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Abstract
While developinga suiteof toolsfor statisticalmachinetranslationresearch,we recognizedtheneedfor a visualizationtool thatwould
allow researchersto examineandevaluatespecificword correspondencesgeneratedby a translationsystem.We developedCairoto fill
thisneed.Cairois a free,open-source,portable,user-friendly, GUI-drivenprogramwritten in Java thatprovidesa visualrepresentation
of word correspondencesbetweenbilingual pairsof sentences,aswell asrelevant translationmodelparameters.This programcanbe
easilyadaptedfor visualizationof correspondencesin bi-textsbasedonprobabilitydistributions.

1. Background
Cairowasoriginally developedwith statisticaltransla-

tion modelsof thesortdevelopedat IBM in theearly1990s
in mind (Berger et al., 1994). Thesemodels,referredto
asthe “Candide”models,arebasedon thesource-channel
paradigm,whereonelanguage(the “source” language)is
interpretedasanencodedform of another(the“target” lan-
guage)1 (Weaver, 1949). A translationmodel is built us-
ing iterative trainingon a sentence-alignedbi-text (Brown
et al., 1993). Translationsareproducedthrougha process
known as“decoding”(WangandWaibel,1997).

Statistical translationsystemsare difficult to under-
stand,even for their designers,becauseof the vastnum-
berof parameterslearnedautomatically. CandideModel3,
for example,consistsof four typesof parametersto model
uni-directionallanguagetranslation. Using the Italian-to-
Englishtranslationexample,theseare:

Translation: The probability that an English vocabulary
item(type)will translateto a givenItalian type.

Fertility: The probability that a given English type will
translateinto � Italian tokens.

Distortion The probability that any English token in a
given indexed position � of an Englishsentencewill
align with an Italian token in given position � of an
Italiansentence,giventhelengthsof thesentences.

NULL-insertion The probability of insertionof a NULL
token at any position in the Englishsentenceduring
theencoding(a NULL token is emptyin Englishbut
is alignedto one or more Italian tokens). This is a
scalarparameterfor themodel.

1Thesource-target terminologycanbecounter-intuitive when
discussingsource-channelmodels. If we arebuilding a machine
translationsystemto translatesentencesfrom Italian to English,
thenlet Italian bethe“source”languageandEnglishthe“target”
language.To avoid confusion,we will usethe Italian-to-English
exampleexclusively in thispaper.

Cairowasimplementedto allow inspectionof thebilingual
text word alignmentprocessand the decodingprocessin
statisticalmachinetranslationmodels.

2. Capabilities
Cairotakesasits inputanSGML-stylefile thatspecifies

the two sentences,their alignment2 (in a simple format),
and all relevant model parameters.Relevant parameters
mayincludetheprobabilitiesassociatedwith a word trans-
lation, fertility, etc. thatactuallyoccurin thealignmentas
well asotherprobabilitiesto beusedasabasisfor compar-
ison. For example,in the alignmentin Figure1, theEng-
lish token red hasa fertility of 1, becauseit corresponds
with oneItaliantoken,rosse. Thefertility tableontheright
displaysthe probability that red would have this fertility,
andit alsodisplaysthe probability that the fertility would
be0 or 2. Themoreinformationgivenasinput, themore
powerful thevisualizationwill be;however, no information
is requiredexceptfor thesentencesthemselves.

In a graphicaluserinterface(GUI), Cairo displaysthe
givensentencepair (assumedto bea translationpair) with
lines drawn betweenalignedwords. This representation
canbedisplayedverticallyor horizontally, andaccommod-
atessentencesof arbitrarylength,usingscrollingwindows.
(SeeFigure1.)

Eachtoken in a sentencecan optionally include mul-
tiple,parallelstreamsof data.Onecommonuseby ourcol-
laboratorsis to includepart-of-speechtags,lemmas,and/or
most-probabletranslationsfor eachtoken. (SeeFigure2.)
The numberandnamesof all streamsareprovided in the
input file by theuser. Theuserhasfull controlover which
streamsaredisplayed.

Cairoallows for up to threealignmentsto bedisplayed
at oncefor a sentencepair. Visual renderingof multiple
alignmentsis accomplishedwith different colors, using
subtractive color mixing to indicatesharedword corres-
pondences.

2Wewill usetheterm“alignment”to referto thesetof all word
correspondencesbetweenasentencepair.



Figure1: Cairodisplayinganalignedsentencepair vertically. Theword red is selected,andsomeof its respective trans-
lation andlanguagemodelprobabilitiesareshown in the tablesto the right. The probabilitiesrelevant to the translation
shown areactuallydisplayedin red,asarethecorrespondingItalianword rosse andthelinking line.

Whenevaluatinga machinetranslation,it is useful to
referto a gold standard,or referencetranslationandalign-
ment. Cairo providesthe simultaneousdisplayof a refer-
encetranslationalongsidethegiventranslation,andallows
rapidswitchingof thedisplaybetweenthemachinealign-
mentandthereferencealignment.

A Cairousercanmouse-clickon anEnglishtokenand
seeits modelparametersdisplayedin tablesalongsidethe
alignment.In addition,if relevantlanguagemodelparamet-
ers (usedin tandemwith the translationmodel in the de-
codingprocess)arespecified,thenthesewill bedisplayed
aswell. For example,if theuserclicksonanEnglishword� , a list of Italian words to which � is likely to translate
appearin the tranlsationtable,sortedby probability. The
Italian words �
	��
�������������
��� which arealignedto � for each
alignmentaredisplayedin colorsmatchingtheir respective
alignments.Likewise,sortedlists of fertilities, distortions,
and likely English words (i.e., expectedby the language
model)aredisplayed.One,two, or four of the tablesmay
beshown ata time.

A window displaysinformationsuchas the namesof
the languagesthe sentencesarein, sentenceidentification
numbers,thelanguagemodelused,etc.Any suchtext given
in theinputfile is displayedin thiswindow.

3. Use

Cairohasprovenextremelyusefulin statisticalmachine
translationresearch.When dealingwith modelsconsist-
ing of millions of parameters,actuallyexaminingspecific
alignmentscanbeenlightening.Beingableto seepotential
neighborhoodalignmentsby looking at othermodelpara-
metersthat“might havebeen”givesadditionalinsight.This
tool hasallowedusandothersto tracktheprogressof trans-
lation modelsanddiscover models’biasesthat affect per-
formance.

Duringexperimentationwith theEgyptimplementation
of theCandidemachinetranslationsystem,Cairowasused
to view correspondencesin bilingualsentencepairs(Egypt
generatesViterbi wordalignmentsfor boththetrainingand
testcorpora)(Al-Onaizanetal.,1999).Oneof thediscover-
iesmade,usingCairo,wasatendency of rarewordtypesto
have high fertilities. That is, this classof translationmod-
els will causemany source-language(e.g., Italian) tokens
(usuallyhigh-frequency andclosed-class)to correspondto
a singlelow-frequency target (e.g.,English)word. This is
an importanteffect thatwould have goneunnoticedif our
exploratorytoolshadbeenlimited to tablesof learnedstat-
isticalparametersandplain-text depictionsof wordcorres-
pondencesbetweensentencepairs.



Figure2: Cairo displayingan alignedsentencepair horizontally. The word home is selected,andsomeof its relevant
translationandlanguagemodelprobabilitiesareshown in the two tablesin the bottomright. A referencetranslationis
shown below themachinetranslation.Notealsothemultiplestreams,usedhereto show partsof speechandlemmas.

4. Implementation
Cairois implementedin Java,usingtheSwinginterface

library (Sun Microsystems,1999); this makes it portable
to any architectureanduseful in Web-basedapplications.
Cairo is freely availableat http://www.clsp.jhu.edu/ws99/-
projects/mt/toolkit/cairo.tar.gz,alongsidetheEgyptstatist-
ical machinetranslationtoolkit (Al-Onaizanet al., 1999).
Also availableis a script which convertsthe outputof the
Egypt translationmodel training tool into Cairo’s SGML
format. It is possibleto modify andextendCairo for pur-
posesotherthanstatisticalmachinetranslation.
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