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Abstract. We propose an algorithm called OptMeshTrans to determine a 
sequence of stable meshes that connect the source nodes and receiver nodes of a 
multicast session in Mobile Ad hoc Networks (MANETs). OptMeshTrans uses 
the following greedy strategy: Whenever a mesh connecting a set of source 
nodes to a set of receiver nodes is required, we choose the mesh, called the 
Stable-Static-Mesh, which exists for the longest time. In this pursuit, we 
determine a long-living minimum edge Steiner tree connecting the source nodes 
to the receiver nodes and the Stable-Static-Mesh is an extension of this Steiner 
tree by including in the mesh, all the edges that exist between the constituent 
nodes of the tree. When such a Stable-Static-Mesh gets disconnected, leading to 
the absence of a path from any source to any receiver node, we use the above 
greedy principle to construct another long-living mesh. The sequence of long-
living Stable-Static-Meshes determined over the duration of the multicast 
session time is called a Stable-Mobile-Mesh. The lifetime of the meshes 
determined using algorithm OptMeshTrans forms the benchmark for maximum 
mesh lifetime in multicast routing. Simulation results indicate that the lifetime 
of the meshes determined using the classical mesh-based On-Demand Multicast 
Routing Protocol (ODMRP) is significantly lower than the optimal lifetime of 
the stable meshes determined using OptMeshTrans. 
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1   Introduction 

A mobile ad hoc network (MANET) is an autonomous, dynamic distributed system of 
mobile nodes connected through wireless links. The wireless nodes have limited 
battery charge and operate with limited transmission range. Hence, routes in 
MANETs are mostly multi-hop in nature, with a node, apart from being a source or 
receiver, also routing packets for other nodes in the network. Multicasting has 
emerged as a desirable and essential technology for several distributed applications in 
wireless networks such as audio/ video conferencing, distance learning, collaborative 
and groupware applications and etc. The mobility of nodes, with the constraints of 
limited battery charge and bandwidth, makes multicast routing a very challenging 
problem in MANETs [1]. It is advantageous to use multicast rather than multiple 
unicast, especially in ad hoc environments, where bandwidth comes at a premium. 
MANET multicast routing protocols can be classified into two types based on the 
multicast topology [1]: tree-based and mesh-based. In tree-based protocols, there 
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exists only a single path between a source-receiver pair, whereas in mesh-based 
protocols there are multiple paths between a source-receiver pair. The presence of 
multiple paths adds to the robustness of the mesh-based protocols at the cost of 
multicast efficiency. We focus on mesh-based multicast protocols in this paper.  

In this paper, we propose an algorithm called OptMeshTrans to determine a 
sequence of long-living stable multicast meshes connecting a set of source nodes to a 
set of receiver nodes for MANETs. The OptMeshTrans algorithm uses the following 
greedy strategy: Whenever a mesh connecting a set of source nodes to a set of 
receiver nodes is required, we choose the mesh, called the Stable-Static-Mesh, which 
exists for the longest time. In this pursuit, we determine a long-living minimum edge 
Steiner tree connecting the source nodes to the receiver nodes and the Stable-Static-
Mesh is an extension of this Steiner tree by including in the mesh, all the edges that 
exist between the constituent nodes of the tree. We use the Kou et al.’s heuristic [2] 
(refer section 2) to approximate a multicast Steiner tree connecting the set of source 
nodes to the set of receiver nodes using the minimum number of links. When such a 
Stable-Static-Mesh gets disconnected, leading to the absence of a path from any 
source to any receiver node, we use the above greedy principle to construct another 
long-living mesh. The sequence of long-living Stable-Static-Meshes determined over 
the sequence of the multicast session time is called a Stable-Mobile-Mesh. 

The lifetime of the stable meshes determined using algorithm OptMeshTrans forms 
the benchmark for the optimum (maximum) mesh lifetime that is obtainable in a given 
network. We conduct extensive simulations of algorithm OptMeshTrans and the classical 
mesh-based On-Demand Multicast Routing Protocol (ODMRP) [3] and compare their 
performance with respect to mesh lifetime, number of edges per mesh and the hop count 
per source-receiver path. ODMRP basically determines minimum hop paths between 
every source-receiver pair and the congregate of such minimum hop paths by including 
the edges that exist between the forwarding nodes of the paths forms the multicast mesh. 
Simulation results indicate a tradeoff between {mesh lifetime and number of edges per 
mesh} vs. {hop count per source-receiver path}. The meshes determined using algorithm 
OptMeshTrans have longer lifetime and relatively fewer edges, but have a larger hop 
count per source-receiver path compared to the meshes discovered using ODMRP. 

The rest of the paper is organized as follows: Section 2 describes algorithm 
OptMeshTrans in detail, analyzes its complexity and also provides proof of correctness. 
Section 3 presents and analyzes the simulation performance results comparing 
OptMeshTrans with ODMRP. Section 4 concludes the paper. Throughout the paper, the 
terms ‘link’ and ‘edge’, ‘node’ and ‘vertex’ are used interchangeably. 

2   Algorithm to Determine Stable-Mobile-Mesh 

We model an ad hoc network as a unit disk graph [4] G = (V, E), wherein V is the set 
of vertices representing the wireless nodes and E is the set of undirected edges 
representing the wireless links. An edge exists between two vertices if the 
corresponding nodes are within the transmission range of each other. Let S be the set 
of source nodes and R be the set of receiver nodes. The multicast group is represented 
as set SR = S U R, i.e., the union of the set of source nodes and receiver nodes. 
Algorithm OptMeshTrans uses the notion of a mobile graph [5] to represent the 
sequence of network topology changes.  
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A mobile graph [5] is defined as the sequence GM = G1G2 … GT of static graphs 
representing network topology changes over a time scale T. In the simplest case, the 
mobile graph GM = G1G2 … GT can be extended by a new instantaneous graph GT+1 to 
a longer sequence GM = G1G2 … GT GT+1, where GT+1 captures a link change (either a 
link comes up or goes down). We sample the network topology periodically for every 
0.25 seconds, which could be the instants of data packet origination at the source. 

We use the Kou et al’s [2] well-known O(|V||SR|2) heuristic (|V| is the number of 
nodes in the network graph and |SR| is the size of the multicast group comprising of 
the source nodes and the receiver nodes) to approximate the minimum edge Steiner 
tree in graphs representing snapshots of the network topology. An (S-R)-Steiner-tree 
is defined as the multicast Steiner tree connecting the set of source nodes, S, to the set 
of receiver nodes, R. We give a brief outline of the heuristic in Figure 1.  

 
 

Input:   An undirected graph G = (V, E) 
         Multicast group SR ⊆ V 

Output: An (S-R)-Steiner-tree for the set SR in G 
 

Step 1: Construct a complete undirected weighted graph GC = (SR, EC) from G and 
SR where ∀ (vi, vj) ∈ EC, vi and vj are in SR, and the weight of edge (vi, vj) is the 
length of the shortest path from vi  to vj in G.  
Step 2: Find the minimum weight spanning tree TC in GC (If more than one minimal 
spanning tree exists, pick an arbitrary one). 
Step 3: Construct the sub graph GSR of G, by replacing each edge in TC with the 
corresponding shortest path from G (If there is more than one shortest path between 
two given vertices, pick an arbitrary one).  
Step 4: Find the minimal spanning tree TSR in GSR (If more than one minimal 
spanning tree exists, pick an arbitrary one). Note that each edge in GSR has weight 1.  
Step 5: Construct the (S-R)-Steiner-tree, from TSR by deleting the edges in TSR, if 
necessary, such that all the leaves in the (S-R)-Steiner-tree are members of SR. 

 

Fig. 1. Kou et al’s Heuristic [2] to find an Approx. Minimum Edge Steiner Tree 

2.1    Description of Algorithm OptMeshTrans 

We now describe the OptMeshTrans algorithm proposed to determine the sequence of 
multicast meshes connecting a set of sources (S) to a set of receivers (R), such that the 
meshes exist for the longest possible time and the number of mesh transitions is 
minimal. The pseudo code is given in Figure 2. Algorithm OptMeshTrans operates 
according to the following greedy strategy: Whenever a multicast mesh connecting all 
the source nodes (S) to all the receiver nodes (R) of a multicast group is required, the 
multicast mesh, called the Stable-Static-Mesh, represented as (S-R)Stable-Static-Mesh, 
which exists for the longest time is selected. 

A mobile graph GM=G1G2…..GT is generated by sampling the network topology at 
regular time intervals t1, t2 …tT.  At time instant ti, when a multicast mesh is required, a 
mobile sub graph G(i, j) = Gi ∩ Gi+1  ∩…∩ Gj is constructed such that there exists at 
least one mesh connecting every source s∈S to every receiver r∈R in G(i, j) and no 
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mesh exists in G(i, j+1). A minimum edge (S-R)-Steiner-tree connecting every source 
s (∈S) to every receiver r (∈R) is constructed based on the Kou’s heuristic and the 
Steiner tree is extended to a mesh by including all the edges (represented by the set 
Additional-Edges in the pseudo code, Figure 2) that exist between the constituent 
nodes of the tree in the mobile sub graph G(i, j). The above procedure is repeated 
until time instant j+1≤T, where T is the duration of the multicast session. The Stable-
Mobile-Mesh, represented as (S-R)Stable-Mobile-Mesh, is a sequence of such maximum 
lifetime Stable-Static-Meshes and will undergo the minimum number of mesh 
transitions (i.e., mesh changes). 

If T is the duration of the multicast session and k is the sampling rate (k samples of 
static graphs collected per unit time) used to form the mobile graph, the Kou et al.’s 
heuristic has to be run T*k times, each time on a graph of |V| nodes. During each such 
iteration, we will also have to form the set of Additional-Edges to extend the 
minimum edge Steiner tree to a multicast mesh. At the worst case, there would be 
O(|V|) vertices in the minimum edge Steiner tree and it would take O(|V|2) time to 
determine whether an edge between every pair of vertices in the Steiner tree exists in 
the mobile sub graph for inclusion in the set of Additional-Edges. Hence, the run-time 
complexity of OptMeshTrans would be O( (|V||SR|2 + |V|2) T*k), where SR is the union 
of the set of sources and receivers of the multicast group. 

 
 

Input: GM=G1G2…..GT, Set of source nodes - S, Set of receiver nodes - R 
Output: (S-R)Stable-Mobile-Mesh // Stable-Mobile-Mesh 
Auxiliary Variables: i, j, Additional-Edges 
Initialization: i=1; j=1; (S-R)Stable-Mobile-Mesh = φ , Additional-Edges = φ  

Begin OptMeshTrans 
 

1. while (i<= T) do 
2.   Find a mobile sub graph G(i, j) = Gi ∩ Gi+1 ∩ … ∩ Gj such that there exists at 

least one (S-R)-Steiner-tree connecting every source s∈S to every receiver r∈R 
in G(i, j) and {no such (S-R)-Steiner-tree exists in G(i, j+1) or j = T} 

3.   if ∃  a (S-R)-Steiner-tree in G(i, j) then 
4.      for (every vertex u and v in (S-R)-Steiner-tree) 

5.           if ( edge (u, v) ∈ G(i, j) and edge (u, v)∉ (S-R)-Steiner-tree ) then 
6.                       Additional-Edges = Additional-Edges U {(u, v)} 
7.           end if 
8.      end for 
9.      (S-R)Stable-Static-Mesh in G(i, j)={(S-R)-Steiner-tree in G(i, j)} U Additional-Edges 
10.       i = j + 1 
11.       Additional-Edges = φ  

12.   end if 
13. end while 
14. return (S-R)Stable-Mobile-Mesh 
 

End OptMeshTrans 
 

 

Fig. 2. Pseudo code for OptMeshTrans algorithm 
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2.2   Proof of Correctness of Algorithm OptMeshTrans 

Given a mobile graph GM=G1G2…..GT, set of sources S and the set of receivers R, let 
the number of mesh transitions generated by OptMeshTrans in the Stable-Mobile-
Mesh, (S-R)Stable-Mobile-Mesh be m. We use the proof by contradiction technique to prove 
the correctness of the OptMeshTrans algorithm. To show that m is optimal, we 
assume the contrary as the hypothesis for our proof, i.e., there exists another Stable-
Mobile-Mesh (S-R)'Stable-Mobile-Mesh with m' number of mesh transitions, such that m'<m.  

 

 
 

(a) Sampling Time Instants for (S-R)Stable-Mobile-Mesh (Algorithm OptMeshTrans) 
 

 
 

(b) Sampling Time Instants for (S-R)'Stable-Mobile-Mesh (Hypothesis for the Proof) 

Fig. 3. Sampling Time Instants to Prove the Correctness of Algorithm OptMeshTrans 

Let epoch1
(S-R), epoch2

(S-R),……, epochm
(S-R) (refer Figure 3a) and epoch1

(S-R)', 
epoch2

(S-R)',……, epochm'
(S-R)'  (refer Figure 3b) be the set of sampling time instants in 

(S-R)Stable-Mobile-Mesh and (S-R)'Stable-Mobile-Mesh respectively, wherein no mesh transitions 
exist. Let tinit,j

(S-R), tinit,k
(S-R)' be the initial and tend,j

(S-R), tend,k
(S-R)' be the final sampling 

time instants of epochj
(S-R) where 1 ≤  j ≤  m and epochk

(S-R)' where 1 ≤  k ≤  m' 
respectively. Since (S-R)Stable-Mobile-Mesh and (S-R)'Stable-Mobile-Mesh exist over the same time 
period T, the initial and final sampling time instants are same (i.e., tinit,1

(S-R)
 = tinit,1

(S-R)' 
and  tend,m

(S-R)
 = tend,m’

(S-R)' ). As our hypothesis is that the number of transitions in (S-
R)'Stable-Mobile-Mesh is less than that of (S-R)Stable-Mobile-Mesh, there should exist a mesh in 
(S-R)'Stable-Mobile-Mesh that has longer lifetime than that in (S -R)Stable-Mobile-Mesh, m'<m ⇒  
∃  j, k where 1 ≤  j ≤  m and 1 ≤  k ≤  m' such that epochj

(S-R) ⊂  epochk
(S-R)', i.e., tinit,k

(S-

R)' < t
init,j

(S-R) < tend,j
(S-R) < tend,k

(S-R)'). In other words, there should exist a (S-R)'Stable-Static-

Mesh in [tinit,k
(S-R)' ,…, tend,k

(S-R)']. But, in OptMeshTrans algorithm, a transition was made 
at tend,j

(S-R)  as the mesh that started to exist at tinit,j
(S-R) does not exist beyond tend,j

(S-R). 
So, tend,k

(S-R)' should be less than or equal to tend,j
(S-R) and cannot be greater. There is no 

common (S-R)'Stable-Static-Mesh in [tinit,j
(S-R)' ,…, tend,k

(S-R)'] and hence there is no common 
(S-R)'Stable-Static-Mesh in [tinit,k

(S-R)' ,…, tend,k
(S-R)']. Therefore, the lifetime of all the meshes 

in (S -R)'Stable-Mobile-Mesh has to be less than or equal to that of (S-R)Stable-Mobile-Mesh i.e., 
m' ≥  m. This is in contradiction to the hypothesis. Hence, m, the number of transitions  
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in OptMeshTrans algorithm is optimal (minimum) and (S-R)Stable-Mobile-Mesh is the 
Stable-Mobile-Mesh connecting the set of sources S to the set of receivers R. 

3   Simulations 

We implemented ODMRP and OptMeshTrans in a discrete event simulator developed 
by us in Java. The network dimensions are 1000m x 1000m. The transmission range 
of each node is 250m. We vary the density of the network by conducting simulations 
with 50 nodes (low density) and 100 nodes (high density). The simulation time is 
1000 seconds. The IEEE 802.11 Medium Access Control (MAC) protocol [6] has 
been used as the link-layer protocol for ODMRP. The mobility model used is the 
Random Waypoint model [7], wherein the velocity of a node is uniform-randomly 
selected from [0,…,vmax] every time the node incurs a direction change to travel to a 
randomly selected location within the network. The vmax values used are 5 m/s and 50 
m/s, characteristic of low and high node mobility respectively. For each vmax value, we 
generated five mobility profiles of the nodes for the simulation time of 1000 seconds. 

The values for the number of sources used are: 2, 4 and 8; and the values for the 
number of receivers used are: 3, 6 and 9. The data packet size is 512 bytes and the 
packet sending rate from each source to the set of receivers is 4 packets per second. 
For each value of the number of sources and receivers, we created one list of source 
nodes and five lists of receiver nodes. All the node lists are generated randomly; but, 
we made sure a node acts at most only as a source or a receiver; not both. Simulations 
for a given number of sources were run for each of these five lists using the five 
mobility profiles generated for each vmax value. Each data point obtained for ODMRP 
[3] and OptMeshTrans in the performance figures 4, 5 and 6 is the average value 
obtained from these 25 experiments for a given number of sources and vmax value. 

The following performance metrics are measured for the ODMRP protocol and the 
OptMeshTrans algorithm under the different simulation conditions described above. 

 

(i) Lifetime per Mesh – average of the lifetimes of the sequence of multicast meshes 
discovered over the duration of the entire multicast session. 

(ii) Edges per Mesh – time-averaged value of the number of edges per mesh 
connecting the set of sources to the set of receivers, for the multicast session. 

(iii) Hop Count per Source-Receiver Path – time-averaged hop count of the paths 
from the source to each receiver, considering all the source-receiver pairs and 
computed over the entire multicast session. 

3.1   Average Mesh Lifetime 

It is imperative to form multicast meshes with larger lifetime because each time a new 
mesh is to be formed, a global network-wide broadcast of the control messages from 
each source node is initiated. The larger the value for the mesh lifetime, the lower will 
be the number of times such resource-consuming global broadcast of control 
messages will be needed in the network. The Stable-Mobile-Meshes are relatively 
more stable (have larger lifetime) than compared to ODMRP meshes. The meshes 
formed using algorithm OptMeshTrans have 400%-450% (on average) and 830%-
1450% (at the worst case) longer lifetime than the meshes formed using ODMRP. 
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               (a) 50 Nodes, vmax = 5 m/s                      (b) 50 Nodes, vmax = 50 m/s 
 

  
              (c) 100 Nodes, vmax = 5 m/s                  (d) 100 Nodes, vmax = 50 m/s 

Fig. 4. Average Lifetime per Mesh 

For a given node mobility and network density, the lifetime of meshes formed 
using ODMRP increases with increase in the number of sources. This is due to the 
increase in the number of edges to ensure connectivity in the mesh with increase in 
the number of sources. With an increased number of edges, there is an increase in the 
number of alternate paths between a source-receiver pair in a mesh, resulting in larger 
lifetime between two successive mesh transitions. The lifetime of meshes formed 
using OptMeshTrans does not relatively change much with increase in the number of 
sources. This is because the algorithm looks into the future topology changes and 
considers a mobile sub graph that consists of the minimum number of edges that will 
exist for a longer time as well as constitute a mesh. 

For fixed node mobility and number of sources, with increase in node density, the 
average lifetime per mesh discovered using ODMRP decreases. This can be attributed 
to the decrease in the hop count per source-receiver path with increase in node 
density, leading to an increase in the probability of a path break in the near future. As 
node density increases, the Stable-Mobile-Mesh comprises of relatively better stable 
paths in which the physical Euclidean distance between the end nodes of the 
constituent links is close to only 50-60% of the transmission range of the nodes.  

For fixed node density and number of sources, with increase in node mobility, the 
neighbors of each node move very fast, leading to a larger probability of link break in 
the near future. Hence, the lifetime per mesh for both ODMRP and OptMeshTrans 
would naturally be lower with increase in node mobility. For a fixed node density, 
mobility and number of sources, the lifetime per mesh is more likely to decrease with 
increase in the number of receivers as it becomes difficult to maintain the connectivity 
of a mesh involving more receiver nodes, but a fixed number of source nodes. 

3.2   Average Number of Edges Per Mesh 

The meshes formed using the OptMeshTrans algorithm have relatively few edges 
compared to those discovered using ODMRP. This is due to the decrease in the 
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number of edges in the mobile sub graph which is an intersection of the static graphs 
of the network in the future. The ODMRP protocol focuses on discovering minimum 
hop paths between a source-receiver pair available at the current instant and the 
congregation of such locally optimal paths forms the mesh. There is no inclination to 
reduce the number of edges in the mesh when the individual paths are discovered in 
the case of ODMRP. On the other hand, OptMeshTrans looks at the future and is 
based on the minimum edge Steiner tree heuristic. Hence, it focuses on discovering a 
mesh that will exist for a longer time with a reduced number of constituent links.  

 

  
             (a) 50 Nodes, vmax = 5 m/s                             (b) 50 Nodes, vmax = 50 m/s 
 

  
                (c) 100 Nodes, vmax = 5 m/s                  (d) 100 Nodes, vmax = 50 m/s 

Fig. 5. Average Number of Edges per Mesh 

As node mobility increases, the number of edges per mesh decreases for both 
ODMRP and OptMeshTrans. For fixed node mobility, the number of edges also 
increases for both of them, with increase in node density. For different node mobility 
and density scenarios, the number of edges per mesh increases with increase in the 
number of sources. We can also observe an increase in the number of edges with 
increase in the number of receivers with different node density and node mobility 
values. As the number of sources and receivers increases, the number of edges per 
mesh increases to maintain connectivity in the mesh. However, for all the above 
scenarios, the rate of increase in the number of edges per mesh discovered using the 
OptMeshTrans algorithm is lower than that observed with ODMRP. The meshes 
formed using algorithm OptMeshTrans have 13%-20% (on average) and 45%-48% 
(at the worst case) fewer edges than that of the meshes formed using ODMRP.    

3.3   Average Hop Count Per Source-Receiver Path 

The average hop count per source-receiver path is a measure of the end-to-end delay 
per data packet. The source-receiver paths that are part of the meshes discovered 
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using algorithm OptMeshTrans have a larger hop count compared to those discovered 
using ODMRP. This can be attributed to the relatively fewer number of edges in the 
meshes discovered using algorithm OptMeshTrans. With fewer edges, some of the 
paths between a particular source node and receiver node in the mesh could be 
relatively longer (i.e. more hops). ODMRP looks at the current network topology and 
determines minimum hop paths between individual source and receiver nodes.  

 

  
            (a) 50 Nodes, vmax = 5 m/s                           (b) 50 Nodes, vmax = 50 m/s 
 

  
                (c) 100 Nodes, vmax = 5 m/s                   (d) 100 Nodes, vmax = 50 m/s 

Fig. 6. Average Hop Count per Source-Receiver Path 

For fixed node mobility, the average hop count per source-receiver path in the 
meshes discovered using ODMRP increases with increase in the number of sources 
and receivers, but the increase is below 25%. The average hop count per source-
receiver path in meshes discovered using ODMRP decreases with increase in node 
density, but the decrease is below 20%. For different node mobility and node density, 
the average hop count per source-receiver path in the meshes discovered using 
OptMeshTrans is not affected much by the number of sources and receivers. The 
difference in the hop count per source-receiver path in the meshes formed using 
OptMeshTrans and those formed using ODMRP increases with increase in density.  

4   Conclusions and Future Work 

The high-level contribution of this paper is the development of a theoretically optimal 
algorithm OptMeshTrans that forms a sequence of stable meshes. The complexity of 
OptMeshTrans would be O( (|V||SR|2 + |V|2) T*k), where SR is the union of the set of 
sources and receivers of the multicast group, T is the duration of the multicast session 
and k is the sampling rate, number of static graphs collected per unit time. The 
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lifetime of the meshes determined using algorithm OptMeshTrans forms the 
benchmark for maximum possible mesh lifetime in multicast routing.  

Simulation results indicate that the meshes formed using algorithm OptMeshTrans 
have significantly longer lifetime than those formed using ODMRP. Hence, there is 
still lot of scope to improve the stability of the meshes discovered by the multicast 
routing protocols. With respect to the number of edges per mesh (a measure of 
bandwidth efficiency and also energy-efficiency), the meshes formed using algorithm 
OptMeshTrans have fewer edges than those formed using ODMRP. However, the hop 
count per source-receiver path in the Stable-Mobile-Meshes is significantly larger 
compared to those discovered using ODMRP. This indicates the tradeoff between 
ODMRP and OptMeshTrans and our future research will be on developing a 
distributed version of OptMeshTrans that can minimize this {mesh lifetime and 
number of edges per mesh} vs. {hop count} tradeoff. 

References 

1. Murthy, C.S.R., Manoj, B.S.: Ad Hoc Wireless Networks: Architectures and Protocols. 
Prentice Hall, Upper Saddle River (2004) 

2. Kou, L., Markowsky, G., Berman, L.: A Fast Algorithm for Steiner Trees. Acta 
Informatica 15, 141–145 (1981) 

3. Lee, S.-J., Gerla, M., Chiang, C.-C.: On-Demand Multicast Routing Protocol. In: Wireless 
Communications and Networking Conference, pp. 1298–1302. IEEE, New Orleans (1999) 

4. Kuhn, F., Moscibroda, T., Wattenhofer, R.: Unit Disk Graph Approximation. In: Joint 
Workshop on Foundations of Mobile Computing, pp. 17–23. ACM, Philadelphia (2004) 

5. Farago, A., Syrotiuk, V.R.: MERIT: A Scalable Approach for Protocol Assessment. Mobile 
Networks and Applications 8(5), 567–577 (2003) 

6. Bianchi, G.: Performance Analysis of the IEEE 802.11 Distributed Coordination Function. 
IEEE Journal of Selected Areas in Communication 18(3), 535–547 (2000) 

7. Bettstetter, C., Hartenstein, H., Perez-Costa, X.: Stochastic Properties of the Random-Way 
Point Mobility Model. Wireless Networks 10(5), 555–567 (2004) 


	An Algorithm to Determine Multicast Meshes with Maximum Lifetime for Mobile Ad Hoc Networks
	Introduction
	Algorithm to Determine Stable-Mobile-Mesh
	Description of Algorithm $OptMeshTrans$
	Proof of Correctness of Algorithm $OptMeshTrans$

	Simulations
	Average Mesh Lifetime
	Average Number of Edges Per Mesh
	Average Hop Count Per Source-Receiver Path

	Conclusions and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




