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ABSTRACT 

 

 

 

 

 Internet has very much impacted our life and daily activities. With rapid 

growth in the numbers of users especially from the industries as well as the 

development in optical technology, the need of better network with guaranteed 

quality of service is highly demanded. One potential solution is to adapt Internet with 

GMPLS network over WDM and is currently widely researched. The GMPLS over 

WDM network is seen as the most promising network in servicing the users with the 

capability of providing high quality of service in terms of the information throughput 

and transfer speed.  The project investigates the performance of an IP with GMPLS 

network over WDM with a constraint, i.e. the availability of lambda. This is 

conducted using simulation. The simulation work is done using a powerful open 

sourced network simulator, known as NS-2. A GMPLS WDM network was modeled 

and a performance study based on the throughput, end-to-end delay, jitter and 

lambda utilization of the network are presented in this thesis.  
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ABSTRAK 

 

 

 

 

 

 Internet telah memberi impak yang besar kepada kehidupan dan aktiviti 

seharian kita. Dengan perkembangan pesat dalam jumlah pengguna terutamanya 

daripada industri serta perkembangan teknologi optik, keperluan kepada rangkaian 

yang lebih baik dengan kualiti perkhidmatan yang dijamin adalah amat dikehedaki. 

Satu penyelesaian yang mungkin adalah mengadaptasi Internet dengan rangkain 

GMPLS melalui WDM sedang dikaji di seluruh dunia. Rangkaian GMPLS melalui 

WDM ini dilihat sebagai rangkaian yang terbaik dalam memberi perkhidmatan 

kepada pengguna dengan kemampuan untuk menyediakan kualiti perkhidmatan yang 

tinggi dari segi celusan maklumat dan kelajuan pindah.  Projek ini menyiasat prestasi 

satu rangkaian IP dengan GMPLS melalui WDM dengan kekangan, iaitu 

kebolehsediaan lambda. Projek ini akan dijalankan menggunakan simulasi. Kerja-

kerja simulasi dilakukan dengan menggunakan simulasi rangkaian sumber terbuka 

yang berkuasa, dikenali sebagai NS-2. Satu rangkaian GMPLS WDM telah 

dimodelkan dan kajian prestasi berasaskan kecelusan, kelengahan hujung-ke-hujung, 

keketaran dan kegunaan lambda akan dibentangkan dalam tesis ini. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 
 

 

 

 

1.1 Overview of Current Network  

 

 

The current data network that enables us to communicate with our family and 

friends is based on the Internet Protocol (IP) technology. This network that is known 

as the Internet was initially meant for communication between researchers for the 

development of their research work [27]. As such the Internet is specifically limited 

in scope to provide the functions necessary to deliver packets from a source to a 

destination over an interconnected system. There is no service guarantee in the 

Internet. There are also no mechanisms to augment end-to-end data reliability, flow 

control, sequencing or other services commonly found in host-to-host protocol [13]. 

 

 

IP, a connectionless protocol, forwards packets of data using best effort 

method via the shortest path between the source and the destination. The shortest 

path is determined using the Open Shortest Path First (OSPF) routing protocol [22]. 

However, since all packets will be routed on the shortest path, burst of traffic could 

cause congestion in the path and gradually resulting in dropping of packets from the 

network. With best effort protocol, IP thus has no guarantee over the packets it 

serves, thus it has no quality of service (QoS). 
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On the other hand, the Service Provider backbone infrastructure provides 

multiple services such as TDM leased lines, ATM, Frame Relay, Voice, video and 

Internet service. ATM backbones are currently the most favored one due to their 

reliability and versatility in offering multiple service types [27]. 

 

 

Current data networks typically have four network layers: 

• IP, for carrying applications and services  

• ATM, for traffic engineering and quality of service (QoS)  

• SONET/SDH, for multiplexing and transport reliability  

• WDM, to provide large capacity over fiber strands.  

 

 

 

 

1.2 Problem Statement 

 

 

From 2000 until 2005, the world has recorded an increase of 146.2 percent of 

Internet users’ growth [16].  With this high increment across all continents, and more 

service in demand such as video and voice transfer, a network that could provide 

better and faster transmission as well as more reliable is highly required. 

 

 

As stated before, with IP, congestion could occur at the shortest path. With 

more users to be allocated along the shortest path at the same time, the higher the 

probability of congestion to occur, hence more calls or packets will be dropped off 

during transmission. Congestion occurs due to inefficient traffic resource allocation, 

and this can be addressed by Traffic Engineering (TE) [9]. Therefore the need of a 

protocol that could engineer the traffic is crucial in improving the quality of service 

(QoS) of the network. Multi-Protocol Label Switching (MPLS), a hybrid protocol 



 3

resulted from combining IP routing with ATM switching like facility seems to cater 

to this need. With explicit routing, MPLS allows traffic to be offloaded from a 

congested path and routed to underutilized path in order to reduce the congestion at 

the shortest path. 

 

 

However, as network grows bigger, so does the complexity and hierarchy of 

the network. Thanks to development of optical technology, the speed of transmission 

can significantly speed up. This also has encouraged the networking people to 

implement the concept of MPLS to not only packet-based switching, but also to the 

time-division multiplexing (TDM), wavelength (lambda) and physical (fiber) based 

switching. Since MPLS lacks the ability to provide common control and traffic 

engineering for other media, hence a more general protocol known as GMPLS is 

provisioned. 

 

 

 

 

1.3 Objective 

 

 

GMPLS is a label switching protocol that extends common control and traffic 

engineering to other media besides packet switch domain [14].  It promises to 

provide more quality of service to a network. The main objective of this project is to 

investigate the performance of the QoS parameters of a MPLS/GMPLS network with 

an applied constraint. The proposed network should provide: 

(i) Acceptable end-to-end delay and jitter 

(ii) High packet throughput 

(iii) Optimum bandwidth utilization 
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1.4 Project Scope 

 

 

The scope of this project is to analyze the performance of a GMPLS network 

with a constraint using a simulation tool. The constraint applied here is the 

bandwidth or lambda requirement of a traffic and available bandwidth.  

 

 

The analysis will be carried out to measure the performance of the GMPLS 

network in terms of throughput, end-to-end delay, lambda utilization and jitter. The 

network however will be limited to only the lambda switching network domain. 

 

 

Analysis of the network performance was carried out using simulation based 

discrete event technique. The simulation tool used for this project is the Network 

Simulator version 2 (NS-2) [26]. 

 

 

 

 

1.5 Thesis Structure 

 

 

This report comprises of 6 chapters. The first chapter briefly overviews the 

trend of current Internet, objectives and scope of this project. Chapter 2 describes the 

basics of label switching that can be categorized into MPLS and GMPLS and 

followed by a brief explanation on WDM.  

 

 

The use of NS-2 in the simulation of MPLS/GMPLS network is discussed in 

Chapter 3. This is then followed with Chapter 4 that looks into the simulation studies 

and the analysis of the performance. The QoS parameters investigated for this 

network model will also be presented and discussed here. 
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Finally, the findings and discussions from the previous chapter will be 

concluded and some suggestions have been proposed in order to improve the 

performance of GMPLS and the work of this project. 



 
 
 
 
 
 
 

] A. Khaleel, T. Khattab, A. Mohamed, H. Alnuweiri. Quality of Service 

Mechanisms in IP-over-WDM Networks. IEEE Communications 

Magazine. December 2002. 38-43. 

[2] Ayman Kaheel, Tameer Khattab, Amr Mohamed, Hussein Alnuweiri.  

Quality-of-Service Mechanisms in IP-over-WDM Networks. IEEE 

ber 2002. 

[3] 

 

[4] Bo g with Per VC QoS Guarantee In WDM 

Networks. IEEE Global Telecommunications Conference.. 8-12 Nov. 

 

[5] CIE nology and Applications. White Paper. 

www.ciena.com/products/government/government_2292.htm.

 

[6] Cisco Systems. The BPX Switch: Functional Overview. 

http://www.ieng.com/univercd/cc/td/doc/product/wanbu/9_3_10/bpxi01.h

tm#xtocid1108310.

 

[7] Cisco. Deploying Quality of Service Technologies. http://www.regweb.com/ 

cisco/NextGenerationInternet/3

REFERENCES 
 

 

 

 

[1

 

Communications Magazine. Decem

 

B. Davie, et al. MPLS; Technology and Applications. Morgan Kauffman 

Publisher. New York. 2000. 

Li, Yang Qin. Traffic Schedulin

1998. IEEE 339-344. 

NA Corporation. CWDM Tech



 44

 

[8] Cisco. What Makes Voice Over IP Work [IP Communications] - Cisco 

Systems. Cisco 

 

[9] D. Awduche, J. Malcolm, J. Agogbua, M. O’Dell, J. McMAnnus. 

“Requirements for Traffic Engineering Over MPLS”. RFC 2702. IETF. 

Sept 1999. 

 

0] E. Rosen, et al. MPLS Architecture. Draft-ietf-mpls-arch-07. July 2000. 

[11] Glo

lspec.com/SpecSearch/ Suppliers/ 

Optics_Optical_ Components/Fiber_Optics/Fiber_ Optic_Wavelength_ 

 

[12] Gre (NS)  Internet Draft. 2000. 

http://www.isi.edu/nsnam/ns/tutorial/index.html

[13] Info C. Internet Protocol, DARPA Internet 

Program, Protocol Specification., RFC791. IETF. Sept 1981. 

[14] Inte

EC. http:// www.iec.org/online /tutorials/GMPLS 

 

 Picture: World 

 

 

[1

 

balSpec- The Engineering Search Engine. Wavelength Density 

Multiplexing. http://photonics.globa

Division_Multiplexers 

iss, Marc. Tutorial for the Network Simulator 

 

rmation Science Institute, US

 

rnational Engineering Consortium. Generalized Multiprotocol Label 

Switching (GMPLS). I

 

[15] International Engineering Consortium.Multiprotocol Label Switching 

(MPLS). IEC . http://www.iec.org/online/ tutorials/mpls/

 

[16] Internet World Stats. Internet Usage Statistics – The Big 

Internet Users and Population Stats. http://www. internetworldstats. 

com/stats.htm 

 

[17] ISO 95 QoS Framework, ISO/IEC/JTC1/SC21/WG1 N9680 

http://www.ciena.com/products/government/government_2292.htm
http://www.ciena.com/products/government/government_2292.htm


 45

[18]  J. Comellas et al. Integrated IP/WDM Routing in GMPLS-Based Optical 

 

9] Juniper Networks. MPLS: Enhancing Routing in the New Public Network. 

 

[20] K. Sato, N. Yamanaka, Y. Takigawa, M. Koga, S. Okamoto, K. Shiomoto, E. 

Oki, W. Imajuku. GMPLS-Based Photonic Multilayer Router (Hikari 

lingg 

Technology. IEEE Communications magazine. March 2002. Volume 40. 

 

[21] Kam

Master Thesis.  UTM. 2003. 

 

ions.  2000. 

 

4] Mark Claypool, John Riedl. The effects of High-Speed Networks on 

 

5]  Srihari Raghavan.  An MPLS-based Quality of Service Architecture for 

ute 

 

[27] Viv vanced MPLS Design and Implementation. Indianapolis, 

USA. Cisco Press. 2002 

8] Welcome to Gaeil Ahn’s Homepage. http://flower.ce.cnu.ac.kr/~fog1/ 

 

Networks.  IEEE Network. March/April 2003. 22-27. 

[1

http://www.juniper.net/techcenter/techpapers/200001.html.

Router) Architecture: An Overview of Traffic Engineering and Signa

96-101. 

aludin Mohamad Yusof.  Provisioning QoS in Differentiated Service 

Domain for Mobile IP. 

 

[22] L..Garcia and Widjaja. Communication Networks Fundamental Concepts and

Key Architecture. McGraw-Hill Internatinal Edit

 

[23] M. Schwartz. Broadband Integrated Networks. Prentice-Hall. 1996. 3 

[2

Multimedia Jitter. 

[2

Heterogenous Networks. Master Thesis. Virginia Polytechnic Instit

and State University; 2001 

 

[26] The Network Simulator – NS-2. http://www.isi.edu/nsnam/ns/index.html 

ek Alwayn. Ad

 

[2



 46

[29] Widjaja I, Elwalid A.I. 2002. Study of GMPLS Lightpath Setu over Lambd

router Networks. IEEE  International Conference on C

a-

ommunications. 28 

April – 2 May 2002. IEEE. 2707-2711. 

[30] X. Xiao, A. Hann, B. Bailey, Lionel M. Ni . Traffic Engineeing with MPLS 

in the Internet. http://cse.unl.edu/~xyang/Research.htm

 


	ACKNOWLEDGEMENT
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENT
	CHAPTER        TITLE     PAGE

	LIST OF TABLES
	TABLE    TITLE    PAGE
	LIST OF FIGURES
	FIGURE    TITLE    PAGE

	LIST OF ABREVIATIONS
	LIST OF APPENDICES
	APPENDIX    TITLE    PAGE

	CHAPTER 1
	INTRODUCTION
	1.1 Overview of Current Network
	1.2 Problem Statement
	1.3 Objective
	1.4 Project Scope
	1.5 Thesis Structure

	CHAPTER 2
	MULTIPROTOCOL LABEL SWITCHING
	Overview
	MPLS Components and Mechanisms
	Attribute Name
	Meaning of the Attribute
	MPLS Routing
	2.3.1 LSR Forwarding Component
	2.3.2 LSR Control Component
	2.3.3 Constraint Based Routing

	2.4 Migration From MPLS to GMPLS
	2.5 GMPLS Network Hierarchy
	2.6 Wavelength Density Multiplexing

	CHAPTER 3
	SIMULATION OF MPLS/GMPLS NETWORK
	3.1 Overview
	3.2 Simulation Tool
	3.3 Internet Traffic Model
	3.4 Network Topology
	3.5 Network Simulation in NS-2

	CHAPTER 4
	SIMULATION STUDIES AND ANALYSIS
	Overview
	Definitions of QoS
	QoS Metrics
	Simulation and Results
	Performance Analysis
	Throughput
	Lambda (Bandwidth) Utilization
	End-to-end Delay
	Table 4.1 : End-to-end Delay for each Traffic
	Jitter
	Table 4.2 : Jitter for each Traffic


	CHAPTER 5
	CONCLUSION AND RECOMMENDATION
	5.1 Conclusion
	Recommendation

	REFERENCES



