216 [103] J. Touch. TCP Control Block Interdependence. RFC, April 1997. RFC-2140. [104] J. Touch. The LSAM Proxy Cache - a Multicast Distributed Virtual Cache. In Proc. 3rd International WWW Caching Workshop, Jun 1998. [105] Vikram Visweswaraiah and John Heidemann. Improving restart of idle TCP connections. Technical Report 97-661, University of Southern California, November 1997. [106] D. Wetherall and C. Lindblad. Extending Tcl for Dynamic Object-Oriented Programming. In Proc. Tcl/Tk Workshop, July 1995. [107] A. Woodruff et al. An Investigation of Documents from the World Wide Web. In Proc. Fifth International World Wide Web Conference, May 1996. [108] L. Zhang. Why TCP Timers Don’t Work Well. In Proc. ACM SIGCOMM, pages 397–405, August 1986.

[109] L. Zhang, S. Michel, K. Nguyen, A. Rosenstein, S. Floyd, and V. Jacobson. Adaptive Web Caching: Towards a New Global Caching Architecture . In Proc. 3rd International WWW Caching Workshop, Jun 1998. [110] L. Zhang, S. Shenker, and D. D. Clark. Observations and Dynamics of a Congestion Control Algorithm: The Effects of Two-Way Traffic. In Proc. ACM SIGCOMM ’91, pages 133–147, 1991. [111] H. Zimmerman. OSI Reference Model – The ISO Model of Architecture for Open Systems Interconnection. IEEE Transactions on Communications, 28(4):425–432, April 1980.

215 [90] J. B. Postel and J. Reynolds. TELNET Protocol Specification. Information Sciences Institute, Marina del Rey, CA, May 1983. RFC-854. [91] J. B. Postel and J. Reynolds. File Transfer Protocol (FTP). Information Sciences Institute, Marina del Rey, CA, Oct 1985. RFC-821.

[92] K. K. Ramakrishnan and R. Jain. A Binary Feedback Scheme for Congestion Avoidance in Computer Networks. ACM Transactions on Computer Systems, 8(2):158–181, May 1990. [93] S. Raman. Personal communication, March 1998. Shared whiteboard using unicast. [94] L. Rizzo. Dummynet: A Simple Approach to the Evaluation of Network Protocols. Computer Communications Review, January 1997. [95] J. L. Romkey. A Nonstandard for Transmission of IP Datagrams over Serial Lines: SLIP. RFC, June 1988. RFC-1055. [96] J. Saltzer, D. Reed, and D. Clark. End-to-end Arguments in System Design. ACM Transactions on Computer Systems, 2:277–288, Nov 1984. [97] S. Seshan, M. Stemm, and R. H. Katz. SPAND: Shared Passive Network Performance Discovery. Proc. USENIX Symposium on Internet Technologies and Systems, December 1997. [98] K. Sollins and L. Masinter. Functional Requirements for Uniform Resource Names. RFC, Dec 1994. RFC-1737.

[99] SPECWeb96 Benchmark. http://www.specbench.org/osg/web96.

[100] S. Spero. Session control protocol (scp). http://www.w3.org/pub/WWW/Protocols/HTTP- NG/http-ng-scp.html, 1996. [101] W. R. Stevens. TCP/IP Illustrated, Volume 1. Addison-Wesley, Reading, MA, Nov 1994. [102] K. Thompson, G. J. Miller, and R. Wilder. Wide-area Internet Traffic Patterns and Characteristics. IEEE Network, 11(6), November/December 1997.

214 [78] Netscape Communications Corporation. http://www.netscape.com/. [79] Internet Domain Survey. Network Wizards, http://www.nw.com, 1998. [80] H. F. Nielsen, J. Gettys, A. Baird-Smith, E. Prudhommeaux, H. W. Lie, and C. Lilley. Network Performance Effects of HTTP/1.1, CSS1, and PNG. In Proc. ACM SIGCOMM ’97, September 1997.

[81] UCB/LBNL/VINT Network Simulator - ns (version 2). http://www-mash.cs.berkeley.edu/ns/. [82] V. N. Padmanabhan. Receiver-oriented Data Transport with Persistent Sessions. Qualifying Examination Proposal, http://www.cs.berkeley.edu/~padmanab/research/quals-proposal.ps, October 1996.

[83] V. N. Padmanabhan, H. Balakrishnan, K. Sklower, E. Amir, and R. Katz. Networking Using Direct Broadcast Satellite. In Proc. Workshop on Satellite-Based Information Systems, November 1996.

[84] V. N. Padmanabhan and R. H. Katz. TCP Fast Start: A Technique For Speeding Up Web Transfers. In Proc. Globecom Internet Mini-Conference, November 1998. [85] V. N. Padmanabhan and J. C. Mogul. Improving HTTP Latency. In Proc. Second International WWW Conference, October 1994. [86] V. N. Padmanabhan and J. C. Mogul. P-HTTP Software. ftp://ftp.digital.com/pub/DEC/net/ phttp.tar.Z, April 1995.

[87] V. N. Padmanabhan and J. C. Mogul. Using Predictive Prefetching to Improve World Wide Web Latency. ACM SIGCOMM Computer Communication Review, 26(3), July 1996. [88] V. Paxson. Measurements and Analysis of End-to-End Internet Dynamics. PhD thesis, University of California at Berkeley, May 1997. [89] J. B. Postel. Transmission Control Protocol. Information Sciences Institute, Marina del Rey, CA, September 1981. RFC-793.

213 [64] T. V. Lakshman, U. Madhow, and B. Suter. Window-based Error Recovery and Flow Control with a Slow Acknowledgement Channel: A study of TCP/IP Performance. In Proc. Infocom 97, April 1997. [65] B. A. Mah. An Empirical Model of HTTP Network Traffic. In Proc. InfoComm ’97, April 1997. [66] M. Mathis, J. Mahdavi, S. Floyd, and A. Romanow. TCP Selective Acknowledgment Options, 1996. RFC-2018. [67] Mathis, M. and Mahdavi, J. and Floyd, S. and Romanow, A. TCP Selective Acknowledgment Options, 1996. RFC-2018. [68] S. McCanne and V. Jacobson. Tcpdump Software. ftp://ftp.ee.lbl.gov/tcpdump.tar.Z. [69] S. McCanne and V. Jacobson. The BSD Packet Filter: A New Architecture for User-Level Packet Capture. In Proc. Winter ’93 USENIX Conference, San Diego, CA, January 1993. [70] S. McCanne, V. Jacobson, and M. Vetterli. Receiver-driven Layered Multicast. In Proc ACM SIGCOMM ’96, August 1996. [71] Metricom, Inc. http://www.metricom.com. [72] Microsoft Corporation. http://www.microsoft.com/.

[73] J. C. Mogul. Observing TCP Dynamics in Real Networks. Technical Report 92/2, Digital Western Research Lab, April 1992. [74] J. C. Mogul. The Case for Persistent-Connection HTTP. In Proc. SIGCOMM ‘95, August 1995.

[75] J. C. Mogul. Personal communication, Sep 1998. [76] J. C. Mogul and S. E. Deering. Path MTU Discovery, April 1990. RFC 1191. [77] The National Center for Supercomputing Applications. http://www.ncsa.uiuc.edu/.

212 [51] V. Jacobson. Congestion Avoidance and Control. In Proc. ACM SIGCOMM 88, August 1988. [52] V. Jacobson. Compressing TCP/IP Headers for Low-speed Serial Links. RFC-1144, Feb 1990. [53] V. Jacobson, R. Braden, and D. Borman. TCP Extensions for High Performance, May 1992. RFC-1323.

[54] V. Jacobson and M. Karels. Congestion Avoidance and Control. Revised version of SIG- COMM ‘88 paper, 1992.

[55] R. Jain. A Delay-Based Approach for Congestion Avoidance in Interconnected Heterogeneous Computer Networks. ACM SIGCOMM Computer Communication Review, October 1989. [56] R. Jain. The Art of Computer Systems Performance Analysis. John Wiley and Sons, 1991. [57] Java Technology Home Page. http://www.javasoft.com/.

[58] L. Kalampoukas, A. Varma, and K. K. Ramakrishnan. Performance of Two-Way TCP Traffic over Asymmetric Access Links. In Proc. Interop ’97 Engineers’ Conference, May 1997. [59] C. R. Kalmanek, H. Kanakia, and S. Keshav. Rate-Controlled Servers for Very High-Speed Networks. In Proc. Globecom ’90, December 1990. [60] P. Karn. Dropping TCP acks. Mail to the end-to-end mailing list, February 1996. [61] S. Keshav. A Control-Theoretic Approach to Flow Control. In Proc. ACM SIGCOMM ’91, 1991. [62] D. Kristol and L. Montulli. HTTP State Management Mechanism. RFC, Feb 1997. RFC- 2109.

[63] T. V. Lakshman, U. Madhow, and B. Suter. Window-based Error Recovery and Flow Control with a Slow Acknowledgement Channel: A Study of TCP/IP Performance, 1996. Preprint.

211 [36] J. Gettys and H. F. Nielsen. WebMUX Protocol Specification. Internet Draft, IETF, August 1998. Expires Jan 1999.

[37] Graphics Interchange Format. http://members.aol.com/royalef/gif87a.txt, 1987. [38] Graphics Interchange Format, Version 89a. http://members.aol.com/royalef/gif89a.txt, 1989. [39] J. M. Gilbert and R. W Brodersen. Globally Progressive Interactive Web Delivery, 1998. Submitted for publication.

[40] M. Gray. Growth and Usage of the Web and the Internet, 1997. http://www.mit.edu/people/ mkgray/net/.

[41] S. Gribble and E. Brewer. System Design Issues for Internet Middleware Services: Deductions from a Large Client Trace. In Proc. 1997 Usenix Symposium on Internet Technologies and Systems, December 1997. [42] Global System for Mobile communications. http://www.gsm.org. [43] R. Gupta. WebTP: A User-Centric Web Transport Protocol , May 1998. [44] J. Heidemann. Performance Interactions Between P-HTTP and TCP Implementations. Computer Communications Review, April 1997. [45] J. C. Hoe. Start-up Dynamics of TCP’s Congestion Control and Avoidance Schemes. Master’s thesis, Massachusetts Institute of Technology, 1995. [46] J. C. Hoe. Improving the Start-up Behavior of a Congestion Control Scheme for TCP. In Proc. ACM SIGCOMM ’96, August 1996. [47] Hybrid Networks, Inc. http://www.hybrid.com.

[48] IBM TCP Router. http://www.research.ibm.com/webvideo/tcproute.html. [49] IBM Web Object Manager. http://www.womplex.ibm.com. [50] IBM Olympics Web Site. http://www.olympic.ibm.com.

210 [22] D. D. Clark, M. L. Lambert, and L. Zhang. NETBLT: A High Throughput Transport Protocol. In Proc. ACM SIGCOMM ’87, August 1987. [23] A. Demers, S. Keshav, and S. Shenker. Analysis and Simulations of a Fair-Queueing Algorithm. Internetworking: Research and Experience, V(17):3–26, 1990. [24] Dynamic HTML Information Society. http://www.dhtml.org/. [25] Differential Services for the Internet. http://diffserv.lcs.mit.edu. [26] Digital Equipment Corporation. http://www.digital.com. [27] DirecPC Web page. http://www.direcpc.com. [28] K. Fall and S. Floyd. Simulation-based Comparisons of Tahoe, Reno, and Sack TCP. Computer Communications Review, July 1996. [29] W. Feng, D. Kandlur, D. Saha, and K. Shin. Understanding TCP Dynamics in an Integrated Services Internet. In NOSSDAV ’97, May 1997. [30] R. Fielding, J. Gettys, J. Mogul, H. Frystyk, and T. Berners-Lee. Hypertext Transfer Protocol – HTTP/1.1, Jan 1997. RFC-2068. [31] S. Floyd. TCP and Explicit Congestion Notification. Computer Communications Review, 24(5), October 1994.

[32] S. Floyd and K. Fall. Router Mechanisms to Support End-to-End Congestion Control. Technical report, February 1997.

[33] S. Floyd and V. Jacobson. Random Early Detection Gateways for Congestion Avoidance. IEEE/ACM Transactions on Networking, 1(4), August 1993. [34] S. Floyd and V. Jacobson. Link-sharing and Resource Management Models for Packet Networks. IEEE/ACM Transactions on Networking, 3(4):365–386, August 1995. [35] J. Gettys and A. Freier. HTTP Connection Management. Internet Draft, IETF, March 1997. Expires Sep 1997.

209 [8] Masinter L. Berners-Lee, T. and M. McCahill. Uniform Resource Locators (URL). RFC, Dec 1994. RFC-1738. [9] T. Berners-Lee. Hypertext Markup Language - 2.0. MIT Laboratory for Computer Science, 545 Technology Square, Cambridge, MA, Nov 1995. RFC-1866. [10] T. Berners-Lee, R. Fielding, and H. Frystyk. Hypertext Transfer Protocol – HTTP/1.0. RFC, May 1996. RFC-1945. [11] N. Borenstein and N. Freed. MIME (Multipurpose Internet Mail Extensions) Part One: Mechanisms for Specifying and Describing the Format of Internet Message Bodies, Sep 1993. RFC 1521. [12] R. T. Braden. Extending TCP for Transactions - Concepts. RFC, Nov 1992. RFC-1379. [13] R. T. Braden. T/TCP – TCP Extensions for Transactions Functional Specification . RFC, July 1994. RFC-1644.

[14] L. Brakmo. Personal communication, Apr 1998.

[15] L. S. Brakmo, S. W. O’Malley, and L. L. Peterson. TCP Vegas: New Techniques for Congestion Detection and Avoidance. In Proc. ACM SIGCOMM ’94, August 1994. [16] Berkeley Software Design, Inc. http://www.bsdi.com.

[17] Cellular Digital Packet Data System Specification: Release 1.0, CDPD, P.O. Box 97060, Kirkland, WA 98083, USA, 1993.

[18] Common Gateway Interface. http://www.w3.org/CGI/.

[19] Cisco Cache Engine. http://cco.cisco.com/warp/public/751/cache/cds_wp.htm. [20] D. Clark, M. L. Lambert, and L. Zhang. NETBLT: A High Throughput Transport Protocol. In Proc. ACM SIGCOMM, August 1988. [21] D. Clark and D. Tennenhouse. Architectural Consideration for a New Generation of Protocols. In Proc. ACM SIGCOMM, September 1990.

208

Bibliograph y

[1] The Apache Web Server Project. http://www.apache.org/. [2] R. Atkinson. Security Architecture for the Internet Protocol. Naval Research Laboratory, Aug 1995. RFC-1825.

[3] S. Bajaj, L. Breslau, and S. Shenker. Uniform versus Priority Dropping for Layered Video. In Proc ACM SIGCOMM ’98, September 1998. [4] H. Balakrishnan. Challenges to Reliable Data Transport over Heterogeneous Wireless Networks. PhD thesis, University of California at Berkeley, August 1998. [5] H. Balakrishnan, V. N. Padmanabhan, and R.H. Katz. The Effects of Asymmetry on TCP Performance. In Proc. ACM/IEEE MOBICOM Conf., September 1997. [6] H. Balakrishnan, V. N. Padmanabhan, S. Seshan, M. Stemm, and R.H. Katz. TCP Behavior of a Busy Web Server: Analysis and Improvements. In Proc. IEEE INFOCOM, March 1998. [7] H. Balakrishnan, S. Seshan, M. Stemm, and R.H. Katz. Analyzing Stability in Wide-Area Network Performance. In Proc. ACM SIGMETRICS ’97, June 1997.