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Abstract—The exponential growth of data traffic raises a great
challenge to content delivery in current TCP/IP networks. To
answer this challenge, Information-Centric Networking (ICN)
has been proposed with the purpose of bringing content caching
and name-based content access to the network layer. Though
great progress has been made, most existing ICN proposals lack
support for parallel data transfer over multiple paths with low
data redundancy. To deal with the issue, we present CODA,
a fully distributed cooperative multipath data transmission
solution that enhances content delivery further. Taking Named
Data Networking (NDN) as a basis, CODA works in a distributed
manner with the following contributions: 1) it extends the
standard Interest model in NDN to support transmission of data
over multiple paths so as to reduce the flow completion time;
2) it devises a traffic scheduling model to form parallel paths
for transmitting data in a cooperative way; and 3) it proposes a
transmission control scheme to select paths in an efficient and
reliable manner. Extensive simulation comparisons with existing
data transmission methods show that: 1) CODA speeds up the
data rate twice as high as that of the best-route method; and
2) the amount of Interests required by CODA to build multiple
data transmission paths in the network accounts for only 66%
of that by MSRT, another multipath transmission proposal.
Index Terms—information-centric network, named data network, cooperative transmission, multipath transmission

I. I NTRODUCTION
The growth of Internet traffic will remain unabated in
the next few years [1]. Along this trend, the Internet has
changed its role from mediating communications between
remote hosts into connecting users with contents. However,
the current Internet architecture is inefficient in meeting users’
requirement for content access [2]. To deal with it, a next
generation Internet architecture called Information-Centric
Network (ICN) has been proposed [3] and has drawn a lot
of attention from both academia and industry. Among many
implementations of ICN, we base our work on Named Data
Network (NDN) [4] for its popularity and high impact.
A. Motivation
ICN in general, and NDN in particular, functions according
to a name based request/response mechanism — a client
requests a piece of content by sending an Interest message,
and receives the desired content in a data message. Interest
and data are the two types of packets in NDN.
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Each router in NDN is equipped with a forwarding information base (FIB) for Interest forwarding. A certain prefix
match method is deployed to figure out which interface is
used to forward the Interest. If multiple matches are found
for the same Interest in the FIB, the router could duplicate
the Interest and forward them along multiple paths. However,
this is inefficient. Even if the duplicated Interests find multiple
copies, all but one of these copies will be dropped at the router
that issues the interests, causing a waste of network resource.
Moreover, this also creates a risk for distributed denial-ofservice (DDoS) and amplification attacks.
For the above reason, NDN currently prefers to retrieve
all the chunks of the desired data only along a single path.
This is inefficient especially when multiple paths are available
to deliver the content from a source node. Further, the data
path in NDN is the reverse of the Interest path. This means
that the name resolution operations also double as the path
selection operations, making common network functionality
such as traffic engineering (TE) difficult to implement, as there
is no mechanism to select an alternative path for the data
except for the one identified by the Interest.
In the area of Interests forwarding and data transmission
in ICN, data transmission along multiple paths could also
achieve robustness, congestion reduction and high throughput
as is the case in TCP/IP based network. However, most
existing methods need to know the locations of the content
ahead of time, either by using pre-set routing tables[5] to
guide the Interests forwarding intelligently or by aggregating
the content sources to the consumers in advance[6], [7], [8]
so that the Interest packets can be allocated to different paths.
In both cases the routers or consumers should maintain the
majority or even all of the network states, which reduces the
system throughput when the network conditions are varying
over time. Our objective in this work is to construct multiple
data transmission paths in a fully distributed manner, while
consumers do not have to obtain any knowledge regarding the
content sources prior to forwarding the Interest packets.
B. Main Contributions
We propose CODA, a mechanism to enhance NDN with
multipath content delivery. CODA leverages a property of
NDN, that is, the Interest messages are much smaller than

the data packets [9], [10]. Therefore, Interests can be used to
explore alternative paths. Since the NDN architecture requires
that one Interest correspond to one chunk of content, a
new type of Interest, namely Detector, is introduced to find
alternative paths rather than retrieve content.
As a prerequisite for multipath data transmission, CODA is
also aware of the properties of chunk-based data transfer in
NDN. Since the way the content chunks are delivered does not
matter (as long as the chunks reach the consumers in a timely
manner, and the content can be reassembled correctly), CODA
can employ flexible and efficient schemes to split the content
into chunks over multiple sub-flows. We devise a technique
to ensure simultaneous sub-flow completion on the consumer
side. To achieve this, at the sender side, CODA strategically
introduces a delay measurement between the potential subflows so that the packets across all sub-flows will arrive
at the consumer at the same time. The main function of
delay measurement is to estimate the network latency and the
available bandwidth dynamically. These measurements have
been implemented with Interest packets previously. Doing so
simplifies the design. In addition, it decouples the sub-flows
and enhances the performance.
In summary, our main contributions are listed below:
• We extend the standard Interest model with a new type
of Interest called Detector introduced to discover more
paths and to construct one primary path and one or
more alternative paths for cooperative multipath content
transmission;
• We propose a multipath data transmission model using
the path information generated by the Detectors and devise a distributed traffic scheduling algorithm to split the
data transmission into sub-flows with high reliability and
high throughput. Meanwhile, we respect the basic NDN
principles such as host independence, native support for
multicast, and content-location decoupling;
• We evaluate the performance of CODA through extensive
simulations. The experimental results show that, in a
typical topology, CODA speeds up the data rate twice
over the best-route (single path) method. Further, CODA
achieves a similar rate but uses only half the amount of
Interests when compared with MSRT [7], a method that
also supports multipath data transmission in the network.
The rest of this paper is organized as follows. Section II provides some background and points out the design challenges.
Section III details the design of cooperative multipath data
transmission. Following that is the performance evaluation in
Section IV. After a brief overview of the related work in
Section V, we conclude the paper in Section VI.
II. BACKGROUND AND C HALLENGES
A. Chunk-based Data Transmission
In NDN, by default, data is delivered to the application on a
per-chunk basis. A content chunk consists of a block of bytes
specified by the application, which can be, for example, an
image part, an audio snippet or a video segment. At the source

side, after the producer (cache) server pushes (caches) the data
content to the storage buffer, NDN treats all the data in the
buffer as multiple chunks by default. This procedure is fully
transparent to applications. At the consumer side, when the
content is fully received, it is then delivered to the application.
NDN utilizes Interest packets to locate content to implement chunk-based data transmission. The consumer sends
Interests for the desired content to the network. Interests
are transmitted along the path constructed by FIB tables in
the intermediate nodes. If no target data is found locally (in
the cache) and no entry exists in the Pending Interest Table
(PIT), the node creates a new entry in PIT to store the name
of the Interest packet and the interface where the packet is
coming from. Then the node forwards the interest packet.
If an entry exists in the PIT, the incoming interface of the
Interest is added to it, and the Interest is dropped. Otherwise,
the corresponding data packets are retrieved and sent back to
the consumer along the reverse path that the Interest packet
passed through and that had been recorded in PIT.
As long as the desired content can be correctly reassembled,
chunks belonging to the content can be delivered in any order.
Therefore, the whole content can be split into many parts and
each can be distributed onto a different path for delivery. In
conventional MPTCP, sub-flows are tightly coupled; a stall
(e.g., due to packet loss) in one sub-flow may slow down the
other ones due to their limited flexibility in retrieving content.
Named data network, on the contrary, decouples the sub-flows
by allowing each sub-flow to freely and independently transfer
the data until the very end sub-flows are received and merged.
B. Challenges
Ideally, it is desired that the Interests be delivered to
multiple sources which have the required content, and these
sources would each send a varying-sized part of the content
according to their respective network conditions. In this case,
the content would be transmitted in a parallel way without
much redundant data. This would reduce the transfer completion time, leading to a larger throughput for the network as
whole.
Unfortunately, current NDN cannot achieve this goal. To
support multipath data transmission in a distributed way,
CODA must address the following issues:
(1) Multiple path construction
For constructing multipath transmission in NDN, the consumers need to forward multiple interest packets along different paths guided by the FIBs to find multiple available
producers. However, it creates a lot of data redundancy with
the multicast, or even the flooding, of Interests. To address
this issue, MSRT[7] uses a type of Interest to get the content
source locations back to the consumers. However, it could
not perform well when the content distribution is changing
dynamically. Therefor, a better design should efficiently use
the meta data for paths information in real time.
Further, since the control information is related to the size
of Interest packets, there is a trade-off between spreading Interests over many paths, and the number of paths constructed

for data transmission. Namely, there is a diminishing return in
adding more paths, while trying to identify such paths creates
an additional overhead.
(2) Cooperative data transmission via multiple paths
On the return path, when new data packets for a specific
name reach a node in the network, this node looks up the
entries in its PIT which match the name in the data packet.
To support multi-path transmissions, multiple corresponding
PIT entries are required for the different possible paths, and
the data packets must be forwarded to one of the interfaces
recorded by these entries. A path selection mechanism is
therefore required. Further, to transmit data cooperatively, an
efficient mechanism for splitting traffic over the multiple paths
should be proposed to transmit different data chunks along
different paths in parallel, and finally be re-assembled at the
client to reconstruct the whole content.

nodes. We assume here that one such algorithm has populated
the FIBs (it is outside of the scope of this paper to investigate
such prefix dissemination algorithm).
However, the consumer is not able to divide the content
equally to forward the Interests along different paths due
to the lack of global information about the producers and
content caching nodes. For example, if the consumer has
two next neighbors to choose according to its FIB, there
is no guarantee that the two possible paths would have
similar performance. One may be much slower, and instead
of improving the throughput, the one with longer latency
would degrade the performance. Considering the trade-off
between global information spreading, and efficient multipath
construction, we propose the design of a primary path and
alternative paths (See the example in Fig. 1).
A

III. T HE D ESIGN OF CODA
A. Enhanced Interests Model
From the previous description, the efficient use of the FIB
and PIT tables by the Interests for multipath data transmission
is a key unsolved problem. For supporting these requirements,
we extend the work in NDN [11] where the idea of state
forwarding is suggested and fully illustrated.
Detector Interests: In detail, we introduce a new type of
Interest packet called Detector for constructing multipath
data transmission. One set of Interest packets flow corresponds to one Detectors. For example, Interest packets with
the name /prefix/content/01 and /prefix/content/02 from the
same set, all map to the Detector with the name of /prefix/content:consumer.
The consumer multicasts the Detector packets while sending the normal Interests. Each Detector packet is associated
with a Time-To-Live (TTL), which is decreased every time the
Detector is forwarded. Detectors do not return the corresponding data packets, even if they reach a cache or a producer that
contain a copy of the content. However, Detector messages
are updating the PIT, by adding an entry for the Detector
packets. Once a Detector packet arrives at a node, it will
create an PIT entry with its incoming interface and its name,
if this node has not been visited yet by the same Detector. As
it can be seen from the naming strategy of the Detector, the
PIT created would match all the chunks of data flow with this
prefix. Therefore, Detectors are sent once at the beginning at
the transmission to set up the alternate paths (described in
more detail below) for all the packets matching their prefix1 .
B. Multipath Discovery and Transmission
(1)Interests forwarding phase
Initially, the consumers in NDN have no idea about the
multiple potential paths for retrieving the requested content.
To find out the locations of the copies of the content, several
routing algorithms have been devised to build the FIBs in each
1 If supported by the network, NACK mechanisms can be used with Interest
and Detectors to invalidate FIB entries
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Fig. 1: A simple example of primary path and alternative
paths: pathABD forms the primary path while pathACD and
pathACED are the alternative paths.
Primary path: With the design of current NDN architecture,
the consumer node forwards its Interests according to the
NDN forwarding strategy. These Interest packets will then
keep being forwarded until they reach the producer (i.e., the
nodes who possesses the desired content) or a copy at a
caching node. The Interest dissemination in this way finds
a path to the producer. We name this path as primary path.
By the way, the number of primary path is optional according
to the requirements of applications and network policy.
Alternative paths: During this phase, there is no modification
to the protocol running with normal Interest packets. For the
discovery of alternate paths, the node in the primary path
also broadcasts the corresponding Detector packets to all
the matching FIB interfaces for this prefix when it receives
the first packet of the Interests flow. The Detectors here are
responsible for building the alternative paths for coordinating
data transmission on multiple paths. By using the Detector
packets, we can build the paths for data transmissions in
parallel with the forwarding of the regular Interest messages.
The information of these paths is stored in the PIT entries of
the forwarding nodes.
(2) Content return phase
Instead of returning the content sources information back
to the consumer, CODA directly returns the content from the
destination of the primary path. Here, there are two major
benefits:
• The data transfer starts within one RTT for the notification of content distribution, and still satisfies the principle

of content-location decoupling;
Less signaling overhead is used for multipath construction. Correspondingly, we have primary nodes in primary
path and alternative nodes in alternative paths in CODA.
When a node receives the flow of data packets, it transmits
the content by carrying out the following three steps: 1 Check
the availability of multipath; 2 Split the traffic according
to the result of step 1; 3 add into the data packet header
a path identifier based upon the chosen path, so that the
consumer can monitor the per-path performance, and request
(respectively, invalidate) a specific path by inserting the path
identifier (respectively, excluding that path identifier) in the
next Interest message.
(3) Multicast preservation
By selecting a potential alternative path, Data and Interest
packets may not follow a symmetric route. Therefore, an
Interest may not receive a data response on the primary path.
This may create an issue for aggregated Interests in the PIT,
especially if the data is required to satisfy more than one
requests at this node.
If the response avoids this node on the return path, only
one of the clients may eventually receive it. However, it
has been shown that Interest aggregation in the PIT has a
limited impact on the network performance: less 5% of total
Interests on average are subject to aggregation with very small
caching budgets [12]. Further, if the node receives Interests
for this name prefix, it could still transmit the corresponding
content to other consumers by following the primary path
(adding the path identifier in the Interest) to ensure that further
aggregation is not penalized by the multi-path.
•
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Fig. 2: An example of interface classification: from the
PIT in the node, interface-1 could transmit the content in
coordination with interface-2, and interface-3 should forward
the whole content independently.
For the nodes in the primary path, the data transmission
paths are classified into three types according to the corresponding PIT entries, shown in Fig. 2. We should transmit
all the data packets to the requesting interface if there is
no Detector Interest pended. It indicates that one of the
consumers wants to retrieve the content via a single path.
The effectiveness of multiple paths construction is up to two
requirements: there are at least two requesting interfaces of
Detector available and one of them coincides with normal

Interest packets. This is also the major reason accounting
for spreading of Detectors on the primary path: to reduce
the effect on the aggregation mechanism of NDN. With this
classification, we can find the interfaces we can use for
multipath transmissions.
As for the nodes on the alternative paths, the availability of
multipath is much simpler. Since we put the consumer name
(or some identifier) on the Detector packets, we can use this
information to find the requesting interfaces to choose the
paths.
C. Traffic Scheduling
Using the entries set up by the Detectors in the PIT, a node
may have a choice of multiple interfaces for transmission. It
needs to know the way to split the traffic into multiple subflows transmitted in different paths so that each sub-flow could
achieve simultaneous completion in the consumer side. In the
design of NDN, the content chunk is the basic unit of data
for caching and transmission. Hence, each sub-flow should
consist of at least one content chunk in the implementation
of a traffic schedule.
(1) Delay Measurement
A key challenge here is to carefully control how many
chunks to allocate for each sub-flow. A basic round-robin
strategy would work well if all the paths have similar properties. However, this is not a practical assumption. Therefore
we propose a delay measurement method to make the path
selection decision within a node.
The overall delay is composed of propagation delay, transmission delay, queueing delay, and processing delay. The
processing delay is usually negligible compared to other terms
in the delay equation. Thus, let Wi be the queueing delay of
sub-flow i. The transmission time and processing delay in an
intermediate node λ for path i can be represented as service
rate µλ . The total amount of time spent in the network on
path i is:
k
X
Si
(1)
∆ti = Wi +
µλ
λ=1

where Si describes the packet size of the flow, k is the number
of intermediate nodes, and ∆ti is the length of the time
between the arrival time of the first packet and the departure
time of the last packet. Later, we use µi as the average serving
rate of sub-flow i. In practice, we try to adjust ∆ti in each
paths equally to approximately achieve this principle. Then,
for sub-flow i and j, we have:
Wi +

Sj
Si
= Wj +
µi
µj

(2)

for ensuring the simultaneous completion of each sub-flow.
Suppose the queuing delay is equal of each nodes, thus, the
expectation size allocation for each sub-flow can be calculated
as follows:
Si ∝ µi
(3)
So far we have shown the policy (equation 3) to schedule
packets for traffic splitting. The size of packets outputted at

each interface will be determined by the delay and the serving
rate of the selected path. Recall that CODA employs Detectors
to construct multiple transmission paths. The serving rate µi
of the intermediate nodes can be estimated with the arriving
time of Detectors. With this information, the traffic splitting
mechanism could be implemented in a distributed way.
(2) Sub-flow traffic splitting
In some scenarios, there will be more than one Detector for
the corresponding data content passing through one interface.
It indicates that more paths would be available when transmitting data packets towards this interface. For simultaneous subflow completion, we could neither regard this output interface
as a single path nor use a combination of delay in each
Detector. In this paper, we use the hop counter for making an
aggregation result for this case. Suppose there are l Detectors
and the hop count from consumer to the source (content cache
or producer) is H. Parameter h represents the distance from
the source. Then, we split the traffic according the following
equation:
l
X
H − h x−1
)
µx
(4)
Si ∝
(
H
x=1
Equation 4 obeys the following two properties:
H−h
•
indicates that if this node is close to the content
H
source (e.g., h is small), there will be more chances in
forming efficient multipath.
• We use a power law distribution for managing the possibility of constructing multipath with given l. It means
that the Detectors whose delay is large would have low
contributions in constructing multipath.
We now walk through Algorithm 1, which combines chunkbased transfer, delay measurement and sub-flow traffic splitting. The scheduling algorithm works at the source side. The
input consists of the potential network paths and a data buffer
that stores the packetized chunk data to be transmitted. The
algorithm is invoked whenever a sub-flow can transmit a
packet (e.g., has matched entries in PIT). It makes the decision
for allocating the coming flow to the next hops. We use line
3 to get the available downstream paths for transmitting the
packets with matching Detector names. Line 16 − 21 handles
the sub-flow splitting with the estimated delay measurement
in Line 8 − 15. The default behavior is to always transmit a
set of data chunks with the delay and paths calculated.
D. Data Transmission Control
As discussed above, we construct the multipath for data
transmission in a fully distributed way via spreading Detectors
and constructing the traffic schedule. In order to further support the data transmission with high throughput and reliability,
we apply a sliding window data rate control scheme to manage
the flow rate of each path. This scheme controls the rate of
Interests propagation at the consumers without making any
adjustment at any other nodes. The consumer can then choose
how to prioritize different paths based upon the observed
performance. Another advantage of CODA here is that, the
control scheme directly uses the meta message from the data

Algorithm 1: Traffic Splitting Algorithm
1
2
3
4
5
6
7

8
9
10
11
12
13
14
15

16
17
18
19
20
21

INPUT: Content data in the buffer;
OUTPUT: data chunks in sub-flow τ ;
interfaces ← GetMatchedPendingDownstreams(N ame);
chunkSet ← GetChunkset();
beginNo ← 0;
endNo ← 0;
hop ratio = H−h
H ;
/* Delay Measuring
*/
total ← 0;
for τ = 1 in interfaces do
µτ ← 0;
for x = 1 in τ do
µτ ← µτ + (hop ratio)x−1 × µx ;
end
total ← total + µτ ;
end
/* Traffic Splitting
*/
for τ = 1 in interfaces do
µτ
transτ ← chunkSet × total
;
beginNo ← endNo+1;
endNo ← beginNo+ transτ ;
Transmitτ (beginNo, end No);
end

packets, not the Interest packets. The details of the procedure
are as follows:
Initially, the data packets would be sequenced by its arriving
time. We maintain a sliding window wr for each path to
propagate the interest packet in the buffer. When the consumer
receive a data chunk from a path, the corresponding size
√of the
sliding window would increase by a/wr . Here, a = 1/ n and
n is the number of paths constructed. Hence, the consumer
could choose the path, which have the largest size of the
window, as the primary. In particular, the Interests sending rate
would equal to the sum of all the windows size, since we have
only one primary path. Besides, the sliding window scheme
here would also play the role in realizing the congestion
control or handle some link failure errors. If some data packets
did not arrive in time, the window size will be cut off half of
its size (by wr /2), and re-transmit the related Interests to the
fastest path, excluding the path that had poor performance.
Since CODA can choose to transmit data via a single path
or multiple paths with the help of the Detector packets, we
select the fair path allocation algorithm [13] displayed above
to manage the data rate.
E. Summary
We now elaborate on how to integrate the CODA algorithm
into a real system. Fig. 3 plots the system diagram. At
the source side, the data chunks coming from the upstream
caching or producer nodes are stored in the buffer, and are
then split, scheduled, and transmitted by the traffic scheduler.
We design a module for measuring and predicting network
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Fig. 3: Coda Diagram
conditions obtained from the Detectors. Working with hop
count measurement, the delay manager keeps track of the
states of the potential multipath constructed with the interface
and makes decisions on traffic allocation. The consumer
side logic is much simpler. It passively receives the data
chunks after spreading the Interests, and reassembles them
in the receiver buffer, and delivers the in-order data to the
applications. The sliding window based on consumer side is
used to further control the rate of Interest forwarding with the
feedback of data packets.
IV. P ERFORMANCE E VALUATION
A. Simulation Setup
We have implemented our proposals in ndnSIM [14], and
made a detailed comparison against some relevant benchmarks. We use the application of producer-consumer to test
our proposals. We randomly choose some of the nodes in the
tested topology as consumers, and some of them as producers.
By default, the expected number of consumers and producers
are 16 and 4 respectively. The consumer sends the interests
in batch, and the producers respond with the data which is
represented by a particular prefix. We use a network topology
with 191 nodes and 351 links to evaluate the performance. The
diameter of this topology is 20. We obtain similar results with
other topologies. Unless otherwise specified, we use Least
Recently Used (LRU) as the default caching policy, which is
provided by ndnSIM.
We evaluate and compare the performance of the following
forwarding strategies, including both single path and multipath
methods:
• Flooding: The flooding strategy contributes to improving
the delivery reliability via finding as many potential
producers as possible. It sends every interest to all
interfaces (except downstream).
• Best-route: Normally, this strategy achieves the following
goals with global routing calculation: (1) it discovers the
paths to the newest content copies; (2) it forwards the
Interests for the required content via the best-performing
path (typically the shortest path).
• MSRT: MSRT [7] is a Multi-Source Request and Transmission mechanism that uses Probe Interests to obtain the
content sources information for the consumers. Despite
the overhead in aggregating the sources information to

(1) Stable Network Conditions
We now evaluate the throughput performance of CODA.
Initially, we send 2, 000 Interest packets every second. In this
scenario, the content could stay in the cache permanently,
and the bandwidth of each link is 1M bps. For each strategy,
we get the throughput results towards the selected consumer
nodes.
Fig. 4(a) demonstrates the achieved throughput of the
consumer nodes when running the four different Interests
forwarding and data transmission algorithms. We only capture
the first 5 seconds since the trends are very similar afterwards.
The Flooding method has the worst data rate, which only
achieve 490kbps in this experiment. Best-route is a bit higher
and reaches 700kbps. From this figure, we can observe that
there is a definite improvement when using multiple paths for
data transmissions. CODA and MSRT are all around the rate
of 1, 500kbps, which achieve more than twice the throughput
of Best-route. Fig. 4(b) shows further details of the throughput
distribution with the consumers. As listed in this figure,
CODA has performance similar to MSRT, which implies
that it is able to construct multipath for data transmission.
Fig. 4(c) decomposes the throughput into Interest packets
and Data packets. As shown in the figure, CODA has a
more satisfactory performance in the rate of data packets.
In average, MSRT needs an extra 30kbps for transmitting
Interests compared with CODA. In addition, this simulation
is more favorable to MSRT since we neglect the changes of
the content in producers or caches when the network is stable.
(2) Varying Network Conditions
We next evaluate how CODA performs under changing
network conditions. In this scenario, we consider fluctuating bandwidth and temporary content placement. We take
a normalized distribution approach (µ = 1, σ = 0.5) to
randomly emulate the varying bandwidth. With this settings,
content location might change dynamically, causing some
retransmissions in MSRT when there is some inconsistent
information between the consumers and content sources.
Fig. 5(a) shows the data rate changes with time. A performance decrease could be seen for all the four strategies
when compared with the static network. As shown in the
figure, the data rate of MSRT and CODA drops from about
1, 500kbps to 1, 350kbps. Even though, the benefits of multipath transmission hold still as they are able to speed up
the throughput by 1000kbps compared with Flood and Bestroute. A further illustration of the data rate in each strategy is
demonstrated by Fig. 5(b). The average throughput of CODA
is 1, 338kbps while MSRT is only 1, 298kbps. It shows that
CODA has a better ability to adapt to the changes of the
network conditions. Further, Fig. 5(c) displays the ratio of
dropped packets. The drop ratio of CODA is around 11%
less than MSRT, which is reduced by 2.14× with Best-route,
and 5× over Flooding. The data drop ratio is also very low in
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C. Data Reduction and Overhead
We present the results for data consumption. In this scenario, each consumer sends 2, 000 interest packets per second
for 6 seconds with the stable network settings. Fig. 6 displays
the relative number of the packets forwarded in all the network
nodes, as well as the breakdown of Interest and Data packets.
It is noticeable that the number of Interest packets vary
considerably, whereas the transmitted data packets are similar
for Best-route, MSRT and CODA. MSRT has the largest
number of Interests duplicated in the network, which is about
4 × larger when compared with Best-route. MSRT also sends
1.5× more Interest packets than CODA since there is no need
for the information feedback in CODA. Flooding induces the
most data packets (around 2× with others), as more Interests
reach the content copies, resulting in a lot of these data packets
dropped on the return path since they correspond to duplicates.
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Fig. 6: Overhead in Interest and Data packets

Fig. 7 plots the CDF of the Interest packets throughput
among the nodes involved in transmission. Best-route has the
lowest overhead in sending Interest packets, and all the nodes
receive about 100kbps since this method uses a single path to
retrieve the content. MSRT requires the most network resource
for Interest packets, and the throughput in each nodes varies
greatly from the table. Compared to MSRT, CODA uses less
overhead in Interest packet, since it only floods Detectors
once. As the life time of Detectors is related to a given value
(TTL), CODA has more cost in transmitting Interests packets
compared to Flooding.

CDF

MSRT since it could control the data transmission rate in its
design. However, the major drawback is that it needs to collect
the information of multiple sources periodically while CODA
could transmit the data with multiple paths in real time.
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Since one Data packet is 60 times larger than one Interest
packet (in the ndnSIM default implementation), it implies that
a few more Interests is an acceptable overhead to improve the
performance of NDN.
From the simulations in this scenario, we see that CODA
cuts down half of the data redundancy compared with the
Flooding method. The overhead due to the extra Detector
Interests is limited compared with Best-route, and is much
smaller than the overhead of MSRT. The results illustrate that
CODA is efficient in constructing multipath data transmission
with a fully distributed solution.
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VI. C ONCLUSION
We have presented the design and evaluation of CODA, a
solution that significantly enhances content delivery in NDN
by fulfilling multipath data transmission in a distributed and
cooperative manner. To achieve this, a new Interest packet
type, namely Detector, is introduced to build multiple paths
for transmitting the corresponding data packets in parallel
with a traffic splitting mechanism. Our experimental results
show that CODA uses fewer Interests to build multiple data
transmission paths compared with MSRT. Moreover, CODA
can achieve a throughput twice as high as the best single path
routing method, and has the highest average transmission rate
under various network conditions. In addition, only minor
modifications of NDN are needed for CODA to support
cooperative multipath data transmission — existing NDN
routers can support CODA by enabling the Detectors interests
forwarding. In the end, although CODA is specially designed
for NDN, its ideas can also be ported to other types of ICN
network.
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