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ABSTRACT

Socialnetworksareincreasinglybecominganoutletthatismoreandmorepowerfulinspreading
newsandinfluenceindividuals.Comparedwithothertraditionalmediaoutletssuchasnewspaper,
radio,andtelevision,socialnetworksempoweruserstospreadtheirideologicalmessageand/orto
delivertargetadvertisingveryefficientlyintermsofbothcostandtime.Inthisarticle,theauthors
focusonefficientlyfindingdominatingsetsinsocialnetworksfortheclassicaldominatingsetproblem
aswellasfortworelatedproblems:partialdominatingsetsandd-hopdominatingsets.Theywill
presentalgorithmsfordeterminingefficientlyagoodapproximationforthesocialnetworkminimum
dominatingsetsforeachofthethreevariants.Theauthorsrananextensivesuiteofexperimentsto
testthepresentedalgorithmsonseveraldatasetsthatincluderealnetworksmadeavailablebythe
StanfordNetworkAnalysisProjectandsyntheticnetworksthatfollowthepower-lawandrandom
modelsthattheygeneratedforthiswork.Theperformedexperimentsshowthattheselectionofthe
algorithmthatperformsbesttodetermineefficientlythedominatingsetisdependentofnetwork
characteristics and theorderof importancebetween the sizeof thedominating set and the time
requiredtodeterminesuchaset.
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1. INTRoDUCTIoN

Doyouknowanadultthatneverusedanonlinesocialnetwork?Whilesomemayhaveoldrelatives
thatmaynothaveusedsuchnetworks,thisisbecomingincreasinglyrare.Itisnotasurprisethattheir
influencecompeteswithwell-establishedmediaoutletssuchasnewspapers,television,andradio.For
instance,socialnetworkswereusedextensivelyforpoliticalcampaignssuchas2016UnitedStates
presidentialelections(PewResearchCenter,2016)and2016republicananddemocraticprimaries
(Whitten,2015).Asearlyas2008,theUnitedStatespresidentialelectionswereshapedbytheintensive
useofsocialnetworks(Dutta&Fraser,2008).Eveninnon-democraticregimes,socialnetworksare
usedtoincreasethepoliticalawarenessofusersinsuchcountries(Reuter&Szakonyi,2013).
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Socialnetworksarenowadaysahotresearchtopicincomputersciencecommunityduetothe
large-scaleusageofonlinesocialnetworks.According to theStatisticPortal (StatistaFacebook,
2016),Facebookhad1.79billionactiveusersinthethirdquarterof2016outofwhich1.57billion
accessedtheirFacebookaccountonamobiledevice.Facebookhadsurpassedthe1billionmark
inthethirdquarterof2012,andasrecentas2008,thissocialnetworkhadonly100millionusers.
Othersocialnetworksareincreasinglypopular.Forinstance,LinkedInhas467millionmembersas
ofSeptember2016afterpassingthe100millionmarkinearly2011(StatistaLinkedIn,2016)and
Twitterhas317millionmembersinthethirdquarterof2016afterhaving100millionusersinthe
Summerof2011(StatistaTwitter,2016).Consideringthisusagetrend,manyacademicsfromawide
arrayofareassuchassociology,mathematics,physics,communications,andcomputersciencework
ondifferentproblemsthatarerelatedtosocialnetworks.Thisresearchflurrydoesnotcomewithout
astrongbase;alotofresearchhasbeendonealreadyforgeneralgraphsandnetworksandthese
resultsareinmanycasesapplicabletosocialnetworks(Babers&Hassanien,2017;Cardosoetal.,
2013;Chowdhurietal.,2014a;Chowdhurietal.,2014b;Guptaetal.,2016;Wahietal.,2014).That
beingsaid,todaythereisanincreaseattentiongiventothesocialaspectsofthenetworksaswellto
theincreasesizeofsuchnetworks.

Socialnetworksalwaysexistedin thehumanhistory, tosurviveandthentobetter their life,
peoplealwaysreliedonthefriends/relativenetworkaroundthem.However,documentingsuchsmall
socialnetworkswasnotdoneonaregularbasisthoughthistory.Still,theevolutionofsocialnetworks
from1200AD–1450ADfrompre-HispanicSouthwestinthecurrentUnitedStatesisreflected
inthousandsofceramicandobsidianartifacts(Mills,etal.,2013).Fromanacademicperspective,
socialnetworksresearchstartedinthefirsthalfof20thcenturyinthesociologycommunityandit
wasexpandedtootherareassuchascomputerscienceandphysicsinthe1990s(Freeman,2011).
OnceonlinesocialnetworksbecamearealitywithMySpaceandFriendsterandmorerecentlywith
Facebook,LinkedIn,Twitterandmanyothers, socialnetworkshavegrown tremendously insize
andanewpathofresearchthatfocusondevelopingfastandaccuratesolutionsforverylargesocial
networkshasincreasedinimportance.

Communicatingquicklyinasocialnetworkisimportantinemergencies.Forinstance,toreachall
networkparticipantswhenonlyasmallnumberofindividualsinthenetworkcanbecontacteddirectly
isanimportantproblem.Theemergencymessagecanbequicklysenttoallnetworkparticipants
ifallindividualsfromthesocialnetworkareconnectedtoatleastonesuchindividualwhocanbe
contacteddirectly(orisoneofthoseindividuals).Thisscenariocanbemodeledbywhatisknownas
thedominatingsetproblem(Berge,1962).Whenthedeliveryofthemessageisnotastimecritical
andwecanassumethatamessagecanberesendbyseveralpeoplethenthescenarioismodelledby
thed-hopdominatingsetproblem(Amisetal.,2000).Inthisscenario,everyindividualmustbeata
distanceatmostdfromanindividualthatcanbecontacteddirectly.Inmanymarketingcampaignsthat
canspanfrompromotingaproducttothepresidentialelections,reachingagivenpercentagepeople
throughthenetworkwithlimitedresourcesinveryimportant.Suchcampaignsusuallydonotaim
for100%reachandinthiscase,theproblemthatbestmodelsthisscenarioispartialdominatingset
problem(Berge,1962).Similarscenarioscanbeenvisionedforothertypesofdominatingsetproblems
suchastotaldominatingset(Cockayne,atal.,1980),independentdominatingsets(Cockayne,atal.,
1980),connecteddominatingsets(Wu&Li,1999),positiveinfluencedominatingset(Wangetal.,
2009),andk-tupledominatingset(Klasing&Laforest,2004).

In this journal articlewebring together the algorithmsand experimental results from three
previousworks(Campanetal.,2015a;Campanetal.,2015b;Campanetal.,2016)thatfocuson
findingefficientapproximationalgorithmsfororiginaldominatingset,partialdominatingset,and
d-hopdominatingsetproblems.Theresearchcontributionscanbesummarizedasfollows:

• We introduced two algorithms to efficiently determine an approximation to the minimum
dominatingset(Campanetal.,2015a).
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