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Abstract

Recentlytherehasbeena growing in-
terestin infrastructuresfor sharingNLP
toolsandresources.Thispaperpresents
SiSSA, a project that aims at devel-
opinganinfrastructurefor prototyping,
editing andvalidationof NLP applica-
tion architectures.Thesystemwill pro-
vide theuserwith a graphicalenviron-
mentfor (1) selectingtheNLPactivities
relevantfor theparticularNLP taskand
theassociatedlinguisticprocessorsthat
executethem; (2) connectingnew lin-
guisticprocessorsto SiSSA;(3) check-
ing that the chosenarchitecturalhy-
pothesiscorrespondsto the functional
specificationsof thegivenapplication.

1 Introduction

In recentyearstherehasbeena growing inter-
est in the commercialdeploymentof NLP tech-
nologiesand in infrastructuresfor sharingNLP
tools and resources.Suchinterestmakesmore
and more urgent the availability of toolsetsthat
allow an easyandquick integrationof linguistic
resourcesandmodulesandtherapidprototyping
of NLP applications.An exampleof theefforts in
sucha directionis GATE (a GeneralArchitecture
for Text Engineering,(Cunninghametal.,1997)),
which provides a softwareinfrastructureon top
of whichheterogeneousNLP processingmodules
maybeevaluatedandrefinedindividually, or may
becombinedinto largerapplicationsystems.

This paperpresentsSiSSA(Sistemaintegrato
di Supportoallo Sviluppodi Applicazioni- Inte-
gratedSystemof Supportto Application Devel-
opment),a projectwith a twofold aim:

� the definition of a commonmetaformalism
(calledFIST) for theunificationof different
formalismsfor grammardescription,andthe
implementationof a GrammarRepository
for storinggrammarswrittenusingFIST;

� the implementationof an infrastructurefor
therapidprototypingandtestingof architec-
turesfor NLP systems,startingfrom linguis-
tic processorsmadeavailableby SiSSA it-
self.

In this paperwe concentrateon the latter as-
pect,i.e. theinfrastructurefor designingNLP ar-
chitectures.To this end,SiSSAprovidestheuser
with agraphicalenvironmentfor (1) selectingthe
linguistic activitieswhich arerelevantto thepar-
ticularapplicationathand,alongwith thelinguis-
tic processorsthatexecutethem;(2) checkingthat
the chosenarchitecturalhypothesiscorresponds
to thefunctionalspecificationsof theapplication;
(3) connectingto SiSSA new linguistic proces-
sors,this way makingthemavailablefor thepro-
totyping/designactivities.

Thus,thedesignof thearchitectureof anNLP
systemamountsto a) identifying a sequenceof
linguistic activities to be performed;b) connect-
ing them in a specificprocessingchain; and c)
associatingeachlinguistic activity to a suitable
processor, selectedamongthosemadeavailable
by SiSSA.Thetermprojectis usedto referto the



productof the user’s activity, namely, the archi-
tectureof theNLPapplicationtheuserisbuilding.
A projectencodesprocessingflows amongbasic
units, eachconsistingof a linguistic task that is
executedby a linguisticprocessor.

Projectshavetwo uses.First,they storethesta-
tus of a usersession.Second,they arethe main
units of runtime modules: the SiSSA Manager
(seebelow) interpretsprojectsby executingthe
procedureschosenby theuserandapplyingthem
to thedocumentselectedfor execution.

SiSSA makescrucial use of state-of-the-art
softwaretechnologies(CORBA, XML) in order
to integratethe variousmodulesin an effective
way. The coreof SiSSAhasbeendevelopedin
Java; henceit canrun both on Windows andon
Unix platforms.

SiSSA consistsof two parts: an autonomous
application (called SiSSAManager) and a set
of executablemodules,henceforthcalledproces-
sors. TheSiSSAManagerprovidesaninfrastruc-
ture for architecturecompositionand processor
integration. That is, it providesall thenecessary
supportto allow theuserto selectlinguisticactiv-
ities,connectthemin anoverallprocessingchain,
andassociateeachactivity to a linguistic proces-
sor. Moreover, it takescareof executingthepro-
cessingflow encodedin theproject,reportingre-
sultsto theuser, etc.

A major goal while designingSiSSA was to
allow the systemto reuseexisting processorsas
much aspossible. This wasmeantto extend to
processorslocatedin othersitesthan the user’s.
Alreadyexisting processorsarewritten in differ-
ent programminglanguagesandrun on different
hardwareandsoftwareplatforms;so this objec-
tive requiredthe adoptionof a distributedarchi-
tecture,providing:

� flexibility (processorscanbedevelopedand
updatedindependently);

� expandibility(new processorscanbeadded);

� independencefrom the programminglan-
guagesemployedto implementthe proces-
sors;

� distribution of executionon differenthard-
wareplatforms.

As a result, the user can exploit for his/her
needsprocessorsthatarelocatedanywhere,pro-
vided that they have beennotifiedto SiSSA,and
enclosedin a wrapperso as to comply with the
SiSSAinterface(seeSection2.2and2.3).

In thefollowing sections,we first presenta de-
taileddescriptionof SiSSA.Thensomeconsider-
ationson thepraticaluseof thesystemareintro-
duced.Finally somedetailsaboutthecurrentsta-
tus of the SiSSAimplementationand the future
work follow.

2 SiSSA

TheSiSSAsystemconsistsof:

� theSiSSAManager;

� theprocessors;

� the grammarscontainedin the Grammar
Repository;1

� formal specificationsof the interfaceseach
processorhasto provide in orderto be “in-
tegrable” in SiSSA(this part usesCORBA,
CommonObject RequestBroker Architec-
ture- http://www.corba.org,);

� protocolsfor communicationandformatsfor
representationandexchangeof information
(achievedusingXML (Brayetal., 2000)).

Thedifferencebetweenthethird andthefourth
elementabove is that the CORBA part specifies
the detailsof the communicationprocesswith-
out any referenceto the linguistic characteris-
tics of the integrableprocessors(this part could
be largely reusedin othernon linguistic projects
involving a distributedarchitecture);the specifi-
cally linguisticdetailsareembeddedin theXML
documentspassedbetweentheprocessors.

2.1 SiSSA Architecture

The centralelementin the SiSSAarchitectureis
an autonomousapplication,called SiSSAMan-
ager. It is autonomoussinceit takestheinitiative
in themanagementof the processingflow of the
SiSSAsystem,whereit mainly playsthe role of
client. Its maintasksarethefollowing:

1Thispartis notdealtwith in thepaper.



� to interact with the ProcessorRepository
(the placewhereinformationaboutproces-
sorsknown to SiSSAis stored)to takeacen-
sus,activateandconnecttheprocessorsno-
tified to thesystem;

� to presentthe systemfunctionalitiesto the
userby meansof a web-basedgraphicalin-
terface. To this end, the SiSSA Manager
actsasaserverwith respectto theprocessors
towardswhich it mediatesthe“centralized”
GUI. Throughthelatter, theSiSSAManager
notonly interpretstheuser’sactionsbut also
givesher/hima reporton the ongoingpro-
cessing,storingandpresentinglogsandsta-
tusmessagescomingfrom theactiveproces-
sors;

� to manageandinterprettheprojectsbuilt by
theuser.

TheProcessorRepositoryclassifiestheproces-
sors,by associatingeachof them to the appro-
priate classof linguistic processors(e.g., mor-
phological analyzers,PoS taggers,etc.).2 The
ProcessorRepositoryalso provides functionali-
ties for permanentlystoring the propertiesasso-
ciatedwith theprocessorsregisteredin therepos-
itory. Amongthem,thepropertiesthatspecifythe
methodsfor activatingaprocessorarecrucial.As
a matterof fact, thesingleprocessorsmustbeac-
tivein orderto beavailablefor useby SiSSA.The
activationof a processortakesplaceby meansof
an Activation Server3 reachablevia CORBA at
the URL storedin the ProcessorRepositoryand
specifying the correspondingactivation string.
The information is storedin the repositoryus-
ing RDF4 and RDFS5 (ResourceDescription

2Currently the following classesof processorsare de-
fined in SiSSA:documentProc,preprocessorProc,textZon-
erProc, nERecognizerProc,morphologyProc,poSTagger-
Proc,syntaxProc,semanticsProc,DiscourseProc,XSLProc.

3In casetheprocessorresideson a computerdirectlyac-
cessibleto theSiSSAManager, it canbeactivatedby means
of ashellcommand.In thefollowing wealwaysconsiderthe
casein which theactivationserver is needed.

4RDF is a W3C Recommendationof 22 February1999
(Lassilaand Swick, 1999) that specifiesa declarative lan-
guage(basedon XML) formally equivalentto propositional
logics. RDF is usuallyemployedto describeresourceson
theweb.

5RDF SchemaSpecification1.0, publishedas a W3C
CandidateRecommendationin March 2000 (Brickley and
Guha,2000).

Framework and RDF Schema). RDF Schema
makesavailable tools to checkthat the descrip-
tions of the processors’characteristicscomply
with SiSSA Manager’s constraints. The RDF
specificationof the processorsmadeavailablein
SiSSA is usually built using a graphical inter-
face.Theadoptionof RDFandRDF Schemaen-
hancesthe generalityof SiSSA,by avoiding ad
hoc languagesfor resourcedescription,and ad
hocschemasfor thevalidationof documentsde-
scribingtheprocessors.

Turning to the processorsstoredin the repos-
itory, they mainly play the role of serverswhich
areactivateduponrequestby theSiSSAManager.

The goal of making available distributed ar-
chitecturesfor projects is pursuedthrough the
adoptionof CORBA (CommonObject Request
Broker Architecture - http://www.corba.
org, developedby the OMG industry consor-
tium), which acts as the glue keepingtogether
the executablepartsof SiSSA.6 To be available
to SiSSA, processorsmust be registeredin the
ProcessorRepository. To this end,they mustex-
hibit interfacesthatcomplywith a setof specifi-
cationsdefinedusingtheCORBA InterfaceDefi-
nition Language(IDL). Thus,providing thecom-
pliant interfacesis a necessarysteptowardsinte-
gratingnew processorswithin SiSSA.

As to communicationformats,theoverallgoals
of SiSSAmadetheadoptionof XML (Brayetal.,
2000) a naturalchoice. Thus messagesare ex-
changedin the form of XML documentsof type
process-data (seeSection2.3). Thesedoc-
umentsincorporatein a singlestructure:the ob-
ject to beprocessed,andinformationrelevantfor
theprocessingitself (metadata).Thegeneralityof
suchaformatpermitsits usebothfor thecommu-
nicationbetweentheSiSSAManagerandthepro-
cessors,andfor thosedirectlytakingplaceamong
theprocessors.

2.2 Communication Protocols

As said,SiSSAprovidesasetof formalIDL spec-
ificationswhich theinterfacesof processorsaim-
ing at being integratedin the environmentmust
adhereto. Suchspecificationsmodelthe interac-
tion betweentheSiSSAManagerandtheproces-

6The SiSSA ManagerusesORBacus3.3.2, http://
www.ooc.com/ob/.



Figure1: TheUML diagramof theSiSSAIDLs.

sors,asmediatedby CORBA. They canbeseenas
acontractthattheSiSSAManagerandtheproces-
sorshaveto complyfor theirmutualintegrationto
besuccessful.A UML diagramof theSiSSAIDL
specificationsis shown in Figure1.

The scenarioof the cooperationbetweenthe
SiSSAManageranda genericprocessorcanbe
describedasfollows:

� the processor’s activation server starts
and connects on the CORBA bus as a
namedserver at a specifiedURL (i.e, the
corbaloc: URL storedin the Processor
Repository);

� theSiSSAManager, in its turn connectedto
the CORBA bus, cancontactthe activation
server using the corbaloc: URL speci-
fied in the ProcessorRepository;using the
processor’s activation string it can ask the
server to activatethe correspondingproces-
sor;

� from now on, the interactiontakesplacedi-
rectly betweenthe SiSSAManagerandthe
processorswhoseinterfaceit obtained;

� theSiSSAManagercanin this way actasa
truemanager, establishingandremoving the
connectionsbetweentheprocessorsaccord-
ing to thedesignof the processingflow de-
cidedby theuser.

In SiSSA,thecommunicationis asynchronous,
andis implementedby meansof a flow of XML
documents.TheprocessorsandtheSiSSAMan-
agercanbeboththesourceandthetargetof com-
munication.Moreover, eachcommunicationcan
have morethanonetarget.

Being a possible target of communications,
eachregistrableprocessorprovidesthe function-
alitiesof the interfaceIObserver. TheSiSSA
Manager’s way to establish/remove the relation-
ships betweenprocessorsaccordingto the user
requirementsamountsto inserting/deleting ob-
serversinto a processor’s list of observers.

Besidesthe communicationrelatedto the lin-
guistic processing,other relevant communica-
tion flows concernerror messages,and infor-
mation tracing. Logs and messagesdirected
to the user are managedthrough the inter-
face IMsgMonitor. Finally, the interface



IStateMonitor (providedby theSiSSAMan-
ager)allows eachprocessorto signal its callers
the statusof its own processing(an exampleof
its useis shown in thebottombarof thewindow
shown in Figure3).

An importantserviceprovided by the SiSSA
Manageris the XSL7 processingof XML docu-
ments.To this end,theSiSSAManagerprovides
the interfaceXSLProcServer, throughwhich
XSLProcessor(a processorspecializedin XSL
transformations)is madeavailable.8 This feature
allows the insertionof XSL transformationsbe-
tweenany pair of processors,this way providing
thepossibilityof adaptingoneprocessor’soutput
to the requirementof the following one(s). This
featureis of the utmostimportancefor augment-
ing SiSSA’s capabilitiesof integrating and suc-
cessfullymakingavailablea wide rangeof pro-
cessors.

2.3 Communication and Representation
Formats

Communicationstakeplaceusinga“datacontain-
er” modeledby theinterfaceIDataStream. An
objectthat implementssuchinterfaceis sentby a
processorto eachof its observerson completion
of its processing.
IDataStream is designedas a container

rather than as a structuredmodel of the data
exchanged. The definition of structuredmod-
els for data is completely independentfrom
IDataStream, andis obtainedthroughdiffer-
entmeans.Indeed,giventhatthecontentsof data
streamsare XML documents,their structureis
madeexplicit by meansof DocumentTypeDefi-
nitions(DTDs).

SiSSA is a developmentenvironment,meant
to beopento theintegrationof new components,
wherebythelattercandiffer amongthemalonga
numberof dimension,includingthe input/output
formats. At the sametime, SiSSAshouldallow
the useranadequatelevel of controlover the in-
termediateresultsproducedduring the computa-
tion (i.e., theoutputof eachprocessor).XML al-
lowsa representationof datawhich is transparent

7The ExtensibleStyle Language(XSL (Adler et al.,
2000))is a languagethatallows to transformdatafrom one
XML representationto another.

8The SiSSA Managerusesthe Xalan XSLT processor,
http://xml.apache.org.

andaccessibleto thedeveloper, without theneed
for her/himtoknow thedetailsof theimplementa-
tion of thesinglecomponents.At thesametime,
it doesnotincreasethecomplexity of theCORBA
interfacesthatencapsulatesuchdata.

The datadefinedin XML are associatedto a
documentof typeprocess-data. Eachdoc-
umentof type process-data necessarilyin-
cludestwo parts:

� linguistic data,usuallycorrespondingto the
resultof thecomputationdoneby thesource
processor;

� metadata.Their role is to specify: the level
of analysisaccomplishedby thesourcepro-
cessor(e.g.,tokenisation,parsing,etc.); the
unique identifier of the processororiginat-
ing thedata;furtherusefulinformationabout
processing(timeof execution,rulesapplied,
etc.). Moreover, metadatamake available
a uniqueidentifierfor theprocess-data
document.This is usefulsoto associatethe
inputwith thedifferentoutputstructurespro-
ducedby thedifferentprocessingsteps.

The linguistic data have to comply with the
definitionsspecifiedfor the different classesof
processors. Such classesare identified by the
attributelevel-of-analysis presentin the
metadata(e.g.,morphologicalanalyzer, PoStag-
ger, chunkparser, etc.) andshouldtakeinto ac-
count(at leastto a certainextent) idiosyncrasies
of specificprocessors.For instance,a morpho-
logicalanalyzercanadoptasetof category labels
not entirely coincidentwith thatof anothermor-
phologicalanalyzer.

Obviously, a structurethat aims to carry lin-
guisticdataof differentnature,andsodifferently
represented,canbecomequitecomplex whenthe
levels of analysis taken into considerationin-
crease.Moreover, duringthedevelopmentphase,
theproblemarisesof theintegrationof datastruc-
turesrelative to levels of analysispreviously not
takeninto consideration,aswell asof datastruc-
tures idiosyncratic to processorsbelonging to
someclasses.The modularnatureof the DTDs
for XML allows a neatdistinctionamongmeta-
data,anddatarelativeto classesof processors(id-
iosyncraticdata). The former aredescribedin a



singleDTD, definedaspartof theresourcesinter-
nal to SiSSA,while thelattercanbeconveyedby
variousDTDs,possiblymadeavailablein SiSSA
alongwith eachprocessor.

As said, each processorat the end of its
processingmakesavailable a documentof type
process-data, whichcontainsexclusively the
outputdataof the specificprocessor– andobvi-
ously the correspondingmetadata.Sucha doc-
ument is a representationof the output of the
processorthatgeneratedit, anddoesnot contain
any representationrelative to previous levels of
analysis,the input text or the history of the pro-
cessingdoneso far. Thus,for efficiency reasons
process-data arenot incrementalcollection
of all thedataproducedby thevariousprocessors.

At the sametime, the needto keepa link be-
tweenthe input testandthe outputproducedby
the systemcannotbe ignored. It is alsoreason-
ablethat in certainsituations(e.g.,duringtesting
anddebugging)thestructuresproducedby thein-
termediateprocessors,aswell asthemetadataof
thevariousprocessors,areneededto show or save
tracinginformation.In theproposedarchitecture,
this taskis accomplishedby theSiSSAManager,
thatcanregister itself asanobserver of any pro-
cessor;in thiswayit canaccesstheprocessorout-
putandshow it to theuseror build atracingstruc-
ture.9

3 SiSSA at Work

Therearetwo mainactivities regardingthechar-
acteristicsof SiSSAdescribedin this paper: the
developmentof projectsand the integration of
processors.

3.1 Projects

The creationand editing of projectstakesplace
exclusively via the SiSSA graphical interface.
First the userdecideswhich linguistic activities
are relevant to her/his project. Then s/he can
browse the ProcessorRepository, searchingfor
thosewhich aresuitableto realizeeachlinguis-
tic activity.10 Finally, s/hecomposestheminto a
project.

9The SiSSA Manageruses the Xerces XML parser,
http://xml.apache.org.

10The processorscurrently available within SiSSA are
someprocessorsdevelopedby thepartnersof theproject:the
morphologicalanalyzerandtheparserof NLGRADE (ILC,

When it is necessaryto test a given project
on a text theSiSSAManagerpreparesa suitable
stream(IDataStream) andsendsit to thepro-
cessorselectedasthe first in the analysischain.
The processorinterpretsthe metadata,executes
thespecifiedoperationon the linguistic dataand
finally sendsits outputto all its observers;some
of themcan be requiredto performfurther pro-
cessingon the linguistic data. The output pro-
ducedby a processoris sentto the SiSSAMan-
ageraswell, sothatit canbeshown to theuserin
asuitableform.

In Figure2 thestartingpageof theSiSSAsys-
tem is shown. In the upperpart of the window
therearea few buttonsthat arepresentin all the
pagesof SiSSA.Fromleft to right:

� Home: a link to thestartingpageof SiSSA;

� SiSSA Manager: a link to thepageof the
SiSSAManager;

� Progetti (projects):alink to thepagethat
allows to create,edit, andactivatetheuser’s
projects;

� Repository: a link to thepagefor inter-
actingwith theProcessorRepository;

� Help: anonlinehelp.

Figure 3 shows the applet that interactively
monitorsthestatusof theprojectcurrentlyactive
anddisplaysit to the user. In the upperpart of
the window the detailsof the active project are
shown: theprocessors(left), theconnectionsbe-
tweenprocessors(middle), and the XSL filters
(right). In thelower partof thewindow themes-
sagescomingfrom theprocessorsareshown. The
bottombarshows which of the processors/filters
is currentlyactive (usingtheIStateMonitor
interfacedescribedin Section2.2).

3.2 Integration of processors

Differentlyfrom theactivity of creationandedit-
ing of projects,only thefinal partof thework in-
volved in the integrationof processorsis accom-
plishedvia the SISSAgraphicalinterface(more

written in C andrunningunderWindows: (Prodanofet al.,
1998;Prodanofet al., 2000))andthe preprocessorandthe
parserof GEPPETTO (ITC-irst, written in CommonLisp and
runningunderSolaris:(Ciravegnaetal., 1997;Ciravegnaet
al., 1998)).



Figure2: Thestartingpageof SiSSA.

precisely, theregistrationin theProcessorRepos-
itory of theavailability of theprocessors).

In orderto makeaprocessorSiSSA-compliant,
thefollowing stepsarenecessary:

� to provide it with a wrapperso that it com-
municatesvia theCORBA IDLs of SISSA;

� to make a translationbetweenthe proces-
sor’snativeinput/outputandthecorrespond-
ing linguistic representationspecified by
process-data;

� to register the processorin the Processor
RepositoryusingtheSiSSAgraphicalinter-
face; during this step the classof the pro-
cessor, its corbaloc: URL andactivation
stringhave to bespecified.

4 Conclusions

The release1.2 of the SiSSAManagerhasbeen
completedandis currentlyunderuseat the sites
involvedin theSiSSAproject.

Given the emphasison rapid prototyping,
SiSSAhasbeendevelopedwith flexibility during
the developmentphaseasa primarygoal. Obvi-
ouslythisflexibility is no longerneededwhenan
applicationis delivered(onthecontraryflexibility

canconsiderablyreducethe performancesof the
system).Wearecurrentlystudyingapproachesto
allow thedeliveryof efficientruntimeprocessors.

Currently the SiSSAManageris a single-user
application. An extension is the possibility of
having morethanoneuserthatusesit at thesame
time.

The SiSSAsystemhasbeendevelopedaspart
of the TAL project. TAL is a project partially
fundedby theItalian Ministry for Universityand
ScientificResearch.
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