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ABSTRACT

The multiple duplicated web site network is a widely used network that is used to improve the performance of the heavily loaded web servers. The key problem is how to allocate the requests efficiently to the duplicated web server with the purpose of maximally shortening the average response time of the requests. In this thesis, we develop a set of the load balancing algorithms that can be used in the wide area web system. We analyze the workload characterizations of the real system, design the discrete event simulators that simulate the performance of the load balancing algorithms using different network topology and transmission speed. We investigate the impact of the request intervals, the document sizes and the link bandwidth on the performance of the algorithms. Based on our simulation result, we discuss some network design. Finally we analyze the stability, complexity, feasibility of the load balancing algorithms. 

ACKNOWLEDGMENTS

I would like to express my deep gratitude to my supervisor, Dr. C. Edward Chow for his encouragement and patience throughout my thesis work. His advice and guidance were essential for the completion of this thesis. I would like to thank Xialong He for his help in analyzing web server logs.

I would link to thank my family: my husband and my son, for their patience, understanding and love during my graduate studies.   

CONTENTS

CHAPTER

I. INTRODUCTION
1   

                           Background and Objective
1

                           Thesis Outline
3   
II. LOAD BALANCING ALGORITHMS
5
                       Mode Description
5

                       Basic Load Balancing Metrics
7

                            Information to Collect
9

                          Load Balancing Algorithm
15

   III.       DISCRETE EVENT SIMULATION
23

Priority Queue of Future-Event Set
23 

Event Scheduling
24

Event Activity
25
Queuing Delay of Event and Time Manage
27
IV.   INTERNET WEB SERVER WORKLOAD CHARACTERIZATION     

              ANALYSIS
28
                          Experiment Description 
29
                          File Type and Its Distribution Characterization
31
                          Distribution of Document Size 
35
                          Request Time Interval Distribution 
40

                               Summary
44

V. SIMULATION PARAMETERS AND SIMULATION DEDIGN  
45 

                           Network Topology
46
                           Type of Nodes and Their Performance 
48
                           Packet and Structure 
50
                                 Response Time of Request 
54
                           Protocol Activities Simulated
56
                           Data Structure
58
VI. LOAD-BALANCING ALGORITHM SIMULATION 
60
                                LBA-I Load-Balancing Algorithm
61 
                           LBA-II Load-Balancing Algorithm 
69
                           LBA-III Algorithm 
74
                           LBA-IV Algorithm 
76
                           Other Case 
86

                          Summary 
101

    VII.  NWTWORK DESIGN SIMULATION 
107

                           Size and Frequent of Request 
107

                            Number of Web Sever 
113

                            Number of Client  
116

                            Web Server Resource and Bandwidth
118

                            Web Server Location  
123

                            Summary  
131

VIII.  ALGORITHM CHARACTER ANALYSIS 
133

                                 Stability  
133

                           Scalability  
139

                           Complex  
140

                           Feasibility 
142

XI.     CONCLUSION AND RECOMMANDATIONS
144      

                          Conclusion  
144

                          Recommendations  
146

BIBLIOGRAPHY 
148

APPENDIX  
A. TOPOLOGY OF r50 NETWORK 
156

B. TOPOLOGY OF r50 NETWORK 
166

C. USER GUIDE FOR SIMULATION PROGRAM
170

TABLES

Table

1. Summary of Access Log Characteristics (Raw Data)
30
2. Distribution of Document Types on Different Web Servers
32
3. Distribution of Image and HTTL Documents 
33

4. Distribution of Image and HTTL Documents for Different Clients 
35

5. Summary of Document Size on Different Web Sites 
36

6. Statistics of Document Size for Five Web Sites 
37

7. Raw Statistics Data of Document Size 
38

8. Summary of Document Size for Each Client 
39

9. Whole Characters of Document Size for Ten Clients 
40

10. Distribution Summary of Request Frequency on Different Web Site 
40

11. Statistic Characterization of Request Time Interval 
41

12. Summary of Statistic Characterizations of Clients 
42

13. Distribution of Request Interval 
43

14. Statistic Characterization of Request Time Interval 
44

15. Simulation Parameters of New Jersey LATA Network 
61

16. Simulation Data of Algorithms LBA-I, LBA-I-1, LBA-I-2, RR and Random on   
                  the New-Jersey Network
63

19. Percentage of Each Delay in Average Response Time
63

20. Simulation Parameters for Network r50 
65

21. Simulation Data of Algorithm LBA-I, LBA-I-1, LBA-I-2, RR and Random on 
                   r50 Network r50 
67

22. Percentage of Each Delay in Average Response Time 
67

23. Simulation Data of Algorithm LBA-II
70

24. Percentage of Each Delay in Average Response Time
70

25. Communication Overhead of Algorithm LBA-II (I)
71

26. Simulation Data of Algorithm
72

27. Percentage of Each Delay in Average Response Time
72

28. Statistic Data of Algorithm LBA-II-1(I), LBA-II-1(I-1) and LBA-II-1(I-2)
73

29. Overhead of Algorithm LBA-II-1 (I) 
73

30. Statistic Data of the Algorithm LBA-III 
74

31. Statistic Data of the Algorithm LBA-III 
75

32. Simulation Data of Algorithms LBA-IV-1, LBA-IV-2 and LBA-IV-3
77  
33. Overhead Messages of Algorithm LBA-IV-1 on New-Jersey Network 
77

34. Simulation Data of Algorithms LBA-IV-1 (2), LBA-IV-2 (2), LBA-IV-3 (2) 
79    
35. Simulation Data of Algorithm LBA-IV-1(3), LBA-IV-2(3) and LBA-IV-3(3) 
80

36. Overhead of Algorithm LBA-IV-1 (3) 
81 

37. Statistics of Algorithm LBA-IV-1(E), LBA-IV-2(E) And LBA-IV-3(E) 
83 

38. Overhead of Algorithm LBA-IV-1(E), LBA-IV-2(E) and LBA-IV-3(E) 
83 

39. Statistics of Algorithm LBA-IV-1(Tc), LBA-IV-2(Tc) And LBA-IV-3(Tc) 
84 

40. Overhead of Algorithm LBA-IV-1(Tc) 
85

41. Overhead of Algorithm LBA-IV-1(Tc) 
86

42. Simulation Data of the Algorithm RR on New-Jersey Network 
87

43. Percentage of Each Delay in Average Response Time on Algorithm RR 
88

44. Simulation Data of the Algorithm Random on New-Jersey Network 
88

45. Percentage of Each Delay in Average Response Time on Algorithm Random 
88

46. Simulation Data of the Algorithm LBA-I on New-Jersey Network 
88

47. Percentage of Each Delay in Average Response Time on Algorithm LBA-I 
89

48. Simulation Data of the Algorithm LBA-I-2 
89

49. Percentage of Each Delay in Average Response Time on Algorithm LBA-I-2 
89

50. Simulation Data of the Algorithm LBA-I-1 on New-Jersey Network 
89

51. Percentage of Each Delay in Average Response Time on Algorithm LBA-I-1 
90

52. Simulation Data of the Algorithm RR on r50 Network  
90

53. Percentage of Each Delay in Average Response Time of Algorithm RR on r50 
                  Network   
90

54. Simulation Data of the Algorithm Random on r50 Network   
91

55. Percentage of Each Delay in Average Response Time of Algorithm Random on
                  r50 Network    
91

56. Simulation Data of the Algorithm LBA-I on r50 Network    
91

57. Percentage of Each Delay in Average Response Time of Algorithm LBA-I on
                  r50 Network     
92

58. Simulation Data of the Algorithm LBA-I-2 on r50 Network     
92

59. Percentage of Each Delay in Average Response Time of Algorithm LBA-I-2 on
                  r50 Network      
93

60. Simulation Data of the Algorithm LBA-II (I)
93

61. Percentage of Each Delay in Average Response Time of Algorithm LBA-II (I) 
94

62. Simulation Data of the Algorithm LBA-II (I-2) 
94

63. Percentage of Each Delay in Average Response Time of Algorithm LBA-II (I-2)  
94

64. Simulation Data of the Algorithm LBA-II (I-1)  
94

65. Percentage of Each Delay in Average Response Time of Algorithm LBA-II (I-1)   
95

66. Simulation Data of the Algorithm LBA-II-1(I) with New-Jersey network   
96

67. Simulation Data of the Algorithm LBA-II-1 (I-1) with New-Jersey network   
96

68. Simulation Data of the Algorithm LBA-II-1 (I-2) with New-J network   
96

69. Simulation Data of the Algorithm LBA-II-1 (I) with r50   
97

70. Simulation Data of the Algorithm LBA-II-1 (I-1) with r50 network   
97

71. Simulation Data of the Algorithm LBA-II-1(I-2) with r50 network   
98

72. Simulation Data of the Algorithm LBA-III with New-Jersey network   
98

73. Simulation Data of the Algorithm LBA-III on r50 Network   
99
74. Simulation Data of Algorithm LBA-IV-1 (3)  
100

75. Simulation Data of Algorithm LBA-IV-1 (3)  
100

76. Simulation Data of Algorithm LBA-IV-1 (2)  
100

77. Simulation Data of Algorithm LBA-IV-1 (2)  
100
78. Simulation Data of Algorithm on r50 Network  
108
79. Simulation Data of Algorithm on r50 Network  
110
80. Simulation Data of Algorithm on r50  
109
81. Simulation Data of Algorithm on r50 Network  
112
82. Transmission Delay on r50 Network  
114
83. Propagation Delay on r50 Network  
114
84. Web Queuing Delay on r50 network  
115
85. Router Queuing Delay on r50 Network  
115
86. Processing Delay on r50 Network  
116
87. Simulation Data with the Processing Power Increased by 5 Times  
119
88. Simulation Data with the Bandwidth Increased by 5 Times  
120
89. Web Location Set  
123
90. Average Response Time for Different Web Locations  
124
91. Average Response Time of Algorithm LBA-I-1  
127
92. Average Response Time of LBA-I-2 for Different Web Location4  
129
93. Simulation Data of Algorithm LBA-I  
134
94. Simulation Data of Algorithm LBA-I-1  
135
95. Simulation Data of Algorithm LBA-I  
136
96. Statistic Data of LBA-I-1  
137
97. Summary of Algorithm Characters  
138

98. Simulation Data of Network:r30  
138
99. Average Response Time for Different Networks  
140
100. Parameters of Network  
140
101. Summary of Algorithm Complexity  
141
FIGURES

Figures

1. Components and Interaction in a wide-web system 
6

2. Relationship between Future-Event Set (FES) and Model Activation 
24

3. EPQ Structure
25

4. Event Structure
26
5. Distribution of File Types on Different Web Sites 
33

6. Distribution of Document Types on Different Clients 
34

7. Distribution of Document Types on Different Clients 
34

8. Distribution of Document Size on Different Web Sites 
36
9. Distribution of Document Size on Different Web Sites 
37

10. Document Size Distribution of Different Individual Client 
39

11. Distribution of Request Interval on Different Web Sites 
41
12. Distribution of Request Time Interval  
42
13. Distribution of Request Interval 
43
14. New Jersey LATA Network Topology 
46
15. Subnet Structure 
47

16. Sequence Chart of Protocol 
57

17. State Transition Diagram 
59

18. Distribution of Document Size  
62

19. Distribution of Request Interval  
62

20. New Jersey LATA Network Average Response Time
62

21. Transmission Delay of Algorithms LBA-I, LBA-I-1, LBA-I-2, RR, Random
64

22. Imbalance Rates of Algorithm LBA-I, LBA-I-1 and LBA-I-2
64

23. Average Response Time of Network: r50
66

24. Propagation Delay of Algorithms on r50 Network
68

25. Transmission Delay of Algorithms on r50 Network
68

26. Imbalance Rate of Algorithms on r50 Network
68

27. Average Response Time of Algorithms LBA-II
70

28. Variation Trend of Average Response Time and Web Queuing Delay
75

29. Average Response Time of Algorithm LBA-IV-1, LBA-IV-2 and LBA-IV-3
77

30. Average Response Time of Algorithm 
78

31. Average Response Time of Algorithms 
79 

32. Average Response Time of Algorithm LBA-IV-1 (3) 
80 

33. Average Response Time of Algorithms  
82 

34. Average Response Time   
84 

35. Average Response Time of Algorithm LBA-IV-1 (Tc) 
85

36. Distribution of Request Interval 
87

37. Average Response Time 
102

38. Average Response Time 
102

39. Average Response Time of Algorithm LBA-I 
103

40. Average Response Time of Algorithm LBA-I-1 
103

41. Average Response Time of Algorithm LBA-I-2 
103

42. Average Response Time of Algorithm RR 
104

43. Average Response Time of Algorithm Random
104

44. Average Response Time of Algorithm LBA-II(I) 
104

45. Average Response Time of Algorithm LBA-II(I-2) 
105

46. Average Response Time of Algorithm LBA-IV 
106
47. Distribution of Request Size 
108

48. Average Response Time 
108

49. Distribution of Request Size 
109

50. Average Response Time 
110

51. Distribution of Request Interval 
111

52. Algorithm Average Response Time 
111

53. Algorithm Average Response Time 
112
54. Average Response Time of Algorithm LBA-I, LBA-I-1 and LBA-I-2 
113

55. Average Response Time  
116

56. Average Transmission Delay  
117

57. Propagation Delay  
117

58. Web Queuing Delay  
118

59. Router Queuing Delay  
118

60. Average Response Time  
119

61. Average Response Time  
120

62. Average Response Time  
121

63. Transmission Delay    
122

64. Propagation Delay    
122

65. Web Queuing Delay    
122

66. Processing Delay    
123

67. Average Response Time    
124

68. Transmission Delay    
125

69. Propagation Delay    
125

70. Web Queuing Delay    
125

71. Router Queuing Delay    
126

72. Processing Delay    
126

73. Average Response Time of LBA-I-1    
127

74. Transmission Delay of LBA-I-1    
127

75. Propagation Delay of LBA-I-1    
128

76. Web Queuing Delay of LBA-I-1    
128

77. Router Queuing Delay of LBA-I-1    
128

78. Processing Delay of LBA-I-1    
129

79. Average Response Time of LBA-I-2    
129

80. Transmission Delay of LBA-I-2    
130

81. Propagation Delay of LBA-I-2    
130

82. Web Queuing Delay    
130

83. Router Queuing Delay of LBA-I-2    
131

84. Processing Delay of LBA-I-2    
131

85. Average Response Time of Algorithm LBA-I    
134

86. Average Response Time of Algorithm LBA-I-1    
135

87. Average Response Time of Algorithm LBA-I    
136

88. Average Response Time of LBA-I-1    
137

89. Average Response Time for Network:r30    
139

































