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Abstract. This paper introduces MWIS, a distributed algorithm for the efficient determination of a maximal
weighted independent set in the topology graph G of a wireless network. Motivated by the observation that
the problem of partitioning wireless nodes into clusters easily reduces to the problem of finding a maximal
weighted independent set of nodes, the proposed algorithm is described by taking into account two main
characteristics of wireless networks, namely, the broadcast nature of the wireless medium and the possibility
to support nodes mobility. MWIS is executed at each node by means of fast message triggered procedures
that require the sole knowledge of the topology local to the node. Moreover, its time complexity is proven
to be bounded by a topology dependent parameter of the network (the stability number α(G) of the network
topology graph G), rather than by the invariant number n of the network nodes. Based on this result, and
by using a well known result about α(G) in the theory of random graphs the paper concludes with a brief
discussion on the average time complexity of MWIS.
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1. Introduction

An independent set in a graph G = (V ,E) is a set I ⊆ V such that there is no pair of
nodes in I linked by an edge in E. The maximal independent set problem is to find an
independent set that is not properly contained in any other independent set. This prob-
lem admits a natural generalization to graphs in which each node is associated with a
weight (a real number � 0), and in this case we want to find a maximal independent
set by choosing the nodes of the set so to maximize the total weight (maximal weighted
independent set problem). Of course, a maximum weight independent set in G (i.e., the
independent set with the biggest weight among all possible independent sets in G) would
solve our problem, but this is a well known NP-hard problem [10] for which approxima-
tion in polynomial time is NP-hard also (see, e.g., [2,13]). Thus, given that a polynomial
time solution can be found for the maximal, rather than the maximum, weighted inde-
pendent set problem, several fast and simple algorithms have been proposed to solve the
“maximal version” using either sequential or parallel techniques (see, e.g., [1,16]). All
these algorithms solve the maximal (generally non weighted) independent set problem
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in general undirected graphs (a computational study of this kind of problems and further
references can be found in [14]).

In this paper we are interested in solving the maximal weighted independent set
problem for a specific class on graphs, namely, those that represent the topology of a
wireless networks. In particular, we present an algorithm that takes into account two of
the main characteristics of these networks:

1. The broadcast nature of the wireless channel, which implies the reception of a mes-
sage transmitted by a node at all the neighbors of that node.1

2. The fact that wireless networks allow the mobility of the nodes. This makes difficult
to consider centralized solutions for the maximal weighted independent set problem
and imposes the need for a decentralized (i.e., distributed ) algorithm.

In this paper we consider the most general case of wireless networks in which all
nodes can move. These networks are commonly called multi-hop mobile networks or
ad hoc networks. The proposed algorithm can also be applied to networks with some
non-mobile nodes (usually referred to as base stations), i.e, to the so-called cellular
networks, which can be considered a special case of ad hoc networks.

Motivations. Finding a maximal weighted independent set in a wireless network is
strictly related to the problem of organizing the nodes of the network in a hierarchical
way. This is a well-known and studied problem of distributed computing. It has been
proven effective in the solution of several problems, such as, minimizing the amount of
storage for communication information (e.g., routing and multicast tables), optimizing
the use of the network bandwidth, distributing resources throughout the network, etc.

In the case of wireless networks, partitioning the nodes into groups (clusters) is
similarly important. In addition, clustering can be effectively used for controlling the
spatial reuse of the shared channel (e.g., in terms of time division or frequency divi-
sion schemes), for minimizing the amount of data to be exchanged in order to maintain
routing and control information in a mobile environment, as well as for building and
maintaining cluster-based virtual network architectures.

A host of clustering algorithms have been proposed for wireless networks since
their appearance [3,4,8,9,11,12,15]. All these solutions implement some greedy algo-
rithm for finding an independent set of nodes which can act as clusterheads. (The use of
greedy heuristic is motivated by the fact that the clustering problem is easily reducible
to the computationally hard problem of finding a maximum independent set of nodes
in the network graph.) The fact that no two clusterheads can be neighbors (i.e., the
fact that they should form an independent set in the network graph) is motivated by the
need to cover the network with a “well scattered” set of clusterheads, so that each node
in the network has a clusterhead in its neighborhood and it has a direct access to that
clusterhead.

In [6] the characteristics of a good clustering for wireless networks are described
which include the possibility of choosing a node for the role of clusterhead according

1 Two nodes are neighbors if they can exchange messages, i.e., if they can hear each other transmissions.
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to some node specific parameter such as its velocity or the transmission range. To this
purpose, as proposed in that paper, a generic weight (a real number � 0) is associated to
each node to indicate how suitable a node is for the role of clusterhead. (This was not
available in previous solutions where the choice was based either on the nodes’ unique
identifier or on the number of their neighbors.)

Therefore, the algorithm for selecting the clusterheads of a wireless network re-
duces to the problem of finding a maximal weighted independent set in the topology
graph of the network. The nodes in the independent set will be the clusterheads. Here,
the maximality guarantees that the clusterheads are spread out in the network so that they
can properly coordinate all the other nodes (often called ordinary nodes). At the same
time, the weight-based choice of the clusterheads insures that the most suitable nodes
have been chosen for the role of clusterhead.

Our contribution. In this paper we describe MWIS, which is a distributed algorithm
for determining a maximal weighted independent set in the network topology graph of
a wireless network. MWIS is distributed in the precise sense that it is executed at each
node v of the network, and only the knowledge of the identity and of the weight of v’s
neighbors is required. In order to cooperate in the generation of a maximal weighted
independent set, neighboring nodes exchange messages whose reception will trigger the
local execution of a corresponding procedure. The correctness of MWIS is proven, and
its time complexity is bounded to a parameter that depends on the (possibly changing)
topology of the network G, instead of on the invariant number n of its nodes. More
specifically, we show that by associating each node with a positive integer � 2k, be-
ing k the cardinality of the maximal weighted independent set produced by MWIS, we
are able to prove that its time complexity is always proportional to the graph stability
number α(G), i.e., the cardinality of the biggest independent set in G. Finally, by using
a well-known result from the theory of random graphs [7], we describe how the average
time complexity of MWIS could actually be (asymptotically) logarithmic in n. Our al-
gorithm is thus fast, easy to implement and therefore constitutes an effective base for a
clusterhead selection algorithm (clustering) for wireless mobile networks.

The paper is organized as follows. Section 2 introduces the basic definition used
throughout the paper. The MWIS distributed algorithm is described in section 3. In the
following section the correctness of MWIS is formally stated, and bound are proven on
its message and time complexity. Finally, section 5 concludes the paper.

2. Preliminaries

We model a wireless network by an undirected graph G = (V ,E) in which V , |V | = n,
is the set of (wireless) nodes and there is an edge {u, v} ∈ E if and only if u and v can
mutually receive each others’ transmission (this implies that all the links between the
nodes are bidirectional). In this case we say that u and v are neighbors. The set of the
neighbors of a node v ∈ V will be denoted by (v).
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Figure 1. (a) A wireless network G with nodes v and their weights (wv), and (b) a partition of G into
clusters. Each “squared” node belongs to the maximal weighted independent set.

Every node v in the network is assigned a unique identifier (ID). For simplicity,
here we identify each node with its ID and we denote both with v. Finally, we consider
weighted networks, i.e., a weight wv (a real number � 0) is assigned to each node
v ∈ V of the network. For the sake of simplicity, in this paper we stipulate that each
node has a different weight (ties can be broken arbitrarily, for instance, by using the
nodes’ unique ID). As an example, the topology graph of a simple wireless network is
shown in figure 1(a).

An independent set in a graph G = (V ,E) is a set I ⊆ V such that there is no
pair of nodes in I linked by an edge in E. The cardinality of the biggest among all
independent sets in G is denoted by α(G) and it is often called the stability number
of G. As mentioned in the introduction, we are interested in finding a maximal weighted
independent sets, i.e., an independent set that is not properly contained in any other
independent set of the graph. In selecting the nodes, we are interested in maximizing the
sum of the weights.

Given the characteristics of a wireless network as listed in the previous section, in
the description of the algorithm:

1. We assume that a message sent by a node is received correctly within a finite time (a
step) by all its neighbors.

2. We assume that every node knows only its ID, its weight and the IDs and the weights
of its neighbors (local knowledge).

As it will be clear from the description of the algorithm, when communicating with
its neighbors each node transmits a message whose length is logarithmic in the size n

of the network (up to a small multiplicative constant). Therefore, the listed assumptions
can be easily implemented by using a “data link layer” (or, according to the wireless
terminology, a MAC layer) protocol which takes into account the physical characteristics
of the wireless channel such as the channel noise, the possibility of collisions on the
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transmission of the message, etc. (For a general introduction to computer networks,
their organization in layers, and data link as well as MAC layer protocols, the reader is
referred to [18].)

3. Algorithm description

In this section we describe a distributed algorithm that, given any wireless network,
determine a maximal weighted independent set among the nodes in the network. In
describing the algorithm we exploit the similarity (and the terminology) between the
problem of finding a maximal weighted independent set of nodes and the problem of
determining the set of the clusterheads of a suitable clustering for wireless networks
(we outlined this similarity in section 1). Thus, upon the algorithm termination, the
network results partitioned into clusters, each of which has one independent node as its
clusterhead and possibly some ordinary nodes.

The algorithm, henceforth referred to as the MWIS algorithm, is executed at each
node so that a node v decides its own role (either a clusterhead or an ordinary node)
depending solely on the decision of its neighbors with bigger weights.

Initially, only those nodes with the bigger weight in their neighborhood will broad-
cast a message to their neighbors stating that they will be a clusterhead (i.e., an inde-
pendent node). On receiving one or more of this “clusterhead” messages, a node v will
decide to join the cluster of the neighboring clusterhead with the biggest weight. If no
node with bigger weight have sent such a message (thus indicating that it is going to join
some other cluster as an ordinary node), then v will send a clusterhead message. We will
show that all the nodes terminate the algorithms being either clusterheads (independent
nodes) or ordinary nodes, and that the set of the clusterhead is indeed a MWIS.

Except for the initial routine, the algorithm is message driven: a specific procedure
will be executed at a node depending on the reception of the corresponding message. We
use two types of messages: CH(v), used by a node v to make its neighbors aware that it
is going to be a clusterhead, and JOIN(v, u), with which a node v communicates to its
neighbors that it will be part of the cluster whose clusterhead is node u ∈ (v). In the
procedures, we use the following notation:

• v, the generic node executing the algorithm (from now on we will assume that v

encodes not only the node’s ID but also its weight wv).

• Ch(·) and Join(·, ·), Boolean variables. Node v sets Ch(u), u ∈ {v} ∪ (v), to true
when either it sends a CH(v) message (v = u) or it receives a CH(u) message from u

(u �= v, u ∈ (v)). The Boolean variable Join(u, t), u ∈ (v), t ∈ V , is set to true
by v when it receives a JOIN(u, t) message from u. They are initialized to false.

• By executing the command EXIT, a node v quits the execution of the clustering algo-
rithm (this means that it will not listen to any more messages from the network).

Every node starts the execution of the algorithm at the same time by running the
procedure Init. Only those nodes that have the biggest weight among all the nodes
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in their neighborhood will send a CH message. Given the nature of the weights (real
numbers), there always exists at least a node v that transmits the message CH(v). All the
other nodes just wait to receive a message.

Procedure Init ;
begin

if for each u ∈ (v) is wv > wu

then begin
send CH(v);
Ch(v) := true;
EXIT

end
end;

Then, we have the following two message triggered procedures.

• On receiving a CH message from a neighbor u, node v checks if it has received from
all its neighbors z such that wz > wu, a JOIN(z, x) message, x ∈ V (this is recorded in
the corresponding Boolean variables).2 In this case, v will not receive a CH message
from these z’s, and u is the node with the biggest weight in v’s neighborhood that
has sent a CH message. Thus, v joins u and quits the algorithm execution (it already
knows the cluster to which it belongs, i.e., its clusterhead). If there is still at least a
node z, wz > wu, that has not sent a message yet, node v just records in the variable
Ch(u) that u sent a CH message, and keeps waiting for a message from z.

On receiving CH(u);
begin

Ch(u) := true;
if for each z ∈ (v): wz > wu is Join(z, x) for some x ∈ V

then begin
send JOIN(v, u);
EXIT

end
end;

• On receiving a JOIN(u, t) message, node v checks the nature of the messages received
so far from the nodes z such that wz > wv. If v has received a JOIN message from all
its neighbors with bigger weight, this means that all those neighbors have decided to
join a cluster as ordinary nodes. This implies that now v is the node with the biggest
weight among the nodes (if any) that have still to decide what to do. In this case, v

will be a clusterhead, it sends the corresponding message and quits the execution of
the algorithm. Alternatively, if v has received at least a CH message from a node z

with wz > wv, then it checks if all the neighbors u with weight bigger than wz have

2 We stipulate that the Boolean conditions for each . . . in the Init, On receiving CH(u) and On receiving
JOIN(u, t) procedures evaluates to true when the sets on which they are based are the empty set.
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sent a JOIN message. In this case, v can join the cluster of the biggest z that has sent
a CH message (this is selected by the means of the operator maxwz

{z: Ch(z)}), and
quits the execution of MWIS.

On receiving JOIN(u, t);
begin

Join(u, t) := true;
if for each z ∈ (v): wz > wv is Join(z, x) for some x ∈ V

then begin
send CH(v);
Ch(v) := true;
EXIT

end
else if for at least a z ∈ (v) is Ch(z)

and for each u ∈ (v): wu > wz is Join(u, x)

for some x ∈ V

then begin
send JOIN(v, maxwz

{z: Ch(z)});
EXIT

end
end;

Example 1. Let us consider the simple wireless network of figure 1(a). At time step 1
(beginning of the algorithm) all the nodes execute the Init procedure of MWIS. Nodes 4
and 7, being the nodes with the bigger weight in their neighborhood, send a CH message,
declaring that they will be clusterheads (and they both quit the execution of MWIS). By
the end of the same time step, nodes 1 and 5 receive the message CH(4), nodes 2 and 6
receive the message CH(7) and nodes 3 and 8 neither receive nor send any message. At
time step 2, by executing the procedure On receiving CH(4), nodes 1 and 5 sends mes-
sages JOIN(1, 4) and JOIN(5, 4), respectively, and quit the execution of MWIS. (They are
not prevented to do so by any node with weight bigger than the weight of node 4.) By the
end of time step 1 nodes 2 and 6, by executing the procedure On receiving CH(7), know
that 7 is a neighboring clusterhead. Since there is no node in 6’s neighborhood with
weight > w7, node 6 sends the message JOIN(6, 7) and quits the execution of MWIS.
Node 2 cannot do the same, since it has to wait for a message from node 1 (whose weight
is >w7). The JOIN(1, 4) message is received at node 2 by the end of the second time
step: since node 1 is going to join node 4’s cluster, node 2 has to affiliate with node 7.
Thus, by executing the procedure On receiving JOIN(1, 4), node 2 sends the message
JOIN(2, 7). Let us consider now node 3. By the end of time step 2, it has received the
message JOIN(1, 4). At this time, though, node 3 cannot decide what role it is going
to assume, since there is still another node (node 2) with a weight bigger than its own
weight w3 that has to decide. At the end of the third time step, node 3 finally receives
the message JOIN(2, 7) and, by executing the procedure On receiving JOIN(2, 7), it re-
alizes that all the nodes with weight bigger than its own weight have decided to join
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another cluster. Thus, it sends a CH(3) message, declaring that it will be a clusterhead
(and terminates the execution of MWIS). By the end of step 4 this message is received
by node 8 (by executing the procedure On receiving CH(3)) that, since w3 > w8 and no
other node with weight > w3 is in its neighborhood, joins node 3’s cluster by sending the
message JOIN(8, 3) and quits the execution of MWIS. Thus, by the end of the fifth step
MWIS is terminated at all nodes (the clustering induced by executing MWIS is depicted
in figure 1(b)).

Once the algorithm is terminated at all nodes, the nodes v whose local variable
Ch(v) is set to true form a maximal weighted independent set.

4. Algorithm analysis

In this section we prove the correctness and the time and message complexity of the
MWIS algorithm introduced in the previous section.

We start by proving that the nodes that sends a CH message form an independent
set.

Proposition 1. A node v of a wireless network sends a CH message if and only if all
its neighbors z with wz > wv have already joined another clusterhead. A node v sends
a JOIN(v, u) message as soon as at least a neighbor u with wu > wv has sent a CH(u)

message and all the neighbors z such that wz > wu have joined a cluster. In this case u

is guaranteed to have the biggest weight among all nodes that have sent a CH message.

Proof. Let us consider the set Zv = {z: z ∈ (v),wz > wv}. If Zv = ∅ then the thesis
follows because of the Init procedure (node v sends a CH(v) message). When Zv �= ∅,
then the only case in which v can send a CH(v) message is by executing the then branch
of the outermost if in the JOIN procedure. This can happen if and only if all the nodes
z ∈ (v), wz > wv, have already joined a clusterhead x ∈ V .

A node v can send a JOIN message if and only if it executes either the CH procedure
or the else branch of the outermost if of the JOIN procedure. In both cases it has to have
received a CH message from at least a node u such that wu > wv, and JOIN messages
from all the nodes with weights > wu. If the JOIN message has been sent while executing
the CH(u) procedure, u is guaranteed to have the biggest weight among all the nodes
z ∈ (v), wz > wv, because all nodes with weight > wu have already sent a JOIN

message (otherwise, v could not execute the then branch of the if command). If the
JOIN message has been sent while executing the else branch of the outermost if in the
JOIN procedure, the thesis is guaranteed by the max operator. �

Corollary 1 (Independence). No two clusterheads can be neighbors.

Proof. Let, by the sake of contradiction, v and u be neighboring clusterheads. Suppose,
without loss of generality, that wu > wv. Then, v cannot be a clusterhead, because
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there exists at least one of its neighbor, namely u, with wu > wv, that has not joined
another clusterhead (u has already sent a CH(u) message, and it has quit the algorithm
execution. �

To prove that the set of all clusterheads forms a maximal independent set, and also
to establish the message and time complexity of the MWIS algorithm, we introduce
some definitions.

Let us consider the common (centralized) greedy algorithm for finding a maximal
weighted independent set in an undirected graph G = (V ,E) and let us extend it to
generate a partition of the graph G into k (� n) clusters so that each of the k independent
nodes is the clusterhead of a cluster.

CLUSTERS(input: G = (V ,E): network, w: weights; output: {Ci}i∈I⊂V );
begin

i := 0;
while V �= ∅ do

begin
i := i + 1;
v := min{u ∈ V : wu = max{wz: z ∈ V }};
Ci := {v} ∪ (v);
V := V \ Ci

end
end;

At each iteration i of the main loop the node v with the biggest weight is selected
(here we break possible ties by selecting the node with the lowest ID). Then, the clus-
ter Ci is formed by v as the clusterhead and all its neighbors (if any) as ordinary nodes.
It is clear that the set of all the clusterheads forms a maximal weighted independent set
(see also, e.g., [6]).

Given the clustering C1, . . . , Ck generated by the previous centralized procedure
when applied to a wireless network G, we define the following function τ : V →
{1, . . . , 2k} that assigns to each of the wireless nodes v an integer number as follows:

τ(v) =
{

2i − 1 if v is a Ci’s clusterhead,
2i if v is a Ci’s ordinary node.

(Notice that the function τ is well defined since the procedure CLUSTERS do not allow
overlapping clusters.) It is immediate from the definition of τ that for each cluster Ci

with clusterhead v is τ(v) = τ(u) − 1, where u ∈ Ci \ {v} and i = 1, . . . , k. Another
useful property is stated by the following:

Proposition 2. All the neighbors u (if any) of a clusterhead v such that wu > wv are
ordinary nodes such that τ(u) < τ(v).
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Proof. Let Ci be the cluster of v, i = 1, . . . , k. According to the procedure CLUSTERS,
at the ith step of the while loop, node v has the bigger weight among all the nodes that
have not been assigned to a cluster yet. This implies that all the neighbors u with weight
bigger than v’s weight, if any, are (a) ordinary nodes, and (b) already assigned to a clus-
ter Cj with j < i. Indeed, (a) if a clusterhead u with wu > wv is in v’s neighborhood,
then v could not be a clusterhead, since u would have been picked up before v and v

would belong to u’s cluster. Moreover, (b) if an ordinary node u with wu > wv has
not been assigned to a cluster yet, then it would be chosen as the clusterhead at the ith
iteration of the while loop, again preventing v to be Ci’s clusterhead. By the definition
of τ this implies τ(u) < τ(v). �

The following result is fundamental in proving the time and message complexities
of the MWIS algorithm as well as its correctness.

Proposition 3. Each node v of the network sends exactly one message within τ(v) steps.

Proof. Each node v sends at least a message within τ(v) steps. We proceed by induc-
tion on the definition of τ(v) = � � 2k � n, where, as usual, k is the number of clusters
returned by the procedure CLUSTERS. When τ(v) = 1 (i.e., when v is the clusterhead
of C1) the claim is obvious: if v is C1’s clusterhead, then it sends the message CH by
executing the procedure Init (first step). Let us now assume that all the nodes u such that
τ(u) = � (< 2k) have sent either a CH or a JOIN message within � steps. Let v be a
node such that τ(v) = � + 1. We distinguish two cases:

1. v is a clusterhead. In this case, by proposition 2, we know that all the nodes u in v’s
neighborhood such that wu > wv are ordinary nodes such that τu < τv . This implies
that, by induction hypothesis, they have sent a JOIN message by � steps. Thus, by
executing the procedure On receiving JOIN(u, t), where u is the last ordinary node
that sends that message among all v’s neighbors with wu > wv , node v sends the
message CH(v) by � + 1 steps.

2. v is an ordinary node. In this case, since v’s “heaviest” neighboring clusterhead u is
such that τ(u) = τ(v) − 1 and since a node v that receives a CH(u) message sends a
JOIN(v, u) message in the following step (proposition 1), by induction hypothesis u

sends a CH(u) message by � steps, allowing v to send the JOIN(v, u) message within
� + 1 steps.

Each node v sends at most one message. Immediate by inspecting the procedures’
code: after a send command, a node always quits the algorithm execution. �

With the previous proposition we have stated that for each node v of a wireless
network G, τ(v) indicates the time (in number of steps) that v has to wait before deciding
its role, i.e., before declaring if it is going to be a clusterhead (i.e., a node in the maximal
weighted independent set) or an ordinary node. The following results are immediate
corollaries of proposition 3.
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Corollary 2. MWIS terminates within 2k steps, being k the cardinality of the maximal
weighted independent set found.

Proof. As soon as it sends a message, a node always quits the execution of the
MWIS. �

On the wireless network of figure 1(a) MWIS terminates (correctly) in 5 < 2k = 6
time steps (see example 1).

Corollary 3. Being k the cardinality of the maximal weighted independent set found
by MWIS, and being k � α(G), the time complexity of the proposed algorithm is
bounded by the double of the stability number α(G) of the network graph G.

The following corollary states the message complexity of MWIS.

Corollary 4. The message complexity of MWIS is n.

Corollary 5. Each node belongs exactly to a cluster.

Proof. Each node v that sends a CH(v) message belongs to the cluster of which it is
the clusterhead. On the other hand, if a node u sends a JOIN(u, t) message, t ∈ (u),
then it belongs to the cluster whose clusterhead is t . �

The previous corollary immediately implies that a node is either a clusterhead or an
ordinary node, that an ordinary node joins only one clusterhead (no overlapping clusters)
and that an ordinary node is only one hop apart from the clusterhead it joins (namely,
the maximal weighted independent set is also a dominating set). As a consequence, we
have:

Corollary 6 (Maximality). The set of the clusterheads is maximal.

The previous results are summed up in the following:

Theorem 1 (Correctness). All the nodes of the wireless network exit the execution of
MWIS having been assigned either the role of clusterhead or the role of ordinary node.
The set of all the clusterheads forms a maximal weighted independent set.

We conclude this section by noticing that the requirement that all the nodes initiate
MWIS at the same time is not a severe constraint. In order to “synchronize” the nodes
on a specific initial time it is enough that a selected node issues a broadcast message
to request the start of the clustering process. Broadcast algorithms such as the one pre-
sented in [5] are suitable algorithms for this purpose, being completely distributed and
deterministic (and mobility adaptive, in the case of wireless mobile networks). In this
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way, it is always guaranteed that after a specific bounded amount of time each node of
the network knows that a clustering has been requested, and MWIS can start at each
node.

4.1. A note on the “average” time complexity of MWIS

Having bound the time complexity of MWIS to a parameter k that depends on the (pos-
sibly changing) topology of the wireless network, improves on the O(n) upper bound
presented in [15] in all those cases in which k � n. Of course, in the worst case, the
time complexity of MWIS remains O(n).3

In this section we show that, “on average,” the parameter k – and hence MWIS
time complexity – is (asymptotically) logarithmic in the number n of the nodes of the
wireless network. “On average,” here, is intended with respect to a mobile scenario in
the following sense. When the nodes of a wireless network are mobile, the independence
of the clusterheads can be lost due to the fact that two or more clusterheads can become
neighbors. One way to cope with this problem is to invoke a re-clustering of the network
either periodically or every time a new maximal weighted independent set is needed
(this technique is used, for instance, in [3]). In this setting, it is interesting to measure
the average time complexity of MWIS as resulting from its application to graphs that are
snapshots of the network topology at the time a re-clustering is invoked.

Provided that the nodes do not move during the clustering process, we can “ab-
stract” the network graph G = (V ,E), |V | = n and |E| = m, as a random graph.
A random graph, as beautifully defined in [7,17], is one of the elements of the probabil-
ity space that consists of all (labeled) graphs G with n nodes and m edges.

The key feature we use from this theory is its power of providing rigorous analysis
tools for various properties on large statistical manifolds of graphs. In this way we
can avoid the difficulties caused by worst cases, since they usually occur with very small
probability. Using the theory of random graphs, in many cases it is possible to rigorously
prove that the probability of the worst case to occur tends to zero as the graph size grows.

Let us explain this situation with a short example based on a classical NP-complete
problem. Let G be a graph with n vertices and m edges. Assume a number h is given
and we want to decide whether G contains an independent set of size �h. As mentioned
earlier, this is well known to be an NP-complete problem [10]. We have also already
mentioned that the corresponding optimization version (the maximum independent set
problem) cannot even be approximated by a polynomial time algorithm (assuming P �=
NP) within an error factor of n1−ε for any fixed ε > 0 [13]. Thus, for large values of n no
fast algorithm can guarantee even an acceptable approximation for the worst case. On
the other hand, in a random graph setting with the same parameters, the maximum size

3 We notice, however, that, even in the case k = n (which happens, for instance, when G = (V ,E)

and E = ∅), the time complexity of the proposed algorithm is exactly 2k steps, i.e., our result in not
asymptotic.
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α(G) of an independent set in G can be computed, as it is shown to be asymptotically

2 log n

log(n(n − 1)/(2m))

for a wide range of m, depending on n [7, chapter XI]. For a finite graph this holds
almost surely. This means that the fraction of all graphs that deviate from the formula
tends to 0 as n grows. Thus, if we have a graph that is chosen at random from all graphs
of n nodes with m edges, we can determine the desired quantity with vanishing error
probability, despite its worst-case algorithmic intractability.

Since the size k of a maximal weighted independent set (such as the one found by
MWIS) is clearly � α(G) (corollary 3), we conclude this section by stating the following
result.

Theorem 2. The average time complexity MWIS when applied to find a maximal
weight independent set in a mobile wireless network with n nodes and m edges is
bounded by O(logb n), where b = b(n,m) indicates the probability of having an edge
between any two pair of nodes in the network.

5. Conclusions

This paper presented MWIS, a distributed algorithm for the efficient determination of a
maximal weighted independent set in the topology graph G of a wireless network. We
discussed how the algorithm can be effectively used as a base for clustering algorithms
for wireless networks. This is a practically important task for all those network algo-
rithms/applications that assume an underlying hierarchical organization of the network
nodes. The proposed algorithm requires only knowledge of the local topology at each
node, it is easy to implement and its time complexity is proven to be bounded by the net-
work stability number α(G) (a network parameter that depends on the possibly changing
topology of the wireless network). Finally, by abstracting the topology graph of a wire-
less network as a random graph, we have argued that the time complexity of MWIS is,
on average, logarithmic in the number n of the nodes of the network.
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