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Abstract

A Hidden Markov Model(HMM)-based information extraction method is proposed in this paper. The proposed extraction
method is applied to extraction of products’ prices. The input of the proposed IESHMM is the URLs of a search engine’s
interface, which contains the names of the product types. The output of the system is the list of extracted slots of each
product: name, price, image, and URL. With the observation data set, Maximum Likelihood algorithm and Baum-Welch
algorithm are used for the training of HMM and The Viterbi algorithm is then applied to find the state sequence of the
maximal probability that matches the observation block sequence. When applied to practical problems, the proposed
HMM-based system shows improved results over a conventional method, PEWEB, in terms of recall ration and accuracy.

Keywords : HMV, internet, data extraction, Baum-Welch algorithm, Viterbi algorithm
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<htmi¥<title>Laptop pricing</title>

<grprice of ilaptop</p>

4table>

<tr><td> ——
4tﬁble>

41: <td>3ony VATO 1.6 GHz Pentium M Laptop</td>

L0292/ td></Ers</table> .
Stakbles “price of laptop
Lrrx<rd>Dell Inspiron 6000 Notebook </td>

Table

[ Table ’ r Table
AN

<hdsS 1, 440</ ed> </ trm</ table> -
<fedr</tr> [ text l [ text l text ' text
</table>
</ htwml> “Sony VAIO  «g1029” “DellInspiron «$1.440"
16 GHz 6000 PC:
Pentium M Notehook”
Laptop”

J3 20 HTML A2 2=l segment E2| 2| o
Fig. 2. A HTML document and corresponding segment tree.
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Experimental data and results of experiments
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il ¥ s VT 92+ [guer wEs [ waet
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4 www.ushflashdrivestore.com 25 24 24 27 24
5 Wwww.buy.com 15 14 14 9 0
6 WWW.ecost.com 25 22 22 25 25
7 www.overstock.com 11 10 10 14 10
8 usbflashstore.com 25 24 24 27 25
9 shopping.aol.com 16 16 16 9 7
10 Wwww.pricespider.com 10 10 10 15 0
11 www.usanotebook.com 27 21 21 28 27
12 www.dealtime.com 21 17 17 16 5
13 www.geeks.com 28 12 12 55 28
14 Www.nextag.com 11 10 10 15 0
15 www.kenzo.com 16 13 13 20 16
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17 wWww.pricewatch.com 15 15 15 33 15
18 computing kelkoo.co.uk 20 17 17 5 5
A 362 08 | 306 38 | 238
- = /B BEE T 345% AL 665.7%
Bt A AT 1 003% | ATE 621%
P 21%2 Hol:d s HMM 71w AZ7E  sbAex guh ek o 6007 o] FolAx Al
0.3%9] A2xE Hola glof, Akd HMM 7]wte] Fol woll WA oM E3td 2AFAE Holi Ut
AZ717F g AE dE HAAHE Holw &E ¢ HMM 7]ite] AE7|dAe 4E2Es A58 59
% Pk ol HMMe! 71249l 549 s8] Aol ko) wet A2wo) ol WA A, % zue—t—
e 7lE s &3 A4 7dgtiy & 4 gl 100 709 A9 disaolsith HEEANE 9 8
oh. @, PEWEB/} 2204 Asshs 2% dole 7 olFolxe Tatd Z3E RelFIL Tk HMMo 1
WAk @ ohe) dele) BEER TN o, He]  SigwlolEld) S8 TS v mdey) WE), B
B OHAE A4S 2 e St Btk B, @& delde b wg o8 93 sn gl o 7
A ol Fart ALHE doly HI=g F ) ® SNME FEHT Qrh
E 2 o3 Heoy gas=g 23 u) PEWEBE
Az ANT A7} Bk, vd B
UukH o2, HMM 7lwhe} Q147]= Sherel AHEEE
BEA 8 (Observation)®} A7 ol )8 2 50 3 P wRoAE oy nan 2d s)de) A8 AR
T2 9] gEd, BEAEY FUtd wE HER & o] A=A, AT § ApolEAAN HF
BAE dsfE 335) HﬁH, #E4RE F7h2 B AL 1edow FEE BA AEHAT AL
RAAA g A5 $2 10070904 100072 #sk A A e AE PEsE Xddte dvlolE Y “‘Hé
1% e Ade a-s—s}ait— 1, 1 Ak 3% 50 AEs aaE 4+ Qs Bdel Aok AR
FoU, 78 599 wkol PIVEBE 4554 32 539 49a4E deld 8301 B A9 dole eﬂa
T RF BEAE $9) Fh] we o= AR $RE =2 PANRS 1, UolH WAE AN B e

(289



14

A7t Btk 3, @ ) o)de] B3t d&He el
H HIZEE F /) EE 2 o9 doly dazz 2
g o 471 2AEh 28y A9 F Al s,
Agte e EAZE HA ¥Ege] wEAth AgHd
HMM 7|5t8] F&7]d4e] 5% FHo2 e 354
tlo|E #AIE7} relational DBl |A AFE 4 e
FHE A & doke Aotk webx ogA AR
He % dolEe 999 et 48 713 e A
AR GA $842 F dvhe Aol Aot AA A
o] 48 AFHdA BXo| Akd HMM 7iske] Fr
7A2&7)% PEWEBd Hl3 HEZ9 AYTAA wf$
FAE ZRE Holx JoH, 53 FFEAE 9%
ode E& ARE HAFa gt} W, B} FHE
& A g vlolH 9 & 80070 ooz FUb
ARE o HEE FA & 3% F5E& RAFA
HMM ¢ 72§ Bt} 043 Fe2 U3 A, 38%
g5l 3 HEEE 59 F & el g I
7} AlgEojok & Aoltt

P

il

e

Ho

[11 D. Embley, Y. Jiangg Y and Y. Ng,
“Record-boundary discovery in Web documents,”
Proc. of SIGMOD-99, 199.

D. Buttler, S. Liuy, and C. Py, “A Fully
Automated Extraction System for the World
Wide Web”, Proc of IEEE ICDCS, pp. 361-370,
2001.

http://omini.sourceforge.net/

K. Lerman, S. Minton, and C. Knoblock,
“Wrapper Maintenanc: A machine learning
approach,” J. of Artificial Intelligence Research,
V. 18, pp. 149-181, 2003.

B. Liu, R. Grossman, and Y. Zhai, “Mining Data
Records in Web Pages” IEEE Intelligent
Systems, V. 19, No.6, pp. 49-5, 2004.

C. Chang, C. Hsu, and S. Lui, “Automatic
information extraction from semi-structured Web
pages by pattern discovery”, Decision Support
Systems, Vol. 35, No.1, pp. 129-147, 2004.

X. H. Phan, S. Horiguchi, and T. Ho, “PEWEB:
Product Extraction from the Web Based on
Entropy Estimation”, Proc o the 204
IEEE/WIC/ACM International Conference on
the Web Intelligence, pp. 590-593, 2004.
http://www jaist.ac.jp/ hieuxuan/softwares/peweb/
43, WHE “Stochastic ZEA|A 2dS o] &

- o,

(2]

(3]
[4]

[5]

6]

(71

(8]
[9]

ed nimE 2YE 0|83 EY R 53

(290)

Jz
ol
[

3 4 Holx FA 7Y, AAFGFI A, A2
A CIH A6Z, pp. 37-46, 2005.

[10]1 D. Gusfield, Algorithms on strings, tree, and
sequence. 1997.

1] A8y A4, “dad FAE 2EZo|Z 33
o] HMME o| &3 QAwWel” FRI383]=#7],
A427 CIH A1%, pp. 51-58, 2005.

[12] ¥<4, €3F, A 714 8¢ AATE o8¢
33 =212, FAEFes=ER, A 48 SP
H, A2E, pp. 82-92, 2007.

(131 2H3d, $94, 92 B4 A" 43 AAd
A% #L7Y AL 2 Y Y AAFEI=
#2] A45#E CIA A53, pp. 8-14, 2008.

[14]1 L. R. Rabiner, “A Tutorial on Hidden Markov
Models and Selected Applications in Speech
Recognition”, Proc. o IEEE, Vol7, No. 2,
57-286, 19%9.

[15]D.-C. Park, et al, “Information Extraction
System Based on Hidden Markov Model”, Proc.
of ISNN 2009, (accepted for presentation).

X X2 7H

gt & H(AHIY)

1980 M 7ehsta AA3 %%
spA 4.
d=Hrled A7 R
AAFeH A B
Univ. of Washington,
Seattle, Dept. of Electrical
Eng. ¥} &4.

N AuU3Fss wg,
THAFHE, AEA>

1982

1990

2009 @A WA

<FEAEk: A



