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CHAPTER 8
ALGORITHM CHARACTER ANALYSIS

In this chapter, we will analyze the following characters of the load-balancing algorithms.

1. Stability and Reliability 

2. Scalability

3. Complexity

4. Feasibility

We will discuss each characteristic in the following section. We will use r50 network. 

8.1 Stability
From the simulation results documented in Chapter 6, we know that algorithms LBA-I and LBA-I-1 have the best load balancing performance when the dominating factor of the response time is the transmission delay. However algorithms LBA-I and LBA-I-1 are based on the distance, bandwidth and the web server processing power. If we can precisely estimate that information, the algorithms can give the best performance. But if we can not estimate that information precisely, do algorithms LBA-I and LBA-I-1 still have the best performance?

Figure 8-1 shows the average response time of algorithm LBA-I when the error in the distance/bandwidth varies from 1% to 20%. Table 8-1 lists the simulation results.
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Figure 8-1 Average Response Time of Algorithm LBA-I

Table 8-1 Simulation Data of Algorithm LBA-I

Data Error
0 %
1 %
5 %
10 %
20 %

Average Response Time(s)
0.0289658
0.0289765
0.0289651
0.0289756
0.0289628

Average Web Queuing Delay (s)
0.0014831
0.0014871
0.0014832
0.0014875
0.0014831

Average Router Queuing Delay (s)
0.0000131
0.0000135
0.00001325
0.0000135
0.0000131

Average Transmission Delay (s)
0.0244006
0.0244277
0.02439950
0.0244273
0.0243961

Average Propagation Delay (s)
0.00228038
0.0022727
0.00228037
0.0022728
0.0022804

Average Processing Delay (s)
0.00078812
0.00079187
0.00078814
0.0007918
0.0007883

From Table 8-1 and Figure 8-1, we can see that the data error does not affect the performance of the algorithm LBA-I much. Therefore algorithm LBA-I has very good stability.

Figure 8-2 shows the average response time of the algorithm LBA-I-1 when the error in Distance/Bandwidth varies from 1% to 20%. Table 8-2 lists the simulation results.
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Figure 8-2 Average Response Time of Algorithm LBA-I-1

Table 8-2 Simulation Data of Algorithm LBA-I-1

Data Error
0 %
1 %
5 %
10 %
20 %

Average Response Time(s)
0.0273654
0.0273626
0.027365
0.027361
0.027360

Average Web Queuing Delay (s)
0.0013326
0.0013325
0.0013327
0.0013325
0.0013328

Average Router Queuing Delay (s)
0.0000134
0.0000134
0.0000134
0.0000137
0.0000137

Average Transmission Delay (s)
0.0228895
0.0228863
0.02288914
0.0228892
0.0228872

Average Propagation Delay (s)
0.0023443
0.0234442
0.0023442
0.0023392
0.0023400

Average Processing Delay (s)
0.0007844
0.0007847
0.0007844
0.0007850
0.0007850

From Table 8-2 and Figure 8-2, we can see that the data error does not affect the performance of algorithm LBA-I-1 much. The algorithm LBA-I-1 is very stable.

Next we will analyze the effect of errors respectively in the distance, the bandwidth, the processing power on algorithm LBA-I. Figure 8-3 shows the average response time of algorithm LBA-I, when the errors in the distance, the bandwidth, the processing power of the web server are 20% respectively. Table 8-3 lists the simulation results.
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Figure 8-3 Average Response Time of Algorithm LBA-I

Table 8-3 Simulation Data of Algorithm LBA-I


No

Error
20%Ditsance Error
20% Bandwidth Error
20% Processing Power Error

Average Response Time(s)
0.0288198
0.0288156
0.02882328
0.02881557

Average Web Queuing Delay (s)
0.0013521
0.0013524
0.00135142
0.00135242

Average Router Queuing Delay (s)
0.0000134
0.0000134
0.00001342
0.00001342

Average Transmission Delay (s)
0.0243831
0.0243777
0.02438757
0.02437771

Average Propagation Delay (s)
0.00228357
0.0022835
0.00228328
0.00228357

Average Processing Delay (s)
0.00078714
0.0007872
0.00078685
0.00078728

From Table 8-3 and Figure 8-3, we can see that the distance error, bandwidth error and process power error, if they are in a small range, do not affect the performance of the algorithm LBA-I. Therefore, we do not need to worry too much the estimated precise of the distance, bandwidth and process power in using this algorithm.

Next we analyze the effect of errors respectively in the distance, the bandwidth, the processing power of web server, and the number of hops on the algorithm LBA-I-1. Figure 8-4 shows the average response time of algorithm LBA-I-1 when the errors in the distance, the bandwidth, the processing power of the web server, and the number of hops are respectively 20%. Table 8-4 [image: image4.wmf]0.0265
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Figure 8-4 Average Response Time of LBA-I-1

Table 8-4 Simulation Data of LBA-I-1


No

Error
20% Distance Error
20% Bandwidth Error
20% Processing Power Error
20% Hop Number Error

Average Response Time(s)
0.0273654
0.0273595
0.02737328
0.02734871
0.0273654

Average Web Queuing Delay (s)
0.0013325
0.00133285
0.00133214
0.00133286
0.0013325

Average Router Queuing Delay (s)
0.0000134
0.00001371
0.0000134
0.00001342
0.0000134

Average Transmission Delay (s)
0.0228895
0.02288721
0.0228982
0.02287600
0.0228895

Average Propagation Delay (s)
0.0023442
0.00233957
0.00234400
0.00234071
0.0023442

Average Processing Delay (s)
0.0007844
0.00078500
0.00078400
0.00078457
0.0007844

From Figure 8-4 and Table 8-4, we can see that the estimated error of the distance, the bandwidth, the process power and the number of hop, if in a small range, do not affect the performance of the algorithm LBA-I-1. The algorithm LBA-I-1 is very stable.

Table 8-5 is a summary of algorithm stable characteristics.

Table 8-5 Summary of Algorithm Stable Characteristics

Algorithm
Parameters
 Stability
Period
Overhead

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


Distance, Bandwidth, Number of Hops, Processing Power, Number of Web Servers
Sensitive to bandwidth 


No
No

LBA-II, LBA-II(I), LBA-II(I-1), LBA-II(I-2), LBA-II-1, LBA-II-1(I), LBA-II-1(I-1), LBA-II-1(I-2)
Distance, Bandwidth, Number of Hops, Processing Power, Number of Web Server, Number of LBAs
Stable
Yes
 Heavy

LBA-III


Processing Power, Number of Web Servers.
No
Yes
Heavy

LBA-IV-1, LBA-IV-1(2), LBA-IV-1(3), LBA-IV-1(E)

LBA-IV-2, LBA-IV-2(2), LBA-IV-2(3), LBA-IV-2(E), LBA-IV-3, LBA-IV-3(2), LBA-IV-3(3), LBA-IV-3(E)
Processing Power,

Distance, Bandwidth.


No
Yes
Heavy

LBA-IV-1(Tc), LBA-IV-2(Tc), LBA-IV-3(Tc)
Processing Power, Distance, Bandwidth
Stable
Yes
Small

8.2 SCALABILITY

To study the scalability, we proportionally increase the size of the networks, in terms of the distance and the number of nodes.  We introduce another abstract random network r30, using software tool GT-ITM to generate this network. The topology of network r30 is listed at Append B. Figure 8-5 shows the average response time of the different algorithms for network r30. Table 8-6 summaries the simulation data of network r30 and table 8-7 compares the end-end response time those three networks. Table 8-8 compares the topology those three networks.
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Figure 8-5 Average Response Time for Network: r30

Table 8-6 Simulation Data of Network: r30


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

Average Response Time (s)
0.024934
0.022949
0.027575
0.027747
0.027605

Average Web Queuing Delay (s)
0.002532
0.0023863
0.0003628
0.000555
0.000514

Average Router Queuing Delay (s)
0.000019
0.000023
0.000003
0.000003
0.000005

Average Transmission Delay (s)
0.019621
0.0176894
0.023726
0.023705
0.023606

Average Propagation Delay (s)
0.001935
0.0020320
0.002712
0.002707
0.002701

Average Processing Delay (s)
0.000826
0.0008177
0.0007714
0.000776
0.000776

Average Imbalance Rate
0.065471
0.056909
0.0015837
0.001841
0.002737

Table 8-7 Average Response Time for Different Networks


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

New-J






R30
0.0249342
0.022949
0.027575
0.027747
0.027605

R50
0.0288746
0.0273736
0.032093
0.031892
0.032012

Table 8-8 Parameters of Network


Nodes
Ave Distance
Bandwidth
# of Web Server
Number of Clients

New-J
116
20 km
5 Mb
3
150

R30
540
400 km
5 Mb
6
480

R50
900
1000 km
5 Mb
10
800

From above analysis, we can see that the algorithm LBA-I and LBA-I-1 have good scalability and the performance. The algorithm LBA-I-1 has the better performance than the algorithm LBA-I for larger network.

8.3 Complex

Table 8-9 lists the parameters that the algorithms depend on and complexity of the algorithms. Here we mainly discuss how easy the algorithms are implemented.

Table 8-9 Summary of Algorithm Complexity

Algorithm
Parameters
Computing Error
Complexity
Overhead

LBA-I

LBA-I-1

LBA-I-2


Distance, Bandwidth, Hops, Processing Power, Number of Web Servers
Very Small


Simple
No

LBA-II, LBA-II(I), LBA-II(I-1), LBA-II(I-2), LBA-II-1, LBA-II-1(I), LBA-II-1(I-1), LBA-II-1(I-2)
Distance, Bandwidth, Hops, Processing Power, Number of Webs, Number of LBAs
Small
Complex
 Heavy

LBA-III


Processing Power

Number of Webs
Large
Yes
Heavy

LBA-IV-1, LBA-IV-1(2), LBA-IV-1(3), LBA-IV-1(E), LBA-IV-2, LBA-IV-2(2), LBA-IV-2(3), LBA-IV-2(E), LBA-IV-3, LBA-IV-3(2), LBA-IV-3(3), LBA-IV-3(E)
Processing Power, Distance, Bandwidth,


Large
Complex
Heavy

LBA-IV-1(Tc)

LBA-IV-2(Tc)

LBA-IV-3(Tc)
Processing Power, Distance, Bandwidth
Small
Simple
Small

We can conclude based on above discussing:

1) Algorithms LBA-I and LBA-I-1 are simpler, and faster.

2) Algorithms LBA-II and LBA-II-1 are more complex than algorithms LBA-I and LBA-I-1, it incurs more overheads.

3) Algorithm LBA-III is simpler algorithm, Because the heavy overhead, this algorithm has the worse response time.

4) Algorithms LBA-IV-1, LBA-IV-2 and LBA-IV-3 is simpler, but there are too much overhead.

5) Algorithm LBA-IV-1 (Tc), LBA-IV-2 (Tc) and LBA-IV-3 (Tc) are the simpler algorithm and faster with less overhead.

8.4 Feasible

We have following conclusions for all load-balancing algorithms based on our simulation results:

1. The algorithms LBA-I, LBA-I-1 and LBA-I-2 depend on static information, such as the distance, the bandwidth, the number of hops, and the processing power of web server. If we do not know that information, we can not use those algorithms. But according to section 8.1, they are insensitive of estimated error of that information. Therefore the algorithms LBA-I, LBA-I-1 are the feasible algorithms when the transmission delay dominates the response time of the requests.

2. Algorithm LBA-II is a feasible algorithm, but this algorithm has heavy overhead that significantly affects the performance of the algorithm, therefore the algorithm LBA-II is not a feasible algorithm when the dominating factor of the response time is the transmission delay.

3. Algorithm LBA-III is not a feasible algorithm due to too many overhead messages that slows down the transmission and increases the response time.

4. Algorithms LBA-IV-1, LBA-IV-2 and LBA-IV-3 are not feasible algorithms when the transmission delay dominate the response time of the requests, because they have too much overhead messages that slows down the transmission and increase the response time.

5. Algorithms LBA-IV-1 (Tc), LBA-IV-2 (Tc) and LBA-IV-3 (Tc) are feasible algorithms, they have less overhead and better performance.
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		800		0.02836		0.02836		0.02836		0.02836		0.02836

		1000		0.030004		0.030004		0.0300225		0.030004		0.030004

		2000		0.029988		0.029988		0.029988		0.029988		0.029988

		3000		0.029168		0.0291615		0.0291625		0.0291565		0.029157

		4000		0.028807		0.029		0.028806		0.029		0.028802

		5000		0.028765		0.028731		0.028764		0.02873		0.028761

		7000		0.028305		0.028255		0.028304		0.028254		0.028302

		9000		0.02833		0.028312		0.02833		0.028312		0.028328
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