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Amayopevetal 1 avTypaen, omodnkevon Kot S10VOUN TNG mopovcos epyaciag, €&
OAOKANPOL 1] TUNHOTOG GLTNG, Yoo EUmOPKO okomd. Empémetor n avatvmoon,
amoffKeLOT KO SLOVOUN Y10l OKOTO U] KEPOOGKOTIKO, EKTOLOEVTIKNG 1 EPEVVITIKNG
@OOoNG, VIO TNV TPOLTOOESN VO avaPEPETAL 1] TNYY| TPOEAELGONG KO VO dtaTtnpeiTot TO
napov unvopa. Epotipato mov apopovv Tn xpnomn g epyaciog Yo KEPOSOGKOTIKO
OKOTO TIPEMEL VO OTELOVVOVTAL TPOS TOV GLYYPAPEQL.

Ot amdyeLS KoL T0 GUUTEPAGLOTO TTOV TEPLEXOVTOL GE AVTO TO £YYPOPO EKPPALOVLY TOV

oLYYPOPEN Kol OV TTPETEL VO EpUNVELDEL OTL avTITpocwTEHOLV TIg EMionUES BEaELg
to0v EBvikod Metodprov TToivteyveiov.



Evyoapiotieg

H dwmlopatikny avt) ekmoviOnke oto Epyactipro Distributed Knowledge and
Media Systems Group tov Touéa Emxowoviov, HAektpovikng kot Xvotnudtomv
[TAnpopopikng ¢ oxoAnc Hiektpordymv Mnyovikdv Kot Mnyavikdv Y ToAOYIoT®dV
tov Efvikod Metodfov ITloivteyveiov, vnd v emifreyn g Koabnynrprog
®codmpoac BapPapiyov.

®a nMfera va evyopiomiom BOeppd ™V k. Ogodwpa BoapPopiyov yio v
VITOoTNPIEN Kot KaBodNynon mov Hov TPOGEPEPE, KOOMS KOl Yoo TNV €VKOPio. TOL
Hov £6maoe va aoxoAndm e v epguvntikn meptoyn tov Cloud Computing.

Eniong, Ba MBeka va gvyopiotiowm iaitepo tov vroynelo owdxktopa Bpettod
MovAd yoo v moAvTIUN PonBeld Tov KaBOAN T ddpKel TG epyaciog, Kabmg Ko
To0UG gpevvnTés: Mdapko Zaumoyiov, [Nopyo Bagelddn kot ABavasio Evayysivoo
OV UE TIC OTOYXEVUEVEC GULUPBOVAEG TOVG GUVEPUALOV OTNV EKTOVNOTN OVTAG TNG
OUTA®UATIKNG £pYACIOG.






[TepiAnyn

H peyoAvtepn mpoOxAnon tov cOYYpOVOV VTOAOYIGTIKOV GULOTNUAT®V &ivol
avoueoPNTTOL M amodoTIKN OmoOKELOT KOl aVAKTNGOT TOAD UEYAAOL OYKOL
dedopévov. H avaykn avt) €kave v epedvion g to TeAevtaia ¥povia AOY® TG
EKpNENG O0edoUéVOY TOV TopaTNPEiTal 6TO0 O0IKTVO KOl OOKTA OAOEVO Kot
HEYOAVTEPN ONUAGTE AOY® TOV TOAD HEYAAOL EVPOVG TANPOPOPLDY TOV UTOPOVLE VO
OVTAT|GOVLLE.

Ymv mopovco epyacio  UEAETARE TPOTOLG OMOOOTIKNG OamodnKevonNg Kot
avalTnong TOAVUESIKAOV dEGOUEVMV GE GLGTNILATO VTOAOYIGTIKOD VEPOVS. AOY® NG
TANOOPAG TANPOPOPLOY TOV TEPLEYETOL GTO TOAVUESIKA dedopéva, 10 HEYEBOS TOVG
LOG OTOTPEMEL VO KAVOVLLE YXPNON TOPUSOCIOK®Y TEXVIKOV amodnkevong Omwg m
YPNON TOV GYECLOIKAOV GUOCTNUATOV PBAce®V ded0oUEVDV, Kol eneEepyociog, OTMG To

xml parsing, kot €161 avalntovpe AceLg pe ypron texvikov Big Data.

H Adon mov mpoteivovpe, apopd 6€ TPMOTO GTASI0 TN ¥PNON WO U GYECIUKNG
(NoSQL) Baonc dedopévav yoo v omobnkevon, kot akoAoVbmg Tn ypnorn tov
povtélov Map Reduce yio v e€aymyn ypfioiung mAnpoeopiag amd To TOAVUECTKA
dedopéva. H Baom dedopévmv mov ypnotpomoovpe givar 1 MongoDB Adyw tng moAd
KOANG KAMUOKOGILOTNTOG TTOL TPOGPEPEL, YEYOVOS VYIGTNG OMUAGIOS GTO GUGTHLOTO
VIOAOYIOTIKOV VEQOLG. EmumAéov, pe tn yprion tov povtélov Map Reduce pmopodpe
Vo EMTUYOLUE KoTaveUNUEVT emeepyacia TV 0ed0UEVOV, EKUETOAAEVOUEVOL TOL
peydAo aplud emeEepyastdV Y100 VoL ETITOYOVUE KOADTEPOLS YPOVOVS EKTEAEGNC TV
EPOTNUATOV.

AéEerg Kheod

Cloud Computing, NoSQL Pdoeig dedopévev, Multimedia, MPEG-7, X3D,
MongoDB, Mn oyecwokés Pdoelg dedouévav, eVOLAUECO AOYICUIKO, UETOOEOOUEVO,
VTOAOYIGTIKO VEPOG



Abstract

Efficient Big Data storage and retrieval is undoubtedly the biggest challenge
faced by modern computing systems. In the last few years, this necessity has become
more obvious due to the huge data explosion that is currently taking place on the
internet and it has become a critical issue because of the wide variety of information
we can retrieve from all this data.

In this thesis, we study various ways of efficient storage and searching of
multimedia data in cloud computing systems. Due to the plethora of information
included in multimedia data, their total size does not allow us to make use of tradition
storing techniques such as the use of relation database systems, or searching
techniques such as xml parsing, therefore we try applying some of the more modern
Big Data techniques.

The approach presented in this thesis, regards, first of all, the use of a non
relational (NoSQL) database for storage, and afterwards, the use of the Map Reduce
programming model for extracting useful information out of multimedia data. The
database we chose is MongoDB because of the high scalability potential, which plays
a vital role in cloud computing systems. Moreover, using Map Reduce, we can
achieve distributed data processing in a very efficient way, allowing us to execute
queries in a very short time.

Keywords

Cloud Computing, NoSQL databases, Multimedia, MPEG-7, X3D, MongoDB, Non
Relational Databases, Middleware, Metadata
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KEDAAAIO 1

Cloud Computing

1.1 Opiopodg

To cloud computing (vToAoYIGTIKO VEPOG) €ival évog omd TOLG TO SNUOPIAEIC
OpPOVG GTOV TOUEN TNG TANPOPOPIKNG Ta TEAgLTAlL Ypovie (0TS aiveTol Kot otV
ewova 1), kol avopévetal vo. cuVEICEL VoL AmAGYOAEl EPELVNTEG KOl EMYEPNOELS YO
TOALG xpovia. axopa. H eikova mov emkpatel 6to uph Koo GyeTikd pe to “civvepo”
etvar mwg moAlol vmoloylotég and OPopeTikd onpeia TG yNg cvvoéoviol HECH
SdIKTHOV KOl TAPEYOLY OO KOOV TIG VANPECIEC TOVG oToLg TeAdtec. H ewdva
ot dgv amEYEL Ko TOAD oamd TNV mpoypotikotnTa. Avalntioog éva mo TANPN
opwopd Aowmdyv, PAémovpe mmg péxpt onuepa Exovv mpotabel moAhol dtopopeTikol
opiopoi ywo to cloud computing. Avtod yiati amd ) @Oomn Tov gival Alyo 60V0KOAO va
optotel emakpPde, Hog kol dev pmopel va xopaxtnpotel g pio cuykekpiuévn véa
TEYVOLOYiD 1| EQAPLOYY], OAAL LAAAOV MG £Va VEO LOVTELD EPYACLOV KOl VINPECIOV
OV GLVOLALEL VITAPYOVOES TEXVOLOYiES. L26TOGO, £VOg OPIGHOG OV OVOOEIKVIEL LE
CaPNVELD TO KLPLOTEPO YopakTnplotikd tov cloud computing sivar ovtdg mov
ypnowonoteitar omd to NIST (The National Institute of Standards and Technology),
obpeova pe tov omoio “To cloud computing eivor éva poviélo mov emTpémet
gvélktn, on-demand dwrtvaky 7wpoécPacn  oe  Eva KOWOXPNOTO  GUVOAO
TOPUUETPOTOMGIUOV VTOAOYIOTIKOV TOp®V (m.). OikTtva, Servers, amobnkevtikol
YDOPOL, EPAPUOYES Kol VINPEGIES), TO 0mol0 UmOopel va Tpo@odoTnBel ypryopa kot va
dwotebel pe eddytotn mpoomdbeia dayeipiong 1 aAANAETIOpAON LE TOV TAPOYO TNG
vanpecioc.”.

INveton cagéc emopévac nog oto cloud, n mAnpogopikny TpocEEpeTOl OC Ui
oAoKANpouévn vanpecio. Ot ypnoteg £ovv TN dVVATOTNTO VO, YPTCLULOTO|GOVV
HEC® TOV SLOOIKTHOL VTOAOYIGTIKOVS TOPOVG YWPIC Vo eUmAEKovTal KaBOAOL pE TV
TEYVOAOYIKT LIOJOUN TTOV TOLG LOSTNPILEL, TO omoio avalapupdveTot €€ OAOKANPOL
am6d toug mapdyovc. Eicdyetor €tol €va véo emimedo agaipeong, mov dev VINPYE
TaAOTEPO KOt HIVEL TN SLVATOHTNTA GTO YPNGTY VO ATEUTAOKEL TANPWOS OO TO PVOIKO
oLGTNWO TOL BEAEL VO XPNOYLOTOGEL, TOPEYOVTAG TOV VO EIKOVIKO GUGTNLLO TOV
UTOPEL VOl TO TOPOUETPOTOMGEL OIS Kol OTOTE EKEIVOG eMBLLEL.

14
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Yynuo 1: ApBuodc avalntioemv pe v mdpodo tov ypovou yia Tovg opovg: cloud
computing (umie), grid computing (koxkwvo), cluster computing (moptokaAi),
distributed computing (tpdowvo).

1.2 Iotopikn Avadpoun

To cloud computing, otnv mo Tp®TOHYOVN LOPET TOV, ELPAVICTNKE TN dEKOETIOL
0V 1950, 67OV £pEVYNTEG KO EMLYEPTOELG UTOPOVGAV VO, GLVOEOOVY HECM
TEPUATIKOV, ¢’ Evav mainframe vToloyloT MOTE Vo TPEEOLV TIG EPAPLOYES TOVG GTO
d1ko6 oV, To yvpd hardware. O yproteg popalovray Tovg TOPoVE oV dEBeTAV Ot
OVYKEKPIUEVOL VTOAOYIGTEC, OMOKTMVTOS £TGL TN OLVOTOTNTO VO OVOTTOEOVY TTLO
OTTOUTNTIKES EQAPUOTES, XOPIG Vo ETPopHVOVTOL TO EMITAEOV KOGTOG Y10 TO DMKO.

Apyotepa, ot dekaetio Tov 1960 yevvnOnke 1 10€a €vOG TAYKOGUIOL SIKTLOL
vroroywotodv (J.C.R Licklider — Intergalactic Computer Network) , mpoéyovov tov
SLOIKTVOV KOl TOV VTOAOYIOTIKOV VEQOVLG. XTnV 1010 deKoeTio, amoTummOnKe yio
TPOTN QOPA M Amoym TS M TANPOPOPIKN Oa pmopohioe KAmOW OTIYUR Vo
ypnouonomBel o¢ dnpodoto ayabd (J. McCarthy - “Computing may someday be
organized as a public utility). ®vowd, pe v 10TE TEYVOLOYiQ, KOl Ol dVO CVTEC
amOyelS PAvTaloy OVTOTIKES.

Me 1 Owapkn mpoodo oTovg Topeic Tov hardware kKot TV SIKTVOV OU®S, Ol

15



etalpeieg Aemkowmvidv Eekivnoav v TopoYn VANPECIOV EKOVIKOV OSIKTO®V
(VPNs) mpog t0 koo, eved m e&dmiwon tov Oadiktoov, kot 1 €&EMEn tov
virtualization, glyov g amoTELEGHLA KL TNV TOPOYT EIKOVIKADV SEIVers.

To mpmto icwg Ppa mpog ™ dapdpewon tov cloud computing dnwc o EEpovpe
onuepa, £ywve 1o 1999 pe v dpvon g Salesforce, v mpdtn eToupio mov wapeiye
EMUEPNCIOKES €QPAPUOYES Héco amd éva amhd website. 'Extote, mn e£éMén Mtav
paydaio. To 2002 eiyope v avantvén tov Amazon Web Services kot to 2006 to
Amazon Elastic Compute Cloud (EC2), mov ftav 1 mpodtn @opd mov vanpecieg
vrodoung (IaaS) éywvav dwwbéoiueg oto gvpv kowd. To 2009, pe v kabiEpmon Tov
Web 2.0 eiyape v avantuén tov tpdtov vanpeciov tiateiopuog (PaaS) énwg to
Google App Engine kot to Microsoft Azure Services Platform.

™%
S

Maintrame
Computing Cloud

Computing

Departmental

Computing
Personal
Computing

1960s- Late 1970s- Late 1980s-
early 19805 late 19805 current day

Managed
Services

Extent of information sharing and efficiency
of utilization of computing resources

2010 and beyond

The Evolution of the Cloud Computing Market

Iyfua 2: Evolution of the Cloud Computing Market
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1.3 Zovroun Ieprypoen

A@ob dwoaue évav capn opiopd kot e€etdoape TNV 1otopikn mopeia Tov cloud
computing, Oa emikevipobBodue TOpA oTAL KLPLOTEPE YOPUKTNPIOTIKA 7OV TO

TPoco10pilovy Kot TO SLPOPOTOIOVY OO AALO LOVTEADL:

On-demand self-service: o ypfotng wmopei vo emAé€el katd PovAnon v
TOGOTNTO VLTOAOYIOTIKOV TOp®V Tov Ba ypnoyomomoset, kot vo, puOuiler v
KOTAVAA®GN o0TN oVOAOYO HE TIG OVAYKES TOL, €VIEAMS oaveldptnta, Yopig va
amonteitor OnAadn aueom, avOpomvny oAAnAemidpacn pe tov mapoyo. Ia v
LEYOAVTEPT OLELKOALVGT TV YPNOTOV, EWIKE Yo TOvg Ayotepo e€eldkevpévou,
oLVNOWS TaPEYOVTOL OPIGUEVES ETAOYES e TpokaBopiGuEveG puOpicels mapaptéTpwv
7oL Toptdlovv oTig o cvvnoicpéveg ypnoetg Tov cloud. ‘Etot, akopo kot KGmoog te

UNSOUVES TEYVIKES YVAOOELS UITopel va. kavel xpnon pag cloud spappoyng.

Resource Pooling: To cuvolo TtV TOpmV -EKOVIKOV KOl PUOIKMOV- TOL UTOPEL VoL
dféaet 0 Tapoyog O1atifevTol GTOVG YPNOTES LEGM EVOC TOAVTEAATEIOKOD LOVTEAOD,
ONAadn ekympodvtar duvapkd Kot avadlatdosovtotl avaroya pe tn {tnon tov kabe
neAATN. AVTO onuoaivel TG dgv VILAPYEL LOVIUT GUVIEST] KATOOL YPNOTH LE KATOL0
GLYKEKPLUEVO TTOPO KOl £TGL OV Uopovv va yvopilovy v akpipn tonobesio Toug i
va £X0VV KATO10V EAEYYX0 TAV® GE AVTOVG, APOV Etvat SLoPKMG LETARAAAOLEVOL.

Scalability and Flexibility: Tooc¢ to onpavtikdtepa yOpOKTNPIOTIKA Yol TV
e&amlmon tov cloud computing. Mg v dueon (ToAAEG opég Kol avTOUOTY)
déopevon M amodEcuevon mopwv, or ypnotes eivonr oe Béomn va eSummpetodv
OTOONTOTE OVAYKN TTPOKVYEL, YOpic va TV £xovv mpoPréyel. Ot cloud vanpecieg
yapoxtnpilovior amd 1o peydro Pabud KApdkwong mov £xovv, gite 6Gov apopd
YEDOYPUPIKT KOTAVOUY TOVG, PO UTOPOVV VO, XPNGLOTOLOVV TOPOVG KUPLOAEKTIKA
amd OmOLOdNTOTE UEPOC TNG YNNG, Eite o€ eminedo hardware, apov dievkoAdveTal Tapa
oA M dSuVaIKY] Tpocdptnon VEOV KOUP®V 010 GUOGTNUHO, KoL Ol EQAPUOYES
oyxedalovtal e yvmdpova TNy KoAvtepa aSlomoinon autng g SuvaToOTNTOG.

Multitenancy: o epapuoyn pmopel vo  ypNOWOTOlEiTaL 0O TOAAOVG
OLPOPETIKOVG  ¥PNOTESG HE  OSWOUOPOCSUO TOV  TOp®V, avédvoviag £T61 TNV
AmOd0TIKOTNTA TNG. Aev amouteitol £vo SPOPETIKO avTiypapo NG EPUPUOYNS Yo
KGOe ypPNOTN, KOl CUVENMOG EMTLYYAVETOL PEYOADTEPT EEOIKOVOUNGT QUGIKMOV KOt
EIKOVIKOV TOPWV.

17



Utility-based pricing: n moAtikn ypéwong mov epapudlovv ot meptocdtepot cloud
Tapoyol givar pay-per-use. Agv vmapyel onAadr kdamowa fixed ypéwomn, alAd KéOe
YPNOTNG KOGTOAOYEITOL OVAAOYOL LLE TOVG TOPOVE OV OEGUEVEL. Mg avTd TOV TPOHTO
dtvetar n dSuvaTdTNTA GE VEOUS YPNOTES VAL ONULOVPYHCOLV EQAPUOYES YOPig
1010ATEPEG OMALTNOELS GE APYIKO KEQPAANLO Kol Y®PIC TNV avAYK™N Yoo amocPeon g
aPYIKNG emEVOLONG. Alvetal ydPog ONANOY YO VEEC KOIVOTOUES 106EC OKOUOL KO LLE
peydro Babuod pickov, mov VO GAAEG GLUVONKEG, TO OAMOITOVUEVO OPYIKO KEPAAOLO
kot 1 afePordnra emrvyiog Oa Tig Kab1oToVoE AMOTPENTIKES.

Geo-distribution and ubiquitous network access: Ou cloud vanpeoieg eivor
Swbéoieg HEGH SLOOIKTVOV, EMOUEVMOG Ol YPNOTES UTMOPOVV Vo cvvoeBovv omd
OMOOONTOTE UEPOC Kol amd OMOLONTOTE GLOKELY] LE TNV TpolmdOeon OTL eivan
ovvdedepévol oto Internet. Axodua, o peydrot cloud mapoyor dwabétovv data centers
og 01Gpopa onueios TOL KOGUOV, AVEAVOVTOS £TGL TIG EMOOCELS TMV SIKTO®V TOVC.
Mmopei va yivel dnhadn avtiotoiyion tov ypnotov pe to data centers mov Bpiockovron
YEOYPAPIKA KOVTA TOVG, LELOVOVTOS To latency.

Ot TpocpepopEVeES VINPEGieg PTopovv va ywplotodv ce 3 Pacikd eminedo: laaS
(‘Infrastracture as a Service — Yrodoun g Yrnpeoia), PaaS ( Platform as a Service —
Motedppo o¢ Ymnpeoia) kot SaaS (Software as a Service - Aoywouikd g
Ymnpeoia).
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Yynua 3: Cloud Service Models

Y10 younAotepo eminedo (laaS), o mAPOYOC TPOCPEPEL VITOAOYIGTIKY] VTOOOUN
ONAadn pvnun, eneEepyacTtés, AEITOVPYIKA GLGTHATO, dikTLO KAT €iTEe OTOVGLA, ElTE
ouyvotepa péca amd ewovikég unyavés (VMs). Méow g ekovikomoinomg, o
ndpoyog divel oto ypno v aicOnon g vmapéng amepiopictwv mopwv. ‘Etot, ot
0101 puokol moOpot, popdlovial GTOVG YPNOTEG GE SLUPOPETIKEG YPOVIKEG GTLYUES
avérloyo pe TIG amoutnoelg Tov kobevog (statistical multiplexing). Ouv yprioteg
ENMPEAOVVTOL OO TO YEYOVOS OTL  TOLG OfveTOl 1M OLVATOTNTO VO dOVAEYOLVV GE
HEYAAEG VTTOAOYIGTIKEG LOVAOES,  YWPIg Vo EMPapHvOVTOL TO KOGTOG Yo TNV 0yopd
KOl GLUVTIPNGT TOLGS, TOPE LOVO TO KOGTOG OVAAOYQ LLE TN YPTOT TOVG (pay as you go).
Axobpa, oev £ovv kapio dEGUELON OC TPOS TO TMOG Ba ypnoyorocovy T dobeica
vrodour. Mmopovv vo €YKATAGTGOLV Kol Vo TPEEOLV OO0 TOTE EPAPUOYT TNG
apeokeiog Tovg, 1 va ypnolponomjcovy to dabéoipo hardware yio v vmootpién
VE®V, OIKOV TOVS EPAPUOYDOV. ATO TNV GAAY, Ol TAPOYOL av Kot avalapBdvoov tnv
ayopd Tov ELGIKOD eEOTAMGLOV Kot gfvor LITELOHLVOL YOl TN GLVTHPNGT TOV, EYOLV TN
dvvatdTTo Vo €ELTNPETOLY UEYAAO aplBUd YPNOTOV, YOl GLYKEKPIUEVO YPOVIKO
dwaotnua tov kobéva, eEacpariloviag £tol peyoidtepa KEPON Am'OTL oV £KOVOY [d

1-lavtiototyia mOPOV — XPNOTAOV.

O xvpiapyog mapoyog laaS eivor 1 Amazon pe to EC2 (Elastic Cloud) tov mokétov
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Amazon Web Services. To EC2 divel 6tovg ¥pNoTte T SUVOTOTNTO VO VOIKIAGOLV
VTOAOYIGTIKOVG TTOPOLG, VO OTLLLOVPYHOOVY EIKOVIKES UNYOVES KoL VO, OVOTTOEOVV TIG
OkéG Tovg VN pecieg o1 omoieg Oa Tpéyovv oto cloud. H Amazon 6ivel mn dvvatdtta
OTOVG YPNOTEC VO TOPUUETPOTO|COVY TANPMOC TIC EIKOVIKEG HNYovEG mov O
YPNOLOTOU|COLV, APOV UTOPOLV VO KAVOLV EMAOYEC OYETIKA UE TIC PipAtodnkec,
EQUPUOYES KOl TOL dedopéVa Tov Ba vdpyovy oto virtual machine, oAAG Kol GYETIKA
pe tig pvbuicelg diktvov, acpareiog Kot Asttovpyiog tov kabe vm. Ta xvpiotepa
yopoaktnprotikd tov Amazon EC2 éyovv va kdvovv pe:

A&omieria
H Amazon avaiapfaver mv €vbivn ya 1 0100e01UOTNTA TOV VINPESUDY TNG GE
1060010  99.95% wor Yy v avlekTikdTTe TOV OEdOPEVOV  GE  TOGOGTO
99.999999999% ! Avtd onpaivel g av €vag ypNotS mov Exel amodnkevpéva
10.000 avtwkeipeva, 1 Amazon tov gyyvdrtol mog 1 HEYIOTN ATOAELL TOL UTOPEL VOl
éxer elvar éva avrikeipevo kdBe 10.000.000 ypovia! Avtd eEacporileTton pe ™
ST PNoN TOARATADY OVTIYPAP®V TOV AVTIKEUEVOV GE OLUPOPETIKEG TOTOOEGTIEG Ko
OLOKEVEG, KOOMG KOl LE TOV TOKTIKO EAEYYO TNG OKEPOULOTNTAS OVTAOV TOV OVTLYPAP®V.

Acpdieia
[Mopéyovtar dtdpopot unyavicpol acealeiog Kot eAEYYoL TPOGPACNS GTOVG TOPOLG.
Avtoi £rovv va kKdvouv Kuping pe ™ dnuovpyia kot poOuon firewalls yuo tov édeyyo

™G Kivnong HeTasy ypnotdv Kot VM, oAAd Kot T dnuovpyio 10umTtikod vEQOLg
(Amazon Virtual Cloud — AWP).

Eveliia
[Mopéyeton MANOOP EMAOYDOV GTOVG YPNOTEG GYETIKA LE TNV EMAOYN TOL VM, TOV
AELTOVPYIKOV KoL TOV TOKETOV AOYIGUIKOD TTOV Oa YP1CLULOTOGOLV.
Avaloya pe Tig avayKes Toug pumopovv va pvbuicovv ) CPU, ™ pviun RAM, tov
AmoONKEVTIKO YDPO, TO AEITOVPYIKO GUGTNLA K.CL.

Elactikotnta
Onwg tovicape mopoandve vTdpyel | SLVATOTNTO GTOVS YPNOTES VO SIOUOPPDOGOVY TO
UNYOVAROTO TOVG avdAoya pe Tig ovaykes tovg. [Iépav avtod dpwme, 1 dapdpewon
vt pmopel va yiveror Kot dvvapukd, vo peTafdAieTon dniadr| kdmolo otoryeio
avdAoyo Kot pe ™ HeTABoA TV avayk®v Tov ypnotr. To ototyeio avtd sivor mhpa
TOAD ONUAVTIKO KLPIwg Yot 6OV AVATTOGGOVV EUTOPIKES EQPAPUOYES, KaBmG elvar
oA dvokoAo va  TtpoPreqBetl €€ apymg To néyebog g {yTnonge.
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‘Eleyyos
O1 xpNoTeg £YovV TOV amOAVTO EAEYYO TOV UNYoveV Toug. Méowm web service APIs
UTOPOVV VO T EKKIVIICOLV Kol Vo, To Teppaticovy omote BEAovv, aALd Kol va To
eléyyouv péow root access.

2ovuparoryra ue Amazon Web Services
To EC2 mopéyet v LIOAOYIGTIKY) LTOSOUY, OAAL Yio TNV ovamtuén peydAwmv
EPOPUOYDV dev apkel HOVO 0vTO. Amoutodviol OKOUN YOPOL amodnKevong Twv
dedopévmv aAld kot Bacelg dedopévav yioo T dlayeipion tovg. Tnv mpdcsbetn avtn
AerrovpywdtnTo TV mapéyovv to Amazon Simple Storage Service S3 (amobnkevtiko
x®po), to Amazon Relational Database Service (oyeolokn Paon dedopévav) Kot To
Amazon SimpleDB (NoSQL Bdon).

[Iépa amd avtd, o Amazon EC2 napéyet opiopéveg emmAEoV EVKOALEG GTOVG YPNOTES:

e Apyikd, Tovg odlvetar 1 dSuvaTOTNTA VO OEGUEVGOVY TO, UNYOVILLOTA TOVG UE 3
SPOPETIKOVS TPOTOVS, MGTE V. TPOSAPUOLETAL I YPEMOT] KOADTEPA GTOV KOOEVOL.
"Etot, pmopovv va emiéEovv on demand instances yio Tepmtdoelg 0oV dev umopohv
vo TPOPAEYOLV €K TOV TPOTEPMV T YPNON TOLS 1| AVOUEVOLY UEYOAEG KOl GUYVEG
petaforés otig avaykeg tovg. H ypémon tovg tote yiveton avaroyo pe T Ypnom twv
nopov ava ®pa. O dedtepog TpoOmog eivar péow twv reserved instances, 6mov ot
YPNOTEG EMAEYOLV OO TPy Tov TOmo instance mov Ba ypnoyomomoovy (Light,
Medium 1} Heavy) avtictotya e ) ¥pNon Tov ovapéVOuV Vo, KAVOLV Kot EYOVV £T01
L0 GNUOVTIKT EKTTTMON 6TV oplaia ypémon| tovug. Télog, pécm tmv spot Instances ot
YPNOTEG UTOPOLV VO OPIGOLV 01 1010 [aL T Kot OTav avth) efvot peyokvtepn omd v
Spot Price, va Tpoo@EépeTarl U0 EIKOVIKE UNXOVI] ©TO ¥pNoTtn, OAMGOG va
amodeopevetatl. H pébodog ot evdeikvutat kupimg yio fault tolerant epoppoyéc.

e H vrodoury tov Amazon cuvvictatoar and meployég (Regions) kol Availability
Zones ({oveg dwbeopomrac). Ta Regions Bpickoviol o didpopa HEPT TOL TAAVITN
evo €yl pia | meplioootepeg availability zones to xabéva. Meta&d tov (ovov g
010G TEPOYNG EMTLYYAVETAL TOYVTEPT OIKTLOKY| HETAPOPA Ocdopévmv. 'Etol ot
YPNOTEC UTOPOLV VO EMOPEANOOVV amd ovTO, EMAEYOVTOG VO OmoONnKELTOVY TO
dedopéva tovg oty 10l mepoyn mote vo eEaceolicovv yaunio latency 1 oe
SPOPETIKEG, DOTE VO, eEACPUAIGOVV aKOp peyaldTEPN dafectdTnTaL.

e H Amazon mapéyetl v vanpeoio eréyyov Cloud Watch nov divel otovg yprioteg
™ SVVOTOTNTO VO EAEYXOVV TIC EPOPLOYES KOl TOVG TOPOVS IOV ypnotpomrotovv. Ot
YPNOTEG EMAEYOLV TO. UnyavijLaTa Tov BEA0VV va TapakoAovBncovy, Kot Aoppdvouv
€101 TANPOPOPIEG KOl PETPIKES UTOPOVV VO XPNCLOTOGOVY €T Y10 T GLAAOYN
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OTOTIOTIKOV OTOTEAECUATOV €ITE Y100 TNV QLTOHOTY KAMUAK®OOT TV TOp®V Tovue. Ot
LETPIKEG OTEG £YOVV Vo, Kavouv pe T ypnon g CPU, ta read/writes oto dicko, tnv
Kivnomn Tov O1KTLOL K.

e M:éow tov Elastic Load Balancing emttuyydvetar peydin ovoyn o€ c@aipota.
Ed® o mdapoyog avorapPdver vo katoveiper to requests amd Tig €QopUOYES GE
instances pe younAd @opto epyaciog, Mote va amo@optilovtal anTd mov dev gival o
0¢om vo 1IKovoTomcovy Ta requests Kot GUVERMS Vo U1 ONOVPYOVVTOL GOAALOTAL.

e Méow tov AWS Marketplace diveton otovg ypnoteg 1 dvvordOTHTO VO
EKUETOAAEVTOVV EUTOPIKA TOL PUNYOVALLOTE TOVG. ZVYKEKPLUEVA, UTOPOVV VO, TOAOVV
Kot va ayopalovv gite og GAAovg ypNoteg eite otnv Amazon, ta reserved instances

TOV £YOVV JNUIOVPYNGEL O 1d101.

Automatic
Scaling

EC2

Monitoring » Load
Balancing

Yynua 4: Amazon EC2

Y10 endpevo eminedo (PaaS) mpoopépetor m mAoTEOpUO, TAVG GTNV Omoic O
meAdTNG pmopel va avamtvéet ko va tpéEet epapproyés. Luvidwg po tétotla vnpecio
TEPIAAUPAVEL EYKATEGTNUEVO AEITOVPYIKO GUOTNUO, TPOYPOUUOTIOTIKO TEPPAAAOV
kow  Pipriobnkec, mpokabopiopévn  Pdon  dedopévov kot web  server. Ot
TPOYPOULOTIOTEG TTOL TPEXOLV TIC EQUPLOYES TOLG oto cloud emmeerovvtarl amd TV
avtopoTn KAMpdkmon Kot v eElcoppdnnon eoptiov, KaOMG Kot amd dALES VIINPEGTES
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OV TOVG TPOCPEPOVIOL OO TOV TAPOYO KOl OlELKOAHVOLV TNV avVATTLEN Kot
dweipon TV gpapuoydv, Onwg vanpecieg nA. Tayvdpopeiov, demapéc ypnoT®V
KA.

‘Eva mopdadetypo tétowng vanpeciog sivor m Google App Engine. Méow tov

nakétov Google App Engine mapéyovtat kat ot Tpelg tomot Topoync cloud vanpesidv,
®o1000 gpeic Oa eotidoovpe oto PaaS. To App Engine umopei  va. @rlo&evioet
OTO10VONTOTE EIOOVE SLUSIKTVAKESG EPAPUOYES, OGTOGO lval oXedOGUEVO KVPImG Yia
mv  avantoén  Suvouik®v, Tpayuatikod ypovov (real time) epappoydv, mov
yperaletar va eEumNPeTOHV TOVTOYPOVA TOAAOVG YPNOTEC. TO KLPLOTEPO YOPOKTN-
PLOTIKO NG €lvan N avTOUATN KAMUAK®ON Yo O1001KTLOKES EQaproYES. 'ETot, ot mdpot
nov dwtifevtal Yo KaOe epappoyr| petafaiiovtol cvTOHOTA OVAAOYO e TOV aplOuod
TOV XPNCGTAOV TOL T1| YPNOLLOTOOVV, MGTE Vo UTopel dlayepiotel eite por abEnomn g
mong, eite vo un deopedel dokona mdpovg oe mepintwon peimong g Ocov
aQopd TO HOVTEAD YPEWONG, OPEPEL MG TPOG TO KAOOOIKO HOVIEAO TOL
ypnoomoov ot e&ummpentég (SErvers) ywor mm euroevio 16ToGEAId®Y, POV
akoiovbeitoan to Tumikd cloud povtédo pay-as-you-go. Avtd onuaivel Tmg dev
VIAPYOLY TAYIEG YPEDMCELS, OAAL ypedvovTal ot mopol émwc 1 ypnon g CPU,
amofnkevon dedopévev, 10 vpog LdvNS K.a., avaroya pe 10 Babud ypnoLLOTOiNGNG
toug. EmmAéov, moapéyeton n dvvotdtrta oe HIKPEG €PapUOYES va rio&evohvton
xopig kdmoo kdctoc, Aol datifeton 1GB amobdnkevtikod ydpov kot Kivnong
dwpeav. H apyitextovikn Tov App Engine £yet oc e€ngc:
‘Evag client otéhver éva http request péow tov web browser. To aithua avtd 10
naipvel amd to frontend évag e&ioopponntig eoptov (load balance) ki éva chomua
vy ™ BEATIOTN SPOUOAGYNON TOV UTNUATOV Kot £TGL OPOHOAOYEiTaL GE Evay amod
tovg frontend servers. Topa, ov o aitnpo o0vTd APopd Eva otatikd apyeio, o frontend
server to petafipdlel 6Tov Server otatikdv apyeimv, emoTpéeetol 1o apyeio Kot €16t
oAOKANpOVETOL TO aitnua. Av Opms, To aitnua o pumopel va wavomombet and kdmolo
otaTkd apyelo, dNAadN aeopd KdOWKe Tov TPEMEL Vo TPEEEL M €QPAPLOYY|, TOTE
OTOGTEALETOL GE KATOOV OO TOVG SEIVers epappoymv (app Servers) o onoiog Eekiva
éva. OTIYHIOTUTTO €VOG TNG EQOPUOYNG M XPNOWOTolEl KOO0 vrdpyov, MOTE Vo
dlekmepaldoel To request.
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The SANDBOX
Application Servers Datastore Mem cache

Front ends
Static File Servers AMEE “

The App Master

Architecture of Google App Engine

Yynuoa 5: Google App Engine Architecture

¥t0 ovotepo eminmedo (SaaS), o meldtng pmopel vo KAveL Ypnomn  ETOWU®V
EQPUPLOYDV TTOL VITdPYoLV oto cloud péom tov PuAlopeTpnT 16TOV. O TAPOYOG Eivar
VevBuVOC Yo TV LTOdOUN TAVE® oTNV omtoia B TPEEEL 1| EQUPLOYN OAAG Kot Yo TN
ocvovtiypnon ™g. O meldtng doe yperaletar emPapbvel T0 GOHGTNUA TOL UE EMTAEOV
TOPOLVG Y10 TNV EQPAPUOYT OVTY], YEYOVOS TOAD ONUAVTIKO OTOV — JWAGME Yoo OmToTn-
TIKEG EQOUPUOYEG TTOV UTOPEL VO PLEWWGOVY ooOnTd TNV amdd0cn TOV GUGTHLOTOG.
Axoépo, amofdAietor and tov mEAdTn 1 €0OHVN Yo T GLVINPNON TG EPAPLOYNS (O
ypewaletar va kateBalel Kot va eykafioTd avavempéveg EKOOGELS) ool OAa YivovTat
oto cloud. O mo dwdedopévog mapoyxog SaaS vanpecudy givar kor Al  Google
HECH TOV ETOWUOV EQAPUOYOV TTpog ypnon mov dwobéter (Google Apps). Xe avtéc
nepiapPavovtor o Gmail, toa Google Calendar, Drive, Docs, Sheets, Slides x.a. H
puovn mpodmdheon yoo vo Kével KATOL0G YPNOYN TOV EPUPUOYADV OLTAOV €lvol M
npocPaot oto d1adikTLO Kot Yo kKamoteg £va. Google Account.

O ypfomc €xer ™ oOvvatdTNTa vo puOuicel Kot VO TOPOUETPOTOMGCEL TIG
eQapUOYEG doTe va e&umnpeTohy Kovtepa Tig avaykeg tov. H Google avolapfavet
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va TpéEeL TV €PapLOYT, Vo amobnkedoel To dedoUEVa Kal TIG TPOSMTIKEG puOuicelg
oV Kk@Be ypnom KabdS kot vo cvvinpel kKo vo avopfoduilel to Aoyopkd Tmv
epappoydv avtdv. Eivar pavepdc Aowmdv o tpdmog e tov omoio 1 gvbivn Yo o
TpEEO KoL TN cvvTPNON HoGg epoappoyng oto cloud, petatomifeton mAfpwg GTov
népoyo, aeNvoviog To ypNotn ehevbepo va emikevipwBel 610 KVUPLO UEPOS NG
JOVAELIS TOV.

R R
M Goggle
mﬁé"

Yynua 6: Google Apps

AoV &idape T vanpecieg mov cvvavtdpe oto cloud, ag e€gtdcovpe TOpPA TO
LOVTEAQ OVATTTUENG KAT® ot T OTTOl0 AVTES TPOCPEPOVTOL.

Public Cloud: Ed& ot mdpoyot kdvouv StoBEGIUES TIC VANPEGIEG TOVE GTO EVPD
KOWO HE TN YPEMOTIKN TOMTIKY pay-as-you-go. Ot ypnoteg oniadn o€ ypemdvovtol
amd TPV Yo OEOOUEVT] TOGATNTO VTOAOYIGTIK®V TOPWV, GAAL YPEDVOVTAL AVAAOYA LE
0 Pabud ypnowomnoinong tovs. ‘Etotl, or mapoyor amaAldccovior amd To 0pyLKO
KOGTOG TNG EMEVOVONG GE VTOAOYIOTIKO €EOMAMGO, VD Ol TeEAdTEG OE Yperaletan va
AVNGLYOVV Y10 TNV KAUAK®ON NG EPAPLOYNSG TOVS, aPoV £YOVV GTr SLIBECT TOVG
EIKOVIKG Gmelpovg mopovg  (available on demand).

Private Cloud: To diotikd véen oyedtdlovial yio amokAEIoTIKY ¥pfon and évov
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opyavicpd N emyeipnon oyedoopog Kot 1) GUVINPNON TOVG Umopel va yivetan kot omd
e€MTEPKOVE TAPAYOVTEG, MGTOCO 1) XPNo™ Tovg Teplopiletar péoca ota mAaiclo Kot
™G avAayKeS TOL {010V TOV OPYOVIGHOD.

Hybrid Cloud: Edd éyovpe ) odvBeon 600 N mepiocotépav poviélov cloud
(public 7 private), pe okomd vo EEmepacTovV 01 MEPLOPIGUOL TTOVL TibevTan amd Ta
ovykekpipéva poviéra. To empeéPOVg oToLEld TOPAUEVOVY LOVAOIKES OVTOTNTEG,
®WOTOGO SLELKOADVETOL 1 HETOED TOVG EMIKOWVMVIO, TPOCOEPOVTAG £TGL LEYOADTEPN
eveMéia.

Virtual Private Cloud: Amotelodv o evoALaKTIK) AOGT Y10 TV OVTILETMTION
TV Teploptopdv mov Bétovvy ta public ko private clouds. Ta VPC tpéyovv mave cg
INUOGLA VEEN OAAL TOPEYOVV EIKOVIKOTOINGN TOV IKTVOV oL PpiokeTol omd KAT®
TOVG, EMTPEMOVTAG £TGL GTOLG TAPOYOLS VO OLUHOPPAOVOLV TNV TOTOAOYiO KT
BovAnon.

H emioyn tov katdAAnAov povtéAov avamtuéng eéoptdtot o peydro Padud amd
T0 6gvaplo ypfHong tov, wotdco mpoPrénetor nwg ta hybrid clouds 6o  eivarl ta
ONUOPILESTEPQ PETOED TOV TEPIGGOTEPOV OPYAUVICUMDV.

* Private e Community
cloud cloud

ublic cloud

Zynua 7: Cloud Deployment Models
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1.4 ITheovektuato kot perovektnuato tov Cloud
Computing

I'a molhovg to cloud computing omotelel oo emovdotacn ©TOV TOREN TNG
TANPOPOPIKNG oV Bo eépel peydieg oAAoy€G OTOV TPOTO MOV OVOTTUGOETOL TO
AOYIOUIKO, €V® Yo GAAOVG Ogv  omoteAel TIMOTO TOPOTMAVED OO  pio  OTTAn
avadlaTOTOGN OpOV KOl TEYVOLOYIDOV OV 10N ypnoorotovpe. H oAndeia eivar mog
TO VTOAOYIGTIKO VEPOG GUYKEVIPAOVEL TOAAG TAEOVEKTNLOTO 7OV UTOPOVV Vo TO
KOTAGTNOOVY 0pdoNUo oty €EEMEN TG TANPOPOPIKNG, OAAL TapdAANAL Yoo va
cuuPel awtd Bo TPEMEL VAL AVTYLETOTIGTOVV OPIGHEVOL KIVOHVOLS KOl TPOKATGELS TTOV

gneoviCel. Ag dovpe pepkd oo ta Betikd ototyeia tov cloud:

o  Eveiigia. O ypnoteg pmopovv va xovv npocPacn otig cloud vanpeoieg amd
omotodnmote onueio g yng, apkel va givar cvvdedepévol oto S1adiKTLO. AVTO TO
otoyelo etvor moAd onuavtikd aeol Jdtaympilel OLGLOCTIKE TO OEOOUEVO KoL TNV
mAnpogopia and 1o puowd péco. 'Etol my, évag amhdc ypfotg pnopet va avefdoet ta
apyeio Tov oto cloud kot va éxel TpdoPacn 6€ aVTE 0TOVINTOTE Kot oV BpioKeETOL TN
OTLYUY] TOL OV TO KPATOVGE 6TO0 OKANPO ToL dioko, Ba elxe mpdsPaocn o avtd poOVO

HEG® TOV TOTLKOV TOV LITOAOYIOTN.

o  FEixovika amepor Owoléciuor mopor kor pay as you (go ypéwon. I[TAéov
amoBdAAeTOl amd TOV XPNoTN M AvAyKN vo TPoPAEYEL €€ apyng TNV TOCOTNTA TV
VTOAOYIGTIKAV TTOP@V oL Ba ypetactel. Me avtd Tov Tpdmo, apevOg YALTMOVEL TOAAY
YPNHaTO o€ meEpitT®won AavOacHEVNG EKTIUNONG, OQETEPOL EYXEL TN OLVATOTNTO VA
petafaiiel duvapkd T VAKO Tov YPNOYOTOlEl Kol KooToAoyeitol Bdacn avtov,
avéAoyo pe TG avaykeg tov kdbe ypovikn otyun. ‘Etot, évag mpoypoppatioTig
1oT00eMO®V, pmopel va Egkivinoet T dnpiovpyia gvog Site pe undapvo apyikd KOGTog
Kol vo. TPOoBETEL SErvers kot amoOnkevTikég HovAdeg OLVOUIKA, 0co avfdvel M
emokeyotTa. Tov. Ilapartnpovpe o pe avtd tov TpoOTo evBapphveTal Kot M
EMYEPNUATIKOTNTA, APOV TO APYIKO KEPAANLO TOV OTOLTEITOL Y10 TNV OVATTLEN HOG
web vnpeoiec peidvetat KOToKOPLPA.

o Meyalvtepn adlomiortia kot dtabeoyuotyta. XpnGILOTOIDOVTAG TO TOPAOELY LN
woc Web vanpeoioag mov gidape Kot TPV, 0 TPOYPUUUOTIGTAS ETAEYOVTOS VOL TV
avantoéel oto cloud amolldooetal omd To PApog TG GLVTINPNONG TOV LAIKOD KOl THV
gvBvVN 1o omotodnmote hardware failure. H evbovn avt mAéov Papaivel tov mhpoyo,
KOl 0 YPNOTNG TPooTaTEVETAL HEG® TV SLAS. AKOLL0, 0 TPOYPOLUATIGTAS OE
ypewdletal vo avnovyel yio ) d1d0gom updates ko patches otovg ypnoteg, apov dAot
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“BAémovv” v TedevTain £KO00T TNG EQUPLOYNG.

[Tépa amd T1g epEavels S1EVKOAVVOELS Kot EVEMEIEC TOV TTAPEYEL 1) TEXVOAOYiD TOL
cloud computing, dev Ba Tpémel va mapayvopicovpe 0pioHEVONS omd TOVS KIvOHVOLG

KOl TIG EPEVVNTIKEC TPOKANGELS TOL TO GLVOSELOVV.

o  Acogdicio Kar 101wTiKOTNTA. O KUPIOTEPOS AOYOS TOD  OPIOUEVOL
avtipetonilovv pe dvomiotioo T1¢ cloud spappoyéc £xer vo KAvel pe Tt
ACQAAELD KOl TNV WO1OTIKOTNTA TV dedouévav toug. H acediewn €xel va
Kavel Kupiog pe to ov vmdpyel kivovvog va yaboldv o dedopéva, eved m
WOOTIKOTNTA EYEL VO, KAVEL LE TO 0V KATO0G TPITOC (TEPAV TOL TELATN KoL TOVL
TapOYOL) WITOPEL VO ATOKTNOEL TPOGPOCT G€ aVTA AL Kot 6€ Tt Pabud éxet
npocPacn o idtog o 1aaS napoyog.

o  Elaptnon amo tov mapoyo. ES® ep@ovileTol TO LEOVEKTNLO TOV KOTA
1660 givol E0KOLO Y10 KATO10V TEAGTT VO LETOPEPEL T SEGOUEVA TOV Ot
évav cloud napoyo og kamolov dAlo (data migration kou vendor lock-in). Xtig
TEPLGGOTEPES TEPUTTAGELS AVTO deV elvar kaBOAoV €0KOAO, €101KE OTAV LUAQE
Y10l TEPAGTIONG OYKOVG SEGOUEVMV, Kot £TGL O TEAATNG OEGUEVETAL MG EVAL
Babuod pe tov mapoyo.

1.5 E&EMEN ko ovykpion pe to Grid Computing

Avapeipora to cloud computing epoviCet ToArég opototnteg pe 0 Grid kar  Oa
pmopovce va Oewpnbei eEEMEN Tov. Kat 6ta 600 poviéra, 6tdyog eivar n duvatodtnta
TPOGPUCNG GE TEPIGGATEPT] VITOAOYICTIKT) 1YV, LE UIKPOTEPO KOGTOG KOl TEPLIGGATEPT)
a&omotio Ko eveM&io. H minpopopikn mapéyeton TAEOV @G LANPEGIN KoL M
dlayeiplon TV VTOAOYICTIKGOV HovAad®V Yyivetar amd tpitovs. [Tapoia avtd, vdpyovv
OPIOUEVA GTOLYEID TTOV TOL SLOUPOPOTOLOVV.

To Grid Computing 6a propodoe va yopaktnplotel o¢ pio tpoomddeia yio
OTOKEVTPOTONUEVO GUVTOVIGHO KOl OloLXEIPLOT| ETEPOYEVAOV VITOAOYIGTIKMV TOPWV
7OV €ivol KOTovEUNEVOL GE OLOLPOPETIKOVS EIKOVIKOVG OPYAVIGHOVG. [la v
eMiTELEN VYNNG ATOSOTIKOTNTAG XPTCLOTOLOVVTOL TUTOTOUEVA,  YEVIKOD
oKOMov TPMTOKOAAM Kot Slemapés. Xto cloud avtd dev oyvet, apod N dayeipion TV
TOp®V yivetal cuviBwg amd pio KEVTPIKT LOVADaL.
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Ta Grids amevbivoviar kvpiog oe epevvntikég ouddec. Kabe epyaotinplo mov
AopPavel pHépog o KAmolo Project, kavel tovg mopovg tov dtabécilove oe Ol Ta.
GAAo LEAN TOV €pyov, OAAG Kol UTOpEl vo KAVEL XpNoN TOV TOP®V TOV VTOAOIT®V.
¥to cloud omd ™V GAAn, éxovue éva EekABOPO EMLYEPNOLOKO HOVTELO, OTOL
TOPEYOVTOL VANPEGIEC TANPOQPOPIKNG OTO €LPV KOWO, Kol O KAOe ypNoTng
KootoAoyeital pe Bdorn v KotavdAmor] tov. AKpPdg Onwg 6To NAEKTPIKO pedia N
070 vePO OMANOT.

Yg Mo TeYVIKO eMMEd0, TAPATNPOVUE CNUAVTIKES SPOPEG MG TPOS TN dlayeipion
tov hardware. To virtualization aroteAei éva amd ta Bepéha tov  cloud computing.
Ot dwBéotpor mOPOL  EIKOVIKOTOOVVTOL Kot Guvrovilovtal oamd Tnv KEVIPIKN
dayeipion Tov cueTHHATOG. XT0 grid Opm, av Kot £xovv Yivel Tpoonddeieg mpog avTh
mv katevBovon (Nimbus), katd kavove de yiverar yprion Vvirtualization, kot cuvenmg
KG0e opyaviopdg eivar omokAEoTIKOG VTELOLVOC YL TOVG TOPOLS TOVL TOAPEYEL.

[Mopakdto eaivovior  GuYKPLTIKE 01 KUPLOTEPES O1APOPEG LETAED TV dVO LOVTEAWDV:

Parameter Grid computing Cloud computing

Goal

Collaborative sharing of resources

Use of service (eliminates the
detail)

Computational

Computationally intensive

Standard and high-level instances

focuses operations

Workflow . In EC2 instance  (Amazon
In one physical node

management EC2+S3)

Level of abstraction

Low (more details)

High (eliminate details)

Degree of scalability | Normal High

Multitask Yes Yes

Transparency Low High

Time to run Not real-time Real-time services
Requests type Few but large allocation Lots of small allocation
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Allocation unit

Job or task (small)

All shapes and sizes (wide &
narrow)

Virtualization

Not a commodity

Vital

Portal accessible

Via a DNS system

Only using IP (no DNS registered)

Transmission

Suffered from internet delays

Was significantly fast

Security

Low (grid certificate service)

High (Virtualization)

Infrastructure

Low level command

High level services (SaaS)

Operating System

Any standard OS

A hypervisor (VM) on which
multiple OSs run

Ownership

Multiple

Single

Interconnection
network

Mostly internet with latency and
low bandwidth

Dedicated, high-end with low

latency and high bandwidth

Discovery

Centralized indexing and

decentralized info services

Membership services

Service negotiation

SLA based

SLA based

User management

Decentralized and also Virtual
Organization (VO)-based

Centralized or can be delegated to
third party

Resource
management

Distributed

Centralized/Distributed

Allocation/Scheduli
ng

Decentralized

Both centralized/decentralized

Interoperability

Open grid forum standards

Web Services (SOAP and REST)
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Failure management

Limited (often failed
tasks/applications are restarted)

Strong (VMs can be easily
migrated from one node to other)

Pricing of services

Dominated by public good or
privately assigned

Utility pricing, discounted for

larger customers

User friendly

Low

High

Type of service

CPU, network, memory;,
bandwidth, device, storage, ...

laaS, PaaS, SaaS, Everything as a
Service

Data intensive
Suited for that Not suited for that
storage
Example of real SETI, BOINC, Folding@home, Amazon Web Service (AWS),
world GIMPS Google Apps

Can’t be serviced at a time and

Response Time ~eed to be scheduled Real-time
Critical object Computer resource Service
Number of users Few More
Resource Limited (because hardware are Unlimited

limited

Configuration

Difficult haven’t

administrator privilege

as users

\ery easy to configure

Future

Cloud computing

Next generation of internet

[Tnyn: Cloud Computing Vs. Grid Computing S.M.Hashemi, A.K.Bardsiri
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mailto:Folding@home

1.6 Epapuoyeg

Ta mleovektuato mov mopéyet to cloud computing gvvoodv v avdmtuén
EQAPUOYDOV TOL omoutovv peydAn emektaciuotnto (scalability), amopoakpoouévn
npocPacn o€ Oedopéva, N HEYOAN LTOAOYICTIKY 10Y0. Oplopéveg amd OVTEG TIG

EQOPUOYES elval:

Emyaipnowoxés epappoyég (business applications): Meydia cvotiuoto  (ERP,
CRM ) mov ¥pnoomotovviol Yot T0 GTPATNYIKO GYEOCUO TMV EMYEPNOEDV,
givar cvviBmg oA amartnTikd o€ vmoloylotikny oxd. H Avon tov cloud Aowmdv
Qovtalet pHovodpopog, omd Tn oTiyun mov 1o UEYEBOC TV OEOOUEVOV  TTPOC

eneEepyacia yuo TG peydleg entyelpnoelg avédvetan eKOETIKA.

Eqappoyéc yio xivntéc ovokevég: Ta tedevtaia ypoOvVIH Ol KIVINTEC GUOKEVLEG
ATOKTOVV OAO KO HEYOAVTEPO HEPIDIO TNG ayOopd Yo Tig S1adikTLOKES vanpesieg. Ot
VANPEGIES AVTES Y1 VO avTaroKplBovy KatdAAnia, Ba mpénet va  e€acpaiicovv
vynAn dwbecuotro oAAG kot Tn duvatotnto Yoo dueon emeCepyoacio peyaiov
mAnBovg dedopévav. Ta 600 avtd yapakTNPloTiKd vIodeikvvovy o cloud wg v

KaAOTEPN ADoN.

Egappoyéc pe vynié Pabpé maporinromoinong: H onuepwn  €kpnén
OEOOUEVOV £YEL MG CLVETELD, TNV OVAYKT Y10 YPYYOPT EMEEEPYACIN TEPAGTION OYKOV
mAnpoopiog. Avto pe tic svpuPatikég texvoroyieg etvar advvatov vo  emtevydel. Xto
cloud wotdéco, pe Vv Vmapén swovikd oamepiopiotov hardware (on demand),
UTOPOVUE VO HOPACOVUE TO OEOOUEVO HOGC OF EKOTOVTOOES  OLOPOPETIKOVG
VTOAOYIOTEG Y10 VO EMTUYOVUE YPNYopdTEPT eneEepyacio Tovg. Malota, ot Tapoyot
dabéTovv topa mepifdrrovta (MapReduce, Hadoop) ywa ) SievkdAvven ovtdv
TOV EPAPULOYDOV.
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KEDAAAIO 2

NoSQL Databases

2.1 Opiopog

Ot oyeoloxéc PAcelg dedoUEVOV ATOTEAOVGAV Yo TOAAL ¥povio. TV Kuplopyn
EMAOYN YO SIKTLOKEG KO EMLYEPNOLUKES EQOUPUOYES. AdY® TG GYEAOV KABOMKNG
EMKPATNONG TOVG HOAGTO, OMUovpynOnKav moAAL epyaieio TOV SLELKOAVVOLV Kot
eumiovtiCouv ™ ypnon tovs. To oyeclokd oyfuo mwov vAomoleitar pe ™ Yprom
OG0140TATOV TIVAK®OV Kol KAEWUDV, KOADTTEL TIG OVAYKES Y10 £vOL TOAD PEYOIAO LEPOG
eQapuoy®V uéxpt Tdpa. Me v élevon tov cloud computing ®otdc0 Kot TV avaykn
Y10l AITOOOTIKO, KATOVEUNUEVO YXEPIGUO OAO KOl LEYOADTEPOV KOl O TOWKIAOLOPPOV
Oykov dedopévev, TOAAOL opyavicpol €0TpEYAV  TO  EVOWPEPOV  TOVG OF
EVOALOKTIKOVG  TPOTOLG  Olayeipiong ko  amoBnkevong  dedopévav. 'Etot,
onpovpynnkay moAAd ocvotiuato Pdacewv dedopéveov Tov OV VIOKOLV GTO
OYECIOKO HOVTELD, KOl TAEOV KOTEYOLV HEYOAO UHEPIOO TNG Oyopds Wiwg o€
dradktvakég epapuoyéc. Ta cvomiuatoa avtd Eywvav yvootd oc “NoSQL”. Av kot o
6pog moapaméunel o “Oy- SQL”, Ba frav opBoTEPO Vo TOV amodmcovpe ®¢ “Oyt
uévo SQL” N “Mn — oyectako”.
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rdbms nosq| MpoaBAKN Go0U
Opog avalfmamg DOpog avalimang

Evdiagpépov e TNV TTapodo Tou Ypovou

| Titho abfioauy

Syfne 8: NoSQL vs RDBMS

2y mopamdve kova gaivetal 1 avénon g dnpotikdtrag tov NoSQL Bdoeswmv
ovykptika pe ta mapoadoctakd RDBMS. To didotnua 2009-2010 mapoatnpodpe pio
KOTAKOPLPN aHENGT TOL EVOLPEPOVTOG Y1 TIG U OYXECLOKES PAcelS, Tov cuveyilet
va av&avet (pe younAotepo puiuod) péxpt kar onpepa. Avtoé cvopuPadilel pe v e&icov
amdtoun avénomn Tov GyKov TV OEOOUEVOV TOL OLOKIVOUVTOL GTO O10diKTVO, OTTMG
(QOIVETOL KO TOPOKATM:
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RAFFIC ('I'ERABYTES PER MONTH)

INTERNET T

12,000

11,000

10,000
9,000 L p2p
8,000 ‘ Web, Email
7,000 ‘ Gaming
6,000 o~ Video to PC
5,000 ’ Video Comms
4,000 $ vor
ha00 @ internet TV
2,000
1,000

Yynuoa 9: Internet traffic

Av KOl TOL GUGTHOTA AVTE UTOPOVV VA XOPIGTOVV GE TOAAEG KaTyopieg, £xouv
évav koo dEova 4 onueiov: gtval pn oyectokd, KOTOVEUNIEVO, AVOIKTOD KMOUKO, Kot
oplovtio KAMpoakootpa. Akoun vrakodv oto Bedpnua CAP, chuemva pe 1o omoio
£VaL KOTAVEUNILEVO VTTOAOYIGTIKO GUGTNIA O€ UTOPETL VO TAPEYEL TOVTOYPOVO, GUVETELD,
(consistency), dwafecipuotnto (availability) ko avoyn tunudtwov (partition tolerance).
Me 10V 0po cuvvémeln evvoovpe TG OAOL 01 KOUPOol Tov cvuotiuatog “PAETOVY” Ta
1010 0edopéva oy 1010 Katdotoon, kabe ypovikh otryun. Me tov dpo dabecipuotnra
evvoole g Kabe evépyela Tov meldtn Ba AdPel mdvta por omdvenon (emtoymg /
avemtuyng). Eved pe tov 6po avoyn tunuatov €vvoobue TG 1o cvotnuo Oo
ocvveyioetl va Asrtovpyet mapd pio BAAPN o éva tpuua tov. Ta teprocotepa RDBMS
mapEYoVV cuvénelo kat dtbeonotnta, evd oto. NOSQL cuvavidpe Kot Guvovacrong
CP 1 AP aAAd og kapio tepintmon kot tov tpiov (CAP). Avtd mpakTikd onuoivel
¢ moAEC popég ota NOSQL cvotmiuoata gite emiéyovpe éva mo yoAopd HOVTELO
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ouvvénelog, ite Buoitdlovpe T SOEGIUOTNTO TOV CLUGTNUATOG DOTE VO EMTVYOVLE
HEYOAVTEPN VoY  TUNUATOV.

Yynua 10: CAP Theorem

2.2 Xoykpion ue 1ic SQL Bdoeig

Ta oyxeclakd cvotiuata Pacewv dedopévav TapEyovy ToAD vyMAn anddoon yio
avalntoelg PacIoUEVES OTIG OXECELS LETAED TMV OVIOTNTOV, KOOMG Kot yio dedopéva
He avotnpn doun kot opotopopeio. Malota 1 €0KOAN TNV KOTAVONOT LOPPT TOVG
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Kot 1| TANOOPO EPAPLOYADV TOL SLIELVKOAVVOLV TN dlaXEiploT TOvg, o KAvel Waitepa
TPOCITA Ge apydplovg — un e&edikevpévong ypnotes. Qotdc0o, tar dedopéva oG
TOALEC POPEG OEV EYOVV ALGTNPA KOOOPIoUEVT LOPET] | TOAVAOS VO LG EVOLOPEPEL
TEPLGGOTEPO N OPLLOVTIOL KAUAK®MOT 0TS GLUPOIVEL OTOL KATAVEUNLEVO GUGTLLOTOL.
e téroleg meputoelg evoeikvotan 1 ypnon NoSQL cvotqudtov. Mio tétola Bdon
dedopévov umopel va Bpioketol S10polpacuév o€ Heyaro aplBud and eneepyoaotéc,
eAaPPHVOVTOG £T01 TO POPTO TOL KOBEVOG EEYmPLoTd, Kat divovTag T duvaTOTNTA Yo
dwxeipton tepdotiov Oykov dedopévav. Opiopéveg NOoSQL Pdoelg pdiorta,
Tapéyovy avtopato dapotpoocud (auto-sharding) tov dedopévav otovg KOUPOLG TOV
GUGTNOTOG, ELVOMVTOG OKOUO TEPIGGOTEPO TN XPNON KOTAVEUNUEVOV GUCTNUATOV
KO LELOVOVTAG TO (pOpTO epyaciag Tov dlayeplotn. Kdrtt téroto eivar pev epiktd Ko
ota. RDBMS pe yprion clusters aAld pe mold peyoldtepo k6oT0g drayeiptong, Kot pe
LIKPOTEPT] OMOTEALEGLATIKOTTOL.

2ta oxeclokd GuoTNUATO To OEdOUEVO amOONKEVOVTOL GE TIVOKES LLE OVOTNPA
kabopiopévn doun. Ot otpreg — attributes evoc mivaka kabopilovior katd
dnupovpyia Tov Kot O PTopovV vo HETABAAAOVTAL SUVOLIKE, AVAAOYQ LLE TO CTOLXELD
nov Béhovpe va gicdyovpe. Xtic NOSQL 6umg ta dedopéva avikovv og Eyypaga (€€
ov kot o O6pog docubases mov ypnoyomolobv moAAoi) Kot kKabe Pdaon eivor pio
ocvAloyr] amd avtd ta &yypago. Etol, kdBe &yypago pmopel vo €xel evieAmdg
avelhptntn doun amd ta vEoAoma. XNV TpoypaTikdTTa BERata, givar mpotipndtepo
VO DTEAPYEL UI0L OTOLYELDOING SOUN , DOTE VA SIELKOADVOVTOL T qUEries, alAd akdua
Kow €10l omo@evyetar 1 déouevorn extra yopov yia null values mov omotelel
ONUOVTIKO TOPAYOVTO OTIG LEPES LLOG.

"Eva dAho yapaxtnpiotiké tov RDBMS mov avatpénetar amd tic NoSQL sivon to
povtédo ACID (Atomicity — Consistency — Isolation - Durability). Xe o oyxeolokn
Baon, kabs cuvolroyn (transaction) gite Oo olokAnpwbel emTvydg eite Ba amotHyEL
TANP®G aprvovtag ™ Phon avernpéactn. Agv vdpyetl pepikn emtvyio (Atomicity).
Axdpa, povo &ykvpa dedopéva ypdpovtal otn Pdomn, eépvovtag TNV amd o EYKupn
Kotdotaon (vo mAnpovvtar dniadr 6Aa to constraints) otnv emduevn (consistency),
EVD OLVOALUYEC TOV EKTEAOVVTIOL TOWTOYpPOVO Ogv emnpealovv m pia v GAAN,
eMQPEPOVTAG £T01 1010 amotéleoua pe T oElplokn ektéleon tovg (isolation). Télog,
aeov oAoKANpwOel pe emtuyio pot cuVOALAYT, TOPAREVOVY Ol GAAOYEG TTOL EXEL
Kavel otn Paon dedouévov, akdpo Kot av To ovotnua &gl TpoPinua (durability).
¥tic NoSQL Bdoeic n ovvénewn kor 1 amopdvoorn Bvcidlovior yio xapn g
JfecIUOTNTOG, TNG OVOYNG O CEUALOTO KOl TNG OmOd0CNG TOV GUOTHHOTOC
(availability, graceful degradation and performance). Anuovpyeitar €161 T0 povtéLo
BASE(Basically Available, Soft State, Eventually Consistent) cto onoio otnpilovtot
ot NoSQL Bédoeig. Toppmva pe avtd, éva ocvotnuo dovievel dwupkng (basically
available), ympic avaykaoctikd va givon dtopkmdg cuvenéc (Soft state), alid Oa givor ev
TéAEL o€ Kamola yvwortr katdotaon (eventually consistent). Ot cuvaliayég emouévmg

37



yivovtol mo ypryopa, a@ov dev voKewTol 6Tovg eplopiopovg tov ACID, adrd pe

pikpoTeEPN a&lomoTion Kol GUVETELD.

ACID BASE

Strong consistency Weak consistency
— stale data OK

Availability first
Best effort
Approximate answers OK

Isolation

Focus on “commit™
Nested transactions
Availability?

Conservative
(pessimistic) Simpler!

Aggressive (optimistic)

Difficult evolution Faster

(CEFERE Easier evolution

But I think it’s a spectrum ————

Tyiua 11: ACID vs BASE

NoSQL vs. SQL Summary

SQL Databases NoSQL Databases

Many different types including key-
One type (SQL database) with minorvalue stores, document databases,
variations wide-column  stores, and graph
databases

Developed in 2000s to deal with
limitations of SQL  databases,
particularly concerning scale,

Types

Development Developed in 1970s to deal with first wave
History of data storage applications
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Examples

SQL Databases NoSQL Databases

replication and unstructured data
storage

MySQL, Postgres, Oracle Database MongoDB, Cassandra, HBase, Neo4j

Individual records (e.g., "employees"”) are

stored as rows in tables, with each column Varies based on database type. For
storing a specific piece of data about that example, key-value stores function
record (e.g., "manager,” "date hired," etc.), similarly to SQL databases, but have
much like a spreadsheet. Separate data only two columns ("key" and "value"),
types are stored in separate tables, and then with more  complex information

Data Storage joined together when more complex queries sometimes stored within the "value”

Model

Schemas

Scaling

Development
Model

Supports
Transactions

are executed. For example, "offices” might columns. Document databases do away
be stored in one table, and "employees™ in with  the  table-and-row  model
another. When a user wants to find the work altogether, storing all relevant data
address of an employee, the database engine together in single "document” in
joins the "employee™ and "office" tables JSON, XML, or another format, which
together to get all the information can nest values hierarchically.
necessary.

Typically dynamic. Records can add
Structure and data types are fixed innew information on the fly, and unlike
advance. To store information about a new SQL table rows, dissimilar data can be
data item, the entire database must be stored together as necessary. For some
altered, during which time the database databases (e.g., wide-column stores), it
must be taken offline. is somewhat more challenging to add
new fields dynamically.

Vertically, meaning a single server must be Horizontally, meaning that to add
made increasingly powerful in order to deal capacity, a database administrator can
with increased demand. It is possible to simply add more commodity servers or
spread SQL databases over many servers, cloud instances. The  database
but significant additional engineering isautomatically spreads data across
generally required. servers as necessary

Mix of open-source (e.g., Postgres,
MySQL) and closed source (e.g., Oracle Open-source
Database)

) In certain circumstances and at certain
Yes, updates can be configured to complete
. levels (e.g., document level wvs.
entirely or not at all

database level)
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SQL Databases NoSQL Databases

Specific language using Select, Insert, and
Update statements, e.g. SELECT fields Through object-oriented APIs
FROM table WHERE...

Data
Manipulation

Depends on product. Some provide
strong consistency (e.g., MongoDB)
whereas  others  offer  eventual
consistency (e.g., Cassandra)

Yynpa 12: SQL vs NoSQL Summary

Consistency Can be configured for strong consistency

2.3 2X0vtoun avaivon oaeopetikawv ooy NoSQL

Baoewv

Meta&d tv S10pOpwV GLGTNUATOV dloyeiplong Un oXeCLOK®OV PAcE®V dEdOUEVOV
TOPATNPOVVTIOL OOPOPES MG TPOS TOV TPOMO amoONKEVONG KOl OPYAVOOTG TMOV
dedopévav Toug. Xmpilovtal Aourdv PAcn Tov HoVTELOL dedOUEVOV TOVG o€ 4 KOPIEG
katnyopieg: Key-Value Stores, Column Family Stores, Document Databases, Graph
Databases.

Y1ic Key-Value Stores wvplapyel m wWéa g vmapéng evog hash table 6mov o
ypnog omodnkedel dedopuéva-tuég(values) to omoio dektodotovvTol amd KAmTolo
novadikd kAedi (Key). Aev givar amapoitnmn n drapén evOc avoTnPod GYHLOTOS Yo
T dedopéva  mov  amofnkevovtal, eV Yy TNV Emitevdn  peyaAvTEPNC
KMUOKOGIUOTNTOG Kot armdd0o™ g TOV GLGTHLOTOG YiveTal yprion unyovicumy caching
kow  dev  vmootnpilovror cvvevidcelg (Joins) kot cvvabpolotikéc (aggregate)
Aerrovpyieg. Ta kvpidtepa této10. GuotHpata ivar ta Amazon Dynamo, Riak, Project
\oldemort, Redis «.a.

Y11g Column Family Stores vrepioyvel 1 16€a TG omobnkevong kot eneéepyociog
dedopEVmV KaTA GTAAN Ko Oyt Katd ypapuun. Koplog 6todyog Toug etvar va pmopovv va
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OLXEPIOTOVY TOAD LEYAAO OYKO OEOOUEVOV TOL PploKoviol KoTaveEUNUEVE OE
dtpopovg eEumnpentéc. Kot €0 yivetan ypnom kAedidv (rows), mov deiyvouv Opmg
oe pia M meprocdtepeg Column Families. Tumikd Topadsiypota T£T01MV GLOTNUATOV
eivon to. BigTable, Hbase, Accumulo «.o.

O1 Document Databases powdlovv ue tic Key-/Value Stores aidd vrootmpilovv
mo moAvmAoka dedopéva. Ta dedopéva avtd (“Eyypaga’) dev £Exovv avotnpr doun
KoL £TGL 0L YPNOTES EYOLV T SLVATOTNTO VO TPOGHETOLY KO VO 0papovV TTediao KaTd
BovAnom. Onwg kot otig Key-/Value Stores, kabe éyypoago deiktodoteiton and Eva
KAedi (Key) pe 1o omoio pmopei 0 yPNOTNG VO TO OVOKTINGCEL, KOl EMTAEOV, OTIC
neplocdTepeg document databases vrdapyel dwwbéso APl 1 query language mote vo
OLEVKOADVETOL 1 OVAKTNOT| £YYPAQ®V e Bdon To Teplexopevo Tovg. Ot mo dNUOPIAEIS
document databases ivau o: MongoDB, CouchDB, Cassandra «.o.

Y1ig Graph Databases yivetat yprion koéupov (nodes) ko akucdv (edges) ywo v
aVamOPAcTACT Kot 0mobkevon Tov dedopévav. Ot ypdeot nAady  avtikadietovv
T0 KAGGIKO HOVTELD TOV TvaKkwV. To povtédo ypaenudtov mov akoAovdeital evvo-
el v opldvtio KApbdKkmon agob pmopei vo  ypnoporon et TapOAAN AL cE
TOAAOVG €ELTNPETNTES.

2.4 Tlopooelypato Kol TAEOVEKTNUOTO HEPTKDV
Bdoewv NoSQL

Yy evomrta avty Ba eetdoovpe pia avtmpooswmnevtiky NOSQL Bdon amd
KaBévav amd toug 4 Topandve TOTOVG MCTE Vo Yivel eavepN 1 dlopopd Tovg and To
napadocioakd RDBMS, aAld kot peta&d tovg. Oa dodue oe peyolvtepo Paboc
MongoDB, a@o¥ avtn givat 1 facn Tov ¥pPNGILOTOI0VUE TNV EPYACTO LLOG.
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2.4.1 MongoDB

H MongoDB (om6 to “humongous” - tepdotioc) €ivar 1 mo dtadedouévn
Document Database kot icwg ko 1 o dwadedopévn NoSQL Database yevikdtepa.
Avantdybnke and v etoupeio 10gen ota TpdTLTO. TOL AVOLXTOL KMOOUKA Ko 600MKE
Yo TpAOT Popd oe KukAopopia to 2009. Eivar  vAomompévn o1 YAOGGA
npoypoppatiopod C++, kot KOplog otdyog TG eivar 1 emitevén vymAng tayHTNTaG Kot
KMpokooipuottog. Xpnowonotgital oto back-end moAldv peydimv vanpesidv 6mwe
Craigslist, eBay, Foursquare, SourceForge «.d., akpipdg AOy®m g TOAD VYNANG
duvatdTTog Yoo KAMUAKoorn mov mpoopépel. O mpokabopiopévog TpOTOg Yoo TN
dwayeipion MongoDB Bdacewv givor péow tov dwdpactikov Javascript shell mov
nopéxel. Emmléov, oe moléc yhdoosg npoypappaticpov (C, C#, C++, Haskell, Java,
JavaScript, Perl, PHP, Python, kot Ruby) éyovv avomtuyfei Bipriodnkeg kar drivers

YL TV vrootNPEN TE.

Movtélo dedouévarv

Ymmv MongoDB oakolovBeitar n vootpomio. data as documents.Ta &yypago mov
amoOnkevovtar  elvar ot popery BSON  avtikeévov, OomAadn  dvodikd
kodwonompéva JSON avtikeipeva. Too BSON elvar oyedacpéva €1l dote va
yiveton 0kola M ddoylon Ko 1 ovéAvon tovg. Ot xpnoteg €16AyovV 0. dedOUEVAL
toug oe popen JSON, ta omoio otn cvvéyewa petatpénovian oe BSON mote va
amofnkevtobv ot Pdomn, Ko avtictorya 6tav maipvouv kamowo BSON avtikeipevo
a6 ) Paomn, 1o PAénovy o JSON popen. AnAady|, ot ypnoteg de PAETOLY KaBOLOL
™ BSON popon}, ypnoiponoteitar péovo eocmtepikd ot Paon. Eva JSON document
gtvon undév M meplocotepa (edyn  kAewwov — tung (key-value pairs). Tav kAeldi
amofnkeveTal To dvopa Tov TEdIOV WS GLUPOAOGELPA KoL GOV TIUY|, Lol T EVOG Ao
tovg vrootnpiopevovg JSON data types (Number, String, Boolean, Array, Object,
Whitespace, null, 1 JSON value) eite kdnotog dArog 6mwg nuepounvia. To péyioto
péyebog evag eyypaeov givar 16MB, evo yio peyodkivtepa apyeio ypnoylomoteitar 1o
GridFS. Ta avtikeipeva owtd ivar schemaless, mov onpaivel mwg dev vdpyet Kdmola
opadomoinon petald eyypaewv mov TePLEYoLV 1010 KAEWLE, KATL TOV GLVAVTAE GTO
OYECIOKO HOVTEAO, OOV OAEG Ol E€YYPOPEG €vOG mivaka €£yovv Tnv 10w doun.
AvtiBétwg, Eyypoea pe mapdpoto doun mov TEPIAAUPAVOLY OEO0UEVA GYETIKA LE TO
010 avtikeipevo, oAAd pe dtopopeticd Cevyn KAeW100 — Tung, amodnkevovton podi,
o€ pa “cvAloyn”.

To mieovéxktmua tov NOSQL mov €yet vo wdéver pe ™ pn dmoapén oavotnpd
KaBOPIGHEVOL OYNUATOC TV dedopéVaY, paivetol kKot oty MongoDB agob vrdpyet
amoAvTn elevbepia ®¢ mPog Ta media, T SOUN Kol TOVS TOTMOVS dedouévav Kabe
EYYPAPOV U10G GVAAOYNG. ATTO TV GAAN OpmG, £€va ToAD Pacikd ototyeio givorl mTmg
dev vmdpyel dvvorodTNTo Yoo JOINS petald cLALOY®V Omm¢ oTIC oYeolakés Paoelg
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dedopévmv. ‘ETot, 0 oye0100TNG KaAEiTal Vo SLopopPdGEL To KAOe £yypapo EexmploTd,
LE TETO0 TPOTO MOTE VO, EAUYICTOTOLEL TOV OOUTOVUEVO OTOOMKELTIKO YDPO GAAL
Kol Vo OlEVKOADVEL TIC avalTNGELS TOV, LOVIEAOTOIMVTOS TO OEOOUEVA LLE YVAOUOVAL
TOV TPOTO ¥PNOMNG TOVG Kot Oyl tov Tpomo amobdnkevonc. Ilapoakdtom eaivetar Eva
napaderypo JSON apyeiov.

"id": "1",
“name" : { "first" : "Georgios", "last" : "Tentes" },
"education" : {
"school" : "National Technical University of Athens",
"department" : "Electrical and Computer Engineering",
“graduated” : true
}
"thesis" : {
"title" : "...",
"date" : ...,
“supervisor" : "Prof. Theodora Varvarigou"
"year" : 2014,
“tags" : [ "cloud computing", "NoSQL", "Big Data", "
Multimedia" |
}
Yynpo 13: Json
Indexing

Mo v vrooTPIEN YPNYOP®Y EPOTNUATOV, O GYEINGTNG UTOPEL VO O1LLLOVPYNOEL
éva gupenplo Yo éva medio evog eyypdpov mov Ba dexbel epwtoeg. H MongoDB
emupénel ) Onovpyio gupemplov oe omolodNmote oTorKElo €VOC EYYPAPOUL,
axpiag 6mwg kot oo RDBMS emitpémovv  gvpetnplonoinorn oe omoladmote GTNHAN
evog mivaka. To evpetiplo vAomolovvior ®g B-Aévdpa kot mapdtt n dwrrpnon
TOALDV gvpeTnpiwV dNUovPYel KOOBVGTEPNCEIS OTIC EVIUEPMDOELS, EAV EPUPULOGTOVV
omMOoTd, UTopovV vo oéNooVY KatakOopveo TV amddoon Tmv queries. Mio kaAx
TPOKTIKN Y10 YPIYOPN EKTELEGT] TOV EPOTNUATOV EIVOL VO S1OTNPOVVTOL TO. EVPETNPLNL
ot RAM. Z¢ ka0e epdTnpa YpNOYLOTOLEITAL VO LOVO EVPETNPLO, |  EMIAOYY]  TOL
omoiov yivetan amd to PedtioTomomt epotudTmv (query optimizer). Ta gvpetipla
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onuovpyovvtar péoca amd to shell g Mongo pe ypnon g ovvaptnong
ensurelndex(). Mmopobue vo  OMUIOVPYNOOVUE EVPETAPLOL OE OMAG  KAEWLA,
EVOOUATOUEVO KAEWDLA 1] AKOLOL KO OAOKAN PO EVEOUOTOUEVO, OVTIKEILEVAL.

Apyrtextoviki

H MongoDB £yet o¢ kbpto otdéx0 TV LIOGTAPIEN EPOUPUOYDY TOV TPEYOLV GE
Kotavepunuéva cvotuato — clusters vroloyiotdv. ‘Etot, mailelt modd peydro poro
op1ZovVTIo. KAUOK®OGILOTNTO KOl Y10 GVTO TPAYLLOTOTOLEITOL OVTOLATY KOTOVOUT TOV
eoptov epyaciag (auto sharding) peta&d tov kouPwv tov cluster. Ot képPor avtoi
dakpivovton o€ 3 katnyopiec: shard nodes, configuration nodes kot routers.

Shard Nodes

Amotelodvion  omd  efvmmpetntég mov  Ttpéyovv  Mongod  diepyaocieg kot
amoOnkevovy dedopéva. To va efacpoliotel M SabecipdmrTa 1 avTtdHOTN
avakatevbuven evog un dabéciuov kouPov, kabe shard cuvibmg amoteieiton amd
oAV efummpetntég mov dmuovpyodv éva replica set. (avtiypoago tov idiwv
OEQOUEVMV).

Configuration Servers

AmoBnkebovv ta metadata (petoa-mAnpoeopieg) tov cluster, mov meplaufdavovy
Baoikég TAnpoeopieg yia kabe shard node kou ta “chunks” mov mepiéyet o kabévag. Ta
chunks ivai cuveydueva dedopéva amd cvAloyéc tavoumuévee  ue  Pdon 1o
sharding key kot mov amoOnkedovtar ota shards. Kabe configuration server kpatdet
t0. metadata twv chunks kot étot pmopei va domctdoet og oo shard Bpickeron kdbe
{nrovpevo document. H cuvénsia tov  dedopévov  otovg  configuration  servers
eaceoliCetor péom evog two - phase commit mTpmTOKOAALOVL Kot €vOG E1IKOV
replication oynuatog (6t tov Master - Slave 1 Twv replication sets 6nwg ota shards).

Routing Services

Eivon diepyacieg mongos mov ekteAoDV OTHUOTO OVAYVOONG KOl EYYPOPNS €K
HEPOLG TOV EPOPLOYDV TEAATN KOt TPEYOLV GTNV TAELPE Tov eEummpetnty. Eivon
vrevbvveg Yo v €bpeon tov shards mov Oa dafactodv 1| Ba eyypapodv dia pécov
tov configuration servers, yio t ovvdeon pe avtd ta shards, v extéleon Tov
aVTIGTOL(OV OUTAUOTOG KOl TNV EMGTPOPY] TOV OMOTEAECUATOG GTNV EPOPLOYT TOL
TEAATT), GUYXOVEDOVTOG TO EVOEXOUEVOGS LLE TO ATOTEAEGLLATO TOV 1010V QUTHLLOTOG OO
dAla shards. ‘Etot, enttoyydvetor 1 mpoPoiny 6TOVC TEAATEC €VOG KOTAVEUNUEVOD
MongoDB cuotuatog og évag amhog e&ummpetntig, kabmg ot teddteg o€ yperaleTon
va yvopilovy 10 TOpOUIKpO GYETIKA HE TO TMOG N TO 7OV &ival Kotaveunuéva to
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ntodpueva Eyypapa. Ot Mongos diepyacieg o€ daTnPOLY Kopio KoTdoToon Kol Og
ocvvtovilovtot HETaED TOVS. AVTIOETMG elval apKeTd “eAa@PLEC” MOTE VO UITOpohV va
vrootnpyBel peydrog apBudc and requests.

N\
rephca set
config servers
Yynuo 14: MongoDB Architecture
Replication

H MongoDB mopéyer €pputn vrootpién yww T Ol0TNPNoY  avIypapmV
(replication), mov onuaivet mwg 1 Pdon Klwvomoigitonr Kot cvyypoviletar og
TOLAGYIoTOV 2 LIOAOYIOTEG. Me T @UANEN avTlypapmv Olac@orleTor avtdpatn
EVOALOKTIKY] OUVOECYT], ©€ TePIMTOON OQOALOTOC Kot £€tol  eEac@aiiletan m
dbeoiodTTo TOL GLGTUATOS. O ATAOVGTEPOG UNYOVICUOG EOAAENS  avVTLYpAO®V
givar avtog tov Single Master/ Single Slave, dniadn yprion €vog TPOTELOVTOC KoL
evog  devtepeboviog  eéumnpetmtdyv. Xt MongoDB  wotdéco,  cuvhbog
ypnowuonotovue replica sets kabe évo amd ta omoia eivan €vag shard node mov
amoTeAEITOL OO EVaV TPOTELOV Kal KAmolovg devtepevovteg kOpuPovg. ‘Eva replica set
umopel va amoteheitor omd £wg Ko 7 SErvers evo ofveton kKol 6To YPNoTN M
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duvatotnto va uny yivel replication  kdmoiwv apyeiov Tov, €1GAYOVTAS TO OTNV
e1d1kn Paon local.

Master / Slave Replication ReplicaSet

Member 1
SECONDARY

Member 2
RECOVERING

Yynua 15: MongoDB Replication Approaches

Sharding

And v éxdoon 1.6 wor émero, m MongoDB vrmootmpiler v opildvtia
KMpbkoon PECHO UG OVTOROTNG  OPYITEKTOVIKNG  KOTOUEPIGHOD 1TNG Paong
OedOUEVODV MOTE VO KOTAVEUEL TO. dgdOpEvVa HeTalhd Tov dabéciumv koppav, pe
OLTOUATO KOTOUEPICUO POPTOV gpyaciog Kot OyKov dedopévav Kot avakatevhuvon
oe mepintwon opdipatoc (failover). Lopeova pe to documentation tg MongoDB,
o¢ sharding opiletat 0 droywplopndg TV ded0UEVOV UETAED TOAOTAGDY VITOAOYICTMV
LLE TETO10 TPOTO MOTE Vo datnpeital 1 oyetikn tovg oepd. To sharding yiveton pe
Baon t ovlioyn (collection) kat 6yt cvvolikd t Pdon dedopévov. ‘Eve MongoDB
cvotnua, pmopel vo dtokpivel ovTOHTO TOEG OMO TIG GVAAOYEG LEYOADVOLV UE
LEYOAVTEPO PLOUO OO TIG VTOAOITES, MOTE VO TIC KOTAUEPIGEL GE MEPIGGHTEPOVS
KOUPOLG, EVED 01 AALEG UTOPOVV VO TOPOUEIVOVY G £vav povo KopPo. Axkoua, umopel
VO EVIOTIGEL TIG AVICOPPOTTiEG HETAED TOL PopTiov TV shards, kot vo avoakotoveipet
Ta dedopéva dote avtég vo, eEopaivvBovv (auto-sharding).

Queries

Ta epotquata ot MongoDB viomowovvior ¢ query objects, oniaon
avtikeipevamng popeng BSON, mov mepiéyovv ta kpitipa tov gpwtiuatos. Etot,
dnuovpyovvtar eite uéow tov interactive shell, eite péoow pag yAodooog
TPOYPOUUOTIGHOD, Ta apyeia otn popen JSON pe Bdon T1¢ mopapéTpoug mov e10dyet
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0o ypnotmg, kar ovtd otélvoviar cav BSON avrtikeipevo péow tov driver g
EPOPUOYNG, Gote vo ekteleotel to query. 'Eva epotnpo ektedeiton yio o
ovykekpiévn cvAloyn. Edv o ypnotng Béhet va coumepthdfer  amoteAéopato  amod
TEPLOGATEPEC GLAAOYEG, OaL TPETEL VO EPOUPUOGEL TO EPATNUA GE OAEG TIC GLAAOYEG
mov mHavov vo mePEYovy T avtiotoryo £yypaga. To HOVIEAO ePpOTNUATOV TNG
MongoDB mopéyet apketd peydan Aettovpytkdtnta apod vrootnpilel petald dAlmv
T OKOAOLOW YOPOKTNPIGTIKA:

e  YnoPoln epotnudtov oe documents ko to. embedded subdocuments

e  YmoPoln Ye@Y®PIKOV EPOTNUATOV

e  Xpnon tedectdV ovyKplonc (>, >, <, <, =)

e Xpnon Aoyikdv tedestdv (and, nor, not, or)

e Xpnom telectdV IKovomoinong cuvOnkng ( in, exists, equals, mod, type, all x.a.)
e  Xpnon cvuvaptnoewv opadonoinong ( count, sum kAm)

Daivetor Aowmov mwg avtifeta pe moldég dalec NoSQL Bdoeig dedopévav, n
MongoDB vmoompiler eEedwcevpéva gpotpate. [o v amodotiky] ektédeon
QVTAOV TOV EPOTNUATOV, SNUIOVPYOVVTAL TAAVE EPOTNUATOV Ond VO GLGTATIKO TNG
MongoDB mov ovopdleton query optimizer (Beltiotomomtig epoTNUATOV). Xg
avtifeon pe avtiotorya cvotatikd twv RDBMS, 6¢ facileton og otatiotikd ototysia
obte vroloyilel 10 KOGTOG TOAAATA®V dvvaT®OV TAAVOV gpoTnudTeOV. Avtifeta,
extelel Ta O10POpa TAAVE EPOTNUATOV TOPAAANAL, KOL TA SOUKOTTTEL OAQ, OTOV £Vl
amo avtd emoTpéyel T0 {NTOVUEVO ATOTEAECLO, CLUTEPAivOVTAG £TGL OO €ival TO
armodotikdtepo  query plan ywo 1o avtictoyo epodmua. H mpocéyyion avty
Ae1tovpyel amodoTIKG GTO PN GYECLOKA GVGTHKOTO, 0POV AGY® TG U VTtapéng joins,
EAAYLOTOTOLELTAL O YDPOS TOV JVVATAOV TAAVOV EPOTNUATOV.

Yyetika pe T ovvorlayég (transactions), 1 MongoDB mapéyet atopkdtta udvo
oe Aertovpyieg delete xar update, pe yprion g avtiotoyng  moapapérpov($atomic).
To KAeldmpo GVVOALAYDOV Kol 0L TOADTAOKEG  GLVOAAOYEG OEV EMTPETOVTAL Y10 TOVG
e&€ng Aoyoug:

e Am6ooom. Apov og pia dtapepiopévn Bdomn Ta Kotavepunpéva KAgdopata Ho oy
ToAD “Papld™ kol apyd, evd avtifeta 1 MongoDB éyet oyedwootel pe aéova v
TayOTNTO Ko TV “ehappotnra’

o Amoouyn ade&Hdmv

¢ Awtpnon Tov omA®v Kot TpoPAEYIL®Y AE1TovpyLdV ot Bdon

e XtOYevon otnv kaAn Asttovpyia g faong yio Tpofinuata tparyatikoh ypovov.
YUVENMG TO KAEIOWUO PEYAAOV OYKOL OedOUEVOV UTopel vo 0dNyovse Ge UeEYAAN
KaBVOTEPN O TNG EKTEAEOTG EAAPPVTEPMOV EPMOTNUATOV.

Téloc, 1 MongoDB mapéyetr kol puo eAa@p®dg TOpaAAAYHEVY] DAOTOINGT TOL
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MapReduce (to omoio avaAivetar oe Paboc mapakdtm). Xtmv vAomoinon avty, M
ovvaptnon map déyetar g gicodo éva document, to emefepydletol Kol ToPAyeEL
Cevyn khed1ov - tyung. Ta {edyn avtd opadomolovvion pe Paon 1o KAewdi, kot yio
Kd0e €va TpokvmTEL £vag mivakag amd TES. AvTtd T (evyn KAEW100 — TvaKa TIH®OV
npombovvtal 6Tn cvvdptnon reduce n omoio maPAyEL Kol EMOTPEPEL Yio KABE KA1l
pio povadikn T, idtov Tomov pe TV T mov kdver emit 1 map function. Avtdg o
TEPLOPIGLOG VITAPYEL EMELDN OL cLVAPTNOELS reduce umopel va kKANOoOV eXavoANTTIKA.
ITpoarpetikd, pmopet vo yiver ypnomn g cvvaptmong finalize. H suvaptnon ovty
ekteleitan pio eopd yio kabe Key, petd ™ @don tov reduce kot ypnolpoTolEiTaL YioL
™mv oupadomoinon tev amnotehecudtov tng reduce function, omwg my Yy OV
VIOAOYIoUO VOGS LEGOV OPOV.

2.4.2 HBase

H Hbase eivar o column-oriented Baon dedouévov mov avamntoydnke og o
avotytol kmdko £kdoon tng BigTable. Ta column-oriented cvotfuoto amobnkevong
TUYXEVOLV QVEAVOIEVIC TPOGOYNG TO TEAELTAIN XPOVIA TOGO GE EPELVNTIKO OGO Kot
oe Propunyovikd emimedo, AOY® NG VIWOSTNPENG 7OV TPOGPEPOLY Yol UEYAAN
KMUOKOGILOTNTO TOV 0E00UEVAOV, OTOO0TIKNG TPOGPAoNS 6T dEGOUEVH KO VYNANG
avoyns ooeoipdtov. To dedopéva  opyavaovovtol €0mOTEPIKO ot Pdon  o¢
epemAevpéva Cevyn KAEO0V-TIUNG Kol Tapovotdlovion eEMTEPIKA GTO YPNOTN ©OC
aporoi Tivaxeg. Kabe ypapun oe  avtodg tovg mivaxes ovtiotoryel o éva GOVOAO
ELQOAELIEVOV (EVY®DV  KAEWOI0V-TIUNAG OV OEIKTOOOTOVVTOL GE OVATEPO EMIMESO
a6 1o 1610 KAedl (to KAEWdl TG Ypapung, “row key”). e devtepo eminedo t0 KAES
gtvar to “column family” kou og tpito to “column qualifier’). Kafs omin oe o
ypoupn avtiotoryei oty tiun  (omofnkevpévn o¢ mivakog omd bytes) mov
dewkrodoteitan amd o cuvdvacud tov column family kot tov column qualifier.

Ytnv Hbase ta dedopéva amodnkevovial o apatode mivakes, dSnAadn mivakes He
YPOUUES TTOV €xovV peTafAnto apBud otniov. Kabe ypapun €xet éva povoadikd row
key ue Bdon to omoio ta&wvopovvior ovtopato. Ot oTHAEC OHAOOTOLOVVIOL GE
owoyéveleg otnAov. Ta dedopéva g 1d10g okoyEvelng oTNA®V  amodnkedovion  oe
QLGIKO EMIMEDO, KOVIA GTO OIGKO MOTE VO EMTLYYAVETOL PEATI®OON TNG OITOO0OTG TWV
queries. ' v vrootPIEN TOAUTADY EKOOGEMY TV OEGOUEVMV YPTCULOTOIOVVTOL
timestamps. Avtég opilovtar dueca and to YPHOTN OTOV E1GAYEL TAL dedOUEVQ., Eite
aVTOUOTO OTO TO GUOTNUM, KOL G GLVOLACUO HE TO FOW Key kot T otiin,
npocdlopilovv povadikd ta dedouéva. ‘Eva mapaderypo mivaka tng Hbase gaiveton

TOPUKAT®:
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Time . .
Row Key ColumnFamily contents |ColumnFamily anchor
Stamp
"com.cnn.www" t9 anchor:cnnsi.com="CNN"
anchor:my.look.ca

"CNN.com"

"com.cnn.www" [t8

contents:html =

"com.cnn.www" [t6
"<html>..."

contents:html

"com.cnn.www" t5
"<html>..."

contents:html

"com.cnn.www" [t3
"<html>..."

BAémovpe howmdv mwg pmopolue va £xovpe d00 YPapUES Le To 1010 row Key, axdpa
Kot oty 6w column family, oAld Oyt ko pe idro timestamp, agod Onwg simoue o
GLVOLOCUOG AVTAOV TOV TPLOV TPOSIOPILeL LOVAITKA To dEdOUEVA.

H opydvowon avt Ponbdel omv omodoTiky ovAKTNoN Kol EVNUEPMON TOV
dedopévov og mpaypatikd ypoévo. EEautiog g pHopong tov mvaKk®v HopovuE vo
CUUTEGOVUE TO OE00UEVA KEPOILOVTOG TOAVTILO AmOONKELTIKO YDPO.

Y1g column oriented Bdoeig m enEKTACUOTNTO EMTLYYAVETOL pE TO range-
partitioning wov yiveton ota dedopéva pe Paon to row key, oe tunpoto icov peyéboug
7ov de popaovrar kabolov dedopéva. Avtd ta Tpunpoto (partitions) tov TpokvHITTOLV,
AmoGTEALOVTOL GE O1APOpOoVS Kataveunpévoug eévmnpettéc. Oco avéavetar o 6yKog
TOV dedouévev, TOG0 meptocdTepa partitions dnuiovpyovvral. Oswpnrikd Aouwwdv, M
wKavOTNTO amodNKELONG TOV OEOOUEVOV KAUOKAOVETOL TOGO 0G0 avidvovtolr ot
dtaféopot EumnpeTnTEG,

H HBase ypnowonotei o master-slave toroioyie. Ta partitions Aowdv mov €36
ovopalovtal “regions” amobnkevovtol otovg slaves, ot omoiot ovopdalovral “region
servers”. Xpnowponotobvtal molhamiol Masters oote va amoeevyetor to mTpOPAn o
tov single point of failure. Otav évag region server tibetol ektdg Aettovpyiog, Ta.
dedopéva tov avaktodvtor and to file system (HDFS) kot amootélhovior oe GAlov
eEumpetnm. Mo mibovn copedpnomn mov pmopet va dnpovpyndel OHwg AOY® avtig
NG OPYLTEKTOVIKNG €lvol OTOV £YOVUE TOAAUTAG OUTAUOTO Yol OEOOUEVO GTO 1010
gvpog row key. ‘Etot, OAa avtd ta arthpota whve otov idto e&umnpent kot mhovov
VoL £YOVLLE VIEPPOPTMOT).

Emti Tov mapovtog, n Hbase vrootpilel anhd queries pe Baon to row key kot  to
timestamps, dev vmoompilel Ouwg moOAOTAOKO epmTNMATA, JOIN AElTOVPYiES,
CLUVOAAOYEG Kot dELTEPEVOVTEG OeikTES. MTOpOVLE EMTAEOV VO OVOKTIGOVE KOl VOl
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dwatpé&ovpie va cHVOLO amd GTNAES, G€ Eva Oed0UEVO €0POG YPALUDV.

Av kot to query model @aivetor apketd omAoikd kot wOAVOV avETOPKES, oV Ol
nivaxkes OounBodv cmotd, EMTPETOLV TNV £MALON APKETOV cOVOETOV TPoPAnudtwy,
EVD Y10 KOO TTLO TTOADTAOKESG AELTOVPYiES UTOPOVLLE VAL YPNGULOTO|COVLE EPYOCIES
map — reduce.

[Mapakdtom eaivetor o avaivtikd 1 apyrtektovikn tng Hbase:

HBase high-level architecture

Yynua 16: Hbase Architecture
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2.4.3 Amazon's Dynamo DB

H Dynamo DB avontoydnke and tv Amazon Baciopévn otic apyéc tov Dynamo
(mpoydvov Tov NOSQL) kot Tpocpépetan yio xpron oto makéto tov Amazon Web
Services. Q¢ mpog Vv TEXVOLOYIKN vITodour| oty onoio. otnpileTor vwobétel peTa&d
A oV TTog araptiletar amd dekdoeg yMddeg e&umnpetnTéC oV Ppickoviat 6€ TOAAG
datacenters avd tov kO6GHO, YPNOWOTOLEITOL YAUNAOD KOGTOVG VAIKO KOl TG TO
oQAALO KATOwL otolyeiov  egivar M ocvvnBopévn katdotoon Agttovpyioc. Xnv
Amazon n Dynamo ypnowonoteitor yio vo dtoyelpiletal v KaTdoToo VINPECUDY
[e TOAD VYNAEG amaltnoelg o€ a&tomiotia kot ypeldlovtol avotnpd EAeyy0 ®G TPOG TO
ocuuPiacud petald dtobectdTNTOC, GLVETELNS, YOUNAOD KOGTOVS Kot amOO0GNC.

H Dynamo ypnowonotei consistent hashing ce ocuvvdvaocpo pe replication g
oynuo Slopepicpoy TV dedopévav. EmumAiéov, yio TV avIUETOMON TOV VO
KUPLOTEP®V UELOVEKTNUATOV TOL consistent hashing (dvica katavoun dedopévav Kot
adtapopio. ¢ mPog TIg duvatdTTeG TOoL KABe KOUPOVL), YiveTarl YPNON EKOVIKOV
kopPov. Ta avtikeipeva mov amobnkedovror o tunpata petald tov KouPov Exovv
ovykekpévn ékdoorn to kabéva (multi-version storage). T ™ dSwnpnon ™G
CULVETEWNG KaTO TN OdpKew evnuepooewv, 1 Dynamo ypnowomotel o teyvikn
amopTiog Kot £vo TPOTOKOALO Y10 OTOKEVIPMUEVO GUYYPOVIGUO T®V avitypdewv. [a
oV evtomiopd ootoyidv petaéd tomv kOpPov, ypnolpomoleitar évo gossip-based
TPOTOKOALO TOL  O1ELKOADVEL KOTA TOAD TNV  €160Y®MYN KOl  OTOUAKPLUVON
eEumpetNToOV pe eAdyiot avBpomvn vfov.

Mia amd T1g Kevrpikég 10éeg mhve otig omoieg Paciletonr 1 Dynamo eivon mwg ot
TEPLOGOTEPEG VINPEGiES 6TV AMAzon pévo amodnKeLOLY Kot OVaKTOUV OEO0LEVOL LLE
Baon to mpTELOV KAEWL KOl GUVETMG elval apelGTO TOL TOAVTAOKO EPWTHLLOTA KO
N Oyeplotiky Agttovpywodtnto. mov mpocpépeton and oo RDBMS. H Dynamo
ypnowuonolel évo amAd key-value interface, amoOnkedovrag tig Twég cav BLOBS
(Binary Large Objects). O1 Aettovpyieg  mepropilovtar oe éva (g0yog KAEOI0V-TIUNG
Kk&Oe popd.

H Dynamo otoyevel kvpiog oty emitevén vynAng dwbeciudmrog Kot
EMEKTAGIUOTNTOAG Kot Y10 avTO TO AdYo Buclalel TV VoINPT GUVETELD KOl €V HEPEL
NV ATOUOVOOT|. AVTO QaiveTAL 0Td TNV TOATIKY akolovbeitol ota.  Writes, T
omoio. emtpémovtal akdpo Kot Otav Eyovpe amocvvdedepéva aviiypaga. ‘Etot, n
Dynamo oyedialetar og “always writable” kot n evnuépmon tov aviypdemy yivetot
ota reads.

Olot o xk6pPor otnv Dynamo eivar 1cotwol. Agv vépyovv KOpuPot pe €101kEg
gvBvvec Ko Aettovpyieg dmmg my mMaster, slave kKAn. O oyedaorog aVTOG EVVOEL TIC
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OTTOKEVTPMUEVEG Peer-to-peer texvikég EVavTl ToL KEVIPIKOD EAEYYOV.

To yeyovog 6t m Dynamo Aettovpysi evidg tov diktvov tng Amazon, to
nepdAiov kot O6Aolt ot kOuPor Bewpovvion pun exfpikoi Ko emOpEVOS  dev
emooprtiletar pe TNV vAomoinon UNYOVICL®V  ac@oieiag  (E£0VG1080TNONG,
ovOeVTIKOTNTOG KAT.).

To interface tng Dynamo napéyet povo dvo Aettovpyieg:
get (key) : mov emotpépet po Alota e avtikeipeva kot Eva context
put (key, context, object) : yopic Tyn emotpoenc. To get umopei vo emotpéyet
nePLocOTEPO. oMb €V AVTIKEIUEVOL OV VTAPYOVV  GLUYKPOVOUEVEG EKOOGELS
AVTIKEWWEVOV [ TO 1010 KAedl. Xto context mepiéyovran metadata ommg n €xdoon tov

OLVTIKELLEVOL KATT.

Problem Technique Advantage
Partitioning Consistent Hashing Incremental
Scalability

Vector clocks with Version size 15

High Availability

for writes reconciliation during decoupled from
reads update rates.
Handling temporary | Sloppy Quorum and Provides high
failures hinted handoff availability and

durability guarantee
when some of the
replicas are not

available.
Recovering from Anti-entropy using Synchronizes
permanent failures Merkle trees divergent replicas in
the background.

Membership and
failure detection

Giossip-based
membership protocol
and failure detection.

Preserves symmetry
and avoids having a
centralized registry
for storing
membership and
node liveness
information.

Yynuo 17: Amazon's Dynamo techniques
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2.4.4 Neodj

H Neodj civar n mo odwdedouévn graph database. Eivor oavorytod kddka,
YPOUUEV OF java kot 1 TpdTn k000N TG 600NKe otV Kukhogopia to Pefpovdplo
tov 2010 and T Neo Technology. Xpnowonotei property graphs, dniadn éva covo-
Ao amd kOuPog kot katevBvvopeves akpéc, 6mov kibe kKOUPog Kot kibe akun pmropel
va £xovV £vay 0molodNToTE aptOpd amd 1010TNTEG TOV  YPTGLUEVOVY woTte va
amofnkevovtan ta dedopéva. Ot 1010TNTEG OVTEG £XOVV £VOL LOVASIKO OVOYVOPIOTIKO
KAeWl ko o T, Onwg o mepiocdtepeg NOSQL Paoelc, givon schema-free mov
onpaivel Tog ot KOUPOL, 01 GLGYETIGEIS Kol Ol WOTNTES UmopovV va, dNpiovpyndodv
Le omolodNmoTe TPOMO, e pHovadikn TpobndOeon kdbe cuoyétion va Exel Evav apykod
Kot évay TeEMKO kOupo.

Ocov apopd v apyttektovikn ¢ Paong, n Neodj tpéxel mavo o JVM (Java
Virtual Machine). ITépa and ta Java APIs, vrdpyovv dideopa aiia APIS yio va
dtevkoAvvovy T droyeiplon kot TNV amobnikevon tov graph data. Xpnoyomoteiton pia
object cache evtoc tov JVM yua ypriyopn €0peon twv Objects, ce endpevo eninedo pua
file system cache «ot teMkd to dedopéva drotnpovdviar 6to okAnpd dioko. H
OPYLTEKTOVIKN OLTH QoiveTon KAADTEPO GTNV TOPAKAT® EKOVL:

JWRA

Orthear AFIs

Tran=gcton

Core AP Mlaragpesmant

Thject Cacha

Ciparating System

Fila Systam Cackwe

Fasepord Files

Tran=gcthon
L

Mo
Felationsnips
Relationship

[vpeg

Properties

Yynuo 18: Neodj Architecture
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Ot kopuPot amobnkevovriar og eyypoéc twv 9 byte, pe tétoro 1pdémo doTE va
dlevKoAVETOL 1) YpIYOpN €Vpecn Tovg e Baon to ID. Ot cvoyeticels amodnkedovion
®¢ eyypapéc TV 33 pe OelkTeg MPOg TOV OPYIKO Kol TOV TEMKO kOpPo tovg. Ot
1010tnTeg eivan (edyn kAewd100 — tiung towv 41 bytes, émov 10 KAedi sivon éva java
string ko 1 Ty orolocdnToTe java primitive type, mivaxag 1 string.

Ocov apopad t1g docoAnyies, 1 Neodj akorovdel Eva moAd avotnpd poviéro, apol
arortel kaOe gvepyela mov mBavoév va petofdirer o dedopéva, va TpéEel w¢ Lo
docoinyia. ‘Etot, katapépvel vo eE0o@oAcEL TNV 0KEPOLOTNTA TWV OEDOUEVMOV KO TIC
ACID ¥10treg.
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KEDAAAIO 3

Big Data

O 6pog Big Data teivel va yivel évag amd Toug o dNpo@iieic ta televtaio ypovio
OTIG TEXVOAOYIKES EMOTNIES. APYIKA OLUOPPOONKE amd LEYAAOVG OPYOVIGLOVS TTOV
EMPETE VAL YEPIGTOVV OEOOUEVA e LEYAAO aLENTIKO pLOUS,  OT™g SrodtKTLAKA
dedopéva, OedOUEVE Omd EMIGTNUOVIKEG 1 ETXEPNUOATIKEG TPOCOUOIDGES K.GL.
[ToArol amd awtovg Tovg opyavIoHoDS oTNPIlovTal GTOV ATOJOTIKO YXEPICUO CVTOV
TOV HEYAAOL OYKOL Oedopévav Kot €161 odNyHnKay otV avamtuén epyoleinv Kot
EQAPUOYDV TTPOg avth TV Kotevbuvon, omwg my. n Google pe 1o GFS xot 10
MapReduce.

Kotd pia évvola, to big data Bpiokovrar mavtod kot gumiékovy tovg mavteg. Ot
amAol YPNOTEG TOL SLAIKTVOV KO TMV KOWMVIKOV SIKTO®V Tapdyovy kadnuepva
TEPAOTIO OYKO dedopévav pe Tig dpaotnpomtég tovg (tweets, blog posts, upload
QOTOYpaPL®V Kol Bivieo kAm). Ot emotnUoveg ONUIOLPYOVV AETTOUEPEIS LETPNOELG
avalntoviag 660 10 dvvotdv peyoAvtepn akpifean yioo o mepapoatd tovg. Ot
EMYEPNOELS amoOnKeELOVY dedOUEVA TTOV £YOVV VO KAVOLV HE TO 1OTOPIKO T®V
TOAGE®V TOVG, TO. GTOLXEID TV TEAATMV TOLG KOL TIS TPOTIUNGELS TOVS DOTE VO
UTOPECOVY VAL OVOADGOVV  KaADTEPO TIG avdykeg TOvg. BAémovpe Aowmdv mdg
TPOEKLYE N AVAYKT Yol TNV AVATTUEN VE®V TEXVOAOYUDV OV VO, LOG EMTPETOVLY VOl
OLXEPIOTOVUE OVTA TOL dEJOUEVE, KATL OV HE TS LIdpyovoeg pneBddovg Ba NTav
advvarto. ‘Etol, TpokOaTel kot £vag OpKETO OVIUTPOCHOTELTIKOG Optopog Yo ta big
data mwov d600nke amd To McKinsley Global Institute to Mdw tov 2011: “Big Data
refers to data sets whose size is beyond the ability of typical database software tools
to capture, store, manage, and analyze.”

3.1 Volume Velocity Variety

Ta Big Data yopoktnpiCovtar mold €0otoxo amd 10 amoKaAoOUeVo poviélo 3V
Model, 6mov o1 6por Volume, Velocity kar Variety éyovv kvpiopyo poro. Me 10
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Variety (mowkiMa) €vvoovpe TO HEYAAO €0POg TOOVAV  SUPOPETIKOV TOTMV
dedopévev mov  Kohobuaote va yeplotovue, to Velocity (toydtmra) avaeépetot
otov puiud mov ta dedopsva mapdyovron kot eneEepyalovral, kot o 6pog Volume
(6ykog) avapépetor  oTNV nocotNTa-pEYEfog TV  SBESIHOY  OEOOUEVMV.

Yyetkad pe o Volume, ta televtaio ypdvio mapoatnpodue pio. ekbetikn avénon
O0TOV OYKO T®V OEGOUEVOV TOV KOAOVUOOTE VO AmoONKEVGOVLLE, APOV VTH OOV
va givor katd kuplo Aoy dedopéva oe popen kewévov. TTAéov, €yovue tepdotieg
1ocOTNTEG OEdOUEVOV GE LopPN VIdeo, Myov Kol EIKOVOV TOGO GE EMOTNUOVIKEG
EPAPLOYEG OGO Kol GTO EVPEMG TAEOV OLAOEOOUEVE KOWV®VIKG diktva. Eivor mAéov
oA cuvnOopévo o entyeipnon va dwobétel Terabytes 7 axépo kot Petabytes
amofnkevtikov ywpov. 'Etcl, kabdg av&avovtor ta dgdopéva, ypelaletor va
eMOVECETAGTOVV 01 EPAPLOYES KOL Ol APYITEKTOVIKEG OV Ta VITOooTNPilovy KabDS Ot
cupupoatikég pEBoOOL deV ETAPKOVV.

To Velocity avoeépetar otov toydtoto pubud pe TOV 0OMOi0 E1GEPYOVTOL VEO
dedopévo aAAG Ta vmdpyovto ovovedvovtol EmumAéov, €xel va KAVEL pHE TOV
ATOITOVUEVO XPOVO Yo TV enefepyacio Kot avaAvon Tov dedopévov Kabmg avtd
gloépyovial 610 cvotua. o to TpdTO oKéEAOG, cLVNB®G 0 POPTOG epyaciag elvar
docoinyiec (OLTP) kot o mpoPAnpa sivar mog to cvotua Oa dexbel, Bo piltpdpet,
Ba Swyeprotel kot Bo omoBnkevoel Tor dedOPEVO TOV EPYOVTOL GLVEXDS KO LE
tayvtoto puouod. Ta ntapadociaxd RDBMS €60 dev kaADTTOUVY TIC OVAYKES LLOG, OLPOV
avoykaoTikd emneEepyalovtar moAd peyddo overhead ota dedopéva yioo AGyovg
KAewdopatog, logging, kot latching oe molvvnuoatikéc epappoyés. To devtepo okélog,
apopd 6to ¥pdvo Tov amatteital MoTE Vo, eEdyovpe TAnpo@opia omd T E10EPYOUEVAL
dedopéva (stream analysis / mining). Mdlota, dev emapkei povo vo gipacte o€ Béom
Vo avaAov e Ta dEdOUEVOL Ko VoL EEAYOVLE TTANPOQOPID. GE TPAYUATIKO XPpOVO, OAAYL
emmAéov  elvor omopaitnTo vo  eKTEAOVUE KOl OAEG TIG Agrtovpyie oL
EVEPYOTTOLOLVTOL OO QVTA, GE TPAYUOTIKO YpdVo, doTe va unv kabvotepel 1 OAn
dwdkacio. ['a Tapdderypa pio epaproyn mTov TapakoAovel TG TIHEG TOV ETAPEIDV
OTO XPNUOTIOTAPLO, OV apKel vor pumopel vo TIG Kotaypdeel, oAld mbavdg va
Béhovpe ko va ayopdletl 1 vo TovAdeL pia petoyr| otav avtr Eemepva KAmolo TIu.

Oocov agopd to Variety, vmapyet mAéov m ovaykn vao oamodnkedoovpe, vo
OLVOVACOVE KOt VO ETEEEPYACTOVUE OEOOUEVA OO TOAAES SLOPOPETIKEG TTNYES. AVTO
EXel ®G OLVEMEWL QUOIKA Vo OVTILETOTILOVHE Oyt PUOVO SUPOPETIKOVS TOTOVG
JedOUEVMV, OALA Kot SLOPOPETIKY doUn LETOEL TV OV TOTMV. Xe TPAOTO EMinedo,
onpovpyeitar €tol M amaitnon vo evompatombovv dedopéva e avotnpny dounon
(structured), nwdounuéva (semi-structured) xor addunto (Unstructured). e devtepo
eMinedo, aKOUO Kol oV 01 TNYEG LAG YPNOYLOTOOVV QUGTNPT SOUNGT TOV SEGOUEVMV,
mOavov vo etvar eTepoyevT], 1 SOUNOT TNG WG Vo unVv eival copforty| pe kémowo GAAN,
Vo YPNOLOTOI0VV SOPOPETIKN onuactoroyio kKA. Eivar Aowtdv mpoeavég mwg ta
RDBMS mov amotrtovv avotnpn Ooun oto 0€00péVO TOLG, OV UTOPOVV Vo
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AVTOTOKPIOOVV GE AVTEG TIG VEEG TTPOKATOELS.

Big Data:
Expanding on 3 fronts
at an increasing rate.

Data
\/elocity

o
- O
%0

. PR
.\\\ N\
G

0@2\“ o3¢
Q o
\),‘)«;:,“

.
2 b/(;, MB'  GB
% %
")Q?@

I
%é Audio

¥

U
f?b:‘,/ Uos L

'-)(//?:‘O, ‘\‘l“-)\'_)\l(’.

Variety

Yynuo 19: Volume, Velocity, Variety
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3.2 Technology and Application Challenges

ATOTEAEG O OADV OVTMOV NTOV VO EVTOTIKOTOMOEL 1 €épevva TAVE® GE TOUEIG TOL
Ba £dtvav TN duvatodHTNTa Vo EEMEPAGTOVV T LEYPL TPOTIVOC OPLOL TTOL  VITPYOV
OYETIKA PE TO PEYEBOC TV OEOOUEVMV TTOL NTAV JLOYELPIGTLLL.

Ot topeic awtot stvar:

e High-speed networking: H taydtepn Siktvokn HETOQOPE HEYAAOL OYKOL
dedopévv elval po amd TIC TPOKANCELS oL avTipeTonilovue onuepa. Evdektikd, 1
terabyte amattei mepinov pia dpa yio vo petopepbei eviog evog cluster voloyiotdv,
Kot mepimov pio pépa yio vo petapepbel S1apécov (oG OdIKTLOKNG GUVOESNC
“oyming toyvrog”. ‘Etotl, kabdg av&avetor o 6ykog Tmv dedopévmv Tov BEAovuE va
amofnkevovpe kot vo petapEpove, Ba mpémer vo avEdvovtal avaAdY®S Kot ot
TOYVTNTES LETAGOONG, DGTE VO, LITOPOVV VO, TO VITOGTNPIEOVV.

e Cluster computer programming: O 7wpoypapupaTIGUOG HEYOANG KAIpOKOG
KOTAVEUNUEVOV  DTOAOYIOTIKGOV CLOTNUATOV  elvar e omd TG HOKPOXPOVIK
TPOKANGELS Yo VO, pmopécovpe va eneepyaotodpe ToAd ueydlo data sets oe Aoyikd
ypovikd mAaicwo. To Aoywopkd o mpémer va givor oe Béon va 1ookataveipel ta
dedOUEVAL KOl TOVG VTTOAOYIGUOVG 6€ OAOVG Tovg KOpUPovg evoc cluster, oAdd kat va
pmopet va dtaxepileton t1g aoctoyies. Mia moAAd vrooyduevn Aon o€ avtd o {RTnuo
eivar to MapReduce framework mov avaAiveton apydtepa.

e Extending the reach of cloud computing: Mmopei o AWS t¢ Amazon va
épepe v emavaotoon oto cloud computing, ®otdéco £xel aKOUM OPKETOVC
TEPLOPIGUOVS. Avtol €rovv var Kévovv KLplwg HE TO UEYAAO YPOVIKO OAAG Ko
OIKOVOUIKO KOGTOG Yo, va. petopepbodv peydia datasets amd wou mpog e cloud
€yKaTAoTOoN. Agv VITAPYEL INAASN M SLVATOHTNTO Y10 EVKOAIN GTNV KIVNTIKOTNTO TOV
dedopUEVMV.

[Tpog awt v kotevBuvon kwveiton to OpenCirrus Project g Intel to omoio eivan
OUMG KOO GE TPMIUO GTASLO.

e Machine Learning and other data analysis techniques: Eivotr mpogavég mwmg
dev apkel amhd va ipocte og B€om vo S10TNPNCOVIE TEPAGTIONG OYKOVG OEDOUEVMV,
OAAGQ TO O OMUOVTIKO 16MG glval Vo EQOPUOCOVIE KATAAANAOVS 0AYOPlOLOVG BOTE
va ta avaivcovpe. Avtd givar o avtikeipevo tov machine learning, kot veiototot 1
avayKn Yo avantuén adyopifumy mov va uropovv vo KAMPOKOVOVTOL GE TOGO LEYAA
dedopéval.

e Widespread Deployment: Méypt TpoTivoc, OAEG 01 KOLVOTOUIEG GTOV TOUEN TMV
big data épyovtov amoxAeloTikd amd TIg Kopvaieg etaupeieg tov ydpov (Google,
Amazon xAm). Av ko givor moAAol ot opyaviopol mov €xovv 61N d1dbecm TOLG
HEYAAOVG GYKOVS OEOOUEVMV, KOl EXOVV TNV OVAYKT] VO TO OLOYEPIGTOVV OTOOOTIKA,
eM1oTOL Elval QVTOL TOV £YOLV TNV TEYVOYVMOGIN VO TO KAVOLV. XT0, ETOUEVA YPOHVIX
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Aowmdv, avopévoope va dovpe eEeMiEelg oTov Topén AVTO, TOV VO TPOEPYOVTOL Omd
éva o PEYAAD €DPOG OPYAVIGUDV.

e Security and Privacy: Mg ) cvAloyn 0o Kot TEPIGGOTEP®V SEOOUEVOV, TOAAA
€K TOV OMOlMV OPKETA gvaicOnto, eysipovtal EpMTNUATO GYETIKA LE TO UEXPL TOLO
onueio Bo mpémel va pmopovue va to avaivcovpe. o mapddetypa, ot KOUEPEG
ac@oAeiag o TOAAG onpeia pog TOANG TPooPEPOLY LeYAAn Bonbela otn datypnon
™G AGQAAELNG OTNV KaOnuepvodTnTa, 0AAG 0V VITAPYEL 1] SVVATOTNTA VO, GLVOVLACTOLV
Ta Oedopéva OAmV pall, epeaviCeton o Kivouvog g Kotdypnong Tovg.

Ao v G, omwg eimape to cloud computing mpooeéper ™ dvvatdTnTO. VL
YPNOUOTOU|COVE UEYAAO OPlOUd VTOAOYICTIKGOV TOP®Y GE TOAD YOUNAO KOGTOG.
Atveton Opmg €161 Ko 1 duvatdTNTo 6 VOV KAKOBOVAO YPNOTH Vo SNULOVPYNGEL Eva
botnet 1 va. ypnoyomomoet peyding kKAipokag tapaAiniomoinon yio vo 6mdcel Eva
KPLTTOGVGTN LA

3.3 MapReduce

To MapReduce &ival icmg To oNUavTIKOTEPO EPYAAEID TOV EYovUE 0T d1G0E0T HOgC
ywo. v avéivon Big Data. Eivaw éva mpoypappotiotikd poviého, poali pe tn oxetikn
vAomoinomn yo dnpovpyia kot eneEepyacio oAb peydimv datasets. Avamtdydnke ot
Google am6 tovg Jeffrey Dean kot Sanjay Ghemawat. To kivntpo yio thv avantoén
70V PplokdTov 610 PEYAro aplBud vroloyloudv mov yivovtav kabe uépa ot Google
Tve og TeEPAoTIO OYKO gloepyOuevev dedopévav. Ot voroyiopol avtoi cuviBmg
ntav apketd EexdBapor evvoloroyikd, Omwg my. vo Ppebel to query pe Tig
TEPLGGOTEPES AVANTNGELS YOl KATOW LLEPOL 1] VAL KPOTIETOL OPYELO LE TIG 10TOGEAIDES
OV EMOKEPTNKE Evag YpPNoTNg UEXPL oTiyuns. AOy® Tov moAd peydAov aplfpov
YPNOTOV OU®G O OYKOG TOV EGEPYOUEVOV OedOUEVOV ETERAALE TN YpMOLLOTOiNoT
KOTOVEUNUEVOV CLUGTNUATOV LE EKATOVIAOEG N Kol YIMAOEG VTOAOYIGTEC DGTE VO
Kataotel dvvato N eneepyacio va oAokANpwhel oe Aoyikd ypovikd mhaicto. Ao ™
oTYUn Opwg mov N enegepyacio TV dEQOUEVMV YIVETOL KATAVEUNUEVD, EPYOVTIOL GTO
TPOCKNVIO TOAAG GAAa Bépata Omwg To Mg Ba yivel dapopacUdc TovS, TAS Oa
nopoaAinAomomBovy ot vroAoylGpol, TMG Ba XEPIOTEL I VoY GTO. GOAALOTO KoL M
KOTOVOUT TOV (POPTION KAT, SUGYEPOIVOVTAS TO £PYO TOL TPOYPOUULATIOTY, TTOL TAEOV
dev pmopet va emkevipmbel amokAeloTikd otov aAyoplBuo mov Ba epaprdcel Tavm
oT0 0E0OUEVA, AAAG TTPETEL VOL POVTIGEL KOl Y10t OAC TO, VTOAOTAL.

To MapReduce Loutév oyedldotnKe Yo Vo TPOGPEPEL EVOL EMMEDO APAIPEOT|C
HETAED TV TPOYHOTIKOV VTOAOYIGUMV TAV® GTO 0EO0UEVE TOV OTOTEAOVV £vOHVN
TOV TPOYPOUUOTIOT], Kol TOV (NTNUATOV TOLv TPOKLTTOLV Omd TN XPNom
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KOTOAVEUNUEVAOV GLOTNUATOV OTO¢ avagépope mo mave. Eivar éva omdd ko
TV TOYPOVOS TOAD dvvatd framework mov entpénel 6GToV TPOYPAPUATIOT va
EKTELEL TIC AMOLTOVUEVEG EPYACIEC G GLVOPTACES Map kat reduce. tn cvvEyeld, To
framework oavtopoto  Swapopdler T  epyaciec  oto  dwbéowo  cluster,
avalappavovtog £1ot 1 dwyeipion OAwv Twv Nmudtwv mov Bifaue Tponyovpévmg.
Mepukol amd tovg Mo cLVIHOELS Kot EVOLPEPOVTES VITOAOYICUOVS Y10 TOVS OTOI0VG
umopovue va ypnooromoovpe to MapReduce eiva:

e Distributed Grep: "Eieyyoc yia o moteg ypapués and didpopa keipeva touptalovv
Le kdmoto 000<v pattern.

e Count of URL Access Frequency: Emefepyocia opyeiov pe requests web
16T0GEAd®V MoTe va Ppebel 0 GuVOAIKOG apBUOC EMCKEYE®V Y10 KAOE 10TOGEAIDA.

e Reverse Web-Link Graph: Aofeicac pag Aiotag and (evyn URL g popenc
(mpoopilopde, myn), emotpiéestl (gvyn (mpoopiopdsg, Alota(mnyés)), oniadn oo Ta
URL mov 0dnyodv o éva cuykekpiuévo koppo.

e Term-Vector per Host: Ed® cuvoyilovtat ot o onpavtikoi 6pot mov TepEyovat
o€ €va oOvolo and £yypaea, oc o Alota amd Levyn (6pog, cuyvotnTa).

e Inverted Index: v 0 Pdon pe TPONYOLUEVOCS, €0 EMOTPEPOLUE EVOl
OVESTPOUUEVO EVPETNPLO TOV Op®V, OMAaON Y KAOBe AEEN evOog cuvorlov amd
gyypaopo, e&dyeton pe Aloto amd ton £yypoga mov TNV mepEyovv  (AEEm,
Afota(id_gyypaeov)).

e Distributed Sort: Ed® n ocvvaptmon map e&dyel kamola {evyn g poporg (key,
record), ta omoio emiotpéQel N reduce amapdAiayta. QoT060, AGY® TOL UNYAVIGHLOD
partitioning emtuyydverot ta&vouncn tov Keys.

INa va dnuovpynost o MapReduce epyacio, 0 TPOYPOUUOTIOTNG TPETEL VO
opioel TIg ovuvaptnoelg map kot reduce. H 16éa ovt mpoépyetal amd TG avTioToryES
GLVOPTNHGELS OTIC GLVOPTNOLOKEC YADOGEG Tpoypappatiopov. To  MapReduce
framework tpéyer moAamAd oTyudTUVIIOL OWTAOV TOV GLVOPTAGEOV TapdAinia. H
ocvvéptnon map enelepydleton €va (edyog KAEW00 — TUNG KOl TopAyel Eva GAAO
Cevyog Khewdov — tiung. 'Etot cuykevipdvovtal OAa to evatdpesa (ebyn TIUOV TOv
Tpoépyovtal omd OAM TO GTIYMOTLTO TOV GLVOPTHCE®Y Map kot dtapolpdlovton
otovg reducers. H reduce cuvdptnon maipvet évo (evyog omd kAedl kat AMioto amd TIg
TIWEG TTOL TNG OVTIOTOYOVV Kot emelepydletol TIG TIWES OVTES Yol VO TOPAYEL TNV
TeMKN £€000.

ZyMUOTIKG

60



MAP REDUCE

Big Data

Yynuo 20 : Map Reduce Execution Model

Ag dovpe éva amho mapaderypo MapReduce Tpoypappotog yo vo yivel  Kalbtepa
KoTavontn N Agttovpyio tov. Ipdkerton yio o ToAD andd mpdypappe Wordcount o
petpael moceg Popég eppaviCeton kaBe AEEN péoa oe €va Keipevo.

map (key, value):
//key: document name; value: text of document
for each word w in value:
emit(w,1)

reduce(key, values):
//key: a word; value: an iterator over counts

result = 0
for each count v in values:

result += v
emit(result)

Yynuo 21 : Map Reduce Word Count Example
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H ovvaptmon map naipver og key to id tov kepévov, kar g value éva xopudtt
TOL, Kol Yo Kabe AEEN mov ovvavtd, &byl éva (evyog g popoeng (word, 1). To
Cebyn avtd dwapopalovral otovg reducers pe Paon to key (word). H ovvéptnon
reduce topa, maipvel og key kanoto and avtéc tig AéEeig ko g value o Aioto and 1,
éva yo kKaBe opd Tov cuvhvnoe tn AéEn avt  kdmotog mapper. ‘Etot, abpoilovtog
avtéc Tig Tég, e€ayer éva (evyog g popeng (word, total _count) mov eivor o
OLVOMKOG aplOuOg eppavicemv yo kKabe AEEN pHéoa 6To £YYPaQo.
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KEDAAAIO 4

AVTIKELLEVO TNC AUTAWUOTLKAC

4.1 Ileprypaon Dataset

X3D

Ta apyikd dedopéva Tavm ot omoio Oa dovAéyovpe, givatl éva cvvoro and X3d
(eXtensible 3d) apyeia. To x3d eivar m wpdtomn popen apyeiov Yo ™V
avanapdotacn tplodidotatov ypoeikov. Awadéydnke t Virtual Reality Modeling
Language (VRML), enekteivovtdc v, EMTPEMOVTOC THY KOOIKOTOINGT HLOG GKNVAG
ypnowomowwvtog XML obdvtoén, 1 pe dvadikn avamapdotacn (binary formatting)
Ko wapéyet evioyvpévo APIS. To x3d umopei va cuvdvaotel pe GAlo open source
npotona onwg XML, XDOM, Xpath «izn. IlepihauPdaver évo mhovolo GOVOLO
YOPOKTNPICTIKAOV Y0, XPNON OTN UNYOVIKY Kol €moTnUoVIKY omewovion, CAD ko
OPYITEKTOVIKY, OTPIKY OMEWKOVIOT, ekmaidevon kot efopoiwon, moivuéca,
yuyayoyio k.o. To kuptotepa otoryeio mov ANBeNKav LIOYV KATd TO GYEOAGUO TOV
x3d givar:
e Xpnomn avolKToU KMIKA, OCTE VO LNV VITAPYOVY TPOPANUATO 0OEUDY XPNOoNG.
e Emnionun evooudtwon oto mpdtuno noivpuécov MPEG-4.
e Yrmoompitn XML dote va dievkoibvetal 1 d1d0eon TPIodticTaT®V SEG0UEVOV
npog Web vanpecieg kot katavepnuéves e@apuoyEc.
e Yvufatdmro pe TV ETOUEVT YEVIA apyeinv Ypapikdv, onmg ta. Scalable Vector
Graphics (SVG).
e Ta 3d ovukeipeva vo eivon doygepiowa omd TG KLPLOTEPES YADOGES
npoypappotiopov (C/C++, Java kim.).

To x3d opilet dtpopa TPoPid, yio TNV EMITEVEN SLOPOPETIKOY SVVATOTHTOV:

X3D Interchange: To mio Bootkd Tpoeid Yo TV emkov@vio, LETAED EQPOPLOYDOV.
Yroompiletl yeowpetpikd oynuato, VeEg, Pacikd emTIGHO Kot kKivion.

X3D Interactive: TToapéyel d1Gpopes Pooikés 1610TNTEG OAANAETIOpaoNg HE TO
TpLeoLacTato TEPPEALOV TPoGHETOVTOS OGONTPEG TOV YPNGLUOTOLOVVTOL Yo TNV
TEPMYNON Kol OAANAETIOpaCT TOL YpNotn oT1o mepPairov. [IpocBétel axdpa Ko
POAOL, Kol OKOUN TEPIGGATEPEG EMAOYES POTIGLOV.
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X3D Immersive: Ed® evepyomolovvtal TANPOC T TPLoSIAoTATA YPOPIKE Kot M
OAANAETIOPOGT TOV YPNOTN LE OLTONTNPES, TAPEYOVTAG EMTAEOV EVOOUATMOT YOV,
aviYVELGT GLYKPOVCEMV TPIGOIACTATMV OVTIKEILEVOV, OUIYAT, KOOGS Kot dvvatdtnTa
Yo, kpov evpovug scripting oe Javascript.

X3D Full: TIepihappdvet 6ro to. vrapkta nodes, emmpdcbeto NURBS, H-  Anim
ko Geospatial components.

Kabe epapuoyn x3d amotekei évo tpiodidototo ydpo opopévo oto xpovo (3D
time - based space) mov TEPLEYEL YPAPIKE KOL NYNTIKE OVTIKEILEVE TOV UTOPOVV VL
@opt®Oovv amd diktvo Kot vo HETaPANBOUV dLVOIKA ad VO GUVOAO UNYXOVIGLLMV.

ITo an)d, o X3d epappoyn:

o Opilet kot cuVOETEL £V GUVOAO OO TPIGOIAGTATO KOl TOAVUEGIKE OVTIKEIUEVAL.

o Opilel €bv oOOTNUO GULVIETAYUEVOV GTO YMPO, Yoo OAQL TO OVTIKEIUEVO, OV
nepLEYovTOL 6T0 apyeio M yivovrar include.

e Kabopilel viepovvdéopovng (hyperlinks) mpog aAda apysio kot epopproyEs.

o Mmnopel va opicel CLUTEPIPOPES TOV AVTIKEIUEVOV

e Mrmopei va cuvdebei e eE@TepKd TUNHATA 1| EQaPUOYES HEGM SCripting.

To mpodTLTO, e€outiog TV duvatoTTOV TOV, VTooTNPileTon and apkeTég etanpieg
avamtoéng, xvpiog epyoreiov yoo emokdnnon X3D (browsers). H gvelio ko
EMEKTAGILATNTO TOV TPOTHTTOV TO KAHIGTOVV 1KavO Vo vITooTNPi&el OAEG TIG GVYYPOVEG
eEeMéerg otov Topéa ™G Tprodidotatng ansikdviong (3D Visualization), m.y. Normal

mapping.

MPEG -7
Ta tedevtaio ypoévia, N HeYAN adénon tov YKoV TOAVUEGIKDOV OEOOUEVMOV TTOL
KOAOVUAGTE VO, dtayeptotovpe, copPadilel pe o avaroyn adénon g Tpoctadsiog
vy TV ovamtuén tétowwv texvoroyidv. ‘Eva and ta kupidtepa onueio mov ypnlovv
npoTuonoinong etvar n e€oywyn xpNong TAnpoeopiog and to apyeios TOAVUES®V.
Eivor moAd onpovtikd va vrapyet €vo Kowvd  TPOTOKOAAO Y10 TOV OPIGUO KOL TN
YPNOUOTOINCT]  MOAVUECIKOV  OEOOUEVOV,  MOOTE VO,  OlLEVKOADVETOL 1
SLIAEITOVPYIKOTNTO, 1) KAMUOKOGIULOTNTO KOl 1] OVEEQPTNGIN A TNV TAUTPOPLLO GTNV
omoio TPEYEL 0L TOAVLEGTKT] EPOPLLOYN.

Avtdg givor Ko 0 kKOprog otdyog Tov mpotvmov MPEG-7. To MPEG-7 dwapépet
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a6 ta mponyovueva mpdétvna (MPEG-1, MPEG-2 kot MPEG-4) og mpog 10 011
dev elvar éva mpdtumo K®dwomoinong apyeiov Pivieo, kot dev mpotiBeton va
OVTIKOTOOTNGEL KAToo amd avtd. H amootoAn tov elval vo mapéyetl T1g KATAAANAES
TEPLYPOPES VIO TN METAOOCT KOl OTOONKEVGT TOAVUECIKOV TEPIEXOUEVOL OTMG
EIKOVEG, YOG Kot Pivteo. Avtol o1 meptypapeic pmopodv vo  ypnoUoToovy yia va
oLYKPIvOLV, VO IATPAPOLY 1} VO, aval TGOV TOAVUEGH ATOKAEICTIKA HE Pdon To
onTkd Tepleyopevo tov apyeiov. o 1o Adyo avtd, ot meprypageilg pmopel va
TEPLEYOLV TTANPOPOPIEC GYETIKA UE:

e To yopoKINPOTIKA TNG OOUNG TOL TEPLEYOUEVOL  (Hopen  amobnKevong,
KOOKOTOiNomn KAT.)

o Low-level yapaktnpiotikd 6nmg yxpdua, ETPAVELN, YOG, LOVOIKN K.l

o XopKd, YPOVIKA 1 Kol YOPOYPOVIKO OTOUYEI TOL TEPLEYOUEVOL  OTMG
TUNUOTOTOINGT LG GKNVNG GE TEPLOYEG, EVIOTIGUOG Kivong Lo mTepLoyng K.4.

¢ Evvowoloywég minpopopieg oyetikd pe 1o mepiPdAiov mov ameikovileton amd 10
TEPLEYOUEVO, OTMG TOV OPIGUO AVTIKEWEVOV Kl YEYOVOT®OV, AAANAETIOpACT HETAED
TOV OVTIKELEVOV K.4.

o [IAnpo@opiec GYETIKA E TN YPNOT| TOV TEPLEYOUEVOL OTMG TVEVUATIKA SIKAIDUOTA,
1GTOPIKO YPNONG KA.

o [IAnpopopiec mov oyetilovion pe N SMUOLPYIDL TOV TEPLEYOUEVOL Kol TN
dwdwosio mopaywyns Tov, Ommg To OVORN TOL dNUIoVPYoD, TOV TITAO, NUEPOUNVIN
KA.

O meprypaeis epappolovrarl ota dedopuéva aveEdptnra and 10 HEGO  UeTAO0oNG
KOl TOV TPOTO KOIKOTOINGNG, 1| AVOTOPAGTAGT TOVG YIVETOL LE OVTIKELEVOSTPUON
TPOTO Ko UIopovV va meKTafovV aviloya pe Tic avaykeg toug ypnotn. Opilovtan 4
gpyoleia, description tools, yio v meptypagn tov  mEPIEYOUEVOL TOV OpyEi®V, OL
Descriptors, to Description Schemas, n Description Definition Language (DDL) kot
T System tools.

Descriptors (D): 'Evoc meprypagég (Descriptor) ovamoapiotd £vo GTOEIDNOEG

YOUPOKTNPLOTIKO Kot opilel ™ ovvtaln Kot Tr onpoctoloyio pog TETolug

avarapdotaonc. [Tibavol meprypageic eivat: éva 16TOYpOpLLO XPOUATOS, Ot time-
codes yio TNV ovamopAoTOoT YPOVIKNG SLapKeLog, Eva Tedio Kivnong, To  Keipevo
evOG TITAOL KA.

Description Schemes (DS): "Eva oynuo teprypaorg (Description Schema), opilet
TN SOUN KOt T GNUACIOA0YI0 TV GLGYETICEMV HETAED TOV GUOTATIKOV TOLG, TOV
umopel va ivon gite descriptors ite description schemes. H doun kot 1 oOvtaén tov
Description Schemes opiletor and v DDL (Description Definition Language), n
omoio. 6g OPKETEG MEPMTMGELS divel TN dvvatdtnta  Onpovpyiog vémv oynudtov

TEPLYPOPTG.
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Description Definition Language (DDL) : Eivow pio yAddooa Paciopévn oty
XML kan ypnoponoteitot yio va opilet Sopikés oyéoelg petalh 1oV — TEPLYPUPE®V.
Emutpénet tn dnuiovpyia ko tnv tpomomoinon twv  description schemes aAld kot T
dnovpyia vémv descriptors.

System Tools: ta epyaieio avtd vrootpilovv To multiplexing tov meprypapmv,
TO GLYYPOVICUO TMOV TEPLYPOPDV HE TO GLOYETILONEVO TEPLEYOUEVO, TN OVLOOIKN

AVOTOPAGTACT Y10, ATOSOTIKN ATOONKEVOT| Kol LETAOOGT) KA.

‘Eva tomwd  oevaplo epapuoyng vmodewkvoel mwg ot MPEG-7  meprypageig
e€dyovtar amd 1O TEPLEYOUEVO TOL OPYEIOL. XTI TEPIGGOTEPES MEPUTTMOOELS, TO
npotvnto MPEG-7 opiler povo ev pépet modg vo yivel n egoywyn ovtov TovV
YOUPOKTNPLOTIKOV, BOOTE VO, EMTPENEL OGO TO dvvaToOv peYaADTEPT gveMEin OTIS
dupopes epapuoyés. Emmiéov, apnvetar eedBepo 10 g Ba ypnoyomonbolv ot
MPEG-7 meprypageic yioo emmAéov emelepyacio Tov mepieyopévov. Qotdc0o, g
oebvég mpdtumo, M obvtaln tov mepypapiwv Bo mpémel vo Kavomolel TIG
npodaypaeéc tov MPEG-7. Avtd efac@arilel mmg OAeC oL €QapUOYEC OV Elval
ovpupatéc pe 1o MPEG-7 Ba umopovv avtoiidccovy dedopéva. o avtd 1o Adyo, Ta
npotuvno. MPEG-7 opyavavovtar oe 7 empépovg koppdrio, kobéva and ta omoia
nephopPavel TIC TPOJYPOPES YL TNV EMAVCY]  SWPOPETIKOV TTVYDOV TOV
npoPAanuatoc. Ta pépn avtd etvat:

1. Systems: Zto koppdtt avtd opilovral AettovpykdTnTEG G€ EMMESO GLOTHUATOC,
OT®MG AmOdOTIKN UETOPOPE, OomoONKELON 1 CLYXPOVIGUOS TV TEPypapmy. Ot
TEPLYPOPES UmOopel v  amodnkevovior EeY@PoTd 1 VO EVOOUOTOVOVIOL GTO
nepleyopevo. Emmiéov, uropet va opiletat Kot 1 Lop@omoinom twv dE00UEVMYV.

2. Description Definition Language (DLL): Eivatl 1 Ttpotumonotmpévn couvtaén mov
opiler ta Description Schemes kot Bacileton o po eméxtoon tov Extensible Markup
Language (XML) Schema g W3C. Iapéyer Oleg TIG omopoitnTeg TIUEG KoL
TOPAUETPOVS Y10 TNV TEPLYPOPT] OPYEIDV TOAVUEGIKOD TEPIEXOUEVOU.

3. Visual: Avtd to koppdtt opiet Tovg kbplovg meptrypopeic kor description schemes
ywo. ontikd (visual) mepieyouevo. Kopimg ypnoipomoteitar ypmdua, ETQAVELR, GYNLLOL,
Kivnon kot tomikotnto. Ieprapfdvovtar emiong descriptors yia v meptypagn
TPOGOTMV.

4. Audio: Xto xoppdtt ovtd opilovton ot Kuplot TEpLypa@eic yio Tov Nyo. Xopiletot
oe 4 KOPLOVE TOOVG OKOVOTIKMY CNUAT®V: pure music, pure speech, pure sound
effects, kou arbitrary soundtracks.

5. Multimedia Description Schemes: Ed® opilovtar to. epyaieio yio Thv meptypopn
TEPLEYOUEVOL TTOV OEV EIVOL OKOVOTIKO 1) 0TTIKO, dNAadT| generic. Edm meptlaufdvetan
o peyoldtepoc apBuog description tools ko n meptypoen yio To TEPIEXOUEVO YivETOL
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LLE 1EPOPYLIKT dOUN.

6. Reference Software: To koppdtt ovtd TOPEYEL £VO. AVOLYTOV KOSIKO AOYIGHIKO Yo
mv enideién tov tpotvimov MPEG-7. Eivan yvootd wg Experimentation Model (XM).
7. Conformance Tests: Ilopéyet odnyiec yio T oK TG EYKLPOTNTAS TMV

TEPLYPAPDV TOV £YOLV VITOPAAAEL O1 YP|OTEC.

Huiman
ot
gystetm

y

Yynuo 22: MPEG-7 Applications

4.2 Ileprypaen IpopAnquotoc

Onwg tovicape 6e TponyoOUeEVO KEQAAOLD, 1 OAUATOING aOENGN TOL OYKOL TMV
OEO0UEVOV IOV KAAODLLOGTE VO O1O(ELPLOTOVE EXEL OONYNOEL GTNV AVAYKT Y10 EDPECT
VE®V, TO OTOJOTIK®OV TEXVIKOV omobnkevong. Ewdwotepo oto Multimedia, to
TPOPANUE oVTO gpPavICeTO e TTOAD PEYAAN cLYVOTNTO, KAONDS TO TOAD peYdAo 0pog
TANPOPOPIOG OV OTNPOVV GUVETAYETAL OVTICTOLYEG OTOLTIGELS GE OTOONKELTIKO
YOpo Kol dvoyepaivet v avalnmon. o mv efayoyn ypiowung Kot €OKOAN
dwayepioyng mAnpogopiag omd X3d apyeia eivor TpotndTepo va e&dyovpe v .mp7
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TEPLYPAPT, TOVG. Xpnowomomoape Aowmdv évo software tool wor e&dyope to
avtiotoyo MpP7 apyeio amd 10 apykd pog dataset, copEOva pe pio ETEKTOOT] TOL
TPoTOHNTOV  AVTOD TOL dNoVPYNHONKE oTo TAaicla Tov épyov iIPromotion. To kvpimg
TPOPANUO TOL KANOMKOUE VO OVTIHETOTICOVUE ®OTOGO NMTav 1 €Opeon &vog
OMOTEAECUOTIKOD TPOTOVL Yl TNV OMOONKELON OLTOV TOV OESOUEVOV (DOTE VO
UTOPOVLE Vo T OOTPEXOLUE Kot va To avalnTovue ypnyopa. H ypnowonoinon piog
amd TIG NON YVOOTES Kol LIAPYOVCEG TEXVIKEG Oev Ba eiye KAMO0 1KOVOTOUTIKO
amoTéAecpo. Mol GUYKPITIKY HEAETN] OLTOV TOV TEXVIKOV £YIVE GE TPOTYOVLEVT
dumAopatikny epyacio. oto mAoiol Ttov 10100 project kor €ywve eovepd mwOG Ol
TOPOOOCLOKEG TEXVIKES OEV TOPEYOVV IKOVOTOMNTIKA OTOTEAECUATO. XTIV €PYacia
ot egeTdoTkay Aomdv o1 dVo dnuoglhéstepeg TeYvikeES (avalnmmon oe XML
apyeio ko avalitmon ce RDBMS).

Oocov apopd v avalnmon oce XML apyeia, avt yiveton pe xprion tov XQuery,
Hog yYAdooog e okomd v vrofoAn queries e cviloyég XML apygiov. Qotdco, 10
ueyéio overhead mov avoykoaotikd emeépel to Xml parsing kot to yeyovog Ot dev
ypnoponoleital kémota optimized Baon dedopévav oAl Ola. To apyeio dSrotpéyovtan
tomikd oto file system, empépovv abénon tov xpdvov ekTéLEoNG EVOG quUEry avaAoya
ue to puéyeboc tov dataset. Avtd QLOIKG KAVEL ATAyOPELTIKY TN XPNoTn TS uebddov
avtng ot mepiPdirovta Big Data.

Ocov agopd v avalymon ce RDBMS topa, yvopilovpe 1N mog ta Tomkd
oecLoKd cuoTHHATO BAcE®V O£d0UEVOV QVGKOAEDOVTOL VO OVTOTOKPLOOVV GTIG
TEPAOTIEG amodnKevTIKEG amarthoslg Tov Big Data. Axoun, 6nmg tovicoue Kol og
TPONYOOUEVO KEPAAOLD, 1 XPTON TOV GYECIOKOD HOVTEAOV omantel TV vmapEn evog
avotnpod schema ywo to dedopéva. Avtd amoteAel peydAo pelovéktmuo, Otav
npokertan vo omonkevtovy XML apyeio ko diog MPEG-7 meprypagéc, 6mov av kot
VILAPYEL 1 OOUNGT GOUP®VA e TOVS KAvOVeES ToL opilel To TPOTLTO, TOPATPOVVTOL
TOAAEG eAeVBEPieg GTOV TPOTO avamTAPAGTASNS TG TANpoYopias. Onmg avagépbnke
KOl GE TPONYOVUEVO KEPAAMIO OUMG, 01 GYECLOKES BAoelg dedopévav dev evosikvuvtan
Yo TV amobnkevon dedopévav xmpig avotnpd schema. Ttnv npokepévn mepintmon
dnAadn Ba Empene vo kKGvovue yprion moAl peydrov apduov amd null values yo kébe
apyeio mote va KoAdyovue OAovg tovg mbavovg descriptors. Avtd @uoikd Oa
oonyovce og moAManAdolo  TeMkO péyebog g Pdong Ko emOUEVEOS  TOAD
YOUNAOTEPT OOJ00T] GE OMOONKEVTIKO YDOPO CAAG Kol TOYOTNTO EKTEAEONC TMV
queries. Akopa, o query model tov RDBMS 0o anédide mold yeipdtepa amd avtod
tov NoSQL  Bdoewv. To xiplo ocevdplo méveo 1o omoio Ba ypnoiponombodv ta
dedopéva pag givar yo context based retrieval. Emopévac, 0a pog fitav mepiocotepo
YPNoo €va povtédo oav to map reduce, 6mov Oa propovcope vo eneepyacTode
TAPAAAN A0 LEYAAO OYKO OE0OUEVMV, LOG Kol OV LITAPYOLVY ToLOeVE e€apTnoElg, Kot
070 TEAOG VO OLLOOOTTOI0VE TOL amoTEAEGOTO LE Bdon To context 6to omoio yivetal n
avainmon. o toug Adyovg avtohg Aomov emAECOUE VA XPNOUYLOTOMGOVUE Lo
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NoSQL Bdorn dedopévav Kot vo EKTEAEGOVLLE To EpOTALATA e Map reduce.

4.3 Ylomoinon

Apyikd, 6nwg tovicape ypeldletor va €EAYOVUE TOVG OMAPAITNTOVS TTEPLYPUPELS
a6 Tig X3d oKNnvEG Yo vor givot o EDKOAN Stoyelpiotun 1 TANPOPOPia OV TEPLEXOLV.
‘Etot, apyikd ypnoworomcape éva software tool pe okomd v eéoywyn tov mp7
neprypoapdv and to apyeio X3d. o kdbe mp7 meptypaen mov e&dyovps, eEAEyyoOLUE
av €ivor GOUPOVT LE TO TPOTVITO TOL YPNOUOTOLOVLE, GOUPMVO, E TO 0VTioTOLO XSI
apyeio. A@od olokAnpwbel ovt 1 dwdikacio yio 6A0 To dataset, mpoywpdpe otnv
amofNKeLoT TOV dESOUEVMV.

[No eEowkovounon yopov Kot ypdvov gpapudlovpe v €€Ng TE(VIKN OTNV
amoffkevon TV apyeiov ot Baon. I'a kabe X3d oknvn dnuovpyodue éva zip  pe
oA ta apyeion mTov T cvvhétovv (apyeion Myov, textures kAm). To zip avtd 10
amofnkevovpue ot MongoDB Bdon pog kataveunuéva, ota didgopa chunks péowm
tov GridFS. To GridFS mapéyet apevog TV omopoitnTn Yo ELAC AEITOVPYIKOTNTO, TTOV
etvar 1 amoBnkevon apyeiov peyéBovg peyorvtepov tov 16MB, addd semmAéov £xet
TO YOPAKTNPIGTIKO TG XPNOLHomotel d00 GVAAOYEG Yo TV amobnkevon kdbe apyeiov.
H pia givor yio tqv amobrjkevon tov chunks (chunks collection) mov cuvtedovv 1o
apyeio kou 1 Ak (files collection) yia v amobrjkevon tov metadata yio to kébe
apyeio. Xtn devtepn Aomdv amobnkevovue oto medio metadata, v mp7 meprypaon
0V apyeio o popen json. Evodloktikd Bo propovoape va v amodnkedoovue ®g
éva, String to omoio kot vo, ene€epyaldpacte 6T cVVEKELN MGTE Vo, fpolue Ta TEdia
oL pog evolpépovy. QoTOG0, TO Parsing evog json apyeiov yivetor mOAD To
amodoTiKd, AMOYy®m TG cuyKekpluévng doung tov (key — value pairs). H teyvikn avtq
OV OKOAOLONGOUE LOG EMTPEMEL OPEVOS VAL EEOTKOVOUNGOVLE OPKETO YDPO, OPOV
dev avaykalopaote vo amodnkevcovpe kot To mp7 Eexmpiotd, aArd Kupiwg pog oivel
™ dvvatdrta pe Eva “mépacpa’” va kévovue retrieve kot to zip apyeio pe oAdKANpN
TN GKNVN 0AAG KoL TV MP7 Teptypoon).

INo va e€etdoovpe v enidoomn g vAOTOINGONG Hog YPELlOUACTOV EVOL EPMTNLLOL
TPOG EKTEAECT TPOG TN Pdom, TO 0moio va glye LEYOAES OMALTIOELS GE VITOAOYIGTIKOVG
TOPOLG OAAG TapdAANAo va glxe Ko apkeTd PEYAAn onpocio yuwo éve multimedia
dataset. 'Eva tét010 gpdTNUO €ivar 1 €OPEGT TOV IGTOYPALUOATOC YPOUATOG TMV
oknvav. To wotdypoppa xpdOUaTOS (CTAOUIGUEVO e TOV GYKO TOV YEMUETPIOV) Elval
&vag omAOG TPOTOG VaL TEPTYPOAPEL TO YPOUOTIKO TEPIEYOUEVO LG OKNVIG. ZTOV TOUEN
¢ ene€epyaciag ekovag empeital g To 10TdOYpaupa ypodpotog (color histogram)
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etvat 0 amhovoTEPOG TPOTOG VO TEPLYPOUPEL TO YPOUATIKO TEPLEYOUEVO OGS EIKOVOG
YOPIG Vo YAGOVUE OU®G CNUAVTIKT TANpoQopia. Agv givar Tuyaio GAA®GCTE T®G TO
color histogram mopapével o mo cuvndieouévog meptypagéag ekovag and to 1993 mov
TPOTAONKE Y100 TPAOTN POPE LEYPL ONUEPO, TOPA T GALLOTA TOV EYOLV YiveL amd TOTE
uéypt onuepa oto image description. v mpaypotikdtnta, 0 udvog amlodoTEPOG
TpOMOC Vo TEPLypapel To ypduo. givor ot Aeydueves ypopotikés pomég (color
moments), dNA oTATIGTIKEG POTES €L TOL YPOUATOG (HECT) TIUT, SOKOUAVOT] KAT).
Tétoteg otaTIoTIKEG OU®G TEIVOLV Vo Elval 160TEdMTIKEG (TTy. oL EIKOVOL e TO HGA
miEeA umihe Ko ta piod mEek KOKKIVA EYXEL LEGO XPMUO TO U®P, TO 1510 e pior eovaL
mov eivor  100% poP). To 1otdypoppo  mpooeéper  évo  kaAd - tradeoff
AmAOTNTOG/AEMTOUEPELNG, TOVALYLIGTOV Yo ToL TpdTA TEWPApaTa. [ vo vroloyicovpe
T0 10TOYPAUUN XPOUATOS YPEWLETOL QPEVOS VAL GLYKEVIPOOOVUE TO €Ml UEPOVG
YPOUATO 7OV LEAPYOLV G OAML TO OVTIKEIPHEVO HOG OKNVNG, OQETEPOVL VO
VIOAOYIcOVLE TOV OYKO TOL KAOE avVTIKEWEVOL aALd Kol 00pOloTIKd, 0VTMOG MGTE Vo
otofpicovpe TG TWEG TOV Ypopdtov. ['a va 1o kdvoops Aomdv avtd, dtopovpe
ka0e (dvn tov eacpatog Tov ypopdtov RGB [0, 256), [0, 256), [0, 256) oc 8 emi
puépovg tunpoata ([0, 32), [32, 64) ..[224, 256) ). Ondte TEMKE £xovpe dropécel OAO
10 pdopo RGB cg 8*%8*8 = 512 emi puépovg keld, 6moOvV TO TPAOTO OVTIGTOLXEL OTIC
mwég R:[0, 32) , G:[0, 32), B:[0, 32), to dedtepo otic Tipég R:[32, 64), G:[0, 32), B:[0,
32) k.0.x uéxpt to 512° : R:[224, 256), G:[224, 256), B:[224, 256). 1 cvvéyela, and
KG0e avtikeipevo — yeoperpia g oknvig vmoloyilovpe tov OyKo NG, Kot TO
YPOLOTIKO KEAM 6TO omoio avtiotolyel kot Tov mpocsBétovpe oe avtd 10 KeEM. Otav
dwtpeEovpe OAeg TG okNVvES, abpoilovpe TiG TWES AWMV TV KEMAOV Yo v Bpodue
oniadn 1o aBpoiopo OA®V TOV OYK®OV TNG GKNVNG KOl OL0POVLE TNV TIUN TOL KAOE
KeMo¥ pe 1o dBpotopa awtd. Omote TeEMKd tar kKeEMd Exovv dBpotopa 1 ko 1 Tun
KGOe KeMOV Ogiyvel T0 TOGOGTH TOL "GYKOL" TNG GKNVIG TTOL TTEPLEYEL TO AVTIGTOLYO
ypoua. ITo cvykekpéva, epeig extedécape 600 TaPAALAYEG AVTOD TOL EPOTNALOTOC
Y10l VO, TAPOVUE GLYKEVIPAOTIKA oTotyeio amd OAn tn Pdon. Ztnv tpd, vroloyilovpe
TO IGTOYPOLUO YPOUATOG OADV TOV GKNVAOV Kol £EAYOVUE TO PEGO TOGOGTO YO TO
K@0e ke, yia T1G oknvEg oTic omoieg cuvavtdtal. [Taipvovpe cvuvenmg Eva pétpo yo
10 OG0 Kvpiapyxo poro mailel 1o kGbe ypouatikd KeAM Otav PpiokeTor 6 o GKNVY).
21 de0TEPT|, TOUPVOLLLE TO 1GTOYPOLLO XPDOUATOS CLYKEVIPMTIKA Y10 OAEG TIC OKNVEG
¢ Pdong. [Haipvoope dnAaon to dbpoioua TV TIUOV KBe KeEA0D Yo kGBe oKnvy
KO TO OLPOVUE HE TO GUVOAKO aplBpd Towv oknvov. Elvar eavepd Aowmdv mmg amd
™ oTlyunq mov kéBe oknvn pmopel vo mEPEXEL Omd OeKAdES £mC Kot YIAMASES
OLPOPETIKEG YEMUETPIEG, TAL EPOTNUATO OVTA, G€ Pid Pdon dedopévmv pe YIAMASES
OKNVEG, ATOTEAOVV L0l TOAD OTTOLTNTIKT) GE VITOAOYLIGTIKOVG TOPOLG OAOIKAGTAL.

Mo va ektedécovpe To EpOTALOTO QLTA ¥PNCIULOTOMCApE dVO peBddovs. H mpdn
givon n mapadootakn péBodoc O6mov maipvovue omd TO medio metadata tov kdébe
apyeiov g Pdom, v avtiotoryn MP7 meptypaPn TOL ®C £va apyeio json. Xt
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oLVEEWD, KAvovpe parsing oto apyeio avtd dote va. Ppovpe To mEdio. TOL
OVTIOTOYOVV GTIC YEMUETPIEG TNG GKNVNG KL TO AVTIGTOL(O YPOUOTO KO VO TAPOVLE
T1G TIEG TouG. O adyopBuog yio ™ péBodo avtn eoiveTon ToPoKATO:

for each Scene s in Database:
mp7Json = getlson(s)
for each Descriptor d in parselson{mp/Jlson).
getJsonArray("Descriptors"):
volume = d.Height = d. weight = d.
depth
color = d.color
sumVolumesScene += volume
colors[color] += volume
for each Color ¢ in colors
c /= sumVolumesScene

Yynuo 23 : Color Histogram - Sequential

1 devtepn péBodo kavoupe yprion tov povtéhov map reduce pécm tov mongodb
driver yioa t java. IN'a kéOe meptypagn apyeiov, amd T OTIYUN OV €ivol o€ HopeN
JSON, UTOPOVUE VO, TPOCTELAGOVUE T TTEIO TOV YWPIG VO, XPEINGTEL VAL TO PEPOVE
ot pwnun. ‘Etol, ot @don map kdvovue emit ta medior mov pag evOlapéPovy, Ue TO
KOUTAAANAO KAEWDL, MOTE Vo TO, dlayelploTodue cuvabpototikd ot @don reduce. O
alyopBpotl Tov akolovBovpe EaiveTol TOPAKATO.
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mapl{key, value):
//key: document; value: text of document
for each Descriptor d in wvalue.Mp/:
volume = d.Height # d.Depth * d.Width;
color = d.Color;
emit{color, volume));

reducel(key, walues):
//key: color values: array of volumes
sumolumes = 0;
for each volume v in values:
sumVolumes += v;

return{color, sumVolumes);

map2 (key, wvalue):
//key: document; value: text of document (color, sumVolumes) )
for each tuple t in value:
emit{null, (t.color, t.volume));

reduce’ (key, wvalues):
J/key: null; walues: array of (color, volume)
sumVolumesScene = 0;
for each tuple t in values:
sumVolumesScene += t.volume;

for each tuple t in values:
t.volume /= sumVolumesScene;
return (values[]); [ffarray - color
histogram of the scene

Eyfiua 24: Color Histogram — MapReduce
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4.4 AmoteAéopotol

1.2
Colors Dominance Rate
1
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Yynuo 25: Colors Dominance Rate

Extelodpe 10 mpdTO £pdTUO KO TOIPVOLUE TO TOPOTAVED OTOTEAEGLLOTOL.
BAénovpe mwg o1 meprocdTepes TIHEC KupaivovTol gite oe Eva dominance rate kovtd
o10 0.5, elte e TOAD younAdtepeg TéS, Kovtd oto 0.11 kot pikpdtepes . Avtd givan
@VGLOAOYIKO v ovuPaivel , agod oe kdbe oknv vmapyxel cvvnbwg Eva KLPIMC
aVTIKEINEVO TV ©TO omoio elval EMIKEVTPOUEVT Kol TOAAE GAAOL LUKPOTEPD, TO
omoia cuvBétovv 10 MEPPdALOV TG aAAG Ttailovv devtepevovta poAo ot oknvi. H
TAnpogopia avtn akplBdg eaivetor omd to dominance rate tov kdbe ypoUOTIKOD
KeAMov. Téhog, mapatnpovpe Kot Alyo xpoOUATIKA KEAMA e TOAD peydheg Tipég (>0.8).
AVTEG aVTITPOCOTEDOVY OVTIKEILEVO LLE GTAVIO YPOUATIKO TEPLEYOUEVO, TO. OTOiN
oVVaVTOVTOL O eAdYIoTeG oknvéc. H omaviotnta auti] tov ¥podUaTog €xel Gueon
OLOYETION UE TOV KLPLAPYO0 pOAO oL ailovy Ge o oknvn, €€’ ov Kot 1) ToAD vynin
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avtioToym Tyn.

Whole Dataset Color Histogram
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Yynuo 26: Whole Dataset Color Histogram

210 OeVTEPO EPAOTNUO, TOUPVOLUE TNV KATOVOUN TOV YPOUATOV, 0BpOloTIKA Yo
OAEG TIG OKNVEG TNG PAONG LG, KOVOVIKOTONIEVA (OC TPOG TOLG AVTIGTOTYOVS OYKOVG.
BAémovpe mmg 10 ypopatikd KeAl pe ™ peyaAvtepn cvyvotnta ot Pdon givor to
KeM 211. Avtd ovpgova pe to mapping mov £yovpe kavel aviiototyei oe RGB tuéc:
[0, 32), [32, 64), [64, 98). Avt) elvor (o ovolyTn amOYP®ON TOV UTAE, TPOYLLOL
AmOAVTMG OVAUEVOLEVO, oG Kol To dataset mov ypnolpomomcape TepPLEEL LeYOAO
apOpd voutikov avtikelpévav. [épav avtov fAémove KATOEG GYETIKE VYNAEG TIES
0 YPOUOTIKO KEAL TOL OVTITPOCGHOTEVOVY T MO GCLVNOIGUEVO YPOUATO, KOt
avTioTor(0. TOAD YOUNAES TIMEG YO YPOUOTIKA KEAL TTOL AVIWTPOGMOTEVOLY IO
ondvia ypouata. TELOC, kol ota 000 dtoypdppato PAETOVUIE APKETA YPOUATIKE KEALAL
va &govv Tiun 0. Avtd e€nyeiton amd v KPavtomroinon mov vrdpyel ota eaydueva
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YPOUATO OO TOVG TEPTYPOAPELS TOV YPNGIUOTOOVUE. AnAadn, 660 To TAOVGL Elvarl
N TEPLYPOPN UIAG OKNVNIG, TOGO HikpdTepT Ba lvar  kBovionoinon tov xpoudTmy.

Avt0 oL £)El MEPLGGOTEPO EVOLIPEPOV OUMG €lvar o1 xpoOVoL EKTEAEONS Yo TOL
EPOTNLLATA KOL GTLG dVO TEPIMTMOGELS. XTNV TPATN, 0 AAYOPIOLLOG TOV YPNGLOTOLOVLLE
gtvor o evvoikog wg mpog to Map Reduce poviélo cuykpitikd pe tn de0tept), Kabdg
exteheitan pe 2 epyocieg (n devtepn pe 3). Kot v 11g 600 TepmTOCEIS TAVTOG
avopEVOLLE Vo, dovue KaAdTePO ypdvo ektéreonc yia tnv Map Reduce viomoinomn oe
oxéon pe v mo mapadootakn. o va eéetdoovpe ko to scalability tov 600
nebodwv, wkavape benchmarking oe VMs pe 1, 2, 4, 8 xou 16 moprves. Ta
OOTEAEGLLOTO. TTOV TTPOALE MG TPOG TO YPOVO EKTEAECTG Y TIG OVO TOPUALAYES TOV
EPOTNHOTOG Elvar:

Execution Time - Color Dominance

35

30

Time (s)

| JSON Parsing

B Map Reduce

1 2 4 8 16
Number of cores

Iyfiua 27: Execution Time - Colors Dominance Rate
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Execution Time - Whole Dataset Color
45 -
Histogram
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Yynuo 28: Execution Time — Whole Dataset Color Histogram

Apyikd PAETOLUE TN S1POPA AVAIESH GTO XPOVO TV 0O VAOTOCEWDY KOl OTIG
oo mepumtwoelc. H dweopd sivor apketd peyddn (g tééng tov 300%) ko
AmOdEIKVOEL aKPIP®G OTL 1 XPNOUOTOINGN TOV TPOYPUUUATIOTIKOD povtédov Map
Reduce givor po oAb ko Adon yuo v €oywyn TAnpo@opiog amd TOADUESTKA
dedopéva. Emmiéov aiveton mOco koAvTEpO KAMpokodvetal 11 viAoroinon pe Map
Reduce 6co av&avetar o aplOpog tov enelepyootdv. BAémovpe nmg kot 6T 600
TEPMTAOCELS, 0 PLOUOG peimong Tov ypdvov ektéleong g Map Reduce vAomoinong
givar TOAD vymAdtepog ovykprtikd pe avtév tov JSON  Parsing. Xe éva
HovoeNEEEPYAOTIKO GUGTNUO TOPATNPOVUE EAAYIOTEG SUPOPES OVAUESO OTIG OVO
vAomomoelg. Qotdco, Oewpodue 0ed0UEVO TG TO GUYYPOVO  VLITOAOYICTIKA
ovoTHUHOTA OmOTEAOVVTOL OO PEYGAOo aplBud emeepyootdv, 10img OTav PAGUE Yo
oLOTAUOTO OV £YOoVV okomd TNV amobfkevon kot enelepyacion Big Data. Ztig
TEPIMTMOGELS OVTEG, Ol KATAVEUNUEVES TEXVIKEG ATOTEAOVV TNV W0aVIKOTEPT ADON).
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4.5 Xvumepdopoto

H dwyeipion modd peydiov oykmv dedopévav eivarl €va amd 1o TO CNUOVTIKE
avoytd (nmuota otig pépeg pag. Ta dedopéva mov mapdyovtal amd TV 0AoEvVa Kot
av&ovopevn ypNon Tov JdIKTOOL oty Kafnuepwvn poc (o oAAG Kol og
emyEPNUATIKG TEPIPaALovTa, Exovv avéndel exbetikd ta televtaio ypovia. T to
AOYO 0VTO 01 TEYVIKEC TTOV YPNCLUOTOLOVVTAY GTO TOPEADOV OV ETUPKOVY TAEOV. XTO
CLOTNUOTA TOAVUEC®VY, AOY® Kol TOV UEYAAOL €0povE TANPOPOPIOG TOV UTOPEL Vo
nepiéyetal o€ poe 3d oknvi M Kol o po. amAn €kovo, PPlokOuacTe EMIONG
AvTIHETOTOL PE avTo To TPOPANUa. H ypnoomoinon oyxeclokdv PAGEDV dE00UEVDV
N xml parsing ywoo v amobfkevon kot ovalitnon TEPIEYOUEVOL GE  apyEia.
noAvpécmv dev umopel mAEOV va avtomeSEADel OTIC OMOUTAGES TOV GOYYPOVOV
ocvotnudtov Big Data. To kupldtepo GUUTEPOCIO TOV UTOPOVLE VO KPATHGOVUE OO
avt Vv epyoacio glivar emopévog m katoAAniotto tov NoSQL PBdcewv yw
amofrkevon kot dwxeipion TOAUESIKMOV dedopEVAOV TOAD peydlov peyébovg. Ommg
eldape, Ta U GYECIAKA GUOTHLOTO PACEDV OEOOUEVOV ATOTEAODV OVTMG 0. TOAD
KaAn Abon o€ avtd 10 TPOPANUa. Apyikd AOy® TG eveMElNG TOL TAPEYOLV MG TPOG
N Soun TV OEOOUEVMV TTOL OmOONKEVOVLE, KATL TOV OEV GUVAVTAUE GTO AVTIGTOT(OL
OYECIOKA GUOTHLOTO. ZVYKEKPIUEVO GE TOAVUEGIKE OES0UEVA TO YEYOVOS avTO £fvat
TOAD oNUOVTIKO, KOOMG Onm¢ eldape Kol TNV TEPINTOON HAG, Ta dedOUEVA TTOV
&yovpe mpog amobnkevon kot avalnmon (meptypageic oknvdV), TPOKHTTOVY VOTEPQ
and eneEepyooio Tov apyikdv dedopévov (3d oknvég) cOUPOVA e KATO0 TPOTLTO.
YUVENMG, OVOAOYO LLE TO TPOTLTO TOV YPNOLUOTOLEiTOL KABE QOpa OAAG Kol TNV
apykn ooun g kabe oknvig, propel TeEMKA va £XOVUE TEPLYPOPEIS LE OPKETEG
Swpopéc petalh tovg ¢ mpog TN Oour. AkOpa, To TEAELTOAO YPOVIOL YivETO
KOTOVONTO TG Y10l VO KOTAPEPOVE VO OOXELPIGTOVUE ATOOOTIKE TEPAGTIONS OYKOLG
dedopévav, dev apkel Eva vmoloyloTikd cvotnua pe 1, 2, 4, 1 8 enelepyaoctéc, aArd
pElONOCTE HEYOAD KOTOVEUNUEVO CLOTAUOTA UE ekatovtddeg emeepyaotés. H
KOTAVEUNUEVT] amOBNKEVOT] OEOOUEVOV OUMG, GLVAJEL OMOAVLTO. UE TN YPNOT U1
oxeolokdv Pacewv. H MongoDB mo ovykekpyévo Ady®m TtV ToAD vyniov
JUVOTOTNT®V OV £)XEL OGOV 0POPA TNV KAMUAK®oTN aAAG Kot Ady® Tov aggregation
framework mov mapéyel, amotelel TNV KOTOAANAOTEPT ETAOYN Y10 TV TEPITTOOT LOG,
eEVO pe Ta epyadeio mTov £yovv avamntuydel TpocPaTa, OTMG £IdAUE Yo TOPASELY O TO
map reduce, pog mapéyel T dSLVATOTNTA VO EKTEAEGOVUE TOADTAOKO EPMOTNUATA GE
TOAD pKpd povo.

[MAéov, Ovtag oe Béom va OlyePloTOVUE OMOJOTIKA TOAD peydro OYKO
TOADUECIKMOV OEOOUEVDV, avoiyovtal ToAlol véor opilovteg TOGO GTOV TOUEN TMV
ToApEcV 660 Kot 6€ TopElg Ommg to machine learning kot n teyvn vonuocsvvn. e
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TPMTO GTASI0, GTOV TOUEN TMV TOAVUEC®V TOPEYETOL TAEOV 1) duvatdTNTO Yio. content
based avalntioeic. Mmopovpe dNAAOT Vo EKTEAEGOVUE EPOTNUOTO GYETIKA LE TO
nepleyopuevo pog 3d oknvig (xpodpota, oyxnuote, 0yKol, ETPAVEIEG KAT.) TOAD T1o
Omod0TIKA. Xe 0e0TEPO GTAO0, TO YEYOVOS OWTO umopel va, ypnoipomoinel wg Pdon
v v e€aymyn meta-minpogopiov. o mapddetypa pog divetor n dvvatdTnTo Vo
eEayoope Owapopo patterns yu TG TWEC OVYKEKPWEVOV TEdV €VOG TUTOV
OVTIKELLEVOL KOl VOL T PN GLLOTOLGOVLE Y10 TV KOTYOPLOTOiNGT Kol TOVTOTOINGT
toug. H dvvatomta avt) Bo pnopovoe ce enduevo otddlo va ypnotponombet otov
TOUED TNG TEXYVNTNG VONUOOLVNG KOU TNG POUTOTIKNG Yo TNV  OVOyVOPLOoT
OVTIKEIHLEVOV GE TPLOOAGTOTO YMDPO.
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4.6 Xovoyn

Xe auT TNV €PYOCIO TOPOLGLAGOUE TNV OPYITEKTOVIKY] KOL TNV LAOTOINGM H0G
TEYVIKNG Yl amOd0TIKN amobnkevon Kot ovalntnorn UEYGAOL OYKOL TOALUEGIKMV
dedOUEVOV GE GUGTILOTO, VTTOAOYICTIKOD VEPOUG.

[Tio  ovykekpyéva, apyikd  Kavope pwoe  Beopntikn  avdilvon TV
ypnoonotovuevev teyvoroyiov (Cloud Computing, NoSQL Databases, Big Data)
Kot gpyareiov mov ypnoiponotovpe (Mondo DB, MapReduce kAx.) dote va dobel
OTOV OVOYVMOGTH TO amapaitnto Bempntikd voRabpo yio TV TEPATEP® KATOVONGN
TOV OVTIKELEVOD TNG EPYOCING. XTO TPAKTIKO KOUUATL, DVAOTOUGAUE TNV OTOLTOVLEVN
vmodoun wote amd éva dataset pe 3d oxnvég, va gédyovpe TIC amapaitnteg mp7
TEPLYPOAPES Kot va, TIG amodnkevoovpe pe Bértioto tpdémo o po MongoDB Baon.
Ympopevor ot Pdon avty mov Onpovpynoape, ektelécape €vo query mov
ovuvavtdtol pe mOAD peydAn ovyvommta oe Multimedia cvotiuata oAAG Kot
TAVTOYPOVA EXEL LEYOAES VTOAOYICTIKEG amonti|oels. To epdTNUO ALTO £XEL VO KAVEL
HE TNV KOTOAVOUN TOV YPOUAT®V OTIS oKnvéG mov mepiéyovion otn Pdon. To
W6TOYpapp Ypoudtov Tov e&dyape omotelel TOV AmAOVGTEPO TPOTO Vo SOVUE TO
YPOUATIKO TEPLEYOUEVO TMV GKNVAV YOPIG TNV OTMOAELL CNUOVTIIKNG TANPOPOPLOG.
Exteléocape 10 query avtd pe 600 Ttpdmovs. XToV TPMTO KOAVOLUE YPNON TNG
TaPAdOGLOKNG TEXVIKNG avalnmmong oedopévaov oty MongoDB, 6nov Bpickovpe
KGBe @opa TO jSON apyeio-meptypa@n ™G GKNVAG, Kol TO OlOTPEYOVUE (DOTE VO
KPOTNOOVE TIG TIHEG TV TESIWV TOV HOG EVOLAPEPOVY. XTO OEVTEPO KAVOLUE YPNON
™G TeXVIKNAG Map reduce yio katavepnuévn exktéleon epotnudtov. Ta anotedéouata,
amd TV eKTEAESN Kol TV 000 HEBOOWV deiyvouv TG 1 TEYVIKN 0LTN omoTeAEl pHia
TOAD KaAn Ao yio v e€orywyn (pNOIUNG TANPOPOPING GE GUGTIUATO TOAVUECDV.
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Noapadptnua

/*

*

Copyright (C) 2014 Georgios Tentes

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to
deal in the Software without restriction, including without limitation the
rights to use, copy, modify, merge, publish, distribute, sublicense, and/or
sell copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS
IN THE SOFTWARE.

*/

package Diplomatikh;

import java.io.File;
import java.io.IOException;
import java.net.UnknownHostException;

import java.util.Scanner;

import org.json.JSONException;
import org.json.JSONObject;

import org.json.XML;

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

import com.mongodb.DBCollection;
import com.mongodb.DBCursor;
import com.mongodb.DBObject;

import com.mongodb.Mongo;
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import com
import com
import com
import com

import com

.mongodb.MongoException;

.mongodb.gridfs.GridFS;

.mongodb.gridfs.GridFSDBFile;

.mongodb.gridfs.GridFSInputFile;

.mongodb.util.JSON. *;

import java.nio.file.Path;

/**

* @author

*/

George

/*Dino os orisma to path tou zip kai dhmiourgeitai to antistoixo bucket sto

gridfs */

public class Create Buckets ({

private
private
private
private

private

public

try {

static final

static final

static final

static final

static final

static void main (String[] args)

Mongo mongo

String
String
String
String

String

dbName = "Savage";
LOCALHOST = "Localhost";
MP7 = "mp7";

ZIP = "zip";

collectionName = "Savage.files";

= new Mongo (LOCALHOST, 27017);

DB Mydb = mongo.getDB (dbName) ;

String Path

int index =

String newFileName

= args|[0];

Path.lastIndexOf ("\\");

String mp7File="";

for(File f:

= Path.substring(index+1);

new File (Path) .listFiles()) {

if (f.getName () .endsWith (MP7))

mp7File =

f.getPath();

throws JSONException {
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File zipFile = new File(Path + "//" + newFileName+"."+ ZIP);

System.out.println("File: " + Path + newFileName + "." + ZIP +
"\n " + MP7 + " " + mp7File);

GridFS gfs = new GridFS (Mydb, dbName) ;
GridFSInputFile gfsFile = gfs.createFile(zipFile);
gfsFile.setFilename (newFileName) ;

gfsFile.save () ; //Apothikevo to arxeio

/*

*Eisago to mp7 sta metadata tou arxeiou se morfh json, stin
files collection

*/

/*testing with reading xml as a string*/

String text = new Scanner( new File(mp7File)
) .useDelimiter ("\\A") .next () ;

System.out.println (""+text) ;
JSONObject xmlJSONObj = XML.toJSONObject (text);

BasicDBObject toAppend = new BasicDBObject () ;

Object o = com.mongodb.util.JSON.parse (xmlJSONObj.toString())

DBObject dbObj = (DBObject) o;

toAppend.append ("S$set", new BasicDBObject () .append ("metadata",

DBCollection ¢ = Mydb.getCollection(collectionName) ;

BasicDBObject query = new BasicDBObject () ;
query.append ("filename", newFileName) ;

c.update (query, toAppend);

catch (UnknownHostException e) {
e.printStackTrace() ;
} catch (MongoException e) {
e.printStackTrace() ;
} catch (IOException e) {

e.printStackTrace() ;
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package Diplomatikh;

import java.io.File;
import java.io.IOException;

import org.apache.commons.io.FileUtils;

public class CreateZips {

private static String savageHome = "C:\\Diplomatikh\\SavageSample";
private static String zipsHome = "C:\\Diplomatikh\\zipsSample";

public static void main(String args|[]) {
//inputPath: Savage/AircraftFixedWing/AV8B-Harrier-
UnitedStates/[mp7 name] .mp7
// homeFolder/1v11l/1v12
//outputPath: zips/AircraftFixedWing/AV8B-Harrier-UnitedStates/AV8B-
Harrier-UnitedStates[1l..9]/AV8B-Harrier-UnitedStatesl.zip and AV8B-Harrier-
UnitedStatesl [mp7 name]
File savageHomeFolder = new File (savageHome) ;
for(File 1lvll : savageHomeFolder.listFiles()) {
for(File 1v12 : 1lvll.listFiles()) {
int 1 = 0;
if(lvl2.1listFiles () != null) {
for(File mp7File : 1lvl2.listFiles()) {
if (mp7File.getName () .endsWith (".mp7")) {
System.out.println ("Found mp7\n") ;
i++;
String inputFolderPath = 1lv12.getPath();
String inputMP7Name = mp7File.getName () ;
String outputZipPath = zipsHome + "/" +
lvll.getName () + "/" + lvl2.getName() + "/" + lvl2.getName () + 1i;
String outputZipName = lvl2.getName () + i + ".zip";
//LocalTransformer.main (new String[] {inputX3DPath,
inputX3DName, outputX3DPath});
System.out.println (inputFolderPath + ", " +
inputMP7Name + ", " + outputZipPath);
File zipFile = new File (outputZipPath);
if(!zipFile.exists ()) {
zipFile.mkdirs () ;

}
AppZip.main(new String[]{inputFolderPath,
outputZipPath + "/" + outputZipName}) ;
File sourceMp?7 = new File (inputFolderPath + "/" +
inputMP7Namnme) ;
File dest = new File (outputZipPath);
try {
FileUtils.copyFileToDirectory (sourceMp7, dest);
} catch (IOException e) {
e.printStackTrace () ;
}
//arg0 = inputX3D, argl = inputX3Dname, arg2 =
outputPath
}
else{
// System.out.println (""+mp7File.getName ()) ;
}
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package Diplomatikh;

import
import
import
import
import
import
import

import

public

java.io.File;
java.io.FileInputStream;
java.io.FileOutputStream;
java.io.IOException;
java.util.ArrayList;
Java.util.List;
jJava.util.zip.ZipEntry;

jJava.util.zip.ZipOutputStream;

class ZipHelper{

List<String> filelist;

private static String OUTPUT ZIP FILE;

private static String SOURCE FOLDER;

ZipHelper () {

fileList = new ArrayList<String>();

}

public static void main( String[] args )

{

/**

*

*

*/

//args[0] - Source Folder, args[l] - Output Zip File
ZipHelper ZipHelper = new ZipHelper();

SOURCE_FOLDER = args[0];

OUTPUT ZIP FILE = args[l];
ZipHelper.generateFilelList (new File(SOURCE_FOLDER));

ZipHelper.zipIt (OUTPUT ZIP FILE);

Zip it

@param zipFile output ZIP file location

public void zipIt(String zipFile) {

(Path+Name)
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byte[] buffer = new byte[1024];

try{

FileOutputStream fos = new FileOutputStream(zipFile);

ZipOutputStream zos = new ZipOutputStream(fos);

System.out.println ("Output to Zip : " + zipFile);

for (String file : this.filelist) {

System.out.println("File Added : " + file);
ZipEntry ze= new ZipEntry(file);

zos.putNextEntry (ze) ;

FileInputStream in =

new FileInputStream(SOURCE FOLDER + File.separator +
file);

int len;
while ((len = in.read(buffer)) > 0) {

zos.write (buffer, 0, len);

in.close();

zos.closeEntry () ;
//remember close it

zos.close();

System.out.println ("Done");
}catch (IOException ex) {

ex.printStackTrace () ;

/**
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* Traverse a directory and get all files,
* and add the file into filelList

* @param node file or directory

*/

public void generateFilelList (File node) {

//add file only

if (node.isFile()) {

filelList.add (generateZipEntry (node.getAbsoluteFile () .toString()));
}
if (node.isDirectory()) {

String[] subNote = node.list();
for (String filename : subNote) {

generateFilelList (new File (node, filename));

/**
* Format the file path for zip
* @param file file path
* @return Formatted file path
*/
private String generateZipEntry(String file) {

return file.substring (SOURCE FOLDER.length()+1, file.length());
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package Diplomatikh;

import java.io.File;

import org.Jjson.JSONException;

public class PopulateMongo {

private static String zipsHome = "C:\\Diplomatikh\\zips";

public static void main(String args[]) throws JSONException{

//path: zips/AircraftFixedWing/AV8B-Harrier-UnitedStates/AV8B-
Harrier-UnitedStatesl/AV8B-Harrier-UnitedStatesl.zip

// zipsHome/1v11/1v12/1v13/zipFile + mp7File

//Ta paths eksartontai apo to pos tha zipparo ta arxeia, diladh to
deftero scrip

File zipsHomeFolder = new File(zipsHome) ;

for(File 1v1ll : zipsHomeFolder.listFiles()) { //AircraftFixedWing
etc

for (File 1v12 : 1lvll.listFiles()){ //AV8B-Harrier-UnitedStates
etc

for (File 1v13 : 1lvl2.listFiles()){ //AV8B-Harrier-
UnitedStatesl etc

String path = 1lv13.getPath();
Create Buckets.main(new String[]{path});

//LocalTransformer.main (new String[] {inputX3DPath,
inputX3DName, outputX3DPath});

System.out.println (path);

}
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package Diplomatikh;

import java.io.File;
import java.io.IOException;

import java.net.UnknownHostException;

import com.mongodb.DB;
import com.mongodb.Mongo;
import com.mongodb.gridfs.GridFS;

import com.mongodb.gridfs.GridFSDBFile;

import java.util.List;

import java.util.logging.Level;

import java.util.logging.Logger;

/**

* Qauthor Giorgos

*/

public class RetrieveFile {

private static final String server = "Localhost";

private static final int port = 27017;

private static final String dbName = "Savage";

private static DB db;

private static String bucketName = "Savage";

private String createQuery (String key, String Value) {

if (key.equals ("filename"))

return "{ filename : " + Value + " } ";

if (key.equals ("id"))
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return "{ _id : " + Value + " }";
else({

throw new IllegalArgumentException () ;

private List<GridFSDBFile> getFileById(String id) {
String query = createQuery("id", id);

GridFS gfsZip = new GridFS(db, bucketName) ;

List<GridFSDBFile> ZipForOutput = gfsZip.find(query):;

return ZipForOutput;

private List<GridFSDBFile> getFileByName (String name) {
String query = createQuery("filename", name);

GridFS gfsZip = new GridFS (db, bucketName) ;

List<GridFSDBFile> ZipForOutput = gfsZip.find(query):;

return ZipForOutput;

public DB getDB() throws UnknownHostException({

if (db == null) {

Mongo mongo = new Mongo (server, 27017);

db = mongo.getDB (dbName) ;

return db;

public static void main(String[] args) {

try f
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RetrieveFile getFile = new RetrieveFile();

String newFileName =
args[0] .substring(args[0].lastIndexOf ('/')+1l, args[0].lastIndexOf ('.

//debugging
System.out.println (newFileName) ;
//Start time measurement

long startTime = System.currentTimeMillis();

long stopTime = System.currentTimeMillis();

//End time measurement

(getFile.getFileByName (newFileName)) .get (0) .writeTo (new
File("/tmp/zips/" + newFileName)) ;

long elapsedTime = stopTime - startTime;

System.out.println (elapsedTime) ;

}
catch (UnknownHostException e) {
e.printStackTrace () ;
} catch (IOException ex) {

Logger.getLogger (RetrieveFile.class.getName ()) .log(Level
null, ex);

}

"))

.SEVERE,
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package Diplomatikh;

/**

* @author George

*/
import java.io.File;
import java.io.FileOutputStream;
import java.io.IOException;
import java.io.PrintStream;

import org.exist.xquery.modules.mpeg7.LocalTransformer;

public class TransformationDriver ({

// /home/ntua/Diplomatiki/Savage to kanoniko
private static final String C = "C:\\";
private static final String savageHome = "C:\\Diplomatikh\\Savage";

private static File DiplomatikhHomeFolder;

public static void main(String args[]) throws IOException({

//path: Savage/AircraftFixedWing/AV8B-Harrier-UnitedStates/AV8B-
Harrier-UnitedStates.x3d

// homeFolder/1v1ll/1v12/x3dFile
File savageHomeFolder = new File (savageHome) ;

File CFolder = new File(C);

PrintStream out = new PrintStream(new
FileOutputStream ("C:\\Diplomatikh\\output.txt")) ;

System.setOut (out) ;

for(File ff : CFolder.listFiles())
if (ff.getName () .equals ("Diplomatikh™))

DiplomatikhHomeFolder = new File (ff.getPath());
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for(File ff : DiplomatikhHomeFolder.listFiles())
if (ff.getName () .equals ("Savage"))

savageHomeFolder = new File(ff.getPath());

System.out.println (""+savageHomeFolder.getPath());
for(File 1lv1ll : savageHomeFolder.listFiles()) {
if(!lvll.getName () .equals ("Tools"))
continue;
// System.out.println(""+1lvll.getPath());
for(File 1v12 : 1lvll.listFiles()) {
if (1lvl2.getName () .equals ("Animation"))

continue;

// System.out.println (""+1vl2.getPath());
if(lvl2.1listFiles () != null) {
for(File x3dFile : 1lvl2.listFiles()){

//
System.out.println (""+x3dFile.getName ()) ;

if (x3dFile.getName () .endsWith (".x3d")) {
System.out.println(""+x3dFile.getPath());
String inputX3DPath = 1lvl12.getPath();
String inputX3DName = x3dFile.getName () ;
String outputX3DPath = 1lvl2.getPath();
tryf

LocalTransformer.main (new
String[]{inputX3DPath+"\\", inputX3DName, outputX3DPath+"\\"});

}
catch (Exception ex) {

ex.printStackTrace();;

// System.out.println (inputx3DPath + ", " +
inputX3DName + ", " + outputX3DPath);

//arg0 = inputX3D, argl = inputX3Dname, arg2 =
outputPath

// System.out.println ("\n") ;
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package Diplomatikh;

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

import

/**

com.

com.

com.

com.

com.

com.

com

com.

com.

com

com.

com.

com.

com

java.
java.
java.
java.
java.

java.

Jjava

google.gson.Gson;

google.gson.GsonBuilder;

google.gson.JsonArray;

google.gson.JdsonElement;

google.gson.JsonObject;

google.gson.JdsonParser;

.mongodb.

mongodb.

mongodb.

.mongodb.

mongodb.
mongodb

mongodb.

.mongodb.

BasicDBObject;
DB;
DBCollection;
DBCursor;

DBRObject;

.Mongo;

gridfs.GridFsS;

gridfs.GridFSDBFile;

io.File;

io.FileWriter;
io.IOException;
io.PrintWriter;
net.UnknownHostException;

util.logging.Level;

.util.logging.Logger;

org.Jjaxen.function.SumFunction;

org.Jjson.JSONException;

org.json.JSONObject;

* @author Giorgos

*/

public class QuerylNoMR ({

private static final int NUM CELLS =

512;
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public static void main(String[] args) throws JSONException{

try f
Mongo mongo = new Mongo ("localhost", 27017);

DB Mydb = mongo.getDB("X3D");

BasicDBObject info = new BasicDBObject () ;

DBCollection collection = Mydb.getCollection ("Savage.files");

BasicDBObject gu = new BasicDBObject () ;
qu.append ("filename", "Bear-Russial");

DBCursor cursor = collection.find();

JSONObject obj = new JSONObject ()

Gson gson = new GsonBuilder () .create();

double length, height, depth, width, volume;

int cell;

double[] histogram = new double[NUM CELLS];
double[] sceneHistogram = new double[NUM CELLS];
int[] numOccurences = new int[NUM CELLS];

double sceneVolumeSum = 0;

while (cursor.hasNext ()) {//return the file specified by
"filename"

info = (BasicDBObject) cursor.next().get ("metadata"); //get
the file metadata - mp7 description

obj = new JSONObject (info.toString());
// System.out.println (obj.toString());
sceneHistogram = new double[NUM CELLS];
for(int i = 0; i < sceneHistogram.length; i++) {
sceneHistogram[i] = 0.0;

}
sceneVolumeSum = 0.0;

JsonParser jsonParser = new JsonParser( );

try{

JsonArray DescriptorCollection =
jsonParser.parse (obj.toString())

.getAsJsonObject () .get ("Mpeg7")
.getAsJsonObject () .getAsJsonArray ("Description”) .get (1)

.getAsJsonObject () .get ("MultimediaContent")

100



.getAsJsonObject () .get ("StructuredCollection")
.getAsJsonObject () .getAsJsonArray ("Collection") .get (1)

.getAsJsonObject () .getAsJsonArray ("DescriptorCollection");
/73

length = DescriptorCollection.size();
for(int i = 0; i < length; i++){
try{

JsonElement BoundingBox3DSize =
DescriptorCollection.getAsJsonArray () .get (i) .getAsJIsonObject ()

.getAsJsonObject () .getAsJIsonArray ("Descriptor") .get (0)

.getAsJsonObject () .get ("BoundingBox3DSize") ;

height =
BoundingBox3DSize.getAsJsonObject () .get ("BoxHeight") .getAsDouble () ;

width =
BoundingBox3DSize.getAsJsonObject () .get ("BoxWidth") .getAsDouble () ;

depth =
BoundingBox3DSize.getAsJsonObject () .get ("BoxDepth") .getAsDouble () ;

volume = height * width * depth;

//System.out.println ("volume: " + volume);

//this.metadata.Mpeg7.Description[1l].MultimediaContent.StructuredCollectio

n.Collection[l].DescriptorCollection([j].Descriptor[1l].Geometry3D.DominantCol
or3D.Value.Index;"

JsonElement RGB =
DescriptorCollection.getAsJsonArray () .get (i) .getAsJIsonObject ()

.getAsJsonObject () .getAsdsonArray ("Descriptor") .get (1)
.getAsJsonObject () .get ("Geometry3D")
.getAsJsonObject () .get ("DominantColor3D")
.getAsJsonObject () .get ("Value")

.getAsJsonObject () .get ("Index") ;

//Since we reached here, we have gotten both the volume
and the color

//Otherwise an exception would have been thrown
String[] RGBarr = RGB.getAsString () .split(" ");
System.out.println (RGB.getAsString());

cell = (int) (Math.floor ((double)
Integer.parselnt (RGBarr[0]) / 32) + 8 * Math.floor ((double)
Integer.parselnt (RGBarr[1l]) / 32) + 64 * Math.floor ((double)
Integer.parselnt (RGBarr[2]) / 32) );
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System.out.println(cell);
sceneHistogram[cell] += volume;
numOccurences[cell] ++;
sceneVolumeSum += volume;

}

catch (Exception el) {

// el.printStackTrace () ;

}
if (sceneVolumeSum == 0.0) {
System.out.println ("Something went wrong");

continue;

for(int i = 0; i < NUM CELLS; i++) {
sceneHistogram[i] /= sceneVolumeSum;

histogram[i] += sceneHistogram[i];

}
catch (Exception e) {

e.printStackTrace(); //fields don't exist

PrintWriter writer = new PrintWriter ("QuerylNoMR.txt");
for(int i = 0; i < NUM CELLS; i++) {
histogram([i] /= numOccurences[i];

writer.println("[" + 1 +"] : " + histogram[i] + " occs: " +
numOccurences[i]);

System.out.println("[" + 1 +"] : " + histogram([i]);
}

writer.close();

catch (UnknownHostException e) {
//e.printStackTrace () ;
} catch (IOException ex) {

Logger.getLogger (RetrieveMp7.class.getName ()) .log (Level.SEVERE,
null, ex);

}
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package Diplomatikh;

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

import

/**

com.

com.

com.

com.

com.

com.

com

com.

com.

com

com.

com.

com.

com

java.
java.
java.
java.
java.

java.

Jjava

google.gson.Gson;

google.gson.GsonBuilder;

google.gson.JsonArray;

google.gson.JdsonElement;

google.gson.JsonObject;

google.gson.JdsonParser;

.mongodb.

mongodb.

mongodb.

.mongodb.

mongodb.
mongodb

mongodb.

.mongodb.

BasicDBObject;
DB;
DBCollection;
DBCursor;

DBRObject;

.Mongo;

gridfs.GridFsS;

gridfs.GridFSDBFile;

io.File;

io.FileWriter;
io.IOException;
io.PrintWriter;
net.UnknownHostException;

util.logging.Level;

.util.logging.Logger;

org.Jjaxen.function.SumFunction;

org.Jjson.JSONException;

org.json.JSONObject;

* @author Giorgos

*/

public class Query2NoMR {

private static final int NUM CELLS =

512;
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public static void main(String[] args) throws JSONException{

try {
Mongo mongo = new Mongo ("localhost", 27017);
DB Mydb = mongo.getDB ("X3D") ;
BasicDBObject info = new BasicDBObject () ;
DBCollection collection = Mydb.getCollection ("Savage.files");
BasicDBObject gqu = new BasicDBObject();
qu.append ("filename", "Bear-Russial");
DBCursor cursor = collection.find();
JSONObject obj = new JSONObject () ;
Gson gson = new GsonBuilder () .create();
double length, height, depth, width, volume;
int cell;
double[] histogram = new double[NUM CELLS];
double[] sceneHistogram = new double[NUM CELLS];
int[] numOccurences = new int[NUM CELLS];
double sceneVolumeSum = 0;
long totalCount = 0; //Synolikos arithmos twn skhnwn
while (cursor.hasNext ()) {//return the file specified by
"filename"
info = (BasicDBObject) cursor.next().get ("metadata"); //get

the file metadata - mp7 description
obj = new JSONObject (info.toString());
// System.out.println (obj.toString());
sceneHistogram = new double[NUM CELLS];
for(int 1 = 0; 1 < sceneHistogram.length; i++) {
sceneHistogram[i] = 0.0;

}
sceneVolumeSum = 0.0;

JsonParser jsonParser = new JsonParser( );

try{

JsonArray DescriptorCollection =
jsonParser.parse (obj.toString())
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.getAsJsonObject () .get ("Mpeg7")
.getAsJsonObject () .getAsJsonArray ("Description”) .get (1)
.getAsJsonObject () .get ("MultimediaContent")
.getAsJsonObject () .get ("StructuredCollection")
.getAsJsonObject () .getAsJsonArray ("Collection") .get (1)

.getAsJsonObject () .getAsJsonArray ("DescriptorCollection") ;
//3

length = DescriptorCollection.size();
for(int i = 0; i < length; i++){
try{

JsonElement BoundingBox3DSize =
DescriptorCollection.getAsJsonArray () .get (i) .getAsJIsonObject ()

.getAsJsonObject () .getAsJsonArray ("Descriptor") .get (0)

.getAsJsonObject () .get ("BoundingBox3DSize") ;

height =
BoundingBox3DSize.getAsJsonObject () .get ("BoxHeight") .getAsDouble () ;

width =
BoundingBox3DSize.getAsJsonObject () .get ("BoxWidth") .getAsDouble () ;

depth =
BoundingBox3DSize.getAsJsonObject () .get ("BoxDepth") .getAsDouble () ;

volume = height * width * depth;

//System.out.println("volume: " + volume);

//this.metadata.Mpeg7.Description[1l].MultimediaContent.StructuredCollectio
n.Collection[1l].DescriptorCollection([j].Descriptor[1l].Geometry3D.DominantCol
or3D.Value.Index;"

JsonElement RGB =
DescriptorCollection.getAsJsonArray () .get (i) .getAsJsonObject ()

.getAsJsonObject () .getAsJsonArray ("Descriptor") .get (1)
.getAsJsonObject () .get ("Geometry3D")
.getAsJsonObject () .get ("DominantColor3D")
.getAsJsonObject () .get ("Value")

.getAsJsonObject () .get ("Index") ;

//Since we reached here, we have gotten both the volume
and the color

//Otherwise an exception would have been thrown
String[] RGBarr = RGB.getAsString().split (" ");

System.out.println (RGB.getAsString()) ;
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cell = (int) (Math.floor ((double)
Integer.parselnt (RGBarr[0]) / 32) + 8 * Math.floor ((double)
Integer.parselnt (RGBarr[1l]) / 32) + 64 * Math.floor ((double)
Integer.parselnt (RGBarr[2]) / 32) );

System.out.println (cell);
sceneHistogram[cell] += volume;
sceneVolumeSum += volume;
totalCount++;

}

catch (Exception el) {

// el.printStackTrace () ;

}
if (sceneVolumeSum == 0.0) {
System.out.println ("Something went wrong");

continue;

for(int i = 0; i < NUM CELLS; i+4) {
sceneHistogram[i] /= sceneVolumeSum;

histogram[i] += sceneHistogram[i];

}
catch (Exception e) {

e.printStackTrace(); //fields don't exist

PrintWriter writer = new PrintWriter ("Query2NoMR.txt");
for(int 1 = 0; i1 < NUM CELLS; i++){
histogram[i] /= totalCount;

//writer.println("[" + 1 +"] : " + histogram[i] + " totalCount:
" + totalCount);

System.out.println("[" + 1 +"] : " + histogram([i]);
}

writer.close();

catch (UnknownHostException e) {
//e.printStackTrace () ;

} catch (IOException ex) {
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Logger.getLogger (RetrieveMp7.class.getName ()) .log (Level.SEVERE,
null, ex);

}
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package Diplomatikh;

import java.io.FileNotFoundException;
import java.io.PrintWriter;
import java.net.UnknownHostException;

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

import com.mongodb.DBCursor;

import com.mongodb.DBObject;

import com.mongodb.MapReduceCommand;
import com.mongodb.MapReduceOutput;
import com.mongodb.MongoClient;

public class QueryMR1 ({

private String dbName;
private DB db;
private MongoClient mongoClient;

private static final String mapl = "function() {"
+ "try{"
+ "var length =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection([1l] .DescriptorCollection.length;"

+ "var 1 = 0;"

+ "var toEmit;"

+ "var UNDERFLOW = 0.000000001;"

+ "var OVERFLOW = 10000000;"

+ "var toEmit2 = [];"

+ "for(var j = 0; J < length; J++){"

+"try {"

+ "var vl =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection[1l] .DescriptorCollection[j] .Descriptor[0].BoundingBox3DSize.BoxHeigh
"

+ "var v2 =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection([1l] .DescriptorCollection[]j] .Descriptor[0].BoundingBox3DSize.BoxDepth

. n
’

+ "var v3 =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection[1l] .DescriptorCollection[]j] .Descriptor[0].BoundingBox3DSize.BoxWidth

. n
’

+ "var volume = v1*v2*v3;"

+ "if (volume < UNDERFLOW || volume > OVERFLOW)"
+ " volume = 0;"

+ "var RGB =

this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection[1l] .DescriptorCollection[]j] .Descriptor[l].Geometry3D.DominantColor3D
.Value.Index;"

"var colors = RGB.split(' ");"
"var diml = Math.floor (colors[0] / 32);"
"var dim2 = Math.floor (colors[1l] / 32);"
"var dim3 = Math.floor (colors[2] / 32);"
"var cell = dim3 * 64 + dim2 * 8 + diml;"
"toEmit = { cell: cell, volume: volume};"
"if (length == 2){"

// print (\"length == 1\");"

" toEmit2.push (toEmit) ;"

" if (!isNaN (toEmit2.volume) )"

" emit (this.filename, toEmit2);"
" toEmit2.pop () ;"

" } "

"else{"

" if (!isNaN (toEmit.volume) )"

B
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//
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+

"try{"

" }H

"}catch (err) {"

"};n;

emit (this.filename, toEmit);"

print (err) ;"

"catch (err2) {"

print (err2);"

final String reducel = "function(k, wvalues) {"
"var sum = 0;"

"var maxINT = 100000000;"

"var flag = 0;"

"var vals = [];"
"print (\"Executing reduce 1\");"
"for (var i = 0; 1 < wvalues.length; i++){"

" vals.push(values[i]);"

" } "

"for (var i = 0; i < wvalues.length; i++){"
" if( sum + vals[i].volume > maxINT) {"
" print (\"Potential Overflow\");"

" sum = maxINT;"

" } "

" else"

" sum += vals[i].volume;"

n}n

" for (var 1 = 0; i < values.length; i++){"

" vals[i] .volume = vals[i].volume / sum;"

" if(vals[i].volume <= 0 || vals[i].volume >= 1) {"
" flag = 1;"

" } "

" } "

"var ret = {v : wvalues} ;"

"if (flag !== 0)"

" print (\"Something went wrong\");"
"return (k, ret);"

n};u;

final String map2 = "function() {"

"var OVERFLOW = 1;"
"if (typeof (this.value.v) !== 'undefined') {"

4+

print (\"value.v\");"

" length = this.value.v.length;"

" }"

" } "
"else{"
+ "

+ "

+ "

" } "

" } "

"catch (e
"print (e

u}"

"};n;

for(var j = 0; j < length; Jj++){"

if (this.value.v[j].volume >= 0 && this.value.v[]j].volume

emit (this.value.v[j].cell, this.value.v[j].volume); ;"

print (\"value.volume\") ;"

if (this.value.volume >= 0 && this.value.volume <= 1)"

emit (this.value.cell, this.value.volume);"

rr){"
rr);"

//eksago gia kathe keli to average pososto tou

private static final String reduce2 = "function(k, values) {"
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+ "var sum = 0;"

+ "var count = 0;"

+ "var MAX INT = 100000000;"

+ "for (var i = 0; i < values.length; i++) {"

+ " if (!isNaN (values[i])) {"

+ " if( sum + values[i] > MAX INT) {"

// + " print (\"Potential Overflow\");"

+ " sum = max INT;"

+ " }"

+ " else{"

+ " sum += values[i];"

+ " I

+ " count++;"

+ " }"

+ omyn

+ "return (k, sum / count);"

+ "t
private static final String outputCollectionl = "outl";
private static final String outputCollection2 = "out2";

private void executeQuery (BasicDBObject searchQuery, String
collectionName, String outputCollection ,String map, String reduce) throws
FileNotFoundException{

MapReduceCommand mr = new
MapReduceCommand (db.getCollection (collectionName), map, reduce,
outputCollection, MapReduceCommand.OutputType.REPLACE, searchQuery);

// mr.setFinalize(finalizel);

MapReduceOutput out =
db.getCollection(collectionName) .mapReduce (mr) ;

for (DBObject o : out.results()) {

System.out.println (o.toString());

}

public QueryMR1 (MongoClient mongoClient, String dbName) {
this.dbName = dbName;
this.mongoClient = mongoClient;
this.db = mongoClient.getDB (dbName) ;
}

public static void main(String[] args) throws Exception({
MongoClient mongoClient = new MongoClient ("localhost", 27017);
QueryMR1 mc = new QueryMR1 (mongoClient, "Savage");

long startTime = System.currentTimeMillis();

BasicDBObject searchQuery = new BasicDBObject () ;

//searchQuery.

// searchQuery.put ("filename", "Bear-Russial");

mc.executeQuery (searchQuery, "Savage.files", outputCollectionl,
mapl, reducel);

mc.executeQuery (searchQuery, outputCollectionl, outputCollection2,
map2, reducel);

long endTime = System.currentTimeMillis();
System.out.println (endTime - startTime);
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package Diplomatikh;

import java.io.FileNotFoundException;
import java.io.PrintWriter;
import java.net.UnknownHostException;

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

import com.mongodb.DBCursor;

import com.mongodb.DBObject;

import com.mongodb.MapReduceCommand;
import com.mongodb.MapReduceOutput;
import com.mongodb.MongoClient;

public class QueryMR2 ({

private String dbName;
private DB db;
private MongoClient mongoClient;

private static final String mapl = "function () {"
+ "try{"
+ "var length =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection([1l] .DescriptorCollection.length;"

+ "var 1 = 0;"

+ "var toEmit;"

+ "var UNDERFLOW = 0.000000001;"

+ "var OVERFLOW = 10000000;"

+ "var toEmit2 = [];"

+ "for(var j = 0; J < length; J++){"

+"try {"

+ "var vl =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection[1l] .DescriptorCollection[j] .Descriptor[0].BoundingBox3DSize.BoxHeigh
"

+ "var v2 =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection([1l] .DescriptorCollection[]j] .Descriptor[0].BoundingBox3DSize.BoxDepth

. n
’

+ "var v3 =
this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection[1l] .DescriptorCollection[]j] .Descriptor[0].BoundingBox3DSize.BoxWidth

. n
’

+ "var volume = v1*v2*v3;"

+ "if (volume < UNDERFLOW || volume > OVERFLOW)"
+ " volume = 0;"

+ "var RGB =

this.metadata.Mpeg7.Description[l].MultimediaContent.StructuredCollection.Co
llection[1l] .DescriptorCollection[]j] .Descriptor[l].Geometry3D.DominantColor3D
.Value.Index;"

"var colors = RGB.split(' ");"
"var diml = Math.floor (colors[0] / 32);"
"var dim2 = Math.floor (colors[1l] / 32);"
"var dim3 = Math.floor (colors[2] / 32);"
"var cell = dim3 * 64 + dim2 * 8 + diml;"
"toEmit = { cell: cell, volume: volume};"
"if (length == 2){"

// print (\"length == 1\");"

" toEmit2.push (toEmit) ;"

" if (!isNaN (toEmit2.volume) )"

" emit (this.filename, toEmit2);"
" toEmit2.pop () ;"

" } "

"else{"

" if (!isNaN (toEmit.volume) )"

B
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+ " emit (this.filename, toEmit);"

+ " }"
+ "}catch(err) {"
// + v print (err) ;"
+ oy
+ "}"
+ oy
+ "catch(err2) {"
// + " print (err2);"
+ "}"
"t
private static final String reducel = "function(k, wvalues) {"
+ "var sum = 0;"
+ "var maxINT = 100000000;™"
+ "var flag = 0;"
+ "var vals = [];"
// + "print (\"Executing reduce 1\");"
+ "for (var i = 0; i < values.length; i++) {"
+ " wvals.push(values[i]);"
+ myn
+ "for (var i = 0; i < values.length; i++) {"
+ " if( sum + vals[i].volume > maxINT) {"
// + " print (\"Potential Overflow\");"
+ " sum = maxINT;"
+ " I
+ " else"
+ " sum += vals[i].volume;"
+ myn
+ " for (var 1 = 0; i < values.length; i++){"
+ " vals[i] .volume = vals[i].volume / sum;"
+ " if(vals[i].volume <= 0 || vals[i].volume >=
+ " flag = 1;"
+ " P
+ "
+ "var ret = {v : values} ;"
+ "if (flag !== 0)"
+ " print (\"Something went wrong\");"
+ "return (k, ret);"
+ "
private static final String map3 = "function() {"
+ "try{"
+ "var OVERFLOW = 1;"
+ "if (typeof (this.value.v) !== 'undefined') {"
// + " print (\"value.v\");"
+ " length = this.value.v.length;"
+ " for(var j = 0; j < length; Jj++){"
+ " if(this.value.v[j].volume >= 0 && this.value.v[]j]
<= 1)"
+ " emit (0, {cell: this.value.v[]j].cell, volume:
this.value.v[j].volume});"
+ " I
+ " }"
+ "else{"
// + " print (\"value.volume\") ;"
+ " if (this.value.volume >= 0 && this.value.volume <=
+ " emit (0, {cell: this.value.cell, volume:
this.value.volume}) ;"
+ " }"
+ "y
+ "catch(err) {"
// + "print (err);"
+ "}"
+ "}’."’.

1) {vv

.volume
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private
+
/] +
+
+
1/
+
+
+
+
+
+
+
+
1/
+
+
private
+
+
+
//
+
+
+
"
+
+
+
+
//
+
+
+
+
+
/] +
+
+

static final String reduce3
"var count values.length;"
"print (count) ;"

"var maxINT = 100000000;"
"var flag o;"

+ "print (\"Executing reduce 3\");"

" for (var 1 0; i < values.length;
" values[i].volume
if (values[i] .volume <= 0

"function (k,

{"

values)

i++) ("

values[i].volume / count;"
values[i].volume >= 1) {"

" flag = 1;"

" } "

" } "

"var ret = {v values} ;"

"if (flag !== 0)"

+ " print (\"Something went wrong\");"

"return

H};";

(k, ret);"

static final String map4

"try{"

"var OVERFLOW ;"

"if (typeof (this.value.v)

+ " print (\"value.v\");"
length this.value.v.length;"
for(var j = 0; j < length;

emit (this.value.v[j].cell,

" emit (this.value.cell,
}"

ll}ll

"catch (err) {"

"print (err) ;"

n}n

n};";

"function () {"

'undefined') {"

J+) ("
if(this.value.v[j].volume >= 0 && this.value.v[]j].volume

this.value.v[]j].volume); ;"

print (\"value.volume\") ;"
if (this.value.volume >= 0 && this.value.volume <= 1)"
this.value.volume) ;"

//eksago gia kathe keli to average pososto tou

private

private
private
private
private

static final String reduce4 = "function(k, values) {"

+ "var sum = 0;"

+ "var count = 0;"

+ "var MAX INT = 100000000;"

+ "for (var i = 0; i < values.length; i++) {"

+ " if (!isNaN (values[i])) {"

+ " if( sum + values[i] > MAX INT) {"
// + " print (\"Potential Overflow\");"

+ " sum = max INT;"

+ " } "

+ " else{"

+ " sum += values[i];"

+ " P

+ " count++; "

+ g

+ " } "

+ "return (k, sum);"

+ "y
static final String outputCollectionl = "outl";
static final String outputCollection2 = "out2";
static final String outputCollection3 = "out3";
static final String outputCollection4 = "outd";
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private void executeQuery(BasicDBObject searchQuery, String

collectionName, String outputCollection ,String map, String reduce) throws

FileNotFoundException({

MapReduceCommand mr = new
MapReduceCommand (db.getCollection (collectionName), map, reduce,
outputCollection, MapReduceCommand.OutputType.REPLACE, searchQuery);
// mr.setFinalize(finalizel):;
MapReduceOutput out =
db.getCollection(collectionName) .mapReduce (mr) ;

//for (DBObject o : out.results()) {
// System.out.println(o.toString()) ;
//}

public QueryMR2 (MongoClient mongoClient, String dbName) {
this.dbName = dbName;
this.mongoClient = mongoClient;
this.db = mongoClient.getDB (dbName) ;
}

public static void main(String[] args) throws Exception{
MongoClient mongoClient = new MongoClient ("localhost", 27017);
QueryMR2 mc = new QueryMR2 (mongoClient, "X3D");

long startTime = System.currentTimeMillis();
BasicDBObject searchQuery = new BasicDBObject () ;
//searchQuery.
// searchQuery.put ("filename", "Bear-Russial");
mc.executeQuery (searchQuery, "Savage.files", outputCollectionl,
mapl, reducel);

mc.executeQuery (searchQuery, outputCollectionl, outputCollectionZz,

map3, reducel);

mc.executeQuery (searchQuery, outputCollection2, outputCollection3,

map4, reduced);
long endTime = System.currentTimeMillis() ;
System.out.println (endTime - startTime);
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import
import
import
import
import
import
import
import
import
import

import
import
import
import
import
import
import
import
import
import

import

import
import
import
import
import
import
import
import
import

public

private static Logger logger

public static void main(String[] args)

//mine

io.BufferedWriter;
io.File;
io.FileWriter;
io.IOException;
io.PrintWriter;
util.ArrayList;
util.HashMap;
util.Iterator;
util.List;
util.Map;

java.
java.
java.
java.
java.
java.
java.
java.
java.
java.

servlet.ServletException;
servlet.http.HttpServlet;
servlet.http.HttpServletRequest;
servlet.http.HttpServletResponse;
xml.parsers.DocumentBuilder;
xml.parsers.DocumentBuilderFactory;
xml.parsers.ParserConfigurationException;
xml.transform. *;
xml.transform.stream.StreamResult;
xml.transform.stream.StreamSource;

javax.
javax.
javax.
javax.
javax.
javax.
javax.
javax.
javax.
javax.
mpegMpeg7Schema2001.Mpeg7Document;
apache.
apache.

log4j.Logger;
log4j.Priority;
apache.xmlbeans.XmlException;
apache.xmlbeans.XmlOptions;
w3c.dom.Document;
w3c.dom.Element;
w3c.dom.Node;
w3c.dom.NodeList;
xml.sax.SAXException;

org.
org.
org.
org.
org.
org.
org.
org.
org.

class Transformation {

Logger.getLogger (Transformation.class) ;

throws IOException, SAXException{

File inXml

new File(args[0]);

//*********************************************************

//ARXH KODIKA GIA TO EXTRACT TON POINTS ENOS INDEXEDFACESET

//*********************************************************

null;

String[] tokenizedCoord

String[] tokenized

crossSectio
spineAttrib
scaleAttrib
orientAttri

String
String
String
String

List totalPointPar
File file null;
BufferedWriter bw
ArrayList<String>

ArrayList<String>
ArrayList<String>
StringBuilder IFSS
StringBuilder Extr
StringBuilder Extr

try {
DocumentBuilde

Point null;

nAttrib
= null;
null;
null;

null;

b

ts null;

null;
resultedIFSExtractionList

resultedExtrExtractionList
resultedExtrBBoxList
tringBuilder
ShapeStringBuilder
BBoxStringBuilder

rFactory dbFactory

new ArrayList();

new ArrayList();

new ArrayList();
new StringBuilder();

new StringBuilder();
new StringBuilder();
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DocumentBuilderFactory.newInstance () ;
DocumentBuilder dBuilder = dbFactory.newDocumentBuilder () ;
Document doc = dBuilder.parse (inXml) ;
doc.getDocumentElement () .normalize () ;

//if (doc.getElementsByTagName ("IndexedFaceSet") != null &&
doc.getElementsByTagName ("IndexedFaceSet") .getLength() > 0) {

int shapeCount = 0;

int extrCount = 0;

int ifsCount = 0;

NodeList shplList = doc.getElementsByTagName ("Shape") ;
for (int temp = 0; temp < shplist.getlLength(); temp++) {
shapeCount += 1;
Node nNode = shpList.item(temp);

//System.out.println ("Number of Shape in document: " +
temp) ;
Element eElement = (Element) nNode;
//System.out.println ("eElement= " + eElement);
if (eElement.getElementsByTagName ("IndexedFaceSet") .item(0)
!'= null) {
ifsCount += 1;
if (nNode.getNodeType () == Node.ELEMENT NODE) {
Element ifsElem = (Element)

eElement.getElementsByTagName ("IndexedFaceSet") .item(0) ;
String coordIndexAttrib =
ifsElem.getAttribute ("coordIndex") ;

//System.out.println ("IndexedFaceSet coordIndex= " +
coordIndexAttrib) ;

int lastMinusOnePosition =
coordIndexAttrib.lastIndexOf ("-1");

//System.out.println (lastMinusOnePosition) ;

if (lastMinusOnePosition != -1) {

String stringWithoutLastMinusOne =

coordIndexAttrib.substring (0, lastMinusOnePosition);

tokenizedCoord =
stringWithoutLastMinusOne.split (" -1 ");
} else {
tokenizedCoord = new String[l];
tokenizedCoord[0] = coordIndexAttrib;

}
//System.out.println (stringWithoutLastMinusOne) ;

/*
for (int 1 = 0; i < tokenizedCoord.length; i++) {
System.out.println (tokenizedCoord[i]) ;
}
*/
Element coordElem = (Element)
eElement.getElementsByTagName ("Coordinate") .item (0) ;
String pointAttrib =
coordElem.getAttribute ("point") ;

//System.out.println("Coordinate point= " +
pointAttrib) ;
tokenizedPoint = pointAttrib.split(" ");
totalPointParts = new ArrayList();
if (tokenizedPoint.length > 2) {
for (int i = 0; i < tokenizedPoint.length; i =i
+ 3) {

String pointPart =
tokenizedPoint[i].concat (" " + tokenizedPoint[i + 1] + "™ " +
tokenizedPoint[i + 27);

//System.out.println (pointPart) ;

//System.out.println ("start of next triada:
" + tokenizedPoint[il]);

totalPointParts.add (pointPart);
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} else {

// Unique case: an IndexedFaceSet without points

(authoring error!)
totalPointParts.add ("0 0 0");
totalPointParts.add ("0.0000001 0 O"™);
totalPointParts.add ("0 0.0000001 O");

tokenizedCoord=new Stringl[l];
tokenizedCoord[0]="0 1 2";

/*
for (int i = 0; 1 < totalPointParts.size(); 1i++)
System.out.println("No" + i + " triada: " +

totalPointParts.get (1))
}
*/
}
String coordTempFile =
writeCoordIndexToFile (tokenizedCoord, file, bw);

{

String pointTempFile = writePointToFile(totalPointParts,

file, bw);
String[] tempFiles = {coordTempFile, pointTempFile};
String resultedExtraction =
ShapeIndexExtraction.shapelIndexEctraction (tempFiles) ;
resultedIFSExtractionList.add (resultedExtraction) ;

} else if
(eElement.getElementsByTagName ("Extrusion") .item(0) != null) {
extrCount += 1;
crossSectionAttrib = null;
spineAttrib = null;
scaleAttrib = null;
orientAttrib = null;

if (nNode.getNodeType () == Node.ELEMENT NODE) {
Element extrElem = (Element)
eElement.getElementsByTagName ("Extrusion”) .item(0) ;

crossSectionAttrib =
extrElem.getAttribute ("crossSection");
//System.out.println (crossSectionAttrib) ;
spineAttrib = extrElem.getAttribute ("spine");
//System.out.println (spineAttrib);
if (extrElem.getAttribute ("scale") != null) {
scaleAttrib = extrElem.getAttribute ("scale");
}
//System.out.println(scaleAttrib);
if (extrElem.getAttribute ("spine") != null) {
orientAttrib =
extrElem.getAttribute ("orientation");
}
//System.out.println (orientAttrib);
}
file = new File ("Extrusion.txt");
String coordTempFile =
writeExtrusionParamsToFile (crossSectionAttrib, spineAttrib, scaleAttrib,
orientAttrib, file, bw);

String[] ExtrTempFile = {coordTempFile};
String resultedExtraction =

ExtrusionDescription.ExtrusionDescription (ExtrTempFile);
file.delete (),

String ExtrBBox = resultedExtraction.substring(0,
resultedExtraction.indexOf ("&") - 1);

String ExtrShape =
resultedExtraction.substring(resultedExtraction.indexOf ("&") + 1);
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//System.out.println (ExtrBBox) ;
//System.out.println (ExtrShape) ;
resultedExtrBBoxList.add (ExtrBBox) ;
resultedExtrExtractionList.add (ExtrShape) ;

} else {
// System.out.println ("oeo") ;
}
}
//System.out.println (shapeCount + " " + ifsCount + " " +
extrCount) ;
//System.out.println(resultedIFSExtractionList.size() + "™ " +
resultedExtrExtractionList.size() + " " + resultedExtrBBoxList.size()):;
/*
for (int i = 0; i < resultedExtractionList.size(); i++) {
System.out.println(i + ": " + resultedExtractionList.get(i));
}
*/
for (int 1 = 0; 1 < resultedIFSExtractionlList.size(); 1i++) {
IFSStringBuilder.append (resultedIFSExtractionList.get (1))
IFSStringBuilder.append ("#") ;
//System.out.println (IFSStringBuilder) ;
}
for (int 1 = 0; i1 < resultedExtrExtractionList.size(); i++) {

ExtrShapeStringBuilder.append(resultedExtrExtractionList.get (1))
ExtrShapeStringBuilder.append ("#") ;

ExtrBBoxStringBuilder.append (resultedExtrBBoxList.get (i)) ;
ExtrBBoxStringBuilder.append ("#") ;

//System.out.println (IFSStringBuilder) ;
}

//System.out.println("Synoliko String: " +

IFSStringBuilder.toString());
} catch (ParserConfigurationException e) {

}

//**********************************************************

//TELOS KODIKA GIA TO EXTRACT TON POINTS ENOS INDEXEDFACESET

//**********************************************************

// 1. Instantiate a TransformerFactory.
TransformerFactory factory = TransformerFactory.newlInstance();
StreamSource xslStream = new

StreamSource (Transformation.class.getResourceAsStream("x3d to mpeg7 transfor

m.xsl"));
// 2. Use the TransformerFactory to process the stylesheet Source

and generate a Transformer.

Transformer transformer = null;
try |
transformer = factory.newTransformer (xslStream);

} catch (TransformerConfigurationException exXSL) {
//System.out.println(getServlietContext () .getRealPath("/"));
//System.setProperty ("resultFolder",

getServletContext () .getRealPath("/"));
//System.out.println (System.getProperty ("resultFolder")) ;
logger.log(Priority.FATAL, null, exXSL);

//Logger.getLogger (TransformationServlet.class.getName ()) .log (Level.SEVERE,
null, exXSL);
}

transformer.setErrorListener (new MyErrorListener());
StreamSource in = new StreamSource (inXml) ;
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// 3. Use the Transformer to transform an XML Source and send the
output to a Result object.
//xmlSystemId is used to pass the full path of the xml file
currently being transformed through the xsl
String xmlSystemId = inXml.toURI () .toString();
transformer.setParameter ("filename", xmlSystemId) ;
transformer.setParameter ("pointsExtraction",
IFSStringBuilder.toString());
transformer.setParameter ("extrusionPointsExtraction",
ExtrShapeStringBuilder.toString()) ;
transformer.setParameter ("extrusionBBoxParams",
ExtrBBoxStringBuilder.toString()) ;
String fileNameOnly =
org.apache.commons.io.FilenameUtils.removeExtension (inXml.getName ()) ;
File mp7 = new File(inXml.getParent() + "/" + fileNameOnly +
".mp7");
String outputXML = mp7.toURI().toString() ;
try |
transformer.transform(in, new StreamResult (outputXML)) ;
System.out.println ("TRANSFORMED SUCCESSFULLY!");
validate (mp7) ;
} catch (TransformerException exTransform) {
System.out.println ("TRANSFORMATION ERROR! The full stack trace
of the root cause is available in the logs of Apache Tomcat.");
logger.log(Priority.ERROR, null, exTransform);

//Logger.getLogger (TransformationServlet.class.getName () ) .log (Level.SEVERE,
null, exTransform);

}
}

public static String writeCoordIndexToFile (String[] dataToWrite, File
tempFile, BufferedWriter writer) ({
try {
tempFile = new File ("coordIndex.txt");
// if file doesnt exists, then create it
if (!'tempFile.exists()) {
tempFile.createNewFile () ;
}
writer = new BufferedWriter (new FileWriter (tempFile));
for (int i = 0; i < dataToWrite.length; i++) {
writer.write (dataToWrite[i]);
writer.newLine () ;
}
writer.close () ;
//System.out.println ("SUCCESS!!!" + tempFile.getAbsolutePath());
} catch (IOException e) {
// TODO Auto-generated catch block
e.printStackTrace () ;
}
return tempFile.getAbsolutePath();

}

public static String writePointToFile(List totalPointParts, File
tempFile, BufferedWriter writer) ({
try |
tempFile = new File ("point.txt");
// if file doesnt exists, then create it
if (!'tempFile.exists()) {
tempFile.createNewFile () ;

}

writer = new BufferedWriter (new FileWriter (tempFile));

for (int 1 = 0; 1 < totalPointParts.size(); 1i++) {
writer.write (totalPointParts.get (i) .toString());
writer.newLine () ;

}

writer.close();
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//System.out.println ("SUCCESS!!!

tempFile.getAbsolutePath());

} catch
// TODO Auto-generated catch block

}

(IOException e) {

e.printStackTrace () ;

return tempFile.getAbsolutePath();

}

+

public static String writeExtrusionParamsToFile (String

crossSectionAttrib,
orientAttrib,

try

String spineAttrib,
File tempFile,
{

// if file doesnt exists,
if (tempFile.exists()) {

tempFile.delete();

}
tempFile.createNewFile () ;
writer
writer.
writer.
writer.
writer.
writer.
writer.

write ("CrossSection");
newLine () ;

write (crossSectionAttrib) ;
newLine () ;

write ("Spine");

newLine () ;

writer.write (spineAttrib);

writer.newLine () ;

if (spineAttrib != null) {
writer.write ("Scale");
writer.newlLine () ;
writer.write (scaleAttrib);
writer.newlLine () ;

}

if (orientAttrib != null) {
writer.write ("Orientation");
writer.newLine () ;
writer.write (orientAttrib);
writer.newLine () ;

}
writer.close();
//System.out.perintln ("SUCCESS!!!

tempFile.getAbsolutePath());

} catch
// TODO Auto-generated catch block

}

(IOException e) {

e.printStackTrace();

return tempFile.getAbsolutePath();

}

public static boolean validate (File x3dinput)

//Set up the validation error listener.

ArraylList validationErrors
XmlOptions xmlOptions

new XmlOptions();

String scaleAttrib,
BufferedWriter writer) {

String

then create it

new BufferedWriter (new FileWriter (tempFile));

LIS

throws IOException({

new ArrayList();

xmlOptions.setErrorListener (validationErrors) ;

//Bind the instance to the generated XMLBeans types.

Parse the

transformed document
//into a Mpeg7 specific document to be able to use all the Mpeg-7
capabilitities
Mpeg7Document myDoc = null;
try {
myDoc = Mpeg7Document.Factory.parse (x3dinput) ;
} catch (XmlException exXML) {

System.out.println ("ERROR PARSING MPEG7!

The full stack trace of the

root cause is available in the logs of Apache Tomcat.");

logger.log(Priority.FATAL,

null,

exXML) ;
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//Logger.getLogger (ValidationServlet.class.getName ()) .log(Level.SEVERE,
null, exXML) ;

}

//customize the xmlOptions used to create//parse the xml file

xmlOptions.setSaveNamespacesFirst () ;

xmlOptions.setSavePrettyPrint () ;

xmlOptions.setSavePrettyPrintIndent (3);

xmlOptions.setSaveAggressiveNamespaces () ;

final Map<String, String> implicitNamespaces = new HashMap () ;

implicitNamespaces.put ("xsi", "http://www.w3.0rg/2001/XMLSchema-
instance");

xmlOptions.setSaveImplicitNamespaces (implicitNamespaces) ;

xmlOptions.setUseDefaultNamespace () ;

//The XML to be validated

//String output = myDoc.xmlText (xmlOptions);

myDoc.save (x3dinput) ;

// During validation, errors are added to the ArraylList for

// retrieval and printing by the printErrors method.

boolean isValid = myDoc.validate (xmlOptions) ;

// Print the errors if the XML is invalid.

if (!isvValid) {

System.out.println ("INVALID DESCRIPTION!") ;

System.out.println("");

Iterator iter = validationErrors.iterator();

while (iter.hasNext()) {
System.out.println(iter.next());
System.out.println("");

}
else
{
System.out.println ("DESCRIPTION IS VALID!");
}

return isValid;

class MyErrorListener implements ErrorListener ({
private static Logger logger = Logger.getlLogger (MyErrorListener.class);

@Override
public void warning(TransformerException e) throws TransformerException

logger.log (Priority.WARN, null, e);
//show ("Warning", e);
//throw (e);

}

@Override

public void error (TransformerException e) throws TransformerException {
logger.log(Priority.ERROR, null, e);
//show ("Error", e);
//throw (e);

@Override
public void fatalError (TransformerException e) throws
TransformerException ({
logger.log(Priority.FATAL, null, e);
//show ("Fatal Error", e);
//throw (e);
}

private void show(String type, TransformerException e) {
System.out.println(type + ": " + e.getMessage());
if (e.getLocationAsString() != null) {
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System.out.println(e.getLocationAsString());
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