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Euxapiotiec

Meta tnv oAokAripwaon authic tne SutAwuartikrg epyaciac, da ndeda va euyaplotiow 0Aoug Touc
avIpWIoUG TOU CUVELCEQPEPQV LE TNV urtooTthptén Touc otnv npoondadela uou. Apxika da ndeda va
EguyapLoTnow tov K. Xpnoto AouAkepibn yia tnv Bondeia ko thv urmootnpién mou pou €dwoaoe. Emiong tnv
olkoyEveLa pou ko tov Niko mou e otrptéav o 6An tnv dtapkela twv ormovdwv pou. to téAoc da
nYela va euyaplotnow peoa aro thv kapdia Louv thv Mapia Kapavdaoou, the onoliac n othpién,
Bon¥sia kat @Aia givat avektiuntn.
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[Ipohoyog

To Twitter Aappdver tepimov 190 ekatoppdpia tweets (uikpd keipeva dnuootevpéva oto Web )
™V NUEPA, 6T 0Toio o1 AvOpTOL HolpALovTot To GYOALN KOt TIG WOEEC TOVG TO Y S1dpopa,
Oépota. Avtd 10 KEIPEVO TIG TEPIEGOTEPEG POPES eKPPALEL KAmolo cuvaicOnua. 'Etot yia va
Eyovpe pia IOV Y10 0V TO TO GLVOICON AT OTOLAONTTOTE GTIYUN GE TPAYUATIKO YPOVO KOl Yo
Omo10 AOY0 BEAOVE, 1 ONOVPYIC EVOC GUGTIILATOG TTOV TOPOVGLALEL GE TPAYUATIKO XPOVO TOL
ovvalcOnpota amd to Twitter, sivarl onuavtiky.

Av16 10 cVvoTNUO pTopel va xpnoonombel 6e TOALEG TEPITTMOGELS Yo TNV OVAAVGT TOV
ovvalcOnpotog , OTmg ekhoyég, Tekog tov Champions League ) Eurovision. H avéAvon tov
cuvasOnpatog 6to cuotnua yopiletal e BeTikd, apynTIKd Kot 0VOETEPO OAAG ERLPAVICETOL KOt
10 péyeboc O wV TV tweets oe mpaypotikd ypovo.



Ewcaywyn
Aopn Kepévoo

Apyika, opiCetat To TPOPANUA OOV QLT N STAG®UATIKN Epyacion KOAElTOL Vo ETAVGEL. TNV
OULVEYELD TAPOLGLALETAL [0 GOVTOUN TTEPLYPAPT Y T OEHOTO TOV EUTAEKOVTOL GTOV
KkaBopiopd Kot Ty €XiAvoT ToV TPOPANUATOG.

AxoAovBei 1 povtelomoinon tov tpofAnpotoc pe OAeg Tig Aemtopépeieg mov ailovy KAmolov
POLO TNV JlaXEIPLoT TOV TPOPALOTOC, KoL 1] TEPLYPOPT TOV GUGTHHUOTOS TOV OVOTTUYONKE.
Emiong avaeépovtar OAeC ot Te)VoLOYieg TOL EMAEXONKAV Yo TV ETIALGN TOL TPOPANUATOG
oA Ko TV avamtuén Tov GLGTHOTOG.

Yty ovvéyeto tapovotdletor o Data visualization system pe ta xapaxTpioTika Kot Tig
duvaTOTNTEG TOVL.

210 TéAOG YiveToL TEPTYPOAPT] TOV CUUTEPUCUATMOV OAAL KOl TPOTAGELS Y10 LEALOVTIKT] EpYyaCia
Kot BEATIOCELS.

Opiopog HpofAnuatoc

Otov TpoOKELTOL Y10 GUCTHUATO TPAYLLATIKOV YPOVOL 1} 6XEOOV GE TPAYLOTIKO YPOVO, TOAAA
Tpaypato propovv vo tdve otpafd. Etot eivor onpovtikd vo £xel v duvatdtnTo T0 GLGTN O
va apoakorlovdel T0c0 TV d1KT ToL Agttovpyio 660 Kat TNV dadikacio Tov cuoTiuetos. [
napaderyua, To Apache Storm dwabétet Eva built-in étoyo yuo xprion monitoring system e to
oo tov user interface (Ul), mov ovopdleton "storm-ui”. Avtd moapéyel otov ypnotn(developer)
TANPOPOPIEC OYETIKA LE TNV VYEiD TOV GVOTAUATOC OAAG Kot Yia TBava bottlenecks. I to
de0TEPO, TO cHOTNUE OV Exel dnuiovpynOel pe to Storm, dev €yet To d1kd6 Tov Monitoring, apov
KGOe choTNUA EIvaL SLOPOPETIKO KOl TPOCAPUOGHUEVO OTIC ovaykeg Tov. To case study avtgc g
dmAouatikng epyaciog eivan n dnuovpyia gvog "Large-Scale Sentiment Analysis” cuotiuatog
Baoiopévo oto Apache Storm, kot to multilang protocol mov mapéyet. O 6tdY0g awTod TOV
OLOTNHOTOG Elval Vo TPOGPEPEL Evay EDKOAO TPOTO Y10 TNV ATOKTNGN Kol TOPOVGIOGT
mAnpoeopidv information o mpayuatikod xpovo.



AvooKonnon

Apache Storm

To Apache Storm eivau éva framework to omoio ctoyedel oty real-time eneepyacio k
avaivor evoc cuvorov amd data streams, vrootnpilet tovg distributed real-time vroioyiopovg,
ue Baokd yapaktnpiotikd 6nmg enektacudtnra( scalability), parallelism, fault-tolerance kot
aflomotio (reliability) . TTapéyet évav flexible punyavioud ya tovg application developers oote
va ypedleTal va LAOTOMGOVY LOVO TNV AOYIKT TG TPpoPAenduevng dtadikaciog, oAAd Kot
ddpopa o e€etdikevpéva yapaktnpiotikd (communication, parallelism, fault-tolerance) ta
omnoia Tapéyovral dmpeav. [1]

To Storm £ye1 moAAéc Teputtdoelc ypnong: real-time analytics, online machine learning, cuveyég
computation, distributed RPC, ETL, kot dAha. To Storm givor ypriyopo (mdve amd exatoppidpto
tuples pmopovv va eneéepyactodv ava kopuPo to devtepdrento). To Storm pmopei va.
evoopotmel pe diapopeg queueing ko database teyvoloyieg. [2]

Xaparxtypietikd tov Storm

Fault tolerant xou distributed

Non persistent

I'pappévo oe Clojure ko java

Eyyonmuévn data processing

Horizontal Scalabitity

Higher level of abstraction kabmg to ppvopa petopépeton
Yvomua eneepyaciag big data oe mpaypatikd ypovo

AN N N NN

IoTopia Tov Storm

To Storm dnuiovpyndnke omd tov Nathan Martz kot thv oudda tov oto Backtype. To apyim
release éywe otig 17 September 2011.

H apyn tov Storm éywve 6tav o Nathan Martz giye v 10éa evog a "stream” cov

éva distributed abstraction. H 16éa ftov n mapaymyn kot 1 eneéepyoocio tov streams oe
napdAinio tpomo (in parallel), kor n Tapovciocn Tovg oe Eva eviaio TPOYPALLLLO GOV VAL EVINIO
abstraction . Mg Bdaon avth v 18€a mapovoidotkay ot Evvoleg “spout” ko "bolt™ .[3] 'Eva
spout pmopet va mapdyet véa streams, kot to bolt va dexbel avtd ta streams cav gicodo (input)
ko va wapdaéet streams oav output. ‘Etot, ta bolt propodv amhd va cuvedebolv ce omoladnmote
streams mpénet va eneEepyactel Kot vo vodeigel Tmg 1o e1cepydeVo Stream mpemet va dropedet
ota bolts. Zg éva vymiod aeoipetikd eninedo, dSnuiovpynoe tov opiopd Tomoroyia (Topology) ,
¢ éva diktvo and Spouts ko bolts.

IMa va v TapakoAovOnon kot v PeEATIOTOTOINGT TG EKTEAOVIEVNG TOTOAOYING,
TopovclaoTnKe To Storm metrics API, to omoio divel TV duVaTOTNTO GTOVG YPNOTEG VOl
oLAAEYOLV evTeM®G custom, arbitrary metrics, kat vo 6téAvovy owtd ta Metrics oe omol0dnToTE

N7N



monitoring system. Emiong to Storm Ul (storm ‘s monitoring system) ypnotponoteiton yio tnv
enpavion tov petpnoewv (Metrics) g extehoduevng tororoyiag . 'Eva dAlo peydio teyvikod
dApa v to Storm frav n avamtvén tov Trident, evog micro-batching API oty kopven tov
Storm to omoio mapéyel exactly-once processing semantics.

Ewcaymyn oto Storm
"Evvotieg

Tormoloyio(Topology)

Onwg £yovpe 1O avapépet, pio Tororoyio Tov Storm givar Eva diktvo and spouts ko bolts.
Katavoaldver streams oo data ko eme&epyaletar ovtd to Streams pe owboipeta moAdTAokovg
TpOTOVG , Katavéuovtag ta Streams avdpeoa o€ ke otddio Tov computation,émote ypeidletar.
Ao ™ oxomd Twv database systems, pmopet kaveic va okeptel o toroAoyia oav éva directed
graph omd operators [4]

Streams
To stream ivar pio unbouned axoiovBio omd Tuples n oroio pmopei va enelepyactel kat va
dnovpynOei in parallel pe distributed way.

Spouts

Ta Spouts gtvar tnyn and Data Streams o€ poe toroAoyio tov Storm. Ta Spouts “‘owapdalovv’ ta
tuples amo pio eEwtepikn nyn Kot to Sadétovy oty TomoAoyia. Ta Spouts uropovv va
daywpilotodv o a&odmota kot pn (reliable/unreliable) spouts. v npdt mepintwon to spout
umopet vo. emavoarafet to tuple av dev katdpepe va eneepyonodel amd to Storm, eved otnv
devTepn TEpinT®o To Spout ‘Egyvaer’ to tuple poig yiver emitted.

Bolts

Ta Bolts ene&epyalovton ta input streams kot Topdyovv véa Streams (processes 6mmg running
functions, filter tuples, emucowvmvia ue DBS). Ta Bolts pmopovv va andoig Kot ToAdTAoKoVS
petaoynuoticpovg (transformations). Xtnv nepintworn TOAVTAOK®V HETOCYNUOTICUOV
ypewdlovtar mepiocotepo bolts yio va kataveun0ovv o amoteAeGUATIKA 01 SlEPYOCIEC TOV
npémel vo. yivovv. Ta Bolts kévovv emit to stream, oto emdpevo bolt pe mv duvatotta va
Kakéoovv o ack method, yia kabe tuple mov ene&epydlovran £To1 dote to Storm vo yvopilet
notE EYovv ohokANnpwOel ta tuples.

Stream Groupings

Yy mepintoon e mTapdAANAng ektédeonc evog bolt, péow molhamddv instances, pmopovv va.
eQapuocshodv drapopetikol kavoveg 6to Tmg ta tuples propovv va kataveunbovv ota
molamAd. instances evog bolt. Avti n katavoun (partitioning) eivonl yvoot g stream grouping
LLE OVTUTPOCOTEVTIKA EVEMOUATOUEVO, TOPAOETY AT



— Shufle grouping: tuyaio katavoun tmv tuples og 6la ta task tov bolt

— Fields grouping: ta tuples otéAvoviou Baciopéva o éva 1 tepiocodtepa kabopiopéva fields
— All grouping: ta tuples petadidovion o OAa ta task (Siepyaociec) Tov bolt

— Global grouping: oAdkAnpo to stream mnyaivel e éva kot povo éva task tov bolt

Tasks

Ta Spouts kot ta Bolts extelodv 660 o morra tasks eykdpoio tov cluster. 'Eva task
(dtepyooia) ekterel v Tpaypotikn eneepyacio dedopuévmv Kot Tpéyel péoa oto thread
ektéleong tov parent executor tov. O opiopdc tov task yio éve component eivat Tavto o id1og
KoTd TV dtdpkela g Long pog tomoAoyiag, aAld o apBudc tmv executors (threads) yia éva
component propei va aALAEEL oty TApodo Tov ypdvov. Ta stream groupings kabopilovv T
Ba katavepnBovv ta tuples amd 1o £va oet omod tasks o éva dAlo oet oo tasks.

Workers (worker processes)

Muo worker diadikacio (Process) ektelel £vo VTOGHVOAO [LOG TOTOAOYING, Kot TPEYEL OTO SIKO
tov JVM. Mo worker dradikooio oviKeL 6€ pio GUYKEKPLUEVT) TOTOAOYI Kol purmopel va TpéEet
o€ évo, M TEPLGGOTEPQ EXECULOrS Yo évo N TEpLocOTEPE. components (spouts or bolts) avtig tng
tonoAoyiog . Mia ekteAoVpeEVT] TOTOAOYIO ATOTEAEITOL OO TOAAEG TETOLEG OAOIKOGIES TTOV
Umopel vo. TpEXovV o€ TOAAG unyaviuata og Eva Storm cluster.[2]

Executors

O executor givar éva thread mov €yet “yevvnOei” amd to worker process kot tpéyetl oto worker’s
JVM 1ov worker . "Evag executor propei va tpéxet évo 1 mepiocotepa tasks yia to id1o
component (spout or bolt). 'Evog executor £yet mavta £va thread to onoio ypnoonotei yio 6Ao
T0V ta. tasks, Tpdypa mov onuaivel 0t ta tasks tpéxovv celplakd og Evav executor.

Parallelism(zapoaiinlic)

To “Parallelism hint” ypnowponoteiton oto Storm yia va. ‘mrapaiiniiost” pio extelodpuevn storm
tomoloyio. Mmopovpe va movpe 6t éva bolt pmopei va £xel moAhamdd instances. Bon0det otnv
Beltimon g amddoong uiag tomoroyiag. O dpog Parallelism oto Storm ypnoponoeitan ya vo
neprypayet to parallelism hint to onoio 6NV TpaypaTIKOTNTA ONPOIVEL TOV 0PYIKO ApOUO TOV
executors otnv Topology. O apiBudc tmv executor threads pmopei vo aAlGEel amd v otryun
7oV M TomoAoyia £yl apyicel va ektereitatl. To Storm emitpémetl povo v e£1G0ppOTNOT OGS
tonoloyiag dnuovpydvog nepiocotepa threads (executors) 1 workers oALd dev enttpénet Tnv
aAlayn Tov apdpov Tev instances (tasks) ywo ke operator.[5]



Development Environment

To Storm has two tpomovg Aettovpyiag : tov tomiko (local mode) kot tov amopakpvopévo(
remote mode) tpomo . Xto local mode, propeig vo avamtvéelg Kot vo, TeTAPELG TOTOAOYIEG TTOV
etvan €& oAokAnpov og e&EMEN oto Tomikd pnydvnua (local machine) . Xe remote mode, pmopeig
vo, kGvelg submit toroloyieg ywo ektéleon og éva cluster and pumyavipota.

Apyrtextovikn tov Apache Storm — Storm Cluster

Supervisor

Supervisor

Supervisor

Supervisor

Figure 1. Apache Storm's Overview

Zookeeper

Xpnotpomoteitat yio Tov cuvtovicopo tov cluster. Eivot pua epappoyf n omoio cvvrovilet kot
notpaletan kamoteg configuration mAnpoopieg peta&d S10QopmV SladKocIHV. AToONKEVEL
Oheg T1¢ kataoTdoels mov oyetilovron pe to cluster kot ta diapopa tasks mov Exovv vroPAndei
oto storm. O kéuPot (nodes) Nimbus kot Supervisor extkotvovovy povo puécso tov ZooKeeper.

To Storm xwpiletal og dvo €idn nodes oe €va Storm cluster:

Nimbus - Master Node.

Katavépetl tov kddko oto cluster ko otovg worker nodes, avadéter tasks ota
unevALoTo/SUpervisors, mapakoAovdei v amotvyio tov task, ta exavekkivei Otav yperdleTon,
eivia fail fast kou stateless, amobnkedel OAa o data tov oto Zookeeper, pmopei vo exavvakivnBet
Yopic va emnpedost ta Non tpéyova tasks otovg worker nodes. Avtdg o kOpupog tpéxet to
enovopalopevo Nimbus daemon to omoio givor vebBvvo yio va v avabeon tasks ota worker
nodes ko téAog mapakolovbei to cluster yio toyxdv amotvyies.



Supervisor - Slave node.

ITpokerron yio tovg worker nodes oe éva Storm Cluster ot omoiot tpéyovv Worker processes.
‘AxoVEL OTIC EpYAGIEC TOV UNXOVIULATOS TOV OV TOV £xovv ovatebei . Kabe supervisor kopfog
(node) ‘tpéyet’ éva supervisor daemon mov givat vevBVVO Yo TNV dNuULovpYia, EKKivon Kol TV
daxomn tov Working process wote va ekteléoet Ta tasks mov éxovv avotebel o€ avTodv TOV
kouPo and tov Nimbus. Eivor emiong fail fast ko amoOnkevel OAa tov ta dedopéva otov
Zookeeper £161 doTe Vo Uopel vor KaToypaeovy xopic kavéva state 10ss. Tuvnbwg kavovikad
éva udvo supervisor daemon pmopet va yeiprotei moAld worker processes. Kabe worker process
exterel éva VTOGHVOLO TNG TOTOAOYIOG.

Storm Ul

To Strom Ul givau éva built in monitoring System to omoio ypnoyonoteitat yio tnv
TapakoAovONon Kot TV gueavien(monitoring) petpnoemv ¢ EKTEAOVUEVIG TOTOAOYING.

To Monitoring ypnowomoteitat yio va kavet track v vysia tov diapopmv components mov
Tpéyovv oto cluster.

To otatiotikd (statistics) 1| ot TAnpoopieg Tov cuAAEYovTaL Katd TV didpketo, Tov Monitoring
ypnoonotovvtol arnd Tov administrator - ypotn yio tov evromiopd Kamotov AdHovg 1 Kamotov
bottleneck oo cluster. To Storm Ul daemon mapéyet tig e£Ng onUavTIKéC TANPOQOpPiES:

Cluster Summary, Topology Summary, Supervisor Summary, Topology Stats, ctatiotikd TV
Spouts kot tov Bolts mov tpéyovv , otatiotikd Kot LETPGELS TV EXECULOrs oAl Kot To
Configuration g toroAoyiog. To Storm Ul akobel oty 8080/tcp by default.

Sentiment Analysis

H avéAivon cuvaisOnuatog sivor pio 606KoAn SovAeld, 1 omoio SUGKOAEVEL TEPIGGOTEPO OTAV M
avayvop1oT TOV cLVOUGHNUATOC apopd Eva LuKpO Kelpevo Onwmg éva tweet To omoio mepropileTon
oe 140 yapaxtipec. o mapdostypna, éva tweet umopet va etvor mAovoto o€ glpwveia,

10 omoio vrodetkvieTon pécm hashtags, 6nwe to #irony 1 éppeca ypdooviag "Mov apéoetl va
dovAevm Otav gipon ppmoTog'.

H anogaciotikdtto T0U mparyatikoh GuvoicOiatog avtod Tov KEWEVOL ivar pio TpokAnom,
KLPIG AGY® TOV TEPLOPIGUEVOL LEYEBOLG KO YOPAKTNPICTIKMOV OTMG Ol GUVTOUEVGELG KoL 1)
slang. Emopévmg to v omokaAEéselg KAmo1o Kelpevo BeTikd, apvntikd 1 ovdETEPO Elvar apKeETH
dVGKOAN SOVAELL.

To wpaypatikd vonuo umopel va givar opKeTd 10popeTikd amd avTd TOV PAIVETL, OTTMOS Y10
napddetypa copPaiver pe v elpoveia. Avtd mov ekppdletor pmopet va eivar axpifmg To
avtifeTo amd avtd ToL VITOVoEiTal, OTMG 6TV EkEpPacn "Aev Gov apEcel 0 GapKAGHOS;".
Emiong autd mov duoKoAevEL TEPIGGHTEPO QLTI T1 OOVAELL £IVOL 1] AVOYVAPLOT) TG £VTAIOTG TOV
cvvaloOnuoTog, OTwg emiong 06eC TEPIGGOTEPES KAAGELS TOCO TEPIGGOTEPQ YOPUKTNPLOTIKE Oat
¥pNoonomBodv 6TV avdAvon cuvalGHNLATOG, MOTE Vo SOCOVY TO KATAAANAO BApog 6TO
avtiototyo tweet.

[No vo avtipetonicovpe oty TV TPOKANGY, TpoTeiveTal £va GOGTNLO YO TV OVAALGT
ocvvaioOnuotog og transport ratio, BacilOHUEVO GE EMAOYT YOPAKTNPIOTIK®OV EVOG tweet

Kot 1 ‘ekmaidgvon’ evog akyopiBuov mov Ba eivar ikavdg va TpofAéyet To cuvaicno evog
tweet. Agdopévou oG opddag amd tweet TAOVCI0 GE PETAPOPE KoL EIPMVELQ,



oKkomdg gival va kabopicovpe av o xpnotns eEEPpace Eva BETIKO, apyNTIKO 1) OVOETEPO
cuvaicOnua, Kot 1660 £VIoVo NToV ovTo.

Real-Time Avaivon ZvvaicOnuotog ko Visualization

To Twitter Aappdver tepimov 190 ekatoppdpia tweets (uikpd keipeva dnuoctevpéva oto Web )
™V NUEPQ, 6T 0moio ot AvOpwmot Lolpalovtal Ta GYOAN Kot TIG 10EEC TOVG TA Yo S1dpopa
Oépata. AvTtd T0 KEIPEVO TIG TEPIOGOTEPEG POPES eEKPPALEL KAmolo cuvaicOnua. ‘Etot yio va
Eyovpe pio IOV Y10 0V TO TOL GLVOICON AT OTOLAONTTOTE GTIYUN GE TPAYUATIKO YPOVO KOl Yol
Omo10 AOY0 BEAovE, 1 OMOVPYiC EVOC GUGTIILATOG TOV TOPOVGLALEL GE TPAYUATIKO YPOVO TOL
ovvalcOnpota amd to Twitter, givarl onuavtiky.

Av106 10 GVoTNUA popel va ypnolpnonomBel 6e TOALEG TEPITTAOGELS Y10, TNV OAVAALGT TOV
ovvalcOnpotog , OTmg ekhoyég, TeAkog tov Champions League ) Eurovision. H avéAvon tov
cuvasOpatog 6to cuotnua yopiletal e BeTikcd, apyNnTIKA Kot 0VOETEPO OAAG ELLPAVICETOL KOt
10 péyehog OAmV TV tweets oe mpaypatikd ypovo.

[Teprypagr) GuoTHOTOG

210y0¢

O otdy0¢ TOV GVoTHNATOC Eivar va. TapEyel otov yprnot éva real time data visualization
dashboard. Avté to dashboard Oa eppaviCel TAnpopopieg oyetikd pe tov dyko(volume), to
cuvaicOnuo Kot Tov TOTo oV dNUovpynOnkay To tweets.

Opiopoti

Publish/ Subscribe

[Ipoxertan yro £vo messaging mpdTumo GoL 01 ATOGTOAEIG TV UNVUUAT®OV ovopdlovtol
publishers kot Kot o1 amodékteg subscribers. O subscriber eyypdeetotl og o ovpd detyvovtag
EVOLLPEPOV Y10l TOL LNVOLLOLTO TTOV DILEPYOVV GE QVTH TNV OVPA YPNCYLOTOIOVTAG £va subject 1)
content-based rule wg filter. Avto £yl wg amotédespa éva oet amd rule-based subscriptions mov
oyetifovtal pe TV cvykekpuévn ovpd. Xto run time ou publishers kévouvv post unvouata ce
duapopes ovpés. H ovpd (pe dAla Aoyia, ot unyavicpol Tapddoong), 6T GUVEXELD TOPAdIdEL TaL
Voot ToL Touptalovy pe ta dtapopeg subscriptions otovg katdAiniovg subscribers.

[TAeovektrparo,

Loose coupling

Ot Publishers givat yolopd cuvdedepévor pe tovg subscribers, kat dev yperaleton va yvopilovy
Kav Vv vmapén Tovg. Me 1o 0pa va givon ) otiaom, ol publishers kot ov subscribers
EMTPEMETOL VO TAPAUEIVOLY GE AYVOLd. Y10 TV TOTOAOYi0L TOV GLOTNHLATOG.

O xdB¢ évag pmopel va cuveyioel va AELTovpyel KavoviKd, ave&aptnta ard Tov GALO.

Yta apadoctakd oteva cuvoedepéva petatd tovg client—server npotuma, o client dev pmopei va.
Kdvel Post pnvopota 6Tov Server evé to SErver process dev tpéyet, ovTe o Server pmopei va Adfet



unvopata , ktdg ov o client eivon e Aettovpyia. TToAld pub/sub cvetiuato arosvvdéovy oyt
uovo ta locations twv publishers kot twv subscribers, oAl ta amocvveEovy TPOGMPIVAL.

Mia KO 6TpaTnyIKy oV xpnoiponoteitan amd tovg middleware avoivtég pe tétota pub/sub
ocvotiuato sival vo, 'kateBdoet’ Evav publisher dote va emitpéyet otov subscriber vo epyoaoBei
uéow ¢ cvecmpevong(backlog) .

Scalability

To Pub/sub mapéyet nv duvatotnta yio kolvtepo scalability amo tov mapadooiaxd client—
server, péom mapdAAning Aertovpyiog, message caching, tree-based 11 network-based routing,
KAT.

Qo61660, G€ 0PIOUEVOLG GTEVE GVVIEIENEVOLG TUTTOVG, Ta. high-volume enterprise mepiBdAlovra,
¢ cvoTiuoTa Kavouv scale up mote va yivouv data centers e y1Addeg servers vo. popdlovot
10 pub/sub infrastructure, ta tpéyovta vendor GUGTHUATO GLYVA YEAVOLY OVTO TO TAEOVEKTNAL
10 scalability yio o pub/sub products pe vynAd poptio e avTd Ta contexts amoteAet o
TPOKANGN Yo EPEVVOL.

"E€w amd 1o enterprise environment, oo tnv dAAN TAEVPA, TO pub/sub mpdtumo £xel amodeiEet
ot 7o scalability Tov peyaAdvel ol mo wépa and ekeiveg evog single data center,

nopéyovtag Internet-wide distributed messaging péom web syndication protocols 6nwg to RSS
Kot o Atom (standard).

Avtd to syndication tpwtdkoAila d&xoviar vynAdTepo latency kot EAAetyng g eyyomong
TapAd0oNG GE avVTAAAaY LA e TNV duvatdtnta Yo low-end web server mov cuvovalel pnvopoto
vl (LEAAOVTIKA) EKOTOULDPLO OLOLPOPETIKOVGS subscriber nodes.

Mewovektrpato
Ta mo onuavtikd TpoPfAnuata pe to pub/sub systems givot ot mapevépyeieg Tov KOPLOV
TAEOVEKTNUATOG : 1 arocvvdgoT Tov publisher oo tov subscriber.

[Teprypaen vVtépyoVTOC CLOTUATOG

H web gpapuoyn yuo to Data visualization facictke og éva on vapyov cvotnua yio scalable
ko real time avdlvon cvvaisOHnpatog (sentiment analysis) tov Twitter data. Avtd to choTua
BaoiCeton og feature extraction tov Tweets, ypnowomoldvtag kot popeoroywkd(morphological)
features ka1 semantic mtinpogopieg . Mia supervised learning mpocéyyion £xet viobetndei, 6mov
ddpopor classifiers (SVM, N. Bayes) ekmaidevovtar Baciouévol ota extracted features. To
Storm g éva real time computation cvotuo £xet emieyOel pe oomd v vAomoinon Tov feature
extraction kot tov classification tasks. H Python (python 2.7)ypnocipomomnke yo tnv
avartuén o sentiment analysis xoppatiot (preprocessing, classification). To pépog v
tonoloyiag kot Twv components (spout/bolts) éxet viomombei og Java. Ta Python scripts
KahoOvTaL Kot TpEyouv amd ta Java bolts ypnoporoidvrog to Storm multilang protocol
(vrootnpiler v evomoinomn pe TOAAEG YADGGOES TPOYPAULOTIGHOD, KHOMG 0L To, dedoUéEVOL TTOV
avTaALdoGovVTOL P T dladikacio Kmdtkorolovvtal o€ JSON).



Apyreextovikn — Yropyovoa epopuoyn yia v Avaiven LovaicOnuorog

Preprocessing ProPcoessts—in Classification NoSQL Statistics
Bolt el Bolt Bolt Bolt
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Figure 2. Existing System's Storm Topology

H tomoloyia 6mwg xovpe oM avagépet givar Eva diktvo amd spouts ko bolts. Kabe kopupog o
uio tomoloyion mepiéyeton o processing logic, kot ot cuvdéoelg peta&d Tmv KOuPov
VIOOEIKVOOLVY TG T, data Ba wpémet va StavepnBovv ota Spouts kat to bolts. To stream
grouping mov emAéyxOnke eivar to shuffle grouping. Zav amotéleopa, ta emitted tuples
otélvovtal o€ Toyoia emheypéva tasks tmv bolts.

Mia tomoloyio Tpémel vo. oyedAOTEL PE TETOW0 TPOTO MoTe va emttdyovue to scalability kot to
reliability mov to Storm mpooeépet. Aloapopetikd puéPn ¢ ToToA0Yiag propovv va, yivouy scaled
uepovmpéva, kdvovtog pikpéc olayég oto parallelism tovg(moAlamAd instances tov bolt).

Topology Components

1. Twitter Spout
AapPavet amo to stream poévo Ayylikd tweets
Emits: Json string (to tweet 6mwg £pyeton amd To Stream)

2. Preprocessing Bolt:
To tweet mov AapPdaverar pali pe 6An v extra TAnpogopio ypnoomoteiton yio v
dnovpyia Tov Tweet object oty preprocessing eaon
Kaver Extract o Morphological Features,
‘Kobapiler’ to keipevo tov tweet,
Kéver Extract dAla features
Emits: Json Tweet pe 6An v extra information



3. Post Processing Bolt:
Emiléyer amo 6la ta. features mov éxovv cuykevipwbel oto preprocessing bolt, povo avtd
7oL ypnoponomdnkav otny ‘eknaidevon’ tov classifier.
Emits: Json Tweet with pe 6An tnv extra tinpogopio

4. Classification Bolt:
H dwdikooio ekmaidevong €ywve off-line. To povtélo tov classifier, pali pe ta povéia
TV Vectorizers ot omoiot ypnoyorombnkay otnyv dadikacio e ekmaidevong ,
amofnkevovtal o€ £va Koo PAakeAo 0 omoiog eivar dtabésog ato Storm. Otav to bolt
Tpéxet, o classifier poptmvel to pre-trained povtélo poAg n python process Eekivioet.
Orav éva véo tuple (Tweet) ptdoel, ta features (feature_dict) awtov tov tuple
petaTpémovtal o KotdAAnio input yio tov classifier (éxovtac poptmoet ta avtictorya
vectorizer povtéla kAm.) Ko yiveton pio TpoPAey” yio. o cvuykekpiuévo povtéro. To
field "predicted_score"” tov Tweet evnuepmvetar pe to score [-1, 1] ko to Tweet yivetar
emit.
Emits: Json Tweet pe 6An v extra information

5. Mongo Bolt:
Aappaver to Json Tweet kot to anobnkedel dOnwg givarl g Eva mongo collection wov
ovopaleton "Tweets"
Emits: Json Tweet pe 6An v extra information

6. Statistics Bolt:
Ymoloyilel 10 6GOVOLO T®V BETIKMV, pVNTIKOV Kot 0VOETEPMV tWEELS Tov TpoEpyovTal
and To Mongo Bolt kot to amobnkedel oe Eva mongo collection mov ovopdleton
Calculation. To bolt awté énetar tov Mongo Bolt dote va Befarndel nog to tweets ota
TOV YPNCLLOTOLOVVTOL Y10 T GTATIOTIKE Oa yovv amodnkevtel OAa otV Pdon
dedopEVV.

[Teprypaen véov cvuoTUATOG

Apytextovikn

H epappoyn 6nmg Exovpe noM avaeépel, faciomke oty mapoandve tomoroyia. ['a Tig avaykeg
AVTNG TNG EQAPLOYNG, M| TomoAoYia ypetdotnke vo adlaytel. To NoSql kon to Statistics Bolt dev
YPNOLOTOLOVVTOL TTLa. Yo AOYous amAovatevons. 'Eva véo Report Bolt tpootébnke 1o omoio
etvar vrevbuvo yo Ty emkowvevia pe v Redis kot va ta kavet publish oto “Sentiment”
kavait. To JSON string yivetou publish mepiéyet 6AN v TAnpopopio mov vroloyioTnke 6€ AVTO
10 Bolt. ITowo cuykexpiéva, vroroyiletol To cHVOLO TOV OETIKMOV, APVNTIKMOV Kol OVSETEPWV
tweets yia exelvn v nuépa kot amd v otryun mov Eexivnoe 1 epappoyn va tpéxel. Emiong
TEPLEYEL TO UEPOC TOL TTPOoNABaY Ta eloepyopuEvev TwWeets, dniadn Ty yodpo Kot TV TEPLOYN



hote va epeaviotel otov xaptn. H meproyn avt) mapovsidletol and éva mtolvymvo(bounding

box) to omoio anoteleiton and yemypapikod midtog ko urkog (latitude ko longitude avtictorya)
points pairs to omoio, GTaV EVOVOVTOL OTLOVPYOLV Ui TEPLOYT TAV® GTOV XAPTH).
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Spout reads English tweets from stream and emits them

Preprocessing Bolt cleans tweet and extracts features

Post-Processing Bolt filters the features and keeps only the ones that have been used for the training of the classifier
Classification Bolt loads the trained classifier(s) model(s) and predicts tweet's emotion using the extracted features
Report Bolt receives tweets and publish them with Statistics in Web Application

@O

Figure 3. The modified for Web Application Topology

Web application architecture
YTV elkéva 4 mapouoLaleTal o oXeSL0OUOC TNG EDAPHUOYAC.

Real Time Sentiment Analysis Visualization Application
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Figure 4. Overview of the System



External Libraries ko1 Software

SignalR

"o v ontikomoinon dedouévmv 6 Tpaypatikd ypovo., to SignalR vanpée n kotdAinin
BipAoOn KN yio v ev Adyw epapuoyn. To SignalR apéyetl tn duvatdtra otrypiaiog
TpomONONC TEPLEYOUEVOV 6TOVG cLVIEdEUEVOLG client amd n oty mov avtd yiveto drabéoio
LLE XPNOT AOYIGUIKOD 0o T HEPLA TOV Server, avti o Server va avapével tov client va {ntost
véa, dedopéva. H ovvdeon peta&o tov client kot tov server givar péviun, o avtifeon pe pia
Khaoowy HTTP obvdeon n onoia enaveykabiototon yio kabe emkowvovia. To SignalR
ypnoponolel ) petagopd tomov WebSocket, 6mov avtr| gival dtabéoiun (avtod tov gidovg ot
petapopésg eEaptavror and v vroottién o HTML 5), kou 6mote givon amapaitnto
EMAVOYPNOIUOTOLEL TOAALOTEPOVG TOTOVG HETAPOPAS (av 0 Browser tov ypno dev
vrootpilet HTML 5).

H yprion tov SignalR onpaivel mog moAlég emmAéov Asttovpyieg mov vd dhreg cuvOnkeg Oa
énpene va evoopatmbovv, gtvor 1o dabéoipec. Efvar onuovtikd va tovicovpe 01t mapéyet v
duvarotnta expetdArevong tov WebSocket, ympic va ypetdletol va avnouyovpLe yio
dnuovpyia Aoytopikov Egymplothc dtadpoung o Toug maiatdtepovg clients. To SignalR eniong,
anoAldcoel amd To dyyog Tov avapoduicemv yio to WebSocket, dedopévov 6t o SignalR a
ovveyioetl va avafaduiletol Tpokelpévou vo vTosTnpPilel AAAOYES GTIV VITOKEILEVT) LETAPOPAL.
Avt0, okomd £xel va eEacpoliost éva cuvekTikd interface yio v epapuoyn yio OAES TIC
ekdooelg Tov WebSocket.

To SignalR givat 1davikd yio S1081KTVOKES EQAPUOYEG TTOV ATTOLTOVV HEYAAT GLYVOTNTO
avafoduicewv amd Tov server, wy. oLy violo 6E TPOYUATIKO ¥pOVO.

To SignalR API mapéyet t duvatdtTo SNovpyio omopaKpUCHEVOY KANGEDV O1081KOGTIOG
(server-to-client remote procedure calls (RPC)) peta& tov server kat tov client, ot omoieg
Kolovv JavaScript Aettovpyieg oe client browsers (ko dAAeg client mhateoppeg) and to NET
Aoywopikd tov server. EmumAéov, to SignalR nepihapfaver API yio tn dwxeipion tov cuvoicewy,
OT®G Yo TOPAdELY L, EVeNtS chUVIEDTG Kol ATOGVVIESTG.
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Figure 5. How signalR works

To SignalR pmopel va kdvetl avtdopatn dloyeipnon e cVVOEGTG KOl EXLTPENEL TNV EKTOUTN
UNVOUATOV TPog OAOLG TOVG cuVdedepEVog clients Tavtoypovac, dnwg oe Eva chat room.
Emtpénet tv amocstol] pnvopdtmv og cvykekpiévoug clients. H covdeon peta&o client kot
server gtvat poviun, o avtibeon pe pia khaoown HTTP cvvoeon n onoia emaveykobictataol yio
KaOe emkovovia. [7]

To SignalR vrootnpiletl T "server push™ Agitovpyia, Kotd TV omoia T0 AOYIGHKO

TOV Server pmopei vo, kaAéoel 1o Aoyiopkd tov client og éva browser, ypnowomowdvtag Remote
Procedure Calls (RPC), avti tov kaieoudtwv mov Bacilovtol oto povtélo request-response kot
mov givol Kupiapyo 610 dtadikTvo GNUEPO.

Ot SignalR e@apuoyéc pmopovv va. kdvouv scale yihadeg clients ypnoyonowwvog Service Bus,
SQL Server 1 Redis.


http://redis.io/

Connections kot Hubs

"Eva connection avorapiotd £va amAd endpoint yio v amootoAn single-recipient, grouped, 1
broadcast unvoudtwv. To Persistent Connection API divel otov developer amevbeiog tpdoPaocn
oto low-level communication protocol mov to SignalR kdvet expose.

"Eva hub eivar éva o modd high-level pipeline ytiouévo mévo oto Connection API 6tov
emtpénet otov client kot tov server va kaAésovv pebddovg peta&d toug dueca. To SignalR
yepiletor v diekmepaimon 6To unydvnuo og o payeiog, enttpémovtag atovg clients va,
KaAéoovv pebddovg otov server toco gvkora 6o Tig local uebddovg, ko avrideta.

IMwc Aertovpyei To Hub

[pémet va okeptovue To HUDb m¢ pio kevtpikin tomobecio yio OAEG TIG GUVIEGELS TNG EPAPUOYTC.
Orav o server-side kodkog karei pa uéBodo otov client, , Eva Takéto otédvetal 6TV evepyn
LETOPOPA TTOV TEPLEXEL TO OVOLLOL KOl TIG TOPAUETPOVG TNG neBddov mov BEAov e va kKANnOel (dtav
£VOL AVTIKEIIEVO OTOOTEAAETOL G TOPAUETPOC TNG LEBOSOL, yivetau serialized ypnoyomoldvtag
JSON). O client botepa avtiotoryel To dGvoua g pueboddov oty uéBodo mov opiotnke 6GTOV
client-side k®dika. Av vdpyet avtiototyia, 1 client pébodog o ekteleotel ¥pNOIUOTOIDOVTOC TO
deserialized parameter dedopéva.

YAomoinon

Yndpyovv dvo Pacikd uépn og o oA Signalr epoappoyn.
[Mpwta givar to Server Side 6mov mpénet va yticovpe pia dopn mov ovoudletor Hub.

namespace lweetViz

i
public class TweetHub 2 Hub
1
public void Send(string message, string name, string sessionld)
i
Client=.All.addMeszageToPage(message,name, sessjonld)}
¥
¥
¥

Figure 6. The function called to update signalR clients



Ytov mopandve koddika to Clients Object ypnowonoieital ylo va opicet properties 1 va kaAécet
uebodovg amd exel. To SignalR Ba mapet avtég Tic KANoelg Kot Bo TIg peta@piosl o€ unvopoTo,
T omoia otéAvovion og Kabe client mov eivonl cvvdedepévoc oto hub.

Ytv Client mievpd ypnowomorovpe tnv SignalR jQuery Bipiiodnkn yio thv emkovmvia pe va
SignalR hub. To Bacikd kabfkov otov kddka eivan 1 dnuovpyia evog reference cro auto-
generated proxy yia to hub, dnAdvovtag 611 0 server propei va kavetl push to content stovg
clients, kot va Eekviiogl TNV 6OVEEGT Y10 TV ATOGTOAN unvopdtomv oto hub.

AnAwon reference oto hub proxy:

Reference the auto-generated proxy for the hub.
chat = S.connection.tweetHubj

Figure 7. SignalR client-side connection

To request oto SignalR/Hubs sivar éva apyeio To omoio dnpovpyeitan Suvapkd amod to SignalR
Ko 8ivel otV oelida OAN TV amapaitntn TANpoPopio. MoTE va WA cEL Tiowm og dmoto Hub
gyovpe dNUIOVPYNOEL.

[Mapaxdtom eaiverol mowg propovpe va dnuovpynoovpe callback pébodo oto script. H hub class
oToV Server kaArn avt tnv pébodo yio va kdvel push ta content updates otov kaBe client. H
napaueTpog sessionld cmletan apyikd pe subscription kot 6TV cLVEXELD ¥PTCULOTOLEITOL VIOl VL
eréyEel katd mooo to broadcasted punvopa givot yuo tov cuykekpuévo client.

ff Create a function that the hub can call back to display messages.

chat.client.addMessageToPage = function (messzage, total, sesszionId) {
; [ to do

Figure 8.SignalR client-side addMessageToPage uédodog

210 TEAOG TTPEMEL VOL KAVOLLE Open ko start tnv ovvdeon pe to hub.

{ Start the connection.
$.connection.hub.start();

Figure 9.SignalR start connection



MVC
MVC IIpétomo

To MVC npocpépet apyrtektovikd mieovektnpato — Ponddet oty dnuovpyia £vog KOADTEPOL
KO TT10 OPYOVOUEVOL KOSIKO, Kot ¢ €K ToLTOL o Maintainable. To Model-View-Controller
(MVC) apyrtektovikd mpoTtumo dtoywpilel TV e@apuoyn o€ Tpia KOpLo LépN : 10 HoVTEAO, TO
view, kou tov controller. To ASP.NET MVC framework mapéyet £va dtopopetikd mpdtumo ota
ASP.NET Web Forms yia v onpovpyioa Web applications. Télog to ASP.NET MVC
framework sivar ‘edagpv’ , kot highly testable presentation framework to omoio (as with Web
Forms-based applications) sivax integrated 16n vadpyovta ASP.NET features, 6mwg master
pages kot membership-based authentication. [8]

Model

A

View - Controller J

Figure 10. The MVC pattern

Models. Ta povtéla givor KOPUATIO TG EPOPLOYNG TTOV VAOTOIOVY TNV A0YIKY yio. to data
domain g gpappoync. Zvyva ta model objects avoktovv kot amodnkevovv To model state otnv
Baom dedopévav. To povtéro dwayepiletar tnv copmepipopd kar ta data tov application
domain, amavtd oto requests yio TAnpo@opiec GYETIKA Le TNV KoTtdoToom Tov (cuvibmg and 1o
View), kot omavtd eniong og INStructions yio v aAlayn g KoTaoTaong Tov Bpiokovral
(cvvMbwg amd Tov controller).

Views. Ta Views givat o components mov epgoaviCovv to user interface (Ul) g epappoynic.
Tomkd , avto to Ul dnuiovpyeitar and to model data. To view yepiletar tnv eppdvion tov
TANPOPOPLDOV.

Controllers. Ot Controllers eivor To. components mov cuvepyalovtot pe T0 LOVTEAO KOl TOV
YPNOTN , Kot 6T0 TEAOC EMAEYEL TO View mov eppavilet to Ul Ze pia MVC gpapuoyn, to view
napovotalel povo mAnpogopies. O controller yepiletan kot omavtd oe oAAnmidpaoT pHe TOV
YPNOTN Kot To input.



[TAeovextpata o MVC-Based Web Epapuoyng

To ASP.NET MVC framework éyet ta e€ng mieovektuaro.:

e Eivar mo gdkolo va dtayepiotel 1 moAvmAokoTnTa YOPIilovtag TNV EQApPLOYT GE LOVTELN
model, view, kot otovg controller.

e |lAgv ypnoomotei view state 1) server-based forms. Avto kdvet to MVC framework
10avikd yio tovg developers mov 0ELovy var Exovv TANPN EAEYYXO TG GLUTEPLPOPAG TNG
EPAPUOYNG.

o Xpnowomnotei évo Front Controller zpotumo mov eneéepydletar To Web application
requests oe évav controller. Avtd divel v dvvatdTo va 6YedlacTel pio EQapUoyYN IOV
vrootnpilel éva mhoveoto routing infrastructure

o Tlopéyel kalvtepn vrootpién yio test-driven development (TDD).

[Mwg Aertovpyel to MVC

View uses the
Model obtained
from Controller

Figure 11. Abstract view of MVC functionality

Ot ypnoteg kGvovy kdmoto request yio resources otov server (Balovrag to URL otov browser).
To request épyeton apykd otov controller (to routing engine givat vevBuvo Yo va amoPaciost
moto request Oa yeiprotei o kabe controller).

O Controller av ypeialeton prrdel oto povtéro yia data.

To Model ypnowomotei v Baon dedopévav (N kamoleg GAAEG TNYES dEGOUEVMV) KOl ETOTPEPEL
T0. dedopéva otov controller.

O Controller emi\éyet o katdAAnlo View.

O Controller mepvaet ta £dopéva. 6TO ETAEYUEVO VIEW Y10 VO ELOOVIOTODV T, dedouéEVaL

O Controller otékvet To View mice® ctov USer.



Redis

H Redis eivou évo open source (BSD licensed), in-memory data structure store, used as database,
cache and message broker. It supports data structures such as strings, hashes, lists, sets, sorted
sets with range queries, bitmaps, hyperloglogs and geospatial indexes with radius queries. Redis
has built-in replication, Lua scripting, LRU eviction, transactions and different levels of on-disk
persistence, and provides high availability via Redis Sentinel and automatic partitioning with
Redis Cluster. [9]

Pub/Sub

H Redis eivar éva ypriyopo kau stable Publish/Subscribe messaging cvomua. Ta SUBSCRIBE,
UNSUBSCRIBE kot PUBLISH vAorowovv to Publish/Subscribe messaging npotumo 6mov ot
senders (publishers) dev gwvat TPOYPAULATIGUEVOL VAL GTEAVOVV TOL UNVULOTO TOVG O
oLYKeEKPUEVOLG receivers (subscribers). Avtifeta , ta published unvopoto yapaxmpilovrot o
channels, yopic va yvopilovv Tt subscribers prnopei va vapyovv .0t Subscribers ekppalovv to
evOLIPEPOLY TOVG Yia éva 1} TeplocoTepa channels, kot va Adfovy poévo to unvoLeTe. TOL TOVG
eVOLOQEPOLV, YmPIc va yvmpilovv Tt publishers vrapyovv. Avti 1 amocHvdeon twv publishers
Kot v subscribers propotv va emtpéyouv peyarvtepo scalability kot pio wo dvvapikn
TOTOAOYi0 SIKTOOV.

Format twv pushed pnvupdtwv

To uqvoua givon éva Array reply pe 3 elements.

To npidro element givar £va €idog unvopoTog:

subscribe: onuaivel 0tL Eyovpe kKavel emttvymg subscribe oto kavdit To omoio pog et
d00ei w¢ to devTePO element otnv amdvinon tpito argument avomapioTd Tov aptOpud TV
KOVOALOV TOL EKEIVIV TNV oTlyun £xovpe kavet subscribe.

unsubscribe: omnuaivel 0Tt égovue KAveL emttvymg unsubscribed amd 1o KavdAl To 0moio pog
éxet 000el g 10 devtepo element oty amdvrnon. To tpito argument dmwg simape avaraploTd
TOV 0PlOUd TOV KOVOAIDV TOL EKELVIV TNV GTIYUT| £yovue Kdvel subscribe. 6tav 10 TeEAevTaio
argument gtvo undév, dev eipacte TAéov subscribed oe kavéva kavait, kot o client pmopet va
xpnoporomoel omolodnrote idovg Redis command agov sipaote extdg Tov Pub/Sub state.
message: givat éva pnvopa mov Aappavetor og andvnon arno v PUBLISH command mov
&xet yiver amd évav diro client. To devtepo element givar to Gvopo Tov originating kovaAlol, Kot
10 Tpito argument givat To mpaypatikd message payload.

TYOmog Tov unvopdtev ov yivovron published amd to Report Bolt

Tweet message
KdBe popd mov éva tweet Exel enelepyaotel kan €xet yiver classified, éva pnqvopo arnd to report
bolt yivetar publish oto Redis “Sentiment” kavdAl. O TOT0g avTod TOL UNVOATOC Eivan “tweet”



Ko TEPLEYEL TIG ovvretaypuéveg (polygon), to cuvaicOnuo tov tweet Tov £xel TpoPrebei kou to
1010 1o keilpevo. H emdpevn eikdva delyvet Eva mapaderypo evog tétotov tweet unvopotoc.

{
"msg_type'": "tweet",
"msg": {
"position": {
"polygon": [{
"lng": 40.900789,
"Tat™: —73.911271
oA
"lng": 40.988346,
"lat": -73.911271
it
"lng": 40.988346,
"lat": -73.810443
Yo A
"lng": 40.900789,
"lat": -73.810443
3,
"country_code": "US",
"country": "United States"
}I
"predicted_score": -1,
"tweet": "french fries https://t.co/M19uNwMM55"
}
}

Figure 12. Example of a "tweet" type published message

Statistics Message

Kabe tpio dgvteporento éva VOO TTOV TEPLEYEL OTATIOTIKG oTotyeia yivetar publish oto
“Sentiment” kavai, tepiéyovtag ta top 10 hashtags, tov apBud tov tweets Tov
enefepydomnkay ekelvn v pépa, Tov apud tov tweets Tov Exovv eneepyaotel amd v
oTtyun mov Eekivnoe to Strom kot Tov aplBud Tov OETIKOV, apyvNTIKOV Kol 0VOETEP®VY TWEETS.
"Eva této1o puivoupo TopouctdleTor oTny TopaKaTo® EIKOVA.



{

"msg_type": "statistics",
"msg": {
"topl@hashtags": {
"#YouSay": 1,

"#ProjectMgmt": 1,
"#McDonalds": 1,
"#royaltyfreemusic": 1,
"#ien": 1,
"HEAFW": 1,
"#snowing": 1,
"#ursing": 1,
"#inshadows": 1,
"#futbol": 1
1,
"total_of_the_day": 336,
"total_since_storm_started": 336,
"negative": 319,
"neutral: 9,
"positive": 8

Figure 13. Example of a "statistics" type published message

GoogleCharts

Ta Google Charts givor pia ftpAtoOAnkn ywo tnv onpovpia interactive dtoypaplildt@y yio.
browsers ka1 mobile devices.

Yrapyet peydin mowkihio oo charts kot yua kGO avaykn. Ta Google charts givon customizable.
Eivou cross-browser coppatd. Kot t6hog d1e0koA0veL TNV GUVOEGT] GE dESOUEVA GE TPAYLLOTIKO
YPOVO YPNOOTOLDVTOC [ TotkiAia oo data connection gpyodeio kot TpwtdokoAia[10].

Ta Google charts ypnoyoromnkay yio TV TOPOVGINGT TOV GTATIOTIKOV TOV EIGEPYOUEVOV
tweets.

ITo ovykekpuéva eppaviletl og £va pie chart to chvolo twv tweets, Tov apynTikdv TV OeTIKdV
KOl TOV OVOETEPWV.

GoogleMaps

To Google Maps API ypnoipomomfnke e 6kond v epeavion g tonobesiog mov
npoépyovtar ta tweets. To Google Maps API givar o JavaScript Bipiodnin[11] . H
ameovion ato google map eivat Eva ToADY®VO, TO 0010 KAADTTEL TNV TEPLOYN TOV TPOEPYETOL
to tweet [15].



ChartJs

To ChartJS eivon pua Javascript BifAio0kn yio v dnovpyia interactive charts. To Chart.js
etvar modular, kot ka0 éva amd ta chart types £xovv dwaywpiotel , ®oTE va eivar €bKoAO

va poptmBovv povo ta chart types mov ypeidlovtar yia to project. To Chart.js mapéyet default
simple support yio canvas tooltips oto hover/touch, oAAd propodpe va enekteivovpe ta chart
interactions ®oTe va KAvouE trigger Kamolo, events oty epapuoyn. To Chart.js ypnoiponotet to
HTMLS canvas element. Yrootmpiletatl and 6Aovg Tovg cuyypovovg browsers[12]. v
epapuoyn ypnoyomombnke éva line chart, ®ote va eppavicovpe 10 GHVOLO TOV E1GEPYOUEVOV
tweets (Betikd, apynTIKA Kot 0vdETEPA) GE GVYKPLON LE TOV YPOVO.

Bootstrap 3

With Bootstrap 3 pmopodue va éxovpue HTML, CSS, ko JS framework yio thv dnuiovpyia
responsive oceAidwv, yro. mobile cvokevéc ko web applications. To Bootstrap kavet to front-end
web development ypnyopotepo kat evkoAdTePO. [13]

D3.js

To D3.givon puo JavaScript Bipiiodnin yuo v drayeipton tov documents Baciopévov ce data.
To D3 BonBdet oty eppavion tov dedopévov pe v yprion HTML, SVG, kot CSS. H éugoaon
tov D3 oo web standards divetr OAeg Tig duvaToTNTEG TV GLYYPOVEOV browsers ywpic tnv
obvdeon og éva proprietary framework, cuvdvalovton powerful visualization components ko
uio data-driven mpocéyyion oty diayeipion tov DOM [14]. To D3.js ypnoyomombnke ce avtd
70 project yio va gpeavicovpe pe dpopeo tpodmo ta top Hashtag mov épyovrar amd to stream.
Kabe popd mov 1 tomoroyia kévet publish ta tweets, ta top Hashtags epeaviCovtot oto
dashboard.

Epopuoym

Exkivnon Storm

To project dnpovpynnke oto Eclipse. Apywkd npémnet va éxovue exkivioet tnv MySQL kot tov
Redis Server. ' va ekkiviioovpe to Storm og local mode (local cluster) npénet mpmta vo
ekkwvnoovpe To Zookeeper deamon, Eekivavtag to zookeeper server (zkServer.cmd). Metd and
avto mpémel va ekkiviieovpe ta Nimbus, Supervisor kot Ul deamons ce 3 dopopetikd command
prompts, pe t1g €ENg evtolég amd to storm’s bin gdkelo avtictorya:

» Storm nimbus
> Storm supervisor
> Storm ui



Metd v ekkivnon 6Awv Tov deamons,umwopovue vo. oryovpevtovpe 6Tt To Storm tpéyet
avoiyovtoc otov browser to http://localhost:8080/ .

Ye évo GAAo command prompt npémet vo dnpovpynicovpe £va jar to omoio Oa yiver deploy oto
cluster pe v evtoAn mvn clean package, and tov @dxelo Tov project, dmov Bpioketar To
pom.xml.

Topo pnopovue va kavovue deploy v tonoloyia pag oto local cluster ue v jar evtoAn:

» storm jar TweetTopology -0.1.1 - SNAPSHOT .jar tweettopology

Av Eavagoptdcovpe tnv Storm Ul celida, Oa mpénel tdpa vo dovpe tny “TweetTopology” kot
vo, popodpe va emhéEovpe to links g tomoAoyiag yia ta bolts o spout adAd kot yior Tig GAAEG
nAnpoeopiec mov to Strorm Ul pag divel dote va Pefordcovpe 6t 1 tomoroyio emeEepydleTon
0. data.

Av dev yperdletan va kavovpe deploy tmv tomoloyio kot amhd vo v Tpé€ovpe o developing
Ko testing Tov cuotiuatog, propovpe amAd va v tpé&ovpe oto Eclipse. To output speavileton
otV koveoia tov Eclipse.

. Problems & Cansole 32 @ Javadoc

S B--= 08

L), Declaration

<terminated> Tapology (1) [Java Application] /Librar jdk1.7.0_78.]dk injjava (Mar 30, 2016, 11:49:05 PM)
{"1ng":13.844133, "1at":-59 650608} , {"1ng" :13.334466, "lat":
{"1ng":48.901472, "1at":2.333103}, {"Ilng" :48.952035, "Lat"
{"1ng":33.647583, "lat":-84.576827},{" ng" :33. 886386, " La
{"1ng":26.080935, " lat":-80. 20811} ,{" 6.219801, "lat"
1.160674, "lat"

"ILng":13.44133," Lat":-59.420381} ], "country
1472, "1at":2.398495}] , " country_code" :
g":33.647503,"lat" : -84.289385}], " country
6.080935, "lat": -80.090235} 1, "country_c
7.062667}], "country_co
:-2.671399}], "country_co
2.628013}1, "country_code
untry_c
1761368, "Lt -84, 78458} ng 37.771743,"1a “country_
142058}, {"1ng" :51.575301, "lat": -8. 076305}, {"Ln .518552, "lat":-0.076305H] , " country_co
1.568921}, {"1ng" 1,4B531?,”lnt -81.508039}, {"1ng":41.371788, "lat" : -B1.508039}], " count ry
36064361, ["Lng" 141178771, "lat":-73. Sa1758}, {"Lng" :41.016398, "Lat": -73.50175E}], "country
2 395435} {"1ng":48.981472, "lat":2. 39&4‘35}] "country_code":'
11,"#LehighAcres": 3, tote
untry_¢
“78.497331)1, country
-79.717639}1, "country
9.1173861], "country_coc
0. 41587831, "country._
-87.523993}], "country
-78.499301}], "country._c

50.650688) , {"Lng" 13334466, "lat":-59.420381}
333193}, {"1ng" :48.952035, "Lat":2.398495} , {"1ng

4576827}, {"1ng" :33. 886886, "lat":-84.289385} , {
80.20811},{"1ng" : 26. 219801, "lat":-80.@90235},{ "lng
6.664573},{" Lng 160674, " Lot ":37.062667}, {" L,
+754906}, {*Lng" 52082833, "lot":-2.671399}, {"1n
775262}, {"1ng":53.808092, " lat" :

position":{"polygo
:{"position":{"polygo:
" itweet”, 'msg” {" i
"tweet", "msg
"tweet”, "msg
"tweet”,"msg”:{"position”
" :{"position”
:{"position"
+{"position”
":{"position”
:{"position”

>335 Tweek:: "' tweet", "msg

>>5e55 Tweet "' tweet", "msg

Sam555 Tweet
saame Theet
>3>a3> Treet

>3533> Tweet

33535 Tneet {"1ng":53.74809,"
{"1ng":43.403221,
{"lng":37.771743,
{"lng":51.518552,
{"lng":41.371788,
{"1ng":41.016898,
: {"polygon”:[{"1ng":48,901472
toplhashtags”: {"#Rockleig
>335 Theet " 3 i "polygen”:[{"1ng":48,785365, "1a

. ":[{"1ng":35.715805, "1a
{"1ng":32.773811, "1a:
{"1ng":51.338352, "1a
171ng":25.65479, "Lat
"L lng" 41644102,

S>555> Tweet

2222>> Tweet 8.297892}, {"1ng"

>3323> Theet

>3333> Tweet

>353>> Tweet

73.606436} , {"Ing" :41.179771,"lat":
:2,333193}.{”1ng":45‘952035.“1nt 12.3331933,{"1ng" 1! 952035 "o
#vwbus” i1, "#EINacimientoDelnMito
73.933612}, {"1ng" :40.91533,
78.818343},{"Ing" :35.872158, "1af

S5555> Tweet:::

asssrasasrasassrses g

g":35.715805,
g":32.773811, "lat
.330352, "0
.688692, "1at" :-80.415878} ,{"1ng":25.65479, "lat
":42,023067,"lat":-87.523993}, {"1ng":41.644102, "L
: .215449,"1at":~78.499301},{"1ng" : 32.04683, "lat"
{"lng":-33.571733, . -33.458483,"lat":-70.930215}, {"1ng":-33.458483, "lat":~70.71874}, {"Ing" : lat":-78.71874}], "count
{"lng":52.740633, "1 161566}, {"1ng":52.762345,"lat":-1. 122547}, {"1ng": 716633 "lat":-1.122547}], " country_cof
{"lng":41.855206, “lu 3.502636}, {"1ng":41.257357, "lat":-73.379243},{"1ng":41.055206, "L at" : -73.379243}], " country
"lng" :-51.306148} , {‘lng $-29.930865, "Lat":-51.012471}, {"Ing":-30. 268807, "lat ":-51.012471}], "co
"lng" " - ":-78.499301}], "country_
ountry_coc

>22322> Theet

>>335> Tweet

1.393443, "lat"
5.688622,"lat"

>>555> Tweet

>>>>>> Treet

>>222> Theet
>3222> Treet

>>uen Tweet
soemmn Theet
>>2>>> Treet

>722> Treet

>332> Tweet
>3535> Tweet

Flgure 14. The debug output of Storm

Start TweetViz

H gpappoyn yio to real time data visualization énpovpyndnke oto Visual Studio. ‘Etot 1o povo
TPAYLLOL TTOV TPETEL VO, KAVOVUE apov cryovpevtovpe Tmg 1 Redis tpéyet, eivor va tpé&ovpe to
project kot va to avoifovpe otov browser oto localhost:33195.


http://localhost:8080/

Yeadec Epappoyne
[Mopakdto epeoavifovtat ot 6eAIdEG TNG EPAPUOYNC.

€ & C [ localhost O0HmE L=

Dashboard

Figure 15.The main page

TNV mapanavw eikova BAEnoupe Tnv Main Page(dashboard) pe Ti¢ emloy£g mou pmopoU e va
KAVOULE.

ITNV ouvEXeLla OmwGg palvetal otnv ewova 16 n epappoyn Eekvaet va epdavilel ta Sedopéva



Overview
& <] localhost

PO@ %
TweetViz

Total Since Storm Started Total For Today
ap

Type Content Timestamp
Message User Subscribad! Now?

Figure 16. The Overview page without data

YTnv ouveéyxela epdoavidovral OAa to tweets TOU €pXOVTOL O£ TIPAYLATLKO XPOVO Ao To stream

€« (<] localhost

e0m=w =

Total Since Storm Started

Type Content

Timestamp
Tweet e month Bution atrescu at the sz 1y yesterda 5./ coff

Tweet

Tweet

Tweet Nice job tf

Message  User Subscribed!

Figure 17.0verview page with data



Map

TNV MOpaKkATw eLkova PAEMOULE TOV XAPTH TTou gpdavileTal 0 TOMOG MPOEAELONC TWV tweets
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Figure 18. Map with polygons

Chart

TNV Mapakatw elkova epdaviletal éva chart pe ta tweets oe ox€on e TOV XpOVo

Overview #Tweets in Time
5,000
EEE —r—r—s—3s—3s 8¢ttt ¢ ¢ ¢ 8§ ¢ ¥
e 4,000
Word Cloud oo

09:43:08 AM

Figure 19. The chart page



WordCloud

c localhost:

TEAOG OTNV MOPAKATW KOV epdavilovtal ta top Tweets Twv teAeutaiwv 10 SeuTepOAEMTWY
« Y

Word Cloud

#speed,,. .

. #interactions
P otbed HIN Qe

mechanics #Ve]ocqty n
“Torg = _#branch 4/

o interactiofelds

thermodynamics _emowre : #concérned
#aépropertles

recrcry  distance

| #nature

SOUIC&ccelération

Figure 20. The word cloud page



YVUTEPACLOTO Ko LEALOVTIKN epyacio

H napoyn mAnpodopLwv o MPayLaTLKo Xpovo, Sev elval Eva aoiavto £pyo. QoTO00 UTIAPXOUV TIOAG
gpyaAeia Kol TTOAAEG TEXVIKEG TIOU UITOPOUV VA XpNoLUoTIoNBoUV yla va apEXOUV To KAAUTEPO Suvato
anotéAeopa. Tuvdualovrtog TexVoAoyleg ou umootnpilouv enegepyaoia oe mpaypatikd xpovo(Storm),
BBAL0BnKeg kal frameworks mou BonBouv otnv real time emkowwvia client-server 6mwg to SignalR ,
BLBALoBNKeg yLa real time visualizations kal front—end development 6mwg 1o D3 1éTE pUnmopou e va
grutvyoupe otnv dnuoupyla plag edappoyng yla tnv epdavion SeSoUévwy o TPAYHOTIKO XPOVO oo
KABe mnyn.

Mo peAdovtikn epyaoia, Ba pnopoloape va BeATlwaooupe Ta untdpyovta charts mpooBétovrag
nepLocotepn mAnpodopia. TEAOG pia evlladépouaa mpoodrikn Ba RTav n duvatotnTa yla user-
feedback wote o xpriotng va pmopel va kavel evaluate to cuvailoBnuo Tou tweet Kol va KpOTAEL
OTOTLOTIKA o€ mepimtwon dtopopwv.
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