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On maximizing the lifetime of distributed
information in ad hoc networks with individual

constraints
C. Westphal

Abstract— Ad-Hoc networks and in particular sensor
networks are networks of nodes with limited battery and
limited processing capacity. As such, a single node carries
an incentive to limit the amount of data it contains. This
leads to the expiration of the data carried by the node af-
ter a period of time, due for instance, to a re-boot after an
off period in the duty cycle, or to older information being
”pushed” out by new data received by the mobile node. On
the other hand, some data is critical to the functioning of
the whole network. For instance, the existence and position
of a gateway towards the infrastructure network should be
kept somewherein the network, so that nodes are able to
recover this information when needed. In this extended ab-
stract, we study the trade-off between the finite lifetime of
a piece of information at each node, and the survival of this
information indefinitely within the network. We consider
a simple dissemination process for the information akin to
an AODV-based information request/reply mechanism. We
show that the maximum number of hops in a request is a
critical parameter to ensure the survivability indefinitely of
any information within the network. We identify the pa-
rameter which minimizes the load on the network, for a
network graph satisfying the Poisson boolean model. We
also show how to minimize the cost of the dissemination on
the network, so as to keep this cost asymptotically to 0.

Index Terms— Ad-hoc networks, sensor networks, con-
tact process, peer-to-peer systems.

I. I NTRODUCTION

AD-HOC networks are collection of nodes orga-
nized without the assistance of an infrastruc-

ture. The nodes join and leave the network, or move
about, making it a permanent challenge to identify
which node is able to provide which information to
the other nodes in the network.

Further, resource constraints on the node limit the
amount of data carried by each node. Due to these
resource constraints, the data carried by the node dis-
appears, or expires after some time. For instance, in
a sensor network, a node might alternate between on
and off states to economize battery power. At ev-
ery wake-up time in the duty cycle, the states that

were maintained in the previous cycle might have
been flushed out. The node then starts the new cy-
cle with a blank slate. The lifetime of the data which
composed these states is thus that of the newon cy-
cle.

In another example, the constrained resource
could be the memory storage itself: a node in an ad
hoc network might store data that keeps streaming
in. For instance, a set of nodes sharing mp3 or mpeg
files in an ad-hoc peer-to-peer network: the capac-
ity of the typical portable multimedia player is much
less than the size of a typical music library, let alone a
movie library. After some initial period filling in the
memory, some choice has to be made as to what to
keep and what to discard. If all the data has the same
priority, then a FIFO policy could be used to discard
the oldest data and replace it with the newest. Other
policies would yield different length of stay for the
data on the device, but in most case, a finite lifetime
is assigned to the data by the user’s policies and re-
source constraints.

In an ad-hoc networks, without even considering
that nodes could move relative to each other, locating
data objects which has a finite lifetime might prove
difficult: the data object that existed at timet might
have expired at timet + τ . Since each single piece
of data will eventually disappear, the data consisting
of a given object must be replicated throughout the
network. For instance, a peer-to-peer network will
contain multiple copies of the same mp3 file. Mul-
tiple sensor nodes in a wireless sensor network will
contain a network configuration file pointing to the
physical location of the information sinks in the sen-
sor network, or some routing information, or some
other data object pertaining to the function of the net-
work.

While each node tends to discard data objects
to satisfy its resource constraints, the network as a
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whole has an incentive to ensures that copies of each
object are alive and distributed throughout the net-
work. The object might be necessary for the network
to work properly, as in the configuration file example
in a sensor network. Or the wide availability of even
the rarest objects might be an incentive for nodes to
join the network, as in the peer-to-peer example. The
network incentive is thus to preserve the existence of
data objects while each single node has the resource
constraint to remove such objects.

A. Dissemination Process

The issue we are interested in becomes dual: first,
is it possible to ensure thatlive replicas of a given
object exist within the network at all times? And sec-
ond, when a node requires the use of a data object, is
it possible to locate such object efficiently?

Before stating the main results, we consider the
problem of locating objects distributed throughout
the network. A node needs to access a given object.
In an ad hoc network, this first node is unable to refer
to a centralized location registry, as there is no such
infrastructure. The simplest way is for this node to
broadcast an object request. The request is sent to its
neighbors, who relay it to their neighbors, etc., un-
til it finds a second node that has a live copy of the
object. This second node can then reply to the first
one with a copy of the object. This is the principle
that AODV [9] uses to locate the correspondent of a
node for routing purpose. It has been suggested [5]
to extend this protocol to locate a more general class
of objects than routing data. We consider a similar
request/reply mechanism for the problem of locating
objects in the ad hoc network.

The request/reply mechanism is attractive as it
both locates and replicates the data objects. Each
positive reply creates a fresh copy of the object at the
requestor, which then uses the object for its intended
purpose and stores it for other for a period of time.
We call this mechanism thedissemination process.

More sophisticated solutions using distributed
hash tables (see for instance [10], [11] and numer-
ous others) exist, but we do not consider them at this
point: since the lifetime of the object is not knowna
priori but is rather a parameter of the node holding
the object, it is difficult for a DHT to always point to
a live copy. If the DHT does not point to a live copy,
then the broadcast mechanisms becomes the default
mode anyway.

Of course, flooding the network will find any copy
of the requested object. However, we would like
to minimize the impact of the broadcasting phase,
mostly by limiting the broadcast radius. As the num-
ber of nodes grows, the amount of broadcast traf-
fic grows as well. Mechanisms exist to reduce the
amount of data (minimal spanning tree broadcasting
mechanism, such as [1] for instance) but they add on
processing complexity.

Information Distribution in a Lattice Topology

Fig. 1. Information distribution over a lattice

Figure 1 depicts a lattice network which was uni-
formly seeded with replicas of one object. It shows
the distribution of the objects after running the re-
ply/request dissemination process: nodes with a
thicker diamond mark are the nodes which store the
valid object, nodes with a light mark do not maintain
a state with the object. However, the object is dis-
tributed somewhat uniformly in this scenario, and it
is available to most nodes within 3 hops.

A contribution of the paper is that it is the first
study of an ad hoc network that stores object with a
finite lifetime. The typical assumption in distributed
systems is that the information is not perishable,
something that is not true due to the individual nodes
constraints in an ad-hoc or a sensor network. We also
believe that it is one of the first attempts at general-
izing the contact process to the field of ad hoc net-
works, where we believe it would find a wide appli-
cability. It has been used in a communication con-
text, but in one dimension by [12].

We now detail the analytical model before stating
the results. We will not give formal proofs of the re-
sults due to space constraints and the abstract format.
Proofs are given in a forthcoming paper.
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II. N ETWORK MODEL

We consider the network graph as a Poisson
boolean modelB(ζ, R), where the nodes are dis-
tributed according to a Poisson point process inR2

with intensityζ and two nodes are connected if they
are within distanceR of each other. We setR to
be supercritical, as no dissemination can occur oth-
erwise.

III. T HE THRESHOLDCONTACT PROCESS

The threshold contact process was studied by [3].
It is a variant of the contact process first described by
Harris [4]. For an in depth description of the contact
process, we refer the reader to [6], [7]. The threshold
contact process is a Markov process on the lattice.

In 2 dimensions, the process{Xt(v)} takes value 1
if the nodev with coordinates(x, y) ∈ Z2 possesses
some given object, or 0 otherwise. We will write that
a nodev is infected ifX(v) = 1, or that the sitev is
occupied.

In the threshold contact process, an occupied node
becomes vacant with rate 1, while a vacant node
becomes occupied with rateλ if at least θ nodes
w ∈ v +N are occupied.N is a convex finite subset
of the lattice centered at the origin, which is invariant
by the reflections about and the permutation of the
coordinate axes. In our case, we consider a particu-
lar case of the threshold contact process, withθ = 1
andN the set of nodes at distanceD of the origin,
where the distance of(x, y) to the origin is|x|+ |y|.

The initial condition of the process is the finite set
S of nodes such that, at time 0,X0(s) = 1 if s ∈ S
and 0 otherwise.

One quantity of interest is the extinction time for
the contact process when the initial condition at time
0 is S as it depends onλ, namelyτS(λ):

τS(λ) = inf{t : ∀x, y ∈ Z2, Xt(x, y) = 0} (1)

One canonical result is that there exists a value of
0 < λc < ∞ which defines a critical threshold: ifλ
is less thanλc, thenλ is described as subcritical, and:

P [τS(λ) < ∞] = 1 (2)

Otherwise, ifλ > λc, that is, in the supercritical
case:

Θ(λ)
∆
= P [τS(λ) = ∞] > 0 (3)

In the first case, the process dies out in a finite time
almost surely. In the second case, there is a posi-
tive probability that the process never becomes ex-
tinct. While the second case does not guarantee the
survival, the first case guarantees the extinction: this
should be enough motivation to identifying the value
which separates both cases.

Θ can be made close to 1 by choosing the right
λ. Whenever we talk about an object staying alive
indefinitely, it is to be understood: staying alive with
some chosen probabilityΘ.

IV. CRITICALITY OF THE BOOLEAN MODEL

The first contribution of this paper is to generalize
the threshold contact process to the Poisson boolean
model, and to identify the existence of a critical ra-
diusD. For a fixedλ, there exists a radiusDc such
that, forD > Dc, P (τ = ∞) > 0.

We now state the results formally, and give a
sketch of the proofs.

Lemma IV.1:For a fixedλ, there exists a critical
radiusDZ2

c for the threshold contact process on the
latticeZ2

For D < Dc, the process is subcritical, and, if
τ(D) is defined as, for some finite initial condition
setS:

τS(D) = inf{t : ∀x, y ∈ Z2, Xt(x, y) = 0} (4)

then:

P [τS(D) < ∞] = 1 (5)

Otherwise, ifD > Dc, that is, in the supercritical
case:

Θ(D)
∆
= P [τS(D) = ∞] > 0 (6)

Sketch of the proof: IncreasingD increases the
number of nodes that can request the object from a
given node, and thus the likelihood that a node will
disseminate the object. The system withλ fixed and
a variableD can be mapped to system withD fixed
and a variableλ. It can be shown that the critical be-
havior ofλ translates into a critical behavior forD.

Theorem IV.1:For a fixedλ, there exists a criti-
cal radiusDB

c for the threshold contact process on
B(ζ, R).
Sketch of the proof: The idea is to superpose a
lattice upon the Poisson boolean model, and to use
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Lemma IV.1. To construct the lattice, pick a length
l, and define the grid of linesx = k.l, k ∈ Z and
y = j.l, j ∈ Z. These lines define squares of side
length l. Two squares are neighbors if they share a
side. By percolation theory, one can findL such that,
for l > L, each square in the grid is connected to
its neighbors by a path in the Poisson boolean model
with some arbitrarily high probability.

Fix a l > L. The number of nodes in such a path
within a square is bounded above by a fixed number
K, which depends onl. This results from a sphere
packing argument. Thus, forD > 2DZ2

c K, one can
apply Lemma IV.1 to show that the information stays
alive with probability greater than 0, and thus that
DB

c exists and is less than2KDZ2

c .

V. COST OF THE DISSEMINATION

The previous section dealt with disseminating in-
formation in the network so as to ensure it survives.
We have seen that if each nodes requests the infor-
mation from its neighborsD hops away, then the
information is preserved in the network, with some
probabilityΘ.

The cost in number of messages per node per unit
of time can be assessed. It depends on the number of
neighbors of each node, which depends on the inten-
sity ζ of the Poisson process in the Poisson boolean
model, and onD. It is of the order ofλ(ζπR2)D.

The next theorem shows how to minimize the cost
by dividing the nodes in three categories: nodes
which request and store the information, nodes
which only forward the information, and nodes
which stay idle.

Theorem V.1:Define the costc of maintaining the
information alive to be the number of messages
transmitted per node per unit of time. For eachε > 0,
we can construct a dissemination mechanism such
thatc < ε.
Sketch of the proof: The idea of the proof is to re-
strict the nodes participating to the dissemination to
the minimal number of nodes, and keep the other
nodes idle. If the fraction of active nodes is small,
then the cost is low. Consider again the grid of
squares(k.l, j.l)((k+1)l, (j +1)l) wherel is chosen
larger thanL. We choose one node in each square to
be a request-and-store node. We pick this node to be
one of the nodes connected to the square’s neighbor
by horizontal and vertical paths. Nodes on the hori-
zontal and vertical paths are forwarding nodes: these

nodes only carry the requests and reply between the
nodes of the first type. All the other nodes are idle
nodes, and do not participate in the dissemination.

This defines a lattice overlay network over the
original network. Each request-and-store nodes are
at most2K hops away, so a request sent over2KD
hops will visit D request-and-store nodes. The
threshold contact process can be kept alive indefi-
nitely with probabilityΘ, for D > DZ2

c .
To assess the cost, see that there are aboutζl2

nodes in the square, but transmission involves at
mostK4.3(D − 1) transmission. This upper bound
comes from the fact that each square other than the
origin can forward the request to at most 3 neigh-
bors. Using lemma V.1, which we will detail below,
and takingl large enough ensures thatc < ε.

Lemma V.1:Define byP the length of the path,
measured in hop count, from one request-and-store
node to the next.P = o(l2)
Sketch of the proof: The intuition behind this re-
sult is that one can narrow a path into a smaller and
smaller area of the square as the size of the square
grows larger.

VI. CONCLUSION

We have claimed that the threshold contact process
on the Poisson boolean model exhibit a phase tran-
sition for the broadcast radiusD, and that a reply-
request can be used to keep the information objects
alive within the network at an arbitrarily low cost.
Further issues to consider involve the design of the
protocol to ensure that all the nodes that are part
of the infinite cluster in the Poisson boolean model
take turn being a request-and-store node, a forward-
ing node or an idle node.

Another issue of interest is how to reduce the cost
of disseminating the information while keeping it
available to all the nodes with some probability, and
not only to an overlay subset.
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