DRAFT 1 January 24, 1996

Technology Trends in Network Technology

Michael D. Dahlin University of California, Berkeley dahlin@cs.berkeley .edu

1. Network Latency

Between 1989 and 1994 network RPC latency improved by less than a factor of three, from 2.66 ms [Schroeder and Burrows, 1990] to about 1.00 ms, a speedup of about 20% per year. However, a number of research efforts have demonstrated extremely low network latency using protocols somewhat more restrictive than those of RPC. Thekkath, for example, demonstrated a restricted RPC protocol with 72 μs round-trip latency on 155 Mbit/s ATM [Thekkath and Levy, 1993], and Martin and von Eicken have measured 29 μs and 52 μs round trip times for active message implementations using FDDI and ATM, respectively [Martin, 1994, von Eicken et al., 1995]. If any of these simplified protocols could be used as a fast path for file system communication, order of magnitude improvements in network latencies may be possible.

Whether or not research efforts provide new protocols, network latencies are significantly smaller than disk latencies, and they seem likely to improve more quickly in the future. As a result, networks will provide faster access to small data items than will disk.

2. Network Bandwidth

Over the past 15 years, the aggregate network bandwidth available to a 32-node cluster of high-end, desktop workstations has increased by a factor of 256, from a 10 Mbit/s shared Ethernet in the early 1980’s to a 2,560 Mbit/s switched, Myrinet [Boden et al., 1995] network in which half of the workstations can each send at 160 Mbit/s while half receive at the same rate. This improvement represents an increase of about 45% per year over this period. This improvement in network speed has come from two sources, faster network links to each machine, and better topologies to increase the aggregate bandwidth above the per-link bandwidth. The per-link bandwidth has increased by a factor of 16 over this period, at about 20% per year. The other factor of 16 comes from the move from the bus-based Ethernet to switch-based topologies [Schroeder et al., 1991] such as ATM [ATM Forum, 1993], Myrinet, and switched Ethernet.

DRAFT 2 January 24, 1996

Although the one-time move from bus-based topologies to switch-based topologies contrib-

uted significantly to the improvement in network bandwidths over the last decade, large improve-

ments in network speed are likely to continue because it is easier to increase the speed of switched

network links than bus-based network links. First, many switched networks allow individual links

to be upgraded independently; in the past, a network’s speed could only be increased if all of the

machines in a system were simultaneously upgraded. Second, electrical signalling is easier on

these point-to-point networks; the bandwidth of the Myrinet network, for instance, is limited by

the workstation’s I/O bus bandwidth rather than the 640 Mbit/s physical link bandwidth

[Martin, 1995].

References

ATM Forum (1993). The ATM Forum User-Network Interface Specification, version 3.0. Prentice Hall Intl., New Jersey.

Boden, N., Cohen, D., Felderman, R., Kulawik, A., Seitz, C., Seizovic, J., and Su, W. (1995). Myrinet – A Gigabit-per-Second Local-Area Network. IEEE Micro, pages 29–36.

Martin, R. (1994). HPAM: An Active Message Layer for a Network of HP Workstations. In Proceedings of the 1994 Hot Interconnects II Conference.

Martin, R. (1995). Personal Communication.

Schroeder, M., Birrell, A., Burrows, M., Murray, H., Needham, R., Rodeheffer, T., Satterthwaite, E., and Thacker, C. (1991). Autonet: A High-Speed, Self-Configuring Local Area Network Using Point-to-Point Links. IEEE Journal on Selected Areas in Communication, 9(8):1318–1335.

Schroeder, M. and Burrows, M. (1990). Performance of Firefly RPC. ACM Transactions on Computer Systems, 8(1):1–17.

Thekkath, C. and Levy, H. (1993). Limits to Low-Latency Communication on High-Speed Networks. ACM Transactions on Computer Systems, 11(2):179–203.

von Eicken, T., Basu, A., and Buch, V. (1995). Low-Latency Communication Over ATM Networks Using Active Messages. IEEE Micro, pages 46–53.