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ABSTRACT 

AtJavaScripttRuntimetEnvironmenttNode.jstistquicktandtdependabletfortsubstantialtrecordstandtoverwhelmingtsystemtloadtapplicationstbecausetoftitsteve

nttdriven,tnon-blocking,tandtasynchronoustapproaches.tInitially,twetfocustontNode’stmodularity,titstin-

builttpackagetmanagertlabelledtNodetPackagetManagertandtNode’stworkingtarchitecture.tThetmaintfeaturetoftNode.jstistitstusetoftnon-blockingtevent-

driventI/Otwithtantasynchronoustwayttotremaintlightweighttandtefficientttothandletconcurrenttrequest.tUsingtNode.js,twetcantbuildtcomplextreal-

timetapplicationstthattcantscalettotmillionstoftclienttconnections.tWetalsotdiscusstthetfactorstsupportingtchoosingtNode.jstandtwhytdeveloperstshouldtuset

it.tIntthistpaper,twetwilltdescribetthetadvantageoustfeaturestoftNode.js.tThetmaintfeaturestoftNode.js-tevent-driventI/0,tsingle-

threadedtandtasynchronoustprogrammingtaretdiscussedtwithtexamplesttotgivetbettertinsighttintotthetworkingtarchitecturetoftNode.jstthattledttotNode’stsu

ccess 

Introduction 

Node.jstistatJavaScripttruntimetenvironment.tIttistbuilttontChrome’stV8tJavaScripttengine.tIttistatcrosstplatformtruntimetenvironmenttoriginally

tdevelopedtint2009tbytRyantDahltfortdevelopingtserver-

sidetapplications.tUsingtNodetwetcanteasilytbuildingtscalable,tfast,tandtlightweighttapplications.tV8tandtNodetaretmostlytwrittentintCtandtC++t

focusingtontlowtmemorytconsumptiontandtperformance.tIttcantbetregardedtastserver-

sidetJavaScript.tIttwastcreatedttotaddresstthetissuestplatformstcanthavetwithtthetperformancetintnetworktcommunicationttimetdedicatingtexcessi

vettimetprocessingtwebtrequeststandtresponses.tNode.jstallowstJavaScriptttotbetusedtendttotend,tbothtontthetclienttandtontthetservertend.tJavaS

criptthastdevelopedtverytwelltandthastexceledttotdominatetserversidetscriptingt[1]t[2]. 

tNode.jstInternaltStructuretV8 

Ittistantopen-sourcetprojecttcreatedtbytGoogle.tThetpurposetoftthistopen-

sourcetprojecttisttotexecutetJavaScripttcodetoutsidetthetbrowser.tIttgivestaccessttotnodetunderlyingtnetworkingtandthelpstthetNodettothandletas

pectstoftconcurrency.t(WetknowtNode.jstistalltabouttconcurrency).t70%toftthetcodetwrittentintthistprojecttistintC++tandtthetothert30%taretwritt

entintJavaScript. 

libuv:tIttistantabstractiontlayertontthettoptoftc-arest(tfortDNS)t,tiocpt(fortwindowstasynchronous-

io)tandtlibeiot,tlibev.tLibUvtmaintainstandtmanagestalltthetInput-

Outputtandteventstinttheteventtpool.tIftIthavettotputtintsimpletwordstthentItwouldtsaytlibuvtallowtyourtJavaScripttcodettotperformtI/Otoperation

twhethertitstnetworkingtortfiletoperationtetc.tAlltthetfile/systemtoperationtandtTCPtleveltconnectivitytaretperformedtbytthistlibrary.tThistlibraryt

istcompletelytwrittentintC++. 

 

tAstJavaScripttdeveloper,tyoutwilltbetwritingtyourtprojecttintJavaScripttandtwanttitttotcompiletandtperformtitstaction.tSotyoutcantseetNode.jstis

tjusttactingtastantinterfacetbetweentthetJavaScripttcodetthattwetwritetandtothertopentsourcetcodet(V8tandtlibuv)tthattistwrittentinteithertJavaScri

pttortintC++.tFortJavaScripttdeveloper,ttheytdon’ttinteracttwithtC/C++tcodetdirectly.tSotwithtthistnicetinterfacettotusetandttotrelatetthetJavaScri

ptttotactualtC++tcodetrunningtintourtcomputerttotcompiletandtexecutetourtJavaScripttcode.tNodetalsotprovidestatunifiedtAPI’sttotusetintourtJav

aScripttproject.tGToolstliketfactstnormalizationtandtaggregationtpipelinestarethired,tsupplyingtprecioustinsightstintotMongoDB’stsensibletpacka

ges. 
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tThetlibrarytmoduletintNode.jstliketfs,thttp,tpath,tcryptotetc.taretverytconsistenttAPI’standttheytalltultimatelytreferttotatfunctionalitytthattaretmo

stlytlivetinsidetthetlibuvtprojecttsotthattyoutdotnotthavetaccesstdirectlytC++tcodetwrittentintit.tYoutjusttusetJavaScripttfunctionstandtthattfuncti

onstcallstthetNode.jstlibuvtproject.tYoutdotnotthavettotworrytabouttitstinternaltfunctionalitytwrittentintC++twhichtlibuvthandlestbytitself. 

tModuletSystem 

tJavaScripttdoestnottrepresenttantAPItfortmoduletdependencytandtisolationtintitstspecification.tAstatresult,tincludingtmultipletmodulestistonlytp

ossibletbytdisclosingtatglobaltvariable.tFortexample,tthetjQuerytmoduletcantbetincludedtintatHTMLtdocumenttbytincludingtthistlinetattthethead

ttagt(scripttsrc=https://code.jquery.com/jquery1.6.1.js)tThen,treferttotthistmoduletthroughtthetglobaltjQuerytobject.tThistprocesstpollutestthetglo

baltnamespacetandtcantresulttintpotentialtnamingtcollisions.tInsteadtoftdefiningtatnumbertoftglobals,tNodethastintroducedtatmodulartsystem.tOn

etcantdefinettheirtowntmoduletortcantusetthetcoretmodulestortthirdtpartytmodules.tNode.jstModulestaretplugins,tadd-

ons,tandtextensionstfortNodettothelptwithtthetdevelopmenttprocess.tThetNodetmoduletdisclosestatpublictAPIt(ApplicationtProgrammingtInterfa

ce)tthattonetcantusetaftertthetmoduletistimportedtintotthetcurrenttscript.tNodetmodulestcantbetcategorizedtastlocaltmodules,tcoretmodulestandtth

irdtpartytmodulest[7]. 

NPM-tTheNodetPackagetManage 

Node.jsthastbuilt-

intsupporttfortpackagetmanagementtusingtNPM,tattooltthattcomestbytdefaulttwithteverytNode.jstinstallation.tThetideatoftNPMtmodulestistsortto

ftalmosttliketthattoftRubytGems:tatgrouptoftpubliclytavailable,treusabletcomponents,tavailabletthroughteasytinstallationtviatatwebtrepository,twi

thtversiontandtdependencytmanagement.tAtfulltlisttoftpackagedtmodulestaretoftentfoundtontthetnpmtwebsite,tortaccessedtusingtthetnpmtCLItto

oltthattautomaticallytgetstinstalledtwithtNode.js.tThetmoduletecosystemtisthospitabletalltandtanyonetcantpublishttheirtowntmoduletwhichtwilltb

etlistedtwithintthetnpmtrepository. 

Sometoftthetforemosttusefultnpmtmodulesttodaytare: 

texpresst-tExpress.jstistatSinatra-

inspiredtwebtdevelopmenttframeworktfortNode.js,tandtthetdefactotstandardtfortthetmajoritytoftNode.jstapplications. 

 

tconnectt-

tConnecttistantextensibletHTTPtservertframeworktfortNode.js,tIttistprovidingtatcollectiontofthightperformancet“plugins”tknowntastmiddleware; 

 

tsocket.iotandtsockjst–tAtserver-sidetcomponenttoftthettwotmosttcommontwebtsocketstcomponentstoutttherettoday. 

 

tmongodbtandtmongojst–tTotprovidetthetAPItfortMongoDBtobjecttdatabasestintNode.js. 

 

tbluebirdt-tAtfullytfeaturedtPromises/A+timplementationtwithtspeciallytgoodtperformance. 

 

tmomentt-tAtJavaScripttdatetlibrarytfortvalidating,tparsing,tmanipulating,tandtformattingtdates. 

KeytFeaturestoftNode.js 

Non-blockingtI/O:tThetI/OtmethodstwithintthetNode.jststandardtlibrarytprovidetasynchronoustversions,twhichtaretnon-

blocking,tandtaccepttcallbacktfunctions.tSometmethodsteventhavetblockingtcounterparts,twhichthavetnamestthattendtwithtSynctExample 

 

tconsttfst=trequire('fs'); 

tconsttcontentt=tfs.readFileSync('/file.txt);t//tblockstheretuntiltfiletistreadtconsole.log(content);tmoreWork();t//twilltruntaftertconsole.log 

 
Asynchronoustexample:t 

 

consttfst=trequire('fs'); 

tfs.readFile('/file.txt,t(err,tcontent)t=>t{tift(err)tthrowterr;t 

console.log(content);t}); 

tmoreWork();t//twilltruntbeforetconsole.log 
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Intthetfirsttexampletabove,tconsole.logtaretgoingttotbetcalledtbeforetmoreWork().tIntthetsecondtexampletfs.readFile()tistnon-

blockingtsotJavaScripttexecutiontcantcontinuetandtmoreWork()taretgoingttotbetcalledtfirst.tThetabilityttotruntmoreWork()twithouttexpectingtthe

tfiletreadttotfinishtmaytbetatkeytdesigntchoicetthattpermitstforthighertthroughputt[1]. 

 

 

SingletThreadedtEventtLooptNode.jstPlatformtdoesn'ttfollowtRequest/ResponsetMultiThreadedtStatelesstModel.tIttfollowstSingletThreadedtwit

htEventtLooptModel.tNode.jstProcessingtmodeltmainlytsupportedtJavaScripttEventtbasedtmodeltwithtJavaScripttcall-

backtmechanism.tAstNode.jstfollowstthistarchitecture,tittcanthandletmultipletconcurrenttclienttrequeststveryteasily. 

 

 

SingletThreadedtEventtLooptModeltProcessingtSteps: 

t•tUsertSendtrequestttotthetServer. 

t•tNode.jstWebtServertinsidetkeepstuptatLimitedtThreadtpoolttotofferttypestoftassistancettotthetClienttRequests. 

t•tNode.jstWebtServertgetstthosetrequeststandtspotstthemtintotatQueue.tIttistknowntast"EventtQueue". 

t•tNode.jstWebtServertinsidethastatComponent,tknowntast"EventtLoop”.tIttgottthistnametbecausetittusestinfinitetloopttotreceivetrequeststandtpr

ocesstthem.t(Pseudotcodettotcomprehendtthistunderneath). 

 

publictclasstEventLoop 

t{ 

twhile(true){ 

tif(EventtQueuetreceivestatJavaScripttFunctiontCall){ 

tClientRequesttrequestt=tEventQueue.getClientRequest();t 

If(requesttrequirestBlokingIOtorttakestmoretcomputationttime)tAssigntrequestttotThreadtT1tElsetProcesstandtPreparetresponse 

 

} 

t} 

t} 

 

 

 

•tEventtLooptutilizestSingletThreadtastittwere.tIttistprinciplethearttoftNode.jstPlatformtProcessingtModel. 

 

t•tEventLooptcheckstanytClienttRequesttistputtintEventtQueue.tAssumingtno,tathentwaittfortincomingtrequeststfortindefinitely. 

 

t•tIftyes,tattthattpointtgettonetClienttRequesttfromtEventtQueue 

t•tStartstprocesstthattClienttRequestt 

 

•tIftthattClienttRequesttDoestNottrequirestanytBlockingtIOtOperations,tattthattpointtprocedureteverything,tplantreactiontandtsendtittbackttotClie

nt. 

 

t•tIftthattClienttRequesttrequirestsometBlockingtIOtOperationstliketconnectingtwithtDatabase,tFiletSystem,tExternaltServicestthentittwilltfollow

tdiversetmethodologyt 

 

•tCheckstThreadstaccessibilitytfromtInternaltThreadtPoolt 

 

•tPickstuptonetThreadtandtallottthistClienttRequestttotthattstring. 

 

t•tThattThreadtistanswerabletforttakingtthattdemand,tprocesstit,tperformtBlockingtIOttasks,tgettreadytreactiontandtsendtittbackttotthetEventtLoo

pt 

 

•tEventtLooptthusly,tsendstthattResponsettotthetrespectivetClientt[5]. 

 

GoogletV8tJavaScripttEngine 
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Node.jstexecutestJavaScripttcodetusingtGoogletV8tengine.tUnliketothertJavaScripttinterpreters,tV8tenginetcompilestthetJavaScripttcodetintotnat

ivetmachinetlanguage.tThus,tittenablestthetruntimetenvironmentttotboosttthetperformancetoftwebtservertapplicationstbytexecutingtJavaScripttco

detduringtatfastertandtmoretefficienttwayt[1] 

AsynchronoustI/OtOperations 

Node.jstfurthertperformstalltI/Otoperationstasynchronouslytthroughtatsingle-

threadedteventtloop.tThetadvancedtmethodologytmakestthetNode.jstapplicationttotperformtI/Otoperationstbytsendingtasynchronousttaskttotantev

enttlooptalongsidetatcall-

backtfunction.tAftertsendingtthetasyncttaskttottheteventtloop,tthetapplicationtcontinuestexecutingtthetremainingtcode.tAftertcompletingtthetasyn

chronoustoperation,ttheteventtlooptreturnsttotthettask,tandtexecutestthetcall-

backtfunction.tIntadditionttotconsumingtlesstmemory,tthetfeaturetenablestNode.jsttothandletatlargetnumbertoftconcurrenttconnectionstefficiently

.tThetprogrammerstcantusetthetruntimetenvironmentttotperformtcommonttaskstliketfiletsystemtortnetworktconnections,treadingtortwritingttotthe

tdatabase. 

tRobusttTooling 

WhiletusingtNode.js,tthetdeveloperstcanttaketadvantagetoftatdependabletpackagetmanagertliketnpm.tIntadditionttotbeingtfast,tconsistenttandtrob

ust,tnpmtalsotsimplifiestthetmethodtoftspecifyingtandtinstallingtprojecttdependencies.tAttantequivalentttime,tittkeepstthetprojecttdependenciests

eparatettoteliminatetchancestoftversiontconflict.tThetuserstcantfurtherttaketadvantagetoftthetstrongtfiletstreamstcapabilitiestoftJavaScripttusingtt

oolstliketbroccoli,tgulptandtbrunch,twhiletusingtatpopularttasktrunnertliketgrunt. 

ComplementstReal-TimetandtMulti-UsetRequirements 

Intadditionttotusingtresponsivetwebtdesign,tthetdeveloperstnowadaystneedttotbuildtreal-timetandtmulti-

usertwebtapplications.tNode.jstenablestprogrammersttotmaketcomplextgaming,tchattingtandtcommunicationtapplicationstwithouttputtingtanytov

ertimetandtenergy.tThetdeveloperstcantusetwebsockettprotocolsttotcreatetreal-timetwebtapplications.tAstattwo-

waytchanneltbetweentthetclienttandtwebtserver,twebsocketstcantmaketthetonlinetservertpushtdatattotthetclienttintatverytfastertandtmoretefficient

twaytwithouttincreasingtthetoverheadtoftHTTP.tAttantequivalentttime,tthetdeveloperstcantcreatetmulti-

usertapplicationstbyttakingtadvantagetofttheteventtlooptfeaturetoftNode.js 

FacilitatestFiletStreaming 

ThetwebtprogrammerstcanttaketadvantagetoftthetefficienttI/OthandlingtcapacityttotNode.jsttotreducetthetamounttofttimetrequiredtfortstreamingt

atfiletfromtthetfiletsystem.tTheytcantusetthetruntimettotread/writetstreamsttotbothtHTTPtandtwebsockets.tThus,ttheythavetcantreducetthetoveral

lttranscodetaudiotortvideotprocessingttimetintatnumbertoftways.tFortinstance,tatprogrammertcantsimplytshifttthetstdouttfromtthetwebtserverttota

twebtbrowsertthroughtwebsockets,tandtallowtthetwebtpagettotdisplaytoutputttotthetusertintrealttime 

PopularitytoftJavaScript 

SincetearlytintthetevolutiontoftWWW,tJavaScriptthastbeenttheretintthetbrowser.tEventavailabletwhentAJAXtemerged,tJavaScripttwastvital.tThis

thastledttotthetpopularitytoftJavaScripttamongtdevelopers,tdespitetsometcriticism.tNotmattertwhichtserver-

sidetscriptingtlanguagetistused,tJavaScriptthastbeentthetchoicetfortclient-

sidetscripting.tFamiliaritytwithtJavaScripttandtadherencetoftNodettotJavaScript,twithtcapabilitiesttotcodetintthetserver-

sidetandtnumeroustothertfeaturesthastdevelopersttotadopttNode.tBytleveragingtthetbesttfeaturestoftJavaScripttastatlanguagetandnurturingtatvibra

nttcommunity,tNodethastbecometatpopulartplatformtandtframework,twithtcontinuedtadoptiontgrowth. 

BuildtandtMaintaintatSingletCodetBaset 

Node.jstenablestdevelopersttotwritetdowntbothtclient-sidetandtserver-

sidetcodetintJavaScript.tSotatprogrammertcantusetJavaScripttfortbuildingtbothtfrontendtandtbackendtoftantinternettapplication.tThusNode.jsteli

minatestthetgaptbetweentfrontendtandtbackendtdevelopment. 
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WhattreasontaretthetbiggesttcompaniestusingtNode.jstfor?tIndexing:t 

PayPal 

 

PayPaltistonetamongtthetmosttimportanttandtmosttwellknowntworldwidetsystemstfortInternettpayments.tThetplatformtenablestitstusersttottransa

cttwithtonetanothertonlinetquicklytandtsimplytintadditionaltthant100tcurrencies.tAccordingttotPayal,tthetservicethastovert184tmilliontactivetcust
omertaccountst(astoft2015).tThetCompanythastbeentusingtNode.jsttotcreatetthetconsumer-facingtsidetoftitstwebtapplications. 

 

WhytdidttheytchoosetNode.js?tSeniortDirectort‘JefftHarrel’toftPaymentstProductstandtEngineeringtattPayPaltsays:t“Node.jsthelpstustsolvetboun
darytbetweentthetbrowsertandtservertbytenablingtbothtthetbrowsertandtservertapplicationsttotbetcodedtintJavaScript.tIttbringsttogethertourtbuild

ingtclaimsttotfametintotonetgrouptwhichtpermitstusttotknowtandtrespondttotourtclients'tneedstattanytleveltinsidetthettechnologytstack" 

 
tLinkedInt 

 

LinkedIntistatbusiness-
situatedtpersonttotpersontcommunicationtadministrationtfoundtint2002tintMountaintView,tCalifornia.tLinkedIntpermitstclientsttotwelcome 

Indexestaretessentialtfortoptimizingtinformationtretrieval.tIntMongoDB,tcreatetindexestontfieldstwhichtcantbetoftentqueried.tThistacceleratestqu

erytperformancetbytwaytoftallowingtthetdatabasettotfasttdiscovertthetimportanttfiles.tCarefultattentiontoftwhichtfieldsttotindextistimportanttastit
timmediatelytimpactstretrievaltperformance.tanybodyt(regardlesstoftwhethertatsitetclienttortnot)ttotturntintotantassociation. 

 

Ittistaccessibletint24tdialectstandtastoftnowthastintexcesstoft400tmilliontindividualstintmoretthant200tnationstandtregions.tLinkedIntutilizestNod
e.jsttotengagetthetservertsidetoftitstmobiletapplication. 

 

FortwhattreasontdidttheytpicktNode.js?t 
 

AstindicatedtbytLinkedIn'stMobiletDevelopmenttLead,tKirantPrasadt"Onetexplanationtwastscale.tThetsecondtis,tontthetofftchancetthattyouttaket

atgandertattNode,tthetthingtitstbesttattdoingtistconversingtwithtdifferenttservices. 
 

Results:t 
 

WhentcontrastedtandtthetpasttRubytontRails-

basedtadaptation,tthetnewtportabletapplicationtistupttotmultiplettimestquickertandtutilizestjusttatsmalltamounttoftassetst–
tserverstweretslicedtfromt30ttot3.tThetadvancementtitselftwastuncommonlytquick 

 

Yahoo 
 

YahootistantAmericantworldwidettechnologytorganization;tcenteringtandtalltaroundtperceivedtfortitstwebtportal,tsearchtengine,tandtrelatedtserv

ices.tAstpertYahoo,tservicetattractstmoretthant500tmilliontconsumerstintmoretthant30tlanguagesteverytmonth.tFortwhattreasontdidttheytpicktNo
de.js?tErictFerraiuolo,tPrincipaltSoftwaretEngineertattYahootclarifies:t"Ittcantbetscalable,tandteverytpropertytthattwe'vetmovedttowardtthetNode

.jststackthastseentantexpansiontintexecution"tResults:tNode.jsthastchangedtandtboundttogethertthetfrontendtdesignertculturetattYahoo,tittastoftn

owtcontrolstnumeroustlocales. 
 

tNetflix 

 

Netflixtistthetworld'stgreatesttworldwidetsuppliertoftvideotstreamingtincludingtmoviestandtTVtseries,taccessibletintmoretthant190tnations.tAsto

ftAprilt2016,tNetflixtdetailedtmoretthant81tmilliontendorserstaroundtthetworld,twithtintexcesstoft46tmilliontintthetU.Stitself.tAttNetflix,tthetenti

retUItistworkedtwithtNode.tThetinnovationtdemonstratedtsotviable,tthattthetorganizationtneedsttotutilizetittlikewisetintdifferenttlayerstoftthetsta
ck.tFortwhattreasontdidttheytpicktNode.js?tThetgrouptchosettotutilizetNode.jsttotaccomplishtlightweight,tmodulartandtfasttapplication.tTherefor

e,tthetstart-upttimetofttheirtnewtapplicationthastbeentdiminishedtbyt70%. 

 

tGoDaddy 

 

GoDaddytistattradedtontantopentmarkettInternettspacetenlistmenttcentertandtwebthostingtorganization.tAstoftJanuaryt2016,twithtintexcesstoft13
tmilliontclientstandt61tmilliontdomainstundertmanagement,tGoDaddytmakestthetworld'stbiggesttrecorder.tAstoftlatetorganizationthaspatchedtup

titstwholetbackendttotatcompletelytopen-sourcetNode.js-

basedtframework.tFortwhattreasontdidttheytpicktNode.js?tAstindicatedtbytStephentCommisso,tSeniortSoftwaretDevelopertattGoDaddy,tNodete
nablesttotbuildtqualitytapplications,tdeploytnewtfeaturestimmediately,twritetunittandtintegrationtteststeasily,tRESTteasily.tAnothertkeytfeatureti

stNPMtaccess.tResults:tGoDaddy'stVicetPresidenttoftEngineering,tAntoniotSilveiratstates:t"wetaretcurrentlytutilizingtaboutt10xtlesstserversttoth

avetourtclienttsitestandtwetdecreasedtthetTimetTotFirsttBytet(TTFB)tsignificantlytfromt~60msttotsomethingtaroundt~12ms.tExecutiontistatkeyt
differentiatortwhentwettalktabouttwebtapplications,trememberingtatsuperiortsituationtfortGoogle'stquerytitems."tGoDaddytistcurrentlytreadyttot

dealtwithtatsimilartburdentwithtjustt10%toftthethardware. 

 

PotentialtapplicationtareastoftNode.js 

 

tMediat 
 

tPaymenttgatewayst 

 

tEcommerce 
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tSocialtmedia 
 

tEnterprisetwebtapps 

 

tBackend/APItfortmobiletapps 

CONCLUSION 

NodethasttransformedtthetusabilitytoftJavaScript,tmakingtNodetatcompletetprogrammingtlanguage.tFromtbrowsersttotserver-

sidetscriptingtoutsidetoftbrowsers,tNodethastmadetpossibletthetavailabilitytoftatruntimetenvironment,tatlibrarytfulltoftfreetusefultmodulestthattc

antbetimportedtbytusingtantin-builtttooltnamedtNPM.tNode.jstusesteventdriventI/O,tnon-

blockingtasynchronoustprogrammingttotbetlightweighttandtbetefficient.tEssentially,tanytbusinesstutilizingtNodetcan:tutilizetfewertservers,tutiliz

etlesstengineerstandtabatementtpagetloadttimes. 
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