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ABSTRACT

ThedevelopmentofWeb2.0technologieshasmeantthatonlinesocialnetworkscanbothhelpthe
publicfacilitatesharingandcommunicationandhelpthemmakenewfriendsthroughtheircyberspace
socialcircles.Generatingmoreaccurateandgeographicallyrelatedresultstohelpusersfindmore
friendsinreallifeisgraduallybecomingaresearchhotspot.Recommendinggeographicallyrelated
friendsandalleviatingcheck-indatasparsityproblemsinlocation-basedsocialnetworksallowsthose
todivideadayintodifferenttimeslotsandautomaticallycollectusercheck-indataateachtimeslot
overacertainperiod.Second,some important locationpointsor regionsareextractedfromraw
check-intrajectories,temporalperiodictrajectoriesareconstructed,andageo-friendrecommendation
framework isproposed thatcanhelpusersfindgeographicallyrelatedfriends.Finally,empirical
studiesfromareal-worlddatasetdemonstratethatthispaper’smethodoutperformsotherexisting
methodsforgeo-friendrecommendationsinlocation-basedsocialnetworks.
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1. INTRoDUCTIoN

Rapidadvancesintechnologyhaveledtoasituationinwhichagrowingnumberofmobiledevices
suchaslaptops,PDAsandsmartphonescomeequippedwithGPScapabilities;thismakescheck-ins
anewlifestylechoiceforcountlessuserswhosharetheirpositions,tips,andexperiencesalongwith
points-of-interest(POIs)withfriendsvialocation-basedsocialnetworks.Thispaperexploresthe
problemsofbuildingageo-friendrecommendationsystemforlocation-basedsocialnetworks.The
availabilityoflocationandtrajectoryinformationcanimprovetheperformanceoftherecommendation
systemandclosethegapbetweenonlinesocialservicesandusers’reallives.

Anewandcrucialdimensionisconceivedwiththehelpoflocation-basedsocialnetworks
inrecordingusersocialmovementsandunderstandingtheirmobility;inaddition,itbreaksdown
the walls between reality and virtual social life. One major difference between virtual social
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networksandlocation-basedsocialnetworksisthatthelatterismuchclosertoreallife(Morstatter
etal.,2015).Thus,newfriendscanberecommendedinlocation-basedsocialnetworksthrough
geographicalcharacteristics.

Successfully findinggeo-friendshaspotentialapplications inmanyareas, for instance, their
probabilityofbeingabletoengageinlocalofflineevents(suchasholidayparties,footballgames,
orbookclubs)ispresumablyhigherthanfriendsfromvirtualonlinesocialnetworks.Forexample,
Stevenislookingforsomenewgeo-friendstoparticipateinalocalcharityactivitywithhim.Three
candidatesareprovided:JameswhohasmanyfriendsincommonwithSteven,butstaysinaforeign
country;AndywhoworksforthesamecompanyasStevenbutsharesnosimilaritieswithregard
tosocialnetworkstructure;andEdwardwhosharesafewmutualfriendsandpaysavisit to the
samegymnasiumandsamecomicbookstoreasSteveneveryweek.Obviously,Edwardshouldbe
recommendedasSteven’sgeo-friend,sinceheisconsideredtohaveahighergeographicalsimilarity
inreallifeandismorelikelytobeinclinedtojoininthelocalactivitywithhim.

Newfriendsintherealitywhopronetobegeographicallyrelatedandgeographicallysimilar
usuallyhideinones’mobiletrajectories(Yuetal.,2011).Geo-friendsrecommendationcanbean
assistivetoolsinlocation-basedsocialnetworks(likeMOMOinChina),whichcanhelpusertofind
morefriendswhosharesimilartaste/interestintherealworld.However,thekeyissueofthisapplication
ishowtoabstractusers’interestintherealworld,fortunately,someresearchresults(Morstatteret
al.,2015)showthatusers’check-insinlocation-basedsocialnetworkscanrevealtheirinterestinthe
realworld.Therefore,wewouldliketouseusers’check-instodesignageo-friendsrecommendation
framework,ourmaincontributionofthispaperisasfollows:

Unlikevehicletrajectoriesinvehicularnetworks,thecheck-inactionsofusersinlocation-based
socialnetworksareavoluntarychoice,whichresultsinaserioussparsityintherawcheck-intrajectory.
Thisproblemcanbesolvedbyfirstdividingdaysintodifferenttimeslotsandautomaticallycollecting
users’checked-indataateachtimeslotoveracertainperiod,thenweextractsomeimportantinteresting
pointsorregionsfromtherawtrajectoriesthatmaybePointsofInterestorTimesofInterest,and
definethreepatternswithwhichtoillustratepeople’sreal-lifesocialinteractionsandcorrelations
hiding in check-in trajectories. Finally, we propose a novel spatio-temporal trajectory similarity
calculationmethodbasedonthethreepatternsandageo-friendsrecommendationalgorithm,aseries
ofexperimentsconductedonreal-worlddatasetsdemonstrateitsaccuracyandfeasibility.

2. RELATED woRK

2.1. Friend Recommendation in Location-Based Social Networks
Many recent researcheshavebeencarriedouton friend recommendation in location-based social
networks(Yuetal.,2011;Suietal.,2015;Qiaoetal.,2014;Luetal.,2016;Scellatoetal.,2011).Link
predictionorlinkanalysisisoneofthemostimportanttechniquesadoptedinfriendrecommendation
systemforlocation-basedsocialnetworks,whichhelpusertodiscovermorepotentialfriendsandexpand
socialrelationnetworkaswellintermsoflinkage.Thekeypointofthismethodishowtodeterminea
connectionweightscorebetweennodepairsbyallpossiblemeans.Forexample,Yuetal.(2011)aim
todetectfriendsinthesocialstructurethatarerelatedtogeographicallocation,theybuildapattern-
basedheterogeneousinformationnetworkbycombiningGPSinformationandsocialnetworkstructures,
furthermore,differentcalculationmethodsareadoptedtodefinetheweightsofdifferentnodesinthe
heterogeneousinformationnetworkandrandomwalkprocessisemployedtoestimatelinkcorrelation
andhelpusersfindtheircompatiblegeo-friends.Scellatoetal.(2011)findthatapproximately30percent
ofnewlinksareaddedamonggeo-friendsinlocation-basedsocialnetworks,moreover,thisprediction
scopecanbereduced15-fold,while66percentoffutureconnectionscanstillbefound.Therefore,a
learningframeworkisproposed,whichmakesuseofnewpredictionfeaturesbasedonusers’access
locationtopredictnewconnectionsamongfriends-of-friendsandgeo-friends.
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