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[eplexopeva

e Elooywyn
e GFS

e HDFS

e BigTable
* HBase
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[EVLIKQL

e Ye ¢va Cloud

— Antatteitol Suvatotnta armoBnkKevonc Ko
Sdlaxeiponc peyadov cuvolou dedopevwv.

— Ta 6ebopeva aélomoLoUvtal Kol TOPAYOVIOL OE
SlapopeTikEC TomoOeaTliec.

— O BAAPec Tou UALKOU elval TTOAU CUYVEC.
— Ta apxeia €xouv MOAU peyalo peyeboc.
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[EVLIKQL

e AELTOUPYLEC EVOC KOTAVEUNLEVOU CUOTHATOC:
— Ovopaotia
— AlOpMOLPOOLLOC
— Mpoowplvn amnotapievon
— Avtiypada apxeiwv
e ETUTAEOV TIPETEL VA TTOPEXEL OTOUC XPrOTEC TOU:
— JUVETELD
— Aflonotia
— AwaBeopotnta
— KAlpaKwolpotnta
— Awadavela
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GFS: Google File System

e KALLOKWOLUO KOTOVEUNUEVO cUCTNHO
apxXElwV

e KataAAnAo yia data-intensive epappoyec

e Npoodepel avoxn o€ opAApaTA, TTAPOTL
ekteAeitol oe commodity UTTOAOYLOTEC

e E¢umnpetel eva peyalo cUVOAO aTto TEAATEC.
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[Mapadoyeg

YynAn cuyxvotnta BAafBwv.

Ta apyeio o€ T€TOLOU €ldOUC ouOTAHATA Elval LEYAADL
(rtoAAa GBs)

MpocPaon apxeiwv

— Ta MeEPLOCOTEPA OPXELO TPOTIOTIOLOVUVTOL UE
npocaptnon(append)

— 2 elbwv reads: peyala oslplaka reads n pkpa random
reads

ELO1KOC Xelplopog yia mapaAAnAo append
Tatplalouv yia data analytics

— 2ZuvnBwcg peyala apxeia.

— To uPnAo bandwidth mpotipatatl ano to xapnAo latency.
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AleTtodr) CUCTHUOTOC OPXELWV

e create/delete
e open/close

* read/write

e Snapshot

e record append
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APXLTEKTOVLKN

e Evac master
e [MoAAarmAot chunkserver
e [MoAAarAot clients

e Ta apyela xywpilovtol oe chunks otaBepov
eyebouc

e Aev npaypatornoleital caching
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GFS Files

file A file

Vs Is made of 64 MB chunks
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Chunks live on
chunkservers
chunkserver chunkserver chunkserver chunkserver
master Cf\ii;::gzlnt Operation log The master manages the file

system namespace:
names and name—{chunk list}

In-memory FS metadata
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Master

e O master dlatnpet:
— To namespace
— Tnv avtiotowia ano apyeia os chunks
— T B€oeLg Twv chunks

e OAa ta petadedopéva Bpiokovtal otn HvrApn tTou master

e O master evtomilel ta chunks péow heartbeat pnvupdatwv

e JInUOVTIKEC aAAayec oto GFS dtatnpouvtal oto operation log
 Checkpoints

e Xelpiletal
— Leases (locks)
— Garbage collection
— Chunk migration
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MeyeBoc chunk

* 64 MB

e Mewwpevn avaykn emkowvwviog client kot
master.

e Mewwpevoc poptoc SLIKTUOU.

e Mikpotepo peyeboc dopwv dbedopsvwy otov
master.

e Chunks amo pwKpa apyela Umopetl va
arnoteAecouv hotspots.
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Y UVETIELDL

e Eva apyeio pumopel va Bploketal o pia amo
TLC TTOPOALKATW KOTOLOTAOELC:
— Consistent
— Defined
— Inconsistent
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Lease, mutation kat pon 6edopevwy

e Mutation eivatl kaBe aAlayn ota Sedopeva eVOC
apxeiov kat epapuoletal o OAa Ta aviilypada tou.

e Otav oe gva avtiypado tou anodobel eva lease toTE
Bewpeital to primary kat dStaxelpeiletal to mutation
oTa UTtoAoua avtiypada.

 H pon dedopevwyv daywpiletal amo tTn porn AEyxouU.

e To dedopeva dladidovtal oelpLakd amo eva
chunkserver otov kovtwvotepo Le pipelining.
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Write request

Current lease holder?

Operation completed

Replica A

step |
Client | "1 Master
3a. data - identity of primary
location of replicas
Secondary (cached by client)
‘ econdary p+———j

— Operation completed

3b. data , , ,
Primary assign s/n to mutations

or Error report
7

Primary
Replica

Applies it

5 Forward write request

l 3c. data

Secondary
REeplica B

| & Operation completed

W EE—
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Lease, mutation kat pon 6edopevwy
(ArmoBnkevon)
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Lease, mutation kat pon 6edopevwy
(Avayvwon)
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Alaxeiplon namespace kat locking

e YApxeL avtiotolylon HETAéL eVOC apxelou Kall
TOoU TTANpouC pathname tou.

e Read lock.
 Write lock.
e MapaAAnAec aAlayec oto idLo directory.
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TortoBetnon aviypadwv

e MeyLotomoinon aéLlomioTiog Kol
SlaBeopotntac Sedopevwy.

e Meylotonoinon xpnonc bandwidth.

e O xpNoTNC Uopel va erAe€eL ToV apLlOuo TwV
eTLTAEOV avTlypadwv (replicas).
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lcopportia SECUEVUEVWV TIOPWV

e Nea avtiypada tomobetovvtal o€ kKOpBouc pe
OXETIKA eAappU dopTio.

e '|00C KATAMEPLOUOC SNLLOUPYLWV apXELWV ava
chunkserver.

e KATOUEPLOMOC AVTLYPOADWV.
e O master divel mpotepaLOTNTA OTNV
avtypadn.
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Garbage collection

e Metovopaotia apyxeiov npoc dStaypadn.
e MepLodikoc EAeyyoc yLa tn dtaypadn Touc.
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Stale replica detection

e Chunk version number
e Autavetol pe kabe aAlayn

e MaAlx avtiypada adatpouvtal oo To
LLnNxaviIopo garbage collection
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YU nAn dtaBeouotnta

e [priyopn avappwon amno ocpalpata.
e MMoAAarmAa avtiypada.
e Avtlypodn TnC KATAOTAONC TOU master.
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Akepatotnta OEO0UEVWV

e Agv glvol OWOTO KO TIPAKTLKO va YiveTol
e\eyyoc petaév twv chunks

e Xpnon checksums
e EAeyxoc 6edopevwy TpLv petadepBbouv
e MepLodikn e€etaon yia corrupted chunks
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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 .

Qpovtilel ylo Tta avtiypada Kot TNV TOTUKOTNTA TWV
dedopeEvwy

=eklvnoe oav open source vAomoinon tou GFS
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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.

— Kpatouvtal aviiypado acdalelog Twv apxelwv wote va
avtipetwrnilovral ot BAAPEC.

— Aviyveuon BAapfwv kol avaktnon.
Elvai BeAtiotomownpévo yia Batch processing

— OLtomnoBeoiec Twv dedopevwy elval SLAKPLTEC £TOL WOTE Ol
uTtoAoyLopol va petadEpovtal kel tou Bplokovtal ta dedopeva

— MNapexet moAv vPnAod cuvoALkod evpoc Lwvng
O xwpo¢ amoBnkevong umopet va Bploketal o etepoyevn
AELTOUPYLKA cUCTAMOTA.
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Baowkec apxec tou HDFS

O xwpo¢ TwV apxeiwyv gival eviaiog ya Ao to cluster

EmtiBAETEL TNV OUVETELA TWV OESOUEVWVY
— Baoiletal oto povtedo Write-once-read-many
— Yrnootnpiletal ota apxeia povo n dtadkaoia append
Ta apyeia dtaomtwvtal o blocks
— Turmuko peyeboc block 128 MB.

— Kabe block avtiypadetat oe moAAamAovc kopBouc dedopevwy
(DataNodes).

— Ta dedopéva dev ypadovrtal anevBeiac oto dioko. Mpwta
aroBnkevovtal o€ buffer.

Baoiletal og €€umtvouc rtehatec (Clients).
— O Clients prmopouv va Bpouv tnv tonoBecia twv blocks
— Ot Client mpoomneAavvouyv ta dedoueva amnevBeioc otouc DataNodes
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H apyttektovikn tou HDFS

Cluster Membership

—

NameNode

e

Secondary
NameNode

3
.Read dat,

NameNode : Maps a file to a file-id and list of MapNodes
DataNode : Maps a block-id to a physical location on disk

DataNodes
SecondaryNameNode: Periodic merge of Transaction log

QG OO uahonal echma

ty of Athens
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NameNode DataNode

NameNode

Metadata otnv pviun

— OAa ta petadedopéva duldcoovtol
otnv kUpLa pvAun RAM

— Aev xpnolpomnoleital paging ota
pnetadedbopeva

Eidn petadedopévwv
— HAlota twv apxeiwv
— H Alota twv Blocks yia kaBe apyeio

— H Alota twv DataNodes mou
niepléxouv to kaBe block

— 1810TNTEC apXElwY, T wpa
dnuoupylac, aplBuog aviypadwv
KATT

Kataypadn cuppBaviwv

— Kataypadovrtal dSnuioupyieg
apxeilwv, StaypadEc apxeilwv KAT

DataNode

E¢untinpetntig Block

— Toa 6ebopéva anobnkevovtal oTo
TOTILKO cuoTNUA apxeilwv (TT.).
ext3)

— AmnoBnkevovtal petadedopeva Tou
kaBe block (rt.x. CRC)

— Metadepel Sedopéva kol
pnetadedopéva otoug Clients.

 Avadopa Block
— [eplodikad oTEAVEL pLa avadopa Ue
oAa ta untapyovta blocks otov
NameNode
e AweukoAuvel to Pipelining twv
dedopEvwy
— MpowbBei bedopéva og AAoug
KOUPBoug

QO Q © © wanonal Technical bl ty of ath
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Eyypadn — Avayvwon oto HDFS

Metadata (Name, replicas, ...):

Metadata,Ops’"[ Namenode /homeffoo/data, 3, ...

Block ops
Read Datanodes Datanodes
1 | |
H = - = Replication o = u
L] - Blocks
S \ L y
v Y
Rack 1 Rack 2
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Write Data Pipelining

e O Client Aappavel pia Atota arto DataNodes
otouc omoiouc Ba dnuiouvpynBouv ta avtiypada
tou block

e O Client ypadel to block otov mpwto DataNode

e O MNpwtoc DataNode npowBel ta dedopéva otov
ermtopevo DataNode tou pe Pipeline

e Otav oAa ta dedopeva exouv ypadtel o Client
ouvexileL TNV eyypodn tou emopevou block tou
apxeiou
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NameNode avtiypada Blocks

 H otpatnywKn nov

olkoAouBeitau
— Eva avtiypado oToV TOTIUKO
KOoupBo.
Namenode (Filename, numReplicas, block-ids, ...) ' ’
Jusers/sameerp/data/part-0, r:2, {1,3}, ... } —_ AEUTEpO aVTlvpad)O oTo
/users/sameerp/data/part-1, r:3, {1,2,4}, ... I}
1oto rack

Datanodes — Tpito avtiypado oe

B " QTOUOKPUCUEVO rack
— EruumA€ov avtiypada
—~ - 0 tonoBetolvtal og
Tuxaloug KOpBoug

e OuClients éwafalouv ano
TO MANOCLECTEPO
avtiypado

QG OO uahonal echma
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Replication

Datanodes
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H opBotnta twv dedopevwy

H xprion Checksums ywa tnv emikUpwon 6dopEvwv

— xpnon CRC32

Kata tnv dnuiovpyia apyeiwv

— O Client urtoAoyileL to checksum kaBe 512 bytes
— oL DataNodes amnoBnkevouv ta checksums

Kata tnv npoofaon twv apxeiwv

— o Client AapBavel ta dedopeva kat to checksum armo
tov DataNode

— €AV N emkUpwon amnotuxel tote o Client dokualel
aAAo kKouPo

12/1/2017




BAaBn otov NameNode

e Asingle point of failure

e H kataypadn twv cuvaAlaywv
amoOnkeveTol o€ TOAAATTAOUC KATAAOYOUC

— Evav KatdAoyo oTO TOTILKO CUOTNMA OPXELWV

— Evav KatdAoyo o€ AmOMOKPUCHLEVO CUCTNUA
apxelwv
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Rebalancer

e JYe meplntwon nov karmolo¢ datanode BpeBel pe
nAsovaopa avtlypadwyv ToTe To PopTio potpaletol
QUTOMOTAL.

e YKOTOC: OAoL ot Siokol twv DataNodes va €xouv to OL0
0o0oTO SeSOUEVWV

— ZuvnBwc tpexeL otav veol DataNodes mpootiBevrtal
O0TO CUOTNUO.

— 0 Cluster mapopuEVEL AELTOUPYLKOC OTAV EKTEAELTAL O
Rebalancer.

— 0 Rebalancer tiBetal og avapovr otav UTtapxEeL
lueyaAn kivnon oto diktuo.

— Elval éva epyaieio Command line.

QG OO uahonal echma
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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 KAelOoTOU KWO LKA

« 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

12/1/2017



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 %:
6{,\\ >0y
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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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APl 1/2

o Baolkéc Aettoupylec Baoewv Asdopevwy:

o Put(row key, column_key,timestamp,value): BaAe
LLLOL TLULN O€ €val KEAL.

o Get(row key) : emeotpepe OAa T KEALA yLA pLLOL
VPN

o Get(row_key, column_key, timestamp):
ETMEOTPEYE EVA OUYKEKPLULEVO KEAL

o Scan(start_row_key, end _row key): emeotpee
oo ta KAeWSLa petav start key Ko end kev

OCOO
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5. i
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APl 2/2

o Aev umtootnpilet joins!!! (kavto pe MapReduce
gav Oec)

o Aev umtootnpileL get(column_key) oketo: Ba
MPETEL VAL EEPELC TO row_key

« No multi-row transactions
o Atomic single-row writes
o Optional atomic single-row reads

_}‘(E‘"Er‘
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APXLTEKTOVLKI)

o AmoteAeital amno:
o Tnv BPAL0BNKN client
« Eva master server
« [MoAAoUC tablet servers

o 2TNPLlETOL TTAVW OTAL:
o Google filesystem
« SSTable
o Chubby

12/1/2017



Tablets

o TO EUPOC TWV TLLWV XWpLleTal o€ tablets

o Tablet: Eva «opBoywvio KOPUATL» TOU TTIiVaKO TTOU
TIEPLEXEL OAEC TLC YPOLUMEC Kol oTAAEC peTAEL duo
TLHwV start kat end.

o AmoteAeital amo noAAd SSTables

64K || Bak || Bak | SSTable

SSTable: block || block || block

Index

Tablet Start:aardvark  End:apple
SSTable SSTable

. 64K 64K 64K 64K 64K 64K
Tablet: block || block block Index block block block Index
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APXLTEKTOVLKI)

Client Master

Aebopéva

library library

SSTable SSTable

Tablet Tablet
server server
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Master

o AvaBeon tablet o kamolov tablet server
o Evtomiopoc vewyv tablet servers

o E¢LlocOpomnon dpoptou

o 2UAAOYN okouTitdlwv armo to GFS

o Alaxeilplon schema

o Aev mepvave 6edopEVA ATTIO AUTOV

o TpeXel padll pe tov Master tou GFS.
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Tablet server

o AloxelpLon evoc ouvolou tablets
o ATO HEKADEC LEXPL LEPLKEC XIALAOEC
o EEUmMnpETNON altnoswyv avayvwong Kot eyypodnc
o Aloipeon Twv tablets mou €xouv peyalwoel
vrtepBoAika (dtadikaoia compaction)

o ApYLKA LUTTAPXEL EVa pOVO tablet ava mivaka to omoio
dlatpeital otav yivel mepimov 100-200 MB

« MmopouUv va npooteBouv/adalpebouv Suvapka

12/1/2017




SSTable

Format apyeiou tng Google
Méyeboc taénc MB (rty 128MB)
Mrmopet va gival kat 6Ao otnv RAM

Ta&vopnueva dedbopeva
AvTtlotolxel KAELOLA O€ TLHEC

ArtoteAeital amno blocks taénc KB (rty 64KB)

o Eva «eldiko» block meplexel index yia ypriyopn avalntnon

o e TEPUTTWON TtOU TO SSTable eiva otov dioko, pe to index block og pila
avalntnon Pploketal to block pe 2 disk accesses.

64K  ||eaK ||eak | SSTable

block block block

12/1/2017 66“ D u a u



Chubby

o Katavepnuevo locking service
o Quorum amo mepLTTo APLOUO servers
o Paxos - like Algorithm (emiAvon dtadwviwv)
o YYnAN StaBeoipotnta
o XpNOLlUOTIOLE(TOL VLA
o umnpeoiec lock (atomic transactions)
o E¢oodpalion Aettoupyiac master
o AmoBnkevon onuaviltkwyv ntAnpodoplwv(r.x. schema)
o AvakaAuyn véwv tablet servers
o MAnpodopiec eAéyxou mpooBaonc

‘:ﬁU\NEr‘
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Opyavwon Twv tablets

lepapylo TpLwv emMESWVY yLa TNV amobnkevon tng
nAnpodoptlag

Eva apxeto oto chubby neplexel tnv tomobeoia tou

root tablet

To root tablet meplexel mAnpodopiec yLa To ou
Bplokovtal ta tablets evoc elbikov mivaka
METADATA (15t METADATA) ko 6ev SLapeitoll ote

O METADATA mtivakoc ePLEXEL TIC TANPODOPLEC YL
oAa ta uTtoAouna tablets mou nmeplexouv Ta
dedopEva Tou Ttivaka

QG OO uahonal echma
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Opyavwon twv tablets

METADATA

Table

ROOT

P

R

e Ot clients kavouv cache to

location. Ztnv Xxelpotepn
(AaBoc cache), pe 6 network
msgs Bplokouv to location.
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AvaBeon Twv tablets

o KaBe tablet avatiBetal og eva tablet server
o O master eivat untevBuvoc yla tnv avabeon Touc

o EAeyxeltnv kataotaon KABe server mepLodIkaA

o To Chubby ypnowpomoteitat yia tnv ntopakoAovdnon
Twv tablet servers

o Kata tnv évapén evoc Master

o Lock oto Chubby, Is oto dir, emikowvwvia pe kaBe live server
yla va Bpet tota tablets sivat nén assigned, dtafoopa tou
METADATA

12/1/2017



—eklvnua Master

Master keeps track of the set of live tablet Tablet servers

servers the current assignment of tablets to
region servers, including which tablets are

8) Acquire and

Delete the lock 9) Reassign unassigned

tablets

© © © © MWahonal Technical U ty of Athens

unassigned.
1) Start
a server
2) Create a lock
3) Acquire the lock
4) Monitor
\
P 5) Assign tablets
o A R e B e A Master Server
6) Check lock status
12/1/2017
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Motipaopa twy tablets

o Xpnotpormolteitat to GFS ywa tnv poviun amobnkevon
Twv 6edopevwy evoc tablet

o Eva commit log xpnolpomoleital yio T EVNILEPWOELC

o OLTLO MpOOdateC dlatnpouvioal o€ eva memtable
otn uvnun RAM

o Otav €va tablet avaktatol tote ol TAnpodoplec Tou
OUYXWVEUOVTOL LE AVTEC TOU memTable

o Kavel recovery amno to log (WAL)

‘:ﬁU\NEr‘
Nahonal Technical U ty of Athens 'Q?L =
©e LAY H
12/1/2017 00 a e, ke



E¢untnpETnon attnoswv

memtable ‘ :1"/_ Read Op "\.
‘ N\ J
‘\\
Memory \
A
GFS /
tablet log
™
—:-*.._/Wrile Op ——
. A

SSTable Files
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Eyypadr dedopevwv

o EAgyyY0oC TOU €L00UC TNC EYYPOPNC KOL TWV
SIKALWUATWY TOU XpNotn

o OLaAAayec kataypadovtal oto commit log

o To memtable evnuepwvetol otav
oAoKANpwBOEeL n eyypadn

‘:ﬁU\NEr‘
Nahonal Technical Ul ty of Athens -Q?L L LA
515 LR TH
&) 2z § iz
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Eyypadr dedopevwv

memtable

Commit Log

SSTable SSTable SSTable

12/1/2017




2UUTIUKVWON (compaction)

o Otav to memtable peyalwoel apketa:
o« Minor compaction
o 2TOMOTOEL VO XPNOLLLOTIOLELTOL
o AnUloupyeital Eva veo
o To ap)Lko eyypadetol wc SSTable oto GFS

« Major compaction: teptodika ta SSTables
OUYXWVEUOVTOL

o Amodeuyetal n dnulovpyla ToOAAWV apxelwv Ao
rnoAAO minor compactions
O Q OO vahonal Tech ;f%.
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2 UUTTUKVWON

memtable

Commit Log

SSTable SSTal SSTable able SSTable

12/1/2017




Avayvwon dedopevwy

o EAgyx0OC TOU €L00UC TNC AVAYVWONC KOL TWV
SIKALWUATWY TOU XpNotn

o H avayvwon mpoyUoTonolEiToL O
ouvouaopeva dedopeva amo to SSTable kal

ToUu memtable

12/1/2017



Avayvwon 0€60UEVWV

memtable

Commit Log

SSTable SSTable SSTable

12/1/2017




BeATLWOELG

o Locality groups

o Me xpnon touc opadomotlovvtatl ta column
families

o Eva Eexwploto SSTable dnuioupyettal yio kabeva

o AleUKOAUVOUV TNV OLAXELPLON TWV TILVAKWV

_}‘(E‘"Er‘
Nahonal Tech ] ty of Athens Q?\:- -
oc L b sietl
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BeATLWOELG

o JUMTILEDN
o O xpnotnc umopet va koBopioel to emimedo tng
Edapuoletal os kaBe SSTable block Eexwplota

Tayvtnta evavtiov peyaAnc ovumieonc (ptnvoi diokol)
o Aev amnotteitat amoovuniieon oAokKAnPou Tou apyeiou

Aoyol 10/1 os ox€on pe Turko zip 3/1 emedn ta
dedopéva ou elval «Kovta» polalouv PEeTaéL ToUC.

12/1/2017



BeATLWOELG

« Caching
o [paypatomnoleitatl o SVO enimeda

« H Scan Cache éwatnpet ta {evyn key-value(upnAo
eninedo)

« H Block Cache diatnpet oAokAnpa blocks armo to
SSTable(xapunAo eninedo)

12/1/2017



BeATLWOELG

o Bloom filters

O xpnotnc kaBopileL av Ba xpnotpomnonBouv

XpnoLluomolLeital yia va kaBoplotel av karmotlo SSTable
nePLEXEL SedopEVA ATTO CUYKEKPLUEVO row XwpLc va
TO OVOKTNOOULE

Me Alyo amoBnKeUTIKO XWPO TOPATIAVW LUTTOPOULLE Val
QTMOKAElOUE AMECWC LEYAAO aplOBuO sstables.

MBava false positives: e autn TNV NeEpLTTWon omtAd
dev Ba Bpel katL oto sstable.

Mote false negatives: 0tL 6ev Bplokel, olyoupa dev
UTTOLPXEL.

Anuovpyouvtol Baon locality group

© © © © MWahonal Technical U ty of Athens
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MNapadetypa Bloom Filter

Array of m bits

o K hash functions
Empty set -> all Os

o Add element: k hash functions -> k positions setto 1

12/1/2017




MNapadeypa Bloom Filter

Do you have 'keyl"?

Mo

Do vou have 'keyZ"?

Yes: hers 1s key2

Do you have 'key3'?

FILTER

Mo

Filer:
No

Filter:

Yes

Fulse Paocilive
Filter:

Yes

STORAGE
Storage:
MNo
Necessily
disk decess Storage:
= -
- Yes
Yeso here 15 key?
HNNECELsAry
’ Storage:
disk access
- No
MNo
© © © O uanonal Teds ty of Athe
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BeATLWOELG

« YAormotlnon tou commit log

o YmapyxeL povo eva ava tablet server (ko oxL ava tablet)
o AMNWC BENOE TTOANQ TAUTOXPOVA OVOLXTA OPXELD QVAL server

o BeAtwwvel tnv anodoon, aAAd tpokaAel mpoBARpATO O
NMEPUTTWON o0PAAUATOC
o Tablets yivovtaul re-assign og moAAoUG VEOUC servers
o Xpelwalovtal Aol va okavapouv 0Ao Tto log yia va Bpouv ta
tablets mou touc evéladEpouv (Yoo REDO/UNDO)
o Takwvounon Baoet tou key

o 2TAOCLUO TOU commit log oe 64MB chunks yla mapaAAnAomnoinon
TOu sorting

o OAec oL aAAayeg evoc tablet Bpiokovtal kovtad: povo eva disk
seek kal seq. read yLa recovery evoc tablet

QO Q © © wanonal Technical bl ty of Athens
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HBase

e KAwvoc tou Bigtable

e AvolytoU KwdLKa

* Apache project

e «2uvodelel» to Hadoop

— HDFS avti GFS

— Mrnopet va xpnotpormnownBet amnod to Hadoop
MapReduce

e Java
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AVTLOTOLXLEC

BigTable HBase

* Master * HMaster

e TabletServer e Region Server
e SSTable e Hfile (mepimov)
e Tablet e TableRegion

e Chubby e Zookeeper

e GFS * HDFS
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