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[TepiAnyn

2V Topovca SMAGUOTIKY epyacio pedetdtot To TpdPAnua avaltnong dedouévev pe
Bdom 10 mEPLE)OUEVO Tovg kat e€etdleTan 1 amobnkevon tov Metadata tov apysiov pe
TPOTOVG TOV ELVOOVV TNV YPNYOPT OmOKPLoT TG avalnTnong.

O evromopdg dedopévav pe Paon to meplexduevd tovg yivetol pe ypnon tov metadata,
apyeiV OV TEPEYOLV TNV TEPLYPUPN TOV TEPLEYOrEVOL Tovg. Tao apyeio. oto omoio Oa
ekteleotel N avalinon ocvvdvalovtor pe metadata mwov vmakovv o didpopo TpdHTLTX
TEPLYPOPNG TTEPLEYOUEVOL Ue YVoToTEPO T0 MPEG-7. Ta apyeia Bpickovion amobnievpéva
oe repositories, evd ywo. to. metadata tovg emiéyeton KOTOAANAOG UETOOYNUATIOUOC KOt
amofnKevon TOVE, avOAOYO HE TOV TOTO TNG VMNPECIONG 7OV TPOCQEPEL TNV EQUPUOYN
avalnong kot g Sbéoiung vrodounc. Evpémg ypnoiomolovvior okAnpol diokol Kot
oYeol0KEG Paoelg dedopévav yia Ty doTpnon twv metadata, Tpoktikég mov Tapovstdfovy
SLpopa TPOPANATA GTNV TaYLTNTO EKTEAEGNC TG avalnTnong, kabdg yia v e&étaon tov
metadata amortovvton epyaieio. XML Parsing kot epappoyn nodldv molvmiokmv JOINS.

H owmhopotik avty mpoomafel va Avcel 10 mopamdved mPOPANHO pe €QOpLOYN
EVOALOKTIK®OV TPOTOV amobNKEVOTG, Kol CUVETMG EKTEAECG TNG ovalTNOTNG, LE YPON TOV
obyypovev texvoroyidv cloud. Zvykekpuévo peAetdton 0 TPOMOG OmoBNKeLoNG Kol
avalntnong mepeyopévov oe 3D apyeio, to Metadata twv omoiwv vrakobv ota TPOTLIA
MPEG-7, MPEG-21 xotr X3D. Kafdg 1o mpoétuma avtd yopoktnpilovior amd ToAAEg
elevbepiec oToV TPOTO TEPLYPAPNG TOV TEPLEYOUEVOD, 1) OVOTOPACGTACT TOVG GE GYECIOKEG
Baoelg dedopévav omortel ypron moAldv Swpopetikmv tables kot dtotnpnon moAmv
relations yw v mnpn avamapdotoaon tov petald tovg oyécemv. o to Adyo avtd
eméyOnke yio v amobrikevon tov metadata n NoSQL Baon dedopévov MongoDB, n omoia
EMITPENEL TNV EVENIKTT Kol Y®PIg TEPLOPIGHOVG avomapaoTaoT Tov metadata o apysia tHmov
BSON, ta omoia diatnpodv 1o dedopéva tovg oe key/value pairs. ‘Evag akopo Adyog mov
em éyxOnke 1 MongoDB eivat 1o dueoo scalability mov mpooceépet pe npocbnkn kéuPwv cto
MongoDB cluster, kdtt mov og oyeotlakéc Phoelg dedopévov anotelel ToAdTAoKN Slodikacio
Kot omontel peydAn petapopd dedopévev oto diktvo. H avalntnon exteieiton pe epappoyn
MongoDB Queries, mpog mAnpn eKUETAALEVOT TOV PEATIGTOTOUUEV®V TEYVIKOV OV £XOVV
avartuydel edkd yio t0 okomd avtd. IMapdAinia viomombnke o pébodog avalnmmong
€vOg query mov omortel aggregation tov dedopEVOV HE EQOPUOYT TOV TPOYPOUUATIOTIKOD
povtélov MapReduce.

216Y0¢ €lval M GLYKPITIKY] UEAETN TOV CUYYPOVOV TEYVIKOV avalnTnong mePIEYOUEVO
KoLl TG VENG TPOGEYYIOTG TOV TTPOTEIVETAL GO TNV OITAMUATIKY OVTN, TPOG avadelEn Tmv
KOTOAANAOTEPOV TEYVIKOV Yo KAOe gidovg epappoyn mov viomotel avalntnon apyeiov pe
Baon to mEepleydUEVO TOVC.

AéEeic Kheoh

MPEG-21, MPEG-7, NoSQL Bdaoeig dedopévev, X3D, XML, XSD, duaoyion XML apyeiov,
€IKOVOTIOINOT), EVOLANEGO AOYIOUIKO, KOTOVEUNUEVOS TPOYPOLUOATIGUOC, UETAOESOUEVA,
oYECL0KES Bhoelg 6Ed0UEVMV, VTOAOYIGTIKO VEPOG






Abstract

The presented diploma thesis deals with the issues raised by content-based data search
and examines different approaches on storing metadata in order to achieve fast response time.

Locating data according to their content is done by using their metadata, term that refers
to the description of the content of the data, which obey in various standards of describing
content. One of the most known standards for describing multimedia content is MPEG-7,
introduced by the MPEG expert working group. Search regards files that are stored in
repositories, while their metadata are appropriately modified and stored according to the
needs and available infrastructure of the service provider. Most commonly metadata are
stored in hard drives in a form of directory-hierarchy and alternatively within relational
databases. Both practices have issues regarding the response time of the search, due to the
XML Parsing tools used to access the metadata and to the complicated structure that is
required to perform the search.

This diploma thesis attempts to solve these problems by applying alternative methods of
storing the metadata and therefore by using different, most advanced tools to perform the
search, with the use of modern cloud technologies. The search will be performed on 3D object
files, whose metadata obey to the MPEG-7, MPEG-21 and X3D standards. These standards
are characterized by many freedoms regarding the way of representing the description of the
content of the data. Therefore the use of relational databases would require the maintenance
of a large number of tables in conjunction with the complex in between relations to fully
represent the structure of the metadata. To address this problem the NoSQL Database
MongoDB is used for the storing of the metadata. MongoDB uses BSON files, which store
their data in key/value pairs. This kind of format allows the representation of complex
schemes in the simplest and most flexible ways. Another reason for choosing MongoDB is
the easy and immediate scalability provided, simply by adding compute nodes to the
MongoDB cluster. With relational databases such an addition would require large amount of
data to be transferred through the network in order to perform even the simplest tasks. The
search is performed with the use of MongoDB queries, in order to fully exploit the advantages
of using the optimized internal techniques developed by MongoDB. Finally, in order to tackle
the problems issued by applying aggregation functions to relational databases, a technique
that conforms to the MapReduce programming model was developed.

Goal is the comparative study of current ways to perform content-based search with the
new approach suggested by this diploma thesis, in order to highlight the advantages of each
technique according to the type of provided service that performs content-based search.

Keywords

MPEG-21, MPEG-7, NoSQL databases, X3D, XML, XSD, XML Parsing, virtualization,
middleware, distributed computing, metadata, relational databases, cloud computing
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Kepdiaio 1
Elcaywyn

v mopovoo SmAOUATIK Bo mopovclacToby TEYVIKEG Ko uéBodor avalntnong
TANpoQopiag mov oagopodv o multimedia dedopéva, YPNOWOTOIOVTOG VEES HOPQES
dayeipiong kot amobfkevong dedopévarv, kat ocvykekpiuéva vrodopég Cloud. T v
avalitmon multimedia opyeiov pe Pdon 10 mEPEXOUEVO TOVG, YPMOLUOTOMONKOY TO
metadata Tovg, mov VaKOVV 6TO. TPOTLTO, TEPLYPAPNG TTEPIEYOLEVOL MPEG-7, MPEG-21 kot
X3D. Z1oyog omoteAel o €VIOMIGHOG Tng KatoAinAdteprng peBoddov amobnkevong Kot
avalnitnong multimedia apyeiov, ®oTe vo TPOGEEPOVTOL ATOSOTIKOTEPES LANPESIES AVALOYOL
HUE TOV TOMO TOV EVOALOKTIKOV EQOPUOYDV TOL YPNOCUYLOTOLOVVIOL, TOV YVAOCE®DV TOV
avOpOTIVOL JLVAIKOL TTIOV TIG dtaxepileTal, Tng Sbéciung vTodoung Kot TG SVVATOTNTOG
UETAPOONG GE LOVTEAD TTOV YPTCLLOTOLOVY GUYYPOVES KOl VEOTEPESG TEXVOLOYIES.

Ot péBodol mov avartdyOnNKay omd CVTAY TNV STAMUOTIKY YPNCUOTO00Y TEXVOAOYIES
nov Poocilovtar oty vootpomion mov gofyayav poviéda tomov Cloud. Mmopovpe va
O(@PICOVUE TNV OPYLTEKTOVIKY TETOIOV HOVIEA®V GE TEGGEPO OPOLPETIKA EMIMESX. XTO
TpwTO €eminedo Ppioketor M vVMKOTEYVIKY vmodoun, OnAadn to hardware mwov 6Ba
ypnooronfel yio v avantuén Kot Tpospopd TV epopuoydv avalntnong. Ot mépot mov
OVIKOLV GE OUTO TO OLPOLPETIKO EMIMEDO, AMOTELOVV PETAED GAA®V O OmOONKELTIKOG YDPOC,
ot eneepyaotég Kal To dikTvo. Baoikd yopakInpioTiKo Tng @A0c0oeiog Tov €N yaydy To
cloud povtélo mapoyng VaNPESIOV omoTEAEL 1 KaTavoun g amobnkevong kot eneéepyaciog
Tov dedopévav. o t0 okomd avtd avamtucoovial oAoéva Kot meplocdtepo, clusters
VTOAOYIGTOV 7oV  Jbétovv  uéypt Kol EKOTOVTAdEC yMAdec emelepynotéc, TOL
YPNOUYLOTOLOVVTOL Y10 KOTOVOUN TNng emeepyacTikng 1oyx0¢ Kol TUPUAANAOTOINGNG TV
npoPAnuatov. Ektég amd TV wpooeopd  KOTOvEUNUEVNG  emeepyaoTIKNG  1oybG,
TPOCPEPOVTOL EMIONG KOTOVEUNUEVO GCULOTHUOTO OmoBnkevong Jdedopuévay, OnwMG oTNnV
nepimtoon g Amazon, n omoia péom tov Amazon Elastic Compute Cloud mapéyet
0moONKEVLTIKO YDPO, VTOSOUEC OIKTOOL KOl EMEEEPYAOTIKN 1YY OTOLG YPNOTEC 7OV
aVATOCOo0VY £QPOAPUOYEG LE EVEMKTO TPOTO, MOTE VO TACOH GTIYU VO XPTOLLOTOI0VVTOL
uoévo ot amapaitntor woépot. O mopot avtol mapéyovrar péow Virtual machines, sikovikdv
UNYOVAV, UE TOVG XPNOTES VAL £X0VV AOAVTO EAEYYO GTO AEITOLPYIKO GUGTNLO, GTO AOYIGUIKO
Kol og OAa To epyaieia mov Ba eykatactioovy og autovg. Xty Ewova 1 oto yopuniotepo
eninedo ¢ Toupapidac Tapovctdovrar opicuéva mapadeiypoto tapodymv Cloud vrodounc.

210 apECOC VYNAOTEPO APOIPETIKO EMIMESO TNG APYLTEKTOVIKNG TOV akoAovBovv ta cloud
povtéda, Omw¢ ¢aivetar ko oty Ewodva 1, Bpioketon to Middleware. To Middleware
OmoTELEL TO €101KO AOYIOUIKO 7OV €ykafioTaTol OTNV VTOJOUN TOL TOPEYETOL OO TO
TPOTYOVLEVO QPOALPETIKO EMimed0 Ko ival vrrevBuvo Yo v dwyeipion e, Expetodievetan
T YOPOKTNPLOTIKG Tov hardware kot Tpocpépsl emmAEOV AettovpyikOTTeS TPOg PeAtivon
NG AmOd00oNG TOV EPAPUOYDYV oV Ba avartuybodv. Mio and avtég amotelel 1 dwoyeipion
TOV GKANPOV SIGKOV TNG LTOSOUNG, OTIMG YO TUPASEIYUO UE EPUPUOYT] KOATOLG TEXVIKNG
amofnkevong RAID avdioyo pe v omortovpevn oamddoon kot 1o embountd minbog
AVTIYPAPOV TTOL S10TNPOVVTOL Y10, T dedopéva. Mia GAAN TapeyOUEVT] AEITOLPYIKOTNTO Elval
1 emhoyn g torobeciog Tmv dedopévav, o dtapopetikd racks 1 datacenters, kot to TAf0og
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TOV OvIypae®v Tovg ov Ba datnpovviar oto cluster, ue okomd TV TPOSEOPE VYNANG
dwbecudtrag ota dedopéva. 'Eva and ta mo yvootrd Middleware omotedei to Apache
Hadoop, Aoyiwouiké mov eykafiotatoar oe commodity hardware xor avoloufdver v
anobnkevon Twv dedopévev pe ypnon tov Hadoop Distributed File System, mpoceépovtag
vymAd bandwidth oe 6lo to cluster. e avtd to Kopudtt mTepAapfaveTol Kot 1 ¥pNon Tov
MapReduce Framework, tov wpoypappUaTIoTIKOD HOVIELOD 7OV  YPNCLUOTOlEiTOL OTNY
TapdAinin emeepyacio peydAov 6yKov aveEdpTNTOV Kol KOTAVEUNUEVOV SEGOUEVOV, LECH
EQAPLOYTG TEXVIKAV draipel kot focileve.

H véo @uiocopio apylTeEKTOVIKAG TOV TANPOQOPIOK®DY GLGTNUATOV O00YNCE OTNV
avalnmnon véwov Tpommv dwyeiptong kot dounong tov Pdcemv dedopévav. Adyw Tov
KOTOWEPIGUOV TNG EMEEEPYACTIKNG oYVG Kol amobnkevong Enpene vo dnuovpyndovv Bacelc
KOVEG VO, EKUETOAAEVTOOV ©TO0 HEYIoTO Pabud TG véeg teyvohoyieg pHe Ta daitepa
YOPOKTNPLOTIKA TOVG KOl TOV KOWVOTOWO TpOTo dtoyeiptong tov tpoPfAnudtov. Tnv andvinon
édmaav ot NoSQL Bdoelg dedopévav, To KOPLO YOPUKTNPIGTIKO TV OTOIMV ival 1) EPOpLOYN
TOUG O©€ KOTOVEUNUEVO OLOTAUOTO omoffkevorng Jdedopévav, 1  TOpPoyn VYMANG
dwbeoudTrag oto dedopMéVe, KOL T IKOVOTNTO TOLG VO KAUOK®OVOVTOL 0ptlovTia.
XpNotomolovvTol Kupimg yio dtoyeipion moAl peydAov oykov dedopévov, os Web epapuoyég
Kol 6€ TEPIMTOCELS TOV Ogv amartouvtol ToAAd JOINS, aAld epappoyn anmAdv Tpa&ewv, yio
mapaderypo pe xpnor Tov TpoypoupoatioTikod poviéhov MapReduce. Xtic NoSQL Bdoseig
dedouévav o dedopéva amobdnkevoviol cuvibng o Key/value pairs, popen Woviky yo Ty
EQOPHOYY OMAGDV TPAEewV, Ie APEGO AMOTELEGA TNV AVENGT TG ATOS0GNG TOV EPAPLOYDV.

310 TEAELTOIO aPOIPETIKO emimedo TG Tupapidag mapoyng vanpecwdv cloud Ppickovrat
Ol TEAKEC EQUPIOYEG, ONAAOT] TO AOYIGUIKO TTOV OVOTTOGGETUL OO TOVG XpNoteg v NoSQL
Bacewv dedopévav. Kabbg 1o epyoieio mov ypnoomolovvtan gival Kovovpylo MoV
amopaitnTn 1 CAAAY GTNV VOOTPOTio avATTLENG EQPUPUOYDY KOl CUYKEKPIUEVO GTOV TPOTO
YPAPNG TOV KOSIKO TOV TAPEYOUEVOD AOYIGLIKOV. AvamtiyOnkayv véol TpOmoL d10.60VOESTG
KOl EMIKOWOVIOG TV EQAPUOYOV HE TIG Paoelc OedOUEV@V, VEN TPOYPUUUATIOTIKG
nepPdilovta KoBMG Kot vEQ TOKETO AOYIGUIKOU Yo TNV HeTafaon omd maAodtepeg
TEXVOLOYiEC GE VEEG.

Cloud Layered Architecture
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1.1 Avtikeipevo g AUTAOUOTIKNG

‘Evag amd T0ug oMuavTIKOTEPOVS TOUEIG TAPOYNG VANPECIOV UEGEH ALASIKTOOV 0POpd
omv avalnmon tAnpogopiog. O oloéva awEavouevog 6yKog SE00UEVMV OV SLoKIVEITOL £XEL
KOVEL EMTOKTIKY TNV OvAyKn wapoyng epyoieiov avalntnong wovav va eviomilovv Tig
{nrovpevec, éyxvpeg mAnpoeopieg ypryopa kot agdmota. Tig unyavég avalnmmong démovv
oplopévol Pacikoi kavoves Aettovpyies. Kabe pia déxeton epotipato optopévng Lopeng ord
TOVG YPNOTES, TPOyUaTomolel TNV avalnmon oe kdmola Pdorn dedopuévmv Kol ETCTPEPEL TO
OTOTEAECLOTO, TTOV OTOVTOVV GTO VOPOAAOUEVO EpOTNUN TToW GTOLG Yprotec. H onuacia
Yrapéng e€ehypévav unyavov avalnmnong eaivetol amd v dievpupévn Paon tov ¥pnotdv
TOV AdIKTOOV, HIKPO TOGOGTO TV OmoiwV Yvopilel v axpiPn torobecia TV dedopévmv
mov avointel. Tovtdypova moAliol eivar ot ypnoteg mov dev yvopilovv akpifog Tdg va
eKQPAcoVY TS TANpPoPopieg mov avalntodv, pe Tig pnyovég ovalntmong va mpénel va
peTacyNUaTicovy T epoTHaTe Tov vrofdAiovol Kot vo avalntioovy dedopéva e Bdaom
10 mePlEXOUEVO TovC. Avtdg o Tomog avoalnmong yivetor ue ypnion tev Mmetadata tov
O€JOUEV@V, ONANOTN TNG TTEPLYPAPT|G TOV TEPLEXOUEVOD TOVC.

H duthopatikny avt efetdler toug oOyypovovg Tpdémovg ovalntmong pe Pdaon to
TEPIEYOUEVO TMOV OpYEiV Kot TPOTEIVEL VEOUG OV aKOAOVOODV TIC VEEG TEXVOAOYIEC WOV
TOPOVGIAGTNKOAY TPONYOLUEVMG. Zuykekpipéva 1 avalitnon 0o aeopd oe 3D apyeia, ta
metadata towv omoimv vrakodv ota TPdTLRA TEPLYPAPNG TTEPEYopéEvov MPEG-7, MPEG-21
kot X3D kot amotedovv apyeio Tomov XML. Méypt onjpepa ot Texvikég Tov YPNGLOTOI0VVTOL
ywo v avalrtnon metadata ypnoomotovv repositories yio v amobnkevon tov 3D apyeiov
ko directories kot oyeowokég Pdoelg dedopévav yioo Ty amobnkevon tov Metadata tovg.
Kdabe popd mov vrofdiieTon Eva epdTnpa, Tpaypatonoleitol didoyion tov XML apysiov 1
tov tables ¢ oyeotokng Pdong, kot emiotpépovior ta ovouata tov 3D apyeimv mwov
OTOVTOVV GTO YUPOKTNPLOTIKG TOV EPOTHLOTOC TOL VITOPANRONKE. QoTdc0 Exel mapatnpnbei
TOC ALTOC 0 TPOMOg avalNTNoNG o€ TOAAEC TEPMTMGES Oev €lval amodoTikOg, KaOMdG
amattovvral epyaieia Parsing XML apyeiov kot gpoappoyng moAidv JOINS npokeipévou va
amovmbovv ta gpotiuata. o to Adyo avtd mpoteivovtol amd TV SWA®UOTIKY OV
evoAlakTiKol TpoToL amobnkevong tov metadata, pe ypnon NoSQL Bdacewv dedopévov, kat
avalnTtnon og autd pe xpnon Tov eEEIBIKEVIEVDY qUEries TETolwv BACE®Y Kol U EQUPUOYI
OV TPoYpapupatioTikod povréhov MapReduce. E&etdletar katd mOGOV anTég Ol TEXVIKEG
odNyobV og TAYVTEPEC OMOKPIGES TOV EPAPUOYDOV avalTNnong Kol GE TOEG MEPMTMOGCELG
umopohv Vo OVIIKATOGTACOUV  TOAMOTEPO  HOVTEAD amofnkevong Kot  avalnnong
TANpopopiog.

1.2 Opydvoon Kepévov

To keipevo g SMAG®UOTIKAG UMOpel va YwPlotel 6 DO VTOEVOTNTEG. XTIV TPOTN,
Kepdhowa 2, 3, 4 ko 5, yivetor 1 avdiuon ToV TEYVOALOYLOV OV GLUVOETOVV TO, APALPETIKA
eminedo TOL OVOAVOMKOV TPONYOLUEVMG KOl O@OPOLY GE OAO. TO OTAOW OVATTLENC
EPAPUOYOV, amd To eminedo tov hardware péypt 1o tekevtaio eminedo tov Software. Ttnv
ogvTeEpT VIOEVOTNTO OvijKovy To. KepdAaio 6, 7 kot 8, 6mov yivetar 1 eKTEVIG AVAALGT KoL
TEPLYPOPN, TOL TPOPAUOTOC 7OV €EETAOTNKE, TNG VLAOTOINONG TV VEDV TEYVIKDOV
amoONKELONC BEOOUEVOV KOl TNG TAPOVGINCT|G TOV GUUTEPUCUATOV TOV TPOEKLYAV OO TNV
GULYKPLTIKT HEAETN TV TAAALOV Kol VE®V peBOdwv avalitnong.

ITo avaAvtikd oto Kepdhoto 2 yivetor o eicoymyn otig évvoleg mov gionyaye to Cloud
Computing, moapovol@lovior Ta  YOPAKTNPIOTIKA YVOPIoHOTE TOL, avoeEPOVTOL Ol
dwapopetikég cloud vinpeoieg mov mTapéyovTor Kol ovaAHOVTOL OPIGUEVOL YOPOKTNPIOTIKOL
TApoYOol TETOI®V VANPECIDV, WHE OKOMO TNV avadelln TV TOAA®V SUVATOTHTOV 7OV
TpocPEpovIaL e yprom g texvoroyiag Cloud Computing. Xto Kepdhawo 3 mapovoidletan
TO OPECHOE OVATEPO APUIPETIKO eMinedo katd tnv avamtuén epapuoydv, to Middleware.
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AvoAdovtar ot AGYol OV 00NYNGOV OTNV OVATTLEN TOV KOTOVEUNUEVOV CLGTNUATOV
amoffkevong kot eneEepyaciog dedouévav kot mapovotaletor ektevag to Apache Hadoop,
Kkabmg amotehel yapaktnplotikd mopaderypo Middleware Aoyiouikod mov ypnoyiomoleiton
ywo v Pektioon Tov TpdémOv amobnkevong TtV dedopévev oe clusters vroloyloTdv.
Avoldegton emiong o mpoypappatiotikd poviého MapReduce kot divetat, yior v kaAdTepn
KaTavonomn Tov, évo Tapdderypa xpnong Tov. Xto Kepdiato 4 yiveton | avdivon tov NoSQL
Bacewv dedopévmv, ol omoieg amoTteAOVV TO TPOTEAELTAIO GTASO AVATTLENG VTNPECIDV,
KaOAdG pNoILoToOvVTAL OO TIG EPAPUOYES Yo TNV a&lOTIOTY OmoBNKELGN KOl AVAKTNON
TV dedopévev tovg. [lapovsidlovial €100yOyIKE KOUUATIO ToV PAcemv 0edouévey Kot
avoAboVTOL Ol AOYOL TOL 00NYNCOV GTIV OAAOYT TOL TPOTOL PIAOCOPING dOUNGNG TOVG.
[eprypapovion emypoppotikd to Swpopetikd €6 NOSQL Pdcewv dedopévov mov
oLUVOVTOVTOL PEXPL ONUEPA KOl OVOADOVTIOL EKTEVDC 600 amd avtéc, n CouchDB «oi 1
MongoDB. X to Kepdioto 5 eiodyovtar Ta mpdtuma meptypapng mepieyopévor MPEG-7 kot
MPEG-21 xot divovtar o KuploTEPO YOPOKTNPIGTIKG TOVS, HE EHEOOT] GE EKEIVOL OV
Bpiokovtot mo kKovtd 6TO AVTIKEILEVO TNG SUTA®UOTIKNG.

AxoAovfel M GUYKPITIKT UEAETN TV TOAMOTEPOV HEBOOMV avalTnong Kol T@V VEV
7OV TTPOTEIVOVTAL ammd VT TN dwAmpatiky. Xto Kepdiawo 6 mapovoidletor to mpdfAnua
OV HOG OTAGYOANCE KOl Ol GNUEPLVOL TPOTOL EMIAVGNC TOV. XTr GULVEXELN TEPLYPAPETOL
EKTEVMDG M LAOTIOINGT TOV VEOV TEYVIKMOV, Ol OTOIEG YmpioTnkay 6€ 600 KaTrnyopiec. Ty
TPOT aviKovv ot uébodot avalTnong mov TpayuatorotonKay ue ypion tv queries mov
dtvovtar amd v Pdorn dedopévov. Xty devtepn avikovv ot péBodor avalnftnong mov
epappolovv 1o mpoypappatiotikd poviého MapReduce. Xto Kepdhato 7 mpoypotonoteiton 1
CULYKPITIKT] UEAETN OA@V TOV TEXVIKAV, TOANLDY KOl VEOTEP®V, AVOAOYO WE TNV KoTryopio
omv omoia avikovv. O A0Yog mov £ytve avtdg 0 S@PoUdg gival n obykpion OpolwV
QIAOGOPIDV KOl 1 ovadelln g avotepdtnTag TG Kibe HeBOdO0VL GTOV TOUEN TTOL GVIKEL.
Téhog mapovc1dlovTol T0 GUUTEPAGLOTO ATO TV GVUYKPLoN TV pHeBddwv oto Kepdlato 8.
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KepdAiaio 2
Cloud Computing

Me tov 6po “Cloud Computing” 7N “Yrmoloyiotiké Népog” evvooldue tnv mopoxn
VTOAOYIGTIKOV TOP®V 1/KOL VINPESIOV HECH VoG dktvov. Ot vinpesieg Cloud Computing
Kévouv duvatn TV VEAIKTY S1ABECT] TEYVOAOYIKOU KEPOAOIOL TMV TOPOYDV GTOVG TEMKOVG
YPNOTEG, HECHO NG OIKTLOKNG TOPOYNS TPOGPUCNG O €ve, GOVOAO TOPUUETPOTOICILMY
VTOAOYIOTIKOV TOP®V. YTOAOYIOTIKOUG TOpovg ovopdlovpe KABe @QLUOWKO 1M EKOVIKO
component €vOG GUGTNHATOG VITOAOYIGTAV, KOBMG Kot KaBe cuokeL TOV glvarl cuvOedepévn
0€ 0OVTO. XTOLG VLTOAOYIOTIKOVG TOpovg mov dtatibevion péow cloud meprrappdavovrot
amodnkevtikol ympot, ypovog oe CPU, uviun, opyeio, diktva, servers, €popuUOYEG Kol
VN PEGTEG.

2.1 Ewcayoyn

ITpw eppaviotei to cloud 1 avamtuén epappoydv Bactllotav omokAEIoTIKG GE 1310VG
TOpPoVG TV ¥pNoT®v. Ol TAPOYOlL TOV VINPECSIOV OVETTUGGOV TIG EPUPUOYEG TOVG GE O1KO
TOVG €EOMAIGUO KOl OTN] GUVEYELXL Ol XPTOTEG TV EQPAPUOYDV €YKAHIGTOVCAV TO AOYICUIKO
oto oKl tovg pnyovnuata. [apott pe avtév tov tpoémo egacporiletor ave&optnoio Kot
TIPS €leyxog TV Oedouévev TOGO TOV TUPOYOL OGO KOl TMV TEAMKQDV YPNoTOV,
dMUIOVPYOHVTOL TOVTOYPOVE TOALG TPOPATLATO.

o v mopoyn vanpecidv amoarteitor kot apyds HeYyOAo apylkd Ke@AAolo to omoio
apopd o610 Aoylopkd oto omoio Oo ovamtvyfei m vanpeoia, datacenters, servers,
€YKATAOTOON OKTOOV, Pdcelc dedouévov kabdg Kol TPOGOMTIKO Yo TNV AEltovpyio Kot
pOBon OAwv twv mopandve. To kOGTOg GuVTHpnong eival emiong peydio, kabdg etvon
anapaitnto va avortuyxfodv pnyaviopoi avaktmong dedouévov oe mepintmon failover, va
glvar gyyonuévn M ac@aAEl TV OESOUEVOV TOV XPNOT®V Kol vo eac@aAiletol dtopkng
EVNUEPMOT Kol EAEYYOG TOL GUOTNUOTOS MOTE VEES EKOOGEIC AOYICUIKOD Vo unv Bétovv oe
Kivduvo TNV opoAn Agrtovpyio Tng vanpeciog. Xvyva Oev YPNOUOTOIEITOL OAOKANPOG O
€EOMMOUOG M OMOLTOVVTIOL TTEPIOCOTEPO. UNYOVAROTO OO TO OG0 TPOKEUEVOL VO
KOALEOOVV 01 AVAYKEC TOV XPNOTOV. TNV TPOTN TEPITTOGCT TOPOL LEVOLV avaELOTOINTOL EVD
01N de0TEPT 01 YPNOTEG OV AUUPAVOLY OUOAES KO GIYOVPES VTN PETIES.

TN Tovg mapoamdve Adyoug HTav amapaitnTy Uio dAAY] GTOV TPOTO TOPOYNG VINPECIAOV.
To cloud mapéyer AMboelg 6TOVG TOPUTAVED TEPLOPIGUODE OVATTVENG £QUPUOYDY UE 18iovg
nopovg, eEac@aloviag TapdAANAa TV AGPAAELN TV OEOOUEVOV TOV TEAKOV YPTOTOV Kol
TOV Topoxev Tov vanpsowdv. To cloud, pic avomopdotacn tov omoiov diverar amd tnv
Ewovo 2, mpooeépel Tn dLVOTOTNTA TNG OMOUOKPLGUEVNG TOPOYNG EQUPUOYDV KoL
VANPECIOV. XPNGIUOTOLEITOL TOGO Yoo TNV AVATTLEN TOV VINPECIOV, OGO Kol Yo TNV
TPOCPOPH TOVG GTOVG TeEMKOVG ¥pnotec. Ocov agopd oty avamtvén Tov £QopUoYdV, TO
cloud ypnowomoteital yio e€otkovounon topwyv. Ot TAPOYOL TV VINPEGLDY OVATTOGGOVY TIG
EPUPLOYEC TOVG, Oyl o€ 1010 €EOMAMOUO, OAAG GE AOYIGIKO IOV TPEYEL OE OTTOUOKPVUGUEVOL
punyovipoate. Me auti T TEXVIKN 1] €YKOTAGTACT Kol S EIPIoT] TOL OTapAiTTOV AOYIGHLKOD
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TPOYLLOTOTOLEITOL YOPIG TN CLUUETOYN TOL TAPOYOL TNG OVOATTUGGOUEVT] EQPUPULOYNG, OAAA
amd v mAevpd tov cloud, dnladn omd tov mapoyo cloud computing. Tavtdypova ta
dedopéva, dev  dATNPOLVTOL GE  UNYOVIALOTO TOV TOoPOYOV, OAAG OTOUAKPLGUEVA,
dapopalopeva datacenters. Te avtd £yovv avamtvydei avtopator pnyovicpoi failover o
acQUAES TOV OedOUEV@V, KaODG Kol gpyolelan SLVOUIKNG TOPOY®PNONG UNyovnudtov
avAAOYO LE TI EKAGTOTE UMOITNOELG TMV TAPOYMDV GE VITOAOYIGTIKODG TOPOVC,.

To cloud ypnoyonoteitol exiong ywo v d1dOeon LVINPESIOY GTOVG TEMKOVG YPNOTES.
Méow tov cloud ot epappoyég TPEYOLV AMOUAKPUOUEVE, YWPIS OVAYKN €YKOTAOTOONG
Aoylopikod otov eomMOUd TOV TEMK®V ¥pnot®dv. Ol eVUEPADCELS T®V EPAPUOYDV, M
avafaduion Kot GuVTHPNOT TOVS OgV YIVETOL OTNV TAEVPEA TOV XPNOTI, GAANL ATTO TOV TAPOYO.
Ot ypnoteg apkel va ovvdebovv oto diktvo, amd omowadnmote cvokevn, PC, tablet,
Smartphone, ka1 dueca propodv vo ¥pNeIHoTomoovy Tic epapuoyés. Ola to mapomdve
yapoxmplotikd tov cloud, ot dlopopetikol THTOV VANPECIHOY TOL TAPEYOVTOL KOOMDG Kot
Kot {nrrpata Tov gyelpovtal KaTd T XPNOT TOL, AVAADOVTOL OTIG ETOLEVEG EVOTNTEG.

|
'- SmartPhones ﬁ

Desktops Tablets

B -
=
Storage Database -
o =
Servers Q Compute Laptops
Networking
Cloud

Ewova 2: Cloud Computing

2.2 Xapaktnpiotikd tov Cloud Computing

Onog avaeépinke, o KAAG0G TOPOYNG VANPESIOV AVTILETOTIEL dLdpopo. TPoPANUATA.
Ao TV TAEVPE. TOV TOPOYMV TV VINPECLDY OTALTEITOL LEYOLO OPYIKO KEQPAANLO, E1OIKEVOT)
oe 0Oépoto aceareiog Tov dedopévov, avamtvén pnyoviopdv mov efoceoiilovv nv
a&lomiotio TG VINPECiag, SLOoHVOEST) TMV SESOUEVOV MGTE VO, TPEXEL 1 VANPEGLO G€ TOAAEG
TAoTEOpUES Kol dtotnpnon €COMMGUOD Kol TPOoCOTIKOD. ATO TNV TAELPA TOV TEMKOV
YPNOTAOV EVOL OTOPOLTNTN 1] EYKOTAGTACT TNG VANPESIOG 68 KABE punydvnud tovg, n oyopd
AOYIOUIKOD Kot 1 S10PKNG EVNHEP®ON TOV EQOPLOYDV Tovg. Tlapakdtm mapovcidlovial ta
yapaktnplotikd Tov cloud ta omoia divovv Aboelg o€ OAa Ta Tapamdve TPoPARLOTO.

Scalability — Exexraoiuotyra

Y10 cloud eivar dvvatny M yewokivtn N dvvoulkn TpocOnkn kot agaipeon kOuPwv
EKTEAEOTG EPYOCLDV AVAAOYQ LE TNV OVEOUEIMON TOV ATOLTICEWMY, XOPIS VO, CALOIMVETAL 1|
vanpecio Tov mapEyeTal oto ¥pnotn. ‘Ocov apopd otovg TOPOVG, AVTOl €£OKOVOUOVVTOL
KOODC TO UNYOVAUATO, YPNCUYLOTOLOVVTOL LOVO OTaV ¥PpelalovTol.
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Virtualization - Eixovoroinon

Me 1t péBodo g €lkovomoinomg ol AETTOUEPEIEG VAOTOINONG KOl KATAGTAGNG OTNV
omoia Bpickovior ot Tdpot amokpOTTOVTOL Ao TO XPNoTN. Afvetal 1 evTOT®OT TOL EVINiov
KATL TOV PTOPEL VO PNV 1GYVEL, OTMG GTNV TEPIMTMOOT TV KOTAVEUNUEVOV cuoTnudtaov. Ot
YPNOTES deV €YoV TpoOTO Vo Yvapilovy akpidg mov amodnikeboviol ta dedopéva Tovg 1 Tov
TPEXOLV Ol EPAPUOYES TOVG, OALA EXOVV TPOGRAGT GE AVTA GV VO NTAV OAN GTOV TPOCOTIKO
TOVG VTOAOYIOTY. AVTO Jdivel GTOV TAPOYO TNG LANPESIag TN SvvaToOTNTO Vo EAEYEEL TG
amofnkevovToL Ta SESOUEVA, VO AELOTOMGEL TUYOV OLTEPOTNTEG TOVG KOl VO TPOGPEPEL TTLO
YPNYOPES KOl OMOTEAECLATIKES VTN PEGIES.

Ewovikég punyavég, virtual machines, VM, ovoudlovpe 11 dopég mov divovv tnv
EVIDMIMGCT OTO YPNOTN EVOC OAOKANPOUEVOD QULOIKOD UNYOVIUOTOS E€VO Omd QUGIKNG
aTOYEMG £ivol £vo, GOVOLO OPYEI®V KOl TPOYPUUUATOV TO 0010 TPEXOLY TAV® G€ &va GALO
QLOIKO pnyavnpe. Ot EIKOVIKEG UNYOVEG UTOPOVV VoL £X0VV OLOPOPETIKE YOPOKTNPIOTIKE Ko
TOPOVG OO TO UNYEVNILEL TOV OTO10L TOVG TOPOLS YPTGLLOTOLOVV, OTTMG AEITOVPYIKO GUGTNLLOL,
apkel va unv EEmepvolv TIG SLVATOTNTEG TOL UNYOVILOTOC GTO 0TToio TpEYovy. Me avTtdv Tov
TPOTO €ival dSuVAT 1] ONUOVPYIC EIKOVIKOV UNYOVAV TANPOG N LEPIKAC SIUUOPPOUEVES OO
TO YPNOTN AVAAOYO LLE TOV TAPOYO.

Reliability — A&iomiotia

To cloud eyyvétar v amobnkevon tv dedopévav TV ypnotdv kot v aglomiot
petapopd tovg. Ta dedopéva amodnkevovioar 6Tovg KOUPOLS 0md TOLG OTTOIOVE AMOTEAEITAL TO
cloud. T ™mv eéacedhon g aélomiotiag, To dedopuéva dev amodnkedoviol 6€ £va UOVo
onueio, Ewova 3. Anuiovpyovvtoar avtiypago tov dedopévov gite oto 110 kouPo eite oe
dArovg kopPovg tov cloud. O cuvmBiopévog apBuds avtypaewv sivar tpia (3) (replication
level three). Emiong ypnopomolodvior punyovicpol avaktnong 6edouéveov o€ TEPInTOOoN
ATMAELNG N aoTOYi0G EVOC KOUPOL amobnKkevog.

INa v pérpnon g aélomiotiog ypnoipomolodvior deikteg 6mwg o MTBF, Mean Time
Between Failures, dnladr| o pécog xpovog peta&h 600 dlad0 KOV OITOTUYLOY TOV GLGTHILOTOG,
kot o MTTF, Mean Time to Failure, dnAadn o pécog yxpdvog uéxpt v amotvyio. TOL
ocvotnuotoc. O MTBF ypnowomoteitor yio GUOTAUOTO GTA OTOiOL LIWAPYEL UNYOVIGHOG
avéktong kat o MTTF ypnowonoteitol yio cuoTAHOTO GTO OTTOI0 OEV VTAPYEL UNYAVIGUOG
AVAKTNONG, CALG UNYOVIGUOG AVTIKOTAGTAONG.

Y.(start of downtime — start of uptime )
number of failures
E&icoon 1 MTBF Equation

MTBF =

,omov downtime gival 1 ypovikn GTiyur] Tov T0 GOLGTNWO ATETVYE Kot Uptime 1 ypovikn
OTLYMN OV TO cVoTN U eTaviADe axpifmg mpv To downtime.

Bio
0.1n,,

E&icoon 2 MTTF Equation

MTTF =

,0mov By givar 0 apBpog tav Aettovpytdv mov Bo ekteAestovy av amotvyel To 10% tov
GULOTHHATOG KO Ngp £ivoat T0 TAN00G TV AEITOVPYLOV TOV EKTEAOVVTOL VG KOKAO AEITOVPYLDV.
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Ewovo 3: Cloud Computing Reliability
Maintenance — Zvvtijpnon

Me tov 6po cuVTIPTEN EVVOOVUE TNV O10pH®OGCT) TOV EPAPUOYDV A0 TPOYPOUUATICTIKA
AN Ko TV £yKOTAGTOON VEOV EKOOGEMV TNG EQUPUOYNC. Me ypiion tov cloud n cuvtripnon
TOV EPAPUOYDV tvar eukoAdTepT. Ot ¥p1oTeg OV 0lGYOAOVVTAL O 10101 LE TNV EYKAUTAGTOCN
TOV EVNUEPDOEMY GE KAOE GUGKELT TOVG EeY@PLoTh. ATO OTOL Kal oV TPEEEL 1| EQUPUOYT,
TPOCMOTIKOG LIOAOYIoTNG, tablet, Smartphone, sivar ot dikatodocio. Tov maAPdHYOL Va
TPocPéPel cLUPATO AOYICUIKO, YoPlG Kopio evépysld omd TNV TAELPA TOV YPNOTI).
Tavtdypova TPoYPAUUOTIGTIKE AGOT Hropovv aueca va, 510pBwbobv 6g OAOVE TOVG YPNOTEG.

Performance - Azxdédoon

H onddoom avapépetal oe ddpopo, KPItplo Omwe YOUNAO ¥povo amdKplone, VYNAN
SlopeTaymy] dedopévmv, yaunAn PO LVIOAOYICTIKOV TOP®V, LYNAN OlfestdTNTA TOL
cvotiuatog, ypnyopn emefepyocia dedopévov kol vynAd gbpog (dVNG TOL JIKTLOVL.
Xpnooroiwvrag to cloud o tehkdc ypnotng umopei vo mopoakorovbel v amddoon oV
gpappoydv tov. Ot mapoyol tmv epappoydv £xovv ot dibeon tovg péom tov cloud
KOADTEPO PUNYOVILOTO Kol TTEPLOGOTEPO EPYOLEin PEATIOONG TNG ATOSOONG, LE OTOTELECLO
Vo ToPEYOLV O aodoTIKEG vinpecieg. Ot tehikol ypnoteg péom tov avapaduicemv mov
yivovtat gite o€ eninedo vwodoun Tov cloud eite o¢ eninedo Peltiovong ¢ ePaproyNc amo
TOV TAPOYO £XOVV QLTOUATO PEATIOUEV ATTOSOCT).

Multitenancy

Kébe ypnotg wog vanpeciog cloud dev ypedletoanr va dabétel 61kd T0ov HOVASIKO
avtiypago g e@apuoynic. Apkel éva povadikd instance (otiydtomo) g EQOpPUOYNG TO
omoio gival EDEMKTO KOl UTOPEL VoL TPOGOPUOCTEL GTNV AVAYKES TOL KAOE ¥pNoTn. AVTo €)El
o¢ amotéiecpa v eéowovounon mopwv oto cloud, v evkohdtepn cvvripnon g
epapuoyns. Tavtdypova dievkorvvetar 1 eE6pvEN dedouévav (data mining). Ot minpogopicg
oAV TOV ¥PNOTOV givol amobnkevuéveg o€ £va, KeEVTIPIKO onpeio, YoPic Vo VTOAOYIGTODY oL
UNyovicpol aviypaeng Tov dedopévev Yo a&lomioTio, To Omoio KAVEL EVKOAOTEPT TNV
eneepyacio Tov dedopévav Yo eE0y®YN OTATIOTIKOV OTOTEAEGUATMOV Kol TATNPOPOPLOV
YPNOUW®V GTOV TAPOYO TNG LINPEGIOC.
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Security — Aopdleia

2V 0oQAIAELD GUUTEPTAOUPAVOVTOL OAOL OL UNYOVIGLOL TTOV TPOGTATEDOVY Ta OESOUEVA
KOLL TO, UNYOVALOTO, 0t0 aKOVG10 Kot U1 €£0VG1000TNIEV TPOGROGT), GALAYT 1] KOTAGTPOPT,
KoBdG Kot omd PLOIKEG KaTtaoTpoeés. Xto cloud n acedieln Tov mapéyetor sivar KaAdTEPT
Aoym g Kevipikng amobnkevong tov dedopévav (centralization) kot tng mpoo@opdg
TEPLGCOTEPOV EPYOUAEI®V TOV GTOYEVOVY OTNV OCQUAEN TOV OEOOUEVOV. TE KOTOVEUNUEVA
GULGTHLOTO OTOONKEVGTG Ol UNYOVIGHOL TOV €YYLOVVTIOL TNV AGPAAELN TOV dEO0UEVOV Eival
10 TOADTAOKOL KOl SUGKOAELOLV TTOAD TNV TOPAKOAOVONGT TOL apyelov KATUYPUPNS EAEYXOL
(audit log). Méow tov cloud ov yprioteg dev yperdletar va acyolodvtol ot 1610t pe v
TOADTTAOKT] 0OQAAELD TOV OedOUEVOV TOVC. Ymdpyovv kat o wiwtikd cloud oto omoia ot
YPNOTESG EYOVV EAEYYO TTAV® GTNV VIOOOWT KOl GE O,TL APOPA GTNV AGPAAELL TNG TAT|POPOPLAGC,
Om¢ To10g &yl TpocPaot ota dedopéva, TL xpnon yiverat. Tovtdypova emAéyovtar Kal ot
YEPIGUOL Y10, TNV ACPAAELD TOV TPOSOTIKDV KOl EV0IGONTOV ES0UEVOV TOV YPNOTMV.

Cloud API (Application Programming Interface)

Aterapn [poypappotiopod Eeoppoydv ovopdlovpe tn SEmopn Tov ¥PnoLLoTolody ot
EPOPHOYES YO VO ENMKOVOVIIOOVV UE TO XPNOTN N GAAES €QopUOYEG Kot pnyovipata. Ta
cloud APIs ypnoyomolodvTotl yio. Ty eTKOV@VIa, TOL AOYIGUIKOD WE TIG VANPESIEC UEC®
demapav (interfaces). Ta cloud APIs cuvifwg ypnoyomotodv apyttektovikée tomov REST.
Amopaxkpdvovtor and v Aoyikn g opyrtektovikig SOAP omv omola kdbe Aertovpyia
npénel va Eavaypaoptel kot va otarel pe XML apyelo mpog amokwduomoinon. H
apyrtektovikn Tomov REST mpoceépet scalability kot aveEdptntn avémtoén twv components
TOL GUGTNHOTOC,.

Meiwuéva Kooty

O1 ¥pNoTEG KO O1 TAPOYOL TV VINPESIDV — EPAPUOYDV deV ypetdiletar va dabétovy Kot
Vo, GUVTNPOVY 31k ToVg £EomMopd M Aoyioukd. Me to cloud givon duvary n kootoldynon
™G ¥PNONG TOV VTOAOYIGTIKMOV TOP®V KATL TTOL OV giye yivel moté oto maperfov. To kdoToC
aPOPOVGE LOVO TNV ayopd Tov eE0TAMGHOD Kot Oyt TV xpnon tov. Kabmg ot wépoyor cloud
YPNOUYLOTOIOVV TOMTIKY] Pay-as-you-go, oniadn ot ypfoteg mAnpovovv akpipog 6co
YPNOUYLOTOL0VV, TO KOGTN TOCO Yo TNV avantuén pog vanpeciag 660 Kol yio T ¥PNon e
elvar eEupeTikd pelopéva.

On-Demand Self-Service

‘Evo akopa yapaktnpiotikd tov Néeovg givar o “on-demand self-service”, to omoio divet
TN SLVOTOTITO GTOVG YPNOTESG YPNYOPO KOl EDKOAN VO SEGUEVOVY KOl VO, TOPUUETPOTO|GOVV
UNYOVAROTO KOl Vo, avortuéouy eQapuoyés, yopic vo eivar oamapaitnn n avOpomivn
aAAnienidopoon pe vrevbvvovg Tov cloud. O mdpoyor cloud npotpémovtar vo dnpovpyncovy
templates, mpotuma, ta omoio, VotEPO OO GOYKPLON UE GALO, OONYOUV TOLG YPNOTES VL
emAgEovv ypryopa TIC vanpeciec mov topldlovy kaAvtepa oTic avdykes tovs. To mpdtuma
Stabétovy mpokaboplopéva To AEITOVPYIKO TOLG cvoTNnua, T Pdon dedouévmv, pubuicelc
ac@aieiog Kol vnpeciec Web, kabdg Kol 0dnyieg Yoo €0KOAN YPNOUOTOINGT SLOPOPETIKMV
cloud ka1 mopouetpomoinon TV £popuoydv vo taptdlovv oe avtd. Atotibsvior emiong
gpyaieia ylo. peTaKivion epoproymy amd to éva tepifdilov cloud oo dAlo.

31



2.3 Ymnpeoiec Cloud Computing

e outy v evotnto Topovoldlovtol To dtapopeTikd €idn vanpeoiov cloud computing
mov &yovv avomruybel péypt onuepa. O dy®PIGUOG TOV VINPECIOV Yivetar pe Pdon to
aQUIPETIKO EMIMESD EAEYYOL TMV YPNOTOV GTOVS VTOAOYIGTIKOVG TOPOLS TOV  TOVG
mopéyovial. Onwg eaivetor oty Ewova 4, 1o vynAdTepo 0QUIPETIKO ETIMESO TAPOYNS
VINPECIOV OmOTEAEL TO SaaS. e autd TOPEYOVIOL GTOVG TEAIKOVG XPNOTES EQAPUOYES, Ol
0moiol UToPoHV HOVO Vi TIG TAPAUETPOTOMGOVY AVAAOYQ LE TIG AVAYKES TOVGS, YWPIg KovEvay
€LeyY0 GTOV TPOTO EKTEAEGNC TOVG,.

Apéowg youniotepo oty mopapida Ppioketor to PaaS, oto omoio ov ypnoteg
avamTOoooVY  €QOPUOYEG. XE  OLTH TNV Katnyopia ypnotdv  mopéxoviol  ETOLUd
TPOYPOUUATIOTIKE  TEPIPdALOVTO, ©TO Omole avamTOoGOVIOL HE OmOALTO EAEyXO Ol
EPUPUOYEC. LOTOGO Ol YPNOTEG OV EYOVV KOVEVAY EAEYYO GTNV LTOSOUN KOl TO AELTOVPYIKO
GUGTNUO GTO OTOI0 TPEYOLV TO TPOYPOUUOTIOTIKO TeEPPdAlovta kabdg Kot 6ToV TPOTO
amofnKevoNG TV 0ESOUEVMOV TOVGE.

210 tElevTaio eminedo g Tupapidog Ppicketal n vanpeocia laaS. e avtv Tapéyovral
GTOVG YPNOTEC UNYOVALOTA TANP®G EAEYELLN, OTO OTTOl0, ETAEYOVTOL OAQ TO YOPOKTNPLOTIKA
TOVG, OTMG AEITOVPYIKO GUGTNUO KOl amodnKeELTIKOS Y ®POG. AkoAovbel avdivon TV TOT®V
cloud computing laaS, PaaS kot SaaS, kabmg xai g mo npoécpatng vanpeciog Naas, kot
divovtan kdmola TopadelyLoTa TapdY®V TOVG,.

Google “frsem®
Docs & Spreadsheets

SaaS YL NETSUITE
9 Rollbase s :
t~ +J Windows Azure
F e, | S| Joreegom
@redspace \mware’
laas amazon
webservices™

Ewovae 4: Cloud Computing Services

Infrastructure as a Service (1aaS) — Yrodoun ocav Yrnpeoio.

2€ QUTH TNV LANPECIN TOPEYETAL GTOVS YPNOTEG LITOdOUT], INANST] VTOLOYIOTES, SErvers
KOLL VTTOAOYIOTIKOL TOPOL, EITE MG PUNYOVIUATO 1] TTLO CUYVHL G EKOVIKEG LUNYAVEGS.

O mapoyog g vanpeciag gival VTELOHLVOC YIOL TNV CLVTAPNOT TOV LUNYAVIULATOV GTO,
omola. TPEYoLV Ol €KOVIKEG HNyoveG Tov ypnotwv. Dpovtilelt yio v acedieln TV
OEJOUEVOV TOV XPNOTOV, TNV 0EI0TIOTIO TOV UNYOVIUATOV OCTE GE MEPITTMOT OmMOTUYI0G
evog KOUPov vo unv odhotwbei 1 amddoor TG VINPEGING KoL TNV EXEKTOCIUOTITA TOVG DOTE
duvapukd vo divovior oTtovg ¥pNnoTeC ot mopor mov yperdlovial. Tvvnbmg spapudletan
TOMTIKT] TANPOUNAG OVOAOYN| HE TNV TOGOTNTO TOV TOPOV TOL OEGUEDLOVIOL Kol
PN OLLLOTOLOVVTAL.

O1 xpNoTEC £YOLV TN SVVATOTNTO VO, OPIGOLY UEPIKMOG 1] TANPMG TO YOPUKTNPLOTIKY TOV
pnyovnuatov mov yepilovrar, CPU, RAM, cikdnpdg dickog, Aettovpytkd cOoTNUd, dIKTLO
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Kol GAAa. ‘Exouv mn duvatdtnta vo XEPIoTOLV TO, UnYoviioto pe omdAvtn elevbepia, va
EYKATOOTIOOVV AOYIGUIKO, VO 0TNoOVV PACELS Oe00UEVOV KAl VO DAOTOCOVY EQPOPUOYEG
axpifmg omwg Bo éxavay ce dwkd Tovg punyavhiuata. To mepipdrdov pémel va eivar emiong
Kovo va ypnotporondei yio viomoinom vanpecidv Paas kot Saas.

‘Eva mopaderypo amotelei to Rackspace Cloud, to omoio ftav évag omd Tovg mpdToug
napdyovg laaS. Awbétel tpeig kopieg vanpesieg, Cloud Files, Cloud Servers kot Cloud Sites.
Ta Cloud Files anotedobv tov amoBnkevtikd ydpo twv ypnotdv. H mpoécPaon o€ avtd
yivetar péocw APl avorytod kddwa. Ta dedopéva kpatodviar oe tpia avtiypapa. Me tovg
Cloud Servers ot ypiioteg €xovv 1 dUVOTOTNTO, VO, GKOCOLV SEIVErs uéowm evog server API.
Yrootpiletor 1 Suvoptkn S1d0ecn UNYOVILATOV GE OTOTOUES QAAAYEG TOV (POPTOV EPYOGIOG.
Me to Cloud Sites ot ypnoteg dotnpovv ameplopioto apbpd 1otocelidwv, e-mails ko
Bacewv dedopévav.

IMapaderypa: Amazon CloudFormation

Platform as a Service (PaaS) — ITAatpdpuo. oav Yanpeoio

To PaaS mapéyel 6Toug ¥pr|oTES VIOAOYIGTIKEG TAATPOPLES VO GTIS OTOiES VAOTOLOHV
epappoyéc. Etvar to apuéomg mopandved Aoywd eninedo mapoyng vanpesiav amd to laasS.To
ocuvnbiopévo mokéto mephapPdvel MO €YKATESTNUEVO AEITOLPYIKO cOGTNU, TEPPAAAOV
TPOYPAUUATIGHOV, BiPAoONKeg, Bdon dedopévav, diktva kot vav Web server. Ilpoceépovtal
gpyodeio oyediaong tov epapuoydv kot testing (eAéyyov) kot vanpeoieg oxedacuod Paoemv
dedouévav, vampeoidv Web, application versioning, amobnkevong, acedielag, 0l0moTIOS
TV dgdopévav, avtopatov scaling avaloyo HE TIC OTOITHOELS TNG EPAPLOYNG, OL0EIPLOTG
™G Kotdotaong Twv user interfaces kot cuvepyoociog omopakpuopuévev opddmy ovantuéng
HLaG EQOPHOYNG.

Me 1o PaaS ol ypfoTteg avomTUGGOVY EQUPUOYEG TOL £YOVV OMUIOVPYNGEL 1} EQAPUOYES
OV £YOVV OMOKTNOEL LE TO EPYOAEID Kol TN YAMGGO TPOYPOUUOTIGHOD Tov vrooTnpilovton
amod TOV TAPOYOo, OAAG Ogv €xouv KavéVe, EAeyyo TV otV vrodoun. Asv ypelaletol va
STNPOVY UNYAVALOTO Kol AOYIGUIKO, KOTL OV UEIMVEL GNUOVTIKA TO KOGTOG OVATTLENG
epappoyov. Ipopfinuate coppatdtnrog Tov eKOOGEDV AOYIGHIKOD, OVATTUENG UNYOVICUOV
ACQUAELNG Y10l TOL OESOUEVA TOV YPNOTAOV KoL XEWPOKIVITNG OEGUEVLCNG TOPWV AVAAOYO LLE TN
xpNom g epapuroyng eEodeipovtal. TéAog N mowkidio, 6Tovg Tapdyove fonbdel oty emAoyn
TOV KATAAANAOL Y10 TNV AVATTLEN TOV EMBLUNTOV EQAPHOYDOV.

[Mapaderypo: Windows Azure Compute

Software as a Service (SaaS) — Aoyiouxo oav Yrnpeoio

To SaaS, yvwotd kot o¢ “on-demand software”, mopéyer otovg ypnoteg ETOES
EQPaPUOYES, Ol oToiec Tpéyovv ato cloud ko ivan TpooPaoipec péow gvog diktvov. Eivar to
OUECHG TOPOTAV®D AOYIKO EMIMEDO OTNV TOPOYN LANPESIOV amd To PaaS.Aoyiopikd kot
dedopévo Ppiokovtar kevipikd oto cloud kor dworibeviol otovg ypnoteg péow evog web
browser. O mapoyog eivatr vevOVVOC Yo T S1ABEGN EPAPUOYDV, TIC OTOIEC TPOCPEPEL GTOVG
ypnoteg on-demand. Xpnowonoteiton multi-tenant apyttektovikn, pe évo povadikd version
™G ePapuroync va e&umnpetel moAlovg ypnotec. Kdmolol mépoyot enttpémovy 6Toug XPNoTES
NV TOPAUETPOTTOINGT TV £QAPUOYDV. Ol EVUEPMDOELS KOL 1| GUVINPNOCT TOV EQPUPLOYDOV
YIVOVTOL KEVIPIKA UE OMOTEAECUN Ol XPNOTEG VO €YOVV avTOMATH TIG VEEG ekdooelg. Ot
napoyor dwbétovy pnyovicpote scaling pe anotélespo 0 POPTOG EPYAGIOG VO KOTOVEUETOL
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avadroyo pe TiG ekaotote amottioel. Kabmg 1o Aoyiopkd pmopel va ypnoomomdel amd
ddpopec cvokevéc, vmoloylotg, tablet, Smartphone, ot mépoyor eivon vrevBvvor yio ™V
avantuén cvpPatdv ekdocemv Aoyioukov. To SaasS npoceépel aglomoTtia Kol aoPIAE TOV
OEQOUEVOV TMV YPNOTAV.

O ypnioteg dev €xovv TOV EAEYYO TNG VTOJOUNG 1 TIS TAATQOPUES TAV®D GTLS OmOieg
TpEYOLV Ol €paproyés. Me to SaaS dev amorteitor mTAEOV 1 €YKATACTOOT KOl OlOPKNG
EVNUEPMOT TOL AOYIGLKOD 00TE 1 OECUEVOT] OmOBNKEVTIKOD YdPOov Yo omobnkevon TV
dedopévav og Kabe cuokevt| Tov ypNotn. Ot epapproyég apkel vo volklaotouy pio gopd Kot
umopohv va ypnooronbovy amd kibe cuokevn Tov YpNotH. Me avtdv Tov TpoOTo INTHUATO
ocvopupatotntog HeETaEd TV ddpopmv cvokevmy efaAeipovtal kot dev gival amapaitnt m
petapopd dedoUEVOV GE TEPITTOGT TOL 1 EPOPLOYY| YPNOLLoTOtEiTan amd Sdpopa onpeia.
Méow Ttov scaling, dradikacio dlo@avi 6Tov TEMKO XPNOTY, 1| EPOPUOYN £XEL KABE oTLyUn TNV
Ol amodoon aveEapTnTa 0o T0 TOGOL YPNGTESG TN XPTCLOTOIOVV TRV TOYPOVO.

IMapaderypa: Google Apps, 6nmwg Gmail
Network as a Service (NaaS) — Adiktvo oav Yrnpeoio.

To NaaS amotekel o véo vampeoio mopoyne vanpecidv péom cloud. Mg to NaaS
TOPEYETAL GTOVG YPNOTEC VTOJOUN KOl VANPEGIEG SIKTVWV. LTOYXOG €ival 1 OTOJOTIKOTEPN
xPNON TG VITOdouN Tov diktvov evog datacenter. Xtnv vanpecio meptiapufdavovtat 1 yvoon
NG TOTOAOYiOg TOV SIKTVOVL, MGTE YPNOTEG VO UTOPOVV Vo EMAEEOLY TOVG KOUPovg Tov Ba
amofdnkevovy 10, dedopEva TOVG, 0 EAEYX0¢ TV TPomBovuevoy Takétov oto Switches tov
diktvov, optopdg firewalls amd tovg yproteg Kot enelepyncio TV SEOUEVOV ECMOTEPIKA TOV
OlKToov, ®ote vo, meplopilere M kivnom oto diktvo. [ viomoinom tov NaaS eivan
amapoitntn pwoe multi-tenant apyrtektoviKy Kot aTopdvmoT Tmv TOPmY TOV TAPEYOVIOL GTOVG
ypnotes. [apéyetar emiong APl ya tqv €0koAn mpdcPacn tov ypHotn o1 OLAPOPES
vanpecieg Tov NaaS mapdyov. To NaaS amotelel apketd véa TexvoroyiaL.

2.4 Eidn Cloud Computing

Avtictorya pe v Katnyoplomoinon twv vanpeoidv cloud aviloya pe tov Aeyyo TtV
YPNOTAOV GTOVG VTOAOYIGTIKOVG TOPOLS, €VTOTILeTOl dla@pPioudc kol OGOV apopd otnv
vodoun mov ypnolponoleitol. Xvykekpévo, evromilovtar tpia €idn Cloud Computing, to
public cloud, to private cloud ka1 o cvvévacudg Tov dvo, hybrid cloud, avéloya pe tov
TAPOYO TNG VTOSOUNG TOL YPNCLUOTOLEITOL ZYNUOTIKE Ol JPOPEG TOVG Paivoviol GTNV
Ewova 5. Akorlovbel avalvtikn meptypapn Tov Tpidv avtodv 106y cloud.
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Ewéva 5: Eién Cloud Computing

Public Cloud — Ayudoia Népn

To public cloud amoteieitor amd évo GHVOAO UNYOVIIUATOV Kol DTTOSOUNG SIKTOOV, Kol
YPNOWOTOLEITAL Y10 TNV TOPOY] VTOAOYIOTIKOV TOPOV Kol LANPECIOV GTO VPV KOWO
OTOKAEIOTIKG péc® dikTvov. Ot vanpecieg mapéyovtal gite yYopig ypémaon glte pe epapuoyn
Kdmolag Tioloylakng moltikng. ‘Eva moapddstypo dwpedv mapoyng vanpecidv eivar 1
TEPIMTAOOT TOV TOVETIGTN UKDV TOPOYDV.

IMapadetypata: Amazon AWS, Microsoft, Google

Private Cloud — Idiwtixd Népn

To private cloud dopgitor o€ vTOdoun M OTOi0L XPNGOTOLEITAL ATOKAEIGTIKG OO EVay
opyavicpov n ypnotn. H dayeipion g vrodoung yivetot gite amd tov 1010 Tov Thpoyo &ite
an6 eEovorodotnuévoug tpitovg. H vmodoun pmopei va Ppioketor omovonmote. To Pépog
TEPTEL GTOV TAPOY0-OpYOVICHO Mote kdbe Pruo TOv OTNOIHNTOS TOV VANPECIOV TOL
napéyovior and Wwtikd cloud va unv eyeiper (nmuata aceaieiog kot aglomotiog, OmMC
anoAielo dedopévav. H ewovomoinon mpémel va yivel amd tov TOPOY0 KATL TOL OToLTel
Waitepa KoA TEQVOYVOGIa.

H ¢tlocopio dumg tov cloud sivar ot ypioteg va punv yperaletor va dabitovy e€omhoud
KoL DTOOGOUT KOl VO €6TIALOVV LOVO GTNV Tapoyn KOADTEP®V LANPECIOV. TEAKd ot pikpoi
TAPOYOL UTOPel v PNy emweelodvol and ta mieovektnpoto tov cloud, epdcov mpémet va
dwabéTovv, va dwayelpifovral Tov EOTAMGUO KAl VO GTHVOLY EPAPUOYEG KOl VITNPECIES.

Hybrid Cloud — Yppidika Népn

Téhog dwokpiveton o hybrid cloud, to omoio Amotelel cuvdvaoud dbo 1 TEPIGGOTEPOV
edov cloud mov mapdTl oTEVh cuvdedepéva ovolaoTikd sivar Egympiotd. To hybrid clouds
EKUETOAAEDOVTOL TO. TAEOVEKTNLOTO OV Oivouy ot dwopopetikoi tomotl cloud, public kot
private. O1 ypioteg tétotov tHmov cloud cuvdvalovy apPYITEKTOVIKN UE 0vOyn 6€ GOAAuOTO
(fault-tolerant) poli pe dueon d1dBeon TV S£30UEVOV TOVG YOPIC amapaitnTy COVOEST UE TO
diktvo. T'o v vAiomoinom &vog YPpudwkov Népovg amatteiton tOG0 1010TIK 0G0 Kot
amopakpvopévn server-based vrmodoun. Kepdiletar gved&io otig private epapuoyés, odrd
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yéveton n aceaieia ko 1 alomiotio wov gyyvdrtat o cloud.
2.5 Avoytad Znmpuoto — O¢pata

IMapd ta ToAAG Theovektiuata xpriong tov cloud, eysipoviol apketés empuAGEEG ™G
TPOC TNV OCQAAEIN TOV OedoUEVOV TV YPNOTAOV, TNV &vdeyOuevn mapafioon g
WBOTIKOTNTOG Kot TG THAVIG KOTAXPNONS TV TANPOPOPLHY TTov amobnkevovtal ato cloud.
Ta nmpota autd, Kafdg Kot GAAL TOV APOPOVY GTNV SUAELTOVPYIKOTITA TOV TAPEXOUEVOV
VANPECLDOV, TAPOVCIALOVTAL OVOAVTIKA GE OVTHY TNV EVOTNTA.

IoiwtiroThro

O1 mapoyot vanpeoidv cloud eiéyyovv kot dpa Exovv ) dvvatdTo ava Tdeo oTryun va
éxovv mpdcPacn ota dedopéva TV XPNoT®V. AVTO EYEIPEL EPOTNUATA Yot TO KATH TOGOV TOL
dedopéva mov amobnkedovv ot ypfioteg oto cloud mapapévovy WwTIKA. Adyo® ™G
EKTETAWEVNG EIKOVOTTOINOTG T dedOpEVE UTOpPEl Voo unv amobnkevovtal otov idto Koufo 1
o710 1610 datacenter 1 axopo kot 6o 1610 cloud kdT ToL £KTOG TOV OTL TOATAEKEL TNV TOPOYN
WOTIKOTNTOG 6T dedopéva, BETel vopukd (nTiLOTA Yo TO TO10G TEMKA €YEL O1KA10d001n OE
avtd. Kamowo mapoyor cloud, émwg n Amazon, éxovv ddoel T SVVOTOTNTO. EMAOYNG TNG
TEPLOYNG otV omoia o amobniedovTal Ta dedopéva Tov ¥PNOT.

Open Standards

IToAroi cloud providers viomoiovv APIS, to omoia TopdTL KOG TEKUNPIOUEVA dEV Eivat
dahertovpykd, dniadn dev eivar copBotd pe dAia clouds. Tivovtal mpoomdbeieg yio opiopd
YEVIKOV apy®@v pe Paon tig omoiec Oa viomolovvral to. APIS v va meplopiotel avtd o

TPOPAN L.
Security

H acpdielo apopd o TOMTIKES, TEYVOLOYIES KO EAEYXOVG TTOL YPTCLLOTOLOVVTOL Y0 TNV
TPOCTAGIO TV EPOPHOYDV, TNG LRTOJOMNG Kot TV dedOUEVOV TV ¥pnoTtdv. O QUOIKOG
éleyyog Tov €EOTAIGUOD KOl M Qupeon emomteion TV dedouEVaY, pmopel va gyyonbel v
ACQPUAELN TOV OEOOUEVOV, KATL TTOV €lval TO dUGKOAO av 0 eEomMo oG eAEYYETOL 0T TPITOLG,.
Y10 cloud, n eyydnon g acedrelog TV 6£d0UEVOV avolapuBavetal amd Tovg TapdYOLS TV
VANPEGLDY, Ol OTOI0L TPENEL VA avamTOEOVLY EEEMYUEVOVG UNYOVIGHOVES OOQPUAElNG yloo TNV
SlTNPNoN TOV SESOUEVAOV KoL TNV amOKPLYT TS TANPOQOPiag arnd un £E0VGL030TNUEVOVG
xpNotes. Avtd mov gyeipet apeifolrieg 6cov apopd ota gvaicOnta dedopéva eivar 1 akpPng
YPNON, 0 TPOTOG amobNKELONG Kl ETEEEPYAGIOG TOVG, 1 WOMTIKOTNTA, O YEPIOUOS TV AobdV,
N avaktnon, n tpootoacio and kaxdfovin ypnon kat Bépato wov apopovy Multitenancy. Ot
Moelg mov divouv ot mhpoyotl mokilovv. Xprnoyorolovviol pEBodot KpurToypapiag, ¥pong
dnpociov kied100, public key infrastructure PKI, Beitioong g vmootpiéng tov e1KovViKGV
UNYaV®V, XPHoNE TOAADV TopoymV, dnuovpyiag tpotinmv yia ta cloud APIS kot dAla.

Sustainability — Aiatnpnootyta

e Oha ta peyaro datacenters, 6mov oteyalovton ToAlol Servers givoar amapaitnto peydia
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ovoTAUOTO YOENG Yo TNV Agltovpyion v pnyovnudtov. Ileployéc e yevikd younAég
Oepuokpacieg omwg N G1avdia, n Zoundio kot n EAPetia, amoteAovv 1dovikd mepipdiiovia
vy v otéyaon tov datacenters, a@od cg cUVILAGUO WE YPNON OVAVEDCU®V TNYOV
evépyelag glvan duvaTn 1 HEYEAN £E0IKOVOUNOT EVEPYELNG KAl Apa 1] EE0IKOVOUNGT YPMUATOV
Kol 1] TPOGTaGio ToL TEPPAALOVTOC.

Abuse

Yrapyet o kivovvog va ypnoporomBovv ot vanpeoieg cloud oe dvopeg mpdéeig pe otdyo
dAlovg ypnoteg tov cloud. Eivor oty appodidmro tov Topdymy Vo GTOUNTOVV TETOLEG
EVEPYELEG KO VO TPOGTATEDOLV TOL SESOUEVA KOl TOVG 101006 TOVS YPNOTEG.

2.6 IMhoteopueg Cloud Computing

2TIC TPONYOVUEVEG EVOTNTEC TAPOLOIAGTNKAV Ol Tapoyég vanpecwdv cloud mpog v
TAELPA TV YPNOTOV, £ite avTol €lvol TAPOYOL EPAPUOYDOV gite TEMKOL YPNOTEG TOVG. €
aVTAV Kot TV emopevn evotnta Ho mapovoiaotel n wapoyn cloud computing vanpecidv omd
TNV TAELPE TOV TOPOY@V.

Mrmopovue va dtakpivovpe 600 Kotnyopieg mapdywv cloud. v mpodtn evidocoviol ot
TAPOYOL OV TPOGPEPOVY TNV TAATPOPHO. 6TV omoia otrivovtol cloud kot otn devtepn ot
TAPOYOL TTOV TPOoPEPOLY VITNpeaies cloud, onwg laaS, PaaS kot SaaS. Xe ovth v evotnta
00 TOPOVGLAGOLE TV TPMT KATNYOPIo Kol GTNV ETOUEVT T1 OEVTEPN.

Ot mhateopueg cloud eivor to Aoyiopikd oV ¥PNGYOTOLEITOL Yoo TNV dnpuovpyio Kot
dayeipion datacenters kou cloud oe Wwtwkd cluster. Etoipeieg, ypnoteg kot epeuvnTikd
EPYACTNPLO GLYVE EMBVUOVY VO, avamTOEOVY Kal Vo TPOGPEPOVY dIKEG TOLG vanpesieg cloud
o€ O1KEC Tovg VIodopéc. 'Etol kabe mhpoyog £xel amdAnTO EAeYY0 TAV® GTNV VITOJOUN OV Oal
otnoet to cloud, mapapetponotei o cluster avioyo e TI¢ AmAITAOELS TV VANPESLOV TTOL Ol
TPOCPEPEL, EMAEYEL TO EPYUAEIN KOL AVOTTUGGEL TEXVIKEG OV Ol ypnoiomoindovv yio to
storage. TTapakdto mapovotaloviat Tapoyotl TAateopuny cloud.

2.6.1 OpenNebula

"Evag and tovg npdtovg mapdyovg cloud platform eivon n OpenNebula Community pe to
OpenNebula. TIpokettar yioo évo AOYIGHIKO avoryToh KMOOIK, TO OO0 TMOPEYEL UIOL YEVIKN
Ao ya Ty avamtuén kat dayeipion kotaveunuévav datacenters ko laaS clouds.

Me 1o OpenNebula ypnowonotgiton vdpyovoa vrodour yw 0 YTIGWO OA®V T®V
vanpeoiov cloud. Xe avtibeon pe dAlovg mapdyovg cloud platform mov viomolovv vanpescieg
€101k00 oKomoy og mpoemheypéva mepiPariovta, To OpenNebula mpoceépel éva gvéhikto,
avOLYTO KOl €UKOAO OLOYEWPICYO OTPAOUE LAOTOINONG TV vANpeci®V. Evoopotdvoviot
TeYVIKEG Storage, sikovomoinone, ac@aielag, eEAEyyov kol diktdmong o€ cluster voloyiotdv
Kol €lval TNV gVYEPELD TOV TTPOYPOLUATIOT Vo eMAEEEL Ta epyoieion Tov mpocsapudlovTal
KOADTEPO. OTIG OVAYKESG 1TNG vanpeciog. Aifvetor Epeoacn oty TumomoiNcn, o1
dtodertovpywcdTTa. Kot 610 portability mpoc@épovtag oTovg ¥pNoTeg duvatdTNTA ETAOYNG
petald ddpopuv denapdv cloud, 6ntmwg Amazon EC2 Query, kot hypervisors, émwg Xen,
KVM, VMware. H diaierrovpykotnta tov OpenNebula kdver dvvar v ypnon tov oe
ddpopeg apyrrektovikég cloud kot oty avdrTuén onolacdnmote vInpeciag.

Mrmnopei vo epappootel ot dnuovpyio dlwv towv €ddv cloud mov cuvvavtioous
napandve. To OpenNebula umopei va ypnoipomombei yuo dwoyeipion g vIOdoung Kot
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EQAPLOYN TEYVIKAV elkovomoinong oto cluster, dniadn otnv eykatdotacn evog private cloud.
Mrmopel akdpa vo, Guvdvdcel v Tomikn vodoun pe vrodoun public cloud, metvyaivovtag
kolvtepo scaling oe meputtdoelg omoToung ovénong g Tnomg g vanpeoiag,
viomowwvtag évo hybrid cloud. Téhog mapéyovtor demapéc cloud yuo v dwyeipion tov
EIKOVIKDV UNYOVAOV, THG orrobnKevons Kot g dKkTomong, epyoleia yio othopo gvog public
cloud.

2.6.2 OpenStack

Mia axopa vanpesio mapoyng cloud platform givar to OpenStack, to omoio diatibetan e
Tovg Opovg ypnong tov Apache License. Ono¢ xor to OpenNebula, to OpenStack sivai
AOYIOUIKO avOoryTOD KMOIKO TOL YPTOLUOTOIEITOL Y10 OVATTLEN KOl TPOCEOPH VINPECIDV
cloud navo o€ 1B10TIKEG VITOSOUES.

To OpenStack amoteAei £va cOyypovo Aoyiopkd yia viomoinon public kot private cloud.
¥1630¢ TOL TOPOYOL &ivol pE TNV €OKOAN EQPOPUOYN] TOV AOYIGUIKOD, TOV TOAADV
YOPOKTNPLOTIKMV oL dtofétel kot Tov vynAov scalability, vo mtpooeépet o Avon yia dlovg
T0LG TOTOLG TV cloud mov BEAovV va avartv&ovy ot ypnotec. To OpenStack ypnoyonoteiton
amd eToupeieg, epeLVNTIKG gpyactnpla, datacenters pe dedouéva peyding kAipoxag mwov
xpnowonolobv epyoleio dmmg to Hadoop kot mapdyovg private ko public clouds pe avaykeg
gvélktov scaling avaloya pe tig gpoappoyéc. To Aoylopkd givar avoryytod KOdKE Kot O
Tapoyog TPoTpEneL TNV VIOPOAT BEATIOGE®V OO TOVE YPNOTEG. AVTO E£YEL GOV ATOTEAEGUA
TNV GUVEIGQPOPE TOAAGDV Yol TNV GVASEIEN TNG LANPECING Kot eMiAvoT TPOoPANUITOV GE
peyoldtepn Kiipaka. Atakpivovtal téooepic facikég ouviotdosg tov OpenStack ot omoieg
napovotdlovtal oynuatikd otnv Ewdva 6 Kot avaAdovtol TapoaKito.

OPENSTACK

UD OPERATING SYSTEM

Compute Metworking Storage

OpenStack Shared Services

Standard Hardwars

Ewova 6: OpenStack

OpenStack Compute

H npodt cvvictdca givar to OpenStack Compute. Eivatl to tufpo g vanpeociog mov
emPrénel ko dwoyepileton peydia diktvo ewovikav unyovav. Mécm APIS ot mdpoyotl tmv
vInpecidv Tpoceépovy on-demand emefepyactikong moOpovg pe dvvatdtnreg scaling. Ot
YPNOTEG TOV VANPECIOV £YOVV TPOGPacT 6TOVG TOPOVE avtovg pécw Web interfaces. H
eVEMKTN apyltekToviky tov OpenStack kdver duvatn TV evooudtoon g Lanpeoiog ue
dAAo ovotiuota. Ot mhpoyol ¥PNGILOTOOVY  Kémowov omd Tovg VROSTNPLOIEVOLE
hypervisors yw 1t Swyeipion Tov ewovikod mepifdAlovtoc. Mio Guyvi €TAOYN TOL
amevOHVETUL OTIC TEPIGGATEPES TEPITTAOGELG XpNoNg eivar or KVM kan XenServer.
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OpenStack Storage

H devtepn ovvictdoo givar to OpenStack Storage. Ta v amoBikevon Tov dedouévav
epappolovtar d1dpopa pHoviéla avaAoyo LE TIG OTOUTGELS TNG VINPEGIOG TPOG LAOTOINOT).
To OpenStack mapéyet dVo TPOTOLG OmMOOKELONG TOV OESOUEVMV KOl TOAAEG EMAOYEG
EPOAPUOYNG TOVG Y10, VO, KAADWEL TIC SIUPOPETIKES OVAYKES TV ¥pnoTtdv, To Object Storage kot
1o Block Storage.

To Object Storage &ivot 16avikd yio epappoyEG Tov amortovv scaling kot amodoTik ®g
TPO¢ 1O KOoTOg omobnkevor. ITlapéyetonr pio Kotoveunpévn mAOTEOPUE OToBNKeELONS
dedopévav, dwuyelpiown péom API, n onoio pmopel va evoopotmbel e epapproyég kot va
ypnowonomOei yioo backup kot apyelobétnon. Asv vadpysl €vog KEVIPIKOG UNYOVIGHOG
eréyyov ¢ amobfkevonc. Ta apyeio amobnkevovriar ce moAAd onueia oto cluster, pe to
OpenStack va @povtiCer yuo v eocmtepikn avamapaywyn tov dedouévev. To scaling
gmtuyyavetol pe v mpoobnkn servers. To OpenStack Storage £xst avoyn o€ o@aipota Kot
o€ MEPINTOON OmoTVYinG £vOG TUNpaTog Tov cluster givar vevBuvo yua v avaktnon Towv
TANPOPOPIDOV Kot TNV dtoThpnon ¢ alomoTiog ToV SESOUEV@MV.

To Block Storage emitpénet t yprion block devices yio kaAvtepn anddoon g vanpesiog
KOl EVOOUATOON NG UE TAATQOPUES ATOBNKEVONG MOV KOVOTOLOVV TIS GUYYPOVES AVAYKES
ueydrov etapeidv. Iopéyeton persistent amoBnkevon tov blocks. To OpenStack Storage
givon vevbBouvo yoo v dnuovpyio ko avabeon tov block devices otovg servers. Meg
gpyodeio dwoyeipiong snapshots mapéyovior vymAég duvatdtreg backup twv dedopévav. Ta
snapshots umopobv eniong va ypnoyonombovv ya dnuovpyio vémv block storage volumes.

OpenStack Networking

H 1pitn cuvictdoa sivar to OpenStack Networking, n omoio vAomotei t cvvdgoT TOL
cloud pe tovg ypnoteg tov péow diktvov. O amawtnoelg tov datacenters oe servers,
efomhopnd diktHov, cuokeLEG anobnkevong kabme kal oty dwayeipion tov IP addresses, tng
SPOLOAOYNONG OITNUATOV KOl TOV UNYOVICU®V ac@oAeiog mwov Tpémel va S1EmOVYV TO
oLOTNUA, EIVOL TETOLEC TOL TOPAOOGIOKA GLOTHUATO OloyElpIoNG SIKTO®Y gV UTOPOVV Vo
wavoromoovv. To OpenStack Networking mopéyst evéhkta poviélo SIKTOOONG 7OV
KOVOTTOO0V TIG avllykeg Tov KABe ypNotn. AmoteAel €vo €TOO TPOG YPNON GUCTNUO
dayeiptong ductvov ko IP addresses, to onoio eAéyyetan péow evog APL. O ypoteg pmopodv
va SMovpyovv Kot vo EAEYYoLV O1ké Tovg diKTLa Kol Vol 0picovuY TOPAUETPOVS TOV SIKTVOV,
omwg firewalls, VPN kot dioxeipion tov eoptov gpyacidv. Eivar duvatdc o opiopdg static kot
floating IP addresses. Me ta floating IP addresses ot attfjoglg 6popoAoyovvTal SLVAUIKAE 6T
UNYOVIAUOTO. TOV UtopovV vo Tig vrootnpiéovv Ponbadvrog oto scaling kot ot ypryopn
dwyeipon ocepoipdtov. Ot mapoxor VINPecUOV pmopovv va aflomomoovy  TeEXVoloYyia
software-defined networking, SDN, ce multitenant spapuoyég yia g&vanpétnon dedopuévmv
UEYOANC KATHaKOG.

OpenStack Dashboard

Téhoc 1o OpenStack Dashboard mopéyer otovg ypnoTeg Kol TOLG TAPOYOVS TOV
VANPECIDV €VO YPOEIKO TEPIPAAiov yuoo TV mpocPacn kot aflomoinon tov mopaov. Ot
YPNOTEG UITOPOVV EVKOAO, VoL EAEYEOLY TOVG EMEEEPYAOTIKOVCE, OTOONKEVTIKOVE Kol SIKTVOKOVC
TOPOVE TOL YPNCUOTOLOVY. ATO TN TAELPE TOVG Ol TAPOYOL UTOPOVV VO OpiGOUV OUAdES
YPNOTAOV Kol vo, ovaBEcouV G€ GVTOVG GLYKEKPLUEVOLS TOpovg. Téhog eivar edkoAn m
TPOcHNKN AAA®V VINPECSIOV TOL TAPEYOVY JVVOATOTNTESG EMOTTEINS, EAEYYOV, XPEMOTNG KAOMDGC
Kot S10pOpmV EPYUAEI®V o Eiplong TG LANPEING.
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2.6.3 Synnefo

To Synnefo eivar Aoylopikd oavorytod kddika, mov moapéyetar and to EAET, yia v
dnovpyia public 1aaS clouds vyning KApdkmong. T Tov YEIPIGUO TOV EIKOVIKOV UNYOVOY
ypnowonoteitor to Google Ganeti, Aoyiopuikd ywo ™ Sl Eiplon €KOVOTOUEV®V SErver
dounuévav oe cluster.

To Synnefo ypnowomoteital amd to ~okeanos, vanpesio cloud computing mov TapéyeTon
eniong am6 to EAET, mov 6o avoivBel ot ocvvéyeln. Eivar oyedaopévo va €xel 10
peyolvtepo dvvatd scalability kot vo givar 660 mo amkd yivetor otn ypnHon Kol otV
gyKaTdoToot. Amevduvetal Kuping o€ avOpMITOVE TOV AVATTOGGOVY PEYOAEG VINPECIEG DOTE
Vo PavohV Ol PEYAAES SVVATOTNTEG TOV OE EMEKTOUCLUOTNTO, GALL UTOpEl va ypnoipomom el
KOl Yoo pikpotepeg epapuoyéc. O vanpeoieg mov mapéyet to Synnefo pmopodv eite va
avartuyfodv aveldptmta gite vo ocvvovactodv petad TOvg o pEYOAEG EQAPUOYEC.
[Moapaxdto mapovsialovton Kémoleg amd ovTéC.

Identity Management (Astakos)

H vrnpeoia Astakos ypnoyionoteitor omd tov mipoyo yio Ty TpdTn 16080 TOV ¥PNOTOV
o10 ovotnua. Iapéyel Tovg UNYOVICUOVG TIGTOTOINONG TS TAVTOTNTAG TV YPNOTAOV, opilet
TOMTIKEC TPOGPaoNC o€ OUAdeg XPNOT®V Kol OiVEL GTOLG YPNOTEC TO. EPYOAEIR Yo TN
dweipion TV Aoyoplacpudv tove. [pocpépetal Gov AOYIGUIKOD avoLyTOD KMOOKO |LE TOVG
o6povg ypnong tov BSD-2. H motomoinon tev ypnotdv pnopet va yivel gite pe 1dia péoa gite
ypnoporoidvrag to Shibboleth. H vimpeoia cuvtovilel Tig o1thoelg yia mapoyn nopmv, Ommg
a6 ta ovotpoto Pithos+ ko Cyclades, kot evnuepmvel Ty vanpeoio Aquarium yio eicodo
TOV XPNOTOV GTO GUGTNH Kol Evopén NG TILOAOYNONG.

Object Storage System (Pithos+)

H vmnpeoia Pithos+ eivor 10 ovotua anobikevong mov ypnoiponotet to cloud. Eivou
Baciopévo oto OpenStack Object Storage mov mopovoidomke mopomdved Kot S100ETeL
SLAPOPES EMEKTAGELS. XOPNYEITAL GUV AOYIGUIKO OVOLYTOD KMOIKO, [LE TOVG OPOLE XPTIONG TOV
BSD-2. Mg 1o Pithos+ o1 ypnoteg avepalovv, katefalovv, porpalovial kot dnpovpyodv
apyeio ta omoio amobnkevovral oto cloud. Ta dedopévo amobnkeboviar g avtikeipeva Kot
givon TpoosPaoiua and to Aoyaplooud tov yprot. Xpnoteg tov OpenStack umopovv va
ypnowonoloby to Pithost, aAldd dev éyovv mpocPacn ota VEQ XOPOUKTNPIOTIKG 7OV
npootédnKav. Ot To ONUAVTIKEG EMEKTAGELS OMOTEAOVV 1| AOOKEVCT] TOV OVIIKELEVOV GE
blocks ywpig meplopiopovg wg mpog 10 uéyebog Toug kot pe unyaviepovg deduplication, o
oplopdg permissions, m datipnon SlapopeTik®dy Versions kot o optoudg policies yia
gvepyomoino tov versioning kot exiffoAr] quotas ota dedopéva. AdOnke axdpa 1 duvatdtnto
opiopov metadata ota dedopéva kat 1 epoppoyn epommudtov oe avtd ue pdon to metadata.
Yta dedopéva avatiBetar katd T dnuovpyiae tovg évag Universally Unique IDentifier
(UUID) mov ypnoLuomoteiton yio mopomopnés. AKOUO 0l XPHOTEG UTOPOHV VO, STLLOVPYODY
OVTIKEIIEVA TV OTolV TO. dedopéva UTopel va Tpoépyovtal amd GAAa avtikeipeva. Me to
Pithos+ API o ndpoyoc £xet TpdoPacn otov Tpdémo amobrikevong tmv dedopévov og blocks
Kol UTOpPEl Vo YPTOLUOTOWOEL 1OIHTEPESG TEXVIKEG Yo PerTioTOomoinon Tng dlayeipiong Tmv
OEdOUEVODV.

Compute/Network Service (Cyclades)
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To Cyclades givar o koppdtt tov Synnefo mov acyoleital pe v dwayeipion v mOpOY
Kot ™ owtvwon tov cloud. H viomoinon eivon Paciouévn oto OpenStack Compute wot
dwbéterl ddpopeg mpoektdoels. ['a v dlayelpion TV EKOVIKAOV UnNyovav (pnoilomoteitat
10 Google Ganeti kat yio TV avamtuén SIKTLAK®OY VINPEGIDV, TOL GLYVE GVVOSELOVTL OO
moldTAoKeG Paoelc, ypnoonoteitoar To Django Web Framework, ypopuévo o Python, mov
elvar mpooPacipo péow evog APL Ot yprioteg €xouv mpdcPaon € EKOVIKES UNYavES LECH
ToV diktoov 1 pécm tov OpenStack Compute API kot pmopodv va Tig EKKIVIGOUY, VoL TIG
TEPUATIOONY, VO TIC ONUIOVPYNOOVY KOl VO TIS KATOOTPEWYOLV. YTApPYEL M dvuvatdtnTa
EMAOYNG KATOL®V YOPOKTNPIOTIKDY TOV EKOVIKGOV pnyavov, énog CPU, RAM, dickog kot
Aertovpykd ovotnuo. To User Interface tpéyxer amoxlelotikd oty mlevpd Tov YXpHoTn,
UEWDVOVTOG €10l TNV Kivnorn oto diktvo, avédvoviag v amddoon Tov gpapuoymv. Ot
Aertovpyieg tkovomolovvtal pe acvyypovn kinomn. Kdébe eswovikny pnyovn €xet ave&dptnm
obvdeon pe to OwdikTvo Ko vedpyel dvvatdmro opiopov firewalls 1 ypnong evog
TPOEMAEYUEVOL. MTtopovv va dnpovpyndovv duvapukd, public kot private ewovikd diktoa,
mov ouvvbitovy avbaipeteg Tomoroyieg diktdov. To public diktva viomolobvior and Tov
Tapoyo g vVaNpeciag Kot givol mpooPdoio amd TOvg YPNOTES TNG Kol T private diktva
VAOTOLOVVTOL OO TOVG XPTOTEG Y10 OMOUOVMUEVT] TPOGPOACT] OTIS EIKOVIKEG UNYOVEG TOVG.

Image Registry (Plankton)

‘Evo otpdpa mave and to Pithost Bpioketan o Plankton, n vanpeoio tov Synnefo yua
mv dwthpnon tov images tov apyeiov. Kabe image oto Plankton sivar évo apyeio oto
Pithos+ kou pmopei vo. xpnotpomomBet yio dnpovpyic VEOV EIKOVIKOV HNyavoOV HEGT and TO
Cyclades.

2.6.4 Eucalyptus

To tehevtaio cloud platform mov 6o avaAvbei eivar to Eucalyptus, mov mapéyetat and tnv
Eucalyptus Systems. TIpokeitat yioo AOYIGHIKO avolyTod KOOIKO TOV YXPNOLULOTOIEITOL TPOG
avantuén ovppatdv pe to Amazon Web Service (AWS) private kot hybrid clouds.

To Eucalyptus dougiton move oe 101OTIKY £IKOVOTOUEVT] VITOdOUY|, TPOG dMuovpyia
nopwv cloud, ot omoiot a&lomotovvtar otny eneéepyacia, v amobnKevon Kot T Sl0cHVIESN
tov cloud pe tovg ypnotec. Tlpoopépetol Eva €vélikto, ao@aréc ko scalable mepifBdilov
TOPOYNG EAACTIKOV LANPESIOY WeD, ot omoieg duvauikd decpedovy mOPOLG avaloyo UE TO
eopTo gpyooiog tove. Kabmg yio tnv avamtuén tov web vanpeoiadv ypnopomroteitar to AWS
API, to Eucalyptus givar 1davikd yioo Tovg ypnoteg mov emBLUOVY Vo GLVOVAGOVY TNV
VINPEGIN TOVG UE TIC VINpPecieg g Amazon, omwg to EC2, S3 kot EBS, kdnoto a6 to. onoia
0o avoivBoov ommv emduevn evomnto. Ilopokdto wapovoidlovtol KAmow omd  To
yopaktnplotikd Tov Eucalyptus.

Zouporotnra ue 1o AWS

H ovppatémra tov Eucalyptus pe to AWS APl mpoopépel otovg ypnoteg v
duvorotnTa TC petakivnong tmv instances tovg amd to private cloud tov Eucalyptus oto
public cloud t™c Amazon omuovpymvtog étot éva hybrid cloud. IMpoogépovtar emiong
EVOALOKTIKEG PEBOSOL 0moBNKeVON G TV SEDOUEVDV, LIE TOVG XPTOTEG VO EMAEYOVV OVAUEGO
oto bucket-based svotnua amobikevong, coppatd pe vanpeoieg S3, ko oto Elastic block-
based cbonua amobfkevone, cvufotd pe vanpeoieg EBS.
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Evédiktny Moyeipion — Ewcovikés Mnyovég

H odwyeipion tov wdépov yiveror elootikd pe gOkoAn tomoBétnomn, €lcoymyn Kot
apaipeon tovg. [oapéyetar emiong evéAiktn dwyeipion g SIKTVOONG, TOV OUASOV YPNOTOV
0TOVG Omoiovg avatifevial OlPOPETIKG OIKAIOUATE OTIG LANPECiEC KabMG Kol Tng
aropdvmong g Kivong 6to SIKTLo MGTE 01 YPNGTES TOV VINPESUDY VO VoL ATOLOVOUEVOL.

To Agrtovpykd cdGTUE TOL YpNolpomoleitar givor to Linux, 1o omoio pmopei va
VIOGTNPIEEL EIKOVIKES UNYavEG oYedOV Yo OAeg Tig exddoelg Linux kot Windows. TTapéyeton
€101 peydn eievbepio. oTOVG YPNOTEC MG TPOC TO EVPOG TV VENPECIDOV TOL UTOPOVV VOl
viomomoovv. T v dwyelpion TV soviK®Ov pnyovev vrootnpilovior  dtbipopot
hypervisors, 6nmg Xen, KVM kor VMware. Ot gikovikéc unyavég umopodv va vmostpiybodv
amd o Amazon EBS, to omoio Siobéter persistent storage volumes. Beitidvetar o ypovog
EKKIVIIOTG TV EIKOVIKMV UNXOVOV Kot Topgxetal 1 duvatotro dnuovpyiag fully-persistent
images swovikov pnyavov. ‘Etot ot xproteg diatnpodv to dedopéva Toug Kol UETO TNV
0ocHVOEST] TOVG A0 TIG EIKOVIKEG UNYAVEC.

High Availability — Yynli AraOsoudtnra

To Eucalyptus vmoompiler ™v ovémrtoén vanpecidv vyning dobecipudtntag.
XPNGLOTOLOVVTOL UNYOVIGUOT AVTILETMTIONG OIOTLYUDV KOl OTOKATAGTACTS, YWPIG KovEVa
single point of failure, dote va peyiotomombei n a&lomiotio g vanpesiog.

2vokevée SAN

IMeprrapPdavetor vrootpiEn yia cvokevég SAN, Storage Area Networks, cuokevég mov
xPNOoTO0VVTAL 6TN dNovpyia cvokevdv storage (disk arrays, tape libraries, kot optical
jukeboxes). ‘Etot o1 cvokevég storage ivor mposPacipeg omd tovg Servers kat epeavifovrat
ooy UEPOC TOL Aertovpykod cvotiuotog. To cloud mov dnuovpyodvrar ue o Eucalyptus
UIOPOVV VO EKUETAAAEVTOVV TIG 1010t TeS TV disk arrays yio Beltimon g amddoong, g
a&lomotiog Kot TG SuVaLIKNG OEGHUEVLOTC KOl ATOJEGUEVGNG TOPWV TNG VTN PECING.

Eucalyptus Dashboard

Onwg ko oty mepintwon tov OpenStack mopéyetar éva ypaewd meptBdriov
TapakolovOnong kat eAéyyov ¢ Kotovdimong tov mopwv tov cloud. ‘Etot givar duvat n
pOOION KAl 0 EAEYYOG TG O1G0EGNC TOV EIKOVIKMDY Kol PUGTKMDY TOPWV.

2.7 TIapoyot Cloud Computing

Yy mponyoduevn evotnta mopovctdotnkay ot mapoyolt Cloud Platform mov divouv
gpyaieia yro. avamtuén clouds. Avtq n popen Cloud Computing dgv amevBbvetar oto guphd
Koo, Kabmg amotehel o apketd amortnTiky Sladikacio. Ot TeplocdTEPOL XPNOTEG EYOVV
avaykn omd étotpna omuéve cloud kot BEAovv vo ¥PNGIULOTOMOOVY TIG VANPEGIEG TOV
npoopépovy, laaS, PaaS wkou SaaS, ebkora kor dueco. Xe avty v evotnto Oa
TOPOVGLUGTOVV KATO01 TAPOYOL OV TPOGPEPOLY TETOLEG LINPETies cloud.
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2.7.1 Ilapoyog laaS — Amazon Elastic Compute Cloud, Amazon EC2

H nmpotn vanpesia cloud computing mov Oa avoivbdei sivar to Amazon Elastic Compute
Cloud, Amazon EC2, nov mapéyetor and tnv Amazon. To Amazon EC2 avnikel 610 Tokéto
tov Amazon Web Services kot givor 1 vanpeoia mov Toapéyet laaS otovg ypfoTec.

Me 1o Amazon EC2 ov ypnioteg voikid{ovv €1KOVIKOVG VTOAOYIOTES, ONHIOVPYODV
EIKOVIKEG UNYovEG, INstances kol ovamTdGooVY SIKEC TOVG VINPEGIEG. APYIKA Ol YPNOTEG
em éyovv o Amazon Machine Image, AMI, 1 pia 6wk tovg mov mepiéyel Piiobnkec,
EQPAPUOYES KoL dedopéva, 1 omoia dnpovpyel pio swovikr punyovy oto Amazon EC2. X
ouvvéxelo, emAéyovtat ot pubuicelg dikTooL, acEaAging kot Aettovpyiog Tov kabe instance
EIKOVIKQOV pMYavaVv. YTApYEL 1 SuvatdTNTO ETAOYNE TOL GLGIKOV YOPOL 7oL Ba TpEEouv Ta
instances peta&d Tov Regions g Amazon. Tapaxdto avelbovtot To. TAEOVEKTHUATA YPONG
tov Amazon EC2.

Eloouixomra

O1 ypnoteg pmopovv apeca va, £xovv dtabéctiovg 66ovg TOPovs BELOLY YWPIic avapovr.
Yndpyet eniong n dvvatdtta Tov avtopatov scaling 6tovg mOPovg TOV YPNGIOTOLOVY 0L
EQOPHLOYES, DOTE KADE YPOVIKY OTIYUN VO SEGUELOVTIOL TOCOL VTOAOYIGTIKOL TOPOL OGOl
yxpealovtal, HEMVOVTAG TO KOGTOG OVATTUENG KOl TTOPOYTG VITNPECLDV.

Eleyyog

O1 yproteg €xovv amdALTO £Aeyyo mhve ot instances, dNAadN OTIG EIKOVIKEG UNYOVEG
7OV YPTNCLOTOI0VV. MITOPOVV VAl TO. EKKIVIIGOUV KADE YPOVIKT GTLYUN, VO TA. EAEYYOLV LECH
root access 6mwc Bo £kavov yuo 10io UNyYovLOTE, Vo TEPUOATICOVY TN AglTovpyio TOVG Kot
péom web service APIS va to. eToveKKIVIGOUV.

Fovehiia

O yprotec pmopodv va emhé€ovy péoa omd o, pey@in moikihio. thmmv instances,
AELTOVPYIKOD GLOTHUOTOG KOl TOKETOV AOYIGUIKOD. YTdpyel m duvatdTNTO EMAOYNG TOV
YOPOKTNPIGTIKAOV TToL Ba Eyovv ot elkovikég punyaveg ommg CPU, amobnkevtikd ydpo, RAM
KOl AELTOVPYIKO GOGTNHO, TOL TAPLAlovy KOADTEPO, OTIC AVAYKEC TOV VANPECIOV 7oL Oa
avamTOEOLV.

2vuPozotnro ue AWS

lNo va avortuyfovv e@apuoyéc dev amolteitol HOVO TO VTOAOYIOTIKO KOUUATL TTOV
napéyel o Amazon EC2. Xpeidlovtor yopot amobrkevong twv dedopévev kabng Kot fdoelg
dedopévav yia v dtayeipton tove. Ot anattioelg 6€ amofNKELTIKO YDPO TKOVOTOLOVVTAL 0T
to Amazon Simple Storage Service, Amazon S3, evd 66ov agopd otig Pacelg dedouévmv
nopéxovtar 1 Amazon Relational Database Service, Amazon RDS, av amatteiton n xpron
oyeokng Paong dedopévov kot to Amazon SimpleDB av anatteiton yprion NoSQL Bdong
dedopévav. Avtég ol vanpeoieg mepapPavoviar oto mokéto AWS kot pall pe dAleg
OLVIOTOVV €va OAOKATpOLEVO cvotnua avarnTuéng web vampeoiov péom cloud.

A&iomotia
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To Amazon EC2 arotekei £va a&lomioto TepiAAlov avATTUENG EPAPLOYDY KOl EYYVATOL
TNV J100eGUOTNTO TOV VANPESIDY TOV 6€ T0G00To 99,95%. H a&lomiotia apopd Kot 6Ty un
OTOAELN TOV OESOUEVAV, KATL OV E0COUALETAL Pe SLOTNPNON TOAAATADY OVTILYPAPOV GE
dupopa onpeio TG VITOSOUNS.

Aopdlero

To Amazon EC2 mapéyst 51490opovg UnyoviopoOS OGQOAEING YO TOLG TOPOLS TMV
ypnotov. Yrapyet n dvvatotnta pubuong tov firewalls yua édeyyo g kiviong avaueso o
xPNoTES Ko instances. To mapoyn TepoITEP® amopOvVmONg divetal 1) ETAOYN THG ONULOLPYING
evog Amazon Virtual Private Cloud, Amazon VPC, yia dtachvdeon g 160G VTOdoUNG Tov
YPNOTOV e instances mov avrkovv oty Amazon kot opiopod tov gdpovg IP mov Oa
YPNOUYLOTOLOVVTOL.

2.7.1.1 Témor Instances Amazon EC2

Mmopobue vo dwokpivovpe tpelg (3) dwpopeTikovg TOTOLG instances ta  omoia
TPOCPEPOVV OLOPOPETIKA TAEOVEKTILLATO GTOVG YPNOTES. AvaAoya pe TN ypron Tov Kafevog
€QaPUOLETOL AVTIOTOUYT] TOMTIKN Y¥PEDMONC UE OTOTEAEG O KAOE EQAPLOYN VO, DAOTOLEITAL GTO
KOTAAANAO TOTO instance pe to eAdyioto duVaTO KOGTOG. XTI GUVEXELD, AVOPEPOVUE AVTOVG
TOLG TOTOLG INstance.

On-Demand Instances

Xpnoteg mov dev yvopilovy ek TV TPoTéPwV TN YpNon mov Ba kdvouv 1 yvopilovv OtTL
Ol EQOPUOYEG TOVG EYOLV UEYOAEC OLOPOPOTOUGE GTIC OMOITNOELS TOVG, WIOPOVV Vo
eméEovy o on-demand instances, ota omoia 1 THoAdyNo™ givar avddoyn g xpnong. Agv
OTOTEITOL €K TOV TPOTEPOV OEGHELCT TOP®V KOl Ol YPNOTEG TANPAOVOLV UE TNV OpO 0,T
YPNOLUOTOLOVV.

Reserved Instances

Y10 reserved instances Ol YPNOTEC TANPOVOLV €K TOV TPOTEPMOV TO TOGO YO TNV
€VOKiOGT] TOVG KO £XOVV L0 GTUOVTIKY] EKTTOGT GTNV @plaic xpE®on. XPNoomolovvTol
amo ypnoteg mov EEpovv mOcovg TOpovg Ba ypelaotovv o éva Pdbog ypdvov, OTmG oV
TePITTOOT eKTOVNONG €VOG project. Alatifevtar tpelg TOmol reserved instances avaAOya LE TIG
amotnoelg Tov ypnotov, Light, Medium ko1 Heavy Utilization, pe avaioyn tipoioynon yuo
10 kabéva. Méca amd to Reserved Instance Marketplace yproteg mov dev ypetdlovor mAéov
ta reserved instances TOVG Y0VV TN SLVATOTNTA VO, TO TTOLAGOLV.

Spot Instances

Y10, spot instances ot ypoteg opilovy pia Sk TOVG TN Y10 Tovg TOPoLS. Otav avt 1
T etvol peyaAvtepn g exdotote Spot Price 1o instance mpoo@épetal oTo YpNoTH,
dtopopeTikd To instance amodeouevetar. H Spot Price odhalel avdioyo pe t dobecipuotnta
kot tn mon. Ot Tipég antég Kopaivovtol 6€ apKeTa YouUnAOTEPO. EXINESD A0 AVTEC TV ON-
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demand instances. Xvven®¢ To spot instances eivor W3ovikd Yo apuoyES e gveMEla g
npo¢ 10 wote Ba Tpé€ovv. Akdpa o cvvnBiouévn mepintmon ypnong spot instances gival ot
fault-tolerant vinpeoiec, oTig omoieg givar €bkoAN M dloyeipion KATAPPELOTG TOV GLGTAHUATOG
L& amOOEGUELOT TOV instance 61O omoio TPEYEl, Oty ONAadY M T Tov &YEl OPiGEL O
xpNoTng etvar yauniotepn amd v Spot Price.

2.7.1.2 Xaparxtypiotixd kot Epyaleio Amazon EC2

To Amazon EC2 mpocpépel Ta gpyodeio yio TNV avantuén €QUPUOYOV UE SUVOTOTNTES
LEYOANG KAMUAK®GNG, o1 omoleg mapapévouy avBeKTIKEG 0 amoTV)ieg Kol Y®PIS TNV ovaykn
dapnong iov e£omMGUOD KATL TOV UEUDVEL TOAD TO KOGTOG TOPOYNG LANPECIOV. XTN
GULVEXELD TOPOVGLALoVTaL T YOPOaKTNPLoTIKG Tov Amazon EC2.

Amazon Elastic Block Store

Ta instances €yovv Vo TpOTOLS amobnkevong twv dedopévav. O mTp®dTOg €ivar TO
instance-storage, 6to omoio ta dgdopéva daTnPOVVTOL 060 TO instance AELTOvPYEl Kol 6€
nepintwon reboot, emavekkivnomn. Otav Opmg ot ypfoteg amocvvdedodv omd To instance avtd
Ta. dedopéva ybvovtar. O devtepog eivar To volumes, TOWUOL, TOL TPOGPEPOVTOL OO TO
Amazon EBS kot 10 kabéva amobnkedel dedopéva omd 1GB émg 1TB. H vanpeoio Elastic
Block Storage, EBS, mpocopéper ota. volumes persistent amobrkevon. Me tnv persistent
amofnkevon Tovg, T volumes Statnpovv o dedopévo Toug ave&apTnTo amd TNV KOTAGTIoN
TV instances, ONA0ON KOl LETA TNV OTOGHVOEST] TOV YPNOTAOV ATd TIC EWKOVIKEG UNYOVES.
Mmnopovv va ypnotpormomBoiv eite yuo to boot, ekkivnon, Tov instances gite cav standard
block devices evdc instance. Otav ypnoWOTO0LVTAL Y10, TNV €KKIVNON T®V instances ot
YPNOTEG UTOPOVV VO OTOGLVIEOVTOL KOl VO ETAVOGUVOEOVTOL GTO instance Kol Vo, YpEDVOVTaL
povo Yoo Tovg TOPOVS TOL YPNCIUOTOOVVTOL 660 To instance givor evepyd. Ta volumes
umopobv vo petaxwvnBodv omd To €va instance ©6TO0 GAAO &VAD 0OUTA givol evepyd.
Avomoapdyovtor ovtopoTo oty vmodoun ¢ Amazon kot yopoktpilovior omd VYNAN
dwbeoipudtra, a&lomotio Kot ac@diela. Yrdapyel n dvvatodtnto dnpovpyiog snapshots, ta
onoia amodnkevovtor 6to Amazon Simple Storage Service, Amazon S3, vanpecio tov AWS
v v omobnkevorn tov dedopévev. To snapshots dtotnpovvial 6 TOAAOTAG onueio Kot
umopobv va ypnoyomombovv yio tn onpovpyic vémv volumes. Ymdpyovv dbo TOTOL
volumes, Standard xon Provisioned IOPS. Xg epapuoyéc pe pétplo | Ue omOTOUES EVOAAAYEG
I/0 requests emAéyovtar to standard volumes, GGTE 01 YPNOTEG VO TANPOVOLY OKPIPDC TOVG
TOPOVG TTOL YPTCULOTOOVV KAOE YpoVIKY oTiyun. T epapuoyic pe Eviova I/O requests kot pe
VYNAEG OMOLTAGELS OTNV 0OO00CT, ONMG ot PACES OEOOUEVAV, YPTCULOTOIOVVTOL TOL
provisioned 10PS volumes.

EBS-Optimized Instances

Karnow emieyuéva instances umopolv, e TITAEOV ¥pE®GN, Vo ekkvnbodv cav EBS-
Optimized instances kot va aglomomcovv oieg T1c I/O dvvatotnteg twv EBS volumes mwov
napovctdotnkay mapardve. Ot IOPS volumes mwov avikovv ce éva EBS-Optimized instance
etvan oyedaopévol va Aesttovpyovv oe gbpog 10% twv dvvatotitov Tovg oto 99% twv
TEPUTTAOCEWDV.

Multiple Locations
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H vmodoun tov Amazon cuvietdrar omd Regions, meproyéc, kot Availability Zones, {dveg
dwbeopuodtrag. Ta Regions Ppickovtol ce didpopa onueio Tov mhavitn. Kdabe Region €yet
plo M meprocodTepeg Availability Zones, ot omoieg €govv Eexmpiot vmodoun, Kot givol
OYEOLOGUEVEG VO UnV ennpedlovtar amd amotuyieg oe dAdeg Availability Zones. Meta&d tov
Availability Zones tov idwov Region mpaypatomoteitor ypiyopn OIKTLOKY HETAPOPE
dedopévav. Ot ypnoteg pmopovv vo, emhééovy to Region mov Ba amobnievtovv to dedouéva
T0VG, metvyoivovtag Pertiotonoinon tov latency. Ymapyet dvvatdmntoa amobnkevong tmv
dedopévav og ToAld Availability Zones tov id1ov Region, mpoctatevovtds ta and amotuyio
o€ o, ovykekpiuévn Availability Zone. Téhog ot ypnoteg umopohv va omodnkevouv Ta
instances kot To dgdopéva, Tovg oe dlapopeTikd Regions, metuyaivovtog akopo peyoaivtepn
dlnbeocpotnro.

Elastic IP Addresses

Ot Elastic IP Addresses gival oyediacuéveg yuo dynamic cloud computing. ZvoyetiCovrat
LE accounts T@V ¥PNOTAOV Kot Oyl LE CUYKEKPIUEVEG EIKOVIKEG UNyavES. Avtd onpaivel Tog o€
nepintwon amotuyiog evog instance, TPOYPOUUATIOTIKA eivar duvatn 1 avdBeon g Elastic IP
Address tov og éva véo instance dueca. EEoleipeton étol ) avdykn pecoAdfnong texvikoo 1
DNS yia evnuépmon 6lmv tov ypnotov g vanpecioc. H Elastic IP Address avikel oto
account péypt va eMAEEEL 0 XPNOTNG TNV ATOOEGILELGN TIC.

Amazon Virtual Private Cloud (VPC)

H vmmpecia Amazon VPC bivel 6toug ypfoteg T 6uvatoOTNTO VO GUVIEOLV TIV LITOJOUY|
mov dfétovy pe Tovg TOpovg mov Sratnpovv oto AWS cloud. Avt 1 dtacvvdeon yiveton
puéow evog Virtual Private Network, VPN, kot ivel 6TOVG ¥p1OTEG EKTETUUEVEC OLVOTOTNTES
dwxeipiong pvluicemv, OTMG TAPAUETPOVEC ACPAAEING Kot O1kTOOV, Ol oTtoieg epapudlovtal
OTIC VANPEGIEG TOVG,.

Amazon CloudWatch

To Amazon CloudWatch givar 1 web vanpecio eAEyx0L TOV EPUPHOYDV KOL TOV TOP®V
tov cloud mov ypnoipwonowovviar. Ot ypnotec emAéyovv ta instances mov OéAovv va
napakolovbnoovv kor pécm APIs kot gvioddv AapBdvovv mAnpogopies ywr avtd. Ot
TANPOQOPIEG aPOPOVYV GTNV YPNOT TOPWOV, GTNV ENEEEPYOOTIKN omdS00T| Kol GTa patterns
{mong, 60rmg xprion ¢ CPU, reads ka1 writes 6to dicko, kiviorn diktdov Kot GAAa. AKOud
TPOCPEPOVTOL GTATIOTIKA OTOTEAEGLOTO, YPOPTLOTO KOL 1) SUVATOTNTO OPIGHOD GUVONK®V
Kato oamd TIC omoieg OTEAvOvVTOL £100MOMWCES 010 YpNoTn, alarms. Ov petpioelc mov
oLAAEYOVTOL ¥pnoomolovvTal amd v Auto Scaling Asttovpyia, mov Oo ToPOLGLHGTEL GTN
ouvéyeln. Mmopolv emiong Vo EQOPLOGTONV 1010 LETPIKG EPYOAELD KO LETPT|OELS TOV YPNOTH.

Auto Scaling

Mofi pue 1o Amazon CloudWatch, divetar n SuvatotnTo 0piopod cUVONKOY KATO 0o TIC
omoieg mpootifeviar 1 aeopovVTAL TOPOL OVAAOYO HE TIC OTOUTNOEIS. XE TEPMTMOGCELG
amotoung avénong g (mong mpootibevtol instances 6NV LANPECIQ Yo Vo SloTnpeital M
0Od00N NG, EVO OE TEPIMTOGELS UEIMUEVNC {TNONC 0QOIPOVVTAL instances Kol LELDVETOL TO
k60TOC. ALTH M vANPESia givol WHTEPO ATOTEAEGHOTIKY Y10, EPUPHOYES TTOL OEV EXOLV
TAVTOTE GUYKEKPIUEVEG ATOLTIOEL GE TOPOLG KoL 1 ¥prion epeaviletl Eévtovn petafintotmra.
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Elastic Load Balancing

Me 1o Elastic Load Balancing ta requests a6 Tic epoployES QUTOUOTO KATAVELOVTOL GTO,
instances, divovtag oTic vANpecieg peyoAvtepn avoyn oe cedipota, fault-tolerant. Ta
instances mov gV €ival KOVA VO IKOVOTOIOOVY TIG OITNGELS OTOUOVAOVOVTOL KOl 1) Kivnon
KatavéUETOl ota LOAouTa instances péypt va amoxotactadel to ocpdipo. To Elastic Load
Balancing pmopel va epoppootel eite omv idw Availability Zone gite peta&d moArov,
TPOCPEPOVTOG £TGL KOADTEPN AOd00N, Kabhg Thavo cedaipa oe o Availability Zone dev
0o mpoxoAécel GPAANATO, OOVVERELES Kol un dbfeciuotnta otig vanpeocies. To Amazon
CloudWatch mpoc@épet LETPNGEIS OV OPOPOVV GTIV KATOUVOUT TOV EPYACLOV GTO instances,
oM TAN00g atoE®mV Kot GuVOAKO latency.

High Performance Compute (HPC) Clusters

Epoppoyég pe 1d1aitepa moAOTAOKEG AMOITNOELS, OTMG TOAAEG TOPAAANAEG dlepyaoies,
YOUNAO latency kol peE OmOUTAGEC Yo UEYAAN emeepyaoTikn oy0 Ogv Umopohv va
wavonomBodv amd 7To ocvvnBiopéva instances. Tétoleg ePApPUOYEC  YPNOUYLOTOLOVV
EMIGTILOVEG KO EPEVVNTIKG, EPYUCTNPLO Y10, ETIAVCT TPOPANUATOV GTO YDPO TV ETCTNUDY
Kol TV enyelpnocwv. Tétoleg epappoyég ypnowonotovy 1o Cluster Compute kot Cluster
GPU instances mov £yovv GyYedlaGTEL Yo TOPOY VANPESIDV JSKTOOL VYNANG amdI0oNG.
Atvetar 1 SuvaTOTNTO 0L EPAPUOYES VO EKTEAOVVTOL GE cluster, ®oTe va ToPEYETAL TO YAUNAD
latency mov amatteital yio tnv extkovovio, LeTaéD TOV KOUP®V KOl T®V GTEVE GUVIESEUEVOV
extehovpevav depyactav. [apéyeton eniong avénuévo throughput wavikd yuo epappoyéc pe
LEYOAES AMOLTNGELS SIKTOOV.

High 1/O Instances

Xpnoteg pe peydieg avaykeg o€ younAd latency kot toAAd toyaio I/O ota dedopéva Tovg
ypnowomnotovv ta High I/0 Instances. Ot Solid-State Drives, SSD, givar amoOnkevtikd péca
OV YPNOLULOTOIOVV OAOKANPOUEVE KUKAMUOTO GOV UVAUN Yo TV persistent omoBikevon
dedopévaov. e avtifeon pe v mapadoclokn texvoroyio Twv poyvntikev diokmv, ot SSDs
dgv ¥PNOIUOTOLOVV KO YI0 TOV EVIOTIGUO T®V 0EO0UEVOV GTO SI0KO, AL MAEKTPOVIKEG
Olemapéc ovupuPatés pe oxkAnpovg diokovg mov amofnkevovv To dedopéva oe blocks,
EMTAYVVOVTOG TOAD TNV TPOSPaoT ot dedopéva. Avtd gival To KOPLo TAEOVEKTNA YPNONG
tov SSDs. Xpnowonowdvtag tnv texvoroyion SSD oto instances EmITLYYAVETOL VYTAN
amodoon oty géuanpéton tov /O mov kopaivetol oe wéveo and 100000 IOPS. Eivau
WoviKa Yo Xp1oTES TOL VAOTO0VV Kot yperalovtal peydins amddoong NoSQL kot oyectokéc
Bacelg dedopuévav.

VM Import/Export

O1 ypf|OTEG UTOPOVV VO, EIGAYOVV images EIKOVIKMV UNYAVOV TOV EXOVV GE OKEC TOVC
OGLOKEVEG KAl VO, TIG YPTOOTOcovY cav véa instances 6to Amazon EC2. Eniong pumwopotv
va e£dyouv TIG images €IKOVIKOV Unyovemv. Me avtd Tov Tpomo moAoldTePEg EMEVOVCELS GE
TEYVOAOYIEC Ylo ONUIOVPYIO EIKOVIKOV UNYOvOV 0.E0TOI00VTOL KOl Ol ¥PNOTEC UTOPOohV V.
opifovv t1g pubuicelg diktvov, acEoieiag Kot cLUPATOTNTAG TOL EMBVUOVV.
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AWS Marketplace

XpNOIUOTOLELTAL Y10 OyOPOUTOANGIO, TOP®V Kol AOYIGHIKOD TOGO UETAED TOV YPNOTOV
6060 Kot pe v Amazon. Iapadelypata anotehovv Reserved Instances mov dev yperalovtan
TAEOV GTOV OpyKO ypNotn Kot Aoyiopkd onwg 1 NoSQL Bdon MongoDB. Ou ypemoels
Qaivovtol apEsmS GTOV YPNOTI OV ayopalel TOLG TOPOVC.

2.7.2 Tlapoyog laaS — ~okeanos

To ~okeanos eivon ) laaS vanpesio mov mapéyetar amd to EAET kot ypnowonotet v
mAoteopua cloud computing Synnefo wov TOPOVGIACTNKE GTNV TPONYOVUEVT] EVOTNTO.
AmevBuveTal 6TV EPELVNTIKY KOl OKOOTUATKT KOWOTNTO, O10TiDETOL dmpedy Kot TNV TeEPiodo
ov cuvthyOnke avt 1 dmAopatiky Ppiokdtav 610 otdolo Alpha Testing. [Ipoceépovtan
dvo vinpeoieg o Cyclades, mov agopd ce d1a0ECT] VTOAOYIGTIK®Y TOPWV Kol TOPWOV SIKTHOV,
kot to Pithos+, mov vAomoiei 10 storage. i cvvéyewr mopovcstaloviol avTéC ot 6vo
VN PEGTEG.

Cyclades

H vmnpecia Cyclades mpoopépel enefepyaotikovg mOPOVS, UE Tn HOPOT EKOVIK®OV
unyovav. Ot pioeTeg ONUIoVPYODV, KOTAGTPEPOVY, JLOYEIPILOVTAL TIC EIKOVIKEG UNYOVEG TOVG
Kot ouvdEovTal 6€ aVTEC PHEcm dkTvov. Kabmg o ohotnua gival axopa 6g gacTn mapaymync,
Ol YPNOTEG UTOPOVV Vo, EYOLV TAVTOYpOvA HEXPL dVO (2) skovikég punyovés. To Aettovpykd
ocvotnuo emiéyetor peta&y Windows, Ubuntu, Debian, CentOS kou Fedora. Kabe gikoviknm
unyovn pmopet va €xet péypt 4 CPUs, 2GB pvAung RAM ot 40 GB amofnkevtikon ydpov.
Ocov agpopd otig puuicelg diktvov ot ypNoteg Umopolv va emhéEovy petald tpumv (3)
firewalls. H dwogyeipion Tov IKoOVIKOV pnyovav Kot ToL SIKTOOV YIVETOL LEG® EVOG EVYPTOTOV
RESTful APL Eivaw emiong dvvaty m onuiovpyic VPNs yio peyoddtepn amopdovocn tomv
EIKOVIK®OV pnyovav. Télog ot ypfoteg €xovv v duvatdTNTA v €IGAYOVV ApYElR OTIG
EIKOVIKEG UNYOVEG TOVG KoL VOL OLLOVPYODV VEEG Ao Ok TOVS images.

Pithos+

Mécwm ¢ vimpecio Pithost+ ot yprioteg amodnkebovy e acpUreln apyeion 6TV VTOSOUN
oV ~okeanos, Kot &yovv TPOGPACT GE OVTO HECH SIKTLOV KOl HECHD TOV EIKOVIKMOV TOLG
punyovav. Atveton exiong 1 SuVETOTNTA SLOUOPAGHOD TOV APYEIDY TOVG He GAAOVS XPNOTEG N
opadeg ypnotmv. Kabe xpnotng £xet otn 61dbeon tov SOGB amobnkevtikod ydpov kabdg Kot
éva User Interface ywo gdxoAn dayeipion, amobnkevon kol opydvmon tov apyeiov tov.
Téhog vapyel m dvvatoTnTo dlaThpnong evog tomikov directory to omoio givol mdvtote
ovyypovicpévo pe to Pithost, divovtog peyaivtepeg ehevbepieg otoug ypnotec, Kabhg pmopei
va ypnoomoindet kot oav gpyaieio backup.

2.7.3 Mlapoyog PaaS — Windows Azure

H PaaS vmnpeoio g Microsoft ovopdleron Windows Azure. Aiver emhoyéc yprong
TOADV YA®GGOV TPOYPOUUATICUOD, PACE®V dEdOUEVOV KOl epYaAEimv Yoo TV avarntuén
TOV EQOPUOYADV, YOPIC TNV EVAGYOANCT TV XPNOTOV UE TNV GUVINPNGCN TNG VITOSOUNG.
MapdAdnio to scaling tov epapuoydv yivetal aVTOHOTO, EVO TOVTOXPOVO TOPEYOVTOL
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gpyareia ylo TV Gpecn ETONTEID TOV ¥PNGILOTOOVUEV®Y TOPWOV. Y TOGTNPILoVTol GYECIUKES
aAld kot NoSQL Baoetg dedopévav, kabng kot xpnon tov Hadoop Framework yio epappoyn
teyvikwv data mining. Kabo¢ ta datacenters tov Windows Azure, oto omoio. tpéyovv ot
eQappoyés, Ppiockoviar e mMOALES PLOIKES TomoBesies, eivat duvatn 1 avarnTuén Kot eKTéAETN
TOVG KOVTA GTOVG TEMKOVG XPNOTEG, UEIDVOVTAS £TGL TO OPTO SIKTHOL Kol GUUPBAAAOVTOG
oV TOPOYN KoAOTEPOV VANPect@v. Tavtdypova Oivetar 1 emhoyn ypnong vPpdkav
AOGEMV GTNV TAPOYT VINPECLOV, LE TNV TAVTOYPOVN YPNON TOPMOV TOL TAPEXOVTAL LEGH TMV
datacenters tov Windows Azure kot ¢ 01OTIKNG VITOSOUNG TV YPNOTOV OV OVATTVGGOVV
véeg epapuoyés. Tapéyoviar emiong dvvatdtreg distributed caching, teyvikr mov evioyvet
NV amOd00T TOV EQAPUOYDY. O ¥PNOTEG EMKOVOVODY UE TIC Tapeyopueves and to Windows
Azure vnpeocieg LECH AVOLYTOV TPOTOKOAA®V TOTOV REST.

2.7.4 T1apoyog PaaS — Openshift

To Openshift amoteiei v PaaS vanpecia mov €xer avamtuybel and v Red Hat.
[Tpoopépel duvatdteg avamtuéng epoppoyov oe mepPdirov cloud, pe Eroa
TPOYPOUUATIOTIKA pyoreia. Alakpivovtol TPES EKOOGELS TOV AVAAOYO LE TIC AVAYKES
oV ypnotov, Openshift Online, Openshift Enterprise ko1 Openshift Origin. Anote)el
™MV mAaTeopua Yo Ty avarntuén kou o hosting tov gpappoydv, pe v dloyeipion
™G vrodoung Kot to scaling tov wépwv mTov ¥PNGUOTOIOVVTOL VO YIVETOL QUTOUATA
om0 TO AOYIGHKO Y®PIG TNV GLUUETOYT TV ¥PNoTOV. Alvetan o TAnBmpa EMA0YNG
YAwoo®Vv Tpoypoupaticpov, developer tools kot Baoewv dedopévav mov uropodv vo
xpnowonomBodv yoo v oavdmntuén véov epoppoyov. Kdmoleg amd avtég eivor ot
yYAdooeg Tpoypappatiopov Java, Ruby, PHP, Node.js, Python kot Perl kot o1 Bdoeig
dedopévov MySQL kot MongoDB. To Openshift Origin dwtifstar g Aoyiopko
aVOLYTOV KOOIKO OIEVKOADVOVTOG TNV OlOAEITOVPYIKOTNTO TOV OVOTTUGCOUEV®V

EPAPLOYDV.
2.7.5 Tlapoyog SaaS — Google Apps

"Evag amd tovg SaaS mopodyovg sivar 1 Google péom tov makétov Google’s App Engine,
o010 onoio mepraufdvovtol Kot ot Tpelg Tomol mapoyng cloud computing vanpeowwv, laas,
PaaS kot SaaS. Xe avt) v evotnta Oo mapovotootel to koppdtt tov Google’s App Engine
oL TapEYEL £TOO Aoyloukd mpog ypnon. Ot gpapuoyég mov dwatifevriar péom tov cloud
Méyovton Google Apps kot meptrauPdvouv petald didov ta Gmail, Google Talk, Google
Docs, Google Calendar kot Google Maps. TIpokeyévov va xpnNoYOTOcoVY Ol ¥PNOTES
aVTEG TIC VANPECIEG OONTEITON GVUVOEST 6TO SadiKTLO Kol Yo KAmoleg omd avtég Google
Account, eve amotelel voypémon ¢ Google 1 dwoyeipion, evnuépwon kat avadduion tov
VINPECLDY. YTAPYEL OLVOTOTITO TOPUUETPOTOINGCNG TOV EPUPUOYDY DGTE VO TKOVOTOLOVV
AmOALTA TIC OVAYKES TOV XPTOTAOV, Kot Kabmg o, dedopéva amobnkedovtal o datacenters g
Google n tpdoPaocn o€ avTég pumopsi va yivel amd kKabe GuokevT| ToL ¥pHoTH, aveEdptnTa and
TO AETOLPYIKO TNG GVGTNUE. KOl TG VTOSOUNG TNG. Q20TOCO 1) OTOUAKPLGUEVT] omobnKevon
TV dedoUEVOV gYEipel epoTnuaTe o€ Bépata acPaAeiog Kol WOIMTIKOTNTAS TOV OE00UEVOV
TOVG.
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Kepdiaio 3
Middleware

Me tov 6po “Middleware” gvvoobpe 10 AoyIoKd TOV YPNGILOTOLEITOL MG EVIIAUEGO
eninedo emkowoviog peta&d g hardware vmodopng Kol TOV  EPAPUOYDOV TOL TN
YpPNooTolovy. Agv amoterel Aeltovpylkd ovotnue, 1 ovotnua Olayeipong Pdoewv
OEQOUEV@V, OAAG TOPEXEL COUTANPOUATIKEG VINPEGIEC TOV €V UTOPOVY VO TPOGPEPEL TO
AETOVPYIKO GLOTNHA. XvYVE YPNOLUOTOIEITOL Yot TNV TEPLYPAPT] TOL AOYIGUIKOD 7OV
EMUTPEMEL TNV EMKOWOVIO Kot dayeiplon dedopévev oe kataveunuéves epoappoyés. 'Eva
napadstypo Middleware, mov Oa avalvbel d1e€odikd og avtd T0 KeEPdAato, givar To Apache
Hadoop, chotnua mov pnotponoteitor yio. v Sloyeiplon Kataveunuévmy ded0UEVOV TOV
amoOnKevOVTUL 6TV LITOJOUT OV TPocPEPETOL pécw cloud.

3.1 Distributed Computing

Tn dexoetiac Tov 70 To TPOPAAUOTO TOV Ol VTOAOYIGTEG KOAOUVTOV VO ETIADGOLV
yivoviov OAO Kol IO TOAVTAOKO LE OMOTEAECHO 1| EMEEEPYAOTIKN 10Y0G €VOG HOVO
UNYOVALOTOG VoL UV €lval OpKETN Yol TNV TOPAY®YN OTOTEAECUATOV GE EDAOYO YPOVIKO
dtdouo. Tote avamtdybnke m 1Wéa tov distributed computing, TtV TOPAAANAGV Kot
KOTOVEUNUEVOV GUGTNUATOV, dNAOT TOL YOPIGHOD TOV TPOPANUATOV GE VTOTPOPANLATA
Kol NG mOpAAANANG avdBeong Kot emiivong avtdv and TePocOTEPOLS emelepyaotéc. Me
ovtdV TOV TPOTO UTOopovoE Vo dlaveunbel o VIOAOYIOTIKOG QOPTOG GE TEPLGGOTEPQ
UNYOVALOTO, Kot Vo, LEL®OEl oNUaVTIKE 0 ¥pOVOG TUPUY®DYNG OATOTEAEGUATMV Y10 TOADTAOKO,
npoPAnpata. Ta mpdta clustersS vmoAoyiotdv OnpovpynRdnkov cov amdvinomn otnv
TOPOTOVD OVAYKT] KOl avortiyOnkay TapdAnioa pe to Tp@TE diKTLO VTOAOYISTOV KUOMS
UEC® OIKTVMV EMITLUYYOVETAL 1) OlOCVVOEST VTOAOYIOTIKOV TOP®V, OEOOUEVOV KOl
TePLPEPEIOK®Y ovokevdy. To cluster amoteAeiton amd moAAG o pmyoviuoto, pe 1010
Aertovpyikd cvotnua, filesystem kot enelepyaotn, ta onoia to Kabéva enelepydaleton pépog
TOV TTapaAAnromoinuévon tpoPAnuatoc. 'Eva mapdderyuo tétotov cluster givor to Titan, évog
supercomputer g Cray.inc mov drafétel 560000 eneepyaotéc.

Ta clusters Tov TAPOLGIACTNKAV TOPOTAVE® EKUETAAALEDOVTOL TNV TUPUAANAOTOINGT TOV
npoPAnuatov ko kotouepilovv v emeepydoTiK) 1oYD MOV OMOUTEITOL, GE TOAAG,
amouakpuouéva amd Tov TEMKO ypnotn, 1o unyoviuate. Kabog eéglicoovtav ot
OTOITNOELS TOV TPOPANUATOV KOl OVOTTOGCOVTOV T SIKTVA TPOEKLYE OKOUO 1) OVAYKT) TNG
YPNYOPNS amoBNKeLONG Kot avakTnong mAnpoeopimv. [ToAhol mhpoyol vanpecidv Enpene va
amofnkevovy ko va eneEepydlovtol PHEYAAO OYKO O£00UEVOV GE TTOAD GUVTOUO YPOVIKO
otlotnuo.  Avtictoryyee pe 1o distributed computing avomtoyxfnkov  cuoTiHOT
aToUaKPLOUEVNS amoBnKevong dedopévav, KAAdog mov ovopdotnke distributed data store.
AvTd To GLETHUATO S1OETOVY UNYOVICUOVE KAMVOTOINGTG TOV dESOUEVOV KOl UNXOVIGLODG
failover oe mepintwon mov évag kouPoc actoynost. H apyrtextovikny doun mov Pocileton
oTNV PIA0G0Qi0. TOV HOVTEAOL TV opoldpopeev nodes (cluster) ypnoonomnke cav 18éa
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amd v Yahoo! yia vo vAomomost Tn dikn ¢ mlateopua moapoyne distributed computing
and data store, mov v ovoupace Apache Hadoop. Xto €€nc pe tov 6po cluster gvvogitan n
dlovvOEsT] TOAA®V, EVOEYOUEVMOG OVOUOIOLOPPOV HNYOVNUATOV, o©To omoio  yivetol
arofnkevon Kot eneEepyacio KATOVEUNUEVOVY SEGOUEVAV.

3.2 MapReduce

IIpokeévou va yivel katavoni 1 avaAvor evog amd 1o PAGIKA TOKETO VITNPECLOV TOV
npocpépel To Apache Hadoop sival amopaitnt pio eloaywyn oto MapReduce framework. To
MapReduce eivar éva pHovtéAo mpoypappaTionod yio dtayeipton Kou exeEepyacio peydlov
Oykov kataveunuévov oedouévav ot clusters vmoloyiwstov. To MapReduce framework
YPNOYOTOLEITAL Y10, OVATTTVUEN EQUPUOYDYV TOL UTOPOLV va TaporiniomonBodv. Méca oe
aVTO O EPOPUOYES CLTOUATA KOTAVELOVTAL KOl GLYypovilovTotl 6Toug kKopfovg tov cluster. To
MapReduce apywkd mapovoidotnke amd v Google [1], evd mAéov vrdpyovv TOALEG
VAOTOMNOELS LE TLO YVWOTH TNV eLevBepn VAomoinon tov Apache Hadoop.

H avantoén g teyvikng MapReduce mpoékvye omd thv aviykn emfBoAng omhmv
gpomudTOVY, OTmg web request logs, eviomioudc tov mo dnuoPtAmy Web pages kot dAla, o
peydro O6yko dedouévmv To ool fTav Kotaveunuévo oe Koppove. Me coppatikéc pedddovg
N amAVINGT GE OLTE TO EPOTNUOTO OlveTol UETG amd UEYAAN UETAPOPE OEdOUEVOV OTO
diktvo, moAlomAn emefepyacia TV 010V dEdOUEVOVY, HEYOAN YPOVIKN KabBvoTéEPTON KOt
avAmTLEN TOAOTAOK®OV PNYOVICUOV Tapoiinlonoinong tov kébe epotipartog. "Hrav
aropaitntn po pébodog mov Ba emefepyalotav ta dedopéva pe amid tpomo Kot Bo EkpuPe
TOVG  UNYOVIGHOVG  mapariniomoinong, ovyypovicpov kot seapuoync fault-tolerant
unxoviopdv. Avti n pébodog eivar to MapReduce pnvevouévo and tig GuvapTNoELG Map Kot
reduce t@v GLVEPTNCIIKOV YAOGGHY TPOYPUUUATIGHOD.

Emypoppotikd yio v viomoinorn tov MapReduce mpénet va opiotodv amd tov yprio
ot cuvopthioelg map kot reduce. 1o 6tddio Tov map mapdyetar £va evdtdueco Key/value pair
v kaOe dedopévo, 1 PipAtodnin Tov MapReduce cuykevipmdvel OAa Ta evolauesa. dedouéval
L To 1010 evildpeco KAeWdi Kol TO amOTEAEG O TEPVAEL TN PACT ToL reduce. 1o GTAS0 TOV
reduce cvyyovebovtot ta dedopéva pe to 1610 Key kot eEdyetat évo TeEMKO amoTélespa.

ZyMUOTIKG:
map(key, value) — list(i_key,i_value)

reduce(i_key, list(i_value)) - list(f _value)

,omov (keyvalue) eivor to opykd oedopéva, (i_key,i_value) eivar ta evdidpeoa
amoteAéoparta petd to map kot f_value givar to telkd amotélecuo OV TOPAYETUL OO TO
reduce.

Onwg avaeépbnke 1o mheovéktnuo ypriong tov MapReduce eivon m amhomoinon g
EPUPLOYNG KOTAVEUNUEVOV aAYOPIOU®OY Y0pig 0 TPOYPUUUOTIOTAS VO, xpetaleTat va yvmpilet
aKpIP®C TG vAomolgitol 0 KaTouePopnds. QoTOGO Yo HEYISTN TOPAAANAOTOInon &ivat
amapoitnTn 1 UEAETN TOL TPOPANUATOC Kot 1 pappoyn map kot reduce functions kabmg kot
evoldpeon emelepyacio ToV OedOUEVOV HE TETOO TPOTO TOL VO OE0TO0VVTAL OAES Ol
W31oTEPOTNTES TOV.
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3.2.1 Tapaoderypa

IMapovcidleton évo mapdaderypo ypriong tov MapReduce yw pétpnon tov aplpov
eppdviong ke AéEng ot éva keipevo. H cuvdptnon map mopdyet v kabe AéEn poli pe pio
pétpnon, 1o “1”. H cvvaptnon reduce abpoilel Oheg Tic petpnoelg yuo Ty kébe AEEN ko
emoTpéPel yuo kKabe pio 1o TAn0og TV eppavice®v g oto keipevo. O yeudokmdtkag divetal
otovg [Tivakag 1 kot [ivaxag 2.

map (String key, String wvalue):
// key: document name
// value: document contents
for each word w in wvalue:

EmitIntermediate (w, “17);

Mivexag 1 Map Function Examplel

reduce function

reduce (String key, Iterator values):
// key: a word
// values: a list of counts
int result = 0;
for each v in values:

result += ParselInt (v);

Emit (AsString (result));

IMivexag 2 Reduce Function Examplel

3.2.2 Apy1tekToviKn

To MapReduce ekteleiton e dibpopa otadio, uéca oto cluster, to omoio amoteleitan omod
kouPovg. ‘Evag and tovg kopfoug yapaktnpiletor cav master koufog kot kdmwolor GAAol cav
worker 1 slave koufot. O master koufog eivatl vEEKOVVOG Yo TNV AVAPEST EPYOUCIOV GTOVG
workers, amd tovg onoiovg mAnbog M avoroufdvovv o kopudtt Tov Map kot TAnboc R 10
Koppdtt tov reduce. O master koppog eivan exiong vaeHOvvos Yo T dyeipion TV aoTO(LOV
TOV GLGTNUOTOC.

210 Tp®TO OTAd0 0 Master kopPog maipvel ta dedopéva ot omoio Oa epappocTel TO
MapReduce, ta yopilelt o€ M koppdtio Kot To, KaTavELEL 6TOVG Map KOUBove Yo TopdAANAN
enefepyacio. Xt ovvéyelo ta dedouévo mepvave amd Evav input reader, o onoiog mopdyet
key/value Cevydpio yio kabe dedopévo. Ot map kouPor epapudlovv ota key/value dedopéva
v map function kou ta&vopodv to amoteléopata pue Baon to key. Xtn cvvéyxelo o master
KkouPoc ympilel ta evordueca amoteAéopata pe Ao o GVVAPTNOT KOTUKEPUUTIGUOD MOTE
kabe reduce kopPog va AdPel mepimov 1610 6yKo SeS0UEVAOV Y10 IGOUOIPAGUO TNG EPYOCIOC.
Mia tétoto cuvaptnon eivar ouvinBog n hash(key) mod R, 6mov R 1o minbog twv reduce
kouPwv. H hash function kot to R opifovtat amd 10 ypriiot. Lt cvvéyela o master kopupoc
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g1domotel Tovg reduce kouPoug yio v Ttomobesia Tmwv evdiducowv kKey/value dedopévav ota
onoia Oo gpapuootei M reduce function. Xt ovvéxswn ot reduce kopPor dwPalovv ta
key/value dedopéva, epappdlovy oe avtd ™ reduce function kot wapdyovv yio kabe key éva
OTOTELECUO, TO OTOI0 EMOTPEPETAL GTO ¥PNOTN. Mo, GYNUOTIKT OVOTOPACTACT OUTAG TNG
dwdkaciog eaiveror otnv Ewkova, 7.

(l)fork." E .
0 (1) fork €1) fork

A (2)

@ "assign
.assign reduce .
map

\workcr

split 0

(6) write

output

worker file 0

split 1

(5) remote read

split2 [(3)read @ (4) local write
. output
split 3 — file 1

split 4
Input Map Intermediate files Reduce Output
files phase (on local disks) phase files

Ewovo 7 MapReduce Execution Overview
3.3 Ewsaywyn oto Apache Hadoop

To Apache Hadoop sivor éva software framework avorytod kddika yio v avamtuén
KOTOVEUNUEVOV EQPOPUOYDOV KOl TAPEXETAL PE TOVG OPOLS YpNons tov Apache v2 license.
Emutpéner v Swyeipion peydiov Oykov kotovepunmuévov dedopéveov To omoio gival
amodnkevpéva oe clusters vroloylotmv. Eival oxedlocuévo va mapéyet vynin kKAuakoon
oTIC EQUPUOYES, KaOMG pmopel vo, epapuootel oe clusters mov amotelodviol omd HePKong
servers péypt yadoeg aveEdptnro kot avopoldpopea pnyoviuarto. Ipoceépet emiong pio
EVOALOKTIKT, €Ae0Bepn vAomoinom Ttov TpoypappaTioTikod poviélov MapReduce, mov
napovoidotnke amd v Google. [TAéov amotedel Tqv o yvwot vAomoinon Tov MapReduce
framework a1 eivor ypappévo otnv YA®GGCO TPOYPOUUOTISUOL Java. X cuvéyeln
TOPOVGIALETOL EMYPUUUATIKO TO GOVOAO TOV TOKET®V oV meptlapPdvovior oto Apache
Hadoop Framework, evd otig endpeveg evotnteg tov Kepoloiov Bo avaivbodv ekteviotepa
Kol Ao avTd.

e Hadoop Common: TTapéyst epyoreio yio v mpdoPacn oto filesystem kot ota
nakéto Tov vrootpilovrorl amd to Hadoop kai yia v eykatdotacn evog Hadoop
Single Node 7 Cluster.
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e HDFS: To Hadoop filesystem mov mpoc@épel vyniod throughput oty npocfocn ot
dedopéva.

e Hadoop Yarn: 'Eva framework yia 6popoAdynon tov epyaciov Kot doygipion tov
TOPWV TOVL cluster.

e Hadoop MapReduce: Eivor évo cvompo Pacwopévo oto Hadoop Yarn yio
TapdAANAn eneEepyacia LEYAAOL OYKOV OEOOUEVOV.

To Apache Hadoop ypnowomoteiton yio v ovamTuén Kot eKTEAECT] KOTAVEUNUEVMV
eQappoYOV Kot v dweipiorn petabytes dedopéveov. o v amobnkevon tov dedopévav
dwatibeton to Hadoop Distributed File System HDFS, to omoio mapéyet moAd vyniod
bandwidth ce OAo 710 cluster. Ilpooceéper enektaoudTTe, 0EOTIOTIO KOl VYNAN
dwbeciudTTa OTIG EQOPUOYES, KABMS 1 Sloyelplon TOV GPUAUATOV, OTMS GTNV TEPITTMON
actoyiag gvog kouPov, yivetar oto eminedo tov Middleware, pe ™V QUTOHOTN OVOKATAVOUT
TOV €PYACLOV 6€ aPESILOVS KOUPOVS. AKOAoVOOHY TO KUPLOTEP YOPAKTNPIOTIKE TOV.

IMpoocPacypotnta — To Hadoop spopudleton oe peydra clusters omd commodity
hardware ka1 o€ cuetiuata vInpecidy cloud.

A&omoetio — H ovyvn actoyio xdmoiwv kopPov Bewpeitor dedopévn oe cuotiuota
clusters. To Hadoop 6wBéter unyaviopovg OSloyeiplone TETOIOV GOOAUGT®OV  DAKOV,
peTapépovtag TNV Kivion o€ GAlovg kouPovug péypt va dtopBwbei To mpdPAnua.

Enektocwpotyre — Me v zmpooHikn vémv koéufwv oto cluster mpaypartomoteiton
avtopata ypauukd scaling out. Kabdg o NameNode, mov Bo avaivbel og emdpevn evotnra,
givar 0 povog mov Swtnpei indexes ywo to filesystem, to péyeboc tov amotehel tov pdvo
nepropiopd oto scalability.

Evkolioo — To Hadoop emutpémer v €OkoAn avamntoln mapoAANAOTOIUEVOY
EQPUPLOYADV, UE XPNOT TOV EVEMUATOUEVTS VAOTOINoNG Tov MapReduce.

3.4 Apyuektovikn Hadoop

Ta Hadoop clusters viomotovy apyitextoviky tomov master-slave. To poio tov master
koppov avarappdavovov o NameNode kot o JobTracker. O NameNode dwtnpei indexes yio to
filesystem xa1 o JobTracker givot vrehBvvog yia v dpoporoynon tov MapReduce gpyacidv
otovg slaves. Ot slaves diokpivovior otovg DataNodes kot TaskTrackers. Xtovg DataNodes
yivetal 1 amoBnkevon tov dedopuévev eved ot TaskTrackers amodéyoviol kot eKTEAODV TIg
artioelg tov JobTracker. Or NameNodes kot DataNodes 6wo8étovv evompotopévovg web
servers Kavovtog EDKOAT TNV SlopKT| EVIUEPMOOT] V1o TV KATAGTOOT TOV cluster, d1aTnpOvTog
OTOTIOTIKA dedopéva, mAnpoeopiec Yo Tovg DataNodes kot epyoaieia yio TV TEPUYNOT GTO
filesystem. Xe cluster mov dev ypnowomoovv to HDFS o1 NameNode, devtepedav
NameNode kor DataNodes avtikafiotovtol omod tovg 1codvvapovg mov opiletl to filesystem.
Amd 1o mopomdve eivar eavepd Tog oto kouudtt tov HDFS avrikovv ot NameNodes kot
DataNodes, evéd v extédeon tov Hadoop MapReduce avaioppdvovy ot kéupor JobTracker
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ko TaskTrackers. Ztnv Ewovo 8 divetar pia oynUoTiky avamapdotoon g apyLteKTOVIKNG
tov Hadoop.

Hadoop Architecture

Masters Slaves
\ |
' S e |}

Data Node &
Task Tracker

HDFS Name Node  ——/pataode&
| Task Tracker

| DataNode & |

| "

MapRed uce | Job Tracker Task Tracker
Data Node &
Task Tracker

Ewéva 8 Apache Hadoop Architecture

3.5 Hadoop Common

Y10 mokéto Hadoop Common mepihapfdvovior to epyodeio yuoo €ykatdotaor Kot
exkivnon tov Hadoop ce cuotiuata evog N UEPIKOV YIMAdwV kOuPwv. Xtnv mepintmon
CLOTNUATOV EVOC UOVO KOUPOV TTAPEXOVTOL UNYAVIGHOL YloL TNV EKTEAECT] OMADV EPYOCIOV
xpnowonowwvtog to MapReduce kor to HDFS. Xe clusters mov omaptiloviar amd
TEPLOCOTEPA.  UNYOVIUOTO  TPOCPEPOVTOL EPYOAEIR YO TNV  EKTEAECT]  OTOUTNTIKAV,
KOTOVEUNUEVOY  €QUPUOYOV e ypnon Tov mokétowv MapReduce, Yarn xot HDFS.
Awkpivovtar Tpelg Tpdmot Asttovpyiag Tov cluster.

Standalone Mode

To Hadoop ot évav xoufo tpéxst ocav upio single Java process. Kabmhg opmg dev
ypelaletal va eTKovavel pue aAlovg koppovg dev ypnoiponolel to HDFS. Eivol ypriciuo yio
avantuén xoi debugging amidv epappoydv mov £xovv dnuovpynbel ot Aoyikn TovL
MapReduce.

Pseudo-Distributed Mode

e autov tov Tpdmo Aettovpying to cluster amoteieital and évov povo kopPo, o 0moiog
dovAevel ka1 g Server, otov omoio tpéyxel to Hadoop pe to mokéto HDFS ot Hadoop
MapReduce. Ot k6ppot avtiotoryovv ota apyeia mov gival amodnkevpéva 6tov KOUPO Kot o
onoia dopovvral énmg éve Hadoop cluster. Xpnowomoteitat yio avéntoén kot debugging mo
TOAMDTAOK®V EQAPUOYDV oL ypnotporotobv HDFS ko Hadoop MapReduce.

Fully-Distributed Mode
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To fully-distributed mode agopd clusters vroAoyiotdv Tov amotelovVTAL ad TOAAOVG
KouPovg kabévag and Tovg omoiovg £xel eykateotnuévo to Hadoop. Eivarl cuetiuata mAnpmg
KOTOVEUNUEVA TTOV 0500100V OAEG TIC duvaTOTNTEG IOV TTPpocPéPeL To Hadoop Project.

3.6 Hadoop Distributed File System, HDFS

To HDFS oamotelel 10 xOplo kot kataAiniotepo epyoireio amobrikevong dedopévev o
éva Hadoop cluster, evdd elvar otnv guyépela Tov yPNOTH VA TO OVIIKATOCTNOEL UE GAAQ
ocvotiuata  dwayeipiong oedopévov. To HDFS eivar kotdhAnio vy kotaveunuévn
arofnkevon ko enefepyocio dedopévav. [lpoceépel unyovicpovg avoyng o€ cOAANOTOL,
elvar scalable kot dwnbétel evompatopévn vionoinon tov MapReduce framework. ' Tig
TEPLOCOTEPEG EPAPUOYEG Oev etvan amapaitnteg emmAéov pvbuicelg and v TAELPE TOL
TPOYPOUUUATIOT], EVEO OF TEPMTOOEL; TOAD peEYAAwv clusters moapéyovior epyoleio
BeAtiotomoinong g amddoong. Eivar ypappévo ot yAdooo mpoypoppoaticpuov Java Kot
vroopileTol amd To. TEPIGGOTEPH TPOYPULUUOTIOTIKG TEPIPUAAOVTO TAPEXOVTOG EPYOAEi
v amevbeiog TpocPfaom oto HDES.

3.6.1 Apytexktovikn tov HDFS

Onwg avapépnke To Hadoop kot kat’ enéktaon to HDFS di00étet apyitektoviky tHmov
master-slave. Edd 6o mopovclootovv avoALTIKG To YOpOKTNPIOTIKG ToV KOUPB®V Tov
amaptilovv éva HDFS cluster, to onoio avanapiotatat oynuotikd oty Euova 9.

NameNode

O master kéuPog tov HDFS cluster avtirpocmnedetat and évav povadiké NameNode, o
omnoiog dayepileton To namespace tov filesystem kor evmnpetel 11 a1ToES TOV YPNOTOV
v TpdcPacn ota, dedouéva, dpoporoymvtag toug otovg DataNodes. Kabe apysio yopileton
oe blocks ta omoio. amofnkevovion oe évav 1 meprocdtepovg DataNodes. O NameNode
datmpel metadata yw v tomofecia tov dedopévev ko kabopiler mowa blocks 6a
anobnkevtovv otov kGbs DataNode. Eivaw emiong vrevbuvog yua 6Aeg tig open, close ko
rename operations mov agpopodv apyeio 1 directories. O NameNode Aappdver meplodikd
Heartbeats om6 tovg DataNodes, ofuata eniBepaivong g ophng Aertovpyiog Tovg, kabmg
kot Aloteg pe o blocks mov dutnpel o k@b évac, ta Blockreports. Inueidvetar Tmg ot
artnoelg ywo. dnuovpyion apyeiov dev @tdvovv dueco otov NameNode. To apyeio
dnovpyeital kot amodnkeveTar Tpocwpva oto application layer kat 6tav @téoet og uéyedog
éva block amobnkevong tote amootéAleton 1 aitnon otov NameNode kot dpoporoyeitar to
apyeio otovg DataNodes.

>tov NameNode omobnkevetan to hamespace tov HDFS oe pio gixdvo dickov, v
Fsimage. KOs oAlayn oto filesystem nmov ektehodv ot yprioteg amobnkeveton og log file tov
NameNode, to EditLog. TMapadeiypota tétoiov alhaydv eivoar 1 onpovpyio. evog vEo
apyeiov kat 1 aAiayn tov replication factor evog apysiov. O NameNode evnuepdvetal Kotd
™V ekkivnon tov yuo v katdotactn tov HDFS an6 v Fsimage, epappdlet tig aAlayéc tov
EditLog o¢ avty, amobnkevel ™ véa ewdva tov HDFS xon Eekvael ) Asttovpyia Tov e
adewo EditLog. Kabmg to EditLog cvyymvedeton pue v Fslmage, kot apa dioypdeetol to
neplexduevo tov, udvo kotd v ekkivnon tov NameNode, og clusters pe moAlég Kivnoelg
duvazor va avénbei ol to péyebog tov log file. T v amopuyn peydiov Editlog kot v
gvioyvon g o&lomotiog TV JEOOUEVAY, YPNOUOTO0LVTAL Ol emumpochetor kOpPoL
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Secondary NameNode, Checkpoint Node xoi Backup Node, ot omoior mopovoidlovtat
TOPOKATO.

I v géuanpétmon tov artioenv tpdcPacng oto apyeia, o NameNode otédvel otovg
clients wa Aiota pe Tovg DataNodes wov datnpovv ta (ntovpevae dedopéva. Av o NameNode
actoynoel, ot clients dev &yovv evodlaxtikd TpémO va yvopilovv v Tomobecion TmV
dedopévov kot to filesystem kabictatar un mpoosPdoyo. Eivar eovepd mwg o NameNode
anmotelet single point of failure yio 6Ao to HDFS cluster. Xe mepintmon mov dgv eivan
dabéoog o NameNode ko dev vapyet to EditLog kabdg ko n gicoéva tov HDFS, vadpyet
Kivouvog ammAElog 6Ed0UEVDV.

DataNodes

Ot DataNodes amotedovv tovg slave nodes evog HDFS cluster. Eivatr veevBovor yio v
dayeipion kot amobnkevon TV dedopEVmV Kot avalapuBavovy v ektédeon tov reads kon
writes mov voPaiovy ot yproteg. Emkowvavovv peta&d tovg kabmg kot pe tov NameNode
Yo TNV dnpovpyia, Ty daypaen kot to replication tov blocks tov apysiov. Ot yproteg yio
va £yovv mpodcPaon oto filesystem, ypnoonotovy v Aicta mov tovg éotethe o NameNode
v v tomofesio Tov {nrtoduevov dedopévav kot ektelovdv amevbeiag 1/0 otovg DataNodes.

Ta blocks dedopévav amobnkevovral o apyeia, o directories oto tomkoé filesystem twv
DataNodes. Xpnoyomotodvtal euplotikoi akyoptuot yio tov apldud tov apyeiov mov Ba
avikovv oto kafe directory kot dmuiovpyodvtar avtiotoya Sub-directories. Katd tnv
ekkivnon tovg, ot DataNodes otéhvovv otov NameNode 6ia ta blocks dedopévav mov
dabétovv pe to Blockreport.

HDFS Architecture

Metadata (Name, replicas, ...):
/homeffoo/data, 3, ...

Namenode

Metadata ops 7

Read Datanodes Datanodes
* | |
0 A = = Replication a0 —
= = Jj Blocks
. \ N
Rack 1 VWrite Rack 2

Ewévo 9 HDFS Architecure

Secondary NameNode

‘Exer Eemepaotel mAéov kon aviikataotadel amd tovg Checkpoint koar Backup Nodes.
[Teprodikd ouyymvevet v ewoéva tov HDFS pe to EditLog meplopilovrtag 1o péyebog tov oe
éva, cLYKEKPLUEVO OplO.
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Checkpoint Node

ITeprodikd cvyywvevel tomkd v ewova tov HDFS kot to EditLog tov NameNode
dnuovpymvtog checkpoints. To checkpoints amoOnkeboviar otov NameNode oav véa gikdva
tov HDFS «xot onovpysiton véo, adeio EditLog. Av dev vmépyovv Backup Nodes oto
cluster, emrpénetor n dSwarrpnon mtoAldv Checkpoint Nodes.

Backup Node

‘Exer v 1010 Aertovpyia pe tov Checkpoint Node kot tavtdypove dwatnpel dikd tov
avtiypago Tov namespace tov NameNode. Bpioketor og d10pKN GUYYPOVIGUO HE TOV
NameNode, o omoiog otéAvel oleg Tig olhayég tov HDFS namespace. Or odhayég avtég
epappolovral oto namespace mov dwtnpet o Backup Node dnuovpydvrog étot €va backup
tov. Kobog dwtnpel o cvvenr ewova tov filesystem, opxel povo to EditLog tov
NameNode yw va dnuovpynbei véa HDFS eucova, Kavovidg Tov mo amodoTikd omd Tov
Checkpoint Node. Mmopei va vapyetr pévo évag Backup Node oto cluster, evd oto példov
Ba vrootnpilovtar mepiocdtepot. Emiong av Asttovpyet évag Backup Node dev pmopodv va
vrapyovy Checkpoint Nodes.

3.6.2 High Availability HDFS Cluster

Yty tehevtoia £kdoorn Tov Hadoop éxovv cvuminpwbdei epyodeio yio v eEumnpétmon
gpappoydv mov amartovv High Availability. Xe éva High Availability (HA) HDFS cluster
vIapyovy 6o kopPor Tomov NameNode, évag Active kot évag Standby. O Active koufog
elvar vevBuvoc Yo OAeC TIC evEPYELEG TV YpNoTtav 1o cluster kot o Standby drotnpei doeg
mAnpoeopieg gival amopaitmreg yioo ypnyopo failover oe mepintwon aotoyiog tov Active.
Kdabe namespace modification kotaypdoetar amnd tov Active oe éva log, to omoio
ovppoviedetol avd TakTd ypovikd daotnuate o Standby kopupog kot epapudlet Tic aAlayég
oto O0wd TOL namespace. Av amotOyet o Active, o Standby emPefoidver Ot1 €xet
TPOYUATOTOMOEL OAEG TIG EVEPYELEG Tov log kol avarapPdvel cav Active. Xtnv mepintwon
avt Yo ypryopo failover eivar amoapaitnto o Standby NameNode va diatnpel mAnpogopieg
v To Tov Ppiokovrol Ta dedopéva oto cluster. o avtd to Adyo o1 DataNodes otédlvouv kot
otovg 0o NameNodes TAnpopopieg yia ta dedopéva mov datnpodv. Kdébe ypovikr otryun
uévo évag amd tovg 600 NameNodes emitpénetar va eivat Active, SlopopeTIKG To. namespaces
TOVG UTTOPEL VO OOKAIVOUY Kol VO, 001 y|COVV GE OTMAELD, OEO0UEVMV.

3.6.3 Xapaxtmpiotikd ko Epyoieio tov HDFS

Ta Hadoop clusters cuyvd amotehobvior amd eKotovtddeg punyovipoto, Kobéva amd ta
omola umopel ava mhoo oTiyun vo amotoyel. ['a TNV opoAr] eKTEAEST] TV EQAPLOYDOV glval
OmOPAITTOL  UMYOVIGUOTL  YPNYOPOV  EVTIOMICUOD T®V U Owbéciumv  kouPov Kot
EMOVAOPOUOAGYNOT TOV EPYACIOV O€ O100EG1OVE. AVTOl Ol UNYOVIGUOTL OTOTEAOLY KOPLO
yopoaktnplotikdé tov HDFS. Ilopaxdto moapovoidloviol To KOPO. YOPOKTNPIOTIKG Kot
epyoreia Tov HDFS, mov npocpépovv aélomiotio, Stafecitotnta Kot ypriyopn amodKplon OTig

EQUPLOYEC.
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Extéleon kovra ota Asdouévo,

INo ™mv kaAdtepn oamddoon twv epappoymv, to HDFS mapéyer epyoieia yioo v
LETAPOPE TNG EKTELECTG TOV EQOUPLOYDOV OGO YIvETOL O KOVTA 6Ta oNEia amodnKevons TV
dedopévav. Me autov tov tpdmo 1 emeepyacio Tov dedopévav yivetal TOmKA ympic va
YPEALETOL LETAPOPA HEYOAOV OYKOV TANPOPOPING, EANYICTOTOIOVTOG TNV KivNon 6TO 6iKTLO
Kot av&avovtag to oAkd throughput.

Anié Coherency Model

O1 gpappoyéc mov tpéyovv 6to HDFS mpémel va akolovBovv to povtého mpdsPaocng ota
apyeio. write-one-read-many. Avté onuaivel nog ta opyeic mov dnuovpyodviol Kot
amofnkevovTal 6tovg kKOpPovg dev Ba mpémel vo. aAAdEovy oto pEAAOV. Me avtd 1o povtédo,
7oL Toptalet pe v erhocopio tov MapReduce, dievkoidvetan 1 emitevén coherency ota
dedopéva kar peylotomoteitar To throughput oty pdcPacn oe avtd. Te emdueveg KdOGELS
tov Hadoop 6o vrootnpiletar to update o apyeia mov &xovv dnuovpynodei.

Replication

‘Eva amd 1o Paocwd yopoaktnpiotikd tov HDFS eivan n eyyomuévn ko a&idmiot
anobnkevon peydAmv apyeimv og 6Xo to cluster. Onmg éxel avapepbei Ta apyeio ywpilovron
og blocks icov peyébovg, ta omoio amobOnkedovor kot yivovron replicate otovg DataNodes
nov opiler o NameNode. To péyebog twv blocks kot o apBuodg v avtypdewnv mov Oa
arofnkevtel uropei va opiotel amd to ypnom yw kabe apyeio. YrevBouilerar 6Tt to HDFS
dev vmootnpilel oAlayég ota apyeio, dev yivovton updates, kot Bétel oav meplopiopd pdvo
évag ypnotng vo yphoer oe éva apyeio xdbe ypovikn otyur. Kotd to replication
ypnopomolovvtar ot texvikég Rack Awareness, Rebalancer xoi Safemode mov avoalvoviol
TOPAKATE.

Ortav ypnowomnoteitar replication level 3, dniadn ta dedopéva datnpovviar o€ Tpia
avtiypaga, covnbiletar éva avtiypago vo PBpiocketar oe évav kouPo, to debTepo G Evav
drapopetikd kOpPo tov id1ov rack kot to tpito oe dapopetikd rack. Kabmg n aotoyio evog
rack eivon apketd ondavia, ovtn 1 T0mobETNoN dEGOUEVDV HELDVEL THV KivnoT 610, BEATIOVEL
™mv amddoom TV Writes kot dev ennpedletl v a&lomotio Kot dtafeciudtnra Tmv 6£30UEVOV.
Qotdco av 1o replicas Ntav oe dapopetika racks to read operations Oa expetaliedoviov
KoAvtepo o bandwidth twv racks kot Oa exktelovvtav ypnyopdtepa. Eival otnv guyépeta tov
TPOYPAUUATIOTH VO ETMEEEL TOV TPOTO amobnikevon Twv replicas avaloya pe Tig avayKes g

EQOPLOYNG TOV.

Rebalancer

Epyoieio yio v avokotovour Tov Oe00UEVOV GE TEPIMT®ON 7OV oLTA dev glvar
ookoataveunuéva otovg DataNodes. Zuvifwg avutd Topatnpeitol HETH Omd E100YMYN VEDV
DataNodes o710 cluster. O NameNode &ivat vrevfuvog yio v SpopordyNnomn TV writes 6Toug
kouPovg copemva pe ddeopa kprtipla. o Ty gloyiotonoinon ¢ kivnong 6to dikTvo
replicated dedopéva amobnkevovior otov d10 kouPo. Emiong éva amd ta replicas cuyva
eméyetal va, amodnkevtel og kOpUPo mov mpayuatomotel oAlayéc ota dedopéva. Toavtdypova
glvar ouvetd T avtiypapo TV 0ed0UEVOV Vo omobnkedovtal 6 TOAAOVG KOUPBOLS, MoTE
aoToylo o8 €vav amd QLTOVG Vo PNy 001 yNoel o€ anmdAiela dedopévov. Eivor mbovo katd
owpkelo e&umnpétnong OAV TV mopandve €vag koppfog vo datnpel peydio Oyko
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dedopévarv, evad évag kawvovpylog DataNode va €xer mold Ayotepa. O Rebalancer eivon to
gpyoreio tov administrators yio 1GOKOTAVOUT TOV dEOOUEVAV, OTAV TopoTPNO0VV pEYOAEg
OTOKAIGELC.

Rack Awareness

Ta large scale Hadoop clusters cuvn0mg amotelovvtotl and racks pe moAhodg koppovg to
kaBéva, ot omofol emikovovouv diktvakd petafd tovc. Kobog m xivinon oto diktvo
eMPapOVEL TNV 0TOS0CT TOV EQOPLOYDV, givorl emBuuntd ot KOuPol pe cuyvi HETOED TOVGg
emkovovio vo torobetovvral oto 6o rack. Emiong oe mepinmtwon aotoyiog evog koufov
glval amodoTIKOTEPO 1| OPOUOAIYNON TOV EPYACLOV VO YiveTon og KOUPovg Tov idtov rack,
hote va dwnpeitol otabepny M kiviion oto diktvo. Télog ov unyovicpoi fault-tolerant
amaitovv ta replicas twv dedouévav va amobnkevoviarl oe drapopetikd racks, mote av évog
kOpPog actoynoetl, va punv vrapéel kivouvog ammiewog dedopévev. Me 1t dlacmopd TV
replicas og diapopetikd racks evvoovvtot to reads kKabdg o1 aTNoEg SPOUOLOYOVVTOL GTOVG
KkouPovc pe to vyniotepo bandwidth, adid ot eyypagéc yivovtar mo apyd, kabmg npénetl va
evnuepwBodv dlot ot kouPor mpwv emotpiyet to Write. T Tovg mapamdve Adyovg yio v
avaBeon epyacidv kol tnv amobnkevon replicated dedopévov Aappavetor vedoyy, and Tov
NameNode, n evoikn tomobecio tov kouPov. Méom Rack Awareness glayiotomoleital M
Kivnon 670 3IKTLO Kol 01 ATMOAEIEG SEOOUEVOV.

Safemode

Katd v exkivnon tov o NameNode Aappaver pua eikova tov HDFS kon to EditLog pe
TIG oALayEG IOV TTpETEL va, dpoporoynoet. Av avth N dedikacio Eekvioet Tpv ot DataNodes
evnuepocovv tov NameNode vy to blocks dedouévov mov Swbétovv evdéyetar vo
dnuovpynBovv mapamdve replicas amd 6ca ypeialovrot. I'a to Adyo avtd dtav o NameNode
exkkvnOei, umaivel oty katdotaon Asrtovpyiog Safemode, 6mov emtpénovrar povo read-only
operations oto filesystem, amotpémovtag étot To mapomdve tpdPfAnue. O NameNode Byaivet
a6 o Safemode agdtov evnuepwbei and tovg DataNodes yio. to mota dedopéva datnpei o
kobévag. H kotdotaon Asitovpyiog Safemode pmopei va evepyomomBel avd mhoo otiyun
TPOYPOLUATIGTIKA.

3.7 Hadoop MapReduce

To Hadoop MapReduce amoteiei to framework tov Hadoop Project ywa v avamtuén
epoppoymv mov yewpilovtar UEYAAO OYKO KOTOVEUNUEVOV OEOOUEVAOV  TOPOAATAL.
Epappoletor oe peydho clusters vmoloylotdv, mpoceépel pnyovicpovs fault-tolerant won
a&lomiotio ota dedopéva.

To MapReduce ypnowonotei v teyvikn daiper kol Pacileve ya v enelepyacio
peydiov 6ykov dedopévmv. To TpofAnua Tov KaAeitol vo AVGEL 1] EPOPHOYT| GTOEL GE TOAAG
avegaptnto UIKpoOTEPA, TO OToio. dPOUOAOYOUVTOL GE TOAAOVG KOuPovg mopdiinia. Kabe
KOUPOC  EMOTPEQPEL TO OMOTEAECUO T®V  VTOTPOPANUATOV KOl OTN GUVEXEW OVTA
CLYY®VELOVTOL GE io amAvTnon Tov yevikoy TpoPfAniuatoc. O Bactkog Adyog avamtuéng Tov
Hadoop eivor  mapddinin eneepyoocio peydhov 0ykov S€00UEVOV UE OTAODS UNYOVIGUOVG,
aomoto. kot ypiyopo. To MapReduce mpooeéiper ovtéc T pebddovg emilvong
npoPAnudtov kot yio avtod aroterel Pacikd kopudtt tov Hadoop Project.

Onwg mapovoidotnke otnv  mponyovuevn evotnta, to  Hadoop clusters mov
ypnowonolovv 1o HDFS, dwbétovv évav NameNode kot moAlovg DataNodes ywo tnv
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amofnKevon Kol avaKTnon TV dedouévey. Avtictoryo yia v ektéleon tov MapReduce
elvar amopaitntor dvo dAlotl tomor kopuPwv, o JobTracker xan o1 TaskTrackers. Ztnv Ewova
10 divetar  oynuatikn ovamapdotact g opyrtektovikig tov Hadoop MapReduce.

JobTracker

Xe kaBe Hadoop cluster vdapyet évag povaducog JobTracker. Zvpnepipépeton cov master
Kot emkowvovel pe tovg clients mov otélvovv i MapReduce epappoyég mpog ektéleon.
Avoroppdaver v TunpoToToinon TV OedOUEV@V €10000V Kal givor vredbuvvog Yy TnV
dpopordoynomn tov map-reduce tasks otovg katdAAniovg TaskTrackers. EAéyyetl Tt emotpéeet
0 k& évag ko EavaoTtérvel Ta tasks mov dev exTELEGTNKAY.

TaskTracker

Kabe xopuPfog tov Hadoop cluster dwbéter évav TaskTracker. Ou TaskTrackers, mov
amoteAobV TovG slaves g apyttektovikng tov MapReduce, extelovv ta map kot reduce tasks
ov tov¢ avabétel o JobTracker. Ava Toktd YPoviKA SOCTHUATO ETIKOWV®OVOOV UE TOV
JobTracker emPefardvovtog v opbn Aettovpyion tovg. Av 1o JobTracker dev AdPer ta
avapevopevo, unvopoto omd tovg TaskTrackers Oswpei 6t 0 kdéuPog £xel acToyNoEl Kot
otélvet T tasks mov tov eiye avabicel oe dGAlovg TaskTrackers tov cluster.

JobTracker

TaskTracker TaskTracker TaskTracker

Ewovo 10 Hadoop MapReduce Architecture

To Hadoop MapReduce framework déyetol cav gicodo, eneepyaleton kot mapdyel cov
£E€0d0 amokAeloTikd dedouéva ¢ popenc key/value pairs. Ta dedopéva 166800 kot e£630v
amoOnkevoviol oto filesystem. Koabmg 1 eneéepyacio kot omobnkevon tov dedouévoy yivetat
ocuvnbmg otovg 1810vg KOUPOVG, €lvar ToO amodoTIKO 1 eKTELEST] TV maps Kot reduces va
TPOYUATOTOLEITOUL OGO 710 KOVTh 6T dedopéva eivan dvvatov. To framework givar vevbuvo
yioo v opouordynon tev tasks otovg kOUPovg mOV OmOLTOLV TNV EAGYLOTN UETAPOPE
dedopEV@V eVTOg TOV cluster Kot yio TNV EMOVEKTELECT] OCMV ATOTLYYAVOLV.

3.7.1 Avaivon tov Hadoop MapReduce Framework
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Mia Hadoop MapReduce epappoyn amotereiton amd dvo otddia. To otddto Tov map kot
10 0t0d10 tov reduce. To dedopéva €16000V omhve 6€ aveEAPTNTA KOUUATIO, GTO OToin
epoppoletor mapdAinia m map function. Xta evOIAUECOH OTOTEAEGULOTO TPOULPETIKA
epappoleton yuo opadonoinon pa combine function. Tt cvvéyxeia owtd tagvopovvtor Kot
OTEAVOVTOL 6TOVG KOpUPovg mov Ba extehésovy 1o reduce, ot onoiot Ba mapdEovv Ta TeEAIKA
amoteAéopara. TTopakdto mapovstdlovial avoALTIKG To ETPEPOVG Koppdtia tov Hadoop
MapReduce, kafohg kot n Ewova 11 yio koAdtepn Katovonon tov EREPOVg 6Todimy.

Map function — Mapper interface

O Mapper kaver map ta input key/value pairs oe intermediate key/value pairs. Opilet tov
TOmo dedopévav tov Keys kor tav values mov déxetal kot emotpiépel 1 map function, 6mwmg
QOIVETAL TOPAKATE.

public interface Mapper<Kl,Vl1l,K2,V2>

10 K1 kou V1 opilovtot ot tomol dedopévmv tmv input records kot ota K2 kot V2 ot
oMot dedopévav twv intermediate records mov emotpépovtat. Omwg @aivetor umopody va
0PIGTOVV SLOPOPETIKOL TOTOL dEDOUEVMV Yo TNV €lc0d0 Kot TNV £€0d0 Tng map function.

O ypnotg ywpilel v eicodo oe Tuiuota. To kdbe évo amd avtd dlabétel dedopéva 6T
popon key/value pairs. O Mapper yevvd ico apiBud map tasks pe to min0og tov tunuatomv
™G €10680v. To kaBe map task déyxetanl oav €icodo ta dedopéva evOg TUAUATOG E16OJ0V. X
avtd eeopudler v opiouévn oamd To Ypnotn mMap function ko mapdyst evéidueca
amoteAéopata whvta ot popen key/value pairs. Kabe key/value g sio6dov pmopel va
nopael amnd kavéva M molhd  key/value €£0dov. Xt GUVEXED TO OTOTEAEGLOTOL
opadomotovvral, Ta&vouovvtal, yopilovioar og tufuata pe Paon to key kot mepvodv cav
gicodo otov Reducer, o omoioc Ba dpouoroynoer ta reduce tasks. H map function
TEPLYPAOETOL OO TOV TAPUKAT® TUTO.

map(key, value) — list(i_key,i_value)

[pw ta amoteréopata ta&vounbodv kot tepaoovy 6To 6TAd10 Tov reduce, ot YpPNoTES
umopovv va. opicovv piee combine function n omoio. ouadomolel TomikG To EVOIAUESO
amoteAéopata Tov kéBe map tasks. Me autdv tov TpoTo emituyydveTor Aydtepn UeTapopd
dedopévov amd tov Mapper otov Reducer. Ov ypnoteg pmopovv vo eléyEovv v
oupadomoinon tov Mapper ue ypnon evog Comparator. Ipoaipetikd viomoteitar kot Evag
Partitioner, o omoiog opilel mowa keys, dniadn moio dedouéva, Bo mpowbnboldv oto KAbE
reduce task.

Combine function

H combine function opiletal and tovg ypNoTeS Yo TV cuvéveoon tov output twv map
tasks mpv v anootoAr] Tovg oto reduce tasks. Onmg gidape TOPUTAVO TO OTOTEAEGUATA TOL
map mpv otarbovv otov Reducer ta&wvopovvtar pe Pdon to key. Otov opiotei combine
function n ta&wounon dev yiveton ota amoterécpata v Map tasks, aAld mpaypatonoteiton
apéocmg Petd v emotpoen Tov combine. Otav ohokinpwbei 1 extéleon ¢ combine, ta
amoteAéopara tavopovvrol pe faon to key, opadomolodvol Kot mepvody cov £i60d0 GTov
Reducer. H combine function meptypdeetot omd tov mapakdto Tomo.
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combine(i_key,i_value) - list(i_key, list(merged_value))

H combine function ypnowomoleitonr yioo v peiwon wov Oykov JedOpEVOV OV
petapépovrar petad tov Mapper kot tov Reducer Peltidvoviag v amddoon TV
EPaPUOYOV. MTopel vo, exteleatel pio 1| TEPLOGOTEPES POPES UETA od Maps kou reduces,
otovg map nodes kot reduce nodes avtiotorya. Xtig combine functions dev emitpémovran ta
side effects, dnAadn exktOC TOV OTOTEAECUATOV TOV EMOTPEPOVY OEV EMTPEMETAL VL
emNPeGlovv omol0ONTOTE GAAO TUNUO TNG EQAUPUOYNG. AKOUA Ot TOTTOL dedopévmv Tmv input
key wou values mpémer va givan 16101 pe avtodg tov output key xar values avtictorya.
IMpaxtikd n combine function éyetl v idia Aettovpyia pe tnv reduce function, pe ™ dwapopd
6t kéBe kOPUPog mov Exel exteléoel map tasks, i reduce tasks, kodei por popd Tnv combine
function, n onoia. cuyywvevEl Tomkd T Map output, § reduce output, tov kOpPov. Mg avToHV
TOV TPOTO deV amarteital HeTOPopd dedopévmv petaé&d tmv map kat reduce nodes.

Partitioner Interface

Onmg avaeépbnke mapandve o evOLpEso anoteAéopoto Tov Topdyst n map function,
n combine function av &yet ypnopomomOei, ta&vopovvrar kot ywpilovrar pe Baon to key yua
va mepdoovv ocav gicodo otovg reducers. Tnv tunuatomoinon TOV  EVOIAUECOV
amoteAeoudtov tov Map avoiouPfdver o Partitioner, o omoiog ywpiler To key space oe
partitions. X ovvéyein to Key/value pairs tov kdéfe partition mpowbodvior ocTovg
avtictotryovg reducers. ITapoakdtm mapovoialetol to interface tov Partitioners.

public interface Partitioner<K, V>

To interface mpocdiopilel o€ oo partition avikel to kabe key tomov K pe values tomov
V. O Partitioner xoleiton pio eopd oe ke wouPo pe eicodo Ta opadomomuéva
anoteléopata Ohmv Twv Map tasks mov éxovv extedeotel oe owtodv. Eivar mbovod keys mov
éyovv mapaydei o€ SlopopeTikodg KOUPoVG Vo avikovy 6to 1610 partition, dniadr va mTpémet
va kotodnéovv otov 1610 reduce node. T Adyovg omdOS00NG TPEMEL 1| EKTEAEGT] TOV
Partitioner otov kabe wouPfo vo eivar aveEaptmn kol vo pnv ypewdletor avioilayn
TANpoeoptdv uetald tv map nodes yio vo v emAoyn tov partition oto omoio avikel to
KOs key.

"Evog kalog Partitioner ywpiet Ta dedopéva étot dote Ola ta partition vo éxovv nepinov
10 1010 péyebog. e SLPOPETIKN TEPIMTMOOT deV EMTVYXAVETOL UEYIOTN TTapoAAnAia, Kabdg
Kkdmotol kouPot Oo Tpémel va enelepyaoTodv SVGAVALOYX LEYAAO OYKO SEOOUEVAOV, EVD GAAOL
va. unv éyovv dedopéva mpog eneepyacio. O default Partitioner givon o HashPartitioner, o
onoiog ypnowomotel o hush function avéioya pe to mAnboc twv reduce nodes yw tov
yopiopd tov keys. O yprotng umopei va opicet dikovg tov Partitioners xabmg kot to TAn0og
TV partitions, dniadn to mAnbog twv reduce nodes mov Bérel va ypnoomomBodv omd TV
epappoyn. Ipénet va Aappdvovior VoY ol avAayKeg TMV EPUPUOYDYV TPV TNV LVAOTOINGoM
Partitioner am6 tov mpoypapuatioTy), dote vo Tapdyovtol partitions pe nepinov idto péyeboc.

Reduce function — Reducer Interface

H reduce function amotelel to tehevtaio otado tov Hadoop MapReduce. O Reducer
epapuolel v opiopévn and tovg ypnoteg reduce function oto intermediate key/value pairs
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7OV £YOVV TPOKVYEL LETA TO GTASL0 TOV MAP Kot TOPEYEL TO TEAKE OTOTELEGLOTO GT) LOPON
key/value pairs. Iapaxdato eaiverat to interface tov Reducer.

public interface Reducer<K2,V2,K3,V3>

To K2 «ot V2 opifovuv tov tomo dedopévav tov intermediate keys kou values mov
emioTpépel o Mapper kat amotehodv v gicodo tov Reducer. To K3 kot V3 anotehodv 10
output Tov Reducer kot ivor idtov tomov dedouévav pe ta K2 ko V2 avtictorya. Evd o
Reducer emtpémetar vo kdvetl oAlayéc ota Values g 16680v tov, dev punopei va petafdilet
Ta keys.

Onwg £xer avolvbei mopomdve petd to map mpooipetikd spopudletal pio combine
function, n onoia. opadonotel ta dedopéva kabe map koéppov mapdyovrag keys/list_of values
pairs. Xt ouvvéyeto avtd xmpifovtor Tomikd cvpemvo pe Evav Partitioner kot avartifevtot og
kamoto reduce task. To minBoc twv reduce tasks ivot ico pe tov apbud twv partition tov
intermediate key/value pairs mov mpokvmtovy petd v map i tv combine. To framework
avolopufPaver Ty omoctoly OAmv TV partitions otovg avtictoyovg reduce nodes, v
extéheon g reduce function ota key/value pairs kot v emovadpopordynon g oe
TEPITTOOT OTOTVYI0G. ZTNV TEPITTMAN OV OeV BEAEL O TPOYPOUUATICTAE VO XPTCLLOTOCEL
reduce function, to amotedéouata twv map tasks amodnkevovtor oto filesystem, ywpic va
vrooTovy Kamoto ta&vounomn. H reduce function meprypdoeton amd tov Topakdtom tomo.

reduce(i_key, list(merged_value)) — list(f_key. f_value)

Mo avaivtikd o Reducer aroteAgitan amd tpio empépovg otddio. Ta otddio Shuffle, Sort
kot Reduce. Xto otddio tov Shuffle to framework ctédver ta partition and dlovg Tovg map
nodes ota reduce tasks mov £yovv avartebei. Koabdg to partition yiveton ue Baon to key,
dedopéva e 1610 key o otarovv oto id10 reduce task. To kabe map task motdco extedeiton
aveEaptro kat givor mbavd drapopetikoi map nodes va mapa&ouvv to ido key. T'a Adyovg
amddoomng n reduce function mpéner vo gpapuootei og key/value pairs, pe to kabe key va
eneavietor povo pia eopd. Avtod emttvyydvetol 6to 6tado Tov Sort, dmov Aioteg values pe
Koo K edi opadonotovvtot o€ pia. Téhog oto otadio Tov Reduce 1 reduce function kaAgiton
v 6ho ta. Key/list_of values kot moapdyet To tedikd Key/value pairs. To amotédeoua ypaeeTot
oto filesystem ka1 av mpoxdyouvv mepiocdtepo. TOov £vog Keylvalue pairs avtd dev
to&vopovvrat and To MapReduce.
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Node 1 Node 2

Input (k, v) pairs l l ¢ l l l Input (k, v) pairs

map map map map map map
Intermediate (k, v) panrs\‘ / \ 'A}nnediale (k, v) pairs
Y Y
Combiner Combiner
Substitute ime(mediala (k. v) Substitute intermediate (k, v)
pairs pairs
Y Y
Partitioner Partitioner

“Shuffling" process
>—<\J
l4_,_-———’-""" Intermediate (k, v)

pairs exchanged

by all nodes
Reducer Reducer

Ewove 11 Hadoop MapReduce Execution Progress
3.7.2 Tlapaderypo. WordCount pe to Hadoop MapReduce

Ye avt) v evotta Bo mapovoilootel Eva mopdderypa papuoyng tov Hadoop
MapReduce. H gpapuoyrn WordCount déyetar cav gicodo apyeio kol emoTpépel 1o mA00g
enEaviong Ohmv tov Aégemv tovg. Xto mapddstypa 1 Java class WordCount.java opilet 800
classes, v Map kot ) Reduce, kot v pébodo main n omoio tig Kokel yuo enidvon tov
TPoPANuaToc. Akorlovbel 0 KOIKAG Kot 1 avaALGT TG Aertovpyiag TV uedddmv.

WordCount.java

public class WordCount ({

public static class Map extends MapReduceBase
implements Mapper<LongWritable, Text, Text,
IntWritable> {

private final static IntWritable one = new
IntWritable (1) ;
private Text word = new Text();

public void map (LongWritable key, Text value,
OutputCollector<Text, IntWritable>

output,
Reporter reporter) throws IOException {
String line = value.toString();
StringTokenizer tokenizer = new
StringTokenizer (line);
while (tokenizer.hasMoreTokens()) {
word.set (tokenizer.nextToken()) ;
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output.collect (word, one);

}
}

public static class Reduce extends MapReduceBase
implements Reducer<Text, IntWritable, Text,
IntWritable> {

public void reduce (Text key, Iterator<IntWritable>
values,
OutputCollector<Text, IntWritable>
output,
Reporter reporter) throws
IOException {

int sum = 0;
while (values.hasNext()) {
sum += values.next () .get();

}
output.collect (key, new IntWritable (sum));
}
}

public static void main(String[] args) throws Exception {
JobConf conf = new JobConf (WordCount.class);
conf.setJobName ("wordcount") ;
conf.setOutputKeyClass (Text.class);
conf.setOutputValueClass (IntWritable.class);
conf.setMapperClass (Map.class) ;
conf.setCombinerClass (Reduce.class) ;
conf.setReducerClass (Reduce.class);
conf.setInputFormat (TextInputFormat.class);
conf.setOutputFormat (TextOutputFormat.class) ;
FileInputFormat.setInputPaths (conf, new Path(args[0]));
FileOutputFormat.setOutputPath (conf, new

Path(args[1l]));

JobClient.runJob (conf) ;

}

H pébodog main opilet tig kKAdoeg mov Ba ypnoipomomBody yio to map, to combine kot
1o reduce xor tovg tomovg dedouévev twv key/values g eiwoddov kol g €650V TOL
MapReduce. 1o mopadetypo n Map class 6a ypnowuonombei yio to map kow n Reduce class
v To combine kot to reduce. Ta input key/value pairs Tov map dnpovpyovviol pe v
evioM] conf.setInputFormat (TextInputFormat.class), pe v omoia TO
apyeio yopiovior og ypopués. Xto key amobnkedetar n 6éon oto apyeio katl oto value to
nepleyodpevo  ™mc  ypopung.  To  input  key/values tov map  eivan  tHmoOL
<LongWritable/Text> «ot 7to output key/values tov reduce eivor tHmOL
<Text/IntWritable>.

H Map class viomotiei évav Mapper mov cav gicodo maipvel key/value pairs g popeng
<LongWritable/Text> Text kol emotpépel intermediate key/value pairs ot popon
<Text/IntWritable>. Opilel 000 petafintéc, v one, évav IntWritable pe Tyun
fon pe 1, xou v word mov gival tomov Text. YAomoieiton M péBodog map, m omoic
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petotpénet to value g 166500, oL givar pio ypopun tov apyeiov, 6 String Ko omd
avtd e&dyel Oheg T1Ig Aé€elg word. Kabe word yiveton emit og (word, one) key/value pair.

H Reduce class vAiomotei évav Reducer, o onoiog cav gicodo maipver key/value pairs tng
popPnc <Text/IntWritable> kot apod gpoupudcel o ot ™ reduce pébodo emoTpépet
key/value pairs otn popen <Text/IntWritable>. H puébodog reduce abpoilet yio kébe
key 6L ta values mov £xet kot kaver emit éva key/value pair, 6mov oto key Bpioketon n ALEn
kot 070 Value to minBog tov eppavicedv .

Axolovbel éva mopaderypo extédeong g WordCount yia to apyeio. filel ko file2.

run forest run i run in the forest

H map method napdyet ta axdérovda key/value pairs.

(
(run, 1) (run, 1)
(forest, 1) (in, 1)
(run, 1) (the, 1)
(forest, 1)

>10 Topddetypa yio to combine ypnowonoteiton n Reduce class. Avtd onuaivel Twg mpv
ta key/value pairs otolBolv otovg reduce nodes, opadomolodvor ta Keys oto kdbe apysio.
Anadn n pébodog reduce epappoletar Tomikd oto key/value pairs tov kabe apyeiov 16650V
Eexoplotd Ko opadonolet Tig eppavicels tov idiov Keys. H combine emiotpépet ta axdérovba
key/value pairs.

3.7.3 Xapaxtmprotikd ko Epyaieio tov Hadoop MapReduce

To Hadoop MapReduce Framework ypnowonoteitat yio. thyv encepyocio 6edouévmv mov
eivon amoBnkevpévo oe cluster vmoloyiotdv. O KOTOVEUNUEVOS TPOTOC YEPIGUOD TOV
dedouévmv amotehel To ueyddo mhgovéktnuo tov Hadoop odld kabiotd Ty dnuovpyia kot
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CUVINPNOT] TOV EPUPUOYDOV TOL TO YPNCLLOTOOVV OLOPOPETIKEG Omd GAAO HOVTEAQ
TPOYPoUUaTIopoD. e avtd 10 AOGY0 TPOGOEPOVIOL EPYOAEID KOl UNYOVIOMOL Yo TNV
avantuén, tov yepiopd, tov Eeyyo, to testing kor to debugging tev mpoypoupdtov mov
ypnoyorolovv to Hadoop MapReduce. TTapakdtm mopovcidloviol opiopéva and atd.

Distributed Cache

Amotelel to pmyavicpd tov Hadoop yio v amodotiky kotovour pueydimv read-only
apyeiov og 6A0vg Tov KOuPovg tov cluster. Ta (nrodueva dedopéva amodnkevovIaL TNV
cache tov koupov Tpv and v ektéieon tov tasks mov Ba ta ypelootodv. Ta apyeia dev
TPENEL VO, VITOGTOVV emeepynoio and Tig epapproyég N ewtepikd 660 Ypovo 1o task mov ta
ypnowomnotel ektedeitar. ‘Eva mopddstypo yprong eivar n Katavour dedouévev mov gival
amopaitnta o 6Aovg Tovg Mappers.

JobTracker Web Ul

I'o v Tapoakolovdnon ¢ npoddov ektédeong Tov digpyaciov o JobTracker mopéyet
éva, web interface. Kafobg ot epappoyég tpéyovv katavepnpéva givar mold dHGKOAOG O
éheyyoc tv tasks mov extelovvtal. To JobTracker Web Ul, uéow tov job ID mov avarifetat
oe kGOe diepyacio otnv ekkivnon g, eviomilel 10 kdOe task kol mapéysl TANPOPoOpies Yia
mv e€EMEN tov map, tov reduce, o péyebog twv 1/0 mov mpaypatonoovvior KoBdS Kot

GAAEC YPOYLEG TATPOPOPIES.

Counters

O Counters ypnouyomolobvTal Yoo TV TePOLGIOoT TNG GUVOMKNAG 0TOd00NS TMV
epappoyav. Ot mpoypapupatiotég opiovv counters, ot omoiol avEAVOLV TIG TIMEC TOVE UETA
OO GCULYKEKPIUEVEG €VEPYELEC TOV ovotnuatos. Toa amoteAécpato mopovcslalovial GTo
JobTracker Web Ul poli pe tovg counters mov éxel evompotmpévovg to Hadoop. "Eva
TapadeEyo ypNong glvar  LETPNON TV EYYPOUEDY TOV OTOPPITTOVTOL KATH TNV EQAPUOYN
tov MapReduce. ITapdtt dev Exetl AvVTIKTLTTO GTNV 1610, TV EPOPUOYT ML TETOLO, HETPNOT diveL
KOADTEPT EIKOVA TNG CLUTEPIPOPAS TG, PoNOdVTIOG TOVG TPOYPAUUATIOTEG VO PEATIOGOLY
TNV 0mdd001 TG,

Skipping Bad Records

Kobhg oe molég mepimtoelg ol epappoyes xepilovior peydio dyko dedouévov givar
mBavo kamolo amd avTd va £govv AaBn, oNAad va unv £xovv TV SoUN 1 TIG TANPOPOPIES
mov avapévovtatl. Ot epappoyéc Ba mpémet va evromilovv TéTola apyeia Kot vo Lropovv vo ol
YEPLOTOVV Ywpic va ennpedletor n ektédeon tovg. To Hadoop mapéyet Evav unyovieuo yio. to
skipping eyypagav mov umopel vo TpokaAéGoVY THV acToyio TV gpappoymv. Katd v
emavorlapuPovopevn extédeon evog task, ovtd Ba 0dnynbei otov TaskTracker o omoiog Oa
TPOGOOPIoEL TIG EYYPOUPEC TTOVL glvar Vevbvveg Yoo TV aotoyia, Oa Tig daypdyel kot Oa to
EMOVAOPOUOAOYNGEL. AVTOG 0 Unyavicpoc Bo mpémel va evepyomoindel amd ToVg SLoEPIOTEC
KOl LITOPEL VoL EQpopUOGTEL 6TO 6TAS10 TOV Map Kol 6To 6Tdd1o Tov reduce.

Isolation Runner
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I'o to debugging tov MapReduce jobs umopovv va ypnoponombovv ta log files mov
amoOnkevovior otov NameNode, ta omoio 6mw¢ £yl mapovclactel SloTnPody OAEC TIg
aAlayég Tov €xovv vroPAnbel ota apyeio. Qotdoo kabmg kabe MapReduce job amoteAeiton
and mwolld tasks, ta omoion Tpéyovv mapdAAnio o mOAAODG KOUPOVG, OE TEPMTOGELG
amotvyiag o debugging eivar modd dvokoro. Ipémel va gviomiotel o kOuPog mov €yve to
o@dipa, To iNput tov ocvykekpuévov task kot o axpipng mpoodopiopds Tov TPOTOL
extéheonc tov. To Hadoop MapReduce mpocoépet tov Isolation Runner, éva epyoleio yia tov
evtomiopo tov task mov mpokdlese TV amotLyic Kol TV mapakoAovOnon Tov fnudtov Tov
odMynoov o€ ovtryv. Otav o job amotiyetl, ypnoonoeiton to JobTracker Web Ul yio tov
evtomiopd tov task mov mpokdiese v aoctoyio kot 0 KOpPog otov omoio Etpeye. Me tov
Isolation Runner amopovdveton to task kot emovextedeitoan otov kOuPo pe to idro input.
IMapaxorovBovtag v extédeon tov pe évav debugger, mpoodiopiletar to axpifég onueio
TOL TPOKOAEGE TNV ootoyio. Xtnv mopovoo ékdoon tov Hadoop vmootmpileton M
emavektéleon povo tov map tasks.

Compression

Metd v olokipmon tewv map tasks ta dedopéva StovEHOVTOL UECEH SIKTOOV GTOVG
KkouPovg émov Ba exteleotel T0 TG0 TOL reduce. Méypt Tdpo 0 POVOG TPOTOC TOL EXEL
avagepbel yio v pelmoN TG GUVOMKNG UETAPEPOUEVNG TANpOPOpiag eival 1 ypnon g
combine function opéomg petd to map. Xty exopevn evotnta Ha TapovclacTody Kot GAAES
TEYVIKEG Y10, TNV peimon Tov GLuVoAlkoD Oykov tov dedouévav. To Hadoop MapReduce
Framework mpoc@épet yia mepottépm PeATioon ¢ anddoong Tmv EPOPUOYOV EPYaAEia Yo
TNV GLUTEST) T®V dedOUEVOV TOCO UETA TO GTAS0 TOV Map, Yo TNV peiwon g kivnong oto
diktvo, 660 kot petd to reduce, yio peiwon tov cuvolkov output twv MapReduce jobs.
[eprrappdvovton emiong epyaieio yio v amocvumticon tov dedouévmv. Eival oty evyépeia
TOV TPOYPAUUOTIOTOV VO €MALEOLY T KOTAAANAO epyoleio yio Tnv ovumieon Kot
amoovumieon Tov apyeiov. Amd to Hadoop mpocpépetar to e€eidikevpévo sequence file
format yio v cvumicon apyeiov pe dedopéva g popeng key/value pairs. Mropei emiong va
ypnowonombel yio amobnkevon binary apysiov, omwg ewdves. H mopoiiniomoinon oto
Hadoop emttuyydveton pe tunpotonoinon tov input kot St potpacd tov 6Tovg KOpPouvs yio
tavtoypovn ene€epyacio. IV avtd to Adyo to sequence file format eivar oyedoouévo va
ooumiECel Ta apyeio Kol TaVTOYPOVE VO To KOOIoTA TUNUOTOTOW G0, KAVOVTOG SUVATY TV
TopUAANAN amocvunieon tovg ota reduce tasks.

3.7.4 Advanced MapReduce

Oco &géehicoovial 0Ol OVAYKEC TOV EQOPUOYROV, omalteitol 1 LEOPoA OAoéve 7o
obvletov gpomudtov. O amiéc evépyelec mov e@opuoloviar oto dedopéve amd Eva
MapReduce job cuvyvd dev eivar apketés. Emiong oe molhéc mepumttdoelg omotteitol m
enefepyacio dedouévav mov avikovy o dapopetika datasets, oe dwupopetikég collections.
Térte givar amapaitntn 1 vAomoinon Kamolov €idovg join, To omoio. OUMS TNV HOPET TOL
owvavTOVTOL OTIG oYeolokés Paoelg dedopévev dgv vrootnpilovior and to Hadoop
MapReduce. T ovtodg tovg Aoyovg to Hadoop framework mepilopfdaver epyodeio kot
TEXVIKEC TTOV TKOVOTTOLOVV TETOLEG TOAVTAOKES OMALTIGELS.

3.7.4.1 A1adoyixe MapReduce tasks

70



T v e€aywyn omaviioewy 6€ TOAOTAOKO EPOTALATA TOAAEG POPEG OEV OpKel i
MapReduce Job, oALd mepiocdtepeg, o1 onoieg ekteEloVVTOL £iTE GE JOPOPETIKA deSOUEVA
avegaptnta gite n €£000¢g TG oG eivor 1 €16000G TNG EMOUEVNG. LTIG TEXVIKEG LE OLOOOYLKT|
exktéheon maps kot reduces, amotelei yevikd kavovo too output key/value pairs piog
ovvaptnong va tauptafovv pe to input key/value pairs g endpevng. I'o Adyovg anddoong to
Hadoop MapReduce dwaBétet gpyodeio yio tnv avtopatomompévn exktédeon tov MapReduce
Jobs mov vAomolovV ot xproTES.

Y& TEPUITMOOELS OV amorteitanl d10d0y Ik ekTéleon Vo 1 mepiocotépwv MapReduce
Jobs, avtd 6o pmopodoav va eKTELEGTOVV G& GEIPA XEWPOKIVITA AT TOVE TPOYPOUUOTIOTE.
Anhodf va ektedeotel o mpdTo MapReduce, vo amobnkevtovv 10, OTOTEAECUOATO GTO
filesystem ka1 ot cvvéyela va Egkivioet 1 ektédeon tov emdpevov MapReduce o avtd. Mg
1o Hadoop MapReduce ot yproteg umopovv v GOTOUATOTOGOVY THY EKTEAECT] LAOOYIKMV
MapReduce Jobs cg pia, pe to output pag evoidpeong MapReduce Job va yiveton input tng
EMOLEVG.

Méow tov Job xar JobControl classes mpoo@époviol punyovicpoi yioo eKTEAEST O
noldmhokwv cuvovacudv MapReduce Jobs. TTapéyovior gpyoieio. mopokoiovdnong kot
dayeiptong Tov tasks kot opiCovrar kavoveg, dnmg eEdptnong evog MapReduce ard éva Giro
péom g addDependingJob class. Otav éva task e&aptdrol and éva GAho, dev pmopei vo
Eekvioel TNV EKTEAECT] TOL HEYPL VO EMCTPEYEL TO OPGUEVO Tpomyovpevo. Avtibeta
aveEapmrto tasks pmopodv va ektelestodv mapdAAnio av&dvovtag TV omdd06M NG
EQAPHOYNG.

Y& €QapLOYEG TTOV amantoVV TOAAG 6Tado pre-processing kot Post-processing n cuviong
TEYVIKN €lvar owtd va viomotovvtol cav aveEaptnta MapReduce Jobs. Qotdco dtov kabe
ot@do omortel ToAAG /0 wau peydAn omobrkevon mAnpogopiag, €ivar amodoTIKOTEPO Va.
opadomolovvTal To pre-processing kot post-processing otadie kabdg €101 peldveTon M
TOMOTAT HETOQPOPG Kol omobnkevon Tov idiov dsdopévav. Méow tov ChainMapper xot
ChainReducer classes eivar dvvotny 1 opadiky ekTéleon TV Pre-processing kot post-
processing tunpatev g epappoyng avtiotoryo. ‘Eva MapReduce Job mov ypnowonotet
auTNV TV TEYVIKY oamoteleitar amd évov ChainedMapper, éva MapReduce task kot évav
ChainedReducer. Ot ChainedMapper kot ChainedReducer vAomolobvror péow map functions.
Ot cuvapticelg Map kot reduce ektelovvton pe tn ogpd, pe v é€odo g piog va givorl
€l6000g NG emoduevnc. Akolovbei éva T€T010 TapddELy L.

Map1|Map2|Map3|Reduce|Map4|Map5

Y10 mopddetypa ot cuvaptioelg Mapl ko Map?2 omotehodv 10 Pre-processing kopudtt
™e e@apuoyns, ot Map3 kot Reduce amotehobv to xoppdtt tov MapReduce ka1 ot Map4
Kot Map5 extelovv to post-processing tunpo. To mAnbog twv pre kot Post-processing
GULVOPTICEMVY TOIKIAEL AVALOYX LIE TIG AVAYKEG TV YPT|CTMV.

3.7.4.2 Teyvikég Join oro Hadoop MapReduce

To Hadoop MapReduce epapuoletar oe clusters vroAoylot®v Kol GUYKEKPEVE GE
apyeia. Kaboc amoterel éva yevikd epyoleio e&oywyng mANpoQOpPLOY LLE GUVOPTNGELS TOV
opilet o yprionc, dev amatteitat éva opiopévo schema ot dopn Tov apyeiov. Avaioyo pe Tig
OVAYKEG TOLG 01 TPOYPOUUUOTIOTEG UTOPOVV VO S10AEEOVV TOV TPOTTO SOUNGNG TV OEGOUEVEOV
TOVG KOl VUL DVAOTOMGOVV GLVOPTHGELS TOV 0&I0TO100V OAEG TIC 1O10TEPOTNTES TOVG.

Oco ot avlykec TV gQappoy®v yivovior TOALTAOKOTEPEG, GLYVA OTOLTEITOL O
oLVOLOCUOC TANPOPOPING aTd OPYEIC, TOV CVIIKOVY GE OLOPOPETIKEC TNYEC. TTNV TEPITTMOON
TOV GYECLOKAOV PAcewv SedopEVOV Kol UEC® TNG GYECLOKNG GAyeBpag avt 1 cuvEvmoN
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dedopévav viomoteitonr pe ta JOINS. Me ypnon JOINSeyypogéc mov avikovv oe
dwapopetikd tables dnpovpyodv amaviioElg TOL TEPLEYOVY TANPOPOpiec and To emBuunTd
tables. ¥to mapdaderypo mov axorovdei BEAovpe o inner join dvo tables, People ITivaxog 4
kot Movies TTivaxag 3, dnladr] Oreg Tig 6TAAES Ol OTOieg Do TEPLEYOVV TIG EYYPOPEG TMV
People mov eivaw Directors oe tovAdyiotov 1 Movie. To amotélecpa mopovolaleTal 6Tov
[Mivakag 5.

M id Title P _id
Ax01 foo 2
Ax02 bar 3

IMivakog 3 Table Movies

Surname Address
1 A B Street No 1
2 C D Road No 2

IMivaxkog 4 Table People

P_id | Name | Surname Address
2 C D Road No 2 Ax01 foo

Mivaxkoeg 5 Inner Join of Tables Movies and People

Y11g oyxeolakég Paoelg dedouévov pe v vrofoAr, queries to. JOINS avolappavovon
avtopata amd ™ Paomn, Kabmg ovth givar dounuévn ue cvykekpiuévo schema. Xto Hadoop
MapReduce 6umg to dedopéva dopovvrar pe schema-free tpdmo kot avaroya Ue TG EKAGTOTE
avaykes Tov Tpoypappatiotdv. Tavtoypova ol cuvapticelg map kat reduce mov opilovron
07t0 TOVG YPNOTEG, UTOPOVV VO EPUPLOGTODV LLOVO GE JEGOUEVE, TTOL OVIKOLV GTIV 1010 TNy,
onw¢ oty idwa collection tov NoSQL Bdoewv dedopévaov. T avtodg tovg Adyovg To
Hadoop MapReduce dev vootnpilet tv gpappoyr JOINSavtopata ota dedopéva Onmg oTig
oyxeolokég Pdoeic. e autny TV evotnta 6o TOPOLGLIGTOOY 01 EVOAAAKTIKEG TEXVIKEG OV
ypnoponotei o Hadoop MapReduce yia tnv vAomoinon toug.

Reduce-side join

Mia teyvikn mov ypnowonotei to Hadoop MapReduce yia thv viomoinon JOINSeivor o
reduce-side join, péow tov datajoin package. ITapott dev givor 1 o 0w0d0TIKY, ATOTEAEL TNV
o YeVIKN néBodo Tov ypnoponoteital og Paomn yuo mo e&eldikevpéveg texvikég. To reduce-
side join swodyel Tig évvoleg data source, tag kou group key. H data source, to avéioyo tov
tables otic oyeclaxéc Paoelg dedopévov, givor ot dopopeTikég mnyég and Tig omoieg Oa
avtAnBovv mAnpoopieg yio v vAomoinon Tov join. Kabe data source amoteleiton amd éva
neplocOTEPa OpyEia, To omoia vIoypemTIKG Eyovv To id1o schema. To tag ypnowuonoleitat yio
v dwtfpnorn Mmetadata ota dedopéva axodua Kot petd v enelepyacio Tovg. Xto reduce-
side join ta records, to avTioTOYO TOV EYYPUPDY OTIG OXECIOKEG PACEIS dedOUEVOV, YivovTal
tagged pe tig data sources tovg, dote kGBe oTiyun va givar yvwoty n mtpoéievon tove. To
group key eivon to avéroyo tov join key towv oyxectakdv Bacewv dedopévav, oAlG pe TOAD
7o €VEMKT YPNOT, KaBMG Uropel va gival 0ToladNToTE GLVAPTIOT OPIGOVY O1 YPNGTEC.

Y7o reduce-side join ot ypnoteg opilovv tétoteg map functions, mote T dedopéva va
£xovv KatdAANAn popen yio o join mov Oa mpayporomombei oto otddio Tov reduce. T'a tov
optopd tov map kou reduce functions oto reduce-side join ypnoipomotovvtor ot classes
DataJoinMapperBase kot DataJoinReducerBase avtictoyya. Ot map functions §&yovtar cov
gloodo ka1 emotpiépovy cav £€odo key/value pairs. Opiletar wg output key to group key pe
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Bdomn 1o omoio Ba yivel to join kat w¢ output value to record. KOs record yivetou tagged pe
To data source tov, dnmAadn pe TO apyeio omd To omoio mponAbe, péow tng class
TaggedMapOutput. TIpw emiotpéyouvyv ot map functions opadomorovv ta Key/value pairs pe
Baon to key. Kabmg 10 key éxel opiotel wg to group key, odeg ot eyypapég pe Kowvd group
key mov mpémel va yivouv join katainyovv oto list_of values evoc key/list_of values pair.
AxolovBel oyMUOTIKA TO TPONYOVUEVO TOPAdELY L0, OOV To group key opiletor to P_id.

Ax01, foo, 2 1,A,B,Street,No 1
Ax02,bar, 3 2,C,D,Road,No 2

Map Function Before Return

(2, [Ax01, foo, 2 || Movies])

(3, [Ax02, bar, 3 || Movies])

(1, [1, A, B, Street, No 1 || People])
(2, [2, C, D, Road, No 2 || Peoplel)

Map Function Output

(2, 1list{[Ax01, foo, 2 || Movies], [2, C, D, Road, No 2 || Peoplel})
(3, [Ax02, bar, 3 || Movies])
(1, [1, A, B, Street, No 1 || People])

Zta mapandve key/value pairs to key eivan o P_id kat oto value ot eyypagég tov dvo
data sources, Movies ka1 People. Ztnv €£066 g 1 Mmap £xel OpAdOTOGEL TIG EYYPOPEG UE
oo P_id.

¥t ovvéxewa 1 reduce function 6éyxstar ocav gicodo ta key/list_of values pairs mov
emotpEeel  map function kat emoTpést yioo To K4Be £va OAOVG TOVG GLVOVAGHOVE TMV
list_of values mov dev éyovv ido data source. Avtdg o éheyyog yivetal ddtt 1o join opiletat
Yo €Yypagésg dlapopetik®v data sources. Xto mapdaderypo av pa gyypaen and to People gixe
oknvobetioel 600 N meplocotepeg Movies, oto join dev avikel | évoon tov dvo Movies,
aAld 1 évoon tov People pe v kéBe Movie. AkolovOei oynuatikd 1o mapdderypuo Kot v
epappoyn g reduce function.

Reduce Function Input

(2, list{[Ax01, foo, 2 || Movies], [2, C, D, Road, No 2 || People]})
(3, [Ax02, bar, 3 || Movies])
(1, [1, A, B, Street, No 1 || People])

Reduce Function Output
2,Ax01, foo,Movies,C,D,Road,No 2

Eivar pavepd 611 ovth 1 pébodog join mapdtt amdn dev eivar 1dtaitepo amodoTiky, Koabmg
70 join dgv mpaypoatomoteitan mapd povo oo otado tov reduce. ‘Etot amorteitol petapopd
UEYAAOL OYKOV TANPOPOPING, EVD TOALA aTtO T dedopéEVa TEMKE omoppinTovTal.

Replicated Joins ue ypfion Distributed Cache

"Evag mo amodotikdg Tpomog eoproyng join givar avtd va yivel kotd to otddio Tov map.
Qot6c0 cuyvd o Mapper dev €xel pdoPaocn oe Oho to, data sources amd ta omoio Ba yivel
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dvtAnomn minpoeopimv. Mia Adon etvar va yvopiletl ek tov tpotépov o Mapper v akpipni
tonoBecio Twv data sources, to group key mov Oa ypnoiomomBel kat tn dour TV EXUEPOVS
apyeiov. XTIC TEPIOCOTEPES MEPMTMOELS OVTN 1| TPOKTIKN OTOLTEL TNV €QPAPUOYH GAA®V
MapReduces yia va £pfovv ta dedopéva oty embovunTy HOpPPT|, KAVOVTAS TN L1 0IT0S0TIKT.

Mo GAMAn Adom givan M ovtiypaen puog data source oe 6Aovg Tovg Mappers kot M
€QaPUOYT join Tomikd o kaBévav amd avtovc. H mpdén éxet deilet 0tL 68 TOAMAEG EQUPUOYEG
N i data source givar ta&eig peyébovg peyaAdTepn amd v GAAN. Xg 0UTEG TIG TEPITTMGELS
Kot av 1 pukpny data source yopdet otn pviun Tov kabe Mapper, givar arodotikd 6to 6Tdd10
TOL Map vo tunuotonmoteitarl 1 pueydAn data source kot vo otélvetol o€ OAo. ta map tasks
Hkpotepn. Me avtdv tov Tpdmo amd To 6TAS0 Tov Map yivetat To join kot amoppinTovIol To
dedopéva Tov dgv aviKOLV GE awTtd. Avti 1 TEXVIKN ovoudleton replicated join, kabohg éva
KOUUATL TOV Od0UEVOV OVTIYPAQPETOL GE OAOVG TOLG KOUPBOLG 7OV GULUUETEXOLV GTO
MapReduce. T v petapopd tov uiKkpoTepev data sources oe OAOVLG TOLC KOWPOVG
ypnowonoteital o pnyaviopdg tng Distributed Cache, mov éyetl Topovoiactel mapandvo.

Katd v ektéleon g map function to tuniua g peyding data source oto kdbe map
task ka1 n wikpdtepn data source dnpovpyovv key/value pairs, pe key to group key ko value
mv eyypoen. Kdbe @opd mov éva keylvalue pair tng peyding data source Bpioker éva
key/value pair g pukpng pe idwo key, to values opadomorovvtar. Ta key/value pairs pe key
7oL dgv vrapyel ota. key/value pairs tng pukpng data source amoppintovtat Kot dtarypaeovol.
Me avtdév tov Tpdmo 1O jOiN TpayUaTOmOlEiTOl 6TO OTASI0 TOL Map, Ywpic aypsiaotn
LETAPOPE TANPOPOPLOG EYYPAPDV TOV GTI GUVEYELD OTOPPITTOVTOL.

Semi-join: reduce-side join ue map-side filtering

Y€ TEPUITOOELS TOV Ol TAPATAVE PEBOSOL dEV UTOPOVV VO EPAPUOCTOVV EITE Yol AOYOLS
amddoog ite eneldn dgv eivol apkeTd Kpn 1 o data source dote vo yOPAEEL GTNV TOTIKN
uvnun tov Mappers, divetat 1 evolhaktikn tov Semi-join. To semi-join amotehei o wo
anodotiky] €ékdoon tov reduce-side join mov mapovcidotnke Topamdve. Katd to reduce-side
join o Mapper kdvet tag otig eyypagpéc tnv data source and tv omoia mponAbav, opoadomotel
obuewvo pue to group kKey kor otédvel Oleg TIc eyypapéc oto reduce otddio. Avtod éxel mg
AMOTELEGUO VO UETOPEPETOL LEYANOG OYKOG SEGOUEVMDV TTOV OEV AVAKOLV GTO JOIN Kot Ta.
onoia teMkd anoppintoviol. Evalhoktikd pe yprion semi-join n amdppiyn tov dedopévmv
OV deV AVAKOLY 67O join yiveton Katd 1o 6Tdd10 TOV MAP, CEUPGOVTOS TV TAEovalovoa
petapopd dedopévmv oTo SikTvo. AVTO EMTLYYXAVETOL LE TNV EPAPUOYT KOTAAANA®V QIATPOV
070 0TA010 TOL MAP COHUE®VA LE TO SOUIKA YOPAKTNPIOTIKA TOV dEGOUEVAOV KO TIG OVAYKEG
TV EQPOUPLOYDV.
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Kepdiaio 4
NoSQL Bdoeig Acoouévov

Xe auT0 T0 KEQAAOWO B0 TOPOLGLUGTEL TO KOUUATL TOV AOYIGUIKOV 7OV gyKobictartan
Tave and to eminedo Tov Middleware kot awotelel GUVOETIKO KPIKO TNG EMKOVOVIOG TOV HE
TIG TEMKEG EQUPUOYES TTOV OVOTTUGGOLV Ol XpNotec. To Aoyiopikd avtd agopd otig Bdoels
OEJOUEVOV KOl GUYKEKPLUEVO o€ TNV TV dmAopatikh otig NoSQL Bdoeig dedopévav. ZTig
emopeveg evotnteg Ba avalvBov ot Adyot mov odnynoav otig avantuén tov NoSQL Baoswv
oedopévav, Ba 60600V Ta YOPAKINPICTIKA KOl Ol KOVOVES OV TPEMEL Vo, dlokpivouy Kabe
Baon kot Ba mapovoiactovy ot mo yapoktnprotikég NoSQL Bdaoeig mov sueoavilovral péypt
ONUEPQ, UE EUPOOT] GE EKEIVI TTOL EMAEYONKE OO VTNV TNV SUTAMUATIKY.

4.1 Bdaoeig Asdopévmv

Mo Bdon dedopévav eivar pio. cLAAOYN amd OedoUéva, TOL OPYOVAVOVTIOL G OOUES,
TETOIEC DOTE VO, OVOTOPIOTOVV TNV TPAYLOTIKOTNTO UE TOV KOADTEPO OvvoTo Tpomo. Ot
OLPOPETIKEG dopég opilovy Kot Tol SLOPOPETIKA HOVTELD GUUP®OVO. LLE TO OTOI0L OPYUVAOVETOL
n Paon. H Pdon dedopévov Epyetor oe cuvdvacud pe €va cOoTnua Sloyeiptong g, To
2botnua Aayeipione Baosewv Aedouévarv, 2ABA, | Database Management System — DBMS.
Yrapyovv dtdpopa povtéda ot omoia pmopel va PBoaciletar éva DBMS kabmg kot  YAdcoo
TPOYPOUUATICHOD Y10 TO YEPICUO TOL Kot TV VmoPoin epotnudtmv. Ot TopadoctloKkes
Bdoelc dedouévmv ¥pNOILOTOI0DY TO GYECLOKO HOVTEAO, TO oyectokd DBMS, Relational
DBMS — RDBMS, ka1 ™ yA®ooo mpoypaupaticpod SQL. ‘Eva véo poviélo ddunong kot
dayeipiong dedopévov amotelovv ot NoSQL Databases. Awaxpivovtar moAld €idn NoSQL
Baocewv avaioyo pe tov TOTO TV dedopévmV TPog amobnkevor, kabe éva amd to omoia
opiletar amd ™ O1KN TOL YADGGO VTOPOANG EPOTNUATOV.

4.2 Avaykn Avartoéng NoSQL Bdacewv Agdopévov

To oyeolaxd povtéro elvar yevikd gvélikto, olobétel TOAMG epyadeia dloyeipiong Tmv
dedopévav, evnuépmong g Paong, update, extédeong cuvariaydv pe avtiy, transactions,
KOl TOPOYNG TANPOPOPLDY GTO YPNOTN UEC® VLRIOPOANG EPOTNUATOV. AVOTOPIOTH T
Oed0UEVE, LE SIOOLUOTOTOVS TVOKES KOl TIC GYECELG HETOED TOVG Uéc® KAEWwmv. Eivar o
€0KOAN GTNV KATOVONGT) oM KOl KAADTTEL TIC OVAYKEG TV TEPIGGOTEPMOV EPAPLOYDV.

Qo1600 6A0 Kot TEPLEGOTEPO EXEl MapaTnpnOel N avdykn Yo TovTtOYpOVY OmobnKevon
KoL OloyElpLon UEYAAOL OYKOV KOTAVEUNUEVOV OEGOUEVMV, T 0TTO10 EUPOVILOVY TOAVLOPPiaL.
[Mopovcialetar cuyve M OVAYKN UETOPOPAC TMV OEOOUEVOV OV omd €vo OIKTLO Kol M
avtinon yvoong amd ocvotiuate Peer to Peer, P2P. Téhog amoauteitar m ypnon tov
VINPECLDYV TAVD OO0 SLOPOPETIKEG TAATPOPUES, GE TOIKIAEG EQPAPUOYEG, TO AOYIOULKO KO TO.
epyoreia Tov onoimv pmopel vo dtopépovv. o avtod Tov €100V¢ TIG EQOPUOYES 01 PAGELG
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0ed0UEVOV TTOL VAOTTOLOVV TO GYECIOKO LOVTEAO OgV ival 100VIKES, KAOMDE T EPOTALOTA TOV
tifevtor ot Pdaon wor m ektéreon twv JOINS mpog amdvinon tovg, amaitodv TNV
eneepyacio PEYAAOL OyKov OedoUEVEV KOl TN UETAPOPH TOLG TOV® 0md TO OiKTLO,
TpokoddvTag peydio latency kot avEnpévo xpovo amdKpLong TOV VINPECIOV.

I v viomoinon olOVOeT®V, KATAVEUNUEV®OV VANPECIOV OgV OPKOLV TOANLOTEPO
HOVTELD aVATTUENG, OTTOC TO LOVTEAD TOL KATOUPPAKTN, OAAG GUVTOUOTEPO, SLOOPACTIKOTEPO
povtéla, Omov M avamTuEn Kot oxedlaom Elval WO KOVIA GINV TOPAY®OYN| TOV TEMK®OV
Tpoidvtov. AkOHo Ol SWKVUAVGES OTIS OMOITNOEL, TOV YPNOTOV EKOVE EMITOKTIKN TNV
avaykn ovammoéng unyovioudv ypnyopov scale up xor scale down otovg moOpovg mov
YPNOUYLOTOLEL 1] EQOPLOYT AVAAOYA LE TIG OVAYKEG KAOe ypovikn otiyun. Ot oyeotokég Pacelc
dev &yovv dnuovpynBel yio TOG0 EVEMKTES TEPITTMOGELS. AVOTTUGGOVTIOL GE YVOGTOVS EK TMV
TPOTEPOV TOPOVG, LE YVOOoTO SChema kot dev EnLTPETOVLY TOAVLOPPIaL.

o tovg mopamdveo AGYOLC KOU Yo EQOPUOYEC TOL OATOLTOLV Olo)EIPIoT OAOEVA
avEAVOLEVOL OYKOL OedOUEVMV, GE TPAYUOTIKO XPOVO 1 O GOTOTIOTIKEG UEAETEG, MTOV
amopaitntn n dnpovpyio evog GALOL TPOTOL AVATAPACTOCTG KOt SIOXEIPIOTG TV OESOUEVAV.
Avormtoynikav ot NOSQL Pdocelg dedouévav, o6mov to. dedouéva dev givarl amopaitnta
dounuéva o€ TIVOKES, OO GTO OYECLOKO LOVTELO, OAAG pE O1dpopovg Tpdmovg Odmme Oa
dobpe mapaxdTe. Avtd divel peydin elevbepia otovg ypnoteg mov BEAovV va avartvéovv
VINPEGiEC KaODC UTopoV Vo, EMAEEOVLY TO HOVTELO TTOL TOLPLALEL KAADTEPQ OTIG UVAYKEG TNG
EPUPLOYNG TOVC. AEV VTTAPYEL GLYKEKPLUEVT] YADGGO TPOYPULUUATIGIOD Y10 TO YEPIGHUO TOVC.
KéBe NoSQL Bdon mapéyel epyaireio yuo v dwoxeipion TV dedopévov Kobmg Kot Sk NG
yAdooa vrofoing epwtmudtmv, query language.

O1 NoSQL Baceig mapéyovv ETEKTACIULOTNTO, TOAVUOPPI, KOl aOENOT OTIC EMOOCELS TV
epappoydv. Epapudlovton og clusters, vrootnpilovv dloyeipion Katavepunuévoy ded0pEVOV
KOl TOPEYOVV UNYOVIGHOVG OVAKTNONG TOV dedopéEVOVY petd and katactpoen, failure tolerant.
INo v mapovcioon tov NOSQL Bacewv eival amapaitnn 1 ova@opd TOV YOPAKTNPIoTIKOV
OV TPEMEL VAL TIG SLOKPIVOUY Kol TV KOVOVOV OV TPETEL VoL AKOAOLOOVV TPOKEIUEVOD VL
arotelobv aflomoto gpyoreio amobrkevong kot Swyeipiong dedopévev. XTI EMOUEVEG
eVOTNTEG OIVETAL IO TPOEMICKOTNGOT TMV WOI0TATOV TOL TPENEL VO SLOKPIVOLV TIG PAGELG
dedouévav, KoOMG Kol Ol UNYOVIGUOL 7OV YPNCIUUOTOOVVTOL YIol TNV EKTEAECT] T®V
transactions.

4.3 [dwvtrteg ACID

Transaction, cuvoAlayn, ovoudaleton kaOe oepd evepysidv, 6mov kabe evépyeia draPdlet
N Ypdoeel avtikeipeva o o Pacn dedopévav. H epapuoyn tov womtov ACID ce kdbe
transaction gyyvdator TNV o&OMIOTIO TOV OYECLOK®OY Pacewnv dedopévav. Axoiovbel 1
avéivon tev wothteov ACID.

Atopkotnta, Atomicity — E&aocpaliletan 6Tt gite Oa mpayuatonombovv dheg ot mpdEelg
evog transaction gite 0Tt O amoTOYOLVY OAEC, aprivovtag TN Pdon avennpéaotn. Le mepinTmon
KOTAPPEVOTG TOL CLGTILOTOS KOTA T ddpKeln evog transaction Ba avaipeBody 0,TL aAAay£g
&yovv yivel otn Paon kot avt o €pbBel ot LopEN oL NTAV TPV EEKIVIGEL 1] EKTEAEGT] TOV.

Yuvémern, Consistency — E&acpaiileton 6t mpv kon petd v extéleon evog transaction, ot
KOVOVEG KOl TTEPLOPLGLOL TOV d1émovv 1 Bdom dedopévov TAnpodvTaL.

Amopoévomon, Isolation — Kabe transaction Bempei nmg gival to povadikd mov TpEYEL 6TO
ovomua. To evdidpeoa anotelécpoto evog transaction dev emnpedlovv GAla transaction mov
EVOEYOUEVMG £xovV TPOcPaom oto, idla dedopéva. To tehkd amotéleopa g Pdong sival to
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010, av OAa Ta transactions étpeyov GEpLOKd.

Mowvipotnta, Durability — Ot oAlayéc mov mpokoiel otn Pdon éva transaction mov
emtuyydvel Oa mapopeivouy akopa Kot LeTd and KatdppeLGT TOL GLGTIULATOC.

4.4 Mnyaviopog EAEyyov Zuviovicpon

Mo v amoeuyn ocvverelidv otn Pdon to transactions mpémer va pépvouvv ta ida
amoTeEléouaTa ooy Vo, ekteAovvtay ogplokd. H oegiplokn extéleon dev umopei va
npaypatoromBet yio Adyovg amoddoone. Xe éva mepifdAlov 6mov to mapdAiinlio transactions
extehovvtal aveEédheykta givor gokoho va dnuovpynbodv acvvémeleg otn Pdon. Eivor
AmOPOiTNTOC £Vag UNXOVIGHOG EAEYXOL GLVTOVIGUOD, concurrency control mechanism, tov
transactions mote vo ano@evyovtal Tétoe povopeva. ‘Eva mopdderypo acuvimelog sivat to
“lost update problem”, 6mov éva transaction B ypdget 610 dedopévo mov €xel o ypayet Evol
transaction A kot kGOe transaction mov TpExel TovTdYpova. daPdlel avTd TOV E£YEL YPAWEL TO
transaction B, ev® Ba énpene va dwfdoel ovtd mov Eypoye apyikd to transaction A. Eva
GAAo TpoPAnpa eivar to “dirty-read problem”, émov éva transaction B dwaffaletl dedopéva mov
&Youv YpoeTel 0o évo transaction A OV ATETLYE Kol KATAANYEL e AAB0C amoTelécpaTa.

I'a tov cuvtovicpd tov transactions ypnouonotovvrarl didgopot akyopiduol ot omoiot
umopobv va dwywplotovv gite pe Paorn ) Bedpnon tov aiyopiBuov yio to péAlov tov
transaction, dNAadN av LETE TNV oAoKANpwoT Bo TEPUATIGEL EMTLYMG 1| OVETITVYDG, EiTE U
Bdon Ta Lo TOL YPTGULOTOLOVVINL Y10, TO GUVTOVICUO. TNV TPOTN KoTnyopio EVIGGGovTaL
ot oiotodoéot, optimistic, kot omoiciodo&ot, pessimistic, odyopbuor kot ot devTEPN O
aAyopiBpog mov Paciletar o kKAewdpota, 10cks, kot o adydpBuog mov Paciletol o€ yPoviKES
onudvoelg, timestamps. And tovg aAyopibuovg mov ypnolwomolovy timestamps Oa
avalvoovpue tov Multiversioning Concurrency Protocol [2]. TTapokdte mapovsidloviol avtol
ot oAyopiBpot.

Aroioooéor Alyopi1Quot

Ot awot6d0éot akydpBuol cuvtovicpov transactions kdvovv v vadbeon mwg T0
transaction Qo teppaticel emTLYDS Y®PIC GLYKPOVGELS. AvTol o1 aAydpiOuol dev urlokdpovv
TIC QVAYVAOEIG KOl TIC EYYPOPEG KOl 6TO TENOG, OTav tTa transactions eivon étopo va
TEPUATIOOVV EMTVYMG, AMOPAGI{oLV OV LANPEV GUYKPOVGEIS Kol OV TOPAflicTnKaY Ot
Kavoveg ¢ Baong, omdte kot to transaction amotvyydvet.

Amougrodolor AAyopiBuor

O1 ana161080E01 adyopOpmy eAEyyovv ov vITapysl Kivduvog ohykpovong oto transactions
TPW TNV 0pYN EKTELEGTC TOVG. AV VTLAPYEL LTAOKAPOVV TO transaction pUEypL anTOG O KIVOLVOG
va géapaviotel. evikd ypnom tétowwv odyopiBpmv emnpedlel apvnTikd Ty omddocn TV
GUGTNUATOV.

Kieioouazo

e awtode Tovg aAdyopibuovg To transactions eaceolilovy khedduata yio dedopéva o
enefepyalovion Kot Ogv emTpémovy oe GAla transactions v mpdcPacn ce avTh. XTI Un
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Katoveunuéveg Pacelg 0edopévemv 0 o dadedopévog aiydpBpoc pe Pdorn to KAEO®IT
givor o odyopiBuog khewdodpatog oe 300 edoelc, 2 Phase Locking — 2PL. ¥ta kataveunuéva
CLOTHOTO SLElpIoNG PACEDY dESOUEVOV TO, KAEWOMUOTO EAEYYOVTOL OO €vav O10YEPLOTN
KAewopatmv, lock manager. To transactions evpep®vouy Tov SLoEPIOTH KAEWOMUATMV 010,
koppdrtio e Phong emelepydloviol Kot EVNUEPD®VOVTIOL OO €KEIVOV TTOl KOUUATIO Elvar
dwbéoa mpog emefepyocio. [ivetor pio opKETA EKTEVNG UETAPOPA TANPOPOPING TPV
Eexwvnoel N ektédeon Tov kABe transaction. Avti M TEXVIKY OMpOLPYEL TPOPANUATA OTIG
KoTaveunuéveg Pacelg dedopévav, kabmg o duayelplotc kKiewmpdtov arnotedei bottleneck
Yo 6A0 TO GOGTN .

Multiversioning Concurrency Protocol (MCC s MVCC)

Eivaw o oAyopiBpog cvvioviopod tov transactions mov ypnolpomoleitolr 6€ mOAAES
OYECLOKES PAoelg dedopévav KaBmG Kol og TOALEG KaTavepunpéveg Pacelg dedopévav. Kabe
eopd mov évo, transaction kdver évo update otn Pdaomn, dev avtikabiotodvrar to TOME
dedopéva, aAld dnuovpyeitar pia véa ékdoon g Pacnc. [apdtt vadpyovy TOAAEC EKOOGELG
ot Bdon udvo pia sivar m vedtepn. Avtd viomoteitan ue ypron timestamps 1y transaction 1Ds.
Me yprion tov MVCC «kavéva transaction dev ypedleronr vo mepyiével péypt va yivel
dwbéopo éva avtikeipevo g Pdong omwg oty mepintwon tov Kiewwopdtov. Olo to
avtikeipeva glvar dwbéoa ovd whoo otiypn. Ilopokdto mopovoidletor po. yEVIKN
TEPLYPOON TOL akyopiBpov.

Kabe transaction yapoktnpiletor povadikd amd éva transaction ID, 1o omoio av&aveton
600 mpootibeton transactions. To transactions ID deiyver pe mowo cepd o Empene vo
ekteleoTOVV TO. transactions. Gewpovue transaction T; ko timestamp avtov ts(T;). e kabe
ékdoom evog avtikeipevov g Paong avatiBetar Evo write timestamp ko évo read timestamp
oe popen owovoopotog [wts,rts]. To wts ivor ico pe to timestamp tov transaction mov
éxave 1o write, ts(T;), ko to rts wovtal pe to timestamp tov mo mpdoeaTov transaction
mov €kave read. Av dev €yl axopa yiver read tibetar wts = rts. Oe@povpe avVTIKEIEVO X Kot
£K000N TOL AVTIKEWEVOL X KdBe popd mov éva transaction T; BéAer va kaver read, dafalet
TV €KO00T X L€ TO UEYOAVTEPO WES TO omoio eivan pikpotepo amd ts(T;). Av rts < ts(T;)
tote rts = ts(T;), dnhadn av to transaction T; eivon To vedTEPO TTOL €)YEL KAvel read, o read
timestamp g ékdoong Tov OVTIKEWEVOL X YiveTral ico pe to timestamp tov transaction,
ts(T;). Otav éva transaction T; Oékel va kdvel write og dedopévo x yivetar o axdAoVO0G
éleyyog. Evromileton n éxdoom xj, pe to peyadhtepo wts to omoio gival pkpdtepo amod ts(T;).
Av rts > ts(T;), to write amoppintetoan kot to transaction Eekwvaet amd v apyf. Avtd
yiveton 8101 éva vedtepo transaction éyel kaver read pio moAadtepn €kdoom Xj kKot £xEt
Bacioel v ektéleon Tov o€ avth TV Tiun. Ta vo unv vapyovv acvvéneieg mTpémet to Write
vo. anopprpdei. Av rts < ts(T;) to write Tpaypotonoteital, dnpovpyeitar Kavovpylo £Kdoom
Xm Kot Ti0evion wts = rts = ts(T;). Otav dev vmdpyel GAAOG YDPOG Yo AmobNKEVON TOV
Versions 1) tov [wts, rts] duaypaeovtot ot TahodTEPES EKSOGELG TV OVTIKEIEV®V TG PACTC.

Kabhg ta reads moté 6gv umAoKapovol ovtdg 0 aAyopldog cUVIOVIGHOD Eival 10aVIKOG
v Bhoeig dedouévav mov £yovv kuping read operations. e pioa document-oriented Pdon
dedopévav, omwg n CouchDB mov 6o dodpe mopakdtm, Pedtiotomoteitor 1 amobfkevon
apyeiov kabdg ta apyeion amodnkedoviar cuveydueve oto dicko. Otav yiveron update
oAOKANpa T apyeio Ypdpovtal ot PAon cuveyxOueva Kot OV VITAPYEL OvAyKn STHPNCNG
owvdiopmv, links, mov evdvovv ta kopudtia Tov apyeiov, OTmMG 6TV TEpiTTOoN TOV Pdcewv
7OV O&V OOUOVVTAL GE GLVEYOUEVEG BECELS 6TO dioKO.

4.5 Consistency Models
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X€ KOTAVEUNUEVO GUCTHHOTO, OTMOC GE GLOTHLOTO KOTAVEUNUEVDY PBAcemV dedopEVOV,
ypnoporotovvtar Consistency Models, to. omoio. opilovv kavoveg yio TV 6P eKTELEONC
tov updates oto dedopéva. To kaToveunuéva GLGTAUATE 0ToBNKELONG dEdOUEVOV OUOVVTAL
and kopPovc. Ta dedopéva amoBnkeboviar oe €vov 1 TEPIGGOTEPOLS KOUPOLS Kot M
npooPacn oe ovtd yiveton pe reads o writes. TTapoakdtm ovaAvovior 600 amd To 7o
ovvnicpéva povtéha cuvtovicpod tmv updates, to strong consistency kot to eventual
consistency. Tw va yivet mo kotavonty M S@opd TV HOVIEA®V Kol O TPOTOG TOL
VAOTOLOVVTOL YPNGLUOTOIEITAL 1] TOPAKAT® CNUEWYPOPiaL.

N — O ap1Ouog Tov aviypaeov Tov dedopévav Tov Ba dtatnpei n fdon

R — O apBpdc tov aviypdowv mov Ba mpénel va dafactodv yuo vo eivar £€ykupo éva
read

W — O apiBuodg tov aviypdowv mov Ba mpénet va evnuepwbodv mptv oAokAnpmbei Eva
write

INUEIDVETOL TTOC Ol TOPOmTave cvpPfoAlcuol deiyvouv mocO, aviiypopa TPETEL VO,
evnuepwBovv 1 daPactovv yia vo Bempndei éykvpo Eva write kot éva read. Teikd 6Aot ot
kopfor mov €yovv To dedopévo Bo amokticovv TnV Terevtaio €kdoor| Toug. Avtd
EMTUYYAVETOL LE EVOV OO TOVG LNYAVIGHODS EAEYYOL GLVIOVIGHOL TMV OIEPYUCIOV TOV
TEPLEYPAPN KAV GTNV TPONYOVLEVT EVOTNTA.

H «é0e Bdon emréyer tétown N, R, W mov va guvooiv 11§ mo kowvég ypnoelg e. Bdoeig
ov Béhovv vyMAN dbeciudTnTa 6T dedopéva Tovg emhéyouy peydho N kot R = 1, dote
éva povadiko read vo emotpéyel amotéheoua. Bdoeig pe meprocdtepa reads emiéyovv pikpd
R xat peyaro W. ‘Etot e&umnpetodvrar ypryopa ta reads kot ta Atyotepo Writes ypaeovv og
TOAG. avTiypopa, dote ta emopevo reads vo dwpdoovy ciyovpa T o®GTH £KS00T TOV
dedouévav. Avtictorya Pdoeig ue meprocdtepo Writes emdéyovv pikpd W kot peydio R, dote
va e€umnpeTodviol ypriyopa ta. Writes kot to Atydtepo reads va Swfalovv omd moAlG
avtiypopa 6€ KAmo10 1 KAmolo amd To, 0moio, VIAPYEL 1) TEAEVTAIO EKOOCT) TV SESOUEVAV.

Strong Consistency

To poviédo avtd odacpaiiler OTL KGBe Ypovikn oTiyur] OAeg ol dlepyacieg ToOv
KOTAVEUNUEVOL GLGTNHOTOG PAETOVLY TNV TedevTaia kdoon TV dedouévav. Ot evUEPDGELS
7oV yivovtor otn Paon sival dueco dabéoiueg o kdbe avayvmon tov dedopévou, UEypl va
TPOKVYEL KOUVOUPYLO. EVINUEPMOOT|. L€ TEPIMTOOT COAALOTOS OTNV EMKOWV®VIO KOUP®V M
Baon movel va ivar Stabéotun péypt TV amroKaTaGTOCT TOL TPOPANUATOG.

INo va eéaocpoMotel strong consistency mpénet W + R > N. Avtd onuoivel nog o
aplfpog TV aviypdeov Tov ypagoviol o éva Write, write set, kot o apiBudg tov
avtypaoov mov daPalovrar oe éva read, read set, eivor apretd peydhog dote ta §00 GHVOLQ
VO EXKOADTTOVTOL, TO 07010 gyyvdtor 0Tt O dafactel TOLAGYIGTOV Eva avTiypaQo UE TV
TeAeVTOiR €K000T TOL dedopévov. Xtnv Ewdva 12 napovoidletorl Eva mapddety o epoproyns
Tov strong consistency model pe N = 3 kon W =R = 2.
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Write (x)

L

Ewéva 12 Strong Conistency Model Example

®ewpovpie To dedouévo X To omoio dwutnpeitar og tpelg kKOUPove. Kabe popd mov yiveton
write n véa ékdoom Tov X avtypdgetar o 600 kopPovg. Kabe read drapalet amd 6o kOpupovg
LE TOLAGYIOTOV TOV €vov amd oVTOVG va. £l TNV TeAgvtaio £KS00T TOL X. Xg TEPIMTMON
o@aAuatoc og cOvdeoT o Writes kot reads dev emitvyydvovtar kot 1 fdon yiveton Tpocwpiva
un dtobéoun.

Eventual Consistency

Xe autd 10 povtéro eCooporiletal OTL HeTd TO MEPOG EVOS XPOVIKOD S1OGTNUOTOS GTO
omoio Ogv yivovtor GAhec evmuepwoelg, Bo €povv yivel pe T o0®OT GEPA OAEC Ot
EVNLEPMGELS Kol OAo Ta avTiypaa ot Pdorn Ba glvar cvvenr). Avtd onuoivel TOG VITAPYEL
éva Topabvpo aovVETEWNG, £va XpoviKd dtioTnue Omov Umopel vo SlofacTodV TOAOTEPES
eKOOGEIS TOL OVTIKEIHEVOV. Avtd cupPaivel dtav o kKOpPfog amd tov onoio Swufdaloviat o
dedopéva dev Exetl evnuepmbei yio éva update. Xe mepintwon advvapiog tpocPaong o kOuPo
gite Moym opoiudtov ot odvdeon eite Adyow actoyiog hardware n Baon cvveyilel va givat
dwbéoiun, pe tov Kivouvo va S facTtodv TaAoOTEPES EKOOGELS TV OESOUEVOV.

Ye ovothuata pe eventual consistency woyvet R + W < N. Avtod onpaivel mog o aptOpdg
TOV oVILYPAQ®V oV Ypdoovtol o€ évo Write, write set, kat o aplOpog Tov aviypapmy mov
dwPalovron oe éva read, read set, dev eEooporilel v emkdAvyn Tov 600 GUVOA®V uUE
anotélecpa va vrdpyel mbovotto Eva read va unv dopdosl v tEAEvTAi. £KBOCT TOL
dedopévon. Tmv Ewodva 13 mapovoidletar éva mapddelypo €QOPUOYAG TOL  HOVTELOL
eventual consistency pe N =3, R =1 xou W = 2.
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Ewove 13 Eventual Conistency Model Example

®ewpovpe To dedopévo X to onoio dwutnpeitan og tpelg kOpPovg. Kébe popd mov yiveton
write 1 véa £kdoomn tov X avtrypagetar og dvo kouPovg. Kabe read dwapalet and évav koupo.
Eivar @oavepd omd 1o mapamdve oyfuo to read vo unv yiver amd xoufo pe v vedtepm
ékdoom Tov dedopévov, To omoio odnyel oe acvvénela ot Paomn. Tehkd oiot ot kopuPor Oa
evnuepmBoiv aAld péypt TOTE VITAPYEL £va TOPABVPO AGVVETELNGC.

4.6 CAP Theorem

To 2000 o Eric Brewer sionyaye kamoleg vmobéoeic yio v avadeién tov trade-offs mov
TPETEL VAL YIVOLV GTNV OVATTLUEN €VOG KATAVEUNUEVOL GLUGTNUOTOG amobkevong 6edoUEVAV.
Apyotepa pbe n anddeIEn TV IGYLPICUADV TOV, 01 OTTOT0L HETOVOUAGTNKAY 6TO Yvmotd CAP
Theorem [3] 11 almg Brewer’s Theorem. Zoppmva pe ovtod o€ £vo KOTOVEUNUEVO GOOTNUA
amoffkevong dedousvav puovo dbo 1810tnTeg amd Tig Consistency, Availability kou Partition
Tolerance umopodv va. 1KovoTo1oHVTaL TV TOYPOVA.

Me 10 6po Consistency — Xvvémelo, evvoolpe TV VAOTOINon Tov povtéhov Strong
consistency, 6mov 6Aot ot KOUPOL TOL KOUTAVEUNUEVOD GLGTAROTOS PAEmOLY KABE YpoviKn
otiyun to ida dedopéva. Me tov 6po Availability — Aiabeoiuotyra evvoodpue Twg ot xpNoTeg
umopovV Kabe ypovikn otryun va dtapdcoovv kot vo ypdyovv dedopéva. Me tov 6po Partition
Tolerance gvvoodue mo¢ 10 GVOTHUO £XEL AVOYN G€ TPOC®PIVA TPoPfAfuata cOVEEcNg Kot
EMTPEMEL TO YWPIGUO TOV KATOVEUNUEVOL GUGTHHOTO GE TUNHOTO, TO. 0Toio cuveyilovy va
OOVAEVOVYV KOVOVIKA.

Y1ig kotoveunuéves Paoeig dedopévav to Partition Tolerance vopotelelokd mpénel va
wovomnoteitatl. Ot oyedlootés tov Pdoswv kaiovvtat va emhé€ovy avdueca oto consistency
kot oto availability. Av emdeyei strong consistency oe mepintwon mpofANpoTog oTNV
emKowvavio, Tov KopPov, to dedopéva dev givar obéoiua péyxpt va emdopbmbel 1o
TpoPAnua ka1  Pdon vo eivarl oe cvvenn popen. Av emheyei availability ta dedopéva gival
KkG0e otiypn Sabécia, oARd vdpyel o kivduvog va, punv dafactodv ot TeElevTaieS EKOOGELS
TV 6edopévov. Tote vAomoleitar To eventual consistent povtédo mov avelbonke mapomdve.

4.7 Eion NoSQL Bdéoewv Aedopuévmv

Avaroyo, e TOV TPOTO OV AVOTAPIGTOVV TO OEOOUEVE UTOPOVUE VO YMPICOVUE TIG
NoSQL Baoeic oe didpopeg katnyopiec. Iapakdtom mapovcidlovtor HEPIKES Omd AVTES, EVD
oT1g emdpeveg evotnteg Bo avarvBodv die&odikd ot NOSQL Bdoeig dedopéveov CouchDB kat
MongoDB, «obmg avtéc Swbétouv To OmMOUTOOUEVO, Omd OLTAV TNV  OUTAMUOTIKN
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YOPOKTNPIOTIKA.

Document store

Ytig document-oriented Paceig to dedopéva omobnkebovior oe opyeic. pE KOO0
OULYKEKPIUEVO HOTiPo, kot Oyl o€ cuoyeTIlOUEVOLG TtivaKeg Onw¢ oTig oyectlakég Paceic. Ta
apyeio pmopei va eivar XML, JSON, BSON, YAML, PDF, apysio. and to Microsoft Office
kot Ao, Ot dudpopeg vAOTOMGCELS Oivouy  SlOPOPETIKOVS TPOMOVS OPYAVMONSG Kot
dwxeipiong tov dedopévav. Ta dedopéva pmopel va €ivol opyavouévo G€ GLAAOYEG,
collections, oe epapyiec kataddyov, directory hierarchies, non-visible metadata 1 tags. Ta
non-visible metadata sivar metadata to omoia dgv cuppeTE oLV OE EpOTHLATA 6T PAOT], AAAG
etvon yprowa o€ teyvikég data mining.

Ot cvALoYéc pmopovy va BepnBovv OUoLEC e TOVE TIVAKEG OTIC GYECIAKEG PACELG KOt Ta
apyeia, documents, ®g ot &yypopés. Me avtov tov TpOmO emTuyyGvetor Schema-less
avomapdotoon Tov dedopévav. Avaloyo pE TIG ekGoTote ovdaykeg, documents tov idiov
collection pmopodv va datnpodv drapopetikd nedio. H mpocbnkn evog véov mediov ot éva
document dev emnpedlet to vwdroumo documents tng Baong. To apyeio avtimpocomedovTal
péom gvog povadikov kAewdov, Universally Unique Identifier — UUID, kdtt mov kdvetl oxeddv
advvato dvo documents va £xovv to 1610 UUID. Avtifeta otig oyeoiokéc Baoelg dedouévav
Y10 TOV LLOVOGTUAVTO TPOCOLOPIoUO NG KADE eyypapng oe Eva TVaKa YPNCULOTOLOVVTAL TO.
primary keys poli pe kémoto pnyaviopd mopayoyng toug, 6mmg auto-increment. Qotdco og
TEPIMTAOCELS KATAVEUNUEVOV GYECLOKADY Pdoemv, dmov Ta dedopéva dgv amobnkevovtal o
éva povadtkd onueio, m TpocHnkn vémv eyypapav ce dvo onueia g Pdong umopetl va
0dNYNOEL GE JOPOPETIKES EYYPAPES He To 1010 primary key. Avtd e€aheipetan pe tn xpnon
tov UUID o1ic document-store Bdaoeig dedopévav. Téhog 1 Baon pmopet va mapéyet APIS ya
TV TPOGPacn 6T 0E60UEVO LEGM TOV TEPIEXOUEVOL TOVG,.

IMapadeiypata: Apache CouchDB, MongoDB, SimpleDB, Apache Cassandra

Graph Database

AO1 Graph Databases oyedidotnkay yior d£30UEVOL TOV AVATOPICTAVTOL KOADTEPO UE TN
HOPON YPGPOV, OTMG OVUTAPACTAUOT] KOWMVIKOV GYECEMV, UETUPOPEG, XOPTEG, TOTOAOYIEG
dktHov Ko dAra. Onolodnmote cOoTHA ATOOKELOT TOL TAPEYEL SLUGVUVOEST| OVTIKELLEVDV
péom delktdv pmopel va ypnowyonombei oav graph database. M graph database amoteleitan
amd Koupovg, axpég Kot Tig 1010tNTeg TV KOUPmv. Ot KOuPol avomaplotohv ovioTnTEG —
OVTIKEIUEVA, Ol 1O1OTNTEG OMOTEAOVY TO YOPAKTNPIOTIKA KOl TIG TANPOPOPIES TOV 0POPOHY
OTIC OVTOTNTEG KOl Ol OKUEG TIG OXECELS OV TIG cLvdéovv. Ot mAnpogopieg amobnkevovtol
OTIG OKUES.

ZUyKpLTIKG pE TIC oxectokés Pfaoelg dedopévmv ot graph databases sivat ypnyopdtepeg yia
dedopéva Tov cuoyeTilovTol HETAED TOVG Kot TaPLalovy KAADTEP OTIS AVTIIKEWEVOSTPUPELG
@rocopieg. Zuvnbwg dev amattovv moAvmAokes ovvevmoels, JOINS, sivar kalvtepec oto
scaling ko kabmg dev amartovy éva. avotnpd schema sival mo amodoTikég yio dedouéva Tov
aAlalel cuveymdg To schema touc.

Mapadeiypata: NeodJ, Infinite Graph

Key-value store
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To key-value store givat o Tpémog amobfkevong Tv dedopévev o popen Levyapiov key-
value. Xto value omoBnkedovtar to. dedopéva, €iTte GE HOPON OVIIKEWEVOV EiTE ©E
onotodmote GAAo OO dedopévmv, Kot to Key gival 1o khedi mov avatiBetar oto value. H
avadjtnon Tov dedopévmv yivetal og ToAAG cuoTpoTa pe ovTtd To KAEWi. Ot Key-value store
Bdoelc emtpénovy oTIC EPAPUOYES Va. omoBnkedovy Ta dedouéva pe évav schema-less tpomo.

IMapadeiypata: Apache Cassandra, BigTable, MongoDB, Redis

Object Database

e ouTOV TOV TOTO PACTG OESOUEV@Y T SEDOUEVE ATOBTKEDOVTOL GE LOPPT] AVTIKEIUEVDV,
omw¢g avtd opiloviol GToV AVTIKEIEVOOTPAPT Tpoypoupoatiopd. Ot mepiocdtepeg object
databases mapéyovv kot pio yAdooo vroBoAnc epotnudtev, Object Query Language — OQL .
Me autdv ToV TPOTO 1) AVAKTIOY| TOV OVTIKELEV®V YIVETOL LLE VAL TTLO TPOGTAKTIKO TPOTO.

Mapadeiyuarta: dbdo, Versant Object Database

Column-oriented Database

Y11g column-oriented Bacelg dedopévov ta d£d0pEVA 6TOVG TVOKEG amobnkevovTal Katd
oTnhec, oe ovtifeon He TG oxecloKES PAcELS OEQOUEVEOV OTOV T dEdOUEVA amodnKehovTaL
Kot ypoppés. Avtd eivon amodotikd oe cvotiuata online analytical processing (OLAP),
OOV OMOLTOVVTIOL GUVEVMGELS UEYOAOL OYKOL TapOUol®v dedopévav, Onmg oe amodrkeg
dedopévov (data warehouses), ocvotriuata dloyeiplong melatelakdv oyéoemv (Customer
relationship management (CRM)) ka1 mapdpolo cvotiuata, 6mov amattodvior Aydtepo
TOADTTAOKO EPMTALLOTAL.

4.8 CouchDB

H CouchDB givau pia avorytod kddika NoSQL, document-oriented Baon dedopévav kat
amoteAei Project tov Apache Foundation. Eivor ypappévn ot cuvoptnoloxy yA®coo
npoypappaticpov Erlang, n omoio emdéyOnke emedn dabétel pnyaviopnods cGuvioviopov,
KOTOVOUNG TV dEd0UEVOV Kot dlayeipiong tov cpoiudtov. Mg ypfion g Erlang evioyveton
n a&lomotia ko To scalability tov spappoydv.

4.8.1 Apyrtektovikn

H CouchDB jypnowomnotei pnyaviopd optimistic replication [4] ota avtiypaga tov
dedopévav mov datnpovvior otn Paon kol gyyvdrar eventual consistency oe oavtd. H
emkowvovio, ue ™ CouchDB kot m mpdoPaon ota dedopéva yivetar péom evdog RESTTuI
JSON API. H amoBnkevon oty Pdon yiveton o B-trees, pio devipkn doun mov emitpémel
Vv TpocOnk, apaipeon, odhayn kot avalnnon dedopévav og AoyaplBukd xpovo. Avtdg o
unyaviopuds amobnkevong ypnotlponoteitol yio, ta. documents kot to VIEWS. XTiC oYeGLOKEG
Baoeic dedopévmv ypnoipomotodviol cvuyvd pnyaviopoi locking yu v e€ocpdiion g
ovwvémelog g Paonc. Znv CouchDB 1y tov ocvvroviopd tev transactions odev
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ypnotporotovvtan locks, aAid to Multiversioning Concurrency Protocol (MVCC), mov
TOPOVGLACTNKE o€ mponyovuevn evotnra. Kdabe ypnotng oSwbéter éva snapshot 1tng
TeAeVTOinG €k000NG NG PAoNC Kot ot aAlayEG OV KAvel dev glval TPOGPACIUES OO TOVG
GAAovG ypNoTeg péxpl va yivooy commit. Xe mepintwon conflict n epoappoyn emiéyel mowa
éxdoomn g Paong elvar n cwoti. ‘Eva axdpo yopoaktpiotikd Tng OPYLTEKTOVIKNG TNG
CouchDB amoteAel n epoppoyn WI0G TEXVIKNG cuumieong, compaction, ywo thv oavéxtnon
ava&lomoinTov Ydpov. Xe TePLodkd ¥pdvo N OTOV EVIOTIGTEL OPIGUEVOS avaEloToinTog XMPOg,
10, active data avtiypdeovior oe éva vEO apyelo, HETAPEPOVTOL Ol YPNOTEG MOV TOL
YPNOUYOTOI0VGAY GE VTO KOl TO TaALd apyeio daypapetat. Oco dwupkel avtn 1 dadikacio
dev emtpémovton reads ko updates oto apygio.

4.8.2 Documents

>tv CouchDB 1o dedopéva amodnkevoviar oe documents tomov JSON pe schema-free
pomo. Onwg £xel avoeepbel ta documents diabétovv media, ot TiuéC TV omoimv umopel vao
givan strings, apibpoi, nuepounvieg, Moteg Kot TvVaKeS. XTI OYECIAKES PAOES dedOUEVMV
KGO eyypoen SECUEVEL YDPO VTOYPEDTIKA Yiow OA TO TESTO TOVL TivaKe AkKOMO Kot Yo, EKetval
ov ogv &yel tyun. Xanv CouchDB «éBe document pmopei va mepiéyel dopopetikd media
avdioyo pe TIC avaykes. Avtd kdver gvélktn v amobnkevon dedopévov, kabng dev
amofnkevoviar kevd medic. O pudvog mepopiopdg elvar mwg dev emMTPENOVTIOL GTO 1010
document 800 1 mepiocodTepa. TESia pe To 110 dvopa. Ta documents mepiéyovv kot metadata,
dAad mAnpogopiec vy to document kot To dedopéva WOV TEPEYEL. 1€  OLTA
neploppavovtor to _id, mov givan to UUID tov document, kot to _rev, mov givor to id tov
revision tov. To documents amobnkevovtal oto B-trees pe Pdon to _id kou to _rev. ‘Eva
napaderypo document tapovcidletol oty Ewova 14.

“ id” : “document id”,

“ rev” : “revision id”,

“name” : “Jack”,

“languages” : [ “English”, “German”, “French” ]

Ewova 14 CouchDB JSON Document

Kabe @opd mov ot yprioteg tponomolovy éva document, ot alhoyég dev epappoloviat 6To
apyko, oAAG dnpovpyeitar €va revision. Xtm Pdon mapapévovv OAa To. revisions evog
document. TToto revision evog document ene&epyaleton o ypHog eaivetol omd to _rev. T
va tpomomomBei Eva document ot ypHoTEC TO POPTOVOLY, £QPAPUOLOVY TIC GAAAYEG KOl TO
o®lovv micw otn Pdon. Av oto €VOAUESO YPOVIKO ddotnua €vag GAAOG XPNoTNG Exel
vrofdiiel odlayéc oto ido document, eppaviCetar éva uivopa conflict. O mpdTog yproTng
umopei vo emavapoptdcet To document, vo Eavakdvel Tig aAAOYEG Kot VO TPOoTabNoEL VoL TO
Eavakatayowpnoet ot PBacn. H ocvvérela g Paong dwtnpeital pe v eacpdiion Ot Ta
updates oe éva document egite omofnkevovion OAa gite kavéva. Aev pévovv ot Pdon
documents pepikmg updated.

4.8.3 Views

Kabng n Paon eivor dopnpévn pe schema-free tpomo sivar amapaitntn 1 Omopén evog
UNYOVIGUOU SOUNUEVIC OVATTOPACTACNG TOV OEOUEVAOV Y10 TO GUUTEPUCUO TOV GYECEMV
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petacd Twv documents, v opadomoinct TOVg Kal TNV TOPOVGINGT TOVG UETH TNV VIOPOAY
gpomudtov. Tw ovtd 1o Adyo m CouchDB ypnowonolei ta Views, tov pnyovioud
evomoinong kat mapovcioong twv documents pe TpdTo Katavontd GTOVG PN OTEC.

Ta Views wopdyovtot SUVOUIKE Kot avaloya e TIG OVAYKEG UTOPOovV va dnpovpyndodv
dapopetikd Views tov duwv dedopévov. Ta VIEWS amoteAovV pio avoropdotoon Tmv
dedopévav tov instance g Pdong mov PAEmeEl 0 ypNoTng Kol dev emmpedlovv Gueco To
documents ov givar amobnkevpéva ot Paon. Ta views opilovta o€ 1d1kd apyeia, ta design
documents, mov avtiypdpovtot oto. instances tov Bacewv 6nmg Kot To. vrdloura documents.
"Etot epapuoyég mov amotedovvton and documents kor design documents propodv emiong va
yivovtau replicated otnv CouchDB.

Ta anoteréopata Tov Views vroloyilovtat pe JavaScript cuvoptoglg Tov YAOTOVY T0
MapReduce kot cuykekpipéva to map Koppdtt tov. To view gpopudlel ™ cvvaptnon map
oto, documents kot EmGTPEQPEL TIG TANPOPOpPiES Kelvec oV TeMKA Bo cvumepInePBodv 610
view kot Oa gppavietovv oto ypnot. Ta key/value Cevydpia mov mapdyoviar kotd tnv
dnuovpyio tov Views tagvopovvtot o€ Eva B-tree pe Baon to key tovg. Me avtdv tov 1pomo
To. 0edopéva pmopolv va  katovepmbobv oe TOAAOVG KOuPovg ympic oAAoimom ToV
amoteAeoudTOV TV queries kot pmopovv vo a&lomombovy ot unyavicpoi tov B-trees yia
ypryopn avalitmon pe Paon to key. T ™ ypnyopn eugdvion tov views n CouchDB
ypnoomotei indexes, ta onoia. avavedvovtal ue Kabe TpocOnkn, apaipeon 1 Tpomomoinon
Tmv documents.

4.8.4 Replication

H CouchDB givor o peer-based kotavepnuévn Baon. Mopéyer unyavicpovg optimistic
replication, dniadn to avtiypapa £vog dedopévou eyyvnuéva £xovv OAo TV 010 TIUN UETA TO
TEPOG KATOOVL YpOVOL. AVTOG 0 pNYovicpos epapuoletal o cvvdvacud pe to eventual
consistency, mov evioyvel TV SOECIUOTNTO TOV OESOUEVMV, TOV GUVTOVIGUO Kol TNV
napaiinAonoinon tev vroloyioudv. To optimistic replication epappoletal otovg Servers kot
oTOVG XPNOTEG, OIVOVTAG TOLG TN duvatodtnTo va kdvovv update oto ido porpaldpeva
oedopéva evd givor amoouvOEdEUEVOL Kol ApoD cuvoefovv apeidpopa vo EVILEPOGOLY Y10
TG aAlayée, unyoviopog mov ovopdletor bi-directional replication. Kabmg to replication
apopd oe dedopévo ko epapuoyés, to bi-directional replication sivar peyding onuaciog
YOPOKTNPIGTIKO Y10, ¥PNOTES IOV EMBLUOVV Vo, SOVAEYOLY eV dev gival cuvdedepévol 6N
Baon M oe TEPTTOGCEIS WOV Ol Servers oteyaloviol 6€ yOPovg He ap@ifoing moldtnrag
obvdeon oto dadiktvo. H dwadikacio mapaymyng avitypaemv eivar incremental. Kébe gopd
e éyyovton povo to updated documents kot ovtd yivovtor replicate ot Paon. Télog
AVOPEPOVLIE TO YAPAKTNPLOTIKA TToL TTopEyel | CouchDB péoa and to replication framework
IOV TPOCPEPEL.

e master-master replication

e master-slave replication

o filtered replication

e incremental and bi-directional replication
e conflict management

4.9 MongoDB
H MongoDB aviket otnyv otkoyévelo twv document-oriented NoSQL Bdocwv dedouévav
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Kol avomtoydnke amd v etoupeio 10gen. Ilpodkertar yo pio Pdon avorytod KMOKa,
dwbéoun pe tovg opovg ypnong tov GNU Affero General Public License. Eivat oyediocuévn
VO TPOGPEPEL LVYNMAN, add00T GOTIS EQOUPLOYES, EMEKTAGILOTNTO, VYNAN SafEGILOTNTA Kot
duvatdmra vroPorng odvBetwv epotnudtov. o ta dedopéva g gyyvaror eventual
consistency. Amotelei to o dMuoelég cvotua dwyeipiong NoSQL Bacewv dedopévav Kot
glvat ypoppévn oty YA®GGo Tpoypaptaticpod C++.

4.9.1 Apyrtektovikn

Me to oVotmua Jdwyeipiong oedouéveov MongoDB  eivar duvar| n  avamruén
KOTOVEUNUEVOV EQPAPLOYDY OV TpEXOLY o€ Clusters vroloylotmdv, OToV pe TV TPOGHN KN
VEOV KOUP®V TPAYUOTOTOEITOL OTOUATH KOTOVOUR TOL @OpTov gpyaciag. Xto cluster
dakpivovtar Tpelg Tomol kOpPmv, ot shards, ot configuration servers kot ot routers. Avti 1
doun tov clusters sivar dvvatn Aoym tov sharding mov spopudletar ota dedopévae Kat To
omoio Oa meprypopel oe emduevn evotnta. o v Katavonon TG OPYLITEKTOVIKNG OV
axolovOei 1 MongoDB bivetat oynpotikd oty Ewcova 15 éva MongoDB cluster.

Shard Nodes

Ot shard koppot givar vrebbuvol yio v amobfkevon tov dedouévov. Kabe shard
amoteAeiton amd évo replica set, évav 1 meplocdTEPOVG KOUPBOVE OV SLATNPOVLY AVTIYpPOPO.
TV 01y dedopévav. And tovg kouPouvg mov douovv to shard, évag Bempeiton primary,
TPOTEV®OV, Kol o1 vtOlourol secondary, devTepedovTes. Xe TEPIMTOON AmOTVYiOG TOV Primary
évag amd tovg secondary avodappdver wg primary. To writes kot too consistent reads
dpoporoyobvtor otov primary koppo, eved ta eventual consistent reads kotoavépovtor 6Tovg
secondary. H MongoDB mpokeipévou va givar ypriyopn kot €0EMKTH XpNOIUOTOLEl amAovg
unxoviopovg locking ya v géumnpétnon tov tavtdypovov reads kot writes omd morllovg
clients ka1 oyt moldmhokovg unyaviopuovg dmwg o MVCC. To Aoyiouikd mov ¥pnoipuomolody
ot shards ovouacerar mongod.

Configuration servers

Ou configuration servers omofnkevovy metadata kot TAnpoeopieg dpopordynong mov
VIOdEIKVOOVY 1o, dedouéva, dratnpovviar oto Kabe shard. H npocfacn oe avtovg yivetot
uéow tov shards, ot omoiot evnuep®@vovy mota dedouéva, drabétovy, Kot HEcm TmV routers, ot
omoiot {ntovv mAnpogopieg dpopordynong twv requests mov vmoPdAilovv ot yprotes. To
Aoylopkd mov ypnouorolovy ot configuration servers ovopderor mongod.

Routers

O1 routers ypnoipomolodviol 6TV emkovovia evog 1| mepiocodtepav clients pe ™ Bdon.
Aéyovtan requests yio, reads kot Writes amd tovg yproteg pe T HopPrn queries kai updates,
ovppovievovtar Tovg configuration servers yia to moto shard £xet ta {ntovpevo dedopéva Kot
dpoporoyodv Tic epyacieg ota avtiotolyo shards. Apod odlokAnpwbovv ta requests, ot routers
OLOOOTOOVV TO, OMOTEAECUATO KOl TO GTEAVOLV TG® 61O YpNoth. To AOYIGUIKO 7oV
YPNOUYLOTO0VV Ot Fouters ovoudleTonr mongos.

Clients
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Me tov 6po clients evvoeitar oAoKANPN 1 €Papuoyn N Koupdtt e H emkowvmvio tovg
ue tn Paomn yiveton pécm tov katdAiniov mongo driver, o omoiog emAEyeTon avaAoyo. pe ™
YADGGO OV €IVOL YPOLLULEVT] 1] EPOPLLOYTY].

shard, shard; shard; shard,

redice et
config servers

Ewovae 15 MongoDB Cluster

4.9.2 Storage

Xe autnv TNV evoTnTa Ba TOPOLGLUGTOLY TO, EpYaAEia mov ypnoionotel 1 MongoDB yua
v amobnkevon Ko avaktnon tov dsdouévav. I'vopilovtag tov tpdmo amodnkevong Tmv
OEJOUEVOV YIVOVTOL GOPESTEPES Ol AVAYKES TOV EPUPHOYDOV € amobnkevtikd péca, RAM
kot dioko. Emiong sivon amapaitmtn m xotovonon g aSlomiotiog Kol ToV UNYOVIGU®V
ac@dielag mov epopuoloviol oto ddopéva, Omm¢ moTe £xel emoTpéyel évo Write, yio v
TPOCAPUOYN TOVG OTIG EKACTOTE avAykeg TV xpnotov. Télog kabdg n pocPfacn oto dicko,
dnradn ta /0, amotehovv bottleneck ya 11 mepiocoTepeg epopuoyéc, 1N aélonoinon twv
TOPOKATO UNYAVIGUDY UTOPEL VO, 0ONYNOEL GE ATOO0TIKOTEPES LANPEGiEC. Oa avaivBovv ot
dradtkacieg amodnkevong TV ded0UEVOYV, 0 TPOTOG Ao KEVGNG TOVG KAl TEXVIKEG Y10 TOV
YPNYOPO EVTOMIGLO KOL TNV OVAKTIGT] TOVG.

Preallocate files

Y& TOAMAEG TEPUTTAOCELS £VAG OO TOVG AOYOLS YUUNANG EMIOO0TG TOV VINPESIDOV EIVOL TOL
1/0, n emkowovia ™¢ epapuoyng pe to dioko. T'a TV avTUETOTIGN avToD TOV TPOPARUATOC
n MongoDB ypnoyonotei pre-allocation. Katd to pre-allocation 6tav éva apyeio ptdoet Eva
oplopévo péyefog, SEGUEVETAL ALTOLOTO YDPOGS Y10 TO EMOUEVO, TPV 1) EPappoyn {ntioet v
onuovpyia tov. To apyeio wov dnpovpyeitan dev mePIEyEL dESOUEVOL.

Xopic pre-allocation ta apysio Oa décpevay duvoukd 10 ydPo Tov ¥pelaloviay, Ue ToV
kivouvo va avénoovv 1o péyeoc touvg ave&éreykto. Katd v duvapkn déopeuon pviung
VILAPYEL TEPINTOON TO Opyeio va unv amobnkevtel 0AdKANPO o€ dradoykég Béoelg uvung,
aAld og koppdtia, fragments, mpokaidvtog filesystem fragmentation. T'evikd avtd dev givar
embounto, kabhg o€ pa tétoto TepinTmon B Tpémel va S1aTnPovVIOL TANPOPOPIEG Yo TG
Béoe1g mov etvan amoBnkevpéves T0 apyelo, Le amoTéAEoUa ) TPOSPaoT] o8 AVTO Vo gival To
apyN KOl VO LELOVETAL 1) GUVOAIKT] ETIO0CT TMV EQPUPLOYADV.
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To, apysic. mov dnuovpyovvtar pe pre-allocation éyovv ek TV TPOTEPOY YVOOTO Kot
otabepd péyebog. ‘Etot amopedyetan n ave&édeykn avénon tov peyéboug tov apyeiov Kot 1o
filesystem fragmentation mov mpoxaAei. Ta opyeio amobnkevovior ce Swdoyikéc Bécelg
pvfunG, kévovtag mo gvkoAn tnv mpoécfacn oe avtd Kot avEavovtag v amddocn TV
epappoydv. Otav [ eQapproyn yPEoTEL va Kavel Write dedopéva o€ apyeio mov dev Exet
Y®Po va To amobnkevoetl, mpénel va (el n onpovpyia vEou apyeiov Kot 0T GUVEKELL VO
yiver write og avtd. Avt 1 dadikacio givar xpovoBopa kot dnpovpyei activity ko latency
spikes, koBmg amatteitol TV id1a xpoviky oTiypn 1 dnpovpyia tov Kebdg Kot 1 amobnkevon
tov opyeiov. Me pre-allocation mpwv ypelootel vo, yiver write, 10 opyeio éxet Mon
onuovpynOel, peidvovtag £T61 TNV PEYOAN SokOpavoT| eNeEEPYASTIKNG 10)0GC. AvTtd £YEl G
amoTéeG O TOL WIItES val yivovTol GUES, Y®PIG avaovn yio, Ty dnpovpyic Tov apyeiov.

INa kabe Paon dedopévmv 1 MongoDB Eekwva to pre-allocation pe éva apysio peyéboug
64MB. Kabe popd mov amorteitar véo pre-allocation to péyebog tov apyeiov dumhacialetot
péxpt va @tacer ta 2GB. Eivar @ovepd mog kdbe Paon otm MongoDB pmopei va €xet
aypnoyonointo yodpo péxpr 2GB. H mpdén €xet deikel 0T oTIG TEPIOCOTEPEG EPAPUOYEGS,
napd to pre-allocation apyeiov 2GB, o y®pog mov uével ava&lomointog sivor eEAdyLoTOC.

Padding

H MongoDB &waféter éva unyaviopd epappoyng atomic upserts oto documents. To
upserts amotelovv éva flag tov update operations, mov petafdAiiovv v copmePLPopd Tovg
and omhn evnuépmon twv documents oe glcaywyn véov dedopévov. TTo cuykekpiéva ot
ypnoteg opilovv to query e Pdon 1o omoio Ba avalnmmBovv documents oto omoia Oa
ekteleotel 0 oplopévo update. Av Bpebei kdmolo document wov Taptdlel pe Ta KPLITHPLo TOL
éyovuv oplotel oto query, to update exteAeiton, evd av dev Ppebei ekteleitan insert pe
OEJOUEVE, VT TTOVL £XOVV OPLGTEL GTO QUETY.

Avt n Aetovpyio, TOPOTL YPAOLUN Y0 TOAAEC EPAPUOYEC, WTOPEL VO 0ONYNOEL GE
TpoPAnuata otnv anddoon kot To Storage. Av €va upsert odnynoet oe avénom tov peyédouvg
TOV OPYEIOVL, UTOPEL VO YPEWGTEL 1| LETOPOPA TOL GE ONUEID TOV dIGKOL OV Vo UToPEl va
amodnkevtel o€ cuveyoueveg BEcelg ot wvnun, evo mapaiinio Oa wpémel va vnuepwbody
t0. indexes ka1 ta shards, dwdikacio Waitepa ypovoPopa. I'a avtd to Adyo n MongoDB
eKTEAEL EVPLOTIKODG OlyopiBLovG Yo Tov evtomioud twv documents mov propet vo avndovv
oe péyeboc mo cuyvd. Xe avtd ta documents epapudletor padding, dniadn tpocHnkn ydpov
oto TéAog Tov document, divovtdg tov T duvaTdTTA VO LEYAAMGEL Alyo o€ uéyebog yopic va
xpEOTEL 1 peTapopd tov. TIdcog xmdpog divetan eéyyeton amd tov paddingFactor, o omoiog
avéavetar otov gumelpikd evtomotodv amd ™ MongoDB collections, ta documents twv
omoimv tetvouv va av&avouy oe uéyebog.

Memory mapped files

INa v dwyeipion tov dedopévov 1 MongoDB ypnoyonoei memory-mapped files.
Katd to memory mapping 1 MongoDB (ntd amnd 1o A&ttoupyikd, Kol GUYKEKPLUEVE Amd TOV
Virtual Memory Manager tov A&1Tovpy1lkoh GLGTHUATOC, VO, KAVEL MAp OAa. To. apyeio, amd To
dioko ot RAM tov unyaviuatog mov 1o dwonpei. Ta apyeio aviiotoyilovtar oe blocks
EIKOVIKNG LVIUNG Kol €ivorl SuvaTog 0 XEIPIGUOG TOVG OaV VO TOV OTOONKELUEVA GE PLGIKN
pviun. O Virtual Memory Manager amogacilel mola dedopéva, Oa dwatnpovvtar otnv RAM
KOl To10 670 H16KO.

H npoéoPacn ota dedopéva, ta reads kot to writes yivovral, péow buffers e RAM, otig
EIKOVEG TOV OE00UEVOV IOV £YOVV TPOKVYEL amd To memory mapping. To Aeitovpyikd
ovotnuo givar VTeLOLVO Yo TNV HETOPOPA TV apyeinv mov Ppickovior ot RAM oty
cache tov filesystem kot v ektéheon Twv reads ko writes anevbeiog and exei. H MongoDB
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TePLodIKd cvyypoviletar pe 1o dioko, kavovtag flush ta writes mov Bpickovror otovg buffers
tov RAM. Tlapott pe yprion tov memory-mapped files 1 MongoDB dev umopet va eléy&et
woTE TO. dedopEVE amobnkevovial 6To 6icko, 0EI0TOLEITOL GTO PEYOADTEPO duvatd Pabuod 1
YPNOMN UVIUNG Kot EVIGYVETAL 1] EMIOO0T TOV EPAPLOYADV.

Me ypnon memory-mapped files dev amarteitar avantvén TOATAOKOL KOSIKO OO THV
MongoDB yia v petagopd tov dedopévav amd ™ RAM 610 dicko, kabdg 10 Asttovpyikod
ovotnua éget MON LAOTOWGEL TO MEmory mapping omodotiké Yo OAOVG TOVG TOTOVG
dedopévav. QQoTOGO TAPOTNPOVVTOL KOl LELOVEKTNHOTO ¥PNONG Tov, Onwc Aoyw tov RAM
read-ahead. Katd to read-ahead 6tav {nteitar n petapopd dedopéveov amd 1o dioko otny
RAM, dev avtypdoovior puovo ot {nrovpeveg pages tov filesystem, oAld kot kdmoleg
EMOUEVEG YETOVIKES. Avtd Tpaypatonoleitol yio Adyovg anddoong, kabdc 1 RAM Bempel
OGS To EMMAEOV Oedopévo mov omobnkevel Bo {nnbovv apyodtepa kot Yo ypnyopoOTePN
amOKPLoT TOV GVGTAKOTOG TO UETOPEPEL vopitepa. To RAM read-ahead éyetl cov amotéleoua
10 yéuopa e RAM pe dedopéva mov dev ypetdloviat. Avtd odnyel omnv gupdviorn page
faults 6toav avalnmBovv otnv RAM dedopéva Tov dev VITAPYOLV, ETED OTOLAKPVVONKOY
Moy read-ahead. ‘Etol amouteitol véa petapopd dedopévav, KATL mov TpoKaiel TpofAnuata
otV emnidoon 1oV gpapuoymv. ‘Evo akopo psiovékmmua ypriong memory-mapped apysiov
eivar to RAM fragmentation mov opeiletar oto akpipéc mapping tov fragmented dickov oty
RAM. Onoc éxer mopovoiaotel mopomave to fragmentations yevikd dgv sivor embounto,
KoODC 0dNYel 6€ UEOUEVEG EMOCELS GTIC EQPUPUOYEG AOYM TNG UN OTOSOTIKNG XPNONG TOL
amofnKeLTIKOD LEGOV.

Journal

Mo v géoopdion cvvénesiag ot Paon ypnoponoteiton Write ahead logging oe éva
journal. To write operations ypagovtatr mpmta oto journal kot otn cvvéyeia epopuoloviol
TEPLOdIKA oTa. dedopéva. Av kabe @opd mov yvdtav éva Write avtd ypagdtav apéons amd To
journal oto dicko 1 enidoon g Bhong Ba petwvotav onuavtikd. I'a ovtd to Adyo to journal
Kavel group ta updates kot ta tpowbel palikd kot tep1odikd oto dicko. Ot yprioTeg Exovy TV
duvarotnta va opicovv kabe moOTe Ta. Write operations ypdgovior oto dioko. Amnd v
MongoDB dwtifeton emiong epyoieio yio o monitor tov journal. Otav Ta write operations
gpoppootovy ota dedopéva, to journal files Swypdpovrat. Awaypdgovior emiong otav
npaypororomBei shutdown tme MongoDB, kafd¢ awtd emttuyydvel povo 6tav eQopUOGTODY
6\ ta updates Twv journals ot Bdon.

Ye mepimtwon aotoyiog vAkov, 1 Pdaon ocvuPovAeverar to journal, to omoio dev
KOTOOTPEPETOL, Kol emavekTeAel oo Write operations ota dedopéva. Me avtoév tov Tpdmo
eEaocpariletar n ovvémelo g Pdonc. Mapdtt eivar duvatn 1 anevepyomnoinon tov journaling,
avtd omoBappvvetal, Kabmg oe mepintwon actoyiog ol epapuoyég dgv €yovv TPOTO Vo
empPePoidoovy TV cvvémEln TG PAONG Kol TPETEL VO, EPAPUOGOVY GALOVS UNYOVIGUOVG
EMOVAPOPAC TNG OE GLVETT LOPOT.

Orav Eexwaer to journaling mpaypoatomoteiton pre-allocation gvog journal file, to omoio
deopevel 1GB amobnkevtikod ydpov. Katd ) didpketa tov pre-allocation dev eivot duvati 1
emKovmvio, TG £papuoyng pe ™ Paon. Otav e€oviinbel o dwabéciuog yhpog evodc journal
file, dnuovpyeiton véo xdvovrag mdir pre-allocation 1GB. Ou meplocOTEPES EPUAPUOYES
dwbétovv dvo 1 tpia journal files, apa ya ™ dwathpnon tovg ypnoomotovvrat 2 pe 3GB
amoONKEVTIKOD YOPOL. XNV TEPINTMON OV cLVavTOVTal ToAAEG databases pe pikpd 6yko
dedouévamv n kaOe pia, diveton 1 Suvardtnto g Xprong journal files pe péyebog 128 MB, mov
ovopalovtar smallfiles. Qotdoo ta pukpd o péyebog journal files pmopei va odnynoovv oty
onpovpyio TAPA TOAADY HKP®V OPYEI®V, TOV UTOPEL Vo EXNPEACEL APVNTIKE TNV €Tid00M
TV EPUPLOYDV KO Y10, AVTO TPETEL VO, YPNGLLOTOLOVVTOL LLE TTPOGOYT).
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4.9.3 Data Model

Ymv MongoDB to dedopéva amobnkedovtor pe schema-free tpomo o apyeio tHIOVL
BSON (Binary JSON), ta. omoio. ovoudlovtar documents. Kabe document avtimpocwomnedet
L0 EYYPOQT] GTN OPOAOYIO TOV CYECLOKAOV PAcE®V OedoUEVMV Kol TEPIEXEL TEdiD G HOPON
key/value pairs. Zto key amobnkevetar oe éva string to dvopo tov mediov, kou oto value
umopotyv va amofnikevtovy Tomol dedopévev Tov vrootnpilovral and JSON apyeior kabndg
Kot dAlot, 6nwg Date. Ta documents éxovv péyioto péyebog 16MB, evd yior amobikevon
peyoltepwv og péyefog dedopévav, OmwG koveg, ypnowonoteitonr to GridFS. Aivetat
akopo 1 dvvatodro tng embedded, evompatopévng, anobnkevong Objects kot Arrays oto
eomTepikd tov documents kdrti mov pEWdVEL TNV ovaykn xpnong joins oty mievpd Tov
ypnom. ‘Eva ovvoro ard documents opilet pia collection, mov givat to avdioyo TV TvaKmv
oTig oyeotakég Paoeig dedopévav. ‘Eva ovvoro amd collections cuvictd pia Baon dedopévov.
H MongoDB w¢ cuatnpa dwayeipiong diatnpei Evo chvoro omd PAcELg dS0UEVOV.

Kabs document vrmoypewtikd mpémer vo dabétel va medio 6mov amobnkedetar To
povadikd id Tov document kot ypnoonoteitor cov primary key yw tov gvtomoud tov. To
key avtov tov TEdiov ovopdletar _id kot to value eivor tomov ObjectlD, 1 omolocdnmote
GAXov TOTOV £KTOC amd array, Kot £xel povadikn tiun ywo. kabe document. e dheg Tig Pdoeig
dnuovpyeitar avtopoto index pe Paoet to _id. ‘Eva mapdderypo evog BSON apyeiov pe éva
embedded document pe nedia type ko number mapovoidletor oty Ewova 16.

“ id” : ObjectID(“document id”),
“hame” : “Jack” = .
“birth” : new Date(™Apr 25, 19957),
“phone” : {
“type” : “mobile”,
“number” : “some number”

o

“languages” : [“English”, “German”, “French”]

Ewova 16 MongoDB BSON Document

H MongoDB wpoceépet peydreg ehevbepieg otov tpdmo amodnkevone tmv 6edopévmv
KOl 3{VEL GTOVG TPOYPOUUATICTEG T SVVATOTNTO VO EKUETOAAELTOOV TIG WOIUTEPOTNTES TNG
EPUPHOYNG TOVG, VO, OTLLLOVPYTGOVV OVAAOYO LOVTEAL OVOTOPAOTACNG TV OEDOUEVMV KOt VoL
Tapéyovy amodotikotepeg vnpeoicg. Kabmg 1 Pdon doueitar pe schema-free tpomo, ta
documents piag collection dev ypetdletal va égovv ta id1a media kot doun Kot dev amarteiton
va dfétovy Tovg 1610V¢g TOTTOVG dedopévmv, umopel dNAadN to Kabe €va vo S1ab€Tel TO d1KO
tov schema. H evel&io oto schema emitpémel tv povtehomoinon twv documents dote va
AVOTOPLETOVY KOADTEPQ TOL ODjECtS TG ePaproYNS Kot TIC OXECELS LETOED TOVG.

INo v amotelecpatikdTEPT EKTELEST] TOV EPAPUOYOV, KOl KabdC dev vrootnpilovtaon
joins otv MongoDB, yw v enthoyn Tov katdAAniov schema amd tovg oxedaoTté mpémet
va dopfdvovor voyy to queries mov Ha vopdAiiovtat, n cuyvotnTo TV Updates, tov reads
Ko Tev Writes, oo MapReduce operations kot o puudg avénong tov ueyébovg twv documents.
Eivatl @avepd 6t n povielomoinon tov dedopévev Tpénel va emhéyetal pe Pdorn tov Tpdmo
YPAONG TOVG, Kot Oyt ue Pdon tov Tpodmo amobKEVONG TOVE OTMC YIVETOL OTIC OYECLUKES
Baoeig dedopévmv, dmov 1 ektéleon Tmv queries eivar kupimg faciopévn ota joins.

o v eéayoyn amotehecudtov Hécm QUEries gival amapaitnt 1 avorTapaoeTaon TV
oxéoemv petatd tov documents. H MongoDB divel 600 tpomovg GuoyETIoNG TV SES0UEV®Y,
™ xpnon Embedded Objects kot Arrays kot ) xpnon References.
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Embedded documents

H teyvikn g embedded omobnkevong Object ko Arrays evtog tov documents
YpPNOLoTOlEiTAL OTAV TO EvouaTOpEVa dedopéva eEetdlovtal Kuplowg 6€ GLVOVAGUO e Ta
documents wov ta wepigyovv. Kabag 1 eneéepyacio minpogopidv tov idtov document amattei
Myotepo @Opto €pyaciag oTOLg KOUPOLG CLYKPUTIKE pe TN GLAAOYN dedopévav  amd
dapopetikd documents, oTig TEPITMOOELS TTOV 1) OTOONKEVOT GLGYETILOUEVOV TANPOPOPLDY
oto 6o document givon Svvarr, mpotdtar m embedded omofrkevon documents. Ta
embedded objects vAomolo0vV 0 avdloyo TV jOINS Yo TIg oyecloKEG PAcels dedopuévmv Kot
Aertovpyodv cov pre-joined dedopéva kavovtog Tig document operations mo gvkoleg
eneepyaotikd. Melovéktnua avthg ¢ uebddov amotedel o yeyovog 6Tt gbkoda avédveTot
ave&édeykta to puéyebog tav documents mov TepExovy evomuatopéva dAlo objects.

References

2TIC TEPMTMOGELG TOV TO MOPOUTAV® HOVTELO dev Poledel Tovg oyediootéc, 1 MongoDB
diver v evailakrtikn tov references, dniadn g datpnong towv _id kdmowwv documents ce
GAlo v ovamapdotaon tov peta&d tovg oyéoeme. Ta documents mov Bo cvoyetioTobY
umopel va avikovv ce dapopetikég collections, axdpo kot oe dwapopetikég Pdoeig. Ta
references dovievovv ocav ta foreign keys tov oysolokdv PBaoewv Kot otdyo Egovv TOV
optopd tov oxéoemv petad tov documents. Me avti v teyvikn diveton gveMéia oTov
oplopd TV oyéosmv Tov documents katl pmopel vo edeyyBel kaidtepa 0 uéyebog tovg oe
avtifeon pe T ypnon embedded documents. Qotdco ypeldletar mpoooyn, Kabmdg o
eneEepyaoTiKOG POPTOG GTOVG KOUPOLS YiveTan HeEYAADTEPOS, OOV ATOITEITOL PEYOADTEPN
petapopd dedopuévmv oto diktvo. H uébodog auth mapovctdlel KoATEPO AmTOTEAEGLOTA OTOV
1 embedded amobnkevon Oa eiye cov anotélecpo v amodnkevon TV BV dedOUEVEOV
TOAAEG QOpéc, Otav givar amopaitntn 1 dnuovpyia TOAAGY cyéoemv ueta&hd tmv documents
Kot OTav €ivotl SLUVOTN 1) AVOTOPAGTACT T®V OEGOUEVOV GE LLOPPT| SEVIPOUL.

4.9.4 Query Model

INo v vroPoAn v queries ypnoporotovvrar JSON-like apyeio, To omoio oTéAvovTan
ot Bdon cav BSON objects péow tov driver mov ypnoipomoiei n epappoyn. Xto. apyeio avtd
EUTEPLEYOVTOL Ta TEST, O TIUEG KOl 01 GVVONKES TOV TPEMEL Va. IKavoolovv ta. documents yia
va ovumepiAneBodv 610 amotéhecpa mov Bo emotpopel. o mo ypryopn extéAecn TV
queries gival dvuvartn n dnuovpyio indexes, ®otdco KAOMG CVTE KATAVAADVOLY YDPO Kot
emPpadovovy v ektéleon tov updates Tpémet va ypNGIUOTOI00VTAL UE TTPOCOYT.

To, queries vrofdAloviar oe 6ha ta documents piag poévo collection kabe @opd Kot
ovumeptapfavovtar 6ia to embedded Objects kot Arrays mov mepiéyovv. o Tnv vTofoAn
gpomudtov oe documents nepiocodtepwv collection Ba mpénel to query vo epappootel og
OAec tig collections mov dabétovv Tor (nrovpeva documents. Tlapakdton mapovoldletar Eva
Tapadetypo query mov emotpépel To. documents mov éyovv cav name tnv tiun Jack, caov
phone to ovtikeipevo pe type v Ty mobile xor cav language v tpn German,
MongoDB-Query 1.

{“name”: “Jack”, “phone.type”: “mobile”, “languages”: “German”}
MongoDB-Query 1 MongoDB Example Query
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To Query Model ¢ MongoDB vmoomnpiler, peta&d dAov, ta  axdriovbo
YOPOKTNPLOTIKGL:

e vrofoAn queries oe documents kot to. embedded subdocuments

e vrofoAn geospatial queries

e ypnon terect®V cOyKplone (>, 2, <, <, =)

e ypnon Aoyikov teleotdv (and, nor, not, or)

® ypnom teEhecTAOV IKOVOTOINoNG cvvinkmv (equals, exists, in, mod, type, ...)

e yprnon aggregation functions (cuvapticeic opadonoinong) (count, sum, ...)

Extég amd ta queries, yw TNV vAomoinon moAVvmAokwv aggregation functions,
y¥pnoonoteitar po topaiiayn tov MapReduce mov €yel viomombei amd ™ MongoDB. Xtnv
éxdoomn ovt tov MapReduce, n map function emefepydletonr v €icodo Kol mopAyEL
key/value pairs. Ta key/value pairs opadomorodvior pe Pdaon to key kot yu kabe éva
npokvmTel évog mivakag oamd values. Ta anoteléopato tpombovvtar otny reduce function, 1
omoia epappoletor oe OA To oTOKElR TOL Values Tivoko Kot ETGTPEPEL Piol LOVOSIKT TN
v 10 ké0e key. To amotéhespo mov emoTpépetar amd tnv reduce amotteiton vo givor 10100
tomov dedopévev pe tov values tmg map function. H reduce function dev mpémer va €yet
npocPacn otn Paon. H cepd tov otoyeiov Tov values mivaka dev mpénel va ennpedlel 10
arotéleocpa mov Oa emotpagel ko mpémer m reduce function va eivon idemponent,
OVTIHETOOETIKY], ONAOST] VAL IKOVOTOIELTAL O TOPAKAT® THTOG.

O ypNom¢ umopel TPOAPETIKA Vo, opicel akopa pio cvvdptnomn, t finalize function.
Avt] M ovvdptnon epoppoleton ota amoteléopata ¢ reduce function kou divel éva
LOVOdIKO amoTtélecpa. XpNOHOTOLEITAL Y10 TV OUAOOTOINGT TOV OTOTEAEGHAT®V TNG reduce
function, 6mw¢ yio Tov vVEOAoYIGUO €vOg pécov Opov. H avaykm dmuovpyio g finalize
function otnv ékdoom avty tov MapReduce mpokvmtel and tov TEPLOPIGUO TNG reduce
function va givol avTetadeTIKn Kol TPOCETAIPIOTIKT.

Ta aroteléopata Tov MapReduce amofnkevovion o pio collection, gite dnpovpydvTog
TNV av Ogv VTAPYEL, EITE AVTIKOOIGTOVTOC TA SEOOUEVA TNG LE TO KAVOVPYLO. Y TAPYEL OKOUOL
N dvvatotnTo VITOPOANG epOTNUATOV oTa dedopéva €160d0V Tng map function, KTl TOL
Umopel vo PEIDOEL oNuavTIKd Tig epyocieg e Télog o1 yproteg umopodv va epapudlovv
tagvounon ota dedopéVe 16030V, KATL TOV Eival ¥PNOUO Yo, PEATIOTOTOGELS, KOOGS GE
OpIoUéVEC eQapUoYEC TaSvoumvTag Ta dedouéva cOuemva pe 1o key yivovtar Aydtepeg
npaéelg otnv reduce function.

4.9.5 Indexing

v MongoDB vy ypnyopdtepn kot amodoTIKOTEPT EKTEAECT] TOV EPOTNUATOV
ypnopomolovvtar indexes, dopég dedopévav mov gvromilovv ypryopo, documents pe Pdon
éva M meprocdTepO cuykekpuévo media. To indexes amobnkevovion og popen B-trees kot
glval Opool UeE aVTE TOL GLVAVTMOVTOL GE TOMES GAleC Bdoelc dedouévav. Epapudlovior ota
keys tov fields xor embedded Objects kot Arrays gvog document piag povo collection. Otav
éva document peyodmoel moAd o péyebog, Adyw tov sharding mov Ba avaivbel otn cuvéyeta,
npémetl vo petakivnOel. Tote npayporomoteiton update oe dha to index keys mov apopodv 610
document. Xe drapopetikn mepintmon update yivetatr povo 6tav oALAEOLV Ot TIUEC TV TTESI®V
ue Baom to omoia £xel yivel to indexing.

Onwg avaeépbnke 1 MongoDB dnuiovpyei avtdépata index pe Bdon to _id tov kdbe
document. Indexes pmopolv va opiotodv yia dha to fields evoc document. To indexing ota

92



nedio. pue Arrays, mov umopei va mepiéyovv tags, yivetar pe ypnon tov multikeys, émov
dnovpyeitar Eva Egywpioto index yio kéBe otoryeio Tov mivaxa. ‘Eva tétoto index pmopei va
ypnoporomOei yro. tv avalitmon opyeiov ue Pdon to tags. Téhog daxpivovtor indexes e
Bdon meprocdtepa tov evog fields, Ta compound indexes.

Ot oyedlooTég avaloya pe To QUErIeS, T cuyvOTNTA OV EKTEAOVVTAL, TV OVOAOYio TMV
reads xou writes kot v da0éotun uvAun emAéyovy v Snpovpyio TV KetdAAniov indexes.
Orav ta index keys dwatnpodv OAN TV TANPOPOpio IOV aPopd v qUETY, EA0YLGTOTOLOVVTOL
10, documents mov mpémel vo amobNKeELTOVV OAOKANPOL GTN UVIAUN KOl HEYIOTOTOLEITOL 1|
amddoon ka1 to throughput tng Pdong. Kabog opwg m Swipnon indexes mpoxaiei
kabvotépnon ota updates mpémel vo dNoOvPYOVVTOL TPOGEKTIKG Kol Yo TO 7O GVYVA
xpNoyonolovpeva queries. Mia mpaktikn yio ypriyopn ektéleon Twv queries givol ta indexes
va datnpovvtar oty RAM. Av mapatnpeitor apyf ektéleon tov queries pmopei vo
VTOdEIKVDEL KOKT eiA0yn indexes gite 6tL owtd dev Ppiokovian otn RAM.

Ye kabe query ypnowuomoteitar povo éva index. H emloyn yivetor euneipikd omd tov
query optimizer, o omoiog pmopei vo mopakapedei. O query optimizer extehei queries
TEPLOTACIOKG, UE YPNoT SlopopeTikdv indexes kot emléyel avtd mov divel v Kolbtepn
amddoon. ‘Eva akopa mheovéktua g ypnong indexes givar n Bektioon g anddoong tomv
queries oT1g TEpUTTMOGELS TOL £Qapuoetar MapReduce.

4.9.6 Replication

Ot Bdoeig dedopévaov vAomolovy Kamolo pnyaviopd replication yw va e&acpalicovy
ocuvémew Kol LYNAN dabecyotnto oto dedopéva, adlomotia kot ovoy o€ opdipata. H
MongoDB ypnowuonotei yia replication to replica sets. Kae replica set, mov cuvifag eivoat
évag shard node, amoteleitan amd Evav primary koéupo kai Evav i meplocdTEpOLE Secondary
KOpPove. Ohot £xovv gyKoTeTNUEVO TO AoYIopKO mongod.

O primary koppog givar vrevBvvog yoo OXa o Writes kot consistent reads kot dtotnpei log
LE EYYPOOEG Y10 OAEC TIG epYAGieg OV £yovv yivel oto dedouéva Tov. Ot secondary koupot
gvnuepdvovtal acvyypove oo to log tov primary koppov, epappolovv oto ded0UEVH TOVG
TIC aAAayég mov Tovg apopodv kot dwatnpodv eventually consistent dedopéva. T va
eMOTPEYEL évo. Write apkel va ypoaetovv to dedopéva otov primary xoufo. Toéte oe
nepintoon amotvyiag tov primary koi av dev €yovv mpoidafer ov secondary koupor va
evnuepwbovv amd to 10g, vapyet kivovvog va yabobv dedopéva. Te TeEPTTOOEIS EPAPUOYDV
7ov omouteitan alomiotioo TV dedouévev Kabe ypoviky oTIYUN Ol GYESNGTEC UTOPOLV Vi
em é€ovy va emotpépet Eva Write apdtov £xovv ypatel ta dedopéva otov primary koi oe
6Lhovg Tovg secondary kOpBovg oV TaL SoTNPOVV.

Mg ypron replica sets dwaopalriCetar to avtopato failover oe nepintmon cedipatog. O
kouPot evag replica set ypnowonotovv heartbeats yio tov evtomiopd tov kOufwv mov Egovv
actoyNoEl. Av o primary koupog amotoyel, EKAEYETAL ADTOROTO VoG VEOG amd Tovg secondary
KopPovg tov replica set. Otav ot kopPot mov £xovv actoynoet enavéLBovv, cuyypovilovrat pe
tov primary tov replica set kot cuveyiCovv v Asrtovpyio tovg wg secondary. O neploptopdg
tov replica sets eivor 611 kGOe éva dev umopei va dwabétel mapomdveo and 12 koupovg, Evav
primary kot 11 secondary. Xg neputtdoelg mov amaitovvtal Tepliecotepot Secondary koufot n
MongoDB divel v emhoyn xpriong master-slave replication, 6mov 6pwg dev vrootpilovon
unyaviopoi avtoparov failover.

4.9.7 Auto-Sharding

Me tov 6po sharding evvoodue tov katapepiopd pog Paong dedopévav oe éva cluster.
Ta cluster oty MongoDB amotelovvtar a6 shard nodes, otovg onoiovg amobnkevovial ta
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dedouéva, configuration servers kat routers. H MongoDB vrootnpiletl to owtoparo sharding,
LGOKOTOVEILOVTOG TOV OYKO TV dESOUEVAOV KOl TO POPTO EPYACING G OAOVG TOVG KOUPOVG TOV
cluster. Me v mpocOnkn vémv kOuPov ta dedouéva KoTopuepilovtatl auTOHaTa, TOPEXOVTOG
EMEKTAGILOTNTA GT PAoN.

O1 oyedlootéc emdéyovy o€ moleg Pacelg kot o€ moteg collection tovg Ba evepyomocovv
1o sharding. Kabe tétowa collection diapepilel ta documents g cOpemve pe £va opiouévo
and 1o ypriotn shard key, étol dote kdBe shard vo maper documents pe £va GuYKEKPIUEVO
gvpog Tudv tov shard key. To shard key, mov eivon apketd dpoto pe éva index, sivon éva field
T0 01010 VIOYPEWTIKA VITdpyeL o KABe document g collection. Mmopovv vo. dnpovpynfovv
shard keys pe mepiocdtepa Tov £vOC TESIA.

Kabe shard dwotnpei ta&ivopnuéve ovpemva pe to shard key to document ov tov €yovv
avatebei. Ta documents oto shards ywpiCovior oe chunks, mov to kabéva Srobétet
ta&wopunuéva documents and éva start shard key péypt éva end shard key. Av éva chunk
peyolwoet mohd og péyebog yopiletor. To chunks ypnoomolobvial yio TV 1GOKOTOVOUN
Tov dgdopuévev oto cluster pe v avtopatn petakivnon Tovg, Om®G OTNV TEPITTOON
npoctnkne N agaipeong kOuPwv. Otov éva shard Eemepdoet éva opiouévo dyko dedopusvav
petakwvel chunks tov og pkpodtepa shards.

Ot configuration servers dwatnpodv mAnpogopieg yio v 0éon tov dedopévov péca 6to
cluster. ITio cvykekpuéva datnpovv yypapéc yio to kabe chunk, otig onoieg amobnkedovta
to start shard key, to end shard key «ot to shard oto onoio Bpicketar. Mg awtdv tov TpdTO
umopovv ot routers, agod cvuPovievtodv tovg configuration servers, vo dpopoloyodv to
requests ota shards mov wepiéyovy to (nrodpeva dedopéva.
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KepdAiaio 5
MPEG-7, MPEG-21

¥t dumhopotikh avtn e€gtaleton ) amobfkevon tov metadata molvpeoikdv apyeiov ue
oTOY0 TNV €0pec KOAOTEP®VY TPOTMOV amobnkevong, dloyeipiong Kot avaktnong multimedia
apyelov. [a to okomd avtd elvar omapaitntn 1 KATAVONGT TOL TPOTOV AEITOLPYING TOV
npotomewv MPEG-7 ka1t MPEG-21, xabd¢ ot ¢ teMkng doung tov metadata mov
ONUIOVPYODVTOL GOUPOVO PE OVTE. £TO KEQPAAoo ovtd Oa yivel n mapovsioon TG ouddag
MPEG ka1 tov mpotdmeov mov gionyoyav yio. Ty kmdwkomoinon multimedia apysiov, 6o
avaivBobv extevéotepa ta mpdtuvma MPEG-7 kot MPEG-21 xot Ba yiver o covroun
avagopd oty yAmwcca XML.

5.1 Ewcaymyn

H Moving Pictures Experts Group, MPEG, &ivar 1 opdda mov dnpovpynbnke and tnv
ISO/IEC y10 v opiopd tpotvnmv otny eneEepyacia, CUUTIEST Kol HETASOGT apyeimv Nyov,
audio, ko gwcovog, video. Méypt onuepa. £xovv dnuiovpyndel Tévie TpOTLIA TOV KAADTTOLY
SLOPOPETIKEG TAEVPEG TOV 10100 TTPOPANUATOS, AVOAOYO WE TIC OVAYKES TOVL YPNOTN, TO
gpyoreio mov dtabétel Kot 10 VAIKO Tpog eneEepyacia.

O)a to MPEG mpdtuma €yovv ompovpyndei akorlovbmvtag v apyn tov va opilovv 660
TO SVVATOV AYOTEPU KOl VO EYYVOVTOL OLOAELTOVPYIKOTNTO. AT SivEl GTOVEC GYESAGTEG TN
duvatotnta TG Slopkovg PEATIOTOMOINGNG TV EPAPUOYDV LE XPNOT OAOEVA KOl KAADTEPWOV
epYorElV, €V TOLTOYPOVO EMTPEMEL TOV LYU] OVIOYOVICHO HETAEDL TOV VANPECUDV
napéyoviog apolfoio olaAettovpykdotnta. Me avtév tov Ttpomo M ddpkewn (wNg TOV
TPOTUTI®V  OLEAVETOL Kol TOPEYOVTOL  OlPK®OG KaAbtepeg vmnpeoies.  [lapaxdtm
ToPoLGIALOVTOL ENLYPOUUOTIKE 0LTA ToL TPOTLTO, VA Bo avadlvuBovv e1dikdTepa KATTOW0, O
avtd otig Evomtec 5.2 MPEG-7 ko 5.3 MPEG-21.

MPEG-1: “Coding of moving pictures and associated audio for digital storage media at up to
about 1.5 Mbit/s (ISO/IEC 11172)”.

Eivouw 10 mpdto mpoTumo yio cvumieon apyeiov audio ko video kot dnpovpyndnke cov
EVOALOKTIKN T®V avoloyikdv Bivteokacetmv, VHS. Z16x0c Tov mTpoTdIOL £lval vo TpoceépeL
évav TpOmo Ynelokng kodikonoinong audio-visual dedouévav yio oamodnKevon 6€ YNELoKA
péoa, 6nmg CD, DAT «ar optical drives. I'a va avtayoviotel tig Pivteokacéteg, 10 TpOTLTO
Empeme va, ivor Kovo va mapéyel OAEC TIG AELTOLPYIKOTNTEG TOVG, Omtw¢ fast forward, random
access kat fast reverse. Tavtoypove Expemne 1 TOLOTNTA EIKOVOG Kol NYOL VoL gival avaloyn
tov VHS. Eivar eavepd nog ftav anapaitnt 1660 1 BEATIGTOTOINGT TOV TPOTOV GUUTIECNS
KOl KOOIKOTOINoMG TV apyeiv, aAAd Kol 1 Tapoyn eXTPOSHETNg AEITOVPYIKOTNTOS OVAAOY
LLE TIC OTTOLTIOELG TV YPNOTAOV.
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Kobdg 1o wvpro péoco omobnkevong empokerto vo, eivar 1o CD, 1o mpotvmo
Beltiotomombnke yu pvOud petddoong, bitrate range, 1.5 Mbps. Qot6c60 T0 TPOHTLRO
dOVAEVEL TOGO Y10, YAUUNAOTEPO OGO Kol Yo VYNAGTEPO pLOUS petadoons. To MPEG-1 éxave
duvart v petapopd mAnpogopiog audio kot video oce CD kot ypnowomombnke otnv
petddoon Video péom diktdmv younrov bandwidth, omwg oe vanpeoieg emiysiag kot
dopLPOPIKNES YyNnerokng tiedpaonc. Io yvowotd koppdtt tov MPEG-1 eivon to MP3 format
Y apyeio Nyov.

MPEG-2: “Generic coding of moving pictures and associated audio information (ISO/IEC
13818)”.

[pdkertan ywoo v enéktoon tov MPEG-1. Tlpootifevion véa yapoktnplotikd, Omme
vrootpiEn Vvideo vynAng avaivone, teyxvikég interlacing, wai opifovrar formats yio
anmobnkevon videos, tawvidv kot Tpoypappdtov oe DVDS. Mg 10 MPEG-2 givat duvat) 1
amofnKevon Kot PeTAS0oN TAVIOV VYNANG avdAvong pe dwbéoiua péso amobnkevong Kot
bandwidth. Xpnouorobnke cov TpdTLIO GTNV UETAGOCT GHUOTOG VYNANG TO10TNTOG Yl
mv ynmowxn tiedpaon, High Definition TV, HDTV. ¥to0 MPEG-2 evoopotdbnke 1o
MPEG-3, npotumo yia xeipropd High Definition TV onudtov pe pubud petddoong amd 20
uéypt 40 Mbps.

MPEG-4: “Coding of audio-visual objects (ISO/IEC 14496)”.

To mponyovueva wpotvra, MPEG-1 kot MPEG-2, akolovBovcav kupimg éva poviélo
avomapdotoons €wovov, yvwotd ¢ frame-based model. Tlopdétt oavtdg o tpdHmOG
OVOTOPAGTAGTG TOV OEGOUEVMV NTAV KOVOG VO, IKOVOTOWOEL TIG AVAYKES TTOAAMY VN PECIDV,
OgV UmOPOVCE VO TPOGPEPEL TIG OAO KOl TOAVTAOKOTEPEG SLVOTOTNTES OV CAIALTOVGAV Ol
obyypoveg epapuoyés. To MPEG-4 amotekel mpdtumo yioo v vAomoinon multimedia
EPUPLOYDV KL TPOSPEPEL EVAV EVOALUKTIKO TPOTO avomopdotacng dedopévmv, o object-
based model. Xto object-based model to audio-visual mepieyduevo dev Bewpeiton amin
avamapdotaon £kovev, oAld dousiton pe yprion aviikewévav, objects. Ou ewdvee tov
audio-visual apyeiov pmopodv va dnuiovpynfodv pe v ocdvbeon evog 1 TEPIGGOTEP®V
objects, ta onoia propoHv va VTosTOVV Eneepyasia, Vo K®dKOToMOBoHV Kot Vo GOUTIEGTOVY
ave&aptnra 10 £va oo TO AAL0. AVTOC 0 TPOTOC dOUNGONG TV OEOOUEVMVY dIVEL SUVATOTNTEG
oAANAETIOpOONG HE TO TEPLEYOUEVO KOl EMIAOYNG TOV OVTIKEIWEVOV TTov Oa petadofolv
e£0KOVOLDVTAG VITOAOYIoTIKOVG TOpOLG kat bandwidth.

‘Evo. amd 1o Pacikdtepa mheovektnuata tov MPEG-4 o€ cOyKplon We T TPOTYOVUEVQ.
POTLTO, TOoPOTL daTnpel TOAAG amd TO YOPOKTNPIOTIKG TOLG, &ival 1 dvuvatdTnTa
avomapdotaons Tov ototyeinv mov cuvbitovy to Video stream, playground, audio kot video,
ue objects diapopetikng mpoéhevong, dmmg text, speech, 3D models, 2D meshes, synthetic
audio xaw VRML objects. To VRML, Virtual Reality Modeling Language, sivor évag tomog
text apyeiov ywo v avamopdotacn TpiodidotoTov dwdpoactikdv vector graphics. ‘Eva
axopo mieovéktnuo tov MPEG-4 amotekel to yeyovog OTL OV GTOYEVEL GE GUYKEKPLUEVEG
eapuoyéc, oALG umopel vo epapuootel o dho to uéco, mobiles, PCs, kol and yoauniod
bitrate péypt amodotikr perddoon vyning moldtntag multimedia apyeiov. To MPEG-4
npocpépetl emiong to MPEG-J, éva Java interface mov emtpénel ) ypniomn Java classes oto
nepileyouevo tov multimedia apyeiov. Me avtd to epyaieio UTopodV va oplioTOVY UNYOVIGHOL
S1dPACTIKOTNTOG TOV OESOUEVOV, DGTE Ol TEMKOT ¥PNOTEC VO LTOPOVY VO AAANAETIOPOVV UE
T AVTIKEIIEVO TV gQapuoy®mv. Ymootnpiletar T€hog 1 xpnon epycieiov yio v dlayeipion
KOl TPOCTOGI0 TOV TEPIEYOLEVOL TOV apyeimv, otmg Digital Rights Management.

MPEG-7: “Multimedia content description interface (ISO/IEC 15938)”.
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IMpoxettarl ywo. €va. TPOTLTO TEPLYPUPNG TOL TEPIEYOpEVODL TV Mmultimedia apyeimv.
Xpnoyonoteitar 6e GuvdLOCSUO pe kdmolo and ta tpdtuna MPEG-1, MPEG-2 ka1 MPEG-4,
aALG drapopomoteital 6to OTL dgv APOpPd GTNY KOOKOTOINoN TV dedOUEVOV, CALL GTNV
TEPLYPOPN TOV TEPIEXOUEVOL TOV APYEIDMV TOV KOSIKOTOOVVIOL COUPOVE PE KATOW 0md
ovtd. Emupémer v ypfyopn Kot omoTeEAECUOTIK ovoalnTnon VAKOD COUQOVE UE TIG
amoitnoelg tov ypnotn. To MPEG-7 meptypdpel ektOg amd TANPOQOPIES TEPLEXOUEVOD KOl
TAnpoeopieg Yo To 1610 10 apyeio, dmwg TV nuepounvia dnpovpyiog Tov, TNV KOIKOTOINoN
Kot TV ovpmieon mov emiéyetan. Xpnowomotei apyeio Tomov XML yio v amobrkevon tmv
metadata xor pmopel va cvvdvoctel pe timecodes ywo Tov onueimon GLYKEKPIUEVOV
veyovotmv. To MPEG-7 B0 mapovclaoTel avaAvTIKOTEPA GE ETOUEVT EVOTNTA.

MPEG-21: “Multimedia framework (ISO/IEC 21000)”.

To MPEG-21 opilet éva framework ywa avamtvén multimedia epappoyés ko mapéyet
UNYOVIGHOUG Oloyeiptong Kol TPooTaciag TNng TVELHATIKNG Woktoiog. Ewsdyovior dvo
Bepehmoeig évvoleg, o User kat to Digital Item. Kdpiog 610)0¢ ToV 0motedel 0 Tpocdiopiopog
TOV ATOPAiTNTOV TEYVOLOYIK®V TOPWOV, OGTE 01 ¥PNOTES VA £XovV duvatdtnteg Tpdsfacmg,
Ko droyeipiong tov Digital Items pe tov miéov anodotikd tpodmo. ITo avervtikd to TpdTLTO
MPEG-21 6a mapovcloctel 6€ exdueyn EVOTNTO.

5.2 MPEG-7

Me v dafecipnoTnTa TV TPOTLTIIE®V Kmdkomoinong MPEG-1, MPEG-2 ko1 MPEG-4
éxel yivel eukolotepn 1 dnovpyio, N omoOKTNOT Kot 0 dropotpacudc apyeiov pe audio-visual
nepleyopevo. Ot amaItnoEg TMV ¥PNOTMY, Y10 YPYOPO KOl OTOTEAEGUATIKO EVIOTIGUO TMV
OEJOUEVOV TTOL TOLG evOLPEPOLY, ohoéva kot avédvovtat. [TapdAinia yivetar dabéoipog
OM0 Ko peyoAdtepog 0yKog dedouévmv. Me copPatikéc uedddovg N avalntnon tov apyeiov
OV TEPIEXOLV TIC (NTOVUEVES amd TOVG YPNOTEG TANPOQPOPie Ba peimve mOAD TV amdkpion
TOV EPOUPLOYDV.

o Toug mopamdve Adyovg MOV omapaitnTn 1 ovamrTvEN KOl 1) TPOTLTOTOINGT EVOC
UNYOVIGLOU TEPTYPOAPNG TOV TEPLEXOUEVOD TV APYEI®V, DGTE Ol AVONTICELS TOV YPNOTAV
Vo K@dkonoovviot pe KaBoAkd tpomo. AkoAovBdvioag éva TETOO TTPOTLTO 1| OVAKTNOT
apyelov umopel va yivel otoyevpéva, pe Pdon TG €KACTOTE OMOUTNOELS, YPNYOPO Kot
a&émioro.

To MPEG-7 amotelel 10 mpoOTLTO Yoo TNV TEPLYPOPN TOV TTEplEyouévoy apyeiov. Eivar
OYEOLOCUEVO VO, TOPEYEL CUUTANPOUATIKEG AetTovpyies ota TpoTvma MPEG-1, MPEG-2 kot
MPEG-4, mapovcialovioc mAnpogopieg yoo 1o mepieyodpevo tov apyeiov. To MPEG-7
amoptiletar omd 11 koupdria, ta omoia B avaAivBodv oy cuvvéyela. Ot TEPLypagEéG TOL
MPEG-7 mapéyovv mAnpogopieg yioo Eva peydAio €0pPOg EPAPUOY®DV Kol £poappoloviol o€
TOAAG aatpeTikd emineda, amd meptypaer, low-level kot 6ToTIGTIKOV YOPAKTNPICTIKOV TV
apyeiov  péypt high-level ovamapdotacn Tov  GNUAGIOAOYIKOD TEPIEYOUEVOD  TOVC.
Epappolovrar ota dedopéva aveEaptnto ond To PHEGO GTO 0010 HETASISOVTOL Kot TOV TPOTO
OV €£YOVV KWOOKOTOMOEL, 1 OVOTOPACTACT TOLG YIVETOL LE OVTIKEUEVOSTPAPT] TPOTO KoL
UopovV va. eneKTa000V avAAOYO, LE TIC OVAYKEG TMV YPNOTOV.

5.2.1 MPEG-7 Description Tools

Onwg éxer avapepbel, ta MPEG mpétuma €ovv oyedactel pe TETO0 TPOTO MOTE vV
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dtvouv 6Ttovg oYedlaoTéc gveMilor OTNV TOPUY®YN| EQPAPLOYDV, Ol Omoieg omotteiTon va
0K0AO0VOOVY OPIGHEVOVG HOVO TTOAD YEVIKOUG Kavoveg. Xtnv 101a Aoyikn to MPEG-7 opiletl
uoévo tov Tpdmo mEPLYpapnG TV metadata kou to decoding kat apiveEL 6TOVG GYESAGTEG TNV
dmuovpyio tav meptypaedv. Opilovtar dbo epyaieia, description tools, yio thv meprypagn
TOV TEPLEYOUEVOL TV apyeimv, ot Descriptors kat o Description Schemas.

Descriptors (D) — "Evog Descriptor, meptypagéag, opilel v ovvtaén kot onuactoloyio
NG OVOATAPACTOOTNG EVOG GTOLXELDOOVS YOPAKTNPIOTIKOD. Q¢ yapoKTnpoTikd opiletor éva
dakprtd yvopiopa tov dedopévev, dnwg to ypoua. ‘Evag Descriptor pumopei va meprypiyet
low-level yapoxmmpiotikd tov apysiov, énwg texture, shape kot motion, péypt high-level
onpactoroykd dedopéva, OIS TO OVOLO TOL GLYYPUPEN Kot TOV TitAo Tov apyeiov. H doun
Ko 0 Tpomog cvvraéne tov Descriptors opileton amd tv Description Definition Language,
DDL. H DDL zmpoc@épet ektdc amd Toug KovOveg mov mpémel vo, okoAovBovv ot Descriptors
Kot gpyodieio yio v dnuovpyio véEmv KOvOVEOV Kol KOT  €TEKTACT] TNV TOPAY®YN VEDV
Descriptors mov kavomolovv T1g avaykes tov ypnotov. Kanow mapadsiypata Descriptors
amoteAoby ot time-codes yia avoamapdotaon ypovikng Slapkelac, String yopaktnpov yio
OVOTTOPACTOCT EVOG OVOLOTOS KOl IGTOYPAUUOTO Y10 AVATOPAGTOCT EIKOVAGS.

Description Schemas (DS) — "Eva Description Schema, oyfuo mteptypagng, tpocdiopilet
v obvtaén Kot T onpoactoAoyio T@v oyécemv petad components, émov components
umopovv  vo. eivar Descriptors 1 Description Schemes. Ta Description Schemes
dnuovpyodvrar amd v dwcvvdeon twv Descriptors kot tov opiopd TV petaéd Touvg
oyxéoemv. H doun xau n ovvragn twv Description Schemes opifovtat and tqv DDL, n omoia
0€ OPKETEG MEPWITMGELS Otvel T duvatotnta dnuovpyiog kot véov DSs. 'Eva mopdaderypo
Description Schema amoteAei to AudioVisualSegment DS 6mov opiletar évag cuvdvacpog
amd TAnpoopieg audio ko video yio meptypagn Video ue evoopatouévo Myo.

5.2.2 XML

Abdyo g TANBdpag TV pécwV oTig omoieg KaAeital va epapuooteil to MPEG-7, énpene
vo. emieyel évog TpOTOC avamapACoTUCTG TV OE00UEVMVY TTOV VO UTOPEL VO EQPOPUOCTEL GE
KG0e e@apuoyn Kol 6€ OAES TIG TAATPOPUES TPOYPAUUOTIOTIKOD TEPPdArovTog. Tavtdypova
T apyeio énpene va glvan Sounpéva pe Tpomo €0KOAN KATAVONTO TOGO Ond TOVG YPT|OTEG OGO
Kol omd Tovg voAoylotéC. Téhog Oa émpene va givarl duvaty N EVEOUATOOT TOADTAOK®V
TANPOPOPLOV o€ amid schemes, kotavontd kot dtayelpiciua amd Tovg ¥PNOTES, DOTE va
Umopohv va, To TPOSUPUOGOUV EVKOAN OTIS OVAYKEG TOLG. AvTol 01 AGYOL 0O yNooV GTNnV
emhoyn g XML v yAdoca d6pnong tov apyeiov tov akoiovBovv to tpdétumo MPEG-7.
Yvvenwg ot Descriptors kot to Description Schemas mov ypnoipwomolobvtor yio Thv
amofnkevon Twv Metadata tov apyeiov arotelovv apyeio tomov XML.

H yprion g XML xdver to mpdtomo MPEG-7 yevukod, anhd kol edkoha katovontd. H
dvvoun tov mpothnov £ykertanl otV Y¥pNHon amidv Schemes yuo avoropdotoacn ocOvOeT®V
dedopévav. Axopo Adyom g popeng tov XML apyeiov yivetar moAd amodotikny M
eneepyacio kot ovalnmon oedopévav. Kabog ta apyeic XML omotelodv yvoom
TEYVOLOYIO KO YPTOULOTOIOVVTIOL GE TANODPU EQAPUOYDV, EMTVYYXAVETOL dueon eEotkeimon
TV Ypnotev pe to MPEG-7 kat tnv diaygipion tov.

Ta XML apyeio amotelodvion and éva string yopoxtipov. Atokpivovtar 600 PBoacikd
SoKa yopakTNPloTiKd Tovg, to elements kou to attributes. Ta elements oamotelovv ta
components evoc apyeiov, mepikieiovtal omd tags mov oNUATOd0TOVY TNV Py KoL TO TEAOC
TOV, UTOPOLV va &xovv 0,11 dvopa emllfvopody o1 YPNOTEG Kl TEPLEYOLV TIC OMAPUITNTES
TANPOPOPIES Y10 TNV EKTEAECT] TOV OTOLTOVUEVMV KOl OPICUEVMV amtd TO YPNOTn evepyeldv. H
TANpoYopio oL TEPIEYOVY UTopEl va givan gite To Kevo, eite Eva text, site dAla elements.
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KdaBe element pnopsei va £xst 1010tnteg, attributes, ot onoieg amoteAovvtat and T0 GVOU TOL
attribute, mov sivar éva text string kot to value tov. Avaloya e TIG GMOITHGELG OL YPNOTEG
opiCovv v akpiPn onuacio Tov attributes kot tig evépyeleg mov mpayuatomotovvTon pe Pdon
avtd. 'Eva napdoerypo apyeiov XML mapovcibletor oty Ewova 17.

<messages>
<note id="501">
<to>Tove</to>
<from>Jani</from>
<heading>Reminder</heading>
<body>Don't forget me this weekend!</body>

</note>
<note 1d4d="502">
<to>Jani</to>

<from>Tove</from>
<heading>Re: Reminder</heading>
<body>I will not</body>
</note>
</messages>

Ewovo 17 XML Example Document

Ymv Ewodva 17 dwakpivetor To root element messages mov mepiéyet 6vo child elements
nov ovopdlovtal note. Kabe note child element éyer éva attribute id xou wepiéyel téooepa
child elements, ta to, from, heading kot body, xaféva amd to omoio mepiéyet éva text element,
ta Tove, Jani, Reminder kot Don’t forget me this weekend avtiototya ywo To note pe id =
“501” o Jani, Tove, Re: Reminder kot | will not avtictotya yio to note pe id = “502 .

5.2.3 MPEG-7 Parts

To MPEG mpétoma mepiiapfdvovy to kabe évo T0 OGOVOAO TV OmOPAITNTOV
TPOJAYPUPDV Y10 TOV TPOTO dOYEIPIONE TOV TEPLEYOUEVOL TTOL TA APOPE. GTOCO AVTEC Ol
npodaypapég Ba €mpeme vo pumopovdv va ypnotponomBodv kol Eexmpiotd, cuVILALOVTOG
TEYVOLOYIES, YpNOUOTOWOVTAG UOVO OTL glval omopaitnto ywo v kabe epoppoyn Kot
avaAoyo pe Toug TEPLOPIGHODS Tov avTipeTonilel o kabe ypnotg. o avtd to Adyo dha T
MPEG znpotumo opyavavovtal e Parts kaféva amd ta omoio TepthapuPavel Tic Tpodioypapés
v emilvon SapopeTik®dv Truydv Tov mpoPAnuatoc. Ilapaxdteo mapovoidlovior Ta
emuépovg Parts tov mpotomov MPEG-7, evd cg enduevn gvotnto Bo avolvdel extevéstepa
to Part 2 mov meprypdeet to Description Definition Language (DDL).

Part 1: Systems: Opilovtot ta epyaleio yio T0 TOPOKATO:

i.  Metogopd kot amobnikevon tov MPEG-7 meptypaemv pe amodotikd tpodmo. Mropel
va BeopnBel kan Eva epyaieio yio ovumieon XML apyeiov.
ii. Zvyypoviopd twv MPEG-7 meptypagmv pe TO0 mePleyOUeEVo mov Teptypapovy. Ot
MPEG-7 meprypapéc pumopel vo petapépovtar aveaptnto N pall pe 1o mepleyouevo
OV TTEPLYPAPOLV.
iii.  Awyeiplon ko1 mpootacia TG TVELUATIKAG 1810KTNGIOG TOL TEPIEXOUEVOD OV
oyetiCeton pe tig¢ MPEG-7 meprypogéc.
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Part 2: Description Definition Language (DDL)

ITpocdiopileton n yAdooa yo. v dnuovpyio vémv Description Schemes kot yio v
EMEKTOOT KOl TPOTOTOINGN T®V No1 evoouatopévav oto MPEG-7. H DDL mov éyel emiheyet
givar Baoiopévn otmv XML Schema Language g W3C. T va tkovoromBovv ot avarykes
neplypapng apyeiov pe multimedia wepieyduevo oty DDL mepilappdvovtor ektog amd tnv
XML Schema kot k@moleg TpoeKTAGELS.

Part 3: Visual

OpiCovtar to. epyareion yo v meprypoen Visual mepieyopévov. Ilepthapfdvovrar
Descriptors xor Description Schemes yio. v meprypoaen tov visual yapaxmmplotikdv tov
opyEl®V KO Y10 TOV EVIOTIGUO TV OVTIKEWEVOV TOV TEPLYPAPOVTOL LECH GTNV £IKOVA 1] TO
video. TTévte amd ta Bacikd yapakTNPIoTIKG (oG eikovag meptypapovtotl pe Descriptors mov
TEPEYOVTUL 6€ 0VTO To Koppdtt tov MPEG-7. Avtd ta facikd yopaktnpiotikd ivar color,
texture, shape, motion «ou localization. TIepihappavovtar emiong Descriptors yio v
TEPLYPAPT] TPOCDTWV.

Part 4: Audio

[Meprypagovtor ta audio yapaktnplotikd evog apyeiov. Ta epyaleio mov mepiEyoviat
yopiovtar og topeic meprypagng fyov, omwg timbre, melody, silence, sound effects ko
spoken content.

Part 5: Multimedia Description Schemes (MDS)

e avto 10 Koupdatt tov MPEG-7 opilovtot ta epyaieio Yo TNV TEPLYPAPT) TEPLEYOUEVOD
7oL dev eivar audio My visual, dniadn mepieyopévou generic ko multimedia. Eivan gavepd mmg
€dm meptlapPavetar o peyolvtepog apBpog description tools kot pmopodv va Bpeboldv amd
OmAG EPYOAELD Y10 TOV OPIGUO TNG SOUNG TOV TEPTYPOPDV, UEYPL TPOTOL TEPLYPAPNG TOV USEr
preferences kot tov teYVIKOV Yoo Tpocnkn otig meprypapéc audio kau visual description
tools. Avaloya pe tn AertovpykdTNTé TOVG dlakpivovtar ot mapakdtm &L katnyopieg MDS
description tools.

i.  Basic Elements: apopodv otig generic ovtotnteg mov xpnotporoovval and Ol to
description tools yw 1o yticiwo TV mEPLYPAPOY TOVG. & avTO TEPAOUBAvVOVTOL
Boaowkd datatypes (opibuoi, mivaxeg, dSwavdoupata), epyareior Sochvdeong Kot
npocdiopiopod tomobeaiag (time locators, referencing tools) kot facikoi description
tools yia v meptypagm tomobecidv, atoumY Kot GAA®V.

ii.  Schema Tools: wepthaupavovy o gpyareio yio yprion twv description tools omo
EPAPUOYES Kot TNV opadoroinen cuyyevav description tools og paxéiovg.

iii.  Content Description Tools: opifovtar to gpyodeio yio v ovamapdotacn TV
TANPOPOPLOYV GUUTEPIAOUPAVOUEV®Y TOV SOUK®DV KOl CTLUGIOAOYIKOV TTUYDV TOL
nepleyopévov. To Structure Description Tool ypnowonoieitat yio tnv meptypoen tov
OEJOUEV@V OO0V 0POPA GTU OOUKA YOPOKTNPLOTIKA TOvG. To dopikd Koppdtior g
neptypapng avoaeépoviar oto Content Management Description Tools mov 6a
TOPOVGLAGTOVV TOPAKATO. TO GNUACIOA0YIKO TEPLEXOUEVO TOV apYEIDV TEPLYPAPETE
ue xpnon tov Semantic Description Tools, dnAadn pe xpnon aviikeévoy (objects),

100



yeyovotmv (events), evvoumv kot oyxéoemv. Ta Semantic ko Structural Tools umopovv
VO GUGYETIOTOVV HETAED TOVG Y10 TOPAYMYT] 7O OAOKAPOUEVDV TATPOPOPLADV.

iv.  Content Management Description Tools: amoteAobv to gpyaleio yio. TNV TepLypoen
TOV YOPOKTINPIOTIKOV TOV apyelmv Kot TNV onpovpyio Kot xprion Tov TEPLEXOLUEVOL
TovG. Alakpivovtar tpeig katnyopieg epyareiov. Me ta Media Description Tools
TEPLYPAPETAL O TPOMOG omobnkevong TV Oedouévev, 1 KMOKOTOINoT 7OV
ypnowonoteitar, M mowotto Tovg kot GAla. Ta Creation Description Tools
EMTPETOVY TNV TEPLYPAPT TG dladikaciog onpovpyiag tav apyeiov. Télog ta Usage
Description Tools divovv Tig amapaitnteg TANPOPOPIES Y10 TOV EMTPETOUEVO TPOTO
YPNONG TOV SeBOUEVOV, GOUE®VO HE TN O0becIUOTNTE TOVg Kol TtV rights mov
StaB€Tovv o1 ¥proTeS, KBS Kot 16Topikd oTotyeia Yo TV yp1ion TV apyeimv.

v.  Navigations and Access Description Tools: ypnoiuonotovvtal yio Tov Tpocolopicud
TOV TPOTTOL TAOTYNONG TOV apYei®V pe oKomd TN S1EuKOALVGT TG ovalNTNoNG Kot
avaktmong dedopévav pe Paon to mEPEXOUEVO TOVG. Me ypnon tov Summaries
Description Tools &ivor dvvoty n mlonynon He SAPOPOVS TPOTOVG GTO OPYELD,
TPOGPEPOVTOG  Omod0TIKY]  mpocPacn Kol  mpoemokdémnon  tov  Mmultimedia
nepleyopévov. To Partitions and Decomposition Tools mov zmepihappavovtot
TapEYOLV T EPYOAELN Y10 TPOOSEVTIKTY TPOGPAGT GTO OPYELdL.

vi.  User Interaction Description Tools: emttpémovv v meprypoen user preferences
KoOMG Kal I6TOPIKMY TANPOQOPIOY Xpriong apyeiov ue multimedia tepieyouevo.

Part 6: Reference Software

[epthapBdvel To amapaitnTo AoYIGHIKO Yo TV VAOToiNo™n TV epyaieiov tov Parts 1-5
OV TOAPOVGLACTNKOV TAPUTAVE®.

Part 7: Conformance Testing

[epthappdvoviar ot dtadtkacieg eAEYYOV NG EYKLPOTNTAG TOV TEPLYPOUPDY TOV £YOVV
voPaArel ol ypnotec. Ot mePLypapég oVTEG TPEMEL VO VUL GOUPWOVEG LE TIG OPLOUEVES
npodaypapés tov Parts 1-5. Ta epyoieio mov ypMOLOTOOVVTIOL VIO TOV EAEYYXO TNG
COUUOPOOONG UE TIG TPOdOypagés yivetar ovuemvo pe to profile xar 1o level tov
TEPLYPOODV, OTIMS ot opilovrtat oto Part 9.

Part 8: Extraction and Use of MPEG-7 Descriptors

IMapéyel IAnpoopicg yio v e€aywyn kou v xprion tov MPEG-7 Descriptors.

Part 9: Profiles and Levels

Opilel to profile ko to level twv meprypapmv. Kabe profile mepilappdaver éva vrocivolo
tov description tools tov MPEG-7, ta omoio. vrootmpilovv GuYKeKPUEVES AEITOVPYiEG Kot
IKOVOTIOLO0V  TIG OVAYKEC €VOG CULYKEKPIUEVOL GULVOAOL €QAPUOYDV. AvVOAOyo HE TNV
TOALTAOKOTITO KOl TOVG TEPALTEP® TEPLOPLGLOVE TOV BELOVV VO aT0dDCOVY 01 ¥PNOTEG OTIG
epapuoyég opifovtan ta levels tov «éOe profile. o kabe neprypapry MPEG-7 opiletan to
profile kou to level ¢ kot cOueave pe avtd epapudloviol EAeyyot TG GLUUOPP®ONG TOVG
LE TO TPATLTO.
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Part 10: Schema Definition

Opilet to schema definition mov meprhauPdver 6io. ta Parts tov MPEG-7. Tavtoypova
ovAAéyel ta description tools tov mpotdmov, Tpocdiopilel To NaMespaces kat pe xpHomn g
DDL opilet éva povadikd schema yio v meptypoen g EQopUOYNG.

Part 11: Profile Schemas

[MepthapPavel ta Schemas yia ta profiles tov mpotdmov.

5.2.4 Description Definition Language, DDL

To MPEG-7 dwBétel otovg ypnotes kdmowa Pacwkd Ds kot DSs yia v meprypoen tov
nepleyopuévovr  tv  apyeiov tovg. ITloAAég @opég Opmg, AoYym e av&avouevng
TOALTAOKOTNTOGC TOV TEPLEYOUEVOD TAOV EPUPUOYDV, Ta, vadpyovto, Ds kar DSs dgv givan
OpKETE Yo TV aKpiPn meprypaen TV dedopévav. I'a v Kovomoinon tétoumv avaykdv
evoouatddnke cto MPEG-7 1 Description Definition Language, DDL.

H DDL, mov omoteAei Pacikd xopudtt tov mpotomov MPEG-7, Part 2: Description
Definition Language (DDL), mpoogépel 1o amopaitnto epyodreion yioo thv avomtuén Kot
npocappoyn tov DS koat DSs oe e&edkevpéveg avdykes. Méow g DDL divovior otovg
YPNOTEG OLVOTOTNTEC EMEKTACNG, GLVOLOCUOV Kol BEATIOONG TOV KAVOVEOV TOL TPEMEL VO
KavomotovV T dtaféaia DSS kabmg Kot optopod vémv Kavovay yio dnutovpyio vémv DS kat
DSs mov va mpocapudlovior TANpmG 6Tl anaitioels Tov epappoydv. H opBomrta tov Ds
kot DSs, tov tOmev dedouévev Tov (pNoLoTolovy, Tov SChema tovg kol o EAEYX0¢ NG
VITOKONG TOVG 6TOVG oplopévoug amd 10 MPEG-7 kot toug ¥pnoteg kavoveg, EAEYYETOL OO
tov DDL Parser.

Adyo Tov TAnpopopldv mov meptypapsl 1o MPEG-7,  DDL npénet va etvar kovn va
avomaplotd 1060 TPOTOYEVEIC TOTOVG dedouévov, Ommg Strings kai integers, oAld kot
TOAOTAOKOVCS, OTMG 10TOYPAUMATO. AKON glval amopaitnto vo umopel vo eKepaletl SOUKES,
KANPOVOLIKESG, YOPIKES KOl VONUATIKEG oyéoelg petaly tov Ds ko DSS, kabdg xat kdbe
gldovg Tov petald toug dacuvvdicemy. Onmg Exel avapepbei o MPEG-7 apyeia amotelodv
apyeio omov XML, yia v dayeipion tov omoimv ypnotporoovvtar XML Schema
Languages. H yhmdooa mov €xst emleyei cav DDL tov MPEG-7 givor m XML Schema
Language g W3C, XSD. IMapdAinia ¥pnoiuomolobvtol Kot SIQOpPEG EMEKTAGELS Y10 TV
npocoppoyn e XML Schema omv weprypaen apyeiov pe audio-visual mepieyopevo. o
ovykekpipéva 1 DDL anotekeiton amd tpia Pacikd tpunqpoto:

1 Aoud otoryeio tng XML Schema
2 Tomovg dedopévav g XML Schema
3 Emextdoeig too MPEG-7

5.2.4.1 Aoyika croryeio tng XML Schema

Mo v onuovpyic TV KOvOVOV TOL TPEMEL VO TKOVOTOLOVV Ol TEPLYPUPES TOV
TEPLEYOLEVOL TMV OpYEi®V ypnouonotovvtal ta dopukd ototyeia tng XML Schema. Mg avtd
ot ypnoteg opilovv Ty doun, TOVE TEPLOPIGUOVG Kat TIG 1010TNTEG TV DS ko DSS. Méow g
XML Schema divovtar 6tovg ypnoteg ta epyoreio yio Ty vEMKT Tapaywyn schemas mov
VO IKOVOTOLo0V amdAVTO. TI €KA0TOTE Oviykeg tovug. Ta schemas oamotelovv apnpnuéveg
ovAAoyég amd metadata, mov mepiéyouvv éva cuvolo amd schema components.
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Ta schemas opyavdvovtar pe Pdon to hamespace. To namespace amotedei po cvAloyn
amd povadikmg opiopévoug identifiers. O id1o¢ identifier umopei va oplotel og mepiocdTEpO
TOV €vOG Namespaces, oe kabéva omd To omoia UTopEl va €Yl S10POPETIKO TPOTO AEITOVPYING.
To va ypnoworomBei évag identifier mpémner v dobei 1660 TO OvOpd TOVL, OGO KO TO
namespace oto omoio avikel. Me avtdv tov tpomo oe éva XML apyeio umopodv va kinbodv
identifiers mov avikouv gite o1o d10 €ite o€ SrPopeTikd NamMespaces. Xtnv nepinTt®on Tov
MPEG-7 ou identifiers opiCovv ta schema components. Zopemva pe To namespace pumopovv
vo. kAinBovv schema components ov avikovv oto id10 1 oe drapopeTikd Namespace omd To
schema mov kahel.

1o, kOplo components evog schema mepthapfdavovion peta&d dAiav element kou attribute
declarations, meptypoég omiadn g doung Kot Tov TEPlEYopévoy TV elements ko
attributes. Katd tov optoud tovg mpénel eniong va mpocdiopiotei to type definition, to onoio
amoteAel éva. akopo kvplo component twv schemas. To type definition mpocdiopiler Tovg
TOmOVG dedopévmv Tov Tepleyopévor tov elements wau attributes. Aivovior 600 TpoOTOL
opiopov tov type, to simple type definition ka1 to complex type definition, ot omoiol Oa
avalvBovv otn cvvéyela. Alakpivovtar emiong ta model kou attribute group. Mécw v
model xou attribute groups ot ypnoteg umopovdv vo dNpovpYNocovY Macros, dniadn vo
opadomomcovy elements ko attributes yio ypron tovg e morrovg type definitions. Emumdéov
components anotelovv to attribute use, mov wpocdiopilel Katd TOGO ival VIOYPEDOTIKN 1
xpnon evog attribute, ko o element particle, mov mpocdiopilel Tov eAdyioTo H/KOL UEYIGTO
ap1Buo sppavicewv evog element.

Element Declarations

Ta element declarations ypnoiorolodvrat yio tov optopd v 1810thTeVv TV elements
tov XML apygiov. Ztig 1d16trteg meptraufdvovtol to dvopo tov element, o namespace oto
onoio ovnkel, To type tov, mov mpocdiopilel o attributes ko ta children mwov pmopei va
nepéyel, kabmg Kol Kavoveg kAnpovopkotntag. AxoAovbel €va mapddetypa opiopod evog
element pe dvopa Age kot dedopéva TOmov integer kot d00 TAPASELYLATO XPNONG TOV.

<element name = “Age” type = “integer”>
Example \ Evaluation
<Age>20</Age> v
<Age>foo</Age> x

Attribute Declarations

Ta attribute declarations mpocdiopilovv Tig 1010TNTEG TV attributes. T kabe attribute
TPETEL VO, OPLGTOVY TO OVOLLA TOL, TO NAMESpace 6to omoio avikel kot to type tov dedopévov
nov umopel va mepiéyet. Tlpoarpetikd ol ypnoteg unopodv va emdéEovv wa default | wa
fixed Ty yio to attribute. AxolovBei £va mapdaderypo opiopod evog attribute pe dvopo id
Kot dedopéva ToToL ID.

<attribute name = “id” type = “ID">

Simple Type Definitions
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Me tovg simple types npocdiopilovtat ot textual values evog element 7 attribute. H XML
Schema 6wBéter Bepehiddelg tomovg dedopévmv, boolean, date, duration, float xor dAda,
Kabdg Kol optopévoue mapayopevovg and avtovg, token, integer, byte, date kou dAda, ot
omoiol propovv vo ypnoyorombovv cav simple types oe évo element 7 attribute. Ot simple
types dev emtpémetar vo mepiEyovv GAho elements 7 attributes. Ou ypfioteg pmopodv va
opicouvv dikov¢ tovg simple types ot omoiol Ba TPETEL VoL VIOKOVGOVY  GTOVG TEPLOPIGLOVG
nov opilet 1 XML Schema. AxolovBei éva mopaderypo opiopov evog simple datatype pe
ovoua exists kot dedopéva THnov boolean kal Tpio Topadeiypata xpnong Tov.

<simpleType name = “exists”>
<restriction base = “boolean”/>
</simpleType>
<Ball type = “exists”>true</Ball> v
<Ball type = “exists”>false</Ball> v
<Ball type = “exists”>foo</Ball> x

Complex Type Definitions

Ot complex types meptypdpovv To emitpemduevo meplexdusvo v elements,
npocdiopilovrag ta. attributes tovg xat ta child elements kau texts. KéOe child element uropei
eniong va mepiéyet attributes kot dAia child elements. Ot yprioteg pmopovv va mapa&ovv véa
complex types amd Glho, gite ue meploploud KATolwV 1810THTOV TOLE, restriction, eite
emekteivovtag ta, extension. T'a tov opioud tev element xau attributes ypnoomrolovvtat
avtiotoya to element kou attribute declarations mov mapovGIEGTNKOY TPONYOLUEVMG.
Yrdpyer eniong n dvvatdtmra opiopod kavoéveov OGOV aeopd GTo TOCH, TOW Kol UE TL
nepiexouevo elements emtpémovton otov ke complex type. Avéioyo. e To ov EmTPETOVTOL
N oyt child elements kou texts dwakpivovion técoepelg katnyopieg complex types. Ou empty
complex types emitpémovv tn ypnon povo attributes, ot mixed complex types enttpénovv
ypnon text peta&d tov elements kou twv child elements, or complexContent complex types
emTpénovy povo t ypnon elements kau attributes kou téhog o1 simpleContent complex types
nepiEyovy v vrapén povo text. AxolovBei Eva mapdderypo opiopov gvog complex datatype
ue ovoua ItemFeatures kol dedouéva éva attribute pe 6vopa ItemPrice kot dedopéva
TOmov price.

<complexType name = “ItemFeatures”>
<attribute name = “ItemPrice” type = “price”/>
</complexType>

5.2.4.2 Tomor Acdouévav tng XML Schema

Onmwg mTapovcIioTNKE TOPUTAV® 01 ¥PNOTEC UTOPoLV va dnuiovpyncovy véovg MPEG-7
Descriptors kouw og kdmoleg mepumtdoelg ko Description Schemes. Ta schemes mov
dnpovpyodv ot yproteg amoteAovv XML apyeia, To onoia diabétovv elements, attributes kot
tomovg dedopévev. v XML Schema Language ¢ W3C meptiopfdvovial kdmotot
primitive, Bsuehmdelc, tomol dedouévmv, éva cdvolo omd derived, mopoyduevove, TOTOVG
dedopévav mov mapdyovtarl and Tovg primitive kabmg Kot UNyaviGHOoL ToV ENLTPETOVY GTOVG
YPNOTEG TOV OPIGUO VE®MV TOT®V ddOoPEVOV oviloya pE TG avaykes tovg. Ot véol Tomot
dedouévmv  dNUIOVPYOLVTOL HE EMEKTOON TV evoouatouévev primitive xou derived
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datatypes kot pe epappoyn oe avtovg facets, list kot unions, epyaieia mov avoldovial ot

GUVEYEL.

Facets

O1 ypnoTEG UMOPOVV VO, 0pIGOVY VEOUG TOTOVS OESOUEVAV EQOPUOLOVTUS TEPLOPIGLOVS
6TOVG O VIAPYOVTES, 0VTOVG oL givar evempatopévol otnv XML Schema kot o derived
oL £xovv NN dnuovpynoel. Avtoi ot meplopiopoi ovopdlovtor constraining facets ko
napovcidovrol otov [livakog 6 kot otn cuvéyeia divoviat dvo Topadeiypuata.

Name Definition
length Opilet tov apBpd v povadwv pnkovg tov value, omwg opilovrat yio to
KaOe datatype (yio string ot char)
minLength Opilel Tov eAdyioto aptbpud Tov povadwy unkovg tov value
maxLength OpiCet Tov péyioto apbud tov povadwmv pikovg Tov value
pattern Opilet to pattern mov mpémet vo acorovbei o value

enumeration ITepropilet o value o KAmoleC CUYKEKPIUEVES TIUEG

whiteSpace Mopeomotei o White spaces tov string €1.6630v
maxInclusive | OpiCet v inclusive max tium tov value, value <= max
mininclusive Opilet tnv inclusive min tyun tov value, value >= min
maxExclusive | Opilet tnv exclusive max tyun tov value, value < max
minExclusive | Opilet v exclusive min Tiun tov value, value > min

totalDigits Opilel To péyroto apBpd ynoeiov yo value torov decimal

fractionDigits

Opilel To péyroto apbud dekadikmv ynoeiov yia value thrmov decimal

IMivaxoeg 6 Facets of XSD

Y10 mapdaderypo wov akolovbei opiletal o TOmOC dedopuévav e ovopo price. Ta dedopuéva
pe datatype price eivon dexadicoi apiOpoi avotnpd peyoldtepol Tov UNdevog He To TOAD
dv0o deKadKd ynoia.

<simpleType name = “price”>
<restriction base = “decimal”>

<minExclusive value = “0”/>
<fractionDigits wvalue = “2”/>
</restriction>
</simpleType>

Opileton to element ITtem mov maipvel dedopéva tHmov ItemFeatures kot divoviol Ta
akolovba Tapadeiypoto yxpnong Tov.

<element name = “Item” type = “ItemFeatures”/>

Example Evaluation

<Item ItemPrice = “10.21"”>foo</Item> v
<Item ItemPrice = “10”/> v
<Item ItemPrice = “-10.21"/> x
<Item ItemPrice = “10.213”>foo</Item> x
<Item something = “else”>foo</Item> x
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Y10 mapddelypo mov okoiovbel opileton o TOMOC dedopévav pe ovouo WeekDays. Ta
dedopéva Tomov WeekDays pmopodv vo mapovv pio amd 11 akdiovbeg tés: Monday,
Tuesday, Wednesday, Thursday | Friday.

<simpleType name = “WeekDays”>
<restriction base = “string”>
<enumeration value = “Monday”/>

<enumeration value = “Tuesday”/>
<enumeration value = “Wednesday”/>
<enumeration value = “Thursday”/>
<enumeration value = “Friday”/>
</restriction>
</simpleType>

List Datatype

H XML Schema mepilappavet axopa tov tono dedopévav list. Aedopéva tomov list Exovv
¢ value pa axolovdia temepacuévon punkoug e otoryeia atomic values. Ta otoyeia g list
yopiovtar pe éva white space. Ot yproteg dev umopodv vo mapdyovv lists pe eméktaon
AoV lists. Mropodv wotoco va dnuovpyncovy véa derived list datatypes ypnoyonoidvrag
atomic datatypes kot epapupolovrag facets. To facets mov umopodv vo, ypnopomoinbody
napovcidovrol otov [livakog 7.

Name Definition
length Opilet o A 00¢ oToLyEiV TOL UTopEl Vo TEPLEYEL M| AloTal
minLength Opilet to erdyioto mABog oToLYEiY OV UNOPEl Vo TEPIEYEL N AloTa,
maxLength Opilet to péyloto TAnBog otoyeimv mov pmopel va mepiéyel ) AMota
pattern Opilet to pattern mov mpémet vo. akorovbei to value
enumeration Iepropilet o value o KAmoleg CLUYKEKPIUEVES TIUEG
whiteSpace Mopoomotei o White spaces tov string .66d0v

IMivakog 7 Facets used in List Datatype of XSD

[Mopokdte mopovotdletar éva mapddetypo opiopod evog list datatype pe ovoua
stringList kot &vog devtepov list datatype pe ovopa FullName. Aedopéva TOTOL
stringList €yovv cov value wa Alota and string. Aedopéva tHmov FullName €yovv
cov value o stringList, n onoia &gl akpBdg 300 otoyyeia.

<simpleType name = “stringList”>
<list itemType = “string”/>
</simpleType>

<simpleType name = “FullName”>

<restriction base = “stringList”>
<length value = “27/>
</restriction>
</simpleType>

AxolovBovv pepikd mapadeiyuata ypriong tov FullName list datatype.
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Example Evaluation

<customerName type=“FullName”>foo bar</customerName> v

<customerName type=“FullName”>foo 1</customerName>

<customerName type=“FullName”>foo</customerName>

v
<customerName type=“FullName”>foo bar baz</customerName> X
X
X

<customerName type=“FullName”>foo 1 2</customerName>

Union Datatype

Me ypnion tov union datatype, opadomorovvial mepioedTepa Tov €vog atomic ko list
datatypes og £va. Mg avtdv tov tpomo éva element 7 attribute pmopei vo Srotnpei dedopéva
Oy evog ovykekpévov datatype, odld oAwv O6cwv mepiEyovtar oto union datatype. Ot
datatypes mov ovupetéyovv otov opiopd evog union datatype ovopdlovrar memberTypes.
Axolovbel éva mopdderypo oplopod union datatype pe memberTypes integer kot
FullName, ¢ stringList TOv WAPOVGIAGTNKE GTNV TPONYOVUEVT] EVOTNTO, KOl dVO
nopadelypata opOng ypHong tov.

<element name = “CustomerID”>
<simpleType>
<union memberTypes = “integer FullName”/>
</simpleType>
</element>

<CustomerID>123456789</CustomerID>
<CustomerID>foo bar</CustomerID>

H ocepd pe v omoio opiCovrar ta emuépovg datatypes éyel onuacio, kabmdg Kotd TV
avalrtnon tov datatype towv dedouévav tov Value edéyyovtar pe ) oepd to. memberTypes
Kot KAewdmvetar o Tpmtog datatype mov tapialet. o va mapokop@ei avtdg 0 unyavicprog
unopei va oprotel 0 tomog dedopévmv Tov value katd tov opiopd tov type tmv elements kot
attributes. AxoAlov0si éva mapdderyua optopod union datatype xot tpio mapadeiypoto KAHRoNG
TOV K0l 0 TOTOG dedOPEVMV IOV ovartifeTon oo KAbe element.

<element name = “StringOrInt”>
<simpleType>
<union>
<simpleType>
<restriction base = “string”/>
</simpleType>
<simpleType>
<restriction base = “integer”/>
</simpleType>
</union>
</simpleType>
</element>
<StringOrInt>foo</StringOrInt> string
<StringOrInt>1</StringOrInt> string
<StringOrInt type=“integer”>1</StringOrInt> integer
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5.2.4.3 Encexraceig too MPEG-7

Extog and ta mopoamdve yopoktnpiotikd oty XML Schema Language mov
ypnowomnoteitan cav DDL yia 1o mpoétumo MPEG-7 mpootébnkay Kot d1d.gpopeg TPOEKTUCELS,
Me 1o emmAéov YOPUKINPIOTIKA KOVOTOOVVTIOL Ol OVAYKEG TEPLYPAPNG apyeiov ue
multimedia mepieyduevo. Xe ovtd mepiiappdvovrar array kor matrix datatypes, typed
references xot xdmowor derived datatypes ywo ovamapdotacn ypdvov kot enumerated
datatypes.

5.3 MPEG-21

Hopot ta mpoétvno. MPEG-1, MPEG-2 MPEG-4 kaw MPEG-7 mpocépepav peydreg
duvatoOTNTEG OTNV AVATTLEN EQUPULOYDV, OeV glxe emttevyBel mANPNG SlaAetTovpYIKOTNTO GTNV
uetadoon multimedia wepieyopévov. Me ta Tponyodueve mpodTuma HTav Suvaty 1 avarTuén
Eexymplotdv oToyyEimV, To 0Toia UTopohoaY Vo ¥PNGILoTomOobY GtV dNUIoVPYic VTOGOUNG
Yoo v petddoon ko dioyeipton Tov multimedia mepieyopévon. Qo160 dev LVINPYE TPOTOG
TPOGIIOPICUOD TV GYEGEDY OVTOV TOV GTOLYEI®Y KOl TOV TPOTOV dacHVOESHG TOVG Y10, TNV
TOPOYOY TANPOS OAEITOVPYIKOV g@appoydv. ‘Htav @avepd mwg NTov oamapaitntn m
avantuén evog mpotdmov ov Ba dple Tov TPOTO ScLVOESTG TV JBESIL®Y oTOLXEI®V,
objects, metadata, kot TG Evomoinomg TV SLPOPETIKOV TPOTHTMV.

Onoc avaepépdnke vopitepa, 10 MPEG-21 ypnowonoteitonr oty avdmtoén multimedia
EPUPHLOYDV, EVAD TOVTOYPOVA TOPEXEL EPYOLELR dLoyelplong KOl TPOGTAGIOG TG TVEVIOTIKNG
woktnoiag. H mpdn Bepeiddng Evvoln mov opiletl, o User, apopd ce kabe ovtotnTo TOL
aAANAemidpd pe to meptPaiiov tov MPEG-21 kot kdvet yprion tov Digital Items. Qg Digital
Item, Tov amoteAel to devtepo Bepeiddec otoryeio Tov MPEG-21, opiletan kdbe avtikeipevo
7oL cvppopeavetal pe to Digital Item Schema. To Digital Items givatr dopnpéva, ynelokd
avtikeipeva péoa oto MPEG-21 framework pe cuykekpipévn avomopdotact), ToVToTnTo Kot
metadata. Awotelolv Tig BepeMddelc povadeg petddoong mepleyouévov evtdg tov framework.

Y10 npdétomo MPEG-21 opiletar To schema, dnioadn o tpomog mov TPENEL VoL SOUOVVTOL,
10, avTIKeipeva yioo vo. anotedobv Digital Items kabdg kot to framework ywo v meprypoen
Tov ovtotitov. Ilpoceépovtal emiong interfaces kot mpwtdékoAlo yio v dnpovpyia,
dwayeipton, avalitnon, tpocPacn, amobfkevon kot petagopd tov multimedia wepieyopévou.
Ocov agopd otnv mvevpotikn Woktnoio wapéyoviar epyoreia yio Tov opopd dtkowpdtov
yprong tov Digital Items oe éva peydho €0pog diktomv Kol cvokev®V. To TPATLTTO KAVEL
EMIONC KAV TNV TOPOYN SIAEITOLPYIKOTNTAG OTIG EPAPUOYES KOl TNG SAPAVOVG TPOGROCTG
o aVTEG PECH OAMV TV SIKTOMV Kol amd OAEG TIG EVOAAUKTIKEG CLOKEVES. TELOG pécm
interfaces eivar duvatr N dloyEipIon TOL TEPIEYOUEVOD TOV EQUPUOYDOV KOl TV EVENtS Tov
TOPOATNPOVVTOL OO TOVG YPNOTES.
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Keparoo 6
Avtikeipevo g AtTA®UOTIKNC

211 SImA®UOTIKN 00T HEAETATOL TO TPOPANUa amobnkevong Kot avalntmong multimedia
apyeiov. H avalntnon avt mpaypotonoeitol pe Paon ta metadata, tov dedopévav mov
TEPLYPAPOVY TO TEPLEXOUEVO TOV OPYEIDV, KOl TAL OO0 VIOKOVLV GTO TPOTLTO TEPLYPUPTIS
dedopuévov MPEG-7. H 10éa mpoékvye omd 1o Project iPromotion, mov aoyolieiton ue
arofnkevon kor avalimon apyeiov pe 3D mepieyduevo. Xe autd 1O KEPGAOLO
TapoLCldlovTol Ol TEYVIKEG TOL YPNOUOTOovVTOL UEXPL ONUEPO Y TNV avalftnon
dedopévav pe Paon tic MPEG-7 mteptypa@éc Toug Kol TPOTEIVOVTOL KAIVOVPYIEG TEXVIKES TOV
YPNOUYLOTOLOVV TIG VEEC TEYVOAOYIEG TTOL AVOADONKAY GTA TPOTYOVLUEVO, KEPAAULAL.

6.1 Avarvtkn [eprypaen [poBAnuartoc

Xe autd v evotnta o meprypapsi M avaykoaldnto TG avamtuéng epyoieiov
avalnong mepleyopuévov, Ba TaPOVGIOGTOVY O TEYXVIKEG TTOL £QapUOloVTaL PEYPL ONUEPQ
ywo tqv ovalitmorn multimedia apysiov kot Ba avaeepbodv ov véeg mpooeyyicelg mov
TPOTEIVOVTAL OO VTN TN SITAMUOTIKY].

6.1.1 Avalimon Ilepieyopévov

H oavantoén tov d10diktoov ouvéEBOALe amMOPOCIGTIKG OTNV  OloKiviion OAoEva
avéovopevou oykov mAnpoeopidv. Kabmg n mpoécPacr ce avtd eivor oe peydho mocootd
eAevbepn, o1 ¥PNOTEC TOL £X0VV GT1 61400 TOVG UK GYEDOV OTEPLOPLOTI TNYT| TANPOPOPIDY
oV aQopd o mAnbopo Sweopetikdv Oepdtov. o tov evromiopd tov {Nrovduevov
TANpoeoptdV Bo NTav amapaitntn 1 Yvaon Téco Tov Tt gival ouTd TO 0010 EVOLOPEPEL TOVG
YPNOTES, 0600 Kol NG akpPng tomobeciog TV dedopévav. Xvyxvd avtd dev givol eiKTo,
kaOdc ot yproteg dev Yvopilovv agevoc akpiPdg TL Woyvouy Kol OQETEPOL 7OV Egival
OO KELUEVEG O1 TATPOPOPIEG TTOV TOVG EVILAPEPOLV.

Tn Adon ot0 mopamdved TPOPANUA divel M TEXVIKA NG ovalnTnong mePLEYOUEVOD.
AmoteAel o OA0 Kol 7O omapaitnTn LVANPEGio TAPOYNG VINPECIDY, KAODC divel 6TOLG
YPNOTES TO, ATOPAITNTA EPYAAEID Y10l VO EVTOTIGOLY EDKOAN KOl YPIYOPO TIG TANpOPOpieg TOV
avalntobv. ‘Eva mopdderypo vanpeciog ovalnmong TEPEYOUEVOL Elval Ol PNYOVEG
avalnong. e avtég ol xpnoteg LIOPGALovV T0 ETOLUNTO TEPIEXOUEVO KOl TEPUEVOVY VAL
TOVG EMOTPAPOVY TANPOPOPIEC Yo o TO. O YEVIKES 0pYEC TOV akoAoVOOVV Ol EPAPUOYEG TTOV
Aertovpyodv ®¢ Unyovég avoalntnong eivar n omodoyr EPOTNUATOV OTd TOVg YPNOTESG, M
eneepyaoio TOV EpOTNUATOV, 1 VTOPOAN Tovg 6T Pdon dedouévav mov dutnpel 0 TAPOYOG
KOl 1] TOPOVGINGT] TV OOTEAECUATOV TG® GTO YPNOTN.

Awxpivovtal apketol TpOTOL Y10 TV VTOPOAT] TOV EPOTNUATOV, OVAAOYX LE TIC OVAYKES
TOV YPNOTOV Kol AVAAOYO HE TI dSUVATOTNTEG TOV TOPOY®V TV unyovev avalitnons. 'Evog
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omd ovtodg amoterel m ocvumAnpwon evdg text pe Pdon to omoio Ba emioTpOPOVLV
OTOTELECLATA, EVOC GAAOG EIVOL 1 ETAOYT GUYKEKPUEVOV KPLTNPI®V Kol QIATp®V Tov £(ovV
op1oTel amd ToV TAPOY0. XPNOUOTOIEITOL GLYVE GUVIVAGHOG T®V OVO TPOTYOVLUEVOV TPOTMV
KoBdg ko dAAoL Yo o e€eldikevpéveg avalnmoelg, Ommg 1 VoPoin pag ekovag 1 Video
v avalnnon apyeiov pe TapOUolo TEPLEXOLEVO.

A6 v mAevpd TOovg 01 TAPOoYOoL gival vevBvvol Yo TNV emeepyacio TOV EPOTNUATOV,
Vv vroPoAn Tovg ot Pdorn dedopévev mov eivor amobdnkevpuéva ta dedopéva Kol TNV
TOPOYOYN £YKUP®V OTOTEAEGUATMV, TO OTOL0 OPEIAETOL VO TAPOLGLALOVTOL GTOVG XPTOTES LE
amAd Kot Kotavonto tpomo. Ocov agopd otov TpoOmo enelepyaciog TOV EPMTNUATOV TOL
B£T0UV Ol YPNOTEC KOt TOL TPOTOV TAPOVGINCTG TOV OMAVTHGEMY, Ol TAPOYOL LIOBETOVY Eval
amo Ta OVO EVPEMS XPNOLUOTOLOVHEVA LOVTEA avalfTrong Kot To omoia TeptypdpovTal 6N
GUVEYEL.

Ilpwto Movtéro

210 Tp®TO HoVTEAO avalnTnomng, ol wEPoYol KAVOLV TNV VIOBECT] TG Ol YPNOTEC dEV
yvopilovv tov akpipn Tpoémo dounong ¢ Paong dedouévaov oty omoia vroPdAlovTal Ta
queries. ITapodeiypoto VINPESIHOV TOL EPAPHOLOVY avTHV TNV VIOOEoN anotedobv o Google
Search kot To eBay.

O1 Baoeig dedopévav umopovv vo, enelepyactovy queries dtov avtd eivotl Ypappuévo oty
KoTtdAAnAn query language. Epocov ot ypnoteg Bsmpeitor mwg dev X0y 1060 eEEIGIKEVUEVES
yvooelg vroPoing epomudtmv, ivor omopaitnm 1 eneepyacio tov queries mov
voPaArlovv wote va gival copfatd pe ™ Paon dedouévav. Avti 1 enelepyocio ovoudletal
query expansion, spapuoletal 6To apykd query, to omoio cuvnBmg eivar Eva text keipevo,
KO [LE TPOTOTOWGELS ONULoLPYEL TO TEAKO query mov telikd Ba voPAnbel otn Paon.

O1 TpONOTOGELG OV YIVOVTOL GTO EPMTALOTO KoTd To qUEry expansion wepilapupdavoovy
petald GAA@V TIC TopoKaT® TeYVIKEG. Méom Term reordering, avadidtaén tov 6pmv Tov
query, glaytotomoleitan o pOpTog epyaciag g Pdong. o avénon g anddoong Twv queries
epapudleton Stemming, pe to omoio eviomileton 1 Tpoidevomn TV AEEemV TOL apytkoD query,
Kol UmopolhVv vo ypnoomombovy UikpoTePES 16000VaNES VONUATIKA AEEEIC Ol omoieg
BeAtioTOmO00V TOV YPOVO OMOKPIONG KOU TNV OOTEAEGUOTIKOTNTO TMV OTAVICEDV.
Hopddinia dtopbdvoviar og éva Pabud tuyov opboypapikd AdON Tov ypnotomv. Télog ta
gueries gumlovtiCovtar pe e£0TOMKEVUEVES TANPOPOPIES Y10, TOV KGOe ypnotn, ue Bdon Tov
TPOPIL TOV, TAPEXOVTOG ETCL TTO GTOYEVUEVES OMOVINGELG CUUPOVO LLE TO TPOCOTOTOUUEVA
YOPOUKTNPLOTIKA TOV KaBevog. [To ouykekpipéva pe yvdon Tov 16ToPIKoD TV avalnTnoemV
TOV YPNOTOV, TOAOIOTEPOV ETAOYDV TOVG Kol TANPOPOPIOV Yo TOV 1010, OTMG ToTodEGia,
@OMo, MAkio, eivar duvath 1 ETAOYN TOV OTOTEAECUAT®V OV 0o TOPOLGLUGTODY GTOVG
xpNoteg mBovotika pe Bdon Tt Bewpel n fdon dedouévmv OTL TOVG EVOLOPEPEL TEPIGGOTEPO.

Eivar @avepd amod to mopamdve dTL VTapYEL Uit AGAPELN GTOV aKPIPN TPOTO LE TOV 0T0i0
vrofdAlovtar o, queries ot Pdon Kot £yKELTaL GTV EVYEPELR TOV TOPOYXOL TO TG o Tal
YEWPLoTEL Ko Toleg mAnpopopieg TeElkd Bao mopovcidcel otovg ypnotec. Ta amoteléopata
emAéyovtal pe pio mBoavotnTa eykvpdtnTag, OnAadn moapovoidloviol ovtd To omoid
QTOVTOVY 6TO (query mov voPAnonke pe ebivovoa mbavdtnta vo gival Eykvpa, opBd. Avtd
oNUaivel TG eV TOPLALOVY OAOL TO ATOTEAECUOTO GTO OKPPBES QUENY TTov VTTOPANONKE, AAAL
OLYVA € LOVO UEPTKEC OO TIC TAPAUETPOVS TOV 1 6TO vONuUa ov Bempeitor 6tL avalntovcav
GTNV TPAYLATIKOTNTO O1 YPNOTEC.

Aebtepo Movtédo
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210 0e0TEPO HOVIEAO OMAVINGONG OE EPWTNLOTO, Ol TAPOYOlL BewpPolV WG o1 YPNOTES
EEPOVV OTO PEYAADTEPO TOGOGTO TOV TPOTO LEPAPYNONE KOl OTOONKEVOTG TV OESOUEVOV GTN
Bdom dedopévov mov vroPdliovtal ta queries. Eeocov 1 doun g Pdong eivan yvooth ot
TAPOYOL TETOLMV EPAPLOYDV EGTIALOVV GTNV TaYLTNTO ATOKPIGNG TOV qUEries, otnv akpiPeia
TOV OTOVTACE®V TOL EMOTPEPOVTOL Kot oty eEacpdiion g opbBottog OAwv Tov
amotelecudtov, dnAadn OAa va givar true. Avtd amotelel Kot v KVplo dopopd TV dVO
povtéhov. Xe avtifeon pe 10 mPonyoLUEVO LOVIELO, GTO UEry mov vrmofdAletor dev
mpootifeviar TAnpopopieg, ovte aAralovv ot mapduetpoi Tov. Olo T0 aTOTEAEGHOTA TOV
EMGTPEPOVTAL ATOAVTODYV GTO OPYIKO QUENY T®V XPpNoTdV, EIvaL £YKVPO KOl OEV ETIGTPEPOVTOL
dedopéva, ov dev givan true.

6.1.2 Xnuepivéc Teyvikég

Méypt onuepa yio v amodrkevon kot avalrnen tov MPEG-7 meprypaedv multimedia
apYEOV YPNOWOTOIOVVTOL KOTA KVUPLo AOYO 000 Teyvikég. Xtnv mpat M avoalnitnon
nepleyopévov mpayparomoteiton anegvbeiog ota XML apyelo pe epappoyn teyvikov XML
Parsing. H devtepn apopd oe amobnkevon tov metadata oe RDBMS kot avalitmon tov
TEPLEYOUEVOL TOVG UE e@appoyn indexing kot e€gidikevuévav queries otn Paon dedopévov.

6.1.2.1 Avalntnon e XML apyeia

Ocov apopa oty avalntmon ainpoeopiog ce XML apyeia dakpivovior dvo kOpieg
TPOOEYYIGELS Yl TOV TPOTO VITOPOANC Twv queries, n featured-based ko n semantic-based. Mg
v featured-based mpocéyyion m avalptnon mpaypotomoleiton ota dopwkd, low-level
YOPOKTNPIOTIKG TV opyeiov, evd pe v semantic-based to queries mov vrofdilovrol
0QOPOVY GTO GMUAGIOAOYIKO TEPIEXOUEVO TOV apYEiMV TOL €ival MO KOVTQ GTNV avTiAnyn
TOV TEAIK®OV {PNOTAOV. Q6TOCGO Kol 01 V0 TPOCEYYIGELS EMKEVIPOVOVTOL GE £VOL TOAD LIKPO
TOGOGTO TNG OOUNG KoL TMV TEPLYPAPAOV TEPLEYOUEVOL oV TTeptaufdvovtarl otic MPEG-7
neptypapéc Tov multimedia apysiov.

‘Exovv mpotabei yioo v oavalfitmon mepieyopévou didpopeg querying languages mov
Bacilovtal otnv ypnon tov XQuery [6] [7] [8]. To XQuery givar o query language mov éyet
dnovpynBel amd v W3C yia tnv voBoin queries oe ovAloyéc amd XML apyeio. Koupdtt
tov XQuery amotelei To XPath, poag yddoocog vrofoing queries yio tov eviomiopd kopufov
oe éva XML apyeio coppova pe to povondrtt 6to omoio Ppickoviatl, 6mwg avtod opileTon omd
Vv 0evopikn popen tov XML. To petovékmmue avtig ¢ uebddov sivar 6tL Aappdvovtan
VIOYIV T SOUIKE yopoKTnploTikd Tmv metadata pévo cav XML apyeio kot oyt wog MPEG-7
neprypagéc. Xpioteg mov geapuolovv queries pe ypnon tétolwv epyareiov Oo fTov
amopaitnto va xovv e€EdKevIEVN YVDON TG OOUNG Kol TOL Tteplexopévov tov DS kot DSS
tov potvmov MPEG-7. Tavtoypove dev givor duvath 1 TPocapuoyn TV queries, mote va,
CUUUOPPAOVOVTOL HE TIG TPOCMOTOTOUUEVES ATMALTHGEIS TOV YPNOTMV OTO TEPIEXOUEVO TOV
avalnToiv.

6.1.2.2 Avalijryon ce RDBMS

Kotd t 6gbtepn mpooéyylon omobBniievong kot avalimmong multimedia apysiov
ypnoomolovvtar Yoo v amobnikevon tov Mmetadata oysolaxéc Pdoeig dedouévev. H
extetapuévn ypnon tov RDBMS ce molAd €idn epopupoydv, n amodederypévn pobnuotikn
Bewpio wov To VITOGTNPILEL, 01 EVOOUATOUEVEG TEYVIKEG PELTIOTOTTOINGNG TOV UEriesS kat ot
PO YUEVOL UnNyavicpol enelepyaciag TV SESOUEVOV EIval UEPIKA QIO TO. TAEOVEKTALOTA
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OV KAVOUV TIC OYECIOKES PAcelS dedouévav o, TOAD KOAN ADon yio v amobnkevon
MPEG-7 dedopévav.

Kotd v onpovpyia pog oxestokng paong dedouévov, givarl amapaitntn n onpovpyio
€vog KoTtdAAnAov schema pe Bdon to omoio Oa amofnkevovrat ta dedopéva. Otov TpdKeLTaL
vo. amobnkevtooy XML apyeio ko daitepa MPEG-7 meptypagéc, yio tqv onpovpyic tov
schema amatteitor va Anedodv vadyy 1o 1daitepa yapaxmmpiotikd tov MPEG-7 apysiov.
Y& avtd meprapPdvovtor petalh GAwv to yeyovog OtL ta. metadata, mapdtt dopovvron
oOupovo pe tovg kavoveg mov opilet 1 XML Schema Language, yapaktnpilovtot amd
ToAAEC elevBepiec oTov TPOTO avomapdotacng tng mAnpoeopiag. IMapdiinia Adym ToV
duvvatotntewv g DDL eivar duvatdc o opiopds vEov TOUM®V OeS0UEVAOV KOl GUVET®MS
TPOKVTTEL 1] OVAYKN amobnkevong noldmAokmv tapoyouevoy datatypes, onwg pa Aicta oo
integers, kabm¢ kot 1 VTOSTAPIEN ePYAAEIOV Y10, SLOPOPETIKO YEPIGUO Tov datatypes mov
ypnowonolovvtol oto wpotvmo MPEG-7. Eivar ovepd mwg eival oamapaitntog &€vag
unxavicpog mapping twv MPEG-7 meptypaedv 6to schema g oyectakng Paong dedopévay.
"Exovv mpotabei morhoi tpdmotl vionoinong tétotov mapping. Onwg vrootnpiletat oo [9] 10
schema pe Bdon 1o omoio Ba. yivel to mapping tov XML apyeiov oto schema tov oyeclokdv
Bdoewv dedouévav yopiletar oe 600 kotnyopieg, to Structure-mapping kot to model-
mapping.

Katd to structure-mapping divetotr Bdon oty katavonon kat ypnion tov XML Schema
oav Pondntikod epyodreio yio v amobnkevon tov dedouévav. Ta kdbe element type opiletar
o relation kou ypnowpomotovvtar primary ko foreign keys yww v meprypaen tov
lepapykav oyéoemv mov opilovtar amd tnv devdpikn popen tov XML apyeiov. To
TAEOVEKTNIO VTG TNG UeBOdoL glvan 1 ypriyopn amdkpion katd tv vroBoin twv queries,
KoBhg emtuyydvetor EDKOAN epappoyn INdexes pe ypnon TV EVoopaTOuEVOY iNdexes tng
Baong. Qotdc0, dev datnpodvial TANpoPopieg yia TV apykn dour Tov XML apyeiov. Avtd
KGvel v epapuoyn molvmlokwv queries mov Pacilovion oto XPath advvamm kabdg ta
dedopéva, tov XML etvor tunpatomomuéva, xopig duvoTOTNTO OVAKATOCKELNS TOV OPYLKOD
apyeiov. H datpnon oddkAnpov tov XML apyeiov givon anopaitntn o multimedia apysio
KaOdC KAt TPOTAPYIKO AOYO £xouvv dmutovpyndel Yo aviaiiayn TANPOEOPIOV UETUED
ETEPOYEVMOV GLOTNIATOV e KOBOAIKE OUO10 TPOTO.

Oocov agopd oto model-mapping emAéyeton éva otabepd schema ywr v Pdon
oedopévav pe Baon to omoio amobnkevovtar too XML apyeia, yopig fonbntkn ypron tov
XML Schema 6mwg otnv mepintwon tov structure-mapping. Xe avtiv v TEXVIKT OAOKANPN
n odoun tov XML anofBnkevetar ot Pdon, kdvovtog dvvathy ™ ypnon tov XPath yua
EQPOPLOYN TOADTAOK®V QUErieS Kal TNV OVOKOTOUOKELT] TOL apyikov apyeiov. Kabobg dev
ypnopomoteiton Ponbntikd schema, d6ia ta values tov XML amobnkedovtan e pio column
™G oYecLOKNG Paong mg String. Avtdc o tpodmog amobnkevong tov Mmetadata kaver addvarn
1060 ™V KPP OmMEKOVIGN OAMV TOV SlOQOPETIK®Y, molvmlokmyv datatypes mov
eupaviCovtol oto mpdtvmo MPEG-7, 660 kat v epappoyn indexes yio ypiyopn amdkpion
TOV QUeries.

To ovomua SM3, combined Structure-mapping and Model-mapping, [10] rtapovcidlet
axope pio péhodo amobnkevonc, mapping, indexing kot avalitnong MPEG-7 dedopévov og
oxeolokég Paoelg dedopuévmv mov cuvovdlel Tic dVo Topamdved TEYVIKEC. Avti N pébodog
oTOY0 £YEL TNV OLOTHPNOT TOV TAEOVEKTNUATOV TV pebddmv structure-mapping kouw model-
mapping kot v omoQuLYn TOV UeyoALTEp®V peloveknudtov tovg. To XML apyeio
dwabétovuy devdpikn popen, N omoio opilel To XPath tov kabe leaf node. Ov ecwrepikoi
kouPot, dnAadn or kouPor mov £xovv child elements, omewcovilovv v doun tov XML
apyeiov Kor givon ypnotpotl yioo v ddoyion tov XML dévdpov. Avtifeta ol leaf nodes
dwnpovv to dedopéva tov XML apyeiov. Eivar ooavepd mwg dev umopodv va
ypnoomoinfovv yio v ddoylon Tov apyeiov, Kabmg amoTteAoVV TO TEAEVTOIO GMUEID TOV
XPath. T Tovg MopOTAVED AOYOLC TPOTEIVETOL 1) OTOONKEVGT TOV ECMTEPIKOV KOUP®V,
dNAadn g eowtepkng doung tov XML, pe ypion ¢ model-mapping mpocéyyiong kot n
amoffkevon twv leaf nodes pe ypron g structure-mapping teyvikne. Me avtdv tov Tpdmo
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givon dvvatn t6co 1 vroPoin moAdmAokwv XPath queries koi o opiopdg indexes, 6co ko 1
amoffkevon molvmhokwv MPEG-7 datatypes. KabBdg opmg ov tuég tov leaf nodes sivar
amofdnkevpéveg oe dwpopetikd tables, moapotnpeitor younin omdédoon oty mepintoon
queries mov amatrtovv JOINS 1 v ernovakatookev| tov apytkod XML apyegiov. ‘Eva axdpa
EUPAVES LEWOVEKTNUO OVTNG TNG TEYVIKNG &lvar m avdykn onpovpylag e&edikevpévon
mapping schema yiw 6Aovg tovg MPEG-7 Ds kot DSs.

6.1.2.3 Ilpocéyyion ths AimAwuatikijs

[MopodTt o1 TEYVIKEG TOL AVOEEPHMKAY GTNV TPOTNYOVUEVT] EVOTNTA TOPEYOLY ADGELG Yo
TOALG €10 €QapUOYDV, TOPOVLGLALOVY TAVTOYPOVO LEIOVEKTHHOTO OGOV apOpd GTO YPOVO
amdKpIoNG TV qUEries, 6TV advuvopio KOTAUEPIGHOD TOV GOPTOV EPYOOING KOl OTNV TOPOYN
VANPECIOV GUUPATOV pE KABE GLOKELT KOl TPOYPOUUUOTIOTIKO TEPIPAALOV.

INo tovg Tapamdveo Aoyovg e&etaletatl omd TV SUTAMUATIKY QLT 1] TEPITTOON YPHONS
teyvikov cloud computing yioo ™V omopokpuopévn TOPOYN VANPESIOV  ovalTong
multimedia apyeiov. H amofnikevon tov dedopévov emréyetar va yivet e NOSQL Bdoeig
dedopévav, Kobmg oe avtéc ta apyeia dev amarteiton va dabétovv Opoto schema kot
TovTOXpove Adym tov clustering emtuyydvetor €0KOAO KOTOUEPIOUOG TNG EMEEEPYOOTIKNG
100G TOL OoToLTEITON YL TV EKTELEOT TV queries. TELog eElEyyetal 0 TPOTTOG AVTOTOKPIOTG
g avalntnong oty mepintmon spappoync MapReduce.

Onwg mopovctdotnke, UEXPL CNUEPE KLPLOPYOLGOV 0600 Tpdmol amobrKevong TV
metadata yw v avalntnon tov zmepeyopévov multimedia apysiov. O mpdTog ivor
amofnkevon tov MPEG-7 meprypoaedv, dniadr tov XML opyeiov, oe directories xai 1
EQUpPUOY TEYVIKGOV avalitnong Tov dopkdv otoyeiov tov XML dévopav yio tov
evromopd g {nrovpevng mAnpoeopioc. O devtepog eivar N petatponn towv XML apyeimv
Kot 1 amoffKeLon TOLG Of OYeClOKEG Pacelg dedopévav, pe v avalninorn va
TpaypoTomoteitol pe vofoAr| e€sdikevuévav queries otn Pdaon.

H dumlopatikn avt) mpoteivel puo pitn mpocéyyion oty omobnkevon kot avalntnon
multimedia apyeiov. T v omobnkevon twv metadata Tov multimedia apyeiov
emléyOnkav ot NoSQL Bdoeig dedopévmv kat cuykekpiuéva n MongoDB, n onoia dnwg givan
YV®GTO, Yoo TNV amobnkevon tov dedouévov ypnotponotel apyeio tomov JSON. Ocov agpopd
otv avalitmon mepleyopuévoy, auth mpoaypatonoteital ota key/value pairs tov JSON
apyeiov. Xvvendg yio v amobfkevon kot avaltnon minpoeopiog, gival amapoitnt n
uetotponty tov XML apyeiov o valid JSON documents. T tnv koldtepn 6OYKpLon TV
dapopetikdv TpOT®V amobikevong kot avaktnong tov metadata mopovoidletar éva
nopaderypo XML apygiov, Ewcova 18, tov tables mov npokdmtovv amd v anobfikevon tov
ue structure-mapping o€ pia oyeotokn Paon dedouévav, Ewkova 19, kot to JSON apyeio mov
pokvmTel omd To apykd XML kot to omoio o amodnkevtei otnv MongoDB, Ewova 20.
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mpeg’lescription_xml
<9xml wversion="1_0" encoding="UTF-8"72>
<Mpeg7 mmlns="urn:mpeq:mpeg7:schema:Z001">
<Description zxmlns:xsi="http://vwww_.w3_ org/2001/3MLSchema-inatanca"
xai:type="ContentEntityIype">
<MultimediaContent xsi:type="MultimediaCollectionType™>
<StructuredCollection>
<Collection xsi:type="ContentCollectionType" id="Textures">
<Contentlollection id="Textures H100ZE"
name="Textures _dad Boxl">
<Content xsi:type="MultimediaType"
id="MovieTexture N1O0D3F">

<Multimedia>
“Medialocator>
<Mediallriz"autopoietichf  avi"</Medialrix
</Medialocators
</Fultimediax
</Content>
</ContentCollection>
</Collection>
<Collection xsi:type="DescriptorfollectionType™
id="Geometries">
<DescriptorCollection id="Geometry N1O00ZL"
name="Geomatry GROUND">
<Descriptor xsi:type="BoundingBox3iDType">
<BoundingBox3D05ize BoxWidth="-1" BoxHeight="-1"
BoxDepth="-1"/>
<BoundingBox30Center BonCenterW="0" BoxCenterH="0"
BoxCenterD="0"/>
</Descriptors
<Descriptor xsi:type="GeometryiDType">
<Feometry3iD ObjectType="Box" DEF="GecBoxl"/>
</Descriptor>
</DescriptorCollection>
<DescriptorCollectionBef href="gEROUND" />
</Collection>
</5tructuredCollection>
</HFultimediaContent>
</Description>

</ Mpag?>

Ewovo 18 MPEG-7 Description as XML Document
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Ewovo 19 MPEG-7 Description in RDBMS
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"Mpeg7™: |
"-xmins": "urn:mpeg:mpeg7:achexna:2001",
"Description™: {
*-x3i:type”: "ContensEntityType®,
“exming:xsi”: "http://www.w3.0rg/2001/XMLSchema~-inatance”,
"MulvimasdiaCencvenc™: |
"=xsi:type”: "MultimediaCollectionIype”,
“StructuredCollecrion”™: |
"Celleczicn”: [
{
"-xsi:type”: “CoatentCollectionTIype”,
"=1d4": "Textures",
"ContentCollection™: (
*=-id": "Textures N1i0O0zB",
“-name": “Textures dad Boxl",
"Ceatenc™: (
"-x8i:cype”: "MultimediaType”,
"-id": “MovieTexture N1003F™,
"Maltimedia®: {
"Madialocator™: ([ "MadiaUri=: "\ "autopcieticbf.avi\"" }

}
te
{
"-xsi:typa"™: “"DescriptorCellectionType”,
"-1d": "Geometries”,
"DescriptorCollection™: |{
“=1d": "Geometry_N10025",
“-name": “Gecmetry GRCUND",
"Descriptor®™: |
{
"-xsi:cype”: "BoundingBoxSDIype",
"BoundingBox3DSize™: {
"-BoxWidch": *-17,
"=-BoxHeight": *=-1",
"-BoxDepth™: "-1"
}r
"Bounding2ox3DCenter": (
"-BoxCenterd™: =0",
"=-BoxCentert®™: <0-,
"-BoxCenterd™: =0©
}
?.
"-xsi:cype": "Geomerry3DIype”,
"Geomesry3D": {
"~QbjectType™: “Box",
"-DEF": "GaocBoxi"
}
: )
s
"DescriptorColiectionRef™: | "-href": "$GRCUND" }

Ewove 20 MPEG-7 Description as JSON Document

Onwg eoiverol omd To TUPAUTAVE GYNUOTO, OTAV XPNOLUOTOOUVTOL OYECLOKES PAcElC
dedouévav ya tnv amobikevon tov metadata, ta elements tov XML amoOnkevoviol mg
tables otnv oyeoaxn Paon dedopévav ko o, attributes amodnkevovtar oe columns tov kabe
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table. H devépikn pwopen tov XML avomopictoton pe v dtacvvdeon tov tables g Bdong
ue yprion primary wai foreign keys. H avalntnon mpayuartonoteiton pe vrofoin queries ot
Bdomn ko emoTpodn TV ovoudtov tov multimedia apyeimv mov 10 kavomoloHv.

Oocov apopa oty amodnkevon twv MPEG-7 mepiypagdv oty MongoDB, kb XML
apyeio petatpéneton oto avriotoyyo JSON Document, to onoio dwatnpei key/value pairs mov
nepiEyovy tig MPEG-7 meprypagéc. o ke xoépupo tov XML dnuovpysiton évo key/value
pair. Xto key dwatnpeitor to 6vopo tov koufov, dnradn to element name, kot oto value
dnuovpyeitar éva véo JSSON Object oto omoio amofnkevovtar ta attributes kot to mOava
child nodes tov koéuPov. To kabe attribute petatpéneral oe éva key/value pair, 6mov oto key
amofnkeveTon To dGvopa tov attribute kot oto value n tium tov. Av o kéuPog mepiéyet child
nodes, to kGOs éva petatpéneton og éva key/value pair pe to child node name va yivetat to
key ko to value éva véo JSON Objects oto omoio amobnkevovral ta dedopéva tov child node
ue v idw dadikaoio. Opota elements, dniadn| elements pe ido dvopa, amodnkedovtal o
JSON Arrays. H avafninon ota JSON Documents yiveton pe vroPfoin evog MongoDB query
KO ETLGTPOPT] TOV OVOUATOV TOV 0PYEI®V TOV TO IKOVOTOL00V.

6.2 Avarvtikn [eprypagn YAomoinong

Xe aut v evotnTa B TOPOLGLUGTEL OVOAVTIKA TO TPOPANUL TTov eEeTAoTNKE KOOMG
Kot ot Aboelg mov viomombnkav. o v ovykprrikn peiétn Bo ypnoipomomBel m
armobnkevon tov metadata ce directories ka1 n ovalinon oe avtd pe xpron evog XML
Parser. AxoAovfel ovalvtikn mePypa@] TOV OESOUEVAOV TOVL YPNOLLOTOONKAY, TV
SPOPETIKOV TPOTWV OTOBNKELGNG TOVG Kot TOV akpPovs TPOTOL avaliTNoNG TANPOPOPLDOV
o€ aVTA.

6.2.1 Agdopéva

Onwc avaeépbnke otmv apyn tov kKepoloiov, T OSMAOUOTIKY OULT EVEMVELGE TO
iPromotion, project mov acyoleiton pe v avalnton apyeiov pe 3D mepeyduevo kat Tov
OmoTELEL U0t TAATQOPUE VYNANG KAMUAK®OONG TOPOYNS O0dPUCTIKOV SLO@NUICEDY EIKOVIKNG
TpayHoTIkoTTog néc® tov Web. Avtikeipevo ¢ dummhouatikng amotelel - avalimon
apyeiov 3D pe fdon to mepleyOUEVO TOVG.

Mo v olokAnpouévn meptypapn tov mepieyoprévov tav 3D apyeinv eivar amapaitntn 1
dlTNPNoN TANPOPOPLOY TOCO YO TNV TEPLYPUPT] TOV TEPIEXOUEVOL TOVG, OGO Kol Yio TNV
avamopAcTacT Kot teptypaer] tov 3D ypapumv mov ypnoiwonotovvtol. [ v meprypoen
TOV TEPLEYOUEVOL YPTCLLOTOLEITAL pi avemionun enéktact Tov tpotimov MPEG-7, eved yia
mv weptypoen tov 3D mepieyopévov to ISO mpoétvmo X3D, ot0 omoio to dedopéva
anobnkevovtal og apyeio tomov XML. Eivor govepd mmg kabe multimedia apysio pe 3D
mepleyopevo meptypaepeton and dvo apyeio tomov XML, éva yio v X3D kot éva yuo v
MPEG-7 meptypamn Tov, IOV VITOKOVEL GTNV OVETICTUN EXEKTOGCT TOV TPOTOLTOV. ZVVETMG 1)
avalnnon mepieyouévov Ba apopd kot otig 000 meptypapéc. [lapdt ) enékraon tov MPEG-
7 mov ypnoponoteiton dgv Exel mpototvnonomBel katd 1ISO ko dev éxel mpootebel oty
topwn ékdoor tov MPEG-7, yio Adyovg gvkoriag 1 TepLypapy TPLEYOUEVOD TTOL OPOPE OE
avtyv O avagépetar mg MPEG-7 eprypoon.

¥t MongoDB 6o amofnkevtodv to metadata twv 3D apyeiov, dniadn ot X3D kat
MPEG-7 meprypagég tovc. I'o kdBe 3D apyeio, dnuovpyeiton Eva JSSON document to omoio
nepiéyet key/value pairs. Ze éva key/value pair anobnkedetat to povadikd _id mov divetar amd
v MongoDB kat og éva 6gbtepo 1o Name tov apyeiov. Xpnoipomolovvron exiong key/value
pairs ywo v amobfkevon tov Metadata. Oépa ¢ STAGUATIKNG Eival TO0 GUYKEKPIUEVOL
key/value pairs 6a ypnoiporolovvtat yio v Topovsicon tov X3D kat MPEG-7 meprypagpdv
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tov 3D aviikeluévon ov meprypdpetar and ta apyeio. Eva npooyédio evog JSON document
mapovctdletoar otnv Eucova 21.

® id” : ObjectID(“document id"™},
“name™ : “Filel™,

"®x3d™ : “=3d_description”™,
“mpeg?” @ Ympeg? description”

Ewova 21 Draft JSON Document

To mpn expetddlevon tov dvvatotitov scalability kot vynAng amddoong mov
npoocpépel 1 MongoDB Bswpnnke mog 6Aa ta tufpata tov XML apyeiov énpeme va
uetotpamovy og key/value pairs mpog civBeon evog valid JISON document. Q61660 TOAAEG
elval o1 EQOPUOYES TTOV YPNGLULOTOOVY GLGTHHATE avalTnoNg Tepleyouévoy pe amevbeiog
avalntnon oe¢ directories oto dioko. AMleg &yovv  avamtHEEL M YPNOYOTOLOVV
e€e1dicevpévoug unyavicpovg avalntnong oe XML yio mapdderypa uéow XPath, pwog query
language yo avalimon kouPov oe XML apyeia. T tétoteg epapuoyés, mov 1on éxovv
eMeVOLGEL GE UNYoVIGHoS avaltnong Kot dtayeiptong dedopévev, Ba TapovclasTovy dVo
EexmploTég Aoelg mov vAoToMONKaY Kol Ol omoieg okomd €yovv va cuVOVAGOLY TNV
teyvoroyio twv NOSQL PBdocewmv dedopévav pe Tig TE(VOAOYiEg Kol Ta epyaAsios TOV 10T
ypnowonrolovvral. ‘Etol a&lomoteitar 0Aog o d1aféoiog eEomMopdsg, eved mapdAinioa dev
amouteitor LYNAN katavonorn kot gfowcelwon pe véa gpyoAeio amd TV mAELPA TV
SLYEPIOTOV TOV EPAPUOYDV.

6.2.2 Abvoeig mov E€etdotnray

E&etdomkav téooepelc dwapopetikoi tpomor amobikevong tov metadata tov 3D
apyeiov. O TpdTog, Tov ovopdotnke Legacy, agopd otny amodnkevon twv XML apyeiov ot
directories oto dicko kot otnv avalitnon amevbeiag oe avtd pe ypron evog XML Parser.
AVTOG 0 TPOTOG YPNCLOTOLEITOL GOV APETNPIN YLOL TNV CUYKPLTIKT UEAETY] TOV TOPAOOCIUKDV
TEXVIKDV LLE TIG VEEG TTOL TPOTEIVOVTOL GTY) GLVEYELOL.

211¢ véeg TeyVIKEC ypnotponoteitar 1 MongoDB yuo v amofnkevon v dedouEvay, e
Kabe pia vo dotnpel dwapopeticd key/value pairs. Xvykekpuyévo ta dedopéva OAOV TV
TEXVIKOV omodnkevovol otnv opiopévn database oe drapopetikég collections, avaloya pe
ooy twov JSON Documents. H mpdtn &voAlokTiKny TeYXVIKY 0amobnikevong dedouévav
ovopdletan PathXML, otnv onoia to dedopéva amodnkedovtor otnv collection “PathXML”.
Yo key/value pairs dotnpeitan to directoryPath oto omoio Bpickovtar amoBnkevpévo ta
XML apyeio ue To metadata. Xtnv devtepn, mov ovopdletonr EmbeddedXML, ypnouonoteitat
n collection “EmbeddedXML” kot oroxinpo to XML apyeio tov MPEG-7 xouw X3D
TePLYpapOV omodnkedetanr wg String ota mpeg7 xou x3d key/value pairs avtictorya. Xtnv
televtaio. TeYVIKY amobrkevong, M omoio ovoudotnke KeyValue, oidxinpo to XML
petatpénetar o JSON Document pe v pebodoloyia mov mapovsidotnke yuo v Ewova
20. T avty ) péBodo dnpuovpyeitar 1 collection “KeyValue”.

Ocov agopd otnv avalntmon viomomonkay entd dtapopeTikoi Tpomol ektédeong tg. O
TPMTOG aPopd o dedouéva mov eivon amodnkevuéva pe v teyvikn Legacy kot ovopdletan
SearchLegacy. Avtictoyyo v 1ig teyvikég amobnkevong PathXML kot EmbeddedXML
viomolodvtal ot péBodor avalnmong SearchPathXML wou SearchEmbeddedXML. T ta
dedouévo mov Eyovv omobnkevtel pe v teyxvikny KeyValue vlomoiobvion 800 tpdmot
avalnimong, ot SearchKeyValueQueue kot SearchKeyValuePath. YAomowitoanw emiong 1o
TPOYPOUUATIOTIKO povtého avalntnong MapReduce, ce dedopéva mov €yovv amobnkevtel
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obueavo pe v KeyValue teyvikn. Avtdg o tpodmog avalitnong, mov oTn cvvéyewd Oo
ovopaleton MapReduce, avomthybnke pe otdéyo v UEAETN ™G OLUMEPIPOPES TOL
ovotnuartog o€ queries mov Ba amaitovcov moAld JOINS ce oyeclokéc Pdoelg dedouévamv.
Mo mv a&loddynon e ®otdcso NTav amapaitntn 1 LEAETN TG amdKPIoNS TOL GLUGTHUOTOG
TNV TEPIMTMON TOL JEV YPTCLLOTOLOVVIOL TO, EPYOAEID TOV TPOYPOUUUATIGTIKOD LOVIELOV
MapReduce ywo v ektédeon evog opotov query. T'a 1o 6Komd ovtd VAOTOLEITOL OKOMOL Lol
uébodog avalntnong, n NoMapReduce, pe v omoio oto id1o dedopéva ekteleitar o 1610
query pe owto tov MapReduce, alhd ywpic ypnon tov unyavicpov tov MapReduce.

Avéloyo, pe tov TOmMO TV queries mov vrofdllovtal, Swakpivovtor dVO KOUTNYOPiEg
avalfitnong, n Search ko1 n MapReduce, kabs pia omd T omoieg SraBétel SropopeTikég
TEXVIKEG yloo TV eKTEAEOT NG avalnmmong, avOiAoyo HE TV HOpeN ToV (qUeries mov
e€etalovrat. Ocov agopd oty katnyopia Search, vropdAlovtar queries 6pota pe ovTd TV
OYECLOKOV PACEDY dESOUEVMV, TOV UTOPOLV OMANST| Vo amavtnBovv duecso amd Ty eEétaon
TV dedopévav €16000V. Avtifeta otov Topéa pedétng MapReduce ektehovvtar queries mov
amortodv Kamolov &idovg aggregation twv dedopévev, Ao XPNOLLOTOOVVTOL Yo THV
e€aymyn OmOTEAECUATOV 7OV QPOPOVV T OEOOUEVE. GUVOAIKA KOl UETE a0 €QUPUOYN
CUVOPTNCEMY CGLYYOVEVCNG TOVG. XTIC EMOUEVEG EVOTNTEC OVOAVOVTOL Ol  TEXVIKEG
amofnkevong Kot avalnmong dedopévev cOLPOVA LE TOV TOPEN HEAETNG IOV OVIKEL 1) KAOE
pio.

6.2.3 Touéoc Merétng Search

Oleg ot teyvikég avalntnong mov ovikouwv otov topéa pelétng Search, ov Legacy,
PathXML, EmbeddedXML, KeyValueQueue kot KeyValuePath, viomombnkov pe yprion g
YA®ooag mpoypappaticpnod Java. o tig avhykeg g OmAOUATIKAG Oewpriooue mog 1
avalnon emotpéeetl ta ovopota v 3D apyeiwv, ta onola oe kamola ond ¢ MPEG-7 7
X3D meprypagig Toug, mEPLEXOVV ToLAdIoTOoV var element e dvopo elementName, to omoio
éxer éva attribute pe ovoua attributeName xor mun attributeValue. To elementName,
attributeName «ou attributeValue ewsdyovioar amd tovg ypnotec. I v odykplon tov
teyvikov  Legacy, PathXML, EmbeddedXML, KeyValueQueue «o1 KeyValuePath
vrofAnOnkav 6 dapopeTikd QUEries yio EAeyx0 omOKPIOGNG TOV GLOTAUATOS GE SIPOPETIKES
avalntoeis. Ta Queries mapovoialovrot avaivtikd otov IMivakag 8.

Query elementName attributeName attributeValue
Q1 Collection id Transformations
Q2 Cylinder radius 0.5
Q3 Geometry3D ObjectType Box
Q4 meta name title
Q5 Transform DEF Trans
Q6 X3D profile Immersive

Iivaxeg 8 Examined Queries

Ta, dedopéva ota omoio Oa mpaypatomombel n avalnmon eivol amodnkevpuévo, o Eva
eaxelo mov ovoudotnke ProjectData. T tv obykpion tov scalability tov pefddwv
avalnmnon énpeme vo mpaypotonoumfel o€ oloéva Kol UEYOAVTEPO OYKO OedoUEVMV.
EméyOnke oe kdbe avalnmon va dumhacialetar to mAnbog tov apyeiov 3D apog e&étaon,
emopévag vo, duthaotdlovial og apBud kot ot X3D kow MPEG-7 meprypagéc tovg. o to
okomd ovtd dnovpynoape 6 @axkéhovg mov ovoudomkav “application x1”, “application
x2”, “application x4, “application x8”, “application x16” kot “application x32”, ot omoiot
nepiéyovv to. metadata tov 3D apysiov oc 1, 2, 4, 8, 16 ko 32 avtiypago avtiotoyo. Kdabe
edxerog “application xNoCopies”, 6mov NoCopies eivar 1, 2, 4, 8, 16 1 32, mepiéyet d00
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eokélovg, Tovg mp7_out kot x3d, ot omoior mepiéyovv avtiotoryo tig MPEG-7 ko X3D
meprypapés tov 3D apyeiov. Xtig pebddovg mov YPNOYOTOI0VY, GE KATOW0 OTASI0 NG
avalfitmong, v MongoDB, éxovv dnuovpynfei 6 databases, ot “ipromx1”, “ipromx2”,
“ipromx4”, “ipromx8”, “ipromx16” ko1 “ipromx32”, ot onoieg omodnkevovy ta metadata twv
3D apyeiov otav ovtd Ppiokovtar o 1, 2, 4, 8, 16 xou 32 avtiypaeo avtiotorye. Kdbe
database mepiéyer tic tpeig collections mov avagépBnkav mponyovpéveg, “PathXML”,
“EmbeddedXML” ka1 “KeyValue”.

H o¥ykpion tov pebddmv tpaypotomoteitor pe vofoAn tmv 6 dtapopetikdv Queries kot
VTOAOYIGHOD TOV ¥POVOL amdkplong ¢ avalnmmong yw OAa to. aviiypogo tov Mmetadata.
AxolovBel o oynuatikny avomapdotacn Tov Tpdémov epdpynong tov directories oty
Ewova 22, xoBdc o ot MPEG-7 xor X3D meprypagéc tov apyeiov 3D mov
ypnoworomnkay otic Ewova 23 kot Ewkova 24 avtictoryo.

ProjectData

— R[_ e —
F - application x ;application x 32
application x
— f i — I SR
application x application x 1
application x 1

L | [l
Rmp?_outg gﬁdi gmp?_outg @ mp7_out! Evd]

g

mp7_out’ 1xad il mp7_out mp7_out! xad

Ewovo 22 ProjectData
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=] |

]. <« Documents » NetBeansProjects » ProjectData » application:d » mp7_out - || Search mp7_out |

File Edit View Teools Help
Organize » Share with + Burn MNew folder
97 Favorites Documents library e Foider +
B Desktop mp7_out
# Downloads Mame . Date modified Type Size
‘E—-_".‘ Recent Places
& SiyDrive || askhshB.xml 27/1/201312:58 mp. XML File
%# Dropbox | BoundingBoxllustration.xml 2/1/20002:50 . XML File
= Doors.xml 18/2/2010 3:03 pp XML File
- Desktop | GeometryPrimitiveNodes.xml 217172010 2:51 mp XML File
o Libraries | GeometryPrimitiveNodesImageTexdurexml 21/1/20010 2:51 mp. XML File
| Documents || Groupxml 8/2/2013 2:58 py XML File
& Music | isoverscript.xml 21/1/2010 2:52mp. XML File
[ Pictures | isovertranslatic.xml 21/1/2010 2:52 mtp XML File
B videos || javascript_skremes.xml 21/1/2010 252 mp. XML File
& Homegroup || kaialliaskisixml /172010 2:52mp. XMLFile
B Lydia | lightbulbrml 21/1/2010 2:53 mp. XMLFile
1% Computer | MaterialModulatorxml 217172010 2:53 mp XML File
&, Local Disk () | metadata.xml 2/1/2010 253 mp XML File
é-} DVD RW Drive (D) | MovieTextureAuthoringOptions.xml 21/1/2010 2:53 p XML File
§ SO/ MMC (E:) _ PinballTablexml 13/2/2010 5:46 pp XML File
& Memory Stick (F) __ PixelTexturexml 217172010 2:53 mp XML File
é-} BD-ROM Drive (G:) || Prototypexml 21/1/2010 2:54 Tp XML File
?! Metwork | Room.xml 13/2/2010 5:35 pp XML File
1M LYDIA-PC . simplexml 21/1/2010 2:54 ip. XML File
1M pC | testaml 21/1/2010 2:54 p XML File
B Control Panel | TextureTransfermFullxml 21/1/2010 2:54 mp XML File
& Recycle Bin || touchtimexml /172010 2:55mp. XMLFile
|\ Pokemon2 | TwoSidedMaterial xml 21/1/2010 2:55 mp XML File
B i | UserdnteractivitySensorNodes.xml 21/1/2010 2:55 mp XML File
< I D
) 24 items State: 2h Shared

Ewéva 23 MPEG-7 files
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@ Q v Libraries » Documents » MetBeansProjects » ProjectData » application:dl » x3d - IE‘
File Edit View Tools Help
Organize « Share with « Burn New folder =~ 0 @
7T Favorites Documents library PR -
Bl Desktop w3d
% Downloads MName ’ Date modified Type Size
= Recent Places
& SkyDrive =] askhshGxad 29/1/20131:39 pp ¥3D File
+# Dropbox |E autopoieticbf.avi 14/12/2007 4:41 pp Video Clip 1]
| BoundingBexdllustration.dd 17/12/2009 1205 mp  X3D File
M Desktop ¥ Doorsadd 14/2/2010 1:46 p X3D File
B Libraries = GeometryPrimitiveModesa3d 17/12/2009 12:05 mp X3D File
3 D = =] GeometryPrimitiveNodesimageTexture.x3d 1/1/20109:11 pp X3D File
o Music =] Groupaad 23/12/20095:27 pp X3D File
k= Pictures =] isoverscript.ad 30/11,/2007 1241 pp X3D File
B videos |=] isovertranslatiosdd 30/11/2007 117 pu X3D File
«& Homegroup =] javascript_ekremesaad 4/1/2010 8:31 mp 3D File
B Lydia =] javascript_ekremes2.x3d 26/11/2009 1:09 pp X3D File
8 Computer = kaialliaskisi3d 15/1/2010 12:24 pp X3D File
&, Local Disk (<) =] lightbulba3d 8/1/2010 4:24 Tp X3D File
= ]
© DVD RW Drive (D:) =] MaterialModulatora3d 15/1/201012:31 pp X3D File
=1 :
B sD/MMC (E) ¥ metadata.3d 5/1/201010:01 mp X3D File
& Memory Stick (F) =] MovieTextureAuthoringOptions.a3d 1/1/20109:13 pp X3D File
£} BD-ROM Drive (G:) ¥ PixelTextures3d 1/2/201312:39 pp X3D File
=1 :
Q"‘ Network =] Prototypex3d 7/1/2010 9:50 mp X3D File
M| |YDIA-PC = simplex3d 2/1/2010 &:21 pp X3D File
'i PC =] simple2aad 1/2/201312:52 pp X3D File
@;-Contml Panel = TextureTransformFullx3d 3171272009 8:21 pp X3D File
£ Recycle Bin =] touchtimesx3d 31/12/2009 814 pp X3D File
B PokemonZ ] TwoSidedMaterial 3d 327200982 w30 File
proTa = UsernteractivitySensorModesx3d 7/2/2013 10:52 mwp X3D File
< | 0 o

24 items State 38 Shared

Ewova 24 X3D files

H avalimon extedeitoan pe kAnon g class SearchCompareAll. Xe avtiv emiéyetar
Kké0e popd Eva Query mpog vroPoin Kot pic wpog pic OAeg ot teyvikég mov e&etalovtat, pe
KANon TV classes SearchLegacy, SearchPathXML, SearchEmbedded XML,
SearchKeyValueQueue kot SearchKeyValuePath. Ta kabs uébodo 1o Query exteleitorl ota
apykd dedopéva kot 6tav avtd Bpickovral ot 2, 4, 8, 16 kot 32 avtiypaea. ['a dStactavpmon
TOV OTOTELECUATOV Kot EAEYYX0 TNg opBng Aettovpyiag g avaltnong, KaToypaeovIol yio
kd0e uébodo o1 amavinoelg mov emotpépovial. To apyeio oto omoio amobniedovral Ta
amoteAéopata ektéleonc Twv Queries 0o ovopdletol Apyeio Amotedeoudtav.

Kataypagovtor emiong ot ypoévor ektéleong twv Queries, dote vo damiotmdel 10
scalability ¢ kabe peb6dov. T v amobrikevon Tovg SMUIOVPYEITOL GTOV QAKEAO
“Duration”, av dev vmdpyel, 0 pakelog “Query”. Xe avtdv amobnkevovial 5 apyeio yo to
kéOe Query, éva ywo kdbe pébooo mov ypnowomnoteitar oty avalnon. To dvopa Tov
apyxeiov eivor  “elementName attributeName attributeValue methodUsed.txt”, o6mov
methodUsed pmopei va eivon SearchLegacy, PathXML, EmbeddedXML, KeyValueQueue 7
KeyValuePath. Kabe apyeio mepiéyet 6 petpfioelg, pio yo ke apud aviypdoov tov
metadata. Ov petpnoeig vmoroyilovton pe ypron g peboddov currentTimeMillis, n omoia
KaAgitol Tpv TV extéhecn ¢ avalitnong Kot Hetd mv emotpoen e H dapopd towv 600
YPOVOV amoTeAEL TOV GUVOMKO XPOVO amdKplong Tov QUErY kal Kotaypagetal 6To apyEio, T0
omoio Ba ovopaletal Apyeio Xpovov Arwoxpiong.
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6.2.3.1 Legacy

Ye avtv v teyvikn ta Mmetadata eivon amobnkevpuéva oe directories oto dioko. ITo
OUYKEKPLUEVE YPNOLOTOI0VVTOL SO GdkeAol, MP7_out kai x3d, ot onoiot mepiéyovv tao XML
apyeio pe tig MPEG-7 kou X3D meprypagég tov 3D apyeimv avtiotoa. H avalnton tov
3D apyeiov, apopd otov eviomoud ekeivav mov éxovv ota Metadata tovg TovAdyiotov Evav
koppo pe ta docpéva elementName, attributeName ko attributeValue. Xtnv Legacy texvikn,
n avolntnon mpoypatomoteiton pHe ypnon Tov JSwbéciumv epyaieiov ddoyiong Kot
avalnmong minpoeopiog oe XML apyela. To gpyaieio mov Ba ypnoiponombel amd avtrv
TNV SIMA®UOTIKY TEPLYPAPETOL GTN] CLUVEYELD.

Onwg éxer avapepbei ota XML oapyeio o dedopéva éxovv devopikn odour. TToArd
TPOYPOUUATIOTIKE TepBdAlovTal dabfétovy Etolua epyareia Yo TNV GOVOESY| TOVG UE TO
nmepeyopevo tov XML apyeiov. H mpoécPaocn oe ovtd yivetor apov To dedopéva
UETACYNUOTICTOOV GE U0 OOUN KOTOVONTY Od TO TPOYPAUUOTIOTIKO TTepPdilov. Mo amd
TG dopég avtég eivar to JDOM, Java Document Object Model, pe to omoio kot péow tov
avtiotoryov Java APl eival dvuvoty M ovamopdctacn ™G 0evOptkng popeng tov XML
apYEIOV PE TO AVTIOTOLYO, KATAVONTO amd TN Java, avTIKEWEVOSTPAPEG OEVOPO. TUVENHDC TA
JDOM Documents amoteloOv tnv Sopr TOv €MTPEMEL TNV TPOSPacT Kot eneEepyocio TV
objects tov XML apysiov. T'a v mapayoynq tov JDOM, kot kabe GAANG avomapdotoong
XML apyeiov, elvar amapaitnn m xpnon &vog parser. O parser givor vredbvvog yio v
avtiotoiynon g oevopikng doung tov XML ot dour mov eivol katavonty omd TNV
YPNOUYLOTOLOVUEVT] YADCGH TPOYPAUUOTIGHOD. 'Evog amd Toug eupémg yp1GLLOTOIOVUEVOVG
parsers, givar o SAX Parser, o omoiog dwopdaler XML apyeia xon emeéepyaletot ta TUHOTA
tovug oeprokd. H Java mapéyel v Class SAXBuilder n omoio ypnowomotel évav SAX parser,
vy v mopayoyn tov JDOM Document mov avtictorel oto XML apyeio. Amd avtn )
dmlopotikn Ba ypnotponolel yw ) owdoyon tov XML apyeiov kot v eviomoud tov
mroduevov kouPov o SAXBuilder kat to tapaydusvo JIDOM 6évdpo.

Eivar pavepd mog ta dedopéva Ppiokoviar oM oty poper| otnv onoia Oa extedectel 1
avalnnon, yu. avtd 10 AO0Y0 Yo vAomoinon Tov Legacy amatteitor povo n dnpovpyio tov
Java classes mov Oa epapudoovy v avalfinorn. AxolovOsl avoAvTiKg TEPLypap TV
classes mov viomomBnkay Kot Twv uefddwV oL TIg amapTilovv.

6.2.3.1.1 Avalinon

Onog avaeépbnke, yio v avalnimon Legacy kaieiton n class SearchCompareAll, n
onoia péow g SearchLegacy Oa exteléoet ta 6 dopopeTikd QUeries Tov &yovv emleyel yo
TIG avaykeg tov mpoPinuatog. Kabe Query vmoPdiietar ota apyikd 0edoUEV Kol GTN
ocuvéyew o€ 2, 4, 8, 16 ka1 32 avtiypapd Toug.

O Constructor tg SearchLegacy dnovpyei otov edkelo “application xNoCopies”, tov
eakelo “Legacy”, av dev LVIAPYEL, KAl GE OVTOV Evay aKopo Tov ovoudleton “results”. Xtov
eaxkelo “results” Bo oamoBnkevtodv oto Apyeio Amotelecudrwv pe dvopo “elementName
attributeName attributeValue.txt” to anotelécpato tov QUery mov ekteAécTnKe.

H SearchLegacy £xst og eicodo ta elementName, attributeName wou attributeValue mov
opiotnkav, Kobdg kol Tovg Qakélovg MpP7_out kor x3d mov mepiéyovv too Metadata. H
SearchLegacy «olei v pébodo GetFiles, yia emloyn twv apysiov oto omoia O
npaypotorombel n avalnmon, kot otV cvvéyela v pébodo SubmitQuery, n omoia Oa
ekteléoet o Query ota apyeio mov enéotpeye 1 GetFiles.

H GetFiles pe yprion dvo eiktpov, tav FilterXMLFiles kot FilterX3DFiles, evtoniletl oo
to doopéva directories povo ta apyeio mov omotedovv MPEG-7 xor X3D meptypogéc
avtictoya. Mg ovtdv Tov TpOmMO EAEYYXETOL M| TpaypoTomoinon ¢ avalitnong oe valid
apyeio kot OyL og apyeion Tov dgv amotehobv Metadata kol mov evdeyouévmg Ppickovtat
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amoOnkevpéva otovg Mp7_out kot x3d axélovc. ‘Eva mopdderypa tétotov apyeiov eivorl to
“autopoieticbf.avi” mov Bpicketar o1o akelo x3d, 6TwG Paivetar ko oty Ewkova 24.

H uébodog SubmitQuery xaiei yio kabe éva amd to apysio 10660V T™C, ™V HéBodo
QueryXMLFile tng class NavigateXML, pe eicodo 7to. elementName, attributeName,
attributeValue kofdg ko 1o XML apyeio mov e€etdletar. Av n QueryXMLFile emotpéyet
true, n SubmitQuery ypaoet to dvopo oo XML apyeiov 610 Apyeio Amoteleoudrwmv.

H NavigateXML ypnowponotei évav SAX Parser kat dnpovpyei to JDOM Document mov
avtiotolel oto apyeio €wwdéov. Xt ovvéyeln péow tov Java APl tov JDOM
mpaypotorotleitar n dudoyion tov XML apyegiov kon evromiletat, ov vapyel, o KOUPog e tao
doopéva elementName, attributeName xau attributeValue. Av vrdpyer tétolog koppoc,
emoTpépeTal true, dapopetikd emotpépeta false.

Téhog, apotov emotpéyel | SearchLegacy kataypaeetolr o ¥povog eKTEAEGNG TG OTO
path  “Duration\Query\” ot0 oapyeio “elementName attributeName attributeValue
SearchLegacy.txt”.

Ortav 1 SearchCompareAll extedéoer v SearchLegacy yw OAa o aviiypa@o TmV
dedopévav, 10 Apyeio Xpovov Aroxpions Ba mepiéyel 6 petpnoeic. H kabe pio 0o apopd otov
xpOVo extédleong g avalntnong oto dedopéva dtav avtd cuvavtovio o 1, 2, 4, 8, 16 kot
32 avtiypapa avticToryo.

6.2.3.2 PathXML

[ToAAéG epappoyég ypnoponmolodv eEgtdikevpéva gpyaieia avalnmmong XML apyeiov oe
directories. Ta téroleg meputtdoelg emAéydnke 1 omobnkevon tov path mov Ppickovral ot
MPEG-7 ot X3D meprypagég oe avtiotorya key/value pairs ota JSON Documents tng
MongoDB. E&etdotnke katd mécov n Avomn avty], Oa Peitiove tov xpodvo amndkpiong pog
avalnong, evtomilovtag ypnyopdtepa o (nrovueva opyeio, evd  mopdAAnia  Oa
expeTorlevdTay tov vdpyov eEomioud dudoyiong XML apyeiov. o arnotelecuatikdtepn
ovYKplon pe v teViIkn Legacy, kot og avtiv v pnéBodo avalntmong Ba ypnoyomoindei to
JDOM 6évdpo mov mapdyetor and tov SAXBuilder g Java.

H napandve teyvikn ovopdleton PathXML. e avtiv ta dedouéva dtatnpodvial otny
database “ipromxNoCopies”, 6mov NoCopies sivar 1, 2, 4, 8, 16 1 32, omv collection
“PathXML”. Ta apyeior mov Ba amobnkevtovv oe avtn givar JSSON Documents, kabéva omd
ta omoia apopd éva cvykekpyévo 3D apyeio. Ta JSON Documents amotelobvion omd
key/value pairs, 6nmg avtd mopovoidloviar otov ITivakag 9. Tto key _id amoBnkedetar to
povadiko id mov diver 1 MongoDB og kabe JSSON Document mov dnuiovpyeitar. Tto keys
Mpeg7 ka1 X3D amobnkedovtor avtiotorya to directoryPath twv metadata mov apopodv otnv
MPEG-7 ka1 X3D zmeprypaen tov apyeiov 3D. Téhog oto name dwatnpeitor to 6vopae tov 3D
apyeiov 1o omoio apopovv To. metadata.

PathXML JSON Document

{

“ id” : “ObjectID”,

“name” : “fileName”,

“X3D” : “ProjectDatal\\application xNoCopies\\x3d\\file.x3d”,
“Mpeg7” : “ProjectDatal\\application xNoCopies\\mp7 out\\file.xml”

}

Mivaxag 9 JSON Document in PathXML Collection

IMa mv anobfkevon TV apyeiov GOUPOVO LLE TOV TOPATAVED TPOTO EIVOL OTOPUiTNTN 1
dnovpyio. documents, coufotdv ue T Pdon dedouévav, mov vo TEPEYOLY TIG (NTOVUEVES
mAnpopopieg twv XML apyeiov pe to metadata. T to AOyo ovtd 1 extédeon g
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avalinong pe v teyviky PathXML oroutel mpdta v dnovpyia tov JSSON Documents
mov Ba amobnkevtobv oty MongoDB. Xtic endueveg evotTnTeg TEPTYPAPOVTOL OVOAVTIKG Ol
dradtkaoieg mov akolovndnkav t6co Yo v dnuovpyio Twv JSON apyeiov, 660 kal Yo
NV eKTéAEDT TNG avalNTnomng.

6.2.3.2.1 Anuovpyio. JSON Documents

Ta JSON Documents dnovpyovvtor pe xprion g class CreatePathXML, n omoia
exteheiton Yo ta apykd dedopéva 6tav avtd Ppiokovrol o€ 1, 2, 4, 8, 16 ko 32 avrtiypaga.
Apotov emotpéyel n CreateFilesAll, 6a £xer swoaybei otig Paoceig “ipromx1”, “ipromx2”,
“ipromx4”, “ipromx8”, “ipromx16” ko “ipromx32”, amd pio collection “PathXML”, mov ywa
ke 3D apyeio dnpovpyei éva JISON Document nov mepiéyet key/value pairs pe tig X3D ko
MPEG-7 meprypagég mov 1o yapoktnpilovyv. AkoAovbel avaAivTik) Teptypapn TV Prudtov
oV akoAovBovvTIL Yo TV dnuovpyia Kot amodnikevon twv JSON Documents.

H dnpovpyio tev apyeiov mov Oo arobnkevtovv oty collection “PathXML”, yivetat pe
KAnon g class CreateFilesAll. H CreateFilesAll koiei tqv CreatePathXML, n omoio Oa
e€ayel and ta metadata, 6tav avtd Ppiokovrar og 1, 2, 4, 8, 16 kot 32 avtiypaga, Tig
KatdAAnieg TAnpopopieg yio tnv dounon twv JSON Documents mov o arobnkevtodv otnv
MongoDB.

O Constructor g CreatePathXML maipver cov &icodo tov @dkedo “application
XNoCopies” ka1 ™ Paon dedouévav, “ipromxNoCopies”. Amod tov @dkelo “application
xNoCopies” g&dyovtor ot @akelot mp7_out kou x3d, ot omoiot dotnpovv tig MPEG-7 ko
X3D meprypogéc tov 3D apyeiov. Opileton oxopa m  collection “PathXML” g
“ipromxNoCopies”, otnv omoia telikd Ba amodnikevTovv ta mapayousva JSON Documents.

Koat’ apydg Bewpnnke tog kdbe popd mov amoiteitan 100ymY] VE®V dES0UEVOV GE Lo,
collection g MongoDB, avt| o mpémet va daypoagel Kot 6TNV cuvEyelo va dnpovpyn et
Eava pe to véo dedopéva. Xuvenmg katd tnv ektéleon g, 1 CreatePathXML oapykd
daypager v collection otv omoia Ba ewaybodv Ta véo dedopéva. XTn GLVEXEL
ypnowonotovvtor to. @idtpa FilterXMLFiles ot FilterX3DFiles, mov avalvbnkov oto
Legacy, ywo evtomopd tov apyeiov tov mp7_out kat Xx3d eakélmv, Tov anotelovy MPEG-7
kaw X3D meprypagés avtiotoya. To kabe ¢iltpo emotpéper o, List pe 1o apysio mov
KavoTotovV ta opicpatd tov. I'a v dnpovpyia kot ewlcayoyn tov JSON Documents otnv
“PathXML” collection, n CreatePathXML kaiei v uébodo AddJSONFilesToMongoDB ue
opiopo Ty List mov enéotpeye 10 kGOe ilTpo.

H AddJSONFilesToMongoDB &ivar vrevfovn yo v dnuovpyio. 1@V KoatéAANA®V
key/value pairs mov agpopovv oto k@be 3D apyeio ka1 TpocHNKn tovg oto avtiotoryo JSON
Document. Xvykekpiuéva yio ke apyeio €160d0v, e&ayetal to dvopa tov 3D apyeiov mov
neprypaoetor and to metadata, o tomog, MPEG-7 1§ X3D, 1tng meprypaeng, kKot To
directoryPath oto omoio givar amoOnkevpévn. To dvopa tov apysiov ovoudleton fileName, o
TOomog tov metadata key kotr to directoryPath value. Xt cuvéyewn pe eeapuoyn tov
MongoDB-Query 2 evtomiletot, av vrapyst, o JSON Document pe évo key/value pairs pe
Tipég name/fileName. And to query emotpépetor o Tord Eva JSON Document.

db.PathXML.find( { name : fileName } );
MongoDB-Query 2 Search PathXML Collection for JSON with ""name™:"*fileName"

Av 7o query dev emotpéyel JSON Document, dev €xet eloayfel akdpo Kamolo Tepypaen
metadata yio to 3D oapyeio mov e€etdletar. Te avTV TNV TEPITTOOT YPNCUOTOLEITOL TO
MongoDB-Query 3 1o onoio dnuiovpyei éva JSON Document pe éva key/value pairs pe tipég
name/fileName. Ané tv MongoDB eiodyeton avtouata kot to Key/value pair ue to _id mov
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0o yapoxtnpiler povadikd to apyeio. Xto JSON Document mov poiic dmuovpyndnke Oa
amofnkevtovy ot cuvéyela ot MPEG-7 kol X3D meptypa@ég Tov apopovv T0 GUYKEKPIUEVO
3D apyeio. I'a 10 okomd avtd Kareitan Eava to MongoDB-Query 2, 1o omoio avtr ™ opd
Oo emotpéyel o JSON Document mov poig onuovpyndnke Ko o avtd Ba gi6dyst v
nepLypa®n Tov metadata pe ypnon tov update mov avolveTal 6T GLVEKELO.

db.PathXML.insert( { name : fileName } );
MongoDB-Query 3 Insert into PathXML Collection JSON with “name”:“fileName”

Av 1o query emotpéyet JSON Document, tote apkel £va update yo v ilcaymyn tov
directoryPath tg metadata meprypagnc tov 3D apyeiov. To update yivetor pe ypriion tov
MongoDB-Query 4. To key sivar Mpeg7 1 X3D, avdloyo e Tov TOTO TNG TEPLYPAPNC, KOL TO
value givar to avrtictoryo directoryPath twv metadata.

db.PathXML.update ({name : fileName}, {S$set : {key : valuel}});
MongoDB-Query 4 In PathXML Collection add to JSON with “name”:"fileName" a “key”:*“value” field

6.2.3.2.2 Avalrtnon

Enypappotikd n extédeon g avalimong pe v teyvikn PathXML mpaypatoroteitot
pe ta akoiovba Prpata. o kabe 3D apyeio e&ayetar, péow twv JSON Documents tng
“PathXML” collection tng MongoDB, n torofecia, dniadn to directoryPath, oto onoio eivon
amofnkevpéva to metadata tov. X cvvéyeia evromilovrar ta {nrovpeva XML apyeia pe tig
MPEG-7 kot X3D zmeprypogéc kot o€ avtd ekteheitan 1 avalnnon GOUPOVE LE TO SOGUEVO
Query. Av kdamota amd TIC TEPYPOUPES amavtdel ato Query, copuminpmvetat To ovopo tov 3D
apyelov oto Apyeio Aworeleaudrwy.

ITo avoivtikd yo v PathXML avalnitmon ypnoipomoteital, 6mmg Kol oTny Tepintmon
tov Legacy, n SearchCompareAll. Avt pe kinon g class SearchPathXM extedei ta 6
Queries mov e&etdlovtan Yo OAo To AVTiYPOUPa SESOUEVMOV TOV SLUTNPOVLE.

O Constructor tg SearchPathXML &éyeton oav opiopa to elementName, attributeName
ko attributeValue tov e€etalouevon Query, to directoryPath oto omoio Oa amoBnkevtei 1
emotpo@n Tov Query, kobmg kot v database tg MongoDB mov datnpei ta JSSON
Documents pe tv tonobecio tmv metadata tov kabe 3D apyeiov. Xto doouévo directoryPath
dnovpyeital o eakelog “PathXML” kot péoa og avtdv o gakelog “results”. e avtdv tov
eaxelo Bo amobnkevtovv T0. Apyeio. AToteleopdTov Yo 6o to, Queries mov Ba extelecTOVV.
Oupiletoan 6T1 oto. Apyeion Amotedeopdtov divetor o dvopo “elementName attributeName
attributeValue.txt”. Té\og and tov Constructor emiéyetar ko 1 collection tng database mov
0o ypnowonombet, n “PathXML”.

¥t ovvéyewn kodeitar M uéBodog Search tng class SearchPathXML. H Search
ypnopomotei to MongoDB-Query 5 kot evromilel 6o o JSSON Documents g “PathXML”.
Ao avtd eEdyel 1o paths twv MPEG-7 ko1 X3D meprypagdv kot koiel v uébodo
SubmitQuery pe 6piopa to kéOe directoryPath.

db.PathXML.find () ;
MongoDB-Query 5 Get all JISON from PathXML Collection

H SubmitQuery evtomilel, coppmva pe to directoryPath wov divetat, to {nrovuevo XML
apyelo, mov amoterel pia amo 1ig MPEG-7 11 X3D meprypapég tov 3D apyeiov. Zn cuvéyeia
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kaiei v uébodo QueryXMLFile tng class NavigateXML yia didoyion tov XML apygiov kat
evromiopd tov (mroduevov elementName, attributeName won attributeValue. Av vmépyst
kopuPog tov XML apyeiov, mov va wkavomotei To Query, to évopa tov 3D apyeiov ypdoeton
ot0 Apyeio Amoteleoudrwv. H NavigateXML givar 1 id1a class mov mepieypaenke 6To KOUUATL
tov Legacy.

A@otov emotpéyel 1 SearchPathXML kataypdeetol o ypdvog ektédecng ¢ oto path
“Duration\Query\” oto Apyeio Xpovov Amokpions pe dvopa “elementName attributeName
attributeValue PathXML.txt”. Otav n SearchCompareAll ekteiéoer v SearchPathXML yua
oML T OVTIYpOPA TV dESOUEVOV, TO Apyeio Xpovov Amokpiong Bo. mepiéyel 6 petpnoelg. H
Kk@0e pio Bo agopd otov ypdvo extéheong e avalntnong oto dedopévo Otav vt
cuvaviovtor o 1, 2, 4, 8, 16 kot 32 avtiypaga avtictoyya.

6.2.3.3 Embedded XML

INo 11¢ Tepimtdoelg epappoydv mov emBopeiton 1 dSwtpnon egedikevpévav epyareiov
avalnong mAnpoopiag oe XML apyeia, evd tavtoypova dev kobictatorl omopaitntn n
amoffkevon tov MPEG-7 xor X3D opyeiov oe directories, cvotfivetor 1 TEYXVIKN
anobnkevong kat avalnong metadata EmbeddedXML.

Me v 1exvikn ovt ot MPEG-7 ko X3D meprypagég tov multimedia dedopévov
amofOnkevovtor wg XML String ota avtictorya key/value pairs tov JSON Documents mov
neprypaeovv 10 kébe 3D apyeio. Eivar qovepd mwg dev omorteiton 1 Sathpnon Tov
directories mov mepiéyovv to. metadata and tn otrypn mov ot petapepbodv oty MongoDB.
[MopdAAnia. pe xpnom Tov VITAPYXOVTOG E0TAGHOD glval duvath 1 didoyion Kot 1 avaltnon
mAnpogopiog an’ gvbeiag otor XML String mov Bpiokovion ota key/value pairs twv JSON
Documents. H avainmon kot €d®d Ba mpaypatomombei péow tov JDOM 6évdpov mov
nopdyetot oo Tov SAXBuilder.

Me v EmbeddedXML 1o, dedopéva amodnkevovion e JSON Documents oty collection
“EmbeddedXML” ¢ database “ipromxNoCopies”. Kafe JSON Document omoteieitar omod
key/value pairs kot cvykekpipéva and o key name, oto onoio dwatnpeitor to dvopa tov 3D
apyeiov mov apopd oto JSON Document, kot and ta keys Mpeg7 kot X3D, mov éxovv cav
iuy to XML String g MPEG-7 ka1 X3D meprypagng tov 3D apyeiov avtictoyo.
Avatibetar avtopata omd Ty MongoDB to _id key/value pair mov opilet povadikd to kabe
JSON Document. 'Evo mapddetyua tétotov apyeiov divetan otov Iivakag 10.

EmbeddedXML JSON Document

“ id” : “ObjectID”,

“name” : “fileName”,

“X3D” : “<?xml version = “1.0” encoding = “UTF”?><X3D> .. </X3D>",
“Mpeg7” : “<?xml version = “1.0” encoding = “UTF”?>

<Mpeg7 xmlns=“urn:mpeg:mpeg7:schema:2001"”>.</Mpeg7>"

Mivaxag 10 JSON Document in Embedded XML Collection

Onwg xat yio v PathXML teyvikn, sivor amapaitnn 1 dnuiovpyia tov apyeiov mov Ha
amoOnkevtovv otnv MongoDB. Avtd 6o mpémel va eivar valid JSON Documents pe tig
amopaitnTeg TANPOPOPies Yio TNV ektéleon g avalntnong. [a 1o okond avtd vAomoteitat
o pébodog onpovpyiag v apyeiov kal amobfkevong tovg otn Pdaon dedouévov. H
avalnitnon Oa exteleotel otn cuvéyela oty collection mov Oa mepiéyel ta dedopéva, ympig
avaykn yprong tov directories wov darnpovcay to apyikd XML apyeia pue tig MPEG-7 kot
X3D meprypapég. XTic emdueveg evotnteg mopovotdlovial avoivTtikd ot pébodor mov
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ypnowonrotdnkay yioo v onuovpyio tov KatdAiniov JSON Documents kai yio thv
eKTELEDT) TNG avalnTNONG O AVTA.

6.2.3.3.1 Anuovpyio. JSON Documents

Yovontikd ywo. T Oonmuovpyia tov JSON Documents ypnoipomoteiton m  class
CreateEmbeddedXML. H CreateEmbeddedXML naipver cav gicodo 1i¢ MPEG-7 ko X3D
neptypoéc Tv 3D apyelov, otav avtég Bpiokovtar og 1, 2, 4, 8, 16 ko 32 avtiypaga, amd
to directory “application xNoCopies”. Metd amd kébe ektéleon g €xel swooybel oy
MongoDB, otnv database “ipromxNoCopies”, pia collection “EmbeddedXML” n omoia
nepiexet JSON Documents. Ta JSON Documents dwatnpodv Tig mAnpoeopieg yio to. 3D
apyeio, ta metadata twv omoiwv Ppickovrar oto directory “application xNoCopies”.
AxolovBel n Teptypapn tov classes kot uebodwmv mov viomombnKoy Yo TNV dnuovpyio Kot
arofnkevon tov JSON Documents.

[a v dnovpyia tov apyeiov ypnotpomoteiton 1 class CreateFilesAll, n omoio kaAet
v class CreateEmbeddedXML ue 6piopa to directoryPath oto omoio givor amofnkevuéveg,
0TOVG E0MTEPIKOVE QakéAovg MP7_out kat X3d avtictotya, ot MPEG-7 kot X3D meprypogég
tov 3D apyeimv. AkolovBei n dnpovpyio evog instance tng CreateEmbedded XML kafdg kot
N KA\non tev arapoitmtov uedddmv e, Yy 1o yTico Kot v amobfkevon tov JSON
Documents otnv MongoDB.

O Constructor ¢ CreateEmbeddedXML class gvromilel Tovg mp7_out ko X3d @axélovg
pe ta metadata, evtog tov directoryPath mov déytmke cav opiopa. Opilel emiong mwg o
apyeio mov Bo dnuovpynbovv, Ba amoBnkevtodv otnv collection “EmbeddedXML” g
database “ipromxNoCopies”.

¥t ovvéyela kaieitat, amd v CreateFilesAll, n pébodog CreateAlIJSONFiles tng class
CreateEmbeddedXML. Kotd v xinon g CreateAIIJSONFiles dwaypagpeton n collection
“EmbeddedXML”, yio. Tovg Adyovg mov e€nyninkay vopitepa. XTn cuvEXElo Ye YpNoN TOV
eidtpov FilterXMLFiles kot FilterX3DFiles emAéyovtar ta apyeio twv mp7_out kot x3d
QokéA®V oL Ba ypnoporomBovv yia tnv ddunon twv JSSON Documents, oniaon ot MPEG-
7 ko X3D meprypoeéc. Télog, yio. v onovpyia kot omobnkevon ot MongoDB tov
JSON, n CreateAllJSONFiles koAei tqv pébodo AddISONFilesToMongoDB e opioua v
List mov éye1 emotpéyet 10 kKGBe eiktpo.

Onwg &yel avaivbei kabe 3D apyeio yapaxmpiletor and évo JSON Document, to omoio
nepiéxet key/value pairs. Zmv nepintwon g EmbeddedXML avalrtmong, ta key/value pairs
ue keys Mpeg7 xat X3D £yovv cav value oAdkAnpo 1o XML apyeio, tov MPEG-7 ko X3D
metadata  avtiotoya, ot popen evog  String. Kdébe apyeio  €i66d0v g
AddJSONFilesToMongoDB amoteAet éva XML apygio mov mepiéyet kdmoto TOmo meptypapng
metadata tov 3D apyeiov. Opowa pe v pebodoroyio mov mepleypdonke yioo tnv PathXML
texvikn, 1 AddJSONFilesToMongoDB e&ayet to 6vopa tov 3D apygiov o omoio apopd to
apyeio €160d0v G Me yprion tov MongoDB-Query 6 evtomiletar, av vaapyet, to JSON
Document ov agopd o avtd to apyeio.

db.EmbeddedXML. find( { name : fileName } );
MongoDB-Query 6 Search EmbeddedXML Collection for JSON with *"name":"'fileName"

Av dgv vapyet tétoro JSON Document, avtd dnuovpyeitor pe ypnorn tov MongoDB-
Query 7. Metd v ektéheon tov €xel ewooybel oty “EmbeddedXML” collection éva JSON
Document pe éva key/value pair pe tyiég name/fileName, xabmg ko to _id key/value pair mov
diveton avtopota and tnv MongoDB. Xty cuvéyeia ektedeitan Eava to MongoDB-Query 6,
10 omoio emotpépet 10 JSON mov udhig dnuovpynbnke kar axodovbei to update, dniadn 1

128



npocOnkn Tov key/value pair mov agopd oo metadata mov divovtan amd 1o apyeio 16680V
¢ AddJSONFilesToMongoDB. H akpifric Aettovpyia tov update avaidetal opuéocne Letd.

db.EmbeddedXML.insert ( { name : fileName } );
MongoDB-Query 7 Insert into EmbeddedXML Collection JSON with ""name’:"*fileName"

Av to MongoDB-Query 6 emotpéyet éva JSON Document, Oa epaprootel oe avtd Eva
update. Zvykekpuéva pe xprion tov MongoDB-Query 8 mpootifetor oto JSON éva key/value
pair ue key Mpeg7 11 X3D avdroyo pe tov tomo metadata mov mepiéyovrar oto XML apyeio
g106d0v. Xto0 value avtod tov key amobnkevetar 1o XML apyeio £16000v 6N Hopen €vOG
String.

db.EmbeddedXMl.update ({name : fileName}, {S$set : {key : value}});

MongoDB-Query 8 In EmbeddedXML Collection add to JSON with ""name":"'fileName' a "'key"":"'value"
field

6.2.3.3.2 Avalrtnon

Ocov aeopd otv ektédeon g avalnmong pe v teyvikn EmbeddedXML
akoAovBovvtar To mopoxkdte PrAuata. T kdBe JSON  Document tng collection
“EmbeddedXML”, eréyyovtar ta keys Mpeg7 xar X3D. To value tov key amotelel v
MPEG-7 ka1 X3D avtictotya meprypaer tov 3D apyeiov mov apopd oto e€etaldpevo JSON
Document. Xto value ektekeiton 1 avalitnon, cdupova pe to docuévo QUery, ue ypron tov
vrapyoviav epyoleiov Parsing XML Strings. Av n meptypagn metadata wavomotei to Query,
10 6vopa tov 3D apyeiov ypapeton 610 Apyeio Amoteleoudrwy.

Onwg Kol 6T TPONYOOUEVEC TEPITOOELS Y10, TNV avalftnon ypnowuonoteitan 1 class
SearchCompareAll. Zvykexpiéva n SearchCompareAll kakei tnv SearchEmbeddedXML, 1
omoia, pe €lcodo ta dedopéva oe OAN To AVTIYpOPO TOL GUVOVTAOVTIAL, Oa ekteAécel Ta 6
Queries mov £yovv opIoTEL TAPATAVE®.

Katd tv dnpovpyia evog instance g SearchEmbeddedXML kodeitar o Constructor g,
o omoio maipver cav Opiope. too elementName, attributeName xou attributeValue mov
avtotoryovv oto efgtaldpevo Query, v Pdon dedopévav mov Ba ypnoipomomBei, to
directoryPath oto omoio Oa omobnkevtody Ta amoteléocuata Kot T0 Ovopo. Tov Apyeiov
Anoteleoudtov. Kotd v kAnon tov, o Constructor dnuovpyet to Apyeio Awoteleoudrwy pe
6vopa  “elementName attributeName attributeValue.txt”, kobdg xar tovg @axélovg
EmbeddedXML kot results, otovg onoiovg Ba amobnkevtodv ot amokpicelg Tov Query. Téhog
opiCel mwg 1 collection wov o ypnoomomBel yia v avaliyon givon n “EmbeddedXML”.

1t ovvéyeto | SearchEmbeddedXML kodei tnv pébodo Search yio v mpoypotonoinon
™m¢ avalnmonge. Katd v extédeon tov Search apywcd pe kinon tov MongoDB-Query 9,
emléyovrarl o6Aa too JSON Documents g collection “EmbeddedXML”. And avtd e€dyovtat
ot Tiég Twv Mpeg7 kot X3D Kkeys kot divovtor og Opiopa oty pébodo SubmitQuery, n omoia
0o mpayuartonomoel 1 Suwdoyion tov XML String kot Oo evtomicel av vaapyoLV TOVG
KkopuPovg Tov amavtovy oto Query.

db.EmbeddedXML. find () ;
MongoDB-Query 9 Get all JSON from Embedded XML Collection
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H SubmitQuery Aappdaver og o6propa 1o XML String tov Mpeg7 1 X3D key/value pair tov
eEetalouevov JSON apyeiov. T v voPforr tov Query koleital 1 class NavigateXML ot
ovykekpipuéva 1 uéBodds g QueryXMLSrting. Me ovtv 1o XML String &16660v
petatpénetor o XML apyelo kot og avtd epappolertal, pe v pébodo mov mepleypaenKe G
TPONYOVUEVT] EVOTNTA, | SACYION KOl EVIOTIGHOG KOUPmV pe ta {ntovpevo elementName,
attributeName «ou attributeValue. Av emotpagei true omd v QueryXMLSrting, to 6voua
tov 3D apyeilov ypapeton 610 Apyeio Amoteleoudwv.

Otav 1 SearchEmbeddedXML oloxkAnpmoel v ektéheon g ypdoeton oto path
“Duration\Query\” oto Apysio Xpévov Arokpiong, pe ovoua “elementName attributeName
attributeValue EmbeddedXML.txt”, o ypdvog mov ypeldotnke Yo vo, mpoypotorombel n
avalntnon. Koabodg n SearchEmbeddedXML «okeitar, yio to xéOe Query, yio oAa ta
avTiypopa 0ES0UEVOV TOV SLOTNPOVUE, TEMKA 6TO Apyeio Xpovov Amokpions Bo vtapyovy 6

LLETPTCELS.
6.2.3.4 KeyValue

Téhog viomoteitor n teyvikn KeyValue. H KeyValue angvfdvetar oe epoppoyég mov
GTOYXO0 £XOVV TNV TANPN EKUETAAAELON TV dLVATOTHT®Y oV TTpocpEépel 1 MongoDB, dcov
apopd otnv anobnikevon dedopévov ot popery key/value pairs. T v gpappoynq g
amorteitoar ypnon véwv epyoreiov, HE KATOW VO TPOTEIVOVTOL GE VTN TN OMA®UOTIKY,
KkaOd¢ Kot KaAn e£01kelmoN TV SOYEPIOTOV UE epyareia ypriong s MongoDB.

Me yprion g KeyValue teyvikng yuo kabe 3D apyeio dnuovpyeitar évo ISON Document
T0 omoio amofnkeveTon oty MongoDB. e avtd dwatnpovvrar to metadata tov 3D apygiov
ue petatpomny oAdkAnpov tov XML, mov mepiéyel tic MPEG-7 kar X3D meprypagéc, ot
key/value pairs. AkolovBei 1 avalntnon pe dudoyion twv JSON Documents kot gvtomoud
ekelvav Tov Kavorolovy to Query mov vroPAnOnKe.

H petatpomn tov metadata oe key/value pairs mpaypotomoieitolr cOupmve pe v
pebodoroyio mov mapovoldotnke Yo v Ewdva 20. O xéBe xoppoc tov XML apyeiov
petatpémetoan o éva key/value pair pe key to elementName tov kopBov kou value éva
Embedded JSON Object. X¢ avtd 1o JSON Object amoOnkevovton ta. attributes tov koppfov
ue to kabe attributeName «ou attributeValue va avtiotoyiovtol o éva key/value pair. Xto
Embedded JSON Object amobnkedovton eniong ta child nodes tov e€etaldpevon kKOpPov pe
ypron g 0 peboddov. Xmv KeyValue teyviky, petd amd v petotpomn tov XML
neptypapov og Valid JISON Documents, dev gival amapaitntn 1 dtoerrpnon tov metadata kot
og directories oto dioko, kabmg 1 avalntnon mpayporTonmoleiton ox’ gvbeiag otnv Pdon
dedopévov pe dudoyon tov key/value pairs tov JSON Documents. Axolovbei éva
napoadetypota petotpomng evog XML apyeiov, Iivaxag 11, oto avtictoryo JSON Document,
[Mivakog 12.

XML Document

<messages>
<note id="501">
<to>Tove</to>

<from>Jani</from>
<heading>Reminder</heading>
<body>Don't forget me this weekend!</body>

</note>
<note id="502">
<to>Jani</to>

<from>Tove</from>
<heading>Re: Reminder</heading>
<body>I will not</body>
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</note>
</messages>

IMivaxkag 11 Example XML Document

JSON Document

{
"messages": {
"note": [

{
"-id": "501",
"to": "Tove",
"from": "Jani",
"heading": "Reminder",
"body": "Don't forget me this weekend!"

}I

{
"—-id": "502",
"to": "Jani",
"from": "Tove",
"heading": "Re: Reminder",
"body": "I will not"

}

]
}
}

Mivaxkag 12 Converted JSON Document

Opow pe TIC TEYVIKEG TOL TEPLEYPAPNKAY ©€ Tponyovueveg evotnreg, ta JSON
Documents pe to. metadata, mov ypnouorotovvrar amd v KeyValue texvikn, omodnkebovron
otV collection “KeyValue”, n omoia avrjkel ot Pdon dedouévav “ipromxNoCopies”. Katd
ta yvootd NoCopies eivon 1, 2, 4, 8, 16 1§ 32 kot amotelel Tov aptbpd TV aviypdewnv mov
epopavifeton kdbe 3D apyeio. ITo avarvtikd kdBe JSON Document amoteAeitonr amd To
key/value pairs _id, mov diveton and tmv MongoDB «kotd ) dnpovpyio kabe véov JSON,
name, wov givat to 6voue, Tov 3D apyeiov mwov meprypdoetal amd to JSSON Document, Mpeg7
kot X3D. To Mpeg7 ko X3D keys mepiéyovv to Embedded JSON Document pe 6An v
MPEG-7 kou X3D meprypaen tov multimedia apyeio petaoynuaticpévn oe key/value pairs.
"Eva tétolo JSON Document diveton otov IMivakag 13.

{
" id" : "ObjectID",
"name" : "fileName",
"Mpeg7": {
"-xmlns": "urn:mpeg:mpeg7:schema:2001",
"Description": {
"-xmlns:xsi": "http://www.w3.0rg/2001/XMLSchema-instance",
"-xsi:type": "ContentEntityType",
"MultimediaContent": {
"-xsi:type": "MultimediaCollectionType",
"StructuredCollection": {
"Collection": {
"DescriptorCollection": {
"-id": "Geometry N10025",
"Descriptor": {
"-xsi:type": "BoundingBox3DType",
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"BoundingBox3DSize": {
"-BoxWidth": "-1",
"-BoxHeight": "-1",
"-BoxDepth": "-1"
}
}
b
"DescriptorCollectionRef": { "-href": "#GROUND" }
}
}
}
}
b
"Y3D": {
"-profile": "Immersive",
"head": {
"meta": {
"-name": "ExportTime",
"-content": "17: 6:18"
}
o
"Scene": {
"Group": {
"-DEF": "GROUND",
"Transform": {
"Shape": {
"-DEF": "Boxl",
"-containerField": "children"
}
}
o
"ROUTE" : {
"—-fromNode": "Sensorl",
"-fromField": "touchTime",
"-toNode": "MovieTexture Boxl",
"-toField": "startTime"
}
}
}
}

IMivaxag 13 JISON Document in KeyValue Collection

Xmv mepintoon g avointnong mAnpoeopiog oe XML opyeio, otdyog Mtav o
EVTOTIGHOG €VOG TOLAGYIoTOV KOUPov pe dvoua elementName, kot o omoiog va dtabBétet Eva
attribute pe 6voua attributeName xon tiur attributeValue. H idwa avalitnon petagpdaletar,
6oov agopd oty avalnmon oe JSON Documents, ce eviomiopd evoc Key pe dvopa
elementName, mov éyet o¢ value éva Embedded JSON Object 1 Array, to omoio dafétel £va
key/value pair pe Tuég attributeName/attributeValue avtictouya.

INo v ektéheon g avaltnong amoteiel mpobmdOeon 1 ddoyion Tov JSON Document
Kol 0 evtomopog twv {nrovpevov key/value pairs. H mopandve Sadikacio amattei 600
o0Tad0. XT0 TPKOTO 6TAdW0 dacyiletor To JSSON Document kot 6to 0e0TEPO EAEYYETAUL OV GTO
TepLEXOLEVO TOV cuvavtdtal To {ntovuevo key/value pair.

To tov éheyyo g vmapéng N Oyt evoc key ypnoipomoteiton omd v MongoDB o query
operator “$exists”. 'Eva mapdadetypo. ypriong tov divetar and to MongoDB-Query 10, to omoio
evromilel ta. JSON Documents g collection “exampleCollection” mov mepiéyovy éva key e
ovopa “my_key”. Qotdoo, av to key avtd Bpioketan og éva Embedded Object, n MongoDB
dev o 10 evromicel kot dev Ou emiotpéyel 10 efetalouevo JSON Document. T va
evromotei £va Key, étav owtd avikel og évo, Embedded Object 7§ Array, sivot amapaitntog o
Tpocdloplopdc Ohwv tev Keys mov mpémel va daoyiotodv péxpt to {nrovpevo. Avtd

TPOyUaTOTOLEITOL [E XpToT Tov operator “.” mov mopéyetal and v MongoDB. Akoiovfel
éva mapaderypa xpiong tov operator “$exists” kot o aToTEAEGUATA TOV EMGTPEPOVTOL.

132



Kotd v ektéleon tov MongoDB-Query 10 otnv collection “exampleCollection” mov
nepiéyxel too JSSON Documents tov ITivaxag 14, Oo emotpagei povo to “filel” JSON
Document. T va emotpagei to JSSON Document “file2” 6o mpéner va vrmoPAindei to
MongoDB-Query 11, pe 10 omoio evtomiovtar av vrapyovv JSON Documents pe key
“father_key”, 1o omoio éyet g value éva. Embedded JSON Object, to omoio mepiéyet v key
ue dvopo “my_key”. Enuewdverar mog pe to MongoDB-Query 11 6o emotpagei udévo to
“file2” ko 6y o “filel”.

db.exampleCollection.find ({ “my key” : { Sexists : true} });
MongoDB-Query 10 Select JSON from exampleCollection where ""key" field exists

db.exampleCollection.find ({“father key.my key” : {Sexists : true}});
MongoDB-Query 11 Select JSON from exampleCollection where "'father_key.key" field exists

{ {
" id" : "ObjectID", " id" : "ObjectID",
"name" : "filel", "name" : "file2",
"my key" : " my value" "father key" : {
} " my key": " my value"
}
}

IMivaxkag 14 JSON Documents in exampleCollection

Eivor pavepd mmg yio tov evtomiopd key/value pairs, otav ovtd Bpickovtal o€ kdmoto
amd ta Embedded JSON Objects 11 Arrays tov JSON Document mov e€etaleton, eivan
amapaitnty N yvoon tov okpiPéc path amd kKeys mov mpénet va TpoomELOGTODY UEXPL VAL
Bpebei n avalntnon oto {nrovuevo key/value pair.

H MongoDB dev d1a0étel evomUATOUEVO UNYaVIoUO Y10 aVTOROTO EVIOTIoUO Keys mov
Bpioxovton oe Embedded Objects kot Arrays . T'ia avtd 10 Adyo, amd Ty SImA@UATIKY 0T,
vAomoteital Evog unyaviopog avalimmong keys og 6Ao 1o Babog tov JSON Document, yia tov
EVIOMICUO OVTAOV 7OV Kavomowohv 1o doocuévo Query. Avtdc o tpoémog avalftnong
ovoudotnke KeyValueQueue.

Qotdéoo kobdg To dedopévo amotehobv Metadata mov &yovv  dnuovpynbel e
ovykekplpévo mpotvmo, to MPEG-7 kon to X3D, oe moliég mepimtdoelg n Béon tov ke
key, dnAadn 1o povomdtt amd Keys mov mpénel va axolovdnbovv uéypt to {nroduevo, ivol
yvooto. o va egetootel kot aut) 1 mepimtoon avalntmong minpoeopidv o JSON
Documents, viomomnke évag debtepog unyovicpog ddoylong Tovs, o omoiog evtomilel av
vrapyovv to. Cnrodueva keys, otav avtd Ppickoviar oe ocvykekpyuévo path tov JSON
Document. Avtog o unyoviopog ovoudotnke KeyValuePath.

IMo mv extéheon g avalnmong pe v teyvikn KeyValue amoatteiton 1 avamtuén 6o
epyoreiov. To mpdTo agopd otmv dnpovpyia katdAining doung JSON Documents ot
amofnkevon tovg otnv collection “KeyValue”. To 6gbtepo apopd oe viomoinon twv 600
EVOAMOKTIKOV UNYOVIOUDV avaliTnong Tov TEPIEYPAPNKAV TPONYOLUEVMG, Ol Omoiot
KOVOTIOLO0V SOPOPETIKES OVAYKEG EQUPUOYDV. L& EMOUEVN €VOTNTO 0KOAOVOEL ovaALTIKN
TEPLYPOPN T0CO NG dnuovpyiog ko amodnkevong tov JSON Documents, kabbc kot g
ektéleong g avalnnong.

6.2.3.4.1 Anuovpyio JSON Documents
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One¢ Kot 6TIC TPOoNYOoOUEVES TeYVIKES, Ta metadata twv 3D apyeimv dwutnpovvrat o€ 1, 2,
4,8, 16 ka1 32 avtiypagpoa otovg pakéiovg mp7_out ko X3d. Ta dedopéva, pe ypron g class
CreateKeyValue, 0a petatpanovv ota koatddinie JSON Documents kot Oo amobnkevtody
otnv collection “KeyValue” g database “ipromxNoCopies”, 6mov NoCopies givau 1, 2, 4, 8,
16 kou 32 avrictoya.

ITo ovykekpuyévo apykd kaAeiton 1 CreateFilesAll, n onoia opilel tnv database mov Oa
armofnkevtovv to. JSON Documents. tn cuvéyeia extereitan | CreateKeyValue pe gicodo 1o
directoryPath tov metadata kafdg kot v Baon dedopévmv mov Ba ypnotpomomOei.

O Constructor g CreateKeyValue evtomiler 00 €0®TEPIKOVG PUKEAOLS TOV
directoryPath, mp7_out kot x3d, ot onoior mepiéyovv ti¢c MPEG-7 ka1 X3D meprypoagic tmv
3D apyeiov avtictoyya, Kot opilel mog ta mapayopevae JSSON Documents Bo amobnkevtodv
otV collection “KeyValue” g Bdong dedopévov mov opictnke amo v CreateFilesAll.

Axolovbel mn kMon ng CreateKeyValue kot ovykekpyévo g uebodov g
CreateAllJSONFiles. H CreateAllJSONFiles diaypdget tnv collection “KeyValue”, epapuolet
10, pidtpo FilterXMLFiles ko FilterX3DFiles, yio anopdvmon tov apyeiov mov arotehodv
MPEG-7 xo1 X3D meprypapég avtiotorya, kot koiel mv pébodo AAddJSONFilesToMongoDB
ue £i60d0 tng Lists mov enéotpeyav ta 600 eiktpa.

>tv AddJSONFilesToMongoDB ke apyeio eilc6d0v amotelei metadata tov 3D apyeiov
ue ovoua fileName. Mg yprion Tov MongoDB-Query 12, evtoniletor To JSON Document tng
collection “KeyValue” pe éva key/value pair pe tipég name/fileName avrtictouyo.

db.KeyValue.find( { name : fileName } );
MongoDB-Query 12 Search KeyValue Collection for JSON with ""name™:"fileName"

Av dev PBpebei tétolo apyeio, omarteitan 1 dnpovpyic Tov. Avtd yivetar e ypnorn Tov
MongoDB-Query 13. Mg avtd dnuovpyeitar Evo JSON Document pe dvo key/value pairs.
To _id key/value pair mov avotifetar avtoépata and t MongoDB «ot to name/fileName
key/value pair mov ocvuminpovetor amd tv  AddJSONFilesToMongoDB. Metd 1
onuovpyio Tov JSON Document, kaAeitar Eava to MongoDB-Query 12 kot akolovbei to
update, pe to onoio mpootibetar oo JSON Document mov Oa emoTpaei, N TEPLYPAPT TOV
metadata mov cuvavimvtotl 6to apyeio e.l06dov g AddJSONFilesToMongoDB.

db.KeyValue.insert( { name : fileName } );

MongoDB-Query 13 Insert into KeyValue Collection JSON with ""name":"*fileName"*

Otav Bpedei 1o ISON Document pe name to doopévo fileName, apkel n epappoyr evog
update yio v mpocOnkn g mEptypaenc tov metadata oto katdAAnio key/value pair. Ot
MPEG-7 ka1 X3D meprypagéc diatnpovviar o€ éva field pe key Mpeg7 ko X3D avtictorya.
Io v amoffkevon Twv metadata anatteiton petotponn tov apyeiov gilcddov oe valid JSON
Object. H petatponn avti npaypotonoteitor pe ypron tng toJSONObject puebddov g class
XML. 1 ovvéyeia pe gpoppoyn tov MongoDB-Query 14 mpootifetor o JSON Object mov
dnovpyndnke wg value oto katdAinio key, Mpeg7 1 X3D, tov JSON Document.

db.KeyValue.update ({name : fileName}, {S$set : {key : value}});
MongoDB-Query 14 In KeyValue Collection add to JSON with ""name":**fileName™ a ""key'':"'value" field

6.2.3.4.2 Avalnon KeyValueQueue

134



Onwc avaeépbnke oty mponyoduevn evotra, yia v avalimon pe v KeyValue
TEYVIKT VAOTTOLOUVTOL 000 EVOAAOKTIKOL TPOTOL EKTEAECNG TNG OVOAOYO WE TIC OVAYKES TNG
EPAPUOYNG. Xe auThv TV evotnta Bo avamtvydei 1 teyviky KeyValueQueue n omoia agopd
0€ TEPUTTMGELS YPNoNG OmoL dev givar Yvmotd to akpiég path oto onoio givar amobnkevpéva
T0. embopntd key/value pairs.

2NV EMGTAUN TOV VTOAOYIGTMY GLVOVTATOL 1) apnPNUEVT doun dedopévay tree, dévtpo.
Xe ovutnv, To dedopévo SopOUVTOL GE [a 1EPOPYIKY] pope] dévipov, pe pilo kot iAo
VROOEVTIPA MG TTodLd, G €vOl GUOVOAO dlacvvdedepévav KopPmv. 'Eva moapdadetypo dévipov
eaiveral otnv Ewova 25, 6mov o koppog F amoterel v pila tov dévtpov, ot koppor B, G, D
kot | Toug ecwtepikong kopPfovg kot ot kopPotr A, C, E kot H ta pOAAa. “Pila” ovoudlovtal
ot kKopPot mov dev €yovv matépa, dNAadn Oev givan madd Kavevog kOUPov, g “eowtepikol”’
yopoaktnpilovtal ot koot mov dev eivar pila Kot Egovv TOdLd, VO O “@dlla’”, ol KOUPot
OV OEV £YOVV TOLIIA.

Ewova 25 Tree Data Structure

H avaliton ninpogopidv ce trees yivetar pe ypnon oryopibumv didoyiong tovs. ‘Evag
and avtovg givar o Breadth-First Search, BFS, katd tov onoio dacyiletoan oloxAnpo 1o
O&vTpO avd emimedo uExptl Tov EVIOTIGUO Tov (NToduevou kOpuPov 1 péypt va d1ocy1oToby OAOL
ot kopupot. To eximedo, N Pabog, ota trees opiletor wg To TANOOG TOV AKUOV TOVL TPETEL VOl
dtaoyloTovv amd v pila péypt tov efetalopevo kopPo. 1o mapdderypa e Ewdva 25 ot
kopupor B ka1 G Bpickovtor oe Pabog 1, dnhadn oto 1° exninedo tov dévrpov. Ot kdéufot A, D
kot | og PdOog 2, dnAadn mpémel va dooylotodyv 2 akpuéc amd v pila yio va eTacovue o
avtovg. Télog ot kopPot C, E kot H givon og fabog 3.

Ta JSON Documents amoteiobvton amd key/value pairs ta omoia oto value umopei va
éyovv aAha Embedded JSON Objects. Avtf 1 evooudtoon minpoeopiag £vtdc Tov apytkoh
apyelov Bupilel og dopn éva dévipo, 6mov oav pila Bewpeitar to apywd JSSON Document kon
cav kopPor to key/value pairs tov. ITwo ovykekpévo key/value pairs mov oto value
dwabétovv éva Embedded JSON Object v Array 6a amotehodv gvdidpuecovg koufovg, kabng
Ba epiéyovv oto value tovg tovidyiotov évo axopo key/value pair, To omoio 6o amoteret
évav koppo mandi. Avtifeta key/value pairs mov oto value dgv £xovv eVOOUATOUEVO KATOL0
dAlo JSON Object 6o amotelodv kOuPovg evALa. H avarapdotoaon tov JSON Document tov
[Mivakog 12 og tree divetar omd v Ewodva 26.
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message

JSON Amay[1] |
JS0N Amray(0]

"body™: "I will not"

Q&D "to™: "Towe" ) ( Yeom™ "Tove"

"from": "Jani"

“heading": "Re: Remindar®

"heading™: "Reminde™

"body™: "Don't forget me this weekend!"

Ewkova 26 JSON as Tree

Eivar eavepo g ue epapuoyn BFS eivar duvarh 1 didoyion ohdxkAnpov tov JSON tree
péxpL tov evromiopd tov (nrovpevov key/value pairs. T'o owtd to Adyo otnv avalntnon
KeyValueQueue emdéyOnke n xpfion evog BFS kot n vAomoinot tov pe xprion Hog ovpac,
Queue.

O aAyop1Buog didoyiong ypaoewv pe BFS akolovBd ta mapakdto Brpata.

1. v apyn g ovpac elcdyetat o root node.
2. E&ayeton évag koppog amd v ovpda.
a. Av Ppebel o {nrovuevog kouPoc, M avalnnon TeEAElOE KOl EMOTPEPEL
“found”.
b. Awgopetikd ewodyovior oto TéAog g ovpdg OAa ta. child nodes tov
e€etalopevou KOUPOV.
3. Av 1 ovpd eivar adela, €xel e€etootel OAOKANPO TO OEVIpo Ko dgv Exel Ppebel o
{nrovuevog kouPoc. H avalntnon entotpépet “not found”.
4. Avn ovpd dev etvan ddelo emavarapfavoovpue v avalntnon arnd To frpa 2.

Mivexag 15 BFS Algorithm
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2y 6w Aoy Oa dteaydei kan 1 didoyion tov JSON Document. Kabe popd e&dayeton
amd ™V ovpd évag kopPoc, mov Bupileton ot amoteAeiton and évo key/value pair. Av avtd
éyel g key to doopévo elementName, eléyyetan av oto value tov vrdpyet Eva key/value pair
pe tpég attributeName/attributeValue avtiotoyyo. Av vmdpyer tétoo key/value pair n
avalftnon éxetl tekeidoel ko emiotpépetar “found”, dtapopetikd elcdyovtol 6To TEA0G TG
ovpdg To. Embedded JSON Objects tov tpéyovtog koppov. H avalnmon cvveyileton pe tov
010 Tpomo péYpL va. Ppedei kopPog mov va Tarpidlel oto {nrovpevo Query N péypt va 0dedoeL
1N ovpd. Av 1 ovpd adedoEl onuaivel TG dgv vTdpyel kKOUPog mov va kavornolel to Query
Kot dpa emotpépetor “not found”. Ta ovopoto tov 3D apyeiov mov ardvincav “found”
Katd v avalnnon ypdoovtotl 6to Apyeio Amotedecuarwv. Akolovbel avaivTiKy TepLypaQn
TV HeBddwV Kot tov classes mov vioromOnkav yio v KeyValueQueue avalnimon.

H avalnmon extedeitan pe kinon g SearchCompareAll,  onoia pe ™ oepd ¢ Kaiet
v SearchKeyValueQueue pe opiopata to directoryPath oto omoio 6o amofnkevtodv ta
anoteléopata TG avalnmong, n database mov Oa ypnoonomOei yia v avalimon, Kot ta
elementName, attributeName «ou attributeValue mwov cuvBétovv 10 Query. T Tnv vrofoin
tov Query «ow ektéheon g  oavalntnong koAsitow M péBodog  Search g
SearchKeyValueQueue class. Kataypdagpeton eniong o ypovog évapéng tng avolntnong Kot o
1POVog orhokAnpwone e H dweopd tov dvo petpnoemv, dNAad] 0 GUVOAIKOG YXPOVOC
ektéleonc g avalnimong kotoypaeetar oto path “Duration\Query\” oto Apyeio Xpovoo
Arnoxpiong pe 6vopo “elementName attributeName attributeValue KeyValueQueue.txt”.

O Constructor tng SearchKeyValueQueue opiler nog yw v avalimon 6Oa
ypnowomombei m collection “KeyValue” kot mo¢ ta amoteréouata tov Query 6Oa
anobnkevtovv péca oto directoryPath oto gdxeho “KeyValue\Queue\results\” oto Apyeio
Arotedeoudrav pe 6vopa “elementName attributeName attributeValue.txt”.

H pébodog Search ypnouonotei to MongoDB-Query 15 yia evtomioud 6Aov tov JSON
Documents g “KeyValue” collection. To xaféva, and avtd petatpinetor o JSONObject kot
nepvaEl OAOKAN PO m¢ Opiopa otnv péBodo SubmitQuery.

db.KeyValue.find () ;
MongoDB-Query 15 Get all JSON from KeyValue Collection

H pébodog SubmitQuery sicdyet ta moudid tov JSON Document, dniadn to key/value
pairs mov gppoviCovtat o€ Babog 1 tov JISON Document, otnv Queue. Xtn cuvéysia Kaleitat
n uébodog SearchQueue, pe v onoia daoyiletar to JSON Document pe tov adyoptBpo mwov
TOPOVGIAGTNKE TOPUTAV® Kol EMOTPEPETUL TO ATOTEAEGUO, TNG avalnTnons. AV eTCTPAPEL
true amd tv SearchQueue to 6vopa tov 3D apyeiov &wwddov ypapetar oto Apyeio
Amnoteleoudrov, dpopetikd oyl H avalntnon cuveyilel oe emopueva JSSON Documents g
collection “KeyValue”.

Orav emotpéyer n SearchCompareAll Ba £xovv ypagei 6 ypovor, évag yu kabe database
“ipromxNoCopies” otnv omnoia ektekeitar n avalnon, ota Apyeio Armoteleouarwv Twv 6
drapopetikdv Queries mov vrofAndnkav.

6.2.3.4.3 Avalimon KeyValuePath

E€etdotnke emiong n mepintoon m™¢ yvoong tov path ond keys oto omoio eivon
amofnkevpévo 10 (nrovpevo keylvalue pair. H teyvikny avt) avalitmong ovoudotke
KeyValuePath.
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Onoc  éxst avaivbei vy tov  eviomoud JSON Documents 1ng collection
“exampleCollection” mov dwwBétovv T0 key my_key ypnowonoteitor to MongoDB-Query 10.
TNo evromopd tov my_key mov Ppioketar oto Embedded JSON Object tov father_key
ypnotponoteiton to MongoDB-Query 11. Eivar pavepd mwg Ba mpénel v xTioTel yeipoxivnta
olhoKkAnpo 1o path and keys péxpt va katodn&ovpe oto {nrovuevo key/value pair.

I T1g avykeg Tov TPoPANOTOg Oev apkel 0 eviomiopog Vapéng evoc key, aidd kot m
omapén g ovykekppuévng g oto value tov. T to okomd ovtdé n MongoDB
ypnowonotei v pébodo find pe opopa to key/value pair mov Béhovue vo dobétovv ta
JSON Documents wov Ba emotpoaeovy. ‘Eva mapdderypo tétoov query givar to MongoDB-
Query 16, to omoio emotpépel T JSON Documents g collection “exampleCollection2”,
[Mivakog 16, mov €xovv éva key/value pair pe tipég avtiotoya my_key/my value. Metd v
vrofoAr] Tov, Ba emotpagel povo to JISON Document “filel”.

db.exampleCollection2.find ({“my key” : “my value”});

MongoDB-Query 16 Return JSON from myCollection with a ""my_key" : ""my_value" pair

filel file2 file3
{ { {
" id":"ObjectID", " id" : "ObjectID", " id"™ : "ObjectID",
"name":"filel", "name" : "file2", "name" : "file3",
"my key":"my value" "father key" : { "“"father key" : {
} " my key":"my value" "my key":'"not my value"
} }
} }

IMivaxeg 16 JISON Documents in exampleCollection2

211¢ TEpTOOELS oL To (NTovuevo Key avikel og éva Embedded JSON Object tov JSON
Document mov e€etdleton, tote amarteital o opiopdc tov path amd keys péypt to {nroduevo.
H didoyion tov Embedded JSON Objects yivetor pe tov teheotn “.”, Onmwg @aivetol omd 10
MongoDB-Query 17. Mg avt6 avalntobvtor otnv collection “exampleCollection2”, TTivaxag
16, Ta. JSON Documents mov éyovv évo key/value pair pe key father_key xou value éva
Embedded JSON Object mov éyet éva key/value pair pe tipnég my_key/my value avtictorya.
Metd v vtofoAr tov Bo emotpagei uovo o JSSON Document “file2”.

” ANY

db.exampleCollection2.find ({“father key.my key”:“my value”});

MongoDB-Query 17 Search exampleCollection2 for ""'my_key"" : ""my_value" pair inside Embedded JSON
Object of "father_key" key/value pair

Yopupova pe to mopomive ywo kdbe Query mov efetdletan eivon oamapaitntog o
npocdlopiondc tov axpiféc path and keys mov Bo axolovbnbel kabd¢ ko to value mov
npémel vo, £xetl 10 tehevtaio Key. AkolovBel o TTivakag 17 mov deiyvel yia kabs Query moto
eivon to {nrovueva keyPath, mov oto €€ng Ba ovopdleton key, ko value. Aiveton emiong kot
éva mapaoerypo, MongoDB-Query 18, petatponnic tov Query Q5 otn popen mov tehikd Oa
vtoPAnOel ot Pdon dedopuévav.

Query path value

01 Mpeg7.Description.MultimediaContent.
StructuredCollection.Collection.id

Q2 X3D.Scene.Group.Transform.Shape.Cylinder.radius 0.5

Q3 Mpeg7.Description.MultimediaContent. Box

Transformations
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StructuredCollection.Collection.DescriptorCollection.
Descriptor.Geometry3D.ObjectType

Q4 X3D.head.meta.name title
Q5 X3D.Scene.Group.Transform.DEF TRANS
Q6 X3D.profile Immersive

Mivaxoeg 17 Examined Queries Path of Keys

db.KeyValue.find ({“X3D.Scene.Group.Transform.DEF” : “TRANS”}) ;
MongoDB-Query 18 Examined Query Q5 submitted in KeyValue Collection

Avolvtikd m extédeon g avalntnong mpaypoatonoteitor pe o akdiovba Pripara.
Apywcd koreiton n SearchCompareAll, 1 omoia opilet To key kot to value mov avrtictoryodv
oto. doopévo elementName, attributeName xon attributeValue ko cvvbéter to Query mov
teMkd Ba vmoPAnBel ot Pdaon dedopévov  “ipromxNoCopies”. Opilelt emiong 710
directoryPath “Duration\Query\” tov Apyciov Amdxpionc Xpovov, ne ovopo. “elementName
attributeName attributeValue KeyValuePath.txt”, oto omoio 0o amoBnkevtobv ot ypdvor
amokplong ™¢g avolnmons. T v extéleon ¢ avolimmong kaAsiton m  class
SearchKeyValuePath kot 6tn cuvéysia n né0odog tng Search.

O Constructor ¢ SearchKeyValuePath 8éyetat cov dpiopo v Bdon dedouévov mov Ba
ypnoworomBei, to Query mov Oo vmoPfinbei, o elementName, attributeName «on
attributeValue, kabmc war 1o directoryPath oto omoio 6o amobnkevtei to Apyeio
Amotereouarwv. O Constructor sival vebBovvog yio Tov opiopd tov ovopaTog tov Apyeiov
Amoteleoudrowv, “elementName attributeName attributeValue.txt”, tov axpiég path, evtoc
tov directoryPath, oto omoio 6o amobnkevtei, “KeyValue\results\Path\”, kafdg kot yua tov
optopd g collection oty omoia givan amodnkevpéve ta JSON Documents, “KeyValue”.

Téhog kaAeiton  uéBodog Search, n omoia epapudlet o Query oto dedopéva Kot Ypapet
TOL OVOLLOTOL TV OPYEIDV TTOL EMGTPAPNKAV 6TO Apyeio Amoteleoudtwy.

H SearchCompareAll extedeiton yioo 6ho to. Queries mov eEetalovtal amd otV TV
OMA®UOTIKY KoOdG Kol Yoo OAa To avtiypoeo TV 0edouévev Tov JaTnpovUE. AQOTOV
emotpéyel, 0o éxel vroPAnOel kdbe Query oe dho Ta avtiypapa dedouEVmV TOV daTNPOHVTOL
Kot Ba £xovv dnovpyn el 6 Apyeia Xpovov ATokpiong e 6 TIESG, OTmG EYEL TEPLYPOAPEL Ko
OTIg TponyoLpEVEG HeBBd0VE TOV eEETACTNKAV.

6.2.4 Topéoc Merétng MapReduce

Ouota pe v mponyoluevn Kotnyopio ovalitnong mov eE€TACTNKE, KOU GTOV TOUEN
perétne MapReduce ypnowonotgitol | yhdooo tpoypappaticpod Java kot 1 NoSQL Baon
dedouévaov MongoDB. Xe avtiv v xatnyopio avalitmong ywo v ektéleon tov queries
amatteital kKamolo aggregation ota dedouéva. Ot TeyviKEG TOL LAOTOMONKAY and aVTAY TV
SIMAMUATIKY GTIG 0Ttoieg pumopovv vo. voPfAnBovv tétotov gidovg queries givar 1 MapReduce
kot 1) NoMapReduce. AkoAovbei avdivon tov 600 avtmdv uebddwv.

6.2.4.1 MapReduce

IMopotnpndnke Towg ot mAotedpueg avalntnong metadata ov ypdvor amdkpiong Tov
OLOTHUOTOC OPEiAOVTAV KATA KOPLO AOY0 OTNV EMKOWVOVIO TNG EQPUPUOYAG UE TO OioKO,
dnAadn ota 1/0, Kot SEVTEPEVLOVTMOG GTOV ATAULTOVUEVO EXEEEPYAGTIKO YPOVO Y10 TNV EKTEAEOT
Tov empépovg mpaéewv, miadn otn CPU. Ta vynid /O ogeilovion oto peyoddtepo
1060010 670 peydAo apOud JOINS wov amarteitar va yivovv, ot mepintmon ypriong Paong
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dedopévav, 1 otV d18oy1oT EVBLAUKOUEVOV OVTIKEWEV®V, TNV TTEPInT®OT ovolTnong oe
apyeia wov Ppickovtal 6To dioKO, TPOKEWEVOL Vo amavTBohV To vVTOPUALOUEVE EPOTALOTO.

‘Eva. yopaxtnpiotikd mapdderypo qUEry mov amoitel moArEC popég mpdcPacn oto dioko
KaOADG Kot TNV EKTEAEGT] TOAADY amADV TTpdéewmv, givor M €0peon Tov KVPILOPYOL YPDOUOTOS
oe o eikova 1 scene, oknvn. o v ektéheon avtod Tov qUEry amotteitol n Soylo TG
Baong dedopévav Yoo OAO TO ETUEPOVG OVTIKEIIEVE TTOV GLVOETOLV TNV OKNMVI Kol O
OVAOPOULKOS VTTOAOYIGOG TOV TOGOGTOV YMPOL oV KataAapPdvel Kabe avrtikeipevo, Kabmg
KOl TOL YPOUATOS TOV. XTI MEPWMMTMGELS MOV 1| OKNVY OamoteAeitol amd TOAAEG YIAdAdeg
avtikeipeva, ommg avtd ¢ Ewdva 27, omov kdbe avrtikeipevo oamoteAeitol omd mOAAG
pipotepa, 1 extéheon tov query, pe JOINS 7 pe avadpopkn didoylon TV apyeiov wov
avamoplotovy ta dedopéva, Ba amartovce mépo ToAD Ypovo.

Solid werss O [ - [ P
o _ W 3 S

ey

o o 3 -
T 3 00 s 1 g g o 32

Ewoéva 27 SolidWorks Scene

INo ovtég T mepumtdoelg e€etdotnke 1 eKTéAEST TG avalnTnong He xpnomn Tov
Tpoypappotiotikod poviélov MapReduce. Me avtd emituyydvetor o Soy®piopds tov
Oedouévev og TOAAG aveEdptnTa KOUUATIO, KOl GLVETMS O KOTOUEPIOUOS TOCO TMV
anartodpevov 1/O, 660 kot g eneepyacTikng 1oY0C, HE GMOTELEGUO TNV YPNYOPOTEPN
amokplon Tov queries. H teyvikn mov vAomoleitoan omd avthy ™ SwmAouatiky) ovopaletot
MapReduce kot amevbovetol oe SlxEPIOTEG TOV £ivol apKeTd eE0IKEIOUEVOL UE OVTO TO
TPOYPOUUATIOTIKO HOVTEAO KOOMG Kot TOL TpOTOV £Qaployns Tov ot MongoDB.

Me v MapReduce teyvikn n avalrinon Oa npaypotorombei ota metadata, dniadn otig
MPEG-7 kot X3D meprypogic, tov apysiov mov Oa eEetactodv. To metadata diotnpodvron
ot MongoDB, ce JSON Documents ot popen mov mapovcidotnke ywoo v KeyValue
uébodo g mponyovuevng evotntag. To Query mov viomombnke eivor “Return dominant
color of scene”, ue v avalitnon va mpaypatoroteitol an’ gvbeioag ota JSSON Documents
YOPIG va  amoutovvtol pETOTPOTEG oto Schema twv metadata. Amd v avoalntmon
EMOTPEPETAL TO YPOUO TOL eUQaviletal o€ peEYOADTEPO TOCOCGTO OTO Opyeio. OV
e€etdotniay, Kafdc Kot To OVOUATO TOV OVTIKEIUEVOV TTOV EXOVV TO GUYKEKPIUEVO YPDLLOL.

IMa t1g avaykeg TG SIMAMUATIKNG TaV amopaitntn 1 Osdpnon opiouévav vodécemv yia
v dounon Tev dedopévayv, dNAad ToV oknvov, ota onoio Oa ektedeotel n avalnnon.
Yvykekpéva Bewpndnke tmg kdbe oknvn amoteleitol and pikpd OepeMmon avTikeipeva,
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ONA0ON OVTIKEIEVO TTOV OV LUITOPOLV Vo TUNatomotnfobv og dAla pkpdtepa. Ta Bepeiimon
avtikeipeva, leafObjects, ypnoonoovvtal yio TV GYNUATIOUS HEYOADTEPOV AVTIKEUEV®V,
fatherObjects. Avtd pe ™ 6€1pd TOVG UTOPOVV VO, UTOTEAODV KOUUATIO, OKOWUOL UEYOADTEPDV
OVTIKEWEVOY TNG OKNVAG, 7Tov emiong ovoudlovtar fatherObjects. Télog opiovtor ta
rootObjects, avTikeipevo Tov dEV GLUUETEYOVY GTOV GYNUATIGHO GAA®V.

Me Bdon v mopandve vadbeon, sival pavepd Tmg 1 oknvr dopeitot and leafObjects, ta
onoia avadpopkd dopovv ta rootObjects g oknvnc. ZVVETMS To YPOUATO TG GKNVAG
TPOKVLTITOVY antd T, popoto Twv leafObjects mov v armotelovv. H doun mov mepieyplopnke
Bopiler 6évdpo 1 dévdpa, avaroya pe to moco rootObjects eppaviCovral otn oxnvi. Kdébe
dévdpo &xetl cav pila éva rootObject, mg evoiduesovg kouPovg ta madid tev rootObjects ko
fatherObjects kot cav @OALo 6Ao to leafObjects mov tehikd dopodv v oknvn. ‘Eva
TOPASELY O TG OVATTOPAGTACTC TNG OEVOPIKNG LOPENC TG oknvnic “sample”, Ewkova 28, mov
amoteAeiton and évo rootObject “room” divetot omd v Ewcova 29.

Ewova 28 Scene "*sample™

room

|
wallpaper {: dUD window window

wiood !<

Ewéva 29 Tree Structure of Scene "'sample"

{
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To v oknvy “sample”, kot cOueovae pe 10 3&vpo Tov TPOEKLYE amd avthv, eEdyovus
T axOAoVOa cupmepdopata. H oknvn dabéter éva rootObject mov ovopdleton “room”. Avtod
amoteAeiton omd tpia leafObjects, éva “wallpaper” xai dbvo “window”, ko omd £va
fatherObject pe 1o ovopo “door”. To avtikeipevo “door” ocuvvtibetar omd tpio GAla
avtikeipeva, ta omoio givon leafObjects kot ovopdlovron “handle”, “wood” kot “lock”. Eivou
QaveEPO TMG TAL YPMOUOTO TG oKNVIG “Sample” mpokvmtovy dueca amd ta leafObjects wov v
amotelovv, “wallpaper”, “window”, “window”, “handle”, “wood” xat “lock”, ka1 oyt amd ta
evolbipeso avtikeipevo mov ppovifoviol o avtiy, “room” kou “door”.

ZOUQOVE LE TO TOPUTAVO TO KLPlopyo YPOMO TG oknvhg vmoAoyiletar pe Paon to
ypopo tov leafObjects oe cvvdvooud pe T0 TOGOGTO TNG GKNVAG TOV KATAANUBAVEL TO
KaBéva. Xtov vToloyopd avtd Aopfdavovtal emiong vrdyv ol TEPMTMOGELS TG peyébuvong
Kot ¢ mBavig emkdioyng tov leafObjects. Telikd 10 mocootd Tov KoTolauPdvel e pia
oknvi éva leafObject vmoloyiletoaw amd tpia Swpopetikd peyédn. To mocootd TOL
OVTIKEWEVOL TIOL &tvar opatd, v peyéBuvon M opikpuven mov €yl kKol omd TO
Kavovikomompévo Léyebog tov. Me tov 6po kavovikomompuévo péyedog opilovpe 10 T10606TO
mg oknvig mov kataAapupavel £va leafObject dtav cuvovtdror oe peyébovon 1:1 kot dev
EMKOADTTETOL OO AAAO, SNAAON OTAV Eivat OAOKAN PO 0paTo.

INa v meprypoen twv rootObject kau fatherObject, ypnowonoovvton metadata mov
vroakovv ota tpotvme MPEG-7 kaw X3D. Xe avtd, cOupova pe to schema tov mpotinwy,
CUUTANPOVOVTOL Ol ATOPUITNTEG TANPOPOPIES Y10 TNV AVOTAPACTOCT] TNG OEVOPIKNG LOPONC
NG GKNVNG KO TV XOPUKTNPIOTIKOV TOV OVTIKEWWEV@V oL TN cuvOétovv. Ta Ta leafObjects
emAéyOnke 1 avamopdotocn tovg pe apyeio tomov XML kot opwopod poéovo tmv
YOPOKTNPIOTIKOV TOVG 7OV Wog evOlapépovv. Eivalr @avepd mmg 1 ypnion tov Tpotdmov
MPEG-7 egivar dvvary], aAld mopdAAnia Bo amoitoboe mOAAEG e€EEOIKEVUEVEG YVAOOELG
TEPLYPOPNG TOV OVTIKELLEV®V, TOL EEPEV YOV amd To TAMIGLO AVTAG TNG OITAMUATIKNG.

Kabog 1o leafObjects amotehovv XML apyeio, to peyédn mov ta. yopoktmpilovv
dopovvtor og nodes. Alakpivovtol tpeig kOpPor pe ovouata “name”, “normalizedForm” kot
“color”. To element “name” mpocdiopiler to Ovopa tov leafObject, ka1 to element
“normalizedForm” divelt 10 mOG0GTO TNG OKNVAG MOV KATOAQUPBAVEL TO OVTIKEILEVO GTO
KovoviKomotuévo péyebog tov. Xtov kouPfo “color” datnpovvrar tpio. childNodes, pe
ovopata “red”, “green” xor “blue” mov divovv avtictoya Tig RGB cuvict®oeg mov
ovvBétouy to ypodpa tov leafObject. Ztov ITivaxag 18 divetar to XML apygio mov meptypaeet
to leafObject “wallpaper” tg Ewdvo 28. Amd avtdv ¢aivetoar moC TO AVTIKEIPEVO
“wallpaper” éyet ypopo Aevko, (255,255,255) oty khipaka RGB, kot étov Ppicketor o
Kavovikomotnpuévo péyefog katorapPavet To 50% g oxnvic.

wallpaper.xml

<Mpeg7>
<name>
wallpaper.xml
</name>
<normalizedForm>
50%
</normalizedForm>
<color>
<red>
255
</red>
<green>
255
</green>
<blue>
255
</blue>
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</color>
</Mpeg7>
IMivaxkog 18 leafObject Example

Ocov agopd otnv anckovion tov fatherObjects kot rootObjects, ypnowonoteitar o
npoétuvmo MPEG-7 kot cvykekpiuéva to MPEG-7 Part 5, Multimedia Description Schemes
(MDS). T x40 fatherObject xai rootObject mpootifevtol, 610 KOUUATL TEPLYPUPTG TOV
Textures mov cvvbétovy v oknvy, oe Tpio. Strings avtiotoye, 10 Ovopo TOL KAOE
childObject, n peyébvvon oty onoia GuVAVTATOL KOl TO TOGOGTO TOV OV Eivatl TEAIKE 0patd
ot oknvn. Eva mapdadetypo meprypogng tétotov Object diveton amod tov ITivakog 19, o omoiog
deiyver ta MPEG-7 metadata tov rootObject “room” g Ewoéva 28.

room.xml

<?xml version="1.0"7?>
<Mpeg7 xmlns="urn:mpeg:mpeg7:schema:2001">
<Description xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:type="ContentEntityType">
<MultimediaContent xsi:type="MultimediaCollectionType">
<StructuredCollection>
<Collection xsi:type="ContentCollectionType" id="Textures">
<ContentCollection id="Textures N10082" name="Group N10082">
<Content xsi:type="MultimediaType" id="ImageTexture N100AO0">
<Multimedia>
<Medialocator>
<MediaUri>"wallpaper.xml" "100%" "90%"</MediaUri>
</MediaLocator>
</Multimedia>
</Content>
</ContentCollection>
<ContentCollection id="Textures N100BA"name="Transform N100BA">
<Content xsi:type="MultimediaType" id="ImageTexture N100C5">
<Multimedia>
<Medialocator>
<MediaUri>"door.xml" "150%" "100%"</MediaUri>
</MediaLocator>
</Multimedia>
</Content>
</ContentCollection>
<ContentCollection id="Textures N100CD" name="Transform N100CD">
<Content xsi:type="MultimediaType" id="ImageTexture N100D8">
<Multimedia>
<Medialocator>
<MediaUri>"window.xml" "100%" "100%"</MediaUri>
</MediaLocator>
</Multimedia>
</Content>
</ContentCollection>
<ContentCollection id="Textures N100CD" name="Transform N100CD">
<Content xsi:type="MultimediaType" id="ImageTexture N100D8">
<Multimedia>
<MediaLocator>
<MediaUri>"window.xml" "200%" "100%"</MediaUri>
</MediaLocator>
</Multimedia>
</Content>
</ContentCollection>
</Collection>
</StructuredCollection>
</MultimediaContent>
</Description>
</Mpeg7>

Mivexag 19 fatherObject Example
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Amd tov Tlivaxag 19 gaivetor mog to Object “room” g oxknvig “sample” amaptiletar
amd téocepa childObjects, “wallpaper”, “door”, “window” xa1 “window”. To “wallpaper”
éxel peyébuvon “100%”, onaadn 1:1, kau givon o 1060616 “90%” 0paTO GTNV OAIKY GKNVA).
To “door” xat to éva “Window” GuVaVTAOVTOL GTIS KOVOVIKOTOUEVES d0GTAGELS TOVG KO
etvon €&’ oloxAnpov opatd. Télog To devtepo “window” givar og peyébuvon “200%”, dniadn
dumhacio amd To Kavovikomotpuévo péyebog, kat givar “100%” opatd otn oknvn “sample”.

Elvar pavepd mog yio tov evtomiopd tov Kuplapyov yp®dUatog aroiteitat d16oyion olmv
TOV OEVOPMV OV AVIKOLV GE o oK UEypL Tov evtomicpd olwv tov leafObjects. Kdbe
eopd mov evrtomiletan éva leafObject, vmoloyiletal 10 TOGOGTO EUPAVIONG TOL GTN GKNVN|
ovpeavo pe mv E&lomon 3. Otav ohokinpwbei n didoyion tov dévopav abpoiletar to
1060010 eppaviong o kabe leafObject kot vroloyiletan 10 1€AKO TOG0GTO UPaVIoN g KABE
YPOUATOG. AT TV avalTnoTn EMOTPEPETOL TO YPOUO TOV gRPAvIfeTal GE HEYOADTEPO
1060010 Kot ta ovopata tov leafObjects mov cvppeteiyav oty avadelén tov og Kupiapyo
YPDLLOL.

Total _view = scale - visible - normalizedForm

E&icmon 3 Calculate Total_view of examined leafObject

Y& avohoyio pe TIC TpoNyoOUEVES TEXVIKEG, KAOE avTiKellevo mov cuvOETEL TNV GKNVY,
leafObject, fatherObject kor rootObject, amobnkeveton oe éva JSSON Document, to omoio
TpoKLTTEL P peTaoynuaticpnd tov MPEG-7 kot X3D meprypo@dv Tov avTIKEWEVOL GE
key/value pairs, 6nwg mapovoidotnke oty texvikn KeyValue. T tov éheyyo tov scalability
g MapReduce teyvikig n avalnmmon eeoppoomke Otav To dedopéva, OmAadn Ta
rootObjects mov cuvébetav Tig oknvég, vanpyoy o 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 ko
1024 avtiypago. Kabe oxknvi meprypdeetar omd tnv collection “KeyValue” g database
“ScenexNoCopies”, omov NoCopies o opbudg tov aviypdeov tov rootObjects g,
Aevkpwiletan mog ov collections “KeyValue” dwbétouv 1o JSON Documents wov
nepryphpovv kabe avtikeipevo tovg, rootObject, fatherObject ko leafObject, oe éva povo
avTiypa@o, 66ec Popég Kot av epeaviCovtol avtd ot oknvy.

Ytv MapReduce teyvikn amotteital n petotponn tov metadata tov avtikeévov mov
ocuvBétouy 11 oknvég o KatdAinio JSON Documents kot otn Guvéyela 1 EQApPUOY TOV
map kot reduce functions mov 6o dooyicovv o JSSON Documents ko Oa e&dyovv to
Kupiapyo ypopa yio v e€etaldpevn oknvi. To koppdtt g dnuovpyiog TV apyeiov Tov
0o amoBnkevtovv otnv MongoDB éyel non moapovclaotel Kot givar to 1610 pe owTO Yoo TV
texvikn KeyValue. AkoAovbel avolvTikn Teptypa®r TV GKNVAV TOL YPNGILOTOONKaY Kot
™G avalTNoNG OV EKTEAEGTIKE.

6.2.4.1.1 Avalrtnon

To v avalimon pe ypion g texvikng MapReduce ypnowomomdnke n oknvi “test
case 3” oV TMEPLEYEL WO UNYOVT] UE TO EMUEPOVS e€oPTNUATE TNC. XTN CLVEXEWD 1) (O
avalnnon ektedéotnke otV M oknvi owbete 2, 4, 8, 16, 32, 64, 128, 256, 512 wo1 1024
pnyovég 10tec pe vty g apykng oknvig. Xtov Ilivaxag 20 gaivetar ) devopikn dSopn Tov
rootObjects, fatherObjects kot leafObjects mov anaptiCovv v oknvy “test case 3”.

Scene “test case 3” Tree Structure

test case 3 engine
test case 3 lubrication system

pump
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rod
test case 3 starter system
driveshaft
bumb
test case 3 diagnostic system
test case 3 engineboard
cable
test case 3 motherboard
chipset
test case 3 memory
cooling
coolingfan
chipset
socket
test case 3 powerboard
battery
fpu
test case 3 flywhells
disk
crank
cylinder
crankshaft
test case 3 control system
openclose
startup
test case 3 cooling system
air
liquid
test case 3 valves
test case 3 piston engine valves
valve x 10
test case 3 control valves

turbo valve x 2
test case 3 injection valves
beck x 20

test case 3 piston engine valves
valve x 10
IMivaxkag 20 Scene *'test case 3" Tree Structure

Onog £xer avoeepbel 10 ypodpo g oknvhg oiverar amd 1o, leafObjects mov Ty
amoteAoby. Q01060 Yio Tov Tpocdioptoud tov apBuod tov leafObjects mov vrdpyovv Kat
TOV TOGOGTOV GUUUETOYNG TOVG GTNV TEAKT] OKNVY| €lval amapaitnTn 1 S1dcyion Twv dEvEpmv
nov opifovv ta rootObjects g oxnvic. o avth v avaltnon Ba ypnoporomOei 1 Aoyikn
ToV akyopibuov BFS mov mapovsidotnke oty mponyoduevn evotmra, Iivaxog 15.

[T avaivtcd o akydpiBpog avalntnong mov ypnoyonoteitol anoteheiton and 3 otadio.
Y10 Tp®dTO 01410 gvromifovtar ta rootObjects g oxnvic. Avtd eivor amapaitnto yuo T
ekkivnon ¢ avalnmong pe didoyon tov dévépwv mov opilovtal amd ta rootObjects.
HopdiAnio. dnovpyovvtal douég oTic omoieg amobnkedovtal TANPOEopiec Yo To KOs
Object.

210 dgbtEPO GTAOI0 TpaypaToTolEitan 1 ddoyon Tv dévopav. H avalnmon Eexwvaet
amd ta rootObjects kai ovveyiletor avé eminedo. To rootObjects onueidvovuv ya ke

childObject tovg, otic avtioTolyeg dopEG OV dNOVPYNONKAY GTO TPONYOVUEVO GTASLO, TO
mAn0oc epupdviong tovg kabmg kal abporotikd, yioo to. opote. childObjects, to mocootd
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GUUUETOYNG TOUG OTNV KOTOOKELT TNG OKNVNG. AkoAovbel avadpopikd n odoyion tov
VIOAOOV EMIES®V TV 0vEpmv. Kabe popd mov e&etaleton éva Object amd v avrtictoym
dopn, mov OMuovpynonke oto TPDOTO OTASW, aPotpeital pio povade amd To TANOOG
ELOAVIONG TOV OVTIKEHEVOL. X1 cuvéyela o eEetalopevo Object vmofdilet Ta Toudid tov,
GLUTANPOVOVTOG TO TANO0G ELPAVIGTS TOVS KOl TO TOGOGTO GULUETOYNG TOVG 6T oknvi. H
avadpour cuveyiletar uExpt va S100y1oTEL OAOKANPO TO dEVOPO.

210 tpito otddo €xel ohokAnpmBel n dudcylon tov 6évdpwv, ondte abpoilovtal ta
10600Td cvppetoyng tov leafObjects kot vroloyiletatl T0 OAKO TOGOGTO GLUUETOYNG TOVG
ot OKNVY, HE YPNOTN TOL Kavovikomomuévov upeyébovg tovg. llpayuatomoteiton pio
ovyy®@vevon pe PAorm TO YPOUC KOl ETIGTPEPETOL TO KUPLOPYO YPDUA TNG CKNVIG KoL TO
avTiKeieva Tov To £Youv.

H gpappoyn tov mpoypoppotiotikod poviélov MapReduce amaitel v dnuovpyio 600
functions, tg map, n omoio Ba petatpéyetl Ta dedouéva. £166d0v ¢ oe key/value pairs, kot
g reduce, n omoia 6o opadonocet o key/value pairs tng map copeova pe o Key tovg kot
Ba epappocel P Tpaén GLYYOVELONG OTIG OUUSOTOMUEVEG TIHEG TOL KGOe key. AkorovBel
avOADTIKY eptypa@n tov classes mwov viomombnkov yio ektédecn g avalytnong pe mv
teyvikny MapReduce cOupava. pe Tov akyopiBuo Tov TopovcIdcTnKE TPONYOLUEVMG.

Me \on g class SearchMapReduce opileton n oknvij oty omoia o exteleotel M
avalitmon. H SearchMapReduce xaAei yio 6lo To. avtiypo@o 7Tov S10TNPovVIOL Yo To
avtikeipeva g oknvig v pébodo MapReduce g class MapReduce. H MapReduce
péBodog déyetal g opicpata tnv oknvi oty omoia Ba extedestel  avaliynon, “Scene”,
KoBhG Kot To TAN00G TOV avTIYpAE®V TOV avTIKEWEVMY oV dtatnpei, “NoCopies”.

H pébodoc MapReduce eival vedbovn yio tov opioud g Paong dedouévav mov Oa
ypnowonombei, “ScenexNoCopies”, kot yio tov opopd tov directoryPath oto omoio Ha
YPOQPOVV Ta amotEAEG AT TG avaltnone. Xpnowomowwvtog v puébodo currentTimeMillis
Yphopel tOV YpoOVo exktéleong g avalnmmong oto Apysio Xpovov Amoxpiong, mOL
amofnkeveton oto path “Duration\MapReduce\” ue évopa “MapReduce Scene.txt”. To Apyeio
Aroteleoudrawv opileton va éxel dvoua “Scene application xXNoCopies.txt” kot amoOnkedetar
oto path “MapReduceData\Results\MapReduce”. Axkolovbei m «ifjon g pebdSov
CallMapReduce pe 6piopa v Pdon odedopévov oty omoia givar oamobnkevuéve To
avtikeipeva mov cuvBétovy TV oknvin “Scene”.

H CallMapReduce givar 1 pébodog mov kokel Tig anapaitnteg map kot reduce functions
ywo TV ektéheon g avalntnong. Xvvolkd kaiovvtot Tpic MapReduce tasks, avrtictorya pe
T 6TAd10 EKTELEONG TOL OAyopiBpov avalntnong.

Katé to mpmto MapReduce n map function, Mapl_FindFather, déyeton cav gicodo tnv
collection “KeyValue” g database mov déytnke oav 6proua 1 CallMapReduce, svéd 1 reduce
function ,Reducel_FindFather, amofnkevel ta dedopévo €£660v g o wa véo collection
“MapReduce”. H map function oto mpdto MapReduce otoxo éxet v gbpson TV
rootObjects g collection “KeyValue”. T ké0e avtikeipevo g oknvig dnuovpyeiton éva
JSON Document mov omofnkevetar otnv collection “MapReduce” to omoio &xel éva
key/value pair pe key _id ko value to évopa tov avtikeluévov, kot Eva devtepo key/value
pair pe key value kou value éva Embedded JSON Object. £to Embedded JSON Objects
nepappavovtar key/value pairs mov deiyvouv ta yopakINPLoTIKG TOL KABE OVTIKELUEVOD.
Tuykekppéva dakpivetar éva key count, mwov deiyver tov aplBud mov GuVOVIATOL TO
OVLYKEKPLUEVO aVTIKEIPEVO ot oknvn, to key is_child, mov deiyvel av 1o avtikeipevo mov
e€etaleton eivon childObject evog dAlov kou to key cur_view mov dgiyvel 10 m0606TO
CUUUETOYNG TOV OVTIKELEVOD 6T oknvT|. Alakpivovton kot sEgtdikevpéva key/value pairs oto
Embedded JSON Object avdioya pe ™ @von tov avikeyévov mov eéetdlovrat. o
fatherObejcts kot rootObjects amobnkedetar to key child, to value tov omoiov givan évag
JSON Array mov mepiéyet JSON Objects pe 1o yapaxmpiotikd tov childObjects tov
avtikelpévaov mov egetdlovrat. Ta JSON Objects tov JSON Array éyovv 600 key/value pairs,
éva name, wov datnpet to 6voua tov childObject kot £va cur_view mov 8100£T€l T0 T0606TO
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ovppetoyng Tov childObject otn oxnvi ko vrooyiletar coupwva ue v E€icwon 4. Ocov
apopd ota leafObjects npootiBevion ta key/value pairs norma kat color mov mepiiappdvoovv
OVTIoTO( TO KOVOVIKOTOINUEVO PEYEDOC KO TO XPDLO TOV AVTIKEUEVOL.

cur_view = scale - visible

E&icmon 4 Calculate cur_view of examined childObject

Me v map function yw k40 avticeipevo g KeyValue collection gvtomiCovtol av
VIdpyoLvV To TOdLd Tov. o kabe Tandi yiveton emit Evo key/value pair pe key to 6vopo tov
avtikelpnévoy kot value éva véo key/value pair pe tipéc is_child/l avtictoyo. T ta
avtikeipeva mov Sabétovy modld cvpmAnpdvetor o mivaxag child mwov mepeypdonke
nopordve kabmhg kot éva is_child key/value pair pe value 0. Otav e&etdlovton leafObjects
yivetar emit éva key/value pair pue key to 6vopa tov avtikeipévov kat Value éva JSSON Object
ue to. norma xau color key/value pairs. AxoAlov6ei 1 reduce function n onoia yio 6Aa Ta dpoto
keys, dniadn yio OAEG TIG TANPOPOPIES TOL EXOVV Yivel emit kot apopodV 6€ £va AVTIKEIUEVO,
afpoilel Ta values twv is_child kou count key/value pairs. Ta pova Objects mov Oa éxovv
count > 0 xau is_child = 0 0a givar ta rootObjects mov coppetéyovy otn okNnvn, kKabng OAa
ta vrorouta Objects eivar maudid kdmorov GAlov aviikelpévoov kat Ba. xovv is_child = 1.
Io 6ho Tor avtikeipeva mov dgv eivar rootObjects n reduce function pndevier to count
key/value pair xabmng 6éhovpe  avalinon va Eexkwvnoet pe dedopéva povo ta rootObjects.
Mapadeiypata yio v poper twv JSON Documents tov rootObjects, fatherObjects won
leafObjects, petd v ektéleon g reduce function, divovtar and tovg Iivakog 21, TTivakag
22 ko ivaxog 23 avtictouya.

{
“ id” : “rootObject name”,
“value” : {
“count” : “Number of occurrences”,
“is child” : O,
“child” : [
{“name” : “child 1 name”,
“cur view” : “child 1 cur view”},
ey
{“name” : “child n name”,
“cur view” : “child n cur view”}

IMivaxag 21 rootObject as JISON Document after first MapReduce

fatherObject
{

“ id” : “fatherObject name”,

“value” : {
“count” : “Number of occurrences”,
“cur view” : 0,

“is child” : 1,
“child” : [
{“name” : “child 1 name”,
“cur view” : “child 1 cur view”},

By
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{“name” : “child n name”,
“cur view” : “child n cur view”}
]
}

IMivaxog 22 fatherObject as JSON Document after first MapReduce

leafObject

{
Y id” : “leafObject name”,
“value” : {
“count” : “Number of occurrences”,
“cur view” : 0,
“norma” : “normalized form”,
“color” : {
“r” “red value”,
“g” “green value”,
“b” : “blue value”
}
}
}

IMivaxog 23 leafObject as JSON Document after first MapReduce

Axolovbei to devtepo MapReduce task 1o omoio extelel v didoyion TV dEVEp@Y pEXPL
va e€etactovv OAa to eminedo. H eicodog tng map function, Map2_CrossTree, eivor n
collection “MapReduce”. Ta amoteléopata tng reduce function, Reduce2 CrossTree,
ypagovtot eniong otnv collection “MapReduce” cuyywvevovtag ta anotedéopato yio JSON
Documents pe 1610 _id key/value pair. H map function e&gtaler 6Aa o JSON Documents. T
avtd mov &yovv maidid, dniadn éxovv tov child Array, kot to value tov key count eivon
peyorvtepo tov 0, kavovv emit count popég ta childObjects tov e&gtaldpevov avTikelpéEvon
ue key 1o 6voua tov childObject kou value to. cur_view kai count, ézov n tiun Tov count givat
1, key/value pairs mov yapaktnpiCovv to. childObjects. Xmn ovvéysio yiverar emit to
key/value pair mov a@opd 6to avtikeipevo mov poMg eEetdotnke ue key to dvoud tov kot
value 1o key/value pair count pe tiun 0. Ztnv nepintwon mov dev vadpyet o mivakog child, to
JSON Document agopé oe leafObject, omdte yivetaw emit to color kow m norma tov.
Axohovbel 1 extéheon g reduce function, n omoia aBpoiler ta values twv cur_view kot
count Tv avTikelévoy pe id1o key.

Eivaw eovepd nog n avaliinon olokinpmvetotl étav £xovv e€etaotel Oho ta rootObjects
ko fatherObjects, dnAadn 6tav count peyodvtepo tov undevog éxovv povo to. leafObjects. Xe
avtd to onueio ekteleiton  avadpoun. Av vrdpyet £otm kot évo fatherObject to omoio éyet
count > 0, skteleitan Eovd to devtepo MapReduce, pe v avadpoun va otapotdst dtav
oAa to fatherObjects éyovv count = 0. Tote 1 collection “MapReduce” 6a éxer JSON
Documents avtictorya ywr rootObjects, fatherObjects wou leafObjects g poperg mov
napovoidlovror otovg [ivaxoag 24, [Tivaxag 25 kot [Tivakag 26.

{
Y id” : “rootObject name”,
“value” : {
“count” : O,
“is child” : O,
“child” : [
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{“name” : “child 1 name”,

“cur view” : “child 1 cur view”},
-y

{“name” : “child n name”,

“cur view” : “child n cur view”}

Mivakag 24 rootObject as JISON Document after second MapReduce

fatherObject

{

Y id” : “fatherObject name”,
“value” : {
“count” : O,
“cur view” : 0,

“is child” : 1,
“child” : [
{“name” : “child 1 name”,
“cur view” : “child 1 cur view”},
y
{“name” : “child n name”,
“cur view” : “child n cur view”}

Mivexag 25 fatherObject as JSON Document after second MapReduce

leafObject

{
" 1id” : “leafObject name”,
“value” : {
“count” : “Number of occurrences”,
“cur view” : “Total view of leafObject”,
“norma” : “normalized form”,
“color” : {
“r” “red value”,
“g” “green value”,
“b” : “blue value”
}
}
}

IMivaxag 26 leafObject as JSON Document after second MapReduce

Ortoav &yovv daoylotel 6A0 Ta dEVOpA TOL GLUVOETOLY TNV GKNVI] TPOYLOTOTOIEITOL TO
tpito MapReduce task, to omoio éyel cav eicodo v collection “MapReduce” kot £€0do v
idw collection, dwypapovtag to. mponyobuevo dedouéve tmg. H map function tov,
Map3_CalcResult, vroloyilel o cuvolkd mocootd cvupetoync tov leafObjects ot oknvy
Ko kaver emit éva key/value pair pe key to ypodpo tov avtikeipévon g string kou pe value
éva JSON Object. To JSON Object mepiéyel 1o key/value pair pe key names kot value to
ovopo Tov avtikelpévov kot va devtepo Key/value pair ue key whole xou value to cuvorkd
TOGOGTO GUUUETOYNG TOV OVTIKEWEVOD OTN OKNVY VIOAOYI{OVTOG KOl TO KOVOVIKOTOUUEVO
puéyebog tov avrikelpévov ovupove pe v E&iowom 5. H reduce function,
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Reduce3_CalcResult, yia 1o 6powa keys, dniadn yia 1o kébe ypdua mov gpeovifetal ot
oknvi, afpoilel To0 1060610 gUPGVIoNG Tov, cvupava pe tig whole values mov &ywvav emit
a6 to leafObjects, kot amobnkever oto value tov key names évav JSON Array pe to
OVOLLOTO TV OVTIKEWHEVAOV TOV £XOVV TO eEETAlOUEVO YPDLO. ZVVETDS LETA TNV OAOKANP®GT
tov tpitov MapReduce n collection “MapReduce” 6o nepiéyet colorObjects tng popeng mov
nmapovctaoviol otov [livakag 27.

whole_view = cur_view * norma

E&icmwon 5 Calculate whole_view of leafObject with Reduce3 Task

colorObject

{

Y id” : “red value green value blue value”,
“value” : {
“whole” : “Total view of colorObject”,
“names” : |

leafObject 1 name,

’

leafObject k name

}

Mivexag 27 colorObject as JISON Document after third MapReduce

H avalnmon olokAnpmvetar pe v ektéheon g peboddov QueryOutput g class
MapReduce. H QueryOutput pe extéieon tov MongoDB-Query 19, to&vopei to JSSON
Documents oe @Bivovco oepd odupova v Tun “value.whole® kot ypaeel oto Apyeio
Amotedeoud Ty TO KOPLoPYo XPDLO TNG CKNVAE KoL TO AVTIKEIUEVA TTOV TO SLaBETOLV.

db.MapReduce. find (
{}, {“value.whole”:1, “wvalue.color”:1, “value.names”:1}).
sort ({“value.whole”:-1);
MongoDB-Query 19 Sort MapReduce Collection by value **value.whole™ in descending order

Tehkd mpoxvmtel évo Apyeio Amotedeouarwv yio k6Oe pio amd t1g 11 ektedéoelg g
avalnmong. Avtéc a@opolV GTOV EVIOMIGHO TOV KLpiapyov YPOUOTOS OTAV OTr GKNVN
ocoppetéyovv avtikeipeva oe 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 ko 1024 avriypagpo.
HopadAnio coumAnpaoverol pe 11 petpnoelg kot to Apyeio Xpovov Anoxpiong.

6.2.4.2 NoMapReduce

To v agloddynon tov arotelecpdtov g te)vikng MapReduce ftav amapaitnm n
avamTuén evog pnyavicpob mov Ba ektelovoe To 1010 query, ota id1a dedopEVA, XWPIG OUMG
va yivel ypnon tov epyoreimv Tov mpoypappartictikod poviédov MapReduce kot
GUYKEKPUEVO TOV CLUVOPTNGEDY TOL TPOGPEPOVTAL Y10, TO 6Komd avtd and tnv MongoDB.
T to Adyo avtd viomombnke 1 teyxvikry NoMapReduce., n onoia ypnowomoiei to metadata
™¢ oknvig “test case 37, ta omoia givar, dpow pe v pébodo MapReduce, amobnkevpéva
otnv collection “KeyValue”. AkoAovBei eptypagn Tov akyopifuov mov ypnoipomomdnke yio
ektéleon tov query “Return dominant color of scene”, ywpic yprion map xou reduce
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functions, kot o1 classes mov avomtdhybnkov yio epapuoyn tov ota metadata g oxnvig
g160d0v, “test case 3.

e avtiototyia ue v uébodo MapReduce, 0 alyopiBuog avalnmong omoteleitan amnd 3
otadw. X10 mp@to evromiloviarl ot pileg TV SEVOP®V MOV TEPLEYOLV TO OVIIKEILEVA TNG
oknvng, oniadn ta rootObjects. Tavtdypova dnpovpyovvtor dopéc, yioo kabe Object g
oknvig, mov Ba dwtnpovv v mopeia eEEMENG g avalntnong. XTn  GLVEKEW
YPNOOTOLEITAL [ OVPE Y1 H1AGYICT TV OEVOP@V Kol EVIUEP®GT TOV KATAAANA®V SoudV
Y10L TO TOGOGTO GLUUUETOYNG TOVG OTNV KATAoKELT TG oknvig. Av to Object mov e€gtdotke
amd v ovpd amotelei fatherObject v rootObject, vopdAlovtat ta moudid Tov 610 TEAOG TG
ovpag. H avalntmomn oArokAnpmveton otav €yovv eetaotel Ol to. d€vopa, dNAdN OTOV
adeldoetl 1 ovpd. Téhog, kKatd to Tpito 6TASI0, CLYYOVEDOVTOL TO TOGOGTA GLUUUETOYXNG TOV
SOUMOV OVAAOYQ LE TO YPOUA, DCTE VO TPOKOWYEL AOPOIGTIKG 1) GUVOMKT EUGAVIOT] TOL KAOE
€VOG, KOl EMOTPEPETOL TO KLPlapyo xpdua ¢ oknvig kat ta leafObjects mov to dwabétouv.

Oocov apopd ot1g classes mov vAomomOnkav, yio v ektéleon g avalntnong KaAgitol
class SearchNoMapReduce, n omoia opiler v oknv) oty omoia o Ppebei to Kvpiopyo
ypodpo. Xe avtiotoryioe pe v texviky MapReduce n avalimon 6o mpayuatoromndei ota
metadata tov aviikeluévov e toduevng oknvig otav avtd Ppickoviar og 1, 2, 4, 8, 16,
32, 64, 128, 256, 512 ka1 1024 avtiypaga. Xt cvvéysia kaAgiton n pébodog NoMapReduce
¢ class NoMapReduce, pe opiouata thv oknvi mov Oa yprnouomombei “Scene” kabmg Kot
10 TAN00¢ TV avtypdemv tov metadata, “NoCopies”.

Onwg kot oty teyviky MapReduce mov avolvbnke mponyovpévers, M uéBodog
NoMapReduce opiler tov @dkero otov omoio Oo amobnkevtodv 10, OmOTEAEGUATA TNG
avaliong, “MapReduceData\Results\NoMapReduce\”, oto apysio ue ovoua “Scene
application xNoCopies.txt”. Opileton eniong to apyeio oto onoio Ba amodnkevtel 0 YPOHVOC
EKTELEONG TOL query “NoMapReduce Scene.txt”, 010 directoryPath
“Duration\NoMapReduce\”. Télog odupava pe to “NoCopies” emiéyeton ) fdon dedouévav
“ScenexNoCopies” otnv omoia eivor omoOnkevuéva to metadata mov Oa e€etactovv.
Axorovbel kKAnomn g pebodov CallNoMapReduce.

H pébodog CallMapReduce déyetatl cav gicodo v Paon dedopévmv oty omoia gival
amofOnkevpéva ta metadata g oxnvic. Eivor vredbovn yio v kifnon tov amopoitntov
ocuvaptioemv 1oL Ba dlooyicovv to dévdpa Tov opilovtar amd to rootObjects g oxknvig,
COLPMOVO, IE TOV OAYOPIOO OV TAPOLGLICTNKE TPONYOLUEVDG. [0 To oKomd avtd opileTon
kat’ apydg n collection “KeyValue”, otnv onoia dratnpovvral to metadata tng oknvig. X
ouvvéxelo. kolovvtor ot péBodor FindFather, AddFathersToQueue, CrossTree, CalcResult,
SortResult ka1 ReturnResult, ot omoieg extelovv Ta 6TdAd10 TOV OAYOpiBuoL avalnTnong.

IMo avaivtikd n uébodog FindFather otdyo £xet tov evtomioud twv rootObjects tng
GKNVNAC KO TNG SNUIOVPYiog TV KOTAAANA®Y Sou®v ov Oa dtatnpodv TANpoeopieg Yo v
p60do ¢ avalntnong. H kdbe dopn apopd og va avTiKeipevo TG oKNvnG, 0G0 ovTiypagd
TOV Kot ov Topovotdlovior oe avtry, kor amoteAel éva Key/value pair, émov oto key
amofnkeveton to OGvopo tov Object mov e€etdletan kot oto value éva JSONObject. Ta
key/value pairs, dnhadn o 6OVOAO TV doumv, OAmV Tov Objects Tov cuvBétovv v ok
amobnkevovrar oe éva HashTable pe ovopo hm. Ze avtictoyio pe ) map function
Mapl_FindFather tng teyvixking MapReduce, n FindFather e€gtalet ta JSON Document tng
collection “KeyValue” tn¢ database “ScenexNoCopies”. Avdioya ue v ¢oon tov Object
nov e€etdleton amd to JSON Document dnpovpyovvtar avtictoyo media oto JSONObject
nov Bo amobnkevtei oto HashTable hm oto xatdiinio key/value pair. Ocov agpopd ota
leafObjects, dnuovpyeitan éva JSONODbject pe dvo key/value pairs, ue keys to norma kot 1o
color e ovtiotoyo values to xavovikomompévo pEYEDOG TOVL AVTIKEIWMEVOL KoLl TO
JSONObject pe tig red, green, kot blue cvvictd®oeg tov ypoduatog mov éxel to Object. To
JSONODbject avtd amobnkeveton oto value tov key/value pair tov hm pe key to 6voua tov
leafObject. Znv nepintwon mov e&etaletan fatherObject, to JSONObject mov o amobnkevtel
otov hm dwbéter tpio key/value pairs pe keys count, is_child kot child. To rootObjects
dratnpovv oto count to TARB0¢ euPAvVIoNg TOV aVTIKEWEVOL O6TN oknvn, oto mtedio is_child

151



v T 0 kat oto child évav JSONArray mov mepiéyet Olo ta moudid tov  eEgtalduevon
Object. O JSONArray diatmpei yio to kéfe moudi ta key/value pairs name xoi cur_view mov
éyovv ¢ Ty avtiotorya o 6voua tov childObject kot to mocooTd GVLUPETOYNG TOV OTN
oknvn. Ot tywég count kou is_child aAdalovv otav efetdleton fatherObject. e avtriv v
nepintoon to count maipvel v T 0 ko to is_child v tyun 1. To child key/value pair Tov
JSONODbject mov yopoxktnpilel To fatherObject eivor 6po10 pe avtd TOL TEPIEYPAPNKE Y10 TOL
rootObjects. Avty nm ddkpion oto Key/value pairs count wou is_child yiveton yw tov
evtomiopd tov rootObjects and to omoio Ba Eekvioer  avalimon. Xtovg IMivakog 28,
IMivaxag 29 ko TTivakag 30 divovtal oynuotikd to key/value pairs tov hm avrtictora 6tav
agpopovv og rootObject, fatherObject kot leafObject.

rootObject

“rootObject name” : {
“count” : “Number of occurrences”,
“is child” : “0”,
“child” : [
{“name” : “child 1 name”,
“cur view”: “child 1 cur view”},
-y
{“name” : “child n name”,
“cur view” : “child n cur view”}

]

}
IMivaxag 28 rootObject in hm HashTable

fatherObject

“fatherObject name” : {
“count” : “07,
“is child” : “17,
“child” : [

{“name” : “child 1 name”,

“cur view”: “child 1 cur view”},
ey

{“name” : “child n name”,

“cur view” : “child n cur view”}

]

}
Mivexag 29 fatherObject in hm HashTable

leafObject

“leafObject name” : {
“norma” : “normalized form”,
“color” : {
“r” “red value”,
“g” “green value”,
“b” : “blue value”

}

}
Mivoxag 30 leafObject in hm HashTable

Axorovbel n kKAon g AddFathersToQueue n onoia 6o evtomicet Ta rootObjects kot Oa
exkivnoel v oavalnmon. o v avalnmon o ypnoomombei, opow pe v pébodo
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KeyValueQueue, pia ovpd, n omoio, Ba exteléoel évav akyopiduo tomov BFS. Onwg éyxet
avaeepel, TTivakag 15, ywo v extéleon tov BFS eiodyovtal oty ovpd ot root nodes, amnd
TOVG 0moiovg opilovral ta 6€vopa ota omoia Oa exktedeatel | avaliTnon. Xy mepint®on g
NoMapReduce teyvikng ot root nodes avtictoryodv ota rootObjects mov £yovv evtomioTel pe
Bdaon to key/value pair is_child/0. T'o to kGOe Eva and avtd g16ayovTal 6Ty ovpd, GOUPMVO.
ue tov mivaxa child Tov wediov Tov hm mov apopd oto rootObject, 6Aa ta childObjects tov.
Yuykekpipévo oty ovpd siedyovtar JSSONODbjects pe dapopetikd nedia ov to childObject
eivan leafObject 1 oyt v mepintwon nov 1o childObject sivon leafObject, ecdystar oty
apyn ¢ ovpdg éva JSONODbject pe medio name kor cur_view. To cur_view vroloyiletot
obpewve pe v Eiowon 6, omov count to mAnboc euepdviong tov rootObject o
child_cur_view to cur_view omog ovtd epovifetoar omd 1o aviiotoyo JSONObject tov
nivaxa child ov rootObject. Avtictotya yio childObjects mwov dev eivon leafObjects eicdyeton
010 1éA0g TG ovpdg éva JSONODject pe medio name, cur_view kot count, émov hame kot
cur_view avtd opiCovtor and 1o avtiotoryo JSONODbject tov mivaka child kot count to count
Tov rootObject. Avtr n avéBeon Tov count yivetat yio. AOyovg e£01KOVOUNONG UVANG, DOTE
oo, childObjects va dratnpovvtar oTnv ovpd pia Ko &yt count popéc.

cur_view = child_cur_view - count

E&icmon 6 Calculate cur_view of leafObject

H avalfntnon exkweitar pe kAnon g CrossTree pebodov g class NoMapReduce. Mg
avtv e€etdleton kébe @opd 1O MPMTO OVTIKEIPEVO TNG ovpds. Av To avTikeipevo elvan
leafObject npootibetar oto cur_view tov avtictoyov key/value pair tov hm to cur_view mov
opiletar omd 10 aviikeipevo mov e&ayetal amd TNV oVPA. AV TO OVTIKEIEVO TNG OVPAS TOV
efetaleton eivon fatherObject, mpootiBevior to Toudid Tov otV ovpd akpPdS pe ™V idia
dadikooio Tov mepleypdonke yuo ta rootObjects. TIpoodsvtikd e&etdlovtal OAa o emineda
Kot 6A0t o1 KOpPor tov dévopmv mov opilovtar omd o rootObjects kot mpootiBevtal atov hm
oto, key/value pairs mov agopovv og leafObjects to cuvolikd 1060616 GLUUETOYNS TOV KAOE
evog ot oknvi. H avadpopn ohokAnpdvetar 6tav adeldost n ovpd. TeAikd otic dopég Tov
hm mov meprypdeovv 1o leafObjects éyer mpootebel éva medio mov Smpel 10 TOCOGTO
eupaviong kabe evog otn oknvn. ‘Eva této10 mapdderypo divetal otov [ivaxoag 31.

leafObject

“leafObject name” : {
“cur view” : “Total view of leafObject”
“norma” : “normalized form”,
“color” : {
“r” “red value”,
“g” “green value”,
“b” ¢ Yblue value”

}

}
IMivaxag 31 Updated leafObject in hm HashTable

Aol &xel ohokAnpwbei n didoyion tov 6évepav, éxovv e€etaotel dha ta Objects g
OKNVAG Kot Y00V VIOAOYIGTEL Ta. TOc00TA cvpuetoyng kabe leafObject, kaAgiton n uébodog
CalcResult. Mg avtqv kot pe ) yxpron ovo Pondntikedv HashTable hmColor kot hmSmall
opadomolovVTaL OAL TO. AVTIKEILEVO TOV hM avaloya pe To XpdLe TOVG Kol VIToAoyileTon To
OULVOAIKO TOC0GTO GLUUETOYNG KGOe ypduotos. Zvykekpiuéva yio kaOe leafObject tov hm
amofnkeveton atov hmColor oto key/value pair, pe key 1o ypopo tov avrikeipévov, Eva
JSONObject pe media whole, 6mov Swatnpeital T0 GLVOAMKO TOGOGTO GULUUETOYNG TOL
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eEetaldpevov YpOUOTOG KOl Names Omov O1aTnNPovVINL GE MIVoKe To OVOULOTO TMV
AVTIKEWWEVOVY IOV GLVOETOLY anTo TO Xpdua. Xtov hmSmall amobnkeveton oo key/value pair,
ue key 1o ovopa Tov ¥p@OUIOTOS TOV OVTIKEUEVOD, TO GUVOAKO TOGOGTO GUUUETOYNS TOV.

Axorovbel | kKAjon g SortResult n oroia ta&vopei tov hmSmall sopewva pe to value
tov key/value pairs. Avtdég eivar  kow o Adyog NG OwmAfg oamobnkevong mov
apoypoatorolOnke kotd v extéleon tng CalcResult.

Télog pe xinon g ReturnResult emotpépovior 10 ypduo 1 Ta YPOUOTO TOL
KatoAopuBavouy 10 HEYOADTEPO TOGOGTO GUUUETOYNG OTN OKNvY, amd Tov taivounpévo
HashTable mov mporvntel amd v SortResult, kaBdc kot ta OVOHOTO TOV OVTIKEWEVOV TOV
ta ovvBétovv. Ta ovopato avtd Aappdvovral amd to HashTable hmColor a6 to key/value
pair mov oto key éyet 10 kvpiapyxo ypopo ™ oknvic. To amnotedéopoto ypaeoOvTol 6To
Apyeio Amotedeoudtmy Kol 0 YPOVOG TOL YPELAGTNKE Yo TNV OAOKANp®GN TNng ovalnmmong
Kataypdeeton oto Apyeio Xpovov Amoxpiong. Tehwkd mpokdmtovv 11 ypdvol yuo kabe
ektéheon g avalntnong, évag yio kabe dtapopetikd TAnog avtypdomv tov metadata mwov
dwtnpovcaye, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 ko1 1024.
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Kepdioto 7
2VYKPLTIKT) MeAEn

210 KeQPAAOlo oLTO yivetor M avAivorn Kot a&loAOYNON TV OTOTEAEGUATOV TOV
OPOPETIKAOV TEYVIKOV TOL LAomomOnkav. Guuiletor TG aviioyo He TOV TOTO Kol TN
popen TV queries mov vroPaiiovtal, dakpivovtor dvo Katnyopieg avalnmong, n Search
kot 1 MapReduce.

H mpdt kotnyopia avalitnong mov viomomnke ovoudotnke Search. Ta queries mov
ekterodvTal pe ypnon g Search £yovv v dour Twv Queries tov Iivaxag 8. ' v pedétn
™G ¥PNooTOMONKAY TEVTE SIUPOPETIKES TEXVIKEG, Ol OTOIEG EKTEAEGAY TO dOGUEVO query
oT0 TPOTLTO, dedopéva otav avtd Ppickovrav oe 1, 2, 4, 8, 16 kot 32 avtiypaga. [ v
a&lohdynon tov pedddmv ypnotporowdnke o xpovos ektélecng tov query, omwg Ba e&nyndel
o1 GLVEYELD. ZTOV Topéa peAétne Search mepthaufdvovor ot mopoKiT® TEXVIKES:

Legacy

PathXML

EmbeddedXML

KeyValue, n onoia yopiletat otig:
o KeyValueQueue
o KeyValuePath

¥t ovvéxewn e€etdotnke o topéag pedétng MapReduce, pe vroPoin tov aggregation
query “Return dominant color of scene”. Ot teyvikég mov viomomOnkay yio. avTdV TOV THTO
avalnong ektélecav 10 QUEry oto TPOTLTO Oedouéva, 100G MOPENG UE OVTA TNG
katnyopiag Search, 6tav avtd Bpickovtav oc 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 xou 1024
avtiypoaga. H katnyopia avalntnong MapReduce mepthapfaver Tig teqvikég Tov avarbhonkay
GTO TPOTYOVUEVO KEPAAALO:

e MapReduce
¢ NoMapReduce

TMo t1g avaykeg Tig SMAOUOTIKNG ypnoomomdnke évo, VM g vanpeciog Cyclades tov
ovotfiuatoc ~okeanos. To unydvnuo eiye Aettovpykd ocvotnua Windows kot dié0ete 4
CPUs, 4GB Ram kat 60GB oxinpd diocko. e v avamtuén tov TeVIKOV TOoL
vAdomowOnkav ypnoporodnke 1 2.4 release tmg MongoDB «ai to JDK 7u25.

7.1 A&oldynon Topéa Merétng Search
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Onwg avagépdnke n avalitnon tomov Search ektedéotnke pe ypHon OAmV TOV TEYVIK®V
OV VIAYOVTOL GE OVTNV KOl GTO OEGOUEVO, OTAV OVTE SATNPOVVTOL GE JAUPOPETIKO TANH0G
avirypaeav. Ocov agopd ot peboddovg avalnmong dwkpivovral 6vo vrokarnyopiec. H
TPAOTN APOPA OTIS TEXVIKES TTOV YPNGILOTO0VV Kamotov gidovg XML Parsing kot givat ot:

e Legacy
e PathXML
e EmbeddedXML

H devtepn mepihapfavel ekeiveg mov dev  ypnotpomoovy XML  Parsing, oAl
evoouatopéva gpyoleia tng Java kot g MongoDB. Avtég ot teyvikég eiva ot:

o KeyValueQueue
o KeyValuePath

Mo v a&ordynon g anddoong g kdbe teXViKNg ypnopomombnke o ypovog mTov
amorTONKe Yo TNV EKTEAEGT] TOL QUETY Y10 OA. TO aVTIYPaPO SEGOUEVOV. ZVVETMG Y10, KAOE
uébodo avalnmong mpokvmtovy £EL pOvol amdkpiong Tov query, £vog yio Kae dlapopeTikod
aplBpd avtypdemv tov tpdtunev dedopévoy, 1, 2, 4, 8, 16 kot 32.

Xe aumnv Vv gvotnta o mopovcGlOGTOLY TO OMOTEAECUOTH OV TPOEKLYOV amd TNV
ektéleon evog omd ta Queries tov Ilivakag 8, tov Q3, Ta YOPAKINPIOTIKA TOV OTOIOL
napovctdlovror otov Ilivakag 32. Aivovtal emiong ypoagikés TOPACTAGEIS YO GYNUOTIKY
OVOTOPAGTACT] TOV OMOTEAECUATOV, KOOMG Kot adyoplBukn eme&niynon tovc. Ot mivakeg
QMOTEAECUATOV KOl Ol YPOPIKEC TOPUCTACEIS TV LIOAowmmy Queries mov vAomorOnkay
Bpiokovtor oto [Tapdaptnua A.

Query elementName attributeName attributeValue
Q3 Geometry3D ObjectType Box
Mivaxag 32 Query 3

To Q3 exteléotmke pe ypfiion tov teyvikov Legacy, PathXML, EmbeddedXML,
KeyValueQueue ka1 KeyValuePath, oto dedopéva otav avtd sppaviCovtav o€ 1, 2, 4, 8, 16
Kol 32 avtiypaga. o 11g avalntoels g VToKATNYopiog TV TEYVIKADV TOL YPTGLLOTOIOVV
XML Parsing vroAoyiotnke 0 ypovog amdKPIoNg TOVG 6€ MSEC GLUTEPIAAUBAUVOUEVOL TOV
XPOVOL OTOONKELONG TV OTOVTHCE®Y TOV (UEries 6to dioko. Avtifeta oTIg TEXVIKEG TNG
devtepng vrokatyopiag, mov dgv ypnowomoteitar XML Parsing, o ypoévog amdkpiong Toug
VIOAOYIGTNKE HOVO YioL TNV eKTEAECT] TV queries kot oyl yio Tov ypdvo extéreonc tov 1/0
oto dioko. Avtf 1 Sudkplon €ywve yloti, Ommg eivar yvwoto, to XML Parsing amotelel
dwadikaocio ue peydio overhead, ue tnv anobikevon Tov dedopévmv 610 6i6KO VO amoTeEAEL
OUEANTED TTOGOGTO TOV GLVOALKOD yYpdvov ektéheong g efetalduevng uebddov. Xtig
TEYVIKEG OGS oV dev ypnoonotovy XML Parsing, to overhead mpoxaieiton and ta 1/0,
oNAadn M amobnkevon TOV aTOTEAEGUAT®V 0TO SICKO OmOTEAEL TOAD HEYAADTEPO TOGOGTO
TOV GUVOALKOD ¥pOVOVL eKTéEAEONC TNG MeBBdOV, amd 0TL 1 id1a M avalftnon. Eival poavepd mmg
oV GTIG HETPNOELS TOV TEYVIKGV oL dev ypnotporolovv XML Parsing copmeptiiapfoavotay 1
arofnkevon tv dedouévev oto dioko, dev Ba NTav £yKupn M GVYKPIGN TOV GLVOAOL TV
TEYVIKOV 7oV pedetnOnkav. AxolovBodv OAec ov petpnoelg mwov ogopodv oto Q3
OLLOOOTONUEVEG GUUPOVO, LE TNV TEYVIKN TOL ypnoipomomdnke, IMivaxog 33, kabdg kot 1
avtioToymn ypaeikn tapdotacn, Euova 30.
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Technique
Legacy | PathXML | EmbeddedXML | KeyValueQueue | KeyValuePath
NoCopies

1 35301 34305 36132 1139 22

2 68011 68056 69181 1054 22

4 136157 134033 136215 1753 13

8 268083 268549 271418 1645 21

16 539594 541018 537798 2946 20

32 1064142 1073735 1069459 8489 28

IMivaxkag 33 Query3 Execution Time Results

Geometry3D ObjectType Box
1200000
m
. 1000000
a 4
g y
2 800000 Legacy
= 600000 / —8— PathXML
s .
E EmbeddedXML
2 400000 /
x i —>— KeyValueQueue
& 200000 = yValueQueu
—— "41 —¥— KeyValuePath
o ik S ———
1 2 4 8 16 32
NoCopies

Ewova 30 Query3 All Techniques

v ypagikn topactacn g Ewdva 30 mapovoidlovral Guvolikd ot ¥povol amdKplong
tov Q3 pe xpron OAMV TOV TEYVIKOV OV aviiKovv oTnv Kotnyopia avalitnong Search. ‘Eva
TPMTO GUUTEPOCLO, GTO OMOI0 KOTAAYOLUE LE PACT VTRV TNV YPOEIKY TApAoTOCT, ivarl
TG 01 TEYVIKES TTOL ypnotpuorolovy XML Parsing éyovv ypovoug andkpiong taEeig ueyéboug
UEYUADTEPOVE A0 TOVG OVTIGTOLLOVE TMV TEXVIKGOV oV dgv ypnoipomotovy XML Parsing. T'a
Vv KoAVTEPN a&lohdynon TV TexVIKdv akolovBodv 1 Ewova 31 kot n Ewova 32, ot omoieg
OVOTOPLOTOVY OVTICTOLYO TO OOTEAEGHOTO TOV TEXVIKMOV GOUP®VO UE TNV LTOKATIYOpio
otV omoia avikouvv, gkeivav mov ypnotuorotovy XML Parsing kot ekeivov mov dev to
ypnoorotovv. [Hapddinia avoivovtor ailyoptBukd ot péBodot mov ypnotponomOnKay yio
KOADTEPT) KATOVONGOT TOV AOTELEGUATOV TTOL TPOKVTTOLV.

Avalvon Legacy

H teyvikn Legacy ypnoiponotel tov kAaokd tpomo didoyiong XML apyeiov, katd tov
omoio To XML apyeio petatpénetar oto avtiotoryo JDOM tree, emiléyovian 6Aot o1 kOuPoL
Tov Kot evromilovtolr, av vmdpyovv, ekeivor pe elementName, attributeName o
attributeValue ooppova pe to doocuévo query. Kabmg ypnoipomoteiton XML Parsing
aVOUEVOVUE 01 XPpOVOL amdKpLong avThg TG nebddov va gival peydior.

157




Avélvon PathXML

H teyvucn PathXML ypnopomotel ta JSON Documents g MongoDB yua tov eviomicuo
tov directoryPath tov XML apyeiov mov mepiéyovv ta metadata. Xt ocvvéyxeia
ypnowonoteitar o 1d10 XML Parser ywa  dudoyion toug ko gvtomiopd ekeivov tov 3D
apyeiov Tov amavtovy oto docpévo query. Kabmg ypnoyomoteitar o id1o¢ XML Parser, ota
O XML apyeioa pe avtd g teyvikng Legacy, avapéveror o ypdvog amdkpionsg g
avalntnong pe mv puébodo PathXML va givar ToAd kovtd o owtdv g teyvikng Legacy.

Avaivon Embedded XML

Téhog 1 teyviky EmbeddedXML ypnoonotei povo to JSON Documents tng MongoDB,
oto. omoia eivor amoBnkevuévo oldkAnpo to XML apyeio twov metadata wg String oto
avtictoyo key/value pair 6tov apopovv og X3D 1 MPEGT7 meptypaen. o tnv ektédeon g
avalntnong to XML String petatpénetor oto avtictoryo JDOM tree, 1o omoio dwaoyiletan
OTMOG GTNV TEPITTOAN TOV 000 TPONYOVUEV®V TEXVIKOV TPOG EVIOTIGUO TOV KOUPOV UE TO
{nrobueva elementName, attributeName «on attributeValue. Eivor gavepd nog xatl o€ ovtyv
mv péBodo avalitnong avoapévetat ot xpdvor amdkpiong Twv Queries va givorl modd kovid o€

oVTOVG TNG TEYVIKNG Legacy.

Geometry3D ObjectType Box
1200000
103
1000000 -
= 7
£ 800000
[}
E /
= 600000 —o— Legacy
S A
g ’ —&— PathXML
S 400000
X -/ EmbeddedXML
200000
R
=
1 2 4 8 16 32
NoCopies

Ewova 31 Query3 XML Techniques

H ypagpum mapdotacn g Euwova 31 emiPefarmdverl 1o mapandveo copnépacpa. [apatiBevton
axoua o Ilivaxag 34 o [Mivakag 35, ot omoiot mapovctdlovy, avTicToro Yo TIG TEYVIKEG
PathXML ka1 EmbeddedXML, to ocvvolikd ypdévo amdkpiong tov Q3, tov ypdvo mov
amotthOnke povo yio v extédeon tov XML Parsing kot 10 1060616 0wtod ToV YPOVOL Emi
TOL oLVOALKOV. Opotol mivakeg yio. OAa o Queries mov e&etdotniay Tapovstdlovial 6to
Hopaptnua A. O wivakog eriong empPePordver v Bedpnon twg 6tav ypnotponotsiton XML
Parsing, o ypdévog amobrikevong tov amotelecpdtmv tov Q3 oto dioko amotelel apeAntéo
TOGOGTO TOV GUVOALKOV YPOVOL EKTEAECT|C. ZVYKEKPLUEVOH QoaiveTal TwG 1 dtdoylorn tov XML
apyeiov katolouPavel 6€ OAEC TIC MEPMTMOELS, ONAMON Yo OAQ TO OAVTIYPOUQO TOV
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O0edOUEV@V, KLl OTIS dVO TEYVIKES TAVEO amd 10 99% TOv GLUVOAKOV ¥POVOL EKTEAEGNG TNG

avalnong.
Time Calculated
Total XML Parsing | Percent
NoCopies

1 34305 34157 | 99,57%
2 68056 67797 | 99,62%
4 134033 133830 | 99,85%
8 268549 268244 | 99,89%
16 541018 540786 | 99,96%
32 1073735 1073290 | 99,96%

Mivaxkag 34 Query3 Execution and XML Parsing Time Results PathXML Technique

Time Calculated
Total XML Parsing | Percent
NoCopies

1 36132 35876 | 99,29%
2 69181 69045 | 99,80%
4 136215 135749 | 99,66%
8 271418 270951 | 99,83%
16 537798 537214 | 99,89%
32 1069459 1068561 | 99,92%

IMivaxoeg 35 Query3 Execution and XML Parsing Time Results Embedded XML Technique

Avélvon KeyValueQueue

H 1eyvikn KeyValueQueue ypnowonotei to. JSON Documents thg MongoDB to omoia
nepiEyovy ta metadata tov 3D apyeimv €€ ohokAnpov petacynuaticpéve oe key/value pairs
oOueova, pe Vv pebodoroyio mov mapovoldotnke oto Tponyobuevo kepdaiato. To JSON
Documents zmepiéyovv Embedded JSON Objects, doun mov pmopel va mapariniiotel pe
dévdpo. T'o 1o Adyo avtd Yo v avalinong tv {ntoduevov key/value pairs spopudootnke
0 olyopOpog avalitmong BFS pe yprion pog ovpdg oty omoio amobnkedovral péypt va
e€etootovv OAa 1o JSSON Objects evog emmédov tov 6évdpov. Kabmdg 1 ovpd amotehel
€0MTEPIKN Oopn NG Java mov amofnkevdel to dedopéva Tng oTn UVAUN, OVOUEVOVLUE M
extéleon g KeyValueQueue va eivar ypnyopotepn omd TNV EKTELEST] TEXVIKOV TOV

ypnotporolovy to XML Parsing, kabde, omwg eivar yvootd, avtd yopoaktnpiletal amd vynid
overhead.

Avélvon KeyValuePath

Me v KeyValuePath teyvikn n avalimon npaypatoroteitor oto JSON Documents mov
nepléyovy ot popen key/value pairs tig meprypagic tov 3D apyeimv. Ze avtifeon pe v
KeyValueQueue teyvikn to keyPath oto omoio Ppiokovtal, av vadpyovv, ot {nrodueveg
TANPOQOpiEG elval K TV TPOTEP®V YVv®oTd. [ To Adyo avtd ypnoyomoteitar amgvbeiog Eva
MongoDB Query to omoio €mIGTPEQPEL, WE YXPNON TOV EVOOUATOUEVOV EPYOAEI®V NG
MongoDB, ta JSON Documents mov diabétovv ta {nrovpeva elementName, attirbuteName
kou attributeValue. H teyvikr] avti ypnoonolel 1oug PEATIGTOTOMUEVOLS NYOVICUOVS TG
MongoDB mov éxovv avamtvyfel edwkd yioo v ypryopn extéieon queries ce JSON
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Documents. T to Adyo avtd mepuévoope n extéreon g KeyValuePath va éyel apketd
HKpOTEPO YPOVO amdKpiong o ovykpion pe v KeyValueQueue.

H Ewova 32 emPefardvel 11 Topondve TpoPAEYELS, KaBMG Kol TNV ETIAOYN TOV VO Unv
ocoumeptineBel otov ypoévo extéheong g ovalnnong kol o xpovog amobnKeLong TV
0TOTELECUATOV GTO dioKO.

Geometry3D ObjectType Box
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Ewova 32 Query3 KeyValue Techniques

7.2 A&oldynom Topéa Merétng MapReduce

210 0g0TEPO OKEAOC OVLTNG TG OWMA®UOTIKAG LAomomOnke 1 xotnyopio, avalnmmong
MapReduce, otnv omoia aviikovv ot teyvikég MapReduce kot NoMapReduce. To query mov
ypnowonomOnke givan “Return dominant color of scene” kot vrofAnOnke oto metadata puog
OKNVNAC, 0TOV auTd dtatnpovviay o€ 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 kot 1024 avtiypaga.
Avtictoyo pe TNV mpomyovuevn Katnyopio avalntmong otnv  evotmra avty Oa
TOPOVCIIGTOVV TO AMOTEAEGUOTO Yo pia oknvi, tnv “test case 3”. Ta oamoteléouata TV
VIOAOIT®Y GKNVOVY oL e€gtdonkay Ppickoviat oto [Tapdpmua B.

Mo v a&loAdynomn Kot GOYKPLeT TOV dVO TEYVIKMY ¥PTCLLOTOIONKE 0 ¥pOVOS UTOKPIONG
TV qUEries yia 1o 1610 epATNO OTAV OVTO EKTEAEITOL G OAA TO AVTIYPOLPO TV OESOUEV@V.
AxolovbBel TEPLYPAPT] TOV AVOUEVOLEVOV OTOTEAECUATOV Kot aAyoplOuikn ene&nynon Toug.
O1 ypdvotl amokpiong tov ovalntoswv mapovstdlovtol otov Ilivakag 36 oe Msec kot givan
opodomopuéve pe Paom v TEYVIKN TOL Ypnouomombnke, eved oty Ewdve 33
TOPOLGIALOVTOL [E YPOPIKO TPOTO 01 XPOVOL aOKPIoNG TOVS JUErY Kal yia Tig dvo uefddovg
7OV LAOTO 0KV,

Avaivon MapReduce

To mpoypapuatiotikd poviého MapReduce ypnotpomoteitor Yo TOV KOTOUEPIGUO TOV
(POPTOL €PYACIONG TOV EPAPUOYDV GE TOALODG VTOAOYIOTEG, UE TIG MEYOAeG duvaTdHTNTEG TOV
va paivovtan BérTioTa otav eneéepydleton TeraBytes dedopévav. [a to Adyo avtd ota Ayo
OEJOUEVE, TTOV YPNGLULOTOIOVVTOL OO TNV SIMA®UOTIKY 0VTH 08V OVOUEVETOL VO, GAVOLY Ol
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duvaTdTTEG LYNANG KALAK®ONG Tov Hoviédov. Toavtdypova Kabm¢ ypnoiponoteitol pLovo
v punyavnuo yuoo v eneEepyacio TV OEdOUEV@V, OEV TEPIUEVOVUE VO OOVUE OVTE TOV
KOTOUEPIOUO TOV QOPTOL £PYAGING TOL TPOGPEPETOUL EcmTEPIKA atd To MapReduce. Adyw
T0V 0Tl 6NV TEYXVIKN MapReduce ypnoipomotovvton ta epyoieio tng MongoDB avapévoope
YPNYOPOTEPN €KTEAEGT TMV (UEriES GuYKPITIKG pe peBOdOVG OV gV TO. YPNGLLOTOLOVV,
KoOdC oL pnyovicpoi mov TPooeipoviol £xovv PeAtioTomonfel €0KG yloo TNV TOPOYN
vnpeciov MapReduce. Adym tov ecoteptkdv punyovicpdv g MongoDB avapévetar éva
overhead katd v ektéleon Tov MapReduce, Tov a@opd oty dlacHVEEST TOV SEd0UEVDY,
mv emkowovio tov kKopPfov tov cluster kor to aggregation twv oamoteieopdtov. To
overhead avtd6 ®otdc0 &ivar apeAntéo 6co ovéavetar o Oykog TV dedouévav. To
mAgovEKTNpO TG HeBddov MapReduce givotl 1 oAb €0KOAN TUNHATOTOINGT TOL TPOPBANLOTOG
KOl 0 KOTOUEPIOUOG TMV €PYACIOV UE amAf mpocHnkn pnyoavnudtov oto cluster g
MongoDB. ‘Etct avegaptnto amd 10 1060 awénbei o cuvolikdg GYKOC TV dES0UEVOV TPOG
eneepyooio, 660 mpootifevrar kopPot, 1 texvikn MapReduce Oa ekteleitar kot pdhota pe
AVTIGTPOPMOS OVAAOYOLS YPOVOLS OTOKPIOTG.

Avélvon NoMapReduce

H o&ordynon g MapReduce texvikng £xet a&io. 0tav GLYKPIVETOL UE TNV TEYVIKY
NoMapReduce. Xtnv NoMapReduce ypnowuonotovvtal epyodreia mov £xovv avamtvydei amd
TNV SIMAMUATIKY OVTH Kol amrovTobv 6To d0GHEVO qUEry ota 1d1a dedopéva Ympig xpron Tov
MapReduce pnyovicudv g MongoDB. Kabmhg ypnoiponoteitar ovpd, n omoio Ovpileton
amoOnKkeveL Ta Sed0UEVA TNG GTN UVTUN, TEPLLEVOVUE O YPOVOG EKTELECT|G TOL QUErY S1apKMdC
va avédvetat. To pelovéktmua avtg g pebddov etvar 6t 1 maporinionoinon dev givan
€0KOAN, LE OMOTEAEGLO KO O KOTAUEPIGUOG TOV TPOPANLLOTOG Vo unv yivetal PEATIoT Ko va
amortovvTal  EEEIOIKEVUEVES YVAGELG Yl TNV LAOTOINGT €VOC TETOOV  UNYOVIGHOV.
Hopaiinio mpémetl vo AauPdavetor vaodyy 1 enelepyaoTiky KAvOTNTA TNG OVPAG, ONAAON M
dwBéoun pviun e Oco o oykog tv dedopévav KatorapPdvel LKpdTEPO amobnKeLTIKO
xdpo amd 660 pmopel va dwyewprotel n ovpd, N texviky NoMapReduce 6o emiotpipet
amotéleoua. Otav OUmG 0 0YKOG TV dedoUEVOV Eemepdoel TNV SLOBEGTUN LVIUN TG OVPAC )
TeYVIKY| Ogv B umopel vo ekteleoTel.

Technique
MapReduce | NoMapReduce
NoCopies

1 1668 470

2 1763 1104

4 1003 970

8 1880 1992
16 2041 2274
32 2367 2961
64 2586 5055
128 5064 7913
256 7758 17668
512 13840 22466
1024 27187 42851

IMivexag 36 test case 3 MapReduce Query Execution Results
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test case 3
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Ewéva 33 test case 3 MapReduce Query Techniques

Amo v Ewodva 33 oaiveton 10 apywkd overhead tng MapReduce teyvikng mov

vAomolnke, 0 omoio 660 avEAveTal 0 OYKOG TV dedopévav yivetar apentéo. Kabmg
YPNOWOTOONKE LOVO Eva UNYEVNUOL Yio TNV EKTEAEST] TNG AvalTNONG, NTOV OVAUEVOEVT 1|
dlpkng avEnon tov xpodvov amdkpiong Tov query. Av eixe mpootebei éva akdpa pnydvnua
oto cluster tng MongoDB ot ypévot Ba ftov petwpévol 610 uicd. AviiBeta Kabdg 1 TEXVIKN
NoMapReduce mov viomomOnke dev mephaufdverl unyavicud Topoarinioroinong g, 6tav o
OYKOG TV JEOOUEVAOV YIVOTAV LEYOAVTEPOG OO TNV OlaBEGIUN UVALY TG OLPAG 1) TEXVIKN

ogv Ba umopovoe vo eKTELECTEL.
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Kepdiaio 8
2L VUTEPAGLLOTOL

270 TPONYOVUEVO KEPAANIO £YIVE M TOPOVCINCT] TOV OTOTEAEGUATOV OV OPOPOVCHY
GTOVG YPOVOLS ATOKPLoNG OADV TMV TEYVIKAOV TOL avamTOydnKoy amd Tn SUTAMUATIKY dvT)
Kot 060nke m oAyoplOukn emeENynon Tovg. Xe owtd TO KEPAAOLO KOTOYPAQOVTOL TO
ocvumepdopoata omd v afloldoynon Tv pHeBOdOV KOl 1 GUVEIGQOPA NG TAPOVCOG
OMA®UOTIKNG epyociag. AkoAovBohv 600 EVOTNTEG YO TNV TAPOVGINOT| TV GUUTEPUCUATOV
Y10l TG TEXVIKEG TTOV GVIIKOVY GTOVG dV0 TOUEG HeAéTng Tov eEgTdoTnKay Kot pio akdpo 6ov
avoADOVTOL GUYKEVTIPMTIKA TO. CLUUTEPAGOTA 6TO oToia KotaAnEaue petd tnv agloldynon
TOVG,.

8.1 Xvunepdouata Touéa Meréng Search

O topéag perétng Search agopd ce epapuoyég mov enelepydloviol EpOTAMATO UE
oplopéva yapoxtmmpilotikd, elementName, attributeName xou attributeValue, kot kolodvtor va
eMOTPEYOLV T OvOpaTo. Twv multimedia apysiov mov o tkavomoovy. YlomomOnkay tévte
TEYVIKEG avaAioya pe tov Slaféoyo eEomhopnd Kot v eEeldikeuon Tov TPOCOTIKOL OV
Swayepileton této1Eg ePapuoyéc avalntmonc. Kdabe pio apopd 6€ S1apopeTIKES OVAYKES KO 1|
vioBétnon g e&aptdrarl and Tig duvatdtnTeg UeTABaong amd TOAUOTEPO, LOVTELD GT VEX
mov avamtoydnkov omd v Swmhopotikn ovthy. Xtov Ilivakag 37 moapovoidlovton
GLYKEVTPMTIKA Ol TPOTEWVOUEVOL TPOTOL EKTELESTG TNG avalTNOoNG OVAAOYQ LLE TOV TUTO TOL
petafotikov oyediov.

Yvuykekpéva, Kot ocopeove pe v Ewévo 31, 6cov agopd oe epapuoyéc mov
ypnowonotoby XML Parsing n epappoyn tov teyvikov PathXML kot EmbeddedXML dgv
QOIVETOL VO TPOCPEPEL KAVEVO TAEOVEKTN L0 GLYKPLTIKG pe TNV Teyvikn Legacy. O Adyog givan
0 ueydAog ypoévoc mov amarteitanl yw v dudoyion tov XML apyeiov, pe omotélecpa m
ypiyopn amdkpion g MongoDB va unv tpoceépet Kavéva GUYKPITIKO TAEOVEKTIUO EVOVTL
g on’ evbeiag avalftnong tov (nroduevov minpoeopidv ota XML oapyeic mov eivar
amofnkevpéva oe directories. Xvvendg yio epopuoyég mov dev emiboueiton n petdfoon oe
VEOTEPEG TEYVOLOYIEC TPOTEIVETAL 1 JATHPNON TV VIAPYOVIOV CGLGTNUAT®OV avalTnong
TANPOPOPLDV.

And v Ewova 30 eivar @avepd 10 GLVIPITTIKO TAEOVEKTNO TNG EYKATUANYNG TNG
avalnong mAnpogopidv oe XML apyeio ko g petdpaong oe poviéda avaltnong mov
ypnoworotovv JSON Documents, ta omoia dtatnpovv 1o mepieyoduevo tov XML apyeiov oe
key/value pairs. H petafaon avti anattei 1060 Ty Katavonon Tov VeOTEP®OV TEYVOLOYIDV
cloud computing xat tov NoSQL Bdoemv dedopévmv 660 kat v vynAn e€oikeimon pe o
WOiTEPO YOPOKTNPIOTIKA TOV EVOAAUKTIKOV TOV TPOGPEPOVY, OTMC T OLOPOPETIKA €10M
NoSQL Bdcewv dedopuévav, TPOoKEWEVOL Vo YivEL EKUETAALELGT OA®V TOV TAEOVEKTIUATOV
touG. [ gpappoyég mov éxovv v duvatdmta ™G PLLoCTOCTIKNG OAAUYNG GTOV TPOTO
exktéleonc g avalntnong, mpoteivetor n ypnon g texvikng KeyValuePath kabmg amd v
Ewova 32 givar gavepd to mheovéktnud g Evavt e pebddov KeyValueQueue. Qotdoo,

163



kabmg 1 teyvikny KeyValuePath amattei ex tov mpotépov yvdon tov keyPath oto omnoio
Bpiokovtol or {nroduevec TANPOPOPIEG, OTNV TEPITT®ON TOV TETOLEC TANPOPOPiEG deV givat
YVOOTEG TpOTEIVETAL GOV deDTEPT KaADTEPT evailakTikh 1) Teyvikn KeyValueQueue.

8.2 Xvumepdouato Tousa Merétne MapReduce

E&etdotnke emiong n €pappoyn tov Tpoypappatictikod poviédov MapReduce. Xtdyog
nrav n mopoyn ¢ dvvatdmTog LIOPOANG Olo kal 7o TOAVTAOK®YV queries To omoia,
amaitovy aggregation oto dedopéva mov e€etalovv. Adym tov peydrov overhead tov XML
Parsing n epappoyn MapReduce o XML apygia 6o ftav amayopevtiky. o To Adyo awtd o
touéog puerétng MapReduce agopovoe povo ce dedopéva mov dwatnpovviol oe JSSON apyeia
dounuévo. o key/value pairs. Ot ypfioteg mov emBovpovv va 0 ovartdEovy amatteitol vo
&yovv e€eldIKEVEVEG YVADGELG Y10, TOV TpOTO KAong tov MapReduce péom g MongoDB.

To mheovéktnuo tng teyvikng MapReduce sivar @avepd amd v Ewovo 33, oe
OLVOLOGCHO HE TOV EUKOAO KOTOKEPUOTIGUO TOL (OPTOV £PYOUCING KO TNG GTOITODUEVNG
eneEePYOOTIKNG 10Y0G Ue amAn Tpoohnkn pnyoavnudtov oto cluster tng MongoDB. H teyvikn
NoMapReduce mpoteivetor povo yio modd pkpd 6yKo dedopévmv, Kabdg vedpyel 0 Kivouvog
™G Un-ektéheonc e avalnnong 6tav To deoUEVA OEV YOPAVE oTNV Stabéotun Uviun g
0VPAG TOV YPNGHLOTOIEITAL.

8.3 ZuyKeVIpOTIKA ZVUTEPAGLOTO,

Ytov Ilivakag 37 moapovoldloviol GUYKEVIPOTIKA TO, CUUTEPAGLOTO GTO OTOI0
KatoAnEape, COUE®VO HE TNV GULYKPITIKY HEAETN TOV TEYVIKOV TOL VAOmOMONKAV, Kol
a@OpPovV o€ pio TAN0dpa amartioewy, requirements, wov yopaktnpilovy Tig EQapUOYES.

nortioels | Méyiotn E&eor- E&eor- IcavéTnTa ATEITODLEY
XopPaté- | kevpévn KELUEVO n Ac@adlrero OVREVH Emdéoeg
, , , | Aggregation Kataption
Teyvikég mro Xpion | Aoyiopko
Legacy = Low = Low Low Low Low
PathXML High Low Medium Low Low Medium Low
Embedded XML High Low Medium Low High Medium Low
KeyValueQueue | Medium Low Medium Low High High High
KeyValuePath Medium | Medium Medium Low High High High
MapReduce Low High High High High High High
NoMapReduce Low High Medium High High High Medium

IMivakag 37 Mivaxkog Xvykprtiking Meréng

Me tov 6po “Méyiotn Zoufarotnro” evvoodue TV €VKOATN, LeTdfaong amd TV TEXVIKY
Legacy oe ka0e pia amd Tig véeg TeXvVIKEG TOV Ttpoteivovtal. H “Eleaidikevuévny Xpnon™ deiyvel
KoTt@ TOGOV YEVIKT, generic, eivor 1 epapuoyn g kébe pebddov ce kabe gidovg avalntioels.
O teyvikég Legacy, PathXML, EmbeddedXML xor KeyValueQueue yopaktnpiCovtar amd
“low” “Eeidikevuévy Xprion”, kabdc udévo pe myv giooyoyn tov ntoduevev elementName,
attirbuteName ko attributeValue eivat ikovég va amavtiicovv oto docpévo query. Avtifeta n
teyvikn KeyValuePath omoutei tov axpipn mpocsdopiopd tov keyPath evtdoc tov JSON
Document, oto omoio Bpickovtal ot {ntoduevec TANPOPOPIES, TPOKEWEVOL VAL EIVaL TKOVY VO
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amavTosl PE oKpifelo oTo epdTNUO, GUVERMG yapaktnpioke o¢ “medium”. T Tig
teyvikég  MapReduce ot  NoMapReduce vopotelelokd omorteitor 1 vAomoinom
eEEIOIKEVUEVDV  TEYVIKOV TPOKEWEVOL Vo amavtioovy ota aggregated queries mov
VIOPAAAOLY 01 XPHOTEG Kot Yo TO AdY0 awtd yapaktnpiloviar and “high” “Eleidikeiuévy
Xpnon”. H omkn “Eleidikeouévo Aoyiouro” Oelyvel TIG OmOUTHOES EYKOTAGTAONG KoL
GULVTNPNOTG EMTAEOV AOYIGHIKOD GLYKPITIKA pe TV Legacy texvikn mpokelévov va yivel
petdfaon otig véeg teyvikég ovalimone. Me to “dvvardmyra Aggregation” ¢oivetor m
wovoTTa. TG KOBE TEYVIKNG OTNV €KTELEON (UEFNIES TOV OIOLTOLV TOV GLVASLOGHO
TANPOPOPIOG YO TNV TOPUY®YN omoteAecpdtov. Kabdg 10 mpoypoppatiotikd HoviéAo
MapReduce éxst dnuovpyndel edikd yio to oxomd ovtd, ot texvikés MapReduce ot
NoMapReduce eivor ekeiveg pe vymiég dvvatotnteg epappoyng aggregation queries. H
“Aopdlero” agopd oty gyybnon g SoInpnons Tov OSoUEVOV OKOUO Kol METE omd
aotoyioa tov kKOouPov mov ta datnpodv. Kabdg n MongoDB dwbétel evompotopévov
unxavicpovg yio to replication tv dedopévav, oTig TEXVIKES OV T0. dEGOUEVA d10TNPOVVTOL
anokAglotikd oe databases g MongoDB, dniadn ot texvikég EmbeddedXML,
KeyValueQueue, KeyValuePath, MapReduce kot NoMapReduce n aogpdieio tov dedopévaov
givon eyyonuévn. Avtifeta otig teyvikég Legacy kaw PathXML eivar oty gvyépelo tov
OYEOLOOTAOV TOV EPUPLOYDOV 1 LIOBETNOT KATOAANA®Y UNYOVIGU®OV OV VO EYYVAOVIOL TNV
STNPNOOTNTO TOV OEGOUEVMV GE TEPITTMOOT ACTOYIOC TOL GLGTANOTOC. [0 To Adyo aVTo
ot 800 avtég TEXVIKES YapakTnpiloviol “low” dcov apopd oTNY AGPAAE TV dESOUEVOV,
evdy ot vmoroweg “high”. H “Armouroduevy Kotdprion” deiyver tov amartodpevo Pabud
eowkeimong tov avBpdmivov duvapkov mov yewpiletol TG €QOPUOYES avalnTnong LE TO
EKAOTOTE AOYIGLIKO, TPOKELUEVOL VO, YPNCULOTOINGEL TIG TEXVIKEG TOV EEETAGTIKAY GO VTN
™ SWA®UOTIKY. ATO TNV avOALGN TOL TPONYOVUEVOL KEPOUANIOL TPOKLTTEL GAV GUECO
ovumépacpo g ot teyvikés MapReduce kot NoMapReduce yapaxtnpifovior omd Tig
UEYOADTEPEC OMOITNOEL, GE KATAPTION TMV CYESINOTAOV TOV EPUPUOYDV, TPOKEWEVOD VvV
npocpépovy aflomoteg vanpeciec. Télog 10 woppdtt “Emdooeis” oa@opd ot1o ypdvo
AmOKPLO™NG TNG KABE TEYVIKNG KOTA TNV EKTEAEST TNG AvallTNOTG.

8.4 Xvvelopopd g Authopatikne Epyaciog

H dwmhopatiky avty epyacio acyoAndnke pe v oavalimon aANpoeopidv oe
multimedia 3D apyeia pe Bdon to mepieyduevd toug. o v mapoyn EYKupmv amavINGEDOV
070, EpOTAUATA TOV VIOPAALOVY Ot ypNoTEG €lvar amapaitnm 1 peAétn tov metadata tov
apyeimv, MMAadn tov dedouEvev oV apopody 610 Tepleyduevo tov multimedia apysiov. H
avalnmnon extekeitol og ovTA Kol €MOTPEPOVTOL TO. ovopota tev 3D apyeiov mov
KOVOTol00v 10 doopévo query. Atakpivovtar 6vo tomor queries, avtd mov e€etdlovy Ta
metadata kot emIGTPEPOVY  HEUOVOUEVEG TANPOQEOPIES Yol OLTO KOl O OLTA 7OV
TPOYUATOTOLOVV EVOTIOINGT TOV SE0UEVOV Kot EToTPoPT| aggregated amoteleopdtov.

Ylonombnkav mévte teyvikég avalnTtnong Yo Tov Tp@TO TOTO queries. Amd avtég
ypnyopdtepn amokpion €xer n teyvikny KeyValuePath, eved aupéomg emduevn evaAloKTIKA
avadeiydnke n KeyValueQueue. T v vrofoAr, aggregation queries vAomomnkav 600
TEYVIKEG, Wio mov yprnowwomolel to. epyodeio g MongoDB  yw  epappoyn tov
TpoypauuaTiotikod poviédov MapReduce kor pio mov ypnoiluonolel TpocoupUOCUEVEG GTO
gpdnua Java classes. Amd ™V GUYKPLTIKY UEAETN TOLC SOMIGTOBNKE M VIEPOYN TNG
MapReduce teyvikng, Aoym tng ypniong Tov Pertictoromuévey epyaieiov g MongoDB kot
NG EVKOANG KAUAK®OONG TNG.

Amotelel ovTIKEIUEVO HEAMOVTIKNIG EPEVVNTIKNG EPYOGIOG 1) EMEKTACT] TOV TEXVIKMY TOV
avamtiynkav, Omog yio mapddstypo n avtopatn evnuépwon tmv collections mov diotnpodv
T dedopéva, pe elcaymyn véov metadata kot dtoypogn exeivav mov apopodv 6€ apyeio Tov
dev vrapyovv. Xe Oetikn katevBovvon Oo Ntav emiong N avdmtuén evog epyaAEiov aVTOUNTOV
evtomiopov keys mov avikovv oe Embedded JSONObject kot JSONArrays evog JSON
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Document tg MongoDB. Téte n teyvikn KeyValueQueue 6a propodoe vo aviikatactadsl
amd pio véa texvikn mov Oa dexdtav cav opiopa ta {ntovueva keys kor o eméotpepe pe
voPoin evog MongoDB Query ta ovopata tov 3D apyeiov mov dwbétouv ta {ntovpeva
key/value pairs. H amdkpion tng vEag avTng TEXVIKAG OVOUEVETAL VO Eival 1o e ovTh TG
texvikng KeyValuePath.
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[Tapaptnua A:
ITivakec ko I'pagpikec Ilapoaotacelc

Anotelecudtov  Avalntnong

Melétnc Search

Collection Id Transformations

Touéa

Technique
Legacy PathXML | EmbeddedXML | KeyValueQueue | KeyValuePath

NoCopies

1 35185 34747 34551 982 17
2 67828 68281 67319 1700 10
4 135319 134158 133944 1137 15
8 268999 269325 268924 2115 15
16 535303 529347 541019 2543 28
32 1162458 | 1055417 1072203 3052 37

IMivaxeg 38 Queryl Execution Time Results

Time Calculated

Total XML Parsing | Percent
NoCopies
1 34747 34572 99,50%
2 68281 68042 99,65%
4 134158 133937 99,84%
8 269325 268974 99,87%
16 529347 529088 99,95%
32 1055417 | 1054898 99,95%

Mivaxag 39 Queryl Execution and XML Parsing Time Results PathXML Technique

Time Calculated
Total XML Parsing | Percent
NoCopies
1 34551 34344 99,40%
2 67319 67108 99,69%
4 133944 133690 99,81%
8 268924 268562 99,87%
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16 541019 535527 98,98%
32 1072203 | 1071077 99,89%
IMivaxkag 40 Queryl Execution and XML Parsing Time Results Embedded XML Technique

Collection id Transformations
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Ewéva 34 Queryl All Techniques
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Ewéva 35 Queryl XML Techniques
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Execution Time (ms)

Collection id Transformations

3500
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[EnY

U/ U
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—&— KeyValuePath

16

32

NoCopies

Cylinder radius 0.5

Ewova 36 Queryl KeyValue Techniques

Technique
Legacy | PathXML | EmbeddedXML | KeyValueQueue | KeyValuePath
NoCopies
1 34614 35093 35336 768 16
2 67558 67447 69690 1271 13
4 134362 134771 141317 1709 19
8 267342 268925 264386 1874 25
16 531580 537066 532846 2301 22
32 1069899 1095527 1180849 4258 23
Mivaxkag 41 Query2 Execution Time Results
Time Calculated
Total XML Parsing | Percent
NoCopies

1 35093 34814 | 99,20%

2 67447 67359 | 99,87%

4 134771 134467 | 99,77%

8 268925 268576 | 99,87%

16 537066 536641 | 99,92%

32 1095527 1094768 | 99,93%

Mivaxag 42 Query2 Execution and XML Parsing Time Results Path XML Technique

Time Calculated
Total XML Parsing | Percent
NoCopies
1 35336 35030 | 99,13%
2 69690 69370 | 99,54%
4 141317 140764 | 99,61%
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8
16
32

264386
532846
1180849

263948 | 99,83%
531437 | 99,74%
1174044 | 99,42%

Mivaxkog 43 Query2 Execution and XML Parsing Time Results Embedded XML Technique
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(ms)

Execution Tim

4500
4000
3500

e
w
o
o
o

2500
2000
1500
1000

500

Cylinder radius 0.5

)}

[EnY

U] o
2 4

8 16 32

NoCopies

—o— KeyValueQueue

—&— KeyValuePath

meta name title

Ewova 39 Query2 KeyValue Techniques

Technique
Legacy | PathXML | EmbeddedXML | KeyValueQueue | KeyValuePath
NoCopies

1 34038 35045 35192 764 23

2 68460 68657 68426 1350 16

4 135090 135817 135666 1847 23

8 268506 268344 269217 1806 13

16 534062 537127 536810 2629 19

32 1072864 1069861 1071681 3832 25

MMivaxoeg 44 Query4 Execution Time Results

Time Calculated
Total XML Parsing | Percent
NoCopies

1 35045 34822 | 99,36%
2 68657 68509 | 99,78%
4 135817 135537 | 99,79%
8 268344 268060 | 99,89%
16 537127 536777 | 99,93%
32 1069861 1069446 | 99,96%

Mivaxag 45 Query4 Execution and XML Parsing Time Results PathXML Technique

Time Calculated
Total XML Parsing | Percent
NoCopies
1 35192 35024 | 99,52%
2 68426 68158 | 99,61%
4 135666 135217 | 99,67%
8 269217 268750 | 99,83%
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IMivaxkag 46 Query4 Execution and XML Parsing Time Results Embedded XML Technique
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meta name title
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Ewova 42 Query4 KeyValue Techniques

Transform DEF TRANS

Technique
Legacy | PathXML | EmbeddedXML | KeyValueQueue | KeyValuePath
NoCopies

1 34316 34430 35003 716 10

2 68175 67105 68019 1418 24

4 136066 134085 132583 1276 23

8 266897 266220 263374 2076 19

16 538448 534212 534213 7507 11

32 1071507 1070870 1064983 4123 11

MMivaxaeg 47 Query5 Execution Time Results

Time Calculated
Total XML Parsing | Percent
NoCopies

1 34430 34200 | 99,33%
2 67105 66820 | 99,58%
4 134085 133852 | 99,83%
8 266220 265933 | 99,89%
16 534212 533861 | 99,93%
32 1070870 1070595 | 99,97%

Mivaxag 48 Query5 Execution and XML Parsing Time Results PathXML Technique

Time Calculated
Total XML Parsing | Percent
NoCopies
1 35003 34794 | 99,40%
2 68019 67708 | 99,54%
4 132583 132363 | 99,83%
8 263374 263004 | 99,86%
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Mivaxkag 49 Query5 Execution and XML Parsing Time Results Embedded XML Technique
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Transform DEF TRANS
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Ewova 45 Query5 KeyValue Techniques

X3D Profile Immersive

Technique
Legacy | PathXML | EmbeddedXML | KeyValueQueue | KeyValuePath
NoCopies
1 35305 42063 34933 899 21
2 68630 83963 68230 1091 26
4 135504 159177 136272 1689 14
8 270664 268958 269768 1857 22
16 538061 537705 536885 2178 13
32 1117859 1076233 1069693 3412 22
MMivaxaeg 50 Query6 Execution Time Results
Time Calculated
Total XML Parsing | Percent
NoCopies

1 42063 41806 | 99,39%

2 83963 83679 | 99,66%

4 159177 159039 | 99,91%

8 268958 268626 | 99,88%

16 537705 537286 | 99,92%

32 1076233 1075874 | 99,97%

Mivaxag 51 Query6 Execution and XML Parsing Time Results PathXML Technique

Time Calculated
Total XML Parsing | Percent
NoCopies
1 34933 34820 | 99,68%
2 68230 68058 | 99,75%
4 136272 135864 | 99,70%
8 269768 269286 | 99,82%
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99,89%

IMivaxkag 52 Query6 Execution and XML Parsing Time Results Embedded XML Technique

X3D profile Immersive

1200000

1000000

i

800000

600000

400000

Execution Time (ms)

200000

0-—!!"_r

==

2

4 8 16
NoCopies

—o— Legacy

—— PathXML

—#A— EmbeddedXML
——KeyValueQueue

—¥— KeyValuePath

Ewéva 46 Query6 All Techniques

1200000

X3D profile Immersive

1000000

/

800000

600000

400000

Execution Time (ms)

200000

[any

4 8 16
NoCopies

32

—o— Legacy
—#— PathXML
—a— EmbeddedXML

Ewéva 47 Query6 XML Techniques

178




Execution Time (ms)

X3D profile Immersive
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[Tapaptnua B:

ITivaxkeg kot I'pagikeg [apaotaoelg
Anoterecudtov Avalnmonc Touéa
MeAétnc MapReduce

Scene “test case 1” Tree Structure
test case 1 room

wallpaper
test case 1 door
handle
lock
material
window
window
window
window
window
IMivakag 53 Scene *'test case 1" Tree Structure
Technique
MapReduce | NoMapReduce
NoCopies
1 856 267
2 1168 507
4 1087 333
8 569 589
16 1037 948
32 743 1126
64 1232 1550
128 1540 2048
256 1573 2989
512 2763 5154
1024 4514 23593

IMivexag 54 test case 1 MapReduce Query Execution Results
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test case 1
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Ewcovao 49 test case 1 MapReduce Query Techniques
test case 2

Scene “test case 2” Tree Structure

test case 2 machine
gear
bolt
base
1lid

IMivaxkag 55 Scene "'test case 2" Tree Structure

Technique
MapReduce | NoMapReduce
NoCopies
1 1119 362
2 747 460
4 1019 440
8 574 486
16 747 660
32 736 928
64 985 1488
128 787 1702
256 1655 2180
512 2004 3226
1024 3261 9799

IMivakag 56 test case 2 MapReduce Query Execution Results
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test case 2
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Ewcovae 50 test case 2 MapReduce Query Techniques
test case 4
Scene “test case 4” Tree Structure
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window

window
IMivexag 57 Scene "'test case 4" Tree Structure
Technique
MapReduce | NoMapReduce
NoCopies
1 638 184
2 503 694
4 1260 529
8 1216 1078
16 1255 817
32 835 1237
64 1381 1750
128 1980 2720
256 1467 4293
512 2714 5916
1024 6473 16439
IMivaxag 58 test case 4 MapReduce Query Execution Results
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Ewcovao 51 test case 4 MapReduce Query Techniques
test case 5

Scene “test case 5”

test case 5 room

Tree Structure
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wallpaper
test case 5 something
wallpaper
test case 5 door
handler
Lock
material
test case 5 something
wallpaper
test case 5 door
Handler
Lock
Material
test case 5 door
pomolo
kleidaria
yliko
window
test case 1 porta
handler
lock
material
window
window
window
window

IMivakag 59 Scene "'test case 5" Tree Structure

Technique
MapReduce | NoMapReduce
NoCopies

1 650 255

2 741 591

4 517 464

8 920 735

16 997 1159
32 930 1675
64 1058 1983
128 1736 2946
256 1999 3587
512 3183 6279
1024 5773 14104

IMivexag 60 test case 5 MapReduce Query Execution Results
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Execution Time (ms)

test case 5
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[Tapaptnuao I
Kwnowoag YAonoinong Teyvikov
Avalntong Touéa Mehétng Search

Legacy

SearchLegacy. java

package Legacy;

import common.*;

import java.io.File;

import java.io.FileWriter;
import java.io.IOException;
import org.jdom2.JDOMException;

public class SearchlLegacy {

String elementName;
String attributeName;
String attributeValue;

File resultsFile;

/*
* Scan mpeg7 folder for mpeg7 files.
Scan x3d folder for x3d files.
* Add mpeg7 and x3d files to a Files Array allFiles.
* Return allFiles.

*/
private File[] GetFiles(File mpeg7Folder, File x3dFolder) {

File[] mpeg7Files = null;
File[] x3dFiles = null;
File[] allFiles;

if (mpeg7Folder.exists () && x3dFolder.exists()) {
mpeg7Files = mpeg7Folder.listFiles (new FilterXMLFiles());
x3dFiles = x3dFolder.listFiles (new FilterX3DFiles()):;

}

allFiles = new File[mpeg7Files.length + x3dFiles.length];
int index=0;

for (int j=0; j<mpeg7Files.length; j++) {
allFiles[index] = mpeg7Files[]j];
index++;

}

for (int j=0; j<x3dFiles.length; j++) {
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allFiles[index] = x3dFiles([]j];
index++;

return allFiles;

}

/*
* Search files from File Array allFiles.
* Results written to resultsFile.

*/

private void SubmitQuery(File[] allFiles) throws IOException,
JDOMException {

boolean matchQuery;
String filePath;
File curFile;

for (int i1i=0; i<allFiles.length; i++) {
filePath = allFiles[i].getPath();

File xmlFile = new File(filePath);

NavigateXML navigate = new NavigateXML (elementName,
attributeName, attributeValue);

matchQuery = navigate.QueryXMLFile (xmlFile) ;

/*
* If query returns true write result to results file.

*/

if (matchQuery) {
curFile = new File(filePath);
try (FileWriter fileWriter = new FileWriter (resultsFile,

true)) {
fileWriter.write (new
ProcessFilename () .RemoveSuffix (curFile.getName ()) + "\n");
}
}
}

}

/*

* Get Files and Submit Query.

*/

public void Search(File mpeg7Folder, File x3dFolder) throws IOException,
JDOMException{

File[] allFiles = GetFiles (mpeg7Folder, x3dFolder);
SubmitQuery(allFiles);

}

/*

* Constructor

*/

public Searchlegacy(String elName, String atName, String atValue, String
path, String resultsFileName) throws IOException{

elementName = elName;

attributeName = atName;

attributevValue = atValue;

/*
* Results written to path + "Legacy\\results\\" folder.
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*/

String resultsSubPath = "Legacy\\";
File jsonSubFolder = new File(path + resultsSubPath);

if (!jsonSubFolder.exists())
jsonSubFolder.mkdir () ;

resultsSubPath = "Legacy\\results\\";
String resultsFolderPath = path + resultsSubPath;

File resultsFolder = new File(resultsFolderPath);

if (!resultsFolder.exists()) {
resultsFolder.mkdir () ;

* Compose name of results file.
* Each query creates its own file.
If a file with the same name exists, overwrite it.

*/

resultsFileName += ".txt";
String resultsFilePath = resultsFolderPath + resultsFileName;

resultsFile = new File(resultsFilePath);

if (!resultsFile.exists ()) {
resultsFile.createNewFile () ;
}
else{
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush();
}

PathXML

SearchPathXML. java

package PathXML;

import common.*;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import java.io.File;

import java.io.FileWriter;

import java.io.IOException;
import org.jdom2.JDOMException;

public class SearchPathXML {
String elementName;
String attributeName;
String attributeValue;
File resultsFile;

DBCollection collection;
DB db;

private void SubmitQuery (String filePath) throws JDOMException,
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IOException{

boolean matchQuery;
File xmlFile = new File(filePath);

NavigateXML navigate = new NavigateXML (elementName, attributeName,
attributeValue) ;
matchQuery = navigate.QueryXMLFile (xmlFile) ;

/*
* If query returns true write result to results file.
*/

if (matchQuery) {
File curFile = new File(filePath);
try (FileWriter fileWriter = new FileWriter (resultsFile, true)) {
fileWriter.write (new

ProcessFilename () .RemoveSuffix (curFile.getName ()) + "\n");
}
}

}
/*

* Get all documents of MongoDB collection "PathXML".

* Get value of keys "Mpeg7" and "X3D" - filepath of XML Description.

Submit Query to filepath.
*/

public void Search() throws IOException, JDOMException/{

String filePath;

DBCursor cursor = collection.find();
while (cursor.hasNext()) {
BasicDBObject nextDoc = (BasicDBObject) cursor.next();

if (nextDoc.containsField ("Mpeg7")) {
filePath = (String) nextDoc.get ("Mpeg7");
SubmitQuery (filePath);

}

if (nextDoc.containsField ("X3D")) {
filePath = (String) nextDoc.get ("X3D");
SubmitQuery (filePath);

}
/*

* Constructor

*/

public SearchPathXML (String elName, String atName, String atValue,
String path, String resultsFileName, DB database) throws IOException{
elementName = elName;
attributeName = atName;
attributevValue = atValue;

/*
* Results written to path + "PathXML\\results\\" folder.
*/

String resultsSubPath = "PathXML\\";

File jsonSubFolder = new File(path + resultsSubPath);

if (!jsonSubFolder.exists())
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jsonSubFolder.mkdir () ;

resultsSubPath = "PathXML\\results\\";
String resultsFolderPath = path + resultsSubPath;

File resultsFolder = new File(resultsFolderPath);

if (!resultsFolder.exists()) {
resultsFolder.mkdir () ;

* Compose name of results file.
* Each query creates its own file.
If a file with the same name exists, overwrite it.

*/

resultsFileName += ".txt";
String resultsFilePath = resultsFolderPath + resultsFileName;

resultsFile = new File(resultsFilePath);
if (!resultsFile.exists ()) {

resultsFile.createNewFile () ;

}

else{
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush();
}
}
String colName = "PathXML";

db = database;
collection = db.getCollection (colName) ;

EmbeddedXML

SearchEmbeddedXML. java

package EmbeddedXML;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import com.mongodb.Bytes;

import common.NavigateXML;

import java.io.File;

import java.io.FileWriter;

import java.io.IOException;
import org.jdom2.JDOMException;

public class SearchEmbeddedXML {

String elementName;
String attributeName;
String attributeValue;

File resultsFile;
DBCollection collection;
DB db;

private void SubmitQuery (String xmlString, String name) throws
JDOMException, IOExceptionf{
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boolean matchQuery;

NavigateXML navigate = new NavigateXML (elementName, attributeName,
attributeValue) ;
matchQuery = navigate.QueryXMLSrting(xmlString);

/*
* If query returns true write result to results file.

*/

if (matchQuery) {
try (FileWriter fileWriter = new FileWriter (resultsFile, true)) {
fileWriter.write (name + "\n");

* Get all documents of MongoDB collection "PathXML".
* Get value of keys "Mpeg7" and "X3D" (the XML Description as String).
Submit Query to value.

*/
public void Search() throws IOException, JDOMException/{

String xmlString;

* QUERYOPTION NOTIMEOUT is used so that the cursor doesn't timeout.
* Happens in large databases.
* Which one should be used?

*/

DBCursor cursor = collection.find() .addOption (new
Bytes () .QUERYOPTION_NOTIMEOUT) ;

while (cursor.hasNext()) {
BasicDBObject nextDoc = (BasicDBObject) cursor.next();

if (nextDoc.containsField ("Mpeg7")) {
xmlString = (String) nextDoc.get ("Mpeg7") ;
SubmitQuery (xmlString, nextDoc.getString ("name"));

}

if (nextDoc.containsField ("X3D")) {
xmlString = (String) nextDoc.get ("X3D");
SubmitQuery (xmlString, nextDoc.getString ("name"));

}
/*

* Constructor

*/

public SearchEmbeddedXML (String elName, String atName, String atValue,
String path, String resultsFileName, DB database) throws IOException{
elementName = elName;
attributeName = atName;
attributevValue = atValue;

/*
* Results written to path + "EmbeddedXML\\results\\" folder.
*/

String resultsSubPath = "EmbeddedXML\\";
File jsonSubFolder = new File(path + resultsSubPath);
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if (!jsonSubFolder.exists())
jsonSubFolder.mkdir () ;

resultsSubPath = "EmbeddedXML\\results\\";
String resultsFolderPath = path + resultsSubPath;

File resultsFolder = new File(resultsFolderPath);

if (!resultsFolder.exists()) {
resultsFolder.mkdir () ;

* Compose name of results file.
* Each query creates its own file.
If a file with the same name exists, overwrite it.

*/

resultsFileName += ".txt";
String resultsFilePath = resultsFolderPath + resultsFileName;

resultsFile = new File(resultsFilePath);
if (!resultsFile.exists ()) {

resultsFile.createNewFile () ;

}

else{
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush();
}
}
String colName = "EmbeddedXML";

db = database;
collection = db.getCollection (colName) ;

KeyValue

SearchKeyValueQueue. java

package KeyValue;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import java.io.File;

import java.io.FileWriter;
import java.io.IOException;
import java.util.LinkedList;
import java.util.Queue;

import org.json.JSONArray;
import org.json.JSONException;
import org.json.JSONObject;

public class SearchKeyValueQueue {
String elementName;
String attributeName;
Object attributeValue;

File resultsFile;
DBCollection collection;
DB db;
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Queue<JSONObject> myQueue = new LinkedList<>();

/
Gets a JSONObject. Takes all key/value pairs.

If key = attributeName checks the value.

If value is a String returns if value is equal to attributeValue.
If value is a JSONArray returns if it contains

a String equal to attributeValue.

/

L R I N

private boolean CheckForAttributeMatchJSONObject (JSONObject json) throws

JSONException{

JSONArray allKeys = json.names();
Object curValue;

for (int i1i=0; i<allKeys.length(); i++) {
if (allKeys.get (i) .equals (attributeName)) {

curValue = json.get (attributeName) ;

if (curValue.equals (attributevValue)) {
return true;

}

else if (curValue instanceof JSONArray) {
JSONArray arrayValues = (JSONArray) curValue;
for (int j=0; Jj<arrayValues.length(); Jj++) {

if( arrayValues.get(j) .equals (attributeValue)) {
return true;

}

}

return false;

* Takes a JSON Array.
* Returns if it contains a child JSON Object,
* with key = attributeName and value = attributeValue.

*/

private boolean CheckForAttributrMatchJSONArray (JSONArray jsonArray)
throws JSONException {

JSONObject childJSON;
for (int j=0; j<jsonArray.length(); j++){

if (jsonArray.get(j) instanceof JSONObject) {
childJSON = jsonArray.getJSONObject (j);

if (childJSON.has (attributeName)) {

if (childJSON.get (attributeName) .equals (attributeValue))

return true;
}
}

return false;

/*
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* Takes father JSON Object. Extracts child JSON Objects.
* Adds child JSON Objects to Queue.
*/

private void AddChildJSONObjsToQueue (JSONObject fatherJSON) throws
JSONException{

JSONObject childJSON;

String childKey;
Object childvValue;

JSONArray allKeys = fatherJSON.names () ;

for (int i1i=0; i<allKeys.length(); i++) {
childKey = (String) allKeys.get(i);
childValue = fatherJSON.get (childKey) ;

childJSON = new JSONObject () ;
childJSON.put (childKey, childvalue);

myQueue.add (childJSON) ;

/*

* Gets a JSONObject with one key/value pair where value is a JSONArray.
* Adds to Queue key/value pairs where key is the original key

* and values all values found in JSON Array.

*

* {"key" : [JSONObjectl, JSONObject2, JSONObject3]}

*

* New JSONObjects added to Queue

* {"key":JSONObjectl} , {"key":JSONObject2} and {"key":JSONObject3}

*/

private void AddChildJSONArrToQueue (JSONObject fatherJSON) throws
JSONException{

String key = (String) fatherJSON.names () .get (0);
JSONArray array = fatherJSON.getJSONArray (key) ;

JSONObject childJSON;
String childKey = key;
Object childvValue;

for (int i=0; i<array.length(); i++){
childValue = array.get(i);

childJSON = new JSONObject();
chi1dJSON.put (childKey, childvalue);

myQueue.add (childJSON) ;

Pulls all JSON Objects from Queue one at a time.

For each JSON Object gets key and value. If value

is a JSONObject or JSONArray, adds child JSONObjects to Queue.
If key = elementName and a match hasn't been found yet,

checks the value for a match.

* % X X ok % X

private boolean SearchQueue () throws JSONException{

JSONObject json;
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String key;
Object value;

boolean found = false;

while (!myQueue.isEmpty ()) {
json = myQueue.poll();

key = (String) json.names () .get (0);
value = json.get (key);

if (value instanceof JSONObject )
AddChildJSONObjsToQueue ( (JSONObject) wvalue);

else if (value instanceof JSONArray)
AddChildJSONArrToQueue (json) ;

if ((key.equalsIgnoreCase (elementName)) && (found == false)) {

if (value instanceof JSONArray) {
found = CheckForAttributrMatchJSONArray ( (JSONArray)

value) ;
if (found == true) {
myQueue.clear () ;
return true;
}
}
else if (value instanceof JSONObject) {
found = CheckForAttributeMatchJSONObject ( (JSONObject)
value) ;

if (found == true) {
myQueue.clear () ;
return true;

}
}

return false;

}

private void SubmitQuery (JSONObject json) throws IOException,

JSONException{
boolean matchQuery;

AddChildJSONObjsToQueue (json) ;
matchQuery = SearchQueue () ;

/*
* If query returns true write result to results file.
*/
if (matchQuery) {
try (FileWriter fileWriter = new FileWriter (resultsFile, true)) {
fileWriter.write (json.getString ("name") + "\n");

}

}

public void Search() throws JSONException, IOException({
DBCursor cursor = collection.find();

while (cursor.hasNext()) {
BasicDBObject nextDoc = (BasicDBObject) cursor.next();

JSONObject jDoc = new JSONObject (nextDoc.toString());

SubmitQuery (jDoc) ;
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}
/*

* Constructor

*/

public SearchKeyValueQueue (String elName, String atName, Object atValue,
String path, String resultsFileName, DB database) throws IOException{
elementName = elName;
attributeName = atName;
attributevValue = atValue;

/*
* Results written to path + "KeyValuel\results\\Queue\\" folder.
*/

String resultsSubPath = "KeyValue\\";

File jsonSubFolder = new File(path + resultsSubPath);

if (!jsonSubFolder.exists())
jsonSubFolder.mkdir () ;

resultsSubPath = "KeyValue\\results\\";
jsonSubFolder = new File(path + resultsSubPath);

if (!jsonSubFolder.exists())
jsonSubFolder.mkdir () ;

resultsSubPath = "KeyValue\\results\\Queue\\";
String resultsFolderPath = path + resultsSubPath;

File resultsFolder = new File(resultsFolderPath);

if (!resultsFolder.exists ()) {
resultsFolder.mkdir () ;

* Compose name of results file.
* Each query creates its own file.
If a file with the same name exists, overwrite it.

*/

resultsFileName += ".txt";
String resultsFilePath = resultsFolderPath + resultsFileName;

resultsFile = new File(resultsFilePath);
if (!resultsFile.exists ()) {

resultsFile.createNewFile () ;

}

else{
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush():;
}
}
String colName = "KeyValue";

db = database;
collection = db.getCollection (colName) ;

SearchKeyValuePath. java

package KeyValue;

import com.mongodb.BasicDBObject;
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import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import java.io.File;

import java.io.FileWriter;
import java.io.IOException;
import org.json.JSONException;

public class SearchKeyValuePath {
File resultsFile;
DBCollection collection;
DB db;
BasicDBObject query;

public void Search() throws JSONException, IOException({

DBCursor cursor = collection.find(query);
while (cursor.hasNext ()) {
BasicDBObject nextDoc = (BasicDBObject) cursor.next();

try (FileWriter fileWriter = new FileWriter (resultsFile, true)) {
fileWriter.write (nextDoc.get ("name") + "\n");

}
/*

* Constructor

*/

public SearchKeyValuePath (String path, String resultsFileName, DB
database, BasicDBObject gry) throws IOException{

/*
* Results written to path + "KeyValuel\results\\Path\\" folder.
*/

String resultsSubPath = "KeyValue\\";

File jsonSubFolder = new File(path + resultsSubPath);

if (!jsonSubFolder.exists())
jsonSubFolder.mkdir () ;

resultsSubPath = "KeyValue\\results\\";
jsonSubFolder = new File(path + resultsSubPath);

if (!jsonSubFolder.exists())
jsonSubFolder.mkdir () ;

resultsSubPath = "KeyValuel\results\\Path\\";
String resultsFolderPath = path + resultsSubPath;

File resultsFolder = new File(resultsFolderPath);

if (!resultsFolder.exists ()) {
resultsFolder.mkdir () ;

* Compose name of results file.
* Each query creates its own file.
If a file with the same name exists, overwrite it.

*/

resultsFileName += ".txt";
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String resultsFilePath = resultsFolderPath + resultsFileName;
resultsFile = new File(resultsFilePath);
if(!resultsFile.exists ()) {

resultsFile.createNewFile () ;

}

else{
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush();
}
}
String colName = "KeyValue";

db = database;
collection = db.getCollection (colName) ;

query = qry;

common

NavigateXML. java

package common;

import java.io.File;

import java.io.IOException;

import java.io.StringReader;

import java.util.List;

import org.jdom2.Document;

import org.jdom2.Element;

import org.jdom2.Attribute;

import org.jdom2.JDOMException;

import org.jdom2.filter.ElementFilter;
import org.jdom2.input.SAXBuilder;
import org.jdom2.util.IteratorIterable;
import org.xml.sax.InputSource;

public class NavigateXML {

String elementName;
String attributeName;
String attributeValue;

/*
* Navigate through the xml file specified in filePath.
* Look for elements with name = "elementName",
* attribute = "attirbuteName" and attribute value = "attributeValue".
* If such element exists returns true, else false.
*/

private boolean SubmitQueryInXMLFiles (Document doc) throws
JDOMException, IOException{

String curAttributeName;
String curAttributeValue;

/*
* Get root element.
*/

Element root = doc.getRootElement () ;

/*
* Check root node for match.

*/
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if (root.getName () .equals (elementName) )
if (root.getAttributeValue (attributeName) .equals (attributeValue))
return true;

/*
* Get all Descendants of root (all elements)

* with element name = elementName.
*/ -

IteratorIterable<Element> allNodes = root.getDescendants (new

ElementFilter (elementName) ) ;
while (allNodes.hasNext ()) {
Element curNode = allNodes.next ();

/*
* Get all attributes of filtered elements and check if
* same with given attributeName and attributeValue.

*/

List<Attribute> allAttributes = curNode.getAttributes();
for(int i=0; i<allAttributes.size(); i++) {

curAttributeName = allAttributes.get (i) .getName () ;
curAttributeValue = allAttributes.get (i) .getValue();

if ((attributeName.equals (curAttributeName)) &&
(attributeValue.equals (curAttributeValue)))
return true;
}
}

return false;

}

public boolean QueryXMLSrting (String xmlString) throws JDOMException,
IOException{

InputSource xmlFile = new InputSource (new StringReader (xmlString));

/*
* Builds a JDOM Document using a SAX Parser.

*/

Document doc;
SAXBuilder saxBuilder = new SAXBuilder () :;
doc = saxBuilder.build(xmlFile);

return SubmitQueryInXMLFiles (doc);
}

public boolean QueryXMLFile (File xmlFile) throws JDOMException,
IOException{

/*
* Builds a JDOM Document using a SAX Parser.
*/

Document doc;

SAXBuilder saxBuilder = new SAXBuilder () :;

doc = saxBuilder.build(xmlFile);

return SubmitQueryInXMLFiles (doc);
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public NavigateXML (String elName, String atName, String atValue) {
elementName = elName;
attributeName = atName;
attributevValue = atValue;

FilterX3DFiles. java

package common;

import java.io.File;
import java.io.FileFilter;

/*
* Allows only files that end with ".x3d" or ".X3D"
*/

public class FilterX3DFiles implements FileFilter{

@Override
public boolean accept (File pathName) ({

if (pathName.toString() .endsWith (".x3d") ||
pathName.toString () .endsWith (" .X3D")) {
return true;

}

return false;

FilterXMLFiles. java

package common;

import java.io.File;
import java.io.FileFilter;

/*
* Allows only files that end with ".xml" or ".XML"
*/

public class FilterXMLFiles implements FileFilter{

@Override
public boolean accept (File pathName) {

if (pathName.toString() .endsWith (".xml") ||
pathName.toString () .endsWith (" .XML")) {
return true;

}

return false;

ProcessFilename. java

package common;

public class ProcessFilename ({
/*
* Remove extention from given filename.
* "foo.txt" -> "foo"

*/
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public String RemoveSuffix (String fileName) {
String newFileName;
int suffix = fileName.lastIndexOf (".");

newFileName = fileName.substring (0, suffix);

return newFileName;

}
/*

* Return extention from given filename.
* "foo.txt" -> ".txt"
*/

public String GetSuffix (String fileName) {
String suffix;

int index = fileName.lastIndexOf(".");
suffix = fileName.substring (index) ;

return suffix;
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MapReduce

MapReduce. java

package MapReduce;

import com.mongodb.BasicDBList;
import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;

import com.mongodb.DBObject;

import com.mongodb.MapReduceCommand;
import com.mongodb.MapReduceOutput;
import com.mongodb.MongoClient;
import common.WriteResult;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.FileWriter;

import java.io.IOException;

import java.net.UnknownHostException;
import java.util.Scanner;

public class MapReduce {

File resultsFile;
String pathOfRes;
String pathOfFunctions;

/*
* Create resultsFile with path = "pathOfRes".
* If resultFile exists, flush it.

*/

private void CreateResultsFile () throws IOException/{
resultsFile = new File (pathOfRes);
if (!resultsFile.exists ()) {
resultsFile.createNewFile () ;
}
else(
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush();
}
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}
/*

* Convert inFile into a String. Return String.

*/

private String GetFunctionString(File inFile) throws
FileNotFoundException{

String functionString;

Scanner jsonContent = new Scanner (inFile);
functionString = jsonContent.useDelimiter ("\\Z") .next ();

return functionString;

* Query documents in "MapReduce" collection.

* Select those that contain "child" and "count" fields.

* If count of at least one document is greater that O,
repeat = true. Else repeat = false.

*/
private boolean Done (DBCollection col) {
boolean repeat = false;

BasicDBObject query = new BasicDBObject ("value.child", new
BasicDBObject ("S$exists", true));
query.put ("value.count", new BasicDBObject ("$exists", true));

DBCursor cursor = col.find(query);
BasicDBObject nextDoc;
Object count;

while ((cursor.hasNext ()) && (repeat == false)) {
nextDoc = (BasicDBObject) cursor.next();

count = ((DBObject)nextDoc.get ("value")) .get ("count");

if ((double) count != 0){
repeat = true;
}
}

return repeat;

Query all docs in "MapReduce" collection.
Select fields "whole", "color" and "names".
Sort them by field "whole" in descending order.
Write to resultsFile with filePath = "pathRes"
those with max value "whole".

% ok X ok ok %

private void QueryOutput (DBCollection col) throws IOException({
Object cur whole, color, max, names;
BasicDBList listNames;

CreateResultsFile();

BasicDBObject allDocs = new BasicDBObject () ;
BasicDBObject fields = new BasicDBObject () ;
fields.put ("value.whole", 1);

fields.put ("value.color", 1);
fields.put ("value.names", 1);
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BasicDBObject orderBy = new BasicDBObject () ;
orderBy.put ("value.whole",-1);

DBCursor cursor = col.find(allDocs, fields) .sort (orderBy);
BasicDBObject nextDoc;

if (cursor.hasNext ()) {
nextDoc = (BasicDBObject) cursor.next();
max = ((DBObject)nextDoc.get ("value")) .get ("whole");
color = ((DBObject)nextDoc.get ("value")).get("color");
names = ((DBObject)nextDoc.get ("value")) .get ("names");

try (FileWriter fileWriter = new FileWriter (resultsFile, true))

fileWriter.write ("Dominant Color : " + color + " covering "
+ max + "% of Image. Objects : ");
if (names instanceof BasicDBList) {
listNames = (BasicDBList) names;
for (int 1=0; i< ((listNames.size()) - 1); i++){
fileWriter.write((String) listNames.get (i) + ", ");
}
fileWriter.write ((String)
listNames.get ((listNames.size() - 1)) + "\n");
}
else{
fileWriter.write (names.toString() + "\n");
}
}
while (cursor.hasNext()) {
nextDoc = (BasicDBObject) cursor.next();
cur whole = ( (DBObject)nextDoc.get ("value")) .get ("whole") ;
color = ((DBObject)nextDoc.get ("value")) .get("color");
names = ((DBObject)nextDoc.get ("value")) .get ("names");
if ((double)cur whole == (double)max) {
try (FileWriter fileWriter = new FileWriter (resultsFile,
true)) {
fileWriter.write ("Dominant Color : " + color + "
covering " + max + "% of Image. Objects : ");
if (names instanceof BasicDBList) {
listNames = (BasicDBList) names;
for(int i=0; i< ((listNames.size())-1); i++){
fileWriter.write ((String) listNames.get (i) + ",
")
}
fileWriter.write ((String)
listNames.get (listNames.size() - 1) + "\n");
}
else{
fileWriter.write (names.toString() + "\n");
}
}
}
else{
break;
}
}
}
}
/*

* Define map and reduce functions for FirstMapReduce.
* Replace data of "MapReduce" collection with results.

205




* First MapReduce is called to extract root objects
* of "KeyValue" collection.
* root objects are NOT leafs and are NOT children of any other object.

*/

private DBCollection FirstMapReduce (String inputColString, String
outputColString, DB db) throws FileNotFoundException, IOException{

// input collection

DBCollection input collection = db.getCollection (inputColString);
// output collection

String mapReduceColString = outputColString;

DBCollection result collection;

// Create map String to be used as map function.
File mapFile = new File(pathOfFunctions + "Mapl FindFather.js");
String map = GetFunctionString (mapFile);

// Create reduce String to be used as reduce function.
File reduceFile = new File(pathOfFunctions+"Reducel FindFather.js");
String reduce = GetFunctionString (reduceFile);

// Build MapReduce command. Results will REPLACE previous data of
output collection.

MapReduceCommand cmd = new MapReduceCommand (input collection, map,
reduce,

mapReduceColString,

MapReduceCommand.OutputType.REPLACE, null);

// Call MapReduce. Input from "KeyValue" collection,

// output to "MapReduce" collection,

// using "Mapl FindFather" and "Reducel FindFather" functions.

MapReduceOutput callMapReduce = input collection.mapReduce (cmd) ;

result collection = callMapReduce.getOutputCollection();

return result collection;

/*
* Define map and reduce functions for SecondMapReduce.
* Merge results with data from "MapReduce" collection.
* Second MapReduce is used to cross one layer of the trees at a time.
* Each time objects of current layer submit their children
* updating their "count" and "cur view" fields.
* If at least one child BUT NOT LEAF object has count > 0,
* SecondMapReduce will be called, examining next layer of the trees.
*

private DBCollection SecondMapReduce (String col, DB db) throws
FileNotFoundException, IOException({

// input collection same as output collection

DBCollection input collection = db.getCollection(col);

String outputCol = col;

DBCollection result collection;

// Create map String to be used as map function.

File mapFile = new File(pathOfFunctions + "Map2 CrossTree.js");
String map = GetFunctionString (mapFile);

// Create reduce String to be used as reduce function.

File reduceFile = new File(pathOfFunctions+"Reduce2 CrossTree.js");
String reduce = GetFunctionString (reduceFile);

// Build MapReduce command.
// Results will be MERGED with previous data of output collection.
MapReduceCommand cmd = new MapReduceCommand (input collection, map,
reduce,
outputCol, MapReduceCommand.OutputType.MERGE, null);

// Call MapReduce. Input from "MapReduce" collection,
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// output to "MapReduce" collection,
// using "Map2 CrossTree" and "Reduce2 CrossTree" functions.
result collection =

input collection.mapReduce (cmd) .getOutputCollection();

return (result collection);

* Define map and reduce functions for FinalMapReduce.
* Replace data of "MapReduce" collection with results.
* Final MapReduce is called to calculate

the "whole" field of all leaf objects.
*/

private DBCollection FinalMapReduce (String col, DB db) throws
FileNotFoundException, IOException({

// input collection same as output collection
DBCollection input collection = db.getCollection(col);
String outputColString = col;

DBCollection result collection;

// Create map String to be used as map function.
File mapFile = new File(pathOfFunctions + "Map3 CalcResult.js");
String map = GetFunctionString (mapFile) ;

// Create reduce String to be used as reduce function.
File reduceFile = new File(pathOfFunctions+"Reduce3 CalcResult.js");
String reduce = GetFunctionString (reduceFile);

// Build MapReduce command. Results will REPLACE
// previous data of output collection.
MapReduceCommand cmd = new MapReduceCommand (input collection, map,
reduce,
outputColString, MapReduceCommand.OutputType.REPLACE,
null) ;

// Call MapReduce. Input from "MapReduce" collection,
// output to "MapReduce" collection,
// using "Map3 CalcResult" and "Reduce3 CalcResult" functions.
result collection =
input collection.mapReduce (cmd) .getOutputCollection();

return (result_collection);

/*
* Calls FirstMapReduce.

* Input Collection is "KeyValue", Output Collection is "MapReduce".
* Calls SecondMapReduce until all layers of trees are accessed.

* Input Collection is "MapReduce", Output Collection is "MapReduce".
* Results are MERGED.

* Calls FinalMapReduce. Input Collection is "MapReduce",

* Qutput Collection is "MapReduce". Results are REPLACED.

* Calls QueryOutput to extract max values of "MapReduce" collection.
* Results written to file with filePath = pathOfRes.

*

private void CallMapReduce (DB db) throws IOExceptionf{

String inputColString = "KeyValue";
String mapReduceColString = "MapReduce";

DBCollection result collection;

result collection = FirstMapReduce (inputColString,
mapReduceColString, db);
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// use repeat to determine if SecondMapReduce should be recalled.
boolean repeat;

// Call SecondMapReduce.
result_collection = SecondMapReduce (mapReduceColString, db);
repeat = Done(result collection);
while (repeat == true) {
result collection = SecondMapReduce (mapReduceColString,db);
repeat = Done(result_collection);

}

// Call FinalMapReduce.

result collection = FinalMapReduce (mapReduceColString, db);
// Call QueryOutput.

QueryOutput (result collection);

}
/*

* Create files to write results and duration.
* Call CallMapReduce method.
*/

public void MapReduce (String demo, String times) throws
UnknownHostException, IOException{
long startTime, endTime, duration;
WriteResult writeResult = new WriteResult () ;

// Path of Project data.
String bigPath =
"C:\\Users\\Administrator\\Documents\\NetBeansProjects\\";

// Path of Map/Reduce functions.

pathOfFunctions =
"C:\\Users\\Administrator\\Documents\\NetBeansProjects\\Project\\src\\MapRed
uce\\";

// Path of MapReduce Data.
String dataPath = bigPath + "MapReduceData\\";

// Subpath to write results (answers) of MapReduce.
String resultsSubPath = dataPath + "Results\\";

File tempFolder = new File(resultsSubPath);
// Check if "Results" folder exists.
if (!tempFolder.exists())
tempFolder.mkdir () ;
resultsSubPath += "MapReduce\\";
tempFolder = new File(resultsSubPath);
// Check if "Results" folder exists.
if (!tempFolder.exists())
tempFolder.mkdir () ;
// Build path to write results (answers) of MapReduce.
pathOfRes = resultsSubPath + "demo" + demo + " application x" +
times + ".txt";
// Check if "Duration" folder exists.
String durationSubPath = bigPath + "Duration\\";
tempFolder = new File (durationSubPath);

if (!tempFolder.exists())
tempFolder.mkdir () ;

// Check if "Duration//MapReduce" folder exists.
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String durationQueryPath = bigPath + "Duration\\MapReduce\\";
tempFolder = new File (durationQueryPath) ;

if (!tempFolder.exists())
tempFolder.mkdir () ;

// Path to write the duration of the MapReduce call.
String durationQueryFilePath;

// File to write the duration of the MapReduce call.
File durationFile;

String dbName = "demo" + demo + "x" + times;

MongoClient mongoClient = new MongoClient ("localhost", 27017);
DB db = mongoClient.getDB (dbName) ;

startTime = System.currentTimeMillis();
CallMapReduce (db) ;

endTime = System.currentTimeMillis();
duration = (endTime - startTime) ;

durationQueryFilePath = durationQueryPath + "MapReduce demo" + demo
+ ".otxt";
durationFile = new File (durationQueryFilePath);

writeResult.WriteResult (duration, times, durationFile);

mongoClient.close () ;

Mapl FindFather.js

// Purpose of map function is to find the root JSON documents.
// Only JSON documents that have children will have count = 1
// and is_child = 0.

// Children objects, nodes that are not root and leafs,

// will have count = 0 and is_child = 1.

function mapl FindFather () {

// whole name = "real name - Copy ",

// For this application we want only "real name".

var whole name = this.name;

// Split the String at " " and create an array of subStrings.

var name of strings = whole name.split (" ");
// Extract real name.
var real name = name of strings[0];

// "depth x" is used to visit embedded JSON documents.
// For JSON documents that are NOT leaf Objects.
var depth 1 = this.Mpeg7.Description;
if (depth 1) {
for (var 1i=0; i<depth 1.length; i++) {
var depth 2 = depth 1[i].MultimediaContent;
if (depth_2) {
var depth 3 = depth 2.StructuredCollection;
if (depth 3){
var depth 4 = depth 3.Collection;
if (depth_4) {
for (var i1i=0; i<depth 4.length; i++) {
var element = depth 4[i];
var element id = element.id;
if (element id == "Textures") {
var depth 5 = element.ContentCollection;
if (depth 5) {
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// Create an array, where children
// of examined JSON document will
// be stored.

var children = [];

for (var j=0; j<depth 5.length; j++){
// Take value of "depth 5[Jj].
// Content.Multimedia.MediaLocator.
// MediaUri" where the building
// (child) objects are stored.
var values string =
depth 5[j].Content.Multimedia.
Medialocator.MediaUri;
// Remove \" from the String.
var newString =
values string.replace(/\"/g, "");
// Split the String at " "
// and create an array of subStrings
var array of strings =
newString.split (" ");

// Extract name of child object.
var only name =
array of strings[0].indexOf (".xml");
var temp name =
array of strings([O0].
substring (0, only name);

// Extract size of child object.
var only num =
array of strings[1].
indexOf ("&") ;
var temp size =
parselnt (array of strings[1l].
substring(0,only num));
temp size /= 100;

// Extract visible of child object.
only num = array of strings[2].
indexOf ("%") ;
var temp visible =
parselnt (array of strings[2].
substring (0, only num));
temp visible /= 100;

// Calculate view of child object
// with only two decimal places.
var temp view = Math.round(
(temp_size * temp visible) *
Math.pow (10, 2)
) / Math.pow(10,2);

// Create value of child object.
// To separate from root object
// add field is child = 1.
var value = {
cur view : 0,
count : O,
is child : 1
bi
// Emit child object.
emit (temp name, value);

// Create cur_child.
// It contains the name of the
// child object and the temp view.
var cur_child = {
name : temp name,
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cur view : temp view
i
// Add cur_child to children array.
children.push (cur child);

// Create father object.
// Contains an array of child objects,
// is_child = 0, since it is a father,
// and count = 1.
// count = 1 is added to determine how
// many root objects exist in
// collection.
// In the reduce phase objects
// who are NOT root objects will be
// assigned with count = 0.
var allChildren = {
child : children,
is child : O,
count : 1
}i
// Emit father object.
emit (real name, allChildren);

}
// For JSON documents that are leaf Objects.
else {
// Extract normalizedForm of examined JSON document.
var only num = this.Mpeg7.normalizedForm.indexOf ("%");
var temp norm =
parselnt (this.Mpeg7.normalizedForm.substring(0,only num));

// Extract r,g,b values of examined JSON document.
var temp r = parselnt (this.Mpeg7.color.red);

var temp g = parselnt (this.Mpeg7.color.green);

var temp b = parselnt (this.Mpeg7.color.blue);

// Build value to be emitted.

// Contains norma and r,g,b values. count = 0,
// since examined document is leaf.
var value = {
cur view : O,
norma : temp norm,
count : O,
color : {
r : temp r,
g : temp_g,
b : temp b

}
}s

emit (real name, value);

' Reducel FindFather.js

// Purpose of reduce function is to find root JSON documents.

// Adds up all "is child" values. If root object all "is child" will be 0.
// If child element at least one "is child" will be 1.

// For root objects sum is child = 0, for NOT root objects sum is child > O.
// Adds up all "count" values to determine number of occurrence of examined
// object. Since we only want root objects to have count > O,
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// to start crossing the trees, if sum_is_child > 0, reduceVal.count = 0.

function reducel FindFather (keys,values) {

reduceVal = {
cur view : 0,
count : O,

is child : 0
b

for (var i=0; i<values.length; i++) {
// Sum "is child" values.
if (values[i].is_child) {
reduceVal.is child += values[i].is child;

}

// Sum "cur view" values.
if (values[i].cur view) {
reduceVal.cur view += values[i].cur view;

}

// Sum "count" values.
if (values[1i].count) {
reduceVal.count += values[i].count;

}

// If objects has children, add child array.
if (values[i].child) {
reduceVal.child = values([i].child;

}

// If object is a leaf add "norma" and "color" attributes.
if (values[1i] .norma) {
reduceVal.norma = values[i].norma;

reduceVal.color = {
r : 0,
g : 0,
b :0

i

reduceVal.color.r = values([i].color.r;

reduceVal.color. values[i] .color.g;
reduceVal.color. values[i] .color.b;

O Q
Il

}

// Update reduceVal.cur view to have only two decimal places.
reduceVal.cur view = Math.round((reduceVal.cur view) *
Math.pow (10,2)) /Math.pow (10, 2) ;

// If examined object is child, reduceVal.count = 0.
if (reduceval.is child != 0){
reduceVal.count = 0;

}

return reduceVal;

Map2 CrossTree.js

// Purpose of map function is to cross tree.
function map2 CrossTree () {
var hasChild = this.value.child;

var norma = this.value.norma;
var count = this.value.count;
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// 1If examined object is NOT a leaf, it has children, procceed.
if (hasChild) {

// Array of child objects.

var children = this.value.child;

// If count > 0, occurrence of examined object > 0,

// emit count times all child objects.

if (count != 0){
for (var j=0; j<children.length; j++) {
var child name = children[j].name;
var value = {
cur view : 0

b

value.cur view = children[j].cur view * count;
value.count = count;
emit (child name, value);
}
}

// Also emit examined object, to maintain child array.

var new value = ({
cur view : 0,
count : O

b

new value.child = children;
emit (this. id, new value);

}

// If examined object is leaf, emit it.
if (norma) {
emit (this. id, this.value);

}

. Reduce2 CrossTree.js |

// Purpose of reduce function id to sum up values of emitted objects.
function reduce2 CrossTree (keys,values) {

reduceVal = {
cur view : 0,
count : O

i

for (var i=0; i<values.length; i++) {
// Sum "cur view" values.
if (values[i].cur_view) {
reduceVal.cur view += values[i].cur view;

}

// Sum "count" values.
if (values[i].count) {
reduceVal.count += values[i].count;

}

// If objects has children, add child array.
if (values[i].child) {
reduceVal.child = values([i].child;

}

// If object is a leaf add "norma" and "color" attributes.
if (values[i] .norma) {
reduceVal.norma = values([i].norma;
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reduceVal.color = {

r : 0,
g : 0,
b :0

b7

reduceVal.color.r = values[i].color.r;
reduceVal.color. values|[i] .color.g;
reduceVal.color. values[i].color.b;

o Q

}

return reduceVal;

Map3 CalcResult.]js

// Purpose of map function is
// whole = cur view * norma

function map3 CalcResult () {
var norma = this.value.norma;

// If examined object is a leaf, it has norma, procceed.
if (norma) {

var new el = {
whole 0,
color {
r : 0,
g 0,
b 0
}
i
new _el.names = this. id;

// Calculate whole, with only two decimal places.
new el.whole = Math.round(
(this.value.cur view * this.value.norma) * 10)/10;

// Add color attribute.

new _el.color.r = this.value.color.r;
new el.color.g = this.value.color.g;
new_el.color.b = this.value.color.b;

// id is the color of the examined JSON.
var id = "red: " + this.value.color.r + " green: " +
this.value.color.g + " blue: " + this.value.color.b;

// Emit leaf object.
emit (id, new _el);

Reduce3 CalcResult.js

// Purpose of reduce function is to return total view of colors
// Each key represents a color found in the image.

// For all colors add up "whole" values and

// an array "names" of child Objects with this color.

function reduce3 CalcResult (keys,values) {
reduceVal =

{
whole : 0,
color {
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var allNames [1;

for (var i=0; i<values.length; i++) {
allNames.push (values[i] .names) ;
reduceVal.whole += values[i].whole;
reduceVal.color.r = values[i].color.r;
reduceVal.color.g = values([i].color.g;
reduceVal.color.b = values[i].color.b;

reduceVal.names = allNames;

return reduceVal;

NoMapReduce

NoMapReduce. java

package MapReduce;

import com.mongodb.BasicDBList;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import com.mongodb.DBObject;
import com.mongodb.MongoClient;
import common.WriteResult;
import java.io.File;

import java.io.FileWriter;
import java.io.IOException;
import java.net.UnknownHostException;
import java.util.Collections;
import java.util.Comparator;
import java.util.HashMap;

import java.util.Iterator;
import java.util.LinkedHashMap;
import java.util.LinkedList;
import java.util.List;

import java.util.Map;

import java.util.Queue;

import java.util.Set;

import java.util.concurrent.LinkedBlockingDeque;
import org.Jjson.JSONArray;
import org.json.JSONException;
import org.json.JSONObject;

public class NoMapReduce {
File resultsFile;
String pathOfRes;
String pathOfFunctions;

HashMap<String, JSONObject> hm;
HashMap<String, JSONObject> hmColor;
HashMap<String, Double> hmSmall;

Map sortedMap;
LinkedBlockingDeque<JSONObject> myQueue;

/*
* Create resultsFile with path = "pathOfRes".
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* If resultFile exists, flush it.

*/

private void CreateResultsFile () throws IOException({
resultsFile = new File (pathOfRes);
if (!resultsFile.exists()) {
resultsFile.createNewFile () ;
}
else{
try (FileWriter fileWriter = new FileWriter (resultsFile)) {
fileWriter.flush();
}

}

private void PrintHashTable (HashMap hashMap) {
// Get hashmap in Set interface to get key and value
Set s = hashMap.entrySet () ;

// Move next key and value of HashMap by iterator
Iterator it = s.iterator();

while (it.hasNext ())

{
// key=value separator this by Map.Entry to get key and value
Map.Entry m = (Map.Entry) it.next();

// getKey is used to get key of HashMap
String key = (String) m.getKey () .toString() ;

// getValue is used to get value of key in HashMap
Object value=(Object)m.getValue() ;

System.out.println ("Key :"+key);
System.out.println ("value :"+value);

/*

* HashTable hmColor has key/value pairs with key

* the names of colors found in picture

* and value a JSON Object with fields "whole" and "names"

* where "whole" is the participation of color in the picture
* and "names" a JSON Array with the names of the leaf objects
* that construct the color.

*/

private void AddToHashTableColor (String colorString, String name, double
whole, JSONObject color) throws JSONException{

JSONObject json = new JSONObject () ;
double prev whole, new whole;

if (hmColor.containsKey (colorString)) {
json = hmColor.get (colorString) ;

prev_whole = json.getDouble ("whole");
new whole = prev whole + whole;
json.put ("whole", new whole);

json.append ("names", name) ;
}
else{
json.put ("whole", whole);
json.append ("names", name) ;

json.put ("color", color);
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hmColor.put (colorString, json);

}
/*

* key/value pairs with key all colors of the picture
* and value whole participation of the color in the picture.

*/

private void AddToHashTableSmall (String colorString, String name, double
whole, JSONObject color) throws JSONException{

double prev _whole;

if (hmSmall.containsKey (colorString)) {
prev _whole = hmSmall.get (colorString) ;
whole += prev whole;

}

hmSmall.put (colorString, whole);

HashTable hm has key/value pairs with key the name of root,

child and leaf objects found in image examined,

and value a JSON Object with fields "count", "is child",

"cur view", "visited" and "child".

root objects have count > 0, is child = 0

and child a JSON Array with the children of root objects.

child objects have count = 0, is child =1

and child a JSON Array with the children of child objects.

leaf objects have count = 0, is child = 1, norma and color the
normalized form and color values of the leaf object respectively.

/
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private void AddToHashTable (String name, String key, Object value)
throws JSONException{

JSONObject json = new JSONObject () ;
Object new value;

if (hm.containsKey (name)) {
json = hm.get (name) ;

switch (key) {
case ("count") : {
if ((json.has("is child")) &&
(Json.get ("is_child") .equals(1))) {
json.put (key, 0);
}

else{
if (json.has (key)) {
new value = (int) Json.get (key) + (int) value;
json.put (key, new value);
}
else(
json.put (key, wvalue);
}
}
break;
}
case ("is child") : {

if (value.equals (1)) {
json.put ("count", 0);
json.put (key,value);
}
else if(json.has (key)) {
new value = (int) json.get(key) + (int) value;
json.put (key, new value);
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}
else{
json.put (key, wvalue);
}
break;
}
case ("cur view") : {
if (json.has (key)) {
new value = Math.round/(
((double) json.get(key) + (double) wvalue)
* Math.pow (10, 2)
) / Math.pow(10,2);
json.put (key, new value);
}
else{
json.put (key, value);
}
break;
}
case ("visited") : {
if (!json.has (key)) {
json.put (key,value) ;
}
break;
}
case ("child") : {
if(!json.has ("visited")) {
json.append (key, value);
}
break;
}
default : {
json.put (key, value);
break;

}
}
else{
json.put (key, value);

}

hm.put (name, json);

* Root Objects of HashTable hm are added to Queue.
* BFS Search will start from these Objects,
* which serve as root objects of the trees to be parsed.

*/
private void AddFathersToQueue () throws JSONException{
// Get hashmap in Set interface to get key and value

Set set = hm.entrySet();
Iterator it = set.iterator():;

while (it.hasNext ())

{
// key=value separator this by Map.Entry to get key and value

Map.Entry m =(Map.Entry)it.next();

// getKey is used to get key of HashMap
String name = (String)m.getKey();

// getValue is used to get value of key in HashMap

JSONObject json = (JSONObject)m.getValue();
if((json.has("child")) && (json.get("is child") .equals(0))) {
int count = (int) Jjson.get ("count");
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JSONArray children = json.getJSONArray ("child");

for (int i=0; i<children.length(); i++) {
JSONObject child = children.getJSONObject (i) ;
String childName = child.getString("name");

JSONObject hmJSON = hm.get (childName) ;

1f (hmJSON.has ("norma") ) {
double child cur view = child.getDouble ("cur view");
child cur view *= count;
child cur view = Math.round/(
child cur view * Math.pow (10,2)

) /Math.pow (10, 2) ;
child.put ("cur view", child cur view);
myQueue.addFirst (child) ;

}

else{
child.put ("count", count);
myQueue.add (child) ;

}
/*

* Is called to extract root objects of "KeyValue" collection.
* root objects are NOT leafs and are NOT children of any other object.

*/

private void FindFather (String inputColString, DB db) throws
IOException, JSONException {
// input collection
DBCollection input collection = db.getCollection(inputColString);

DBCursor cursor = input collection.find();
DBObject nextDoc;

JSONObject jDocl, jDoc2, jDoc3, jDoc4, jDoc5, jDoc6, jDoc7;
JSONArray jArrl, jArr2, JArr3;

String values string, whole name, real name, child name, temp norma;
String[] array of strings;

int index;
double temp size, temp visible, cur view, norma;
JSONObject color = new JSONObject () ;
while (cursor.hasNext()) {
nextDoc = cursor.next();

jDocl = new JSONObject (nextDoc.toString());

whole name = (String) jDocl.get ("name");
real name = (whole name.split ("™ ")) [0];

if (jDocl.has ("Mpeg7")) {
jDoc2 = jDocl.getJSONObject ("Mpeg7") ;
if (jDoc2.has ("Description")) {
JjArrl = jDoc2.getJSONArray ("Description");

for (int i1i=0; i<jArrl.length(); i++){
jDoc3 = jArrl.getJSONObject (i) ;

if (jDoc3.has ("MultimediaContent")) {
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jDoc4=jDoc3.getJSONObject ("MultimediaContent") ;
if (jDoc4.has ("StructuredCollection")) {
jDoc5 = (JSONObject)
jDoc4d.get ("StructuredCollection");

jArr2 = jDocb5.getJSONArray ("Collection");

for (int j=0; Jj<jArr2.length(); j++){
jDoc6 = jArr2.getJSONObject (J);

if (jDocb.get ("id") .equals ("Textures")) {
jArr3 = (JSONArray)
jDoc6.get ("ContentCollection") ;

AddToHashTable(real_name,"count",l);
AddToHashTable (real name,
"is child" , 0);

for (int k=0; k<jArr3.length(); k++){
jDoc7 = jArr3.getJSONObject (k) ;

values string = (String)
( (JSONObject) ( (JSONObject)
((JSONObject) jDoc7.get ("Content")) .
get ("Multimedia™)) .get ("MedialLocator")) .
get ("MediaUri") ;
values string = values string.
replace ("\"", "");

array of strings =values_ string.
split (" ");
index = array of strings([0].
indexOf (".xml") ;
child name =array of strings[O0].
substring (0, index) ;

index = array of strings[1].
indexOf ("%") ;
temp size = Double.parseDouble (
array of strings[1l].substring(0,index));
temp size /= 100;

index = array of strings[2].
indexOf ("$") ;
temp visible = Double.
parseDouble (
array of strings([2].substring(0,index));
temp visible /= 100;

cur view = Math.round(
(temp_size * temp visible)
* Math.pow(10,2)
) / Math.pow(10,2);

AddToHashTable (child name,
"cur view", 0.0);

AddToHashTable (child name,
"count", 0);

AddToHashTable (child name,
"is child", 1);

JSONObject childJSON = new
JSONObject () ;
childJSON.put ("name",
child name) ;
childJSON.put ("cur view",
cur view);
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AddToHashTable (real name,
"child", childJSON) ;

}
AddToHashTable (real name,
"visited", 1);

}

}

else if(jDoc2.has ("normalizedForm")) {
temp norma = (String) jDoc2.get("normalizedForm") ;
index = temp norma.indexOf ("%");

norma = Double.parseDouble (
temp norma.substring(0,index));
AddToHashTable (real name, "norma", norma);

color = (JSONObject) jDoc2.get("color");
AddToHashTable (real name, "color", color);

Is used to cross one layer of the trees at a time.

Each time objects of current layer submit their children

updating their "count" and "cur view" fields.

If at least one child BUT NOT LEAF object has count > 0,

CrossTree will be called again, examining next layer of the trees.

/
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private void CrossTree() throws JSONException{
JSONObject jsonQueue, JjsonHM;

while (!myQueue.isEmpty ()) {
jsonQueue = myQueue.poll();

String name = JjsonQueue.getString("name") ;
jsonHM = hm.get (name) ;

JSONObject newJsonHM = new JSONObject () ;
newJsonHM = jsonHM;

if (newJsonHM.has ("child")) {
JSONArray children = newJsonHM.getJSONArray ("child");
int count = JjsonQueue.getInt ("count");

for (int i=0; i<children.length(); i++) {
JSONObject child = children.getJSONObject (1) ;
String childName = child.getString("name");

JSONObject newChild = new JSONObject () ;
newChild.put ("name", childName) ;
JSONObject childJsonHM = hm.get (childName) ;

if (childJsonHM.has ("norma"™)) {
double child cur view = child.
getDouble ("cur view") * count;
newChild.put ("cur view", child cur view);
myQueue.addFirst (newChild) ;
}

else{

221




newChild.put ("count", count);
myQueue.add (newChild) ;

}
}
else{

double prev cur view = newJsonHM.getDouble ("cur view");

double new cur view = Math.round((

(double) jsonQueue.get ("cur view") + prev cur view)
* Math.pow (10,2)
) / Math.pow(10,2);

jsonHM.put ("cur_ view", new cur view);

}

/*
* Is called to calculate the "whole" field
* of all colors found in picture.

*/

private void CalcResult () throws JSONException({
// Get hashmap in Set interface to get key and value
Set set = hm.entrySet();
Iterator it = set.iterator():;

while (it.hasNext ())

{
// key=value separator this by Map.Entry to get key and value

Map.Entry m =(Map.Entry)it.next();

// getKey is used to get key of HashMap
String name = (String)m.getKey();

// getValue is used to get value of key in HashMap
JSONObject json = (JSONObject)m.getValue();

if (json.has ("norma")) {

double whole = Math.round(
(Json.getDouble ("norma") * json.getDouble("cur view"))
* Math.pow (10,2)
) / Math.pow(10,2);

JSONObject color = (JSONObject) json.get("color");
String colorString = "red: " + color.getInt("red") + "
green: " + color.getInt("green") + " blue: " + color.getInt ("blue");

AddToHashTableColor (colorString, name, whole, color);
AddToHashTableSmall (colorString, name, whole, color);

* HashTable hmSmall is used as input to sort

* colors in descending order

* according to "whole" field found in the value of hmSmall.
* Result written to HashTable sortedMap.

*/

private void SortResult () {
List list = new LinkedList (hmSmall.entrySet());

// sort list based on comparator

Collections.sort(list, new Comparator () {
public int compare (Object ol, Object 02) {
return (((Comparable) ((Map.Entry)
(0l)) .getValue () ) .compareTo (((Map.Entry) (02)).getValue())) * -1;
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// put sorted list into map again
//LinkedHashMap make sure order in which keys were inserted
for (Iterator it = list.iterator(); it.hasNext();) {
Map.Entry entry = (Map.Entry) it.next();
sortedMap.put (entry.getKey (), entry.getValue());

* Use HashTable sortedMap to find dominant color/colors of picture.
* Use HashTable hmColor to get names of leaf objects

* that participate in dominant color/colors.

* Write result to resultsFile.

private void ReturnResult () throws IOException, JSONException{
Object cur whole, max, names;
BasicDBList listNames;

CreateResultsFile () ;

Set set = sortedMap.entrySet();
Iterator it = set.iterator():;

if (it.hasNext ()) {
Map.Entry m =(Map.Entry)it.next();

// getKey is used to get key of HashMap

String colorString = (String) m.getKey();
max = (double) m.getValue();
names = hmColor.get (colorString) .getJSONArray ("names") ;

try (FileWriter fileWriter = new FileWriter (resultsFile, true)) {

fileWriter.write ("Dominant Color : {" + colorString + "}
covering " + max + "% of Image. Objects : ");
if (names instanceof BasicDBList) {
listNames = (BasicDBList) names;
for(int i=0; i< ((listNames.size()) - 1); i++){
fileWriter.write ((String) listNames.get (i) + ", ");
}
fileWriter.write ((String)
listNames.get ((listNames.size () - 1)) + "\n");

}
else{
fileWriter.write (names.toString() + "\n");

while (it.hasNext()) {
m =(Map.Entry)it.next () ;

// getKey is used to get key of HashMap
colorString = (String) m.getKey ()

cur whole = (double) m.getValue();
names = hmColor.get (colorString) .getJSONArray ("names") ;

if ((double)cur whole == (double)max) {
try (FileWriter fileWriter = new FileWriter (resultsFile,
true)) {
fileWriter.write ("Dominant Color : {" + colorString
+ "} covering " + max + "% of Image. Objects : ");
if (names instanceof BasicDBList) {
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listNames = (BasicDBList) names;

for (int i=0; i< ((listNames.size())-1); 1i++){

fileWriter.write ((String)listNames.get (i)+", ");

}

fileWriter.write ((String)

listNames.get (listNames.size() - 1) + "\n");

}
else{

fileWriter.write (names.toString () + "\n");

}
else{
break;

* Input Collection is "KeyValue".
Calls FindFather, AddFathersToQueue, CrossTree,
SortResult and ReturnResult.

*/

private void CallNoMapReduce (DB db) throws IOException, JSONException({
String inputColString = "KeyValue";
FindFather (inputColString, db);
AddFathersToQueue () ;
CrossTree () ;
CalcResult () ;

SortResult (),

ReturnResult () ;
}

/*
* Create files to write results and duration.
* Call CallMapReduce method.

*/

public void NoMapReduce (String demo, String times) throws
UnknownHostException, IOException, JSONException/{
long startTime, endTime, duration;
WriteResult writeResult = new WriteResult();

// Path of Project data.
String bigPath =
"C:\\Users\\Administrator\\Documents\\NetBeansProjects\\";

// Path of Map/Reduce functions.
pathOfFunctions =
"C:\\Users\\Administrator\\Documents\\NetBeansProjects\\
Project\\src\\MapReduce\\";

// Path of MapReduce Data.
String dataPath = bigPath + "MapReduceData\\";

// Subpath to write results (answers) of MapReduce.
String resultsSubPath = dataPath + "Results\\";

File tempFolder = new File (resultsSubPath);
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// Check if "Results" folder exists.

if (!tempFolder.exists())
tempFolder.mkdir () ;

resultsSubPath += "NoMapReduce\\";

tempFolder = new File(resultsSubPath);

// Check if "Results" folder exists.

if (!tempFolder.exists())
tempFolder.mkdir () ;

// Build path to write results (answers) of MapReduce.

pathOfRes = resultsSubPath + "demo" + demo + " application x" +

times +
// Check if "Duration" folder exists.
String durationSubPath = bigPath + "Duration\\";
tempFolder = new File (durationSubPath);

if (!tempFolder.exists())
tempFolder.mkdir () ;

// Check if "Duration//MapReduce" folder exists.

"otxt";

String durationQueryPath = bigPath + "Duration\\NoMapReduce\\";

tempFolder = new File (durationQueryPath) ;

if (!tempFolder.exists())
tempFolder.mkdir () ;

// Path to write the duration of the MapReduce call.
String durationQueryFilePath;

// File to write the duration of the MapReduce call.
File durationFile;

String dbName = "demo" + demo + "x" + times;

MongoClient mongoClient = new MongoClient ("localhost", 27017);

DB db = mongoClient.getDB (dbName) ;
startTime = System.currentTimeMillis();
CallNoMapReduce (db) ;

endTime = System.currentTimeMillis();
duration = (endTime - startTime);

durationQueryFilePath = durationQueryPath + "NoMapReduce demo" +

demo +
durationFile = new File (durationQueryFilePath);

writeResult.WriteResult (duration, times, durationFile);
mongoClient.close();

hm.clear () ;
hmColor.clear();
hmSmall.clear () ;
sortedMap.clear () ;

}

public NoMapReduce () {
hm = new HashMap<>();
hmColor = new HashMap<>();
hmSmall = new HashMap<>();
sortedMap = new LinkedHashMap () ;
myQueue = new LinkedBlockingDeque<>();

" tXt",‘
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CreatePathXML. java

package PathXML;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;

import common.*;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.IOException;

import org.json.JSONException;

public class CreatePathXML {

File mpeg7Folder;
File x3dFolder;
DBCollection collection;

/*
* Take all files from list and add content in key/value pairs with
key = "Mpeg7" or "X3D" and value the filepath
* of the Mpeg7 or X3D description as a String.
*/

private void AddJSONFilesToMongoDB (File[] 1listOfFiles) throws
IOException, FileNotFoundException, JSONException ({

String fileName, rawFileName;
String key, value;

for (int 1=0; i<listOfFiles.length; i++) {

fileName = listOfFiles[i].getName () ;
rawFileName = new ProcessFilename () .RemoveSuffix (fileName) ;

key = new ProcessFilename () .GetSuffix(fileName) ;

if (key.equalsIgnoreCase (".xml"))
key = "Mpeg7";

else if (key.equalsIgnoreCase (".x3d"))
key = "X3D";

value = listOfFiles[i].getPath();
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BasicDBObject doc = new BasicDBObject () ;
doc.put ("name", rawFileName) ;

DBCursor cursor = collection.find (doc);
BasicDBObject nextDoc;

if (!cursor.hasNext ()) {
BasicDBObject newDoc = new BasicDBObject () ;

newDoc.put ("name", rawFileName) ;
collection.insert (newDoc) ;

cursor = collection.find (doc);
nextDoc = (BasicDBObject) cursor.next();

BasicDBObject newField = new BasicDBObject (key,value);
BasicDBObject newDoc = new BasicDBObject ("$set", newField);

collection.update (doc, newDoc);

Take an xml folder and an x3d folder.
* Add key/value pairs to JSON files in a json folder.
* If JSON file doesn't exists create a unique "name" key/value pair,

* where key = "name" and value = "filename".
*/
public void CreateAllJSONFiles () throws IOException,

FileNotFoundException, JSONException({
collection.drop();

if (mpeg7Folder.exists() && x3dFolder.exists()) {

/*
* Create list of files in xml and x3d directories
* that have .xml and .x3d extentions.

*/

File[] listOfxmlFiles = mpeg7Folder.listFiles (new
FilterXMLFiles()):;

File[] 1listOfx3dFiles = x3dFolder.listFiles (new
FilterX3DFiles()):;

AddJSONFilesToMongoDB (listOfxmlFiles) ;
AddJSONFilesToMongoDB (1istOfx3dFiles) ;

}
/*
* Constructor.
*/
public CreatePathXML (String path, DB db) {

mpeg7Folder = new File(path + "mp7 out\\");
x3dFolder = new File(path + "x3d\\");

String colName = "PathXML";
collection = db.getCollection (colName) ;
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CreateEmbeddedXML. java

package EmbeddedXML;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;

import common.*;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.IOException;

import java.util.Scanner;

import org.json.JSONException;

public class CreateEmbeddedXML {
File mpeg7Folder;

File x3dFolder;
DBCollection collection;

/*
* Take all files from list and add content in key/value pairs with
key = "Mpeg7" or "X3D" and value the description of Mpeg7 and X3D
as a string.
*/

private void AddJSONFilesToMongoDB (File[] listOfFiles) throws
IOException, FileNotFoundException, JSONException {

String fileName, rawFileName;
String key, value;

for (int i=0; i<listOfFiles.length; i++) {

fileName = 1listOfFiles[i].getName () ;
rawFileName = new ProcessFilename () .RemoveSuffix (fileName) ;

key = new ProcessFilename () .GetSuffix (fileName) ;
if (key.equalsIgnoreCase (".xml"))

key = "Mpeg7";
else if (key.equalsIgnoreCase (".x3d"))

key = "X3D";

Scanner xmlContent = new Scanner (listOfFiles[i]);
String xmlString = xmlContent.useDelimiter ("\\Z") .next () ;

value = xmlString;

BasicDBObject doc = new BasicDBObject();
doc.put ("name", rawFileName) ;

DBCursor cursor = collection.find(doc);
BasicDBObject nextDoc;

if (!cursor.hasNext ()) {
BasicDBObject newDoc = new BasicDBObject () ;

newDoc.put ("name", rawFileName) ;
collection.insert (newDoc) ;

cursor = collection.find(doc);
nextDoc = (BasicDBObject) cursor.next();

BasicDBObject newField = new BasicDBObject (key,value);
BasicDBObject newDoc = new BasicDBObject ("$set", newField);
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collection.update (doc, newDoc);

* Take an xml folder and an x3d folder.
* Add key/value pairs to JSON files in a Jjson folder.
* If JSON file doesn't exists create a unique "name" key/value pair,

* where key = "name" and value = "filename".
*/
public void CreateAllJSONFiles () throws IOException,

FileNotFoundException, JSONException({
collection.drop();
if (mpeg7Folder.exists() && x3dFolder.exists()) {

/*
* Create list of files in xml and x3d directories
* that have .xml and .x3d extentions.

*/

File[] listOfxmlFiles = mpeg7Folder.listFiles (new
FilterXMLFiles ());

File[] 1listOfx3dFiles = x3dFolder.listFiles (new
FilterX3DFiles ()):;

AddJSONFilesToMongoDB (listOfxmlFiles) ;
AddJSONFilesToMongoDB (1istOfx3dFiles) ;

}
/*
* Constructor.
*/
public CreateEmbeddedXML (String path, DB db) {

mpeg7Folder = new File(path + "mp7 out\\");
x3dFolder = new File(path + "x3d\\");

String colName = "EmbeddedXML";
collection = db.getCollection (colName) ;

CreateKeyValue. java

package KeyValue;

import com.mongodb.BasicDBObject;
import com.mongodb.DB;

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import com.mongodb.util.JSON;
import common.*;

import java.io.File;

import java.io.FileNotFoundException;
import java.io.IOException;
import java.util.Scanner;

import org.json.JSONException;
import org.json.JSONObject;
import org.json.XML;

public class CreateKeyValue ({
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File mpeg7Folder;
File x3dFolder;
DBCollection collection;

/*

*

Take all files from list and add content in key/value pairs with
key = "Mpeg7" or "X3D" and value the description of Mpeg7 and X3D

as JSON Object.

*/

private void AddJSONFilesToMongoDB(File[] listOfFiles) throws
IOException, FileNotFoundException, JSONException{

String fileName, rawFileName;
String key;
Object value;

for (int i=0; i<listOfFiles.length; i++) {

fileName = listOfFiles[i].getName () ;
rawFileName = new ProcessFilename () .RemoveSuffix (fileName) ;

key = new ProcessFilename () .GetSuffix(fileName) ;

if (key.equalsIgnoreCase (".xml"))
key = "Mpeg7";

else if (key.equalsIgnoreCase (".x3d"))
key = "X3D";

Scanner fileContent = new Scanner (listOfFiles[i]):;
String fileString = fileContent.useDelimiter ("\\2") .next();

/*
* Convert the XML file in a wvalid JSON Object.
*/

JSONObject file json = XML.toJSONObject (fileString);
value = JSON.parse(file json.get (key).toString());

BasicDBObject doc = new BasicDBObject();
doc.put ("name", rawFileName) ;

DBCursor cursor = collection.find (doc);
BasicDBObject nextDoc;

if (!cursor.hasNext ()) {
BasicDBObject newDoc = new BasicDBObject () ;
newDoc.put ("name", rawFileName) ;
collection.insert (newDoc) ;

cursor = collection.find(doc);
nextDoc = (BasicDBObject) cursor.next();

BasicDBObject newField = new BasicDBObject (key,value);
BasicDBObject newDoc = new BasicDBObject ("$set", newField);

collection.update (doc, newDoc) ;

Take an xml folder and an x3d folder.

Add key/value pairs to JSON files in a json folder.

If JSON file doesn't exists create a unique "name" key/value pair,
where key = "name" and value = "filename".
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public void CreateAllJSONFiles () throws IOException,
FileNotFoundException, JSONException({

collection.drop();
if (mpeg7Folder.exists() && x3dFolder.exists()) {
File[] listOfmpeg7Files = mpeg/Folder.listFiles (new

FilterXMLFiles ());

File[] 1listOfx3dFiles = x3dFolder.listFiles (new
FilterX3DFiles()):;

AddJSONFilesToMongoDB (1listOfmpeg7Files) ;
AddJSONFilesToMongoDB (1listOfx3dFiles) ;

}
/*
* Constructor.
*/
public CreateKeyValue (String path, DB db) {

mpeg7Folder = new File(path + "mp7 out\\");
x3dFolder = new File(path + "x3d\\");

String colName = "KeyValue";
collection = db.getCollection (colName) ;
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