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Abstract

We design a self-stabilizing cluster routing algorithm
based on the link-cluster architecture of wireless ad hoc net-
works. The network is divided into clusters. Each cluster
has a single special node, calledclusterheadthat contains
the routing information about inter and intra-cluster com-
munication. The proposed algorithm assumes that all nodes
have unique IDs. The algorithm achieves two tasks. First,
the set of special nodes (clusterheads) is elected such that
it models the link-cluster architecture: any node belongs
to a single cluster, is within two hops of the clusterhead,
and knows the direct neighbor on the shortest path toward
the clusterhead. Second, the routing tables are maintained
by the clusterheads to store information about nodes both
within and outside the cluster. There are two advantages of
maintaining routing tables only in the clusterheads. First,
as no two neighboring nodes are clusterhead (as per the
link-cluster architecture), there exists no consistency prob-
lems. Second, since other nodes are responsible for for-
warding only, they use less power. So, when the CH runs
out of power, some neighboring node will be available to
take on the task.

A self-stabilizing system [3] has the ability to automati-
cally recover to normal behavior in case of transient faults,
without a centralized control. The MANET can start in
some arbitrary state and with no knowledge of the net-
work topology, but still eventually selects a set of clus-
terhead nodes (as specified by the link-cluster architec-
ture) in a constant amount of time (� ���� 	 
 	���
 � �� �� ���� 	 
 	���
 � ���� time units, where� represents the
total number of nodes in MANET). Then in these special
nodes, routing tables are built with information about short-
est paths for intra-cluster routing and shortest paths for
inter-cluster routing (based on on-demand set of nodes).

Keywords: Cluster routing, clusterhead election, link-
cluster architecture, self-stabilization.

1. Introduction

Mobile ad hoc networks (MANET) consist entirely of
mobile nodes that communicate on-the-move without cen-
tral management. In MANET, every node acts both as a host
(generates user and application traffic) and a router (carries
out network control and routing protocols). In this paper,
we model MANET as undirected unweighted networks (the
distance is measured in number of hops).

A wireless ad hoc network consists of nodes that move
freely and communicate with each other using wireless
links. A way to support communication between nodes
in a wireless ad hoc network is to select a set of special
nodes that can act as a backbone for the entire communi-
cation (calledclusterheads). Thus, the nodes are grouped
into clusters, and each cluster contains a singleclusterhead
responsible for managing the routing [12, 9]. Agatewayis
a node that has at least two direct links to nodes that belong
to different clusters. The nodes that are neither clusterheads
nor gateways are called theregularnodes.

For example, in Figure 1, an ad hoc network is divided
into five cluster based on link-cluster architecture. The clus-
terheads are shaded. Observe that a clusterhead can act as a
gateway as well.

As nodes can move freely and new nodes can join or
leave, the set of backbone nodes need to change to reflect
the topology changes in the network. The selection of back-
bone nodes must be fast, but also should require as little
communication as possible, since mobile nodes are often
powered by batteries.

In link-cluster architecture, a non-clusterhead node is
within two hops from its clusterhead. There are two advan-
tages of this model. Scalability is improved since a reduced
number of mobile nodes participate in some routing algo-
rithm, hence a low routing-related control overhead. The
chance of interference via coordination of data transmis-
sions is lower.

We use the concept ofself-stabilization([1, 3, 4, 8, 6]) to
design a self-stabilizing link-cluster routing protocol,called
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Figure 1. Ad hoc network divided in 5 clusters

���
. A self-stabilizingsystem has the ability to auto-

matically recover to normal behavior in case of transient
faults. Regardless of the system starting state (initial state
of the nodes and initial messages in the channels) and with-
out a centralized control, a set of clusterhead nodes is se-
lected (as specified by the link-cluster architecture) and in
these special nodes build correct routing tables with shortest
paths for intra-cluster routing and shortest paths for inter-
cluster routing (based on on-demand set of nodes). Being
self-stabilizing, our algorithm can deal with the topology
changes as well.

Related Work. For a survey of routing protocols for
clustered architecture networks in MANET refer to [12, 10].
One way to improve the routing efficiency is to route pack-
ets alternately between clusterheads and gateways. That is,
a packet will be routed via pairs of (clusterhead, gateway),
and finally reaches its destination clusterhead. This routing
scheme is calledCGSR[2]. In [2], various token schedule
schemes are used to improve the routing efficiency.CGSR� PTSscheme gives upstream nodes (the neighbors from
which a packet has been received) higher priority to get a
permission token to forward packets to clusterhead nodes
in such a way that the packets are sent with least delay. On
the other hand, some heuristics can be used for gateways
to improve packet delivery from clusterheads to gateways,
rather than using random scheduling. InCGSR� PTS�
GCSscheme, packets are transmitted through clusterheads
and gateways alternately. Higher priority is given to up-
stream clusterhead of a gateway after this gateway transmits
a packet to its down-stream clusterhead. The gateway must
switch its code to hear the upstream clusterhead in order to
receive a packet after it sends out a packet to its downstream
clusterhead. Similarly, the gateway will switch its code to
the downstream clusterhead in order to receive the permis-
sion token to forward the packet after it receives a packet

from its upstream clusterhead.
A novel access scheme for clustered environments using

the link-cluster architecture called two-hop polling (2HP) is
proposed in [5]. Two-hop polling manages to utilize inter-
cluster links leading to better connectivity and throughput.

The cluster size selection to achieve an optimum and ef-
ficient routing is studied in [11].

Contribution. The disadvantage of the existing
schemes ([9, 2, 12, 5, 10, 11] is that they are not stabiliz-
ing, i.e., they all work assuming correct initialization. Even
if the models are fault-tolerant (i.e., the scheme may adapt
to free movement of nodes, joining and/or leaving of exis-
tent nodes), they cannot cope with situations where due to
a wrong initialization, some nodes are taken as clusterheads
while they are not, or having two clusterheads adjacent to
the same link.

Certain nodes in the ad hoc network are elected as clus-
terheads. There are two basic selections of the clusterheads:
lowest-ID algorithm and highest-connectivity (degree) al-
gorithm [7]. In our algorithm, when two neighboring nodes
are potential candidates to become clusterheads (or are al-
ready clusterheads), the one with the higher ID is chosen as
the clusterhead and the other node becomes a regular node.

We propose a self-stabilizing cluster routing algorithm
for MANET based on link-cluster architecture. The al-
gorithm selects the clusterheads, and then builds in those
nodes routing tables for nodes within and outside the clus-
ter. For intra-cluster routing, the shortest paths are main-
tained. For inter-cluster routing, we implement routing
on-demand (the shortest paths are maintained only for the
nodes that need to send packets). The algorithm is self-
stabilizing: it copes with wrong initialization, and it adapts
to free movement of nodes, joining and/or leaving of exis-
tent nodes.

Outline of the paper. In Section 2, we describe our
model and self-stabilization. Section 3 contains the self-
stabilizing link-cluster algorithm. Because of lack of space,
simulations (some illegal configurations followed by how
our algorithm corrects each of these situations) and the
proof of correctness are omitted. The paper ends with con-
cluding remarks in Section 4.

2. Preliminaries

We use the asynchronous message-passing system
model. The asynchronous systems are the most common
systems, and the hardest to design algorithms for. Every
node can execute its code at its own pace, and the message
delivery can take an arbitrary time. We assume an upper
bound on the message delivery time, calledtimeout, after
which the message is considered lost. In order to compute
the time complexity, we assume an upper bound (called, a
time unit) on the message transmission time over a link.



Each node starts with a unique ID, and knows and dis-
tinguishes its direct neighbors. The variable� �� represent-
ing the one-hop neighborhood of node� is maintained by an
underlying local topology maintenance protocol that adjusts
its value in case of topological changes in the network due
to failures of nodes, links, or both.

All nodes execute the same distributed program (uni-
form). The program is a finite set ofguarded actionsof
the form:� ���	� � ��� � ��
 �! � "���	� 	�� �

A statement can be executed if and only if its guard, a
boolean expression, evaluates totrue. The selected state-
ment is executed in one atomic step. If a process has at least
one true guarded command, then it is calledenabled.

We consider adistributed daemon: In every execution
step, if one or more processes are enabled, then the daemon
chooses at least one (possibly more) of these enabled pro-
cesses to execute. Once the process is selected, then non-
deterministically one of its enabled actions is selected and
its statement is executed. We assume aweakly fairdaemon:
A continuously enabled process will be eventually chosen
by the daemon.

Each node has a local state defined by its current vari-
ables. The global state of the system (configuration) is the
union of the local state of its nodes and the messages on the
links. An execution	 is a maximal sequence of configu-
rations,	 # $� % $& % ''' such that( � ) �% $� * �

, and$� is
reached from$�+� by executing some guarded action, or$�
is a terminal configuration (no nodes are enabled).

Given
�

, the set of all possible states, and a predicate,
over

�
, we denote by

�- . �
the set of alllegitimate states

with respect to, , or simply, the set of alllegitimate states.
A set / . 0

is calledclosedif any execution starting
from a state in/ reaches a state in/ . Let

0� and
0& be

subsets of
0

.
0& is a closed attractor for

0� if and only
if for any initial state$� in

0�, for any execution	 in 123
(	 # $� % $& % ''), there exists� ) � such that for any4 ) �,$5 * 0& , and

0& is closed.
We now define self-stabilization.

Definition 1 (Self-Stabilization) A system/ is called self-
stabilizing if and only if there exists a predicate, such that�-

is a subset of legitimate states and
�-

is a closed at-
tractor for

0
.

3. Self-stabilizing Link-Cluster Algorithm
(678 )

For short, CH means clusterhead node.
In our algorithm we assume and we implement that a

non-clusterhead node belongs to a single cluster. The clus-
terhead routing table contains entries regarding the nodes
in its cluster (or clusterhood) and nodes outside its cluster-
hood. The routing table is updated whenever some clus-

terhead election takes place and whenever changes occur
related to paths existent in the routing table. The gateways
and regular nodes have no routing table. The only routing
information they have is a variable indicating the neighbor
on the shortest path toward their clusterhead.

For intra-cluster routing, each CH keeps data in its rout-
ing table about its clusterhood. This data is collected in
Module 1 �	$���� (Algorithm 3.1) using

0 9 :1; mes-
sages. These messages are periodically sent by a non-CH
to check the status of its own CH and the path to it.

For inter-cluster routing, either before sending a packet
or a block of packets to a destination that is outside the
cluster or at specific intervals of time,<:=

messages are
broadcast by the sender (a simple flooding). The<:=

mes-
sages are small in size and are designed solely for path dis-
covery and maintenance. When such messages are received
by some non-CH, it broadcasts to its neighbors. When such
messages are received by a CH, in Module

:� ���� (Algo-
rithm 3.2), the path from the sender to the current node up-
dates the (Macro>
 
��	). Once the destination is reached
or the CH of the destination, an<0?

message is sent back
to the sender containing the shortest path currently detected
inside the message. When the<0?

message reaches the
sender, it can now send the data packets following that path.

Every node� uses several variables:$ '� (the clusterhead
ID of node �), 
 '� (the distance to$ '�; the set of values is@A % �% �B) and� '� (the neighbor of� toward$ '�).

The distributed program, executed in every node, is di-
vided into two modules. Module1 �	$���� (Algorithm 3.1)
contains the actions related to selection of CHs, and creating
and/or updating entries in the routing tables in each CH re-
garding intra-cluster routing. Module

:� ���� (Algorithm
3.2) is responsible for creating and/or updating entries in
the routing tables in each CH. The non-CHs (gateways or
ordinary nodes) do not have a routing table. The only rout-
ing data they have is the variable� '� indicating the neighbor
toward the node’s CH.

The routing table of a CH will contain entries for its clus-
terhood, and all other CHs. An entry will contain the desti-
nation ID regardless of it is part of the current cluster (if it
shares the same CH) or not. If the destination is inside the
same cluster, a node maintains the complete path, the length
(in number of hops) of the path, and the neighbor on the
path toward the destination. If the destination is in another
cluster, a node keeps only the neighbor on the (shortest)
path, the length of the path, and the neighbor on the path.
The macro>
 
��	 �"	�
	� % 
	"� % $C %
 ��C % �	�� �C� is re-
sponsible for maintaining the routing tables. The parameter$C represents the CH of the sender"	�
	�. If 
	"� ## $C,
the sender and the destination
	"� are in the same cluster.



3.1. Election

Module 1 �	$���� (Algorithm 3.1) contains guards re-
garding the election of clusterheads. When selecting the
CHs, such that eventual topology changes are reflected,
three conditions have to be respected: each node belongs
to a single CH, each non-CH is within two hops to its CH,
and there are no adjacent CHs.

Messages
0 9 <� � ,

0 9 :1 ; and
0 9 :1 D contain

the following fields:"	�
	� (sender ID),
	"� (destination
ID), C�
 " (either the number of hops the message went or
the number of hops the message went - 1).

CHs broadcast periodically
0 9 <� � messages to the

nodes within two hops neighborhood. Based on those mes-
sages, nodes select or change clusterheads (set$ '� variable),
updates their� '� % 
 '� variables, CHs give up their CH status
(and broadcasts

0 9 :1 D messages).
Also non-CHs broadcast periodically

0 9 :1; mes-
sages to make sure that their CH are still CH and if the CH
is at two hops distance, it still exists (if it is at one hop dis-
tance, it can be easily verified by condition$ '� * � �� ).

Action E.01periodically (��� 	 
 	���
) checks the clus-
terhead of nodei. The value of��� 	 
 	���
 is depen-
dent on the time unit of the network, and has to be at
least four time units, such that there is enough time for
a message to travel back and forth at the distance of two
hops. In case the node sees itself as a clusterhead (condition$ '� ## EF ��"�� 	), then� sets its� '� to G, d.i to 0, and an
announcement message

0 9 <� � is broadcast (reaching
only the nodes within two hops).

If the node is not a clusterhead and the node’s cluster-
head is not within the two hops neighborhood, then the
node elects itself as a clusterhead. The subsequent actions
(ActionsE.02-07) refer to announcement, request and/or re-
jection messages exchanged only between direct neighbors.
Whenever a message is received, the sender is checked to
be other then the node itself. For the sake of simplic-
ity of the code, we omit the following test: if condition"	�
	� ## EF � H 
	"� I# EF � is true then discard the
message, otherwise accepts it and processes it further. In-
stead we characterize the message as “proper” (if condition"	�
	� I# EF � J 
	"� ## EF � is true).

If a
0 9 <� � message is received by some node (Ac-

tions E.02 and E.03), then it must have originated from the
node’s own clusterhead or from another clusterhead. If ht
message came from the node’s clusterhead, thenn.i is set to
nb (the node always stores inn.i the direct neighbor from
which a message was received). If the message has trav-
eled less than two hops, then it is relayed further. Ifi is a
clusterhead and the message came from a clusterhead with
a higher ID, theni gives up its clusterhead status and broad-
casts

0 9 :1 D messages to announce its decision (Action
E.02). If the current node is a clusterhead but it did not

Algorithm 3.1 Module1 �	$����
Predicates:KL M N OKP Q OR SK TT UV W X Y SK TT Z X [ SK TT \P]^__^` M N OKP Q OR SK TT UV W X OY SK TT R SK a L^Y[^` b UV W PLcd ^ M N OKP Q OR SK eT UV W X OOR SK f g hW X KL M N OR SKPP a OY SK fg hW X R SOY SKP TT R SKPPPYc M N OKP Q OR SK eT UV W X OR SK ef g hW a R SK eT R SOY SKPPP
Actions:
E.01

_Kd ^ i ^`Kc[ jk
if
OR SK TT UV W P

then
if
OY SK eT Z P

then
Y SK T Z

if
O[ SK eT \P

then
[ SK T \

send
M l mg g OL^Y[^` no n �P

to all
o f g hW

else
if
Lcd ^ M N OKP

then send
M l pq r OUV W n R SK n \P

to
Y SK

else
R SK T Y SK T UV W

E.02 rcv proper
M l mg g OL^Y[^` n [^L_ n \P

from
Y] jk

if
OL^Y[^` eT Y]P

then discard it
else

if
OL^Y[^` TT R SKP

then
if
OY SK eT R SK a [ SK eT �P

then
Y SK T L^Y[^` s [ SK T �

send
M l mg g OL^Y[^` no n �P

to all
o f g hW t Y]

else
if
]^__^` M N OKP a Yc M N OKP

then
// I have no CH, or I am a self-elected, not announced
// CH, or I am CH but but my neighbor with higher ID
// is CH also, so I give up and become a non-CHR SK T L^Y[^` s Y SK T Y] s [ SK T �

send
M l pq u OUVW no n \P

to all
o f g hW

E.03 rcv proper
M l mg g OL^Y[^` n [^L_ n �P

from
Y] jk

if
OL^Y[^` TT R SKP

then
if
OY SK ef g hW P then

Y SK T Y]
else

if
OR SK TT UV W X Y SK TT UVW P a Yc M N OKP

then
// I have no CH, or I am a self-elected, not announced
// CH, and I found a CH within two hops, so I give up
// and become a non-CHR SK T L^Y[^` s Y SK T Y] s [ SK T �

E.04 rcv proper
M l pq u OL^Y[^` n [^L_ n \P

from
Y] jk

if
OL^Y[^` TT R SKP

thenR SK T Y SK T UV W
send

M l pq u OL^Y[^` no n �P
to all

o f g hW t Y]
E.05 rcv proper

M l pq u OL^Y[^` n [^L_ n �P
from

Y] jk
if
OL^Y[^` TT R SKP

then
R SK T Y SK T UV W

E.06 rcv proper
M l pqr OL^Y[^` n [^L_ n \P

from
Y] jk

if
OU V W TT [^L_P

then
if vKL M N OKP

then send
M l pq u OU VW n L^Y[^` n \P

to
Y]

elsewi [x_^ OL^Y[^` n UV W n UV W n Y ] n �P
else

if
O[^L_ TT R SK X [^L_ f g hW X Y SK TT [^L_P

then
send

M l pq r OL^Y[^` n [^L_ n �P
to
Y SK

else send
M l pq u OU VW n L^Y[^` n \P

to
Y]

E.07 rcv proper
M l pqr OL^Y[^` n [^L_ n �P

from
Y] jk

if
OU V W eT [^L_ a vKL M N OKPP

then
send

M l pq u OU VW n L^Y[^` n \P
to
Y]

elsewi [x_^ OL^Y[^` n UV W n UV W n Y] n �P



announce yet (� '� ## EF �, and when it announces it,� '� # G), then the current node gives up its clusterhead
status (Action E.03).

If a
0 9 :1 D message is received by some node (Ac-

tions E.04 and E.05), and the message has originated from
the node’s clusterhead, then since it has no current cluster-
head, the node elects itself as a clusterhead. If the message
has traveled less then two hops, then it is relayed further.

If a CL REQ message is received by some node (Ac-
tions E.06 and E.07), then a certain nodedest(that is seen
by senderas its clusterhead) must be checked whether it is
(still) a clusterhead or not. If the destination is a cluster-
head, then the routing table is updated using MacroUpdate.
As the link-cluster architecture requires at most two hops
between a clusterhead and a non-clusterhead that belongs
to the cluster, these messages can travel at most two hops.

If the message had traveled one hop, Action E.06 is re-
sponsible for checking whether the message had reached
the destination (the sender’s clusterhead) or not. If not, then
the message has to travel one or more hop. In that case,
this intermediate node must share the same clusterhead as
the sender, it must have the clusterhead as its direct neigh-
bor and have itsn.i set to the clusterhead as well. If not, a0 9 :1 D message is sent back.

If the message traveled two hops, Action E.07 checks
whether the message reached the destination (the sender’s
clusterhead) or not. If not, then the clusterhead is more than
two hops away so a

0 9 :1 D message is sent back.
The time between a nodei elects itself as the clus-

terhead and the announcement done by a broadcast (at��� 	 
 	���
) can be used byi to select some other node
j as a clusterhead instead ofi itself as long asj is within
two hops fromi. Since ActionE.01is executed periodically
at some intervals, if a nodei decides to self-nominate as a
clusterhead (by setting bothc.i andn.i to itself), if before
Action E.01is enabled and selected, some

0 9 <� � mes-
sages reached the node coming from clusterheads within
two hops (Action E.02 or E.03), theni may elect the node
whose message reachedi first as a clusterhead. In this way,
the total number of clusterheads is reduced.

Predicate�" 0 y ��� z �$ '� ## EF � J 
 '� ## A J� '� ## G� is evaluated to�� 	 when the node is an an-
nounced CH.

Predicate�	��	� 0 y ��� z �$ '� ## EF � J �� '� ##$ '� H "	�
	� � EF �� is evaluated to�� 	 when: the node�
is an announced clusterhead and there is a clusterhead with
higher ID in its one hop neighborhood, or the node has self-
nominated without announcing yet.

Predicate"�� 	 0y ��� z �$ '� I# EF � J ��$ '� * � �� J
�" 0 y �$ '��� H �� '� * � �� J $ '�� '�� ## $ '���� is evaluated
to �� 	 when the node� is not a clusterhead, and there is
clusterhead in one or two hop neighbor.

Predicate�� 0y ��� z �$ '� I# EF � J �$ '� I* � �� H � '� #

G H $ '� I# $ '�� '���� is evaluated to�� 	 when node� is
not a clusterhead and what he sees as a clusterhead is not a
direct neighbor, he has no proper� '� variable or if� '� is a
neighbor of� it does not share the same clusterhead as�.
3.2. Routing

Module
:� ���� (Algorithm 3.2) contains guards re-

garding routing. For intra-cluster routing, the shortest paths
are maintained. For inter-cluster routing, we implement
routing on-demand (the shortest paths are maintained only
for the nodes that need to send packets).

Algorithm 3.2 Module
:� ���� Self-Stabilizing Cluster-

head Routing
Actions:

R.01 rcv
mp{ OL^Y[^` n [^L_ n R| ni x_|P

from neighbor
Y] jk

if
OR SK TT UV W P

then // the node is CH
if
[^L_ TT UV W

thenwi [x_^ OL^Y[^` n [^L_ n R| ni x_|P and
send an

mM} OL^Y[^` n [^L_ n R| ni x_| ni x_|P
to
Y]

else
if
UV W f i x_|

then discard /* a loop */
elsei x_| ~ i x_| � UVW

if
O[^L_ f

routing table
P

then sendmp{ OL^Y[^` n [^L_ n R| ni x_|P
to the neighbor

on the shortest path
else send

mp{ OL^Y[^` n [^L_ n R| ni x_|P
to

all my neighbors except
Y]

else // the node is either gateway or ordinary node
if
[^L_ TT UV W

then
send

p�w � q OL^Y[^` n [^L_ n R| ni x_|P
to
Y SK

else
if
UV W f i x_|

then discard it // a loop
elsei x_| ~ i x_| � UVW

send
mp{ OL^Y[^` n [^L_ n R| ni x_| P

to all
o f g hW t Y]

R.02 rcv
p�w � q OL^Y[^` n [^L_ n R| ni x_| P from neighbor

Y] jk
if
OR SK TT UV W P

then // the node is CH
if
[^L_ TT UV W

thenwi [x_^ OL^Y[^` n [^L_ n R| ni x_|P and
send an

mM} OL^Y[^` n [^L_ n R| ni x_| ni x_|P
to
Y]

else // the node is either gateway or ordinary node
if
UV W f i x_|

then discard it // a loop
elsei x_| ~ i x_| � UVW

send
p�w � q OL^Y[^` n [^L_ n R| ni x_|P

to
Y SK

R.03 rcv
mM} OL^Y[^` n [^L_ n R| ni x_| n ` c�_^P

from neighbor
Y] jk

if
UV W

is the last ID in
i x_|

then
if
OR SK TT UV W P

thenwi [x_^ OL^Y[^` n [^L_ n R| n `c�_^P
delete

UV W
from

i x_|
if
Oi x_| eT

empty string
P

thenY] T
last ID in

i x_|
if
OY] f g hW P then
send

mM} OL^Y[^` n [^L_ n R| ni x_| n ` c�_^P
to
Y]

Messages<:=
and

:�> � 1 contain the following
fields: "	�
	� (sender ID),
	"� (destination ID),$C (the
CH of the sender),
 ��C (the path the message went on).



Message<0?
contains the following fields:"	�
	�

(sender ID), 
	"� (destination ID), $C (the CH of the
sender),
 ��C (the path the message has to travel to reach the
destination),�� �	 (the complete path between the sender
and destination). Two fields are used to represent path:
 ��C
contains only the partial path, from the current node to the
destination, while�� �	 contains the complete path. When
a message passes through an intermediate node, the node is
deleted from the partial path such that the next intermediate
node becomes available for routing. The complete path is
processed by the CH of the destination cluster if it is a good
path (either the only one or the shortest one).

A node sends an<:=
message when it needs to find out

the shortest path toward a destination. If the destination is
not a CH but a gateway or a regular node, then the informa-
tion received is sent to the CH of the destination node to be
incorporated in its routing table (as a

:�> � 1 message). If
the destination is a CH, or the CH has received a

:�> � 1
message from one of its cluster ’clients’, the
 ��C is stored
for future use. If the path contained by the message is the
only path or the shortest one, an<0?

message is sent back
to the sender by the CH of the destination node.

The macro >
 
��	 �"	�
	� % 
	"� % $C %
 ��C % �	�� �C�
uses the reverse of the
 ��C to see whether you can store
it as a path to"	�
	� (the sender) or$C (the CH of the
sender), if it is a good path – either the only one or currently
the shortest one.

Whenever Macro>
 
��	 �"	�
	� % 
	"� % $C %
 ��C� is
called, some information will be checked to see whether
it can be added or it can improve the current information in
the routing table. The reverse of the
 ��C represents a com-
plete path back to the"	�
	� and/or the clusterhead of the
sender$C. If it is a good path — either the only one or the
shortest one — it is added. If not, it is ignored.

4. Conclusion

We have presented a self-stabilizing a self-stabilizing
cluster routing algorithm for MANET based on link-cluster
architecture. The algorithm selects the clusterheads, and
then builds in those nodes routing tables regarding nodes
inside and outside the cluster.

The proposed protocol guarantees that starting in an ar-
bitrary configuration and in finite number of steps, the net-
work is divided into clusters using link-cluster architecture.
Each cluster has a single special node, calledclusterhead
that holds the routing information regarding inter and intra-
cluster communication. The protocol ensures that any node
belongs to a single cluster and is within two hops from the
clusterhead. For intra-cluster routing, the shortest paths are
maintained. For inter-cluster routing, we implement rout-
ing on-demand (the shortest paths are maintained only for
the nodes that need to send packets). The algorithm is self-

stabilizing: it copes with wrong initialization, and it adapts
to arbitrary movement of nodes, and joining and/or leaving
of existent nodes.
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