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Sal ()

MapReduce BigTable

Google: ZEiREE

= GoogleX(FEFHGFS(Google File System)
« H17EERLE MapReduce

= 9L ERSR BigTable

= PHITEE Chubby
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— B DRETFHER (Chunk) =#

« B PMREIEXRN (64M)

- BERFKIRSUEMS
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RESIE

Q3: IRIE FERINB— NGFSHESMEF TERIE

Application

(file name, chunk index) | GFS master -~ /foo/bar
= chunk 2ef0

GFS client | File namespace /

(chunk handle,
chunk locations)

Instructions to chunkserver

| Chunkserver state I

GFS chunkserver GFS chunkserver

Linux file system Linux file system

6 Way To Innovation
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m Master GFSHIEEY S
, BEEFR B, &
FEFITTEE.

« GFSZER

Application| : 'FS maste
i (file name, chunk index) _ GFS master _» Itoo/bar
- )
GFS client |4 File namespace chunk 2ef0
uhunk h mdk
reend:
B Client GFSI2{HZ5M R
FERFIIEES (4 tiAIa) mmm)  Data messages
—— f by - Y ‘ =Y
Tﬁl:lo Instructions to chunkserver 1 — Control messages
C'huni@cr N
(Chunk handle. byte range) 1 ¥ 8 2 L
GFS chunkserver GFS chunkserver
A\ chunk data . ) . Y I
@ Linux file system @) Linux file system

909~ o9

B Chunk server GFSHY

HEFET R, KON E
TE (64MB) .
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Q4: GFS MasterTs R A =ML ERY(ESS?
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—'EChunkServer fTEEREE(S
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o« JWEFEHRHITEH]. 2EEIChunkServer
« —BEIBRREVNTRIEREL, FAEEHIRIE
— LRI
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Q5: HDFSHIGFSXIEY, BWREXA!?
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7 {1 oo Master/slave ( Sa—FiEiN+B& Master/slave ( E—XiEH+ 28T
e ) fEih )
351 SHAXERR SRS

o iEREEER T SR o R S I BESCH B RS RIS EISCH
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FEESENNMELFRRE NHHHERRELFIESICRAYEE,
BiET A HERIZS , FiEleasei8il , @ FLTEHEZS  AiFE{ELeaselEiN
PiEbNRtmasterfI TIER

Master# g% TmasterEHEE&{D , master MasterfiE3ERBAFEH] , master
e LI ﬁ%ﬁ ﬁgmﬂamaﬂerﬁ £, BEALIA

THRERAYSZF B AEIcopy-on-writedfiRET  FiRHHRARLIEE
SRR RIRTE
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Ceph

Overview
= Ceph is a free software distributed file system.

= Ceph's main goals are to be POSIX-compatible, and
completely distributed without a single point of failure.

= The data is seamlessly replicated, making it fault
tolerant.

Release

= On July 3, 2012, the Ceph development team
released Argonaut, the first release of Ceph with long-

term support.
@ ceph
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Ceph

Introduction

= Ceph is a distributed file system that provides
excellent performance, reliability and scalability.

= Objected-based Storage.

= Ceph separates data and metadata operations by
eliminating file allocation tables and replacing them
with generating functions.

= Ceph utilizes a highly adaptive distributed metadata
cluster, improving scalability.

= Using object-based storage device (OSD) to directly
access data, high performance.

14 Way To Innovation
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Ceph

Objected-Based Storage

BSigE /

FEISAG
ial el
p¥ =

T
s
s
v
K

Client

[ MDS

]. WE | RHEE

J - EAEEOEE

0SS

X RFESA
ISR IR (21
PEsES) Fietlm s
(cEdE) oB, FE
ETNREFERE (O
bject-based Storage
Device, OSD) tEEfF
ERZ, BIYNREFMHE
IEEE—ERIERE,
Bels BohEIEHE FAYEL
ED . WREFMEEH
HXIR. IREFHERS
. TEUEIRSSEE. XIR
FERFHIE FimUER
yapa=In
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Ceph

XJR
WREARFTHIEFEIIERREN, B O0bjectZ28Er18ERIEE
HGEIR, SUEBERNLARIEN BRIFIH TIRE, SaaiED 1.

RSHRES.

Block-Based Disk Object-Based Disk
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Ceph

Objected-Based Storage

Object-Based Disk

Object .
OID

Metadata:

creation date/time; ownership, size...
Attributes — inferred:

access pattems, content, indexes...
Attributes — user supplied:

retention, QoS...

17 Way To Innovation




Ceph

Virtual View A Virtual View B

File names / inodes Objects / OIDs

Traditional
Hierarchical

Virtual
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Ceph @)
X RIFERE

FNOSDER— 1 Eeens, EEECHEFENTR. LR, IFRUKNERS
% HRESEAMObect, 2ITRFERZHIIZ)
OS Digt=1"FEI

Traditional Storage - ()bject-based
Sto ;;’J??‘E:-{Hii::;::H::;:::::::::H:i E b

------------------------

| Applications | :-l_ E’:‘.‘:;:;a l_ ‘ %ﬁ: ET 11% O S D Z_ TXE
(] SECE|, BRECES
opemng: = Sy Clientid fk*ﬁz}}%ﬁjﬁﬁ
System E He- el : s Xj—%l D ,fﬁ ;tl: ’fj_

P T o TS,
, ; : bﬁ;J:((;t_ %ﬁgﬁj\zﬁ OS DFQE
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e § Dy oo WHIENTE, S
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BINRITEIENEIE: OSDEEGFMHEERE EXNRITENRE, 1Z7taiESE5tinode
TEUREL, BEEIENZNEIERIINSAKE., WIREEREE RS EERITTEL
EEIE TEROSDESER, BEK 7 Clientd9FFis,

Hard |
Dri ive 1

19 Way To Innovation



Ceph

TCEEIRSS 35
MDSESIClient SOSDXISAVRE, HEFIHBETTAIE, TEETH

HOZEENE, BEMESERIARIR. S 10X NAIOSDE,
FERELIN LIRS

SIREFMELD, MDSHIS, EIRERE N XESMRIRE, eirClientE#EaH
AR, MDSAClient@hializ X AAPFEITRAYRET], OSDIEEEIETMEK
PR sEiuibizee ], REZRILAAIE,

SGFIBRIBIREE, MDSEFERS DME— IS, SiERENETH).
HRAHRICIZFMIBR. hlaliHl.

Client Cache—&tt, A 7TIRSClienttfge, ENREFEAEFRRITHIBE
Clienta9Cache, BIF5|IAClientrICache, f3ky Cache—&E @R, MDS
FiEEFClientfstfdCache, HCacheRIS4ALESNZSRT, @ enClientmlzrC
ache, MMBALECacheA—33 | A& RIIEER,
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Ceph
N RFMHERFRIZ i

NSREFE R SGIRHE B E2ERIPOSIX S HpaEL, EOBEEHIE
B EGRERsEREANAEETL, RETATIRS4EE, MEBXIEIEY
CacheINgeflN4EEINRE, B, NIGRFWINERAEEFim L
Cachel9—2%E, FRUEXIGFRESIETE—E., HEFpiainiz:
EFimh A HEESK,

AR GO TEIEIR S Rs AR IEK, IRENE SR RIEUREFTERY
OSD;

SREBEEOE N OSDAEHIEEZENSEK;

OSD1BRIiEkLAE, FIKrEZENRIODbject, FiRIELLObjectZE
SKEGAIEST,, XWEFimEHTIALE, NRIEEFimSEIEN,
NPEObjectiVEIEIR[C126 % Fim

® YXHRFEWERIOSDIR[EIFIEIELAG, 1R ETek.

®O O
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Cep
XIRIFE N R FERIKETZA

1. TTEUEIRS 2RE B IR EEI8E,

« ITBEEREH—FESIEINZEME (Virtual File System,
VFSER) | XHRSIRKk BREGH,

- HAVIBEFENRAIEIED M (inodeR) » IREFMBEIRHEF
EEIERZENESYIENE DT, FRREDM, BRTalE
firssess SRR (WINASERSE)

EXRIFMEEH, inode TIEDMMEIB M EREMAIOSD, B1OSDAZE
EEAESMIINR, XFI0%RTTaiEESIE TIFo MEIEREIFER
&=, NIES L &S caUREEMERE. I, nmBTaiEEE, &
IENNEZHOSDEIR ST, pILARRIEIN TEURRIEREF RSt FER

E==1
2. FERHBIRENID WREEARRGEWEN T — Y. BINEEE(HI
BEO0SD, WREXHFRFREESMEZS1TOSDLE, NREG
/ORZFAEIEF IR LB IR, WREFEEREIEREEER
HEFEEMMELOAZIRY, WNActiveScaleXRFE RGBS
o] LUAZEI10GB/s,
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Ceph

iy

u EH)A'E'TE

= Storage capacity, throughput, client performance.
Emphasis on HPC.

= AJERME
=« Failures are the norm rather than the exception, so the

system must have fault detection and recovery
mechanism.

= BE
« Dynamic workloads
= Load balance.
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Ceph i

i EHL

'I it H |

REALAL

v
RADOSGW RBD CEPH FS
A-nfREM), fE
AT FH 1 nu i #2 B —AYposixfiEE A
(FIRESTM 3%, FFIQEMU At Re, WALlin
t S & UsE
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Ceph 7 [

RADOS

Cephf RADOS(Reliable Autonomic Distributed Object Store)fF
SRR B A fttE Pinz EAMNEERIEM,. RADOSHAMHE
{HHEERY,

(D OSD: Object StorageDevice, IRHFHERIR,

@ Monitor: #EHPENCephEEIIEBRTE.

Clients Metadata Cluster
9 (3 Metadata operations
REREoe. e G,
- -~ A % Metadata
i [bash | [lient [\ ’_\ﬁﬂ storage
i = | [ibluse RN y\_/'

Object Storage Cluster

] |
i _______'_
i E;:| - .
{ [Cvis [ fuse ) if|l client ]|
i Linuzx kernel E myproc | }
= = =t

osbEEEF SR FEPT B XIRAVEWE. Monitor S’iﬁiﬁ%ﬁéﬂCeph%ﬁi
PERIERR. K&, BIELUNETRED RFES.

25 Way To Innovation




Ceph
Ceph% F 3n#2 [ (Clients)

AT CephZity b ki TR ZZEAIRADOS 2. EIFILIBRADOS. RADO
SGW. RBDUL K Ceph FS4t—#r NCeph% )7 im% H . MLIBRADOS
N2 CephHEEWNIRADOSGW . RBDUL K Ceph FSHH)AET:

RADOSGW

RADOSGW(RADOS Gmeway), XMCephhf RAEMEMK, =& — N KJEEE T libradosia & F i
HRESTfuldZ NN RAEMERE . H A Ceph S R I FHAPTHE [
(1) S3.compatible: S3FAHEEN, Hflt5Amazon S3K#/RESTFUL APTH: 1545 () APTHz 1

22) Swift.compatible: #2ft50penStack Swift Ko AR FKIAPTHZ 1. CephffIXf A7 i
M3 (radosgw) , radosgw 2 4 B 4n B T «

53 compatible API Swift compatible API

radosgw

librados

0SDs Monitors
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sl (&

Ceph =
Ceph% 7 ¥z 1 (Clients)

RBD
FE—"CephfyEEth, CephfUMEBE S IFEMEREECE, EEEX/NF]
FhgsdE, CephRigE el LIzes A RADOSIJJab, sSCHIGNRER, &
wlFNEE—2UE, CephEﬁRADowema (BPRBD) 1BIFRADOSHMYS
s R ER librodfgZEE T3 ., RBDEG@*WDJSER

Kernel Module librbd
RADOS Protocol

0SDs Monitors

Ceph FS
CephI{&E%: (CEPHFS) £—1PO
SIXSESAIN GRS, [FRECephfI=iE

CephFS Kernel Object CephF5 FUSE

Ceph FS Library (ibcephfs) SERERTPREEMIR, CephioS {424
SEAERRICephRIFEEERT R Lkl
Ceph Storage Cluster Protocol (librados) CephE’\Jﬂ%Lﬁ%, CephE’\JS%DSWiftAM

MNRFE, SAYIFE (librados) o

0SDs MDSs Monitors
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FURESTTEIEI DB

= Separation of file metadata management from the
storage.

=« Metadata operations are collectively managed by a
metadata server cluster.

= User can direct access OSDs to get data by
metadata.

= Ceph removes data allocation lists entirely.
« CRUSH assigns objects to storage devices.

ﬁ-
L
)
c/

SENSE e
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RS SRS S

Ceph separates data and metadata
operations

i I'| System Call Interface |

Operating
System

File System
Client Component

Metadf)}a
reqiests
------------- vl Object Interface I

| Metadata Interface | Metadata storagel- ~

i and/or-system |

P, S ———
1 1 fmanagement 1 File System : Object-
1 File System j e : Data Mana er 1
Metadata E Metadata Manager | ! : ; 8 ! based
N . A 1 ] ..
Server i : : ' | Block I/0 Manager | i Stou'lge
(MDS) : storage E [— >: : Device
: | : ‘- ! (OSD)
1 ! 1 !
: : : :
1
: : [ [P O Uy . .- SRR, }
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o o N )
HIESITTEUERN S S =
Data Distribution with CRUSH

= In order to avoid imbalance (OSD idle, empty) or load asymmetries (hot data on
new device).
—distributing new data randomly.

= Use a simple hash function, Ceph maps objects to Placement groups (PGS).
PGs are assigned to OSDs by CRUSH.

MR RFBEZLIHINERANTE, TeEEEIFHEZIRIIOSD, ARRIRFER|OSDHRT

WA E

(1) S REIPGHIBRSS: AH[FIPGE KX File 1 == . 1. | _

A5 R SRR IOSD: £ S A . I
PG=hash (ObjID) W & hash(oid) & mask —»pgid

. ([E55)E55)EE) -

(2) PGEHIAIR{IOSDII WA

CRUSH(x) (osdnl, osdn2, osdn3
Inputs e ) OSDs %
. (grouped by .1 sl sl
X is the placement group AR ol omralis sl el st
Hierarchical cluster map Aiuredomain)
Placement rules [ ID || Binary Data || Metadata ]

Outputs a list of OSDs

1234 0101010101010100110101010010 namel valuel
0101100001010100110101010010 name2 value2
0101100001010100110101010010 nameN valueN

vay O ITINoOvVvao




TLEHEHESETE
TCEGRIS D hINEIE

Ceph utilizes a metadata cluster architecture based on Dynamic
Subtree Partitioning (workload balance) .

= Dynamic Subtree Partitioning

. Most FS, use static subtree partitioning
—imbalance workloads.
—simple hash function can get directory.

. Ceph’s MDS cluster is based on a dynamic subtree partitioning —balance
workloads

{1

| Impsol | mMpst [ Mps2z [ ] mMps3 [ MDs 4

_ Busy directory hashed across many MDS's .




Metadata
ﬁ?ﬁ JI'—"IElel_;\Jj\ ﬁ_t&:IE

= MDSs use journaling
= Repetitive metadata updates handled in memory.
= Optimizes on-disk layout for read access.

= Per-MDS has journal (usually a circular log in a

dedicated area of the file system), when MDS failure
another node can quickly recover with journal.

= inodes are embedded directly within directories.

= Fach directory’s content is written to the OSD cluster
using the same striping and distribution strategy as
metadata journals and file data.

III.IJ
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LT 'S5
OSDE e Z T
HECeph&BEIgnnak /> OSDIRElT, BN THREEIIER
W *E(rebalancing),
EEEFIBE|(Cluster Map)=18Z2IEFT, PG IDLANOSDEEHBXHIEE
#=152 BT, —ELPCMEIERFTMCAIOSDIFE R EITEE] 1 #HIO
SDRERER,
FHIERENIREF, CRUSHRIEFIRE, BIFZ2HIPCIERIKAIRES
HEEAE., FFEHATHHIT 7#IEINTE, [EBE0SDIREFRIFIFR
SNeEtO=HENIB Mg,
N MIEBRIYENI M EF HAICRUSHE L, HURIKAERITEIN D

RTEFTHIOSDEEREF o B
THTAY |
25 E © Before OosD 1 OSD 2

PG #1 PG #6
PG #2 PG #7
PG #3 PG #8
PG #4 PG #9
PG #5 PG #10

After | 0OsD 1 | | OSD 2 | | OSD 3 I

PG #1 PG #7 PG #3
PG #2 PG #8 PG #6
PG #4 PG #10 PG #9
PG #5

yvay 10 10OVa
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CIE Y wor = L\

= CephEP B CephfIZE FimflOSDT R &R EE BN RS ERAIFAFN

=8, X, éz)iu e EEMFEEHIENOSDT a7 H, OSDT S

zﬁgzﬁﬁj seE R TR, CephmpE AT = AV geig kLA T~ —LE
% .

(1) OSDTREEERNEF imiefiikss:  (4) HER A&
Cophrtvs FE S 5 HOHR HOSDH A FLIE(E,  FICeph? '3 —FF. Ceph OSD T Azl
AT AT 01T, BOREREA RGR(IE  CRUSHELE. (FLAIZ ) 3 FICRUSHEL I R
A7, T ELPERE RS T AROCIRTT ARSI, Ceph OSD S % STk

CR3F NOF 30N IEVATE "ca i E AT

(2) OSDTTRESE5AFSGHIAER: |
i — N OSD A FI Ceph 7 i Sl , T
S TEeH I Monitor-s AL E S kA . A0S
Wb, T RS RE SRk,

Write (1) ¢ ? Ack (B)

Primary OSD

(3) OsDT=EHARIEIE B A wite2 | 4 b wite )
SR A, A0SO A AR R 5 — L
Hh— N FE 12T R EIAFIOSD T s 2 (AT X &
e A b, KBRS R G A R Secondary OSD Tertiary OSD
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RARRS

HDFS — thiFfE, oHhTER4
Hbase — ZI##fi&, Key-Value#:

23

¥

MapReduce — B JRIE

''''''''''''''' s T

i ETL Tools | | B Reporting | | RDBMS

S S VN D -

Pig Hive S
_ (Data Flow) (SQL) q00p
-E -
fE g
:E' MapReduce (Job Scheduling/Execution System) "';'E
= =
=] b
o =
< Hbase P
2. (Column DB) o
S 5
= <
=
9 HDFS
(Hadoop Distributed File System)
The Hadoop Ecosystem
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RDBMS& T 5= £UREAYIT)ER

o R A
= Scale up: scale vertically = costly

= Scale out: scale horizontally - difficult

(el
» R5|EFIFFEEX
« "5 Join"IB(EFHEX

-
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HBase - What?

HBase — Hadoop Database, 22— 1" &r] 5%,
=Ese. EM@Y. IR DmIVEFERS,
HBaSGBUIY_N_ BEPC Server 1R AR
SR EERF

Modeled on Google’s Bigtable
Row/column store

Billions of rows/millions on columns
Column-oriented - nulls are free
Untyped - stores byte[]
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NoSQL

Sk
Lii

£

Anti-SOL#F] ‘no’ SQL, N)ot (O)nl
gEQEL ,r-] I%EISJ?A*M}P' ??EQ NEEERéIazt?orgal)Bg

AETESEHI RDBMS. 247

HIRIRA, —ﬂQJ&P“aJomT;E{’E

B EEE
71'1:‘& l?ﬂ .

7\

ACID (atomlc It consmtencL Isolation,

durability) @M, i E

NoSQLAY4F:
. RiaHIWLHI (B 7 REXME)
. =AM
. 71(_/1:)-\-}1%
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HBase —1Z1iTHiFR

T ATEEIRITHBase?

» WIJFEFPEARZRIEEE, NMTT, HBE......
« YMERZ—AATNEF 11%%7%3(1 ?

= AR EEEEPIHEEIEIE?

IR FE RS

7 11%‘,'7==-EI’JLE§ (FFTB) , EFE4s

A LURFICRAIZ R

S5E5R{EEtL, #IRICRERES RS TIERE
ENDRBERTNEENN, EESA AN
SEIE R e
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5H
it

Hbasel& G F{EPBNAIRIBESIE, EPBNK
RIREHEIAN RBERMNPCFERIBIR T, B8
FE/L IR MIREEE,

Rz R
Hboasel¥ BIEEEARMER T EE, —
=T LEMERES (Region Server) BYH
B, — P REFTFHEIE (HDFS) ,
=&
EFANEBERT, HbaseHIEMNOFER
g;y . BEREeH A, RERIVARSS.

[
FEREE2{HbaseDIRRiEN, 9k
o, (FAILUSEERZH9, IR A=
HERT, B0 RAFEE=E.,
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« WBEATHEMR
- BHRIIHEHNHEHAKRI/O
* JRILER T AV B 6 B B K R T A B R

~ TXEARITR, 8 LK MBI e
AEREER

« WBEIIEM - B PRI
PR T - RRAEWSRIS - KREBERZI0
I L - SRl MRRRAE - EWMRLE

& 2 ® B 3
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101

401

102

402

103

403

104

404

105

405

HDFS Blocks
Store Block 1
Store Block 2

Store Block 3




HIEhE

Column group 1

A [Column group 2 HDFS Blocks
101 Column group 3 Store Block 1
102 201 c |p Store Block 2
103 202 301 |401 Store Block 3
104 | 1203 | [202 [402
105 | 1204 | [203 [403
205 | |304 |404
305 |405




HBaseZEIRE,

. Column
: Column family: .
Row Timestamp L family
animal: 7
repairs:
animal:type animal:size repairs:cost
t2 zebra 1000 EUR
enclosurel : :
t1 lion big
enclosure2

Row Key: 172, Tableg9=i, TabledrAiCcRIZEBRow KeyHEE
Timestamp: AY[EJEY, BREIRERIEXI NS EE, AJLIEFREIEN
version number

Column Family: ZIf&, Tablef®E/KEF BB —PkE Z > Column
Family2E 5%, — P Column FamilysRaJ LAER{EEZ P ColumnBpag, AP
Column Family>z#5a075T B, TiRfstE X ColumnBIEiE AN 222,
P ColumniILATHEIEIUFE, ARHEEB1 T TRE5 R,
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Table /!

/ / ColumnFamily#1 ColumnFamily#n

Row #1 keyivali,t1 /| keyAvall,ti

keyilval2,t2 / keyA:val2t2

Row Ke key2-vall, t2 / keyB:vall, 12
key2:val2. t4 /' keyB:val2, t4
Row #n '
sorted d

75 keyn:valn, tn | keym:valn, tn ik

Column famlly

rowkey contcnt‘sl anchor: language:
com.cnn.www | <html>aa<html> (t7) ;ﬂnchor:cnnsl. com, CNN (t1) E en
LR B} LR R AR " LR R R » LR R R
chtmi>bb<html> (t2) Yanchor:my.look.ca, CNN.com(t1)
anchor:jaso.co.kr, Jaso.gil(t1)

ColumnFamily:ColumnKey, ColumnValue(Timestamp)

\J
B 0 TN Gmpes x , C'Idfll_.‘,l: the World

-

|
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SHE[|
HBaseZ&#4 Lii i
Region Servers - Physical Layout
Rows Region Server 1 Region Server 2 Region Server 3
A
_ | Keys:[T-Z)
' > Keys: [I-M)
z| .
=| H
S| . L L Keys: [F-I
g ys: [F-1)
4 »  Keys:[A-0)
Q | Keys:[MT)
; p  Keys: [C-F)
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Table & Region (@)

STablefEBICFKENMEINMEXNG, ST D RS
splits, Bk Aregions, —regionfl[startkey,endkey)Z=7mx,
AERIregion=#MasterszficzatBNHIRegionServern# T &
LN

Userinfo Table - Region1

name:Suse age:25
Userinfo Table

name:Simon age:30
name:Suse age:25

- RS1

name:Simon age:30

Userinfo Table - Region2

name:Fasan age:38
name:Fasan age:38

name:Carl age:50
name:Carl age:50

name:Suck age:40

name:Cens age:36 Userinfo Table - Region3

name:Luse age:18 name:Suck age:40

~ RS2

name:Cens age:36

name:Luse age:18
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-ROOT- #1 .META &

META.: i2E 7 HFZEMRegion5E, METATILIEZE
> Regoins

-ROOT-: 1CR 7 .META Z&HIRegionfE2, -ROOT-H
—> Region

/00keeperd12x:= 7 -ROOT-z&AYlocation

UserTable1

.META. =
(L%
j::- =
zookeeper file -ROOT-. TR
—=rore= v - UserTable

e __:::}

-------------

-------------

s

48 Way To Innovation




()

"ROOT- #1 .META 3%

Q. -ROOT-#m 82

A. -ROOT-#¥RS1 k

Q: BW—1. META. i # % Userinfol) 17
D” :J .I' (4
A: RS2 ER/). META. regiond | 6] EL3R #

ik RlUserinfoX 170007, £
i ? = RegionSener’y

RS3
Table_Region
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Q: _META, £ H?
A: .META, #RS2 |

Q: FEEEUsernfo2ef1170007, FEH
7 B/ RegonSener’

RS3 Q: REFZIAT0007
: T, P

Table_Region
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(lient ——»  Zookeeper

IrHRegin:un

Stor Sor
StoreFile | [ Storefile | ... ||| StoreFile] ...

HBase

N |
" » s g ™) ~ ™)
\ v
ol
S| v v v|[v v|[ |[v
DataNode DataNode DataNode DataNode DataNode
— | S
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52

Hbaseis|o)#E

ONative Java APl, REMAESMEVHEE, &&Hadoop MapReduce
JobFFTitt A IEHBase = HIE

OHBase Shell, HBaseRYam<1TTH, &iaEHEO, E5HBaseEIBEA
OThrift Gateway, ®AThriftEIIHIRAR, ZHFC++, PHP, PythonEZ=
ES, EaEMERERSEL SO HBaseREIE

OREST Gateway, S#FREST Xi&HIHttp APiAEIHBase, f2f% 7 iE = PR
OPig, AJLUERPIg LatinimtimiziE = K iE{EHBasePRYEGE, FHivezs
1, NEREBIEmFEMMapReduce JobEaMEHBaseFxHIE, ESMEL
EAIT

OHive, Hive 0.7.07373FHBase, AILAMEAZESQLIEEKiA(a]HBase
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HRegionServer

HRegionServerE 2R ENMNFAFI/0iEK, MHDFSS4ER
HEEHUE, EHBaseFIZOHITER,

MemStore Store

l StoreFile || StoreFile l

-
Store
((MemStore ) Store

l StoreFile || StoreFile I

- - -
L -

: Storefilel (GAMB i AT i T R I i _1,-._,.5’ ife
______________ { e ] - / 2 £ Smre Fil ESA £ ; 5{;“;:3;5
StoreFile? (GAME =1 : ' 5
_::::::f::::::f::::::::}:_I E Etﬂl"EF“'EE :;; meitiih:‘wﬁ} :
: o 256MB v it T
| Storefiles (6amB) | B { ) | storeFilese o
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SH

HbaseE \\Zig LiTi §

@ ClientREEHESE A\RY
RegionFrERY
RegionServer

@153k 5HIog

@1EkEMemStore, REZ
SHlogfIEMemStore&lak
N7 A EBEKE AT,
MemStorefgZE=iX il 2
HDFSH,

Hlog?_ﬁ%?_HDFS =
RegionServertn &=,
BFEAHogRIREEIE.
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MemStoreffllf2
N TiIREHbaseHIEANMEEE, HEIBEKREAMemStoref5, A= BRIE.
MESEFE—ENEHTRIZIVRE, BEARIN TGS

2RAFEH
XM EBEHNSHEEHARFEARYERER, SpEmemstore 52
heapHIER A LLBIRYAT R, ShitA&RIZRYE(E

MemStoreixXZ|_EfR
BRIAL28M A/

RegionServerf§HlogE =Xzl _ER
BIEREIHI0g/y T fRUEHbaseEURAI—EUE, ABAUNERHIog KZRYIE,
SXNHEIRENMEREK, EitHbaseSXHIogIER A N EUMIRS], 2k
EHIogHER AN, SaEdlRIE.

FIfihsk

XARegionServerfit &z

RegionflEAHLOGIRE &R R4
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Hbasef9ZMEIS T\ &

HBasePRIFT B R FEBfFiEEHadoop HDFSI 4 E St
I, TESFE LARHRIRRFRS SRR
HFile, HBasedKeyValueZUEHIFMEIETN, HFile&HadoopHY—i#H
SIS, SCRR_EStoreFileFEXTHFilef TREE/RBEE, BD
StoreFile]KERLEHFile

v v v ]

9 Trailer

M Key Key Key Key Key Key
agic Value | Value | Value | Value | Value | Value

7B 4B 2B
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HLog File, HBaseFWAL (Write Ahead Log) BYTFETRTC,
Y1 _F 2 HadoopHAYSequence File

LLT

Region A Region B Region C
HLog
~ T —— -
T —
s = —— —
~ —— _
HLogKey | HLogKey | HLogKey ---( XEER!
- - N e T T T e
- WALEdit | WALEdit | WALEdit | -~
" - — || sequenceid |writetime | cluster ids | region name | table nnme|
- e
- - - L I |

<1, # of edits, <KeyValue>, <KeyValue>, <KeyValue=>
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HTable table = ... ——
Text row = new Text(“enclosure1”); :

Row Key

Personal" : < Column Families

Text coll = new Text("animal:type”), e

Text col2 = new Text(“animal:size”); —

BatchUpdate update = new BatchUpdate(row); : . ——

update.put(coll, “lion”.getBytes("UTF-8")); ( o Qe

41541111110
v - "415-111-1234""

update.put(col2, “big”.getBytes("UTF-8));
table.commit(update);

}
"Office" :

Timestamp / Version number

update = new BatchUpdate(row);
update.put(coll, “zebra”.getBytes("UTF-8"));

table.commit(update); Cell Value

"Timestamp1" : "1021 Market St"é

58

}
}
}
- Column
, Column family: .
Row Timestamp . family
animal: .
repairs:
animal:type | animalisize | repairs:cost
t2 zebra 1000 EUR
enclosurel : :
tl lion big
enclosure2
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HBase - Code

Hbase R E@IIFMERIEIERZE, PTLAE— 1 Regionh, BZ
M ESRTFAEXLET, HbasehEUiEy 2 HR5IFEskB 00,
L B— Y EE BN — 1 8RS, Hbasedlik
BEAE R EISZ 9Store, — N StoreftE— M IFE,

RegionServer

TableData TableData
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Log-Structure-Mergeti(1) B @

C1 tree Cqp tree
l | |
| | |
Disk Memory

Figure 2.1. Schematic picture of an LSM-tree of two components

C, tree Cqp tree

| \ | |
i T 1

Figure 2.2. Conceptual picture of rolling merge steps, with result written back to disk

-pr - &



Log-Structure-Mergef#j(2)

Ck tree Co. C1 tree Cp tree
merge merge merge
— " = s M
| | |
Disk Memory

61 Way To Innovation




HBase — &ifi

Retrieve a cell

Cell = table.getRow("enclosurel”).getColumn(“animal:type”).getValue(),
Retrieve a row
RowResult = table.getRow( “enclosurel”);

Scan through a range of rows

Scanner s = table.getScanner( new String[] { "animal:type” } ),
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Hive

~acebookF A&
JFRKEB2Facebook jobs
' REBIEE" FHadoopz £

= Maintains list of table schemas
= SQL-like query language (HiveQLl)
= B] \HiveQLiEHadoop Streaming 2

= Supports table partitioning, clustering,
complex data types, some optimizations

63
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E12{#FE MapReduce PrHEIGAIDIRR
1. ARFIAKS
2. InEFEHRER KRS
3. MapReducesLIIEZvE 182 AR K
I AZ(FER Hive:
1. BARMAIEL: BEEORAZE SQL B XL, 2H

RIRFT & AIEE
2. BEAIEIIRA: B TE MapReduce, EDFTA
ARBIZFS AN

3. BRI ML nIERY EERIIRMTHEEMR
55, ST BEENX R

64 Way To Innovation




2

=

. 5
2v/—"MHive Table B

CREATE TABLE page _views(viewTime INT, userid BIGINT,
page _url STRING, referrer_url STRING,
ip STRING COMMENT 'User IP address')

COMMENT 'This is the page view table’

PARTITIONED BY(dt STRING, country STRING)

STORED AS SEQUENCEFILE;

Partitioning breaks table into separate files for each (dt,
country) pair

Ex: /hive/page_view/dt=2008-06-08,country=USA
/hive/page view/dt=2008-06-08,country=CA
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— NMEEREH

o HHHFE B Fxyz.comfIEIR 31 B HITE

page views :

SELECT page views.*

FROM page views

WHERE page views.date >= '2008-03-01'

AND page views.date <= '2008-03-31'

AND page views.referrer_url like '%xyz.com';

« Hive RiEpartition 2008-03-01, * M 2
BIR,
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i
b1

Aggregation and Joins

« Count users who visited each page by gender:

SELECT pv.page url, u.gender, COUNT(DISTINCT u.id)
FROM page_views pv JOIN user u ON (pv.userid = u.id)
GROUP BY pv.page url, u.gender

WHERE pv.date = '2008-03-03';

¢ Sample output:
page_url gender count(userid)
home.php MALE 12,141,412
home.php FEMALE 15,431,579
photo.php MALE 23,941,451
photo.php FEMALE 21,231,314
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fiEFHadoopyiMappertiiz Ell @

SELECT TRANSFORM(page views.userid,
page views.date)

USING "'map_script.py
AS dt, uid CLUSTER BY dt
FROM page views,
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Hivelftites

o B Ry B, Hive A LABHAIY BEREIIAIIERE, —RIER

NEEERIRS Ol B BUoEENINET EBERFRYRL

E J\a E: —8kSescpu i7-6700k 4%200:82%F2, 81%/0M 6%
. RF64AG => 128G

LETE Hive XFEENERE, AFAILIRIEE 2VESkRSLH]
H O AYEREY

RHFaEE, JLRERMFEE T aEIoRR, SQL1EaR] 5
AT

Hive NZHnc = pIRBRISERIE, (BERBEFPYLIEIEIGER
R EEEIaE ReAEIEF
Hive FUEIEIZERJIR™EE, X9 MapReduce Job BEamI 2Bt
R<ATE), PTLAMBERERBEERASF,
Hive "2 ES (RosBIigic, PrLAEZEERM OLAP (BX
Mo HTRbIE) | ﬁ’ﬁ 2 OLTP (BXZ=3AME) |, XF2EEL
BRI ALR]) .
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HiveZ2fy

HiveRIFF#EOE , CLBPShellas<4T , CLI

Hive Bw.
cu JOBC/  Web Hivel§TTaURTFIETESIRRED | IEEFX LY
o o'fsc LUl MR (mysql, derby) IR = : B
. #i, SRPER. TRRSERE,
Thrift Server Meta o, SMIEE EDatabase, . TAUHIRAH.
! | - . DX, REIEHIERRS,
Driver
T SERRHQUIOBRIIEEMIENYT, AN,
GH%, RACURERIHRIER, ERE
I I I RIFFEEHDFS |, FeEiMapReduceify
§ N N :::::g? ! BT,
B — HiveflSUBTFAEIEHDFSH | $H39AERSA0
I DataNode ot or HQLEMER , HiveNEREENEEIRA
MapReduce{E55#4T.
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HIVE HADOOP
e N\ s
8: sendResults  EEE— 6.1: executeJob MAP/REDUCE
EXECUTION 6.2: jobDone JOB TRACKER
ENGINE |_ L
6: executePlan <
—
6.3 dfs ()pcm[i()n_\‘ /@)/REDUCE TAN
) TASK TRACKERS TASK TRACKERS
(MAP) (REDUCE)
1: executeQuery/

6.1:imetaDataOps MAP REDUCE

Ul DRIVER for DDLs OPERATOR OPERATOR
7: fetchResults TREE TREE
- - JERDE. SERDE
% DESERIALIZE SERIALIZE
e 2 getFisn 5: sendPlan ! \ / )
READS I TO HDFS HDFS
) 3: getMetaData j I
COMPILER [
METASTORE
4: sendMetaData NAME NODE
L ) DATA NODES
9: fetchResults o <
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: shell/CLI, jdbc/odbc, webui Command Line Interface

CLI, Shell £iFsE<4T (Command Line Interface) , EEZOEIEA Hive 584475 Hive #7378, B8HE (%
=, @i, £
JDBC/ODBC, 2 Hive FWET JDBC IR ERENEFR, BF (FTER, iz 8) 1B =EEEZE Hive server iES

Web Ul, ETH=EEE7HR] Hive

thrift server {27 —#8ED, LAPOLI{EASHAREENEERKEY hive

Thrift £ Facebook FER—EERERR, AILIAR# T EEEESHIRSHITE, Hive |Al7iZiRS, s8R
RFIESEA Hive FUEO
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IREh#EDriver, fRiFseCompiler, {{tF;_Optimizer, MiTEEExecutor

Driver fHi45s0k HQL ZEEGMIEEST, BiESIT, &WiE, ik, LIRAEREERIT TRIBVSERE, EmaNEERTit
RHFETE HDFS #r, FHEEE MapReduce EREHAT

Hive BYEZC-E3KAS5 128,  3KaI5 IZEMPMNEES4ERk:
(1) BEFEESE: RRESERIERRER HiveSQL IBGIHEIEHIMEZIEIER (AST)
(2) BiER: BERESHEEEMREANEEHITIER
(3) hik=R: RIEEETEERATIT R T
(4) ;iTaE: PiTEEE RARENIETEERTIEER TR

4, : RDBMS MySQL

TLER, IBGEH, PUESMETE Hive PAVEHIEAMEASE.
Hive FRITTEIRBSEE: SHEF, S EKEEREE, FHEE (AR /aiE) | SREEREER

Metastore BRAFIEETHI Derby FiEE+F, RRMENESZHFERE, FEMIEF BEFEMEE, SUERERE Hive
E, REASEEE

AR BETRIBCEEM MySQL B (Fiih 5 iiE)
Hive #1 MySQL Z[EliEid MetaStore iRS3:H
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INE R FE(E

QO git

Version Control System

TH, 7

1%

Z:l—:gg:.'ﬁ

1

g thiB Mt Github gk
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=]
Version Control System - Git LiTi

What is Git?

Git is a distributed (decentralized) version-control system for
tracking changes in source code during software
development.

Why Git?
= Keep tracking changes

When | wrote this code,
only God & | understood what it did.

= Revert to a specific checking point
= Work with people
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Version Control System - Git gl \_/

Git is not the only VCS, but by far the most popular
. Subversion (SVN) — e.g. Google Code (2006 — 2016)
. Concurrent Versions System (CVS) — Grandpa of VCS
. Mercurial = much simpler than Git

Google Drive / OneDrive is NOT VCS!!!!

Git service providers
. Bitbucket

. Github

. Gitlab
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Git: Installation

macOS

S brew update
S brew install git

Linux (Ubuntu)

S sudo apt-get update
S sudo apt-get install git

Windows (Git client, WSL, Git GUI client ...)
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. 5] (s
Git Glossary LIiTi RS

Repository: a collection of commits, branches and tags.

Commit: an individual change to a file. Like when you save a file, but with
a hash that allows you to keep a record of what changes were made and
by who.

Branch: represents an independent line of development. It is a parallel
version of repository.

Tag: A reference typically used to mark a particular point in the commit
chain.

Pull: Fetching changes and merging them.
Push: Sending your changes to a remote repository.

Remote: A version of something that is hosted on a server (Bitbucket,
Github, Gitlab).

Merge: take changes from one branch into another.
Rebase: To reapply a series of changes from one branch to another, and
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Rebase

N2 N2
o
o-o0—o0-o
II\
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Git at a glance

feature/1 (local) feature/1 (local)  feature/1 (remote)

LE-B-8 B

feature/2 (local feature/2 (local) feature/2 (remote
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Git: a simple guide

Branching

Diverge from the main line of development and do work
without messing with the main line

Main branch: e.g. master
Development branch: e.g. develop

Other branches:

= Feature branch: add a new feature, e.g. feature/add-a-new-feature
= Bugfix branch: fix a bug, e.g. bugfix/fix-a-bug

= Release branch: make a release, e.g. release/1.0

= Hotfix branch: hotfix a bug in a release, e.g. hotfix/fix-another-bug
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Git: a simple guide

Simple Workflow

Made changes

Add
S git add <filename>

Commit

S git commit -m “commit message”

Push

S git push origin feature/demo-1

S git push --set-upstream origin feature/demo-1
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Git: a simple guide

Register an account on Bitbucket, Github or Gitlab
. Bitbucket - https://bitbucket.org

. Github - https://github.com/

. Gitlab - https://gitlab.com

Create a git repository (Local)

Create a new directory
S git init
Create a git repository (Bitbucket)

Checkout a new repository
S git clone https://<username>@<hostname>/path/to/repo.git
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https://bitbucket.org/
https://github.com/
https://gitlab.com/

Git: a simple guide

Branching

Create a develop branch (from GUI)

Create two feature branches
S git checkout -b feature/demo-1
S git checkout -b feature/demo-1-1
Switch between branches
S git checkout feature/demo-1
List all branches
S git branch
Delete a branch
S git branch -d feature/demo-1-1

Push a local branch to remote
S git push origin feature/demo-1
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Git: a simple guide

Pull Request (Merge Request) — Code review
. Create Pull Request for others to review your code
. Approve or Decline a Pull Request

. Merge a Pull Request when all reviewers approved

Fetch and pull the changes from remote

. Fetch updates
S git fetch -a

. Pull changes from remote
S git pull
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Git: a simple guide

Conflicts

Conflict may happen if users changed the same code block

Code cannot be merged until conflicts are resolved

Scenario

86

User A checked out develop branch and changed one line in README.md
on feat_ure branch feature/demo-2

18 18

11 - You'll start by editing this README.md file to learn how to edit a file in Bitbucket.
11 + You'll start by editing this README.txt +ile to learn how to edit a file in Bitbucket.

12 12

At the same time User B checked out develop branch and changed the
same Ij_pe in README.md on feature branch feature/demo-3

11 - You’ll start by editing this README.md file to learn how to edit a file in Bitbucket.
11 + You’ll start by editing this README-txt file to learn how to edit a file in Bitbucket.
12 12

User A merged the change to develop branch

User B created a Pull Request to merge feature/demo-3 to develop
branch and saw conflict
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Git: a simple guide

Conflicts

[ READMEmd [CONFLICT Side-by-side diff ~ View file

Conflict: File modified in both source and destination
To be able to merge you will need to resolve the conflicts manually. Learn how.,

8 8
8 8 ## Edit a3 file
1@ 1@

11 +<<<{<<<< destination:3f@fadfE3f494FfA8A3Icadb92425dd9982285bdeh

11 12 Youw’ll start by editing this README.txt file to learn how to edit a file in Bitbucket.
13 |+==—=====
14 +¥ou'll start by editing this README-txt file to learn how to edit a file in Bitbucket.
15 +3»>»3>»» source:d7¥6d93ffe3clbl@6dce51b645deB54eb3Bebale

12 16

outdated

README .md
README.txt

current state

Description
O ) festure/demo-3 | [ origin/festure/demo-3  Some other changes

_oﬁginﬁmaster noﬁgianEAD n master  JUTEIRT T

Comment

. origin/develop origin/bugfix/demeo-2 | README.md edited online with Bitbucket
-'J 7] originyfeature/demo-1 feature/demo-1 | [B) develop (11 Edit README.md file
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Git: a simple guide

Rebase and resolve the conflict (use tool)
S git fetch -a
S git pull --rebase origin develop

## Edit a Fily

<<«<<<<< HEAD- (Current Change}_
You’ll start by editing this README.txt file to learn how to edit a file in Bitbucket.

You'll start by editing this README-txt file to learn how to edit a file in Bitbucket.
>>>»>>> Some other changes- (Incoming Change)

1. Click **Ssource** on the left side.

S git add READM.md

S git rebase --continue
® QI feature/demo

L origin/feature/demo-3 | Some other changes
origin/develop origin/bugfix/demo-2 | README.md edited online with Bitbucket
origin/feature/demo-1 feature/demao-1 develop 11 Edit README.md file
B origin/master | [ origin/HEAD master | Initial commit
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Git: a simple guide

Rebase and resolve the conflict (use tool)
S git push -f origin feature/demo-3

® . 88 feature/demo-3 Ul e = Some other changes
'I' origin/develop origin/bugfix/demo-2 | README.md edited enline with Bitbucket
T origin/feature/dema-1 feature/demo-1 develop 1! Edit README.md file
L origin/master origin/HEAD master | Initial commit
& reEADMEmd [mopiFiED Side-by-side diff  View file Comment sae

Wwooca

3
9 ## Edit & file

e
=
i
=

-You’ll start by editing this README.txt file to learn how to edit a file in Bitbucket.
11 +You®ll start by editing this README-txt file to learn how to edit a file in Gitbucket.

12 12

13 13 1. {lick **Source®* on the left side.

14 14 2. Click the README.md link from the list of files.
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