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Abstract. Fadip is a Publish/Subscribe system for Mobile Ad hoc Net-
works which uses probabilistic routing of messages to deal with the
volatile nature of the network. It uses controlled propagation of pub-
lications and subscriptions, with the fading gossip technique to reduce
the number of broadcasts. We present a probabilistic logic program in
ProbLog that models Fadip. This allows us to calculate the probabilities
that messages are successfully received by subscribers and to analyse the
performance of the Fadip system.
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1 Introduction

We use ProbLog [1], a probabilistic extension of Prolog, to analyse Fadip [2],
a Publish/Subscribe protocol for Mobile Ad hoc Networks (MANETs). Pub-
lish/Subscribe systems for MANETs are used commonly in disaster recovery,
smart city and vehicular networks. We model a MANET as a probabilistic graph
representing connections between nodes by ProbLog’s probabilistic facts. The
Fadip protocol can be seen as a special kind of path finding in such a probabilis-
tic graph. As there can be multiple non-mutually exclusive paths between two
nodes, ProbLog is an appropriate probabilistic system to model this application.

Our main contribution is to show how a simple ProbLog program can encode
this Fadip application for the case of one publisher and one subscriber, and how
simple ProbLog queries can then compute the probabilities of message delivery
for different parameter settings. Before, simulations were needed to estimate
delivery ratios, while now they are inferred analytically.

We analytically investigate the delivery probability among random node pairs
and show the effects of the fading gossip technique. We also evaluate different
parameter settings and conclude on what their impact is.

2 Problem Statement

Publish/Subscribe systems have been intensively studied for wired networks and
infrastructured mobile networks [3]. When used in MANETs they suffer from



scalability issues. Fadip [2] is a Publish/Subscribe system for MANETs and is
designed to be lightweight in terms of the network topology (i.e. fixing routing
information and maintaining logical structures of nodes) and the number of
messages exchanged for communication. To achieve a reasonable delivery ratio,
Fadip uses a hybrid model which propagates subscriptions and publications as
bounded as possible and makes matching in intermediary nodes which act as
undedicated rendezvous points. In Fadip, the routing is done probabilistically
and neither the publishers nor the subscribers have any information about where
their publication or subscription might be matched.

3 ProbLog

ProbLog [1] is a probabilistic framework that extends Prolog with probabilistic
facts. A ProbLog program specifies a probability distribution over all possible
non-probabilistic subprograms of the ProbLog program. The success probability
of a query is defined as the probability that it succeeds in these subprograms.

ProbLog has been motivated by the real-life application of mining large bio-
logical networks where edges are labelled with probabilities. An edge represents a
probabilistic link between the concepts represented by its nodes. The probabilis-
tic links are mutually independent. ProbLog typically computes the probability
of the existence of a path between two nodes [4]. The contribution of common
parts in different paths between two nodes to the final probability is dealt ac-
cording to the inclusion-exclusion principle from set theory.

4 Fadip Model in ProbLog

We model the MANET as a probabilistic graph. The graph nodes are the nodes
of the mobile network. The graph edges model the connectivity between nodes.
In a MANET this connectivity is not permanent. To model this, we attach to
the edges probabilities which express the fraction of the time the connections
are present. These probabilistic edges are represented by probabilistic facts.

We extend the path program to model the Publisher/Subscriber propagation
of Fadip as a bounded bidirectional search of a path among two nodes. The
parameters MaxHopp and MaxHops are used as bounds when propagating the
message of the Publisher and the subscription of the Subscriber, respectively.
We used tabling as in [5] to avoid re-computations and to handle loops.

To integrate the fading gossip, we also need to express the fact that sending a
message has a probability which decreases with the distance from its source [2].
We model this by flexible probabilistic facts, whose probability is determined at
runtime. The delivery of a message between two nodes depends on the connection
being present and the distance from the Publisher.

The model results in a relatively simple ProbLog program that allow us to
query for the probability of a message delivery from a Publisher to a Subscriber1.
1 The ProbLog program and the analysis results can be found at: http://people.cs.
kuleuven.be/~theofrastos.mantadelis/appendixs/PADL2011.pdf



5 Analysing the Model

We present how ProbLog can be used to analyse Fadip. The base operation is
to calculate delivery probabilities. Fadip aims to reduce network traffic. For this
it is beneficial to retain MaxHop parameters as low as possible and to use fad-
ing gossip while retaining a good delivery probability. We used the OMNeT++
simulation log of a 150 node WiFi network, moving randomly at 1m/s in a
playground of 1.5km × 1km. For the selection of Publisher and Subscriber, we
considered two settings based on the distance between them. For the first, we
randomly selected pairs of nodes which have paths with a minimum hop from 4
to 6 and for the second, pairs that have paths with a minimum hop from 8 to 10.
We used ProbLog to query the delivery probability for these pairs with multiple
values for MaxHopp and MaxHops and activating or not fading gossip. The
results of these queries are first used to evaluate the impact of the MaxHop
parameters. We observed that increasing MaxHops has more effect on improv-
ing the delivery probability than increasing MaxHopp. We also used the results
to infer optimal values for MaxHopp and MaxHops. For example, in the first
setting both are 3 and for the second setting are 4, 5 respectively. Our analysis
showed that fading gossip retains a high delivery probability for close distances
up to 3− 4 hops and the delivery probability rapidly decreases for longer paths.

6 Conclusions

We presented an application of ProbLog that models and analyses the perfor-
mance of Fadip. In [6] Bayesian Networks are used to analyse MANETs. By
analysing the model one can infer delivery probabilities for different settings
and use this information to chose optimal parameter settings and do evalua-
tions. For our example network we concluded that MaxHops is more important
for obtaining a high delivery probability than MaxHopp and that the fading
gossip technique has a good delivery probability for small hop counts while the
message rapidly fades for larger hop counts. In [2] similar results are attained
by simulating the behaviour of the network, in this work we attain them ana-
lytically. For future work we want to extend the ProbLog program to support
multiple publishers and subscribers and study the impact of their interaction.
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