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MepiAnyn

Ta TeAeuTaia XpOVIa TTAPATNPEITAI EVA AUEAVOPEVO eVDIAPEPOV OE OXEON PE TOV TOPEA TwV big
data otnv TAnpoopikni. Adyw Kai TG avdmTuéng Tou Internet of things kai Twv social media , Ta
TeEAeuTaia Xpovia TTapAyeTal £vag HEYAAOG OYKoG atTd streaming dedopéva PE Eva TTPWTOPAVH
PUBPO Kal auTdg 0 OYKOG TTPETTEN va TEBE UTTO Blaxeipion PE Eva XPOVIKG OpIouEVO TPOTTO. Na
auTé To AGyo KaBioTatal avaykaia n emegepyacia big data dedopévwy oe real-time xpévo .H
avaykn yia scalable kai ammoteAeopaTtikn stream analysis £xel 0dnynael oTnv avamtuén TTOAAWVY
open-source streaming data processing systems (SDPSs) pe 181aitepa atrokAivouoeg
OuUVATOTNTEG KOl XOPAKTNPIOTIKA O€ OXEON WE TNV €TTIdOO0N.

2KOTrdg TNG JITTAWMATIKAG epyaciag eival n 81e6odIK PeAETN Tou performance dUOo supéwg o€
xpnon SDPSs , cidikétepa Tou Apache Spark kai Tou Apache Flink. H peAétn pag eoTiader kata
Baon otov uttoAoyiopud Tou throughput kai Tou latency windowed operations, TTou €ivail kai o
Baoikdg TUTTOG operations TTou xpnaoiyoTToicital oTa stream analytics. Na autdé To benchmark,
TTapdyoupe streaming big data dedopéva Ta oTroia avaAoya e TO use-case JeTaRAANovTal o€
oxéon ue éva TTARBOG TTapapéTpwY.

AuTA n peAéTn pTTopEi va BonBAoel To XpAoTn oTnVv €1mIAOYr Tou KATAAANAou engine yia Tnv
emegepyaaoia streaming big data dedouévwy avaloya pe 1o €i60G TNG EPAPHUOYNAGS , TOV TUTTO TWV
0eOONEVWV KAl TWV resources TTou JIaBETEL.

Négeig KAe1dia

Big data, SDPSs, streaming data, real-time,Apache Spark , Apache Flink , benchmark,
throughput, latency






Abstract

Over the last few years Big data technology has gained an increasing interest . As a result of
the IOT and social media development, a huge volume of streaming data is generated at an
unprecedented rate. This volume of streaming data needs to be handled in a timely fashion.
Thus, big data processing needs to take place in real-time .The need for scalable and efficient
stream analysis has led to the development of many open-source streaming data processing
systems (SDPSs) with highly diverging capabilities and performance characteristics.

The aim of this thesis is to evaluate the performance of two widely used SDPSs in detail,
namely Apache Spark, and Apache Flink. Our evaluation focuses in particular on measuring
the throughput and latency of windowed operations, which are the basic type of operations in
stream analytics. For this benchmark, we produce streaming big data , which vary depending on
the use-cases.

This thesis can help the users to choose the appropriate processing engine depending on the
application , the data type and the available resources.

Keywords

Big data, SDPSs, streaming data,real-time, Apache Spark , Apache Flink , benchmark,
throughput, latency
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KEDAAAIO 1: Eicaywyn

1.1 Big Data

Ta TeAeuTaia xpovia TTapaTnpeital éva augavopevo evolapépov oe oxéan JE TOV TOPEa Twy big
data otnv TAnpo@opIkn. Ta big data gival évag Topéag Tou xeipifeTal TPOTTOUG yia va avaAulel,
va e€Ayel ouoTNUATIKA TTAnpo@opieg atrd f aAAiwg va diaxelpileTal datasets Ta otroia ival T6oo
MeEYAAa kal TTOAUTTAOKA yia va puTTopoUv va TEBoUV UTrd diaxeipion atrd TTapadociakd
data-processing application software .

Nbéyw kai Tng avdamTuéng Tou Internet of things, Tapdyetal évag peydAog dykog atod streaming
data pe éva TpwTogavi pubud Kal autdg 0 OYKOG TTPETTEN va TEBEI uTTO dlaxeipion Pe éva Xpovikda
opiopévo TpoTTo. lMNa autd 1o Adyo kaBioTatal avaykaia n emeéepyaoia big data dedopévwy o€
real-time xpovo .

To stream processing cival pia big data TexvoAoyia Tou TTapéxel Tn duvaTdTNTa ETTEEEPYATIAg
streaming data o€ real-time xpévo . Ere€epyddletal data streams evidg evog HIKpoU XPOoVvIKOU
O1a0TAPOTOG aTrd TNV OTIYHN TTou £l AdBel Ta data. O xpdvog eTTeEepyaniag TTOIKIAAEI atTd ms
o€ AetrTd.

Ymrapyouv TTOAG processing engines yia Tnv diaxeipion streaming big data dedopévwy tTou
aTTavVTOUV OTNV avAaykn yia scalable kai atroteAeoparikr) stream analysis. MNapd Tnv
01a0eaIuOTNTA AUTH , €ival BUOKOAO yIa TOUG XPAOTEG Va yVwpifouv TTOI0 processing engine givai
KAAUTEPO avaAoya WE TIG AVAYKES TOUG .

1.2 AvTiKEiEVO SITTAWPATIKNG

2KOTrog TNG JITTAWMATIKAG epyaciag eival va BonBrRoel To XprioTn oTnV £TTIAOYH TOU

KatdAAnAou engine yia Tnv emegepyaaia streaming big data dedouévwy avaloya e 1o €i6og TNG
EQAPUOYNG , TOV TUTTO TWV DEDOPEVWYV KAl TWV resources TTou dIABETEl. SUyKeKPIYEVA
eMAEYOVTOG Ta TTI0 dNPOQIAN engines , To Spark kai 1o Flink, die¢dyoupe pia peAétn otnv
oTToia OUYKpivoupe To performance Twv dUO engines o€ OXEON YE TO TUTTO TNG EPAPHOYNG , TOV
TUTTO Twv dedopévwy Kal Twv dIaBéoigwy resources . ETTeidr n peAétn agopd streaming
dedopéva , xpnolgotrolouue éva extension Tou Spark, 1o Spark Streaming. H peAétn pag eomiddel
Katd Baon otov uttoAoyioud Tou throughput kai Tou latency windowed operations, TTou gival kai
0 BaoIkOG TUTTOG operations TTou XpnoldoTrolgiTal oTa stream analytics.

2710 30 Kal 40 KeQAAaio TrepIypd@oupe O1ECOBIKA Ta dUO engines ava@opIKA PE TN OPXITEKTOVIK
TOUG, TOV TPOTTO AEITOUPYIOG TOUG KAl TA XAPaKTNPIOTIKA Toug. ETriong oto 50 ke@dAaio
mepypdeetal 8160dIKA 0 TPOTTOGC AciToupyiag Tou Kafka kaBwg péow Tou Kafka dioxeteloupe
Ta big data dedouéva ota dUo engines yia TNV die¢aywyh OAWY TwV TTEIPAPATWY.
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KEDAAAIO 2: OcwpnTtikd uttéabpo

2.1 Ti eivai To stream processing

To Stream processing €ival pia big data Texvoloyia.Zuykekpigéva gival n eTe¢epyaaia
0edoNEVWY T OTIYUA TNV oTToia Ta dedouéva dnuioupyouvTal. H TAciovoTnTa TwY data
onuioupyoUuvTal Wg continuous streams: sensor events , dpacTnEIGTNTA XPNOTWV O¢€ éva website
,OIKOVOMIKEC auvaAAayég K.a. ‘Eva stream ivarl pia atépuovn akoAouBia ato (tuple, timestamp)
pairs.Ta data dnuioupyouvTal TTPoodeuTIKG WG PIa akoAouBia atrd events (To event gival 1o id10
pe 1o (tuple,timestamp) pair).

Mpiv atd 1o stream processing , autd Ta dedouéva ouxvd ammobnkevovTtav o€ databases,
filesystems | GAAeG pop@ég padikng atrobrikeuong. Ta didpopa applications £€0eTav queries
oTa data kal €ékavav uTToAoylopoug TTavw oTa data agdTou gixav ammobnKeuTei o€ KATTOI0
storage system OT1Tw¢ QaiveTal Kal oTNV TTAPAKATW EIKOVA.

Apolication ﬁ i __‘ Cueries &
: T Updates

Senso =
BAsor — : L L " G Leckups
e reihi
fi Cisriowed Fia Systom, S48, .
birth of the data staring data ipplications schodule
a5 stroams of avents at rast computation on the data

Fig. 1: Before stream processing: a data-at-rest infrastructure

To stream processing avaTpétrel autd 1o TTPOTUTTO. H Aoyikr , Ta analytics kal Ta queries
(transformations) Twv applications ugioTavral adidkoTtra, kal Ta data péouv dIGUEGOU AUTWY
adIdAeITTTa.



Katd tn Aqyn evog event atmo €va stream, éva stream processing application avTidpd o€ auto 10
event: n Awn Tou event utropei va TTupodoTioel éva action , update evdg aggregate n GAAou
statistic , ] aTAW¢ TNV atmoBrikeuan autou Tou event yia JEAAOVTIKN XpAon .

O1 streaming uTToAOYIOUOI PTTOPOUV Va £TTECEPYACTOUV TTOAAATTAG data streams atrd Koivou , Kal
KA@B¢ uttoAoyIouoC TTAvw o€ éva event data stream va dnuioupyrioel GAAa event data streams.

Apalicati g Aeplication B |
HApDIRCation 4 Ll =
Sonsor 4 Appheation . II IIII
Crthr =)
i the data applications computing
as straams nf avents ower event cdata stroams

Fig. 2: A stream processing infrastructure

Ta cuoTAuaTa Ta otToia AauBdavouv Kal attooTéAAouv data streams kai ekteAoUv Ta applications
n analytics logic ovoudlovTtai stream processors. O1 BacikéG apuodidTnNTES £VOG stream
processor eival va diac@aAiosl 0TI Ta data péouv atmmoTeAeopaTikd kal To computation KAIJOKWVEI
kai gival fault-tolerant.

MNa rapadeiypa 1o Flink gival ioxupd open source stream processing framework 10 oTroio
QVTATTOKPIVETAI OE AUTEG TIG TIPOKANCEIG.

To mpdTuTro Tou stream processing avTigeTwTTiCel TTOAAG challenges 1Tou o1 developers Twv
real-time data analytics kai event-driven applications avTigetwtriCouv orjuepa. Kamoia amo ta
challenges 1Tou avTIHETWTTICEI €ival:

1) Applications ka1 analytics avTidpoUv oTa events apéowg: Asv UTTAPYEl KABUOTEPNON
METAEU “ oupPBaivel éva event “-> “ ggaywyn TAnpogopiag” -> “ Afjyn action” . Ta actions kai Ta
analytics cival up-to-date , avravakAwvTag Ta data evw gival akOun @pEoKa , oUCIACTIKA Kal
TTOAUTIHA.
2)To stream processing Jtropei va xeipiotei peyé€dn data 1rou gival oAU peyaAutepa atro
dAAa data processing systems: Ta event streams gopTwvovTal auéowe , Kai pévo éva
oucIaoTIKG uTTooUVoAo Twyv data atroBnkeUeTal.

3) To stream processing eé0KOAa Kal QUOIKA POVTEAOTTOIET TN ABIAKOTTN KAl XPOVIKA
opiouévn @Uon Twyv data : Autd épxetal o€ avtiBeon ue TTpoypaupaTtiopéva (batch) queries kai
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analytics Tadvw o oTaTikd dedopéva. H uhotroinon otadiakwy updates , avTi yia Tov TTEPIODIKO
eTavuttoAoyiopd OAwv Twv data ,epapuddetal uaikd pe To stream processing JOVTEAO.

4)To stream processing AITOKEVTPWVEI KAl Xwpilel TIG dSopég amroBhikeuong: To streaming
TTIPOTUTTO MEIDVEI TNV avAyKn yia HEYAAES Kal akpIBEG KaTaveunuéveg databases. Avt autou,
K@B¢ processing application diatnpei To d1k6 Tou state kai dedopéva, Ta oTToia kKaTtaokeudlovTal
atTAd atrd 10 stream processing framework. Mg autdv Tov TPOTTO , £€va stream processing
application xwpdel QUOIKA 0€ microservices apXITEKTOVIKEG.

2.2 Stateful Stream Processing

To stateful stream processing €ival éva uTtooUvoAo Tou stream processing 0TTou £va
computation diatnpei contextual state. To state xpnoiyotroigital yia tTnv atroBriKeuon
TTANPOPOPIWY TTOU TTPOEPYOVTAI aTTo previously-seen events.

OuoiaoTikd 6Aa Ta onuavTika stream processing applications xpeidfovtai stateful stream

processing. Na TTapdadelyua:

1) 'Eva application 1Tou atmmoTpéTTel amdareg Ba diaTneroel TIG TEAEUTAiEG ouVaAAayEG yia KEOE
TMOTWTIKA KAPTa 07O state TnG. K&Be kaivoupia cuvaAayn e auTtég TTou uTTdpxouy oTo state
Tou application , xapaktnpietal wg valid fj UTToTTTH aTTATNG, KAl TO state avavewveTal ye autd 1o
transaction.

2) ‘Eva online cupBouAeuTikd application Ba KpaTtrioel TTAPAPETPOUG TTOU TTEPIYPAPOUV TIG
TTPOTINNACEIG TOU XpNoTh. KABe aAAnAeTTidpacn Tou XpnoTn Pe éva TTpoidv dnuioupyei éva event
TTOU AVAVEWVEI AUTEG TIG TTAPAPETPOUG.

3) ‘Eva microservice 10 otroio xelpifetal éva song playlist fj e-commerce shopping cart Aapdvel
events yia kA0e aAAnAeTTiOpacn Tou xpAoTn YE Tpayoudia ) TTpoidvta . To state diatnpei AioTa
ME OAQ TA QVTIKEIMEVA TTOU €XOUV TTPOOTEDEI.

Fig. 3: Stateful stream processing
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Evvoioloyikd , 1o stateful stream processing @épvel padi To database () key/value store tables)
kal To event-driven /reactive application (fj analytics logic) o€ pia oTeva-evowpaTwévn
ovToTNTA.

H BaBid evowpdTwon PeTagU Tou state kal Tng ekTéAeong evog application odnyei og uywnAd
performance , KAIJaKwaIuOTNTa , data consistency kai operational simplicity.

To stateful stream processing atraiTei €va stream processor TTou va uttooTnpidel To state
management. To Flink utroaTtnpilel To stateful stream processing.

2.3 Micro-batch processing

Micro-batch processing €ival n epappoyr culoyng dedopévwy o€ PIKpd groups (batches) e
OKOTTO TNV £TTeCepyacia auTwy Twv streaming dedopévwy. Ze avtiBeon Pe 1o TTAPAdOCIAKO
batch processing, T0 01T0i0 CUXVG UTTOBNAWVEI TNV ETTECEPYATIa O€ £va PEYAAUTEPO group aTrd
oedopéva. To micro-batch processing ival pia TTapaAAayr] Tou batch processing kabuwg n
emmegepyacoia Twv data cupBaivel Mo cuyvd €101 WOTE PIKPOTEPA groups atrd Kalvoupla data va
ugioTavTal eTTeepyaaia.

210 batch processing kai oTo micro-batch processing, Ta dedopéva oculéyovtal pe Bdon éva
TTPOKABOPIGUEVO KATWEAI I} auxvOTNTA TTPOTOU EEKIVIOEl TO processing. 'Eva micro-batch
MTTOPEl va popTwvel data Bacidpevo oe KATTOIO GUXVOTNTA , VIO TTOPASEIYUA , ITTOPOUV VO
QopTwvovTal dedopéva KaBe dUo AeTTTd n duo second . ETriong éva micro-batch ptopei va
popTwvel data Baoifdpevo o katrolo event flag 1y trigger (Ta dedouéva va eival geyaAuTepa atrd
OUo megabytes yia Tapadeiyua.

17



Source Batch Processing

Batch Batch Batch i — > Analysis
' Binutes 1o Days
Time Delay

Fig. 4: Batch processing paradigm

MNa Tapadeiypa 1o Spark streaming cival éva 10xup6 open source framework 10 01T0I0
utrooTnpiCel batch kar micro-batch processing kai gival pia dnuo@IARG €mmiAoyr yia streaming big
data processing. Etriong 10 Spark Streaming uttrooTtnpilel stateful micro-batch processing.

Zuykekpipéva oT1o Spark Streaming Ta ei0epxOuevo stream dedopévwv Xwpiletal o€ batches , .
Ta batches Tnyaivouv yia emegepyacia kavovtag XpAon operations ( 6TTw¢ map , reduce, join
K.0.K). Ta atroteAéopaTa autwy Twy operations emoTpé@ovTtal o€ batches. Q¢ ek TouToU TO
Spark Streaming dev ekTeAei real-time processing aAAd 1o Tpooeyyidel. To micro-batch
processing aTroTeAEl £évav atrd Toug TTEPIOPICOUG Tou Spark streaming

2.4 Alagpopég peragu Batch kai Stream Processing

MapoAo Tou @aivetal 6Tl o1 dlaYopé HETALU stream kai batch processing , €18IKOTEPQ
micro-batch eival uévo éva {NTNUa JIag PIKPRS d1agopdg aTo timing, 0TV TTPAYUATIKOTNTA
UTTApXOUV DIOQPOPEG OE oXEon ME TNV APXITEKTOVIKA Twv dUOo data processing systems kai pe Ta
applications TTou Ta XpPNOIYOTTOIOUV
2uoTAuaTa yia stream processing eival oxedlaopéva va avtaTrokpivovTal ota data étav auté
E€pyovtal . AUt aTTaITEl ATTO TA CUCTAMATA QUTA va e@apudlouv event-driven apyITEKTOVIKH , Mid
QPXITEKTOVIKA OTNV oTToia 0 e0wTepIKOS workflow Tou cuoTAuaTog ival oxXedlaopévog yia va
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TTapaKoAouBei ouvexwg TNV éAeuan kaivoupiwy data kail va Eekivael To processing AuéowS JOAIG
£pBouv Ta data. At TNV GAAN , 0 eocwTePIKOG workflow o€ éva batch processing system eAéyxel
yla Kaivoupia data epiodikd Kai gopTwvel Ta data yévo étav ekivdel To eTouevo batch interval.
H diagpopd petagu stream kai batch processing civai emtiong onuavTikn yia Ta applications. Ta
applications @Tiayuéva yia batch processing a1ré Tov opIouO TOUG QopTwvouv data pe Jia
KabuoTépnon .Z¢ éva data pipeline pe TTOAATTAG BANATA , QUTEG O KABUCTEPAOEIG
oucowpevovTal .

EmmpoéoBeta oto micro-batch processing ,70 lag petagu NG €Aeuong Twv Kalvoupiwy data kai
NG emme€epyaniag auTtwyv Twy data TToIkiAAel avaAoya pe To Xpovo péxpl To eTTOuEVo batch
processing window-- o€ KOBOAOU XPOVO 0€ KATTOIEG TTEPITITWOEIG HEXPI KAl TOV TTAjPN XPOVOo TTou
MeocoAaei peTacu duo dladoxikwyv batches ,yia data mou gTdvouv apéowg PeTa TNV évapén Tou
processing Tou TTpwTou batch ( autd Ta data avrikouv oTo deUTEPO batch, dpa yia va
@opTWBOUV aTo deUTEPO batch Ba TTpéTTel va TTEPIPEVOUY va TEAEIWOEI TNV processing 1o TTPWTO
batch).Zuvettwg , Ta batch processing applications (kai o1 xprioTeg Toug) dev PTTOPOUV Va
BaoioTouv og consistent response time kai xpeidletal va TpocapuoélovTal CUPNPWYA e auTd To
inconsistency kal o€ peyaAuTepo latency.

To micro-batch processing dev €ivai real-time processing, wWoTdco uTTooTNPEICEl KATTOIO real-time
use cases OTIG oTToieg Ta data dev xpeidleTal va gival up-to-the-moment akpipn. MNa Tapadeiyua,
MTTOpOUUE va €xouue corporate dashboards 1TTou avavewvovTal KABe 15 AeTTTd ] KABE pia

wpa.’H utropei va culAéyoue server logs o€ pIkpd regular intervals yia 10Topiké record-keeping

To stream processing atrd TV AAAN €ival amTapaitnTo yIa use-cases TTou atraiTouy live
aAAnAeTTidopacon kai real-time atrékpion. H dieaywyn OIKOVOUIKWY CuvaAAaywy , n real-time
fraud avixveuon kai To real-time pricing €ival Trapadeiypata ota otroia Taipidlel To stream
processing.

KEDAAAIO 3: Spark

3.1 Eicaywyn
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To Baoikd abstraction Tou Spark cival To Resilient Distributed Dataset (Rdd). Ta Rdds
atroteAouv Ta building blocks kd0¢ application Tou Spark . Eivai fault tolerant kataveunuéva
datasets 61TwGg uTTOONAWVEI KaI TO TTARPEG dvoua Toug (Resilient Distributed Dataset).

Partition 1
m ---p Partition 2
4
m \—/. Partition 3
Partition 4

Fig. 5: RDD

To Rdd €ival a1ré Tn @Uon Tou adidoTaTo Kal akoAouBei lazy transformations(To Spark
KaBuoTepei TNV eKTEAEON Twv operations TTavw o€ éva Rdd péxpl va gival attoAUTWGS atrapaitnTo)
To Rdd cival xwpiopévo o€ chunks. Ta Rdds gival TTOAU avBeKTIKG , JTTOpOUV va avakTniouv
ypAyopa atrod kabe opdApa kabwg Ta chunks éxouv avtiypaga og TToAAOUG executor nodes.
‘ETo1, aképa kal évag node va 1eBei ekTOG AsiToupyiag Adyw o@aAuaTtog , kK&tolog GAAOG node
Ba avaAdaBel Tnv emegepyaoia Twv SESOPEVWV.

To deuTepo Baaikd abstraction Tou Spark cival To directed acyclic graph (DAG).

KdaBe @opd 1rou éva application uttoBaAAeTal oTo Spark , o driver JETATPETTEI TO USEr KWAIKA TToU
epiExel transformations kai actions o€ éva TpooavaToAITPEVO AKUKAIKO YPA@PO TTOU OVOUAZETal
DAG. O DAG cival évag ypd@og o oT1roiog kataypd@el Ta operations Ta otroia e@apudélovTal o€
éva Rdd. Zuykekpipéva gival éva oUvoAo aTrd KopuEG KAl TTAEUPEG , OTTOU 01 KOPUPEG
avTITTPOoWTTEUOUV Ta Rdds Kai o1 TTAEUPEG avTITTPOCWTTEUOUY TO operation TTou TTPETTEl va
epapuooTei o€ éva Rdd. Ztov DAG Tou Spark KdBe TTAcupd kaTeuBUvETal ATTd TN WA KOPUYN
otnv GAAn .To DAG mrepiAapdvel pia akoAouBia atré KOpUQEG £T01 WOTE N KABE TTAeUpd va
KaTeuBuveTal atrd TNV MO TTPWIKN(TTAEUPd) OTNV JETAYEVEDTEPN TNG aKOAOUBIag
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Stage 1 Stage 2 Stage 3 Stage 4

Fig. 6: DAG Visualization

( H kopun gival ekei TTou gival To parallelize TTou e@apudletal oo Rdd kai To edge €ival To
sequence Tou parallelize-filter-map )

3.2 ApxITeEKTOVIKN TOU Spark

TNV TTapakATw €IKOVA @aiveTal N Bacikr apxITEKTOVIKA Tou Spark .
21ov master node ,£xoupe 1o driver program 1o oTToio 0dnyei To ekdoToTE application.

EocwTtepika TOU driver program 1o TTPWTO TTPAyYHa TTOU YiveTal gival va dnpioupynBei To
Sparkcontext. To Sparkcontext otnv ouacia €ival n €i00d0g yia OAeG TIG AeIToupyieg Tou Spark.

21



Worker Node

Master Node

Cache

Driver Program

Cluster
Manager
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Cache

Fig. 7: Spark Architecture

To Sparkcontext douAelel yadi ye Tov cluster manager yia va diaxeipioTouv dIAPOPES EPYATIES.
To driver program kail To Sparkcontext ¢povTifouv yia 10 job execution yéoa otov cluster. Kabe
job xwpiletal o€ TTOAAQTTAG tasks Ta otToia KatavéuovTal atoug worker nodes Tou cluster. Kabe
Qopd TTou dnpioupyeital éva Rdd utropei va kataveunBei o TToAaTTAOUG worker nodes Kai va
yivel cached o€ kdB¢ node.

O1 worker nodes civai ol slave nodes Twv oTToiwv N AsiToupyia €ival va ekTeAOUV Ta tasks.
Autd Ta tasks ekteAoUvTal TTAvw oTa Katavepnuéva Rdds oe kdBe worker node kal oTn ouvéxeia
ETTIOTPEPETAI TO ATTOTEAEC MO TOU KAOE task oTo Sparkcontext.

Avake@alaiwvovTtag, To Sparkcontext aipvel To ekdoToTE job, TO XWpilel o€ tasks Ta oTToia Ta
katavéuel otoug worker nodes. Ta tasks ekteAoUvTal TTdvw O0TO KaTavepnuévo Rdd, ekteAouv
operation kai 0Tn ouvéxela GUAAEYOUV Ta ATTOTEAECHOTA KAl TA ETTICTPEPOUV TTICW OTO
Sparkcontext.

3.3 Job execution in Spark

H mTapakdTw eikova deixvel TTwg Asitoupyei o Dag katd Tn didpkela TNG eKTEAEONG VoG job oTo
Spark.
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Fig. 7: An introduction to Job execution flow in Apache Spark

KdaBe @opd 1Tou uttoBdaAAeTal éva application code oto Spark , o driver yeTatpémel 1o
application code 1Tou TrepiAapBavel transformations kai actions o€ éva KaTeuBUVOUEVO AKUKAIKG
ypdeo (DAG). Otav kaAeital £va action, To Spark uttoBdAAel To Dag otov Dag scheduler. O Dag
scheduler petatpérrel 1o Dag ( logical graph) o€ éva @uoikd TTAGvo ekTEAEONG pE TTOAAG stages.
A@dTou €xel dnuioupynBei To YUOIKO TTAGVO ekTéAeonG , o Dag scheduler dnuioupyei physical
povadeg ekTéAeong yia KGBe stage mou ovoudlovrtal tasks. 21n cuvéxeia o Dag scheduler
avabérel Ta tasks otov Task Scheduler .Task scheduler ouoiaoTikd onuaivel uTTOROARA tasks yia
ekTéAeon. O task scheduler dev yvwpilel yia Ta dependencies Twy tasks. Na autd 1o Adyo o Dag
scheduler gival uTreUBUVOG yIa va aTTOPACicEl Ta TTPOTINWUEVA locations yia va TpéEel To KABE
task avtioToixa. Ta tasks ekivouv Tnv ekTéAeon Toug diauéoou Tou cluster manager. Na va
Eekivioel n ekTéAeon Twy tasks Ba TpéTTel o driver va diaTrpaypaTeuTei Ye Tov cluster manager
yia Ta resources. O cluster manager &ekivael Toug executors atoug worker nodes yia
Aoyapiaopo Tou driver. e autd To onueio , o driver Ba oTeilel Ta tasks aToug executors
Baoilouevog oTo data placement. O driver €xel pia TTARPN €IKOva Twv executors TTou eKTEAOUV Ta
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tasks. Katd tn didpkela TnG ekTéAeang Twv tasks , To driver program TTapakoAouBei 1o set Twv
executors mou Tpéxouv. O driver 1miong TTpoypaupaTiCel TNV ekTEAEON HEANOVTIKWYV tasks
Baoilbuevog oTo data placement.

3.4 Fault tolerance in Spark

Otrwg ¢époupe o DAG kpaTtdel record Twv operations mou epapudlovral o€ éva RDD. KpaTtdel
otroladATToTE AcTrTopépEla Twy tasks TTou ekTeAoUvTal o€ diagopeTikd partitions Tou Spark Rdd.
‘ETo1 TN oTiypr) Tou cupBaivel éva o@aApa | akopa Kal oTnv aTtwAgla evog Rdd , ytropoupe va
10 eTTava@époupe Pe T BorBeia Tou DAG graph. MNa Tapddeiypa éva operation ekTeAcital Kai
karmrola oTiyu éva Rdd kataoTtpégetal. Me 1n BoriBsia Tou cluster manager , avayvwpigeTai n
partition otnv otroia cuvéRn n amwAeia . Metd amd autd diapéoou Tou DAG avaTiBetal 1o
partition TTou KaTaOTPAPNKE o€ Evav Kaivouplo node. Me autdv TpoTTO eTTAVaPEPETAl TO Rdd
oTnv KatdoTtaon TPIv a1Td To OPAAUa Kal ouvexileTal n eKTEAEON .

3.5 Spark Streaming

ATtroTeAei éva extension Tou Spark API 1o oTroio emiTpéTTel TNV emmegepyaaia streaming
0edopévwy. Ta dedopéva ptropoulv va TTpocAn®Bouv atréd didgopa sources O0TTwG o Kafka,
Flume, Kinesis 1 TCP sockets kai utmropoUv va 1eéBo0v o€ £TTEEEPYATia KAVOVTAG XPrRon
high-level cuvapTAcewyv. Ta dedouéva TTou £XOUV UTTOOTE ETTECEPYATia PTTOpOUV va
atroBnkeuTouv o¢ filesystems , Bdoeig dedouévwy kal dashboards 6w Qaivetal kal oTnv
TTAPAKATW EIKOVA.

Kafka

Flume (&g HDFS
HDFS/S3 Spqu Databases

Kinesis Stfeoming Dashboards

Twitter

Fig. 8: Spark Streaming architecture

EcwTepika Asitoupyei wg €€n¢ . To Spark streaming AapBdvel Ta streaming dedopéva Kai Ta
Xwpilel o€ batches evog TTpokabopiouévou interval. To k&Be batch avripeTwTTideTan wg éva Rdd.
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2Tn ouvéxela autd Ta Rdds ugioTavtal ere€epyacia atd 1o Spark engine yia va TTapax0ei 1o
TENIKO stream Twv ammoteAeopdtwy o€ batches.

input data batches of batches of
stream Spark input data Spark processed cj\ata

Streaming Engine |LL_IL_)
Fig. 9: Spark Streaming data flow

To Spark streaming d108¢Te1 £va high-level abstraction TTou ovouddletal discretized stream n
Dstream , 1o otmoio avatmapioTd éva ouvexég stream dedopévwy. Ta Dstreams ptmopouv va
onuioupynBolv atmd eioepxoueva streams dedopévwy atro TTnyéS OTTwg o Kafka, Flume,

Kinesis n epappolovtag high-level operations og GAAa Dstreams. EcwTtepikd , éva Dstream
avaTtrapioTaTtal wg pia akoAouBia atmd Rdds. To Rdd gival To kUpio abstraction TTou TTapéxel To
Spark 10 0oTT0i0 €ival pia cuANoyr] dedopévwy KaTaveunuéva oTous KOUBoug Tou cluster , n otroia
MTTOpPEi va TeBEi o€ eTTeCepyacia TTapdAAnAa. Ta Rdds icoduvapouv pe batches . Apa 10
Dstream eival pia akoAouBia atrd batches 61rwg @aiveral kar oTnv TTOPAKATW €IKOVA.

batches of
processed data

input data batches of
stream Spark input data Spark

Streaming Engine

N

-

T T

dstream dstream

Fig. 10: Dstream: sequence of batches

3.6 Fault tolerance oTo Spark Streaming
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2710 Spark Streaming Ta data Tig TTepiIocdTEPES POPES AapPBavovTal attd To OiKTUO (EKTOG aTTO OTAV
xpnoiyoTroicital filestream). MNa va eacealicoupe fault-tolerance oe autr) Tnv TTepiTTTWON yia OAa
Ta generated Rdds, Ta data Trou Aapdavovtal avtiypd@ovTal HeTagu TTOAATTAWY Spark executors o€
worker nodes Tou cluster (o default replication cuvteAeoTng ival 2). Autd odnyei o€ dUo €idn atTod
data oT0 system Ta oTToia TTPETTEl va avakTNOoUV O€ TTEPITITWON KATTOI0U OPAAUATOG.

1) Aedouéva TTou €xouv AneBei kal £xouv avTiypa@ei: Autd Ta dedopéva ETTIRILVVOUV OTTO Eva
oQaAua og Evav worker node KaBwg UTTAPXE! Eva avTiypa@o auTwy o€ £vav aTtd Toug
uttéAoITToug nodes.

2) Acedopéva mTou £xouv AneBei kai Bpiokovtal o€ buffer yia avtiypagen: Ao TNV OTIYN TTOU dev
£XOUV avTIypaQei , 0 OVOG TPOTTOG yia va aTToKaTaoTabouv autd Ta dedouéva gival va Ta

TTPocAn@BoUv Eavd atrd To source.

To checkpointing o1o Spark streaming €ivai TTpoaipeTikd. MNapéxel fault-tolerance ota streaming
data o6tav xpeiaetal . To Rdd checkpointing cival atrapaitnto 6tav £€xoupe stateful transformations.

KEDAAAIO 4:Flink

4.1 Eicaywyn

To Flink givai éva processing engine 1rou ekTeAei stateful utTtoAoyiopoUg o€ oploBeTNUEVA Kal N
streams dedopévwy . To Flink ekTeAei Ta batch TTpoypdupata wg pia €18IKA TTEPITITWON TWV
streaming TTpoypauudTWY, OTTOU Ta streams €ival opIoBeTNUEVQ.

Ta Baoikda building blocks Twv Flink programs €ivai Ta streams kai Ta transformations.
Evvololoyikd éva stream eival duvnTikd pia atéppovn por ato records dedOUEVWYV KAl TO
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transformation eivai €va operation 1ou TTaipvel wg input éva n TepIoodTEPA streams Kal TTAPAYEI
éva n TTepIocdTEPA streams WG aTTOTEAEC Q.

Ortav exteAoUvTal Ta Flink programs avtiaTtoixifovTtal o€ streaming poég dedouévwy (data flow),
o1 otroieg atroTeAouvTal aTTéd streams kai transformation operators. KdBe porj dedouévwy (data
flow) ekiva pe €va n TePIoOOTEPQ sources Kal KataAfyel o€ £va n TepiocoTepa sinks. O1 poég
0edopévwyv poiddouv e akukAIkoUg ypdgoug (Dags). ‘Eva mapddeiyua streaming porg
OedONEVWV QAIVETAI OTNV TTOPAKATW EIKOVA.

Source Transformation Sink
Operator Operators Operator
v 7 S 7
keyBy()/
Source map() window{ )/ Sink
apply()
Stream

Fig. 10: Streaming Dataflow

ZuvnBwg utrapxel 1 Tpog 1 avTioToixia HeTagU Twy transformations oTa TTPOYPAUMATA KAl TWV
operators oTIG poég dedopévwy. Katroleg popég Opwg éva transformation ptropei va atroteAeital
a1rd ToAAATTAOUG transformations operators. 210 TpiTo transformation Tou Tmapamavw dataflow
éxoupe Tpelg operators ( keyBy, window, apply).

4.2 Parallel Dataflows

Ta TpoypdupaTa oTo Flink gival eyyevog TapdAAnAa kai katavepnuéva. Katd tn didpKeia Tou
execution , éva stream €xel éva n mepioadTepa stream partitions, kal kA0 operator £xel éva n
TeploodTepa subtasks. Ta operator subtasks gival ave¢dptnTa 10 éva attd T0 AAAO , Kal
eKTEAOUVTAI G€ DlIaQOPETIKA threads kail TBavwg o€ dla@opeTikd machines n containers.

O apiBudg Twy operator subtasks atroteAei Tov TTapaAAnAIcuS Tou ekaoToTe operator. O
TTAaPAAANAICHOG evOg stream gival TTAVTa auTdg TTOU UTTOREIKVUETAI aTTG TOV operator 0 0TToiog TO
onuIoupynoe. AloQopeTIKoi operators oTo idI0 TTPOYPANUMA ITTOPEI VA £XOUV DIOQOPETIKA ETTITTEDQ
TTapaAAnAicuoU
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Fig. 11: Parallel Dataflow

4.3 Time

Ooov agopd 1oV XpbdVo ot £va streaming TTPOYPAUMA , HTTOPOUUE va ava@epBoUE o€
OIAPOPETIKEG EVVOIEG TOU XPOVOU:

Event Time : Eival o xpovog atov oT1roio £xe1 dnuioupynBei £va event. ZuvhBwg TTepypd@eTal
atro éva timestamp ota events , n otroia éxel avaTeBei oTa events amod 1o producing sensor n 10
producing service. Z10 event time ,n TPOG0d0G Tou XpOvou eEapTdTal aTTd Ta dedoPEVa Kal OXI
atrd 10 system clock. To Flink éxel TpooBacn o€ event timestamps péow Twv timestamps
assigners.

Ingestion Time: Eivai o xpoévog oTov o1roio éva event ptraivel otn porj dedouévwy Tou Flink ato
source operator.

Processing Time :Eivai o Tommkdg xpovog(system time of the machine) o€ k&Be operator mou
ekTeAel Eva time-based operation(like time windows).
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Fig. 12: Notions of time in Flink

4.4 Checkpoints for fault tolerance

To Flink e@apuodel fault tolerance xpnoigotrolwvTag éva ouvduacoud stream replay kai onueiwv
eAéyxou (checkpoints). KdBe checkpoint oxeTiCeTal pe éva OUYKEKPIPEVO onueio Tou KABe input
stream padi pe 1o avrioToixo state yia kdBe évav armmd Toug operators. Mia streaming pon
oedopévwy (data flow) ptropei va avaktnBei amd éva checkpoint eTTavagépovTag 1o state Twv
operators kal eravaAapBavovtag Ta events atrd 1o onueio Tou checkpoint. To checkpoint
interval eival éva pyéoo ocupBiBacuou Tou overhead Tou fault-tolerance katd tn didpkeia Tou
execution pe 10 recovery time(o apIBUOS Twy events TTOU TTPETTEI va ETTAVAANQBoUV).

To checkpointing kaBopileTal atrd 10 XproTn .

4.5 Architecture

TNV TTAPaKATW EIKOVA QAiveTal N apxITeKToVIK Tou Flink .

Ortav 10 Flink gekivael, TiBevTal o€ Aeiroupyia o Job manager kai €évag ) kal TrepicodTepol Task
managers. O Jobmanager €ivai ouvtovioTrig Tou Flink evw o1 Task Managers €ivail o1 workers ol
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oTroiol ekTeAoUV parts Twv TTapdAAnAwv TTpoypapudTwy. Otav To cuoTnua gival o€ local mode o
Job manager kai 0 Task manager Asitoupyouv péoa oto idio JVM. Otav 1o oUoThua gival o€
cluster mode o Job Manager ka1 o Task Manager utropouv va A&IToupyouv Kal € dIaPOpPETIKA
JVMs.

Ortav éva Tpdypauua uttoBAAAeTal , dnuioupyeital évag client o otToiog ekTeAEi TO preprocessing
KAl JETATPETTEI TO TTPOYPAPKA 0T Hop®r TTapdAAnAou Job Dataflow graph. O Job Manager
AauBavel Tov Job Dataflow graph até Tov client kai gival utreUBuvog yia T dnuioupyia Tou
execution graph. £1n ouvéxeia avaBéTel To job oToug Task Managers Tou cluster kai eTTIBAETTE
TNV ekTéAEDN Tou job. O1 Task Managers Tpéxouv Ta tasks Tou job o€ EexwploTd slots pe
kaBopiopévn TTapaAAnAia. O1 Task Managers oTéAvouv To status Twv tasks mou ekTeAoUV TTICW
oTov Job Manager.

H TTapakdTw eIkOva aTreikovidel Toug TTapakdTw pOAOUG TOU CUCTANATOG KAl TA JETAEU TOUG
interactions

{Worker) (Worker)
TaskManager TaskManager
Task || Task || Task | Task || Task || Task |
Slot Slot Slot Slot Slot Slot
L 20 e e
Memory & IO Manager | | Memory & IO Manager
MNetwork Manager Data Streams Network Manager
| Actor System . |T T| Actor System |
L A
Flink Program g 7 H
g %

' ey Task Status ,n’r ,-"
, /
\\‘ AN Heartbeats ! / Deploy/Stop/
Program Ay . Statistics | /4 Cancel Tasks
R N { /

Datafiow /*

¢ R o / Trigger
Op-tirn'lzer i Client ui?;?;s Statistics & \\ b '/Checkpo."nts
Graph Builder| | | " e results i s
_-‘f—m________.._..; o -..__‘\‘ e
Dataflow graph | | System ‘L ~~~~~~~ I e JohManager\\ / /
Submrr Jjob™"

T—— <
(send dataﬁ'ow} Cancel 7 -F; Actor System l

update job
Dataflaw Gragh Scheduler

Checkpolnt
Coordlr:atnr

(Master / YARN Application Master)

Fig. 13: Flink Architecture

4.6 Scheduling

Ta execution resources Tou Flink kaBopifovtal amméd Ta Task Slots . KaBe Task Manager £xel éva
n meploooTepa task slots , kaBéva atmd Ta oTroia pTTopEi va Tpégel £va pipeline atré parallel
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tasks. "Eva pipeline atroteAcital ammod €va n mepioooTepa diadoxikda tasks. To Flink ekTeAei cuyva
O1adoxIka tasks TTapdAAnAa. Z1n TePITITwon Tou Streaming autd cupBaivel k&GBe @opd.

H TmapakdTw eikéva atreikovidel auth TN Aoyikr. Ag Bewpriocoupue £va TTpOypauua JE Eva source
oedouévwy , éva Map Function kai éva Reduce Function. To source kai To MapFunction
ekTeAouvTal pe TaparAnAia 4 , evw To Reduce Function ekteAeital pe rapaAAnAia 3. ‘Eva
pipeline atroteAcital ammd atrd Tnv akoAouBia Source-Map -Reduce. Z¢ évav cluster pe 2
Task Managers pe 3 slots 0 kaBévag , 1o TTPOYPANMG Ba EKTEAETTEI OTTWG QaiveTal OTNV
TTAPAKATW EIKOVA.

TaskManager 1 TaskManager 2
U D U D [| TaSkmanager 1
Fachaca F'ﬁ:askch"launagJ.='_r 2 e
map
Source '\_ __;'

Fig. 14: Scheduling
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KEDAAAIO 5:Kafka

5.1 Eicaywyn

O Kafka cival éva avBekTikd publish-subscribe messaging system. ‘Eva messaging system
OTEAVEI unvUPOTa avaueoa o€ processes , applications kai servers.

APACHE KAFKA

BROKER

| Topic |

( APPLICATION ))——— ——> (_ APPLICATION )
><] | | ><]

Fig. 15: Kafka: Publish-subscribe messaging system

To topic atroTeAei To BepeMiwdeg abstraction Tou TTpooPépel o Kafka yia éva stream atoé
records. To topic €ival pia katnyopia atnv otoia dnuocicvovTal Ta records (oTov kafka cluster).
Applications mou cuvdéovtal ue Tov Kafka ytmopoulv va petagépouv éva record péow evog topic.
‘Eva record ptropei va €xel omroiodnoTe €idoug TAnpogopicg. O Kafka Aeitoupyei wg cluster o
oTToiog atroBnkeuel stream records oTa topics.

AM\a applications pmropouv va xpnoigotroijoouv Tov Kafka yia va emme€epyaoTouv n va
ETTAVETTEEEPYAOTOUV records ato éva topic. Ta dedouéva TTou atrooTEAAOVTAI aTTOBNKEUOVTAI
oTtov kafka cluster péxpi va Afger yia Tepiodog retention.

Ta records civail byte arrays TTou ymropouv va atmmobnkeUoouv éva object o€ oTToI00ATTOTE
format. Kd&6¢ record atraptifeTal atrd éva KA€Idi , pia Tiun (value) kai éva timestamp.
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Ta kUpla pépn evéog Kafka ouoTthApaTtog eival:

Broker: Xeipietal 6Aa Ta requests atrd clients (produce , consume kai metadata) kai Kpatdel Ta
oedopéva replicated péoa otov cluster. MTTopoUv va utTdpxouv TTapattdvw aTrd évag broker og

évav cluster.

Zookeeper: Aiatnpei 1o state tou cluster. ( brokers, topics , users)
Producer:>téAvel records o€ évav broker
Consumer: kartavaAwvel batches até records mou Aaupavel amoé Evav broker

5.2 Kafka Broker

‘Evag Kafka Cluster atroteAcital atmo évav A mepioodtepoug servers (Kafka brokers) (o1 otroiol
Tpéxouv Tov Kafka). O1 Producers gival processes 1mou TpowBouv 1a records o€ Kafka topics
evidg evog broker. ‘Evag consumer katavaAwvel/ AauBdvel Ta records atmo éva Kafka topic.
Eival e@iktd va éxoupe évav Kafka broker wotéco pe autdv Tov TPOTTO OV EKMETAAAEUOUACTE TA
TAcovekTApaTa TTou diabétel o Kafka émmwg yia mapddeiyua 1o data replication H diaxeipion Twv
brokers o€ €vav cluster yiveral amré Tov Zookeeper. MTopouv va uttdpxouv TTOAAATTAOI
Zookeepers o€ évav cluster .

APACHE KAFKA
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Fig. 16: Kafka overview

To topic €ival gia katnyopia oTnv otToia Ta records atroBnkeUovTal Kail yivovTal
published(dnuoaoicuovtar). OTTwg Tpoavaeépbnke 6Aa Ta Kafka records opyavwvovTal o€
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topics. Producer applications ypdgouv dedouéva o€ topics kal consumer applications dia3alouv
atré Ta topics. O Kafka cluster diatnpei 6Aa Ta published records(yivovtal published otov
cluster) eite éxouv kKaTavaAwoBei eite Oy yIa Eva cuykekpiyévo xpoviko didoTnua(retention
period) TO oTTOIO UTTOPEI VO KaBopiaTei atrd 10 XpnoTn. MNa mapddeiyua edv 1o retention policy
gival kaBopiopévo OTIG dUO NUEPES ,TOTE YIa TIG ETTOUEVES OUO NUEPES OTTO TN OTIYUNA TTOU €XEI
onuooieuBei k&trolo record otov kafka cluster(broker), ival diaB€oiuo yia katavaAwaon atréd
KATTOIOV consumer JEXPIS OTou atToppIpOEi yia atTeAeUBEPpWGON XWPEOU.

O Kafka diatnpei Ta records o€ éva log , BéTovTag uTTEUBUVOUG TOUG consumers yia TNV
avixveuon Tng Béong evog record péoa oTo log. H B€on evdg record ovouddletal kai offset.
Tutika évag consumer d1aBadel Ta records ypauuiké (evvowvTag 0TI diapadel records pe
auavopeva offsets) aAAd atrd Tn oTIyun TTou 1o offset eAéyxeTal atrd Tov consumer , O
consumer PTTOPEI va KatavaAwaoel Ta records pe otrola o€ipd BEAeL. MNa TTapadelypa Evag
consumer JTTopEi va eTTavéABel o€ éva TTaAaidoTepo offset yia va emaveTTeEepyaoTei TTAAIG
0edopéva A uTTopei va PETa@epOei 0TO TTI0 TTPOC@ATO record Kal va EEKIVATEI VA KATAVOAWVEI
records atré auTd To onueio.

5.4 Kafka topic partition

Ta Kafka topics xwpiCovtal o€ évav apiBuéd atmo partitions .To k&8¢ partition gival pia
Tagivounuévn , adidoTtaTn akoAouBia atrd records.lNa kdb¢ topic , o Kafka cluster diatnpei éva
Kataveunuévo log 1o 0TToio PaiveTal oTNV TTAPAKATW €IKOVA. & KABE record TTOU AVAKEI O€
kdtrolo partition avariBeral évag sequentail apiBudg id TTou ovopdletal offset o oTToiog
dlaxwpilel kGBe record atd Ta uTTGAOITTA PEoa oTo partition. Ta partitions emTpéTouv oTa topics
va TTapaAAnAoTrolouvTal he To va diaxwpidouv Ta dedopéva evog topic oe TTOAAATTAOUG brokers.
Ta topics otov kafka €ival multi-subscriber. Auté onuaivel 611 éva topic ptropei va £xel undév ,
€va n Kai TToAAoUG consumers TTou KaTtavaAwvouyv Ta data 1Tou gival ypaupéva o€ auto.

Partition 111_1:
0 0|1]|2(3]4]5/8/7(8]9 (1151
” i
Fa’ﬁ'“““ ol1]|2]|3la|5|6|7|als! = Writes
o
Partition 11]1)
S 0(1(2[3]|4(5(6|7/8(9|g(y|,!
__I
Old = [ew

Fig. 16: Anatomy of a Topic
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>1ov Kafka T1o replication epapudletal oto emmitredo Tou partition. KaBe partition €xel éva n
TTEPIOTOTEPA QVTIYPAPA EVVOWVTAG OTI Ta partitions TTepiéxouv messages Ta oTToia £Xouv
avTtiypaga os GAAoug Kafka brokers Tou cluster. K&6e partition(avtiypa@o) éxel évav server Tou
Aeiroupyei wg leader kai o1 uttdAoITTol AsiIToupyoUv wg followers. To leader avtiypago
dlaxelpicetal 6Aa Ta read-write requests yia éva cuykekpipévo partition kai ol followers
avTiypa@ouv Tov leader. Av o €TTIKEQAANG leader TeBei ekTOG AciToupyiag Adyw o@aAuaTog 16T
évag atrd Toug follower server yiverail o leader. Otav évag producer kavel publish éva record o€
éva topic , To dnuoaioTtrolei oTov leader. O leader TTpocapTd TO record ATO AVTIOTOIXO log Kal
augavel 1o record offset Tou log. O kafka kaBiotd diaBéoipo €va record TTpog KATavaAwaon atro
KdTrolov consumer otav 1o record TpocapTtnOei o€ K&ToI0 partition kal Tou avaTteBei £va offset.

O1 Producers dnuooistouv (publish) Ta dedopéva ota topics TnG emmAoyrg Toug. O Producer
emAEyel o€ 11010 partition Ba avaTeBei Eva stream record (dev e€apTdTal atmo Tov broker). Auto
MTTOpPEI Va Yivel gite e round-robin TpOTTO €iTe CUPPWVA WE KATTola partition cuvdptnon. O
producer Bddel éva kKA€Idi o€ kdBe record kabopifovTag e autd Tov TPOTTO o€ TTola partition
Tpétrel va Trdel To KaBe record. OAa Ta records pe 10 id10 KA1 TTNYaivouv oTo id1o partition.
Mpiv o producer aTeilel kATTOI0 record o€ KATTOIO partition , TTpéTrel va {nTricel metadata yia Tov
cluster atré Tov broker. Ta metadata trepiéxouv TAnpogopicg o€ Trolov broker eivai o leader Tng
KAO¢ partition . AuTég TIG TTAnpo®OpiEG TIG XpeladeTal o producer KaBwg ypdagel Ta records TTavTa
oTov partition leader. O producer oTn cuvéxeia xpnoigoTrolei To key Tou record yia va E€pel o€
Tro10 partition va ypdyel. To default implementation eival va xpnoiyotroinBei 1o hash tou
KA€I010U yIa va uttoAoyioTei To partition oto oTToio Ba ypagei To record

5.5 Consumers

O Consumer ( TEPICCOTEPO YVWOTO KAl WG consumer groups) atroTeAeiTal atmd évav i
TEPIOTOTEPOUG consumers. To consumer group dnuIoupyeital TpooBEéTovTag To property ‘group
id’ o€ évav consumer. Aivovtag 10 id10 group id o€ évav GAAo0 consumer cnuaivel 611 Ba
MoipdlovTal To idlo group e Tov apxikd consumer. O broker Ba kataveipel Ta records avaioya
ME TO TTO10G consumer TTpETTel va diapdoel atrd Troia partitions kai €Tiong kataypdeel yia 1o
group o€ Troio offset BpiokeTal n kABe partition. ‘Exel Tnv duvatdTnTa va KAVEl auTh TV
Kataypa@r kabwg 6Aol ol consumers evnuepwvouv (Tov broker) troio offset éxouv xeipioTei. Ta
records KATavEUOVTAl OTOUG CONSUMErS TTOU aviKouv OTo idlo consumer group. K&be @opd 1Tou
évag consumer TTpooTiBeTal N ATTOBAAAETAI ATTO €va group , N KATavaAwaon Twv records
e€looppoTreiTal atrd TOUG UTTOAOITTOUG consumers TToU aQVAKOUV OTO id10 group.

O1 consumers dlafdlouv Ta records atrd topic partitions eKIvovTag atmo £va CUYKEKPIPEVO
offset kai Toug emTpémeral va diaBacouv amd omroiodrroTe offset point emAéCouv. AuTo
EMTPETTEI OTOUG coONsSumMers va KAvouv join oTtov cluster otroladnTToTe oTIYUN .

KdavovTag xprion Twv consumer groups , 0l consumers PTropouv va TapaAAnAotroinBouv £10l
woTe TToAAaTTAOi consumers va Ptropouv va diaddouv atrd TTOAAATTAG partitions evog topic
emTPETTOVTAG £TOI €va JeyadAo message throughput. O apiBuog Twv partitions ernpeddel Tov
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MEYIOTO apiBud TTapaAAnAiag Twv consumers KaBwg dgv UTTOPOUV va UTTAPXOUV TTEPICCOTEPOI
consumers aT1ré partitions

5.6 Tuning Kafka performance

Ymrapyouv duo TrapdueTpol Tou kafka o1 oTroiol gival 181aiTepa onuavTikKoi yia TN BeATiwon Tou
Kafka performance. Autég ol TTapdueTtpol gival To batch size kai 1o linger.ms kai kaBopilovTail
oToV producer.

O producer atroteAcital atmrd éva pool atrd buffer space 1o otroio Kpartdel records Ta oTroia
okOpa dev £xouv peTagepBei oTov kafka server 61Twg emmiong kai éva background 1/O thread 1o
oTTO0i0 €ival UTTEUBUVO VIO va JETATPETTEI AUTA Ta records o€ requests Kal va Ta HETAPEPEI OTOV
cluster .To send() method civai acUyyxpovo . Otav kaAeital TpooBETtel records o€ évav buffer
TToU €xel pending records( dnAadr) Ta records otov buffer Tepipévouv va TTapadoBolv oTov
cluster) . Autd emiTpétrel oTov producer va kavel batch og pepgovwpéva records yia
atrodoTikoTnTa. O producer diatnpei buffers atrd records trou dev €xouv OTAAE yia K&Oe
partition. AuTtoi o1 buffers £€xouv uéyeBog 1o otroio kaBopileTal atd To batch size config.
MeyahwvovTtag To batch size €xel wg amoTéAeopa TepIccdTEPO batching aAAd xpelaldpaoTe Kal
TEPIOTOTEPO Memory.

By default évag buffer gival d1aB€01u0G va OTEIAEI AUEOWG AKOUA Kal av UTTAPXEI
axpnoigotoinTto space otov buffer. MNapdAa autd edv BEAoUPE va PEILOOUE Ta requests
pTTOpOUuE va Béooupe To linger.ms peyaAUTEPO TOU PNdEVOS. AuTd Ba dwael TNV EVTOAR OTOV
producer va Trepipével TOOA ms 6ca Kal n TiPn Tou linger.ms péxpi va oTeiAel éva request
eATTICOVTag OTI TTEPIoTOTEPA records Ba gTdoouV yia va yepioouv 1o idlo batch. Autd To setting
divel To dvw 6plo oTn kabuoTépnan Tou batching. Otav dpwg Tdcoupe To batch size yia éva
partition , To batch Ba oTaAei avegdpTnTa atrd TNV TIPA Tou linger. Edv dpwg £€xouv ouyKevTpwOEi
Aiyoétepa bytes oe axéon pe to batch size yia €va partition , 8a xpovoTpiBouue HEXP! va TEAEIWOEI
10 d1A0TNUA Tou linger TTepIévovTag va epggavioTouv dAAa records.H default Tipr} Tou linger.ms
eival 0 (dev uttdpxel kaBuaTtépnaon) .MNa mapddeyua B€TovTag 1o linger.ms=5 ,giIluvoUlE TOV
apIBuod Twv requests TTou oTéAvovTal oToV cluster, TTpooBéTovTag Sms latency Tepiyévovtag
TepIoadTEPa records v dev £xel yedioel o buffer. Apa yia peyaAuTtepo latency kail peyaAutepo
throughput auédvoupe 10 linger.ms. 21n yevikKA TTEPITITWON records Ta OTToia TAVOUV OTOV
buffer xpovikd kovTd, Ba opadotroinBouv kai Ba oTaAolv padi akdpa Kal eav 1oy Uel linger.ms=0.

Avake@alaiwvovtag éva batch €xel oOAokKANPWOE €iTe €dv QTACEI O€ VA CUYKEKPIPEVO Size
(batch size) eite €dv AAEel éva auykekpiuévo xpoviko didaTtnua (linger.ms). To batch size kai 10
linger.ms kaBopifovtal otov producer. To default yia 1o batch size €ival 16,384 bytes kai 170
default yia 1o linger.ms civai 0 ms. Otav 10 batch ¢@tdoel 1o batch size n ekmrveloel o xpodvog Tou
linger.ms , 1o cuoTnua Ba oTeilel To batch oTov kafka cluster.
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H au¢non Tou batch size kai Tou linger.ms £xel wg ammotéAeopa Tnv augnon Tou throughput aAAd
Kal Tou latency. AvaAoya Je Tnv €Qappoyn UTTopoUuE va KaBopioouue TIG TINEG QUTWV TwWV dUO
TTapauETPWY £T01 WATE N augénon Tou throughput va emokialel Tnv augnon Tou latency.

5.7 Compression otov Kafka

To compression BonBdsl oTnv Peiwon TG TTOOOTNTAG Twv data TTou armoBnkevovTal oTo dioKO
n otéAvovtal oTo OikTuo. To compression atroTteAei £va trade-off petagu TepicodTepou 10 n
TEPIOoOTEPNG XPNOoIpotToinong Tng CPU. ZTnv TTepimTwon Twv SIKWV PAG TTEIPAPATWY
TTpoTINACauE To compression KaBwg Ta applications mou Tpéxoupe gival 10 intensive kal €101 TO
CPU usage cival apkeTd PIKpOTEPO 0€ oXE0N Pe TV TTUKvOTNTA TwV |O operations. Ta
applications 1Tou TpéxOUHE XPNOIKMOTTOIOUV KATA KOPOV TO OIKTUO YIO PETAPOPA OEDOUEVWV KAl
£T01 TO compression KpiveTal amrapaitnTo yia Tnv BeATiwon Tou performance.

Ortav peiwvetal To péyeBog Twv messages 1mou oTéAvel o kafka producer atov broker,
xpnoiyotroigital Aiyétepo bandwidth kar wg ek TOUTOU PTTOPOUNE VO AUENOOUNE TOV OCUVOAIKO
apIBuo Twv messages TTou aTEAvovTal aToug brokers. Mépa atrd TNV augnon Tou GUVOAIKOU
apIBuo Twv records TToU PTTOpOUUE va oTeiloupe oTov broker augdveTal kal To throughput pe To
oTroio oTéAvoupe Ta messages o1o broker. AuTO onuaivel 0TI JEIVETAI O XPOVOG TTOU TTEPIPEVEI
T0 engine (Spark 1 Flink) yia va Tou épBouv oToixeia atod Tov kafka yia va katavaAwoel Kal €101
ouvoAIKG BeATiwveTal To performance.H cuuttieon Twv messages yivetal oTov producer Kai n
atroouuTtrieon otov kafka consumer.

5.7.1 Record batch

Ta messages 1 records ypdagovtal mavta ota batches. O Texvikog 0pog yla eva batch ano
messages eival To record batch, n dopr) Tou omnoiov @aivetal oTnv MapakdTw ekoéva. To
record batch nepiexel €va n neplocdtepa records kat €va record batch overhead section.
To record batch overhead neplexel metadata yia ta records

OTav xpnoLUoToLoVHE CLUTIiEDN HELWVOULE TO Ssize Tou Kabe record batch. O producer
ovumedel yovo ta records peoa oto batch kat dev cupmielel 1o record batch overhead .
Otav eival evepyotmolnuévo To compression , torobeteital €va flag bit yia Tov TOTO TOL
compression oto record batch overhead. Auto 1o flag 8a xpnolgomownBei kata tn
Oldpkela Tov decompression amno Tov consumer.
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Fig. 17: Record Batch

O Kafka utrooTtnpicel diapopoug alyopiBuoug cuutrieons. To gzip compression €xel JeyaAUTEPO
compression ratio odnywvTag o€ peyaAuTtepn xpnoidotroinon tng CPU. To Snappy £xel
MIKPOTEPO compression ratio Kal IkpdTePN XpnoipoTtroinon Tng CPU. Z1a meipduata pag
XPNOoIJoTToIoUuE snappy compression. To compression algorithm kaBopiletal atréd 10
compression.type config atov producer.
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KEDAAAIO 6:EkTéANeon

6.1 okeanos

MNa Tnv diegaywyn Twv TTEIpapdTwy dnuioupyrnoaue évav cluster xpnoIPoTToOIWVTAG resources
at1d Tov okeano knosso. O cluster atroteAcital ammdé 7 machines. Ta mpwTa Tpia machines
¢xouv oktatmmupnvn CPU kai 16GB RAM , Ta Tpia erépeva machines €xouv teTpatmiupnvn CPU
kal 8GB RAM kai 1o TeAeutaio machine £xel oktatrupnvn CPU kai 8 GB RAM. ‘Eva atrd Ta Tpia
machines pe 8mupnvn CPU kal 16GB RAM éxel avateBei otov driver Tou Spark kai aTtov Job
Manager Tou Flink avtioToixa. ‘Eva akéun machine pe 8mopnvo CPU kal 16GB RAM £xel
avaTteBei oTtov kafka server kai Ta uttoAoitTta machines ammoteAoUv Ta worker nodes Tou Spark
kal Ta Task Managers Tou Flink avtioToixa. H avTioToixia Twv execution cores Tou Spark Kai
Tou Flink gival 1 TTpog 1 e Ta cores Twv machines Tou cluster. Zuykekpiyéva oTo Spark €vag
executor core £vog worker (node) avtioToixei o€ évav core evog machine kai o1o Flink éva task
slot avTioToIxEi 0¢€ éva core evég machine.

To default setup yia 1n die€aywyn Twv TeipapdTwy gival 4GB RAM atov driver Tou Spark kai
otov Job manager Tou Flink avtiotoixa kar 4GB RAM o¢ kd0g worker Tou Spark kai task
manager Tou Flink avrtioToixa.

210 TEIpduara Tou join operator Xpnoipotroijoape 8GB RAM oTov driver Tou Spark kail oTov
Job manager Tou Flink avTtioToixa kai 6GB RAM o¢ kdB¢ worker Tou Spark kai task manager Tou
Flink avtioToixa.

6.2 TomroAoyia

2TO TTOPAKATW OXAMa QaiveTal O TPOTTOG UE TOV OTTOI0 AgIToupyouv Ta stream kai micro-batch
processing engines Kal KAT& CUVETTEIA N aAAnAouXia TwWV evePYEIWY TTOU dIEEAyETal OTA
TTEIPAPATA JOG . ZTNV TTEPITITWON UAG DIOXETEUOUE TTOAU PeYAAQ apXeia 0TO message queue
(kafka server) Tou cluster . Mg autd Tov TPOTTO TA OTOIXEIO TWV APXEIWV AVTIMETWTTI(OVTAI WG
stream records. ZTn cuvéxeia Ta records TTou BpickovTal JEoa OTO message queue eiIoayovTal
oT10o ekdoToTe processing engine( Spark | Flink) kai ugiotavral transformations avéAoya pe tov
KwdIKa TNG ekdoToTe streaming application . TéAog 1o output Twv transformations ptropei va givai
éva Kalvouplo stream , €ite va ammoBnkeuTei og kamola Bdon dedopévwy A o€ Katrolo filesystem.
TNV TTEPITITWAN Pag To TEAIKO output Twv transformations mou ekTeAoUvTal Tdvw oTa stream
records 1Tou gi0dayoupe oTtov kafka , ammoBnkeveTtal kataveunuéva ota file systems Twv machines
Tou cluster.
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Fig. 18: Stream Processing for Batch/Real-Time Data Processing, and Event-driven Applications

6.3 Operators

210 TTeipduaTta cuykpivoupe 10 performance petagu Tou Spark streaming kai Tou Flink o€ oxéon
ME kaTTOl0UG operators. O1 operators TToU xpnaiyoTToloUUE yia auTh TN oUykpion civai To filter, To
window join kai To window aggregate by key.Ta implementations Twv operators Ta Bprikaue
online aAAGCovTag KATTOIEG TTAPAPETPOUG avaAoya e To application wWoTGCO dlIAPOPPWOANE TOV
TPOTTO e ToV oTToi0 TOo Spark streaming kai To Flink Asitoupyouv wg kafka consumers . Ta
applications aTo Flink gival ypappéva og java evw Ta applications o1o Spark gival ypauuéva oe
scala.
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filter @IATpdpel records evédg stream 1Tou TTANPOUV Pia
OUYKEKPIUEVN aUVONKN TToU opileTal atrd 1o XpnoTn. Ta
utTéAoITTa records TTou dev TTANPOUV TV CUVONKN
ATTOPPITITOVTAI.

window aggregate by key Eg@apudletal o€ records evog stream 1Tou €Xouv Tn Jopen
(key,value).lMpooBETel TIG TIMEG TWV records TTOU £X0UV KOIVO
KA€IOi Kal avikouv oTo id1o window.

window join Ortav éxoupe dUo input streams G1TOU TO TTPWTO Stream £xel
records NG HopPA¢ (key,V) kal To deUTEPO stream records
NG popeng (key, W) emioTpépetal éva véo stream e
records Tng pop@ng (key, (V,W)) TTou aviikouv GTo idI10
window . INa k&6¢ key tepIAapBavovTal 6Aol o1 duvatoi
ouvduaopoi (V,W) .

TABLE I: Operators Definition

6.4 T1 eival To window

To window eival éva Xpovika opiopévo interval TTou &éxetal stream records péxpl Tn AfEN autou
Tou interval. Ta transformations TrpayuatoTroloUvTal TTdvw o€ records TTou avrjkouv gTo idIo
window.

2¢ éva tumbling window Ta records opadotroiouvtal o€ éva window TTou gival XpovIKa
oplouévo () opiouévo pe Baon kdtrolov counter). K&Be record avrkel pévo o€ €va window. Ta
tumbling windows €xouv éva KaBopIoPEVO PEyeBOG Kal eV AAANAOETTIKOAUTITOVTAI OTTWG
QAiVETAI KAl TNV TTAPOKATW €IKOVA. Na TTapddelypa av opicoupe Eva tumbling window e
MEyEBOG 5 AeTTTd , TO Tpé€XOV window Ba utroAoyioTei Kal éva kaivouplo window Ba &ekivael KaBe
TTEVTE AETITA OTTWG QAIVETAI KOI OTNV TTAPAKATW EIKOVA.
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Fig. 19: Tumbling Window

>¢ éva sliding window , Ta records opadoTroiouvtal o€ éva window To o1Toio oAIoBaivel
(ToouAder) katd prkog Tou data stream cUp@wva Pe €va kabopiopévo interval. OTTwg Kai aTo
tumbling window , T0 péyeBog Tou window gival kaBopiopévo . Mia emiTpdoBeTn window slide
TTAPAUETPOG eAEyxel TTOOO ouxva éva sliding window Eekivael. Q¢ ek TouTou , Ta sliding windows
MTTOPOUV va gival aAAnAoeTTIKaAuTITOEVa €dv TO slide gival piIkpdTEPO aTTd TO PEyeBOG TOU
window . Z€ auTh TNV TTEPITITWON Ta records avaTiBevral oe TTOAATTAG windows OTTwG @aiveTal
KAl TNV TTAPOKATW EIKOVA.

MNa mapddeiyua , 6a prropoucaue va éxoupde windows e péyeBog 10 AeTrTa TTou oAiIoBaivouv
yia 5 AetrTd. ‘ETo1 K&OE TTEVTE ATTT TTaipvOoUpE €va window TTou TTEPIEXEI records TTOU £QTacavV
Katd Tn didpkela Twv TEAeUTAiwY 10 AETTTWV OTTWG QAIVETAI KAl OTNV TTAPAKATW EIKOVA.
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Fig. 20: Sliding Window

6.5 EmiAoyn batch size oto Spark Streaming

MNa va gival éva Spark Streaming application 1Tou Tpéxel o€ €va cluster 01aBepd , To cuoTnua Ba
TPETTEl Va gival o€ B€on va eTeCepyadeTal OedopEva e TNV idia TaxUTNTa PE TNV OTTOIx
AapBavovral. Ta batches Ba pétrel va ymropouv va TiBevtal o€ eTegepyaaia pe Tnv idia
TaxutnTa Ye TNV otroia dnuioupyouvtal . Me dGAAa Adyia 1o batch processing time Ba rpétel va
eival pikpdTeEPO atrd TO batch interval (to otroio diammoTwvetal oto Web Ul).

AvdaAoya pe Tnv e@apuoyn To batch interval pytropei va éxel pia onpavtikn emidpacn ota data
rates Ta oTroia uTTOPOUV va diatnpendouv atd 1o application o €va fixed oUvoAo atmo cluster
resources.l1a TTapddeiyua yia éva ouykekpigévo data rate , To oUoTNPaO eVOEXETAI VO UTTOPEI va
oupBadicel pe éva batch interval Twv 2 second kai 61 ye éva batch interval Twv 500 ms. ‘ETol To
batch interval TrpétTel va TeB¢i e TETOI0 TPOTTO £101 WOTE TO avapevouevo data rate va ptmopei va
oiatnpnBei atd 1o application.

Mia kaAr TTpooEyyion yia Tnv €TmAoyr Tou owaoTou batch interval yia éva application eival va
TeOoTApoue To application pe éva safe batch interval (5-10 seconds) kai éva xaunAo data
rate.lNa va BepaiwBolpe 6T TO gUoTNUa PTTopEi va cupPBadioel he To data rate ouykpivoupe To
processing time Tou k&B¢ batch pe 10 batch interval Tou. Av 10 processing time ival JIKpOTEPO
a1rd 10 batch interval 161 TO cUOTNUA €ival aTaBePd.AAAILG av To processing time utrepfaivel
10 batch interval kai cuvexwg au&dvetal TOTE TO oUoTNUA dev PTTOPEI va cupBadioel kal €101 gival
unstable. A6 Tn oTiyun TTou e€acalileTal €va stable configuration , évag xprnotng utropei va
dokipydoel va auérjoel To data rate n va peiwoel 1o batch size. H oTiypiaia augnon oto delay
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eCaITiag MIag TTPOCWPIVIG augnaong oTo data rate utropei va unv atmoteAei TpORANPa eQOGOV TO
delay peiwveral Eavd Kail ETTIOTPEPEI O€ HIA TIMA MIKPOTEPN aTtrd TO batch size

2Tnv TrepiTrtwaon pag otov filter operator emAéEaue To batch interval va gival 10s.
AloTmioTwvoupE 0TI ue auTo TO batch interval ecaogalifetal £éva stable configuration (processing
time<batch interval). Z1n ouvéxeia augdvoupe 1o data rate audvovtag Tov apiBud Twy kafka
partitions Twv input streams kai Bpiokoupe Tov apiBud Twv kafka partitions Twv input streams
oTov otroio To filter application €xel To pIKpOTEPO latency Kal GUVETTWG eTTITUYXAVETAI TO
sustainable throughput. levikd 6ca TTepiIcodTEPa partitions €xel éva kafka stream , 1600
MeyaAuTepo eival To throughput pe To ottoio oTéAveTal To stream o€ €va streaming application.

2710 aggregate by key €xoupe éva window 20s e sliding interval 10s . To batch interval o€ auth
TNV TTEPITITWON TTPETTEN VA gival JIKPOTEPO 1 ico ato To sliding interval yia va £xoupe cwoTd
amroteAéopaTta. EmAéyoupe batch size 10s . AlammoTtwvoupe 611 ye autd 10 batch interval
eCao@alifeTal éva stable configuration (processing time<batch interval).Ztn cuvéxeia audvoupe
10 data rate augavovtag Tov apiBud Twv kafka partitions Twv input streams kai Bpiokouue Tov
ap1Bud Twv kafka partitions Twv input streams oTov otroio T0 aggregate by key application £xel
TO MIKPOTEPO latency kal ouveTTwg emiTuyXAaveTal To sustainable throughput. To batch size Twv
10s e€aopaAilel o stable configuration o€ oxéon ue Ta 5s yia batch interval.

2710 window join e1mIAéyoupe To batch size va cival idlo pe To window size yia Abyoug TTou £XOUE
egnynoel o1o 9.4.

6.6 Data generation

OAa 1a input streams TToU XpnoiyoTroloUue ota Spark kai Flink applications atov cluster givai
apxeia mou éxouv TrapaxBOei aro data generator. Asv putropouue va xpnoigotroijooupe data
generator oTov cluster yia Tnv dnuioupyia stream records kKaBwg 10 CUCTAPA TTEPTEI AOYW
ENeIYnG o€ resources. MNa autd To AGyo TTapdyoupe eEwTePIKA atTd Tov cluster apyeia TTou
oTn ouvéxela dioxetevovtal otov kafka server Tou cluster kal icoduvapoulv e streams.
>uykekpigéva TTapdyoupe apxeia ato data péow duo applications o€ éva localhost.

To mpwTo application gival évag event producer o otroiog dnuioupyei events/records Ta oTroia
atmoaTéAAel péow evog kafka producer og évav local kafka server(message queue) . 21n
ouvéxela 1o dsuTepOo application TTou gival ouoiacTikd évag kafka consumer , kKaTavoAwvel Ta
records TTou Aapfdavel Kal Ta TUTTWVEI € Jop@r) apxeiou o€ éva local filesystem.
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Fig. 21: Stream Processing for Batch/Real-Time Data Processing, and Event-driven Applications

KdaBe apyeio TTou TTapdyoupe e TOV TTapaATTAvVW TPOTTO TO GTEAVOUUE OTOV cluster kai
XpnoigoTrolgital wg inputstream yia k&molo meipapa 1Tou die¢dyoupe aTov cluster OTTwgG
TEPIypAPnKe oTnv evotnTa 6.2 .Kai Ta duo applications eival ypaupéva o€ scala.

( Zuykekpiyéva o kafka producer Tou kafka server Trou d106€T€1 0 cluster déxeTal Eva apyeio atrd
auTd TTou £xoupe TTapdgel kKal OTEAVEI TO KABE record Tou apxeiou TTou diapdadel otov kafka
broker Trpokeipgévou autd Ta records va katavaAwBoulv otn cuvéxeia atrd Spark kai Flink
applications 1Tou AgiItoupyouv wg kafka consumers)

6.7 NapdapeTpol e§€Taong

2T1a streams 1Tou XpnoigoTroloUvTal wg input yia Ta Spark kai Flink applications éxouue TTaigel
ME SIAPOPES TTAPAUETPOUG . ZUYKEKPIMEVA YIa GAOUG TOUG operators TTou XPNOoIUOTTOIoUNE OTO
Teipduara eicdyape dladoxIka dlIaPopeTIKA input streams . Ta d1a@opeTIKA input streams
dla@opoTToIouVTal JETAEU TOUG O€ oxéon HeE éva TTANB0G TTapauéTpwy . Ol TTapAMETPOI aUTOl
eival 1o selectivity , o apiBudc Twv KAEIBIWY Kal 0 apIBPOG Twv dlIacTAcEwWY Tou key 6Tav
avagepopaoTe o€ keyed streams. To selectivity 0710 join operator €xel dlaQopeTikr] évvola aTTd To
selectivity oTo filter operator. To join déxeTal wg input dUo dlaPOopPETIKA streams.
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Selectivity oTo join Eival o Abyog Tou aBpoicuaTog Twv records Tou TTPWTOU
stream kail Twv records Tou deUTEPOU Stream TTOU £X0UV
METAEU TOUG KOIvé KAE1IBIA (TO records TOU TTPWTOU HE TA
records Tou deUTEPOU) TTPOG TOV OUVOAIKO apIBud Twyv
records Twv dU0 input streams. OuclacTikd gival évag
OeikTnG TTou d¢eixvel TGO TTUKVO gival To operation Tou join.
To selectivity o710 join kaBopiletal aTd Ta input streams kai
TNV JETAEU TOug oxéon.

Selectivity oTo filter Eival o Adyog Tou aBpoicuaTtog Twyv records Tou inputstream
TTOU TTANPOUV TN OUVONKN Tou filter TTPOG TO CUVOAIKG apPIBUS
TwvV records Tou input stream. To selectivity oe aut Tnv
TTePITITwOonN kabopiletal atd 1o condition Tou filter.

Api18u6g Twv KAEIBIWYV Eival o apiBudg Twv SIa@OopEeTIKWY KAEIBIWY O€ £va
inputstream pe records Tng popeng (key,value)

Ap1Bp6g diaotdoswyv Tou | Eival o apiBudg Twv diacTtdoewy Tou key og €va keyed input

key stream. MNa apddeiypa éva stream pe records TG HOPYNG
(key,value) , éxe1 kAeidi piag didotaong . ‘Eva stream pe
records NG Hop®Nn¢ ((key1,key2), value) ,éxel kAeidi dUo
Ol00TACEWV.

TABLE II: Definition of parameters

6.8 Xpnon Kafka otn die§aywyn Treipapdrwy

Xpnoipotroinoape apache kafka yia tnv die€aywyn Twv eipapdTwy AloAé¢aue Tov kafka
KaBwg givail To o dnUoPIAEG messaging system. AuTo o@eiAeTal oTa TTOAAG TTAEOVEKTAUATA TTOU
0106¢Tel o Kafka 0mmwg n aglotmaTia, N KAINAKWOIPOTNTA , N QVOEKTIKOTNTA K.O .

2uykekpiyéva o Kafka ptropei va douAéwel eukoAa pe Eva TepdoTio Oyko atrd data streams.
Eivai fault-tolerant, £xe1 avBekTIkOTNTA KOBWG XPNOIPOTIOIEI KaTavepnuéva commit logs TTou
onuaivel 61 Ta messages amobnkevovtal oTo dioko 600 o ypriyopa yivetal. O Kafka ptropei
va XeIpIoTei To scalability kol oTIg TEooepIg dlaoTdoElg, EvvowvTag oToug event producers, event
processors, event consumers kal event connectors. Me dAAa Adyia o Kafka kAipakwvel eUkoAa
xwpig diakotrég. O kafka €xel uwnAod performance kabwg eite kavel publish €ite subscribe Ta
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messages , diatnpei upnAo throughput. AlaBéTel ETTEKTACINOTNTA KABWGS UTTAPXOUV TTOAAOI
TPOTTOI e Toug oTToioug Ta didgopa applications ymopolv va cuvdeBouv Kal va
xpnoigotroioouv Tov Kafka.

MTtropoupue va auénjooupue 1o throughput Twv input streams 1mou déxovtal ol kafka consumers
oT1o Spark kai 1o Flink avtioToixa meipdlovrag 1i¢ petaBAnTtég linger.ms kai batch size otov
producer Tou kafka éTTwg £xoupe TTepiypdwel oto KeAAaio 5 . To linger.ms kaBopilel To Xpdvo
TToU TrepIMEVEl 0 producer péEx Pl va oTeilel To batch oTtov kafka cluster €101 woTe 1O batch va
yivel dilaBéaipo oToug consumers. To batch size cival by default oe bytes kai Treipadovrag Tnv
TIUA TOu KaBWG Kal TNV TIPM Tou linger kaBopilouue To throughput Tou producer . lNa TTapadelyua
av 1o linger ival 5000 ms kai 1o batch size 13.000.000( 12,4 Mbytes) , 161¢ 0 producer 8a
mpéTTel va Trepipével 5000 ms péxpl va oTeilel To batch Twv 12,4 Mbytes . Y1rdpxel Trepitrtwon
o1a 5000 ms va €xoupe AiyoTepa bytes atrd 1o batch size. Tote o producer 6a oTeilel Ta bytes
TToU €xel padéwel Kai ag eival Aiyotepa atod 1o batch size. Ze mepiTrtwon 1mou o buffer yeyioer pe
1600 bytes 60a kai 70 batch size TTpIv TeAelwoel N kKaBuoTEpnon TTou €iodyel To linger , To batch
Ba oTaAei kavovikd oTov kafka cluster xwpic va trepiyével va TeAeiwaoel n KaBuaTépnon TTou
elodyel 1o linger.

6.9 Spark processing time

OAa 1a Treipduata gival o€ processing time kaBwg 1o spark streaming douAelel by default o€
processing time . To Flink douAeuel kal o€ event time kail o€ ingestion time .

OAa 1a operations Tou Spark Streaming aveapTrTwg Tou av €xouv windows 1] Ox1 BewpouvTal
time-based operations.Auté cupfaivel 81611 To Spark streaming douAeuel pe batches. To batch
interval kaBopilel To péyebog Tou batch o€ seconds. AnAadr kéBe batch opioBeTeital xpovika.
EtreidA kGBe operation emmeéepydletal batches autd onuaivel 611 Aa Ta operations oto Spark
streaming oploBeTolvTal Xpovika atro 1o HEyebog Twy batches i ammod 1o péyebog Twv windows
oTnV TTEPITITWOoN Twyv window operations.

To Spark streaming doulAcuel o€ processing time. Autd onuaivel 0TI 0 XpOvog évapgng Tou
TpwTou batch ) window (o€ TepiTTwon Tmou €xouue window-based operation) TauTifeTal e TO
Xpovo Evapéng Tou Spark application. O xpovog Evapéng Tou Spark application opiletal atrd 10
system clock Tou machine .To emréuevo batch ; window(av £€xoupe window-based operation)
eKKIVED he TN AN Tou interval Tou TTpwTou batch A window (av éxouue window-based operation).
Apa cupTtrepaivoupe 0TI N TPGodog Tou Xpodvou e€apTaTal atrd 1o system clock Tou machine
OTO OTT0i0 TPEXEI TO ekdoTOTE application.

H emregepyaoia evog batch i window (av piAdue yia window-based operation) ekkivei 6Tav
TeEAEIWOEI N eTTegepyaaia Tou TTponyouuevou batch A window (6tav piAdue yia window-based
operation). Na autd 1o Adyo o xpdvog TTou gekivdel n eTreéepyaoia evdg batch rp window(av
MIAGueE yia window-based operation) cuviiBwg dev TauTiCeTal E TOV XPOVO EKKIVNONG TOU .
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6.10 Flink: AvTtiAnyn Tou Xpdévou

To Flink AciToupyei o€ processing,event kai ingestion time.Z€ OAeg TIG TTEQITITWOEIG XPNOIJOTTOIE
timestamps.

Timestamps

To Flink Aeiroupyei ue timestamps.Eival o xpdvog atov oTroio £xel dnuioupynOei éva
record(event) ] o xpdvog oTov oTToio £éva record(event) ptraivel péoa oto Flink. Zmnv TpwTn
TTePITITWOnN 10 timestamp avariBetal atrd Tov producing sensor 1} To producing service kal oTn
0eUTepN TTEPITTTWON avaTiBeTal atd 1o Flink. Me Tn xprion Twv timestamps 1o Flink egaoc@aAilel
611 Ta records diaafovTal Pe XPOVIKA OEIpd.

To Flink étTwg eitrape Asitoupyei o€ processing,event kai ingestion time. Autoi ol TpoTTOI
AeiToupyiag kaBopifouv Tov TPpOTTO e Tov oTroio To Flink diaxeipifetal Ta records TTou d€xeTal
OaAAG kail Tov TpoTTO e Tov oTToio To Flink avtiAauBdveral To Xpovo.

AvTiAnwn TOU XpOVOU o€ oxéon ME Ta records

210 processing time T10 Flink diaf3adel Ta records xwpig va AapBdvel uttdéwn Tou Ta timestamps
TTOoU TTEPIEXEI TO KABE record.Me GAAa Adyia SéxeTal OAa Ta siIoepxOueva records avegdptTnTa Ao
Ta timestamps 1Tou Trepiéxouv.Z10 event time 1o Flink , diaBdadel records, e€ayel atmo KAbe
record 10 timestamp TTou TrepIEXEl Kal Tou €xel avaTeBei atrd 1o producing device KaTd TN OTIYHN
NG dnuIoupyiag Tou kal gpovTifel Ta records va diaBdalovtal Pe Xpovikr aeipd. Ooa records
MTTaivouv péoa oto Flink kai £€xouv timestamps 1Tou TTapaBidfouv TV XPOVIKN oEIpd ,
aTToppiTITovTal KaBwg BewpouvTal out-of-order kai dev CUPHETEXOUV OTNV OlIAPOPPWON ToU
output. Z10 ingestion time 10 Flink diaBadel records kai o€ kABe record avaBéTel éva timestamp
TTOU £XEI TNV TIUA TOU XPOVOU oTov 0TT0i0 TO record ptraivel oT1o Flink . Kai o€ autr Tnv
mepiTrTwon 1o Flink gpovTidel woTe Ta records va diaBadovTal pe xpovikn oeipd.Ooa records
éxouv timestamps mmou TTapafidfouv TNV XPOVIKN o€lpd , aTToppiTIToVTal KaBwg BewpouvTal
out-of-order kai dev GUPPETEXOUV TNV BIANOPPWaN Tou output.

AvTiAngn TOoU XpOVvou o€ oxéon HE Ta operations

Ta operations oTo Flink (6tav piAdue yia streaming) xwpi¢ovtal o€ U0 KATNYOPIES. ZTA
operations pe windows Kal oTa operations TTou dev €xouv windows.
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ZTnv TepimTwaon Twv non-windowed operations , n évapén Tou kaB¢ operation kKaBopileTal aTTd
1O TTOTE B £pBouv Ta TTpwTa oToIXEia oTo Flink €iTe éxouue processing cite event €ite ingestion
time.

21nv mepimtwon Twv windowed operations ,6tav 1o Flink douAeuel o€ processing time ,0
XPOVOG évapgng Tou TTpwTou window TauTifeTal Y TO XpOvo Evapéng Tou Flink application. O
Xpovog évapéng Tou Flink application kaBopileTal atmd 1o system clock Tou machine .To eméuevo
window ekkivei pe Tn AfEN Tou interval Tou TTpWwToU window . Apa cupTTEpaivouue 0TI N TTPG0d0g
Tou xpovou egaptatal atrd 1o system clock. Otav 1o Flink douAeUel oe event ] o€ ingestion
time,n évapgn Tou TTpwTOU Window yiveTal OTav Ta TTPWTA OTOIXEIQ PTTaiVOUV HECQ OTO
window.To eméuevo window ekkivei e Tn AREN Tou interval Tou TTpwTou window . Apa
oupTtrepaivoupe 6Tl n TPpdodog Tou Xpdvou eEapTdTtal atrd To dedouéva.

6.11 Opiouo6g backpressure

Backpressure ava@épeTal oTnv Katdotaon O1Tou éva processing engine Aaufdvel dedouéva o€
uwnAGTEPO PUBUOG aTTO AUTOV TTOU UTTOPE va £TTECEPYAOTEI Adyw HIOG TTPOCWPIVAG AIXUAS
@oprTiou( load spike) 6TTwg @aiveTal Kar OTNV TTAPAKATW EIKOVA.

I

Fig. 22: Backpressure

Sink

Av 10 backpressure dev QVTINETWITIOTEI CWOTA PTTOPEI OTN XEIPOTEPN TTEPITITWON va 0dNy o€l O€
ATTWAEIO OToIXEIWY. X€ auThVv TNV TTEPITITWOoN o buffer Tou processing engine gival yeUATog pe
aTToTeEAEGUa O0a Kalvoupla records épxovtal va Ta TTeETdel PEXpig 6Tou va adeldoel EPog Tou
buffer (a1 records TTou éxouv TTdel yIa process) TTPOKEIUEVOU VO UTTOPETEl VA DEXTEN TO
eméueva eloepxoOueva records. AuTh n TTEQITITWON QAIVETAI OTO TTAPAKATW OXNMO.
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Source > Sink

Fig. 23: Opiakn mepirTwon Tou Backpressure

210 flink KiIvoUpaoTe Pe aTTWAEIO GToIXEIWY GE OXEan WE TO backpressure evw oTo spark
streaming pe ammwAcia oToixeiwv 600 Kal e augavopevn oupa oTa batches TTou TTepIpeEvouVY yia
processing.

6.12 Sustainable throughput

21a mreipduara 1o Spark kai 1o Flink déxovral Ta input streams e TTapaAAnAia 1 . MNa kGBe
stream 110U OéxETAN £vag operator wg input die¢dyoupe SEKA DIAPOPETIKEG JETPATEIG. ZEKIVAUE
ME To inputstream va éxel 10 kafka partitions kal @Tdvoupe Ta 100 partitions ue BAua 10
partitions . ATToKAgioupE HETPATEIG OTIG OTTOIEG €XOUME TNV EPAvion backpressure oT1o Spark
kair oto Flink .Bpiokouue ag troiov apiBuéd partitions 1o Spark kai 1o Flink €xe1 To HIKpOTEPO
latency yia Tov ekdoToTe operator . To latency avagépetal 010 XPOVO TTOU KAVEl TO KABE
processing engine va Kataypdayel To cuVOAIKO output Tou operation (UExp! va ypdwel Kal To
TeAEUTOIO OTOIXEIO) EEKIVOVTAG aTTO TN OTIyun TTou o kafka consumer (Spark i Flink application)
apxi¢er va diafdadel To TTPWTO OTOIXEIO TOU input stream.

O kardAAnAog ouvduaoudg batch size kai linger.ms pag BorRBagl va Bpolue Tov KAAUTEPO
XpPOvo TTou onuelwvel To Spark kai 1o Flink og kaB¢ Treipapa.

2710 SlaypdpparTa Tou akoAouBouUv o€ KGBe TTeipaua ouykpivoupe To performance Tou Spark
kal Tou Flink og oxéon pe 1o p€oo sustainable throughput . Autdg o deikTng uTToAOYICETAI WG

£gNng:

aplOpos otoyyelmv input stream
kpdtepo latency

Méoo sustainable throughput=
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O1ou 0 apIBudg oToixeiwy inputstream oTnv TTePITITWON Tou window join €ival To GBpoioua Twv
OTOIXEiWV TWV dUO streams TTou XpnolPoTToIoUVTAl WG input .

>T1a TTAQiOIa TOU YEVIKOTEPOU optimization Twv TTEIPAPATWY XPNOIUOTIOINCAUE Shappy
compression yia aug¢non Tou throughput.

6.13 Zuykpion Spark kai Flink og oxéon pe To backpressure

2710 TTapaKATW didypappa cuykpivoupe 1o latency petagu Tou Spark kai Tou Flink
peTaBdaAAovTag Tov apiBuod Twv kafka partitions Twy input streams yia Tov join operator . To
setup Tou TreIpdpaTog gival 5 nodes , 16 cores.

Kokkivo: Flink
M1rAe : Spark

51



Nodes 5, 16 cores

3

2
o
[}
5
£
=3
)]
£ 1

0

20 40 60 80 100
partitions

Fig. 24: Latency for windowed join in both processing engines depending on the number of kafka
partitions of the input streams .

O1rwg Tpoavagépaue autr T diadikacia Tnv akoAouBrioaue o€ KABe TTeipapa yia TNV eUpeon
Tou péoou sustainable throughput.

Mapatnpouue atrd 1o TTapatrdvw didypauua o1 To Spark kai To Flink €xouv fluctuations oT0
latency o€ oxéon ue Ta partitions. Auté ogeileTal oTo backpressure. H atrwAgla oToixEiwyv atmod
éva processing engine civail n xeipoTepn ekdoxr Tou backpressure. Mpiv ammé TNV aTTWAEIA
oToixeiwv 10 backpressure gpgavifetal wg augnon Tou latency KaBwg TTEpIEVOUV Ta OTOIXEID
oToug buffers yia emTegepyacia Adyw Tou augnuévou throughput TTou dev PTTOPEI APOUOILCEI TO
processing engine.

Fluctuation oTo latency (cuvapTtAoel Twv kafka partitions) €xoupe katd Bdaon oTo join Kai 6yl
1600 OTI¢ uTToAoITTeg ouvapThoeig(filter, window aggregate by key). Auté ogeileTal 010 yeyovog
611 TO window join givai 1o akpifé operation.

To Spark 611wg TTapaTnpouue £xel TTepioooTepo fluctuation oe oxéon pe 1o Flink kaBuwg gival 1o
emppeTtég o010 backpressure og oxéon pe 10 Flink . Autd o@eideTal oTo TpOTTO AsiTOUpyiag Tou
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Spark . To Spark ekteAei TTOAAAG jobs aTo id10 batch interval.Méxpi va ekteAeaTei To K&Be job TO
input rate eplopiceTal evw o Dag scheduler ouvToviCel kal dpopoAoyei OAa Ta jobs. Autd o€
ouvouacouo ue To OTI To Spark TTePIPEVEL va TEAEIWOEI TO processing evog batch yia va 1éer ato
eTTOUEVO KAVOoUV TO Spark TTI0 €TTIPPETTEG OTO backpressure .

6.14 Xeipiopog kafka records amréd Spark kai Flink

6.14.1 Spark Streaming

O1rwg €xoupe avagépel o Kafka Asitoupyei wg server o otroiog amoBnkevel stream records o€
katnyopieg Tmou ovouddovral topics. O Kafka opyavwvel Ta records o¢ partitions kai Ta diatnpei
o€ éva katavepnuévo log. Ze kABe record TTOU avrkel o€ KATTola partition Tou avaTiBeTal éva
sequential id TTou ovouddetai offset. Oi1 kafka consumers €ival utrelBuvol yia TNV avixveuon TNg
Béong evog record péoa oTo log dnAadn Tou offset ( H Béon evdg record ovouddetal kai offset).
KaBe record 1Tou katavaAwvel évag kaftka consumer atmaprtietal ammd €va KA&1Si , pia TIgA
(value) kai éva timestamp.

To Spark streaming é1Twg TTpoavagépaue doulelel oe processing time. AnAhadr kd0e batch pe
batch interval 10s yia Tapadeiyua mepiAapBavel 0Aa Ta records Ta oTroia TAvouv 0TO operator
Tou Spark peTagu Twv Xpdvwy TTou To system clock utTodeIkvUEl WG TO OUYKEKPIPEVO batch
interval. Otav 1o Spark doulcuel ue kafka consumers kdBe batch diafdlel records amé 6Aa Ta
partitions Tou kafka stream Ta otroia £€xouv @Tdoel oTOoV operator péoa ato ekdaToTe batch
interval kal avikouv o€ £va ouykekpIpévo eUpog offset, 6TTwg @aiveTal Kal oTnNV TTAPAKATW
eikéva.

(To Spark streaming douAeuel pe Ta offsets Twv records 1TTou diaBdadel, dev avayvwpidel Ta
timestamps 1Tou ecwkAgiouv Ta kafka records)

Kafka 0.10 direct stream [0] topic: joinstream  partition: 7  offsets: 0 to 290406
topic: joinstream  partition: 3  offsets: 0 to 290406
topic: joinstream  partition: 4  offsets: 0 to 290406
topic: joinstream  partition: 2  offsets: 0 to 290406
topic: joinstream  partition: 5  offsets: 0 to 290406
topic: joinstream  partition: 1  offsets: 0 to 290406
topic: joinstream  partition: 9  offsets: 0 to 290406
topic: joinstream  partition: 0  offsets: 0 to 290406
topic: joinstream  partition: 8 offsets: 0 to 290406
topic: joinstream  partition: 6 offsets: 0 to 290406

Fig. 25: Karavopn Twv offsets Twv kafka records Tou inputstream 1rou diapdadel To batch kard Tn
Sidpkela evog operation oto Spark Streaming.
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To apéowg eTépuevo batch diafddel records atmd 0Aa Ta partitions Tou kafka stream o€ éva
OUYKEKPIPEVO €Upog offset EekiviovTag atrd 1o onueio Tou offset 1Tou otaudrnoe va diaBadel 1o
TTponyouuevo batch yia kd6e partition 6TTwg @aiveTal kal oTNV TTAPAKATW €IKOVa . 'ETol
ouveyiceTal yia 6Aa Ta eTTopeva batches péxpl va TeAeiwoel To didBacpa Tou input stream.

offsets: 290406 to 1279072
offsets: 200406 to 1279072
offsets: 260406 to 1279072
offsets: 200406 to 1279072
offsets: 280406 to 1279072
offsets: 200406 to 1279072
offsets: 290406 to 1279072
offsets: 200406 to 1279072
offsets: 200406 to 1279072
offsets: 200406 to 1279072

Kafka 0.10 direct stream [0] topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:
topic: joinstream  partition:

DO =AW

Fig. 26: Katavopun Twv offsets Twv kafka records Tou inputstream 1rou di1addel To apéowg
emroépevo batch kard Tn didpkela evog operation oto Spark Streaming.

210 spark streaming Ta oToIxXEia eTTEEEPYAovTal ava batch TTou onpaivel 0TI 6oa oToIXEIO
MTTaivouv oTo id10 batch emmeepyddovTal autévopa ammod Ta uttéAoITTa batches. Av yia
TTapadeiyua £xoupe éva filter operation 161€ TO TTPWTO batch (TTou diaBadel Ta records e offsets
atd 0 péxpr 290406) uttoAoyilel To output Tou operation ave¢dptnTa atmoé 1o deuTEPO batch ( TTou
d1aBdadel Ta records pe offsets ammd 29046 péxpr 1279072)

6.14.2 Flink

To Flink douAcUel pe timestamps. Suykekpipgéva egdyel atrd Ta records 1Tou diaBddel Ta
timestamps 1Tou Toug £xouv avabéoel o kafka producer . Autd Ta timestamps avagépovrtal o€
event time dnAadn €xouv avarteBei oTa records Tn oTIYUN TToU Ta TTapaAauBavel o kafka
producer kai Ta oTéAvel oTov kafka broker (server).

OAMa 1a Treipdpata pag o€ oxéon e 10 Flink Tpéxouv o¢ processing time. ‘ETol 6Aa Ta
time-based operations 61Tw¢ Ta windows xpnoipoTtrolodv 1o system clock Twv machines 1Tou
TPEXOUV TO €KAOTOTE operation. 'ETo1,0 Xpdvog évapéng Tou TTpwTou window TauTideTal PE TO
Xpovo évapéng Tou Flink application. O xpdévog évapéng Tou Flink application kaBopiletal armd 10
system clock Tou machine .To emépevo window ekkivei pe Tn AN Tou interval Tou TTpwTOU
window . Apa cupTtTEpaivoue 0TI N TTPGod0oG Tou Xpdvou e€apTaTal atrd To system clock.
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Event time

Aev xpnoipotroinoape event time processing otoug operators Tou Flink kaBwg €xoupe
atrwAela output. To event time processing dev e€apTaTal atrd KATTOoI0 System clock. AvTIBETwG O
TPOTTOG yIa va onuelwBei TTpoodog oTo event time processing oTo Flink gival Ta watermarks . Ta
watermarks Acitoupyouv wg pépog Tou stream dedopévwy TTou BpiokeTal péoa oTo Flink Kai
kouBaAdave €va timestamp t. ‘Eva watermark(t) dnAwvel 611 T0 event time £xe1 @Tdoel oTO XpbdVo t
o€ éva stream evvowvTag 0TI 6oa gToixeia uTTaivouv yéoa oto Flink pe timestamp t'<=t
aTToppiTITovTal KaBWg BewpouvTal out-of-order . X1n TTepiTITWON Pag dladafoupe dladoxIKd
dlagopeTikd partitions Tou stream 1mou oTéAvel o kafka. K&Be partition éxel avabéoer ammd éva
timestamp o€ kd@06¢ record Tou kKatd Tn dnuioupyia Tou oTov kafka.

O1rwe gaiveTtal oTnyv TTapakdaTw eikova 1o Flink diapdadel To éva partition petd 1o GAAo , avabETel
éva watermark oTo stream kai &€v To avavewvel TTapd Yovo otav Ptraivel €va record pe
timestamp > Tpéxovtog watermark.

2TNV TTEPITITWON HOG EXOUNE hHeYAAn atTwAsia output KaBWwg TTOAAG aTTd Ta records TTou
pTTaivouv oTo Flink dev TTAnpouv Tnv TTpouTréBeon timestamp>watermark. Auté cupBaivel d16TI
10 Flink d1aBadel pe Tuxaia ocipd Ta partitions Tou Kafka. To kdBe kafka partition £xel ascending
timestamps yia Ta records Tou woTd00 N oxéon Twy timestamps yia records TTou avAKouv o€
dlaopeTikA partitions gival evieAws Tuxaia . To watermark 1Tou éxel §axBei atd v eiIcaywyn
Tou TTpWTOU partition oto Flink atroppitttel apkeTd records emouevwy partitions 1Tou ptraivouv
oTo Flink kal dev TTANpoUv Tnv TTpoUTtdBeon timestamp>watermark kaBwg Ta Bewpei out of
order.

H Aerroupyia Tou Flink o€ event time @aiveral otnv Tapakdtw eikdéva.Ta vouuepa oTa partitions

TNG €IKOVAG gival Ta timestamps Twv records TTou Toug €xouv avaTeBei KaTd TN dnuIouUpyia TOug
oTtov kafka.
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Fig. 27: Flink event-time operation

Ingestion time

2710 ingestion time , oe kd&B¢ record TTou pTTaivel péoa oto Flink avatiBetal éva timestamp e
TIUA TO current time Tou source operator . Me auto Tov TpoTTO 6Aa Ta time-based operations
avagépovtal o auto To timestamp. To Flink diaBdader To éva kafka partition uetd 1o GAAo ,
avaBértel éva watermark oTo stream kai &ev 10 avavewvel TTapd pévo éTav PTraivel KATTolo record
TTOU TOou avaTiBeTal timestamp > TpéxovTog watermark. 2tnv TTepITITWonN Tou ingestion time dev
éxoupe ammwAeia output kaBwg To watermark 1TTou avartiBetal oTo stream dev BpioKel Kaveéva
emmopevo record Trou ptraivel oTto Flink va éxel timestamp< watermark . Auté oupBaiver d16T1I KGBe
record TTou pTtTaivel yéoa oto Flink Traipverl éva timestamp pe Tipn 10 current time Tou source
operator . AnAadn k&8¢ record TTou utTaivel oto Flink £xel To peyaAuTepo timestamp o€ oxéon pe
6Aa 1a uttéAoitTa records TTou £xouv Non uTTel oTo Flink . ZuveTtwg KAGBE record TTou PTTAIVE! £XEI
timestamp > watermark . Me autd Tov TpOTTO OEV ATTOPPITITETAI KAVEVA record TToU UTTaiVEl JEoa
oTo Flink wg out of order.

>¢ ingestion time AsiToupyei To TTEipapa Hag WOTOOO dEV XPNOIUOTTOINCANE QUTH TV
TTEPITITWON KABwG TO ingestion time dev €xel ammwAgia oToixeiwv povo otav 1o Flink diapader éva
stream (Source(1)). ZTn yevikr TTEPITITWON TTOU TO Source £xel TTapaAAnAia >1 €xoupe aTTwAEIa
OTOIXEIWV.
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KEDAAAIO 7:Filter

7.1 Neprypaen

210 filter BaCoupe wg input éva stream 1mou atroTeAeital ammdé 150.000.000 records.O1 TIYEG TwV
records ekivouv atréd 1o 1 kal gravouv Ta 150.000.000. K&6e record péaa oTo stream €xel
Movadikn TiPA. To kaBe record eival évag integer. To péyeBog Tou KABE record gival HIKPOTEPO
a1ré 10 bytes (kupaivetal ammd 1 péxpr 9 bytes avaloya pe Tnv Tiur Tou record).

To filter yevikd @iATpdpel records TTou TTANPOUV Pia ouykekpipévn auvenkn.lMNa To filter
oiegnyape Tpia meipdpata . Kai ota tpia meipduata meipdéape Tig peTaBAnTtég linger.ms kai
batch size Tou Kafka producer yia pyeyiototroinon tou throughput pe 1o otroio oTéAvovTal Ta
records otov Kafka broker kai até ekei katavaAwvovtal atrd 1a application Tou Spark kai Tou
Flink , Ta otroia Asitoupyouv wg Kafka consumers. ETriong 6mrwg Tpoava@épaue BprRkaue Tov
apIBuo Twv kafka partitions Tou inputstream yia Tov otroio To Spark kai 1o Flink (filter)
application €xouv 1o pIKpOTEPO latency o€ oxéon pe TRV TTOPAUETPO PETARBOAAG yIa TO KAOE
TTeipaua.

270 TTPWTO TrEipapa Kpataue otabepd 10 inputstream kai yetaBaAAoupe Tov apiBuod Twv cores
Kal Twv nodes Tou cluster. Ze auTtd 1o Treipapa To filter £xe1 selectivity 0.5 KaBwg o apIBPOS Twv
OTOIXEIWV TTOU €TTIAEyovTal €ival O HITGS aTtd Tov apIBPsd Twy OToIXEiwv Tou input stream. Z¢
auto 1o selectivity emAéyovTal records TTou TTAnpoUvV Tn ouvenkn: record mod 2==0. AnAadn
emAEyovTal records TTou diaipolvTal JUE TO 2.

Kpatwvtag otaBepd T0 input stream tpéxoupe 10 application Tou Spark kai Tou Flink yia To filter
oTa €¢n¢ set-ups. 5 nodes-16 cores , 4 nodes-8 cores, 4 nodes-4 cores . & 6Aa Ta set-up
éxoupe 4GB RAM vyia 1o driver Tou Spark kai Tov Job Manager Tou Flink avtioToixa ka1 4 GB
RAM vyia toug workers Tou Spark kai Toug Task Managers Tou Flink avtioTtoixa.

2710 deUTEPO TreEipapa Kpataue TTAAI 0TaBepd TO inputstream kail peTaBGAAOUpE TOV ApPIBUO TWV
cores kal Twv nodes Tou cluster aAAG auTh Tn @opa 1o filter éxel selectivity 0.33.%€ auto 1o
selectivity emAéyovTtal records TTou TTAnpoUv T cuvBnkn: record mod 3==0. AnAadn
eTTIAéyovTal records TTou dialpouvTal he 1O 3.
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270 TpiTO Treipapa diatnpouue oTabepd 1o setup Tou cluster (5 nodes-16 cores, 4GB driver,
4GB worker) kai eilcdyoupe d1adoxIKA TPEIG POPEG To idI0 input stream. KaBe gpopd
diagopoTrolgital To filter condition kai yia autd 1o Adyo petaBdaAAetal 1o selectivity.

7.2 AIATPAMMATA

Ta diaypdupaTa gival XwpIiopéva Pe BAon TNV TTOPAPETPO UETARBOANG.
210 SlaypdppaTa TTou akoAouBouv ouykpivoupe To Spark kai To Flink yia kd0e treipaua Tou

dieayoupe o€ oxéon pe 1o Moo sustainable throughput 1ToUu avagépaue o€ TTponyolpevo
kepahaio.To throughput petpiétal o€ records/sec .

Na Tov operator Tou filter N peTaBoAr Tou cluster €xel wg €€AG : 4 nodes-4 cores
4 nodes-8 cores
5 nodes-16 cores

7.2.1 CORES

10 Treipapa

2¢ autd 1o Treipapa Baloupue £va inputstream trou atroteAcital amd 150.000.000 records. To
output Tou filter operation civar 50.000.000 records dpa éxouue selectivity 0.33.

MeTaBdaAAoupe Ta cores (kal Ta nodes) Tou cluster.

Tiyéc via 1iC TTapapéTpouc Tou Kafka producer

To linger.ms éxel Tiuri 1000 ms yia 6Aa TIG HeTPAOEIS Kal To batch size Taipvel Sidpopeg TIPES
avaAoya ye Tov apiBud Twv nodes .Etriong diagopoTtroicital kai atrd 1o av 1o application eivai
Spark n Flink .
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2710 16 cores 10 batch size yia 1o application Tou Flink givai 2.000.000 bytes kai 0 apIBuog Twv
partitions Tou inputstream civai 110. Na 1o application Tou Spark 1o batch size €ivar 1.000.000
bytes kai 0 apiBudg Twv partitions Tou inputstream civai 30.

210 8 cores 10 batch size yia 1o application Tou Flink givai 4.000.000 bytes kal o0 apIBu6S Twv
partitions Tou inputstream civai 100. Na 1o application Tou Spark 3.000.000 bytes ka1 o0 apiBuég
Twv partitions Tou inputstream eivai 60.

210 4 cores 10 batch size yia 1o application Tou Flink givai 2.000.000 bytes kal o0 apIBuOS Twv
partitions Tou inputstream civai 20. Na 1o application Tou Spark 2.000.000 bytes ka1 0 apiBudg
Twyv partitions Tou inputstream civai 40.

Latency

2710 16 cores 710 latency yia 10 application Tou Flink gival 2,15 .INa 1o application Tou Spark 10
latency civar 2,14 .

2T1a 8 cores 710 latency yia 10 application Tou Flink givar 2,17 .I'a 1o application Tou Spark 10
latency civai 2,31 .

>T1a 4 cores T10 latency yia 10 application Tou Flink gival 2,15 .TNa 1o application Tou Spark 10
latency cival 2,34.

To didypappa armreikovilel To péoo sustainable throughput o cuvéptnon pe TN HETABOAR TWV
cores yia 1o Spark kai 1o Flink TTou £xel TpokUWel atré Ta TTapatmdvw latencies kai To apiBuo
TWV OTOIXEIWV Tou inputstream OTTwG éxoupe avagépel oTo 6.11.
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Fig. 28: Sustainable throughput for filter in both processing engines depending on the number of
cores

20 Treipapa

>¢ autd 1o Treipapa Baloupe To idI0 inputstream pe TO TTPONYoOUUEVO TrEipapa. To output Tou
filter operation €ivai 75.000.000 records dpa €xoupe selectivity 0.5.

MeTtaBdAAoupe Ta cores Tou cluster.

Tiyéc via 1iC TTapapéTpouc Tou Kafka producer

To linger.ms éxel Tiuri 1000 ms yia 6Aa TIG HeETPAOEIS Kal To batch size Taipvel SiGpopeg TIPES
avaAoya ye Tov apiBud Twv nodes .Etriong diagopoTtroicital kai atrd 1o av 1o application eivai
Spark n Flink .
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2T1a 16 cores 10 batch size yia 1o application Tou Flink givai 2.000.000 bytes kai 0 apiBuog Twv
partitions Tou inputstream civai 20. INa 1o application Tou Spark 1o batch size civai 3.000.000
bytes kai 0 apiBudC Twv partitions Tou inputstream eivar 100.

2T1a 8 cores 10 batch size yia 1o application Tou Flink givai 2.000.000 bytes kai 0 apIBuog Twv
partitions Tou inputstream civai 20. Na To application Tou Spark 2.000.000 bytes ka1 0 apiBudg
Twyv partitions Tou inputstream €ivai 40 .

2T1a 4 cores 10 batch size yia 1o application Tou Flink givai 3.000.000 bytes kai o0 apIBu6g Twv
partitions Tou inputstream civai 20. Na To application Tou Spark 3.000.000 bytes ka1 0 apiBudg
Twyv partitions Tou inputstream €ivai 80 .

Latency

2710 16 cores 710 latency yia 10 application Tou Flink gival 2,33 .INa 1o application Tou Spark 10
latency €ival 2,43 .

2T1a 8 cores 710 latency yia 10 application Tou Flink gival 2,39 .lNa 1o application Tou Spark 10
latency civair 2,53 .

2710 4 cores T10 latency yia 10 application Tou Flink givar 2,19 .INa 1o application Tou Spark 10
latency cival 2,38.

To didypappa armreikoviCel To péoco sustainable throughput oe cuvéptnon pe mn HETABOAR TwWV
cores yia 1o Spark kai 1o Flink TTou £xel TpokUWel atré Ta TTapatmdvw latencies kai To apiBuo
TWV OTOIXEIWV Tou inputstream OTTwG éxoupe avagépel oTo 6.11.
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Fig. 29: Sustainable throughput for filter in both processing engines depending on the number of
cores

ZXOAIOONOG

Mapatnpouue 611 10 Flink gival kaAUTepo atd 1o Spark . Autd o@eileTal aTO yeEYOVOG OTI TIPWTOV
10 Spark éxel blocking operators. Auto onuaivel 0TI TTPETTEI VO TTEPIMEVOUUE VO OAOKANPWOET
éva oT1ddio Tou operation yia va TTAPE OTO TTOMEVO. 'OTTWG QAIVETAI KOI OTNV TTOPAKATW EIKOVQ
TTPETTEI VA TTEPIMEVOUUE VA UTTOOTOUV repartition OAa ta records Tou batch yia va
TTpoxwprnoouue oTo filter.

~ Active Stages (1)

Stage Id Tasks: Shuffle Shuffle

v Description Submitted Duration Succeeded/Total Input Output Read Write

16 Streaming job from [output operation 0, batch time 15:56:30] 2020/04/14 5s 82.2 MB
repartition at DStream.scala:577 +details  (kill) 15:56:49

~ Pending Stages (1)

Stage Id ¥ Description Submitted Duration Tasks: Succeeded/Total  Input Output Shuffle Read Shuffle Write

17 foreach at kafkaconsumersparkfilter.scala:72 +details  Unknown Unknown 0/16

Fig. 30: H ocipd ekTéAeong Twyv stages Tou filter oto Spark Streaming
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To pending stage €ival To stage Tou filtering kai Trepiyével va oAokAnpwBei 1o active stage Tou
repartition Twv records.

AeUtepov ato Spark TTapdyovtal Sia@opeTiKd €idn RDDs ata diapopeTikG aTAdIa TOU
application 6TTwg @aiveTal kal 0TV TTAPAKATW €IKGVa TTou gival To Spark graph yia To filter.

Stage 4 Stage 5
repartition
kafka 0.10 direct stream [0] @ 21:48:30
@ 21:48:30
repartition

KafkaRDD [18]

createDirectStream at kafkaconsumersparkfilier scala:43

ShuffledRDD [22]

repartition at D3tream.scala:577

map & 21:45:30 l
A CoalescedRDD [23]
MapPartitionsRDD [19] repartition at DSiream.scala:577
map at kafkaconsumersparkfilter. scala:53 l
MapPartitionsRDD [24]

map @ 21:48:30 repartition at DStream.scala:577

\J

MapPartitionsRDD [20]
map at kafkaconsumersparkfilter scala:53

map @ 21:48:30

repartition v
@ 21:48:30 MapPartitionsRDD [25]

- map at kafkaconsumersparkfilter scala:61
repartition

A4

MapPartiticnsROD [21]
repartition at DStream.scala:577
filter @ 21:48:30

v

MapPartitionsRDD [26]
filter at kafkaconsumersparkfilter.scala:63

Fig. 31: DAG for filter operation

To Flink avTiBeta dev €xel blocking operators. AvtiBéTwg 10 Flink TTpowBei k&Be record TToU
épxeTal dladoxIkG o€ OAa Ta stages Tou operation uTté TNV TTPOUTTOBEaN OTI £X€I OAOKANPWOEI N
emegepyaaia Tou Tponyoupevou record. (chaining processing).

Ta o1ddia evog job Aeitoupyoulv oav aAuaida 6TTou KGBe oTAdIO TTaipVEl ETTITOTTOU records TTouU
EXEl €TTEEEPYOOTEI TO TTPONYOUHEVO OTABIO XWPIG VA TTEPINEVOUNE VO £XOUV UTTOOTEI £TTECEPYQTIQ
OUYKEKPIPEVOG apIBuog atro records (batch).

Aev TTapayel evdidueoa amoteAéopaTa (6TTwg Kavel To Spark e 1a evdidueca RDDs ) , 61Twg
Qaivetal kal oTo TTapakaTw Flink graph .
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Source: Custom Source -> Ti
mestamps/\Watermarks

Fig. 32: Flink Dataflow for filter operation

7.2.2 SELECTIVITY

3o meipapa

Z€ auTo To TrEipapa £xoupe éva aTtaBepod setup aTov cluster. O cluster atmmoTeAeital ammd 5 nodes

Kal 16 cores.

MeTaBdaAAoupe 10 selectivity Tou filter . To input stream atroteAcital ammdé 150.000.000 records.

REBALANCE

Map -= Filter -> Sink: P
rint to Std. Out

ATT6 10 10 input stream emAéyeTal T0 5% Twv oToIXEIwV (selectivity 0.05) , ammd 10 20

inputstream 10 33% TWV oToIXEIWV (Selectivity 0.33) kal aTTd TO 30 input stream eTmIAéyeTal TO
50% Twv oToIxeiwv (selectivity 0.5) . 210 selectivity 0.05 emAéyovral oToIXEIQ TTOU BIAIPOUVTAI

pe 10 20 dpa TTANPOoUV TNV guvlnkn : record mod 20==

Tiyéc via 1i¢ TTapapéTpouc Tou Kafka producer

To linger.ms éxel Tiufy 1000 ms yia 6Aa TIG peTPAOEIS Kal To batch size Taipvel SiGpopeg TIPES
avaAoya e 1o selectivity Tou filter .Etriong diagopoTroicital kal a1d 10 av 10 application givai

Spark n Flink .
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2710 selectivity 0.05 1o batch size yia 1o application Tou Flink €ival 1.000.000 bytes kai o
apIBuog Twy partitions Tou inputstream eivai 50 . Na 10 application Tou Spark 10 batch size ¢ivai
1.000.000 bytes kai o0 apiBu6S Twv partitions Tou inputstream eivai 40.

21a selectivity 0.33 10 batch size yia 1o application Tou Flink €ival 2 .000.000 bytes kai o
apIBPOG Twy partitions Tou inputstream eivail 110 . MNa 10 application Tou Spark 1.000.000 bytes
Kal 0 aplBuoGS Twy partitions Tou inputstream eivair 30 .

21a selectivity 0.5 10 batch size yia 1o application Tou Flink €ival 2.000.000 bytes ka1 0 apiBuég
Twv partitions Tou inputstream eivai 20. INa 10 application Tou Spark 3.000.000 bytes kai o
apIBUOG Twv partitions Tou inputstream eivar 100.

Latency

2710 selectivity 0.05 1o latency yia 1o application Tou Flink €ival 2,13 .INa To application Tou
Spark To latency eivai 2,08 .

>1a selectivity 0.33 70 latency yia 1o application Tou Flink givai 2.15 .INa 1o application Tou
Spark 10 latency civar 2.14.

21a selectivity 0.5 1o latency yia To application Tou Flink givar 2.33 .INa Tto application Tou
Spark To latency cival 2.43 .

To didypappa atreikovigel To oo sustainable throughput oe ocuvdptnon pe T PETaBOAN Tou
selectivity Tou filter operator yia 1o Spark kai 1o Flink TTou £xe1 TTpokUWel aTrd Ta TTOPATTAVW
latencies kai To apiBud Twv oToIXeiwy Tou inputstream 6TTWG £xoupe avagépel 010 6.11.
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Fig. 33: Sustainable throughput for filter in both processing engines depending on the selectivity
of the filter operator

ZXOAIAOHOG

MapaTtnpoupue 611 To Spark gival kaAuTepo oTo selectivity 0.05 , oplakd kaAuTepo oTo selectivity
0,33 ka1 xelpotepo oTo selectivity 0,5.

O Ab6yog yia Tnv diagopd ato performance peTacu Tou Spark kai Tou Flink Bpioketal oTov
limitation Tou network bandwidth Tou Flink .

To setup €ival 5 nodes kal 16 cores.['vwpifouue 0TI 600 augdvovTal Ta hodes 1o performance
Tou Flink Trepiopietal atrd 10 network bandwidth. Z1o filter dev £xoupe reshuffling Twv data pe
Baon 1o key (hash) agou To filter dev eival keyed operation. Apa o diadpopog oo Flink
XpnolyoTroigital yovo oo rebalance 6TTwg gaiveTal kal oTov TTapakaTw Flink graph. 21o
rebalance To inputstream éxeil id10 apIBUO OTOIKEIWV KAl OTIG TPEIG TTEPITITWOEIG selectivity kal
atro TN OTIYUA TTou £Xoupe idlo setup kal oTa Tpia selectivities o TTeplopIoOS Tou network
bandwidth eivar koivég. Qoatooo 10 limitation autd dev @aivetal oTo selectivity 0.5 . Auto
oupBaivel 01611 010 0.5 €ival apkeTd peyaAuTePo TO output oTTOTE 0 GYKOG TWV TTAPATTAVW
0edopévwy TTou TTPETTEI VA ypagouv £TTIoKIGZouv To limitation Tou network bandwidth. >ta
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selectivities 0.5 kai 0.33 @aiveral 1o limitation yiati pyeiwveTal To output Kai €101 TO Spark €xel
KaAuTepo performance atrd 1o Flink.

Source: Custom Source -> Ti Map -= Filter -> Sink: P
mestamps/\Watermarks rint to Std. Out

¥

REBALANCE

Fig. 34: Flink Dataflow for filter operation

KEDAAAIO 8: Aggregate by key

8.1 Neprypapn

To aggregate by key spapudletal o€ streams 1Tou €xouv records ThG HOPYPNG
(key, value) ka1 n Asitoupyia Tou €ival va TTPOCBETEN TIG TIMEG TwV records TTou €X0UV KoIVO
KAEIDI.

210 aggregate by key Bdafoupe wg input £va stream 1mou atroteAeital ammé 100.000.000 records.
To inputstream £xel records Tng pop@Ag (value). K&Be record cival évag integer . To péyebog
TOU KABO¢ record gival pIKpOTEPO 1) ioo Twv 3 bytes(avaAoya pe Tnv Tiun Tou record). H Tiur Tou
KAO¢ record avAkel o€ £va dIAOTNUA OKEPQIWY TIMWVY TTOU 0pifoUlE EPEIS KABE Qopd.
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To apxiké inputstream e records TnG pop@ng (value) repvdel atrd €vav map operator 61Tou 0TO
output k&Be record £xel petatpatrei o€ (value, 1) . Me autov T0 TPOTTO £XOUNE PETATPEWEI TO
OapXIKO stream o€ €va stream pe records TnNG HopPns (key,value) kai £T01 UTTOPEI VO EQAPUOOTEI
TO aggregate by key.

21NV TepiTrTwon pog £xoupe éva sliding window 20s e sliding interval 10s. Apa 1o aggregate
by key e@apudletal o€ records TTou avikouv oTo idlo window . ETreidn éxoupe sliding interval
MIKpOTEPO aTTd TO Window size , Ta windows aAANAOETTIKOAUTITOVTAI Kl €T01 TO output Tou K&B¢
window utroAoyileTal Je records TTOU AVAKOUV KAl O€ TTpoNyoUHEVO Kal € TTOPEVO window.To
aggregate by key otnv TTepiTTwon Pag gival time-based operation .

AleEdyoupe Tpia Treipduarta. Kai ota Tpia Treipduarta Teipdgaue TG HETARANTEGS linger.ms Kai
batch size Tou Kafka producer yia peyiototmroinan tou throughput pe 10 otroio oTéAvovTal Ta
records otov Kafka broker kai atré ekei karavaAwvovTal atrd Ta application Tou Spark kail Tou
Flink , Ta otroia AeitoupyouUv wg Kafka consumers. ETriong 60TTwg Trpoava@Eépape Bprkaue Tov
apiBuod Twv kafka partitions Tou inputstream yia Tov otroio 1o Spark kai To Flink application
£€xouv To JIKpOTEPO latency o€ axéan pe TNV TTAPAPETPO JETARBOANG YIa TO KABE TrEipapa.

270 TTPpWTO Treipapa diarnpoulue oTabepd To setup Tou cluster (5 nodes-16 cores, 4GB driver,
4GB worker) kai eiodyoupe dladoxIkd Téooepa input streams pe id10 apiBud oToIxEiwy Kai
S10QOPETIKO apIOUO KAEISIWYV.

2710 deUTEPO TrEipaApA KpaTApE aTABEPS TO inputstream kai peTaBGAAoupe Tov apiBuod Twv cores
kal Twv nodes Tou cluster. KpatwvTtag o1abepd 1o input stream Tpéxoupe 1o application Tou
Spark kai Tou Flink yia 10 aggregate by key ota €€n¢ set-ups. 5 nodes-16 cores , 4 nodes-8
cores, 4 nodes-4 cores, 2 nodes-2 cores . & 6Aa T1a set-up £€xoupe 4GB RAM yia 1o driver Tou
Spark kai Tov Job Manager tou Flink avticToixa kai 4 GB RAM yia Toug workers Tou Spark kai
Toug Task Managers Tou Flink avTioToixa.

270 TpiTO Treipapa kpatdue oTabepd 1o inputstream kai petaBaAAoupe Tov apiBud Twv cores
Kal Twv nodes Tou cluster.AutA Tn @opd 10 inputstream €xel random karavop.KpatwvTag
o1aBepd To input stream TpExoupe To application Tou Spark kai Tou Flink yia To aggregate by key
oTa €€Nn¢ set-ups. 5 nodes-16 cores , 4 nodes-8 cores, 4 nodes-4 cores, 2 nodes-2 cores . ¢
O0Aa Ta set-up £xoupe 4GB RAM yia 1o driver Tou Spark kai Tov Job Manager Tou Flink
avTioToixa kal 4 GB RAM yia Toug workers Tou Spark kai Toug Task Managers Tou Flink
avTioToIXa.
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8.2 T eivai To trigger oto Flink

To trigger kaBopiel TToTe TTPETTEl €va window oTo Flink va apyioel va uttoAoyilel Ta
atmroteAéopaTa Tou window operation . ‘Eva trigger yia Trapadeiypa ptropei va utroloyiel 1o
atroTéAecpa Tou window operation 6tav ytrouv péoa ato window 100 oToixeia.

2710 aggregate by key éxoupue éva window 20s kai éva sliding interval 10s .To trigger yia va
uttoAoyioTei To window aggregate yiveral 0tav yéoa oto window UTTApXOUV records Ta OTToix
é€xouv idlo key kai dpa uTTopei va yivel aggregate by key .

8.3 AIArPAMMATA

lNa 10 aggregate by key o€ kB¢ Treipapa peTaBaAletal pia mapdueTpog. Ta diaypdupaTa gival
Xwplopéva pe Bdon TNV TTAPAUETPO METABOAAG.

210 SlaypdupaTa TTou akoAouBoUv guykpivoupe To Spark kai To Flink yia kd0¢ treipaua Tou
o1e€ayoupe o€ axéon Pe 1o Héoo sustainable throughput TToUu avagépaue og TTponyoUupevo
Ke@aAaio.To throughput petpiétal o€ records/sec .

MNa Tov operator Tou aggregate by key n petafoAr Tou cluster éxel wg €€RG : 2 nodes-2 cores
4 nodes-4 cores
4 nodes-8 cores
5 nodes-16 cores

8.3.1 Number of keys
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10 Treipapa

2€ auTo To Treipapa £xoupe éva oTtaBepod setup aTov cluster. O cluster atmmoTeAcital ammd 5 nodes
Kal 16 cores.

Otmrwg TTpoavagépape 1o inputstream oT1o aggregate by key £xel records NG pop®Ag (value) kai
N TIKNA Tou value Traipvel TIHEG atod éva eUPOG AKEPAiIWV apIBUWY TTou gleig opifoupe . MeTd 1O
map operation 10 stream éxel records TnG pop@rg (value,1) 61Tou TO value €ival To KA€IDI .

MeTaBdaAAoupe Tov apiBOpé Twv KA&ISIwY Tou inputstream . To TpwTo input stream €xel kKA€1dIG

TTOU TTaipvouV TIPEG aTTo éva €UPOG 4 aképalwv apiBuwy, To deuTePO input stream €xel 10 KAEIDIG
,TO TpiTO stream €xel 50 kA€1dI1& Kal To TETAPTO stream £xel 100 kKA€1d14.

Tiyéc via 1ic TTapapéTpoucg Tou Kafka producer

To linger.ms £xel Tiufi 1000 ms kai 7o batch size éxel Tipr} 1.000.000 bytes yia 6Aeg TIg
METPNOEIG.

2T1a 4 keys yia 10 application Tou Flink o apiBudg Twv partitions Tou inputstream €ivai 60. Na 1o
application Tou Spark o apIBudg Twv partitions Tou inputstream eivair 10.

2710 10 keys yia 10 application Tou Flink o apiBuég Twv partitions Tou inputstream civai 90 . MNa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream eivar 30 .

21a 50 keys yia 10 application Tou Flink o apiBuég Twv partitions tou inputstream civai 70 . MNa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream ivar 30.

2T1a 100 keys yia 10 application Tou Flink o apiBudg Twv partitions Tou inputstream civar 90. MNa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream civai 30.

Latency

21a 4 keys 710 latency yia 1o application Tou Flink €ivai 1,35 .INa 1o application Tou Spark 1o
latency civai 1,14 .
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21a 10 keys 710 latency yia 1o application Tou Flink €ivai 1,35 .INa 1o application Tou Spark 1o
latency eivail 1,14 .

>1a 50 keys 10 latency yia 1o application Tou Flink givar 1,40 .INa 1o application Tou Spark 10
latency civar 1,20.

21a 100 keys 710 latency yia 1o application Tou Flink eivar 1,35 .INa 1o application Tou Spark 1o
latency civar 1,18.

To diaypappa armreikoviCel To péoco sustainable throughput oe cuvéptnon pe mn HETABOAR TwV

KA€1B1LWV Tou inputstream yia 1o Spark kai 1o Flink TTou £xel TrpokUWel atmd Ta TTapaTmavw
latencies kai To apiBud Twv oToIXeiwy Tou inputstream 6TTWG Exoupe avagépel 010 6.11.
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Fig. 35: Sustainable throughput for windowed aggregate by key in both processing engines
depending on the number of keys .

ZXOAIAONOG

Mapartnpoupue 611 To Spark gival kKaAUTepo atrd 1o Flink .
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H popor Tou 1ou inputstream civai:

for i=1 to 100.000.000

Record = random. nextint(4)

AnAadn 1o record TTaipvel TIuA aTtd 1 YEXP! 4 a€ TUXaia KaTavoun.

210 uTTOAOITTa KAEIBIG N KATAVOWN €ival Kal auTr random.

Mepiypaen Flink graph

270 Flink Ta dedopéva agou katavéuovTal oTa partitions Twv nodes pe round-robin TpATTO 0TNV
OUVEXEID UQioTavTal avakatavour ota partitions Twv nodes pe Baon 1o KA€1Si (hash) TpoTou
yivel To aggregate by key . Apa 10 data shuffling eival ekreTapévo.

Window{SlidingProcessing TimeWi

LI . 1 ndows( 20000, 10000), Processin
So.;_l-;;;ln:;sh?ﬁfg.&c;k-; 3 o Flat Map gTimeTrigger, SumAggregator, P
' e REBALANCE '| HATH eesThroughWindowFunction) ->

| ; Sink: Print to Sid. Out

Fig. 36: Flink Dataflow for aggregate by key operation

To data shuffling oto o1ddI0 TOU hash cival ekteTapévo Adyw Tou yeyovAaTOG OTI Ol KATOVOUEG
Twv streams eival random (1Tou onuaivel 611 n mMBavéTnTa o€ éva partition va éxoupe TTOAAG
records pe 10 idl0 key €ival PIkpr) ,TTPOKEIUEVOU Va Yivel TO aggregate by key) kal Adyw Tou 0TI TO
key €xel éva dimension. Na dedopévo péyebog input stream 60 pIkpOTEPO €ival To dimension
Tou key 1600 augdvetal 0 aplBuog Twv records pe Koivé key. Autd onuaivel 4TI augaveTtal To
MéyeBog Tou aggregate by key operation kal cuvettwg 10 data shuffling.
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Tree aggregate -tree reduce

To Spark uAoTroigi éva tree aggregate tree reduce pattern 1o o1r0io akoAouBei To mapreduce
HovTéAo kal eAaxioTotrolei To communication kai To data shuffling.

ApXIKG OAa Ta e1I0€pXOUEVA OTOIXEIO KATAVEUOVTAI OTOUG executors . ZTn ouvéxela ol executors
ekTEAOUV map operation . ¢ auTtd To operation eKTOG ToU OTI HETATPETTOUV Ta records atrd
(value) oe (value,1) TTpokeiuévou va ekTeAEOTEN TO aggregate by key o€ eméuevo oT1ddio,
avTOAAGOOUV PETAEU TOUG KATTola records TTpokeIgévou Ta records Tou KABe executor va
opadoTtroinBouv o€ buckets pe Bdon 1o KA€1di. Me autd Tov TpOTTO EAaxioToTrolEiTal TO data
shuffling kaBbwg¢ éxoupe avraAAayr] Aiywyv oToIxEiwv JETALU TWV executors.

2710 TeAeuTaio oTddIO O reducer(aggregate by key ) kavel fetch buckets Tou stream TTou éxouv
KoIva KAEIBIA yia va ekTeAéoel TO aggregate by key . Ta parallel reduce tasks dev €TTIKOIVWVOUV
METAEU TOUG KOBWG KABE task €xel Ta CWOTA GTOIXEIQ yIa TNV EKTEAECN TOu aggregate by key. Mg
QuTO TOV TPOTTO EAAXIOTOTTOIEITAI KOI TO communication

Hash Based Shuffle - Shuffle Writer

- Consolidate Shuffle Writer

Shuffie write

Shuffle fetch

Each bucket is mapping to a segment of file

Fig. 37: Tree aggregate-tree reduce pattern
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8.3.2 CORES

20 Treipapa

input stream: 100.000.000 records
Output: (199, 50.000.000)

(200, 50.000.000)

(201, 50.000.000)

(202, 50.000.000)

MeTaBdAAoupe Ta cores (kail Ta nodes) Tou cluster.

Tiyéc via 1ic TTapapéTpoucg Tou Kafka producer

To linger.ms £xel Tiufi 1000 ms kai 7o batch size éxel Tipr} 1.000.000 bytes yia 6Aeg TIg
METPNOEIG.

2710 16 cores yia 1o application Tou Flink o apiBudg Twv partitions Tou inputstream eivail 50. Na
10 application Tou Spark o apiBudg Twv partitions Tou inputstream civai 10.

210 8 cores yia 1o application Tou Flink o apiBuég Twv partitions Tou inputstream eival 50 . Na
10 application Tou Spark o apiBudg Twv partitions Tou inputstream eivai 10 .
210 4 cores yia 1o application Tou Flink o apiBuég Twv partitions Tou inputstream eival 20 . MNa

10 application Tou Spark o apiBudg Twv partitions Tou inputstream civar 10.

2710 2 cores yia 1o application Tou Flink o apiBudg Twv partitions Tou inputstream eivai 70 . MNa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream civai 20.

Latency

2T1a 16 cores 710 latency yia 10 application Tou Flink gival 1,33 .INa 1o application Tou Spark 10
latency civai 1,23 .
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2T1a 8 cores 710 latency yia 10 application Tou Flink givar 1,32 .INa 1o application Tou Spark 10
latency civar 1,25.

2710 4 cores T10 latency yia 10 application Tou Flink givar 1,40 .INa 1o application Tou Spark 10
latency civar 1,24 .

2T1a 2 cores 710 latency yia 1o application Tou Flink givar 1,33 .IMNa 1o application Tou Spark 10
latency civai 1,53 .

To didypappa armeikovilel To Péoo sustainable throughput o cuvéptnon pe TN HETABOAR TWV

cores yia 1o Spark kai 1o Flink TTou £xel TpokUWel atrd Ta TTapatmdvw latencies kai To aplBuo
TWV OTOIXEIWV Tou inputstream OTTwG €xoupe avapépel oTo 6.11.
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Fig. 38: Sustainable throughput for windowed aggregate by key in both processing engines
depending on the number of cores.

ZXOAIAOHOG

Mapartnpouue o011 To Spark €ival kaAUuTepo atrd 10 Flink . Autd ogeileTal oTo data skew.

H popor Tou inputstream civai:

For i =199 to 201
For j=1 to 25.000.000
Record =i

To Flink petd 10 apxikd rebalance 1mou Ta oToixeia Xwpifovtal ye round-robin 1poTTO OTA
partitions,oTn ouvéxela avakataveigel Ta oToixeia avaioya ye 1o key (hashing ) yia va
TTPoOXwWpPnoel oTo aggregate by key OTTwg QaiveTal oTnv TTAPAKATW EIKOVA.

I frm—— Window{SlidingProcessing TimeWi

dows( 20000, 10000), Procassin
Sowrce: Custom Sowrce - Ti = ] m i !
A o Flat Map » gTimeTrigger, SumAggregator, P
metsmpe/ et i neaLance | | a5sThrcugh'n'|'ind:r~'-Eun|:;i:|n] =
| J ; Sink: Print o Std. Out

Fig. 39: Flink Dataflow for aggregate by key operation

2710 agT1ddIo Tou hashing 10 Flink xavel TToAU xpdvo kaBwg¢ Adyw TnG OOUNAG TTou £XEl TO stream
,0T0 hashing 1Tpétrel va otaAouv 6Aa Ta oToixeia Twv partitions o¢ €va partition yia va yiver 1o
aggregate. Auto cupBaivel yiaTi Ta oToIxEia Tou stream €xouv idio key kail To key autd aAAdlel
a@oTou £xouv diapaoTei 25.000.000 oToixeia. Na autd 1o Adyo 1o input stream Bewpeital
skewed. Otav ptraivel To kaivoupio key £xel dN UTTOAOYIOTE TO aggregate yia TO TTPONYOUUEVO
key.
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Aoyol yia Tn diagpopd oTo performance

‘Evag Adyog yia Tnv diagopd aTto performance PeTafu Tou Spark kai Tou Flink BpiokeTal aTov
TPpOTTO e Tov o1roio TO Flink TTpaypaToTrolei aggregations .To Flink xpnoiyoTtrolci éva task slot
yla K&Be operator instance. Otav Ta data eivalr skewed (TTou onpaivel 611 xpeialoval
avakartavopun) 1o Flink og ToAAG TTapAdAANAa instances Tou aggregate (k&Be instance
uAoTroicital o€ €va slot) uhoTrolei avakaTavour dedoPEVWV TTPOKEINEVOU va £pBouV T CWOTA(
QuTA TTOU €X0UV KOIVA keys) kal va yivel To aggregate by key.

To Spark avtiBeTta uloBeTei £va tree aggregate kai tree reduce communication pattern yia va
eAayloToTroijoel To communication kai To data shuffling.

Télog TTapatnpouue 611 oTo setup Twv 2 nodes 1o Flink €xel kaAUTepo performance atréd 1o
Spark. To Spark douAeUel e blocking operators. Oco peiwvovTal Ta nodes Tou cluster , autdg o
TTEPIOPIOUOG YiIVETAI KUpiapxog TTapdyovTag oTn diapopewaon Tou latency.

3o Treipapa

input stream: 100.000.000 records
Output:(0,20008996)
(1,19989244)
(2,19996056
(3,20003930
(4,19991746
(5,19999004
(6,20012146
(7,19994890
(8,19991110
(9,20012878

~— — S N N S~ '

MeTaBdaAAoupe Ta cores (kal Ta nodes) Tou cluster.

Tiyéc via TiIc TTapauérpouc Tou Kafka producer
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To linger.ms £xel Tiuri 1000 ms kai 7o batch size éxel iy 1.000.000 bytes oxedov yia OAeg TIg
METPNOEIG.

2710 16 cores yia 1o application Tou Flink o apiBudg Twv partitions Tou inputstream eivail 50. INa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream civai 40.

2T1a 8 cores yia 1o application Tou Flink o apiBudg Twyv partitions Tou inputstream ivar 100 . MNa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream eivair 10 .

210 4 cores yia 1o application Tou Flink o apiBuég Twv partitions Tou inputstream eivail 70 . MNa
10 application Tou Spark o apiBudg Twv partitions Tou inputstream civar 30.

2T1a 2 cores yia 1o application Tou Flink To batch size €ivai 2.000.000 bytes, o apIBuog Twv

partitions Tou inputstream civai 80 . Na 1o application Tou Spark o apIBudg Twv partitions Tou
inputstream eivai 20.

Latency

2710 16 cores 710 latency yia 10 application Tou Flink givair 1,34 .INa 1o application Tou Spark 10
latency cival 1,16.

2T1a 8 cores 710 latency yia 10 application Tou Flink givar 1,34 .TNa 1o application Tou Spark 10
latency civar 1,17.

210 4 cores 710 latency yia 10 application Tou Flink givar 1,33 .lNa 1o application Tou Spark 10
latency €ival 1,18 .

2T1a 2 cores T0 latency yia 1o application Tou Flink givar 1,34 .I'a 1o application Tou Spark 10
latency civai 2,02 .

To diaypappa artreikovilel To Péoo sustainable throughput g ouvdptnon pe Tn HETABOAR Twv
cores yla 1o Spark kai 1o Flink 1Tou €xel TrpokUWel atrd Ta TTapatrdvw latencies kai To apiBuo
TWV OTOIXEIWY Tou inputstream OTTWG £xouue avagpépel 010 6.11.
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Fig. 40: Sustainable throughput for windowed aggregate by key in both processing engines
depending on the number of cores.

ZXOAIAON6G

Mapartnpouue 611 To Spark gival kKaAUTepo atrd 1o Flink .
H popon Tou inputstream civaui:

for i=1 to 100.000.000

Record = random. nextInt(10)

AnAadn 1o record Traipvel Ty o1to 1 yéxpr 10 o€ Tuxaia Katavour). ‘Exel 6éka KAEIDIA.
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2710 Flink Ta dedopéva agou katavépovTtal ota partitions Twv nodes pe round-robin Tpd1TO OTHV
OUVEXEID UQioTavTal avakaTavoun ota partitions Twv nodes pe Baon 1o KA€1Si (hash) TpoTou
yivel To aggregate by key . Apa 10 data shuffling eival ekteTapévo.

| n 1 'ﬁ'lijnd:rﬁéﬁnlli:::llziggﬁ'ﬁaﬁgg'!irr-e-'g.fu'i
| e E e Ti A ndows(20000, I. Processin
SD'.},;;E{;E?E&?;};;‘; L | FlatMap | gTimeTrigger, E..mﬁggre-g_atqn P
' o REBALANCE | 1 Be5 ThroughWindowFunclion) -=
; Sink: Print to Std. Out

Fig. 41: Flink Dataflow for aggregate by key operation

To data shuffling oto oTddI0 TOU hash cival ekteTapévo kar Adyw Tou yeyovdTog 0TI N KaTavoun
Tou stream eival random (1Tou anpaivel 611 N MOavoeTnTa o€ £va partition va éxouue TTOAAG
records pe 1o idl0 key €ival YIkpr] ,TTPOKEIEVOU Va Yivel TO aggregate by key) kal 6To yeyovog OTl
10 key €xel éva dimension. Na dedopévo Péyebog input stream 600 PIKPATEPO €ival To
dimension Tou key 1600 augdveTal 0 apIBUOG Twv records pe Koivéd key. Autd onuaivel 6T
augavetal To péyeBog Tou aggregate by key operation kal cuvettwg 1o data shuffling.

To Spark 6TTw¢ TTpoavagépape uhoTtrolei éva tree aggregate tree reduce pattern 1o otroio
MEIWVEI KaTA TTOAU TOV OYKO TwV OEDOUEVWY TTOU TTPETTEI VA HETAPEPBOUV YEGW TOU DIKTUOU .

TéAog TTapatnpoupue o1l oTo setup Twv 2 nodes 1o Flink €xel kaAuTepo performance atrd 10

Spark. To Spark douAeUel e blocking operators. Oco peiwvovTal Ta nodes Tou cluster , autédg o
TTEPIOPIOUAG YIVETAI KUPiIapXOg TTapdyovTag oTn diaudpewaon Tou latency.
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KEDAAAIO 9: Window join

9.1 Neprypaen

2710 window join TTaipvoupe dU0 TTEQITITWOEIG. Z€ KABE TTEPITITWON BIEEAyoUE Tpia TTEIpdUaTA.

H mrpwTn mepitrTwon mepiAaupavel input streams pe one-dimension key.H dg0Ttepn
mwepimTwon epIAapBavel input streams pe two-dimension keys. To join déxetal wg input dUo
streams.

H mpwTn mrepiTrTwon pe tn de0Tepn dev gival CUYKPIOIPES KOBWGS av o€ éva TTeipaua
peTaBdaAAoupue pévo 1o dimension Tou key Twv guvoAikwy input streams (dBpoicua Twv dUo
input streams 1Tou déxeTal TO join wg input) Ba TpéTTel va diaTnpnBei oTaBepds 0 apIBUOS TwV
oToIXEiWwV Kal To selectivity. 2Tn dIKA PHag TTEPITITWON Ta GUVOAIKA input streams e dIOQOPETIKO
dimension oTo key ,éxouv idIo selectivity aAAG dIAQOPETIKO apIBUO OTOIXEIWV.

9.2 NpwTn TrePITITWON

H mpwTn mepirTwon mepiAaupavel input streams pe two-dimension keys. 21n mpwTn
TepITITwon éxoupe éva tumbling window didpkelag 2.30 AeTTTWV.

H mpwTn mrepitrTwon mepiAaupavel input streams pe two-dimension keys. ‘Exoupe éva
tumbling window didpkeiag 2.30 Aetrtwv kai U0 input streams pe records TG HOPYRG
((key1,key2),V) ka1 ((key1,key2), W) avtioToixa .EmoTpépeTal wg output Tou join £va stream
pe records TnG popens ((key1,key2), (V,W)) é1rou yia 1o k@Be key((key1,key2)) £xoupe GAoug
TOUg duvaToug ouvduaopoug (V,W) .

>1a input streams 10 key1 cival évag Integer, 1o key2 e1miong évag Integer kai 10 value éva
String. To péyebog Tou KABE record eival MIKPOTEPO N ico atrd 40 bytes.

To join epappdleTal TTAVW o€ records Twv dUo input streams TTou avrikouv oT1o id1o window. Ta
records avikouv pévo o€ éva window kaBuwg 1o window gival tumbling kai €101 dev
aAAnAoeTTIKAAUTTTOVTAI TA Windows.
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Ale€dyoupe Tpia TTeipduata. Kai ota Tpia Teipduara eipdeape TI JeTaBANTEG linger.ms Kail
batch size Tou Kafka producer yia peyiototroinon tou throughput pe 10 otroio oTéAvovTal Ta
records atov Kafka broker kai amré ekei katavaAwvovTal atrd 1a application Tou Spark kai Tou
Flink , Ta otroia Asitoupyouv w¢ Kafka consumers. ETriong 0TTwg TTpoava@Epape BprKape Tov
ap1Buo Twv kafka partitions Twv dUo inputstreams yia Tov otroio To Spark kai 1o Flink aTo join
application éxouv 10 pIKPOTEPO latency o€ oxéon Pe TV TTAPAUETPO METABOAAG yia To KABE
Teipaua.

270 TTPpWTO TrEipapa Kpataue otabepd Ta dUo input streams pe selectivity 0.8 kai
MeTaBAaAAoupe Tov apIBusd Twyv cores Kal Twv nodes Tou cluster. OTTwg TTpoavagEpape ,6Tav
Aépe 6T £xoupe selectivity 0.8 evvooupe 611 atrd Tov oUVOAIKO apIBud Twv records Twv 600
streams emAéyeTal To 80% auTtwyv Twv records yia va eQapuooTEi TTvw TOUG TO join .
KpatwvTtag otaBepd Ta dUo input streams Tpéxoupue 10 application Tou Spark kai Tou Flink yia 10
window join oTta €&n¢ set-ups. 5 nodes-16 cores , 4 nodes-8 cores, 4 nodes-4 cores . 2 OAa Ta
set-up éxoupue 8GB RAM yia 1o driver Tou Spark kai Tov Job Manager tou Flink avtioToixa kai 6
GB RAM yia toug workers Tou Spark kal Toug Task Managers Tou Flink avtioToixa.

2710 deUTEPO TrEipapa Kpataue TTAAI oTabepd Ta dUo input streams kail peTaBadAAoupe Tov
apIBuo Twv cores Kal Twv nodes Tou cluster aAAG auTh Tn @opd& To cuvoAIKS input stream
(dBpoicpa Twv dUo input streams) €xel selectivity 0.6.

270 TpiTO Treipapa diatnpouue oTabepd To setup Tou cluster (5 nodes-16 cores, 8GB driver,
6GB worker) kai eicdyoupe diadoxIka Tpia ouvoAIKd input streams (GBpoioua Twv dUo input
streams TTou &éxeTal TO join) e idI0 apiBud oToixeiwv Kal dlapopeTikd selectivity.2T10 join,

record Bewpeitail To tuple.

9.3 AcUTeEpn TTEPITITWON

H deuTtepn mrepimrwon mepiAaufaverl input streams pe one-dimension key. ‘Exoupe éva
tumbling window didpkeiag 2 AeTrTwov kal U0 input streams pe records Tng pop@rs (key,V) kai
(key, W) avTtioToixa .EmioTpé@etal wg output Tou join éva stream pe records TnNG HOPYNG

(key, (V,W)) 610U yIa TO KGBE key £xoupe GAoug Toug duvaToug ouvduaopoug (V,W) .

>1a input streams o€ kKdB¢ record 10 key cival évag Integer kai To value éva String. To péyebog
TOU KGB€ record eival hIKpOTEPO 1) i00 aTTd 38 bytes.
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To join epapudleTal TTAvVwW o€ records Twv dUo input streams 1Tou avriikouv oTo id10 window. Ta
records avikouv povo o€ éva window kaBuwg 1o window eival tumbling kai é1o1 dev
AAANAOETTIKOAUTTTOVTAI T Windows.

AleEayoupe Téooepa Treipdpata. Kal oTa TECOEPA TTEIPAUATA TTEIPGEAUE TIG ETAPRANTEG
linger.ms ka1 batch size Tou Kafka producer yia peyiototoinon Tou throughput e 1o otroio
oTéAvovTal Ta records oTov Kafka broker kai atréd ekei karavaAwvovTal ammd Ta application Tou
Spark kai Tou Flink , Ta otroia AcitoupyoUv w¢ Kafka consumers. ETTiong 61Twg TTpoava@Epape
Bprkape Tov apiBud Twv kafka partitions Twv dUo inputstreams yia Tov otToio To Spark kai T0
Flink oTo join application £€xouv 10 HIKpOTEPO latency ae oxéon Ye TNV TTAPAPETPO PETABOARG yia
TO KAB¢e TTEipAA.

270 TTPpWTO TrEipapa Kpataue otabepd 1a dUo inputstreams pe selectivity 0.8 kai
peTaBaAAoupe Tov aplBPs Twy cores Kal Twv nodes Tou cluster. Otav Aéue 611 €xoupe selectivity
0.8 evvooupe 611 0 Adyog Tou aBpoicuaTOg TwV records Tou TTPWTOoU stream Kal Twv records
Tou BeUTEPOU stream TTOU £xouv PETAEU TOUG KOIVA KAEIBIA (TA records Tou TTPWTOU JE Ta records
TOU OEUTEPOU) TTPOG TOV CUVOAIKS apiBud Twv records Twv duo input streams eivai 0.8.

KpatwvTag otaBepd Ta duo input streams Tpéxoupe 10 application Tou Spark kai Tou Flink yia 10
window join o1a €€n¢ set-ups. 5 nodes-16 cores , 4 nodes-8 cores, 4 nodes-4 cores . 2 OAa Ta
set-up éxoupe 8GB RAM yia 1o driver Tou Spark kai Tov Job Manager Tou Flink avtioToixa kai 6
GB RAM yia toug workers Tou Spark kai Toug Task Managers Tou Flink avtioToixa.

2710 SeUTEPO TrEipaApa KpaTtdaue TTAAI 0Tabepd Ta dUO input streams kai petafdAAoupe Tov
apIBPo TwV cores Kal Twv hodes Tou cluster aAA& auTr TN @opd To GUVOAIKO input
stream(&dBpoiocua Twv duo input streams) €xel selectivity 0.6.

270 TpiTO Treipapa diatnpouue oTabepd 1o setup Tou cluster (5 nodes-16 cores, 8GB driver,
6GB worker) kal eicdyoupe dladoxIka Tpia CUVOAIKA input streams (GBpolopa Twv duo input
streams 1Tou &éxeTal TO join) pe idI0 apIBUG oToIxEiwv Kal dlaopeTikd selectivity.

270 TéTapTo TEipapa diatnpoupe otabepd To setup Tou cluster (5 nodes-16 cores, 8GB driver,
6GB worker) kal eicdyoupe dladoxIka Tpia ouvOAIKA input streams (GdBpolopa Twv duo input

streams 1Tou &éxeTal TO join) e idI0 apiBud oToixeiwv Kal diaopeTikd selectivity. Ta cuvoAika
input streams 1TOU €l0GYOUE £XOUV random KATAVOWR.

9.4 EmiAoyn window size TrpoKeIgévou va pnv utrapyxel atrwAegia output oto Flink
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ApXIKG kavape TTeipdpata oTo join pe window size 10s kai oTnv TEPITITWON OTTOU TA input
streams €xouv one-dimension key Kal oTnv TTEPITITWON OTTOU Ta input streams €xouv
two-dimensional key. QoTéc0 TTaparnprioape o1 Kal oTIG dUO TTEPITTTWOEIS To Flink €ixe
MIKpOTEPO output o€ oxéon ue 1o output oTto Spark Streaming. Eixape dnAadn amwAeia output
oT1o Flink . Autd ogeileTal aTtov TpdTTO TTOU AciTtoupyei To Flink o axéon ue Ta
windowed-operations.

To Flink cuykekpigéva ato window join , kKavel join o€ 800 streams TTou BpickovTal €A OTO
id10 window. "Otav apyicel éva window pTraivouv péoa oToixeia Kal atro 1a dUo streams péxpl va
TeAeloel To interval Tou TpéxovTog window. Ta eTTOEVa OTOIXEIO PTTAIVOUV O€ ETTOPEVO window.
To join avapeoa oe duo streams yiveral yia 600 Xpovo diapkei To window interval. Otav
gekivrioel kaivoupio window n dladikagia ekkIvei aTTd TNV apxn Kai yiveTal join JeTagl oToixEiwv
TwV OUO input streams 1TOU £X0UV UTTElI 0TO dEUTEPO Window. Edv Tn oTIiyur TTou &ekivd To
0eUTEPO window dev £xouv TTPOAGRBEI va UTTOAOYIOTOUY joins aToIXEiwV aTTd TO TTPWTO window
Oev Ba utToAOYIOTOUV TTOTE KABWGS XPOVIKA £XOUME UTTEI OTO £TTOMEVO window. AnAadh Ta
transformations ekteAoUvTal pévo evrég Tou window interval . Na autd oTo window join
éxoupe ammwAeia output. To join gival Bapu operation kai XpeIAZeTal apkeTd XpOVo yia va
uttohoyioTei. Edv péoa oto window interval &ev éxouv TTpoAdBel OAa Ta aToixeia Tou window pe
KoIva KAEIBIG va yivouv joined TOTe éxoupe atrwAela output kKaBwg pe TN ANEN Tou interval TTaue
OTO €TTOUEVO window Kal OTOUATAEI N ETTEEEPYaTia Tou TTponyoUupevou window .

210 Spark streaming dcv £xoupe auTo TO TTPORANUA KABWG TTEPIUEVOUPE VO OAOKANPWOEI N
emmegepyaaoia Tou KABe window Kai HeTd TTAPE OTNV €TTeCepyaaia Tou eTTOPEVOU window.AnAadn
TTEPIMEVOUPE VO OAOKANPWOEI TO join yia To KGBe window Kal JETA TTAPE OTO ETTOPEVO OTTWG
Qaiveral kal aTnv TTapakdtw eikova. (To batch size Tautietal pe 1o window size oTnv TTAPAKATW
€IKOvVa)

Batch Time Records Scheduling Delay (7 Processing Time () Total Delay (7!
2020/07/17 20:27:37 752970 records 13s 1s 15s

020/07/17 20:27:36 62370 records 13s 05s 14s
2020/07/17 20:27:35 50870 records 13s D4s 13s
2020/07/17 20:27:34 84470 records 13s 04s 13s
2020/07/17 20:27:33 76752 records 125 06s 13s
2020/07/17 20:27:32 85181 records 125 06s 125
2020/07/17 20:27:31 80187 records s 06s 125
2020/07/17 20:27:30 406668 records 10s 1s s
2020/07/17 20:27:29 250873 records 7ms 10s 10s

Fig. 42: Katavoun Twyv records ota batches
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MNa va pnv €xoupe attwAeia output oto window join oto Flink ,8a Trpétrel Ta dUo streams va
dlaBacTolv 600 vwpiTepa yiveTal ammd Tnv ekTTvor) Tou window interval ,£Ta1 waTe GAO TO join va
£XEl XpOvo va uttoAoyioTei péoa ato window interval TTpoToU Tréue OTO €TTOPEVO window.

2¢g 6Aa Ta eipdpara Tou window join BdAaue windows e interval peyaAuTepo atrd 10 Xpovo
TTOU XpPeIAdeTal VIO va JTTOUV Ta oTolxEia péoa oto window oT1o Flink €101 WOTE TO join va €xel
XpOvo va uttoAoyioTei yéoa o1o window interval TTpoToU TTaue oTo £TTOUEVO window Kai €101 va
MV éxoupue atTwAela output. Me autd TO OKETTTIKO Kal avaAoya Pe Ta input streams 1Tou
XPNOoIYoTTOIoUE O€ KABE TTEipapa KaTaANEape oTnv TTEQITITWON Twv input streams pe
one-dimension key o€ window 2 min kal oTnv TTEPITITWON TwV input streams e two-dimensional
keys o¢ window 2.30 min . Autég o1 etmIAoyég e€aoc@aAifouv 6Ti aTo Flink dev éxoupe atmwAeia
output kail €101 yTTOPOUNE VA OUYKPIVOUlE To performance Tou o€ axéon Pe To performance Tou
Spark Streaming .

2to window aggregate by key 1o Flink Aeitoupyei pe Tov idio T1pd1T0 0€ o)éon pe Ta windows.
QoTo0o0 dev £xel ammwAcia output KaBWg To aTToTéAeTua Tou aggregate by key utroAoyileTal
XPOVIKA £vTOG Tou interval Tou window TTou avrikouv Ta records (oTa oTToia epapuoleTal To
aggregate by key) .Auté cupuBaivel d16TI To aggregate by key utroAoyileTal ypriyopa Kai €101 0
UTTOAOYIOUOG TOU avriKel Xpovikd oTo interval Tou window Twv records. AvTiBeTa TO join
XPEIACETAI TTEPITOOTEPO XPOVO YIO VO UTTOAOYIOTEI KaBWG gival TTI0 XpovoBopo , TTOAUTTAOKO Kal
oartravnpd o€ oxEon e Ta resources operation.

9.5 Batch interval ico pe To window size oto Spark Streaming

210 Spark streaming emA&Cape oTa TEIpduara yia 1o window join Kai 0TI U0 TTEPITITWOEIG ,TO
batch interval va eivai ico pe 1o pé€yeBog Tou window . MNMapakdtw TTapaBéToupe Eva TTapddelyua
window join OTTOU OTN TTPWTN TTEPITITWON doKIpdloupe window 2 min pe batch interval 1 min kai
oT1n 0eUTepn TTEPITTTWON dokidloupe window 2 min pe batch interval 2 min.

Ta aBpoicua Twv oToixEiwv Twv dUo inputs streams cival 33.870.000 kai To output Tou join Ba
mpéTTel va gival 93.225.000 tuples
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Batch interval 1 min:

To ouvoAiké inputstream Twv 33.870.000 oToixeiwv xwpidetal o€ dUo batches émrwg @aiveTal Kai
oTNV TTOPAKATW €IKOVA.

~ Completed Batches

2020/06/20 18:26:00 27783060 records 2ms Bis Bis
2020/06/20 18:25:00 6086940 records 13 ms 03s 03s

Fig. 43: Karavopun Twv duo input streams ota batches

To ouvoAIko output €ivai :
Output: 5.8 GB / 83844500
Shuffle Read: 215.4 MB / 33870000

Mapatnpouue 611 To output cival pIKpdTEPO aTTO TO €MBUPNTS . Ta dUO input streams TTou
BaAape wg €i00do 0TO join £€xouv TNV TTAPAKATW dOUN

10 stream:
for i=5001 to 3.039.000
forj=1t05
record =(i, “my site is spark examples”)
20 stream:

for i=1 to 1.700.000
for j=1to 11
record=(i, “my site is spark examples”)

2710 TpwTto batch Ba k&voupe process 1.298.700 tuples atmod 10 TTpWTO Sstream kai 4.788.240
tuples a1 TO deUTEPO Stream.

Apa at1d 1o 10 stream Ba £Xoupe TTAPEI
For i=5001 to 264740
Forj=1to 5
record =(i, “my site is spark examples”)
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Apa atrd 10 20 stream Ba £Xoupe TTAPEI
Fori=1to 435294
For j=1to 11
record =(i, “my site is spark examples”)

Forj=1to6
record =(435295, “my site is spark examples”)

To output Ba cival : (264740-5001+1)*5*11=14.285.700 tuples
2710 deuTepo batch Ba kdvoupue process 13.871.300 tuples atrd 1o TTPWTO Sstream kai
13.911.760 tuples atd 10 deUTEPO Stream.
Apa a1ré 1o 10 stream Ba £xoupe TTAPEI
For i=264741 to 3.039.000
Forj=1to 5
record =(i, “my site is spark examples”)
Apa a1té 10 20 stream Ba éxoupe TTAPEI
For j=7 to 11

record =(435295, “my site is spark examples”)

For i=435296 to 1.700.000
For j=1to 11
record =(i, “my site is spark examples”)

To output Ba eival : (1700000-435296+1)*5*11+25=69.558.800 tuples

To ouvoAiké output kai Twv duo batches cival 83.844.500 tuples.

21n ouvéxela dokiudoape 1o batch interval va ival ico pe 1o péyebog Tou window.

Batch interval 2 min:
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To ouvoAIko inputstream Twv 33.870.000 oToixeiwv avrikel o€ éva batch 6TTw¢ QaiveTal kal oTnv
TTAPAKATW EIKOVA.

~ Active Batches (1)

Batch Time Records Scheduling Delay (*) Processing Time () Output Ops: Succeeded/Total
2020/06/19 21:20:00 33870000 records 10 ms - 0/3 (3 running)

Fig. 44: Processing Twv input streams o€ éva batch
To ouvoAIko output givai :

Output: 6.4 GB / 93225000
Shuffle Read: 215.3 MB / 33870000

BAétroupe 611 TO window join pe batch interval 1o piod atré 1o péyeBog Tou window size dev
Byalel cwotd atroteAéopaTta .AvTiIBETwG 6Tav TO0 window size eival ioo pe 1o batch interval Ta
atroteAéopaTa ival cwoTd. Auto cupBaivel dI0TI OTNV TTPWTHN TTEPITITWON TO CUVOAIKO
inputstream (dBpoioua Twyv dUo input streams) xwpiletal o€ dUo batches kal €101 XaAdel n dopn
TNG €6APTNONG(EVVOWVTAG TOV APIBUO TWV COTOIXEIWY TTOU €ival KOIVOG JETAEU Twv dUO streams)
METAEU Twv dUOo streams aTa oTToia YiveTal TO join. 2To oTAdIO Tou window aBpoilovTal Ta
outputs Twv dUo batches é1Twg @aiveTal oTov APICTEPS YPAPO TNG TTAPATTAVW EIKOVAGS. To
GBpoioua autod gival HIKpOTEPO aTTd TO £mMIBUUNTS output.

AvTiBeTa 6Tav 10 batch interval eival ioo pe To window size 161 Ta dU0 input streams ptraivouv
o¢ éva batch. ‘ETol dev xaAdel 1o selectivity kai TTapdayetal To owaoTd output Tou join To oTT0i0 OTN
ouvéxela TTpowBeiTal oTo window OTTWG QaiveTal oTov deEI0 YPAPO TNG EIKOVAG .
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join @ 21:29:00 join @@ 21:30:00 join @ 21:58:00
join join join
9 //__._ B ="

wind @ 21:30:00 window @@ 21:58:00

b4

saveAsTextFiles savehsTextFiles
& 21:30:00 @ 21:58:00

Fig. 45: Dag yia Tnv mrepitrrwon Tou window join e batch interval To pioé amé 1o window
interval( apioTepd), Dag yia Tnv epitrTwon 1ou 1o batch interval gival ico pe To window interval
(6€814).

9.6 Flink: Trigger oTo join

To trigger éTTwg TTpoavagépaue kKabopiel TTéTe TTPETTEl £va window aTo Flink va apyioel va
utroAoyiel Ta atroteAéopata Tou window operation . ‘Eva trigger yia Trapddeiyya utropei va
uttoAoyilel To atmoTéAeoa Tou window operation étav ptrouv péoca oto window 100 oToIxEia.

2710 window join o opiGudG Tou trigger ival 1m0 TTePITTAOKOG. OTTWG QaiveTal aTnV TTAPaKATW
eIkdva 10 KABe source AapBavel éva input stream . To inputstream xwpiletal ota Flink partitions
oTo rebalance. OTtroio record utraivel o€ pia partition Tou avatiBetar éva id TTou gival ico pe TNV
TIUA Tou record .Ze KGBe partition avatiBetal €va watermark 1Tou Traipvel Tn EYAAUTEPN TIK ATTO
6Aa 1a ids ( yia auto kai To low watermark Tou evog map operator eptace 10 3.039.000 , T)pE
TNV TIPN Tou peyaAuTtepou record,( for i=1 to 3.039.000)) . To low watermark TTou TTaipvel To map
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operator gival To PhIKpOTEPO aTTd Ta watermarks 6Awv Twv partitions Tou input stream. To id10
oupuBaivel kal oTo OeUTEPO source.

| Source: Custom Source -» Ti Map - Map
mestamps\Watermarks  |——————*| =
Windowi{ TumblingProcessing TimelW
indows( 120000), ProcessingTime
Trigger, CoGroupWindowFunction
1 =# Sink: Unnamed
| Scamrce: Custom Source > Ti | Map -= Map E
| e

mestampsWatermarks  —— =

Fig. 46: Flink Dataflow for window join operation

2 ¢ KGBe partition 6tav ytrel éva record pe TIUA MIKPOTEPN OTTO TNV TIWN TOou watermark , autd 1o
record dev ammoppitteTal wg out-of-order record (k& To otT0i0 Ba CUVERQIVE av gixaue event
time). Autdé oupBaivel yiaTi £xoupe processing time(n e€€AIEN Tou window operator e€apTdTal aTmmo
10 system clock kai 6x1 até Ta timestamps Twv records). Ze TTEPITITWON TTOU PTTEl £va record JE
TIMA MEYAAUTEPN aTTO TNV TIKA Tou watermark 1é1e TO watermark Traipvel Tnv TiyA Tou record.
OuoiaoTikd Ta watermarks o€ QuTh TNV TTEPITITWON XPNOIKOTTOIOUVTAl WG OEIKTEG TTOU
onuatodoTouv Tnv €Aeucn VEwV records.

To operator Tou window join éxel éva low watermark . H Tir} Tou givail ion pe Tn HIKPOTEPN TIUNA
METAEU Twv dUOo low watermarks Twv map operators.

To low watermark oto window Acitoupyei wg trigger. To processing time window ekivael va
METPAEI TNV apxn Tou window aTTd Tn OTIYr] TTou gekivdel va Tpéxel To Flink application. To
trigger ouclaoTIKG auTd TTOU KAVvEl gival va Aéel 0To window TTOTE va utToAoyioel To output.
KdaBe @opd Tmou aAAddel To low watermark Tou window 161€ apyifel va uttohoyieTal To output
TOU join aTTO €KEN TTOU TO APNCE TO join OTO TTponyouuevo watermark .Mtropei To TpEXOV join va
oupuTTEPIAABEI OTOIXE IO Ta OTTOIa £XOUV £pBel aTO window aTTd TTponyouueva watermarks.

To 611 To watermark Tou window £xel Tnv Tiu Tou pIKpdTEPpouU watermark atrd Toug dUo map
operators dev £xel KATTOIO 181QITEPN GNUAdia oTo processing time. Eival cav pia ouufaon.
OAn auth n diadikacia pe Ta watermarks yiveral yiati Tpétrel va eEao@aAliooupe triggers yia 10
window . Mpétrel dnAadn va opicoupe K&Be TTOTE TO window Ba utroAoyilel To join .

To Flink &ev éxel blocking operators kai dpa dev UTTAPXEI KATTOIO group OTOIXEIWY XPOVIKA
opiouévo (batch ) TTou va repiyével va diaBaoTei yia va Eekivrioel JETG To oTASIO TOU join.

To Spark d¢ev xpeialerai triggers 01011 ekkivei To window Otav TeAElwoel TO dlIGBaACHA TwWV
OTOIXEIWV TTOU aviikouv oTo id1o batch (6tav 1o batch size cival ico pe To window size). ZTnv
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TTEPITITWON TTOU TO batch interval gival pikpdTEPO atTd TOo wWindow size TOTE TO window EKKIVET
6tav popTwaoouv O0Aa Ta batches 1Tou aviAkouv aTo 610 window.

Ortav oTo Flink Bafoupe povo €va input stream oTo join wg €icodo , To window dev €xel low
watermark 1rou onpaivel 611 dev Kavel TToTé trigger (dev uttoAoyilel output) TTpdyua Aoyiko atrd
TN OTIYUA TTou €xoupe éva inputstream kal Gpa Ogv PTTOPOUUE VA UTTOAOYIOOUE join.

Sowrnce: Customn Sowrce -= Ti
mestampsWalarmarks g 2= M
REBALAMCE HASH
Window{ TumblingProcessing TimaW
indows(120000], ProcessingTime
Trigger, CoGroupWindowFunction
) -# Sink: Unnamed
Sowrce: Custom Sowrce -= Ti Map -= Map
mestampsWalarmarks PESE —‘_’H

Fig. 47: Flink Dataflow for window join operation

2710 Spark streaming oTo join kdB¢ batch diaBd&lel records atmmd Ta dUo SlaPOPETIKA streams TTou
ouvdudalovTal oTo join. AuTd Ta records avrkouv o€ éva kafka partition kai k&GBe partition éxel éva
OUYKEKPIPEVO €UPOG offset OTTwG gaiveTal oTnv TTAPaKATW EIKOVA.
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Kafka 0.10 direct stream [1] topic: filterstream1  partition: 3  offsets: 2720000 to 5440000
fopic: filterstream1  partition: 7  offsets: 2720000 to 5440000
topic: filterstream1  partition: 8 offsets: 2720000 to 5440000
topic: filterstream1  partition: 4  offsets: 2720000 to 5440000
topic: filterstream1  partition: 0  offsets: 2720000 to 5440000
topic: filterstream1  partition: 6 offsets: 2720000 to 5440000
{opic: filterstream1  partition: 1  offsets: 2720000 to 5440000
topic: filterstream1  partition: 5  offsets: 2720000 to 5440000
topic: filterstream1  partition: 2  offsets: 2720000 to 5440000
topic: filterstream1  partition: 9 offsets: 2720000 to 5440000

Kafka 0.10 direct stream [0] fopic: fillerstream  partition: 3  offsels: 2427200 to 4854400
topic: filterstream  partition: 7 offsets: 2427200 to 4854400
topic: filterstream  partition: 4  offsets: 2427200 to 4854400
topic: filterstream  partition: 8 offsets: 2427200 to 4854400
topic: filterstream  partition: 9 offsets: 2427200 to 4854400
topic: filterstream  partition: 5 offsets: 2427200 to 4854400
topic: filterstream  partition: 1 offsets: 2427200 to 4854400
topic: filterstream  partition: 6  offsets: 2427200 to 4854400
topic: filterstream  partition: 0 offsets: 2427200 to 4854400
topic: filterstream  partition: 2  offsets: 2427200 to 4854400

Fig. 48: Karavoun Twv offsets Twv kafka records Twv duo input streams 1rou diafdadel To batch
KaTd TO join operation oto Spark Streaming.

9.7 Aiaypdppara

9.7.1 MpwTn TeEPITTITWON

Join , tumbling window 2.30minutes.two- dimension key

270 join o€ KABe TrEipapa PETARAAAETAI pIa TTAPAPETPOG. Ta diaypdupaTa gival XwpIoPEVa PE
Baon Tnv TapdueTPO PETAPROANG.

2710 SlaypdupaTa Tou akoAouBoUv auykpivouue To Spark kai 1o Flink yia ka8e Treipapa mmou

die€ayoupe og oxéon pe 1o péoo sustainable throughput Tou avagépape o€ TponyoUpevo
ke@aAaio.To throughput petpiétal o€ records/sec .
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9.7.1.1 Cores

Na Tov operator ToU join n YeTaBoAR Tou cluster éxel wg €€NG : 4 nodes-4 cores
4 nodes-8 cores
5 nodes-16 cores

10 meipaua

>¢ autd 1o Treipapa Baloupe 2 input streams . To input stream1 atroteAsital ammoé 24.272.000
tuples. To input stream 2 amroteAcital amé 27.200.000 tuples.
To output Tou join operation eival 72.885.000 tuples kai £xoupe selectivity 0.8.

MeTaBdaAAoupe Ta cores (kail Ta nodes) Tou cluster.

Tipéc via Tic TTapauérpouc Tou Kafka producer

To linger.ms éxe1 Tiury 1000 ms yia 6Aa TIG HETPAOEIS Kal To batch size Taipvel didpopeg TIPES
avdaAloya pe Tov apiBud Twv nodes .Ettiong diagopoTtroisital kal atrd 1o av 1o application givai
Spark n Flink .

271a 16 cores 10 batch size yia 1o application Tou Flink givair 12.000.000 bytes kai o apIBuog Twv
partitions Tou KaBéva atrd Ta dUo input streams eivai 90. MNa 1o application Tou Spark 1o batch
size eival 8.000.000 bytes kai 0 apiBPOg Twv partitions Tou KaBéva atmd Ta duo input streams
givan 20 .

>T1a 8 cores 10 batch size yia 1o application Tou Flink givai 7.000.000 bytes kal o0 apIBu6S TwWv
partitions Tou kaBéva atrd Ta duo input streams civai 20. Na 10 application Tou Spark 10 batch
size gival 7.000.000 bytes kai o apIBPOS Twv partitions Tou KABeVOS atrd Ta dUo input streams
egivair 20.

210 4 cores 10 batch size yia 1o application Tou Flink givai 11.000.000 bytes kai 0 apiBuog Twv
partitions Tou KaBéva atrd Ta duo input streams eival 100. MNa 10 application Tou Spark 1o batch
size eival 10.000.000 bytes kai o apiBuOg Twv partitions Tou KABevdg atrd Ta dUO input streams
ivail 60.
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Latency

2T1a 16 cores 710 latency yia 10 application Tou Flink givar 2,10 .INa 1o application Tou Spark 10
latency civar 2,20.

>T1a 8 cores 10 latency yia 10 application Tou Flink gival 2,23 .TMNa 1o application Tou Spark 10
latency civail 2,39.

2T1a 4 cores T0 latency yia 1o application Tou Flink givar 2,56 .I'a 1o application Tou Spark 10

latency civar 3,23.

To diaypappa arreikovilel To Péoo sustainable throughput g ocuvdptnon pe Tn HETABOAR Twv
cores yla 1o Spark kai 1o Flink 1Tou €xel TrpokUWel atrd Ta TTapatrdvw latencies kai To apiBuo
TWV OTOIXEIWY Tou inputstream OTTWG £xouue avagpépel 010 6.11.

== spark == flink

0.4
=
@ 0.3
[72]
e
Q
Q
2 =7 ey ©
g b
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£

0.1

4 6 8 10 12 14 16

cores

Fig. 49: Sustainable throughput for windowed join in both processing engines depending on the
number of cores .
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20 mreipaua

> auTo To Treipapa Bagoupe 2 input streams . To input stream1 atroteAeital ammd 24.272.000
tuples. To input stream 2 amoTteAeital amré 27.200.000 tuples.
To output Tou join operation eival 44.070.000 tuples kai £xoupe selectivity 0.6.

MeTaBdAAoupe Ta cores (kail Ta nodes) Tou cluster.

Tipéc via TiIc TTapauérpouc Tou Kafka producer

To linger.ms éxe1 Tiury 1000 ms yia 6Aa Ti¢ peTproeig Tou Spark . To batch size taipvel
OI1apopEeG TIHEG avaAloya pe Tov aplBud Twv nodes .Etriong diagopoTroigital Kal atd 1o av 10
application eivai Spark n Flink .

2710 16 cores 710 linger.ms yia 1o application Tou Flink gival 15.000 ms ,1o batch size €ivai
250.000 bytes kai 0 apiBuédg Twyv partitions Tou kKaBevog atd Ta duo input streams givail 80 . MNa
10 application Tou Spark 10 batch size civai 8.000.000 bytes kai o apIBudS TwWV partitions Tou
KaBevog atrd Ta duo input streams eivai 20.

>T1a 8 cores 10 linger.ms yia 1o application Tou Flink eival 15.000 ms ,To batch size €ivai
450.000 bytes kai o0 apIBuOS TWv partitions Tou KABevOS atrd Ta duo input streams ival 100. MNa
10 application Tou Spark 10 batch size €ivai 8.000.000 bytes kai o0 apiBudg Twv partitions Tou
KaBevog atrd Ta dUo input streams eivan 70.

210 4 cores 710 linger.ms yia 1o application Tou Flink eivar 1000 ms ,To batch size €ivai
13.000.000 bytes kai 0 apiBudg Twv partitions Tou kKaBevog atod Ta duo input streams eivail 90.
MNa 10 application Tou Spark 10 batch size civar 9.000.000 bytes kai o apIBudS TwWV partitions Tou
KaBevog atrd Ta duo input streams eivai 40.

Latency

>1a 16 cores 10 latency yia To application Tou Flink givar 1,55 .lMNa 10 application Tou Spark 1o
latency civar 1,59.

21a 8 cores 10 latency yia 1o application Tou Flink gival 2,20 .MNa 1o application Tou Spark 10
latency civar 2,29.

210 4 cores 10 latency yia 1o application Tou Flink eivar 3 .INa To application Tou Spark 10
latency civar 3,18.
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To didypappa armeikovilel To Péoo sustainable throughput o cuvéptnon pe TN HETABOAR TWV
cores yia 1o Spark kai 1o Flink TTou £xel TpokUWel atré Ta TTapatmavw latencies kai To aplBuo
TWV OTOIXEIWV Tou inputstream OTTwG éxoupe avagépel oTo 6.11.

Kokkivo: Flink
M1rAe : Spark

selectivity 0.6
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Fig. 50: Sustainable throughput for windowed join in both processing engines depending on the
number of cores .
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ZXOAIAOHOG

Mapatnpouue 611 10 Flink givar kaAUTepo atd 1o Spark . Autd ogeileTal o€ dUo Adyouc. MpwTov
10 Spark éxel blocking operators.Autd onuaivel 6T TTPETTEI va TTEPIMEVOUUE VA OAOKANPWOE £va
oTAdI0 Tou operation yia va TTaue oTo eTTOUEVO.KABe aTAdI0 oAoKANpwveTal OTav £XEI
emegepyaoTei OAa Ta gTOIXEIO TTOU AViKOUV OTO idI0 window-batch. Otrwg @aiveral kair oTnv
TTAPOKATW EIKOVA TTEPINEVOUE va OAoKANpwBoUv Ta dUo active stages 1mou Kdvouv
TTapdAAnAa mapping ota records Twv dUo input streams yia va TTaue oto pending stage Tou
join.

~ Active Stages (2)

Stageld v Description Submitted Duration Tasks: Succeeded/Total  Input Output Shuffle Read  Shuffle Write
1 Streaming job from [output operation 0, batch time 21:32:30] 2020/04/1321:32:30 8s 0/10 (6 running)
map at kafkaconsumersparkjoin.scala:99 +details  (kill)

0 Streaming job from [output operation 0, batch time 21:32:30] 2020/04/1321:32:30 8s 0/10 (10 running)
map at kafkaconsumersparkjoin.scala:95 +detalls  (kill)

~ Pending Stages (1)
Stage Id ¥  Description Submitted  Duration  Tasks: Succeeded/Total Input OQutput Shuffle Read  Shuffle Write
2 saveAsTextFiles at kafkaconsumersparkjoin.scala: 109 +detalls Unknown Unknown 0/16

Fig. 51: H czipd ekTéAeong Twyv stages Tou window join oTo Spark Streaming

AeguTtepov OTTWG Kal oTo filter oto Spark TTapdyovtal evdidpeoa Rdds o€ kdBe o1ddio Tou DAG
OTTWG QaiveTal Kalr oTov TTapakdTw Spark graph yia 1o join.
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Stage 0 Stage 1

Stage 2

Fig. 52: DAG for join operation
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To Flink avtiBeta dev £xel blocking operators. AvtiBéTwg 10 Flink Tpow®Bei k&Be record 1ToU
épxetal dladoxIkG o€ OAa Ta stages Tou operation uTtd TNV TTPOUTTOBECN OTI £X€1 OAOKANPWOEI N
emegepyaaia Tou TTponyoupevou record. (eTegepyaaia avd record). Ta oTddia evog job
AeIToupyouv cav aAhuaida otTou kKéBe oTddIo TTaipvel ETTITOTTOU records TToU £X€El ETTEEEPYAOTEI TO
TTPONYOUHEVO OTASIO XWPIG va TTEPIUEVEI VA £XOUV UTTOOTEI ETTECEPYATIA OUYKEKPIPEVOG APIBUOG
atro records (batch).

Aev Tapayel evoidueca ammoteAéopaTa (OTTwg Kavel To Spark e Ta evdidueca RDDs ) , 61Twg
Qaiveral kal oTo TTapakdaTw Flink graph .

Source: Custom Source -> Ti Map -= Map
mestampsiWatermarks F
I REBALANCE HAS
Window({TumblingProcessing TimeWW
indows=(150000), ProcessingTime
Trigger, CoGroupWindowFunction
} -= Sink: Unnamed
Source: Custom Source -> Ti Map -= Map
mestampsWatermarks P
" REBALANCE HASH

Fig. 53: Flink Dataflow for window operation
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9.7.1.2 Selectivity

3o mreipaua

Z€ auTo To Treipapa £xoupe éva aTtaBepod setup aTov cluster. O cluster atmmoTeAeital ammd 5 nodes
Kal 16 cores.

MeTaBdaAAoupe 1O selectivity Tou cuvoAikou inputstream (atroteAeital atmd dUo diagopeTiké input
streams) . To TpwT0 GUVOAIKO input stream €xel selectivity 0.2 , To deUTtepo 0.6 kai 1o TpiTo 0.8 .

Tiyéc via TiIc TTapauérpouc Tou Kafka producer

To linger.ms éxei1 Tiufy 1000 ms yia 6Aa Ti¢ peTproeig Tou Spark . To batch size taipvel
O1dpopeg TINEC avaAloya Pe Tov apiBuod Twv nodes .Etriong diagopoTrolcital Kal a1rd 1o av To
application eival Spark n Flink .

21a selectivity 0.2 10 linger.ms yia 1o application Tou Flink €ivar 1000 ms ,1o batch size €ivai
8.000.000 bytes ka1 0 apIBu6S Twy partitions Tou kaBevdg atrd Ta duo input streams eivan 30 .
lNa 1o application Tou Spark 10 batch size €ivai 9.000.000 bytes kai o apiBudg Twv partitions Tou
KaBevog atrd Ta dUo input streams givai 80 .

210 selectivity 0.6 10 linger.ms yia 10 application Tou Flink givalr 15.000 ms ,10 batch size civai
250.000 bytes kal o apiBuo6g Twv partitions Tou kaBevog atrd Ta duo input streams eival 80 . lNa
10 application Tou Spark 10 batch size givai 8.000.000 bytes kai o apIBu6S TWv partitions Tou
kaBevog atrd Ta dUo input streams eivai 20 .

2710 selectivity 0.8 1o linger.ms yia 1o application Tou Flink €ivar 1000 ms ,10 batch size civai
12.000.000 bytes kai o apIBPOS TWv partitions Tou KABevOS atrd Ta dUo input streams givail 90.
lNa 10 application Tou Spark 10 batch size €ivai 8.000.000 bytes kai o apiBudg Twv partitions Tou
KaBevog atrd Ta dUo input streams givai 20 .

Latency

210 selectivity 0.2 1o latency yia 1o application Tou Flink givar 1,24 .I'a 1o application Tou
Spark 10 latency sivar 1,16.
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21a selectivity 0.6 1o latency yia To application Tou Flink €ivar 1,32 .INa Tto application Tou
Spark To latency civar 1,24.

210 selectivity 0.8 7o latency yia 1o application Tou Flink civai 1,43 .INa 1o application Tou
Spark 10 latency eivar 1,20.

To didypappa areikovilel To péoo maximum sustainable throughput oe cuvdptnon e T
MEeTaBOAN Tou selectivity Tou inputstream yia 1o Spark kai 1o Flink TTou €xe1 TTpokUWel atTd TA
TTapaTravw latencies kai To apiBud Twyv oToIXEiwv Tou inputstream OTTWG Exoupe ava@Eépel OTO
6.11.

Kokkivo: Flink
M1rAe : Spark

600000

200000

throughput (records/sec)

0.2 0.6 0.8

selectivity

Fig. 54: Sustainable throughput for windowed join in both processing engines depending on the
selectivity of the input streams .
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ZXOAIAOHOG

Mapatnpoupe o611 10 Flink gival kaAUTepo atd 1o Spark .Autd o@eileTal aTo yeyovog 0TI To Flink
oev €xel blocking operators kai dev TTapdayel evOIAUETA ATTOTEAECHATA OTTWG TTPOAVAPEPALIE.

210 selectivity 0.2 gival TToAU peydAn n diagopd oTo performance petagu Spark kai Flink . 210
selectivity 0.2 éxe1 peiwBei katd oAU 10 output. Oco pelwveTal To selectivity peiwveral kai 1o
data shuffling (emAéyovTal Aiydtepa oToixeia Twv duo streams) TTou TTPETTEl va Kavel To Flink oTo
OTAdIO TOU join TTPOKEINEVOU Va QEPEI GTOIXEIO PE KOIVO Key Kal £T01 peyaAwvel n dlagopd OTo
performance peTagu Twv dUo engines.

9.7.2 AgUTepn TrEPITTTLOON

Join , tumbling window 2minutes,one dimension key

MNa 710 join o€ KABe TTEipapa HeTABAAAETAI pia TTAPAPETPOS. Ta diaypdupaTa ival XWPIoUEVA HE
Baon TNV TTOPAUETPO PETABOAAG.

210 SlaypdupaTa Tou akoAouBoUv auykpivouue To Spark kai 1o Flink yia ka8¢e Treipaua mmou

dieayoupe o€ oxéon Pe 1o péoo sustainable throughput 1Tou avagépaue o€ TTponyoupEvo
ke@daAaio.To throughput peTpiéTal o€ records/sec .

9.7.2.1 Cores

MNa Tov operator Tou join n YeTaBoAr] Tou cluster €xel wg €ENG : 4 nodes-4 cores
4 nodes-8 cores
5 nodes-16 cores
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10 Treipapa

2€ auTo 1o Treipapa Baloupe 2 input streams . To input stream1 amorteAeital amé 15.170.000
tuples. To input stream 2 atroteAcital amd 18.700.000 tuples.
To output Tou join operation eivai 93.225.000 tuples kai £xoupe selectivity 0.8.

MeTaBdaAAoupe Ta cores (kail Ta nodes) Tou cluster.

Tipéc via Tic TTapauérpouc Tou Kafka producer

To linger.ms éxei Tiury 5000 ms yia 6Aa TIG HETPAOEIS Kal To batch size aipvel didpopeg TIPES
avdaAoya pe Tov apiBud Twv nodes .Ettiong diagopoTtroisital Kal atrd 1o av 1o application ivai
Spark n Flink .

271a 16 cores 10 batch size yia 1o application Tou Flink givair 12.000.000 bytes kai o apIBuog Twv
partitions Tou kKaBéva atrd Ta dUo input streams cival 70 . INa 1o application Tou Spark 1o batch
size gival 11.000.000 bytes kai 0 apiBudg Twv partitions Tou kKaBéva atd Ta duo input streams
eivar 30 .

>T1a 8 cores 10 batch size yia To application Tou Flink givai 9.000.000 bytes kal o0 apIBu6S TwWvV
partitions Tou kaBéva atréd Ta duo input streams civail 100. MNa 10 application Tou Spark
9.000.000 bytes ka1 0 ap1BudS Twy partitions Tou kaBéva atrd Ta duo input streams eivan 30 .
210 4 cores 10 batch size yia 1o application Tou Flink givai 9.000.000 bytes kal 0 apIBu6S TWV
partitions Tou kaBéva atréd Ta duo input streams eivai 30. INa 10 application Tou Spark
11.000.000 bytes kai o apIBPOS TWV partitions Tou kKaBéva atrd Ta duo input streams ival 100.

Latency

2710 16 cores 710 latency yia 10 application Tou Flink givar 1,43 .INa 1o application Tou Spark 10
latency civail 1,20 .

>T1a 8 cores 10 latency yia 10 application Tou Flink givar 2,11 .l'a 1o application Tou Spark 10
latency civai 2 .

210 4 cores T10 latency yia 10 application Tou Flink givar 2,40 .INa 1o application Tou Spark 10
latency eivar 2,30.
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To didypappa atreikoviCel To péco sustainable throughput oe ocuvdptnon pe T PETABOAN Twv
cores yia 1o Spark kai 1o Flink

selectivity 0.8

== spark == flink

0.5
. 04
Q
[<}]
0
5
= 0.3
0o
g <t ) ©
é by
5 0.2
a
£
2
o
g 0.1

0.0

4 6 8 10 12 14 16
cores

Fig. 55: Sustainable throughput for windowed join in both processing engines depending on the
number of cores .

20 Treipapa

> auTo 1o TrEipapa Baloupe 2 input streams . To input stream1 atroteAeital amd 15.170.000
tuples. To input stream 2 atroteAcital ammé 18.700.000 tuples.
To output Tou join operation eivail 69.856.875 tuples kai £xoupe selectivity 0.6.

MeTtapdaAAoupe Ta cores (kai Ta nodes) Tou cluster.

Tiyéc via 1i¢ TTapapéTpouc Tou Kafka producer
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To linger.ms éxei Tiur; 5000 ms oT1a 16 kai 8 cores. 21a 4 cores €xel TiWr; 6000ms. To batch
size Traipvel d1GQopeg TINEG avaAoya e Tov aplBud Twv nodes .ETriong diagopoTroigital Kai
atrd 10 av 1o application givai Spark n Flink .

2710 16 cores 10 batch size yia 1o application Tou Flink givair 10.000.000 bytes kal o apIBu6S TwWvV
partitions Tou kaBéva atrd Ta duo input streams civai 60. Na 10 application Tou Spark 1o batch
size gival 10.000.000 bytes kai 0 apiBuUog Twv partitions Tou kKaBéva atrd Ta duo input streams
givai 10.

2710 8 cores 10 batch size yia 1o application Tou Flink givai 11.000.000 bytes kai o apIBuog Twv
partitions Tou kaBéva atrd Ta duo input streams civai 80. Na 10 application Tou Spark 1o batch
size 10.000.000 bytes kai 0 apIBPOS TWV partitions Tou kabéva atrd Ta dUo input streams eivai
20.

2T1a 4 cores 10 batch size yia 1o application Tou Flink givai 15.000.000 bytes kai 0 apiBuog Twv
partitions Tou kKaBéva atrd Ta dUo input streams civai 70. MNa 1o application Tou Spark 1o batch
size eival 15.000.000 bytes kai 0 apiBudg Twv partitions Tou kKaBéva atrd Ta duo input streams
eivair 60.

Latency

2T1a 16 cores 710 latency yia 10 application Tou Flink givar 1,32 .I'a 1o application Tou Spark 10
latency eivail 1,24 .

>T1a 8 cores 10 latency yia 10 application Tou Flink givar 1,51 .INa 1o application Tou Spark 10
latency cival 1,41 .

2T1a 4 cores T0 latency yia 10 application Tou Flink givar 2,04 .I'a 1o application Tou Spark 10

latency civar 2,08.

To diaypappa atreikovilel To uéoo sustainable throughput o€ ouvéptnon pe Tn YeETABOAR Twv
cores yla 1o Spark kai 1o Flink 1Tou €xel TrpokUWel atrd Ta TTapatrdvw latencies kai To apiBuo
TWV OTOIXEIWY Tou inputstream OTTWG £xouue avagpépel 010 6.11.

Kokkivo: Flink
M1rAe : Spark
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Fig. 56: Sustainable throughput for windowed join in both processing engines depending on the
number of cores .

ZXOAIAONOG

Mapatnpouue 611 To Spark eival kaAuTepo atod To Flink kKar ota duo Treipduara.

Mepiypaen Flink graph

2710 Flink Ta dedopéva agpou kaTavéuovTal oTa partitions Twv nodes aTnv cuvéxela ugioTaval
avakatavour oTa partitions Twv nodes pe Baon 1o KA€Idi (hash) TTpoTou yivel 1o join (agpou
éxoupue keyed operation) . Apa To data shuffling gival ekTeTapévo.Z1n cuvéxela TToAAG parallel
join tasks eTKoIVwvVOUV PETagU TOUG KaBWG KABe task TTpétrel va €xel records Twv dU0 input
streams TTou va £xouv PETACU Toug Kolvda KAEIDIA yia va Kavel To join. Apa To communication
gival eKTeTAPéVO.
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2¢ auTo 1o use-case ,1o data shuffling kal To communication oto Flink eivail ekteTapévo
AOYW Tou yeyovoTog 0TI To key éxel éva dimension. Na dedopévo péyebog Twy input streams,
600 PIKpOTEPO gival To dimension Tou key Twv records T6Go aufdveral o aplBPOS Twy records
TwV OUO streams TTou €xouv PeTagU Toug Koivo key. Autd onuaivel Ot augaveTal To PHéyeBog Tou
join operation kai cuveTtwg aufaveral To data shuffling .

2uveTtwg 1o Flink xdver xpovo kaBuwg TToAAG TTapAdAAnAa join tasks avtaAAdoouv records
TTPOKEINEVOU KABE task va TTapel records Twv OUO input streams TTou va €xouv PETAEU TOUg
KOIVA KAEIDIA.

Source: Customn Source -> Ti Map -> Map
mestampsiWatermarks
REBALAMNCE HAS
Window({TumblingProcessing TimeWW
indows=(150000), ProcessingTime
Trigger, CoGroupWindowFunction
} -= Sink: Unnamed
Source: Custom Source -> Ti Map -> Map M
mestampsWatermarks
REBALAMNCE HASH

Fig. 57: Flink Dataflow for window join operation

Tree aggregate-tree reduce

To Spark uloTToiei éva tree aggregate tree reduce pattern 1o omroio akoAouBei To mapreduce
MovTéAo Kal eAaxioTotrolEi TO communication kai To data shuffling.

ApXIKG 6AQ Ta EI0EPYXOUEVA OTOIXEIO KATAVEPOVTAI GTOUG executors . £Tn ouvéxela ol executors
eKTEAOUV map operation 6TTou avTaAAGOOUV PETAEU TOUG KATTOIO OTOIXEIO TTPOKEINEVOU OA Ta
oToixeia kaBe executor va opadotroinBouv o€ buckets avaAoya pe 1o KA€Idi. Me autd Tov TPOTTO
ehaxiorotroicital 10 data shuffling kKabwg £xoupe avrallayn Aiywv oToixEiwy PETALU TwV
executors.
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2Tn ouvéxela kabe join task (TTou Asitoupyei wg reducer) KaAei E0wWTEPIKA TO CO group Kal KAVEI
fetch buckets Twv dU0 streams até Toug executors TTou £xouv Kova KAeIdIG . Ta parallel join
tasks o710 Spark O¢v €mMKOIVWVOUV PETAEU TOUG KABwWG To KABE task €xel Ta cWATA GTOIXEIQ.
‘ETo1 eAaxioTOoTrOIEiTAN TO COMmunication.

( Aev Ta TTnyaivel oTa partitions yia va KAvel join Kal HETA SIATTIOTWVEI OTI dev £XEl
records Twv 800 streams He Kolvd keys kal Ta @épvel ard dAAa partitions 6rwg kdvel 1o
Flink . KareuBeiav Traipvel Ta cwoTd HEOW TOU €O group TrPIV TrdeEl 0To 0TASIO TOU join)

Hash Based Shuffle - Shuffle Writer

- Consolidate Shuffle Writer

Shuftie wnte

Fibe

Shuffe fetch

COgroup ECWTEPIKA Tou join join join join
join

Fig. 58: Tree reduce, Tree join communication pattern oTto Spark Streaming

A6yol yia Tn diagpopd oTo performance

O Ab6yog yia Tnv diagopd ato performance peTacu Tou Spark kal Tou Flink BpiokeTal oTov TpOTTO
pe Tov otroio To Flink TrpayuaTtoTrolei aggregations kai joins .To Flink xpnoiyoTrolsi éva task slot
yla KGBe operator instance. Otav Ta data eivalr skewed (1TTou onpaivel 611 xpeialoval
avakartavopn) 1o Flink og ToAAG TTapAdAANAa instances Tou join (kGBe instance uAoTrolcital o€
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éva slot) uhotrolei avakartavopur dedouévwy TTPOKEINEVOU va €pBouv Ta CwOoTa (OToIXEIa TWV
dUo streams TTOU €X0UV KOIVA keys) kal va yivel TO join.

To Spark até Tnv dAAn uloTroiei tree aggregate -tree reduce aAydpIBuo 0 OTTOIOG PEIVEI KATA
TTOAU TOV OYKO TwV O£DOUEVWY TTOU TTPETTEI VA PETAPEPBOUV HETW TOU DIKTUOU

Télog oT0 selectivity 0.8 oT1o setup Twv 5 nodes (kail 16 cores ),n dlagopd PeTAEU Tou Spark
Kal Tou Flink gival TTOAU peydAn. Auto ogeiletal oo limitation Tou network bandwidth. Oco
auavovTal Ta nodes oTo Flink To network bandwidth ptopei va gival €éva bottleneck . 210
selectivity 0.8 @aivetal TepIocdTePO TO limitation Tou network bandwidth yiati 600 peyaAiTepo
eivail 1o selectivity T6oo aufaverai To data shuffling (agou aufdverai To péyebog Tou join
operation). Ereidr) auédvetal To data shuffling xpnoiyotroicital TrepIcodTEPO TO SIKTUO TWV
nodes Tou Flink yia va petagepBolv Ta dedopéva, xpelalduaoTe TTEPIooOTEPO network
bandwidth kai dpa éto1 yivetal o aioBntd autd To limitation. Apa 1o limitation Tou network
bandwidth g@aiveral o€ peyaAutepa selectivities.

9.7.2.2 Selectivity

3o mreipapa

Z€ auTo To TrEipapa £xoupe éva aTtaBepod setup aTov cluster. O cluster atmmoTeAeital ammd 5 nodes
Kal 16 cores.

MeTaBdAAoupe 10 selectivity Tou cuvoAikoU inputstream (atroTteAcital atrd SU0 dIOPOPETIKA

input streams) . To mpwTo GUVOAIKO input stream €xel selectivity 0.2 , To deUTtepo 0.6 kal To
TpiT0 0.8 .

Tiyéc via TiIc TTapauérpouc Tou Kafka producer

To linger.ms éxei Tiury 5000 ms yia 6Aa TIG HeETPAOEIS Kal To batch size Taipvel Sidpopeg TIPES
avaAoya ye Tov apiBud Twv nodes .Etriong diagopoTtroigital kai atrd 1o av 1o application eivai
Spark n Flink .

210 selectivity 0.2 1o batch size yia To application Tou Flink €ivain 12.000.000 bytes kai o
apIBuAGG Twy partitions Tou KaBéva atd Ta duo input streams eivar 70. Na 1o application Tou
Spark 10 batch size civai 11.000.000 bytes kai o apIBudS TwWV partitions Tou kabéva atrd Ta dUO
input streams civai 60.
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210 selectivity 0.6 1o batch size yia To application Tou Flink €ivai 10.000.000 bytes kai o
apIBuOG Twy partitions Tou KaBéva atrd Ta duo input streams eival 60 . Na To application Tou
Spark 10.000.000 bytes kai o apIBu6S TwWV partitions Tou KaBéva atrd Ta duo input streams eivai
10.

210 selectivity 0.8 1o batch size yia To application Tou Flink €ivai 12.000.000 bytes kai o
apIBUAG Twy partitions Tou KaBéva atd Ta duo input streams eival 70 . Na 1o application Tou
Spark 11.000.000 bytes kai o apIBu6S TWV partitions Tou KaBéva atrd Ta duo input streams eivai
30.

Latency

21a selectivity 0.2 1o latency yia To application Tou Flink givar 1,24 .IlNa 1o application Tou
Spark To latency civar 1,04.

>1a selectivity 0.6 70 latency yia 1o application Tou Flink givai 1,32 .INa o application Tou
Spark 10 latency €ivail 1,16 .

21a selectivity 0.8 1o latency yia To application Tou Flink €ival 1,43 .INa to application Tou
Spark To latency eivar 1,20.

To diaypappa artreikovilel To yéoo maximum sustainable throughput o€ cuv@ptnon pe T
MeTaBOAN Tou selectivity Tou cuvoAikoU inputstream yia 1o Spark kai 1o Flink TTou €xe1 TTpoKUWEl
a1ré Ta TTapaTTadvw latencies kai To apiBud Twv oToIXEiwv Tou TUVOAIKOU inputstream O6TTwGg
£xoupe avagépel aTo 6.11.
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Fig. 59: Sustainable throughput for windowed join in both processing engines depending on the
selectivity of the input streams .

ZXOAIAOHOG

Mapatnpouue 611 To Spark gival kaAuTepo atod 1o Flink . Autd o@eileTal aTo yeyovog 0TI TO KAEISI
éxel yia dilaoTtaon , apa augavetal To pEyeBog Tou join operation o€ KABe selectivity kal Gpa 10
data shuffling. Auté o€ cuvduaouo Pe 1o 6T To Spark xpnoiuoTrolEi To tree aggregate -tree
reduce pattern TTou eAaxioToTrolEl Ta O€dOUEVA TTOU PETAPEPOVTAI HEGW TOU OIKTUOU KABIOTA TO
Spark kaAuTepo amé 1o Flink.

40 Treipapa
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Z€ auTo To TrEipapa £xoupe éva aTtaBepod setup aTov cluster. O cluster atmmoTeAeital ammd 5 nodes
Kal 16 cores.

MeTaBdaAAoupe 10 selectivity Tou cuvoAikouU inputstream (atroTteAcital atrd SU0 dIOPOPETIKA

input streams) . To TpwTo GUVOAIKO input stream £xel selectivity 0.1 , To deUTtepo 0.5 kal To
TpiT0 0.8 . Ta dUo input streams o€ K&Be selectivity £xouv random kKaTavopn.

Tiyéc via TiIc TTapauérpouc Tou Kafka producer

To linger.ms éxei Tiury 5000 ms yia 6Aa TIG HeETPAOEIS Kal To batch size Taipvel Sidpopeg TIPES
avaAoya ye Tov apiBud Twv nodes .Etriong diagopoTtroicital kai atrd 1o av 1o application €ivai
Spark n Flink .

210 selectivity 0.1 1o batch size yia To application Tou Flink €ivai 12.000.000 bytes kai 0
apIBUAG Twyv partitions Tou KaBéva atd Ta duo input streams eivar 20. Na 1o application Tou
Spark 10 batch size civai 12.000.000 bytes kai o apIBudg Twv partitions Tou kabéva atrd Ta dUO
input streams civai 30.

2710 selectivity 0.5 To batch size yia 10 application Tou Flink €ivai 11.000.000 bytes kai o
apIBPOG Twy partitions Tou kKaBéva atd Ta duo input streams cival 30 . Na 1o application Tou
Spark 11.000.000 bytes kai o apiBuo6g Twv partitions Tou kabéva atrd Ta dUo input streams eivai
30.

2710 selectivity 0.8 To batch size yia 10 application Tou Flink €ivar 10.000.000 bytes kai o
apIBuOG Twy partitions Tou kKaBéva atd Ta duo input streams cival 50 . Na 1o application Tou
Spark 10.000.000 bytes kai o apiBuo6g Twv partitions Tou kabéva atrd Ta dUo input streams eivai
80.

Latency

>1a selectivity 0.1 7o latency yia 1o application Tou Flink givai 1,20 .IMNa 1o application Tou
Spark 10 latency eivar 1,09.

21a selectivity 0.5 1o latency yia To application Tou Flink €ivar 1,30 .lNa to application Tou
Spark To latency eivar 1,10.

>1a selectivity 0.8 70 latency yia 1o application Tou Flink givai 1,47 .I'a To application Tou
Spark 10 latency civar 1,24.
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To diaypappa arreikoviCel To uéoo sustainable throughput oe ouvdptnon pe Tn PETAROAN Tou
selectivity Tou cuvoAikoU inputstream yia 1o Spark kai 1o Flink TTou éxel TTpokUWel atod Ta
TTapaTtrédvw latencies kai To apiBud Twv oToIXEiwv TOU CUVOAIKOU inputstream O6TTwG €xoupe
avagépel aTo 6.11.

Kokkivo:Flink , MtrAe :Spark
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Fig. 60: Sustainable throughput for windowed join in both processing engines depending on the
selectivity of the input streams .

ZXOAIAOHOG

Mapatnpoupue 611 To Spark eival kaAuTepo atd 1o Flink
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Idavikad BéAoupue o€ kGO partition Tou Flink va éxouue TTOAG oToIxEia atrd Ta dUo streams TTou
va €XOUV PETAEU TOUG KOIVA KAEIBIA TTPOKEIUEVOU va unv Ta {nTdue atrd GAAa partitions (010
OTAdIO TOU join). ZTnV TTEPITITWON MAG KATI TETOI0 Oev GUMBaivel KABWGS oI KATAVOUEG Twv U0
input streams o€ K&B¢ selectivity, cival Tuxaieg kai €101 N MOavoTnTa ¢ £va partition va Bpouue
TTOAAG oToIXEia aTTd T OUO streams TTou va £xouv PETAEU TOUG KoIvda KAEIIG gival pikpr) .ETTiong
10 key €xel éva dimension. [Na dedopévo uéyeBog Twv input streams, 600 PIKPOTEPO €ival TO
dimension Tou key Twv records 1600 auaveTtal o apiBu6S Twv records Twv dUO streams TTou
£XOUV PETALU TOUG KoIvo key. Autd onuaivel 6T augdvetal To PéyeBog Tou join operation kai
ouveTtwg auavetail To data shuffling . To Flink aTto 6Tddio Tou join xavel TTOAU Xpdvo Adyw Tou
ekTeTapévou data shuffling Trpokeipévou kGBe parallel join task va Tépel amd GAAa partitions
records Twv dU0 streams TTou va €xouv PeTagU TOUug Kova KA€IOIA. 1 auTd To Adyo 1O Flink £xel
xeIpotepo performance atrd 1o Spark 10 oTT0I0 XpNOIPoTTOIEl TO tree reduce kal tree aggregate
communication pattern TTou £€xoupe dN TTeplypawel Kai eAaxiaToTrolei To data shuffling kai 1o
communication.
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KEDAAAIO 10: Zuptrepdouara

Mivakag kartaypa@png Twv BaciKwV dia@opwv MHETASU TwV dUO0 engines

Spark Streaming Flink

Notions of time Processing time Processing time, event time,
ingestion time

timestamps Oxi val

backpressure EvepyoTtroigital atré 10 By default enabled
Xenotn

fault-tolerance By default enabled. Ta Checkpointing. OpiCetal atrd
eloepxoOueva data TO XPAOTN.

avTiypagovTal o€
TTOAAQTTAOUG executors

operators blocking non-blocking
Unit Batch record
Type of processing Micro-batch processing Real-time processing
windows no triggers triggers

TABLE IlII: Alagopég peta&u Spark Streaming kai Flink

To Spark Streaming o€ yevIKEG YPAPPEG £XEl KOAUTEPO performance avagopikd pe 1o throughput
o€ ouykpion ue 1o Flink .Zuykekpiyéva av Ta inputstreams €xouv piag didotaong KA€1di To Spark
£xel kahutepo performance ato 1o Flink (Meipapa aggregate by key, MNMeipapa window join
one-dimension key). Eivai o emppetég o€ backpressure 0TTwg dIATTIIOTWOAME KA ATTO TIG
METPNOEIG YIa TNV €Upeon Tou sustainable throughput kKaBwg eppavilel peyaAuTepa fluctuations
oTo latency Twv operations étav petaBaiAeTal o apiBuéS Twy kafka partitions ota input stream.

To Flink éxel1 kaAUTepo performance o peydAa selectivities o€ non-keyed operations (Meipapa

filter) .Emiong £xel kaAUTepo performance étav Ta inputstreams €xouv KA&IBI& dU0 dilaoTdoEwy (
Meipapa window join two-dimensional key).
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Epeic o€ auth TN HEAETN ETTIKEVTPWONKANE 0TNV GUYKpPIoN Twv OUO engines G€ oxéon WE TO
throughput. 2¢ oxéon ue T0 latency TTou €ival pia e§icou onNUAvVTIKR YETPIKA , €ival TIBavo To
Flink va eival kaAUTepo atrd 1o Spark atrd 1n oTiyun Tou 10 Flink kdvel real-time processing kai
n emeéepyacia Twv SeOOUEVWY YivETAl AvA OTOIXEIO.
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