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Abstract Modern web-browsing services contain a number of rich objects, which are dynamically produced by
servers and client PCs at diverse locations. Consequently, we face complications in understanding the communica-
tion structure of traffic generated when accessing websites. To improve the response time and suppress the amount
of traffic transferred in networks, we need to adequately control caches, i.e., the placement and replacement of ob-
jects, based on the communication structure of web traffic. In this paper, we measure the communication structure
of traffic generated when accessing about 1,000 most popular websites from 12 locations in the world using the
PlanetLab. We investigate the locality tendencies of various metrics, e.g., server distance, delay, and object count,
and we apply the cluster analysis to web sites based on the locality tendencies for various metrics in each object
type and URL category. As a result, we find an insight to effectively improve the user response time through the
cache control methods based on the locality tendencies of web sites.
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# 1 Measurement locations

ID | Area Location ID | Area Location
L1 | NA | Massachusetts | L7 | OA Australia
L2 | NA ‘Wisconsin L8 | OA | New Zealand
L3 | NA California L9 | AS Japan

L4 | EU Ireland L10| SA Ecuador
L5| EU Germany L11| SA Argentina
L6 | RU Russia L12| AF Reunion

#* 2 Website count used in clustering analysis, average object

size, object count, and total data size in each URL category

Website Object Object Total

1D Category count size count size
0:00 | 12:00 | (kbytes) (Mbytes)

C1 Business 59 40 14.70 55.14 0.810
C2 | Computers | 112 91 16.26 43.63 0.709
C3 News 39 27 13.55 72.45 0.982
C4 Reference 112 | 109 13.09 43.42 0.568
C5 Regional 80 73 17.77 50.59 0.899
C6 Science 95 86 14.04 52.86 0.742
(Ord Society 79 83 15.01 66.86 1.003
C8 Health 86 52 14.27 54.30 0.775
C9 Home 85 47 15.66 55.39 0.867
C10 Shopping 69 68 15.67 70.77 1.109
C11 Adult 112 | 102 10.49 53.04 0.557
C12 Arts 55 60 15.43 68.18 1.052
C13 Games 87 58 15.28 54.12 0.827
C14 | Kids & teens | 106 64 13.23 54.59 0.722
C15 | Recreation 86 52 13.55 57.30 0.776
C16 Sports 38 53 16.62 86.67 1.440
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# 3 Average distance of objects in each URL category (103km)

NA EU RU OA AS SA AF
L1 L2 L3 L4 L5 L6 L7 L8 L9 | L10 | L11 L12
adult 3.30]2.75|3.41|7.09|832]10.23|21.10 | 23.58 | 5.59 | 9.21 | 18.50 | 13.36
arts 2.96 | 2.33 | 2.34 | 6.64 | 8.54 | 9.69 | 18.32 | 20.58 | 5.33 | 8.31 | 18.45 | 13.33
business 2.18 | 2.50 | 4.08 | 6.13 | 6.70 | 7.49 | 18.67 | 19.33 | 5.49 | 8.70 | 17.41 | 12.67
computers 3.04|2.54|2.39|6.95|833]| 9.56 | 20.05 | 22.16 | 5.38 | 9.03 | 18.34 | 13.29
games 3.74|3.14 | 2.86 | 6.75 | 8.16 | 9.81 | 19.77 | 22.52 | 5.60 | 9.15 | 18.33 | 13.13
health 2.84|2.11 1240 |7.61|9.64 | 11.16 | 21.27 | 23.71 | 4.87 | 8.70 | 20.05 | 14.19
home 2.56 | 2.00 | 2.43 | 7.23 | 8.96 | 10.66 | 19.98 | 22.21 | 4.72 | 8.57 | 19.22 | 13.39
kids and teens | 3.43 | 2.78 | 2.96 | 7.16 | 8.86 | 10.44 | 20.11 | 22.13 | 5.38 | 9.04 | 18.85 | 13.75
news 2.8512.31|2.71|6.35|8.36| 9.52 | 18.76 | 22.20 | 5.21 | 8.64 | 18.07 | 13.31
recreation 3.11 | 2.49 | 2.67 | 6.56 | 8.07 | 9.02 | 18.50 | 19.67 | 5.56 | 8.52 | 16.94 | 13.30
regional 3.15(2.92|3.30|6.51|7.90| 826 | 17.91 | 18.91 | 5.77 | 8.68 | 17.34 | 12.76
reference 3.58 | 3.20 | 3.66 | 6.63 | 7.96 | 9.33 | 19.51 | 21.96 | 6.05 | 9.36 | 17.83 | 12.71
science 3.28 | 2.78 | 3.12|6.71 | 833 | 9.72 | 19.49 | 21.81 | 5.31 | 9.03 | 17.93 | 13.18
shopping 2.2512.01|3.07|6.12|8.02| 7.95 | 17.73 | 18.97 | 4.95 | 8.13 | 18.11 | 13.10
society 3.17|2.78 | 3.17 | 6.38 | 8.20 | 8.93 | 18.12 | 20.38 | 5.59 | 8.78 | 17.35 | 13.04
sports 2.93|2.38|3.19|5.39|795| 835 | 15.74 | 17.42 | 5.00 | 7.68 | 17.10 | 12.61
all 3.13 | 2.66 | 3.06 | 6.70 | 8.29 | 9.45 | 19.22 | 21.27 | 5.45 | 8.82 | 18.13 | 13.19
# 4 Average total delay of objects in each URL category (seconds)
NA EU RU OA AS SA AF
LI [ L2 [ L3 | L4 [ L5 | L6 | L7 | L8 | L9 [ L10 | L11I | Li12
adult 0.2410.33[0.340.45|0.50 | 0.56 | 0.84 [ 0.91 | 0.60 | 0.80 | 0.76 | 1.40
arts 0.18 | 0.31 | 0.23 | 0.30 | 0.37 | 0.58 | 0.56 | 0.69 | 0.71 | 0.61 | 0.48 | 1.14
business 0.18 1 0.29 | 0.29 | 0.27 | 0.28 | 0.54 | 0.47 | 0.65 | 0.72 | 0.83 | 0.37 | 1.39
computers 0.16 | 0.30 | 0.22 | 0.28 | 0.38 | 0.60 | 0.44 | 0.58 | 0.67 | 0.60 | 0.37 | 1.10
games 0.2110.33]0.26 | 0.32|0.39 | 0.57 | 0.61 | 0.73 | 0.85 | 0.66 | 0.51 | 1.24
health 0.21]0.31|0.27 | 0.37 | 0.44 | 0.67 | 0.66 | 0.76 | 0.91 | 0.68 | 0.57 | 1.20
home 0.15]0.29 | 0.22 | 0.30 | 0.32 | 0.65 | 0.52 | 0.65 | 0.73 | 0.55 | 0.47 | 1.12
kids and teens | 0.22 | 0.31 | 0.26 | 0.31 | 0.36 | 0.61 | 0.64 | 0.65 | 0.72 | 0.62 | 0.50 | 1.22
news 0.21 ] 0.50 | 0.25 | 0.38 | 0.53 | 0.61 | 0.63 | 0.74 | 0.57 | 0.70 | 0.50 | 1.21
recreation 0.16 | 0.25 ] 0.26 | 0.25 | 0.30 | 0.38 | 0.53 | 0.62 | 0.46 | 0.62 | 0.43 | 1.11
regional 0.18 | 0.33 | 0.24 | 0.26 | 0.30 | 0.41 | 0.44 | 0.76 | 0.48 | 0.69 | 0.37 | 1.34
reference 0.28 1 0.39 | 0.35 | 0.44 | 0.45 | 0.56 | 0.75 | 0.78 | 0.84 | 0.85 | 0.59 | 1.32
science 0.20 | 0.29 | 0.25 | 0.28 | 0.30 | 0.47 | 0.58 | 0.64 | 0.59 | 0.63 | 0.46 | 1.07
shopping 0.1510.25|0.19|0.25 | 0.30 | 0.42 | 0.41 | 0.58 | 0.47 | 0.69 | 0.32 | 1.26
society 0.210.39 | 0.27 | 0.32 | 0.39 | 0.54 | 0.59 | 0.71 | 0.58 | 0.74 | 0.50 | 1.24
sports 0.19]0.29 | 0.25 | 0.23 | 0.36 | 0.37 | 0.52 | 0.69 | 0.61 | 0.57 | 0.40 | 1.06
all 0.20]0.32[0.27]0.32|0.38 | 0.53 | 0.59 | 0.70 | 0.66 | 0.69 | 0.49 | 1.22
# 5 Average total delay of objects of each MIME type (seconds)
NA EU RU OA AS SA AF
L1 L2 L3 L4 L5 L6 L7 L8 L9 | L10 | L11 | L12
JPEG 0.26 | 0.41]0.38|0.44 |0.61 |0.75|0.87 | 1.01 | 0.90 | 1.02 | 0.73 | 1.79
HTML 0.25 1 0.38 | 0.30 | 0.32 | 0.36 | 0.59 | 0.59 | 0.76 | 0.66 | 0.68 | 0.48 | 1.16
PNG 0.21 1 0.33|0.29 | 0.33 | 0.35 | 0.51 | 0.63 | 0.69 | 0.69 | 0.72 | 0.55 | 1.25
CSS 0.16 | 0.23 | 0.21 | 0.25 | 0.39 | 0.41 | 0.51 | 0.62 | 0.57 | 0.60 | 0.41 | 1.00
GIF 0.20 | 0.30 | 0.26 | 0.30 | 0.29 | 0.47 | 0.63 | 0.66 | 0.60 | 0.64 | 0.52 | 1.07
JavaScript | 0.15 | 0.27 | 0.19 | 0.22 | 0.36 | 0.39 | 0.39 | 0.55 | 0.53 | 0.51 | 0.30 | 1.06
all 0.21 1 0.33[0.28 [ 0.33 | 0.41 | 0.54 [ 0.63 | 0.74 | 0.68 | 0.72 | 0.52 | 1.29
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3 6 Optimum value of k in k-means method

Property Midnight | Noon
Average distance of objects 5 5
Variance of distance of object 3 3
Average RTT of objects 7 3
Variance of RTT of objects 4 3
Average object size 3 3
Variance of object size 3 3
Average total delay of objects 8 9
Variance of total delay of objects 4 5
Number of objects 5 3
Number of hosts accessed 3 5
Number of cities accessed 3 3
Response time 7 7
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