
DOI: 10.4018/IJDST.291079

International Journal of Distributed Systems and Technologies
Volume 13 • Issue 2 


Copyright©2022,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



*Corresponding Author

1

Deep Reinforcement Learning 
and In-Network Caching-Based 
Martial Arts Physical Training
Qi Zhang, Jilin Sport University, China*

ABSTRACT

Themartial artshavebeen regardedas anathleticproject at international competitions, and the
correspondingphysicaltraininghasalsobroughtaboutwidespreadattention.However,thetraditional
physicaltrainingevaluationmethodsareusuallyperformedinanofflineway,andtheyareverydifficult
toachievewithlarge-scaledataevaluationwiththehighevaluationefficiency.Therefore,thispaper
leveragesdeepreinforcementlearning(DRL)andin-networkcachingtorealizethehigh-precision
andhigh-efficiencydataevaluationunderthelarge-scalemartialartsphysicaltrainingenvironment
whileguaranteeingtheonlineperformanceevaluation.Meanwhile,Q-learning-basedDRLisused
tomakethelarge-scaledataevaluation.Inaddition,acommunicationprotocolbasedonin-network
cachingisproposedtosupporttheonlinefunction.Thecomparisonexperimentsdemonstratethatthe
proposedconductionmethodformartialartsphysicaltrainingismoreefficientthanthebenchmark.
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1. INTRoDUCTIoN

Inrecentyears,moreandmorepeopleincludingbutnotlimitedtotheChinesehavepaidattention
tothemartialarts(alsocalledKungFuandWuShu).Similartothecommonboxing,TKDandkick-
boxingprojects,themartialartsprojectalsoconsumesthehugeamountofhumanenergy.Inother
words,suchprojectalsohasacertaindegreeofrisk.Therefore,thephysicaltrainingofmartialarts
isveryimportantandshouldbedevelopedfrequently.Infact,itneedsahighstandardtoevaluate
thephysicaltrainingcondition.However,thetraditionalphysicaltrainingevaluationmethodsare
usuallyperformedintheofflineway,i.e.,thecoachesconductthecorrespondingcoursesofphysical
trainingaccordingtotheirexperience-basedjudgments.Furthermore,thecoachescannotcomplete
themultipleconductionforthemultiplephysicaltrainingduetothelimitedpersonalability,thatis
tosay,thepreviousmethodsareverydifficulttoachievethelarge-scaledataevaluation.Theabove
twolimitationscausethattheycannotobtainthehigh-precisionandhigh-efficiencydataevaluation
inthelarge-scalemartialartsphysicaltrainingenvironment.Asaconclusion,thecurrentmartial
artsphysicaltrainingevaluationmethodshouldsatisfythefollowingrequirements,i.e.,large-scale,
high-precision,high-efficiency,andonlinestandards.

Intermsofmachinelearning,ReinforcementLearning(RL)(Alcarazetal.,2020)andDeep
Learning(DL)(Amanullahetal.,2020)aretwoindependentlearningparadigms.DLhasthestrong
perceptionabilitywhilst it lacksof theappropriatedecisionability.On thecontrary,RLhas the
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strongdecisionabilitybutitcannotaddresstheperceptionissuewell.BymappingDLandRLinto
theevaluationofmartialartsphysicaltraining,DLcansatisfythelarge-scaleandhigh-efficiency
standardswiththestrongperceptionabilitywhileRLcansatisfythehigh-precisionstandardwith
thestrongdecisionability.Ifthesethreestandardswanttobecovered,itneedsacombinationofDL
andRL.Infact,DeepRL(DRL)(Luongetal.,2019)isjustanalmostperfectintegrationfromDL
andRL,realizingtheirrespectiveadvantagescomplementarytoeachother.DRLcandirectlylearn
thecontroldecisionfromtheoriginalhigh-dimensionaldata,whichcannaturallysatisfythelarge-
scale,high-precisionandhigh-efficiencystandards.

Furthermore,theevaluationofmartialartsphysicaltrainingreliesonthedatacollectionand
communication.Forthedatacollection,itneedstherelatedcontainertostorethephysicaltraining
data.Regardingthis,thein-networkcachingenabledmobiledevicesarethepropercandidates.For
thedatacommunication,astheabovementioned,itneedstoguaranteetheonlinecommunication.
The server used to perform the data analysis of physical training usually needs the connection
supportofTCP/IP.However,underthelarge-scalephysicaltrainingenvironment,itisimpossibleto
supportallconnectionsbetweentheserverandallmobiledevices.Therefore,inordertoguarantee
theabsolutelyonlinestandard,thecommunicationprotocolbetweenmobiledeviceandserverisvery
necessary.Fortheabovementionedin-networkcachingability,thereareafewcandidates,forexample,
Information-CentricNetworking(ICN)(Djamaa&Senouci,2020)andIPv6-ContentNetworking
(6CN)(6CNTechniqueReport,n.d.).AlthoughICNhasbeenwidelyacceptedduetoitsinnovative
networkingparadigmwiththeinherentin-networkcachingability,itisdifficulttobedeployedatthe
mobiledevicesbecausetwoaspects.Ononehand,thecacheofICNisveryexpensive.Ontheother
hand,ICNmaintainstoabandontheusageofIPaddress,whichisunrealisticinthecurrentInternet
era.DifferentfromICN,6CNistheupdatedversionofContentDistributionNetwork(CDN)(Jiaet
al.,2017),whichcanpushthecontenttothemobiledevices.Inotherwords,themobiledevicescan
bedeployedwith6CNparadigmandtheycanbeequippedwiththeinherentcachespacetostore
physicaltrainingdata.

Bysummarizing theabovepoints, thecontributionsof thispaperareshownas twoaspects.
(1)Q-learningDRLisusedtomakethelarge-scaledataevaluationtoreachthehigh-precisionand
high-efficiencyperformance.(2)6CNnetworkingparadigmisdeployed,andbasedonthein-network
caching,acommunicationprotocolisproposedtorealizetheonlineperformance.

2. DRL-BASeD eVALUATIoN oN PHySICAL TRAINING

Atpresent,Q-learningisregardedasthemosttypicalrepresentativeofDRL(Dixit&Silakari,2021).
IntermsofQ-learning,theQ-functionisusedtoexpresstheexpectedreturnregardingthattheagent
performsactionatatstatest.LetQ(st,at)denotesuchQ-function,anditisdefinedasfollows.

Q s a E G s at t t t t( , ) ( | , )� �  (1)

Amongthem,ϕdenotesthedecisionstrategy;Gtdenotesthetotalaccumulationrewardandit
isdefinedasfollows.
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whereηisthenumberofmobiledevices;γisthediscountfactor;Rtistherewardfunctionforstate
st.Furthermore,accordingtotheBehrmanprinciple,equation(1)ismodifiedasfollows.
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