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Big Data

* 90% twv onuepwvwy dedopevwy dnuloupyndnkav ta teAeutaia 2
Xpovia

* Nopoc tov Moore: AutAaclacpog dedopevwy KaBe 18 pnveg
* YouTube: 13 ekat. wpec kat 700 di¢ avarnapaywyeg to 2010

* Facebook: 20TB[nusa QUUTLLED
Wi ",5 640K

e CERN/LHC: 4(S'

* MoAAQ, TTOAA ow

 Web logs, ap Y. '} e?\OL KATU

___Google
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MNpoBAnua: Ekpnén dedopevwy

\1 EB (Exabyte=10%8bytes) = 1000 PB (Petabyte=10'°bytes)
Kivnon 6gdopévwv Kwvntnc tnAepwviog otic HMA yia to 2010

1.2 7B (Zettabyte) = 1200 EB
2UvoAo Yndlakwv dedopévwy to 2010

35 ZB (Zettabyte = 10% bytes)
Exktipnon ya cUvoAo PndLokwv
dedopevwy to 2020
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Avon: KAipakwowpotnta (scalability ota
eAANVLIKQ)

Nwc?
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Slalpel Kol Baciheve
(divide and conquer ota EAANVLIKA)
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[MpokAnoeic nopaAAnAonoinonc

TLTO KOLWVO £Xouv OAa avta ta tpoBAnpata?

Nwc¢ avaBetovpe povadec epyaociac oe workers?
Av €XOUE TIEPLOOOTEPEC LOVADEC Epyaciog Ao
workers?

Eav oL workers ypeLlaotel va potpactolv evolapeca
nuwteAn dedopeva?

Nwc ocuvoilovpe teTOolov €idouc evdlapeoa
dedopeva’?

Nwc E€poupe OTL OAOL oL workers TeAelwaoave?
TLyilvetal eav kamotwot workers dtakormrkove ?

O © O O Mahonal Technical U of Athe

21/12/2018

RERNE
y of Athens i
QQ E,: &
c<@SLab X
(@8] .




2UYXPOVLOUOC

* Ta npoBAnpata tapaAAnAomoinong MPOKUTITOUV
amo:
— Erukowwvia petav workers
— MpooBaon o kowoxpnotoug topouc (my, dedopeva)

e Emopevwce xpelalOMOOTE UNXAVIOHOUC CUYXPOVLIOUOU
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Alaxeiplon rmoAAamAwv Workers

* AUOKOAO, KOBWC
— AyvwoTtn oeLlpa ekTEAEONC TwV workers
— Aev yvwpllou e TTOTE 0 EVAC OTOMATAEL TOV AAAO
— AyvwoTtn n oslpa npooPaong os kowa dedopeva
* Apo BEAOUE:
— Semaphores (lock, unlock)
— Condition variables (wait, notify, broadcast)
— Barriers
* [MoapoAa avtad, entAEov poBAnuaTaL:
— Deadlock, livelock, race conditions...
— Dining philosophers, sleeping barbers, cigarette smokers...

21/12/2018



Yriapyovta Epyaleia

Shared Memory Message Passing
| R > L
1
- L
, . i T/\. 1
* [MpOYypPOUUATLOTIKA HOVTEAQ J ” I
vVY % VVYVYY
— Shared memory (pthreads) b, P, P, P, P, PP, P, P, P
— Message passing (MPI) master

e XXeOLAOTIKA LOVTEAL A
— Master-slaves
(-

— Producer-consumer flows slaves

producer consumer

-
-
-
-

producer consumer
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Ertopevwe

* H tavtoxpovn npoomnelaon (Concurrency) eivoit SUOKOAN
* [lo SUOKOAN o€ peyaAUTEPN KALLAKOL
— 2¢ eninedo datacenter (N petalL datacenters)
— Ortav £xoupue aotoyiec uAtkou/Aoylopkou (failures)
— Otawv €xoupe uninpeoieg tou aAAnAeriibpouv
e AnoodaApatwon?
* Emopevwe, otnv npaén (Lexpt npv to MapReduce):
— JUYKEKPLUEVEC UAOTIOLNOELC TOU (6lou mpaypatoc (custom-Leg!)
— Ipage tnv BLBALOONKN cou Kot SoUAePe pe auTh.

— O MPOoYPOUMATIOTAC TTOLPVEL TO PAPOC VO TIPOYPAUUOTLIOEL T
navta!

21/12/2018



T etvailt to MapReduce?

* Eva mpoypouaTLOTLKO LOVTEAO
* Eva mpoypopupatiotiko mAaiolo
e [a TNV avamntuén epapproywy oL OTOLEC

— eneéepyalovtol ypryopa Kot mapaAANAQ TEPACTLEG
noootntec SedouEVWY

— 2e ouotouyiec (clusters) umoAoylotwv
* Closed-source vAomoinon Google
— Scientific papers tou ‘03 kat ‘04 tou to mepLypadouv

 Hadoop: opensource uAomoinon twv aAyoplOuwv
oV Teplypadovtal ota paper

— http://hadoop.apache.org/

21/12/2018



HDFS — Katavepunuevo cuotnpa apxeiwyv

* ‘EvOl KATOVEUNMUEVO KALLOLKWOLLLO OUCTNUO OPXELWV YL
epappoyec ou dlaxelpilovral cuvola Sedopevwy.

— Katavepnuévo: TpEXEL 0€ UTTOAOYLOTLKO cluster
— KApokwotpo: 10K kopBot, 100K apyeia 10PB storage
— Closed-source BeAtiotonoinoslc (MapR)

* O xwpoc Twv apxeilwv elval eviaioc yia oAo to cluster
* Ta apyxela Staomtwvtal o€ blocks
* Turmko peyeboc block 128 MB.

* Replication: KaBe block avtiypadetal oe moAlartAouc
kKopBouc 6edopevwy (DataNodes) - default 3 (rack
aware).
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Apytektovikn HDFS/MapReduce

e Apyttektoviki Master/Slave

— HDFS: Evac kevtpkoc NameNode diaxetpileton moANamtAoug
DataNodes
 NameNode: kpatadel oto¢ DataNode €xeL oo apxeio (cav FAT)

* DataNodes: «xaloi» servers mou kpatadve raw file chunks

— MapReduce: Evacg kevtplkoc JobTracker dtaxewiletal

rnioA\artAouc TaskTrackers master slave
-NameNode kat JobTracker vacker v
TPEXOUV OTOV Mmaster — —
-DataNode kot TaskTracker layer ...... e L
TPEXOUV OTOUG slaves tayer rode |

- Data locality X

21/12/2018 multi-node cluster



MapReduce

* To mpoBAnua “omael” og 2 paocelg, tnv Map kat tnv
Reduce

 Map: Mn aAANAO-ETUKOAAUTITOMEVA KOLLLLATLO OUTTO
dedopeva eloodou (eyypadecg <key,value>) avatiBevtal
oe dladpopeTikee Slepyaoiec (mappers) oL OTOLEC
Byalouv €va ot ano evdilapeoa <key,value>
amoteAEopOT

* Reduce: Ta 6edopeva tnc Map paoncg tpododotouvrol
o€ €va ouvNOwc HUkpoTEPO apLlOo dlepyaoclwv
(reducers) ot omntoiec “ouvoyilouvv” Ta amoteAEouaTa
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MapReduce

Shuffle/Sort
Map
Input
Map
Output
————— Map
\ Reduce Output
Map
Map
© © © © Nahonal Technical U y of Athens
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[Mote elvall xprnowuo?

— Aewktodotnon/avaluvon log apxeiwv
— Ta&wvounon peyalou oykou 6eSOUEVWVY
— AvaAuon elkOVwV

* Kokn emiAoyn yla:
— YrtoAoylopoc akoAouBuwv Fibonacci
— Avtikataotoon tng MySQL

21/12/2018



[pwv EEKLVAOOUUE

H eilcoboc aveBaivel oto DFS “ywpiletal” oe M

Koppatio otoBepoul peyeBouc

— KaBe koppatt mepLlexet «levyn» eyypodwv
<key,value>

KaBe pnyavnuo mov CUUUETEXEL OTOV

UTtOAOYLOMO €KTEAEL Eva avtiypado tou

TIPOYPAUOATOC OE EVA KOUMATL TwV deSOUEVWVY

Eva oo oAa ta pnyxovnpoata avaAapfaveL to

POAO TOU master. AuTtoc avaBeteL epyaociec ota
uTtoAouna (epyatec). AUTEC UTTOPEL va Elvall map
N reduce epyaolec.

21/12/2018




Brjpa 1°: Awaipeon tng elcodou o€ shards

* H eloodoc dlatpeital oe M koppatio twv 64MB

Shard 0 Shard 1 Shard 2 Shard 3 Shard M-1

Input files

Divided into M shards

21/12/2018



Brjpa 2°: Fork dlepyaotwv

e =gKLvd TTOAANQ avtiypada Tou poypappatoc os cluster umoAoylotwv
— 1 master
— [MoAAot workers

e 2touc idle workers avatiBevtol
— Map tasks (kaBéva oe €va shard): M map tasks
— Reduce tasks (kaBéva Soulevel og evblapeoa anoteAéopata): R reduce tasks

oo

Remote fork

ODOD

OO QO Nanonal Ted y of Athens
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Master

* O master dtatnpetl Sopeg SebopEVWV OTIWC:
— Kataiotaon piac epyaociog
— TomtoBeoiec Twv dedbopevwy eLoodou, e€06ou Kol
EVOLAUECWV OTTOTEAEOUATWY
* O master eivat unmevBuvoc yLa Tto
XPOVOTIPOYPALOATIOMO TNC EKTEAECNC TWV
EPYOOLWV

21/12/2018



Bryjua 3°: Map gpyacia

[la Evav EpyATn IOV Tou €L avatebel i map epyaocia

— AwaBalel ano to GFS to koppadtt tng etoodou(input split) mou tou

avtlotolxel, avaAlel ta {euyn <key, value> mou MPOKUTITOUV KL T
Sivel oav elcodo otn map cuvaptnon.

— H map ouvaptnon eneéepyaletol ta (eVyn Kol TopAyeL eVOLApECA
(elyn KoL TOL CUCCWPEVEL TN UVAN.

read
Map
Shard 2

O O OO Nanonal Technical U
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Brjpa 4°;

 Ta evblapeoa <key, value> nou napayeL o mapper
ypadovtal og buffer otn pvnun ko amodBnkevovto
NEPLOOLKA OTOV TOTILKO OLOKO

— Awatpouvtal o€ R regions amo plo cuvaptnon dtaipeong
(partitioning function)

4 2\

Intermediate file

read Ma local write Partition 1
o P
Shard 2 > - >
worker Partition 1

Partition R-1

-

. oé Gy ¢
21/12/2018 08@ S L a b P



zuvaptnon dlaipeonc

ExkteAeital meplodika kot armobnkevel Ta evdlapeoa (EVyn OTOV TOTUKO
dloko

Xwpilel ta kKAeLOLA o€ R opadec -> amodaoilel molog armod touc R
reducers Ba ene€epyaotel moLo evoLapeco KAELSL

* Default: hash(key) mod R

» User defined (m.x. Ae€ikoypadikad)

Otav n cuvdptnon dtaipeonc oAOKANPWOEL TNV AIOONKELON TWV
(ELUYWV EVNUEPWVEL TOV master yLa to tou Bpiokovtal ta Sedopeva.

O master npowBel autn TNV MAnpodopila OTOUC EPYATEC TTOU EKTEAOUV
reduce epyaoiec (yia va mapouv to partition mou toug avaloyet amno
Tov kaBe worker)

21/12/2018




Brjpa 5°: Reduce task - sorting

e AlafBalel amo kaBe epyatn mou £xeL ekteAecOel Ta (gVyn IOV
TOU OVTLOTOLYOUV aTtO TLC TOMMOOECLEC TTOU TOU UTTOOELKVUEL O

master.

e Otav oAa ta evolapeoa (evyn €xouv avoktnBel tatlvopouvtal

Baon tou key

* Ooa values €xouv koo key opadormotlouvtal

p

Map local ertek
worker g

Intermediate
file

Wremore read W Reduce

-

worker

\.

Map local Wnte\
worker -

Intermediate
file

remote read ¥ Reduce

worker

e,
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Brjpa 6°:

21/12/201

ExteAeltal n ouvaptnon reduce pe eicodo ta evyn <key,

group_of values> mou npogkuPav otnv ponyoupevn ¢aon

H reduce eneéepyaletal o Sedopeva Llo0O0U KoL TTAPAYEL T TEALKA
Geuyn

Ta evyn €€660U IPOCAPTWVTOL OE EVA ALPXELO OTO TOTILKO cUOTNUA
apxelwv.

Otav oAokAnpwOei n reduce to apyeio yivetal StaBEoipo oto
KOTOLVE LN LEVO OUOTNUOL APXELWV

Intermediate
file

remote read

write Output
file

Intermediate
file

—
Cail

Intermediate
file




Brjpa 7°: OAOKANpwGon €pyacLwy

e Otav evag epyatnc oAoKANPWOEL TNV Epyacio Tou
EVNUEPWVEL TOV master.

e Otav OAoL evnueEPWOOUV TOV master TOTe AuToq
ETILOTPEPEL TN AELTOUPYLOL OTO APYLKO TIPOYPOLULUOL TOU

Xpnotn.

21/12/2018



H peyaAn ewova

forks
Shard O Assign tasks
Shard 1 5 =
N\ > aduce Output
Shard 2 e file 1
Shard 3 ~ Map J 1F
worker
Reduce Output
7 orke file 2
Shard M-1 Map I
- worker -
: R work items

M work items (
Intermediate files

i 5 ) Y ow °
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Nopadeypa: Metpnon Ae€swv 1/3

* JTOXOC: HETPNON TNC cuxvotTNnNTac epdavionc Ae€swv oe
EVOL LEYAAO CUVOAO KELUEVWV

 MBavn xpnon: Eupeon dnuodpthwv url oe webserver
logfiles

* [MAdavo vAomoinonc:
— “AvéBaopa” TwV KELLEVWYV 0TO Kataveunuevo File System
— Mpadw pa map Kol pia reduce cuvaptnon
— Tpexw pla MapReduce epyaoia
— Maipvw Ttiow ta aroteAeopato

Mational Tochasal Unrvaray of Athans
' e
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Noapadeypa: Metpnon Ae€swv 2/3

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

reduce(key, values):
// key: a word; value: an iterator over counts
result=0
for each count v in values:
result +=v
emit(key, result)

21/12/2018



Noapadeypa: Metpnon Ag€swv 3/3

_______________________________________
- -

(d1, ‘wl w2 wé’) EW; 3 (w1,2)
(d2, “wlw2 w3 w4) |:> (x?,’ ) (w2,3)
(d3, “w2 w3 wé4) ’ (wl,4)
(w4,3) (w2,4) 5
-------------------- (w1,3) i (wl,9)
—— i |:: > 2,10
(d4, ‘w1l w2 w3’) (w1,4) (w2,3) ) (w )
(d5, ‘w1l w3 w4d’) w24) VN
(d6, ‘w1l w4 w2 w2) [> § (w3,2) )
d7, ‘w4 w2 wl’ i 43) | N/ VN e— \
| ) O L w3,2) | (W3,8)
jommTT (w4,3) i :> (W, 7)
(d9, ‘w1l wlw3w3) |:> (w2,3) : : (w4,3)
(d10, “w2 w1 w4 w3') | (w3,4) ; i (w3,4)
(w4,1) : : (w4,1)
M=3 mappers R=2 reducers
© OO O Hatonal Ted y of Athens
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MNoapadelypa: AVECTPALEVO EVUPETNPLO

a:To be, or not to be b:To be is to do
<to,a>,<be,a>,<or,a>, <to,b>,<be,b><is,b>,
<not,a>,<to,a>,<be,a> <to,b>,<do,b>
<be,<a,a,b>>,<do,<b>><i <not,<a>>,<or,<a>>,
s,<b>> <to,<a,a,b,b>>

reduce reduce

<be,<a,b>>,<do,<b>>,<is,<b>>,<not,<a>>,<or,<a>>,<to,<a,b>>

QOO0O N I Technical U y of Athens
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MNapadelyua: Distributed grep

* Availntnon A£éswv o€ MoAAA apyela
— Map: emit a line if it matches a given pattern

— Reduce: just copy the intermediate data to the
output

21/12/2018



Napadewypa: Reverse web-link graph

* Bpec amo mov €pyxovtal ta page links

— Map: emit <target, source> ywa kabe link oto
target oe pwa web oeAida

— Reduce: ¢tiate Alota yia oAa ta source URLs mou
oxetilovtal e eva target

Output <target, list(source)>

21/12/2018



>UvOeTo nopadeypa

‘Eva Ttio ouvBeTto mpoPANUa eival 0 UTTOAOYLOUOG TN LECNG HEYLOTNG BEpoKpaciag yio KABe PLEpa TOU XpOVOU O Eval
LETEWPOAOYLKO OTABUO. € aUTO Ba MPEMEL VL EKTEAECTOUV TTAPATIAVW ATIO io PACELG.

<200001011200,10> <200101011500,21>
<200001011230,12>... <200101011530,21>...
<20000101,10> <20010101,21>
<20000101,12>... <20010101,21>
<20000101,<10,12,...>>.. ‘ <20010101,<21,21,...>>...

reduce reduce

<20000101,15>,<20010101,23>...

QOO0O N I Technical U y of Athens
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>UvOeTo nopadeypa

<20000101,15> <20000201,21>
<20010101,23>... <20010201,22>...

map map
<0101,15> <0201,21>
<0101,23>... <0201,22>
<0101,<15,23,...>>... I <0201,<21,22,...>>...

reduce

reduce

<0101,17>,<0201,23>...

-

OO QO Nanonal Ted y of Athens
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Avoxn ota opalpata

O master EMKOWWVEL LE TOUC EPYATEC TIEPLOSLIKA. Eav
KArmoLlog dev avtamokplOel yia Eva Xpoviko dlaotnpa ToTe
avaOETEL TNV €pyacio TOU o€ KAToLoV AAAO.

Ta evOLAPESO OTOTEAECOTA TIOU TIOLPAYOVTAL OTO TIC map
Kal reduce epyaociec Slatnpouvtal O TPOCWPLVA apXELa O€
TOTILKOL CUCTAMATA APXELWV EWC OTOU OAN N elcodoc va €xel
UTtOOTEL eTteéepyaoia. TN CUVEXELO EVNLEPWVETAL O master
Kot N tAnpodopia yivetol StaBeotpun og 6AouC.

21/12/2018




ToTKOTNTAL

 Ta dedbopeva anoBnkevovtal otouc SLOKOUC TWV
EPYOTWV.

e Xwpilovtal og block (64MB cuvnBwc) pe avtiypada
o€ AAAouC epyaTEC.

 Move computation near the data: O master
npoonaBel va ekteAEoEL pla epyacio o€ Eva epyaTn

“kovtd” ota 6edopeva eL0odou, WOoTE va PLELWOEL To
gvpoc OLKTUoU Ttou Ba katavaAwOEd.

' ‘@SLa
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ALOKPLTOTNTO EPYOOLWV

O aplOUOC TwV IIPOC EKTEAEON EPYOCLWV ELVOL
ouvnNOwc peyaAvtepoc amno to nANBoc Twv
SlaBeoLpwy epyaTwy

Evolc epyaTnG UMOPEL vl EKTEAECEL TIEPLOCOTEPEC ATIO

uilo epyaoiec

EtoL n loopporia poptou PBeATIWVETAL KOl O

nepimtwon mou unapésl BAAPN o Evav epyatn

UTTALPXEL YPNYOPOTEPN AVAPPWON LE TNV
OVOLKOTOVOLN TWV EPYOCLWY TOU 0€ AAAOUC

21/12/2018




EdebplkEC EpyAOLEC

* Meplkec epyaoiec kaBuotepoUv TNV oAokAnpwon
TOUC Kot pall Kott TNV oAoKANpwaon TN CUVOALKNAC
SouAelac

 HAUon oto mpoPAnua eivat n dSnuouvpyia
avtlypadwyv tnc epyacioc (speculative execution)

* Mia epyocio Bewpeitat oAoKANPWUEVN OTOV
EVNUEPWOEL TOV master autn 1 eva avtiypado tng

21/12/2018



Partitioning-combining

‘Evac xprnotng Umopet va opiloet piat d1kn tou ouvaptnon

dlaipeonc kata to shuffling.

Mia cuvaptnon combiner pmopel va oploTeL yia va
enetepyaotel ta Sedopeva €€060uv plac epyacioc map mpLv
auTa yivouv dlaBcoipa otouc reducers. EkteAeitat amo tov
(6lo epyatn ou ekteAel TN Mmap epyacia kot ouvnBwc ival
napopoLa e Tn ouvaptnon reduce

O tumoc Twv dedopévwy elcodou Kal e€E06ou UmopEL va
kKaBopLoTel armo to xpnotn Kot OV EXEL TTEPLOPLOUOUC TOU Tl
nopdnc Umopei va eiva.

21/12/2018




Partitioning

Il(

* HashPartitioner: Typical “vanilla” partitioner

— Aikalog, aAAa dev duatnpel cuvoAlkn Taflvopnon
* TotalOrder Partitioner: dtatnpet TNV cuvoALKn
Toélvopnon Twv eVOLAUECWY ATIOTEAECUATWVY

— APKETA AOLKOC OE TIEPLITTWOELC OLVOUOLOMOPDWV
KOTOVO LWV

21/12/2018




Hadoop

* Open-source vhomoinon tov MapReduce.
* Java
 HDFS
* http://hadoop.apache.org/
* http://wiki.apache.org/hadoop/
e [loLoL TO XPNOLUOTIOLOUV:
— Yahoo!
— Amazon
— Facebook

— Twitter
— Kol TToAAOL aAAOL...

21/12/2018


http://hadoop.apache.org/
http://wiki.apache.org/hadoop/

Use cases 1/3

* Large Scale Image Conversions
@l}gNgwﬁnrk@imgg * 100 Amazon EC2 Instances, 4TB raw TIFF data
e 11 Million PDF in 24 hours and 2405

* Internal log processing

* Reporting, analytics and machine learning
faCEbﬂﬂk- * Cluster of 1110 machines, 8800 cores and

12PB raw storage

* QOpen source contributors (Hive)

» Store and process tweets, logs, etc
* Open source contributors (hadoop-1zo)

21/12/2018



Use cases 2/3

YAaHOO!

Microsoft

amazon
webservices”

100.000 CPUs in 25.000 computers
Content/Ads Optimization, Search index
Machine learning (e.g. spam filtering)
Open source contributors (Pig)

Natural language search (through Powerset)
400 nodes in EC2, storage in S3
Open source contributors (!) to HBase

ElasticMapReduce service

On demand elastic Hadoop clusters for the
Cloud

21/12/2018




Use cases 3/3

* ETL processing, statistics generation
‘A‘A  Advanced algorithms for behavioral analysis
AOL. and targeting

* Used for discovering People you May Know,

Linked m and for other apps

* 3X30 node cluster, 16GB RAM and 8TB storage

* Leading Chinese language search engine
» Search log analysis, data mining
* 300TB per week

* 10 to 500 node clusters

© OO O Natonal Technical u
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A€V glval OAa TEAELQL...

 MapReduce was used to process webpage data collected by
Google's crawlers.
— It would extract the links and metadata needed to search the pages
— Determine the site's PageRank

* The process took around eight hours.
— Results were moved to search servers.
— This was done continuously.

Web ) ) Migrate to
[ crawlers :>[ MapReduce | : ‘ search servers
l )

~ 8 hours!

REANE
Q0 3; ¢
' c<€SLab &
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2TNV paén

* Web has become more dynamic
— an 8+ hour delay is a lot for some sites

e Goal: refresh certain pages within seconds
* MapReduce

— Batch-oriented
— Not suited for near-real-time processes
— Cannot start a new phase until the previous has completed

* Reduce cannot start until all Map workers have completed

— Suffers from “stragglers” — workers that take too long (or fail)
 MapReduce is still used for many Google services
* Most data not simple files

— B-trees, tables, SQL databases, memory-mapped key-values
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* Dean, Jeff and Ghemawat, Sanjay.
MapReduce: Simplified Data Processing on
Large Clusters
http://static.googleusercontent.com/media/re
search.google.com/en//archive/mapreduce-
osdiO4.pdf
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