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Self Similarity with FTP/TCP Filler Traffic

Adam Feldman studied the effects of FTP/TCP filler traffic on IP networks [16]. He concludes that FTP/TCP filler traffic was indeed unobtrusive to the pre-existing traffic and can accomplish data transfer efficiently. In this chapter we look at the effects of the FTP/TCP filler traffic on the self-similarity of the aggregated traffic as well as on the individual traffic flows (pre-existing flow and filler flow). 

Remember that the time series that we are examining is the time series of the bytes sent across the center link every 0.1 seconds. We used the same statistical methods as in the previous chapter to measure the self-similarity parameter (Hurst parameter). These are the absolute value method, the Periodogram method, and the wavelet method. For FTP/TCP filler we only experimented with different link bandwidths and with different link latencies. The rate of the FTP was controlled by the TCP congestion control and we used a fixed packet size. Also, the filler buffer was set to be 1.3 BDP (Bandwidth Delay Product). 

6.1. Link bandwidth

As the link bandwidth increases the Hurst parameter (H) of the pre-existing sent bytes remains constant, as figure 6.1 shows. The pre-existing traffic was self-similar for all the different bandwidths that we experimented with when the FTP/TCP filler traffic was injected to the network. However, figure 6.2 also shows that the pre-existing traffic of trace 2 was originally self-similar when there was no filler traffic used. Hence, we believe that FTP/TCP filler traffic does not cause the pre-existing traffic to be self-similar when they are multiplexed into the same line even when different link bandwidths were used. In other words, the pre-existing traffic will preserve its self-similarity when combined with FTP or CBR filler traffic. 
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Figure 6.1: H of the pre-existing traffic for all traces as a function of the link bandwidth.
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Figure 6.2: H of trace 2 pre-existing traffic as a function of bandwidth.

The reason behind this preservation of the self-similarity of the pre-existing traffic was the strict prioritization scheme we used in the simulations. Because the pre-existing traffic has higher priority over the filler traffic, the router will try to forward the pre-existing packets as soon as they arrive and hence they will be treated as if they are the only flow on the link (filler packets will get chance only when there are no pre-existing packets to send). Feldman shows that FTP/TCP filler traffic has little effect on the packet dynamics of the pre-existing traffic and hence it was unobtrusive to the pre-existing traffic [16]. Here we make this argument even stronger by extending the unobtrusiveness of the filler traffic to cover also the self-similarity of the traffic in addition to unobtrusiveness in the packet dynamics (i.e. average throughput, average delay, and percentage of dropped packets).

Figure 6.3 shows the values of H of the filler traffic when used with all three traces as the link bandwidth changes. Like the pre-existing traffic, there was no significant change on the H of the filler traffic as the link bandwidth changes. Although the figure shows a little increase on the value of H (about 0.05), we still believe that the H of the filler traffic alone was not affected by the link bandwidth because the confidence intervals produced by the wavelet method overlap with each other. The figure also shows that the filler traffic was always self-similar regardless of the link bandwidth. Unlike FTP filler, previous chapter shows that H of the CBR filler traffic changes as the link bandwidth change. This is because the CBR injects bits at a constant rate in the network regardless the condition of the network. The rate of FTP, however, was controlled by the TCP congestion control that tries to smooth out the rate of the filler traffic according to the status of the network. So whether we have 3 Mbps or 10 Mbps of available bandwidth, TCP will always try to exploit what is available only.





Figure 6.3: H of the filler traffic as a function of the link bandwidth.
Although the value of H for both the pre-existing flow and the filler flow does not change significantly, the H of the aggregated traffic seems to be greatly affected by the change on the link bandwidth. H decreases significantly when the link bandwidth increases, as figure 6.4 shows. In experiments involving trace 2 as the pre-existing traffic, while H of the aggregated traffic was 0.8 (grater than 0.5) when the bandwidth was only 3 Mbps (that was slightly higher than twice the average throughput of trace 2 pre-existing traffic), the H was less than 0.5 when the bandwidth was 15 Mbps. This result is totally different from that of CBR filler traffic. For CBR, we show that the H of the aggregated traffic increases until some point and then it remains constant. For FTP, however, the value of H of the aggregated traffic was always decreasing as the link bandwidth increase. Again, this difference on the behavior of H is due to the different ways these two kinds of filler traffics interact with the congestion on the network.
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Figure 6.4: H of the aggregated traffic for all traces as a function of the link bandwidth.
To better understand this behavior of H of the aggregated traffic, we did a set of experiments with pre-existing traffic omitted (i.e. we only inject FTP filler traffic to the network). These experiments help monitoring the behavior of the FTP/TCP traffic, as it is the only flow on the network. As we expected, the FTP/TCP filler traffic was not self-similar when it was the only flow on the link even though the FTP/TCP traffic was self-similar when it was aggregated with another self-similar pre-existing traffic. The wavelet method resulted in negative H values, which indicates that the FTP/TCP filler traffic was not self-similar while varying the link bandwidth.

We then calculated the percentage of the link bandwidth that was occupied by the FTP/TCP filler traffic and also the percentage of the link that was occupied by the pre-existing traffic. In other words, we calculated the percentage of the traffic that each of these two flows contributes to fill in the line. Figure 6.5 shows that as the bandwidth increases the utilization of the line increases too. Also based on figure 6.4 H of the aggregated traffic decreases as the bandwidth increases. We conclude that, like CBR filler experiments, the self-similarity of the aggregated traffic of both the FTP/TCP and the pre-existing traffic is negatively correlated with the utilization of the link. Hence, because for small bandwidths TCP congestion control fails to utilize the available bandwidth, we get self-similar aggregated traffic (H>0.5). However, with higher bandwidths, TCP congestion control utilizes most of the link bandwidth and hence minimizes the chance of the variability on the link. This resulted in a non self-similar aggregated traffic (H <0.5) for higher bandwidths.
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Figure 6.5: Utilization of filler and pre-existing flows on the center link

If we accept the fact that high H values are associated with more bursty traffic and, on the other hand, smaller H values are associated with less bursty traffic, then the time series plots of the aggregated traffic should smooth out as the bandwidth increases because H decrease. To justify this claim we plotted the amount of aggregated traffic every 10 seconds for the experiments involving trace 2 as the pre-existing traffic. Figure 6.6 shows that the amount of the aggregated traffic indeed gets smoother as the bandwidth increases, which justifies the claim above. It is clear from these times plots how the aggregated traffic was very bursty when the bandwidth was just 3 Mbps (H was grater than 0.5). Also the time plots shows that the aggregated traffic was the smoothest among all other time plots when the bandwidth was 15 Mbps (H was less than 0.5). 
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Figure 6.6: amount of aggregated transmitted bytes every 10 seconds when link bandwidth was (a) 3 Mbps, (b) 4 Mbps, (c) 6 Mbps, (d) 8 Mbps, (e) 10 Mbps, and (f) 15 Mbps.

6.2. Link latency

Like the link bandwidth, the H of the pre-existing traffic remains constant while varying the link latency, as figure 6.7 shows. For trace1, H was 0.88, for trace 2 H was 0.89, and for trace 3 H was 0.80. As mentioned above, H of the pre-existing traffic was originally self-similar before we inject the FTP/TCP filler traffic and it remains (self-similar) after we combined it with the FTP/TCP filler traffic on the same link. This results, again, proofs the unobtrusiveness of the filler traffic in terms of the variability and the shape of the traffic.
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Figure 6.7: H of the pre-existing traffic for all traces as a function of the link latency.
H of the FTP/TCP filler flow also did not changed significantly, as shown on figure 6.8, except for a little increase. However, the confidence intervals produced by the wavelet method overlaps for all used latencies. H of the filler traffic remains around 0.92 indicating that the FTP/TCP filler traffic was always self-similar when multiplexed with self-similar pre-existing traffic. Although, we showed that the FTP/TCP traffic was not self-similar when it was the only flow on the line, after combining it with the pre-existing traffic it suddenly becomes self-similar with H around 0.92. This change on the behavior of the FTP/TCP filler traffic is due to the existence of the high priority self-similar pre-existing traffic. The high priority pre-existing traffic alters the shape of the low priority FTP/TCP filler traffic causing it to become self-similar because the pre-existing bursts intervenes with the smooth FTP/TCP traffic and cause it to be halted into the queue until upon the completion of the transfer of the pre-existing traffic. 
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Figure 6.8: H of the filler traffic for all traces as a function of the link latency.

6.3. Discussion and conclusions

We study the effect of the FTP/TCP filler traffic on the self-similarity of the pre-existing traffic and on the aggregated traffic. The same methods as in chapter 5 were used to examine the self-similarity parameter H and results were reported for experiments involving all three traces.

Results show that changing either the link bandwidth or the link latency does not alter the self-similarity of the pre-existing traffic. Furthermore, the pre-existing traffic preserves its self-similarity after the introduction of the FTP/TCP filler traffic, as the introduction of the FTP/TCP filler traffic does not cause any change on the value of H of the pre-existing traffic. We also did not notice any substantial change on the value of H of the filler traffic while varying the link bandwidth and the link latency. However, experiments with only filler FTP/TCP traffic show that FTP/TCP traffic was originally not self-similar when it was the only flow on the center link. The change on the nature of the filler traffic from non self-similar to self-similar traffic is due to the intervention from the high priority pre-existing traffic.

The aggregated traffic, in the other hand, was affected by the change on the link bandwidth. H of the aggregated traffic decrease significantly when the link bandwidth increase. This is due to the fact that higher bandwidths give the TCP adaptive congestion control more chance to inject more of the originally non self-similar FTP filler traffic, hence smoothing out the traffic.
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