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Abstract: An improved sequence labeling model named Mixed Skip-Chain Conditional Random Field is
presented to solve the problem of schema matching between semi-structured Web records and relational database.
The proposed model can be trained on mixed samples set which consists of |abeled samples and unlabeled relational
database records to reduce the dependence on manually labeled training data. Moreover, it provides a novel way to
incorporate the long-distance dependencies between different state variants. Experimental results using a large
number of real-world data collected from diverse domains show that the proposed method can improve the
performance of schema matching significantly.
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Fig.1 Heterogeneous digital camera records embedded in different Web pages
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Fig.2 Integrate Web recordsin relational database
2 AR Web ic sk 106 2 Kl e

N T R L A B AL B R T K T TR A A T M LA Kb B A G 2R 1) AT 2% O R A e i 192,
ASCHR T R A b 4% 1E BE L3 K Y (mixed skip-chain CRF, i % M SCRF). 1% 1 5 il b K¢ 5 K4 45 704
(maximum  entropy, & 7k ME)!™ 55 £k k4 CRF -2, 1T LAAE T AR TE AR A TG bR 1) 56 28 30308 10 S 2l 1 1k
B INGRFEASE BT I S5, T 9D T 068 T AR TR R AR (K 400, 8 K 3 Jo 7 2 1k e ASS 2R 98 oot 9k 3 1) 2 %,
A5 A5 TR (5 0 Ak 38R 24 A48 o 1] 1) K B 28 0Kt e U A - Gl il U B L 5y 8 s T S 2R %) A I R L S B
g R W T Dk T AR GRS (138 SObRE PE e, BE A RO AR v 5 K Weeb e 53t 55 5% 22 B P 110 4 Rk i) L.

AL LN G A BB IA I B J JL S 50k v FOHEBE 7 v 28 2 49 MR A B 7 S i) Weeb i S
SCUCFC A R .36 3 15 4 Hh 2 SR &5 SR S 20 W e i J 4 45

© PEFREBAEHIITUN  httpd/ www. jos. org. cn



R F A T IRABAE AL 69 A Web it R E o ik 2151

1 RSBk HREIAEE

1.1 kM8 HREN A

A B AL A A B K IR R 20 M B 1 SR AT SR A0 (hidden Markov model , i # HM M) (R L7l 1 32 H ke iy —F
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(1) 7E £k B 1 %k 48 (online book dataset, 5] FX OBD). 1% 404 4E A % 20 MELL B 11 Web % 4
(http://www.cs.ust.hk/~cswangjy/vidb04_exp.htm), F AT H IEFE T 2 500 A A% X i Web B 4510 5%, -85 Heop
f) 800 4%ic s A TG S X H 56 B B 22 T F0 4y 1700 464 T ThRYE S 4 I om0 & et

(2) BhoAHALE o % (digital cameras dataset, i Fx DCD).iZ ¥4l 42 i N FROOGLE 1t £ W44 W sl A £ 1)
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(2) K5PE. A=A FL -7 1E (average).
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A+D
Accuracy =———— 14
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FHE L B UIZRA5 20 (¥) SCRE BRI SR EAT I8 PEFRTE 5 3 L] MSCRF B4, & KA DB A1 L 21 Bl 1 15k

GREAE RIS RIN R L8 H T A S 45 L Reiy 13 A9 0 2 B ) Ja M A v 45 AN F B g
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Table1l Schema matching resultson the datasets OBD and DCD
%1 %4 OBD I DCD Ly DU TR 45

Data sets Fields . iny-DB ME . iny-L SCRF ‘L‘+DB MSCRF
Precision Recall F1 | Precision Recall F1 | Precision Recall F1
Title 68.4 63.6 65.9 76.4 766 765 81.8 789 80.3
Isbn 73.6 764 75.0 85.7 844 850 95.1 96.7 95.9
OBD Authors 715 63.7 67.9 74.1 69.9 719 87.4 89.8 88.6
Press 66.2 685 67.3 80.3 785 79.4 84.7 826 836
Price 775 812 793 90.6 92.7 916 94.2 986 96.3
Publish date 80.3 771 787 92.4 942 933 93.2 958 945
Average 72.9 717 723 83.2 827 830| 894 90.4 89.9
Brand 81.5 852 833 82.6 811 818 94.5 89.4 919
Type 79.4 763 77.8 85.3 82.3 838 85.7 809 832
Price 89.6 90.2 89.9 90.4 87.2 888 96.3 940 95.1
DCD | Optical zoom 69.2 56.7 62.3 83.2 86.7 849 89.6 936 916
Digital zoom 68.7 493 574 78.3 726 753 85.4 89.7 875
Sensor type 86.3 89.8 88.0 92.6 955 94.0 99.7 96.7 982
Resolution 82.2 87.4 847 82.8 76.4 795 94.6 952 949
Average 79.6 76.4 77.6 85.0 831 84.0 92.3 914 91.8

B 45 5T LU H M SCRF B8 bRy PEBE 5 ME R SCRF M LI B354 i ME th U % 18 TREA
FA T VA% S AE, bR PEREAE 70% 1 F. 55 SCRF A Eb ,MSCRF # il T B4k i i SR A, L4k 22 B0 v f b
R . BRI FLIX 3 ANFEAR A B B8 a1 I 3 = T 4 7%. 751X 3 4154, DCD 144 A br i
PEREZEWS I T OBD,iX S K 2 DCD Il 45 b A £ 1 220 KT~ OBD. T~ CRF J&t — Rl MR 28 48 v 27 > LAY I 2
A (R B R 29 A7 6 8 R4 AR K S5 A N MISCRF A 18 (18 3 A i 3t 45 R ] LU B B0 PR A s i &
LT T RO (R AR bR 1k R A AT 98D 1O T AR AR AN B R 1 T K
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Fig.4 Variation of Flwith ratio of labeled training
samples on OBD without database
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Fig.5 Variation of Flwith ratio of labeled training
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Table2 Labeling results of different machine learning models on PHD
R 2 PHD Hdladl EASRINLAS 2 1 T iR bR 45 2R

Instance accuracy | HMM (4.13%) SVM (68.7%) CRF (73.3%) MSCRF (78.5%)
Fields Accuracy | F1 | Accuracy | F1 | Accuracy | F1 | Accuracy | F1
Title 98.2 82.2 98.9 96.5 99.7 97.1 99.7 98.3
Author 98.7 81.0 99.3 97.2 99.8 975 99.8 97.8
Affiliation 98.3 85.1 98.1 93.8 99.7 97.0 99.7 97.4
Address 99.1 84.8 99.1 94.7 99.7 95.8 100 98.6
Note 97.8 81.4 95.5 81.6 98.8 91.2 99.2 92.5
Email 99.9 92.5 99.6 91.7 99.9 95.3 100 97.4
Date 99.8 80.6 99.7 90.2 99.9 95.0 100 95.2
Abstract 97.1 98.0 97.5 93.8 99.6 99.7 99.7 99.8
Phone 99.8 53.8 99.9 92.4 99.9 97.9 99.9 97.9
Keyword 98.7 40.6 99.2 88.5 99.7 88.8 99.5 90.1
Web 99.9 68.6 99.9 92.4 99.9 94.1 99.9 96.6
Degree 99.5 68.8 99.5 70.1 99.8 84.9 99.9 85.8
Pubnum 99.8 64.2 99.9 89.2 99.9 86.6 99.9 88.7
Average F1 75.6 90.2 93.9 95.1
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BoR TR LR 3 ANASTR AU (1 - 38 VG e fEff 26 45 S R MSCRF £F 3 AN R 7 1R (M ki 26,
88%~92%. 4 [z ,Naive Bayes [ L HE 5 KALAL J& 57~68%, HI A 2 3 T SVM 4 25 2% S 14 UG e v i %< th Lk
MSCRF 77 7:4I% 2%~10%.L SD J5 VLl i J6 7 88 R A A AR 73 S 285 10 73 8 45 L HERf A8 2 FEAR Ay s AT BT
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