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e variability in use of layout-tags
<td>, <tr>, .. multi-column-text, image-layout ..

<br>, “~” .. separate fields as well as items
-> Pat-Trees suffer from misinterpretations

e domain-dependence of Web-wrappers and many heuristics
e training examples have to be updated when site changes

GOALS :

e unsupervised extraction
e resistant to layout-changes
e domain independent and fully automatic processing

-> little need of human resources, adaption to site-changes



IDEA :  Using structure in layout that is common to many
“hidden-web”-sites generated by web-queries.

Web-Queries are generated by a de-facto convention:
e HTML-Form: user inputs the query

e overview of results is presented on a that contains a
description and a link to more specific information, the

e the detail page refers to exactly one item from the list page

This of detail-pages could point to a
possible record segmentation of items on the list page.

Drawback: will work only with web sites having list-/ detail structure




An example for list-/detail structure:
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Preparation and Segmentation-implementations:

Get list- and detail pages results: TOKEN-TYPES

Tokenize page sources HTML, Punctuation, Alphabetic
Numeric, Capitalized, Lowercased
Bold, ltalic

results:
Extracts E = {E1,E2,.....En} from list page
Detail pages {r1,r2,...,rk}
Detail pages Di on which Ei appears

I o Es Ly Es

John 221 Wa New (740 John
Smith ington... Haolland... 335-5550 Smith El
Di | rlr2 rl | rl,r2 | rl,r2

Logical Constrains: Probabilistic Dependencies:
Xx1+x2 = 1 P(A|B) = 0,75



The CSP Approach: Constraint Satisfaction Problems

e |ogical expressions over a set of variables
e values of variables can be 0 or 1
e solved CSP: all constraints are satisfied at the same time

1. Uniqueness constraint:

Every extract belongs to exactly one record rj > xij =1
F Fa Fs Iy Es Fg Eq Fs Fg Fio F11
John 221 Wa N ew (rdio) John 221 R Wa Wash [ 1L George W, Findlay, (419
Smith ington... Haolland. .. 335-5055 Smith =shington... ington... 335-5555 Smith OH... 423-1212
i) | r1.r2 rl Il rl,r2 rl.r2 r2 r2 rl,r2 ra 3 ra

application for multiple extracts

x11 +x12 =1
xX41 + x42 =1
x51 + x52 =1

x81 + x82 =1

and for unique ones

x21=1
x31=1
x62=1
x72=1
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2. Consecutive constraint: for first record (j=1)
only contiguous blocks of extracts can be assigned ;‘121 + ig} <= 1
. | = | = . i < + <=
to the same record: xnj =0, k<n<i => xkj + xij <1 331 + x81 <= 1
X4 + x81 <=1 ...
3. Constraints from structural assumptions:
extract Ei was not observed on detail page rj => xij=0
4. Position constraints:
Ei, Ek same position on the detail pages => assign to different records
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The Probabilistic approach: Hidden Markov Models

e The Hidden Markov Model is a finite set of states

e Transitions among the states are governed by (time-invariant) transition probabilities
e The states generate visible observations, the states themselves are hidden

e Markov assumption: the state of the model depends only upon the previous n states

A=(S,M,A,B, )

S.. states

M.. observation symbols

A=aijj .. state transition probabilities
B=Dbj(k) .. observation probabilities
T=TTi .. initial state distribution

a
Oss 44

The Learning Problem
Given a model and a sequence of observations, how should we adjust the model parameters in

order to maximize the expectation of the observations ?
-> Baum-Welch, EM



A Model for our segmentation task:

dependencies:

P(Ti|Ci) :  token type depends on column label
P(Ci|Ci-1) : column label depends on previous column
P(Si|Ci) : start of a new record depends on column label P(Si=true) ifDi-1 N Di=0
P(Ri|Ri-1, Di, Si) : record number depends on previous

record number, record-start and detail-page

Observed Variables:

e T token-types of extract Ei
e D detail pages where Ei occurred

Unobserved Variables:

e R record number of the extract
e C column label of the extract
e S true if Eiis the start of a
new record, false otherwise
e 11 table period (number of columns)

arg max P (R,C|T,D)

bootstrapping:

P(Tij=true|Ci) =1/ |T| (initial token type)
P(Ri=ri) = 1 / |Di| (0 if there is no Di)



Results :

Probabilistic CSsP
Wrapper Clor InC | FN FP Clor InC F'N FP notes
.-"-.mui-}u | § [ | { { 10 ] a. h Cor: COI‘I‘eCﬂy Segmented
Baoks 2 5 3 | 0 0 10 |0 InC: incorrectly segmented
S > l: o o fo [o | |o [T7©¢| FN:unsegmented
Allegheny 20 ] 0 i) o0 0 0 0 FP: non records
Clounty 16 [ (0 0 20 (l ( 0
Butler 15 ] 0 i 15 il 0 0
County 12 ] (0 ] 12 il 0 )]
Lee 16 [ [ ] 15 [ ( ]
Clounty 5 [ [ ] 5 ] ( ]
Michigan T ] ] ] 1 3 (0 i
Corrections 12 | [ i 2 b § i c. d
Minnesota 11 ] [ 0 | T [ 0 a, b, c, d
Corrections 17 2 1] ] = 8] y 2
Ohio ® 2 ] i} 10 il 0 ]
Clorrections 10 ] [ 0 L) 'll [ 0
Canada 15 ki ] i 25 i 0 7]
111 1 | 0 ] | | 0 ] c, d
=print 17 3 ) 0 20 0 ] ]
Clanada ot 12 0 0 20 4] [ 0 Precision (P):
Yahoo [ i () ] 5 5 () ] a b.c. d
People 10 0 0 0 10 0 0 0 b P= Cor/ (Cor+|nC0r+FP)
Super 3 [ (0 i) 3 il 0 i a. b
Pages 0 i 0 )] 15 il 1 )]
Precision .74 .85 Reca" (R)
Recall “ 0.99 0.84 R= Cor / (Cor+FN)
F 0.85 .54
Notes

a. Page template problem; b, Entire page used; c. No solution found;
d. Helax constraints



Tests with local sites
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Redaktionelle Eintrage

¥eigl Alexander,

Weigl adolf /
Inge, Elektrotechn,
1190 Wien (W), MuBbergg 23

Suche nach: Veigl
Region: Wien

.»_ Biroorganisation,
1130 Wien (W), Auhofstr 58

Blroorganisation,
13 Auhofstr 58, 1130 Wien (W)

01/ 737 79..-0
01/ 797 7902
0676 /430 27 57
0&676 /430 27 60

1-10 von

Redaktionelle Eintrage

Veigl Alfred /
Anna, BBea,
Ty et U bemnciedm

T | wien (w)

Redaktionelle Eintrage

¥Yeigl Alfred f

Yeigl Alexander
Bliroorganisation,

1130 Wien (W), Auhofstr 55

veigl Adolf / V4 1-10 von 66
Inge, Elektrotechn, r 4 e
1190 Wien (W), Nuliberod 23

4 weigl Adalf /

Inge, Elektrotechn,
1190 wien (W), Mulbergg 23

Anna, BBea,
21 Bessemerstr 10-16, Stg 1, 1210 Wien (W)

01/ 256 16 01

Yeigl Andreas
1030 Wien (W), Kleing 20

Yeigl Annernarie
1210 Wien (W), Herzmanovsky-Orlandao-
G 13, Stg 37

Yeigl Charlotte
1030 Wien (W), Droryg &, Stg 1

|@ Fertig

Meigl Alexander,

Yeigl Alfred / Biroorganisation,

fnna, BBea, iy . 1130 Wien (W), Auhofstr 55

1210 Wien (W), Bessermerstr 10-I0mEsg |

L § Veigl Alfred /

anna, BBea,

VYeigl Amalia 1210 Wien (W), Bessermerstr 10-16, Stg

1160 Wien (W), Paletzg 17, Stg 3 BT /.

1-10 wan 66 Wien (W)

Redaktionelle Eintrage
Weigl Adolf /

Inge, Elektratechn,

1190 Wien (), Mulibergg 23

¥eigl Christoph,
12 Wivenotg 51, 1120 Wien (W)

01 /817 64 23
0676/ 780 76 &0

Yeigl Alexander
Biroorganisation,

1130 Wien (W), Auhofstr 55
Yeigl Alfred /

Expected result: name, address, description.
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Elektronik (35 Treffer)

ATMEGAB535-16PC
Artikel-Nr.: 154257 - HK d
8,95 EUR

MIKR.COMTR. ATMEGA161-8PC=162-

16PI DIL40

Artikel-Mr.: 154162 - HK C
23,25 EUR

ATMEL MIEROCONTROLLER ATMEGA161-
TQFP44

Artikel-Mr.: 154176 - HK C
22,99 EUR

Fahrradcomputer 4
in1um EUR
16,951

d

ATMEGAB515-16JC

Ihr Warenkorb = Grolansicht

Aurtike]: a
PE U

Miert: 0,00 £
R

AT 90 S 1200-12 SC=I PROZESSOR
Artikel-MNr: 152951 - HK

Typ ATO051200-125C

Gehduse S0ICz0

FLASH {KB) 1

EEPROM Gl
(Bytes)

RAM (Bytes) -

1/0 Pins 15

S5PI =

UART E

TWI 5

Hardware -
Multiplier

&-bit Timer 1

16-bit Timer -

10-bit A/D 3

Channels

| KX

l_ l_ | Internet

Expected result: art.-num, art.-name, price will be segmented.




