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MEAD UserDocumentation

1 Intr oduction

1.1 What is automatic text summarization?

Accordingto [Man01], ”the goal of automaticsummarizationis to take an informationsource,extract content
from it, andpresentthemostimportantcontentto theuserin a condensedform andin a mannersensitive to the
user’sor application’sneed”.

1.2 SentenceExtraction

Extractivesummarizationis avery robustmethodfor text summarization.It involvesassigningsaliencescoresto
someunits–usuallysentencesor paragraphs–ofa documentor a setof documentsandextractingthesewith the
highestscores.

1.3 The MEAD System

MEAD is a publicly available toolkit for multi-lingual summarizationandevaluation. The toolkit implements
multiple summarizationalgorithms(at arbitrary compressionrates)suchas position-based,Centroid[RJB00],
TF*IDF, andquery-basedmethods.Methodsfor evaluatingthe quality of the summariesincludeco-selection
(precision/recall,kappa,andrelativeutility) andcontent-basedmeasures(cosine,word overlap,bigramoverlap).

MEAD v1.0 andv2.0 weredevelopedat theUniversityof Michigan in 2000andearly2001. MEAD v3.01
– v3.06werewritten in thesummerof 2001,aneight-weeksummerworkshopon Text Summarizationwasheld
at JohnsHopkinsUniversity. Seehttp://www.clsp.jhu.edu/ws2001/group s/asm d for workshop
information. The workshopfinal report [RTS

�
02] is also available from the JHU site. As of Version3.07,

MEAD hasbeenbackto theUniversityof Michigan,undergoingcontinuousdevelopmentby theComputational
LinguisticsAnd InformationRetrieval (CLAIR) group.Themostrecentversionof thedocumentationis 3.08,but
this refersto the softwareversion3.07plus the new addons.The new addonsareavailableat http://www.
summarization.com/mead/addons , andthey aredescribedin sections10 and13-17of thisdocument.

MEAD is written in PerlandrequiresseveralXML-relatedPerlmodulesandanexternalsoftwarepackageto
run. Also, a numberof othermodulesandpackagescanbe usedin variousextensionsof MEAD. A full list of
thesesoftwarepackagesis includedin theDownloadingandInstallationSection.

MEAD is intendedto beusedwith multiplelanguages.TheMEAD systemcansummarizeEnglishdocuments
on all POSIX-conformingoperatingsystems(Unix, Linux, etc.). MEAD canalsosummarizeMandarinChinese
documentson somePOSIXoperatingsystems.

Becauseof the inconsistenciesin encodings,we have only testedMEAD in MandarinChineseon certain
versionsof theSolarisoperatingsystemandsomeversionsof Linux. Pleasecontactthemailing list (seebelow) if
you areinterestedin portingMEAD to new OS’s. Addingnew (human)languagesshouldalsoberelatively easy,
especiallylanguagesthatusecommoncharactersets.

1.4 MEAD Functionality

MEAD canperformmany differentsummarizationtasks.It cansummarizeindividual documentsor clustersof
relateddocuments(multi-documentsummarization).

MEAD includestwo baselinesummarizers:lead-basedandrandom.Lead-basedsummariesareproducedby
selectingthe first sentenceof eachdocument,thenthe secondsentenceof each,etc. until the desiredsummary
sizeis met. A randomsummaryconsistsof enoughrandomlyselectedsentences(from thecluster)to producea
summaryof thedesiredsize.

MEAD hasbeenprimarily usedfor summarizingdocumentsin English,but recently, Chinesecapabilitieshave
beenaddedto thepublicly availableversionof MEAD. Weregretto inform thereaderthatChinesesummarization
is in thealphastageandmayfail, dependingontheencodingusedandtheplatform.Weenvisionit beingrelatively
easyto coerceMEAD to producesummariesof otherlanguagesaswell, but wehaveyet to backup thisclaim.

Query-basedsummarizationis oftenusedin naturallanguagecircles,andis (not coincidentally)includedin
MEAD aswell. A latersectionof this documentdetailsquery-basedsummarizationin MEAD.

TheMEAD evaluationtoolkit (MEAD Eval), previously availableasa separatepieceof software,hasbeen
mergedinto MEAD asof version3.07. This toolkit allows evaluationof human-human,human-computer, and
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computer-computeragreement.MEAD Eval currentlysupportstwo generalclassesof evaluationmetrics: co-
selectionandcontent-basedmetrics.Co-selectionmetricsincludeprecision,recall,Kappa,andRelative Utility ,
a moreflexible cousinof Kappa.MEAD’scontent-basedmetricsarecosine(which usesTF*IDF), simplecosine
(whichdoesn’t), andunigram-andbigram-overlap.Relevancecorrelationhaspreviouslybeenusedin conjunction
with MEAD, but is not includedwith thecurrentdistribution. MEAD Eval hasits veryown section,neartheend
of this document.

1.5 SampleUseCases

MEAD canbeusedin a varietyof scenarios;herearea few in which MEAD cancomein handy. MEAD canbe
usedto evaluateanexistingsummarizer. UserscanusetheMEAD framework to build asummarizerentirelyfrom
scratchor they mayreuseexistingpiecesof MEAD. MEAD canbeusedto evaluatetheimpactof a new sentence
featureon thesummarizationprocessor to testanew evaluationmetric.

2 Downloading and Installation

2.1 Downloading the MEAD Distrib ution

Severalversionsof MEAD, includingthecurrentversion,3.07,canbedownloadedfrom theMEAD website:

http://tangra.si.umich.edu/clair/mead

MEAD-3.07.tar.gzcontainseverything you needto get started usingMEAD.

2.2 External Software

Externalsoftware is eitheruseddirectly by MEAD (e.g. Perl andPerl modules)or in variousapplicationsof
MEAD (e.g. SupportVectorMachines(SVM) to train MEAD). Requiredsoftwareincludesa recentreleaseof
Perlitself, andseveralmodules.OptionalsoftwareincludesseveralotherPerlmodulesandsomenon-Perlrelated
softwarepackages.A full list is givenbelow.

We have includedtheessentialpackagesof externalsoftwarewith theMEAD distribution,but if you wish to
downloadthemandotherusefulpackagesyourself,themostrecentversionscanbefoundonCPAN (www.cpan.org).
Note that the versionsof the modulesincludedwith the MEAD distribution may be out of date. The usermay
downloadthelatestversionsfrom CPAN (www.cpan.org) andinstall themhimself.

MEAD’s installationscriptwill install all therequiredmoduleson yoursystem,if they arenot present.How-
ever, MEAD doesn’t install themodulesasthesuperuser, sothey aren’t generallyavailableto otherPerlprograms.
If you want thesemodulesinstalledin theregularPerlway, you shouldinstall themyourself. Again, seeCPAN
(www.cpan.org) for instructionsonhow to install Perlmodules.� Perl 5.5or above

– http://www.perl.com

– MEAD will likely work for any versionof Perlat or above5.0,but this is NOT guaranteed.� XML::P arser - required

– http://www.cpan.org/authors/id/C/CO/ COOPERCL/XML- Pars er.2.3 0.tar .gz� Expat – required

– http://sourceforge.net/projects/expa t/

– Expatis apublicly avaibleparsingtool usedby theXML::Parsermodule.� XML::Writer - required

– http://www.cpan.org/authors/id/DMEGG /XML- Writer- 0.4.ta r.gz� XML::T reeBuilder - required
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– http://www.cpan.org/authors/id/S/SB/ SBURKE/XML- TreeBu ilder- 3.08.t ar.
gz� Text::Iconv - required

– http://search.cpan.org/CPAN/authors/ id/M/M P/MPOITR/T ext- Ico nv- 1.2 .tar.
gz� Support Vector Machines(SVM) - optional

– http://ais.gmd.de/\˜http://www.cs.co rnell. edu/P eople /tj/sv m_lig ht/

– SVM canbeusedto trainMEAD’sclassifier.� SMART - optional

– ftp://ftp.cs.cornell.edu/pub/smart/

– for evaluationby RelevanceCorrelation� LT-XML - optional

– http://www.ltg.ed.ac.uk/software/xml /index .html

– This softwarecanbeusedto checkanXML documentagainsttheDTD thatspecifiesits form. It is
highly recommendedthatyouusethis or similar software.

2.3 Installing MEAD

1. YoumusthavePerlinstalledto installMEAD. TheEnglishexamplesreferredto in thisdocumentationhave
beentestedwith Perl5.6.0on Solaris5.7andLinux (kernel2.2and2.4). TheChineseexampleshavebeen
testedon Linux (kernel2.2)with Perl5.6.0.

2. UnpackMEAD-3.07.tar.gz. Several directorieswill be created.Of course,the absolutepathsto eachof
theseconceptualdirectorieswill be different from machineto machine(or from installationto installa-
tion). Thus, when you see$MEAD DIR or another conceptualsubdirectory in this documentation,
substitute the appropriate dir ectory on your machine.� $MEAD DIR = theresultof theunpackingprocess.This is thebasedirectorywhereMEAD is to be

installed.� $BIN DIR = $MEAD DIR/bin
ThisdirectorycontainsMEAD executables,includingmead.pl,driver.pl, andMEAD’scoreclassifiers
andrerankers.� $SCRIPTSDIR = $BIN DIR/feature-scripts
This subdirectoryof $BIN DIR containsMEAD featurescripts.� $LIB DIR = $MEAD DIR/lib
The$LIB DIR directorycontainsPerlmodulesusedby MEAD.� $DOCSDIR = $MEAD DIR/docs
Documentationis kepthere.� $DATA DIR = $MEAD DIR/data
Exampleclusterslivehere.� $DTD DIR = $MEAD DIR/dtd
DTD’s for all theMEAD XML objectsarekepthere.� $ETC DIR = $MEAD DIR/etc
containsIDF DBM filesandpossiblyotherperipheralresources.� $USERDIR = $MEAD DIR/user
containsa sample.meadrcfile (NOTE: it’s really there,you may have to run “ls -a” to display it,
though.)andasamplemead/datadirectorythata usermighthave in his homedirectory.
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3. Beforerunningtheinstallationscript,youmaywantto checkif youhavethefour requiredmodulesinstalled
andinstall themin thenormalPerlmanner. If youdon’t haveaPerlmoduleinstalled,MEAD’sinstallscript
will automaticallyinstall a copy thatonly it canuse,so if you planon doingXML-relatedwork in Perl, it
maywell beworth yourwhile to install thesemodulesyourselfbeforeinstallingMEAD.

Notethatif atsomelatertime,youinstallany of thefour requiredmodules,pre-existingversionsonMEAD
will not usethem.You mustre-installMEAD if you really wantit to useyournewly installedmodules.

4. From $MEAD DIR, run “perl Install.PL ”. This installsany neededmodulesthat werenot previ-
ouslyonyoursytstem,automaticallychangesthe#! directivesin all Perlscriptsto thecorrectpathfor your
system,updatesaMEAD pathvariablein theMEAD::MEAD module,andbuildsEnglishandChineseIDF
DBM files in yourarchitecture’sspecificformat.

If youexperienceinstallation-relatedproblemswith MEAD, referto Install.PL ’soutputwhencontact-
ing theMEAD team.

3 SimpleMEAD tutorial

In thefollowing, we presentthebasicjust aboutall oneneedsto useMEAD.

3.1 An Example Cluster: GA3

OnAugust23,2000,aGulf Air Airbuscrashedoff thecoastof Bahrainin thePersianGulf. Thisdisastertriggered
hundreds(probablythousands)of onlinenews articlesin the following daysandweeks.Many of thesearticles
werecollectedasa sampleclusteron a largenewsstory.

Threesuchdocuments(in docsentformat) areincludedwith the MEAD distribution asan examplecluster.
Thesedocumentswereselectedfrom a muchlargersetof documentson theGulf Air crash,thusexplainingtheir
somewhatcryptic names:articles41, 81, and87. This clusteris locatedin the$DATA_DIR/GA3 directoryand
hasthefollowing structure:

$DATA_DIR/GA3/GA3.cluster
/GA3.config
/GA3.10.extract
/GA3.20.extract
/GA3.sentjudge
/GA3.query
/docsent/*.docsent
/feature/GA3.*.sentfeature

TheGA3directorycontainsaclusterfile, GA3.cluster;aconfigfile, GA3.config;two extractfiles,oneat10%,
theotherat 20%; a sentjudgefile; anexamplequeryfile; andsubdirectoriescontainingdocsentfiles andfeature
files. Eachof thesetypesof files will be explainedin detail in later sections.For purposesof summarizingthe
cluster, only theclusteranddocsentfilesareneeded:

$DATA_DIR/GA3/GA3.cluster
/docsent/*.docsent

Themead.plscriptassumes(by default) thata clusterhasthis structure(minimally, a clusterfile in thedirec-
tory anda subdirectorynameddocsentcontainingall thedocsentfiles namedin theclusterfile), unlesstheuser
tells thescriptotherwise(Seethesectionon .meadrcfiles for how this is done,althoughthis is not required.).For
now, stick to this structure.Note that MEAD’s $DATA DIR is by default not writable exceptby the userwho
installedMEAD. The GA3/featuredirectory, which is a by-productof summarization,is alreadycreated.If it
werenot,MEAD would run into problems.
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3.2 Summarizing the GA3 cluster

For the purposeof theseexamples(andto make themeasierto read),we assumethatwe’re in the $BIN_DIR
directory. MEAD can be run from other directoriesby correctly specifying the path to mead.pl. To go to
$BIN_DIR , usethe following command,replacing $BIN_DIR with the correspondingpath on your ma-
chine.

% cd $BIN_DIR

Alternately, onecanappend$BIN_DIR to thePATH environmentvariable,whichwill effectivelydothesame
thing. Onmy machine,thefollowing commanddoesthejob.

% export PATH=$PATH:$BIN_DIR

where$BIN DIR is theconceptualdirectorydescribedin theInstallationSection.This abovecommandmay
be a bit confusing,as$XXX is usedin an overloadedmannerin this document.First of all, Perl’s scalarvari-
ablesarenamedbeginningwith a ’$’. We have tried to keepthereferencingof Perl variablesto a minimumin
this document.Second,Unix, Linux, etc. environmentvariablesbegin with a ’$’. However, the only environ-
mentvariablementionedin this documentis PATH ($PATH). Also, this documentuses$XXX to refer to oneof
MEAD’s conceptualdirectories.Theseconceptualdirectoriesareaslisted in a previoussection;whenin doubt,
assumethat a word beginning with a ’$’ is a conceptualdirectory. An example,given that your $BIN DIR is
locatedat /usr/mead/bin,is:

% export PATH=$PATH:/usr/mead/bin

In general,MEAD is runasfollows:

% ./mead.pl [options] cluster_name

Herearesomeexamplesof summarizingtheGA3 cluster.

% ./mead.pl GA3

summarizestheGA3 clusterandwritesasummaryto thestandardoutput.

% ./mead.pl -extract GA3

writesanextractto standardoutput.

% ./mead.pl -words -absolute 100 GA3
% ./mead.pl -w -a 100 GA3

write a summaryof about100 words to standardoutput. By default, MEAD’s compressionbasisis “sen-
tences”andby default,MEAD will givea 20 percentsummary.

% ./mead.pl -sentences -percent 10 GA3
% ./mead.pl -s -p 10 GA3

In this example,the “-sentences”(or “-s”) is unnecessary, asthat is the default. The usermay alsospecify
an absolutenumberof sentencesto extract,or a percentageof words. In general(andunlessstatedotherwise),
mead.pl’soptionsmix andmatchwell.

% ./mead.pl -extract -output GA3.extract GA3
% ./mead.pl -output ../data/GA3.summary GA3
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Theseexamplesmake useof the -o (-output)option. This writes the output (be it a extract, summary, or
meadconfigobject)to thespecifiedfile insteadof thestandardoutput.

% ./mead.pl -RANDOMGA3
% ./mead.pl -system RANDOMGA3

% ./mead.pl -LEADBASED GA3
% ./mead.pl -system LEADBASEDGA3

The above examplesproducerandomand lead-basedsummaries,respectively. In general,the “-system”
option just givesa nameto theconfigurationthatyou’re using. The“RANDOM” and“LEADBASED” systems
arespecialin thatwhenyou specifyeitherof thesesystems,specialclassifiersandrerankersareused,insteadof
thedefault ones.

Theusercanspecifynon-standardclassifiersandrerankersusingthe -classifier and-reranker op-
tions, respectively. For more informationon classifiersand rerankersareandhow to write new ones,seethe
appropriatesection.

Theusercanalsospecifyalternatescriptsto calculatethedefault features:Length,Position,andCentroid;or
addnew featuresusingthe-feature option. SeetheMEAD ArchitectureSectionfor how to do this (andwhy
youmight wantto).

If you just wantto giveanameto theconfiguration,thenyou cansay:

% ./mead.pl -system MySystem GA3

Notethatthenameof yoursystemcannotstartwith ahyphen.ThiscausesMEAD to think thatnoargumentto
thesystemoptionis givenandthatthenameof yoursystemis thenext commandline option.Obviously, MEAD
maydosomethingunpredictable.If youpushtheenvelopewhenusingMEAD, it maycollapsearoundyou.

3.3 Sowhat doesmead.pl really do?

mead.plis really just a (hopefully) smartwrapperaroundthe coreMEAD driver script, driver.pl, which is in
turn a wrapperaroundMEAD’s featurescripts,classifiers,rerankers. It alsoencapsulatesthe functionality of
extract-to-summary.pl andthenow-defunctwrite-config.pl.

First of all, driver.pl takesas input (to its standardinput) a meadconfigobjectandwrites an extract object
to its standardoutput. (Both of theseobjectsaredescribedin detail in futuresections.)In between,driver.pl is
responsiblefor creatingany specifiedfeaturesthatdon’t alreadyexist andcalling theclassifierandreranker. For
moreinformationon thesepiecesof MEAD, seetheappropriatesections.

MEAD doesnot checkthatfeaturefiles areup to date,or eventhat they specifyfeaturesfor theright cluster.
If you changethe clusterby adding,removing, or modifying the documents,you MUST also remove the old
sentfeaturefiles aswell (theseareusuallystoredin the “feature” subdirectoryof eachcluster)to avoid getting
junk summariesor simply crashingMEAD. However, this aspectof MEAD canbeuseful,whentheuseralready
hassuchfeaturescomputed.As an example,in the DocumentUnderstandingConference(DUC) competition,
participantsweregiven the numberof wordseachsentencecontained.Sincesegmentersmay segmenta given
sentencedifferently, resultingin differentsentencelengths,we put thegivenlengthcalculationsin a featurefile
in thefeaturedirectory, therebyavoidingpotentialmixups.

The above is the limit of driver.pl’s functionality. It doesnot take command-lineargumentsand it cannot
outputsummariesor meadconfigfiles. Themead.plscriptwascreatedto easilybuild a meadconfigXML object
suitablefor feedingto driver.pl andto receive driver.pl’s output,possiblycreatinga summaryfrom thereturned
extract.

3.4 How mead.pl locatesclusters

Oneof the major benefitsof mead.plis that it doesits bestto locateclustersthataren’t immediatelyavailable.
This is an improvementover the operationof driver.pl and mead-configfiles, as with this approach,the user
mustexplicitly specifythe full pathto the cluster. mead.pllocatesclustersby checkingfor the clusterin some
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predefinedlocations(e.g. the /mead/datadirectory in the user’s homedirectory, if present)as well as user-
definedlocations(via -data_path optionsto thecommandline anddata_path in .meadrcfiles). mead.pl’s
procedureis asfollows:

1. mead.plchecksif theclusterargumentspecifiedis anabsolutepath.If so,it will usethatpath.Example:

% mead.pl /usr/home/mead/data/GA3

2. mead.plchecksif theclusterargumentis a subdirectoryof thecurrentdirectory. If it is andanappropriate
clusterfile existsin thesubdirectory, thatdirectoryis used.

3. Command-linedatapath optionsto mead.plare checked next. The usermay specify one directory, or
multipledirectoriesseparatedby colons(:).

4. mead.plcheckstheuser’s .meadrcfile for adatapathoption.Eachcolon-separateddirectoryis checkedfor
thecluster. If the-meadrccommand-lineoptionis specified,mead.plchecksthatmeadrcfile instead.

5. Theuser’s /mead/datadirectoryis checkednext. If thedirectorydoesn’t exist, this stepis ignored.

6. Any datapathoptionsin $MEAD DIR/.meadrcarechecked.

7. Finally, MEAD’s datadirectory, $DATA DIR, is checked. Note that this is a last-ditcheffort to find the
cluster. Also, this makestheexamplesmorereadable.:)

3.5 Command-line options to mead.pl

Most userswill only usethe first several of theseoptions. Thesecommonoptionshave alreadybeendetailed
above.

Whatfollows is a full listing of thecommand-lineoptionsfor mead.pl.Notethattheoptionsfor .meadrcfiles
(describedin a futuresection)makeuseof thesesameoptions.� -help , -?

print help informationandexit. Help info consistsof the list of availableoptionsand is meantto be a
reminderof whatoptionsareavailable,not a comprehensive how-to. Referto this sectionfor how to use
eachoption.� -summary

produceasummary(This is thedefault.)� -extract

produceanextract(insteadof asummary)� -meadconfig

produceameadconfigobject(insteadof asummaryor extract).� -centroid

producescentroidinformation� -scores

print the featurevaluesandcompositescore(asassignedby the classifier)for eachsentence.The user
canspecifya non-standardfeatureset,which will bethefeaturesprinted,and/ora non-standardclassifier,
whichcomputesthecompositescores.� -output_mode mode

modecanbeeither“summary”,“extract”, or “meadconfig”.The-summary, -extract,and-meadconfigop-
tionsareshorthandfor “-output modesummary”,“-output modeextract”,and“-output modemeadconfig”,
respectively.
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� -basis basis, -b basis, -compression_basis basis

Theargumentcanbeeither“words” or “sentences”.Seebelow.� -sentences, -s

producea summarywhoselengthis eitheranabsolutenumberor a percentageof thenumberof sentences
of theoriginal cluster. (This is thedefault.)� -words, -w

producea summarywhoselengthis eitheranabsolutenumberor a percentageof thenumberof wordsof
theoriginal cluster.� -percent num, -p num, -compression_percent num

produceasummarywhoselengthis num%thelengthof theoriginal cluster. (Thedefault is -percent20)� -absolute num, -a num, -compression_absolute num

producea summarywhoselength is num (words/sentences)regardlessof the sizeof the original cluster.
NOTE: if both-percentand-absolutearespecified,MEAD’sbehavior maybeerratic.� -system sys

givetheconfigurationthename“sys”. Exceptfor thespecialcasesRANDOM andLEADBASED,this just
addsthis field to theextract.� -system RANDOM,-RANDOM

producearandomsummary(andnamethesystem“RANDOM”).� -system LEADBASED, -LEADBASED

producea lead-basedsummary, selectingthefirst sentencefrom eachdocument,thenthesecondsentence,
etc..(andnamethesystem“LEADBASED”). NOTE: RANDOM andLEADBASED systemsoverrideany
classifier, reranker, andfeaturesthatmaybespecified.� -feature name commandline

adda featurenamed“name” whosefeaturescriptis run by “commandline”to thefeaturesetor replacethe
existing featureof thesamename.Notehowever, thatif thetargetclusteralreadyhavesentfeaturefiles for
thespecifiedfeature,thosewill beusedandthespecifiedscriptwill NOT berun.

NOTE: this optiontakestwo arguments,asopposedto therest,which takeonly one.� -classifier commandline

usethespecifiedclassifierinsteadof thedefault. NOTE: if theclassifiercommandtakesarguments,make
sureto enclosethecommandlinewith quotesto make theshell interpretit asa singleargument.However,
whenspecifyingaclassifierin a .meadrcfile, quotesarenot necessary.� -reranker commandline

usethespecifiedranker insteadof thedefault. SeetheNOTE for -classifier.� -lang language

Thedefault is “ENG”. This optiondoesn’t really do a wholelot currently. Sincemead.pldoesn’t currently
doChinesesummarization,you’ll probablyneverhaveto specify“CHIN”. To dosummarizatonin Chinese,
referto theappropriatesection(you’ll have to usetheold-fashionedmeadconfigfile method).� -data_path path

look for thetargetclusterin eachof thedirectoriesspecifiedby path.Thenameof thecluster(thelastthing
onthecommandline) is appendedto eachelementof path.Eachof theseconstructeddirectoriesis checked
to seeif it containsthe cluster(andthe desireddirectorystructure)asdescribedin the beginning of this
section.
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Theusercanspecifymultipledirectoriesby separatingtwo directorieswith a colon,e.g.,“/usr/mead/data:-
/usr/local/clusters/”.

Any datapathoptionsgivenin theuser’s andsystem’s .meadrcfiles areappendedto thesearchpath. The
searchbegins in the currentdirectory, regardlessof whether“.” wasactuallyspecifiedin any datapath
option(commandline or .meadrcfile).� -cluster_dir dir

look for thetargetclusterin thespecifieddirectoryONLY. Thisblocksany datapathargumentsprovided.

If thisoptionis specified,theclusterfile MUST bein theargumentto thisoption(not in asubdirectory, nor
adirectorywith thesamenameasthecluster).

NOTE: usethis option sparingly. Probablythe only time whenthis option shouldbe usedis whenthere
aremultiple clustersnamedthesamething in differentpiecesof datapath(which canbe specifiedin the
.meadrcfiles).� -docsent_dir dir

look for docsentfiles in thespecifieddirectory, insteadof somesubdirectoryof theclusterdirectory.� -feature_dir dir

look for and/oroutputfeaturefiles in/to thespecifieddirectory, insteadof somesubdirectoryof thecluster
directory.� -docsent_subdir subdir

look for docsentfiles in the specifiedsubdirectoryof the clusterdirectory. By default, this is “docsent”.
Thisoptionis supportedin orderto conformto theclusterfile structuresusedby oldersystems.� -feature_subdir subdir

look for featurefiles in thespecifiedsubdirectoryof theclusterdirectory. By default,this is “feature”. This
optionis supportedin orderto conformto theclusterfile structuresusedby oldersystems.� -meadrc rcfile

usethespecified.meadrcfile insteadof theone(possibly)locatedin theuser’s homedirectory. You must
supplytheentirepath(includingthefilename)of thenew rc file.

4 AdvancedMEAD

4.1 Specifyingsummariesusingmead-configfiles

Prior to version3.07,MEAD wasusedlike

% cat ../data/GA3/GA3.config | ./driver.pl > ../data/GA3/GA3.xx.extract

whichproducesanextractfile in the../data/GA3directory. Theabovecommandassumesthat../data/GA3/GA3.config
is a mead-configfile thatspecifiesthedesiredsummary, includingcompressionrates,etc.

If onewanteda summary, thenhewould run

% ./extract-to-summary.pl ../data/GA3/GA3.cluster ../data/GA3/docsent \
../data/GA3/GA3.xx.extract

whichwritesasummaryto thestandardoutput.Of course,thiscanberedirectedtoafile, e.g.../data/GA3/GA3.xx.summary.

Now, theusercaninsteadrun

% ./mead.pl -o GA3.xx.summary GA3
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(or)

% ./mead.pl -p 17 -w -o GA3.17.pct.words.summary GA3

Of course,theold waysof doing things,cattingfiles to driver.pl andusingextract-to-summary.pl still work,
but it is recommendedthatall but themostdie-hardof MEAD purists(if therearesuchindividuals)usemead.pl
instead.

Regardless,thereareprobablyinstanceswhereusinga configfile is preferable,especiallywith aberrantfile
structures,etc. In suchacase,youcanusemead.plto produceameadconfigfile (usingthe“-meadconfig”option)
and thenmodify the resultingconfig file. Alternately, you can write your own meadconfigfile from scratch.
Obviously, thelatteris not recommended.

4.2 Using .meadrc files to specifydefaults

Many Unix-style applicationsallow specificationof optionsusing.rc files. These“dot files” allow the userto
specifyoptionsin a file withouthaving to typethemin at thecommandline eachtimeMEAD is used.

Themead.plscriptreadstworcfilesandusestheoptionsthey specify. First,MEAD readsthefile: $MEAD DIR/-
.meadrc,which containssystem-widedefaults. Next, MEAD readsthe user’s .meadrcfile. By default, MEAD
looks for a file named.meadrcin the user’s homedirectory. (This is fairly standardin Unix-style apps.)Alter-
nately, theusercanspecifyadifferentrc file with

% ./mead.pl -rc new.meadrc

This allows theuserto createmany differentconfigurationsfor MEAD without having to specifymany op-
tionson thecommandline. If theuserwishesto ignorethe.meadrcfile in his/herhomedirectory(if thereis one),
thenspecifya non-existantfile, asin

% ./mead.pl -rc none

giventhatno file named“none” existsin thecurrentdirectory.
Specifyinga meadrcfile is aseasyascreatinga file named.meadrcin your homedirectoryandaddingany

numberof options,oneper line. Figure1 is a sample.meadrcfile which specifiesthat mead.plshouldrun in
extractmodeinsteadof thedefault summarymode,andproducesummariesthaton averageareabout200words
in length. Also, theRANDOM specialsystemis specified.This meansthat randombaselinesummarieswill be
produced.Notethatit’sprobablynotagoodideato specifytheRANDOM systemin a.meadrcfile, asthissystem
is intendedasabaselinefor evaluationof high-qualitysummarizers;thisexampleis for illustrativepurposesonly.

compression_basis words
compression_absolute 200
output_mode extract
system RANDOM

Figure1: Sample.meadrcfile

Theoptionssupportedin .meadrcfiles arealmostidenticalto thosesupportedby mead.plvia the command
line. Notethattheanrc file doesnothaveto benamed.meadrc;suchafile canbenamedanythingallowableonthe
platform.However, namesthatinclude“meadrc”in someway(e.g.“meadrc2”)allow otherusersamoreintuitive
understandingof which files do what. Additionally, secondary.meadrcfiles shouldprobablynot bedotfiles,as
they maygetlostor forgotten.Notealsothatmead-configfilesgenerallyendin “.config” or “.meadconfig”,which
meansthatnon-sadistsshouldavoid usingtheseextensionsin naming.meadrcfiles.

A .meadrcfile cancurrentlyhave all the following optionsthata mead.plcantake ascommand-lineoptions
(without the hyphens). Thosecommand-lineoptionsthat have “short-hand”versions(e.g. “-summary”, “-p
20”, and“-RANDOM”) shouldbe expandedto their more/mostverboseversions“-output modesummary”,“-
compressionpercent20”, “systemRANDOM”, respectively. A few othercommonoptionsusedin .meadrcfiles
are“compressionbasis”and“data path”.
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The“feature”, “classifier”, and“reranker” optionsall involve specifyingscripts(andany neededarguments)
for MEAD to run via thecommandline. Whenspecifyingthemasargumentsto mead.pl,they shouldappearin
quotessotheshellwill groupthescriptandits argumentsasoneitem. However, whenspecifyingtheseoptionsin
a.meadrcfile, noquotesareneeded.In thecaseof “feature”options,thesecondgroupof non-spacesis takento be
thefeaturenameandtheremainderof theline is takento bethescript(with argument,if necessary).Everything
after“classifier”or “reranker” is takento bethescriptandarguments.

Figure2 shows a .meadrcfile thatspecifiesa “data path” option,aswell asa nonstandardfeatureanda new
classifiercommandthatusesthat feature.Seetheappropriatesectionsfor moreinformationon features,feature
scripts,andclassifiers.

compression_basis words
compression_absolute 200
output_mode meadconfig

# Notice the ’:’ separating two directories.
data_path /usr/home/winkela:/usr/home/winkela/da ta

# This is a comment.
# Note that the ’\’ on the next line indicates a continuation
# of that line.
feature SimWithFirst \

/clair4/mead/bin/feature-scripts/SimWi thFir st.pl

# Note that we don’t need quotes here...
classifier /clair4/mead/bin/default-classifier .pl Length 9 \

Centroid 1 Position 1 SimWithFirst 1

Figure2: A moreadventurous.meadrcfile

Although the .meadrcfiles canhave an option that canbe specifiedon the commandline to mead.pl,some
optionsshouldnot in generalbespecifiedin .meadrcfiles. Onesuchoption is “cluster dir”, which specifiesthe
only placewhereMEAD shouldlook for theclusterfile.

For a full listing of theoptionsthat .meadrcfiles canhave,seetheappropriatesectionin theGettingStarted
sectionon mead.plcommand-lineoptionsor type“ ./mead.pl -help ” from $BIN_DIR .

5 MEAD XML Objects

This subsectiondescribestheXML objectsusedasinput to andoutputfrom MEAD, aswell ascommunication
betweenthedifferentcomponentsof MEAD. TheDTDs describingtheseobjectsusedarelistedat theendof this
document.

5.1 Common Objects

By “CommonObjects”,we meanobjectsthatareoftenuseddirectly by theuser. Theseincludethemead-config,
cluster, docsent,extract,andsummaryobjects.Mead-configobjectsandextractobjectsaretheinput andoutput,
respectively, of driver.pl. mead.plandextract-to-summary.pl canoutputsummaryobjects.And of course,cluster
anddocsentobjectsrepresenttheactualclusterto besummarized.

5.1.1 mead-config

TheMEAD driverprogram($BIN_DIR/driver.pl ) readsamead-configfile from its standardinput. Thisfile
specifiesseveralpiecesof informationthat it needsto summarizea cluster, including the locationof thecluster,
thefeaturesto computeandwhereto storethemon disk, theclassifierto use(with any arguments),thereranker
to use,andthedesiredsummarysize.Figure3 showsanexamplemead-configfile.

We now describethefunctionsof thevariouselementsof a mead-configfile andtheir attributes:
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<MEAD-CONFIGTARGET=’GA3’ LANG=’ENG’ CLUSTER-PATH=’/clair4/mead/data/GA3’
DATA-DIRECTORY=’/clair4/mead/data/G A3/do csent ’>

<FEATURE-SET BASE-DIRECTORY=’/clair4/mead/data/ GA3/fe ature /’>
<FEATURE NAME=’Centroid’

SCRIPT=’/clair4/mead/bin/feature-scri pts/C entro id.pl HK-WORD-enidf ENG’/>
<FEATURE NAME=’Position’

SCRIPT=’/clair4/mead/bin/feature-scri pts/P ositi on.pl’ />
<FEATURE NAME=’Length’

SCRIPT=’/clair4/mead/bin/feature-scri pts/L ength .pl’/>
</FEATURE-SET>

<CLASSIFIER COMMAND-LINE=’/clair4/mead/bin/defa ult-cl assif ier.p l \
Centroid 1 Position 1 Length 9’ SYSTEM=’MEADORIG’ RUN=’10/09’/>

<RERANKERCOMMAND-LINE=’/clair4/mead/bin/defaul t-rera nker. pl MEAD-cosine 0.7’/>

<COMPRESSIONBASIS=’sentences’ PERCENT=’20’/>

</MEAD-CONFIG>

Figure3: An exampleMeadConfigobject��� MEAD-CONFIG�
– LANG: thelanguageof thecluster(currently“ENG” or “CHIN”)
– CLUSTER-PATH: Pathto the.clusterfile youwantto summarize

– DOC-DIRECTORY: Pathwherethesourcedocumentsin docsentformatarelocated
– TARGET: Thenameof theclusterfile (without the.clusteror directory)

Thus,if youwantto summarizetheclusterdefinedby /usr/home/data/GA3.cluster,TARGET= “GA3”��� FEATURE-SET�
– BASE-DIRECTORY: PathwhereMEAD will look for and/orproducefeatures��� FEATURE�
– NAME: Thenameof thefeatureto use

– SCRIPT: Thefull-pathcommand(includingoptions)to runthescriptusedto generatethis featureif it
doesnot exist in BASE-DIRECTORY (above). Note: DOC-DIRECTORY (above)will beappended
asanargumentto this commandwhenthefeaturescript is run. Seethesectionon Featuresfor more
information.��� CLASSIFIER�

– COMMAND-LINE: Commandto call theclassifierto beused,includingall command-linearguments��� RERANKER�
– COMMAND-LINE: Commandto call thererankerto beused,includingall command-linearguments��� COMPRESSION�
– BASIS: sentencesor words

– PERCENT: length,in percentof thesizeof thefull cluster(in thespecifiedBASIS), thatthesummary
shouldbe

– ABSOLUTE: length,in absolutenumberof sentencesof words(asspecifiedby basis),that thesum-
maryshouldbe.Notethatexactlyoneof PERCENTandABSOLUTE shouldbespecified.
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5.1.2 Cluster

A clusterobjectlists thenamesof thedocumentsthatwill besummarized.Figure4 shows theclusterfile for the
GA3 cluster. EachDID correspondsto a file named$DID.docsentin theGA3 cluster’sdocsentsubdirectory, e.g.
$DATA DIR/GA3/docsent/41.docsent.

<?xml version=’1.0’?>
<!DOCTYPE CLUSTERSYSTEM’/clair4/mead/dtd/cluster.dtd’>

<CLUSTER LANG=’ENG’>
<D DID=’41’ />
<D DID=’81’ />
<D DID=’87’ />

</CLUSTER>

Figure4: An exampleClusterobject

5.1.3 Docsent

A Docsentobject is a documentsegmentedinto sentences.Firgure 5 shows the first several sentencesfrom
document41 from theGA3 cluster.

<?xml version=’1.0’ encoding=’UTF-8’?>
<!DOCTYPE DOCSENTSYSTEM’/clair4/mead/dtd/docsent.dtd’>

<DOCSENTDID=’41’ LANG=’ENG’>
<BODY>
<HEADLINE>
<S PAR="1" RSNT="1" SNO="1">Egyptians Suffer Second Air
Tragedy in a Year </S>
</HEADLINE>
<TEXT>
<S PAR=’2’ RSNT=’1’ SNO=’2’>CAIRO, Egypt -- The crash of a
Gulf Air flight that killed 143 people in Bahrain is a disturbing
deja vu for Egyptians: It is the second plane crash within a
year to devastate this Arab country.</S>
<S PAR=’2’ RSNT=’2’ SNO=’3’>Sixty-three Egyptians were on
board the Airbus A320, which crashed into shallow Persian Gulf
waters Wednesday night after circling and trying to land in
Bahrain.</S>
<S PAR=’2’ RSNT=’3’ SNO=’4’>On Oct. 31, 1999, a plane carrying
217 mostly Egyptian passengers crashed into the Atlantic Ocean
off Massachusetts.</S>
<S PAR=’2’ RSNT=’4’ SNO=’5’>The cause has not been determined,
providing no closure to the families, whose grief was reopened
this month with the release of a factual report by the National
Transportation Safety Board.</S>
</TEXT>
</BODY>
</DOCSENT>

Figure5: An exampleDocsentobject
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5.1.4 Extract

An Extractcontainsa list of sentencesthatwill beusedin thesummary. Sentencesaresortedin theorderthey
appear. Figure6 showsa seven-sentenceextractof theGA3 cluster.

<?xml version=’1.0’ encoding=’UTF-8’?>
<!DOCTYPE EXTRACTSYSTEM’/clair/tools/mead/dtd/extract.dtd’ >

<EXTRACT QID=’GA3’ LANG=’ENG’ COMPRESSION=’7’
SYSTEM=’MEADORIG’ RUN=’Sun Oct 13 11:01:19 2002’>
<S ORDER=’1’ DID=’41’ SNO=’2’ />
<S ORDER=’2’ DID=’41’ SNO=’3’ />
<S ORDER=’3’ DID=’41’ SNO=’11’ />
<S ORDER=’4’ DID=’81’ SNO=’3’ />
<S ORDER=’5’ DID=’81’ SNO=’7’ />
<S ORDER=’6’ DID=’87’ SNO=’2’ />
<S ORDER=’7’ DID=’87’ SNO=’3’ />
</EXTRACT>

Figure6: An exampleExtractobject

5.1.5 Summary

The Summaryis the final output from the summarizationprocess.Note that Summaryobjectsarenot XML-
compliant.Instead,they aremeantto bethehumanreadableoutputof MEAD.

[1]The Disaster Relief Fund Advisory Committee has approved a
grant of $3 million to Hong Kong Red Cross for emergency relief
for flood victims in Jiangxi, Hunan and Hubei, the Mainland.
[2]Together with the earlier grant of $3 million to World Vision
Hong Kong, the Advisory Committee has so far approved $6 million from the
Disaster Relief Fund for relief projects to assist the victims
affected by the recent floods in the Mainland.
[3]The Disaster Relief Fund Advisory Committee has approved a
grant of $3 million to the Salvation Army for emergency relief
for flood victims in Hunan and Guangxi, the Mainland.
[4]The Disaster Relief Fund Advisory Committee has approved a
grant of $5.39 million to Medecins Sans Frontieres for emergency
relief for flood victims in Hunan, Sichuan and Yunnan, the Mainland.
[5]To ensure that the money will be used for the purpose
designated, the Government has required Medecins Sans Frontieres
to submit an evaluation report and audited accounts on the use of
the grant after the project has been completed.

Figure7: An exampleSummaryobject

5.2 LessCommon MEAD Objects

This category of MEAD objectsareusedby driver.pl andmaybeusedby theuser, for instance,whenusingthe
relative-utility.pl scriptto evaluateanextract.
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5.2.1 SentFeature

A sentfeatureobjectassigns(possiblyseveral) featurescoresto eachsentencein a cluster. Figure8 shows a few
selectedlinesfrom theCentroidsentfeaturefile for theGA3 cluster.

<?xml version=’1.0’?>

<SENT-FEATURE>
<S DID="87" SNO="1" >

<FEATURE N="Centroid" V="0.274894051973267" />
</S>
<S DID="87" SNO="2" >

<FEATURE N="Centroid" V="0.828824590972425" />
</S>
<S DID="81" SNO="1" >

<FEATURE N="Centroid" V="0.153774221389168" />
</S>
<S DID="81" SNO="2" >

<FEATURE N="Centroid" V="1.000000000000000" />
</S>
<S DID="41" SNO="1" >

<FEATURE N="Centroid" V="0.153896779384946" />
</S>
<S DID="41" SNO="2" >

<FEATURE N="Centroid" V="0.981981515400504" />
</S>

</SENT-FEATURE>

Figure8: An exampleSentFeatureobject

5.2.2 SentJudge

A sentjudgeobjectis usedto describesentenceutility scoresgivenby judgesto individualsentencesin adocument
or cluster. Figure9 showsanexamplesentjudgefile.

5.2.3 Query

A queryobjectdescribesthetext of a retrieval query. Queryobjectsareusedin query-basedsummarization.See
theappropriatesectionin ReallyAdvancedMEAD.

5.3 XML Objects not usedby core MEAD

5.3.1 Document

The documentobject representsa documentwhich is not explicitly segmentedinto sentences.The document
objectis not currentlyusedby coreMEAD. Instead,thedocumentsin aclusterarestoredasdocsentfiles.

5.3.2 Docpos

A docposobjectis a documentwith Partof SpeechTags.

5.3.3 Docjudge

A docjudgeobjectdescribestheretrieval rankingobtainedfrom thesearchengine(Smart)givena query.
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<?xml version=’1.0’?>
<SENT-JUDGE QID=’551’>
<S DID=’D-19980731_003.e’ PAR=’1’ RSNT=’1’ SNO=’1’>

<JUDGE N=’smith’ UTIL=’10’/>
<JUDGE N=’huang’ UTIL=’10’/>
<JUDGE N=’moorthy’ UTIL=’6’/>

</S>
<S DID=’D-19980731_003.e’ PAR=’2’ RSNT=’1’ SNO=’2’>

<JUDGE N=’smith’ UTIL=’6’/>
<JUDGE N=’huang’ UTIL=’10’/>
<JUDGE N=’moorthy’ UTIL=’10’/>

</S>
<S DID=’D-19980731_003.e’ PAR=’3’ RSNT=’1’ SNO=’3’>

<JUDGE N=’smith’ UTIL=’6’/>
<JUDGE N=’huang’ UTIL=’9’/>
<JUDGE N=’moorthy’ UTIL=’10’/>

</S>
<S DID=’D-19981105_011.e’ PAR=’5’ RSNT=’2’ SNO=’7’>

<JUDGE N=’smith’ UTIL=’2’/>
<JUDGE N=’huang’ UTIL=’1’/>
<JUDGE N=’moorthy’ UTIL=’4’/>

</S>
</SENT-JUDGE>

Figure9: An exampleSentjudgeobject

<?xml version=’1.0’?>
<!DOCTYPE QUERYSYSTEM"/clair4/mead/dtd/query.dtd" >

<QUERYQID="Q-551-E" QNO="551" TRANSLATED="NO">
<TITLE>
Natural disaster victims aided
</TITLE>
<DESCRIPTION>
The description is usually a few sentences describing the
cluster.
</DESCRIPTION>
<NARRATIVE>
The narrative often describes exactly what the user is looking
for in the summary.
</NARRATIVE>
</QUERY>

Figure10: An exampleQueryobject
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<?xml version=’1.0’?>
<!DOCTYPE DOCUMENTSYSTEM’/clair4/mead/dtd/document.dtd’>

<DOCUMENTDID=’D-19970701_001.e’ DOCNO=’1’ LANG=’ENG’ >
<EXTRACTION-INFO SYSTEM=’./hkmead.pl Centroid 1 Position 1
Length 9’ RUN=’’ COMP
RESSION=’20’ QID=’D-19970701_001.e’/>
<BODY>
<TEXT>
The ceremony took place in the Grand Hall of the Hong Kong Convention
and Exhibition Centre (HKCEC) Extension and was attended by some 4,000
guests, including foreign ministers and dignitaries from more than 40
countries and international organisations, and about 400 of the
world’s media. Representing China were Mr Jiang; HE Mr Li Peng,
Premier of the State Council of the PRC; HE Mr Qian Qichen, Vice
Premier of the State Council of the PRC; General Zhang Wannian, Vice
Chairman of the Central Military Commission of the PRC; and HE Mr Tung
Chee Hwa, the Chief Executive of the Hong Kong Special Administrative
Region (HKSAR) of the PRC. This was followed at the stroke of
midnight by the playing of the Chinese National Anthem and the raising
of the Chinese national flag and the flag of the Hong Kong Special
Administrative Region (HKSAR) within the first minute of the new day
(Tuesday). Entry of Guards of Honour Entry of Officiating Parties
Salute by Guards of Honour Speech by His Royal Highness The Prince of
Wales Entry of Flag Parties British National Anthem Lowering of Union
and Hong Kong Flags

Chinese National Anthem Raising of Chinese and Hong Kong Special
Administrative Region Flags Departure of Flag Parties Speech by
President of the People’s Republic of China, Mr Jiang Zemin Departure
of Officiating Parties

Departure of Guards of Honour
</TEXT>
</BODY>
</DOCUMENT>

Figure11: An exampleDocumentobject

5.3.4 Sentalign

A sentalignobjectdescribesthesentencemappingsbetweentwo translationsof thesamedocument.

5.3.5 Sentrel

A sentrelobjectdescribesrelationshipsbetweenpairsof sentences.

6 MEAD Interfaces

6.1 mead.pl

Themead.plscript is theprimary interfaceto theMEAD summarizationsystem.However, it is little morethan
a wrapperaroundMEAD’s driver.pl script (which in turn callsotherscripts)thatcombinesoptionsanddefaults
from varioussources(command-lineoptionsand.meadrcfiles)into mead-configobjectthatis passedto driver.pl’s
standardinput. It readsdriver.pl’soutput—anextract—andeitherwritestheextractor thecorrespondingsummary,
to eithera file (if oneis specified)or by default, thestandardoutput.

Themead.plscripthasalreadybeendescribedextensively in theMEAD Usagesection.Seethatsectionfor
saiddescription.

6.2 dri ver.pl

Thedriver.pl scripttiestogetherall theinnerworkingsof theMEAD summarizer. It takesasinput amead-config
objectandyieldsanextractobjectasoutput.It is usedbymead.plto produceextracts(whichcanthenbeconverted
to summaryobjects)but mayalsobeuseddirectlyby theuserby cat ing amead-configfile to its standardouput.

driver.pl’sexecutionhasseveralstages:

1. driver.pl first readsthemead-configobjectfrom thestandardinput.
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<?xml version=’1.0’ encoding=’UTF-8’?>
<!DOCTYPE DOCPOSSYSTEM‘/clair4/mead/dtd/docpos.dtd’ >

<DOCPOSDID=’D-19970701_001.e’ LANG=’ENG’>
<BODY>
<HEADLINE>
<S PAR=’1’ RSNT=’1’ SNO=’1’> <W C=’JJ’>Solemn</W> <W
C=’NN’>ceremony</W> <W C=’VBZ’>marks</W> <W
C=’NNP’>Handover</W> </S>
</HEADLINE>
<TEXT>
<S PAR=’2’ RSNT=’1’ SNO=’2’><W C=’DT’>A</W> <W
C=’JJ’>solemn</W><W C=’,’>,</W> <W C=’JJ’>historic</W> <W
C=’NN’>ceremony</W> <W C=’VBZ’>has</W> <W C=’VBN’>marked</W> <W
C=’DT’>the</W> <W C=’NN’>resumption</W>
<W C=’IN’>of</W> <W C=’DT’>the</W> <W C=’NN’>exercise</W> <W
C=’IN’>of</W> <W C=’NN’>sovereignty</W> <W
C=’IN’>over</W> <W C=’NNP’>Hong</W> <W C=’NNP’>Kong</W> <W
C=’IN’>by</W> <W C=’DT’>the</W> <W
C=’NNS’>People</W><W C=’POS’>’s</W> <W C=’NNP’>Republic</W> <W
C=’IN’>of</W> <W C=’NNP’>China</W><W
C=’.’>.</W></S>
<S PAR=’3’ RSNT=’1’ SNO=’3’><W C=’PRP$’>His</W> <W
C=’NNP’>Royal</W> <W C=’NNP’>Highness</W> <W
C=’NNP’>The</W> <W C=’NNP’>Prince</W> <W C=’IN’>of</W> <W
C=’NNP’>Wales</W> <W C=’CC’>and</W> <W
C=’DT’>the</W> <W C=’NNP’>President</W> <W C=’IN’>of</W> <W
C=’DT’>the</W> <W C=’NNS’>People</W><W
C=’POS’>’s</W> <W C=’NNP’>Republic</W> <W C=’IN’>of</W> <W
C=’NNP’>China</W> <W C=’(’>(</W><W
C=’NNP’>PRC</W><W C=’)’>)</W> <W C=’NNP’>HE</W> <W C=’NNP’>Mr</W>
<W C=’NNP’>Jiang</W> <W
C=’NNP’>Zemin</W> <W C=’DT’>both</W> <W C=’NN’>spoke</W> <W
C=’IN’>at</W> <W C=’DT’>the</W> <W
C=’NN’>ceremony</W><W C=’,’>,</W> <W C=’WDT’>which</W> <W
C=’VBD’>straddled</W> <W C=’NN’>midnight</W> <W
C=’IN’>of</W> <W C=’NNP’>June</W> <W C=’CD’>30</W> <W
C=’CC’>and</W> <W C=’NNP’>July</W> <W
C=’CD’>1</W><W C=’.’>.</W></S>
<S PAR=’4’ RSNT=’1’ SNO=’4’><W C=’DT’>The</W> <W
C=’NN’>ceremony</W> <W C=’VBD’>was</W> <W
C=’VBN’>telecast</W> <W C=’JJ’>live</W> <W C=’IN’>around</W> <W
C=’DT’>the</W> <W C=’NN’>world</W><W
C=’.’>.</W></S>
</TEXT>
</BODY>
</DOCPOS>

Figure12: An exampleDocposobject

<?xml version=’1.0’?>
<!DOCTYPE DOC-JUDGESYSTEM‘/clair4/mead/dtd/docjudge.dtd’>

<DOC-JUDGEQID=’Q-2-E’ SYSTEM=’SMART’ LANG=’ENG’>
<D DID=’D-19981007_018.e’ RANK=’1’ SCORE=’9.0000’ />
<D DID=’D-19980925_013.e’ RANK=’2’ SCORE=’8.0000’ />
<D DID=’D-20000308_013.e’ RANK=’3’ SCORE=’7.0000’ />
<D DID=’D-19990517_005.e’ RANK=’4’ SCORE=’6.0000’ />
<D DID=’D-19981017_015.e’ RANK=’4’ SCORE=’6.0000’ />
<D DID=’D-19990107_019.e’ RANK=’12’ SCORE=’5.0000’ />
<D DID=’D-19990713_010.e’ RANK=’12’ SCORE=’5.0000’ />
<D DID=’D-19991207_006.e’ RANK=’12’ SCORE=’5.0000’ />
<D DID=’D-19990913_001.e’ RANK=’20’ SCORE=’4.0000’ />
<D DID=’D-19980609_005.e’ RANK=’20’ SCORE=’4.0000’ />
<D DID=’D-19990825_018.e’ RANK=’1962’ SCORE=’0.0000’ />
<D DID=’D-19990924_047.e’ RANK=’1962’ SCORE=’0.0000’ />

</DOC-JUDGE>

Figure13: An exampleDocjudgeobject
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<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE SENTALIGN SYSTEM"/clair4/mead/dtd/sentalign.dtd">
<SENTALIGN ENG="20000119_002.e" CHI="20000119_002.c" LANG="english-chinese">
<SENT ORDER="1" EDID="D-20000119_002.e" ESNO="1" CDID="D-20000119_002.c"
CSNO="1" />
<SENT ORDER="2" EDID="D-20000119_002.e" ESNO="2" CDID="D-20000119_002.c"
CSNO="2" />
<SENT ORDER="3" EDID="D-20000119_002.e" ESNO="3" CDID="D-20000119_002.c"
CSNO="3" />
<SENT ORDER="4" EDID="D-20000119_002.e" ESNO="4" CDID="D-20000119_002.c"
CSNO="4" />
<SENT ORDER="5" EDID="D-20000119_002.e" ESNO="5" CDID="D-20000119_002.c"
CSNO="5" />
<SENT ORDER="6" EDID="D-20000119_002.e" ESNO="6" CDID="D-20000119_002.c"
CSNO="5" />
</SENTALIGN>

Figure14: An exampleSentalignobject

<?xml version=’1.0’?>
<!DOCTYPE SENT-REL SYSTEM"/clair4/mead/dtd/sentrel.dtd" >
<SENT-REL>
<R SDID=’47’ SSENT=’7’ TDID=’30’ TSENT=’29’>
<RELATION TYPE=’19’ JUDGE=’1’/>
<RELATION TYPE=’6’ JUDGE=’1’/>
</R>
</R>
<R SDID=’81’ SSENT=’45’ TDID=’87’ TSENT=’10’>
<RELATION TYPE=’19’ JUDGE=’1’/>
<RELATION TYPE=’15’ JUDGE=’5’/>
</R>
<R SDID=’63’ SSENT=’15’ TDID=’7’ TSENT=’11’>
<RELATION TYPE=’12’ JUDGE=’4’/>
</R>
<R SDID=’87’ SSENT=’24’ TDID=’81’ TSENT=’1’>
<RELATION TYPE=’15’ JUDGE=’2’/>
</R>
<R SDID=’47’ SSENT=’1’ TDID=’30’ TSENT=’24’>
<RELATION TYPE=’19’ JUDGE=’1’/>
</R>
</SENT-REL>

Figure15: An exampleSentrelobject
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2. The mead-configobjectspecifiesthe featuresthat shouldbe computedvia the FEATURE-SETelement.
EachFEATURE subelementhasNAME andSCRIPTattributes. The NAME attribute, not surprisingly,
specifiesthenameof thefeature.TheSCRIPTattributespecifiestheshellcommandthatshouldberun to
producethefeature.

This secondstagelocatesthesefeatureson disk by looking in the BASE-DIRECTORY attribute of the
FEATURE-SETelementin themead-configobject.A featurenamed“FeatureName”will bestoredondisk
in a file named“ClusterName.FeatureName.sentfeature”in theBASE-DIRECTORY directory. If this file
exists,it is assumedto containa featurenamed“FeatureName”for all andonly thesentencesin thecluster.
If sentencesin the clusterdo not have entriesin the sentfeaturefile, they effectively have valuezero in
subsequentcalculations.Ontheothersideof thecoin,MEAD will notcomplainif agivensentfeatureentry
doesnotcorrespondto asentencein adocumentspecifiedby theclusterfile. It mayevenbeincludedin the
extractof thecluster!However, errorsmayoccurwhenproducinga summaryfrom theextract.

If thefile doesnot exist, driver.pl calls thescriptspecifiedandredirectstheoutputto theappropriatefile,
namedasdescribedabove. Thus,if a certainclusteris summarizedmultiple times,thefeaturesarecalcu-
latedthefirst timeandarereadfrom diskduringsubsequentsummarizationpasses.

If the useralreadyis given sentencefeatures,he may createsentfeaturefiles manually. If the sentfea-
turefiles arenamedappropriately, they will beusedjust asif MEAD hadcreatedthemduringa previous
summarizationrun.

This “featurecaching”is a double-edgedsword. It speedsup thesummarizationprocess,sometimescon-
siderably, but it may alsoresult in erroneoussummariescausedby inconsistenciesin the contentsof the
clusterfile andthe sentfeaturefiles. This commonlyhappenswhendocumentsareaddedto or removed
from the cluster, or in query-basedsummarization,whenusingtwo differentqueriesin summarizingthe
samecluster. More on thelatterin thesectiononquery-basedsummarization.

3. Next, driver.pl callstheclassifier, which is specifiedvia theCLASSIFIERelementof themead-configfile.
The COMMAND-LINE attribue specifiesthe script to run (with arguments)to producesentencescores.
Thesescoresarefor eachindividualsentence,andshouldnot takeinto accountinter-sentencerelationships.
Thecombinedsentfeaturesarewritten to theclassifier’s standardinput,andtheclassifiermustwrite a sen-
tjudgeobjectto its standardoutput.For moreinformationon theworkingsof classifiersandtheclassifiers
includedwith theMEAD distribution,seethesectiononclassifiers.

4. The fourth taskassignedto driver.pl is to call the reranker. As comparedto the classifier, which assigns
scoresto individual sentences,thererankermodifiesthesescoresdependingon relationshipsbetweensen-
tences.Theinput to thereranker is a reranker-info XML object.A reranker is anXML objectmadeup of
threesmallercomponents:thecompressioninformation(wordsor sentences,plushow many), thecluster’s
DIDs, andthesentencescoresoutputby theclassifierin the form of a sentjudge.A reranker mustoutput
themodifiedsentencescores,againin sentjudgeform. However, thissentjudgehastheSENTS-FOR-SUM
attribute in the top-level element. This is interpretedby driver.pl as meaningthat it shouldoutput the
SENTS-FOR-SUMtop-scoringsentencesastheextract.

5. Thefinal job driver.pl doesis to write out theexract,which is specifiedby thesentjudgewritten out by the
reranker.

6.3 MEADlib

MEADlib is acollectionof Perlmodulesusedextensively by MEAD. They maybeusefulfor relatedapplications,
especiallythoserelatedto languageprocessing.MEADlib canbeusedto evaluateextractiveaswell asabstractive
summaries,segmenttext, readin files of many of MEAD’s XML formats,convert betweentheseformats,and
write files of theseformats.

MEADlib is awork in progress,sodocumentationis not includedhere.Any documentationwill belinkedoff
theMEAD website.
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7 Featuresand FeatureScripts

7.1 Intr oduction to MEAD Features

MEAD extractivesummariesscoresentencesaccordingto certainsentencefeatures(hencethe“sentfeature”ob-
ject). The default classifier(default-classifier.pl) usesPosition,Centroid,andLength,but MEAD featurescan
potentially refer to any featurethat a sentencehas(how many namedentitiesor anaphorait contains,for in-
stance).Theonly stipulationthatMEAD placeson its featuresis that they bereal-valued.However, theauthors
recommendthateachfeaturebenormalizedto have a valuebetweenzeroandonefor eachsentence.Although
not technicallynecessary, it allows humansto moreeasilyselectappropriateweightsfor the linearcombination
usedby theclassifierto scoresentencesbasedon features.

In addition to the default featuresof Position,Centroid,andLength, the MEAD distribution containssev-
eral otherpotentiallyuseful featuresincluding SimWithFirst, which computesthe cosinesimilarity betweena
sentenceand the first sentencein the document;IsLongestSentence,which assignsa scoreof one if the sen-
tenceis the longestin its document,andzerootherwise;andthreequery-basedfeaturescripts:QueryCosine.pl,
QueryCosineNoIDF.pl,andQueryWordOverlap.pl,whichcomputethevariousmeasuresof similarity betweenthe
sentenceand(potentially)threepartsof the givenquery. SeetheQuery-basedSummarizationsectionfor more
informationon theselastfeaturescripts.

In orderto facilitatethecreationandintegrationof new features,MEAD providesan interfaceto thefeature
calculation,andwriting via theMEAD::SentFeaturePerlmodule.This sectiondescribestheuseof this library.

7.2 Sent-Feature Files

Sent-Featurefilescontainthevaluesof featuresfor eachsentence.Thesearetheoutputof all FeatureCalculation
scripts.An examplesentfeaturefile isshown in anearliersection.A featurescriptthatusesMEAD::SentFeature::-
extract sentfeaturesdoesnotneedto explicitly write Sent-Featurefiles; thelibrary will dothisfor you. Essentially,
thelibrary functionopensthecluster, andmakesa seriesof callbacksto subroutinesof thefeaturescript. During
thesecallbacks,thescriptcancalculatethevalueof oneor morefeaturesfor eachsentenceandtell MEAD these
values.

7.3 Three-PassFeature Calculation

FeatureCalculationis donein threestages:Cluster, Document,andSentence.Eachstageis implementedby a
subroutinein thefeaturescriptcorrespondingto thatstage.Theclustersubroutineis calledonly once.Thenthe
documentsubroutineis calledoncefor eachdocumentin thecluster. Finally thesentencesubroutineis calledfor
eachsentencein thecluster. All the informationavailableat thesentencestageis availableat eachof theother
stages.Featurecalculationis donein this three-stagemannerto save theuserthetime andaggravationof writing
for-loopsto iterateover thedocumentsandsentencesin thecluster.

The ClusterandDocumentstagesareoptional,andneednot be implementedby the user. However, every
featurescriptmust usetheSentencestage,asthis is theonly time thata scorecanbeassignedto a sentence.

Ratherthanconfusethereaderby trying to explain how to usetheMEAD::SentFeature::extract sentfeatures
library function to computefeatures,the authorwill refer the readerto an examplefeaturescript, Skeleton.pl,
which livesin $SCRIPTSDIR. An annotatedversionof this file is shown in Figure16.

Thekey point to noticeis thecall to extract sentfeaturesseverallinesinto thescript.Thisroutinewill readthe
clusterfilename(andthequeryfilename,if given)from thestandardinputandopenthis (these)object(s).

The$datadirvariablepointsto thedirectorycontainingthedocsentfileswhosesentencesyouwantto calculate
thefeaturesfor.

Notethat the’Sentence’,’Document’,and’Cluster’ stringsmustappearverbatim(case-sensitive) asthekey
of thehashentrywhosevalueis thereferenceto thecorrespondingsubroutine.

7.3.1 The Cluster Stage

TheClusterroutineis passedaclusteranddoany neededprocessingusingthatcluster. This routineis calledonce
percluster.� Clustersarereferencesto hasheswhosekeysareDIDs (strings)andwhosevaluesareDocuments.
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#!/usr/bin/perl

use strict;

use FindBin;
# These are just the lib directories where MEAD’s modules live.
use lib "$FindBin::Bin/../../lib", "$FindBin::Bin/../../lib/arch";

use MEAD::SentFeature;

my $datadir = shift;

extract_sentfeatures($datadir, {’Cluster’ => \&cluster,
’Document’ => \&document,
’Sentence’ => \&sentence});

sub cluster {
my $clusterref = shift;

foreach my $did (keys %$clusterref) {
# This cycling through the DIDs will produce each
# document passed to the document subroutine.
my $docref = $$clusterref{$did};

}
}

sub document {
my $docref = shift;

for my $sentref (@$docref) {
# This will produce each sentence in the document,
# and because the document subroutine is called with
# each document, it will produce every sentence in the
# cluster.
my $text = $$sentref{’TEXT’};

}
}

sub sentence {
my $feature_vector = shift;
my $sentref = shift;

my $did = $$sentref{"DID"};
my $sno = $$sentref{"SNO"};
my $text = $$sentref{"TEXT"};

# You can compute more than one feature at a time,
# but all but one may be "lost" as driver.pl looks for features
# in files with names that include the feature name.
$$feature_vector{"Skeleton"} = $sno/10;
$$feature_vector{"Feature2"} = length($did);

}

Figure16: An exampleFeatureScript
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� Documentsarereferencesto arraysof Sentences.� Sentencesarereferencesto hasheswhosekeysarefeaturesnames(strings)andwhosevaluesarethevalues
of thosefeatures.Thefeaturespassedto thefeaturescriptin the$sentrefvariableare:

“TEXT” (string)Thetext of thesentence

“DID” (string)TheDID of thedocumentto which thesentencebelongs

“SNO” (string)Thenumberof thesentencein its document

7.3.2 The DocumentStage

The Documentroutine is passeda Documentandcando the desiredprocessing(if any) usingthat Document.
Thisroutineis calledoncefor eachdocumentin thecluster. Documentsarereferencesto arraysof Sentences(See
abovefor a descriptionof a Sentence).

7.3.3 The SentenceStage

Sentenceroutinesarepassedtwo variables:A Sentenceandareferencetoafeaturevector. Sentencesaredescribed
in the “ClusterStage”sectionabove. Featurevectorsarehasheswhosekeys arethenamesof features(strings)
andwhosevaluesarethe(realnumbered)valuesof thefeaturesnamedby thosestrings.For example:

{’Centroid’ => 0.2, ’Position’ => 0.5}

After the Sentenceroutine has beencalled for every sentencein every documentin the cluster, the ex-
tract sentfeaturesroutinewritesto standardoutputasentfeaturefile containingthevaluesfor thefeaturesspecified
in thefeaturevectorfor eachsentence.(Subsequently, driver.pl redirectsthis outputto theappropriatefile.)

7.4 A SkeletonFeature Extraction Routine

As previously mentionedan examplefeaturescript, $SCRIPTSDIR/Skeleton.pl,is including with the MEAD
distribution. Notethatthe“uselib” statementnearthetopof Skeleton.plmustbemodifiedto pointto “$LIB DIR”
and“$LIB DIR/arch”. Theexampleworksasgivenonly if thefeaturescript is in $SCRIPTSDIR.

Thefollowing commandwill write a sentfeatureobjectto thestandardoutput:

echo ’$DATA_DIR/GA3/GA3.cluster’ | $SCRIPTS_DIR/Skeleton.pl $DATA_DIR/GA3/docsent

8 MEAD Classifiers

8.1 The Default Classifier: default-classifier.pl

Theclassifiercomputesscoresfor eachsentence.� Input: A sentfeaturefile in XML format is written to the classifier’s standardinput. Every featurefile
specifies,for eachsentencein a cluster, a setof featuresanda valuefor eachfeature.� Output: A classifiermust write a sentjudgefile in XML format to its standardoutput. As previously
described,a sentjudgefor a clustercontainsa a real numberutility judgementfor eachsentencein that
cluster. In thecaseof a classifier’soutput,this utility judgmentis interpretedasthesentence’sscore.

8.1.1 CommandLine Ar guments

TheCOMMAND-LINE attributeof CLASSIFIER(in a mead-configfile) shouldread

$BIN_DIR/default-classifier.pl feature1 weight1 feature2 weight2 ...
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Eachsentencereceivesascorethatis a linearcombinationof thefeatureslisted(providedthey arein theinput
featurefile) EXCEPTfor the“Length” feature.Theweightof eachfeaturein thelinearcombinationis specified
after eachfeaturename. “Length”, if it is given, is a cutoff feature. Any sentencewith a lengthshorterthan
“Length” is automaticallygivenascoreof 0, regardlessof its otherfeatures.“Length” is theonly featurethathas
thesesemantics.

Thus,a COMMAND-LINE attributeof

$BIN_DIR/default-classifier.pl Centroid 2 Position 0.5 Length 12

hasthefollowing interpretation:���	��
����������������������������� ! "�����#
���$&%��('*),+.- � 0/1�2��$&�#$#���(�43657���98��;:(���� �=< �) 3657���98��;:(����7� < �?>
Thedefault weightsfor CentroidandPositionareboth1. Thedefault Lengthcutoff is 9. Theabove example’s
weightswerechangedfor illustrativepurposes.

8.1.2 Using new featureswith default-classifier.pl

Using new featureswith default-classifier.pl is realtively easy. First, thedesiredfeaturemusteitherbeprecom-
putedin sentfeatureformat in anappropriately-namedand-locatedfile or theusermusthave a featurescript for
computingthefeature.Next, theusermustadda FEATURE elementto theFEATURE-SETin themead-config
file usedasinput to driver.pl. Alternately, mead.plwill do this for you: usethe“-feature” command-lineoption
or the“feature” .meadrcfile option. Seetheappropriatesectionsfor moreinformationon thesealternatives.Fi-
nally, theusermustmodify theCOMMAND-LINE attributeof theCLASSIFIERelementin themead-configfile.
Again,mead.plcanalsodo this. ThenrunMEAD asusualusingthismodifiedmead-configfile (or thearguments
to mead.pl).

8.2 Other Classifiers

MEAD comeswith a coupleclassifiersin addition to default-classifier.pl. Theseare random-classifier.pl and
leadbased-classifier.pl, whicharevital partsof thelead-basedandrandomsummarizersthatarepartof theMEAD
distribution.

8.2.1 random-classifier.pl

Therandom-classifier.pl script is partof therandombaselinesummarizer. This classifierassignsa randomscore
between0 and1 to eachsentence.If a “Length” argumentis provided,random-classifierwill assigna scoreof 0
to all sentencesthatdonotmeetthis lengthcutoff. Notethatfor thecutoff mechanismto work, theLengthfeature
mustbespecifiedin theFEATURE-SET. Two valid COMMAND-LINE attributesof theCLASSIFIERelement
are:

$BIN_DIR/random-classifier.pl

and

$BIN_DIR/random-classifier.pl Length 10

8.2.2 leadbased-classifier.pl

The leadbased-classifier.pl script is partof the leadbasedbaselinesummarizer. This classifierassignsa scoreof<�@ � to eachsentence,where � is thesentence’s SNOin thecorrespondingdocsentfile. This meansthat thefirst
sentencein eachdocumentwill have thesamescores,thesecondsentencein eachdocumentwill have thesame
scores,etc. Again, if a “Length” featureargumentis provided,thesentenceswith lengthslessthanthespecified
valuearethrown out. Valid COMMAND-LINE attributesutilizing theleadbased-classifier.pl scriptare:

$BIN_DIR/leadbased-classifier.pl

and

$BIN_DIR/leadbased-classifier.pl Length 12
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8.3 Creating a NewClassifier

A classifieris ascriptthatfollowsthecovenantfor MEAD classifiers(it doesn’t evenhaveto bewrittenin Perl): it
takesasinputasentfeatureobject,possiblywith multiple features,doessomeprocessing,andoutputsasentjudge
objectwith a scorefor eachsentencein thecluster.

Figure17showsabare-bonesclassifierthatassignsascoreof 0.5to eachsentence.Notethatseveralportions
of this examplehavebeenabbreviatedin theinterestof clarity andbrevity. All of theclassifiersthatarepackages
with MEAD have this generalform. The onething that changesis the compute_scores function. For the
actualbodiesof the subroutinesmentionedhere,look in any of thesescripts. A few thingsto noticeaboutthis
script:

1. %fnames and@all_sents
Theseareglobal variablesthat all functionscanuse. %fnames is a hashfrom featurenamesto feature
weightsto usein a linearcombination.@all_sents is anarrayof sentrefsof thesameform thatareused
in featurescriptcallbacks.

2. Theblockof codemarkedby the“# Execution Code” commentneednotchange.Theonly thing that
needchangeis the compute_scores subroutine.The following itemsdetail the executioninsidethis
blockof code.

3. Theparse_options subroutinebuildsthe%fnames hashfrom thecommand-lineoptionspassedto the
scriptasdetailedin any of theclassifierdescriptions.

4. Thenext two lines,whichcall theread_sentfeatures andflatten_cluster from
MEAD::SentFeature andMEAD::Cluster , respectively, readthesentfeaturefrom thestandardinput
andpopulatethe@all_sents array.

5. The next call is key: compute_scores . Justaboutany classifiercanbe constructedby implementing
this onesentence.Seethe MEAD classifiersto examplecompute_scores functions. The idea is to
computescores,probablybut notnecessarilybasedontheinput features,andputeachsentence’sscoreinto
thesentref’s “FinalScore”hash.

6. The final line of this block of codecalls write_sentjudge , which writes out the requiredsentjudge
objectwhose“UTIL ” valuesarethevaluesof eachsentence’s “FinalScore”hashvalue.

Theframework givenin Figure17 hasprovenflexible enoughfor usto write any neededclassificationscript.
Althoughtheuseris not requiredto usethis formatwhenwriting his own classifier, it maysave muchtime and
aggravationto do so.

9 MEAD Rerankers

9.1 The Default Reranker: default-reranker.pl

Thereranker is usedto modify sentencescoresbasedon relationshipsbetweenpairsof sentences.For example,
it canbeusedto give lower scoresto repeatedinstancesof a sentenceor higherscoresto a sentencethathasan
anaphoricrelationshipwith anothersentence.

The input to a reranker is a reranker-info file A reranker-info file hasthreecomponents:compressioninfor-
mation,clusterinformation,andthesentencescoresascomputedby thereranker. Thecompressioninformation
hasthesameform asit doesin themead-configfile: it specifieswhethertheBASIS shouldbe“words” or “sen-
tences”,andhow large the summaryshouldbe, eitherin comparisonto the entirecluster(PERCENT)or asan
absolutesize(ABSOLUTE).Theclusterinformationlooksalmostexactly likeaclusterfile, but without theXML
headers.Rerankersmayusethis in orderto opentheclusterto examineandcomparethe text of eachsentence.
Thesentencescorestake theform of a sentjudgefile.

Thedefault rerankerordersthesentencesby scorefrom highestto lowest,anditeratively decideswhetherto
addeachsentenceto thesummaryor not. At eachstep,if thequotaof wordsor sentenceshasnotbeenfilled, and
the sentenceis not too similar to any higher-scoringsentencealreadyin the summary, the sentencein question
is addedto the summary. After the summaryhasbeen“filled,” the default reranker increasesthe scoresof the
chosensentencesanddecreasesthescoresof thedisqualified(by similarity) or unchosensentences.
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#!/usr/bin/perl

use strict;

use FindBin;
use lib "$FindBin::Bin/../lib", "$FindBin::Bin/../lib/arch";

use XML::Writer;

use MEAD::Cluster;
use MEAD::SentFeature;

my %fnames = ();
my @all_sents = ();

# Execution Code.
{

&parse_options();

my %features = read_sentfeature();
@all_sents = @{ flatten_cluster(\%features) };

# Score the sentences based upon their weights
&compute_scores();

# Write out the new scores to a sentjudge file
&write_sentjudge();

}

sub compute_scores {
foreach my $sentref (@all_sents) {

$$sentref(’FinalScore’) = 0.5;
}

}

sub parse_options {
# subroutine body omitted

}

sub write_sentjudge {
# subroutine body omitted

}

Figure17: An exampleclassifier
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Note that becausethe default reranker excludessentencesthat are too similar to sentencesalreadyin the
summary, thattheusermaynotbeableto geta100%summaryusingthedefaultparameters.A simpleworkaround
is to setthesimilarity thresholdto somethinggreaterthan1 or to simply usetheidentity reranker(seebelow).

Thereranker, like theclassifier, writesa sentjudgefile to its standardoutput.

9.1.1 CommandLine Ar guments

TheCOMMAND-LINE attributeof RERANKERshouldresemble:

$BIN_DIR/default-reranker.pl SimFunction ThresholdValue IDFName

The SimFunctionargumentspecifiesthe similarity function to comparesentencesfor similarity. Currently,
theonly supportedsimilarity functionis “MEAD-cosine”. ThresholdValuespecifiesthemaximumpairwisesim-
ilarity (accordingto thenamedmetric)thatsentencesin thesummarycanhave. Soif similarity betweenany two
sentencesis abovethethreshold,atmostoneof themwill beincludedin thesummary. TheIDFNameis thename
of theIDF DBM to usein computingsimilarity. In thecaseof default-reranker.pl, it is usedby theMEAD-cosine
routine.An exampleCOMMAND-LINE attributefollows.

$BIN_DIR/default-reranker.pl MEAD-cosine 0.7 enidf

Thisexamplesays:

Whencomparingsentencesin the above fashion,usethe MEAD-cosinesimilarity routine(andthe
enidf IDF database).If this routinereturnsa valuegreaterthan0.7 for a pair of sentences,possibly
includeonly thehigher-scoringof thesentencesin a summary.

9.1.2 Changing the parametersof default-reranker.pl

As previouslystated,theonly similarity functioncurrentlysupportedis MEAD-cosine.We havealsoempirically
foundthata cutoff of 0.7 disqualifiessentencesthatsayroughlythesamething, but allows sentencesthatareon
thesametopic but saydifferentthings. Theusercanchooseto usea differentIDF database,but this will likely
have little to no effecton thesummary. Seethesectionon Constructionnew IDF DBM’s for instructionson how
to do this.

9.2 Other Rerankers

TheMEAD distributioncomeswith two rerankersin additionto default-reranker.pl.

9.2.1 identity-r eranker.pl

The identity reranker doesnot modify the scoresof sentences.It simply selectstheappropriatenumberof sen-
tencesgiventhe compressioninformationpassedto it. What is sucha reranker useful?Sincethe reranker is in
charge of selectingthe numberof sentencesin a summary, identity-reranker.pl performsthis task. Also, some
typesof summariesmaynot take inter-sentencerelationshipsinto account.This is trueof therandomandlead-
basedsummarizersincludedwith MEAD. In thesecases,theidentity rerankeractsasaplaceholderin theMEAD
framework, which requiresthat summarizersbe built from features,a classifier, and a reranker. The identity
reranker takesno command-linearguments.

9.2.2 novelty-reranker.pl

Thenovelty reranker is thereranker we usedaswe participatedin theNovelty Track in TREC2002(http://
trec.nist.gov ). For thiscompetition,userswereaskedto identify sentenceswhichcontainnew information,
assentencesarepassedsequentiallythroughthe system. We noticedthat humanjudgesoften pick clustersof
sentences,whereasMEAD normally doesnot careaboutthe spatialrelationshipsbetweensentenceswithin a
document.To exploit this hunch,we madea slight modificationto thedefault-reranker.pl, boostinga sentence’s
scoreslightly if the previous sentencehada relatively high score. The differencebetweenthis script and the
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default reranker amountsto a singlesubroutinecall during the script’s execution. The novelty reranker takes
exactly thesamecommand-lineargumentsasthedefault reranker.

9.3 Creating a NewReranker

Creatinga new reranker is a bit morecomplicatedthancreatinga classifier. Our formula for rerankersmaynot
work for all reranker functions. For this reason,we recommendthoroughlyunderstandingtwo of the rerankers
thatcomewith MEAD: default-reranker.pl andidentity-reranker.pl. The lattermayserve asa jumping-off point
for userswishingto write a reranker thatdoesn’t excludesimilar sentences,while theformermaybeextendedby
thosewho wish to doadditionalprocessingin additionto removing overly similar sentences.

However, we now briefly go over the workingsof the default reranker in order to give the usera glimpse
into how writing a new rerankermight bedone.Figure18 showsannotatedportionsof default-reranker.pl minus
somedeclarationsat thetopandboringsubroutinesat thebottom.We now gothrougheachnumberedpartof the
# Execution Code blockof thescript.

1. The first few lines parsethe reranker-info input and fill in the global variablesdeclareabove the block
shown.

2. Thisblockdecideswhetherto do percent-or absolute-basedcompression.

3. Along with block #5, this block lays the groundwork for ensuringthat all chosensentenceshave higher
scoresthannon-chosensentences.Here,we make surethat$bonus_for_chosen_sentences hasa
valuehigherthanany sentence’sscore.

4. This block calls oneof two methods,dependingon whetherwe’re usingword-basedor sentence-based
summarization.Thecalledmethodfills in anarraycalled@final_sents , which after thecall, contains
all andonly thesentencesto beincludedin thesummary.

5. Along with block #3, this block actually addsthe bonusto the chosensentences’scores,ensuringthat
chosensentenceshavehigherscoresthanunchosensentences.

6. Thiswritestheoutputsentjudgeto thestandardoutput.All sentences(andtheir scores)arewrittenout,not
just thechosensentences.

We recommendthat the reranker-writing userreuseat leastthe XML-reading and -writing codefrom the
standardMEAD rerankerscripts.Mostchangescanbemadein theget final sentsmethods,whichmaymakelife
easierfor theuserandfor theMEAD team,whentrying to interpretproblematicoutputfrom theuser.

10 MEAD Add-Ons

10.1 Additional scripts

MEAD hassomeadditionalscriptsthatdo usefulthings.Thesescriptsinclude:� extract-to-summary.pl
This script convertsan extract object to a summaryobject. It opensthe specifiesclusterandattemptsto
fetchthetext of eachextractedsentencefrom thecluster. Useextract-to-summary.pl asfollows:

% ./extract-to-summary.pl cluster_file docsent_dir extract_file

If youhave$BIN DIR in yourpath,andarein $DATA_DIR/GA3, youcansay:

% ./extract-to-summary.pl GA3.cluster ./docsent GA3.10.extract

� write-idf.pl
ThisscriptbuildsanIDF databasefile in anarchitecture-specificformat.SeetheConstructingIDF Databases
subsectionin ReallyAdvancedMEAD for details.
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#!/usr/bin/perl

# much code omitted...

# Execution Code
{

# 1
my $xml_parser = new XML::Parser(Handlers => {

’Start’ => \&read_rerankerinfo_handle_start,
’End’ => \&read_rerankerinfo_handle_end});

$xml_parser->parse(\*STDIN);

# 2
if ($compression_absolute) {

undef $compression_percent;
} elsif ($compression_percent) {

undef $compression_absolute;
} else {

$compression_percent = 20;
Debug("Neither percent nor absolute specified; using 20%",

3, "Main");
}

# 3
my $bonus_for_chosen_sentences = 10000.0;
foreach my $sentref (@all_sents) {

if ($$sentref{’Score’} > $bonus_for_chosen_sentences) {
$bonus_for_chosen_sentences += $$sentref{’Score’};

}
}

# 4
if ($compression_basis eq "sentences") {

get_final_sents_by_sentences();
} else { # $compression_basis eq "words"

get_final_sents_by_words();
}

# 5
foreach my $sentref (@final_sents) {

$$sentref{’Score’} += $bonus_for_chosen_sentences;
}

# 6
&write_sentjudge();

}

sub get_final_sents_by_sentences {
# subroutine body omitted.

}
sub get_final_sents_by_words {

# subroutine body omitted.
}

# Several subroutines to do XML parsing and writing
# have been omitted.

Figure18: An examplereranker
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� make-CHIN-docsent.plThisscriptis usedto build docsentfilesfrom Chinesetext, aprocessthatmaycause
problemsif not donecorrectly. SeetheSummarizingChineseDocumentswith MEAD sectionfor details.

Many additionalconvenience-typescriptsareplanned.Thesescriptswill includesupportfor producingdoc-
sentandclusterfiles quickly andeasilyfrom a setof (possiblydiverse)documentsanddocumentformats.Also,
this functionality will be built into mead.pl,so the usercandirectly summarizeany type of documentor docu-
ments,e.g.text or HTML.

10.2 Pre-processingMEAD input and Post-processingMEAD output

MEAD canbe usedevenwhenthe input documentsarenot in docsentformat and/orthe desiredoutputformat
is not extract format or MEAD’s summaryformat. Most input formatswill probablyresembledocsentformat,
especiallyfor extractivesummarizationtasks.Most formatshave someideaof a documentID’s (DID) andmost
numbersentences(SNO),sotheconversionbetweenformatsmaybeaccomplishedeasilyusinganXSL engine,
or canbe doneusingpartsof MEADlib. MEAD’s outputmay be convertedto an extract that containsthe text
eitherby usinganXSL engine,or againby usingMEAD::ExtractandMEAD::Cluster, two piecesof MEADlib.
MEADlib’ sdocumentationis only onlineat this point,soreferto theMEAD homepagefor this information.

Seebelow for thenew addon scriptswhichconverthtml andtext files to docsentandclusterformat.

11 Really AdvancedMEAD

SomeMEAD-relatedactivities thatshouldbein this sectionaresocomplicatedthat they eachmerit a sectionof
their own. So the following two sections—onrunningMEAD in otherlanguages(mainly Chinese),andusing
SVM to trainMEAD—areeffectively separate,but havestrongtiesto this section.

11.1 Producing Query-BasedSummaries

Producingquery-basedsummarieswithin theMEAD framework is aseasyasspecifyingamodifiedsetof features
andmodifying theclassifiercommand,minusa caveator two.

ThreeMEAD featurescripts: QueryCosine.pl,QueryCosineNoIDF.pl, andQueryWordOverap.pl,compute
varioussentencefeaturesin relationto thegivenquery. Eachof thesefeaturescriptscancomputeup to threefea-
tures,onefor eachof thethreepartsof a queryobject.For example,QueryCosine.plcancomputeQueryTitleCo-
sine,QueryDescriptionCosine,andQueryNarrativeCosine,whicharethecosinesimilarity betweeneachsentence
andthe title, description,andnarrative of the query, respectively. QueryCosineNoIDF.pl andQueryWordOver-
lap.pldo muchthesame,but with differentsimilarity metrics:MEAD::Evaluation::simple_cosine for
theformer, andMEAD::Evaluation::unigram_overlap for thelatter.

Thefirst argumentto eachof thesescriptsis a “-q” option,which takesexactly oneof four options:� t, title
Computeonly QueryTitleXXX.� d, description
Computeonly QueryDescriptionXXX.� n, narrative
Computeonly QueryNarrativeXXX.� a,all
Computeall threeof theabovefeatures.

Thesecondargumentto eachof thesescriptsis thenameof thequeryfile to usein thequery-basedsummary.

Notethat for usewith MEAD, only thefirst threeargumentsto “-q” shouldbeused.This is becauseMEAD
looks for eachfeaturein a separatefile in the featuredirectory. A sampleSCRIPTattribute of for oneof these
featuresis:
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$SCRIPTS_DIR/QueryCosine.pl -q title $DATA_DIR/GA3/GA3.query

This will computethe QueryTitleCosinefeature,so the NAME attribute shouldbe “QueryTitleCosine”as
well. Note thataswith all MEAD featurescripts,the“datadir” argumentwill beappendedto thecommandand
theclusterfilenamewill beechoedto thestandardinput. SeethesectiononMEAD Featuresfor moreinformation.

Now to usethe newly-computedfeature,you mustmodify the CLASSIFIERCOMMAND-LINE attribute
in your mead-configfile. The following exampleis a slight modificationof MEAD’s default featureweighting,
adding“QueryTitleCosine”to thelinearcombinationwith weight1.

$BIN_DIR/default-classifier.pl Length 9 Centroid 1 Position 1 \
QueryTitleCosine 1

Thenrun MEAD asusual.

NOTE: Thecaveatmentionedis regardingMEAD’scachingof features.If theuserchangesthequery(or the
contentsof thecluster),hemustdeletethecluster’sQueryXXX featurefiles aswell.

11.2 Producing Alignment-BasedSummaries

This wasdonein theJHU 2001summerworkshop.Theideabehindthis is thatif you havedocumentswhich are
translationsof oneanother, if you have a summaryin onelanguage,you shouldjust beableto createa summary
in theotherlanguageby mappingeachsentencefrom thesummarizedlanguageto theother.

In theJHU2001summerworkshopdata,theobjectswhichcontainedthemappingfrom Chinesesentencesto
Englishsentenceswerecalledsentaligns.Theseobjectsaredescribedin theappendix.Seesectionbelow on the
JHU 2001summerworkshop.

11.3 Constructing IDF Databases

Half of theconstructionof new IDF databasesis madeeasyfor theuser. Thewrite-idf.pl scripttakesasinput the
nameof thedestinationIDF DBM andthenameof aplain text file, whichhaspairsof word/idf values.Thescript
createstheDBM if it isn’t therealready, andputseachof thepairsinto thehash.

The harderpart of makingIDF databasesis actuallycomputingthe IDF valuefor eachword in the corpus.
Sucha script is includedwith versions3.06andbelow, but this secondscripthasbeenremovedfor version3.07,
as it only works in very specificsituations. It may be rewritten and includedin future versionsof MEAD. In
themeantime,writing a script thatcomputesIDF for a largecorpusis not very taxing. Besides,thedefault IDF
databasesincludedwith theMEAD distributionwork reasonablywell.

11.4 CreatingDocjudges

Thedocjudgeobjectis explainedin thesubsectionentitled“XML Objectsnotusedby coreMEAD.” Creatingthis
objectshouldbestraightforwardwith anXML moduleavailablefrom CPAN or evenwith ahomemadeprocedural
script.

12 Creatingbaselinesfor usein evaluation

12.1 Lead-basedand Random

Theseareeasily implemented.As mentioned,just addthe -LEADBASED or -RANDOM flag to your MEAD
commandline:

mead.pl -LEADBASED GA
mead.pl -RANDOMGA
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12.2 Extracts fr om Sentjudges

Thescriptto runthis is sentjudge-to-extract.plin mead/bin.As thedefault,thiscreatesa10sentenceextractbased
on all thejudges’scores.

Thecommandlineis:

./sentjudge-to-extract.pl anysentjudgefile.sentjudge

Theusercanadjustthelengthof theextractwith -percent,-p or -absolute,-a.
If youwanteda12 sentenceextract,type,

./sentjudge-to-extract.pl -a 12 anysentjudgefile.sentjudge

Further, theuserhastheability to createanextractbasedon only onejudge’s judgments.Let’s sayyou want
a 15sentenceextractbasedon thejudgmentsof ”bill, ” usttype,

./sentjudge-to-extract.pl -a 15 -j bill anysentjudgefile.sentjudge

12.3 CreatingSentjudgesfr om manual summaries

For DUC 2002and2003,we developeda way of creatingsentjudgesfrom manualsummaries.In otherwords,
given the manualsummaries,we createrelevancescores(in sentjudgeformat) for eachsentencein the clus-
ter. Thesesentjudgescan thenbe usedto createa ”manual” extract, which could be usedin evaluation. We
have two scriptsto accomplishthis task,onedesignedfor DUC 2002,MUsentjudge.pl,andonefor DUC 2003,
MUsentjudge-2003.pl.

As the scriptsarecurrentlyconfigured,the directoriesthat it needsarehard-codedinto the script. You will
have to changethese.The input directoriesare: the clusterdirectoryandthe modelunit directory. The output
directoryis thesentjudgedirectory. Youwill alsohaveto setthepathto theidf database.

Thecommandlineis:
./MUsentjudge.pl clustername
Theclusterdirectoryshouldhave theformatof thetradtionalMEAD clusterdirectory. That is, thereshould

bea .cluster file andadocsent directoryin theclusterdirectory.
A modelunit file lookslike this:

<html>
<head>
<title>D061.M.050.J.B</title>
</head>
<body bgcolor="white">
<a name="1">[1]</a> <a href="#1" id=1>Hurricane \
Gilbert, a category 5 storm, caused death, massive \
flooding and damage</a>
<a name="2">[2]</a> <a href="#2" id=2>as it moved through \
the Caribbean Islands and on to the Yucatan Peninsula.</a>
<a name="3">[3]</a> <a href="#3" id=3>After skirting \
several island nations,</a>
<a name="4">[4]</a> <a href="#4" id=4>it caused major \
death and destruction in Jamaica.</a>
<a name="5">[5]</a> <a href="#5" id=5>It then pummeled \
the Yucatan Peninsula before moving out to sea.</a>
</body>
</html>

Figure19: An exampleDUC ModelUnit document
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13 Evaluation

Thereare many ways of evaluatingsummaries.We have includedin the MEAD distribution a toolkit called
MEAD eval. We have also includeda numberof otherevaluationmetricsin the MEAD add-onsdistribution,
RelevanceCorrelation,andsomecontent-basedevaluations.

13.1 Evaluation usingMEAD Eval

An old versionof theMEAD Eval toolkit (whichimplementsprecision,recall,kappa,cosine,unigramandbigram
overlap,andrelativeutility) is availableathttp://tangra.si.umich.edu/clair/meade val .

As of MEAD 3.07,MEAD Eval is integratedwith the coreMEAD distribution. However, somefunction-
ality in the standaloneversionof MEAD Eval (namely, content-basedsimilarity metrics)hasnot beenincluded
in the MEAD Eval scripts: meadeval.pl and relative-utility.pl. However, this codestill lives in MEADlib in
MEAD::Evaluationmodule.Usercodethatusesthis modulein thestandaloneversionof MEAD Eval shouldbe
ableto usethesamemodulein MEAD v3.07.Seetheonlinedocumentationfor theMEAD Eval API.

Themeadeval.pl script,giventwo extractfilenamesasinput, calculatesthreeco-selectionmetricsandprints
themto thestandardoutput.

Thus,a samplecall to MEAD Eval is:

% ./meadeval.pl $DATA_DIR/GA3/GA3.10.extract $DATA_DIR/GA3/GA3.20.extract

Althoughthe outputof this exampleis ratheruninteresting(asthe20% extract containsall thesentencesin
the10%extract), it shows how meadeval.pl is used.Take a look at thecodeof this script to seehow onemight
call thecontent-basedmetricsin MEAD Eval.

Relative Utility (RU) hasits own script: relative-utility.pl. In orderto useRU, you musthavea sentjudgefile
for theclusteryou’reevaluating.Sentjudgeinformationis expensive,hencerare,sotheuseof RU maybelimited
to thefew clustersthathavesentjudgeinformationalreadycomputed.Regardless,thescriptis usedasfollows:

% ./relative-utility.pl $DATA_DIR/GA3/GA3.10.extract \
$DATA_DIR/GA3/GA3.sentjudge

Theabovecommandprintssentjudgeandrelative-utility informationto thestandardoutput.Most of theguts
of RU is actually implementedin the MEAD::SentJudgemoduleof MEADlib. Seethis sectionof the online
documentationfor moreinfo.

Finally, in thenew MEAD addonspackage,we have includedtwo scriptswritten for theJHU 2001summer
workshop.Theseallow theuserto calculatekappafor 3 or 4 judges.Onemustfirst convert sentjudgefiles to a
tabfile with readmulti into kappatab.pl, andthenonerunskappa.plon thisnew file.

Beforeusingthese,it is importanttoeditreadmulti into kappatab.pl. YoumustproperlysetACB ��%D$�
 B ��% autodir
to thedirectorieswhichcontaintheautomaticandmanualextracts.

Therearethreeargumentsfor readmulti into kappatab.pl: mode(”H” for humanor ”C” human+computer),
cluster(oneof the ldc clusters)andlength(lengthof theextract, in thetermsof theworkshop,thesecanbe50,
50W, 50S,etc.;seetheLDC/JHUdocumenationfor anexplanationof these).

So,thecommandlinefor readmulti into kappatab.pl is this:

./read_multi_into_kappatab.pl H 1014 50

Thiscreatesa file calledkappatab.H.199.050 . Thenyoucanpipethis into kappa.plwith:

cat kappatab.H.199.050 | ./kappa.pl

13.2 Evaluation usingRelevanceCorr elation

Oneof the evaluationmetricsusedin the JHU 2001summerworkshopon documentsummarizationis based
on principlesfrom InformationRetrieval. For their project,they usedtheSMART informationretrieval system.
Seesection3.2 of their reportfor anexplanationof how that systemworks. Their reportis availableat http:
//www.clsp.jhu.edu/ws2001/groups/as md/ .

The idea behindusing IR as an evaluationmetric for summariesis the following. We assumethat good
summariesof a setof documentsshouldbe ranked in the sameorderas the original documents.So, we used
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SMART to rank a setof full documentsfor a query. We createdsummariesof eachof thosedocuments,and
we hadSMART rankthesummaries.We thenusedtwo statisticalmethodsfor comparingtherankings,Pearson
productmomentandSpearman’srankcorrelationcoefficient. Thesescriptsarein evaluation/irbased.

We have includedexamplesfrom thesummerworkshopin thedirectorydata/docjudges.
Theobjectweusedto recordthedocumentrankingsis calledadocjudge.For theJHUsummerworkshop,we

alsoincludedinformationaboutthecorrespondingdocumentin theotherlanguage

<?xml version=’1.0’?>
<!DOCTYPE DOC-JUDGESYSTEM"/export/ws01summ/dtd/docjudge.dtd" >
<DOC-JUDGEQID="Q-2-E" SYSTEM="SMART"LANG="ENG">
<D DID="D-19981007\_018.e" RANK="1" SCORE="34.0000" CORR-DOC="D-19981007\_023.c"/>
<D DID="D-19980925\_013.e" RANK="2" SCORE="33.0000" CORR-DOC="D-19980925\_015.c"/>
etc.
</DOC-JUDGE>

Figure20: An exampleDocjudgeobject

We have included3 docjudgesfor onequery(125). If we want to seewhetherMEAD is doinga betterjob
thanRandom,we canmeasurehow well MEAD’s summaries’rankingscorrelatewith the rankingsof the full
documents,andthenwe canmeasurehow well randomsummaries’rankingscorrelatewith the rankingsof the
full documents.

So,for example,to computethePearsonproductmomentof therankingsof thefull documentswith the20%
(sentence-based)MEAD summaries,we woulddo thefollowing.

Thecorrelationscriptsareeasyto run.

./pearson.pl docjudgeA docjudgeB

./spearman.pl docjudgeA docjudgeB

If thetwo docjudgefiles werein thesamedirectoryastheevaluationscripts,thecommandwould be:

./pearson.pl mead-Q00125.docjudge fulldoc.docjudge

Typing in thepathsis a bit ugly, but not too bad:

./pearson.pl ../../data/docjudges/mead-Q00125. docjud ge \
../../data/docjudges/fulldoc.docj udge}

And, we find that thePearsonproductmomentis 0.91,whenwe comparetherankingsof thefull documents
with the rankingsof MEAD’s 20% summaries.However, whenwe createrandom20% summaries,rank them
with query125,andcomparethoserankingswith therankingsof thefull documents,we find a Pearsonproduct
momentof 0.78.

13.3 Evaluation usingLexical Similarity

We have includedthis functionalityin thenew addons(3.08)distribution.
Beforebeginning,you musthave installedMEAD andhave mead/libsetasa perl library locationif it isn’t

already. If you don’t know how do to this,adaptthefollowing line appropriately:

export PERL5LIB=\$PATH:/clair4/projects/m ead30 7/sta ble/me ad/li b

Theotherthing you mustdo is to opensummsim.plandchangethedirectoryfor thelocationof “bleu-1.pl”
in thevariable$bleuDIR. Theline currentlyreads:my $bleu DIR = "/clair4/tools/bleu";

Thecommandlineis:

./summ_sim.pl summary1 summary2
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a) Simple Cosine: 0.310086836473021
b) Cosine : 0.15299879834494
c) Token Overlap: 0.182926829268293
d) Big. Overlap: 0.108910891089109
e) Norm. LCS : 0.275
f) Bleu : 0.1800

Figure21: Sampleoutputfrom summsim.pl

Theoutputlookslike this:
Simplecosinecalculatesthecosinesimilarity with a simplebinarycount(1 if a word exists (no matterhow

many times)in a sentence,0 if it doesn’t). Cosineusesidf weightsandincludesthe actualcountof tokensfor
eachtype. In ”The quickbrown fox jumpedover thelazydog,” simplecosinewouldonly count”the” as1, while
cosinewouldcountit twice andmultiply it by its idf weight.

Big. Overlapmeasuresthe bigramoverlap,andnorm. LCS measuresthe normalizedlongestcommonsub-
string.

Theinput for this scriptcanbea summaryof this format:

[1] Solemn ceremony marks Handover
[2] A solemn, historic ceremony has marked the resumption of the exercise
of sovereignty over Hong Kong by the People’s Republic of China.
[3] His Royal Highness The Prince of Wales and the President of the
People’s Republic of China (PRC) HE Mr Jiang Zemin both spoke at the
ceremony, which straddled midnight of June 30 and July 1.
[4] The ceremony was telecast live around the world.

Figure22: Samplesummary

or a ”document”file of this format:

<?xml version=’1.0’?>
<!DOCTYPE DOCUMENTSYSTEM"documentation/dtd/document.dtd">
<DOCUMENTDID=’19970701_001.e’ DOCNO=’1’ LANG=’ENG’ >
<EXTRACTION-INFO SYSTEM="LEAD-BASE" RUN="D-19970701_001.e.996941177" \
COMPRESSION="20S" QID="none"/><BODY>
<TEXT>

Solemn ceremony marks Handover
A solemn, historic ceremony has marked the resumption of the exercise
of sovereignty over Hong Kong by the People’s Republic of China.
His Royal Highness The Prince of Wales and the President of the People’s
Republic of China (PRC) HE Mr Jiang Zemin both spoke at the ceremony,
which straddled midnight of June 30 and July 1.
The ceremony was telecast live around the world.
</TEXT>
</BODY>
</DOCUMENT>

Figure23: An exampleDocumentobject

The content-basedmethodof evaluationis particularlyusefulwhencomparingautomaticallycreatedsum-
marieswith humansummaries.
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14 CST in summarization and evaluation

We have includedin the MEAD add-onspackageseveral scriptsfor working with Cross-DocumentStructure
Theory(CST)relations.OnCST, see[Rad00] and[ZBGR02].

We encodesentencerelationsin a sentrelobject,andwe offer severalCSTutility scriptsin sentrelutils.This
is a brief exampleof theinformationstoredin a sentrelobject:

<?xml version=’1.0’ encoding=’UTF-8’?>
<!DOCTYPE TABLE SYSTEM"/clair4/projects/cst/gulfair/judge ment/ sentre l.dtd ">
<TABLE>
<R SDID="16" SSENT="3" TDID="43" TSENT="8">
<RELATION TYPE="18" JUDGE="Z"/>
</R>
<R SDID="2" SSENT="4" TDID="23" TSENT="5">
<RELATION TYPE="15" JUDGE="Z"/>
</R>
<R SDID="16" SSENT="6" TDID="19" TSENT="10">
<RELATION TYPE="4" JUDGE="Z"/>
</R>
<R SDID="23" SSENT="13" TDID="2" TSENT="7">
<RELATION TYPE="18" JUDGE="Z"/>
</R>
</TABLE>

Figure24: An exampleSentrelobject

Theway to readthis tableis thefollowing. In thefirst example,JudgeZ believesthatthereis a CSTrelation-
shipof type18 (fulfillment) betweensourcedocument16, sentencenumber3 andtargetdocument43, sentence
number8. Notethat this relationshipis directional.Thejudgeis declaringthat16.3assertstheoccurrenceof an
eventpredictedin 43.8.

Seethenext sectionfor our useof CSTrelationsin a new setof rerankers.

14.1 Interjudge agreementand dir ectional interjudge agreement

Therearetwo scriptsfor measuringthis. Thefirst measuresinterjudgeagreementregardlessof thedirectionality
(ijagree.pl)andthesecondmeasuresinterjudgeagreementandconsidersdirectionality.

Thecommandlinesarestraightforward:

./ijagree.pl sentrel1 sentrel2

and

./ijagree-dir.pl sentrel1 sentrel2

Giventheexampledatawe includein themeadaddonsdirectory, try

./ijagree.pl examples/MI9-Zhu.sentrel examples/MI9-jahna.sentrel

Partof theoutputfrom this is:

43-12-25-20 S
43-36-23-11 F
43-3-23-16 F
1-3-19-8 P

Figure25: Sampleoutputfrom ijagree.pl

This meansthat document43, sentence12 hasan S relationshipwith document25, sentence20. ijagree.pl
reportsthreedifferentrelationships:
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� F— fully agree� P—Overlappingjudgement� S—Onesayssomething,theothernothing.

As mentionedijaagree-dir.pl reportsspecificallyon directionalityof judgments.An exampleoutputfrom this
scriptlookslike:

16-4-2-2 R
16-4-2-3 R
16-2-25-20 R
21-22-43-45 R

Figure26: Sampleoutputfrom ijagree-dir.pl

Thismeansthattwo judgesdisagreedin thedirectionalityof therelationshipsbetweendocument16,sentence
4 anddocument2, sentence2. ThisscriptignoresthespecificCSTrelationshiptype.

14.2 Calculating connectivity

We havedesignedcstconnectivity.pl to calculatetheCSTconnectivity of anextract
Thesyntaxis ./cstconnectivity.pl extract sentrel .
Sofor example,by typing:

./cstconnectivity.pl examples/gulfair3.extract.10 \
examples/judgements.sentrel}

onecanlearnthattheconnectivity of theextractandthesentrelis 2.

14.3 Merging sentrel files

This is asstraightforwardasonewould imagine:reljoin.pl sentrelA sentrelB .

14.4 Extracting only certain typesof CST relationsfr om an extract

Thesyntaxfor this is subrelation.pl extract sentrel -rellist LabelList , whereLabelList
is a list of CSTlabels,e.g.”1,3,7.”

Sofor example,if you type:

./subrelation.pl examples/gulfair3.extract.10 \
examples/judgements.sentrel -rellist 1,3,7}

apartof theoutputwill read:

<R SDID="81" SSENT="42" TDID="87" TSENT="22">
<RELATION JUDGE="1" TYPE="1"></RELATION>
<RELATION JUDGE="5" TYPE="1"></RELATION>
<RELATION JUDGE="9" TYPE="1"></RELATION>
</R>

Figure27: An exampleoutputfrom subrelation.pl
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14.5 Calculating similarity with sentrels

We includein thesentrelutilsdirectoryof MEAD addonsa scriptcalledsim.pl. This hastwo functions.First, it
cantakeaclusterasinput,andit will outputthelexical similarity betweenall sentencepairsaboveauser-defined
threshold. It hasfour waysof measuringsentencesimilarity, bleu, cosine,word overlapandlongestcommon
substring.

If theuserprovidesasentrelfile, sim.plwill outputprecisionandrecallbasedon thelexical similarity andthe
informationin thesentrelfile.

15 New Rerankers in mead addons

In thefollowing,wepresentseveralnew rerankersthatwehavedevelopedfor MEAD. ZhuZhangwroteanumber
of rerankers for his work on Cross-documentStructureTheory (CST), and althoughseveral of his rerankers
involveCSTrelations,therearesomewhich don’t involveCSTperse.For example,cst-rerankers3 and4 rerank
articlesbasedon theepochtime of thearticles.

15.1 CST rerankers,generally speaking

Thegeneralsyntaxfor thesererankersis:

mead.pl -p 2 -reranker "./cst-reranker1.pl \
10000000000001/10000000000001.meta data \
10000000000001/10000000000001.sent rel" 10000000000001

Insidethedoublequotesis thesyntaxof thereranker itself, which of coursecanbedifferent,dependingupon
how thereranker is written.

15.2 Source-basedrerankers

News articlescomefrom differentsources,which maynot beequallyreliableor interesting.Thereforethefirst
pair of rerankersreflectssourcepreference.Specifically, we arbitrarily arrangethenews sourcesin theorderof
”CNN, ABC, MSNBC, USATODAY, FOX” andgive eachsourcean integerpriority value E ��FG� BIH accordingto
its placein thelist.� In reranker1, thescoreof eachsentences is increasedby J H (source(s)).� In reranker2, thescoreof eachsentences is decreasedby JKH (source(s)).

Rerankers7 and8 areverysimilar to rerankers1 and2 respectively, exceptthatthe JKH valuesarenormalized
into therangebetween0 and1.

15.3 Time-basedrerankers

The secondset of rerankers reflectschronologicalordering. Specifically, we define JML as the epochseconds
correspondingto publicationtime of eacharticleanduseit to adjustsentencescores.� In reranker3, thescoreof eachsentencesis increasedby JNL (source(s)).Thereforemorerecentinformation

is favored.� In reranker4, thescoreof eachsentences is decreasedby JNL (source(s)).

Rerankers9 and10areverysimilar to reranker3 and4 respectively, exceptthatthe JNL valuesarenormalized
into therangebetween0 and1.
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15.4 CST-basedrerankers

With theaimof betterunderstandingtheroleCSTcanpotentiallyplay in thesummarizationprocess,wealsobuilt
a setof CST-basedrerankersthatutilize human-labeledCSTrelationshipsin a relatively simpleway. We view a
documentclusterasa graphandeachsentenceasa nodein it. Two sentencesarelinked by arcs(for now only
undirected)if they areCST-related. The numberof arcsaredeterminedby the instancesof CST relationships
betweenthe sentencepair. For example, if judge 1 finds one, judge 2 finds three,and other judgesfind no
relationship(s)betweentwo sentences,therewill be four arcslinking thecorrespondingnodes.With this graph
structure,eachnode(sentence)hasa degreeasdefinedin graphtheory, anddenotedby JKO in our scenario.� In reranker5, thescoreof eachsentences increasedby JKO (s).� In reranker6, thescoreof eachsentences decreasedby J O (s).

Rerankers11and12areverysimilarto reranker5 and6 respectively, exceptthatthe J O valuesarenormalized
into therangebetween0 and1.

15.5 MMR rerankers

We alsoincludean MMR reranker in our meadaddonspackage.For a discussionof MMR, seeCarbonelland
Goldstein[CG98]. The basicideabehindthe useof MMR in summarizationis that the usershouldbe ableto
selecthow muchof theinformationspaceshouldbeincludedin thesummary. On theonehand,a usermaywant
a summarywhich focusesonly on thecentralpoint or pointsbut which hassomeredundancy. On theotherhand,
a usermaywanta summarywhich capturesa broaderview of the information(andis very low on redundancy).
Themainparameterin any MMR systemis calledlambda,whichhasarangeof 0-1. If setat1, thesummarywill
capturethemostcentralsentences,andit will beredundant.As theuserdecreasesthisnumber, thesummarywill
includesentenceswhich offer amorediversecollectionof information.

Thesyntaxfor mmr-reranker.pl lookslike this:
mmr-reranker.pl $lambda$sim-function$idf� $lambdais therelevance-weightthatis usedin computingnew scores� $sim-functionis thenameof a MEAD functionfor computingsentencesimilarity� $idf is thenameof theIDF DBM to usewhencomputingsimilarity

In general,thesim-functionis MEAD-cosineandtheidf is enidf.
So,thecommandline for a 40%summaryof cluster10000000000001would be:

mead.pl -p 40 -reranker "./mmr-reranker.pl 1.0 MEAD-cosine enidf" \
10000000000001

We have alsoincludedan mmr reranker that allows oneto choosea summaryratebasedon the numberof
words.This reranker is calledmmr-reranker-word.pl.

16 Converting HTML and text files to docsentand cluster format

We have included3 scriptsin theaddonsto MEAD which will convert HTML andtext files to clusters.These
scriptsare locatedin the formatting directory. We arealwaysworking to improve these,so checkout the
MEAD webpagefor newerversions.Dependingonyourneeds,youshouldonly needto useoneof thescripts,so
fret not.

16.1 Preliminaries

Beforebeginning,UTIL.pm mustbeat thesamelevel asthescriptyouwantto use(or at leastin yourPerllibrary
path),andthedirectory“etc” mustbeat thesamelevel asthescriptyouwantto use.Further, youwill needto set
theabsolutepathof thedtddirectoryvariable$DTD DIR on line 18of UTIL.pm

my $DTD_DIR ="/clair6/projects/ldc/documentati on/dt d";
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16.2 From text files to docsentsand/or a MEAD cluster

Thescriptfor this is text2cluster.pl, anddependingon yourneeds,it canbecalledin anumberof differentways.

1. if youhavea file of unsegmentedtext which youwantto convert to a docsentfile:

./text2cluster.pl FILE

2. if youhavea directoryof unsegmentedtext fileswhichyou wantto convert to a full cluster:

./text2cluster.pl DIRECTORY

3. if youhaveafile of segmentedtext youwantto convert to adocsentfile, andyoursentencesaresegmented
with ‘ \n\n ’:

./text2cluster.pl FILE ’\n\n’

4. if youhaveadirectoryof segmentedtext files,whichyouwantto convertto afull cluster, andyoursentences
aresegmentedby “the” (admittedly, not bestchoice; ))

./text2cluster.pl DIRECTORY’\bthe\b’

5. finally, if youarepreprocessingfilesfor CIDR andyoujustwantto convertanumberof text files to docsent
fileswithoutcreatinga cluster, you cando two things.

(a) createa clusterandjust usethedocsentfolder

(b) createa simpledriverwhichwill run text2cluster.pl on eachof theindividualfiles in yourdirectory.

16.3 From HTML files to a cluster

As with text files,begin by puttingtheHTML filesyouwantto convertin adirectory, andthencall html2cluster.pl
on thatdirectory. This doesthesamething thattext2cluster.pl does,exceptthatit hasa preprocessingstepwhich
extractstext from HTML. Thecommandlineis thesameandtheresults(ideally) shouldbethesame.

We havealsoincludedhtml2text.pl, whichconvertsHTML files to text files.

16.4 Caveats

SeetheREADME file in meadaddons/formattingfor adescriptionof how thesescriptsparseHTML andsegment
sentences.In general,thesescriptshave beenoptimizedto handlenews articles,andsothedefault valuesof the
controlvariablesaresetto ignoreanumberof typesof text, includingshortsentencesandspansof text which do
not endin aperiod,exclamationpoint or questionmark.

Note especiallythe following variablesin UTIL.pm: $min words, $sentends,$final straw, $split on, and
$html or body.

17 CIDR: How to createdocumentclusters

CIDR is ourdocumentclusteringsystem.CIDR takesasinputa list of filesandtheirpathsandoutputsthosefiles
into directoriesbasedon thefiles’ similaritieswith eachother.
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17.1 How CIDR works

CIDR workswith fiveparameters.� clusternumber. default: 0, range:any positive wholenumber. This representsthefirst clusternumber. If
youbegin at 14,CIDR expectsthatclusters1-13alreadyexist.� threshold.default: .1, range:between0 and1. Thisvaluedetermineshow similardocumentsmustbeto be
placedin thesamecluster.� worddecay. default: .01,range:between0 and1. Thisvaluedetermineshow quickly cidr discountswords
whichappearoften.� keepthreshold.default: 3, range:any positive wholenumber. This determinestheminimumnidf valueof
wordsto beaddedto thecentroid� to keep.default: 10,range:any positivewholenumber. Thisdeterminesthenumberof keywordsto bekept
in thecentroid.

17.2 The details of running CIDR

To useCIDR, thefollowing thingsarenecessary:

1. nidf.dir andnidf.pagmustbepresentin thetargetdirectory.

2. cidr.pl expectsthat theinput files arein docsentformat. Plain text files shouldalsowork, but we make no
guarantees

3. cidr.pl shouldberun in thedirectorywhereyouwish theclustersto becreated.

Thecommand-linefor cidr.pl hassomenuances.
Let’s begin with the basics.If your file of documentpathsis namedALL andcidr.pl is at the samelevel, a

typical call to CIDR lookslike this: cat ALL | ./cidr.pl
This createsall of theclustersin thatdirectory, which cangeta bit ugly, so,practicallyspeaking,it is better

to createadirectorybelow ALL andcidr.pl, andput thenidf.pagandnidf.dir files in thatdirectory. Thenjustcall
cidr in this way: cat ../ALL | ../cidr.pl

The orderof the parametersis asgivenabove. If you want to changeany of the default settings,you must
includethedefault valuesfor thoseparametersup to theparameteryouwantto change(goingfrom left to right).

So,for example,if youwantedto havecidr runwith a thresholdof .4,akeepthresholdof 2, andadecayof .5,
you would have to 1) orderthemasthey areaboveand2) includethedefault ”numberof clusters,” which is here
0. Thiswould thenbethecommandline:cat ../ALL | ../cidr.pl 0 .4 .5 2

18 Running MEAD in Other Languages

MEAD cansummarizeChineseclustersaswell asEnglish. We anticipatethat it would not be hardto modify
MEAD to summarizeFrenchor Spanishclusters,for example. Onewould only have to createan IDF database
andchangetheidf environmentvariablein MEAD.

18.1 Summarizing ChineseDocumentswith MEAD

NOTE: theChinesesummarizationfunctionality is effectively in analphastageof development.It maybreakat
any time withoutwarning.Thisexamplemaynot beexactlycorrect,but is reasonablyclose.
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18.1.1 Preliminary Notes

We have providedroutinesfor convertingclustersof plain text Chinesedocumentsinto MEAD compatibledata.
Theonly stipulationsweplaceon documentformattingareasfollows:

1. You shouldknow theencodingof thedocumentsyou areworking with. If you’re not sure,a goodrule of
thumbis asfollows:

SimplifiedChinese:GB2312

TraditionalChinese:BIG5

2. All of the documentsin the clustershouldbe encodedusingthe samestandard(i.e. don’t mix BIG5 and
GB2312documents).

3. Thedocumentsshouldbeword-segmented.Note:Weusedthesegmenterathttp://www.mandarintools.
com to segmenttheexample.Thissegmenteris quiteold,andweadvisefindinganotheronefor bestresults.

18.1.2 List Format

If you wish MEAD to summarizeyour documentsasa multidocumentcluster, you shouldprovide to usa file in
thefollowing format:

<pointer-to-file1>
<pointer-to-file2>
..
<pointer-to-filen>

18.1.3 GB18030Compatability

As of thewriting of thisdocument,theglibc implementationof iconv, alibrary whichconvertsamongdifferenten-
codingsis NOT fully compatiblewith thelatestencodingstandardof thePeople’sRepublicof China(GB18030).
Thismeansthatmany documents(I find about1/4 on xin huawang)from up-to-dateChinesewebsiteswill crash
theconversionroutines.
NOTE: GB18030is backwardscompatible(all GB2312encodingsmapto the samecharacters),so many doc-
umentsthatareactuallyencodedin GB18030arelabeledasGB2312documents.If thesedocumentscontaina
characterwhich is undefinedin GB2312,they will crashtheconversionscripts.

18.1.4 SystemCompatibility

1. Linux: Fully compatiblewith GB2312.Compatiblewith SOMEpartsof GB18030.

2. Solaris7 andbelow: I have NOT gottentheseto work on GB2312.This will beaddressedASAP. To test
yoursystemtry “ iconv -f gb2312 -t BIG5 ”.

3. Solaris8 andabove: I haven’t hada chanceto testthese.SunclaimsthatSolaris8 (02/02patch)andabove
arefully compatiblewith GB18030.

18.1.5 Running The Example

Thisexampleis atwo-articleclusterfrom xin huawang(Thewebsiteof China’slargestnewsagency). It discusses
Taiwan’sdecisionto use”Commonpinyin”. It is encodedin GB2312.

1. Go to $BIN DIR.

% cd $BIN_DIR

2. Runtheconversionscript.
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<LINUX USERS>
% ./make-CHIN-docsent.pl CHIN-example/commonpy.list GB2312

<SOLARIS USERS>
% ./make-CHIN-docsent.pl CHIN-example/commonpy.list gb2312

3. Edit themead-configfile.

You’ll needto have themead-configfile in a directorythat is writableby you (chancesarethat$BIN DIR
is not). Therestof thisexampleassumesthatthemead-configfile is namedmead.config andis located
in thecurrentdirectory.

<Change the cluster>
Replace TARGET="GA3" with TARGET="commonpy.list" in the
top-level MEAD-CONFIGelement.

<Change the Language>
Replace LANG="ENG" with LANG="CHIN"
Replace "ENG" with CHIN" in the COMMAND-LINEattribute of
the Centroid FEATURE element.

<Change the IDF database>
Replace "enidf" with "cnidf" in the SCRIPT attribute of
the Centroid FEATURE element.
Replace "enidf" with "cnidf" in the COMMAND-LINEattribute of
the RERANKERelement.

4. RunMEAD on theexample.

Oncethesegmenteddocumentsareconvertedto docsentformatandaclusterfile is produced(by theabove
commands),you arereadyto run MEAD usingdriver.pl:

% cat mead.config | ./driver.pl > ../data/commonpy/commonpy.extract
% ./extract-to-summary.pl \

../data/commonpy/commonpy.list.cluster ../data/commonpy/docsent \

../data/commonpy/commonpy.extract > ./data/commonpy/commonpy.summary

19 Training MEAD usingSupport Vector Machines

This sectiondescribesthe data format and instructionsfor training and evaluationfor sentenceextraction in
MEAD usingSupportVectorMachines(SVM).Note that training MEAD amountsto little morethanselecting
featureweightsfor MEAD’s classifier, thusany othertoolkit that canlearna linear combinationgiven training
datacanbeusedin placeof SVM.

19.1 Data Format

Theformatof training,tuning(development),andtestingdataaresimilar. Theformat is alsosimilar to thedata
formatexpectedby theSVM package.Eachdatafile containscasesor samples.Eachsamplecorrespondsto a
sentenceandits featurevalues.Eachsampleis describedby oneline of recordwith syntaxasfollows:� class� � feature-id1� : � feature-value1� � feature-id2� : � feature-value2 � ...� class� canbe 1 or -1 representingthe correspondingsentenceis includedor not includedin the sample
summary.
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� feature-idx� is anintegerrepresentinga featureid.� feature-valuex � is a realnumberrepresentinga featurevalue.

Therefore,eachrecordcontainsthosefeaturesandtheircorrespondingvaluesfor aparticularsentence.It also
containswhetheror not thesentenceis includedin thesamplesummary.

Notethatthefeaturevaluesshouldbenormalizedsothatthevaluesfall between0 and1.

19.2 Porting� Makeadirectory, e.g.trainablemeadwhichwill containall thedatafiles andSVM package.� DownloadSVM package� Copy svm classify.c to replacetheoriginal svm classify.c (save a backupof theoriginal svm classify.c as
advised)� CompiletheSVM package� Preparethetraining,tuning(development),andtestingdata.Follow thedataformatdescribedabove. (Note
thatthefeaturevaluesshouldbenormalized.)

19.3 TrainingP
SVM/svm learn -j � cost-parameter� � training .data � � learned-model�

where:� cost-parameter� is a parameterby which trainingerrorson positive examplesoutweighterrorson negativeex-
amples(default1)� training.data� is thetrainingdataset� learned-model� is theoutputlearnedmodel
e.g.P

SVM/svm learn -j 5 training .data learned-model-j5

Theabovecommandinvokethetrainingprocessusingthetrainingdata(training.data)with costparameter5.
Theoutputof thelearnedmodelis storedin thefile learned-model-j5.This learned-modelwill beusedin the

tuningandevaluationstages

19.4 Tuning (Development)P
SVM/svm classify � train.dev.data � � learned-model�

where:� train.dev.data� is thetuning(development)dataset� learned-model� is thelearnedmodelobtainedfrom thetrainingstage
e.g.P

SVM/svm classifytrain.dev.data learned-model-j5

This commandinvokestheclassificationprocesson thetuningdata- train.dev.datausingthelearnedmodel-
learned-model-j5.The linearweightsof eachfeaturearedisplayed.Theaccuracy, precision,andrecall metrics
arealsoshown.

Typically, onewill conducttrainingusingdifferentparameterssuchasdifferentcostfactors.Theninvoke the
classificationprocessfor eachlearnedmodel.Onecanchoosethedesiredmodelbasedonaparticularmetricsuch
asrecall.
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19.5 TestingP
SVM/svm classify � testing.data � � learned-model�

where:� testing.data� is thetestingdata � learned-model� is theselectedlearnedmodelaftertuning
e.g.P

SVM/svm classifytesting.data learned-model-j5
Thiscommandinvokestheclassificationprocesson thetestingdata- testing.data

20 JHU 2001summerworkshop and SummBank

As of the writing of this section,we arein the processof publishingdatawhich wascollectedduring the JHU
2001summerworkshopentitled, “Evaluationof Text Summarizationin a Cross-lingualInformationRetrieval
Framework.” For updateson this information,pleaseseehttp://www.summarization.com/summba nk
andfor thefinal reportfrom thatworkshop,http://www.clsp.jhu.edu/ws2001/groups /asmd .

Eventually, we envision SummBankoffering a collectionof summarieswhich canbeusedasgold-standards
in evaluation. For now, SummBank1.0 offers a portion of the total amountof datacollectedduring the JHU
summerworkshop.� Forty bilingual (ChineseandEnglish)news clusterswith 10 documentseach,all formattedto be usedby

MEAD. Many of theclustersinclude,sentjudges,sentrelsanddocjudges.� Sentencealignmentinformationfrom Englishto Chinesedocumentsandviceversa.� Humanwrittensummaries:for eachcluster, 3 judgesat 3 compressionratios.� Singleandmulti-documentextractscreatedfrom humansentjudgescores.� Singleandmulti-documentextractscreatedat numerouscompressionratios by the following automatic
methods:

– Alignment-based

– Greg Silber’sLexical Chain-based

– Chin-Yew Lin’ssummarizer

– MEAD

– Websumm

– Lead-based

– Random� Docjudges,asrankedby SMART, for full documentsandsummariescreatedby theabovemethods.� Features:documentfeaturesascalculatedby theJHU2001versionof MEAD.

In total, thereare40 clusters(comprising400documentseachin EnglishandChinese),360human-written
multidocumentsummaries,5520retrievalsandnearly2 million extracts.

To getthemostoutof SummBank1.0,it will behelpful to havetheHongKongNewsCorpus(LDC2000T46)
availableaswell.

21 The MEAD Web site

TheMEAD project’snew Webpageis at theUniversityof Michigan.All versionsof MEAD canbedownloaded
there.

http://www.summarization.com/mead
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The MEAD projectalsohasan olderWeb pageat JohnsHopkinsUniversity. MEAD v3.06andbelow can
beobtainedthere.Additionally, this webpagecontainsinformationabouttheJHU Summer2001Workshop,the
AutomaticSummarizationof Multiple Documents(ASMD) group,its participants,andtheircontactinformation.

http://www.clsp.jhu.edu/ws2001/gr oups/ asmd

22 FrequentlyAsked Questions

22.1 Is additional MEAD-compatible data available?

All thedatausedat theJHU workshopwill bereleasedsoonin conjunctionwith theLinguistic DataConsortium
(LDC). ChecktheMEAD webpageoften,or betteryet,subscribeto theMEAD mailing list. Seebelow.

22.2 Is there a mailing list for MEAD?

You betcha.Visit theMEAD homepagefor subscriptioninformation:

http://www.summarization.com/mead

22.3 Can I contribute to MEAD?

Sure.Pleasesendmail to theMEAD mailing list:

mead@majordomo.si.umich.edu

22.4 Do I needa licenseto useMEAD?

Not for themoment.Oncewearebeyondthebetastage,wewill look into this issue.

22.5 How can I gethelp?

Pleasereferto theMEAD homepagefor help.

http://www.summarization.com/mead

If all elsefails,sendmail to theMEAD mailing list:

mead@majordomo.si.umich.edu

22.6 How can I makesure I understand the detailsof how MEAD works?

As anexercise,try implementingyourown features(e.g.,CueWord) or rerankers(e.g.,MMR).

23 Demos� NewsInEssence(http://www.newsinessence.com ) NewsInEssenceis a freely accessiblenews
searchandsummarizationsystemmaintainby the CLAIR groupat the University of Michigan’s School
of Information. The CLAIR groupalsohasstrongties to the Departmentof ElectricalEngineeringand
ComputerScience.� Online MEAD Demo(http://tangra.si.umich.edu/clair/ meaddemo) The Online MEAD
Demois a web interfaceto an older versionof MEAD. The usercansummarizedocumentson his local
machine,generictext, or thecontentsof aurl (or a combinationof all three).
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24 Futur e Work

Muchwork hasbeenput into MEAD, but muchstill remainsto bedone:

1. Finishmoving repeatedcodeto library modules,e.g.SimWithFirst featurescript.

2. Sentjudgeastheoutputof MEAD.

3. Build MEAD API.

4. Improve,e.g.,MEAD::Extract::readextractby returningnotonly thesentrefs,but alsotheSYSTEM,RUN,
QID, etc. in a hashof things.

5. combinedriver.pl andmead.pl,moving mostfunctionalityto theMEAD API.

6. passdatadirvia stdin to featurescripts(andon to MEAD::SentFeature::extract sentfeatures)alongwith
clusterfilename.

7. Add choiceof policieson featurecaching:recompute,don’t save ondisk,do plausibility check,etc.

8. Allow the userto specify that default features(Length,Centroid,Position)NOT be computed,perhaps
usinga ’-nofeature’optionin mead.pl

9. Differentiatebetweenweightedfeaturesandcutoff features,perhapswith a ’Length-cut’-ishsuffix.

10. Enhancesupportfor Chinese(andotherlanguage)summariesin mead.pl.Thisshouldberelatively easy, as
all we really have to do is segmentin a language-dependentway, andcreateor useIDF databasesfor other
languages.

11. Supportsummarizationof plaintext documentsasinput to mead.pl.Integratepreprocessingmadeavailable
in recentaddonsrelease

12. Allow mead.plto accepturls as input (MEAD could fetch the documentsandsummarizethem). Again,
integratepreprocessingavailableasstandalone.

13. MakeDTD’sbetter, moreconsistent(with eachother),andmake thingsmakesense.

14. Improve MEAD’s robustnessanderror checking(checkfor errorsin returnedXML datafrom classifier,
reranker, etc.)

15. Build suiteof regressionandunit testsfor MEAD.

16. Add relevancecorrelationto MEAD Eval; incorporatescriptsavailablein recentaddonspackage.

17. Include evaluationof summaries(as opposedto extracts)with content-basedmeasureson meadeval.pl;
again,incorporatescriptsavailablein recentaddonspackage.

18. ImproveInstall.PL.

19. Finishthis document,includingmakingsurethatall exampleswork (build automatedtests).

20. Fill in cross-referencesin this document,insteadof saying,e.g.,“SeetheMEAD ArchitectureSection”.

21. ... andfor thosethatfind recursionfunny: Organizeandprioritize this TODOlist.
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A XML DTDs

A.1 cluster.dtd

<!ELEMENT CLUSTER(D)*>
<!ATTLIST CLUSTER

LANG (CHIN|ENG) "ENG">

<!ELEMENT D EMPTY>
<!ATTLIST D

DID ID #REQUIRED
ORDERCDATA #IMPLIED>

A.2 docjudge.dtd

<!ELEMENT DOC-JUDGE(D)*>
<!ATTLIST DOC-JUDGE

QID CDATA #REQUIRED
SYSTEMCDATA #REQUIRED
LANG (CHIN|ENG) "ENG">

<!-- LANG refers to the language of the retrieval process.
Thus, it is the language of the documents.
However, the original language of the query might be
different.
Look this up in QID. -->

<!ELEMENT D EMPTY>
<!ATTLIST D

DID ID #REQUIRED
RANK CDATA #IMPLIED
CORR-DOCCDATA #IMPLIED
SCORECDATA #REQUIRED>
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A.3 docpos.dtd

<!-- DTD for POS tagged text -->
<!ELEMENT DOCPOS(EXTRACTION-INFO?, BODY)>
<!ATTLIST DOCPOS

DID CDATA #REQUIRED
DOCNOCDATA #IMPLIED
LANG (CHIN|ENG) "ENG"
CORR-DOCCDATA #IMPLIED>
<!-- DID : documentid

LANG: language -->

<!ELEMENT EXTRACTION-INFO EMPTY>
<!ATTLIST EXTRACTION-INFO

SYSTEM CDATA #REQUIRED
RUN CDATA #IMPLIED
COMPRESSIONCDATA #REQUIRED
QID CDATA #REQUIRED>

<!ELEMENT BODY (HEADLINE?,TEXT)>

<!ELEMENT HEADLINE (S)*>
<!ELEMENT TEXT (S)*>

<!ELEMENT S (W)*>
<!ATTLIST S

PAR CDATA #REQUIRED
RSNT CDATA #REQUIRED
SNO CDATA #REQUIRED>
<!-- PAR: paragraph no

RSNT: relative sentence no (within paragraph)
SNO: absolute sentence no -->

<!ELEMENT W (#PCDATA)>
<!ATTLIST W

C CDATA #REQUIRED
L CDATA #IMPLIED>

<!-- C is the POS category. L is the lemma -->
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A.4 docsent.dtd

<!-- DTD for sentence-segmented text -->
<!ELEMENT DOCSENT(EXTRACTION-INFO?, BODY)>
<!ATTLIST DOCSENT

DID CDATA #REQUIRED
DOCNOCDATA #IMPLIED
LANG (CHIN|ENG) "ENG"
CORR-DOCCDATA #IMPLIED>
<!-- DID : documentid

LANG: language -->

<!ELEMENT EXTRACTION-INFO EMPTY>
<!ATTLIST EXTRACTION-INFO

SYSTEM CDATA #REQUIRED
RUN CDATA #IMPLIED
COMPRESSIONCDATA #REQUIRED
QID CDATA #REQUIRED>

<!ELEMENT BODY (HEADLINE?,TEXT)>

<!ELEMENT HEADLINE (S)*>
<!ELEMENT TEXT (S)*>

<!ELEMENT S (#PCDATA)>
<!ATTLIST S

PAR CDATA #REQUIRED
RSNT CDATA #REQUIRED
SNO CDATA #REQUIRED>
<!-- PAR: paragraph no

RSNT: relative sentence no (within paragraph)
SNO: absolute sentence no -->

A.5 document.dtd

<!-- DTD for original, non-segmented text -->
<!ELEMENT DOCUMENT(EXTRACTION-INFO?, BODY)>
<!ATTLIST DOCUMENT

DID CDATA #REQUIRED
DOCNO CDATA #IMPLIED
LANG (CHIN|ENG) "ENG"
CORR-DOCCDATA #IMPLIED>
<!-- DID : documentid

LANG: language -->

<!ELEMENT EXTRACTION-INFO EMPTY>
<!ATTLIST EXTRACTION-INFO

SYSTEM CDATA #REQUIRED
RUN CDATA #IMPLIED
COMPRESSIONCDATA #REQUIRED
QID CDATA #REQUIRED>

<!ELEMENT BODY (HEADLINE?,TEXT)>

<!ELEMENT HEADLINE (#PCDATA)>
<!ELEMENT TEXT (#PCDATA)>
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A.6 extract.dtd

<!ELEMENT EXTRACT (S)*>
<!ATTLIST EXTRACT

QID CDATA #REQUIRED
COMPRESSIONCDATA #REQUIRED
SYSTEM CDATA #REQUIRED
JUDGE CDATA #IMPLIED
JUDGENO CDATA #IMPLIED
RUN CDATA #IMPLIED
SENTS_TOTALCDATA #IMPLIED
WORDS_TOTALCDATA #IMPLIED
LANG CDATA #REQUIRED>

<!ELEMENT S EMPTY>
<!ATTLIST S

ORDER CDATA #REQUIRED
DID CDATA #REQUIRED
SNO CDATA #IMPLIED
PAR CDATA #IMPLIED
RSNT CDATA #IMPLIED
UTIL CDATA #IMPLIED>

A.7 mead-config.dtd

<!ELEMENT MEAD-CONFIG(FEATURE-SET, CLASSIFIER, RERANKER,
COMPRESSION)>
<!ATTLIST MEAD-CONFIG

LANG CDATA #REQUIRED
CLUSTER-PATHCDATA #IMPLIED
DATA-DIRECTORYCDATA #IMPLIED
TARGETCDATA #IMPLIED >

<!ELEMENT FEATURE-SET (FEATURE*) >
BASE-PATH CDATA #IMPLIED >

<!ELEMENT FEATURE EMPTY >
<!ATTLIST FEATURE

FEATURECDATA #REQUIRED >

<!ELEMENT CLASSIFIER EMPTY >
<!ATTLIST CLASSIFIER

COMMAND-LINECDATA #REQUIRED
SYSTEMCDATA #IMPLIED
RUN CDATA #IMPLIED >

<!ELEMENT RERANKEREMPTY >
<!ATTLIST RERANKER

COMMAND-LINECDATA #REQUIRED>

<!ELEMENT COMPRESSIONEMPTY >
<!ATTLIST COMPRESSION

BASIS (sentences|words) #REQUIRED
PERCENTCDATA #IMPLIED
ABSOLUTECDATA #IMPLIED >
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A.8 query.dtd

<!ELEMENT QUERY(TITLE,DESCRIPTION?,NARRATIVE?)>
<!ATTLIST QUERY

QID CDATA #REQUIRED
QNO CDATA #REQUIRED
LANG (CHIN|ENG) "ENG"
TRANSLATED(YES|NO) "NO"
ORIGLANG(CHIN|ENG) "CHIN"
TRANS-METHOD(AUTO|MAN) "AUTO">

<!-- QID: unique query no, eg. 125-CA or 125-E
QNO: LDC query no for content, eg. 125
LANG: of query
TRANSLATED: is it an original query or not?
ORIGLANG: If translated, from which language (from the other
one, of course!)
TRANS-METHOD:Automatically translated or manually? -->

<!ELEMENT TITLE (#PCDATA)>
<!ELEMENT DESCRIPTION (#PCDATA)>
<!ELEMENT NARRATIVE (#PCDATA)>
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A.9 reranker-info.dtd

<!-- DTD for input to rerankers -->
<!ELEMENT RERANKER-INFO(COMPRESSION, CLUSTER, SENT-JUDGE)

<!ELEMENT COMPRESSIONEMPTY>
<!ATTLIST COMPRESSION

PERCENTCDATA #REQUIRED
BASIS CDATA #REQUIRED>

<!ELEMENT CLUSTER(D)*>
<!ATTLIST CLUSTER

LANG (CHIN|ENG) "ENG">

<!ELEMENT D EMPTY>
<!ATTLIST D

DID ID #REQUIRED
ORDERCDATA #IMPLIED>

<!ELEMENT SENT-JUDGE (S)*>
<!ATTLIST SENT-JUDGE

QID CDATA #REQUIRED>

<!ELEMENT S (JUDGE)*>
<!ATTLIST S

DID CDATA #REQUIRED
PAR CDATA #REQUIRED
RSNT CDATA #REQUIRED
SNO CDATA #REQUIRED>

<!ELEMENT JUDGE EMPTY>
<!ATTLIST JUDGE

N CDATA #REQUIRED
UTIL CDATA #REQUIRED>

A.10 sentalign.dtd

<!ELEMENT SENTALIGN (SENT+)>
<!ATTLIST SENTALIGN

ENG CDATA #REQUIRED
CHI CDATA #REQUIRED
LANG CDATA #REQUIRED>

<!ELEMENT SENT EMPTY>
<!ATTLIST SENT

ORDER CDATA #REQUIRED
EDID CDATA #REQUIRED
ESNO CDATA #REQUIRED
CDID CDATA #REQUIRED
CSNO CDATA #REQUIRED>

<!-- ORDER: the pairwise number
EDID: english document name
ESNO: english sentence number
CDID: chinese document name
CSNO: chinese sentence number -->
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A.11 sentfeature.dtd

<!ELEMENT SENT-FEATURE(S)*>

<!ELEMENT S (FEATURE)*>
<!ATTLIST S

DID CDATA #REQUIRED
SNO CDATA #REQUIRED>

<!ELEMENT FEATUREEMPTY>
<!ATTLIST FEATURE

N CDATA #REQUIRED
V CDATA #REQUIRED>

A.12 sentjudge.dtd

<!ELEMENT SENT-JUDGE (S)*>
<!ATTLIST SENT-JUDGE

QID CDATA #REQUIRED>

<!ELEMENT S (JUDGE)*>
<!ATTLIST S

DID CDATA #REQUIRED
PAR CDATA #REQUIRED
RSNT CDATA #REQUIRED
SNO CDATA #REQUIRED>

<!ELEMENT JUDGE EMPTY>
<!ATTLIST JUDGE

N CDATA #REQUIRED
UTIL CDATA #REQUIRED>

A.13 sentrel.dtd

<!ELEMENT SENT-REL (R)*>

<!ELEMENT R (RELATION)*>
<!ATTLIST R

SDID CDATA #REQUIRED
SSENT CDATA #REQUIRED
TDID CDATA #REQUIRED
TSENT CDATA #REQUIRED>

<!ELEMENT RELATION EMPTY>
<!ATTLIST RELATION

TYPE CDATA #REQUIRED
JUDGE CDATA #REQUIRED>
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