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2 TOYOL

e Katavonon Asttoupylag tng mAatdpoppac Hadoop kot tou poviéAov MapReduce
e [Ipotaon HOVTEAOU HETPNONG LOXVOG XWPLS TN Xpnon eéwteptkol e€omAlopoU
e AfloAoynon endooewv edpappoywv

e AfloAOynon KaTovAAwOoNG LoXUOC KoL EVEPYELAKNC AITOSOTLKOTNTAC TWV EGAPUOYWV KATW OO

OLadOPETIKEC OUVONKEC
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Oewpntiko YrnoBadpo

H MAatdoppa Hadoop

* To Hadoop eivat Eva avolytou kwdika Aoyloptko (framework) mou unootnpilel tnv mapdAAnAn
eneéepyaocio peydlouv oykou Sedopévwy Slavepovtag THAHOTA TNG EPAPUOYNC OE UEYAAEC
ovotadec (clusters) umoAoyLotwv.

e Elval ypappévo oe Java.

e JKOTIOC TOU £lval va mapeXeL aloToTn Kat taxutatn avaluon mAnpodopLwy amo Kot Tpog TLG
epapUOYEC.

* [MAeovektnpata: emektaotpo, fault tolerant, tpéxel oe cupBatiko hardware.

* To Hadoop Baociotnke oto Google Map Reduce framework (2004) kat to Google File System
(GFS). Elvaw €va €pyo tou Apache Software Foundation.

* Xpnoluomoleital ano: Google, Yahoo, Facebook, Amazon.
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Oewpntiko YroBadpo

H MAatdoppa Hadoop

* Mapexel Vo Baolkeg umtnpeoiec (VAoTOLNOELG):

> TNV aflomotn anobnkevon dedopévwy pe xprion tou Hadoop Distributed File System (HDFS)

> Kol TNV taxutotn, mopaAAnAn, eneéepyocio S€S0UEVWY XPNOLULOTIOLWVTOC HLO TEXVLKA LE TNV ovouaoia

MapReduce.
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Oewpntiko YrnoBadpo

Katavepnuevo 2uotnuo Apxelwv Hadoop

e ApPXLTEKTOVIKN: master/slave.
> Evav kevtplkd kopPo, tov NameNode, mou kpatd mAnpodopieg yla to mou Ppiokovrtal ta dedopéva oto HDFS
(namespace, block location).

> Secondary NameNode, o omnoiog kpatd snapshots twv dpakéAwv tou NameNode kot pall Pe Ta apxeia LOTopLKoU
Tou (logs), emavadEpel To cUoTNUA APXELWV LETA oo armoTuyia.

> DataNodes mou amoBnkevouv ta dedopeva.

 Opyavwon dedopevwy:
Yriootnpilel pia mopadoolakn LEPAPXLK 0OPYAVWON apXEiwV.

\4

2xedLAOTNKE yla va XelpileTal oAU peyala apxeia.

Y

> Ta apyxela Staomovrtal o blocks.

Tumiko peyeBog block 64 MB (fast streaming reads) 1 128MB.

\4

Replication: KaBe block avtiypadetal og moAAamAol¢ kOpBoug dedopévwy (DataNodes) - default 3 (rack aware).
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Oewpntiko YrnoBadpo

ApyLtektovikn HDFS

HDFS Architecture

Metadata (Name, replicas, ...):
/home/foo/data, 3, ...

Metada.t’@_,gpg’" Namenode

Block ops
Read Datanodes Datanodes
O O . Replication g b -
] ] Blocks
“ \ / . J
T _ N
Rack 1 Wite Rack 2

Mnyn: hadoop.apache.org
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Oswpntiko YroBadpo

MapReduce framework

* O nupnvag tou Hadoop.

e To mpoypappa ekteAel SUo dlakpltec Slepyaoiec:

\YETe)

e Séxetan €va block apyelou
* 10 YwpileL o€ (evyn <key,value>

e SéxetaL oav eilcodo TNV mponyoULeVN €€060 Kal TNV TAELVOUEL
e shuffle -> sort -> reduce
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Oewpntiko YrnoBadpo

WordCount application

One file is handled by one Mapper Key/Value Reducer Key/  Reducer
Input Files mapper bul mappers receive wtg&e y Values Key/Value Output
records 1 line at a time - input output
Java 1
- Java,Hadoop,RDBMS H—{ Hadoop 1 |- —:::gggg ! | Hadoop 2
Java, Hadoop, RDBMS RDBMS 1
Prdm, Lisp.Pascal 1 7
Prolog 1 —  Metpnon epdaviong
Prolog, Lisp,Pascal — Lisp 1 ' . ,
LProog. Lip Tlhe | B R T Aé€ewv o€ éva Kelpevo.
Java 1 o * Map task: <{Word},1>
e lsp 1| []; a4 * Reduce task:
—>|Ja~.ra. Java , RDBMS }——: Java 1 R '?':' 1 Lisp 1 0 Lisp 2 Lisp 2 :
RDBMS 1
Java, Java, RDBMS s ERN rF;as:MI ;‘2 <{Word},[1,...,1]>
Prolog, Prol w rolog
Ll e— 2| | [Pascal 1 ROBMS 3  Output: <{Word}, {count
Prolog, Prolog p Iog 1+ M | ®|[|Pascal 1 Pascal 2
rolog of word}>
Java 1 - Ero:og :: - Prolog 1
-)lJava,Hadoop,RDBMS I— Hadoop 1 rolog
RDBMS 1
Java, Hadoop, RDBMS
Prolog, Lisp, Pascal RDBMS 1
Prolog 1 —{RDBMS 1 {RDBMS 3
Prolog, Lisp,Pascal Lisp 1 RDBMS 1
Pascal 1 o

Mnyn: Pro Apache Hadoop
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Oewpntiko YrnoBadpo

Hadoop YARN Framework

Master

Worker 1

Resource
Manager Node

Manager

* EvowpatwOnke oto Hadoop 2

e JUotnua Awaxeiptong MNopwv

* OLmponyouueVeC epyaoiec Twv JobTracker/TaskTracker Siaomdotnkayv o€:
> €vav KaBoAlko ResourceManager (RM)
> €&vav ApplicationMaster (AM) yia kaBe epappoyn

> &vav NodeManager (NM) ywa kaBe slave koppo
> €va container yla kABe epappoyn mou tpExeL o€ Evav NM finyi: blog.cloudera.com
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Oewpntiko YrroBadpo

Hadoop YARN Framework

YrtoBoAr epappoyng

e RM napaywpet container ctov AM

AM {ntael meploootepa containers arno tov RM
e Yuvepyaletal pe tov NM mou rmapakoAouBel TIC eKTEAEDELS TwV containers

e Otav oAokAnpwOBel n epappoyn o AM tepuatilel tn Aettovpyia Tou
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YAortoinon

YAomotnon MNepapotoc

Cluster 7 quad-core kopBwv, Ubuntu 16.04.1
* Eykatdaotaon Hadoop version 2.7.2

* Eykatdaotaon Ganglia monitoring tool

1 Power meter cuvedebeEVO E TOV KEVTIPLKO KOUPO.
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YAortoinon

Movtelo MpoPAednc loyvoc

* Baoiletal oto paper twv Bohra & Chaudhary
* loxupn ouoxEtion HeTagl NG LoXUC Kal TNE Xprnong twv Petplkwv: CPU, cache, memory, disk

* [lpoteivouv TO MAPAKATW YPOUHULKO LOVTEAO:

P(tOtaI) — CO + Cl pCPU + C2 pcache + C3 pDRAM T C4 pdisk
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YAortoinon

MovteAo MpoPAednc loxvoc: YIToAoyLopoc

e Xprjon MPOyHOTLKWVY LETPRoEWV Tou Power Meter

e Script ywa tnv e€aywyn twv logs Twv PETPLKWV aro ta Ganglia Kol ToV UTTOAOYLOMO TWV TTOCOOTWV
XPNonNg aUTWV

e Anuoupyia 60 e€lowoewv TNG MAPAKATW LOPPAC KOL LETATPOTI) O PUATPEC

e Xpnon Mpappkwyv EAdylotwyv Tetpaywvwy (LLS): A*xc = b

198.76462 =165+, * 0.696307 + ¢, *0.427565+C,* 0.707971+¢, *0.197646

&

P(total) =165—-21.834* p.,, —38.706™ p_.cpe +97.267* Ppay —37-389% Py
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YAortoinon

Movtelo MpoBAednc loyvoc: 2tabepotnta

» IXETIKO 0PAAUO KUHOLVETAL ATTO -9% £WC +9%.

Power estimated Power measured Relative error %
219.7697143555 214.0643466667 -2.6652582635
215.6363220215 218.8448145455 1.4661039745
218.4002990723 225.3061918182 3.065114496
218.8817596436 220.3330018182 0.6586585589
218.8940124512 224.3009163636 2.4105581021
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AnoteAéouata

Benchmarks tested: 1. Pi calculation
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CPU-intensive

Embarrassingly parallel
MapaAAnAormoinon o€ Ukpo
HLEYEBOC UTIOAOYLOMWV: HEYAAO
overhead

MNapaAAnAomoinon os peyalo
HeyeBocg uTtoAoylopwy: Helwon
XPOVOU Kal av&énon EVEPYELAKNC
atoSOTLKOTNTOG




AnoteAéouata

Benchmarks tested: 2. WordCount 1GB

1 input file: 8 splits Many input file: 505 splits
Execution Time Execution Time * CPU-intensive
375 690 * [oAAQ pLKPA apxeia elval pn
i 2 670 ,
g 32 1 reducer S 50 1 reducer attoOOTLKO
§ 275 2 reducers g 630 2 reducers . 1 p }\ .
E 225 ; 4 reducers £ E;g 4 reducers IJ'Eva (’) apXELO' )
= 175 — 8 reducers ~ s70 e 8 reducers v MELU)OT] TOUV XpOVOU oT1o
0 2 4 6 8 10 12 14 16 > =20 16 reducers ,
— 16 reducers 0 4 8 12 16 ulo'o
Number of mappers Number of mappers , ,
v Znuavtikn dtadopa
_ _ oTNV KATavoAwon
Cluster Energy Consumption Cluster Energy Consumption ,
990000 EVEPYELAG
" 450000 , ,
2 400000 1 reducer £ 940000 s * KaAutepn eniboon:
ﬁ 350000 2 reducers ﬁ 290000 2 red d
£ 300000 = reducers 8mappers-8reducers
= 250000 A\-/ — 4 reducers S 410000 4 reducers
S 200000 8 reducers - S 8 reducers
0 2 4 6 8 10 12 14 16 790000 16 reducers
— 16 reducers 0 4 8 12 16

Number of mappers Number of mappers
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AnoteAéouata

Benchmarks tested: 3. Terasort 10GB

Execution Time Cluster Power Consumption
6000 1480
o 5000 P K N— * 1/O-intensive
g 2000 e 2100 et 76 input splits of 128MB
£ 3000 2 reducers E 1400 N 2 reducers , ,
2 2000 | Y 4 reducers g 1220 zb S 4 reducers * KaAutepn enidoon: 16
F 1000 8 reducers * 1540 8 reducers reducers

0 — 16 reducers 1320 — 16 reducers

o 4 8 12 16 0o 4 8 12 16 e Shuffle phase -> bottleneck:
Number of mappers Number of mappers ’ ’ 1
pHetadopa LEyaAou OyKou
14 I
dedopevwy petal twv hosts
Cluster Energy Consumption Energy Efficiency Chart
8000000 0,002
7000000 -
v
£ 6000000 E 0,0015 ’\/__. e
3 5000000 1 reducer 8 reducer
.S 4000000 2 reducers £ 0,001 2 reducers
\
% 3000000 = 4 reducers § 4 reducers
< 2000000 2 0,0005
- 1000000 8 reducers = 8 reducers
0 = 16 reducers 0 —— 16reducers
0 - 8§ 12 16 0 4 8 12 16
Number of mappers Number of mappers
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> UUTEPAOUOTOL

H anodoon twv epappoywv MapReduce eéaptwvtatl amno:

1. MéyeBoc¢ Twv UTTOAOYLOUWV
2. Méyeboc twv apxelwv elcodou

3.  AplBuoc twv mappers/reducers avaAoyo LE TG OVAYKEC TNE KABEC epapoynC
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Mnyn: www.talentica.com
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