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Abstract

The expectations of every user of today’s internet is becoming relatively high more especially as the 

internet applications are becoming steadily sensitive to time and delays. The critical nature of some of 

these applications is more apparent now that they are real-time. These pose a whole lot of challenges 

to network operators and service providers because they will not only need to provide these services 

to users but also ensure that these services rendered meet up to quality expectations and standards.

It is therefore very necessary and important for them to provide good quality of service with 

appreciable good performance at no incurable costs- that is while maximizing revenue- to them. A 

need therefore arises for the adoption of a scalable method or tool for meeting up to these challenges. 

Multi-Protocol Label Switching (MPLS) stands out to be the choicest tool and key for providing these 

requirements because of its traffic engineering (TE) capability in IP network and as such the internet 

needs to be equipped with this all-embracing technology.

This report presents the performance analysis of this technology (MPLS TE) vis-à-vis the traditional 

IP with respect to the average throughput, Quality of service rendered, delay suffered and 

minimization of congestions or traffic overflow in a bid to seeing how and why MPLS is more 

capable in optimizing traffic applications when adopted by service providers and network operators.  

And from the conclusion of the analysis and results it would have been established that MPLS 

appeared to be more capable in the optimization of traffic applications with respect to the above 

characteristics when compared with the traditional IP.

Keywords: 

ASIC, MPLS, IP, IS-IS, QoS, traffic engineering, explicit routing, LSR, LSP, performance   

measurements
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1   Introduction

1.1   OBJECTIVES

The purpose of this report as the subject topic implies, is to establish in a quantitative manner of 

analysis the analogous and contrasting performances between the Multi-protocol label switching 

(MPLS) and the traditional or conventional internet protocol (IP). Specifically, there seem to be 

various other respects in which their individual performances can be analyzed but this study 

analysis has been restricted to the following performance characteristics:

•   Congestion 

•   Throughput 

•   Delays

•   Quality of service

The above points will constitute the focus of this report and in each of these occasions; the

quantitative analysis shall be presented but because some of these characteristics performances 

happen to be closely related to each other, the approach taken was to merge them in accordance to 

their relationships before embarking on their analysis. The resultant goal is off course to establish 

analytically “WHY” and “HOW” the multi-protocol label switching (MPLS) can be more capable 

in the optimization of traffic in the internet as compared to the traditional routing protocol such as 

the internet protocol (IP). 

1.2  SCOPE OF THE THESIS

This report is not intended to go so deeply into the architecture surrounding multi-protocol label 

switching (MPLS) and the internet protocol although, the basic background that were considered 

important and relevant to the understanding of the report were addressed as much as possible.
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To this light, the deployment features associated with their implementations will be discussed. Also 

the fundamental building blocks, design parameters, routing mechanisms, and the essential 

components of MPLS and IP will be presented.

There are many technicalities and complexities involved in the quantitative analysis of these 

performance characteristics and as such, effort was made to present it in a very simple and 

understandable manner. To further enhance clarity on the path of the reader and reduce confusion, 

every assumptions made shall be indicated and figures and tables will be used to show the reports 

corresponding to the analysis that was carried out. 

It is as well pertinent to state that although more performance analysis of the different 

characteristics of MPLS and IP can be used to further buttress the ones to be treated in this report, It 

is my believe that the ones considered here should be sufficient enough for me to draw my 

conclusion and justify the fact that MPLS is indeed a desirable tool for traffic application 

optimization. 

1.3   STRUCTURE OF THE THESIS


This thesis report has been structured as follows:

The second section or chapter of this report is intended to discuss the basic background of multi-

packet label switching (MPLS) and the internet protocol (IP). What this means is that the 

fundamental building blocks of MPLS as well as traffic engineering (TE) shall be discussed. Also, 

it was necessary to define the design parameters and components that are associated with MPLS 

TE. How to deploy the TE feature in MPLS, and the processes of labeling and switching in MPLS 

was not left out too. Furthermore, it discusses some basic components of the traditional internet 

protocol (IP) and the process of traffic engineering using IP. The essence of these details was to 

give the reader an idea of what to expect in the actual performance analysis.

The Third section of this report entails the actual performance analysis evaluation of MPLS TE 

queue. One would wonder “WHY” the analysis had to be done from the queuing system 

perspective of MPLS TE. The reason is not far fetched in that traffic queues are the basis of the 

resulting performance obtained from MPLS. 
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As we shall soon see in the second chapter of this report, traffic engineering in traditional IP is very 

difficult to achieve. This is because it is only dependent on the destination address but converse is 

the case for MPLS because both the source and destination addresses are taken into cognizance and 

this makes it more capable and flexible in the wide range support of traffic engineering. Although 

studies are underway to establish that traditional IP protocols such as the open shortest path first 

(OSPF), intermediate system to intermediate system protocols (IS-IS) and the internet gateway 

protocols can lend itself to intradomain traffic engineering.

The efforts made towards achieving this feat although may have been quite successful, it still 

doesn’t compare to that of multi-protocol label switching (MPLS).

The angle from which this analysis was done is from the congestion (overflow probability) and 

average delay times of MPLS.

In the fourth section, there will be a presentation of a complementary and comparable analysis of 

the performances of IP and MPLS but this time with respect to the throughput and quality of 

service rendered QoS (from the point of view of the behaviors of packet drops). In the analysis, a 

simulation environment was established for both MPLS and the traditional routing protocol IP with 

a sole objective to be able to evaluate their individual performances. The result of this will give an 

idea of what to expect as an answer to the argument raised as to how and why MPLS is better. This 

has been the focal point of this thesis work.

Finally, a summary of the aggregate results will be made and my conclusions drawn from them. I 

will also make some recommendations, contributions and suggestions on what have been treated so 

far.

1.4   PRE-STUDY

Theoretical studies were very important to the understanding of this thesis work and as a result, I 

embarked on a wide range of reviews of literatures. I started by consulting the university library 

and reading the related texts and subject topics relevant to this thesis work. I also availed my self of 

the wide range of information from the library database with special focus on the scholars who 

have researched greatly in MPLS.
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There seem to be many ideas and works that have been carried out in this subject area but my 

particular attention is on the performance aspects. So what this means is that I have to begin to cut 

down the amount of information gotten from the publications, articles, books and magazines. When 

this has been done I now started to reason in line with some MPLS scholars who have worked in 

this subject area before choosing what best pattern and method to use to substantiate and meet the 

objective of the my thesis work.

Although it would have been more challenging and interesting coming up with this work in a 

typical and real service providers or network operators environment that adopts MPLS technology , 

it is still not regretful having considered it quantitatively. This is because the results analysis of the 

models was far from convincing and sufficient enough to prove a point. Generally, because of the 

high cost involved in the evaluation of the performances of MPLS and IP either for business or 

research reasons it is only feasible and more realistic doing this evaluations by means of modeling 

the system as if it were in real life and then creating an MPLS scenario environment where the 

analysis can be carried out. So far the results gotten from this approaches have not only been 

proven but also valid.

1.5   RESEARCH METHODOLOGY

John W. Creswell [3] suggested two methods that are involved in educational research and study. 

This he stated to be either;

• Quantitative approach towards research: In this approach, the researcher tries to develop his 

knowledge by using a post positive argument in which case, he/she makes the analysis based on an 

experimental study. This approach in most cases involves simulation and the analysis report of this 

will now assist him to be able to make decisions and draw possible conclusions.

• Qualitative approach towards research:  In this respect, the researcher tries to identify the ideas 

and reasoning of famous scholars who have engaged in the same or similar adventure. He then tries 

to build his own knowledge either by a way of constructive participation. Also the researcher can 

by his analytical thinking justify or refute the findings of others but this must be based on a strong 

and convincing facts and figures.
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The combinations of these approaches were used in this report because apart from the simulation 

point of view, I was also able to establish and make some additional important conclusions 

analytically from the outcomes of the analysis.
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2   MPLS Background

Multi-Protocol label switching (MPLS) is quite a new technology that can help to speed up the 

performance of traditional IP routers. This is possible because of its ultra high speed in the 

forwarding of packets [1] and this is as a result of the decoupling of IP forwarding from the 

information that is contained in the IP header. Switching of packet as against the routing of packets 

obtainable in the traditional IP is responsible for the performance enhancements seen in MPLS. In 

MPLS, packets are identified by the labels and the forwarding of this packets is based on the 

information contained in this label [1] .This is very unlike the traditional IP which uses the 

destination IP address in routing the packets. Setting up of Label switched path (LSP) in the MPLS 

cloud is done by the means of a label switched router (LSR) by using signaling protocols such as 

the label distribution protocols (LDP), the Resource Reservation Protocols (RSVP) and even the 

border gateway protocols (BGP). This established path can either follow the shortest path as 

obtainable in conventional IP or can be traffic engineered to follow an explicit path.

Typically, what happens is that as the packet enters the MPLS domain, the label switched router 

(LSR) at the ingress or entrance to the network will have to classify these packets by attaching 

labels to them and this classification is usually done by an IP target address routing table look up 

and since the mappings between the label switched routers are the same throughout the domain, 

then the value of the label at the ingress router is used to determine the label switched path. This 

reason explains why no other routing decision is necessary on the label switched paths. 

The presence of failure or error can cause an anomaly that can result in the use of conventional IP 

routing. The comparisons that can be made between the traditional IP and MPLS with respect to the 

working mechanism are as follows:

Both IP and MPLS can be classified into a forwarding equivalence class (FEC) [7]. The forward 

equivalence class is group of packets that are treated and forwarded in the same way and manner. 

In traditional routing, packet re-classification into FEC and the determination of the next hop for 

the FEC is done at each hop.
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But in MPLS domain, the classification of packets according to a specific FEC and assigning of 

labels according to the FEC is done at the ingress router so that when the packet enters the MPLS 

core there will no longer be a need to further classify the packets and in this case the label 

information provides a basis for its switching.

The figure below gives an illustration of what a typical MPLS network may look like:

                                        

                                  Figure 1: MPLS network situation

The above diagram gives a situation of what I have briefly discussed to give a clearer and simple 

picture of what MPLS is all about. In the diagram above Host A wants to communicate with B and 

the communication should traverse an MPLS domain. LSRs represent the label switched routers 

and the communication link constitutes the paths taken by the packets that traverse the network. 

This path is what is termed the label switched path (LSP) and this terminology shall be used 

throughout this report and it posses the following characteristics [14]:
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•   The nodes of the ingress and egress routers

•   Required bandwidth of the path

•   Level of priority of the Traffic passing through

•   The nodes to include or exclude from the path

•   The affinities to include or exclude from the path

•   The paths resilience 

                       

                    Figure 2: Schematic diagram of an MPLS network

  

The importance of this technology is more evident in the service provider and network operator’s 

environment because of the following reasons [17]:

• Helps in fast-reroute of traffic away from congestion zones and network failures

• Guaranteeing high quality of service (QoS)

• Optimization of network resources such as bandwidth

• Traffic engineering

• Virtual private network

• provides layer 2 migration path for carriers
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Some of the above reasons shall be justified in the subsequent sections of this report by way of

analysis. 

2.1   MPLS FUNDAMENTALS

MPLS like every other multi-layer switching solution have fundamental blocks [24]. These 

building blocks are known to be common among them. They are as follows:

• The separation between the control and forwarding components

• The label swapping forwarding algorithm

The separation between the control and forwarding components

MPLS constitutes the control planes and the forwarding planes. These planes separated from each 

other unlike in the conventional protocols where both planes are coupled together. What happens 

exactly is that the control planes or component makes use of the conventional or traditional routing 

protocols like the open shortest path first (OSPF), intermediate system to intermediate system 

protocols (IS-IS) and even the border gateway protocols (BGP) to build and maintain the 

forwarding tables [24]. The maintenance of this table takes place when these protocols exchange 

information with other routers. Immediately the packet arrives, the forwarding component consults 

the forwarding table and then decides the routing of the packet by comparing the packet header 

information with that in the forwarding table. The corresponding match is now used to determine 

the out band interface for the packet. The block diagram below gives a pictorial view of how these 

planes are structured and how they inter relate.
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                               Figure 3: Representation of control and Data plane

Swapping of label

The swapping of label is a phenomenon found in multi-layer switching solutions. MPLS which is 

one of such uses the label swapping forwarding algorithm in the forwarding of packets from source 

to destination [17].  As the packet enters the MPLS cloud through the ingress router, the label in the 

packet header is used to determine the forwarding equivalence class (FEC) for this packet. What 

this simple means is that the traffic associated with this kind of label will be treated in the same 

way. Also they will be forwarded in the same manner irrespective of their various destinations.

Usually this label is of local –link significance only. In the event, that the packet gets to the 

switching port, the forwarding component makes use of the input port and the information in the 

label to find values from the forwarding table that matches it. The consequent of this is that the out 

band label, the out band interface and the next destination hop for the packet is determined. 
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When this has been established, the forwarding component or plane then swaps this incoming label 

with the newly established ones before forwarding to the next hop. As this packet eventually gets to 

the egress router, the labels on it are removed giving way for it to be forwarded using the traditional 

routing procedure.

                                             

                                                                       Figure 4: Labels representation

2.2   TRAFFIC ENGINEERING IN MPLS

Before an in depth discussion into this, it is necessary to point out firstly that the traditional or 

rather conventional IP does not support or lend itself to traffic engineering simply because of the 

fact that its routing depends on only the destination address. Converse is the case with MPLS 

because it depends on both the source and destination addresses. This capability makes it possible 

to route traffic accordingly to meet the demands of the service providers or network operators. 

Traffic engineering helps in the controlling of traffic from source to destinations in such a way to 

optimize network resources and the performance of the network.
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LabelMAC Header

GFC VPI VCI PTI CLP HEC DATA
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The internet gateway protocol (IGP) [12] which makes use of the shortest path from the source to 

destination in the forwarding of traffic was not an option as a solution for the increasingly sensitive 

applications over the internet. This is because when different traffic follows the same shortest path 

to a particular destination, there is the tendency that a “hot spot” is generated meaning that 

congestion of traffic is imminent and this does not tell well of the kind of services to be rendered in 

such situations. Consequences of this may include among others jitters, delays, latencies and loss of 

packets and it is not so easy implementing traffic engineering in very large networks such as the 

ones in the service providers or network operator’s environment because of these reasons [19]:

• The equal-cost multiple paths: Using IGP means that every path must have an even an equal 

share of load. That is this share is constant for all the paths irrespective of the traffic sources. This 

definitely can result in the overutilization or underutilization of some paths.

• It is impossible to share loads among multiple paths that have different costs.

• Some negative effects can result when modifying an IGP metric in order to shift traffic and this 

effect impacted on the overall performance of the network.

It is for these reasons that MPLS was needed in order to overcome these limitations and at present, 

it is the most widely used by service providers and network operators to generate revenue while at 

the same time optimizing network performance and the utilization of resource. 

Traffic engineering can be applied to a whole lot of areas and the range of these applications 

depends on the network demands of the internet users and the desire of the service providers and 

network operators. In any case, the motive is to ensure cost and resource optimization while 

maintaining a high standard service provision. Because it is now a possibility to control traffic, 

service providers can now set up MPLS tunnels to suit their demands. MPLS tunnels as pointed out 

earlier can be used to forward traffic through paths other than the shortest possible one. 

MPLS TE can be resourceful in the following areas [24]: Congestion avoidance, Optimization,

Using resources in parallel links and in routing policy implementation.

Unfortunately, these areas of application shall not be treated in detail in this report.
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2.2.1   Design Parameters and Components for MPLS TE

Usually, it is important that service providers and network operators plan on the architecture of the 

MPLS system they would want to adopt and this entails careful study and evaluations. You will 

have to note that even though this system of technology seems to be quite advantageous and 

beneficial, it can mean some bad consequences if the planning is inadequate. The primary 

parameters to be considered in the design include but not restricted to the followings [25]:

• The label switched path and links affinities

• The LSPs priority level

• The number of parallel LSPs between each end point

• The LSPs adaptability and resiliency

• The bandwidth requirement of the LSPs

• The router that will participate

• The MPLS system hierarchy

• The scope of the MPLS system

The label switched path and links affinities

It is always good to define right at the onset how you would want to configure the label switched 

path in the routers and usually two common ways exist and they include manually configuring it 

into the routers or by computing it dynamically using online CBR algorithms [33].

The LSPs priority level

Defining the priority level of the label switched paths is also paramount in the design. This is 

because different LSPs have different treatments to traffic and such important paths can be given 

greater priority over the less important ones so as to meet with the desirable objectives that were set 

to achieve it.
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The number of parallel LSPs between each end point

This is also an important factor because the LSP can be more flexible when they appear in parallel. 

This is a consequent of each path been smaller in size than usual and it makes it possible to 

distribute traffic more evenly among these paths.

The label switched path and links affinities 

This usually depends on the policy of the administration and it entails assigning color or affinity to 

the label switched path in order to achieve a desired set goal. This can be adopted in most cases 

when the network administrator would want to prevent some regional label switched paths from 

traversing the router to external regions [26].

The LSPs adaptability and resiliency

This phenomenon explains the issue of LSP re-optimization where traffic is engineered to traverse 

a path that is known to be better than the already existing paths.

The bandwidth requirement of the LSPs

This is very important as well because it is necessary to specify the bandwidth requirements of each 

path. It will help to know when there is over-utilization or underutilization of the network path. It 

will also help to give an idea of the statistical characteristic of the label switched path. 

The router that will participate

The kind of routers to be made part of the system should as well be carefully considered. It helps in 

ensuring that the best set of router combinations are chosen to give the best possible results. It is 

always necessary to know which router to make the egress or ingress and those to discard from 

participating in the MPLS system for some obvious reasons. One of these reasons may be that the 

router is not trusted to deliver and more.

The MPLS system hierarchy

This entails defining the hierarchy of the network either by fully meshing all the label switched 

routers or by dividing the network into multiple regions.
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The scope of the MPLS system

This usually depends on the policy of the administration.

2.2.2   Deployment of TE Features in MPLS

When the above design parameters have been carefully and adequately put into place, the next 

question or challenge that is bound to arise is how to now deploy the features of TE into MPLS. 

The following ways have been proposed [25]:

• Using MPLS LSPs to collect statistics: 

Usually this is the first phase in the deployment process and the LSP is deployed without 

necessarily specifying its bandwidth requirements and the reason for this is to be able to collect 

traffic such as that between the router pairs. Current statistics collectors are not efficient in this kind 

of traffic collection because they only collect and report the out band and in band traffic of the 

interface network without any information as to the final destination of the traffic.

• Constrained bandwidth LSPs

When statistics have been collected, it will now be the time to configure or specify the bandwidth 

requirements in the LSPs according to demand. The bandwidth requirements in this case are 

basically a function of the measured rate of the LSP but because of the fact that this rate is variable 

it is advisable to be specific in the decision of the rate to use.

• Updating the LSPs bandwidth

Adjusting the already set bandwidth requirements for the LSP on a periodic basis is very important 

as far as the stability of the network is concerned. This is because network traffic grows with 

continuous changes in the distribution of traffic. But to be able to achieve a desirable result it is not 

always advisable to do the adjustments to all the LSPs all at the same time.

• Offline constraint-based routing (CBR)

This is desirable when optimal link efficiency is the objective of the networking.
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It involves the use of an offline constraint-based routing(CBR) [32], [29] to compute the optimal 

path for the LSP by taking into consideration the characteristics and requirements of the label 

switched paths such as link attributes and the surrounding network topology. Usually offline 

constraint-based routing is better than the online constraint-based routing in finding a label 

switched paths that are better placed although the online CBR can be useful in the routers.

2.3   QUALITY OF SERVICE (QoS) IN MPLS

In traditional routing, different methods have been used by network operators or service providers 

to ensure that they provide user demand quality of service. One of such efforts is by the use of 

service level agreement which is contractual in nature to provide an assurance to the customers as 

to the overall quality of service they can offer.

Good quality of service entails minimum jitter and delays. It could extend to a high amount of 

throughput when a packet is sent from a source to destinations. To ensure good quality of service of 

MPLS means that there should be provision as to a way of reserving resources for high priority 

traffics. Some kind of applications which are stringent and sensitive in nature such as the VoIP 

demand a high degree of priority and treatment and this is possible with the implementation of 

MPLS-TE [28]. In this case the label switched paths carrying such category of traffic are assigned 

higher percentage of bandwidth and other resources in order to be able to account for its high 

performance in quality. 

This process involves a kind of queue scheduling mechanisms that will create an enabling 

environment for an effective and efficient transmission of this class of traffic. Most importantly, the 

extra field in the label which consists of 3bits is used to mark the kind of treatment to be given to 

such a packet and it is in this field that services can be differentiated for various classes of traffics. 

We can mark traffic for the purpose of controlling MPLS QoS in two different ways:

The first involves encoding the queuing information into this EXP field of the MPLS shim header 

and because these fields have different class of service markings, they can be used as the basis of 

the kind of treatment to be given to such a service. This is called experimental bit inferred label 

switched path (E-LSPs) [27]. In the second way, the packet label of the MPLS already has the 

information on how the packet should be treated. This is called the label inferred label switched 

paths (L-LSPs) [27].
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2.4   IP ROUTING

IP routing quite contrasts with that of MPLS because of its routing based on only the destination 

address in the IP header of the packet. This reason has been stated earlier in this report and it is 

specifically because of this reason that traffic engineering (TE) is not been supported. Once a 

packet arrives at the router, the router makes an independent routing decision when it has consulted 

the routing table. The routing table gives the next hop for this packet based on the destination 

address of on the packet’s header. The building, maintenance and update of this routing table is 

made possible by means of the conventional protocols that are run by each router such as the border 

gateway protocol, intermediate system to intermediate system protocols and the open shortest path 

first [34]. 

These protocols do not consider the traffic characteristics and capacity constraints when routing and 

the result of this is usually an overutilization or underutilization of some links. Besides this 

addressing information are so difficult to deal with since only the destination address is of utmost 

importance to the routing process and not the source destination. Virtual private network which has 

extra addressable information is not considered using traditional IP forwarding. These limitations 

among others diminishes the overall performance of traditional IP at the expense of it MPLS 

counterparts. As we will see very shortly, the presentation of the analysis of these two shall be a 

good justification.

2.4.1   Traffic engineering using IP

Some vital reasons have already been raised in this report why it is pretty difficult to achieve traffic 

engineering by the means of traditional or conventional routing. The most important of these 

reasons is the rigid destination address dependency associated with conventional routing. All 

traffics with common destination address are been treated almost in the same manner making it 

difficult to efficiently utilize the network resources to either boost the revenue generation of the 

service providers or even achieve a kind of policy routing that can yield desirable outcome. 

Some research are ongoing as to the possibility of  achieving traffic engineering using the 

traditional routing protocols such as the internet gateway protocol (IGP), intermediate system to 

intermediate system (IS-IS) and the open shortest path first (OSPF) [35].
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Although it has been established by some MPLS scholars that this is possible it doesn’t dispute the 

fact that MPLS is a better option to it and that it is the most widely adopted in the service providers 

and network operator’s environment. 
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3   Performance Analysis Evaluation of MPLS 
TE (1)

3.1   ANALYSIS DESCRIPTION

This part of the report presents the performance analysis of MPLS TE with respect to congestion 

control and delay times. The analysis is exclusive for MPLS because of the traffic engineering 

characteristics that it posses. It takes this advantage to model its traffic queuing system as a 

continuous-time markov process and then simulating the system as a generalized processor sharing 

system (GPS) [22]. And in doing so, the model parameters of each source of traffic were then used 

to get the graphical result to be interpreted. In this respect, there is no comparative analysis that can 

be made as far as the conventional IP is concerned because of the absence of TE queues and as such 

it can be easily deduced that there is little or no control of traffic congestions in such a network. 

Moreover, a resulting case of congestion can lead to reduction in the speed of such packets or 

traffics as the traverse the network between the source and destination.

In general the primary principles behind this analysis stems from the architectural and conceptual 

design of MPLS TE. Some of these have been discussed in the preceding sections.

3.2   THE QUEING SYSTEM

Before going into the actual mathematical analysis of this system, it is necessary to introduce or 

rather explain briefly what this concept is all about. This describes how traffic in MPLS TE are 

handled and controlled as they get into the MPLS cloud. 

The concept has been broken down for ease of understanding into these sub headings:

- Tunneling in routers.  

- The process involved in creating TE queue 

- And finally the process of switching.
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3.2.1   Tunneling in routers for MPLS Queue

During the tunnel setup time the control and admission of traffic packets and the reservation of 

bandwidth are done [23], [24], [25]. Usually this process is not done during the time that the 

packets are forwarded. This results in a reduction in the number of tunnels traversing a particular 

link. Usually, there are bound to be competitions between the traffic in a given tunnel and that in 

another MPLS TE tunnel. This competition for resources can even extend to other traffics that are 

not carried by MPLS TE tunnels. When sending traffic into these tunnels, it is advisable to send 

only the traffics that are considered to be of high importance rather than sending all traffic into the 

tunnel because that is a means to actualizing the objectives – getting to standard- of meeting up 

with the resource reservation level while at the same time generating optimum revenue . As an 

illustration, traffics that are highly sensitive to time and delays just like VoIP can assume this 

advantage and be separated from other less priority traffics. In this way, the full objectives that 

have been set to achieve would have been a success. In any case, the only scenario when all 

categories of traffic should be made to pass through the tunnel is when Diffserv-TE [27] needs to 

be applied in which case all the traffic is subject to uniform kind of treatment.

3.2.2   Process of creating TE queue

For ease of the analysis, it is assumed that both the input and output queues are implemented in the 

router and that the tunnels with the same head end share the same input queue, while tunnels with 

the same tail end shares the same output queue [23]. What happens when the TE tunnel is being set 

up is that a query is made to the database by the router to know if the router had created a TE input 

queue with the same end. If it is discovered that it hadn’t assigned such, the router will then have to 

create a TE queue that is tagged with router head end ID while at the same time assigning a tunnel 

label to this queue and this takes into cognizance the bandwidth that was requested but if it had 

already created a TE queue with exactly the same head end router ID, then all that will be needed to 

do is to adjust the bandwidth of the TE queue to suit the new tunnel request [23]. As before, it is 

tagged with the incoming label of the TE tunnel. In a similar fashion, the output TE queue can be 

set up. The figure that follows, (Fig 5) gives a block diagram of what happens during the process.
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                                                Figure 5:   Tunnel queue creation
                                             

3.2.3   Switching process

When the router receives a packet, what it does first is to know if the packet has been assigned to a 

TE queue and whether it is label switched [17]. When this is done, then based on the incoming 

label of this packet it is forwarded through a tunnel into the appropriate input TE queue. The router 

has a database of all the label-forwarding and it is this database that the router uses to know the 

outgoing label for the packet. Based on the router’s scheduling mechanism for the input TE queues, 

the label is then switched to the corresponding output interface.

The same procedure happens when putting the packet into the appropriate output TE queue but in 

this case, it depends on the outgoing label. Forwarding to the next hop is done next based on the 

routers scheduling mechanisms for output TE queues and usually scheduling priority is given to TE 

queues over the non-TE queues because of its special nature [23].
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3.3   ANALYSIS OF THE SYSTEM

To facilitate understanding, it is necessary to describe the tool used in this analysis and simulation. 

Firstly, I will start by describing what the generalized processor sharing system (GPS) [22] entails. 

This is an efficient and flexible scheduling mechanism for providing differentiated quality of 

service (QoS) and for sharing server capacity. GPS systems have some kind of appealing properties 

[22] such as fairness, traffic isolation and network conservation. It is very crucial to provide 

quality-of-service (QoS) (e.g. packet delays and loss) for a diverse spectrum of network 

applications e.g. MPLS [22].

It assigns each traffic source a fixed weight – such as the parameters in table 1- which can then 

guarantee a minimum service rate for the flow even though other traffic flows or sources may be 

greedy in demanding service. These characteristics explain why the GPS was used as the basis of 

the analysis and simulation. At the onset, I had the problem of deciding the environment that would 

be most suitable for the analysis. I explored the possibility of using the following simulation 

environments: Mat lab, J-sim, O MNeT++ [30], GLASS and NS-2 [32] but it was not so easy with 

each and every one of them. Although, the one that would have been most suitable is the NS-2  but 

using NS-2 in this particular performance analysis may not really give the option of classifying 

traffic sources according to their service rates. Because of this, it had to be ruled out as well and the 

only option was to resort to the GPS.

The generalized processor sharing system (GPS) has provision or rather the functionality for the 

followings among others:

a) Specifying on-off transition state for each traffic source.

b) Specifying off-on transition state for each traffic source.

c) Specifying the service rate to be associated with each kind of traffic

d) Generates corresponding performance results-in respect to traffic load and average delay-

according to traffic source specifications.

Subsequently in this section, we shall see how these different source parameters were used to get 

corresponding results to be analyzed.
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3.3.1   System modeling

Earlier in this section, I have discussed the process involved in the creation of TE queue. This was 

necessary to prepare the readers mind for the understanding of the mathematical modeling 

associated with the traffic queuing system in MPLS. The system is modeled as a continuous-time 

markov process and then the performance simulated and analyzed with the GPS [22].  

The scheduling policy of the switch fabric with input TE queues determines the delay that a packet 

suffers from the time it enters the input interface to the time it is transferred to the destined output 

interface. But in this analysis, consideration is only given to the process from the time the packet 

enters the output TE queue to the time they are forwarded to the next hop. 

Assuming that each output maintains N (output) TE queues and K non-TE queues and that all TE 

queues have the same priority which is higher than the priorities of non-TE queues then if follows 

that,

Cn, 1≤ n ≤ N is the guaranteed service rate for TE queue n, and that

                                    C   = 
 Nn

Cn
,1

.

But when all the TE queues are empty, it gives room for the residual service to be distributed to 

non-TE queues. Each queue n with instant rate rn(t), is modeled with state space Sn , rate matrix  An, 

and infinitesimal generator Mn [22] .The buffer is infinite, and Xn(t) is the occupancy of queue n. 

The demand now is to find the overflow probability for each TE queue with threshold B. The figure 

is as shown below

                                     

                                                       Figure 6: Analysis model



Master thesis

Optimizing Application Traffic on MPLS-Enabled Network Links                                             Obiekwe Obinna Kingsley

26

The actual analysis of figure 6(a) has been established to be cumbersome and complicating so as an 

alternative, another way of approaching it is by using a simpler model shown in figure 6(b) and it 

shall be used as the basis for the analysis.  

                                                                                                                                                            

The analysis of this system goes thus [23]:

                                             r*n(t) = rn(t),

                                           r*
j(t)   = σ'

j r'
j(t),    and

                                           C*
n =  Cn + 

nj

jCjó ;

Where for j ≠ n,

                       

                                          σj  = Cn / 
 jk

Ck

and  r'
j(t) is the departure process of each queue j obtained with the assumption that the service rate 

is Cj .

The analysis of the second system in figure 6(b) with a service rate c and N independent general 

markov modulated fluid process sources then goes as follows.

Let the characteristic of each source be given by (M (i) , A(i) ).

Then the aggregate source as a function of M and A is:

M =  M(1)   M(2)  . . . .   M(L) ,

               And,

A =  A(1)      A(2)  ……   A(L) ,
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Where the sum of matrices A =  [aij]mn  and that of B is given as;

                                                                   a11B     a12B     …     a1nB   

                              A    B =                       a21B     a22B     …     a2nB

                                                                    …         ….       …     …

                                                                   am1B     am2B    …     amnB

                            A B = A     Im  + In      B       

  Where Im is the identity matrices of order m and In the identity matrices of order n. So, the state 

probabilities is then defined as follows 

fs(x,t) = Prob(S(t)) = s, X(t) ≤ x,t);

This then follows that,

                          (A-cI) df(x)  =  M f(x).

                                     dx

Here I is the identity matrix. (A-cI) = D is called a drift matrix. With L been the aggregate source 

state, the result is now of the form [23];

                            f(x) = 
 Li

ai
,1

Фie
zix

zi and Фi are Eigen value-Eigen vector pairs for the matrix D-1M and ai coefficients .The 

corresponding coefficient ai   is zero if the Eigen value is positive.

The number of overload states is the same as the number of negative Eigen values. Now defining 

the boundary limits, The boundary condition for getting f(x) are;

fj(0) = 0 when j  S0, where S0 is the set of overload states. It can then be reasoned that the 

probability that the buffer occupancy exceeds the thresholds B is as given below [23];
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Pof  = 



sj

BxjS ),Pr( ,

Pof   means the overflow probability.

3.3.2   Analysis and simulation reports  

As have been explained in section 3.3, the GPS is the basis for getting the results of the analysis 

and simulation but to achieve this, it was necessary to define or specify the parameters of each 

traffic source. There was need to define service guarantee levels for each traffic source. To be able 

to distinguish between the TE traffic and non-TE traffic, it was necessary to assign service 

guarantee values to traffic sources 1 and 2. The limits to be assigned were from 0 to 1 but I chose 

0.8 for traffic source 1 and 0.5 for the second source of traffic. Nothing goes wrong choosing other 

values of integer within this range provided that one has in mind that the higher the value of integer 

chosen, the higher the service guarantee level associated with such traffic. 0 values mean no service 

guarantee level and in this case traffic source 3 has no guarantee level (non-TE queue).

Moreover, there was also need to define the transition states of each traffic source from on-off or 

from off-on states. Integer values were used to specify this and as can be seen from table 1. The 

traffic sources 1 and 2 have the same transition states because they are both TE queues. The last 

source of traffic differs because it is a non TE queue. The input rate for each traffic source need 

also be defined and the values chosen are shown in table 1 as well.

These values were not chosen by accident but rather they were chosen because their results are 

more dependable and realistic when it comes to their actual interpretations. Though other stochastic 

values were used for each traffic source but the ones here seemed to be more informational.

Different case considerations were then made to be able to establish the relationships and off course 

see the remarkable good thing associated with using traffic engineering queue. It is also assumed 

here that there exist three on-off sources, two meant for TE traffic and the other for non-TE traffic

as have already explained.

The cases considered are as follows:

Case 1:  When the entire traffic classes share one and the same queue (In this case, all the traffic 

sources were put on an off-on transition states by using the values in the table 1 with corresponding 

input rates  all in the same queue)
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Case 2: When all the TE traffic shares the same queue and the non-TE traffic goes to the non-TE 

queue (Here source 3 was now put in a different queue)

Case 3:  When each TE traffic source goes to its own TE queue and the non-TE traffic goes to the 

non-TE queue (Here separate queues were created for each individual traffic)

The parameters of each source of traffic used for the analysis are as given in the following table:

                           Table 1: Parameters used for the source

   α    β    ρ

Source 1   0.6 1.2 1.4

Source 2   0.6 1.2 1.2

Source 3   1.2 1.2 1.4

The table above gives the stochastic values or parameters used for the traffic sources. α and β are

the transition states from off to on, and on to off respectively. ρ is the input rate when the source is 

on. The guaranteed service rate for source 1 and source 2 are taken to be 0.8 and 0.5 respectively 

(i.e. the TE-queues). 

The following reports shows the simulation and analysis reports of the congestion or overflow 

probability (given as a function of average delay time) of traffic engineering with respect to the 

input duration of the traffic sources (shown as magnitude of load in the figures) as was observable 

with the GPS system. 

                              

                                             Figure 7: Tail distribution simulation for case 1 and 2
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                                             Figure 8: Tail distribution analysis for case 1 and 2

                                  
                                  

                             

                                            
       
                                                Figure 9: Tail distribution simulation for case 3
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                                                       Figure 10: Tail distribution analysis for case 3

                             

                                   

And as can be seen in the figures, in respect to the system parameters that were used, the 

congestion probability or what is technically called overflow probability for TE traffic is reduced 

when using traffic engineering (TE) queue. As a consequent therefore, the quality of service (QoS) 
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4   Performance Analysis Evaluation of MPLS 
TE (2)

4.1   OBJECTIVE

So far, we have been able to establish the performance analysis of MPLS from the congestion and 

delay point of view. But, other aspects of MPLS performance such as the quality of service (QoS) 

rendered and the amount of throughput need also be analyzed as well so that a justifiable and 

exhaustive conclusion can be drawn. This shall be the focus of this part of the report. This 

performance analysis shall be comparative in nature in that a simulation environment shall be 

generated for the traditional IP network after which the functionalities of MPLS is now deployed on 

such a network in order to be able to comparably evaluate their individual performances.

One point is very important in this analysis and it is necessary to elaborate briefly on it since it has 

not been discussed in specific terms in this report. MPLS alone usually can not provide the kind of 

service differentiation needed in highly sensitive and stringent applications such as VoIP [28]. 

Other multimedia services are examples of areas where such service differentiation is very vital. To 

incorporate this characteristic in MPLS, it is necessary to involve the DiffServ feature into it.  This 

gives rise to what is termed DiffServ-aware Traffic Engineering (DS-TE) [28].  This feature can 

only be activated when there is an exchange of information that has to do with MPLS, TE and 

DiffServ between the routers. The exchange of this information is possible by the means of 

signaling protocols such as the Resource Reservation Protocol-Traffic Engineering (RSVP-TE), 

constraint based routing label distribution protocol (CB-LDP) and the label distribution protocol 

(LDP) [34].
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4.2   DESCRIPTION OF ANALYSIS

The analysis is based on the default specification of G.711 (64) codec [31]. It was used as the basis 

because user datagram protocol (UDP) is used as the VoIP services (traffic) over the network 

topology. One thing is worth noting about any codec and it is that the voice payload per packet is 

inversely proportional to net bandwidth for that given codec. What this means is that to transmit the 

same amount of data that can reduce the net overwork overhead [38], fewer UDP packets is needed 

(as would be used in this analysis). This involves some bit of mathematical calculations that 

follows

To compute the bandwidth required, it was necessary to compute the voice packet size. The voice 

packet size is given as the sum of the Layer 2 header, IP header, UDP header, RTP header and the 

voice payload. Also to get the voice packets per second, then the codec bit rate must be divided 

with payload size of the voice. This now makes it easier to be able to compute the bandwidth. The 

bandwidth is given as the product of voice packet size and the voice packet per second which has 

been computed already. 

Now, the UDP packet size in bytes is given as the sum of UDP and RTP headers and the voice 

payload which is about 180bytes. This number of bytes will suffice for the purpose of this analysis.

In general, MTU of Ethernet is usually given as 1500bytes out of which IP makes use of 20bytes. 

This means that 1480 bytes is remaining for the UDP packets. Using this amount of data size 

instead for UDP will definitely increase the network overhead and that is not desirable for this 

analysis.

Let me use this diagrammatic example to illustrate what G.711 codec looks like:
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4.3 ANALYSIS

Now to look at the analysis proper, it will be good enough to start by describing the simulation 

environment that was used. 

The NS-2 (Network simulator 2) is a simulator for discrete event that is used basically for 

researches in networking [32]. It is an open source simulator and has been developed since 1989. 

So many different contributed models are available for this simulator and it is implemented by the 

VINT project at BL, Xerox PARC and UCD [32]. The NS-2 is coded in C++ and TCL and the 

MPLS module for this simulator is called MNS (MPLS network simulator). The MNS have almost 

all the implemented functionality that is needed. The NS-2 MNS was chosen because of these 

reasons. Moreover the MPLS-TE patch by C. Callegari and F. Vitucci also assisted in the 

simulations. 

In order to install NS-2, it is recommended to use the ns-allinone distribution. This includes all 

programs that NS-2 uses such as Xgraph, tk, nam and tcl but for this analysis; the tcl program was 

used as it is the one used in the patch. The NS allinone can be downloaded from [32].

To now begin the analysis, NS-2 was used to create an MPLS and conventional IP network 

topology using its functional module. This was necessary to show the advantage of MPLS over IP 

with respect to the overall throughput and quality of service.

Figure 11 below shows these topologies. Here, the source nodes are tagged 0 and 1 while the 

destination nodes are tagged 6 and 7.

                  Figure 11: Network Topology
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In the above figure, the path for the conventional IP which follows the shortest path is via Node 2 

to Node 3 and then to Node 5 and because of the absence of traffic engineering capability, these

links are over-utilized (indicated by yellow and green color in the figure 12) leaving the other 

corresponding link (N2-N4-N5) underutilized. This situation creates a kind of congestion in LSR2. 

As has been explained in the previous sections, swapping of labels is done in each of these nodes 

before been forwarded to a corresponding interface to the next hop or node.

                                                                        

                          Figure 12: Symmetric Network without MPLS

When MPLS-TE is applied to the topology using the MNS module of the NS-2 -in this case LSR2 

and LSR 5 are taken to be the ingress and egress router respectively- what now happens is that the 

traffic packets do not follow the shortest path (N2-N3-N5) only but is traffic engineered to follow 

the other path which in this case is (N2-N4-N5) as can be seen in the figure 13 below.
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                                   Figure 13: Symmetric Network with MPLS

The performance simulations and analysis were now made by applying the MPLS-TE patch to the 

MNS functionality module of the NS-2 simulator in order to generate the results to be interpreted 

bearing in mind the nature of traffic packet that was used as have been explained earlier in this 

section.

4.3.1   Result comparisons

Before the application of the MPLS traffic engineering (TE) feature in the analysis, figure 14 gives 

the throughput measurements of each traffic flow from source to destination and off course, the 

amount of throughput in mega byte (MB) of the UDP traffic flow that the destination node or host 

receives.
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                   Figure 14: The throughput of conventional network

                                Figure 15:  The throughput of MPLS network
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But when traffic engineering is now applied (figure 15) using the MPLS-TE patch, what becomes 

observable is that there is an improvement in the throughput which is slightly above the 1.4MB 

mark of the figure 14 above.

It was also necessary to individually look into the behaviors of MPLS network and traditional 

networks with respect to their packet drop over a specified time frame. This measure will also 

complement to give a true justification for the deductions that shall be made in respect to these 

analyses. The following figures show the graphical behaviors of both networks. 

  

               Figure 16: Packet drop behavior for conventional Network
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                     Figure 17: Packet drop behavior for MPLS Network

From these results, it can be seen that with MPLS the overall throughput of the packets from the 

source node to the destination node is more and that the packet drop level which a function of the 

service quality is lower when compared to that of the traditional networks.
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5.  Deductions and Conclusions

This report has a sole aim of giving an answer to the research question -“WHY” and “HOW” the 

multi-protocol label switching (MPLS) can be more capable in the optimization of traffic in the 

internet as compared to the traditional routing protocol such as the internet protocol (IP)- as pointed 

out as the basis of the research work and study. In a view to answering these pertinent questions, it 

was necessary to embark on intensive research in order to be able to answer these questions in a 

more technical and convincing manner. In the process, I was able to start by describing the basic 

principles and parameters associated with MPLS and conventional IP. I then went further to present 

some performance analysis with respect to delay suffered, overall throughputs, quality of service 

rendered and congestion minimization that can be associated with either of these networks.

Based on the reports from the analysis, it can be concluded that MPLS is better when compared to 

the traditional IP because of the following reasons.

• It provides better quality of service (Very low packet losses)

• It minimizes congestion in networks

• Improves the overall throughput

• Suffers minimum delay

And “How” these can be achieved is basically by the means of traffic engineering (TE) in 

combination with Differentiated Service (DiffServ) in order to be able to have the capability of 

service differentiations and resource reservations.

In General therefore, internet service providers and network providers seem to have been taking the 

advantage of this technology to provide flexible support for a wide range of services, simplify 

network architecture, build reliable/ internet services and overcome some existing infrastructure 

limitations.
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Although some limitations do abound with the deployment of MPLS, these limitations such as the 

server consolidation, storage networking and the use of real-time multimedia are known to be the 

most common but unfortunately it won’t be treated in detail in this report. The most important point 

is that even though these draw-backs exist there are still ways of solving the problems. 

Optimization appliances are most effectively and efficiently used for this purpose.
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Appendix A: ACRONYMS

ASIC                 Application-Specific Integrated Circuit

ATM                  Asynchronous Transfer Mode

BGP                   Border Gateway Protocol

CIFS                  Common Internet File System

CoS                    Class of Service

Diff Serv            Differentiated Service

DLCI                  Data link connection identifier

E-LSP                 Experimental bit Inferred Label Switched Path

EXP                    Experimental

FEC                    Forward Equivalence Class

FR                      Frame Relay

IETF                   Internet Engineering Task Force

IGP                     Interior Gateway Protocol

INT Serv             Integrated Service

IP                        Internet protocol

IS-IS                   Intermediate System to Intermediate System

ISPs                    Internet Service Providers

LCS                    Lambda switch capable

L2                       Layer 2

L-LSP                 Label Inferred Switched Path

LSP                     Label Switched Path

LSR                    Label Switched Router

MMFP                Markov Modulated Fluid Process

MPLS                 Multi-Protocol Label Switching

NMS                   Network Management System

OSPF                  Open Shortest Path First

QoS                    Quality of Service

RSVP                  Resource Reservation Protocol

RTT                     Round Trip Time

TCP                     Transmission Control Protocol
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UDP                     User Datagram Protocol

VoIP                     Voice over Internet Protocol

VPN                     Virtual Private Network
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SOURCE CODE:                                   

#Create a new simulator object

set ns [new Simulator]

#create tracefiles

set na [open fully_local.tr w]

set nf [open fully_local.nam w]

$ns trace-all $na

$ns namtrace-all $nf

set f0 [open fully_local-bw.tr w]

set fs [open fully_local-seq.tr w]

# Set the colors for the different packets

$ns color 0 brown

$ns color 100 blue

proc finish {} {

global ns na nf f0 fs

$ns flush-trace

close $na

close $nf

close $f0

close $fs

exec nam fully_local.nam &

exec xgraph -m fully_local-bw.tr -geometry 800x400 &

exit 0

}

proc attach-expoo-traffic {node sink size burst idle rate} {

global ns

set source [new Agent/CBR/UDP]

$ns attach-agent $node $source

set traffic [new Traffic/Expoo]

$traffic set packet-size $size

$traffic set burst-time $burst

$traffic set idle-time $idle

$traffic set rate $rate
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$source attach-traffic $traffic

$ns connect $source $sink

return $source

}

# Define a procedure which periodically records the bandwidth received by the

# traffic sink sink0 and writes it to the file f0.

set totalpkt 0

proc record {} {

global sink0 f0 totalpkt

set ns [Simulator instance]

#Set the time after which the procedure should be called again

set time 0.065

#How many bytes have been received by the traffic sink?

set bw0 [$sink0 set bytes_]

#Get the current time

set now [$ns now]

#Calculate the bandwidth (in MBit/s) and write it to the file

puts $f0 "$now [expr $bw0/$time*8/1000000]"

#Reset the bytes_ values on the traffic sink

$sink0 set bytes_ 0

#Re-schedule the procedure

$ns at [expr $now+$time] "record"

set bw0 [expr $bw0 / 200]

set totalpkt [expr $totalpkt + $bw0]

}

proc recv-pkts {} {

global totalpkt seqerrnb prvseqnb

puts "The Number of Total sent packages are $prvseqnb"

puts "The Number of Total received packages are $totalpkt"

puts "The number of dropped packages are [expr $prvseqnb - $totalpkt]"

puts "The Number of Total recieved unordered packages are $seqerrnb"

}

set prvseqnb -1
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set seqerrnb 0

proc seq-record {size rate ftime} {

global prvseqnb seqerrnb sink0 fs

set ns [Simulator instance]

#Set the time after which the procedure should be called again

set tsize [parse-bw $size]

set rate [parse-bw $rate]

set time [expr double($tsize)/double($trate)/8.0]

#Get the current time

set now [$ns now]

# seek the sequence number of packet.

set revseqnb [$sink0 set expected_]

if {$prvseqnb > $revseqnb} {

incr seqerrnb 1

}

# write the sequence number of packet to the file

if {$prvseqnb != $revseqnb} {

puts $fs "$now [$sink0 set expected_]"

set prvseqnb $revseqnb

}

#Re-schedule the procedure

if { [expr $now+$time] < $ftime } {

$ns at [expr $now+$time] "seq-record $size $rate $ftime"

}

}

# routing protocol Distance Vector

$ns rtproto DV

#

# make nodes & MPLSnodes

#

set n0 [$ns node]

set n1 [$ns mpls-node]

set n2 [$ns mpls-node]

set n3 [$ns mpls-node]
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set n4 [$ns mpls-node]

set n5 [$ns mpls-node]

set n6 [$ns mpls-node]

set n7 [$ns mpls-node]

# add variables for mpls modules

set LSRmpls1 [eval $n1 get-module "MPLS"]

set LSRmpls2 [eval $n2 get-module "MPLS"]

set LSRmpls3 [eval $n3 get-module "MPLS"]

set LSRmpls4 [eval $n4 get-module "MPLS"]

set LSRmpls5 [eval $n5 get-module "MPLS"]

set LSRmpls6 [eval $n6 get-module "MPLS"]

set LSRmpls7 [eval $n7 get-module "MPLS"]

# make links

$ns duplex-mpls-link $n0 $n1 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n1 $n3 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n3 $n5 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n5 $n6 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n7 $n7 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n1 $n2 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n2 $n4 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n4 $n6 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n1 $n2 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n3 $n4 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n5 $n6 10Mb 1ms 0.99 1000 10000 Param Null

$ns duplex-mpls-link $n7 $n5 10Mb 1ms 0.99 1000 10000 param Null

# Create a traffic sink and attach it to the node node7

set sink0 [new Agent/LossMonitor]

$ns attach-agent $n10 $sink0

$sink0 clear

# Create a traffic source

set src0 [attach-expoo-traffic $n0 $sink0 200 0 0 5000k]

$src0 set fid_ 100

# Enable upcalls on all nodes

Agent/RSVP set noisy_ 255



Master thesis

Optimizing Application Traffic on MPLS-Enabled Network Links                                             Obiekwe Obinna Kingsley

52
# Set re-route option to drop

$ns enable-reroute drop

# Start recording

$ns at 0.0 "record"

$ns at 0.3 "seq-record 200 5000k 2.0"

# The setup of working LSP

$ns at 0.0 "$LSRmpls1 create-crlsp $n0 $n7 0 100 1000 +400000 5000 32 1_3_5_7_"

# setup of the local recovery paths

$ns at 0.2 "$LSRmpls1 create-erlsp $n0 $n5 1 100 2000 1_2_4_6_5_"

$ns at 0.3 "$LSRmpls3 create-erlsp $n0 $n7 1 100 3000 3_4_6_7_"

$ns at 0.4 "$LSRmpls5 create-erlsp $n0 $n7 2 100 4000 5_6_"

$ns at 0.5 "$LSRmpls7 create-erlsp $n0 $n7 1 100 5000 6_7_"

# bind a flow to working LSP

$ns at 0.4 "$LSRmpls1 bind-flow-erlsp 10 100 1000"

#bind backup path to lsp

$ns at 0.7 "$LSRmpls1 reroute-lsp-binding 1000 2000"

$ns at 0.7 "$LSRmpls3 reroute-lsp-binding 1000 3000"

$ns at 0.7 "$LSRmpls5 reroute-lsp-binding 1000 4000"

$ns at 0.7 "$LSRmpls7 reroute-lsp-binding 1000 5000"

#start to send

$ns at 0.5 "$src0 start"

#break link

$ns rtmodel-at 0.8 down $n5 $n7

#stop sending

$ns at 1.8 "$src0 stop"

#finish simulation

$ns at 2.0 "recv-pkts"

$ns at 2.0 "record"

$ns at 2.0 "finish"

$ns run                                                                   


