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Abstract

We propose an algorithm for detection of partition-
ing in location-aware mobile ad hoc networks. The parti-
tioning occurs when movement pattern of nodes is such
that they separate into groups that cannot communicate
with each other. We use information about node position
and speed in order to build a model that is able to pre-
dict when partitioning will occur and which link is crit-
ical using properties of planar graphs that represent the
network. Our algorithm is distributed and uses only lo-
cal topology knowledge where nodes keep track of position
and speed of their one-hop neighbors.

Indexed terms: mobile ad hoc networks, partition
prediction, perimeter routing, Gabriel graph

1. Introduction

Mobile ad hoc networks (manets) are praised for
their ability to adjust themselves automatically to
rapidly changing conditions in the surrounding envi-
ronment. However, that does not come without a price.
When compared with widespread wired/wireless net-
works (such as the Internet) they are noticeably lack-
ing in throughput, security, QoS, scalability. Therefore,
it is logical to use them only in specific situations, such
as catastrophes or battlefields when other communica-
tion infrastructure is not available or it is damaged.

In ideal case, preconfiguration before deployment of
nodes is not needed, nodes are moving freely, routing of
messages is done in a distributed manner. Most of the
research in the area was focused on these topics, trying
to improve weak points of ad hoc networks and to en-
force the benefits that they offer, assuming one of the
most important features of each network – connectiv-
ity. Sometimes, partitioning problem is mentioned, but
it is assumed that network will regain connectivity by
itself. This may be the case only if density of nodes in
the observed area is relatively high. But even in the case
that network gets reconnected, there could be time in-

tervals when a node cannot communicate with all other
nodes in the network, but only with the nodes from its
partition.

Partitioning causes serious problems in the network:
nodes from different partitions cannot communicate
with each other, reducing quality of all services the net-
work offers, or making services unavailable. If a den-
sity of nodes in the observed area is low, it is possi-
ble that network will never regain its full connectivity.
The worst case is that a network can go through a se-
ries of partitioning ending up as a unconnected group
of one-node subnets.

Several reasons can cause network partitioning -
shutdown of a device, node movement, physical de-
struction of a node, energy source depletion. Our goal
is to predict partitioning of a network that is caused
by the node movement.

So far, existing proposals for detecting mobile ad
hoc networks partitioning made wide assumptions re-
garding capabilities of nodes and underlying transport
layer. Solutions introduced centralized servers, global
network knowledge at each node, and flooding to test
the network for critical links. We will use location and
velocity information to predict which link could be bro-
ken, and Gabriel graph properties to test whether that
link is critical in a localized and efficient way. Veloc-
ity and location information will be exchanged only
with immediate neighbors keeping topology informa-
tion locally and reducing the processing load of a node
and bandwidth consumption (in contrast with solu-
tions that require for each node to keep track of all
node movements in the network). Also, in our solu-
tion we assume that nodes in the network can have dif-
ferent transmission ranges, and that the ranges are not
time invariant thus introducing one more degree of free-
dom.

2. Related Work

There are several existing approaches for detection
and/or prevention of partitioning in mobile ad hoc net-
works. Hauspie et al. [7] propose a model that allows



prediction of partition occurrence. They construct all
disjoint paths between source and destination node and
calculate path robustness based on probabilities that
some of the links constituting that path will break.
They offer two metrics: based on the number of dis-
joint paths and based on the length of disjoint paths.
The first metric says that if there is only one disjoint
path between two nodes, it is highly probable that a
graph will become disconnected if some link on that
path breaks. The second metric states that the longer
the path is, the weaker it is in the sense of robust-
ness, meaning that all paths do not contribute evenly
to the robustness. The problem with this approach,
however, is that it does not guarantee correctness, be-
cause the network can get partitioned without this al-
gorithm detecting it. The second problem is that it re-
quires global knowledge of the network topology in or-
der to generate all disjoint paths and calculate link ro-
bustness. The benefit is that it does not require any
information about positions of mobile nodes.

The approach proposed by Goyal and Caffery [2] is
based on the similar idea. It offers a method for de-
tecting a critical link that will, if fails, partition an ad
hoc network. The difference is that it is location based.
All nodes are location aware and periodically update
their neighbors with current locations. The algorithm
uses depth first search (DFS) in order to find the criti-
cal separation links based on this information. After a
potential partition is detected, the algorithm offers pre-
vention mechanisms, either by changing the trajecto-
ries of critical nodes, or by adding another helper node
to reinforce the link. However, in order to work, this
approach requires active approach using DFS, mean-
ing that every node must compute a DFS tree with it-
self as a root when detecting a partition, which induces
significant overhead.

Wang and Li [5] claim that by knowing only local
node positions and based on the individual node mobil-
ity model, global scale topology changes such as net-
work partitions cannot be predicted. Therefore, they
introduce a model for group mobility. Instead of group-
ing nodes by location, they employ a clustering algo-
rithm that groups nodes by their speeds. A group is
then characterized by mean group velocity. They ar-
gue that clustering by velocities provides a clearer char-
acterization and separation of mobility groups. Separa-
tion of groups leads to the network partition. The prob-
lem of this model is the centralized nature of the solu-
tion. There must be a central server to which all nodes
report their positions and speeds. The server then runs
clustering algorithm on this data and tries to predict
network partitioning. Another problem is that algo-
rithm assumes that velocities of the mobility groups

and mobile nodes are time invariant. Also, it assumes
that all groups have the same circular coverage area
with mobile nodes uniformly distributed inside.

The last solution that we present is proposed by
Chen et al. [4]. It employs a topology prediction algo-
rithm that tries to calculate whether a current move-
ment pattern of two mobile nodes will lead to net-
work partition, assuming that each node has uniform
transmission range. The problem is that algorithm re-
quires that each node maintains an update table, in
which it stores updates from all other nodes in a net-
work. Therefore, a global knowledge of the entire net-
work is necessary at every node. After partitioning is
predicted, the algorithm offers data duplication tech-
niques that logically prevent partitioning.

We present an approach that tries to address prob-
lems stated for each algorithm described here. It offers
partition prediction based on node position. However,
it is local and distributed, in a sense that all calcula-
tions are done on the nodes themselves, without any
central server, and that all nodes know and communi-
cate only with their neighbors, without global network
knowledge. Also, we allow for dynamic node transmis-
sion range that can span between minimum and max-
imum value.

3. Partition Prediction

The ability to predict network partitioning would
be very valuable to both network and the application
layer. In this section we introduce a model based on
Gabriel graph, and then explain our prediction algo-
rithm.

3.1. Model

A set of mobile nodes is situated in a Euclidean
plane. Each mobile node is location aware, that is, it
knows its x and y coordinates by means such as GPS.
It can also calculate its speed, by using differential co-
ordinates obtained in the same manner. The transmis-
sion range of each node is time variant, and is given by
r(t) = (1−ε(t))R, where 0 < ε(t) < 1 and R is the max-
imal node range. We assume that the speed of commu-
nication is substantially higher compared with the rate
at which ε(t) and the velocity of nodes are changing.
We also assume that links are bidirectional, meaning
that the link between hosts a and b is valid if and only
if b can acknowledge a message received from a. This
is required for the construction of the Gabriel graph.

The network is represented by a geometric undi-
rected graph G = (V,E), where vertices represent mo-
bile nodes and edges connect nodes that can com-



municate directly. Each vertex runs the algorithm for
Gabriel graph extraction for the purpose of perime-
ter routing [8, 9]. The Gabriel graph GG is a span-
ning subgraph of G. It is defined as follows: for every
two adjacent nodes a and b in G, the edge (a, b) be-
longs to the Gabriel graph if no other node of G is lo-
cated in the disk which has segment (a, b) as a diame-
ter. Otherwise, this edge is removed from the Gabriel
graph. As can be seen, Gabriel graph extraction is a
distributed process that requires only local topology
knowledge. When a Gabriel graph is extracted, rout-
ing is performed along its edges. Gabriel graph is pla-
nar and connected, and that ensures message delivery
by routing along the faces of the graph that intersect
the line between the source and the destination using
the right-hand rule. An example of perimeter routing
using Gabriel graph is shown on Figure 1.

src

dst

Figure 1. Perimeter routing along the faces of
Gabriel graph

Although original algorithm for perimeter routing
using Gabriel graphs cannot work with nodes that have
variant transmission ranges, Barriere et al. [6] have re-
cently proposed a method for Gabriel graph construc-
tion and perimeter routing in cases where ratio of max-
imum and minimum transmission range is at most

√
2.

Since we will be using this scheme for partition pre-
diction, it enforces a restriction upon ε(t) such that
rmax(t)/rmin(t) <

√
2.

3.2. Prediction Algorithm

It is crucial for our algorithm that all nodes in the
network have accurate information about the positions
of their neighbors. To keep the information on neigh-

bor nodes up to date, two types of notifications are
used:

• Regular updates – each node is broadcasting reg-
ular update of its location and speed to all im-
mediate neighbors. Frequency of regular updates
is parameter of the network. Updates have to be
more frequent if the ratio of maximum possible
speed of nodes in the network and their maximum
transmission range is large, and can be less fre-
quent if it is low. Therefore, frequency of regular
updates should be the compromise between band-
width consumption and required accuracy of data.

• Critical updates – in case that a node significantly
changes speed vector ~v or transmission range r(t),
it will broadcast locally that information.

This ensures that nodes will have accurate information
for predicting behavior of neighbors and construction
of Gabriel graph.

Each node keeps data about neighbor nodes in a ta-
ble. For each neighbor, the following data is stored:
node-id, location (x, y), transmission range r(t) and
current speed ~v. Other data, such as remaining energy
of surrounding nodes can be also kept in the table. Af-
ter receiving an update message, node will update the
corresponding entry in the table.

Each node is running local link failure prediction al-
gorithm. Based on the information it has on neighbor
nodes, a node is calculating probability that a link will
be broken. We are assuming that the probability of link
breakage is proportional to distance l(t) of two nodes

Pbreaking ∼ l(t)
r(t)

where

l(t) =
√

(∆x + t ·∆vx)2 + (∆y + t ·∆vy)2

∆x is difference of x coordinates of the nodes at
t0 = 0, ∆vx and ∆vy are differences of x and y compo-
nents of speed vectors of observed nodes.

To improve the performance, instead of regularly
calculating the distance between itself and the neighbor
nodes, a node can calculate the time at which the dis-
tance to a neighbor node will reach certain limit D. We
can define limit D as a product of transmission range
and threshold probability which is a system parame-
ter and can be determined taking into account similar
discussion as with frequency of updates.

D = Pthreshold ·min(rcurrentnode(t), rneighbornode(t))

Then, the critical time in which distance will reach
the limit D is given by:



tcritical =
−(∆x + ∆y)+−

√−α2 + D2 · Ω
Ω

where ∆x is ∆x∆vx, ∆y is ∆y∆vy, Ω is ∆v2
x+∆v2

y and
α is ∆x∆vy−∆y∆vx. This equation will be correct only
if, in calculated time period, none of two nodes change
their velocity vectors or transmission range. Otherwise,
time tcritical will have to be recalculated. In case that
a node drastically changes its velocity, critical update
will provide accurate data on the change.

If two nodes conclude that a link connecting them
is about to be broken, they will initiate the algorithm
for checking whether the breaking of that link will lead
to network partitioning. For that purpose we use pla-
narity of Gabriel graph representing the network.

For the purpose of testing, nodes are not using the
link identified as potentially critical. That link will be
used only for regular network traffic. Then they dele-
gate which of them will start the link testing phase. For
instance, a node with lower node-id can be responsible
for starting the testing sequence, but other, more so-
phisticated schemes for achieving fairness can be ap-
plied. Once the decision is made, delegated node is
sending Link Test message (LTEST) to the other node
using the right/left hand rule along the inner side of
the face that contains tested link (link A-B). Right/left
hand rule is known from maze theory and it states that
it is possible to visit every wall in a maze by walk-
ing forward and keeping right/left hand on the wall
all the time. Note that the tested link is not used in
this process. The idea is to check whether there ex-
ists an alternative path between two nodes, that is,
whether the graph is still connected after the elimina-
tion of the tested link. If LTEST message reaches des-
tination node, it replies with Link Not Critical message
(LNC) using the link that is being tested. That means
that the graph is still connected and the link being
tested is not critical. However, if the delegated node
receives LTEST again, the graph is partitioned since
LTEST traveled along the inner face without reaching
destination node and returned to the originating node.
It then sends Link Critical message (LC) to the other
node using the link being tested, thus informing it that
the link connecting them is critical and can lead to net-
work partitioning. Since we are planing to use this algo-
rithm to prevent network partitioning in the future, we
are assuming that testing of the link has started early
enough and that a tested link between nodes A and B
still exist for the purpose of sending LNC and LC mes-
sages.

Figure 2 shows an example of testing noncritical
link. Assume that nodes A and B are testing their link

B A

LTEST

LNC

Figure 2. Observed link A-B is not critical

B A

LTEST

LC

Figure 3. Observed link A-B is critical

and that A is delegated to start the testing algorithm.
Node A is starting testing sequence by sending LTEST
message to B using the right hand rule along the in-
ner side of the face. The alternative path connecting
nodes A and B exist, node B will receive LTEST mes-
sage from A and it will reply with LNC to A using
direct link. Now both B and A know that the link con-
necting them is currently not critical.

Figure 3 presents a case where breaking of the link
A−B is leading to partitioning of the network. Again,
node A is sending LTEST message using the right hand
rule along the inner face. Since there is no alternative
path to node B, message will be routed back to node A
after traveling along the inner face. Node A then sends
LC message to B informing it that the tested link is
critical.

The algorithm is detailed on Figure 4. It shows three
processes that are activated each time one of the follow-
ing events is raised: an update from a neighbor node is



received, local information such as ~v or r(t) is changed,
and a local link is estimated to become critical. The
processes are sharing one data structure, a list con-
taining (tcritical, node-id) tuples sorted by ascending
values of tcritical. Operation put(tcritical, node-id) re-
places an element with the same value of node-id and
sorts the list. Operation get() removes the first element
of the list and returns a tuple (tcritical, node-id).

process: receive
receive update from node id
calculate tcritical for node id
put(tcritical, node id)
process: local change
foreach node id from neighbors

calculate tcritical for node id
put(tcritical, node id)

endfor
process: critical time
( tcritical, node id)=get()
if delegate() begin

send LTEST
wait for reply
if reply = LTEST

send LC
endif

else
wait for reply
if reply = LTEST

send LNC
endif

endif

Figure 4. Prediction algorithm

When a node receives an update, process receive is
activated. It calculates new value for tcritical and re-
places old entry in the list with the new entry. Pro-
cess local change is activated when behavior of the cur-
rent node is changed - its velocity ~v or its transmis-
sion range r(t). The process recalculates tcritical for all
neighbor nodes and places new values in the list. Pro-
cess critical time is started at time tcritical for which it
is estimated that one of the links will have probability
Pthreshold of being broken. Current node removes the
leading entry from the list. Then it starts delegation
process and in case that it is delegated, it sends mes-
sage LTEST. If message LTEST is returned to the orig-
inating node, it sends LC message to the other node,
informing it that the link is critical. In case that cur-
rent node was not delegated for link testing sequence,
it will wait for a message from the other (delegated)

node. If it receives LTEST message, it notifies the del-
egated node that the link is not critical by sending LNC
message.

3.3. Correctness

Now we need to show that this approach is correct.
For that purpose we will prove two theorems and then
explain their implications to our model.

Lemma 1 If for two nodes A and B, forming an edge in
Gabriel graph, there exist alternative paths between them
not containing the edge A-B, then at least one path must
belong to the bounded face containing A-B.

Proof:
We will prove this lemma by means of mathematical
induction. Let us observe an alternative path connect-
ing nodes A and B through only one node C (Figure
5). It is obvious that the alternative path is forming a
bounded triangular face which contains the edge A-B.

We are adding another node so that it is forming
new alternative path between nodes A and B. It can
be done in three different ways as shown on Figure 5.
First way to add a node is independently of the exist-
ing face (node D′, forming new path ACD′B), second
is to insert a node on existing path (node D′′, alter-
ing existing path ACB to ACD′′B)) and third is to in-
sert it in such manner that it creates a new face (node
D′′′, forming face AD′′′B). So, after adding a new node,
a face containing edge A-B still exists, altered or unal-
tered.

Let us assume that this assumption is valid for case
of n nodes forming one or more alternative paths be-
tween nodes A and B. If we add one new node to exist-
ing n nodes, the node can be added in three different
ways, which do not disturb existence of face contain-
ing the edge A-B as it was shown in induction hypoth-
esis. By using mathematical induction, we have proved
that this theorem is valid for every n.

AA BB

CC D’

D’’

D’’’

Figure 5. Alternative path forming



Lemma 2 (Restricted Jordan Curve Theorem) A sim-
ple closed polygonal curve C consisting of finitely many
segments partitions the plane into exactly two faces, each
having C as boundary. [3]

Lemma 3 If for two nodes A and B, forming an edge in
Gabriel graph, there exist alternative paths between them
not containing the edge A-B, then there exist two faces
containing edge A-B, one bounded and the other bounded
or unbounded.

Proof:
From Lemma 1, existence of alternative path im-
plies existence of one bounded face to which the edge
A-B belongs to. From Lemma 2, existence of one
closed face implies existence of another face.

If there is more than one alternative path surround-
ing the edge A-B from different sides, there are two
bounded faces containing the edge A-B. Otherwise, the
edge is on outer, unbounded face from one and on the
bounded face on the other side.

Theorem 1 If for two nodes A and B, forming an edge
in Gabriel graph, there exist alternative paths between
them not containing the edge A-B, then a message can
be sent from A to B using the right/left hand rule along
the inner side of a face containing A-B, without using
edge A-B.

Proof:
From Lemma 3, existence of alternative path between
nodes A and B implies existence of two faces contain-
ing the edge A-B. Since removing of an edge inside
a face cannot create two partitions, connectivity be-
tween nodes A and B will still exist inside the face af-
ter the edge A-B is removed. So, it will be possible to
send a message from A to B using right/left hand rule
through a face containing the edge A-B without us-
ing the edge A-B.

Theorem 2 If for two nodes A and B, forming an edge
in Gabriel graph, there exists no alternative path between
them, then a message sent from A to B along the in-
ner side of the unbounded face containing A-B, using the
left/right hand rule, without using the edge A-B, will re-
turn to A.

Proof:
Since edge A-B is a bridge in the observed graph, its re-
moval from the graph will form two partitions, each
of them connected, node A belonging to one and node
B to the other partition. Both of the nodes are be-
longing to the unbounded face as a direct conse-
quence of partitioning. If node A sends a message
to node B using the left/right hand rule on the in-
ner side of unbounded face surrounding the partition

to which the node A belongs, that message will tra-
verse all the nodes on perimeter of partition to which
node A belongs and return to node A, since node B be-
longs to the other partition.

In our algorithm, in order to test a link that is pos-
sibly critical, delegated node A is sending a message to
the node B on the other side of the link without knowl-
edge of global graph topology. In case that alternative
paths between nodes A and B exist, by theorem 1, mes-
sage from node A will reach node B in finite number
of steps. In case that there are no alternative paths be-
tween nodes A and B, by theorem 2, the message sent
by node A to node B will return to its sender in fi-
nite number of steps. This verifies the correctness of
our algorithm.

4. Additional Issues and Extensions

We are developing a protocol based on the proposed
algorithm and implementing it in ns-2 network simu-
lator [1]. Node density will be varied and different pa-
rameters of network will be measured. One of main con-
cerns is to determine the amount of traffic generated by
our approach, frequency of regular updates and proba-
bility of link breakage Pthreshold as functions of average
node movement speed. Another interesting parameter
to observe is the amount of the processor time and en-
ergy spent on calculations needed for prediction of lo-
cal link breakage.

Two issues are left open by the algorithm. The most
important one is shown on Figure 6. Let us suppose
that links A-B and C-D are declared as locally crit-
ical at the same time. Link A-B will be declared as
non-critical because of existence of the link C-D and
vice versa. However, the network can become parti-
tioned because of the simultaneous breaking of both
links at approximately the same time. We are consid-
ering this a pathological case because it is highly un-
likely to happen in a network where nodes are having
random and independent movement.

The second issue is that, because of the specific re-
quirements for the construction of Gabriel graph, sys-
tem can occasionally generate false alarms. We consider
this a feature of the system, and not a problem. More
important for our algorithm is to predict the partition-
ing always when a partitioning is going to happen, and
several false alarms can be disregarded. We plan to in-
vestigate the frequency of false alarms through simula-
tions.

After we have simulation results, we plan to solve
both issues on the protocol layer.
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Figure 6. Pathological case of graph partitioning

The proposed algorithm will be extended to sup-
port prevention of partitioning in manets, under the
assumption that movement of the nodes can be influ-
enced. We are currently investigating several strategies
for partition prevention:

- Adding helper nodes to reinforce critical links, act-
ing as mobile routers.

- Assigning priorities to nodes, where nodes of
higher priority must maintain connections and
movement pattern at the expense of move-
ment of nodes with lover priorities.

- Assigning a task (movement pattern) to the group
of nodes, with the objective that at least a speci-
fied percent of nodes will always be in range, thus
allowing clustering (partitioning) with predefined
granularity.

5. Conclusion

The issue of partition prediction in manets is becom-
ing increasingly important, as we develop new scenar-
ios and applications that rely on this paradigm. Stand-
ing out among them are rescue operations, where par-
tition of the network can lead to the loss of human
lives.

The existing solutions known from the graph the-
ory can be applied to test for partitioning of the quasi-
static networks, like the Internet, but are not suitable
to fast changing topologies, such as manets. The main
problem is that these solutions require global topology
knowledge, which is not acceptable in manets. There-
fore, we are forced to look for alternative solutions.

We propose a distributed algorithm for predicting
network partitioning in location-aware manets. Based
on positions and speeds of one-hop neighbors, every

node calculates probability that its neighbor links will
become broken. Then, using planarity of Gabriel graph,
the algorithm checks whether links identified as poten-
tially critical can cause network partition. For this al-
gorithm to work, it is enough for each node to know its
one-hop neighbors only since the construction of the
Gabriel graph, calculation of link breakage probabil-
ities and critical link testing are all distributed pro-
cesses that require no global network topology knowl-
edge.

The proposed approach can predict network parti-
tioning but it cannot prevent it. We plan to extend
the algorithm with techniques to prevent partitioning
once it is predicted by influencing node movement pat-
terns.
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