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Abstract.

Much useful e-commerce information is available web pages, especially
those created by queries to web servers. The profde programs to use that
information is how to ‘screen-scrape’ the datatb#f web page into machine-
usable data structures. Wrappers for web data ssurse knowledge of the
page layout in order to extract data accurately.tfgxy fail if page format
changes. This paper describes a fast method fgypergoroduction and also a
method to automatically detect page format chabgfre it causes data access
to fail. The method works for pages that contaafiectionsof items, such as
lists, tables and hierarchical structures. It usegepresentation of html
documents, which makeeepetitive featuresapparent. This provides fully
automatic wrapper production for a class of webepagnd rapid interactive
production for others.

1. Introduction

The task for an extractor program is to identifgledata item embedded somehow in
the html code. To achieve this it may rely @mdmarks which are distinctive
features in the html code, to identify each dagmitThe page description in terms of
landmarks is produced by analysing sample pages tine web site. The analyser is a
program or person or both. We are interestarbltectionsof objects in web pages. A
collection is a set of items with similar appea&oa the web page. The result set for
a query is an example of a collection.

Searching forrepetitive featuresn html code is one way to find collections.
Previous researchers have sought repetition otrsogs, or single tags which recur at
approximately equal character-count intervals,eaurrent sub-trees in the html parse
tree. Our method, using the recurrence patternagfSets’ (explained below), is a
more robust approach; not affected by irrelevanttians in the repetition pattern.

The model used to represent the web page is imgottacan have a major impact
on the effectiveness of page structure analysis. W& a new page modelling
technique, creating a data structure called a iiGo represent the html document.
This structure is much more amenable to analysis tthe raw html code. The
following section explains how to create a tpGridni an html document. That
section is followed by an example using a real wabe. Then in Section 4 a web
page with hierarchically structured data is analysed discussed.
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2. Constructing atpGrid

This section explains how to create a tagSet Pssgre Grid (tpGrid). An example
from a real web page then follows this preliminayplanation. A tpGrid is an
abstraction that reveals repetitive patterns o$ fagan html document. It is derived
from an html document by a sequence of steps, wdriemow explained.
The following html fragment represents the starimimaginary html document;
<HTM.><HEAD><TI| TLE>DEXA Conf erence 2004</ Tl TLE>
<META http-equi v=Content-Type content="text/htm; charset=wi ndows-
1252" ><L| NK
i d=css_menu href ="ecweb04Front Page_fil es/ menul. css" rel =styl esheet >
</ HEAD><BODY | ang=DE st yl e=" BACKGROUND- COLOR: #d6dcdd" vLi nk=purpl e
| i nk=bl ue>
<P> Call for papers </ P>
<TABLE wi dt h="100% summary="" bor der =0><TBODY><TR>
<TD vAlign=top align=m ddl e w dt h=210>
<I M5 hei ght =85 src="ecweb04Front Page_fil es/ dexa2004. gi f" w dt h=204>
</ TD><TD>| nt ernati onal Conference on Data Warehousing and Know edge
Di scovery
</ TD></ TR><TR><TD> etc, etc.

It can be seen that this is made up of sequencesgsfbetween text strings. (‘Text
string’ meaning any sequence of characters nadénangle brackets). Text strings are
the main items that are visible in a web page aeest as well as any pictures
produced by <IMG> tags. If we call the text striffigxtStrings' and each sequence of
contiguous tags a 'tagString' then the html docunigna sequence: tagString -
textString - tagString - textString - tagStringtc. This structure applies to ANY html
document. It can also be seen as a sequence:tfitapgS textString ] - [ tagString —
textString ] - [ tagString — textString ] .. etand this pairing of each textString with
its preceding tagStrings a useful basis for automatic page structurdyaisa If we
number each pair in the sequence, then a web pags btml documentan be
represented as a numbered sequencetafjString — textStringy pairs.
After creating this numbered sequence of paiwkich we will call the pair

sequencethe next stage in deriving the tpGrid is to sumpgathe tagString iach
of the [tagString — textString] pairs, by ignoritag attributes (which follow some tag
names, inside the angle brackeEB)r examplethe tag<META ht t p- equi v=Cont ent -
Type content="text/htm; charset=windows-1252"> in the html code above
becomesMETA> when we ignore tag attributes. Each tag is redteétd tagname A
tagString is converted to @agSet by identifying the tag names in it and counting
how many times each name occurs in the tagSthagexamplethe tagString:

</ P>

<TABLE wi dt h="100% summary="" bor der =0><TBODY><TR>

<TD vAlign=top align=m ddl e w dt h=210>

<I M5 hei ght =85 src="ecweb04Front Page_fil es/ dexa2004. gi f" w dt h=204>

</ TD><TD>

found in the example above, becomes the sequeriag ohmes:

</ P><TABLE><TBODY><TR><TD><| M5></ TD><TD>

which becomes the tagSet:
</P - 1><TABLE - 1><TBODY - 1><TR - 1><TD - 2><IMG - 1></TD - 1>



The purposef this summarization is to eliminate irrelevanepspecification, which
can obscure the repetition patterns in the web .pdge numbered [t&iring —

textString] sequence of now becomes a numberedeseguof [ taget — textString ]
pairs, when each t&tying is represented by its correspondingSetg

Certain tagSets occur more than once in the wele,pagd therefore more than
once in the numbered sequence of [tagSet — temgdtipairs (i.e. in thepair
sequence The next stage in tpGrid production is to idntihe all thedistinct
tagSets in the pair sequence. We identify eaclindistagSet by the position of its
first occurrence in the pair sequence. This givashalistinct tagSet a unique name,
such as T5, T27, etc.

The next step is to identify théemSetassociated with each distinct tagSet. An
itemSet is a set of rows in the pair sequence s$hahall pairs contain the same
tagSet. We represent the items in an itemSet ky tluenbers in the pair sequence.
The importancef an itemSet with more than one element is thedgresents a set of
text items having the same appearance on the wgd. pahey may be all the items
that occupy the second field in each result recmrdexample.

The final stage of tpGrid production is to creatdada structure witta row for
each distinct tagSetaind each row labelled at the start with the nafréine distinct
tagSet, such as T5, T27, etc. Each row in the tp@isplays the itemSet associated
with the row’s tagSet. So each row shows a sequendategers which are the
numbers of [tagSet — textString] pairs in the pguence. If the row for distinct
tagSet T5 contains the two numbers 5 and 7, fomei@ then pairs 5 and 7 in the
pair sequence both contain tagSet T5.

An example is now presented, in the following sattito demonstrate this tpgrid
derivation process applied to a real web paged. vérat it achieves.

3. An example query resultsweb page analysis

As an example of tpGrid production, Figl showswied page produced by a web site
www.planepictures.nah response to the query ‘de havilland comet’,clihis a type
of aeroplane. Our task during page analysis isutoraatically discover the result
records in this web page. Then it will be necessargutomatically identify a suitable
landmark beside each data item in the html codéhatoan extractor program can use
those landmarks later, to identify the data itemsther result pages from this site.

The html document contained 88 textStrings, whielhennumbered SO to S87. The
first 33 of these textStrings are shown beside Fagt each string can be seen on the
web page. The tagString preceding each of the 8&tiings was converted to a
tagSet, so that pair sequencef 88 [tagSet-textString] pairs was produced. Thren
these 88 pairs only 2@istinct tagSetswvere found, because the same tagSet was
present in many of the pairs. Each distinct tagSeamed by the number of the pair
in which the tagSet first occurs in the pair seqeei 2, T10, etc.

Fig 2 shows the itemSet associated with each oR€hdistinct tagSets. It shows,
for example, that the pairs numbered 75, 78, BBagitained the same tagSet, which
is named T75 because it occurred first in pair nemtb. We can see that tagSet T79
was found in four [tagSet — textString] pairsgd i was found in ten pairs.




PLANEPICTURES.NET

EECER =

“’t"ﬂ'““

(eonect infe) f 1077223060 { #182433 £ 26 views.
Wroughton, England, United Kingdom
19-February-2004
lan haskell

| G-APYD Science Museum Collection. Comet 4 and a Comet 1
nose

= oot info) £ 107222097 | #12952 43 viows
Wroughton, England, Unned Kingdom
19-February-2004

| lan haskell

British Overseas Airways Corp (BOAC) De Havilland Comet 1
G-ANAY Scisnce Museum Collection. The nose section used to
be displayed in the Science museum in London

(sorect nfe) | 1076670553 { 151034 103 visws
MAN Manchester, England [Ringway International Airpord,
United Kingdom

Wery early seventies

philip elcock

BEA Airtours De Havilland Comet
G-APME De Hasilland Gometi@manchester Airport England

(eanrect Infe){ 1076346250  #150079 155 visws
LGW London, England [Gatwick Airport], United Kingdom
~June-1978

Fredy Hader

Dan-Air London de Havilland Comet 4C
G-BDIX

(eonact inte) 1 1074710721 (#173692 185 visws
MUC Muenchen (Munchen,Munich) [Riem], Germany
4-March-1979

Gethard Plomitzer

Dan-Air London de Havilland Comet 4¢
G-BOIY The classic shape of the Comet on short final for RWY
25,

corectints) 1079819993 1 K173378 5 views
ZRH Zurich [Zurich Kloten], Switzerland

-January-1978

Frady Hader

Dan-Air London de Havilland Comet 4B
G-APME

core it in) 1073920080 1 #170525 £ 199 views
ZRH Zurich [Zurich Kloten], Switzerland
_ | 6-July-1975

Fredy Hader

Dan-Air London De Havilland Comet 4B
G-APMG

(oot nte){ 1073756508 { #1096838 170 views
| ZRH Zurich [Zurich-Kloten], Switzerland

| January-1977

Frady Hader

Dan-Air London De Havilland Comet4C
G-AROY

(somact o) 107 1877260/ #152098 188 viows
LGW London, England [Gatwick Airport], United Kingdom
19-December2003

Andrew Simpson

British Overseas Airways Corp (BOAC) De Havilland DH-106
Comet 2

G-AMRA Flight deck of the classic.

107 570825 1 #152097 195 views
LGW London, England irport, United Kingdom
19-December2003

Andrew Simpsan

British Overseas Airways Corp (BOAC) De Havilland DH-106
= Comet2

G-AMZA Head on,

123456

Newsearch || Upload your pics Hext matches >>

AdministrationsRealisation: Ingo Richardi, D-46468 Mulheim/Ruhr, Geimany. Contact Fax; 0708-3838880 @ 2001-2004

Fig. 1. Query Results web page from
www.planepictures.net

The first 33 textStrings from the html
document whose web page is shown in
Figl are as follows:

S0: Planepictures search " de havilland
comet "

S1: Click to enlarge

S2: Details (1-10 / 59)

S3: (correct info)

S4: /1077223050 / #182433 / 25 views
S5: Wroughton, England, United Kingdom
S6: 19-February-2004

S7: lan haskell

S8: Dan-Air London De Havilland Comet 4b

S9: G-APYD Science Museum Collection.
Comet 4 and a Comet 1 nose.

S10: (correct info)
S11: /1077222947 | #182432 / 8 views
S12: Wroughton, England, United Kingdom

S13: 19-February-2004
S14: lan haskell
S15: British Overseas Airways Corp

(BOAC) De Havilland Comet 1

S16: G-ANAV Science Museum Collection.
The nose section used to be displayed in
the Science museum in London.

S17: (correct info)
S18: /1076679653 / #181034 / 103 views

S19: MAN Manchester, England [Ringway
International Airport], United Kingdom

S20: Very early seventies
S21: philip elcock
S22: BEA Airtours De Havilland Comet

S23: G-APME De Havilland
Comet@manchester Airport England

S24: (correct info)

S25: /1076345250 / #180079 / 68 views
S26: LGW London, England [Gatwick
Airport], United Kingdom

S27: -June-1978

S28: Fredy Hader

S29:Dan-Air London de Havilland Comet 4C
S30: G-BDIX

S31: (correct info)

S32: /1074710721 / #173692 / 65 views

Some of the words visible on a web
page are parts of bitmap images, so
will not be found in the list of
textStrings for the page.



0
T1: 1
T2: 2
T3: 3
T4: 4,11, 18, 25, 32, 39, 46, 53, 60, 67
T5: 5,12, 19, 26, 33, 40, 47, 54, 61, 68
T6: 6,9, 13, 16, 20, 23, 27, 30, 34, 37, 41, 44, 48, 51, 55, 58, 62, 65, 69, 72
T7: 7,14, 21, 28, 35, 42, 49, 56, 63, 70
8

: 8,15,22,29,36,43,50,57,64,71
T10: 10, 17, 24, 31, 38, 45,52, 59, 66

T75: 75,78, 85
T76: 76, 86

T79: 79, 80, 81, 82

Fig. 2. The tpGrid for Figl's web page

The reason for creating a tagSet is to provide ge papresentation that is more
amenable than html code to analysis when seardbingepetitive items. We see at
once a block of long rows in the tpGrid (Fig2). Jlmdicates collections of similar
items in the web page, such as the set of reszdtds we want to find. But in order to
see exactly what it signifiegail following is used, as now explained.

The sequence of page items is shown in the tpGrithdditem numbers, O to 87 for
the 88 [tagSet — textString] pairs. If we join seautively numbered items with a line
then the result is the item sequen®il, on which tpGrid analysis is based. By
following the Trail through the tpGrid we can ske pattern of tagSet use in the web
page. Items 0 to 3 each have their own distince¢éagvhich occurs only once in the
web page. Recurrent patterns are associated withrtows in the tpGrid. The tagSets
used for items 4,5,6,7,8,9,10 are T4,T5,T6,T7, T8I0 respectively. This same
sequence of tagSets is used for items 11 to 17agauh for items18 to 24, and again
for items 25 to 31, etc. The recurrence patterrolmes easier to see in the tpGrid if
we put the recurring sequences of itemgdrtical columnsas shown in Fig3.

Now we see a block of long rows that are all thmeséength (10 items) except the
last row (9 items). This blocghapeis characteristic of a set of result records. €her
are seven rows because each record has seven éiettithere are ten columns for the
ten result records shown on the web page on screen.

Looking at the list of textStrings beside Figl, ean see that items 3, 10, 17, 24,
31 are the first item in each 7-field record. Ire ttpGrid these items have their
characteristic positions as the single item (itgrbefore the cluster of long rows, and
the last row of the cluster. Item 66 is the firgld of the last 7-field record. The
automatic analyser does not need to look at thepaghe.

Field 1

Field 2

Field 3

Field 4

Field 5

Field 6

Field ]

T3 then T10

T4

T5

T6

T7

T8

T6

Table 1. The tagSet associated with each field



The significance of all this is that
ﬁf 2 by constructing the tpGrid we have
T2 2 discovered the set of ten 7-field
T3: 3 records and provided all the
T4 4,11,18, 25, 32, 39, 46, 53, 60, 67 information an extractor program
To 613 20,27 344145 85 62 69 | Needs to extract the data into
T7: 7,14,21, 28, 35, 42, 49, 56, 63, 70 correct field positions.
RoGRERBLANAN || Jase 13 o e b e
T10: 10 17 24 31 38, 45. 52, 59, 66 results page, just before the first
73 73 result record and T73 occurs once,
T74: 74 just after the last recol
T75: 75,78,85 In the results section, each field
T76: 76, 86 is identified by the tagSet preceding
T77: 77 o
T79: 79, 80, 81, 82 it in the html code. T4 to T10 are,

T83: 83 in effect, labels (in the html code
T84: 84 a results page) for the data item
Ter: 87 belonging in each field of each
Fig. 3. Rearranged tpGrid for Figl's web page result record.

This is a useful achievement.

Landmark-based extractors identify data items latuiees in the html document.
For result pages from this web site an extractouldv@kipTo(T3), meaning ignore
everything in the html code of a results page uatiSet T3 is found. This marks the
start of the result set and the first field itemmediately follows tagSet T3. After
extracting the first field item, each of the otlséx fields follows the tagSet specified
in Table 1. After the firstecord has been extracted, tagSet T10 precedes théididst
of the next record. The process of extracting #gSet-labelled data items continues
until tagSet T73 in found, which marks the endhef tesults.

3.1 Hyperlinked data items

The introductory explanation above considered fidieims to be textStrings.
However, this is just a mechanism to establistptigtion and shape of records. Once
these textString records are found it is easy émtifly any pictures and URLs in the
tagString preceding each textString data item. &Hescome additional fields that
precede the corresponding textString field, bec#usg come from the tagString part
of a [tagString — textString ] pair. For examphlg$tring 10 is:

</ TD></ TR></ TBODY></ TABLE></ TD></ TR><TR VAl i gn=t op><TD al i gn=mi ddl e

wi dt h="25% bgCol or =#f ef 7cd>

<A href="http://ww. pl anepi ctures. net/net show. cgi ?7182432"

tar get =_bl ank><I MG hei ght =133 al t =182432 src="fil es/ 1077222947_TN. j pg"

wi dt h=200 bor der =0></ A></ TD><TD w dt h="75% bgCol or =#f ef 7cd><TABLE

cel | Spaci ng=1 cel | Paddi ng=1 wi dt h="100% bor der =0><TBODY><TR><TD

al i gn=ri ght bgCol or =#f f e7ad><FONT si ze=1>

<A href="http://ww. pl anepi ctures. net/c. cgi ?7182432" target=_new><FONT

col or =gr een>

It contains two <A> tag URLs and one <IMG> URL. Bkeare in the tagString that
precedes each first field textString, so the URlings can be added as three extra



fields. TagString3, which precedes the frestord contains the same three links .. as
expected. In the tagStrings preceding each of thercsix fields only TagString7
contains a hyperlink, so an extra field to conthet URL is created before Field5.

4. Nested lterations

Data is sometimes displayed on a web page as attredure like the Contents list in
a book, rather than a simple sequence of recoigss Bhows an example, which is

the results page for a queryweovw.nga.gov
Here is the tpGrid for the web page shown in Fig 5:

47
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, 16, 27, 34
T8: 8,10,12,14,17,19, 21, 23, 25, 28, 30, 32, 35
T9: 9,11, 13, 18, 20, 22, 24, 29,31

T15: 15, 26, 33

T36: 36

T37: 37,39, 41, 43, 45, 48, 50, 52, 54, 56, 58, 60, 62
T38: 38, 40, 42, 44, 46, 49, 51, 53, 55, 57, 59, 61, 63
T64: 64

T65: 65

Items 7 to 15 show the characteristic shape irtgeid for a set of records. (One
item on its own on the row before the block of laogvs, and the last long row one
item shorter that the others). So do items 16 t@2& 27 to 32. To see what this
signifies, textStrings 7 to 14 can be found besiide5 and identified in the web page.
They are the list of 2-field result records beldw heading 'Painting'. Items 16 to 25
are the list below 'Drawing'. ltems 27 to 32 are tifree 2-field records below 'Print,
and items 34,35 are the single 2-field record befosvfinal heading, 'Volume'. The
single-item in the first row and the items in tliglstly short last row in each block of
items in the tpGrid correspond to first-field itemshe data records.

Rows T6 and T15 in the tpGrid enclose the serietables just discussed. The
single item in row T6 and the set of items in robbTare first and last rows of another
block in the tpGrid. Items 6, 15, 26 and 33 (in soW6 and T15) are the category
headings, Painting, Drawing, Print and Volume, Wwhéce visible as headings on the
web page in Fig 5. Thimested record structurén a tpgrid is characteristic of
hierarchical data in web pages. Other examples lmanseen on our web site
[http://www.page-info.info].

The first field in the list of 2-field artObjects ithe title, which is clearly a
hyperlink in Fig 5. Therefore the tagString precgdeach of these textStrings must
contain an <A> tag URL which the page analyser ailfomatically find and add as a
third field to the template for records to be exteal.



WHAT'S NEW
HELP
SEARCH
SITEMAP
CONTAETUS

planning a wisit
the gollection
exhibitiong

online tours
education
programs & events
resources

gallery shop

ngakids

the collection

NATIONAL GALLERY OF ART

Artist

John Singer Sargent
American, 1856 - 1825

EBicgraphy
T orks after this artist (3

Painting

s Eleanora Q'Donnell Iselin (Mrs. Adrian Iselin), 1835, 1964.13.1

fimage available}
o Ellen Peabody Endicott (Mrs. William Crowninshield Endicott), 1501,

1951.20.1 timage available}
. Crowninshield Endicott Chamberlain
Chamberlain), 1902, 1958.2 1 (image available}
o Miss Mathilde Tovmsend, 1507, 1952 3.1 {image available]

s. Joseph

Drawing

s Bridge and Campanile, Venice, 157017169 (image avaitabie}
o Capilla Real Entablature, Granada, 1912, 1579.20.104

{imago availabic}

« Comprodon, Spain, 197017 170 limage availabie)

« Figure Studies of a Youth, 1984.1 25 (image svaitsbie}
e Grand Canal, Venice, 1970.17 171 {image available)

Print
e Design for Hawk Dress for Mrs. C.E. Hunter as Queen Phalema in
"The Seraph", 1900, 1979.8 2 {image avsilabie)
o Study of a Seated Man, 1895, 1971.30.3 (imags avaitabls)
o Study of a Young Man, 197443 1 (image available}

Volume

s Sketchbook with Two Costume Studies, 1200, 1975.8.1

planning a wisit | the collection | exhibitions | online tours | education | programs & events

sesources | gallery shop | HGAkids | search | help | contact us | site map | what's new | home

Copyright ©200% Nafional Gallery of Arf, Bashington D C.

Fig. 5. Query Results web page from www.nga.gov

TextStrings in Fig5's html:

S0: John Singer Sargent

S1: Artist

S2: John Singer Sargent

S3: American, 1856 - 1925
S4: Biography

S5: Works after this artist (3)
S6: Painting

S7: Eleanora O ' Donnell Iselin

(Mrs. Adrian Iselin)

S8: , 1888, 1964.13.1

S9: Ellen Peabody Endicott
(Mrs. William Crowninshield
Endicott)

S10: , 1901, 1951.20.1

S11: Mary Crowninshield
Endicott Chamberlain (Mrs.
Joseph Chamberlain)

S12: , 1902, 1958.2.1

S13: Miss Mathilde Townsend
S14: , 1907, 1952.3.1

S15: Drawing

S16: Bridge and Campanile,
Venice

S17: ,1970.17.169

S18: Capilla Real Entablature,
Granada

S19: , 1912, 1979.20.104
S20: Comprodon, Spain
S21: ,1970.17.170
S22: Figure Studies of a Youth
S23: ,1984.1.25

... etcetc...
S64: Copyright &#169;2003

National Gallery of Art,Washin ...

The repetitive data in the web pag

a nested iteration It is a list of 2
field data items, where the second
field is itself a list of 2-field da
items. As shown in the diagram on
the right.

LIST(artCategories)
category heading LIST(artObjects)
title information

5. Detecting changesto web page structure




This task, known as Wrapper Verification, is prolgabs important as wrapper
creation because correct data extraction is neestatlif web page layout changes
then the wrapper may no longer work properly. Rresi research [16,17] on
automatic checking to ensure a wrapper still wohes focussed on the data rather
than the page. If the wrong data set is extradbesh the wrapper is not working
properly and this may be because the page fornsmichanged. This is an indirect
way to check whether a web page has changed iesaggce. It examines the effect
rather than the cause. In contrast with this, aith@ a fingerprint for a web page. It
shows key features and associates them with tagSetf the current tpGrid for a
web site differs from the one used to create thapper then page appearance has
changed. Changes that affect the data area ofailpe gan be distinguished from those
that affect other areas and do not affect the tag®eed by the wrapper.

Conclusions

The importance of automatic wrapper production &l wstablished. It is a research
area that has been active for many years becaugbeotnormous benefits for
applications is the problem can be solved. The lprob to be solved are to find the
result records in the web page and identify thedord structure, to solve the problem
of variable length records and records whose fieldy occur in a different position
in each record, and dealing with hierarchical detiable record length is caused by
missing fields or by arbitrary repetition of somested group of fields (as discussed
in section 4). In the tpGrid, any missing fieldpeapr asolesin the block of result
items (Fig 3). But each row (field) is identified lits row’s tagSet so there is no
difficulty in recognizing which field is missing.ifilarly, during extraction of data,
the extractor can allocate data items to theiramrfields in the record template even
though some fields are missing, because of thestdgBel identifying each data item
and its field.

The method of page analysis, and data extractiescribed in this paper uses a
new data structure to represent web pages for sisalyhis allows fully-automatic
wrapping for web pages with a number of differgmitets of appearance. Samples can
be seen at our web site [1]. The extent of this<laf automatically wrappable web
sites is not yet established. There are many tgaesithat have not yet been utilized.
The tpGrid is a central page analysis techniqueyh@h various other knowledge
sources for page structure, including previous owghof web page analysis, can
contribute.
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