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o DHINEUEEN: FASparkLMBELHUENDTEIL.

SCRT SRR

SCREREAMEEE AT RERD . IFRE . EFANEE. WSREREFHR,
FEHIERARFRIIEF, SEEHITAE,

BIANTEREER T, ERREFEARRVENE, SERMEANZIMRSHYRIUEERF P TR EE

4-3 BRI TIRRIEE R U IR 7 =

Qo
Q,‘:C: Spark
(o]

Y

Kafka Spark
Z o G e
=28 &%ﬁ Flume ‘ @ )

HBase Starm

1Zi7 = FMRSEILEB I TR

SCRSREA 01 (2023-11-07) RIS © ERRAGIRAT 7
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¢ SRR IRAmCTATHAERE, HEROREGRES
I\Lo

o BERFUEREAN: FFKafkaSZIl S5 AIBEEIRAISERTEIN
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Fma 5 IR MRS fRAS
A Y i 5
5 N{a)i%$E MRS kA
MRS hrZA1528H
MRSEEEERARBI D N EBIR SLTSHRA, FRRAERFFESIIEHRBRIFIEIES
AE, BRAREESWSERIFITEE,
o EiEIR
- IDAEAA
BRI EREMIRIENRE . SIEIEHS, BEATLIEEAFISE.
- HENE
peEBEMSN, EiBhRERfIAS Presto. Impala. Kudu. SqoopZ4Eit,
B LRIE AR EREMRAIEIZRERAYE, BERSIRAERIAHEETUS
EMRSAHIRA—EFRFNBAHRERSR
o LTSHR
- IDAEeR
LTShREEREFR ST IS EEREEAMIRIESN, IMIRMARAFEREE S . WHFERIZINEES
BREAY
- HENE
BeItBELBAESN, LTSARERST S #FHetuEngine. 10TDB. CDLEAB{E, BILIEHE
AREIEEBRAEREARNEAYE, BERSIRAERAHFBEILISEZEMRSEH
(R A—YE RANBHEIEIERE -
iR AR N

LTSAREERE ST IFhRAFHERBES , WNREBEEFERIRATHREES, EaJLUEEWEL
LTShREEEE,

LTSIRERIE RS BXEEREN, AJLASCIER AR EFINEK . WREE
MRSERIEEESHNZEMEENBTREEN, EATLUEEWSELTSIRERS

LTShREERf 7 FFHetuEngine. |0TDB. CDLAEH, WNRIEFZE(FHHetuEngine.
loTDB. CDLZEH, EeTLAGEMIELTSIREERS o

AR

BT EMLRILTSIRERF R AR N EEMR, BRIEFEEEBL.

N5k 01 (2023-11-07)
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MapReduce 5%
A 5 SNfaiskE MRS hRA

FRRFITEER
TEBRFILTSHRETIRR—3, HEEE—EER, ¥BESEHHRN, GHIU

BISMRSIBHAMNMEITERR, GREFERERNRA . TR, RETELBSE
MRSEEBFRISEANTE
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A 6 BHENA

6 B

6.1 MRS B{RA—EBFE

AEREASER
MRSE SEBHR AR BB RARASERR6-1FR.
(10 88

e Hadoopf#E: HDFS. Yarn, MapReduce,

e DBService. ZooKeeper. KrbServerfzLdapServeroSeB¥NEMERRVEAM:, ECIRERIIR
=W,

o MRSEAHAIRTSERHFERASHEEF—H.
o MRSERAFEUATIFALR, BIRIELIREEMSIXINARAFIERE

& 6-1 MRS HiIRAEE

MRS #F | MRS 1.9.2 MRS MRS 3.1.2- | MRS 3.1.5 | MRS 3.2.0-
HiF (1ERTF 3.1.0 | LTS (Long LTS.1
MRS Term
1.9.x) Support )
Alluxio 2.0.1 - - - -
CarbonDat | 1.6.1 2.0.1 2.2.0 2.2.0 2.2.0
a
CDL - - - - 1.0.0
ClickHouse | - 21.34. | 21.3.4.25 213425 |22322
25
DBService 1.0.0 2.7.0 2.7.0 2.7.0 2.7.0
Flink 1.7.0 1120 |1.12.2 1.12.2 1.15.0
Flume 1.6.0 1.9.0 1.9.0 1.9.0 1.9.0

N5k 01 (2023-11-07)

WRIERE © HERRARBIRAT
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MRS3Z#5A9 | MRS 1.9.2 | MRS MRS 3.1.2- | MRS 3.1.5 | MRS 3.2.0-
it (1ERTF 3.1.0 | LTS (Long LTS.1
MRS Term
1.9.x) Support )
Guardian - - - 0.1.0 -
HBase 1.3.1 223 2.2.3 223 223
HDFS 2.8.3 3.11 3.11 3.11 3.31
HetuEngin | - - 1.2.0 - 1.2.0
e
Hive 233 3.1.0 3.1.0 3.1.0 3.1.0
Hudi - 0.7.0 0.9.0 0.9.0 0.11.0
Hue 3.11.0 4.7.0 4.7.0 4.7.0 4.7.0
Impala - 34.0 - 34.0 -
loTDB - - - - 0.14.0
Kafka 1.1.0 2.11-2. [ 211-2.4.0 2.11-24.0 |[211-24.0
4.0
KafkaMan | 1.3.3.1 - - - -
ager
KrbServer 1.15.2 1.17 1.18 1.18 1.18
Kudu - 1.121 - 1.12.1 -
LdapServer | 1.0.0 2.7.0 2.7.0 2.7.0 2.7.0
Loader 2.0.0 - 1.99.3 - 1.99.3
MapReduc | 2.8.3 3.11 3.11 3.11 3.3.1
e
Oozie - 5.1.0 5.1.0 5.1.0 5.1.0
Opentsdb | 2.3.0 - - - -
Presto 0.216 333 - 333 -
Phoenix - 5.0.0 5.0.0 5.0.0 5.0.0
(EERRTE
HBaseH )
Ranger 1.0.1 2.0.0 2.0.0 2.0.0 2.0.0
Spark 222 - - - -
Spark2x - 245 3.11 3.11 3.1.1
Sqoop - 1.4.7 - 1.4.7 -
Storm 1.2.1 - - - -

MAERRAS 01 (2023-11-07)
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MRS3Z#5A9 | MRS 1.9.2 | MRS MRS 3.1.2- [ MRS 3.1.5 | MRS 3.2.0-
it (1ERTF 3.1.0 | LTS (Long LTS.1

MRS Term

1.9.x) Support )
Tez 0.9.1 0.9.2 0.9.2 0.9.2 0.9.2
Yarn 283 3.1.1 3.1.1 3.1.1 3.3.1
ZooKeeper | 3.5.1 356 3.6.3 3.6.3 3.6.3
MRS 1.9.2 - - - -
Manager
Fusioninsig | - 8.1.0 8.1.2 8.1.2 8.2.0.1
ht
Manager

HERIRASER (B TERE )

% 6-2 MRS AR AEE ( B TTZ&MRA )

MRSE T &R A B ERV A A MR A SERUNER6- 27 .

MRS>ZFRIE M MRS 3.0.5
Alluxio 23.0
CarbonData 2.0.1
ClickHouse 21.3.4.25
DBService 2.7.0
Flink 1.10.0
Flume 1.9.0
HBase 2.2.3
HDFS 3.11

Hive 3.1.0

Hue 4.7.0
Impala 34.0
Kafka 2.11-24.0
KafkaManager -
KrbServer 1.17
Kudu 1.12.1

N5k 01 (2023-11-07)
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MRS3Z#FRIB M MRS 3.0.5
LdapServer 2.7.0
Loader 1.99.3
MapReduce 3.1.1
Oozie 5.1.0
Opentsdb -
Presto 333
Phoenix 5.0.0
Ranger 2.0.0
Spark -
Spark2x 245
Storm 1.2.1
Tez 0.9.2
YARN 3.1.1
ZooKeeper 356
MRS Manager -
Fusioninsight Manager 8.0.2.1

6.2 Alluxio

Alluxio2— NEMEEFZHHIESITFIA LS sERNEIRFEHHEA . EMRSEIREIESE
SEZH, AlluxiofiFitEFFEZE, JFEiEApache Spark. Presto. Mapreduce
FlApache HiveRUITBEZHZM THIEHMKRE, F LEMNITENALIBESZ—HNERF

BEMFEDE.

iRAPIFIE B ap R = aiha@EHDFSFIOBSERRHFANMFER S, MMl 7t

N5k 01 (2023-11-07)
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6-1 Alluxio 225

ol e
U U 4 !
I

fs:

o IRHEANEFRI/OBEMNER, RAFEEEGEMET KEFIHAIEIEIREIELR BRI AT i
o BEUEFEFNRFMEREAN

o FEHHIEEIE, RENBHIERNESIATE

o [NAREFIERES

BXAlluxiofSiFMEE, 52  https://docs.alluxio.io/os/user/stable/cn/
Overview.html,

6.3 CarbonData

CarbonData@—##EAYApache Hadoop A (A&, AL HAIGINEFHE. T
5. EHEFIRIEEAR, LURSIHTERE, BEFiNREIPBHERAVEIESA, WA
FERIZEEIF, BRS, CarbonDatath 2—MUGEIRIERESSSpark&EMIIE AL

5%,

STRGHRA 01 (2023-11-07) IRRTE © ERRABIRAD 20
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MapReduce 5%
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& 6-2 CarbonData EAZE

- More Analysis Tools

Spark SQL

Spark

Other Data CARBON

Source File Format

{EEFCarbonDatafy B AIRX KEIEENEEGR B IRINL ., CarbonData@—1
OLAPS &, REZ{UTFRDBMSHIIERRFEEIE. FAFAEAE (10TBLAL ) A9
S AZILACarbonDatat& T 652 T, CarbonDatadELAE4EHIZHRSIFIENE
SHEBLOFNTEAEEURE . BURMEINEZICarbonDatals, BATLAMITENES M,
CarbonDataiEX I #URE IR RGN

CarbonDatai§#IEREMZISparkES RS, AP uI{FEASpark SQLTHIRE G I
¥r, tRTLAERASparki2 a5 =7 T EThriftServeri&EiZESSpark SQL.,

CarbonData43t

e SQLINAE: CarbonData5Spark SQLRESFHS, TiEFTERLAEREESpark SQLE
IZTHISQLEIEIRIE

o THEEMYTableXIEEEN : CarbonDataxiF 5 THEAAIDDL ( HIBENIES ) 1B
AIRENFNCEEIEE . CarbonData DDL+9RE. ZFEHE, HEEBEELK,
ALAEN S48 Table

o (EERIMIEEIE: CarbonDatas#iENIEFN4EIFIRMSIEIREIEINAE, 50
HAPEIRUARISSENNEFEIE. CarbonDataiNEAIEIERT AR FINEAT T
MBR, tBRTLAURHAS ERVEREINEERE

e CarbonData & RHDFSHAFIRFHEE . IZASXEBITSHEIIFHEX
HRFE . BIa0, PEIR, EREERF.

CarbonDatalhBH4FS

o [FMEERSINEIEFN: BTESHPIRE YIRS, JURSNREDIEE, &
"‘I/OEIF*/)\H%DCPUNJ?IE}EHO CarbonDataZz5|AZMRAIRIZRS|4HR, 4LHiE
HEZR A LARI XA ?EI;E:FJZ"‘E"EE&HHEILEEE’JE%, BRI LUBE St
LAERSHRIERTT (FR7blocklet ) #1TskipfAfsk X EXI BRI

o FILEERVEIERD: BEXITSMAEEEEMERRBLE, JETESE/ KD
%&}Eﬂgéﬁ, ERERROERFZE, IBRIBHEACHSEIRERE, XETIRA
“EEIRYE” o

STRGHRA 01 (2023-11-07) IRRTE © ERRABIRAD 77



MapReduce 5%
FmE 6 BHNA

o IF—TMHIERANETESMANGS: FIMNZZEROLAP-styleZEif), UFi5D
( big scan) , BEHIHIE ( narrow scan ) o

CarbonDataX @RI

o REREFWIN: SitseEIIRECarbonData X ARILE Z—. CarbonData&E
EEEALESpark SQLEIERY10{5, CarbonDatafEBHIEHEIERELSS L
gEEIg TR, EFEESMERS|IFAR. £BFHRBBINZIXAIPush downlf
1, MMXITBRFUREIIHITRIRITL .

o SERHUREIESE: CarbonData(FRERFEINESHREB/IVAES FHEELEYE
HiE, TTLURI60%~80%EEFMEZE], KA EEEEEA .

XFCarbonDataRIZtaFIFM/RIEN LR, B5EW: https://
carbondata.apache.org/,

6.4 ClickHouse
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6 BHENA

6.4.1 Efi# ClickHouse

i€

OLAPHESI M —RD
MRSEEEA{HZ ClickHouse

11 #4% ClickHouse ? E

ClickHouse BEBRLE Yandex 20165 FBEMISE.
5 55 masn
S RENREBODE, RERRAS

2 OLAP 773 3.

1.2 ClickHouse X EH3tE E

1. REHDBMSIHE:

> BE0DL. DML, BER
BERURABINE
e

2. FIRHRRREES:

> mEEm (s,
STOREN), BB
BHTIORE.

EN

LY
FSsMo, R
5

! 4. sauEs:
© > smmansquEz, AR
DEASHHFRIHER

< 2z 5. ZsESl: TRE
~ 31, masis,

5. mEnR ~
.
> emEn=me, Fun a
nean
1.3 ClickHouse B9 E

RS

ClickHouse REBIFAR.
==

FOERTE—XT, HHFEN
5101 BERH, XEREFER

nEe

i s
] PR

nEHE - BEES s

EESE)
Cllcktouse HfiZookeeper, WidReplicatedMergeTree SISt
Replicated KRS/ ) KETASUY. MPEEIERY, THE
PHSY, SRSRESEGEN,

CllckHouse  BENMBRHTHBARESAOREBEEN
LR FUETARRESREDD.

"
®

SRANSBRARNS
ClickHouse B S R NS FEOUERIHS DA, FABE
nEzARE s, DUELSBLIEES, 55
AESEERAREDBENEIDATAL, HAGEROIE.

CllckHouse EAMIBREX RITH BFTRBA/B: 0

ERER FERGR

STRGHRA 01 (2023-11-07) IRRTE © ERRABIRAD
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6.4.2 ClickHouse

ClickHouse &1}

ClickHouse@—AFFRAYE BN DT IERISINEUER:, EIR7FHadoop AEEIA
R, BROMNSREEERINES M. FiY, ClickHouseXX#5SQLEN, BE
HMEELT, 5P BETRBRNRESTERMEIFREMLR, (RS ITEIEIEER
ER—IHER.

ClickHousetz/ LAITNREAF N RN T :
ScEEHIDBMSIRE

ClickHouseli B2 EHIDBMSEIEESIE R % ( Database Management System ) ,
BTG TR

e DDL (HUEEMIES) @ AILIEhEMONE . (EcaiifcEuERE .. RNUE, mx
IMESBRSS -

e DML (HUEIRMFEES ) : HLIHESES. A EcEmiREE.

. TéBEE%U: AJLURBRRA AR E IR EHIEFTE RAOVRFNIR, RIEHENZS

o HIESMERE: BRUTHESHSLESSARENS, BEEFMRIIER,
o HHIEME: RUERHEN, SEBEIEES I HEEFETS.
NN FESHIEES

ClickHouse@2—X{ERSINFIERVENERE, MRRIIHITAR, BTE—JINEES
WRFE—IEL, FI5FZEESRRENED IR,

ETEIREIRNT, SIEERTLURD SRS CEF ISR EmITRIR), RETH
EEIIRINER,

PINEESRRITEIRER ST, ERITRE-3INFFE:

x 6-3 ITREUEE

row ID Flag Name Event Time

0 123456789 | 0 name1 1 2020/1/11
01 15:19

1 323456789 | 1 name2 1 2020/5/12
01 18:10

2 423456789 | 1 name3 1 2020/6/13
01 17:38

N

TREUERE AT E—1THHSRESERMIENFMREE—R, MEIXBREERR
o, HiEIRINTR6-4INFTF(E:

SZA%RRAN 01 (2023-11-07) WRIERE © HERRARBIRAT 24



MapReduce 5%
FmE

6 BIENA

%* 6-4 7INHUERE
row: 0 1 2
ID: 12345678901 | 32345678901 | 42345678901
Flag: 0 1 1
Name: name1 name2 name3
Event: 1 1 1
Time: 2020/1/11 2020/5/12 2020/6/13

15:19 18:10 17:38

1z R 7 SRy IS SRR EURRIHSI AR . X TiEmS, Iz08ERE

SEBE—IINEEFEE—R, FTRYIEED

FOLAP ( Online Analytical Processing ) 5=,

B/\
IE\ED

FEE, JIRNEEEEES

EELHITSIE

ClickHouseFFICPURISIMDIESSLHL T [@EH11T. SIMDEIZFRZESingle Instruction

Multiple Data, BIFIRRSIESIRIESREUE, BEHEHTLURS RN —FEIA

J;Ft ( ?}%ESEE BSRIHTINEREEIT), eHNRERECPUSFREMITIMEIE
?i‘ gcé o

XRERSSQLE

ClickHouseZe2{ERSQLIFAEIRNES, M TREMXAISQLEIRO, FSIAR
B=HDTIRERFT LU S EERITE .

[ERYClickHousefE R T XERE, FRLASHEEERXREIEENEIECEZ LAY
R 55T RIClickHouseBIp AL TEEE1K

HES ESHAESR

ClickHouse&B¥H1REIZ M R4ERL, MEN FMRIR T ClickHouseA91 MRS T3
Ro DRAME FREATHTREE (119 FREENMI MRS TS ) -

ClickHousei2t T A&hZE ( Local Table ) 5495%=3F& ( Distributed Table ) AIHLE,
— KRR EFRTF—HEIRND F . MAHRARRBEAFETAOEE, ERAEN
BIECEE, EERR IS ERIEHS ., BEinHhtE, EBREBUS M EESH, N
MEMDHREI

ClickHouse N FHiZ=S

ClickHouse&Click Stream + Data WareHousef4ES , HIMNAF—aWebimE0HT
TH, EFnENSFEMR, BRHECEHITOLAPOHT. HEiClickHouse# iz
MNATFTEEMNTS. AppflWebiRE. BIE. £/l. YEENERZMI, IEFEER
FREUSANELSE, EEREAENNAMEE, BNES%E: https://

clickhouse.tech/docs/en/introduction/adopters/,

ClickHouse FFRIEZim434:

MRS ClickHouse Bl “Fanf” ERHEstTR. BRI S . BTMHANSLRINS
Hhesser, BUGEENT:

N5k 01 (2023-11-07)
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P Ta

6 BHENA

FnLERIERTR

SERG-3FTR, S ClickHouse 5 UARAYSERE, IREHOTE, ESHE—1
SABBONS, USBERClickHouse LRSS, BEMLES T ANRE
Y cluster(E 8, SHES SIS DAMINA, WS AUERNZES
8, R RIE B e cluster T SIERIBRI B WS

6-3 ClickHouse £E%

ClickHouse i1 ClickHousetis22  ClickHouseti53

ClickHouse {36

ClickHouseti534  ClickHouse 535

BEUNEIREERS, RBE 7T REUTHHEESX . 8IXFHEEMNT, BRE2XRk
%089, miClickHouseME KA ENFRMEIFIENXEIRES F (shard) « PX

( partition ) . BIA (replica ) UEFIFMECE . SAUXFEL “Fi0s” 9B
%, BRAPERIRARIFAIRE, BrLAMRSERSSHIClickHouseSEAIRTIXLE T YEf#]
TH—HFTEE, &tk T ‘BiiE” , IMTH—SE, REZH. B5E
EfsA L, —NClickHouseSEIEE & 31N ZookeeperTs saf1Z 4 ClickHouseTs

=, KFDedicated Replicat®zl,, HUENEIASOIE.

6-4 ClickHouse B3 cluster 554

Cluster1

)

( shard1 shard2 shard3 \
. ; . ; " : L]
replica replica replica replica replica replica L I
i )l zookeeper

|

Cluster2

BRI SaE

BEESAIRERIER, EEFRAEECPUITERRIZERIRE RS,
MRSERSS#RAL T ClickHouse#iEF TR, =T ETLUSEND
ClickHouseServer=LfilT5 m_EAI— 22 "MergeTree5 |5 X RAIER D 2 XiFE
ZEH{tClickHouseServerTi s EHERIAYZERF, LUMBERIEWSOIAM, L7 EM
D (213 Ny N

P ITERHTTH B ClickHouse T =Bd, AJLMEAZTEEERT = ERIEESE
EBIRERET S E, NMAE BEREIESE.

shard4

shard1

shard2

shard3

SASRRZA 01 (2023-11-07)
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o SUJFHAZRELY
MRSERSS1RML T EFELBIIHASEZE SRS, alLUSEFIGaRERMDRAIZEE
wTe, VBERFEIIINIRSEEND, TMESKFEHNEARE. E6-5fir, &
FimR Sk EERAT, {FRIELB ( Elastic Load Balance ) R TRED &, BIL
ELBRYECIENNEI, BART = LRIAMEER (Local Table ) , ERETHE EMNAHR
Z ( Distributed Table ) , iX#f, TICEREENIRE. EMGREBLARMEEAN
NS RHEEES T EHAMRE,
ClickHouseEEB¥ & IRR NG, B ClickHouseSLHIT5 mxS R —{ &l A replica,
PMRIRBRE—shardiZiED F . WBI#EReplicatedMergeTree5|Z25RAY, AILAIS
Eo R, HESEANFWANBEIASIER T AEHTRL

6-5 =0 HA ZPE2945E]

» Read

Write o > *
Distributed Table

Local Table

shard1 shard2 shard3

ClickHouse SEthZA{HRIER

ClickHouseZ 2= E {KiiZookeeperfR5S o

ClickHousel@iZ FlinkiitE R AN T E B ARREREIE (BAMEEEE ) , HESRNEA
FlClickHouse, iBidHive/Spark{ENIN T A REBREIIREEIRE (AHEEE) , HES
AZlClickHouse,

STRERA 01 (2023-11-07) IRIFTS © ERRABRAT 27
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MIVITH

$kaka —@hFrink i

A E R Clic.kHouse

sk |

MR

ClickHouse EE A3z 5 diEKafka B BIREHAIHDFSZ £RT

6.5 CDL
6.5.1 CDL EA =18

CDL a1t
CDL ( #FRChange Data Loader ) 2— 1 EFKafka ConnectiEZ2HISCRTEURERL IR
5. CDLERSSEEEMEFOLTPEIR IR EUERERData ChangeSft, FEXE!
kafka, FHsink connectorfEiXZEIAEURES RS+,
COLBERISZFR98EEEMySQL. PostgreSQL. Oracle. Hudi. Kafka. ThirdParty-
Kafka, BfrimziEE NKafka. Hudi. DWSEAKClickHouse,

CDL 4514

COLEREZB8ETHNTEERAE: CDLConnectorfICDLService, CDLConnectorE2E1&
HWATEEEIMBEYESEZA9SLH, 8577 Source Connectorf1Sink Connector, CDLService
ERAREEMCIR(ESAILA
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CDLConnector — ! »
RDMS > Datalake

x

CDLARSSHHICDLService2Z 18, {FE—"CDLServiceEBRJLUHI T SSRIE;
CDLConnector@fHhiiEzl, 1= T S rI5Ef0RebalancefIaEN], CIER(ESAHESER
taskZ EATEENEEFPRICDLConnectorsL Al Z B9, IRIESNLH LiEiTH
task¥ = AHIBRE, WEE/NCDLConnectorsLfBETdE T AEN, ZIRSEETS
BB taskiIEE .

6-6 Task Y Rebalance ‘"= E]

Healthy Warker 2 Failure Task Rebalance
C1 CA CA
T T1 T2 | T1
AN v G o
I+
T2 \Tg\ /
T3
N / AN
T4 T4 T3
TS TS T4 | T5
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6.5.2 CDL FIEMHBHFRIXR

CDLEE{FEFKafka ConnectiEZe, HMENAYEUREER =@ T kafkafItopicti{shss, FRLAE
SeikifiKafkaZBis, EURCDLABEFiE TIESHITEIEEEMNEIRER, XEHIREE
BEHIEZE, Rt KERDBServiceB4

6.6 DBService

6.6.1 DBService EARFIE

DBService &1t

DBServiceB2— "SR] MR REMIEEFERE, ERTFHNEHRIE (10GBE
g %j I:liilgiff éjﬁj.#ﬁ:%ﬁ%o DBService{SiRHEEERFNERRIEMER, REEIRZFE.
&if. MRFINEE.

DBService2EEEEAVERNZAME, Hive. Hue. Oozie. LoaderfB{RISTTEURRIEE
DBService £, FHHDBServicel2tiXLETTHIRBIE D SIREIIEE

DBService £&5t3

DBServicefB{4-1EEERF PR AT BRI ZEE RN DBServersLfl, &4°DBServersLHi&
& =/MEh: HA. DatabaseXFloatIP,

HiZEEraE6-77x .

6-7 DBService #5443

Client

S I

DEIELEES

B3
R

DBServer

STRERRA 01 (2023-11-07) IREUE © ERREARBIRAS 30



MapReduce 5%
@ 6 LA

El6-7h ZERAGIHABUNZE6-5 7 o
% 6-5 &R

2R 7%

HA SOt EIEERR, FEDBServenBITHARTETE,
Databas | EEEIER, F#EClientiEZHRAITTEIE.

e

FloatlP | iZFzhIP, X9MEMIGEIINEE, RTEFDBServersLf EFafiEsNIP, Client
@I 1ZIPiGalDatabase o

Client | fEEFIDBServiceBHRIZ P, SPEEAMLAITI R L, EidFloatipiEx
HiERE, PUTIOEEERIENN. MIBR. 1EKEERIE,

6.6.2 DBService SEMthAHRIXER

DBService 2EERFHIEIHLA4E, Hive. Hue. Oozie. Loader. MetadataZB{4ETTEURE
Ffi#7EDBService £, FHDBServicelRIHiX LT HIERIR D SREINEE .

6.7 Flink
6.7.1 Flink EAXE1E

Flink {&77

Flink%—/l\}ttﬂ‘fi%ﬂiﬁlﬁéﬁéﬁﬁffE—ﬁ%’fE R, HzOZ—MRETHIES ALK
#gﬂ%ﬁ%ﬂ’\]iﬁé"ﬁﬁﬁﬁigl o BHRARRERLE, RIRETRFIIFRRLIE
5|%

FlinkERiE & RIN FBin = 2{RATERVEIELLE ( Data Processing ) 75 & A
pipelinebIBHE, AITIEETY, BFETEM,

Flinkf ARt AN E6-8F 7 o

6-8 Flink AR
- Gell
CEP Table Flink ML Grapyr'1 Table
Event Processing Relational ﬂzcrmgg Processing Relational
APIs & Libraries
Data Stream API Dataset API
Stream Processing Batch Processing

Core
Deploy Local Cluster Cloud

Single JVM Standalone,Yam GCE,EC2

FlinkTE 2R0AR A P E R A U T4 -
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e DataStream
e Checkpoint
e &HMO
e Job Pipeline
o MERX
HiFMaaFRA X, AMiigia, BINES%E: https://ci.apache.org/projects/
flink/flink-docs-release-1.12/,
Flink Z5¢3

Flink&5t99NEl6-9Ff 7=

6-9 Flink £5#5

(Worker)

Task | Task || Task
Slot Slot Slot

(Worker)

Task
Slot

Task
SIOI

Task
Slot

Memory & I/O Manager Memory & 1/O Manager

MNetwork Manager Data Streams > Network Manager

Actor System _ Actor System,
JobManager E
Task Status /! Deploy/Stop/
Program Heartbeats !/ Cancel Task
Program . code Statistics Fa
Dataflow /" . / Trigger
Status Statistics & ! Checkpoints
' updates results .
Optimizer/ Client | ------====77mm-ee .
Graph Builder r ot - “ ;
= &
Dataflow graph i Submit job . ”
arnce.
(send dataflow) update job
Checkpomt
fdll'latO[
FlinkEBNMRABE=135:
e (lient
Flink ClientE=Z45 AR EEFINkZEFIRZAPES (R ) 89881,
e TaskManager
Flink&ZRAOWSHITT R, HITEARIAF{ES . TaskManageralLIEZ4, &
N TaskManager#B¥,
e JobManager

FinkZAHSIET S, BIEANTaskManager, FREEHF{ES TR

TaskManager#1iT. JobManagerfEHARR, FRILAB S

JobManager,

1_/ \E_/\EE

MRER T RELZXTFInkZERIES., 155EHEE: https://ci.apache.org/

projects/flink/flink-docs-master/docs/concepts/flink-architecture/,
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Flink FIE

e Stream & Transformation & Operator
P SLIAYFlinki2 2 HStreamfI TransformationiXF N EAKIZERARY .

a.

Stream2— N PEEREIE, MTransformation@—MEE, BEX—1 EkZ
PNMAAStreamBFTITELE, WE— P2 ERStream,

H— N FlinkiZFEHATHIRHR, E©a#REdaStreaming Dataflow, —
Streaming Dataflow2mH—~%HStream#[Transformation OperatorfApY, B2
LIF—1DAGE], EBEIHIRHEM—1 22 Source OperatorFtia, Z5RTF
—A e Z N Sink Operator,

El6-10 83— HFlinkfZ 53 /9Streaming Dataflowd9~EE,

6-10 Flink DataStream 713l

DataStream p lines = —E:".add&f}wc-&l ) } Source
new FlinkXafkaConsumex>(..)):
DataStreamEvw > events =linesmap((line) -> parses(line)); ]. Transformation
DataStreax > StTats = events
keyBy("1id")
.timeWindow(Time.sec 0)) Transformation
.apply(new My Functiof)

stats.addSink(new RollingSinkpath)): ] sink
~
T
Source Operator Transformation Operators Sink Operator
—~ -
“ S KeyByOWind
APP ‘: ‘ Map() ‘ —| (B0 ‘ : ‘ Sink ‘
(appy() |
— ——
\“\\ _—
— -
|
Stream

f

Streaming Dataflow

B6-10 “FlinkKafkaConsumer” 2—“Source Operator, Map. KeyBy.
TimeWindow. Apply@&Transformation Operator, RollingSink;@—>Sink
Operator,

e Pipeline Dataflow
fEFlinkd, BFEFHTHSHRANARET. — 1 StreamBJ LA B 21 Stream
43X ( Stream Partitions ) , —NOperatora] LA#&43 A% Operator Subtask
Flink IEFE—MUILRITNEE, 1RIE L B FRIRBERERBTMK.

ZEERNEFVREEHITHMN, MRIEE—Operator Subtask ITEAE
HULEREHPIIIHIT. — N Operatorf9FH1TE, FFOperator Subtaskfy4
#, — StreamfIHTE (P XZ2E ) ETFERTEHIOperatorfIHTE, 10
E6-11Fr7x,
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6-11 Operator

KeyBy()/Window() StreamingDataflow
Source ||:T | Map ‘ 0 ‘ lapply() = Sink (Condensed view)
Operator Stream
Source 1 [ m —— KeyBy()/
— | | = Gt ||
! /\/f Yappiy) | | | S
1 N
Operator Siream 0
= StreamingDataflow
Subllask Par?mun Parallelism=2 (para"eﬁedwgw)
l KeyBy()/ >
A
\ > — e 7| paratietismet
Vapply()
2 e

ERESHNEFILUETHRA, METLAEZ 1 Operator SubtaskEE ek
£HpY—Operator Chain, LR EFIZ—PHITHE, B8 MITHISTE
TaskManager E—MRZRVZEREHH1T, WE6-12FT7R,

6-12 Operator chain

___________________________

Subtask
(=Thread)

{| KeyBy(r |
1| Window( ||

|| Yapply() |

(T
Operator Chain . T

" Task

| keyBy(y |

\\/ (=Thread)

— * —
|| KeyBy()r |
/| Window( |:

| Window( |} .
i| Vappiy()

StreamingDataflow
(Condensed view)

StreamingDataflow

[ (Parallelied view)

|| Yapply() //
i 2 |

= E6-127 ¥ EHERRAIZESourceIMapm N EBESHIEF LG
Sp—NOperator Chain, 3EFr_E— Operator Chainf 22— AR
Operatorf9tE:& . EFHJOperator ChainZk/;m—"Operator, KeyByZ
T—Operator, Sink®&—Operator, B{J@idStreami&E, mME
NOperatorfEi=f TR XS R— M Task, tHtRiRERHEHEEEHEIN
OperatorX3RzAYZ3 Task
" E6-124F THEH 2 LEFFRII—DFHTIRAE, MB— Task#FH1TL
A2 Subtask, XEREER M21MHFTE, SnkEF211MHITE.
Flink <451
o MTUALEE
=ait. Sitee. (RATERISCATRAMIES |28, seipiRt=f RATERNIEREN
o FEHREEE

IR N BERA—EREAFEPTRI RIS H SR EER, LMEEREA
BBEFHEITRELELE Flinkigit 7 ESAVRESSIBEXRHE, 815:
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- ZTEMIASZER: FlinkiRH T S AREIBEEIMRESSZRE, W
ValueState, ListState. MapStateZ, FIFPRIAETF I SERIERRS.
BIERERE,

- ZFEERIState Backend: State BackendfamEIENHAERAVRT, HIRIES
EH{TCheckpoint, FlinkiZfit T A[EState Backend, Statem]LATFHEFERTE
FakRocksDBZ E, HZiFHRLEIURIEERCheckpointt/lii .

- BR—IXIEN: FlinkfCheckpointFI#[EIRE8ENIRIE T XS EHIEA 4RI
BN ARE—HM, AEMSERNFE T TS5 MBI, BIFE
REMENERT, tBEERRIESH—IRAYEIE

FEMRIEIENX

AfEE Rt BN ARV EEEMN AR, X FSERRIEN R, EFaaEEXm

BORS. Q. LEFZERRENMN . FlinkiZH 7 FERIFTEIE N .

- Event-time: (FHAEHASETHEEGFTITE, (FELFEIXFIEREIA
FELESSERE RN I

- Watermark: Flink3| \Watermarkiff=:, FLESESEEMENERE.
Watermarkth & AMEREREIE M RM 7 RIENFRIE. SNIETE
WatermarkB9SE4RAT, TiItERHRZEHABIEXEIREIAR, Flinkigfd
TEMAMERIN, IMSEUREED ( side output ) SEFTZBISSAAYITELS
R

- Processing-time#[lingestion-time,

- BEXRENRIENO: FlinkgelsFHEEO. HHEQ. 1FE0, UK
%ﬁi@%%iﬂﬂ’ﬂgfé)‘{[l, AILAEE RIERM A ZMEES], SSIEZRMIRIT
%EIQO

SENH

PHRNESR, BN Taskak TRAIAHRIHE, FESSHEMESHEM ., Flink

RETESEINSENG, FRHEISERERENITSEXBFYE, FEHEE

BEMIKRE .

- Checkpoint: FlinkEFCheckpointsLIIEs, AFPALIBENXIIEMESH
Checkpointzkl, ZEFHIMEMAT, TLUSHESIKERIFIA—IR
CheckpointAPIRZ, MEURRERRIBZ EHEUE.

- Savepoint: —“NSavepointFi 2N FIASII—EERER, Savepoints
Checkpoint#l#I#8{il, {ESavepointEEF&hfifA, Savepoint{RilF 7{EE#E

FHREERES, AEKIARMARNABIRSER, ETHUNERIESEE
MIRE
Flink SQL

Table APIFISQL{&BN T Apache CalcitesRi#{TEIGAVEENT, WRICLARMA, AILL
5DataStream#DataSet API4E5ERL, HIFARPBENXMIFERE, BEXR
HUARKRERY, BUEIEST. ETLENANENX . FEABSLEFIRER T iaE
FAFlink SQLEAIEX — iR 2RV

SELECT userld, COUNT(*)

FROM clicks

GROUP BY SESSION (clicktime, INTERVAL '30' MINUTE), userld

BXFlink SQLIYEZ(EE, 15201 https://ci.apache.org/projects/flink/
flink-docs-master/dev/table/sqlClient.html,

CEP in SQL

Flink 731 FBFESQLHZ/RCEP ( Complex Event Processing ) EiflfERLABFE
RUTES, FHIEFlink EXFSEARIEITIR G
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CEP SQLEIIMATCH_RECOGNIZERJSQLIEESEI . MATCH_RECOGNIZEFAH
Oracle Database 12c#2HOracle SQLY 3%, BAFESQLAFRREHE ITED .
CEP SQUERAZFIaIT:

SELECT T.aid, T.bid, T.cid
FROM MyTable
MATCH_RECOGNIZE (
PARTITION BY userid
ORDER BY proctime
MEASURES

A.id AS aid,

B.id AS bid,

C.id AS cid
PATTERN (A B C)
DEFINE

A AS name ='a',

B AS name ='b',

CAS name ='c'

)AST

6.7.2 Flink HA 5 ZAN\ &

Flink HA F&NE

B Flink&ERBER B RN obManager, FEESKXMAIER . FlinkBYarn,
StandaloneflLocal=Ft&=,, EdYarnfStandalone2&E#&ET,, Local2igENIIE
o 1BFlink¥dFYarntZz{FIStandalonetZUIRMEHANLS], (FERfREEMNEMPIRE
XEBEFENAYarniZ X FRIHABG .,

FlinkSZFFHAR A1 obIFEIRE . IXFINIREREMKEiZooKeeper, EfERZAIMA
PFEEAE “flink-confyaml” BLEX(H+ELEZooKeeper, EtEZooKeeperffJ2%iuN
T

high-availability: zookeeper
high-availability.zookeeper.quorum: ZooKeeperIPi#1f:2181
high-availability.storageDir: hdfs:///flink/recovery

Yarni&Ez,

Flinkfi9JobManager5YarnfdApplication Master ( f&iF#RAM ) 2ER—MHIE .
YarnfJResourceManagerlfAME 51z, BAMBRER, Yarn&BAMEFEEN, BaEh
[&, FiGJobManagerfIc#iEMHDFSIRE . (EBIRkEHAE, BRI SAEEETT, #EY
W SEAEEIREZ . ZooKeeper Lix2FHJobManagerfIrcidE, LLaliz1TIobBYEE,
SR MLAFAYobManager{ffE . X FTaskManagerf9sk¥, HJobManager_tAkkaHy
DeathWatch#l#I4ME , TaskManagerskcs, EFf@YarnBRiESsE, ClE
TaskManager,

YarntiEHAL RIEZSER, AISEiE:

http://hadoop.apache.org/docs/r3.1.1/hadoop-yarn/hadoop-yarn-site/
ResourceManagerHA.html

Standalonef&zt,

XJFStandalonet®EA9EERE, AILABENIZ N obManager, SA/SiBidZooKeeperifEZsit
Leader{EASEFRfERRY0bManager, 1ZIE FAILABCE—"FJobManager ( Leader
JobManager ) #1221 &JobManager ( Standby JobManager ) , iXBEASIRIEHE
JobManagerskljs, SEHIFENobManagera] LURIBERYERE . BEl6-138EF
JobManagerfItREi131z .
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6-13 IRETE

Time

o JobManager @ JobManager @@ JobManager

t Leader Standby Standby
| JobManager | JobManager

! CRASH Standby Standby
1 : JobManager @ JobManager

© Recovering Leader Standby
o JobManager @l JobManager | JobManager

Standby Leader Standby

TaskManagerfk S

¥FTaskManagerfJsk, HJobManager_kEAkkafgDeathWatch#lHIZbE . 24
TaskManagers(clf5, HJobManagerfaz=gl@— N #iTaskManager, FHESSFEE)
#A9TaskManager .

JobManagertkE

Flinkf9JobManager5YarnfApplication Master ( f&FRAM ) EER—HET .
YarnfiJResourceManagerXlfAME 51z, BAMBRER, Yarn&BAMEFSEN, BaEh
[&, FiBJobManagerfITcEIEMHDFSIRE . (BIREHAE, BRI S AEEETT, #iEY

W SBAREERR
JobikE

JobRIRE RFEFInKkHECEX FHECEER RIS . SRIBES=MEZRM: fixed-
delay. failure-rateflnone, RBEEEfixed-delay. failure-rate, JobAALUKE . B
g, WNRECE T ERKIEAnone, {BJobigE T Checkpoint, EIASIEERRIZHS
fixed-delay, BEIXXEEEEIN “restart-strategy.fixed-delay.attempts” BIE,

=HEIRIBEKRESEIESEFInkERM: https://ci.apache.org/projects/flink/flink-
docs-release-1.12/dev/task_failure_recovery.html, EeEFHSEZNT:

restart-strategy: fixed-delay
restart-strategy.fixed-delay.attempts: 3
restart-strategy.fixed-delay.delay: 10 s

UTmsMRE, #HaSBobERIKE:
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e HJobManagerk¥js, FrBJob&(=1lE, EHEIFAIobManagenzfT/5, Fi&Job

o HE—TaskManagers kM5, X/ TaskManager ERIFFBIEIERISIEIE, REE
FEYHRRREER.

o  HEANJobMTaskkME, B JobHRER,
AR

BXJobIEBEERERE, BARFIES Whttps://ci.apache.org/projects/flink/flink-
docs-release-1.12/ops/jobmanager_high_availability.html,

6.7.3 Flink SHEHABZAHAIXER
Flink 5 Yarn B9 &

FlinksZ3iFEFYarnBEBAIERHE, TmZERXT, Flink{EAYarn EAI—1RFE, 183X
FYarn E#1T,

FlinkEFYarnBVEEFEFE U E6-14F7 7,

6-14 Flink &7 Yarn BUEEE L=

Yarn Resource
!,‘ Manager
/
2. Register resources and request /
AppMaster container /
// 3. Allocate AppMaster container
/
/
Master / Yarn Yarn Yarn
Node Container Container Container
Flink
Flink \ Joblanager " Flink Flink
Yarn Client \ Yarn APP. 4. AllocateVWorker Task Manager Task Manager
N\ Master
N
\\
\\ P 7 - -
\ -
\\ / —
1. Store Uberjar and configuration \\ // —
> —
A\ e
HDFS e Always Bootstrap containers with

Uberjar and config

1. Flink Yarn ClientEB el 258 EBIEIFERBYarnERE, MRFFEE,
flar). BCEMNHE LEEIHDFS,

2. Flink Yarn ClientEg%E5Yarn Resource Managerift{Ti@(5, E1ERBaNApplication
Master ( LATF&FRAM ) B9Container, HEmIAM ., ZFrERIYarnfiINode
Manager¥§HDFS FiYJarf). BeEX M TS, WFRRAMBEIKI .

3. AMERmIRZIEFESMYarnfIRMEITRRE, [@RMEBIBEEERITask Manager
Container, EHi5Z|Task Manager Containerf5, [BzfiTaskManageri#iz,

4. 7EFlink Yarng9&28f#, AMS5Flink JobManagerfE[@a—{>Containerdt, AM&IE
JobManagerfJRPCittHEITHDFSHZRI S T EENZ N TaskManager,
TaskManageriZsiFINfE, =M@JobManagerif.

5. ZFErBTaskManageréf@lobManager¥MpkInfE, FlinkEFYarnAERESENR
I, Flink Yarn ClientstB] LA3Z3ZFlink JobZlJFlink JobManager, Fif{T/54eR90k
gt EEMITELE,
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6.7.4 Flink FREIGoRYrtE

6.7.4.1 &0

Flink FrEfF1EIEE: &0

ABEENRBBNEO, FHEREEHNBFOMCERX . EONFHRARIESHNEMN:
https://ci.apache.org/projects/flink/flink-docs-release-1.12/dev/stream/

operators/windows.html,

BOME

BOPHIENRGEELEEGREEREREIERM, WEOPHERFERALS
F, WsumZR{ERT ( window(SlidingEventTimeWindows.of (Time.seconds(20),
Time.seconds(5))).sum ) (X&REBHEER; LEFPERAEEXEORN

( window(SlidingEventTimeWindows.of (Time.seconds(20),

Time.seconds(5))).apply(new UDF) ) {REZFIBRIRLAEIE

AP {EREENXSlidingEventTimeWindow#SlidingProcessingTimeWindowld, #¥E
DZEMIERART. RREONENIT:

window(SlidingEventTimeWindows.of (Time.seconds(20), Time.seconds(5))).apply(new

UDFWindowFunction)

S—PEURTIRE, SWHERI20/5=4MFENENF, BIEEEREFRRE T4 .
SEOAYBHNERIEEAR, TRUSKIEFETE,

6-15 & O/RIREHITAY

30 | | 100
| |105
20 | | 110
95 115
| ! | | L 100 120, | ! | -
75 80 85 90 95 100 105 110 115 120 125 130 135 140
SEIENE
AtElm

BIR— 1 EURE1 02703 RIk, B # o ECEI[85, 105). [90, 110). [95, 115)LAK

[100, 120) I AREEOF.
BOMK

£1%t FiRSlidingEventTimeWindow#SlidingProcessing TimeWindow{E{R1F R A E R
RFENEIRTRERE, WMREFREEIBNEOHTEN, MAEFE, FEFE=E

AABRE, BARBERAT:

1. LABshEERAEN, BEOLD hETFHEEARESRpane,
BIMEOR—FIZ N panefBrl, S paned B OGN T BEREK . FMBE— 1 pane
Bl—/MBshEHEE, a0 EEO
window (SlidingEventTimeWindows.of (Time.seconds(20), Time.seconds.of(5)))
Fpanefd A58, BRIZIXNMEON[100, 120), WEEHIpanea[100, 105),
[105, 110), [110, 115), [115, 120),
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6-16 O ERGI

75 a0 85 g0 95 100 105 110 115 120 125 130 135 140

ﬂ pane

N i e

1 1 1 1
75 a0 85 90 85 100 105 110 115 120 125 130 135 140

b=

2. SAEANHEERIRE, AASERIIEANEOGS, MEREECHERITELZ

HiEFTERpane, FEEIREFRININAYpaned
— NUR(URTZEE— paned, REFRE—H.

6-17 EOFRFEIERA

80 | || 100
| | 105
90| | 110
05 115 —
100 | | | 1 >
75 80 8 90 95 100 105 110 115 120 125 130 135 140

SRTEARR Rl =

&

|
EazE
T [ ] L .

75 80 85 90 95 100| 105 110 145 120 125 130 135 140

SRTEHERRR

3. SFEEMAREANEHON, HEZEOGSMEpane, HAERHEHKR—7EHN

BOitR.

6-18 HEOMAITERA

o 100
85 | | 105 R EE]

ao| 710
95 115 Exapan)

| | 1 | | | | | |
75 80 85 90 95 100 105 110 115 120 125 130 135 140

T =eE

T 7 | "

75 80 85 90 95 100 105 10 115 120 125 130 135 140

4. ZEApaneRBFEEN, BEMNAFHRER.

v
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6-19 EOMERZH

L EEUE

80| | 100

| 105
90| 110

% 115 =HEZE

! 1 ! ! |10 120 ! ! I !

75 80 85 gy 95 100 105 110 118 120 125 130 135 140

==

<
! | | | | | | - | i L l .

75 80 85 90 95 100 105 110 115 120 125 130 135 140

ALAMEREIpane

B, BTLAKIEERREEIEERFLIARIREBHRIEE .
6.7.4.2 Job Pipeline

Flink JFEIS:R451E: Job Pipeline

BEBRT, 2E5FE—HmEISHEXEERBEME— LR XarG s, Xfar

BFRSIFat Jar, FatJarBEELATRS:

o [EEWEZZEMRHEZ, Jar8RX/NMEARRIEMN,

o NEAMEIEK, FFERSHAEARESER—EWSZSE LA, RATTLUGE
MISHBIEL DAL NMER, (BRERZE2—FEBEIXER, HFEKEX
AY, BEEFHFMYENRE

R RENMEN BRI FEER-,

o BEBRT, el z@aTlli@idKafkasEIEiEER, MIEWARTLUSEIERIXE!
Kafkaf9Topic AT, ZAEEWBFI{ELCRILAM Topic AMIZEEIE . ZPEEES
17, (BRIER—MRAF100ms,

o XRATCPEHEMEEMNS, BEFELHAMNET, JaisBEIEET =, £TF
ZIBTEBANEEFE

Job Pipelinejfi B4t

PipelineHFlinkfIZNobi@iI TCPIERS 2SR, EiiflobAILAEE M Niiflob&ixE]
15 XMEIXEHUERYREFRA)ob Pipeline, WIE6-20Ff%.
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6-20 Job Pipeline ;&

job3

._.

job1 job2 job5

jobd

Job Pipeline[RIE/ 47

6-21 Job Pipeline

MettySink MettySource

NettyServer MettyClient
NettyServerHandler —l NettyClientHandler
s =

obMIEEE

v

e NettySink#INettySource

Pipelined ETFiifJob2EIZE I Nettyi H{T@(S, _LiiFobHISInkKEF{ESR
Server, TiiglobAYSourceEF{EAClient, LiizlobBISinkEFaE A
NettySink, Tiif)obiySourceEFap: INettySource,

e NettyServerfNettyClient

NettySink{EANettyRIRRSS 281 , *‘BNettyServer;‘EIMHE%a%I}ng ;
NettySourcefEANettyflIZ Fim, HEBNettyClientsSLIZE FimIhEe

o KWE
1B NettySink[a iz ob&IXEHERY obFR A AT E -
o ITHE
BT NettySourceiZI_EiiF)obA&IXHIEHEAYObTR VT o
o EAARSSEE
fRTFENettyServerf9IP. iwOILAK NettySinkl9FH & EERRIE =75 =S
o SRRHME—Z=ESEN, BIRIBEMRORE:
- NettySink->NettyServer->NettyServerHandler
- NettySource->NettyClient->NettyClientHandler

Job PipelineIfJ&EN 43
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FmE

6 BIENA

e NettySink
NettySinkEHLA TR LN EEEAERAE R -

RichParallelSinkFunction

NettySink4%j& 7 RichParallelSinkFunction, {FEBASINkEFHEME. £E

i@jZRichParallelSinkFunctionf#E LI FIHAE:

= BxiNettySink&F,

" JE{TNettySink&F, MZAJobRY LiiFE FiEEE .
*  HYUENettySinkEFIZ1TE,

A LIBTEEEREA MES:

= NettySinkEFE M FHAERIsubtaskindex{ZS 2.,

" NettySinkEFHHEE.

RegisterServerHandler

ZAHFERSEIMRSZHZRERIEMYE, AFa LENT—RIEND, 81

LA Ui

= “start();” : [3@fRegisterServerHandler, 5% =75RegisterServeri®

MBKR

= “createTopicNode();” : @JETopichmo

= “register();” : ¥BIP. WORFLEEESEMATopicia R,

. “deleteTopicNode();” : MIB&TopicTis.
" “unregister();” : MEREREE.

= “query(); ” : EEEMEE.

= Yiskxist();” : BRENMEREEF .

. “shutdown(); ” : XJRegisterServerHandler, 5%=7
RegisterServerbiFHZER: ,
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(AR

e RegisterServerHandleriZz[SLI 7 ZooKeeper{EJgRegisterServerfHandler, FH
FILRIEBCHER, SLWMECHHandler, ZooKeeper{EBRIREZRANT
ElpfR:

Namespace

|---Topic-1
|---parallel-1
|---parallel-2

|---parallel-n
|---Topic-2
|---parallel-1
|---parallel-2
[....
|---parallel-m

e NamespacefJEEIET “flink-confyaml” BILATEC ETTFREN :
nettyconnector.registerserver.topic.storage: /flink/nettyconnector

e ZookeeperRegisterServerHandler5ZooKeeperZ [BJHISASLIAIEEIT FlinkAIHEZS

£,
o FFYRESHRIESMNobE—MHE—RITOPIC, BUSSHE/EILENTHIXRATE
EIJO

e 7EZookeeperRegisterServerHandlerif@shutdown ()BY, E5cMIRAFHEZERE
MER, AERERAMPRTOPICTH =, WNERTOPICH = HIE=, NIKFMIFRTOPICT
=, HIBEMHAELRREL.

- NettyServer
IZIERENettySInkEFHIZOZ—, EEZ(ERRBIE— 1 NettyServerFfiz
WiNettyClienth9iEZRIE . ERE—JobAr L& FAIXITRAVEE, £H
NettyServerHandlerziXiik. 5351, NettyServerfimO FMFEE
“flink-confyaml” BeE{4HcE:

" IROSEE
nettyconnector.sinkserver.port.range: 28444-28943

" R
nettyconnector.sinkserver.subnet: 10.162.222.123/24
(1) e

nettyconnector.sinkserver.subnetBiABLE AFlinkEFIRFIET S TN, &%
Firm5TaskManager ~MER— N FRNE DI sE SHEIR, FFNEEN
TaskManagerFREMZEFK (A$3IP)

- NettyServerHandler
iZHandlerZNettySink 5iTRERZBEREIE, ZHNettySinkiZIREEERT, 1%
HandlerfAs BB RIZHE . AFRIEEHIBEERNZEY, 1ZBEBIISSLIN
Z, BIMEE—"Netty ConnectorfIThEEFFX, HBEXUFlinkAISSLETFXH
FIFLARECE “nettyconnector.ssl.enabled” J3 “true” BIRHEZFFESSLIN
%, BURHE.

e NettySource
NettySource LA T LN EEERAERL :
- RichParallelSourceFunction

NettySourceZ¥# 7 RichParallelSinkFunction, fEEEHGSourceEFRIEM,
FZEj@dRichParallelSourceFunctioniZ KLHILA R INAE:
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" BENettySinkEF,

" izf7NettySink&EF, EUCRBEITIHENEIEFENTIFFEIobH,
" HUHSourceBFIEITH

A LBTEEEREA MR

" NettySource EFZNFHAERIsubtaskindex(5 8.,

"  NettySourceEFHIHEE .

HNettySourceBFIFArunfiiRfE, FERIEAEEIEENettyClientik7E
=5EE, —BRUHEHLIEE, BIs&ERENettyClient, EF5NettyServer
EENIERFHEWEUE, LAEIREVEIRIREL -

RegisterServerHandler

ZAE-5NettySinkAYRegisterServerHandlerIhgEtERE, fENettySource&EF
P EREVFTITEIobRIBR N HEEFRIP, IwORHEEFER.
NettyClient

NettyClient5NettyServeri2371%E#:, Fi@idNettyClientHandleriZWEIE
B NettySourceEF I /REBH—HIname ( HAAFPXIRRE ) . NettyServer
BIgM—AInameffiEE N ClientRBARRBHINettySource , ZiNettyClient5
NettyServerf23TiEZRT, BE5E@NettyServeriEfifiNettyClient, &
NettyClientAINettySource namef&i®EzgNettyServer,
NettyClientHandler
ZEREERHERENEE, thE5IobNEMEFRERIEE. HiZBEE
FIEKEIERRY, ZHandlerREBRKFERIEANTobAER, 35, HIRIEEIE
ZEEH, ZBEEISSLINZ, SNettySinki#{TiBE. BIMZE—
NettyConnectorfINREFF K, RBESFlinkBISSLEFFRARFTHIARK
“nettyconnector.ssl.enabled” 8 “true” BIRHMEAFFSSLINZE, BNAFF
=1

Job5JobZ BB R ATEERZBIIZRIXER, IWFE M NettySinkFINettySourceEFHI
#Z@Eﬁ'ﬁ% ] ZEE_X{]-§ E{J;é/‘.zé ] il[l 6'22ﬁFI'U_? o
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RN E 6 EHFNE
6-22 XK[E
MettySink NettySource
FEE FHERT
1 1
C DH—s
S p
HEE HEE
2 2
T
I.\-,.\___ ----zl_.'__-."
job3 job6 HEE HEE
3 3
6.7.4.3 Stream SQL Join
Flink FHRIZ584FE: Stream SQL Join
Flinkf9Table API&SQLE—FATFScalafllavafNiESEMEITAPI, EXIFEEEM

BINXREZER (MNERE. fFEiNERE ) #HTHSEE. Table APIRSQLIFAARIES
WEM: https://ci.apache.org/projects/flink/flink-docs-release-1.12/dev/table/

index.html,

Stream SQL Join/ 3

SQL JoinFEFIRIEAAN TSN ERPRIFIZEIRIXR, NXLEERFEIDHIE, Flink
Stream SQL JoinfSFXImNimzltablei#iTloin, FAMNPEEER ., HAFEUFLUTH

BRIES:

SELECT o.proctime, o.productld, o.orderld, s.proctime AS shipTime

FROM Orders AS o

JOIN Shipments AS s

ON o.orderld = s.orderld

AND o.proctime BETWEEN s.proctime AND s.proctime + INTERVAL '1' HOUR;

Bal, Stream SQL JoinFEEREENEEENHT. MEOEENEIEH TIEE,
FEED—MESERBRN—MEN G IENEE . XN 1¢_IL,LEEﬂﬁ &9

SBEIBIE (<. <=, >=, >), /\BETWEENLEGISZ%—A$ AIESE

BIEREN o

Jz/l\*ﬁ’é’%ﬂiﬁxetlﬁxﬂ’é/\iﬁu)\iﬁ’]H*’*”E]‘IEUJ:' i ( ELangbiBad a)ak & S=ad

a) .

LLLE%—??&?EH&ZEMEEIEI/J\Ea‘mﬁ‘m’f, BraTT R REHENSREHTIoingY
aN/]B

SELECT *

FROM Orders o, Shipments s
WHERE o.id = s.orderld AND
o.ordertime BETWEEN s.shiptime - INTERVAL '4' HOUR AND s.shiptime

kR 01 (2023-11-07) WRIERE © HERRARBIRAT
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MapReduce 5%

EENE 6 BHENA
(MEETY:
1. Stream SQL Join{¥3z#&FInner Join,
2. ONFaINSIEREIEEEY,
3. BHEEM R BT SRR E) .
4. BOZHRTIFERMATEEE, to.proctime BETWEEN s.proctime - INTERVAL '1'

HOUR AND s.proctime + INTERVAL '1' HOUR, F3ziFRo. proctime > s.proctimeiXtF
THRIGEE, HMNEFEE N RIproctime/EtE, ~Sz#Fo.proctime BETWEEN proctime ()
AND proctime () + 1,

6.7.4.4 Flink CEP in SQL

SQL =Y Flink CEP

CloudStreamil R I FSIF AP ESQLAFRRCEPEINZERIABTERLE, FEFlink5|
Z ENE MR TS

SQL FEifliE;

1EITMATCH_RECOGNIZERISQLIE;ASLIN ., MATCH_RECOGNIZEFAHOracle
Database 12ci#2fOracle SQL ¥, FATFESQLAFRTIRFHER ITE, Apache Calcite
EREZEEMATCH_RECOGNIZEFA] .

AT Flinki@id Calcite DHTSQLEIRER, AiR{EiEEApache Calcitei&i%,

MATCH_RECOGNIZE (
[ PARTITION BY expression [, expression ]* ]
[ ORDER BY orderltem [, orderltem ]* ]
[ MEASURES measureColumn [, measureColumn ]* ]
[ ONE ROW PER MATCH | ALL ROWS PER MATCH ]
[ AFTER MATCH
( SKIP TO NEXT ROW
| SKIP PAST LAST ROW
| SKIP TO FIRST variable
| SKIP TO LAST variable
| SKIP TO variable )
1
PATTERN ( pattern )
[ WITHIN intervalLiteral ]
[ SUBSET subsetltem [, subsetltem ]* ]
DEFINE variable AS condition [, variable AS condition ]*
)

MATCH_RECOGNIZEFAIRNEZTTEEN T :

-PARTITION BY [A]i%]: XX, ZFARAEFD . NREKEN, WFERFT
Bl

-ORDER BY [A]i%]: EXHIERPEHEHHIRF, ORDER BYFAARNEFA, WRZ
E%@@ﬁﬁ%z’ﬁ'riﬁﬁo HAFEHIRFEEACESPREE, Rt KSHE R TRIE
Ei/(?n o

-MEASURES [FIiz]: 8EPLECRIIAISHRIBIEE

-ONE ROW PER MATCH | ALL ROWS PER MATCH [A%]: ENXI{aisH4E8E . ONE
ROW PER MATCHZR/RER LA R —17, ALL ROWS PER MATCHZER/REIXITLED
NE— 1 EHEE—17.

-AFTER MATCH [&]i%]: 18EMMTRFFIERT F— ME L ECH 1T LEC A Th R IR IE

SZHERRAN 01 (2023-11-07) WRIERE © HERRARBIRAT 47



MapReduce 5%

FmE 6 BHNA
-PATTERN: 41Eﬁa$§_tZE>Z§JIEJ\UiEJ\$Et$§Eto PATTERN?’:UEP‘J@H%L,LTJ‘C%
7 EEEER, gﬂ)f”ﬁ‘(* +, 7, {n}, {n}, {nm}, {m}), =& (EHE
), URSEEF( -} ).
-WITHIN [A]3%]: HEXAREAEEIEEREA, WintiEFaITtEe,
-SUBSET [|]i%] : $EDEFINEFAIFEX— P BN KT EHEE—IC,
-DEFINE: #5xEbooleanskft, 1z ENX T PATTERNFAIPFERIEE.
Lo, ESAFLATEREL:
-MATCH_NUMBER(): BJHHFMEASURESFaIF, HE—HIHITERNE—{ToEMER
2}%%0
-CLASSIFIER(): ATFFFMEASURESFAH, LUERILERIfTESZEZERIMETXE,
-FIRST()FOLAST(): RIFBFMEASURESF A, IREIEMESIEIEX T EITENSE—
frmRE— T hIHEIRILAE,
-NEXT()¥0PREV(): BJFFDEFINEFEF, BIE D XAIEI—1Te F—TRiHEFRE
o
-RUNNINGFIFINALXH2F: ATFRERSHITEIENX - RUNNINGETHTF
MEASURESHIDEFINEFaH, MFINALRBEAFMEASURESFAIH,
-RERE(COUNT, SUM, AVG, MAX, MIN): XLREEEHA B FMEASURESF
AFIDEFINEFAH

Hif5pl

UM EEARRRERMEEERPRIVEURT

SELECT *
FROM MyTable
MATCH_RECOGNIZE (
ORDER BY rowtime
MEASURES
STRT.name as s_name,
LAST(DOWN.name) as down_name,
LAST(UP.name) as up_name
ONE ROW PER MATCH
PATTERN (STRT DOWN+ UP+)
DEFINE
DOWN AS DOWN.v < PREV(DOWN.v),
UP AS UPv > PREV(UPv)
)

FEUUTEEY, BERHAVGR AFAMCHEXETSHMAISUBSET ERIMEASURESFH]
i,

SELECT *
FROM Ticker
MATCH_RECOGNIZE (
MEASURES
AVG (E.price) AS avgPrice
ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
PATTERN (A B+ C)
SUBSET E = (A,C)
DEFINE
A AS A.price < 30,
B AS B.price < 20,
C AS C.price < 30
)
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6.8 Flume
6.8.1 Flume EAEHIHE

Fume2—1"STH. 0%, 2HhNEERSRE. REMERNRSR. Flumesz
HEASERRENSRMELES, BTSSR, B, FlumelREEREHT
EEELtE, HEEISHMERERSTS (TUEH ) 98877, EFFlume-NGEFlumefJ—4
P, HSRERERR, FMREN, BER5HE, HEERNRSISUTEMR:

6-23 Flume-NG Z2f3

s

Flume-NGEH—"MMAgent3kEHEE , & MAgentESource. Channel. Sink=/M&RZE
B, EASourcefASRIZWEWE, ChannelfaS=igiBAYER, SinkUaSREIRE T—inmAY

Eiz o
% 6-6 {=HAR
BR 152AR
Source Source A IR EIREBITHIANGIF LR, FISHIEIERE

—EiZ - Channel, SourcefJEEVEHIEIRENFNLCIAFF
BRIAgSourceS BN T :

o FIERZERAISources: Syslog. Netcat,

o HrhtEREEHAYSources: Exec. SEQ,

o FITFAgentflAgentZ [EliE@{SHYIIPC Sources: Avro,
Source’ZRZE/LF1—Channel>XEX .
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6 BIFNA

2R

il

Channel

Channelfi/FSourceFSinkZ 8], FBFEFRBSourceRIEE, =
Sink IS EUR &R T—BkaYChanne @ =2 B RUHEAT, HUEM
Channel#8[4 .

Channeli2tHIIF A 7K FESChannelf92ERIEX, BUAIT=2:

e Memory Channel: JEEA{L.

e File Channel: EFWAL (TS H&EWrite-Ahead Logging ) K
AW,

e JDBC Channel: ETF#x\DatabaseAJF AL .

Channel37#F5E55, HEMESSHIIFRIE, TLAREHTHEN
Sourcef1Sink T{E,

Sink

Sink A S=IEEUREME T kS i=zZ B, RINTREISEIRM
Channelf8[% .

HRIAYSINkSERYN T :

o FhEHIRRIRLBAILIRSINk, tEaN: HDFS. HBase,
o BxENiEFERYSINk, EbEA: Null Sink,

o AT Agentidi@({SAIIPC Sink: Avro,

SinkA R EFRF— M AtIAYChannel,

FlumetB Al LAEEE B2 Source. Channel. Sink, #0E6-24Ffx:

6-24 Flume 513E

Channel 1 »  Sink 1 -
Source » Channel 2 » Sink 2 > JMS
Agent Channel 3 » Sink3
foo \
\
Source Sink

\

Agent Channel 4
bar

v

Flumef9a SEEETFAgentiBIESE AL, T—1PAgentHHE, ChannelaJLUFALEL
&, AgentikEEHEEH . FlumefIa] BIENIEFMERILoad BalancingfFailoverifl
#lo ChannelRAgentZBRILAECZMNSE(R, SCIKZERILUERRESIEERE. 819

AgentI—NVMiEEE, B—RIRSEILAEZ Mgent, IET = (Agentl, 2, 3)

N5k 01 (2023-11-07)
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FRNE 6 1R
MEEIM, ICET A3 (Agentd ) RS AHDFS, & MKET mAIAgent TLALSE
% $$TLA;&IJUﬁ$Jzi’JHo
6-25 Flume REXLEMIE]
[ weoseer b vosaues | [ Awosnk |- —
e [vese | R
gt y//g'
weosever | avosace | | Amsnk |
FlumeRIZEaFIIFMAIRIENE, 52 https://flume.apache.org/releases/
1.9.0.html,
Flume [FIE
AgentZ[EIRIRT S

AgentZ [EJEIER HRIEANE6-26F7R o

=] 6-26 Agent HIE(EmmiE

Agent1

Sink1 Channel1

start transaction

take event

Send event

commit transaction

3

start transaction

.
L

put event

.

L

commit transaction

1. FlumeXXBEF TransactionsB B R RIEEIEEMAITSEME, HHIEM—Agent
mEsasb—1Agentht, F P TransactionsBEFHAEN . KixAgentfISinkE5E
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MChannelBXHE—EHE, HEBIZEERIZEEBIN 1 Agent, WNRIEZHER
Agentp INitESZHAMNEEE, IMAKIEAgentiE=IZR Transactions, FRIR—IX
RGN SEHESERY o

2. HEWAgentESZEAIXAgentZXEANEERY, FIA— 1 Y Transactions, Hi%
IR INLEE ( EXNChanneld ) , BBAREIKNAgentiZZiZ Transactions, F/a
RixAgentRIERKINIMA

3. WMREREXIER (commit) ZEI, HEEREMTEM, BEERFBLE—R
Transactions, FRiE_ERARELMAIEIREER . EIcommitiBEESRE
TransactionsEN T, IFAEHEMEREHREWSZE, BARTLAGREE E

YRBYTransactions,

6.8.2 Flume SEAAGFRIXER

Flume 5 HDFS BY% %K

LAPEEHDFS{EAFlumeRdSinkAT, HDFSFR{ERFlumelIGRERHIBTFER S,
FlumeS &R EIR £ MR RECE S AHDFSH,

BN ESEeNHEEGS: N ARESFSHEEFIIHDFSFIMEZS: WA
RENTBHEFREFZEIHDFS,

Flume 5 HBase B9% &

LA PBECEHBase/EIFlumelISinkBd, HBaseFiEFlumelRAEEIEFER S,
FlumelEinI RS SMRBAI B S \HBase , B REIFSIESIHEIZE: WA
MREEFSHEFRFEIHBase,

6.8.3 Flume FFRIEsR4514E

Flume FHEIZ R

o RFHERZRE. AJLEEBIEEITHIEA—Event, MANE—1T, TR
BEHITEIRURRD B NEERIRE

o (EHEIBATHFINE ., FlumetRiIBHBINFER, BohERERBAX ZHTINE
HNRESABER, 7452 0ut of Memory (OOM ) BT,

o IFEFEMBIRESRIIE. FlumeTiFEHIHAK, ISEEERREEREN
THEENHA, BFRTESIIE,

o EHEEPIBEZ Flumel@iZMonitorServeriZW FlumeE g5, 3 HiR
Manager&=ZE18270,

6.9 HBase

6.9.1 HBase EA&=IE

HIRfFiEERHBaseSk/R %, HBaseR— P FFERY. EM@3 ( Column-Oriented ) | i&
BEFE SIS BUES AN EIRR . EEaREM. Sitse. IRIET B
450 SHFTREIEREENSMRFRERR . EZXTHBasehIEE, BEL:
https://hbase.apache.org/.

Fi#TEHBasesPAIZRAYELEMUFAE :
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MapReduce fg5%
mE 6 BHNE

e X3k (BigTable) : —RAILIBLZTT, EBAT,
o MmE@F: EEF (HR) BIFME. RERSIBRIZH,
o WER: EPAHFE (null) BFIFEHBAFIESIE,

MRSARSS 2 #5HBase BRI R E5|, STIFAFNERINRS|, RIERRERNHBasek:
ARS MR T IEEIIRIEE

HBase 544

HBasetEB¥ I E & Masteri#Hi2F15 M RegionServeriHi24BA% . WE6-27F .

6-27 HBase 543

HBaset=Ef

. Active Standby
Chenl HMaster HMaster

& 6-7 1ERIHR

2R ik
Master XMYHMaster, EHAMERX T, @& FHMasterfI&H
Master,

e FHHMaster: fazEHBasedRegionServerfIEIE, &E
FRAOKE. M. 2. &; RegionServerfyfa g,
Region>#ifE#; RegionHD LUK S EEHIRegions
Bg; RegionServerk¥fEa9RegioniFiE<E,

o FHMaster: HFEHMastertfERT, FHMasteriZEY
KERMasterXIMRIEIRSS . IERER, FEEA

Masterf& A&
Client Client{$8FBHBaseAIRPCHHI S5Master. RegionServerif#{T

B, Client5MasterifH{TEIEZEE(S, SRegionServer
HITEURIRIERIBE,
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B ik
RegionServer RegionServerfa i REHIBIZEEIRSS, SHBaseHI%L
EGIERITESTT,
RegionServer—fi& SHDFSEEfAIDataNodeEfEE—i2,
SCHLEERITFAETINRE .
ZooKeeper£sE$ ZooKeeperJHBaseSEEBF P ZIATEIR I D HUIIMEIRSS
& RegionServeriF s B MEIZooKeeperd, IﬁHMaster
ELEEENZ 1 RegionServerfUEERIRZE -
HDFSEEE% HDFSJHBaset S Al SeAUS I ZERRSS , HBaseHIEUE
S EBFETEHDFSH,
HBase |FIE

e HBase¥iEt&Eny

HBasel AR FMEEUE, HUBEEEIMNE HBaseHIBIEEIFR . RHPIVEIER
$979%Z 1 Region, FHMasterHEiLEXdMAYRegionServer# TSR,

B/ "RegionB & T EXH—ERowKey X [BSEEINAIEUE, HBaseRI—skEIERF A
REBE—"Region, BEXRPHIEEZ, H— P RegionBIX/IEXRIBE LIRS
SO Region, BJLATERIFEZRATE X RegiondIRowKey X (8], SyEERLE

XA&ARTE X RegionfI K/,

6-28 HBase iEtEEY

URI Content Column 1 Column 2
Crow” 12 www.  com  c<mme T T
I
I
I
' 1 WY com <html=
| Region |
I
| .
ML e e e e e e e e e e J
_______________________________________________ 1
| row M+1 1 I
| rowhi+2 13 :
I I
| t2 Region 1
| 1 |
I I
| 1
|__r_a_:_N_______t_________________________________________________________________________________'i
W I
: Region |
1 e R —————— N —— T ——— T —— o — — 1
* 6-8 HEANEA
B ik
RowKey T, HEITXERNER, 8—1THUIREIE—IRR,

?"—ﬁ$\ B THFIEEATLUEIRowKey . FRBIC
FRiRBBRowKeyHEF G 1FE o
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2R 1:)5
Timestamp BIREURIREXI AR EEL, HIRIZIEBX D RA,
B CelllIZ MR ARIEIEIZ AT B EIFFE
Cell HBasef/\BYFiEETT, HKeyFOValueBRl ., KeyH

row. column family. column qualifier.
timestamp. type. MVCC versioniX6NFER4HRY
ValueFi @ XS R BRI it HIEHERTR

Column Family Gk, — FREKEAE_ EA— P 5Z1Column
FamilyZBR%. —CF ( Column Family ) BJLAREE S
ANColumnfBfk. ColumnECFREI—MRE, BILATE
SANHIRIHMESHN, FWCFISEST B, TEM
SEEM Columnf9ZIEFN2EE! . HBasedhFERMFIIEET
B, AETHNFIENEFNEEE T AR, Lo, 840
CFEREIRSIAVATZEER (TTL) » AJLARIS T 8, 3
TERFIAR RIRIAN

Column SEGHIEIEREZL, HBaselIFRFHBATIAIMES, 51
BT RTAEEERAIEE

e RegionServer¥{iETFik
RegionServerEERESEIEHHMasterECHIRegion, RegionServerfIEEEIF %
£EFIUNE] RegionServerfIEEFMELEIIFT o

& 6-29 RegionServer BUEIETFiELEH

RegionServer

HLog

Region

MemStore

StoreFile StoreFile

RegionServerfiS¥IETF RS+ RegionfIZ AP AYIRBALNZR RegionZEiaikiAe
Fii7Ro
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% 6-9 Region £EHIi5AA

B

%

Store

—/ RegionH— 2 Z " StorefHpY, B StoreXdRiE]
HBase#iEEEIFAI—>Column Family,

MemStore

—/\StoreE E— 1"MemStore, MemStoreE1ZE ik
MRegioniEANRIEHE, ZiRegionServerdfdMemStore
KNARBECERISE ERAY, RegionServer&¥s
MemStoreFRIEIElushEJHDFSH

StoreFile

MemStoref9%3EflushZIHDFS/SREIStoreFile, fEE
HIEAUIEN , — 1 Store=r=4Z /M StoreFile, 24
StoreFileAIMEIARIEC ERIERA(ERT, RegionServers
1§Z/ StoreFile&FH A—1KHIStoreFile,

HFile

HFilexe X 7 StoreFile T X4 R A HRIFHEIEX, ER
L HIHBase & FHStoreFileFYE AL,

HLog

HLog BEIRIE T ZRegionServerffEHIE R FRRFS
ANHEIEAZES, RegionServerfJZ 1 Regiont=—
MERAYHLog .

o JTHUER

TeEIREREHBaseFP—FFERAYZR, ASRESANClientENIZIEARIRegion ., TTEIE
FREIE “hbasemeta” %k, FFIcRAFZERIRegion(SE, FI40, RegionfiE.
EiaRowKey M £55RRowKeyHEE o

TOEERAN B RAIMRES X R UNE FTEUiEZR A P RRBRET X HRR
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6-30 STEUERFAIAFRAIREI K ER

hbasexmeta® g4

o HURIR(ERE
HBaseHIRIRIERIZINE BUREIEREN .

& 6-31 HIBRIERIZ

HBase Client

RegionServer 1

=
Region

a. XfHBaseiftfTiE. M. 2. EHUEIRIERT, HBase ClientE5ti&E#zZooKeeper
5%18 “hbase:meta” FPFFEAURegionServerfI=SRE (%K NameSpaceZL3E
WA, tbangliEz. MiRREESDIHMasterE#HmetalEE ) o

RegionServer 2 RegionServer N

SRR e TR
hbase:meta hbase:meta
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b. HBase ClientiEZZIEEIXIMAY “hbase:meta” FEAIRegionFFTERY

RegionServer, FIX1SHEMNAYAEFZERAIRegionFrEAIRegionServerfi &S
=

N0

c. HBase ClientiE#EZIxI A ZERegionFrfEAYRegionServer, FHISEIEIR
Em<$ KRIXERi1ZRegionServer, RegionServeriZzIFHHMITIZTm<S MR A
IREURERE

RNTIRFABIERIENZE, HBase Client2EWNEFHERF “hbase:meta” FIFEF

FRegionfIE8, HNAREFEARL F—XHIEIRIEIT, HBase Client&E%EMA

gigﬁyﬁgﬁﬁ%\; HBRENFEFPHEININEIREE0T, HBase ClienteE
REE,

6.9.2 HBase HA H =B

HBase HA [RIES5STHI5 3£

HBaseFHYHMasterfazZzRegionsHic, Z4RegionServerfks3{ZLEfE, HMaster&iEiE
KZRegioni¥f8ZEIE i RegionServer, 97 fZRHMaster s At fE S HBaseIF EINAEE
ZEIFIWRYEE, 5| \HMaster HAIRI(

6-32 HMaster = 0] FAM4ESCIIZRS

2 BActive Hmaster

s, BaiEs.
Active HMaster ———------——————- - Standby HMaster

1 Active Hmasteral
ZooKeepersS ) BHCAMAE

ZooKeeper Cluster

HMaster= ] 2R 2813 £ ZooKeeper&EEE i Ephemeral node ( IIRAS TR ) 5E
ey,

L HMasterfI N 2Bl EF S EiR EZooKeeperEEf 67— znodeT5 s Master,
SEBUERAYRL J9ACtive HMaster, [SBIEAIRLIStandby HMaster,

Standby HMaster&fEMaster iR INEENEM . NRFFSIRSEL, HMSH
ZooKeeperEEBF L EEX R, sessioniTHiZ [EMasteri m&aiEsk . StandbyT miEid i
M= (watch event ) BEIEITRiEK, SEBIEMasterTImB S IActive
HMaster, F&EESEMN . NREEFLERSITRERS, KMMastertmEs
F1E, MFEAStandbyt&Ezl, FHIIMaster znodeBlFE SN

YEPimiHIEHBaseld, £EGEIdZooKeeper EAIMasterTi 5B EIHMasterfy
Hutlk, AFRSActive HMasterifH{TiE %
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6.9.3 HBase SEMAEAIXEK

HBase #1 HDFS BY% %

HDFSEApachefyHadoopIl BHIFIRE, HBaseFl|FAHadoop HDFS{ERES&TFE
&% ., HBase\[F4EH{L1FiEE, Hadoop HDFSJuHBaseiZ it 7= ol SR E1FiE
Y5, PR T HBaseF=4ER—LeHESE, HBasePRIFTBEUIESAERaI LATEIETE
Hadoop HDFSX/4-&R %t L,

HBase f[ ZooKeeper fYx &K
HBasef1ZooKeeperflik £ & ZooKeeperfllHBaselIXEFf .

6-33 HBase #1 ZooKeeper BIXFK

RegionServer5E CHTA
AEEES MNZooKeeper

HMaster Standby

1. HRegionServerlAEphemeral nodef9/5=iEMZEIZooKeepershr , EliZooKeeper
FiEHBaseRYII FSE.: HBaseTt#dE. HMastertbilt,

2. HMasteri@idZooKeeperfiht/2& 1=1~HRegionServerfyfZ Bk, LUEHITIEH|
B,

3. HBasetBAJLAZFE Z"HMaster, Z{LIHDFS NameNode, HHMasterET =M
HFERY, HMaster&Z BT S£i@idZooKeeperskBYEHMaster{Z 95N HBase s
EERSIEE . BliEi¥ZooKeepersCHiE# 62 HBase BR s M [0l @AY )RR

6.9.4 HBase FFRt& R34

HBase FFERIE:E4E M : Hindex

HBase— 1 Key-ValueZRBI DN EEEIRE . BKEFAFEIEIZIBRowKey =7 H
IR=HEEE, FEith, NSRRBEMEERNIRowKeyEE AR, HEIBEE—RowKey
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SEEIZEIIEEIERS, HBaseRJLARIEE(ZEIFZIRENAISUEME, NMmalLiSitix
EREIPTEERIEUE .

FELFrR Y, RBIHSETEE—NINER “XXX” B9EUE. HBasetRt TFiltertF
MESTHEIXENES, SHRER: REBRowKeyIRF, XiBHEAEERIEIE, B
HORETEAR—FIHYE, BERFEENEIFFEENHIE. JUEL, TR TIRE—
TEIRE, SRR TRSAVENEE. Fit, NEXNFXENEESKIEEMEFF
BEEiattstERK s, EAFilter TiERBEXPMEK,

XFt2EHBase HindexF=EME = . HindexIHBaseiR {7 iR LLFHYEHI TSR
VAR

6-34 Hindex

_ Column Family A Column Family B
RowKey A:Name A:Addr A:Age B:Mobile B:Email
WNEAMEAHIndex, | e
FENEENIMobileF 001 35 18623532 -
BTt T LA R 7
fEmiaw, o ) 02 | il s |
18623542, SXHIFEH 003 29 18635355
FRERE,
Column Family A Column Family Hindex
Column
Family D
RowKey A:Name A:Addr A:Age B:Mobile B:Email
INFEREHIndex, 39 001 35 18623532 - =
FPRIZS IR TS L |
Z, DILERESS 002 27 18623542 | - § ‘
E%E,Tﬁgd\ﬁﬁfa@ 003 i 29 18635355
JFERTIE, - -
hindex-row-001
| hindex-row-002

hindex-row-003

o  EHS|IHIEAIFRIAR.
o HBERSIRFI,
- AP®RERRmutationFE NEME S 5SHES RSB . BUES
A—HaleR,
F&5|: IDX1=>cf1:[q1->datatype],[q2];cf2:[q2->datatype]
IEFRRYS 1R

Put put = new Put(Bytes.toBytes("row"));

put.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q1"), Bytes.toBytes("valueA"));
put.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q2"), Bytes.toBytes("valueB"));
put.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q2"), Bytes.toBytes("valueC"));
table.put(put);

EIRIISHRME:

Put put1 = new Put(Bytes.toBytes("row"));

putl.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q1"), Bytes.toBytes("valueA"));
table.put(put1);

Put put2 = new Put(Bytes.toBytes("row"));

put2.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q2"), Bytes.toBytes("valueB"));
table.put(put2);

Put put3 = new Put(Bytes.toBytes("row"));

put3.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q2"), Bytes.toBytes("valueC"));
table.put(put3);

-  (FRESEHEN, (CHFHASRSVIERTREMNE S, HETEE
StartRowF1StopRowHIER 5 |FIRVEIE
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Z&3|: IDX1=>cf1:[q1->datatype],[q2];cf2:[q1->datatype]
IErBRYE AR E

scan 'table', {FILTER=>"SingleColumnValueFilter('cf1','q1',>=,'binary:valueA' true,true) AND

SingleColumnValueFilter('cf1','q2',>=,'binary:valueB',true,true) AND
SingleColumnValueFilter('cf2','q1',>=,'binary:valueC',true,true) "}

scan 'table', {FILTER=>"SingleColumnValueFilter('cf1','q1',=,'binary:valueA’ true,true) AND

SingleColumnValueFilter('cf1','q2',>=,'binary:valueB',true,true)" }

scan 'table', {FILTER=>"SingleColumnValueFilter('cf1','q1',>=,'binary:valueA' true,true) AND

SingleColumnValueFilter('cf1','q2',>=,'binary:valueB',true,true) AND

SingleColumnValueFilter('cf2','q1',>=,'binary:valueC',true,true)",STARTROW=>'row001',STOPROW

=>'row100'}
HRAIEIERE:

scan 'table', {FILTER=>"SingleColumnValueFilter('cf1','q1',>=,'binary:valueA' true,true) AND

SingleColumnValueFilter('cf1','q2',>=,'binary:valueB',true,true) AND
SingleColumnValueFilter('cf2','q1',>=,'binary:valueC',true,true) AND
SingleColumnValueFilter('cf2','q2',>=,'binary:valueD',true,true)"}

scan 'table', {FILTER=>"SingleColumnValueFilter('cf1','q1',=,'binary:valueA’ true,true) AND

SingleColumnValueFilter('cf2','q1',>=,'binary:valueC',true,true)" }

scan 'table', {FILTER=>"SingleColumnValueFilter('cf1','q1',=,'binary:valueA’,true,true) AND

SingleColumnValueFilter('cf2','q2',>=,'binary:valueD',true,true)" }

scan 'table’, {FILTER=>"SingleColumnValueFilter('cf1','q1',=,'binary:valueA’ true,true) AND

SingleColumnValueFilter('cf1','q2',>=,'binary:valueB',true,true)" ,STARTROW=>'row001',STOPROW

=>'row100' }
FIRPA B R BRI RECE(HT D KRS .
AZFFHEAMRImutation#®E, Wincrementflappend.
A FFmaxVersions>1H951IHYZ5 ],
A 1THURRS I DIREFTIRIE
Z&35|1: IDX1=>cf1:[q1->datatype],[q2];cf2:[q1->datatype]
Z5(2: IDX2=>cf2:[q2->datatype]
IEHRRVEEFTIRME:

Put put1 = new Put(Bytes.toBytes("row"));

put1.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q1"), Bytes.toBytes("valueA"));
put1.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q2"), Bytes.toBytes("valueB"));
put1.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q1"), Bytes.toBytes("valueC"));
put1.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q2"), Bytes.toBytes("valueD"));
table.put(put1);

Put put2 = new Put(Bytes.toBytes("row"));

put2.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q3"), Bytes.toBytes("valueE"));
put2.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q3"), Bytes.toBytes("valueF"));
table.put(put2);

FRIRAUSE IR

Put put1 = new Put(Bytes.toBytes("row"));

put1.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q1"), Bytes.toBytes("valueA"));
put1.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q2"), Bytes.toBytes("valueB"));
put1.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q1"), Bytes.toBytes("valueC"));

put1.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q2"), Bytes.toBytes("valueD"));
table.put(put1);

Put put2 = new Put(Bytes.toBytes("row"));

put2.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q1"), Bytes.toBytes("valueA_new"));
put2.addColumn(Bytes.toBytes("cf1"), Bytes.toBytes("q2"), Bytes.toBytes("valueB_new"));
put2.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q1"), Bytes.toBytes("valueC_new"));
put2.addColumn(Bytes.toBytes("cf2"), Bytes.toBytes("q2"), Bytes.toBytes("valueD_new"));
table.put(put2);
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o RINERSINRANMMEART32KBAYE.

o SMTIRRTIL (£=EH ) SHIMSEAPHIERRET, MRS IEERS
SZEMBR . ZREIEIESER Tmajor compactiontR{ERTHMIER .

o  FFFIRRITTLERS BB EFREEN .

- WMRECIERSIZE, FIBRMTTUEZ X, MizMlbrAHE#eIEizERsl. &
W, —EERERRIRS I BIRSETRPEERRER .

- WMRAECIERSIZE, JRMITTUER /. R5IZUESIRT IR
o E|&EEARTIFreverse; BEEERETFN.
o  ZE5|AR#Eclone snapshoti®{E,
o E5|FRWMRFEAHIndexWALPlayer[BIi HE, AZ3FWALPlayer[Bll B

hbase org.apache.hadoop.hbase.hindex.mapreduce.HIndexWALPlayer

Usage: WALPlayer [options] <wal inputdir> <tables> [<tableMappings>]
Read all WAL entries for <tables>.

If no tables ("") are specific, all tables are imported.

(Careful, even -ROOT- and hbase:meta entries will be imported in that case.)
Otherwise <tables> is a comma separated list of tables.

The WAL entries can be mapped to new set of tables via <tableMapping>.
<tableMapping> is a command separated list of targettables.
If specified, each table in <tables> must have a mapping.

By default WALPlayer will load data directly into HBase.

To generate HFiles for a bulk data load instead, pass the option:
-Dwal.bulk.output=/path/for/output
(Only one table can be specified, and no mapping is allowed!)

Other options: (specify time range to WAL edit to consider)
-Dwal.start.time=[date|ms]
-Dwal.end.time=[date|ms]

For performance also consider the following options:
-Dmapreduce.map.speculative=false
-Dmapreduce.reduce.speculative=false

o {EMdeleteal I R{FRSIFRFEIEREIBITA

o %%I%KﬁhHBCKO WFFEAHBCKIEE RS %R, FAMRRSIBURE, BT
EX=IN

HBase FRRIZEFIE: SZIFZRDE]

éﬁﬁ)‘—"Z‘HBase@UEReglon%ﬁ% YEIRVZRRT, AP ERERNERIRRI D htEEs, Frld
RegionfID EIRJBEARRIE, ﬁﬁLA%?éfEi?i—ExEleﬂ}: RegionFFBHEH D EILIAE
BiFaIEIatEE, HBase R EI=HIRegion,

HBaseHmHIRegionH EIRHE HRegionEiIXIREAI ThresholdFA&#H1THE, Xty
EIFFR B R E,

AT LIRS ENS S EIRegion LASK S EIFHY L&cabl_—ﬁhx FRTZ225
BINFRNIENDE, BNBZHIRegionFRIED EIRLZ M Region, BIITRIEHE, #HETH
HRegionT @R EHTRegion D EISE MR FFEAIIISR .
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6-35 ZHHE|

Empty Region

HBase FRRIZRIFIE: EZEPRE

I ZHsessioniEEE K E I SHEFFIMR{ES BEHBase £, X2 S HBaseRET
RIAZE TS5 HBaselB2IRSS . BITBCE SERIRTIZ FimEZRIHBase RS 28imAY
session#{H, FRELIHBaseld &R

HBase FHRIZERIFIE: BRIGR

FREEEZ BB KREENTILAERHBase BN T B, FEEHEMEURIRS, &
FEEEHRMHEURSM , JIFEHINIENT, SETLURHEIERSS . LR
ReplicationIfige, 71 FigaE:

. BEEOREINEE, RIESIEESR I PREIEEX,

2. FERAFreplication@EFWALEE, ERERILOIMWALSLIIEIESR(DAY, X
FBulkLoad, HHIF&8EWALF=4, BulkLoadfEiEAR<replicateRIFEERE, BT
GBulkLoadi2FICRAEWAL L, BESEHER, SEEFBIIWALZEBulkLoad#
FIER, BXIMAIEERHIHFileNFZIFERE, THREIENSD .

3. FHIRRAFHBaseXIFRARACLI TR, ACLIESERARRLERERE, BiIH
m—EiEEs
org.apache.hadoop.hbase.replication.SystemTable WALEntryFilterAllowACL, &
WACLIER RS EE5EE, APALIBTEE
hbase.replication.filter.sytemWALEntryFiltedEFRZIT FEESLINACLIEIZE .

4. FEEDILRS, FERRESEEHTAANAEEERPXIEERAIHBase
HHTIEMERE, BISERT S ZIMIHBaseZ Pk RAEXT FEEEFHIHBaseift 1 TiZie
Eo

HBase FFERIE:R4EE: HBase MOB

LN A, AREEFREARIVNOEIE, tLUEGREYE. X NF10MBAIEL
IE—ARERAT LR EEHBase £, XF/\F100KBHIZIE, HBaseRUiZE4EEEMEN .,
WNERIFHIIEHBaselIEHE AT 100KBEZEZI10MBRT, IHBABHFENHBOEEESIEG:, HE
EEEREK, 258uRZrcompactionflsplit, HFRSBCPU, #EBIOMERES, MHaL
EETE,

BEMOBEIYE ( ED100KBZEI10MBR/NAIEIE ) EIELAHFileAEFEEX GRS L
(BIENHDFSS RS ) , SARIEXAN ARt E B R AIMSEVEAvalueZETEE
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iEHBaseRstore I, i@iTexpiredMobFileCleanerflSweeper T EEHETEXLEI {4,
XHER R LAK KPE(EHBaseAYcompactionFsplitsize, fEFitae.

WNE6-36Fr~, BIFMOBIEIRERIFIETEHRegion EAYmMobstore, mobstorefZi&HY
=key-value, keyBDJgHBases IRiATkey, valueXdRAIELREFEENIERZ LRSI
HLAR HiR RS E . 1ZENEIERT, mobstores BB C2AYscanner, 5EisEEYmobstore
gﬂ’\]lggggalue?&?&ﬁ%, AEBITvalueFRIBIE R FHRRIMEE., MXHRFHisEEY
BHIFRYEIE,

6-36 MOB #ETFERIE

HRegionServer HRegionServer
HRegion HRegion HRegion
=)
[=]
5 -
I =
HDFS

HBase FREREIER4FE: HFS

HBaseX {417 &EEk ( HBase FileStream, f&FRHFS ) EHBasefyJ riEtR, SIEAYT
HBase'—iIﬂgDFS};‘%DEI’:’I%ﬂ%, NAEMRSH EENA, A LEEMBRESERIFME. 1
BX. MpRSZEIHEE,

fEHadoop&E RS+, TiC=EHDFS, B2EHBase, HIEEIEENEHIEERIRT
%, EREHST, SaFE—LRERRAYDM:
o WRIEBBS/N\HEEZERFEHDFSH, SENameNodetsRKik KRIES o

3 $$H BasefZLAR NEREIRIRE, —LRARIN Gt AESEEFRFEIHBase

HFSEOEEE, BN T RREFEEEHadoopPFESE/\ S, RITHEEFHE LA
HHSESHIFS ., G5k, MEEHBaseExd, EEEMASH/INE ( 10MBLL
), ERYEEFER—LLCE RIS (10MBLALE)

HFSHLA LIS RM 7T R—RURIEED, IXER(ER O SHBaseR R EGIROIEL

HBase FRERI%oE43 % : HBase XV

EHBaseFEIHSE T, EAGC. MEEIEN. MEIMEERR, RHEIRIEIS.9%AIEH
REM. AT HERPAREIESMTIZERERNERK, G T HBaseNUEFHE,

HBaseXUIF Mt RE AT BEHARENZ L, MEEHENEERIIHERER
T —EERF, AIRANERFFALLENAR, RESENREE. SAFAESE
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EERES, ERNEERNERAIHBaselRSS, EEFS—RIE (RASZRIERIE
8) /5, NREEFSHREIZER, WaJLASERINRIRAVERE. RIEET:

- .=

ﬁﬁﬂy

ﬂli@):lﬁ A

!
e
/W

=R

HBase FFRIEZ5E451%: Phoenix CsvBulkLoad TES AT ISHREEN OB
(MEETL:
BHBEETFMRS 32.08% 2 ERAE.
PhoenixFFRECsvBulkLoad T EHFINSIFHEERNEZAHENEIEL EIT, SR
SZ#FEF'_J Y 1%“%‘??-’553‘ —RRERAFHRINZEABERDIRST, AT HRELZES
ﬁla EINT X REFRBEX S RANSE, BRPYUURBRERERMMERR R=MA#H
qHAVEjJﬁ:\B_ﬁEE«%)\%HEBZ{fFO
HBase FRRIERFH: FF HAR M{4E=UHR D WAL X4
(1 #H8
ZABIEAFMRS 3.2.0RZERA.

ZRegionServerkEHIEsEFAY, HMaster&{#ERServerCrashProcedureXd
RegionServerfy /S5 TIRE , IRETEFEIFRD WAL, EWALIHRDIIRE
, &FEXENNNY, FTRSERHDFSHIMEER, SEIRSIKERETK,

AN EBEIRD I RETIEERERINEENEIHAR 45, BTERDIRSWALETE
AR, MMgakERegionServerfkERTI<

in-memory sorted

Appended list of
key values

updates (Put, Delete)

RegionServer

WAL Split

Regio
\ replay Memstore

— 3 HAR

flush

HFile
HDFS Data Node
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HBase FFERIEiR45 4 : Batch TRSP

HBase 2. xAiZhR A~ EFFHBase ProcedurefEZ28&E S T region assignmentldiZ4g
(AMV2) , &1 RegionfJopensiEcloseff=E—1
TransitRegionStateProcedure(TRSP) 522 xBk, ZRegionServerA AtfEekERETE
REWSBSHT, HMastera AENEEIRERIRegionBIE—NTRSP, K=AITRSPEEIE
HIEIFA M EIProc WAL {4+ F BHFEZERRegionServeri##{TRPCZE, TIHEIER
HMasterf4geithin, SEIRSIKEREEK,

ARINREFEBITETRSPH R INattach regionf 5=, FIFB—1TRSPIE—4
RegionServerEiaHIRegioni# TR ELLIE, RegionServertigi#{TRegionddittE
open/closeF—x M 2Ep FikEHMaster,

(REELY:
ZAFM R 73S Regiontk EZIERAIRegionServer, ELZALEAIRIIEIHMasterfE Bl
TRSPRY, MFEskEERIRegionServerBREH Fik, EIlt, Z4F T ERT L HBaseER

EHRSHIEIRERIAHL, WNRZ > BRegionServerkEtffE, BIBEE JIHMasterfERegionServer
B L ERIEECE T TRSPIIALE

ZABIEEFMRS 3208 2ZERE,

6.10 HDFS
6.10.1 HDFS EA/&18

HDFSEHadoopfI 314 & %t ( Hadoop Distributed File System ) , SEIRAIAE
HIETENSHRIES . HDOFSEIRERRSREUIREERSE “—X5, ZXE” B
1HE, MEE ‘B’ RERINFES, tHMEEXHRIZIMNBEARETENEXMZE
AUBIR(E . HDFSIRIE— XA E— T IZIRE—MERENITEIRE, maILigz
MERENITIRE.
() #8A
WNFE(FEAHDFS, EMRIRMRSER R E L 2EHadooplRSS .
HDFS 4513

HDFSE&E . &NameNodef1Z{"DataNode, UNE|6-37Ff7,

HDFSE—/ “Master/Slavef922t3, fEMaster_biz{TNameNode, MES—Slave b
1z{7DataNode, ZKFCEZFINameNode—iEi=1T,

NameNode#1DataNode 2 [BIRVB(SEREEETCP/IPHIEZ FAY. NameNode.
DataNode. ZKFCF1JournalNodegEZREBEiz{TLINUXAIIRSZ2E L,
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6-37 HA HDFS 453

ZK
Cluster

| Shared Storage

Journal Journal [ Journal
Node Node Nede

El6-37h ZRIRAVINAESLAAUNZR6- 107

3 6-10 &K AR
Bk | R

Name | BFEEXERZNGRETE. BREME. TTHIBEEEUNRIBHEHIE
Node | %, $973:

e Active NameNode: EEXHRZNGRATIE. HIPXERFZNERE

1;’2*5(‘11«‘)\&7_5%(?%%%; ICRBEANNE “HIER” SHIARXERIITRA
£

e Standby NameNode: SActive NameNodesPf9SURIRIFEL; KERT
R TEActive NameNode BN S ERHEEHIRS .

e Observer NameNode: 5Active NameNodedOEGERIFESE, 4ME
EKBEEFIRANEEK.

DataN | BFEHESANER “SUER” iR, FESERAMEENameNodeiREs
ode iZDataNodeF9EUEFEMIER

Journa | HASEEET, BBFREEEHZENameNodeZ [BIRITTHIREE -
(Node

ZKFC | ZKFC2EZEFINameNode—3XIMAYIRSS, EIE 1 "NameNode#fEEIE
ZKFC, BfaskizZNameNodefIIR7, HEIHEIREE ANZooKeeper,
ZKFCHBIiEiRiEE(EIActive NameNodeBIF .

ZK ZooKeeper2— MMERSS, HEIZKFCHITENameNodefJikas
Cluste
)
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6 BHEANA

2R

s

HttpF

gatew
ay

HttpFSEN BT SRIgatewayi#HiE, XI9MEMwebHDFSIEO, 3T
HDFS{s#FEFileSystem#z 311 . RITFARIHadoophRANBIRIEIRE RS,
REBTFAaER A IEERIHDFS ( HttpFSF{Egateway )

e HDFS HAZEG

HABDJgHigh Availability, FBFf##RNameNode 8 SSifEaITR, iZ4F @I EF
A9/ IENameNodeft— & HE, —EENameNode B IEPE, BJLATUR
JiaZEEZNameNode, MMABRIXTIMEMHARSS

E—BEIHDFS HAGSH, BERM1"NameNodeHpY, —MbTFActivedk

2

&, B— 1T StandbylRz.

F T BEsCHlActiveFIStandbyF NNameNode I TTHIREEEE, Eigt— =
FHERES . ARAREETFTQM (Quorum Journal Manager ) BIHARRIRSZ,
WNE6-38F7 <, E&ENameNodez [ali@T—H)ournalNodeEETTHIBER .

BEREESZHN (2N+14) JournalNode, BE/VEiz{T3/MournalNode, iX

B,

—ZTTHIEEIEE REESN+1MournalNodeBNBINFIA N EIBEB NG

I, LEATmRZBAZENA N JournalNodeEANKM , b, 34N ournalNodeRy, =%
BiF1 M ournalNodeBE N, 54 ournalNodeRt, F2 124 ournalNode
BENKM,

AFJournalNode2— 1 REERAITIFHIZ, ATLASHadoopHEIRSZHEBHEE
EiUEournalNodeF B BEIEHIT R L, IBSHIET SEHTARIESEEHATS]
#2JournalNodeBENLM ,

6-38 EF QIM g9 HDFS 2245

Write H H Read

H Block reports to Active & Standby

HDFS |RIE

MRS{#EFHDFSHIBI AN FISRARIESUERIRT e, HDFSHEHRE— 34N BEIAERMK1
NEPSTE, BIHE2NEIAR . HDFSEIAREL RN EIT “dfs.replication” S%EiE),

o  HMRSERFPCoreTI SAMEIRIFENIEARMER (hdd ) BY, BHEEHFRE—Core

_ﬁlﬁ\

, MHDFSERABIAREN . BEEFFCoreTT R AFTET2, MHDFSELAS!

REH2,

N5k 01 (2023-11-07)
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o HMRSEEfFCoreT mMBIEIFAAMER (hdd ) BF, BHEEFFRRE—CoreT
=, MHDFSERARIAE 1., BERFPEF N CoreT s, NHDFSEIABIAE
2, HEMTPCoreTTAEATET3, MHDFSBRIARIAZ A3,

6-39 HDFS 2243

Metadata (Name,replicas,...):
Namenode —
Metadata ops_ -~ fhome/foo/data,3, ...

Client Block ops
Read ‘ Datanodes Datanodes
mm O m E o o % O
Replication
D I:l \ Blocks
-\ ) \\\ » J
4 \\ N
Rack 1 \W”Te Rack 2

Client

MRSHRSSHIHDFSER AT 3L 2R 451 -

o HDFSEEHZIFMUMIAD, (ESEIRTRELRIS0%, HaIEMES, H5IANFETL
RORTAELEHS, BRAMRIFIBIEERE T RSWERRES, (EEHIREAMAE
F5INRIBEER, PHERSEIANTRAIMERERR .

o TFHDFSEH ETRIEREMBET R ANEEIERE, BT aT =l
B SHIHDFSTEAEEREIRT

K FHadoopBIZEIFMFHIRIENLE, 152 http://hadoop.apache.org/,

6.10.2 HDFS HA 5 EAN\43

HDFS HA F &&=

fEHadoop 2.0.0ZFl, HDFSERF P FERSMIE DM . RFEIMEBERE—
NameNode, #1ZRNameNodeFRrfEtlg8REMIE, KSHMHDFSERFTIAER, BRIE
NameNodeZEZHEES—EE LB XERANSERNN T HDFSHIZEART Rl :

1. BREBERAER, WMilRER, ERP8ATR, RIFEHEsINameNode,
2. UHRUMERYSEHP TR, WMEEEAERS, BEEERHFILETE.

H3IA LiagR, HDFSER AL RESBaeiFs) (TEE ) A, T— &8t
JINameNodeBEI— P& AINameNode&Z D . H—aHsetfERt, TR EE
hiffTNameNodeEFiE, SHEXUFENameNode T SREHTHIPAT, WITMRSE
fi%"ﬁﬁ??ﬁr&ﬁﬂ, BJLAFERN#H#ITNameNode £ &1, MNMRIEEREELIFEERIAT B
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BXHDFSEHMIEHERINGE, BS19:

MRS 3.2.02Z8ikRA: http://hadoop.apache.org/docs/r3.1.1/hadoop-project-dist/
hadoop-hdfs/HDFSHighAvailabilityWithQJM.html#Automatic_Failover

MRS 3.2.0% 2ZfGhRZA: https://hadoop.apache.org/docs/r3.3.1/hadoop-project-
dist/hadoop-hdfs/HDFSHighAvailabilityWithQJM.html#Automatic_Failover

HDFS HA SCII 52

6-40 BRIy HA ZE L

ZooKeeper ZooKeeper ZooKeeper

/ Heartbeat Heaﬂbea‘t\

FailoverController
Active

Monitor Health Cmds
of NN. OS, HW
NameNode

FailoverController
Standby

Monitor Health
of NN. OS, HW
NameNode

Shared NN state with

single writer
f d
Active (fenced) Standby
Block Reports to Active & Standby
DataNode fencing: Update cmds from one
DataNode DataNode DataNode

FE— M EBRHASEE F (WNE6-40 ) , FEIEFHMNameNodesEEETER S IEIZAIN,
g, mHT—PAtER, RBE—1"NameNodedtFActivelkz, S—4kFStandby
K&, Active D RRASZMIEMEZEFiniR(E, StandbyT SETZIRIFSActive T REE
APRSLMBEL ERT TR E ST,

FFRIFActivefIStandby T3 SR RUEHE—301%E , N T =EPES—HIRJournalNodeRd
TRIBE. HActivelIXERFTTEIRHITENR, SBHEHELNBEEREFRIAZSHN
JournalNodeT5 =R, #IaNE3NournalNode, NHESFRFEZED2MTRF,
Standby T3 s is=)ournalNodesfIEE (Y, HELERBActiveTT RANMEK . 1RIEIEXKH
E, StandbyT ST aIN AR AN R FTEIEF . —BEAEHEER, Standby
TR RSActive T mAYRESE—EIY . XIRIE T XGRS o HURESIEIEFEITE
ActiveFIStandby Z [Bl2 £ REERY .

NFRIEHIEERBRIRHEIT, StandbyRENZIFRISRMAIRER, HltkDataNodesEAT
@ M NameNodes & iEHR=EBFICBE

JF—NHAERE, [RIEHTIHZRRE—"NameNode2ActiveAEEFEE, BN, &
BTSN AMERD, BEIBEELNF-EHMERIING . AMRIEXNESE, BB
“split-brain” [@8RAYF=4, JournalNodestE{HTRIZIER R 7iF— NameNodeS
Ao TESERETERT, 1§ZHACctivelXZSAINameNodesk1S 5 NlournalNodesHIt R,
XEBHEHLIEENameNodefIACtivelRZS, EETIREZS#HT,

KXTFTHOFSERAIAMALRNESER, ISE WM.

MRS 3.2.0Z8ikRZA: http://hadoop.apache.org/docs/r3.1.1/hadoop-project-dist/
hadoop-hdfs/HDFSHighAvailabilityWithQJM.html
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MapReduce 5%
mE 6 BHNE

MRS 3.2.0% 2ZfGhR7AS: https://hadoop.apache.org/docs/r3.3.1/hadoop-project-
dist/hadoop-hdfs/HDFSHighAvailabilityWithQJM.html

6.10.3 HDFS 5E{hAHAIXTEK

HDFS #0 HBase fYXZ%

HDFSEApachefYHadoopIlHAYFINE, HBaseFFHHadoop HDFSIENE {411k
R%, HBasefITL51aFiEE, Hadoop HDFSHHBasetRfdt T S nl E4HIEEFi#
285, BR T HBaser~HEM—LHEN S, HBasePRIFrEEIR G ES R LAFIETE
Hadoop HDFSX{4& %t L

HDFS 1 MapReduce B9X &K

e HDFSEHadoopnHhANHES, BEASHENSEILEMNFE, AILEEEN
HERERRVEN £, FRNAEFIEE, ESRBAMIRSENNARER.

e MMapReduce@—FhiRIZIRE!, HFAEUESE (XF1TB) BIHITER. &
MapReducefZ it EREIRRILIRBZ 1 #URIR, WLocal FileSystem.
HDFS. #iRES . =¥ HNZEHDFS, nILARIAHDFSAISE T 4REsEENARIERY
HIEHTITE ., ANETERAE, BaLUSEIEEEZIHDFS,

HDFS F[ Spark H9X%&
5, SparkFitEHOEIETTLAKE S M EIEIE, MLocal File. HDFS% ., R¥EAHIE
?_?gs] FFEU— RSB ARSI SR T T E . EHERE, BaLUSEIR
F(&ZIHDFS,

PRERE, SparkspkizEElin ( Driver ) #0¥4Tim ( Executor ) . EHlinfaE=ESR
B, HiTRR=ESHIT,

AU RIS IR AN E6-41 Fs o

6-41 ZEHidFE
3. Launch Tasks

3. Launch Tasks l,

1. Get [File A] 2.4 Blocks 4. Read 4. Read
status 4 Read 4. Read

A

HDFS

v A 4

v v
Fie Biock ] Bl | siocks [l Blocks

AR AV REA N FER
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MapReduce BR$3
FEEENE 6 BHNE

. DriverSHDFS3ZHB3£EYFile ABISUHEE .
2. HDFSIR[EIZIHEAFRAIBlock{EE .
3. DrivertRIEE{FBIBlockEIEE , RE—NFHITE, BIEZS/ TaskEIZEUXLE {4

Block,
4. &:Executorﬁﬁ”ﬁ#tﬁTask#iiHIE{M’\JBlock, fEARDD (D HEIESE ) BI—5EB
Do

BAX GRS IZNE6-42F 7R

6-42 EAN4iTiE

2. Launch Tasks

2. Launch Tasks

1. Create [File B] 3. Write 3. Write

directory 3. Write

3. Write

HDFS

v v v v

HDFSSH B NS Bl TR

1. DriverfI2EEAXEFNIBE R,
2. IRIERDDDXoRER, tHEEBEIEITaskE, H N AXLESEIExecutor,
3. ExecutorBifTiX%Task, SE{ARDDIEIEEANZILE18IZMNBERT.

HDFS #0 ZooKeeper A9 &R
ZooKeeper5SHDFSHYX R UNE6-43F73 o
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6-43 ZooKeeper #1 HDFS BYX &K

ZooKeeper

NameNode Standby
Active

ZKFC
NameNode

SANEE

ZKFC ( ZKFailoverController ) {EJ9—""ZooKeeperEEEt9Z P, FKISIE
NameNodefPIREEE . ZKFCHIZ{XIEEPE T NameNodeI 5 mRh7F7E, HDFS
NameNodefJActiveFIStandby 5 migEfE B zkfaHizE .

1. HDFS NameNodefIZKFCiE#EZZooKeeper, IEEHZHSRIRIFRIZooKeeper
dF, BD “/hadoop-ha” THYznodeBRE ., FLliEznodeEHRAINameNodeTs =
REDE, B—PHFTHE, HDFS NameNode Standbyi@idZooKeeperiERtisE
EXNameNodefE &,

2. YEPEHREELEHAT, HDFS NameNode Standbyi@idZooKeeper@al “/
hadoop-ha” BRTAETZ, NameNodeSHTEHEIHE,

6.10.4 HDFS FFrERi%sm4re

HDFS FRRIZsR4S1E: 4RI 7 ( Colocation )

BRHUIBELESiH=T, Join2— 1MEERRENTEINEE, £MapReduceshaIsLi
BXAKIEAT:

1. MapESHBIEHENRSVERICELIER (Join Key, Value ) , #AEiREB)oin
KeyffHash XJg, EZIAREAIReducelFZEXRLIE,

2. Reducef¥$5—R&fEHNested LoopSBIFALEXNIEIE, FHEBAENE—1T,
IFTFHEERYJoin Key, ZIBJoinERFAtHE .
D EBRPREKEEETF, BFHESEEST =L, BriAEMapZIReduceidiz
h, EEASHOMNEEIBREE, FEoinTEIMREAKIFE, ZIiEE6-44
Ff:
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6-44 TRIDHEIRERIRIE

INPUTS MAP REDUCE OUTPUT
11,p3,u1,300 sweater ul AA - ul,p3
11,p1,u2,100, chicken u2 BB A ulAA
13,p1,u1,100, chicken 3,CG - ul.pl
t4,p2.u2.10, banana E oo\ I ot |

? N 7

t5,p4,u4.9, apple N | 02 p2

u2,BB

ulp3 u4,p4

ul,a@example.com EN AA u2,pi u4,CC
u? bi@example.com,EN,BB ut,p1
ud,c@example.com EN,CC u2,p2

ud di@example.com FR,CC u4,p4 u3,CC

Partition,Sort,group

R FEUERSFRLAHDFS Block A EFRIEMIEN R FH, MREEERINFEERloin
B &R IR oin KeyD X, —XIRHEER—&HEE L, N oinit&EhY
ﬁ%uceﬂ#iqﬂ%%%ii%}%, HEETD A MMMap Join[GREHEEIER, MEEE
HDFSEURRIS IS, EEEEMEBICST SR NS4 FileATFileB, Bidig
ER—1MHID, FEAERBlockE—E, AEHEEET ISRt
&, kKiESMapReduce Joinf4ae,

6-45 RIS M SRS HEYRRDHIILL

Non-Colocation

DataNode 1 DataNode 2 DataNode 3 DataNode 4

File A (Di) " o
cb G
Local Network Local
Fie B (Di) Network
Block1
¢ Mapper 1 Mapper 2
Block2 .
Colocation
DataNode 1 DataNode 2 DataMode 3 DataNode 4
Local Local Local Local
Mapper 1 Mapper 2

HDFS FHEISE4FE: BMERERE

EFREMRAS, (1R ADataNodeftEZS N HIBRFENE, HABR TEP—PEIRIA,
NDataNode¥SAEIZHRSS . AEcEIN “dfs.datanode.failed.volumes.tolerated” TJLA
IBELEMAINE, Nz #, DataNoderJLAZAZEIRHARSS o

“dfs.datanode.failed.volumes.tolerated” BYESEEJ9-1~DataNode e B IEE
#, BOMER-1, HRUE6-46FR,
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6-46 EINZEN 0

DataNode (bad)
dfs.datanode.data.dir:

/srv/iBigData/hadoop/data1/dn
/srv/BigData/hadoop/data2/dn
/srviBigData/hadoop/data3/dn

data1:good data2:good data3:bad
/srv/BigData/hadoop /srv/BigData/hadoop/ /srv/BigData/hadoop/
/data1/dn data2/dn data3/dn

fBIan: HEHADataNodediER 73N EUIEERS,
“dfs.datanode.failed.volumes.tolerated” &1, NZiZDataNodeFgIEH—
HIBRTEREEA B E ARt E, iZDataNode=* EEI2(HtARSS . WNEI6-47FR7<,

6-47 EINZEN 1

DataNode (good)
dfs.datanode.data.dir:
/srv/BigData/hadoop/data1/dn
/srv/BigData/hadoop/data2/dn
/srv/BigData/hadoop/data3/dn

data1:good data2:good data3:bad
Isrv/BigData/hadoop /srv/BigData/hadoop/ IsrviBigData/hadoop/
/datal/dn dataZ/dn data3/dn

XANEENEER, FE—ENTRE. XDataNodeMIHIEFHEGHEA—EAHIANR,
MEEXE I DataNodeHH{TRMICE, MAFLENMBETRE—EREEXH, &
PR R {ERRYAME.

f5Ign: ER¥hFE3 DataNodeTim, B HRAEINMHEER, BN HSE41
HERR, ST ORE5THEER, IRFELNATRE— 1 EFREA B R
DataNodefRSS#&PART ABRIR , MFEZENE6-48FRH TIRE -
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dfs datanode failed.volumes.tolera
ted
2 4
3
DataNode3d
DataNode1 DataNode2 dfs.datanode.data.dir:

dfs.datanode data.dir:
IsrviBigData/hadoop/datat/dn
fsrv/BigData/hadoop/data2/dn
/srv/BigData/hadoop/data3/dn

dfs.datanode.data.dir:
[srviBigData/hadoop/datat/dn
[srv/BigData/hadoop/data2/dn
[srv/BigData/hadoop/data3/dn
/srv/BigData/hadoop/data4/dn

fsrv/BigData/hadoop/data1/dn
{srv/BigData/hadoop/data2/dn
fsrviBigData/hadoop/data3/dn
fsrviBigData/hadoop/datad/dn
IsrviBigData/hadoop/data5/dn

EEAERMRANRIHDFSH, XHZACETUHTT 71538, 1BINT-1AMEIRIN. SECERk-1
AYRHE, PREDataNodeTIRREEAR— 1 EIEFINE, DataNodeRfiBE4reiR itk

5o

PRLASS T EEIREIRGIF, ZEMERIECESHR—hRL-1, WE6-49F .

6-49 1ZEEE A E

-1

DataMNode1
dfs.datanode.data.dir:
/srv/iBigData/hadoop/datat/dn
[srv/BigData/hadoop/data2/dn
Isrv/BigData/hadoop/data3/dn

DataNode2
dfs.datanode.data.dir:

DataNodeS
dfs.datanode.data.dir;

IsrviBigData/hadoop/datat/dn
Isrv/BigData/hadoop/data2/dn
/srv/BigData/hadoop/data3/dn
/srv/BigData/hadoop/data4/dn

Isrv/BigData/hadoop/datat/dn
/srv/BigData/hadoop/data2/dn
/srv/BigData/hadoop/data3/dn
/srv/BigData/hadoop/datad/dn

/srv/BigData/hadoop/data5/dn

HDFS FrERi%84iE: HDFS BaiinE

FEHDFSH, NameNodeBshEE NN TTEIES fsimage, AEERFDataNode52hg,
Bah HREUEREE . HDataNode HIBAVEURRE BiXFISEB S LLAT,
NameNodeiBHSafemode, ZHBNIIE. H¥HDFS HREFEHNNEHEREIFHEE
2R, LA ERNMSIZEREEZR KEA0ETE, BFENameNodelIBahIEEEIEE
B, IZIRAIINE TTHIEfsimageiX—ig g HH T T o

FEFHRHDFSH, fsimageRBREFTFIEXEENTHIRERE, 8—3THiEEE (AIX
HTEIRERIINELETHIRER ) PRRFE—"sectiontRE, XLsectiontR7EF
AR EBITINERY . HHDFS EFE T ASAIHEFIAEAT, XF N sectionfINEEL
SFFEFER, IHDFS]4RZHIEEIATE . HDFS NameNodefE& R fsimagelda]
LIS RE—XBRI TR E BN BRIFFEES Msection®, iNameNodeSENBTHITI0E
fsimagedRYsection LANNRINEGEE .

HDFS FHEIEETIE: ETrSaVEIRRIZHMCERE ( HDFS Nodelabel )

AP EEETHEFIER SR EHDFSM A EIRRIIFHET = . BJIREHDFSER/X
HIIN—MRERAN, FINHZESDataNodeXIR— M B MRS, MMLZAHHY
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HIBRFEIEISE T 15T EERIDataNode , L{FHETIFSHIEIRHIZNEREE, HisE
RIS i%EEDataNode T it I TEIAT, SIRIEHFERAREFHISEEHRN
Datanode T =5EE, ABEIXEDatanodeTASEEIR, EIRHSENERT =,

o XIFAPREERNSNEIAFHAREESFEREATR, WERNHIIE
?E%%EE’\J?\EUZMSZEEEEU MNTREP, ZEIERAIE R AN E RS L2 M
SREDEL S

o WIFAFETREAWER TR, WBENNEIBT miE—1,
B 6-50F7

e /HBase FHIHUEFFAETEA, B, D

o /Spark FHYEIETFETEA, B, D, E, F
o JuserFHIEUEFMETEC, D, F

o Juser/shIFROBUETFHETEA, E, F

6-50 E TS AIEERIERR IS A

NameNode

I;S - |\ L1

fuser/shl

DataNode A

DataNode D

o

HDFS FFEER45 4 : HDFS Load Balance

HOFSRIIBIXERIEEBSIRAIIE AT NE, HREET R ErISEiRAHIE
Lo HDFS Load BalanceIRERE T AR T <AII/ORAHINESR, AAHDFSEFimit Tix
SiRMER, RuUsehiEF/ORERENT RETIXS, LUARI/ORdtyE, LIk
O BRI RIAEILIAES .
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SYHERT, MRFEEXAAIHDFS Load BalanceIfgs, NameNode{iAZIRIEIEE
7 ( At S—AH2e—imimi 22 ) HiTDataNode W SRR, REAESIIERET
=fE, IRZTRI/0aEKS, SaFHNEMT SHEFMEE,

EERT, Client=@NameNodeigskAriZEBlockprfERYDataNodeslZ ., NameNode
LIREIRIEMLZIAINEE H1THEFIDataNodedlZE . FFESEEYEIHDFS Load Balance
INgERT, NameNode=TE[RICMEAFMNESHIFIEM L, RIEEN T RAF1/0%R
BHERETINFRZE, E5/00ENTEINFREEEE.,

HDFS FREIZaR4314: HDFS (SHREIRTE

Hadoop[hsk = EW A T EMIEANUERIEIE . AECAMBRATIE, RN EEXE
FRinEiEMENEIE, Eit, BREAAIHDFSIERENEIFRITF.

PAM, BEERARRIARE, HadoopiXimtk BT LAREHL/ ORI AR EAERI EEN

FAE, #NHive. HBaseF, MIXMANEERBSHIZRT, RASENSEMEE (41SSD
W) JLMSEIZANA . 7T FERXFMEE, HDFSIIMESZE: 7 SHafFiEsesy, X
HAPHMALRIEE SRR ST RIGRFKIEFEARRRIEIEFMHEE

Ett, HDFSRILURIESIRAYAE , iRIFARRRIFMHEREE . IIEHDFS_ ESRES AR IR
AOEHEFFRR IALL_SSDELHOT, #5i51a/LURAIRILMRRAWARM, mREHIET ~2
;g{%égi;%@ﬁjw&ﬁiﬂﬂacow%, WTEARREIERE, aTLUEEARROHE
FHEREE .

ALL_SSD HOT WARM COLD

B2, XLSERRAE#E, fIUNSSD#E, BEWIMEERRE . XBOoHAFHRE
SREBLEEERLONPREIET e —ERFEES RIS EEE L, MEEEERIS
[EFAE T RELAR S EIRIZEMN, XEERMZIT R RN BRI R L

LIFSEIanRIENHRERNAEIIGS, HITHIA: SEimFREiERIN#SAHDFS £
BY, S ERWSARNESH, FRLIATIRSERMNE, ALISXLFRHERSST
SAEISSDHES; BEBEERNERE, XLHEFIREW, HREHEHAR,
XEMERESGHEFHEESRERE £, FRIRIERNIIEENE, TERR.

Bal, WNTEFrR, HDFSTARIFAISTIHXLIRE, TEHCIREWSERFINRE
HUBRAE, HEFIIREEIENFESRE, REFaIfAHDFS Auto Data
Movement T B TEIEITRE
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Q 1. Change storage policy manually
/[ hdfs storagepolicies -setStoragePolicy —path <path> -policy <policy>,
| 2. Trigger “mover” manually i
1 © hdfs mover [ -p <files/dirs> | -f <local file name> ] i
Polic | PolicyName Block Fallback Fallback
yID Placement storages storages for
(n replacas) for creation replication
15 Lazy Persist RAN_DISK:1 DISK DISK
DISK:n-1
12 All_SSD SSD:n DISK DISK
10 One_SSD SSD:1,DISK:n-1 SSD,DISK SSD,DISK
HDFS
7 Hot(default) DISK:n <none> ARCHIVE
- 5 Warm DISK:1,ARCHIV | ARCHIVE, DISK ARCHIVE,
E:n-1 DISK
Tier 1 Cold ARCHIVE:n <none> <none>

Tier 2

-

Tier 3

B, BEISETHIRMage BAIRBIHELIEIE, FHETIBERAINMSIRRIZIEN
& (4Disk/Archive ) |, SAMFBERBIEERE, EoiRgEgE.

HDFS Auto Data Movement TEZHDFSSHEIEITRAMZ L, IRIBEURAVERRR
BaiRBIEIR SR ERRNFESREE . ZTEIFETIFLUATINEE:
o RIEHIEAYage, access timeFIFMELMN, SEIBRFHERIE MR FAISSD/

One_SSD/Hot/Warm/Cold,

o IRIEHIEage, access timefNFETMEBAN, EMX XD SAEIEAIFN

o TEMETageRIMNI AR ZRERITTHIRIE

- MARK: RRASETageMNARREEHIRRYSHRE, FIRELNINAIFIESR

B% o

- MOVE: RrRETFagefiNRBILEMAVEIESHE, FHRCHIIRATHER
B&fS, FHi4&ZHDFS Auto Data Movement T B {THIEIRIT, AAHDFSS
PEEER T EA BRI EIEITRIERE,

- SET_REPL: ANHHEBEIRAIBIREAITHRIE.

- MOVE_TO_FOLDER: Y34 o BFr 3 4RAIITIIR(F

- DELETE: MIBRM{4/BRAVITHERE.

- SET_NODE_LABEL: IREXIHEIRE ( NodeLabel ) HIIRIE.

(EFIHDFS/SHEIRITREINEE, REEEage, EFaccess timef9#iNl, HHDFS/E
PEIEIR T ERILEE FagefIINIENE, REFERIEFNIREIE, LUxXiS

=, 198 T IR BRI AR .
6.11 HetuEngine

6.11.1 HetuEngine F=RiA

HetuEngine &1}

HetuEngine2 BASIHAERX E R SQLAT REUREIMM S| . SAMIEESTIER
8, FMSEMEVERENER; XIFERBESG—IHE, (EaciEfm. #iE.

HE—IAT SQLRRE DT .
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HetuEngine 454

HetuEngineB & REEHR, BAREEINE6-51FR.

6-51 HetuEngine Z514E]

Ve — N\
| WIE 5% AN |
ZREE | st || wameeme | mwen || wowes || eaa |
[ s R 4 |
o 4
Ty T s sl )
N Y
A /
s ~
BIRE N e —
Hive/HDFS/OBS Clickhouse HBase Elasticsearch DWS
\ J
% 6-11 FiEHIHAA
B | ERESER R
73
=1
7
Z= | HetuEngine CLI/ | HetuEnginef9&Fiw, FREEBEEFikLIRSZSIRER
BR | JDBC BiFiEK, RAEEHTERBEIHETR.
2
2 | HsBroker HetuEnginefOBRSS &12, FBIEITHECAINBIREIRR
1%, RRR%SESEIHEFE,
HSConsole SHIMRHEIRRIEEEE, tELFIEE, BitESH
BEEEN TR EREFRESTfulizO,
HSFabric RtEEL, (DC) SRR IR
5| | Coordinator HetuEnginelt&ESLAIREIET =, 12HSQLERI. SQLA#
& Mo SERIITIHR. BUTIHRIRE . RIRMESTIRREE
= FHeh.
Worker HetuEnginelt&ELAIRNTIET =, 1BHSURREEUREFHT
FIEY, HAILSQLITEEREN.
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HetuEngine N FEiZS

HetuEngineBEg ST iFiER ( SFhEUEIR, WHive, HBase, GaussDB(DWS),
ClickHouse%s ) , BBig ( 2 MbiEgEEIE+D ) BORERELS &R, LTEIEAFHadoop
&Ef ( MRS ) B9Hive. HudiZgdBRIZ B RETIAH=.

HetuEngine I&RIDALEI/Y

HTFEEMERWENTE, DIANSEFHEEENE, SRMBERSHSTIERE
. HiRCES, tNHIREIRRMEES | MEEEMNUES . BXEEERS
HFRE, SHEREAFARAS, BREXRTIFEK,

HetuEnginef2tt 7 R—tRESQLSLIMESRINE D, ELEIRDTTIRE.

6-52 HetuEngine ESRINAER A

[ APP ]

Access Data

Control Definition
Manager Ranger HetuEngine P ——
HDFS YARN
GaussDB A HBase Hive
| | |
table1 table2 table3

HetuEngine BSis{IhAER N

HetuEnginefR It A—RESQLII DTS ikl ( SR+ 0 ) NSHEURRSIIS
Xonin), FREUEELSNS . FEkibiEs FRYES, SRS NS
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6-53 HetuEngine FEISIhEE RS

APP

letastore
HDFS YARN
Region B

6.11.2 HetuEngine SE{th4A4RIX R

Access
Control

HetuEngineZZ<(KRIMRSERY, HpEKIAVAMINZR6-12F7.

2 6-12 HetuEngine KRB

B R

HDFS HadoopH %34 E St ( Hadoop Distributed File
System ) , IRMESEFIENEIELGE, EEAIEEIESE
HHERINZFE o

Hive #B N fEHadoopEMt FHTHRAVEIRCZE, IRHSEISQLAY
Hive Query LanguageiE S RIFEMICEIEFEIRSE
REVEHREDHTARSS o

ZooKeeper RS HN. SUTBRMNNERSEED . BMRRBERE
MRS, MM A SR ARER .

KrbServer ZERNEEPRL, AERERENS K

Yarn REEERR, c2— " BRNERER, AJLIAREN
FAERFHTRREENEE.

DBService S AN RBEMIEEFERS, RETHIENENS
xEIn8e.

6.12 Hive

6.12.1 Hive EKE1E

Hive@iEizfEHadoop FHIEIECEREMIEZE . SR T —RINIE, aJLIBkAT
HURIRENEE(LINEL (ETL) , XR—MALIEME . EafohFEEHadoopHHI A
BHEIBHIVLE . HiveENX T AEAIESQLEIMES, FRAHQL, BRAIFAESQLAIARF
BiDHE. HiveBIEIEITE K TFMapReduce. Spark. Tez,
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(EFRFEMITS B Tezt B ESEAIMapReduce, HEEE T EEEH ., TezAILUESANE
IRERAIE W EEE I — MEL (XEFRES—XHDFS, BhEaTaiRy ) , NfiAKE
FHDAGHENL AR

HiveE E4F 00T :
o BEEMKEIESITCE,
o EEZMapReducefRBIEEELASQLIEA,

o  REHIBUETFMERETL, XIFISON, CSV, TEXTFILE, RCFILE, SEQUENCEFILE,
ORC ( Optimized Row Columnar ) iXJLFEERET

Hive{R R 4513

o HFEN: AFPEOEEACL, ClientflWebUl, HHRSEAECL, CLIEG
BOAHRE, £REEII— M Hive A&, Client2HivefIZ %, FFEEZEHive
Server, fEFIClienttRNAIAH R, FTEIEH Hive ServerfiET R, HEATZTR
[BzfiHive Server, WebUIZ2BT NS EsiHaHive . MRS{XSZ#EClient 5 TifiE
Hive, {FHEEBFSENSHIRERHIive, NAFAKIESEHIive B A

o JTHUREFE: HivelStiiEFMEESYERES, WMySQL. Derby, HivedBYTTHl
BEBEERNEE, BINSXKREREME, RHEM (BEAIMNIERSE) , £
HIBRFMER RS,

Hive 4514

Hive B SEAIRIRRSSHIZ, IRMIRSHRIERIEHQLIRFMTRHERNAIMapReducesy,
EZHDFSIES, E6-549HiveYEHaEE .

6-54 Hive £514

Beeline

JDBC/ODBCRYF
JDBC/ODBCHEh

PythonRizFE
Python3kzh

RESTZFiwA A

DBservice

HDFS/HBase Yarn/Spark

ZooKeeper
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K 6-13 1&EHRI5EE

2R izl:lz
HiveServer — N EEFA T EREB Z N HiveServer, RAfTHE, XIIMEHEHiveEHE
RS, BREPIRZIHQLEDHITHRIE, BITAXINATIYarn{EsS
S EHDFSIRIE, NMeREIERVIREN . i, D,
MetaStore o —EEEFATIERE Z "MetaStore, fATTDIE. RHHiIveRYTTEL
BIRSS, fASEHiveRNEEFIEMERIE. 5. #HPFIEX,
o IRHtThrifti [, fitHiveServer. Spark. WebHCatZ&MetaStore
ERimkipn, BIETEE.
WebHCat — RN EIE B {N"WebHCat, fAfaHiE, EiftRestiZ, B

RestfifTHiveds<, 123ZMapReducelFss,

HiveZ P

BREANRZEin< TBeeline, 12fit45)DBCRIARIIDBCIREN. H2fit
£5PythonZFBRYPythondkzf . FEfZ5MapReduceHCatalogiEx
JARED,

ZooKeeper£s

it

ZooKeeperfEAIGRT 5 micRFHiveServersSLFIRIIPHELEFIZR, ZF
in3KaiEREZooKeeperiRENIZFIZR, FHREEE B HIIEENXT AT
HiveServerscf ,

HDFS/HBase
B

Hive R EIEZEEHDFSEREF,

MapReduce/
YarngEE+

RS HLITEIRSS : HiveRI XSRS IR IRIEMKEiMapReduce,
HiveServerf9FEIhEERIEHQLIEDEE AR MapReducefFsS, M
SSRT B EHURRILIE,

HCataloggZi77EHive Metastorez £, BEBHiveRIDDLEEN . NBIM—FEN LIk,

HCatalogif2HadoopIRMEFMESIEE, SFERFEEE S FERARNEIRGIET
B (ttiiMapReduce ) , ERMIEMIE HIEESHDFS_ EAYEE, HCatalogifBgmixX
LeHIRAME T BIRMHE SO, FMEAHivelISSITEO ARG EIEE NATHIERER
s, Loh, FiTEHEEXLETHS, WebHCat ServenR3d4MEM T RESTfuliZ, tNE

6-55F77~ o

6-55 WebHCat ;8185244 E]

)/

—_—

—

Hcat
WebHcat Server -
Also known as Templeton server P DDL
%,
\ ~D
Q
\ 0@06
Hive
WebHDFS/HDFS MapReduce
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Hive |51

HivefE3— 1" ETFHDFSFIMapReduceZ2M IR E, HFEZsehE@EIIITHQL
( Hive Query Language ) fRi¥FIEEHT, E£MFHHITHENMAIMapReducelESa#EHDFS
1B1F. HiveSHQUEX(ER, B2EHQL B F M-

El6-569Hive B HTEIE

Metastore: X33%, FIflPartitionFRITHIRBHITIZENEHIRE, ETENX
REEERE

Driver: EIEHQLITRIG s[RI EFHiveESENMAITHAE

Compiler: #RIFHQLIEHEZRMW I—RIIEBEMKHBIAIMap/Reduce(E5S .
Optimizer: {fi{t2%, DSEMRABPIBMIEE, DRISTHQLARBIHITIT
¥ IMapReducefESHITHAL o

Executor: 1ZBR{ESAUKEIX RS BIMITMap/ReducefEsS .

Tﬁzhﬁré;tgerver: 12itthriftiz0, {EJIDBCAIRRSSIR, FrigHivefNE MM BIZFE
Clients: ©&WebUIFIDBCIEO, FAFBIORAEO,

6-56 Hive 514

Thrift Server

F 3

A 4

Driver _—
(Compiler, Opimizer, executor)

6.12.2 Hive CBO [EIE/\'8

2m)
Ign

Hive CBO EIE7}

CBO, £#R=ECost Based Optimization, BIEFLMBIILEE.
HitfkBirng:

ERIENER, RIEEREQTERINFNEERY, HEHFEREERDIIEH
joinllitz , MR > &8RRI IRIREFE

HiveFRSEIICBORY ST RZAN T
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HivefE TR Apache CalciteSCIICBO ., BI5ESQLIEAHE(LAHIVERIAST, RfELE
i CalcitemT LLIRBIAYRelNodes,, CalcitelgRelNodedRrpdloinlliFEZE S, BREHiveld
RelNodedERYAST, 4k4EHiveRIZIBMIFIMIRBMIMITIE .. RIZEIWE6-57F~:

6-57 SLHRIZE

Hive SQL > Hive AST » Hive OperatorTree
: . Calcite Optimized | Calcite
Hive AST ) OperatorTree ) OperatorTree

¥

Hive Normal Optimization Process

A 4

Hive OperatorTree

Calcitel@ZJoinRFRIEMRIIZANT

. HXEREZSloinfIR, HRORKIZER—PMRIFAE KR

2. (RIEEEAISE—IKER, RIBRMERETKER, B=5KK. HLATLIEIIZINF
BAIFATITH

3. HEHRMENI—PiHE, FARZRIRFLIER

KMBEFITERE:

SRRAS, CMAVEEETointiRAVEIESRE: JoinhRAYSED, Ml
JoinFRHRIZ L, BURTZSS5IoinAIRANERER . RAIVEIERE, NEXRKIINFRIHE

15N O

DRSS EENEE, BIRINFEIHEE, max, min, LA&NDV ( Number of
Distinct Values ) (L& H kK,

FlENTFEE—iKXKtable_a, HFEIHEEWT: HIEZSE1000000, NDV 50, &HiFFH
M

Select * from table_a where colum_a='value1’;
NHEEIIRIERLES:£1791000000 * 1/50 = 200005%, EZEFE2%.,
LATRLEATPC-DS Q3/9fsk N 4BCBO 2T EEE oinlifiFHY -

select
dt.d_year,
item.i_brand_id brand_id,
item.i_brand brand,
sum(ss_ext_sales_price) sum_agg
from
date_dim dt,
store_sales,
item
where
dt.d_date_sk = store_sales.ss_sold_date_sk
and store_sales.ss_item_sk = item.i_item_sk
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and item.i_manufact_id = 436

and dt.d_moy = 12
group by dt.d_year , item.i_brand , item.i_brand_id
order by dt.d_year , sum_agg desc , brand_id
limit 10;

BRI XMEARA=KERMInner join, HMstore_salesEFELFE, 5L

2900000000?%%)% date dimEHEX, BA73000R1E, itemBHEEX, 54
180005 HE . B—1"F LEBEIIIERME, HloinXRUNFNE6-587x:
B] 6-58 Join &

date_dim

1
2

store sales item

CBORGZSCIEIFALE R FIFIT ISR AIZEFR)oin,

BiE S Hrmin, max, NDV, UAREIESH . CBOMEEAREHERANERER, 1£15
WNFE6-14F 7o

x 6-14 R LiE

e [RInHUHESREL HiREHIERE | R
date_dim 73000 6200 8.5%
item 18000 19 0.1%

FIRFRIEIRENFFIARAVEIRSE, MEET
J: %Z/Eyﬂzkéio

MEFRALES, itemTBEERIFRID

CBORFFBEIAIIoin

TR ERIEIERES,

ITEHIRER=TIE

TR, HEItLCBOYitemZzAYoinll=1ERT
<= EWE6-59F 7~
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6-59 5XFFi5 CBO
JOIN#2
495000000%%
JOIN#1 item
2900000000% 6200%%
Store sales date dim
CBOH G oin R = EANE6-60F7:
6-60 FFi= CBO
JOIN#2
2900000%% 6200%%
JOIN#1 date_dim
2900000000%% 19%
Store_sales itemn

ALEY, fitETEsERH4950000005% 5/ 0F] 729000005%, HfTATEIH KIER

b,
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6.12.3 Hive SEtHEAHRIER

Hive 5 HDFS A4RI%E R

Hive2ApachefiyHadoopIlR BRIFIRE, HiveXFAHDFSIEAESHIFER S, Hiveld
SRR S IR SR L RYELE, Hadoop HDFSUFgHivel2 it 7= Al SE RO ETR i
5. HiveBIEZESRIFTEEIRSHEnI LAF i EHadoop HDFSY RS £, HiveFr
BHEIEIRER A R@IiTHadoop HDFSIEOIHITHY .

Hive 5 MapReduce HHRIXR

Hivel9#EITE (K E i FMapReduce ., MapReduceth 2ApacheIHadoopIii HAYFIR
B, e—1"ETFHadoop HDFSHHFHITITEIESR . HiveHITHIEDIFES, &BH
FIE3ZRIHQLIE AR AAER AYMapReduce{EE FHE3TMapReducefifT .

Hive 5 Tez 9% &

TezZApacheflIFHEIRE , ER—1XIFERILHERIDHINITEESR, HivelEfTez
5|ZEHITHIRD TS, SBRAFRAIHQLER BT RIEN A Tez(ES5HER TeziRl

17,

Hive 5 DBService fx&

HivefMetaStore ( TLEIERSS ) L IEHivelIEIERE . &, P XERNESHEFIEHER

( BMHivelITTEURE ) , RUEEZEFRE—NXREEUEES, HMetaStoreEIEH]
QME . TEFEERE, Hivel9TTHIERDBServiceBIE1ZAEFI4E, HMetadataZB {4124t
ToEUEIRSS -

Hive 5 Spark fYX&K

HiveSz3FERSparkE A ITE 128, HhiT5|ZDieaSparkfa, BEFin NAaAIHive
SQLEHivelm# T2 B EMBFNE B TR, FRBHITIH 4G RDDIEX T
AIDAG, mSIEDAGIESparkfNESRIRAIESpark&EER: FiftiTitE, HSIEFIA
SparkP BN FITERE N, e T HiveBEigRE,

6.12.4 Hive FFRIZiR4FE

Hive FrEIE:R45E: 733 HDFS Colocation

HDFS Colocation ( @537 ) RHDFSIRMHAIEHES fizHITNEE, FIFHDFS
1C%c)lo;ation}i‘éIZI, A LUBEFEXREAR RaE Al gedt TR IR PR BIR E A B RIAE
ED R L.

Hivesz3#FHDFSAYColocationIfge, BI7EGIEEHiIveZRAT, BT IREFR 4D flllocator
S5, TLUBHEXENEIEGEFREERNFEED =L, NSRS R
HIRITEE IS ENS

Hive FTRIERASTIE: ST5INIEETIRE
Hive SR RATE — SIS A S IINHTING . EOlEHIveRES, PILUSEEMEMFIA

INZEix . HERinsertiBAIMTRPIB/BANEIENT, EIADEXIMAITIHITINE . HiveFlin
BALIEME AR Hive over HBaselZ =,
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HiveZIINZAH BRISZFRINIIZEREZBRI, BAERNEEERRIEE

o AES (XRINNZRSELZFR/: org.apache.hadoop.hive.serde2. AESRewriter )
e SMS4 ( XIRANZEZEZFRA: org.apache.hadoop.hive.serde2. SMS4Rewriter )

Hive FRRIEEYFE: 3745 HBase MIFRIHEE

BT REEERANERR, HiveFRaeszisRdRRauRAITMIIRIE, {B7EHive on
HBaseIAEH, MRSARRTSZEATHIveIR{ T XIHBaseRAVA S MIRAOMIIRIIAE, 1B
IEEAEE, HiveRlLUSE CEHBaseR AR —RHESRHIRER.
Hive FTRIEE5E: STSTHIRMA

BEBERT, HivellNXAXMEFENFREUREEANETORS, BAESAZRES,
LARIEFHER—TREWRRILERAT o

(BRELHENEHAARRUOES RIS EL, MRIAELAFHRAFSHEIEMN
M7,

MRS HiveXX BB BRIF R FFHESIFAHive X AERRITT O TR -

Hive FREIZRAS M : ISETF HTTPS/HTTP HHYAY REST 2Otk
WebHCatHivel2{it 7 SN aT FRRURESTHED], FREM RERAZRAEREHTTPHNY o
MRS HiveSZi5{FRELSMHTTPSHNY, AT IAERFNYIEE Bz,

Hive FREIZ:EF M . TIFFFE Transform IhaE

HiveFFE#t X iR AZE 1ETransformIbgE. MRS Hivel2HEIEFFE, TransformINBEEk
INRZEEE, SR XRAFEET—E.

BReEXEETX, FETransformIfge, HHFTransformIfgeRd, FE—ENZ
XL
Hive FRRIG®IFM: SIFCIZIGR REAEE ADMIN HPRAVIHAL

HiveFFRE#L Xhir A EIR2ImAT R EFER A EBADMINIIR . MRS HivelZtEcEFX,
BIAR B IR R EFZADMINILR, SHIRHKMRAMFRIT— .

RFEHESECEF X, SCHEIZIRITREAFEZADMINR .

Hive FRRIZIRIFIE: STIFEURRERIN

HiveFFRHL KhiR AN RS iFEURE ERVB B AR ETREIESR . MRS HivesZ i HEZ T AR
HTEHUEEDOIER “CREATE” FIEIAFE “SELECT” R, HiEFRFERIRESE
HRIIRZ /G, RASBIXRRKEIEEFRERNEEINR,

Hive FHRIBIRIFIE: SZIFFURIN

Hive R4 XIRA R SZ1FR R BIAINPRIZSI . MRS HivesziF3I BRI BRIZSI, nIi%
FHEPIRBIFPRE, FIaNEE “SELECT” | A “INSERT” | {8 “UPDATE” #X
PR o
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6.13 Hudi

HudiR—FEEsRiziE8=t, EHadoop R FZ HRM 7 B EUEFIMIPREUERY
BENLARHER T EIRIIAE . STIFSMITESIE, REIUDEEN, EHDFSRYEES
FRETHRANERIEEREAIRRE .

(MARY:
UNFE(EHUd, IEHEMRSEREREREESpark2xBRSS .

6-61 Hudi EA22%4
Queries Pipelines

HetuE

Spark Hive N
ngine

Spark Flink Hive

Data Sources

Apps & H Hudi Data Lake !

- . 1
Microservices : DeltaStreamer/CDC Incremental ETL 1
Bt ! Raw Derived |

Streams ! Tables Tables

___________________________________

Databases

Lake Storage

HDFS OBS

Hudi 4%
e ACIDESSEES, TIFCRINSFIHLENSA
o ZHMWIEREN (EBAME/IEENE/EATIRE] ) , IFHREEIELS .
e  MVCORIt, SIFEUEhRAEIA,
e HMIMBEXHXNOHE, UMUHCEIDMHEEAESATER, AETRHEHEE.
o FEHETE, EFsnapshothIfE=H|HISCINS NI RTEEEY .
o WIFEMAIEER, BEENHPEERERAHUAIEIESE,
Hudi <R ARFOMRE
. giﬁ%’?% [#H): HudidRESHMERS NG, rTL RS B2 R EFHF0M
PRIBIE,
o RIFAIAESSHF: HudisziFrZSMEEsS 12BN EEHive. Spark. Flink,
Hudi SZ#5rafhzRaEE)

e Copy On Write

EitE IRt ERcowsk, [FHparquetS]4HFELIRE, NN EIREEEEIT
BE[EfAparquetSETERk o

- s BT, RSB KAY—EUESHEERIET, BAER.
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- Rm HEBAREHR, FESH—EREIABEERM E4 R
EXH, XNIRECESENT . BRTHEN, SRR NSREEN ST
=1

Merge On Read

XA EFERBETRmork, EASIEIiparquethlfTAETLAVIOMM G TR S 7 1EL
2. Hrhparqueth 8\ M TFFIEEAMEWE, Avrof&zU3i ( tATNlfilogZ
%) BFEFEESEE.

- = BFEAEEEESdelta log, Hdelta log&/)N, FRLABNARIE.

- B FEEHEHEREompact, BUEAFXHRE , ZEHERERE,
NFEBEREdelta logfIEHUENHEFH -

Hudi 25 =MIE, IR RGREHENATEED

6.14 Hue

Snapshot View

SCRFHIE: Iz B S RThudiRERFAVIRIBEEE, B—BEERFINEIESA
hudizk, BISZREMEILAB L RIS NAIHEE
cowzRFmortg T HHX MR EREST

Incremental View

IHEMNE: ZUERMEEERNEESD, TLEBEECOMMITZ ERIEES

&, oTRFIRIENEUESHIE .

COWRSIFZMIEIRES, morFBalLIZTHHZAE, {ER—Bmorkhk
compacti{FEIRSMEREDIEK .

Read Optimized View

ECIE: ZME RS M SR AN parquet S TFBERIEHE -
ZAEEcowRFImork EXRIAR :

?EF_)FCOW%E, IZAERENFNLRS R EIRE N2 —1FRY ( cowR R Fparquet STHFES
E o

XFmorsk, (ABEARIM, RIEEH B LIXHITcompacti@ELIRAIES
12, AIERERANZIE RS MmorEparquet IHFMERIEUR, logXFEM
HEIRER RS . ZMEEHEH T —EREN, {EEmork—Bmicompact
RME, B2 logBUEMANEI T baseIEEME, XNMIHMERIZMEFILRIRERE—
*io

6.14.1 Hue EX[&EIE

Hue2—HWEBNF, ATHIMRSAHIEAHHITRE, sEBAENAFXISSHDFS, #
{THiveEf), FaMapReduceft55%, BFRE T SEAEMRSAEIRAHRZERINA

HueEZ &R T XS E 10 4miEsRAIINRE |

MRS ERRES IR P BB R EN S LN IR(FHDFSRIARRI BR;

EiNRiEsRAIS RS RPAISQL, EiffFfEfEHadoopZ ERYEUE . HIRIHDFS,
HBase, Hive, FIFRILIG{EMREIEZ. EIE. HTSQL, FERETELAEXCelgIAZl
TEHHITHER
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BT Hue BT LATE R EHXIBHHITLATRE:

e HDFS:
- BE. tIE. B8 End. B, #RSUE/ER.
- EfB TESUSFS
- BERXH. BR. XHEFBA. MEBRA; E50U4 UK BREEFN
PR o
-  Fo)EcEHDFSERFMAESRES, BESFERIEEFIRE,
e Hive

- fWiE. FUTSQL/HQLIER; RfF. S, RWESQL/HQLIEMN; Mg
SQL/HQLIEH; RFSQL/HQLIEAFHHITEIA,

- HEERT, HERET

- Y#EBFHadoopEiE .
- BidMetastoreXIEEE N FZNUEFTIEM A EFIRE
(1 #i88

SNRERIEREERIGRIHUe RESRAITHQL, AT NRRFENIIREEE, BSEHITE
W, EINERFRBAINEES, FlalGoogle Chromeillbiss.

e Impala:

- fRiE. PUTSQU/HQLIER; &RfF. &4, RwIESQL/HQUIREMNR; MR
SQL/HQLIER); REFSQL/HQUIESIFHITEIA.

- HIRERTR, 3IEERET.

- XEZFMHadoopfFfif .

- BidMetastoreXIEEE N FANMEIHTIEM A EFIRE
(]88
WNRFERIENSEEHAIEHUe RERMITHQL, AT RS FERIIIEENE, BEEMIITE
W, BIFERFESAINNEE, FliNGoogle Chromel5igE,

e MapReduce: SREHPIEENTNEEEMIIMRESS, SFEMIRE. &
QL\étEEHjIEj\ L{TE L:'x—_ro

e Oozie: BT OoziefEIVEIEREINEE, FERFPTLIBIEREER IS FER

Oozie,
e ZooKeeper: 12t 7TZooKeeperifligsinge, FAF LB RAEFANARE
& ZooKeeper,

EXHuelSi¥EMEE, 52 http://gethue.com/,

Hue £514

Hue2§#377EDjango Python ( FHUELIBEIWebRIFIHESR ) AIWebHEZR LAIWebY
BiER, RETMTV (EEM-ERT-UEV ) fREgiHER .

Hueg “Supervisor Process” fll “WebServer” #85%, “Supervisor Process” ZHue
AUtz , AERNAHIEETE, “Supervisor Process” F1 “WebServer” i@ig
“THRIFT/REST” #[5WebServer FRIN FEi#IT3EEH, WE6-62F7%.
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FENR 6 {EHENR
6-62 Hue ZHIREE
Auxiliary Supervisor Process
Servers(Apps may (Manger Auxiliary
run their own helper Processes)
daemons.)
Helper
Daemons
Supervisor starts the
webserver
Y
Hue WebServer
(Django +
Spawning/CherryPy)
Core Web Server —— Browser
(App plug in here F—\
using Django's
urls and views.) SR el
v
El6-62+ & AR RITNAEN BIANZR6-15F 7 o
% 6-15 SEI9EIHEA
BiR )%
Supervisor SupervisorfazzWebServer FAPPRIHIZEESIR: /Bah. =1k, 1
Process N

Hue WebServer | i@iZDjango PythonfgWebiEZRE2 AN FINAE,
o EFEAPPs,

o RIMER(CBEFRME.

o SHUREER, FHEAPPHISAEURE.

6.14.2 Hue SEMZAHRIXR

Hue 5 Hadoop 819X K
Hue5Hadoop£EE$RI3Z B X R UNE6-63F17 -
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6-63 Hue 5 Hadoop 58

Yarn/MapReduce

Zookeeper Impala

REST

REST

QOozie

Hue beeswax

Hue

WebServer

REST

Hive HDFS

% 6-16 Hue SEHEHHBRIXR

=

Hik

HDFS

HDFSIRHRESTIZEOASHuexx B, FBFEIE. #{EHDFSX{4&,

AFEHuelBAFIBE RN REAERRIECEYE, BISEMAREST
EOIFAHDFS, BiINmeSROER2MEAR

Hive

Hivel2tTHRIFTIZOSHuexx B, FAF#{THive SQL. &EifER
TTEIE

FHue RERIEHQLIER, J_THRIFT};zEHzE THQLIEEE!
HiveServerifiiT, ERHEHITEINSREEMEHF,

Yarn/MapReduce

MapReducei2tRESTSHuexxH, BF&EiaYarnfEIMEE,
HAHuellH, MABERGSEH, UBSHERXIIES,
Huei@iZiEAMapReduce ( MR1/MR2-YARN ) 12{HAYRESTHE
O, KEUESIZTRVRZ, EiagRatE. EfTEEHEER.

Oozie

OozielRHRESTEEOSHuexxH, BFOIETIER.
Coordinator. Bundle, AREINESEIEIGE.

EHueRTIRIRMER A TER . Coordinator. BundlefRiE2E,
Huel@HOozie RESTHEOX T{Eix. Coordinator. BundleiffT

BUEE. 120, MIBR. 1B, Wi

ZooKeeper

ZooKeeperiZ2HRESTIEIS5Hue3zH, AT &EiGZooKeeperTs
£{l:l SN0

fEHueglimERZooKeeperB RS2, HuelfZooKeeper
REST#[SRENX LTI RER .

Impala

Impalaf2fitHue beeswaxiE[S5HuexkxH, FFHiTHive
SQL. HEFRTHIE.

FHue RERIEHQLIES, EHue beeswaxiZz[12ZHQLIER
FlHiveServeriilfT, ENEHRITERBIINSEZZMAEERF .
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6.14.3 Hue FRRIZi84F 14
Hue FREIZ R4St

o TFHEREEEN . HDFSNHTHEESHERNEFENTRY, BAENEIAE .. KiF
MR AFTIREHDFSBRAVFMERES, stERIEHDSFIX 4 airihialAdaflaik
1BATE], BEEhEREXFMERES . BXERIAE .. BaXEFrEES. B5)
MBSz, LUEFED R BEFERHEEINEE.

e MR3|E, FHP#HI{THive SQLAILALIEIR(EAMRS | ZH1T,

o TIEEMIEIR, HueEHBEHRBIFE ., Hue5SHDFS. Oozie. Hive. YarnZEaJEaT,
SZFFailovergy fazioE TEE

6.15 Impala

Impala

ImpalaEEXIFE7EHDFS . HBaseai XIS /Fi#ARSS ( OBS ) FRAYHadoopEiEiR iR
. XERSQLEE ., KRTEAERNZE—FEFEE 2SN, ImpalairfERSApache
HivetBRIAYTTEWE, SQLIEIE (Hive SQL ) , ODBCIRENFZFFIAFR@E ( HuerhaY
ImpalaZigul ) . XA sEEH BN ETRE T — P ABEHKE—NFEE . (EX
TFIAEIENTEWNT, ImpalaieBEXETFTMapReducetaZHIHLAMIEIESS, BN
Hive, EFMapReducetdiZHIHive N EMAELERIE & BT EEITHIHLAL IR

ImpalaEZ4F =0T

o HiFHiveTHIES (HQL) hASHIISQL-92IhAE, EIESELECT, JOINFIERRS
@%ﬁzo

e HDFS, HBasefIMIRFEARSS (OBS) =i, &iE:

-  HDFSXHET: EF o lRfradText file, Parquet, Avro, SequenceFilefl
RCFile,

- [E4EYRARTOEE: Snappy, GZIP, Deflate, BZIP,
o ERIZUEHIOIZOBE:

- IDBCIRZNFERF o

- ODBCIXZHIER

- Hue beeswaxflimpala&ifUl,
e Impala-shell&z$17#EO.
o TiFKerberosEHIAIIE.
ImpalaEZNAFEIRNEAHIRENEZ ST (NBEDT, EERRESHDT) « K&
HEIRIZHE ( BPTADH, XEnK, KigER) 5=,
BXImpalafyi¥ =R, 52 W https://impala.apache.org/impala-docs.html,

Impalafiimpalad. StateStore. Catalog 3N LHR .

Impala Daemon

Impala daemonfJiEiE&Z Almpalad, ZImpalafJZz iz,
Impalad<$2IhEealT:
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o FITEFBRIHIET R L.

o EEHEIRNH,

o (EBFImpala-shelldp<. Hue. JDBCEZEODBCEEFIHHEITE K
o  HLFTHITRBEEHFEMTRMNEIIEKR, BPEERREGEEDH.
o FLIARTRBERRELSRE i,

Impaladi#iZEITIFEEAIFIStateStorelBIERIAIA B CFrENI T R 2R R AT
ESHESIEK.

Impala StateStore

AR EImpalalITIBHZERKSEIRHIE, HIEE Hstatestored, ZHHImpalad
RO FZERR R . MR PG FEE SR EEMERE TZ&AT, StateStorefaZmiBHE
Hftth9impaladi#i2, BRIERD LKAFTRANT =L,

Impala Catalog Service

A= ImpalafITIEEE, HIEZ Ncatalogd, BHIENZHAIZRIFERIImpalad
HIZ. HOUER. IIEEIESREEMBII—LEMHive ZRAVRIEG, ImpalaBEBZHIE
EffImpalad_E#fTREFRESHELZ INVALIDATE METADATARIF Catalog &7
EER. IRTHIETHEE S ImpalafliTh, NAREEHITRIF

Impala SEMBAHFRIXR
e Impala5SHDFSEIRIXER

ImpalaZRAFIFFHDFSIENEMHFERS . Impalai@id Sl SRS
AY%LHE, Hadoop HDFSJImpalaigiit TSI S tRIREFESZES . £MImpala
B E BB aIHDFSHRIEIEH BRI ERAYAE .

e Impala5Hive[BYXE

ImpalafEAHived97TEHE. ODBCIRENFZFFISQLIEI L. SHiveA[E, ImpalaFf

HEFMapReduceHix, BT —1MEFFIPHEMNDHREN, sAE=ER—
BV LT EETRFRE A E. BEitt, ) T{FEHBAMapReducefJiiEiR,

X{EImpalattHivel#,

e Impala5KuduEfy% &

KuduS5impalaZZEerk, E{XImpala+HDFS+ParquettBE . AiFERImpalafy
SQLIEIZMKudu tabletstEN . &), EFFIMRENRE. tbst, EoTLAFIDBCE
ODBC, ImpalafEACIEIEZEKudu{TEIEIRIE

e Impala5HBase[BAIXER

ImpalaZRBUAERFEEHDFS LREIEN M, EF2RAEIMENSIIES,
B2, HBaseALURHIIOLTPHARNHIERERSHEN .

6.16 loTDB

6.16.1 1oTDB EAEE

loTDB ( JBEXMEUER: ) @ — UK. FiE. SESOITYIEME FEIERITIEGR
%, Apache oTDBXRAREENENY, BAStREFIFERITIEE,
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IoTDB 4513

loTDBMTFfiE _EXIAHEFFIEHITHER, 25 (FchunkiRfzfif, KARVRHAIFEUIRIE

AMERE . BT RaftIY, RIGIREUERI—HUE. IR iﬁm, T EEEEH TN

BINEFME, IBADTIASAOMEE. SR FEIRSIE, HTaE SR mISTIESE
ge1, ERNEBSMNRIFNFIBFRIE T #IEN%ZSE, F5Apache HadoopFFlinkZF i

ggp?%%ﬁk, AT LA E DAV BXRIG RS SHUIRFE . SEREIEZEFIS 2 EE
fraaKo

loTDBEMHETMAMIE, HEFZAEEIE . FEEA. HiEEHE. HEEN.
IR BEDHE—FRIIINEE.

El6-64F=7R T o TDBEMRIZERBEMAZ AN RS ,
FryEERAS .

loTDB4FHEE FAYATIE]

6-64 10TDB %5443

N
sevice I loTDB-CLI Grafana-Adaptor I/E Tool
/ Web das hb d to me
e ) d Interactive client command line s da ‘ Batch load and export data
| Devop | I Outl
. % ’ ‘ loTDB ‘ = detect
T loTDB-JDBC
™\ Hadoop/
IoTDB |—>| Sync |«—| [oTDB
Messag \ Y
Queue ) |::> ‘ ‘ ‘ ‘ ‘ ‘ Spark
N S Big data
~— TsFile Framework
T Time series optimized file format
| et | |:>
~ - "/ l T clusfer
o a \
e ) > TsFile-CLI
) / Interactive client command line

o  FFTEILUEIZIDBC/SessiontER BIR R IE RS ERERI FEURFIIRSS 28tk
CPUREESRFINEEIE. HENIITRIBFEIE. NBEFINFEIESERE
B EIE R AIRT R AR S B A e & T iEAoTDBH . AR RILUE BiAEIRE
ESR AN (57 FHDFSLE ) BTsFileSZfE,

o  FFPAILUETSFile XS NFIHDFS £, #mi#EHadoop. FlinkEHUIRLMIB(ESS
A9IGIE,

o  XIFEANEFIHDFSEEAHBAYTSFile3 4, AILAFIATsFile-HadoopakTsFile-Flinki&
%28, fiFHadoopakFlinkiH{TEHEAME

o WFDIFRILR, TJLAS[CIRL TsFile3f4,

e |oTDBFATsFilei 2t THMNAIZFPin TR, #ERFLASQLZ .
PR B AN IEEHIEISTHER.

loTDBiR33 & §EIoTDBServer ( DataNode ) #1ConfigNodefffEtE ., HFHXIREBE
f%%ﬂ'iDataNodeﬂ]HDFS%@,lﬂ%, FELtbiEDataNodeEZ loTDBServer, 4NE6-65Ff
o

B ARz A NE

e ConfigNode: EEfafa, fasiDataNode#iES H, AEIYES.
e |oTDBServer ( DataNode ) : FfiEfat, REHIEFE. OB ANEIRE.
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6-65 10TDB 702244

' l ConfigNode ]—[ ConfigNode 1
ConfigNode

DataNode DataNode DataNode
é SchemaRegion-0 SchemaRegion-0 SchemaRegion-0 E
DataRegion-3 DataRegion-2 DataRegion-2
A y € y |9 4
DataNode DataNode DataNode
DataRegion-1 DataRegion-1 DataRegion-1
DataRegion-2 DataRegion-3 DataRegion-3

loTDB JRIE

*E?E): MER. BHERECEIAREIEZBINEXER, AIEoTDBEIRIERIER R A
Bl6-66FTEEEMRAREN, B) “BHERHE-BI B-RBE-1EEER" . H+
ROOTHIET =, &/%ES @Eﬁ@—ﬁ\%ﬁblﬁ?ﬁ » lOTDBAUIEA#IE, ROOTTSm
BIHFHRR9ERERI “7 EE, LUESS ?éﬁ%loTDBEF'E'J—AE‘JIEﬂF' 5, Bian,
TERAMEEXT N EUETIET_Ir FIZFRA “ ROOT.ln.WfO‘I.wt01.status” o

6-66 |0TDB HiEtEEY

Power Group sgcc

______________________________________ /\\

Power Plant wif03

/ ______________________ | ___________________________ | _____________________

Device

_______________________ /\/\\/\

Sensor status temperature hardware status status temperature
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6.16.2 loTDB SHEftAAHFNXER

|oTDBTFEHIRTEAM, FUEFME LK TFEMTTE . ERLTEERIING
L, 1oTDB{&K#RFKrbServerBif3£i#1TKerberosiAiiE o

6.16.3 l1oTDB FHRI&im4S 14

loTDB FRERIEEISHE: "It
o THLLIEHE, BARE. HE. —REPEL. BE. B K 52,
fEEnE. B,
o THUAIRERE, EREAGTRE, FERRINESIIREH.
o BATEBIMAMMERBNSEN. TWHTH. TMUER. FitBTEmEE.

oTDB FHRIEEFE: 22 INE
FHRFPIAIESZ$FKerberos, BESSLINE, FRMXA.

loTDB FREIEaE4S 1 : AN
TEEENEE N L, IR RMQT TR,

6.17 Kafka

6.17.1 Kafka EAEE

Kafka2— PO HEY. DXAY. ZREIAERET-IJRRSE, S 7TEUTIMSH
¥, BRERit LRE2FE, eBEEHEEEAN. &1L, /. SEFIRXT.
SLRYFFE, ERTELMELIEEIEE, WEARSEEWE . MibiEHRER. &
22&’6&%%@%@?& (EEHIE ) « ARNESAERIENEERMRSAIEIEIED

=20

Kafka ££t4

&77& (Producer ) $&EE & #EIKafkaERR ( Topic) £, i&#&&E ( Consumer ) 1T
XL FFFFEHBEXLSEE . EKafkafERf E— MRS ZEFRFI—1 Broker, JIFE—E
W, KafkaEEBHRB— M BTHEM . FTHAREENS X (Partition ) . BMOXE
—NEF. FAEHGEHERS, FAMMEINEARZAENE ., 9 XAGEEES MR
BE—MRIREIRFE (Offset ) BIFFILERS
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6-67 Kafka 513

Producer Producer

Consumer Consumer Consumer

% 6-17 Kafka £5H9ElHAB

BR 1iAH

Broker TEKafka&ERf F— 1 RS 2EFRA— Broker,

Topic/E&R — M opicHi— 1 EReZE — ] AL BE R, HEI—KF
Bo —MERAUESIM DX, RESKALUFAHITH—TE
JCo

Partition/3X | E—1EFRY. FUZRGHERFS, XA FFRTLASESLHIEND
—MERAE. EPXANESFRERSBE—1TEFNIDS, X1
IDSHFRARE (Offset) , XMRBETLUE—IHESRER

ESPXAMNE.
Producer/47F= | @Kafkaf9ER A IEE,
=
Consumer/id#& | @TopiciTiE, FEBEKAHEIXLETopichTES
=

BIERE KR UNE6-68F7T o
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6-68 Kafka t&HREIX R

Producer 1 Producer 2

— —
— —
—— —

Broker 1 X Broker 2\
/ — —

Topic Topic Topic Topic
Partition 1 Partition 3 Partition 2 Partition 4

— P —— e, S "

- —

1
|Consumer1| |Consumer2| Consumer3| |Consumer4‘ |Consumer5‘ |Consumer6‘

Consumer group 1 Consumer group 2

BEESFERA—NEREEEZRINCES, TS NEEREELEEMTHESEE
HPP—NNBEEE . MRFENERELOIFETRHFSEZEA, SHILMESRAS
REIIEHH X IIE. A EEF, Consumer15Consumer2zZ@ntazitdEm;
Consumer3. Consumer4. Consumer55Consumer6Z Bl AtaEitaE A= . INRiEZ
ELBHEETARRNEEE, WEBSH BEFEEEE . W EESP, Topic1HaY
HE, EFSr #&%IConsumer Group15Consumer Group2di,

K TFKafkaZRAGFiFHRIEN 4R, B2 https://kafka.apache.org/24/
documentation.html,

Kafka [RIH

o HEAEFEHE

Kafka BrokerlZiBRE, SIFALEI#E, ERS, TopicByE1 PartitionBEC
BReplica (&1D ) , B Replican FHEARAIBrokerBm L, LURIESEE—T =
KA, ATLABMHIEEBREITREEE T M.

s SHUE
KafkaBELA T AR A SEEIHE:

HUERLERIE 2L SHEARERERcache, BEBANIIE, TOFBRED
IRFES HEEE

Zero-copy: H/DIORIELE,

HIEtERIX: EENERBEE,

Topicklls3 92/ Partition, 1I25FH&E, ALAHZ{ Producer. Consumer
HEZEANERFLEFE. 588, ProducertRIEFAFISTENEE, BEE
AIXFEERIPartition,

o HEITIH-EAHLH
AN RO ERUHITITIR, FRBpullBISUEERIE, EEEEEULUR
EHIEEEHEEMIEFIERAENRE, EY, ATLUREESERE EiRFEEE
R, plnitE. ESEE, NEBIRFIREES; B, TERBEEEHCARS
FEHESHEBIEZEICR.
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o TIYEM

H7EKafkaERFPol@IT G NNBroker b mLURHE KB =0T . FIEAIBroker&[M@
ZooKeeperi¥fif, miProducerfzConsumer&KzATMZooKeeperBENZiXLEZE(k,,

FELHEZE,
Kafka FREASH

o OfetE
FEfHAt-Least Once, At-Most Once, Exactly OnceiEERIFEEIE ., iHEHAIER
KEZ2EConsumeriptR, FELEAMNBRESLTExactly Once,

o EFHFM
BIRTARMITFRESELE.

o Al

BHBSAR#E, Rt BTFitEEZE NN BRER . BITEEIEEA
{bEIEE LA R replicationfI A B LEEURESL

o %Il
DHARSG, ZTEIN R, BTEEZIFEBES 1 Producer, Brokerfll
Consumer, MMIfZRfHzCRISERE, THEVEITT BARS%.

Kafka Ul

Kafka UligfftKafka WebBg3%, &I R ER RKafkagEBf+HBroker, Topic. Partition.
ConsumerZEINeeERINENMEE, RETIRMKafkalRSFSERGSHRERIEAD . %
IhgefEuKafka Manager&{t, RMHHFEREMEAIKatka WebRSS .

BidKafka UIBTLAEITLA T RIE:

o WIIRENESEERE (&, HEE, FBEE, 2K, 8IFX, B5)

o XIEHFREHITEEASXEMDE

o MIEHRMmEEAEECIEER

o IERMEMIFRER (KafkalRBZIRE 7S “delete.topic.enable = true” )

o XFEAEEEFEMSX

o YIEMNEEANERE

o TLUARREIIFIERLKSIESIMERRIMXES

6.17.2 Kafka SEMHEERIXER
KafkaflEA— 1 NBEAM-UTIRERES, BN KREIEFES N FESZBEIEIEISR

HySERHERE L. JLUSTRERZREINIER, FREGEERINRBEZIS
TR . BRRIX RN T ERR:
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6-69 SHAMHXER

Flume External
Producer
S
Storm Flink
Spark Hadoop

6.17.3 Kafka FFEIEsR434t:
Kafka FFRISREE

o HEFGIEUI T TopicZRkalIAYEIR:
- TopidI\HNFTHRE
- TopicHiHBIFHRE
-  TopidEEHNFTRE
- TopicB#KMAIfetchiEREL
- TopicEB#EMAIProduceid K&
- TopicBIIMNRIBREEE
- TopicB#baYfetchig=kEL
- TopicE#HIproduceimzkEl

o iFEiABroker IDETEIPBINIMNEZER . fELinuxE iR ~, {EBkafka-broker-
info.shZifjBroker IDSTSIPHIXT N X »

6.18 KafkaManager

KafkaManageri@Apache KafkafIEIETH, 2tKafkaERBEFRmEAAIMetricifizFNE
BEE,

EidKafkaManageri# TLA T HR(E:

o NIFETEZKafkatEEf

o WIIAENESERRES (&, HEE, FBE, 2K, 8, 1)
o IFRMNITRIAHIleaderitzs

o (FRERERD XDELUEREFERINS XSGR

o NEHFRENTOXRENSE (ETFERNSXEE)
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o MHIFRMEIEEEECIEEM (ZIFZMKafkahR A EES )

o IFRMEMPRER ({X0.82hRAFIRESEL “delete.topic.enable = true” RYEEEE
~¥F)

o XEHEERSNTENSXDE, HoEEEFEANSIREER

o XEHEIETEHRSIRSITTRAISK

o XEAEEEHEMSX

o NHEHNEFINEE

o  HLUIARREANFNEREIESIRESHIMXEA

o OJLUTiEiEzookeeperdigHids / owner /& offsets /BFAIERE .

6.19 KrbServer Az LdapServer

6.19.1 KrbServer } LdapServer E7RRIE

KrbServer }2 LdapServer {&7}
AT ERERPHIESRRENAIOETINIR, TR eENER . a%2ER
T, EFimNBREFTHOEHTPIEEREZEIFTEBIEMIAILE, BURES
1HHEHE . MRSEEKrbServer AFTEEHFRHKerberosIANIETNRE, LI 7 BT SEAYIAIEA
Gl

LdapServerziFiz 2B RiBFaiY ( Lightweight Directory Access Protocol, EFRJ
LDAP) , JKerberosiAiHZM R IAFEEIERFEN

KrbServer }2 LdapServer 4513
FFRZERINZSINIEINEEEZE KT KerberosFILDAP,

6-70 ZEI\IEH=221

User CASServer ACS Kerberos 1
Iy 3.1 IAE

3 IAIE
1583
7 A
Y Y
4 FREVFFPHE
Manager - Manager WS » LDAP 1
2 5K
e sync
o 9' {h
WebUI Kerberos
e ]
ry
HiEWebUl — B{EWebApp
6 ik 8 FKHAHFE

SHEBAMF

Ele-70n] o R=XKin=:
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e EFManager WebUI

INEZRMEELEET. 2, 3. 4
o ER{EMHWeb Ul

NSRBI SIS, 6. 7. 8
o H{¥ENAE

TAUEZRA 92889

& 6-18 XHRIELRAREE

BiR aX
Manager EE£Manager

Manager WS | WebBrowser
Kerberos1 ZREEManagerdHIKrbServer ( EIE¥MH ) RS, BIOMS

Kerberos
Kerberos2 EREIEEEREPRIKrbServer (A/EZFHE ) RS
LDAP1 EZREfEManagerdifdLdapServer ( SIEFHE ) BRSS, BEIOMS LDAP
LDAP2 EBEESRfPAILdapServer (L55FHE ) BRSS

Kerberos1i5[a]LDAPEE: LA EISE S50 ZLDAP1FENSLAIFONNE LDAP2HG
AL, REEEFLDAPTESLH L TEIERISIRIE, TJLATELDAP1TELDAP2 i

TEYERIEIRE,
Kerberos2if3[a)LDAPEIE: 1SR(ERTLAIAIELDAP1FILDAP2, HIBHISIRIERBEEE
LDAP1SLHIHT -

KrbServer 3z LdapServer [RI2

KerberosiAiE
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6-71 INEREE

Authentication
server (AS)

Ticket granting
server (TGS)

Database (bd2. Idap)

LDAPEIEIZS

6-72 HiEIZUTiE

Kerberos Ldap HPEs odlg=gi

HAEERUE NME

B EINCE:

[ imEmRE A |

LDAPEUERIZ
o LHEEERLEIOMS LDAPEUERIE
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& 6-73 OMS LDAP #iERE

OmsLdap(Active)

A+

T
%

OmslLdap(5tandby)

FIE [R2E T )

6-74 LDAP HiERIE

EHFIEIERS S E: FOMS LDAPEEZEIZOMS LDAP,
IS DAPEUERS

OmslLdap(Standby)

OmsLdap(Active)

{A1{41 dap(Standby)

ZA{#| dap(Standby)

B

»
»

wEREAE |

ez

RREREHIERL S FOMS LDAPEISEIFOMS LDAP, &HLAHFLDAPFIE

¢H{4LDAP,
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6.19.2 KrbServer 52 LdapServer FREIEa4F1E

KrbServer § LdapServer FRERE R4S : EEFRIRSBIAIE

EFERARZESEXAIMRSER Y, (FERSEINHEEISOIEFKerberosZE2ZHI5E,
ERNENIRS (BIGNHDFS ) ERhEEMERIIEHE, S8 cEKerberos3REZAR
SX M AIRRSS 2 FRsessionkey ( Blkeytab, AAFMBERHITEMIANLE) . EtESR
£ (BIZOYARN ) FEEiBIHDFSHEHDFSHHITIE . M. 2. EEIERISIER, ;)
zchRS(J‘F' AYTGTHOST, BFAXRZEIHIEABAILE.

KrbServer } LdapServer FRER R4t : MEBAFFAIAIE

MRSZAMHEE TRBAAEO, BFEFR3E RIS~ RERHFER . ENAFA
Iigd, ZeRiERRE TIEENNBEFAAMEEZO, BFNEBREFIZEIAMIE
5i5ia, flalhadoop-common apit@ftfiUserGroupinformations, 1ZERH T2
ZEINEAPIEO:

e setConfiguration() FEZIRBNINAIEE, RELBZEESH.

e loginUserFromKeytab()3XEXTGT#,

KrbServer & LdapServer FRER RIS : BRAE ST
MRSIZHtF~ManagerZ BN EEINEE, ATIIMRKZBIEESE. 5FIRE.

6.20 Kudu
Kudu@ZHApache HadoopEAH AR FEEIESE, EBHadoopESE SN
EFOEERARYE S : EERNEAEG LIZT, KR E, RSB,
Kudub9igit BEELA T s
o HEASRELMIEOLAPTERRE
e T¥F5MapReduce, SparkflEfttHadoopESEREFHHER

e 5Apache ImpalafUEZ &R, [FEMMIEHDFSSApache ParquettE S ERRYE
YRR

o RHEBEAMRIFIN—HMERE, AFETIREEMERER—HMEER, 8FERT
&R LAY —EUMERYIEIR

o RURINEITINFZEMMEIIZSRIRIFIERE
o STEE

o SAIMAM. MasterfITServersRAraft&i%, ZBIEZOIMHRAERIASDERI—LU
ETTF, tabletfi I LARITIESRIE, 600, MNE3IPEIARFE2MBIART SN EIA
FE3MEIARTTA, Ntableta]F, BMfFEFtabletBIIEIIE, thaTLAi@Eid RiEAYE!
tablet}EfHiZENARSS

o IFEEMCEIRIREL

SESPELU LR, KudufIBREisEZRIHadoop i AR EXELASEIEL T
%;&IJLE’JF' 38

KuduRIRNFBin=A:
o FEERZBFPNEMERFEIAIBIIRSENA
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o [EIZIFREREHIEREIIMNMINET RIS A
o (ERFRNERIFFETERA L EEE R R H R Sk i SCAT IR ERAT AN R

Kudu SEfAHHXR
e Kudu5HBaseRJxX%K:
Ilj;;flbu BRI S%E T HBaseHI4EH), BEOSSCINHBaseiBAVERENIEE . EHAY
BEo
TEITEZRET:
- KuduAfki#fizookeeper, &3 HSLMRaftSRAFIE—E1E
- KudulER WEIRARIKERHDFS, TServersSCIMEURHNE—E RIS .

6.21 Loader

6.21.1 Loader EX[RIE

Loader@fEFiRESqoopZBFRIETL EiH1T 7 —L4 B, SEHIMRSSXEEEIERE. X
HREZERE “HiR” . XX, ERtTLUSEIEN R REEIEREE AR
SERSAEIHDFS/HBased, & RIIKMHDFS/HBaseSHEIX R B H IR TE S 4

RS2+,

LoadertZBYFZE HLoader ClientflLoader ServerfBpk, NE6-75F7.

6-75 Loader t&8Y

Loader External DataSource

Loader Client - ;
RMDB Files
WebUI @

kS

N

/'{ Yarn | —-{ Map Task ‘

A

d148/5 4

kY ¥

._l Reduce Task

HDFS

il
|||
\

Loader Server

FEHEERRITIEESIAIZR6-19P 7.
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& 6-19 Loader t2EY4HRY

BFR A

Loader LoaderfIZ= P, BIEWebUIFICLIRARIRZEHRH .,

Client

Loader LoaderfYiRSSim, EEINEEEE: IBEFIRR(FIER. E1EEE

Server SEF0TTEUR . IE3XMapReducefEllFNIEIEMapReduce/ RIS

REST API SCIIRESTful ( HTTP + JSON ) £:00, AMEREZEFIRINRIFIERK

Job EEAEIRAERR, AR TLoaderRIL,

Scheduler

Transform HIRRINMES |2, TIFFREH . TR FRERFE.

Engine

Execution LoaderfEA #1475 |88, SziFLAMapReduceST#iTLoader/El

Engine

Submission | LoaderfEMR3Z5|ZE, STIFBIEIIREZEMapReducetiiT,

Engine

Job Manager | &E¥2Loader{Fll, EIFEGIRIEL . EEEW .. EHHIELW. MIBRIE
b, BEEN . EEGEEL .. BapfEll. =E1EfEIl,

Metadata TTEIRCE, FETISTELoaderfOiERESE . HIREE . RIS

Repository | &,

HA Manager | &12Loader Serveri#HfZAIEFIRZ, Loader Server@ 29T =,
AEBEHLEE.

Loaderi@idMapReducefEAELIMFHTRISANSESHFWAES, FRZEPNSEANETL
{EAlmTEE R B &Maplt e & [T Map#Reducef/iEg .

LoaderfEH3FIFAMapReduceStHIE s, HEMRIESHATRMES, ATLIEIEE.

o HBESAFIHBase
fEMapReducefEIAIMapBHERFR MM ER SRR IMENEE o

fEMapReducefFilAyReducefiEgH, 1ZRegionBIMEUSEIEIFEA#1AIReduce
Task, Reduce TaskMMapiEiEE, SAGIRRegion&ERHFile, fFHIEHDFSIIGRT
B+,

EMapReducefEAVHIRRIMER, G HFile MGt E RiFEZIHBaseHEH .,
o RS AHDFS

fEMapReducefFIrAIMaplitEz R NHNERELREIRIRENEGRE, FISEIREmLHEIHDFS
IBRERT (UL “@/ER-dtmp” a8 ) .

fEMapReducefFIVAIIRRRINER , X HMIRETBRiIEBE@EBRP.
o HIRSHRIXRBEEUERE

fEMapReducefEAlAIMapPiEE, MHDFSE & HBaseRENEUE, ASBEIEE
iITIDBCEE BN EIGATEE ( Staging Table ) &,

fEMapReducefRIVRIIRZMER , HEHEMIGRIFRIEIRRIELXEF
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o HIRSHIINHERS

fEMapReducefFllBIMapiER, MHDFSZEHBaseFHENEIR, AEEBHIES
NEISZ R SS 2= IImRT B 3R o

fEMapReducefFIVRIIRRINER , X HMIGETBFRITBRRERNBE R

LoaderfYZEMaFiFEMIRIBNA, 152 MW https://sqoop.apache.org/docs/1.99.3/
index.html,

6.21.2 Loader SEHMABAHRIXER

5lLoaderBRBXEAIAHEHDFS. HBase. Hive. Yarn. Mapreduce#l]
ZooKeeper, LoaderfE A% FinfEAIXLAHAIFELINEE, WFMHEHUEEIHDFSH]
HBase, MHDFSFIHBaseZRiZHIE, ERfLoaderABHE— MapreduceZ itz
FF, SER—LEIESASHES.

6.21.3 Loader FREIEsR4F

Loader FEIEEFE: HIESASH

Loader@EFFRESqoopBHHIERM BT T —L&4 B, BT B ASqoopHRAMEREE
BRITNEESS, BFAR T U TFRIE RS :

o IRMHEURR(LINEE

o XHEEFAEERIRTE

o ZHFMSFTP/FTPIRSS 2RSS A HUREZEIHDFS/OBS
o THEMSFTP/FTPIRSS 2RSS NEUERIHBase®

o  ZIEMSFTP/FTPERSZ 2SN EIEZIPhoenixZ
o  ZHEMSFTP/FTPERSZZESAEIEZEIHIveZR

o I5MHDFS/OBSSHHUEZRISFTPIRSS S

o IFMHBaseXRSHHUERISFTPARSS 25

o ZHFMPhoenixkSHEIERSFTPARSS 28

o XEMKXEBHIEESNEIEEIHBaseX

o  IEMKXRBHIERESNEUEEIPhoenixk

o IEFMKXRBIHIEESANIIETHivek

o TFFMHBaseRSHEIERIX RBHUERE

o XFEFMPhoenixZSHEIERIX R ELHURERE

o  X#iMOracley XKESANHHEEIHDFS/OBS

o  #FMOracler XESAHIETIHBaseFk

o TiFMOraclen XESANHIEZIPhoenixE

o #EMOraclery XESAHIERIHIveX

o IEMHDFS/OBSSHFUEZIOraclen X &

o TiEMHBaseEHEIEROraclen X%

o ZiFMPhoenix XS HEIEEIOracle s XFE

o HER—NEEEA, XIFMHDFSEHIESIHBase. PhoenixZ&FHiveZ®
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ER—EREA, TiFMHBasefIPhoenixZRSEUEZIHDFS/OBS
SAHUEEIHBasefPhoenixZkATz 35 {FFbulkloadFput listFFh 5 z(
XIEMSFTP/FTPESNFRERERIAZEIHDFS, FRRSIFSAX A4

235 MHDFS/OBSSH B EEAISHZEISFTP, FRRSZIFSH X AIIEH
sequencetg=, 314

SN (SH) XHES, TERIHHITEIRRIGET, SHSHIRISEIUAdkSZE:
RIPRETEC

SN (8H) XHEY, IHRSERIEIE REWFHIHETRE

SN (SiH) XHE, SEEHITEF, WRMAXEREENNY, TG
FARAMHE ( rETE)

SN (SH) XHES, STLAXIHEHITIZNE, SiERN R R 2@ R A FIIEN 2=
AR

I ESN/SHETUES
YIRFETUES L REE. XEFEEHoEEE
SFYMERER (R ALZRNIP

6.22 Manager

6.22.1 Manager EA[RIH

Manager IJ&E
Manager@MRSRIEHEIERS, AABEEHNNRSIRER —NERFSIERE

ManagersZis ARMEERIIIMRERIE . . BPEE. fUREE. &Hit. kSE
. REE. AEREFE.

Manager Z5f4
ManagerfIE{AZIE L TANE6-76FT7
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6-76 Manager iZ1522#4

Web Ul

e oo

|
QMM Agent Node Agent NTP Client

MRS Manager

ManagerEHOMSFIOMAZERY :

o OMS: BEHFRFNEETLR, OMS—RERT, BERNES.
o OMA: B{EHPRFEFHIREEDR, —REST,

El6-76Fh B EERATIS AFANZR6-20F 7 -

% 6-20 A SS1ELRIAA
TERETR 35

Web Service | 2— 1 EFEETomcat FAIWebfRSS, 2{tManagerfhttpsizl,
BFEEREesiEaManager . ERHFZEE T SyslogFISNMP1
WRIIbEEENBEST

oMS BIEHIPRZENEET S, OMSTE—RERY, BEAES
OMA BEHIPRFAPIIREET R, —RE21.
Controller Controller@Managerf9fz=#lduly, RECRRBERFFRETR

HEE, Si—EMRSEHEERETR, l«i&ﬁ"\ ERWREMRSEERF
EERARFES, FEKERFESHNIGEE, RS
BEXTREZER.

ManagerfJiZHIEiE, AESMEENFIINIT

1. Web Servicel§SMEEIE ( L3, E”'?HER\ BREES )
T&ZlController,

2. Controlleri§a< iR, PERBIMETAEIE—"Node
Agent, BIENBEEI—1RSS, SRS ABBFILA,

3. ControllerA R HEIEE— M oIERIHITIB R -
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s

Node AgentfFEFE8— &=, EManagerE BN H=AYE

apog

BERR o

e Node Agent{EATI = EEFERIFTEAHEF S ControllerXE, £
MENERHZ SRR,

e Node Agent;ZControllerXIEBEEIZTI = LA —IHRERVE
gezs, HiLFREControllerfIIfge.

Node Agent&fE3¥mControllerRiX OHHMER , AIFECERTE]

Ef@ .

RRICRFITAE. fEManagerfUI LE— N FEIRERE, &5
MMNAYEITEE.

MEREISIIERR, HES—OMA LIRS IEEUREFHRME,

iEféI}J‘ﬁ“éﬁﬂ& o LEASFFEOMA LRI E ER=EIC 2R —MERE
;E Ij_‘ o

SHEER, BEE— I OMALRNEEHRMES,

OMA L HMEEIEIEFIEZRIAgent, AEUWEIZAgent Node EHY
MR EIENEEHIE .

F—INERLY, EFEWeb ServiceRIEE1ECASHITERIALE, NS
251@IT URLBE shHkEEIABICAS,

MIREIERIR, SEAFMAPENR,

RFMAFEEEER, SERFRREFRERAFE.

HOMSEEEHEEE—1

e OMS KerberostefttB m &R M Controller5Node AgentiBliAiE
A9IHEE.

o fEBfrhKerberostEBHFRAFLEINIEINRE, HIRSZRA
KrbServer, B&mihAELH:
- KerberosServer: IAIEARSSES, AMRSIZEZEINIEFER.
- KerberosAdmin: E1EKerberosFHFHIHIE,

EOMSEERHZERIE— .
e OMS LdapHFBFINIHRHEIEFE

o ERfRYLdaplEIOMS LdapiiEfn, ERSZSEWHA
LdapServer, FEsLfljgSlapdServer,

Managerf9#liERE, REFEAT. SEFER.

TANEEER, FROMSEZHARTERESE,

EHREFR
Node Agent
1AM

PMS

CEP

FMS

OMM Agent
CAS

AOS

ACS
Kerberos
Ldap
Database
HA

NTP Server
NTP Client

—'%—
RERESERAST RRIRFRIH.
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6.22.2 Manager <#84514%

Manager Xg2i51t: S—IsiRgE

Managerf2tal it . ERAVMIZSZEINEE, AP A LARIEIRENEERF X2 It REistr,
FIFNERHRERTS, RHEMIEREETIIERNERIIBE M IEREIRE E T %,
Managerf] isiZFr B BHANEITIER, FHAEMPEITSER EIREE . BT REAYEXLES
B, BPRILIEEMREETISZIRERIFMATSE, HITHRIERHE,

Manager Xt —RAFBIRER
Managerigft R Z BN REFEIEINEE
Manager5|I NS, REARBACHIA XN RZAHITIIREIE, EFZTNEER
SZHZAGHTEAIRINGE, FEBZNMAEINRLNRES (BIAE ) B9fA
0, RGE—NRFNRER . XEFE—FEXEERF R 7 AR R EEMT,
%;EENMRS%ﬁ%’“’IEE%’%TWBE%IEE’\J};TM’EE%, BH T RETERN S AR
FBF{AL .

Manager X{@i5M: PA%R

2{ftManager WebUIS2BEWebUIZ [BIRIERE R, LUINRMRSEE =75 RKFEERMATHY
BAER,

LY INEESR— T ManagerRE AP IAGRAFRIEERIAIE. BNRR(FERLDAPEER

P, {#HKerberosH{TIAIE, FHEOMSHIAAEIZ{EFH—EKerberosFILDAPHIESIEH

#, BECASIMESER (BIFRRERNELEY ) . ARREEER—IX, B

A fEManager WebUIFIZR{4Web UIZ[8], BEEB=7 R EHTEFSHILIRE,
ERARERES,

MR

o HFLEEE, CAS ServerFELRBRAFPERBIITGT ( ticket-granting ticket ) 209354,
o WAF0EAAXTE ( BiEManagerflZB{FWebUl ) #HTIRE, REBNEE.

Manager X4l : BalEBERESKE

Manager/s FHFIRMAEHNIRFIZTINEEIMCERSS, HBEIAFREN—E{RS
EITRREKCHMELT, RERFNERERT, BRERHERS . BREERES
RiE, TISEEEREATFERITESHT.

Manager X§243i4: HPSE
Manager5| N\ T 2RI, EEHAEICPU. RIFIRESRIE, TIESHL
&SR, XNMESHHMEEF . SN TRNERRIRSHER
ZHHPINEEIFERARIAFIRER, ZIFaIAR0RINARERES, TMRENRES,
B LARSRE PRI B R RFFE R RS TS E B SR,
o ITEXRFEHEFYarnESMIIRIE, aILUESUESBATIRIECER, HEEESEMNT
ERIRSFIERSIT -

o FERIFEBEBISTFHDFSTZFE, AILURINMFREFHDFSTiERR, REBRIIX
M SR A= EECE
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Ma nager{’Ejj MRSHIE—FEFEIEFE, APUUERELRIBWSEE, T&EEf+
BIEEAF . SEHEF.

o QIEFEFISAMEIEEFAYNAIAE. ITERFMFESR. BOABERT, #
It ERRNEERRNEEM RS D EcAEFRIAE
o (EMHEFPITERERENEFERIR, WNAHEXENRGENE.

ManageriZfgfft ¥ ZLBIRITNRE, ERPERIREHFMSIREAIH=RFRILURIE
FiHBase. HivefSparkiEf4. ZLBITNRERNAXA, AILLEEFHNEA.

Manager X4l : BIESH

ManagentGIN TN ZBEENZE, RABMRENENSENESRIFZE, BRPN
BHE, HBSREIRESEPNAT, ManagerE RPN RE; LNSREIXRES A
Z2HXAT, ManagerE~ENRE. BRBILURIBIESREF, EREAL FA—E
¥t R ({XMRS 3xMEEMRASZIF— R R )

6.23 MapReduce

6.23.1 MapReduce EXRRIE

(] ¥ B8
WNFEFEAMapReduce, EHRIRMRSERFHEZHadoophRSS .

MapReduce;gHadooplJtzily, EGooglefRiRI— M4SN, FIFAMIREHESE
(jC:HTB) RIFHTIEE, B “Map (BRSY) " 0 “Reduce ({tfa ) * REERR
i’JHYE:.F é&ﬁf*iln I:I&QEEJF?B* 11:11:10

SRR SEELRIEE— 1 "Map (BRET ) R, FKIC—BREXIIRET N —EHRRYE
155(9‘, IEEFAAIReduce ({LfE ) R, FARFIEATEMRSIHIRENHZHRER
—\HO

6-77 SIUALALIES |

. Update |

p&sg“s Job Tracker
'_I:
’7&

Json
—Rpe Blocks
CRy ad

-
Reduce ’ 8
- >
e
Map 3 — Data node 8 @
L Data node N

v Reduce ’
Local Write - Output

=3
@e? Data node
[ — ?\90
I Map
H- HDFS

Data node
L Blocks

Local Write

Job Status

Data node T

splits

MapReduce 2R THITAMEREIRERIIHAESS . MapReduceRIRIRE R 4 IRIEH
AYMapFReduceiR# . MapER#EIEZ—HEREFISHEIR —MR/(EXITIR, BN
PRI TR N —ME/MEXS . Reduce EREUEZMapREERLRITIR, ARRIEEL]
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HIE%a/)\2/([EXI5)%E . MapReducei® TIEAES D EHEIFEIREHIERIGES, XH¥F
FRGMARESRERS A REIZTHESS, DR MERERK .

BZ(ER, i5&@MapReduce¥ifs.

MapReduce 553

UNE6-78Ff7<, MapReducei@idsLIYARNAIClientFlApplicationMasteriZ R ZE]
YARNH, FIFRYARNEREITEREER.

6-78 Apache YARN&MapReduce BIEARZEH

.......................

Node
e anager

Active ./ \

RN Rosource - + R Node
Manager i Manager

‘ Container

Node
Manager

Standby

Resource
Manager

TaskAttempt Status ——— g

i ResourceMznager |
StateStore ;

Application Submission == === -
Node Status >

Resource Request

RM StateStore
operation -

Leader Election ——

6.23.2 MapReduce SEfBAHAIXER

MapReduce ] HDFS f9x&

e HDFSEHadoopRHhANHES, BESHENSEILEANMNFE, ITLEREEN
BRERRVE £, FRNAEFIEE, E5RBANIRENNARER.

e MapReduce2—FimiZtRE, FFREIEE ( KF1TB) BFHITIEE. &
MapReducefZ I+ ERIEIERTLIREZ 1M EURIR, fLocal FileSystem,
HDFS. ¥iEESE . &xERIEHDFS, FFAHDFSHSEI RN AMIERIEIE
BTIHE, RRETERAE, BaLUSEIEEFEEIHDFS,

MapReduce #1 YARN HIXFK

MapReduce2iz{TEYARNZ EAJ— MBI EHEZR . MRv1ZHadoop 1.07REY
MapReducesLHl, SHREREE ( #|IBHEZEO ) « =1T0IRE ( HobTrackerfl
TaskTrackerfBR% ) FNEIELIES|E ( MapTask#lReduceTask ) =EBOHK . IZAELRIE
TR, Bt (JobTrackersEsa ) FIBHELESZHF ((ZHFMapReduce—Fhi+EiE
50 EHEEFEARAE. MRV22Hadoop 2.0A9MapReducesEll, SEBRBRERT
MRV1BY4RIZEBLANZURLIES | 2L, (BiE1T7RIRE R YARNAIResourceManager#l]
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ApplicationMasterfHpk ., EHResourceManager2— NEHIEESER%, M
ApplicationMasterlljfaZEMapReducefEALAIZIRI S« (E5X5 . BRBIETESE
ES5aEEIE.

6.23.3 MapReduce FFRIEEIFIE

MapReduce FFEIEE4FE: JobHistoryServer HA 45t

JobHistoryServer (JHS ) 2FF&EZEMapReduce FFESZEERIIRS 2R, HaiFhE
JHS ST 5 SEIARSS - JobHistoryServer HABEfSRRIHSER At fERY, N FEIAIE]
MapReduceiZ XX, SHEMANBHRITEMINAS, MMIAKIEFMapReducefRSS

SR A

6-79 JobHistoryServer HA & AIRAVASEHERITIZ

IEEEATIRE

Daemon A Daemon B

FEfhits

Daemon A Daemon B

e

JobHistoryServersna] Atk
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o XHAZooKeepersLIl = FikLEFNFIE .

e JobHistoryServer{$FBiZnlIPXIIMEMIRSS -

o FB/IHSEAI, 3TIFHAIEESR,

o [E—MZ, RE—NTEBEIHSHIZ, BHLESNHSEBIER—XEHh3R,
o XEHBARE. IOIFE. AR BERES,

MapReduce FRERISG @4 : tFEIRIEMA MapReduce BY Merge/Sort iiEEF
MapReduce 144E

TERR T MapReducel EEH TIERIZ

6-80 MapReduce E

InputFormat MapTask |Sort/Spill Fetch Merge Reduce Task OutputFormat

InputHDFS QutputHDFS
!
1 >
1
——————— 1
split 1 -
split 2 ¥
_________ J:—» part 1
split 3
split 4

6-81 MapReduce {EL 1 TIHFE

Copy phase “Sort” phase Reduce phase

map task Paritions, sort reduce task
and spill to disk fetch

buffer in
memory

merge on \
disk

o \]

partitions

output

C O\ 1
\ Mixture of in-memory and on-disk data

f? \\_’
Other maps \* Other reduces

ReduceidiEN N=PAREEE: Copy. Sort ( LR KFRFIMerge ) KReduce, 7
Copyid#2H, Reducer=itMNodeManagersikEXMapsiYiaihFHFiEEARFHER

SCA%hRA 01 (2023-11-07) IS © BB AGIRAS) 30



MapReduce 5%
FmE

6 BHENA

th, ZESHTShuffleid?2 (BE&Sortf&Reduce ) , XMIFREFRENFIHIMapsiiit
HITFEF A F S HAGIRMSReducer . 2lobBF K EAIMapsiiiHEELMERYAT
%, Shuffleldf2IGTSIEEFRER . XN F—L4FERIES ( lfhash joingghash
aggregationZEBAYSQLIESS ) , ShuffleidiZRRIHEFFHIELAA . {BREShuffleZNEAIA
WIURITHER, FRIAREXT b TH50H .

s EIgItMapReduce APIBETIEIR, BEEEIFTITILLEEMESSKASortiTiE.
Sort#ki], KEXMapsib#IELAG, BESHEHtH EReduce, BR T HTHIFT
IRBEASME, XS URARREIEA T K& 2 SQUESRIZER ..

MapReduce FHERIERSFIE: History Server (Bt RHEE/NSFEIRE

B{TEYarn LR ERITRES, NodeManager&ifidLogAggregationServicell
FERNBETWERIHDFS £, FMARMSHRGHMER . BEKESIHDFS ELUSH
HistoryServersEi# T4 —HIBEEETE, LogAggregationServiceE s HERT ST
containerF=4 AN B EEHE— N BE G LEZEIHDFS, T—E2E Ll
HEXHNHE . EEMERABIESEICRISEE L, SKAIE/9ZE1T, HDFSIKA
SHEIGFEIBE XS ZHER

PU— 1205 =it a6, BOABIEREES (158 ) WIEF4£918008 BENE,
i FANameNodeif 18GHFE=SE], FERIHEEHDFSHRFRIMALIRE -

T U EEEIHDFS ERY B R EIZEFIMIPRAIFER, EIEATLARIAHadoop
ArchivesTREXIWIEERY S B R TERRIE

B3t

fEHistoryServerdrFfi&AggregatedLogArchiveServicetEil, EHIICEHEBRFHIX
B8, EXHEARIZERER, BIESHTEETER, HETmEMEE
BERENE, LUBAHDFS ERISEEE .

REBEE

FFHadoop ArchivesASZHF7E ISR THIBRIRIE, R EE BRI EEMPRER
NS . BidfEAggregatedLogDeletionServicetEiR, KRB HEPERHT
NBEEEREYE, BFEREESHEBFESY, WEEZIEAER.

JFIEEERIE
Hadoop Archivessz#FURIE#EDIEEHRIERS, EURIKEES, ZHistory
ServerRIMEAEXHARZFEN, HEiEBURIEEEE))FE A FEIEEERIE 34
MBEEXHE,
(1] ¥ 88
o AINLE@iSAAHDFSHIHadoop ArchivesIhagtiTAEITRY ., B FHadoop Archives)IRHHFE
SR ERHFAIT—IMREABER, FRUESXHITEEIESE, SE—SMRITIC
Fo
. ;ZIQIBQEUEI*%E’\J HERRTFHEKEINRE, AR EEHTERENSEABRETARGEASE

6.24 Oozie
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6.24.1 Oozie EAX[EIE
Oozie &7}

OozieR— MEFTITIERSIZHIFHRIESS, BreisiRMITHadooplEANES AR S
=R

Oozie &4
Oozie5 |#2—1Web AppiFE, EHAEMEITomcatd, KApg#iEE.

ETFEXtZtWEB Console, iZConsolef 2t T0ozie TERIIEEFNSITINEE . Eid
Oo0zieXFIMERESTAAIWSHEED, Oozie clientBITiZiEOIZS ( BE). (SIESERE )
Workflowiiitig, Mgk, izfTHadoop MapReducefE55, dNE6-82Ff7Ro

6-82 Oozie #E28

Console Client

Qozie Engine

E o 2
o WebAPP(Oozie) | Hadoop ZH{%

Tomcat

B6-82hZ R AITHAEIRABINZE6-21 o

 6-21 £ENHAR

B iR

Console RIIIOozieMIZMNEB N IEIZINEE

Client BEigEOEHWorkflowiitig: AILABMITIRRAIE, Bilinig, 1=
Tmig, 21IEWE, WERESFIRE.

SDK B A TEBSDK ( SoftwareDevelopmentKit ) S+ Ti2
IMARFAFERREE . TGRSR . BT E. BIERRSEL
NABHHIARE TENES .

Database POEHERE .

WebApp WebApp ( Oozie ) BlOozie server, ATLAAAERTomcatd

( Oozie) 25, WolLAASMEBRY, ICRAVE B B EEMIEpg#UiEEF

Tomcat TomcatfRS35 22 R ERFRFE(LABRIWeb R FAARSS 88 -

HadoopZB{4 F" E#iT00ziefmHERIERIZMEM, BiEMapReduce. Hive
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Oozie [RIf

Oozie@— A ILIFif5IEMRSEE, AT ziTMapReduceffS3 TR, RRFOozieiltE—

“Nava Webi2F, a{7ETomcatFeE+,

Oozie TERIBEISHPDL ( —FiBEXMLEEXLIBANES, ZE{UBOSS JBPMAY
JPDL ) k#3i&E., & “Control Node” (®#EHINITERT=) . “Action
Node” ,

e  “Control Node” FIFEHITIERAISHE, 0 “start” (FEH) « “end” (%
) . “error” (BEHSE) . “decision” (iEE) . “fork” (F47) .
“join” (BH) &,

o OozieTIERFIMEZA “Action Node” , fliMapReuce. JavaZ,

FrBRY “Action Node” LABEIFIAEIDAG ( Direct Acyclic Graph ) BUEXERE
1217, FRLATE “Action Node” BUIEfTEB EREAMEAY, HE— “Action
Node” =752 E A 881517 F—1 “Action Node” . —B 248l “Action Node”
5ehk, iziRSEIEEIEO ziedv iz, XAJOozieN SLARIMFA AT IIER
g T— “Action Node” , EIRITERRAETE “Action Node” #B5HY ( 5%
BIEEM )

Oozie T{EIRHESEELRY “Action Node” FIFIFREINWSHEE,
MapReduce, HDFS, SSH, JavalAMOozieFiRiz.

6.24.2 Oozie FFE& iRt

Oozie FHFIE AT : LR
XiF00zietRER, BUEER SLERFHHEE.
SIS EBREH, HTTPSIHEMREITAS.

6.25 OpenTSDB

OpenTSDBE— 1 E T HBaselI723 7%= . AI{BRFEHIRTEIFIIEIERE . OpenTSDBAYIZIT
Bt REAMMEERPHRERER, FULHHRNMRES, BREEK
IR B AIEE P EAFERIEMRE

OpenTSDBHEAYEIFFIFIFIHTE ( TSD ) F1—HasS1TLAREFRAEM . SOpenTSDBRY
REFEBIEIT B NTSDREI . BNTSDEEIRTZIAY, REERS:E, 28
HERE, REITLMRESZIZTESHERITSDREIEEREIR N O RE .

B TSDfERCloudTable&B¥HRIHBase R FEFIMCRETEFI AR . EEETS
B, AIRERSHEUAINEFS, MNmEXRERRDFiE=E. TSDRIBFA
EEERPOURERE. SRLUBISHTTP APISTSD#ETEE . FTEBEEAEER
— iR L (TSDBEEFCWEIRIRI LA FIRAES FIRAIMNY ) o
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& 6-83 OpenTSDB %243

Application Application Application

[
|
HTTP |'| HTTP / HTTP

OpenTSDBERIZRBIN /L MER:

o RERBIERE—MNE<EBE—E, REERNEENRXR.

o GERYEIREARENERMEWINTS.

o EBHBaselEHEM, RIFAVBRMEESES.

OpenTSDBIZEEFHTTPRIN BIEFRIZEN , LISSISIMNIRFRIER . JLFRE

OpenTSDBI}J CERnIEITAPIAE, BlIANEGRTERIIEE, SETEIRTIFMEEE
=, ¥EBEZ2MW: https://opentsdb.net/docs/build/html/api_http/index.html,

6.26 Presto

Presto@— M HRIVARPRZEX S HEIINSQLEINSEE, AFHEISEMANIEIER
HirxERothEE. EEENETE8 *’J{tﬁ}E/#éiﬂ{%éﬁE DT IBESHH
IBRE/IRE. ETL. Ad-HocE B2,

Presto R1FEIHRIEIEREIEHadoop S U ER S (HDFS ) , Hive, HBase,
Cassandra, *RHIEFEELEHIEFIE. — 1 PrestoZ @] LIBAESREEIER, H
TEHIERIIEIRST.
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6-84 Presto 224
Presto
Metastore
Presto
Coordinator HDFS
Prestod th o HIZ1TE—MEEEFR, & —CoordinatorflZ{"Workeri#tiz, &M
Z A (EIR0CLI ) 3235%Coordinator, Coordinatorif{TSQLAYRRITARIAE AL/ TIT
X, AR EFIZ N Worken#ig EH1T.
BXPrestofiEHMEE, BS W https://prestodb.github.io/shttps://
prestosql.io/,
Presto 5L/l

MRS IFAAIMIERIEREEIA L ZEPrestoZ 345, Bl—NCore/TaskT m &2 4
WorkersLfil, 558I8Worker1, Worker2, Worker3--- , Z/1"Worker=E{FlitES5
Coordinatora EHUfTITEAESS, 1BELIRESLAI, BEIEAKKIRS T =X RAYRI BERFIT
BHHE,

PrestoZSEEURFRITARMERGINE , SRS RRBIF4N LS.

B ZPrestoSfEZ{EEIES % https://prestodb.io/docs/current/installation/
deployment.htmlzhttps://trino.io/docs/current/installation/
deployment.html,

6.27 Ranger

6.27.1 Ranger EXRIE

Apache Rangerigit—MEFRLZ L EIRES, RUFE— ISR —HItEEH. BT
AN Hadoop&E S aHDFS. Hive, HBase. Kafka. StormZdt T4k FERIEUE
ihiaEEl . FAFRILAFIFERangeri2AYRTIHRWebUIEHI & BT e B8 X SRS K= HI A
PRHXLEBAHRSTEIRIR .

RangerZ2t@4NE6-85Fr7~
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6-85 Ranger #4514

Atlas LDAP Unix

A

TagSync

| — ! Update policies. Store audit logs.

) - Audit Store
R — . (Local FS/ES)

i
! 5
T Store policies.

A 4

 6-22 ZEHIENHAR

ZR fEiA

RangerAdmin Rangﬂ'ﬂ’]’éi@%@, HERKEE. APEE. HitEE
EIhRE, =RHWebUIFIRestFulizEO,

UserSync REFEHMNIINEBEZBFIIBARAEEHEAN
RangerAdmin/,

TagSync =AM INEBAtlasiRBRISIFRZEEHEAN
RangerAdminda,

Ranger [RIF

o BffRangeri@ff

Ranger A HEM T ETFPBAC ( Policy-Based Access Control ) RUIRETEIR
%, AFEREHBESRFNENUEML . RangertBid-E#BERABHNEHSRIENIE
IZI?I” sk, FAFf1ERanger WebUl EXJ15Eserviceig EMNPREEHE, Rangeridft

EHAMRangerAdmindt EFTSRIEHEFEAGARM M, SBEEFREREE
L%%Z%Hj Rangertfiff SXHiERPIETHRIBFEREPHITINE, BERERE

e UserSyncHRF[E®

UserSync/EHAMEMLDAP/UnixREIZ#EZEIRangerAdmins, HhZEtE M
LDAPH[EZE, JELEEXNUnixPEE . BSEXKARBUSSIENX, SXES
[BAfAUserSync RS BB ETEMNAFARE, SAPIEBFPABERER
BY, UserSyncA&E£iZZEEIRangerAdmin, BIRangerAdminsh AR &[G
Iﬁo RNTIREMEE, UserSynctbAsRE & BREAFAIAF4EZEIRangerAdmin

o HZ—HEIT
Rangerfilf SIFCRHITAE, HalHEit AEEENRSISAHIE .
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o SOIFEMH
RangerszfERangerAdmini¥E, - RangerAdminERHEMIRS, (F=—
RangerAdmint &R &2 M@RangerAIINEE o

o Sitee
RangerigfitLoad-Balancegé ], B@iFNILEEEHERanger WebUIRSLoad-Balance
SENERHFIRER/)\EIRangerAdminIIRHARSS -

6.27.2 Ranger 5EtHAHHIXER

Ranger AfE{HREtE FPBACKSEIUGE, SUAIHIRSINGIT, BRIsZi¥Ranger il
RULBIEEHDFS. Yarn, Hive. HBase. Kafka. Storm#Spark2x, & XiFESHA
1

6-86 Ranger SHHRIXER

HDFS Ranger

i \\‘\ Acce )
Plugin g ss HDFg File/Foldey
.o Tables
pocess HVe \e°
<&
; X S Y\%"’%B
Hive Ranger ‘\\‘ . . P&Geee
Plugin -~ 3 By
Plugins Download
Defined Policies from
Centralized Policy store
HBase Ranger NN e :
Plugin SRR T ’\:--‘\"-"-""-"--"-"--"-""-:‘ Ranger Policy store
Plugins Write to

Centralized Audit store

" Ranger Audit store

6.28 Spark

6.28.1 Spark EAFIE

Spark &7

() %88
SparkB{HERTFMRS 3XZHIMRA o

Spark2—MFIRRY, FITEURMIEAELS, RESH BN ER. RENFA, F—HIK
HIENA, MEEHITEELE, RLE, RERDTEFE.
Sparkigt T —PRIFRVITE . BARZEXEIRRINESR . BEtbTFHadoop, Sparkifig
BARAIEREMNEE . SparkfERin-memoryfJitE AR, BIdXMHAIREE—
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Spark &5t4

MapReduce T{ERFPRIZMES XS B— P EIEERTITERAIIORRIA, Spark®H
ScalalES3L, ScalagElg(FEAMED HLEIEER, REBGEIEACEIRE—E., B
TREXEIESHT, SparkifBeisZiIFRERHIEIEIZSIE, AT SparkEETHRERN
ITE, RAEGIEEHE, MEEERENOREREEHERRA—DEEHTERT
B BRILZIN, SparkgBigiziT &% Hadoop 2.0 Yarng9&Ea$. ZFrLASparkgeiB 1t
BMapReduceFiatE, BRI, oI EBHESIFHINER, BERBFRIEEEIISRL,
FEBRZICHERZIO, FEFEEIEISparkliE T —HNUMHRDD ( Resilient
Distributed Dataset ) BITEMSF LT

EENSHXANFMS, Flilkey-value storelAREIER:, TIEXTF oI ToRZSHILRL

EEf, X—mEREHETENHIRNE BENEIIRTROREESEE . XHERH

SERHIEZRENN T ERTRAZEIIOHHE . MXTFRDDEKIR, ERE—EZIRHIAY
2O, (CEHERENSER, fltimap, join&sE, BidXMA, SparkREEFE
AICREVHIENEIRIZENEE, MASRENEIESE, sietiRiatEtt. X

HURRYALIRSEC R R EURENR . RTFHTER, BEEN— M AEIEERNFEHE

BERYITESTE, Rtz aiREAER ENEFRIRHIFHEEERPRIK., BL L, Spark
IEX &R T RDDZERILMEAZMARITEES, HlsiMapReduce, PregelEHI%H
FEER, HE, SparkERHEM TIRIEARITFEF EX SRS RIS A EIER .
SFEIEAM, SBIAIFRFERETERICENEE, EFEIES XM,

( XA —NARFEE, e RN BB T XSRS SR B

BRHETIESR ) - MNRAFENEREI TYIERE, SparkiESEXELLRANS XS
NEfER, LSRRI B,

SparkBEBUI TR

o RIE: HUEMIEEES, EkMapReducetR10-1001Z,

o SM: tJLlEidlava, Scala, Python, fEERPERAIREFHITHIRN AR REIE
£, Sparkigt 7B 80MANRERF R BB R EHHITIER .

o EiRME: SparkigtTARZBHITE, HlaNSpark SQLFISpark Streaming. ATLATE
— MR, HEGXLETEHTES.

e SHadoopfRl: SparktisEiEiz{TFHadooplIEERE, FHAELISEIEIZEIGE
A9Hadoop#UE .
MRSHRSSHISpark B EE LA :

o  MRSHRS3AISpark StreamingZB {437 15 4E LRI IERE DA FERT AR -

e  MRSHRSBAISparkiB{43z#FStructured Streaming, Sz3FDataSet APISRIGE RN
A, Rt Texactly-oncefUiEN 215, MANMAYjoINIRIE I MIERANINERS

o  MRSERSZAISparkB{HziEpandas_udf, BILAFIFpandas_udf&{tpysparksh[Esk
AOUdFRISUR TR, BTLUR/D60%-90%94MNBRTE ( SEAIRIEET ) o

o  MRSERSAYSparkiBiFZiEGraphIngl, SIFETE(EFREITEE,
e  MRSHRSZAISparkSQLIERERD Hiveidix ( LAHive-Test-benchmarkillift&E EAY64
ANSQLIEGME ) FIARESQLIEX ( LAtpe-dsillitEE FRI99MNSQLIEAIIE ) &

SparkBYZEFIFIIEMRIENE, 1550 https://spark.apache.org/docs/3.1.1/
quick-start.html,

SparkRYLEHIANE6-87Ff 7, SHERANRIAINGE EAEZIHAFR .
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6-87 Spark £5#s
Worker Node
Executor Cache
.
Task Task
Driver Program /
— "
SparkContext |« »  Cluster Manager
\ Worker Node +
Executor Cache
=
Task Task
%+ 6-23 EARMEENRA
iR 5EA

Cluster Manager

SERIETHEES, SEERPIRIE, SparkSIFS e ETERS
SparkB8 .-pEl’JStandaloneEﬁéiEnn\ MesosaYARN, ZRZ2K
IASRFIYARNEER .

Application

Sparkizf, E—Driver Program#1Z>ExecutorfHpk .

Deploy Mode

ZBEER,, 9 HclusterflclienttE,, clusterf&=, ~, Driver&
EEENINT RIETT; Mitclientf®X R, DriverEEFimIE T
( &EBE9M) o

Driver Program

%Sparkﬁ_"iﬁﬁﬁﬁﬂ’ﬂiﬁﬁ, i=4TApplicationfimain () BEFF
Bl§ZSparkContext., AN FBEFRIEIT. SkStageFFEE
TaskE|Executor k, J %SparkContextﬁ:iDnver Program,

Executor

EWork Node FEEIAGHFE, AEMITTask, SIBEFHLAIEMNF
F{EREIRIEIE . — 1N SparkN Fi—ARE &2 MNExecutor, B
ExecutoriZUDriverf98s<, FHIT—EIZ M Task,

Spark NMIZ{T/RIE

Worker Node £t R EEHEIEEXecutorA R B RN =,

Job —MActionEF ( ttflicollect®EF ) XIR—Mob, HFTIHE
BYZ P TaskéBRK o

Stage @AJobEE%/\StageﬂEE B/ Stage@—"Task&ES, HDAG

PEIMR -

Task FEEWSSBEIZESTT, 2SparkES LTSN {8
TTo — M NARERTIHRILRITEE S BZ N Task,

SparkBN A1 75294 E] SparkRBIEfT2REFR, 1B1TniEl FAR:
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1. NAFER (Application ) 2EA— M MHENESIZITESERE LAY, HADriver#iT
1A .

2. EE{T— 1 NEBY, Driver&aXiEiZERFETESE ( Standalone. Mesos. YARN )
BiBIE{TExecutoridiE, FHErExecutorBackend., AGHERF SRS EARBAIN
BZEEAERIE, DriverAifSEaINBZFDAGEE .. Stagekls>. Task&R o

3. SRRSpark&SIEN AR ({&i#aSparkContextidJARELE PythonE X A
3 ) &ixZExecutor k.

4. FRBERITaskiT5ERE, FFRINRREFEITER

6-88 Spark R iz 72244

| Spark client (app master) Spark worker
Your program RDD graph
sc = new SparkContext Task threads
f=sctextFile( *._."
f,fmzcr{fx) e Scheduler Task
count()
Result
Block tracker
Block manager
Shuffle tracker

Cluster manager
Master i Worker

Spark3XFIMasterilWorkerf9tEt,, 4N0E] SparkfYMasterflWorkerFi~., FHFTE
SparkZE FimiE3z N B, EAESRISIobDRINB N Task KiEEIZ N Workerd 11T,
Z 1MWorkeriZitEV4ER LiREA Driver ( BlMaster ) , DriverB&4ERIREISAZEF
it o
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6-89 Spark A9 Master 1 Worker

Worker

Input Data

| RAM

Worker

Input Data

results

o NAZIERMIZAY,
BT NAEECHexecutori#iz, ExecutorBsZNN&iE, FTHHITES. T
CEEAESHE, ok RexecutorSH,. A Driveri/iAERCAMESS; ARERY
MNABESIEITEARRIVM E, BENARRBEHRIEXecutor,

o Z:ﬁSp;arkFﬁﬂiZfEU%Z:JZE??ﬁEE'\J, BRAEIEEIREEEINDIFER S £ (tetn
HDFS) &

o [RADriveri2 SR LAEESS, FrlADriveriz R FIworkerd mELEIA, LU
WE—MERREEBNEA .

Spark on YARNBREFEIER:

e yarn-clusterfZz{ T, SparkAIDriver&iz{TTEYARNEEREHAYApplicationMasterit
24, ApplicationMasterE&EaIzfE, RBRESHEFmERHBARSRIES
BE1T.

e yarn-clientf8z{~, DriverBoifEEFixHIEA, ApplicationMasteri#iz H K
[ YARNEEF BRI R o

Spark Streaming [RI2

Spark Streaming2— £ Spark LRYSERTITEIELR, ¥R 7T Spark B AHIME R
HUBRIBEH . HaiSparkSiSmMEUELIESAR

e Direct Streaming

Direct Streaming AU EEEII K MADirect APIXIEIEHTIE . LAKafka Direct
EONBI, SF51— 1 ReceiversRELEAR KM KafkaspIZIKEIREHE ANEIWALF
18EL, Direct APIfEjERIEEE EE " batchXBIFE LR ENE . ARG, 81
batchf%JobiRizE1T, MXIRRIEERIEIETEKafkaPEERIF . XLREBEEFEEL
oI ettt fF fEEcheckpoint3 {4, NAXWERIOILAEEZRREEES
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6-90 Direct Kafka ¥R E

Spark Streaming New Direct Kafka integration w/o
Receivers and WALs
Driver K"_E"x.\
T T Query latest offsets and

~_ . decide offset ranges for batch

Launch jobs x"‘---x.:'“‘-x..k

using offset N

ranges T~
Read data using offset rangeé“"'*f
in jobs using Simple API

Executor < | Kafka

FETERIRZ, Spark StreamingRJLATERM S EHT I KafkasRisEER AL IR E R
Eﬁ%‘mé’kﬁﬁ AFE NN IE—R, EFTIENERINEEELAMAMIENERE—
Fitt, Direct APLERR T EE(FHWALFIReceiverstIIE R, BifREMKafkaidH
{NIZW—X, XFMEEINE . {F15Spark StreamingfKafkam] LARIFHhEE
BE—R, MAKR, XEHEERGESEREaREE. BRERZH
4, ELEHEFF{FERDirect Streaming FTUAMREE

Receiver

E— Spark Streaming N FAFFIART ( tEatEDriverFFiaRT ) , HBXAY
StreamingContext ( BRERINEERAIENL ) {EEFSparkContext/3sIReceiverpf i<
HE1TES . XEEReceivertZINFHRFREIEEISpark IFRLAANE ., FIFPEX
HERY A e EIHRUNE6-91 FiR:

6-91 iR EHE s EHE

Application Driver

Executor

Input
Block metadata stream

Streaming Context Receiver <:

Computation ‘
checkpointed

Block data

written to log OIZI — D<>
O Block data Q \
written to both
@, memory + log Log
e SparkContext O 00

Filesystem

Jobs

a. EWHIE (Eessk)

ReceiverfSEIBRD A—FRII/NR, FiEZIExecutorIFEF . 59, EREEM
SH& ( Write-ahead Log, fSifRWAL ) LA, ZiEREFHEABAFISE {4
RZRIMEREH,

b. @XNDriver (Z&&5L)
EIR PR TTEIER &% F DriverfiJStreamingContext . IXMNITEIBEEIE:

= EfEEExecutorAFPEIR ERIHRReference ID,
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" EERATWAL, EEERGEEASHRIREESR.
c. AMIEHE (I&EEk)

T MXAIEEE, StreamingContext{§EABlock{ZE=4RDDKEob,
StreamingContexti@Bid iz TES AL IR ExecutorAEFAIBlock K11 T)ob,

d. FEIMRRENES (1B8EFXL)

RTBEMEE, StreamingContextEHAERNEERE S, FHIREFRISME
NIHERSH,

Bt

Spark &2 ELRDD 781 4IRS RE R Worker T5 s BIEFE ., &F Spark Streaming
$E FSparkz b, EtEWorkeri Rth & T EENSERE . A, BFSpark
StreamingfKIEEIETHR, HNBEFVABERZMDriveri#ig (#MEAZSWorker
HEBRNAEHE ) BEEFIRERIRES . [FSpark DriverfgisBiE 2 RBFNEHS,
AR IR EEATMIERRFIEF .. AidSpark Streaming M FRfZFEITE L
B HENGEE: EEiUREIEREME TR SparkitE . XA 1B
FEVIRZS (BaYffCheckpoint ) EHAMHBRFRIRI ERFE=EF, FEDriverEsT
BEIRTIREIZIRES o

XFFIFXEFAYEEEE, X DriverfkENNHIELMMEIZHIRESX, ENRBRIZIEED
(RFE TBEHDFSXHEHENS B XER AP, EXTFERKafkaflFlumeZFHMEIER, &
LORIWRINHIBE REFEARAFP, SREAIE, BT ESLK . XEHTFSparkii
B HIRIER NS EY. ZHDriveri#fZLMAT, FrE7ECluster Managerdiz{THY
Executor, ERENGFHFAEEIE, tHENHELL, AT BRXMEIERSEK, Spark
Streaming3 | 7 WALIHEE

WALBEE AT HIRENNARSAT, BARMIEHUSIRREISANLE, BISSRE
IEA—MFANERS, BIEUERINX MRE. SHEIHRMFASEFRITER T, U
BRI S H EHEINRIEEERRE, RAMGE THRE . TENME T ITFIA
XIS R R RV SRR A .

Kafka#EiR{FEFHReceiversIZWEIE, RExecutorfIKIZITES, RENEIERIZ
WERE, FEARERSIFNERERIAKEIZIBNER (KRINSIERIREE
Executorf7Es, SASDriverfEExecutoriz{ TSR RIS ) o

SERTMERELE, FrEKEINERERINMREE T FE XA RFRNEEH

B, IEBIRD{ESpark Streaming K, IXEARWEINEIREASER . I, FWEIE
HIEHE RERIES TSR HELUSReceiver 7 A, EREFELIERENEIE
BJLAEDriverEF BN Z fEREIERBRE—R . X MIEIRER T ZHIEEKL, BIAT
BRMIERENESHRE, EHBIERER .

NRFECAMEAEINEE, LB FanfFsEIl:

e BT “streamingContext.checkpoint” i&&checkpointfIBH=, XPMERZ2—
HDFSHISZ{4B81R, BREFRERTERAIcheckpoint, X AIEREMERE.

e &ESparkConfily/EMt “spark.streaming.receiver.writeAheadLog.enable” A
“true” (BRIMER “false” ) o

EWALKERLIG, FiBReceiver&f3kiS 7 REIS M ATSEWEIRVEHEFIRERIINS . 2
EFRDDEISARENSFMIEIN, FARTMEHSHNFEXXEHRESRRTEHLEST
ﬁ;@ o
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(AR

EERTMERELE, MERNETRS

BFE. BTAERIEBREATEXHRSR, XM

EENBANENLRMATIRESHIMEHEEE, JRENSEEIRIT . EHERT, ZiXelE

BEZHYReceviertENNEIEIZIHIFFT

KSR

H—NEMAIDriverEFRT, BT RIZE:

6-92 ItEIKERIE

Restarted Driver

Restarted Streaming
Restart Context Recover block
Computation { metadata from
from into in log
checkpoints
Relaunch
Jobs

Fault-
tolerant
Filesystem

Restarted Spark
Context

1. &EItE (Besl)
A checkpoint{SE &S Driver, EFFi&SparkContextHEfSReceiver,
2. kETHIER (FEsk)

NT RIS

3. RERIEWVRIEHER (LI&sEk)
ATRMMmiR BB AR IE, BERIRERITTEIERIX £ RDDFII AT

rdl .

4. ZEERTFEBTHRIREE (@)

EXEARIAITES, REUEERMIE ASHiEE . XBIKEERSHAI SR
FRIPTE L EEIRE.

5. BERERHAEE (£E5:k)
KA 2B RFE BSHNEFHIRSREIERBXAIE . EHReceiverEARITH

1119\

., SkEFEFRIRELUEINS

Restarted Executor

Restarted Receiver <:

Recover block
data from log

DDEIm

ERSAREL N RFTL BRIE B TTAURIRED IR S -

BN RBRIEIER,

Resend
unbacked
data

S—

? Log

Fauit-
tolerant
Filesystem

E LB TRE HEF ] §249Receiver, Spark Streaminggia] LURIE S BEAEIESH
FDriverf9kMimEL .

SparkSQL #[1 DataSet [FIE
SparkSQL
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6-93 SparkSQL #[ DataSet

DataSet SQL Query
i Spark SQL i i
i . CLI/ !
| JDBC
i Apache Spark :

Spark SQL2Sparkd B FEC EIERMBAIEER . TESparki B, BJLAT4ERY(FEF
SQLiEfATRakEDataSet APIX A EERHITEI .

Spark SQLLEAK DataSetid gt 7 —FBRRYIARIZHIBFEIA, AlihRNEIRRS
#FEHive. CSV. Parquet. ORC. JSONFIIDBCHURIE, XLEARERIEIEEZ EtaLL
STIMEHEIRIE . Spark SQLER T HivelIRIimAM B EFN TR ISR, [FFESpark
SQLETLAEEXIEBIHiveHURHITEIA

559k, SparkSQLIRR TIELNAPI. CLI, JDBCHFEZRENO, MNEFIGIRESIHEANR

Ho

Spark SQL Native DDL/DML

Spark 1.5hRAKISREDDL/DMLAFS FERIHive T, 1B T SHivelV384, BE—E
EELAERE (LHIEBEATEREE. £R5HER—E) .

Spark 3.1.1ARASCIN 7 d S RIAMAL, {EEFSpark SQL Native DDL/DMLER{tHive#f
{7DDL/DMLA&FS . —AESEEFAIHivelIf# R, S—HEYULLA GRS HITESIL .
DataSet

DataSet2— 1 HUSEHAINNRAKIRERES, B IINRe s X RIGMEF1TiEIRE

FRINTR . B DatasetidB— N IERBE], BIHEZNYERMAIDataSet, FRA
DataFrame,

DataFrame2—HZNFIEMIIEIIMRIDHNEIRES, SRTXAEEREFR
—okE, EEER/Pythondfydata frame, DataFrame&Spark SQLHIREAAIHL
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=, JhliBdZMrsleE, fInEaaIsiEeE. Hivek, SNBEUEESER
RDD.

nJFHFDataSetB9i{E S TransformationfJAction:

e Transformationi{ERT £k FTAYDataSet,
map. filter. selectflaggregate (groupBy).

o ActioniZB{FRIftRItENIREICER.
WMcount. showzAIXHRAESHIE.

BEERL TR EEIE— 1 DataSet:

o IR L2 @id fEASparkSession_Eiread AU SparkisMFE R F LAIE
%SZ##
val people = spark.read.parquet("...").as[Person] // Scala
DataSet<Person> people = spark.read().parquet("...").as(Encoders.bean(Person.class));//Java

o EHEEEFERIDataSet EAJFfItransformationi@{EsREIFREIRSE
Blan, FEEFERIDataSet £ AmapiRFREIEHTHIDataSet:

val names = people.map(_.name) // {§MHScalaiES, Hnames}i—/ Datase
Dataset<String> names = people.map((Person p) -> p.name, Encoders.STRING)); // Java

CLIFQJDBCServer
Fe T APIRFEREE 2SN, Spark SQLIERTSMERCLI/IDBCEEO:

e spark-shellflspark-sqUifi &g ] LURMCLI, LMEFEIE

o JDBCServerkeﬁitJDBCthl HMEBR] B 1EIBIE &K DBCIE SRR SRk LA EIERTIT
*D%’F*ﬁ'o

SparkSession [RIH

SparkSessionZSparkéRFZHI4t—API, A EIERIZEEIERIZ—ADO,
SparkSessioni2ft T — M E—BIN O RSKHATIARI D BES N EFPRIFZRE, HE
ERFPLRIBRIRIR M TiHRE AL, UIHERIERSME.

(ERIEE s s 63 SparkSession ., WNSRFFESparkSession, (HiEsSENERMER
SparkSession; WRARFENELEIZE—SparkSession, 7EI/OHRIE], TEHIEETIRE
ECEIUE BalEZ2ISparkflHadoop

import org.apache.spark.sql.SparkSession

val sparkSession = SparkSession.builder
.master("local")
.appName("my-spark-app")
.config("spark.some.config.option”, "config-value")
.getOrCreate()

e SparkSessionB] AR FXIEURBHITSQLEIS, IE4ERIRElIDataFrame,

sparkSession.sql("select * from person").show

e SparkSessiona] LA F I EIZ{TAIRIECEIN, XLEERAILATESQLPFERTEE
iﬁo

sparkSession.conf.set("spark.some.config", "abcd")
sparkSession.conf.get("spark.some.config")
sparkSession.sql("select ${spark.some.config}")

e SparkSessionfiE— “catalog” 7ix, HPEEFEAMetastore ( BIEIER
x) BBEE. HiEREERNEIESE, TTLERERRIDataset APIRIZIT .

val tables = sparkSession.catalog.listTables()
val columns = sparkSession.catalog.listColumns("myTable")
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e JEESparkContexte] LAiEid SparkSessionfySparkContext APIij31al,

val sparkContext = sparkSession.sparkContext

Structured Streaming [FI#

Structured Streaming 2t ESpark SQL5 £ FAYRNEIELNIES |12, FFRTLAER
Scala. Java. PythonzfRfAJDataset/DataFrame AP TAREIER SizE . KHH
AEIEOE. WikoinR(E. LiREIBELAMRIF4RT, Spark SQUERIEE
BY. BRI IR X LIRS ERENINERED . BT, RFE8idcheckpoint
FIWrite Ahead LogstfRinZinAITE— IR IEBEFRIE .

Structured StreamingBYZ/ O MHEIEE L — K RBTENNAOEURER, XMRTU
AOEHRAN RIS BY (L) FEUIE RN IEREY, o] LUESSEURERN— S8R EN AT
MIVITES, SparkBITHRERISQLEIE, MAKTENNAITLREZHIRENEUE

6-94 Structured Streaming FTiARZE

Data stream Unbounded Table

new data in the data

stream

new rows appended

to a unbounded table

Data stream as an unbounded table

F—EEINRIERSSTE— SR EResult Table, B— MK, HFRHVEIEH
1BRIZRP, HSmZEHResult Table, TICARIERERE T EH, HREETRMAIE
REAN—MIMNBRIFERSR
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6-95 Structured Streaming B4 IBIEEY

Trigger: every 1 sec

‘_/
I I I -
data up to data up to data up to
Input t=1 t=2 t=3
result up result up result up
Result to t=1 to t=2 to t=3

i H B ﬁ
complete mode

Programming Model for Structured Streaming

Structured StreamingfEOutPutfHER BT LAE X ABRYEiES 0, BIT3%:

Complete Mode: ENEMAIGERETHSENINGDFE . BEKRNENRIEIEH
HERTENE R FHIEIZEE ST

Append Mode: HAt[E)EfERtARS, RBE7EResult TableFHSINAIEIRI TS M

BNINEBEE . XM RERTEREFELEFENNBTARERERZIE

RTE, IREEGFENHIESWEN, TESEAMAE.

Update Mode: id8)[EfgAtARS, FBETEResult Tableh#EFHIIEIES SIS
NINEBRBE R G, 75, FlComplete Mode SRR Z B AEFHBIEREAR
SBENIMNEBFE o

Spark B RNERHE

RDD

BNEEtE S fEEEE ( Resilient Distributed Dataset ) , 2SparkA9ZOHES, 819
2—1TRIEN, IRMSHNERESE, XPIEENEE T EBD I IUEFER
74, EZXITEEER,

RDDRI& K :

-  MHDFSEIAEIE, st SHadoopIeBRIEMEFERFFMNEIE,

- MARRDDIHRSEIFIRDD,

- MNEUBESKIEMEK, BEmEH.

RDDAYTFfiE:

- BPOLUEERRNFERSIEFRDDLMEEA (RDDE1THEFHEHRS ) -
- ZHBIRDDENAZRFETHE, (BIARAFAERN, RODEHHEIFEF .
Dependency ( RDDEJ{Ki )

RDDAVEKER DB/ EKERFN SRR o
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6-96 RDD BY{kit

“Narrow” deps: “Wide" (shuffle) deps:

map, filter groupByKey

i

J
\
J

|

join with inputs co-
union partitioned

join with inputs not co-
partitioned

- B{KHi: IERXRDDIIB— D XRZH— 1N FRDDHIS XFRH
- Bk $5FRDDHIS XK FXRDDHIFAIELX o

BRI RER . 1255 L, 51 RDDIIEFEFR—Mork/join ( IttjoindE_EX
MjoinE+F, MEBELESMNFHITESHIbarrier ) @ BiF&forkBIEN DX, 85
f5join, #AEfork/join F—1"RDDHVEF ., WIREZENFEIWIESLT, 2RAEN
19: —=25—'RDD ( EMFEERHEER ) HEEYHEINFFiES, BITET
i8; Z2joinfEAZBEMbarrier, ERBEMN, SHRIENIBIN TR, NRF
RDDAY> XEIRXRDDAIS X2, #rlLASLELEAYfusionflilt, BFEA
fork/join&A—1; WMREENTIREFFIEREME, FaILUBEZ/ Mork/
joinFFA—1, RMERLS T KENEBbarrier, MELTEMLEZHELERDD,
PSR AR FHERE . SparkiBiX MIUMTRKEZ ( pipeline ) it
TransformationfJAction ( RDDHEJE(E )

STRDDASRIER & Transformation (IR[EEIAZE—RDD ) FlAction (IREIEAR
2—1°RDD ) #&## ., RDDAVIEERIZAE6-97 . HfTransformationiZ{E2
Lazyfd, tBFL2iRM— RDDEEIEE LS — " RDDANEIEARAR S L31T, SparkfE
1BFTransformationsiERT R SICREEXHEAMNRIE, HASEWT, TEEER
BActionsiEEMIHEA SEIEBshitEEEHTITE . ActionsiBESIR[EI4ER D
ERDDEGIESEITFMERZP . ActionsEfitkSpark SalitERIIE .
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6-97 RDD 1&/Ex1l

[RAEIR=E
8 | :
1 I
1 1
=hE Scale E&#EsR Scale ImEzs8
(HDFS) ~ :

Input F

Transformaton &% -
Action BEF 0 s -
Cache ¥

Spark RDDZSjd]

RODEEFRSScalafE B XEIRBAKRER, (BHIEMIZTREARESR .

val file = sc.textFile("hdfs://...")

val errors = file.filter(_.contains("ERROR"))
errors.cache()

errors.count()

a.
b.

C.
d.

textFileEFMHDFSIZERHES A, R[Elfile ({£/IRDD)

filterEF 5t “ERROR” 8917, MRt&errors (${RDD) . filter&EF2—4
Transformationif{E .

cacheBEFEF FRIUBRKER.

count&-FiR[ElerrorsAY1T#, count&FE—ActioniZ{E,

Transformationi®{ERTLAS AU LFhEEY:

WRDDAYTTEREETTE,

WA —, BERRDDIIHPREMFRLT, TEEmap.
WMABE—YE, BEERDDIIHXEHFT, flatMap ( mapEH—1NIT
ETA—MEESINTENFY, AEERFEA—IMIITE) .
WANEIE—3—, (BEERRDDIIS XEHALE T, Munion (/P RDDE
=, PEXEZAFEANRDDOXEZF ) « coalesce ( D XIEL )
MEBANFIEIRED TTENEF, Wfilter. distinct ( XREESTE )
subtract ( &ARDDH . HMERDDFEAITTERE K ) Flsample (F#£)
WRDDHITTE JIKey-Valuedd,

JHEAAPRDDI—X—IZE, WmapValues ({FFBERDDIIP KA, X5
mapA@E ) ;

XFER/NRDDEHE, lsort. partitionBy ( SEMI—E4AISZ KK, XARIE
EAMERAREE ) ;
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T MNRDDE T keyiHt{TEEMreduce, UlgroupByKey. reduceByKey;
X RDDE Fkeyi#1TjoinFIE4H, %ljoin. cogroup,

(AR
E=FMRFERS R EHE, FRIshufflesSiR .

Actiont&{EnTLAS HU0 I 1FH:
- HpiirE, fcount (IR[EIRDDHITTEAINEL ) . reduce. fold/aggregate
(REJLMRE ) | take GREFILANTE) -

- HEpEScalafEBZEE, Mcollect (ERDDHFHIFFETTEAEINScalaEGZEER ) |
lookup ( EHXIRzkeyBIFFEE) -

- BANFiE, t5aitextFileXd R AYsaveAsTextFile,

- EBE—MEESEFcheckpoint, YlineagefFaHi<ht (XEEITEFIEL
4) , HENEFNTENFIIERKE, JLAEREABCheckpointiB
BIEIEENRERFE, FANES,

Shuffle

Shuffle@MapReducetEZEFRI—MEFERIphase, /vFMap phaseflReduce

phasezZ g, MaphYigitEEREW Reduce(FART, B—RiHBEREEIKkeyld

7w, FESARZIXIMNAIReducer £, X iIREREshuffle, BT shuffleiZ R E!

THERIESHIMNEREE, EittshufflelEElSREEINE T B NMEFERIZ

TR,

TEEMiEA T MapReduce BiERIENRIZ

6-98 EiXiniE

Map Stage Reduce Stage
Worker 1 Worker 1
O G LR
G,
\\
(o) : >
Worker N Worker N / 4
RO e
O
(IR S B |

B2 _Eshufflefil@—NIBEIEERAIFE, LhR_EshuffleiX—3Ro 2UNMaISCH
AIE, TEFLLASpark St f#shufflefESpark RIS

Shufflel2{EiE— SparkiYJobs s Stage, BiEIAIstagesSBIFE— B
ShuffleMapTasks, Efg—" stage=8IE—1PEZMResultTask,

Spark Applicationfi94544

Spark ApplicationfI45HaRT 5 AFERS : #liafkSparkContextFIE AR

- #0%ateSparkContext: #3#Spark Applicationf9iz{TIAE .
tgg&SparkContextXds, ul:

new SparkContext(master, appName, [SparkHome], [jars])
SHNE:

master: EEFFEHR, EZEHNElocal. yarn-cluster. yarn-clientZ,
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appName: #J2fJApplicationZFR,
SparkHome: £E8fFhZ4cSparkiIBE =
jars: N ARREFCIBFIKERE
- EAER: IEEEE
23 Applicationf9iiAIES M. https://spark.apache.org/docs/3.1.1/
submitting-applications.html
Spark shell&z$
SparkEARshellfn<, IFERSparkiif, ap</9:

./bin/spark-submit \
--class <main-class> \
--master <master-url> \
... # other options
<application-jar> '\
[application-arguments]

SHER:

--class: SparkRZFHAYZES .

--master: SparkFBFFmEEAImMaster, Ulyarn-client, yarn-clusterZ,
application-jar: SparkizFBHjarB AR

application-arguments: 323ZSparkii FBRIPREEAISE (TLLAT)
Spark JobHistory Server

FF s E iz TR E [ SERISpark B ESparkiEZR E 1B ERAY AT LA R de it
AEER, SERFREMNEDETR. BEEMERIEL.,

6.28.2 Spark HA 5 =N

Spark 256 HA FIESSEIA R

EF 1 XEHEHIDBCServerEat £, RAZELHEXLMTESTHAMR R, EEf
P IFEATHEFZ N IDBCServerfRSS , B E Fina] LBV IEEEFAUEE— RS
BT SRE, BNEERfh— 5B DBCServerfRBELET{E, AN, E S
E—E gz OEEEMMIEFEAIIDBCServerfRsS o

ZSELONRTBLLERRANHAL R, MBEEFIEN LA TRIL=RAIH .

FHEEBEXT, IREEHVIRN, SFEE—RBIVERIRSATA, %8
JDBCServerZo; X3z, BURTFYarnfRZBHIZIRIE R -
SparkmiEid 2L FHiveServer2fiThrift IDBCIRHARSS, FAF B BeelinelAR
JDBCEEO AT, [ELtb)DBCServer SR AYAMERENEURF I ServerfIEmaE, |
TEEAE,

RAZELFURTAIHATS SR, AMXATLANEEE SRS RRTROIEEE, SEHBRSS A
kDRl IRRTLAEE Y REERFRIES F ARRE

SCHISEE
ZELAIRELHIHAT ZEIRI FEFR.
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3.
4.

6-99 Spark JDBCServer HA

S o S

2. Ust=<Thrift Server URL>

JDBC Server-1

AR T AR AR CERIN T

NodeManager NodeManager NodeManager NodeManager NodeManager

JDBCServerft/aziiY, [@ZooKeeperiZFMIBSER, HIEEERHPEATR, T
REETIZELATRAIP, kO, IRASHFIISEER.

ZFiRiEREIDBCServerid, EEiEENamespace, BlifialZooKeeperlliNERT
HYJDBCServersefil, TEIEIZAIAHR, S MNamespace FREHIERE—SEAIERE

2 g IEREIDBCServerfi53 /5, MJDBCServerfksS&1£SQLIET
JDBCServerfRSZHITE PinAIXRISQLIETE, BERREISLEFin.

EHABZEH, BN DBCServersLEf 27 HERRY, JEP—PLAIFEFRE
Srhirhs, HROAthatiES 2 PIRINERISR.

ZE LGS EEELATRN:

é’l—/\*mf#ﬁ BHERY, HASLAIRSZELSLH EHSE, BASEE L)
izt sS

%JDBCServeri&%ﬂ%ﬂ:Hﬂ‘, fE&7EZooKeeper ERIHERN T 5= .
A& FiniERREZ GRS 2N, JetaEMSIEEN D EAISRIE
5, el aEs [ResLAlapy A E A9,
SLEANGEAEDS (BIENEEABESHINEPREE ) B, HAZEE
FEATATIE], BTELLSER) b7 SErIRea R ELM .
URLIEENER
- ZEELANER
ZELHERAIZ P iFIEENZooKeeper T SFHIAE, EREXTNAY
JDBCServerfRs5 . EEFFEA:
= ZeiERT:
KinittAMEA =, FAYJDBCURLAN FAf7R:

jdbc:hive2://
<zkNodel_IP>:<zkNode_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_P
ort>[;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQo
p=auth-conf;auth=KERBEROS;principal=spark/hadoop. <E## 5 >@ <E 415>,
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(AR
e Hrh “<zkNode_IP>:<zkNode_Port>" £ZooKeeperfJURL, ZNURLLUE
SiEFH.
fign:
“192.168.81.37:2181,192.168.195.232:2181,192.168.169.84:2181” ,

o EHrh “sparkthriftserver2x” 2ZooKeeper FIIBR, £EREFIHENZER
TRENLEEHRIDBCServersEfliH{TiERE

=~ Z2EH B BeelineZ FIRIEREITHITIUATHS:
sh CLIENT_HOME[spark/bin/beeline -u "jdbc:hive2://
<zkNode1_IP>:<zkNodel_Port>,<zkNode2_IP>.:<zkNode2_Port>,<zkN
ode3_IP>:<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooK
eeperNamespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark/hadoop. <EZ1#Z>@ <E%#
&>
KeytabtAIEF5 =X, FHYJDBCURLAN RER7R:
jdbc:hive2://
<zkNode1_IP>:<zkNode1_Port>,<zkNode2_|P>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_P
ort>/;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQop
=auth-conf;auth=KERBEROS;principal=spark/hadoop. <&KL & >@ <EZ 1S
>user.principal=<principal_name>;user.keytab=<path_to_keytab>
HErh<principal_name>Z7<FF{EERBAYKerberosFBFAIprincipal, &0

“test@ <KL S>" , <path_to_keytab>FR<principal_name>XIi
Akeytab3Z (48842, ¥0 “/opt/auth/test/userkeytab” .

- EEELT:

jdbc:hive2://

<zkNodel_IP>:<zkNodel_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_P
ort>[;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;

=~ ZiEEN @ BeelineZ FIRIEZITHITIA TS
sh CLIENT_HOME[spark/bin/beeline -u "jdbc:hive2://
<zkNode1_IP>:<zkNodel_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkN

ode3_IP>:<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooK
eeperNamespace=sparkthriftserver2x;"

JEZELpE

2 ELHEXRIZ P imERENRE MEEIDBCServer i = o IZIRTLRYERS

FRIEBEELLZ ELANERIEIE X FZookeeperfISEIN
“serviceDiscoveryMode” #1 “zooKeeperNamespace” ,

Tl 2R T iBidBeelineZ FimERIFZ ELANSHRTHATLIA TGS

sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://

<server_IP>:<server_Port>[;user.principal=spark/hadoop.<EZlHZ>@<

R #>;saslQop=auth-conf;auth=KERBEROS;principal=spark/

hadoop. <RZ L E>@ <R At 5 >"

(MARY:
e EHrh “<server_IP>:<server_Port>”" E#§EIDBCServeriysZHJURL,
e “CLIENT_HOME” 2I5ZEFiRigZ,
ZEIpRER5IEL ELFIEXFHFMEICAYIDBCServerizO1BLL, BRiEETS
RARESNEMh{ER TS EHEE . FFSpark JDBCServerZHivegHiveServer2

B I—1LH, HEABZE, 152 Whttps://cwiki.apache.org/
confluence/display/Hive/HiveServer2+Clients,
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Spark ZfH~ HA 55

JDBCServerZ2FEsLl/5ZEH, JIDBCServersCH{EAAYARN-Clienti&Ez, {BYARNZERA
HRBF—, ATHERIXMNERFRAYEE, S5INTSHEHPER.

Z P 1E(218)DBCServerf It HF4PE, B— 1 HFPXIN— T2~ JDBCServer, M
—/\JDBCServer,Ei S— M HFIRIHIRSS . ARRVAFTLABEARIAIYARNEASY, M
XERRRE, BHIDBCServertRIBFEKRoNSHn), ABREEHEZIR,

o ITHIAE
ZHPIERRIHAL Z/FIEUNE6-100F773 .

6-100 Spark JDBCServer ZFHF

Beeline

Beeline

Beeline

2. Ust=Thrift Server URL=

&
. ~1. registered

3. 84L 4. Result

,

ProxyServer-1 4 I,/

» ProxyServer-2 ProxyServer-3
4. Result 2. start app
k4
Yarn app1
. registered
JOBC
Server
AM
NodeManager
NodeManager 9

a. ProxyServerT‘F'ﬁJE]‘ [@ZooKeeper FMESIEE., THIEEERHTEAD
=22, TREEEETZELAIMNAIP, KO, H&ZK-—_,—*DFW'J%%”ZQO
(1] %88

ZHPER T, JIDBCServersLfil218ProxyServer ( JDBCServer{tiE) .

b. ZERimi&EiEProxyServerfid, FEIEENamespace, BlifigZooKeeperlfiE
FTAYProxyServersLfll , FEIEEAIRTIR, SMNamespace FREHLIEIE—SL
BliEsRE, #FHMURLS MURLIEENE

NiERAS 01 (2023-11-07) IRAERE © LA/ ARBIRAE 145



MapReduce fg5%
@

6 BIENA

E PimpkINiEREProxyServerfRSS, ProxyServerfRBZECHIAREEZEFRY
JDBCServerfZ#E, WRA, BHiEigBeelineiE_ FEIFAYIDBCServer; RS
A, MELYARN-Clustert&=Ea1— 1 #THYIDBCServer, JDBCServerfEaipkIh
[&, ProxyServer&3kBUDBCServerfyithilt, Fi5Beelinei®_LIDBCServer,

= FimA1XSQLIERLEProxyServer, ProxyServeriSiE iR A HIEE LAY
JDBCServeritI®,, F2f5)DBCServerfRSZIG45RIR[E45ProxyServer,
ProxyServerB g 45 RiRBI45 % Fif

FEHALESF, B ProxyServerfzss (BISLH ) #EMIZBFRFR), SEHP—L
BPIEFHEREE L SShRrRS, EftAYSCAItEREiR=E = FinhIERIE K.

o  URLIEENEE

ZHEPE

ZHPIEIE FimEEZooKeeper T mPRIAS , EEXTMAIProxyServer
IRSS . EEFRFERA:

TR

Kinit AIE/5 =0 FRIZ FimURLAN R :

jdbc:hive2://
<zkNode1_IP>:<zkNode_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>.<zkNode3_P
ort>/;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQo
p=auth-conf;auth=KERBEROS;principal=spark/hadoop. <E 41t £ >@ <E 4 1% 5>,

(1 ¥%E8
o Hrh “<zkNode_IP>:<zkNode_Port>" 2ZooKeeperfiJURL, ZURLLLE
SR
flan:
“192.168.81.37:2181,192.168.195.232:2181,192.168.169.84:2181” ,

o Hrhsparkthriftserver2x2ZooKeeper EHIE R, FREFHNIZE R T
HiEIFIDBCServersL it iTiERE

T~ ZetE T @idBeelineE PImIEZIHITIA TS S :
sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<zkNode1_IP>:<zkNodel_Port>,<zkNode2 [IP>:<zkNode2_ Port>,<zkN
ode3_IP>:<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooK
eeperNamespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark/hadoop. <Z%1HZ>@ <X %
5"
KeytabIAIEA T FHYURLAN RFAZR:
jdbc:hive2://
<zkNode1_IP>:<zkNode1_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_P
ort>/;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQop
=auth-conf;auth=KERBEROS;principal=spark/hadoop. <EZ1#5>@ <R &tit &
>user.principal=<principal_name>;user.keytab=<path_to_keytab>
Hrh<principal_name>F <P {ERAIKerberosFIFHIprincipal, 4

“test@<FEZLHS>" , <path_to_keytab>F7R<principal_name>XIii
Akeytab3 (48812, #0 “/opt/auth/test/userkeytab” .

LiBER T

jdbc:hive2://
<zkNode1_IP>:<zkNode_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_P
ort>[;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;

=~ EEEN T iEidBeelineZ FIRIEZEITHITU TS

sh CLIENT_HOME[spark/bin/beeline -u "jdbc:hive2://

<zkNodel IP>:<zkNodel_Port><zkNode2 IP>.<zkNode2 Port>,<zkIN
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ode3_IP>:<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooK
eeperNamespace=sparkthriftserver2x;"

- EzfEFE
EZHHPERANE PIRERIEENMEEIDBCServerti m . 1IZIEANEET
AL Z ELFNERRIXIE X FZooKeeperf IS IR
“serviceDiscoveryMode” # “zooKeeperNamespace” ,
7~ 2B T B BeelineE FimiEiEFIEBHPER I THS:
sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<server_IP>:<server_Port>[;user.principal=spark/hadoop.<EZHEZ>@ <
R % >;saslQop=auth-conf;auth=KERBEROS;principal=spark/
hadoop. <EFZ & >@ <R Ll 5 >"
(1 %88

e Hrh “<server_IP>:<server_Port>" 21EEIDBCServert SAJURL,

e “CLIENT_HOME” RIEEFIHKIER,
ZHEPERSIESHEAEXHRMEICAIIDBCServerizO1BLL, BRiEEHB A
EISNEER S EMBE . BB FSpark JDBCServer2HiverdrfHiveServer2f53
Ah—NSCER, EHERAE, 152 HiveER: https://cwiki.apache.org/
confluence/display/Hive/HiveServer2+Clients,
gl ,

—RERT, ERFRXNEFinsEEEZEREARTEREFR
JDBCServer £, BHREEREFiRTEETEFRYDBCServer £, AILUBIER
hn--hiveconf mapreduce.job.queuenameiffT5E

@i BeelinelEEZHIMmLRAINT (aaaBFHFPER) :

beeline --hiveconf mapreduce.job.queuename=aaa -u
'jdbc:hive2://192.168.39.30:2181,192.168.40.210:2181,192.168.215.97:2
181;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthr
iftserver2x;saslQop=auth-conf;auth=KERBEROS;principal=spark/
hadoop. <EZ 15 >@ <R A1l 5 >

6.28.3 Spark 5 HDFS 1 YARN B9X%&

Spark #1 HDFS H9X %
BE, SparkdhitERIFIRRILIREZ /N EUEIR, WLlocal File. HDFSE ., RERARNR
?_Dgs, P LA —RIEEKHER SRR TH TS . EitE=ME, BaLUSEEE
FHEZIHDFS,

PRERE, Sparks pkizEEuE (Driver) F01Tu% ( Executor ) . EHIIHGRHRIESZRAE,
PITimRREESHIT.

IZEC RO RN E =BT R R o
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6-101 IZEEITFE

3. Launch Tasks

3. Launch Tasks

At Executor Executor

Task 1 Task 2 Task 3 Task 4

1. Get [File A] 2.4 Blocks
status
4. Read 4. Read 4. Read 4. Read
HDFS

File A Block1 Block2 Block3 Block4

RS S R A AN N R :

1. Driver'SHDFS3ZE5kELFile ARSI ER

2. HDFSIREIZIZ{4HEAHIBlockiFE o

3. DriveriRiEEARIBlockHUIRE, RE—MFHTE, CIES TaskAIZEUXLEI {4

Block,
4. 7EExecutorimifTTaskFFiEENE{ARYBlock, {EJIRDD (3§45 FhEBEE)HI—3R
Do

SN HRIIIRINE BN o

6-102 EAXHITIE

2. Launch Tasks

2. Launch Tasks

Driver Executor Executor
Task 1 Task 2 Task 3 Task 4
1. Create [File B]
direction
3. Write 3. Write 3. Write 3. Write
HDFS
File B Block1 Block2 Block3 Block4

HDFSM 4B NBYFML RN AR
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MapReduce 5%
@ 6 BHNA

1. DriverfI2EEAXENIBER.
2. R¥ERDDL XoHRER, itEHEHIEAITaskE, H FAIXLAESEExecutor,
3. Executor{ifTiX%Task, EEARDDIVFIEENZILE1EEZENER T,

Spark 1 YARN B9<&K
SparkfitEIREAT, TLUBEIYARNAWERSEIN . SparkHE=YARNERHEHFEER
HEER, BESHHRANEITENR., Spark on YARNSFEFMER,: YARN Clusterfl
YARN Client,
e YARN Clustert&=t,
Z{THEZRUNE Spark on yarn-cluster @ THESRFIR o

6-103 Spark on yarn-cluster Jz{THESE

NodeManager

Container
] Executor
4 Driver

45task Cache
5.Executorf® Task
ETaskih

Spark Yarn client

11837
Application
NodeManager
. Container Container
2.RMA ==
Application Application Master Executor

SELER Driver
ResourceManager ; & )
|  DAGScheduler |
Task
L ] [
| YarnClusterScheduler |
3. AMERMEHEIEST

Executor

Spark on yarn-clusterSCELRAE

BESEBEFiRERMApplicationfS &, 123%45ResourceManager,

b. ResourceManagersSpark Applications3BosE—1>
Container(ApplicationMaster) , F#£iZContainer Lf3zfiDriver,

c. ApplicationMaster[aResourceManagerERig&iELIZ TContainer,

ResourceManagersyBicContainertgApplicationMaster, ApplicationMaster
Ff8*AINodeManageri@ifl, 7E5x1EHIContainer EfE5Executor,
ExecutorBaifg, FHAMDriver;EAAFFEHiETask,

d. DriverpfgTaskégExecutoriliT,
e. ExecutorBfTTaskF@DriverCIRIZ TR
e YARN Clientt&=z{,
IZ1THELEANE Spark on yarn-clientiz{THESRFA7R o
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& 6-104 Spark on yarn-client iz{THE22
Driver —| ResourceManager [
13227 Application
Spark on yarn client
| YamClientShedulerBackend | ApplloatlonM&Ster
5. @R task
3 ERjSContainer 2.173rApplication Masters
NodeManager
NodeManager
Container
e - ExecutorLauncher
AJEE
Gontaner

Spark on yarn-clientSEBLRIE :
(1 AR

fEyarn-client’ &<, DriverZfZ7£Clientis, fEClientiff35, yarn-clientlE{ T, 3%
BERANEFin . #HEFERyarn-clustert&zl,

Z FimEResourceManager&ixSpark i F23Zi5K, ResourceManager/y
HIREINZ, ZNEHEESZSMEE (AApplicationld. BJFZIRE{EF LR
FIR%). ClientmiSEanApplicationMaster iR EIEEITE, 1254
ResourceManager t,

ResourceManagerfiZIiEskig, £9ApplicationMasterSHESENT =,
FiZT = EBEE .. ApplicationMaster@Yarnhgyfa, ESparkiHiER
ZFEExecutorLauncher,

RIEEMESHEIEEK, ApplicationMastera][alResourceManagerEliE—
Y AFz1T1ESAContainer,

L ApplicationMaster ( AResourceManageriis ) WZl#Er5EehYContainerdl
xiE, 2mExtNAINodeManager&ix{sE2LABEIContainer,

ResourceManagersyficContainer¢§ApplicationMaster, ApplicationMaster
FI1BXAINodeManageri®ifl, E3k1SAIContainer LfExfJExecutor,
Executori3zifg, FUAMEDriver;FAFERIBTask,

(MARITY::]
EEiEfTRYcontainer R AR BUERIE ,

DriveryficTaskZ5ExecutoriiiiT . ExecutoritifTTaskFf@Driver;CiRIz{TIA
o
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6.28.4 Spark FHRIEERHE: EERSEFREERN SQL Eiaiilt

=R

HFEERE!
. HiECE

Hﬁl’iﬁflﬁﬁ%, I ARBEFEEENE, SEMERSHSTIEE
, WERSmEIRLATRE: $ERRMEES, HiEE

SRS, X

HIREIG \’éﬁlﬁ, XIMEH T EREXRENEEEREE, FITK.

HeiFHRSparkEEREITRS, Regxd@Radfittert T i, BEULHERAXEFVERIE
EEH, OSQLSIEEMEE. SR T HEREDAITIEIR, 2BiXtaggregate. S
projection. EZtpredicatelJalLA FERIFIER, RERVAVEHIRNER, BHE

14ERE.

BHRI{X5235) DBCHUERRYEIE T, ﬁ%ﬁ’\]"ﬂ&’fﬁﬂ&ﬁaggregate\ projection.

predicate. aggregate over inner join. aggregate over union allZ

o FARIXIAEI KL

FRIASRANFIRER, WA HEERIRITFFRINEE, PRI TR B 2 A R ik

S T HERYER.

& 6-24 EREIENBNNFERTILE

R L] tEaE
aggregate ST o ZHFRIRSEREJY: sum, avg, max,
aggregate i min, count
54N : select count(*) from table
YIEREREARER

f5lEN: select sum(a+b) from table

TIFRGRHZE, Fa0: select
avg(a) + max(b) from table

X¥Fhaving N

f40: select sum(a) from table
where a>0 group by b having
sum(a)>10

TIFERD R T

FiExtabs(). month(). length() &%
F. B8, FRRREHIT T, F
B, BRTULRERE, BREaLUE
IO SETA SIS HURIRSIFAIREL -

54N select sum(abs(a)) from table

Y ¥FaggregateZ [5HIlimit. order by
T ( BFOracleRZiFlimit, PFLA
Oracledhlimit. order by R& i)
54N : select sum(a) from table
where a>0 group by b order by
sum(a) limit 5
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=R =L L =
projection (NZHFEE o ZIHFEHRFAX T,
projection &40 : select (a+b)*c from table
#, Bl o TEHWOTETR, FBENETSH
select a, b from AR
table f5lan: select length(a)+abs(b) from
table
e Zi¥FprojectionZEHIlimit. order by
i
{540: select a, b+c from table order
by a limit 3
predicate NFFIZERHE | o IFEZFAMTH
Ay SLIIEZ2 Spvalys| fI40: select * from table where a

{BERYE Efilter,
fgn

select * from
table where

+b>c*d or a/cin (1, 2, 3)

. %&%‘E‘Bﬁ@%ﬁl??’&, FHSWE TR
1588

flan: select * from table where

a>0 or bin length(a)>5
( “aaa ”» ,
11 bbb ”» )
aggregate over wREBMINERP | AFLATUM:
inner join HEXAVEHEEEB LEOER A Sz S
mEzlspark, | ff;ﬁg;'f KA sum, avg, max,
FeBtfTjoini ' N
e, BT e FiBaggregate REEkBERE—1%,
aggregatel®fE group byRILIRBE—1RIERIR,
H3Z#Finner join,
AXHEHNIBRE:
o A X¥Faggregate[ERTRBjoinZEFRINH
FRRYTHE
o fXzfFaggregateHBLEIZE, -
sum(a+b) .
o A ZiFaggregateiz®, f: sum(a)
+min(b) .
aggregate over RERAIERP | HFER:
union all BRRISIRER | wismEam#s: sum, avg, max,
nEERISpark, min,count
\#/— . ng !
IR | FmumR:
aggregateiRfE | ¢ AF>zfFaggregate B EZIEE, U0:
sum(a+b) o
e AFZ¥Faggregateiz®, : sum(a)
+min(b) .
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FEEIN
o IIMNEBEUREIRZEHIVeRAS, BIISparkiZAVSMRTIEHITEIA,
o HIERERZIFMySQLIIMppdb,

6.29 Spark2x

6.29.1 Spark2x EAJRIE

() %88
Spark2x2B{EATFMRS 3 xR fSEERRA

m
<

SparkEEFARAEFEN D HINTEIESR, mEITENGET, RGBS EFRAIEIERT
LATFEERES, 12T EkMapReduce=10Z100{Z09itE8E . SparkalLA{ERA
HDFS{ENIREFIE, (ERFaEIgREIEMMapReducetJiaZISparkitEE & X,
Sparkigit—uh=UEIEDITEED, SiF/NMEERTIE. BLMLIE. SQLEE. FiE
BiEE, APALUER— M NASLEESFERXLEE], Spark2xBFEHIFEES
ESpark2xFHEHRHFE -

SparkR94F I T

o BESHANFITEMDAG (ELEEME ) 175 EIRFAEUIRLIERE S, t
MapReduce$8e=10{&%1001Z,

o RMBMIESFAIEDO (Scala/lava/Python ) , HERM/L+HSEMREF,
AILAMRG EEE D VR IR .

o f£5ASQL. StreamingEH AR IR, RM—IEXNEIBIERES .

o XA HadoopESINE, SparkRZAAILLIZ{T#EStandalone, Mesosak & YARN
., BEBIEAHDFS, HBase. HiveEZMEIEIR, i FMapReduceiZzFFEigik
.

SparkRIZRAGYNEI6-105F 7R, BIERAYIZAFINZR6-25F 7R
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6-105 Spark 224

Worker Node
Executor Cache
>
Task Task
Driver Program /

SparkContext

Y
¥

Cluster Manager

\ Worker Node +
Executor Cache

Task Task

% 6-25 EARHLS0REE
fER izl

Cluster Manager | SER¥ETERE, ERERPRIRIE, SparkSTiFSFhEERFE1EES,
SparkBTHIStandaloneSEB¥E1EEE . MesosziYARN, Spark
SRFRUARAYARNEZR .

Application SparkiZF3, EHH—Driver Program#1ZExecutortApy o

Deploy Mode EBBIEL, D Aclusterficlientt®=, clustertEz{~, Drivers
AN RIET; MfEclientt®z(F, DriverfEFimizfT
(B8 ) o

Driver Program | ;&SparkRiFIf2FHIEHTE, 1z1TApplicationfImain () EREFF
Bl SparkContext, AN HEFIENT. L£RkStageFFRAE
TaskZlExecutor k. BHF SparkContext{tZDriver Program,

Executor f£Work Node F/ZzhAUHEE, RISk TTask, SEHAIENF
F{EREIRIEIE . — 1N SparkN Fi—ARE &2 MNExecutor, B
ExecutoriZlUDriverf98s<, FHIT—EIZ M Task,

Worker Node Rt = BRI ETEEXecutor AR EENT S,

Job — M Action&EF ( tbfllcollectEF ) IFRz—Nob, BHFITIHE
8922/ NTaskéB R

Stage BN JobHZ Stagefpk, B Stagel— 1 Task&ER, HDAG
DEITIR -

Task EHW BB EE T, 2SparkES EHTHISR/NTEE

TTo — P RFRERITIHRILIRITEE S Z 1 Task,

Spark [RIE
SparkBOR FRIZ{T2RAARNE6-106F 7R, IZ/Timie ] FAR:
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1. NAFER (Application ) 2EA— M MHENESIZITESERE LAY, HADriver#iT
1A .

2. EE{T— 1 NEBY, Driver&aXiEiZERFETESE ( Standalone. Mesos. YARN )
BiBIE{TExecutoridiE, FHErExecutorBackend., AGHERF SRS EARBAIN
BZEEAERIE, DriverAifSEaINBZFDAGEE .. Stagekls>. Task&R o

3. SRRSpark&SIEN AR ({&i#aSparkContextidJARELE PythonE X A
3 ) &ixZExecutor k.

4. FRBERITaskiT5ERE, FFRINRREFEITER

6-106 Spark N FHiE1T4244

| Spark client (app master) Spark worker
Your program RDD graph
sc = new SparkContext Task threads
f=sctextFile( *._."
f,fmzcr{fx) e Scheduler Task
count()
Result
Block tracker
Block manager
Shuffle tracker

Cluster manager
Master i Worker

Spark;‘éﬁﬁMaSterﬂEDWOrkerﬂg*Eft, yu6-107}5):—|'3_10 ﬁHFlESparnglgﬁ‘ﬁﬁﬁmﬁﬁ*i
7, AEEIEIobDEAZ N TaskZIXEIZ MNWorkerd #1117, FMNWorkeriSitERI4E
2 FiR%5Driver ( BIMaster ) , DriverBR&ERIREILE i,

SZHERRZAS 01 (2023-11-07) IS © EREAGIRAD] TEE
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6-107 Spark AY Master #0 Worker

Input Data

| RAM

Worker
results Input Data

Worker

Driver

Input Data

LT, BN RAR:

o NAZIERMIZAY,
B MABECHexecutori#iz, ExecutorBsBNN e, FTHHMITES. X
CEREAERHE, iEexecutorhH. F Driver i/ AEBCHES; ARY
NEFRZIETEARRIIVM_E, BIARRAIEXecutor

. Z:IES%arkF_\'ZFHZI‘Eﬂ%Z@fEEﬁ}EE’\J, PRIFEEIRFEEINBIEER S L (Lean
HDFS) .

o [RADriveri2FEERE LAEESS, FrlADriveriz REEfIworkero =ELEIE, LU
WE—MERRIBERMLER .

Spark on YARNBRMEIEET:

e  YARN-ClustertZ{~, SparkdJDriver&iz{TEYARNEEREHAYApplicationMaster
HiEF, ApplicationMasterE&BrIZ/E, RBRXIESHEF iR EHEASRIE
SEHNE1T,

e  YRAN-Clientt®={ N, Driver[SaifEEFim#iEA, ApplicationMasteri#iz Rk
MYARNEEEFRRIEZIR

Spark Streaming [RIE

Spark Streaming@— a2 ESpark ERISCATITEHESS, # BT SparkbIERHME R
HIERIREN . HBISparkSZiFRFhEIEAtIEST(: Direct Streaming#Receiver5 o

Direct Streamingit &tz

Direct Streaming 5, FE@BIIEADirect APIRSEIEHTAME , LAKafka Directiz[
B, SEBE1— ReceiversRiELEEARRTEM KafkasiZFIEIRH S AFIWALFELL,

Direct APIiEEithZE B batchX [BFEXBRIREEME . AfF, B batchiYlob
WIE1T, MIINREEREIETEKafkaPEERIF . XL RBEEE LT EMFET
checkpoint3f4/h, NALKMERI A IBZZEREEEE.
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6-108 Direct Kafka EZO#IEEE

Spark Streaming New Direct Kafka integration w/o
Receivers and WALs
Driver ("_1“'\.\5
™S Query latest offsets and

~.__ . decide offset ranges for batch

Launch jobs x"‘--x._:"‘*--x._\

using offset S~

ranges T~ T
Read data using offset rangeé\""“”'
in jobs using Simple API

Executor < | Kafka

FEI=HI2, Spark StreamingAJ LATERMEEFT M KafkaAPissERFHMBEIEES . 24
i, AFENNHELIE—R, SHCEERIDISERMMIERERE—HY.

FLt, Direct APIiER T EE(FEHWALFIReceiversfiIE R, BIRFEE M Kafkaid RN
B—R, XMEWEINSY. £15Spark StreamingflKafkar] LARIFHESE—
fo, DMAK, XUFHFESMMIEEEHEESREE. SXERZAM, FLEE
{$EADiIrect Streaming A TAMEHIE .

ReceiveritEiRIE

FE—Spark StreamingRIFBFFIART ( tsE2DriverFFIARY ) , AB340
StreamingContext ( FRAIRINEERIERL ) [ SparkContext/SaReceiverp I3tz
1T1ES . XLEReceiverEFHRIFTAIEEISpark ITFRLUHANE . FF{EREIRAIE
an[EIHASNE6-109F 7

6-109 FiEEimsdan/EHE

Application Driver Executor
Input
Block metadata stream
Streaming Context Receiver ¢
Computation ‘
checkpointed Block data |:| =
written to log
Jobs O DC?
O Block data g
written to both
memory + log Log
e SparkContext I:I I:I I:I Fault-
Fil tolerant

Filesystem

1. BEWEE (EesEk)

Recelver4—:§ﬁ}ﬁumﬁﬁk—¥ﬂd\i;‘E FiEZExecutorIFH ., S, EEHAEMEH
& (\é;/rlte -ahead Log, f&#RWAL ) LAfR, HIRRINEEAZIFEXERFIIRS
HEH,

2. @&NDriver ( Z&E5L)

FERPRITTEIE ( Metadata ) #&1XZ!Driverfi9StreamingContext, XNt
EEE:

-  E{E7fEExecutorAFEHREIEN BRI Reference 1D,
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- EHRBATWAL, TEERSEEBTHHREER.
3. AMEHEE (OI&sEk)

SHEMXEIEIE, StreamingContext{FFBlock{SE=4RDDEZHEJob,
StreamingContextiETiz{ TES A B Executor I EHAYBlockE#11T)ob

FEERENER (1B8EEk)

5. ATEHEMNFEE, StreamingContext=FHAMMISENE R, FHRFRIIMNBSH
. \éEEP o

Bt

Spark R ERDD ftiF &t a B EEBF R {F @ WorkerTs RBYENPE . £5FSpark Streaming
3 FSparkz £, FIttEWorkerm B E& T REHNSEREI . sAMm, HFSpark
StreamingBIKIEEIZTHR, ENAEFRVABEZ MM Driver#ig (1HES A NWorker
NEENAEHE ) BSERIRERIEESI. (FSpark DrivergElE Ris 2 RMRFNEE,
AR AR EER LM EERFPER . A1dSpark Streamingl BfZFEITE £
BE— 1 ARENEE: EEUAEIEREAM NI TR SparkitE . XMEER RIFHER
BBAIRTE (JFFRCheckpoint ) BRI RFRICIEHIFME=ES, FHEDriverEFHHE
HATIREIZIRES

STF X AEHGEEIE, X DrivertkENHEUAMBISHIEESL, FAREHIEIEED
REETBHDFSIXHENBEB XY EHRS T, (BT &KafkafIFlumeSEHMBEER, &
LRI EINHIBAREFEAETT, BREGE, METRESESL. XEHRTFSparkhi
B HmIRER NS IEAY. HDrivernf#iZkWAS, FrE7ECluster Managerdiz{ThHY
Executor, ERENGFETRFAEEIE, LEHREL ., AT BRIXFEIERSE, Spark
Streaming5 |i# T WALIHEE .

WALIBE S AT EIRENN G RRF, ARFRIEHUSIRRFITANL, BISSRE
IEA—MFANERS, BIEERINXMRE. SHEIHREREEFRITEN T, U
B BEH B IREISEANRIE, RRAMGEITIRE . TEME T ITFIA
ARSI R IR EIRAIT A S .

KafkaZ#EiE{FEFHReceiverskIZWEIE, RExecutorPIIKIZITESS, RENEIERIZ
WEIE, HEESEREYISINERSAKEISIENER ( IKBINEIERIREE
ExecutorfN7EF, SAEDriverfEExecutori={TRAME(ESS ) o

LEBRETMEAEUE, FrBREINEIERINAMRER T B ERFENEEX S

Fr, ILEATEN{#ESpark StreamingZkll, XLEAFINEIREIREASESR . B, BWEUE
BIFHft R EHIR TS 2 HELUSReceiver A 21N, EEEFERSERENEIE
BJLATEDriverEFEIIZ RHEIERBAIZ—IX . XEMWLHIFER T SEIEESL, B
BRHIRESREMNBEPRE, EREIERER

RFEEAMEAEINEE, ATLABS I FanfFE:

e BT “streamingContext.checkpoint” (path-to-directory)i&&checkpointfy 8
x®, XTBRE—HDFSRIHEREE, BER{EREFRAIcheckpoint, X FA{EREF
mERE.

e i&ESparkConfily/Ett “spark.streaming.receiver.writeAheadLog.enable” A
“true” (BRIMER “false” ) o

EWALBKERLIG, PrBReceiver&f3kiS 7 REIS M ATSENEIRVEHEFIRERINS . 2
%?ﬁRDDH?K%HR%%{ﬁﬁIﬁ, EARTME TSNS EX RS RUEEEST
SR
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(AR

EERTMERELE, MERNETRS

BFE. BTAERIEBRSEATEXHRSR, X

EBENBANENLRMATHESHIMETHEEE, JRENSEEIRMT . EERT, F2elE

BEZHYReceviertENNEIEIZIHIFFT

KSR

H—NEMAIDriverEFRT, BT RIZE:

6-110 ItERERE

Restarted Driver

Restarted Streaming
Restart Context Recover block
Computation { metadata from
from into in log
checkpoints
Relaunch
Jobs

Fault-
tolerant
Filesystem

Restarted Spark
Context

1. &EItE (Besl)
A checkpoint{SE &S Driver, EFFi&SparkContextHEfSReceiver,
2. kETHIER (FEsk)

NT RIS

3. RERIEWVRIEHER (LI&sEk)
ATRMMmiR BB AR IE, BERIRERITTEIERIX £ RDDFII AT

rdl .

4. ZEERTFEBTHRIREE (@)

EXEARIAITES, REUEERMIE ASHiEE . XBIKEERSHAI SR
FRIPTE L EEIRE.

5. BERERHAEE (£E5:k)
KA 2B RFE BSHNEFHIRSREIERBXAIE . EHReceiverEARITH

1119\

., SkEFEFRIRELUEINS

Restarted Executor

Restarted Receiver <:

Recover block
data from log

DDEIm

ERSAREL N RFTL BRIE B TTAURIRED IR S -

BN RBRIEIER,

Resend
unbacked
data

S—

? Log

Fauit-
tolerant
Filesystem

E LB TRE HEF ] §249Receiver, Spark Streaminggia] LURIE S BEAEIESH
FDriverf9kMimEL .

SparkSQL #[1 DataSet [FIE
SparkSQL
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6-111 SparkSQL #[ DataSet

DataSet SQL Query
i Spark SQL i i
i . CLI/ !
| JDBC
i Apache Spark :

Spark SQL2Sparkd B FEC EIERMBAIEER . TESparki B, BJLAT4ERY(FEF
SQLiEfATRakEDataSet APIX A EERHITEI .

Spark SQLLEAK DataSetid gt 7 —FBRRYIARIZHIBFEIA, AlihRNEIRRS
#FEHive. CSV. Parquet. ORC. JSONFIIDBCHURIE, XLEARERIEIEEZ EtaLL
STIMEHEIRIE . Spark SQLER T HivelIRIimAM B EFN TR ISR, [FFESpark
SQLETLAEEXIEBIHiveHURHITEIA

559k, SparkSQLIRR TIELNAPI. CLI, JDBCHFEZRENO, MNEFIGIRESIHEANR

Ho

Spark SQL Native DDL/DML

Spark1.5%8fRZDDL/DML&<S FIEEIHivethfT, 1ER T SHiveR943E, BE—CRE
EFBRIE (LLINRERFETHE . ERETHF—HEF) -

Spark2xELI 7w SRIA ML, {EEASpark SQL Native DDL/DMLEMXHiveiT
DDL/DML#% . — A HEEIFHivelIfE S, S— A EALAXIasSHITESIL -
DataSet

DataSet2— N EUFEIHIINIRARMAREEES, BT INREa X RIEIFFHTiEIRHE

FRINIR . B DatasetidB— N IERBIE], BIHEZNYERMAIDataSet, FRA
DataFrame,

DataFrame2—1HZNFIEMEIIMRIDHNEIRES, SRTXAEEIREFN
—iokE, & ER/Pythondfydata frame, DataFrame&Spark SQLEHIREAAIHL
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=, JhliBdZMrsleE, fInEaaIsiEeE. Hivek, SNBEUEESER
RDD.

nJFJFDataSetf9{E S A TransformationfdAction o

e Transformationt®{ERT £ FAYDataSet,
map. filter. select¥laggregate (groupBy).

o ActioniB{EAIftRItERIREICER.
Wcount. showzkEIMHRASHIE.

BEEREMTTEeIE— 1 DataSet:

o EEINAER@EIEASparkSession_Eiread FEIESparkiSmFER %K IS
L3215,
val people = spark.read.parquet("...").as[Person] // Scala
DataSet<Person> people = spark.read().parquet("...").as(Encoders.bean(Person.class));//Java

o IARIEIIEFERIDataSet ErTFEAYtransformationtR{ERBIFEEIRE . Hlwn, £
EFEAIDataSet N AmapiRER I FfIDataSet:

val names = people.map(_.name) // {§HScalaiEE, Hnamesji— Dataset
Dataset<String> names = people.map((Person p) -> p.name, Encoders.STRING)); // Java

CLIfQJDBCServer
F& T APIZRIEE 2SN, Spark SQLIEXFIMERLCLI/IDBCIEO:

e spark-shellfspark-sqUI AT LURMECLI, LMETIEIK

e JDBCServeriZft)DBCEN, SMTRJEEZEIIRIXDBCERFKSTREHIMEERIT
SRR

SparkSession [RI2

SparkSessionZSpark2xRiERIF—API, BRI E(ERIZEEHREIZ—ADO.
SparkSessionfgfit 7 — M RE—HIN O =R U TLART D BTE S N EFRIFSRIE, FHE
EABRLERIARISEIRM TIAER8 5%, DUTHERRIEREE.

{FRIEEs =N BIE SparkSession , #NRF7ESparkSession, (A EHMNERNERY
SparkSession; WIRAFENSEIZE—SparkSession, 7EI/OHAE, FEMESERISE
AIBCELE BaEZ ESparkflHadoop .

import org.apache.spark.sql.SparkSession

val sparkSession = SparkSession.builder
.master("local")
.appName("my-spark-app")
.config("spark.some.config.option”, "config-value")
.getOrCreate()

o SparkSessionB] AR FXIEURHITSQLEIS, ¥LERIR(ElIDataFrame,
sparkSession.sql("select * from person").show

e SparkSessionA] LA FIREE{TIHIECEIN, XL EINA LIESQLAERTER
i,

sparkSession.conf.set("spark.some.config", "abcd")
sparkSession.conf.get("spark.some.config")
sparkSession.sql("select ${spark.some.config}")

e SparkSessionBiF—1 “catalog” %, HHPEEHHEMetastore ( BIEIER
F) WBZE. HEREENHIESE, aILAERERRDataset APISRIETT .

val tables = sparkSession.catalog.listTables()
val columns = sparkSession.catalog.listColumns("myTable")
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e JEESparkContexte] LAiEid SparkSessionfySparkContext APIij31al,

val sparkContext = sparkSession.sparkContext

Structured Streaming [FI#

Structured Streaming 2t ESpark SQL5 £ FAYRNEIELNIES |12, FFRTLAER
Scala. Java. PythonzfRfAJDataset/DataFrame AP TAREIER SizE . KHH
AEIEOE. WikoinR(E. LiREIBELAMRIF4RT, Spark SQUERIEE
BY. BRI IR X LIRS ERENINERED . BT, RFE8idcheckpoint
FIWrite Ahead LogstfRinZinAITE— IR IEBEFRIE .

Structured StreamingBYZ/ O MHEIEE L — K RBTENNAOEURER, XMRTU
AOEHRAN RIS BY (L) FEUIE RN IEREY, o] LUESSEURERN— S8R EN AT
MIVITES, SparkBITHRERISQLEIE, MAKTENNAITLREZHIRENEUE

6-112 Structured Streaming TGiARZE

Data stream Unbounded Table

new data in the data

stream

new rows appended

to a unbounded table

Data stream as an unbounded table

R EIIRIEER ATt — AR EResult Table, H— LRI, LIFHOSIRS
85, HARAEHResult Table, TICMRERERE TEH, MEGTHALE
REN— MBI IE RS
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6-113 Structured Streaming HUEALIEIEEY
Trigger: every 1 sec
-~ ag ry
Time ! 2 3 N
I I I -
‘ data up to data up to ‘ data up to
Input t=1 t=2 t=3
result up result up result up
Result to t=1 to t=2 to t=3

i H B ﬁ
complete mode

Programming Model for Structured Streaming

Structured StreamingfEOutPutfHER BT LAE X ABRYEiES 0, BIT3%:

B

Complete Mode: ENEMAIGERETHSENINGDFE . BEKRNENRIEIEH
HERTENE R FHIEIZEE ST

Append Mode: 4Atia)ialf@ftaRs, REFEResult TabledEtENAYEHIRITEM
BNINEBEE . XM RERTEREFELEFENNBTARERERZIE
RTE, IREEGFENHIESWEN, TESEAMAE.

Update Mode: ZAJia)jElfRftARRY, RBE7EResult TableFtXEHMIIEIES SKE
NIMNEBIFER G . 75, FlComplete Mode SXAIRR Z B AREFHIERER
SBNINEEFE

RDD

BNt S fEEEE ( Resilient Distributed Dataset ) , 2SparkAIZOHES, 819
2—1TRIZEN, IRSHNERESE, XPIEENEE T EBs I IUEFER
74, EZXItEEER,

RDDRI&RK:

-  MHDFSEIAEIE, st SHadoopIeBRIEMEFERFFMANEIE,

- MARDDIHRSEIFIRDD,

- MNEUBESKEMmEK, BEmEH.

RDDAYTFf%:

- BPOLUEERRNFERSIEFRDDLIMEEA (RDDE1THEFHEHRS ) -
- HBIRDDEVAZRFETHE, (BIRAFAERN, RODEHHEIFEEF
Dependency ( RDDRI{KES )

RDDAVEKER DB/ EKFRFNZEARER o

SASRRAS 01 (2023-11-07) WA © LR ABIRAE] 163



MapReduce fg5%
“mE

6 BHEANA

6-114 RDD RIS

“Narrow” deps: “Wide" (shuffle) deps:

map, filter groupByKey

i

J
\
J

|

join with inputs co-
union partitioned

join with inputs not co-
partitioned

- B{KHi: IERXRDDIIB— D XRZH— 1N FRDDHIS XFRH
- Bk $5FRDDHIS XK FXRDDHIFAIELX o

BRI RER . 1255 L, 51 RDDIIEFEFR—Mork/join ( IttjoindE_EX
MjoinE+F, MEBELESMNFHITESHIbarrier ) @ BiF&forkBIEN DX, 85
f5join, #AEfork/join F—1"RDDHVEF ., WIREZENFEIWIESLT, 2RAEN
19: —=25—'RDD ( EMFEERHEER ) HEEYHEINFFiES, BITET
i8; Z2joinfEAZBEMbarrier, ERBEMN, SHRIENIBIN TR, NRF
RDDAY> XEIRXRDDAIS X2, #rlLASLELEAYfusionflilt, BFEA
fork/join&A—1; WMREENTIREFFIEREME, FaILUBEZ/ Mork/
joinFFA—1, RMERLS T KENEBbarrier, MELTEMLEZHELERDD,
PSR AR FHERE . SparkiBiX MIUMTRKEZ ( pipeline ) it
TransformationfJAction ( RDDHEJE(E )

STRDDASRIER & Transformation (IR[EEIAZE—RDD ) FlAction (IREIEAR
2—1°RDD ) #&## ., RODAVIE(ERIZAE6-115F7x. EFTransformationiR{E2
Lazyfd, tBFL2iRM— RDDEEIEE LS — "RDDANEIEARAR DS L31T, SparkfE
iBFTransformationsiERT R SICREEXHEAMNRE, HASEWT, TEEE
BActionsiEERIHEA SEHIEBahitEEEHTITE .. ActionsiBESIR[EI4ER D,
{ERDDEIESEITFERZ . ActionsEfitkSpark SalitERIIE .

NiERAS 01 (2023-11-07) WRINERE © LA ABIRAE] 164



MapReduce 5%
F@mE

6 BIENA

6-115 RDD &{E=fl

[RAEIR=E
8 | :
1 I
1 1
=hE Scale E&#EsR Scale ImEzs8
(HDFS) ~ :

Input F

Transformaton &% -
Action BEF 0 s -
Cache ¥

Spark RDDZSjd]

RODEEFRSScalafE B XEIRBAKRER, (BHIEMIZTREARESR .

val file = sc.textFile("hdfs://...")

val errors = file.filter(_.contains("ERROR"))
errors.cache()

errors.count()

a.
b.

C.
d.

textFileEFMHDFSIZERHES A, R[Elfile ({£/IRDD)

filterEF 5t “ERROR” 8917, MRt&errors (${RDD) . filter&EF2—4
Transformationif{E .

cacheBEFEF FRIUBRKER.

count&-FiR[ElerrorsAY1T#, count&FE—ActioniZ{E,

Transformationi®{ERTLAS AU LFhEEY:

WRDDAYTTEREETTE,

WA —, BERRDDIIHPREMFRLT, TEEmap.
WMABE—YE, BEERDDIIHXEHFT, flatMap ( mapEH—1NIT
ETA—MEESINTENFY, AEERFEA—IMIITE) .
WANEIE—3—, (BEERRDDIIS XEHALE T, Munion (/P RDDE
=, PEXEZAFEANRDDOXEZF ) « coalesce ( D XIEL )
MEBANFIEIRED TTENEF, Wfilter. distinct ( XREESTE )
subtract ( &ARDDH . HMERDDFEAITTERE K ) Flsample (F#£)
WRDDHITTE JIKey-Valuedd,

JHEAAPRDDI—X—IZE, WmapValues ({FFBERDDIIP KA, X5
mapA@E ) ;

XFER/NRDDEHE, lsort. partitionBy ( SEMI—E4AISZ KK, XARIE
EAMERAREE ) ;
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T MNRDDE T keyiHt{TEEMreduce, UlgroupByKey. reduceByKey;
X RDDE Fkeyi#1TjoinFIE4H, %ljoin. cogroup,

(AR
E=FMRFERS R EHE, FRIshufflesSiR .

Actiont&{EnTLAS HU0 I 1FH:
- HpiirE, fcount (IR[EIRDDHITTEAINEL ) . reduce. fold/aggregate
(REJLMRE ) | take GREFILANTE) -

- HEpEScalafEBZEE, Mcollect (ERDDHFHIFFETTEAEINScalaEGZEER ) |
lookup ( EHXIRzkeyBIFFEE) -

- BANFiE, t5aitextFileXd R AYsaveAsTextFile,

- EBE—MEESEFcheckpoint, YlineagefFaHi<ht (XEEITEFIEL
4) , HENEFNTENFIIERKE, JLAEREABCheckpointiB
BIEIEENRERFE, FANES,

Shuffle

Shuffle@MapReducetEZEFRI—MEFERIphase, /vFMap phaseflReduce

phasezZ g, MaphYigitEEREW Reduce(FART, B—RiHBEREEIKkeyld

7w, FESARZIXIMNAIReducer £, X iIREREshuffle, BT shuffleiZ R E!

THERIESHIMNEREE, EittshufflelEElSREEINE T B NMEFERIZ

TR,

TEEMiEA T MapReduce BiERIENRIZ

6-116 &2

Map Stage Reduce Stage
Worker 1 Worker 1
O G LR
G,
\\
(o) : >
Worker N Worker N / 4
RO e
O
(IR S B |

B2 _Eshufflefil@—NIBEIEERAIFE, LhR_EshuffleiX—3Ro 2UNMaISCH
AIE, TEFLLASpark St f#shufflefESpark RIS

Shufflel2{EiE— SparkiYJobs s Stage, BiEIAIstagesSBIFE— B
ShuffleMapTasks, Efg—" stage=8IE—1PEZMResultTask,

Spark Applicationfi94544

Spark ApplicationfI45HaRT 5 AFERS : #liafkSparkContextFIE AR

- #0%ateSparkContext: #3#Spark Applicationf9iz{TIAE .
tgg&SparkContextXds, ul:

new SparkContext(master, appName, [SparkHome], [jars])
SHNE:

master: EEFFEHR, EZEHNElocal. yarn-cluster. yarn-clientZ,
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appName: ta#HYApplicationZFFR,
SparkHome: &EBfthZ%4ESparkfIBH
jars: M FTERFARESFIKIRE .
- ERERE: AIEEEE
123 Applicationd9EIAIES M. https://spark.apache.org/docs/3.1.1/
submitting-applications.html
Spark shelld&z$

SparkEAshellap<, SZiFHE3SparkifH, ap< /9!

./bin/spark-submit \
--class <main-class> \
--master <master-url> \
... # other options
<application-jar>\
[application-arguments]

SHRRE:

--class: SparkRIFERYZEE .

--master: SparkFlFFm&EREAImMaster, Ulyarn-client, yarn-clusterss,
application-jar: SparkizFBRYjarEHIERIZ .

application-arguments: 323zSparkMFBRIFFEERISH (IUAAT) .
Spark JobHistory Server

AT BEEEEITAIEE [ SERISpark{FIl FESparkiESR &= B ERAVAA TS LA S8 4Ht
BEExR, HERFREMNEIDEFL. BRERELIEL,

6.29.2 Spark2x HA 5N 45

6.29.2.1 Spark2x 54|

1)
B=IA

LI 3

BETHXEBRYDBCServerEfiti b, RASEXLOURSI THSTRAMSE. &8
P IFRIRSHEFZ N DBCServerfiRSS, BUEEFin ] LABBHIEZEESIMES— RS
BT SSHRME . BI{FEEREFP— 5 Z N DBCServerfRBZELTIE, A IMAFEE
E—1 & FimiZOiEEEMIEFER)DBCServerfRS3 o

SFLERBELLESRANHAL R, MBERFMEXI LA T RIL=RAIH .

FREXT, BRETHRIRE, SFE—RIVENIRSATHE, 1%ZKRATE
JDBCServerZiLtzsl, BURFYarnfRBAIZRBER
SparkARiEIT 2Ll FHiveServer2f9Thrift JIDBCIRHtIRSS, FAF@idBeelinelAK
JDBCEEOIAIE,, FEIEIDBCServerEEEE I EREIEURFFEServerfIE 8EST, AT
T RS,

RAZELHUERIHATS S, AXATLAEEE S YIHRARSS FRRrROIEER, SEHIBRSS A

A, EREILIBZERY RERRIZESH AR

ZELFINRICAIHAT =FEIRU T EFfR
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6-117 Spark JDBCServer HA

2. Ust<Thrift Server URL=>
JOBC Server-1
EEE | HEE | BEE || BOE
NodeManager NodehManager NodeManager Nodelanager NodeManager

1. JDBCServerfffSziRd, MZooKeeper;ZAIEEIHE, THEE iEF'%)\%-E , T
REE TIZLAIRI AP, 1w, Hﬁzi-aiﬂrﬁﬂ:**{ﬁ%'( ZTEREEZELUE
SkRF) -

N

[serverUri=192.168.169.84:22550
;version=8.1.0.1;sequence=0000001244,serverUri=192.168.195.232:22550 ;version=8.1.0.1;sequence=000
0001242,serverUri=192.168.81.37:22550;version=8.1.0.1;sequence=0000001243]

2. EFiRiEEIDBCServerid, FTEIEENamespace, BlijaZooKeeperfNBERT
HJJDBCServersLfill . TEEZAIRTE, SMNamespace FREHLEE—SLHliERE,
FHURLSWURLIEEN B .

3. EPRiumpINIEREIDBCServerfRSE G, I'"_IJDBCServerHE%ZiLSQL 4],

4. JDBCServerfREBHMITEFin&IXRISQLERG, BERIREILE i,

FEHAB EH, 51~ DBCServerfRss ( BN ) &M BERRY, HEHF—PELPIE

FeRaE A Shirht, EBFISLAIthatiES = PinANERIFK

ZELBIHEERELATHIN:

o él—/\*%f#“%* BhAY, EMSLAIASEELLA ERISE, BASEELSLA)
izt ss

. éJDBCServeriEE{%JJ:EH, MBS TEZooKeeper EHIFBRI T &5,

o MATFEFImEFERZIHAVRIEZMIE, s MSEENo EAI589E
5, Hmalees [EEsLBlEAY A A IIE o

o CHIHNEIFER (BIANIEXEABESHNERmERE ) 5, SRR
FEATATIE], PTELSER) EisTRO S B rIgea R LM .

URL &EENA
ZEpiE
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% FSLPIEIURIZ FimiRElZooKeeper T RHPRIAE , IEERIMAYIDBCServerfRS3
ERF TR

o ZEEAT:

- Kinitt\iE/5 =0 FRYDBCURLAN SRR :
jdbc:hive2://
<zkNode1_IP>:<zkNode1_Port>,<zkNode2_IP>.<zkNode2_Port>,<zkNode3_IP>:<zkNode3_Port>[;s
erviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark2x/hadoop. <R 1# & >@ <E 4t 5>,

2 % A8
e Hrh “<zkNode_|P>:<zkNode_Port>" 2ZooKeeperfJURL, ZMURLLUEENR

FFo
f5lgn: “192.168.81.37:2181,192.168.195.232:2181,192.168.169.84:2181" ,
e Hrh “sparkthriftserver2x” 2ZooKeeper ERIB R, FrZFigM\izB R TREN

&2 DBCServersLEH 1 TiERE o
T~ ZetEN @i BeelineZ PIRIEZEIHMITIA TGS
sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<zkNodel_IP>:<zkNodel_Port>,<zkNode2 [P>:<zkNode2 Port> <zkNode3
_IP>:<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooKeeperNa
mespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark2x/hadoop. <& Z1# %5 >@ <E %1

=Z>"
- Keytabt\IEF5 = FAYJDBCURLAN RN :
jdbc:hive2://

<zkNode1_IP>:<zkNode1_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_Port>/;s
erviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark2x/hadoop. <E%4 1 & >@ <X A1t %
>user.principal=<principal_name>;user.keytab=<path_to_keytab>
Hrh<principal_name>ZF <P {ERIIKerberosFAFHIprincipal, &0
“test@<FRAL45E>" . <path_to_keytab>ZFR<principal_name>X3NAY
keytab3Z{4812, a0 “/opt/auth/test/userkeytab” ,
o TEERT:

jdbc:hive2://

<zkNodel_IP>:<zkNode1_Port>,<zkNode2_|P>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_Port>/;service

DiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;

=~ EEEDN @ Beeline R PimEEITHITIA TS
sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<zkNode]_IP>:<zkNodel_Port><zkNode2 [P>:<zkNode2 Port>,<zkNode3 IP>:

<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=
sparkthriftserver2x;"

IS ELHUR

2 ELHIEXIE P IRERIIRE MEEIDBCServeri s . IR HIERF T 81E
b2 E L AIET A FEIEFETF ZookeeperfISEIR “serviceDiscoveryMode”
“zooKeeperNamespace” .

Tl =2t i@ BeelineZ FPimi&EiZ FS ELAUMRTUATITLA T a5<:

sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<server_IP>:<server_Port>[;user.principal=spark2x/hadoop. <EZ L5 >@ <EZ L
7>;saslQop=auth-conf;auth=KERBEROS;principal=spark2x/hadoop.<EZ1H%
@ <FHZHE>"
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(1] 588
o Hrh “<server_IP>:<server_Port>" Zfg§EIDBCServeriys2HJURL,
e “CLIENT_HOME” RIEEFIHKIER,

2R SIEZ FLFEXRPEIADBCServerizOELL, RiEEHB AR
HithERG LR . FFSpark JDBCServer@HivedRyHiveServer2 9545 —135EHT,
H{FABGX, B2 HiveEM: https://cwiki.apache.org/confluence/display/
Hive/HiveServer2+Clients,

6.29.2.2 Spark2x ZfE

BE=NA
JDBCServerZ2FEsLfilF5%5, JIDBCServerfISLHFEAYARN-ClienttEt;, {BYARNZKIR
FIRE—, ATERXMNFERBRE, 5INTSHEPER .
ZiHFPE2IEIDBCServerfIfEPEE, B— MEPXIN—1 22 ~DBCServer, MM
—NDBCServerRIE—MEHFPIRMIRSS . ARIBVFEFEILIECEARRAIYARNEAS, M
XEZRRE, BIDBCServeriRIEERmNSBE, AIBREESRIER,

SLHSE

ZHFIEBIHARL ZFEIEAE6-118F 7.
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Beeline

2. Ust=Thrift Server URL=

&
P ~“"1. registered

6-118 Spark JDBCServer ZfHF

Beeline

Beeling

3.50L 4 Resul

-
ProxyServer-1 ¥ L/’
» FroxyServer-2 ProxyServer-3
4. Result 2. start app
\ 4
Yarn appi
. registered
Fil
JDBC
Server
AM
NodeManager
ModeManager 9

1. ProxyServerff/gzifd, [@ZooKeeperiFMBEER, TEEBRPEATRE
B, TREREETIZLARIMAIP, w0, IRASHIFIISHER (STEE
BZELLESRH) .

MARY:
SHPERT, MRSIE_EAYIDBCServersLfil2gProxyServer ( JDBCServerftiE ) .
RN

serverUri=192.168.169.84:22550
;version=8.1.0.1;sequence=0000001244,serverUri=192.168.195.232:22550
;version=8.1.0.1;sequence=0000001242,serverUri=192.168.81.37:22550
;version=8.1.0.1;sequence=0000001243,

2. EPimiEiEProxyServerfld, EEfgENamespace, BliflalZooKeeperlfiMEFET
H9ProxyServersefill, TEIERZRIBHE, SMNamespace FRBHLIZIZE—SLHIER,
FHURLES WURLIEENA .

3. EPimpIniERzProxyServerfigss, ProxyServerfRSZECIARE B ZIEFEY
JDBCServerfZ7E, WIRH, HiFZBeelineiE EEIFAJIDBCServer; HIRZH, N
LAYARN-Clustert& X 21— 1N EH9)DBCServer, JDBCServerBa1pkING,
ProxyServer=3KEXDBCServerfiuitsiit, F+i&Beelinei& LIDBCServer,
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4. EPiRAIXSQLIEAIZSProxyServer, ProxyServeriSiBaIiEacAEIEE FRY
JDBCServer®hi2, £xf5)DBCServerfR$3iG45RIR[EI45ProxyServer, ProxyServer
BRERRLOSEE i,

EHATSZH, T ProxyServerfzs3 ( BISEHI ) #RMZBFRRAY, BEHFP—PEGIE
FHeREE A SSHERRT, EfttRYSCAItbRERZE PinhERIB K

URL ;EENR
ZiHEPER
ZHPERIEPigiEEZooKeeperT mRRIANE, EEITMAYProxyServerRSS . &
EFTERA:

o z2EAT:
- Kinitt\EA T FRYZ PimURLII R
jdbc:hive2://
<zkNode1_IP>:<zkNode_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_Port>[;s

erviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark2x/hadoop. <& 15 >@ <E A1 5>,

(MERIZY::]
e Hrh “<zkNode_IP>:<zkNode_Port>" 2ZooKeeperfflJURL, ZMNURLLLESHR
Fo

fflan: “192.168.81.37:2181,192.168.195.232:2181,192.168.169.84:2181” ,

e Hrhsparkthriftserver2x2ZooKeeper FHIE R, FREFixMiZE R TRENIEE
JDBCServersEffliftfTi%Ess o

T L2t @i BeelineE PiRiEEITHITIA TGS
sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<zkNodel_IP>:<zkNodel_Port>,<zkNode2 [P>:<zkNode2 Port> <zkNode3
_IP>:<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooKeeperNa
mespace=sparkthriftserver2x;saslQop=auth-
conf;auth=KERBEROS;principal=spark2x/hadoop. <&ZZ 15 >@ <EZ 1t

=Z>"
- KeytabiA\IE5T0 FAJURLEN RA7ZR:
jdbc:hive2://

<zkNode1_IP>:<zkNode1_Port>,<zkNode2_|P>:<zkNode2_Port>,<zkNode3_IP>:<zkNode3_Port>/;s
erviceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQop=auth-
conf,auth=KERBEROS;principal=spark2x/hadoop. <R Z L5 >@ <E 1 5
>user.principal=<principal_name>;user.keytab=<path_to_keytab>
Hrh<principal_name>Z=<F P {EREAIKerberosFAFPHIprincipal, &l
“test@<FEZL#E>" . <path_to_keytab>Zx<principal_name>3FRAY
keytab3Z{4842, a0 “/opt/auth/test/userkeytab” ,
o TEEAT:

jdbc:hive2://

<zkNode1_IP>:<zkNode1_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>.<zkNode3_Port>/;service

DiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;

T~ EiEiE T iEid BeelineZE PimEEIHITIA TGS
sh CLIENT_HOME[spark/bin/beeline -u "jdbc:hive2://
<zkNode]_IP>:<zkNodel_Port>,<zkNode2_IP>:<zkNode2_Port>,<zkNode3_IP>:

<zkNode3_Port>[;serviceDiscoveryMode=zooKeeper;zooKeeperNamespace=
sparkthriftserver2x;"

IESHEFEL
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FEZHPERNEFIREENEENMEEIDBCServert m . IZIEHEE A SBEEL
ZFLHRERAIZIEX T ZooKeeperfISEIR “serviceDiscoveryMode” #lI
“zooKeeperNamespace” .

B 2L FiEidBeelineE FimiEiEIFZHA R HTIA TGS

sh CLIENT_HOME/spark/bin/beeline -u "jdbc:hive2://
<server_IP>:<server_Port>[;user.principal=spark2x/hadoop. <& 5 >@ <EZ 1T
7>;saslQop=auth-conf;auth=KERBEROS;principal=spark2x/hadoop. <&EZ 1=
>@ <RKZHE>"

(AR
e Hrh “<server_IP>:<server_Port>" Zf§7EIDBCServeriys2HJURL,
e “CLIENT_HOME” 2I5ZEFiRIEZE,
ZHEPELSIEZHPENFRMEIUAY)DBCServeriZ1BLL, RiEZE SN AR E
A %EE . BFSpark JDBCServer2HivedfHiveServer2f9539h—NsC, EiE

B7iE, i520HiveEM: https://cwiki.apache.org/confluence/display/Hive/
HiveServer2+Clients,

BEfER
—RIERT, EAPRXHNEFinSIEEEZBRIAFREEFADBCServer &, &

EEEEENIRREEHEFRIIDBCServer £, AILUEISFIN--hiveconf
mapreduce.job.queuenamei#}{TIEE -

BidBeelineiEZRIASRAIUIT (aaaBFEFEIR)

beeline --hiveconf mapreduce.job.queuename=aaa -u
'jdbc:hive2://192.168.39.30:2181,192.168.40.210:2181,192.168.215.97:2181;servi
ceDiscoveryMode=zooKeeper;zooKeeperNamespace=sparkthriftserver2x;saslQ
op=auth-conf;auth=KERBEROS;principal=spark2x/hadoop. <E# 5 >@ <& %k
=

6.29.3 Spark2x SHHRIXER
Spark 1 HDFS BBt & XK

BE, SparkPitEREIRTILLRBZ 1M EURIE, WLlocal File. HDFSZ ., sxEHBHI=2
?_[1);53 PRI LA — /RIS AHUERI SRR THITITE . TEirE=kE, BaLUSEIR
ZEZRIHDFS,

PEERE, SparksyEiizEHlim (Driver)FI#1Ti% ( Executor ) . IFHligRARESREE,
HITRGREESHIT.

SRR FZANE6-119F 73 o
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6-119 JZEU 4T

3. Launch Tasks

3. Launch Tasks

At Executor Executor

Task 1 Task 2 Task 3 Task 4

1. Get [File A] 2.4 Blocks
status
4. Read 4. Read 4. Read 4. Read
HDFS

File A Block1 Block2 Block3 Block4

RS S R A AN N R :

1. Driver'SHDFS3ZE5kELFile ARSI ER

2. HDFSIREIZIZ{4HEAHIBlockiFE o

3. DriveriRiEEARIBlockHUIRE, RE—MFHTE, CIES TaskAIZEUXLEI {4

Block,
4. 7EExecutorimi{TTaskFHiEENEARIBlock, {EJIRDD (ML HREIEE ) AI—EB
Do

BN HRISIZANE6-120F 7R

6-120 EAX I

2. Launch Tasks

2. Launch Tasks

Driver Executor Executor
Task 1 Task 2 Task 3 Task 4
1. Create [File B]
direction
3. Write 3. Write 3. Write 3. Write
HDFS
File B Block1 Block2 Block3 Block4

HDFSM 4B NBYFML RN AR
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1. DriverfI2EEAXENIBER.
2. R¥ERDDL XoHRER, itEHEHIEAITaskE, H FAIXLAESEExecutor,
3. Executor{ifTiX%Task, EEARDDIVFIEENZILE1EEZENER T,

Spark ¥ YARN & %X
SparkHIHEIRES TN, vJLUBITIYARNAKEICSCEN . SparkH = YARNERHREERY
HERE, BESHHAANEITIER., Spark on YARNZDFRFFAETL: YARN Clusterfll
YARN Client,
e YARN Clustert&=,
I TIEZRUNE6-121F7R o

6-121 Spark on yarn-cluster Jz{THEZE

NodeManager

Container
] Executor
4 Driver

45task Cache
5.Executorf® Task
ETaskih

Spark Yarn client

11837
Application
NodeManager
. Container Container
2.RMA ==
Application Application Master Executor

SELER Driver
ResourceManager ; & )
|  DAGScheduler |
Task
L ] [
| YarnClusterScheduler |
3. AMERMEHEIEST

Executor

Spark on YARN-ClustersCELRAZ

BESEBmEFimERMApplicationfS &, 123%45ResourceManager,

b. ResourceManagersSpark Applications3BosE—1>
Container(ApplicationMaster) , F#£iZContainer Lf3zfiDriver,

c. ApplicationMaster[aResourceManagerERig&iELIZ TContainer,

ResourceManagersyBicContainertgApplicationMaster, ApplicationMaster
Ff8*AINodeManageri@ifl, 7E5x1EHIContainer EfE5Executor,
ExecutorBaifg, FHAMDriver;EAAFFEHiETask,

d. DriverpficTaskégExecutoriilfT o

e. ExecutoriifTTaskFFmDriveriC3RIz{TIRIR o
e YARN Clientt&=z{,

IZTHESRANE6-122F 7R,
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& 6-122 Spark on yarn-client iz{THE22
Driver —| ResourceManager [
13227 Application
Spark on yarn client
| YamClientShedulerBackend | ApplloatlonM&Ster
5. @R task
3 ERjSContainer 2.173rApplication Masters
NodeManager
NodeManager
Container
e - ExecutorLauncher
AJEE
Gontaner

Spark on YARN-Client=LIREZ:
MARY:

TEYARN-Clientt&X <, DriverZBZ7EClientis, 7EClientif/=5l, YARN-ClientiE{T, &~
FREIREANZERin. HEFFERYARN-Clusterf@Ezt .

Z kB ResourceManager&iXSpark N FIZAZIER, Clientisi$Eah
ApplicationMasterfrRHIFRBIEEITE, R LEResourceManager L,
ResourceManager SHIR[BINE, ZNEHPEESMES (U
Applicationld, ATRRIRFERH _LRFITIRE ) . ResourceManageritZiEsk
[&, &FApplicationMasterSHSiENT R, HFEZT=LEBIE.
ApplicationMasterZYarnFHIfAaeE, 7ESparkFHEZFE
ExecutorLauncher,

RIS MESHEIEER, ApplicationMastera][aResourceManagerBliE—
&Y AFiE171ESAYContainer,

ApplicationMaster ( M\ResourceManageris ) W EIFHSBoAIContainerdl
x5, £a¥RAINodeManager&iX{sELAE5Container,

ResourceManagersyficContainerzaApplicationMaster, ApplicationMaster
FItEXAINodeManageri@ifl, TE3kSAYContainer kSafExecutor,
Executori3aifg, FFAMDriver;FAiFFERiBTask,
(MARY:
IFEIzfTHIContainer RS IR ER o
DriversyBic TaskZ5ExecutorifliT, ExecutorifiiTTaskF @ Driver;CiRizfTIK
Bto
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6.29.4 Spark2x FrE#T4SE
(135S

Spark2xhir AABXS FSpark 1.5ARAHIE 7 —LEFFESFIE . BASFESAEXSNT:
e DataSet, i¥NlSparkSQLFIDataSet/RIE,

e Spark SQL Native DDL/DML, ¥ SparkSQL#IDataSet/FiE,

e SparkSession, ¥ SparkSession/FHE,

e Structured Streaming, i¥IlStructured Streaming/RIg,

o NIHUAL

o RAEEM.

e DatasourceZfft{t

o  &BFCBOfL.

6.29.5 Spark2x FRRIERIS 4

6.29.5.1 CarbonData &7}
CarbonData2—F#BaYApache Hadoop Attt Sri4&=t, (FRLHGIRFME. &
5. EAEMRBIEEA, LUESITERER, GhFinEEEPBHERIEIESS, TH
FERZEEIF, BRS, CarbonDatath 2—FiSEIRIESSSpark&EMIIE AL

5%,

& 6-123 CarbonData EA&Z2

More Analysis Tools

Spark SQL
Thrift Server

Spark

Other Data CARBON

Source File Format
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{#FHCarbonDataf B2 AZIERNEEIDIRMBRIENIN . MEA_LEIR,
CarbonData2—NOLAP3 &8, KFZE{FRDBMSHIEREFMELEIE, BRIEAS
(10TBLAL ) BIEIES A\ LACarbonDatat&=ElIZEAYZE S, CarbonData¥gLAE4ERIZS
HERS P B BLFIFEEENE . EIEHINERICarbonDatafg, EEaILAITEIES
1, CarbonDataigXIEUREIDIRHFRITL .

CarbonDataiE#URIRERMEISparkES RS, B A{FEHSpark SQLITEIREIG S
Mo tBaILAERASparki2taY5s =75 T EIDBCServeriEZF|Spark SQL.

CarbonData 5§43

CarbonDatafEASparkEIEIEIRIZTT, A HEaIMNEsER T RPREMHEEZ,
CarbonData EnginefESpark ExecutoriffgZ Fiz17,

6-124 CarbonData £5#4

Thrift Server
Node

User
Application

Cluster Cluster Cluster
Node 1 Node 2 Node N
v

Spark Spark
Executor Executor

Carbon Carbon

Engine

|
L ! ! ! HDFs

Carbon Carbon Carbon Carbon . Carbon Carbon
File 1 File 2 File 3 File 4 File X File Y

=Ffi#TECarbonData TableRRYEIEI 7 F & T CarbonData#iE {4, B—IRHIEE
18AY, CarbonData Enginef&iRAFHATEIREANZEN . 1EFLPRES -

CarbonData EnginefE3Spark Executori#iZf—aB iz, REMNEHUESIRAI—
M FE.

Eble%%%%ﬁ%ﬁﬁ%m DFSH, [E—Spark&EREAAYT = e] LAMEIHDFSHIEETS

77\ O

CarbonData 43t

e SQLINAE: CarbonData5Spark SQLEL3HZE, IFFBETILIEEESpark SQLLE
IETHISQLEEIR(E

o (HEARYTableHUEEREN : CarbonDataiE 5 FHEERIDDL ( HUBENIES ) iE
AsENFICEEIELE . CarbonData DDL+9R5E. SFEH, HEBEEL,
ALAENX EZ2¢E89Table

o (EEERVEUEEIE: CarbonData N¥UENNEA4EFIRMUSTEIREIREINAE
CarbonData>z 5 INE 7 SEEIRLAR G EMNEFHEIE . MNEAVEIETT AT INEET
[EEITIER, BRI LARRS ERIEIRINEIRIE
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e CarbonDataX{#1&=X 2HDFSHRIFINFEIE . IZISXEBIFSIHESIEFMEX

RS, BN, DEIER, BIBESRS . CarbonDataBBLANEERMER:

- EERSINEIEEM: BTFEEATIRETHIEE, TUEESMREaE
BE, E/DI/OREREFNICPULIE S, CarbonDataZ3 S MNMRBIAIZRS]
EARE, MIBIESRAILAFIBIXNRS RO BELZHFIGIBENES, tEaILUE
SEESHEPLIERBMAETT (#R9blocklet ) HHTskiptF R ENTEEN
AR

- WEFENEIERD: BEXSSNEIREEETIEBRIEEER, TETFESE/
RISEIEHITEN, ERERRLEGSEFZAI, ZEmIBENIIIREIE,
XFRA “IERMIME .

- XEMEERERBTEZMBNAS: fitn, XEILOLAP-style®if], It
FFixia ( big scan) , B&HIEIE ( narrow scan )

CarbonData XA

o REREFWIN: SitseEIIRECarbonData X ARRILE Z—. CarbonData&
EEEAAESpark SQLEIERY10{5, CarbonDatafEBHIEHEIERELSS L
gEEIm TR, EREESMERS|IFAR. £BFHRBFNZIXAIPush downlf
1%, MM TBAREIEE GHITRIRIDA

o SXREHURELE: CarbonDatalF HRER/EHBINESREHEOES EHBELEY%E
iR, mILURI60%~80%EEFEDE), RAEE FHEEEFERA .

CarbonData &3 |EFIRSZ L

AT R A IS IKAVEE S A driverm RAVED S HIAIS MO, 5| ANRIRFIZRS|
EFIRSSES, RS IMCarbon&EiBRYSpark BRI . FTERIZRSINSEERZS|
BIFIRSH|EE, SparkNABIIRPCHIVRINVEZRIRS 1 HIE. XHF, BT KER
WEMBIRE, FESFZEFMEZ NN SEItaEsETIRE LI .

6.29.5.2 IEREZEIEAY SQL TiFfilk

iR

LT EEMERWENTE, RIARSEFEESEE, SRMBERSHSZIERE
. HiRCES, tRSmEIGATEE: $EFEMXES, HEEEHHRS, BX
HIEEHOHE, XMSHTEREFERIRIEHRME, FIHK.

HBiFESparkEEEEEIGN, ReextERadfilter#HiT i, HULSMAERNVERIE
PR, SIMSQLSIEEMEE., FHXI M ERENIH TR, ZRiXJaggregate. B
projection. EZ¢predicatetIa] LA MERIHUER, RERISAVELRIEER, RHE
T =1

BN 5IDBCEURRINEIS T, SIFA TR Baggregate, projection.
predicate. aggregate over inner join. aggregate over union all& ., ARG A[E N
FA=RMFERER, B MEERIZITHXINEE, BRULIBTRESENAE L
EiE RIS
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£ 6-26 EREIIIEIMFIEXILE

(E3ES

1E3ERD

1EeEE

aggregate

AXHF
aggregate i

o ZIFHIRSEREI: sum, avg, max,
min, count
f40: select count(*) from table
o WIERGRHAEFAR
54N select sum(a+b) from table
o WIFREREEH, Hu0: select
avg(a) + max(b) from table

o z#Fhaving i
f5EN: select sum(a) from table
where a>0 group by b having
sum(a)>10

o TIFERIERENTHE
FiExtabs(). month(). length() &%k
F. BY8. FRERREHITTE, FF
B, BRTULERERE, BREaILUE
I SETan SIS HIRIRESTIFAIRES
f40: select sum(abs(a)) from table

e riFaggregateZ [5HIlimit. order by
T ( BFOracleRz#limit, FrLA
Oracledlimit, order by R& i)
fE0: select sum(a) from table
where a>0 group by b order by
sum(a) limit 5

projection

NZI5E R
projection
W, fian:
select a, b from
table

o IFEZFFIAXTH,
f5E0: select (a+b)*c from table

o TIFESPSREITHE, 1FHASWETHH
15488
f51%0: select length(a)+abs(b) from
table

e 7#FprojectionZ f[FRYlimit. order by
T,
f5Ian: select a, b+c from table order
by a limit 3

predicate

NSz &R/
BRNEHIBS
(BERYfE Efilter,
a0

select * from
table where

o WIFEHRFIATH
f5Ia0: select * from table where a
+b>c*d or a/cin (1, 2, 3)

o IFERORE T, 1FHSNETHH
Lzl:/z I

f5Ia0: select * from table where

a>0orbin length(a)>5
( “aaa» ,
3 bbb » )
N5kRAS 01 (2023-11-07) WRIERE © HERRARBIRAT 180



MapReduce 5%

F@mE 6 BHNA
iR L] L)
aggregate over f%iﬁg;ﬁiqﬂ E%L‘)\TRW'
inner join BXAIEIREEED
SEfTjoini
Ve, BT . ﬁﬁﬁaggregate,\ﬁ‘éEEEH—Ai,
aggregatelRfE group byAJLISRB— 1M ERFIERIE,
R #Finner join,
AZHEBRE:
e AR3Z¥Faggregate[@RTRBjoinZEFRING
FRRYTHE
o T iFaggregate B EIZE, H0:
sum(a+b) .
e ARz#FaggregateizE, f0: sum(a)
+min(b) .
aggregate over ?igﬁg?\iqj ZFER:
union all BXRAIEIREEED
S FISpark, %f:ﬁgunt BRECA: sum, avg, max,
et fTunionig N
e, BT AZIFNER:
aggregateifE | o A X#FaggregateNBZIZE, Ul:
sum(a+b) .
o A z¥Faggregateiz&, 0: sum(a)
+min(b) .
pE=E AN
o HMEPEUEIRZEHIvelNIAR, B SparkiZRIINETEZHITEIE .
L4 M;Elﬁxxﬁj:ﬂ'MySQL*nMppdbo
6.30 Storm

6.30.1 Storm EAS1E

Apache Storm2—1

RBRXE

SEERY, HERFPRIERET

o, AIEE. E’éﬁﬂﬂpkﬁ]‘umitéﬁ)ﬁlﬂﬁﬂﬁéﬁ fEStormda,
EERIT— AT LT ENENRGENS, FRZ9%FM (topology )
T2 ( master node ) 9&HE, BES

MAIMESR
53\@3 s LIFo=

(worker node ) #1475 —/\}E?MJ@?ESpout?FDboltﬁﬁﬂl%é, Hrhspout&ZiXiEE
B HIER A tupleTt BRI N AIX H 25 MboltN ARG X L HIRR, & boltEP

_Jle:EJZL 8. TiEEFEFE, boltBBEAILIETISEIERESE

SHfthbolt, Hspout’&

SFHAYtuple @RI EEH, XN ERBEAIREXT
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6-125 Storm EARZ243

_ ST - R |
! Zookeeper i
TEARS i |
Zookeeper
_ _ TSRS
Supervisor Supervisor : Zookeeper
E@Wwoker | 000 TR

Worker

Warker
e

WS AMEIB IR R Storm s TopologyH » —“Mopology2E—2HSpoutZBf4 ( #1
28 ) FBoltBit (IBIBALIE ) @idStream Groupingsi TiEIENE M TIAE

(DAG ) . TopologyEEERIE—*Component ( Spout/Bolt ) T5R&EBEFHITIZITH.
fETopologyEm, ®ILUSEENTENFHITE, StormNSEEREmEm S EEMNA
TaskEERTIHE, LUIERRSRILIERES .

6-126 Topology

TR ER AR g
M EREETE .
AT AR Sl
Spout ,Task';x
=

o ERMRIZ

o SR, JMgEitS
o (RIELEUEERX

o RN

o ZTHIEFRE

o ZES

StormERITETE, EISEIBFRRE®TERNZHENSIISR: CQL
( Continuous Query Language—#F£&EEIAIES ) . CQLEBIAT/ L MFS:

SCA%hRA 01 (2023-11-07) IS © BB AGIRAS) 5



MapReduce 5%

@ 6 HEFNA
o (FREE: CQUEXMMRESQLEARM, REEFSQLENM, BEEHREFES],
Bler RS T S F A
o INREEE: CQLIRTEAIRESQLIBRREARRIARNEFINEEZ I, BIFRIEXT Rt
BipSIEm7yE0. TR, FEEREEFINEE.
o STV RE: CQUEMTIREREO, XSHREZMSIHS, ARAILBEENX
wmA. B, B, REICERERHBITEN Sins
o STAIL: CQUEHTIFMIREMIRE, BETHAFPEEMERIMIERE.
EXFStormBVZRMIF0IFRIEN LR, 15200 https://storm.apache.org/,
Storm [FIE

BEXHE

& 6-27 EENE

= i8R

Tuple StormiZzDEURLEN, BIEEEBNEARRIT, AAJZEKey-
ValueXy, X&ETuplezll—MomzUAIS R TEIEF14
1,

Stream StormAVKEHSR, B— 1 TBRANELTupleF3l .

Topology fEStorm¥ & LiEfTRI— 1" ERT N e, BEMEN

( Component ) fHpEH9—DAG ( Directed Acyclic
Graph) . —{“TopologyAl LAFF EHIEITEZENEL, B
BYes LT LUz TIZDAGHAY—ERS - TopologyS5Hadoop
fRIMapReduce JobZfll, RERIZ, BER—MKIEFER,
—BHRMASEL, BRIEATIHILE,

Spout TopologyHF=4EREMEAVAAE, ETuplefIKR, BEALL
MINEBEURIR (UMEERNT . BiEE. XHERSZ. TCPiERE
£ ) 1ZEEURE, AR ATopology RERHIEIELEH
Tuple, HHTF—ZRAHIIE,

Bolt Topology#EZ#IBHMTEALIEZIE (WIIIE, Fit.
iR, 8. EREANSE) NEH.
Worker =Topologylz{TSRYPIEHTZE . B "Worker@— NVMik

2, 81 TopologyalLABBZ\™"WorkerH1TH1T, 81
Workeriz{TTopologyFHI—MBIEFEE

Task Workerdr&—NSpout/BoltRIZIEFR FI— M Task
Stream Storm/fYTuplen & 5HE, BIE—HRBoltMHA D AH K
groupings BEWHIE ., YaTiSn05EIEA: Shuffle Grouping, Fields

Grouping, All Grouping, Global Grouping, Non

Grouping, Directed Grouping,

E6-127#4A 7T —1 HSpout. BoltfHpHIDAG, BlTopology. ElFEMEFAER
FSpoutsEBolt, FEFEANT RERSZINFHEMTask, Taskz[@l “i8” 3
HiEimR—Stream,
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6-127 Topology T~E=E

Bolt A Bolt B

Spout

. AHE

StormiR At =HRBIRORIRT SR

- Bz GENMETRAEE, EFSREENE. KERT, REE
HEREX,

- ES—R: RERREHTE, ETRSREELE, WSRT, s
AR SRR YRHEINAAIE, SEESpoURIHTER, HUELERolS
WANIB, ESHEREEEAN

- MR MUERINGE, FEE, FRALE. WERT, HERE.

TEIFRBRIORE, BEREUSTTRLOBRREE, Bt HIINT

— LTSRS, AR SRR IR E SR BN TR R4t

PEEE; TN T LB R MR R ROl , MBI — kAT S

2, LRSI (AT — R

. B

StormE—NBERS, IRURSTAML. F6-28 \StormIIREEMHLBAIIER
fEREEERES:

% 6-28 BiE#E
ES e ol

Nimbus&38 Nimbus2 TIRS B RIELEHAY . ZHFENImbuskET, &
Nimbus&£#EE, FITIMEMIRSS .

Supervisorsk3 | Supervisor TIEBRREETIFHE, B—MHuEREM
#l, BREXIRESH, AAEIETZT S LIE{TRIWorker,
BELTEZEFRIWorkerD B . Z4SupervisorseiiT,
OMS&{TE, HERIERIZHEZ.

Workersesyl 1ZWorkerFrfET = EAYSupervisorsE I T = EEFIRENZ
Worker, WIRZXEFEM, NNimbusEZIFEZEHD
BRI EM TS,
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PR 6 AT
L¥in= 15388
TRER ZT R EHFRE D ECHES SBRT, MNimbus&iEiX
WorkerE#o B2l Bt =,
Storm FHEEFHE

S IUERT I EES
FrEStormE&RFPRIB Slas LA LUSTSAN TIFHE, 81 TIREENTeE
ENERE, BYEREULIITSNMES, SRR ARITEIRGIE,

maE
MBEEBRBSRPE A, RSN, RUEFIBRIBRTTI
7.

EEEE

iFAt-Least Once. At-Most Once. Exactly OncefUEGBEAMEER .

Z 2t

IRHEFKerberosHRNELAR AR ASEANLE, 1R4S24FSSLAYStorm UILAK
Log ViewerRH, RNZIFSAEIRFEEMAM (WZooKeeper, HDFSE ) i
TREeER

RIBARINEN K ERE

{FFAFlUIEZRE X SR SHAh, EIVSSDAGKEZ AT, REIFYAML DSL
( domain-specific language ) EX#TEN, THEHHENITEISHKB.

SHMEREEHEERL

SiFSZMIMERBEEEERL, B3E: Kafka. HDFS. HBase. RedisalJDBC/RDBMS
FIRSS, EFLIMERSHEIEREIWS

6.30.2 Storm SEMAEHIXER

Storm, $RBLERIRIDAHIITEMELR, EAILINGIRIR (lKafka, TCPIERRS ) HHiR

SLIEREIE, EXLNFEE LSRN, [MEREIITE, FRERRLENS

%Mﬁﬂﬁﬁ%ﬁﬁ%iﬂﬁ o StormS5EMBHAIXFRINE6-128F7:

6-128 HHXKE

-
Other Source -
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Storm #{] Streaming By &K

Storm#Streaming®&REAAIFFIEApache Storm3#%, RRERIZ, Storm{FERBEIRZAR
ARE1.2.1, Streaming{ERAYE0.10.0, StreamingBit—iRFAREFRIF2HFITE

s

, LNz BikRA B S EStreamingF BB WS EETHER T, FHREHATILL

{EAStreaming, AR EHFIEEAVERE, WEFEHStorm,
Storm 1.2. 1§43 41508 -

SHRNER: REGSTIEHSNEHRIGIMIFIRENIINEER (BE) , X
EETEMIEEH.

Native Streaming Window API: 2tEFERYAPI,

RRAES: MEETXRIVRAESESG, TERINE X EHEERFER&EX
B, HEEIEENANIEEAFIRERE, NMEEZAPE RN
;}EO

State Management: REHEESHIFIAIBoltEO, HEMHKMAT, Storme
B EEboltiRSHBHITIRE -

HEREFFEIRL: EStorm UIREALAFFAFNEEERIEL, BRiER
EREERREEERER,

WorkerzZ&&a3#r: EStorm UIRE T LAMEEWokreri#tighY)stack. HeapHE,
FEALIERBWorkerifiz,

A ERBESEEE: 1=Mta< 1T Storm VIR A I THhAaF N B
TEanEiER .

MR : SZEIRARAIELL, StormBItEE SR T BEIREH . |, HIMNIHERE
*jﬂ{iﬂ%?&?F‘E‘BHE%E’\JW%&E?E?CE'\B&%, BENFARSHEIAS=RKIE, HEEn]
LURF3ME,

6.30.3 Storm FFEE R

6.31 Tez

caL

CQL ( Continuous Query Language ) , IFEEEIES, E—MATSCIHEER
FRBEIIES, E2—SQL-likefUiEE, HBXIFSQL, CQLFEMT (AIF)
ARIREE, BEGENHIEREEREY, #THRERNAFTE, CQLAYREIHLES
RAYIEREE—NZTEER, FRCQL, aTiRERHTWSHE, HAE
VSRR FStorm E B TS LATEIERVIEW . LIBEREREY; HALIESE
AIRFRARLENESS .

=a At
Nimbus HA#/LH, &5 7 FFEStormERFRNimbusth IR b fE M SEERF IR
Rt TopologyAIFTIE I EIRIRIFRYRIRE, 1858 7 SeRF I At

Tezi2ApacheiR#iHISZHFDAG ( BELHE ) (EUAIFRITEER, ETLSSIE
REAIIFAL EE R — MBI RIESRFH DAGIRALAITERE -

MRS Tez{E/IHiveRIBUAIITS I, HUTHRITITEBIZRSEAIMapReduceAIitEs|
a5

BxTezR9i¥MixE, 520 https://tez.apache.org/,

NiERAS 01 (2023-11-07) IRIERE © LA/ ARBIRAE 186


https://tez.apache.org/

MapReduce BR$3
RN E 6 AENE

Tez 1 MapReduce [EIXFR

Tez3RF T DAGR£HZRMapReducefEs3 ( DAGHR— T RELE— 1 RDD, 1HFRRXY
RDODEYIRIE ) . BRI O BERZRIBEMapESFIReducelFZH—1RS, MapESEiR
43 AInput-Processor-Sort-Merge-Output, Reduce{EEZi/% SInput-Shuffer-Sort-
Merge-Process-output, Tezi§&TF/IMESRIFEAR, F2— 1 KRIDAGIEIL,

6-129 Hive EF MapReduce 1ZXEZHET Tez 12XESHIZE]

Hive-MapReduce Hive-Tez

Hive on MapReducefFEZHEEZMMapReducelEss, B MESESIEHEEREE
BIHDFS_ E—aRI— 1B Hareducer s F— 1B Imapperigt#iE . Hive on
Tez{ESNE—MES PR EHEMIETIZ, (S ZEAREEIHTHDFS,

Tez # Yarn [BIRYKR

Tez@2iz{TEYarnZ LAVITEIELR, =TI ERYarndIResourceManagerfl
ApplicationMasterfAR% ., EHResourceManager2— NEHIEREERS, M
ApplicationMasterlllfaZEMapReducefEILBIEIRII S « EFHD . RIERIBHESE
ESSHEEIE. I, TezUHKEYarniZgtBITimelineServersciiTez(E551z1T1dE 2
.

6.32 YARN

6.32.1 YARN EXRRIE

RTEWM— M HadoopERFRVERIH = | nIHgEMEFNnI M, FHREREIMapReduce
FEZRfAYJobTrackerfgEfiin, FEHLXSINT H —HIRREIBEZZYARN

YARNZ¥§)obTrackerfIm N EEINEE ( ZREEIEWRE/%E ) P8, TELHER
BliE— 12 BHIResourceManager ( RM ) FIEF NI AEFH
ApplicationMaster (AM ) ,
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FEERIMA 6 B4R
AR
o WIFHEAYARN, iEHRIRMRSEERENEREHadoopRSS »
o NMARFREESIIMapReduce/FIE{EIVAIDAG (BRIEHE ) .
YARN 4544

YARNS BLEHBIAEEResourceManager . XL HIEEANERFH SR N BIEF M
HEMitE&ENSES . ResourceManageri§ENERESS (1HE. AF. %% ) B
OEHEESERENodeManager ( YARNBSEMNT SRR ) . ResourceManagenits
Application Master—it253ECRiR, SNodeManager—ieRanFNE R E1iJRYE LN
2. Eltk F 329, Application Master&3iB T LABIAYTaskTrackerfd— L e,
ResourceManager/&iB T JobTrackerBEE

Application MasterZIE—MEYARNAIE TR FTZFA9E A LA, Application
Masterfa Z=tiE3R EResourceManagerf&iE, FHiE@iZNodeManageriStiAgEHIH
TANERER (CPU. RESEHNERERDHE) o

NodeManagergIE—YARNEEFFHIE M= . NodeManagerf@fitstXd&g &1
TRRS, NEBH—BENARE SRR R RRED @R . MRVIIETE
EEIEMapFIReduce/EZAIHT, MNodeManagerEIBMREEE, XLERERERE
AHt—MFENAREFAFERINEN T RNER.

6-130 YARN %513

Comaner> TP

| Client }._ ! ]

&> L e <

=

RESOUICE REQUESE  —rrrrrreerreemee T
(_ Container _) C _ Container _,>

MapReduce Status

Job Submission ~ ---------------- -

Node Status =~ 0o --mmmmmmom

E16-130h =305 AITHEEUNFR6-29F 7
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& 6-29 EHEHEP

B fik
Client YARN ApplicationZFix, FAFPTLUEEZ Fik@ResourceManager

IBXES, BifApplicationiz{TIREE .

ResourceM | ARERFFBERRNSF—EEHDE .. BKERES I TR
anager(R ( NodeManager ) (IRRICIRER, HIRBKENZIREIZIE—ERR
M) B ECE BN ERER .

NodeMan | NodeManager (NM ) EYARNFENM TR EAMLIE, EEHadoops
ager(NM) | B¥fEEMTET R, BiE5ResourceMangerfRriFEE, WE
ContainerfI4£dEHAEIE, EIEEContainerfIRIRER ( AE.
CPUE) 1B, BETRERKNR, BEREMAENAEEZFHEZEIR
Bit/BARSS (auxiliary service )

Applicatio | BIEIRRBEIApp Mstr, fas—“ApplicationEmBERIARRIREIE. &
nMaster(A | #&: SRMIBESEESLEREGERIR; SRS RH—SHELREME
M) % (ZENTXHES) ; SNMBELUABN/IEIEES; WIEFREES
BITRE, FEESETEMBEEFNESHIEERUERES.

Container | Container@YARNFHIERHR, X T7TEN TR LHNSHERRE,
WRE. CPU. #£. MEE ( BRXEIE=MEFMCPU ) , HAME
RMERIBERIRRT, RMAIAMIREIRYZERERZHContainer®&x. YARNS
FEMESHE— 1 Container, BHiZz{F55RaEEAZContainerdif
RHIEE

EYARNA, FRAERERUERMNIISNALREN, XMALSRENTFERRER
B EDECAIRS, HimiESERFRIEFIAZE ., W TEFRR, Superior Schedulerfl
Capacity Schedulerf9tz/ &R RS BCEEAEE

BERSUEFIIINER . BPILUE—ISHES M AIHRRNAE . BXNMOBRIAY
&, PERSARBE—EMNEE—PAY, FEEY ER—MNA, FA=RE)
N ESERER. ERSHRFISHOEREN, BEET A, EFE—1NA
&, MERSMRNRERRIE . ENERENSEHRIORA: AR IRIIBRIS.
EHERRIERIS, (EEHIERAIES.
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6-131 FR ECIEE

YARN JRIE

#rAHadoop MapReducetEZ2#EanE IMRV2ELYARN , YARNFEZEEIE
ResourceManager. ApplicationMaster'5NodeManager=" 284

ResourceManager: RME2— 12BN REEER, ARENREZFNERRESENS

fic. TEMMNMBEIR: EAESS (Scheduler ) AN FREFEIEE

( Applications Manager ) o

- AESRES=. WIFRFIEE (N8BS E—EHNER, &SBHIT
—EHENEIE ) , BREAPHEBREDELASNELETHNBRER. 1B
E{URIES TN AEFNR RS KA TR RS, MEBESECRMA—
xS ContainerskiR, Container@— 1 alSRIEDECRNL, BHFE.
CPU. ##. MEFRFIRET—k, NMIREEMESERNSRRE. It
s, ZAERERE— uEKREVANH, BRREE SR RITHIVAEAE
25, YARNIEH T ZMEEZTAREESS, tbillFair SchedulerfCapacity
Scheduler&s,

- NAEFEEXRAEEEENRATFENAER, SENEERRER. 5
R EthE &R LABEhApplicationMaster. ¥izApplicationMastenz{ TR
HELMBIEFFNE.

NodeManager: NMEENMT R LR RINESEESE, —FHHE, SENBRMIC

RAT = FRZRRFERE RS N Containerfiz{TIRZS; B—HMH, BUIFHLIE

SEEAMAYContainer BE1/ELEEiEK,

ApplicationMaster: AMfaZE—MApplicationZ#pEHIRRFIAE TIE. BiF:

SRMIAE S DELEREGER

- BEINERA—LSHELAREEMES (BRI TXSE)

-  SNMEBEUEH/IEEES.

-  BEREESETRES, FEESETEAUNEHFMESREREUERE
%o
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FRRSEESE Capacity Scheduler [RIE

Capacity Scheduler@—MZRFIEER, BLAIIARMXISTEIR, AEIINRE
T RFREFIEMER LR, B, IS ITRAFIRE T BRER LR IER RS
. MB—TIIINRFEERIRE, ATEIPERRTIRIEZEEMBAS.

Capacity Schedulersz3FZ2 1N BAGI, ABANAIIECE—ERERRE, FHREFIFOFESR
0%, JoBhLEE—R RN AR 5BA%ER, Capacity Scheduler&Xd[E—FRFIR3ZAIE
WEr EEREHTIRE . AEN, BXTESNNIIERINER, ERERRRRD
HIBAT; SRIRIREBIE I e A NIRRT G REiR, ETEE AP S RENIREIFIN
fZMR4l, Capacity SchedulerE=EE AN T4 :

o FERIE, MRSEREERITAT M NIIRER RREFIENZRER LR, m
PR ZIBAIIRIN AR A EX R R

o REM., WR—IIIPHIRFEERR, AILIENHZEILETEERIRAING,
m—EiZSIEHIINBEEFERR, WERARFEINIISEREREREIZAY . X
MRREREDENLATHERRSRREFAR,

o ZEHE, XIFZAPHEERNMSNAEFRET. AMBIERNNEER.
PR E TR S EEREPRVEIR, MRSEEBFEIERTI AN ZIBINSELR (Ltbang
N AEFEIETIESHEE) .

o  ZERIE. BPIIETEIACLIIRMECRIEIERR, 81 RAFREERL
BRPATEEE CNBAEFS TS EERNARER . 5, MRSERFEIE
RAEENIIEIRRMEFRREIER,

o INEEMEENH. MRSEHEERNIREFENTENRESHALINELZE
BETE,

Capacity Schedulerdr 8 PAFIRTLABRHIFIRERAE . AIIERIRIRESECLAERE(ES

HZKIE, (SNBSS . EERAFHRA, EREAENHIESR

B BN SMFEBNSSEBTIZENAE, SFEAEE,

6.32.2 YARN HA B ZNE

YARN HA [FIESCI)5 5

YARNHAYResourceManagerfa RN ERA R REEFESEE, THadoop2. 4k
Z8i, ResourceManagerfEYARNEEEFHHZEEE SRRV, YARNS AL RE
5| NTTRAYResourceManagerm mAA T, BERT XM EMIRSHI TS NISEMS

2R o
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6-132 ResourceManager = 8] FI4SLH1 294
2. Fail-over if the Active RM fails
(fail-over can be done by auto/manual)

A 4

1. Active RM writes its states
into ZooKeeper

~,

ZooKeeper Cluster

ResourceManagerfySa] A4 K R 2B g E—~EHActive/StandbyRy
ResourceManager s /= 3RSCEIAY ( 2NE6-132) . SHDFSHISATAMEA R, (E@
Btal = R e — 1 ResourceManagerftFActivelk 7S, HActivelR& EI’J
ResourceManager& £5FERT, oEIS Bosi FolfIA A EIERER, #HiTActive/
Standby A7t

RS EIRERLTERT, YARNEREE&E, MRSEMHEERFEERWSITHER
yarn rmadmings < FrEEF—ResourceManagert it HActivelRE . HEEHIT
TIPSR T, NIFRESFIGActivelRZSHYResourceManagerifJi /g
StandbyX7, BIES—1 ResourceManagertJJ#a9Activel &,

FEEohtifE % E, ResourceManagerRiBIINERIEFZooKeeper=LEIHY
ActiveStandbyElectorsR/REMB—ResourceManageriiZp{ AActiveTo s, ZActive
%?58’\]ResourceManagerEEﬁﬂIBﬁEﬂ‘, 5—/ ResourceManagerig B &g fg
ActivelRSLUIEESETT =

WEEREAYResOU rceManagerL,{HATiiﬁ*E‘B%EET , ZERFiREAR “yarn-sitexml” EEHT
BFrBResourceManageritiiit , ZFif ( &EApplicationMasterfINodeManager )
=LAIER B NS HActivelAZSHIResourceManager, tHHLEHE Finms=H Ciefit
FENH . WWRZHFIActivelRZSHAIResourceManagerGiki&sE, BBASMEE(FH A
A9 X EIFAIResourceManager,

BRMAESS, BERRIRSHIERER EENAETAVAZ (¥ ResourceManger
Restart ) , Zj/EFResourceManager Restartlf, EfSGEHIResourceManagerzinlLA
‘ﬁ)‘i}]ﬂ%ﬁZE‘ﬁActiveE’JResourceManagerEl’\JJj(* =B, Fi@EigEWENodeManager
LcontainerfPiRZ 1.:.UE1"J£G»U( AT . XN BREFBEYERRITIRE SR
ERFIRRSER, ?)ETLX@?'IVEP\]@E’J%% K& "EEEELJ:Actlve/Standby
AYResourceManager&Bgeifinl . HEIRSIRE T =MESKTERGE: BIIXXE
REFHHE ( FileSystemRMStateStore ) | @I Level DBEIEFEILE

( LeveldbRMStateStore ) B;iEidZooKeepertt= ( ZKRMStateStore ) , iIX=F75,
R EZooKeepertt =7 iEFencing#4l . HadoopEJuMﬁﬁHZooKeeper,\?_o

XTFYARNSHAMASRNESER, IS5 T kE:

MRS 3.2.02Z#ikR2: http://hadoop.apache.org/docs/r3.1.1/hadoop-yarn/
hadoop-yarn-site/ResourceManagerHA.html
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MRS 3.2.05% 2 f5hRZA: https://hadoop.apache.org/docs/r3.3.1/hadoop-yarn/
hadoop-yarn-site/ResourceManagerHA.html

6.32.3 Yarn SE{thZAHRIKHR

Yarn F[1 Spark B{4R9XHR

SparkBNHERERTN, BJLUBIE YarnAEZLCEL ., SparkHE=YarnERHRMEZAIIT
BERR, BESHHRANZITHER., Spark on YarnFfED: Yarn ClusterfIYarn
Client,

e Yarn Clustert&z{
IE1THEZRUNE6-133F 7.
& 6-133 Spark on yarn-cluster Jz{THEZE

NodeManager

Executor

5. ExecutoriBS
Taskiizs

Spark Yarn client

15832
Application

2 RMZ

Application NodeManager

ResourceManager HEER
ApplicationiMaster Executor
[
YamClusterScheduler

Spark on yarn-clusterSEHAFE :
a. BEScHERiIRSERApplication(SE, 123ZZ5ResourceManager,

b. ResourceManager/sSpark Application3BcsE—1>
Container(ApplicationMaster), FHfEiZContainer_t/SzfiDriver,

5

c. ApplicationMaster[@ResourceManagerERi5&iELLIZ{TContainer,

ResourceManagersyBicContainertgApplicationMaster, ApplicationMaster
FItBXAINodeManageri®ifl, E3k1SAIContainer LfExfExecutor,
Executori3zifg, FFAMEDriver;EAiFFERiSTask,

d. DriveroficTaskéZgExecutoritiiT,

e. ExecutorfifzTaskFF @ DriveriCiRiz{TIKR o
e Yarn Clientf&=

B THESRANE6-134F7
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6-134 Spark on yarn-client iz1THE22

Driver —| ResourceManager
14238
Application
Spark on yarn client
YamClientShedulerBackend AppllcatlonMaSter
5 A=t ask ‘ '
3.0 24@sr
i Application Masters
NodeManager Container PP
NodeManager
Container |
Executor

= ExecutorLauncher

gS|
o Cmche Contarer

Spark on yarn-client3CEURZ
AR

fEyarn-client’ &<, DriverZfZ7£Clientis, fEClientixf35, yarn-clientlE{ T, 3%
BERPANERin. ¥EEF[ERyarn-clustertEz(,

a. %Pﬁﬁ‘arﬁjResourceManagerEi%SparkJ“'}fﬁi‘xEﬁigj? ResourceManagerﬁj
HIRENZ, ZNEFEEZSHMEE (WApplicationld. ATFEZRIRFEHA LR
MRS CllentiﬁﬁﬂjFEJJAppllcatlonMasterFEmE’JFﬁﬁL:.,uH@ =R
éﬁResourceManagerJ:o

b. ResourceManagerl{EiE3KE, &HApplicationMasterSHSENT =, F
Az E FEEE . ApplicationMasterZYarn® e, fESparkiHigs
F=ExecutorLauncher,

c. IRIEEBMESHEIEEK, ApplicationMastera][aResourceManagerElis—
RFBTFizf7{ES5HIContainer,

d. ZApplicationMaster ( M\ResourceManagerif; ) WZEIFT5 BehIContainers!
xE, SaxtNAINodeManager&i%{=ELAE5Container,
ResourceManagersyficContainer45ApplicationMaster, ApplicationMaster

FIHEX<HINodeManageri@ifl, 7E3K15HIContainer_E5hExecutor,
ExecutorBsifE, FHBM@Driver;EFHEiETask,

(AR
FEE{FR9Container R &= R IEHISE .

e. DrivergoficTaskégExecutoritiT. ExecutoritiTTaskFH@DriveriCiRi={T4k
IRO

Yarn #1 MapReduce <K

MapReduce@iE1T7EYarnZ ERI— MM EAYITENESS . MRv1ZHadoop 1.040AY
MapReducesLHl, SHREREE ( #IBREZEO ) . iﬁﬁ]‘%iﬁ ( BJobTrackern
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TaskTrackerfBRY ) FIEUEALTES |2 ( MapTask#IReduceTask ) =B 4HAY . IZIEZRTE
EM. B (JobTrackerB R ) FIBHELESIF ({X3ZFFMapReduce—itEiE
58 ) EHEGFEARAE. MRV2EHadoop 2.0FfMapReduceSHl, B ERBRERT
MRV B9fRiZ S BUFIEURAN RS | 2250, (BizfTRIIRE R YarnfYResourceManagerfll
ApplicationMasterfHp% ., EHResourceManager2— NEHIZEESER%, M
ApplicationMasterlifaZzMapReducefFAAIEHETI S . {E5XI0 . RIRRBFESE
ES5BHEELE,

Yarn # ZooKeeper B9 &K

ZooKeeper5Yarng9x ZUNE6-135f17 o

6-135 ZooKeeper 5 Yarn f9% &R

ZooKeeper
S

Standby ResourceManager b\,
Statestore B FE5FEApplicationtB=EE

Active ResourceManager{t
ZooKeepertliZStatestore R

Ly
. ?”0@,
\\%Q‘%Go
x\\fp@ '{g%’
~ C
~ Rt
\\-t;j.:@ P
- Active Standby
ResourceManager ResourceManager
SAER

HERESBENAT, ResourceManagera=itiEit& SR 5 NZooKeeper, SE—1 B
INE NZooKeeperfiJResourceManagerfis&2¢ JJActive ResourceManager, 55—
“N/3Standby ResourceManager, Standby ResourceManageriERfZZooKeeper
154=Active ResourceManageri&%¢(58.,

Active ResourceManagerif&fEZooKeeperditl@EStatestore BR, FiE
ApplicationtBX(SE ., ZActive ResourceManagerf=4#f{fEht, Standby
ResourceManager& MStatestore B F3£EXApplicationfBX (=R, IREXIE.

Yarn ¥ Tez <&

Hive on Tez/E\l{EEEEYarni2{itTimeLine ServerggH, LUAZiEHivel TR ERN AR
FHHBIABEERES, EFEEIEER,
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6.32.4 YARN FHEIZs43M
(ERMREE

HEFEERIYARNSRIEEASIS, NR5ERIZAIMapReduce Jobi<iTE)E iEEEA
Hadoop&EBHIRIR, SHEEERANO—EMTEFIKE, EEIRunning#AYJobif
ITHBERRIR

MRSEEEHEM TESMITTARENE . LEAFISRIFRFEXAELTRAY0b, FEE
BISI ST obBEISIRENZ I THRAVRM TR o bRMAIRIR,; RIM5ERIobRIENAIHE

REIERE, BABRIbERHERARE, AR,
R S A E N E IS AT IS, MTHAS S A R 2R
(0 #8
ﬁ%%ﬂiﬁﬁ'—ﬁﬁc%ﬁl‘:?ﬁé&ﬁgﬁ)ql?& EoAARER, RESBHFESRA, MARREEERE
H.
YARN R BRI

Hadoop YARNHRISRHHIRBEILIHaEFIFIZR (ACL) LIRS, RERBEFETAR
RIRIEH, FENBTEHEINED:
o ERIEHEIEREHITIE (Admin Acl)

ZNEEFEATISEYARNERI NZHAEER, HP, MRSEEEIERIIFRBSH
“yarn.admin.acl” 8% . EEHEEEIERALIAEResourceManager WebUI,
xBERENodeManager . PAZI. Nodelabel, {BARRHRIIES -

o BABIIBIEIEHEIFIZE ( Queue Acl)

ATHEEEERPRIAR, YARNSRF/BRADKRETIN, HiEEE81TH
F/BRAFRERIBAS . B \SIEESTHIMIR: 232N RE R IRIEIEN RiE
FAXBR ( ELanBIHEEMNABER ) .

FHRIRE :
RABRIYARNIRS R RH LS T =fMAae:
o ERHZHEER

o PIIEER

o EEAR

(B2 HETFFHEYARNIZEAIWebUI/RestAPI/JavaAPIZ i _F AL RIEFA R AR TN
@%, (HTRAPEENRIHOMNBIERINERE, TEBESHFPHSTHRERE

1EoE:

ZeERT, WFFEYARNIZHEAIWebUI/RestAPl/JavaAPIEiEO T TIREIE
g, SHFRIEARNBERAE, HITHENAISPRIES .

BT AEXINAIRINT

o HRHZHEIER: HBETEYARNER: CHTEIRIE(F (WNiAaResourceManager
WebUI. RIFTBA%I. i&ENodelabel, E&EIHRE ) HINPR .
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o [FAIIEIER: HBTEYARNER: LATEIESIRNESFIEEINR
o TEAF: MBEAEYARNEER LW HE RN AMEFEBINR

BfHESIEERE Superior Scheduler [RIE

Superlor Scheduler@—1"&iJAHadoop YARND N BREIERAIRITHIREAES|
g, Bt EFRRaRIED, %*HPE’JlL%ﬁ?ﬁ'ﬁurl‘E’Jnf etV RiEIRE RS

Superior SchedulerAT SLHIFFREIEESS. Fair Schedulerl Rz Capacity SchedulerBIFFE
Ih8E. =5, HRTFIREERS, Superior SchedulerfEfiR VR ZFHFIFREREE . HF
NZHAFRRERBINHEZ. BAEMEE. RARERBRMSIFAERT RIEA AR
TERIMAEE . RITAYE IR Superior SchedulerBEER T RAERS

(U FFFIRFair SchedulerfiCapacity Scheduler, Superior SchedulerLJiYARNﬂJE
SE1FH{4HEO5YARN Resource ManagerfB{4i#1732E, LURMEIRIREINRE.
6-136 IHEAKRRE

& 6-136 Superior Scheduler REREH4

YARN Resource Manager Superior scheduler

YARN Scheduler
Interface
(ResourceScheduler)

Superior
YARN
Scheduler
YARN Resource Plugin

Manager Service APls

Superior
Scheduler
Engine

YARN Resource

Manager RESTful w
Service Common Uilities

Superior_commands

ConfigurationFiles

El6-136, Superior SchedulerfJEEEHRNT:

e Superior Scheduler Engine: BEEF=AESIRIISEESAERS|E,
e  Superior YARN Scheduler Plugin: YARN Resource ManagerfSuperior
Scheduler EngineZ [BIAY#F2, faZREYARN Resource ManagerXZ H,
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HRERE L, FREESRTERETTED = OBBRENREIR &K @ LR EL Y
BENG . Bk, 8MtETRERAXOBEEIYARNEIResource Manager
BIIZT RRSHEN B EEERE XN T R E L . XFEAENFIEREN
FHIRIOBMESE—IS, HEEHRIEAN, SBEIRST B BE MR
M. B, AARBTERRELEEVIGEENSG, FRAESRTAEREL
ERRYE, GINEEFEIIMERTE, SIIRFELTEIFETABRIEES
Eﬁ%o FEFRSAERTEREWA, RE2BRRENE, REMEIIFAE
%,

Superior SchedulerEBRA T ARAVEEMNFI . Superior SchedulerfyiAEzE5|
ATENNAELRE, IBEEROHAER, BeTRFOHNR TR, S,
Superior SchedulerfAERERA T MEWEIEROERITESX, XEFEEMNMEE
FELEELBRIRIENE, AITLMEXRIESRAENEE. BHFREESS,
Superior SchedulerERFAFME . FIAE. HEFIMSELEEBERAEH

6-137 Superior Scheduler M8ExIEY

FER B Rk

e e e A e e e O
‘/

HERSTREESREEET AR BIZAER
BARIRSTS R R R

Superior Scheduling Engine

BB RIS RE R

EEEEEEET EEEEEYTEEEEEE YRR
R I

Superior Scheduler3| AL JRTREESFE, A 7 MELE
FHRMEAEAE. WLbEEELE:BHEEIE.

Master Datanode A Datanode B Datanode C

Superior Schedulerf& 7RSSR AEFMSMFIRE, TRHTIUTEEZEEINRE:

ZRIEM
ZRBEHEPTFEEE LD EFRBEHESNMER/BSIZEBHEHZE(]. FiFEtE
XD AR FBEINE R e N AR REEIIFREN S . JWF—1NE&
TEth, REBAFIATECEH—EA0RES

BNEEHRZHAPIAEE (reserve. min. share. max)

Superior Schedulerigft 7 RIFIER ZHFAEREE . HAOIFEHNARRIZIRED
ALAAKIERYFEF/BAYY, BEEARRRES, WA=
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= 6-30 FRESHHA
REEZTR 5%

reserve FBHEP SR, BMEEFEEEL, Bt hREeERiZnE
&R, HETUEREDLSBIHE, NRAEHEE, BAER
FENSITEZIRARREINE, FIFRENRKE. HREam
reserve{EH0, HEXNTFENX — 1 ERR R EFIEERARIEENS
U, reservefISREERILUANIRIH T —ih RIBAYZohTREBINGEE,
HAFHAREEMRAINEE, JLURSITENEIESEIY, Bfrs
S B 2EHERIRG

min BRI OFHNREFRESR. Bt TLUERXEDRIR,
BERNEFAZEMTEERN . BEEUIUREDEEINHE. R
REHRE, AERRNSIHHEERATRENE, FHEREN
EAE. REER0.

share AIFRANEERR . AMEFEERXMBORRE, FEES
HittFEF I AREER. 2 EER0HaEIdE.
max RFRIRARIRNE . HPLTRREEAITFRIRKZFEZAIR

iR, EERBDEEINE. NRAEHER, BAERSST
BHEMARFREIE, FNRERKE. REEFZRE.

HRRFESERETEE, E6-138FR.

6-138 HRIE~=E

-  Resarve—3|
= Min
e Share
< max —_— ]
= total =
AR
Hrh “total” RRERIE, T2EERE.

BFFERSAESE1ELL, Superior SchedulerBIRHEM TP KBS LLFILEIHERYE
BCERES, ALARFREN MR ENEWRBFERERAERR. §lan, AFALL
FE—REPRERAEMERNRIRRE, XHEHEPNSERSENERAIIIEN
B2, EBETENFEFZE, TJLUREEDESERE, XERTLR
A RER A — R WAV TERI =,

o RMISHERREE
Superior Schedulerf&373FCPURAEERAGERSS, ESZiFT RLATRINAE:
- PERSITATFIREEGPU_ENABLED, SSD_ENBALEDET SHIZ#EM,

B LARIEIX EAR I HITIRE o

- REREUTATFUE—ENERERRTOEF D ESRFENIFEF /RS

o MHPAZHEPATREE
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EMFERE, 2P AFPALERERBIBAGIRIZIRE . BELFRERESS,
Superior Schedulera] LAz i5EE—FfEF AR ERERNEDAFRIRIREEZREE. §
eI LAAVIPAEFEEEZARIRIAIEINE,

HIBUERFIEE

Superior Scheduler:RF “ MEWEITSRYEESREE” , AIRRETETRZEE

ELETERWEL, FEMET RESTHREEI ., BidiXEY, AERISEGER

FEURAEANE . NREYNSFEESEZEEUE, WFRIET A, mAFERE

ERRA ‘AT REWERYEAESRE” , TEEED ==l EEHAEL

ContainerA BRI o= EFRER

ESMEFNZSHEARITEIRES, —LcontainerBEEZHER R SRR, Fla0

Spark{EM/ATREEEE KIIAF ., HiXtcontainerSEMMEER/NFIRER

container== Y, HJREZBNSESIERTEARIRESIFEAVSRIETGTFIEIX

S HFHARNAEREETFRRRE@E/EWORAES, SAXEEILSEE

BRI TRERBLAGENINERS . XS T RZARFAIE(KNREE , Superior

SchedulerSHRF IR Z A ETF:

-  EBETFFEKRMMTE: BHFSuperior SchedulerskA “ MEWEIT=AVEAE” , &
IR SIEAI T R R TIE RRE FHX L4F ik containerfY /S aNAYE], FhHEtEIR
#,

- THPEHFTE: SEMEBEEEN, FRAESRHANEREREIIHZERE,
Superior SchedulerREXARRII G L. B MEEREEAS, Superior
Scheduler&iEHIER, AEXAETFSHPREEINAZIFE, BEXHER
BIEHE (reserve, min, share¥ ) , LUEOJLARRRMGABRIIERR, B AER
mEARBEF TIEMARNSEZFER container

SASBAFIIAS RS ( Open/Closed/Active/Inactive )

IFZPNINAZE, BETFMRSERSIERIR(EFEIFZNE,

- Opendk# (Open/Closed ) : ANERZEO0pen (BHA) KT, BIEZIEZELL
FIHR FBIERE, WMREClosediRZE, NAFEZEAINAER.

- ActivelkZ (Active/Inactive ) : 084 TFActive ( BRIA ) K7, BRI
BRI UWEENSERR. tNRAFInactivelAEUASHITEE

N AREFRE

MERNAEFERED, WIRHEILESFERERER

Superior SchedulerfIYARNFHREIRAERE 7 XItL o1, 01ZR6-31F7R:

X 6-31 XLEo

Mtk YARNFHREE RS Superior Scheduler
r%_*ﬂ):'iﬁ EEMER L, REEERER | ¢ TIERHUERHIISAR.,

2% ( Capacity Scheduler ) 8¢ | i IS TR e i R
NG RS . IR, LURIEEEBES
NEESE ( Fair Scheduler ) 7 &

EH2z—, BEHIETAEAF
JEAESE ( Fair Scheduler) , B2
BAESERIFaS L EREE,
Eﬁté_\\$ﬁ}§%§?\§%é@iﬂ§ﬁ
I\o

SASRRZS 01 (2023-11-07) WRIERE © HERRARBIRAT 200



MapReduce 5%

FmNE 6 HHFNA
Mgy YARNFFRERES Superior Scheduler
HIEMNE | NDREELRYRAERIESEME | MELRIBRRSEESRE. RS
BINAE | REIEAGTR, BEn | EERINEIEGERM, FiRAM
KRR TI%RE WEERE SRS .
HEFHE | AL Superior Scheduler{EEERTE S
pRE=: )5 NBNREBNTESEER, HE
EEE HEREE.,
HPAZ | 735 HRPRBEPHAFRAE, SZiFxhE
BRAF ZFdefault. others,
AE
EESF | A5 EVEFRERERTRRATAE
[FEH WEEF,
£R P&, Superior Scheduler@— 1" &EaeEERS, HEFERIEESRME, TIN6E.
tEge. RIEFBRINT B4R EEMAL T Capacity Scheduler,
4% CPU RS

YARNTGEFE=RR 145 container{E FBRICPUSRE , 1E(EHECPUFEZRT, container
ARESBEI L ARIER. tAHFERACPUsetizHIR RO EC -

AT BERIXAN R,

CPURB SRS IZ IR EIMZAIMIEZALL A S BEC E =4

container, 1% containerEE—#MIEZ, WHEALEC—BNIEZ. &
containerRAFEZERDIRZ, WATgeRE L containerEZE— MPIEZAYER. T
EICPUECER, (REEIZIIIIEZRILLH 921,

6-139 CPU Ec&n

CPU1,2 given to
Container1(3 vCores).
CPUZ2 shared with

Container3

CPU1

CPU3,4 given to

---------- { 1

CPU2 CPU3 CPU4 CPUS

CPU2,5 given to
Container3(3 vCores).
CPUZ2 shared with
Container1

Container2(4 vCores).

CPUBG,7 given to
Container4(3 vCores).
CPUY shared with
Containerd

CPUB CPU7 CPU8

CPU?7,8 given to
Containerd(3 vCores).
CPU7 shared with
Container4
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YARN FHRIZESE: EREseiiit

—RIBERT, RMIKESIREVEEIETAETMAINAE . MAERIETARINARES
HRMEENEE . HAYDHR/EEFERT TR EF R

AT ILERMBYEE), MIEMNSSIRERSERAINAESIZR, BSsIRM. RS, E5emhY
NRASE—TEERSERETREIRE . TR TRMRIEHMRERE

6-140 RM BehkEiRTE
RM store

Finished
applications

Incomplete
applications

Before Enhancement

After Enhancement RM store

Incomplete
applications

Asynchronous Ioading\/

Finished
applications

RM store

6.33 ZooKeeper

6.33.1 ZooKeeper EARIE

ZooKeeper &1

EooKeeperE—/l\ﬁ:u\?EEt\ SA AMAERS . EARIERPFEREFEI
Be:

o HHMRZBMEREDHE, EUENNEER.

o RESHIMERSBIIHEIFEEREE .
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ZooKeeper £5f4
ZooKeeperEB¥ P T SN A=MEE: Leader. Followerf1Observer, EL5HIF04E

BXERUNE6-141fR, BEXRR, SEEETEEFH (2N+1) ZooKeeperfi
55, B (N+1) MNEEABERINNHITEIRIE.

6-141 ZooKeeper 454

——————— Bl
— & SEX

E6-141hZ 50 AIThEEIR BBAIEZR6-32F 7~ o

7 6-32 EHEl A
BT i3

Leader | fEZooKeeperEEBfhRE— 1T R/ENEEHILeader, AR Followeri@d
ZooKeeper Atomic Broadcast(ZAB) MMM IEZ =4, FERFEFNNE
FrESIEK, HEBARNSEEZLZFollowerf1Observer,

Followe | FollowerByIhaEE ™1 :

r o B/ FollowerfMELeaderfIfiEEs, ZlLeadertfERTEFIEE
Leader, Bt DHME,

o AMEEBER, HhcSLeader—RHITEIFRIIE,

Observ | ObserveriR25%FMEIERAVIEE, RRFLEIEER. FHleader
er HESEK, BRRFLIEREIRE,

Client ZooKeeperEEBtHIZE Pk, XdZooKeeperEEEBHHHTIEEIRIE, Ia0HBase
BILA{EIZooKeeperSEBE N E F i, FIFZooKeeperEEBRIMMETINGE, =
#HIELHMasterfg “Active” #1 “Standby” X7,
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MREBHEHATZLRS, mEEZooKeeperFIEEHITEDIALE, INEARXELUT
Fafd:

o keytabFsT: FEMMRSEREERIKEI— “A¥” BAF, BFESEMRSE
BFETIAE, FEIKEEIZBFAIkeytab3 {4,

o EFEHI: MMRSEEREERIKEI— “AV” AR, BFEENEZEER,
FFEKerberosfRE BIrenewableflforwardable A< His B =IERIFTEL, FE
I ERBkerberosEExAME

AR
o EFANBRT, BPIIZIEEIHAZI0R, FTLASKE A keytabS HRIBRIEARIORK o

o KerberosiRSZHIrenewable. forwardableFF iR RIFEIHIRNIZ B EKerberosiRSE
RUBCETERM “ER” 58T, EERIFELEEX I LRIESCIRERIESN
“kdc_renew_lifetime” F0 “kdc_max_renewable_life” B9{E.

ZooKeeper [FI2
e EifFXk
a. FollowergiObserverZERIBIEKRG, tEkZ5Leader,

b. LeadertiAZFollower, EWIIRENHIRERTIEZIZEIE K.
c. NSRBI HELLLRILeader. FollowerTiRIREBIEANYI, ABALeaderigal
ZiERFIREKIN, BUREXK,
d. FollowergfObserveriR[EISiERAMBLER
o LHiZEKR
ZPimEREE A Leader. Followerd{ObserveriZEXEIE .

6.33.2 ZooKeeper SEftH/HHEHRIXER

ZooKeeper #1 HDFS BY<Z&
ZooKeeper5SHDFSHYX R UNE6-142F7 o

6-142 ZooKeeper #1 HDFS B &

NameMNode
Active
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ZKFC ( ZKFailoverController ) {EJ9—NZooKeeperEEB¥HIZ i, FASRISHE
NameNodefPIREEE . ZKFCHIZXEEPE T NameNodelI 5 mRHP7F7E, HDFS
NameNodefYActiveFIStandby T ISR E R ZKFCHEE

1. HDFS NameNodef9ZKFCi&E#EZ!ZooKeeper, IEEHZZE(SEIRIFEIZooKeeper
f1, B) “/hadoop-ha” TFHIznodeBRE ., 5EtliEznodeBRAINameNodeTi &
AETE, B—PAET =, HDFS NameNode Standbyi@idZooKeeperiehtiE
EYNameNodef58.,

2. YHEPHIHERELEERAET, HDFS NameNode Standbyi@idZooKeeper@&l “/
hadoop-ha” BRETFAETZMH, NameNodemiH{TEZTIH,

ZooKeeper F1 YARN B9xF

ZooKeeper5YARNRYX EUNE6-143F7 o

6-143 ZooKeeper 5 YARN H9XEK

Standby ResourceManager b\,
Statestore B FE5FEApplicationtB=EE

Active ResourceManager{t

ZooKeepertl[EStatestore HE ZooKeeper

Ly
N ?”0@,
\\%Q‘%Go
S
" B G,
\:é?ﬁ?\@ &)
Bl o
- Active Standby ]
ResourceManager ResourceManager
SAER
——————— - EiE

1. HERZRFBES, ResourceManageraZ=ifiBitaEEE NZooKeeper, E— Ak

IhE NZooKeeperfJResourceManager#ifkZs9Active ResourceManager, 53—
“N/3Standby ResourceManager, Standby ResourceManageriERfZZooKeeper
154=Active ResourceManageri&%¢(58.,

2. Active ResourceManagent&tEZooKeeperdgliEStatestoreB %, 7Fi#

ApplicationtBX(SE ., ZActive ResourceManagerf=4#f{fEht, Standby
ResourceManager& MStatestore B F5£EXApplicationfBX (=R, IREXIE.

ZooKeeper F]1 HBase HY< &

ZooKeeper5HBasefIX R UNE6-144F7R
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6-144 ZooKeeper #1 HBase fYX%&

Hiaster Activelgis RegionServertsE S
ZERegionServer HBEES NZooKeeper

-- HMaster Active HMaster Standby

1. RegionServerLAEphemeral nodef5 =iEMEIZooKeeperd ., EHZooKeeperfz
fitHBaselIAN MSE: HBasest#iE. HMasteritbht .

2. HMasteri@idZooKeeperfERT & E1=Z RegionServerfIfEEIAR , LABHITIZGIE
H,

3. HBasetBAILAEBE Z "HMaster, FEIHDFS NameNode, ZiHMasterET = HI
ST, HMaster&Z BT S£i@idZooKeeperskBYEHMaster{Z A5 N HBase s
BRTEE . BliBidZooKeepersLiflikt 5 HBase B2 (o K& [A) R ATIB)ER
ZooKeeper {1 Kafka IECE <R
ZooKeeper5Kafka#9Xk & & ZooKeeperfllKafkal9k&RFr<o
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6-145 ZooKeeper #] Kafka BYXH
{Producer) Front End Front End Front End | Service
{Push) iPush) o HT'E,___ _\_‘/Il'l.ldﬂ
N o _u___"‘:xx
o e U
S _:_:\E
i Broker) Kafka Kafka Kafka
/I"ulir 'FHV'\% w ZooKeeper
Hadoop Real-time {rther Data ;f; 'Il.
(Consumer) Cluster maonitoring service warchouse e .rjf;
1 o &
\“‘ I.\H "-\-‘- _':-_____:-.__r_”’-//;

BrokerimfsEFBZooKeeper & Abroker(S 8, FiH{Tpartition leaderifs,

2. Consumerimf#HZooKeeperf3KiFMiconsumeriZ 8, HefEEconsumer 50
partition?|&<, ERTAFRAMbrokerdlZ, FFlpartition leaderiZizsocketiE
B, FHRENER.

6.33.3 ZooKeeper FFRIEa4F1E

HEI55E

e

ZEEXT, = ) fEsessioniTHiZ RIS R FelilbR, £
iiﬁqﬂm“ﬂﬂEphemeral node%)i‘zﬂﬂJB%El’J THEE, LMET#EZAYEphemeral nodefy
KEER.

Fi§ZooKeeperZ FimfRIEEBE AR IT HEFRIMNUsername

MZooKeeperZFixtli#Eznode, Ekerberos principalig “zkcli/hadoop.<&EZ 1%
SO<RZHE>"

FIaN¥TFHE<ZOO_LOG_DIR>/zookeeper_audit.log, REUT:

2016-12-28 14:17:10,505 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test1?result=success

2016-12-28 14:17:10,530 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test2?result=success

2016-12-28 14:17:10,550 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test3?result=success

2016-12-28 14:17:10,570 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test4?result=success

2016-12-28 14:17:10,592 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test5?result=success

2016-12-28 14:17:10,613 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test6?result=success

2016-12-28 14:17:10,633 | INFO | CommitProcWorkThread-4 | session=0x12000007553b4903?
user=10.177.223.78,zkcli/hadoop.hadoop.com@HADOOP.COM?ip=10.177.223.78?0peration=create znode?
target=ZooKeeperServer?znode=/test7?result=success
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RN E 6 AENE

B ER T EHEITTEERRINT ZooKeeperE FimAF “zkcli/
hadoop.hadoop.com@HADOOP.COM” FIHE.,

ZooKeeperd IR FiES:

f£ZooKeeperd, REIVAIEALRFERFREIHENBF . EFIANHENERNZE
K, (HTSEEBRTLUSIAZAF.

o~

e SAMLAuthenticationProviderfEZ Figs A ENREF .
e X509AuthenticationProvider{FFZ FimiEBIESEF
e |AuthenticationProvider{EFAZ FixIP/EAREF
o  HEMAIFEHEREI
org.apache.zookeeper.server.auth.ExtAuthenticationProvider.getUserName
(String ) HELBREXAFE . MRKELM, MAHRHERLOERENREFSE
=T3S0

ZooKeeper FFRIEE4FE: ZooKeeper SSLE(S ( Netty iEE )

ZooKeeperZitR{IAENIoR, BARBERIFAISZIF3.SHRAGHISSL. T BFRIXANE
%, Netty#IIAZEIZooKeeperd, FRLASNRAFFZEFRSSL, SANettyFigE
ServerigFClientizHILA TS
FHRRIBR S ik R ZIFE BRI AR, XuJgeSMEXEZ LA, ALTERSIRER
BEALLEXAEL,
e Clientif

a. & “zkCli.sh/zkEnv.sh” EFRISH “-Dzookeeper.client.secure” &N

“true” LAfEClientinfFRZEBE. ZEEFint] LUEZERS IR
secureClientPort,

b. BIIRE “zkCli.sh/zkEnv.sh” XHFRILA T SHECE R Finifig
e fik

-Dzookeeper.clientCnxnSocket BFERFixfINettyi@(S .
FONE:

"org.apache.zookeeper.ClientCnxn
SocketNetty"

-Dzookeeper.ssl.keyStore.location | keystoreSZ{4ER1Z

-Dzookeeper.ssl.keyStore.password | NZZZFT

-Dzookeeper.ssl.trustStore.location | truststore (4= o

- Dn%ﬁl\%ﬂl\ﬁ—q o
Dzookeeper.ssl.trustStore.password

-Dzookeeper.config.crypt.class FFIIZEmBAEE .

- ZRINE: false
Dzookeeper.ssl.password.encrypte keystoreFltruststoreAIZZRB SN
d BERERfIRE Htrue,
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2 fiik
-Dzookeeper.ssl.enabled.protocols | BiIECE LS EE X SSLIMY LIS A

FSSLETX,

-Dzookeeper.ssl.exclude.cipherext | BIEELSHENSSLETXHR
HEBRROZERDSIZR, ZIBLUESIE)

bR

(1] %88
PAES#IRAE “zkClish/zk Env.sh” SERIRE .
e Serverim
FESM “zoo.cfg” FESSLIEOSE “secureClientPort” i8EH “33817 ,

b. fEserverimiEX (4 “zoo.cfg” FRISH “zookeeperserverCnxnFactory” i&
&9 “org.apache.zookeeper.server.NettyServerCnxnFactory” o

c. BEM{zoo.cfg (¥&1R: “zookeeper/conf/zoo.cfg” ) FEILA FSHKED

BRSIHINE,
S¥ fHiA
ssl.keyStore.location keystore.jksSZ {4812
ssl.keyStore.password IIZEZR .
ssl.trustStore.location truststore X4 E&TZ o
ssl.trustStore.password IEE,
config.crypt.class FEFIIZEmBAMEE .

ssl.keyStore.password.encrypted ZXINE: false
REAtruelt Bl {FRINNZEZEE
ssl.trustStore.password.encrypted | ERIAE: false
RENtruelt Al {FRNNZEZE

ssl.enabled.protocols BB E LS ERE M SSLIMYLAUER
FSSLETX,

ssl.exclude.cipher.ext B A E LS HE X SSLETX AR
HERRRIEESIZR, ZELLESIE
fRo

d. J3ahZKserver, AR ZEEFREZDIZEIR

o EiF
ZooKeeper_EClientf1ServerZ [BHYEIEHX509AuthenticationProvider#fliT . 1R
BUTSHIEERSIRIEBREETEFPIRIES, FBETXEIFBEY
X509AuthenticationProvider,

- zookeeper.ssl.keyStore.location
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- zookeeper.ssl.keyStore.password
- zookeeper.ssl.trustStore.location
- zookeeper.ssl.trustStore.password

MERL
EFIFEERZooKeeperfIBNANA, FTiRIEFTAEERREIIZooKeeper(EEMH
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7.1 ZHHA

SE Ay

SE R

SNV RIEIRER ERETHIIZNERAR, B EAMREERFERE:

o AERAPESEH LETAREEMNNANEL (5. B8, REESE) , FiY
FRAREEAERIETE -

o EPoAR (HINRTT. BINRME ) NEEREIEREXE, FMEZRBECHEE
SHRAFPBAE—IRE.

X REREERFHR T LA Hb :

o HBIEMHOEMBERR, LSHFSMNATIFI SR EFIRIET.

o  WARRIBFHITRAGEES], LRIESIERMUSHZE.

SHPEAMEERNRFREN— MM RRES, RILEATIN, BRET ‘A

R’ FBNRRES, KiSTNAMEL, FEREE. EREESERF LIUGEES
T REEGERZFZTRPIREERERK,

EltE, MRSAEUERERHEM T =RAVEWRABIESHFFRRS R, STHPEMRSK
HEEBHTNZSINRRES (BT RRESE—MEF ) , BADEMNRERR (&
REETERRIEFEER ) 98N

o FHERENIRERR
HPZENERERER, —MEFPNERIERAZINEMER, RIETED
HFPREVSHEREEERXNTE, TREREFNARER.

o MEMFITRIFHE
EGERBELEF ARHTIHIFSE, HPRRSXRRIBRIEERESEES, H
RRHEREBHNENS T

o RIEHIEZEMIHIRE

ZHEFPERT, SAFRARBBERNERE, IMRESERS; EHBPYEFRR
TRRTIBIEIR, LMRIELERE.
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A RIS

ZAPRIEAE 2K AN HFFENI CapacityiB E 2204 B A RVIEsEEISuperiorid
N

AwEEIWER, RYARNMEXARE LB SEM, L ABFHERY

SuperiorifflEgs, FMXES T ZpiCapacityifERSFairfAERAINS, BT LATE

5

o IEERFEHZIM
Superiorf@EsEZIFINER, ERIEEEMFRAZREE, HFETFIERE
RIEH—SHEZERR, FXILH), MRSERFSIERONIEISSuperionfAEzs T
ERdEcE#EXHE B LU IRREE TR . SuperiorfEE SR RIBEHZ RS
YARNHIF A E IR A ERAFE, YARNER PP SRS Sl 55ER
TE, #HTHELMENIIEERUFIARIE

o ETFHHFRIRIRTNEE RIS
AR RETE LAY B FRIE TR R(ESS , PR EIRRRIERT A,
SuperiorifEE a9 T SO IF IR RIGHINLH], EXLERRFPATIETRYESS AT
Y BEMRENEIFARBER, LURIETRIAIX I ES T IEERIT.

o MHPMEFEHNAFRATFHE
SuperiorAE IR TN AR Z=RFEIRERED . 8 MEFPEIREEFEE
TEWNERIRF, SNERFIREEESHERE,

o KREEHMETRVEAEMEREMNES
SuperionAE 2&EUIEI& MNodeManager HIRFIOBKMER, HISERSEIFERE
NEF, FERAESREREEEREHNRRERBER. Superior@ERXEAT
pushifEEE, SEEEINSH. S, AXRS 7 XS THIRRERE, 3
4b, SuperiordEgsENodeManagerOBKEIFRERARIIEIR T, REEMEREKRAN
5, MBEREMRE, et R RERIMETRY “OHXE" .

o SR
HENRSERBTETRRREELEHER/NRFENER, NSKREMREL
5o IBEINEERNAXIA .

7.2 R2igm

MRSIEEA—MEBEHIRESEMNOWNTES, BEa%et. MRSEEMLUUTIANSHE

(REZRFPIIEIRII SIETRE,

o [LEITES
BANRFHEEAB = LHNENIAE=S, RHEBEIINEIAE, FIEEEL
%, EENLeN, SEENIE=IFNES . IBEEH . ZLBEEE, B
BFREfe%e. aURNMEREIRE,

o XRIBE
MRSEIRSZIFERREBXASE, ERXNYIERRRS, ARUTUTEEBXR
RTHEASTEFERR, SRERIIERR+HEEFHEER. HE=HERR+E
BEESR. ERIERRE+EBEFEER.

o FHZLZE
MRSEZIFERNEZLZERBEN, FHEIEE. 2P, HABXE. 2
M. MRIFENE, SHHRMERSFMiROD, EATRBNTLLER:
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- BERZEAZZEIE

- BERSESURIEE

- BERzROSE

NFZE

BT M RIEAEIR WSS IERIETT:

- BpERIFMAIE

WebN &2

aEE

-  Hitgs

- EBRge

iR

HXHEERFEE, RENTHEERESZSFHURRIWIEM .. SRR,

- EE MRSZIFHEHIBRSEMEIOBS ( WHREFMHIRSS ) P, IFBEXEFEET

- %P MRSZIFETIIDBService. NameNode. LDAPRITTHIES DRI
HDFS. HBaseRY\SSEHUEED -

iR R

BRI, FIEEIEEEME. ERdEPIEIEREL.,

- FAPHIBRRFEHDFS £, HDFSEAARRICRCI2CIRIGHIRAIIEMM .

- HDFSHYDataNode s RIASRTAHERIGEUE, INRAINE FiRfEEId kAR
BRE (F7=8) s HREBEEFIR, ILEFIREMSALIE,

- ﬂF'lfraMDataNodeiﬁ%ﬁ)ﬁﬁ’ﬂﬂﬂl SRS BHIEREE=E, NRAMEIER
=2, SiiMNEERIDataNode s = EISENVEURE .

HIRREM

MRS AR FEApache HadoophR AERY F, 1RMHITEHRBTRINZZLE
INEE, BERBUREUIEINFE, EAEEZ SN, WSNARETISESUEE
BHTINE, MEZIREVSZTERR ., EXEHRFEHIENZEM E, Hivest
MRKINE, HBaseLIFIMERRINE , EOIERITISERAINZESEX, BRI
XS BUREURIIINZEFE

MEGRRIAEINE . 506 RIRIE R P SERIRE T .

- HBaseXXiFB I SEIREFEZIHDFSEHITE4EIE, BRI RILAECEAESH]
SMSAEENNZETRE o

- BAGZEFAMHIREFRIBONRIEE, TRRBFPZLEIH TR,

- FEEENIEFERRHENEE.

ZEINIE

- ETHEFASIAESR—AER, BMIKF/AERBAC ( Role-Based Access
Control ) 188!, LB EAEHITNREE, NARPHTHERNEIE,

- ZiEZethiXKerberos, MRS{EFLDAPIERMFEIER S, FHi@idKerberos
IR PEEHITZEINIE,

- EHBSEFR, F—T7MRSEFAFHEBHBPINEERIALE.

- XERERManagerBIBEFFHITEHIT,
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FmE

7.3 B4 WebUI {&iEif5(0)

AHREHEEECHWebUIREEIEES RS, (BERTMNERENERE, BFH
TELRE @M AORZTm. tLliAEHDFSRIWebUITIE, ESHNIRIESZEEER
FEUZEECS, (EFECSImFEERAMAIVI, XEFEMFNREULLDREEMN, MTR
SR EMABIRRIRFPRART

MRSIEME 7 E TR M IPRERILEIEHWebUINZEEE, FELCEFBECYE
BN RIPEFERE, IFRERREE, EREBFFSEECEREIIAER
NIZEENN, SKEAMIPELSEE, BT RPIRELSE. DR Hadoop.
Spark. HBase. HuefZiiizUE&EE$Storm, #BAJLATEManager E3REIEHTREIAL, R
i,

7.4 oI SEMEIEE

REAELE

MRSTEETFApache HadoopFFEERIFRIERE £, HEEBRISEHRIAISE. HRERAM
FHEHT T IR .

o BIETRIYSTIIHA
HadoopFHEMRARIZIE . ItETRELRIZBAHXRFAHTIRITE, BHAHK
EAIMRREMNET; MUEPEREENEET SR SSE, 7
AN RFETEIERVIENR .
MRSYXIFRE W SSEHRIETETS AR T SRURIXWAINEI, BfEManager,
HDFS NameNode. HiveServer, HBase HMaster. YARN ResourceManager.
KerberosServer. LdapServer®, £EFRAEXBEHAEHIEERE, BRER TE
RSN R R AR .
o REBSTRIRISEMFRIE
%ﬂﬂ%ﬁﬁ’fﬁﬁ%, IR BT REGS THIEER, RARSNAE
- RERIMEEBNIBIETIENE, FNCRETREIMEE, KE2ENEHEI
WrER, IKSEMBERFARBIEEREWSS, BRIFEENERRIA, BN
EraEX.
- IERTERSNFIMIENIE, SRS LIRZ.
-  BmfIEMHRERSRRIEE, BohkEZImAISS .
-  BsfIEHEFT SRR, BekEZEImaISS .
-  EnENEHE, BaikEZEInaLsS.
o HIEEMSIKE
AR ELTIRAT AR W SERAFZIN, EREBR FMRERERS,
MRSIRIERRP I SIEERHESEMD . IBERMFIREINEE.
-  Bm&H
MRSXIEEFEIE R ZManager EREURIRMMEBNEDINEE, RIESIERIEND
RESAT BB ERE LRVEYE, SiELdapServer, DBServiceBIEUIE
- Fh&EH
ERFHITT B 1T EEXRFR, TEEIFHEHEHSERR
HiE, LMEERGHIER, WEEEEERARINEE,
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FH—EEM R R F, T8Manager. HBase FRIEUREMNEIE=H
fRSEEERT, LEEBEFEED

RE)CIE
o BRERZERKETIE
[FHIREIRMER BB RRFEREREIE, 8ECPU. NE. B, MEEXFE
FRZ=RE,
o HREREBREIGE
MRSIZHV S SEFIRPRSIA R SRR RIS RO E, eIt E—
RSB A E IR
o EEMIEAIBmNALIE
MRSYIFHEARAHT T153&, AILAGEIEST S AR EHRFIRS. R
HHMERE, ZEEEXSKBLFE L, MREZIKEERE (BELENAFE
WMTHER ) , BRBHEEENRIIASIEE, XA THIPARNT
E, BIRMIEEETLELTR; B BFTLIREREE, MK T
[ERERAVESHYE, BT RSERIELE.
o PREELIVMEE
MRSZHHEZ MEEECERKLVM ( Logic Volume Management ) , SMNEEEML!
H—MEESEE . BEMLVMaI LI SHEEFERAINE, RS HE
B 5)EEFBFEHDFSHIKafkaEaeiE A IS ER AN EAHEE ., HELVM
AL IS BT SN R ESEIiES, B 7 WSk,
HuEoI M

MRSH AR 8 = AR S3 2R ECSIRMAIR FAI T maHRE ], E5GHadoopRIHIEREANRE
B, BHEERRISMIEEENL, BRAIEE RIS AR .

7.5 B =18

B SIB I REPIR M ERHRIMEWAIAND, ZiFEiEMapReduce. Spark. HQLF
SparkSQLEZRBIRIENL . FEEEITEERIEFO\DataArts Studio, 1RMH—iLzLAIK
HUEDEAARINE. £RENAKIEERED, BB REEEREIELIESD .,

BiTEE /B O DataArts Studio, FAPBELAEEZAFAEIMRS HQL/SparkSQL#
A, A AMRS/EN, EMRSSEM20ZFHEAGEIEIR 2 BIRVEIRITREFIEL
RER,; BERAMMERAESRIEINRIEEE, BEEBHIRIEIISY,

7.6 BENXSISHRIF

HEET
MRSIBEHTERIZ A SIRSERE, BRIPILRABEFHadoop. Spark k%R
B, LEIRENT EARIEERTREHEERERPER, AT/ IMmER:

o ERRRFRARBETEHELRBELESRK, AINBRAARRENERE

o FELXRBBUSHAFAISETHSNETING, flai%iEGradle. Y SHEERK
HRIESHE.
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RIEE S WS AEIRAMEMIZN, FIaNxIHadoopskSparkZ B MIES
FEELEHEMMRSIEARSTIFRIREIRE M .

MNF EiRERCRER, ATLIGRERIBIN TR EFRE, 2B 58— 1D
=, BT REERRIE, IREENED, BRBLE. RRFHITICRAEE
i, AEESCH “1RFHOIE . QIEMTNERMMERER” BT,

Fitt, MRSIEET BENSISIRE, TERIERANET (/5 ) JUEEENT =L
WITHIAR . P aILUEIT S | SR ER T ZEMRSIE S SIFHE =T, (B EERE
BITMBESEEENIRE. NRERYT S, EIFENTSISIRE, NS ISBEBELUMERE
BREFET S 1T . MRSE{ERrootAFPHITHRFISERIMIA, BIAREEaILIE
iIsu - xoxaSRAER .,

MI;SE{JJ—(TEZFEM%I%ET%VE, RAFAULURE. ERitEkERCHTREER, BEXNE
£/

7.7 W INB SR

TPUIHNEHER—M=RFEEEA . CWSERHENCUEFNZ EREEE. AR
I, (IREE. USEEBSFEEEIERS . Xl TEEREHSRTIRE. RER
mAYSI, EUEEREFSIUEREVEREEAMIMMESR, BIEWLIRF. &80,
MBFSKREESFATUEN = FHAR. R, SR, USHIEE,

MRSz #FE BRI R RS AR ERZ SR I NSRRI ENNAYIRE , ASfER
EIINE EEXIMRS ERIRIRIHITOHEHERE:

7.8 JTEUE

SRR RSN RIREITHEERE.

XFAFPEERWINE THIRRER .. iHERHE.

TP EAIRE KBRS RES] .

AP EIMBEERARNIMSER, 81ETR. BELR. HERES.
AR

EMRSERESVPCARER—IMEWIRBH, ARHEEEIAMRERINVPCEENIRELIIEE
VPCREBHEXER.

05 MRSERFEIEEBE HiveFIRanger iR, MRSIBHEHTTHIBE SR, 58
LRI S BT

RHTTEIR: TTAIRFE T ERFNAIAIGaussDB, HEEEHIIFRETS TTEE RIS
#WHbR, WNFRETTEIR, FRABIEEIEREFNRETHE.

SNEEURERE: ANRERXES SRS E—EIUFAE = A FMAIRDSARSS HAY
PostgresDBEXMySQLEERE , TTHIRSEET REXREIERES, Fal=niskss
AIMIERTOMIER, S MRSERFAIHZ=R—DTEIE

(1 %88
HivefB{4 AT oEEFE S TLINEETEMRS 1.9 xR Z fEhRASIE
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7.9 £ EH
7.9.1 A G EHEE

MRS IFERF L anBIER SR B IR O Z LR AMIPRERS .

o CUEERE: LA EHIERRER . AHEE. SEENTSH. ENM
. THEKX. VPCRLZ., INEFEE, MRS NEFESEIE— N FShEBnNE
B, 2IELEAFSS; ANSGSAPEERTETEEN NS, ZiFEezE
ZNAASER, tbatliEHadoop iR, HBasefER. KafkafEdf. KEIE
FEREINSTIFRERIIERE, TEHPEEARMEHIEN, RIFCPUSEEL, 1@
BRE, BEER, ATEKNNIEHRES . EEETTIFSMENIUSESER.

o THPREERY: MIEFITBNEHABTEN (OEERTRIMIENESR ) , BFPY
LUGRIEMFRERRE, MRSERGERHBXRAIRRZ MR

o Z5T: HREIMRSIEMIZZNGF/BBMWILN, EHEEZ/\INE, WRREA
EREHXE, MEF/ QRERFEEIHKRATAEEE, NREREEIRFEH
REEECF/BREREIREE, LARFRUENFIEERNNSS, ITREN
(REEHA, ILRIEREPRRERIEARSS, SURINARE.

o Bi]: ERWLBRFMRERNIER, EENRRIEZE, RAFAFEZENR
R, ALAEMRS EXSEITWE BEHAR~ mit i TERF R IR .

WISLESRF

BISEMRSIRS EIRE, ERUIAEHENECFERWEMRSER:, BITGEERT
ZRIXIERERNAREAE, —RAWSTESEWISSHIMRSERF ;. MRSIRSZSAR
ERFGEEAIERELE | IRAMT NS, BIEFBHNTRENTEWREREIEF
BRNREISISEEMN

MRSERSS A= PR e S AIzROREIESRY, SR AECIZITREEMIRIERTS
(BESEERX ) , PEIEAIMRSERRIRTEIIZFA .. EIMRSSZHERT
RAUBGRIECS EEIEREIESERF, AEFP XA RKEHESHIRIEILRE.
MRSEERFXBLRIEDERE . MAERFIES SR

o  DITERE: FRMBEEIESHT, EMHtHadooplFZRRIAEM

o RIUEEE: FRMURGIE(ES, RERIEA M.

o RAKE: BALIARMBEEIEST, XALIARMRLIEESS, ZH#tHadoop
FRAVBEEFIRIVE IR A

BEN: RIBWSEEXK, TR EREMREAG ( MRS 3XMEEERA ) -
MRSERF T BB iEMasterti ;. CoreTamflTaskTo s,

e Mastertim: EEPHEET SR, DHESIIMasteri#HizfIManagerLAREIE
FEIEBEZT R, ZERBETAARTT B, 2B BT RAMERE IRE T B E
BRIETE IR, MRSERSSSZiFEMastert miiigiES, IASHISEAERIESIE,

o Corem: MIFFEMUHERMBFNITR, AT &, BE . FAHIIEFHED
g8, RItEESE, ARIEBEFER, BRERE, TXHTRMEHEE,

o Taskpm: XATFHENTR, IS, 5. RRRSITEESS, BLaLiH
1T
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MRSTSEEERF T3 703745 B T MWL EE RN BRI SEERE AT

o BEENWLER: BEMBIALAREEFTIEER . BER, SRR
Bins, JLUEREARNIEIEM=IRSEE, 2HMNWEESE SRR,

o MRIERNGSLEERE: APHLURIENBRS, REWIMNESNER, R TRE
MR, FINHERE, JESOFREBNSEHadoopsHrEERf. HBasefERf. Kafka
£EB%. ClickHousefE8¥. SLRIDHTEERS,

- HadoopH#r£ER#: HadoopifrEEdfse 2 fFERFRHadoop&4, KAYARN
BEERRIE, EftHive. SparkBZ&AIMIED X EIEFENITE,
SparkStreaming. FlinkiiTIEUREITE, PrestoXER &, TezBRTIHAERY
PHRITEEEFHadoopESERIE S, HITE=EHURESTSEER.

- HBasef£Ef: HBasefEEfFEFHadoopfIHBaseBIHRM—MaERTEE, 14HAE
iR, olfgE. ERFINSHREEFERS, ERTESEHIREEEIUNRSH
NitENFS, FAFPRILARIAHBaseB i #C TB EPBREUBIIERIZEIE RS,
STEHRIERNHI TS DT, EVREEIRL, RRAMEENE.

- KafkafBf: KafkafEE¥EMAKafkafStormBHREH— M FFESSMHE, oI
BRENBEERSR, NZETHEWE., BIxHIEREE S, THUSIEIR
NEIERE, LAIRIENEEFHES .

- ClickHouse£Eg%: ClickHouseEE+RE— 1B FEN DTSR EIRESER
%, BEEEEERIINREE MR, [ZATEEM 5. AppfiWebiRE .
FBE. SRl. YBXNERZS M.

- SCEYOAREEERF: SERdOHrEER¥ERHadoop. Kafka. FlinkFIClickHousefB {4
RRE—MEENEIERE . FIEIROFIIEINRES.

MpREEET

MRSFRSS X IFARPEABERIIRER I IITHIPREEEHRE, SRHMIRG, FREXH

RERIBXZRFHSERER . MIRERR], ENCeHEERINESED, #

INERF AR SBz1Ta B LR F R E AR EH D T TR R EHR MRS AT B R TSR

BRIZE. WTHIRGFHESEREVSE HBREIARIEESERF, SRNRE, UEEEZ
iR, EPERNIIREIGEMRPRERE

7.9.2 EETRBE

AREIRERRIMERE DB E LA ISR T R ECREOT B, SRR
BASSEREY, AARLIBITIZINEEH TR T R MERDAR, HITH SERS;

AREBTRE, MRSEEREMEFARGRIEIBHFEER/\ DR, FEERESI
B, BATRABRIGIIVES, [ERRITRESHRENT, BT _E8EE
MEEMTR, ZOREANRRRE, SZPRIESKHNEETEEERE, SF%
EHMTRIETT, RAREMR/DXIER I SSRIRIN

/S 2
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o  MRSEEFUMEIETEVPCFMA

o FENERHEEFRINISEERMRS,
- Google Chrome: 36.0&ESZRA
- Internet Explorer: 9.0 EShRA

{#FInternet Explorer 9.0B A8 AERMRSERIEHIE, RERERELLIRE
RBEBAZELET Administrator AR, RGeS ERR=ITE & E AP
SystemfAP%%E, NISHE X THERNE . SFERASERSNERLRE
N ESHRA (BY) , =XFREEREMIETNIESS.

- Microsoft Edge: BEWindowsiE{ERZEFH .

o GUEEMRSERIRY, XIFEmMtiEZLE, RS BNRSH. EEI6IESH
&, BZESRRRENSFERNTEEH., SNOTESHERRE, FIMIMRSE
BRUIER(EA

o MRSEEHEARIZEHEBZEERINIR, EBREEEIRE,
o BZMSHITINTRE, BREMHAREIRTE, IMMRSERFRIER.
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- MRERET< LEARIRE. LEAINBERING .
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o EETIANRERSH, JURERASIIAR, RAXFARIESERE
BFERBERMER, ERMRSERHATRIBHAIE.

¢  MRSAZFFRBAIERMaster RAWIIAERS, BRIREFHREFERS. 7
BRHEEHE, EXREENESHIED.

o EETREINEH, MRSIDASUENERFER . BNERHEKERAITAR
RIBERIRE .

o FRBEUSEEMMEHTRIEE, WRFEFEASWSHIE, BRIEMN
~iEEHENFHETE. LBELEF#ETSEREENT RESIET.

o MRSEMTRMNBTEFHEAFWSEHIE, IRSHEEZRFENREFERSST
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o MRSEHTLRMNATEITMRSERAMRS, EfttEFimNARER. BARWSER
BN ERIEMI R R IRSS2EEE

o MRSERH & (BSTFERENMITEREN ) ABIEINCoreTs ek E Task T =AY
HISEH.

o HMRSEFFFE—MasterTiRXFfE, WMRBACERERRITIRIESAEL
BHECE, ARFEVIITEMEKANMasteri R, AEZEHRITEMET =AY
KiRE, ENcHTAREEEHIRSBEURERAINGG .

o L{FEAMRSERHIIEFHTCapacityFISuperiorBAESETIIREY, RERSTHIAE
BRI, NMRIENIIELERE . IREEEERERE, BNETHIVAESESE
cE .
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MRSHIRSZS EHEF=EIENEREERRS, MEPRE—EXEWREXHIEFES, B
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SCRIS ISR, AMeHNE=eE.
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SMORED, BUNBPETARIBEFSHENNARAS.
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o UNRERFIRAZEES “HiEhR :
o 2022FF6 ANEZBIMISERIEERE: 2 “MapReducefRSZSEMN” #H1THHiE .
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o AEEEE
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ARS5ZIHA

o IEEHMISLAYERE, IRBEIHARIE,
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12 NRETE

1 2 PRELE
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MRS #XBRi5AA

WNRIBEEI LN FEIEEAIMapReducelRBEE, AR TIRERERIAIE
BOR, LUARIARR T ZENRIRE, EaILUFEFRS—8%IAIERSS ( Identity and
Access Management, fEFRIAM ) H{TIEARINIREIE ., ZRSBIZHEPSMIAIE.
PR EE. BIEHEHIEINRE, ATLAR ISRz RREE.

BIZIAM, EALAEEATIKSPERITEBRIAMAR, FEGEHIBFRIRLIE
SEE. PINENRTHERARNAAANAR, BFEFRARZAEMapReducelRss
RIEERRINR, (ERAFEEREMIIAMRSERFFSBIZIERINIR, FRAEALUERS
IAMAFRAREIZRAF, BT NEEERMRSEZARIFMERMRSEEFRIIRR
B, i=HIFFXIMRSERFRIRRIEREE .

MRENTIKSEREREFHNER, FERCEMIAAMARHTIRERE, &
AILNEARET, A mEERMRSIRSZHIEBINGE,

IAMBLENZRENPREIZRIEMIRSS , THAEAER, SRFEAERSFH
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AINBRT, EEREIZNAMARSEEUNRE, F2EEMABFE, H5HEF
AR FREETAE, FREERAFPEPRIBPREYNAIR, X—IEIRAEN.
BiE, RPMAILETHRIRFRINRIS ZARSSHITRE

MRSERERTEIMIEX LIS, NIMERRS . #INEF, “VERAEE™ FEEE ‘X
HRINE " , AREEEXEYNARBEFRERXINR, FRZINRTIIEE
X WRE “PrAIME " PIRENIR, WiZARERE XIHIRE hERER . THIEIMRS
Y, BEERERZNKI,

WRIEEHRIERDASHIEE D N AR .

o AB: IAMEYIRHA—FMRIER PR TIFEREEE MAXPRAGKEF EERANALE] . 1%
MBILARS RIE, REBIRAIRSEXABATEN. ATSRSZEFEI
SHHMAR, FIEEBAPETHREH, JRFEE—FRTFRBNEMAE, T8
IEff5ERIlSs . ABHABERHERFXIRBMUENRIER, TixEAREIEIY
PR/ MR EEEER,

o RER: IAMESTIRMAI—FMARIERINAYEES], HILUSHAZIEMRIRSAYSE. |
BLARISREMS . ETRIBRENE—MENRIEAIRNGI, sEmEr
PRI R EEEER . Fla0: FXIMRSIRSS, EIEREERIEHIAMAR
(NBEXI R TIEEREIRIRIF . MARIFEABFAMPRERE, (XAUFEIEMRS
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SEREELANIRME, WNEURERE. ENERYIRS . SHMNERISLAAPIEZOJIRIE
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NZFR12-1F73~, BT MRSEIFTERRARZREE
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LUBABEMRSETERNIR
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18, MIpREESIR

MRS MRSARSS RIZANPR, #HBEZAIRINAR, | i ERRS
ReadOnlyAccess {NBEEEMRSHIRIR
MRS Administrator | ¥2{ERR: RBACSRHE

o XIMRSERSZHIFFBHUATINR -
o FBEZNRRIBFYREINEE

Tenant GuestfServer
Administratort¥R .

f1 2-25H T MRSERRIFSREATIRIENKRR, BRLISRZRITFEGENRSR
PR o

& 12-2 ERRMESRFERBARIERR

B MRS MRS MRS MRS
FullAccess CommonOperati | ReadOnlyAcce | Administrat

ons ss or

ClEEeERE |V X X Vv

IEEEERRE v X X v
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15
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&
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7
FZiafElFE | v v v
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=EigEWS | Y v v Vv
*x
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x
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BHIRE
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BHiTES
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mE

12 NRETE

B MRS MRS MRS MRS
FullAccess CommonOperati | ReadOnlyAcce | Administrat

ons ss or

EHEER |V v X v

3%

=4EEEE | Y v X v

=

HRHEY |V v v v

&=

RSEE |V v X v

ISt

FERSQLIE |V v X v

a

E=ASQLE | V v X v

ES

EUESQLi | v X v

7115

MRS FullAccess BEHAE
{

"Version": "1.1",
"Statement": [
{

"Action": [
"mrs:**",
"ecs*FM",
"bms:**",
"evs:**,
"vpcr,
"kms:**",
"rds:**",
"bss:**"

]I

"Effect": "Allow"

}

]
}

MRS CommonOperations SEIEAS
{

"Version": "1.1",
"Statement": [
{

"Action": [
"mrs:*:.get*",
"mrs:*list*",
"ecs:::.get*",
"ecs:*:list*",
"bms:*:get*",
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"bms:*:list*",
"evs:*:get*",
"evs:*:list*",
"vpc:.get*”,
"vpctilist*”,
"mrs:;job:submit",
"mrs:job:stop",
"mrs:;job:delete”,
"mrs:job:checkSql",
"mrs:;job:batchDelete",
"mrs:file:create",
"mrs:file:delete",
"mrs:tag:batchOperate",
"mrs:tag:create”,
"mrs:tag:delete”,
"mrs:manager:access",
"mrs:patch:install”,
"mrs:patch:uninstall”,
"mrs:ops:grant”,
"mrs:ops:shareLog",
"mrs:alarm:subscribe",
"mrs:alarm:delete",
"kms:*:.get*",
"kms:*:list*",
"rds:*:.get*",
"rds:*:list*",
"mrs:bootstrap:*",
"bss:*:view*"
1
"Effect": "Allow"

"Action": [
"mrs:cluster:create",
"mrs:cluster:resize",
"mrs:cluster:scaleUp",
"mrs:cluster:delete",
"mrs:cluster:policy”

]I
"Effect": "Deny"

MRS ReadOnlyAccess EIEAE
{

"Version": "1.1",
"Statement": [
{

"Action": [
"mrs:*:.get*",
"mrs:*list*",
"mrs:tag:count”,
"ecs:::.get*",
"ecs:*:list*",
"bms:*:get*",
"bms:*:list*",
"evs:*:get*",
"evs:*:list*",
"vpc:.get*”,
"vpctlist*”,
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"kms:*:.get*",

"kms:*:list*",

"rds:*:.get*",

"rds:*:list*",

"bss:*:view*"
1;
"Effect": "Allow"

b

{

"Action": [
"mrs:cluster:create",
"mrs:cluster:resize",
"mrs:cluster:scaleUp",
"mrs:cluster:delete",
"mrs:cluster:policy",
"mrs:;job:submit",
"mrs:;job:stop",
"mrs:;job:delete”,
"mrs:;job:batchDelete",
"mrs:file:create",
"mrs:file:delete",
"mrs:tag:batchOperate",
"mrs:tag:create”,
"mrs:tag:delete”,
"mrs:manager:access",
"mrs:patch:install”,
"mrs:patch:uninstall”,
"mrs:ops:grant”,
"mrs:ops:shareLog",
"mrs:alarm:subscribe"

1

"Effect": "Deny"

}

]
}

MRS Administrator SREBEAS

{
"Depends": [
{
"catalog": "BASE",
"display_name": "Server Administrator"
%
{
"catalog": "BASE",
"display_name": "Tenant Guest"
}
]I
"Version": "1.0",
"Statement": [
{
"Action": [
"MRS:MRS:*"
1,
"Effect": "Allow"
}
]
}
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F—BMDINIERRSS F—BMINIERRSS (1AM ) AMRSIEET | CIERFHESUERMRS
(Identity and Access | SINEE, MRS EJ5E W 558
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BRIBRS
( Simple Message
Notification )

MRSEX&HEBHARSS (SMN ) , RA=E
BTSRRI RERITRLANR
BEITRE, AefsSCll—ubTUEER SHHEX
BRI .

BCE(FIESEA

=EH1HRSS ( Cloud =EHIHRSS (CTS) IAPRMEMRSER | %&13-2
Trace Service ) IREERRIERERIVIZECR, fHAF
&if. E=itFIEER.
% 13-2 =EHITSZIFA9 MRS 12E5%
BRIERTR HiRER EHBR
Gl EERE cluster createCluster
fRIpREERE cluster deleteCluster
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