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Abstract  Large-scale Web information extraction needs to extract information from many Web
sites accurately and automatically. However, most current Web information extraction methods
place emphasis on single Web site, which causes that they can’t meet the need of large-scale Web
information extraction. The empirical study shows that automatic semantic annotation of Web da-
ta, combined with current wrapper learning techniques, may meet the need of large-scale Web in-
formation extraction. In this paper, a method based on ensemble learning and two-dimensional
Correlative-Chain Conditional Random Fields (2DCC-CRFs) is proposed to solve the problem of
automatic semantic annotation of Web data. Firstly, several classifiers based on different kinds of
features can be built by analyzing the previously extracted data and sample Web pages; Then, at-
tribute tags and Web data elements can be identified by combining multiple classifiers using
Dempster-Shafer theory of evidence; Finally, 2DCC-CRFs is built to do semantic annotation of
Web data element automatically, which extends a classic model, 2DCRFs, by adding correlative
edges. Experimental results using a large number of real-world data collected from diverse do-
mains show that the proposed approach can do automatic semantic annotation of Web data effi-

ciently, which can meet the need of large-scale Web information extraction.
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[ 3500 45 57449 & A HLIC 348 B Bl & F Thn i Fo B8 A58
Ja B H AR 2000 2590 55 A TS E RGO R B R ”_ﬁ Precision— B
N N " . eca 7A Iy recz.smn—Bi_’_C Iy
e AR N & A BLEE 2. 7 HAY ) 1500 250 5% g
L BEHLIE SR 700 S ict A b Y 4RB0 TR AR 4 1 fy = 2 Precision X Recall (18)
Precision +Recall
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BEMLATEL 2 J7 4598 3CIC 5% o A5 e SCRUHE .

4.2 TR

SR8 Web HCHR 5 SR 125 9 9 1
PRl A A0 ARSI B LRSS ) v 1 o
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(2) S5 br 1 o 4 2. B4~ 086 0 2R B B IE B
PRiC i Web Ed x5 4 i G i il i xk 42 1 Lo 4.
4.3 ZXWHERESH
4.3.1 T D-SEBE M8 s 2 ks S5 e
7 AR

RoadRunner* J& 25 i

2L 4 B 3 Web 5 24l
T3 ¥ BB AN BE RS il IBCAY B4k T 9 AT 1R SCRR U B
PLy AR SCHE 52 56 A0 8 i RoadRunner 4+ 3 45
Fo. B, R B ST 6 A Mk, g i R
DigitalGur.com,Half Price Computer books.,Book-
pool. com, Amazon. com, Abebooks. com, Discount-
PCBooks.com. #R J5 » 3& T D-S iF $i B it i 4 il
M (R #R DSE) fil RoadRunner 4+ 43 31| %F 1%
6 A~ W i JE A7 il DO PR T SEER AR Ik 3
iR,

% 3 DSE 5 RoadRunner—++ % Lk 45 £

3T DSE 1455

3£ TF RoadRunner+ [ 45

i A (URL) Precision/ % Recall/ % Fl1/% Precision/ % Recall/ % F1/%
www. digitalguru. com 89.7 87.1 88. 4 56. 7 80. 4 66.5
www. halfpricecomputerbook. com 83.1 80. 5 81.8 49. 4 72.1 58. 6
www. bookpool. com 91.7 82.2 86. 7 56. 1 74.7 64. 1
WWW. amazon. com 85.4 82.6 83.9 51.2 76.3 61.3
www. adebooks. com 83.9 76. 4 79.9 40.5 70. 3 51.4
www. discount-pcbooks. com 81.5 74. 4 77.8 55.1 67.9 60. 9

g2k WAL DSE H A % RoadRunner+—+ 11
AR PERE. NG S rh R B R O A A A R T4
AL H 2 RoadRunner + -+ 76 £ v 5 5 1A i ) &
RKBEAR. H F 2 H 7E T RoadRunner + -+ M H #5
o st e ity BB O A R S AR 5 G i B g o R AT
TR SUARTE B AT T8 H R AE 491 a0 Bl A XL R
FROESE 2 BURR I & E =R

4.3.2 2DCC-CRFs 5 &5 5 {1 B ML A5 B 1) LA

ARICTE 3 AN EE S Bl SR T 2DCC-
CRFs 5 Linear-Chain CRFs.2DCRFs # B ¥ Web
BE s X Ahn i B fe. i F Linear-Chain CRFs
1 2DCRFs (1 18 SChR i3 Jr 6 7F W SCER[13 . 3 4,
FOME 6 BARTHEBNTFEEMESR EIER,
F1 {8 DL )P F1{H.
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Linear-Chain CRFs F5 1 45 H

2DCRFs F5 i3 45 4

2DCC-CRF's 47 3 45 S

TR Recall/ %  Precision/ % F1/% Recall/%  Precision/% F1/% Recall/ %  Precision/ % F1/%
Title 47.53 46. 81 47.16 50. 00 47.06 48. 49 43.13 79.18 55. 84
Author 51. 24 50. 94 51.08 51.61 52.58 52.09 62.52 49. 14 55.02
ISBN 70. 25 82.51 75.89 73.33 91. 67 81.48 92.94 74.12 82. 47
Pages 76.42 61. 81 68. 34 80. 61 66. 67 72.98 91. 37 64.13 75.36
Publish Dates 76.48 82.58 79. 41 81. 25 86. 67 83. 87 81.31 87. 29 84.19
Original Price 36. 57 53.23 43. 35 37.69 55. 22 44. 81 73.21 73.28 73.24
Current Price 62. 27 45. 39 52.51 69. 78 49. 94 58. 22 68. 17 76.42 72.06
You save 79.57 68. 75 73.76 88. 05 73.33 79.99 92.02 81. 07 86. 20
Average F1 61. 44 65. 24 73.05
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R Recall/ %  Precision/ % F1/% Recall/ %  Precision/% F1/% Recall/%  Precision/% F1/%
Brand 88. 34 86. 79 87.56 88. 89 87.22 88. 05 92. 44 90. 26 91. 34
Operating System 65.41 83.17 73.23 66. 67 83.33 74.07 74.13 86. 89 80. 10
DVD/CD Drive 91. 84 83. 47 87. 46 92.71 83.33 87.78 89. 50 86. 71 88.07
Processor 66. 12 65. 81 65. 33 66.67 67. 34 67.01 73.67 71.31 72.47
Main Frequency 91. 81 61.72 73.82 93.75 62. 50 75.02 84.19 87. 39 85. 76
RAM 68. 28 90. 27 77.75 68. 75 90. 91 78.29 73.64 84.12 78.53
Hard Drive 86. 24 91.18 88. 64 86. 67 92. 31 89. 40 89. 33 93.75 91. 49
Average F1 79.11 79.94 83.97
K6 EHIBEEP LMIEBENIRELER
— Linear-Chain CRFs #5145 2DCRF's fR {45 51 2DCC-CRFs #p v 25 5
TR Recall/%  Precision/ % F1/% Recall/%  Precision/% F1/% Recall/%  Precision/ % F1/%
Author 92. 89 76.08 83. 65 93. 06 76.92 84.22 94. 43 80.91 87. 15
Title 89. 21 57.42 69. 87 89. 47 56. 25 69.07 91. 36 79. 82 85. 20
Editor 44.58 56. 71 49.92 44. 21 58.16 50. 23 47.19 54. 89 50. 74
Book Title 48. 89 74.87 59.15 50. 00 75.48 60. 15 66. 67 63.10 64. 84
Date 69.18 76.82 72.80 71.72 77.78 74.63 82. 32 91. 29 86. 57
Journal 55.12 84.92 66. 85 55.98 86. 21 67.88 62.51 82. 65 71.18
Volume 49.75 88. 24 63.62 50. 51 90. 81 64.91 71.67 82.92 79.12
Tech 66. 18 62.12 64.09 67.74 62. 88 65.22 62.58 68. 69 65.49
Institution 72.98 87.92 79.76 73.74 88.67 80. 52 79.71 82. 31 80. 99
Pages 90. 59 65.98 76. 35 90. 76 66.67 76.87 92.18 67.32 77.81
Location 43.19 62. 15 50. 96 43.29 62.48 51. 14 68. 65 65.49 67.03
Publisher 56. 71 83.49 67.54 57. 14 83.15 67.73 60. 64 80. 61 69.21
Average F1 67.05 67.71 73.78
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ISBN 92. 86 65.22 76.62 92.94 74.12 82. 47
Pages 89. 44 62.63 73.67 91. 37 64.13 75. 36
Publish Dates 79. 14 76.47 77.78 81. 31 87.29 84.19
Original Price 71.13 69.23 70.17 73.21 73.28 73.24
Our Price 66. 67 75. 86 70.97 68. 17 76.42 72.06
You save 91. 00 79. 31 84.75 92.02 81.07 86. 20
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ute discovery, reducing human effort in extracting precise in-
formation from unseen Web sites. However, the method can
only use simple rule to discover the semantic labels of new at-
tribute, which results in low accuracy.

The method proposed in this paper makes good use of
the long distance dependencies and the short distance depend-
encies between Web data elements, which can improve the
semantic annotation accuracy of new attribute. In the other
hand, our method can solve the problem of large-scale Web
information extraction efficiently.
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