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A Ring-based Multicast Routing Architecture for
Mobile Ad Hoc Networks

Joon Heo'" - Choong Seon Hong'" - Yubai Yang'"'

'ABSTRACT

Due to the frequent and unpredictable topology changes, multicast still remains as challenge and no one-size-fits-all protocol could serve

all kinds of needs in mobile ad hoc network. In this paper, we propose a novel scheme of Hierarchical Eulerian Ring-Oriented Multicast
Architecture (HEROMA) over mobile ad hoc network. It has features that concentrate on efficiency and robustness simuitaneously. It is also
an application-driven proposal for hazard detection. Architectures including Eulerian ring, hierarchy and multicast agent are investigated in detail.

Simulation results show different level of improvements on control traffic, end-to-end delay and packet delivery ratio by comparing with

tree-based and mesh-based multicast protocols.

S : BT E(Hierarchical), Eulerian & (Eulerian Ring), HEISIAE (Multicast), OHIEE 2(Ad Hoc Network)

1. Introduction

A mobile ad hoc network is an autonomous system of
mobile hosts (also serving as routers) connected by wire-
less links, the union of which forms a communication net-
work, modeled in the form of an arbitrary communication
graph. Multicasting can be defined as a one-to~-many (or
many-to-many) type of communication. With multicasting,
data stream from a sender is transmitted only once on link
that is shared along the paths to the targeted set of de-
stinations.
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Recently, there has been an increasing demand for appli-
cations like multiplayer online gaming session through por-
table devices. Such applications are characterized by a close
degree of collaboration, typical of ad hoc network scenarios.
Multicast could prove to be an efficient way of providing
necessary services for these kinds of applications. Due to
the frequent and unpredictable topology changes, multi~
casting still remains as challenging issue. Many efforts
have been made to provide an efficient multicast protocol
over mobile ad hoc network. For simplicity, four main cate-
gories are classified [1], tree-based, meshed-based, state-
lessness and hybrid protocols.

Tree-based multicast is a well-established concept de-
veloped from wired network. It could provide high data for-
warding efficiency at the expense of robustness. Mesh-
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based multicast could provide better robustness at the ex-
pense of higher forwarding overhead. Stateless multicast
explicitly mentions the list of destinations in the packet
header, And hybrid multicast tries to combine the advan-
tages of both tree and meshed-based approaches.

A mobile ad hoc network, as defined in 2], is a network
in which each node plays the dual role of data originator
and data routers. Detecting the environmental hazards and
monitoring the remote terrain are among the significant
mobile ad hoc network applications. In case of fire de-
tection, it is significantly valuable to monitor fire-spot’s
shape and trend in time. Mobile ad hoc nodes, right around
the fire-spot are responsible for sensing, processing and
networking packets or even taking actions to launch
extinguishers. Thus a ring-oriented multicast architecture
is more attractive than traditional tree-based or mesh-
based architecture for such applications.

Accordingly, in this paper, we propose a novel scheme
of Hierarchical Eulerian Ring-Oriented Multicast Architec-
ture (HEROMA) over mobile ad hoc network. It has fea-
tures that concentrate on efficiency and robustness simul-
taneously. Architectures including Eulerian ring, hierarchy
and multicast agent are investigated in detail. Simulation
results show different level of improvements on control
traffic, end-to-end delay and packet delivery ratio by com-
paring with tree-based and mesh-based multicast pro-
tocols.

2. Related Works

Recent years have witnessed the booming of protocols
proposed for mobile ad hoc networks. According to how
routes are created to the members of the group [1], they
could be classified as tree-based approach, mesh-based ap-
proach, stateless multicast and hybrid approach.

¢ Tree-hased multicast is a very well established con-
cept in wired networks. Most schemes for providing
multicast in wired networks are shared-tree-based.
Different researchers have tried to extend the tree-
based approach to provide multicast in a mobile ad hoc
environment. It could provide high data forwarding ef-
ficiency at the expense of robustness.

¢ Mesh~based multicast may have multiple paths be-

tween a source and receiver pair. Existing studies show

that tree-based protocols are not necessarily best sui-~
ted for multicast in mobile ad hoc network where to-

pology changes frequently. In such environment, me-
sh-based protocols seem to outperform tree-based pro-
posals due to the availability of alternative paths, whi-
ch allow multicast packets to be delivered to the re-
ceivers even if links fail.

e Stateless multicast is proposed wherein a source ex-
plicitly mentions the list of destinations in the packet
header. In mobile ad hoc environment, frequent move-
ment of mobile nodes considerably increases the over-
head in maintaining the delivery tree/mesh. To mini-
mize the effect of such a problem, stateless multicast
focuses on small group multicast and assumes the
underlying routing protocol to take care of forwarding
the packet to respective destinations based on the ad-
dresses contained in the header. If mobile nodes move
with the great velocity, the stateless multicast is a
good choice because the tree-based and mesh-based
approaches can not catch up with the topology chan-
ge. But stateless multicast suits for only small-multi-
cast groups operating in rather dynamic networks.

Hybrid multicast protocols provide a way of discus-
sing efficiency and robustness simultaneously. The tree-
based approaches provide high data forwarding effi-
ciency at the expense of low robustness, so it is not
suitable for high mobility environment which is prone
to the link breakage. Whereas mesh-based approaches
provide better robustness (link failure may not trigger
a reconfiguration) at the expense of higher forwarding
overhead and increased network load. Thus, a hybrid
multicasting solution is more attractive because it has
a better performance by combining the advantages of
both tree and meshed-based approaches.

3. Proposed scheme

We employ the Fisheye State Routing (FSR) protocol as
our IP protocol, with which we can get knowledge within
predefined-scope. Details could be found in [6]. FSR in-
troduces the notion of multi-layer fisheye scope to reduce
routing update overhead in large-scale networks. Mobile
nodes exchange link state entries with their neighbors with
a frequency that depends on distance to destination. With
the help of FSR as IP protocol, our proposal could get the
necessary information within predefined scope which is the
basis of searching algorithm for hierarchical Eulerian ring.

The Hierarchical Eulerian Ring-Oriented Multicast Ar—
chitecture (HEROMA) contains three main features, Eule-



rian ring, hierarchy and multicast agent that will be pre-
sented in the following sections.

3.1 A novel Eulerian ring based scheme

Let G be a planar graph, stands for a group of mobile
nodes in ad hoc network. Nodes in G are denoted by V(G).
Links between nodes in G are denoted by E(G) (we discuss
only bi-direction link herein). The degree of V is the num-
ber of edges meeting at V, and is denoted by deg v. If there
is a closed trail that includes every edge one and only then
such a trail is called a Ewlerian trail. If it forms a ring then
it is called a Eulerian ring. Proofs of theorems are omitted
and details could be found in [7]. The reason that we em-
ploy Eulerian Ring is because it is edge-traceable. In
Eulerian graph we could walk along every link once and
only once.

Now, first we make the following definitions for termi-

nology and rule :

Theorem 1 : Let G be a connected graph, then G is Eule-
rian if and only if every vertex of G has even
degree.

Center node : which provides FSR link-state information
of the region.

Multicast receiver : node which receives multicast pac-

kets.

Ei,j : a link connects node i and node j.

Leaf node : a node whose deg v=1.

Even node : node with even degree.

0Odd node : node with odd links.

Rule 1 : Let neighbor take leaf node’s task (note that leaf
node has only one neighbor), then delete leaf nodes.
Execute it repeatedly until there is no leaf node in
G. Calculate degree then mark node type (even
node and odd node).

2-odd-link : link that connects 2 odd nodes.

2-even-link ! link that connects 2 even nodes.

Odd-even-link : link that connects one odd node and one
even node.

Rule 2 : Mark link type (2-odd-link, 2-even-link or odd-
even-link). Maintain 2-even-link unchanged, prune
2~odd-link in descending degree (from maximum
degree to minimum degree), and is denoted by
freeze-link. Execute rule 2 repeatedly until no 2~
odd-link exists.

ZHIY E=E WERAE 2B & 718t HEINAE ARE 71X 897

Theorem 2 : In graph G, the nummber of nodes of odd de—
gree 1s even.

After rule 2, only odd-even-links remain. And odd nodes
will appear in pairs.

Rule 3 : Mark odd node pairs in descending degree. Find
path connected them in descending way, mark it
recursive—freeze-link and prune it. If new odd
node generates, execute rule 3 recursively until no
odd-node-pair exists.

Main ring : ring contains center node.

Assist ring : ring other than main ring but connects to
main ring, it receives multicast packets
from diverge nodes.

Branch : a tree or line connects to ring, it contains at

least one multicast receiver and have a joint to
a ring.

Master - a node that takes charge in multicast service
for his ring or branch. Each ring, assist ring and
branch should have its own master respectively.
The master of assist ring is also referred to as
sub-master.

Member : node that takes part in multicast affairs, in-
cluding multicast member and forwarding
node.

Diverge node : a node resides on joint of rings or joint
of ring and branch. It duplicates multicast
packet for the lower ring or branch.

Bridge : the only link without which graph will be
disconnected.

d ¢ A time-out setting to preventing situations in which
a node has waited too long for a token. For example,
due to crash failure of node or link, a message taking
time units longer than 8 for transmission is considered
as having been lost. ’

Theorem 3 : If G is a graph in which every vertex has
even degree then G can be split into disjoint
cycles such that no two cycles have any
edges in common.

Rule 4 : Execute the Fleury algorithm [7] then split it into
small circles according to theorem 3, construct
ring-based topology by marking main ring, and
assist ring and branch. Recover the freezelink and
recursive-freeze~link, make them part of branch
or assist ring if it contains member and so does
the leaf node as generated in Rule 1.
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In general, the procedure of searching Eulerian ring-based
topology includes 6 steps. To clarify how the rules work,
we utilize a randomly generated (Figure 3-1) as our original
figure.

Step 1 : Get topology information with the help of FSR,
Identify center node, multicast receivers and sour-
ce. A one-to-many multicast service is discussed
herein.

(Figure 3-1) shows the topology from the view of node
p within certain scope, say 4 hops. Herein 4 hops is the
number predefined by FSR. In (Figure 3-1), Node p is cen-
ter node, {x, ¢, p, e, 1, s} are multicast receivers.
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(Figure 3-1) Original topology provided by FSR
Step 2 : Execute rule 1 and rule 2.

According to rule 1, the leaf node should be deleted.
Before deleting leaf nodes, let neighbor take leaf node’s
multicast affair. Thus {x, y. g, j, s} are pruned.

According to rule 2, {o, n, ¢, d, ¢, f, 1, 1} are marked as
odd nodes. It should be noted that deg(c) is 3 rather than
5.because contribution of leaf nodes are counted out. We
will start from node with maximum odd degree, herein {o,
n} are nodes with maximum odd degree of 5, so we mark
link (0, n} freeze-link. The same thing happens to Ec. d
and Ee, f. Up to now, the center node based ring {p, q, r,
e, d, o} has already formed. Thus after rule 2, (Figure 3-2)
is generated.
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(Figure 3-2) Topology after rule! and rule?

Step 3 : Execute rule 3.

Only one odd-node-pair remains, pair {1, r}. Find a path
connecting them in way of descending degree, so the path
{L, k, i, h, flis selected and is denoted by recursive-
freeze-link, prune this path. Thus (Figure 3-3 is generated.

(Figure 3-3) Topology after rule3

Step 4 : Choose the center node as starting node during
traversing any available edge. Choosing a bridge
only if there is no alternative. Stop when there are
no more edges.

(Figure 3-3) is a Eulerian graph and step 4 is the method
called FLEURY’S algorithm {7].

Step 5 : Split the big Eulerian ring into smaller ones ac-
cording to Theorem 3.
Step 6 © Execute rule 4.

Mark main ring, assist rings, mark freeze-links and re-
cursive-freeze-links as branches if they contain members.
In order to cover all multicast receivers, we form one main
ring {p, q, 1, €, d, o}, recover path {0, ¢, x} and { |, k, i,
f, h}. To enhance robustness, another ring {p, q, r, f, h, i,
k, I} is generated as assist ring. Path {o, ¢, x} is generated
as branch.
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(Figure 3-4) Hierarchical Eulerian ring-oriented topology

After 6 steps aforementioned, a hierarchical Eulerian ring



based architecture emerges (shown in (Figure 3-4)). It
should be noted that the Eulerian ring is not unique since
the procedure of rule2 and rule3 are not unique. Different
selection of freeze-link or recursive-freeze-link will result
in different sub-graph. Our goal is to form such a ring and
branch based architecture which contains all multicast

receivers.

3.2 Hierarchy

The second characteristic in HEROMA is hierarchy,
which is achieved by the topology of different level Eulerian
rings and branches. The hierarchical architecture has 2 ad-
vantages such as multicast routing update and the control
traffic that are restricted locally to reduce delivery over-
head. On the other hand it may shorten subscription time
by registering to a nearer multicast receiver rather than
a remote multicast source. As shown in (Figure 3-4) the
main ring {p, q, 1, e. d, o} is the first level. Branch {o, c,
x} and assist ring {p, q, 1, £, h, i, k, }} are the second level.

To achieve hierarchy we employ master and diverge
nodes. Each ring and branch would have a master. Master
of main ring is honored to manage its members including
diverge nodes. The diverge node stores information of as—
sist ring or branch in lower level. Assist ring master play
the same role in their own rings as main ring master. Both
master and diverge node are the bhasis of hierarchical
architecture. Note, each node belongs to one but only mas-
ter from whom it gets multicast packets. Diverge node lo-
cating at the joint point has dual duty, one is 1 do the
work of its own ring such as forwarding multicast packets,
relaying token in appropriate direction and reporting error
message. The other is to establish hierarchical level by

transferring multicast packets to lower level.

3.3 Multicast Agent (MA)

Each mobile node should maintain a Multicast Agent
(MA). The architecture of MA is similar to [10], but the
two important elements © status table (ST) and token dae-
mon are added. (Figure 3-5) shows the architecture of mul-
ticast agent. For each master, ST keeps the information
of its member nodes including diverge nodes. Token dae-
mon manages token that flows along the ring. The Status
Table (ST) of master includes parameters as follows :
member, diverge node and multicast information for receiv-
ing and forwarding multicast packets. In case of diverge

node, it should maintain information of successor, prede
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cessor and master, as well as extra information of lower

level.

3.3.1 Token Daemon

Token daemon manages token that flows along the ring.
In HEROMA, we share the advantage of wireless token
ring protocol [11]. A modification is made on token struc-
ture shown in <Table 3-1>.

{Table 3-1) Token Structure

PT RA DA SA Seq GenSeq | Rank

As defined in [11], PT stands for packet type, such as
Token or multicast data. RA means the ring’s address de-
fined uniquely by the master. DA and SA means destination
and source address. At diverge noede DA is replaced by suc-
cessor node. Sequence number is initialized to a given
number and increased by every node that passes the token.
Its main function is to manage and recover ring. Genseq
number is initialized to a given number and increased at
every rotation of the token by the master. Rank is a novel
option different from [11], and it is used to maintain the
hierarchical level. The master utilizes token to gather
members’ information and inform them whom they belong
to. After some interval, master should release a token to
flow along the ring in a given direction. On hearing the
token, node reports its own information to master as it
passes the token to successor. In case of token missing or
timeout that caused by link breakage, master is supposed
to release a token again. In HEROMA nodes rely on implicit
acknowledgement to monitor the success of their token
transmissions because implicit signaling would save band-
width. An implicit acknowledgment could be any packet
with the same ring address in its header. If no token de-
tected after a given time, other nodes could claim to be
master by changing the RA of the token which is being
passed around.

3.4 Master Election

The algorithm of electing master should be carefully con-
sidered because it is the master’s duty to perform multicast
task and ring recovery. The factors such as battery, com-
putation capacity, mobility, bandwidth and bit-error-rate
(BER) are important parameters to be considered. In order
to simplify our model, we suppose each mobile node has
same computation capability and choose only 2 parameters
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for master election such as average error packets rate and
battery capacity. The former is a kind of BER and proposed
by [8]. The latter emphasizes the lifetime of power and it
is proposed by [9]. These two variables are QoS-aware
routing metrics that could be easily obtained without any
special extra hardware supports.

New _P %, is defined as an average error packet
within sampling period K for a given direction-oriented
wireless link from i to j, P i1 as average error packet
after sampling period K for a given direction-oriented
wireless link from i to j.

Pef,»‘”r:(ﬂXPe’{‘,-j},)-i—(l—u)XNewﬁP’fl,,-])
Lie V1> u>0 (1)

LT } is defined as life time estimated after sampling pe-
riod. LT # is calculated as :

LT,‘k:P';lx(Fi/Ei(r))va )

Herein Ei(t) means remaining battery capacity of node
i at time t ; Fi is full-charge battery capacity of node i ;
® is a positive weighting factor for ratio of the remaining
i stands for the transmit power at node i at time k.

We define Pi as the possibility that a node has to become
a master :

Pi=(LT})~(Z Pel;)/N) 3

2P }Zu,/ 1/N means the average error rate among links

processed by node i, and LT ¢ indicates the live time that
Ni maybe last after sampling period, the longer live time
means the higher possibility to be elected as master.

35 Algorithm of Searching Eulerian Ring

When mobile nodes scale to large population, a dis-
tributed manner is more attractive. In order to generate
Eulerian ring, searching algorithm will launch separately
in different region at the initial stage. Then recovery algo-
rithm may play a role if link breakage occurs. After differ-
ent Eulerian ring structure formed respectively, merging
algorithm becomes necessary. So in this part searching and
recovery algorithm will be discussed first, then follows re-
covery and merging algorithm.

The searching algorithm for Eulerian ring, denoted by
S1 PROCEDURE, will launch for Eulerian ring-oriented
topology at the initial stage.

PROCEDURES! :

Repeat
if (YNiV(G), 3 deg(Ni)=1)
{
mark Ni leaf node ;
let neighbor take Ni's task ;
prune Ni ;
}
end Repeat
If (VNi€ V(G), 3 deg(Ni) mod 2=0)
{ mark Ni even-node ; }
else {mark Ni odd-node ; }

Repeat

If (VEi € E(G), Ei = 2-odd-link)
i

mark Ei 2-odd-link ;

search Ei with Max deg (Ei) ;

mark Ei freeze-link ;

prune Ei ;

call PROCEDURE S1-R1 ;

}

end Repeat

If (VEi &€ E(G), Ei = odd-even-link)
{ mark Ei odd-even-link ; }

If (Ei € E(G), Ei = 2-even-link)
{Vmark Ei 2-even-link ; }

Repeat

If (WVNi € V((&), Ni=odd node )

{

if {deg(Ni) = max)

{

search Ni whose deg(Ni} is max ;

search odd node Nj nearby ;
find path connect Ni and Nj ;
mark path recursive-freeze-link then prune it ;
call PROCEDURE S1-R2;

1

elsel search Ni with max degree ; }

}

end Repeat

Launch Fleury algorithm from center node ;
T(G) * trail for FLEURY's algorithm,
T(G) =0 in the initial stage ;
Repeat
If (4Ei, j€ E (G) A Ei,j € TWG)
{ if (Ei,j = bridge)
{
TG = T(G) + Ei, j
E(G)=E(G) - Ei,};
Ni=Nj;
Prune Ei,j;
1
else
{ if (3 'bridge)
{ search other Ei,j; }
else {




TG) =TG) +Ei,j
E(G)=E(G) - Ei,j;
Ni=Nj;

Prune Ei,j;

}
end Repeat
if (VNi& T(G), ANi = joint node)
{ split T(G) at Ni into Circle_i; }
if (center node € Circle_i)
{ mark it main ring ; }
if (VNim & ulticast member, 3Ni C freezelink)
{
Recover the freezelink ;
mark diverge node ;
mark branch |

}

In our proposal, adding or pruning a node will not affect
the multicast service because the ring topology is fault-tol-
erance for single node failure or link breakage. But it does
destroy integrity and might fragment Eulerian ring into
pieces. Therefore a recovery algorithm is proposed.

After locating the position of failure, we define two coor-
dinators if two nodes locate nearest to failure. The key idea
of recovery algorithm is to search a bridge to recover. Two
coordinators should send a recovery-REQ message. Other
intermediate node will relay this message until a bridge is
found. If multicast group is of small size then the multicast
source will be the center node and launch the searching
algorithm according to its own FSR information. If multi-
cast group scale to large population then a distributed man-
ner is more favorable. In different regions, center node will
use its topology information provided by FSR and launch
searching and recovery algorithms respectively. Then mer-
ge procedure is necessary for different Eulerian ring if they
belong to the same multicast group.

4. Simulation Results

The simulations are conducted by using OPNET Modeler
v8.0. Performance is evaluated in terms of end-to-end de-
lay by comparing with Ad hoc Multicast Routing Protocol
Utilizing Increasing id-numbers (AMRIS), Core-Assisted
Mesh Protocol (CAMP) and Independent-Tree Ad hoc
Multicast Routing (ITAMAR). Mobile hosts are placed
randomly within a 1000m#*1000m area and moved randomly.
Radio propagation range is 250m. The number of mobile
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host is 40 and member of multicast group increases from
0 to 30, ranging in the set {0, 5, 10, 15, 20, 25, 30}. This
is to simulate classroom scenario ranging from lecture
mode to videoconference mode. Multicast sources are ran-
domly chosen among these mobile hosts. The member no—
des join the multicast session at the beginning of the simu-
lation and remain as members throughout the simulation.
The channel capacity is 2Mbits/s and buffer size is 64000
bits. FSR is used to exchange link-state information as IP
layer, thus topology information could be obtained in finite
time. A simple topology of 2-level-hierarchy was taken as
reference for our scheme. We use a burst source to model

higher-layer traffic generation,

4.1 Average Control Traffic

In this scenario, HEROMA is compared with Ad hoc
Multicast Routing Protocol Utilizing Increasing id-numbers
(AMRIS) [3], Core-Assisted Mesh Protocol (CAMP) {5]
and Independent-Tree Ad hoc Multicast Routing ITAMAR)
[4] by using average control traffic. The simulation results
are shown in (Figure 4-2). The X-axis in these figures
stands for number of multicast members (MM) ; the Y-ax-
is in (Figure 4-2) stands for average control traffic and its
unit is bits/sec. In (Figure 4-2), our proposal has an aver—
age control traffic around 25000 bit/s while that of ARMIS
is near 40000 bit/s, that of ITAMAR is 50000 and that of
CAMP reaches 60000 bit/s. Our proposal performs much

better than the comparing schemes in terms of control

traffic.
Average control traffic

(bit/sec)
70000
60000 ,r—-f'*“”:::j
50000 | T MRS
w000 b ¥ —x—ITAMAR
30000 |/ - SM-CAMP
20000 | /7 - Proposel
10000 4

0 2 . . -+ 4 MM(number)

0 5 10 15 20 % 30
(Figure 4-2) Average control traffic

According to (Figure 4-2), we could also find CAMP
shows a larger control traffic sent/received than other
schemes. CAMP is a typical mesh-based multicast protocol
and it is commonly accepted that mesh-based multicast

scheme has low efficiency than tree-based multicast in
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terms of contro] traffic. It is dependent upon the unicast
routing protocol for behaviors regarding network con-
vergence and control traffic growth in the presence of mo-
bility, so CAMP responses to link breakage is not imme-
diate. It may incorrectly deduce a link breakage in the pres-
ence of high network load on control traffic. CAMP relies
on the unicast routing protocol which sends triggered
updates. It suffers from exponential growth in control traf-
fic overhead under increasing mobility. Moreover, CAMP
piggybacks its own update message onto WRP and those
packets play a role in overhead growth.

AMRIS is a typical tree-based multicast protocol that
constructs a shared multicast delivery tree. The advantage
of AMRIS is its high date forwarding efficiency comparing
with mesh-based schemes. ITAMAR is also a tree-based
architecture while it could switch to an alternative tree,
which is called Independent-tree in case of link breakage.
Alternative tree is tolerant for fails because it could switch
to other path quickly, while extra 25% control traffic is
needed for maintaining the alternative tree.

Our proposal-HEROMA outperforms these three sche-
mes in fields of average control traffic significantly. The
most important reason is that center node gets topology
information of certain range provided by FSR which deals
with the topology change efficiently. So, less control traffic
could be obtained at the cost of computation capacity for
the searching algorithm ; the other reason lies in the hier-
archical topology, with which control traffic is restricted
locally in our proposal.

4.2 End-to-End Delay

In this scenario, end-to~end delay for data and control
traffic is tested and result is presented in (Figure 4-3). The
X-axis in (Figure 4-3) stands for the number of multicast
member (MM). The Y-axis stands for end-to-end delay
in average and its unit is ms. End-to-end delay of our pro-
posal increases smoothly, ranging from 1 ms to 2 ms as
the number of multicast member increases. The end-to
end delay of ITAMAR is slightly lower than our proposal
in small-multicast population and slightly higher while
population scales large. The end-to-end delay of CAMP
is ‘almost the same as our proposal with a little higher delay.
From (Figure 4-3), we could also see AMRIS performance
is not good, and end-to-end delay of AMRIS is ranging
from 2ms to 4ms that is almost two times of the other three

schemes.

End-to-end delay

Delay(ms)
5
4 L
/.// —e— AMRIS
1 ok | ITAMAR
o b /x/_’:/ B | —8— SM-CAMP
S 8- Proposal
Lr P
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0 : L L L . MM(number)

0 5 10 15 20 25 30
(Figure 4-3) End-to-end delay

AMRIS detects link disconnection by a beaconing me-
chanism. It suffers from collision when the transmission
and size of beacon increase. Especially it is lack of robust-
ness due to the tree topology having no redundant paths.
In AMRIS, only the packets from the registered parent or
registered child will be forwarded. If the tree link breaks
then the packets are lost until the tree is reconfigured.
Thus, the recovery time will result in a long end-to-end
delay. The other three schemes : ITAMAR, CAMP and our
proposal all have alternative path and tolerant for failures
such as link breakage. Thus, a less end-to-end delay could
be achieved.

In CAMP, number of redundant paths to a distant desti-
nation is fewer than that close to the center of the mesh.
The mesh becomes massive with the growth of the multi-
cast members. This means CAMP is more prone to recov-
ery from failures as the mobility increases. CAMP performs
well at end-to-end delay because meshes could generate
more redundant paths when the population of multicast
member is increased. ITAMAR performs best at end-
to-end delay when multicast members are in small number.
ITAMAR could find disjoint-link quickly for independen-
ttree in this case. When multicast members scale to large
number, the end-to-end delay of ITAMAR is a little higher
than that of our proposal and CAMP. The reason is that
disjoint-link for independent-tree is lack and one independ-
ent-tree as backup tree is not enough for recovery.

(Figure 4-3) shows our proposal exhibits a good perfor-
mance when compared with CAMP, ITAMAR and AMRIS
in terms of traffic end-to-end delay. The most possible
reason 1s that our proposal is tolerant for failures such as
link breakage. On the other hand, the hierarchical archi-
tecture could deliver multicast packets to receivers simul-
taneously in an efficient way and shorten subscription time
for new multicast member. Thus, a better performance on
end-to~end delay is achieved.



The routing robustness and effectiveness as a function
of multicast group size is illustrated in (Figure 4-4). The
X-axis in (Figure 4-4) stands for the number of multicast
member (MM). The Y-axis stands for packets delivery
ratio. CAMP performs the best as the number of multicast
increases. Since the mesh becomes massive with the
growth of the members, more redundant routes are formed
which improves the performance. If only a small number
of nodes join the multicast session then the mesh actually
appears closer to a tree for distant nodes and the perform-
ance is shown in (Figure 4-4). Our proposal performs
slightly better than CAMP in small multicast groups and
a little worse than CAMP when the number of multicast
increase. Qur proposal gets the benefits of FSR and estab-
lishes redundant routes optimally in small population. But,
the recovery algorithm and spare route are not efficient
comparison with massive meshes in CAMP. AMRIS also
shows improvements with the member size growth, but it
is less dramatic than CAMP and our proposal because re-
dundant routes are not established in ARMIS. ITAMAR
improves this shortcoming by establishing a redundant tree

and shows a better performance than ARMIS to some

extent.
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(Figure 4-4) Packet delivery ratio
5. Conclusion

In this paper, a novel model of Hierarchical Eulerian
Ring-Oriented Multicast Protocol (HEROMA) is proposed.
A graph based multicast schemes including hierarchical ar—
chitecture, multicast agent and relative algorithms have
been discussed. Simulation results indicate that HEROMA
outperforms ARMIS, CAMP and ITAMAR in terms of
service latency and robustness to some extent. We hope
our HEROMA could shed a little light of graph-oriented
multicast scheme over mobile ad hoc network. However,

this paper is limited to the scenario of small scale, our future
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work will focus on optimizing algorithms for large multi-

cast group size.
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