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Part IOverview1 Introdu
tionThe Combine system is an open, free, and highly 
on�gurable system for fo
used 
rawlingof Internet resour
es. It aims at providing a robust and e�
ient tool for 
reating topi
-spe
i�
 moderate sized databases (up to a few million re
ords). Crawling speed is around200 URLs per minute and a 
omplete stru
tured re
ord takes up an average of 25 kilobytesdisk-spa
e.
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Figure 1: Overview of the Combine fo
used 
rawler.Main features in
lude:
• part of the Sear
hEngine-in-a-Box1 system
• extensive 
on�guration possibilities
• integrated topi
 �lter (automated topi
 
lassi�er) for fo
used 
rawling mode
• possibility to use any topi
 �lter (if provided as a Perl Plug-In module2) in fo
used
rawling mode
• 
rawl limitations based on regular expression on URLs - both in
lude and ex
luderules (URL fo
us �lter)
• 
hara
ter set dete
tion/normalization
• language dete
tion
• HTML 
leaning1http://
ombine.it.lth.se/Sear
hEngineBox/2http://
ombine.it.lth.se/PlugIns/ 6



• metadata extra
tion
• dupli
ate dete
tion
• HTML parsing to provide stru
tured re
ords for ea
h 
rawled page
• support for many do
ument formats (text, HTML, PDF, PostS
ript, MSWord, MSPow-erPoint, MSEx
el, RTF, TeX, images)
• SQL database for data storage and administrationNaturally it obeys the Robots Ex
lusion Proto
ol3 and behaves ni
e to Web-servers. Be-sides fo
used 
rawls (generating topi
-spe
i�
 databases), Combine supports 
on�gurablerules on what's 
rawled based on regular expressions on URLs (URL fo
us �lter). The
rawler is designed to run 
ontinuously in order to keep 
rawled databases as up to dateas possible. It 
an be stopped and restarted any time without loosing any status or infor-mation.The operation of Combine (overview in Figure 1) as a fo
used 
rawler is based on a
ombination of a general Web 
rawler and an automated subje
t 
lassi�er. The topi
 fo
usis provided by a fo
us �lter using a topi
 de�nition implemented as a thesaurus, whereea
h term is 
onne
ted to a topi
 
lass.Crawled data are stored as a stru
tured re
ords in a lo
al relational database.Se
tion 2 outlines how to download, install and test the Combine system and in
ludesuse s
enarios � useful in order to get a jump start at using the system.Se
tion 3 dis
usses 
on�guration stru
ture and highlights a few important 
on�gurationvariables.Se
tion 4 des
ribes poli
ies and methods used by the 
rawler.Evaluation and performan
e are treated in se
tions 5 and 6.The system has a number of 
omponents (see se
tion 7), the main ones visible to theuser being 
ombineCtrl whi
h is used to start and stop 
rawling and view 
rawler status,and 
ombineExport that extra
ts 
rawled data from the internal database and exportsthem as XML re
ords.Further details (lots and lots of them) 
an be found in part II 'Gory details' and inAppendix A.2 Open sour
e distribution, installationThe fo
used 
rawler has been restru
tured and pa
kaged as a Debian pa
kage in order toease distribution and installation. The pa
kage 
ontains dependen
y information to makesure that all software that is needed to run the 
rawler is installed at the same time. In
onne
tion with this we have also pa
kaged a number of ne
essary Perl-modules as Debianpa
kages.All software and pa
kages are available from a number of pla
es:
• the Combine fo
used 
rawler Web-site4
• the Comprehensive Perl Ar
hive Network - CPAN53http://www.robotstxt.org/w
/ex
lusion.html4http://
ombine.it.lth.se/5http://sear
h.
pan.org/ aardo/Combine/ 7



• Sour
eForge proje
t �Combine fo
used 
rawler�6In addition to the distribution sites there is a publi
 dis
ussion list at Sour
eForge7.2.1 InstallationThis distribution is developed and tested on Linux systems. It is implemented entirely inPerl and uses the MySQL8 database system, both of whi
h are supported on many otheroperating systems. Porting to other UNIX diale
ts should be easy.The system is distributed either as sour
e or as a Debian pa
kage.2.1.1 Installation from sour
e for the impatientUnless you are on a system supporting Debian pa
kages (in whi
h 
ase look at Automatedinstallation (se
tion 2.1.3)), you should download and unpa
k the sour
e. The following
ommand sequen
e will then install Combine:perl Makefile.PLmakemake testmake installmkdir /et
/
ombine
p 
onf/* /et
/
ombine/mkdir /var/run/
ombineTest that it all works (run as root)./do
/InstallationTest.pl2.1.2 Porting to not supported operating systems - dependen
iesIn order to port the system to another platform, you have to verify the availability, for thisplatform, of the two main systems:
• Perl9
• MySQL version ≥ 4.110If they are supported you stand a good 
han
e to port the system.Furthermore, the external Perl modules (listed in 10.3) should be veri�ed to work onthe new platform.Perl modules are most easily installed using the Perl CPAN automated system(perl -MCPAN -e shell).Optionally the following external programs will be used if they are installed on your system:
• antiword (parsing MSWord �les)
• detex (parsing TeX �les)6http://sour
eforge.net/proje
ts/fo
used-
rawler7http://lists.sour
eforge.net/lists/listinfo/fo
used-
rawler-general8http://www.mysql.
om/9http://www.
pan.org/ports/index.html10http://dev.mysql.
om/downloads/ 8



• pdftohtml (parsing PDF �les)
• pstotext (parsing PS and PDF �les, needs ghostview)
• xlhtml (parsing MSEx
el �les)
• ppthtml (parsing MSPowerPoint �les)
• unrtf (parsing RTF �les)
• tth (parsing TeX �les)
• untex (parsing TeX �les)2.1.3 Automated Debian/Ubuntu installation
• Add the following lines to your /et
/apt/sour
es.list:deb http://
ombine.it.lth.se/ debian/
• Give the 
ommands:apt-get updateapt-get install 
ombineThis also installs all dependen
ies su
h as MySQL and a lot of ne
essary Perl modules.2.1.4 Manual installationDownload the latest distribution11.Install all software that Combine depends on (see above).Unpa
k the ar
hive with tar zxfThis will 
reate a dire
tory named 
ombine-XX with a number of subdire
tories in
ludingbin, Combine, do
, and 
onf.'bin' 
ontains the exe
utable programs.'Combine' 
ontains needed Perl modules. They should be 
opied to where Perl will �ndthem, typi
ally /usr/share/perl5/Combine/.'
onf' 
ontains the default 
on�guration �les. Combine looks for them in /et
/
ombine/so they need to be 
opied there.'do
' 
ontains do
umentation.The following 
ommand sequen
e will install Combine:perl Makefile.PLmakemake testmake installmkdir /et
/
ombine
p 
onf/* /et
/
ombine/mkdir /var/run/
ombine11http://
ombine.it.lth.se/#downloads

9



2.1.5 Out-of-the-box installation testA simple way to test your newly installed Combine system is to 
rawl just one Web-pageand export it as an XML-do
ument. This will exer
ise mu
h of the 
ode and guaranteethat basi
 fo
used 
rawling will work.
• Initialize a 
rawl-job named aatest. This will 
reate and populate the job-spe
i�

on�guration dire
tory and 
reate the MySQL database that will hold the re
ords:sudo 
ombineINIT --jobname aatest --topi
 /et
/
ombine/Topi
_
arnivor.txt
• Harvest the test URL by:
ombine --jobname aatest--harvest http://
ombine.it.lth.se/CombineTests/InstallationTest.html
• Export a stru
tured Dublin Core re
ord by:
ombineExport --jobname aatest --profile d

• and verify that the output, ex
ept for dates and order, looks like:<?xml version="1.0" en
oding="UTF-8"?><do
umentColle
tion version="1.1" xmlns:d
="http://purl.org/d
/elements/1.1/"><metadata xmlns:d
="http://purl.org/d
/elements/1.1/"><d
:format>text/html</d
:format><d
:format>text/html; 
harset=iso-8859-1</d
:format><d
:subje
t>Carnivorous plants</d
:subje
t><d
:subje
t>Drosera</d
:subje
t><d
:subje
t>Nepenthes</d
:subje
t><d
:title transl="yes">Installation test for Combine</d
:title><d
:des
ription></d
:des
ription><d
:date>2006-05-19 9:57:03</d
:date><d
:identifier>http://
ombine.it.lth.se/CombineTests/InstallationTest.html</d
:identifier><d
:language>en</d
:language></metadata>Or run � as root � the s
ript ./do
/InstallationTest.pl (see A.1 in the Appendix)whi
h essentially does the same thing.2.2 Getting startedA simple example work-�ow for a trivial 
rawl job name 'aatest' might look like:1. Initialize database and 
on�guration (needs root privileges)sudo 
ombineINIT --jobname aatest2. Load some seed URLs like (you 
an repeat this 
ommand with di�erent URLs asmany times as you wish)e
ho 'http://
ombine.it.lth.se/' | 
ombineCtrl load --jobname aatest10



3. Start 2 harvesting pro
esses
ombineCtrl start --jobname aatest --harvesters 24. Let it run for some time. Status and progress 
an be 
he
ked using the program'
ombineCtrl --jobname aatest' with various parameters.5. When satis�ed kill the 
rawlers
ombineCtrl kill --jobname aatest6. Export data re
ords in the ALVIS XML format
ombineExport --jobname aatest --profile alvis7. If you want to s
hedule a re
he
k for all the 
rawled pages stored in the database do
ombineCtrl reharvest --jobname aatest8. Go ba
k to 3 for 
ontinuous operation.On
e a job is initialized it is 
ontrolled using 
ombineCtrl. Crawled data is exportedusing 
ombineExport.2.3 Online do
umentationThe latest, updated, detailed do
umentation is always available online12.2.4 Use s
enarios2.4.1 General 
rawling without restri
tionsUse the same pro
edure as in se
tion 2.2. This way of 
rawling is not re
ommended forthe Combine system sin
e it will generate really huge databases without any fo
us.2.4.2 Fo
used 
rawling � domain restri
tionsCreate a fo
used database with all pages from a Web-site. In this use s
enario we will
rawl the Combine site and the ALVIS site. The database is to be 
ontinuously updated,i.e. all pages have to be regularly tested for 
hanges, deleted pages should be removedfrom the database, and newly 
reated pages added.1. Initialize database and 
on�gurationsudo 
ombineINIT --jobname fo
ustest2. Edit the 
on�guration to provide the desired fo
usChange the <allow> part in /et
/
ombine/fo
ustest/
ombine.
fg from#use either URL or HOST: (obs ':') to mat
h regular expressions to either the#full URL or the HOST part of a URL.<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: .*$</allow>12http://
ombine.it.lth.se/do
umentation/ 11



to#use either URL or HOST: (obs ':') to mat
h regular expressions to either the#full URL or the HOST part of a URL.<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: www\.alvis\.info$HOST: 
ombine\.it\.lth\.se$</allow>The es
aping of '.' by writing '\.' is ne
essary sin
e the patterns a
tually are Perlregular expressions. Similarly the ending '$' indi
ates that the host string shouldend here, so for example a Web server on www.alvis.info.
om (if su
h exists) willnot be 
rawled.3. Load seed URLse
ho 'http://
ombine.it.lth.se/' | 
ombineCtrl load --jobname fo
usteste
ho 'http://www.alvis.info/' | 
ombineCtrl load --jobname fo
ustest4. Start 1 harvesting pro
ess
ombineCtrl start --jobname fo
ustest5. Daily export all data re
ords in the ALVIS XML format
ombineExport --jobname fo
ustest --profile alvisand s
hedule all pages for re-harvesting
ombineCtrl reharvest --jobname fo
ustest2.4.3 Fo
used 
rawling � topi
 spe
i�
Create and maintain a topi
 spe
i�
 
rawled database for the topi
 'Carnivorous plants'.1. Create a topi
 de�nition (see se
tion 4.5.1) in a lo
al �le named 
pTopi
.txt. (Canbe done by 
opying /et
/
ombine/Topi
_
arnivor.txt sin
e it happens to be justthat.)2. Create a �le named 
pSeedURLs.txt with seed URLs for this topi
, 
ontaining theURLs:http://www.sarra
enia.
om/faq.htmlhttp://dmoz.org/Home/Gardening/Plants/Carnivorous_Plants/http://www.omnisterra.
om/bot/
p_home.
gihttp://www.v
ps.au.
om/http://www.murevarn.se/links.html3. Initializationsudo 
ombineINIT --jobname 
ptest --topi
 
pTopi
.txtThis enables topi
 
he
king and fo
used 
rawl mode by setting 
on�guration variabledoChe
kRe
ord = 1 and 
opying a topi
 de�nition �le (
pTopi
.txt) to/et
/
ombine/
ptest/topi
definition.txt.12



4. Load seed URLs
ombineCtrl load --jobname 
ptest < 
pSeedURLs.txt5. Start 3 harvesting pro
ess
ombineCtrl start --jobname 
ptest --harvesters 36. Regularly export all data re
ords in the ALVIS XML format
ombineExport --jobname 
ptest --profile alvisRunning this 
rawler for an extended period will result in more than 200 000 re
ords.2.4.4 Fo
used 
rawling in an Alvis systemUse the same pro
edure as in se
tion 2.4.3 (Fo
used 
rawling � topi
 spe
i�
) ex
ept for thelast point. Exporting should be done in
rementally into an Alvis pipeline (in this examplelistening at port 3333 on the ma
hine nlp.alvis.info):
ombineExport --jobname 
ptest --pipehost nlp.alvis.info --pipeport 3333 --in
remental2.4.5 Crawl one entire site and it's outlinksThis s
enario requires the 
rawler to:
• 
rawl an entire target site
• 
rawl all the outlinks from the site
• 
rawl no other site or URL apart from external URLs mentioned on the one targetsiteI.e. all of http://my.targetsite.
om/*, plus any other URL that is linked to from apage in http://my.targetsite.
om/*.1. Con�gure Combine to 
rawl this one site only. Change the <allow> part in/et
/
ombine/XXX/
ombine.
fg to#use either URL or HOST: (obs ':') to mat
h regular expressions to either the#full URL or the HOST part of a URL.<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: my\.targetsite\.
om$</allow>2. Crawl until you have the entire site (if it's a big site you might want to do the 
hangessuggested in FAQ no 7).3. Stop 
rawling.4. Change 
on�guration <allow> ba
k to allow 
rawling of any domain (whi
h is thedefault). 13



<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: .*$</allow>5. S
hedule all links in the database for 
rawling, something like (
hange XXX to yourjobname)e
ho 'sele
t urlstr from urls;' | mysql -u 
ombine XXX| 
ombineCtrl load --jobname XXX6. Change 
on�guration to disable automati
 re
y
ling of links:#Enable(1)/disable(0) automati
 re
y
ling of new linksAutoRe
y
leLinks = 0and maybe (depending or your other requirements) 
hange:#User agent handles redire
ts (1) or treat redire
ts as new links (0)UserAgentFollowRedire
ts = 07. Start 
rawling and run until no more in queue.3 Con�gurationCon�guration �les use a simple format 
onsisting of either name/value pairs or 
om-plex variables in se
tions. Name/value pairs are en
oded as single lines formated like'name = value'. Complex variables are en
oded as multiple lines in named se
tions de-limited as in XML, using '<name> ... </name>'. Se
tions may be nested for related
on�guration variables. Empty lines and lines starting with '#' (
omments) are ignored.The most important 
on�guration variables are the 
omplex variables <url><allow>(allows 
ertain URLs to be harvested) and <url><ex
lude> (ex
ludes 
ertain URLs fromharvesting) whi
h are used to limit your 
rawl to just a se
tion of the WWW, based onthe URL. Loading URLs to be 
rawled into the system 
he
ks ea
h URL �rst against thePerl regular expressions of <url><allow> and if it mat
hes goes on to mat
h it against<url><ex
lude> where it's dis
arded if it mat
hes, otherwise it's s
heduled for 
rawling.(See se
tion 4.3 'URL �ltering').3.1 Con�guration �lesAll 
on�guration �les are stored in the /et
/
ombine/ dire
tory tree. All 
on�gurationvariables have reasonable defaults (se
tion 9).3.1.1 TemplatesThe values injob_default.
fg 
ontains job spe
i�
 defaults. It is 
opied to a subdire
tory named afterthe job by 
ombineINIT.SQLstru
t.sql 
ontains stru
ture of the internal SQL database used both for adminis-tration and for holding data re
ords. Details in se
tion A.4.Topi
_* 
ontains various 
ontributed topi
 de�nitions.14



3.1.2 Global 
on�guration �lesFiles used for global parameters for all 
rawler jobs.default.
fg is the global defaults. It is loaded �rst. Consult se
tion 9 and appendixA.3 for details. Values 
an be overridden from the job-spe
i�
 
on�guration �le
ombine.
fg.tidy.
fg 
on�guration for Tidy 
leaning of HTML 
ode.3.1.3 Job spe
i�
 
on�guration �lesThe program 
ombineINIT 
reates a job spe
i�
 sub-dire
tory in /et
/
ombine and popu-lates it with some �les in
luding 
ombine.
fg initialized with a 
opy of job_default.
fg.You should always 
hange the value of the variable Operator-Email in this �le and set itto something reasonable. It is used by Combine to identify you to the 
rawled Web-servers.The job-name have to be given to all programs when started using the --jobnameswit
h.
ombine.
fg the job spe
i�
 
on�guration. It is loaded se
ond and overrides the globaldefaults. Consult se
tion 9 and appendix A.3 for details.topi
de�nition.txt 
ontains the topi
 de�nition for fo
used 
rawl if the --topi
 swit
his given to 
ombineINIT. The format of this �le is des
ribed in se
tion 4.5.1.stopwords.txt a �le with words to be ex
luded from the automati
 topi
 
lassi�
ationpro
essing. One word per line. Can be empty (default) but must be present.
on�g_ex
lude 
ontains more ex
lude patterns. Optional, automati
ally in
luded by
ombine.
fg. Updated by 
ombineUtil.
on�g_serveralias 
ontains patterns for resolving Web server aliases. Optional, auto-mati
ally in
luded by 
ombine.
fg. Updated by 
ombineUtil.sitesOK.txt optionally used by the built-in automated 
lassi�
ation algorithms (se
tion4.5) to bypass the topi
 �lter for 
ertain sites.3.1.4 Details and default valuesFurther details are found in se
tion 9 'Con�guration variables' whi
h lists all variables andtheir default values.4 Crawler internal operationThe system is designed for 
ontinuous operation. The harvester pro
esses a URL in severalsteps as detailed in Figure 2. As a start-up initialization the frontier has to be seeded withsome relevant URLs. All URLs are normalized before they are entered in the database.Data 
an be exported in various formats in
luding the ALVIS XML do
ument format13and Dublin Core14 re
ords.The steps taken during 
rawling (numbers refer to Figure 2):13http://www.alvis.info/alvis/ar
hite
ture14http://dublin
ore.org/ 15
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7dFigure 2: Ar
hite
ture for the Combine fo
used 
rawler.1. The next URL is fet
hed from the s
heduler.2. Combine obeys the Robots Ex
lusion Proto
ol15. Rules are 
a
hed lo
ally.3. The page is retrieved using a GET, GET-IF-MODIFIED, or HEAD HTTP request.4. The HTML 
ode is 
leaned and normalized.5. The 
hara
ter-set is dete
ted and normalized to UTF-8.6. (a) The page (in any of the formats PDF, PostS
ript, MSWord, MSEx
el, MSPow-erPoint, RTF and TeX/LaTeX) is 
onverted to HTML or plain text by anexternal program.(b) Internal parsers handles HTML, plain text and images. This step extra
tsstru
tured information like metadata (title, keywords, des
ription ...), HTMLlinks, and text without markup.15http://www.robotstxt.org/w
/ex
lusion.html 16



7. The do
ument is sent to the topi
 �lter (see se
tion 4.5). If the Web-page is relevantwith respe
t to the fo
us topi
, pro
essing 
ontinues with:(a) Heuristi
s like s
ore propagation.(b) Further analysis, like genre and language identi�
ation.(
) Updating the re
ord database.(d) Updating the frontier database with HTML links and URLs extra
ted fromplain text.Depending on several fa
tors like 
on�guration, hardware, network, workload, the
rawler normally pro
esses between 50 and 200 URLs per minute.4.1 URL sele
tion 
riteriaIn order to su

essfully sele
t and 
rawl one URL the following 
onditions (in this order)have to be met:1. The URL has to be sele
ted by the s
heduling algorithm (se
tion 4.4).Relevant 
on�guration variables: WaitIntervalHost (se
tion 9.1.32), WaitIntervalHar-vesterLo
kRobotRules (se
tion 9.1.29), WaitIntervalHarvesterLo
kSu

ess (se
tion9.1.30)2. The URL has to pass the allow test.Relevant 
on�guration variables: allow (se
tion 9.2.1)3. The URL is not be ex
luded by the ex
lude test (see se
tion 4.3).Relevant 
on�guration variables: ex
lude (se
tion 9.2.4)4. The Robot Ex
lusion Proto
ol has to allow 
rawling of the URL.5. Optionally the do
ument at the URL lo
ation has to pass the topi
 �lter (se
tion4.5).Relevant 
on�guration variables: 
lassifyPlugIn (se
tion 9.1.3), doChe
kRe
ord (se
-tion 9.1.6).4.2 Do
ument parsing and analysisEa
h do
ument is parsed and analyzed by the 
rawler in order to store stru
tured do
umentre
ords in the internal MySQL database. The stru
ture of the re
ord in
ludes the �elds:
• Title
• Headings
• Metadata
• Plain text
• Original do
ument 17



• Links � HTML and plain text URLs
• Link an
hor text
• Mime-Type
• Dates � modi�
ation, expire, and last 
he
ked by 
rawler
• Web-server identi�
ationThe system sele
ts a do
ument parser based on the Mime-Type together with availableparsers and 
onverter programs.1. For some mime-types an external program is 
alled in order to 
onvert the do
umentto a format handled internally (HTML or plain text).Relevant 
on�guration variables: 
onverters (se
tion 9.2.3)2. Internal parsers handle HTML, plain text, TeX, and Image.Relevant 
on�guration variables: 
onverters (se
tion 9.2.3)Supporting a new do
ument format is as easy as providing a program that 
an 
onverta do
ument in this format to HTML or plain text. Con�guration of the mapping betweendo
ument format (Mime-Type) and 
onverter program is done in the 
omplex 
on�gurationvariable '
onverters' (se
tion 9.2.3).Out of the box Combine handle the following do
ument formats: plain text, HTML,PDF, PostS
ript, MSWord, MSPowerPoint, MSEx
el, RTF, TeX, and images.4.3 URL �lteringBefore an URL is a

epted for s
heduling (either by manual loading or re
y
ling) it isnormalized and validated. This pro
ess 
omprises a number of steps:
• Normalization� General pra
ti
e: host-name lower
asing, port-number substitution, 
anoni
alURL� Removing fragments (ie '#' and everything after that)� Cleaning CGI repetitions of parameters� Collapsing dots ('./', '../') in the path� Removing CGI parameters that are session ids, as identi�ed by patterns in the
on�guration variable sessionids (se
tion 9.2.6)� Normalizing Web-server names by resolving aliases. Identi�ed by patterns inthe 
on�guration variable serveralias (se
tion 9.2.5). These patterns 
an begenerated by using the program 
ombineUtil to analyze a 
rawled 
orpus.
• Validation: A URL has to pass all three validation steps outlined below.� URL length has to be less than 
on�guration variable maxUrlLength (se
tion9.1.14)� Allow test: one of the Perl regular expressions in the 
on�guration variableallow (se
tion 9.2.1) must mat
h the URL18



� Ex
lude test: none of the Perl regular expressions in the 
on�guration variableex
lude (se
tion 9.2.4) must mat
h the URLBoth allow and ex
lude 
an 
ontain two types of regular expressions identi�ed byeither 'HOST:' or 'URL' in front of the regular expression. The 'HOST:' regular ex-pressions are mat
hed only against the Web-server part of the URL while the 'URL'regular expressions are mat
hed against the entire URL.4.4 Crawling strategyThe 
rawler is designed to run 
ontinuously in order to keep 
rawled databases as up-to-date as possible. Starting and halting 
rawling is done manually. The 
on�gurationvariable AutoRe
y
leLinks (se
tion 9.1.1) determines if the 
rawler should follow all validnew links or just take those that already are marked for 
rawling.All links from a relevant do
ument are extra
ted, normalized and stored in the stru
-tured re
ord. Those links that pass the sele
tion/validation 
riteria outlined below aremarked for 
rawling.To mark a URL for 
rawling requires:
• The URL should be from a page that is relevant (i.e. pass the fo
us �lter).
• The URL s
heme must be one of HTTP, HTTPS, or FTP.
• The URL must not ex
eed the maximum length (
on�gurable, default 250 
hara
-ters).
• It should pass the 'allow' test (
on�gurable, default all URLs passes).
• It should pass the 'ex
lude' test (
on�gurable, default ex
ludes malformed URLs,some CGI pages, and URLs with �le-extensions for binary formats).At ea
h s
heduling point one URL from ea
h available (unlo
ked) host is sele
ted togenerate a ready queue, whi
h is then pro
essed 
ompletely before a new s
heduling isdone. Ea
h sele
ted URL in the ready queue thus ful�lls these requirements:
• URL must be marked for 
rawling (see above).
• URL must be unlo
ked (ea
h su

essful a

ess to a URL lo
ks it for a 
on�gurabletime WaitIntervalHarvesterLo
kSu

ess (se
tion 9.1.30)).
• Host of the URL must be unlo
ked (ea
h a

ess to a host lo
ks it for a 
on�gurabletime WaitIntervalHost (se
tion 9.1.32)).This implements a variant of BreathFirst 
rawling where a page is fet
hed if and onlyif a 
ertain time threshold is ex
eeded sin
e the last a

ess to the server of that page.4.5 Built-in topi
 �lter � automated subje
t 
lassi�
ationThe built-in topi
 �lter is an approa
h to automated 
lassi�
ation, that uses a topi
 def-inition with a pre-de�ned 
ontrolled vo
abulary of topi
al terms, to determine relevan
ejudgement. Thus it does not rely on a parti
ular set of seed pages, or a 
olle
tion of pre-
lassi�ed example pages to learn from. It does require that some of the seed pages arerelevant and 
ontain links into the topi
al area. One simple way of 
reating a set of seed19



pages would be to use terms from the 
ontrolled vo
abulary as queries for a general-purposesear
h engine and take the result as seed pages.The system for automated topi
 
lassi�
ation (overview in Figure 3), that determinestopi
al relevan
e in the topi
al �lter, is based on mat
hing subje
t terms from a 
ontrolledvo
abulary in a topi
 de�nition with the text of the do
ument to be 
lassi�ed [3℄. Thetopi
 de�nition uses subje
t 
lasses in a hierar
hi
al 
lassi�
ation system (
orresponding totopi
s) and terms asso
iated with ea
h subje
t 
lass. Terms 
an be single words, phrases,or Boolean AND-expressions 
onne
ting terms. Boolean OR-expressions are impli
itlyhandled by having several di�erent terms asso
iated with the same subje
t 
lass (see se
tion4.5.1).The algorithm works by string-to-string mat
hing of terms and text in do
uments. Ea
htime a mat
h is found the do
ument is awarded points based on whi
h term is mat
hedand in whi
h stru
tural part of the do
ument (lo
ation) the mat
h is found [10℄. Thepoints are summed to make the �nal relevan
e s
ore of the do
ument. If the s
ore is abovea 
ut-o� value the do
ument is saved in the database together with a (list of) subje
t
lassi�
ation(s) and term(s).
Stemming
Relevant sites

hierarchy

relevance,
(matched terms)

Match

Topic−class

List of topic−classes,

term (word, phrase, boolean)
relevance weight,

Document text

list of topic−classes

Term tripletsConfiguration
Stop−words

Score propagation
Cut−off values

Topic Definition

Figure 3: Overview of the automated topi
 
lassi�
ation algorithmBy providing a list of known relevant sites in the 
on�guration �le sitesOK.txt (lo
atedin the job spe
i�
 
on�guration dire
tory) the above test 
an be bypassed. It works by
he
king the host part of the URL against the list of known relevant sites and if a mat
his found the page is validated and saved in the database regardless of the out
ome of thealgorithm.4.5.1 Topi
 de�nitionLo
ated in /et
/
ombine/<jobname>/topi
definition.txt. Topi
 de�nitions use triplets(term, relevan
e weight, topi
-
lasses) as its basi
 entities. Weights are signed integers andindi
ate the relevan
e of the term with respe
t to the topi
-
lasses. Higher values indi
ate20



more relevant terms. A large negative value 
an be used to ex
lude do
uments 
ontainingthat term.Terms 
an be:
• single words
• a phrase (i.e. all words in exa
t order)
• a Boolean AND-expression 
onne
ting terms (i.e. all terms must be present but inany order). The Boolean AND operator is en
oded as '�and'.A Boolean OR-expression has to be entered as separate term triplets. The Boolean ex-pression �polymer AND (ata
ti
 OR syndiota
ti
)� thus has to be translated into twoseparate triplets, one 
ontaining the term �polymer �and ata
ti
�, and another with�polymer �and syndiota
ti
�.Terms 
an in
lude (Perl) regular expressions like:
• a '?' makes the 
hara
ter immediately pre
eding optional, i.e. the term �
oins?�will mat
h both �
oin� and �
oins�
• a �[�\s℄*� is trun
ation (mat
hes all 
hara
ter sequen
es ex
ept spa
e ' '),�glass art[�\s℄*� will mat
h �glass art�, �glass arts�, �glass artists�, �glassarti
les�, and so on.It is important to understand that ea
h triplet in the topi
 de�nition is 
onsidered byitself without any 
ontext, so they must ea
h be topi
- or sub-
lass spe
i�
 in order tobe useful. Subje
t neutral terms like �use�, �test�, �history� should not be used. If reallyneeded they have to be quali�ed so that they be
ome topi
 spe
i�
 (see examples below).Simple guidelines for 
reating the triplets and assigning weights are:
• Phrases or unique, topi
-spe
i�
 terms, should be used if possible, and assigned thehighest weights, sin
e they normally are most dis
riminatory.
• Boolean AND-expressions are the next best.
• Single words 
an be too general and/or have several meanings or uses that makethem less spe
i�
 and those should thus be assigned a small weights.
• A
ronyms 
an be used as terms if they are unique.
• Negative weights should be used in order to ex
lude 
on
epts.4.5.2 Topi
 de�nition (term triplets) BNF grammarTERM-LIST :== TERM-ROW '<
r>' || '#' <
har>+ '<
r>' || '<
r >'TERM-ROW :== WEIGHT ': ' TERMS '=' CLASS-LISTWEIGHT :== ['-'℄<integer>TERMS :== TERM [' �and ' TERMS℄*TERM :== WORD ' ' [WORD℄*WORD :== <
har>+||<
har>+<perl-reg-exp>CLASS-LIST :== CLASSID [',' CLASS-LIST℄21



CLASSID :== <
har>+A line that starts with '#' is ignored and so are empty lines.
<perl-reg-exp> is only supported by the plain mat
hing algorithm des
ribed in se
-tion 4.5.4.�CLASSID� is a topi
 (sub-)
lass spe
i�er, often from a hierar
hi
al 
lassi�
ation systemlike Engineering Index16.4.5.3 Term triplet examples50: opti
al glass=A.14.5, D.2.230: glass �and fiberopti
s=D.2.2.850: glass �and te
hni
al �and history=D.250: 
erami
 materials �and glass=D.2.1.7-10000: glass �and art=AThe �rst line says that a do
ument 
ontaining the term �opti
al glass� should beawarded 50 points for ea
h of the two 
lasses A.14.5 and D.2.2.�glass� as a single term is probably too general, qualify it with more terms like:�glass �and fiberopti
s� , or �glass �and te
hni
al �and history� or use a phraselike �glass fiber� or �opti
al glass�.In order to ex
lude do
uments about artisti
 use of glass the term �glass �and art�
an be used with a (high) negative s
ore.An example from the topi
 de�nition for 'Carnivorous Plants' using regular expressionsis given below:#This is a 
omment75: D\.?\s*
aliforni
a=CP.Drosophyllum10: pit
her[^\s℄*=CP-10: pit
her[^\s℄* �and baseball=CPThe term �D\.?\s*
aliforni
a� will mat
h D 
aliforni
a, D. 
aliforni
a, D.
aliforni
aet
.The last two lines assure that a do
ument 
ontaining �pit
her� gets 10 points but ifthe do
ument also 
ontains �baseball� the points are removed.4.5.4 Algorithm 1: plain mat
hingThis algorithm is sele
ted by setting the 
on�guration parameter
lassifyPlugIn = Combine::Che
k_re
ordThe algorithm produ
es a list of suggested topi
-
lasses (subje
t 
lassi�
ations) and
orresponding relevan
e s
ores using the algorithm:Relevan
e_s
ore =

∑all lo
ations



∑all terms(hits[lo
ationj ][term i] ∗ weight[termi] ∗ weight[lo
ationj ])



16http://www.ei.org/ 22



term weight (weight[termi]) is taken from the topi
 de�nition triplets.lo
ation weight (weight[lo
ationj ]) are de�ned ad ho
 for lo
ations like title, metadata,HTML headings, and plain text. However the exa
t values for these weights doesnot seem to play a large role in the pre
ision of the algorithm [10℄.hits (hits[lo
ationj ][termi]) is the number of times termi o

ur in the text of lo
ationjThe summed relevan
e s
ore might, for 
ertain appli
ations, have to be normalizedwith respe
t to text size of the do
ument.One problem with this algorithm is that a term that is found in the beginning of thetext 
ontributes as mu
h as a term that is found at the end of a large do
ument. Anotherproblem is the distan
e and thus the 
oupling between two terms in a Boolean expressionmight be very large in a big do
ument and this is not taken into a

ount by the abovealgorithm.4.5.5 Algorithm 2: position weighted mat
hingThis algorithm is sele
ted by setting the 
on�guration parameter
lassifyPlugIn = Combine::PosChe
k_re
ordIn response to the problems 
ited above we developed a modi�ed version of the algo-rithm that takes into a

ount word position in the text and proximity for Boolean terms.It also eliminates the need to assign ad ho
 weights to lo
ations. The new algorithm worksas follows.First all text from all lo
ations are 
on
atenated (in the natural importan
e order title,metadata, text) into one 
hunk of text. Mat
hing of terms is done against this 
hunk.Relevan
e s
ore is 
al
ulated as Relevan
e_s
ore =

∑all terms



∑all mat
hes weight[termi]

log(k ∗ position[termi][mat
hj ]) ∗ proximity[termi][mat
hj ]



term weight (weight[termi]) is taken from the topi
 de�nition tripletsposition (position[termi][mat
hj ]) is the position in the text (starting from 1) for mat
hjof termi. The 
onstant fa
tor k is normally 0.5proximity (proximity[termi][mat
hj ]) is1 for non Boolean terms
log(distance_between_components) for Boolean termsIn this algorithm a mat
hed term 
lose to the start of text 
ontributes more to therelevan
e s
ore than a mat
h towards the end of the text. And for Boolean terms the
loser the 
omponents are the higher the 
ontribution to the relevan
e s
ore.
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4.6 Topi
 �lter Plug-In APIThe 
on�guration variable 
lassifyPlugIn (se
tion 9.1.3) is used to �nd the Perl modulethat implements the desired topi
 �lter. The value should be formatted as a valid Perlmodule identi�er (i.e. the module must be somewhere in the Perl module sear
h path).Combine will 
all a subroutine named '
lassify' in this module, providing an XWI-obje
tas in parameter. An XWI-obje
t is a stru
tured obje
t holding all information from parsinga Web-page. The subroutine must return either 0 or 1, where0: means re
ord fails to meet the 
lassi�
ation 
riteria, i.e. ignore this re
ord1: means re
ord is OK, store it in the database, and follow the linksMore details on how to write a Plug-In 
an be found in the example 
lassifyPlugIn-Template.pm (see Appendix A.2).4.7 AnalysisExtra analysis is enabled by the 
on�guration variable doAnalyse (se
tion 9.1.5). Amongother things analysis tries to determine the language of the text in the page. The URL isused to extra
t an indi
ation of the 
ategory (University, Edu
ation, Resear
h, Publi
ation,Produ
t, Top page, Personal page) of a page.4.8 Dupli
ate dete
tionDupli
ates of 
rawled do
uments are automati
ally dete
ted with the aid of a MD5-
he
ksum 
al
ulated on the 
ontents of the do
ument.The MD5-
he
ksum is used as the master re
ord key in the internal database thuspreventing pollution with dupli
ate pages. All URLs for a page are stored in the re
ord, anda page is not deleted from the database until the 
rawler has veri�ed that it's unavailablefrom all the saved URLs.4.9 URL re
y
lingURLs for re
y
ling 
ome from 3 sour
es:
• Links extra
ted during HTML parsing.
• Redire
ts (unless 
on�guration variable UserAgentFollowRedire
ts (se
tion 9.1.23) isset).
• URLs extra
ted from plain text (enabled by the 
on�guration variable extra
tLinks-FromText (se
tion 9.1.8)).Automati
 re
y
ling of URLs is enabled by the 
on�guration variable AutoRe
y
leLinks(se
tion 9.1.1). It 
an also be done manually with the 
ommand
ombineCtrl --jobname XXXX re
y
lelinksThe 
ommand 
ombineCtrl --jobname XXXX reharvestmarks all pages in the databasefor harvesting again.4.10 Database 
leaningThe tool 
ombineUtil implements fun
tionality for 
leaning the database.sanity/restoreSanity 
he
ks respe
tively restore 
onsisten
y of the internal database.24



deleteNetLo
/deletePath/deleteMD5/deleteRe
ordid deletes re
ords from the data-base based on supplied parameters.serverAlias dete
ts Web-server aliases in the database. All dete
ted alias groups areadded to the serveralias 
on�guration (se
tion 9.2.5). Re
ords from aliased servers(ex
ept for the �rst Web-server) will be deleted.4.11 Complete appli
ation � Sear
hEngine in a BoxThe Sear
hEngine-in-a-Box17 system is based on the two systems Combine Fo
used Crawlerand Zebra text indexing and retrieval engine18. This system allows you build a verti
alsear
h engine for your favorite topi
 in a few easy steps.The Sear
hEngine-in-a-Box Web-site 
ontains instru
tions and downloads to make thishappen. Basi
ally it makes use of the ZebraHost (see se
tion 9.1.37) 
on�guration variablewhi
h enables dire
t 
ommuni
ation between the 
rawler and the database system andthus indexes re
ords as soon as they are 
rawled. This also means that they are dire
tlysear
hable.5 Evaluation of automated subje
t 
lassi�
ation5.1 Approa
hes to automated 
lassi�
ationA

ording to [7℄, one 
an distinguish between three major approa
hes to automated 
las-si�
ation: text 
ategorization, do
ument 
lustering, and string-to-string mat
hing.Ma
hine learning, or text 
ategorization, is the most widespread approa
h to automated
lassi�
ation of text, in whi
h 
hara
teristi
s of pre-de�ned 
ategories are learnt fromintelle
tually 
ategorized do
uments. However, intelle
tually 
ategorized do
uments arenot available in many subje
t areas, for di�erent types of do
uments or for di�erent usergroups. For example, today the standard text 
lassi�
ation ben
hmark is a Reuters RCV1
olle
tion [14℄, whi
h has about 100 
lasses and 800000 do
uments. This would implythat for a text 
ategorization task some 8000 training and testing do
uments per 
lass areneeded. Another problem is that the algorithm works only for that do
ument 
olle
tionon whi
h parts it has been trained. In addition, [20℄ 
laims that the most serious problemin text 
ategorization evaluations is the la
k of standard data 
olle
tions and shows howdi�erent versions of the same 
olle
tion have a strong impa
t on performan
e, whereasother versions do not.In do
ument 
lustering, the prede�ned 
ategories (the 
ontrolled vo
abulary) are auto-mati
ally produ
ed: both 
lusters' labels and relationships between them are automati
allygenerated. Labelling of the 
lusters is a major resear
h problem, with relationships betweenthe 
ategories, su
h as those of equivalen
e, related-term and hierar
hi
al relationships, be-ing even more di�
ult to automati
ally derive ([18℄, p.168). "Automati
ally-derived stru
-tures often result in heterogeneous 
riteria for 
ategory membership and 
an be di�
ultto understand" [5℄. Also, 
lusters 
hange as new do
uments are added to the 
olle
tion.In string-to-string mat
hing, mat
hing is 
ondu
ted between a 
ontrolled vo
abularyand text of do
uments to be 
lassi�ed. This approa
h does not require training do
uments.Usually weighting s
hemes are applied to indi
ate the degree to whi
h a term from a17http://
ombine.it.lth.se/Sear
hEngineBox/18http://www.indexdata.dk/zebra/ 25



do
ument to be 
lassi�ed is signi�
ant for the do
ument's topi
ality. The importan
e ofthe 
ontrolled vo
abularies su
h as thesauri in automated 
lassi�
ation has been re
ognizedin re
ent resear
h. [4℄ used a thesaurus to improve performan
e of the k-NN 
lassi�er andmanaged to improve pre
ision for about 14 %, without degrading re
all. [15℄ showedhow information from a subje
t-spe
i�
 thesaurus improved performan
e of key-phraseextra
tion by more than 1,5 times in F1, pre
ision, and re
all. [6℄ demonstrated thatsubje
t ontologies 
ould help improve word sense disambiguation.Thus, the 
hosen approa
h to automated subje
t 
lassi�
ation in the 
rawler was string-mat
hing. Apart from the fa
t that no training do
uments are required, a major motivationto apply this approa
h was to re-use the intelle
tual e�ort that has gone into 
reating su
ha 
ontrolled vo
abulary. Vo
abulary 
ontrol in thesauri is a
hieved in several ways, out ofwhi
h the following are bene�
ial for automated 
lassi�
ation:
• the terms are usually noun phrases, whi
h are 
ontent words;
• the meaning of the term is restri
ted to that most e�e
tive for the purposes of aparti
ular thesaurus, whi
h is indi
ated by the addition of s
ope notes and de�nitions,providing additional 
ontext for automated 
lassi�
ation;
• three main types of relationships are displayed in a thesaurus: 1) equivalen
e (syn-onyms, lexi
al variants, terms treated as synonyms for general purposes); 2) hier-ar
hi
al (generi
, whole-part or instan
e relationships); 3) asso
iative (terms thatare 
losely related 
on
eptually but not hierar
hi
ally and are not members of anequivalen
e set).In automated 
lassi�
ation, equivalen
e terms allow for dis
overing the 
on
epts and notjust words expressing them. Hierar
hies provide additional 
ontext for determining the
orre
t sense of a term, and so do asso
iative relationships.5.1.1 Des
ription of the used string-mat
hing algorithmAutomated 
lassi�
ation approa
h used for evaluation was string-mat
hing of terms (
f.se
tion 4.5) from an engineering-spe
i�
 
ontrolled vo
abulary Engineering Index (Ei) the-saurus and 
lassi�
ation s
heme, used in Elsevier's Compendex database. Ei 
lassi�
ations
heme is organized into six 
ategories whi
h are divided into 38 subje
ts, whi
h are furthersubdivided into 182 spe
i�
 subje
t areas. These are further subdivided, resulting in some800 individual 
lasses in a �ve-level hierar
hy. In Ei there are on average 88 intelle
tuallysele
ted terms designating one 
lass.The algorithm sear
hes for terms from the Ei thesaurus and 
lassi�
ation s
heme indo
uments to be 
lassi�ed. In order to do this, a term list is 
reated, 
ontaining 
lass
aptions, di�erent thesauri terms and 
lasses whi
h the terms and 
aptions denote. Theterm list 
onsists of triplets: term (single word, Boolean term or phrase), 
lass whi
hthe term designates or maps to, and weight. Boolean terms 
onsist of words that mustall be present but in any order or in any distan
e from ea
h other. The Boolean termsare not expli
itly part of the Ei thesaurus, so they had to be 
reated in a pre-pro
essingstep. They are 
onsidered to be those terms whi
h 
ontain the following strings: 'and','vs.' (short for versus), ',' (
omma), ';' (semi-
olon, separating di�erent 
on
epts in 
lassnames), '(' (parenthesis, indi
ating the 
ontext of a homonym), ':' (
olon, indi
ating amore spe
i�
 des
ription of the previous term in a 
lass name), and '--' (double dash,indi
ating heading�subheading relationship). Upper-
ase words from the Ei thesaurus26



and 
lassi�
ation s
heme are left in upper 
ase in the term list, assuming that they area
ronyms. All other words 
ontaining at least one lower-
ase letter are 
onverted intolower 
ase. Geographi
al names are ex
luded on the grounds that they are not beingengineering-spe
i�
 in any sense.The following is an ex
erpt from the Ei thesaurus and 
lassi�
ation s
heme, based onwhi
h the ex
erpt from the term list (further below) was 
reated.From the 
lassi�
ation s
heme (
aptions):931.2 Physi
al Properties of Gases, Liquids and Solids...942.1 Ele
tri
 and Ele
troni
 Instruments...943.2 Me
hani
al Variables MeasurementsFrom the thesaurus:TM Amperometri
 sensorsUF Sensors--Amperometri
 measurementsMC 942.1TM Angle measurementUF Angular measurementUF Me
hani
al variables measurement--AnglesBT Spatial variables measurementRT Mi
rometersMC 943.2TM AnisotropyNT Magneti
 anisotropyMC 931.2TM stands for the preferred term, UF for synonym, BT for broader term, RT for relatedterm, NT for narrower term; MC represents the main 
lass. Below is an ex
erpt from oneterm list, as based on the above examples:1: ele
tri
 �and ele
troni
 instruments=942.1,1: me
hani
al variables measurements=943.2,1: physi
al properties of gases �and liquids �and solids=931.2,1: amperometri
 sensors=942.1,1: sensors �and amperometri
 measurements=942.1,1: angle measurement=943.2,1: angular measurement=943.2,1: me
hani
al variables measurement �and angles=943.2,1: spatial variables measurement=943.2,1: mi
rometers=943.2,1: anisotropy=931.2,1: magneti
 anisotropy=931.2The algorithm looks for strings from a given term list in the do
ument to be 
lassi�edand if the string (e.g. 'magneti
 anisotropy' from the above list) is found, the 
lass(es)27



assigned to that string in the term list ('931.2' in our example) are assigned to the do
u-ment. One 
lass 
an be designated by many terms, and ea
h time the 
lass is found, the
orresponding weight ('1' in our example) is assigned to the 
lass.The s
ores for ea
h 
lass are summed up and 
lasses with s
ores above a 
ertain 
ut-o�(heuristi
ally de�ned) 
an be sele
ted as the �nal ones for that do
ument. Experimentswith di�erent weights and 
ut-o�s are des
ribed in the following se
tions.5.2 Evaluation methodology5.2.1 Evaluation 
hallengeA

ording to [1℄, intelle
tually-based subje
t indexing is a pro
ess involving the followingthree steps: determining the subje
t 
ontent of the do
ument, 
on
eptual analysis to de
idewhi
h aspe
ts of the subje
t should be represented, and translation of those 
on
epts oraspe
ts into a 
ontrolled vo
abulary. These steps are based on the library's poli
y in respe
tto their 
olle
tions and user groups. Thus, when in automated 
lassi�
ation study, the useddo
ument 
olle
tion is the one in whi
h do
uments have been indexed intelle
tually, thepoli
ies based on whi
h indexing has been 
ondu
ted should also be known, and automated
lassi�
ation should then be based on those poli
ies as well.Ei thesaurus and 
lassi�
ation s
heme is rather big and deep (�ve hierar
hi
al levels),allowing many di�erent 
hoi
es. Without a thorough qualitative analysis of automati
allyassigned 
lasses one 
annot be sure if, for example, the 
lasses assigned by the algorithm,whi
h were not intelle
tually assigned, are a
tually wrong, or if they were left-out bymistake or be
ause of the indexing poli
y.In addition, subje
t indexers make errors su
h as those related to exhaustivity poli
y(too many or too few terms get assigned), spe
i�
ity of indexing (usually this error meansthat not the most spe
i�
 term found was assigned), they may omit important terms, orassign an obviously in
orre
t term ([13℄, p.86-87). In addition, it has been reported thatdi�erent people, whether users or subje
t indexers, would assign di�erent subje
t termsor 
lasses to the same do
ument. Studies on inter-indexer and intra-indexer 
onsisten
yreport generally low indexer 
onsisten
y ([16℄, p. 99-101). There are two main fa
torsthat seem to a�e
t it: 1) higher exhaustivity and spe
i�
ity of subje
t indexing both leadto lower 
onsisten
y (indexers 
hoose the same �rst term for the major subje
t of thedo
ument, but the 
onsisten
y de
reases as they 
hoose more 
lasses or terms); 2) thebigger the vo
abulary, or, the more 
hoi
es the indexers have, the less likely they will
hoose the same 
lasses or terms (ibid.). Few studies have been 
ondu
ted as to whyindexers disagree [2℄.Automated 
lassi�
ation experiments today are mostly 
ondu
ted under 
ontrolled
onditions, ignoring the fa
t that the purpose of automated 
lassi�
ation is improved in-formation retrieval, whi
h should be evaluated in 
ontext (
f. [12℄). As Sebastiani ([17℄ p.32) puts it, �the evaluation of do
ument 
lassi�ers is typi
ally 
ondu
ted experimentally,rather than analyti
ally. The reason is that we would need a formal spe
i�
ation of theproblem that the system is trying to solve (e.g. with respe
t to what 
orre
tness and
ompleteness are de�ned), and the 
entral notion that of membership of a do
ument in a
ategory is, due to its subje
tive 
hara
ter, inherently nonformalizable�.Due to the fa
t that methodology for su
h experiments has yet to be developed, aswell as due to limited resour
es, we follow the traditional approa
h to evaluation and startfrom the assumption that intelle
tually assigned 
lasses in the data 
olle
tion are 
orre
t,and the results of automated 
lassi�
ation are being 
ompared against them.28



5.2.2 Evaluation measures usedAssuming that intelle
tually assigned 
lasses in the data 
olle
tion are 
orre
t, evaluationin this study is based on 
omparison of automati
ally derived 
lasses against the intelle
-tually assigned ones. Ei 
lasses are mu
h related to ea
h other and often there is only asmall topi
al di�eren
e between them. The topi
al relatedness is expressed in numbersrepresenting the 
lasses: the more initial digits any two 
lasses have in 
ommon, the morerelated they are. Thus, 
omparing the 
lasses at only the �rst few digits instead of allthe �ve (ea
h representing one hierar
hi
al level), would also make sense. Evaluation mea-sures used were the standard mi
roaveraged and ma
roaveraged pre
ision, re
all and F1measures ([17℄, p.33) for 
omplete mat
hing of all digits as well as for partial mat
hing.5.2.3 Data 
olle
tionIn the experiments, the following data 
olle
tions were used:1. For deriving signi�
an
e indi
ators assigned to di�erent Web page elements [10℄, andidentifying issues spe
i�
 to Web pages [8℄ some 1000 Web pages engineering, towhi
h Ei 
lasses had been manually assigned as part of the EELS subje
t gateway19were used.2. For deriving weights based on the type of 
ontrolled vo
abulary term [9℄, and forenri
hing the term list with terms extra
ted using natural language pro
essing, thedata 
olle
tion 
onsisted of 35166 do
ument re
ords from the Compendex database20.From ea
h do
ument re
ord the following elements were utilized: an identi�
ationnumber, title, abstra
t and intelle
tually pre-assigned 
lasses, for example:Identi�
ation number: 03337590709Title: The 
on
ept of relevan
e in IRAbstra
t: This arti
le introdu
es the 
on
ept of relevan
e as viewed and appliedin the 
ontext of IR evaluation, by presenting an overview of the multidimensionaland dynami
 nature of the 
on
ept. The literature on relevan
e reveals how therelevan
e 
on
ept, espe
ially in regard to the multidimensionality of relevan
e,is many fa
eted, and does not just refer to the various relevan
e 
riteria usersmay apply in the pro
ess of judging relevan
e of retrieved information obje
ts.From our point of view, the multidimensionality of relevan
e explains why somewill argue that no 
onsensus has been rea
hed on the relevan
e 
on
ept. Thus,the obje
tive of this arti
le is to present an overview of the many differentviews and ways by whi
h the 
on
ept of relevan
e is used - leading to a 
onsistentand 
ompatible understanding of the 
on
ept. In addition, spe
ial attention ispaid to the type of situational relevan
e. Many resear
hers per
eive situationalrelevan
e as the most realisti
 type of user relevan
e, and therefore situationalrelevan
e is dis
ussed with referen
e to its potential dynami
 nature, and asa requirement for intera
tive information retrieval (IIR) evaluation.Ei 
lassi�
ation 
odes: 903.3 Information Retrieval & Use, 723.5 Computer Appli
ations,921 Applied Mathemati
sIn our 
olle
tion we in
luded only those do
uments that have at least one 
lass inthe area of Engineering, General, 
overed by 92 
lasses we sele
ted. The subset of19http://eels.lub.lu.se/20http://www.engineeringvillage2.org/ 29



35166 do
uments was sele
ted from the Compendex database by simply retrievingthe �rst do
uments o�ered by the Compendex user interfa
e, without 
hanging anypreferen
es. The query was to �nd those do
uments that were assigned a 
ertain
lass. A minimum of 100 do
uments per 
lass was retrieved at several di�erent pointsin time during the last year. Compendex is a 
ommer
ial database so the subset
annot be made available to others. However, the authors 
an provide do
uments'identi�
ation numbers on request. In the data 
olle
tion there were on average 838do
uments per 
lass, ranging from 138 to 5230.3. For 
omparing 
lassi�
ation performan
e of the string-mat
hing algorithm against ama
hine-learning one [11℄, the data 
olle
tion 
onsisted of a subset of paper re
ordsfrom the Compendex database, 
lassi�ed into six sele
ted 
lasses. In this run of theexperiment, only the six 
lasses were sele
ted in order to provide us with indi
ationsfor further possibilities. Classes 723.1.1 (Computer Programming Languages), 723.4(Arti�
ial Intelligen
e), and 903.3 (Information Retrieval and Use) ea
h had 4400examples (the maximum allowed by the Compendex database provider), 722.3 (DataCommuni
ation Equipment and Te
hniques) 2800, 402 (Buildings and Towers) 4283,and 903 (Information S
ien
e) 3823 examples.5.3 Results5.3.1 The role of di�erent thesauri termsIn one study [9℄, it has been explored to what degree di�erent types of terms in Engi-neering Index in�uen
e automated subje
t 
lassi�
ation performan
e. Preferred terms,their synonyms, broader, narrower, related terms, and 
aptions were examined in 
ombi-nation with a stemmer and a stop-word list. The best performan
e measured as meanF1 ma
roaveraged and mi
roaverage F1 values has the preferred term list, and the worstone the 
aptions list. Stemming showed to be bene�
ial in four out of the seven di�er-ent term lists: 
aptions, narrower, preferred, and synonyms. Con
erning stop words, themean F1 improved for narrower and preferred terms. Con
erning the number of 
lassesper do
ument that get automati
ally assigned, when using 
aptions less than one 
lass isassigned on average even when stemming is applied; narrower and synonyms improve withstemming, 
lose to our aim of 2,2 
lasses that have been intelle
tually assigned. The mostappropriate number of 
lasses get assigned when preferred terms are used with stop-words.Based on other term types, too many 
lasses get assigned, but that 
ould be dealtwith in the future by introdu
ing 
ut-o�s. Ea
h 
lass is on average designated by 88 terms,ranging from 1 to 756 terms per 
lass. The majority of terms are related terms, followed bysynonyms and preferred terms. By looking at the 10 top-performing 
lasses, it was shownthat the sole number of terms designating a 
lass does not seem to be proportional to theperforman
e. Moreover, these best performing 
lasses do not have a similar distribution oftypes of terms designating them, i.e. the per
entage of 
ertain term types does not seem tobe dire
tly related to performan
e. The same was dis
overed for the 10 worst-performing
lasses.In 
on
lusion, the results showed that preferred terms perform best, whereas 
aptionsperform worst. Stemming in most 
ases showed to improve performan
e, whereas the stop-word list did not have a signi�
ant impa
t. The majority of 
lasses is found when usingall the terms and stemming: mi
ro-averaged re
all is 73 %. The remaining 27 % of 
lasseswere not found be
ause the words in the term list designating the 
lasses did not exist30



in the text of the do
uments to be 
lassi�ed. This study implies that all types of termsshould be used for a term list in order to a
hieve best re
all, but that higher weights 
ouldbe given to preferred terms, 
aptions and synonyms, as the latter yield highest pre
ision.Stemming seems useful for a
hieving higher re
all, and 
ould be balan
ed by introdu
ingweights for stemmed terms. Stop-word list 
ould be applied to 
aptions, narrower andpreferred terms.5.3.2 Enri
hing the term list using natural language pro
essingIn order to allow for better re
all, the basi
 term list was enri
hed with new terms. From thebasi
 term list, preferred and synonymous terms were taken, sin
e they give best pre
ision,and based on them new terms were extra
ted. These new terms were derived from do
u-ments issued from the Compendex database, using multi-word morpho-synta
ti
 analysisand synonym a
quisition. Multi-word morpho-synta
ti
 analysis was 
ondu
ted using auni�
ation-based partial parser FASTER whi
h analyses raw te
hni
al texts and, based onbuilt-in meta-rules, dete
ts morpho-synta
ti
 variants. The parser exploits morphologi
al(derivational and in�e
tional) information as given by the database CELEX. Morphologi-
al analysis was used to identify derivational variants (e.g. e�e
t of gravity: gravitationale�e
t), and synta
ti
al analysis to insert word inside a term (e.g. �ow measurement: �owdis
harge measurements), permute 
omponents of a term (e.g. 
ontrol of the inventory:inventory 
ontrol) or add a 
oordinated 
omponent to a term (e.g. 
ontrol system: 
ontroland navigation system).Synonyms were a
quisited using a rule-based system, SynoTerm whi
h infers synonymyrelations between 
omplex terms by employing semanti
 information extra
ted from lexi
alresour
es. Do
uments were �rst prepro
essed and tagged with part-of-spee
h informationand lemmatized. Terms were then identi�ed using the term extra
tor YaTeA based onparsing patterns and endogenous disambiguation. The semanti
 information provided bythe database WordNet was used as a bootstrap to a
quire synonym terms of the basi
terms.The number of 
lasses that were enri
hed using these natural language pro
essing meth-ods is as follows: derivation 705, out of whi
h 93 adje
tive to noun, 78 noun to adje
tive,and 534 noun to verb derivations; permutation 1373; 
oordination 483; insertion 742; prepo-sition 
hange 69; synonymy 292 automati
ally extra
ted, out of whi
h 168 were manuallyveri�ed as 
orre
t.By 
ombining all the extra
ted terms into one term list, the mean F1 is 0.14 whenstemming is applied, and mi
roaveraged re
all is 0.11. This implies that enri
hing theoriginal Ei-based term list should improve re
all. In 
omparison to results we get whengained with the original term list (mi
ro-averaged re
all with stemming 0.73), here thebest re
all, also mi
roaveraged and with stemming, is 0.76.5.3.3 Importan
e of HTML stru
tural elements and metadataIn [10℄ the aim was to determine how signi�
an
e indi
ators assigned to di�erent Webpage elements (internal metadata, title, headings, and main text) in�uen
e automated
lassi�
ation. The data 
olle
tion that was used 
omprised 1000 Web pages in engineering,to whi
h Engineering Information 
lasses had been manually assigned. The signi�
an
eindi
ators were derived using several di�erent methods: (total and partial) pre
ision andre
all, semanti
 distan
e and multiple regression. It was shown that for best results all theelements have to be in
luded in the 
lassi�
ation pro
ess. The exa
t way of 
ombining the31



signi�
an
e indi
ators turned out not to be overly important: using the F1 measure, thebest 
ombination of signi�
an
e indi
ators yielded no more than 3 % higher performan
eresults than the baseline.5.3.4 Challenges and re
ommendations for 
lassi�
ation of Web pagesIssues spe
i�
 to Web pages were identi�ed and dis
ussed in [8℄. The fo
us of the studywas a 
olle
tion of Web pages in the �eld of engineering. Web pages present a spe
ial
hallenge: be
ause of their heterogeneity, one prin
iple (e.g. words from headings are moreimportant than main text) is not appli
able to all the Web pages of a 
olle
tion. Forexample, utilizing information from headings on all Web pages might not give improvedresults, sin
e headings are sometimes used simply instead of using bold or a bigger fontsize.A number of weaknesses of the des
ribed approa
h were identi�ed:1. Class not found at all, be
ause the words in the term list designating the 
lasses werenot found in the text of the Web page to be 
lassi�ed.2. Class found but below threshold, whi
h has to do with weighting and 
ut-o� values.This is be
ause in the approa
h only 
lasses with s
ores above a pre-de�ned 
ut-o�value are sele
ted as the 
lasses for the do
ument: the �nal 
lasses sele
ted are thosewith s
ores that 
ontain at least 5 % of the sum of all the s
ores assigned in total, or,if su
h a 
lass doesn't exist, the 
lass with the top s
ore is sele
ted. Another reason
ould be that the 
lassi�
ation algorithm is made to always pi
k the most spe
i�

lass as the �nal one, whi
h is in a

ordan
e with the given poli
y for intelle
tual
lassi�
ation.3. Wrong automati
ally assigned 
lass. Based on the sample, four di�erent sub-problemshave been identi�ed:
• words re
ognized as homonyms or distant synonyms;
• word found on a Web page is there be
ause it is an instan
e of what it represents,and it is not about su
h instan
es (e.g. a Web page on online tutorials and e-learning programs for te
hni
al �elds gets wrongly 
lassi�ed as a Web page on'edu
ation');
• too distant term-
lass mappings, in
luding 
ases when one term in the term listis mapped to several di�erent 
lasses;
• words mentioned on the Web page have little to do with the Web page's about-ness, e.g. an institution's Web page gets wrongly 
lassi�ed as 'fa
simile systemsand te
hnology', be
ause among their 
onta
t information, there is also a faxnumber, and the word 'fax' is mapped to that 
lass.4. Automati
ally assigned 
lass that is not really wrong, whi
h probably has to do withthe subje
t indexing poli
y su
h as exhaustivity.Ways to deal with those problems were proposed for further resear
h. These in
ludeenri
hing the term list with synonyms and di�erent word forms, adjusting the term weightsand 
ut-o� values and word-sense disambiguation. In our further resear
h the plan isto implement automated methods. On the other hand, the suggested manual methods(e.g. adding synonyms) would, at the same time, improve Ei's original fun
tion, that32



of enhan
ing retrieval. Having this purpose in mind, manually enri
hing a 
ontrolledvo
abulary for automated 
lassi�
ation or indexing would not ne
essarily 
reate additional
osts.5.3.5 Comparing and 
ombining two approa
hesIn [11℄ a ma
hine-learning and a string-mat
hing approa
h to automated subje
t 
lassi�-
ation of text were 
ompared as to their performan
e on a test 
olle
tion of six 
lasses.Our �rst hypothesis was that, as the string-mat
hing algorithm uses manually 
onstru
tedmodel, we expe
t it to have higher pre
ision than the ma
hine learning with its automati-
ally 
onstru
ted model. On the other hand, while the ma
hine-learning algorithm buildsthe model from the training data, we expe
t it to have higher re
all in addition to beingmore �exible to 
hanges in the data. Experiments have 
on�rmed the hypothesis only onone of the six 
lasses. Experimental results showed that SVM on average outperforms thestring-mat
hing algorithm. Di�erent results were gained for di�erent 
lasses. The bestresults in string-mat
hing are for 
lass 402, whi
h we attribute to the fa
t that it has thehighest number of term entries designating it (423). Class 903.3, on the other hand, hasonly 26 di�erent term entries designating it in the string-mat
hing term list, but string-mat
hing largely outperforms SVM in pre
ision (0.97 vs. 0.79). This is subje
t to furtherinvestigation.The two approa
hes being 
omplementary, we investigated di�erent 
ombinations ofthe two based on 
ombining their vo
abularies. The linear SVM in the original settingwas trained with no feature sele
tion ex
ept the stop-word removal. Additionally, threeexperiments were 
ondu
ted using feature sele
tion, taking:1. only the terms that are present in the 
ontrolled vo
abulary;2. the top 1000 terms from 
entroid tf-idf ve
tors for ea
h 
lass (terms that are 
hara
-teristi
 for the 
lass - des
riptive terms);3. the top 1000 terms from the SVM-normal trained on a binary 
lassi�
ation problemfor ea
h 
lass (terms that distinguish one 
lass form the rest distin
tive terms).In the experiments with string-mat
hing algorithm, four di�erent term lists were 
re-ated, and we report performan
e for ea
h of them:1. the original one, based on the 
ontrolled vo
abulary;2. the one based on automati
ally extra
ted des
riptive keywords from the do
umentsbelonging to their 
lasses;3. the one based on automati
ally extra
ted distin
tive keywords from the do
umentsbelonging to their 
lasses;4. the one based on union of the �rst and the se
ond list.SVM performs best using the original set of terms, and string-mat
hing approa
h alsohas best pre
ision when using the original set of terms. Best re
all for string-mat
hing isa
hieved when using des
riptive terms. Reasons for these results need further investigation,in
luding a larger data 
olle
tion and 
ombining the two using predi
tions.33



6 Performan
e and s
alabilityPerforman
e evaluation of the automated subje
t 
lassi�
ation 
omponent is treated inse
tion 5.6.1 SpeedPerforman
e in terms of number of URLs treated per minute is of 
ourse highly dependenton a number of 
ir
umstan
es like network load, 
apa
ity of the ma
hine, the sele
tionof URLs to 
rawl, 
on�guration details, number of 
rawlers used, et
. In general, withinrather wide limits, you 
ould expe
t the Combine system to handle up to 200 URLs perminute. By �handle� we mean everything from s
heduling of URLs, fet
hing pages overthe network, parsing the page, automated subje
t 
lassi�
ation, re
y
ling of new links, tostoring the stru
tured re
ord in a relational database. This holds for small simple 
rawlsstarting from s
rat
h to large 
ompli
ated topi
 spe
i�
 
rawls with millions of re
ords.
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Figure 4: Combine 
rawler performan
e, using no fo
us and 
on�guration optimized forspeed.The prime way of in
reasing performan
e is to use more than one 
rawler for a job. Thisis handled by the --harvesters swit
h used together with the 
ombineCtrl start 
om-mand for example 
ombineCtrl --jobname MyCrawl --harvesters 5 start will start 5
rawlers working together on the job 'MyCrawl'. The e�e
t of using more than one 
rawleron 
rawling speed is illustrated in �gure 4 and the resulting speedup is shown in table 1.Con�guration also has an e�e
t on performan
e. In Figure 5 performan
e improve-ments based on 
on�guration 
hanges are shown. The 
hoi
e of algorithm for automated
lassi�
ation turns out to have biggest in�uen
e on performan
e, where algorithm 2 � se
-tion 4.5.5 � (
lassifyPlugIn = Combine::PosChe
k_re
ord � Pos in Figure 5) is mu
h34



No of 
rawlers 1 2 5 10 15 20Speedup 1 2.0 4.8 8.2 9.8 11.0Table 1: Speedup of 
rawling vs number of 
rawlersfaster than algorithm 1 � se
tion 4.5.4 � (
lassifyPlugIn = Combine::Che
k_re
ord �Std in Figure 5). Con�guration optimization 
onsisted of not using Tidy to 
lean HTML(useTidy = 0) and not storing the original page in the database (saveHTML = 0). Tweak-ing of other 
on�guration variables (like disabling logging to the MySQL database Loglev= 0) also has an e�e
t on performan
e but to a lesser degree.
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Figure 5: E�e
t of 
on�guration 
hanges on fo
used 
rawler performan
e, using 10 
rawlersand a topi
 de�nition with 2512 terms.6.2 Spa
eStoring stru
tured re
ords in
luding the original do
ument takes quite a lot of disk spa
e.On average 25 kB per re
ord is used by MySQL. This in
ludes the administrative overheadneeded for the operation of the 
rawler. A database with 100 000 re
ords needs at least2.5 GB on disk. De
iding not to store the original page in the database (saveHTML = 0)gives 
onsiderable spa
e savings. On average 8 kB per is used without the original HTML.Exporting re
ords in the ALVIS XML format further in
reases size to 42 kB per re
ord.Using the slight less redundant XML-format 
ombine uses 27 kB per re
ord. Thus 100 000re
ords will generate a �le of size 3 to 4 GB. The really 
ompa
t Dublin Core format (d
)generates 0.65 kB per re
ord. 35



6.3 Crawling strategyIn [19℄ four di�erent 
rawling strategies are studied:BreadthFirst The simplest strategy for 
rawling. It does not utilize heuristi
s in de
idingwhi
h URL to visit next. It uses the frontier as a FIFO queue, 
rawling links in theorder in whi
h they are en
ountered.BestFirst The basi
 idea is that given a frontier of URLs, the best URL a

ording to someestimation 
riterion is sele
ted for 
rawling, using the frontier as a priority queue. Inthis implementation, the URL sele
tion pro
ess is guided by the topi
 s
ore of thesour
e page as 
al
ulated by Combine.PageRank The same as Best-First but ordered by PageRank 
al
ulated from the pages
rawled so far.BreadthFirstTime A version of BreadthFirst. It is based on the idea of not a

essingthe same server during a 
ertain period of time in order not to overload servers.Thus, a page is fet
hed if and only if a 
ertain time threshold is ex
eeded sin
e thelast a

ess to the server of that page.Results from a simulated 
rawl (�gure 6 from [19℄) show that at �rst PageRank performsbest but BreadthFirstTime (whi
h is used in Combine) prevails in the long run, althoughdi�eren
es are small.

Figure 6: Total number of relevant pages visited
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7 System 
omponentsAll exe
utables take a mandatory swit
h --jobname whi
h is used to identify the parti
ular
rawl job you want as well as the job-spe
i�
 
on�guration dire
tory.Brie�y 
ombineINIT is used to initialize SQL database and the job spe
i�
 
on�gurationdire
tory. 
ombineCtrl 
ontrols a Combine 
rawling job (start, stop, et
.) as well asprinting some statisti
s. 
ombineExport exports re
ords in various XML formats and
ombineUtil provides various utility operations on the Combine database.Detailed dependen
y information (se
tion 10) 
an be found in the 'Gory details' se
tion.In appendix (A.5) you'll �nd all the man-pages 
olle
ted.7.1 
ombineINITCreates a MySQL database, database tables and initializes it. If the database exists it isdropped and re
reated. A job-spe
i�
 
on�guration dire
tory is 
reated in /et
/
ombine/and populated with a default 
on�guration �le.If a topi
 de�nition �lename is given, fo
used 
rawling using this topi
 de�ntion isenabled per default. Otherwise fo
used 
rawling is disabled, and Combine works as ageneral 
rawler.7.2 
ombineCtrlImplements various 
ontrol fun
tionality to administer a 
rawling job, like starting andstopping 
rawlers, inje
ting URLs into the 
rawl queue, s
heduling newly found links for
rawling, 
ontrolling s
heduling, et
. This is the preferred way of 
ontroling a 
rawl job.7.3 
ombineUtilImplements a number of utilities both for extra
ting information:
• Global statisti
s about the database
• mat
hed terms from topi
 de�nition
• topi
 
lasses assigned to do
umentsand for database maintenan
e:
• sanity 
he
k and restoration
• deleting re
ords spe
i�ed by either Web-server, URL path, MD5 
he
ksum, or inter-nal re
ord identi�er
• server alias dete
tion and managing7.4 
ombineExportExport of stru
tured re
ords is done a

ording to one of three pro�les: alvis, d
, or
ombine. alvis and 
ombine are very similar XML formats where 
ombine is more 
om-pa
t with less redundan
y and alvis 
ontains some more information. d
 is XML-en
odedDublin Core data. 37



The alvis pro�le format is de�ned by the Alvis Enri
hed Do
ument XML S
hema21.For �exibility a swit
h --xslts
ript adds the possibility to �lter the output using aXSLT s
ript. The s
ript is fed a re
ord a

ording to the 
ombine pro�le and the result isexported.Swit
hes --pipehost and --pipeport makes 
ombineExport send it's output dire
tlyto an Alvis22 pipeline reader instead of printing on stdout. This together with the swit
h--in
remental, whi
h just exports 
hanges sin
e the last invo
ation, provides an easy wayof keeping an external system like Alvis or a Zebra23 database updated.7.5 Internal exe
utables and Library modules
ombine is the main 
rawling ma
hine in the Combine system and 
ombineRun starts,monitors and restarts 
ombine 
rawling pro
esses.7.5.1 LibraryMain, 
rawler-spe
i�
, library 
omponents are 
olle
ted in the Combine:: Perl name-spa
e.Referen
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Part IIGory details8 Frequently asked questions1. What does the message 'Wide 
hara
ter in subroutine entry ...' mean?That something is horribly wrong with the 
hara
ter en
oding of this page.2. What does the message 'Parsing of unde
oded UTF-8 will give garbage when de
od-ing entities ...' mean?That something is wrong with 
hara
ter de
oding of this page.3. I 
an't �gure out how to restri
t the 
rawler to pages below 'http://www.foo.
om/bar/'?Put an appropriate regular expression in the <allow> se
tion of the 
on�guration�le. Appropriate means a Perl regular expression, whi
h means that you have toes
ape spe
ial 
hara
ters. Try withURL http:\/\/www\.foo\.
om\/bar\/4. I have a simple 
on�guration variable set, but Combine does not obey it?Che
k that there are not 2 instan
es of the same simple 
on�guration variable in thesame 
on�guration �le. Unfortunately this will break 
on�guration loading.5. If there are multiple <allow> entries, must an URL �t all or any of them?A mat
h to any of the entries will make that URL allowable for 
rawling. You 
anuse any mix of HOST: and URL entries6. It would also be ni
e to be able to 
rawl lo
al �les.Presently the 
rawler only a

epts HTTP, HTTPS, and FTP as proto
ols.7. Crawling of a single host is VERY slow. Is there some way for me to speed the
rawler up?Yes it's one of the built-in limitations to keep the 
rawler beeing 'ni
e'. It will onlya

ess a parti
ular server on
e every 60 se
onds by default. You 
an 
hange thedefault by adjusting the following 
on�guration variables, but please keep in mindthat you in
rease the load on the server.WaitIntervalS
hedulerGetJ
f=2WaitIntervalHost = 58. Is it possible to 
rawl only one single web-page?Use the 
ommand:
ombine --jobname XXX --harvesturl http://www.foo.
om/bar.html9. How 
an I 
rawl a �xed number of link steps from a set of seed pages? For exampleone web-page and all lo
al links on that web-page (and not any further?Initialize the database and load the seed pages. Turn of automati
 re
y
ling of linksby setting the simple 
on�guration variable 'AutoRe
y
leLinks' to 0.40



Start 
rawling and stop when '
ombineCtrl �jobname XXX howmany' equals 0.Handle re
y
ling manually using '
ombineCtrl, with a
tion 're
y
lelinks'. (Give the
ommand 
ombineCtrl �jobname XXX re
y
lelinks')Iterate to the depth of your liking.10. I run 
ombineINIT but the 
on�guration dire
tory is not 
reated?You need to run 
ombineINIT as root, due to �le prote
tion permissions.11. Where are the logs?They are stored in the SQL database <jobname> in the table log.12. What are the main di�eren
es between Std (
lassifyPlugIn = Combine::Che
k_re
ord)and PosChe
k (
lassifyPlugIn = Combine::PosChe
k_re
ord) algorithms for au-tomated subje
t 
lassi�
ation?Std 
an handle Perl regular expressions in terms and does not take into a

ount ifthe term is found in the beginning or end of the do
ument. PosChe
k 
an't handlePerl regular expressions but is faster, and takes word position and proximity intoa

ount.For detailed des
riptions see se
tions Algorithm 1 (4.5.4) Algorithm 2 (4.5.5).13. I don't understand what this means. Can you explain it to me ? Thank you !40: sundew[^\s℄*=CP.Drosera40: tropi
al pit
her plant=CP.NepenthesIt's part of the topi
 de�nition (term list) for the topi
 'Carnivorous plants'. It's welldes
ribed in the do
umentation, please see se
tion 4.5.1. The strange 
hara
ters arePerl regular expressions mostly used for trun
ation et
.14. I want to get all pages about "i
e
ream" from "www.yahoo.
om". And I don't have
lear idea about how to write the topi
 de�nition �le. Can you show me an example?So for getting all pages about 'i
e
ream' from 'www.yahoo.
om' you have to:(a) write a topi
 de�nition �le a

ording to the format above, eg 
ontaining topi
spe
i�
 terms. The �le is essential a list of terms relevant for the topi
. Format ofthe �le is "numeri
_importan
e: term=Topi
Class" e.g. "100: i
e
ream=YahooI
e"(Say you 
all your topi
 'YahooI
e'). A few terms might be:100: i
e
ream=YahooI
e100: i
e 
one=YahooI
eand so on stored in a �le 
alled say Topi
YahooI
e.txt(b) Initializationsudo 
ombineINIT -jobname 
ptest -topi
 Topi
YahooI
e.txt(
) Edit the 
on�guration to only allow 
rawling of www.yahoo.
om Change the<allow> part in /et
/
ombine/fo
ustest/
ombine.
fg from41



#use either URL or HOST: (obs ':') to mat
h regular expressions to either the#full URL or the HOST part of a URL.<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: .*$</allow>to#use either URL or HOST: (obs ':') to mat
h regular expressions to either the#full URL or the HOST part of a URL.<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: www\.yahoo\.
om$</allow>(d) Load some good seed URLs(e) Start 1 harvesting pro
ess15. Why load some good seeds URLs and what the seeds URLs mean.This is just a way of telling the 
rawler where to start.16. My problem is that the installation there requires root a

ess, whi
h I 
annot get. Isthere a way of running Combine without requiring any root a

ess?The are three things that are problemati
(a) Con�gurations are stored in /et
/
ombine/...(b) Runtime PID �les are stored in /var/run/
ombine(
) You have to be able to 
reate MySQL databases a

essible by 
ombineIf you take the sour
e and look how the tests (make test) are made you might �nda way to �x the �rst. Though this probably involves modifying the sour
e - maybeonly the Combine/Con�g.pmThe se
ond is stri
tly not ne
essary and it will run even if /var/run /
ombine doesnot exist, although not the 
ommand 
ombineCtrl --jobname XXX killOn the other hand the third is ne
essary and I 
an't think of a way around it ex
eptmaking a lo
al installation of MySQL and use that.17. What does the following entries from the log table mean?(a) | 5409 | HARVPARS 1_zltest | 2006-07-14 15:08:52 | M500; SD empty, sleep 20 se
ond... |This means that there are no URLs ready for 
rawling (SD empty). Also you
an use 
ombineCtrl to see 
urrent status of ready queue et
(b) | 7352 | HARVPARS 1_w
test | 2006-07-14 17:00:59 | M500; urlid=1; netlo
id=1; http://www.shanghaidaily.
om/Crawler pro
ess 7352 got a URL (http://www.shanghaidaily.
om/) to 
he
k(1_w
test is a just a name non signi�
ant) M500 is a sequen
e number for anindividual 
rawler starting at 500 and when it rea
hes 0 this 
rawler pro
ess iskilled and another is 
reated. urlid and netlo
id are internal identi�ers used inthe MySQL tables. 42



(
) | 7352 | HARVPARS 1_w
test | 2006-07-14 17:01:10 | M500; RobotRules OK, OKCrawler pro
ess have 
he
ked that this URL (identi�ed earlier in the log bypid=7352 and M500) 
an be 
rawled a

ording to the Robot Ex
lusion proto
ol.(d) | 7352 | HARVPARS 1_w
test | 2006-07-14 17:01:10 | M500; HTTP(200 = "OK") => OKIt has fet
hed the page (identi�ed earlier in the log by pid=7352 and M500) OK(e) | 7352 | HARVPARS 1_w
test | 2006-07-14 17:01:10 | M500; Doing: text/html;200;0F061033DAF69587170F8E285E950120;Not used |It is pro
essing the page (in the format text/html) to see if it is of topi
al interest0F061033DAF69587170F8E285E950120 is the MD5 
he
ksum of the page18. In fa
t, I want to know whi
h 
rawled URLs are 
orresponding to the 
ertain topi

lass su
h as CP.Aldrovanda . Can you tell me how 
an I know ?You have to get into the raw MySQL database and perform a query likeSELECT urls.urlstr FROM urls,re
ordurl,topi
 WHERE urls.urlid=re
ordurl.urlidAND re
ordurl.re
ordid=topi
.re
ordid AND topi
.notation='CP.Aldrovanda';Table urls 
ontain all URLs seen by the 
rawler. Table re
ordurl 
onne
t urlid tore
ordid. re
ordid is used in all tables with data from the 
rawled Web pages.19. What is the meaning of the item "ALL" in the notation 
olumn of the topi
 table?If you use multiple topi
s in your topi
-de�nition (ie the string after '=') then all therelevant topi
 s
ores for this page is summed and given the topi
 notation 'ALL'.Just disregard it if you only use one topi
-
lass.20. Combine should 
rawl all pages underneath www.geo
ities.
om/boulevard/newyork/,but not go outside the domain (i.e. going to www.yahoo.
om) but also not goinghigher in position (i.e. www.geo
ities.
om/boulevard/atlanta/).Is it possible to set up Combine like this?Yes, 
hange the <allow>-part of your 
on�guration �le 
ombine.
fg to sele
t whatURLs should be allowed for 
rawling (by default everything is allowed). See alsose
tion 4.3.So 
hange<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: .*$</allow>to something like<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsURL http:\/\/www\.geo
ities\.
om\/boulevard\/newyork\/</allow>(the ba
kslashes are needed sin
e these patterns are in fa
t Perl regular expressions)43



9 Con�guration variables9.1 Name/value 
on�guration variables9.1.1 AutoRe
y
leLinksDefault value = 1Des
ription: Enable(1)/disable(0) automati
 re
y
ling of new linksUsed by: SD_SQL.pm9.1.2 baseCon�gDirDefault value = /et
/
ombineDes
ription: Base dire
tory for 
on�guration �les; initialized by Con�g.pmUsed by: FromHTML.pm; 
ombineExportSet by: Con�g.pm9.1.3 
lassifyPlugInDefault value = Combine::Che
k_re
ordDes
ription: Whi
h topi
 
lassi�
ation PlugIn module algorithm to useCombine::Che
k_re
ord and Combine::PosChe
k_re
ord in
luded by defaultsee 
lassifyPlugInTemplate.pm and do
umentation to write your ownUsed by: 
ombine9.1.4 
on�gDirDefault value = NoDefaultValueDes
ription: Dire
tory for job spe
i�
 
on�guration �les; taken from 'jobname'Used by: Che
k_re
ord.pm; 
ombineUtil; PosChe
k_re
ord.pmSet by: Con�g.pm9.1.5 doAnalyseDefault value = 1Des
ription: Enable(1)/disable(0) analysis of genre, languageUsed by: 
ombine9.1.6 doChe
kRe
ordDes
ription: Enable(1)/disable(0) topi
 
lassi�
ation (fo
used 
rawling)Generated by 
ombineINIT based on �topi
 parameterUsed by: 
ombine 44



9.1.7 doOAIDefault value = 1Des
ription: Use(1)/do not use(0) OAI re
ord status keeping in SQL databaseUsed by: MySQLhdb.pm9.1.8 extra
tLinksFromTextDefault value = 1Des
ription: Extra
t(1)/do not extra
t(0) links from plain textUsed by: 
ombine9.1.9 HarvesterMaxMissionsDefault value = 500Des
ription: Number of pages to pro
ess before restarting the harvesterUsed by: 
ombine9.1.10 HarvestRetriesDefault value = 5Used by: 
ombine9.1.11 httpProxyDefault value = NoDefaultValueDes
ription: Use a proxy server if this is de�ned (default no proxy)Used by: UA.pm9.1.12 LogHandleUsed by: Che
k_re
ord.pm; FromHTML.pm; PosChe
k_re
ord.pmSet by: 
ombine9.1.13 LoglevDes
ription: Logging level (0 (least) - 10 (most))Used by: 
ombine9.1.14 maxUrlLengthDefault value = 250Des
ription: Maximum length of a URL; longer will be silently dis
ardedUsed by: selurl.pm 45



9.1.15 MySQLdatabaseDefault value = NoDefaultValueDes
ription: Identi�es MySQL database name, user and hostUsed by: Con�g.pm9.1.16 MySQLhandleUsed by: 
ombineUtil; LogSQL.pm; 
ombine; RobotRules.pm; 
ombineExport; SD_SQL.pm;
ombineRank; XWI2XML.pm; MySQLhdb.pmSet by: Con�g.pm9.1.17 Operator-EmailDefault value = "YourEmailAdress�YourDomain"Des
ription: Please 
hangeUsed by: RobotRules.pm; UA.pm9.1.18 PasswordDefault value = "XxXxyYzZ"Des
ription: Password not used yet. (Please 
hange)9.1.19 saveHTMLDefault value = 1Des
ription: Store(1)/do not store(0) the raw HTML in the databaseUsed by: MySQLhdb.pm9.1.20 SdqRetriesDefault value = 59.1.21 SummaryLengthDes
ription: How long the summary should be. Use 0 to disable the summarization 
odeUsed by: FromHTML.pm9.1.22 UAtimeoutDefault value = 30Des
ription: Time in se
onds to wait for a server to respondUsed by: UA.pm 46



9.1.23 UserAgentFollowRedire
tsDes
ription: User agent handles redire
ts (1) or treat redire
ts as new links (0)Used by: UA.pm9.1.24 UserAgentGetIfModi�edSin
eDefault value = 1Des
ription: If we have seen this page before use Get-If-Modi�ed (1) or not (0)Used by: UA.pm9.1.25 useTidyDefault value = 1Des
ription: Use(1)/do not use(0) Tidy to 
lean the HTML before parsing itUsed by: FromHTML.pm9.1.26 WaitIntervalExpirationGuaranteedDefault value = 315360000Used by: UA.pm9.1.27 WaitIntervalHarvesterLo
kNotFoundDefault value = 2592000Used by: 
ombine9.1.28 WaitIntervalHarvesterLo
kNotModi�edDefault value = 2592000Used by: 
ombine9.1.29 WaitIntervalHarvesterLo
kRobotRulesDefault value = 2592000Used by: 
ombine9.1.30 WaitIntervalHarvesterLo
kSu

essDefault value = 1000000Des
ription: Time in se
onds after su

esfull download before allowing a page to bedownloaded again (around 11 days)Used by: 
ombine 47



9.1.31 WaitIntervalHarvesterLo
kUnavailableDefault value = 86400Used by: 
ombine9.1.32 WaitIntervalHostDefault value = 60Des
ription: Minimum time between a

esses to the same host. Must be positiveUsed by: SD_SQL.pm9.1.33 WaitIntervalRrdLo
kDefaultDefault value = 86400Used by: RobotRules.pm9.1.34 WaitIntervalRrdLo
kNotFoundDefault value = 345600Used by: RobotRules.pm9.1.35 WaitIntervalRrdLo
kSu

essDefault value = 345600Used by: RobotRules.pm9.1.36 WaitIntervalS
hedulerGetJ
fDefault value = 20Des
ription: Time in se
onds to wait before making a new res
hedule if a res
heduleresults in an empty ready queUsed by: 
ombine9.1.37 ZebraHostDefault value = NoDefaultValueDes
ription: Dire
t 
onne
tion to Zebra indexing - for Sear
hEngine-in-a-box (defaultno 
onne
tion)Used by: MySQLhdb.pm
48



9.2 Complex 
on�guration variables9.2.1 allowDes
ription: use either URL or HOST: (obs ':') to mat
h regular expressions toeither the full URL or the HOST part of a URL.Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsUsed by: selurl.pm9.2.2 binextDes
ription: Extensions of binary �lesUsed by: UA.pm9.2.3 
onvertersDes
ription: Con�gure whi
h 
onverters 
an be used to produ
e a XWI obje
tFormat:1 line per entryea
h entry 
onsists of 3 ';' separated �eldsEntries are pro
essed in order and the �rst mat
h is exe
utedexternal 
onverters have to be found via PATH and exe
utable to be 
onsidered amat
hthe external 
onverter 
ommand should take a �lename as parameter and 
onvertthat �lethe result should be 
omming on STDOUTmime-type ; External 
onverter 
ommand ; Internal 
onverterUsed by: UA.pm; 
ombine9.2.4 ex
ludeDes
ription: Ex
lude URLs or hostnames that mat
hes these regular expressionsdefault: CGI and mapsdefault: binary �lesdefault: Unparsable do
umentsdefault: imagesdefault: other binary formatsmore ex
ludes in the �le 
on�g_ex
lude (automati
ally updated by other programs)Used by: selurl.pm9.2.5 serveraliasDes
ription: List of servernames that are aliases are in the �le ./
on�g_serveralias(automati
ally updated by other programs)use one server per lineexamplewww.100topwetland.
om www.100wetland.
om49



means that www.100wetland.
om is repla
ed by www.100topwetland.
om duringURL normalization9.2.6 sessionidsDes
ription: patterns to re
ognize and remove sessionids in URLs9.2.7 urlDes
ription: url is just a 
onatiner for all URL related 
on�guration patternsUsed by: Con�g.pm; selurl.pm10 Module dependen
es10.1 Programs10.1.1 
ombineUses: Combine::Con�g; Combine::XWI; Combine::UA; Combine::RobotRules; Combine::LogSQL;Combine::FromHTML; Combine::FromImage; Combine::FromTeX; Combine::DataBase;HTTP::Date; HTTP::Status; URI::URL; Getopt::Long; Combine::SD_SQL; Lin-gua::Identify;10.1.2 
ombineCtrlUses: Getopt::Long; Combine::SD_SQL; Combine::Con�g;10.1.3 
ombineExportUses: Combine::MySQLhdb; Combine::Con�g; Combine::XWI2XML; DBI; HTTP::Date;En
ode; Getopt::Long; Alvis::Pipeline; XML::LibXSLT; XML::LibXML;10.1.4 
ombineINITUses: Getopt::Long; Combine::Con�g; DBI; HTML::Tidy;10.1.5 
ombineRankUses: Getopt::Long; Combine::Con�g; Combine::GraphAlgorithm; DBI;10.1.6 
ombineUtilUses: Getopt::Long; Combine::Con�g; Combine::SD_SQL; Combine::MySQLhdb; Com-bine::MySQLhdb; Net::hostent;10.2 Library modules10.2.1 Che
k_re
ord.pmUses: Combine::XWI; Combine::LoadTermList; Combine::Mat
her; Combine::Con�g;Used by: 50



10.2.2 CleanXML2CanDo
.pmUses: Alvis::Canoni
al;Used by: Combine::XWI2XML;10.2.3 Con�g.pmUses: Con�g::General; DBI;Used by: 
ombineCtrl; 
ombine; 
ombineExport; 
ombineINIT; 
ombineRank; 
ombineU-til; Combine::Che
k_re
ord; Combine::FromHTML; Combine::LogSQL; Combine::MySQLhdb;Combine::PosChe
k_re
ord; Combine::RobotRules; Combine::SD_SQL; Combine::UA;Combine::XWI2XML; Combine::selurl;10.2.4 DataBase.pmUses: Combine::MySQLhdb; Digest::MD5; En
ode; Combine::selurl;Used by: 
ombine;10.2.5 FromHTML.pmUses: Combine::Con�g; HTTP::Date; URI; URI::Es
ape; HTML::Entities; En
ode; HTML::Tidy;Combine::HTMLExtra
tor;Used by: 
ombine;10.2.6 FromImage.pmUses: Image::ExifTool;Used by: 
ombine;10.2.7 HTMLExtra
tor.pmUses: HTML::TokeParser; URI; Data::Dumper;Used by: Combine::FromHTML;10.2.8 LoadTermList.pmUses: DBI; Lingua::Stem;Used by: Combine::Che
k_re
ord; Combine::PosChe
k_re
ord;10.2.9 LogSQL.pmUses: Combine::Con�g;Used by: 
ombine;
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10.2.10 Mat
her.pmUses: HTML::Entities;Used by: Combine::Che
k_re
ord;10.2.11 MySQLhdb.pmUses: Combine::XWI; HTTP::Date; En
ode; Combine::Con�g; Combine::selurl; Com-bine::Zebra;Used by: 
ombineExport; 
ombineUtil; 
ombineUtil; Combine::DataBase;10.2.12 PosChe
k_re
ord.pmUses: Combine::LoadTermList; Combine::PosMat
her; Combine::Con�g;Used by:10.2.13 PosMat
her.pmUses: HTML::Entities;Used by: Combine::PosChe
k_re
ord;10.2.14 RobotRules.pmUses: Combine::Con�g; Combine::UA;Used by: 
ombine;10.2.15 SD_SQL.pmUses: Combine::Con�g; Combine::selurl; DBI;Used by: 
ombineCtrl; 
ombine; 
ombineUtil;10.2.16 UA.pmUses: Combine::Con�g; LWP::UserAgent; HTTP::Date;Used by: 
ombine; Combine::RobotRules;10.2.17 XWI.pmUses: HTML::Entities; Combine::XWI;Used by: 
ombine; Combine::Che
k_re
ord; Combine::MySQLhdb; Combine::XWI; Com-bine::XWI2XML;
52



10.2.18 XWI2XML.pmUses: Combine::XWI; En
ode; Combine::Con�g; Compress::Zlib; MIME::Base64; Com-bine::CleanXML2CanDo
;Used by: 
ombineExport; Combine::Zebra;10.2.19 Zebra.pmUses: Combine::XWI2XML; ZOOM;Used by: Combine::MySQLhdb;10.2.20 selurl.pmUses: URI; Combine::Con�g;Used by: Combine::DataBase; Combine::MySQLhdb; Combine::SD_SQL;10.3 External modulesThese are the (non base) Perl modules Combine depend on. The modules marked with a'*' are not 
riti
al.Alvis::Canoni
alAlvis::Pipeline *Compress::ZlibConfig::GeneralDBIData::Dumper *Digest::MD5En
odeGetopt::LongHTML::EntitiesHTML::Tidy *HTML::TokeParserHTTP::DateHTTP::StatusImage::ExifToolLWP::UserAgentLingua::IdentifyLingua::StemMIME::Base64Net::hostentURIURI::Es
apeURI::URLXML::LibXMLXML::LibXSLTZOOM * 53



Part IIIA APPENDIXA.1 Simple installation testThe following simple s
ript is available in the do
/InstallationTest.pl �le. It must berun as 'root' and tests that basi
 fun
tions of the Combine installation works.Basi
ly it 
reates and initializes a new jobname, 
rawls one spe
i�
 test page andexports it as XML. This XML is then 
ompared to a 
orre
t XML-re
ord for that page.A.1.1 InstallationTest.pluse stri
t;if ( $> != 0 ) {die("You have to run this test as root");}my $ore
='';while (<DATA>) { 
hop; $ore
 .= $_; }$ore
 =~ s|<
he
kedDate>.*</
he
kedDate>||;$ore
 =~ tr/\n\t //d;my $olen=length($ore
);my $onodes=0;while ( $ore
 =~ m/</g ) { $onodes++; }print "ORIG Nodes=$onodes; Len=$olen\n";our $jobname;require './t/defs.pm';system("
ombineINIT --jobname $jobname --topi
 /et
/
ombine/Topi
_
arnivor.txt > /dev/null");system("
ombine --jobname $jobname --harvest http://
ombine.it.lth.se/CombineTests/InstallationTest.html");open(REC,"
ombineExport --jobname $jobname |");my $re
='';while (<REC>) { 
hop; $re
 .= $_; }
lose(REC);$re
 =~ s|<
he
kedDate>.*</
he
kedDate>||;$re
 =~ tr/\n\t //d;my $len=length($re
);my $nodes=0;while ( $re
 =~ m/</g ) { $nodes++; }print "NEW Nodes=$nodes; Len=$len\n";my $OK=0; 54



if ($onodes == $nodes) { print "Number of XML nodes mat
h\n"; }else { print "Number of XML nodes does NOT mat
h\n"; $OK=1; }if ($olen == $len) {print "Size of XML mat
h\n";} else {$ore
 =~ s|<originalDo
ument.*</originalDo
ument>||s;$re
 =~ s|<originalDo
ument.*</originalDo
ument>||s;if (length($ore
) == length($re
)) { print "Size of XML mat
h (after removal of 'originalDo
ument')\n";}else { print "Size of XML does NOT mat
h\n"; $OK=1; }}if (($OK == 0) && ($ore
 eq $re
)) { print "All tests OK\n"; }else { print "There might be some problem with your Combine Installation\n"; }__END__<?xml version="1.0" en
oding="UTF-8"?><do
umentColle
tion version="1.1" xmlns="http://alvis.info/enri
hed/"><do
umentRe
ord id="80AC707F96BC57DFEF78C815F6FABD57"><a
quisition><a
quisitionData><modifiedDate>2006-12-05 13:20:25</modifiedDate><
he
kedDate>2006-10-03 9:06:42</
he
kedDate><httpServer>Apa
he/1.3.29 (Debian GNU/Linux) PHP/4.3.3</httpServer><urls><url>http://
ombine.it.lth.se/CombineTests/InstallationTest.html</url></urls></a
quisitionData><originalDo
ument mimeType="text/html" 
ompression="gzip" en
oding="base64" 
harSet="UTF-8">H4sIAAAAAAAAA4WQsU7DMBCG9zzF4bmpBV2Q
DKQVKJSKR2CEKObXBSrjm3sSyFvT0yCQGJgusG///u+E1flU1G9HrfwUD3u4fh8v98VwFLOXzYF52VVzg+b9Q3n2wPLE9FRr+NA2UyDFGnMdyaQ1FqSsgYIA0FrPRS2PymDgs+hRPRIEozsMWNnHN+tbwKD2hpCQxkrpDfqYr0dAjgtDYUVlN4G9HIFB3RTqMPAvns6Ipfi26Au09e5I61Gh78aCT+IR947qDvpA1I2UJvexg6+CJxsM0ad6/8kpkQiXB5XSWUCBNsj/GGG4LBWrarhSw+0OiOIidZjmzGPeh15WL6ICS7zFUjT/AiuBXeRbwHj870/AeRYaTupAQAA</originalDo
ument><
anoni
alDo
ument><se
tion><se
tion title="Installation test for Combine"><se
tion>Installation test for Combine</se
tion><se
tion>Contains some Carnivorous plant spe
ifi
 words like <ulink url="rel.html">Drosera </ulink>, and Nepenthes.</se
tion></se
tion></se
tion></
anoni
alDo
ument><metaData><meta name="title">Installation test for Combine</meta><meta name="d
:format">text/html</meta><meta name="d
:format">text/html; 
harset=iso-8859-1</meta><meta name="d
:subje
t">Carnivorous plants</meta><meta name="d
:subje
t">Drosera</meta><meta name="d
:subje
t">Nepenthes</meta></metaData><links> 55



<outlinks><link type="a"><an
horText>Drosera</an
horText><lo
ation>http://
ombine.it.lth.se/CombineTests/rel.html</lo
ation></link></outlinks></links><analysis><property name="topLevelDomain">se</property><property name="univ">1</property><property name="language">en</property><topi
 absoluteS
ore="1000" relativeS
ore="110526"><
lass>ALL</
lass></topi
><topi
 absoluteS
ore="375" relativeS
ore="41447"><
lass>CP.Drosera</
lass><terms>drosera</terms></topi
><topi
 absoluteS
ore="375" relativeS
ore="41447"><
lass>CP.Nepenthes</
lass><terms>nepenthe</terms></topi
><topi
 absoluteS
ore="250" relativeS
ore="27632"><
lass>CP</
lass><terms>
arnivorous plant</terms><terms>
arnivor</terms></topi
></analysis></a
quisition></do
umentRe
ord></do
umentColle
tion>A.2 Example topi
 �lter plug inThis example gives more details on how to write a topi
 �lter Plug-In.A.2.1 
lassifyPlugInTemplate.pm#Template for writing a 
lassify PlugIn for Combine#See do
umentation at http://
ombine.it.lth.se/do
umentation/pa
kage 
lassifyPlugInTemplate; #Change to your own module nameuse Combine::XWI; #Mandatoryuse Combine::Config; #Optional if you want to use the Combine 
onfiguration system#API:# a subroutine named '
lassify' taking a XWI-obje
t as in parameter56



# return values: 0/1# 0: re
ord fails to meet the 
lassifi
ation 
riteria, ie ignore this re
ord# 1: re
ord is OK and should be stored in the database, and links followed by the 
rawlersub 
lassify {my ($self,$xwi) = �_;#utility routines to extra
t information from the XWI-obje
t#URL (
an be several):# $xwi->url_rewind;# my $url_str="";# my $t;# while ($t = $xwi->url_get) { $url_str .= $t . ", "; }#Metadata:# $xwi->meta_rewind;# my ($name,$
ontent);# while (1) {# ($name,$
ontent) = $xwi->meta_get;# last unless $name;# next if ($name eq 'Rsummary');# next if ($name =~ /^auto
lass/);# $meta .= $
ontent . " ";# }#Title:# $title = $xwi->title;#Headings:# $xwi->heading_rewind;# my $this;# while (1) {# $this = $xwi->heading_get or last;# $head .= $this . " ";# }#Text:# $this = $xwi->text;# if ($this) {# $text = $$this;# }################################Apply your 
lassifi
ation algorithm here# assign $result a value (0/1)################################utility routines for saving detailed results (optional) in the database. These data may appear# in exported XML-re
ords 57



#Topi
 takes 5 parameters# $xwi->topi
_add(topi
_
lass_notation, topi
_absolute_s
ore, topi
_normalized_s
ore, topi
_terms, algorithm_id);# topi
_
lass_notation, topi
_terms, and algorithm_id are strings# max length topi
_
lass_notation: 50, algorithm_id: 25# topi
_absolute_s
ore, and topi
_normalized_s
ore are integers# topi
_normalized_s
ore and topi
_terms are optional and may be repla
ed with 0, '' respe
tively#Analysis takes 2 parameters# $xwi->robot_add(name,value);# both are strings with max length name: 15, value: 20# return true (1) if you want to keep the re
ord# otherwise return false (0)return $result;}1;A.3 Default 
on�guration �lesA.3.1 Global#�#Default 
onfiguration values Combine system#Dire
t 
onne
tion to Zebra indexing - for Sear
hEngine-in-a-box (default no 
onne
tion)#�#ZebraHost = NoDefaultValueZebraHost =#Use a proxy server if this is defined (default no proxy)#�#httpProxy = NoDefaultValuehttpProxy =#Enable(1)/disable(0) automati
 re
y
ling of new linksAutoRe
y
leLinks = 1#User agent handles redire
ts (1) or treat redire
ts as new links (0)UserAgentFollowRedire
ts = 0#Number of pages to pro
ess before restarting the harvesterHarvesterMaxMissions = 500#Logging level (0 (least) - 10 (most))Loglev = 0#Enable(1)/disable(0) analysis of genre, languagedoAnalyse = 1 58



#How long the summary should be. Use 0 to disable the summarization 
odeSummaryLength = 0#Store(1)/do not store(0) the raw HTML in the databasesaveHTML = 1#Use(1)/do not use(0) Tidy to 
lean the HTML before parsing ituseTidy = 1#Use(1)/do not use(0) OAI re
ord status keeping in SQL databasedoOAI = 1#Extra
t(1)/do not extra
t(0) links from plain textextra
tLinksFromText = 1#Enable(1)/disable(0) topi
 
lassifi
ation (fo
used 
rawling)#Generated by 
ombineINIT based on --topi
 parameterdoChe
kRe
ord = 0#Whi
h topi
 
lassifi
ation PlugIn module algorithm to use#Combine::Che
k_re
ord and Combine::PosChe
k_re
ord in
luded by default#see 
lassifyPlugInTemplate.pm and do
umentation to write your own
lassifyPlugIn = Combine::Che
k_re
ord###Parameters for Std topi
 
lassifi
ation algorithm###StdTitleWeight = 10 ####StdMetaWeight = 4 ####StdHeadingsWeight = 2 ####StdCutoffRel = 10 #Class s
ore must be above this % to be 
ounted###StdCutoffNorm = 0.2 #normalised 
utoff for summed normalised s
ore###StdCutoffTot = 90 #non normalised 
utoff for summed total s
ore###Parameters for Pos topi
 
lassifi
ation algorithm###PosCutoffRel = 1 #Class s
ore must be above this % to be 
ounted###PosCutoffNorm = 0.002 #normalised 
utoff for summed normalised s
ore###PosCutoffTot = 1 #non normalised 
utoff for summed total s
oreHarvestRetries = 5SdqRetries = 5#Maximum length of a URL; longer will be silently dis
ardedmaxUrlLength = 250#Time in se
onds to wait for a server to respondUAtimeout = 30#If we have seen this page before use Get-If-Modified (1) or not (0)UserAgentGetIfModifiedSin
e = 1 59



WaitIntervalExpirationGuaranteed = 315360000WaitIntervalHarvesterLo
kNotFound = 2592000WaitIntervalHarvesterLo
kNotModified = 2592000WaitIntervalHarvesterLo
kRobotRules = 2592000WaitIntervalHarvesterLo
kUnavailable = 86400WaitIntervalRrdLo
kDefault = 86400WaitIntervalRrdLo
kNotFound = 345600WaitIntervalRrdLo
kSu

ess = 345600#Time in se
onds after su

esfull download before allowing a page to be downloaded again (around 11 days)WaitIntervalHarvesterLo
kSu

ess = 1000000#Time in se
onds to wait before making a new res
hedule if a res
hedule results in an empty ready queWaitIntervalS
hedulerGetJ
f = 20#Minimum time between a

esses to the same host. Must be positiveWaitIntervalHost = 60#Identifies MySQL database name, user and hostMySQLdatabase = NoDefaultValue#Base dire
tory for 
onfiguration files; initialized by Config.pm#�#baseConfigDir = /et
/
ombine#Dire
tory for job spe
ifi
 
onfiguration files; taken from 'jobname'#�#
onfigDir = NoDefaultValue<binext>#Extensions of binary filespsjpgjpegpdftiftiffmpgmpegmovwavauhqxgzztgzexezipsdd 60



do
rtfsharmatrawwmzarffrar</binext><
onverters>#Configure whi
h 
onverters 
an be used to produ
e a XWI obje
t#Format:# 1 line per entry# ea
h entry 
onsists of 3 ';' separated fields##Entries are pro
essed in order and the first mat
h is exe
uted# external 
onverters have to be found via PATH and exe
utable to be 
onsidered a mat
h# the external 
onverter 
ommand should take a filename as parameter and 
onvert that file# the result should be 
omming on STDOUT## mime-type ; External 
onverter 
ommand ; Internal 
onvertertext/html ; ; GuessHTML#Che
k thiswww/unknown ; ; GuessHTMLtext/plain ; ; GuessTexttext/x-tex ; tth -g -w1 -r < ; TeXHTMLappli
ation/x-tex ; tth -g -w1 -r < ; TeXHTMLtext/x-tex ; untex -a -e -giso ; TeXTextappli
ation/x-tex ; untex -a -e -giso ; TeXTexttext/x-tex ; ; TeXappli
ation/x-tex ; ; TeXappli
ation/pdf ; pdftohtml -i -noframes -nomerge -stdout ; HTMLappli
ation/pdf ; pstotext ; Textappli
ation/posts
ript ; pstotext ; Textappli
ation/msword ; antiword -t ; Textappli
ation/vnd.ms-ex
el ; xlhtml -fw ; HTMLappli
ation/vnd.ms-powerpoint ; ppthtml ; HTMLappli
ation/rtf ; unrtf --nopi
t --html ; HTMLimage/gif ; ; Imageimage/jpeg ; ; Imageimage/tiff ; ; Image</
onverters><url><ex
lude>#Ex
lude URLs or hostnames that mat
hes these regular expressions61



#Malformed hostnamesHOST: http:\/\/\.HOST: \�</ex
lude></url>A.3.2 Job spe
i�
#Please 
hangeOperator-Email = "YourEmailAdress�YourDomain"#Password not used yet. (Please 
hange)Password = "XxXxyYzZ"<
onverters>#Configure whi
h 
onverters 
an be used to produ
e a XWI obje
t#Format:# 1 line per entry# ea
h entry 
onsists of 3 ';' separated fields##Entries are pro
essed in order and the first mat
h is exe
uted# external 
onverters have to be found via PATH and exe
utable to be 
onsidered a mat
h# the external 
onverter 
ommand should take a filename as parameter and 
onvert that file# the result should be 
omming on STDOUT## mime-type ; External 
onverter 
ommand ; Internal 
onverterappli
ation/pdf ; MYpdftohtml -i -noframes -nomerge -stdout ; HTML</
onverters><url>#List of servernames that are aliases are in the file ./
onfig_serveralias# (automati
ally updated by other programs)#use one server per line#example#www.100topwetland.
om www.100wetland.
om# means that www.100wetland.
om is repla
ed by www.100topwetland.
om during URL normalization<serveralias><<in
lude 
onfig_serveralias>></serveralias>#use either URL or HOST: (obs ':') to mat
h regular expressions to# either the full URL or the HOST part of a URL.<allow>#Allow 
rawl of URLs or hostnames that mat
hes these regular expressionsHOST: .*$</allow> 62



<ex
lude>#Ex
lude URLs or hostnames that mat
hes these regular expressions# default: CGI and mapsURL 
gi-bin|htbin|
gi|\?|\.map$|_vti_# default: binary filesURL \.exe$|\.zip$|\.tar$|\.tgz$|\.gz$|\.hqx$|\.sdd$|\.mat$|\.raw$URL \.EXE$|\.ZIP$|\.TAR$|\.TGZ$|\.GZ$|\.HQX$|\.SDD$|\.MAT$|\.RAW$# default: Unparsable do
umentsURL \.shar$|\.rmx$|\.rmd$|\.mdb$|\.sav$URL \.SHAR$|\.RMX$|\.RMD$|\.MDB$|\.SAV$# default: imagesURL \.gif$|\.jpg$|\.jpeg$|\.xpm$|\.tif$|\.tiff$|\.mpg$|\.mpeg$|\.mov$|\.wav$|\.au$|\.p
x$|\.xbm$|\.tga$|\.psd$URL \.GIF$|\.JPG$|\.JPEG$|\.XPM$|\.TIF$|\.TIFF$|\.MPG$|\.MPEG$|\.MOV$|\.WAV$|\.AU$|\.PCX$|\.XBM$|\.TGA$|\.PSD$# default: other binary formatsURL \.pdb$|\.
lass$|\.i
a$|\.ram$|.wmz$|.arff$|.rar$|\.vo$|\.fig$URL \.PDB$|\.CLASS$|\.ICA$|\.RAM$|.WMZ$|.ARFF$|.RAR$|\.VO$|\.FIG$#more ex
ludes in the file 
onfig_ex
lude (automati
ally updated by other programs)<<in
lude 
onfig_ex
lude>></ex
lude><sessionids>#patterns to re
ognize and remove sessionids in URLssessionidlsessionidjsessionidSIDPHPSESSIDSessionIDBV_SessionID</sessionids>#url is just a 
onatiner for all URL related 
onfiguration patterns</url>A.4 SQL databaseA.4.1 Create databaseDROP DATABASE IF EXISTS $database;CREATE DATABASE $database DEFAULT CHARACTER SET utf8;USE $database;
63



A.4.2 Creating MySQL tablesAll tables use UTF-8Summary tables '^'=primary key, '*'=key:TABLE hdb: re
ordid^, type, dates, server, title, ip, ...TABLE links: re
ordid*, mynetlo
id*, urlid*, netlo
id*, linktype, an
hor (netlo
id for urlid!!)TABLE meta: re
ordid*, name, valueTABLE html: re
ordid^, htmlTABLE analys: re
ordid*, name, valueTABLE topi
: re
ordid*, notation*, abss
ore, rels
ore, terms, algorithm(TABLE netlo
alias: netlo
id*, netlo
str^)(TABLE urlalias: urlid*, urlstr^)TABLE topi
hierar
hy: node^, father*, notation*, 
aption, levelTABLE netlo
s: netlo
id^, netlo
str^, retriesTABLE urls: netlo
id*, urlid^, urlstr^, pathTABLE urldb: netlo
id*, urlid^, urllo
k, harvest*, retries, netlo
lo
kTABLE newlinks urlid^, netlo
idTABLE re
ordurl: re
ordid*, urlid^, last
he
ked, md5*, fingerprint*^TABLE admin: status, queid, s
hedulealgorithmTABLE log: pid, id, date, messageTABLE que: queid^, urlid, netlo
idTABLE robotrules: netlo
id*, rule, expireTABLE oai: re
ordid, md5^, date*, statusTABLE exports: host, port, lastA.4.3 Data tablesCREATE TABLE hdb (re
ordid int(11) NOT NULL default '0',type var
har(50) default NULL,title text,mdate timestamp NOT NULL,expiredate datetime default NULL,length int(11) default NULL,server var
har(50) default NULL,etag var
har(25) default NULL,nheadings int(11) default NULL,nlinks int(11) default NULL,headings mediumtext,ip mediumblob,PRIMARY KEY (re
ordid)) ENGINE=MyISAM AVG_ROW_LENGTH = 20000 MAX_ROWS = 10000000 DEFAULT CHARACTER SET=utf8;CREATE TABLE html (re
ordid int(11) NOT NULL default '0',html mediumblob, 64



PRIMARY KEY (re
ordid)) ENGINE=MyISAM AVG_ROW_LENGTH = 20000 MAX_ROWS = 10000000 DEFAULT CHARACTER SET=utf8;CREATE TABLE links (re
ordid int(11) NOT NULL default '0',mynetlo
id int(11) default NULL,urlid int(11) default NULL,netlo
id int(11) default NULL,an
hor text,linktype var
har(50) default NULL,KEY re
ordid (re
ordid),KEY urlid (urlid),KEY mynetlo
id (mynetlo
id),KEY netlo
id (netlo
id)) ENGINE=MyISAM MAX_ROWS = 1000000000 DEFAULT CHARACTER SET=utf8;CREATE TABLE meta (re
ordid int(11) NOT NULL default '0',name var
har(50) default NULL,value text,KEY re
ordid (re
ordid)) ENGINE=MyISAM MAX_ROWS = 1000000000 DEFAULT CHARACTER SET=utf8;CREATE TABLE analys (re
ordid int(11) NOT NULL default '0',name var
har(15) NOT NULL,value var
har(20),KEY re
ordid (re
ordid)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE topi
 (re
ordid int(11) NOT NULL default '0',notation var
har(50) default NULL,abs
ore int(11) default NULL,rels
ore int(11) default NULL,terms text default NULL,algorithm var
har(25),KEY notation (notation),KEY re
ordid (re
ordid)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;A.4.4 Administrative tablesCREATE TABLE netlo
alias (netlo
id int(11),netlo
str var
har(150) NOT NULL,KEY netlo
id (netlo
id),PRIMARY KEY netlo
str (netlo
str)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;65



CREATE TABLE urlalias (urlid int(11),urlstr tinytext,KEY urlid (urlid),PRIMARY KEY urlstr (urlstr(255))) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;topi
hierar
hy have to initialized manuallyCREATE TABLE topi
hierar
hy (node int(11) NOT NULL DEFAULT '0',father int(11) DEFAULT NULL,notation var
har(50) NOT NULL DEFAULT '',
aption var
har(255) DEFAULT NULL,level int(11) DEFAULT NULL,PRIMARY KEY node (node),KEY father (father),KEY notation (notation)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE netlo
s (netlo
id int(11) NOT NULL auto_in
rement,netlo
str var
har(150) NOT NULL,retries int(11) NOT NULL DEFAULT 0,PRIMARY KEY (netlo
str),UNIQUE INDEX netlo
kid (netlo
id)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE urls (netlo
id int(11) NOT NULL DEFAULT '0',urlid int(11) NOT NULL auto_in
rement,urlstr tinytext,path tinytext,PRIMARY KEY urlstr (urlstr(255)),INDEX netlo
id (netlo
id),UNIQUE INDEX urlid (urlid)) ENGINE=MyISAM MAX_ROWS = 1000000000 DEFAULT CHARACTER SET=utf8;CREATE TABLE urldb (netlo
id int(11) NOT NULL default '0',netlo
lo
k int(11) NOT NULL default '0',urlid int(11) NOT NULL default '0',urllo
k int(11) NOT NULL default '0',harvest tinyint(1) NOT NULL default '0',retries int(11) NOT NULL default '0',PRIMARY KEY (urlid),KEY netlo
id (netlo
id),KEY harvest (harvest)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;66



CREATE TABLE newlinks (urlid int(11) NOT NULL,netlo
id int(11) NOT NULL,PRIMARY KEY (urlid)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE re
ordurl (re
ordid int(11) NOT NULL auto_in
rement,urlid int(11) NOT NULL default '0',last
he
ked timestamp NOT NULL,md5 
har(32),fingerprint 
har(50),KEY md5 (md5),KEY fingerprint (fingerprint),PRIMARY KEY (urlid),KEY re
ordid (re
ordid)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE admin (status enum('
losed','open','paused','stopped') default NULL,s
hedulealgorithm enum('default','bigdefault','advan
ed') default 'default',queid int(11) NOT NULL default '0') ENGINE=MEMORY DEFAULT CHARACTER SET=utf8;Initialise admin to 'open' statusINSERT INTO admin VALUES ('open','default',0)CREATE TABLE log (pid int(11) NOT NULL default '0',id var
har(50) default NULL,date timestamp NOT NULL,message var
har(255) default NULL) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE que (netlo
id int(11) NOT NULL default '0',urlid int(11) NOT NULL default '0',queid int(11) NOT NULL auto_in
rement,PRIMARY KEY (queid)) ENGINE=MEMORY DEFAULT CHARACTER SET=utf8;CREATE TABLE robotrules (netlo
id int(11) NOT NULL default '0',expire int(11) NOT NULL default '0',rule var
har(255) default '',KEY netlo
id (netlo
id)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;67



CREATE TABLE oai (re
ordid int(11) NOT NULL default '0',md5 
har(32),date timestamp,status enum('
reated', 'updated', 'deleted'),PRIMARY KEY (md5),KEY date (date)) ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;CREATE TABLE exports (host var
har(30),port int,last timestamp DEFAULT '1999-12-31') ENGINE=MyISAM DEFAULT CHARACTER SET=utf8;A.4.5 Create user dbuser with required priviligiesGRANT SELECT,INSERT,UPDATE,DELETE,CREATE,CREATE TEMPORARY TABLES,ALTER,LOCK TABLES ON $database.* TO $dbuser;GRANT SELECT,INSERT,UPDATE,DELETE,CREATE,CREATE TEMPORARY TABLES,ALTER,LOCK TABLES ON $database.* TO $dbuser\�lo
alhost;A.5 Manual pagesA.5.1 
ombineCtrlNAME 
ombineCtrl - 
ontrols a Combine 
rawling jobSYNOPSIS 
ombineCtrl <a
tion> �jobname <name>where a
tion 
an be one of start, kill, load, re
y
lelinks, reharvest, stat, howmany,re
ords, hosts, initMemoryTables, open, stop, pause, 
ontinueOPTIONS AND ARGUMENTS jobname is used to �nd the appropriate 
on�gura-tion (mandatory)A
tions starting/killing 
rawlersstart takes an optional swit
h �harvesters n where n is the number of 
rawler pro
essesto startkill kills all a
tive 
rawlers (and their asso
iated 
ombineRun monitors) for jobname
68



A
tions loading or re
y
ling URLs for 
rawlingload Read a list of URLs from STDIN (one per line) and s
hedules them for 
rawlingre
y
lelinksS
hedule all newly found (sin
e last invo
ation of re
y
lelinks) links in 
rawled pagesfor 
rawlingreharvestS
hedules all pages in the database for 
rawling again (in order to 
he
k if they have
hanged)A
tions for 
ontrolling s
heduling of URLsopenopens database for URL s
heduling (maybe after a stop)stop stops URL s
hedulingpausepauses URL s
heduling
ontinue
ontinues URL s
heduling after a pauseMis
 a
tionsstat prints out rudimentary status of the ready queue (ie eligible now) of URLs to be
rawledhowmanyprints out rudimentary status of all URLs to be 
rawledre
ordsprints out the number of er
ords in the SQL databasehostsprints out rudimentary status of all hosts that have URLs to be 
rawledinitMemoryTablesinitializes the administrative MySQL tables that are kept in memoryDESCRIPTION Implements various 
ontrol fun
tionality to administer a 
rawling job,like starting and stoping 
rawlers, inje
ting URLs into the 
rawl queue, s
heduling newlyfound links for 
rawling, 
ontrolling s
heduling, et
.This is the preferred way of 
ontroling a 
rawl job.69



EXAMPLESe
ho 'http://www.yourdomain.
om/' | 
ombineCtrl load �jobname aatestSeed the 
rawling job aatest with a URL
ombineCtrl start �jobname aatest �harvesters 3Start 3 
rawling pro
esses for job aatest
ombineCtrl re
y
lelinks �jobname aatestS
hedule all new links 
rawling
ombineCtrl stat �jobname aatestSee how many URLs that are eligible for 
rawling right now.SEE ALSO 
ombineCombine 
on�guration do
umentation in /usr/share/do
/
ombine/.AUTHOR Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.2 
ombineNAME 
ombine - Fo
used Web 
rawlerSYNOPSIS 
ombine �jobname <name> �logname <id>OPTIONS AND ARGUMENTS jobname is used to �nd the appropriate 
on�gura-tion (mandatory)logname is used as identi�er in the log (in MySQL table log)DESCRIPTION Does 
rawling, parsing, optional topi
-
he
k and stores in MySQLdatabase Normally started with the 
ombineCtrl 
ommand. Brie�y it get's an URL fromthe MySQL database, whi
h a
ts as a 
ommon 
oordinator for a Combine job. The Web-page is fet
hed, provided it passes the robot ex
lusion proto
oll. The HTML i
 
leanedusing Tidy and parsed into metadata, headings, text, links and link a
hors. Then it isstored (optionaly provided a topi
-
he
k is passed to keep the 
rawler fo
used) in theMySQL database in a stru
tured form.A simple work�ow for a trivial 
rawl job might look like:Initialize database and 
onfiguration
ombineINIT --jobname aatestEnter some seed URLs from a file with a list of URLs
ombineCtrl load --jobname aatest < seedURLs.txt70



Start 2 
rawl pro
esses
ombineCtrl start --jobname aatest --harvesters 2For some time o

asionally s
hedule new links for 
rawling
ombineCtrl re
y
lelinks --jobname aatestor look at the size of the ready queue
ombineCtrl stat --jobname aatestWhen satisfied kill the 
rawlers
ombineCtrl kill --jobname aatestExport data re
ords in a highly stru
tured XML format
ombineExport --jobname aatestFor more 
omplex jobs you have to edit the job 
on�guration �le.SEE ALSO 
ombineINIT, 
ombineCtrlCombine 
on�guration do
umentation in /usr/share/do
/
ombine/.AUTHOR Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.3 
ombineExportNAME 
ombineExport - export re
ords in XML from Combine databaseSYNOPSIS 
ombineExport �jobname <name> [�pro�le alvis|d
|
ombine �
harset utf8|isolatin�number <n> �re
ordid <n> �md5 <MD5> �pipehost <server> �pipeport <n> �in
remental℄OPTIONS AND ARGUMENTS jobname is used to �nd the appropriate 
on�gura-tion (mandatory)�pro�leThree pro�les: alvis, d
, and 
ombine . alvis and 
ombine are similar XML formats.'alvis' pro�le format is de�ned by the Alvis enri
hed do
ument format DTD. It uses
harset UTF-8 per default.'
ombine' is more 
ompa
t with less redundan
y.'d
' is XML en
oded Dublin Core data.�
harsetSele
ts a spe
i�
 
hara
terset from UTF-8, iso-latin-1 Overrides �pro�le settings.71



�pipehost, �pipeportSpe
i�es the server-name and port to 
onne
t to and export data using the AlvisPipeline. Exports in
rementally, ie all 
hanges sin
e last 
all to 
ombineExport withthe same pipehost and pipeport.�numberthe max number of re
ords to be exported�re
ordidExport just the one re
ord with this re
ordid�md5Export just the one re
ord with this MD5 
he
ksum�in
rementalExports in
rementally, ie all 
hanges sin
e last 
all to 
ombineExport using �in
remental�xslts
riptGenerates re
ords in Combine native format and 
onverts them using this XSLTs
ript before output. See example s
ripts in /et
/
ombine/*.xslDESCRIPTIONEXAMPLESExport all re
ords in Alvis XML-format to the file re
s.xml
ombineExport --jobname atest > re
s.xmlExport 10 re
ords to STDOUT
ombineExport --jobname atest --number 10Export all re
ords in UTF-8 using Combine native format
ombineExport --jobname atest --profile 
ombine --
harset utf8 > Zebrare
s.xmlIn
remental export of all 
hanges from last 
all using lo
alhost at port 6234 using thedefault profile (Alvis)
ombineExport --jobname atest --pipehost lo
alhost --pipeport 6234SEE ALSO Combine 
on�guration do
umentation in /usr/share/do
/
ombine/.Alvis XML s
hema (�pro�le alvis) at http://proje
t.alvis.info/alvis_do
s/enri
hed-do
ument.xsdAUTHOR Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005 - 2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the file LICENCE in
luded in the distribution atL<http://
ombine.it.lth.se/> 72



A.5.4 
ombineRankNAME 
ombineRank - 
al
ulates various Ranks for a Combine 
rawled databaseSYNOPSIS 
ombineRank <a
tion> �jobname <name> �verbosewhere a
tion 
an be one of PageRank, PageRankBL, NetLo
Rank, and exportLink-Graph. Results on STDOUT.OPTIONS AND ARGUMENTS jobname is used to �nd the appropriate 
on�gura-tion (mandatory)verbose enables printing of ranks to STDOUT as SQL INSERT statementsA
tions 
al
ulating variants of PageRankPageRank
al
ulate standard PageRankPageRankBL
al
ulate PageRanks with ba
klinks added for ea
h linkNetLo
Rank
al
ulate SiteRank for ea
h site and a lo
al Do
Rank for do
uments within ea
h site.Global ranks are then 
alulated as SiteRank * Do
RankA
tions exporting link dataexportLinkGraphexport linkgraph from Combine databaseDESCRIPTION Implements 
al
ulation of di�erent variants of PageRank.Results are written to STDOUT and 
an be huge for large databases.Linkgraph is exported in ASCII as a sparse matrix, one row per line. First integer isthe ID (urlid) of a page with links. The rest of integers on the line are IDs for pages linkedto. Ie 121 5624 23416 51423 267178 means that page 121 links to pages 5624 23416 51423267178EXAMPLES
ombineRank �jobname aatest �verbose PageRankBL
al
ulate PageRank with ba
klinks, result on STDOUT
ombineRank �jobname aatest �verbose exportLinkGraphexport the linkgraph to STDOUTSEE ALSO 
ombineCombine 
on�guration do
umentation in /usr/share/do
/
ombine/.AUTHOR Anders Ardö, <anders.ardo�it.lth.se>73



COPYRIGHT AND LICENSE Copyright (C) 2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.5 
ombineRunNAME 
ombineRun - starts, monitors and restarts a 
ombine harvesting pro
essSYNOPSIS 
ombineRun <pid�le> <
ombine 
ommand to run>DESCRIPTION Starts a program and monitors it in order to make sure there is alswaysa 
opy running. If the program dies it will be restarted with the same parameters. Usedby 
ombineCtrl when starting 
ombine 
rawling.SEE ALSO 
ombineCtrlAUTHOR Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.6 
ombineUtilNAME 
ombineUtil - various operations on the Combine databaseSYNOPSIS 
ombineUtil <a
tion> �jobname <name>where a
tion 
an be one of stats, termstat, 
lasstat, sanity, all, serveralias, resetOAI,restoreSanity, deleteNetLo
, deletePath, deleteMD5, deleteRe
ordid, addAliasOPTIONS AND ARGUMENTS jobname is used to �nd the appropriate 
on�gura-tion (mandatory)A
tions listing statisti
sstatsGlobal statisti
s about the databasetermstatgenerates statisti
s about the terms from topi
 ontology mat
hed in do
uments (
anbe long output)
lasstatgenerates statisti
s about the topi
 
lasses assigned to do
uments74



A
tions for sanity 
ontrollssanityPerforms various sanity 
he
ks on the databaserestoreSanityDeletes re
ords whi
h sanity 
he
ks �nds insaneresetOAIRemoves all history (ie 'deleted' re
ords) from the OAI table. This is done by re-moving the OAI table and re
reating it from the existing database.A
tion all Does the a
tions: stats, sanity, 
lasstat, termstatA
tions for deleting re
ordsdeleteNetLo
Deletes all re
ords mat
hing the ','-separated list of server net-lo
ations (server-namesoptionally with port) in the swit
h �netlo
str. Net-lo
ations 
an in
lude SQL wild
ards ('%').deletePathDeletes all re
ords mat
hing the ','-separated list of URl paths (ex
luding net-lo
ations)in the swit
h �pathsubstr. Paths 
an in
lude SQL wild 
ards ('%').deleteMD5Delete the re
ord whi
h has the MD5 in swit
h �md5deleteRe
ordidDelete the re
ord whi
h has the re
ordid in swit
h �re
ordidA
tions for handling server aliasesserverAliasDete
t server aliases in the 
urrent database and do a 'addAlias' on ea
h dete
tedalias.addAliasManually add a serveralias to the system. Requires swit
hes �aliases and �preferredDESCRIPTION Does various statisti
s generation as well as performing sanity 
he
kson the databaseEXAMPLES
ombineUtil termstat �jobname aatestGenerate mat
hed term statisti
s 75



SEE ALSO 
ombineCombine 
on�guration do
umentation in /usr/share/do
/
ombine/.AUTHOR Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.7 Combine::FromHTMLNAME Combine::FromHTML.pm - HTML parser in 
ombine pa
kageAUTHOR Yong Cao <tsao�munin.ub2.lu.se> v0.06 1997-03-19 Anders Ardø 1998-07-18 added <AREA ... HREF=link ...> �xed <A ... HREF=link ...> regexp to be moregeneral Anders Ardö 2002-09-20 added 'a' as a tag not to be repla
ed with spa
e addedremoval of Cntrl-
hars and some pun
tuation marks from IP added <style>...</style> assomething to be removed before pro
essing beefed up 
ompression of sequen
es of blanks toin
lude \240 (non-breakable spa
e) 
hanged 'remove head' before text extra
tion to handlemultiline mat
hing (whi
h 
an be introdu
ed by de
oding html entities) added 
ompressblanks and remove CRs to metadata-
ontent Anders Ardö 2004-04 Changed extra
tionpro
ess dramati
allyA.5.8 Combine::FromTeXNAME Combine::FromTeX.pm - TeX parser in 
ombine pa
kageAUTHORAnders Ardø 2000-06-11A.5.9 Combine::HTMLExtra
torNAME HTMLExtra
torDESCRIPTION Adopted from HTML::LinkExtra
tor - Extra
t links from an HTMLdo
ument by D.H (PodMaster)AUTHOR Anders Ardo D.H (PodMaster)LICENSE Copyright (
) 2003 by D.H. (PodMaster). All rights reserved.This module is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself. The LICENSE �le 
ontains the full text of the li
ense.A.5.10 Combine::LoadTermListNAME LoadTermList 76



DESCRIPTION This a module in the DESIRE automati
 
lassi�
ation system. Copy-right 1999.LoadTermList - A 
lass for loading and storing a stoplist with single words a termlistwith 
lassi�
ations and weightsSubroutines:LoadStopWordList(StopWordListFileName)loads a list of stopwords, one per line, fromthe file StopWordListFileName.EraseStopWordList
lears the stopword listSubroutines:LoadTermList(TermListFileName) - loads TermClass from fileLoadTermListStemmed(TermListFileName) - same plus stems termsInput: A formatted term-list in
luding weights and 
lassifi
ationsFormat: <weight>: <term_reg_exp>=[<
lassifi
ation>, ℄+weight 
an be a positive or negative numberterm_reg_exp 
an be words, phrases, boolean expressions (with �andas operator) on term_reg_exp or Perl regular expressionsAUTHOR Anders Ardö <Anders.Ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005,2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.11 Combine::Mat
herNAME Mat
herDESCRIPTION This a module in the DESIRE automati
 
lassi�
ation system. Copy-right 1999. Modi�ed in the ALVIS proje
t. Copyright 2004Exported routines: 1. Fet
hing text: These routines all extra
t texts from a do
ument(either a Combine XWI datastru
ture or a WWW-page identi�ed by a URL. They allreturn: $meta, $head, $text, $url, $title, $size $meta: Metadata from do
ument $head:Important text from do
ument $text: Plain text from do
ument $url: URL of the do
u-ment $title: HTML title of the do
ument $size: The size of the do
umentCommon input parameters:$DoStem: 1=do stemming; 0=no stemming$stoplist: obje
t pointer to a LoadTermList obje
t with a stoplist loaded$simple: 1=do simple loading; 0=advan
ed loading (might indu
e errors)77



getTextXWIparameters: $xwi, $DoStem, $stoplist, $simple$xwi is a Combine XWI datastru
turegetTextURLparameters: $url, $DoStem, $stoplist, $simple$url is the URL for the page to extra
t text from2. Term mat
her a

epts a text as a (referen
e) parameter, mat
hes ea
h term in Termagainst text Mat
hes are re
orded in an asso
iative array with 
lass as key and summedweight as value. Mat
h parameters: $text, $termlist $text: text to mat
h against thetermlist $termlist: obje
t pointer to a LoadTermList obje
t with a termlist loaded output:%s
ore: an asso
iative array with 
lassi�
ations as keys and s
ores as valuesAUTHOR Anders Ardö <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005,2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.12 Combine::PosMat
herNAME PosMat
herDESCRIPTION This a module in the DESIRE automati
 
lassi�
ation system. Copy-right 1999.Exported routines: 1. Fet
hing text: These routines all extra
t texts from a do
ument(either a Combine re
ord, a Combine XWI datastru
ture or a WWW-page identi�ed bya URL. They all return: $meta, $head, $text, $url, $title, $size $meta: Metadata fromdo
ument $head: Important text from do
ument $text: Plain text from do
ument $url:URL of the do
ument $title: HTML title of the do
ument $size: The size of the do
umentCommon input parameters:$DoStem: 1=do stemming; 0=no stemming$stoplist: obje
t pointer to a LoadTermList obje
t with a stoplist loaded$simple: 1=do simple loading; 0=advan
ed loading (might indu
e errors)getTextXWIparameters: $xwi, $DoStem, $stoplist, $simple$xwi is a Combine XWI datastru
turegetTextURLparameters: $url, $DoStem, $stoplist, $simple$url is the URL for the page to extra
t text from
78



2. Term mat
her a

epts a text as a (referen
e) parameter, mat
hes ea
h term in Termagainst text Mat
hes are re
orded in an asso
iative array with 
lass as key and summedweight as value. Mat
h parameters: $text, $termlist $text: text to mat
h against thetermlist $termlist: obje
t pointer to a LoadTermList obje
t with a termlist loaded output:%s
ore: an asso
iative array with 
lassi�
ations as keys and s
ores as values3. Heuristi
s: sum s
ores down the 
lassi�
ation tree to the leafs 
leanEiTree parame-ters: %res - an asso
iative array from Mat
h output: %res - same arrayAUTHOR Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005,2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.13 Combine::RobotRulesNAME RobotRules.pmAUTHOR Anders Ardo version 1.0 2004-02-19A.5.14 Combine::SD_SQLNAME SD_SQLDESCRIPTION Reimplementation of sd.pl SD.pm and SDQ.pm using MySQL 
on-tains both re
y
 and guardBasi
 idea is to have a table (urldb) that 
ontains most URLs ever inserted into thesystem together with a lo
k (the guard fun
tion) and a boolean harvest-�ag. Also in thistable is the host part together with its lo
k. URLs are sele
ted from this table based onurllo
k, netlo
lo
k and harvest and inserted into a queue (table que). URLs from thisqueue are then given out to harvesters. The queue is implemented as: # The admintable 
an be used to generate sequen
e numbers like this: #mysql> update admin setqueid=LAST_INSERT_ID(queid+1); # and used to extra
t the next URL from the queue#mysql> sele
t host,url from que where queid=LAST_INSERT_ID(); # When the queueis empty it is �lled from table urldb. Several di�erent algorithms 
an be used to �ll it(round-robin, most urls, longest time sin
e harvest, ...). Sin
e the harvest-�ag and guard-lo
k are not updated until the a
tual harvest is done it is OK to delete the queue andregenerate it anytime.###########################Questions, ideas, TODOs, et
 #Splittable urldb into 2 tables - one for urls and one for hosts??? #Less e�
ient when �lling que;more e�
ient when updating netlo
lo
k #Datastruktur TABLE hosts: 
reate table hosts(host var
har(50) not null default �, netlo
lo
k int not null, retries int not null default 0,ant int not null default 0, primary key (host), key (ant), key (netlo
lo
k) );############# Handle to many retries?
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algorithm takes an url from the host that was a

essed longest ago($hostid,$url)=SELECT host,url,id FROM hosts,urls WHEREhosts.hostlo
k < UNIX_TIMESTAMP()hosts.host=urls.host ANDurls.urllo
k < UNIX_TIMESTAMP() ANDurls.harvest=1 ORDER BY hostlo
k LIMIT 1;algorithm takes an url from the host with most URLs($hostid,$url)=SELECT host,url,id FROM hosts,urls WHEREhosts.hostlo
k < UNIX_TIMESTAMP()hosts.host=urls.host ANDurls.urllo
k < UNIX_TIMESTAMP() ANDurls.harvest=1 ORDER BY host.ant DESC LIMIT 1;algorithm takes an url from any available host($hostid,$url)=SELECT host,url,id FROM hosts,urls WHEREhosts.hostlo
k < UNIX_TIMESTAMP()hosts.host=urls.host ANDurls.urllo
k < UNIX_TIMESTAMP() ANDurls.harvest=1 LIMIT 1;AUTHOR Anders Ardö <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005,2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.15 Combine::XWINAME XWI.pm - 
lass for internal representation of a do
ument re
ordSYNOPSISuse Combine::XWI;$xwi = new Combine::XWI;#single value re
ord variables$xwi->server($server);my $server = $xwi->server();#original 
ontent$xwi->
ontent(\$html);my $text = ${$xwi->
ontent()};#multiple value re
ord variables$xwi->meta_add($name1,$value1);$xwi->meta_add($name2,$value2); 80



$xwi->meta_rewind;my ($name,$
ontent);while (1) {($name,$
ontent) = $xwi->meta_get;last unless $name;}DESCRIPTION Provides methods for storing and retrieving stru
tured re
ords repre-senting 
rawled do
uments.METHODSnew()XXX($val) Saves $val using AUTOLOAD. Can later be retrieved, eg$xwi->MyVar('My value');$t = $xwi->MyVar;will set $t to 'My value'*_reset() Forget all values.*_rewind() *_get will start with the �rst value.*_add stores values into the datastru
ture*_get retrieves values from the datastru
turemeta_reset() / meta_rewind() / meta_add() / meta_get() Stores the 
on-tent of Meta-tagsTakes/Returns 2 parameters: Name, Content$xwi->meta_add($name1,$value1);$xwi->meta_add($name2,$value2);$xwi->meta_rewind;my ($name,$
ontent);while (1) {($name,$
ontent) = $xwi->meta_get;last unless $name;} xmeta_reset() / xmeta_rewind() / xmeta_add() / xmeta_get() Extendedinformation from Meta-tags. Not used.
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url_remove() / url_reset() / url_rewind() / url_add() / url_get() Storesall URLs (ie if multiple URLs for the same page) for this re
ordTakes/Returns 1 parameter: URLheading_reset() / heading_rewind() / heading_add() / heading_get() Storesheadings from HTML do
umentsTakes/Returns 1 parameter: Heading textlink_reset() / link_rewind() / link_add() / link_get() Stores links fromdo
umentsTakes/Returns 5 parameters: URL, netlo
id, urlid, An
hor text, Link typerobot_reset() / robot_rewind() / robot_add() / robot_get() Stores 
al
u-lated information, like genre, language, et
Takes/Returns 2 parameters Name, Value. Both are strings with max length Name:15, Value: 20topi
_reset() / topi
_rewind() / topi
_add() / topi
_get() Stores result oftopi
 
lassi�
ation.Takes/Returns 5 parameters: Class, Absolute s
ore, Normalized s
ore, Terms, Algo-rithm idClass, Terms, and Algorithm id are strings with max lengths Class: 50, and Algorithmid: 25Absolute s
ore, and Normalized s
ore are integersNormalized s
ore and Terms are optional and may be repla
ed with 0, and � respe
tivelySEE ALSO Combine fo
used 
rawler main site http://
ombine.it.lth.se/AUTHOR Yong Cao <tsao�munin.ub2.lu.se> v0.05 1997-03-13Anders Ardö, <anders.ardo�it.lth.se>COPYRIGHT AND LICENSE Copyright (C) 2005,2006 Anders ArdöThis library is free software; you 
an redistribute it and/or modify it under the sameterms as Perl itself, either Perl version 5.8.4 or, at your option, any later version of Perl 5you may have available.See the �le LICENCE in
luded in the distribution at http://
ombine.it.lth.se/A.5.16 Combine::selurlNAME selurl - Normalise and validate URIs for harvestingINTRODUCTION Selurl sele
ts and normalises URIs on basis of both general pra
-ti
e (hostname lower
asing, portnumber substsitution et
.) and Combine-spe
i�
 handling(aplpying 
on�g_allow, 
on�g_ex
lude, 
on�g_serveralias and other relevant 
on�g set-tings).The Con�g settings 
atered for 
urrently are:82



maxUrlLength - the maximum length of an unnormalised URL allow - Perl regular toidentify allowed URLs ex
lude - Perl regular expressions to ex
lude URLs from harvestingserveralias - Aliases of server names sessionids - List sessionid markers to be removedA selurl obje
t 
an hold a single URL and has methods to obtain its subparts as de�nedin URI.pm, plus some methods to normalise and validate it in Combine 
ontext.BUGS Currently, the only s
hemes supported are http, https and ftp. Others mayor may not work 
orre
tly. For one thing, we assume the s
heme has an internet host-name/port.
lone() will only return a 
opy of the real URI obje
t, not a new selurl.URI URI-es
apes the strings fed into it by new() on
e. Existing per
ent signs in theinput are left untou
hed, whi
h impli
ates that:(a) there is no risk of double-en
oding; and(b) if the original 
ontained an inadvertent sequen
e that 
ould be interpreted as an es-
ape sequen
e, uri_unes
ape will not render the original input (e.g. url_with_%66_in_itgoes whoop) If you know that the original has not yet been es
aped and wish to safeguardpotential per
ent signs, you'll have to es
ape them (and only them) on
e before you o�erit to new().A problem with URI is, that its obje
t is not a hash we 
an piggyba
k our data on, soI had to resort to AUTOLOAD to emulate inheritan
e. I �nd this ugly, but well, this *is*Perl, so what'd you expe
t?
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