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Abstract. We have studied the connectivity of ad-hoc network can be improved by in-
creasing the time to live (TTL) in a time dependent network model. Predicting the future
and storing the information expends node resources. This expense will be worthwhile if
the cost of predicting the future brings a clear improvement on the information delivery. In
this paper we describe the connectivity improvement by simulation on different mobility
models including Random Model, Group Model, Freeway Model and Manhattan Model.
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1 Introduction

Multi-hop ad-hoc networks have been the focus of recent research and development
efforts [1]. Ad-hoc networks consist of mobile hosts which communicate with each other
over wireless links. Each mobile host has the capability to communicate directly with
another mobile hosts in its vicinity and also, can forward packets destined to other nodes.
Ad-hoc networks are used in situations like disaster recovery, law enforcement and wireless
conferences.

Two mobile nodes will not be able to transmit information to each other if they are out
of range, there is no route between them or there is a communication failure. Consequently
all nodes are not reachable because the network is divided into subnetworks. If the ad-hoc
network consists of a set of subnetworks, a possible way to connect these subnetworks is
by increasing the transmission range of the mobile nodes until all nodes are reachable,
and hence allowing the flow of information between the nodes.

Another way to transmit information in a disconnected network is the following: if a
node wants to communicate with an unreachable node, the node transmit its informa-
tion to a gateway node in its subnetwork. As the gateway node moves (or the nodes of
the destination subnetwork approach), eventually it will be in reach of the destination
subnetwork, when this happens, the gateway node will deliver the information to the
subnetwork with the destination node. Clearly this approach is based on the assumption
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that the gateway node eventually will reach the destination subnetwork. In this paper we
are going to suppose that, a gateway node reaches the destination subnetwork and we are
going to study for how long the gateway node should keep the information before it can
be delivered.

The motivation of our study comes from two possible modes of operation of ad-hoc
network. One mode is to transmit the information, in the form of packet traffic, only if
there is a route between the source and destination node. If the route disappears before
a packet reaches its destination, then the packet is dropped. The network looks for a new
route, and if it exists the packets are sent via the new route. The other possible method is
if there is no route, transmit the packet to a node that has a good chance that is going to
be connected in the future with the destination subnetwork. This approach requires the
classification of the mobile nodes as possible candidates to become the gateway nodes.
This classification requires the prediction of the future mobility of the nodes. Is this
approach worth it? Predicting the future expends node resources, hence this second mode
of operation will be viable if the cost of predicting the future brings a clear improvement
on the information delivery. Here we suppose that we can classify the gateway nodes and
concentrate on the related problem, for how long we need to keep the information in the
gateway node before it can be delivered, or equivalently for how long we need to predict
the future to improve the chances of successful communication.

Some schemes have been proposed which attempted to predict the future availabil-
ity of wireless links based on individual node mobility. Su et al [4] exploited the user′s
deterministic travelling pattern to predict the future state of the network topology. The
amount of time two mobile hosts will stay connected is predicted using the hosts′ velocity,
direction, position and distance at the time. Chen et al [5] used recent and past move-
ment histories to predict the future movement of mobile hosts. Their method needs the
individual mobile hosts to collect and maintain mobility data including movement path,
the duration of connection period and the frequency of revisiting a previous path. Every
node in the network stores the above data into a pattern table and a movement cache
table. The prediction algorithm uses path matching and the probability that a user will
leave the current grid within a time interval relative to the current time. What is not
clear from these methods is if they will work for different node mobility scenarios and if a
short or a long time prediction is needed for the improvement of the network operation.

To study this last point, we consider that a packet has a time to live TTL, where this
TTL means a physical amount of time (not the number of hops visited by the packet as
it transverses the network). In here we study if the reachability of the ad-hoc network
can be improved by increasing the TTL instead of increasing the transmission range. If
not all possible routes between nodes exist but we are convinced that a route will appear
in the future the problem is to decide for how long we need to keep the information. As
the nodes can move in different ways, the TTL is going to depend on the mobility of the
nodes. To consider this situation we looked at different ad-hoc node mobility models and
studied how the velocity distribution and node density influences the value of the TTL.

The rest of the paper is organized as follows. Section 2 describes the time dependent
network model. Section 3 introduces the four mobility model we used. Section 4 shows the
connectivity improvement when changing TTL in the different mobility models. Section
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5 are our conclusions.

2 Description of a Time Dependent Network

Our approach to describe the connectivity of a time dependent network based on the
TTL is better explained using the following example: suppose at time t1 node a wants
to transmit a packet to node d but there is no route between these two nodes. It is
possible because of node movement, a node that is connected to node a at t1, say node b,
connects to node c at time t2, and later in time t3 c connects with node d. The successful
transmission of the packet via the route abcd requires the TTL of at least t3 − t1. Figure
1 shows this situation.

Fig. 1. example of a time dependent network

To obtain time dependent routes, we used Floyd′s Algorithm [2][3] with an extended
adjacency matrix A. If the number of nodes in the network is N , then the size of the
adjacency matrix is set to N ′ = (N + 1)TTL. The extended adjacency matrix is defined
as follows:

If t∗ is the unit of time for the TTL then k labels the increment of time in TTL units.
The entries of the adjacency matrix is defined as:

An,m =





1, if n = i + Nk,m = j + Nk, if node i connects to node j at time Nk
1, if n = i + Nk,m = i + N(k + 1), as node i connects with itself
0, otherwise

(1)

where k ∈ [0, TTL/t∗], i, j ∈ [1, N ]
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The connectivity of the graph described by the extended adjacency matrix is compared
with the connectivity of a fully connected graph by evaluating

r =
1

T

T∑

i=1

ci

N × (N − 1)/2
(2)

where T is the simulation time and ci is the amount of connected node pairs.

3 Mobility Models

In ad-hoc wireless mobile networks, the mobility models focus on the individual motion
behavior between mobility epochs, which are the smallest time periods in a simulation in
which a mobile host moves in a constant direction at a constant speed.

Johnson and Maltz′s Random Waypoint mobility model [6] is an extension of a purely
random walk. This model breaks the entire movement of a mobility host into repeating
pause and motion periods. A mobile host first stays at a location for a certain time then
it moves to a new random-chosen destination at a speed uniformly distributed between
[0, MaxSpeed]. Perkins and Royer [7], Broth et al [8] use this model to evaluate some of
the ad-hoc protocols. We also use this model in our study.

Hong et al proposed Reference Point Group Mobility (RPGM) model [9], where every
group of nodes has a reference node which characterizes the mobility of the group. At
each instant, every node has a speed and direction that is derived by randomly deviating
from that of the reference point. There is no restriction of the distance between nodes in
the group, which means nodes in one group could distribute in the whole area of network.
In this paper we use a new Group Mobility Model to avoid the nodes spreading through
the whole area. This is implemented by restricting how far the nodes of one group can
move away from the group leader.

Bai et al [11] proposed two other mobility models, i.e. the Freeway Mobility Model and
the Manhattan Mobility Model to consider mobile nodes moving on a transport network.
We also examine the time dependent connectivity on these two models.

3.1 Random Model

The Random Model is the most commonly used mobility model in the research com-
munity. In our simulation, the implementation of this mobility model is as follows: at
every instant, a node randomly chooses a destination and moves towards it with a veloc-
ity chosen uniformly randomly from [0, Vmax].
After reaching the destination, the node stops for a duration of time defined by the ′pause
time′ parameter. After this time, a random destination is chosen, and the whole process
is repeated.

3.2 Group Model

Each group has a logical center (group leader) that determines the group′s motion
behavior. Initially, each member of the group is uniformly distributed in the neighborhood
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Fig. 2. Random Mobility Model
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Fig. 3. Group Mobility Model

Fig. 4. Freeway Mobility Model Fig. 5. Manhattan Mobility Model

of the group leader. Subsequently, every node moves around its group leader with the
restriction that the distance between node and its leader cannot exceed a certain distance.

The group mobility can be characterized as follows:

1. At every time instant, the destination of node is randomly chosen from the square area
of (Xleader(t)−Radius/2, Yleader(t)−Radius/2) to (Xleader(t) + Radius/2, Yleader(t) +
Radius/2), where Radius is the maximum distance allowed between group leader and
the nodes.

2. The speed of nodes in the group at time t is randomly chosen from [Vleader(t) ±
SpeedDivation ∗ Vleader(t)]

3.3 Freeway Model

This model [11] emulates the motion behavior of mobile nodes on a freeway. It can be
used in exchanging traffic status or tracking a vehicle on a freeway. In this model maps are
used. There are several freeways on the map and each freeway has lanes in both directions.
The differences between Random and Freeway are the following:

1. Each mobile node is restricted to its lane on the freeway.
2. The velocity of mobile node is temporally dependent on its previous velocity. Formally,

Vi(t + 1) = Vi(t) + random()ai(t)
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3. If two mobile nodes on the same freeway lane are within the Safety Distance (SD), the
velocity of the following node cannot exceed the velocity of preceding node. Formally,
∀i, j, t, if Di,j(t) < SafetyDistance, then Vi(t) < Vj(t), if j is ahead of i in its lane.

Due to the above relationships, the Freeway mobility pattern is expected to have
spatial dependence and high temporal dependence. It also imposes strict geographic re-
strictions on the node movement by not allowing a node to change its lane.

3.4 Manhattan Model

The Manhattan Model [11] is to emulate the movement pattern of mobile nodes on
streets defined by maps. It can be useful in modelling movement in an urban area where
a pervasive computing service between portable devices is provided.
Maps are used in this model too. The mobile node is allowed to move along a grid of
horizontal and vertical streets on the map. At an intersection of a horizontal and a verti-
cal street, the mobile node can turn with certain probability left, right or carry on. The
mobility of the nodes has the same restrictions as in the Freeway Model, the velocity is
dependent on the previous velocity and nodes cannot overtake each other.
Thus, the Manhattan Mobility Model is also expected to have high spatial dependence and
high temporal dependence. It imposes geographic restrictions on node mobility. However,
it differs from the Freeway Model in giving nodes more freedom to change their directions.

4 Simulation

In our simulation of the Random Model, 50 nodes move in an area of 1000m2, the
speed varies from 5m/s to 20m/s and the direction changes randomly at every time slot.
The TTL is set to 0, 5, 10 and 20. The simulation time is 1000 time slot.
In the Group Model, there are 5 groups, and each group has 15 nodes. The radius of the
group is 100m. The speed deviation of nodes from the group leader is 0.1.
In the Freeway Model, the velocity is restricted to 0 − 50m/s and the maximum accel-
eration is 3m/s2. In the Manhattan Model, the velocity of the city map is restricted to
10− 50m/s, the velocity of mobility nodes in our simulation is 10− 15m/s, and the max-
imum acceleration is also 3m/s2.

4.1 Connectivity Improvement on Four Mobility Models

From Figure 6, we can see that the delivery of packets improves when the transmis-
sion range is increased. This improvement becomes more dramatic when the TTL is also
increased. For example, if the transmission range is 20, the ratio r (Eq. 2) changes from
0.2 for TTL = 0 to 0.85 for TTL = 20, which suggests that there is a huge gain in node
reachability when we keep packets for a certain amount of time. Also there is an great
improvement in the connectivity for the Freeway and Manhattan Model, see Figure 8 and
9.
Figure 7 shows that the Group Mobility Model is different from the other models as there
is no notable connectivity improvement when increasing the TTL. This is because the
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Fig. 6. Connectivity Improvement of Random Mo-
bility Model

Fig. 7. Connectivity Improvement of Group Mobil-
ity Model

Fig. 8. Connectivity Improvement of Freeway Mo-
bility Model

Fig. 9. Connectivity Improvement of Manhattan
Mobility Model

distance between different groups is larger than the distance between nodes. Nodes in the
same group can communicate with each other most of the time, but it is quite difficult
for them to connect to other groups.

4.2 Velocity Effect

The velocity of vehicles in the transport network is an important factor when consid-
ering the connectivity of the nodes. In the simulation of Section 4.1, the velocity of the
nodes in the Freeway and Manhattan Model is restricted to 0− 50m/s and 10− 15m/s.
From [10], it is known that the average Link Duration and Path Duration of the Freeway
and Manhattan Model will been reduced when the velocity increases. For our time depen-
dent network, it means the possibility to obtain a new route between nodes will increase.
From Figure 10 and 11, we can see that when the velocity increases to 60− 70m/s in the
Freeway and 30−40m/s in the Manhattan Model, although the connectivity at TTL = 0
decrease a little because of more frequent breaks of routes caused by high velocity, the
connectivity at TTL = 20 increase dramatically in both models. This is because there
is more chances for the nodes to find a route to other nodes in the future. The aver-
age connectivity, when the velocity is between 0 − 50m/s, improves by 0.27 when going
from TTL = 0 to TTL = 20 for the Freeway Model. In the case of the velocity equals
60− 70m/s, the improvement is 0.62. Similarly for the Manhattan Model, the ratio also
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Fig. 10. Velocity Effect on Connectivity Improve-
ment of Freeway Mobility Model

Fig. 11. Velocity Effect on Connectivity Improve-
ment of Manhattan Mobility Model

improves from 0.29 to 0.52. The average connectivity ratio, when TTL = 20, improves
by 0.33 when going from 0 − 50m/s to 60 − 70m/s in the Freeway model and 0.28 in
the Manhattan Model. This means although the velocity changes does not effect network
connectivity at TTL = 0, it will remarkably improves the connectivity of ad-hoc network
based on our time dependent network model for the Freeway and Manhattan Mobility
Model.

4.3 Density Effect

Fig. 12. Density Effect on Connectivity Improve-
ment of Freeway Mobility Model

Fig. 13. Density Effect on Connectivity Improve-
ment of Manhattan Mobility Model

Density of lanes in the city or freeway is another important factor. Compared to simu-
lation of Section 4.1, we created new maps which change the number of lanes in the map
from six to ten in the Freeway Model, and from twelve to twenty in the Manhattan Model
to study the effect of density in our simulation.
From Figure 12 we can see that when the density increases in the Freeway Model, al-
though the connectivity at TTL = 0 decreases, the connectivity at TTL = 20 increases.
The average connectivity ratio improvement from TTL = 0 to TTL = 20 is 0.27 in the
case of having six lanes in the Freeway Model, and 0.55 in the case of ten lanes. When the
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TTL is 20, the average connectivity ratio of the whole network in high velocity situation
is 0.26 higher than the normal velocity situation in the Freeway Model.
The situation is different for the Manhattan Model, from Figure 13, we can see that when
the density increases, the connectivity at TTL = 20 decreases compared with the case
at TTL = 0. The average connectivity ratio improvement from TTL = 0 to TTL = 20
is 0.52 for high density map. However, the average connectivity for the high density case
is smaller than for the low density case. This is because more lanes in the Manhattan
Model means the mobility nodes are more dispersed, and more crossroads also means the
mobility nodes will change their direction more frequently hence the chance for them to
find a route in the future will be more difficult.
This means although the high density will improve the connectivity of ad-hoc network
based in the Freeway Model, it would have the opposite effect on the Manhattan Model.

5 Conclusion

In this paper we studied the connectivity improvement and the effect of different
parameters of different mobility models. Although predicting the future and store the in-
formation in the gateway node expends node resources, the connectivity of ad-hoc network
of Random, Freeway and Manhattan Model can be significantly improved by increasing
the TTL. Hence the time prediction is worthwhile when there is the requirement of high
connectivity.

The velocity of vehicles in the transport network is an important factor when consid-
ering the connectivity of the nodes. In our simulation, we have showed although the nodes
velocity does not effect network connectivity with TTL = 0, it will dramatically improve
the connectivity of ad-hoc network by increasing the TTL for the Freeway and Manhattan
Mobility Model. Also high density of mobile nodes will improve the connectivity of ad-hoc
network for the Freeway Model, but not for the Manhattan Model.

From our results it seems that the cost of predicting the future brings a clear im-
provement on the information delivery. In the future we are going to carry on detailed
simulations to clarify if this is the case.
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