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Figure 4: Startup behavior of TCP with Slow-start
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Same conditions as the previous figure (same time of day, same Suns, same network path,
same buffer and window sizes), except the machines were running the 4.3+TCP with slow-
start. No bandwidth is wasted on retransmits but two seconds is spent on the slow-start
so the effective bandwidth of this part of the trace is 16 KBps — two times better than
figure 3. (This is slightly misleading: Unlike the previous figure, the slope of the trace is
20 KBps and the effect of the 2 second offset decreases as the trace lengthens. E.g., if this
trace had run a minute, the effective bandwidth would have been 19 KBps. The effective
bandwidth without slow-start stays at 7 KBps no matter how long the trace.)

important feature of any protocol implementation that expects to survive heavy load. And
it is frequently botched ([26] and [13] describe typical problems).

One mistake is not estimating the variation, !R, of the round trip time, R. From queuing
theory we know that R and the variation in R increase quickly with load. If the load is "
(the ratio of average arrival rate to average departure rate), R and !R scale like (1−")−1.
To make this concrete, if the network is running at 75% of capacity, as the Arpanet was in
last April’s collapse, one should expect round-trip-time to vary by a factor of sixteen (−2!
to +2!).

The TCP protocol specification[2] suggests estimating mean round trip time via the low-
pass filter

R← #R+(1−#)M

where R is the average RTT estimate, M is a round trip time measurement from the most
recently acked data packet, and # is a filter gain constant with a suggested value of 0.9.
Once the R estimate is updated, the retransmit timeout interval, rto, for the next packet sent
is set to $R.


