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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 character at following section.

8.1 Stability
From the simulation results documented in Chapter 6, we know that algorithm LBA-I and LBA-I-2 have the best load balancing performance. However algorithms LBA-I and LBA-I-1 are based on some information, such as distance, bandwidth, web server processing power. If we can precisely know those information, the algorithms can give the best performance. But if we can not know those information precisely, do algorithm LBA-I and LBA-I-1 still give the best performance?

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

Table 8-1 Statistic Data of Algorithm LBA-I

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

Average Response Time(s)
0.025881
0.025881
0.025881
0.025881
0.025881

Average Web Queuing Delay (s)
0.000071
0.000071
0.000071
0.000071
0.000071

Average Router Queuing Delay (s)
0.000016
0.000016
0.000016
0.000016
0.000016

Average Transmission Delay (s)
0.022675
0.022675
0.022675
0.022675
0.022675

Average Propagation Delay (s)
0.002268
0.002268
0.002268
0.002268
0.002268

Average Processing Delay (s)
0.000851
0.000851
0.000851
0.000851
0.000851

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 + number of hops varies from 1% to 20%. Table 8-2 lists the statistic characters.
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Figure 8-2 Average Response Time of Algorithm LBA-I-1

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

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

Average Response Time(s)
0.024466
0.024466
0.024466
0.024466
0.024466

Average Web Queuing Delay (s)
0.000079
0.000079
0.000079
0.000079
0.000079

Average Router Queuing Delay (s)
0.000022
0.000022
0.000022
0.000022
0.000022

Average Transmission Delay (s)
0.021298
0.021298
0.021298
0.021298
0.021298

Average Propagation Delay (s)
0.002260
0.002260
0.002260
0.002260
0.002260

Average Processing Delay (s)
0.000806
0.000806
0.000806
0.000806
0.000806

From Table 8-2 and Figure 8-2, we can see that the data error does not affect the effect of algorithm LBA-I-1 much so this algorithm has very good stability.

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

Table 8-3 Statistic Data of Algorithm LBA-I


No

Error
20% Bandwidth Error
20% Distance  Error
20% Processing Power Error

Average Response Time(s)
0.025881
0.026440
0.026041
0.025884

Average Web Queuing Delay (s)
0.000071
0.000065
0.000074
0.000072

Average Router Queuing Delay (s)
0.000016
0.000010
0.000017
0.000016

Average Transmission Delay (s)
0.022675
0.023319
0.022530
0.022676

Average Propagation Delay (s)
0.002268
0.002180
0.002564
0.002266

Average Processing Delay (s)
0.000851
0.000865
0.000855
0.000854

From Table 8-3 and Figure 8-3, we can see that the bandwidth error has the biggest effect on the balancing performance. The distance error has the second biggest effect on the balancing performance.

Next we analyze the effect of errors in distance, bandwidth, processing power, and number of hops on the performance of the algorithm LBA-I-1. Figure 8-4 shows the average response time of algorithm LBA-I-1 when the errors in distance, bandwidth, processing power of the web server, and number of hops are respectively 20%. Table 8-4 lists the statistic characterization of the algorithm LBA-I-1.
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Figure 8-4 Average Response Time of LBA-I-1

Table 8-4 Statistic 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)
0.024466
0.024818
0.024474
0.024429
0.024466

Average Web Queuing Delay (s)
0.000079
0.000074
0.000079
0.000078
0.000079

Average Router Queuing Delay (s)
0.000022
0.000018
0.000022
0.000022
0.000022

Average Transmission Delay (s)
0.021298
0.021621
0.021282
0.021265
0.02129

Average Propagation Delay (s)
0.002260
0.002294
0.002255
0.002258
0.00226

Average Processing Delay (s)
0.000806
0.000811
0.000806
0.000806
0.000806

From Figure 8-4, we can see that the primary factor that affects of algorithm LBA-I-1 performance is the distance error. Based on the above discussion we can conclude that the potential factors that may affect the performance of algorithm LBA-I and LBA-I-1 are the distance precision and bandwidth precision.

Table 8-5 is a summary of algorithm characters.

Table 8-5 Summary of Algorithm Characters

Algorithm
Parameters
Computing Error
Period
Overhead

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


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


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

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

8.2 SCALABILITY

Following we will discuss the scalability characterization. Except above two network, we test another network, one has totally 400 Nodes, maximum distance is 600 km, for network topology seeing Append B. Table 8-6 summaries the average response time for different network when the Nodes get more and the distance get longer. Table 8-7 summaries the statistic characterization those three network.

Table 8-6 Average Response Time for Different Networks


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

New-J
0.013440
0.014754
0.013725
0.013750
0.013760

R30
0.025577
0.022668
0.026455
0.027111
0.026373

R50
0.025717
0.024988
0.026782
0.026648
0.027160

Table 8-7 Parameters of Network


Nodes
Ave Distance
Bandwidth
Web Server
Number of Clients

New-J
116
20 km
5 Mb
3
20

R30
450
400 km
5 Mb
10
20

R50
890
800 km
5 Mb
10
20

From above analysis, we can see that the algorithm LBA-I has better scalability and better balancing effect. The algorithm LBA-I-1 has the better balancing effect for larger network. 

8.3 COMPLEXITY

Table 8-8 lists the computing condition that the algorithms depend on and computing time cost of the algorithms. 

Table 8-8 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), LBA-II-2, LBA-II-2(I), LBA-II-2(I-1), LBA-II-2(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:

1) Algorithm LBA-I and LBA-I-1 are simpler and cost less computing time, but the algorithms depend on the some static information.

2) Algorithm LBA-II and LBA-II-1 and LBA-II-2 are more complex than the algorithm LBA-I and LBA-I-1, cost more computing time, and those algorithms have more overhead.

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

4) Algorithm LBA-IV-1,LBA-IV-2 and LBA-IV-3 is simpler, but there are too much overhead, therefore there are the worse response time.

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

8.4 FEASIBILTY

We have following conclusions for all developed load-balancing algorithms.

1. The algorithm LBA-I, LBA-I-1 and LBA-I-2 depend on static information, such as distance, bandwidth, number of hops, and processing power. if we do not know those information, we can not use those algorithms. But according to Chapter  8.1, we know that the algorithm LBA-I and LBA-I-1 have better stability, so we can estimate those information, the algorithm LBA-I and LBA-I-1 still have better balancing effect. Therefore the algorithm LBA-I, LBA-I-1 still are the feasible algorithms.  

2. Algorithm LBA-II is a feasible algorithm, but this algorithm has heavy overhead that significantly affect the balancing effect of the algorithms, so the algorithm LBA-II is not a feasible algorithm. Its two variation algorithms LBA-II-1 and LBA-II-2 greatly decrease the overhead and improve the balancing effect of the algorithm. But the algorithms still have the worse balancing effect. 

3. Algorithm LBA-III is not a feasible algorithm because is has too much overhead that slows down the transmission and increase the response time.

4. Algorithm LBA-IV-1, LBA-IV-2 and LBA-IV-3 are not feasible algorithms because they have too much overhead that slows down the transmission and increase the response time.

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