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ABSTRACT

Anaturallanguageinterfaceisusefulforawiderangeofuserstoretrievetheirdesiredinformationfrom
databaseswithoutrequiringpriorknowledgeofdatabasequerylanguagesuchasSQL.Theadventof
user-friendlytechnologies,suchasspeech-enabledinterfaces,haverevivedtheuseofnaturallanguage
technologyforqueryingdatabases;however,themostrelevantandlastworkpresentingstateoftheart
waspublishedbackin2013anddoesnotencompassseveraladvancements.Inthispaper,theauthors
havereviewed47frameworksthathavebeendevelopedduringthelastdecadeandcategorizedthe
SQLandNoSQL-basedframeworks.Furthermore,theanalysisoftheseframeworksispresentedonthe
basisofcriteriasuchassupportinglanguage,schemeofheuristicrules,interoperabilitysupport,scope
ofthedataset,andoverallperformancescore.Thestudyconcludesthatthemajorityofframeworks
focusontranslatingnaturallanguagequeriestoSQLandtranslatesEnglishlanguagetexttoqueries.
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INTRoDUCTIoN

Severalframeworkshavebeendevelopedtotranslatenaturallanguagequestionsintoaquerylanguage
thatcanbeexecutedoveradatabasetoretrievethedesireddata.Akeybenefitofthesetranslation
frameworksisthattheyenablenon-technicaluserstoquerydatabase,withoutrequiringanyadvanced
knowledgeofthequerylanguagesyntax,aswellasthedesignspecificationofadatabase(Reis,
1997;Christian,2010).Thehistoryofnaturallanguageinterfacetodatabasequeryingdatesbackto
1970swhentheLUNARandLADDERsystemsweredevelopedfornon-technicaluserstoanswer
theirquestionsaboutthemoonrocksamplesandUSnavalships,posedasnaturallanguagequestions
(Woods,1972).Therapidevolutionofcomputerhardwareandsoftwareinthelastfivedecadeshave
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ledtosucharevolutioninsuchawaythatthedatabasesystemswhichweredevelopedin1970sdo
notfulfillthecurrentdefinitionofadatabasesystem(Bercich2003;Frank2018).Eversince,several
frameworkshavebeendevelopedthattranslatenaturallanguagetexttodatabasequerylanguage.By
studyingthedevelopmenttimelineofsuchsystems,wehaveidentifiedinterestingresearchtrendsin
translatingnaturallanguagetodatabasequeriesdomain.Forinstance,theCHAT-80wastheleading
naturallanguagetodatabasequerysystemwhichwasdevelopedin1980(Warren,&Pereira,1982).
Furthermore,earlydevelopedsystemhadpoorretrievaltime,lesssupportforthelanguageportability,
andhadcomplexconfigurationprocesses.Thesefactorscontributetowardslessadaptationofsuch
systemsforthecommercialpurposes.

Translatinganatural languagequestionintovariousdatabasequerylanguagessuchasSQL,
SimpleProtocolandRDFQueryLanguage(SPARQL)isnotatrivialtask,asthecurrentdatabases
arediverse,giganticinsize,andfollowsophisticateddatastoragemechanisms(Nadkarni,2011).
Storageenginesoftenstoredatainavarietyofwayssuchasinstructuredformat(tabular),NoSQL
orgraph(text)orinhybridformat.Therefore,underlyingstorageenginesrequiredifferentquery
languagestoretrievethestoreddata.Thisheterogeneityofdatastoragemechanismsincreasesthe
complexityofnatural language todatabasequery translation.With theadvancementofmachine
learningtechniques,variousframeworkshavebeendevelopedandareabletoefficientlytranslate
naturallanguagequestions(fromsimpletocomplexquestions)intodatabasespecificqueries(SQL,
NoSQL)(YossiShani,2016;ElíasAndrawos,2013).

Theworkpresentedin2013(Sripadandn.d.2013)classifiednaturallanguagequeryingframework
forSQLonly,accordingtotheauthors’knowledge,isthelastpublishedreviewpaperonsaidarea.
Available review paper on this topic (Androutsopoulos, Ritchie, & Thanisch, 1995) has mainly
coverednaturallanguagetoSQLdatabaseandhighlightedtheusageofdevelopedsystemssofar.In
thissurveypaper,wehavereviewedNaturallanguagetodatabasequeryingframeworksdevelopedfor
boththestructured(SQL)andnon-structureddatabasequerylanguages(NoSQL,GraphDB).Using
GoogleScholar,wehavefoundthirty-fiverelevantframeworkspublishedfrom2008to2018.This
reviewexcludespaperswhichdescribeproposedapproacheswithoutcorrespondingevaluationi.e.
precisionandaccuracy,onanybenchmark.Wehavesub-dividedthedevelopedframeworksintotwo
maincategories(SQLandNoSQL)andprovidedacomprehensivereviewofeachsection(Figure1).
Moreover,foreachcategory,afeaturecomparisonamongthedevelopedframeworksdocumenting
theirsalientfeaturesandhighlightingtheirshortcomingshasalsobeenprovided.Thecomparison
hasbeenconductedondifferentfactorsincludinglanguageandapproachsupported,performance
evaluationandothers.

SQLandnon-SQLcategoriescanbefurtherdividedintorulebasedandsyntaxanalysis,syntactic
pattern,machinelearningandknowledgebased/externalresources.Furthermore,thesesub-categories
havebeenreviewedfordifferentapproachesincludingsemanticmatching,patternmatching,supervised
andunsupervisedlearningandstatisticalapproach.Statisticalapproachesuselargetextcorporaand
performanalysisbasedontextcharacteristicswithoutconsideringsignificantlinguisticknowledge.
Similarly,symbolicapproachiswidelyusedasalearningmeasurestodifferentmachinelearning
techniques.Connectionistapproachprovestobeanefficientmodeloflearningtasks,therefore,the
combinationofconnectionistwithstatisticalorsymbolicapproachisanimportantareainnatural
languageprocessing(Stefan,Ellen,&Gabriele,1996).Nextsectioncoversmaterialsandmethods
usedinconductionofthisstudy.

Material and Methods
Themostcrucialpartofthisstudywasavailabilityofrelevantmaterial.Thearticlesweresearched
usingauthenticscientificdatabasesincludingSPRINGERLink,IEEE,ACMDigitalLibrary,Google
Scholar,Emerald,ScienceDirectandElsevier.Furthermore,someotherdatabaseswerealsoexplored
butduetoaccessibilityrestrictions,theywerenotincluded.Searchstrategywasalsodesignedbased
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