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[lepleyopeva

* File systems - distributed File systems
* GFS

* HDFS

* BigTable

* HBase
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File System

Originally developed for centralized computer
systems and desktop computers.

Operating system facility providing a convenient
programming interface to disk storage

File systems are responsible for the organization,

storage, retrieval, naming, sharing and protection of
files.

Files contain both data and attributes
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* >e eva Katavepnpuevo cuotnua

— Amntatteitatl SuvatoTnTa AWToBNKEUONC KAl
OLAXELPLONG LEYAAOU GUVOAOU OEOOUEVWV.

— Ta dedopeva aflomolouvtal Kat Itapayovtal o€
OLAPOPETIKEC TOTTOOETIEC.

— O BAGBEC TOU UNKOU €lval TTOAU OUYVEC.
— Ta apxeta €xouv TOAU HEYAAO pEYEDOC.
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Distributed File System

* Implement a common file system that can be
shared by all autonomous computers in a
distributed system
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ATTQUTNOELC

* JUVETIELA - consistency

* Avoxn o€ apaluata - fault tolerance
* AtaBeaipomra - high availability

* KAlpoKwotlpomta - scalability

* Alapavela - transparency

* TAUTOXPOVIOUO - concurrency

* Armodoon - efficiency
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APXITEKTOVLIKEC

* Fully distributed: files distributed to all sites
— |ssues: performance, implementation complexity

* Client-server Model:

— Fileserver: dedicated sites storing files perform
storage and retrieval operations

— Client: rest of the sites use servers to access files
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Asttoupyisc (1)

AELITOUPYLEC EVOC KATAVEUTUEVOU CUOTI|UATOC
QPXELWV:
* Ovopaoia (Name Server)

* Provides mapping (name resolution) the names
supplied by clients into objects (files and directories)

* Takes place when process attempts to access file or
directory the first time.

* ALQUOLPATUOC

21/12/2017




Asttoupyisc (2)

* [Mpoowplvn artoBnkevon: caching
— Improves performance

— Caching at the client

* When client references file at server: Copy of data brought
from server to client machine

* Subsequent accesses done locally at the client
— Caching at the server:

* File saved in memory to reduce subsequent access time

* |ssue: different cached copies can become inconsistent. Cache
managers (at server and clients) have to provide coordination.

* Replication

21/12/2017



GFS: Google File System

* Proprietary distributed file system

* 2003 paper: Symposium on Operating Systems
Principles

* Successor: Colossus, released 2010
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GFS: Google File System

* KAMOKWOLIMO KATAVEUNEVO cUOTNUA
APXELWV

* Modest number of large files

* KataAAnAo via data-intensive epappoyeg

* Avoxn o€ apaiuata

* EEurmpetel eva peyalo cUVOAO arto ITEAATEC.
— Need semantics for concurrent appends
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[Napadoyec

YPnAr cuxvomrta BAafwv.

Ta apxeia o€ teTolov €idoug ouotnuata ivat peyaia (moAha GBs)
* [lpooBaon apxeiwv
— Large streaming reads + small random reads
— Many large sequential writes
— Ta meploootepa apyeia Tpomomolovvtal e pooaptnon(append)
— Random access overwrites don’t need to be efficient
* ELOLKOG XELPLOUOG Yia rtapalAnlo append
* Taptalouv yla data analytics
— YJuvnObwg peyala apyeia.
— To uynA6 bandwidth rpotipuatat ano to xaunAo latency.
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ALETIAPT) CUOTNUATOC APXELWV

* create/delete
* open/close
* read/write

* Snapshot
— Low cost

* record append
— Atomicity with multiple concurrent writes

21/12/2017



APXLITEKTOVLKY)

* Evac master
* [ToA\authol slaves -> chunkservers
* [MoA\arthot clients

* Ta apyxeia xwpilovtat e chunks otaBepou
LLEYEBOUC

e Aev nipaypatornoleital caching ota data (povo
os metadata)

21/12/2017



OL TTAUKTEG

0'6[ Master
Client A Chunk

<— Server
Many{ Client } Many
< > Chunk
Client Server

data only .
- o
O O
Client Ny Chunk
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GFS Files

file A file
v
vz is made of 64 MB chunks
v v v b vy v v v v vy v v v AL _
\ that are replicated
y. for fault tolerance
WA\ v v vV v v b bV VAV VLT
A\ ,
AN
N [ %
Chunks live on
chunkservers
chunkserver chunkserver chunkserver chunkserver
master Clwi»ar;:::ggint Operation log The master manages the file

In-memory FS metadata

system namespace:
names and name—{chunk list}

OO0~ I Techmical U y of Athens
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Meyebocg chunk

* 64 MB

* MelwpEeVN avaykn rmkowvwviag client ka
master.

* MelwPEVOC (pOPTOC OLKTUOU.

* MIKpPOTEPO LEYEDOC SOUWV OEOOUEVWY OTOV
master.

* Chunks ayto pKpQ apyxeila HmopeL va
aytoteAeoouv hotspots.
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Master

* O master dtatnpst:
— To namespace
— Tnv avtiotolxia ano apxeia og chunks
— Tig O€0e1g Twv chunks (kat Twv replicas)

* 'O\a ta petadedopeva Bpiokovtal ot Uvnn Touv master
* O master evtomnilel ta chunks peow heartbeat pnvupdatwv
* InUavtikeg allayeg oto GFS dtatnpouvtatl oto operation log
* Checkpoints
* Xelpiletaun
— Leases (locks)

— Garbage collection
— Chunk migration

* Having one master -> global knowledge

— Allows better placement / replication
— Simplifies design

21/12/2017



Client Read

Application

(file name. chunk index)

GFS client |

(chunk handle.
chunk locations)

GFS master

File namespace f;

-
L

~ /foo/bar
chunk 2ef0

Y

Instructions to chunkserver

Chunkserver state

(chunk handle, byte range)

GFS chunkserver

GFS chunkserver

chunk data

Linux file system

Linux file system

Legend:

mmm)  Data messages

—  Control messages

90 -
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Using fixed chunk size, translate filename
& byte offset to chunk index.

Send request to master

=

Application . - far S
Pl (file name, chunk index) GES master - /foo/bar
GFS client | File namespace chunk 2¢f0
(chunk handle., /
chunk locations) ’
. [
Instructions to chunkserver J
Chunkserver state
(chunk handle, byte range) Y
— GFS chunkserver GFS chunkserver
chunk data . P
Linux file system Linux file system
Legend:
mmm)  Data messages
—- Control messages
QOO O Nahonai Ted y of Athens
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Replies with chunk handle & location of
chunkserver replicas (including which is

‘primary’)
*-iiin.........-....-.. "’f'
Application . ~. o o/
(file name, chunk index) GFS master - /foo/bar
GES client | _| File namespace chunk 2ef0
(chunk handle. /

{
[

chunk locations)

-’
Fa

] i
Instructions to chunkserver J
Chunkserver state
(chunk handle, byte range) Y
— GFS chunkserver GFS chunkserver
chunk data i T
Linux file system Linux file system
Legend:

mmm)  Data messages

—  Control messages
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Cache info
using filename & chunk index as key

=

Application | . - tar S
Pl (file name, chunk index) GFS master - [foo/bar
GEFS client | File namespace chunk 2ef0
(chunk handle., /
chunk locations)
. 1
Instructions to chunkserver
Chunkserver state
(chunk handle, byte range) ¥
— GFS chunkserver GFS chunkserver
chunk data ) - .1 ==
Linux file system Linux file system
Legend:

mmm)  Data messages

—  Control messages
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Applicati , : . .
pplication (file name. chunk index) GFS master - /foo/bar
GFS client | File namespace f,’ chunk 2ef0
(chunk handle., /
chunk locations)

-’
Fa

Instructions to chunkserver

Chunkserver state

(chunk handle, byte range) Y
GFS chunkserver GFS chunkserver
Linux file system Linux file system

90~ 99

Request data from nearest chunkserver
“chunkhandle & index into chunk” L
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No need to talk more
About this 64MB chunk
Until cached info expires or file reopened

Application '
Pl (file name. chunk index)

GFS client |

(chunk handle.
chunk locations)

(chunk handle, byte range)

chunk data

GFS master = /foo/bar
File namespace f,’ chunk 2ef0

!
’
{
.

-’
Fa

Y

; i
Instructions to chunkserver
Chunkserver state

GFS chunkserver GFS chunkserver

Linux file system Linux file system

29~ Bo-
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Often initial request asks about
Sequence of chunks

Application . - tar S
Pl (file name, chunk index) GFS master - [foo/bar
GEFS client | File namespace chunk 2ef0
(chunk handle., /
chunk locations)
. 4
Instructions to chunkserver
Chunkserver state
(chunk handle, byte range) ¥
GFS chunkserver GFS chunkserver
chunk data . T
Linux file system Linux file system

29~ Bo-
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Lease, mutation kat pon dedopevwy

Mutation sivat kabe aAhayr) ota deOOUEVA EVOG
apxelou kal spappoletal o€ OAa Ta avtlypaga Tou.
Objective

— Ensure data consistency

— Minimize load on master

O master divel lease o€ €va replica -> primary kat
dlaxelpiletal ta mutation ota vuntohouta avtiypaga.
H pon dedopevwy dtaxwplletal amo Tn por) EAEYXOU.

Ta mutations dtadidovtal oeiplaka amo eva
chunkserver otov kovtivotepo pe pipelining.

© O O O Nahonal Ted
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Write request 1

CI ie Qgrrwgai;l;@older?

—e i

slep |

Client |

l 3a. data

Operation completed

Secondary  [——
Replica A

or Error report

l 3b. data
Primary
Replica

l 3c. data
Secondary ——
Replica B j—

21/12/2017

Master

3

identity of primary
location of replicas
(cached by client)

i Operation completed

Primary assign s/n to mutations
Applies it
Forward write request

& Operation completed




Atomic Appends

* Google uses large files as queues between multiple
producers and consumers

* Same control flow as for writes, except...

* Client pushes data to replicas of last chunk of
file

* Client sends request to primary

* Common case: request fits in current last chunk:
— Primary appends data to own replica

— Primary tells secondaries to do same at same byte offset
in theirs

— Primary replies with success to client

© O © O Nahonal Technical U
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Atomic Appends

* When data won't fit in last chunk:

— Primary fills current chunk with padding
— Primary instructs other replicas to do same
— Primary replies to client, “retry on next chunk”

* If record append fails at any replica, client

retries operation

— So replicas of same chunk may contain different data -
even duplicates of all or part of record data

* What guarantee does GFS provide on success?
— Data written at least once in atomic unit

© O © O Nahonal Technical U

RERNET,
y of Athens Q‘f
090 2Ty
' s@SLab ¢
21/12/2017 (O]®) 2




Consistency (1)

* Changes to namespace (i.e., metadata) are

Atomic
— Done by single master server!

— Master uses log to define global total order of
namespace-changing operations
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Consistency (2)

* Changes to data are ordered as chosen by a

Primary
— All replicas will be consistent

— But multiple writes from the same client may be
interleaved or overwritten by concurrent
operations from other clients

* Record append completes at least once, at
offset of GFS’s choosing

21/12/2017



Consistency Model

Write Record Append
Serial defined defined
success interspersed with
Concurrent | consistent inconsistent
successes but undefined
Failure inconsistent

Consistent = all clients see same data

21/12/2017




Consistency Model

Write Record Append
Serial defined defined
success interspersed with
Concurrent pistent tnconsistent
successes undefined
Failure inconsistent

21/12/2017

Defined = consistent + clients see full
effect of mutation
Key: all replicas must process chunk-

mutation requests in same order




Consistency Model

Write Record Append
Serial defined defined
success interspersed with
Concurrent | consistent inconsistent
successes but undefined
Failure inconsistent

Different clients may see different data

21/12/2017



Awaxeipton namespace kat locking

* YITAPXEL AVTLOTOLXION METAEU EVOC aPXELOU Kall
Tou nTANpouc pathname tou.

* Read lock.

* Write lock.
* [MapaAA\nAec al\ayeg oto oo directory.

21/12/2017



TormoBeTnon avilypapwv

* Megylotomoinon aélormotiag Kat
dlaBeaipotnrag OEOOUEVWV.

* Megylotomoinon xpnong bandwidth.

* O XpNoINC WITOPEL va ETILAEEEL TOV APLOUO TWV
ETIITAEOV avTlypagwv (replicas).
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loopportia OECUEUUEVWV TTOPWV

* Nea avtiypaga tormobetouvtal o€ KOUBOUC HE
OXETIKA EAAPPU POPTLO.

* '|o00C KATAMEPLOMOC ONULOUPYLWV APXELWV ava
chunkserver.

* KATAMEPLOMOC AVTILYPAPWV.

* O master dlvel TPOTEPALOTITA TNV
QVTLYPOLP.

21/12/2017



Garbage collection

* Metovouaoia apyxeLlov mpog dlaypapn.
* [TeplodLKOC EAEYXOC YiIa TN dtaypaPpr) TOUC.

21/12/2017



Stale replica detection

* Chunk version number
* Autavetal pe kabe allayn

* [MTaAla avtiypagpa agatpouvtal armo To
unxaviouo garbage collection

21/12/2017



YUnAn dtabeoipomra

* [pryopn avappwaon arto cpaiuata.
* [ToA\artAa avtiypapa.
* Avtlypapn ¢ Kataotaong tou master.

21/12/2017



Akepatotnta OEOOUEVWY

* A&V €lval CWOTO KAl TTPAKTIKO va YLVETAL
e\EyXOC HeTatL Twv chunks

* Xpnon checksums
* EAeyxoc deOOUEVWYV TIPLV HETAPEPOOUV
* [Teplodikn e€€taon yia corrupted chunks

21/12/2017



What If the Master Reboots?

Replays log from disk
— Recovers namespace (directory) information

— Recovers file-to-chunk-ID mapping

Asks chunkservers which chunks they hold
— Recovers chunk-ID-to-chunkserver mapping

If chun
— Chun

If chun

K server has older chunk, it’s stale
kK server down at lease renewal

K server has newer chunk, adopt its version

number
— Master may have failed while granting lease... &

21/12/2017
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What if chunk server fails?

* Master notices missing heartbeats
— Master decrements count of replicas for all
chunks on dead chunkserver
* Master re-replicates chunks missing replicas in
background

- Highest priority for chunks missing greatest
number of replicas
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Read Performance

. Network limit
. 100-
o
E .
=
il
‘E ) |
g 01 Aggregate read rate
ol |
v

0 — T T [ " T T 1 T 1

0 5 10 15
Number of clients N
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Write Performance

60 - Network limit
an)
< 40-
L
=
2
= 20- .
Aggregate write rate
D ’ ’ ’ ’ | ’ ' ’ ’ | ' ' ’ ' |

Number of clients N
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Record-Append Performance

Network limit

l_l.
-
1 I 1

Append rate (MB/s)
A
l

Aggregate append rate

D ) ' ) ) | ) ) ) ) | ) ) ) ) I )
0 5 10 15

Number of clients N

‘ﬂ-ﬁ“‘é‘r‘
_ o _ _ of Athens Q‘i
' s €SLab «
21/12/2017 (0]0) Jo, A A\




Hadoop HDFS

Hadoop Distributed File System (HDFS) sival to
TIPWTEVOV QITOONKEUTIKO CUCGTNA TTOU
XPNOLUOTTOLELTAL aTTO OAEG TIC EpappoyeC Hadoop.

To HDFS dwaomasl to dedopeva og blocks kat
ONULOUPYEL avTlypapa TOUC € OLAPOPETIKOUC
UTTOAOYLOTLKOUG KOMBOUC yla va ETITUXEL A§LOTTILOTOUG
KOl UTTEPPOALKA YPTIYOPOUC UTTOAOYLOUOUG .

Ppovtilel yia ta avtiypaga Kat IV TorkoTnTa TwVv
OEOOUEVWV

-—€Klvnoe oav open source uhoroinon tou GFS

© O © O Nahonal Technical U
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[TAeovektnpata tov Hadoop HDFS

Kataveunuevo armtoOnKeUTIKO oUOTNHA TTOAU HEyaAlou peyEBouUC.
— 10.000 koupot.

— 100.000.000 apxeia.

— 10PB artoONKEUTIKOG XWPOG.

Baciletal og pbnvo Hardware.

— Kpatouvtal avtiypagpa ac@aleiag Twy apXeiwv WoTe va avtlpetwrtilovtatl ot
BAaBeq.

— Avixveuon BAafwv kat avaktnon.

Eivau BeAtiotomoinuevo yla Batch processing

— OL TormoBeoieg Twv dedoUEVWY gival SLAKPLITES £TOL WOTE OL UTTOAOYLOUOL va
LETAPEPOVTAL EKEL TTOU PpiokovTal Ta dedoueva

— Mapexet ToAU uPNAO CUVOALKO €UPOC {WVNG

O xwpog armoBNKeVONG WTOPEL va BPLOKETAL GE ETEPOYEVT AELTOUPYLKA
oUCTNUATAL.

21/12/2017



Baowkec apyec tov HDFS

O xwpPOog TWV apxeiwv gival eviaiog yta olo to cluster

ErtBAEMEL TNV OUVETELQ TWV OESOUEVWV
— Baoiletal oto povrelo Write-once-read-many
— Yrnoompidetal ota apyeia povo n ditadikaoia append

Ta apxeia dtaonwvtatl o€ blocks
— Turuko peyebog block 128 MB.
— KaOe block avtiypagetat og moAarmhoug kopBoug dedopévwy (DataNodes).

— Ta dedopeva dev ypagovtal arneuBeiag oto dioko. Mpwta armoBnkevovTat
o€ buffer.

Baoilstal o €Eunvouc meAdtec (Clients).
— O Clients prtopouv va Bpouv v tortoBeoia twv blocks
— O Client poomnteAavvouv ta dedopeva ameubeiag otoug DataNodes

QO '
*CSLab
21/12/2017 Q0



H apyttektovikn touv HDFS

Cluster Membership

— e

"NameNode

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

5

Avp$opol
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NameNode DataNode

NameNode

* Metadata otmv pvnun

'O\a ta petadedopgva puUAAooovTal otV

KUpLa pvnun RAM
Aev Xpnoloroleital paging ota
netadedopeva

* Eidn petadedopevwy

H Alota Twv apxeiwv
H Alota twv Blocks yla kaBe apxeio

H Alota twv DataNodes mou meplexouv 1o
KaBe block

1510TNTEG apxeiwv, X wpa dnuloupyiag,
aApPLOUOG avTLypaPWV KATT

* Kataypagn cuppaviwyv

Kataypagpovtal dnuoupyieg apxeiwy,
dlaypaPeg apxeiwv KAt

DataNode
* Eturmpemm Block

— Ta dedopeva artoBnkevovTal OTO
TOTIKO oUCTNUA apXeiwv (m.x. ext3)

— AmnoOnkevovtal petadedopeva tou
kaBe block (rt.x. CRC)

— Metapepel dedopeva Kat
netadedopeva otoug Clients.

* Avagopa Block

— [eplodIKA OTEAVEL LA AvapOopPA LE OAAL
ta untapyovta blocks otov NameNode

* AweuvkoAuvel 1o Pipelining twv
dedopgvwy
— MpowBei dedopeva og AANOUG KOUBOUG

QOO0ON I Technical U y of Athens
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Eyypaon - Avayvwon oto HDFS

Metadata (Name, replicas, ...):

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

Block ops
Read Datanodes Datanodes
I | |
H = - . Replication o = %D
L] — Blocks
s \ )
I N4
Rack 1 Rack 2

21/12/2017




Write Data Pipelining

* O Client AappBavel pia Aiota agto DataNodes
oTouC ormolouc Ba dnuoupynBouv Ta avtiypapa
Tou block

* O Client ypawel To block otov mpwto DataNode

* O MNpwtog DataNode npowBet ta dedopeva atov
ertopevo DataNode tou e Pipeline

* ‘Otav oha ta dedoueva exouv ypawtel o Client
ouveyxlleL TNV gyypar) Tou emopevou block tou
apXELOU

21/12/2017



NameNode avtiypawpa Blocks

* H otpamykn mou

akolouBeitau
— Eva avtiypagpo otov Toriko
Namenode (Filename, numReplicas, block-ids, ...) K(’)HBO'
/users/sameerp/data/part-0, r:2, {1,3}, ... , , ,
/users/sameerp/data/part-1, 1:3, {1,2,4}, ... — AgUTEpO avtypayo oto [6[0
rack
Datanodes
— Tpito avtiypawo o€
=] QITOMAKPUOUEVO rack
— EmutA€ov avtiypaga
5 [+ B A VEYPORR
TormoBeTouvtal o€ Tuxatoug
KOuBoug

* O Clients dwapalouv amo to
JTANCLECTEPO AVTILYPAPO

21/12/2017



Replication

Datanodes

QOQOOnN I Teck y of Athens
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H opBotnta twv dedopEVWY

* H xpnon Checksums yia v entkupwon dedopevwy

- xpnon CRC32
* Kata myv dnuoupyia apxeiwv
— O Client urtoloyilel To checksum kaBe 512 bytes
- ol DataNodes artoBnkeuvouv ta checksums
* Kata mv npoofacn Twv apxeiwv
- 0 Client Aappavel ta dedopeva kat to checksum aro tov
DataNode

- €AV 1 €TIKUPWON artotuxel Tote o Client dokipadet alho
KOUPo

21/12/2017



BAan otov NameNode

* A single point of failure

* H kataypa®n Twv guvallaywv
aroOnKeveTal o€ TOAAAITAOUC KATAAOYOUC
— Evav KataAoyo OTO TOTILKO OUCTNMA OPXELWV

— Evav Kata\oyo o€ QUTOMOKPUCLEVO OUCTNMA
APXELWV

21/12/2017




Rebalancer

* Ye meplittwon tou karmolog datanode Bpebel pe mheovaopa
QVTLYPAPWV TOTE TO PopTLO potpaletal avtouatd.
* YKOTTOG: oMol ol diokol Twv DataNodes va €xouv 1o 1610
JTOOOOTO OEQOUEVWV
— 2uVvNBwC¢ TpExeL otav veol DataNodes mpootiBevtal oto
ovuoTnua.
— 0 Cluster mapapevel AelToupyLKOG OTAV EKTEAELTAL O
Rebalancer.

— 0 Rebalancer tiBetal o€ avapovr) otav UTTAPXEL LEYAAN
Klvnomn oto OIKTUO.

— Etvat eva epyaleio Command line.

21/12/2017



TL Oev kavel to HDFS

* Transactional data? (e.g. concurrent reads and writes
to the same data)
— ESw 1o HDFS Ba xpelaotel va artoOnkevel ta dedopeva
eva file kaBe syypapn.
* Structured data? (e.g. record oriented views,
columns)

— Ta metadata sivat povo o€ popepn Kataloywv Ko
OVOMATWYV apXELWV

* Relational data? (e.g. indexes)
— Agv vntoopilel ava{ntnoelg.

* 'Ot dev kavel to HDFS to kavel n HBase.(BigTabl
I 21/12/2017 88@SLab % . ‘




BigTable

* To Bigtable amoteAel Eva Kataveunuevo
oUoTNUa aITtoBNKeVONC yia I SLaXELpLoN
LLEYAANC TTO00TNTAC NUL-OOUNUEVWYV
OEOOUEVWV KAl TIDOCAVATOALOUEVO OTNV
KALLaKwolpomta (scalability)

* Xpnotuoroteitat auto v Google
* Analytics, Google Earth, web indexing, kAt

* KAsloTOU KWOLKA
* OSDI'06

21/12/2017




XOpOKINPLOTIKA

* Meyalo eUPOC EPAPUOYWV
* Batch processing epapuUOYEQ
* Epapoyeg xaunAng kabuotepnaong yla XpMoTeg
* KAlpakwotlpomta
* YnAn artodoon
* YYnAn dwaBsoipomrta

* Auvatotnta XpNong o€ CUVOUATHO UE
MapReduce

* EKTEAEITAL OE LEGOU KOOTOUGIAKG smmmmm 401

S\ T8 1E:
' *CSLab ©ils
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Movtelo SEOOUEVWVY

* Elvau evag apalog, KATAVEUNUEVOC, TTOAUSLATTATOC
TIVAKAG
* AtevuBuvaolodoTteital aro:
* KAedl ypappung
* KAeldli omAng
* Xpovooppayida
* KATl 0OV OUVTETAYUEVEG <X,y>

* KaBe kel meplexel eva ouvolo bytes

(row,column,time) > Value
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[pappec (rows)

* To KA€LOL artoTeAeltal ato Eva aAPAPLOUNTLKO
* Ol EVEPYELEC TTAVW OE LA YPAY] VAL ATOMULKEG
* Ag&ikoypawlkn Tagtvounon He faon ta KAEOLa
* ‘'O\OC O TTlvaKkag artoTeEAELTAL QITO
(SLo/TpLo/KAIT) eKaTOMLUPLA AEELKOYPAPLKA
TAELVOUNUEVEC YPOULLEG.
* [poooxn: To row key ival To povo medio mou

vivetat indexed otov BigTable
* Avadnmon o€ oAa ta alla niedia yivetau pe full table scan
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>TtNAeC (columns)

* Opadornoinon o€ column families. Ytaoiuo o€
column families avahoya to application

* MKpOC aptBuog arto column families (rtx
~100)

* Artelpog aplBpog arto columns
* Moppn family:qualifier

* O g\eyyxoc npoafaong ylvetal pe faon ta
column families
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Xpovooppayidec (timestamps)

* [MoANaITAEC EKOOTELC TWV LOLWV OEOOUEVWV
* Mpayuatikog Xpovog 1

* KaBoplopevog arto To Xpnotn

* OLTILO IIPOOYATEC EKOOOELC ElVAL EUKOAOTEPQ
TIPOOBACLUEC

* PUBULON YA TNV dLatnpnon Twv

* Teheutaiwv X ekOOOEWV N

* 'OANeC TIC EKOOOELC TWV TEAEUTALWV X ELOOUAOWV
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[Mapadetypa

"contents:” "anchor:cnnsi.com”  "anchor:my .look.ca”

1 T O S O T

______________________

"com.cnn.www" —= r=himt=g1 ¢ "CNN" [= tg "CINN.com"” |- tg

rowkey: URL
[ati eivat avamtoda YpappeVo?
1.x. gr.ntua.www
gr.ntua.cslab.www
gr.ntua.dblab.www
Column families
Contents: Xwpig column id. To value eivat ta html contents (moAAEG ekbOOELC)
Anchor: Exel column id to url Tou link. Value givat to keipevo tou link.

Epwtnomn: mwg Wiopw va Ppw OAEG TIG OTNAEG TWV OTTOLWV TO Ovoua €iva
OO0~ | Technical Uy y of Athens

chnsi.com? 88@ b
21/12/2017 o0 SLa




API 1/2

* BaolKEG Aettoupyieg Bacewv AedOUEVWV:

* Put(row_key, column_key,timestamp,value): Ba\e
LLLOL TUUY] O€ EVA KEAL.

* Get(row_key) : emeotpede OAa TA KEALA VLA ULAL
VPO

* Get(row_key, column_key, timestamp):
EMEOTPEPE EVA OUYKEKPLULEVO KEAL

* Scan(start_row_key, end_row_key): eneotpePe
O\a ta KAeldLla petaly start_key kat end_key

12 Ty
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API 2/2

* Agv urtoompilet joins!!! (kavto pe MapReduce
cQv Oecq)

* Aegv urtoompilel get(column_key) oketo: Ba
TIPETIEL VA EEPELC TO row_key

* No multi-row transactions
* Atomic single-row writes
* Optional atomic single-row reads
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APXITEKTOVLKY)

* AmoteAeital auto:
* Tnv BBAL0ONKN client
* Eva master server
* [MoA\ouc tablet servers

* Ymptiletal mavw ota:
* Google filesystem
* SSTable
* Chubby
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Tablets

* To eupog TWV TIHWV Xwpiletal o€ tablets

* Tablet: Eva «opBoywvio KOpUATL» TOU TIiVAKA TTOU TTEPLEXEL
OAEC TIC YPAUUEC Kal OTNAEC peta&L duo TLuwv start kat end.

* AroteAsital arno rmoAAa SSTables

64K 64K 64K SSTable
SSTable: |[|block ||block || block

Index

Tablet Start:aardvark  End:apple
SSTable SSTable

] 64K || 64K || 64K 64K || 64K 64K
Tablet: B o ok ploskaslilindex block || block | |block | |Index

21/12/2017 o\ N 41 CL &S



APXLITEKTOVLKY)

Aedopeva

library library

SSTable SSTable

Tablet server Tablet server
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Master

* AvaBeon tablet o€ kastolov tablet server
* Evtormiouog vewy tablet servers

* E&looopormmon popTtou

* YUAAoyn okouTidlwyv arto to GFS

* Alaxeiplon schema

* Aev repvave 0EOOUEVA ATTO AUTOV

* Tpexel padl pe tov Master tou GFS.
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Tablet server

* Alaxelplomn evog ouvolou tablets

* A0 OEKAOEC LEXPL MEPLKES XLALADEC

EEUTTNPETNON ALTNOEWV AVAYVWONC KAl EYYPAPNS

* Alaipeon twv tablets mou exouv peyalwaoel
urtepPoAika (dtadikaoia compaction)

* ApXIKQ uTtapXEL eva povo tablet ava mivaka to ormoilo
dlapeitan otav yivel nepirtouv 100-200 MB

* Mrmopouv va ipooteBouv/apalpebouv duvauika
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SSTable

* Format apyetiouv ¢ Google

* Megyebog ta&ng MB (rty 128MB)

* Mrmopel va eivat kat Ao otnv RAM

* Ta&wvounueva dedopeva

* AvTloTOLXEL KAELOLA OE TIUEG

* Arnoteleitat amo blocks ta&ng KB (rtx 64KB)

* 'Eva «&1dko» block mepilexel index yia ypryyopn avaditnon

* Xeneputtwon nou to SSTable eival otov dioko, e to index block o€ pia
ava{nmon Bpioketal to block pe 2 disk accesses.

64K |64k ||eak | SSTable

block block block

Index

21/12/2017 oD diCA )



Chubby

* Katavepnuevo locking service
* Quorum ayto TTEPLTTO APLOUO servers
* Paxos - like Algorithm (emtiAvon dtapwviwy)
* YYnAn dtaBeoipomra
* XpnolyormoLeital yla:
* urnpeoieg lock (atomic transactions)
* EEaopalion Asttoupylag master
* AITOOMKELOT ONUAVTIKWY TTANPOYopLwV(rt.X. schema)
* Avakahuym vewv tablet servers
* MAnpowopleg eAeyxou Mpooaong
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Opyavwon Twv tablets

°* |lepap)ia TPLWV EMUTEOWV Yla TNV artoOnKevon G
TIANPoOPopLag

* ‘Eva apyxeio ato chubby rtepiexel mv tomoBeaoia tou
root tablet

* To root tablet rteplexel mAnpowopieg yia to mou
Bplokovtal ta tablets evog 10koL mivaka
METADATA (1t METADATA) kat &gv diatpeital mote

* O METADATA rtivakag TTEPLEXEL TLC TIANPOPOPLEC YL
o\a ta urtolouta tablets mou meplexouv ta
OEOOEVA TOU TTILVAKA

© O © O Nahonal Technical U
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Opyavwon twv tablets ..

METADATA

ROOT

:
m &

* Otuclients kavouv cache to
location. XV xelpotepn
(AdOoc¢ cache), pe 6 network
msgs Bplokouv to location.
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AvaBeon twv tablets

* KaOBe tablet avatiBetal o€ eva tablet server

* O master givat urtevBuUVOC yla TNV avaBeom Toug
* EAeyxel Vv Kataotaon KAabe server mePLOSIKA

* To Chubby xpnoipomnoteitat yia v nmapakoloubnon
Twv tablet servers

* Kata v evapén evog Master

* Lock oto Chubby, Is oto dir, emikowvwvia pe kabe live server
yvia va Bpet rota tablets eivatl non assigned, dtaBaocua tou
METADATA

21/12/2017



Molpaoua Twv tablets

* Xpnotporoteitat to GFS yia v Hoviun astobnkeuon
TwWV dedopevwy evog tablet

* Eva commit log xpnolpormoLeitat yla TG EVNUEPWOELG

* OL7o tpooateg dlatmpouvtal o€ eva memtable
otn pvnun RAM

* 'Otav eva tablet avaktatal tote ot TANPOYOPLEC TOU

oUyXWwVeUovTal LE auteC Tou memTable
* Kavel recovery arto to log (WAL)

FI-(E’““EI
N I Technical U y of Athens S
QO §
' :@SLa
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EEurmnpemon altnoswy

memtable ‘ =1'/- Read Op ‘.\.
‘ . J
i 1“\\
1M"\
Memory \
\'\
GFS /
tablet log
-

N
—\ Write Op |
M —

SSTable Files
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Eyypawpn 6edopevwy

* EAeyxocg Tou €100UC TNC EYYPAPNC KAl TWV
OLKALWHATWY TOU XPN o

* OL al\ayeg kataypagovtal oto commit log

* To memtable evnuepwvetal otav
OAOKANPWOEL N eyypapn
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Eyypapn 6edoUEVWY

W\

Commit Log
SSTable SSTable SSTable

© O O O Nanonal Technical U
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> ULITUKVWON (compaction)

* Otav 1o memtable peyakwoel apketa:
* Minor compaction
* YTOAUATAEL VA XPNOLUOTIOLELTAL
* Anuloupyeital eva veo
* To apxtko eyypapetal we SSTable oto GFS
* Major compaction: rteptodika ta SSTables
ovyxwveuovtal

* Arto@evyetal n dnuoupyia ToAAWY apxeELWV arto
7toAAA minor compactions
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> UWITUKVWON

W\ memtable

NaRS COmBAER

Commit Log

SSTal SSTable able

© O O O Wetonal Techme Uarvrsty of Athens
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Avayvwon dedouevwy

* EAeyxo¢ Tou €100UC TNC AVAYVWONE KAl TwV
OLKALWHATWY TOU XPN o

* H avayvwaon npayuatormolEital o€
ouvouaopeva dedopeva arno to SSTable kau
Tou memtable
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Avayvwon dedouevwy

Commit Log

SSTable SSTable SSTable
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BeEATIWOELC

* Locality groups
* Meg xpnon Touc opadorolovuvtal Ta column
families
* Eva &exwploto SSTable dnuoupyettal yia kabeva

* ALEUKOAUVOUV TNV OLAXELPLOT) TWV TTILVAKWV
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BeEATIWOELC

* Yuptieon

O XpMNoTNG WIOPEL va KABOPLOEL TO ETTUITEOO TNG
Epapuoletal o kaBe SSTable block Eexwplota
Tayxutnta evavtiov peyaing cuprtieonc (gpmvot diokot)
A€V amAITEITAL QUTOCUITLEGT) OAOKANPOU TOU apXELOU

Aoyol 10/1 o€ oxeon e Turtko zip 3/1 emeldn ta
dedopEva TTOU €lval «Kovta» potalouv PETa&L Toug.
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BeEATIWOELC

* Caching
* [Npaypatornoleital o€ dUOo emteda

* H Scan Cache dtampei ta (euyn key-value(upnAo
enimtedo)

* H Block Cache dtampet ohokAnpa blocks arto to
SSTable(xaunAo eniedo)

21/12/2017



BeEATIWOELC

* Bloom filters

O xpnomg KaBopilel av Ba xpnotuornoindouv

XpnoloroLeltat yla va Kaboplotel av kagtoto SSTable
TIEPLEXEL OEOOUEVA ATTO CUYKEKPLULEVO row XWpPLE va To
OlVOKTI|OOULLE

Me Alyo armoBnKEUTIKO XWPO TTAPAITAVW HITOPOUME Va
QUTOKAELOUME AUECWC LEYAAO aplBuo sstables.

[MBava false positives: & autn v neputtwon armha dev Ba
Bpel katL oto sstable.

MNote false negatives: otL dev Bplokel, alyoupa SV UTTAPXEL.
Anuioupyouvtat Baon locality group
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[Napadetypa Bloom Filter

Array of m bits

K hash functions

Empty set -> all Os
Add element: k hash functions -> k positions set to 1
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Napadeypa Bloom Filter

FILTER STORAGE
Do you have 'key1'?
Filter: Storage:
- No No
-
No
necessary
Do you have 'key2'? : age:
o l : Filter: disk access Storage:
. Yes - Yes
Yes: here is key2 Yes: here is key2
_ . False Positive UNNEecessary
Do you have key3" . - Storage:
Filter: disk access
= - No
_ Yes -
No No

QO OO« I Techmical U y of Athens

oo
O
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HBase

* KAwvog tou Bigtable

* AvolXtoU KwdKa

* Apache project

* «XuvodeUel» To Hadoop

— HDFS avti GFS

— Mropel va xpnotuornon®et ayto to Hadoop
MapReduce

* Java

21/12/2017



AVTIOTOUXLEC

BigTable HBase

* Master e HMaster

* TabletServer * Region Server
e SSTable e Hfile (rtepimov)
* Tablet * TableRegion

* Chubby * Zookeeper

* GFS * HDFS
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