
DOI: 10.4018/IJCPS.2020070101

International Journal of Cyber-Physical Systems
Volume 2 • Issue 2 • July-December 2020


Copyright©2020,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



1

Modern Subsampling Methods for Large-
Scale Least Squares Regression
Tao Li, Institute of Statistics and Big Data, Renmin University of China, China

Cheng Meng, Institute of Statistics and Big Data, Renmin University of China, China

ABSTRACT

Subsamplingmethodsaimtoselectasubsampleasasurrogatefortheobservedsample.
Asapowerfultechniqueforlarge-scaledataanalysis,varioussubsamplingmethods
aredevelopedformoreeffectivecoefficientestimationandmodelprediction.This
reviewpresentssomecutting-edgesubsamplingmethodsbasedonthelarge-scaleleast
squaresestimation.Twomajorfamiliesofsubsamplingmethodsareintroduced:the
randomizedsubsamplingapproachandtheoptimalsubsamplingapproach.Theformer
aimstodevelopamoreeffectivedata-dependentsamplingprobabilitywhilethelatter
aimstoselectadeterministicsubsampleinaccordancewithcertainoptimalitycriteria.
Realdataexamplesareprovidedtocompare thesemethodsempirically,respecting
boththeestimationaccuracyandthecomputingtime.
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1. INTRodUCTIoN

During recentdecades, the rapiddevelopmentof scienceand technologiesenables
researchers to collect data with unprecedented sizes and complexities. In the
meanwhile,large-scaledatasetsareemerginginallfieldsofscienceandengineering,
fromacademiatoindustry.Forexample,Facebookhasover1.75billionactiveusers
whocontributetonearly350millionphotoswhichareuploadedtoFacebookdaily
(Omnicoreagency.com, 2020). Consider Twitter, around 6,000 tweets are tweeted
on Twitter in a second (David Sayce, 2020). In addition, viewers spent around 15
billion hours (1,712,000 years, which is still rising) on YouTube in a month, and
thevideosbeinguploadedtoYouTubeareattherateof72hoursperminute(Omni
Media,2018).Thesesocialmediaplatformsarecollectingandgeneratingmassive
datasetswithvarioustypes,suchastextdata,imagedata,andvideodata.Foranother
example,theEuropeanBioinformaticsInstitute,oneoftheworld’slargestbiology-data
repositories,storesnearly160petabytesofdataandback-upsaboutgenes,proteins,
andsmallmolecules.Moreover,suchhugeamountofgenomicsdataalmostdoubles
annually(Cooketal.,2019).

The large-scale datasets emerging from all fields provide researchers with
unprecedented opportunities for data-driven decision-making and knowledge
discoveries. Nevertheless, traditional statistical and machine learning algorithms
mayfailtoanalyzethesedataduetoconsiderablecomputationalburdenintermsof
bothtimeandmemory.Thetaskofanalyzinglarge-scaledatasetscallsforinnovative,
effective,andefficientmethodsoralgorithmsforaddressingthenewchallengesdue
totheexplosionofdata.

AccordingtoLaney(2001),thebigdatachallengescanbeevaluatedinthreemain
aspects,includingvolume,velocity,andvariety.Specifically,thevolumeisthesize
relatedtoboththedimensionandthenumberofobservations,velocityistheinteraction
speedwiththedata,andthevarietyindicatesvariousdatastructures.Inthisarticle,
theauthorsmainlydiscussthefirstscenariowithafocusonthecasethatthenumber
ofobservationsn farexceedsthedatadimension p .

Toalleviatethecomputationalburdencausedbylargen ,therehasbeenalarge
number of studies dedicated to developing engineering solutions. These solutions
include cloud computing, designing more powerful supercomputers and parallel
computingamongothers.MoredetailsofthesemethodsareprovidedinSection2.

Despitetheeffectivenessofengineeringsolutions,efficientstatisticalsolutions
arestill inhighdemand,makingbigdataanalysismanageableongeneral-purpose
personalcomputers.Thesubsamplingmethodisapowerfultechniquethatcanbeused
to achieve this goal.A subsamplingproblemcanbedescribed as follows: given a
p -dimensional sample x
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generated from an unknown probability distribution,

thegoalistotakeasubsample x
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, r n� ,asasurrogatefortheoriginalsample.
Theselectedsubsampleisthenprocessedbydown-streaminganalysisforcoefficient
estimation,modelpredictionandstatisticalinference.
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