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Abstract
While developinga suiteof toolsfor statisticalmachinetranslatiorresearchye recognizedhe needfor a visualizationtool thatwould
allow researcherto examineandevaluatespecificword correspondencegeneratedy a translationsystem.We developedCairoto fill
this need.Cairois a free,open-sourceportable userfriendly, GUI-driven programwritten in Java thatprovidesa visualrepresentation
of word correspondencdsetweenbilingual pairsof sentencesaswell asrelevanttranslationmodelparametersThis programcanbe
easilyadaptedor visualizationof correspondencas bi-texts basedn probability distributions.

1. Background

Cairowasoriginally developedwith statisticaltransla-
tion modelsof thesortdevelopedatIBM in theearly1990s
in mind (Berger et al., 1994). Thesemodels,referredto
asthe“Candide” models,arebasedon the source-channel
paradigm,whereone languagegthe “source” language)s
interpretecasanencodedorm of another(the“target” lan-
guage) (Weaver, 1949). A translationmodelis built us-
ing iterative training on a sentence-aligneli-text (Brown
etal., 1993). Translationsare producecthrougha process
known as“decoding”(WangandWaibel,1997).

Statistical translation systemsare difficult to under
stand,even for their designerspecauseof the vastnum-
berof parametertearnedautomatically CandideModel 3,
for example,consistsof four typesof parameterso model
uni-directionallanguagetranslation. Using the Italian-to-
Englishtranslationexample theseare:

Trandation: The probability that an English vocahlulary
item (type)will translatgo a givenltaliantype.

Fertility: The probability that a given English type will
translatanto n Italiantokens.

Distortion The probability that ary English token in a
givenindexed positioni of an English sentencewill
align with an Italian token in given positionj of an
Italian sentencegiventhelengthsof the sentences.

NULL-insertion The probability of insertionof a NULL
token at ary positionin the English sentencealuring
the encoding(a NULL tokenis emptyin Englishbut
is alignedto one or more Italian tokens). This is a
scalarparametefor the model.

The source-tagetterminologycanbe counterintuitive when
discussingsource-channahodels. If we arebuilding a machine
translationsystemto translatesentence$rom lItalian to English,
thenlet Italian be the “source”languageand Englishthe “target”
language.To avoid confusion,we will usethe Italian-to-English
exampleexclusively in this paper

Cairowasimplementedo allow inspectiorof thebilingual
text word alignmentprocessand the decodingprocessn
statisticalmachinetranslationrmodels.

2. Capabilities

Cairotakesasits inputanSGML-stylefile thatspecifies
the two sentencestheir alignment (in a simple format),
and all relevant model parameters. Relevant parameters
mayincludethe probabilitiesassociateavith aword trans-
lation, fertility, etc. thatactuallyoccurin the alignmentas
well asotherprobabilitiesto be usedasa basisfor compar
ison. For example,in the alignmentin Figure 1, the Eng-
lish tokenred hasa fertility of 1, becauset corresponds
with oneltaliantoken,rosse. Thefertility tableontheright
displaysthe probability that red would have this fertility,
andit alsodisplaysthe probability that the fertility would
be 0 or 2. The moreinformationgivenasinput, the more
powerful thevisualizationwill be;however, noinformation
is requiredexceptfor thesentencethemseles.

In a graphicaluserinterface(GUI), Cairo displaysthe
givensentenceair (assumedo be a translationpair) with
lines dravn betweenalignedwords. This representation
canbedisplayedvertically or horizontally andaccommod-
atessentencesf arbitrarylength,usingscrollingwindows.
(SeeFigurel.)

Eachtoken in a sentencecan optionally include mul-
tiple, parallelstream®f data.Onecommonuseby our col-
laboratorss to includepart-of-speeckags,lemmasand/or
most-probabléranslationdor eachtoken. (SeeFigure?2.)
The numberand namesof all streamsare providedin the
inputfile by theuser Theuserhasfull controloverwhich
streamaredisplayed.

Cairoallows for up to threealignmentgo be displayed
at oncefor a sentencepair. Visual renderingof multiple
alignmentsis accomplishedwith different colors, using
subtractve color mixing to indicate sharedword corres-
pondences.

2Wewill usetheterm“alignment”to referto thesetof all word
correspondencdsetweera sentenceair.
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Figurel: Cairodisplayinganalignedsentenceair vertically. Theword red is selectedandsomeof its respectie trans-
lation andlanguagemodelprobabilitiesare shavn in the tablesto theright. The probabilitiesrelevantto the translation
shavn areactuallydisplayedn red,asarethe correspondingdtalian word rosse andthelinking line.

When evaluatinga machinetranslation,it is usefulto
referto a gold standardpr referencdranslationandalign-
ment. Cairo providesthe simultaneoudlisplay of a refer
encetranslatioralongsidethe giventranslationandallows
rapid switchingof the displaybetweerthe machinealign-
mentandthereferencealignment.

A Cairousercanmouse-clickon an Englishtokenand
seeits modelparameterslisplayedin tablesalongsidethe
alignment.In addition,if relevantlanguagenodelparamet-
ers (usedin tandemwith the translationmodelin the de-
codingprocesshrespecifiedthenthesewill be displayed
aswell. For example,if theuserclicks onanEnglishword
e, a list of Italian wordsto which ¢ is likely to translate
appeaiin the tranlsationtable, sortedby probability The
Italianwordsey, to, . . ., t, Which arealignedto ¢ for each
alignmentaredisplayedn colorsmatchingtheirrespectre
alignments Lik ewise, sortedlists of fertilities, distortions,
and likely Englishwords (i.e., expectedby the language
model)aredisplayed.One,two, or four of the tablesmay
beshavn atatime.

A window displaysinformation suchas the namesof
the languageghe sentencearein, sentencedentification
numbersthelanguagenodelused etc. Any suchtext given
in theinputfile is displayedn this window.

3. Use

Cairohasprovenextremelyusefulin statisticaimachine
translationresearch. When dealingwith modelsconsist-
ing of millions of parametersactually examiningspecific
alignmentsanbeenlightening Beingableto seepotential
neighborhoodalignmentsby looking at othermodelpara-
meterghat“might have been"givesadditionalinsight. This
tool hasallowedusandothersto trackthe progres®f trans-
lation modelsand discorer models’biasesthat affect per
formance.

During experimentatiorwith the Egyptimplementation
of the CandidemachineranslationsystemCairowasused
to view correspondenceés bilingual sentenceairs(Egypt
generate¥iterbi word alignmentdor boththetrainingand
testcorpora)Al-Onaizanetal., 1999).0Oneof thediscover-
iesmade usingCairo,wasatendeny of rareword typesto
have highfertilities. Thatis, this classof translationmod-
elswill causemary source-languagée.g., Italian) tokens
(usuallyhigh-frequeng andclosed-classjo correspondo
asinglelow-frequengy target(e.g.,English)word. Thisis
animportanteffect thatwould have goneunnoticedif our
exploratorytoolshadbeenlimited to tablesof learnedstat-
istical parameterandplain-text depictionsof word corres-
pondencebetweersentenceairs.
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Figure2: Cairo displayingan alignedsentencepair horizontally The word home is selectedand someof its relevant
translationandlanguagemodel probabilitiesare shovn in the two tablesin the bottomright. A referenceranslationis
shavn below themachingranslation Note alsothe multiple streamsusedhereto show partsof speecrandlemmas.

4. Implementation

Cairois implementedn Java, usingthe Swinginterface
library (Sun Microsystems,1999); this makesit portable
to ary architectureand usefulin Web-basedapplications.
Cairois freely availableat http://www.clsp.jhu.edu/ws99/-
projects/mt/toolkit/cairo.tagz,alongsidethe Egypt statist-
ical machinetranslationtoolkit (Al-Onaizanet al., 1999).
Also availableis a scriptwhich corvertsthe outputof the
Egypt translationmodel training tool into Cairo’s SGML
format. It is possibleto modify and extend Cairo for pur-
posestherthanstatisticalmachinetranslation.
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