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CHAPTER 7

NWTWORK DESIGN SIMULATION

In Chapter 6, we simulated and analyzed the developed load balancing algorithms. In this chapter, we will simulate and analyze the some network design issues. Such as how many web servers at a network can let the load-balancing algorithm have the best balancing effect, how many clients at a network can let the load balancing algorithm have the best  balancing effect,…. In next chapter, we will summarize the statistic characterization of the load-balancing algorithms. 
In this chapter, we will use algorithm LBA-I, LBA-I-1, LBA-I-2 and network r50 for the simulation. Appendix A gives its topology, bandwidth, link distance, and node degree. 

 7.1 SIZE AND FREQUENCY OF REQUEST
In Chapter 6, we use the distribution of document size shown in Figure 6-1, which is based on the statistic analysis results in Chapter 4. For the following simulation we use the distribution of the request size shown in Figure 7-1 and the distribution of the request interval shown in Figure 6-2:
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Figure 7-1 Distribution of Request Size
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In Figure 7-1, the size of 80% of requests is from 1 to 5 K, and 20 % of requests are of size over 5 K. Figure 7-2 shows the average response time of algorithm LBA-I, LBA-I-1, LBA-I-2, RR, and Random. Table 7-1 lists their statistic data.

Figure 7-2 Average Response Time

Table 7-1 Algorithm Statistic Data


LBA-I
LBA-I-1
LBA-I-2
RR
Random

Average Response Time(s)
0.023615
0.022086
0.024234
0.024219
0.024863

Average Web Queuing Delay (s)
0.000058
0.000067
0.000007
0.000006
0.000014

Average Router Queuing Delay (s)
0.000015
0.000014
0.000004
0.000002
0.000003

Average Transmission Delay (s)
0.020020
0.019042
0.020106
0.020047
0.020676

Average Propagation Delay (s)
0.002257
0.002249
0.003416
0.003430
0.003428

Average Processing Delay (s)
0.000355
0.000364
0.000356
0.000366
0.000374

From Table 7-1 and Figure 7-2, we can see that the load-balancing algorithm LBA-I and LBA-I-1 still have better balancing effect than algorithm RR. Comparing to algorithm RR, algorithm LBA-I and LBA-I-1 reduces 2.5% and 8.8% of response time, respectively.  Comparing to the Random algorithm, algorithm LBA-I and LBA-I-1 reduces 5.0% and 1.16% of response time, respectively. Comparing to algorithm LBA-I-2, the algorithm LBA-I and LBA-I-1 reduces 2.55 % and 8.86% of response time, respectively. Comparing Table 7-1 to Table 6-7, we can see that the transmission time is significantly reduced in this case. The transmission delay is reduced by 11% for algorithm LBA-I, and 12.7% for algorithm LBA-I-1. The average response time is also significantly reduced, 8.17% for algorithm LBA-I and  8.1735% for algorithm LBA-I-1. Therefore we can draw the conclusion that both the transmission delay and the average response time will be reduced if the document size is designed smaller.
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Next we use the distribution of request size shown in Figure 7-3. Which has longer trailer and bigger request size than that shown in Figure 7-1.

Figure 7- 3 Distribution of Request Size
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Figure 7-4 shows the average response time in this case, where we still use the distribution of the request interval shown in Figure 6-1. Table 7-2 lists the corresponding statistic characterization. 

Figure 7-4 Average Response Time

Table 7-2 Algorithm Statistic Data


LBA-I
LBA-I-1
LBA-I-2
RR
Random

Average Response Time(s)
0.055493
0.051805
0.056958
0.056004
0.055689

Average Web Queuing Delay (s)
0.000365
0.000494
0.000449
0.000457
0.000372

Average Router Queuing Delay (s)
0.000041
0.000053
0.000047
0.000048
0.000040

Average Transmission Delay (s)
0.051086
0.047467
0.051729
0.051697
0.051120

Average Propagation Delay (s)
0.002271
0.002273
0.003385
0.003429
0.003463

Average Processing Delay (s)
0.000905
0.000902
0.000906
0.000901
0.000888

In this case, comparing to the Random algorithm, algorithm LBA-I and LBA-I-1 reduces 0.35% and 6.97% of average response time, respectively. Comparing to algorithm RR, algorithm LBA-I and LBA-I-1 reduces 0.91% and 7.5% of average response time, respectively. Comparing to algorithm LBA-I-2, algorithm LBA-I and LBA-I-1 reduces 2.57% and 9.04% of average response time, respectively. Comparing Table 7-2 to Table 6-7, we can see that the transmission delay has significantly increased. The transmission delay has increased by 99.42% for algorithm LBA-I and 117.5% for algorithm LBA-I-1, respectively. The average response time has increased by 115.7% and 107.4% for algorithm LBA-I and LBA-I-1, respectively. Therefore at same request interval, larger document size will cause longer response time.

Now we change the distribution of the request interval and use the distribution shown in Figure 7-5. The request interval shown in Figure 7-5 is faster than that in Figure 6-2.
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Figure 7-5 Distribution of Request Frequency.
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Figure 7-6 shows the balancing effect of different algorithms for the distribution of request size shown in Figure 7-3. Table 7-3 lists their statistic characterization.

Figure 7-6 Algorithm Average Response Time

Table 7-3 Statistic Data 


LBA-I
LBA-I-1
LBA-I-2
RR
Random

Average Response Time(s)
0.054979
0.052330
0.056194
0.056012
0.057457

Average Web Queuing Delay (s)
0.000227
0.000243
0.000031
0.000028
0.000045

Average Router Queuing Delay (s)
0.000040
0.000053
0.000047
0.000049
0.000040

Average Transmission Delay (s)
0.050521
0.047984
0.050948
0.050728
0.052048

Average Propagation Delay (s)
0.002267
0.002237
0.003412
0.003406
0.003467

Average Processing Delay (s)
0.001838
0.001932
0.001788
0.001838
0.001883
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Figure 7-7 shows the average response time of algorithm LBA-I, LBA-I-1 and LBA-I-2 for the distribution of request frequency shown in Figure 7-5 and the distribution of request size shown in Figure 7-1. Table 7-4 lists the statistic data of these algorithms.

Figure 7-7 Average Response Time

Table 7-4 Statistic Data


LBA-I
LBA-I-1
LBA-I-2

Average Response Time(s)
0.022080
0.021217
0.023360

Average Web Queuing Delay (s)
0.000054
0.000060
0.000007

Average Router Queuing Delay (s)
0.000017
0.000021
0.000004

Average Transmission Delay (s)
0.019065
0.018198
0.019218

Average Propagation Delay (s)
0.002221
0.002263
0.003462

Average Processing Delay (s)
0.000723
0.000675
0.000669

Comparing Table 7-3 and 7-4, we can see that for the same distribution of request frequency, the smaller document size will significantly reduce the transmission time and average response time.

7.3 NUMBER OF WEB SERVERS
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Figures 7-8, 7-9, and 7-10 show the average response time of algorithm LBA-I, LBA-I-1, and LBS-I-2 when the number of web servers changes from 1 to 10, respectively.

Figure 7-8 Average Response Time of Algorithm LBA-I 
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Figure 7-9 Average Response Time of Algorithm LBA-I-1 
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Figure 7-10 Average Response Time of Algorithm LBA-I-2 

From Figures 7-8, 7-9, and 7-10, we can see that there is an optimal value for the number of web servers. Too few or too many web servers do not have good balancing effect. We should optimize network structure to enhance the balancing efficiency.

Tables 7-5 to 7-9 lists the transmission delay, propagation delay, web queuing delay, router queuing delay, and total processing delay when the number of web servers changes from 1 to 10, respectively.

Table 7-5 Transmission Delay

Number of Webs
Number of Webs/Number of LBAs
LBA-I
LBA-I-1
LBA-I-2

1
2.5%
0.019671
0.019671
0.019671

2
5.0%
0.019954
0.019585
0.020220

3
7.3%
0.020531
0.018992
0.020240

4
10.0%
0.023017
0.019927
0.022152

5
12.5%
0.020440
0.019805
0.020432

6
15.0%
0.019987
0.019224
0.019715

7
17.5%
0.023523
0.020362
0.021259

8
20.0%
0.022733
0.020873
0.022326

9
22.5%
0.022321
0.021554
0.021962

10
25.00%
0.022749
0.021321
0.022532

Table 7-6 Propagation Delay

Number of Webs
Number of Webs/Number of LBAS
LBA-I
LBA-I-1
LBA-I-2

1
2.5%
0.004169
0.004169
0.004169

2
5.0%
0.003652
0.003586
0.003930

3
7.3%
0.003289
0.003290
0.003777

4
10.0%
0.003090
0.003009
0.004021

5
12.5%
0.002340
0.002310
0.003483

6
15.0%
0.002263
0.002376
0.003472

7
17.5%
0.002348
0.002336
0.003667

8
20.0%
0.002337
0.002239
0.003524

9
22.5%
0.002257
0.002149
0.003481

10
25.00%
0.002272
0.002262
0.003390

Table 7-7 Web Queuing Delay 

Number of Webs
Number of Webs/Number of LBAs
LBA-I
LBA-I-1
LBA-I-2

1
2.5%
0.000029
0.000029
0.000029

2
5.0%
0.000035
0.000032
0.000006

3
7.3%
0.000063
0.000063
0.000005

4
10.0%
0.000046
0.000052
0.000004

5
12.5%
0.000054
0.000050
0.000002

6
15.0%
0.000066
0.000060
0.000005

7
17.5%
0.000072
0.000062
0.000004

8
20.0%
0.000069
0.000077
0.000005

9
22.5%
0.000085
0.000072
0.000006

10
25.00%
0.000071
0.000077
0.000009

Table 7-8 Router Queuing Delay        

Number of Webs
Number of Webs/Number of LBAs
LBA-I
LBA-I-1
LBA-I-2

1
2.5%
0.000030
0.000030
0.000030

2
5.0%
0.000035
0.000031
0.000010

3
7.3%
0.000018
0.000020
0.000003

4
10.0%
0.000027
0.000021
0.000006

5
12.5%
0.000018
0.000021
0.000003

6
15.0%
0.000022
0.000020
0.000003

7
17.5%
0.000015
0.000019
0.000003

8
20.0%
0.000019
0.000019
0.000002

9
22.5%
0.000015
0.000016
0.000004

10
25.00%
0.000018
0.000020
0.000003

Table 7-9 Processing Delay 

    Number of Webs
Number of Webs/Number of LBAs
LBA-I
LBA-I-1
LBA-I-2

1
2.5%
0.000609
0.000609
0.000609

2
5.0%
0.000637
0.000628
0.000627

3
7.3%
0.000716
0.000701
0.000660

4
10.0%
0.000667
0.000699
0.000673

5
12.5%
0.000696
0.000691
0.000678

6
15.0%
0.000739
0.000730
0.000728

7
17.5%
0.000837
0.000736
0.000761

8
20.0%
0.000866
0.000786
0.000803

9
22.5%
0.000859
0.000811
0.000755

10
25.00%
0.000851
0.000801
0.000784

From the above discussion, we can see that a network with too few or too many web servers does not have good balancing effect and waste the resource. Therefore we must reasonably choose the number of web servers. From Figures 7-6, 7-7, and 7-8, we can see that when the ratio of the number of webs to the number of LBAs is around 10 % to 15 %, the algorithms have the best performance.

7.4 NUMBER OF CLIENTS
In this section, we will analyze the effect of the ration of the number of clients to the number of web servers on the load balancing performance. Figure 7-11 shows the average response time of algorithm LBA-I-1, LBA-I-1 and LBA-I-2 when the number of clients changes from 1 to 25 and the number of requests is 5000.
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Figure 7-11 Average Response Time
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From Figure 7-11, we can see that as the number of clients increases, the average response time of the algorithm increases. Figure 7-12 shows the average transmission delay of the algorithm LBA-I, LBA-I-1 and LBA-I-2 when the number of clients changes from 1 to 25.

Figure 7-12 Average Transmission Delay

Figures 7-13, 7-14, and 7-15 show the propagation delay, web queuing delay, and router queuing delay of algorithm LBA-I, LBA-I-1 and LBA-I-2 when the number of clients changes from 1 to 25, respectively. 
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 Figure 7-13 Propagation Delay
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Figure 7-14 Web Queuing Delay
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 Figure 7-15 Router Queuing Delay

From Figures 7-13,7-14, and 7-15, we can see that as the number of clients increases, the web queuing delay and the average response time will increase.

7.5 WEB SERVER RESOURCE AND BANDWIDTH

In this section we analyze the effect of the ration of the web server processing power to the bandwidth on the load balancing performance so that we can fully use the network resource.

Figure 7-16 shows the average response time of the algorithm LBA-I, LBA-I-1 and LBA-I-2 when the processing power of each web servers is increased by 5 times. Table 7-10 lists the statistic data of the algorithms.
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Figure 7-16 Average Response Time

Table 7-10 Statistic Data 


LBA-I
LBA-I-1
LBA-I-2

Average Response Time(s)
0.025418
0.024363
0.026140

Average Web Queuing Delay (s)
0.000008
0.000008
0.000001

Average Router Queuing Delay (s)
0.000024
0.000030
0.000007

Average Transmission Delay (s)
0.022603
0.021510
0.022208

Average Propagation Delay (s)
0.002246
0.002282
0.003401

Ave Processing Delay (sec)
0.000536
0.000533
0.000524

Comparing Table 7-10 to Table 6-7, we can see that the average response time of the algorithm LBA-I, LBA-I-1, and LBA-I-2 is reduced by 1.16%, 2.5%, and 2.39%, respectively.

Figure 7-17 shows the average response time of the algorithm LBA-I, LBA-I-1 and LBA-I-2 when the bandwidth is increased by 5 times and the processing power of the web server does not changed. Table 7-11 lists the statistic characterization of the algorithm LBA-I, LBA-I-1 and LBA-I-2.
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Figure 7-17 Average Response Time

Table 7-11 Statistic Data


LBA-I
LBA-I-1
LBA-I-2

Average Response Time(s)
0.013598
0.013117
0.014401

Average Web Queuing Delay (s)
0.000081
0.000078
0.000009

Average Router Queuing Delay (s)
0.000020
0.000019
0.000006

Average Transmission Delay (s)
0.010069
0.009904
0.010192

Average Propagation Delay (s)
0.002573
0.002307
0.003401

Average Processing Delay (s)
0.000855
0.000809
0.000792

Comparing Table 7-11 to Table 6-7, the average response time of the algorithm LBA-I and LBA-I-1 is reduced by 47.12% and 47.5%, respectively. Comparing Table 7-11 to Table 6-10, we can see that increasing bandwidth can more significantly reduce the average response time than increasing process power of the web server.

Figures 7-18, 7-19, and 7-20 show the average response time of the algorithm LBA-I, LBA-I-1, and LBA-I-2 when the processing power of the web server changes from 1 MB to 25 MB, respectively.
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Figure 7-18 Average Response Time
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Figure 7-19 Average Response Time
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Figure 7-20 Average Response Time

From Figures 7-18, 7-19 and 7-20, we can see that when the processing power of the web server increases from 1 MB to 10 MB, the average response time is decreased by  2.1245%. However when the processing power of the web server continually increases from 10 MB to 25 MB, the curve of the average response time is almost flat, which means that increasing the process power of the web server does not reduce the average response time much. We can conclude that when the process power of the web server is increased to a range, the average response time does not be reduce significantly. In order to fully use the network resource, the ratio of the bandwidth to the processing power of the web server should be is about 6.26%.

Figures 7-21 to 5-25 show the transmission delay, propagation delay, web queuing delay, router queuing delay, and processing delay of the algorithm LBA-I, LBA-I-1 and LBA-I-2, respectively,  when the processing power of the web server increases from 1 MB to 25 MB.
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Figure 5-21 Transmission Delay  
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Figure 5-22 Propagation Delay
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Figure 5-23 Web Queuing Delay
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Figure 5-24 Router Queuing Delay
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Figure 5-25 Processing Delay

From Figures 5-21 to 5-25, we can see that increasing the process power of the web servers can reduce the web queuing delay and processing delay. As we have mentioned, when the processing power of the web servers is increased from 1 MB to 10 MB, the web queuing delay and processing delay are significantly reduced. However when the process power of the web servers are increased from 10 MB to 25 MB the web queuing delay and processing delay are not reduced much.

7.6 WEB SERVER LOCATION

In this section, we will analyze the effect of the web server location on the average response time of the algorithm. We randomly choose five sets of the web location given in Table 7-12.

Table 7-12 Web Location Set

Set ID
Web Server ID

1
N01, N09,  N13, N15, N18, N20, N25, N29, N35,N42

2
N04, N05,  N19, N22, N27, N32, N44, N45, N48, N49   

3
N05, N08,  N18, N28, N32, N38, N39, N40, N42, N45

4
N07, N11,  N14, N20, N26, N35, N36, N37, N42, N47

Figure 7-26 shows the average response time of the algorithm LBA-I for these different web server locations. Table 7-13 lists their average response time.
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Figure 7-26 Average Response Time

Table 7-13 Average Response Time for Different Web Locations


Set 1
Set 2
Set 3
Set 4

Average Response Time (s)
0.025881
0.025824
0.02518
0.025778

From Table 7-13, we can see that the difference between the best case whose average response time is 0.025180 second and the worst case whose average response time is 0.025881 second is 0.0007 second, about 2.7%. Therefore the web server location does affect the average response time of the algorithm.

Figures 7-27 to 7-31 show the transmission delay, propagation delay, web queuing delay, router queuing delay, and process delay.
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Figure 7-27 Transmission Delay

Figure 7-28 Propagation Delay
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Figure 7-29 Web Queuing Delay
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Figure 7-30 Router Queuing Delay[image: image31.wmf]0.05
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Figure 7-31 Processing Delay

From Figures 7-27 to 7-31, we can see that the key factor that dominants the balancing performance is the transmission delay. We can reduce the transmission delay by locating the web server at proper position.

Figure 7-32 shows the average response time of algorithm LBA-I-1. Table 7-13 lists the average response time for different web sets. 
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Figure 7-32 Average Response Time of LBA-I-1

Table 7-13 Average Response Time of Algorithm LBA-I-1

Web Server Location
Set 1
Set 2
Set 3
Set 4

Average Response Time (s)
0.024466
0.024784
0.024921
0.025095

From Table 7-13, we can see that the best case can reduce the average response time by 2.5% relative to the worst case.

Figures 7-33 to 7-37 show the transmission delay, propagation delay, web queuing delay, router queuing delay, and process delay, respectively.
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Figure 7-33 Transmission Delay of LBA-I-1
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Figure 7-34 Propagation Delay of LBA-I-1
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Figure 7-35 Web Queuing Delay of LBA-I-1
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Figure 7-36 Router Queuing Delay of LBA-I-1
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Figure 7-37 Processing Delay of LBA-I-1

Figure 7-38 shows the average response time of the algorithm LBA-I-2 for the different web server location. Table 7-14 lists the average response time.
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Figure 7-38 Average Response Time of LBA-I-2

Table 14 Average Response Time of LBA-I-2 for Different Web Location4

Set ID
Set 1
Set 2
Set 3
Set 4

Average Response Time (s)
0.026578
0.028933
0.030683
0.029750

From Table 7-14, we can see that the best case can reduce the average response time by 1.33% relative to the worst case.
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Figures 7-39 to 7-43 show the transmission delay, propagation delay, web queuing delay, router queuing delay, process delay, respectively.
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Figure 7-39 Transmission Delay of LBA-I-2

Figure 7-40 Propagation Delay of LBA-I-2
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Figure 7-41 Web Queuing Delay
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Figure 7-42 Router Queuing Delay of LBA-I-2
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Figure 7-43 Processing Delay of LBA-I-2

From the above discussion, we can see that web server location does affect the average response time of the algorithms. 

7.7 SUMMARY

In this chapter, we discuss some network design issues by simulation experimental. We have the following suggestions for network design.

1. Design small document size. We can not control the frequency of the request, but we have the control of the document size. By using small the document size, we can reduce the response time of request.

2. Choose proper ration of the web server. By selecting proper ratio, we can fully use the resource of the network and also reduce the response time of clients.

3. Choose proper process power of web server.

4. Set web servers at proper locations.

5. Increasing the bandwidth will get better efficiency than increasing the process power of web server.
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		1000		0.000001		0.000007		0.000004		0.000005

		2000		0.000003		0.000008		0.000005		0.000002

		3000		0.000003		0.000006		0.000006		0.000002

		4000		0.000003		0.000006		0.000005		0.000003

		5000		0.000003		0.000005		0.000005		0.000003

		7000		0.000003		0.000006		0.000005		0.000003

		9000		0.000003		0.000006		0.000005		0.000002
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.00078		0.000814		0.000771		0.00077

		1000		0.000781		0.000815		0.000782		0.000789

		2000		0.000774		0.00081		0.000767		0.000772

		3000		0.000782		0.000805		0.000772		0.000777

		4000		0.000787		0.000804		0.000772		0.000779

		5000		0.000784		0.000805		0.000771		0.000776

		7000		0.000782		0.000794		0.000767		0.000774

		9000		0.000782		0.000792		0.000767		0.00077
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res

				LBA-I		LBA-I-1		LBA-I-2

		800		0.022076		0.021505		0.022509

		1000		0.021988		0.02121		0.023231

		2000		0.021603		0.021044		0.02347

		3000		0.021974		0.021053		0.023419

		4000		0.022133		0.021079		0.023564

		5000		0.022206		0.021254		0.023577

		7000		0.022222		0.021259		0.02357

		9000		0.022435		0.021328		0.023542
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.000008		0.000009		0.000006		0.000005

		1000		0.000008		0.00001		0.000005		0.000004

		2000		0.000008		0.00001		0.000005		0.000004

		3000		0.00001		0.000011		0.000005		0.000003

		4000		0.000009		0.00001		0.000005		0.000003

		5000		0.000009		0.00001		0.000005		0.000003

		7000		0.000009		0.00001		0.000004		0.000004

		9000		0.000008		0.000009		0.000004		0.000004
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.026108		0.031008		0.028738		0.029388

		1000		0.026566		0.030648		0.028904		0.030032

		2000		0.026194		0.030781		0.028893		0.029661

		3000		0.026664		0.030651		0.029061		0.029921

		4000		0.026778		0.030723		0.028997		0.02986

		5000		0.026718		0.030824		0.029022		0.029812

		7000		0.026793		0.030445		0.028948		0.029744

		9000		0.026803		0.030382		0.028904		0.029584
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.021874		0.026435		0.024525		0.025014

		1000		0.022345		0.026107		0.02467		0.025652

		2000		0.022009		0.026203		0.024659		0.025273

		3000		0.022484		0.02608		0.024842		0.025536

		4000		0.022577		0.02617		0.024766		0.025509

		5000		0.022532		0.026277		0.024791		0.025468

		7000		0.022601		0.02591		0.024709		0.025397

		9000		0.022605		0.025852		0.024664		0.025242
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.000827		0.000793		0.00082		0.000745

		1000		0.000821		0.000783		0.000817		0.000741

		2000		0.000796		0.000781		0.000807		0.000757

		3000		0.000797		0.000785		0.000816		0.00076

		4000		0.000802		0.000777		0.000819		0.000752

		5000		0.000801		0.000776		0.000822		0.000751

		7000		0.0008		0.000783		0.00082		0.000748

		9000		0.000803		0.000782		0.000817		0.000752
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.024593		0.024552		0.024517		0.025312

		1000		0.024317		0.024487		0.024411		0.025041

		2000		0.024198		0.024635		0.024656		0.025209

		3000		0.024395		0.025148		0.02484		0.025233

		4000		0.024598		0.024863		0.024941		0.024909

		5000		0.024481		0.024811		0.024982		0.024945

		7000		0.024479		0.025291		0.025005		0.024954

		9000		0.024667		0.025579		0.024923		0.025154
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.002284		0.002446		0.002154		0.002512

		1000		0.002236		0.002426		0.002174		0.002472

		2000		0.00226		0.002439		0.002182		0.002418

		3000		0.002254		0.002447		0.002165		0.002417

		4000		0.002247		0.002436		0.002182		0.002417

		5000		0.002262		0.002442		0.002181		0.002424

		7000		0.002267		0.00246		0.002192		0.002437

		9000		0.002271		0.002479		0.002197		0.002441
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.000087		0.000073		0.000082		0.000061

		1000		0.00008		0.000069		0.00008		0.00006

		2000		0.000079		0.00007		0.000085		0.000073

		3000		0.00008		0.000074		0.000086		0.000074

		4000		0.000076		0.00007		0.000082		0.00007

		5000		0.000077		0.000069		0.000079		0.000068

		7000		0.000078		0.000068		0.00008		0.000071

		9000		0.000076		0.000066		0.000078		0.00007





res

		



Set 1

Set 2

Set 3

Set 4

Request Number

Web Queuing Delay (sec)




_979813771.xls
Chart1

		800		800		800		800

		1000		1000		1000		1000

		2000		2000		2000		2000

		3000		3000		3000		3000

		4000		4000		4000		4000

		5000		5000		5000		5000

		7000		7000		7000		7000

		9000		9000		9000		9000



Set 1

Set 2

Set 3

Set 4

Request Number

Average Response Time (sec)

0.021369

0.021229

0.021446

0.021975

0.021153

0.021196

0.021325

0.02175

0.021041

0.021329

0.021564

0.021942

0.02124

0.021824

0.021752

0.021962

0.02145

0.021563

0.021839

0.021648

0.021321

0.021507

0.021879

0.02168

0.021313

0.021961

0.021892

0.021677

0.021497

0.022232

0.02181

0.02187



res

				Set 1		Set 2		Set 3		Set 4

		800		0.021369		0.021229		0.021446		0.021975

		1000		0.021153		0.021196		0.021325		0.02175

		2000		0.021041		0.021329		0.021564		0.021942

		3000		0.02124		0.021824		0.021752		0.021962

		4000		0.02145		0.021563		0.021839		0.021648

		5000		0.021321		0.021507		0.021879		0.02168

		7000		0.021313		0.021961		0.021892		0.021677

		9000		0.021497		0.022232		0.02181		0.02187
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.000012		0.000026		0.000019		0.000026

		1000		0.000012		0.000022		0.000018		0.000022

		2000		0.000019		0.00002		0.000015		0.000023

		3000		0.000019		0.000019		0.000016		0.000025

		4000		0.000018		0.000018		0.000016		0.000024

		5000		0.000018		0.000017		0.000016		0.000022

		7000		0.000017		0.000018		0.000017		0.000022

		9000		0.000016		0.000018		0.000016		0.00002
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.000848		0.000754		0.000813		0.000725

		1000		0.000859		0.000756		0.000815		0.000726

		2000		0.000837		0.000748		0.0008		0.000729

		3000		0.00085		0.000744		0.000804		0.000725

		4000		0.000855		0.000749		0.000798		0.000716

		5000		0.000851		0.000745		0.000804		0.000715

		7000		0.000853		0.000744		0.000806		0.000707

		9000		0.000851		0.000742		0.00081		0.000708
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.000061		0.000061		0.000074		0.000057

		1000		0.000068		0.000067		0.000082		0.000056

		2000		0.000077		0.000065		0.000084		0.000059

		3000		0.000079		0.000065		0.000083		0.000056

		4000		0.000074		0.000062		0.00008		0.000055

		5000		0.000071		0.00006		0.000079		0.000055

		7000		0.00007		0.000061		0.000079		0.000054

		9000		0.000069		0.00006		0.000077		0.000053
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res

		1		0.031819

		2		0.029576

		3		0.028264

		4		0.027867

		5		0.027635

		6		0.027528

		7		0.027829

		8		0.02748

		9		0.027304

		10		0.027195

		11		0.02738

		12		0.027338

		13		0.027222

		14		0.027193

		15		0.027167

		16		0.027271

		17		0.026938

		18		0.027062

		19		0.027118

		20		0.026928

		22		0.026939

		25		0.026914
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res

				LBA-I		LBA-I-1		LBA-I-2

		1		0.000006		0.000009		0.000003

		2		0.000005		0.000006		0.000003

		3		0.000004		0.000006		0.000001

		4		0.000004		0.000005		0.000001

		5		0.000002		0.000003		0.000002

		6		0.000002		0.000004		0.000003

		7		0.000002		0.000003		0.000002

		8		0.000003		0.000004		0.000001

		9		0.000004		0.000003		0.000001

		10		0.000008		0.000009		0.000002

		11		0.000016		0.000016		0.000002

		12		0.000017		0.000017		0.000002

		13		0.000021		0.000019		0.000003

		14		0.000024		0.000018		0.000003

		15		0.00002		0.000019		0.000003

		16		0.000017		0.00002		0.000005

		17		0.000021		0.000025		0.000004

		18		0.000023		0.000023		0.000005

		19		0.000023		0.000023		0.000005

		20		0.000019		0.000024		0.000005

		22		0.00002		0.000021		0.000006

		25		0.00002		0.000021		0.000006
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.025654		0.025364		0.02664		0.025978

		1000		0.026087		0.025555		0.026703		0.026044

		2000		0.025574		0.02517		0.025859		0.026258

		3000		0.025803		0.025059		0.025701		0.026115

		4000		0.026005		0.025134		0.02547		0.025614

		5000		0.025962		0.025163		0.025393		0.02559

		7000		0.025996		0.025035		0.025332		0.02538

		9000		0.02597		0.024963		0.025494		0.025245
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res

				Set 1		Set 2		Set 3		Set 4

		800		0.022469		0.022043		0.023679		0.023065

		1000		0.022899		0.022236		0.023737		0.023132

		2000		0.022375		0.021883		0.02289		0.023359

		3000		0.022592		0.021792		0.022727		0.023252

		4000		0.02279		0.021871		0.022491		0.022779

		5000		0.022749		0.021895		0.022409		0.022754

		7000		0.022772		0.02177		0.022335		0.022543

		9000		0.02275		0.021701		0.022496		0.022406





res

		



Set 1

Set 2

Set 3

Set 4

Request Number

Avergae Response Time (sec)




_979795168.xls
Chart1

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19

		20		20		20

		22		22		22

		25		25		25



LBA-I

LBA-I-1

LBA-I-2

Processing Power (MB)

Processing Delay (sec)

0.006012

0.005424

0.005679

0.003257

0.002926

0.003132

0.002324

0.002135

0.002222

0.001826

0.001711

0.001774

0.001579

0.00146

0.001522

0.001378

0.001288

0.001345

0.001249

0.001178

0.001235

0.001149

0.001086

0.001136

0.001072

0.001009

0.001048

0.001022

0.000972

0.000989

0.000959

0.000912

0.00095

0.000927

0.000874

0.00091

0.000894

0.000848

0.000875

0.000863

0.000813

0.000846

0.000833

0.000787

0.00082

0.000803

0.000782

0.000802

0.000806

0.000751

0.000779

0.000787

0.000735

0.000763

0.000768

0.000725

0.00075

0.000753

0.000713

0.00073

0.000716

0.000684

0.000708

0.00069

0.000684

0.000679



res

				LBA-I		LBA-I-1		LBA-I-2

		1		0.006012		0.005424		0.005679

		2		0.003257		0.002926		0.003132

		3		0.002324		0.002135		0.002222

		4		0.001826		0.001711		0.001774

		5		0.001579		0.00146		0.001522

		6		0.001378		0.001288		0.001345

		7		0.001249		0.001178		0.001235

		8		0.001149		0.001086		0.001136

		9		0.001072		0.001009		0.001048

		10		0.001022		0.000972		0.000989

		11		0.000959		0.000912		0.00095

		12		0.000927		0.000874		0.00091

		13		0.000894		0.000848		0.000875

		14		0.000863		0.000813		0.000846

		15		0.000833		0.000787		0.00082

		16		0.000803		0.000782		0.000802

		17		0.000806		0.000751		0.000779

		18		0.000787		0.000735		0.000763

		19		0.000768		0.000725		0.00075

		20		0.000753		0.000713		0.00073

		22		0.000716		0.000684		0.000708

		25		0.00069		0.000684		0.000679
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res

				LBA-I		LBA-I-1		LBA-I-2

		1		0.002314		0.002261		0.003408

		2		0.002322		0.002233		0.003411

		3		0.002304		0.002303		0.003409

		4		0.002324		0.002286		0.003419

		5		0.002259		0.002292		0.003413

		6		0.002293		0.002261		0.003404

		7		0.002281		0.002282		0.00342

		8		0.00228		0.002231		0.003396

		9		0.002252		0.002259		0.003405

		10		0.002268		0.002266		0.003412

		11		0.002238		0.002263		0.003401

		12		0.002286		0.002255		0.003401

		13		0.00228		0.002248		0.003411

		14		0.00227		0.002265		0.003411

		15		0.002229		0.002259		0.003411

		16		0.00224		0.002301		0.003372

		17		0.002281		0.002268		0.003387

		18		0.002261		0.002307		0.003383

		19		0.002273		0.002257		0.003382

		20		0.002253		0.002252		0.003413

		22		0.002251		0.002297		0.003396

		25		0.002276		0.002297		0.003396
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res

				LBA-I		LBA-I-1		LBA-I-2

		1		0.0019		0.00232		0.000386

		2		0.000791		0.000963		0.000117

		3		0.000506		0.000557		0.000074

		4		0.000361		0.000429		0.000051

		5		0.000293		0.000304		0.000042

		6		0.00023		0.000227		0.000027

		7		0.000194		0.000192		0.000022

		8		0.000163		0.000161		0.000016

		9		0.000138		0.000142		0.000014

		10		0.000118		0.000125		0.000011

		11		0.000105		0.000113		0.000011

		12		0.000092		0.000102		0.00001

		13		0.000084		0.00009		0.000009

		14		0.000078		0.000079		0.000008

		15		0.000069		0.000068		0.000007

		16		0.00006		0.000063		0.000007

		17		0.000057		0.000059		0.000006

		18		0.000054		0.000056		0.000006

		19		0.00005		0.000051		0.000005

		20		0.000047		0.000049		0.000004

		22		0.000043		0.000042		0.000004

		25		0.000037		0.000042		0.000003
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res

				LBA-I		LBA-I-1		LBA-I-2

		1		0.022917		0.021735		0.022343

		2		0.023005		0.02172		0.022912

		3		0.022949		0.021529		0.022557

		4		0.023083		0.021362		0.02262

		5		0.023129		0.021351		0.022656

		6		0.022739		0.021397		0.022747

		7		0.022977		0.021481		0.023148

		8		0.022838		0.021102		0.02293

		9		0.022641		0.021272		0.022834

		10		0.023021		0.021588		0.02278

		11		0.022665		0.02144		0.023015

		12		0.022765		0.02157		0.023015

		13		0.023039		0.021361		0.022925

		14		0.022905		0.021173		0.022925

		15		0.02303		0.021225		0.022925

		16		0.022813		0.021387		0.023085

		17		0.023409		0.021581		0.022761

		18		0.023313		0.021301		0.022904

		19		0.023243		0.021621		0.022974

		20		0.022978		0.021536		0.022776

		22		0.022939		0.021432		0.022824

		25		0.023196		0.021432		0.022829
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		7		0.026726		0.024554		0.026886

		8		0.026516		0.025031		0.026854

		9		0.025864		0.02501		0.027314

		10		0.026211		0.025036		0.026662

		11		0.026137		0.024645		0.026733

		12		0.02627		0.024704		0.027265

		13		0.026662		0.025176		0.027038

		14		0.026641		0.02528		0.02676

		15		0.025815		0.02469		0.026947

		16		0.026329		0.025035		0.027008

		17		0.026609		0.025284		0.026692

		18		0.027344		0.025004		0.027116

		19		0.026906		0.02512		0.027458

		20		0.02731		0.025455		0.026897

		22		0.027305		0.025361		0.027766

		25		0.027624		0.025786		0.027477
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res

				LBA-I		LBA-I-1		LBA-I-2		RR		Random

		800		0.053754		0.052865		0.05535		0.05623		0.057542

		1000		0.053677		0.052763		0.054928		0.056527		0.057503

		2000		0.056176		0.051754		0.056475		0.056033		0.057809

		3000		0.054786		0.051938		0.056925		0.056549		0.058185

		4000		0.055241		0.052248		0.056613		0.056063		0.057846

		5000		0.054946		0.052435		0.056458		0.05561		0.057674

		7000		0.055204		0.052241		0.05644		0.055536		0.056799

		9000		0.055504		0.052423		0.056282		0.055843		0.056923

		10000		0.055526		0.052299		0.056278		0.055721		0.056828
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res

				LBA-I		LBA-I-1		LBA-I-2		RR		Random

		800		0.055342		0.051838		0.057029		0.056324		0.055415

		1000		0.055444		0.050674		0.057485		0.055642		0.055864

		2000		0.0552		0.051446		0.058044		0.055559		0.055207

		3000		0.055336		0.051601		0.056616		0.055597		0.056293

		4000		0.055848		0.051591		0.056693		0.056105		0.055684

		5000		0.055736		0.051744		0.056793		0.056414		0.055486

		7000		0.05544		0.052194		0.056516		0.055795		0.055609

		9000		0.0555		0.052611		0.0568		0.056269		0.055765

		10000		0.05559		0.052545		0.056647		0.056335		0.055876
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res

				LBA-I		LBA-I-1		LBA-I-2		RR		Random

		800		0.023207		0.021564		0.023923		0.023688		0.025334

		1000		0.023388		0.021647		0.024316		0.024032		0.025464

		2000		0.023756		0.022021		0.024079		0.023914		0.025156

		3000		0.023862		0.022179		0.02419		0.024434		0.02509

		4000		0.023969		0.022178		0.024298		0.024372		0.02497

		5000		0.023879		0.022358		0.024304		0.024335		0.024669

		7000		0.0235		0.022274		0.024247		0.02435		0.024328

		9000		0.023484		0.022273		0.024346		0.024436		0.024377

		10000		0.023487		0.02228		0.024405		0.024408		0.024379
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