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ABSTRACT

Documentum Enterprise Content Integration (ECI) servisea
content integration middleware that provides one-queness to
the Intranet and Internet content resources. The ECI Adégta-
nology offers an interface to any application for data andaai&ta
extraction from unstructured Web pages. It offers a unigamé-
work of wrapper production, automatic recovery and maiatee,
developed at Xerox Research Centre Europe and based owfktate
art algorithms from machine learning and grammatical rfiee.
In this presentation we analyze the performance of ECI adspt
deployed in current commercial installations. We benefitfrac-
cessing reports on daily tests for all ECI commercially dgptl

adapters collected from June 2003 to September 2005. Using t

daily reports, we analyze different aspects of the wrapgehrol-
ogy.

Categories and Subject Descriptors

H.2.5 Heterogeneous Databasgsl.2.6 [Learning]: Induction;
D.2.8 [Software Engineering: Metrics—performance measures

General Terms
Algorithms, Performance, Measurement

Keywords

Content integration, Web wrappers, wrapper maintenance

1. INTRODUCTION

Over the last decade, wrapping Web sources has been a hot re

search topic in the data extraction, mediation and integrato-
mains. Nowadays, despite the progress in XML publishingjice-
oriented architectures and Web services, wrapping Web 8it
publish human-oriented HTML pages, remains an importamt-co
ponent of Semantic Web efforts [16].

The diversity of different wrapping techniques proposedaia
mediation and machine learning communities is remarkah|& [
15, 17, 24, 25, 26, 28]. Several efforts to survey and chassif
isting approaches and techniques have been undertaken @& [1
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13]. However, the major open issue remains the comparatale e
uation of different wrapping methods. Similarly to the sifion in
information extraction [19], comparing different methadsnains
a challenge for the reasons of lack of agreed evaluatiobgdstnd
multiple inconsistencies in the experimental procedures.

Furthermore, requirements to wrapper technologies haenes
tially evolved over the last decade. This evolution wenbtigh
three major steps. Initially, the wrapper techniques werefeting
in the expressivenegs.e., a capacity to accurately wrap any given
Web site) anchdaptability (i.e., the automatic generation without
coding). Later, the need for wrapper maintenance imposdd ad
tional requirements, such asbustnesandautomatic repairingof
wrappers. Finally, the commercial deployment of wrappehte
nologies add requirements s€alability, optimal quality contral

In the absence of an agreed evaluation testbed, in this paper
explore a different dimension. We report on the commercéal d
ployment of one specific wrapper product, namely, the ECh{fr
askOnce) wrapper technology developed at Xerox ReseartneCe
Europe in 1999-2002.

The first commercial deployment of askOnce technology dated
2000, with Web wrappers being rule-based javaCC parseradTo
dress the wrapper production requirements, askOnce wepsio-
tegrated the wrapper generation component in 2001. ltdecithe
Graphical Wrapper Toolkit, where any user with no prograngni
skills could induce an accurate Web wrapper from few example
pages [3]. In January 2004, askOnce committed version 4revhe
the wrapper architecture was extended with the maintenzorce
ponent [5]. In March 2004, the askOnce content integrateibegn
acquired by Documentum to become a part of ECI Services [11].
Currently, ECI wrappers are deployed in more than 100 futibo
mentum ECI installations in Europe and the United Statesrsgr
100,000 to 150,000 users.

Among Web content providers solicited by ECI clients, some
do cooperate with content integrators by offering an actedsta
through the Web services, XForm querying, XML publishinghwi
a predefined schema or RSS feeding. However, a vast majdrity o
domain-specific Web providers do not cooperate with integsa
they target the human visitors only and support the conveati
mechanisms of PHP/CGI querying and human-oriented HTML= pub
lishing.

The main goal of our study is to analyze the commercial per-
formance of ECI Web wrappers over a period of 28 months, from
June 2003 to September 2005, including the migration frasior
3 to version 4. We benefit from a unique opportunity of aceegsi
reports on wrapper tests run daily during the whole periothef
commercial deployment. The daily reports account for al tofta
1,200,000 tests for about 500 wrappers. To our best knowledg
this is the first attempt of conducting such a study.



Since wrappers are deployed in a large-scale environmeht an
communicate with non-cooperative sites, ECI-4 pays a Qdéi
attention to the wrapper maintenance. Once a wrapper plioduc
platform became operational, the creation of wrapper imtsa for
a majority of Web providers represents an important buttime-
investment. Instead, in the content integrator life cytbe, wrap-
per maintenance cost is considerably superior to the lifitiast-
ment in the wrapper creation. The goal of the wrapper maamea
component consists in reducing the maintenance cost Husii-
anteeing the top quality of extracted data.

tion rules are often specific to a content provider and artetltig
linked to the mark-up and structure of provider HTML pages.
Wrapping Web providers is a special case of the information
extraction (IE) problem. Web pages processed by wrappers ar
more structured than pages processed by conventional oot
that target unstructured text like FAQ or seminar annoufit@s
Instead, wrappers often can achieve a high accuracy ofnivgfor
tion extraction, with both precision and recall being ast€8%,
whereas such a high accuracy is often unreachable with I fro
plain text. The high accuracy is critical in data integratand Se-

The second issue of our study is how wrapper technologies get mantic Web solutions since the extracted data is oftenledtaiith

accommodated to the commercial deployment context. The hu-

man factor and the commercial deployment policy revealifipec
requirements of scalability, an optimal quality contrat.eNe dis-
cuss them and their impact on the ECI wrapper technology.

The remainder of paper is organized as follows. Section 2 in-
troduces ECI Adapter technology. Sections 3 and 4 revis&@le
wrapper architecture and its components, including legraigo-
rithms for training transducers and content views, and eevery
algorithm. In Section 5, we explain the ECI wrapper admiaisbn
and deployment principles. Section 6 is central in the papes-
ports the detailed performance analysis of commerciatiylalyed
wrappers. Section 7 gives a short survey of wrapper tecksignd
Section 8 concludes the paper.

2. ECI ADAPTER MECHANISM

Documentum Enterprise Content Integration (ECI) senjté}
is a content integration middleware that provides oneygaecess
to the Intranet and Internet content resources. ECI sex\éce
hance enterprise’s solutions in place without imposing @mgnge
and respect native security policies. The ECI functioreaiinclude
search, synthesis, sharing and integrating informatignachic lin-
guistic clustering, personalized ranking, cross-lingugalrch, sched-
uled queries and notification [11].

The ECI Adapter (aka askOnce) technology offers an interfac
any content resource, including the mechanism of query mgpp
capabilities, data and metadata extraction from semistred \Web
pages. It represents a unique framework for rapid adapteiupr
tion and maintenance.

The current adapter library [10] covers content providé&iace
tiva, Lexis Nexis), Web providets full-text engines (Verity, MS
Index Server, Google Search Appliance, etc.), enterpepesito-
ries for Documentum products, Lotus Notes, Lotus Domino, MS
SiteServer, MS Exchange, Oracle, JDBC/ODBC, etc. It alskpa
available adapters in domain-specific packages and “bshdlair-
rently, bundles of upto 30 adapters are available for pheeuical
industries and science, an smaller packages for aerospace,
puter, legislation, health and regulation domains.

sophisticated post-processing operations, like an anstiag or a
database-like join operation, which are very sensitiveméxcurate
data. In the followingWWeb wrappingvill refer to a highly accurate
information extraction from HTML pages.

A majority of wrapper techniques assume that no changes can
happen to the pages; as consequence, wrappers often bedtiae b
when, for some reasons, the page mark-up or structure igetan
If a wrapper is broken few time per year, in solutions with tets
of operating wrappers, designers face a burden of repaining-
ple wrappers per day. The wrapper maintenance is challgngin
cases when provider pages undergo massive and sweepinfi-modi
cations, due to a complete redesign. Fortunately, a muck frer
guent case is that aoncept shiftwhen provider's pages undergo
local and small changest is therefore important to develop meth-
ods to generate wrappers with integrated maintenance azengm
capable to recover from small changes.

Theautomatic wrapper maintenanemsures the robustness of a
wrapper under the assumption of small changes. When a rovid
changes the page format, the wrapper runs in an error amggtsg
the recovery procedure which attempts to resume the infiioma
extraction and repair the wrapper. It is common to distiajuie-
tween two sequential maintenance stepdraction recoveryand
wrapper repairing[25]. The extraction recovery resumes the label-
ing of tokens in a page; it is aimed at extracting as much agiev
data as possible. The wrapper repairing becomes possityléfon
the recovery went successfully; pages in the new format @n b
automatically re-labeled and extraction rules can be aenkd to
match the new page format.

The wrapper maintenance in ECI-4 is based on the ensemble
principle from machine learning [9]. Aansemble of classifieis
a set of classifiers whose individual decisions are comhineths-
sify new examples. Ensembles of classifiers (views) are more
curate than individual classifiers, provided that the ifdiial clas-
sifiers areindependen(their errors are uncorrelated) aadcurate
(error rates are better than a random guess) [9]. While thgracy
of a classifier depends on chosen learning methods, theendep
dence of classifiers is relevant to features selected fdetraing.
The independence of classifiers can be ensured if differehtia-

An adapter for a Web provider includes a query mapper and one correlated features are selected to build the classifiers.

or more wrappers. The query mapper plays the major role in sup
porting the ECI uniform query interface, as it ensures thiéngd
translation and rewriting of users’ queries into providersery
languages, including the compensation of missing seaunilititss.
Each adapter includes one wrapper for each class of pagesedt
upon queries.

3. WRAPPER TECHNOLOGY

A wrapper is a set of extraction rules that instruct an HTML
parser how to extract and label content of a page. Thesecextra

1See  http://Iwww.xrce.xerox.com/people/chidlovskii/fehtml
for the full list of ECI-4 wrappers.

For the view independence, ECI considers two disjoint sets o
contextandcontentfeatures. A context feature of a token in HTML
characterizes its surroundings, that is, tags and tokextpthcede
(prefix) or follow the token (suffix). Instead, content fe@tsichar-
acterize the string itself; the token length or number ofdgoare
examples of content features.

The content and context features are used to build indepénde
classifiers. Also, ECI uses alternative classifiers to recawrap-
pers that run in error. In the case of concept shift, changeage
format often hurt some of the classifiers, but not all of th&imere-
fore, it is often possible to use valid classifiers to identéliable
components in input data and eventually reuse them to atitoma
cally re-train the wrapper.



3.1 ECI wrapper architecture
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Figure 1: ECI wrapper architecture.

Figure 1 shows the ECI wrapper architecture with three major
componentsGener at i on, Depl oynment andRecovery. A
wrapper life cycle begins in th€ener at i on component, with
labeling sample HTML pages fetched from a given Web provider
Then, an induction method generalizes the labeled pagesaint
wrapper instance which is used Pepl oynment component to
process any new provider’s page. All data extracted by tlapper
gets validated. If the provider changes format of HTML padles
wrapper can fail to complete the data extraction. In suchse,ca
it calls for a extraction recovery procedure which tries xtract
as many data as possible from the page. A successful recaery
sults in automatic re-labeling of new pages which can be tized

generate a new wrapper version that accommodates the new pag

format.

4. WRAPPER INDUCTION AND
RECOVERY

The wrapper induction in ECI is a special casesefjuential
learning [8], where an input sequence of tokens is labeled with
a sequence of labels from a detECI develops alternative and re-
dundant views of pages; these views are useful for the reganve
the case of concept shift. Three alternative views on thaesgal
learning, given by 1) dorward transducemvhich parses the input
file from the beginning to the end, 2)ackward transduceipars-
ing the file in the opposite direction, and 3}a@ntent classifierThe
three views are described below, they are followed by thevey
algorithm.

4.1 Forward transducers

The basic ECI wrapper component has a fornmsioing trans-
duction where input sequences of tokens from $etare trans-
duced in output sequences over alphabetA regular transducer
Tr:T—>L,T= (t1,...,tx), L= (l1,...,1lx) is an finite-state
automaton when any transition consumes one input token T’
and emits output symbols € L. Input strings accepted by a regu-
lar transducer form a regular sBom.

When transducers apply for wrapping HTML pages, input is to-
kenized into a sequence t#xtualandtag tokens Textual tokens
compose the page content and are denoted=a¥’; tag tokens like
<t r > or<hr >, control the content visualization. Wrappers usually
target the extraction of textual tokens and components roestag

tokens, likehr ef attribute of<a> tags. In labeled samples, only
these tokens may have semantic labels, while all non-dgtido-
kens are assumed to be labeled with a spetiale label,none

€ L. Labeling a tokert with class! € L is denoted/(¢) and
the result of transduction of input sequeriEec Dom is denoted
L=Tr(T).

In regular transducers, consuming an input token does rasne
sarily lead to emitting an output symbol, because of facindtipie
emission choices in transducer states; in such cases tssiemis
postponed till reaching a state where the ambiguity is vesbl

ECI transducers extends the transducer induction in [28] an
represents wrappers as sets of extraction rules [4]. Qp&mal
Context Extraction Rulg®©CER) transducer is an incremental ver-
sion of the regular transducer adopted to the informatidraex
tion task. In the following, we distinguish between labebst
unlabeled HTML fragments. Class of unlabeled fragmentsis d
noted S*, S* = {v|3z € T*,zv € Dom}. Class of labeled
HTML fragments is a sequence of tokens with their labéls=
{(z,Tr(x))|Fu,v € T",uxv € Dom}.

An OCER transducef'r is a triple (K, L, R), where K is an
input tokenizer,L is the semantic label set attlis a set of extrac-
tion rulesR = {r;}, where each rule; is a triple(p, s, ), where
p € St ands € S* are prefix and suffix, antle L.

An OCER transducef’'r parses a pagé’ from the beginning
to the end and applies the extraction ruleshiras follows. For a
current textual tokem, the labeled prefi® of ¢ contains all tokens
from the beginning ta, with all previous textual tokens labeled,
andS is suffix of t, F = PtS, P € S', S € S*. Pair(P,S)
forms thefull contextof tokent. Wrapper compares thgh andS
to prefixes and suffixes in extraction rules. Pdr, §) matchesa
prefix-suffix pair(p, s) of a ruler = (p, s, 1), if p is a suffix of P,

P = up, ands is a prefix ofS, S = sv, for some labeled: and
unlabeledv. In the match is found, tokehis labeled with label
in the rule. If no exact rule is found fd? andS, the wrapper runs
in anerror.

A prefix-suffix pair in an extraction rule € R forms itscontext
A method for detecting optimal and minimal prefix-suffix fsdfior
extraction rules was developed in [4]. It finds out all amltigs
in sample data and detects minimal delays between an input to
ken consumption and its label emission. In addition, the QGE
incremental; it aligns the token consumption with the latgel It
replaces emission delays with corresponding lookahedtimput
data; these lookaheads are given by suffixes inrules. Fi@xUIER
method disregards variations in input that are irrelevarthe re-
sult information extraction. For the majority of Web prosid, the
input data does fit the class of regular languages, thus iakpto
infer regular transducers, and therefore OCER wrappens fros-
itive examples.

Finally, from the ensemble point of view, any transducer as a
partial classifier as it runs in an error when no exact rule is found.

4.2 Backward transducers

Backward transducers represent an alternative view on HTML
pages processed by a wrapper. A backward transducer scé@s a fi
backward; its extraction rules use optimal and minimal $dto
beled sufficesnd unlabeled prefixeso uniquely label textual to-
kens. Like forward transducers, a backward transducerrisapa
and can run in error when the format changes. However, itavoul
fail at positions different from those where the forwarchsducer
would. Therefore, backward extraction rules can help cetegh-
formation extraction in positions where the forward wrapfads.
This leads us to the idea of combining the forward and baattwar
transducers during the extraction recovery.



The joint use of forward and backward wrappers can bring to a
multi-pass scan of a file, when the direction of the scan cangh
one or more times. In the following, direct and backward weep
are denoted a&r’°™* andTr?*<*,

4.3 Content classifier

To classify textual tokens by content features only, ECtamts
a setF¢ of k=54 content features, including 42 syntactic and 12
semantic onesSyntactic featureare the token length, word counts,
density of digits, and standard delimiters (comma, seroitadiot,
etc.). Semantic featuresount typed components of textual tokens,
such as proper names, url and time strings and noun phrases.

Content classifieC' is generated from the content feature set
Fc of textual tokens in sample pages. Any of existing techrsque
for classifier generation can be used here; ECI uses dedisies
available with Weka package [31]. For textual tokerclassifier
C returns a paiC'(t) =(l.,pr) wherel. is the most probable label
for ¢,l. € L andpr is its probability. Similarly,C (¢, 1) returns the
probability of labeling toker with {.

The content classifief’ validates information extracted by the
forward transducer in the basic page parse. The recoveoyitim
starts by scanning pag€ from the place from the beginning to
the end. It probes the transdud@r’°™ with a current tokert; if
Tr finds a matching rule with labét-.., t is labeled withir,. if C
validated .. by observing content featuresiofor somevalidation
thresholdvalue,C(t, 1) > thVal.

The recovery can trigger the automatic wrapper repairirigef
recovery went well and all tokens have been labeled withctstie
threshold values. It can then automatically re-label sanmalges
and use them as input to automatic re-train the wrapper.

Algorithm 2. Multi-scan recovery with forward, backward and
content views.
status :='error’; Recovery :=true;direction = 'bkwd’
while Recovery do
Recovery = false;status :='success’
for each unlabeled tokenin F' do
lw = Trdirection (t), (lc,pr) — C(t)
if l, € LandC(t,l.) > thVal then
labelt with 1.,; Recovery := true
elif pr > thRec then
labelt with I.; Recovery := true
elseskip ¢; status :="error’
reversalirection
return status

5. DEPLOYMENT AND TESTING

The ECI adapters reside in central and client repositoGéent
adapters operate independently from the central storagg,dan
evolve through the automatic maintenance and repairincgoiares.

Algorithm 1. Basic page scan with forward transducer and content In the case of visible problems with adapters, the clientrdoads

classifier.
for each tokert in file F' do
Ly =T (1)
if l, € LandC(t,l,) > thVal then
labelt with [,
else return’error’
return ’success’

4.4 Multi-scan recovery

The recovery algorithm starts by scanning paggom the place
where the forward transducer runs in error. It keeps proliirgy
transducerT'~7°™* with a current tokert; if Tr finds a match-
ing rule with labell,,, t is labeled withi,, if C' validatesl,, by
observing content features gffor the threshold validation value,
C(t,lw) > thVal. If T'r can not find a matching rul€; provides
the most probable labél for ¢. If the confidence of. is superior
to arecovery thresholdalueth Rec, t is labeled withl., otherwise
t remains unlabeled.

As one can see, the content classifieplays the double role in
the recovery algorithm, which is reflected by deploying tiwesh-
old parameters. The validation threshold”al confirms the label
choice by the transducer, it is therefore lower than regotreesh-
old thRec in cases when the transducer runs in error and labeling
decision is made only by the content viek}V al < thRec.

The ECI recovery algorithm is multi-scan, it combines the fo
ward and backward transducers with the content classifibtraas
to take advantages of each view in the most appropriate m{ine
The algorithm switches the scan direction and tries to labelet
labeled textual tokens probing their context with forwand dack-
ward wrappers and content classifiers. Algorithm stops witere
of the tokens gets labeled during the last scan. It returisist
success if all tokens are labeled ang-ror otherwise.

the correct and up-to-date adapter instances from theateapos-
itory. Optionally, new versions can be uploaded automHyica

The central repository is assumed to maintain fully opereti
and correct adapters. To maintain all wrappers and to pigrdpt
tect possible concept shifts, all working wrapper instanicethe
central repository are tested once a day, at midnight (GNT+1
Each wrapper instance is tested with a series of associatetes.
Each query can return multiple pages for which it deploys m-nu
ber of associated wrappérsThere are three possible status given
to a test:

Success:the wrapper completes the data extraction from answer
pages and extracted data satisfies validation criteria. The
success status can be achieved either by the basic parse or
through applying the recovery procedure.

Error: the wrapper fails to complete the extraction process, even

after the recovery.

Failure: the wrapper successfully completes the extraction pro-
cess, but extracted data does not meet post-processing con-
straints set by the designer.

When the basic scan §r°" runs in error, it triggers the re-
covery procedure. If the recovery procedure manages t@cxtr
98% of data, the query is considered as success. Othenhise, t
query gets the status of error of failure that implies theesatatus
for the whole adapter.

Constraints that cause the failure status are set by thgraesi
upon the wrapper output. The most frequent case is a conditio
the number of answers to be returned. If the provider retlass
answers than expectédhis triggers the failure status.

2For multi-page answers, adapters may have one wrapperdor th
first page and other wrapper for the following pages.

3For example, if Google wrapper returns 'no match’ answettfer
‘computer’ query.



The failure status can be caused by any communication dysfun
tion between the ECI platform and a multitude of Web provéder
We distinguish between internal and external causes. Aawriat
cause comes from other adapter components, like a quersidran
tion, for example, due to a change in the provider’s querglzige.
External causes of the failure status include unavailagrteice or
long delays at provider’s side, and network traffic. All taesauses
are considered as external to the wrapper maintenance c@mipo

queries, with an average of 846.71 tests per day and 6.39pest
wrapper.

ECI-3 reports included only the necessary information {glo
query status, execution time and wrapper version). Dutiegi-
gration from version 3 to version 4, the daily reports haverbex-
tended with detailed statistics on the wrapper performémceach
page processed by the wrapper. In total, tests covered 7362
pages with a minimum 1 page and a maximum 107 pages per query.

The maintenance charges are distributed among members of th Additionally, each entry reports whether the recovery walted,
ECI team, with the same person being responsible for both the and if so, the accuracy of information extraction before aftdr

wrapper creation and its further maintenance. In the caserof
and failure, the wrapper designer receives an alert andiégails.
The designer may take no immediate action if she considers th
wrapper as operational (false alert). If the situation issidered as

a concept shift, she makes the wrapper evolve.

Thewrapper evolutiorcan be done in one of two modes. In the
evolutionary modethe wrapper training set is extended with new
pages (where the errors were reported), without removiagth-
vious pages. In théreakout modethe wrapper is created from
scratch. The decision on the evolution mode is left to theppea
designer. The evolutionary mode requires less time and offere-
sents a sufficient remedy for small format changes, as anrtango
number of extraction rules may remain valid. Often, a higtove
ery performance is a clear indication for a minor concepngea
Instead, a low recovery performance indicates an impodaange
and is often followed by inferring the wrapper from scratabing
the new pages only.

The wrapper algorithms presented in Section 4 address tiee co
requirements to Web wrappers, namely, their expressigeadapt-
ability and automatic maintenance. They are rather suffi¢e re-
search prototypes and modest wrapper collections. Howievire
context of the large-scale commercial deployment, the E@int
found it important to impose several additional requiretaefhey
are the following:

Scalability: with a growing number of wrappers to maintain, the
set of parameters controlling the wrapper performanceldhou
not depend on the wrapper number.

Easy quality control: the technology should allow an easy adap-
tation and a smart support in the wrapper quality control.

To meet these deployment requirements, ECI-4 wrapperg-unde
went certain adjustments. The target accuracy level was 88%
for all providers. The tokenization and feature selectiemain
specific to each wrapper, in order to ensure its optimal adiapt
to the providers’ formats. The major adjustment concereshio
threshold parameteréV al andth Rec controlling the basic scan
and the recovery procedure. Since controlling individhat$hold
values represents a high burden for the support team, thehtbids
have been set the same values for all wrappers in the reposito
For the administrator, these thresholds offer a powerfdlsample
mechanism to globally control the wrapper performance aaihm
tenance, in the function of quality criteria.

6. PERFORMANCE ANALYSIS

In this section, we analyze the wrapper and recovery perfor-
mance using the daily wrapper test reports. For ECI-3, weodis
418 daily reports covering the period from June 1st, 2003d¢e O
tober 31st, 2004. They account for a total of 611,987 testigsie
with an average of 1464.1 tests per day and 11.6 tests peparap

For ECI-4, 510 daily reports cover the period from Februasty 1
2004 to September 31st, 2005. In total, they account forosa3,

the recovery. Finally, we could access the internal repitesien
of wrapper components (in their latest versions). Thisvadid us
to analyze the transducers and the content classifiers.

6.1 Wrappers and new versions

We start with a global view on the wrapper evolution for both
versions. The major challenge of moving from ECI-3 to EClabw
the maintenance effort reduction. Indeed, the permanemggs
and the brittleness of wrappers in ECI-3 under the concefissh
led to extending the basic wrapper architecture with thevexy
component in ECI-4.

The main maintenance cost can be expressed in the number of
new wrapper versions. Figure 2 presents a global view on thp-w
per maintenance effort for both versions 3 and 4. The figyrerts
the total number of wrappers growing over months, and thebxaum
of new versions for existing wrappers committed monthlytHBab-
solute and normalized numbers (per 100 wrappers) of neviovesrs
are reported. The transition period of migrating ECI-3 vpes to
version 4 lasted 9 months, from April 2004 till October 200den
the maintenance of ECI-3 wrappers was discontinued. As the fi
ure suggests, the migration allowas reduce the number of new
versions from 21.2 to 7.(per month and per 100 wrappers).

180 ——

ECT-3,all wrappers —+—
ECT-3,new versions —+—
ECT-3,normalised versions —%—
ECI-4,all wrappers —5— 4
ECT-4,new versions
ECI-4,nornalized versions —&—
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Figure 2: The wrapper set evolution (the total and new ver-
sions) for ECI-3 and ECI-4.

6.2 Wrapper components

Out of 214 wrappers deployed at least once with ECI-4 (see Ap-
pendix for the full list), we have selected eight top grougghw
wrappers present in at least 20% of daily tests. The eigbttsd
groups areder ospace (7 wrappers)Conput er (9), Gener al
(8), Heal t h (8), Li brary (4), Regul ati on (15), News (2)



andSci ence (11). Below we analyze the wrapper components.
We report on the size of forward and backward transducees (th
number of rules imR), the average confidence of content views and
the problem size (the number of classed.)n
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Figure 3: The size of forward transducers versus the number
of classes.

Werappers in selected groups extract data of 1 to 18 classs, w
the average of 7.1 classes per wrapper. Forward transdoaees
10 to 203 states (see Figure 3), with an average of 85.7 reles p
wrapper. For backward transducers, the corresponding etsmb
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Figure 5: The size of forward transducers versus the confidere

of content classifier.

transducer correlates with a lower prediction power fromtbn-
tent, since both views describe a more complex problem. Harot
words, for small and simple Web sites, if the concept shifaks
the forward transducer, the content classifier and backivard-
ducer have good chances to accomplish the extraction grobres
stead, for complex sites, even their joint deployment incge of
concept shift may be still insufficient to achieve the 98%elev

are 32, 435 and 109.9. The confidence of content classifieys va

between 71.7% and 100%.
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Figure 4: The number of classes versus the confidence of con-
tent classifiers.

As Figure 3 suggests, there exists a strong correlationdsatw
the transducer size and the class number. The more clabses, t
more rules are needed to disambiguate the class choice frem t
context. Similarly, Figure 4 shows that the confidence ofteon
classifiers decreases with the number of classes.

A different look at the wrapper components in Figure 5 corgirm
the observed phenomenon. It shows that a larger size of afdrw
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Figure 6: The size of forward and backward transducers.

Figure 6 confirms an expected strong correlation between the
forward and backward transducers. However, it appearsisump
that backward transducers have on average 30% more rules tha
forward ones. As a deeper analysis of rules pointed out, many
providers present their answers as tuples of variable Jike.be-
ginning of tuples are implicitly better managed by the pame |
out and are therefore easier detectable from the contextfby a
ward transducer. Instead, if scanning the page backwaagp#ars
more difficult and ambiguous to recognize the end of variable
ples. This results in more rules induced for backward traosts.
Finally, Figure 7 shows classes targeted by at least 10% 6#EC



N of new versions committed in ECI-4. The initial version was a

1 T T T T

0.0 Wrappers (%/100) —— i product of migration from ECI-3, then 18 new versions haverbe

R p— Confidence —— committed since February 2004 to September 2005.

0.8 I o ] 1 In Figure 8 we plot the day-to-day performance of the Google
0.7 | | - | wrapper. Figure 8.a shows the success, error and failuices rad

06 F g Figure 8.b shows the basic scan and recovery performanteitn
05 I L T | plots, we trace the emission of new versions.

’ The analysis shows that the emission of a new version is often
041 \‘ — i caused by a sharp drop in the wrapper performance, in particu
03[ ] 7 lar, when Google pages underwent important changes in-8prié
02 I - 2004, often invisible to the human eye. Then, for a long pkiibe
01 — ;oue.\‘HHth ieh e T top performance of the recovery procedure (superior to 9884)

body  authoy dfion| size|  fion| | Pages summan existed with an important error ratio (around 8%). So, sEveew

0 ; . . versions have been committed, with a goal of improving treda

titlte link-to-next date abstract journal issue pdi .
Classes transducer and reducing the number of recovery calls andtes

rors. The last important change took place in September.28105
wrapper updates are realized in the evolutionary mode, Hingd
new queries and new annotated pages to the existing traseing
Consequently, the number of tests grew from 26 in Februadg 20
to 39 in September 2005

Figure 7: The most frequently used classes and their confi-
dence.

wrappers and their confidence. Clasg | e used by all wrappers

shows a modest confidence. All wrappers face a hard problem ¢ 100
distinguishing a link to the next page from other links on gea
Instead, some classes liIRBF or PS attachments are easily recog- 90
nizable by corresponding patterns. %
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FebO4 Apr Jun Aug Oct Dec Jan05 Mar May Jul Sep0S Figure 9 plots the day-to-day performance of 214 wrappers in
Months ECI-4. The average failure ratio is about 3%; it remainedlsta

during the testing period, with an exception of few startimgnths
of migration from the previous version.

The error ratio varies around 7%. The fluctuation of values ar
characteristic to any open or noisy systems, with severnabitant
performance drops at the beginning and at the end of thengesti
period. In Figure 9.b, we show the accumulative scan andvreco
6.3 Daily recovery performance ery performance, which particularly suffered during theration

The wrapper recovery procedure brings an important additio  Period before achieving the optimal performance level.

value to the wrapper performance, by increasing their rolass
in the case of concept shifts and reducing by 65% the number of 6.4 Global recovery performance
human interventions in all commercial installations. lis#ection, We conclude the analysis by the global performance of the re-

we report on the daily performance of ECI-4 wrappers. covery algorithm. We estimate the impact the recovery haks ha

We start by analyzing the Google wrapper which suffered the “During the same period, the number of rules in the transducer
most from concept shifts; it represents by far the largestbrar increased approximately by 80%.

Figure 8: The daily performance of Google wrapper; a) suc-
cesses, errors and failures; b) basic scan and recovery pert
mance.




on the final wrapper accuracy. In Figure 10 we present the two-
dimensional grid where andy axes show five ranges of the wrap-
per accuracy beforer(axe) and after the recovery @xe). The
value in a cell f,y] indicates the percentage of wrapper tests hap-
pened in range before recovery and in rangeafter recovery.

Five selected ranges are [0,90[, [90,95[, [95,98[, 98,120
[100]. The largest value (71.2%) goes to the cell ([1000[1.0
where the basis transducer performs well and no recovergalizsl
for. For 11.5% of parses, the extraction was less than 1000 bu
more than 98%, and 93.9% of them have been recovered to 100%.

A similar situation takes place for other ranges. In gen@&B%
parses failed to achieve 100%, and the recovery managetigvac
100% result for 77.8% of them. Similarly, out of 17.3% of setbtat
failed to reach the 98% level, the recovery helped 82.6%litese
98%, and 67.1% to achieve 100%. Only 4.0% of tests remained
under 98% after the recovery.
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Figure 10: Recovery performance for ECI-4, by ranges.

6.5 False positives and false negatives

A false negativéor false alarm) occurs when a wrapper test re-
ports a problem whereas none exists in reality. With an aiaepf
internal causes (see Section 5), a majority of failures avsed by
provider access and network traffic problems; they are ofatil®
nature and are therefofalse failures A false error often occurs
due to insufficient wrapper training or a really complex Weéb.s
An unexpected variation in the page structure would run rivest
ducers in error and the content classifier would be unabledover
the extraction process.

A false positiveoccurs when a wrapper test reports a success,
whereas the wrapper extracts data incorrectly. If the &l fo
detect an important shift, it does not alert the designeiis Tiay
happen when a context of a token confuses the transducerignd t
gers a wrong rule fronR which then fits the validation threshold.
Luckily, such a combination was rarely observed in ECI-4 hasl
been managed by adding extra constraints on the wrappeutoutp
The second cause is due to incorrectly annotated sample page

for wrapper induction. If, for some reasons, a badly anedtaam-
ple is included in the training set, it can generate a ruled¢ktracts
wrong results from new pages. This appears particularlyeian
ous in the automatic wrapper repairing phase, where theveego
manages to complete the extraction from test pages andie®rti
the newly annotated pages as a new training set for infearimgw
wrapper version.

A reasonable trade-off between false positives and falga-ne
tives can be achieved by tuning the recovery algorithm aadral
criteria. To ensure the wrapper quality, the ECI deploynpeticy
is made more restrictive with respect to false positivesydver
at the risk of introducing more false alarms. The ECI deplegm
policy includes the following rules of thumbs:

Recovery parameters. The basic (forward) transducers appear to
be very accurate with few or none false positives. Instead,
the predictive power of content classifiers vary considgrab
over the entire set of wrappers. In order to meet the scalabil
ity requirement and to hold one global valtieV al and to
keep low the false alert level, the decision was made to lower
the threshold values initially recommended in [5]. Sindifar
after multiple iterations, the recovery threshold vaiti&ec
was set to 0.68.

Automatic wrapper repairing. An important decision was made
of disallowing the automatic wrapper repairing at the cantr
repository, because of a high risk of false positives. The-au
matic repairing remains activated at client repositoritan
automatically repaired version fails to correctly accoistpl
the extraction task, the client can retrieve a better cdiatto
version from the central repository.

STATE OF ART

All wrapper techniques generate wrapper instances in nhanua
semi-automatic or automatic manner. Manual methods use low
level mechanisms when extraction rules are embedded Igiiact
HTML parsers [30]. Semi-automatic methods generate wiagppe
automatically but assume certain assistance from usersselkot
extraction patterns or labeling samples. Automatic mettieduire
no user assistance; they use a specific domain knowledgephd a
various heuristics to identify and extract informationrfrpages.
Below we briefly describe the semi-automatic and automadithm
ods and refer interested readers to [1, 6] for recent suimeyseth-
ods for information extraction from the Web.

Semi-automatic wrapper generation. These methods assume
the user supervision during the generation process. Userod
work with the HTML source directly, but through the page rend
ing in a browser [2, 3, 26]. Users assist or supervise thegsoc
by providing examples or revising patterns. Upon user'sysgg
tions, the wrapper generator comes up with extraction nvtdsh
are applied to the HTML source.

Two main groups of methods represent two different type ef us
assistance required for the wrapper generation. In thedficatp,
users define patterns of extracted information. SystenesLlikto
transform selected patterns into internal Datalog-likeylages [2,
15]. For the pattern design, Lixto offers an advanced viguat-
face to define and iteratively refine structural patternsceCmfinal
pattern is designed, the system transforms it into a setted@ion
rules.

The second group exploits the supervised machine learmidg a
induces wrappers from a set of labeled pages. Initiallyniea-
based wrappers had so called landmark-based structure BN Y24]
and STALKER [28], a landmark wrapper combines speskipTo
rules with extraction rules which guide the informationrextion.

7.



Extraction rules are based tendmarkswhich are groups of con-
secutive tokens that enable a wrapper to locate the staerachdf
an item within a page.

SoftMealy [18] extended landmark-based rule to the finittes
transduction mechanism. The expressive power of SoftMesly
tractors is higher that WIEN wrapper classes, as it triesdanage
various irregularities in pages. SoftMealy transducerg nud have
arbitrary structure, the user can design this structurbegxtrac-
tion or adopt a “generic” structure from the SoftMealy egtoa
library. Once the structure is defined, the system learns amesi-
tions between transducer states in the chosen structurgetTiid
of transducer structure design, a method for the wrapperente
from labeled samples that allows any structure of reguéarstuc-
ers was developed in [4]. Finally, since string transdud@rsot
explore the internal structure of HTML pages, [21] proposed
technique for inducing tree automata from sample files.

Automatic wrapper generation. To fully automate the wrapper
generation, methods of unsupervised learning have bedaitexp
in[7, 17]. Methods use the domain knowledge and certainmagsu
tions about the page structure, like a tabular [17] or lig-bktruc-
ture [7]. If extracted items have a similar composition,cmotic
methods generalize items by comparing values of items. Mexve
the accuracy of automatic wrappers remains insufficien¢ptace
the semi-automatic wrapper generation.

Wrapper maintenance. All automatic and semi-automatic meth-
ods address the wrapper expressiveness but few of them ety an
tention to the wrapper robustness and maintenance. Othodse

assume they can easily regenerate a wrapper from scratah whe

needed, without defining how the 'when needed’ criteria can b
managed.

The automatic detection of page changes was first addrasf2g] i
that proposed a solution that analyzes the page and extriafte-
mation and detects the page change with a given accuracylécio
at al. [25] developed a method for wrapper repairing in theeaz
small mark-up change; it detects the most frequent patidikes

starting or ending words) in labeled strings; these padtara searched
in a page when the wrapper gets broken. [5] tested a number of r

covery mechanisms allowing to better control the wrappeovery
performance.

Different commercial and non-commercial products inclode-
ponents to build wrappers for Web sites [11, 12, 14, 20, 22, 26
[22] represents the most advanced effort on reviewing anthao-
ing functionalities of different wrapper toolkits. Amongromer-
cial products, one approach accepted by Fetch Techno]@gies
IltemField [20] and Oracle [14] is to provide solutions fotagrat-
ing and accessing heterogeneous data sources on the topmfa c
mercial product. Another approach is to distribute thevsafe
through contracting with a commercial spin-off, like withxto

Software GmbH [27]. To our best knowledge, no performance [11]

analysis is available for any of mentioned products.

8. CONCLUSION

We have presented a detailed analysis of ECI wrapper technol

ogy deployed in Documentum ECI commercial installation€l E
wrappers are based on state-of-art techniques from malgane
ing and grammatical inference. It deploys a multi-view ajh
to data extraction from Web pages published by content geosi
A set of about 1000 daily wrapper reports collected over #ger

of 28 months has been used to evaluate the performance of ECI

wrappers. In our analysis, we address the wrapper adaptatit
robustness under concept shifts and we pay a particulatiatte
to the maintenance effort reduction. Additionally, we diss re-
quirements imposed by the large-scale deployment confienety

discuss the issues of scalability and easy quality cordirad, how
they influence the technology tuning and customization. \\ne|
titatively measure the importance of wrapper architecaa@po-
nents and their impact on the successful and efficient téagyo
deployment.
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