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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

AHAQZH XYTTPAGEQN MNTYXIAKHZ EPFAZIAZ

O1 kaTWO! uttoyeypappévol @ ANEgavdpog EuBupiddng tou HAia kai lwavvng
XaAdaiog Tou lwavvou, pe apiBud untpwou 40345 kai 40977 avtioTolxd, QOITNTEG
Tou TuAparog Mnxavikwv H/Y 2uotnudtwv T.E. tou A.E.l. Meipaid T.T. TTpIv
avaoAdBoupe Tnv ekmrévnon Tng ltuxiakng Epyaociag pag, OnAwvouue O
EVNMEPWOBNKAUE VIO TA TTOPAKATW:

«H Mruxiokn Epyacia (M.E.) atroteAei Tpoidv TIVEUUATIKAG I810KTNCIAG TOCO TOU
ouyypa@éa, 600 Kal Tou 1dpupaTog Kal Ba TTPETTEl va €XEI HOVODIKO XOPAKTHPA Kal
TTPWTOTUTTO TTEPIEXOUEVO.

ATTayopeUeTal AuoTnNEA OTTOIOOATTOTE KOMPMATI KEIMEVOU TNG Vva eP@avideTal
autouUcoIO N} pETaPPACHEVO atrd KATTola GAAn dnupooicupévn TTnyn. KdBe TéTOIO
TTPAgnN atroTeAei TTPOIOV AOYOKAOTIAG Kai eyeipel B€ua HOIKAG Tagng vyia T1a
TIVEUMATIKA JIKAIWPOTA Tou GAAOU ouyypa®éa. ATTOKAEIOTIKOG UTTEUBUVOG €ival o
ouyypagéag Tng MN.E., o oTToiog @Epel Kal TNV €uBUVN TWV CUVETTEIWYV, TTOIVIKWYVY Kal
GAAWvV, auTtng TNG TTPAENG.

Mépav Twv OTTOIWV TTOIVIKWY €UBUVWYV TOU OUYYPAPEQ OE TTEPITITWON TTOU TO
16pupa Tou €xel atroveipel MNTuyio, autd avakaAgital e atTédQacn TNG ZUVEAEUONG
Tou TuApartog. H 2uvéleuon Tou TPAUOTOG HPE vEQ ATTOQAONG TNG, META QTTO
aitnon Tou evOIa@EPOUEVOU, TOU avaBETEl K VEOU TNV ekTTOvnon Tng MN.E. pe dAAo
Béua kal dlo@opeTikG emmIBAETTOVTIO KOBNyNTA. H ektrévnon tng ev Adyw T.E.
TTPETTEl va OAOKANPWOE evidG TOUAAXIOTOV VOGS nUEPOAOYIOKOU BuAvou atmd Tnv
nuepounvia avdBeong Tng. Kard ta Aoimrd epappolovTal Ta TTPORAETTOMEVA OTO

apbpo 18, Tap. 5 Tou IoXUoVTOC EcwTEPIKOU Kavoviopou.»
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EYXAPIZTIEZ

H TTapouca TTTuxiokr epyaaia OAOKANPWONKE PETA ATTO ETTINOVES TTPOCTIABEIEG,
ot €va evOIQEPOV YVWOTIKO QVTIKEIMEVO, OTTWG AUTO TWV KATAVEUNUEVWV
ouoTNUATWY. TNV TTPOCTTIABEIG JAG AUTH UTTOOTAPICE O ETTIBAETTWY KABNYNTHG NaAg,
TOV OTT0i0 Ba BEAAUE VA EUXOPIOTIOOUE.

Akoua Ba BéAape va euxapioTiooupe Tov K. NikdAao TogAika yia TIG TTOAUTIUEG
OUMBOUAEG TOU KAl TO OIKOYEVEIAKO pag TTEPIBAAAOV TTOU QVEXTNKE KAl UTTOOTAPIGE

TNV OAN diadikacia UAOTTOINONG TNG TITUXIOKNG HAg OAo auTd To dIGoTnuA.
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

NEPIAHWYH

Me Tnv ouvexwg augavopevn €EEAIEN TNG TeEXvVOAoyiag, Ta KATAVEUNUEVA
ouoTAMaTa yivovTal ohoéva Kal 1o diadedouéva, dIOTI YE auTr) TN TEXVOAoyia, n
emegepyaoia Twv OedoPEVWY  KOTAVEUETAI O TTOAAOUG UTTOAOYIOTEG KOl OE
TTEPIOPICETAI O€ pia Povo pnxavry. MNpokeiral yia éva TepAcTIO Kal oUVOETO TTEdIO
€PEUVOG, OTOV TOPED TNG TTANPOPOPIKAG.

O o1éx0¢ auTig TNG epyaciag eival n PEAETN, O OXedIOOUOG Kal N uAotroinon
EVOG KaTavapnuévou oUOTANOTOG PE TN Bonbeia Tng TexvoAloyiag sharding, 1Tou
MOG TTOPEXEI N MN-OXeolok BAon Oedopévwy, PE TTPOCAVOTOMIOUO £YYPAPWY,
MongoDB. TéAog, yivetal gia oUyKpIon TwV ATTOTEAEOUATWY aTTO TN XpHon Twv
didpopwyv peBddwyv sharding, Ranged Based Sharding kai Hashed Ranged

Sharding, kai 11010 €ival T0 “o0waoTd” shard KAEIDI.

EMIZTHMONIKH MEPIOXH: Mnxavikry Aoyiouikou, KaTtaveunuéva ZuoTtriuarta
NAEZEIZ KAEIAIA: kataveunuéva oUuCTANOTA, JN-OXECIOKESG BATEIC DEDOUEVWY,
mongodb, eikovikoTroinon, docker, java, Tautoxpoviopog MNMoAAammAwyv Ekddoewv
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

ABSTRACT

With the ever-growing technological expansion of the world, distributed systems
are becoming more and more widespread because they’re trying to distribute the
load of a system, to multiple computers instead of one. Distributed system are a
vast and complex field of study in computer science.

The purpose of this thesis is the research, design and development of a
distributed system with the help of the NoSQL, document-oriented database,
MongoDB, by using the Sharding technology. Finally we are doing a comparison
of the different methods of sharding that MongoDB offers, Ranged Based
Sharding and Hashed Ranged Sharding and what is the best shard key to use.

Keywords: distributed systems, NoSQL, mongodb, virtualization, docker, java,
MultiVersion Concurrency
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array:
balancer:

broadcasting:

bytecode:
chunk:

client:

collection:

compiled:

complex data structure:

compound key:
concurrency:
configuration file:
configuration management
tool:

containers:

controller:

cookie:

CPU:

2YNTOMOIPA®IEZ

TTivaKag

0 €§I00PPOTTNTAG TTPOCTIABEI va ETITUXEI TNV (0N
dlavopun Twv dedopévwy oe OAOUG Toug KOPPBOoUS
pjeTadoon  TAnpogopiag o OAOUG  TOUG
UTTOAOYIOTEG TOU UTTOIKTUOU

eVOIANECOG KWAIKAG, KWOIKAG byte

éva TUAPa  (chunk), atroteAeital atmd  €va
UTTOOUVOAO TWV BPUPHATIONEVWY OEDOUEVIWIV

gival o TeAGTNG TTOU  KAvVEl QITHPATO  OTOV
€EUTTNPETNTN OTAV XPEIAZETAI KATTOIO UTTNPETIA
gival TO QVTIOTOIXO TWwV TTIIVAKWY OTIG OXECIOKEG
Baoeig dedopévv

METAYAWTTIONEVO  (OTO  OUVOAO  EVIOAWV  TOU
emegepyaoTn 1 YAWOOQ punxavnig)

TTOAUTTAOKN dour) dedouEVW

gival éva ouvBeto KA€di, TTou arroTeAsiTal atrd
TTOAAG TTEdia TV eyypAPwv

TAUTOXPOVIOHNOG, N 1010TNTA £VOG OUCTANATOG, va
eKTEAEI TAUTOXPOVA TTOANEG DlEPYQTieg

apxeio pubpioewv

epyaAcio dlaxeipiong dIAPNOPPWong AOYIOUIKOU

givalr €va OTIYMIOTUTTO HI0G  €Aa@pIdg €kdoong
EIKOVIKAG UNXAVAG

EAEYKTNG

T0 cookie gival TTAnpo@opia TTou oTéEAVETAI ATTO TOV
OIOKOMIOTH) MIAG 1I0TOOEAIDOG OTO  TTPOYpPANUA
TTepiynong (browser) 10 OTT0I0 QTTOBNKEUETAI
OTOV OKANPO BIOKO TOU XPrioTn

N Kevipik povada emetepyaciag  (Central
Processing Unit) €ival 1o kevipikd €¢dptnua TTou
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data structure:
datasets:

dependencies:

deployment:
docker image:

dockerfile:

document:

document databases:

downtime:

e-mail:

graph databases:

hardware:

hash:

emegepyaletal dedopéva o€ Evav UTTOAOYIOTH

oopun dedopEvv

éva oUVOAO DEdOMEVWV

eCaptioeig evog ouoTthpaTtog (o1 BIBAIOBAKES TToU
XPEIACETAI TO AOYIOUIKO YIQ VO AEITOUPYNOEI)
EYKATAOTAON AOYICUIKOU

MIa  €lkOva TTOU TTEPIEXEl Mia eAa@pId €kdoon
€IKOVIKNG MNXAVAG

apxeio docker gival n ouvtayn TTou TTePIEXEI OAa Ta
amapaitnTa  BriuoTa TTOU  aTTAITOUVTal  YId  Th
dnuioupyia piag eikévag docker

otn Pdaon dedopévwv MongDB, Ta dedouéva
ammofnkevovTal w¢ £yypaga, TO AVTIOTOIXO TWV
TediwV  TIVAKWY TTOU  €XOUPE OTIC OXEOIAKEG
Baoeig dedopévv

cival NoSQL povtéAo, oto otroio  opadoTrolEital
KAOe key pe pia TTOAUTTAOKN Oouf OedOUEVWV
YVWOTH WG £yypageo

0 XPOVOG KOTa TOV OTIoi0 évag 1 TTEPIOOOTEPOI
KOuPol dev eivalr diabéoiyol o éva ouoTnua, HE
OUVETTEID, VO NV €ival  dloBéoiueg  KATTOIEG
utTnpeoieg / dedopéva

NAEKTPOVIKO TAXUDPOEIO

gival NoSQL MoVTEAO, oTOo oTTOi0
Xpnolgotrolouvtal  O0OUEG  YPAPWY  Kal  Eival
Baociouéveg o€ KOPPBoug (nodes), TIC OXEOEIQ
METACU AQUTWV TWV KOPBWV Kal TIG 1I810TNTES TOUG
UAIKO, opidetal TO OUVOAO TWV  QUOIKWYV
e€APTNUATWY €VOG UTTOAOYIOTH, OTTWG NAEKTPIKA
KAl NAEKTPOVIKA OTOIXEIA, UIKPOTOITT

O  KATOTEUOXIOMOG,  €ival  dia  PaBnuaTIKA
ouvapTnon TIoU  €XovTtag w¢g  €i0odo0  pIa
auBaipeTou peyéBoug opdda dedopivwy  divel
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

hashed Ranged Sharding:

high availability:

highly available load

balancer:
host:

high query rates:
horizontal scaling /

scale-out:

IDE:

immutable:
index:
infrastructure:

insert:

interactions:
jdbc:

€€000 pIa KabopIiouEvou PeyEBOUG OTOIXEIOOEIPA
10 Hashed Ranged Sharding trepiAapBdver Tov
uttohoyiopéd hash Ttou Trediou  TIUAG  TOU
Bpupatiopévou KAedIoU. KaBe Tunua avartifetal
éva eupog Baoiopévo oTig hashed Tiyég Tou shard
KA€IOI0U

MEYAAn  diaBeociudtnTa, n  duvarotnTa  MIOG
BpuppaTiopyévnG  OuoToIXiog  va  PTTOPEl  va
ouvexioel va  ekTeAEl  ev pépn  AsIToupyieg
avayvwong / eyypa@ng akoun kair av dgv gival
Ol108€o1uo £va i TTEpIocodTEPA BpauouaTa

uwnAng d1aBeoIndTNTAG £61I00pPOTTNONG POPTOU

O 6pog Host avagépetar oe évav UTTOAOYIOTH
@INogeviag OTOV OTTOI0 €ival aTTOONKEUUEVN HIa
IoTooeAida woTte va egival TpooPBdoiyn  ammod
XPNoTeg péow AladikTuou.

uwnAd TToo00TA AITNUATWY

n opIfOVTIa ETTEKTACINOTATO  TTEPIAAPPBAvEl TN
dlaipeon Tou ouvoAou OEDOUEVWV TOU CUCTHUATOG
Kal Tn dlavour autou Tou @OpPTOU O€ TTOAAOUG
€EUTTNPETNTES

oAokAnpwuévo TTepIBAAAov avaTTugng (Integrated
development environment) AoyIouIKOU
AUETARANTO, TTOU BeV PTTOPET va AANGEEN TIUNA

gival éva KAEIBi/deikTNG o€ €va TTivaKAa OUOXETIONG
uTTOO0UN

givar n péBodo¢ Tng MongoDB pe Ttnv oTtroia
eloayoupe véa dedouéva

AAANAETTIOPAOEIQ

0 odnyo¢ (Java DataBase Connectivity) o otmoiog
TTOPEXEI TNV EQPAPUOYN ETTIKOIVWVIa PE Tn BAon
oedopuévwv
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

json:

kernel:

key-array:

key-value:

key-value stores:

layer:

learning curve:

maven:

MegaByte:

migration:

migration threshold:

multithreading:

model:

node:

non-sharded collections:

object oriented:

10 JSON (JavaScript Object Notation) civai éva
eAa@PU TTPOTUTTO avTaAAQYAG BEDOUEVWV
TTUPHVAG AEITOUPYIKOU OUCTAUATOG

Ceuyapl kAedi-rivaka, €va amd Toug TPOTTOUG
atroBnkeuong dedopévwy otn MongoDB

Ceuyapl KAedi-Tiuf, éva  ammd  TOUG  TPOTTOUG
atroBnkeuong dedopévwy otn MongoDB

cival NoSQL povtélo. Kabe avTikeiyevo TG BAong
ammolnkeveTal wg éva KAedi (key) padi ge TN TIPNA
TOoU (value)

eTiTTEdO

KAWTTUAN SUOKOAIOG ekuabnong

cival epyaAgio diaxeipiong Epywv AoyIoHIKOU

gival yovada pETPNoNG TToo0TNTAG TTANPOPOPIaG
OTA UTTOAOYIOTIKG CUCTANATA
peTeykatdoTaon/petapopd dedouévwy attod  Eva
KOuBo o€ évav AAAo

OpI0 PJETAYKATAOTAONG

atToTeAel  €va

n TToAuvnuAaTWON EUPEWG

OI00eQONEVO UOVTEAO  TTPOYPOAUMATIOUOU KAl
EKTEAEONG OIEPYACIWV TO OTIOIO ETTITPETTEI TNV
UtTapén TTOAAWY vNUATWY Péoa oTa TTAQICIA PIOG
Kal pévo diepyaaiog

MOVTENO

WG KOUPBOG UTTOPEI va XapaKTNPIOTEI OTTOIAdNTTOTE
EVEPYN NAEKTPOVIKA OUOKEUN TIOU WTTOPEI va
ETTIKOIVWVNOEI  HUE AANEG OUOKEUEG O€  €va
OUVOEDENEVO DIKTUO TOTTIKA | HECW OIadIKTUOU
MN-BpupuaTIoOuéVEG OUANOYEG, €ival o1 GUAANOYEG
TTOU OEV £XOUV BPUUMATIOTEI

QAVTIKEINEVOOTPEPNG, XAPAKTNPICETAI MIa yAwooa
TTPOYPANUATIONOU, OTAV O XEIPIOPOG OXETICOUEVWV
OedOUEVWV Kal TwV OIOdIKACIWY TTOU ETTEVEPYOUV
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

open source:

pointer:
POM:

project:
gueries:

proxy server:

ranged Based Sharding:

read:

redirect:

redundancy:

relational database
management system:

resource sharing:

0¢ auTa YiveTal atmd Koivou, PEow MHiag dOMNG
Ocdopévwy TTOU Ta  TTEPIBAAAEL WG AUTOVON
ovTioTNTa  ME  TAQUTOTNTA KOl OIKA NG
XOPAKTNPIOTIKA

gival éva Aoyiopikd 1o o1Toio dIaTiBETAl PE EIDIKEG
Ad¢€IEG, O OTTOIEG ETTITPETTOUV OTOUG XPMOTEG VA
MEAETAOOUV, va  TPOTIOTTOINOOUV KAl VO
BeATIWOOUV TO AOYIOUIKO

deikTng, d€ikTNG d1EUBUvVONG

pjovTélou avrtikeipévou €pyou  (Project Object
Model), 1o otroio diaxelpifeTal TO XTiOIUO KAl TNG
€CAPTAOEIC EVOG £pyou

épyo

gival Ta epwTAPaTa TTPOG Hia Baon dedouévwy
OIAKOMIOTAG HECOAGBNONG

To Ranged Based Sharding teplAaupavel Tn
Olaipeon Twv dedouévwy o€ QAocpata Paciouévo
oT0 BpupuaTiopévo KAedI. ‘Etreira o KGBe Tunua
avaTifetal éva €Upog PBaAcIoPévo OTIC TIMEG TOU
shard kA&1d10U

avayvwon

N TEXVIKN TNG avakarteuBuvong 1 redirection Kavel
Mia 10To0€Aida va gival dI0BECIUN O€ TTEPIOCOTEPES
atoé uia dieubuvoeligc URL

n e@edpeia gival n IKAvOTNTA €VOG CUCTHUATOG VO
TTAPEXEI TIG UTTNPETIEG TOU, AKOUA KAl OTAV KATTOIO!
ammd Toug TTOPOUG TOU OUCTAMOTOG Ogv  gival
olabéaipol

OXEOIAKES BATEIC DEDOUEVWIV

ouoTnua dlaxeipiong

0 OIaNOIPAC OGS TWV TTOPWYV TOU DIKTUOU, dNAadr n
TautOxXpovn  XpHon  Toug  ammo  TTOAAOUG
XPNOTEG/EPOPUOYEG
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

script:

Server:

service:

session:

shard:

shards:

sharded cluster:

sharding:

software project
management tool:
SSH:

structures kal unions:

openness:

RAM:

KOMMATI KWOIKA

évag  OIAKOMIOTAG/EEUTTNPETNTAG  €ival  évag
UTTOAOYIOTAG TTOU TTAPEXEI DIAPOPES UTTNPETIES KAl
avaAauBavel va eEUTTNPETACEI TA AITAUATA GAAWV
UTTOAOYIOTWV ) EQAPUOYWY YVWOTWV WG TTEAATEG
UTTNPETIa

TEPIYPAQEl  éva  OUVOAO  AAANAETTIOpACEWV
(interactions) Tou xpioTN TTOU TTPAYUATOTTOIOUVTAI
oTnv I1oTo0€Aida/epapuoyrny oG, Méoa o€ €va
0edopéVo XpoVvIKS didoTnua

KaBe Bpauvoua (shard) TrepiExel €va UTTOOUVOAO
Twv Bpuppatiopéva (sharded) dedopévwv
Bpavopara

N ouoTolxia OpuuudTWY, atroTeAsiTal atrd TTOAAOUG
KOUPOUG OTOUG OTToioUG €ival atmmoBnkeupéva Ta
BpuppaTtiopéva dedouéva

0 BpuppaTiopds (sharding) eival pia péBodog yia
TN dlavoun Oedopévwv PETAEU TTOAAWY pNXavwyv
(ouaTolxiag uTToAoyIoTWV)

epyaAcio dlaxeipiong Epywv AoyIoUIKOU

epyaAcio diaxeipiong

To SSH (Secure Shell) civar éva ao@aAég
OIKTUOKO TTPWTOKOAAO TO OTIOIO ETTITPETTEI TN
METAPOPAG BEDOUEVWYV PETAEU DUO UTTOAOYIOTWV.
OOMEG KAl EVWOEIG

eupuTNTA, XOPOKTNEICEl TN  OuvaTtdTNTA  €VOG
OUOTAMATOG VO TTOPEXEI TUAMATA TOU Ot GAAEG
EQapPUOYEG/OUOTHUATA

MvAun Tuxaiag lNpootréAaong, €ivalr 6pog TTou
XPNOIUOTTOIOUPE  yIa  NAEKTPOVIKEG — OIATAEEIG
TTPOCWPIVIG ATTOBAKEUONG WNPIOKWY OEOOUEVWIV
(UvAPNG uTTOAOYIOTA), Ol OTIOIEG  ETTITPETTOUV
TTpOCRacn oTa ammobnkeupéva dedouéva aTov idlo
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

scalability:

schema less:

single entity:
storage capacity:
table:

template engine:
templates:

text files:

transparency:

unique identifier field:

update:

URL:

user data:
vertical scaling /

scale-up:

XPOvVo OTTouUdNTTOTE KAl av Ppiokovral auTd,
OnAadn pe «Tuxaia TTpdoRacn»

KAIJOKWOIMOTNTA, N duvatdtnTa augnong Tng
aTredo0Ng PE TNV TTPOCOKN UAIKOU

gival éva atro 1a xapaktnpioTika Tng MongoDB. O
apIBUOG Twv TTEdiWY, TO TIEPIEXOPEVO KOl TO
MEYEBOG TWV eyypd@wV UTTOPOUV va dlapépouv
atrd 1O £va £yypa@o oTo AAAO

Mia ovtoTnTa

XWPNTIKOTNTA ATTOBRKEUONG

TTivakag

pnxavr TpoTUTToU

TTPOTUTIA

apxeia Keluévou

dlapavela, n TTPOOTTABela evOg CUCTAUATOS VA
Kavel tn diavoun Twv OladIKaoiwy Kal TTopwyv,
dlapavAg, dnAadn adpatn oToug TEAIKOUG XPHOTEG
KAl TIG EQAPUOYEG

povadiké avayvwpioTIKO TTedio, XpNnOIWOTToIETal
YIO VO UTTOPOUME Va EEXWPICOUNE Ta £yypa®a TNG
MongoDB

givar n péBodo¢ TNG MongoDB pe Ttnv oTtroia

TPOTTOTTOIOUME UTTAPYXOVTA DEQOMEVA

‘Eva Url (Uniform Resource Locator) eival évag

Tumog  URI  ToU  XpnoigotroiEital  yia  va
TTpoadiopicel TNV OlgUBuvon €vog TTOPOU OTO
AladiKTUO 0 OTTOI0G avaPEPETAl TTOAAEG QPOPES Kal
WG OUVOEOHOG

dedopéva xpnoTwy

n Karakopupn ETTekTaociudTNTA OUVETTAYETAI TNV
aug¢non  TNG  XweNnTIKOTNTAG  €VOG MOVO
eEUTTNPETNTH, OTTWG N Xpron o 1oxupns CPU, n
TTPOCONKN TTEPICTOTEPNS MVAUNG RAM ) n augnon
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

view:

virtual machine

web:

wide-column stores:

write:

TOU XWPOU aTToBrnKeuong

TTPOBOAN

EIKOVIKN) pnxavr}, e€ivar pia  egopoiwon  evog
EEXWPIOTOU UTTOAOYIOTH] MECO OTOV UTTOAOYIOTH
Hag

d1adikTUO

cival NoSQL povTtého, oTO oTroi0 Ta dedouéva
arroBnkevovrar oe  keNid  (cells), Ta oTroia
opadoTtrolouvtal oe O0TAAEG (columns) kal Oy o€
ocIpég (rows) Kal gival BeATIoTOTTOINKEVA VIO v
emegepyalovral  aImuaTta ge  peyadAo  Oyko
Oedopuévwv

gyypaon
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

(Kevo @uUAAoO)
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

KE®AAAIO 1

1. EIZArQrH

2€ QUTO TO KEPAAQIO avaAUETAl TO QAVTIKEIMEVO TNG TITUXIOKAG €pyaoiag, Ta

KaTaveunuéva CUCTANATA.

1.1 Kartavepnuéva ZucTAATA

Me Tnv oAoéva augavopevn TEXVOAOYIKI avAaTITUEn, T KATAVEUNUEVA OCUCTANOTA
yivovtal oAoéva kal TTio diadedouéva. Mpokemal yia éva TEPACTIO KAl OUVOETO

edio £peuvag oTov TOPEA TNG TTANPOPOPIKAG.

‘Eva katavepunuévo ouoTnua atroTeAsiTal amd TTOAAQTTAG TUAPATA AOYICHIKOU
TTou PBpiokovtal o€ TTOAAATTAOUG UTTOAOYIOTEG, aAAG Aciroupyolv wg €va eviaio
ovuoTtnua. O1 uTToAoYIOTEG TTOU BpicKovTal o€ £va KaTaveunuévo oUoTnua YTTopouv
va BpiokovTal apkeTd KOVTA Kal va va €ival ouvoedeUEVOl PEOCW €VOG TOTTIKOU
OIkTUou (local network) 3 va eival YEWypa@IKA OTTOPNOAKPUOMPEVOL Kal va gival

ouvoedeuévol pEow evog BIKTUOU gupeiag TTeploxns (wide area network).

Ta karavepynuéva OuoTAPATA XapakTnpiovialr atroé  OIAUOoIPACHO  TTOPWV
(resource sharing), Tautoxpovioud (concurrency), eupuTnTa  (Openness)
KAIJakwoluoTnTa (scalability), epedpeia (redundancy), diagdveia (transparency).
[14]

1.1.1 Aiapoipaouog Topwv

Mia atrd TIG onNUAvTIKOTEPES IDIOTNTEG EVOG KATAVEUNMEVOU CUCTHHATOG €ival va
OIEUKOAUVEI TOUG XPNOTEG (KAl TIC €QAPMOYEC) va €xouv TTpdofacn Kal va
MoipdlovTal aTTOPaKPUOPEVOUG TTOpous. O1 1mépol utropei va  givar oxedov
OTIONTTOTE, TUTTIKA TTapadeiyuaTa TTEPIAAUBAVOUV TTEPIPEPEIAKT, PMOVADEC SioKwWV
TPog atmobnkeuon, dedopéva, apxeia, uttnpeoiec kal dikTua, €ival PEPIKA ATTO
auTd. Ymrdpyxouv TToAANOi AGyOl yia TOUG OTTOioUG €TMIBUPOUPE VA HOIPACTOUNE
TTOpouG. ‘Evag mpogavrc AOyog cival autog Twv Xpnuatwv. MNa Tapddeiyua, gival
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

PONVOTEPO va UTTAPXEI MIO KOIVOXPNOTN Povada atrobrkeuong uywnAou eTmirédou,
O OTT0i0G Ba TTPETTEl va POIPACETAl, O AVTIOECN PE TO VA £XOUME Mid LEXWPIOTN

povada atroBrikeuong yia To KABe xpnoTn.

1.1.2 Tautoxpoviouog

Eival n 1816TNTa €vOG CUOTAPATOG, VO eKTEAEI TAUTOXPOvVA TTOAAEG dlEpyaoieg,
TTOU JTTOPOUV va aAAnAemdpouv peTagu Toug. O1 diepyacie¢ pTTOpOUV va

eKTEAOUVTAI O€ €vav Il o€ TTOAOUG UTTOAOYIOTEG TTAPAAANAQ.

1.1.3 EupUTnTa

‘Evag GANOG onuavTIKOG OTOXOG TWV KATAVEUNUEVWY CUCTAPATWY Egival n
euputnNTa. H €uplTNTa €ival OUCIOOTIKA n 1810TNTA TOU CUCTAPATOG VA PTTOPE va
aglotronoel UAIKG (hardware) atmd dId@OpouUg KATOOKEUAOTEG, KAl AOYIOHIKO aTTO
GAANOUG TTPOYPOUMOTIOTEG/ETAIPEIEG, VW TTAPAAANAQ va UTTOPEl va TTPOCPEPEI
TMAMATO  TOU, TIPOG XPNOoIYoTToinon/evowpdtwon o€  AGAa  Kataveunuéva

OUOCTAMATA.

1.1.4 KAhipakwoipgétnTa (Scalability)

H KAJOKWOINOTATO/ETTEKTACINOTATA  €ival iOwg n  onuavTikOTEPn PEBODOG
agloAdynong Twv oUyXpovwyv cuoTnUATwy TTapdAAnAnG etreCepyaoiag. Ekepddel
TNV oAoéva au&avouevn CATNON yia JEyaAUTEPN ATTOBO0N TOU CUCTHUATOG, KOBWGS
TIPOOBETOUME OAOEVA KAl TTEPICTOTEPOUG TTOPOUC O€ auTd. NevikG utTdpyxouv duo
Mop@éG etrekTaoIWOTNTAG : N opiCdvtia (Horizontal Scaling/Scale Out) T1TOU
onuaivel ouvABwg aufénon Tou aplBuolu  Twv  TTOpwv  (TT.X. TTPOCOAKN
TEPIOCOTEPWY KOPPBWYV O€ pIa ouaTolxia UTTOAOYIOTWYV) Kal N katakopuen (Vertical
Scaling/Scale Up) mou onuaivel BeAtiwon Twv dn uttapXoviwv Topwv (UE

IoxupoTEPEG CPUS 1) TTEpIocoOTEPN KAl ypnyopoTepn uvhiun RAM).
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

1.1.4.1 Kataképuen ETTekTaoipoTnTA

H Katakopupn ETTeEKTaoIudTNTA CUVETTAYETAI TNV QUENON TNG XWPENTIKOTATAG
EVOG MOvo eCuttnpEeTnTh, OTTWG n xprion o 1oxuprig CPU, n T1rpooBnkn
TeEPIOCOTEPNS PVANNG RAM ) n augnon Tou xwpou atmmobrikeuong. O TTEPIOPITPOG
TNG OUYKEKPIMEVNG TeEXVOAOyiag eival OTI To éva Kal povadikd pnxavnua TTou
€xouue oTn dIABE0N Pag, va unv €ival apKeTA 1I0XUPO VIO VA CUYKEKPINEVO QOPTO
epyaciag. EmimmAéov, ol Mapoxeig TexvoAoyiag Zuvvepou (Cloud-based providers)
EXouv OKANpd avwtata Opia Pacel Twv OIaBECIUWY  BIOPOPPWOEWY  UAIKOU
(hardware configurations). Q¢ atmmoTéAeopa, UTTAPXEl €va UEYIOTO OPIO yia Tn

KaTakopupn KAINAKwaon.

1.1.4.2 Opi1dévTia ETrekTacipédTNTA

H Opi¢évTia Etrektaoipotnta meplAaupBavel Tn diaipeon Tou ouvoAou dedopévv
TOU OUCTAMATOG Kal Tn diavour autolu Tou @OpTou o€ TTOAAOUG €EUTTNPETNTEG,
TTPOOBETOVTOG  ETTITTAEOV  €EUTTNPETNTEG YIA VA  QUENOCETE TNV  OTTAITOUMEVN
XwpNTIKOTNTA/ATTOdOCN TOU CUCTHHATOS. MapdAo TTou N CUVOAIKR TaxUuTnTa A N
XwpNTIKOTNTA €VOG PNXAVAMUATOG MTTOPEI va pnv €ival apkeTd uwnAr, KAOe
MNXavnua  xeIpidetar  €va  UTTOOUVOAO TOU OUVOAIKOU  @OPTOU  €pyaciag,
EVOEXONEVWG TTAPEXOVTAG KAAUTEPN aTTOd00N OTTO £vaV PHEPNOVWHEVO €EUTTNPETNTN
MEYAANG TaxUuTNTAG Kal UPNAAS XwenTIKOTATAG. MNa Tnv auénon Tng ammédoong Kal
TNG XWPNTIKOTNTAG TOU CUCTAMATOG, TO POVO TTou XpPeldleTal gival n TTpocOnkn
TTEPIOCOTEPWY EEUTTNPETNTWY, TO OTTOI0 WTTOPEI va KOooTioel Alyotepo atmd Tnv
ayopd VoG I0XUPOU PUNXAVANATOG HEYAANG atrodoong Kal UWNANG XwpenTIKOTNTAG.
[6]
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

1.1.5 E@edpcia

H epedpeia Teplypd@el TNV IKAVOTNTA VOGS CUCTANOTOG VA TTAPEXEI TIG UTTNPETIES
TOU, OKOUA Kal OTav KATTolol aT1rd TOUG TTOPOUG TOU OUCTAHATOG Oev  Eival
O1a0éoipol. AuTd €TTITUYXAVETAI PE TO va EXOUME TTOPOUG TTOU MTTOPOUV VO
TTAPEXOUV TIG iDIEG UTTNPETIEG, OTTOTE av dev €ival dIOBETINOG KATTOI0G TTOPOG, Ba
avaAdpouv ol uttoAoitrol d1aBéaiuol TTOPOI Kal N epyacia dev oTapatd. EmimAéoy,
emeidy PTITOPOUV va XPNOIMOTTOINOOUV TTOANEG UIKPOTEPEG MNXAVEG, AUTH N

eQedpeia Oev XpEIAZETAI VA €ival ATTAYOPEUTIKA daTTavnpn.

1.1.6 Ala@aveia

‘Evag atmd Toug O0TOXOUG €VOG KATAVEUNUEVOU CUCTAPATOS €ival va KpUWEl TO
yeyovog Ot o1 d1adIKaoieg TOUu Kal Ol TTOPOoI dlavEéPovTal QUOIKA ot TTOAAOUG
UTTOAOYIOTEG, TTOU EVOEXOMEVWG EiVal XWPIOUEVOI O HEYAAEG aTTOOTAOEIC. Me GAAQ
AOyia, TTpooTraBei va Kavel Tn dlavourn Twy diadikaolwy Kal Tépwv, dIapavig,
onAadny adpatn oToug TEAIKOUG XPHOTEG KAl TIC EQAPHOYEG, WOTE TO cUCTNPA va

QaiveTal wg évag uttoAoyioTng. [13] [14]

1.2 Meprypa@n Tou AVTIKEIMEVOU TNG TITUXIOKAG Epyaciag

O o16x0¢ auTAG TNG epyaaciag cival n PEAETN, 0 oxedlaOPOG Kal n uAotroinon
EVOG KaTavaunuévou oUuoTAMOTOS PE Tn Bonbeia Tng TexvoAloyiag sharding, tmou
MOG TTOPEXEI N MN-OXeolak Paon Oedopévwy, PE TTPOCAVOTOMIOUO eyypAPWY,
MongoDB. TéAog, yiveTal pia oUykpIion TwV ATTOTEAECUATWY aATTO TN XPnon Twv
o1dpopwyv peBGdwv sharding, Ranged Based Sharding kai Hashed Ranged
Sharding.
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AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

KE®AAAIO 2

2. OEQPHTIKO YINOBAOGPO

2TNV TTapouca evotnTa TTEPIYPAPOVTAI ONUAVTIKEG EVVOIEG KAl TEXVOAOYIEG TTOU
ATTAITOUVTAI VIO TNV KOTAVONON TNG €PYOCIAG. 2UYKEKPIUEVA AVO@EPOVTAl Of UN-
OXEOIOKEG PACEIG OEOOPEVWYV, TO KATAVEUNKEVA CUOTHHATA Kal N BAon dedouEVWV

MongoDB, otnv otroia BaacifeTal TO cUCTAPA POG.

2.1 NoSQL Bdoeig dedopévv

2.1.1 T givanr o1 NoSQL Baoeig dedopévwyv

2TN OnNUEPIV €TTOXN Ol OXeolokéG Bdoeic dedouévwyv (RDBMS - Relational
Database Management System) XpnOIKJOTTOIOUVTAI OTNV CUVTPITITIKA TTAElown@ia
TWV  TTEQITTTWOEWY YIOd TNV 0opyavwon Kal  ammoBrikeucn Oedouévwy o€
ETTAYYEAMATIKEG €apuoyéG Kal oTo dladiktuo. To RDBMS povtéAo TTPOC@EpEl
QPKETEG duVaTOTNTEG Kal akpIBy cuvérrela oTa Oedopéva aAAG, Oev QTTOTEAEI TN
AUon yia 6Aa Ta TTpoBAfpaTa KABWG TTOAAEG epaployEG XpelddovTal TTEPICCOTEPN
eAeuBepia, OTTWG €TTioNG Kal PeEyaAUTEPN atTOdOCN aTTd AUTN TTOU TOUG TTPOCPEPEI
MIa oxeolakr) Baon dedouévwy, Kal av un T GAAo, €10ayel TTEPIOPICHOUG OTO
horizontal scalability. Kata cuvémeia autdé pag odriynoe oTtn dnuioupyia vEwvV
ouoTAPaTWY PBacewv Oedopévwy Ta otroia eival yvwoTtd cav NoSQL Baoeig

OedoEVWV.

O 6pog NOoSQL oO1TTwg Tov EEpoupe anuepa, TTPoNABe amd v epdacn No SQL
(6x1 SQL) tnv oTtroia €ioiyaye o TrpoypaupaTiotT’ic Johan Oskarsson otig 11
louviou 2009 oe¢ pia ouvavinon oto Zav Ppavoioko, KATa TNV OTTOIQ
TTOPOUCIACTNKAV KATTOIEG «VEECH BACEIC DEBOUEVWV. ZAPG OPICHOGC OXETIKA UE TO
TI €ival éva ouotnua NoSQL dev uttdpxel. Ava@EpeTal o€ MIO €upeEia opada
ouoTnudtwy dlaxeipiong Bdoewv dedouévwy (database management system)

TTOU TO KUPIO XOPAKTNPIOTIKA Toug gival [1]:

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
30



AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

e OgEV TNPOUV TO KAQCIKO OXETIOKO HOVTEAO

e A&iroupyouv atrodoTIKG o€ ouaTolyia UTToAoyIoTwV (computer cluster)

e cival EAVAAK - EAeuBepo Aoyiopikd / Aoyiopikd Avoiktou Kwdika (Open-
Source)

e €ival OXEDIAOMEVEG VIO TIG AVAYKES TOU BIadIKTUOU TOU 210U alva

e Schemaless, dev amraiteital éva oplopévo schema otn dour) TwWv apxEiwv

2.1.2 Katnyopieg NOSQL ocuoTnpdTtwyv

Ta NoSQL ouoTrjpata uTropouv va KatnyoplotroinBouv wg €ENG [2]:

Key-value stores €ival To TTI0 OXETIKA ATTAG KAl EUKOAO OTAV UAOTTOINON POVTENO
atmo TIc NoSQL Bdoeig. KéBe avTikeipevo Tng Bdong atmodnkevueTal wg £va KAEIDI
(key) padi ue Tn TIiA ToUu (value). Riak, Voldemort kal Redis €ival o1 10 yVWOoTEG

Baoeig dedopévy QUTAG TNG KATNYOPIOG.

Wide-column stores amobnkevouv Ta Oedopéva oe keAid (cells), Ta otroia
oupadoTtrolouvTal o€ OTAAEG (columns) kai Ox1 o€ Oc€lpéG (rows) Kal €ival
BeATioTOTTOINUEVA YyIO va eTTeCepyddovTal queries o€ ueydAa datasets. O 1o

onuowiAegig ival n Cassandra kal Hbase.

Document databases opadotroiouv kKdABe key pe pia  TTOAUTTAOKN  Soun
oedopévwy (complex data structure) yvwoTth wg €yypago (document). Ta Eyypaga
(documents) utropouv va TrepIEXOUV TTOAAG dla@opeTikd feuydpia key-value, A
key-array, €ite akdun kal ep@wAeupéva Eypaga (nested documents). H MongoDB

givai n 1o dnuo@IAAG Bdon dedopévwv auThG TG KATNyopiag.

Graph databases xpnoipgotroioUv dopéG YpA@wy Kai eival BaciouéveS € KOUPOUG
(nodes), TIC ox€o€IG PETAEU aUTWV Twv KOPPWYV Kal TIG 1IB10TNTEG TOuS. AvTi yia
TVOKEG ME OTAAEG KOl OEIPEG, €DW UTTAPXEl €va EUEAIKTO YPOAPIKO MOVTEAO

(graphmodel) tTou ptmopei va xpnoigotroinBei kal va avattuxBei TTapdAAnAa o€
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TTOAG pnxavruara (servers — KOUPBoug). Tétola Trapadeiypara cival or Neo4J kai
HyperGraphDB.

2.2 MongoDB

2.2.1 Eicaywyn

H MongoDB c¢ivail pia un oxeoiokr) (NoSQL) Bdon dedopévwv avoixTou KwIKa
KAl OUVETTWG €AeUBepng d1a6eong. Mpokerral, iowg yia T dnPo@IAéaTEPn BAon
dedopEVWY e TTpocavatoAioud eyypdewy (document-oriented) TTou UTTAPXEI AUTH)
™ oTiyur. H AéEn Mongo, mpoépxetal attd Tn Aégn humongous TTou onuaivel
TepdoTiog. lMepiypdeetar wg NoSQL, 81611 de XpnOoIUMOTIoIEl OXEOIOKA Ooun,
Baoiléuevng o€ Tivakeg, aAAG atToBnkevel Ta dedopéva wg documents péoa o€
Mo ouAhoyn (collection). Ta documents atroBnkevovTal wg BSON (Binary JSON),
Mia ouyyevik poper Tng JSON (JavaScript Object Notation). Me autd 10 TpdTTO
TTPOOPEPETAI  EUKOAID Kal  TaxUTnTa OTNV  €l0aywyr Twv OedONéVWY  OE€

OUYKEKPIUEVOUG TUTTOUG EQAPHOYWV. [3]

2.2.2 NMAgovEKTAPATA

Mepika atréd 1a TAeovekThuata TnG MongoDB eivai:

e Schema less - H MongoDB cival pia Baon dedouévwy Ue TTPOCAVATOANICHO
eyypaoewy otnv otroia éva collection trepiéxel diapopeTikd documents. O
QAPIBPOC TwV TTEdIWYV, TO TTEPIEXOMEVO Kal TO UEyeBOC Tou document
MTTOPOUV va dlagépouv atrd 1o Eva document oTo GAAO.

e AT Tn oTiyun mou n MongoDB ¢ival document-based Bdon dedouévwy,
éxel Mia Thouoia Aoun Aedouévwy (Data Structure) n otroia givai ikavr) va
KpaTtd TTivakeg (arrays) kal GAAa documents. To oTroio onuaivel 0TI TTOAAEG
QPOPEC UTTOPEIC Va avaTTapaoTACEIS o€ Hia ovToTnTa (Single entity) pia doun
oedopévwy, n oTToia Ba atrairouce apkeToUg TTivakeg (tables) woTte va
avatrapacTadei cwoTd o€ pia Zxeolak Baon Aedouévwy. AuTo gival

1Idiaitepa xprioipo edv Ta dedouéva oag gival apeTaBAnTa (immutable).
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e YT1TooTnpiCel hJia apkeTA TTAOUCIA YAWOOA £pWTNUATWY, N OTTOoIA €ival
ggioou 1oxupn pe autrv TG SQL.

e ATtToucia TTOAUTTAOKWY VWO EWV (joins) TTIVAKWV.

e YTrooTtnpicel OpigévTia EtrekTaociuétnTa (Horizontal Scaling/Scale Out) trou
onuaivel cuvABwg auénon Tou apIBUOU TwV TTOPWV (TT.X. TTPOCORKN
TEPIOCOTEPWY KOUPBWYV OE PIa GUCTOIXIO UTTOAOYIOTWYV), HECW TNG

TEXVOAoyiag Bpuppatiopou (sharding) [4]

2.2.3 Mongo Java Driver

Eival o odnydg (driver) JDBC (Java DataBase Connectivity) o OTT0iog TTapéxEl
otnv  €pappoyry  (application) ouyxpovn (synchronous) kai acuyxpovn

(asynchronous) emmikoivwvia pe 1n Bdon Asdouévwv MongoDB. [5]

2.2.4 Sharding

2.2.4.1 Neprypaen Tou Sharding

O Opupuatiopds (Sharding) eival pia péBodog yia Tn diavour dedouEVwY UETAEU
TTOAWV Pnxavwy (oucTolxiag uttoAoyioTwy). H MongoDB xpnoipoTroiei sharding

yla va utrooTtnpi¢el deployments pe TTOAU peydAa oUvoAa Oedopévwy  Kal

EQAPHPOYEG UWNANG atTddoonG.

Ta ocuotiuata Baoewv dedopévwy PE JEYAAa oUVOAQ OEBOUEVWV ) EQAPUOYES
upnAng amédoong MTTOpPOUV va ap@ioBntioouv Tnv IKavotnTa €vOG WOVOo
eCuttnpetnt (single server). MNa mapdadelypa, uwpnAd TTooooTd arnuaTwy (high
guery rates) pymmopouv va e€avtArioouv TI¢ duvaTodTtnTeS Tou etregepyaoTr) (CPU -
Central Processing Unit) evog eEuttnpernt, e€ite va utdpxel {ATnon via
mepioooTepn Mvriun Tuxaiag MNpootéhaong (RAM - Random Access Memory)
atrd QUTH TTOU TTAPEXEI TO CUCTNUA, dNUIOUPYOVTAG PEYAAO @OpPTO OTn povAada

OioKou.
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YT1rapyxouv dUo pEBODOI yIa TNV QVTIUETWTTION TNG OAoéva augavouevng ¢ATNong
ylo PeEYAAUTEPN aTTOdOON TOU OUCTAMATOG, KABWG TTPOCOETOUNE OAOEva Kal
TEPIOCOTEPOUG TTOPOUG O€ auTO, UE Katakdpuen (Vertical Scaling/Scale Up) kai
opifovTia emrekTaoiudtnTa (Horizontal Scaling/Scale Out) 6TTwg TTEPIYPAPONKAV
otnv evotnta 1.1.4 KAigyokwoiudtnTa.

H MongoDB utrootnpiCel Opifévtia ETmrekTaoiudmnTa PEOoW TNG TEXVOAOYIOG

Sharding.

2.2.4.2 Sharded Cluster

Mia MongoDB ZuoTtoixia Opupudtwy (Sharded Cluster) atmoteAeital amd 1a
akOAouBa oToIxEia:

e shard: KaBe Bpavopua (shard) mrepi€xel Eva utTTooUVOAO Twv BpUPHATIOPEVA
(sharded) dedopévwv. KéBe shard ptropei va avatrtuxei wg ouvoAo
avTiypaowv (replica set).

o replica set: Eival éva oUptTAeypua MongoDB €guttnpeTnTWyV TTOU
uAoTToIEi TNV dnuioupyia avTiypdgou (replication) Tou povréAou
master-slave kai dlaxelpiCeTal AUTOPATA TV ATTOTUXIO TOU
ouoTnuarog (automated failover).

o replication: Mia duvaTtdTnTa TTOU ETITPETTEI OE TTOANOUG EEUTTNPETNTEG
Baocewv dedouévwy va poipalovTal Ta idia dedopéva,
e€ao@aliovTag £T101 TNV eQedPEia Twv dEdOUEVWV Kal
OIEUKOAUVOVTAG TNV £EI00PPOTINGN TOU POPTOU TOU CUCTAHUATOG
(load balancing).

e mongos: To mongos AeIroupyei WG dpoPoAOYNTAG EpWTHOEWYV (query
router), TTapEXovTag yia dIETTaPn METAEU TWV eQappoywy TTEAATN (client
applications) kai Tou sharded cluster.

e config servers: O1 Config EEuttnpeTnTéC (Config Servers) ammoBnkeuouv Ta
peTadedopéva (metadata) kai Ti¢ puBuioeig dilaudppwaong (configuration
settings) yia Tn ouoToixia uttoAoyioTwv (cluster). ATmé To MongoDB 3.2, ol
config servers Pmopouv va avatTuxBouv wg ouvoAo avtiypdwv (replica

set).
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210 akOAouBo oxnua (ZxAua 2.1) mepiypd@etal n aAANAETTIOpacn Twv CToIXEIWV
MEoQ O€ Pia ZuoTolxia @puuhATWY:

| A [

App Server

Router

Router

(mongos)

(mongos)

-
oy

- Config Servers
Pt (replica set)

/7~ 2 or more Shards ¥
Shard Shard

(replica set) (replica set)

IXApa 2.1 ZuoToixia OpUPPATWY

H MongoDB 8puppartiCel (shards) Ta dedouéva oTo TTiredo oUAAOYAG (collection
level), Odiavéuovtag Ta oOedouéva ouAhoyng (collection data) peTagyu TWV

Bpauopudtwy (shards) Tng ouaToixiag uttoAoyioTwy (cluster).

2.2.4.3 Shard Keys

MNa va diaveipel ta éyypaga (documents) oe pia ouAdoyr (collection), n
MongoDB xwpicel Tn cuAAoyry xpnoiyotroiwvtag 1o shard kAeidi (shard key). To
shard kAeidi amoteAeital amd éva auetdBAnto (immutable) medio i edia TTOU
UTTAPYOUV O€ KABE £yypapo TNG CUAAOYNG.

EmAéyete 10 shard kAeidi oOtav BOpupuartiCetal (sharding) upia ocuAhoyn

(collection). H emmiAoyr) Tou shard kA&idiou dev ptTopei va aAAdel peta 1o sharding.
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Mia Bpuppuatiopévn cuAdoyr] (sharded collection) ptropei va €xel yoévo €va shard
KAEIDI.

MNa va kavete shard pia pun kevr) oulAoyn (collection), N cuAAoyr TTPETTEN va €XEI
éva eupetnplo (index) tou &ekivd pe 1o Shard kAeldi. Na kKevéG GUAAOYEG, n
MongoDB dnuioupyei 10 index av n ocuAAoyr dgv diabétel AdN KatdAAnAo index yia
TO KaBopiopévo shard KAEIOI.

H emAoyr Tou Shard KA€idiou etrnpeddel TNV atrdédoon, TNV atmodoTIKOTNTA KAl
TNV emekTaoIudTNTa €vOG sharded cluster. ‘Eva cluster pye 10 kKaAutepo duvatd
UAIKO (hardware) kai utrodoury (infrastructure) utropei va TTapePTTOdIOTEN N
atrodoor] Tou atrd TNV £mmAoyr) Tou Shard kA€idiou. H etmiAoyr) Tou Shard kAidiou
Kdl TOu avTioTolxou index ptropei €tmiong va emnpedoel N sharding oTpatnyikn

TTOU UTTOPEI VO XpNnaoIdoTToinoel To cluster pag.

2.2.4.4 Chunks

H MongoDB dixotouei Ta sharded dedouéva o€ koppdaTia (chunks). KaBe chunk
EXEl Eva XaunAod eupog atmd 1 éwg n Kal éva avwTePo eUpog 1 éwg n-1, Baciopévo
oTo shard KA&Idi.

H MongoDB petag@épel Ta chunks petaéu Twyv shards oto sharded cluster ue
XPron Tou Pnxaviouou e¢looppdTTnong cupttAéyuaTtog (sharded cluster balancer).
O egiooppotrnt¢ (balancer) TrpooTtrabei va emmiTuxel Tnv ion diavour Twv chunks

o€ OAa Ta shards Tou cluster.

Méye0og Chunk

To mpoetmAeyuévo péyebog evog chunk otn MongoDB eival 64 MB (MegaByte).
MrtTopeiTe va augnoeTe | va PEIOETE TO PNEYEBOGC Tou chunk TO oTTOI0 OUWG Ba £XEl
KATTOIEG ETTITITWOEIG TTOU TTAPATIOEVTAI TTAPAKATW:

1. Chunks pikpoTepa atrdé 64 MB, odnyouv 0€ JIa TTI0 OPOIOOPPN KATAVOUN
0edopEVWY 0€ BAPOG OUXVOTEPWY PETEYKATAOTACEWV/UETAPOPAS chunks
METaEU Twv shards (migrations). Auté dnuioupyei TTEPICTOTEPO POPTO OTO
dpopoAoynTti mongos.
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2. Chunks peyaAuTtepa atro 64 MB, odnyouv og AMyOTEPEG HETEYKATAOTATEIG.
AUTO €ival TTI0 ATTOTEAECPATIKO TOOO OTTO TNV PEPIA DIKTUWONG OO0 Kal
oTnNV aTToQUYN] EPPAvions uynlou etriBapou (overhead) oTo €TTiTredo
dpouoAdYyNoNG epwTNUATWY (Mongos). AN, auTr N ATTOTEAEOUATIKOTATA
EPXETAI O€ BAPOG YIS dUVNTIKA AVIONG KATAVOMNG OEQOUEVWV.

3. To péyeBog chunk eTnpeddel Tov PEYIOTO apIBuo eyypdewy (documents)
avda chunk TTou €ival yia va HETEYKATAOTABOUV.

4. To péyeBog Tou chunk eTTnpeddel To PEyIoTo PEyeBoG oUANOYAG (collection
size) otav epappoloupue sharding o€ pia uttdpxouoa cuAAoyh (collection).
MO&AIg TrpayuartoTroinBei To sharding, 10 péyeBog Tou chunk dev TTepIOPICEl

T0 PéyeBog TNG OUAAOYAG (collection size).

Meplropiopoi
H aAhayry Tou peyéBoug chunk etrnpeddler tn diadikacia didotraocng chunks,
TTPOOBETOVTAG KATTOIOUG TTEPIOPICHOUG.

e H autéparn didotraon chunks yivetal yévo katé tnv elcaywyn (insert) A Tnv
Tpotrotroinon (update) otn Bdon. Edv peiwoete 10 ué€yebog Tou chunk,
MTTOPEI va XpEIaoTEl XPOVOGS yia va diaoTTaoTouv OAa Ta chunks oTto véo
MEyeBOG.

e H didomaon Twv chunks dev ptropei va "akupwbei'. Edv au&noete 1O
MéyeBog Tou chunk, Ta uttdpxovTta chunks Tpétel va "yeyaAwoouv" péoa
ammd TIG evTOAEG el0aywyng (insert) i Tpotmotroinong (update) péxpr va

@TaoouUV OTO VEO TTPOKABOPIoUEVO UEYEDODG.

Aiaomraon Chunks

H didotraon €ival pyia diadikaoia Tou Kpatd Ta chunks atrd 10 va yivouv apKeTa
peydAa. Otav éva chunk Eerepdoel éva TTpokaBopiouévo péyebog chunk A av o
apIBuog Twv eyypdewyv (documents) oto chunk utrepPei 10 péyioTo apIOUO
EYYPAQWYV ava TePAxIo yia Tn peteykardotaon (Maximum Number of Documents
Per Chunk to Migrate), n MongoDB xwpicel To chunk pe Bdon Tig TIpéG TOou shard
KAEIOIOU TTOU QVTITTPOOWTTEUElI TO OUYKeEKPINEVO chunk. ‘Eva chunk ptropei va
XwploTei o€ TTOAATTAG chunks 61mou xpeiadetal. O1 evioAég eicaywyng (insert) n
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Tpotrotroinong (update) ptmopoulv va TrpokaAécouv didoTtracn chunks. Otav
TpayparotrolouvTal dlaotrdoelg chunks, n MongoDB dev peteykaBioTd dedopéva
Kal dev TTNPEACEl Ta shards.

Shard A

ZxApa 2.2 Aidotraon Chunks

O1 diooTtrdoeig chunks ptTopoUv va 0dnyrocoUV C€ QVOUOIONOP@PN KATAVOUN TwV
chunks yia pia cuAhoyn (collection) petagu Twv shards. g TETOIEG TTEPITITWOEIG,
éva oTIyuIoTUTTO (instance) Tou mongos gekivdel éva yUpo PETEYKATAOTACEWY, YIA

va avadiaveipel Ta chunks avdapeoa ota shards.

2.2.4.5 MAgovekTApaTa Tou Sharding

Avayvwoeig | Eyypagég (Reads / Writes)

To MongoDB &iavéuel 1o @OpTO €pyaciag avayvwong (read) kal eyypaeng
(write) ota shards Tou sharded cluster, emTpémovrag o€ kdBe shard va
emmegepyddletal €va uttooUvoAo Acitoupyliwv Tou cluster. O @opTOG €pyaaciag
avayvwaong Kal eyypa@nc UTTopEi va etekTaBbei opidovtia (scale out) oe 6Ao 10
cluster pe Tnv TPOOBRKN TTEPICTOTEPWY Shards.

MNa epwtApaTa TTou TTepIAapBavouy 1o shard KA€di 1) To TTPOOEPa evog oUvBETOU
(compound) shard kA&idioU, TO mongos UTTopEi va OPOUOAOYACEl TO EPWTNUA OF
éva ouykekpiuévo shard 4 oe éva ouvolo shards. Me autd 10 TPOTTO Otv
epwrtouvTal 6Aa Ta shards Tou cuoTAUATOG, AAAG HOVO auTd TTOoU XPEIalOPaoTE, TO

OTT0i0 au&dvel TNV aTTodOTIKOTNTA TOU OUCTHUOTOG.
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XwpnTikéTnTa atroBrikeuong (Storage Capacity)

To Sharding diavépel dedopéva peTagu Twv shards Tou cluster, emITPETTOVTOG O€
KGBe shards va TrepIExel éva UTTOOUVOAO TwWV OUVOAIKWYV dedopévwy Tou cluster.
KaBwg aufdvetalr 1o oUvoAo Oedopévwy, emmimmAéov  shards au&dvouv Tnv

XwpNTIKOTNTA a1T08riKeuoNng Tou cluster.

MeydAn diaBeoipétnta (High Availability)

‘Eva sharded cluster ptmopei va ouveyxioel va ekTeAei ev pépn AeIToupyieg
avayvwong / eyypa@ng akoun kal av dgv eival diabéoiyo éva f TTepIcoOTEPA
shards. Evw 10 uttooUVOAO dedouévwy TToU BpiokeTal oTa un dlaBéoiua shards,
dev gival TTpooBAaciuo Katd 1o Xpdvo un Asitoupyiag (downtime), oI avayvwoeig 1

EYYPOYEG TTOU KaTEUBUVOVTAl oTa BIaBéoipya shards YtTopouv va TTETUXOUV.

2.2.4.6 Extiynon Sharding

O1 atTaITAOEIG KAl N TTOAUTTAOKOTNTA TNG UTTOOOMNG €vOg sharded cluster, atraitei
TTPOCEKTIKO TTPOYPAPMATIONO, EKTEAEDN KOl CUVTHPNON.

H TmpooekTiKf avaAuon otnv €mAoyl Tou owoTtoUu shard kAeidiou eival
aTTaPAITNTN YIa TNV £€Q0PAAION TNG atTddoong Kal TG aTTodoTIKOTNTAG TOU cluster.
Acgv gival e@IKTA N aAAayr Tou shard KA€idioU oA TTpayuaToTtroin®ei To sharding,
ouTe yivetal va avTioTpéwete To sharding Tou éxel TTpayuartotroinBei o€ pia
sharded ouAAoyn (collection).

Eav 1a epwthpata (queries) dev mrepidapBdavouv 10 shard kA€idi i To TpOOeua
€VOG ouvBeTou shard KA€IdIoU, TO MONgos OTéAVEl Ta EpwTRUATA O€ OAa Ta shards
oto sharded cluster (broadcasting). Tétolou €idoug epwTAuaTa Ba xpeIaoTOUV
MEYAAN di1GpKela yia TN OIEKTTEPAIWOT TOUG.

To sharding ptropei va €xel KATTOIEG ETTITTAEOV QTTAITACEIS KAl TTEPIOPICHOUG
Kabwg PByaivouv véeg ekdoOoelic TNG MongoDB, kal Ba Tmpémmel va peAeTnOoUV

e€eTalovTag To KATAAANAO yxeIpidlo Xpriong TNG EKAOTOTE €KOOONG.
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2.2.4.7 Sharded ka1 pn-Sharded ZuAAoyég

Mia Bdaon dedouévwyv uttopei va éxel éva piyga atrd sharded kar pn-Sharded
ouMoyég (non-Sharded Collections). O1 Sharded oOuAAoyég xwpiCovTal Kal
diavéuovtal ota shards Tou cluster. O1 yn-Sharded cuAAoyég atmmoBnkevovTal o€

éva Kuplo shard. KdBe Baon dedopévwy €xel To BIKO TNG KUpIo shard.

Shard B

1
1

2xApa 2.3 Sharded kai pn-Sharded ZuAAoyég

2.2.4.8 X0vdeon pe Sharded Cluster

MNa va aAAnAemmidpdoete pe otroladrimoTte cuAloyry (collection) oto sharded
cluster, TTpétrel va cuvdebeite péow Tou dpopoAoynTr) mongos. AuTto TrepIAapBAvel
11 sharded kai pn-sharded ocuAAoyég. Or TeAdTeg (clients) dev Ba TTpéTTel TTOTE va

ouvdéovTal o€ éva PePovwuévo shard Trpokelévou va eKTEAOUV AEIToupyieg

avayvwaong N eyypaeng.
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Applications/
Drivers

Reads/Writes ——p»

Reads/Writes —ip (11!

Shard B

ZxApa 2.4 Aldypaupa 20vdeong pe éva Sharded Cluster

2.2.4.9 ZTpartnyikég Sharding

H MongoDB uTtrooTnpilel dUo oTpatnyikég sharding yia 1n diavoun dedouévwv

METAEU Twv sharded clusters.

Hashed Sharding

To Hashed Sharding repiAaupavel Tov uttoAoyiopo hash tou 1ediou TINAG Tou
Shard kAeidiou. KaBe Chunk avatiBetal éva eUpog Baociopévo oTig hashed TIpég

Tou shard kA&idioU.
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w25} e 26} e 27}
| | |
L Y Y
Hash Function

[ —
' v \

Chunk | Chunk 2 Chunlk 3 Chunk 4

-+ > - > L

2xApa 2.5 Hashed Sharding

MapdAo 1Tou 10 eUpog atd shard KAeIdIG pTTOPEl va gival "kovtd", ol hash TIpéG
autwv egival ammiBavo va Bpiokovral oto idlo chunk. H katavour; dedopévwv
Baoiopévn oe hashed TiuEG OlEUKOAUVEI OTO va YiveEl N OUOIOPOPYPN KOTAVOUN
OEDOUEVWV.

QoT1600, n hashed diavoun onuaivel 611 EpwTACEIS TTOU BaciovTal o€ éva EUPOG
TIMWV (ranged-based queries) Tou shard kAeidiou, eivar Alyotepo TTBavo va
oTtoxeuoouv o€ €va eviaio shard, pe atmmotéAeopa va yivovralr TTEPICOOTEPA

epwTnuarta broadcast yéoa oto cluster.

Ranged Sharding
To Ranged Sharding trepiAappdver tn diaipeon Twv OedOPEVWV OE QACUATA
Baociopévo oto shard kAedi. Emerra oe kdBe chunk avatiBetal éva €Upog

Baoiouévo oTig TIuEG Tou shard KA€1dI0U.

{:‘Chunk | [ ,[Chunk 2 o, |Chunk 3 Chunk 4
e Tl A Ty

-

Key E’Space for

+—p = - L >
{ x: minKey } {x:-75} {25} {x: 175} { x: maxKey }

ZxAMa 2.6 Ranged Sharding
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Edv éva eupog atrd shard KAedIG Twv OTToiwv oI TINEG gival "kKovTd", €ival TTIo
meavoe va ouvuttdpyxouv oTo idlo chunk. AuTO €mITPETTEl OTO MONQoOS vad
OpopoAoyei Ta gpwThuaTa, POvo ota shards TTou TTEPIEXOUV TA ATTAITOUMEVA
oedopéva.

H atmroteAeopaTikOTnTa Tou ranged sharding s¢aptaTal ammo 1o shard KA€1di TTou
emAégaTte. H emAoyny "AdBog" shard kAeidiwv ptmopei va odnynoel oe Avion
Katavoun 0edopévwy, Yeyovog TTOU UTTOPEI va avalpEoEel KATTOIA aTTO Ta 0QEAN TOU

sharding ] va TTpokaAéoel onueia oupeopnong (bottlenecks).

2.2.4.10 E§icopporrnTiig Sharded Cluster

O egiooppotrntg (balancer) Tng MongoDB, civai pia diadikacia utrod6pou
(background) trou TTapakoAouBei Tov apiBud Twv chunks oe kdBe shard. Otav o
apIBuog Twv chunks oe¢ éva shard @TG0El O€ €va  OUYKEKPIYEVO OpPIO
peTaykataoTaong (migration threshold), o eflcoppotrnTAg TrpooTTabei  va
METOKIVAOEI auTopaTa Ta chunks petagu Twv shards kal va @tdoel o€ ico aplOuod
chunks avd shard.

H diadikacia egilooppdTnong Twv sharded clusters gival amoAUTWGS "kpuen" atro
TO XPNOTN Kal TNV €QAPHOYNG, Qv Kal YTTOPEI va UTTapEel KATTOI ETTITTTWON OTNV

a1TOd00N TOU CUCTAMATOG KATA TN dIAPKEIQ TNG £€lI00PPOTTNONG.

ZxAMa 2.7 E¢ilcoppotntig Sharded Cluster

Mo va avTigeTWTTIOTE N avopoloyevhg katavour chunks yia pia sharded uA\oyn

(collection), o €¢locoppoTTINTAG PETaPEPEI aTTO Ta shards pe Ta TTEpIcodTEPA chunks,
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ota shards 1Tou £xouv Ta Aiyotepa chunks. O eglooppoTTnTAG PETAKIVET T chunks,
éva KABE Qopd, UEXP! va UTTAPEEl YO OpoIOuop®n KaTavour Twv chunks yia Tn

ouAoyn KaTd prkog Twv shards. [6]

2.3 Texvoloyia Twv Containers

2.3.1 Eicaywyn otoug Containers

Mo TTOAAG Xpdvia gixaue JOVOAIBIKEG e@apPOYEG 01 OTToiEG DOUAEUAV TTOAU KOAG
o¢ €IKOVIKEG pnxavég (Virtual Machines). H €iocaywyry Twv Kataveunuévwyv
OuoTNUATWY, TWV HIKPOUTTNPECIWY  (microservices) Kal  TNG  auTtOuaATNG
QugopEiwonNg Twv TIOPWYV TWV UTTOAOYIOTIKWY OUCoTNUATWY dnuioupynoe Tnv
avAaykn yia aAAayr) oTO TPOTTO EYKOTACTAONG Kal EKTEAEONG TOU AOYIOHIKOU. AuTo
TO KeEVO APBe va kKaAuwel n TtexvoAoyia Twv containers. O1 containers gival TTOAU
eha@pid VMs T1a otroia ekteAouvTal o€ éva Linux tepiBAAAov w¢ pia digpyacia
(process). YTTGpxouv apKeToi SIaQOPETIKOI TUTTOI aTTO containers (LXC containers,
Docker, Rocket) aAAG Tnv péaxn tnv éxel kepdioel e diagopd 1o Docker, omdTe
amo €dw kal mEpa Otav Ba avagepduaoTe OTn TEXVOAOyia Twv containers Ba
ava@éperal To Docker.

To Docker npBe kai éAuce dUo peydAa TTpoBAAPATA OTAV KABNUEPIVOTATA TWV
MNXOVIKWV AOYIOMIKOU Kal Oxl Jovo. To mpwTto TTPORANUa 1Tou AUBnke atrd TIg
TTPWTEG KIOAQG ek®OOEIC TOU, €ival OTI BoBNCE TOUC TTPOYPANPATIOTEG OTO va
ouvOEouV €UKOAQ Kal ypriyopa TNV €£QAPMOYH TOUG WE BACEIC DEBOUEVWV Kal ME
AAAEG TEXVOAOYIKEG UTTNPETIEG TTOU XPEIAdeTal Hia epapuoyn (OCUCTAUATA OUPWY,
Baoeig dedopévwy, un oxeolakeg Bdaoeig dedopévwy). To delTEPO, Kal TTOAU TTIO
onUavTiko, TTPORAnuUa oto otroio €dwaoe AUon €ival TO OTI UTTOPEI va UTTOOTNPICE!
TIC OOMEGC TWV  KATAVEUNMEVWY OUCTNUATWY, TIG MIKPOUTTNPETIEG KAl  TIG
QUEOMEIWOEIC TwV TIOPWV TIOU  XPNOIUOTTOIOUV Ol €QAPMOYEC,  TTOAU

ATTOTEAEOUATIKA.
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2.3.2 Baolkég €vvoigg Twv Containers

2.3.2.1 Docker Image

210 Docker O6Aa &gekivouv atrdé 10 docker image. Eival 10 TTOKETO TO OTTOIO
TTEPIEXEI TO AEITOUPYIKO, TNV €@appoyn Kal TIG BIBAIOONAKEG TToU XPEIAleTal n
eQapuoyr. g eTiTTEdO UAOTTOINONG €ival éva OUVOAO apXEiwv Kal KATAAOYywv Ta
otroia To docker Ta TTAPOUCIAZEl WG £VA OUOIOUOPPO KAl OAOKANPWHUEVO GUVOAO.
To upikpdTEPO KOPUATI evdg docker image eival To etiredo (layer). 'Eva docker
image atoTeAsiTal atmd éva A TTapatTavw eTTiTeda. AuTd Ta €TTITTEdA PTTOPOUV va
XpnoigotroinBouv kal ammd GAAa images. To kdBe docker image Treplypa@eTal amod

éva apxeio 1o Dockerfile. KaBe ypaupun Tou Dockerfile givail éva etritredo (layer).

Mepiexodueva Tou dockerfile:

FROM ubuntu

RUN apt-get update

RUN apt-get install -y nginx

ENTRYPOINT [ ;

1. FROM ubuntu : KatéBaopa Tou docker image: Ubuntu atrd 10 10
KeVTPIKO apxeio Docker Hub

2. RUN apt-get update : EkTéAeon TnG eVvTOANG

3. RUN apt-get install -y nginx : Eykardotaon Tou proxy nginx

4. ENTRYPOINT ["/usr/sbin/nginx ", "-g”,”daemon off; "] : H evToAr mmou

Ba TpéEel KaTa TNV ekTéEAEON evog container

Tpéxoviag Tnv TTAPAKATW €VTOAN OTOV @QAKEAO OTOV OTIOI0 PPIOKETAI TO

Dockerfile rapdyeral To docker image pe dvopa my-nginx.

docker build -t my-nginx
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2.3.2.2 Docker Container

To ekteAéoigo oTiyuidTutTo €vOg docker image cival To docker container. ‘Eva
container €xel 1o OIKO Tou OiKTUO, CUCTNUA ApPXEiwv, PMETABANTEG TTEPIBAAAOVTOG
Kal €ival TTANPWS ATTOPOVWHEVO ATTO OTTOIAdNTTOTE AAAN dlEpyaTia eKTEAEITAI OTO
idl0 uttoAoYI0TIKO cuoTnua. KaBe docker container €xel 10 OIKO TOU A€ITOUPYIKO
ouoTnua, PTTopEi va €xel To OIKO TOoUu BIKTUO Kal €ival ATTONOVWHPEVO oXedOV aTTd
oTIONTTOTE AAAO eKTEAEITAI OTO OUOTNUA. Ta péva TToU POIPAZETAl UE TO AEITOUPYIKO

OTO OTT0i0 eKTeEAEiTaI gival o TTuprivag (kernel) kai Ta cgroups. [15]
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KE®AAAIO 3

3. YAONOIHZH

2TNV TTapouca evOTNTA TTEPIYPAPOVTAI O TPOTTOI JE TOUG OTTOIOUG UAOTTOINCOUE
TNV €QOpPUOYN HAG, avaoAuovTag Ta dIAQopa TUAMATA TOU TTNyaiou KWwOIKA TNG

EQAPUOYNG Kal Ta dIAPOopPa SCripts TTou XpnoiyoTroirénkav.

3.1 MongoDB ZuAAoyég

MNa TIG avAyKeg TNG EQAPUOYNAS HAG, EXOUME ONMPIOUPYNOEl TIG TPEIS TTAPAKATW

ouAoyég (collections):

3.1.1 ZuAAoyn posts

Autl n ouAloyn (collection) TrepidapBavel 6Aa Ta GpBpa TOu blog MaOG.
MapakdTw PAéTTouye oTo ZxApa 8, €éva oTiyidTuTTo Tou blog pag, Trou
mepIAapBavel éva dpBpo amd 1o Xpriotn John Doe, kal éva oxOAio armd Tov

xprnotn Bob Johnson.
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HOME ABOUT CONTACT

NEW POST LOGOUT

SHARE THIS MY NEW POST

Posted May 14, 2018 11:35:25 AM | By johndoe

This is the body of my post

Ba0a

Tags: New Post

Comments:

Author: Bob Johnson

This is a comment by Bob.

ZxApa 3.1 ZTiypIdTUTIO £VOG ApBpou oTo blog pag

To JSON document TTOU QvTIOTOIXEI OTO GPOBPO TOU TTAPATIAVW OXAMOTOG
(ZxNua 3.1) €xel TN TTapoKATW HOoPPN:

" id" : ObjectId(
"title"

"author"

"body"

"permalink™

"tags" : [

1,
"comments"

{

"author"

"body"

4
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"email" :

"num_likes" :

1y
"date" : ISODate (

_id: povadikéd avayvwploTiké 1edio (unique identifier field), yia va
MTTOPOUNE Va EEXWPIoCOUNE Ta Eyypaga (dnUIoUPYEITAl QUTOPATA OTTO TN
MongoDB 6Tav dgv dwooupe KATTOIN TIWNA).

e title: o TiTAOg TOU GPBpPOU.

e author: o ouyypagég Tou dpBpou.

e body: mrepiAauBdavel A0 TO KUPIO KEiNEVO TOU ApBpouU.

e permalink: To Permalink givai évag péviuog ouvdeouog "URL", TTpog 10
dapBpo.

e tags: Eival éva TTivakag (array) TTou TTEPIAAUPAVEI ETIKETEG TTOU €XEI
avaBéoel o ouyypaéag Tou apbpou, oTtn dIKN pag TTepitTTwon, “New”,
“Post”.

e comments: Eival évag mTivakag (array) trou repIAapBavel 6Aa Ta oxoAia
TTOU €XO0UV Yivel 0TO dpBpo, ammobnkelovTag TTapAAANAa Ta OTOIXEIO TOU
XPNOTN TTOU £KAVE TO OXOAIO.

o author: o xpoTng Trou ékave 10 oxXOAI0, TTEpIAAPBAvEl TO
OVOUATETTWVUUO TOU.

o body: repIAapBavel TO TTEPIEXOUEVO TOU OXOAIOU.

o email: TrepihapBdvel TNV NAekTpOVIKR dlEUBuvon TaxudpPOoUEioU TOU
Xpnotn.

o num_likes: gival o apIBuOS TwV XpNOTWYV OTWV OTTOIWV APECE TO
OUYKEKPIUEVO OXOAIO.

e date: gival n nuepounvia Kair wpPa Katé TNV oTToia dnuUIoUPYABNKE TO

OUYKEKPIUEVO ApBpo.
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3.1.2 ZuAAhoyn users

Autr] n ouAoyn (collection) TrepIAapBavel OAOUG TOUG XPAOTEG TTOU €XOUV KAVEI
EYYPOQr oTnVv epapuoyn pag. MNMapakdtw BAETTOUPE OTO ZXNUA 9 €va OTIYMIOTUTTO
NG POPHAG EYYPAPAG VEOU XPNOTN.

HOME ABOUT CONTACT

LOGIN SIGN UP

John

Doe

johndoe

-----

iohndoe@gmail.com| |

GET STARTED

ZxNua 3.2 ZTIYHIOTUTIO TNG OPHAG EYYPAPRS VEOU XPHOTN

To JSON document TTOU QVvTIOTOIXEI OTO &PBPO TOU TTAPATTAVW OXAMATOG
(ZxNua 3.2) €xel TN TTApaKATW HOPPA:

> db.users.find ({ id :

“firstName" :

"lastName" :

"password" :

"email" :
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_id: repidauBavel To dvopa XpHoTn TToU €TTEAECE KATA TNV £yypa@r} TOU O

XPNoTNG oTnV epappoyn (TTPETTEN va gival JOVADIKO).

o firstName: TepIAauBdavel To Gvoua Tou XprnoTn.

e lastName: TepIAapBavel To €TTIBETO TOU XPNOTN.

e password: repiAauBavel Tnv hashed €kdoon Tou cuvBnuATIKOU TOU
Xpnotn

e email: repihauBavel TNV NAekTpovIKA d1eUBuvon TaxudpouEiou Tou

Xpnaorn.

3.1.3 ZuAAoyn sessions

Autr] n ouAAoyn (collection) TreplIAauBavel Ta sessions Twv XpnoTtwyv. Otav évag
EVYEYPAMUMEVOG  XPAOTNG OUVOEETAl OTNV  €QAPMOYH  XPNOIMOTTOIWVTAG  TO
ouvenuaTikd Tou (BAETTe oxnua 10), dnuioupyeital éva cookie ToO OTToI0 Kal

ATTOONKEUETAI OTNV CUYKEKPIYEVN TUAAOYT.

HOME ABOUT CONTACT LOGIN SIGN UP

johndoe

- |
SIGN IN

Not a member? Sign up now

ZxAHa 3.3 Popua ouvdEONG VI EYYEYPAPEVOUG XPNOTN
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E@ooov tTpayuarotroindei mmITuxwg n ouvOeon Tou XproTn OTo ouoTnua, Ba

MeTaePOEi (redirect) otn oeAida uttodoxrS (welcome).

HOME ABOUT CONTACT NEW POST LOGOUT

Welcome Back, John!

IXAMA 3.4 ZTIYMIOTUTTO TNG O€Aidag uTTodoXNG

To JSON document 1Tou Ba dnuioupynBei otn sessions cuAAoyr (collection),

EXEI TN TTOPAKATW HOPYN:

> db.sessions.find({ username :

n_idu

"username" :

e id: repiIAapBdvel To cookie Tou session (gival povadIko)

e username: epIAauBavel To dvoua XPHOoTN, TOU CUVOEDEUEVOU XPAOTN
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3.2 HN\wooa NpoypaupaTtiopou Java

3.2.1 Meprypaen Tng Java

H Java cival pia avTiKEINEVOOTPAPNS YAWOOO TTPOYPANKATIOHNOU dounuéVn O€
KAGOEIG TTOU OXEDIAOTNKE ATTO TNV €TAIPEi TTANPOPOPIKNG Sun Microsystems 10
1995. 'Eva amd 1a Bacikd TTpoTEPAMATA TNG Java €ival 0,TI EQAPPOYES TTOU €ival
YPOUMEVEG O€ Java, 0 METAYAWTIOPEVOS KWOIKAG auTWV (YVWOTOG w¢ bytecode),
gival ekteAéoipog akpifwg 1o idlo og Windows, Linux, Unix kai Macintosh, xwpig
Va XPEIOoTEl KATTOIO aAAayr] OTO TTNyaio KWOIKA yia KABE SIa@OPETIKO AEITOUPYIKO
ouoTnua.

Mepikd aTTd Ta XAPOKTNPIOTIKA TNG Java TTou Tn KAVoUV va eXwpilel sivat:

e Eival atrAn, dev éxel "OUOKOAQ" XapakTnPIoTIKA OTTWG oI OEIKTES (pointers)
o1 OOpEG Kal evwoelg (structures kai unions) Tng C.

e Eival avTikeluevooTpa®nig (object oriented). XpnoiuoTrolgi TIG KAAOEIG
(classes) yia va opyavwoel Tov KWOIKA 0€ AOYIKEG EVOTNTEG.

e Eival petayAwtni{ouevn (compiled) aAAd PTTOpEi va XAPOKTNPIOTE KAl WG
dlepunveuduevn (interpreted).

e Eival ao@aAng.

e YTrooTtnpilel TroAuvnudaTtwon (multithreading). [9]

3.2.2 Neprypaen Tou Spark framework

To Spark gival éva dwpedv Kal EAeUBepou AoyIouIKOU (open source) application
framework ypauuévo oe Java. ‘Exel oxediaoTei yia va gival eUKOAN Kal ypriyopn n
onuioupyia Aietrapwyv [lNpoypauuatiopol  Eg@appoywv (APIs —  Application
Programming Interface). Eivai pia "eAagpid" BIBAI0BAKN TToU ocuvdéoupe OTNV
€Qapuoyn Mag yia va apyiooupe va oepPipouue dedouéva. Mag emITPETTEl va
opicoupe dladpouég (routes) kai va TIC aTTOOTEINOUMPE OTIC AEIroupyieg TTou Ba
QvTATTOKPIBOUV OTaV QUTEG oI B1adpouég CnTnOoUV.

‘Eva atrAé mapdadeiypa xpriong Tou Spark framework gaiveral rapakaTw:
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spark.Spark. *;

HelloWorld {

main(String[] args) {

Spark.get ( Route (
@Override

Object handle( Request request, Response response

Otav ekTeAeoTel autrp n KUpla (main) péBodog, 1o Spark Ba onkwoel évav
ecuttnpetnt) Web (Web server), Tov OTToi0 UTTOPEITE VO ETTIOKEQPTEITE AvVOiyovTag

TOV TTEPINYNTNG 10TOU (browser) oag, Kal ypd@ovTtag otn urdpa dieuBuvoewy: [10]

http://localhost:4567/hello

http:/flocalhost:4567 /hello - Chromium

[ http:/flocalhost:45 x
< C | D localhost =

Hello World From Spark

ZxAMa 3.5 Enypiétutro Spark framework
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3.2.3 Neprypae@n Tou FreeMarker framework

To FreeMarker eival pia unxavr) mpotuttou (template engine) Baociouévn o€
Java TTou utTopei va XpnoiuoTtroinBei o€ Tpoypduuarta Java.

210 FreeMarker opiCete mpdTUTTa (templates), Ta otroia €ival apxeia Kelpévou
(text files) TTou TrepIEXouv TNV €MOUPNTA £€6000 (HTML oeAideg, e-mails KATT), e
TNV e€aipean o1 TepIEXouv PeTaBANTEC ${name} kal akdOun utrooTnpPi(ouv OOUEG
EMAOYAG, €TTaVAANYWNG OTTWG €TTiONG aApPIBUNTIKEG TTPAEEIG, mMacros Kal TTOAAG
OKOMA. ZTO TTNyaio KWOIKA TNG EQAPPOYAG MaG, Java, TTOPEXOUME TIG TTPAYMUOTIKEG
TINEG VIO TIG METABANTEG TTOU Bpiokovtal ota FreeMarker apxeia kal n TeAIKN
£€€000¢ TTapayeTal BACN AUTAGS TNG EI00d0U.

MNa Tapddeiyua, €0Tw OTI €XOUNE TO TTAPAKATW FreeMarker TpoTUTTO:

<html>

</html>

Kal £0TW OTI £XOUUE TO TTAPOKATW AVTIKEIUEVO OTO Java KwdIKA Pag:

auTd Ba pag TTapdyel To TTapakdtw HTML apxeio:

<htmI>

</html>

TO OTTOIO KaI Ba ePavioTei 0TNV 1I0TOOEAIDA pag. [10]
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3.2.4 MNeprypaen Tou Maven

To Maven ([epuavoeBpdikil AEEn TTOU ONUAivEl CUCCWPEUTAG yvwong), Eival
epyaAcio diaxeipiong épywv Aoylouikou (software project management tool). Eivai
Baociouévo oTn dnuioupyia evdg povtéAou avTtikeipévou €pyou (POM - Project
Object Model), 10 otoio OdlaxelpiCetal 10 XTiolwo (build) kar TNG €¢apTnoEIg
(dependencies) evég épyou (project). [11]

AkoAouBei TTapdadelyua evog pom.xml apxeiou:

<?xml version= encoding=
<project xmlns=
xmlns:xsi=
xsi:schemaLocation=

>

<modelVersion>4 . 0 . 0</modelVersion>

<groupld>eu . thesis</groupld>
<artifactld>b1og</artifactld>

<version>1 . 0-SNAPSHOT</version>

<dependencies>

<dependency>

<groupld>org.mongodb</groupld>

<artifactld>mongo-java-driver</artifactld>
<version>3. 2 . 2</version>
</dependency>

</dependencies>

</project>

e groupld - 6a mpocdiopioel To £pyo (project) oag Ye HovadIko TPOTTO
avaueoa o€ 0Aa Ta €pya (projects) oag.

e artifactld - eivai To Gvoua TOU .jar apxeiou TNG EQAPPOYNGS, XWPIG TV
€kdoOT.

e version - agopd Tn TpEXouca £kOOON TNG EQAPHOYNG. [12]
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3.2.5 Neprypaen KAdoewVv/Apxeiwv eapyHoyng

levikd, o KwWwOIKAG TNG €QAPUOYNG aTToTeEAEiTal atmd  apyxeia Java (Ta
TEPIOCOTEPA) YIa TUAPA Tou «EAeykTth/MovTého» (Controller/Model), FreeMarker
Java Template apyeia yia 10 TuRua g «MpoBoAng» (View), rpooeyyifoviag Ta
TIPOTUTTA APXITEKTOVIKNAG Aoyiopikou MVC (Model — View — Controller).

2€ QUTH TNV evoTNTa B0 AVOAUCOUNE PE TTEPICCOTEPN AETTTOUEPEIO TOV POAO TTOU
QTTOOKOTTEI N KABE KAGon/apxeio.

O @dkeAog /scr/main/java/blog/ Trepiéxel OAeG TIG KAAOEIG (classes) ol oTToieg ival

YPOUMEVEG O0TNV YAwooa Java. AVOAUTIKOTEPQ, Ol KAAOEIG TTEPIYPAPOVTAl WG £EAG:

e BlogController.java - MNepihauBdvel Toug controllers Tng €QapPoyns Pag.
Eivalr utreBuvn yia tnv OlETTaQry ME TO XPNOTN KAl YEVIKOTEPA ME TN
AeIroupyIkOTNTA TNG  €@apuoyng. ETmiong, avabérelr tnv  otmroladntroTe
emKoIvwvia pe T MongoDB oe Tpia AvTikeipeva MNMpdéoBaong Asdouévwy
(Data Access Objects — DAOSs): BlogPostDAO, SessionDAO kai UserDAO.

e BlogPostDAO.java - Eival utreuBuvn yia 1n diaxeipion Twv dpbpwv (blog
posts), dnAadr, aveupeon dpBpou, dnuioupyia apBpou, TTPOCONKN oxOAIoU
kal “Mou apéoer” (like).

e SessionDAO.java - Eivar uteuBuvn yia Tn dlaxeipion Twv sessions
(Trepiodog  ouvdeong). KdaBe session  Trepiypd@el €va OUVOAO
aAAnAemdpdoewyv (interactions) Tou XpAoTn TTOU TTPAYUATOTTOIOUVTAI OTNV
IoToOEAIDa/e@apuoyr pag, uéoa o€ Eva dedopévo xXpovikd didotnua. Katd
TN OIdpKEId €VOG Session O  ETMIOKETTTNG €xel TN duvatotnta  va
TTPAYMATOTIOINCElI £€va OUVOAO SpacTnPIOTATWY OTTWG TTPOROAR CeAidwy,
dnuioupyia véou dpBpou, oxOAiou, TO JOPKAPIOHA VOGS ApBpou/axOAIoU WG
“‘Mou apéael” (like).

e UserDAO.java - Eivalr utretBuvn yia tn diaxeipion Twv O6ed0UEVWV TWV
xpnotwv (user data), dnAadr, aveupean TTANPOPOPIWY XPAOTH, dnuiouyia
Xpnotn.
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O @dkehog /scr/main/resources/freemarker/ tepiéxel OAa Ta FreeMarker Java
Template apyxeia 1TTou padi ye 10 styles.css, amoteAouv 10 View KOUMATI TNG
£PAPHOYNAG.

O @dkelog /scr/main/resources/ TTepIEXEl TO apxeio pubpiccwv (configuration

file) mongodb.properties, TNng MongoDB.

3.2.6 To OAokAnpwpuévo MNMepiBdaAAdov MNMpoypaupatiopou IntelliJ IDEA

To IntelliJ IDEA civar éva oAokAnpwpuévo TrepIBAAAov avatrTuéng (IDE -

Integrated development environment) yia Tn YAwooa TTpoypaupaTiopgou Java, TTou

XPNOIMOTTOINONKE YIa TRV AVATITUEN TNG EQAPUOYNS MOG.

3.3 HNwooa Mpoypappartiopou Python

H Python cival pia yAwooa tTpoypaupaTiopgol uwnAou emimrédou dIEPUNVEUTN
yAwaooag, n otroia dnuioupyRbnke atmé Tov OAAavdd Guido van Rossum 10 1990.
To KUpIo TTPOTEPNUA TNG YAWOOAG €ival N avayVWOIKNOTATA TOU KWOIKA aAAd Kal N
€UKOAia Xpriong TnG. AtToTeAei pia TTOAU KaA} YAWOoQ TTPOYPAUPATIONOU yia va
gekivioel va aoxoAeital pe Tov KAGdo. H yAwooa €xel TTapa TTOAAEG duvaTdTNTEG,
aAAG Oev atraiteital n TTARPNG KATAVONON KAl yvwon TOU CUVTOKTIKOU YId VO
MTTOPECEl KATTOIOC UNXAVIKOG va avaTTiTugel Aoyiopikd. Me Aiya Adyia n Python €xel
OPKETA MIKPR KAUTTUAN ekudbnong (learning curve) o€ ox€on ME TIG UTTOAOITEG
YAWOOEG TTPOYPAUMATIONOU uwnAouU eTTITTESOU. [16]

H yAwooa TTpoypauuaTIONoU TToU XENOIYOTTOINONKE yia TNV €KTTévnNon TG
agloAdynong atrokpiong TOU CUCTHAPATOG. TO AOYIOWIKO autd uTtooTnpilel TPEig
OIAPOPETIKOUG TPOTTOUG EKTEAEONG. APXIKA TNV EKTEAECN EVTOAWYV POVO €yYPAPNG
Tpog 10 blog, émema ekTéEAeon evioAwv avayvwong dedouévwy atmd 1o oUoTnua

Kal TEAOG aVOAOYIKO OUVOIOOHO EYYPAPWY KAl AVYVWOEWV OEOOUEVWV.
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Write-only: AnuioupyouvTal JOVO eyypaQEG OTO OUCTNUA.
Read-only: Avayvwon dedopévwy.

Read-write: AvaAoyikOGg cuvOUQOHOG TwV TTAPATTAVW.

python test.py —--help
usage: Run blog tests [-h] [--host HOST] [--data-Set-size
DATA_SET_SIZE]
[-—user USER] [--read-only] [--write-only]
[-—read-write] [—--comment]

optional arguments:
-h, --help show this help message and exit
--host HOST, -H HOST Blog url.
--data-set-size DATA_SET_SIZE, -D DATA SET_SIZE
Data setsize.
--user USER,-U USER User prefix.
--read-only, -R Read only.
-—-write-only, -W Write only.
--read-write, -A Read-Write.
--comment, -C Add comments after every new post.

3.4 Docker Compose

To docker-compose ¢ival éva epyaAeio oTo OTT0i0 OpifovTal KAl YTTOPOUV VO
EKTEAEOTOUV EQAPPOYEG TTOU ATTOTEAOUVTAI aTTd TTOAAOUG containers. Me 10
docker-compose, xpnoigotroigital  éva apxeio upoperig YAML woTte  va
dlapopPwBoUV Ta ETTIPEPOUC OTOIXEI TNG €QAPUOYAS pag. 'Etema ye pia povo
EVTOAN] UTTOPOUUE Va EeKIvape OAa Ta services TTou TTepIEXel To YAML apyeio. Ta
EMPEPOUG PEPN TOu service eival ol docker containers. EKTeAWvVTAg TNV €VTOAR
docker-compose up -d, &ekivouv OAoi o1 containers. Me Aiya Adyia 1o docker-
compose eival éva epyaAgio yia va OlaxelpiCOpaoTe €ukoAOTEPA TOug docker

containers 61Tou armmoTeAoUV pia epapuoyn | Mo uTTnpeaia. [17]

3.5 Ansible

EykatdoTtaon TnG epapuoyng pe Tnv Bondeia Tou Ansible. To Ansible gival éva
gpyoAeio avoixtou kwdika (open source), dlaxeipiong dIANOPPWONG AOYICUIKOU
(configuration management tool). Eival ypaupévo o€ python, yeyovog trou divel Tn
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duvatotnTa Vva avarTuooovTal HYE  MEYAAN €ukoAia véeg PBIBAIOBRKeG TTOU
€CUTTNPETOUV TIG avaykes pag. To 2015 ayopdoTtnke atrd Tnv RedHat. To epyaAgio
gival Baoiopévo otnv ouvtagn YAML. Agv atraitei Tnv gykardotacn deamon oTa
UTTOAOYIOTIKG OUCTAPATA Ta OTroia  €ival OTOXOG TNG EYKATAOTAONG, OTTWG
oupPaivel oe avrioToixa didonua epyaleia. H ouvdeon pe Toug hosts/servers
yivetal yéow Tou TTPWTOKOANOU SSH. lMa Tnv eykatrdoTtaon Tou Ansible Aomov,
ATTAITEITAI VA €ival EYKATEOTNPEVA OTO PNXAvNua TTou eKTEAEiTal n python kal 10
OpenSSH. [18] ‘Emeira 10 Ansible ptropei va eykataoTabei Je pia evIoAr, wg pia

python BIBAIOBAKN. AKoAouBoUV ETTECAYNOEIS TWV PBACIKWY £vvoIlwv Tou Ansible.

hosts: apxeio Tmou arroteAgital amd Toug oTtoxoug (IP/hostname) 6Awv

Twv ansible evtoAwv.

e playbook: trepi€xel TIg TTapapéTpoug diag eykatdoTtaons. Kabe playbook
avTioTolXiCel pia opdda atmd hosts o€ pia Aiota ammd poAoug.

e roles: pia opdda amd tasks OTOU TO OUVOAO TOUG TTAPEXEl Mia
oAokAnpwuévn diadikaacia, TT.X. EyKataoTacn EQapPoyng.

e tasks: €ival pia evioAn TTou KaAeital péow Twv ansible modules, otTou

kK&Be module cival pia ansible BiBAI0OAKN.

3.6 HAProxy

O HAProxy ecival AoyliopikG avoixToUu KwOIKa TToU TTPOoPEPEl €va oUOTNUA
uwnAng dlaBeoiudtnTag e€lcoppotrnong @opTou (highly available load balancer)
Kal dlakouIoTH pecgoAdpnong (proxy server) yia TCP kai HTTP e@apuoyég Tou
ETTEKTEIVETAI OE TTOANATTAOUG OIOKOMIOTES. Eival averrTtuyuévog otn yAwooo
dounuévou TTpoypaupatiogolu C kal €xel TN @ANN OTI €ival TTOAU ypriyopog Kal
atmmoTeAeopaTIkKOG. ‘Exel avarrtuyxBei To 2000 atré Tov Willy Tarreau, o otroiog £Xel
ouvelo@épel oTov Linux Kernel kai ouvexiCel va 10 KAvel EXPI onuepa. [19]

Xpnolgotroinénke woTe va dlaveiel Tov QOPTO €pyaciag Twv TTOAAGTTAWV
oOVTWTATWYV Twv Java epapuoywv. O HaProxy 61w kal OAeG 01 EQapPOYEG Kal Ol

UTTNPETIEC eKTEAEITAI pEoa O0€ docker container.
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3.7 Jetty

O Jetty civar évag Java HTTP Web server kai Java Servlet container.
XpnoldoTtroleital yia TN dlaouvoeon METAEU UTTOANIOTIKWY CUOTNUATWY, Kal
ouvnlwg BpiokeTal evowpatwuévo o AAAa, peyaAutepa software frameworks,

OTTWG TO Spark.

3.8 MeBodoAoyia eykaTtdoTaonNg EQAPUOYAS

Texvoloyieg TTOU YpnolgotToINdnkav yia Tnv eykardotacn Ttou MongoDB
Cluster, Tou Java Application kal Twv TEOTG:

- Docker
- Docker-compose
- Ansible
- Python

H epapuoyn ammoreAeital amd yia Java web epapuoyr) n otroia xpnoIUoTToIEl WG
Baon dedopévwy TNV MongoDB. H Java spappoyr €ival avemtuyuévn oUugwva
e TO build epyaAcio Apache Maven. OAeg oI €QAPUOYEG KOl Ol TEXVOAOYIES

TTakeTapovrtal oe docker images.

3.8.1 Java epappoyn

H Java e@apuoyni taketaperal péoca oe éva docker image, Tou OTToioU TO

Dockerfile akotrAouBsi:

FROM jetty:jre8

COPY apache-maven -bin.tar.gz /opt/apache-maven -bin.tar.gz

RUN cd /opt && tar —-xvf apache-maven -bin.tar.gz && 1n -s

apache-maven /bin/mvn mvn && chmod mvn && mkdir mongo-project
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RUN apt-get -y update && apt-get -y install software-properties-
common

RUN apt-get -y install python-software-properties

RUN mkdir /opt/jdk && cd /opt && \
wget —--header
http://download.oracle.com/otn-pub/java/jdk/8ul51-
bl2/e758a0de34e24606bca991d704f6dcbf/jdk-8ul51l-1inux-x64.tar.gz
tar -zxf jdk-8ul5l-linux-x64.tar.gz -C /opt/jdk && \
update-alternatives --install /usr/bin/java java
/opt/jdk/jdk1.8.0 151/bin/java && \
update-alternatives --install /usr/bin/javac javac

/opt/jdk/jdk1.8.0 151/bin/javac
WORKDIR /opt/mongo-project
COPY mongo-project /opt/mongo-project

ENV JAVA HOME=

EXPOSE

CMD /opt/mvn compile exec:java -Dexec.mainClass=blog.BlogController

-Dexec.args= && tail -f /opt/mongo-project/pom.xml

https://github.com/chaldeos/thesis/blob/develop/ansible-

deployer/roles/blog/templates/Dockerfile.j2

To docker image TnG epapuoynig Eekivael atro 1o Baciké docker image
“jetty:jre8 €xel ndn eykateoTnuévo To Jetty. AKOun TTEPIEXEI TA EENG:

- apache-maven-3.3.3

- jdk1.8.0_151

- java KwoIKag
To xriowo Tou docker image yivetar péow Tou Ansible playbook thesis.yml,
EKTEAWVTAG TOV pOAO blog:
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ansible-playbook thesis.yml -i hosts -t build -v

AkoAoubBei To onueio Tou playbook TTOU €KTEAEi TOV pOAO TOU blog pe Tnv

TTapapeTpo action="build”. To onueio autd evepyoTroigital Ye 1o tag="build”.

- hosts: blog
sudo:
roles:
{ role:
tags:
build

EmAéyovtag Tn puBuion tag=blog-cluster, TTpaAyUATOTIOIEITAI N EYKATAOTACN TNG
epapuoyng oe cluster. Mo ouykekpiyéva ektehouvTal duo docker containers Tng
eQapyoyng tmou Bpiokovral TTiow ammo évav HAProxy. O HAProxy €ival utrelbuvog

yIQ TNV KATAVOMR Tou pOpTOU.

ansible-playbook thesis.yml -i hosts -t blog-cluster -v

3.8.2 MongoDB Cluster

AkoAouBei To docker image Tng MongoDB Trou XpnoigoTtroiénke wg base

docker image yia 6Aa Ta kouudria Tou MongoDB Cluster.

https://raw.qgithubusercontent.com/docker-
library/mongo/753d566a83a4e9734227f186e554c87b4f08be51/3.2/Dockerfile

Ta oTroia sivai:

- Mongos
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- Mongo Config Server

- Mongo Shard Server

3.8.2.1 Mongos

Na Ttnv eykardotaon Tou Mongos docker-container XpnoILOTTOINONKE TO
Tapakdtw docker-compose apxeio. XTOo  OTToi0  TTOPATIBEVTAlI T €ENG

XAPOKTNPIOTIKA TNG £yKATAOTAONG:

mongos:

image: mongo:

container_name: mongos

hostname: mongos
net: thesis
expose:

ports:

volumes:

command: bash -c
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Mivakag 3.1 Mepiypagry Tou mongos docker-compose

‘Ovopa docker image mongo:3.2
Ovopa docker container mongos
Ovopa docker dikToou TUTTOU bridge thesis
NMépta mongoDB docker image 27000

Docker volume kei1diou

/home/thesis/mongo-config/keyfile

Docker volume apxegiou TrTapapéTpwyV

/home/thesis/mongo-

config/mongos.conf

EvroARn gkkivnong Tou container

bash —c “mongos —config

/etc/mongos/mongos.conf”

3.8.2.2 Mongo Config Server

AkohouBei 1O docker-compose apxeio TTOU  XPENOIYOTTOINONKE yia TNV

eykardotaon Twv Mongo Configs Servers oe docker-containers. 10 OTT0iO

TTapaTiBevTal TA £EMG XAPAKTNPIOTIKA TNG EYKATAOTAONG:

mongo-config-1:

image: mongo:

container_name: mongo-config
hostname: mongo-config

net: thesis

eXpose:

ports:

volumes:
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#- "/var/run/docker.sock:/var/run/docker.sock"

command: bash -c

Mivakag 3.2 Mepiypagr Tou mongo config server docker-compose

‘Ovopa docker image mongo:3.2
Ovopa docker container mongo-config-{1..3}
‘Ovopa docker dikToou TUTTOU bridge thesis
NMépra mongoDB docker image 29001
Docker volume ke1d100 /home/thesis/mongo-config/keyfile
Docker volume apyxegiou TrapapéTpwyV /home/thesis/mongo-
config/mongod.conf
EvroAn ekkivhong Tou container bash -c "mongod --config
/etc/mongod/mongod.conf”

3.8.2.3 Mongo Shard Server

TéNog 1o docker-compose apxeio TTou XPNOIYOTTOINONKE YIa TNV €yKATAOTAON

Twv Mongo Shard Servers o€ docker-containers. To oTroio €ival To €€AG:

mongo-shard-1:

image: mongo:
container_name: mongo-shard
hostname: mongo-shard

net: thesis

eXpose:

ports:

volumes:
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command: bash -c

Mivakag 3.3 Mepiypagnr Tou mongo shard server docker-compose

Ovopa docker image

mongo:3.2

Ovopua docker container

mongo-shard-{1..3}

‘Ovopa docker dikToou TUTTOU bridge

thesis

MépTta mongoDB docker image

28001

Docker volume kei1diou

/home/thesis/mongo-config/keyfile

Docker volume apyxegiou TrapapéTpwy

/home/thesis/mongo-config/mongod-
shard.conf

EvroAn ekkivnong Tou container

bash -c "mongod --config
/etc/mongod/mongod-shard.conf" --

replSet rs1"

AkoAouBouUv o1 evTOAEG yia TRV apyikoTroinon Tou MongoDB Cluster.

docker exec -ti mongo-shard

docker exec -ti mongo-shard

docker exec -ti mongo-config

docker exec -ti mongos mongo --eval

mongo ——-port
mongo ——-port

mongo —-—-port

docker exec -t mongo-shard

mongo —-—-port

AkoAouBoUv ol evioAég yia Tnv apyxlikotroinon tou MongoDB Cluster pe Tpeis

Sharding Servers. O docker container ‘mongo-shard-1’ eivar o Primary Shard

Server, evw o1 containers mongo-shard-2 kai mongo-shard-3, armroteAouv Ta

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog

68



AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

Secondary. Akoun agiCel va onueiwBei Twg o Primary Shard Server dnAwvetal

oTov server Tou Mongos, evw ol Secondary servers dnAwvovTtal otov Primary.

docker i mongo-shard-1 mongo
docker i mongo-shard-1 mongo

docker i mongo-shard-Z2 mongo

docker ex i mongo-shard-3 mongo

docker exec i mongo-config-1 mongo --port
docker exec 1 mongos mongo —-eval

docker exec i mongo-shard-1 mongo --port

docker i mongo-shard-1 mongo --port

‘Emmemra amd Tnv eykardotacn Tou MongoDB Cluster, n kardotacn TouU
OUCTAMATOG TTEPIYPAPETAl OTTO TO ATTOTEAEOMA TnG €VIOANG ‘rs.status()’ o€

oTrolovonTroTe a1rd Toug Shard Servers.

MongoDB shell version:
connecting to:

[
1

4
ISODate (
: 4

NumberLong (1),

14

NumberLong (

Timestamp (

NumberLong (1)

ISODate (
ISODate (
ISODate (

NumberLong (0) ,
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Timestamp (
ISODate (

Timestamp (
NumberLong (1)

ISODate (
ISODate (
ISODate (

NumberLong (0) ,

Timestamp (

NumberLong (1)

ISODate (

3.8.3 Eykardaotaon HAProxy

To Dockerfile TTou trepiydgel To cuoTnua apxeiwv Tou HAProxy €ival 1o €¢AG:

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
70



AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

FROM haproxy:

ADD haproxy.cfg /usr/local/etc/haproxy/haproxy.cfg

Apxeio pe TIG TTapapETpous Tou HAProxy, To OTT0io KAVEl £5l00ppdTTNON POPTOU

(load bancing) Tutrou Round Robin, avaueoa otoug duo containers Tou blog, oTIg

TopTEG 8090 Kai 8091.

user root
group root
daemon

log local0 debug

defaults
log global
mode http
option httplog
option dontlognull
retries
option redispatch
option http-server-close
option forwardfor
timeout connect 5s
timeout client min

timeout server min

frontend public
bind *:
acl url blog path beg /blog
use backend web-backend if url blog
default backend web-backend

backend web-backend
balance roundrobin
mode http

server blogl localhost:
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server blog2 localhost:

Xtiogo Tou docker image.

docker build -t myhaproxy

H gykatdoTaon Tou HAProxy TTpayuaToTTOIEITAl JE TNV TTAPAKATW EVTOAN:

docker run -ti -d -p

—-—-name haproxy myhaproxy

TéNOG, akoAouBei TO OXAPA TNG APXITEKTOVIKAG TOU OCUCTHPATOG TO OTTOIO
TTEPIEXEI OAEC TIC TTAPATTAVW TEXVOAOYIEG. AKOUN OUVOWICEl OAEG TIG ETTIKOIVWVIES
METAEU TWV KOPPWV TOU CUCTAPOTOG, TOU OTTOIOU Ta KUPIA OTOIXEIO TOU €ival TO
Blog Cluster ka1 To MongoDB Cluster.

Internet »  HAProwy

Config Server 1

Shard Server 1

Primary
/\ Config Server 2
Shard Senvar 2 Shard Senvar 3
Secaondary Secaondary
Config Server 3

ZxAHa 3.6 APXITEKTOVIKI) CUCTANATOG
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KE®AAAIO 4

4. AZIONOIMHzZH AMNOAOZzH ZYZTHMATOZ

2170 Ke@AAAIO aAuTO yiveTal n agloAdynon Tou OucTAPATOS pag. lMa Tnv
agloAdynon TOU CUCTAPATOG €KTEAEOTNKAV TPIWV OIAPOPETIKWY €10WV PEBSDOI
EYKATAOTAOEIG Kal DlaXEipIoNG TwV OEQOUEVWYV O€ TPEIG DIAPOPETIKEG AVAYKES TNG
epapuoyns. O1 péBodol apopouv Kupiwg TNV opydvwon Twv OedOPEVWV TTOU
amolnkevovtalr otnv. MongoDB. Apxikd@ n afloAdynon Tou OUCTAHUATOG
EKTEAEOTNKE ME TIG OpPXIKEG pubpioelig evog MongoDB Sharded Cluster (xwpig
katrolo sharded collection). O1 eTTéueveg duo péBodol apopouv Ta hashed keys kai
Ta ranged-based keys. Na kdBe uéBOdO ekTeEAéOTNKAV EEXWPIOTEG AEIOAOYAOEIG
OUCTAMATOG ME eYYPOQPEG OedOPEVWY, avayvwoelg OedONEVWY KOBWGS Kal HE
QAVOAOYIKO OUVOIOOUO TwV TTPoava@ePBEVTWY. AKOUN, OuvOIOOUOS TWV PEBODBWYV
Kal TwV evepyeiwv TTAvw oTa Oedopéva eKTEAEOTNKAV HE OIOPOPETIKO apIOuo
xpnotwv (1000, 5000, 10000).

4.1 Sharded Cluster pe apxikég pubpioceig

2€ auToO TO oevaplo, dev €xoupe kKauia sharded cuAAoyn (collection). EE opiopou,
n MongoDB Ba totro0etriogl OAeg TIG pun-sharded cuAAoyég (collections), oTo

Primary shard.

Mivakag 4.1 AtmroteAéopata Eyypaenc Acdopévwy (xwpig katolo sharded collection)

Eyypaon Asdopévwv

Api1Buo6g
EvtoAn ] Aidpkeia
XPNOTWV
python test.py --user dfirstw --data-set-size
_ . 10000 0:00:25.782076
400 --prefix a b ¢ d --write-only --parallel 5
python test.py --user dtwow --data-set-size
_ _ 50000 0:02:54.944338
2000 --prefix a b ¢ d --write-only --parallel 5
python test.py --user dfivew --data-set-size
_ _ 125000 0:12:03.552131
5000 --prefix a b ¢ d --write-only --parallel 5
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Mivakag 4.2 AtroteAéopata Avayvwong Asdopévwy (xwpig katrolo sharded collection)

Avayvwon Agdopévwv

Api1Bud
EvToAn PEH 'g Alapkeia
XpPNoTWV
python test.py --user dfirstr --data-set-size
_ 10000 0:00:21.862046
400 --prefix a b ¢ d --read-only --parallel 5
python test.py --user dtwor --data-set-size
_ 50000 0:03:50.402784
2000 --prefix a b ¢ d --read-only --parallel 5
python test.py --user dfiver --data-set-size
_ 125000 0:19:00.162130
5000 --prefix a b ¢ d --read-only --parallel 5

Mivakag 4.3 AtmoteAéopata Avayvwong kal Eyypaeric Aedouévwy (Xwpig KATToIo

sharded collection)

Avayvwon kKal Eyypa@ni Aedopévwyv

Api1Bud
EvroAn K 'g Aidpkela
XpPNoTWV
python test.py --user dfirst --data-set-size
, . 10000 0:00:36.036881
400 --prefix q r s t --read-write --parallel 5
python test.py --user dtwo --data-set-size
_ . 50000 0:04:40.132227
2000 --prefix g r s t --read-write --parallel 5
python test.py --user dfive --data-set-size
_ . 125000 0:21:25.374162
5000 --prefix q r s t --read-write --parallel 5

4.2 Sharded Cluster pye hashed key 1o _id

2€ autd TO OEvApIo, EXOUMPE Xpnoluotroinoel Tn uéBodo hashed sharding oTn
ouAAoyn (collection) posts. Xpnoiyotroioape wg index 1o edio _id. MNapakdtw

TTOPOUCIACOUME TTWG YiveTal n dnuioupyia Tou hashed index _id, kal TTwg k&voupue
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shard Tn posts ouAloyr (collection) xpnoiyoTtroiwvTag 1o KAEIRI autd. Evidg Tou

mongo shell ekteAoupe:

Na va dnuioupyriooupe 1o index:

use blog

db.posts.createIndex( { id:

use admin

db.runCommand ( { enableSharding:

lNa va k&dvoupue shard Tn cuAAoyr posts:

db.runCommand( { shardCollection:

unique: o)

Mivakag 4.4 AtroteAéopata Eyypaeric Acdopuévwy (e Hashed Key “ id”)

Eyypaon Asdopévwv
Api1Bud
EvrtoAn K 'g Aidpkela
XpPNoTWV
python test.py --user hfirstw --data-set-size
, . 10000 0:00:25.989883
400 --prefix a b ¢ d --write-only --parallel 5
python test.py --user htwow --data-set-size
_ . 50000 0:02:56.739184
2000 --prefix a b ¢ d --write-only --parallel 5
python test.py --user hfivew --data-set-size
. . 125000 0:12:32.910953
5000 --prefix q r s t --write-only --parallel 5
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Mivakag 4.5 AtroteAéopata Avayvwong Aedopévwy (ue Hashed Key “_id”)

Avayvwon Agdopévwv

Api1Bud
EvToAn PEH 'g Alapkeia
XpPNoTWV
python test.py --user hfirstr --data-set-size
_ 10000 0:00:23.714787
400 --prefix a b ¢ d --read-only --parallel 5
python test.py --user htwor --data-set-size
_ 500000 0:03:54.943827
2000 --prefix a b ¢ d --read-only --parallel 5
python test.py --user hfiver --data-set-size
_ 125000 0:19:39.380095
5000 --prefix a b ¢ d --read-only --parallel 5

Mivakag 4.6 AtmoteAéopata Avayvwong kal Eyypaerg Asdopévwy (Pe Hashed Key
“_id”)

Avayvwon kKai Eyypa@ni Aedopévwyv

Ap1Oué
EvroAn 'g Aldpkeia
XPNoTWV
python test.py --user hfirst --data-set-size
, . 10000 0:00:38.09273
400 --prefix q r s t --read-write --parallel 5
python test.py --user htwo --data-set-size
, . 50000 0:04:50.249525
2000 --prefix g r s t --read-write --parallel 5
python test.py --user hfive --data-set-size
. . 125000 0:21:40.494806
5000 --prefix q r s t --read-write --parallel 5

4.3 Sharded Cluster pye hashed key 1o permalink

2€ autd TO Oevaplo, €EXOUE xpnolyotroinoel Tn péBodo hashed sharding oTn
ouMoyn (collection) posts. Xpnoigotromnoaue wg index 10 TEdio permalink.

MapakdTw TTapoucialoupe TTwG yivetal n dnuioupyia Tou hashed index permalink,
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Kal TTwg KAvoupe shard tn posts ouAAoyr (collection) xpnoipgoTToOIVTAG TO KAEIDI
auTd. Evrog Tou mongo shell ekteAoUpe:

Na va dnuioupyriooupe 1o index:

use blog

db.posts.createIndex( { permalink:

use admin

db.runCommand ( { enableSharding:

lNa va k&dvoupue shard Tn cuAAoyr posts:

db.runCommand( { shardCollection:

unique: }o)

Mivakag 4.7 AtroteAéopata Eyypaeric Acdouévwy (ue Hashed Key “permalink™)

Eyypaon Asdopévwv
Api1Bud
EvrtoAn K 'g Aidpkela
XPNoTWV
python test.py --user hpfirstw --data-set-size
_ . 10000 0:00:22.777297
400 --prefix a b ¢ d --write-only --parallel 5
python test.py --user hptwow --data-set-size
_ . 50000 0:01:33.108094
2000 --prefix a b ¢ d --write-only --parallel 5
python test.py --user hpfivew --data-set-size
_ . 125000 0:03:40.300763
5000 --prefix a b ¢ d --write-only --parallel 5
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Mivakag 4.8 AtroteAéopata Avayvwong Aedopévwy (ue Hashed Key “permalink”)

Avayvwon Agdopévwv

Api1Bud
EvToAn PEH 'g Alapkeia
XpPNoTWV
python test.py --user hpfirstr --data-set-size
_ 10000 0:00:14.736524
400 --prefix a b ¢ d --read-only --parallel 5
python test.py --user hptwor --data-set-size
] 50000 0:01:11.426773
2000 --prefix a b ¢ d --read-only --parallel 5
python test.py --user hpfiver --data-set-size
_ 125000 0:02:49.325215
5000 --prefix a b ¢ d --read-only --parallel 5

Mivakag 4.9 AtmoteAéopata Avayvwong kal Eyypaeng Asdopévwy (Pe Hashed Key

“‘permalink”)

Avayvwon kKai Eyypa@ni Aedopévwyv

Ap1Oué
EvroAn 'g Aldpkeia
XPNoTWV
python test.py --user hpfirst --data-set-size
, . 10000 0:00:30.397645
400 --prefix a b ¢ d --read-write --parallel 5
python test.py --user hptwo --data-set-size
, . 50000 0:02:04.868303
2000 --prefix a b ¢ d --read-write --parallel 5
python test.py --user hpfive --data-set-size
. . 125000 0:04:58.232668
5000 --prefix a b ¢ d --read-write --parallel 5

4.4 Sharded Cluster pye ranged-based key compound key (author, permalink)

2€ autd TO OEvApIo, £XOUNE Xpnoiyotroinoel Tn péBodo ranged-based sharding
oTtn ouAloyn (collection) posts. Xpnoiyotroioape wg index 1o 1edio permalink.

Mapakdtw TTapoucidfouue TTWG yiveTal N dnuioupyia Tou index permalink, Kal TTwg
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Kavoupue shard Tn posts ouAAoyr (collection) xpnoigoTroWVTAG TO KAEIDI auTo.

Ev1og Tou mongo shell ekteAoUpe:

Na va dnuioupyriooupe 1o index:

use admin

db.runCommand ( { enableSharding:

lNa va k&dvoupue shard Tn cuAAoyr posts:

db.runCommand( { shardCollection: cey: { permalink:

Mivakag 4.10 AmroteAéouata Eyypaeric Asdouévwy (e Ranged-based key “author”,

“permalink”)
Eyypaon Asdopévwv
Api1Bud
EvroAn K ’g Aidpkela
XPNoTWV
python test.py --user rpfirstw --data-set-size
. . 10000 0:00:22.689622
400 --prefix a b ¢ d --write-only --parallel 5
python test.py --user rptwow --data-set-size
_ . 50000 0:01:31.659743
2000 --prefix a b ¢ d --write-only --parallel 5
python test.py --user rpfivew --data-set-size
_ . 125000 0:03:36.301598
5000 --prefix a b ¢ d --write-only --parallel 5
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Mivakag 4.11 AtroteAéopata Avayvwong Aedopévwy (Me Ranged-based key “author”,

“‘permalink”)

Avayvwon Agdopévwv

Ap1Oué
EvToAn PEH 'g Alapkeia
XpPNoTWV
thon test.py --user rpfirstr --data-set-size
by _ by P 10000 0:00:14.648495
400 --prefix a b ¢ d --read-only --parallel 5
thon test.py --user rptwor --data-set-size
by -py P 50000 0:01:12.054163
2000 --prefix a b ¢ d --read-only --parallel 5
python test.py --user rpfiver --data-set-size
_ 125000 0:02:59.922003
5000 --prefix a b ¢ d --read-only --parallel 5

Mivakag 4.12 AtroteAéopata Avayvwong kal Eyypaonig Asdouévwy (Je Ranged-based

L]

key “author”, “permalink™)

Avayvwon kai Eyypa@ni Aedopévwyv

Ap1Ouo
EvrtoAn 'g Aidpkela
XpPNoTWV
thon test.py --user rpfirst --data-set-size
by ' by P . 10000 0:00:30.235428
400 --prefix a b ¢ d --read-write --parallel 5
thon test.py --user rptwo --data-set-size
by .py P . 50000 0:02:06.759618
2000 --prefix a b ¢ d --read-write --parallel 5
python test.py --user rpfive --data-set-size
_ . 125000 0:05:04.555127
5000 --prefix a b ¢ d --read-write --parallel 5

4.5 Sharded Cluster pye ranged-based compound key (permalink, author)

2€ autd TO Oevaplo, £Xoupe xpnoiyotroioel Tn uéBodo ranged-based sharding
otn ouAlloyn (collection) posts. Xpnoiyotroimoape wg index éva ouvdiaouo
KAEIdIwv (compound key), xpnoigotroiwvrtag ta Tredia permalink kair author.

Mapakdtw TTapoucIAloupe TTwG YiveTal n dnuioupyia Tou ouvOUAOHUOU KAEIDIWY,
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Kal TTwg KAvoupe shard tn posts ouAAoyr (collection) xpnoipgoTToOIVTAG TO KAEIDI

auTd. Evrog Tou mongo shell ekteAoUpe:

Na va dnuioupyriooupe 1o index:

use admin

db.runCommand ( { enableSharding:

lNa va k&dvoupue shard Tn cuAAoyr posts:

db.runCommand( { shardCollection: cey: { permalink: 1, author:

} ot )

Mivakag 4.13 AmroteAéopata Eyypagnc Acdouévwy (ue Ranged-based key

LI T]

“permalink”, “author”)

Eyypaon Asdopévwv
Api1Bud
EvrtoAn K ’g Aidgpkeia
XPNoTWV
python test.py --user crfirstw --data-set-size
_ . 10000 0:00:22.096260
400 --prefix a b ¢ d --write-only --parallel 5
python test.py --user crtwow --data-set-size
_ . 50000 0:01:32.409863
2000 --prefix a b ¢ d --write-only --parallel 5
python test.py --user crfivew --data-set-size
_ . 125000 0:03:35.206866
5000 --prefix a b ¢ d --write-only --parallel 5
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Mivakag 4.14 AtroteAéopata Avayvwong Asdopévwy (Me Ranged-based key

“‘permalink”, “author”)

Avayvwon Agdopévwv

Api1Bud
EvToAn PEH 'g Alapkeia
XpPNoTWV
python test.py --user crfirstr --data-set-size
_ 10000 0:00:14.988335
400 --prefix a b ¢ d --read-only --parallel 5
python test.py --user crtwor --data-set-size
_ 50000 0:01:12.383745
2000 --prefix a b ¢ d --read-only --parallel 5
python test.py --user crfiver --data-set-size
_ 125000 0:02:58.113081
5000 --prefix a b ¢ d --read-only --parallel 5

Mivakag 4.15 AtroteAéopata Avayvwong kal Eyypaenig Asdouévwy (Je Ranged-based

key “permalink”, “author”)

Avayvwon kai Eyypa@ni Aedopévwyv

Ap1Ouo
EvrtoAn 'g Aidpkela
XpPNoTWV
python test.py --user crfirst --data-set-size
' . 10000 0:00:31.403356
400 --prefix a b ¢ d --read-write
python test.py --user crtwo --data-set-size
_ . 50000 0:02:06.618233
2000 --prefix a b ¢ d --read-write
python test.py --user crfive --data-set-size
_ . 125000 0:05:03.712846
5000 --prefix a b ¢ d --read-write --parallel 5

210V TTapakaTtw Trivaka (Mivakag 4.16), yivetal oUYKPION TwWV HETPAOEWV TTOU
TIPAME, YE TN KABe pEBodo sharding. Meplhaupaveral n dIGPKEIQ EKTEAEONG TWV

tests yia 125,000 XprioTeg QTTOKAEIOTIKA.
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Eidog Sharding

Mivakag 4.16 >UyKpION ATTOTEAEOPATWY

Aiapkeia

Eypaeng
Aedopévwv

Aidpkeia
Avayvwong
Aedopévwv

Aidgpkeia
Avayvwong

kai Eypaeng

Sharded Cluster pe
QPXIKEG pUBUITEIG

0:12:03.552131

0:19:00.162130

Aedopévwv

0:21:25.374162

Sharded Cluster ue
hashed key To _id

0:12:32.910953

0:19:39.380095

0:21:40.494806

Sharded Cluster ue
hashed key 10
permalink

0:03:40.300763

0:02:49.325215

0:04:58.232668

Sharded Cluster ue
ranged-based key
(permalink)

0:03:36.301598

0:02:59.922003

0:05:04.555127

Sharded Cluster ue
ranged-based key
compound key
(permalink, author)

0:03:35.206866

0:02:58.113081

0:05:03.712846
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KE®AAAIO 5

21NV TTapouca evoTNTa TTAPOUCIACOUME TA CUMTTEPACUATA TNG TITUXIAOKAG Kal
TTAPAAANAQ, yiveTal Yo ouvown TWV PJEAAOVTIKWY ETTEKTACEWY TTOU ETTIBUPOUUE VA

TTPAYUOTOTTOINBOUV.

5. ENMIAOIroz

5.1 Zdvown Kal CUPTTEPAC AT

2TOXOG TNG OUYKEKPIMEVNG  TITUXIOKAG NATAV  va  OnNUIOUPYOOUPE  €va
KATAVEPNUEVO oUOTNUA, TO OTTOIO KAl KATAQEPAME WE TN PonBeia TG TexVoAoyiag
sharding Tng MongoDB. Me 1n BonBeia Ttou [ivaka 4.16, JTTOPOUHE VO
OuYKpivoupe TIG dIdpopes oTpaTnyIkéG sharding kal Ta didgopa shard KAEIOIG TTOU
XPNOIUOTTOINOANE Kal va €TTIAEEOUNE TTOIO €ival TO TMIO OwOTO yia TN OIKA HOG
epappoyn.

O1rwg TapaTnpoupe, ol dUO TTPWTES YPAMMES £XOUV TOUG TTIO HEYAAOUG XPOVOUG.
TN TTPWTN YPAUMN, €xoupe TIG TIWES via Sharded Cluster pe apxikéG puBuioeig,
oTto otrolo dev €xel yivel shard kdmolia ouAhoyry (collection), ommdrte OAeg ol
ouMoyég (collections) TNG e@apuoyng Mog Ba ToTToBeTNBOUV OTO TTPWTEUWV
(primary) shard. ‘ETo1, 6Aeg o1 aiItAoelg, Ba TTnyaivouv Jovo o€ éva pnxdvnua. Z1n
OeuTepPN TTEPITTTWON, £Xoupe Kavel shard T ouAloyny posts, pe 1o hashed shard
KA€Idi _id. Ta dedopéva pag o€ auTh Tn TeEPITTTwon 8¢ PBpiokovtal yévo oTo
TpwTeUWV shard, aAAd kal ota deutepevovTa (secondary). AAAG, atrd Tn OTIYHN
TTou Kapia ammd TIc aiioelg (queries) pag &g cuptreplAaupavel To KAeIdi _id, n
MongoDB avaykdaletal va oTeilel TIC aimjoelig o€ OAa Ta shards (broadcast), 10
OTT0i0, OTN TTPOKEINEVN TTEPITITWOT, €ival TTIO XPOVOROPO O OXEON WE TN TTPWTN
TTEPITITWON, TTou dgv €gixaue Kauia sharded ouAAoyny, kalr 6Aa Ta dedopéva nTav
OTO TTPWTEUWYV shard.

A6 TNV GAAn, BAETTOUNE OTIC YPAUMEG Tpia, TEOOEPQ Kal TTEVTE, OTI O XPOVOG
EKTEAEONG pelwveTal aloBntd. O Adyog eivar OTI Kal OTIG TPEIC TTEPITITWOEIS
xpnoigoTroigital wg shard kA€idi (eite eival pépog Tou shard kAeidiou) To permalink,

TTOU XPNOIKOTTOIEITAI OTIG TTEPICCOTEPES AITAHOEIS UAG.
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ATIO Tn OTIyU} TTOU Ol YPANWPEG TECOEPA Kal TTEVTE XPNOIMOTTIOIOUV TNV TEXVIKA
ranged-based sharding, éxouv TTapouola atroTeAéouara, dIOTI yia TV avdyvwon
EVOG ApBpou, XPNOIYOoTTOIoUNE JOVO To permalink.

Ta Mo onuavTikG atmoTeAéopaTa, E€ivalr autd TnG ypauung Ttpia. OTTwg
TTaPATNPOUME O XPOVOG avdayvwong eival aioBntd 1mo PIKPOG atmod KABe AAAN
MEBODO/OUVIIAO PO KAEIDIWY Kal TTAPAAANAG O XpOVOG eyypa®ng, Aiyo TTIO apyog
o€ oxéon Pe Tn TeXVIKA ranged-based sharding.

Ao Tn oTiyurR, TTou o€ éva blog, O Ouxvd yivovTal avayvwoelig Trapd
eYYpa@ég, 1o hashed shard kAeidi permalink, €ival To 1IBAVIKOTEPO yia Tn OIK HOG

TTEPITITWON.

5.2 MeAAOVTIKEG ETTEKTAOEIG

Tn oTiyyl TTou UAOTTOINONKE N OUYKEKPIYEVN TITUXIOKN €pyacia, TTapadidoupe
MIa uAoTToinon evog web blog, To otroio utrooTnPICEl OPICOVTIA ETTEKTACUOTNTA KAl
givar étolyo va eykaraoTadei kal va xpnolyotroinBei dueca. Ooov agopd TIG
MEANOVTIKEG eTTeEKTAOEIG, Ba BéAape va yivel pia avaBewpnon tou front-end TOU
web blog kai va gupabuvoupe oTIG PEBOBOUC aoPaAEiag Tou CUCTANOTOG. TENOG
Ba BéAape va xpnolgoTroifoouue TeEXVOAoyieg yia dlaxeipion containers OTTwg
Kubernetes, yia va e¢ac@aAlicoupe TNV opaAr AsiIToupyia Kal ETTEKTACINOTATA TOU

OUOTAMNATOG O€ TTEPITITWOEIS UWPNAOU QPOPTOU.
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KE®AAAIO 6

21NV TTapouca evoTnta TrepIAauBdavovtal Aol ol TThyaiol KWOIKES Kal Ta scripts

TOU OUCTANOTOG.

6. MAPAPTHMA KQAIKA

6.1 Java E@pappoyn
6.1.1 Java kAdoeig

BlogController.java

ava.io.IOException;

ava.io.StringWriter;
ava.lio.Writer;
util.

java. ArraylList;

java.util.HashMap;

java.util.List;

java.util.Map;
javax.servlet.http.Cookie;
com.mongodb.MongoClient;
com.mongodb.MongoClientURTI;
com.mongodb.client.MongoDatabase;
freemarker.

template.Configuration;

freemarker.
freemarker.
freemarker.
org.apache.
org.apache.
org.apache.

org

template.
template.
template.
commons .
commons .

commons

.bson.Document;

spark.Request;

©

©

SimpleHash;
Template;

TemplateException;

onfiguration.ConfigurationException;

onfiguration.PropertiesConfiguration;

.lang3.StringEscapeUtils;
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spark.Response;

spark.Route;

spark.Spark.get;
spark.Spark.post;

spark.Spark.setPort;

[
* This class encapsulates the controllers for the blog web application. It delegates all interaction
with MongoDB
* to three Data Access Objects (DAOS).
*<p/>
* It is also the entry point into the web application.
*/
BlogController {
Configuration cfg;
BlogPostDAO blogPostDAO;
UserDAO userDAO;

SessionDAO sessionDAO;

main(String[] args) IOEXxception {

PropertiesConfiguration config =

PropertiesConfiguration (

String bindIp = config.getString(
String port = config.getString ( ) ¢
(args.length == 0) {

BlogController ( + bindIp + + port);

BlogController (args[0]) ;
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(ConfigurationException cex) {

BlogController(String mongoURIString) IOException {
MongoClient mongoClient = MongoClient (
MongoClientURI (mongoURIString)) ;
MongoDatabase blogDatabase =

mongoClient.getDatabase ( )i

blogPostDAO = BlogPostDAO (blogbhatabase) ;
userDAO = UserDAO (blogbhatabase) ;

sessionDAO = SessionDAO (blogDatabase) ;

cfg = createFreemarkerConfiguration () ;
setPort ( ) g

initializeRoutes () ;

FreemarkerBasedRoute Route {

Template template;

/**
* Constructor

*

* @param path The route path which is used for matching. (e.g. /hello, users/:name)
*/
FreemarkerBasedRoute( String path, String templateName)
IOException {
(path) ;

template = cfg.getTemplate (templateName) ;

@Override
Object handle(Request request, Response response) {
StringWriter writer = StringWriter () ;

{
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doHandle (request, response, writer);
(Exception e) {
e.printStackTrace () ;

response.redirect (

writer;

doHandle(
Request request, Response response, Writer writer)

IOEXxception, TemplateException;

initializeRoutes() IOException {
/[ this is the blog home page
get ( FreemarkerBasedRoute (/,
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
String username =

sessionDAO. findUserNameBySessionId (getSessionCookie (request)) ;

List<Document> posts =
blogPostDAO. findByDateDescending (10) ;

SimpleHash root = SimpleHash () ;

root.put ( , posts);
root.put ( r 2)
(username !'= && !username.isEmpty()) {

root.put ( , username) ;

template.process (root, writer);
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/I used to display blog posts
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
pagenum = Integer.parselnt (
(request .params ( Y));
String username =

sessionDAO.findUserNameBySessionId (getSessionCookie (request)) ;

(pagenum > 0) {

SimpleHash root = SimpleHash () ;

(pagenum == 1) {
response.redirect (/) ;

{

List<Document> posts =

blogPostDAO. findByDateDescendingIndex ( (pagenum *
—Ly ) ¢

root.put ( , posts);

root.put ( , pagenum + 1);

root.put ( , pagenum - 1);

(username !'= && !username.isEmpty()) {
root.put ( , username) ;

}

template.process (root, writer);

{

response.redirect (
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/I used to display actual blog post detail page
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
String username =
sessionDAO.findUserNameBySessionlId (getSessionCookie (request)) ;

String permalink = request.params ( ) g

Document post =
blogPostDAO.findByPermalink (permalink) ;
(post == ) A

response.redirect (

{

/I empty comment to hold new comment in form at bottom of blog
entry detail page

SimpleHash newComment = SimpleHash () ;

newComment.put (

newComment.put (

newComment.put (

SimpleHash SimpleHash () ;

root.put ( , post);

root.put ( , nhewComment) ;

(username !=

root.put ( , username) ;

template.process (root, writer);

1)

// handle the signup post
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post ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
String firstName = request.queryParams (
String lastName request.queryParams (
String username = request.queryParams (
String email = request.queryParams (
String password = request.queryParams (

String verify = request.queryParams ( ) g

HashMap<String, String> root = HashMap<String,
String> () ;

root.put ( ;
StringEscapeUtils.escapeHtml4 (firstName)) ;

root.put ( ’
StringkEscapeUtils.escapeHtml4 (lastName)) ;

root.put ( ;
StringkEscapeUtils.escapeHtml4 (username)) ;

root.put ( ;

StringEscapeUtils.escapeHtml4 (email)) ;

(validateSignup (firstName, lastName, username,
password, verify, email, root)) {
/I creating user
(!userDAO.addUser (firstName, lastName,
username, password, email)) {
/ duplicate user

root.put (

template.process (root, writer);

{
/I good user, let's start a session
String sessionID =

sessionDAO.startSession (username) ;
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response.raw () .addCookie ( Cookie (
sessionlID)) ;

response.redirect (

{
/[ bad signup

template.process (root, writer);

1) ;

/I present signup form for blog
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)

IOEXxception, TemplateException {

SimpleHash root = SimpleHash () ;

Il initialize values for the form.
root.put (
root.put (
root.put (
root.put (
root.put (
root.put (
root.put (
root.put (
root.put (
root.put (

root.put (

template.process (root, writer);
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/[ will present the form used to process new blog posts
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
/I get cookie
String username =

sessionDAO.findUserNameBySessionlId (getSessionCookie (request)) ;

(username == ) |

/l'looks like a bad request. user is not logged in

response.redirect ( ) ;

{
SimpleHash root = SimpleHash () ;

root.put ( , username) ;

template.process (root, writer);

)

/[ handle the new post submission
post ( FreemarkerBasedRoute (
@Override

doHandle(Request request, Response response, Writer writer)
IOException, TemplateException {

String title =
StringEscapeUtils.escapeHtml4 (request.queryParams (

String post =
StringEscapeUtils.escapeHtml4 (request.queryParams (

String tags =
StringEscapeUtils.escapeHtml4 (request.queryParams ( )) ;

String username =

sessionDAO. findUserNameBySessionId (getSessionCookie (request)) ;

(username ==
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response.redirect ( ¥ /[ only logged in users can

(title.equals (") || post.equals (™)) {

/I redisplay page with errors

HashMap<String, String> root =
HashMap<String, String> (),

root.put (

root.put ( , title);

root.put ( , username) ;

root.put ( , tags);

root.put ( , post);

template.process (root, writer);

{
/[ extract tags
ArrayList<String> tagsArray =

extractTags (tags) ;

/[ substitute some <p> for the paragraph breaks

post = post.replaceAll ( , ) g

String permalink = blogPostDAO.addPost (title,
post, tagsArray, username) ;
/I now redirect to the blog permalink

response.redirect ( + permalink) ;

1)

get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOException, TemplateException {
String cookie = getSessionCookie (request) ;
String username =
sessionDAO. findUserNameBySessionId (cookie) ;
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Map<String, String> userDetails =

userDAO.getUserDetails (username) ;

(username == ) |
/[ can't identify the user, redirecting to signup

response.redirect ( ) ;

{
SimpleHash root = SimpleHash () ;
root.put ( , userDetails.get (

template.process (root, writer);

) F

I process a new comment
post ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {

String cookie

getSessionCookie (request) ;

String username =
sessionDAO.findUserNameBySessionId (cookie) ;

Map<String, String> userDetails =
userDAO.getUserDetails (username) ;

String name;

String email;

(username ==
name =
StringEscapeUtils.escapeHtml4 (request.queryParams (
email =
StringEscapeUtils.escapeHtml4 (request.queryParams (

}

= String.format (
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userDetails.get (

userDetails.get ( N

email = userDetails.get (

String body =

StringEscapeUtils.escapeHtml4 (request.queryParams (
String permalink = request.queryParams (
Document post =

blogPostDAO.findByPermalink (permalink) ;

(post == ) |
response.redirect (
}
/I check that comment is good
(name.equals( ) || body.equals( )) {
// bounce this back to the user for correction
SimpleHash root = SimpleHash () ;

SimpleHash comment = SimpleHash () ;

comment .put ( , hame) ;
comment .put ( , email);
comment .put ( , body) ;
root.put ( , comment) ;
root.put ( , post);

root.put (

template.process (root, writer);

{
blogPostDAO.addPostComment (name,

email, body, post.getString (
permalink) ;

response.redirect ( + permalink) ;
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1)

/I present the login page
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {

SimpleHash root = SimpleHash () ;

root.put (

root.put (

template.process (root, writer);

) F

/I process output coming from login form. On success redirect folks to the welcome page
// on failure, just return an error and let them try again.
post ( FreemarkerBasedRoute ( ,
@Override
doHandle(Request request, Response response, Writer writer)
I0OEXxception, TemplateException {

String username = request.queryParams (

String password = request.queryParams (

Document user = userDAO.validatelogin (username,

password) ;

(user !'= ) |
/I valid user, let's log them in
String sessionID =

sessionDAO.startSession (String.valueOf (user.get (

(sessionlID == )y |

response.redirect (

{

/I set the cookie for the user's browser
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response.raw () .addCookie ( Cookie (
sessionlID)) ;

response.redirect (

{
SimpleHash root = SimpleHash () ;

root.put ( ’
StringEscapeUtils.escapeHtml4 (username)) ;

root.put ( ; )7

root.put ( o ) ;

template.process (root, writer);

) F

/I Show the posts filed under a certain tag
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)

I0OEXxception, TemplateException {

String username =

sessionDAO. findUserNameBySessionId (getSessionCookie (request)) ;
SimpleHash root = SimpleHash () ;
String tag =

StringEscapeUtils.escapeHtml4 (request.params ( )) s
List<Document> posts =

blogPostDAO. findByTagDateDescending (tag) ;

root.put ( , posts);
(username != ) |
root.put ( , username) ;

}

template.process (root, writer);
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1)

/[ will allow a user to click Like on a post
post ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
String permalink = request.queryParams (
String commentOrdinalStr =

request.queryParams ( )i

/I look up the post in question

ordinal = Integer.parselnt (commentOrdinalStr) ;

String username =
sessionDAO.findUserNameBySessionlId (getSessionCookie (request)) ;
(username == ) |

response.redirect ( ) g /I only logged in users can

{
Document post =

blogPostDAO.findByPermalink (permalink) ;
/I if post not found, redirect to post not found error

(post == ) |

response.redirect (

{
blogPostDAO.likePost (permalink, ordinal) ;

response.redirect ( + permalink) ;

1)

/I tells the user that the URL is dead
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get ( FreemarkerBasedRoute (

@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
SimpleHash root = SimpleHash () ;

template.process (root, writer);

1) ;

/I allows the user to logout of the blog
get ( FreemarkerBasedRoute (
@Override

doHandle(Request request, Response response, Writer writer)
IOException, TemplateException {

String sessionID = getSessionCookie (request) ;

(sessionlID ==
/I no session to end

response.redirect (

{
/I deletes from session table

sessionDAO.endSession (sessionlID) ;

/l this should delete the cookie
Cookie c = getSessionCookieActual (request) ;

c.setMaxAge (0) ;

response.raw () .addCookie (c) ;

response.redirect ( ) &

1)

/I will present the '‘About me' section

get ( FreemarkerBasedRoute (
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@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
String username =
sessionDAO.findUserNameBySessionlId (getSessionCookie (request)) ;

SimpleHash root = SimpleHash () ;

(username !=

root.put ( , username) ;

}

template.process (root, writer);

) F

/[ will present the form used to submit a question/report
get ( FreemarkerBasedRoute ( 7
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {
String username =
sessionDAO.findUserNameBySessionlId (getSessionCookie (request)) ;

SimpleHash root = SimpleHash () ;

(username !=
root.put ( , username) ;

}

template.process (root, writer);

1)

/I used to process page not found error

get ( FreemarkerBasedRoute (

@Override
doHandle(Request request, Response response, Writer writer)
IOException, TemplateException {

SimpleHash root = SimpleHash () ;
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root.put ( , )7

template.process (root, writer);

N

/' used to process internal errors
get ( FreemarkerBasedRoute (
@Override
doHandle(Request request, Response response, Writer writer)
IOEXxception, TemplateException {

SimpleHash root = SimpleHash () ;

root.put ( 0

template.process (root, writer);

/Il helper function to get session cookie as string
String getSessionCookie( Request request) {
(request.raw() .getCookies () ==

’

(Cookie cookie : request.raw () .getCookies()) |
(cookie.getName () .equals ( )) |

cookie.getValue () ;

I helper function to get session cookie as string
Cookie getSessionCookieActual( Request request) {
(request.raw () .getCookies ()

r
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(Cookie cookie : request.raw () .getCookies ()) {
(cookie.getName () .equals ( )) |

cookie;

/[ tags the tags string and put it into an array
ArrayList<String> extractTags(String tags) {
/I probably more efficent ways to do this.
I
/I whitespace = re.compile(\s')
String tagArray[] = tags.replaceAll (

.split (7)) ;

Il let's clean it up, removing the empty string and removing dups
ArrayList<String> cleaned = ArrayList<String> () ;
(String tag : tagArray) {
('tag.equals (") && !cleaned.contains(tag)) {

cleaned.add (tag) ;

cleaned;

/I validates that the registration form has been filled out right and username conforms
validateSignup(String firstName,
String lastName,
String username,
String password,
String verify,
String email,
HashMap<String, String> errors) {
String LETTERS RE =
String USER RE =
String PASS RE =
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String EMAIL RE =

errors.put (
errors.put (
errors.put (
errors.put (
errors.put (

errors.put (

(! firstName.matches (LETTERS RE)) {
errors.put ( 0

’

(! lastName.matches (LETTERS RE)) {
errors.put ( 0

4

(!username.matches (USER RE)) {
errors.put ( 0

’

(!password.matches (PASS RE)) {
errors.put ( ,

’

(!'password.equals (verify)) {

errors.put ( ,

r

('email.equals (")) {
(!email.matches (EMAIL RE)) {
errors.put ( ,
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Configuration createFreemarkerConfiguration() {
Configuration retvVal = Configuration () ;
retVal.setClassForTemplatelLoading (BlogController.class,
)
retval;

BlogPostDAO.java

blog;

java.util.ArrayList;
java.util.Date;

java.util.List;

com.mongodb.client.MongoCollection;
com.mongodb.client.MongoDatabase;

org.bson.Document;

com.mongodb.client.model.Filters.and;

com.mongodb.client.model.Filters.eq;

BlogPostDAO {

MongoCollection<Document> postsCollection;

BlogPostDAO( MongoDatabase blogDatabase) {

postsCollection = blogDatabase.getCollection (
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Document findByPermalink(String permalink) {
Document post = postsCollection.find (eqg/(

permalink)) .first ()

/[ fix up if a post has no likes
(post != ) |
List<Document> comments = (List<Document>)
)
(Document comment : comments) ({
(!comment.containsKey (

comment .put ( , 0)

List<Document> findByDateDescending(int limit) {
List<Document> posts = postsCollection.find()
.sort ( Document ( , —1))

.limit (limit)
.into ( ArrayList<Document>()) ;

posts;

List<Document> findByDateDescendinglndex(int index, int limit) {
List<Document> posts = postsCollection.find ()
.sort ( Document ( , —1))
.skip (index)
.limit (limit)
.into ( ArrayList<Document>()) ;

posts;

List<Document> findByTagDateDescending( String tag) {

List<Document> posts = postsCollection.find (eqg(
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.sort ( Document (
.1imit (10)
.into ( ArrayList<Document>()) ;

posts;

String addPost(String title, String body, List tags, String username) {

/[ whitespace becomes _, get rid of non alphanumeric

String permalink = title.replaceAll (
.replaceAll ( , )

.toLowerCase () ;

Document post = Document (

post.append ( , username) ;

post.append ( , body) ;

post.append ( , permalink);

post.append ( , tags) g

post.append ( , Java.util.ArrayList()) ;

post.append ( Java.util.Date()) ;

postsCollection.insertOne (post) ;
(Exception e) {

’

permalink;

addPostComment( String name,
String email,
String body,
String author,
String permalink) {
Document comment = Document (

.append ( , body);

&& 'email.isEmpty()) {
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comment . append (

postsCollection.updateOne (
eq ( , permalink),
Document ( ;

Document (

likePost( String permalink, ordinal) {
postsCollection.updateOne (
eq ( , permalink),

Document ( ’ Document ( + ordinal

SessionDAO.java

blog;

java.security.SecureRandom;
com.mongodb.client.MongoCollection;
com.mongodb.client.MongoDatabase;
org.bson.Document;

sun.misc.BASE64Encoder;
com.mongodb.client.model.Filters.eq;

SessionDAO {

MongoCollection<Document> sessionsCollection;

SessionDAO( MongoDatabase blogDatabase) {

sessionsCollection = blogDatabase.getCollection (
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String findUserNameBySessionld(String sessionld) {
Document session = getSession (sessionId);
(session == ) @
String.valueOf (session.get ( D) g

}

/[ starts a new session in the sessions table

String startSession(String username) {

I get 32 byte random number. that's a lot of bits.

SecureRandom generator = SecureRandom () ;
randomBytes[] = [32];

generator.nextBytes (randomBytes) ;

BASE64Encoder encoder = BASE64Encoder () ;

String sessionID = encoder.encode (randomBytes) ;

/[ build the BSON object

Document session = Document ( , username) ;

session.append ( , sessionlID) ;

sessionsCollection.deleteMany (

Document ( ,username) ) ;

sessionsCollection.insertOne (session) ;

session.getString ( ) 8

I/ ends the session by deleting it from the sessions table

endSession(String sessionID) {

sessionsCollection.deleteOne (eq( , sessionID)) ;
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/I retrieves the session from the sessions table
Document getSession(String sessionID) {

sessionsCollection. find (eqg( , sessionID)) .first();

UserDAO.java

blog;

java.lio.UnsupportedEncodingException;
java.security.MessageDigest;
java.security.NoSuchAlgorithmException;
java.security.SecureRandom;
java.util.HashMap;

java.util.Map;

java.util.Random;
com.mongodb.MongoWriteException;
com.mongodb.client.FindIterable;
com.mongodb.client.MongoCollection;
com.mongodb.client.MongoCursor;
com.mongodb.client.MongoDatabase;
org.bson.Document;

sun.misc.BASE64Encoder;

com.mongodb.client.model.Filters.eq;

UserDAO {
MongoCollection<Document> usersCollection;

Random random = SecureRandom () ;

UserDAO( MongoDatabase blogDatabase) {

usersCollection = blogDatabase.getCollection (

/I validates that username is unique and insert into db

addUser(String firstName,
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String lastName,
String username,
String password,

String email) {

String passwordHash = makePasswordHash (password,

String.valueOf (random.nextInt ())) ;

Document user = Document () ;

user.append ( , username)
.append ( , firstName)
. append ( , lastName)

. append ( , passwordHash) ;

(email != && 'email.equals (")) {
/[ the provided email address

user.append ( , email);

usersCollection.insertOne (user) ;
(MongoWriteException e) {

’

Document validateLogin(String username, String password) {
Document user = usersCollection.find(eq/(

username) ) .first () ;
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String hashedAndSalted

String.valueOf (user.get (

String salt = hashedAndSalted.split (',") [1];

('hashedAndSalted.equals (makePasswordHash (password,

Il retrieves user details
Map<String, String> getUserDetails(String username) {
Document query = Document ( , username) ;
FindIterable<Document> find = usersCollection.find (query);
Map<String, String> userDetails = HashMap<String,

String> () ;

MongoCursor<Document> cursor = find.iterator();
{
(cursor.hasNext ()) {
Document doc = cursor.next();
userDetails.put ( , doc.getString(
userDetails.put ( , doc.getString(

userDetails.put ( , doc.getString (

{

cursor.close () ;

userDetails;

String makePasswordHash(String password, String salt) {

{
String saltedAndHashed = password + + salt;
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MessageDigest digest

MessageDigest.getInstance ( ) 8

digest.update (saltedAndHashed.getBytes()) ;

BASE64Encoder encoder = BASE64Encoder () ;
hashedBytes|[] = ( String (digest.digest (),
)) .getBytes () ;
encoder.encode (hashedBytes) +
(NoSuchAlgorithmException e) {
RuntimeException (
(UnsupportedEncodingException e)

RuntimeException (

6.1.2 FreeMarker Templates

about.fil

<IDOCTYPE html>

<html>

<head>
<meta http-equiv= content= />
<title>About</title>

<!--http://osdir.com/ml/web.freemarker.user/2005-08/msg00004.html-->
<style type= >
<#include " .Css">
</style>

</head>

<body>

<div id= >

<hl>My Blog</hl>
</div>
<nav>

<ul id=
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<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >SNEW POST</a></li>
<li><a href= >1L.OGOUT</a></li>
</ul>
<t#else>
<ul style= >
<li><a href= >LOGIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
<[#if>
</ul>
</nav>
<div id= >
<h2>About</h2>
<p>
This project is part of a BSc thesis (Development of a Distributed
System using Cloud Services), developed by Alexandros Efthymiadis and

Toannis Chaldaios.</p>

<p>You can find our source code on <a
>G1ithub</a></p>
</div>
<div class= ></div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis
Chaldaios B- All rights reserved</h2>
</footer>
</body>

</html>

blog_template.ftl
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<IDOCTYPE html>

<html>

<head>
<meta http-equiv= content= />
<title>My Blog</title>

<I--http://osdir.com/ml/web.freemarker.user/2005-08/msg00004.html-->
<style type= >
<#include " .CSs'">
</style>
<script type= >var switchTo5x=true;</script>
<script type= src= ></script>
<script type= >stLight.options({publisher:
, doNotHash: , doNotCopy: , hashAddressBar: 1);</script>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ulid= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >1,0GoUT</a></li>
</ul>
<#else>
<ul style= >
<li><a href= >T,0GIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
</#if>

</ul>
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</nav>
<div id=
<div id= >
<h2>sHARE</h2>
<div class=
<ul>
<li><span class=
display Text= ></span></li>
<li><span class= displayText= ></span></li>
<li><span class= displayText=
></span></li>
<li><span class=
displayText= ></span></li>
<li><span class= displayText= ></span></li>
</ul>
</div>

</div>

<#list myposts as post>
<div id= >
<h2><a
permalink"]}">$ {post ["title"] }</a></h2>
</div>
<div id= >
<b>Posted</b> S${post["date"]?datetime} | <b>By</b>
S{post["author"] }<br>
</div>
<br>
<div id= >
S{post["body"]!""}
</div>
<div id=tags>
Tags:
<#if post[“tags']??>
<#list post[*'tags"] as tag>
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<a href= >S{tag}</a>
<[#list>
<[#if>
\
Comments:
<#if post["'comments"]??>
<#assign numComments = "comments"]?size>
<#else>
<#assign numComments = 0>
<[#if>
<a href= permalink”]}">$ { numComments } </a>
</div>
<[#list>
</div>
<#if indexOfOIdEntries??>
<div class=
<ul>
<li><a href=
posts</a></li>
<ul>
</div>
<[#if>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis
Chaldaios B: All rights reserved</h2>
</footer>
</body>

</html>

contact.ftl

<IDOCTYPE html>
<html>
<head>
<meta http-equiv= content=

<title>My Blog</title>
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<I--http://osdir.com/ml/web.freemarker.user/2005-08/msg00004.html-->
<style type= >
<#include "
</style>

</head>

<pody>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ul id= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >1,0GOUT</a></li>
</ul>
<#else>
<ul style= >
<li><a href= >LOGIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
<[/#if>
</ul>
</nav>
<div id= >
<form action=
<br>
<#if username??>
<h2>Subject</h2>
<input class= type= name=

s

<h2>Query</h2>
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<textarea name= cols= >S$ {body! "" }</textarea>
<#else>
<h2>Name</h2>

<input class= type=

<h2>Email</h2>

<input class= type=

<h2>Subject</h2>

<input class= type=

<h2>Query</h2>

<textarea name= >$ {body ! "" } </textarea>
</#if>
<br>

<pr>

<input type= value= >
<p class= > S{errors!""}</p>
<pr>
<pr>
</form>
</div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis
Chaldaios B: All rights reserved</h2>
</footer>
</body>

</html>

entry_template.ftl
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<IDOCTYPE html>

<html>

<head>
<meta http-equiv= content= />
<title>$ {post ["title"] }</title>

<I--http://osdir.com/ml/web.freemarker.user/2005-08/msg00004.html-->
<style type= >
<#include " .CSs'">
</style>
<script type= >var switchTo5x=true;</script>
<script type= src= ></script>
<script type= >stLight.options({publisher:
, doNotHash: , doNotCopy: , hashAddressBar: 1);</script>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ulid= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >1,0GoUT</a></li>
</ul>
<#else>
<ul style= >
<li><a href= >T,0GIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
</#if>

</ul>
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</nav>
<div id=
<div id= >
<h2>sHARE</h2>
<div class=
<ul>
<li><span class=
display Text= ></span></li>
<li><span class= displayText= ></span></li>
<li><span class= displayText=
></span></li>
<li><span class=
displayText= ></span></li>
<li><span class= displayText= ></span></li>
</ul>
</div>
</div>
<div id= >
<h2>s$ {post["title"] }</h2>
</div>
<div id= >
<b>Posted</b> ${post["date"]?datetime} | <b>By</b>
S{post["author"] }<br>
</div>
<br>
<div id= >
${post["body"]}
</div>
<div id=tags>
Tags:
<#if post[“tags"]??>
<#list post[*'tags"] as tag>
<a href= >${tag}</a>
<[#list>
<[#if>
</div>

<div id=
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<h2>Comments : </h2>
<ul>
<#if post["comments"]??>
<#assign numComments = "comments"]?size>
<t#else>
<#assign numComments = 0>
<[#if>
<#if (numComments > 0) >
<#list 0 .. (numComments -1) as i>
<form action= method=
<p>
<input type=
permalink™]}">

<input type=

<span class= ><b>Author:
</b>$ {post ["comments"] [1] ["author"] }</span>
<br><br>
<span class= >Likes:
${post["comments"}[i}["numﬁlikes"}}<hpan>
&nbsp; &nbsp; &nbsp; &nbsp;
<input type= value=
</p>
</form>
<br>
S{post["comments"] [1] ["body"]}
<br>
<[#list>
<[#if>
</ul>
</div>
<div id= >
<br><hr><br><br>
<h2>Add a comment</h2>

<form action= method=
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<input type=

permalink™]}">

<#if username??>
<textarea name=
rows= >S$ {comment [ "body"] }</textarea><br>
<#else>
<h3>Name (required)</h3>
<input type= name=

name"]}"><br>

<h3>Email (optional)</h3>
<input type= name=

email"]}"><br>

<h3>Comment</h3>
<textarea name=
rows= >S {comment [ "body" ] }</textarea><br>
<[#if>
<input type= value=
<p class= > S{errors!""}</p>
</form>
</div>
</div>
<div class= ></div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis
Chaldaios B: All rights reserved</h2>

</footer>

</body>

</html>

error_template.ftl

- Toannis
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<IDOCTYPE html>
<html>

<head>
<meta http-equiv= content=
<title>Internal Error</title>
<style type= >
<#include " .Css'">
</style>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ulid= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >1,0GoUT</a></li>
</ul>
<#else>
<ul style= >
<li><a href= >TL.OGIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
<[#if>
</ul>

</nav>
VAT = >
<span>500</span>
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<p>${error}</p>
<p><input onclick=
></p>
<div class= ></div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis -
Toannis Chaldaios B: All rights reserved</h2>
</footer>
</div>
</body>

</html>

login.ftl

<IDOCTYPE html>
<html>

<head>
<meta http-equiv= content=
<title>Login</title>
<style type= >
<#include " .CSs'">
</style>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<pav>
<ul id= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
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<ul style=
<li><a href=
<li><a href=
</ul>
</ul>
</nav>
<div id= >
<form method=
<table>
<tr>
<td>
<input type=

</td>
</tr>
<tr>
<td>
<input type=

</td>
</tr>
</table>
<input type= value=
<p class=
</form>
<p>Not a member? <a href=
</div>
<div class= ></div>
<div class= ></div>
<div class= ></div>

<footer>

>

>LOGIN</a></li>

>SIGN UPp</a></li>

placeholder=

placeholder=

>

>${login error}</p>

>Sign up now</a></p>

<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis

Chaldaios B-: All rights reserved</h2>

</footer>

</body>

</html>

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
129




AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

newpost_template.ftl

<IDOCTYPE html>
<htmI>

<head>
<meta http-equiv= content=
<title>New post</title>
<style type= >
<#include " .Css'">
</style>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ul id= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >L,0GOUT</a></li>
</ul>
</ul>
</nav>
<div id= >
<form action= method=
<h2>Post Title</h2>
<input class= type= name=
s
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<h2>Post Text</h2>

<textarea name= cols= rows= >$ {body ! "" }</textarea>

<h2>Tags</h2>
<input class= type= name= placeholder=
size= value= "}'><br>

<br>

<input type= value=
<p class= > S{errors!""}</p>
</form>
</div>
<div class= ></div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis
Chaldaios B- All rights reserved</h2>
</footer>
</body>

</html>

page_not_found.ftl

<IDOCTYPE html>

<html>

<head>
<meta http-equiv= content=
<title>Internal Error</title>
<style type= >
<#include "
</style>

</head>
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<body>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ul id= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >1,0GOUT</a></li>
</ul>
<#else>
<ul style= >
<li><a href= >LOGIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
<[#if>
</ul>

</nav>

<div id= >
<span>404</span>
<p>${error}</p>

<p><input onclick=

<div class= ></div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis -
Iocannis Chaldaios B: All rights reserved</h2>
</footer>
</div>
</body>

</html>
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post_not_found.ftl

<IDOCTYPE html>
<html>

<head>
<meta http-equiv= content=
<title>Page not found</title>
<style type= >
<#include " .Css'">
</style>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ulid= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<#if username??>
<ul style= >
<li><a href= >NEW POST</a></li>
<li><a href= >1,0GoUT</a></li>
</ul>
<#else>
<ul style= >
<li><a href= >T,0GIN</a></li>
<li><a href= >SIGN UP</a></li>
</ul>
</#if>
</ul>
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</nav>

<div id= >
<span>404</span>
<p>PAGE NOT FOUND</p>
<p><input type= value=
<div class= ></div>
<footer>

<h2>Copyright &copy; 2016 Alexandros Efthymiadis -
Toannis Chaldaios B: All rights reserved</h2>

</footer>

</div>

</body>

</html>

posts_template.ftl

<IDOCTYPE html>

<html>

<head>
<meta http-equiv= content= />
<title>My Blog</title>

<!--http://osdir.com/ml/web.freemarker.user/2005-08/msg00004.html-->
<style type= >
<#include " .Css">
</style>
<script type= >var switchTo5x=true;</script>
<script type= src= ></script>
<script type= >stLight.options({publisher:
, doNotHash: , doNotCopy: , hashAddressBar: 1);</script>

</head>

<body>

<div id=

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
134




AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

<hl>My Blog</hl>
</div>
<nav>
<ul id= >
<li><a href=
<li><a href=
<li><a href=
<#if username??>
<ul style=
<li><a href=
<li><a href=
</ul>
<#else>
<ul style=
<li><a href=
<li><a href=
</ul>
<[#if>
</ul>
</nav>
<div id=
<div id= >
<h2>SHARE</h2>
<div class=
<ul>
<li><span class=
display Text= ></span></li>
<li><span class=
<li><span class=
></span></li>
<li><span class=
display Text= ></span></li>
<li><span class=
</ul>
</div>

</div>

>HOME</a></li>

>ABOUT</a></li>

>CONTACT</a></li>

>
>SNEW POST</a></li>

>1L,0GOUT</a></li>

p
>TLOGIN</a></li>

>SIGN UPb</a></li>

displayText=

displayText=

displayText=

></span></li>

></span></li>
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<#list myposts as post>
<div id= >
<h2><a
permalink"]}">$ {post ["title"] }</a></h2>
</div>
<br>
<div id= >
${post["body"]!""}
</div>
<div id=tags>
Tags:
<#if post["tags']??>
<#list post["tags"] as tag>
<a href= >S{tag}</a>
<[#list>
<[#if>
\
Comments:
<#if post['comments™]??>
<#assign numComments = "comments"]?size>
<t#telse>
<#assign numComments = 0>
<[#if>
<a href= permalink"]}*>$ { numComments } </a>
</div>
<[#list>
</div>
<#if indexOfOIdEntries??>
<div class=
<ul>
<li><a href=
posts</a></li>
<li><a href= >Newer posts

“T<fa></li>
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</div>
<ttelse>

<div class= ></div>
</#if>

<footer>

<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis

Chaldaios B- All rights reserved</h2>
</footer>
</body>

</html>

signup.ftl

<IDOCTYPE html>

<html>

<head>
<meta http-equiv= content=
<title>Sign up</title>
<style type= >
<#include " .CSs'">
</style>

</head>

<body>
<div id= >
<hl>My Blog</hl>
</div>
<pav>
<ul id= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>

<ul style= >
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<li><a href= >LOGIN</a></li>

<li><a href= >SIGN UPp</a></li>

</ul>
</ul>
</nav>
<div id= >
<form method=
<table>
<tr>
<td>
<input type=

<td>
<input type=

<td>
<input type=

<td>
<input type=

<td>
<input type=

value="">

placeholder=

name= placeholder=

placeholder=

placeholder=

placeholder=
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</tr>
<tr>
<td>
<input type= placeholder=

</td>
</tr>
</table>
<input type= value=
<p class= >
${firstName error!""}
${lastName error!""}
${username error!""}
${password error!""}
${verify error!""}
${email error!""}
</p>
</form>
<p>Already a member? <a href= >Login</a></p>
</div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis
Chaldaios B: All rights reserved</h2>
</footer>

</body>

</html>

welcome.ftl

<IDOCTYPE html>

<html>

<head>
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<meta http-equiv= content=
<title>Welocome back</title>
<style type= >
<#include "
</style>

</head>

<pody>
<div id= >
<hl>My Blog</hl>
</div>
<nav>
<ulid= >
<li><a href="/">HOME</a></li>
<li><a href= >ABOUT</a></li>
<li><a href= >CONTACT</a></li>
<ul style= >
<li><a href= >SNEW POST</a></li>
<li><a href= >1,0GoUT</a></li>
</ul>
</ul>
</nav>
<div id= >
<p>Welcome Back, ${firstName} !</p>
</div>
<div class= ></div> <div class= ></div> <div
></div>
<footer>
<h2>Copyright &copy; 2016 Alexandros Efthymiadis - Ioannis
Chaldaios B: All rights reserved</h2>
</footer>
</body>

</html>
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6.1.3 CSS

styles.css

, verdana, arial, tahoma, sans-serif;

#header {

’

center;

#top-nav {

r

: hidden;

center;
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#top-nav

#top-nav {
: block;
white;

center;

#top-nav -hover {

#container {
relative;

4

#container {

r

#sidebar {

absolute;

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
142




AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

#title {

#content {

r

inherit;

verdana, tahoma,
7
none;
uppercase;
7
7

inherit;

verdana, tahoma,

’

medium none;

baseline;

verdana,

inherit;

left;

sans—-serif;

sans—-serif;

sans—-serif;
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verdana, , arial, tahoma, sans-serif;
dashed
7
7
inherit;

center;

#comments {

verdana, , arial, tahoma, sans-serif;

left;

#comments

visited  {
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:hover {

7
: normal;

: center;

7
: normal;

’

.spacer {

.pagination {
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.pagination

.pagination

: center;

.pagination :hover {

: underline;

/* LOGIN - SIGN UP */

#login {

’

: inline-block;

: center;

[type="text"],
[type="password"] {
: block;

r
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[type="text"]:focus,
[type="password"]:focus,

:focus {

[type="submit"] {
: block;

7
: pointer;

’

[type="submit"]:hover {
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.error {

[* POST NOT FOUND */

#error-text {
relative;

center;

#error-text {

relative;

, sans-serif;
, sans-serif;

bolder;

#error-text

[* NEWPOST */

#newpost {
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#newpost [type="text"] {
: block;

limportant;

’

ease;

#newpost
: block;

limportant ;

’

ease;

#newpost [type="text"]:focus,
#add-comment [type="text"]:focus,

#newpost [type="password"]:focus,

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
149




AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

#newpost :focus,
#add-comment :focus {

solid

#newpost {
left;
limportant;

[* WELCOME */

#welcome |

’

[* ABOUT */

#about {

inline-block;

r

center;

#about

[* ENTRY TEMPLATE */
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#comments [type="submit"] {

inline;

;
;
: pointer;

’

.author {

/* ADD COMMENT */

#add-comment {

r

#add-comment [type="text"] {
: block;

limportant ;

AAEEavOpog EuBuuiadng - lwdvvng XaAdaiog
151




AVATITUEN KOTAVEUNUEVOU CUCTHATOG OE UTTOAOYIOTIKO VEQOG

#add-comment
block;

limportant ;

’

ease;

#add-comment
left;
limportant ;

auto;
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linear-gradient (to right, rgba (0,
0, 0.75), rgba(o, 0, 0, 0));

6.2 Kwdikag EAéyxou Arédoong

test.py

#!/usr/bin/python

requests

logging

Sys

argparse

datetime

Jjson
fabric.api local, settings, abort
fabric.contrib.console confirm

BLOG SIGNUP ENDPOINT =
BLOG LOGIN ENDPOINT =

BLOG NEWPOST ENDPOINT =
BLOG NEWCOMMENT ENDPOINT =
BLOG GETPOST ENDPOINT =

HEADERS = {

TestBlog(object):
__init__(self):
self.PARAMETERS = self.get parameters /()
self.LOGGER = logging.getLogger ( )
hdlr = logging.FileHandler (self.PARAMETERS [
formatter = logging.Formatter (
)
hdlr.setFormatter (formatter)
self.LOGGER.addHandler (hdlr)
self.LOGGER.setLevel (logging. INFO)

get_parameters(self):
argparser = argparse.ArgumentParser ( )
argparser.add argument ( 0 , help= , required=
default= )
argparser.add argument ( , help=
type=int, required= , default=1)
argparser.add argument ( , help=
required= , default= )
argparser.add argument ( , help=
action= , default= )
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argparser.add argument ( , help=
action= , default= )

argparser.add argument ( , help=
action= , default= )

argparser.add argument ( , help=

, action= , default= )
argparser.add argument ( , hargs=+, help=
, required= )
parameters = vars (argparser.parse args())
parameters

user_signup(self, url, user):

params = {

+ user + + user,

= requests.post (url, params = params, headers=HEADERS)
r.status code ==
self.LOGGER.info ( + user)

self.LOGGER.error ( + user +
str (r.status code))

user_login(self, url, user):
params = {

user,
user,

}
r = requests.post (url, params = params, headers=HEADERS)
r.status code ==
self.LOGGER.1info ( + str(r.request.headers))
self.LOGGER.1info ( + user + +
str (r.request.headers| 11(9:-11))
str(r.request.headers| 119:-17)

self.LOGGER.error (
r.status code)

new_post(self, url, sessionlID, sbj, body):
cookie = { : str(sessionlID) }

params = {
sbj,
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r = requests.post (url, params = params, cookies=cookie,
allow redirects= )

r.status code == 3
self.LOGGER.info( + 8log
I+ Slog = + str(r.url))
r.url.split (/) [-1]

self.LOGGER.error (
+ str(r.status code))

new_comment(self, url, sessionlD, permalink):
cookie = { : str(sessionlID) }

params

permalink,

14

= requests.post (url, params = params, cookies=cookie)

r.status code ==
self.LOGGER.info ( + permalink)

self.LOGGER.error (
+ str(r.status code))

get_post(self, url, sessionID, permalink):
cookie = { : str(sessionlID) }

params = {

permalink,

r = requests.get(url, params = params, cookies=cookie)

r.status code ==

self.LOGGER.info ( + str(permalink) +
str(r.text ()))

self.LOGGER.info ( + str(permalink))

self.LOGGER.error ( +
str(r.status code))

_name ==
= TestBlog ()

starting date time = datetime.datetime.now ()
D.LOGGER.info (datetime.datetime.now())

D.PARAMETERS [ ]2
i range (1, D.PARAMETERS [
prefix = str (D.PARAMETERS [
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D.user signup (BLOG SIGNUP ENDPOINT.format (**D.PARAMETERS), prefix +
D.PARAMETERS [ 1)
sessionID =

D.user login (BLOG LOGIN ENDPOINT.format (**D.PARAMETERS), prefix +
D.PARAMETERS [ 1)

Jj range (1,9) :

sbj = prefix + D.PARAMETERS [ ] + str(i) + str(3)

body = prefix + D.PARAMETERS [ ] + str(i) + str(3j)

permalink =
D.new post (BLOG NEWPOST ENDPOINT.format (**D.PARAMETERS), sessionID,
sbj, body) . a

D.PARAMETERS [ ]:

D.new comment (BLOG NEWCOMMENT ENDPOINT.format (**D.PARAMETERS) ,
sessignID, permaliak) 7
D.PARAMETERS [ ]:
i range (1, D.PARAMETERS [
prefix = str (D.PARAMETERS [

.userisignup(BLOGfSIGNUPiENDPOINT.format(**D.PARAMETERS), prefix +
.PARAMETERS [ 1)
sessionID =

.userilogin(BLOGiLOGINiENDPOINT.format(**D.PARAMETERS), prefix +
.PARAMETERS [ 1)

J range (1,9) :

sbj = prefix + D.PARAMETERS [ ] + str(i) + str(j)

body = prefix + D.PARAMETERS ] + str(i) + str(j)

D.get post (BLOG GETPOST ENDPOINT.format (**D.PARAMETERS) + + sbj,
sessignID, sbj)i .
D.PARAMETERS [ ]:
i range (1, D.PARAMETERS [
prefix = str (D.PARAMETERS [

.user signup (BLOG SIGNUP ENDPOINT.format (**D.PARAMETERS), prefix +
.PARAMETERS [ 1)
sessionID =
.userilogin(BLOGiLOGINiENDPOINT.format(**D.PARAMETERS), prefix +
.PARAMETERS [ 1)
7 range (1,9) :
sbj = prefix + D.PARAMETERS [ ] + str(i) + str(j)
body = prefix + D.PARAMETERS| ] + str(i) + str(j)
permalink =
D.new post (BLOG NEWPOST ENDPOINT.format (**D.PARAMETERS), sessionlID,
sbj, body)
D.PARAMETERS [ ]:

D.new comment (BLOG NEWCOMMENT ENDPOINT.format (**D.PARAMETERS),
sessionID, permalink)

D.get_post(BLOG_GETPOST_ENDPOINT.format(**D.PARAMETERS) ar + sloj,
sessionID, permalink)

D.LOGGER.info ( + str(starting date time))
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D.LOGGER. info ( tr (D.PARAMETERS [

+ str ((datetime.datetime.now () ting date time)))
#.strftime('%B %d, %Y"))

6.3 Ansible Deployment

hosts
[docker]
localhost

[mongodb]
localhost

[blog]
localhost

thesis.yml

- hosts: docker
sudo:
roles:

{ role:
tags:

docker-dnsmasqg

- hosts: blog
sudo:
roles:
{ role: action:
tags:

clean

- hosts: blog
sudo:
gather_facts:
o] [55

{ role:

tags:
build
blog-cluster

- hosts: mongodb
sudo:
roles:

{ role:
tags:

mongodb
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- hosts: mongodb
sudo:
roles:
{ role: , action:
tags:
mongodb-cluster

: blog

action:

- hosts: blog
sudo:
gather_facts:
roles:
{ role: , action:
{ role: , action:
tags:
deploy-cluster
blog-cluster

roles/blog/tasks/main.yml

- include:

roles/blog/tasks/cleanup.yml

- name: Debug containers
shell: docker ps -a
tags:

clean

-name: Cleanup docker containers
shell: docker stop ‘docker ps -a -q  && docker rm ‘docker ps -a —-q’
ignore_errors:
tags:
clean

roles/blog/tasks/deploy-cluster.yml

-name: Deploy blog (lst container)
shell:
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tags:
deploy-cluster

-name: Deploy 2nd blog (2nd container)

shell:

tags:
deploy-cluster

roles/blog/tasks/deploy.yml

-nhame: Deploy blog
shell:
tags:

deploy

roles/blog/tasks/haproxy.yml

-name: Deploy HAProxy
shell:
tags:

deploy-cluster

roles/blog/templates/Dockerfile.j2
FROM Jjetty:jre8
COPY apache-maven -bin.tar.gz /opt/apache-maven -bin.tar.gz

RUN cd /opt && tar -xvf apache-maven -bin.tar.gz && 1ln -s apache-
maven /bin/mvn mvn && chmod mvn && mkdir mongo-project

RUN apt-get -y update && apt-get -y install software-properties-
common
RUN apt-get -y install python-software-properties

RUN mkdir /opt/jdk && cd /opt && \
wget —--header
http://download.oracle.com/otn-pub/java/jdk/8ul51-
bl2/e758a0de34e24606bca991d704f6dcbf/jdk-8ul5l-1inux-x64.tar.g
tar -zxf jdk-8ul5l-linux-x64.tar.gz -C /opt/jdk && \
update-alternatives —--install /usr/bin/java java
/opt/jdk/jdkl 151/bin/java &§& \
updatefalternéiives -—-install /usr/bin/javac javac
/opt/jdk/jdk1.8.0 151/bin/javac
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WORKDIR /opt/mongo-project

COPY mongo-project /opt/mongo-project

ENV JAVA HOME=
EXPOSE

CMD /opt/mvn compile exec:java -Dexec.mainClass=blog.BlogController -
Dexec.args= && tail -f /opt/mongo-project/pom.xml

roles/blog/tasks/build.yml

-name: Temporary directory
shell: mktemp -d
register: mktemp
tags:
build

-name: Create Dockerfile
template: src=Dockerfile.j2 dest={{ mktemp.stdout }}/Dockerfile
tags:

build

- name: Copy apache
copy: src=/opt/apache-maven -bin.tar.gz dest={{ mktemp.stdout }}/

-name: Copy project
copy: src=../mongo-project dest={{ mktemp.stdout }}
tags:

build

-name: Build blog
shell:
tags:

build

- name: Remove temporary directory
file: path={{ mktemp.stdout }} state=absent
tags:

build
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