tive routing [9]. It usesthe notion of landmarks to keep

Figure 2: LANMAR Routing Proto col

track of logical subnets. Such a logical subnet consists of
nodesthat have a common interest and move together as a
\group". A represenativ e of the subnet, i.e., a \landmark"
node, is dynamically electedin eac subnet. LANMAR pro-
tocol is supported by two complemertary, cooperating rout-
ing schemes: (a) a local, \m yopic" proactiv e routing scheme
operating within a limited scope certered at each node and
exchanging route information about nodesup to only a few
hops; and (b) a\long haul" distance vector routing scheme
that propagatesthe electedlandmark of eat subnet and the
path to it into the whole network. As a result, eac node
maintains two routing tables: local routing table and land-
mark table which maintain direct routes to near by destina-
tions and routes to all the landmarks from all the subnets
respectively (see. Fig. 2). With local routing table, nodes
will learn how many nodesin the samesubnet are reachable
from this node (i.e., can nd route entry in local routing ta-
ble). A node who knows more than threshold (say N) such
neighbor nodesproclaims asa landmark for this subnet and
broadcasts to the neighbors. When more than on mode de-
claresitself asa landmark in the samegroup, the node with
the largest number of group members wins the election. In
caseof tie, the lowest ID rules the election.

To sendor relay a given packet, a node rst queries a route
(i.e., next hop ID) to the destination in its local routing
table. With any available path, the packet will be directly
forwarded to the next hop. Otherwise, this packet will be
instead routed towards the publicized landmark in the same
logical subnet to the destination. Note that the subnet ad-
dressof the destination is carried in the packet header.

3.3 M-LANMAR Protocol

M-LANMAR  (Multicast-enabled Landmark Ad hoc Rout-
ing) protocol is a proactive scheme, where group member-
ship and multicast routes are updated proactively. With
the aid of an underlying unicast proto col, the sourcesmain-
tain the multicast routes to only landmarks of joined teams
instead of individual paths to each member.

3.3.1 Join MulticastGroup

In LANMAR, ead node keepsfresh routes to all landmarks
in the network by periodic landmark updates. Using the
landmark updates, ateam maintains its membership to mul-
ticast group(s). A landmark of a team that wishesto join
the multicast group(s) implicitly advertises\Join Request"



Figure 3: M-LANMAR Routing Proto col

to the sourcesby piggybacking the targeting multicast group
ID(s) (address(es)) on landmark broadcast packet. Upon
receiving the \implied" Join Request, eath node in the net-
work updates respective landmark entry with the subscribed
multicast group IDs. Thus, the Join Request will be prop-
agated into the sourcesin a few landmark table exchanges.
Membership is constarntly refreshed, as each landmark in-
cludes subscribed multicast addressesto all outgoing land-
mark update packets.

3.3.2 LeaveMulticastGroup
When ateam who is a part of multicast group wants to leave,
the landmark removesthe ID of that multicast group from
its subscribed multicast groupslist. Thus, the landmark will
stop advertising the group. The landmark's entriy at other
nodeswill be updated accordingly.

3.3.3 DataPropagation

The source nodes look up their landmark table to 'nd the
landmark addressesof the subscribed teams. For eac land-
mark that subscribes to this multicast group, the source
createsa \virtual link", i.e., a tunnel, to the landmark and
sends encapsulated multicast data. Upon reception of the
encapsulated data, eat landmark initiates °ooding within
the subnet so that each member can receive the data (see
Fig. 3) . With an assumption of restricted size of the sub-
net (\x" hops from the landmark to all nodes), we uselocal
°ooding with initial TTL \x+1" (in our simulation x =2).
Each node in the team acceptsincoming multicast data.

4. SIMULATION

In this section, we evaluate M-LANMAR. We also com-
pare it with a robust ad hoc multicast protocol, ODMRP
(On-Demand Multicast Routing Protocol) [16]. Our imple-
mentation of ODMRP follows the speci cation of Internet
Draft (02) of ODMRP [21]. In [17], the authors showed that
ODMRP generally performs well in a mobile environment
compared with other MANET multicast protocols such as
CAMP [15], AMRoute [7] and ARMIS [26]. With this in
mind, wewill limit ourselvesto the comparisonwith ODMRP
and with °ooding (the latter being the most reliable scheme
in a lightly loaded, mobile network). The performance of

Figure 4: Reference Point Group Mobilit y

°ooding, obviously, degradesas the o®eredload (given mul-
ticast tra+c) increases[10].

We usethe following metrics for our performance study:

2 delivery ratio: The ratio of the number of delivered

packets to each member versusthe number of suppos-
edly received packets by eadh member. Delivery ratio
iq;cglgulgeNdmas follows: _
G (G Recv,, )=(Senteyy @ N™))) N9, where
N ¢ is the number of multicast group, N|" is the num-
ber of members of multicast group i, Recy,, is the
number of arrived multicast data at each member, and
Sentg,; is the number of sert from the sourcesof each
multicast group

2 the normalized control overhead: the total number of
sert control packets (e.g., Join Query/Reply in ODMRP,
local/landmark routing table exchangesin M-LANMAR)
is divided by the total number of delivered packets to
members

4.1 Simulation Environments

We useQualNet [2] simulator, a packet level simulator devel-
oped by Scalable Network TechnologiesInc. QualNet is the
successorof GloMoSim [25], which provides a detailed and
accurate model of the MAC and Channel and routing pro-
tocols. We use default parameters provided by QualNet. In
our simulation, ead source generatesdata in a CBR (Con-
stant Bit Rate) fashion with UDP (User Data Proto col). We
use IEEE 802.11 DCF MAC and two-ray ground path-loss
model for the Channel. The transmission range of each node
is 376m and bandwidth of the device is 2Mbits/sec.

In the network, 1000nodesare uniformly placed within 6000
x 6000 m? terrain and grouped into 36 teams. The average
number of neighbors for each node is 10 and the average
hop count from the landmark node to ead node in the log-
ical subnet is 2. For maintaining the routing structures,
ODMRP uses?2 secondsinterval for eacdh Join Query and
M-LANMAR uses 1 secondinterval for landmark updates
and 2.3 secondsperiod for local routing table exchanges.

4.2 Scalability Testwith Static Networks

The “rst experiment usesa static network to examine the
scalability of the proposedidea as the number of multicast
group increases. For each multicast group, three randomly
selectedteams join in.
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Fig. 5 shows the delivery ratio of three protocols. This
graph clearly demonstratesthat the performance of ODMRP
considerably drops as the number of multicast groups in-
creases. While, M-LANMAR and FLOODING show a sta-
ble, consistertly high delivery ratio. The main bottleneck of
ODMRP is the excessie control overhead due to periodic
maintenance messagessuch as Join Query and Join Reply.
In MANET scenarios, due to the shared medium and lim-
ited bandwidth, the number of control overheadis extremely
important and, in fact, super°uous control packets can con-
siderably impair the delivery ratio of data [27]. Indeed, a
scalable proto col should reduce proto col overhead as the of-
fered load increases[27].

Fig. 6 shows the normalized control overhead of ODMRP
and M-LANMAR. This result demonstrates that the nor-
malized control overhead of ODMRP slightly increasesas
the o®eredload becomesheavy (i.e., the number of multi-
cast group increases). In fact, the total control overhead of
ODMRP is proportional to the number of multicast groups.
On the other hand, in M-LANMAR, nodes exchange their
local routing table and landmark table periodically regard-
lessof actual o®eredload (i.e., M-LANMAR aggregatesmul-
ticast group maintenance packets). Thus, the normalized
control overhead of M-LANMAR decreasesasthe actual of-
fered load increases.

4.3 Scalability Testwith Mobile Networks

The following set of experiments addressesthe mobile net-
works. A node movesfollowing the \Reference Point Group
Mobilit y* model [5] with speed 2m/s with 10s pause time.
Fig. 4 illustrates \Reference Point Group Mobilit y* model.
Each team moveswith random vector (speed, direction) and
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ead node in the team randomly movesaround the reference
point. For eac scenario, multiple runs with di®erert seeds
are conducted and the result is averaged over those runs.

Each simulation executes for 200 secondswith randomly

chosenmulticast source and destination team(s). Through-

out our simulation study, we use only one source node and
three teams for each multicast group. The source sendsout

one packet every secondwith 512 bytes packet size as de-
fault. Here, we vary the transmission rate with 1 packet/sec
and 4 packets/sec for eadh multicast source. We can observe
three striking facts.

First, Fig. 7illustrates that ODMRP outp erforms M-LANMAR
when the o®eredload is low. This is becausewith a mesh
multicast structure, ODMRP providesredundant paths from
the sourceto a destination and thus enhancesthe chance of
packet delivery to a member even when the primary route
fails. On the other hand, since M-LANMAR depends on
the primary route only, the delivery ratio of M-LANMAR is
considerably impaired by the route failures from the source
to a landmark due to node mobility. More importantly, this
failure of data transmission from the sourcesto a landmark
leads to packet loss at all nodesin the team. This e®ectis
similar to the casewhen the root of a subtree in the multicast
tree fails. As a result, a single failure signi cantly reduces
the total number of delivered packets. We also note that
M-LANMAR provides, in most cases,reliable delivery to all
team members once the packet has reached the landmark.
In other words, if the landmark of a joined team receivesthe
multicast data, then all memberscan hear the data with very
high probabilit y becauseM-LANMAR uses®o oding within
the team. In future work, we will investigate multiple paths



(redundant paths) to enhancethe route availabilit y between
sourceand landmarks. One possible solution is to construct
a meshstructure (like ODMRP) among the sourcesand sub-
scribed landmarks instead of unicast tunneling.

Secondly, Fig. 8 showsthat, o®eredload becomeheavier (up
to four times that of the scenariosin Fig. 7), M-LANMAR
doesperforms better than ODMRP even in presenceof mo-
bility. ODMRP su®ersfrom heavy contention and collision
due to the increaseof control overheadand the number of re-
layed packets. Remarkably, for all scenarios, M-LANMAR
shows stable delivery ratio regardless of the given o®ered
load. All these obsenations put together indicate that M-
LANMAR provides a scalable team multicast solution.

Lastly, the analysis of °0 oding shows that the delivery ratio
in °0oding drops with heavy o®eredload as shown in Fig.
8. We could not even complete the execution of the °ood-
ing runs with a large number of multicast groups (, 8) due
to heavy memory requirements. In [18], the authors intro-
duce the \broadcast storm" problem, where °0 oding results
in heavy contention and collision in MANET scenarios. In-
deed, with small size networks and low o®eredload, °0 oding
can improve the reliabilit y via redundant packet forwarding.
However, °0 oding becomesinetcient due to heavy overhead
in the denseand large network with high o®eredload. For
that reason, we use restricted scope °ooding in eac team
to exploit the advantage of °0oding scheme (such as high
reliabilit y) but without paying the huge overhead.

In summary, through our extensive simulation studies, we
learn that, in realistic scenarioswhere high o®eredload and
large number of multicast groups are given, M-LANMAR
provides an excient and reliable team multicast solution.

4.4 Interaction with Reliable and Congestion

Controlled Transport Protocol

As the large number of receivers involve in multicasting

tratc, the congestion control is essetial for the success
of a multicast protocol. Furthermore, often applications

(e.g., military applications) require reliable data transmis-

sion. The end-to-end congestion control and reliable mul-

ticasting protocols require some kinds of feedbadks from

receivers (e.g., error rate, available resource, negative ac-
knowledgemert or acknowledgemert). Thus, to provide the

scalability, congestion control and reliable multicasting pro-

tocols should be able to work with potential feedbad implo-

sions and thus a feedbadk aggregation mechanism is essen-
tial. Thanks to a hierarchical approach, M-LANMAR can
easily provide a platform for the feedbadk aggregation. As
M-LANMAR reducesthe number of visible receivers from

outside (i.e., only landmark nodes are perceptible from the

sources), it naturally makes a transport protocol scalable
with group size increases.

In this section, we show the advantage of M-LANMAR plat-
form for areliable and congestioncontrolled transport proto-
col using RALM (Reliable Adaptiv e Lightweight Multicast)

[1].
Interaction with RALM

In the next set of experiments, we consider the same (mo-

bile) scenarioasin Fig. 8. The major protocols under con-
sideration are still M-LANMAR and ODMRP (we dropped
°ooding asit exhibited poor scalability in the previous ex-
periments). In this new set of experiments we rst run
ODMRP and M-LANMAR as before, with a simple UDP
transport protocol on top. Then, we repeat the experi-
ments with the reliable \m ulticast transport proto col Reli-
able Adaptiv e Lightweight Multicast (RALM) [1]. RALM s
a reliable, rate-based, congestion controlled transport pro-
tocol that targets group operation scenariosranging from
special military operations to civilian emergencyrescueap-
plications that favor reliabilit y over throughput. When there
is no packet loss, RALM sends packets at a rate equal to
the application sending rate. Once the lossis detected by a
NACK (negative acknowledgemert) from a receiver, RALM

recovers the lost packet(s) by initiating a modied send-
and-wait procedure. In RALMs send-and-wait mechanism,
a sender freezesits sender bu®er until the target receiver
recovers all lost packets after retransmitting the recovering
packets. Send-and-wait is performed with ead multicast
receiver that experiencesthe loss, one at a time in a round-
robin fashion. Once all receivers have up-to-date packets,
RALM reverts to the application sending rate. As one can
easily obserw, the number of receivers signi cantly a®ects
the performance of RALM. We slightly change RALM to
exploit underlying hierarchical multicast structure by M-
LANMAR. With M-LANMAR, only landmark nodes (note
that only landmark nodesare visible from the sourcesin M-
LANMAR) request the packet recovery upon a data lossto
the source. Other nodes recover the lost packet from their
landmark nodes instead of from the source. By reducing
the number of receivers in view of the sender, RALM with

M-LANMAR can save the considerable amount of recovery
time in the send-and-wait phase.
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Figure 9: Deliv ery Ratio of ODMRP and M-
LANMAR with a reliable transp ort proto col,

RALM and with UDP

The results are shown in Fig. 9. We note that the perfor-
mance of ODMRP and M-LANMAR under UDP is practi-
cally the same as reported in Fig. 8 (we show tot o®ered
load instead of number of competing multicast groups in
this case). When RALM is introduced, the M-LANMAR

performance jumps to 100%. Underlying M-LANMAR  sig-
ni cantly reducesthe number of NACKs and thus RALM

e®ectiely works with M-LANMAR. ODMRP performance,
on the other hand, collapses. This is due to the overheadin-
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Figure 10: Throughput of each com bination

tro duced by the RALM proto col such as ACKs and NACKs.
Clearly, RALM is not a good choice for ODMRP enhance-
ment becauseof the lack of NACK suppressionscheme here.
In Fig. 10, we report overall throughput. We note that the
\reliably delivered throughput is much lower than the ag-
gregate throughput measuredunder UDP. This is expected
as the stop-and-wait operation considerably slows down de-
livery. This is the price paid for 100% reliability (in M-
LANMAR).

5. DISCUSSION

In this section, we discuss some potential extensions of M-
LANMAR as our future works.

5.1 Commentson Assumptions

In the paper, for the sakes of simplicity, we assume that
nodes in the same team subscribe to the same multicast
groups. That assumption simpli es the intra-team forward-
ing scheme as scoped-°ooding is e®ective. However, that as-
sumption is not essemial for the successfuloperation of M-
LANMAR. Without that assumption, intra-team forward-
ing scheme should be re-designedsince °0 oding can be inef-
fective due to redundancy and high unnecessaryoverhead.
One easyway is to use a °at multicasting proto col such as
ODMRP [16] and MA ODV [20] within a team boundary to
manage the multicast group membership information and
propagate the data packet.

To handle member nodes of a multicast group, which are
not belonging to any team, M-LANMAR can be extended to
allow such nodesto receive a data packet from a near teams
leader. Such nodes nd a near team and ask the packet
forwarding to the team leader. The team leader forwards
the packet to requesters,upon receiving a new packet.

5.2 Potential Extensions

Seweral extensions of the M-LANMAR proto cols can be ex-
plored. For instance, the unicast packet does not have to
reach the Landmark of the designated team. The rst node
in the team that receives the packet, upon recognizing the
subnet addressand multicast address, can proceedto °ood
the packet in the subnet. This reduceslatency at the ex-
penseof the reliable and congestioncontrolled TCP-lik e pro-
tocols operation.

Another extension a®orded by the team model is excient
resource discovery via \content based" multicast. Consider
the battle elds scenario. A tank commander wants to sum-
mon the help of UAVs (Unmanned Airb orne Vehicles)in his
imminent attack (he needs coverage and reconnaissance).
Assuming that the landmark advertising includes also the
basic team capabilities (e.g., presenceof UAVs), the com-
mander can multicast the help messageto all UAV-equipped
teams (as per his landmark table). The team(s) with ad-
equate resourceswill respond. The commander can then
choose. This is much more excient than submitting a net-
work wide broadcast to all nodesin the network, or main-
taining acertralized (and therefore unreliable) databasewith
all capability entries.

Moreover, M-LANMAR supports an excient multicast QoS
platform. Since M-LANMAR provides a two-tier multicast-
ing protocol, it inherits the benets of a hierarchical multi-
casting protocol. As the large receivers involve in one mul-
ticast session,QoS support for a multicast proto col should
be di®erertly designed from the unicast QoS. For a uni-
cast Qo0S, the main issueis related to the resourceresena-
tion/adaptation betweena sourceand a destination. On the
other hand, a multicast QoS should consider QoS paths to
all members, not only between the source and a receiver.
A QoS multicast, thus, should cope with large number of
receivers and be able to utilize the set of receivers. Using
M-LANMAR, a hierarchical approach signi cantly reduces
the complexity of multicast QoS proto col. Furthermore, M-
LANMAR signi cantly contributes a heterogeneousenviron-
ment where teams have di®erert characteristics and avail-
able resources(e.g., a team consisting of tanks and a team
with soldiers equipped with PDAS).

6. CONCLUSION

In this paper, we proposea new multicast paradigm, namely
team multicast. We exploit the coordinated movemert of
teamsto obtain ahighly scalablemulticast distribution based
on the election of landmarks. As a starting point, we have
implemented M-LANMAR, a landmark based scheme that

uses tunneling from the source to the landmark in ead

team and then °ooding within the team. We study the per-
formance of M-LANMAR and compare with ODMRP and
FLOOD.

From the results, we obserwe following three facts. First, a
\°at" multicast protocol that does not exploit the atnit y
team model has scalability limitations. While, a team mul-
ticast protocol is well scaled as the o®eredload increases.
Secondly, in presenceof node mobilit y, redundant paths pro-
vided by a mesh topology can considerably enhancethe de-
livery ratio. However, such multiple paths also exacerbate
the contention and collision. Finally, team multicast not
only outperforms the conventional schemes but also pro-
vides the opportunit y for seweral enhancemerts such as the
support of reliable delivery (e.g., via TCP), and congestion
control, and resourcediscovery.

Since M-LANMAR uses separate tunneling from a source
to eadh landmark, with large number of joined teams, M-
LANMAR may be inetcient i.e., waste bandwidth. Thus,
we will further investigate a mesh-structure like ODMRP
between subscribed landmarks to improve the exciency, ro-



bustnessand scalability.
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