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CBR Traffic Unobtrusiveness

As mentioned in the introduction, two properties of the filler traffic have to be maintained in order for the filler traffic to be considered successful: filler unobtrusiveness and filler performance. In this chapter we present the study results about the first of these characteristics (i.e. filler unobtrusiveness) for the CBR workload. In other words, this section relates to how invisible the filler traffic was to the pre-existing traffic. For each changing parameter (i.e. link bandwidth, link latency, filler buffer size, CBR rate, and CBR packet size), we study the packet dynamics of the pre-existing traffic to determine how they are affected by the filler traffic.

3.1. Link bandwidth:

Figure 3.1 shows the average delay of the pre-existing traffic for each trace as the bandwidth of the central link varies, both in experiments with CBR filler and without filler. The experiments with no filler are included as a comparison to help determine the exact effect of the filler traffic on the pre-existing traffic. At the lowest bandwidth of 2 Mbps, which is, only a little more than the average throughput of the pre-existing traffic, there is only approximately a 2.6% increase in the average delay for trace 1, a 3% increase for trace 2, and a 2.2% increase for trace3. This small increase in the average delay converges to almost zero as bandwidth increases until it is less than 0.94% with a bandwidth of 10 Mbps. We conclude that, as the bandwidth increases, the gap between the filler and the non-filler experiments decreases. In other words, the filler traffic becomes more invisible as the central link bandwidth increase.
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Figure 3.1: Average delay of the pre-existing traffic for all traces as a function of the bandwidth.

Figure 3.2 shows the percentage of the dropped pre-existing packets. As the figure shows, the percentage of dropped packets was always less than 0.8%. The introduction of the filler traffic mad no noticeable difference as the increase on the dropped packets due to the introduction of the filler traffic is only less than 0.01% for traces 1 and trace 2 and it is less than 0.03% for trace 3. The drop rate was zero for all bandwidths greater than 6 Mbps independently of whether filler was injected or not. Relatively speaking, the drop rates was higher when the bandwidth was smaller. We conclude that, the drop rate of the pre-existing traffic can be kept at zero (or alternatively, at low levels) by setting the rate of the CBR to the amount of the available bandwidth after subtracting the average throughput of the pre-existing traffic. As in our case the rate of the CBR was 6 Mbps and the drop rate was never above zero when the bandwidth was at least 6 Mbps.
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Figure 3.2: Drop rate of the pre-existing packets for all traces as a function of the bandwidth.
The experiments also show that there is no noticeable reduction on the pre-existing traffic throughput due to the existence of the filler traffic. This can be seen clearly from Figure 3.3 as both the lines representing the filler and the no filler experiments n all three traces are inseparable. We then conclude that, changing the amount of available bandwidth in presence of the filler traffic has no effect on the throughput of the pre-existing traffic. In other words, the filler traffic will be invisible to the pre-existing traffic in terms of the data transfer no matter how much available bandwidth has been adopted. One possible cause for the stability of the pre-existing throughput could be the strict prioritization scheme that was used to differentiate between the flows. In case of small bandwidths, the line will be mostly dedicated to serve the pre-existing packets, as the pre-existing flow having the highest priority. 


[image: image3.wmf]0

50

100

150

200

250

0

2

4

6

8

10

12

14

16

Bandwidth 

(

Mbps

)

Average Throughput 

(

KB 

/ 

Sec

)

Trace

1 

(

Filler

)

Trace

1 

(

NO Filler

)

Trace

2 

(

Filler

)

Trace

2 

(

NO Filler

)

Trace

3 

(

Filler

)

Trace

3 

(

NO Filler

)



Figure 3.3: pre-existing traffic throughput for all traces as a function of the bandwidth.
3.2. CBR Rate:

In this set of experiments we vary the rate of the CBR from 1 Mbps all the way to 10 Mbps to determine the effect of the filler traffic on the pre-existing traffic. As we increase the rate of injecting CBR packets into the network, the average delay of the pre-existing packets goes up from 0.0203 to 0.0205 seconds that is less than 0.01% change on the average delay as in trace 2. This can be clearly seen from Figure 3.4. In conclusion, even the average delay of the pre-existing in the experiments that involves CBR filler traffic is higher from the delay in the experiments that involves no filler (CBR rate = 0 Mbps), the increase was very small (less than 0.2 milliseconds). Hence, the CBR filler traffic with different rates does not substantially cause the delivery of the pre-existing packets to be delayed. 


[image: image4.wmf]0

.

02025

0

.

0203

0

.

02035

0

.

0204

0

.

02045

0

.

0205

0

.

02055

0

.

0206

0

2

4

6

8

10

12

CBR Rate 

(

Mbps

)

Average Delay 

(

s

)

Trace 

1

Trace 

2

Trace 

3


Figure 3.4: Average delay of the pre-existing traffic for all traces as a function of the CBR Rate.
We did not notice any dropped pre-existing packets during this set of experiments. Also, as figure 3.5 shows, the throughput of the pre-existing traffic remains constant across all the rates we experimented with. We conclude that, changing the CBR rate will have no effect on the percentage of the dropped packets or the throughput of the pre-existing traffic. Speaking of invisibility of the filler traffic to the pre-existing traffic, the filler traffic will always be invisible to the pre-existing traffic regardless the CBR rate except for a little unnoticeable (less than 0.01%) change on the average delay of the pre-existing traffic.
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Figure 3.5: Throughput of the pre-existing traffic for all traces as a function of the CBR rate.
3.3. Filler Buffer

Average delay of the pre-existing traffic remains constant as we change the filler buffer size. For trace 1, the average delay was 0.020522 seconds with 2 KB buffer and it was 0.020524 seconds with 32 KB buffer size. That is a less than 0.00006 % change on the pre-existing traffic delay. We believe that changing the filler buffer size does not have much to do with the delay of the pre-existing packets. As figure 3.6 indicates, the average delay of the pre-existing traffic remains almost unchanged for all different buffer sizes that we experimented with. The figure also shows that regardless the traces that was being used in the simulations the delay of the pre-existing traffic was a little higher than the actual link latency (20 milliseconds).
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Figure 3.6: Average delay of the pre-existing traffic for all traces as a function of the filler buffer size.
Also, as Figure 3.7 indicates, the filler buffer also have no effect on the throughput of the pre-existing traffic.  We also did not notice any dropped packets while we vary the size of the filler buffer.

The fact that the size of the filler buffer does not have a significant effect on the pre-existing traffic is due to the simulation setup, when the filler packets were buffered on one queue and the pre-existing packets were buffered on a separate fixed size queue. As mentioned in chapter 2, the strict prioritization was implemented via the use of special kind of buffer in NS2 called CBQ. CBQ dedicates a separate queue for each defined class of flow [15]. We expect the size of the filler buffer to have a significant impact on the average delay, dropped packets, and the average throughput of the filler traffic itself. Results about the dynamics of the filler traffic will be presented in the next chapter.
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Figure 3.7: Throughput of the pre-existing traffic for all traces as a function of the filler buffer.
3.4. CBR Packet Size

Figure 3.8 shows that the average delay of the pre-existing traffic increases as the packet size of the filler traffic increase. Although there is a linear increase on the delay as the size of the filler packets increases, this increase is very small. About 1 millisecond increase was observed on the delay of the pre-existing traffic as the packet size changes from zero bytes (no filler) to 4500 bytes. This increase on the delay of the pre-existing traffic when larger filler packets are used is expected. Larger filler packets take longer time to transmit. During this time pre-existing packets can arrive and then they will be put on hold until upon the completion of the transmission of the filler packet. Hence the increase on the delay is indeed a queuing delay resulted from the pre-existing packets being queued during the transmission times of the filler packets.
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Figure 3.8: Average delay of the pre-existing traffic as a function of the CBR packet size.
Again, there are no pre-existing dropped packets as the packet size of the filler traffic changes. Along with the above results, this shows that even if larger CBR packet sizes could cause the pre-existing packets to be delayed a little bit more, this delay does not result in any overflow of the pre-existing queue as there is no dropped pre-existing packets for all the CBR packet sizes used. 
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Figure 3.9: Throughput of the pre-existing traffic for all traces as a function of the filler packet size.

Also, there was no change on the throughput of the pre-existing traffic due to the existence of different filler packet sizes, as shown in figure 3.9. In the figure, the points at packet of size zero indicate no filler being used. It is also clear, from the figure, that there is no decrease of the throughput of the pre-existing traffic after the introduction of the filler traffic.

3.5. Link Latency

The average delay of the pre-existing traffic increases slightly as the latency of the link increases. As figure 3.10 shows, the slope of the line is approximately equal to 1, indicating that the average delay is only due to the link latency and there is no noticeable queuing delay encountered by the pre-existing traffic. This supports our argument that the low priority traffic will be invisible to the high priority pre-existing traffic as the pre-existing packets are transmitted as soon as they arrive at the router (node 4 in our simulated network) and hence suffering from no or little queuing delays.

In Figure 3.10, the lines for the experiments with filler traffic and those for the experiments without filler traffic are exactly the same.  This shows that the existence of the filler traffic has no effect on the pre-existing traffic when the link latency varies.
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 Figure 3.10: average delay of the pre-existing traffic for all traces as a function of the link latency.
None of the experiments involving change on the latency resulted on any dropped packets of the pre-existing traffic. Hence, we conclude that the link latency has no effect on the drop rate of the pre-existing traffic on the presence of the filler traffic.

The throughput of the pre-existing traffic remains unchanged as the link latency changes, as shown in figure 3.11. This is because the link latency does not affect the capacity of the line but rather it just makes it longer. We also did not expect to se any impact of the link latency on the throughput of the filler traffic, see chapter 4. The figure also shows no difference between the experiments that involves filler traffic and those that does not involve any filler traffic. Hence, the introduction of the CBR filler traffic has zero effect on the average throughput of the pre-existing traffic while varying the link latency. 
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Figure 3.11: throughput of the pre-existing traffic for all traces as a function of the link latency.
3.6. Discussion and conclusions

We study the dynamics (i.e. average delay, average throughput and dropped packets) of the pre-existing packets to determine how they are affected by the existence of the filer traffic. Results show that the average throughput of the filler traffic remains unchanged after the introduction of the CBR filler traffic while varying the link parameters, buffer sizes, or CBR parameters. 

During all simulation we did not notice any dropped pre-existing packets except for one case. When the link bandwidth was just a little higher than the average throughput of the pre-existing traffic (2 Mbps), we notice a drop rate of about 0.7 %. However, with higher bandwidths, both the experiments with CBR filler and without CBR filer does not result in any pre-existing dropped packets.

We notice an increase on the average delay of about 2.6 % on the experiments involving CBR filler while using small link bandwidth. However with higher bandwidths, this increase converges to zero. There was also less than 0.01% increases on the delay from the experiments with zero CBR rate to those with 10 Mbps CBR rate. Also, because larger CBR packets take longer time to transmit, there is a little extra queuing delay added to the pre-existing traffic when larger CBR packet sizes were used. Average delay of the pre-existing traffic increases linearly with a unit slope when the link latency increases. This suggests that the increase was only due to higher link latencies and there were no extra queuing delay encountered. 

In conclusion, the results show that the filler traffic is indeed unobtrusive to and is transparent from the pre-existing traffic. Hence it can be used to exploit the extra bandwidth without upsetting the pre-existing traffic.
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		Bandwidth		Trace1 (Filler)		Trace1 (NO Filler)		Trace1 (Filler)		Trace2 (NO Filler)		Trace3 (Filler)		Trace3 (NO Filler)
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		Bandwidth		Trace1 (Filler)		Trace1 (NO Filler)		Trace2 (Filler)		Trace2 (NO Filler)		Trace3 (Filler)		Trace3 (NO Filler)
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