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ABSTRACT
Mobile Ad Hoc Network (MANET) is special kind of wireless network which does not
have any fixed structure. They are paired for specific purpose within some concise
time period. As the concept of “Micro Products” with a feature of “Mobility” has
gain popularity, the MANET has benefited the mankind in many ways and in number
of situations such as Natural Disaster, War Zone, and Medical Camp in far-flung
Earthquake hit areas etc. In every situation mobile nodes organized themselves on
temporary bases in network topology.
Autonomous nodes having wireless infrastructure are interconnected to form an
autonomous network and easily establish a connection from one place to another.
These mobile nodes act either as routers or as a host. These nodes have routing
capabilities for multi hop paths through which these are interconnected.
The mobility of nodes needs efficient routing for MANET. So therewith, Multi
Protocol Label Switching (MPLS) enhances routing with respect to path and packet
forwarding. In our thesis we try to analyze the various effects of MPLS on MANET
protocols when integrated with MPLS. Simulations were carried out using OPNET
modeler 14.5 for analyzing the MPLS effects on the metrics like route discovery time,
packet end-to-end delay and throughput. Moreover case study is also included to
present a conceptual model for integrating MPLS with MANET protocols.
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INTRODUCTION

Mobile Ad hoc Network can actually be defined as a network that lacks an
infrastructure and this might look the other way around of wired network. It
primarily serves as a mobile mesh network. It co-exists with both mobile node and
fixed node. The nodes in MANET can be instrumental in serving both as host and
router. The far-fetched capability of MANET can be attributed to mobile nodes, to
form and setup a network connection in places that lack suitable communication
infrastructure, and can provide best means of communication in times of natural
disasters, etc. The dynamic topology of MANET has the characteristics to empower
MANET to work either as a standalone network or to be connected via internet cloud
or satellite. Deployment of MANET has features for companies to customize it and
to fit in small time campuses to backhaul networks.
MANET has incorporated the features of self-configuration and self-maintenance to
extend its vast expansion to sizeable number of users to a more worldwide
popularity. It is in comparison to wired network has given more advantages and this
has left too many rooms for the research to take its course to help explore the
maximum potential of this field. The identification of experimental Request for
Comments (RFC) since 2003 is used. Research work is in the incremental stage and
is in full swing on the protocols like Ad hoc On Demand Distance Vector (AODV),
Dynamic Source Routing (DSR) and Optimized Link State Routing (OLSR). The
cornerstone of these pieces of research provide interface between mobile nodes in a
more reliable and efficient way [9].
In the late 90’s, a more pivotal and quality of service based technology MPLS was
introduced to support traffic engineering. It was designed for high speed optical
backbone, employing very quick and fast track optical switches. MPLS finds today
the feature of high processing power as the most essential ingredient in wireless
domain and it particularly takes extraordinary measures in the quick processing of
layer 2 of “TCP/IP protocol stack” header which decreases end-to-end delay. It
introduces a whole shopping list of refinement Quality of Service (QOS) parameters
like round trip delays, packet loss, drop ratio, fault tolerant paths and of course
structural management services [1].
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Incorporation of MPLS in the circle of Mobile Internet Protocol (IP) is the most
groundbreaking feature that can improve various mechanisms. The switching in a
wireless network sees more improvement when MPLS labeling is used at layer 2 of
TCP/IP protocol stack.

1.1

AIM AND OBJECTIVE

MANET moves on to provide from a reactive group of protocols to a more sounder
proactive group of protocols. Proactive protocol intakes the table driven approach
and monitors the network layout on time basis. Reactive protocols make use of
demand routing protocol for finding the route when a request comes from the desired
host.
We state our main goal to conduct a thorough study and plans to execute the
simulation of research trends by means of MPLS mechanism for optimizing the
performance of MANET protocols that lay the focus on the integration of MPLS with
MANET protocols. It would further cast way for the conceptual model to implement
MPLS with MANET protocols on standalone mobile nodes.

1.2 RESEARCH QUESTION
One of the main difficulties in MANET is the routing problem due to frequently
change in topology causing more time in route setup and increasing the delay. We
will investigate how the feature of MPLS when integrated with MANET protocol
overcome this problem and increases the efficiency of MANET protocols and
minimize the time it takes to setup a route. The MANET protocols have different
behaviors in context of wireless routing. The main questions arose are firstly, what
are the benefits of integrating MPLS with proactive and reactive protocols of
MANET, secondly evaluate the MANET protocols and select the best integrated
protocols, thirdly the idea of the integration at node level is performance oriented and
which parameters are required for quality of service provisioning.
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1.3 SCOPE OF THE THESIS
The scope of research is to evaluate the performance of AODV, DSR and OLSR after
being integrated with MPLS. We will observe the effects of MPLS on MANET
routing protocols. Our case study will use conceptual model and definition of
parameters, showing the implementation of MPLS features in traditional MANET
protocols. Moreover a detailed explanation of MANET protocols and MPLS will also
be presented.
In OPNET 14.5 modeler a satellite based scenario will be organized to verify the
integration of MPLS with MANET protocols. As OPNET does not support MPLS on
mobile nodes, therefore, a conceptual model will represent the integration of MPLS
features in traditional MANET protocols. The thesis consists of following scenarios:
Individual Scenarios:
There are basically three individual scenarios between the MANET protocols
(AODV, OLSR and DSR) and MPLS integrated MANET protocols. The best
possible outcome can be obtained by the comparison of individual and collective
scenarios, thus to get an idea that which one runs effectively and is more instrumental
in boosting the performance of MANET.
The case study will explain how to implement the MPLS on standalone mobile nodes
in MANET.

1.4 THESIS STRUCTURE
The thesis is mainly divided into eight chapters. Chapter 1 is about the brief
introduction of MANET and MPLS integration. It also describes the aim and scope
of research. Chapter 2 discusses the work of the other peoples in relation to our
research work. Chapter 3 explains in detail the MANET and its protocols. Chapter 4
provides full theoretical background and concept of MPLS. Chapter 5 highlights the
advantages and disadvantages of MPLS used in wireless context. Chapter 6 describes
the conceptual model for integrating MPLS with MANET protocols. Chapter 7
illustrates the analysis of the graphs obtained after simulating the MANET scenario
in OPNET. Chapter 8 concludes the research work and provides further details for
prospective work.
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2

STATE OF THE ART

To accomplish the objectives of our thesis, an evaluation of work done by other
authors related to our objectives was studied. Following papers in particular were
considered.
According to [1] the objective was an adaptation of MPLS for MANET as Mobile
Multiprotocol Label Switching (M2PLS) to make available QOS for real time traffic.
The specially designed protocol for MANET provides efficient QOS mechanism for
new situation and resource reservation.
A summary of M2PLS as a QOS solution for multimedia application on MANET
was introduced. A proposed Mobile Label Distribution Protocol (MLDP) for
enabling Label Switch Path (LSP) was also presented. M2PLS and MLDP were
implemented and simulated by using the simulation tool OMNET++. After getting
the results author concluded that QOS in terms of bandwidth is feasible for
multimedia applications on MANET.
In [2], the objective was to investigate the effect of integration of MPLS with mobile
IPV-6. It also includes the integrity of peer to peer communication covering multi
layer communication requirement.
A summary of mobile IPV-6 features and mobile-IP MPLS was given. Besides,
integrated flat versus hierarchical approaches of these technologies were presented
and a new Hierarchical Mobile-MPLS (HM-MPLS) architecture using Foreign
Domain Agent (FDA) and Access Point (AP) with related framework was also
introduced. The author concluded that with help of introduced framework and
architecture, QOS can be improved in mobile IP environment.
In paper [3] authors represent the idea of integration of MPLS with MANET and
study the effect of performance on QOS parameters.
The idea behind the research is to use MPLS in wireless context providing
improvement in a rapid processing of layer 2 headers. Because of the restriction of
wireless a new AODV-based multipath routing protocol is also suggested. A solution
showing simple multipath routing between source and destination having no common
links in between was also suggested.
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Secondly, OLSR-MPLS integration is discussed. OLSR is succession of link state
algorithm provided selective flooding, periodic link-state routing with stability. Multi
Point Relay (MPR) forward broadcast messages in the flooding process.
In proposed MPLS-OLSR, each MPR in the OLSR has a twofold in the MPLS
mapping, which is an Label Switched Router (LSR) having allocated Forward
Equivalence Class (FEC). In the proposed model of MPLS-OLSR, every MPR in the
OLSR that broadcast messages in the flooding process has dual MPLS mapping. By
simulating different scenarios using OPNET modeler, the author concluded that
among routing protocols AODV is the best one because it is capable of multipath
routing, when integrated to MPLS.
In [4] authors implemented MPLS based wireless network showing that QOS
architecture can be employed for wireless networks. MPLS is emerging choice for
traffic engineering and internetworking. One of the primary goals is to support the
high demanded bandwidth requirements. To achieve this, network should be reliable
and flexible. Architecture of MPLS protocol layer and call setup in wireless networks
was discussed. It also shows that MPLS can also perform traffic engineering in
mobile networks, which is very helpful for controlling congestion on LSP tunnels.
Finally authors concluded that by using MPLS, we can converge voice and data onto
the common packet and provides QOS features.
In Paper [5] the authors proposed an Ad hoc version of MPLS known as Ad hoc
MPLS. They called it light weight version of MPLS .This version of MPLS provides
Ad hoc LSP extension for making it real to end-to-end; which means not exactly
connected Ad hoc networks which are called “virtual connection oriented Ad hoc
networks”. The authors concluded that by using their suggested method, one can
achieve efficient internetworking, end to end QOS, traffic engineering, security in
internet, diverse Ad hoc routing and other miscellaneous services in mobile wireless
networks.
In [6] Label Switched Path with Guarantees of QOS (LSPAQS) is defined in two
phases i.e. Control Flow Phase and Data Flow Phase. In Data flow phase, label and
resource allocation are performed to ensure QoS, while Control flow phase has the
responsibility of packet arrangement and assigning labels to packets. LSPAQS
provide a mechanism to quickly recover from the route breaks and channel
degradation. QoS is guaranteed in LSPAQS with respect to bandwidth, end-to-end
delays and link loss ratio.
5

3

OVERVIEW OF MANET

3.1

TYPES OF NETWORK

There are two types of networks, the first one is wired network and other is wireless
network. In wired network the information is carried through cables, whereas in
wireless network the data is sent from one point to another through a wireless
medium. Wireless network is further divided into two groups:
Infrastructure wireless network
Ad hoc network
Infrastructure wireless network uses base station or access point to connect wireless
nodes. However an ad hoc network connects nodes through wireless links, that’s why
it is also known as Infrastructure less network. These wireless nodes can also behave
as routing devices when required.
Infrastructure less wireless networks or Ad hoc networks are an important type of
wireless networks. These are appropriate when telecommunication demands are
limited to a small area. These networks comprise wireless devices which are able to
form a network autonomously [27].

3.2

MANET

A wireless ad hoc network having mobile nodes is called Mobile Ad hoc Network
(MANET). Over several years research and development is in process regarding
MANET. Within MANET, wireless devices have routing ability and information
forwarding is done in a multi hop ways. These are deployed where existing
telecommunication infrastructure is not available. The most appealing thing about
MANET is flexibility of communication anytime and anywhere.
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Figure 1: Overview of MANET

The Deployment of such network is of great challenge as there is no infrastructure.
Factors for consideration while deploying a MANET are:
Bandwidth
Error-prone in case of wireless networks are also insecure, due to which we
have lower capacity and higher congestion problems in throughput, so
bandwidth is key factor while deploying MANET.
Energy efficiency of nodes
The key goal of consideration is to minimize overall network power
consumption.
Topology changes
This factor is considered because topology is changed with the movement of
mobile nodes resulting in route changes which lead to network partition and
in largest occurrences few packet losses.
The MANET feature of self-configuration and self-management become even more
challenging when network is crowded with nodes. All ad hoc protocols are developed
in such a way that they can justify the dynamic nature of MANET environment;
some of such routing protocols are FSR, OLSR, TBRPF, AODV, DSR and ZRP [8].
7

The research focus on MANET is due to capability of extending network services to
those areas where infrastructure does not exist. Existing research work supports
MANET to be a part of 4G networks as MANETS can be joined with traditional
networks to enhance service [28].
Formation and deformation is done dynamically in MANETs so topology changes
have effect on formation and maintenance of routes.

3.3

TYPES OF MANET

Following are the types of MANET
1. Vehicular ad hoc network (VANET)
2. Intelligent vehicular ad hoc network (Intelligent VANET)
3. Internet based mobile ad hoc network (IMANET)
VANET is a form of MANET that provides communication between two vehicles
and fixed equipments. It uses 802.11b for communication between vehicles. The
main purpose of VANET is to provide safety, and for this, there is a special
electronic device placed in vehicles providing ad hoc features. Each vehicle having
such type of equipments and thereby acts as an ad hoc node and thus can receive and
relay messages. The most commonly used VANET example is automatic payment
for parking [7].

Figure 2: Vehicle MANET
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Intelligent VANET is the modified type of VANET using WIFI, IEEE 802.11p and
WIMAX IEEE 802.16 for communication between the vehicles having dynamic
mobility. Vehicles can communicate with each other, vehicles-vehicles (V2V) as
well as vehicles-roadside (V2R). Intelligent VANET is still in the process of research
[21].
Internet MANET is ad hoc network in which mobile nodes are connected to fixed
gateway nodes. Figure 3 illustrate the architecture of MANET connected with
internet.

Figure 3: Internet MANET

3.4

APPLICATION OF MANET

MANETs application typically include communication in battlefield environment.
These are referred to tactical networks, monitoring of weather, earth activities and
generation of automation equipment. These are examples of sensor networks under
area of MANET. Emergency services include medical services such as records of
patients at runtime typically in disaster. Electronic commerce is another example of
MANET which includes receiving of payments from anywhere, Records of
customers are accessed directly from field, local news, weather and road conditions
are carried through vehicular access. Enterprise networking is example of MANET in
9

which one can have access for Personal Digital Assistant (PDA) from anywhere;
networks so formed are personal area networks.
These applications are used for the educational or business purpose. An educational
application can be used a virtual conference calls to deliver lecture or for meetings, it
also supports multiuser games, robotic pets.
By using this network a call can be forwarded anywhere, can be used to transmit
actual work space to the current location. The most common applications of MANET
are Inter vehicle communication for Intelligent Transportation System (ITS)
involving accident information on a highway, collision avoidance at a crossroad and
connection to the internet. The application of MANET has further improved the
communication infrastructure of rescue team in operating at the disaster hit area
around the clock and modern military has benefited more from its advancement in
the battle fields [18, 19].

3.5

ROUTING IN AD HOC NETWORK

Routing in ad hoc network is still in research within industrial and academic area
outskirts. Many routing protocols have been developed for ad hoc network. These
protocols can be used according to requirements, choices and approaches ranging
from simple modification of internet protocols to complex schemes. While
developing the protocols for ad hoc, the following factors are considered for most
reliable communication between mobile nodes [10].
1. Minimal control overhead
Routing protocol must be designed in such a way that it can handle the
control messages according to the requirement. Transmission process takes
twice power as compared with receiving process, but both operations are still
power consuming. Protocol having the ability of reducing control messages
can help in saving the power in mobile devices.
2. Minimal processing overhead
A complex routing algorithm requires a significant processing cycles in
devices which may cause more power consumption in mobile devices.
Protocols that are light require less processing from mobile devices thus
reserving the overall battery life.
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3. Multi hop routing capabilities
Wireless transmission range of mobile devices is very limited. There may be
no direct transmission between source and destination. Routing protocol
should be capable of discovering multi hop routes.
4. Dynamic topology maintenance
Link breaking in ad hoc network are very common. Protocols should be
designed in such a way that they can maintain the links quickly with a
minimum overhead.
5. Loop prevention
When a routing loop occurs, data packets may transverse the path multiple
times until path is fixed or Time to Live (TTL) of the packet approaches zero.
Routing loop causes wastage of network resources, so protocols should be
designed to avoid loops all the time.

3.6

TYPES OF ROUTING

Routing protocols in ad hoc network have been divided into two categories
1. Proactive routing
2. Reactive routing

3.6.1

Proactive routing protocols

Proactive routing protocols are derived from link state protocols developed for wired
network. The main feature of proactive protocols is that each node maintains the
route for the every other node. The route creation and maintenance is achieved with
the help of periodic and event triggered routing updates.
Periodic updates take place when time intervals are set between routing update and
event triggered is updated when some event occurs. Proactive protocols can perform
well in a network where significant numbers of data sessions are involved [8].
It is not bandwidth efficient and not dependent on whether the route is needed or not.
Control messages are periodically transmitted in proactive routing protocols. The
main advantage of proactive is that the nodes can easily get routing information to
establish the session. The disadvantage of proactive routing protocol is that a lot of
data is kept by the nodes to maintain the route. Proactive protocols show better
11

performance over reactive and hybrid protocols in context of routing traffic, where
topology is changing dynamically. Examples of proactive routing protocols are FSR,
OLSR and TBRF [29].

3.6.2

Reactive routing protocols

It is also known as on demand routing. Contrary to proactive approach of routing, the
routes are only established when they are required in reactive routing protocols.
When a node has to send data to another node, it first verifies the existence of a route,
and if route does not exist then route discovery is performed towards destination
node. In reactive routing protocol, bandwidth is utilized in an efficient way. Reactive
protocols only maintain the routing information of active communication. The main
disadvantage of this approach is that when a route establishment is required a finite
latency occurs [11]. Examples of reactive routing protocols are AODV and DSR
[30].

3.7

MANET PROTOCOLS

The following diagrams shows the overall protocols used in MANET [3]

Figure 4: MANET Protocols (a)
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Figure 5: MANET Protocols (b)

The figure 4 and 5 shows various MANET protocols and corresponding services
supported by them. It is evident from the figures that different protocols support
different parameters and can be selected as per specific user requirements.
FSR: Fisheye State Routing (FSR) represents the concept of multilevel “scope” to
decrease routing update load in large network [31].
TBRF: Topology Dissemination Based on Reverse-Path Forwarding (TBRPF) offers
hop by hop routing besides shortest path to every destination employing modified
form of Dijikstras algorithm [32].
ZRP: When mobility patterns are diverse Zone Routing Protocol (ZRP) is employed;
in which each node uphold routes within a zone which is local region. ZRP controls
routing zone topology in order to enhance the efficiency of reply mechanism [33].
HSR: The distinguishing feature of Hierarchical State Routing (HSR) is multilevel
grouping and logical division of mobile network nodes [34].
LANMAR: Logical grouping is key idea behind the Landmark Routing Protocol
(LANMAR).
CGSR: The base of Cluster head Gateway Switch Routing (CGSR) is DSDV [35].
GEOCAST: In GEOCAST packets are sending to every sensor nodes in a specific
region having geographical boundaries, to collect data from these nodes [36].
LAR: The underlying protocol for Location Aided Routing (LAR) is DSR. It use
information, which is location specific in order to decrease the routing overhead, for
this purpose the Global Positioning System (GPS) is used [37].
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DREAM: In DREAM protocol each node keep a location table, which contains
information about the location of all nodes within a network and it sends regularly a
location packet which is known as control packet [38].
DPSR: The underlying protocol of Dynamic P2P Source Routing (DPSR) is DSR; it is
integration of P2P with MANET.
SADSR: In SADSR (Security-Aware Adaptive DSR) the validation of routing
protocols messages is done by using the digital signature grounded on asymmetric
cryptography [39].
SDSR: Secure on-demand routing (SDSR) use digital signature and node observation
to guarantee security [40].
MPSR: In Multipath Power Sensitive Routing Protocol (MPSR) every node located
in network is treated likewise, so the overall network is in steady state for quite a
long time [41].

3.8

COMMUNICATION TECHNIQUES

3.8.1

Broadcast routing

Broadcast means that one node can sends packet to all other nodes in a network.
These nodes are easily adaptable to flexibility.
Broadcasting methods in MANET have been divided into four categories [20].
1.

Simple Flooding: Each node in MANET can rebroadcast.

2.

Probability Based: Assign probability to each node to rebroadcast.

3. Area Based: Common transmission distance is assumed and a node will
broadcast if there is sufficient coverage area.
4. Neighborhood Based: State on the neighborhood is maintained and this
information is used by nodes for rebroadcast.

3.8.2

Dynamic routing

In dynamic routing each node can forward packet towards the specific destination.
Information forwarding is dependent on distance, topology and position of the nodes.
In this type of routing, route repair is initiated after detecting link failures.
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3.9

AODV (Ad hoc On Demand Distance Vector)

AODV is a modified form of highly dynamic destination sequenced distance vector
routing protocols (DSDV) routing algorithm. The main task of DSDV is to reduce
the number of broadcast message sent throughout the network. AODV is an on
demand routing protocol having the feature of facilitating the changes occurred due
to the link conditions. If the link fails, notifications are sent only to the effected
nodes. Because of on demand nature of the protocol there is minimal routing traffic
in the network and does not allow nodes to keep the routes.
AODV creates and maintain routes only whenever it is required, as it is a reactive
protocol. More important the information from neighbors is also received and
whenever route breaks, neighbors can be notified.
When two nodes in an ad hoc network want to communicate with each other, AODV
will build multi hop routes between these nodes. AODV is loop free protocol; this is
one of the key features of the protocol. Routing in AODV is done with the help of
followings:
Sequence number:
The sequence numbers are used for deleting some information which is old and not
important. Distance vector protocols are prevented from loop problem by sequence
number as they act as time stamp [42]. For each individual destination host the
destination sequence number are stored in a routing table, when ever host receives
the message having higher sequence number there will be updated destination
sequence number in routing table. If host offer new route to itself or old route brakes,
there would be change in the destination sequence number in the routing table [42].
For possible roll over occurrence the sequence number should be treated as
unassigned integers. AODV allows sequence number to be roll over without creating
any problem.
Three messages:
If a source node wants to send some data to destination node, first it will check if
route exists than it simply forwards the packets and if route does not exists, a route
discovery process begins. AODV deals with three messages [12].
1. Route Request (RREQ)
2. Route Errors (RRER)
3. Route Replies (RREP)
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These three messages are used to discover the route across the network by using the
User Datagram (UDP) packet. When a node requests to locate a route, it sends its IP
address as a source address and the message IP header is broadcasted. The TTL in IP
headers determine the number of hops for the message.
To start a route discovery procedure a RREQ packet is broadcasted. RREQ message
have destination sequence number request that avoid the replication of old
information and looping problem, which is necessary to the traditional distance
vector protocols [42]. It doesn't add any new information of passed hosts but only
increases its hop metric. Each host that is passed update own routing table, so
destination reply to be easily routed back is helped by host on request. RREP
message is used for this connection.
When a node receives the RREQ packet, it creates a reverse route to the sending
node. RREQ is updated with one more hop count from the source. Nodes which
receive the RREQ check whether it has an active route to the destination. If it
contains no information about the destination, the node rebroadcast the RREQ
packet. In this way RREQ is flooded throughout the network. When a node forward
RREQ to its neighbor, routing table is updated, if this packet arrive again it can be
discarded.
When RREQ packet reaches the destination, RREP packet is generated from the
destination node or intermediate node and uses the established reverse path. If there
is a link failure, than a RRER message is generated, the host would make a list of
affected destination and also tells about affected destinations and neighbors. At last,
affected neighbors would get the route error message from the host. If there are many
users which need information then RRER would be broadcasted and if there is one
user than the RRER would be unicast.
Repairing:
Repairing is locally done by host when there is link breakage and no other specified
amount of hops. To do repairing, the link destination sequence number is increment
by the host and RREQ message broadcast to the host. To avoid the spreading for
repair process to whole network, TTL must be calculated for the IP header. RREQ
message must be received otherwise routing table status will be invalid. With the
receiving of RREP message hop count metric is compared. If the previous message is
smaller than hop metric then the RERR with the N field is broadcasted, the N filed
gives the indication about the repaired link. The received message considered to be
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the original RREP message. Repairing before the data sent to the host is proactive
repairing [42].
Hello messages:
The reactive protocol AODV uses Hello messages after fixed time to tell its
neighbors that the link to the host is alive. To avoid the forwarding of message again
and again, Hello message broadcasted with TTL equals to 1. After receiving this
message routing table is updated. If there is no information from neighbor for a
specific time, information marked as lost. Then RRER message is required to inform
hosts about the breakage. When the link breakage occurs, the routes that are not used
for routing should not generate the RERR message.
All the required information regarding the routes is stored in this main data structure.
These are the fields in the table: destination address, destination sequence number,
hop count, next hop, lifetime, precursor list, and route state. List contains the
information about the hosts that to whom message can possible to forward and to
which neighbor the error should be forwarded while breakage occur.[42]
Route discovery process in AODV involving RREP and RREQ packets is shown in
Figure 6.

Figure 6: Processes of RREQ and RREP
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AODV route discovery phase can also be explained by the following example. Let
node F wants to communicate to node B, it sends RREQ packet in the whole network
to show that it wants to communicate to B. All the nodes in between end points, who
receive RREQ, broadcast the message again, for the first time receives it and cause
some non permanent state to get to node F.
When RREQ is received by B, it enables B to go RREP message back to F which
cause to run the forwarding states in between the nodes (in this case C). Now B
receives data from F, the nodes between B and F can have knowledge. The nodes
which are intended for some target can reply and RREQ propagation is stopped. An
RREQ and RREP propagation between nodes F and B are shown in Figure 7 and 8.

Figure 7: RREQ Propagation

Figure 8: RREP Propagation
To handle the routing process, AODV protocol does not need any central
administrative system because AODV is a flat routing protocol. The control traffic
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messages overhead is reduced at the cost of increased latency in finding new routes
while using reactive protocols like AODV. Moreover, AODV tries to reduce the
message overhead, if there is information regarding active routes in routing table, and
then routing process is minimal/reduces. As in simple protocols which must keep the
whole route from source to destination in their messages is overhead in AODV. The
RREQ and RREP do not increase the overhead from control messages. AODV is fast
in reacting the changes and updating in the network through RRER message. In this,
HELLO message is also limited so as less overhead in the network [43]. The AODV
avoids the loops and also avoids the counting to infinity problem which is not in the
classical distance vector routing protocols [42] [43] [44].

3.10 DSR (Dynamic Source Routing)
The prominent feature of DSR algorithm is use of source routing. DSR is a reactive
routing protocol having on demand characteristics. The path information for the
packet to move in a network is set by the sender [45]. In source routing, decisions are
made by the source node.
The source node collects all the information between itself and destination. During
the route discovery process this information is utilized by all other nodes involved in
it. It uses a flow id to facilitate hop by hop forwarding. Figure 9 describe route
discovery process using DSR.
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Figure 9: DSR Route Discoveries
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DSR follows two mechanisms for its operation
Route Discovery
Route Maintenance

3.10.1 Route Discovery
Route information is known by sender from source to destination. Route cache is
maintained for this purpose. Source route is kept in packet header when the route is
not known and a node wants to send data packet to destination, it use route discovery
process.
Route discovery phase of DSR contains both RREQ and RREP messages. When a
node wants to send a message, it broadcast an RREQ packet to its neighbors. The
neighboring nodes add their ID in the RREQ packet and rebroadcast the packet.
Broadcast message will reach to the destination or to the node which contain route to
the destination node. Each node maintains a route cache. Node checks its cache
before rebroadcasting the RREQ packet.
By maintaining the route cache, the overhead generated by route discovery is
reduced. If a route was available in the cache of node, it will send RREP message
instead of RREQ. The first packet that reaches the destination node will have
complete information about the route. In DSR protocol the path obtained is
considered to be the shortest path. An RREP packet is sent to the source node
containing the route to the destination. The source node saves this route in its cache.
In case of broken link on source route, the RRER packet is used to notify source node
so that source takeoff any route using this link from its cache, if there is still a need
of this route a new mechanism of route discovery is initiated by initiator or source.
DSR utilize source routing and route caching in very excellent way such that there is
no need of special mechanism to discover routing loops.
.

3.10.2 Route Maintenance
In this mechanism two types of packets are used; RERR and acknowledgement
(ACK). DSR verify the existence of the route on the basis of ACK received from the
neighboring node, describing that packet has been delivered to the next hop. ACK
packet also contains passive acknowledgements. An RERR packet is also generated,
when a node fails to receive an ACK message. This RERR packet is send to the
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source for again initializing the route discovery phase if the redundant route to the
destination is not available. When RERR packet is received by the node it removes
the route entries from their route cache which uses those failed links [12].
To reduce the overhead, DSR also support flow state to be established in
intermediate nodes. This flow state provide facility of hop by hop forwarding with
the same source based route as provided by the original source route.
The most distinguishing feature of DSR is that it does not exchange HELLO
messages, so nodes can save their power. DSR route maintenance is explained in
figure 10.

Figure 10: Error message
1. After no of requests if c does not receive acknowledgement from node D it returns
back a route error to the source.
2. When node receives a route error message, it eradicates the broken link from its
cache if A has an alternate route to E. It forward packet without any information
utilizing recent route.
3. Elsewhere the source A begin route discovery again.
The typical advantages of DSR are that there is no need to occasionally overflow the
network for renewing the routing tables like table driven routing protocols.
Intermediate nodes are capable to use the route cache info proficiently to decrease the
control overhead. The source only attempts to find a route if essentially no route ids
known.

3.11 OLSR (Optimized Link State Routing)
In terms of optimization, OLSR is regarded as the most proactive and optimized
version of pure link state protocol. When the topological changes occur, it inundates
the topological information to all concerned active hosts inside the network. To
minimize and overcome congestion in the network, OLSR make use of Multipoint
Relays (MPR). The main concept of MPR is to decrease the excess of broadcasts
flow by cutting down the number of same broadcasts in some regions of the network.
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Additionally the shortest path can also be instrumental in reducing the broadcasts
over flooding.
OLSR uses two types of control messaging. One type is Hello messaging and the
other is Topology Control. Hello messages serve the purpose of locating the
information regarding link status and host’s neighbors. The Hello message uses the
Multipoint Relay Selector to construct selector set in a bid to describe which
neighbors have chosen to act as MPR and this information is used to calculate host’s
own set of MPR(s). The Topology Control messages are used for broadcasting
throughout the networks. They advertise the least MPR selector list based on their
neighbors. Their messages are broadcasted intermittently and are relayed by MPR
[46] [47] [50] [51].
Multiple Interface Declaration messages are broadcasted to inform the multiple
OLSR interface addresses for advertising. They are broadcasted throughout the
network by the so called MPR(s). Another messaging type is supported by Host and
Network Association (HNA) that supplies the external routing information. HNA
communicates information about net-mask and network so OLSR can oversee the
host to serve as the gateway to set of desired addresses. HNA is meant to be a
generalized version of Topology Control messaging but TC message can share the
information about route discard wherein HNA information is deleted after time-out.
Any more information can be found into [48] [49].
In OLSR, nodes send HELLO messages to their neighbors at predefined intervals.
These messages are sent to check the status of the links between the nodes. Suppose
node A and B are neighbors, node A sends HELLO message to node B. If node B
receives the message then link is said to be asymmetric. Same holds true for the
HELLO message send from node B to node A. When there is two way
communications than link is said to be symmetric. Once symmetric connections are
made, a node selects a minimal number of MPR nodes.
To select the MPRs in a network, each node periodically broadcast a list of its one
hop neighbor by using HELLO message. Each node selects one hop neighbors from
the HELLO message, thus covering its two hop neighbor. MPRs selection process is
explained in the Figure 11.
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Figure 11: MPR (Multi Point Relay)
Only MPR can broadcast the packets. Route between source and destination built
before are used. In OLSR, routing table is managed at each node making routing
overhead for OLSR higher as compared to AODV and DSR.
The following example explains that how HELLO phase works in OLSR.
A transmit B&C
C is connected to A
B transmit to {A}A,C,D and E know that of B, B has a neighbor A
D transmit to {B}B have neighbor D
E transmit to {B}F knows that of E and next hop B
F transmit to {E} now C knows F
C transmits to {E} now C knows F
C transmit to {A,B,F}A knows it has neighbor C and next hop F. The above example is
illustrated by Figure 12 and 13.
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Figure 12: OLSR HELLO Phase (a)

Figure 13: OLSR HELLO Phase (b)
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4

OVERVIEW OF MPLS

In conventional IP forwarding each router make forwarding decision on the basis of
IP header information. The router has to analyze the packet and routing table at each
hop to make forwarding decisions which cause delay in packet delivery.
To overcome the above mention problem MPLS was designed. In MPLS forwarding
decisions are made on the basis of small short fixed value known as “Labels”. All
packets are labeled first and then forwarded [14].
MPLS is amongst the outdated definition of layer 2 and layer 3 and therefore is
frequently mentioned to as a layer 2.5 protocol [13].
An MPLS domain is comprised of MPLS enabled routers like LSR, Label Edge
Router (LER) interconnected with each other in a meshed way as shown in the
Figure 14

Figure 14: MPLS Architecture

LER is deployed at edge of the MPLS network and performs the role of inserting and
removing labels. It also performs label binding by mapping label to FEC. LSR is a
router used for making forward decisions with the help of MPLS label and label
forwarding table.
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4.1

LABELS IN MPLS

MPLS label is a short identifier used to identify FEC [22]. The length of an MPLS
label is 32 bit. The Figure 15 shows the structure of the MPLS label.
The functionality of each field is defined as follows [23]:
Label value: It contains the value of the label, on the basis of which
forwarding decisions are made.
Experimental bits: It is reserved for experimental use.
Time to Live: Encodes a TTL value.
Bottom of Stack: It indicates that the label is the last on the stack.
.

Figure 15: MPLS Header

4.2

LABEL ENCAPSULATION

Data Link Layer (DLL) technologies such as Asynchronous Transfer Mode (ATM)
and Frame Relay carry the information by encapsulating onto the VCI/VPI and DLCI
header. The technologies like P2P cannot carry labels. MPLS label appears as a
header between DLL header and IP datagram. Such header is known as shim header.
An MPLS label encapsulation is shown in Figure 16 [14].

Figure 16: MPLS Layered Approach

4.3

FEC (Forwarding Equivalence Class)

Forwarding equivalence class is a collection of packets preserved in the identical way
over the identical path and with identical forwarding. In MPLS, the packet is
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allocated to FEC only at the ingress of network while in simple routing the packet is
allocated at every hop. Label binding is action of mapping an FEC to definite label.
In MPLS, FEC is assigned only once at ingress LER. LSR built a table specifying
that how packets assigned to FEC should be forwarded. The table built by LSR is
known as Label information base (LIB) and its role is to maintain FEC to a label [3].

4.4

BENEFITS OF MPLS

Label based switching methods permit routers to mark progressing decisions created
on the contents of the simple label. This label simply carries out a complex route
lookup grounded on end point IP address decreases routing lookups.
The speed of layer2 switching is given to layer3 switching by MPLS on contrary to
IP based network. MPLS provide Traffic Engineering (TE), Virtual Private Network
(VPN), layer 2 transport, removal of several layers.
There are labels with fixed length (32 bits) and comprise MPLS data to specify each
router in what way to advance all packets to end point this data only is illustrative per
router. The label is changed at every node, with the suitable label and routed to
succeeding node.
Each packet of data sums up and transmits the labels throughout its path from start to
end point. The packet forwarding is completed through labels based on end point IP
extra parameters such as quality of service and source address. Labels are figured
either for each router or interface and they have local meanings. Labels are assigned
and allocated by routers to describe path which are known as label switched path
(LSP) through end points.
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4.5

MPLS ARCHITECTURE

MPLS network consist of the following components.

4.5.1

LSR (Label Switch Router)

MPLS Label Switch Routers (LSR) refer to equipment that makes label switching.
LSR accepts a label packet, changes the ingress label to the parallel egress label and
directs the packet via the suitable interface.

4.5.2

Ingress/Egress (LSR)

LSR are positioned at the border of MPLS network which offers an internal interface
to MPLS domain and external interface to IP networks. Task of LSR is insertion and
removal of labels when positioned as ingress and egress. The insertion of label on
data packet is known as imposing LSR, and forwarding on the way to egress LSR
subsequently traveling through hops where egress LSR eradicates the label ,known as
disposing LSR .The above mentioned routers are recognized as provider edge router.

4.5.3

Intermediate (LSR)

In MPLS domain swapping is done by LSRs. Another task is push and pop of inward
and outward packets in the direction of LSRs. Packet switching and forward in done
by push and pop labels.

4.5.4

LSR Operational Modes

The modes of LSR are classified into label distribution mode, label retention mode
and LSP control mode.
4.5.4.1

Label distribution mode

MPLS has two label distribution modes, the downstream on-demand and the
unsolicited on-demand. In downstream label distribution each LSR obtain binding
information through adjacent LSR. It offers single binding whereas multiple FEC
binding are given by unsolicited downstream.
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4.5.4.2

Label Retention Mode

There are two categories of label retention mode: Liberal and conservative. In liberal
LIB keep remote binding information with the help of down streaming or upcoming
hop. Conservative label retention mode doesn’t contain all remote bindings excluding
a connected forthcoming hop in its LIB.
4.5.4.3
LSP Control Mode
Self-governing and well-ordered FEC binding are performed in LSP control mode.
The local binding of FEC is done by LSR, while ordered LSP don’t bind FEC until
receiving of acknowledgment through egress LSR.

4.5.5

LSP (Label Switch Path)

An LSP is a path between ingress LER and egress LER involving intermediate LSRs.
An LSP must be constructed first before data transmission in an MPLS network [6]
LSP can be created by two ways:
1. Hop by Hop Routing
In hop by hop routing, each LSR makes its own decisions for forwarding the
packet.
2. Explicit Routing
In explicit routing, ingress LER selects/predetermined one or more
intermediate LSRs to reach the corresponding egress LER.
LSP is unidirectional. Thus separate LSPs are created for transmitting and receiving
traffic.
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5

PROS AND CONS OF MPLS

5.1

PROS

By using MPLS in ad hoc network, the following features of Ad hoc mechanism
become more efficient.

5.1.1

Fast switching

In an IP based network, the processing is slow because the packet is checked at every
node. This can be overcome with the help of special feature in MPLS called Label
switching. Basically, MPLS assign a label to every packet at layer 2, and switching is
based on these labels, thus, making it faster than the traditional IP based networks
[1].

5.1.2

Highly reliable

At the edge of domains FECs are assigned, which requires more reliability for the proper
assigning of LSPs. This reliability can be obtained through MPLS.

5.1.3

Connection oriented QOS

An IP based network cannot provide QOS. However, MPLS based network possesses
a connection oriented QoS by providing particular treatment to a particular traffic.
With the help of it QoS can be implemented and high traffic can easily be assigned to
high quality FECs [3].

5.2

CONS

MPLS was designed for fixed optical fiber network, but later on it was used in
aspects of other technologies showing great advantages when integrated with those
technologies. MPLS is gaining more popularity in terms of mobility. If MPLS have
some advantages in ad hoc network, it also has some drawbacks. Few of them are
cited below:
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5.2.1

Limited processing power

Power consumption is a major concern in MPLS as it requires more power for its
operation. Power is not a big issue in terms of fixed nodes, however, mobile nodes
has limited power and only small portion of power is assigned to its processing unit.

5.2.2

Complexity in handoff and handover

Handoff and handover requires a structure to be supported in MPLS environment.
This increases the complexity of the network and requires some special features in
the nodes supporting multipath routing which is only available in few ad hoc routing
protocols [2].

5.2.3

Potential bottleneck

If a mobile node moves from one domain to another and both domain are not MPLS
domain then it can create potential bottleneck. Because it requires multiple
conversion processes like layer 3 to layer 2, then back to layer 3. To prevent this,
MPLS domain should be connected back to back with each other [1].

5.2.4

Multi home support

Nodes having more than one interface and when these are being utilized in same
scheme, then these nodes are known as Multi home nodes. MPLS can support such
type of nodes connectivity [3].
.
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6

CASE STUDY

6.1

AODV ANALYSIS

In AODV only active nodes can participate in making route. Broadcasting is
executed on demand. A RREQ packet and RREP packet is generated and sent. Figure
17 and Figure 18 describes RREQ and RREP packet format [25].

Figure 17: RREQ Packet Format

J: Join flag, It is used for multicast.
R: Repair flag, it is reserved for multicast.
G: Gratuities, it indicated whether a RREP should be unicast to the node
mentioned in the destination IP address.
D: Destination flag, it indicates that only destination node can respond to this
RREQ.
U: Unknown sequence number. It indicates the destination sequence number
is unknown.
Reserved: Sent as 0.
Hop count: It indicates the number of hops from the source IP address to the
node handling the request.
RREQ id: A sequence number uniquely identifying the particular RREQ.
Destination IP address: IP address of the destination for which route to be
discovered.
Destination sequence number: “The latest sequence number received in the
past by the originator for any route towards the destination.”
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Source IP address: IP address of the node which originated the route request.
Source sequence number: Current sequence number to be used in the route
entry indicating towards the source.

Figure 18: RREP Packet Format
R: Repair flag, used for multicast.
A: Acknowledgment.
Prefix size: If no zero, the 5 bit prefix size specifies that the indicated next
hop may be used for any nodes with same routing prefix.
Life time: Time for which nodes receiving the RREP consider that the route is
active [25].
Following is the layered approach used when implementing traditional AODV in the
scenario.

Figure 19: AODV-IP Layered
While integrating MPLS with AODV the layered approach will be as follows.

Figure 20: AODV-MPLS Layered
For making each LSP-FEC in AODV-MPLS the following information is gathered
and updated on the AODV routing table.

33

Destination IP address
Destination sequence number
Specific interface
Specific path to the destination
Where destination IP address corresponds to the final destination, the intermediate
nodes between the LSP are dealt by IP. Destination sequence number field is
required for detection of errors and ensure message integrity. The most important
field in LSP-FEC pair in case of AODV is specific path chosen to reach destination
as traditional AODV doesn’t support multipath routing.
In case of topological change, the FEC must be refreshed (new calculation) and
distributed among all nodes involved in routing stack. Although AODV-MPLS has
performance enhancement features as compared to traditional AODV-IP, but this
increase computational overhead and degrades overall network performance. More
adequate LSP-FEC scheme is presented in the OLSR section.

6.2
The

DSR ANALYSIS
DSR

protocol

practices

exact

headers

to

carry

control

data,

these headers comprised in any IP packet [26].
DSR Header:

Figure 21: DSR Header
Next Header:

Figure 22: DSR Header Fixed Part
8 bits next header identifies next protocol header .If there is no header beyond than
there is no next header.
F: Flow state header = if this is set; the header is identified as DSR flow state.
Reserved: Cleared to 0
Payload length: Size of the option section, option is of variable length.
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DSR option format:

Figure 23: DSR Route Request Option
Route discovery: When source requires a route to a destination.
Route maintenance: Used when link interrupt, executed definite path in
feasible.
Route request: Route request message is broadcasted by source for detailed
destination.
Intermediate node:
Enhances itself to path in message.
Broadcast message towards the destination.
Route Reply: Route replay message to source is unicast by destination and
comprise whole path made by intermediate nodes [8][12][26].
Following is the layered approach used when implementing traditional DSR in the
scenario.

Figure 24: DSR-IP layered
While integrating MPLS with DSR the layered approach will be as follows.

Figure 25: DSR-MPLS layered
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For making each LSP-FEC in DSR-MPLS the following information is gathered and
updated on the DSR routing table
Destination IP address
Destination sequence number
Specific interface
Specific path to the destination

6.3

OLSR ANALYSIS

The application of MPLS on top of multipoint relays can have for reaching effect in
diminishing the routing overhead. The switching effect becomes less complex and
more reliable [24].

Figure 26: OLSR Packet Format

Figure 27: OLSR HELLO Packet

Packet header: Packet header is the total length in bytes of the packet.
Packet sequence number: Every time a new OLSR packet is transmitted PSN
is incremented. Number is kept for every interface so that packets transferred
on an interface are counted. The IP header of interface is same as that of IP
header of packet.
Message type: Specifies which kind of message is in message part.
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V time: This field shows for how much time, later response a node must
reflect the data enclosed in the message as valid, until a most fresh update of
the information is received.
Validity time: C×(1+ )×
C: scaling factor for validity time (C=1/16 secs)
a: integer denoted by the four highest bits .
b: represents four highest bits.
Message size: Size of the message is given by this field which is calculated in
bytes. This is calculated from start of the “Message type” to the start of the
next message type [24].
Originator address: The main address of the node which actually created this
message .This field is never altered in retransmitting.
Time to live: a message is sent during the maximum number of hops, before
the transmission of messages. Time to live should be decremented, the node
receive 0 or 1 and line through the time the message does not match will be
broadcast under any conditions, when TTL is 0 nodes cannot receive
message, therefore putting this box ,you can send messages to limit the
flooding radius[24] .
Hop count: Field consists of the number of hops a message has arrived in
message relayed. The number of hops must increases with the first one;
initially this is set to “0” by the sender of the message.
Message sequence number: Generating a message, the sender node assigns a
unique identification number for every message. The insertion of number into
the sequence number field of the message is performed; the node decides
where the message will go. The re-processing of messages is avoided. The
sequence number is incremented by 1 for each message from the node, MSN
are used to ensure that a particular message is not broadcast more than once
by any node. The message header is examined by node, the decision is based
on the message type field; the node decides where the message will go. The
re-processing of messages is avoided [24].
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Following is the layered approach used when implementing traditional OLSR in the
scenario.

Figure 28: OLSR-IP Layered
While integration of MPLS with OLSR the layered approach will be as follows.

Figure 29: OLSR –MPLS Layered
The following information is gathered and updated on the OLSR routing table.
Packet sequence number
Message sequence number
Neighbor interface address

Destination IP address corresponds to the final destination. The intermediate nodes
between the LSP are dealt by IP. Destination sequence number field is required for
detection of errors and ensure message integrity. The interface corresponds to current
path selected for forwarding packets. During initial setup phase, the packet is flooded
to all interfaces.
The OLSR provides multipath routing (Multi Homing) support which enhances
network performance and reliability in shape of redundancy and load balancing.
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7

SIMULATION SCENARIO AND RESULT
ANALYSIS

In this chapter, we have discussed the performance metrics for the MANET
protocols. OPNET modeler 14.5 is employed as a simulation tool. Thereafter, the
results are gathered and consequently analyzed, giving way to designing and
conceptual model presentation.
To verify and validate the research analysis and assumptions conducted in previous
chapter, the performance metrics for the MANET protocols is conducted using
simulation tools. The primary requirements that were under consideration and
verified by simulation are listed below:
Performance analysis of AODV, DSR and OLSR protocols respectively in
typical IP environment without deploying MPLS. This step has already been
conducted in [3] but it was necessary to repeat this step with attributes that
are used for simulating and validating the main research analysis assumptions
later.
Comparison of performance obtained from previous step and cross validating
it [3] and other scenarios to validate our simulation setup.
To demonstrate the real deployment of ad-hoc networks in disastrous or
temporary environments, verifying the research assumptions on both IP and
satellite based connectivity between main and branch office.
Running MPLS above AODV, DSR and OLSR and obtaining performance
related statistics basically targeting route discovery, throughput and end-toend delay.
To obtain results both in normal, warm and not-warm-up state, comparison of
those results and justifying metric to either accept or deny specific results to
validate the overall authenticity of our results.
Depicting results obtained through previous steps via graphs and charts,
performing evaluation and presenting research outcomes out of these statistics
via standard scientific template for ease of future research in this domain.

To cater all the requirements discussed above OPNET modeler 14.5 is employed as a
simulation tool due to its optimal support for the simulation scenarios finalized
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during analysis phase. Thereafter, the results are gathered and consequently analyzed,
giving way to designing and conceptual model presentation.

7.1

PERFORMANCE METRICS

We have taken our results of simulation in OPNET by developing various scenarios.
Our main scenario focuses on the satellite connectivity of the satellite sub networks.
We have implemented our backbone connectivity with IP-cloud including satellite
relay and therein benchmarked our results in both cases. The main reason for
choosing and comparing IP-cloud along with satellite is to depict the real time
MANET (temporary, disaster) applications.
By using satellite, we have shown that our results can sustain robustness in extreme
conditions. Therefore our results corresponds to all the practical complexities and
limitations encountered in practical MANET implementation.
In the case of our satellite sub networks, one sub network contains main office which
houses the server and the router for connecting with the other satellite sub networks.
The other sub network handles mobile nodes and connectivity with the main office.
Mobility is configured for mobile nodes. In every scenario, we have collected results
within IP and then with MPLS .The results are simulated, analyzed and compared on
the basis of following metrics.

7.1.1

Route discovery time

The time initially taken by the nodes to reach the network convergence is known as
route discovery time. The route discovery time starts, when first RREQ packet is
broadcasted. Wherein the existence of route is checked to see if it is not available
then the RREQ is again retransmitted until it reaches the destination node and route
is established. Route discovery time is the time taken to establish this route.
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7.1.2

Throughput

According to [53], “throughput refers to how much data can be transferred from one
location to another in a given amount of time”. Unit of throughput is bits/sec or
packets/sec. Throughput in aspect of MANET is affected due to topology change,
bandwidth etc.

7.1.3

Packet end-to-end delay

The packet end-to-end delay is the average time taken to move the packet across
from source to destination inside the network. This may involve the actual time from
releasing the packet from the source and it’s delivery to the destination. In the whole
scenario, the delay of the network is added. The routing habits of the network, the
buffer memory, and the transmission output also influence the network. For every
application, the packet delay level varies. The video and voice over IP requires least
packet end-to-end delay.

7.2

SOFTWARE PLATFORM

The motivation of using OPNET as a simulation tool is to aid in predicting
performance and change impact. It is specialized in drawing logical diagrams and
physical infrastructure. It visualizes real time network behavior and performance.
In OPNET, MPLS offers accurate performance of networks that incorporates MPLS
technology. OPNET offers to configure dynamic or static LSPs, fast reroute and
compatibility with layer 3 VPNs. It also provides several MANET routing protocols
that are integrated with the IP and Wireless LAN Model. In case of MANET,
OPNET provides the features like IPv4 and IPv6 compatibility. It also includes easy
interface to standard IP and WLAN [15][16][17].
The OPNET modular is distributed into four key steps:
1. Modeling your scenario
2. Choosing statistics
3. Run simulation
4. Analyzing
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7.2.1

Modeling

Scenario is modeled in OPNET by creating an empty scenario by using startup
wizard. Project editor work space is used for drawing network sketch. This can be
done by wireless wizard or manually dragging the objects from the object palette to
the work space.

7.2.2

Collection of statistics and analyzing

There are two kinds of statistics available in OPNET, that are object statistics and
global statistics. Global statistics show the statistics of the whole network, whereas
object statistics show the statistics within each node. The Statistics can be chosen
from the left hand side of the browser. Results for the entire scenario are collected by
choosing the desired statics. For analyzing these results, DES feature of OPNET is
used.

7.3

SIMULATION SCENARIO

We have introduced two satellite sub networks. The first satellite sub network is
named as Denmark which consists of the main office’s server and the other sub
network is a site office called Iceland.
The transmitted power allocated to the packets transmitted along the channel is
specified. In Our scenario, we have selected VSAT based satellite operating LEO
orbit. The main reason for selecting this communication pattern is availability of
services by lot of satellite service providers. The introduction of satellite brought
following technical requirements:
The minimum threshold for reliable voice communication should not exceed
70ms [54].
The satellite latency delay should less than this value regardless of MPLS
and IP.
In our simulation we have chosen the LEO satellite working at low altitude
as “The lower altitude enables LEO satellites to provide services to a rather
small area at any given time. The roundtrip propagation delay is about 2025ms. LEO satellites operating in high inclination orbits can provide service
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to the near Polar Regions. Motorola’s Iridium and Globalstar belongs to this
category of Mobile Satellite System (MSS)” [55].
We have configured the satellite at low altitude to keep internal delay caused
by satellite to the minimum possible.
Voice data is considered in the said case and traffic from within the main office for
voice application is selected.
In each scenario, the attribute on the wireless routers select the desired routing
protocol and for each node, application supported profile and application supported
services are defined. The whole trajectory along the wireless network is made vector.
Server is selected on every node in the MANET. Scenario supports underlying
WLAN connection at the speed of 11 Mbps. This needs a fixed amount of time to
route the packets.
To achieve our results a network illustrated in Figure 30 was created using different
network elements. Parameters used in our scenario are also shown in Table I
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Figure 30: Simulation Scenario

Table I: Simulation Parameters
Examined protocols

DSR,AODV and OLSR

Simulation area (m x m)

1000 x 1000

Number of Nodes
Traffic Type
Performance Parameter

30
Voice
Route discovery time,
Throughput and Packet end-toend delay
11 Mbps
10 meter/second

Data Rate
Mobility (m/s)

Table II: Mean and Medians of Route discovery, Throughput and End-to-end delay

AODV
DSR
OLSR

IP
MPLS
IP
MPLS
IP
MPLS

Route Discovery Time
(sec)
Mean
Median Stddev
1.20
1.13
0.196
0.94
0.98
0.225
10.86
10.98
1.101
9.89
9.75
0.656
NA
NA
NA
NA
NA
NA

Mean
16735
17413
16388
16691
16543
17077

Throughput
(Bits/sec)
Median
16225
16684
16148
16391
16264
16539

Stddev
1874
2621
1676
1784
2429
2394

End-to-end delay
(sec)
Mean
Median
Stddev
0.1568
0.16
0.005
0.1462
0.14
0.010
0.2375
0.23
0.038
0.2175
0.21
0.033
0.1475
0.14
0.010
0.1612
0.16
0.009
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7.4

ELIMINATING WARM UP PHASE

To eliminate the warm up phase and take result in steady state, we took following
measures as mentioned below:
Multiple run of simulation (with both same and variable seed value)
Throwing the first and last batches (readings) i.e. 45minutes
Taking mean value of results after multiple runs (Don’t considering the
already thrown batches)
The results in Figure 31 show that the results taken during warm-up phase are not
biased and depicting the true behavior of the system under stress as compared to nonwarm up state. Hence the output for all scenarios is improved and corresponds to the
reality. The important fact to mention is that these results are average of multiple
simulation runs taken using variable seeds. The same simulation is run with different
seeds and different time slots. The steady state was determined from the OPNET
output graphs.

Time (sec)

AODV
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

IP
MPLS
IP/ With Warmup
MPLS/With Warmup

Time (min)
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0.10

MPLS

0.05
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0.00
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Figure 31: Comparison of warm up and without warm up phase

It is evident from the above graphs that regardless of performance comparison of IP
and MPLS the optimization of results are a critical factor to illustrate the true
behavior of the simulated system.
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7.5

AODV RESULT ANALYSIS

Figure 32 shows the result of comparison between AODV-IP and AODV-MPLS
considering route discovery time as a key metric. The graphs depicting the results are
taken using Empirical PDF. The main motive of using Empirical PDF is to depict the
actual behavior of results using log scale.
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Average Comparison

Time (sec)

1.5
1
0.5
0

IP

MPLS

Figure 32: AODV Route Discovery Graphs

These graphs were very helpful in proving that when AODV integrated with MPLS,
the metric related to route discovery becomes very fast.
Figure 32 shows the route discovery time of IP-AODV and MPLS-AODV. The time
graph for IP-AODV at 1.20 seconds, whereas for MPLS-AODV it is 0.94 seconds.
IP-AODV has high route discovery time as compared to MPLS-AODV because after
broadcasting RREQ, corresponding node wait until the reception of RREP. This
results in increase of its route discovery time. If the RREP is not received within its
net traversal time then the node rebroadcasts which lead to increase in route
discovery time. This observation obtained in our simulation can also be verified by
the fact that IP-AODV takes more route discovery time as compared to traditional
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DSR approach, although it always outperforms the later in end-to-end delay and
throughput.
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Figure 33: AODV Throughput Graphs
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Figure 34: AODV End-to-end delay Graphs

These graphs were very helpful in proving that when AODV integrated with MPLS,
the metric related to throughput and packet end-to-end delay becomes very fast.
Figure 33 shows the throughput of IP-AODV and MPLS-AODV. The probability
density graph in case of throughput for IP-AODV is 15135 bits/seconds, whereas for
MPLS-AODV it is 16813 bits/seconds. Figure 34 shows the end-to-end delay of IPAODV and MPLS-AODV. The probability density graph in case of packet end-toend delay for IP-AODV is 0.15 seconds, whereas for MPLS-AODV it is 0.14
seconds. The results in figures 33 and 34 shows improved throughput and packet
end-to-end delay in case of MPLS-AODV as compared to traditional IP-AODV, it is
because AODV uses on demand routing mechanism to minimize routing overhead.
RREQ mechanism is applied in which every node maintain the source information
that originated the particular request to avoid loops. Moreover the throughput tends
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to increase when the network is heavily stressed in terms of load, number of nodes
and mobility.

7.6

DSR RESULT ANALYSIS

Figure 35 shows the result of comparison between DSR-IP and DSR-MPLS
considering throughput as a key metric.
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Average Comparison
Time (sec)

11
10
9

IP

MPLS

Figure 35: DSR Route Discovery Graphs
These graphs were very helpful in proving that when DSR integrated with MPLS, the
metric related to route discovery becomes very fast.
Figure 35 shows the route discovery time of IP-DSR and MPLS-DSR. The
probability density graph for IP-AODV is at 10.98 seconds, whereas for MPLSAODV it is 9.75 seconds. DSR protocol uses source routing and route cache without
dependence on periodic updates. The protocol maintains multiple routes for same
destination, to avoid loops. Moreover there is a concept of sequencing to even
maintain sequencing of routing packets. All of these characteristics of DSR stack
results in better route discovery time if and only if the network is lightly loaded with
small number of nodes. In case of high scalability and heavier load the routing
overhead tends to increase exponentially due to the fact described above and the
results obtained by our simulation validate this point in both IP and MPLS .
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Figure 36: DSR Throughput Graphs
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Figure 37: DSR End-to-end delay Graphs

These graphs were very helpful in proving that when DSR is integrated with MPLS,
the metric throughput increases and we experienced decline in end-to-end delay.
In figure 36 throughput of MPLS-DSR is highly comparative to the IP-DSR .The low
throughput of IP-DSR is because of end-to-end delay in packet forwarding among
the nodes. This is because packet sent by each node is examined by every
intermediate node resulting in delay and thus reducing throughput.
In case of MPLS-DSR, the collective routing table increases the performance of
packet transferring; which leads to high throughput. This shows that MPLS-DSR has
high network utilization.

58

7.7

OLSR RESULT ANALYSIS

Figure 38 shows the result of comparison between OLSR-IP and OLSR-MPLS
considering throughput as a key metric.
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Figure 38: OLSR Throughput Graphs

60

61

Time (sec)

Average Comparison
0.165
0.16
0.155
0.15
0.145
0.14

IP

MPLS

Figure 39: OLSR End-to-end delay Graphs

Figure 38 and 39 compares the packet end-to-end delay and throughput between
MPLS based OLSR along with IP-OLSR. It shows high variations in delay with
corresponding better results in case of IP. The packet end-to-end delay of MPLS
OLSR is relatively high during connection setup due to computational overhead.
However both IP and MPLS remain stable afterwards. Figure 39 shows that delay of
MPLS OLSR is 0.16 seconds and IP OLSR is 0.14 second. These results lead to the
conclusion of high performance of IP OLSR in this particular case.
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OVERALL COMPARISON

Overall Comparison
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Figure 40: Overall Throughput Comparison Graphs
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Figure 41: Overall End-to-end delay Comparison Graphs
There are number of papers that have discussed MANET protocols in terms of
variable metrics and compared their performance with each other. Interested readers
can found details of these results in [52]. Our research scenario is an extension to the
above mentioned results in MPLS domain. Our initial simulation setup and obtained
results are in line with previous research which validates our simulation setup.
The results that we have obtained using MANET over MPLS are available in table II.
The results are already explained individually along with figures including selected
metric and individual observations.
The observations taken from overall results can be classified as:
The results taken during warm-up state were very consistent and biased. The
figures presented above clearly shows the impact factor of non-warmed state
over authenticity of overall results.
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The use of MPLS shows overall performance gains regardless of MANET
protocol used and metric selected i.e. end-to-end delay, route discovery time,
throughout.
The use of MPLS over OLSR depicts a slight dip in end-to-end delay which
is basically due to the fact that OLSR uses pro-active routing strategy
resulting in significance routing overhead. The additional MPLS layer in
highly stressed scenario that we have selected can be prime basis for this
behavior.
AODV outperforms DSR and OLSR regardless of using IP or MPLS which
proves that high mobility, higher number of nodes and use of MPLS does not
put any impact on overall AODV performance.
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8

CONCLUSION AND FUTURE WORK

8.1

CONCLUSION

Our thesis corresponds to evaluation and integration of MANET protocols with
MPLS and a proposed model along with all the specifications to implement MPLSMANET test bed at end nodes.
The performance metrics used were throughput, end to end packet delay and route
discovery to check and measure efficiency of the network resources used by different
MANET routing protocols.
Our results depict the performance enhancement for almost every metric used by
various MANET protocols. The results taken incorporate both active and proactive
approaches. Our results support notion that MANET-MPLS configuration is more
robust, reliable as compared to traditional MANET-IP infrastructure.
Moreover, we have provided bench-marking among MANET protocols and our
results verify that AODV out-performs the other MANET protocols after
implementation on MANET stack. In case of OLSR our results depict that overall
network performance is degraded by implementing LSP-FEC on every individual
node. But if we implement same scenario only on MPR nodes then there is a
performance boost with regard to delay.
Finally the case study provides deep insight for MPLS integration at end nodes and
parameters that can provide base for future work have been defined. The results we
obtained in our thesis lead to a concrete conclusion that MPLS is highly
recommended in conjunction with reactive MANET protocols i.e. DSR and AODV.
It is evident that the routing overhead problem experienced in case of OLSR over IP
continues this behavior on MPLS network.

66

8.2

FUTURE WORK

Our results provide suitable foundation for continuing research work in the field of
MANET-MPLS.
The current OPNET distribution does not support end node MANET-MPLS stack. In
future an algorithm may be designed, which will help end node support for LSP-FEC
on the mobile nodes.
There is more performance metric available, the performance comparison between IP
and MPLS considering those metrics can be examined in the future.
An interesting dimension should be to include the satellite behavior over high
altitude that will increase end to end propagation delay and evaluate the performance
of various real time applications.
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