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Abstract

The user demand for high speed and ubiquitous connectivity has led to the
development and deployment of many new technologies, such as DSL and satellite-based
networks, for accessing the Internet network. The goal of these technologies is to mitigate
the bottleneck. Other technologies, such as wireless and packet radio networks aimed at
providing the user with unrestricted access to their mobile devices and the Internet. Given
that these networks are increasingly being deployed as high-speed access networks, it is
highly desirable to achieve good network performance over such networks. These
technologies show different characteristics (asymmetry) in uplink and downlink
directions. Network asymmetry (uneven bandwidth) can negatively affect the performance
of feedback-based transport protocol such as Transmission Control Protocol (TCP). This
is because that congestion in any direction can affect the flow of feedback in the other
direction. ACK Filtering and ACK Congestion Control techniques are used to diminish
the congestion on the upstream link. These techniques suffer from sender burstiness and a
slowdown in congestion window growth problems. This project addresses the TCP
performance problems caused by network asymmetry and discuss the reasons for the
inapplicability between TCP and asymmetric networks. It studies the effectiveness of these
techniques in mitigating the effects of bandwidth asymmetry in TCP/IP networks and
provides suggestions to overcome the problems associated with these techniques. Based
on the performance model presented in this project, achieving optimum TCP performance

under different asymmetric conditions is described.
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CHAPTER ONE

INTRODUCTION

This project is about examining effectiveness of ACK Filtering and ACK
congestion control mechanisms in mitigating the effects of bandwidth asymmetry on the
performance of TCP/IP network. The goal of this chapter is to place the project in its
context. This chapter provides an introduction to network asymmetry and TCP
performance over asymmetry networks in Sections 1.1. Asymmetry classification and the
solutions proposed to improve the TCP performance in asymmetric environment are
presented in Sections 1.2 and 1.3, respectively. The research problem is presented in
Sections 1.4. Sections 1.5, 1.6, and 1.7 of this chapter, respectively, include the research
questions, research scope, and objectives of the research presented in this project. The
importance of the work done in this project is stated in Section 1.8 while the project

organization is presented in Section 1.9 of this chapter.

1.1. INTRODUCTION

The increase in the user application that require high speed network with
ubiquitous connection network has derived inventors to come up with many new
technologies. According to Mahbub and Jain (Mahbub & Raj, 2003), some of these
technologies, including cable modems, direct broadcast satellite with interactive return

channels, Very Small Aperture satellite Terminals (VSAT), Asymmetric Digital
1



The contents of
the thesis is for
internal user
only



REFERENCES

Aken, J. E. (2004). Management Research Based on the Paradigm of the Design Sciences:
The Quest for Field Tested and Grounded Technological Rules. Journal of
management studies, 41(2), 219-246.

Anjum, F., & Jain, R. (2000, 2000). Performance of TCP over lossy upstream and
downstream links with link-level retransmissions. Paper presented at the Networks,
2000. (ICON 2000). Proceedings. IEEE International Conference on.

Aryafar, E., Gurewitz, O., & Knightly, E. W. (2008, 13-18 April 2008). Distance-1
Constrained Channel Assignment in Single Radio Wireless Mesh Networks. Paper
presented at the INFOCOM 2008. The 27th Conference on Computer
Communications. IEEE.

Balakrishnan, H., & Padmanabhan, V. N. (2001). How network asymmetry affects TCP.
Communications Magazine, IEEE, 39(4), 60-67.

Bhaskaran, S. R., Hanly, S. V., Badruddin, N., & Evans, J. S. (2010). Maximizing the
Sum Rate in Symmetric Networks of Interfering Links. Information Theory, IEEE
Transactions on, 56(9), 4471-4487.

Biplab, S., Kalyanaraman, S., & Kenneth, S. V. (2001). An integrated model for the
latency and steady-state throughput of TCP connections. Perform. Eval., 46(2-3),
139-154.

Chadi, B., & Eitan, A. (2000). On ACK Filtering on a Slow Reverse Channel. Paper
presented at the Proceedings of the First COST 263 International Workshop on
Quality of Future Internet Services.

Fairhurst, G., Samaraweera, N. K. G., Sooriyabandara, M., Harun, H., Hodson, K., &
Donadio, R. (2001). Performance issues in asymmetric TCP service provision
using broadband satellite. Communications, IEE Proceedings-, 148(2), 95-99.

Gengyu, W., Sato, R., Fujii, A., & Nemoto, Y. (1998, 22-24 Oct 1998). Improvement of
TCP performance on asymmetric channels based on enhancements of compressing
TCP/IP header algorithm. Paper presented at the Communication Technology
Proceedings, 1998. ICCT '98. 1998 International Conference on.

Gilfeather, P., & Underwood, T. (2001, Apr 2001). Fragmentation and high performance

IP. Paper presented at the Parallel and Distributed Processing Symposium.,
Proceedings 15th International.

100



Haeri, M., & Rad, A. H. M. (2004, June 30 2004-July 2 2004). TCP retransmission timer
adjustment mechanism using system identification. Paper presented at the
American Control Conference, 2004. Proceedings of the 2004.

Hamrioui, S., & Lalam, M. (2011, 25-27 April 2011). IB-MAC: Improvement of the
backoff algorithm for better MAC - TCP protocols interactions in MANET. Paper
presented at the Programming and Systems (ISPS), 2011 10th International
Symposium on.

Haoling, M., & Lin, C. (2010, 25-27 Aug. 2010). Performance analysis of randomized
MAC for satellite telemetry systems. Paper presented at the Communications and
Networking in China (CHINACOM), 2010 5th International ICST Conference on.

Harhalakis, S., Samaras, N., & Vitsas, V. (2009, 17-19 Sept. 2009). Exploiting the
Congestion Control Behavior of the Transmission Control Protocol. Paper
presented at the Informatics, 2009. BCI '09. Fourth Balkan Conference in.

Imadud, D., & Nazar Abbas, S. (2008). Passive Packet Loss Detection and its Effect on
Web Traffic Characteristics. Paper presented at the Proceedings of the 2008
International Conference on Computer and Electrical Engineering.

Jain, R. K. (1991). The Art of Computer Systems Performance Analysis: Techniques for
Experimental Design, Measurement, Simulation, and Modeling Wiley

Jian-Hao, H., Gang, F., & Yeung, K. L. (2003). Hierarchical cache design for enhancing
TCP over heterogeneous networks with wired and wireless links. Wireless
Communications, IEEE Transactions on, 2(2), 205-217.

Jiwei, C., Yeng Zhong, L., Gerla, M., & Sanadidi, M. Y. (2006, 1-5 Oct. 2006). TCP with
Delayed Ack for Wireless Networks. Paper presented at the Broadband
Communications, Networks and Systems, 2006. BROADNETS 2006. 3rd
International Conference on.

Jiyong, P., Daedong, P., Seongsoo, H., & Jungkeun, P. (2011 ). Preventing TCP
performance interference on asymmetric links using ACKSs-first variable-size
queuing. Comput. Commun., 34(6), 730-742.

Keceli, F., Inan, 1., & Ayanoglu, E. (2007, 24-28 June 2007). TCP ACK Congestion
Control and Filtering for Fairness Provision in the Uplink of IEEE 802.11
Infrastructure Basic Service Set. Paper presented at the Communications, 2007.
ICC '07. IEEE International Conference on.

Khosrow-Pour, M. (2006). Emerging Trends and Challenges in Information Technology
Management: IGI Global.

101



KwangSik, S., Jinhyuk, K., & Sang Bang, C. (2011). Loss Recovery Scheme for TCP
Using MAC MIB over Wireless Access Networks. Communications Letters, IEEE,
15(10), 1059-1061.

Li, J., & Kalyanaraman, S. (2004). MCA: an end-to-end multicast congestion avoidance
scheme with feedback suppression. Computer Communications, 27(13), 1264-
1277.

Liu, Y., Ye, M., & Zhang, H. (2003, 7-10 Sept. 2003). The improvement of TCP
performance in bandwidth asymmetric network. Paper presented at the Personal,
Indoor and Mobile Radio Communications, 2003. PIMRC 2003. 14th IEEE
Proceedings on.

Mahbub, H., & Raj, J. (2003). High Performance TCP/IP Networking: Concepts, Issues,
and Solutions: Prentice-Hall, Inc.

Mark, E. C., & Azer, B. (1997). Self-similarity in World Wide Web traffic: evidence and
possible causes. IEEE/ACM Trans. Netw., 5(6), 835-846.

Matsushita, Y., Matsuda, T., & Yamamoto, M. (2005, 13-17 March 2005). TCP
congestion control with ACK-pacing for vertical handover. Paper presented at the
Wireless Communications and Networking Conference, 2005 IEEE.

Mattson, R., & Ghosh, S. (2007, 11-13 July 2007). A performance analysis of page and
object retrieval using HTTP-MPLEX in symmetric network environments. Paper
presented at the Computer and Information Science, 2007. ICIS 2007. 6th
IEEE/ACIS International Conference on.

Narula-Tam, A., Wysocarski, J., Huan, Y., Mu-Cheng, W., Macdonald, T., Huang, O., et
al. (2005, 17-20 Oct. 2005). QoS considerations for future packet switched
satellite communication systems with dynamic resource allocation. Paper
presented at the Military Communications Conference, 2005. MILCOM 2005.
IEEE.

Nyame-Asiamah, F., & Patel, N. V. (2009). Research methods and methodologies for
studying organisational learning.

Nyirenda, C. N., & Dawoud, D. S. (2007, 9-12 Sept. 2007). A Fuzzy Logic Based Dual
Explicit Congestion Notification Mechanism for Satellite TCP/IP Networks. Paper
presented at the EUROCON, 2007. The International Conference on
&#34;Computer as a Tool&#34;.

Parvez, N., & Hossain, L. (2004, 29 Nov.-3 Dec. 2004). Improving TCP performance in
wired-wireless networks by using a novel adaptive bandwidth estimation
mechanism. Paper presented at the Global Telecommunications Conference, 2004.
GLOBECOM '04. IEEE.

102



Rai, I. A., & Hellen, T. (2011, 3-5 March 2011). On improving the TCP performance in
asymmetric wireless mesh networks. Paper presented at the Communications,
Computing and Control Applications (CCCA), 2011 International Conference on.

Scalia, L., Soldo, F., & Gerla, M. (2007, 26-30 Nov. 2007). PiggyCode: A MAC Layer
Network Coding Scheme to Improve TCP Performance Over Wireless Networks.
Paper presented at the Global Telecommunications Conference, 2007.
GLOBECOM '07. IEEE.

Schay, G. (2007). Introduction to Probability with Statistical Applications: Birkhauser
Boston.

Shufen, L., Hao, J., & Yinglan, F. (2002, 2002). Analyze of TCP-based network traffic
control on asymmetric links. Paper presented at the Computer Supported
Cooperative Work in Design, 2002. The 7th International Conference on.

Vaishnavi, V., & Kuechler, B. (2005, 16/9/2009). Design Research in Information
Systems. Retrieved 20/11/2010, 2010, from http://desrist.org/design-research-in-
information-systems/

Venable, J. (2006). The role of theory and theorising in design science research.
Proceedings of DESRIST, 24-35.

Ween, A., Qureshi, A., Kraetz, M., & Rossiter, M. (1998, 1998). Dynamic resource
allocation for multi-service packet based LEO satellite communications. Paper
presented at the Global Telecommunications Conference, 1998. GLOBECOM 98.
The Bridge to Global Integration. IEEE.

103





