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1 Introduction

1.1 What is automatic text summarization?

According to [Man01], "the goal of automatic summarizatierto take an information source, extract content
from it, and present the most important content to the usardandensed form and in a manner sensitive to the
user’s or application’s need”.

1.2 Sentence Extraction

Extractive summarization is a very robust method for textsiarization. It involves assigning salience scores to
some units—usually sentences or paragraphs—of a documarged of documents and extracting these with the
highest scores.

1.3 The MEAD System

MEAD is a publicly available toolkit for multi-lingual sumamization and evaluation. The toolkit implements
multiple summarization algorithms (at arbitrary compi@sgates) such as position-based, Centroid[RIB0O],
TF*IDF, and query-based methods. Methods for evaluatimgahality of the summaries include co-selection
(precision/recall, kappa, and relative utility) and carttbased measures (cosine, word overlap, bigram overlap).

MEAD v1.0 and v2.0 were developed at the University of Miarign 2000 and early 2001. MEAD v3.01
—v3.06 were written in the summer of 2001, an eight-week sammorkshop on Text Summarization was held
at Johns Hopkins University. Séett p: //ww. cl sp. j hu. edu/ ws2001/ gr oups/ asnd for workshop
information. The workshop final report [RT®2] is also available from the JHU site. As of Version 3.07,
MEAD has been back to the University of Michigan, undergaingtinuous development by the Computational
Linguistics And Information Retrieval (CLAIR) group. Theast recent version of the documentation and soft-
ware is 3.10. As of MEAD 3.10, addons have been merged withmthim package but are still available at
http://ww. sunmari zat i on. con’ mead/ addons. Addons are described in sections 10 and 13-17 of
this document.

MEAD is written in Perl and requires several XML-related IRerodules and an external software package to
run. Also, a number of other modules and packages can be nsedious extensions of MEAD. A full list of
these software packages is included in the Downloadingstdllation Section.

MEAD is intended to be used with multiple languages. The ME&ABtem can summarize English documents
on all POSIX-conforming operating systems (Unix, Linuxg.gt MEAD can also summarize Mandarin Chinese
documents on some POSIX operating systems.

Because of the inconsistencies in encodings, we have ostlgdeMEAD in Mandarin Chinese on certain
versions of the Solaris operating system and some versfdrisux. Please contact the mailing list (see below) if
you are interested in porting MEAD to new OS’s. Adding newr(taun) languages should also be relatively easy,
especially languages that use common character sets.

1.4 MEAD Functionality

MEAD can perform many different summarization tasks. It sammarize individual documents or clusters of
related documents (multi-document summarization).

MEAD includes two baseline summarizers: lead-based andbran Lead-based summaries are produced by
selecting the first sentence of each document, then the desmmtence of each, etc. until the desired summary
size is met. A random summary consists of enough randomégtssl sentences (from the cluster) to produce a
summary of the desired size.

MEAD has been primarily used for summarizing documents iglish, but recently, Chinese capabilities have
been added to the publicly available version of MEAD. We e¢tp inform the reader that Chinese summarization
is in the alpha stage and may fail, depending on the encodiedjand the platform. We envision it being relatively
easy to coerce MEAD to produce summaries of other languageely but we have yet to back up this claim.

Query-based summarization is often used in natural largyaigles, and is (not coincidentally) included in
MEAD as well. A later section of this document details qubgsed summarization in MEAD.

The MEAD evaluation toolkit (MEAD Eval), previously availke as a separate piece of software, has been
merged into MEAD as of version 3.07. This toolkit allows exation of human-human, human-computer, and
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computer-computer agreement. MEAD Eval currently supgptwb general classes of evaluation metrics: co-
selection and content-based metrics. Co-selection nsetradude precision, recall, Kappa, and Relative Utility,
a more flexible cousin of Kappa. MEAD's content-based mefi@ cosine (which uses TF*IDF), simple cosine
(which doesn’t), and unigram- and bigram-overlap. Releeaorrelation has previously been used in conjunction
with MEAD, but is not included with the current distributioMEAD Eval has its very own section, near the end
of this document.

1.5 Sample Use Cases

MEAD can be used in a variety of scenarios; here are a few itlwwMEAD can come in handy. MEAD can
be used to evaluate an existing summarizer. Users can uség8A® framework to build a summarizer entirely
from scratch or they may reuse existing pieces of MEAD. MEAID be used to evaluate the impact of a new
sentence feature on the summarization process or to test auaduation metric.

2 Downloading and Installation
2.1 Downloading the MEAD Distribution

Several versions of MEAD, including the current versiord,13.can be downloaded from the MEAD web site:
http://tangra.si.unich.edu/clair/nead

MEAD-3.11.tar.gz contains everything you need to get staetd using MEAD.

2.2 External Software

External software is either used directly by MEAD (e.g. Rertl Perl modules) or in various applications of
MEAD (e.g. Support Vector Machines (SVM) to train MEAD). Reed software includes a recent release of
Perl itself, and several modules. Optional software inetuseveral other Perl modules and some non-Perl related
software packages. A full list is given below.

We have included the essential packages of external satwitin the MEAD distribution, but if you wish to
download them and other useful packages yourself, the raosht versions can be found on CPAN (www.cpan.org).
Note that the versions of the modules included with the MEA&ridbution may be out of date. The user may
download the latest versions from CPAN (www.cpan.org) arsthaill them himself.

MEAD?’s installation script will install all the required nadmles on your system, if they are not present. How-
ever, MEAD doesn’tinstall the modules as the superusehespdaren’t generally available to other Perl programs.
If you want these modules installed in the regular Perl way, should install them yourself. Again, see CPAN
(www.cpan.org) for instructions on how to install Perl mésu

e Perl 5.5 or above

— http://ww. perl.com
— MEAD will likely work for any version of Perl at or above 5.0ubthis is NOT guaranteed.

XML::Parser - required
— http://ww. cpan. or g/ aut hors/i d/ C/ CO COOPERCL/ XM.- Par ser. 2. 30. tar. gz

Expat — required

— http://sourceforge. net/projects/expat/
— Expat is a publicly available parsing tool used by the XMar$er module.

e XML::Writer - required
— http://ww. cpan. org/ aut hors/i d/ DVEGE XM.- Witer-0.4.tar.gz

XML::TreeBuilder - required
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— http://ww. cpan. org/ aut hors/i d/ S/ SB/ SBURKE/ XM_- Tr eeBui | der- 3. 08. tar.
gz
Text::lconv - required

— http://search. cpan. or g/ CPAN aut hors/i d/ M MP/ MPAO TR/ Text - I conv-1. 2. tar.
gz
Support Vector Machines (SVM) - optional

— http://ais.gnmd. de/\~http://ww. cs.cornell.edu/People/tj/svmlight/
— SVM can be used to train MEAD’s classifier.

SMART - optional

—ftp://ftp.cs.cornell.edu/pub/smart/
— for evaluation by Relevance Correlation

LT-XML - optional

—http://ww. | tg.ed.ac. uk/ sof tware/ xm /i ndex. ht m

— This software can be used to check an XML document againdd T2 that specifies its form. Itis
highly recommended that you use this or similar software.

2.3 Installing MEAD
2.3.1 Installing MEAD On Linux/Solaries

1. You must have Perl installed to install MEAD. The Englishmples referred to in this documentation have
been tested with Perl 5.6.0 on Solaris 5.7 and Linux (kerriebd 2.4). The Chinese examples have been
tested on Linux (kernel 2.2) with Perl 5.6.0.

2. Unpack MEAD-3.07.tar.gz. Several directories will beated. Of course, the absolute paths to each of
these conceptual directories will be different from maehia machine (or from installation to installa-
tion). Thus, when you see SMEADDIR or another conceptual subdirectory in this documentaton,
substitute the appropriate directory on your machine.

e SMEAD DIR = the result of the unpacking process. This is the basetiry where MEAD is to be
installed.

¢ $BIN_DIR = $SMEAD_DIR/bin
This directory contains MEAD executables, including meédiriver.pl, and MEAD’s core classifiers
and rerankers.

e $SCRIPTSDIR = $BIN_DIR/feature-scripts
This subdirectory of $BINDIR contains MEAD feature scripts.

¢ $LIB_DIR = SMEAD_DIR/lib
The $LIB.DIR directory contains Perl modules used by MEAD.

e $DOCSDIR = $MEAD_DIR/docs
Documentation is kept here.

e $DATA DIR = $MEAD_DIR/data
Example clusters live here.

e $DTD._DIR = $MEAD_DIR/dtd
DTD's for all the MEAD XML objects are kept here.

e $ETCDIR = $SMEAD_DIR/etc
contains IDF DBM files and possibly other peripheral resesrc

e $USERDIR = $MEAD_DIR/user
contains a sample .meadrc file (NOTE: it's really there, yayrhave to run “Is -a” to display it,
though.) and a sample mead/data directory that a user maghbtih his home directory.
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3. Before running the installation script, you may want tedhif you have the four required modules installed
and install them in the normal Perl manner. If you don’t hatrzd module installed, MEAD’s install script
will automatically install a copy that only it can use, so duplan on doing XML-related work in Perl, it
may well be worth your while to install these modules yourbefore installing MEAD.

Note that if at some later time, you install any of the founuiegd modules, pre-existing versions on MEAD
will not use them. You must re-install MEAD if you really waihto use your newly installed modules.

4. From $MEADDIR, run “per| Instal |l . PL". This installs any needed modules that were not previ-
ously on your system, automatically changes the #! direstim all Perl scripts to the correct path for your
system, updates a MEAD path variable in the MEAD::MEAD meduaind builds English and Chinese IDF
DBM files in your architecture’s specific format.

If you experience installation-related problems with MEABfer tol nst al | . PL’s output when contact-
ing the MEAD team.

2.3.2 Installing MEAD On Windows

1. Install Cygwin (Cygwin is a Linux-like environment for Wilows) on your Windows machine. Make sure
that you install all of the Perl packages, libiconv, gcc, anthe sort of text editor. You can download
Cygwin from http://cygwin.com/ The installation instrians are also available there.

2. Download MEAD Windows version from http://www.summaiion.com/mead. The windows installation
package is in zip format. To install MEAD in, say, the diregt8HOME/mead (e.g. c:/mead), extract the
zipped file in the $HOME directory. Several directories Wi created:

e SMEAD_DIR = the result of the unpacking process. This is the basetliry where MEAD is to be
installed.

e $BIN_DIR = $MEAD_DIR/bin
This directory contains MEAD executables, including meadiriver.pl, and MEAD's core classifiers
and rerankers.

e $SCRIPTSDIR = $BIN_DIR/feature-scripts
This subdirectory of $BINDIR contains MEAD feature scripts.

¢ $LIB_DIR = SMEAD_DIR/lib
The $LIB.DIR directory contains Perl modules used by MEAD.

¢ $DOCSDIR = $MEAD_DIR/docs
Documentation is kept here.

e $DATA DIR = $SMEAD_DIR/data
Example clusters live here.

e $DTD_DIR = $MEAD_DIR/dtd
DTDrs for all the MEAD XML objects are kept here.

e $ETCDIR = $MEAD_DIR/etc
contains IDF DBM files and possibly other peripheral resesrc

¢ $USERDIR = $MEAD_DIR/user
contains a sample .meadrc file (NOTE: it's really there, yayrhave to run “Is -a” to display it,
though.) and a sample mead/data directory that a user maghbtih his home directory.

3. Before running the installation script, you need to iti$ige modules required by mead. Those modules
are:
e XML::Parser
e XML::Writer
XML::TreeBuilder
Text::Ilconv
e HTML::Tree
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There are There are multiple approaches for locating artdliimg these modules. Using the automated
CPAN installer, which is bundled with Perl, is perhaps theekest and easiest. To do so, enter the following
at the command prompt:

cpan

Then, type the following to upgrade the CPAN installer tolttest version

cpan> install Bundl e:: CPAN

Then, quit CPAN and restart it again to apply the changes loatgp
cpan> q

cpan
cpan>

If asked whether to prepend the installation of requirerhliles to the queue, hit return (or enter yes). After
quitting the shell, type the following to install or upgradedule::Build and make it the preferred installer:
cpan>i nstall Modul e::Build
cpan>o conf prefer_installer MB
cpan>o0 conf commt
cpan>q

Finally, install each of the five modules by entering thedaling at the command prompt:

cpan
cpan>i nstall XM.:: Parser

;:|.o;';1n>i nstall XM.::Witer
'c'p;':m>i nstal |l XM.:: TreeBui | der
.c.p;':m>i nstall Text::Ilconv
;:|'o;';1n>i nstall HTM.::Tree
cpan>q
4. Now, you are ready to install Mead. Using your command gtpgo to $HOME/mead and run Install.PL
cd $HOVE/ nead

./lnstall.PL

This automatically changes the #! directives in all Peripdsrto the correct path for your system, updates
a MEAD path variable in the MEAD::MEAD module, and builds Hisfj and Chinese IDF DBM files in
your architecture’s specific format.

5. If you experience installation-related problems with ME, refer tol nst al | . PL’s output when contact-
ing the MEAD team.

10



MEAD User Documentation

3 Simple MEAD tutorial

In the following, we present the basic just about all one sd¢edise MEAD.

3.1 An Example Cluster: GA3

On August 23, 2000, a Gulf Air Airbus crashed off the coastafBin in the Persian Gulf. This disaster triggered
hundreds (probably thousands) of online news articleserfahowing days and weeks. Many of these articles
were collected as a sample cluster on a large news story.

Three such documents (in docsent format) are included Wwe#hVMEAD distribution as an example cluster.
These documents were selected from a much larger set of dotsion the Gulf Air crash, thus explaining their
somewhat cryptic names: articles 41, 81, and 87. This dlistecated in theésDATA DI R/ GA3 directory and
has the following structure:

$DATA DI R/ GA3/ GA3. cl ust er
/| GA3. config
/ GA3. 10. extract
/ GA3. 20. extract
| GA3. sent j udge
/| GA3. query
/ docsent/ *. docsent
/feature/ GA3. . sentfeature

TheGA3 directory contains a cluster file, GA3.cluster; a config f8é,3.config; two extract files, one at 10%,
the other at 20%; a sentjudge file; an example query file; ahdisectories containing docsent files and feature
files. Each of these types of files will be explained in detailater sections. For purposes of summarizing the
cluster, only the cluster and docsent files are needed:

$DATA DI R/ GA3/ GA3. cl ust er
/ docsent/ . docsent

The mead.pl script assumes (by default) that a cluster lssttiicture (minimally, a cluster file in the direc-
tory and a subdirectory named docsent containing all theeludiles named in the cluster file), unless the user
tells the script otherwise (See the section on .meadrc filelsdw this is done, although this is not required.). For
now, stick to this structure. Note that MEAD’s $DATBIR is by default not writable except by the user who
installed MEAD. The GA3/feature directory, which is a byeguct of summarization, is already created. If it
were not, MEAD would run into problems.

3.2 Summarizing the GAS3 cluster

For the purpose of these examples (and to make them easiesidp we assume that we're in tfiél N_DI R
directory. MEAD can be run from other directories by corhedpecifying the path to mead.pl. To go to
$BI N_DI R, use the following commandeplacing $BI N_DI R with the corresponding path on your ma-
chine.

% cd $BI N DI R

Alternately, one can appe$dl N_DI Rto the PATH environmentvariable, which will effectively tte same
thing. On my machine, the following command does the job.

% export PATH=$PATH: $BI N_DI R

where $BINDIR is the conceptual directory described in the InstallaBection. This above command may
be a bit confusing, as $XXX is used in an overloaded manndnighndocument. First of all, Perl's scalar vari-
ables are named beginning with a '$’. We have tried to keepeaferencing of Perl variables to a minimum in
this document. Second, Unix, Linux, etc. environment \@aa begin with a '$’. However, the only environ-
ment variable mentioned in this document is PATH ($PATHB®AIthis document uses $XXX to refer to one of

11
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MEAD'’s conceptual directories. These conceptual direesoare as listed in a previous section; when in doubt,
assume that a word beginning with a '$’ is a conceptual dimgyctAn example, given that your $BIRIR is
located at /usr/mead/bin, is:

% export PATH=$PATH: / usr/ mead/ bi n

In general, MEAD is run as follows:

% ./ nmead. pl [options] cluster_nane

Here are some examples of summarizing the GA3 cluster.

% ./ nmead. pl GA3

summarizes the GA3 cluster and writes a summary to the stdoddput.
% ./ nmead. pl -extract GA3

writes an extract to standard output.

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

write a summary of about 100 words to standard output. ByulgefsEAD’s compression basis is “sen-
tences” and by default, MEAD will give a 20 percent summatry.

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

In this example, the “-sentences” (or “-s”) is unnecessasythat is the default. The user may also specify
an absolute number of sentences to extract, or a percentagmas. In general (and unless stated otherwise),
mead.pl's options mix and match well.

% ./ nmead. pl -extract -output GA3.extract GA3
% ./ nmead. pl -output ../data/ GA3.sunmary GA3

These examples make use of the -o (-output) option. Thisesvtihe output (be it a extract, summary, or
meadconfig object) to the specified file instead of the staholatput.

% ./ nmead. pl - RANDOM GA3
% ./ mead. pl -system RANDOM GA3

% ./ nmead. pl - LEADBASED GA3
% ./ nmead. pl -system LEADBASED GA3

The above examples produce random and lead-based summaspsctively. In general, the “-system”
option just gives a name to the configuration that you're gisithe “RANDOM” and “LEADBASED” systems
are special in that when you specify either of these systepesial classifiers and rerankers are used, instead of
the default ones.

The user can specify non-standard classifiers and rerangirg the- cl assi fi er and-r er anker op-
tions, respectively. For more information on classifierd agrankers are and how to write new ones, see the
appropriate section.

The user can also specify alternate scripts to calculatdefault features: Length, Position, and Centroid; or
add new features using thé eat ur e option. See the MEAD Architecture Section for how to do tlaisd why
you might want to).
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If you just want to give a hame to the configuration, then you say:
% ./ nmead. pl -system MySystem GA3

Note that the name of your system cannot start with a hyphleis.CRuses MEAD to think that no argument to
the system option is given and that the name of your systeheiadéxt command line option. Obviously, MEAD
may do something unpredictable. If you push the envelopawiag MEAD, it may collapse around you.

3.3 So what does mead.pl really do?

mead.pl is really just a (hopefully) smart wrapper arourg ¢bre MEAD driver script, driver.pl, which is in
turn a wrapper around MEAD’s feature scripts, classifieesamkers. It also encapsulates the functionality of
extract-to-summary.pl and the now-defunct write-config.p

First of all, driver.pl takes as input (to its standard ifputmeadconfig object and writes an extract object
to its standard output. (Both of these objects are desciibddtail in future sections.) In between, driver.pl is
responsible for creating any specified features that din@ady exist and calling the classifier and reranker. For
more information on these pieces of MEAD, see the apprapsiattions.

MEAD does not automatically check that feature files are uate, or even that they specify features for the
right cluster. If you change the cluster by adding, remoyimgmodifying the documents, you MUST remove
the old sentfeature files as well (these are usually storekeirifeature” subdirectory of each cluster) to avoid
getting junk summaries or simply crashing MEAD. Howeveis #ispect of MEAD can be useful when the user
has already had such features computed. As an example, Dhatement Understanding Conference (DUC)
competition, participants were given the number of wordshesentence contained. Since segmenters may seg-
ment a given sentence differently, resulting in differeitence lengths, we put the given length calculations in a
feature file in the feature directory, thereby avoiding ptitd mixups.

If you wish to have MEAD automatically replace old sentfiléghwecomputed versions, you must explicitly
specify the f eat ure_cache_pol i cy del et e option orthe- r econput e feature option. See the section
on command-line options to mead.pl for more informationialtbis behavior.

The above is the limit of driver.pl's functionality. It doe®t take command-line arguments and it cannot
output summaries or meadconfig files. The mead.pl script wested to easily build a meadconfig XML object
suitable for feeding to driver.pl and to receive drivesputput, possibly creating a summary from the returned
extract.

3.4 How mead.pl locates clusters

One of the major benefits of mead.pl is that it does its bestdaté clusters that aren’t immediately available.
This is an improvement over the operation of driver.pl andidaeonfig files, as with this approach, the user
must explicitly specify the full path to the cluster. meddqgeates clusters by checking for the cluster in some
predefined locations (e.g. the /mead/data directory in #@’sithome directory, if present) as well as user-
defined locations (viadat a_pat h options to the command line amht a_pat h in .meadrc files). mead.pl's
procedure is as follows:

1. mead.pl checks if the cluster argument specified is anatiegoath. If so, it will use that path. Example:
% mead. pl /usr/ hone/ nead/ dat a/ GA3

2. mead.pl checks if the cluster argument is a subdirectbttysocurrent directory. If it is and an appropriate
cluster file exists in the subdirectory, that directory isdis

3. Command-line datpath options to mead.pl are checked next. The user may gp@uif directory, or
multiple directories separated by colons (:).

4. mead.pl checks the user’'s .meadrc file for a giettn option. Each colon-separated directory is checked for
the cluster. If the -meadrc command-line option is specifiegiad.pl checks that meadrc file instead.

5. The user’'s /mead/data directory is checked next. If thectry doesn’t exist, this step is ignored.

6. Any datapath options in $MEADDIR/.meadrc are checked.
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7. Finally, MEAD's data directory, $DATADIR, is checked. Note that this is a last-ditch effort to fihe t
cluster. Also, this makes the examples more readable. :)

3.5 Command-line options to mead.pl

Most users will only use the first several of these optionsesehcommon options have already been detailed
above.
What follows is a full listing of the command-line optiong fmead.pl. Note that the options for .meadrc files
(described in a future section) make use of these same gption
e -help,-?
print help information and exit. Help info consists of thstlbf available options and is meant to be a
reminder of what options are availablet a comprehensive how-to. Refer to this section for how to use
each option.
e -sSummary
produce a summary (This is the default.)

e -extract
produce an extract (instead of a summary)

e -meadconfig
produce a meadconfig object (instead of a summary or extract)

e -centroid
produces centroid information

e -Scores

print the feature values and composite score (as assignégebglassifier) for each sentence. The user
can specify a non-standard feature set, which will be theifea printed, and/or a non-standard classifier,
which computes the composite scores.

e -out put _nopde node
mode can be either “summary”, “extract”, or “meadconfig”.eHsummary, -extract, and -meadconfig op-

tions are shorthand for “-outpumode summary”, “-outpumode extract”, and “-outpunode meadconfig”,
respectively.

e -basis basis, -b basis, -conpression_basis basis
The argument can be either “words” or “sentences”. See helow

e -sentences, -s
produce a summary whose length is either an absolute numbegpercentage of the numbers#ntences
of the original cluster. (This is the default.)

e -words, -w
produce a summary whose length is either an absolute numlagpercentage of the numberwbrdsof
the original cluster.

e -percent num -p num -conpression_percent num
produce a summary whose length is num% the length of thenadigluster. (The default is -percent 20)

e -absolute num -a num -conpression_absol ute num

produce a summary whose length is num (words/sentencesdiegs of the size of the original cluster.
NOTE: if both -percent and -absolute are specified, MEADsawior may be erratic.
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-system sys

give the configuration the name “sys”. Except for the sperages RANDOM and LEADBASED, this just
adds this field to the extract.

-syst em RANDOM - RANDOM

produce a random summary (and name the system “RANDOM").

- syst em LEADBASED, - LEADBASED

produce a lead-based summary, selecting the first sentemoesiich document, then the second sentence,
etc.. (and name the system “LEADBASED"). NOTE: RANDOM andAIBBASED systems override any
classifier, reranker, and features that may be specified.

-feature_cache _policy policy, -fcp policy

policy can be either “keep” or “delete”. The “delete” optitmrces MEAD to recompute all features while
“keep” makes MEAD use cached featuresent files if they ardadla. “keep” is the default setting. Cache
settings given to individual features will override thistiop.

-cl assifier commmandl i ne

use the specified classifier instead of the default. NOTHafdlassifier command takes arguments, make
sure to enclose the commandline with quotes to make theisltwlpret it as a single argument. However,
when specifying a classifier in a .meadrc file, quotes are ect¢ssary.

-feature name [-reconpute] conmandline

add a feature named “name” whose feature script is run by feandline” to the feature set or replace the
existing feature of the same name. If the optional “-recotepflag is specified, MEAD will force this
feature to be recomputed (instead of looking for cachedifeaent files). If the “-recompute” flag is not
specified, MEAD will look for cached sentfiles based on thatdeacachepolicy option. See the note for
-classifier about how “commandline” must be formatted.

NOTE: this option takes more than one argument, as oppogbe test, which take only one.

-reranker conmandl i ne
use the specified ranker instead of the default. See the NGTEl&ssifier.

-l ang | anguage
The default is “ENG”. This option doesn't really do a wholé éorrently. Since mead.pl doesn’t currently

do Chinese summarization, you’ll probably never have teipeCHIN”. To do summarizaton in Chinese,
refer to the appropriate section (you'll have to use thefakhioned meadconfig file method).

-data_path path

look for the target cluster in each of the directories spedifiy path. The name of the cluster (the last thing
on the command line) is appended to each element of path.@&#obse constructed directories is checked
to see if it contains the cluster (and the desired directorycture) as described in the beginning of this
section.

The user can specify multiple directories by separatingdimectories with a colon, e.g., “/usr/mead/data:-
{usr/local/clusters/”.

Any datapath options given in the user’s and system’s .meadrc fiesppended to the search path. The
search begins in the current directory, regardless of veneth was actually specified in any datmath
option (command line or .meadrc file).

-cluster _dir dir

look for the target cluster in the specified directory ONLYiig blocks any dat@ath arguments provided.

If this option is specified, the cluster file MUST be in the argant to this option (not in a subdirectory, nor
a directory with the same name as the cluster).

NOTE: use this option sparingly. Probably the only time wii@s option should be used is when there
are multiple clusters named the same thing in differentgsiesf datapath (which can be specified in the
.meadrc files).
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-docsent _dir dir
look for docsent files in the specified directory, insteadamhe subdirectory of the cluster directory.

o -feature dir dir

look for and/or output feature files in/to the specified dioeg, instead of some subdirectory of the cluster
directory.

e -docsent _subdir subdir

look for docsent files in the specifiedibdirectory of the cluster directory. By default, this is “cent”.
This option is supported in order to conform to the clusterdiructures used by older systems.

e -feature_subdir subdir

look for feature files in the specifiestibdirectory of the cluster directory. By default, this is “fage”. This
option is supported in order to conform to the cluster filactures used by older systems.

e -nmeadrc rcfile

use the specified .meadrc file instead of the one (possitdg}da in the user’s home directory. You must
supply the entire path (including the filename) of the newlec fi

4 Advanced MEAD
4.1 Specifying summaries using mead-config files
Prior to version 3.07, MEAD was used like
% cat ../data/ GA3/GA3.config | ./driver.pl > ../datal GA3/ GA3. xx. extract

which produces an extract file in the ../data/GA3 directdhe above command assumes that ../data/ GA3/GA3.config
is a mead-config file that specifies the desired summary,dirducompression rates, etc.

If one wanted a summary, then he would run

% ./ extract-to-sunmary. pl ../data/ GA3/ GA3. cl uster ../ data/ GA3/docsent \
../ dat a/ GA3/ GA3. xx. ext r act

which writes a summary to the standard output. Of coursectim be redirected to afile, e.g. ../data/GA3/GA3.xx.surgma
Now, the user can instead run
% ./ nmead. pl -0 GA3. xx.sunmary GA3

(on)
% ./nmead.pl -p 17 -w -0 GA3.17.pct.words. summary GA3

Of course, the old ways of doing things, catting files to drppleand using extract-to-summary.pl still work,
but it is recommended that all but the most die-hard of MEARigis (if there are such individuals) use mead.pl
instead.

Regardless, there are probably instances where using & dibfis preferable, especially with aberrant file
structures, etc. In such a case, you can use mead.pl to gradueadconfig file (using the “~-meadconfig” option)
and then modify the resulting config file. Alternately, yownaarite your own meadconfig file from scratch.
Obviously, the latter is not recommended.
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4.2 Using .meadrc files to specify defaults

Many Unix-style applications allow specification of optfouasing .rc files. These “dot files” allow the user to
specify options in a file without having to type them in at tloenecnand line each time MEAD is used.

The mead.pl script reads two rc files and uses the optionsgenify. First, MEAD reads the file;: SMEADIR/-
.meadrc, which contains system-wide defaults. Next, MEABds the user’s .meadrc file. By default, MEAD
looks for a file named .meadrc in the user’'s home directorhiqis fairly standard in Unix-style apps.) Alter-
nately, the user can specify a different rc file with

% ./ nmead. pl -rc new neadrc

This allows the user to create many different configuratfondMEAD without having to specify many op-
tions on the command line. If the user wishes to ignore thedrfile in his/her home directory (if there is one),
then specify a non-existent file, as in

% ./ nmead. pl -rc none

given that no file named “none” exists in the current diregtor

Specifying a meadrc file is as easy as creating a file nameddimmeayour home directory and adding any
number of options, one per line. Figure 1 is a sample .mealdrevfiich specifies that mead.pl should run in
extract mode instead of the default summary mode, and pesslwmmaries that on average are about 200 words
in length. Also, the RANDOM special system is specified. Thisans that random baseline summaries will be
produced. Note that it's probably not a good idea to speb&RANDOM system in a .meadrc file, as this system
is intended as a baseline for evaluation of high-qualitymamizers; this example is for illustrative purposes only.

conpressi on_basi s wor ds
conpressi on_absol ute 200

out put _node extract
system RANDOM

Figure 1: Sample .meadrc file

The options supported in .meadrc files afmostidentical to those supported by mead.pl via the command
line. Note that the an rc file does not have to be named .mesulrh;a file can be named anything allowable on the
platform. However, names that include “meadrc” in some veag.(“meadrc2”) allow other users a more intuitive
understanding of which files do what. Additionally, secarydaneadrc files should probabhot be dotfiles, as
they may get lost or forgotten. Note also that mead-config §ilnerally end in “.config” or “.meadconfig”, which
means that non-sadists should avoid using these exterisinaming .meadrc files.

A .meadrc file can currently have all the following optionattlh mead.pl can take as command-line options
(without the hyphens). Those command-line options thaeHahort-hand” versions (e.g. “-summary”, “-p
20", and “~“RANDOM?”) should be expanded to their more/mosthase versions “-outpunode summary”, “-
compressiorpercent 20", “system RANDOM?”, respectively. A few other coron options used in .meadrc files
are “compressiafbasis” and “datgath”.

The “feature”, “classifier”, and “reranker” options all iolve specifying scripts (and any needed arguments)
for MEAD to run via the command line. When specifying them eguanents to mead.pl, they should appear in
guotes so the shell will group the script and its argumentsastem. However, when specifying these options in
a.meadrc file, no quotes are needed. In the case of “featptighs, the second group of non-spaces is taken to be
the feature name and the remainder of the line is taken toéedtipt (with argument, if necessary). Everything
after “classifier” or “reranker” is taken to be the script aarxduments.

Figure 2 shows a .meadrc file that specifies a “qmtth” option, as well as a nonstandard feature and a new
classifier command that uses that feature. See the apppeietions for more information on features, feature
scripts, and classifiers.

Although the .meadrc files can have an option that can befsggcin the command line to mead.pl, some
options should not in general be specified in .meadrc filese €ich option is “clustedir”, which specifies the
only place where MEAD should look for the cluster file.
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conpr essi on_basi s wor ds

conpr essi on_absol ute 200

out put _node nmeadconfi g

# Notice the ':’' separating two directories.

data_path [ usr/ home/ wi nkel a: / usr/ home/ wi nkel a/ dat a

# This is a conment.
# Note that the "\’ on the next line indicates a continuation
# of that line.
feature SimMWthFirst \
/ cl ai r4/ nmead/ bi n/ feature-scripts/SimNthFirst. pl

# Note that we don't need quotes here...
classifier /clair4/nead/bin/default-classifier.pl Length 9 \
Centroid 1 Position 1 SimWthFirst 1

Figure 2: A more adventurous .meadrc file

For a full listing of the options that .meadrc files can haes the appropriate section in the Getting Started
section on mead.pl command-line options or typéttead. pl - hel p” from $BI N_DI R.

5 MEAD XML Objects

This subsection describes the XML objects used as inputdmatput from MEAD, as well as communication
between the different components of MEAD. The DTDs deseglthese objects used are listed at the end of this
document.

5.1 Common Objects

By “Common Objects”, we mean objects that are often useatjrby the user. These include the mead-config,
cluster, docsent, extract, and summary objects. Meadgohjects and extract objects are the input and output,
respectively, of driver.pl. mead.pl and extract-to-sumnpcan output summary objects. And of course, cluster
and docsent objects represent the actual cluster to be stimecha

5.1.1 mead-config

The MEAD driver program$BIl N_DI R/ dri ver. pl ) reads a mead-config file from its standard input. This file
specifies several pieces of information that it needs to samze a cluster, including the location of the cluster,
the features to compute and where to store them on disk, &issifier to use (with any arguments), the reranker
to use, and the desired summary size. Figure 3 shows an examepld-config file.

We now describe the functions of the various elements of alrseafig file and their attributes:

e <MEAD-CONFIG>

— LANG: the language of the cluster (currently “ENG” or “CHIN”
— CLUSTER-PATH: Path to the .cluster file you want to summarize
— DOC-DIRECTORY: Path where the source documents in docsemizt are located

— TARGET: The name of the cluster file (without the .cluster mectory)
Thus, if you want to summarize the cluster defined by /usréfdata/GA3.cluster, TARGET = “GA3”

e <FEATURE-SET>

— BASE-DIRECTORY: Path where MEAD will look for and/or prodeiteatures
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<MEAD- CONFI G TARGET=" GA3’ LANG=' ENG CLUSTER- PATH='/cl ai r 4/ nead/ dat a/ GA3’
DATA- DI RECTORY="/ cl ai r 4/ nead/ dat a/ GA3/ docsent’ >

<FEATURE- SET BASE- DI RECTORY="/ cl ai r 4/ mead/ dat a/ GA3/ f eat ure/’ >

YECHANGE
<FEATURE RECOMPUTE='true’ NAME=" Centroi d’

SCRI PT="/cl ai r 4/ mead/ bi n/ f eat ure- scri pts/ Centroi d. pl HK-WORD-eni df ENG />
<FEATURE NANME=' Position’

SCRI PT="/cl ai r 4/ mead/ bi n/ f eat ure-scri pts/ Position.pl’/>
<FEATURE NAME=' Lengt h’

SCRI PT="/cl ai r 4/ mead/ bi n/ f eat ure-scripts/Length.pl’/>

</ FEATURE- SET>

<CLASSI FI ER COWRAND- LI NE=’ / cl ai r 4/ mead/ bi n/ defaul t-cl assifier.pl \
Centroid 1 Position 1 Length 9° SYSTEMF' MEADORI G RUN=' 10/09' />

<RERANKER COVMAND- LI NE=' / cl ai r 4/ mead/ bi n/ def aul t -rer anker. pl MEAD-cosine 0.7 />

<COVPRESSI ON BASI S=' sent ences’ PERCENT=' 20’ / >

</ MEAD- CONFI G

Figure 3: An example Mead Config object

o <FEATURE>

— NAME: The name of the feature to use

— SCRIPT: The full-path command (including options) to rue $eript used to generate this feature if it
does not exist in BASE-DIRECTORY (above). Note: DOC-DIRETIRY (above) will be appended
as an argument to this command when the feature script isSe@the section on Features for more
information.

— RECOMPUTE: either “true”, “false”, or unspecified. MEAD Wibrce this feature to be recomputed
if set to “true” (even if a sentfile for this feature exists).

e <CLASSIFIER>

— COMMAND-LINE: Command to call the classifier to be used, udihg all command-line arguments
¢ <RERANKER>

— COMMAND-LINE: Command to call the reranker to be used, imithg all command-line arguments
¢ <COMPRESSION-

— BASIS: sentences or words

— PERCENT: length, in percent of the size of the full clustartfie specified BASIS), that the summary
should be

— ABSOLUTE: length, in absolute number of sentences of woadsspecified by basis), that the sum-
mary should be. Note that exactly one of PERCENT and ABSOLGh&uld be specified.
5.1.2 Cluster

A cluster object lists the names of the documents that willmamarized. Figure 4 shows the cluster file for the
GA3 cluster. Each DID corresponds to a file named $DID.dadsethe GA3 cluster’s docsent subdirectory, e.qg.
$DATA_DIR/GA3/docsent/41.docsent.
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<?xm version='1.0"?>
<! DOCTYPE CLUSTER SYSTEM '/cl ai r 4/ nead/ dtd/cl uster.dtd’ >

<CLUSTER LANG=" ENG >
<D DID="41" />
<D DID="81" />
<D DI D="87" [>
</ CLUSTER>

Figure 4: An example Cluster object

5.1.3 Docsent

A Docsent object is a document segmented into sentencaseFsghows the first several sentences from docu-
ment 41 from the GA3 cluster.

<?xm version="1.0" encodi ng=" UTF-8" ?>
<! DOCTYPE DOCSENT SYSTEM ' /cl ai r 4/ mead/ dt d/ docsent . dtd’ >

<DOCSENT DI D=" 41" LANG=" ENG >

<BODY>

<HEADLI| NE>

<S PAR="1" RSNT="1" SNO="1">Egyptians Suffer Second Air
Tragedy in a Year </S>

</ HEADLI| NE>

<TEXT>

<S PAR="2" RSNT="1" SNO=' 2’ >CAl RO, Egypt -- The crash of a
Qulf 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’ >Si xty-three Egyptians were on
board the Ai rbus A320, which crashed into shall ow Persian Gulf
wat ers Wednesday ni ght after circling and trying to land in
Bahr ai n. </ S>

<S PAR="2" RSNT="3" SNO="4'>On Cct. 31, 1999, a plane carrying
217 nostly Egyptian passengers crashed into the Atlantic Ccean
of f Massachusetts. </ S>

<S PAR="2'" RSNT="4" SNO='5'>The cause has not been determ ned,
providing no closure to the fam lies, whose grief was reopened
this nonth with the release of a factual report by the Nati onal
Transportation Safety Board. </ S>

</ TEXT>

</ BODY>

</ DOCSENT>

Figure 5: An example Docsent object

5.1.4 Extract

An Extract contains a list of sentences that will be used snghmmary. Sentences are sorted in the order they
appear. Figure 6 shows a seven-sentence extract of the @Al
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<?xm version="1.0" encodi ng=" UTF-8" ?>
<! DOCTYPE EXTRACT SYSTEM '/cl air/tool s/ nmead/ dtd/extract.dtd >

<EXTRACT Q D=" GA3’ LANG=" ENG COWPRESSI ON=" 7’
SYSTEM=" MEADORI G RUN=" Sun Cct 13 11:01:19 2002’ >
<S ORDER="1" DID="41" SNO="2' />

<S ORDER="2" DID="41" SNO="3 />

<S ORDER=" 3" DI D="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>

Figure 6: An example Extract object

5.1.5 Summary

The Summary is the final output from the summarization precééote that Summary objects are not XML-
compliant. Instead, they are meant to be the human readatpgatof MEAD.

[1] The Di saster Relief Fund Advisory Conmmittee has approved a
grant of $3 mllion to Hong Kong Red Cross for energency relief
for flood victins in Jiangxi, Hunan and Hubei, the Minland.

[2] Together with the earlier grant of $3 mllion to Wrld Vision
Hong Kong, the Advisory Committee has so far approved $6 mllion fromthe
Di saster Relief Fund for relief projects to assist the victins
af fected by the recent floods in the Minland.

[ 3] The Di saster Relief Fund Advisory Committee has approved a
grant of $3 million to the Salvation Army for enmergency relief
for flood victins in Hunan and Guangxi, the Mainl and.

[4] The Di saster Relief Fund Advisory Conmittee has approved a

grant of $5.39 million to Medecins Sans Frontieres for energency
relief for flood victims in Hunan, Sichuan and Yunnan, the Minl and.
[5] To ensure that the noney will be used for the purpose

desi gnated, the Governnent has required Medecins Sans Frontieres
to submt an evaluation report and audited accounts on the use of
the grant after the project has been conpl et ed.

Figure 7: An example Summary object

5.2 Less Common MEAD Objects

This category of MEAD objects are used by driver.pl and may$ed by the user, for instance, when using the
relative-utility.pl script to evaluate an extract.

5.2.1 SentFeature

A sentfeature object assigns (possibly several) featumeesdo each sentence in a cluster. Figure 8 shows a few
selected lines from the Centroid sentfeature file for the Gl3ter.
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<?xm version="1.0" ?>

<SENT- FEATURE>
<S DI D="87" SNO="1" >
<FEATURE N="Centroid" V="0.274894051973267" />
</ S>
<S DI D="87" SNO="2" >

<FEATURE N="Centroid" V="0.828824590972425" />

</ S>
<S DI D="81" SNO="1" >
<FEATURE N="Centroid" V="0.153774221389168" />
</ S>
<S DI D="81" SNO="2" >

<FEATURE N="Centroid" V="1.000000000000000" />

</ S>
<S DI D="41" SNO="1" >

<FEATURE N="Centroid" V="0.153896779384946" />

</ S>
<S DI D="41" SNO="2" >
<FEATURE N="Centroid" V="0.981981515400504" />
</ S>
</ SENT- FEATURE>

Figure 8: An example SentFeature object

5.2.2 SentJudge

A sentjudge object is used to describe sentence utilityesogiven by judges to individual sentences in a document
or cluster. Figure 9 shows an example sentjudge file.

5.2.3 Query

A query object describes the text of a retrieval query. Qudijects are used in query-based summarization. See
the appropriate section in Really Advanced MEAD.

5.3 XML Objects not used by core MEAD
5.3.1 Document

The document object represents a document which is notaitkpegmented into sentences. The document
object is not currently used by core MEAD. Instead, the doent®in a cluster are stored as docsent files.

5.3.2 Docpos

A docpos object is a document with Part of Speech Tags.

5.3.3 Docjudge

A docjudge object describes the retrieval ranking obtafneah the search engine (Smart) given a query.

5.3.4 Sentalign

A sentalign object describes the sentence mappings betwednanslations of the same document.

5.3.5 Sentrel

A sentrel object describes relationships between pairsmesices.
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<?xm version="1.0" ?>

<SENT- JUDGE Q D=' 551" >

<S DI D=" D-19980731_003. e’ PAR="1" RSNT="1" SNO="1’ >
<JUDGE N="smith’ UTIL="10"/>
<JUDGE N=" huang’ UTIL="10"/>
<JUDGE N=' noorthy’ UTIL="6"/>

</ S>

<S DI D=" D-19980731_003. e’ PAR="2" RSNT="1" SNO=" 2’ >
<JUDGE N="smith’ UTIL="6"/>
<JUDGE N=" huang’ UTIL="10"/>
<JUDGE N=' noorthy’ UTIL="10"/>

</ S>

<S DI D= D-19980731 003. e’ PAR="3" RSNT="1" SNO=' 3’ >
<JUDGE N="smith’ UTIL="6"/>
<JUDGE N=" huang’ UTIL="9" />
<JUDGE N=' npoorthy’ UTIL="10"/>

</ S>

<S DI D=" D-19981105 011.e’ PAR="5" RSNT='2' SNO=" 7' >
<JUDGE N="smith’ UTIL="2"/>
<JUDGE N=" huang’ UTIL="1"/>
<JUDGE N='noorthy’ UTIL=4"/>

</ S>

</ SENT- JUDGE>

Figure 9: An example Sentjudge object

<?xm version="1.0" ?>
<! DOCTYPE QUERY SYSTEM "/cl ai r4/ nmead/ dtd/ query.dtd" >

<QUERY Q D="Q 551-E" QNO="551" TRANSLATED="NO'>

<TI TLE>

Nat ural disaster victins aided

</ TITLE>

<DESCRI PTI ON>

The description is usually a few sentences describing the
cluster.

</ DESCRI PTI ON>

<NARRATI VE>

The narrative often describes exactly what the user is |ooking
for in the summary.

</ NARRATI| VE>

</ QUERY>

Figure 10: An example Query object
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<?xm version="1.0" ?>
<! DOCTYPE DOCUMENT SYSTEM '/ cl ai r 4/ mead/ dt d/ docunent . dtd’ >

<DOCUMENT DI D=" D- 19970701_001. e’ DOCNO =" 1' LANG=" ENG >

<EXTRACTI ON- | NFO SYSTEM=' . / hknead. pl Centroid 1 Position 1

Length 9° RUN="' COWP

RESSI ON=' 20' Q D=' D- 19970701_001.¢e' />

<BODY>

<TEXT>

The cerenony took place in the Gand Hall of the Hong Kong Convention
and Exhibition Centre (HKCEC) Extension and was attended by sone 4, 000
guests, including foreign mnisters and dignitaries fromnore than 40
countries and international organisations, and about 400 of the

worl d’s nedia. Representing China were M Jiang; HE M Li Peng,

Premi er of the State Council of the PRC, HE M Q an Q chen, Vice

Premi er of the State Council of the PRC, General Zhang Wanni an, Vice
Chairman of the Central MIlitary Conmmi ssion of the PRC, and HE M Tung
Chee Hwa, the Chief Executive of the Hong Kong Special Adm nistrative
Regi on (HKSAR) of the PRC. This was followed at the stroke of

m dni ght by the playing of the Chinese National Anthem and the raising
of the Chinese national flag and the flag of the Hong Kong Speci al
Admi ni strative Region (HKSAR) within the first mnute of the new day
(Tuesday). Entry of Guards of Honour Entry of Oficiating Parties

Sal ute by Guards of Honour Speech by H's Royal Hi ghness The Prince of
Wal es Entry of Flag Parties British National Anthem Lowering of Union
and Hong Kong Fl ags

Chi nese National Anthem Raising of Chinese and Hong Kong Speci al

Admi nistrative Region Flags Departure of Flag Parties Speech by
President of the People’s Republic of China, M Jiang Zenmi n Departure
of Officiating Parties

Departure of Guards of Honour
</ TEXT>

</ BODY>

</ DOCUMENT>

Figure 11: An example Document object

6 MEAD Interfaces
6.1 mead.pl

The mead.pl script is the primary interface to the MEAD sumiraion system. However, it is little more than
a wrapper around MEAD’s driver.pl script (which in turn cadither scripts) that combines options and defaults
from various sources (command-line options and .meads) fitéo mead-config object that is passed to driver.pl's
standard input. It reads driver.pl's output—an extract-g-aither writes the extract or the corresponding summary,
to either a file (if one is specified) or by default, the staddartput.

The mead.pl script has already been described extensivéheiIMEAD Usage section. See that section for
said description.

6.2 driver.pl

The driver.pl script ties together all the inner workingsted MEAD summarizer. It takes as input a mead-config

object and yields an extract object as output. Itis used gdmtto produce extracts (which can then be converted

to summary objects) but may also be used directly by the yseabing a mead-config file to its standard output.
driver.pl's execution has several stages:

1. driver.pl first reads the mead-config object from the staciihput.

2. The mead-config object specifies the features that shautwbmputed via the FEATURE-SET element.
Each FEATURE subelement has a NAME attribute, a SCRIPTbatg| and possibly a RECOMPUTE
attribute. The NAME attribute, not surprisingly, speciftag name of the feature. The SCRIPT attribute
specifies the shell command that should be run to producettere. If the RECOMPUTE attribute is set
to “true”, then MEAD will recompute the given feature.

This second stage locates these features on disk by lookitiyei BASE-DIRECTORY attribute of the
FEATURE-SET element in the mead-config object. A feature edifireatureName” will be stored on
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<?xm version="1.0" encodi ng=" UTF-8’ ?>
<! DOCTYPE DOCPOS SYSTEM ‘/cl ai r 4/ mead/ dt d/ docpos. dtd’ >

<DOCPCS DI D=" D- 19970701_001. e’ LANG=' ENG >

<BODY>

<HEADLI| NE>

<S PAR="1" RSNT="1" SNO="1'> <W C="JJ’ >Sol ern</ W <W

C=" NN >cer emony</ W <W C=" VBZ' >nmar ks</ W <W

C=" NNP’ >Handover </ W </ S>

</ HEADLI NE>

<TEXT>

<S PAR="2" RSNT="1" SNO=’" 2’ ><W C=' DT’ >A</ W <W

C="JJ’ >sol emn</ W<W C=", " >, </ W <W C=" JJ’ >hi storic</W <W
C=" NN >cer enmony</ W <W C=' VBZ' >has</ W <W C=" VBN >mar ked</ W <W
C=" DT’ >t he</ W <W C=" NN >r esunpti on</ W

<W C="I N >of </ W <W C=" DT’ >t he</ W <W C=" NN >exer ci se</ W <W
C=" I N >of </ W <W C=" NN >sover ei gnty</ W <W

C=" I N >over </ W <W C=" NNP’' >Hong</ W* <W C=" NNP’ >Kong</ W <W
C="I N >by</ W <W C=' DT’ >t he</ W <W

C=" NNS' >Peopl e</ We<W C=" POS’ >’ s</ W <W C=" NNP’ >Republ i c</ W <W
C=" I N >of </ W <W C=" NNP’' >Chi na</ We<W

C=" . > </ W</ S>

<S PAR="3" RSNT='1" SNO=' 3’ ><W C=' PRP$’ >Hi s</ W <W

C=" NNP’ >Royal </ W <W C=" NNP’' >Hi ghness</ W <W

C=" NNP’ >The</ W <W C=" NNP’' >Pri nce</ W <W C=" | N >of </ W <W
C=" NNP’ >\l es</ W <W C=" CC' >and</ W <W

C=' DT" >t he</ W <W C=" NNP’' >Pr esi dent </ W <W C=" | N >of </ W& <W
C=' DT’ >t he</ W <W C=" NNS' >Peopl e</ Wo<W

C=" POS’ >’ s</ W <W C=" NNP’' >Republ i c</ W <W C=" | N >of </ W <W
C=" NNP’ >Chi na</ W <W C=" (’ >( </ W<W

C=" NNP’ >PRC</ We<W C=") ’ >) </ W <W C=" NNP’ >HE</ W& <W C=" NNP’ >M </ W&
<W C=" NNP’ >Ji ang</ W <W

C=" NNP’ >Zeni n</ W <W C=" DT" >bot h</ W <W C=" NN >spoke</ W <W
C="I N >at </ W <W C=' DT" >t he</ W <W

C=" NN >ceremony</ We<W C=",’ >, </ W <W C=" WDT' >whi ch</ W <W
C=" VBD >straddl ed</ W <W C=" NN >mi dni ght </ W <W

C=" I N >of </ W <W C=" NNP’ >June</ W <W C=' CD >30</ W <W

C=" CC >and</ Wt <W C=" NNP' >Jul y</ 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 >cer emony</ W <W C=" VBD >was</ W <W

C=" VBN >tel ecast</ W <WC="JJ" >l ive</W <WC="IN >around</ W <W
C=" DT’ >t he</ W <W C=" NN >wor | d</ We<W

C=' . > </ W</ S>

</ TEXT>

</ BODY>

</ DOCPCS>

Figure 12: An example Docpos object

<?xm version="1.0"?>
<! DOCTYPE DOC- JUDGE SYSTEM */ cl ai r 4/ mead/ dt d/ docj udge. dtd’ >

<DOC-JUDGE Q D="Q 2-E SYSTEMF' SMART' LANG=" ENG >
<D DI D=" D-19981007_018. e’ RANK='1" SCORE='9. 0000’ />

<D DI D=" D-19980925_013. e’ RANK='2" SCORE=’ 8. 0000’ />

<D DI D=" D- 20000308_013. e’ RANK='3' SCORE='7.0000" />

<D DI D=" D- 19990517_005. e’ RANK='4' SCORE=' 6. 0000’ />

<D DI D=" D-19981017_015. e’ RANK='4' SCORE=' 6. 0000’ />

<D DI D=" D-19990107_019. e’ RANK=' 12’ SCORE='5. 0000’ />
<D DI D=" D-19990713_010. e’ RANK=' 12’ SCORE='5. 0000’ />
<D DI D=" D- 19991207_006. e’ RANK=" 12" SCORE='5.0000" />
<D DI D=" D- 19990913_001. e’ RANK=' 20" SCORE=' 4. 0000" />
<D DI D=" D- 19980609_005. e’ RANK=' 20’ SCORE=’ 4. 0000’ />
<D DI D=" D-19990825_018. e’ RANK=' 1962’ SCORE="0.0000' />
<D DI D=" D-19990924_047. e’ RANK=' 1962’ SCORE="0.0000' />

</ DOC- JUDGE>

Figure 13: An example Docjudge object
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<?xm version="1.0" encodi ng="UTF-8"?>

<! DOCTYPE SENTALI GN SYSTEM "/ cl ai r 4/ nead/ dt d/ sent al i gn. dt d">

<SENTALI GN ENG="20000119_002. e" CHI ="200
<SENT ORDER="1" EDI D="D-20000119_002. e"
CSNO="1" />
<SENT ORDER="2"
CSNC="2" />
<SENT ORDER="3"
CSNO="3" />
<SENT ORDER="4"
CSNC="4" [>
<SENT ORDER="5"
CSNO="5" [ >
<SENT ORDER="6"
CSNO="5" />

</ SENTALI G\>

EDI D="D-20000119_002. e"
EDI D="D-20000119_002. e"
EDI D="D-20000119_002. e"
EDI D="D-20000119_002. e"

EDI D="D-20000119_002. e"

00119_002. ¢c" LANG="engl i sh-chi
ESNO="1" CDI D="D-20000119_002.

ESNC="2" CDI D="D-20000119_002.
ESNG="3" CDI D="D-20000119_002.
ESNC="4" CDI D="D-20000119_002.
ESNC="5" CDI D="D-20000119_002.

ESNO="6" CDI D="D-20000119_002.

nese">

C
c"

C

c"

C

Figure 14: An example Sentalign object

<?xm version="1.0"?>

<! DOCTYPE SENT- REL SYSTEM "/cl al
<SENT- REL>

<R SDI D=" 47° SSENT="7' TDI D=" 30
<RELATI ON TYPE=' 19" JUDGE='1'/>
<RELATION TYPE=' 6" JUDGE="1'/>
</ R>

</ R>

<R SDI D=" 81’ SSENT='45" TDI D="8
<RELATI ON TYPE=' 19" JUDGE='1'/>
<RELATI ON TYPE=' 15" JUDGE='5'/ >
</ R>

<R SDI D=" 63' SSENT='15" TDID="7
<RELATI ON TYPE=' 12’ JUDGE='4'/ >
</ R>

<R SDI D=" 87" SSENT='24’ TDID='8
<RELATI ON TYPE=' 15" JUDGE='2'/>
</ R>

<R SDI D=" 47° SSENT="1" TDI D=" 30
<RELATI ON TYPE=' 19" JUDGE='1'/>
</ R>

</ SENT- REL>

ir4/ mead/ dtd/ sentrel .dtd" >

' TSENT=' 29’ >

7" TSENT=" 10" >

' TSENT=" 11’ >

1" TSENT="1'>

' TSENT=' 24’ >

Figure 15: An example Sentrel object
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disk in a file named “ClusterName.FeatureName.sentfeatutke BASE-DIRECTORY directory. If this
file exists and the RECOMPUTE attribute is not set to “trué'isiassumed to contain a feature named
“FeatureName” for all and only the sentences in the clustesentences in the cluster do not have entries
in the sentfeature file, they effectively have value zeralipsequent calculations. On the other side of the
coin, MEAD will not complain if a given sentfeature entry dagot correspond to a sentence in a document
specified by the cluster file. It may even be included in theagetof the cluster! However, errors may occur
when producing a summary from the extract.

If the file does not exist or if RECOMPUTE is set to “true”, dzivpl calls the script specified and redirects
the output to the appropriate file, named as described abdhes, if a certain cluster is summarized
multiple times and RECOMPUTE is not set to “true”, the featiare summarization passes.

If the user already is given sentence features, he may cseatfeature files manually. If the sentfea-
ture files are named appropriately, they will be used just BHAD had created them during a previous
summarization run.

This “feature caching” is a double-edged sword. It speedthegummarization process, sometimes con-
siderably, but it may also result in erroneous summariesadby inconsistencies in the contents of the
cluster file and the sentfeature files. This commonly happdren documents are added to or removed
from the cluster, or in query-based summarization, whengusivo different queries in summarizing the
same cluster. More on the latter in the section on queryebsismmarization.

3. Next, driver.pl calls the classifier, which is specified #he CLASSIFIER element of the mead-config
file. The COMMAND-LINE attribute specifies the script to ruwith arguments) to produce sentence
scores. These scores are for each individual sentence,handdsnot take into account inter-sentence
relationships. The combined sentfeatures are writteneéocthssifier's standard input, and the classifier
must write a sentjudge object to its standard output. Forenmdormation on the workings of classifiers
and the classifiers included with the MEAD distribution, fee section on classifiers.

4. The fourth task assigned to driver.pl is to call the reeanlAs compared to the classifier, which assigns
scores to individual sentences, the reranker modifies $ases depending on relationships between sen-
tences. The input to the reranker is a reranker-info XML obj& reranker is an XML object made up of
three smaller components: the compression informatiomgsvor sentences, plus how many), the cluster’s
DIDs, and the sentence scores output by the classifier inotine ¢f a sentjudge. A reranker must output
the modified sentence scores, again in sentjudge form. Hawtbis sentjudge has the SENTS-FOR-SUM
attribute in the top-level element. This is interpreted biver.pl as meaning that it should output the
SENTS-FOR-SUM top-scoring sentences as the extract.

5. The final job driver.pl does is to write out the extract, gvhis specified by the sentjudge written out by the
reranker.

6.3 MEADIib

MEADIib is a collection of Perl modules used extensively biEAD. They may be useful for related applications,
especially those related to language processing. MEARIibbe used to evaluate extractive as well as abstractive
summaries, segment text, read in files of many of MEAD’s XMinfiats, convert between these formats, and
write files of these formats.

MEADIib is a work in progress, so documentation is not inéddhere. Any documentation will be linked off
the MEAD web site.

7 Features and Feature Scripts

7.1 Introduction to MEAD Features

MEAD extractive summaries score sentences according tainesentence features (hence the “sentfeature” ob-
ject). The default classifier (default-classifier.pl) ugesition, Centroid, and Length, but MEAD features can
potentially refer to any feature that a sentence has (howymamed entities or anaphora it contains, for in-
stance). The only stipulation that MEAD places on its feasgus that they be real-valued. However, the authors
recommend that each feature be normalized to have a valuedetzero and one for each sentence. Although
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not technically necessary, it allows humans to more easligcs appropriate weights for the linear combination
used by the classifier to score sentences based on features.

In addition to the default features of Position, Centroidd & ength, the MEAD distribution contains sev-
eral other potentially useful features including SimWitE which computes the cosine similarity between a
sentence and the first sentence in the document; IsLongest®e, which assigns a score of one if the sen-
tence is the longest in its document, and zero otherwisettaee query-based feature scripts: QueryCosine.pl,
QueryCosineNolDF.pl, and QueryWordOverlap.pl, which poe the various measures of similarity between the
sentence and (potentially) three parts of the given quesg tBe Query-based Summarization section for more
information on these last feature scripts.

In order to facilitate the creation and integration of newatéees, MEAD provides an interface to the feature
calculation, and writing via the MEAD::SentFeature Perldule. This section describes the use of this library.

7.2 Sent-Feature Files

Sent-Feature files contain the values of features for eatbrsee. These are the output of all Feature Calculation
scripts. An example sentfeature file is shown in an earlietice. A feature script that uses MEAD::SentFeature::-
extractsentfeatures does not need to explicitly write Sent-Fedilgs; the library will do this for you. Essentially,
the library function opens the cluster, and makes a seriealtifacks to subroutines of the feature script. During
these callbacks, the script can calculate the value of ongooe features for each sentence and tell MEAD these
values.

7.3 Three-Pass Feature Calculation

Feature Calculation is done in three stages: Cluster, Deatjnand Sentence. Each stage is implemented by a
subroutine in the feature script corresponding to thatestdgne cluster subroutine is called only once. Then the
document subroutine is called once for each document inltiséer. Finally the sentence subroutine is called for
each sentence in the cluster. All the information availablthe sentence stage is available at each of the other
stages. Feature calculation is done in this three-stageenam save the user the time and aggravation of writing
for-loops to iterate over the documents and sentences icitiseer.

The Cluster and Document stages are optional, and need notgbemented by the user. However, every
feature scriptmust use the Sentence stage, as this isathly time that a score can be assigned to a sentence.

Rather than confuse the reader by trying to explain how tahis&1EAD::SentFeature::extraséntfeatures
library function to compute features, the author will refiee reader to an example feature script, Skeleton.pl,
which lives in $SCRIPTDIR. An annotated version of this file is shown in Figure 16.

The key point to notice is the call to extrasmntfeatures several lines into the script. This routidkeread the
cluster filename (and the query filename, if given) from tlaadard input and open this (these) object(s).

The $datadir variable points to the directory containirgdbcsent files whose sentences you want to calculate
the features for.

Note that the 'Sentence’, 'Document’, and 'Cluster’ stsngust appear verbatim (case-sensitive) as the key
of the hash entry whose value is the reference to the comelépgsubroutine.

7.3.1 The Cluster Stage

The Cluster routine is passed a cluster and do any needeegsing using that cluster. This routine is called once
per cluster.

e Clusters are references to hashes whose keys are DIDg&tand whose values are Documents.
e Documents are references to arrays of Sentences.

e Sentences are references to hashes whose keys are featumess(strings) and whose values are the values
of those features. The features passed to the feature wctifg $sentref variable are:

“TEXT” (string) The text of the sentence
“DID” (string) The DID of the document to which the sentence bedong
“SNO” (string) The number of the sentence in its document
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#! [ usr/ bi n/ perl
use strict;

use Fi ndBin;
# These are just the lib directories where MEAD s nodul es |ive.
use lib "$FindBin::Bin/../../lib", "$FindBin::Bin/../../liblarch";

use MEAD: : Sent Feat ure;
ny $datadir = shift;

extract_sentfeatures($datadir, {"Custer’ => \&cluster,
" Document’ => \ &ocunent,
" Sentence’ => \&sentence});

sub cluster {
ny $clusterref = shift;

foreach ny $did (keys %clusterref) {
# This cycling through the DIDs will produce each
# docunent passed to the docunment subroutine.
nmy $docref = $S$cl usterref{$did};

sub docunent {
ny $docref = shift;

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

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

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

# You can conpute nore than one feature at a tineg,

# but all but one may be "lost" as driver.pl |ooks for features
#in files with names that include the feature nane.

$$f eat ure_vector {"Skel eton"} = $sno/ 10;

$$f eat ure_vector{"Feature2"} = | ength($did);

Figure 16: An example Feature Script
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7.3.2 The Document Stage

The Document routine is passed a Document and can do thedegsibcessing (if any) using that Document.
This routine is called once for each documentin the cluStecuments are references to arrays of Sentences (See
above for a description of a Sentence).

7.3.3 The Sentence Stage

Sentence routines are passed two variables: A Sentenceeiedence to a feature vector. Sentences are described
in the “Cluster Stage” section above. Feature vectors ashdsawhose keys are the names of features (strings)
and whose values are the (real numbered) values of the é&satamed by those strings. For example:

{"Centroid => 0.2, 'Position" => 0.5}

After the Sentence routine has been called for every semtenevery document in the cluster, the ex-
tractsentfeatures routine writes to standard output a sentiefiieicontaining the values for the features specified
in the featurevector for each sentence. (Subsequently, driver.pl retdithis output to the appropriate file.)

7.4 A Skeleton Feature Extraction Routine

As previously mentioned an example feature script, $SCBIPIR/Skeleton.pl, is including with the MEAD
distribution. Note that the “use lib” statement near theabfkeleton.pl must be modified to point to “$LIBIR”
and “$LIB_DIR/arch”. The example works as given only if the featurémds in $SCRIPTSDIR.

The following command will write a sentfeature object to #tendard output:

echo ' $DATA DI R/ GA3/ GA3. cluster’ | $SCRI PTS_DI R/ Skel et on. pl $DATA_ DI R/ GA3/ docsent

8 MEAD Classifiers

8.1 The Default Classifier: default-classifier.pl
The classifier computes scores for each sentence.

e Input: A sentfeature file in XML format is written to the cléfésr’s standard input. Every feature file
specifies, for each sentence in a cluster, a set of featudes ealue for each feature.

e Output: A classifier must write a sentjudge file in XML format its standard output. As previously
described, a sentjudge for a cluster contains a a real nuuatliey judgement for each sentence in that
cluster. In the case of a classifier's output, this utilitygunent is interpreted as the sentence’s score.

8.1.1 Command Line Arguments
The COMMAND-LINE attribute of CLASSIFIER (in a mead-confi¢gfj should read
$BIN Dl R default-classifier.pl featurel weightl feature2 weight2 ...

Each sentence receives a score that is a linear combinditilbe features listed (provided they are in the input
feature file) EXCEPT for the “Length” feature. The weight afcl feature in the linear combination is specified
after each feature name. “Length”, if it is given, is a cutigfture. Any sentence with a length shorter than
“Length” is automatically given a score of 0, regardlesg®bither features. “Length” is the only feature that has
these semantics.

Thus, a COMMAND-LINE attribute of

$BIN DI R/ default-classifier.pl Centroid 2 Position 0.5 Length 12

has the following interpretation:

2. (Centroid) 4+ 0.5 - (Position) : Length(sentence) > 12 }

score(sentence) = { 0 : Length(sentence) < 12

The default weights for Centroid and Position are both 1. dé&fult Length cutoff is 9. The above example’s
weights were changed for illustrative purposes.
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8.1.2 Using new features with default-classifier.pl

Using new features with default-classifier.pl is relatwelsy. First, the desired feature must either be pre-
computed in sentfeature format in an appropriately-namediacated fileor the user must have a feature script
for computing the feature. Next, the user must add a FEATURIEent to the FEATURE-SET in the mead-config
file used as input to driver.pl. Alternately, mead.pl will this for you: use the “-feature” command-line option
or the “feature” .meadrc file option. See the appropriat¢éices for more information on these alternatives. Fi-
nally, the user must modify the COMMAND-LINE attribute oRICLASSIFIER element in the mead-config file.
Again, mead.pl can also do this. Then run MEAD as usual usiisgmodified mead-config file (or the arguments
to mead.pl).

8.2 Other Classifiers

MEAD comes with a couple classifiers in addition to defaudissifier.pl. These are random-classifier.pl and
leadbased-classifier.pl, which are vital parts of the lbased and random summarizers that are part of the MEAD
distribution.

8.2.1 random-classifier.pl

The random-classifier.pl script is part of the random basedummarizer. This classifier assigns a random score
between 0 and 1 to each sentence. If a “Length” argument isged, random-classifier will assign a score of 0
to all sentences that do not meet this length cutoff. Noteftrahe cutoff mechanism to work, the Length feature
must be specified in the FEATURE-SET. Two valid COMMAND-LIN#ributes of the CLASSIFIER element
are:

$BI N_DI R/ random cl assi fi er. pl
and

$BI N_Dl R'random cl assifier.pl Length 10

8.2.2 leadbased-classifier.pl

The leadbased-classifier.pl script is part of the leadbhsaedline summarizer. This classifier assigns a score of
1/n to each sentence, wheres the sentence’s SNO in the corresponding docsent file. Mbans that the first
sentence in each document will have the same scores, thedssentence in each document will have the same
scores, etc. Again, if a “Length” feature argument is predidthe sentences with lengths less than the specified
value are thrown out. Valid COMMAND-LINE attributes utilimy the leadbased-classifier.pl script are:

$BI N_DI R/ | eadbased-cl assi fier. pl
and

$BI N_DI R/ | eadbased-cl assifier.pl Length 12

8.3 Creating a New Classifier

A classifier is a script that follows the covenant for MEADsd#iers (it doesn’t even have to be written in Perl): it
takes as input a sentfeature object, possibly with mulfga¢ures, does some processing, and outputs a sentjudge
object with a score for each sentence in the cluster.

Figure 17 shows a bare-bones classifier that assigns a Sdbfeto each sentence. Note that several portions
of this example have been abbreviated in the interest afekand brevity. All of the classifiers that are packages
with MEAD have this general form. The one thing that changetheconput e_scor es function. For the
actual bodies of the subroutines mentioned here, look incditlyese scripts. A few things to notice about this
script:
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1. % nanes and@l | _sents
These are global variables that all functions can Wdenanes is a hash from feature names to feature
weights to use in a linear combinatio@al | _sent s is an array of sentrefs of the same form that are used
in feature script callbacks.

2. The block of code marked by thé& “Execut i on Code” comment need not change. The only thing that
need change is theonput e_scor es subroutine. The following items detail the execution irsttis
block of code.

3. Thepar se_opt i ons subroutine builds thed nanmes hash from the command-line options passed to the
script as detailed in any of the classifier descriptions.

4. The next two lines, which call theead_sent f eat ur es andf | att en_cl ust er from
MEAD: : Sent Feat ur e andMVEAD: : Cl ust er , respectively, read the sentfeature from the standard inpu
and populate th@al | _sent s array.

5. The next call is keyconput e_scor es. Just about any classifier can be constructed by implengentin
this one sentence. See the MEAD classifiers to examphgput e_scor es functions. The idea is to
compute scores, probably but not necessarily based onghef@atures, and put each sentence’s score into
the sentref’s “FinalScore” hash.

6. The final line of this block of code callsri t e_sent j udge, which writes out the required sentjudge
object whose “UTIL” values are the values of each senterfé@&®lScore” hash value.

#!'/ usr/ bi n/ per|
use strict;

use Fi ndBin;
use lib "$FindBin::Bin/../lib", "$FindBin::Bin/../liblarch";

use XM.::Witer;

use MEAD: : Cl uster;
use MEAD: : Sent Feat ure;

nmy % names = ();
nmy @ll_sents = ();

# Execution Code.
&par se_options();

ny % eatures = read_sentfeature();
@l _sents = @ flatten_cluster(\% eatures) };

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

# Wite out the new scores to a sentjudge file
&nrite_sentjudge();

sub conpute_scores {
foreach ny $sentref (@ll_sents) {
$$sentref (' Final Score’) = 0.5;
}

sub parse_options {
# subroutine body omtted

sub wite_sentjudge {
# subroutine body onmitted

Figure 17: An example classifier
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The framework given in Figure 17 has proven flexible enoughufoto write any needed classification script.
Although the user is not required to use this format whenimgihis own classifier, it may save much time and
aggravation to do so.

9 MEAD Rerankers

9.1 The Default Reranker: default-reranker.pl

The reranker is used to modify sentence scores based oionskips between pairs of sentences. For example,
it can be used to give lower scores to repeated instancesesftarse or higher scores to a sentence that has an
anaphoric relationship with another sentence.

The input to a reranker is a reranker-info file A rerankepifile has three components: compression infor-
mation, cluster information, and the sentence scores agui@ut by the reranker. The compression information
has the same form as it does in the mead-config file: it speeifiesher the BASIS should be “words” or “sen-
tences”, and how large the summary should be, either in casguato the entire cluster (PERCENT) or as an
absolute size (ABSOLUTE). The cluster information lookmast exactly like a cluster file, but without the XML
headers. Rerankers may use this in order to open the clostsatnine and compare the text of each sentence.
The sentence scores take the form of a sentjudge file.

The default reranker orders the sentences by score frones$tigh lowest, and iteratively decides whether to
add each sentence to the summary or not. At each step, if tita giiwords or sentences has not been filled, and
the sentence is not too similar to any higher-scoring sestaiready in the summary, the sentence in question
is added to the summary. After the summary has been “fillday"default reranker increases the scores of the
chosen sentences and decreases the scores of the disdaiif@milarity) or unchosen sentences.

Note that because the default reranker excludes sentemaeare too similar to sentences already in the
summary, that the user may not be able to get a 100% summarythsi default parameters. A simple workaround
is to set the similarity threshold to something greater thanto simply use the identity reranker (see below).

The reranker, like the classifier, writes a sentjudge filégatandard output.

9.1.1 Command Line Arguments

The COMMAND-LINE attribute of RERANKER should resemble:
$BI N_DI R/ def aul t -reranker. pl Si mFuncti on Threshol dVal ue | DFNane

The SimFunction argument specifies the similarity functercompare sentences for similarity. Currently,
the only supported similarity function is “MEAD-cosine” hfesholdValue specifies the maximum pairwise sim-
ilarity (according to the named metric) that sentencesé@stimmary can have. So if similarity between any two
sentences is above the threshold, at most one of them witidbeded in the summary. The IDFName is the name
of the IDF DBM to use in computing similarity. In the case ofaldt-reranker.pl, it is used by the MEAD-cosine
routine. An example COMMAND-LINE attribute follows.

$BI N_DI R/ def aul t -reranker. pl MEAD-cosi ne 0.7 eni df

This example says:

When comparing sentences in the above fashion, use the M&osie similarity routine (and the
enidf IDF database). If this routine returns a value gretdien 0.7 for a pair of sentences, possibly
include only the higher-scoring of the sentences in a summar

9.1.2 Changing the parameters of default-reranker.pl

As previously stated, the only similarity function currgrgupported is MEAD-cosine. We have also empirically
found that a cutoff of 0.7 disqualifies sentences that saghtyuthe same thing, but allows sentences that are on
the same topic but say different things. The user can chaogsd a different IDF database, but this will likely
have little to no effect on the summary. See the section orsttaction new IDF DBM’s for instructions on how

to do this.
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9.2 Other Rerankers

The MEAD distribution comes with two rerankers in additiordefault-reranker.pl.

9.2.1 identity-reranker.pl

The identity reranker does not modify the scores of sentenitesimply selects the appropriate number of sen-
tences given the compression information passed to it. \'glgich a reranker useful? Since the reranker is in
charge of selecting the number of sentences in a summangjtideeranker.pl performs this task. Also, some

types of summaries may not take inter-sentence relatipashio account. This is true of the random and lead-
based summarizers included with MEAD. In these cases, #gityl reranker acts as a placeholder in the MEAD
framework, which requires that summarizers be built frotdees, a classifier, and a reranker. The identity
reranker takes no command-line arguments.

9.2.2 novelty-reranker.pl

The novelty reranker is the reranker we used as we partedgdatthe Novelty Track in TREC 2002t p: //
trec. ni st. gov). For this competition, users were asked to identify sesgenvhich contain new information,
as sentences are passed sequentially through the systemotidled that human judges often pick clusters of
sentences, whereas MEAD normally does not care about thimlspdationships between sentences within a
document. To exploit this hunch, we made a slight modificatithe default-reranker.pl, boosting a sentence’s
score slightly if the previous sentence had a relativehhtigore. The difference between this script and the
default reranker amounts to a single subroutine call dutfiegscript’'s execution. The novelty reranker takes
exactly the same command-line arguments as the defauttkera

9.3 Creating a New Reranker

Creating a new reranker is a bit more complicated than ergaticlassifier. Our formula for rerankers may not
work for all reranker functions. For this reason, we recomdhthoroughly understanding two of the rerankers
that come with MEAD: default-reranker.pl and identityaeker.pl. The latter may serve as a jumping-off point
for users wishing to write a reranker that doesn’t excludglar sentences, while the former may be extended by
those who wish to do additional processing in addition toaeimg overly similar sentences.

However, we now briefly go over the workings of the defaulardeer in order to give the user a glimpse
into how writing a new reranker might be done. Figure 18 shamrsotated portions of default-reranker.pl minus
some declarations at the top and boring subroutines at th@oWe now go through each numbered part of the
# Execution Code block of the script.

1. The first few lines parse the reranker-info input and filkhie global variables declare above the block
shown.

2. This block decides whether to do percent- or absolutedesmpression.

3. Along with block #5, this block lays the groundwork for enisg that all chosen sentences have higher
scores than non-chosen sentences. Here, we make suibthals_f or _chosen_sent ences has a
value higher than any sentence’s score.

4. This block calls one of two methods, depending on whethe&reausing word-based or sentence-based
summarization. The called method fills in an array cat@®d nal _sent s, which after the call, contains
all and only the sentences to be included in the summary.

5. Along with block #3, this block actually adds the bonustie thosen sentences’ scores, ensuring that
chosen sentences have higher scores than unchosen sentence

6. This writes the output sentjudge to the standard outplisehtences (and their scores) are written out, not
just the chosen sentences.

We recommend that the reranker-writing user reuse at lbasKML-reading and -writing code from the
standard MEAD reranker scripts. Most changes can be made igetfinal_sents methods, which may make life
easier for the user and for the MEAD team, when trying to jprtetrproblematic output from the user.
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#!'/ usr/ bi n/ perl
# nmuch code onitted...

# Execution Code
{
# 1
ny $xnl _parser = new XM.:: Parser (Handl ers => {
"Start’ => \ & ead_rerankerinfo_handle_start,
"End’ => \ & ead_rerankerinfo_handl e_end});
$xnl _parser->parse(\+*STDIN) ;

# 2
if ($conpression_absolute) {
undef $conpressi on_percent;
} elsif ($conpression_percent) {
undef $conpression_absol ute;
} else {
$conpr essi on_percent = 20;

Debug( " Nei t her percent nor absolute specified; using 20%,

3, "Main");
}

# 3
ny $bonus_for_chosen_sentences = 10000. O;
foreach ny $sentref (@ll_sents) {
if ($$sentref{’ Score’} > $bonus_for_chosen_sentences) {
$bonus_f or _chosen_sentences += $$sentref{’ Score’};
}

}

# 4

if ($conpression_basis eq "sentences") {
get _final _sents_by_sentences();

} else { # $conpression_basis eq "words"
get _final _sents_by_words();

}

#5
foreach ny $sentref (@inal _sents) {

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

# 6
&write_sentjudge();

sub get_final _sents_by_sentences {
# subroutine body omtted.
sub get_final _sents_by_words {

# subroutine body omtted.
}

# Several subroutines to do XML parsing and witing
# have been omtted.

Figure 18: An example reranker

35



MEAD User Documentation

10 MEAD Add-Ons

10.1 Additional scripts
MEAD has some additional scripts that do useful things. €lsesipts include:

e extract-to-summary.pl
This script converts an extract object to a summary objaabpéns the specifies cluster and attempts to
fetch the text of each extracted sentence from the cluster.edtract-to-summary.pl as follows:

% ./extract-to-sunmary.pl cluster file docsent _dir extract file
If you have $BINDIR in your path, and are iiDATA_DI R/ GA3, you can say:

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

o write-idf.pl
This script builds an IDF database file in an architecturecHjz format. See the Constructing IDF Databases
subsection in Really Advanced MEAD for detalils.

e read-idf.pl
This script returns the IDF database file to STDOUT.

e make-CHIN-docsent.pl This script is used to build docsées from Chinese text, a process that may cause
problems if not done correctly. See the Summarizing Chilbesaiments with MEAD section for detalils.

Many additional convenience-type scripts are planneds@lseripts will include support for producing doc-
sent and cluster files quickly and easily from a set of (pdgsilverse) documents and document formats. Also,
this functionality will be built into mead.pl, so the usemcdirectly summarize any type of document or docu-
ments, e.g. text or HTML.

10.2 Pre-processing MEAD input and Post-processing MEAD dput

MEAD can be used even when the input documents are not in dbftsenat and/or the desired output format
is not extract format or MEAD’s summary format. Most inputrfats will probably resemble docsent format,
especially for extractive summarization tasks. Most faseave some idea of a document ID’s (DID) and most
number sentences (SNO), so the conversion between fornagtbenaccomplished easily using an XSL engine,
or can be done using parts of MEADIib. MEAD’s output may beamnted to an extract that contains the text
either by using an XSL engine, or again by using MEAD::Extered MEAD::Cluster, two pieces of MEADIib.
MEADIib’s documentation is only online at this point, soeefo the MEAD homepage for this information.

See below for the new aduoh scripts which convert html and text files to docsent andteluformat.

11 MEAD client server
11.1 Server

11.1.1 Server operation

A PERL server, meadd located in $BIDIR/addons/server/, was written to process MEAD requests & client

that may not have a local copy of MEAD installed. The serverpy accepts a series of text documents and
returns a client specified MEAD output. The server is a daethanbuilds up three hashes used in processing
requests. The server initially forks off several childrenprocess requests. Each child then accepts requests
following the protocol described in the section entitledot@munication protocol.” For each request the child
constructs a temporary directory in which the text files aneverted into docsents and a .cluster file is created.
The child also creates a .meadrc file using the client spdafitions. MEAD is then run on the cluster following
the .meadrc specifications and the output is returned tolighret ollowing the protocol described in the section
entitled "Communication protocol.”
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11.1.2 Server options

For meadd to work one needs to export BINPATH=$MEMBIR/bin Currently, the only choices for “customiz-
ing” meadd are several command line options. ’-port’ chanfpe port on which meadd listens. The current
default port is 6969. '-summdir’ changes the temporaryaory in which the clusters are created. By default
meadd uses a directory named “summada@ in the current working directory. -help’ displays alpenessage

on using meadd. '-verbose’ will display some messages bef@madd shuts off its standard 1/0O streams and goes
into daemon mode. All these options can also be used in theit ®rm, '-p’, ’-s’, ’-v’, and ’-h’.

11.2 Clients
11.2.1 PERL client

A PERL client, meadite.pl, was written to interact with the MEAD server. Thigenit can be found in
$BIN_DIR/addons/client/pertlient/. The goal of meatite was to provide the functionality of MEAD with just
a PERL interpreter installed. Since melitd creates a cache file .metitt one has to initially set the path to
where the cache directory should be stored. The changedsbeulone on line 12 of medie.pl Please note
that meadite functions just like MEAD except for the when the userdfies a classifier or a reranker. Unlike
MEAD, meadlite does not require the classifiers and rerankers follgvtite -classifier and -reranker flags to
be in quotations (). Instead medide assumes that the command line is everything until eiimother flag is
encountered or the end of the command line is reached. Anitélgehat meadite requires is the "-d” flag which
is used to tell meadlte which directory it should summarize. For a completewtnentation of meaidite see the
README file found in $BIN.DIR/addons/client/pertlient/.

11.2.2 Javaclient

A Java class, MEADCIient.java, can be found in $BINR/addons/client/javalient/. The java client was never
intended to be used as a stand alone client and thereforendb@sovide a command line interface. MEAD-
Client.java instead provides a series of methods which eamskd to interact with a MEAD server. In the same
directory, one can find Summarizer.java which is an exampl®w to interact with MEADClient.javaNOTE:
To use Summarizer.java one needs MEADClient.jar, alsodanr$BIN_DIR/addons/client/javalient/, in their
class path.

Also NOTE: MEADCIient.jar puts the MEADCIient class in the package eduich.clair, if MEADClient.jar
is rebuilt after modifying MEADClient.java, either the ndMEADClient class must be jar-ed up in the proper
package or the class using the MEADClient needs to be moddiadport the appropriate class.

With Summarizer.java and MEADClient.jar in the same dioegione can:

$ export CLASSPATH=.:./MEADCient.jar
$ javac Sunmari zer.java
$ java Summari zer

Summarizer.java does not have a command line interfacehdioge it's behavior one has to change the code
itself. Some reasons to alter Summarizer.java are to chitmegeype of summary returned, the document which
gets summarized, or the port used because the meadd is modtguon the default port.

11.3 Communication protocol

In order to develop new clients the user should adhere tdhéotlowing communication protocol. Each request
has be wrapped with &aREQUEST> tag and a</REQUEST> tag to signal the server when to start and when to
stop accepting the request. Therefore one&REQUEST> tag is seen on a socket the server will not start process-
ing until a</REQUEST> tag is seen. The options of the summary have to be wrappedwitPOLICY> and
</POLICY> tags. For features, classifiers, and rerankers must be etddapp FEATURE> and</FEATURE>,
<CLASSIFIER> and </CLASSIFIER>, and<RERANKER> and </RERANKER> tags. These are used to
generate a summary using a server defined feature.hassifietasash, or reranker.hash lookups on the server.
See the README in $BINDIR/addons/client/pertlient/ for the contents of the .hash files found on tangra. In
the policy we also had aNUTCHQ> and </NUTCHQ> tags which are used to tell the server the query on
which the summary is to be made. After tkéPOLICY> tag come a indefinite number ef DOCUMENT>
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</DOCUMENT> tags, that is until the</REQUEST> tag is seen.NOTE: For a query based summary the
server has to make a nutch query which is used to make a .qlesonfthe server. The nutch query looks like:

<NUTCHQ>

<QUERY>

<TlI TLE>$query_goes_here</ Tl TLE>

<NARRATI VE>$quer y_goes_her e</ NARRATI VE>
<DESCRI PTI ON>$quer y_goes_her e</ DESCRI PTI O\>
</ QUERY>

</ NUTCHQ>

Therefore a usual request from a client to the MEAD serverlvimok like this:

<REQUEST>

<PQOLI CY>

#THE POLI CY GOES | N HERE ALONG W TH ANY OF THE TAGS DI CUSSED ABOVE
</ PQLI CY>

<DOCUMENT>
#DOCUMENT _1 text here
</ DOCUMENT>
<DOCUMENT>
#DOCUMENT _2 text here
</ DOCUMENT>

</ REQUEST>

The response of the server is much simpler.

<SUMVARY>
#request response
</ SUMVARY>

12 Really Advanced MEAD

Some MEAD-related activities that should be in this sectiomso complicated that they each merit a section of
their own. So the following two sections—on running MEAD ither languages (mainly Chinese), and using
SVM to train MEAD—are effectively separate, but have strtieg to this section.

12.1 Producing Query-Based Summaries

Producing query-based summaries within the MEAD framevias easy as specifying a modified set of features
and modifying the classifier command, minus a caveat or two.

Three MEAD feature scripts: QueryCosine.pl, QueryCosmiéNF.pl, and QueryWordOverap.pl, compute
various sentence features in relation to the given quergh Bathese feature scripts can compute up to three fea-
tures, one for each of the three parts of a query object. Fample, QueryCosine.pl can compute QueryTitleCo-
sine, QueryDescriptionCosine, and QueryNarrativeCosihech are the cosine similarity between each sentence
and the title, description, and narrative of the query, eetipely. QueryCosineNolIDF.pl and QueryWordOver-
lap.pl do much the same, but with different similarity mettiVEAD: : Eval uati on: : si npl e_cosi ne for
the former, andvEAD: : Eval uati on: : uni gr am over | ap for the latter.

The first argument to each of these scripts is a “-q” optiorictvkakesexactly one of four options:

o t, title
Compute only QueryTitleXXX.

e d, description
Compute only QueryDescriptionXXX.

e n, narrative
Compute only QueryNarrative XXX.
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e aall
Compute all three of the above features.

The second argument to each of these scripts is the name gigng file to use in the query-based summary.

Note that for use with MEAD, only the first three arguments-g’‘should be used. This is because MEAD
looks for each feature in a separate file in the feature dirgctA sample SCRIPT attribute of for one of these
featuresis:

$SCRI PTS DI R/ QueryCosine.pl -q title $DATA DI R GA3/ GA3. query

This will compute the QueryTitleCosine feature, so the NAlstribute should be “QueryTitleCosine” as
well. Note that as with all MEAD feature scripts, the “daté@dirgument will be appended to the command and
the cluster filename will be echoed to the standard inputtt@esection on MEAD Features for more information.

Now to use the newly-computed feature, you must modify thAEEIFIER COMMAND-LINE attribute
in your mead-config file. The following example is a slight rifimétion of MEAD's default feature weighting,
adding “QueryTitleCosine” to the linear combination witleight 1.

$BIN_ Dl R/ default-classifier.pl Length 9 Centroid 1 Position 1 \
QueryTitl eCosine 1

Then run MEAD as usual.

NOTE: The caveat mentioned is regarding MEAD’s caching afdees. If the user changes the query (or the
contents of the cluster), he must delete the cluster’s QU€/feature files as well.

12.2 Producing Alignment-Based Summaries

This was done in the JHU 2001 summer workshop. The idea béhigsics that if you have documents which are
translations of one another, if you have a summary in onedage, you should just be able to create a summary
in the other language by mapping each sentence from the stipathéanguage to the other.

In the JHU 2001 summer workshop data, the objects which swmddhe mapping from Chinese sentences to
English sentences were called sentaligns. These objexteacribed in the appendix. See section below on the
JHU 2001 summer workshop.

12.3 Constructing IDF Databases

Half of the construction of new IDF databases is made easthéuser. The write-idf.pl script takes as input the
name of the destination IDF DBM and the name of a plain textdileich has pairs of word/idf values. The script
creates the DBM if it isn't there already, and puts each ofhies into the hash.

The harder part of making IDF databases is actually comgukia IDF value for each word in the corpus.
Such a script is included with versions 3.06 and below, bistgacond script has been removed for version 3.07,
as it only works in very specific situations. It may be rewerittand included in future versions of MEAD. In
the meantime, writing a script that computes IDF for a largepas is not very taxing. Besides, the default IDF
databases included with the MEAD distribution work reasyavell.

12.4 Creating Docjudges

The docjudge object is explained in the subsection enti¥&dl. Objects not used by core MEAD.” Creating this
object should be straightforward with an XML module avaliéatoom CPAN or even with a homemade procedural
script.

39



MEAD User Documentation

13 Creating baselines for use in evaluation

13.1 Lead-based and Random

These are easily implemented. As mentioned, just add th&BIHASED or -RANDOM flag to your MEAD
commandline:

mead. pl - LEADBASED GA

mead. pl - RANDOM GA

13.2 Extracts from Sentjudges

The script to run this is sentjudge-to-extract.plin mead/Bs the default, this creates a 10 sentence extract based
on all the judges’ scores.
The commandline is:

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

The user can adjust the length of the extract with -percprdr -absolute, -a.
If you wanted a 12 sentence extract, type,

./ sentjudge-to-extract.pl -a 12 anysentjudgefil e. sentjudge

Further, the user has the ability to create an extract baseahly one judge’s judgments. Let's say you want
a 15 sentence extract based on the judgments of "bill,” yost,ty

./ sentjudge-to-extract.pl -a 15 -j bill anysentjudgefil e.sentjudge

13.3 Creating Sentjudges from manual summaries

For DUC 2002, 2003, and 2004, we developed a way of creatingusiges from manual summaries. In other
words, given the manual summaries, we create relevancess@orsentjudge format) for each sentence in the
cluster. These sentjudges can then be used to create a "fhaxrtract, which could be used in evaluation. We
have two scripts to accomplish this task, one designed fo€2002, MUsentjudge.pl, one for DUC 2003,
MUsentjudge-2003.pl, and one for DUC 2004, MUsentjudg@42pl. All of these scripts can be found in
$BIN_DIR/duc.

As the scripts are currently configured, the directories ith@eeds are hard-coded into the script. You will
have to change these. The input directories are: the cldsestory and the model unit directory. The output
directory is the sentjudge directory. You will also haveébthe path to the idf database.

The commandline is:

./ MJsent j udge. pl [cl usternaneg]

./ MJsent j udge- 2003. pl [DUC task nunber] [cl usternanne]
./ MJsent j udge- 2004. p| [ DUC task nunber] [cl usternanne]

The cluster directory should have the format of the tradtidnEAD cluster directory. That is, there should
be a. cl ust er file and adocsent directory in the cluster directory. For a list of DUC 2003ksiplease see
http://duc. ni st.gov/duc2003/tasks. ht Ml and see DUC 2004 tasks please &¢é¢ p: // duc.
ni st.gov/ duc2004/t asks. htm

A model unit file looks like this:

14 Evaluation
There are many ways of evaluating summaries. We have indludéhe MEAD distribution a toolkit called

MEAD eval. We have also included a number of other evaluati@trics in the MEAD add-ons distribution,
Relevance Correlation, and some content-based evalsation
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<htm >

<head>

<title>D061. M 050.J.B</title>

</ head>

<body bgcol or="white">

<a nanme="1">[ 1] </a> <a href="#1" id=1>Hurricane \

G lbert, a category 5 storm caused death, massive \

fl oodi ng and danage</ a>

<a nanme="2">[2] </a> <a href="#2" id=2>as it noved through \
the Cari bbean Islands and on to the Yucatan Peninsul a. </ a>
<a nanme="3">[ 3] </a> <a href="#3" id=3>After skirting \
several island nations, </a>

<a nanme="4">[4]</a> <a href="#4" id=4>it caused nmjor \
deat h and destruction in Janaica. </ a>

<a nanme="5">[5]</a> <a href="#5" id=5>It then pumel ed \

t he Yucat an Peninsul a before noving out to sea.</a>

</ body>

</htm >

Figure 19: An example DUC Model Unit document

14.1 Evaluation using MEAD Eval

An old version of the MEAD Eval toolkit (which implements pision, recall, kappa, cosine, unigram and bigram
overlap, and relative utility) is availableat t p: / / t angr a. si . um ch. edu/ cl ai r/ neadeval .

As of MEAD 3.07, MEAD Eval is integrated with the core MEAD thibution. However, some function-
ality in the standalone version of MEAD Eval (namely, cottbased similarity metrics) has not been included
in the MEAD Eval scripts: meadeval.pl and relative-utilty However, this code still lives in MEADIib in
MEAD::Evaluation module. User code that uses this modutaénstandalone version of MEAD Eval should be
able to use the same module in MEAD v3.07. See the online dentation for the MEAD Eval API.

The meadeval.pl script, given two extract filenames as imgaltulates three co-selection metrics and prints
them to the standard output.

Thus, a sample call to MEAD Eval is:

% ./ meadeval . pl $DATA DI R/ GA3/ GA3. 10. extract $DATA DI R/ GA3/ GA3. 20. ext r act

Although the output of this example is rather uninteres{agthe 20% extract contains all the sentences in
the 10% extract), it shows how meadeval.pl is used. Takeladbthe code of this script to see how one might
call the content-based metrics in MEAD Eval.

Relative Utility (RU) has its own script: relative-utiligyl. In order to use RU, you must have a sentjudge file
for the cluster you're evaluating. Sentjudge informati®expensive, hence rare, so the use of RU may be limited
to the few clusters that have sentjudge information alreamsyputed. Regardless, the script is used as follows:

% ./relative-utility.pl $DATA DI R/ GA3/ GA3. 10. extract \
$DATA DI R/ GA3/ GA3. sent j udge

The above command prints sentjudge and relative-utilfigriation to the standard output. Most of the guts
of RU is actually implemented in the MEAD::SentJudge mocfidEADIib. See this section of the online
documentation for more info.

Finally, in the new MEAD addons package, we have includedguaripts written for the JHU 2001 summer
workshop. These allow the user to calculate kappa for 3 odggas. One must first convert sentjudge files to a
tab file with readmulti_into_kappatab.pl, and then one runs kappa.pl on this new file.

Before using these, it is important to edit readlti_into_kappatab.pl. You must properly setandir and
autodir to the directories which contain the automatic and manuaets.
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There are three arguments for readilti_into_kappatab.pl: mode ("H” for human or "C” human+computer),
cluster (one of the Idc clusters) and length (length of theagex, in the terms of the workshop, these can be 50,
50W, 508, etc.; see the LDC/JHU documenation for an explamaf these).

So, the commandline for readulti_into_kappatab.pl is this:

./read_multi _into_kappatab.pl H 1014 50
This creates a file callekappat ab. H. 199. 050. Then you can pipe this into kappa.pl with:
cat kappatab. H 199.050 | ./kappa. pl

14.2 Evaluation using Relevance Correlation

One of the evaluation metrics used in the JHU 2001 summer shogk on document summarization is based
on principles from Information Retrieval. For their prdjethey used the SMART information retrieval system.
See section 3.2 of their report for an explanation of how fiyatem works. Their report is availabletstt p:

[/ www. cl sp. j hu. edu/ ws2001/ gr oups/ asnd/ .

The idea behind using IR as an evaluation metric for summasi¢he following. We assume that good
summaries of a set of documents should be ranked in the sagee &8 the original documents. So, we used
SMART to rank a set of full documents for a query. We createdrsaries of each of those documents, and
we had SMART rank the summaries. We then used two statistietthods for comparing the rankings, Pearson
product moment and Spearman’s rank correlation coefficiemse scripts are in $BUDIR/evaluation/irbased.

We have included examples from the summer workshop in tleetiry data/docjudges.

The object we used to record the document rankings is caliietjadge. For the JHU summer workshop, we
also included information about the corresponding docurinethe other language

<?xm version="1.0"?>

<! DOCTYPE DOC- JUDGE SYSTEM "/ export/ws0lsumi dt d/ docj udge. dtd" >

<DOC- JUDGE Q D="Q 2-E" SYSTEM="SMART" LANG="ENG'>

<D DI D="D- 19981007\ _018. e" RANK="1" SCORE="34.0000" CORR-DOC="D-19981007\_023.c"/>
<D DI D="D- 19980925\ _013. e" RANK="2" SCORE="33.0000" CORR-DOC="D- 19980925\ _015.c"/>
etc.

</ DOC- JUDGE>

Figure 20: An example Docjudge object

We have included 3 docjudges for one query (125). If we waset® whether MEAD is doing a better job
than Random, we can measure how well MEAD’s summaries’ rayskcorrelate with the rankings of the full
documents, and then we can measure how well random sumfran&mgs correlate with the rankings of the
full documents.

So, for example, to compute the Pearson product moment eéttiéngs of the full documents with the 20%
(sentence-based) MEAD summaries, we would do the following

The correlation scripts are easy to run.

./ pearson. pl docj udgeA docj udgeB

./ spear man. pl docj udgeA docj udgeB

If the two docjudge files were in the same directory as theuatadn scripts, the command would be:
. I pearson. pl nead- Q0125. docj udge ful | doc. docj udge

Typing in the paths is a bit ugly, but not too bad:

./ pearson.pl ../../datal/docjudges/ nead- Q0125. docj udge \
../ ../ datal/docjudges/full doc. docj udge}

And, we find that the Pearson product moment is 0.91, when wepace the rankings of the full documents
with the rankings of MEAD’s 20% summaries. However, when weate random 20% summaries, rank them
with query 125, and compare those rankings with the rankifigise full documents, we find a Pearson product
moment of 0.78.
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14.3 Evaluation using Rouge

A script which uses the ROUGE evaluation method, rougaglyaluate summaries can be found in $BIINR/evaluation/rouge.
Remember to change $SROUGHEOME to the location of ROUGE on your local machine. Therefiris im-

portant toNOTE: You need ROUGE installed on your local host in order for thigp to work. You can

download download ROUGE fromt t p: // www. i si . edu/ | i censed- sw/ see/ rouge/ i ndex. ht m

To use rouge.pl you have to run the following:

$ rouge. pl peer_summary [nodel 1 nodel 2 ...]

Where the first agrument is the peer summary file, while moadeldel2... are the model summaries to compare
against. Itis required to have at least one model summamg model summaries are optional. A model summary
is just an ideal summary, for example a human generated soynifiae peer summary is usually an automatic
summary to be evaluated.

User note It is better to have segmented (one sentence per line) suasiar running this script.

Example of running rouge.pl (all files can be found in $BINR/evaluation/rouge):

$ ./rouge. pl exanple.sunmary D1001. M 100.T. Z D1001. M 100. T.Y D1001. M 100. T. X D1001. M 1

Where example.summary is the peer summary file and D1000MMI'lare the model summaries.

ROUGE is capable of evaluating more than one cluster. Thaalmisity is not captured in this script. However if
you would like to evaluate more than one summary, you canlginup rouge.pl for each summary and then take
the average.

14.4 Evaluation using Lexical Similarity

We have included this functionality in the new addons (3difribution.
Before beginning, you must have installed MEAD and have ibagkt as a perl library location if it isn’t
already. If you don't know how do to this, adapt the followilige appropriately:

export PERLS5LI B=\ $PATH: / cl ai r 4/ pr oj ect s/ nead307/ st abl e/ mead/l i b

summsim.pl is now located in $BINDIR/evaluation/itbased. BLEU must be installed on the localhost in
order for summsim.pl to function properly. You may get a courtesy copy offRLfrom:

http://cio.nist.gov/esd/emaildir/lists/nt_I|ist/nsg00016. ht nl

The other thing you must do is to open sunsim.pl and change the directory for the location of “blepFlin
the variable $blelDIR. The line currently readsty $bl eu.DI R = "/cl ai r 4/t ool s/ bl eu";
The commandline is:

./ summ sim pl sumaryl sunmmary?2

The output looks like this:

a) Sinple 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

Figure 21: Sample output from sumsim.pl

Simple cosine calculates the cosine similarity with a sarphary count (1 if a word exists (no matter how
many times) in a sentence, 0 if it doesn’t). Cosine uses idfme and includes the actual count of tokens for
each type. In "The quick brown fox jumped over the lazy dogyie cosine would only count "the” as 1, while
cosine would count it twice and multiply it by its idf weight.

Big. Overlap measures the bigram overlap, and norm. LCS messhe normalized longest common sub-
string.
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[1] Sol emm cerenony marks Handover

[2] A solemm, historic cerenony has marked the resunption of the exercise
of sovereignty over Hong Kong by the People’s Republic of China.

[3] H s Royal Highness The Prince of Wales and the President of the

Peopl e’ s Republic of China (PRC) HE M Jiang Zenmi n both spoke at the
cerenony, which straddl ed m dni ght of June 30 and July 1.

[4] The cerenpny was tel ecast |ive around the world.

Figure 22: Sample summary

<?xm version="1.0"?>
<! DOCTYPE DOCUMENT SYSTEM "documnent ati on/ dt d/ docurent . dtd" >
<DOCUMENT DI D=’ 19970701_001. e’ DOCNO ='1'" LANG=' ENG >
<EXTRACTI ON- | NFO SYSTEM=" LEAD- BASE" RUN="D-19970701_001. e. 996941177" \
COVPRESSI ON="20S" QI D="none"/ ><BCDY>
<TEXT>
Sol emm cerenmony nmar ks Handover
A sol emm, historic cerenmony has marked the resunption of the exercise
of sovereignty over Hong Kong by the Peopl e’ s Republic of China.
Hi s Royal Hi ghness The Prince of Wil es and the President of the People’'s
Republic of China (PRC) HE M Jiang Zem n both spoke at the cerenony,
whi ch straddl ed m dni ght of June 30 and July 1.
The cerenony was tel ecast |ive around the world.
</ TEXT>
</ BCDY>
</ DOCUMENT>

Figure 23: An example Document object
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The input for this script can be a summary of this format:

or a "document” file of this format:

The content-based method of evaluation is particularljulsehen comparing automatically created sum-
maries with human summaries.

15 CST in summarization and evaluation

We have included in the MEAD add-ons package several s¢dptgorking with Cross-Document Structure The-
ory (CST) relations. On CST, see [Rad00] and [ZBGRO02]. Atha&f CST scripts can be found in $BINIR/sentrelutils.
We encode sentence relations in a sentrel object, and wesefferal CST utility scripts in sentrelutils. This

is a brief example of the information stored in a sentrel cbje

<?xm version="1.0" encodi ng=" UTF-8’ ?>

<! DOCTYPE TABLE SYSTEM "/ cl ai r4/ proj ects/cst/gul fair/judgenent/sentrel.dtd">
<TABLE>

<R SDI D="16" SSENT="3" TDI D="43" TSENT="8">
<RELATI ON TYPE="18" JUDGE="Z"/>

</ R>

<R SDI D="2" SSENT="4" TDI D="23" TSENT="5">
<RELATI ON TYPE="15" JUDGE="Z"/>

</ R>

<R SDI D="16" SSENT="6" TDI D="19" TSENT="10">
<RELATI ON TYPE="4" JUDGE="Z"/>

</ R>

<R SDI D="23" SSENT="13" TDI D="2" TSENT="7">
<RELATI ON TYPE="18" JUDGE="Z"/>

</ R>

</ TABLE>

Figure 24: An example Sentrel object

The way to read this table is the following. In the first examPudge Z believes that there is a CST relation-
ship of type 18 (fulfillment) between source document 16tesgre number 3 and target document 43, sentence
number 8. Note that this relationship is directional. Thagie is declaring that 16.3 asserts the occurrence of an
event predicted in 43.8.

See the next section for our use of CST relations in a new getrafikers.

15.1 Interjudge agreement and directional interjudge agrement

There are two scripts for measuring this. The first measutesgjidge agreement regardless of the directionality
(ijagree.pl) and the second measures interjudge agreandmonsiders directionality.
The commandlines are straightforward:

.lijagree.pl sentrell sentrel2
and
.lijagree-dir.pl sentrell sentrel2
Given the example data we include in the mealdions directory, try
./ijagree.pl exanples/M 9-Zhu. sentrel exanpl es/M 9-jahna. sentrel

Part of the output from this is:
This means that document 43, sentence 12 has an S relapomshidocument 25, sentence 20. ijagree.pl
reports three different relationships:
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43-12-25-20 S
43-36-23-11 F
43- 3-23-16 F
1-3-19-8 P

Figure 25: Sample output from ijagree.pl

o F—fully agree
e P— Overlapping judgement
e S— One says something, the other nothing.

As mentioned ijaagree-dir.pl reports specifically on dimwality of judgments. An example output from this
script looks like:

16-4-2-2
16-4-2-3
16- 2-25-20

R
R
R
21-22-43-45 R

Figure 26: Sample output from ijagree-dir.pl

This means that two judges disagreed in the directionalitgerelationships between document 16, sentence
4 and document 2, sentence 2. This script ignores the sp€Sficrelationship type.

15.2 Calculating connectivity

We have designed cstconnectivity.pl to calculate the CSiheotivity of an extract
The syntaxis / cst connectivity. pl extract sentrel.
So for example, by typing:

./ cstconnectivity.pl exanples/gulfair3.extract.10 \
exanpl es/judgenents. sentrel }

one can learn that the connectivity of the extract and thalds 2.

15.3 Merging sentrel files

This is as straightforward as one would imaginel j oi n. pl sentrel A sentrel B.

15.4 Extracting only certain types of CST relations from an atract

The syntax for thisisubr el ati on. pl extract sentrel -rellist Label List,whereLabelList
is a list of CST labels, e.g. "1,3,7.”
So for example, if you type:

./subrel ation.pl exanples/gulfair3.extract.10 \
exanpl es/ judgenents. sentrel -rellist 1,3,7}

a part of the output will read:

15.5 Calculating similarity with sentrels

We include in the sentrelutils directory of MEAD adhhs a script called sim.pl. This has two functions. First, it
can take a cluster as input, and it will output the lexicalikirity between all sentence pairs above a user-defined
threshold. It has four ways of measuring sentence simylanieu, cosine, word overlap and longest common
substring.

If the user provides a sentrel file, sim.pl will output préaisand recall based on the lexical similarity and the
information in the sentrel file.
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<R SDI D="81" SSENT="42" TDI D="87" TSENT="22">
<RELATI ON JUDGE="1" TYPE="1"></ RELATI O\>
<RELATI ON JUDGE="5" TYPE="1"></ RELATI ON\>
<RELATI ON JUDGE="9" TYPE="1"></ RELATI O\N>

</ R>

Figure 27: An example output from subrelation.pl

16 New Rerankers in meadaddons

In the following, we present several new rerankers that we kdaveloped for MEAD. Zhu Zhang wrote a number
of rerankers for his work on Cross-document Structure Th€GST), and although several of his rerankers
involve CST relations, there are some which don't involvef@®r se. For example, cst-rerankers 3 and 4 rerank
articles based on the epoch time of the articles. All of thesankers can be found in $BLNIR/cst-rerankers. It

is also important to note that all hardcoded paths in thenkena should be changed accordingly.

16.1 CST rerankers, generally speaking

The general syntax for these rerankers is:

mead. pl -p 2 -reranker "./cst-rerankerl. pl \
10000000000001/ 10000000000001. net adat a \
10000000000001/ 10000000000001. sentrel " 10000000000001

Inside the double quotes is the syntax of the reranker jtalich of course can be different, depending upon
how the reranker is written.

16.2 Source-based rerankers

News articles come from different sources, which may notdnealy reliable or interesting. Therefore the first
pair of rerankers reflects source preference. Specificaélyarbitrarily arrange the news sources in the order of
"CNN, ABC, MSNBC, USATODAY, FOX” and give each source an igé priority valueDelta, according to

its place in the list.

e Inreranker 1, the score of each sentenceisaseasediy A (source(s)).
e Inreranker 2, the score of each sentencedeigeasedby A, (source(s)).

Rerankers 7 and 8 are very similar to rerankers 1 and 2 regplgcexcept that the\ ; values are normalized
into the range between 0 and 1.

16.3 Time-based rerankers

The second set of rerankers reflects chronological order8pgcifically, we define), as the epoch seconds
corresponding to publication time of each article and use didjust sentence scores.

e Inreranker 3, the score of each sentencarsaeasedy A, (source(s)). Therefore more recent information
is favored.

e Inreranker 4, the score of each sentencedeigeasedby A, (source(s)).

Rerankers 9 and 10 are very similar to reranker 3 and 4 ragplycexcept that the\, values are normalized
into the range between 0 and 1.
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16.4 CST-based rerankers

With the aim of better understanding the role CST can pa#inplay in the summarization process, we also built
a set of CST-based rerankers that utilize human-labeledré&iionships in a relatively simple way. We view a

document cluster as a graph and each sentence as a nodewoisemtences are linked by arcs (for now only
undirected) if they are CST-related. The number of arcs aterchined by the instances of CST relationships
between the sentence pair. For example, if judge 1 finds awgej2 finds three, and other judges find no
relationship(s) between two sentences, there will be focs lnking the corresponding nodes. With this graph
structure, each node (sentence) has a degree as defineglirtigeary, and denoted k. in our scenario.

e Inreranker 5, the score of each sentenoesasedy A.(S).

e Inreranker 6, the score of each sentendeaeasedy A.(S).

Rerankers 11 and 12 are very similar to reranker 5 and 6 régplgcexcept that thé\ . values are normalized
into the range between 0 and 1.

16.5 MMR rerankers

We also include an MMR reranker in our meaddons package. For a discussion of MMR, see Carbonell and
Goldstein [CG98]. The basic idea behind the use of MMR in samimation is that the user should be able to
select how much of the information space should be includékdd summary. On the one hand, a user may want
a summary which focuses only on the central point or pointsiiich has some redundancy. On the other hand,
a user may want a summary which captures a broader view ohtbamation (and is very low on redundancy).
The main parameter in any MMR system is called lambda, whichdrange of 0-1. If set at 1, the summary will
capture the most central sentences, and it will be redundéarthe user decreases this number, the summary will
include sentences which offer a more diverse collectiomfafrimation.

The syntax for mmr-reranker.pl looks like this:

mmr-reranker.pl $lambda $sim-function $idf

e $lambda is the relevance-weight that is used in computimgsoeres
e $sim-function is the name of a MEAD function for computingrece similarity

¢ 3idf is the name of the IDF DBM to use when computing similarit

In general, the sim-function is MEAD-cosine and the idf igdén
So, the command line for a 40% summary of cluster 10000000@D@ould be:

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

We have also included an mmr reranker that allows one to éhaagimmary rate based on the number of
words. This reranker is called mmr-reranker-word.pl.

17 New feature scripts

17.1 LexRank Feature Script

The LexRank feature script can be found in $BINR/feature-scripts/lexrank/LexRank.pl. LexRank is difiest
as any other feature script and can be specified in a meadar file a command line option. For example, the
following command will run LexRank on the GA3 cluster witk default parameters:

nead. pl -feature LexRank "$BI N DI R/ feature-scripts/|exrank/LexRank. pl" GA3

You may specify a bias file to LexRank to give preference tdipaar sentences in the cluster. Figure 28
shows the first few lines of a bias file generated for the GA3telu

Each line in the bias file has the bias weight, cluster ID, esere number, and sentence text separated by
tabs. The weight given to each sentence is normalized by &ekRso you only need to specify the relative
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5 41 1 Egyptians Suffer Second Air Tragedy in a Year
2 41 2 CAIRO, Egypt -- The crash of a Gulf Air flight that killed 143 ...
1 41 3 Sixty-three Egyptians were on board the Airbus A320, which ...

Figure 28: Sample bias file for the LexRank feature script

weight of each sentence. The sentence text does not needsfebified and is made available only as a guide
for determining the relative importance of each sentenaoéaie the LexRank feature generate bias files, see the
command line options below.

The following options can be specified to LexRank.pl:

e -bias path
Specifies a bias file.

e -newbi as path

Will create a template bias file for you to edit. If this optisrspecified, LexRank will create the template
bias file and then run with the default values. To use the biagffeated by LexRank, run mead with the
LexRank feature again and specify thiei as option.

e -junp val ue
Specifies the LexRank jump probability. “value” should beoaflin the rang€0, 1]. Defaults to0.15.

e -debug

Runs LexRank in debug mode. This means that the temporas\cfilated by LexRank will not be cleaned
up after running. The files are created ifearank-datasubdirectory in the data directory of the cluster.
The following files are created: cosine.txt (the cosine ksirity between each sentence), sentences.txt (a
flattened representation of the cluster), out.txt (the ltesfuLexRank), and bias.txt (optional, based on
whether a bias file is specified).

17.2 Keyword based feature

A keyword feature script can be found in $BIDIR/feature-scripts/keyword/QueryPhraseMatch.pl.

This new feature script assigns weights to sentences angaa keywords and regular expressions it contains.
Meaning that this feature may be used for boosting up theesafithe sentences that have critical importance for
the user. For example, the user may want to include all theesees that contain the name of a specific person
in the summary. One should be carefule to note that the regufaessions provided should be PERL regular
expressions. The keywords and regular expressions ardisgday the user in a query file in which the scrip
looks for the "KEYWORDS” tag. For example if | wanted sentasavithgrew up to have a weight of 1 while
sentances withfter s/heto have a weight of 0.5 the query file would look like:

<?xm version="1.0" ?>

<! DOCTYPE QUERY SYSTEM '’ $MEAD DI R/ dt d/ query.dtd’ '’ >
<QUERY Q D=""KF'’' QNO="’'1'"" TRANSLATED="'NO ' >
<TI TLE>

</ TI TLE>

<NARRATI VE>

</ NARRATI VE>

<DESCRI PTI ON\>

</ DESCRI PTI ON\>

<KEYWORDS>

\ bgrew up\ b; 1;\ bafter s?he ;0.5;

</ KEYWORDS>

</ QUERY>

For the complete query file please look at $BINR/feature-scripts/keyword/keywords.txt.
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18 Converting HTML and text files to docsent and cluster forma

We have included 3 scripts in the adds to MEAD which will convert HTML and text files to clusterShese
scripts are located in $BINDIR/addons/formatting. We are always working to improvest, so check out the
MEAD webpage for newer versions. Depending on your needssiiould only need to use one of the scripts, so
fret not.

18.1 Preliminaries

Before beginning, MEADADDONS_UTIL.pm must be in your perl lib path. In our environment, tammmand
to do this is:

export PERL5LI B=$PATH: / cl ai r 6/ proj ect s/ nead_addons/ formatti ng

Further, you will need to set the absolute path of the dtdctliry variable $DTDDIR on line 18 of
MEAD _ADDONS_UTIL.pm

ny $DTD DI R ="/cl ai r6/ proj ects/|dc/ docunent ation/dtd";

18.2 From text files to docsents and/or a MEAD cluster

The script for this is text2cluster.pl, and depending onrymeds, it can be called in a number of different ways.

1. if you have a file of unsegmented text which you want to carneea docsent file:

./text2cluster.pl FILE

2. if you have a directory of unsegmented text files which yamtto convert to a full cluster:

./text2cluster.pl DI RECTORY

3. if you have a file of segmented text you want to convert toasdot file, and your sentences are segmented
with ‘\ n\ n”;

./text2cluster.pl FILE "\ n\n’

4. ifyou have a directory of segmented text files, which yoatta convertto a full cluster, and your sentences
are segmented by “the” (admittedly, not best choice ;))

./text2cluster.pl DI RECTORY '\bthe\b’

5. finally, if you are preprocessing files for CIDR and you jwsint to convert a number of text files to docsent
files without creating a cluster, you can do two things.
(a) create a cluster and just use the docsent folder
(b) create a simple driver which will run text2cluster.pleach of the individual files in your directory.

18.3 From HTML files to a cluster

As with text files, begin by putting the HTML files you want tora@rt in a directory, and then call html2cluster.pl
on that directory. This does the same thing that text2alydt@does, except that it has a preprocessing step which
extracts text from HTML. The commandline is the same andéisalts (ideally) should be the same.

We have also included html2text.pl, which converts HTMLdite text files.
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18.4 Caveats

See the README file in $BINDIR/addons/formatting for a description of how these derjparse HTML and
segment sentences. In general, these scripts have besrizgptito handle news articles, and so the default values
of the control variables are set to ignore a number of typesxdf including short sentences and spans of text
which do not end in a period, exclamation point or questionkma

Note especially the following variables in MEABDDONS_UTIL.pm: $minwords, $sentends, $finatraw,
$spliton, and $htmlbr_body.

19 CIDR: How to create document clusters

CIDR is our document clustering system. CIDR takes as indist @f files and their paths and outputs those
files into directories based on the files’ similarities witlich other. CIDR scripts and clusters can be found in
$BIN_DIR/addons/cidr.

19.1 How CIDR works

CIDR works with five parameters.

e cluster number. default: 0, range: any positive whole numbhis represents the first cluster number. If
you begin at 14, CIDR expects that clusters 1-13 already.exis

e threshold. default: .1, range: between 0 and 1. This valterehénes how similar documents must be to be
placed in the same cluster.

e word decay. default: .01, range: between 0 and 1. This vadterighines how quickly cidr discounts words
which appear often.

e keep threshold. default: 3, range: any positive whole numbigis determines the minimum nidf value of
words to be added to the centroid

¢ to keep. default: 10, range: any positive whole number. @atermines the number of keywords to be kept
in the centroid.

19.2 The details of running CIDR

To use CIDR, the following things are necessary:

1. nidf.dir and nidf.pag must be present in the target dimgct

2. cidr.pl expects that the input files are in docsent forrRé&din text files should also work, but we make no
guarantees

3. cidr.pl should be run in the directory where you wish thestdrs to be created.

The command-line for cidr.pl has some nuances.

Let’s begin with the basics. If your file of document pathsasned ALL and cidr.pl is at the same level, a
typical call to CIDR looks like thiscat ALL | ./cidr. pl

This creates all of the clusters in that directory, which gaha bit ugly, so, practically speaking, it is better
to create a directory below ALL and cidr.pl, and put the rpdfy and nidf.dir files in that directory. Then just call
cidrinthisway:cat ../ALL | ../cidr.pl

The order of the parameters is as given above. If you wantaogd any of the default settings, you must
include the default values for those parameters up to thenpatier you want to change (going from left to right).

So, for example, if you wanted to have cidr run with a thredlodl.4, a keep threshold of 2, and a decay of .5,
you would have to 1) order them as they are above and 2) intheddefault "number of clusters,” which is here
0. This would then be the commandlireat ../ALL | ../cidr.pl 0 .4 .5 2
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20 Running MEAD in Other Languages

MEAD can summarize Chinese clusters as well as English. Weipate that it would not be hard to modify
MEAD to summarize French or Spanish clusters, for examplee @ould only have to create an IDF database
and change the idf environment variable in MEAD.

20.1 Summarizing Chinese Documents with MEAD

NOTE: the Chinese summarization functionality is effegjvin an alpha stage of development. It may break at
any time without warning. This example may not be exactlyct; but is reasonably close.

20.1.1 Preliminary Notes

We have provided routines for converting clusters of plait Chinese documents into MEAD compatible data.
The only stipulations we place on document formatting arfeksws:

1. You should know the encoding of the documents you are wgrkiith. If you're not sure, a good rule of
thumb is as follows:

Simplified Chinese: GB2312

Traditional Chinese: BIG5

2. All of the documents in the cluster should be encoded uiagsame standard (i.e. don’t mix BIG5 and
GB2312 documents).

3. Thedocuments should be word-segmented. Note: We useddheenter dit t p: / / www. mandar i nt ool s.
comto segment the example. This segmenter is quite old, and weedfihding another one for best results.

20.1.2 List Format

If you wish MEAD to summarize your documents as a multidoconotuster, you should provide to us afile in
the following format:

<pointer-to-filel>
<pointer-to-file2>

<pointer-to-filen>

20.1.3 GB18030 Compatability

As of the writing of this document, the glibc implementatafriconv, a library which converts among different en-
codings is NOT fully compatible with the latest encodingstard of the People’s Republic of China (GB18030).
This means that many documents (I find about 1/4 on xin hua Wamg up-to-date Chinese websites will crash
the conversion routines.

NOTE: GB18030 is backwards compatible (all GB2312 encodings raahd same characters), so many doc-
uments that are actually encoded in GB18030 are labeled @3 GBdocuments. If these documents contain a
character which is undefined in GB2312, they will crash thevegsion scripts.

20.1.4 System Compatibility

1. Linux: Fully compatible with GB2312. Compatible with S@\parts of GB18030.

2. Solaris 7 and below: | have NOT gotten these to work on GR23his will be addressed ASAP. To test
your systemtry i conv -f gb2312 -t BI G5".

3. Solaris 8 and above: | haven’t had a chance to test thesecl&ms that Solaris 8 (02/02 patch) and above
are fully compatible with GB18030.
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20.1.5 Running The Example

This example is a two-article cluster from xin hua wang (Thebsite of China’s largest news agency). It discusses
Taiwan'’s decision to use "Common pinyin”. It is encoded inZ3R&2.

1. Goto $BINDIR.
% cd $BIN DI R

2. Run the conversion script.

<Ll NUX USERS>
% ./ make- CH N- docsent . pl CHI N- exanpl e/ commonpy. | i st GB2312

<SOLARI S USERS>
% ./ make- CH N- docsent . pl CHI N- exanpl e/ commonpy. | i st gh2312

3. Edit the mead-config file.

You'll need to have the mead-config file in a directory that réable by you (chances are that $BIDNR
is not). The rest of this example assumes that the mead-ddefignamedread. conf i g and is located
in the current directory.

<Change the cluster>
Repl ace TARGET="GA3" with TARCGET="commonpy.list" in the
top-1 evel MEAD- CONFI G el enent .

<Change t he Language>

Repl ace LANG="ENG' with LANG="CHI N’

Repl ace "ENG' with CHIN' in the COMWAND- LI NE attri bute of
the Centroid FEATURE el enent.

<Change t he | DF dat abase>

Repl ace "enidf" with "cnidf" in the SCRIPT attribute of

the Centroi d FEATURE el enent.

Repl ace "enidf" with "cnidf" in the COWAND-LINE attribute of
t he RERANKER el enment .

4. Run MEAD on the example.

Once the segmented documents are converted to docsent forcha cluster file is produced (by the above
commands), you are ready to run MEAD using driver.pl:

% cat nead.config | ./driver.pl > ../data/comopnpy/conmonpy. extract
% ./ extract-to-sunmary.pl \
../ dat a/ comonpy/ conmonpy. | i st.cluster ../data/comobnpy/docsent \
.. /I dat a/ commonpy/ commonpy. extract > ./dat a/ commonpy/ conmonpy. sunmary

21 Training MEAD using Support Vector Machines

This section describes the data format and instructiongréaning and evaluation for sentence extraction in
MEAD using Support Vector Machines(SVM). Note that tramilEAD amounts to little more than selecting

feature weights for MEAD’s classifier, thus any other tobtkiat can learn a linear combination given training
data can be used in place of SVM.
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21.1 Data Format

The format of training, tuning (development), and testiagadare similar. The format is also similar to the data
format expected by the SVM package. Each data file contasmssoar samples. Each sample corresponds to a
sentence and its feature values. Each sample is descritmuetine of record with syntax as follows:

<class> <feature-id1>:<feature-valuet <feature-id2-:<feature-value2 ...

<class> can be 1 or -1 representing the corresponding sentenceliglétt or not included in the sample
summary.

<feature-idx> is an integer representing a feature id.
<feature-valuex is a real number representing a feature value.

Therefore, each record contains those features and thregspmnding values for a particular sentence. It also
contains whether or not the sentence is included in the sasyshmary.
Note that the feature values should be normalized so thalnes fall between 0 and 1.

21.2 Porting

e Make a directory, e.g. trainahlread which will contain all the data files and SVM package.
e Download SVM package

e Copy svmclassify.c to replace the original svatassify.c (save a backup of the original swhassify.c as
advised)

e Compile the SVM package

e Prepare the training, tuning (development), and testig. d#llow the data format described above. (Note
that the feature values should be normalized.)

21.3 Training

%SVM/svm_learn -j <cost-parameter> <training.data > <learned-model>

where:

<cost-parameteris a parameter by which training errors on positive examplgseight errors on negative ex-
amples (default 1)

<training.data> is the training data set

<learned-model is the output learned model

e.g.

%SVM/svm_learn -j 5 training.data learned-model-j5

The above command invoke the training process using thariadata (training.data) with cost parameter 5.
The output of the learned model is stored in the file learnedehj5. This learned-model will be used in the
tuning and evaluation stages

21.4 Tuning (Development)

% SVM/svm_classify <train.dev.data> <learned-model>

where:

<train.dev.datz is the tuning (development) data set

<learned-model is the learned model obtained from the training stage

e.g.

% SVM/svm_classify train.dev.data learned-model-j5
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This command invokes the classification process on the guohata - train.dev.data using the learned model -
learned-model-j5. The linear weights of each feature asplalyed. The accuracy, precision, and recall metrics
are also shown.

Typically, one will conduct training using different paratars such as different cost factors. Then invoke the
classification process for each learned model. One can elibeslesired model based on a particular metric such
as recall.

21.5 Testing

% SVM/svm_classify <testing.data> <learned-model>
where:
<testing.data is the testing datalearned-mode} is the selected learned model after tuning

e.g.
% SVM/svm_classify testing.data learned-model-j5
This command invokes the classification process on thetedtita - testing.data

22 JHU 2001 summer workshop and SummBank

As of the writing of this section, we are in the process of miihg data which was collected during the JHU

2001 summer workshop entitled, “Evaluation of Text Sumasion in a Cross-lingual Information Retrieval

Framework.” For updates on this information, pleasetgeep: / / www. sunmar i zat i on. com sunmbank

and for the final report from that workshdpt, t p: / / www. ¢l sp. j hu. edu/ ws2001/ gr oups/ asnd.
Eventually, we envision SummBank offering a collection ofrsnaries which can be used as gold-standards

in evaluation. For now, SummBank 1.0 offers a portion of thimltamount of data collected during the JHU

summer workshop.

e Forty bilingual (Chinese and English) news clusters withdb@uments each, all formatted to be used by
MEAD. Many of the clusters include, sentjudges, sentretsdotjudges.

e Sentence alignment information from English to Chineseaudwents and vice versa.
e Human written summaries: for each cluster, 3 judges at 3 cessjpn ratios.
e Single and multi-document extracts created from humarnjsige scores.

e Single and multi-document extracts created at numerougpEsgion ratios by the following automatic
methods:
— Alignment-based
— Greg Silber’s Lexical Chain-based
— Chin-Yew Lin’s summarizer
— MEAD
— Websumm
— Lead-based
— Random

e Docjudges, as ranked by SMART, for full documents and suresa&reated by the above methods.

e Features: document features as calculated by the JHU208ibref MEAD.

In total, there are 40 clusters (comprising 400 documerdh @aEnglish and Chinese), 360 human-written
multidocument summaries, 5520 retrievals and nearly danikxtracts.

To get the most out of SummBank 1.0, it will be helpful to have Hong Kong News Corpus (LDC2000T46)
available as well.
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23 The MEAD Web site

The MEAD project’'s new Web page is at the University of Micdrig All versions of MEAD can be downloaded
there.

http://ww. summari zati on. com nead
The MEAD project also has an older Web page at Johns Hopkimgetsity. MEAD v3.06 and below can
be obtained there. Additionally, this web page containsrimfation about the JHU Summer 2001 Workshop, the

Automatic Summarization of Multiple Documents (ASMD) gmits participants, and their contact information.

http://ww. cl sp.j hu. edu/ ws2001/ gr oups/ asnd

24  Frequently Asked Questions

24.1 Is additional MEAD-compatible data available?

All the data used at the JHU workshop will be released sooomunction with the Linguistic Data Consortium
(LDC). Check the MEAD web page often, or better yet, subscribthe MEAD mailing list. See below.

24.2 Isthere a mailing list for MEAD?

You betcha. Visit the MEAD homepage for subscription infatian:
http://ww. summari zati on. com nead

24.3 Can | contribute to MEAD?

Sure. Please send mail to the MEAD mailing list:
mead@majordomo.si.umich.edu

24.4 Dol need a license to use MEAD?

Not for the moment. Once we are beyond the beta stage, weoaKlihto this issue.
24.5 How can | get help?
Please refer to the MEAD homepage for help.
http://ww. sumrari zati on. com nead
If all else fails, send mail to the MEAD mailing list:
mead@majordomo.si.umich.edu

24.6 How can | make sure | understand the details of how MEAD wiks?

As an exercise, try implementing your own features (e.ge\Ward) or rerankers (e.g., MMR).
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Demos

e NewslInEssencehft p: / / ww. newsi nessence. con) NewslnEssence is a freely accessible news

search and summarization system maintain by the CLAIR gadupe University of Michigan’s School
of Information. The CLAIR group also has strong ties to thep@ement of Electrical Engineering and
Computer Science.

e Online MEAD Demo htt p://tangra. si.um ch. edu/ cl ai r/ mreaddeno) The Online MEAD

26

Demo is a web interface to an older version of MEAD. The userstanmarize documents on his local
machine, generic text, or the contents of a url (or a comlminatf all three).

Future Work

Much work has been put into MEAD, but much still remains to baet

1.

o

Finish moving repeated code to library modules, e.g. Stmiifst feature script.

2. Sentjudge as the output of MEAD.
3.
4

Build MEAD API.

. Improve, e.g., MEAD::Extract::reagiktract by returning not only the sentrefs, but also the SFIETRUN,

QID, etc. in a hash of things.
combine driver.pl and mead.pl, moving most functiogdtitthe MEAD API.

6. pass datadir via stdin to feature scripts (and on to MEBéntFeature::extrasentfeatures) along with

10.

11.

12.

13.
14.

15.
16.
17.

18.
19.
20.
21.

cluster filename.
Add choice of policies on feature caching: recompute;td@ve on disk, do plausibility check, etc.

Allow the user to specify that default features (Lengtlenttoid, Position) NOT be computed, perhaps
using a '-nofeature’ option in mead.pl

Differentiate between weighted features and cutofiufies, perhaps with a 'Length-cut’-ish suffix.

Enhance support for Chinese (and other language) sugsmamead.pl. This should be relatively easy, as
all we really have to do is segment in a language-dependentamd create or use IDF databases for other
languages.

Support summarization of plain text documents as irgotdad.pl. Integrate preprocessing made available
in recent addons release

Allow mead.pl to accept urls as input (MEAD could fetcle thocuments and summarize them). Again,
integrate preprocessing available as standalone.

Make DTD's better, more consistent (with each othen), make things make sense.

Improve MEAD'’s robustness and error checking (checkefoors in returned XML data from classifier,
reranker, etc.)

Build suite of regression and unit tests for MEAD.
Add relevance correlation to MEAD Eval; incorporatdsravailable in recent addons package.

Include evaluation of summaries (as opposed to exjradts content-based measures on meadeval.pl;
again, incorporate scripts available in recent addonsampek

Improve Install.PL.
Finish this document, including making sure that allnegkes work (build automated tests).
Fill in cross-references in this document, instead gifgp e.g., “See the MEAD Architecture Section”.

... and for those that find recursion funny: Organize aiatifize this TODO list.
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A XML DTDs
A.1 cluster.dtd

<IELEMENT CLUSTER (D) *>
<! ATTLI ST CLUSTER
LANG (CHI N| ENG "ENG'>

<! ELEMENT D EMPTY>

<I ATTLI ST D
DD ID #REQUI RED
ORDER CDATA #| MPLI ED>

A.2 docjudge.dtd

<l--

<I' ELEMENT DOC- JUDGE (D) *>
<! ATTLI ST DOC- JUDGE

QD  CDATA #REQUI RED
SYSTEM CDATA #REQUI RED
LANG (CHI N ENG) "ENG'>

LANG refers to the | anguage of the retrieval
Thus, it is the language of the docunents.
However, the original |anguage of the query m ght be

different.
Look this up in QD -->

<l ELEMENT D EMPTY>
<I ATTLI ST D

DD ID #REQUI RED
RANK CDATA #l MPLI ED
CORR- DOC CDATA #| MPLI ED
SCORE CDATA #REQUI RED>

process.
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A.3 docpos.dtd

<l-- DID for PCS tagged text -->
<! ELEMENT DOCPQCS ( EXTRACTI ON- | NFO?, BODY) >
<! ATTLI ST DOCPOS

DID CDATA #REQUI RED

DOCNO CDATA #1 MPLI ED

LANG (CHI N ENG "ENG'

CORR- DOC CDATA  #l MPLI ED>

<!-- DID: docurentid

LANG | anguage -->

<! ELEMENT EXTRACTI ON- | NFO EMPTY>
<! ATTLI ST EXTRACTI ON- I NFO
SYSTEM CDATA #REQUI RED

RUN CDATA #I MPLI ED
COVPRESSI ON CDATA #REQUI RED
QD CDATA #REQUI RED>

<! ELEMENT BODY ( HEADLI NE?, TEXT) >

<! ELEMENT HEADLI NE ( S) *>
<! ELEMENT TEXT (S)=*>

<l ELEMENT S (W *>
<IATTLIST S
PAR CDATA #REQUI RED
RSNT CDATA #REQUI RED
SNO CDATA #REQUI RED>
<!-- PAR paragraph no
RSNT: relative sentence no (wthin paragraph)
SNO. absol ute sentence no -->

<! ELEMENT W ( #PCDATA) >
<! ATTLI ST W
C  CDATA #REQU RED
L  CDATA #l MPLI ED>

<l-- Cis the POS category. L is the lemm -->
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A.4 docsent.dtd

<l-- DID for sentence-segnented text -->

<! ELEMENT DOCSENT ( EXTRACTI ON-1 NFO?, BODY) >

<! ATTLI ST DOCSENT
DID CDATA
DOCNO CDATA
LANG (CHI N ENG "ENG'
CORR- DOC CDATA  #l MPLI ED>
<!-- DID: docunentid

LANG | anguage

#REQUI RED
#| MPLI ED

>

<! ELEMENT EXTRACTI ON- | NFO EMPTY>

<! ATTLI ST EXTRACTI ON- | NFO
SYSTEM CDATA #REQUI RED
RUN CDATA #| MPLI ED
COVPRESS| ON CDATA #REQUI RED
QD CDATA #REQUI RED>

<! ELEMENT BODY ( HEADLI NE?, TEXT) >

<! ELEMENT HEADLI NE (S) *>
<! ELEMENT TEXT (S)*>

<! ELEMENT S (#PCDATA) >
<I ATTLIST S
PAR CDATA #REQUI RED
RSNT CDATA #REQUI RED
SNO CDATA #REQUI RED>
<!-- PAR paragraph no
RSNT:
SNO. absol ute sentence no -->

relative sentence no (wthin paragraph)

A.5 document.dtd

<l-- DITD for original, non-segnented text
<! ATTLI ST DOCUMENT

DID CDATA #REQUI RED

DOCNO  CDATA #1 MPLI ED

LANG (CH N ENG) "ENG'

CORR- DOC CDATA  #| MPLI ED>
<l-- DID: docunentid
LANG | anguage -->

<! ELEMENT EXTRACTI ON- 1 NFO EMPTY>

<! ATTLI ST EXTRACTI ON- |1 NFO
SYSTEM CDATA #REQUI RED
RUN CDATA #l MPLI ED
COVPRESSI ON CDATA #REQUI RED
QD CDATA #REQUI RED>

<! ELEMENT BODY ( HEADLI NE?, TEXT) >

<! ELEMENT HEADLI NE ( #PCDATA) >
<! ELEMENT TEXT (#PCDATA) >

<! ELEMENT DOCUMENT ( EXTRACTI ON- | NFO?, BODY) >

-->
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A.6 extract.dtd

<I ELEVENT EXTRACT (S)*>
<! ATTLI ST EXTRACT

QD CDATA #REQUI RED
COVPRESSI ON CDATA #REQUI RED
SYSTEM CDATA #REQUI RED
JUDGE CDATA #| MPLI ED
JUDGENO CDATA #l| MPLI ED
RUN CDATA #| MPLI ED

SENTS_TOTAL CDATA #l MPLI ED
WORDS_TOTAL CDATA #l MPLI ED

LANG CDATA #REQUI RED>
<! ELEMENT S EMPTY>
<I ATTLI ST S
ORDER CDATA #REQUI RED
DD CDATA #REQUI RED
SNO CDATA #l| MPLI ED
PAR CDATA #| MPLI ED
RSNT CDATA #l| MPLI ED
UTI L CDATA #| MPLI ED>

A.7 mead-config.dtd

<! ELEMENT MEAD- CONFI G ( FEATURE- SET, CLASSI FI ER, RERANKER,
COWPRESSI ON) >
<! ATTLI ST MEAD- CONFI G

LANG CDATA #REQUI RED

CLUSTER- PATH CDATA #l MPLI ED

DATA- DI RECTORY CDATA #| MPLI ED

TARGET CDATA #| MPLI ED >

<! ELEMENT FEATURE- SET ( FEATURE*) >
BASE- PATH CDATA #| MPLI ED >

<! ELEMENT FEATURE EMPTY >
<I ATTLI ST FEATURE
FEATURE CDATA #REQUI RED >

<! ELEMENT CLASSI FI ER EMPTY >

<! ATTLI ST CLASSI FI ER
COVVAND- LI NE CDATA #REQUI RED
SYSTEM CDATA #l MPLI ED
RUN CDATA #| MPLI ED >

<! ELEMENT RERANKER EMPTY >
<! ATTLI ST RERANKER
COVVAND- LI NE CDATA #REQUI RED>

<! ELEMENT COVPRESSI ON EMPTY >

<! ATTLI ST COVPRESSI ON
BASI S (sentences|words) #REQU RED
PERCENT CDATA #| MPLI ED
ABSOLUTE CDATA #| MPLI ED >
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A.8 query.dtd

< ELEMENT QUERY (TI TLE, DESCRI PTI ON?, NARRATI VE?) >
<! ATTLI ST QUERY

Q D CDATA #REQU RED

ONO CDATA #REQUI RED

LANG (CHI N| ENG "ENG'

TRANSLATED ( YES| NO) " NO'

ORI GLANG ( CHI N| ENG) " CHI N'

TRANS- METHOD ( AUTQ MAN) " AUTO' >

<l-- @D: unique query no, eg. 125-CA or 125-E
ONO LDC query no for content, eg. 125
LANG of query
TRANSLATED: is it an original query or not?
ORI GLANG |If translated, fromwhich | anguage (fromthe other
one, of course!)
TRANS- METHOD: Automatically translated or manual ly? -->

<l ELEMENT TI TLE (#PCDATA) >
<! ELEMENT DESCRI PTI ON (#PCDATA) >
<! ELEMENT NARRATIVE  (#PCDATA) >
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A.9 reranker-info.dtd

<l-- DID for input to rerankers -->
<! ELEMENT RERANKER- | NFO ( COVPRESSI ON, CLUSTER, SENT- JUDGE)

<! ELEMENT COWPRESSI ON EMPTY>

<I ATTLI ST COVPRESSI ON
PERCENT CDATA #REQUI RED
BASIS  CDATA #REQUI RED>

<! ELEMENT CLUSTER (D) *>
<! ATTLI ST CLUSTER
LANG (CHI N ENG "ENG'>

<l ELEMENT D EMPTY>

<! ATTLI ST D
DD ID #REQUI RED
ORDER CDATA #| MPLI ED>

<! ELEMENT SENT-JUDCE (S) *>
<! ATTLI ST SENT-JUDGE
Q D CDATA #REQU RED>

<! ELEMENT S ( JUDGE) *>
<IATTLIST S
DID CDATA #REQUI RED
PAR CDATA #REQUI RED
RSNT CDATA #REQUI RED
SNO CDATA #REQUI RED>

<! ELEMENT JUDGE EMPTY>

<I ATTLI ST JUDGE
N CDATA #REQUI RED
UTI L CDATA #REQUI RED>

A.10 sentalign.dtd

<! ELEMENT SENTALI GN ( SENT+) >
<I ATTLI ST SENTALI GN

ENG CDATA #REQUI RED
CHI CDATA #REQUI RED
LANG CDATA #REQUI RED>

<! ELEMENT SENT EMPTY>
<! ATTLI ST SENT

CRDER CDATA #REQUI RED
EDI D CDATA #REQUI RED
ESNO CDATA #REQUI RED
CDI D CDATA #REQUI RED
CSNO CDATA #REQUI RED>

<l-- ORDER: the pairw se nunber
EDI D: english docunent nane
ESNO english sentence nunber
CDI D: chinese docunent nane
CSNG  chi nese sentence nunber -->
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A.11 sentfeature.dtd

A.12 sentjudge.dtd

A.13 sentrel.dtd

<! ELEMENT S ( FEATURE)
<IATTLI ST S
DI D CDATA #REQUI
SNO CDATA #REQUI

<I ATTLI ST FEATURE

<! ELEMENT SENT- FEATURE (S) *>

<! ELEMENT FEATURE EMPTY>

N CDATA #REQUI RED
V CDATA #REQUI RED>

* >

RED
RED>

<! ELEMENT S (JUDGE) *
<IATTLIST S

<! ELEMENT JUDGE EMPT
<! ATTLI ST JUDGE

<I ELEVENT SENT- JUDGE (S)*>
<! ATTLI ST SENT- JUDGE
QD CDATA #REQU RED>

DI D CDATA #REQUI RED
PAR CDATA #REQUI RED
RSNT CDATA #REQUI RED
SNO CDATA #REQUI RED>

N CDATA #REQUI RED
UTI L CDATA #REQUI RED>

>

Y>

<! ELEMENT SENT-REL (R)=*>

<! ELEMENT R ( RELATI ON) » >
< ATTLI ST R

SDI D CDATA
SSENT CDATA
TDI D CDATA
TSENT CDATA

#REQUI RED
#REQUI RED
#REQUI RED
#REQUI RED>

<! ELEMENT RELATI ON EMPTY>

<I ATTLI ST RELATI ON
TYPE CDATA
JUDGE CDATA

#REQUI RED
#REQUI RED>
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