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Abstract—In this paper we consider the problem of routing in intermit-
tently connected networks. In such networks there is no guarantee that
a fully connected path between source and destination exists at any time,
rendering traditional routing protocols unable to deliver messages between
hosts. There do however exist a number of scenarios where connectivity is
intermittent, but where the possibility of communication still is desirable.
Thus, there is a need for a way to route through such networks. We propose
PROPHET, a probabilistic routing protocol for such networks and compare
it to the earlier presented Epidemic Routing protocol through simulations.
We show that PROPHET is able to deliver more messages than Epidemic
Routing with a lower communication overhead.

I. I NTRODUCTION

Normally, one of the most basic requirements for enabling
two nodes to communicate through a network is that there exist
a fully connected path between them. However, there are scenar-
ios where this is not the case, but where it still would be desir-
able to allow communication between nodes. Such scenarios in-
clude communication between villages of the Saami population
of reindeer herders in the north of Sweden [1], and other abo-
riginal populations and populations in poor regions [2], but also
satellite communication [3], sensor networking [4], and other
areas where the Delay Tolerant Networking (DTN) architecture
[5] is of interest. In such networks, the mobility of nodes can be
used to enable the delivery of messages – for example, even if
there never is a path between nodes A and C, A might meet node
B and give a message to it, and B might later encounter C, deliv-
ering the message to its final destination. In subsequent sections,
some possible approaches for routing in a network where con-
nectivity is intermittent are discussed, and PROPHET, a proba-
bilistic routing protocol for such networks, is outlined.

II. RELATED WORK

Vahdat and Becker present a protocol for epidemic routing
in intermittently connected networks [6]. When two nodes
encounter each other, they exchange messages being carried
(subject to buffer space), thus causing the messages to spread
through the network like an epidemic of a disease. This ap-
proach ensures that a message reaches its destination as soon as
possible, but it also wastes a lot of resources through unneces-
sary message transfers.

Chen and Murphy propose a protocol called Disconnected
Transitive Communication (DTC) [7]. It utilizes an application-
tunableutility function to locate the node in the cluster of cur-
rently connected nodes that it is best to forward the message
to based on the needs of the application. In every step, a node
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searches the cluster of currently connected nodes for a node that
is “closer” to the destination, where the closeness is given by
a utility function that can be tuned by the application to give
appropriate results.

III. PROBABILISTIC ROUTING

Most users usually do not move around completely randomly,
and movement patterns are thus likely to be predictable, such
that if a location has been frequently visited in the past, it is
likely that it will be visited again in the future. We would like to
make use of this observation to improve routing performance by
doingprobabilistic routing. A probabilistic metric calleddeliv-
ery predictability, P(a,b) ∈ [0, 1], is established at every nodea
for each known destinationb, indicating the predicted chance of
that node delivering a message to that destination. The operation
of PROPHET is similar to that of Epidemic Routing. When two
nodes meet, they exchange summary vectors which in this case
also contain the delivery predictability information stored at the
nodes. This information is used to update the internal delivery
predictability vector as described below, and then the informa-
tion in the summary vector is used to decide which messages
to request from the other node based on the forwarding strategy
used.

Whenever a node is encountered, the metric should be up-
dated according to (1), wherePinit ∈ [0, 1] is an initialization
constant. This ensures that nodes that are often encountered
have a high delivery predictability.

P(a,b) = P(a,b)old +
(

1− P(a,b)old

)

× Pinit (1)

If a pair of nodes do not encounter each other in a while, they
are less likely to be good forwarders of messages to each other,
thus the delivery predictability values mustage, being reduced
in the process. The aging equation is shown in (2), whereγ ∈
[0, 1) is theaging constant, andk is the number of time units
that have elapsed since the last time the metric was aged. The
time unit used can differ, and should be defined based on the
application and the expected delays in the targeted network.

P(a,b) = P(a,b)old × γk (2)

The delivery predictability also has atransitiveproperty, that
is based on the observation that if node A frequently encounters
node B, and node B frequently encounters node C, then node C
probably is a good node to forward messages destined for node
A to. Equation 3 shows how this transitivity affects the delivery
predictability, whereβ ∈ [0, 1] is a scaling constant that decides
how large impact the transitivity should have on the delivery
predictability.



P(a,c) = P(a,c)old +
(

1− P(a,c)old

)

× P(a,b) × P(b,c) × β (3)

A. Decision making

In traditional routing protocols, choosing where to forward
a message is usually a simple task; the message is sent to the
neighbor with the lowest cost path to the destination (usually
meaning least number of hops). Normally the message is also
only sent to a single node since the reliability of paths is rela-
tively high. However, in the settings we envision here, things are
completely different. When a message arrives there might not be
a path to the destination so the node have to keep the message for
a while and each time it encounters another node it must make
a decision if it should forward the message to that node or not.
It might also be sensible to forward a message to multiple nodes
to increase the probability that a message is really delivered to
its destination.

IV. SIMULATION SETUP

To aid in the evaluation of the protocol, we have developed
a simple simulator. The simulator focuses on the operation of
the routing protocols, and does not simulate the details of the
underlying layers.
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Fig. 1. Community model

Our simulations have used a scenario that we call the “com-
munity model”. This scenario consists of a3000× 1500m area
as shown in Fig. 1. This area is divided into 12 subareas, 11
communities (C1-C11), and one “gathering place” (G). Each
node has one home community that it is more likely to visit than
other places, and for each community there are five nodes that
have that as home community. Furthermore, in each community,
and at the gathering place, there is a fixed (non-mobile) node as
well that could be acting as a gateway for that community. The
mobility in this scenario is such that nodes select a destination
and a speed between 10 and 30m/s, move there, pause there for
a while, and select a new destination and speed. Table I shows
the probabilities of different destinations being chosen depend-
ing on the current location of a node.

Every tenth second, two randomly chosen community gate-
ways generate a message for a gateway at another community
or at the gathering place. Five seconds after each such message
generation, two randomly chosen mobile nodes generate a mes-
sage to a randomly chosen destination. After 3000 seconds the
message generation cease and the simulation is run for another
8000 seconds to allow messages to be delivered.

TABLE I

DESTINATION SELECTION PROBABILITIES

From\ To Home Gathering place Elsewhere
Home - 0.8 0.2

Elsewhere 0.9 - 0.1

A warm upperiod of 500 seconds is used in the beginning
of the simulations before message generation commence, to al-
low the delivery predictabilities of PROPHET to initialize. In
our evaluation of the two protocols, we have focused on com-
paring their performance with regard to the following metrics.
First of all, we are interested in themessage delivery ability, i.e.
how many of the messages initiated the protocol is able to de-
liver to the destination. Even though applications using this kind
of communication should be relatively delay-tolerant, it is still
of interest to consider themessage delivery delayto find out
how long time it takes a message to be delivered. Finally, we
also study the number ofmessage exchangesthat occur between
nodes. This indicates how the system resource utilization is af-
fected by the different settings, which is crucial so that valuable
resources such as bandwidth and energy are not wasted.

We ran simulations several times, varying the queue size at
the nodes (the number of messages can buffer), the communi-
cation range of nodes, and the hop count value set in the mes-
sages. For each setup, we made 5 simulation runs with different
random seed.

V. RESULTS

The results presented here are averages from 5 simulation
runs, and the error bars in the graphs represent the 95% confi-
dence intervals. For each metric, there are two graphs with two
different values of the hop count setting. Each of these graphs
contain curves for both Epidemic Routing and PROPHET for
the two different communication ranges. On thex-axis in each
graph, the queue size can be found.

First, we investigate the delivery rates of the protocols in the
different scenarios, shown in Fig.??a). It is easy to see that the
queue size impacts performance; as the queue size increases, so
does the number of messages delivered to their destination for
both protocols. This is intuitive, since a larger queue size means
that more messages can be buffered, and the risk of throwing
away a message decreases. There is a significant difference be-
tween the performance for the two protocols, and it can be seen
that PROPHET is at times able to deliver up to twice as many
messages as Epidemic Routing. Interesting to note is that the
delivery rate (especially for the short communication range) is
adversely affected by an increase in the hop count. This is prob-
ably due to the fact that with a higher hop count, messages can
spread through a larger part of the network, occupying resources
that otherwise would be used by other messages, while with a
lower hop count, the mobility of the nodes have greater impor-
tance.

Looking at the delivery delay graphs in Fig. 2b), it seems like
increasing the queue size, also increases the delay for messages.
However, the phenomenon seen is probably not mainly that the
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Fig. 2. Simulation results from community scenario

delay increases for messages that would be delivered even at
a smaller queue size (even though large buffers might lead to
problems in being able to exchange all messages between two
nodes, leading to a higher delay), but the main reason the av-
erage delay is higher is coupled to the fact that more messages
are delivered. These extra delivered messages are messages that
were dropped at smaller queue sizes, but now are able to re-
side in the queues long enough to be delivered to their destina-
tions. This incurs a longer delay for these messages, increasing
the average delay. Both PROPHET and Epidemic Routing have
similar delays in both scenarios, but as queue sizes grow large,
PROPHET seems to have shorter delays.

Finally, looking at the graphs in Fig. 2c), it can be clearly seen
that PROPHET has a lower communication overhead and sends
less messages than Epidemic routing does. This is due to the
fact that when using PROPHET messages are only sent to “bet-
ter” nodes, while Epidemic routing send all possible messages
to nodes encountered.

Another thing that can be seen from the graphs is that in-
creasing the communication range generally increases the per-
formance in terms of delivery rate and delay, but also increases
the communication overhead. This is not very surprising, since
a larger communication range allows nodes to communicate di-
rectly with a larger number of other nodes and increases the
probability of two nodes meeting each other.

VI. CONCLUSIONS

In this paper we have looked at intermittently connected net-
works, an area where a lot of new applications are viable, vouch-
ing for an exciting future if the underlying mechanisms are
present. Therefore, we have proposed PROPHET, a probabilis-
tic protocol for routing in intermittently connected networks
that is more sophisticated than previous protocols, using his-
tory of node encounters and transitivity to enhance performance

over previously existing protocols. Simulations performed have
shown that in a community based scenario, PROPHET clearly
gives better performance than Epidemic Routing. Thus, it is fair
to say that PROPHET succeeds in its goal of providing commu-
nication opportunities to entities in a intermittently connected
network with a lower communication overhead, and better per-
formance than existing protocols.
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