
CREATE-NET TECHNICAL REPORT CN-TR-200800025 

 

2008 
Authored by: Massimiliano Slongo and Tinku Rasheed 

 

Interference-Aware Channel 
Assignment in Wireless Mesh 

Networks 
 

 

 



        
 

 

 

    



Contents

1 Introduction 1

1.1 Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Channel Assignment in WMNs 4

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 Static Assignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.3 Dynamic Assignment . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2.4 Hybrid Assignment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.5 Other Assignments . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.6 Static Channel Assignment Schemes . . . . . . . . . . . . . . . . . . . 8

2.7 Dynamic Channel Assignment Schemes . . . . . . . . . . . . . . . . . 18

2.8 Hybrid Channel Assignment Schemes . . . . . . . . . . . . . . . . . . 29

2.9 Other Channel Assignment Schemes . . . . . . . . . . . . . . . . . . . 34

2.10 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

3 ITACA Scheme 42

3.1 Interference Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . 46

3.2 Aggregate Tra�c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.3 Default Channel Selection . . . . . . . . . . . . . . . . . . . . . . . . 48

3.4 Non-Default Channel Selection . . . . . . . . . . . . . . . . . . . . . . 51

4 Simulations 59

4.1 Simulation Environment . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.2 Network Topology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.3 Network Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5 Conclusions 74

A NS2 Multiradio Extension 75

i



B ITACA Implementation 93

C NS2 Simulation Setting 103



List of Figures

2.1 Trade-o� between connectivity and interference . . . . . . . . . . . . 5

2.2 Flow Diagram of MesTic . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.3 Distributed route discovery/update protocol . . . . . . . . . . . . . . 19

2.4 Eliminating channel dependency problem . . . . . . . . . . . . . . . . 20

2.5 Failure Recovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.6 Protocol message �ow . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.7 Channel switching . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.8 Performance HMCP . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.9 Example of a superimposed (3, 1, 13)-code of size 13 . . . . . . . . . 35

2.10 Hidden and Exposed terminal problem . . . . . . . . . . . . . . . . . 39

3.1 Channel Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.2 Default Channel Selection . . . . . . . . . . . . . . . . . . . . . . . . 49

3.3 Non-Default Channel Selection . . . . . . . . . . . . . . . . . . . . . . 52

3.4 Multiradio Con�ict Graph . . . . . . . . . . . . . . . . . . . . . . . . 54

4.1 Two-Ray Equation used when d > d c . . . . . . . . . . . . . . . . . . 62

4.2 Free Space Equation used when d < d c . . . . . . . . . . . . . . . . . 63

4.3 Multi-radio WMN simulated with NS2 . . . . . . . . . . . . . . . . . 64

4.4 Throughput comparison between ITACA and Random CA . . . . . . 66

4.5 Byte Ratio comparison between ITACA and Random CA . . . . . . . 67

4.6 Throughput comparison between ITACA and BSF . . . . . . . . . . . 68

4.7 Byte Ratio comparison between ITACA and BSF . . . . . . . . . . . 69

4.8 Packet Loss comparison between ITACA and BSF . . . . . . . . . . . 69

4.9 End-to-End Delay comparison between ITACA and BSF . . . . . . . 70

4.10 Throughput comparison between ITACA and BSF . . . . . . . . . . . 71

4.11 Byte Ratio comparison between ITACA and BSF . . . . . . . . . . . 72

4.12 Packet Loss comparison between ITACA and BSF . . . . . . . . . . . 72

4.13 End-to-End Delay comparison between ITACA and BSF . . . . . . . 73

iii



List of Tables

iv



Abstract

Wireless mesh networks o�er many advantages in terms of connectivity and reliabil-

ity. They provide multiple paths between nodes and are self healing. Traditionally,

wireless mesh networks were used with nodes equipped with a single radio. There are

however, limitations in single radio wireless mesh networks, such as lower through-

put and its limited use of the available wireless channels. This report focuses on the

Channel Allocation scheme which e�ciently utilizes multiple wireless interfaces to

achieve better throughput thereby increasing the network capacity considering the

presence of co-located wireless networks. We introduce and evaluate di�erent meth-

ods to improve the network throughput in a multi radio wireless mesh network. We

present some channel assignment protocols which utilize multiple radio interfaces to

improve the throughput and minimize the radio interference of the wireless network.

We also implement our new channel assignment scheme, and evaluate and compare

its performance with other protocols. This new channel assignment scheme allow

di�erent nodes in the same network to communicate with each other without caus-

ing too much interference to their neighbors. Network scenarios have been designed

using the network simulator NS2. These network scenarios have been created to

compare and evaluate the performance of the channel assignment protocols under

di�erent conditions. Simulation results are presented and discussed.

v



Chapter 1

Introduction

Traditionally in wireless networks, nodes were operating with a single radio , due to

the cost associated with having multiple radios on a node, which was high. Several

methods were proposed which aimed to improve the network throughput, for single-

radio wireless mesh networks. However, with lowering costs, it has become possible

to equip a node with multiple radios. Having multiple radios on a node opens several

possibilities and options as to how these radios can be utilized to improve some of the

important characteristics of the nodes and the performance of the network. Several

interesting studies have been performed on multi-radio nodes and have concluded

that in some cases, having multiple radios can considerably improve the throughput

and network performance. In this report, we use the concept of a multi-radio mesh

node to analyze the performance of wireless mesh networks in di�erent conditions

with di�erent channel assignment schemes. We look at new ways to try and improve

the network throughput in wireless mesh networks.
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1.1 Motivation

The motivation for using multiple radios on node is to achieve higher throughput.

A network with higher throughput will deliver better quality of service for band-

width intensive applications such as video and voice streaming, voip , etc. A high

throughput capacity WMN can support several users running bandwidth intensive

applications simultaneously. The other advantage of using a WMN is that the ge-

ographical range of the network can be increased without disturbing the existing

network topology. This is particularly desirable in network designed for small town

or a campus, which may grow at some point in the future. If there is a need to

increase the geographical range of a WMN then there is no need for a total network

redesign. Instead, a simple solution for this problem is to add another, or a few,

new mesh node(s) depending on how much area needs to be covered.

The capacity problem in wireless mesh networks can be alleviated by equipping

the mesh routers with multiple radios tuned to non-overlapping channels. Hence,

channel assignment presents a challenge very important where interference can crit-

ically a�ect performance. When using multiple radios, it must be ensured that the

interference between neighbor nodes must be at a minimum to ensure maximum

throughput, if not the performance of a multi-radio network will degrade and may

also perform worse than a single radio network. By deploying multi-radio routers

in wireless mesh networks and assigning the radios to non-overlapping channels, the

routers can communicate simultaneously with minimal interference in spite of being

in direct interference range of each other. Therefore, the capacity of wireless mesh

networks can be increased. In equipping routers with multiple radios, a naive strat-

egy would be to equip each router with the number of radios equal to the number

of orthogonal channels. However, this strategy is economically prohibitive due to

the signi�cant number of non-overlapping channels. Furthermore, small form-factor

embedded systems used for manufacturing routers support only a limited number

of radios. Consequently, using all non-overlapping channels on a mesh router is still

not a viable option. The assignment of channels to a mesh router then becomes a

problem of choosing which channels to assign to which of its radios.

In this thesis we attempt to solve this problem using di�erent approaches to

ensure that the throughput is maximized in a MR-MC network. In the next chapter,

we present some channel assignment algorithm and protocol for multi-radio wireless

mesh networks that address this problem.

The remainder of the report is organized as follows: Chapter 2 discusses a survey

on channel assignment for wireless mesh networks. In Chapter 3, we propose our

channel assignment scheme. Chapter 4 presents the implementation results and



evaluations from NS2 simulations. Chapter 5 concludes the report.



Chapter 2

Channel Assignment in WMNs

Channel Assignment (CA) in a multiradio WMN environment consists of assigning

channels to the radio interfaces in order to achieve e�cient channel utilization and

minimize interference. In this chapter, we describe di�erent schemes that can be

used to assign channels in a wireless mesh network. These schemes are generally

classi�ed as: Static, Dynamic and Hybrid Channel Assignment.

2.1 Introduction

WMNs have emerged as a promising candidate for extending the coverage of WiFi

islands and providing �exible high-bandwidth wireless backhaul for converged net-

works. The wireless backbone, consisting of wireless mesh routers equipped with

one or more radio interfaces, highly a�ects the capacity of the mesh network. This

has a signi�cant impact on the overall performance of the system, thus generating

extensive research in order to tackle the speci�c challenges of the WMN. Current

state-of-the-art mesh networks, which use o�-the-shelf 802.11-based network cards,

are typically con�gured to operate on a single channel using a single radio. This

con�guration adversely a�ects the capacity of the mesh due to interference from

adjacent nodes in the network. Various schemes have been proposed to address this

capacity problem, such as modi�ed medium access control (MAC) protocols adapted

to WMNs, the use of channel switching on a single radio, and directional antennas.

While directional antennas and modi�ed MAC protocols make the practical deploy-

ment of such solutions infeasible on a wide scale, the main issue in using multiple

channels with a single radio is that dynamic channel switching requires tight time

synchronization between the nodes.
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Figure 2.1: Trade-o� between connectivity and interference

Equipping each node with multiple radios is emerging as a promising approach

to improving the capacity of WMNs. First, the IEEE 802.11b/g and IEEE 802.11a

standards provide 3 and 12 non-overlapping (frequency) channels, respectively, which

can be used simultaneously within a neighborhood (by assigning non overlapping

channels to radios). This then leads to e�cient spectrum utilization and increases

the actual bandwidth available to the network. Second, the availability of cheap o�-

the-shelf commodity hardware also makes multiradio solutions economically attrac-

tive. Finally, the spatio-temporal diversity of radios operating on di�erent frequen-

cies with di�erent sensing-to-hearing ranges, bandwidth, and fading characteristics

can be leveraged to improve the capacity of the network. Although multiradio mesh

nodes have the potential to signi�cantly improve the performance of mesh networks,

e�cient channel assignment is a key issue in guaranteeing network connectivity while

still mitigating the adverse e�ects of interference from the limited number of chan-

nels available to the network. A WMN node needs to share a common channel with

each of its communication-range neighbors with which it wishes to set up a virtual

link 1 or connectivity. However, to reduce interference, a node should minimize the

number of neighbors with which it will share a common channel. There is thus

a trade-o� between maximizing connectivity and minimizing interference, as illus-

trated in Fig. 2.1. In this �gure the maximum connectivity that can be achieved is

shown in Fig. 2.1a. In both Fig. 2.1b and 2.1c, there are four channels available but

only three can be assigned to the radios in Fig. 2.1b that maximize connectivity.

On the other hand, all four can be exploited simultaneously if the only goal is to

minimize interference, as shown in Fig. 2.1c. The above issues provided us with the

motivation to undertake a systematic study of di�erent channel assignment schemes

for WMNs, and examine their relative strengths and weaknesses.

We compare di�erent CA schemes.



2.2 Static Assignment

Fixed assignment schemes assign channels to interfaces either permanently or for

long time intervals with respect to the interface switching time. Such schemes can

be further subdivided into common channel assignment and varying channel assign-

ment.

Common Channel Assignment is the simplest scheme. In this case the radio

interfaces of each node are all assigned the same set of channels. The main bene�t is

that the connectivity of the network is the same as that of a single-channel approach,

while the use of multiple channels increases network throughput. However, the gain

may be limited in scenarios where the number of non-overlapping channels is much

greater than the number of network interface cards (NICs) used per node. Thus,

although this scheme presents a simple CA strategy, it fails to account for the various

factors a�ecting channel assignment in a WMN. In this section we will not describe

any scheme using this technique.

In the Varying Channel Assignment scheme, interfaces of di�erent nodes may

be assigned di�erent sets of channels . However, the assignment of channels may

lead to network partitions and topology changes that may increase the length of

routes between the mesh nodes. Therefore, in this scheme, assignment needs to be

carried out carefully. Below is presented the VCA approach through two existing

algorithms, TiMesh, from paper [7], and MesTic, form paper [5].

2.3 Dynamic Assignment

Dynamic assignment strategies allow any interface to be assigned any channel, and

interfaces can frequently switch from one channel to another. Therefore, when nodes

need to communicate with each other, a coordination mechanism has to ensure they

are on a common channel. For example, such mechanisms may require all nodes to

periodically visit a predetermined rendezvous channel to negotiate channels for the

next phase of transmission. In the Slotted Seeded Channel Hopping (SSCH) mech-

anism, each node switches channels synchronously in a pseudo-random sequence so

that all neighbors meet periodically in the same channel. The bene�t of dynamic

assignment is the ability to switch an interface to any channel, thereby o�ering the

potential to use many channels with few interfaces. However, the key challenges

involve channel switching delays (typically on the order of milliseconds in commod-

ity 802.11 wireless cards), and the need for coordination mechanisms for channel

switching between nodes. For this category are presented three schemes: Hyacinth,

from paper [9], MeshChop, from paper [4], Distributed Channel Assignment, from



paper [3].

2.4 Hybrid Assignment

Hybrid channel assignment strategies combine both static and dynamic assignment

properties, for example, by applying a �xed assignment for some interfaces and a

dynamic assignment for other interfaces. Hybrid strategies can be further classi�ed

based on whether the �xed interfaces use a common channel or varying channel ap-

proach. The �xed interfaces can be assigned a dedicated control channel or a data

and control channel , while the other interfaces can be switched dynamically among

channels. Hybrid assignment strategies are attractive because, as with �xed assign-

ment, they allow for simple coordination algorithms, while still retaining the �exi-

bility of dynamic channel assignment. For this category are presented two schemes,

one using varying channel, HMCP, from paper [8], and one using common channel

approach, BSF-CA , from paper [2]

2.5 Other Assignments

In this section are presented other channel assignment schemes that consider new

approach for selecting channel. In particular, are introduced two algorithm, one for

broadcast and one for unicast tra�c, that use superimposed codes, from paper [6].



2.6 Static Channel Assignment Schemes

TiMesh

In this scheme, logical topology formation, interface assignment, channel allocation,

and routing are formulated as a joint linear optimization problem. They call the

proposed MC-WMN architecture TiMesh [7]. Its characteristics are:

� The model formulation takes into account the number of available NICs in

each wireless mesh router, the number of available frequency channels, the

communication range and the interference range of the wireless mesh routers,

and the expected tra�c load between di�erent source and destination pairs.

� The model formulation allows having multiple logical links between the same

pair of routers. This further increases the e�ective data transmission rate

between the two routers.

� The proposed algorithm guarantees the network connectivity. It also supports

both internal tra�c among the wireless routers and external tra�c to the

Internet.

This scheme �rst models an MC-WMN by a physical topology graph G(N,E) where

N denotes the set of all vertices and E denotes the set of all unidirectional edges.

Each vertex represents a stationary wireless mesh router. Each wireless mesh router

is equipped I network interface cards and there are C orthogonal frequency channels

available.

For any two nodes m and n such that emnbelongs to E, and any frequency channel

i belonging to {1, . . . , C}, we de�ne a link channel allocation variable x i
mn . In

the logical topology, if node m communicates with node n over the ith frequency

channel, then ximn is equal to 1; otherwise, it is equal to zero. To establish the logical

links, nodes m and n should assign the same frequency channels to communicate

with each other. This requires that,

The link channel allocation variables implicitly provide the required information

to create the logical topology. Due to tra�c and interference constraints, it is

possible that there is a link between nodes m and n in the physical topology graph

(i.e., emn belongs to E), but there is no logical link between them in the logical

topology. In that case, we have xi
mn = 0 for all i = 1, . . . , C. Note that we allow

multiple logical links between the same pair of nodes in the logical topology. We



operate independently over distinct frequency channels and can signi�cantly increase

the e�ective capacity between two neighboring nodes. For any node m belongs to

N and any channel i belonging to {1, . . . , C}, we de�ne y i
m to be as follows:

Where yimcorresponds to the node channel allocation variable corresponding to

node m and channel i. From (2), i=1 ym indicates the total number i of channels

that are being used by node m to establish logical links with its neighboring nodes.

Since each NIC operates on a distinct frequency channel:

The link and node channel allocation variables implicitly provide the required

information for interface assignment. The desired correspondence in (2) is obtained

by having ym be a continuous real variable for all nodes m belonging to N i and all

channels i: {1, . . . , C} and also requiring that:

Let c0 denote the nominal link-layer data rate in the corresponding 802.11 stan-

dard (e.g., 54 Mbps in 802.11a). Also let 0 <= c i < c0 denote the e�ective capacity

of the mn logical link (m, n) in the direction from node m to node n over frequency

channel i. We have:

For any two nodes m and n such that emn belongs to E, is de�ned a set of

potential interfering links Fmn included to E. Fmn includes all epq belonging to E

such that nodes p or q (or both) are within the interference range of nodes m or n

(or both). Note that always enm belonging to Fmn .

Let ysd denote the expected tra�c rate to be delivered between source and des-

tination pair (s, d), where s, d belongs to N . The information y sdis assumed known



for all source and destination pairs is given. For any source and destination pair (s,

d), any nodes m, n belonging to N such that emn belongs to E, and any channel i

belonging to {1, . . . , C}, is de�ned a binary routing variable asd . The variable

asd is equal to 1 if the mn,i mn,i tra�c from source s to destination d is being routed

via link (m, n) in the direction from node m to node n over channel i, and is equal to

0 otherwise. Note that asd = asd in mn,i nm,i general. Multiple links between a pair

of nodes can provide more than one path between them. Since each of the multiple

links is operating over a distinct channel, packets that are forwarded on di�erent

links experience di�erent latencies. Thus, if packets that belong to the same �ow use

parallel links between a pair of neighboring nodes, this can cause packets to arrive

out of order. To avoid this issue, only one of the available logical links between each

pair of neighboring nodes is used to route packets of each �ow. That is,

Let asdmn,i denote the aggregate tra�c from all source and mn destination pairs

that is routed over logical link (m, n) in the direction from node m to node n over

channel i. We have,

The aggregate tra�c cannot be more than the e�ective mn capacity ci for all

nodes m, n belonging to N such that emn belongs to E, and mn all channels i: {1, .

. . , C}. Consider the following constraint:

Note that this is a positive parameter.

The �ow conservation requires that for s, d, m belonging to N ,

From constraint (9), the di�erence is always non-negative. The di�erence tends

to 0 and the corresponding logical mn mn link becomes more prone to congestion.

Let Dmin denote the minimum di�erence across all channels and all mn mn links

that exist in the logical topology. That is,



The desired correspondence in (11) can be obtained by requiring that:

The hop count constraint is de�ned to be as follows:

where T >= 1 is a tunable parameter to set an upper bound on the routing stretch

factor. Note that there is always a trade o� between load balancing and shortest

path routing. This trade o� can be controlled by using the tunable parameter T.

By assigning T = 1, the routing part of the algorithm becomes the shortest path

routing. By assigning T = in�n, the hop-count constraint (13) is relaxed. In general,

the greater the tunable parameter T, the larger the feasible region.

The complete joint problem formulation is:



There are e�cient commercial software to solve linear mixed-integer programs.

Most of them use the branch-and-cut algorithm. Problem (14) can easily be solved

in practice for small-scale MC-WMNs. However, �nding the optimal solutions are

not trivial for large-scale networks. An alternative is to use some simple and e�cient

metaheuristic methods to �nd the sub-optimal solutions. In this scheme, they use

the Iterated Local Search (ILS) which is a metaheuristic algorithm. The pseudo-code

for the proposed ILS algorithm is provided in Algorithm 1 from [7]. Given the sub-

optimal topology formation, interface assignment and channel allocation solutions,

the routing path from source s to destination d is assigned by traversing the logical

topology from source s to destination d, and by choosing the next hop based on the

maximum observed value for routing variable a. The intuitive justi�cation is that if

the relaxed asd is close to 1, it indicates that it is better to forward mn,i the packets

from source s to destination d on the logical link (m, n) over channel i. On the

other hand, if the relaxed asd mn,i is close to 0, it implies that it is better to avoid

forwarding packets on logical link (m, n) over channel i.

Observations:

This algorithm is able to �nd the best solution for balancing tra�c load. This scheme

however cannot respond dynamically if the tra�c changes over certain period of time.

Moreover, because the logical topology is chosen to minimize interference (without

a common channel), if a node fails communication, the network could be partitioned

without possibilities to restore the system.



MesTic

The �rst scheme analyzed is called MesTiC [5], which stands for mesh-based tra�c

and interference aware channel assignment. It has the following important features:

� MesTiC is a �xed, rank-based, polynomial time greedy algorithm for central-

ized channel assignment, which visits every node once, thereby mitigating any

ripple e�ect.

� The rank of each node is computed on the basis of its link tra�c characteristics,

topological properties, and number of NICs on a node.

� Topological connectivity is ensured by a common default channel deployed on a

separate radio on each node, which can also be used for network management.

Fixed schemes alleviate the need for channel switching, especially when switching

delays are large as is the case with the current 802.11 hardware. In addition, Mes-

TiC is rank-based, which gives the nodes that are expected to carry heavy loads

more �exibility in assigning channels. Finally, the use of a common default channel

prevents �ow disruption. It should also be mentioned that this scheme has been de-

signed for a mesh network with a single gateway node, but could easily be extended

to multiple gateways with minor modi�cations to the basic scheme.

The central idea behind MesTiC is to assign channels to the radios of a mesh

node based on ranks assigned a priory to the nodes. The rank of a node, Rank(node),

determines its priority in assigning channels to the links emanating from it. The

rank encompasses the dynamics of channel assignment and is computed on the basis

of three factors:

� The aggregate tra�c at a node based on the o�ered load of the mesh network

� The distance of the node, measured as the minimum number of hops from the

gateway node

� The number of radio interfaces available on a node Note that the gateway node

is assigned the highest rank as it is expected to carry the most tra�c.

The rank for the remaining nodes is given by:

Clearly, the aggregate tra�c �owing through a mesh node has an impact on the

channel assignment strategy. The rationale behind this observation stems from the



fact that if a node relays more tra�c, assigning it a channel of least interference

will increase the network throughput. Thus, aggregate tra�c in the numerator

in Eq. (1) increases the rank of a node with its tra�c. In addition, due to the

hierarchical nature of a mesh topology, the nodes nearest the gateway should have a

higher preference (rank) in channel assignment, as they are more likely to carry more

tra�c. At the same time, the number of radios on a node gives �exibility in channel

assignments and should inversely a�ect its priority (i.e., the lower the number of

radios, the higher the priority in channel assignment). The aggregate tra�c (total

tra�c traversing a node) is a key factor in computing the rank of the node. Such

measure is subject to temporal variability due to the randomness of the wireless

channel, routing protocols and application layer tra�c pro�les. They envisage that

the tra�c characterizations aggregated from a large number of network �ows change

over longer periods of time, whereas MesTiC can reassign channels based on new

tra�c characteristics.

Once the rank of each node has been computed, the algorithm traverses the

mesh network in decreasing order of Rank(node), assigning channels to the radios

as described in Fig. 2.1.



Figure 2.2: Flow Diagram of MesTic

In this �gure the algorithm starts by calculating a �xed rank for every node (I),

and then every node is visited in decreasing order (II). If two nodes have already

been assigned at least one common channel, by default there is a link between these

nodes (II.1). If not, for every possible unassigned link, the one that carries the higher

tra�c is assigned �rst (II.2) in the following manner: if the node visited still has an

assigned radio, the least used channel is assigned to one of its free radios and a link

is established with its neighbor (II.2.a). Otherwise, if all the visited node's radios

have already been assigned, the least used channel among those already assigned to

its radios is assigned to the link (II.2.b).

In this manner MesTiC assigns channels to the radio interfaces of the nodes

in a WMN, while the connectivity of the network is ensured through a separate

radio on a default channel. The cost dynamics of 802.11-based hardware and the

availability of 12 non-overlapping channels in the IEEE 802.11a standard make a



default connectivity scheme feasible under current scenarios for community mesh

networks.

Algorithm:

Below we present the pseudo-codes of MesTiC which begins with a set of input

parameters. The connectivity graph represents an undirected graph where a pair of

nodes has a link between them if they are located within the transmission range of

each other. In this algorithm is used an aggregate link tra�c matrix between nodes

within transmission range. The multi-radio con�ict graph , which represents the

potential interference between the multi-radio links in the connectivity graph based

on the interference model of the network, is input in the algorithm. Based on these

inputs, the rank R of each node is computed. While visiting a node and its radios,

the algorithm assigns channels to its links in the order of decreasing aggregate link

tra�c, thus trying to minimize the potential interference as computed on the basis

of the multi-radio con�ict graph.

Step 1 : Input:

� Connectivity graph

� Tra�c matrix

� Multi-radio con�ict graph

� Number of radios at every node

� Number of non-overlapping channels

Step 2 : Ranking function: Equation (1)

Step 3 : Assignment of channels to radios.

� MesTiC visits every node based on its rank, the higher the Rank, the earlier

a node V is visited

� For every link in the connectivity graph a channel has to be assigned to the link

between the two nodes which both have a radio assigned a common channel

� Now for every link not assigned a channel yet, MesTiC will pick the link

estimated to carry higher tra�c �rst

� If the visited node V has a radio still uncolored then its radio is either assigned

a least used channel among those previously assigned to its neighbor W if W

has assigned all its radios. If not, both V's and W's unassigned radio are

assigned the least used channel in the vicinity



� Similarly If all V's radios are already assigned a channel and W still has an

unassigned radio, then W is assigned from among the radios already assigned

to V

� Note that If the radios of both V and W are all assigned channels then MesTiC

will not do anything because connectivity is already ensured with a radio

dedicated to a common channel

Observations:

The aggregate tra�c must be know at the beginning of the channel allocation.

Tra�c load is not static, it changes over certain periods of time.



2.7 Dynamic Channel Assignment Schemes

Hyacinth

In this section, we present a distributed routing/channel assignment algorithm that

utilizes only local topology and local tra�c load information to perform channel

assignment and route computation. This information is collected from a (k+1)-hop

neighborhood, where k is the ratio between the interference and communication

ranges, and is typically between 2 and 3.

In particular, this scheme,from [9], makes the following research contributions:

� A fully distributed channel assignment algorithm that can adapt to tra�c

loads dynamically

� A multiple spanning tree-based load-balancing routing algorithm that can

adapt to tra�c load changes as well as network failures automatically

As most of the tra�c on a WMN is directed to/from the wired network, each

WMN node needs to discover a path to reach one or multiple wired gateway nodes.

Logically, each wired gateway node is the root of a spanning tree, and each WMN

node attempts to participate in one or multiple such spanning trees. These spanning

trees are connected to each other through the wired network. When each WMN node

joins multiple spanning trees, it can distribute its load among these trees and also

use them as alternative routes when nodes or links fail. However, a WMN node may

need additional wireless network interfaces to join multiple trees.

Routing Tree Construction : The basic tree construction process uses the met-

ric by each WMN node to determine a parent is dynamic to achieve better load

balancing, and load-aware channel assignment technique is used to automatically

form a fat-tree where more relay bandwidth is available on virtual links closer to

the roots of the trees, i.e., wired gateways. Assume a node X has already discovered

a path to the wired network. It periodically, every Ta time units, broadcasts this

reach-ability information to its one-hop neighbors using an ADVERTISE packet.

Initially, only the gateway nodes can send out such advertisements because of direct

connectivity to the wired network. Over time, intermediate WMN nodes that have

a multi-hop path to one of the gateway nodes can also make such advertisements.

The ADVERTISE packet that X sends out contains the �cost� of reaching the wired

network through X. Upon receiving an advertisement, X's neighbor, say node Y,

can decide to join X if Y does not have a path to the wired network, or the cost to

reach the wired network through X is less than Y's current choice. To join node X,


