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ABSTRACT

Bugtriageisanessentialtaskinthesoftwaremaintenancephase.Itistheprocessofassigninga
developer(fixer)toabugreport.Apersonnel(triager)hastoanalyzethedevelopers’profilesand
bugreportsforthepurposeofmakingasuitableassignment.Manualbugtriageconsumestimeand
effort,soautomatingthisprocessisanecessity.Thepreviousresearchstudiesaddressedthetriage
problemasaninformationretrievalproblem,wherethenewbugreportisthequery.Otherresearchers
tackledthisproblemasaclassificationproblemandutilizedtraditionalmachinelearningordeep
learningtechniques.Ahandfulofresearchstudieshandledthisproblemasanoptimizationproblem
andutilizedoptimizationalgorithmssuchasHungarian.Thispaperbriefsandanalyzestheprevious
bugtriageapproachesinadditiontoconductinganempiricalcomparisonamongfiveoftheprevious
approaches.
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1. INTROdUCTION

During themaintenancephaseof largeopensourcesoftwareprojects, issuesanddefectsusually
showup.Bugreportsaresubmittedtodocumentthesedefects.Thebugreportincludestheissue’s
information;suchasbugid,summary,reportername,severity,priorityandsubmissiondate.Issue
trackingsystems(ITS)suchasBugzilla(Bugzilla,2014)andJira(JiraSoftware,n.d.)areusedto
manageandtrackthesubmittedreports(A.Hamdy&G.Ezzat2020).Bugtriageprocess is the
assignmentofeachbugreporttooneofthedevelopers,whoisqualifiedenoughtofixtheassigned
bug(Alenezi,Banitaan,&Zarour,2018).Atriager(personnel)analyzeseachofthesubmittedbug
reportsandthedevelopers’profilestoassigneachdevelopertoabugreportbasedontheirexperience
andskills.Manualtriageisatime-consumingprocess;thetrigger,asahuman,isnotablecommitto
memorythequalificationsofeachdeveloperandtheskillsrequiredineachbugreport;speciallywith
themassivenumberofsubmittedbugreportstotheITS.Forexample,inNovember2019,Eclipse
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ITSrecorded500,000issuereport(Anvik,Hiew,&Murphy,2006)and1,600,000issuereportare
submitted inMozilla repository.Also,800,000 issue reportsare receivedbyMozilla inOctober
2012,witharound300newchangeseveryday(Anjali,January2015).Thesenumbersindicatehow
thisproblemissophisticatedwithrespecttohumanresourcesandfinancialaspects.Whatmakes
itmorecomplicated is the tossingactions.Tossingabugreport isaprocessof reassigning it to
anotherdeveloperincasethefirstonefailedtosolveit.Around37%ofthereceivedbugreports
goinreassignment(tossing)process(Gondaliya,Peters,&Rueckert,2018).Thesetossingactions
notonlywastefinancialandhumanresourcesbutalsoitdelaysthefixingtime.Inotherwords,an
overloadeddevelopercantakemuchtimetoaddresstheproblem,alsoalessqualifieddevelopermay
failtofixtheassignedbug.Inbothcasesthebugrequireslongertimetobefixed.Accordingly,more
humanandfinancialrecourseswillberequired.Therefore,tossingactionsshouldbeminimizedas
muchaspossible.

Theessentialpointbehindthetriageproblemisassigningthebugreporttothedeveloperwho
isdefinitelyabletomaketherequiredchanges.Giventheabove-mentionedstatistics,itisclearthat
atriagercannotequallydistributethenewlysubmittedbugsoverthedevelopers.Inaddition,there
maybeseverissuethathavecriticalconsequencesonthewholeproject.Thus,incorrectassignments
decisionsmayleadtoanincreaseinthefixingtimeandcost.Also,inaccurateassignmentbetween
thedevelopersandbugreportswaistthehumanresources,becauseofthetossingactions.According
totheNationalInstituteofStandardsandTechnology,handlingsoftwarebugsrequiresover$59.5
billionperyear(NIST,May2002).Additionally,inAkacompany,thepaymentofaseniorbugfixeris
$129,328peryear(Glassdoor,n.d.).Becauseofthesebignumbers,triagingsystemsmustbeoptimized.

Thispapersummarizesandcomparesamongthepreviousbugtriageapproaches,inaperiod
from2006to2022.Themaincontributionissummarizedinafour-fold:

• Summarizing the state of art into a categorization schema; showing the model, algorithms,
datasetsusedforeachpaperandresultsconcludedbyeachofthem.

• Providingacomparativeanalysisamongpreviouslypublishedresearchpapers.
• Introducinganexperimentalcomparisonfor theperformanceoffiveclassifiers indeveloper

prediction.
• Providingsomeopendiscussion,whichleadstofindagaptoworkon,inthefuture.

Thispaper isorganizedas follows:Section2providesabackgroundandanexplanation for
someterminologies,thatarenecessarytounderstandtheresearcharea.Section3introducesabrief
summaryforthestateofart.Section4discussesthepreviouslyproposedapproachesinacriticizing
manner.Section5showsexperimentalresultsofsomeclassifiersusedinbugtriageproblem.Section
6introducessomeideasthatcouldbeexploredinthefutureandconclusion.

2. BACKGROUNd

Thissectionintroducesthemainterminologiesandconceptsusedinbugtriageinadditiontothe
mainalgorithmsadaptedbyprevioustriagingapproaches.

2.1 Bug Report
Atermbugcanbedefinedasanunexpectedsystemresponse,asaresultfromacodelogicalor
syntaxmistake.Whenthetesterfindsabuginasoftwareundertest,heusesabugreportdocument
toraise.Bugreportisastandardformconsistsofagroupoffieldstodefinetheraisedissue,suchas:

• BugID:uniquenumbertoidentifythebug.
• BugDescription:ashortparagraphdescribingtheissueandtheitsmodule.
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