A Named Data Approach for DTN Routing
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Abstract: Many common DTN routing protocols are repli-
cation-based, which have relatively good performance in terms
of message delivery ratio but high overhead, and leave the
issue of garbage collection open. In this paper, we propose
Named Data Distance Routing (NDDR), a named data based
DTN routing approach which makes routing decisions for
named data based on topological distance information. This
helps to reduce the overhead of routing. We have implemented
NDDR in the ONE simulation environment and the simulation
results show that the proposed routing method has better
performance in terms of message delivery ratio and network
overhead compared with several typical replication-based
DTN routing protocols.
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I.  INTRODUCTION

Delay-and-Disruption Tolerant Networking (DTN) [1] is
an approach which addresses the technical issues in hetero-
geneous networks lacking continuous end-to-end connec-
tions among nodes, e.g., due to node mobility, constrained
power sources, or unreliable links. With the increasing
scope of DTN applications, such as vehicular networking,
monitoring of wild animals [2] and roadside noise [3], effi-
cient and reliable data forwarding is becoming more im-
portant and challenging. DTN routing approaches should
not only consider the message delivery ratio, but also the
network resource consumption, especially in scenarios with
frequent and long duration periods of disconnection.

Many routing protocols for DTN have been developed
[4] and the performance of those protocols has also been
investigated [5]. Among them, Epidemic [6], PRoPHET [7]
and Spray-and-Wait [8] are well-known and often refer-
enced routing protocols for DTNs due to their distinguish-
ing behavior. However, there are some common problems
regarding these protocols. First, many popular DTN routing
protocols are to some extent replication-based such that
several copies of a message are kept in the network in order
to improve the probability of successful message delivery.
Yet, this method leads to an unnecessary waste of nodes’
resources. Second, many replication-based approaches lack
the capability of garbage collection, that is, although a mes-
sage has been delivered successfully by a node, the buffer
resources associated with replicas of that message in other
nodes cannot be freed automatically even though these
copies are not useful anymore. Moreover, such messages
are forwarded continually, wasting even more resources.

Named Data Networking (NDN) [9] is an information-
centric networking paradigm, considering data as the major
object in its communication semantics. The information-
centric approach is also applicable in many DTN scenarios
such as VANETS, wildlife monitoring, etc., where focus is

also on retrieval of data content rather than on specific
physical hosts. This inspires us to design a DTN routing
protocol using ideas from NDN. In addition, NDN’s hop-
by-hop forwarding mechanism based on named data is well
suited to the intermittent connection environment of DTN,
and NDN’s in-network caching mechanism can be used to
minimize the number of message transmissions in the net-
work. Moreover, the pull-based data retrieval mechanism
can also be used to increase the efficiency and reliability of
data delivery.

Meisel et al. [10] argue that NDN automatically embrac-
es ad-hoc networking and delay-tolerant data delivery.
Mobile nodes can communicate based on what data they
need, instead of computing a specific path to reach a specif-
ic node. They proposed Listen First, Broadcast Later (LFBL)
[11], a data delivery protocol designed for networking via
named data in ad hoc networks. Tyson et al. [12] explore the
potential of integrating information-centric and delay-
tolerant principles into a shared ICDTN architecture. They
argue that ICNs allow the network to gain a better under-
standing of the data itself, and the caching and replication of
ICNs can offer information resilience, which offers a huge
potential in disrupted environments. In order to study the
quantitative benefits of integrating the two principles, they
instantiated ICDTN in a human contact network. But
ICDTN is more like a model of the merged architecture
rather than a particular system with specific details.

In this paper, we propose a named data distance routing
(NDDR) approach for DTN and study its performance in
terms of message delivery ratio and overhead by comparing
it with some popular DTN routing protocols. Theoretical
analysis and simulation results show that the proposed DTN
routing approach works well with respect to both message
delivery efficiency and network resource consumption.

II. NAMED DATA APPROACH FOR DTN ROUTING

Several advantages can be achieved when applying
named data to the design of DTN routing. First, as men-
tioned above, many DTNs are information-centric in nature.
This accords with the motive of NDN, and the merits of
NDN techniques, such as in-network caching can be inte-
grated into DTNs. Second, identifying data by given names
makes data reusable. In traditional replication-based host-
centric DTN routing, data is identified by the endpoint iden-
tifier of its source and destination, so once it is successfully
delivered, all copies remaining in the network are no longer
useful. In contrast, if data are independent of source and
destination, they can be reused by other nodes in the net-
work. This could significantly reduce network overhead.

Finally, a receiver-based data retrieval mechanism is
suitable to be realized in the highly dynamic environment
typically faced by DTN with its inherent decoupling of



sender and receiver over space and time. This extends cur-
rent DTN routing protocols and can satisfy the needs of
more DTN applications.

Based on these considerations, we propose NDDR
(Named Data Distance Routing), which introduces the
named data and pull-based message transmission model into
DTN routing and makes forwarding decisions based on
topological distance information.

NDDR routes packets based on data names and distance
information. Unlike traditional DTN routing protocols, a
message delivery in NDDR consists of two phases: request
phase and response phase. During the request phase, a re-
quester node puts the name of a required piece of data into
an Interest packet (using the same terminology as in NDN)
and sends it to the network via flooding. Once the Interest
reaches a node that has the requested data, the response
phase begins. The node returns the Data packet that contains
the name and corresponding data content. On each hop of
this phase, the forwarder broadcasts the Data to all the
nodes in its transmission range. However, only the eligible
nodes, as determined according to the algorithm below, will
continue to forward the Data in order to reduce network
overhead while keeping data delivery performance high.

Each NDDR router maintains three major components: a
Distance Table (DT), a Content Storage (CS), and a Pending
Interest Table (PIT). The DT is used to store the distance
with other nodes in hops and consists of multiple distance
entries. Each entry contains three values for each known
active endpoint. For a router N and an endpoint E, the three
values are: the identifier of E, the distance between N and E
in hops, and the highest sequence number (seqnum) seen
in a packet sent by E.
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Fig. 1. Operations inside the distance table (DT) when a packet arrives

Fig. 1 describes the operations about how to update dis-
tance information inside DT when a packet arrives. PIT and
CS serve the same purpose as in NDN. PIT stores all the
Interests that have reached the router but have not been
satisfied yet. CS caches all the Data that has reached the
router for satisfying potential future requests.

When an Interest arrives, the NDDR router first checks
its DT for a matching entry. If an entry exists, the router

updates the distance information of the entry or the packet
according to Fig.1. Otherwise, the router adds a new dis-
tance entry. Then the router checks CS for a matching entry
by the data name. If the lookup hits, the router returns the
matching Data and the processing of the Interest completes.

Otherwise, the router continues to use the data name to
check the PIT. If there is a matching entry, the router adds
the requester seen in the Interest to the entry’s requester
collection; otherwise it creates a new PIT entry, and incre-
ments the Interest’s srcDist field, then forwards it. When a
Data arrives, the router first updates the DT in the same way
as it does when receiving an Interest. Subsequently, it
checks CS; if a matching entry exists, it simply drops the
Data, else it caches the Data. Finally, it checks the PIT and
if a matching entry exists, the router replicates the Data and
sends it to the requesters in the PIT entry’s requester collec-
tion, and then removes the entry. Before forwarding, the
router decrements each Data’s destDist field and increases
the srcDist field. If there is no matching PIT, the router
drops the Data.
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Fig. 2. Flooding during the request phase

Flooding during the request phase is shown in Fig. 2.
Here, suppose node N requests a piece of data named x, and
node M carries the data x. First, N creates an Interest: the
dataName is x, srcID is N, and initial srcDist is equal to 0.
Then N sends it to the network via flooding. Thus, the dis-
tance information of N is distributed - all the intermediate
nodes along the way create a distance entry for N in their
DTs to record the distance from themselves to N and an
entry in their PITs to record that N’s interested in data x.
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Fig. 3. One single hop of response phase

Fig. 3 depicts the forwarding process on one single hop
during the response phase. Suppose sender S is forwarding
the Data and receivers Ry, R,, R; and Ry are in S’s transmis-
sion range. When they receive the Data from S, they will
read the destDist which can be used to calculate the distance
from S to N, namely ds..n= destDist + 1. Then they com-
pare ds.n with the distance recorded in the N related entry
in DTs. Obviously, R1 is farther to N than S, the distance
from R4 to N is equal to that of S, while R2 and R3 are



closer to N. R2 and R3 are eligible forwarders and they will
forward the Data to the next hop. As ineligible forwarders,
R1 and R4 will drop the Data.

III. IMPLEMENTATION AND EVALUATION

A. Simulation Environment and Metrics

We implemented NDDR in the ONE Simulator [13]
which includes several common DTN routing protocols
such as Epidemic, PRoPHET, and Spray-and-Wait. Howev-
er, these protocols are push-based and host-centric, meaning
that messages are sent from source to destination without
requiring a return message (as needed for information re-
quest/response). To make the results more comparable, we
extended the above three DTN routing protocols by simply
adding a response message upon successful delivery of a
request to ensure the round trip behavior.

We use the default map of the Helsinki downtown area
(roads and pedestrian walkways) in our simulations. Table I
shows the simulation parameters. We use default parameters
for PROPHET v1 and the value of L being 10 for Spray-and-
Wait. We use SPMBM (Shortest Path Map-Based Move-

ment) as the node movement model in the simulations.
TABLE 1 SIMULATION PARAMETERS

Parameter Value

Routing approaches Epidemic, PRoPHET, Spray-and-
Wait, NDDR

Number of nodes 10,20, 50, 100, 150

Simulation duration 0.5 - 4 hours

Message creation interval|10 s

Message sizes 500kB - IMB
Message TTL Infinite

Node buffer size 50 MB

Node speed 13-15m/s
Node transmission range |150 m
Mobility model SPMBM

In each test when using Epidemic, PROPHET and Spray-
and-Wait, 10% of the nodes served as sources and another
10% served as destinations. After each message creation
interval, a source is randomly selected from the source col-
lection, and a message is created and sent to a randomly
selected destination. For NDDR, 10% of the nodes served as
requesters and another 10% served as responders.

We evaluate the protocols using two metrics: message
delivery ratio and overhead ratio. The message delivery
ratio is the percentage of the original messages (Interest)
that achieve the eventual delivery. For one original message
(Interest), we consider the case that at least one correspond-
ing ACK (Data) reaches the source (requester) as a success-
ful delivery. The overhead ratio is the portion of transmis-
sions used for something other than the successful delivery.
It is calculated as the total number of transmissions of all
the messages created during the simulation divided by the
total number of transmissions of any message leading to
eventual successful delivery, minus one.

B. Evaluation on message delivery ratio

Fig. 4 illustrates the delivery ratio of four protocols,
where Fig. 4 (a) shows the effect of the number of nodes
and Fig. 4 (b) shows the effect of simulation durations. In
Fig. 4 (a), as the number of nodes increases, more copies are
created when using Epidemic and PRoPHET. This leads to
congestion and insufficient buffer capacity, thus the deliv-
ery ratio gradually goes down. As for Spray-and-Wait, the
size of total buffer space occupied by copies is fixed. The

more nodes there are, the larger the total buffer capacity is,
and thus the larger probability that copies can stay in the
nodes without being dropped until final delivery. For
NDDR, the delivery ratio is only about 40% when the num-
ber of nodes is small. As the number increases, the delivery
ratio gradually goes up and reaches a relatively high level of
90% when there are 150 nodes. NDDR makes forwarding
decisions according to the distance information. When the
network is sparse, the distance information carried by the
nodes is unreliable since nodes may always encounter the
others after a relatively long time and could not update
distance information frequently. Consequently, as the num-
ber of nodes increases, the network is getting connected
more and more tightly, the delivery ratio is improving.
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In Fig.4 (b), as the duration increases, the delivery ratio
of Epidemic and PRoPHET is gradually decreasing. As
longer the duration gets, as more opportunities for nodes to
encounter others occur. When the number of original mes-
sages and copies becomes larger, heavier congestion and
contention may happen, which results in the decrease of the
delivery ratio. PROPHET’s message delivery is better than
that of Epidemic since delivery predictability has been used,
so it has a higher delivery ratio. The delivery ratio of Spray-
and-Wait was affected little by the duration and is kept in a
relatively high level. In contrast, the delivery ratio of NDDR
is better than those of the other three protocols for all dura-
tions. The main reason is that when the duration is long
enough, sufficient data are cached in the CS of each node.
Therefore, the requesters are more likely to get the data that
they are interested in from a closer node and, hence, the trip
traversed by the data is shorter, leading to the decrease of
dropped messages and an increase of the delivery ratio.

C. Evaluation on overhead ratio

Fig. 5 illustrates the overhead ratio of these four proto-
cols. The effect of the number of nodes on the overhead



ratio is explored in Fig.5 (a). As the number of nodes in-
creases, the overhead ratio of Epidemic and PRoPHET
increase as expected, because more nodes lead to more
copies and, thus, more overhead. However, the number of
nodes has no effect on the number of copies in Spray-and-
Wait and buffer space is always sufficient for Spray-and-
Wait. This is because whether the message will be success-
fully delivered or not is mainly depend on the last hop to the
destination, namely, the only one hop of the wait phase,
therefore, the result is always close to a constant, namely
the number of copies. For NDDR, the caching in CS greatly
shortens the distance messages have to travel since requests
are always responded to by the closest responders. Moreo-
ver, PIT avoids unnecessary forwarding of requests (Inter-
ests) for the same data, which also contributes to the de-
crease of overhead. Furthermore, although NDDR creates
multiple copies of messages, many of them do not traverse
that far. As a result, the overhead is much less than those of
Epidemic and PRoPHET for very dense networks.
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Fig. 5 Overhead of NDDR

The overhead ratio of the four schemes at different
simulation durations is illustrated in Fig.5 (b). As the dura-
tion increases, the overhead of Epidemic and PRoPHET
increases. Spray-and-Wait creates a fixed number of copies.
The buffer capacity is sufficient even when the duration is
set to 0.5 hours, hence, the overhead ratio is kept at a low
level. NDDR benefits from the in-network caching of NDN,
and longer simulation runs gives more time for data to be
located in the caches, leading to fewer hops to be travelled
by the messages. Besides, as the simulation duration in-
creases, there is a growing number of requests for the same
data, i.e., PIT and CS are more effective, thus, the overhead
ratio is gradually decreasing.

IV. CONCLUSIONS AND FUTURE WORK
In this paper, we proposed NDDR, a named data based

approach for DTN routing. Specifically, we introduced
named data to the design of routing protocol and used the
typical NDN communication model, i.e., the exchange of
Interest and Data, to drive the communication, as well as the
typical components of a NDN router, i.e., Pending Interest
Table and Content Storage to serve as the functional com-
ponents in NDDR routers. The simulations performed in the
ONE simulator have shown that NDDR clearly gives better
performance than Epidemic, PROPHET and Spray-and-Wait
with regard to message delivery ratio and overhead ratio.
Overall, NDDR succeeds in its goal of simultaneously im-
proving message delivery efficiency and reducing resources
consumed during the delivery.

We have implemented a prototype of NDDR on top of
IBR-DTN [14], a lightweight, modular and highly portable
Bundle Protocol implementation and DTN daemon. In fu-
ture work we will obtain more test results by establishing a
test network as well as running more extensive simulations,
including evaluating NDDR by using an advanced naming
scheme, (e.g., hierarchically structured or flat names) for
NDDR, and test it in a larger network. Furthermore, we
want to study the implications of decoupling the NDN layer
from the DTN routing layer so that any legacy DTN proto-
col can be made aware of cached data in the NDN layer and
be used for forwarding of NDN data. This will enable the
exploitation of the large body of research on DTN routing to
be applied in different NDN scenarios without the need for
new routing protocol development.
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