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Abstract—Named Data Networking (NDN) performs its routing and for-
warding decisions using name prefixes. This removes some of the issues affect-
ing addresses in our traditional IP architecture such as limitation in address al-
location and management, and even NAT translations etcetera. Another positiv-
ity of NDN is its ability to use the conventional routing like the link state and
distance vector algorithm. In route announcement, NDN node broadcasts its
name prefix which consists of the knowledge of the next communicating node.
In this paper, we evaluate the performance of mobility management models
used in forwarding NDN contents to a next hop. This makes it crucial to select
an approach of mobility model that translates the nature of movement of the
NDN mobile routers. A detailed analysis of the famous mobility model such as
the Random Waypoint mobility and Constant Velocity were computed to de-
termine the mobility rate of the NDN mobile router. Simulation analysis was
carried out using ndnSIM 2.1 on Linux Version 16.1. we build and compile
with modules and libraries in NS-3.29. The sample of movement of the mobile
router is illustrated and our result present the viability of the Constant Velocity
model as compared with the Random Way point.
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1 Introduction

ICN is a platform whereby contents are recovered based on names in place of IP
addresses. The platform is designed to offer seamless distribution of data in both in-
frastructure and infrastructure-less network. Between all the various architectures of
ICN, the Named Data Networking provides the most promising solution on a network.
The best features NDN offers are the independent or autonomous model of naming,
multi-cast support and routing based on names[1][4] With the current Internet archi-
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tecture, the massive rate at which IoT devices increase could not be handle only with
IP architecture[4]. This makes researchers to think beyond the future and come up
with an architecture for efficient dissemination of information. Based on performance,
NDN has been seen to have the most of capabilities for data distribution in today’s
heterogeneous equipment/devices. However, mobility becomes a bottleneck in NDN
despite all the improvements it could offer to heterogeneous networks. Besides, data
objects is demanded or needed with no idea of its location. This challenge basically
exist in heterogeneous network setups as a result of ever-increasing updates in com-
puter technology. It is imperative for researchers to find means of improving location
information. This paper will assess the reduction of time gap in forwarding content
between preceding connections of the content to the point reachable to the acquired
position of the content. The paper will also assess the pathway where a mobile heter-
ogeneous device traverse to access its mobile producer in term of forwarding.

2 Literature Review

A research is carried out efficiently on Information Centric Networking to create a
clear model of evaluating ICN by testing, making comparison and stating their ad-
vantages [1]. The document presents various research gaps such as showcasing the
need to implement mobility, scalability, efficiency of network and to minimize com-
plexity in NDN. The achievement in the paper involves pointing out security infor-
mation, network availability and independence of consumer and producer location
identification in forwarding NDN contents. However, the document presented a brief
evaluation methods across scenarios such as network complexity. A research paper
was conducted on “Making Name-Based Content Routing More Efficient than Link-
State Routing”. The paper investigates on a protocol known as Diffusive Name based
Routing for ICN naming to have efficiency. The protocol can ensure loop less routes
and maintain it as well by illustrating name prefix with a single information. The
protocol also reduces the periodic forwarding updates in NDN, keeping records of the
information of the topology, and keeping in cache the overall paths of named content.
The paper presents a result of simulation which instantiates the protocols efficiency as
compared to link state routing algorithm. However, the paper discourage link state
routing but not mention all the reasons as future directions for research [2]. [3] Con-
ducted a study on “Network Mobility in ICN”. The study investigates how the trends
concerning 5G networks and the rapid recognition of Internet of Things devices and
the need for greater mobility support on information concentric network. The paper
presents the process where ICN networks handles content with priority and the con-
tent transfer between routers according to their unique identity. A major contribution
of the study was the proposal of NeMol which is a reliable and strong anchor based
scheme of mobility. It main function is to implement and maintain a mobile network
called the network-on-the move. The paper also shows the support ICN offers to con-
sumer mobility and also expressing that there are ongoing research to improve more
on producer mobility. However, a major challenge always remain as the paper did not
analyses performance on producer mobility. A research on “Producer Mobility Sup-
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port for Information Centric Networking Approaches” was conducted. The paper
perform an analytical review to promote producer mobility on some of the various
architectures of ICN by reviewing the basic features. The paper perform a task of
comparing the mobility in ICN with respect to IP. The paper further noted out the
open issues on content concentric networking and named data networking that could
not promote mobility of content by the producer. Finally, the paper mentioned the
techniques that ease content producer in various architecture to be employed for other
architecture. However, the paper suggest more research work should be conducted to
counter the issues arising on producer mobility and prepare to replace the current
Internetwork with ICN as the future Internet [5]. [6] Research on “MobiNDN: A Mo-
bility Support Architecture for NDN”. The paper analyze the process involved in
forwarding a protected data from preceding and to reaching another access point.
Also, the analysis computes on how to ensure consistency in routing during handoff.
Results presents the effective minimization of delay and packet transmission during
handoff. However, the paper could not cover the addition of software define network-
ing in their design. Forwarding mechanism is encouraged to be researched on to min-

imize the quantity of transmission of the interest packets in NDN.

Table 1. Summary of Literature Review

Author

Contribution

Results Obtained

Limitation

(1]

Create model of evaluating ICN by
testing, making comparison and stating
their advantages. Showcasing the need to
implement mobility, forwarding, scalabil-
ity, efficiency of network and to minimize
complexity.

Coming up with a security
information, network
availability and independ-
ence of consumer and
producer location when
forwarding NDN con-
tents.

Brief evaluation methods
across scenarios such as
network complexity.

An investigation on a protocol known as
Diffusive Name-based Routing for NDN
naming to have efficiency.

Ensure loop less routes and maintain it by
illustrating name prefix with a single
information.

Reduction of the periodic forwarding
INDN updates, keeping records of the
information of the topology, and keeping
in cache the overall paths of named
content.

The paper presents a
result of simulation which
instantiates the protocols
efficiency as compared to
link state routing algo-
rithm.

However, the paper
discouraged the use of
link state routing protocol
for

NDN named-base routing

The introduction of NeMol which is a
reliable and strong anchor based scheme
of mobility.

Support on how NDN offers to consumer
mobility and also shows that there are
works that ongoing on producer mobility.

An investigation on how
the trends concerning 5G
networks, the rapid
recognition of Internet of
Things devices and the
need for greater mobility
enhancement on ICN.

A major challenge always
remain as the paper did
not analyses more on
producer mobility.

Conducted an analytical review to pro-
mote producer mobility and content
forwarding on some of the various archi-
tectures of ICN such as NDN by review-
ing the basic features.

Mention out open issues on content
concentric networking and named data

The paper perform a task
of comparing the mobility
in ICN with respect to IP.
Mentioned the techniques
that ease content producer
in various architecture to

be Employed for

Suggestion of more
research work should be
conducted to counter the
issues arising on producer
mobility and prepare to
replace the current Inter-

network with ICN as the
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networking that could no promote mobili-
ty of content by the producer.

other architec-
ture.

future Internet

Analysis on the process involved in
forwarding a protected data from a pre-
ceding to reaching access point. Analysis

The effective minimiza-
tion of delay and packet
transmission during

However, the paper could
not cover the addition of
software define network-

on how to ensure consistency in routing at/handoff.

handoff.

ing in their design. For-
warding mechanism is
encouraged to be re-
searched on to minimize
the quantity of transmis-
sion of the interest pack-
ets in NDN.

2.1 Name based forwarding

Routing based on names in ICN is performed efficiently using a protocol known as
the Diffusive Name-based Routing [2]. The protocol is more efficient when compared
with the link state routing protocol. Diffusive Name-based Routing as a protocol lo-
cates a shortest route path to a closest name prefix. In an ICN network, every single
data is a Named Data Object. The NDO symbolize a name prefix which is clear and
readable. An anchor is a router node connected to a content producer which broadcast
a name prefix. The protocol computes routes to the closest anchor which has an accu-
rate name. If it finds the prefix name in during its computation, it picks a subclass of
the connecting anchor as it correct next hop. This will ensure no loop in the forward-
ing table on each router.

NDNRouter1
NDNRouter2
s

) -
Cloud
- ool
Access\Point 1
\ Accegs Point 2

\

NDN Consumer
Consumer Sends Named content to the producer

NDN Producer
Producer responds back with data

Fig. 1. Routing Based On Name

In figure 1 above, the scenario shows a typical network of an NDN communica-
tion. An NDN consumer sends an enquiry of a named content to an NDN producer on
a different location. Under normal NDN scenario, the producer replies the enquiry in
return with a data. Claiming a content by its name using name based routing relies on
the name hierarchy with no resolution to forward an enquiry from a consumer and to
producer [4].This require all routers to have each other’s routing information. Howev-
er, there will be a lot of topology information on the NDN network. In this design, it
is realized that name based routing with the support of the Name Resolution system is
absolutely capable of supporting producer mobility. This is because the producer
frequently provide notice of its position change to the mobile consumer.
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2.2 Routing and forwarding

NDN performs its routing and forwarding decisions using names. This removes
some of the issues affecting addresses in our traditional IP architecture such as limita-
tion in address allocation and management, and NAT translations. However, in ICN
architecture particularly NDN, the challenge of address limitation is fixed because
namespace is limitless. Also, NAT translation is removed because NDN does not use
neither private nor public IP address. Another positivity of NDN is its ability to use
the conventional routing like the link state and distance vector algorithm. In route
announcement, NDN node broadcasts its name prefix which consists of the
knowledge of the next communicating node. Then the routing protocol fully broadcast
the initial announcement to various FIBs all over the network [17].NDN uses almost
similar mode of routing and forwarding as in IP. Basically, the NDN router manipu-
lates its routing table more efficiently as compared to the IP router [4]. The routing
table of NDN is numbered with content names such that in the process of routing. In
case of forwarding, the forwarding information base will give various destinations for
one record as a result of its presence in the router buffer. Control plane in NDN’s
major task is to crowd the routing table such that topology information will be distrib-
uted. It also notice packet loss and try to fix it when network information changes as a
result of mobility. Similarly, the Data plane has an indirect function because no com-
putation is required by it. This is because the primary function of the data plane is to
pass on the receiving enquiries to the appropriate path based on the records placed in
the FIB. Routing protocol on a network is solely meant to distribute policy of how
contents will exit and come in to interfaces of the network.

2.3 Named data networking mobility

Mobility in named data networking is categorized into consumer and producer mo-
bility [4]. Names are ascribed hierarchically to data objects in named data networking.
In ICN, consumers tender their bids to contents by distributing interest packets con-
taining their names couple with the corresponding data objects. These distributed
interest packet get routed according to names directly towards the content providers
Forwarding Interest Base. Demand is gratified by a catch node (i.e a content produc-
er) that uphold the most needed content in its Content Store [10]. The Data packet is
later reverted to the consumer along with the copy given via the Interest packet in the
Pending Interest Table.

Figure 2 shows how to forwarding is carried out between the consumer and a serv-
er connected to an NDN producer router. The customer initially send an Interest pack-
et via a producer router to a yahoo serverl. The server reply back with data to the
customer. Similarly, a backup copy object content is available at a different location
but have full access. This serves as the Multi homing interface for content availability
for every time need of the NDN network.
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Fig. 2. NDN mobility architecture

Named Data Networking is a revolutionary scheme in ICN. It uses two manners of
packets that are known as a Data packet and an Interest Packet. A packet sender in an
ICN network is called a consumer. The consumer transmit an Interest packet to be
served with a Data packet format. In a process of mobility, the Data and Interest
packet must contain the accurate name of the enquired data object. In the process of
mobility, each NDN router contains data structures such as content store (CS), For-
warding information Base (FIB) as well as Pending Interest Table (PIT). In an NDN
router, the content store holds each incoming content by caching it temporarily [15].
The consumer must not stress the need to have the knowledge of the position of the
requested content. However, the content may be position on its publisher server in the
first place but in the process of mobility it will be required. By the time the data is
cache, more request will be tendered for that similar interest and that will then be
transmitted to the next connecting NDN router which has the copy already cached so
as to ease the reply to the host consumer. Considering forwarding processes and
lookup, NDN packet is more simplified as compared to the forwarding process in IP
as can be deduced in the figure above [12]. When an Interest packet is received by an
NDN router, the router runs lookup process from the content store for a single record
that is relative to the enquired content. When the record is found then it will forward it
to the accurate consumer as a data packet. If otherwise however, another lookup will
be performed to verify if the content is located in the pending interest table [12][10].
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2.4  Mobility for named data networking router

Node mobility in an NDN scenario promote network scalability. To achieve pro-
ducer mobility, the network service provider prefix is transferred in a fresh forward-
ing code name on the interest packet. The data and Interest packets are identified
using application name on the producer node. In the system of forwarding interest,
nodes lookup data within the CS containing application name and afterwards perform
another lookup on the PIT record containing another application name. On the con-
trary, if this process of mobility has not been achieved, the forwarding codename will
be employed in the forwarding information base at a period where the interest is pro-
cessed. The code name specified by the consumer device give router nodes infor-
mation on where to move the interest packet as a destination. A practical scenario is
when Umobile offers internetwork services for a particular enterprise skype. Umobile
may advertise its forwarding codename /umobile to an exit autonomous system
whereas skype is permitted to only advertise its forwarding codename /umobileskype
to Umobile’s home network [10]. A mobile producer that is situated within the skype
network might advertise its name prefix in the local network of skype. This will make
the router nodes to perform forwarding accurately.

3 Simulation Set-up

Simulation is carried out using ndnSIM 2.1 which consist of libraries in NS-3.29.
This is to achieve a seamless forwarding strategy between the producer/subscriber to
the consumer within an NDN network and another network. A number of 10 mobile
routers is developed to be mobile within the scope of the forwarding zone. The simu-
lation parameters taken are presented in a tabular form in the result section.

Forwarding is the act of relocating a content from one transmitting node to another.
For forwarding to take place in a mobile routing situation, it must use an algorithmic
state that is driven from a routing protocol and it will be conserved as a forwarding
state known as the forwarding information Base (FIB) [7] In addition, it depends on
the network management system to set up the nature of the FIB as well as the direc-
tions where contents will be forwarded. Forwarding in IP architecture is done by
sending the packet to a neighbor destination using path with the lowest cost.

In this forwarding scheme for VANETS, content transmission between mobile ve-
hicles is addressed using hop-by-hop forwarding scheme.This means that each mobile
NDN node keeps its FIB details in two forms. These are the name prefix as well as the
forwarding face. The NDN node then examine its FIB to locate the longest corre-
sponding name prefix and transfer the interest to the matching face list to the next
node. However, if there is a failed content interest, it will be stored in the node’s
Pending Interest Table. Immediately the data content arrived the next node, it will
then revisit the PIT to verify if there are newer faces of the matching interest where
data contents will be moved next. A spot light has to be set on the Mobile Router to
achieve efficiency in forwarding. Various forms of mobility are based on crucial pa-
rameters that are associated with the Mobile Router. These are the initial location of
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the mobile router, mobility paths of the mobile router, the speed interval (delay), vari-
ation in interval (delay variation) with respect to time.

The forwarding strategy in this paper involves assessing the pause interval between
links where vehicle mobility and forwarding content takes place. We used the strategy
to evaluate the performance using NS-3.29 having an updated library of ndnSIM 2.1.
In addition, a direct stochastic model of evaluating performance has been more friend-
ly to use while describing the mobility rate of the mobile router within the region of
its node. However, the model is not fully adequate when evaluating high speed mobil-
ity of vehicles in VANET. In the contrary, Constant Velocity model of mobility man-
agement has an already builded library in the NS-3 simulator. Here, the mobile router
maintain its initial speed and node path for the entire period of simulation of 100secs
which can be illustrated below [18].

S00 4

400

200

0 100 200 300 400 500

Fig. 3. Random Waypoint Approach of Mobility

Fig. 4. Constant Velocity approach of Mobility
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Fig. 5. Average Handoff delay against Time for Constant Velocity in NDN

4 Result Analysis

This simulation parameters that is considered in this paper is presented below as
follows

Table 2. Simulation Information

Simulation Metrics

Considerations

Operating System Ubuatu 16.

Simulator odaSIM (NS-3-
based)

Simulation time 100sec

Correspondent nodes 2

Pause time 25milliseconds

Random Waypoint Mobility

Average Handoff Delay (sec)
o
»

2 3 4 - 6 7 8 S 10

Time (sex)

Fig. 6. Average handoff delay against time for random way point in NDN
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The results obtained presents the effect of changing time based on the average
handoff delay in forwarding NDN contents that is considered for the model of random
way point as well as the constant velocity model of mobility. Based on the design, the
speed of the mobile router is kept at 80 meter/seconds. Hence, the random way point
and the constant velocity performance present almost similar trend of the handoff
delay as it constantly decrease when the time (sec) is increased. This shows in NDN
architecture that forwarding content based on constant velocity model offers impres-
sive stability of the average handoff delay as compared to the random way point mod-
el of forwarding ndn content. At a point, the average handoff delay in constant veloci-
ty became minimal to about (0.02 secs) compared to the random way point of (0.4
sec) at different interval of time.

5 Conclusion

In this paper, the performance of mobility management scheme in forwarding NDN
content is implemented based on random waypoint mobility and constant mobility
model as our major parameters. Simulations scenarios were created by building and
compiling NDN modules and libraries embedded in NS-3.29 edition. The results
presents signaling prerequisites for the random waypoint and constant velocity differ-
ently. In addition, the results also depicts comparison of handoff delay in forwarding
content based on NDN scheme vary much differently based on the considered model
of mobility management schemes
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