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dlaipel kat Booileve
(divide and conquer ota eEAANVIKQ)

/

Partition

|

2
-

N
7
.
mm

/

|

Combine

1
“«

o |
(@)
-
o,
m
(@)
Q\




[MpokAnoetlc nopaAAnAonolnonc

e Mwc avaBetoupe povadecg epyaciog oe workers?

e AV EXOUUE TIEPLOOOTEPEC LOVADEC EpyaCLaC ATTO
workers?

e Edv oL workers xpelaotel va polpaotolv evolapeoa
nuteAn 6edopeva’?

e Mwc ouvoyilovpe teTooU eldouc evdlapeoa
dedopeva?

e Mwcg &Epoupe 0TL OAoL oL workers teAewwoove?

e TuLylvetal eav kamotlot workers dlokomrkave ?

TL TO KOLWVO £Xouv OAa auta ta tpoAnuaTa?

QG OO uahonal echma
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2UYXPOVLOUOG

e Ta npoBAnpata ntapaAAnAomnoinong MPOKUTITOUV
amno:
— Erukowwvia petav workers
— MNpooBaon og kowoxpnotoug rnopouc (ry, bedoucva)

 EMopevVwe XpeLlolOMOOTE LNXOVIOMOUC CUYXPOVLIOLLOU
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Alaxeiplon toAAartAwv Workers

e AUokoAo, KaBwc¢
— AyvwoTn OeLlpa eKTEAEONC TWV workers
— Aev yvwpiloupe OTE 0 Evac OTOMATAEL TOV AAAO
— AyvwoTtn n ospd poofaonc os kowa dedopeva
e Apa Bglouvpe:
— Semaphores (lock, unlock)
— Condition variables (wait, notify, broadcast)
— Barriers
e Mapola auvta, emutAcov npoBAnpata:
— Deadlock, livelock, race conditions...
— Dining philosophers, sleeping barbers, cigarette smokers...

19/1/2017



Eropevwe

e H tautoxpovn npoornieAaon (Concurrency) eivat SUokoAn
e [lio SUoKOAN o€ peyaAuTtepn KALLOKAL
— Xe eninedo datacenter (R peta€v datacenters)
— Otav €xoupe aotoyiec uUAkou/Aoylopkou (failures)
— Otawv €xoupe uninpeoiec tou aAAnAenidpouv
e AnoodaApatwon?
e Emopévwce, otnv tpaén (nexpL mtptv to MapReduce):
— JUYKEKPLUEVEC UAOTIOLNOELC TOU iblou mpaypatoc (custom-tec!)
— I'payge tnv BLBALOBNKN oou kat SoUAePe pe autn.

— O MPOoypOUMATIOTAC TTOLPVEL TO PAPOC VO TIPOYPAULUATLOEL T
navta!
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T etvait to MapReduce?

Evo MTPOYPOLULUATIOTLKO LOVTEAO
Evol TPOoYypAULUATIOTLKO TTAQLLOLO

[l TNV avarmtuén epappoywV oL OTIOLEC

— eneéepyalovtol ypnyopa Kot apaAANAQ TEPAOTLEC
noootntec 6edoUEVWVY

— 2e ovotouyiec (clusters) umtoAoylotwv
Closed-source vuhomoinon Google
— Scientific papers tou ‘03 kat ‘04 tov to nepLypadouv

Hadoop: opensource vuAomoinon twv aAyopiOuwv
IOV TtEpLypadovtol oTa paper

— http://hadoop.apache.org/
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Hadoop HDFS

Hadoop Distributed File System (HDFS) givat to
NPWTeVOV anmoBnKevTIKO cUCTNUA TTOU
XPNOLUOTIOLELTOL OTtO OAEC TIC epappoyeEC Hadoop.

To HDFS élaomacl to dedopeva oe blocks kat
dnuoupyel aviiypada touc o SLAPOPETIKOUC
UTTOAOYLOTLKOUC KOUBOUC yLa val ETILITUXEL AELOTILOTOUC
KoL UTLEPBOALKA YPYOPOUC UTTOAOYLOUOUG .

Dpovtilel yio Ta avtiypada Kot TNV TOTUKOTNTA TWV
dedopeEvwy

=eklvnoe oav open source vAomoinon tou GFS (Google
File System)
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[IAEoveKTNOTO TOU Hadoop
HDES

Katavepnuévo amoBnkeuTiko cvotnpa oAU peyaiou peyEbouc.
— 10.000 kopupBot.
— 100.000.000 apyeia.
— 10PB amoBnKeuTLKOC XWPOC.
Baoiletal o $pOnvo Hardware.
— Avtlypada aodaleiog Twv apxeiwv wote va avtipetwrnilovtal ot BAaBec.
— Aviyveuvon BAapfwv kol avaktnon.
Elvai BeAtiotomownpuévo yia Batch processing
— YmnoAoylopol va petadEpovrtal kel tou Bplokovtal ta dedopéva
— MNapexet moAv vPnAod cuvoAkod evpoc Lwvng
O x(bgoq amoBnkevong Uopel vol BplokeTal o€ ETEPOYEVN AELTOUPYLKA
ouotnuata.
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Baowkec apxec tou HDFS

e O xwpoc TwV apxeiwv eival eviaioc ya 0Ao to cluster

EmtiBAETEL TNV OUVETELA TWV SESOUEVWV
— Baoiletal oto povtedo Write-once-read-many
— Ynootnpiletal ota apyeia povo n dStadikaoia append

Ta apyxeia dStaonwvtal o blocks
— TuTmko peyeBocg block 128 MB.

— KaBe block avtiypadetal oe moAAartAou¢ kOpBouc dedopEvwy
(DataNodes).

— Toa dedopeva dev ypadovtal ameuBeiag oto dioko. Mpwta
amoBnkevovtal o buffer.

Baoiletal og €€untvouc eAadteg (Clients).
— Ot Clients prmopouUv va Bpouv tnv tontoBeoia twv blocks
— O Client mpoomnteAavouv ta dedopéva anevBeiac otouc DataNodes
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AleTtodr) CUCTHUOTOC OPXELWV

e create/delete
e open/close

* read/write

e Snapshot

e record append
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APXLTEKTOVLKI)

Metadata (Name, replicas, ...):
Metadata,Ops’"[ Namenode /homeffoo/data, 3, ...

Block ops
Read Datanodes Datanodes

1 | |
H = - = Replication o = u

L] = Blocks
S \ J y

N Y
Rack 1 Rack 2
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Tu 6ev kavel to HDFS

 Transactional data? (e.g. concurrent reads and
writes to the same data)

— Ebw to HDFS Ba xpelaotel va amobnkevel ta dedopeva
eva file kaBe eyypadn.

e Structured data? (e.g. record oriented views,
columns)

— Ta metadata sival povo os popdrn KaTtaAoywv Ko
OVOUATWV OPXELWV

e Relational data? (e.g. indexes)
— Aev vntootnpilel avalntnoELc.

e OtL bev kavel to HDFS to kavel n HBase
(BigTable)...

‘:ﬁU\NEr‘
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BigTable

« To Bigtable amoteAel Eva katavepunuevo

ocvotnua aroBnkevonc yla tn SLaxeipLon
LEYOANC MooOTNTAC NUL-OOUNUEVWV
dedoUEVWV KaL TIPOCOVOTOALOLEVO OTNV
KALLaKwopotnta (scalability)

o Xpnowuormoleitol amo tnv Google

o Analytics, Google Earth, web indexing, kKAt

e KAeLotoU kKwowka -> HBase

« OSDI'06
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XOpOKTNPLOTLKAL

o Meyaho eUpoc epapuoywv

« Batch processing edpoapoyeC

o Edpapoyec yapnAng kabBuoteEpnong yLa XproTeg
o KAlpokwolpotnTa
e YYnAnN anodoon

e YYnAN StaBeopotnta

o Auvatotnta xprnong o€ cUVOUOOUO UE
MapReduce

o EkteAeital o uéoou K(')GTOUCSE%KH'S“E

Q
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MovteAo bedopevwy

o Elval évac apoalog, KatavenUeEVOC, TTOAUSLAOTOTOC
TILVOLKOLC

o AlevBuvoloboteital amo:
o KAelbl ypoppng
o KAelbl otnAng
o Xpovoodpayidba
o KATL OOV OUVTETAYUEVEG <X,y>

o KaBe keAl mepLexel eva ocuvolo bytes

(row,column,time) Value
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[pappeg (rows)

o To KAelbl amoteAeital oo eva aApaplOuUNTLKO

o OL evEpPYELEC TTOVW OE UlOL VPO ELVOL ATOULKEC

o Nellkoypadikn taélvopunon pe Baon ta kKAsdLa

o OMAoc o mivakac armoteAeital amo
(6Lo/tpLo/KkAm)ekatoppl pLa As€ikoypoadiLka
TOELVOLLNUEVEC YPOLULUEC.

o [poooyxn: to row key eivat to povo nedio nou
yivetat indexed otov BigTable

o Avalntnon oe oAa ta aAAa media yivetal pe full table scan
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2TNAEC (columns)

o Ouadomnoinon oe column families. Znaowo os
column families avaAoya to application

o Mwpoc aplBuoc amno column families (my
~100)

o Amtelpoc aplBuoc amo columns
o Mopdn family:qualifier

o O €Aeyyoc mpooPaonc yivetal pe faon ta
column families
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Xpovoodpayldeg (timestamps)

o MoANaTIAEC EKOOOELC TWV LOLWV SeSOUEVWV
o [MpaAyHATIKOC XPOVOC N

o KaBoplopevoc amo to xprnotn

o OLTILO MPpOOPaTEC EKOOOELC ElVaL EUKOAOTEPQ
NMPOOBACLUEC

o PUOULON yLa TNV SLatnpnon Twv

o TeAevutailwv X ekbOCEWV R\

o OAec Tic ekbOOELC TWV TEAEUTOLWVY X €Bdopadwv

08 Q@ ranr N %:
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Napadeypa

"contents:” "anchor:cnnsi.com”  "anchor:my.look.ca”
| | |
SV W U O N NS
-t i - .
"com.cnn.waww" — 1= I_,!: <htmit>— :-'-;:;Jlf 7 | "CNN" = tg CNN.com” e tg
Lo <htmi> _.""___:_':-t._.____| ______________________ N Sp——
| | | |
rowkey: URL
Mol elvatl avamnoda ypapupeEvVo?
[.x. gr.ntua.www

gr.ntua.cslab.www
gr.ntua.dblab.www
Column families

Contents: Xwpic column id. To value givat ta html contents (rmoAAEg
ekOOOELC)

Anchor: ExetL column id to url tou link. Value eival to keipevo tou link.

Epwtnon: mwg pmopw va Bpw OAEG TG OTAAEG TwV OTOLWV TO OVoua Elval
cnnsi.com? ©© © O vebonet T oty of ke
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Apxttektovikn HDFS/MapReduce

e Apytektovikni Master/Slave

— Evac kevtplkoc JobTracker dtaxelpiletal moAAatAoUC
TaskTrackers

-NameNode kat JobTracker
TPEYOUV OTOV master
-DataNode kot TaskTracker

master slave
4
TPEXOULV oToUuC slaves
task task
. tracker tracker
- Data locality e
MapReduce job |
layer tracker
.....................................................
HDFS name
layer node
EE T i~
data data
node node
multi-node cluster
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MapReduce

e To mpoPAnua “omael” og 2 paocelg, tnv Map kat tnv
Reduce

e Map: Mn aAANAO-ETUKAAUTITOMEVA KOMLLATLO OTTO
dedopeva eloodou (eyypadec <key,value>) avatiBevtal
oe dladpopeTikeC dlepyaoiec (mappers) oL OToLEC
Byalouv €va ot ano evdilapeoa <key,value>
amoteAEopaT

 Reduce: Ta 6edopeva tng Map ¢paong tpodpodotouvrtal
0€ Eva ouvNOwC HLKPOTEPO aplOuo dlepyaoLwv
(reducers) ot omntoiec “ocuvoyilouvv” Ta anmoteAEopaTa
L0000V O€ ULKpOTEPO apLlBUO <key,value> evvpacbwv

‘:ﬁ
OCOO I Tech <
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MapReduce

Input

Map

/]

ShufflefSort
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[MOote elvall YpnoLuo?

— Aewktodotnon/avalvon log apyeiwv
— Ta&wvounon peyaou oykou 6eSOUEVWV
— AvaAuon €lKOVWV

e Kokn emiAoyn yia:
— YrtoAoylopoc akoAouBwwv Fibonacci
— Avtikataotaon tnc MySQL
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[pLv EEKLVNOOUUE

H elcodoc aveBaivel oto HDFS “ywpiletal” oe M

Koppatia, peyeboucg 128 MB

— KaBe koppatt meplexel «evyn» eyypadwv
<key,value>

KaBe pnxavnuo mou CUUUETEXEL OTOV

UTTOAOYLOMO eKTEAEL Eva avtiypado Tou

TPOYPAUATOC OE EVA KOUMATL TWV dedOUEVWVY

Eva oo oAa ta pnxovnpoata avaAapfaveL to

POAO TOU master. Autoc avaBeTeL epyaociec ota
uTtoAouna (epyatec). AUTEC UTTOPEL va Elvall map
N reduce gpyaolec.
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Bripa 1°: Awatpeon tng etcodou o€ shards

e H eloodoc dlatpeitat oe M koppatia twv 128MB

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

Input files

Divided into M shards

19/1/2017



Brjpa 2°: Fork dLepyaoiwy

e =eKwva TOAAQ avtiypada Tou mpoypappatoc os cluster umoAoylotwv
— 1 master
— TMoAAot workers

e touc idle workers avatiBevrtol
— Map tasks (kaBeva oe eva shard): M map tasks
— Reduce tasks (kaBeva douvAevel og evdlapeoa amoteAéopata): R reduce tasks

o

Remote fork

19/1/2017



Brjpa 3°: Map epyacia

MLt Evav €pyATtn TTOU TOU €XEL avatebel piat map epyaocia

— AwaBalet amo to HDFS to koppatt tng etcodou(input split) mou tou

avtlotolxel, avaAvel ta evyn <key, value> mou nMpokUTTOUV KoL T
dlvel oav elocodo otn map ocuvaptnon.

— H map ocuvaptnon eneéepyaletol ta {eVyn Ko TopAyeL evolapECa
(elyn Kol TAL CUCCWPEUVEL OTN LVAN.

read

Shard 2

19/1/2017




Brjpa 4°:

e Ta evdlapeoa <key, value> mou mapayelL o mapper
ypadovtat og buffer otn pviun ko amodBnkevovtol
NEPLOOLKA OTOV TOTILKO OLOKO

— Awapouvtal o€ R regions amo pla cuvaptnon dlaipeong
(partitioning function)

4 \

Intermediate file

read W, /ocal write Partition 1

Shard 2

Partition 1

Partition R-1

19/1/2017 8£SLab & P :




zuvaptnon dLalpeong

EkteAeitoL meplodika kat armodnkevel ta evolapeoa (gVyn O0TOV TOTILKO
dloko

Xwpilel ta kKAeldLA o€ R opddec -> anodaoilel molog ano touc R
reducers Ba eneéepyaotel oo evoLapeoo KAeLOL

e Default: hash(key) mod R

e User defined (m.x. Ae€ikoypadikad)

Otav n ouvaptnon dlaipeonc oAokKANPWOEL TNV AMOONKELON TWV
(EUYWV EVNLEPWVEL TOV master yLa to rtov Bpiokovtal ta dedopeva.

O master mpowBel avtn TNV MANpodopila 6ToUC EPYATEC TTOU EKTEAOUV
reduce gpyaoiec (yia va tapouv to partition mou toug avaioyei amno
Tov kaBe worker)

19/1/2017




Briua 5°: Reduce task - sorting

e AwafBalel amo kaBe epyatn mou £xeL ekteAecOel ta (eVyn OV
TOU OVTLOTOLYOUV aTto TLC TOTTOOEOLEC TTOU TOU UTTOOELKVUEL O
master.

e Otav oAa ta evolapeoa (evyn £xouv avoktnBel tatlvopouvtal
Baon tou key

e Ooa values €xouv koo key opadormorouvral

p

Vo focal wr fte) Intermediate
worker file

a0 -y, /ocal write | |ntermediate
worker it file

]remote read

Cal

.

remote read ¥ Reduce

worker
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Brjpa 6°:

19/1/2017

EkteAeitoL n ouvaptnon reduce pe etcodo ta Levyn <key,
group_of values> mou npogkupav otnv mponyouevn ¢aon

H reduce eneepyaletol ta dedopcva eLo0O0U KoL TTAPAYEL TOL TEALKA

(euyn

Ta (evyn €€060U TPOCAPTWVTOL OE EVA APXELO OTO TOTILKO CUCTNUA

opXELWV.

Otav oAokAnpwOel n reduce to apyeio yivetat dStabEoipo oto
KOTAVEUNUEVO CUOTNUA OPXELWV

Intermediate
file

Intermediate
file

remote read

write Output

file

Intermediate
file




Brjpa 7°: OAokANpwon €pyacLwy

e Otav £vac epyatnc oAoKANPWOEL TNV EPyOCia TOU
EVNUEPWVEL TOV master.

e Otav OAoL EvnUEPWOOUV TOV master TOTe AUTOC
ETILOTPEDEL TN AELTOUPYLOL OTO APYLKO TIPOYPOLULLLOL TOU

Xpnotn.

19/1/2017



Shard 0

Shard 1

Shard 2

Shard 3

Shard M-1

H peyaAn gkova

forks

ap IF
Stke
VET IF
worker
Map IF
worker
" —

M work items

Assign tasks

R work items

L—‘ Intermediate files

19/1/2017
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file 1

Qutput
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Napadeypa: Metpnon Aeéswv 1/3

e JTOXOC: LETPNON TNC ouyvoTntac epdavionc Ae€swv o€
EVOL LEYAAO CUVOAO KELLEVWV

e MBavn xpnon: Eupeon dnupodtAwv url oe webserver
logfiles

e [MAdvo vAomoinonc:
— “AvéBaopa” Twv KELPEVWY OTO KoTtavepnuevo File System
— Ipadw pa map kot pa reduce cuvaptnon
— Tpexw pa MapReduce epyaoia
— Maipvw Ttiow TaL amoteAeopata

_}‘(E‘"Er‘
Nahonal Tech ] ty of Athens Q?\:- -
19/1/2017 00 a s



Napadeypa: Metpnon Aeéswv 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(result)
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Napadeypa: Metpnon Aeéswv 3/3

(d1, ‘w1l w2 wé’)

(d2, “wlw2w3w4d’) |:>

(d3, ‘w2 w3 wé4’)

(w1,9)

(d4, ‘w1l w2 w3’)

(w2,10)

(d5, ‘w1l w3 wé)
(d6, ‘w1l w4 w2 w2) [>

(d7, ‘w4 w2 wl’)

(w3,8)

(d8, ‘w2 w2 w3’)

(w4,7)

(d9, ‘w1l wl w3 w3’) |:>

(d10, ‘w2 w1l w4 w3’)

1
|
\
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Avoxn ota odaApota

O master EMLKOWWVEL LLE TOUC £pYATEC TEPLOSLKA. EQv
KAmoLog v avtarmokplBel yLa Eva xpoviko SLaoTnUo TOTE
avaOETEL TNV €pyacia Tou o€ KAmoLlov aAAo.

Ta eVOLAUEOO ATTOTEAECHOTA TIOU TIOLPAYOVTAL OTO TLIC map
Kall reduce epyaoiec Sltatnpouvtal O TPOoWPLVA apXELa Ot
TOTILKOL CUCTAMOTA ApXELWV EWC OTOU OAN N elcodoc va €xel
UTtOOTEL eTteéepyaoia. TN CUVEXELO EVNLEPWVETAL O master
Kol N TAnpodopia yivetol StaBeotpn og OAoOUC.

19/1/2017




ToTukoTNTA

e Ta dedopeva anoBnkevovtal otouc SLOKOUC TwV
EPYOATWV.

e Xwpilovtal og block (64MB cuvnBwc) pe avtiypadoa
o€ AAAOUC EPYATEC.

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

“kovtd” ota Sedopeva eLoodou, WOoTE va PLELWOEL To
gvpoc SLkTUov Tou Ba kKatavaAwOEL.

Nah I Tech lu Ty Athens c\":ﬁ “"Er‘
oC QuNogip s
<«CSLab
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ALOKPLTOTNTA EPYAOLWV

e O aplBUOC TWV TIPOC EKTEAECN EPYACLWYV Elval
ouvnNOwc peyaAltepoC armno to nMANBocC Twv
SlaBcoipwy epyatwy

e Evac epyatnc pmopel val EKTEAECEL TIEPLOCOTEPEC ATIO
uila epyaoiec

e EtoLn woopporia poptou BeATLwWVETAL KAL OF
nepimtwon movu unapésl BAAPN o Evav epyatn

UTTAPXEL YPNYOPOTEPN AVAPPWON HLE TNV
OVOLKOTOVOLN TWV EPYOCLWY TOU 0€ AAAOUC

‘:ﬁU\NEr‘
Nahonal Technical Ul ty of Athens -Q?L L LA
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EdbebpLkeEC EpyaoieC

e Meplkec epyaoiec kaBuotepoUlv TNV OAoOKANpwonN
TOUC Kol pall Kot TNV OAOKANpwaon TNS CUVOALKNAC
SoUAelac

e HAUon oto mpoPAnua eivat n dSnuoupyia
avtlypadwv tnc epyacioc (speculative execution)

e Mia epyoacia Bswpeitat oAoKANPWLEVN OTOV
EVNUEPWOEL TOV master autn n eva avtiypado tng

19/1/2017




Partitioning-combining

‘Evac xpnotng Umopet va opiloel piat S1kn tou ouvaptnon

Staipeonc kata to shuffling.

Mia cuvaptnon combiner pumopel va oplotet yla va
eneéepyaotel ta Sedopeva €€066ouv plac epyaocioc map mpv
auta yivouv dlaBcolpa otouc reducers. EkteAeitat amo tov
(6lo epydtn ou ekteAel TN map epyacia kot cuvnBwe eivol
nopopoLa Ue Tn ouvvaptnon reduce

O tumoc Twv dedopévwy eloodou Kkal e€06oU pmopEeL va
KaBopLoTel armo to xprotn Kol OV €XEL TTEPLOPLOUOUC TOU TL
nopdnc umopel va iva.

19/1/2017




Partitioning

e HashPartitioner: Typical “vanilla” partitioner
— Aikaloc, aAda dev duatnpel cuvoAlkn Taflvounon

e TotalOrder Partitioner: dtatnpet TNV cuvoALKn
ToElvopnon Twv eVOLAUECWY ATIOTEAECUATWVY

— APKETA AOLKOC OE TIEPLTTTWOELC OVOULOLOMOPDWV
KOTTOVO LWV

19/1/2017



>uyKkpilvovtac RDBMS ko
MapReduce

MapReduce

Gigabytes (Terabytes) Petabytes (Exabytes)

Interactive and Batch Batch

Read / Write many times Write once, Read many times

Structure

Static Schema Dynamic Schema

High (ACID) Low

Nonlinear Linear

DBA Ratio 1:40 1:3000

5 > >
(=g

(0] O
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=

) Q© U  Wahonal Technical Unwversity of Athens
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Hadoop

e Open-source uhomoinon tou MapReduce.
* Java
e HDFS
* http://hadoop.apache.org/
e http://wiki.apache.org/hadoop/
e [loloL TO XPNOLLOTIOLOUV:
— Yahoo!
— Amazon
— Facebook

— Twitter
— Kol TtoAAOL AAAOL...

19/1/2017



Use cases 1/3

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

* Internal log processing

e Reporting, analytics and machine learning
faCEbUOk' e Cluster of 1110 machines, 8800 cores and

12PB raw storage

e QOpen source contributors (Hive)

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

19/1/2017



Use cases 2/3

YAHOO!

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

19/1/2017




Use cases 3/3

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

e Used for discovering People you May Know,

Linked m and for other apps

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

e Leading Chinese language search engine
e Search log analysis, data mining

o0
020
BBI@ﬁE e 300TB per week

e 10 to 500 node clusters
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* 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

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

Web j p Migrate to
[ crawlers ::>{ Mapisetiice ) >[search servers
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~ 8 hours!
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 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
e 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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