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ABSTRACT 
 

 

Traffic Engineering (TE) is the stage which deals with geometric design 

planning and traffic operation of networks, network devices and 

relationship of routers for the transportation of data. TE is that feature of 

network engineering which concentrate on problems of performance 

optimization of operational networks. It involves techniques and 

application of knowledge to gain performance objectives, which includes 

movement of data through network, reliability, planning of network 

capacity and efficient use of network resources. This thesis addresses the 

problems of traffic engineering and suggests a solution by using the 

concept of Multi-Protocol Label Switching (MPLS). We have done 

simulation in Matlab environment to compare the performance of MPLS 

against the IP network in a simulated environment. 

 

MPLS is a modern technique for forwarding network data. It broadens 

routing according to path controlling and packet forwarding. In this thesis 

MPLS is computed on the basis of its performance, efficiency for 

sending data from source to destination. 

 

A MATLAB based simulation tool is developed to compare MPLS with 

IP network in a simulated environment. The results show the 

performance of MPLS network in comparison of IP network. 

 

 

Keywords: Traffic Engineering, Multi-Protocol Label Switching,  

                               Internet Protocol. 
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1 INTRODUCTION 
 

The massive growth of the Internet has exposed problems of scaling and 

management in a big datagram based packet communication. New routing protocols, 

architectures and algorithms are regularly being developed. New internet layer 

protocols and changes to existing protocols are continuously being planned [1]. 

Because of this boom in internet world a lot of applications and devices are being 

developed. All of these new applications and devices need to show better 

performances, consistency and effectiveness for sending data over a network. Router 

plays an important role in sending data from one network to another network. 

Networks like IP routing are used for data exchange on the internet, but in spite of its 

good functionality (discussed in section 2.3); it has some defects as well because of 

the vast amount of growing demand by the new internet software‟s and applications. 

The term, Traffic Engineering (TE) is used to resolve the issues which are described 

above (TE discussed in section 2.1). It is used to give expected and definite services 

to the users of internet. TE can be applied with the help of several networks, but in 

our thesis we have compared two networks by experiment to justify that Multi 

protocol Label Switch (MPLS) is well thought-out to be a good solution for TE. The 

keen interest behind this Thesis is to explore the features of the MPLS network and 

to simulate it in an atmosphere to have a brief understanding of the engaged 

procedure. 

1.1 Aims and Objectives 
 

The aim of this thesis is to resolve the issues related to TE.  

Following objectives are set to achieve the aim. 

 Identify the current state of research in TE using a literature review. 

 Identify the limitations in IP Networks that hamper the TE from the reports 

based on academia. 

 Identify the factors which enhance the performance of MPLS network in 

comparison with the IP networks. 

 Investigate the performance of MPLS network against IP network by 

conducting an experiment using simulation. 
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1.2 Research Questions 
 

Following research questions (RQ) will be answered during the thesis. 

RQ1. What is the current state of practice of TE? 

In the context of this thesis, the main focus of this research question is to investigate 

the current state of art by conduct a literature review. This will help to understand 

various dimensions of TE as well as to make a sound background for the study. 

RQ2. What are the limitations of IP networks which limits TE based on the reports 

from academia? 

The main intent of this research question is to identify what are the limitations, such 

as; like No better service, class of service, scalability issues which are involved in IP 

network and will thoroughly be discussed with the help of literature review. 

RQ3. What are the factors which enhance the performance of MPLS network in 

comparison with the IP networks? 

The main contribution of this research question is to find out all those factors which 

have improved or enhanced the performance of MPLS networks. Besides, after 

identification of factors IP networks will be compared to decide which one of these 

two techniques of TE is suitable for the current internet architecture and networks.  

RQ4. What is the performance of MPLS against IP networks?  

This is the main research question of this thesis and which will be answered by 

conducting an experiment using the simulation method. With the help of the 

experiment, performance of MPLS and IP networks will be checked through the 

factors identified in RQ3. Finally, the authors will take a decision regarding two 

different TE techniques i.e. MPLS and IP and a suitable one for the world of internet. 

1.3 Structure of the Thesis 
 

This section describes the overall structure and contents of the Thesis. 

Chapter 2 (Literature Review) provides a detail discussion about the basic elements 

of TE. Current state of internet is also explained. It consists of IP networks and its 

limitations. Moreover a small overview of ATM networks and its limitations are also 

described to show that it is also used for TE but because of its limitations and costly 

apparatus, it is not well known among the users. 

Chapter 3 provides an overview of the problem and describes the goal of this thesis.  
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Chapter 4 (Literature Review) explains MPLS technique, components, functionality 

and protocols, used by the MPLS network and to show why MPLS is a better 

technique for TE. 

Chapter 5 is for MPLS architecture and design. A network is designed here to check 

how data passes from sender to destination and how labels are attached to the packets 

on different nodes. 

Chapter 6 (Quantitative Approach) is for experiment. Further, the experiment is 

conducted in the form of a simulation, which is performed in Matlab environment to 

check the performance of MPLS network in comparison with the IP network. 

Chapter 7 we will have discussion and future work that can be done in the field. 

Chapter 8 is used for the conclusion of our thesis. 

1.4 Expected Outcomes 
 

 This research work will present the knowledge gained through answering the above 

mentioned research questions. In particular, different limitations of IP networks and 

performance factors of MPLS will be identified and discussed thoroughly. At last, an 

experimental comparison of MPLS and IP networks will be performed with the help 

of a simulation to select the most appropriate technique of TE for internet networks. 

1.5 Research Methodology 
 

Research methodology describes the research activity, progress of the research 

activity and measurements taken to improve the research work by adopting those 

measures which can succeed to achieve author‟s goal [2]. According to Creswell [2] 

there are different approaches for conducting a research which are explained below. 

Quantitative Approach is the one in which the researcher uses post positivist argues 

for knowledge development. It uses strategies of inquiry such as simulation and 

experiments, and gathers data on predetermined instruments which yield statistical 

data. Qualitative Approach is the one in which the researcher usually gains 

knowledge claims based on the participatory perspectives or constructivist 

perspectives or both. It uses inquiry strategies like ethnographies and case studies 

[2]. In our research work we have used both qualitative and quantitative research 

approaches. First the authors have used literature review to gain in depth knowledge 

of MPLS and IP networks. Based on the knowledge gained during literature review, 

the authors performed simulation in Matlab software to get the statistical results/data 
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about both the networks. For this purpose, code was developed in Matlab software to 

compare the MPLS network against the IP network to know the performance, 

interleaving time, of these networks in a simulated environment. 

1.6 Literature Review 
 

Literature review provides a structure for establishing the importance of the study. 

The literature review was done so as to know more about the research done on the 

subject area and to answer our research questions. This method was followed on the 

steps included in Creswell‟s book [1]. We started our research by doing a review of a 

material included at the Blekinge Institute of Technology (BTH) library, 

publications, books, articles, journals which are related to the concerned topic. First 

different publications, books, articles, journals were collected related to the 

concerned area. In the selection of the chapters and articles, we have read through the 

abstract and skimmed the chapters and articles to know which of them are more 

related. After doing the literature review we have designed a map to have a visual 

picture of the research literature on our topic. Based on the map, we have collected 

articles which are nearer to the subject area. Our main center of attention was to find 

out the practitioners and researchers work on MPLS and IP networks. This helped us 

to know in detail about the functionality and performances of the MPLS and IP 

networks and the difference between these two networks. 

Figure 1 shows the work flow of achieving our objective. First we have done a 

literature review to know about the concerned area in detail and to know about the 

problems in TE. By identifying the problems we came to know about the limitations 

in ATM and IP network in comparison with the MPLS network. Our first part was 

based on Literature review and in the second part we have used quantitative 

approach. In quantitative approach we have done simulation in MATLAB. For doing 

the simulation in MPLS network we have studied MPLS in detail and then a code 

was developed in MATLAB to perform simulation to get the desired results. 
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2 BACKGROUND 
 

In the past few years there have been some rapid developments in the internet 

technology such as increase in number of Internet users, development of new 

applications and devices. Due to these dynamic changes some new technologies have 

emerged which improved overall architecture of internet [3]. The increase in internet 

users had led internet to enter other medias notably television and radio creating 

problems such as Internet traffic congestion resulting in network failure, packet loss 

and delays in the sensitive information. Different ISPs (Internet Service Provider) 

have given three different solutions for these problems that are given below: 

 Capacity Expansion (CE) 

 Network Architecture (NA) 

 Traffic Engineering (TE) 

TE overrides the other two methods, because it ensures reliability and fast movement 

of data over network. In TE it is possible to send data to different nodes attached in a 

network by overcoming the problems of congestion and network failures [4]. 

2.1 Traffic Engineering 
 

TE is a technique for managing data over the network. Nowadays, it is most vital for 

those networks which need to be managed, secured and made reliable the resources 

of the network. TE ensures reliability and fast movement of data over the network.  

TE is the feature of network engineering which concentrates on the problems of 

performance optimization of operational networks. It involves techniques and 

application of knowledge to gain performance objectives, which includes better data 

traffic, reliability, planning of network capacity and efficient use of network 

resources [4]. The objective of the traffic engineering technique is to improve the 

performance of the operational network, at the resource level and as well as traffic 

level. That is achieved by looking at the traffic oriented performance requirements 

and utilizing network resources reliably and economically. To measure the traffic 

oriented performance of the network, we include packet loss, delay, delay variation 

and throughput [5]. The TE is dependent on a group of performance objectives which  
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helps in selection of paths and makes an effective way for the routers to select paths 

which satisfy these objectives. For selection of different paths most of the IP 

networks use Interior Gateway Protocols (IGP) like Open Shortest Path First (OSPF) 

based on static link weights. These links are configured by the network operator‟s. 

Protocols are used by the router to exchange its available information with other 

routers in a network and to make a complete view of the topology in a network [6]. 

Basically TE consists of three main steps i.e. measure, model and control. The 

operator first measures the physical layout of the network which is necessary for 

tasks like capacity planning and network visualization. Second, to estimate the 

possible settings of the links, need a way to know that how much an IGP setting 

affects the traffic flow. IGP protocol is a routing protocol which is used with the 

group of IP networks under the control of one entity which gives a common routing 

policy for the internet.  Then the operator decides on the links to have an automated 

system or human finger needs to change the configurations [7] 

Figure 2 shows a simple network connected by different routers. A network 

administrator, for example needs to have a configuration for the above network. He 

will either do a static configuration or dynamic configuration according to the 

requirements of the network. In addition the network administrator will choose those 

paths where data can travel quickly and it is secured and error free. For example, if a 

router “1” in figure 2 wants to send data to router “4”, following things should be 

taken into account: which links are connected to router “4”, what are the bandwidths 

of those links, and which path is fast and secure so that data can travel fast secured 

and congestion free? Or, we can have dynamic routing where a routing protocol can 

decide through which paths it can send data to the destination. 
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Figure 2: Traffic Engineering 

2.2 IP Routing 
 

Best Effort IP routing is responsible to know about the paths attached in its network 

and send data to the destination. Network assigns bandwidth to all of its users as best 

as it can and to serve all of its users without committing any plain commitment as to 

rate or for other service qualities. Sources of this network are expected to detect the 

congestion and slow it down, in order to achieve a collective sending rate to the 

capacity of the congestion point. To send data on different routes, IP routing use 

different protocols like OSPF and Routing Information Protocol (RIP). These 

protocols forward data on the base of routing table information they have with their 

routers [10].  

2.3 Functionality of IP Routing 
 

In this section, our focus is on the functionality of the IP networks. In IP networks, 

when a packet, which is going to be routed, a router uses its forwarding table to 

decide the next router for the destination of the packets, and forward the packets 

accordingly. Next router in a network replicates this process by using its forwarding 

table, and as the other router takes decisions in a network until the packet reaches its 

destination. On every step, IP address in the packet header keeps enough information 

to decide the next Hops; no additional protocol headers are needed.   
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Figure 3 show all the routers are connected to each other by a link. If router “1” 

wants to send data to router “10”, it will send its packet on the path to the connected 

router which is router “2”. Router “2” will check the destination address of the 

packet in its routing table. Routing table keeps information about the addresses of the 

interconnected network and the path which will be followed to send information 

towards the destination. Then router “2” will send packet base on its routing table 

information to the router “3”. Router “3” will check the packet information in its 

routing table. Now different paths are connected to router “3” to send data to router 

“3” which is the destination of the packet. In IP routing packets are sent to 

destination on a shortest path available. So router “3” will check the shortest path in 

the network and packet will be sent on that path to router “10”. 

 

 

 

 

Protocols which are used by the IP routing are Border Gateway Protocol (BGP), 

Intermediate System-Intermediate System (IS-IS), OSPF and RIP. OSPF (Open 

Shortest Path First) is a routing protocol which is used in IP networks. While RIP 

(Routing Information Protocol) is a protocol which is used in a local area networks 

Figure 3: IP Routing Functionality 
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[28]. For the routing purpose internet is divided into Autonomous Systems (AS). AS 

is a group of routers which are under the control of single administration and swap 

routing information by using a routing protocol. 

AS is divided into the following three types. 

Stub AS is a single connection to the other autonomous system. Packet sent to or 

received from the destination outside the AS travel on this connection. Example for 

stub network is a small campus network.  

Transit AS has got multiple links with one or more than one autonomous systems, 

which allows data which is not intended for a node in autonomous system to travel 

over it. Transit network example is ISP network.  

Multihomed AS has got multiple links with one or more than one autonomous 

systems, but it doesn‟t allow data received on these links to be forwarded out of the 

autonomous systems again. It is the same like the stub autonomous system, 

excluding the egress and ingress points for traveling of data from or to the 

autonomous system from one of a several links, which depends on which connection 

provides short route to the destination. Example of multihomed AS is a large 

enterprise network [27]. Apart from advantages there are some limitations too in Best 

Effort IP Routing which needs to be addressed.  

These limitations are explained below. 

2.3.1 No Better Service 
 

Best Effort routing doesn‟t allow its users to get a quality service, no matter how 

much users pay for their better service and whatever their requirements are. So with 

the increased amount of internet usage for the commercial purposes, IP Routing 

network of no differentiation is not good because ISPs don‟t have the means to get 

the demand of the existing market. Also service may not be necessary for the smaller 

networks but for the critical and large networks any loss of data can result in a really 

bad quality of traffic [11].  

2.3.2 Class of Service (CoS) 
 

Class of service is used to differentiate between dissimilar types of data. Currently IP 

routing is unable to differentiate between different types of data. All the data in IP 

routing network data traffic is treated the same way without looking at the network 

resources. Class of service support on the sources of user or traffic is impossible in 
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IP, which fallouts in congestion or under utilization of data. MPLS solves this issue 

by using Forward Equivalence Class (FEC) (discussed in chapter 4). Moreover, the 

incapability of IP to discover accessible bandwidth or congestion on a route adds to 

careless forwarding assessments. A good answer given by IP to beat this type of 

issue is called “Load Balancing”, but because of its easy method to split the traffic, it 

is hugely affected by the scalability issues. 

2.3.3 Scalability 
 

IP routing has got the scalability problem because of its routing method. In IP routing 

forwarding of traffic and determination of route are directly incorporated. Routing 

form can easily be changed by changing any of these two methods. While routing 

algorithms these days operates gradually because of the rising size of routers routing 

tables. By improving the IP routing model means both improvement in traffic 

forwarding and route determination which will eventually results in increasing 

difficulties. This is not possible in the context of routing table sizes. Execution of IP 

routing in big systems is inversely proportional to the speed which means it is not 

scalable. While on the other side MPLS solves this problem by separating the route 

determination and forwarding of network traffic. 

2.3.4  Recovery of IP Route 
 

Failures of Route in big internet structural design are very frequent and there is 

always need to have a method for fast recovery. When a link between two routers 

stop working in IP routes its recovery of the speed mainly depends upon on three 

features, in which first one is the time taken by a hop to detect failure of the network 

and forward failure information to all the routers in the network.  The final one is to 

calculate the new routing tables and find the path for network traffic. There are some 

messages which are used by the Routing protocols to know that a link has stopped 

working or still working. But apart from these things routing protocols are unable to 

find the locations of failed routes. These issues play an important role in building IP 

rerouting methods slow in junction. 

2.4 ATM Networks Model 
 

Asynchronous Transfer Mode (ATM) networks are thought to be one of the best 

options for traffic engineering after MPLS. It is connection oriented which is 
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necessary for the assurance of sending data in different networks. When packets 

come from different networks to ATM networks they are first changed in to fixed 

ATM data packets. In that way all the data is same for all the ATM routers. ATM 

offers Quality of Service model at various points namely regular variable, bandwidth 

and indefinite bit rates. In spite of all its good features this model has some 

drawbacks as well.  

2.4.1 Utilization of Bandwidth 
 

ATM has less bandwidth consumption because of the similar size packets which 

goes through all the links in the ATM network. Also when the packet arrives at ATM 

networks from the outside networks they are first converted to 53 Bytes cell. Figure 4 

shows an ATM cell of 53 Bytes having 5 Bytes of header. Problem in ATM is that it 

doesn‟t support cells of inconsistent amount of data and data needs to be in 48 Bytes 

which results in less usage of bandwidth.  

 

                                         5 Bytes                          48 Bytes 

 

 

 

 

 

 

 

Figure 4: ATM Cell size 

2.4.2 IP Network Management and ATM 
 

Bad combination of ATM and IP shows that IP data are converted into ATM cells 

before coming on the main network of ATM. This shows that ATM networks have 

two split networks, that are ATM and IP and there is a need for different network 

management plan for both of them. Signaling protocol for both of these networks is 

different and works in their own networks. Moreover Network management of ATM 

is very difficult and ambiguous. 

 

 

Payload Header 

IP Frame 
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2.4.3 Scalability 
 

In ATM networks every node is connected to another network which makes a Mesh 

topology. Which means by increasing the number of links can make the network 

very compound. And many interconnections can also result in overflow. Overflow 

happens when every host has to send its status data to other hosts and there is a path 

breakdown. When the network grows up data overflow can be a real threat to a 

network because it overflows the network with path collapse information 

 

 

 

Figure 5: ATM Overlay Network 

 

Resolving traffic engineering problems in data link layer suggests getting better IP 

Routing. IP holds method of coping with the numerous path consumption and the 

method is known as Load Balancing. By means of this method traffic is divided 

equally and sent on separate paths. This technique is very efficient, simple and 

effective but it has a shortcoming. Figure 4 shows two systems Host A and Host B 

which are connected by an IP core network which includes different routes to reach 

data to node B2. 
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Figure 6: Load Balancing 
 

In Figure 6 above, if Router A wants to send audio data to Router B which is 600MB 

in size. But audio data needs more bandwidth. However, when Load Balancing is 

implemented, the first receiving data router will equally divide that 600MB of data 

with other routers directly connected to it. Implementation of the above figure 6 will 

show that there are three different paths to router B and data will be divided into 200 

MB in size. This results in variable quality of service for real time traffic as some of 

the data will go through proper path and some of the data will go through improper 

ways. On router B audio quality will be uneven because of inappropriate path use. 

Applying Load balancing can only be made feasible by watchful consideration of 

network preparation and path capacity, but just in a small network. For bigger size 

and difficulties of Internet, Load Balancing is not a good technique for Traffic 

Engineering, which effects scalability of network and path usage. 
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3 PROBLEM DEFINITION/GOALS 

3.1 Problems 
 

Usage of internet is increasing day by day. To cope with this increasing use of 

internet, better algorithms and applications are developed, Of course it has some 

advantages, but it also has affected the internet traffic, because Internet traffic is 

becoming congested day by day. Due to increase in the internet traffic it requires fast 

growth and needs to be much faster than the increase in other communication 

services [7]. Some parts of the internet traffic are very much congested, like the 

networks which are connected to the ISPs or a back bone networks. Backbone is that 

type of network which provides a facility to connect different components of a 

network with each other so that they can share information with each other. But the 

backbone networks are not as loaded as the public networks. Because public 

networks are those networks to which end users are connected while backbone 

networks are that network which enables the public networks to pass their data to the 

networks in the different parts of the world. Estimates utilization rate of the back 

bone network are steady with the measurements which proves that the 

communication remains on a single backbone and thus jitters and latency are not a 

problem. Jitter is an unnecessary deviation of one or more distinctiveness of a 

periodic signal in telecommunication. Latency is the delay of the time between the 

moment a data is started from a router or a computer system and the moment its 

effects is stated. Paths which are congested are the links to the backbones from the IP 

networks [8]. An IP network provides less high quality service, with packet losses 

and slightly delays. The TE technique is used to avoid these types of deficiencies in 

IP networks. However, there are some issues in traffic engineering as well needs to 

be resolved. 

3.1.1 Issues in Traffic Engineering 
 

 Users are expecting better performance, more security, and reliability.  

 Dealers of the network mechanism does not provide ISPs with low level 

control or less over the basic system accountable for buffer management, 

scheduling and path selection. 
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 Different networks are emerging day by day along with speed, size and 

scope. They are forming integrated networks with older networks. 

Traffic of internet is not simple, their loads varies from source to destination on the 

network traffic which creates complexities [11]. The use of IP routing is used to 

solve the problem of the TE, which is used to send data from source to destination. 

This thesis addresses the problems related to Traffic Engineering and suggests a 

solution by using the concept of Multi protocol Label Switching network. 

3.2 Goal 
 

The Goal of our thesis is to show that which technique is faster and efficient between 

IP and MPLS networks. For this purpose statistics related to the IP routing versus 

MPLS are collected and analyzed thoroughly. It is beneficial to find a best suited 

procedure to adopt a technology. 

Following objectives are set to achieve the goal. 

 Literature study to explore the topics of TE, IP routing and MPLS 

 Identification of the problems related to IP routing 

 Advantages of MPLS routing over IP routing 

 Design and conduction of the experiments 

 Analysis of the experiments results 

The statistics which came as a result of the experiment conduction are used as a base 

to prove the superiority of a routing scheme. It can be helpful for any network 

administrator to adopt a scheme based on his/her needs. Moreover, successful ending 

of the thesis will show MPLS implementation and will be backed by different 

experiments showing different MPLS characteristics.    
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4 MULTI PROTOCOL LABEL SWITCHING 

4.1 Overview 
 

To overcome most of the issues related to TE and IP Routing, MPLS is used. It is 

built by Internet Engineering Task force (IETF) to make the internet scalable, fast, 

carry heavy traffic, manageable and accept new routing architectures. MPLS uses TE 

which enables the network operators to reallocate packet flows to gain consistent 

distribution among different links. Making Network traffic to travel on specific 

directions permits to take the majority of the network capacity while making it easy 

to give uniform service levels to the users at the same time [12]. MPLS is a modern 

technique for forwarding network data. It broadens routing according to path 

controlling and packet forwarding. In MPLS packets are used for sending data. These 

packets are first encapsulated at the ingress points (Explained in chapter 5) by 

assigning labels (Explained in 5.2.1 and 5.2.2) to them and then they are forwarded 

along with the packets on label switched paths (Explained in chapter 5) [13]. MPLS 

is called Multi protocol because it is applicable to any layer 3 Network Protocol. It 

connects the connection less IP to the connection oriented networks. It works 

between layers 2 and layer 3 that why it is called the layer 2.5 Technologies. MPLS 

is a higher forwarding scheme which extends with the help of path controlling and 

packet forwarding. Packets in this network are classified at the entry point, rerouted 

faster and it is easy to construct the explicit routes [14]. 

4.2 MPLS HEADER 
 

A 32 bit MPLS Header consists of a label field which is 20 bits and carries the actual 

value of the MPLS label. Class of Service field which consists of 3 bits can influence 

the Queuing and remove Algorithms which are applied to the packet when it is 

transmitted through the Network. A single bit field shows a hierarchical label stack. 

While the 8 bit Time to Live (TTL) gives the usual IP time to live functionality [17]. 

 

 

 

 

Figure 7: 32 BIT MPLS Header 
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 Class of Service 
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4.3 MPLS Functionality 
 

MPLS process is performed on two types of routers .i.e. Label Edge Routers (LER) 

and Label Switch Routers (LSR). In figure 8 below, LER which is router 2 (Ingress 

router) works at the edge of the MPLS network and its interfaces are connected to the 

other networks. It routes traffic and works as an interface between the MPLS 

Network and the Layer 2 network. When router 2 receives a packet from the other 

layer 2 network, it attaches a label and sends the updated packet to the MPLS core 

network. The packet will then go through the path which is called Label Switched 

Path (LSP), going from one to another LER (egress) which is router 8. When the 

packet is received, the label is then removed from the packet and sent to the concern 

network. LER which sends the packet to the MPLS core network is called ingress 

while LER which sends the packet to other dissimilar network is called egress. Both 

of these ingress and egress routers participate in the establishment of the LSPs before 

exchange of packets. The LSR (router 3, router 4, router 6 and router 7 in figure 8) 

comes in the core network of MPLS. They contribute in establishing the LSPs (links 

between two routers) and packet forwarding to the other MPLS routers. LSR receive 

packets from other connected LSR or LER, analyze its label and then forward the 

label according to the content of label [15]. 

 

 

 

Figure 8: MPLS Functionality 
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4.4 Components of the MPLS Traffic Engineering Model 
 

MPLS consists of the following useful basic components. 

 Path Management 

 Traffic Assignment 

 Network State Information Dissemination 

 Network Management 

4.4.1 Path Management 
 

Path Management performs all tasks which are related to the selection of the explicit 

routes, the maintenance and instantiation of Label Switch Path (LSP) tunnels. LSP is 

a label switched path through MPLS network, which is set up by the signaling 

protocols used in MPLS networks. Path management policy describes the rules for 

supporting already established LSP tunnels as well as the path selection criteria. Path 

management consists of three basic functions i.e. path selection, path placement.  

Path selection identifies the explicit route for an LSP tunnel at the origin joint of the 

tunnel. Second component, which is the path placement, is used to instantiate LSP 

tunnels by using a signaling protocol, which also works as a label distribution 

protocol. While path maintenance function is to maintain and terminates the already 

established LSP tunnels [4]. 

4.4.2 Traffic Assignment 
 

When the tunnel is established traffic is assigned to it. Assignment of traffic concerns 

all features which are related to the allotment of traffic to the established LSP 

tunnels.  Traffic assignment consists of the apportionment function and partitioning 

function. Apportionment function assigns the partitioned traffic to the established 

LSP tunnels.  While partitioning function partitions the ingress traffic [4]. 

4.4.3 Network State Information Dissemination 
 

This function concerns the distribution of the important topology state information 

throughout the MPLS Domain. This is done by expanding the conventional IGPs to 

propagate the additional information about the state of the network in link state 

advertisements. Additional information consists of default traffic engineering metric, 



  

  27 

maximum link bandwidth, maximum allocation multiplier, reserved bandwidth per 

priority class and the resource class attributes [4]. 

4.4.4 Network Management 
 

Network management plays an important role in an aspect of TE over MPLS. It 

consists of performance and accounting management functions, configuration 

management functions and fault management functions. All of these functions 

collectively controls the state of the MPLS objects and there characteristics [4]. 

4.5 MPLS Network Planning Considerations 
 

Following inputs are required for planning the MPLS network. 

 Architecture of the network 

 Physical Topology of the MPLS Network which shows the links and the 

Routers. 

 LSP setup 

 Functional and Technical Features of the Routers i.e. Costs and Capacity 

 Ling Features like Costs and Bandwidth  

 Traffic Matrix 

 Administrative Policies like Priority, Cost, Affinity  

One of the essential inputs in the process of MPLS planning is the traffic matrix, 

which recognizes the amount of packets going from source to destination under 

investigation. It can be done based on the measurement of existent LSPs and if the 

MPLS network is not implemented, then measurement is done on the existent IP 

network. While planning a process for an MPLS network, importance is given to the 

flow which is dependent on several characteristics like differentiated QoS 

requirements, volume of traffic or the client who receive or generates the network 

traffic. LSPs are given the highest priority because these are the first paths on which 

the packets are going to be routed. LSPs can choose different paths in order to share 

the traffic engineering principles. A characteristic of the network and its state 

changes as the time goes on. Like allocated resources are de-allocated, failed 

resources are activated and new resources become available. This may need more 

available efficient paths. For that reason it is more wanted to change dynamically 
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paths of different traffic trunks in response to changes in the network state. Which is 

also called re-optimization [16].  

4.6 Why MPLS for Traffic Engineering 
 

In chapter 1 we have discussed IP Routing and ATM networks and the issues related 

to these networks. Now in this chapter we will discuss the features of MPLS and why 

is that MPLS is considered a good option of TE in the world of networks? 

4.6.1 MPLS Quick Rerouting 
 

There are two types of MPLS quick reroute methods. One to one backup method and 

another one is facility backup method. One to one backup method is used to create 

alternative route LSPs for every protected LSP on every point of failure, like node 

failure or link failure. The one to one backup failure is for every LSP which is 

individual. While facility backup method generates a bypass tunnel to guard a failure 

point. LSPs which are using the guarded facility are protected by the same bypass 

tunnel. That‟s why facility back up method are pre-setup around guarded failure 

points in MPLS network and the bypass tunnels are predesigned in systems which 

are centralized to minimize the capacity of the network restoration. While one to one 

backup methods are established or deleted the backup LSPs on time when the 

protected LSPs come and enter in a distributed MPLS network [18].  

4.6.2 Routing Hierarchy and Label Stacking 
 

Function of label stacking is used to give a capable comparable loose source routing 

or IP-in- IP tunneling. Stacking necessarily maintains identity of different streams 

when they are combined into a single LSP. This enables to switch packets at de-

aggregation point. For visualization ease, this concept is also likened to be a 

generalization of ATM virtual packet tunnels. The big difference between the MPLS 

and ATM is that ATM has just got a dual hierarchy while MPLS has got multiple 

hierarchies for managing packets in a network. There is no method in ATM to stack 

multiple labels. Virtual path switching in ATM can be seen as a stacking method, but 

it is very limited in its use [19]. 

4.6.3 Merging 
 

MPLS network switched paths take the form of multipoint to point tree. Tree results 

because of the integration of switched paths which take place at a node when 
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multiple upstream switched paths for a given stream are merged to a single 

downstream switched path for the stream. While in ATM network merging is not 

possible always, because most of the ATM hardware is not intelligent enough to 

reassemble the cells from multiple inbound virtual circuits without the problem of 

interleaving [19].  

4.6.4 Loop Prevention and Detection 
 

Routing protocols which are used in MPLS networks in majority of the cases are 

based on distributed computation. For that reason routing protocols will routinely 

make transient routing loops when routing convergence occurs. Because MPLS 

creates switched paths stands on routing information, now if the routing is in a loop, 

MPLS switched path will also create a loop unless and until precautionary measures 

are taken. While in the case of IP routing, damage from the routine loops are 

diminished by the use of Time To Live (TTL) field within the packet header. TTL 

field is decremented by one at every Forwarding Hop. Packet is discarded, when the 

value is decremented to zero. But the MPLS Packets which are forwarded on ATM 

Labels have no such method because the ATM header do not support TTL field. This 

can create severe damage to the network because ATM loop traffic remains in the 

loop until the switched paths exist. 

There are two types of methods for handling loop in MPLS network .i.e. Prevention 

and Detection. In prevention, methods are provided to stop a switch path loop from 

ever being formed. While in detection, a loop may be created, but the MPLS 

mapping distribution message will observe the loop and will ignore or terminate the 

switched path [19]. 

4.6.5 Label Allocations and Forwarding 
 

When a label enters into MPLS network, layer three lookup is carried out. Now to 

forward packet to the next hop, forward equivalency classes are performed on it and 

then the label are assigned to that packet. Forward Equivalency Classes explains a set 

of packet with related characteristics and are forwarded in the same way. Then the 

packet is forwarded to the next MPLS station (LSR) along with the assigned label. At 

the LSR Label is checked according to its destination address and replaced by a new 

label and forwarded to the next station. The label travels on a label switched paths. 

And the distribution of label is done through the Label Distribution Protocol (LDP). 
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LDP supports two types of label distribution .i.e. ordered and independent. In 

ordered distribution of label a stream is started by the egress node for that stream.  

While in dependent label distribution, every node in a network can distribute labels 

for every stream, it identifies. LSR is well thought-out to be an egress LSR in a 

stream if the next hop in that stream is not an LSR or if LSR is located at the 

boundary of the MPLS network [18].Allocation of label in MPLS network is done by 

the downstream peers, where downstream is explained with respect to Routing.  

There are two types of label allocation.  

 Downstream on Demand  

 Downstream 

In downstream on demand an upstream LSR specially demand a label assignment for 

a stream from a downstream Hop. It is useful in ATM networks where combining of 

LSPs is not possible. While in downstream allocation assignment of Label are 

formed by the downstream hop and distributed to the LSRs which are in neighbor 

[19]. 

4.7 MPLS Signaling Protocols 
 

In this section we will discuss the signaling protocol of MPLS which are Constraint 

Based Routing Label Distribution Protocol (CR-LDP) and Resource Reservation 

Protocol (RSVP). 

4.7.1 Constraint Based Routing Label Distribution Protocol (CR-

LDP) 
 

Constraint based routing label distribution protocol (CR-LDP) attempt to enable the 

Label distribution protocol to work on the explicit routes while transferring different 

traffic parameters for reservation of resources as well as options for constraint based 

label switched protocol (CR-LSP). Both CR-LDP and LDP are hard state protocols, 

where signaling messages are once transmitted without the requirement of refreshing 

information. Transport method here for discovery of peer is UDP, while for session, 

notification, advertisement and LDP messages Transmission Control Protocol (TCP) 

is used. To set up an explicit route, a label request message containing a node list 

along with the constraint based route which is going to be traversed is sent. 

Following the selected path, signaling protocol will be sent to the destination. If the 

requested paths are able enough to meet the requirements, labels are allocated and 
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distributed by means of the Label Mapping messages which start with the destination 

and transmitted in reverse direction back to the source. CR-LDP is able to establish 

both loose and strict path setups with holding and setup priority, path re-optimization 

and path preemption. Reporting failure procedure in CR-LDP is based on ingress and 

egress routers TCP layer transport operations [21]. 

4.7.2 Resource Reservation Protocol Signaling (RSVP) 
 

Resource Reservation Protocol is used for soft state protocol which uses RESV and 

PATH commands to establish a LSP. In RSVP based on the protocol ID and 

destination IP address, packets are moved based on the raw IP datagram routing. 

Ingress LSR uses a PATH message to notify each router along the selected LSP to 

acknowledge that this desired LSP is going to be established. After that, receiving 

LSR will use the message RESV with quality of service parameters and traffic 

traversing upstream to reserve the resources on every node along the desired LSP. 

Node along with the LSP will install the reservation for the concerned state by 

generating an entry on the label forwarding table. At each node along the path, 

RESV and path messages are used from time to time to refresh reservation states and 

the path [8]. RSVP-TE is developed and proposed to support Explicit Routed Label 

Switched Paths (ER-LSP) and to provide more features to RSVP. RSVP was 

developed to support MPLS LSP setups; some changes and extension are made to the 

original protocol to manage the TE requirements [20]. 

4.8 Comparison between CR-LDP and RSVP 
 

CR-LDP and RSVP both Protocols are used for Label Distribution in MPLS 

networks. Here we will compare both of these protocols and will point out the issues 

related to these protocols. 

4.8.1 Protocol Design Purposes and Fundamental Features 
 

CR-LDP was formed to allow LSP set up for consistent end to end differentiated 

services in MPLS networks. In comparison to this, RSVP was created to support soft 

state resource reservation of integrated services over IP networks. RSVP was formed 

before CR-LDP. CR-LDP in terms of scalability is a hard state protocol, and because 

of this feature it essentially posses enhanced scaling properties in terms of volume of 

traffic signaling in the network as the amount of CR-LSPs increases. One of the 
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biggest disadvantages of RSVP is its scalability when there are various amounts of 

paths go through a node. This is because of the soft state RSVP characteristics, 

which need time to time periodical refreshing of the state for each path [21].  

4.8.2 LSP Reliability 
 

In RSVP and RSVP-TE signaling, process for failure notification contains a number 

of problems. Relying on raw IP forms or results in possible problems which RSVP is 

unable to quickly inform the LERs that the path connectivity among them is failed. 

RSVP-TE has explicit tear down messages, but because of relying on raw IP 

transportation, there transportation is not reliable. Because of this the edge LSRs may 

be unable to start rerouting traffic unless and until the expiration of the interval time 

out is 30 seconds of cleanup time out interval is 30 seconds of refresh interval is 

proposed for it. These values are very large for operations of the backbone network. 

If these timing intervals are reduced, load of the traffic because of the refresh 

operations will create more scalability issues [20]. While in comparison to the RSVP, 

TCP end to end connection oriented controlling method of CR-LDP depends on the 

egress and ingress LSRs to handle the LSP. Scalability is not an issue in CR-LDP 

because it is a hard state protocol. If any link is failed, it will be detected by the TCP 

process and the procedures will be determined by the ingress LSR to take [20] 

4.8.3 LSP Adaptability 
 

In RSVP shared explicit style of reservation is used to set up substitute paths through 

make for break procedures. This needs a session to be established before leaving the 

previous path which is used. LSP which is newly selected will have a different tunnel 

ID compared to the original one [21]. In case of path preemption, RSVP uses holding 

and setup priorities to find out if a new path can preempt an existing path. RSVP 

transport mechanism which on raw IP can cause for the feature support again. 

Because when network is short of resources, preemption is often required. In this 

case RSVP signaling messages may be getting lost. Because of it preemption feature 

will not executed. While CR-LDP rely on TCP, where the signaling protocol is 

shielded by continuously checking errors and the sequence of the executed data 

sessions. RSVP rerouting capabilities may be used to re-optimize the paths, which 

are carried out by all the participating hops exchanging local information traffic so 
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that the new path is reselected. While path re-optimization is conducted in CR-LDP 

by the ingress LSR, which is the best mechanism to stably control the rerouting [21]. 
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5 NETWORK ARCHITECTURE AND DESIGN 

5.1 MPLS Network and Design  
 

In chapter 4 MPLS functionalities, components, characteristics and the protocols 

which are used by the MPLS network has being discussed. On the basis of that 

knowledge, a network is proposed in the current study, which shows different 

features of MPLS with the comparisons of Simple IP Networks. 

                  

 

Figure 9: Designed Network 
 

The above Figure 9 shows the proposed MPLS network architecture and designs that 

how it will perform the execution. Network consists of ingress (router 3 in figure 9) 

and egress LER (router 5 in figure 9). Windows XP installed on all the systems. A 

simulator, coded in Matlab, is used as a simulation tool is installed on a system along 

with a simulation code. Configuration setting is done on every router which includes 

LSR and LER. IP addresses are given to every router as well as server “1” and server 

„2‟.  

The basic purpose of this proposed network is to compare MPLS and IP network to 

achieve the desired goal(discussed in section 3.2) , by using this simulation we sends 

the bulk data from different network locations such as Server “1” to Server “2” or 

Server “3” or Server “4” or vise versa. Router no “3” acts as an ingress router and 

router no “5” acts as an egress router.  
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Below tables show the details of all the routing tables by which our proposed 

network is designed. These tables show the routing table for each router. On the basis 

of these routing tables, routers take decision that how to send packets/data to other 

routers or nodes. Links Number is the connection between the two routers displayed 

in figure 9, each indicated with a number. IP shows the IP addresses from which the 

data will pass while the Priority (Pri) section tells us about the priority of packets on 

which the data will move, like the priority with 1 will be given higher priority to 

move packets from one source to another, if the link is failed or the path is congested 

then the packet will move on the link with second “2” priority. A link with zero “0” 

priority means that data will not move on that link. Work of ingress node is to handle 

traffic when it reaches MPLS network. 

Below tables are given for all the routers and servers of figure 9. Table 1 shows a 

routing table for router1 which includes how the data will move from router 1 to 

other routers (Router 2 to Router 6) and servers (Server 1 and Server 2).  

 

 

Links 

No. 

R2 R3 R4 R5 R6 S1 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

1 0 0 0 0 0 0 0 0 0 0 .1 1 0 0 

2 .3 1 .3 1 .3 1 .3 1 .3 1 0 0 .3 1 

 

Table 1: Routing Table for Router 01 

 

Links 

No. 

R1 R3 R4 R5 R6 S1 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

2 .2 1 0 0 0 0 0 0 0 0 .2 1 0 0 

3 0 0 .4 1 0 0 .4 1 .4 1 0 0 .4 1 

4 0 0 0 0 .7 1 .7 2 .7 2 0 0 .7 2 

 

Table 2: Routing Table for Router 02 
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Links 

No. 

R1 R2 R4 R5 R6 S1 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

3 .3 1 .3 1 .3 1 0 0 0 0 .3 1 0 0 

6 0 0 0 0 0 0 .5 1 .5 1 0 0 .5 1 

 

Table 3: Routing Table for Router 03 

 

 

 
 

Link 

No. 

R1 R2 R3 R5 R6 S1 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP P

ri 

4 .3 1 .3 1 .3 1 0 0 0 0 .3 1 0 0 

5 0 0 0 0 0 0 .5 1 .5 1 0 0 .5 1 

 

Table 4: Routing Table for Router 04 

 

 

Links 

No. 

R1 R2 R3 R4 R6 S1 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

5 .7 1 .7 1 .7 2 .7 1 0 0 .7 1 0 0 

6 .4 2 .4 2 .4 1 .4 2 0 0 .4 2 0 0 

7 0 0 0 0 0 0 0 0 .6 1 0 0 .6 1 

 

Table 5: Routing Table for Router 05 
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Links 

No. 

R1 R2 R3 R4 R5 S1 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

7 .5 1 .5 1 .5 1 .5 1 .5 1 .5 1 0 0 

8 0 0 0 0 0 0 0 0 0 0 0 0 .8 1 

 

Table 6: Routing Table for Router 06 

 

 

 

Links 

No. 

R1 R2 R3 R4 R5 R6 S2 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

1 .2 1 .2 1 .2 1 .2 1 .2 1 .2 1 .2 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

Table 7: Routing Table for Server no. 01 

 

 

 

Links 

No. 

R1 R2 R3 R4 R5 R6 S1 

 IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri IP Pri 

8 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 .6 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

Table 8: Routing Table for Server no. 02 
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5.2 Implementation of MPLS 
 

Matlab software is installed on a computer system. A simulation code is developed in 

Matlab on the basis of which data will move from one router to another router. 

Routers take decision on the basis of routing table information. Figure 8 shows 

server “1”, router “1”, server “2” and router “6” belongs to IP networks which mean 

they are dissimilar with MPLS network. When the server wants to move data from 

server “1” to server “2” data will pass through MPLS network because server “1” is 

connected to server “2” through MPLS network. When the sender sends data from 

server “1” it will reach router “1”. Router “1” will look at its routing table and will 

send data to MPLS network where the packet will be received by the Ingress Label 

edge router. In Table 1, when packet arrives at router 3 which is the ingress label 

edge router. It will check the type of the data and will apply the Forward 

Equivalency Check (FEC). FEC refers to the collection of packets which are sent in a 

network on the same path, same manner and with the same forwarding treatment. 

Then Next Hop Label Forwarding Entry (NHLFE) will be applied to the IP packet 

which contains the following information. 

 What will be the next router for the packet? 

 Through which port the packet will move? 

 Label number will be attached to the packet. 

Label is a short fixed length important identifier which is used to identify FEC the 

label is binded with FEC by the LER. After that the packet is sent on a label switched 

path (LSP) to the Label Switched Router (Router 2). In router “2” the packet is 

received by Incoming Label Map (ILM). ILM is used to map incoming label to Next 

Hop Label Forwarding Entry (NHLFE). ILM will check the incoming label number 

and the port through which it is received and will map it with NHLFE. NHLFE will 

remove the incoming label number and will attach a new label number along with the 

port through which the packet will move to another router and the next router address 

where the packet will be sent. Now router “2” will send the packet to the router “5” 

which is the Egress LER as well. Egress LER controls the traffic when it goes out of 

the MPLS network. So the router “5” will check the information in the packet along 

with the destination address when it checks that the destinations address does not 

belongs to the MPLS network so it will remove the labels of the MPLS network and 
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will send the data to router 6 which will check the destination address and will send 

data to server “2”. 

5.3 Label Forwarding in MPLS Core network 
 

Two types of labels are received by the MPLS network. 

1. Unlabeled Packets 

2. Labeled Packets 

5.3.1 Unlabeled Packets 
 

When data is received by the MPLS network it has no label because MPLS uses its 

own method to attach a label to the IP packet. Data is received by the ingress Label 

edge router and then it check for FEC then a label is assigned to the IP packet  along 

with the out port and the next HOP address. FEC to NHLFE is used to map FEC to 

NHLFE. FTN is used only once when a packet is received by the Ingress router. 

     Figure 10: Unlabeled Packets 
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5.3.2 Labeled Packets 
 

When the label is assigned to the IP packet by the ingress LER. Label will travel with 

the IP packet unless it is deleted by the Egress LER. When these packets are received 

by the Label switched router, there Incoming label map will check the incoming 

label and the port on which it is received and will map it with the Next Hop Label 

Forwarding Entry (NHLFE).where old label number is deleted and a new label 

number is assigned along with a new port on which the packet will move and the 

next Hop. 

              

 

Figure 11: Labeled Packets 
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6  SIMULATION AND RESULTS 
 

6.1 Quantitative Analysis  
 

In this chapter quantitative analysis of IP and MPLS networks are presented using 

experiments in MATLAB Software. This is done to demonstrate the effectiveness of 

MPLS network over IP network under specific circumstances. 

6.2 Simulation Model 
 

Computer simulation is the discipline of model designing for theoretical or an actual 

system, executing the model on a digital computer and checking the execution 

output. Simulation represents the principle of “Learning by Doing” to study about the 

system, first the model is build of some sort and then the model operates [29]. 

 

  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

         

 

Figure 12: Simulation Model Figure taken from [29] 

 

6.3 Purpose of Simulation 
 

The Purpose of this simulation is to check the performance of MPLS and IP network 

in a simulated environment. For this purpose a network was designed for both MPLS 

and IP network, on the basis of this network code was developed in MATLAB. 

Authors have used different bandwidths in there model to sending data in a network. 

 

Model Design 

 

Model Execution 

 

Execution Analysis 
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The entities which are modeled are server 1, server 2, and server 3, server 4, router 1, 

router 2, router 3, router 4, router 5, router 6, router 7, router 8, router 9, and router 

10. This will help to perform the objective of this simulation i.e. to send data from 

one server to another server or from one router to another. Therefore all of these 

servers and routers are modeled so that they can perform like in a real world.  

6.3.1 Introduction to Matlab 
 

Matlab is a high level technical computing language and interactive environment for 

algorithm development, data analysis, data visualization and numeric computation. 

Using the Matlab product, one can resolve the technical computing problems quicker 

than the other programming languages like C++, C and FORTRAN. 

One can use Matlab in a wide range of applications, which includes image 

processing and signal, control design, communications, test and environment, 

analysis and financial modeling, and computational biology. Add on toolboxes 

broaden the MATLAB environment to resolve particular classes of problems in the 

application areas. Moreover, Matlab gives a number of features for sharing and 

documenting your work. One can incorporate Matlab code with other applications 

and languages, and distribute Matlab applications and algorithm [30]. 

In order to perform simulation, we selected Matlab. The reason for selecting Matlab 

was because of its features (giving accurate results). A code was actually 

implemented with different scenarios and results were achieved that showed the 

comparison of IP with the MPLS network. Results were in the form of an integer 

value which represented the total time taken for moving data from one router to 

another. 

6.3.2 Simulation Work Flow 
 

This section explains the work flow of our simulation. 
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Figure 13: Simulation Work Flow 
 

1. First a network model was generated for IP and MPLS networks so that the 

simulation is performed on the model. After that we need code of the model 

which can help to take statistics and give results on the basis of these 

statistics. Thus, a Code was developed in Matlab and imported manually to 

the Matlab software so that simulation is performed on that code. 

2. Before the operation of simulation, it is essential to choose the statistics that 

we want to collect. Statistics related to both networks are generated and then 

they are applied on the model in Matlab. Matlab does not automatically 

generate the statistics. That why statistics were applied to the software to get 

the results.  

3. Third part is to configure and run the simulation. Simulation is performed 

many times to get the accurate results. 

4. Fourth step is to get and analyze the results which came as a result of running 

simulation in Matlab. In our simulation result is the amount of time which a 

packets takes from a sender towards the destination. 

6.4 Network Model 
 

Figure 14 shows the network on the base of which code is developed in Matlab to 

perform our simulation and results 

 

 

Design 

Network 

Model 

Apply 

Statistics 

Run 

Simulation 

 

Results 



  

  44 

 

  Figure 14:  Network Model 

6.4.1 Entities in the Network Model 
 

Following entities are used in the model to send data from one source to another 

source. 

 Server 1  Router 5  

 Server 2  Router6 

 Server 3  Router 7 

 Server 4  Router 8 

 Router 1  Router 9 

 Router 2  Router 10 

 Router 3   

 Router 4   

6.4.2 Entity Functions 
 

 The Entity consists of all the servers and routers which are interconnected to each 

other via different links. In the proposed network the amount of time gives a result 

which is generated by the computer based on the input given by the user. This helps 

us to compare the performances of MPLS network against the IP network. In our 

simulation, routers and servers are used to send packets from one end to another. 

Routers and servers decision to send data is purely based on the real environments. 

When a packet is sent on a path, links take one (1) millisecond between one router to 
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another router, while router takes 2 milliseconds to check its routing table and to take 

a decision to send data to other connected router. 

6.5 Experiment Description 
 

In experiments description we explain all the tabular form of the statistical data  

Following are the inputs from the user in our simulation. 

a. Enter the sender IP? 

b. Enter the receiver IP? 

c. Enter the amount of Data? 

 

 

 

Figure 15a: User Input 
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Figure 15b: output result 

6.6 Scenarios 
 

In this phase we will validate our results with the help of graphs and statistics. For 

this purpose two different scenarios are chosen which shows different amount of data 

sent between different servers.  In first scenario 512 MB Data is sent between the 

servers and in the second scenarios 1.7 GB is sent to check the total time difference 

between the two networks.  

6.6.1 First Scenario  
 

First scenario shows the total time of both IP and MPLS network which came as a 

result of data (512 MB) sent from server 1 to server 2, server 3 and server 4. We 

performed 10 simulations but our results were the same due to which just 4 simulation 

results are written in the tables. Results are the same because of the fact that similar 

amount of routers and paths are involved among all the servers. An IP network takes 

more time when large amount of data is sent while MPLS distributes the large amount 

of data between different routers that‟s why it takes less time. Simulation results are 

shown in table 9. 
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6.6.2 Data sent from Server 1 to Server 2, 3, 4 
 

 

 

Table 9: Data of Server 01 

 

 
 

Figure 16: Graphical Representation of Server 01 
 

6.6.3 Data Sent From Server 2 to Server 1, 3, 4 
 

Table 10 shows the total time as a result of data sent from server 2 to server 1, server 

3 and server 4. Results of IP networks are the same because network model (Figure 

13) on the basis of which we have performed our simulations shows that same 

AMOUNT OF DATA SENT = 512 MB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 2 6010 6010 6010 6010 5010 5010 5010 5010 

Server 3 6010 6010 6010 6010 5010 5010 5010 5010 

Server 4 8014 8014 8014 8014 7014 7014 7014 7014 
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amount of routers and paths are involved while sending data from server 2 to server 

1, server 3 and server 4. 

 

 

Table 10: Data of Server 02 

 

 
 

Figure 17: Graphical Representation of Server 02 

 

6.6.4 Data Sent From Server 3 to Server 1, 2, 4 
 

Table 11 shows the total time as a result of data sent from server 3 to server 1, server 2 and 

server 4. Results of IP networks are the same because network model (Figure 13) on the 

AMOUNT OF DATA SENT = 512 MB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 1 6010 6010 6010 6010 5010 5010 5010 5010 

Server 3 6010 6010 6010 6010 5010 5010 5010 5010 

Server 4 6010 6010 6010 6010 5010 5010 5010 5010 
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basis of which we have performed our simulations shows that same amount of routers and 

paths are involved while sending data from server 3 to server 1, server 2 and server 4. 

 

 

 

Table 11: Data of Server 03 

 

 

 
 

Figure 18: Graphical Representation of Scenario 03 

 

6.6.5 Data Sent From Server 4 to Server 1, 2, 3 
 

Table 12 shows the total time as a result of data sent from server 4 to server 1, server 

2 and server 3.  

AMOUNT OF DATA SENT = 512 MB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 1 6010 6010 6010 6010 5010 5010 5010 5010 

Server 2 6010 6010 6010 6010 5010 5010 5010 5010 

Server 4 6010 6010 6010 6010 5010 5010 5010 5010 
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Table 12: Data of Server 04 

 

 
 

Figure 19: Graphical Representation of Server 04 
 

6.7 Second Scenario 
In the second scenario we have sent 1.7 GB data to check the time difference for both 

MPLS and IP networks while sending data from one server to another server. 

6.7.1 Data Sent From Server 1 to Server 2, 3, 4 
 

Table 13 shows the total time as a result of data sent from server 1 to server 2, server 

3 and server 4. Here we have sent different amount of data (1.7 GB) to check the 

difference between the IP and MPLS network. 

AMOUNT OF DATA SENT = 512 MB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 1 8014 8014 8014 8014 7014 7014 7014 7014 

Server 2 6010 6010 6010 6010 5010 5010 5010 5010 

Server 3 6010 6010 6010 6010 5010 5010 5010 5010 
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Table 13: Data of Server 01 

 

 

 
 

Figure 20: Graphical Representation of Server 01 

 

6.7.2 Data sent from Server 2 to Server 1, 3, 4 
 

Table 14 shows the total time as a result of data sent from server 2 to server 1, server 

3 and server 4.  

 

AMOUNT OF DATA SENT =1.7 GB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 2 7010 7010 7010 7010 6010 6010 6010 6010 

Server 3 7010 7010 7010 7010 6010 6010 6010 6010 

Server 4 9014 9014 9014 9014 8014 8014 8014 8014 
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Table 14: Data of Server 02 

 

 

Figure 21: Graphical Representation Server 02 

 

6.7.3 Data sent from Server 3 to Server 1, 2, 4 
 

Table 15 shows the total time as a result of data sent from server 2 to server 1, server 

3 and server 4.                    

   

AMOUNT OF DATA SENT =1.7 GB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 1 7010 7010 7010 7010 6010 6010 6010 6010 

Server 3 7010 7010 7010 7010 6010 6010 6010 6010 

Server 4 7010 7010 7010 7010 6010 6010 6010 6010 
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Table 15: Data of Server 03 

 

 
  

Figure 22: Graphical Representation of Server 03 

 

6.7.4 Data sent from Server 4 to Server 1, 2, 3 
 

Table 16 shows the total time as a result of data sent from server 2 to server 1, server 

3 and server 4.  

AMOUNT OF DATA SENT =1.7 GB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 1 7010 7010 7010 7010 6010 6010 6010 6010 

Server 2 7010 7010 7010 7010 6010 6010 6010 6010 

Server 4 7010 7010 7010 7010 6010 6010 6010 6010 
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Table 16: Data of Server04 

 

 

 

 

Figure 23: Graphical Representation of Server 04 

 

AMOUNT OF DATA SENT =1.7 GB 

IP NETWORKS MPLS NETWORKS 

Inputs Sim1 Sim2 Sim3 Sim4 Sim1 Sim2 Sim3 Sim4 

Server 1 9014 9014 9014 9014 8014 8014 8014 8014 

Server 2 7010 7010 7010 7010 6010 6010 6010 6010 

Server 3 7010 7010 7010 7010 6010 6010 6010 6010 



  

  55 

7 DISCUSSION AND VALIDITY THREAT 
 

Main theme of our thesis was to suggest, implement and compare MPLS with IP 

network in a simulated environment. To compare both of these networks we have 

done simulation. In our simulation we have sent a specific amount of traffic to check 

the time for both of these networks. Different scenarios are chosen in simulation to 

go in depth of these networks. For this purpose data is sent among all the routers and 

servers. For every server, we have run simulation four times to check the accuracy of 

each router. To know in depth of both networks, data is sent from all the servers 

(server1, server 2, server 3 and server4).  In the first scenario, data is sent from server 

1 to server 2, server 3 and server 4. IP network took more time than the MPLS 

network. Results of all the servers are shown in a table as well as in a graphical form. 

Then the same amount of data is sent from server 2 to server 1, server 3 and server 4. 

Results for all the servers in IP and MPLS networks are the same because same 

amount of routers are involved on the way. While the data which is sent from server 

3 to server 1, server 2 and server 4 has the same results like server 2. While for 

server 4,server 1 take more time because more paths and routers are involve in 

sending data from server 4 to server 1.however results for the server 2 and 3 are the 

same due to the same routers and servers involve. 

Second scenario is chosen to get the results in more detail. For this purpose different 

amount of data is sent among all the routers. Results here are different from scenario 

1 but here also MPLS takes less time while sending data to the destination.  

To validate our results simulation, two scenarios are selected for the simulation in 

order to compare the results of both networks. To increase the validity of results two 

scenarios were selected. In each scenario we performed four simulations for each 

server in order to avoid the internal and external influence on the collected data from 

simulation. 

Above discussion shows that MPLS network has given some advantages in 

comparison with the traditional IP network.  

 Following points are observed in our simulation. 

 MPLS takes less time to send data to the destination 

 MPLS is efficient than IP networks 

 MPLS will be efficient if applied in the current internet architecture 
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The results achieved in this thesis are very significant because they prove that MPLS 

is a good and efficient technique, by taking less time in transporting data from one 

router to another router, as compare to the IP routing. So it will be a good idea if it is 

adapted as a TE technique in the current internet architecture. 

7.1 Validity Threat 
 

To validate our simulation results, two scenarios were selected for the simulation in 

order to compare the results of both networks and to increase the reliability of the 

results. In each scenario the authors performed four simulations for each server in 

order to avoid the internal and external influence on the collected data from 

simulation. 

There are some threats in our results as we have conducted a simulation for the 

validation of our results. It can be that authors have performed comparison of two 

networks in a simulated environment which may give different results in a real 

environment. This problem can be solved by two ways. One is performing this kind 

of experiment in reality and another is to perform simulation in an environment 

which is closer to the reality. We have selected the later approach but still real 

situation may produce different outcomes than the presented outcomes. The results 

presented in this thesis are validated for the text data. Therefore results obtained from 

this thesis can be different if different type of data is used in simulation. We try to 

overcome this problem by performing simulation in two steps. In order to find the 

differences in the results, simulation was carried out in two steps. Our simulation 

shows consistency in the results obtained from two steps of simulation. Another 

threat to the validity could be that in simulation there is a favorable environment, but 

in real environment data is suffered from several attacks. Although authors have tried 

to avoid this problem by doing this simulation near to a practical environment.   

7.2 Future Work 
 

In future work, it will be good to apply MPLS in an internet environment to make it 

efficient and get more customer satisfaction while using internet. In our thesis we 

have used two scenarios, it will be good to apply different scenarios such as to send 

multimedia data and check the performance of both networks. Moreover, we have 

compared both networks in a simulated network. It will be interesting to see how 
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these network works in a real environment and how these networks reacts when 

security threats are applied in a real environment.  
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8 CONCLUSION 
 

This thesis presents implementation and comparison of MPLS with IP network. To 

answer our research questions we have performed qualitative as well as quantitative 

study. Our thesis starts with literature review through which we have gained 

knowledge about our domain TE, IP and MPLS network. Literature review helped us 

in answering the first three questions of our thesis work. From our thesis we have 

concluded that MPLS is a better technique for traffic engineering as compare to IP 

network because of following reasons; 

 MPLS takes less time to send data to the destination 

 MPLS is efficient than IP networks 

 MPLS will be efficient if applied in the current internet architecture 

There are some concerns in our results as we have conducted a simulation for the 

validation of our results. This problem can be solved by two ways. One is performing 

this kind of experiment in reality and another is to perform simulation in an 

environment which is closer to the reality. We have selected the later approach but 

still real situation may produce different outcomes than the presented outcomes. The 

results presented in this thesis are validated for the text data. Therefore results 

obtained from this thesis can be different if different type of data is used in 

simulation. We try to overcome this problem by performing simulation in two steps. 

In order to find the differences in the results simulation was carried out in two steps. 

Our simulation shows consistency in the results obtained from two steps of 

simulation.  

In the beginning of our thesis we have identified four research questions .after this 

research we find out the answers of these questions and these listed below. 

 

RQ1. What is the current state of practice of TE? 

From the literature study we found different features of TE such as how data is 

reliable and efficient when TE is properly configured in a network. We have 

identified how performance of the network can be improved with the help of TE both 

at the source and the destination level. 
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RQ2. What are the limitations of IP networks which limits TE based on the reports 

from academia? 

With the help of literature review, we have identified the limitations in IP routing 

like No Better Service, class of service, scalability and recovery of IP route. 

 

RQ3. What are the factors which enhance the performance of MPLS network in 

comparison with the IP networks? 

Here different components which can improve the performance of MPLS network 

are identified. These components are path management, traffic assignment, network 

state information dissemination and network management. Also different factors are 

identified because of which MPLS is considered as a good technique for TE. These 

factors are MPLS Quick Rerouting, Routing hierarchy and label stacking, merging, 

loop prevention and detection and label allocation and forwarding. 

 

RQ4. What is the performance of MPLS against IP networks?  

From conducting simulation we have compared the performance of both MPLS and 

IP network in a simulated environment which shows that MPLS is efficient and 

faster than IP network while sending data from one router to another. 
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