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ABSTRACT

Keywords

Controlling congestion is critical to ensure adequate network
operation and performance. That is especially the case in
networks operating in “challenged”- or “extreme” environments where episodic connectivity is part of the network’s
normal operation. Our goal is to study congestion control mechanisms that have been proposed for these so-called
disruption tolerant networks, or DTNs. In this paper, we
conduct a performance study comparing existing DTN congestion control mechanisms for the specific case of interplanetary networking (IPN) applications. Our results indicate that congestion control helps increase message delivery ratio, even in highly congested network scenarios. Our
study also suggests that good design principles for congestion control in IPN scenarios include: using a combination
of reactive- and proactive control, using local information
instead of relying on global knowledge, and employing mechanisms that are routing protocol independent.
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Networks; Congestion Control; Network Performance

Categories and Subject Descriptors
C.2 [Computer-Communication Networks]: Network
Architecture and Design; C.2.1 [Network communications]: Store and forward networks—wireless communication
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1.

INTRODUCTION

In the last 10 years, applications such as environmental
sensing, habitat monitoring, emergency response, disaster
recovery, bridging the digital divide, to name a few have
raised great interest in so-called challenged network environments. In such environments, also known as delay and
disruption tolerant networks, or DTNs, continuous end-toend connectivity cannot be guaranteed and the communication channel may be subject to arbitrarily long delays and
high error rates. Under these conditions, participating nodes
must store data they are transmitting or forwarding in persistent storage until a “contact” opportunity, i.e., the node
has a suitable next-hop neighbor that can receive the data,
arises.
Congestion control in challenged environments is thus critical in order to ensure nodes are congestion-free and can
serve as relays when needed so messages can be delivered
end-to-end. Because DTNs violate the fundamental assumptions underlying the TCP/IP protocol architecture, namely
the existence of an end-to-end path between nodes and short
delays, they cannot employ the principles underlying Internet congestion control mechanisms.
Due to its impact on performance and the challenges it
raises, DTN congestion control has motivated a number of
research efforts [3] [6] [9]. This work focuses on DTN in
deep space communications, also known as Interplanetary
Internet (IPN) [1] [2]. We conduct a study comparing the
performance of different congestion control schemes in IPN
scenarios. Our goal is to understand the performance tradeoff issues raised by state-of-the-art DTN congestion control
mechanisms and how these mechanisms behave when different routing protocols are used.
The paper is organized as follows. In Section 2, we provide a brief overview of the congestion control schemes we
studied. Section 3 describes our experimental methodology

while Section 4 presents the results of our comparative study.
Finally, Section 5 concludes the paper.

2.

BACKGROUND: SELECTED DTN CONGESTION CONTROL MECHANISMS

For our comparative study, we picked a subset of DTN
congestion control mechanisms from the schemes we surveyed in [3] that we consider representative of the current
DTN congestion control state-of-the-art: RRCC [8], AFNER [10], SR [7] and CCC [5]. We consider the performance
of each of these mechanisms in the context of three different
routing protocols - Epidemic, PRoPHET, and Spray-andWait - except that AFNER is only considered in an Epidemic routing environment, as it is specific to that routing
protocol.
Retiring replicants Congestion Control (RRCC)
[8] looks to understanding the global behavior of congestion in intermittently connected networks and uses this knowledge to control congestion at a local level. RRCC adjusts
replication rates at individual nodes to maximize delivery
rates.
Average forwarding number based on epidemic routing (AFNER) [10] uses a message’s forwarding number,
defined as the message’s number of copies to decide whether
to drop a copy of the message. A node randomly drops a
message whose forwarding number is larger than the average
forwarding number of the network. This average forwarding
number is defined as the mean forwarding number of all
the messages currently in the network. Although AFNER
uses the average forwarding number, this quantity is typically not easily computable in a real DTN. In the simulation
point of view, we have computed this parameter consulting
each node buffer in the network.
Storage routing (SR) [7] migrates messages to alternate
storage locations under congestion. By having congested
nodes send a set of messages out to available neighbors, SR
operates as a local routing protocol diverting messages from
their conventional routing path for later forwarding.
Credit-Based Congestion Control (CCC) [5] employs a reactive, heuristic-based congestion control policy.
In order to yield high delivery rate with low number of replicas, CCC tries to delete messages when congestion builds
up at a node. Messages are dropped when deemed obsolete
by their time-dependent credit.

The experimental scenario consists of an IPN which is characterized by high latencies (because of astronomical distances) and scheduled contacts, i.e., node encounters that are
known a priori. There are five nodes representing a Base
Station on the surface of the Earth which sends data to the
Rovers in Mars through two satellites located near Mars. Simulation parameters are set to correspond to realistic conditions. As such, links between the satellites and the rovers on
the Martian surface are set to 1s propagation delay while the
links between the base station on Earth and the satellites at
Mars are set to 240s propagation delay.
We use a scheduled contact table (see Table 1) which specifies when a connection between two nodes is established
“up”) and when the contact between the nodes ceases to
exist (“down”). For example, according to the first line of
Table 1, at time 2000s, the connection between Base Station
and Satellite 0 is “up” but goes “down” at time 3000s. Then,
the same nodes are again in contact at time 10, 000s (line 5)
for 1, 000s (line 6).
Time (s)
2000
3000
6000
7000
10000
11000

EXPERIMENTAL METHODOLOGY

In our study, we use the ONE DTN simulator [4] and the
deep space networking environment depicted in Figure1.

3.1

IPN Scenarios

Figure 1: Interplanetary network scenario.

Initial Node
Base Station
Base Station
Base Station
Base Station
Base Station
Base Station

End Node
Satellite 0
Satellite 0
Satellite 1
Satellite 1
Satellite 0
Satellite 0

State
up
down
up
down
up
down

Table 1: Sample of scheduled contact table
Different scheduled contact tables (Contact1, Contact2,
Contact3, Contact4, and Contact5) were used to vary the
time between contacts.
The parameters of the ONE simulator and their values are
listed in Table 2. A scenario without congestion control is
considered as baseline for our comparative study. Every pair
of nodes that are in communication range of one another according to the scheduled contacts can transfer data between
them if they have data to send.
Nodes generate messages according to the Events1.interval
parameter (see Table 2). For example, when Events1.interval
is between 1 and 5 seconds, one new message is generated
every 1 to 5 seconds. We vary the message generation rate
according to the values listed in Table 2 to show how this parameter affects the performance of the different congestion
control schemes.

4.
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Identifier
CONN
CONN
CONN
CONN
CONN
CONN

SIMULATION RESULTS

The main performance metric for our experiments is the
Delivery ratio, defined as the ratio between the number of
received messages at destination nodes to the number of created messages. We use 95% confidence intervals and present
as baseline results when no congestion control is employed.
Furthermore, each configuration based on Table 2 was run
5 times and the statistical values (average, standard deviation) were obtained. Note that some graphics do not show
the standard deviation either because the value is zero or
approximately zero.
To evaluate the impact of congestion control, we generate
enough load to congest the network. Figure 2 shows message delivery ratio as a function of the message generation
period. As expected, for longer message generation periods,
i.e., lower message generation frequencies, the delivery ratio increases. However, delivery ratios are quite low since
newly generated messages cause older messages to be drop-

Table 2: Simulation parameters and their values
Parameters
Name

Description

Scenario.endTime
btInterface.transmitSpeed
btInterface.transmitRange
Group.router
Group.movementModel
Group.bufferSize
Group.msgTTL
Group.nrofHosts
Movimentmodel.worldSize
Events1.size
Events1.interval

simulation time
bandwidth
transmitting range
routing protocol
mobility model
node buffer size
message time to live
number of nodes in network
area where simulation takes place
message size
i.e. one new message every 1 to 5 seconds

Value
43200 seconds
[0.5, 1.0, 1.5, 2.0, 2.5] Mbps
150 m
[EpidemicRouter, ProphetRouter, SprayAndWaitRouter]
StationaryMovement
[1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000] KB
43200 seconds
5
6km x 6km
{50, 100} KB
[1-5, 1-10, 1-20, 1-30, 1-40, 1-50] seconds

Figure 3 confirms that for longer periods of disconnection
between contacts, the delivery ratio decreases. This happens
because of the fewer transmission opportunity which result
in longer data queues and consequently higher probability
of data being dropped as node buffers fill up. Note that
different routing protocols do not seem to have significant
impact on performance.

4.2

IPN Scenario With Congestion Control

4.2.1

Figure 2: Message delivery ratio as a function of
the message generation period. We use Epidemic
routing, buffer size of 8000k and transmit speed of
2.5Mbps.

ped before they have time to be delivered. At this level
of congestion, even though message delivery ratio is quite
low, congestion control plays a role and is able to improve
delivery.

4.1

IPN Scenario Without Congestion Control

We report here the results obtained using an IPN scenario
that does not include any congestion control mechanism.
Tables 1 and 2 list the simulation parameter settings.

Figure 4 shows the average delivery ratio for different contact periods, where the slim bars refer to delivery ratio values when no congestion control is used. We observe that
CCC’s performance in terms of delivery ratio (Figure 4b) is
quite similar to SR’s (Figure 4d). Note that RRCC is routing protocol independent since its performance is not affected by using different routing protocols (see Figure 4c). On
the other hand, CCC’s and SR’s delivery ratio see a slight
increase when ProPHET is used as the underlying routing
protocol. Our hypothesis is that, since ProPHET bases its
routing decisions on past contact history, it benefits from
scenarios where contacts are scheduled, which is the case of
IPN environments. We argue that, due to the high congestion levels, the increase in delivery ratio is not substantial
and is not consistent across all contact scenarios. We will
run additional experiments to verify these hypothesis.
It is worth pointing out that, except for AFNER, for
longer disconnection periods, the congestion control mechanisms yield higher delivery ratios when compared to no congestion control. AFNER uses the network’s average forwarding number to mitigate congestion. Thus when the periods
between contacts increase, more messages are awaiting to be
forwarded. As a result, buffers fill up and AFNER starts to
discard messages based on the average forwarding number.
This leads to lower delivery ratios.

5.

Figure 3: Delivery ratio for IPN scenario without
congestion control (different periods between contacts and routing protocols).

Different Contact Periods

CONCLUSIONS

This paper evaluated the performance of four DTN congestion control mechanisms which represent the state-of-theart on DTN congestion control based on the survey we present in [3]. Our comparative study focuses specifically on
deep space communication scenarios and, to our knowledge,
is the first of its kind. We examined two performance metrics, namely: delivery ratio and latency and also evaluated
the congestion control schemes in terms of their routing protocol independence.
Our results indicate that congestion control helps increase
message delivery ratio, even in highly congested network scenarios. Our study also indicates that good design principles
for congestion control in IPN scenarios include: using a com-

(a) AFNER

(b) CCC

(c) RRCC

(d) SR

Figure 4: Average delivery ratio for different periods between contacts.
bination of reactive- and proactive control as well as using
local information instead of relying on global knowledge.
Additionally, designing congestion control mechanisms that
are routing protocol independent helps with interoperability
and applicability to a wide variety of DTN scenarios.
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