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Abstract 

Nowadays Multiprotocol Label Switching (MPLS) and Internet Protocol (IP) are widely used 

technologies in service providers and enterprise networks across the globe. In this thesis, the 

behavior of traffic in both IP and MPLS are studied since they have more advantageous through 

all network models. MPLS -enabled infrastructure has the ability to transport any type of payload 

(Asynchronous Transfer Mode, frame relay, and Ethernet) over it, within the same time 

providing a multipurpose architecture. An incoming packet is arranged only once as it enters into 

the MPLS domain and gets assigned label information. Then after all decision processes along a 

specified path is based upon the attached label rather than assigning destination IP addresses. 

This work also presents the design and simulation of MPLS and IP network for different 

applications. These applications used for the performance evaluation including voice, File 

Transfer Protocol (FTP) and Hyperlink Text Transfer Protocol (HTTP). The parameters used for 

the analysis are throughput, link utilization, packet delay, jitter, page response time and FTP 

response time. Comparative analysis of the quality of services is a set of performance models to 

evaluate the different combination of IP and MPLS network routing topologies have been 

explained for the proposed network model. The results obtained from this study shows how a 

service provider can benefit from MPLS services with increasing network performance like 

throughput, mean opinion score, a packet sent and received. Comparing MPLS queuing delay 

results with the IP result from the shortest path routing scenario network, the queuing delay keep 

a much less queuing delay in MPLS configuration with value (Maximum 0.00002 seconds and 

Minimum 0.00001 seconds) between Http Client and ISP Branch 1. It can be observed that the 

queuing delay MPLS scenario is more balanced between both paths comparing it with IP 

scenario. 

Keywords: IP, MPLS, LDP, QoS, OSPF, Satellite internet, Riverbed Modeler, 
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Chapter 1 

Introduction  

The Internet today consists of multiple service providers network connected to one another, 

forming a global network communication infrastructure. This infrastructure enables people 

around the world to communicate with one another through interconnected network devices. 

High-speed Internet connectivity has become an essential part of the business, education and 

healthcare systems that are integral to modern society [1].  Many rural areas have continued to 

lag behind in developing the broadband access options that allow its community institutions to 

participate in these networks and remain relevant [2]. These broad systems and networks are the 

basis for future economic development and healthy communities without them, the overall 

economic health of rural communities suffers. Broadband satellite Internets have emerged as 

critical issues for rural communities. Intelsat has had a commitment to excellence in technology 

and reliability since 1965 [3]. Intelsat operates the world‟s first Globalized Network, delivering 

high quality, cost-effective video and broadband services anywhere in the world [4]. Intelsat‟s 

Globalized Network combines the world‟s largest satellite backbone with terrestrial 

infrastructure, managed services, and an open, interoperable architecture to enable customers to 

drive revenue and reach through a new generation of network services. Thousands of 

organizations serving billions of people worldwide rely on Intelsat to provide enough broadband 

connectivity, multi-format video broadcasting, secure satellite communications, and seamless 

mobility services. The result is an entirely new world, one that allows us to visualize the 

impossible, connect without boundaries and transform the ways in which we live. As the service 

provider begins to scale, their network to accommodate this triple-digit growth, traffic 

engineering and scalability of the network has been of utmost importance. For this type of 

service provider, MPLS has the following advantages: scalability, any to any connectivity and 

built-in support for quality of service.  Since MPLS traffic is switched using labels rather than 

routing the system models have less overhead and latency to deal with switch packet traffic over 

an MPLS enabled network [5]. Traffic engineering capability extremely flexible and feature-rich 

controls are available to enable service providers with the ability to engineer a network to meet 

any type of customer traffic requirements. Controls such as strict routing, loose routing quality of 

service and bandwidth controls allow for different levels of service.  
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1.1 Statement of the Problem 

Two scaling problems face the internet user today; first, the recent evolutions of Internet 

Protocol (IP) network are seeing Internet Protocol applications becoming more complex and 

requiring higher bandwidth consumption. Second, the traffic distribution in both IP and MPLS 

networks are not uniform for example hosts in all countries of the world access Internet that 

produced in the few regions of the world. The other problem is in the multi-service network, 

which contains voice, Hyperlink Text Transfer Protocol (HTTP), and File Transfer Protocol 

(FTP) as a real-time application is a time delay. The packet sent and received for these real-time 

applications should be delivered with minimum delays under various conditions. 

1.2 Proposed Solution 

This research work evaluates the performance of MPLS and IP under various circumstances. 

They are evaluated considering the delays in voice, voice packets sent and received as well as a 

packet, sent and received in FTP and HTTP traffic. The thesis proposes the MPLS network as 

solutions for identifying the quality of services, cost-effective technologies for broadband 

satellite internet based on MPLS and IP network. Satellite network based on MPLS is one 

solution to the existing problem. More recently, IP networks are employing multiprotocol label 

switching over it, which is a technique, used to improve the performance of IP networks. It takes 

different paths to avoid congestion but also uses label switched technology to efficiently deliver 

the packets through the MPLS network. The thesis  focus on different type of applications that 

require quality of service guarantee, design, development, and implementation of MPLS 

networks, architecture, characteristics and effects in comparison to traditional IP networks. 

1.3 Objectives of the Thesis 

1.3.1 General Objective 

 The main goal of this research is to analyze the Voice, HTTP and FTP traffic that could 

run over MPLS network within an acceptable range and comparing their traffic with IP 

traditional network over a broadband satellite network. 



Comparative Analysis of QoS in MPLS and IP Network for Broadband Satellite Internet  
 

 Page 3 
 

1.3.2 Specific Objective 

 To design, two network models for IP and MPLS considering same network topology 

and analyzing their results by considering the same performance parameters. 

 To choose the performance parameters such as packet sent and received, jitter, MOS, 

download response and amount of traffic in a label switched paths within each node of the 

networks and analyzing their results graphically by using Riverbed modeler simulator. 

 To provide suggestions for researchers and organization which are planning to deploy 

VOIP, FTP, and HTTP application. 

 To analyze, Traffic requirements and Quality of Service design in IP and MPLS network 

for broadband satellite internet access based on traffic generated in each node of the 

network model. 

1.4 Scope 

This thesis report includes the technical issues and factors that need to be considered for 

implementation of voice over Internet Protocol (VOIP), hypertext transfer protocol (HTTP) and 

file transfer protocol application (FTP) in both IP and MPLS network and describes the 

challenging issues that need to be faced by the networks to transmit the HTTP,  FTP, and VOIP 

applications. In short, this work presents the performance of different applications using IP and 

MPLS network model. This study analyzes and compares by means of modeling and simulation, 

the performance of multi-protocol switching and Internet Protocol based network model on equal 

bandwidths for broadband satellite Internet.  

1.5 Thesis Methodology 

This work involves in-depth literature studies. Most of the information is taken from well-known 

books and highly recognized research papers. Further, the implementation of different network 

scenarios to gain a better knowledge of the characteristics of diverse applications is also part of 

this thesis. Evaluation methods are chosen based on different metrics as mentioned in “objective 

section”. The theoretical knowledge gained is implemented in the riverbed modeler research 

simulator.  
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Figure 1.1: Network Model  Flow diagram 
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used to perform the simulation on MPLS and traditional IP network. The VoIP traffic is sent 

from source (VoIP Client) to the destination (VoIP Server) in the two networks (MPLS and 

Traditional IP networks). The main task is to compare the performance of VoIP, HTTP and FTP 

traffic in both networks by using performance metrics such as voice jitter, voice packet end-to-

end delay, packet loss, and throughput. The simulation results obtained are analyzed to determine 

the efficient technology used for transmitting Voice, file transfer protocol and hypertext transfer 

protocol traffic. 

1.6 Thesis Contribution 

 The study will provide better understanding concepts for information regarding MPLS 

importance, uses, and deployment for the businesses. MPLS is a new technology for design and 

implementation of reliable, secure, efficient and standard QoS services and application classes. 

This technology will have lasting solutions for traffic engineering and multicasting. The study of  

IP and MPLS in satellite Internet involves Internet services providers, satellite operators, and 

network providers. 

 1.7 Literature Review 

In this thesis, different author papers are discussed with their different approaches in IP and 

MPLS topic. Some authors perform simulation with the different testing environment. These 

methods are helpful for understanding the concept. Adjusting, analyzing and optimizing voice 

traffic over data networks have been a major challenge to the network researcher and developer, 

many techniques have been proposed based on analysis from the real world and simulated traffic. 

In [6], the main objective of the paper was performed and compared for a multisite office 

network for G.723 VoIP communication traffic applied on two network infrastructure models, 

one for IP and the other for MPLS. The authors in [6] have made a comparative analysis of 

MPLS over Non-MPLS networks and showed that MPLS has a better performance in voice 

application over IP network for land-based network configuration. Throughout this paper, a 

comparison study has not been made on signaling protocols like CR-LDP and LDP for MPLS 

network model and RSVP and OSPF configuration for IP network model in the same router with 

traffic engineering by explaining their functionality and classification. The simulation of MPLS 

and IP network by using broadband satellite router has not been done; performance is compared 

only with consideration of the constraints such as packet loss, throughput, link utilization and 
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end-to-end delay on the designed network traffic. The authors in [7] analyzed two commonly 

used codecs using the peer-to-peer network scenario. This paper presents OPNET simulator for 

voice over internet protocol and it considered only latency, jitter and packet loss for the land-

based network. The author was able to present from the results that G.711 is an ideal solution for 

PSTN networks scheme. The authors in [8] calculated the minimum number of voice over 

internet protocol calls that can be created in an enterprise IP network. The paper presents 

OPNET simulator designing of the real-world network model. In  [9] the author represents the 

idea of integration of MPLS with Mobile Ad hoc Network and study the effect of performance 

on quality of services parameters. The idea of this research is to use MPLS in wireless context 

providing an improvement in the rapid processing of layer 2.5 headers. Layer 2.5 header is a type 

of data-carrying technique for high-performance telecommunications networks between layer 

two and layer three headers. Resource reservation protocol operation for mobile satellite 

communication [10] by Maria Elena Villapol and Jonathan Billington in Cooperative Research 

Centre for Satellite Systems describes an approach for providing resource reservation protocol 

services over IP tunnel. It briefly describes the problem, the characteristics of possible solutions, 

and the design goals. However, this research does not compare the performance of IP with 

another protocol by using a different application like file transfer protocol and voice. Quality of 

service over MPLS when using traffic engineering is presented in [11]. This study explains the 

effect of using traffic trunk to separate transport control protocol from user datagram protocol 

flows. In [20] the authors Karol Molnar and Martin Vlcek explained the “Evaluation of 

bandwidth constraint models for MPLS network. It proposed the two basic bandwidth constraint 

models for MPLS network, called Maximum allocations models and Russian Dolls model from 

point of view of the quality of service guarantees and introduces the results of performance 

evaluation of these models in simulation scenarios. However, this work does not evaluate the 

influence of bandwidth constraint models on the most important transmission parameters such as 

throughput, packet loss, one-way delay, and jitter. In  [12] the authors explained the Simulation 

of Video Conferencing over IP Network with Quality of Service. The purpose of this study is to 

simulate the performance of video Using Riverbed Modeler conferencing over  IP network with 

Quality of Services schemes. The analysis was done in terms of delay and its variant for video 

conferencing, although the other services are present, according to this result the delay is highest 

for the normal scenario (without QoS) and lowest for  (with QoS) scenario.  More ever Claire 

https://en.wikipedia.org/wiki/Telecommunications_network
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Liu, Alan Fang and Linda Zhao [13] have made an evaluation to some parameter of quality of 

services related to video conferencing over three major wireless local area network. It simulated 

with a different number of applications added along with video conferencing and Standards 

802.11a, 802.11b, and 802.11g. In this study, the simulation over different networks, such as 

Worldwide Interoperability for Microwave Access (WiMAX) and Long Term Evolution (LTE), 

could not be compared with Ethernet and Wi-Fi networks.  N.Absar and A.Wahab [14] have 

made the Performance Measurement of Open Shortest Path First ( OSPF ) Protocol in IP 

Networks with more realistic enterprise modeling and present simulation results using OPNET 

simulator. Most of the previous work is focused on by comparing performance of network traffic 

without considering real-time application traffic between both IP and MPLS networks. In this 

thesis considering the real time application traffic like voice, file transfer and link utilization 

between MPLS and IP has been done from theoretical analysis. The thesis contribution is for 

better performance of MPLS over IP from real-time application traffic. 

1.8 Thesis Outline 

This thesis presents the technical study of Multiprotocol label switching and Internet protocol for 

satellite internet network design. It discusses the Internet problem and reviews past and current 

technologies, which have been used as an attempt to provide internet service to the satellite 

network. Introduction is chapter one that provides statement of the problem; along with the 

research methodology, objective, and scope of the thesis. Chapter two explains the Multiprotocol 

label switching (MPLS), an overview of a satellite network and software tools used in network 

design. Chapter three describes the Internet Protocol and Internet Protocol standard architecture. 

Chapters four discuss the network model for satellite IP networks and Multiprotocol label 

switching (MPLS) network. It also describes the implementation requirements and tool used in 

this thesis with their important features and other applications. Chapter five describes the 

simulation results. Chapter six concludes the thesis with a recommendation for future work 
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Chapter 2 

Multi-Protocol Label Switching (MPLS) and Overview of Satellite 

Network 

2.1 Overview of Broadband Satellite Internet and Software Tools 

2.1.1 Satellite Broadband Internet Connection for Home 

Satellite Broadband delivers reliable, high-speed, always-on Internet access to homes without 

depending on the availability of terrestrial networks. Whether users are in the city or the depths 

of the countryside or hard to reach areas, users will be able to enjoy broadband connection such 

as Email, Facebook, Twitter, and other social networking wherever they are. Figure 2.1 shows 

satellite broadband Internet connection for home. 

Figure 2.1: Satellite Broadband Internet Connection for Home [4] 

2.1.2 Satellite Broadband Internet Connection for Enterprise 

Enterprise Broadband offers reliable, secure and efficient broadband solutions via satellite to 

support their business needs and applications, anytime, anywhere. In our country it will be 

possible to rapidly deploy Satellite anywhere in the  (Finfinne) Addis Ababa archipelago and 

beyond to delivers key internet applications such as VOIP, web apps, Google apps, e-mails, 
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social networking, and internet surfing. Figure 2.2 shows satellite broadband internet connection 

for enterprise. 

 

Figure 2.2: Satellite broadband internet for Enterprises [2] 

2.1.3 Satellite Broadband for Internet Service Providers (ISP’s) 

Broadband provides local ISP is the broadband connection they need in order to offer reliable, 

high-speed and always-on internet access to clients everywhere through wired or wireless (Wi-

Fi) connection. Satellite Broadband provides an economic benefit for an ideal solution for small 

to medium enterprise customers with basic remote networking needs. 
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Figure 2.3: Satellite Broadband for Internet Service Providers (ISP‟s) [4] 

2.2 Software Tools 

Industry offers a wide range of simulators. Each simulator is designed and used to evaluate or 

test particular areas of interest. In order to achieve an accurate set of result, the need for good 

simulator is required. Therefore in this thesis, the following software tools are used. 

 OPNET (Riverbed Modeler Academic Edition 17.5) 

 Packet tracer version 7 (graphical network simulator) 

 Edraw max for designing  

I. OPNET: Optimized Network Engineering Tool (OPNET) is a discrete event, object-

oriented, general-purpose network simulator. It provides a comprehensive development 

environment for the specification, simulation and performance analysis of computer and 

data communication networks. OPNET is a commercial network simulation package which 

is available for supporting both the teaching and research in educational institutions under 

the OPNET university academic program [15]. OPNET has several modules and tools, 

including OPNET modeler, planner, model library, and analysis tools [16]. It is widely 

used in the network industries for performance modeling and evaluation of local and wide-

area networks. The main strengths of OPNET include a comprehensive model library, 

modular model development, a high level of modeling detail, user-friendly GUI, and 
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customizable presentation of simulation results. However, OPNET is a very expensive 

package (license maintenance fees are also high), and its parameter categorization is not 

very transparent. 

II. NS2 

NS-2 is the simulator targeted at network research. The user interfaces with the simulator 

by using object-oriented script language OTcl on the UNIX systems (although it is possible 

to install NS-2 in windows). In order to build the simulation topologies on NS-2, one has to 

know OTcl language. Moreover, in NS-2 MPLS and RSVP-TE modules are not available 

as standard libraries these modules are implemented from the third party. The 

documentation is not available for all modules and it is required by the user to read the 

source code in order to learn how to interface with it, the generation of results are not 

automatic [17]. 

III. QualNet Developer: QualNet Developer („QualNet‟) is a distributed and parallel network 

simulator that can be used for modeling and simulation of large networks with heavy 

traffic. The QualNet consists of QualNet scenario designer, QualNet animator 

(visualization and analysis tool), QualNet protocol designer (protocol skeleton tool), 

QualNet analyzer real-time statistical tool), and QualNet packet tracer (visualization and 

debugging tool). QualNet is a commercial version of the open-source simulator called 

GloMoSim [5]. The main strength of QualNet is that it supports thousands of nodes and run 

on a variety of machines and operating systems. It has a comprehensive network relevant 

parameter sets and allows verification of results through by inspection of code and 

configuration files. However, QualNet does not have any predefined model constructs. 

IV. NetSim: NetSim is available both commercial and academic versions, and can be used for 

modeling and simulation of various network protocols, including WLANs, Ethernet, 

TCP/IP, and asynchronous transfer mode (ATM) switch NetSim allows a detailed 

performance study of Ethernet networks, including wireless ethernet [18]. 

V. OMNeT++: It is a modular component-based discrete event simulator. It uses building 

blocks called modules in the simulator [19]. There are two types of modules used in 

OMNeT++, namely, simple and compound. Simple modules are used to define algorithms 

and are active components of OMNeT++ in which events occur and the behavior of the 

model is defined (generation of events, the reaction on events). Compound modules are a 
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collection of simple modules interacting with one another [20]. The main strengths of 

OMNeT++ include GUI, object inspectors for zooming into the component level and to 

display the state of each component during simulation, modular architecture, and 

abstraction, configurable, and detailed implementation of modules and protocols [21]. 

However, OMNeT++ is a bit slow due to its long simulation run and high memory 

consumption. OMNeT++ is also a bit difficult to use. 

VI. Why Riverbed Modeler has been used in the thesis?  

 Due to the high cost of setting up laboratory equipment for real-time networking    

measurements, the use of a network simulator such as riverbed modeler has become effective 

and realistic. Riverbed is one of the leading network development software introduced in 

1986 with the aim of simulating networking and telecommunication environment by 

modeling system behavior by the user [22]. It is a high-level event-based network level 

simulator that operates at packet-level, it contains a huge library of accurate models, accurate 

network behavior and commercially available fixed network hardware and protocols.  Its 

high-level user interface is developed from C and C++ source code and modeling are divided 

into three main domains: network domain, node domain ad process domain. 

2.3 Multi-Protocol Label Switching (MPLS) 

(MPLS) technology is an evolving technology for high-performance packet control and 

forwarding mechanism for the routing of the packets in the networks [23]. It is key to scalable 

virtual private networks (VPNs) and end-to-end quality of service, enabling efficient utilization 

of existing networks to meet future growth and rapid fault correction of link and node failure 

[24].  

The technology also helps deliver highly scalable, differentiated end-to-end IP services with a 

simpler configuration, management, and provisioning for both internet providers and subscribers 

[25]. MPLS uses labels to advertise between different routers by means of label mapping through 

label switching mechanism. MPLS also adds the label at the ingress Label Edge Router (LER) of 

the MPLS network, changes the label value at each LER within MPLS network until it reaches 

the egress LER, where it completely removes the MPLS label and the data packet is forwarded 

towards destination IP address [26]. Therefore, Packets in the MPLS network are forwarded 
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based on the Labels. MPLS is not a replacement for the IP but it is an extension of IP 

architecture by including new functionalities and applications. 

2.3.1 MPLS Header 

A 32-bit MPLS header consists of a label field, experimental field, stack, and time to live field. 

The fields present in the MPLS header are shown in Figure 2.4. 

 

Figure 2.4: MPLS Header fields [5] 

 20 bits (LABEL): the actual label. 

 3 bits (EXP): Class of Service. 

 1 bit (Stack):  MPLS allows multiple labels to be inserted. This bit is used to determine 

the last label. 

 8 bits (TTL): Time to Live. 

2.3.2 MPLS Label 

MPLS label is inserted between layer two and layer three headers. The location of the MPLS 

label is shown in Figure 2.5. 

 

Figure 2.5: MPLS label [27] 

2.3.3 MPLS Operation 

Entire MPLS network can be divided into two parts namely MPLS edge and core. MPLS edge is 

the boundary of the MPLS network consisting of ingress and egress routers. MPLS core has 

intermediate label switching routers, through which label switching paths are formed [5]. 
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Label Edge Router (LER): a router handle layer three lookups and is responsible for adding or 

removing the labels from the packets when they enter or leave the MPLS domain. Whenever a 

packet is entering or leaving MPLS domain it has to pass through label edge router.  

Label Switch Router (LSR):  a router which is located in the MPLS domain and forwarding the 

packets based on label switching and determines the next hop is called a label switching router. 

A label is a short fixed entity with no internal structure. 

Label Distribution Protocol (LDP): where the label mapping information is exchanged 

between label switching router. It is responsible for establishing and maintaining labels between 

switches and routers.  

Forward Equivalence Class (FEC): set of packets where they have related characteristics, 

which are forwarded with the same priority to the same path. This set of packets have the same 

MPLS label. Each packet in the MPLS network is assigned with FEC only once at the Ingress 

router. The packets are mapped on to the LSP using Forwarding Equivalence Class (FEC). 

Label Switched Path (LSP): the path set by signaling protocols in the MPLS domain. In the 

MPLS domain there are a number of LSPs that are originated at the Ingress router and traverses 

one or more core LSRs and terminates at Egress router [28]. 

2.3.4  MPLS Functionality 

MPLS process is performed on two types of routers: Label Edge Router (LER) and Label Switch 

Router (LSR). Label edge ISP headquarter router (ingress router) shown in Figure 2.6 works at 

the edge of the MPLS network. Its interfaces are connected to other networks. It routes traffic 

and works as an interface between the MPLS network and the IP network. For instance, when 

ISP headquarter router receives a packet from Internet Services Connection or VSAT, it attaches 

a label and sends the updated packet to the MPLS core network ISP branch 3 and 4. The packet 

then takes the path called Label Switched Path (LSP), leading to the  LER  ISP branch 2  (egress 

router). When the packet is received, the label is removed from the packet and the packet is sent 

to the respective network.  LER that sends the packet to the MPLS core network is called an 

ingress router while LER that sends the packet to other destination network is called an egress 

router [28]. Both ingress and egress routers participate in the establishment of the LSPs before 

exchange of packets. The LSR exchange label and forwards the packet. They contribute to 
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establishing the links between two routers (LSPs) and packet forwarding to other MPLS routers. 

LSRs receive packets from other connected LSRs or LERs, analyze their labels, and then 

forward the packets according to the label content. 

 

Figure 2.6: MPLS forwarding mechanism 

2.3.5 Traffic Engineering in MPLS for Satellite internet 

In Multiprotocol label switching traffic engineering, traffic may be forwarded based on other 

parameters such as QoS, source, or policy. All routers in networks are configured with MPLS 

enabled and the label distribution protocol (LDP). MPLS-TE tunnels are configured between ISP 

branch 1 and Internet Service Connection Thus, load sharing across equal paths can be explained 

in Figure 2.7. 
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Figure 2.7: MPLS Traffic Engineering 

2.3.6 VoIP Performance Metrics in MPLS Network 

VoIP performance is measured according to ITU recommendations based on different 

parameters like (delay, jitter, and packet loss). These parameters can be changed and controlled 

within the acceptable range to the improved VoIP quality of service [29].  

Jitter (Variation of Delay): In order for voice to be intelligible, voice packets must arrive at 

regular intervals. Jitter describes the degree of fluctuation in packet access, which can be caused 

by too much traffic on the line [14]. Voice packets can tolerate only about 75 milliseconds (0.075 

sec) of jitter delay but are preferred to be 40 milliseconds (0.040 sec) of jitter delay. Jitter delay 

is calculated as Equation (2.1). 

J =   √
 

    
 ∑        

   

 
  ………………………….. (2.1) 

Where D is average of delay, N equals the total number of packets transmitted and di is the sum 

of all delay in the system. Both average delay and jitter are measured in seconds. Obviously, if 

all (di) delay values are equal, then D = di and J = 0. 

Latency: As a delay sensitive application, voice cannot tolerate too much delay. Latency is the 

average time it takes for a packet to travel from its source to its destination. A person whose is 

speaking into the phone is called the source and the destination is the listener at the other end. 

This is a one-way latency [19]. The Maximum amount of latency that a voice call can tolerate 
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one way is 150 milliseconds (0.15 sec) but is preferred to be 100 milliseconds (0.10 sec). The 

average delay is calculated by using Equation (2.2). 

D = ∑   
 ⁄

 
    ………………………………………... (2.2) 

Where di is equal to the sum of all delay, D equals to average delay and N equals the total 

number of packets transmitted during a specific period. 

Packet loss: is the term used to describe the packets that do not arrive at the intended 

 destination. This happened when a device (router, switch, and link) is overloaded and cannot 

accept any incoming data at a given moment. The Loss packet ratio is given by. 

Loss packet ratio = (NL/N) x 100% …………..……. (2.3) 

Where NL equals to the number of packets lost during the same time period. 

 

End-to-end Delay: is the total transit time for packets in a data stream to arrive at the 

endpoint and it is inevitable in a communication system. Delay time is one of the most important 

factors in determining the quality of a call.  

Voice Codec (coder/decoder): is one of the essential components of voice over internet 

protocol. At the sender side, coder/decoder converts analog voice signals to a digital signal, 

compresses and encodes to a predetermined format. The International Telecommunication Union 

introduced and standardized various codecs [30]. Most commonly used ones are G.711, G.722, 

G.723-1 and G.729 A each working with different bit rate and vary in performance [30]. The 

features of these standards are as follows. 

 G.711: minimum bandwidth needed is 128kbs and its speech transmission is precise. 

 G.722: different compression is possible. 

 G.726: a version of G.723 and G.721 

 G.723-1: voice quality is high but consumes high processor power. 

 G.729 A: has efficient utilization of bandwidth license required. 

H.323 signaling protocol: one of the main key areas of voice over internet protocol system is 

signaling protocol, which makes different network elements to communicate with each other, 

establish, and terminate calls. Two commonly used signaling protocol used in the riverbed are 

H.323 protocol suite introduced by the International Telecommunication Union and session 

initiation protocol (SIP) by Internet Engineering Task Force (IETF) [24]. H.323 is more standard 
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and operates over a packet switched networks such as the IP network. Registration, Admission, 

and Status (RAS) signaling protocol also called H.225 signaling is a transaction-oriented 

protocol which operates between an H.323 terminate or endpoint and gateway. This signaling 

can also be used for call control/call setup, media control and provide the logical channel.  H.323 

is considered for signaling protocol of voice in this thesis due to its more advanced as features.  

SIP (Session Initiation Protocol): is one of the voices over internet protocols, which is defined 

in RFC 2543 and standardized by the IETF [31]. This protocol contains initiation, termination 

and modification standards for user sessions, which consists of a video or audio elements, online 

games, instant messaging, virtual reality or generally multimedia elements.  
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Chapter 3 

Internet Protocol Networks 

3.1 Internet Protocol 

Internet Protocol was developed to transmit internet datagram from source to destination by 

passing through the interconnected system and network devices. The datagram is a bulk of data 

transmitting through the connectionless network and its transmission is analogous. An IP 

datagram of email message consists of datagram length and the addition of information header 

implemented by TCP or TCP header forwards the packet to the routers along with 802.3 frame 

header [32]. The Router takes off the frame header and forwards datagram, checks for the 

destination IP address and forwards the datagram towards the destination IP address. In the case 

of a virtual circuit connection, a connection-oriented mechanism, the destination address is first 

concerned and the desired path establishes and performs data transmission [8]. After a change of 

information, the path is realized by realizing the network resources. Since IP is connectionless 

protocol while TCP is connection-oriented protocol, by integrating two protocols one can 

converge between the reliability and unreliability of data transmission.  

3.1.1 IP Datagram Fragmentation and Defragmentation  

Internet Protocol deals with fragmentation and defragmentation during datagram transmission by 

IP address to ensure that datagram reached the correct destination address; this is how IP 

provides address consistency. IP datagram fragmentation and defragmentation is mandatory in 

some cases when datagram frame sizes are different with respect to LAN or WAN. Table 3.1 

shows the structure of IP datagram. 
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Table 3.1: IP Datagram [33] 
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3.1.2 IP Header 

An IP header contains several types of information as illustrated in Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: IP header structure  [33] 

Version (4 bits): Indicates the version number to allows the evolution of the protocol. 

Internet Header Length (IHL 4 bits): Length of the header in 32-bit words. The minimum 

value is five for minimum header length of 20 octets [34]. 

Types of services: The type of service field contains an 8-bit binary value that is used to 

determine the priority of each packet. This value enables a quality of services (QoS) mechanism 

to be applied to high priority packet, such as those carrying telephony voice data. The router 

processing the packets can be configured to decide which packet is to forward first based on the 

type of service value [35]. 

Total length: Specifies the length, in bytes, of the entire IP packet, including the data and 

header. 

Identifier (16 bits): A sequence number that, together with the source address, destination 

address, and user protocol, is intended to uniquely identify a datagram. Thus, the identifier 

should be unique for the datagram‟s source address, destination address, and user protocol for a 

time during which the datagram will remain on the internet [36].  

Version                               IHL                                Type of Service                            Total length 

32bits 

     Identification                                                                              Flags                  Fragment Offset 

Time to Live                           Protocol                              Header Checksum 

Source Address 

Destination Address 

Options  

Data (Variable) 
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Flags: Consists of a 3-bit field of which the two low-order (least-significant) bits control 

fragmentation. The low-order bit specifies whether the packet can be fragmented. The middle bit 

specifies whether the packet is the last fragment in a series of fragmented packets. The third or 

high-order bit is not used [36].  

Fragment Offset: Indicates the position of the fragment‟s data relative to the beginning of the 

data in the original datagram, which allows the destination IP process to properly reconstruct the 

original datagram. 

Time-to-Live: The Time-to-Live (TTL) is an 8-bit binary value that indicates the remaining life 

of the packet. The TTL value is decreased by at least one each time the packet is processed by a 

router. When the value becomes zero, the router discards or drops the packet and it is removed 

from the network data flow. This mechanism prevents packets that cannot reach their destination 

from being forwarded indefinitely between routers in a routing loop. If routing loops were 

permitted to continue, the network would become congested with data packets that will never 

reach their destination. Decrementing the TTL value at each hop ensures that it eventually 

becomes zero and the packet with the expired TTL field will be dropped [34]. 

Protocol: Indicates which upper-layer protocol receives incoming packets after IP processing is 

complete. 

Header Checksum: Helps ensure IP header integrity. 

Source Address: Specifies the sending node 

Destination Address: Specifies the receiving node 

Options: Allows IP to support various options, such as security. 

Data:  Contains upper-layer information. 

3.2 IP Standard Architecture 

Traditional centralized IP network consists of a largely centralized processor connected with two 

terminals at either sides. The internet contains an infrastructure of core routers connected through 

Tetra byte fiber optic transmission medium [22]. The core routers provide a link to ISPs or 

enterprise network through the T3 line of Gigabyte transmission such that ISPs connect common 

business, homes and other ISPs with local area network or metropolitan area network. LAN 

consists of a small number of networks nodes connected through ether network and consists of 
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the bus, ring, star and mesh topologies. Bus and token ring topologies form a broadcast network. 

MAN encircle cities through simple bus topology connected either through ethernet or wireless 

access; cable television is an example of a MAN network. WAN covers a larger geographic area 

i.e. countries or continents [30]. Larger ISPs often consisted of WAN networks and involves 

communication subnet to carry transmission lines and performs switches for end nodes running 

application programs at the user premises. Transmission lines consist of high-speed channel i.e. 

fiber optic, copper, radio links, whereas switching is performed through specialized computers 

which connect these lines across countries/continents. Since there are different types of networks 

which connect nodes and other networks, in order to perform transmission between nodes of 

different types of networks gateways are required to connect them and performs hardware 

software translation. This mechanism is called internet or network as shown in Figure 3.2. 

Figure 3.2: Internet protocol  Standard Architecture [30]. 

3.3 Traffic Engineering in IP 

Traffic Engineering is a technique to control the flow of data over the network by reserving 

bandwidth for specific services. TE may be also implemented to accommodate network 

maintenance [6]. The objective of the traffic engineering technique is to improve the 

performance of the operational network at the resource level as well as at the traffic level. 

Parameters such as packet loss, delay, jitter, and throughput are used to measure the network 

performance. To choose between different routing paths, most IP networks use Interior Gateway 

Protocols (IGP) based on the Open  Shortest Path  First (OSPF) algorithm with static link 

weights. These weights provide the routers with a complete view of the network to populate 
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routing tables. When links have distinct capacities, considering link utilization is more 

appropriate [2]. Network engineers employ a number of tools to automate the process of 

monitoring network links and to send alerts when a link is heavily used. These network usage 

patterns collected over a certain period of time may help manage the flow of data at a particular 

time instance or for a particular service. The concept of traffic engineering in IP network is 

shown in Figure 3.3. 

 

Figure 3.3: Traffic engineering in an IP network 

All routers in branches are configured with an Open  Shortest  Path  First  (OSPF) algorithm and 

the networks are advertised between sites. The network shown in Figure 3.3 consists of seven 

links with the same link capacities. If ISP branch 1 wishes to communicate with ISP headquarter, 

it can either communicate via branch 3 or 4. By default,  a router dynamically selects the link 

with higher capacity to send the data unless a policy is defined through a static route. 

3.3.1 IP Routing 

IP routing is able to identify network links and send data to the destination. The total available 

network bandwidth is shared among all network users without allocating bandwidth for a 

specific user or service.  To send data over different routes,  IP routing uses protocols such as the  
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Open Shortest Path First (OSPF) and the Routing  Information  Protocol  (RIP)  [2].  These 

protocols forward data based on the information contained in routing tables present in routers. 

3.3.2 Functionality of IP Routing 

In an IP network, a router selects the next router for the destination of the packets based on its 

routing table. Every router in the path replicates the same process by using its routing table until 

the packet reaches its destination.  IP routing is shown in Figure 3.4. 

 

Figure 3.4: IP routing in a simple network 

The subnet associated with each router falls under the supernet  (parent subnet). If the host with 

IP address wishes to access the web server, it will send its packet on the path to the connected 

router via VSAT or Internet Service Connection.  Each router 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 that will be followed to send data towards the destination. 

The routing decision is based on the shortest path available to the destination.  Protocols used for 

the IP routing are Border Gateway Protocol (BGP), Intermediate System-Intermediate 

System(IS-IS), OSPF(Open Shortest Path  First), and Routing  Information  Protocol  (RIP) [2]. 

RIP keeps track of the closest router for each destination address and is suitable for smaller 

networks. OSPF keeps track of a complete topological database of all connections in the local 

network and is suitable for larger networks. The Internet is divided into Autonomous Systems 

(AS). An AS is a group of routers that are under the control of a single administration. They 
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exchange routing information by using a routing protocol [3]. AS is divided into the following 

three types: 

Stub AS has a single connection to the other autonomous system. Example of a stub network is a 

small campus network. 

Transit AS has multiple links with one or more autonomous systems. It allows data to be 

forwarded out of the autonomous system.  Example of a transit network is the Internet Service 

Provider (ISP) network. 

Multi-homed AS has multiple links with one or more autonomous systems but it does not allow 

data received on these links to be forwarded out of the autonomous systems. It is similar to a stub 

autonomous system.  Example of multi-homed AS is a large enterprise network.  
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 Chapter 4 

Network Model and Design  

This chapter describes the model under study and how to implement it in Riverbed Modeler 

software. The version of OPNET used for this work is Riverbed Modeler 17.5. OPNET is a short 

form of Optimized Network Engineering Tool and it has its roots in study and research related to 

computer networks. OPNET Modeler can be used as a platform to develop models of a wide 

range of systems that includes [5]. 

 Standard LAN/WAN performance modeling including satellite internet 

 Internetwork planning  

 Resource sizing  

 Research and development of advanced distributed network environment 

In this Thesis, a Riverbed modeler simulation tool is used to model the network design that is 

being investigated while keeping in mind the final goals as stated in the objective. When the 

model is in a complete form, built in simulations are run to actually study the system's behavior 

and performance. However, before running simulations, the user must consider what information 

is to be obtained from the modeled network. In the case of these thesis simulations, a large 

number of system variables and metrics are available for evaluation. Each Riverbed modeler 

module at the node level, as well as a link at the network level, is the source of a significant 

number of built-in local statistics, and in addition, a simulation can generate large numbers of 

global and local user-defined statistics. In general, only a small subset of the available data is of 

particular interest. For collecting the results, Riverbed works as an active network-monitoring 

tool. The active network monitoring tools send the additional traffic into the network. Active 

monitoring has done through probes that do not affect the network characteristics in any way. 

Probes aim to emulate the actual network traffic and are sent among the active network agents 

(devices). The agents measure the received streams and typically keep a statistical analysis of 

measured results, which can be obtaining data periodically by the active monitoring device. The 

active network monitoring is in contrast to passive network monitoring where each network 

device records statistics on actual network traffic result passing through it as an indication of 

status at a particular network element. Periodic polling is typically used to gather data residing at 
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different nodes for reporting and analysis. Hence, passive monitoring looks at each device in 

isolation and by looking at multiple devices an aggregated view of the status of the network is 

deduced [29]. Once the simulation ends with the desired parameters turned on, this corresponds 

to specific metrics. The next step is to analyze the results achieved through the Result Browser 

inside Riverbed modeler. The Results Browser is used to display information in the form of 

graphs. A graph is the part of the result browser that can contain statistics. With this introduction 

about the Riverbed modeler, the remaining section deals with the simulated environment 

regarding this thesis work. 

4.1 Assumption  

The research aim is to compare the quality of service in IP and MPLS networks for broadband 

satellite internet. This can help in understanding and in comparing different results achieved 

through a single model with different scenarios. Quality of service consideration only comes into 

play when the network gets congested which results in the increased packet, jitter or drops. To 

better understand IP and MPLS technology in accordance with the QoS, the backbone network 

links provided here are a smaller factor of the local links, which helps in alleviating the 

bottleneck links outside the network. This design visualizes the participation of different network 

application across the core links, and how the backbone nodes handle different application traffic 

requirements as a prescribed bounded element. It is difficult to predict the behavior of the traffic 

in the network as the traffic in network varies from source to destination at any time. The 

simulation of the conventional IP and MPLS models is performed by considering the worst-case 

scenario in which the minimum number of VoIP calls that a network can support with acceptable 

quality has been estimated. In the thesis, it is possible to consider the background traffic 

excluding the VoIP traffic to be like 50% of link capacity. The link capacity is the max-

utilization allowed of a link to protect it from bursts as explained in Riverbed Modeler. 

 

 

 

 

 

 



Comparative Analysis of QoS in MPLS and IP Network for Broadband Satellite Internet  
 

 Page 29 
 

 Component used for Network Design  

Table 4.1 shows the component used in design of proposed network topology for simulation. 

Table 4.1: Component used network topology in details 

Number of Router including satellite 

router 

8 

Number of hosts 3 

Number of servers 3 

Router Models Cisco 7200 router 

Router Operating  System Cisco‟s IOS Operating System 

Cloud Interfaces Internet Gateway 

 

Cisco 7200 router: Router model capable of supporting MPLS and IP network. It leads choice 

for provider-edge deployment. A wide range of connectivity options and numerous features 

including service ability and manageability [32]. Increased scalability and flexibility with the 

new Port Adapter Jacket Card. Increased VPN performance with the new VPN Services Adapter. 

It is types of Cisco's services that can help to increase operational efficiency, lower support costs, 

and improve availability risk management. Cisco 7200 Series bundles enable customers to order 

a Cisco 7200 Series Router with all of its components using just one part number.  

This provides enterprise and service provider customers with easy-to-order solutions to meet 

their WAN and MAN edge services aggregation-networking needs. IP-to-IP Gateway support 

direct IP interconnections. Table 4.2 shows Cisco 7200 series security bundles. 
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Table 4.2: Cisco 7200 series security bundles 

Bundle part number 

Product Description    

Availability 

7206VXRG2/VSAVP

NK9 

Cisco 72VXR, VPN services Adapter, 1GB system 

memory, AC power, Cisco Router, and security device 

manager (SDM) 

Available in 

OPNET 

7206VXRG2/2+VPN

K9 

Cisco 7206VXR, VPN Acceleration Module 

2+(VAM2+), AC power, PA Jacket Card, 1 GB system 

memory, Cisco SDM 

Not 

Available in 

OPNET 

7206VXRG1/2+VPN

K9 

Cisco 7206VXR, VAM2+, AC power, 512 MB system 

memory, Cisco SDM 

Not 

Available in 

OPNET 

 

4.2 Riverbed Model Configuration 

This section will describe which and how different network elements are placed to design the 

desired network topology inside Riverbed modeler software. To study the characteristics of the 

intended work, the baseline network topology will remain compliant. Only the configuration on 

the interacting nodes will differ, according to objectives. The network components used in this 

thesis are obtained from Riverbed library: 

Ethernet_wkstn: ethernet workstation element is used to simulate the network users. It 

consists of a single ethernet connection at a selected rate, directed by the underlying medium 

used to connect to an ethernet router of  ISP branch 1. In the case of this thesis network model 

HTTP, FTP and VOIP CLIENT, assign as ethernet_wkstn.  

Ethernet server: ethernet server provided in riverbed modeler is used to simulate the service 

server in the network. It connects to internet connection cloud. In this thesis HTTP server, FTP 

server and VOIP server are used as ethernet server. 

Application Config: This element is used to tell riverbed modeler which application is going to 

be modeled upon the underlying network. A single Application Configuration is used to instruct 

riverbed for multiple network applications. Application parameters for different application types 

being observed are configured in this element. 
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Profile Config: Profiles describe the activity patterns of a user or group of users in 

terms of the applications used over a period of (simulation) time [6]. There can be several 

different profiles running on a given network under observation. User profiles have diverse 

properties, so configuring a certain profile with a specific application was done here. The 

configured profiles are then assigned to the network users. 

MPLS_config_object: Configuring MPLS FEC and Traffic Trunk is done under this 

element configuration. The configured specification is used at the ingress edge router to direct 

the traffic flows and assigns different LSP to different application traffic. 

MPLS_E-LSP_STATIC: Static LSP is not signaled during the startup. They allow more 

routing control.  

4.3 Types of Service Levels 

Service levels refer to the actual end-to-end quality of services capabilities meaning the ability of 

the network to deliver service needed by specific network traffic from end to end. These services 

differ in their level of quality of service requirements, which describes how strongly the service 

can be guaranteed by specific bandwidth, delay, jitter and loss characteristics.  

Best-effort service; also known as lack of QoS. It is the original internet service. Makes best 

effort to transfer packets, but provides no guarantees. Best-effort service does not employ any 

prioritization scheme, hence, in the case of congestion, any packet may be dropped. 

Differentiated service (DiffServ); also called soft QoS; different priorities are assigned to 

different applications. Hence, some traffic is treated better than the rest (faster handling, more 

bandwidth on average, and lower loss rate on average). 

Integrated service (IntServ); also called hard QoS; an absolute reservation of network 

resources for specific traffic. In this class, the devices on the network through signaling can 

negotiate, request and adjust priority levels for different types of traffic based on the previously 

agreed values. Table 4.3 shows the type of services used in riverbed modeler software for 

simulation of voice, file transfer protocol and hypertext transfer protocol for network model. 

Table 4.3: Types of services used in software for evaluating the performance of the network 

model 
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NO Types of services Selected code point 

in the binary 

Selected code point in decimal 

(kbs) 

1 Best effort 00011100 28 

2 Background 00111100 60 

3 Standard 01011100 92 

4 Excellent effort 01111100 124 

5 Streaming multimedia 10011100 156 

6 Interactive multimedia 10111100 188 

7 Interactive voice 11011100 220 

8 Reserved 11111100 252 

 

In reference to Table 4.3, the interactive voice is used to measure the performance of voice 

whereas the excellent effort and streaming multimedia used to measure the performance of file 

transfer and hypertext transfer protocol respectively in the Riverbed Modeler software. 

4.4 Simulation Procedure 

Since the goal of this thesis is to measure the performance of the network and to evaluate the 

relationship between IP and MPLS network, Riverbed Modeler Academic Edition is the 

appropriate simulator for these works. The following sections explain simulation procedure for 

the network model. 

4.4.1 Application Configuration 

In order to model an application in Riverbed Modeler, an object is available which is called 

application definition attribute. Application definition attribute consists of predefined 

applications, which can be modified as per the user requirements. Some of the predefined 

applications in application definition attribute are HTTP, FTP, Voice, E-mail, video, and 

database. 

 

Figure 4.1: Application Configuration 
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In this thesis, three applications are established which generate the requisite traffic over the 

network between client and server. Riverbed Modeler Academic Edition makes available an 

object called Application config, which is used to create the needed applications on the network. 

The following procedure explains the configurations of applications.  

Step 1: Right- click on application Definition object and select edit attributes. 

Step 2: Add three rows to the applications definitions table, to enable the creation of three 

applications. 

Step 3: Rename the first row as FTP and select excellent effort against the FTP applications 

Step 4: Rename the second row as VOIP application and select interactive voice against voice 

applications 

Step 5: Finally rename HTTP as the third row and select streaming multimedia against HTTP 

application. 



Comparative Analysis of QoS in MPLS and IP Network for Broadband Satellite Internet  
 

 Page 34 
 

 

Figure 4.2: Application Definition attribute used in the simulation model 

Figure 4.2 illustrate about the application definition configuration. It is used to tell riverbed 

which application is going to be modeled upon the underlying network. 
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4.4.2 Profile Configuration 

The application needs to generate traffic over the internet. Riverbed modeler offers a profile 

configuration object, which is used to generate the necessary traffic. The steps below detail how 

to configure the profile definition. 

Step 1: Right-click on profile configuration object and choose edit attributes. 

Step 2: Add three rows for configuration 

Step 3: Name the first row “FTP Profile” select FTP as its corresponding application. 

Step 4: Name the second row as “VOIP Profile” and select voice as its corresponding 

application. 

Step 5: At the end name the last row as “HTTP Profile” as shown in the figure below. 

The behavior of the workstation is described by its Profile, which is defined by using the Profile 

Definition. Figure 4.3 shows the Profile Definition object used in thesis simulation; the start time 

of the simulation is set to uniform distribution [100,110] seconds and the VoIP application is 

repeated continuously till the end of the simulation. It means that VoIP calls are established 

between workstations VoIP client and VoIP server starting at uniform distribution [100,110] 

seconds and the calls are added continuously until the end of the simulation. In this thesis, the 

profile configuration use uniform distribution, which consists of a point from the interval 

[100,110] such that all points are equally likely to be chosen.  

 

 

 

 

 

 

 



Comparative Analysis of QoS in MPLS and IP Network for Broadband Satellite Internet  
 

 Page 36 
 

 

Figure 4.3: Profile Definition attribute used in the simulation model 

4.4.3 Internet Configuration 

Riverbed Modeler makes available an IP32 cloud, which performs the function of a simple 

public internet-based cloud. In this research, the cloud is used to support the three applications 

from the client to the server over the whole network model. The steps show how to configure the 

cloud or internet. 

Step 1: Right- click on the cloud and select edit attributes 

Step 2: Change the packet latency by setting its value to 0.08 seconds 
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Setting packet latency to 0.08 second implies that the utmost packet delay across the internet as a 

result of HTTP, FTP and voice is 0.08 seconds. Every packet travels over the cloud within a 

limited delay of 0.08 seconds. 

4.4.4 Router Configuration 

The router used in the simulation is the Cisco 7200 router object. The link between them is DS3 

and which is used to connect the IP32 cloud and the servers. ISP routers were used for load 

balancing purposes the following step shows how it was configured in the proposed network 

models. 

Step 1: Click on the discrete event simulation  

Step 2: Click on the configuring/ Run DES 

Step 3: Click on IP and expand its attributes  

Step 4: change the IP static routing protocol from default to OSPF. 

4.4.5 Performance Metrics Configuration 

To measure the performance of the cloud against the three applications few parameters are 

required. Riverbed models provide three levels to measure the performance of a network. These 

are the global level, node level, and link level. In this research, the global and node, as well as 

link level, are used to measure the performance of the application on the network. Global level is 

configured as per the following step. 

Step 1:  Click on discrete event simulation (DES) menu and select individual statistics. 

Step 2: A new window opens with the options to global statistics, node statistics and link 

statistics as shown in below Figure 4.4. 
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Figure 4.4: Performance metrics 

The metrics in Figure 4.5 are chosen for performance evaluation of both internet protocol and 

multi-protocol label switch networks. Figure 4.5 shows global level metrics for performance 

evaluation expand the HTTP option and choose the page response time, traffic sent and received. 

In addition, the download and upload response time, traffic sent and received options are 

checked for FTP options. 

 At the end global statistics expand the voice options choose the jitter, latency, end-to-end delay 

and delay variation as shown in Figure 4.5. 
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Figure 4.5: Global statistics voice, HTTP and FTP performance metrics 

 Figure 4.6 shows the link level statistics, the performance metrics are selected from link level 

statistics. Expand point to point and select inbound and outbound utilization as shown in Figure 

4.6. 

 

Figure 4.6: Link-level point to point performance measurement 
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4.5 Network Design  

The network topology cannot be said to be a realistic operational network. The intention was to 

create a networking environment, which could represent a part of an overall network topology of 

an internet service providers network. The model possesses supported application like HTTP, 

FTP, VOIP client and servers, link models, satellite router, internet cloud, and Cisco 7200 access 

routers were used at the edge of the network where the traffic was transmitted to or received 

from the workstations and the servers. The simulation of both IP and MPLS networks are 

employed in the (Riverbed Modeler). The simulations are set up using two stages. 

Stage one: consists of a simulation of the IP network with traffic engineering 

Stage two: consists of a simulation of the MPLS network with traffic engineering. 

Both the networks are simulated by considering common topology. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Transmitter and Receiver path block diagram 

 Figure 4.7 shows the general network topology proposed for MPLS and IP network design.  

Satellite Internet   

Network Operator       
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Internet Service Connection 
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         (VAST) 

               ISP Branch Router 

FTP CLIENT VOIP CLIENT HTTP CLIENT 

        ISP Head quarter Router 
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4.5.1 Description of the IP based Network Model  

In the proposed network model three applications were configured which used open short path 

first protocol (OSPF) as their routing protocol. The three application used in network models are 

voice, file transfer protocol, and hypertext transfer protocol. These three applications are 

configured on both the client and server side. For the configuration of applications on side, 

application configuration box and profile, configuration box are used. IP QoS configuration box 

and IP configuration box are used to configure internet protocol address and quality of services 

in the network model. All ISP branch router, Internet cloud, clients and servers are connected as 

shown in the Figure 4.8 topology. In IP Model, all routers including satellite and dish router are 

replaced with normal internet routers. Open short path first protocol will be used to route all 

internet protocol traffic, which includes voice, file transfer protocol, and hypertext transfer 

protocol that is transmitted between client and server. The FTP traffic is transmitted between the 

FTP Client and FTP Server. The HTTP traffic is transmitted between HTTP Client and HTTP 

Server. At the end VOIP traffic generated between VoIP Client and VoIP Server. The details 

over the configuration of the network model with IP nodes and traffic implementations within 

Riverbed Modeler can be reviewed in Appendix A.  

 

Figure 4.8: Description of the IP based network model 
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4.5.2 Description of the MPLS based Network Model  

In this part of the network model, the voice over internet protocol (VoIP) traffic is sent between 

VoIP client and VoIP server, the same terminology is followed with file transfer protocol and 

Hypertext transfer protocol, which are sent between FTP and HTTP client and server 

respectively. Internet core consists of five routers assigned as ISP router. The routers are 

connected with digital line subscriber number three (DS3) cable which has a data rate of 

44.736Mbs. After connecting all routers with this data rate MPLS is enabled on each router and 

configuration of MPLS with signaling protocol has been done. The voice client and server, 

which setup to transfer five frames per packet, use application description with a coding rate of 

220Kbs (interactive voice). HTTP client and server used HTTP specification HTTP 1.1, Page 

inter-arrival time in seconds and types of services with streaming multimedia (156Kbs). While 

FTP client and server used a file size of 50,000 bytes and excellent effort types of services. The 

simulation time for the network model is set to 600 seconds. In order to be able to control flows 

of traffic in MPLS network model, label-switching paths (LSPs) had to be installed. From 

Riverbed Modeler library static label switching paths were established in order to have a more 

exact control over the path. Traffic Engineering is implemented in the MPLS simulation model 

by using constraint route label distribution protocol (CR_LDP) signaling protocol. Traffic 

engineering is configured in Riverbed Modeler by defining forward equivalence classes (FECs) 

in MPLS definition attributes and setting the label distribution protocol (LDP) parameters in the 

routers. The constraint route label-switching path (CR_LSP) which is established can be visible 

in Figure 4.9 as a blue and red colored link from ISP branch 1 to Internet service connection 

through ISP branch 3 and 4. When congestion occurs in the network, the traffic is directed along 

constraint-based routed label switching path so that the traffic at all application is evenly 

distributed in the MPLS network model. In this thesis dynamic, LSP is not used since the 

network model was not very large. Instead, static-LSP was interested to have a better control, 

over the small network design which is not complex.  
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Figure 4.9: Description of the MPLS based network model 

Four static LSP‟s were configured from the ingress router ISP Branch 1 and the egress router 

Internet Service Connection and from Internet Service Connection to ISP Branch 1 as shown in 

Figure 4.9. ISP Branch 1     ISP Branch 2     ISP Branch 4    ISP Headquarter    Internet 

connection. This path allows FTP traffic from FTP client to the FTP server. Internet Service 

Connection    ISP headquarter     ISP Branch 4    ISP Branch 2    ISP Branch 1. This is reverse 

path allow FTP traffic to follow from FTP server to FTP client. ISP Branch 1    ISP Branch 2       

ISP Branch 3     ISP Headquarter     Internet connection. This path allows VoIP traffic from VoIP 

client to the VoIP server. The reverse path allows the VoIP traffic to follow from VoIP server to 

VoIP client.  The path for HTTP traffic is the same as the path configured for FTP traffic. Traffic 

binding was configured on Internet Service Connection. FEC_FTP was bound to flow through 

assigned LSP from FTP client to FTP server. Three traffic trunks were specified for the traffic 

flowing through the LSP‟s path. Trunk FTP was created to generate the traffic from the FTP  
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client to FTP server. FEC_VoIP was bound to flow through assigned through LSP from VoIP 

client to VoIP server. Trunk VOIP was created to generate the voice traffic from VoIP client to 

VoIP server and trunk HTTP was created to generate the HTTP traffic from HTTP client to 

HTTP server. Three forwarding equivalent classes (FEC) were created, one for FTP traffic based 

on the types of services excellent effort, VOIP traffic FEC-VOIP with types of services being 

interactive voices. The same was done with the reverse path. The traffic binding was configured 

on the Internet Services Connection. After configuration of LSP for MPLS network model on 

Figure 4.10, the following parameters were set on all routers. LDP was enabled, link discovery 

hello‟s were enabled, loopback interfaces were enabled and configured. LDP neighbor‟s router 

was set and finally, all the interfaces in the routers were enabled. Details over configurations of 

MPLS network model and traffic implementations within Riverbed Modeler can be reviewed in 

Appendix B.  

4.6 Deploy Applications 

 

Figure 4.10: Before deploying application between client and server 

In Figure 4.10 deploying has been taken place when the configuration of three applications in the 

application definition box and profile definition box has finished. Deploy application means 

deploying client to server to exchange information with each other to generate traffic proposed 

for the simulation. 
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Figure 4.11: After deploying application between client and server 

Figure 4.11 shows that the deploying of three applications and application communication 

visualization.  

4.6.1 Voice Codecs Introduced by International Telecommunication Union 

A voice codec is employed at the user side to convert the analog voice waves into digital pulses 

and vice versa. There are various codec‟s types in riverbed modeler software based on the chosen 

data rate and sampling rate. The mean opinion score (MOS) was introduced by International 

Telecommunication Union and represents multimedia quality from users prospective range 1 

(poor) and 5 (excellent) [37]. Various codec types are listed in Table 4.4. 
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Table 4.4: various codec‟s types [37] 

Codec Type Coding rate in (Kbps) MOS 

G.711 64 4.4 

G.722 48 3.87 

G.723 5.3 and 6.4 3.9 

G.726 16 to 24 3.85 

G.727 16 to 40 3.71 

G.728 16 3.61 

G.729 8 3.92 

 

As shown in the above Table 4.4, the mean opinion score (MOS), which is speech quality, is 

decreasing in a non-linear manner with their data rate.  

4.6.2 Modeling of VOIP Traffic in Riverbed Modeler 

As shown in Table 4.5 silence length specifies the time spent in seconds by the called and calling 

party in silence mode for a speech silence cycle. Voice frames per packet attribute determine the 

number of encoded voice frames grouped into, voice packet before being sent by the application 

to the lower layers. Compression delay and Decompression delay attributes specify the delay in 

compressing and decompressing a voice packet is 0.02 seconds as shown in Table 4.5. 

Table 4.5: Riverbed Modeler voice traffic specification 
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The VoIP application uses G.729A encoder scheme and Interactive Voice as the type of service, 

which has a value of a 220-code point for establishing the VoIP calls. After configuring the VoIP 

application in Application Definition there is a necessity to define, which workstation will be 

using this VoIP application. In the case of this thesis, VoIP Client and VoIP Server will run the 

VoIP application. G.729A codec was chosen in the simulation of voice application because 

besides its low bandwidth requirements. It has mean of opinion score 3.92, which is very related 

to G.723. The G.729A has the following character optimized for high performance on digital 

signal processing architecture, multichannel implementation, multitasking environment, 

compatible common compressed speech frame stream interface to support systems with multiple 

speech coders, dynamic speech coders selection if multiple speech codec is available. The 

detailed configuration of how to set up the voice traffic is explained in Appendix A. 

4.6.3 Modeling of FTP Traffic in Riverbed Modeler 

FTP is used to generate traffic flow from the FTP server towards the FTP client, thus simulating 

file downloading based upon the request from the client. The file transfer protocol traffic 

characteristics are provided in Table 4.6. For modeling FTP, the thesis used exponential 

distribution for packet arrival, constant packet size and excellent-effort types of services. File 

transfer was a good choice in this simulation due to the fact that it was able to define how large 

the file or packet size, which was going to be uploaded or downloaded from the server. 

Table 4.6:  Riverbed Modeler  FTP Traffic Specification 
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4.6.4 Modeling of HTTP Traffic in Riverbed Modeler 

 Hyperlink text Transfer Protocol is used to simulate the web-browsing case, with the proposed  

network design. In the Table 4.7 HTTP request and reply, characteristics are mentioned. HTTP 

Specification HTTP 1.1, Page Interarrival time (seconds) which is constant and type of service 

with streaming multimedia is used in HTTP modeling.  

Table 4.7: Riverbed Modeler  HTTP Traffic Specification 
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Chapter 5  

Simulation Results and Evaluation 

 In this part of the simulation the VoIP traffic is sent from source (VoIP CLIENT) to destination 

(VoIP SERVER) in the two networks using G.729A encoding. The main goal is to compare the 

performance of VoIP traffic in both IP and MPLS networks by using performance metrics 

throughput. For each scenario, the duration of the simulation is 600 seconds. In the simulation, 

the traffic starts at 100
th

 second and end after 600 seconds. 100 second is considered because, in 

the simulation, the start time of traffic application from source to destination is in 100 seconds. 

 

Figure 5.1: Average voice traffic sent and received versus simulation time 

 Figure 5.1 gives the average number of packet sent and received in both MPLS and IP network. 

At the end of the simulation, it is observed that the MPLS model which is blue in color, gives 

more throughput than IP models. The simulation of MPLS and IP models are done considering 

voice traffic sent. It is observed from Figure 5.1 that voice packet received start to increase from 

100 seconds in both models. After 100 seconds MPLS voice traffic received increases more than 
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traditional IP model. The voice traffic received increased in MPLS because MPLS delivers the 

packet with high transmission speed with low delay. This is due to packet labeled and traffic 

engineering in the MPLS network, which reduce congestion. 

 

Figure 5.2: voice packet delay variation versus simulation time 

The voice packet end-to-end delay of MPLS and IP network model is shown in Figure 5.2. It is 

noticed from Figure 5.2 that end-to-end delay in IP network exceeds the threshold between 100 

sec and 150 sec and the MPLS network reaches the end-to-end delay threshold at between 100 

and 150 seconds with low value than IP network. The IP network reaches the threshold earlier 

than MPLS network, because traffic engineering is implemented in the MPLS network. 
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Figure 5.3: Mean Opinion Score value versus simulation time 

The MOS (Mean Opinion Score) is the term, which is given to the network based on all the 

quality of service parameters. This can also be termed as the rating score. The MOS value will be 

with limits of 1(poor) to 5(excellent). Figure 5.3 shows the MOS value of MPLS and IP. From 

the graphs, MPLS has the more MOS value, indicating that is more efficient. 
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Figure 5.4: Voice Packet Jitter versus simulation time 

The graph in Figure 5.4 shows the Voice packet jitter of MPLS and IP network model. It is 

noticed that Voice Jitter starts to increase after 100 seconds in the IP network and for MPLS 

network it starts to increase at 300 seconds; this increases the throughput in the MPLS network. 

The difference is due to the high delay in IP network model. 
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Figure 5.5: FTP packet received versus simulation time 

Throughput depends on link speed and nature of the component being used to transmit the data. 

It is clear that from the Figure 5.5 the packet received increase linearly with time until the 

channel gets saturated. Afterward, it almost remains constant with high value in cases of MPLS 

but there is an observable low value in case of IP as compared to MPLS. This is due to both its 

random path detection nature and heavy packet drop because of congestion. Moreover, IP does 

produce relatively less packet received. MPLS based network, which is responsible for the 

reduction of delay factor, which assigns a label path for routing of packet results in the high 

performance of packet received. 
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Figure 5.6: FTP downloads response time for MPLS and IP network versus simulation time 

MPLS gives best download response to all kinds of traffic. It means that there is little delay 

required to initiate the conversation and to let the FTP Client start sending its data. As shown in 

the Figure 5.6 FTP download response time of MPLS is considerably less compared to IP 

technologies. IP based core shows the worst behavior of FTP download response time because of 

its random path detection. This directly leads one to the conclusion that MPLS gives better 

performance for real-time traffic as far as any type of delay is concerned. 
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Figure 5.7: average number of transmitted and received HTTP packets versus simulation time 

Figure 5.7 shows the average number of transmitted and received HTTP packets versus 

simulation time when the HTTP client communicates with the HTTP server. Here the MPLS 

network with label switch path and constraint-routed label distribution protocol is better than IP 

network only with open short path first protocol.  
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Figure 5.8: Average point-to-point link utilization in seconds from Http Client to ISP Branch 1 

Figure 5.8 illustrate the point-to-point link utilization from Http client to ISP Branch 1 with 

respect to IP and MPLS network configuration. The maximum average point-to-point link 

utilization in IP is 0.0013 seconds whereas the maximum average point-to-point link utilization 

in MPLS configuration is 0.0005 seconds. Less link utilization more efficiency in MPLS 

configuration model. This is due to the added features like Traffic engineering and MPLS 

mechanism of forwarding packets makes MPLS less link utilization in transferring the VoIP 

communication, FTP and HTTP. 
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Figure 5.9: Average point-to-point link utilization in seconds from ISP Branch 1 to HTTP Client. 

Figure 5.9 illustrates the point-to-point link utilization from ISP Branch 1 to Http Client with 

respect to IP and MPLS network configuration, which was reverse direction. The maximum 

average point-to-point link utilization in IP is 0.0040 seconds whereas the maximum average 

point-to-point link utilization in MPLS configuration is 0.0016 seconds. Less link utilization 

more efficiency in MPLS configuration model. 
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Figure 5.10: Average point-to-point link utilization between ISP Head Quarter and Internet 

Connection 

Figure 5.10 illustrates the point-to-point link utilization from ISP Head quarter to Internet 

Service Connection with respect to IP and MPLS network configuration. The maximum average 

point-to-point link utilization in IP is 0.040 seconds whereas the maximum average point-to-

point link utilization in MPLS configuration is 0.034 seconds. Less link utilization more 

efficiency in MPLS configuration model.  
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 Figure 5.11: Average in Http Client to ISP Branch 1 queuing delay  

Figure 5.11 illustrate the queuing delay between Http client and ISP Branch 1 with respect to IP 

and MPLS network configuration. The maximum average point-to-point queuing delay in IP is 

0.000031seconds whereas the maximum average point-to-point queuing delay in MPLS 

configuration is 0.000026 seconds. Comparing MPLS queuing delay results with the IP result 

from the shortest path routing scenario network, the queuing delay keep a much less queuing 

delay in MPLS configuration with value (Maximum 0.000026 seconds and Minimum 0.000018 

seconds) between Http Client and ISP Branch 1. It can be observed that the queuing delay MPLS 

scenario is more balanced between both paths comparing it with IP scenario. 
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Figure 5.12: Average in ISP Branch 1 to Http Client queuing delay  

Figure 5.12 illustrates the queuing delay between Http client and ISP Branch 1 with respect to IP 

and MPLS network configuration. The maximum average point-to-point queuing delay in IP is 

0.00011 seconds whereas the maximum average point-to-point queuing delay in MPLS 

configuration is 0.00002 seconds. Comparing MPLS queuing delay results with the IP result 

from the shortest path routing scenario network, the queuing delay keep a much less queuing 

delay in MPLS configuration with value (Maximum 0.00002 seconds and Minimum 0.00001 

seconds) between Http Client and ISP Branch 1. It can be observed that the queuing delay MPLS 

scenario is more balanced between both paths comparing it with IP scenario. 
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Figure 5.13: Average in ISP Branch 1 to Http Client and ISP Branch 2 to ISP Branch 4 and ISP 

Branch 3 queuing delay 

Figure 5.13 shows the average point-to-point delay for MPLS network model in ISP Branch 1 to 

Http Client, ISP Branch 2 to ISP Branch 4 and ISP Branch 3 is less than that of IP network 

model. This is due to the added features like Traffic engineering and MPLS mechanisms of 

forwarding packets make MPLS a better choice in transferring the VoIP communication and file 

transfer in ISP Branch routers.  
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Figure 5.14 : Average in Ftp Client to ISP Branch 1 queuing delay 

Figure 5.14 illustrate the queuing delay between Ftp client and ISP Branch 1 with respect to IP 

and MPLS network configuration. The maximum average point-to-point queuing delay in IP is 

0.0013seconds whereas the maximum average point-to-point queuing delay in MPLS 

configuration is 0.0009 seconds. Comparing MPLS queuing delay results with the IP result from 

the shortest path routing scenario network, the queuing delay keep a much less queuing delay in 

MPLS configuration with value (Maximum 0.0009 seconds and Minimum 0.0001 seconds) 

between Ftp Client and ISP Branch 1. It can be observed that the queuing delay MPLS scenario 

is more balanced between both paths comparing it with IP scenario. 
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Figure 5.15: Average in ISP Branch 1 to Ftp Client queuing delay 

Figure 5.15 illustrate the queuing delay between ISP Branch 1 and Ftp Client with respect to IP 

and MPLS network configuration. The maximum average point-to-point queuing delay in IP is 

0.000050 seconds whereas the maximum average point-to-point queuing delay in MPLS 

configuration is 0.000018 seconds. Comparing MPLS queuing delay results with the IP result 

from the shortest path routing scenario network, the queuing delay keep a much less queuing 

delay in MPLS configuration with value (Maximum 0.000018 seconds and Minimum 0.000012 

seconds) between Ftp Client and ISP Branch 1. It can be observed that the queuing delay MPLS 

scenario is more balanced between both paths comparing it with IP scenario. Generally, the 

results shown in the Figure 5.12, Figure 5.13, Figure 5.14, Figure 5.15 and Figure 5.16 are the 

average point-to-point queuing delay obtained for MPLS and IP networks. From the graphs, it is 

observed that there is a decrease in the average point-to-point delay when voice, file and 

hypertext are transmitted using MPLS technology. This is due to the added features like TE and 

MPLS mechanism of forwarding packets make MPLS a better choice in transferring the VoIP 

communication and file transfer for proposed network model. 
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Figure 5.16: Average in ISP Branch 1 to ISP Branch 2 queuing delay 

Figure 5.16 illustrate the queuing delay between ISP Branch1 and ISP Branch 2 with respect to 

IP and MPLS network configuration. The maximum average point-to-point queuing delay in IP 

is 0.00008 seconds whereas the maximum average point-to-point queuing delay in MPLS 

configuration is 0.000025 seconds. 
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Chapter 6 

Conclusions and Recommendation for Future Work 

6.1 Conclusions: 

The main objective of the thesis is to compare the performance of internet protocol network with 

multi-protocol label switch network with respect to different applications like that of voice, file 

transfer protocol and hypertext transfer protocol. The performance analysis is followed by 

presenting an approach in Riverbed modeler to estimate the quality of file transfer protocol, 

voice over internet protocol and hypertext transfer protocol that can be maintained in MPLS and 

IP networks. The performance analysis in both networks is made on focusing on the performance 

metrics such as voice packet sent and received, voice jitter, mean opinion score, voice packet 

delay variation, ftp packet sent and received, ftp download response time, and HTTP packet sent 

and received. Based on the simulation results it can be concluded that MPLS provides the best 

solution in implementing file transfer, voice over internet protocol and hypertext transfer 

protocol compare to IP network model. The reason is that the routers in MPLS are capable of 

taking less processing time in forwarding the packets. This makes it more suitable for the 

application like voice, ftp, and HTTP, which has less tolerance for network delays. Another 

reason is implementing MPLS with traffic engineering minimizes the congestion in the network. 

Traffic engineering in MPLS is implemented by using signaling protocols such as CR-LDP and 

LSP. When considering similar network topology and designing parameters for the MPLS and IP 

network, the problem is to identify which technology provides more number of VoIP class and 

file transfer in the network. To solve this problem an approach made in riverbed modeler to 

know maximum number of voice and file that can be maintained in MPLS and IP networks. 

During the study of this thesis, network MPLS with IP QoS influences delay in the VoIP, FTP 

and HTTP. This is due to the added features like TE and MPLS mechanism of forwarding 

packets make MPLS a better choice in transferring the VoIP communication, HTTP and file 

transfer. 
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 6.2 Recommendation for Future work   

This thesis work mainly focuses on the performance comparison of FTP, HTTP and VOIP traffic 

between IP and MPLS network including traffic engineering. The Future work of the thesis can 

be carried to study the performance of MPLS traffic engineering signaling protocols CR-LDP, 

EIGRP and RSVP when VoIP application is implemented in them. It would be interesting if one 

considers different codecs while establishing a VoIP application. The work can be further 

extended to study the performance of video and database applications on CR-LDP, EIGRP and 

RSVP signaling protocol. Future study will be QoS enabled VoIP or Video over MPLS with 

IGRP and QoS enabled VoIP or Video over MPLS with EIGRP. IPv6 consists of many features 

and it can be used with MPLS to improve packet transmission and increase the flexibility of 

payload. Based on the result of this thesis work, it is strongly recommended that network 

designers have to consider traffic in both MPLS and IP for all their routes in a different direction 

in the area of network expansion from time to time.  
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Appendix 

Appendix A:  procedure for modeling the OSPF experiment in IP network model 

I. Creating network 

1. Add the following objects from the object palette to the thesis workspace: Application 

Config, Profile Config, QoS attributes, MPLS config, three ethernet client, three servers, 

five cisco 7200 routers model, one satellite router, and two dish routers. 

2. Connect the cisco7200 routers together with digital subscriber number three (DS3) links 

from the link model palette as per the diagram. 

3. Connect the workstations to the ISP router one and the server to Internet Service 

Connection with DS3 links. 

4. Select the following application from the menu protocols/IP/Routing/select routing 

protocols, the open short path first was selected and applied to all subinterfaces and all 

interfaces including a look back, virtual local area networks. 

 

Figure A.0.1: IP process model on each router 
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5. Select all routers then protocols/OSPF/configure area, insert area 0 in the box then click 

ok. 

6. Select all WAN links from ISP router 1 to ISP headquarter router then select OSPF/ to 

configure interface costs explicitly for all selected links to 100. 

 

Figure A.0.2 Process model of open short path first configuration on each router 

Figure A.0.3: Node network model 
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II. Configuring the Application  

In this case, the applications and file sizes to be used on the network model are defined. 

1. Select the edit attributes from the application node: set application definition to three 

because there are three applications used to generate traffic at all links in the network 

models: name the rows as FTP Application, HTTP Application, and VoIP Application. 

2. From the FTP Application description row, set the value of FTP to high load. Change the 

value in the ftp table for a size of 38,000 and an inter-request time of exponential (600) to 

continue to request files of 50,000 bytes. Set the types of services field to the excellent 

effort. 

3. From the HTTP Application description row, set the value of HTTP to web browsing 

change the value in the HTTP table for streaming multimedia. 

4. From voice application service description row, set the value of the encoder scheme to 

G.729 A and voice frames per packet to five. Set the types of services field to interactive 

voice. 

III. Configuring profiles  

1. From the profiles nodes, select edit attributes; set profile definition to three because there 

are three profiles. The rows are named ftp profile, http profile and voice profile. 

2. Name and set the attributes of the row as shown below with the ftp traffic starting 100 

seconds after the start of the simulation. 

3. Set the voice to start 100 seconds after the start of the simulation. 

4. Set http to start at 100 seconds after the start of the simulation.  

IV. Configuring the clients and servers 

1. Right-click the FTP client, from edit attributes: application, supported profiles, set the 

rows to one and named profile to ftp profile then click ok twice. 

2. Right-click the voice client, from edit attributes: application, supported profiles set the 

rows to one and named it as voice profile then clicks ok twice. 

3. Right-click the http client, from edit attributes: application, supported profiles set the 

rows to one, the application was edited and set services named to http application ok 

twice. 
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4. Server: right-click the ftp server, edit attributes application; supported services and set 

rows to one, set services name to ftp application then ok twice. 

5. Right-click the voice server: edit attributes application, supported services and set rows to 

one, set services name to voice application then ok twice. 

6. Right-click the http server: edit attributes application, supported services and set rows to 

one, set services name to http application ok twice. 

V. Traffic and flows 

1. Set OSPF to run on all routers with an area of 0 

2. Run discrete event simulation for 600 seconds and quantify the different traffic flows 

after choosing the appropriate statistics. 

  Appendix B: Procedure for Modeling MPLS Network Experiment: 

In this model, Trunk Profiles are created. For traffic forward equivalence classes (FECs) are 

assigned and then bound to the static label switching protocols at label edge router ISP branch 1 

and Internet Service Connection. Voice traffic will be made to flow along the route ISP branch 1   

ISP branch3    ISP headquarter   Internet Services Connection. Two unidirectional paths are 

made one originating at each label edge router from ISP branch 1 to Internet Service Connection 

or vice versa. On the other hand FTP and HTTP traffic flow between the label edge router, ISP 

Branch 1 to ISP headquarter through ISP branch 4 router. Two unidirectional paths will be made 

between two label edge of ISP router.  

 

Figure B.1: Two unidirectional paths will be made between two-label edge of ISP router 

 

I. Creation of  Traffic Trunk Profiles 
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Three traffic flows need to be defined for three different DSCP classes as follows. Right click on 

the MPLS configuration object and select edit attributes. Select Traffic Trunk Profiles, edit the 

fields, enter three rows for each row adds the trunk name, and enter the traffic profiles for each 

traffic flow. Trunk FTP is added then Trunk HTTP finally Trunk voice is added with the 

following configurations as shown below. 

 

 

 

Figure B.2: Creation of trunk profiles 

II. Creation of Forward Equivalence Classes (FECs) 

Here three forward equivalence classes are created. One for voice and the other two will be for 

HTTP and FTP traffic. This three traffic would be managed in the network model. Right click on 

MPLS configuration object and select edit attributes, select FEC specification and edit the fields 

enter three rows. For each row add an FEC name voice, HTTP and FTP traffic as shown below. 

Assign types of service code point for voice, HTTP and FTP in the model. Details for FEC_FTP 

are as shown below: 



Comparative Analysis of QoS in MPLS and IP Network for Broadband Satellite Internet  
 

 Page 76 
 

 

Figure B.3: Creation of Forward Equivalence Classes 

III. Configure of Static Label Switching Path (LSP) between ISP branch 1 up to Internet 

Services Connection Router through ISP branch 4 

Using the MPLS-E-LSP static object configure a unidirectional static route from ISP branch 1 to 

Internet Services Connection. Click on the MPLS-E-LSP static object in the MPLS object 

palette. From the riverbed workspace, click on the LSP‟s ingress ISP branch 2 router, click on 

the next link or ISP branch 4 in the LSP‟s route. The tooltips indicate which links and routes can 

be added to the route. Hold the cursor over a link or router for details about adding it to the label 

switching. Continue clicking on each link or router in the route until all have been added. Right 

click on the thesis workspace and select the finish path definition to finish drawing the LSP.  

 

Figure B.4: Configure of Static Label Switching Path (LSP) between ISP  branch 1 up to Internet 

Services Connection Router through  ISP branch 4 

IV. Configure a static LSP between ISP branch 1   ISP branch 3   Internet Service Connection. 
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 The same as Figure B.4 but from ISP branch 1 to Internet Service Connection on the bottom 

path. When creation of LSPs is finished, right-click in the workspace and select abort path 

definition, otherwise draw the next static LSP. 

 

Figure B.5: Configure a static LSP between ISP branch 1, ISP  branch 3 and Internet Service  

Connection 

V. Update the LSP Details 

From the protocols/MPLS menu, choose to update LSP details to configure label switching 

information to LSPs. Choose protocol/MPLS/ show all LSPs to show the paths on the topology 

diagram. Right click on the link between ISP branch 1  and Internet Service Connection to reveal 

the path names. Click on path details and examines the path details to see the labels being used to 

determine the path between the routers. 

VI. Configure Traffic Mapping Configuration on Internet Service Connection and ISP branch 2 

Here I am going to bind the FEC-voice profile to voice trunk and map this onto one or more 

label switching paths. Then both FEC-ftp profile is bound to ftp trunk and mapped onto a 

different LSP. The same is true for the FEC-HTTP profile. On ISP branch 2 router choose the 

edit attributes/ MPLS/MPLS parameters/Traffic mapping configuration attributes and enter three 

rows.   



Comparative Analysis of QoS in MPLS and IP Network for Broadband Satellite Internet  
 

 Page 78 
 

 

Figure B.6: Configure Traffic Mapping Configuration on Internet Service Connection and ISP 

branch 2 

Configure the FEC/destination prefix as FEC-voice with the traffic trunk to trunk-voice, the 

primary LSP from ISP branch to  head quarter and backup LSP to ISP branch to head quarter. 

Configure the next two rows as the voice for the same FEC and LSP except set the traffic Trunk 

to Trunk-HTTP and Trunk-ftp as shown below. 

I. Configure Link Discovery Protocols on the Routers 

Select the ISP branch 1 router and right click select edit attributes/MPLS/LDP parameters. Set 

the status to enabled; the discovery configuration link enabled and the loopback interface to be 

enabled then select the route‟s loopback address (LB0). Set the neighbor configuration, number 

of row to one and add name the neighbors as ISP branch 4 click ok to save parameters. At the 

least ensuring that the appropriate interfaces between the MPLS routers have been enabled. A 

similar process should be done on all the other ISP routers. 

 

Figure B.7: Configure Link Discovery Protocols on the Routers 
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Figure B.8: Configure Link Discovery Protocols and Neighbor Configuration on the Routers 

 

Figure B.9: Number of packet created on each node of the router during routing processing using 

OSPF 
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Figure B.10: The number of packets destroyed on each node  router during routing processing 

using OSPF 
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