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2ovoyn

210 Ke@AANL0 £va Kat 000, YiveTal pia eloaymyr| oTic Pactkég apyEs Kot
OPYITEKTOVIKEG CLOTNUATOV KOTOVEUNUEVNG eneEepyaciog Kot VYNANG omOS0oNC.
IMveton pua cdvroun avapopd oto Hadoop kou Storm, ta omoio amoteAovV T1g
Baoeig yuo ta petayevéotepa suotnuata 0nwg eivor to Flink kot 1o Samza, ta
omoia Ba avaivcovpe og Padoc.

Meténetta, 610 KEQAAALO TPIO AVAADOVLE OPYLTEKTOVIKE KO TTPOYPOUUATIGTIKA TO
Apache Flink framework, kot divovpe Baocikd mopadeiypato kotavonong tov
GUGTILATOC.

Yvveyilovtag, avaivovpe oto kepaiato téaoepa To Apache Kafka, o omoio eivai
£va, TPMOTOKOAAO Y10 O10LYEIPIOT UNVUUATOV VYNANG amdOO00NG GE PLGIKA
Katoveunuévo mepaiiov, to onoio cvuvepydletal Gyoya pe To Samza. AvTtdg
elvat 0 AOYog Tov 1O avaAVOVUE 6€ BAOOC TPOYPAULATIOTIKA KoL OPYLITEKTOVIKAL

Xy ovveyewn, Ba avaivbet to Apache Samza, to omoio £yl TOAALA KOwd otV
apyrrektovikn omd to Kafka dnwg Oa dodpe apov £xet dnuovpyndei pe faon avtod.

TéNog, KGvouE Lo TEWPOUOTIKT) LEAETN GLYKPIVOVTAG T OVO OVTE GLGTILOTOL
1060 G€ amOA0GT, OGO KOl GE TOYVTNTO TOPAYDYNG KOOIKA. ANUIovpYOOUE TO
povtélo producer-consumer to 0moio 10 EQaprOlovpE Kot Yo To SV0 avTd
CUOTHLLOTO KOl TOL TPEYOVLE GE Eva. server yia va. BydAovpe tovg xpdvoug

GUYKPLIONG.

Aé€erc Kheona
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Distributed computing, topics, producer-consumer



Abstract

In the first and second chapter, we introduce basic concepts like Hadoop and
Storm. From those systems we have to understand the main idea, in order to build a
system on Samza or Flink.

Next chapter, referred on Apache Flink concepts. We analyze system architecture
and programming recipes also. In the end of this chapter, we quote basic examples.

Continue in the next chapter, we will analyze Apache kafka system, as a message
query protocol. We refer on that because it is very important on Samza
architecture. Someone can characterize Kafka as the “father” of Samza.

Chapter number five, has all basic concepts and architectures about Samza. We are
giving some basic example again.

Final, we make an programming experiment. We build a model producer-consumer
in both systems, and compare those in a server. We quote the time results and
finally we can decide which system are better.

Keywords

Apache Flink, Apache Samza, Apache Kafka, Cloud computing, Hadoop, Storm,
Distributed computing, topics, producer-consumer
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“The future of distributed computing is based on streams.”



KEDAAAIO 1

1.1 Ewoayoym

2T1¢ HEPEG HOG O PLOUAC OVATTVENG NAEKTPOVIKDOV OEOOUEVMV ALEAVETAL LE TTOAD
peyaiovg pvbuovg. Onwg vroroyiletat, amd to 2005 péypt to 2020 ta yneokd
dedopéva Ba £xovv évav cvvterleotn avdamtuéng 300, ntor and 130 exabytes oe
40.000 exabytes [1]. To péyeBoc avtd O0Ao Kol awEdvetal ool avédvovion
avVOAOY®G  KOWMVIKA OiKTLO, EPYOOTNPLOKEG HEAETEG KOl YEVIKOTEPO Ol
NAEKTPOVIKEG cVoKeVEC. Tétoleg eivan amd amdd smartphones ypnoTOV £mG 10TPIKE,
unyavinuoata. To yeyovdg-emavactoon Opme g vapéng Tov cloud, odnynoe otnv
EKPNKTIKN avATTUEN 0edoUEVOV KOO GYedOV OAES Ot gtaipeieg “avefalovv” ta
dedopéva tovg oto cloud yio ac@dAieia, doBeGILOTNTO, ETEKTAGILOTNTO, KAO®DG
K0l 01 aAtA01 YPNOTEG 01 0Toi01 YPELAloVTaL OAO Ko TEPGGOTEPO YDPO TOV Bpickovv
gokorla Owwbéoo oto cloud. Avtd kabiotd cagéc v Vmapén  pnyavov
enelepyaciog ol omoiec B pmopovv va droyelpilovial TepAGTIO OYKO OEOOUEVAOV GE
mpaynatikd ypovo (real-time streaming). Epdcov 1o cloud sivon kataveunpévo, Ba
TPEMEL Kot 01 TpOToL eneepyaciag vo dovAevovy Kataveunuéva kot aomota. H
Google mpota eiye Pydrel Evav tpomo emeepyaciag peydAov OYKOv 0£00UEVDV
iomg Oyt 1660 kovtd oto real-time processing, ALY €0KOAN KAMUAKOGILO. AVTO
elvar 10 yvootd poviédo tov Map-Reduce to omoio mia €xel evomuotwdel oto
Apache Hadoop framework [2].



1.2 Xxkomog

O oxondg ¢ mapovoag OmAmpatikng Oa etvor va yiver cbykpion amndooomg
OVOLEGO O UNYOVES emesepyaciog O0E00UEVOV TPAyUOTIKOD Ypovov. Tétoteg
unyovéc emeepyaciog umopei va eival cuoTiUaTo TO, OTTOlN £XOVV TIOYTEL LE TNV
Bonbewa tov framework Apache Storm, Spark, Samza kot tov mo mpdsPaTovL
Apache Flink. Ztnv napovca suthopotikn oev Oa avaivbei to Spark framework,
KaBmg dev ovviotator yioo streaming processing oAAG TeEPLocOTEPO Yoo batch
processing. ['a vo wpayuatomomdel Aowmdév m chykpilon TV TPIOV OVTOV
ocvotnudtov, 0o mwpémelr mpdTa. va yivel M vAomoinon tovg. Avty O
paypotonoindel 6to eTOUEVH KEQAAALO.



1.3 Aopi

270 TPAOTO Ko SEVTEPO KEPAANLO YIVETOL 1o, GOVTOUT OVaPOpPd 6TIC PACTKES apyES
TOV GLOTNUATOV EMEEEPYATTOG OEOOUEVOV HEYAANG KATLOKOC KOl 1010{TEPO TOL
Storm, wov Bewpeiton 0 “naTéPAC” TETOUOV GLOTNUATOV.

210 tpito ke@diato avarvovpe to Apache Flink, apyttektovikd kot vAomolovue
Baoikég epapuroyEG Tov.

Y10 tétapto kepdrawo avaivovue to Katka cvomua, 1o omoio givor £vo woAvy
Baoikd component yio 1o Apache Samza to omoio o akoAovOnGEL.

210 TEUMTO KEPAAOLO OVOAVOLUE TO OEVTEPO GKEAOC TNG OIMAMUATIKNG OGS, TO
omoio givar o Apache Samza, 1660 apPYITEKTOVIKA OGO KOl TPOYPOUUOTIOTIKA.

210 TEAEVLTOLO KEPAAOLO, KOAVOLUE U0 TEPOUATIKY HEAETN, otnv omoio Oa,
cvykpivovpe ta 6000 avtd cvothiuata Kot Bo kKdvoope avaivon enidoong Kot Oa
TOPOVGLAGOVLE TO ATTOTEAEGLLOTOL.

AxoLovOOVV LETA aVOPOPES KO TTOPOPTILLOLTAL.



KED®AAAIO 2

Baowkd Xvotpota Enelepyacioc Agdopivov

2.1 Hadoop

Epbcov Ba avarvoovpe 1o Storm framework, a&iler va kdvovpe pior cuvioun
avopopd tpota 6to Hadoop kat avtd d10tt vdpyel pio dpeon cuoyétion peta&o
tovc. To Storm ovowactikd givor 1 ékdoon tov Hadoop yia real time & streaming
processing o€ avtiBeon pe to Hadoop to omoio eivat yia batch processing.

To Hadoop, 6nwg eaivetat kot 6To mapakdtm oynuo £xel TV €ENG amAn doun:

@ =[aja/o]o)

MapReduce
(Distributed Computation)

HDFS
(Distributed Storage)

YARMN Framework Common Utilities




2TO 0OTO10:

e 10 Common Ultilities eivar 6Aec ot PifArodnkec ko epyareion Too omoia
OTOLTOVVTOL Y10, TV GOGTH AELITOVPYIO TOV CLCTUATOC LLOG

e 10 YARN Framework givatl vtevBovo va kdvel tnv ypovodpopoAdynomn Tov
gpyaciov oe daemons Kal yio TNV GOGTI KATOVOUN TOV TOPOV GTO GUGTN LA

e 10 HDFS (Distributed Storage) eivail éva Katoveunuévo kot KAUOKOGILO
(scalable) cOotnua apyeiwv

e 10 MapReduce civar éva framework yio v enelepyacio peydiov 6ykov
dedopEVeV 10 omoio Oa avaivbel mopakdTm

To MapReduce Aowmdv, kpvfel amd micw ™ TNV amAn W€o Tov Joipel Kot
Baoiieve (divide and conquer). Emopévmg to apyuco-peydro TpoPANUo 6mdcel o€
ToAAG pkpd TpoPAnuata oto onoio Ppickel AVGEIC O 0KOAN Yo va. GLVOECEL
TNV apyIKN ADGT TOL TPOPATLOTOGC.

Otav dmwoovpe howrdv €va input Aowmdév oto Hadoop framework, tote to input
petapépetal oto  Katoveunuévo ocvotnuo HDFS o6mov omder 6e xoppdtia
eyypapnv <key, value> ota unyoviuato. ‘Eva omd avtd ta unyoviuoato 0o tpénet
va maiéel tov poOAO TOL master, o omoiog eivar vmevBvvoc Yo TOV
YPOVOTPOYPOUUATICUO KOl TNV XPOVOOPOUOADYIOT T®V EPYUCIAOV GTO VTOAOLTO
U0V LOTO. TTOV GUUUETEXOVV GTOV DTOAOYIGUO TNG AVoNS Tov TpoPAnuatoc. Ot
epyaocieg mov Ba avabétel o master kOuPog Oa eivon eite g evong Map eite ¢
¢@vong Reduce. O1 cuvaptioeic Map & Reduce kaBopilovrtal kéOe popd amd Tov
exadotote mpoypoppatiot). [pénet va emiéyovtot £161, OGTE VO EKUETAALEDOVTAL
10 Paocikd mAeovéktnua tov framework, to omoio eivar 1 dvvatdHTNTO TANPOVG
TOPUAANALOTNTOG TOV CLGTHLOTOC.

To povtélo avtd mpémel va. €Yl avoyn oTO CEAAUOTA YloTi ovamOPeVKTHL Qo
dNuovpyodvToLl OPKETA AOY® NG PLOMG TOL GLGTNUATOSC. 'l va TETVYATvETOL
Aouwov avtiy 1 oavoyn ota oedipatoa (fault tolerance), o master xoupog
napakolovdel “otevd” tovg slave kOuPovg v tvxdv amotvyieg kol mwpdTTEL
avoAOYmC.

2.2 Apache Storm



2.2.1 Boowkd XopaKTnpioTikd

To cvotua Apache Storm ce avtifeon pe 1o Hadoop emitpénet tnv Kataveunuévn
enelepyocio dedouévov oe mPaypaTikd ypovo. Ta mévie yapoakTnPIoTIKA TOV
Kévouvv to Strom va Egxympilet eivar Ot

umopel va eneEepyaotel Tvo amd Evo EKOTOUPOPLO TAELEOEC ava KOUPO ava
deVTEPOLENTO

elvon  kKMpaxoowo (scalability) apxel va wpooteBodv  mepiocdtepa
unyaviuoto oto cluster. e avtd amouteitor 1 ypnon tov Zookeeper to
omoio elvar éva epyaAreio cLYYPOVIGHOD KOl GUVTOVIGUOD KOTAVEUNUEV®V
GUGTNUAT®V

Exel peydAn avoyn ota oceaipota (fault tolerance) kabBmg, €dv wdmolog
KOUPOg epydtng oTapATAGEL VO AglTovpyel TOTE TO Storm Ha emoveKKIvioEL
NV dlEPYacio VTN 6€ KATO10V AALOV TTOL AElTovpyet

gyyomon Ott OAa ta dgdopéva ta. omoia Oa ewcaybodv 6to cvoTUa Oa
enelepyoctovv 6to axépato (data processing guarantee)

EVKOMO otV ypnom, v emifAeyn Kol oIV €YKATAGTACT TOL KOOMDG
vrootnpilel oYeddV OAEG TIC YAMGOEG Kal TAPEXEL YPUPIKO TEPPAALOV Yo
TNV TOPUKOAOVONGN TOL OAOV GLGTHLOTOC

Y10 Storm, vrapyovv clusters VWOAOYIGT®V Ol 0700l ATOTEAODV Uiol TOTOAOYia
(topology). H tomoloyia dev otapatd vo vTtoAoyilel epOCOV 1 pOT| TOV OEOOUEVHOV
elvar ovveyne ko dmepn, oe avtibeon pe to Hadoop, 6mov ctopatder poALS
oAoKANpwBOel n enelepyacio TV OEO0UEVOV E1GOOOV.

2.2.2 ApyrTEKTOVIKT

To cluster tov Storm axkoAovbel v apyitektoviky Tov master-slave. Ymépyet
Aoutov évag KOpPog master, o omoiog ovopdletal daipovag Nimbus, o oroiog givart



VevOLVOS Y1 Vo LOPALEL Kal VoL YPOVOSPOLLOAOYEL TIG EpYacieg 6TOVG Supervisor
(slaves) péow tov Zookeeper.

Ot Supervisors Aouov eivar kOpPor-daipoveg, ot omoiot eival veevOvvor yia v
gvapén, v enifreyn ko Tov teppaticpd towv workers. Workers givot ovsloctikd
threads, ta omoia exTEAOHV VTOGHVOLN OEPYUCLOV. XTO TOAPAKATED GY L0 QOIVETOL
N PACIKN 0PYITEKTOVIKN.

2.2.3 Tomo)royieg

Onog avaeépape kol mprv, to Storm cluster tpéyel pio 1 Kot mEPIOCOTEPEC
TomoAoyieg. Mio tomoloyio avamapiotdtol omd GKLKAOVS YPAPOLS, Ol Omoiol
amotelovvTal and 2 €00V kOUPwv, oamd Eva spout 1 £va bolt. 'Eva spout amoteAel



TO KUP10 oNuElo eloaymyng dedopévav 6to cuotnua. Eva spout cuvibme dofalet
TAVTOYPOVA, OO OLOPOPETIKA CLOTHUOTO OLPAS dedopEvav OTtmS To RabbitMQ 1
1o Kafka. Andé v aAAn mievpd vrdpyovv ta bolts, ta omoio drafdlovv Ta
dedopéva amd to spouts, Kot epoapuolovv one step cuvaptnoelg enesepyaciog.
Téroleg eivanr 10 QAtpdpioua, amobnkevon OedouEveV 1 Kol ETIKOWOVIN LE
eEotepwcong mapdyoviec. To mopoakdteo oynue eivor €va  YOPOKTNPLOTIKO
TOPAOELYLLOL.

Avaroya pe tov puOpd AeiEng TV dedopévav 6TO GUOTNUA KOG TO Storm pog
dtver v dvvatdTnTa Vo KAvovpre OA0 Kot TEPIGGATEPT TOPAAANAT KOATOVEUTLEVN
enelepyosio. Avtd TPOYPOAUUOTIOTIKE YiveTon TOAD €OKOAN OPKEL VO LITAPYOLV
dwbéoo pnyavnuota ta omoio €xovv emefepyactiky] woyd owbéoyun. ‘Eva
mopadetypa ivon To e€Ng:

builder.setBolt("id bolt", new ovouo kAaong(), #oprdpoc mopoiiiicuov)
.shuffleGrouping("string componentID ");

O opBuoc moapolAnicpod mov divovpe eivor GpECH CLVOEOUEVOS WE TOVG
executors(thread) mov dovAevovy mapdAinia yia éva task Tng Tomoloyiog.

2.2.4 Opaoomoinon po®v

‘Eva and 1o mo onuoavtikd mpdypoto mov mpénet va AABovpe vdyy pag 0t
oyeddlovpe pia tomoAoyia, eivar pe mowdv tpdémo Ba yivelr 1 opodomoinon twv
powv (stream grouping). Mio opadomoinon powv ovoloctikd, Kabopiler tov
akppn tpdémo pe tov omoio Ba dravEpovTal Kol 0o KATovaA®VOVTOL 01 TAELAOESG
(tuples) amd ta bolts. 'Evac koppoc, (bolt 1| spout) pmopet va eknépumetl Tapandve



and éva stream oedopévaov. Tote, pe 1o stream grouping, eipocte oe 0éon va
emAEyovpe kABe Popa oo stream dedOUEVOV BEAOVLE VO TAPOVLE.

‘Eva stream grouping opileton akoAovOmE 6TOV KOOKOL:

builder.setBolt("id bolt", new ovopa kAaong(), #opifpoc mopoiliiicLon)
.shuffleGrouping(''string_componentID");

To Storm pag mapéyet 7 drapopetikotg Tpdmovg grouping. Tétotlot givon o1 ENc:

e Shuffle Grouping: Eivat icmw¢ o mo kovog tpdmog grouping. Kot avtd 61611
avtn elval pia teyvikn 1 omoio wpoomabel va Kpatnoel 1Goppomio. GtV
Katovoun tov eoptov. Ovolaotikd pog eyyvdtor 6Tt 0Aa ta bolts  Oa
deytoHv oYeddv 1oeg TAELAOES TOTOYPOVA. AVTO ElvOl il KOAT TEYVIKT Vi
OTOLKEC AE1TOVPYiEG. AVTI 1 TEYVIKN OU®G UITOPEl va, YIVEL LELOVEKTN O OE
KOTOLEG TEPIMTAOGELS Y1UTL GTEAVEL TIC TAEIAOES TUY IO KOL KOTOVEUT|UEVAL.

e Field Grouping: Xe avtd 10 €100G, 01 TAE1ddEC 6TEAVOVTOL 6T bolts avdloya
LE To Ovouo mov dtvovpe ¢ mopdpeTpo. Aniadt), 1 TOY| KOTNYOPLoTolEiToL
Katl otédveton o€ kaOe bolt avaroya pe To €idog g katnyopiag (field) mwov
TPEMEL.



e All Grouping: E6cd otélveton éva avtiypapo g Kébe mAelddag o OAa To
instances T@v bolts. Avtr 1 teyVIKN xpNoLomolEiTon GuVNOME Yo VoL GTEAVEL
onuata, Ty. onuoata acknowledgments.

e Global Grouping: Xe avtiv TNV TEYVIKY, OAEC Ol WAELAOEG OAOV T®V
instances otéAvovtal o€ €vav 610yo bolt. (Avtd pe to pukpotepo ID)



e Direct Grouping: Avto eivor éva €01kd €idog grouping ©T0 OMOI0 O
Tapaymyog e mAelddag amopacilel oe molo bolt B otarel Yo emelepyacion
1N TAELA00. ALTH.

e Custom Grouping: Ed® pog dtvetar n dvvatdtnra v @TidEove 10 01KO Hog
TPOTOKOALO emkovoviag Tov bolts. T'w va yiver avtd mpémer va
vAomomacovpe to type.storm.grouping.CustomStreamGrouping interface.

e None Grouping: IIpog to mapwv (Storm-0.10.0 release) Aettovpyei dnwg t0
shuftle grouping.



KED®AAAIO 3

Apache Flink

3.1 Ewcaymyn oto Flink

To Flink (to omoio mpwv ayopaoctel and v Apache ovoualdtav Stratosphere),
elvan éva ocvotnuo kotaveunuévng emesepyaciog 0edopévev, TOGO OedOUEVOV
ocuveYNG pong 060 Kol dedouévev batch. Ttnv moapodoa OSUTA®UOTIKY LOG
evolnpépel N emeEepyacio pong kot ekel etvon mov Ba epPabvvovpe ko Ba kKévovpe
ta mewpdpatd pog. To Flink, éxet dnuovpynOet pe PBdon v 18€a tov Hadoop
MapReduce, mapdio avtd €xet To d1kd Tov Runtime kou apyitektovikn. Ev yévet,
ocvvepydletar dyoya pe to Hadoop Distributed File System (HDFS) yia va
daPBacet ko va, ypapet dedopEVA, YEYOVOS IOV omaittel Lovo opiopéves BipAtodnkeg
Kat Oyt oAOKANpM Vv mAoteopua Hadoop. A&iler va avaeepBei 6Tt to Flink
vIepEYEL o€ TayLTNTA 61O streaming processing (low latency) évavrti tov batch
processing (high latency).

Ao TV AN TAeVPE OPWG, ExOVLE TO Storm, To 0moio £xEl TOAAEG OLOLOTNTEG UE
10 Flink. Téco 1o Storm 6co kar to Flink umopovv va avoamapacticovv 1o
dataflow tovg o€ ypdpovg. OpoldtTTa Koo VITEPYEL KOl GTO oNLEia 16000V Kot
enelepyociog, a@ov €kel oTo spouts avVTIGTOLOVV TO maps, kot ot bolts ta
flatMaps. IlopdAinia, to Flink mpooeéper éva unyoviopd eyyvmong Ot to
dedopéva Ba emeEepyaoToVV GTO OKEPAL0, AVTIOTOLYO LE aVTO TOL €Yl TO Storm.

Avto mov kdvel to Flink va Eeympilel oto streaming processing sivon ta e€ng 4
YOPOKTNPIGTIKA:

e [ow latency

e High throughput

e [ow overhead otov unyavioud avoyng Prapov

® consistency, TpayUOTOTOIMVTOG TEPLOSIKA oTryHtoTLVTo Lamport



2VYKPITIKA He TO Storm £YOVUE TIC TOPOKAT® HETPIKEC:



3.2 Apache Flink Components

To Apache Flink 6iver éva high-level API (Trident) yio eneéepyacia oe:
e Machine Learning (Flink ML)

e Graphs (Gelly)

e Relational Data (Table API)

2V mopaKdTo eikdva paivetor To components tov Flink.

A&iel va onuetmdet 6tL omd v €kdoon “1.1.0” ko petd tov Apache Flink vdpyet
n dvvatotnta 6to ML component va yivelt tpofreym tov dedopévov e faon v
TpEYOVc cuuTePLPopd. ' va emtevyBel pio KaAn TpoPAreyn tpiemel va Oétovpe



ocmoTA Opla 6To TAPABvpa Kol VoL £YOVUE OPKETO OYKO dEGOUEVMV TTOL £YOVV 1ON
enelepyaoTel.

To Apache Flink 6umg, cuvnBmg dev Bpioketor povo tov péco oe €va GOGTNUO.
Yuvn0mg ocvvepydleton pe Apache Katka 1 RabbitMQ. "Eva cupfoiikod oyrua wov
TOPOVGLALEL ALTNV TNV OPYLTEKTOVIKN POIVETOL TOPOUKAT.

Onwg mopatnpovpe, dedopéva Epyovror omd Katavepunuéveg nmnyég oto Kafka
ocvoTnud pag, (to omoio Oa avaivbel mopakdTm), Kol apod omodnkevtobly T
ocwotd topics, to Flink Oa ta kdvet streaming kot O o ovoADGEL.



3.3 Movtéro Apyitektovikig Kot Awaysipiong KaOnkovrov

Otav 10 Flink cbomua Eexvaet, “Eumvael” tavtodypova tov JobManager kot Evov
N mepiocotepovg TaskManagers. O JobManager eivoar ot cuvietaypéves tov
cvotNHoTog pog, eved ot TaskManagers eivor ot epydteg ot omoiol €KTEAOVV
KOUUATIO, K®OKO Tol omoia givon og moapdAinio mpoypdaupata 1 vipata. Otov
Eexvnoel évav ovotnuo tomikd, onAadn o€ local mode, o JobManager kot ot
TaskManagers tpéyovv tomikd oto 1610 JVM.

A&ilel va onuelwdel 0t yio va ypdyoope éva tpdypappa yioo Flink cvotmua, to
ypaeovue eite oe Scala eite oe Java. Apod ypdyooue to TPOYPAUUA LOG, TO
avePdlovpe otov server tov Flink 6mov dnpovpyeiton ekeivn v otiyun évag
client 0 omoiog KAvel P TPO-EneEEPYOGio TNV OTOI0 TO TPHYPOULLLLL TOV EXOVLE
ypayel ondel oe mapdiinia kot oveaptnto modules oto data flow ta omoia
extelovvtal amd tov JobManager xou tovg TaskManagers. Avtiy 1 dwadikacio
(QOIVETOL GTO EMOUEVO YPAPT O TOV 0KOAOVOEL.



3.4 Aopka Xtoryeia I'ia Stream Processing

I'a va “ot0ei” 1o Flink ¢ stream processor, TpEMEL v avayvoploTovy 8 SoptKd
otolyeia T omoia elval amapaitnta yio vo Oe@pnicovie To GVGTNUE OGS OC TETOL0.
Avtd to 8 otoyeio [3] kamnyopromolovvial ce 4 kotnyopieg, 6mov M kéOe
Katnyopio eumepieyel 2 otoryeia:

Basics

Pipelining: to omoio onuaiver 611 0Aa ta tasks mpémel va eivarl online v 10,
OTLYW] KOl VO Umopovv va mepdoovv glevbepa péca amd 10 GOOTNUHO Y®PIC
Kabvoteproelg okdpo kot av Ppiockovror oe Olapopetikovg KOppovs. Onwg
(QOIVETOL KOl GTO TAPOKAT® GYNMUA, To 3 TopdAinia tasks s1, t1 kot w2, Tpémetl va
TPEEOVY TAVTOYPOVA KOL VO EMLTPETOVY TO, OEGOUEVO GE LU0 GLVEYEIG POT) LEG® TOL
pipeline.

Replay: ‘Eva data streaming cOotnuo npénel va etvan e Béon va kdvel “replay”
Spopa. PLEPN NG PONG TOV GLGTNUATOS OVATOPAYOVTOS OTOTEAEGLOTO, Y10, TOV
ypnotn. To replay eivar onuoviikd kot d1dpopove Adyovs, Kupimg Opme sivon
ONUOVTIKO Y10L OVOYN] OTA GOAALATO, KOl AvAKTNON oo TIC TOAvEG acToYiES TOV



ocvothuatoc. Onwg @aiveton kot oto oynuo, to Flink meprodikd eicdyet
“checkpoint barriers” péca ota data streams.

Handling State

Operator state: 1o omoio onuaivel 0TL o€ avtiBeon e to batch processing to omoio
Baoiletor 6e apetafANTOVG HETOGYNUOATIGUOVS GE GUVOAD OEO0UEVMV, TO Stream
TPEMEL VO O10TNPEL KOTAGTOOT HECH GUVOPTICEDV HETAGYNUATIGHOD OT®E EIvOL 1
map() 1 onwg eivon n filter().

State backup and restore: 10 onoio o€ cuvepyacia pe to Replay fonddaet otnv
OVOY1 OTO GOAALOTO KO TIG OIGTOYIEG TOV GUGTULATOC.

Application Development

High-level APIs and Integration with batch sources: Bonfdet yia anodotikdtepn
dnovpyia epapuroy®dv cuvovalovtag streams ko static sources.



Large Deployments

High Availability: to omoio ypetdletor 0tav ot streaming diepyocieg Oa mpénet va
TPEYOLV Y10 LEYAAES YPOVIKES TTEPLOSOVG.

Automatic scale-out and scale-in: 10 omoio ypetdletar yio va aAldlovpue v
TOPOAANAOTNTO TOV GLGTHUOTOC YWPIS va, ydvovpe TV AsttovpykdtnTd Tov. [N
va emtevyBel avtd Kietvovpe to dataflow pe éva checkpoint ko emavaeépovpe to
dataflow petd pe d10popeTIKn TAPAAANAOTNTO.

3.5 Boowka Xopoxktnprotikd

I"a va viomomcovpe éva Katavepunuévo tpdypoppa o€ Apache Flink, mpénel va
AdBovpe vTOYIY Hog KATOo BOCTKA XOPOKTPIOTIKA T OTTOI0 TPETEL VO EUTEPLEYEL
t0 7wpoypopupd pog. Téroww eivar 10 €ldog TOL Tapabvpov mov Oa
YPTNOULOTOCOVLLE 1) AKOLLO KO O1 YPOVOSPPOYIdES.

3.5.1 Xpovoo@poayideg

[Ma va Bariovpe 610 GVOTNUE LOG TIS YPOVOSPPAYIOES TPEMEL VO EVEGOUUTMOGOVUE
TPAOTA 6TOV KOOWKA pog to Event Time, to omoio divel pia tiun (ypovosepayida)
oe k@Be otoryeio (element) tov stream. [4] "o va avaBécovpe ypovooppayideg
VIdpyovv 2 TPOTOL:

e AmevbOeioc oto data stream source

e Méow tov TimestampAssigner



3.5.2 IlopaBupa

Ta mapdBupa eivar icwg éva amd TG MO POCIKES TOPAUETPOVS TOL TPETMEL VOl
AdPBovue voyy pag otav ytiCovue 1o cvotnud pogc. Ta wapdbvpa propet va eivor
atomic, tumbling &ite sliding.

Atomic mapdaBvpo, eivorl OVGLACTIKA 0 EKPLAIGUOC TOPaBVPOL KABME WAGUE Yo,
éva mopdbvpo pe pia kot pévo . To mapdBvpo avtd ivar oty TpayUaTKOT) T
évag petpntng o omoiog mpocBétel T1g TéG real-time. 1o axoiovbo mopdderypa,
Eyovpe TWEG amd Tov aoOnTpa pog omd éva pmtoPoitaikd panel. O petpnig
tpocBétel TIG TIES Kat vroAoyilel To dBpoloua kabdg Tédvouy 6to cvotnua. To
LEOVEKTNUO GE OLTNV TNV TEYVIKN OUm¢ eivorl OTL €pOGOV SOVAEVOVLUE CE
KOTOVEUNIEVO GUOTNUA B LTAPYOLY KAl OTOKAIGELS GTOV YPOVO AOY® SKTLOV,
TPy o TO 0TO10 glvol PN-OloXEPIGIUO e VTV TNV TEXVIKT).

Seusec > 9 ¢ 8, 4 3, 5,8, 4,2,4,3 2 S
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‘Eva dAho mapdBvpo O6mme avaeépape eivor to Tumbling, to omoio kdver pua
otafepr) OULAOOTOINGT) GE GLYKEKPIUEVO YPOVIKO d1doTna TO omtoio eivan 6tabepod.
‘Eto1, onuovpyet yoo mopadstypa otafepa mapdbupa Kol pn-nKoAvTTOUEVA, Y10
nopdoctypo kébe €voa Aentd kol vmoAoyiler to dBpocpa dmwg QaiveTol oTO
TOPOKAT® TOPASELYLLAL.



To tpito ko televtaio mapaBvpo sivar to sliding TapdBvpo, To omoio ivon Eva o
glaoTikd mapdbupo 1o omoio dev eivar emkailvnTouevo gdv ypswaotel. o avtoOV
Tov AOyo elvor ko to Mo Omuoghés. o moapdderypa, eqv 0€lovue va
vroAoyilovpue To dBpotoua TG TIUNG TOV EOTOROATAIKOD ccONTpa TO TEAEVLTALO
Aemto kaBe 30 devteporenta, 10 TapdBvpo Oa patvdtay Kdnwe £Tot:




3.6 Ilpoypappatiotiky) YAomoinon

3.6.1 DataStreams & DataTypes

Mw amd Tic PaciKEG avopopEéS MOV TPEMEL VO KAVOVLUE, €ivol GTOVG TOTOLG
dedopévov (Data Types) tov Flink framework ot omoiot amotelovv Pocikd
oToLElo Yoo TNV vAomoinon tev npoypapudtov. To Flink propet va cvuvepyaotel
pe TOAAOVG KO SOPOPETIKOVS TOTOVG 0EOOUEV@V, amAoVG 1] cvvOeTovc. AmAol
TOmol pmopel va etvan éva Array, éva String 1| axképa €va Integer. Awo v GAAN
TAgVPE  vmapyovv o1 oLVOETOL TUMOL Ol omoiol elvol Ko MO GUYVA
ypnoorolovpevol. ['vootn dopr cvvBetwv tomtov ivon ta Tuples, ta omoia givar
0 0 OTAOG Kot o EAAPPVC TPOTOG Yo vo evBvAaKkdoovpe dedouéva oto Flink.
Eivar évag evkolog kor gvéhktog tpdmog agod to framework pog oiver v
dvvatdHTNTA Vo ypnotporomacovue 25 dwapopetikd Tuples.

AxolovBel éva mapdderypo oto omoio ypnoonolel éva Tuple yia va kpatdue 4
Baoikég Tipég Kabe popa amd Evay aucOntpa. Oa kpotdpe v totobecia, Id, Tiun
KOl oV AELITOVPYEL TO POV LLCL.

Tuple4<String, String, Double, Boolean> sensor =new Tuple4<>("Greece",
"1234-dfrg-7677-hjh5", 0.00256, true),

String location = sensor.f0;

String sensorlD = sensor.f1;

Double value = sensor.f2;

Boolean working = sensor.f3;

‘Eva dAlo Poaowd onueio mov mpémer va  avoeepfel eglvor  avtd  tov
LUETAOYNUATICUDV. YTTAPYOLV OPKETOL TPOTOL LETATYUOTICUOD OEOOUEVDV, OALG
avtoi mov Eeympilovv etvat:

Map

H map eivan n xAaooikn vAomoinomn poc map function. Aéyetar pion Tiun Ko
mapdyet o GAAN (one-to-one mapping).

DataStream<lInteger> integers = env.fromElements(1, 2, 3, 4);



// Regular Map - Takes one element and produces one element
DataStream<Integer> doublelntegers = integers.map(new MapFunction<Integer, Integer>() {
@Override
public Integer map(Integer value) {
return value * 2;

/
ph
doublelntegers.print(),

> Result from Terminal: 2, 4, 6, 8

Flatmap

H FlatMap, eivol oo map function n omoio potdlet pe tnv map tnv omoio poig
TEPLYPAYOLE LLE TNV SUPOPA OTL OEV EXOVLLE TOV TEPLOPIGLUO VO ETIGTPEYOVUE EVAL
otoryeio. ‘Exovpe tnv moAVTELELD VO EMGTPEYOVE KAVEVA, EVA 1| KOL TEPIGCOTEP,
otoyyeio. Xapaktnplotikd mopadetypo prnopel vo BepopnOet to akdiovo:

DataStream<lInteger> integers = env.fromElements(1, 2, 3, 4);
DataStream<Integer> doublelntegers2 = integers.flatMap(new FlatMapFunction<Integer,
Integer>() {
@Override
public void flatMap(Integer value, Collector<Integer> out) {
out.collect(value * 2);

/
Pl
doublelntegers2.print();

> Result from Terminal: 2, 4, 6, 8

Filter

To Filter, givon mo0 onuavtikn ko ypnotun transformation function 1dwd yio,
streaming cvuoTiuato Tov 0EAovv emeEepyacio on-the-fly. Ovclaotikd déyetan
dedopéva ko ta PIATpapel. Emotpépet ta dedouéva ta omoia mAnpovv v
npodmdOeon v omoia Exovue BEcet gpeic pe 01k pag “@Override” cuvdptnon.



DataStream<lInteger> integers = env.fromElements(1, 2, 3, 4);
DataStream<lInteger> filtered = integers.filter(new FilterFunction<Integer>() {
@Override

public boolean filter(Integer value) {
return value != 3;

H
) :

filtered.print();

> Result from Terminal: 1, 2, 4

A&iler va onuewwdel 6T KAvovue OKEG Hag LVAOTOWGES ot map functions,
flatmap o filters tic onoieg T1g kKévovpe Override.

Yvveyilovtac, mpémel va avaeepBode 6TOV AOYIKO UETOUGYNUATIGUO, O OT0i0g
ovpPaivel pe v KeyBy cuvdpton. Avtn, yopiletl ta dedopéva evog DataStream
o€ partiotions pe 1o 1010 “kAedl”. To kAewdi pumopel va eival o Ty and v
A0 oG, Y. TO “hame” N akOUe UTOPEL VO ONLUOVPYNGOVIE I OIKT HOG
ocuvdptnon péom tov KeySelector mov va anopacilel mowo key Oa doréEer kébe
eopd. 'Eva yopaxkmmpiotikd mapddctypo kodwo eivar to akdiovbo, oto omoio
TopafETETOL KAl [0 YT UOTIKT) DAOTOINGT Y10 TEPOUTEP® KOTAVONOT).

// We choose “age” as a key

// (name, age) of employees
DataStream<Tuple2<String, Integer>> passengers = ...

// group by second field (age)
DataStream<Integer, Integer> grouped = passengers.keyBy(1)



3.6.2 DataSources & DataSink

To Flink tpoc@épet d1dpopove punyavicpovg vy €i6odo oto cvotnua. H eilcodoc
umopel av Epyetar and Eva apyeio, amd Eva socket, and pio Source Function tnv
omoia Ba dNUIOVPYNCOVLE EUELS V1O VO TAPAYEL TAAGHOTIKO dedopéva 1 od
KAmo10 GVGTNUO 0VPAC OTTwg eivarl To RabbiMq 1 to Kafka. Na toviotet 611 mop'
OMo mov glpaote og streaming system 1) €10000¢ oo apyeio ivol OToAVTMOC
OTOOEKTT).

StreamExecutionEnvironment env = StreamExecutionEnvironment.getExecutionEnvironment();

// read text socket from port
DataStream<String> socketLines = env socketTextStream("localhost", 9999);

// read a text file ingesting new elements every 100 milliseconds
DataStream<String> localLines = env.readFileStream("/path/to/file",
100,

WatchType.PROCESS_ONLY APPENDED);

// read data stream from custom source function
DataStream<<Tuple2<Long, String> stream = env.addSource(new MySourceFunction()),

// read from my kafka topic
DataStream<String> messageStream = env.addSource(
new FlinkKafkaConsumer082<>(
parameterTool.getRequired("topic"),
new SimpleStringSchema(),
parameterTool.getProperties())

)’.

To “FlinkKafkaConsumer082”, eivat £vag consumer o omoiog o1afalet omd Eva
katka topic. 'l va pmopécovpe va ToV EVOMUATMOGOVE GTOV KMOKE LG TPETEL
va TpocBEécov e 6To ovTioTolyo pom.xml Tov maven project pog Tov akoAov0o
KOOKA.

<dependency>
<groupld>org.apache.flink</groupld>
<artifactld>flink-connector-kafka-0.8 2.10</artifactld>



<version>1.1-SNAPSHOT</version>
</dependency>

Extog amd avto, mpv karéoovpe tov FlinkKatkaConsumer082, npénet va
KaAéoovpe Ko pa Property function 6mov péoa va mepdcovpe 6Aeg Tig pubuicelg
mov ypetdlovrat yu va cuvoécovpe tov kafka pe to flink npdypoappd pag. Katt
T€1010 Umopel va yivel pe Tov akOAovHo KOOKA.

Properties props = new Properties(),
props.put("zookeeper.connect", "localhost:2181");
props.put("bootstrap.servers", "localhost:9092");
props.put("group.id", "test-consumer-group");
props.put("enable.auto.commit”, "true");
props.put("session.timeout.ms", "30000");

Ext6¢ and avtd, pmopet av yivel pia chvroun avopopd yua tig €060V ToV
ocvotfuatoc. Eav 0élovpe to amoteléspata vog stream va Ypagoval 6e £va
apyeio .txt, 10tE ALTO TO KAVOLUE WG AKOAOVOWG.

stream.writeAsText(“/path/to/file”);

Edv 8¢ ovpe va ypdyoope og éva CSV apyeio tote:

stream.writeAsCsv(“/path/to/file”)

Edv 6éhovpe va mepdoovpe ta anmoteAéopata o éva socket TOTE:

stream.writeToSocket(host, port, SerializationSchema),

[Mapdiinia, uropel va BELovpue va ypayooue amoterécuata otov Kafka. I'a va to
netvyovpe avtd, ypnoomnolovue tov FlinkKafkaProducer, 6mov yia va tov
EVOOUATOCOUE GTOV KMOKO, TPETEL VO, KAVOVLE KATL avTIGTOLYO LE VT TTOL
Kévope Tponyovpévag e to Properties. Otav to kdvovpe avtd, UtopovLLE Vo TOV
KAAECOVE G EENG:

DataStream<String> WriteIntoKafkaStream = ...
WriteIntoKafkaStream.addSink (
new FlinkKafkaProducer<String> (
“localhost:9092 ",
“myTopic”,
new SimpleStringSchema)
);



3.6.3 Windows

Koabog &yovpe pinoetl mponyovpuévmg yio too mopdbuvpa to. 0moio opadomTolovV
dedoUEVA e OLAPOPOVS TPOTOVGS, Elval P TOPA VO SOVLE KO TPOYPOLLUATICTIKA
MG QLT VAOTOLOVVTAL.

Ag vroBéoovpe Ot Epyrovian cuveydg THESG (KGBe 000 devTEPOAETTA) OO TOVG
oo TpPEC 6TO TAPKO Mo Ko epelG BEAove va Bpiokovue TNV LEYIGTN TN Yo
KéOe Eva Aemtd. Avtd pmopel va yivel pe tov eENg tpodmo.

// (sensorlD, value)
DataStream<Tuple2<Integer, Double>> sensors = ...

Sensors
keyBy(0) // group by sensorID field
.timeWindow(Time.minutes(1), Time.second(2))
.max(“value”);

Ext6¢ dpmc amd avtod 1o mapdbupo, Topakdtd SEiyVouUE TAG LTOPOVLLE VO
VAOTTOUCOVLLE KOl TAL LITOAOUTA, TTOPAOLPO TOV AVUPEPOLLE TTO TAV®.

To Tumbling time mapdOvpo:
.timeWindow(Time.minutes(1))

To Sliding time mapdBvpo:
timeWindow(Time.minutes(1), Time.seconds(8))

To Tumbling count mapdBvpo:
.countWindow(1000)

To Sliding count mapdaBvpo:
.countWindow(200, 20)



Evolapépov mapovctdletl 1o yeyovog vo OTIAYVOLUE OIKEG LOG CLVAPTIGELS Y10, VOl
KPOTAUE GTATIOTIKA, OTMG Y10 TOPAOELY L €AV OEAOVLE VO KPATAUE TOV LEGO TNG
TIUNG evO¢ aoOntpa yio kabe Aentd. [a va yivelr awto, otnpildpacte oe éva
timeWindow ko pécw ¢ “.apply()” mepvape ta dedopéva OTws Gaivetol oTov
aKo6AovHo KMOIKO.

DataStream<SensorReading> readings = ...
readings
.keyBy(sensorlD())
timeWindow(Time.minutes(1), Time.seconds(2))
.apply(new WindowFunction<SensorReading, Statistic, String, TimeWindow>() {
@Override
public void apply(String id,
TimeWindow window,
Iterable<SensorReading> values,
Collector<Statistic> out)

{
int counter = 0;
double agg = 0.0;
for (SensorReading r : values) {
agg += r.nextValue();
counter++;
/
out.collect(new Statistic(id, window.getStart(), agg / counter));
/
2
print();

Téhog, a&ilel va yivelr o cuvtoun avaeopd oto “Flink Web Submission Client”,
10 omoio givar éva epyaieio ylo vo LOG TOPEYXEL Ol OTLTIKT] EIKOVOL TOV CKEAETOV
TOL TPOYPAULATOC Hag. 'Eva xapakTtnplotikd 6TiyitoTumo akoAovdel mapakdto.






KEDAAAIO 4

Apache Kafka

4.1 ApyLTteEKTOVIKT)

To Apache Kafka givau éva cvotua high-throughput katavepunuévo to omoio
ypnoomoteiton amd peydieg etapeieg 6nmwg eivon  LinkedIn, Twitter, Foursquare
K.4.. Oa emekTafoVE GTNV APYLTEKTOVIKT TOV O10TL GTNPIleTON AUESA LE TNV
apyltektovikntov Samza. ['a v axpifeio 1o Samza éyet ytiotel TAVO GTO
Apache Kafka Project a6 v LinkedIn. To Kafka otnpileton otnv apyrtektovikn
tov publish-subscribe kot £yel Ta axdAovOa YOPAKTNPIGTIKA:

e Persistent messaging, pe v évvola 6tt To cvoTNUa eivar aSlOTIGTO Kol Oev
YOVEL UNVOLLOLTOL.

e High throughput, dedopévov tov 611 T0 Kafka upmopel va yepileton
eKatovtdoec Mbs 0edoUEVOV TO dEVTEPOAETTO KOl OTL UTOPEL VO YPAPEL CE
moAALOVG clients tavtOypova.

e Distributed, apov ev yével £xel KataokevaoTel [e pia cluster-centric doun n
omoio. pmopel vo emeKTEIVETOL OLVOUIKE OVAAOYD, UE TIG OVOYKEG TOV
GUGTILOTOC.

e Recal time, a@ol o1 consumers ot 0moiol €yypAPOVIOL GTO GUGTHNUO OVTO
npémel va PAETOLY apéomg o unvopoTa to. ooio Topayovtol. Avto gival
éva, kpioywo mnua v cvotiuata 6ntmg to. Complex Event Processing
(CEP).

Edo mpémer va tovicovpue 0t1 to Kafka sivar aAAniévoeto pe 1o zookeeper 1o
omoio tpé&yet pali Tov yo va Kpatdel TIG “ocuvietayuéveS” ToL GLCTHUATOC. Mo
YOPOKTNPIGTIKY EIKOVO TOV TEPLYPAPEL TO GVOTNUE Lag ivar 1) akdAovO).



To Kafka umopovpe va 10 ypnoipomomcovpe pe d1dpopovg tpdmovs. Tétotot ivar
10 Log Aggregation, to Commit Log, to Messaging, aAAd Kor to Stream
processing. Epdg pog evolagépet oty mopodca SUTA®UTIKY To Stream processing
v 'v16 ko Bo emekteBov e o ALTO.

Oocov apopd to stream processing, 1o Kafka cuAléyetl dedopéva amd dropopetikd,
topics, ta otéAvel oe o unyovn eneCepyaciag 6mmg eivar to Flink 1 to Samza ya
va avaAvBovv ta akoatépyacta dedopuéva Kot Enetta to taipvel méil o Kafka kot ta
evanwOétel 6ta cwGTA topics.

‘Eva topic amoteleiton amd moALd partitions, Ta owoio LEGO TOVG £XOVV TPOPAVAG
ta dgdopéva. Ovolaotikd €va topic eivar pua Katnyopio Twv 0edoUEVOVY T OTToio
nepiéyet. Ta partitions eivorl vTocHVoOLo ddOUEV®OV T, OTTOi0L EIVOIL OVGLAGTIKA O



Babpoc mapoarinAiiopon. XoapaKtnpioTikn eivol n mopakdtm eikova 1) omoio Oiyvel
Vv avartopio evog topic.

Anatomy of a Topic

Partition 111
0 {]123456?89{]

” :
Fa’ﬁ'“ﬂ“ ol1]|z2]|ala|5|e|7|8lo! = Writes
0t
Partition 11|44
5 of1(213]4]5(6|7 /8|9y ]!
izl
Old = New

Ot vnpecieg o1 onoieg ta yepilovv avtd pe dedopéva ovopdlovton producers Kot
o1 vnpeciec o1 omoieg dafdlovv Ta dedopéva avtd ovoudlovion consumers. H
emKowvovia Twv consumers pe tovg producers wpaypatonoteitot Kétm amd to TCP
npwtoékoiro. To Kaftka tomobetel oe kdbe punvopo kon Eva povadwko id to omoio
KaAeitor message-offset to omoio avamapioTd TNV HOVOOIKOTNTO Kol QLEAVEL TNV
YPOVOSPPOYida TOL UNVOLOTOC OVTOV.

‘Eva dAho yopaxtnpiotikd mov oiler va onuemBel eivar 611 pumopodue va
EVEPYOTOUGOVUE TOAAOTTAOVG consumers ot omoiot Ba Ppiockovion péca e Eva
consumer group. To oot TOTE VTOYPEOVTOL VO LA OMGEL TV €yydNon OTL TO
povn o tov Béhovpe Ba eneepyactel TovAayioTov Lo eopa (at least once).

Ymv mapokdto swova Egovpe €vav producer (éva cluster amd web servers), o
omoioc oTéAvel Ta unvopata péoa oe va, topic ue 4 partitions. Avtd ta 4 partitions
ta dryepilovron 2 brokers. Avtd ta 4 partitions ta fAETOVY Kot 01 4 consumers ot
070101 T KOTAVOADVOUV KLOAOC.



[ToAd onuavtikd Bépa otov Kafka eivar avtd g eyyvmong mov npocepépel ota
unvopato. Mag divel Aowmdv 3 Bacikég eyyunoels.

e To pnvdpata mov mapdyovior amd tovg producers, ce €va topic, Oa
opadofovv GTOVG consumers e TNV GEPA LE TV omoio dnpovpynonkav.

e Mog dOiver v gyyimon Ott 10 unvouo mov mopdyetal Bo mopadobel
TOLAGYIoTOV [ Popd oe Evav consumer. (at least once)

e [ éva topic pe cvvtereotn| aviypaeng N (replication factor), Oo vdpyel n
avoyn v N-1 amotvyiec-BAdPeg Twv servers ywpic va yacovue ovte €va
punvopa.



4.2 Ylomoinon

Epdécwv to Samza sivan Baciopévo méve oty apyrtektovikn tov Kafka (on top of
Kafka), 0o mapovsidcovpe va facikd Tpayuatikd TpoypouUaTIcTIKO LOVTELO.

[Ipota mpénel va katefacovue v televtaia kdoon (0.9.0.1).

tar -xzf kafka_2.11-0.9.0.0.1g7

MoMg tereiwoel avT] 1 dOIKAGIOL TPEMEL VO UTOVUE GTOV (QAKEAO KOl VOl
Eexvynoovpe Tov zookeper server pog o omoiog PpickeTon otov gpakero “bin”. O
zookeeper server mpémer voa  Eexkwvnoel TPAOTOS Yo va  QTIAEEL  OTI
CLVTETAYUEVECTOV cuathpatog. Tov Eexvdpe Etot:

bin/zookeeper-server-start.sh config/zookeeper.properties

To config/zookeeper.properties €ivar 10 configuration file to omoio Tov TO
divovpe oto startup. Av 0éhovue va tpéyxel oe éva cluster o dapoppdvovuE
avoAOYmC.

A@o¥ Eekvnoet Oa mpémet va dovE L E1KOVA, cav TV aKOAovO).



Apéomg petd, mpénel va Eekwvnoovpe tov kafka server pag. To kdvovpe avtod pe
™V akOAovON EVIOAN:

bin/kafka-server-start.sh config/server.properties

Otav v Tpé€ovpe avtv TV evtoAn Ba Eekivnoet kot o kafka, Onme paiveton Kot
0TO TOPAKAT® terminal.

To apyeio mov divovpe wg input “server.properties” eival moAd onuavtikd Otov
tpéyovue tov Kafka oto cloud. I'a va kdvovpe £va configuration 6to cuoTUd Hog
KOl VO, TOV TPEYOVUE KOTOVEUUEVO TPETEL VO KAVOLLLE TO €ENG:

vim server.properties

Kol Qo pog eppaviotet to apyeio.



210 apyeio avtd Ba mpémetl va opicovue povadikd broker.id yio ka0e k6o ko vo
opicovpe  cwotd Tic  TwéG  host.name,  advertised.host.name = o
advertised.host.port.

2V ovyKekpluévn mepintmon 0o 1o apnoovue OTmg £xet Yoo vo. TpEEovUE Eva
amAo mapaderyua localhost.

Apéomg petd amd avtd, Oo dSNUIOVPYNCOVLE TO TPATO HOG topic HE TNV akOAoLON
EVIOAN.

bin/kafka-topics.sh --create --zookeeper localhost:2181 --replication-factor 1
--partitions 1 --topic test

[Ma va dovpe oo topics VILEPYOVY GTO GVGTNUA LOC TO KAVOVUE LE TNV EVTOAN:
bin/kafka-topics.sh --list --zookeeper localhost:2181

Téloc, 10 makéto to omoio Katefdcape TpocepEpetl £Tolo producer Kol consumer,
01 0moiot dgv K&vouv timoto AALO amd T0 GTEAVOLV Kol Vo LeaviCovy Eva unvoua.

ZeKVALE TOV TOPOy®YO LOG:

bin/kafka-console-producer.sh --broker-list localhost: 9092 --topic test
YTEAVOLLE KATTOL0L UVOLLOTO Y®PIG Vo EXOVLE EEKIVIIGEL KAVEVOY consumer.
‘Eneita Eexvape Evov consumer LE TV EVIOAT:

bin/kafka-console-consumer.sh  --zookeeper localhost:2181 --topic test
--from-beginning

KOl TOPATNPOvUE OTL HE TO oL Eekivioel dtafalel o unvouota to omoio £ovv
otalel oto topic mpv omuovpyndei. Edd @aivetar n eyydmon ot dev ydvovtal
UNVOLOTO GTO GUGTNLLO.

To terminal poag Aowtdv potdlel Kanmg £Tot.






To 0ebtePO Ko Mo evilaPEPOV PEPOG Tov mepdpatdg pag pe tov Kafka stvon va
&xovpe 2 VMs, otig dievbuvoelc:

104.155.50.243 ko 104.155.52.91

Kol voL otéAvovpe unvopata amd to v VM oto daAro. T va yiver avto, apkel va
Eexwvnoovpe oto 104.155.50.243 tov zookeeper kour katka server koi évav
producer. X10 104.155.52.91 VM Ba éyovpe évav consumer 0 0moiog KoTovVOADVEL
TO, UNVOLLOTO OTT®MC POIVETOL GTNV TOPAKAT® EIKOVAL.



4.3 Y)lomoinon evog Kafka Consumer

Axolovdel 0 kddwkag evog Asttovpykod kafka consumer o omoiog dwafalet amd
évag topic, Kol 10 TPoPALEL GTO TEPUOTIKO.

import java.util. Arrays,

import java.util. Properties;

import org.apache.kafka.clients.consumer.ConsumerRecord;
import org.apache.kafka.clients.consumer. ConsumerRecords;
import org.apache.kafka.clients.consumer.KafkaConsumer;

public class MyConsumer {
private final String topic;

public MyConsumer(String zookeeper, String groupld, String topic) {
this.topic = topic;

/

public void testConsumer() {

Properties props = new Properties();

props.put("bootstrap.servers”, "104.155.50.243:2181");

props.put("group.id", "test");

props.put("enable.auto.commit”, "true");

props.put("auto.commit.interval.ms", "1000");

props.put("session.timeout.ms", "30000"),

props.put("key.deserializer",
"org.apache.kafka.common.serialization.StringDeserializer"),

props.put("value.deserializer”,
"org.apache.kafka.common.serialization.StringDeserializer");

KafkaConsumer<String, String> consumer = new KafkaConsumer<>(props),

consumer.subscribe(Arrays.asList(topic));

while (true) {
ConsumerRecords<String, String> records = consumer.poll(100),
for (ConsumerRecord<String, String> record : records)
System.out.printf("offset = %d, key = %os, value = %s", record.offset(),
record.key(), record.value());

/

public static void main(String[] args) {
String topic = "test";
MyConsumer simpleHLConsumer = new MyConsumer("104.155.50.243:2181",



test-consumer-group", topic);
simpleHLConsumer.testConsumer(),

4.4 Yhomoinon evog Kafka Producer

AxolovBel kmdkac, evog katka producer o omoiog dtapdaletl éva apyeio json Kot to
anofnkevel o Eva topic.

import katka.javaapi.producer.Producer;
import kafka.producer.KeyedMessage;
import kafka.producer.ProducerConfig;
import java.io.File;

import java.io.FileNotFoundException;
import java.util.Properties;

import java.util.Scanner;

public class SimpleProducer {
private static Producer<Integer, String> producer;
private final Properties properties = new Properties();
private static Scanner scanner;

public SimpleProducer() {
properties.put("metadata.broker.list", "104.155.52.91:9092");
properties.put("serializer.class", "kafka.serializer.StringEncoder");
properties.put("request.required.acks", "1");
producer = new Producer<>(new ProducerConfig(properties));

}

public static void main(String[] args) throws FileNotFoundException {
new SimpleProducer();
String topic = "test";
String msg = null;
File text = new File("/home/ioakim/Downloads/data-single.json");

//Creating Scanner instnace to read File in Java
Scanner scnr = new Scanner(text);
StringBuilder stringBuilder = new StringBuilder();

while(scnr.hasNextLine()){
String line = scnr.nextLine();



/I stringBuilder.append( line );
KeyedMessage<Integer, String> data = new KeyedMessage<>(topic,
line);

producer.send(data);

}

producer.close();

}
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Apache Samza

5.1 I'evika ywo To Samza

Onwg avagépape Kol Tponyovpéveg to Samza otnpiletor apyItekTovikd GTov
Kafka. Xt0yo¢ tov Samza givar va mapéyel Eva eAappv Framework yio cuveym
enefepyacio dedopévemv. To Samza eivor €vo mOAD ypnoyo epyoieio ywo vao
Kévoope update (o faon dedouévmv, va vtoAoyilovpe LETPNTEG 1] YEVIKOTEPQ Y10
va eneCepyalopaote punvopata. 'Eva yapaktnpiotikd mopdderypo evog Samza Job
tov LinkedIn givain eneEepyacio ndvo and 1.000.000 unvopota to devtepOLETTO.
Kamow Pacikd yopakmmpiotikd tov Samza sivon 0t éxel moAd amdd API, eivan
avVEKTIKO o€ BAAPEC Kou pag oivel eyyvnoelg 0Tt To unvoua mov Ba enelepyaotel Oa,
amonkevtel og éva topic.

5.2 ApyrtekToviki Tov Samza

H apyrtextovikn tov Samza anotereiton amd 3 Paoctkd uépn:

e Streaming layer, to omoio &ivar vmebOBVvo Yo va ToPEXEL SLOPKY Kot
tunuotomompéva steams (Kafka)

e excecution layer, To omoio givatr veLOHVVO YIOL TNV YPOVOIPOLOAOYIGT TOV
tasks o11¢ svoToyieg Tov cvoTuatoc (YARN)

e processing layer, To oroio ivat vrevBuvo yua To input stream (Samza API)

H mapoamdveo meprypaen NG OpYLTEKTOVIKNG TOPOLGLALETOL GYNUOTIKO GTO
akdAovBo oymua:



O SamzaContainer, eivar vmevBvvog ywu v Owayeipion twv  StreamTasks.
Ovocuootikd eivar avtdg o omoiog eAéyyetl ta checkpoints, Ti¢ peTpikéc kot yevikd
dwyepileton v extéleon tov task. ‘Evag SamzaContainer tpéyet o¢ aveSdptnn
ewovikn punyavn (VM) JAVA. Top' 6o avtd, Eva Samza Job puropel va Bpicketan
oe dwpopetikovg  SamzaContainers, Gpo Kol TOLTOYPOVA GE OLUPOPETIKA
LY OV LLOLTOL.

Amo v dAAn mievpd, vtdpyer o NodeManager oe vynAdtepo eminedo, 0 0moiog
Bpioketarl péoa otnv YARN apyrtektovikn, kot eivor avtdg o omoiog Eekvaet tnv
EKTEAEOT TOV  JlEPyoosudV. X OKOUO 7O VYNAO eminedo, VTAPYEL O
ResourceManager o omoiog pildetr pe dAovg tovg NodeManagers, kot Tovg AEeL
mo1d depyacio TpEmeL va EEKIVCOLV VoL TPEEOLV.



5.2.1 Streams and Jobs

‘Eva omd tor o onuavTikd péEPT Tov cLOTHHOTOG eival Ta Streams kot Ta Jobs.
Avtd ta 2 components, givar ta 2 Pacikd uépn yw vo ytricovue éva Samza
application.

‘Eva stream amoteleiton and apetdfAnteg akolovdisg mapopoiwv unvopdtov. I'o
va metvyovpe scalability 6to cvoTud pog Tpémel va ondoovpe To streams mTov
gxovpe ®¢ 16080 o€ avaroya partitions.

‘Eva Job, givan 0 k®dikag o omoiog o katavardcel 1 Oa mwapdet Eva stream. [
va tetvyovpe scalability oto throughput, ta jobs mpénel va ondoovv 6 puKpoTepal
units ta. omoia ovopdlovtat tasks. To kaBe task kotavaiovel dedopéva amd Eva 1
neplocOTEPQ partitions yio KaOe input stream.

2INV TOPAKATO EIKOVO QAIVETOL 1) GYNUOTIKT) ATEIKOVIOT] TOV OGOV TEPLYPAYALLE.

Samza Job




5.3 Baolko mopadetypo Katavonong

IMa va katardBovue v akpiPng Aettovpyia o ddcovE £va TPAYUATIKO
napddetypo. Ag vrobésovpe 0t BELove va dovpEe TOGO TOL0TIKA dEdoUEVOL
otélvel Evag acOntpog and Eva potoBoAtaiko mdpko. ['a va to kdvovue avtd
TPEMEL VOL LETPNGOVUE aTd TIC TIUEC TTOV OGS PEPVEL O aloONTHpaC KABE oTIyUn
TOGEG OO AVTEG AVTATOKPIVOVTOL GTIG TOOVES TPOYUOTIKEG Kol TOGES Eival

oQAALO LETPMOTG.

Mo va TpaypoatoromBel avtd Exovpe 2 Jobs. To éva d€yetar Ta inputs omd Tov
oo pa, EAEYYEL LE KATO10 KPITHPLoL €6V Elval amodekTéS TIUEG Kol To ToTo0eTel
670 avaAoYo topic. Ao TV GALAN, To dgvTEPO Job, dialel and to topic to omoio
EXEL TIG AmOOEKTEG TIUEG Kol Yio KAOE vEa T oL YPAPETOL GTO topic avTd
av&avel Evav petpnti. And avtdv tov petpntn EEpovpe Kdbe otryun v gvotoyio
TOV e Tpa poc.

Avt 1 ddwkacia Exel opototneg pe TV Asttovpyio Map/Reduce tov Hadoop. H
Kopla dtapopd dpwg pe to Hadoop etvar 611 6to Hadoop mpémet va éxovpe
kaBopiouévn eicodo (fix inputs), o€ avtiBeon pe To Samza wov pumopel va Exel
aKkaBop1oTEG E16OS0VG.



5.4 IIpoypoppotiotiki] vAomoinon

["a va viomomoovpe por Samza eQopproyn TPETEL KATAPYAS VO VAOTOGOVUE EVal
Job. Eva Samza Job amoteieitat amd Tov facikd K®IKa mov divel tTnv
Aertovpywotnta (actual code) to omoio eival éva task kat and £va configuration
apyeio. Avtd ta 2 tpénetl va yivouv pali deploy otov server yio vo TpEEovpe v
EPAPUOYT HOG.

"o va dnovpynoovpe éva task, mpémel va vAomoocovpe to StreamTask
interface.

package com.samza;

public class MyTask implements StreamTask {

private static final SystemStream OUTPUT _STREAM =
new SystemStream("kafka", "sensorOut");
public void process (IncomingMessageEnvelope envelope,
MessageCollector collector,
TaskCoordinator coordinator)
throws Exception {
// Do something useful

/

Av16 givan €va £ykvpo task to omoio OpmG Oev €xel KAmOLo AEITTOVPYIKOTNTOL.
Mmropovpe va tpocBécovpe pa Aettovpykotnta Kot pali pe to axoiovfo
configuration file va to kévoope deploy kot va tpé&et.

# Eow opilovue v kAdan tpv omoio. Oa poptmoet yio, vo, IECEL TO TPOYPOoUO;

task.class=com.samza. MyTask



# Eow opilovue éva avotnuo. kafka oto omoio Qo eivar n Tnyn 100 GOGTHUOTOS

systems.kafka.samza.factory=org.apache.samza.system.kafka.KafkaSystemFactory

# Eow opilove o1t to MyTask Qo Aoaufaver to input amo to cvornua kafka kou mo
# ovykexpuévo, oo to topic MyTaskTopic
task.inputs=kafka.MyTaskTopic

#EOow Palovue Tpoteporotnto atyv eloodo. Mmopodue va. Eyovue #ropomdva omo
# uia ercooovg. H avvraln yiverar wg eéng:
systems.<system>.streams.<stream>.samza.priority=<number>
systems.kafka.streams.myRealTimeTopic.samza.priority=1

systems.kafka.streams.myBatchTopic.samza.priority=2

# Eow opilovue évav serializer/deserializer o omoiog Aéyeton #'json" kou xavel

parse
# JSON unviuorzo

serializers.registry.json.class=org.apache.samza.serializers.JsonSerdeFactory

# Xpnowuomoiel "json" oeipromoinon yia unvouozo oto “MyTaskTopic” topic

systems.kafka.streams.MyTaskTopic.samza.msg.serde=json

Topa 6o viomomcovpe o facikn Aettovpyikdtnta tov MyTask.

public class MyTask implements StreamTask {

private static final SystemStream OUTPUT_STREAM

new SystemStream("kafka","sensorOut");

public void process (IncomingMessageEnvelope envelope,
MessageCollector collector,
TaskCoordinator coordinator) throws Exception {



try {
@SuppressWarnings("unchecked")

Map<String,Object> json = (Map<String, Object>)envelope.getMessage();
String value=null;

value = (String)json.get("sensosValue");
value = value.concat(" _Sensor working");

HashMap<String, Object> val = new HashMap<String, Object>();
val.put("output:"”, value);

collector.send(new OutgoingMessageEnvelope(OQUTPUT STREAM,val));
} catch(Exception e) {

System.err.println(e);

/

To ovykekpiuévo Task kavet o facikn Aettovpyia. Awafdlet omd éva stream, T0
onoio umopet va givar to MyTaskTopic tov katka to omoio €xet opiotet Gav input
oto configuration file (.properties), Tnv T evog aicONTPA Ko KAVEL Lo
cupfPorikn Tpaén. Aol kdvel TV avdrloyn Tpdsén To GTEAVEL AUECHG GTO
sensorQut topic tov kafka. A&ilel va onuewwBei 61 610 topic To omoio dwuPaletl To
task pog Bpiokovror apyeio Tng Lopenc .json.



5.5 Metrics

Otav tpéyovpe pia streaming oladikocio, Evol GNUOVTIKO Vo, EXOVUE KAAEC
HeTpKéS Yo To Job mov tpéyovpe. To Samza pog mpoceépet Tétoteg PifAtodnkeg
Y10l VO WITOPOVLE VO KAVOLLLE KATTO1d POCTKA TPAyLOTa E0KOAN Kol YPYYOpo., OTTMG
elva o throughput tov pnvopdtov. EXtoc amd Tig £Totuec HeTpikés ORmd,

UTOPOVLE VO ONUIOVPYNGOVLE KO OTKEG OIS EDKOAQL.

Ot peTpiKég 6TO TPOYPOULA HOG LITOPOLV Va Yivouy report e dtopdpoug TpOTovG.
Mmropovpe av 11g ekBécovpe pécm tov JIMX g Oracle, o omoio givar ko o
default tpomoc. I'la va to kdvovpe avtd mpénetl va mpochésovue oto configuration

file To e&ng;:

# Opilovue évayv metrics reporter tov omoio tov ovoualovue "jmx", o omoiog
# onuoaoieder aro JMX
metrics.reporter.jmx.class=org.apache.samza.metrics.reporter.JmxReporterFactor

y
metrics.reporters=jmx

Evog kAaooikog Tpomog yio. va ekOETovuE TIG UETPIKES LOG EIVOL Vo, kavooue publish
TIC UETPIKES UOG TTEPLOOIKG, o€ &va. kafka topic, omd to omoio Qo Tig KAvovue consume
Uéow evog samza job, omov uéw ovtd Oo Tic aTEAVODUE OE EVOL YPOPIKO TOOTHO. OTMG

eivar to Graphite.

Lo va mpayuatomonBei oty n kAaooikn diodikacio. TPEmeL TPAOTA VoL fAlovue To;

owaTa properties oto avtiotoiyo configuration file. Avtd eivou to. oxolovBo.:

# Opilovue évav metrics reporter tov omoio Tov ovoualovue “snapshot” o omoiog

# eivar vwedBovos yia va dnuooiedel mepiooiko, (kalbe 60 sec.) TIC UETPIKES.



metrics.reporter=snapshot
metrics.reporter.snapshot.class=org.apache.samza.metrics.reporter.MetricsSnaps

hotReporterFactory

# Aéue otov “snapshot” reporter vo. onuoaiedel ae évo. topic "metrics"” aro aboTnuo
# "kafka"

metrics.reporter.snapshot.stream=kafka.metrics

# Kwoixomoiel to. oedouévo, tov metrics reporter ws JSON.
serializers.registry.metrics.class=org.apache.samza.serializers. MetricsSnapshotSe
rdeFactory

systems.kafka.streams.metrics.samza.msg.serde=metrics

Eav topo Ocdoue vo prialovue to dixo uog metric adotnua, o uropovaoye va. to
Kavovue avto ueow tov MetricsRegistry. To task wov o onuiovpyodooue Ga éxpemne
vo. kavel implement to InitialTask wote vo uwopei va mopel HETPIKES OO TO

TaskContext. Evo tétoto Pooiko wapadetyua Qo ntow 1o axorlovbo:

public class MyJavaStreamTask implements StreamTask, InitableTask {

private Counter messageCount;
public void init(Config config, TaskContext context) {
this.messageCount = context
.getMetricsRegistry()
.newCounter(getClass().getName(),

"message-count");

public void process(IncomingMessageEnvelope envelope,
MessageCollector collector,
TaskCoordinator coordinator) {
messageCount.inc();



/

Avto 10 amAd TapadEyIa Lag osiyvel mmg vroAoyilovpe Evav LETPNTH O 0TTO10G
apBuet ta unvopata wov eneEepyalopocte oe avtd to Task. To Samza
vrootnpilel péypt oTryung counters, gauges ko timers.

5.6 Checkpointing

Onwmg £rovpe avapEPEL TPONYOLUEVAOG TO Samza TPENEL VO, EIVOL OVEKTIKO GE
BAaPec. I'a va o metvyovpe owtd Tomobetove oto properties file tnv pHOuoN Yy
va Kavel To cvotnua eploodtkd checkpoints.

# Opilovue checkpoints arov kafka
task.checkpoint.factory=org.apache.samza.checkpoint.kafka. KafkaCheckpointMan
agerFactory

task.checkpoint.system=kafka

# Ao default, to checkpoint ypagel kaBe 60 devtepoiemto. Me oty v pvbuion
EUEIS UTOPODUE VO Ypapovue ue 0Tl Tiun Gedovue (msec).
task.commit.ms=60000



5.7 Windowing

Yvvnbwg oto stream processing ta, jobs wov £xovpe dNUIOVPYNOEL, TOGO 6€ Samza
aAAG ko o€ GALeg TAaTEOpuES OTtmG To Flink, mpémel va vroAoyilovv meplodikd
K&t cvykekppévo. Kati tétoto yiveroar modd ebkora 6€ GLVOLAGUO LLE TA
napdOvpa 6to Samza. ['a va to e€nynoovpe kaAdtepa ovtd, Ba emeTPEYOLUE
GTO TPAOTO LAG TAPASELY O LE TOVS ocONTPES 0o TO0 POTOROATAIKO TépKOo. A
vroBécovpe Aomdv, 0Tt £xovpe €va job, T0 0moio VToAoyilel TOCES TIUES TOV
aoOnpa omd T0 oTofoArTaiKd TapKo givar ektdg opiwv. Mia devtepn vdOeon
glvar 6TL 0 sl poc otédvel dedouéva kdbe déka devteporenta. Epeic 0 ovpe
va EEpovpe TNV aoToYio LETPTIIONG TTOV £XEL O acOnTpoc Kabe déka Aemtd. ['a va
TO TETVOYOVUE AVTO, EYOVUE EVAV LETPNTY| TOV 01010 TOV avEAvoLpE KABE Popd oL
&yovpue pio aotoyio. Mo popd ota déka Aemtd, To omoio eivor Katl To puEyehog tov
TopaBVPOV O, GTEAVOVUE TO OMOTEAEGHN GE £va topic Kal undevifovpe Tov
peTpn Ty Hag. Axolovdel Eva xapaKTNPIoTIKO TOPAIELYLLAL.

public class SensorCounterTask implements StreamTask, WindowableTask {
public static final SystemStream OUTPUT STREAM = new SystemStream("kafka", "events"),

private int fail Counter = 0;

public void process(IncomingMessageEnvelope envelope,
MessageCollector collector,

TaskCoordinator coordinator) {

if (the value is_out of bounds())
{

failCounter++;

public void window(MessageCollector collector,
TaskCoordinator coordinator) {
collector.send(new OutgoingMessageEnvelope(OUTPUT STREAM,



failCounter));
failCounter = 0;

[Mapdiinia, dmwg o KaOe task mwov ypdeovue, Tpénel va TpocOécove Kot To
avtiototya properties oto configuration file.

I"a 1o mapdaBupo, 1o povo mov yperdletan eival va tpocécove 10 €ENC:

# Kaet to lopabvpo kdbe 10 Aemto,
task.window.ms=600000
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6.1 Xvupmepaocporto

e autd 10 onueio, £yovtag dovAéyel Ko pe Ta 0vo frameworks, eipocte og Bon
VO GUUTEPAVOVLLE TTO10 ATt TaL OVO VOTEPEL 1] LITEPEYEL OE KATL.

Muiovtog mavta yio scalable cvotiuata, 6to omoio moAD mWOAvVOV va Exovpe
Kémolo message queue protocol, Ba BOAeve TOAD va ypnoiporTomncove To Samza,
Kol 0vTo 010t evempatavel to Kafka, to onoio givon éva tétoto. [TapdAinia, pog
dtver v dvvatdTTa Vo dovAdyovpe Kot Le dALla cuothpata 6mmg To RabbitMg.

‘Eva aALo Baocikd epatnua 0o jtav, woto omd ta 60 cueTiaTa ivot To Yp1ryopo
oto deploy, 11 aAM®OG 6 OO0 ad TOL OVO £YOVLLE O YPTYOPT| TOPOUYMDYT TEAIKOD
KOOKA. g aLTO Kol TAAL vreptepel To Samza, KabmG, YPAPOLUE TOAD €0KOAO
KOOKa, Yowpic dwitepeg yvooelg tov framework, mopd poévo @tidyvovtag
configuration files kot Java native k®dika. Amd v dAAn, to Flink, ypnowomnotel
déc Tov PeBdOOVE Kl GUVOPTNGELS, Ol OTTOlEG amaTOvV TNV TANPN KOTAVON oM
TPAOTA Y10 VO WTOPEGOVUE VO YPAWOVUE TPOYPOLLO LE OVGIOGTIKO OTTOTEAEGLLAL.
Oocov agpopd to deploy, T0 Samza eivor mdAl mo ypryopo, «KoOdG péver vo
“oNKMOCOVUE” TOV Sserver Hagc, Kal HeTd ypdopovtag Kdbe popd Eva apyeio Java e
10 avtictoryo config file Tov, To Kévovpe host ko Tpéyetl apéows. Awd v dAAN,
oto Flink xé0e popd mov dnpiovpyovpe gva apyeio Java Tpemet va Kovovpe oAt
deploy oLo to project pall ko va 1o onkmoovpe woAl. To Samza Aowtov, v o€
0éon av “PAémer” Ta aveEapTNTO OpYELR Java Kot VoL T EVOOUOTMOVEL QVTOLOTO GTO
project.

Téhoc, mpémer va avoapepBodue 610 {6OC MO ONUOVTIKO KOUUATL, OVTO TNG
andooone. e va 10 cuumepdvovpe o TOPOVGIAGOVUE O TELPOUATIKT LEAETT,
LE TTPOYUOTIKG VOOUEPD, OTTMOC POLVETOL TAPAKAT.

Ynueiwveror 0Tt ot dokpég £yvav oe Amazon Cloud, kot e VM e T1g mopakdtm
TPOOLOYPAPES:



[Tupnveg : 4

RAM : 16 GB
Aiokog : 60 GB SSD
Aixtvo : VDSL

H mnepyypaery tov mepdaupatog  elvor  amArl.  Axohlovfel 10 povtéro
producer-consumer, ko £yl 0¢ eENG:

‘Exyovue évav producer, o onoiog mapdyel unvopota tomov “Number: x”, dmov x
etvan évag apBpdg amo 1 péypt N. To povnuoe avtd to otédvel og Eva topic.

Amo ™V AN TAgLpd, £xovue Tov consumer o omoiog dtaPdlel To povnuo oo TO
topic avto, 1o enelepydletor kot TomoHeTEL TO CLUTEPAGLA TOL GE £Vl AAAO topic.

Ag tpé€oupe To cHoTNUA YO0 TV Samza apyITEKTOVIKT) TPDTO.



6.2 Samza Producer

O k®okag tov producer mopovotdleTal Tapakdto, e To N, To omoio eival to 6p1lo
unvopdTov mov mapdyet va givar v wpatn eopd 3.000, 2.000.000 kot téA0G
100.000.000.

package SimpleProducer.SimpleProducer;

import kafka.javaapi.producer.Producer;

import kafka.producer.KeyedMessage;

import kafka.producer.ProducerConfig,

import java.io.File;

import java.io.FileNotFoundException;

import java.util. Properties;

import java.util.Scanner;

import java.util.concurrent. TimeUnit;

import org.apache.flink.api.common.JobExecutionResult;

/**

* Created by ioakim on 16/3/2016.

¥/

public class SimpleProducer {
private static Producer<Integer, String> producer;
private final Properties properties = new Properties();
private static Scanner scanner,

public SimpleProducer() {
properties.put("metadata.broker.list", "localhost:9092");
properties.put("serializer.class"”, "kafka.serializer.StringEncoder");
properties.put("request.required.acks", "1");
producer = new Producer<>(new ProducerConfig(properties));

/

public static void main(String[] args) throws FileNotFoundException {
long startTime = System.currentTimeMillis(),
new SimpleProducer();



String topic = "data";
intk=0;
while (k< ....N....) {
String counter = String.valueOf(k),

// String for Samza

String output = new StringBuilder().append("{\"NUMBER\":")

.append("\"").append(counter)
.append("\"}").toString();

KeyedMessage<Integer, String> data = new KeyedMessage<>(topic, output);
producer.send(data),
k++;

/

long endTime = System.currentTimeMillis();
long totalTime = endTime - startTime,

System.out.printin(totalTime),

producer.close();



6.3 Samza Consumer

Kot €00 mapovoialetor o kodwkag tov consumer, onAadr tov host kmdika cTov
samza server.

package samza.thesis.samza.task;

import java.util. HashMap,

import java.util. Map;

import org.apache.samza.system.IncomingMessageEnvelope,
import org.apache.samza.system.QutgoingMessageEnvelope,
import org.apache.samza.system.SystemStream,

import org.apache.samza.task.MessageCollector,

import org.apache.samza.task.StreamTask;

import org.apache.samza.task. TaskCoordinator;

import org.codehaus.jettison.json.JSONArray;

import org.codehaus.jettison.json.JSONObject,

/**

* Created by ioakim on 16/3/2016.

¥/

public class MyTask implements StreamTask {

private static final SystemStream OUTPUT STREAM EVEN = new
SystemStream("kafka","even”);
private static final SystemStream OUTPUT STREAM ODD = new

SystemStream("kafka","odd"),

public void process(IncomingMessageEnvelope envelope,
MessageCollector collector,
TaskCoordinator coordinator) throws Exception {

try {
@SuppressWarnings("unchecked")



Map<String, Object> json =
(Map<String,Object>)envelope.getMessage(),

String number=null;
number = (String)json.get("NUMBER");

HashMap<String, Object> val = new
HashMap<String, Object>(),

if ((Integer.parselnt(number) % 2) == 0) {
val.put(number, null);
collector.send(new
OutgoingMessageEnvelope(
OUTPUT STREAM EVEN,val));

} else if ((Integer.parselnt(number) % 2) = 0) {
val.put(number, null);
collector.send(new
OutgoingMessageEnvelope(
OUTPUT STREAM ODD,val)),

/
} catch(Exception e) {

System.err.println(e);

/

Ovocwotikd, o k®dkag tov Consumer, kavel v €ENG amAn dovield. o kKaOe
uvopa Tov Tavel 6to data topic, To omoio SNAdVETIL ¢ input Ao TO AVTIGTO(O
config file, to dafalet ko Kavel po amAny tpdén. Metatpénetl to String o€ Integer,
Kol petd to xkavelt mod 2. Epodcwv o apBudg eivar Luydc, tote 10 Ypdpel 61O
“even” topic. AlapopeTikd 10 Ypapel 6to “odd” topic. Ztnv cuvvéyeln, mapabEtovpe
tov avtiotoryo kddwa yio to Flink consumer-producer, ot onoiot kévovv axptag
™V 101 dovAeld OTwG Kal 610 Samza.



6.4 Flink Producer

Edo mapabétovpe tov producer 6mov kot mdAt o N Oa mapet tic Tinég yio 3.000,
2.000.000 xo1 100.000.000.

package SimpleProducer.SimpleProducer;

import kafka.javaapi.producer.Producer;

import kafka.producer.KeyedMessage;

import kafka.producer.ProducerConfig;

import java.io.File;

import java.io.FileNotFoundException;

import java.util. Properties,

import java.util.Scanner;

import java.util.concurrent. TimeUnit;

import org.apache.flink.api.common.JobExecutionResult;

/**
* Created by ioakim on 16/3/2016.
*/

public class SimpleProducer {
private static Producer<Integer, String> producer,
private final Properties properties = new Properties();
private static Scanner scanner;

public SimpleProducer() {
properties.put("metadata.broker.list", "localhost:9092");
properties.put("serializer.class", "kafka.serializer.StringEncoder”),;
properties.put("request.required.acks", "1");
producer = new Producer<>(new ProducerConfig(properties));

/

public static void main(String[] args) throws FileNotFoundException {
long startTime = System.currentTimeMillis(),
new SimpleProducer();



String topic = "data";
intk=0;

while (k< ....N....) {
String counter = String.valueOf(k),

// String for Flink
String output = counter

KeyedMessage<Integer, String> data =

new KeyedMessage<> (topic, output);
producer.send(data);
k++;

/

long endTime = System.currentTimeMillis();
long totalTime = endTime - startTime;

System.out.printin(totalTime),

producer.close();

/



6.5 Flink Consumer

[Mapdiinia, o consumer, £yel TV aKOA0LON popen:

package flinkThesis.flinkThesis;

import org.apache.flink.api.common.JobExecutionResult;

import org.apache.flink.api.common.functions.FilterFunction,

import org.apache.flink.api.common.functions.MapFunction,

import org.apache.flink.api.common.typeinfo. Typelnformation,

import org.apache.flink.api.java.typeutils. TypeExtractor;

import org.apache.flink.streaming.api.datastream.DataStream;

import org.apache.flink.streaming.api.datastream.SingleOutputStreamOperator;
import org.apache.flink.streaming.api.environment.StreamExecutionEnvironment,;
import org.apache.flink.streaming.api.functions.source.SourceFunction;

import org.apache.flink.streaming.connectors.kafka. FlinkKafkaConsumer09;
import org.apache.flink.streaming.connectors.kafka.FlinkKafkaProducer09;
import org.apache.flink.streaming.util.serialization. DeserializationSchema;
import org.apache.flink.streaming.util.serialization.SerializationSchema,

import org.apache.flink.streaming.util.serialization.SimpleStringSchema;

import java.util. Properties;

import java.util.concurrent. TimeUnit,

/**
* Created by ioakim on 16/3/2016.
*/

public class MyFlink {
public static void main(String[] args) throws Exception {

StreamExecutionEnvironment env =
StreamExecutionEnvironment.getExecutionEnvironment(),

Properties properties = new Properties();
properties.setProperty("bootstrap.servers”, "localhost:9092");



properties.setProperty("zookeeper.connect"”, "localhost:2181");
properties.setProperty("group.id", "thesis _comparison”);

DataStream<String> messageStream = env.addSource(new
FlinkKafkaConsumer09<>("data", new
SimpleStringSchema(), properties));

DataStream<String> filtered even = messageStream.filter(new
FilterFunction<String>() {

@Override
public boolean filter(String value) {
return (Integer.parselnt(value) % 2) == 0;

#
) :

filtered even.addSink(new
FlinkKafkaProducer09<>(properties.getProperty("bootstrap.servers"),

"oven rr’
new MyStringSchema())),

DataStream<String> filtered odd = messageStream.filter(new
FilterFunction<String>() {

@Override
public boolean filter(String value) {
return (Integer.parselnt(value) % 2) == 0,

H
) :

filtered odd.addSink(new
FlinkKafkaProducer09<>(properties.getProperty("bootstrap.servers"),
VVOd H’
new MyStringSchema())),

JobExecutionResult result = env.execute("My Flink Job");

System.out.printin("******The job took " +
result. getNetRuntime(TimeUnit. SECONDS) + " seconds to execute");



public static class MyStringSchema implements DeserializationSchema<String>,
SerializationSchema<String> {

@Override
public byte[] serialize(String element) {
return element.toString().getBytes();

/

@Override
public String deserialize(byte[] message) {
return (new String(message));

@Override
public boolean isEndOfStream(String nextElement) {
return false;

@Override
public Typelnformation<String> getProducedType() {
return TypeExtractor.getForClass(String.class),



6.6 Telkéc peTpnosic - ypovol

Kdavovtag deploy tovg mapakdvm KOOTKES, TOiPVOVUE TIG aKkOAOLOEG LETPNOELS:

I'e N =3.000
Samza : 5842 ms
Flink : 7785 ms

I'iae N =2.000.000
Samza = 775.379
Flink = 795.287

N N =100.000.000
Samza =27.084.624 1 aAliwg ~ 7.5 ®peg
Flink = 28.762.766 1 aAM®dG ~ 8 dPEC

Xvvoyilovtac AoV TIG TPOYUATIKES LETPNGELS, UTOPEL KAVEIG VAL GLUTEPAVEL OTL
10 Samza cvomnua vrepéyel évavtt tov Flink 1660 oe amddoon, 660 Ko o€
EVKOMO GTNV TOPAY®YT] KOOKO.



IHAPAPTHMA

A.1 Zookeeper

Eivou éva modd Bacikd ototyeio 0 0moio EVemUATOVETAL GE TOAAY KOTOVEUNUEVOL
OGULGTNLLOTO Y10 TOV GLYYPOVIGHO Kot TNV opydvwon tov koppwv. To Zookeeper
TPEYEL GE GLGTOLYIEC VITOAOYIGTOV KO EYEL OYENNGTEL £TGL MGTE VO amoONKeVEL TIG
“GUVTETOYUEVES” TOV GLGTNLOTOG, OTMOC TANPOPOPies, pLOUIcELS K.4..

To cVvotua tov Zookeeper Aowmdv, amoteAeiton amd Tovg Servers Kol omd Tovg
clients. Ot Servers 6Aot pali cuvBétovv v vanpecio tov Zookeeper. Ot Clients
amo v GAAN, eival ovowaotikd TCP connections ot omoieg cuvdéoviar Oheg o€
K0 éva Server.



Ava@opég

[1] J. Gantz, and D. Reinsel. (2012). The digital universe in 2020: Big Data,
Bigger Digital Shadows, and Biggest Growth in the Far East. [Online].

Available:http://www.emc.com/collateral/analyst-reports/idc-the-digital-universe-i
n-2020.pdf

[2]  Storm vs. Spark Streaming: Side-by-side comparison. [Online].
Available:http://xinhstechblog.blogspot.pt/2014/06/storm-vs-spark-streaming-side-
by-side.html. Accessed 20 Dec 2014.

[3] Joel Koshy. (2014) Transactional messaging in Kafka. [Online].
Available:https://cwiki.apache.org/confluence/display/KAFKA/Transactional+Mes
saging+in+Kafka.

[4] Tao Feng. (2015) Benchmarking Apache Samza: 1.2 million messages per
second on a single node. [Online].
Available:http://engineering.linkedin.com/performance/benchmarking-apache-sa
mza-12-million-messages-second-single-node.

[5] N.Marz.(2011) How to beat the CAP theorem. [Online]
Available: http://nathanmarz.com/blog/ how-to-beat-the-cap-theorem.html

[6] Jay Kreps. I Heart Logs. O’Reilly Media, September 2014.
ISBN 978-1-4919-0932-4.

[7] Jay Kreps. Why local state is a fundamental primitive in stream processing,
July 2014. [Online] Auvailable:
http://radar.oreilly.com/2014/07/why-local-state-is-a-fundamental-primitivein-strea
m-processing.html.

[8] Jay Kreps. Benchmarking Apache Kafka: 2 million writes per second (on
three cheap machines), April 2014. [Online] Available:
https://engineering.linkedin.com/kafka/benchmarking-apache-kafka-2-
million-writes-second-three-cheap-machines.

[9] Jay Kreps. (2015) Putting Apache Kafka to use: a practical guide to building
a stream data platform (part 2). [Online]
http://blog.confluent.i0/2015/02/25/stream-data-platform-2/.


http://www.emc.com/collateral/analyst-reports/idc-the-digital-universe-in-2020.pdf
http://www.emc.com/collateral/analyst-reports/idc-the-digital-universe-in-2020.pdf
http://xinhstechblog.blogspot.pt/2014/06/storm-vs-spark-streaming-side-by-side.html.
http://xinhstechblog.blogspot.pt/2014/06/storm-vs-spark-streaming-side-by-side.html.
https://cwiki.apache.org/confluence/display/KAFKA/Transactional+Messaging+in+Kafka.
https://cwiki.apache.org/confluence/display/KAFKA/Transactional+Messaging+in+Kafka.
http://engineering.linkedin.com/performance/benchmarking-apache-samza-12-million-messages-second-single-node
http://engineering.linkedin.com/performance/benchmarking-apache-samza-12-million-messages-second-single-node
http://nathanmarz.com/blog/
http://radar.oreilly.com/2014/07/why-local-state-is-a-fundamental-primitivein-stream-processing.html.
http://radar.oreilly.com/2014/07/why-local-state-is-a-fundamental-primitivein-stream-processing.html.
https://engineering.linkedin.com/kafka/benchmarking-apache-kafka-2-
https://engineering.linkedin.com/kafka/benchmarking-apache-kafka-2-
http://blog.confluent.io/2015/02/25/stream-data-platform-2/
http://blog.confluent.io/2015/02/25/stream-data-platform-2/

[10] Alex Woodie. (2016). Apache Flink Creators Get $6M to Simplify Stream
Processing. [Online] Available:
http://www.datanami.com/2016/03/30/apache-flink-creators-get-6m-simplify-strea
m-processing/

[11] D.J. Abadi et al. Aurora: A New Model and Architecture for Data Stream
Management. The VLDB Journal, 12(2):120-139, Aug. 2003.

[12] K. V. Shvachko, “HDFS Scalability: The limits to growth”. April 2010, pp.
6-16

[13] S. Weil, S. Brandt, E. Miller, D. Long, C. Maltzahn, “Ceph: A Scalable,
High-Performance Distributed File System,” In Proc. of the 7th Symposium on
Operating Systems Design and Implementation, Seattle, WA, November 2006.

[14] G. Mackey, S. Sehrish, J. Wang, Improving metadata management for small
files in HDFS, In 2009 IEEE International Conference on Cluster Computing and
Workshops (CLUSTER'09), New Orleans,Sept, 2009, pp.1-4.

[15] What is Hadoop. http://www-01.ibm.com/software/data/infosphere/hadoop/.
Accessed 24 May 2016

[16]  Available:http://samza.apache.org/learn/documentation/0.10/api/javadocs/.
Accessed 15 Jun 2016

[17]Available:https://ci.apache.org/projects/flink/flink-docs-release-1.0/apis/stream
ing/index.html. Accessed 24 May 2016


http://www.datanami.com/2016/03/30/apache-flink-creators-get-6m-simplify-stream-processing/
http://www.datanami.com/2016/03/30/apache-flink-creators-get-6m-simplify-stream-processing/
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/43864.pdf
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/43864.pdf
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/43864.pdf
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/43864.pdf
http://www-01.ibm.com/software/data/infosphere/hadoop/
http://samza.apache.org/learn/documentation/0.10/api/javadocs/
https://ci.apache.org/projects/flink/flink-docs-release-1.0/apis/streaming/index.html
https://ci.apache.org/projects/flink/flink-docs-release-1.0/apis/streaming/index.html

