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JLMRIEAR B ERHRANEFEARRIEME, BEASHRAERNAHFEIUS
EMRSHAHFIRA—EFRFINEBHE(FIER .

o LTSkR
- IhREiHRA
LTSHREEREPRSTISERRERAIRIEI, IIRRAHIRBES] . UIRB(ERIZINAES
B R E MR ERRS -
- HHENE

BrItBEAMESN, LTSHRERST i FHetuEngine. 1oTDBEHE, AILURIERE
ERRAEIEARRRAM, BERSIRAERIBMEFBETLISEMRSA IR
A—EERAB LIRS .

MRS SEEHIRAIEEEIN
o LTShREEBFSITHRAFREL S, MREEB(FHRAFHRELS, EoJLUsREsE
LTShREEEE

o (TSHiREEREEZEZAIAXEEREN, JUSTMERTARRAINER, NREFE
MRSEEBFHEESHLZEERENEREES, S LULRMSLLTSIREER .

o LTSHREEEfZ#FHetuEngine. |oTDBEAM, WMREEE(FHEXAY, EoJllik
IRMISELTShREERE

AR
BT EMLRILTSIRERF R AR N EEMR, BRIEFEEEBL.
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MapReduce g5
R BB 5 MRS SBEhRAI5AA

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

BISMRSIBHAMNMEITERR, GREFERERNRA . TR, RETELBSE
MRSEEBFRISEANTE
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FEEENE 6 MRS ZB{4hRA—1S
1l
6 MRS BIFRA—EZE
HERIRAEEER
MRSEERIRA R ERBH M IRASEEMNZERE-1F177 .
(MERY::

e HadoopfBiFE&HDFS. Yarn., Mapreduceflgs%, DBService. ZooKeeper. KrbServerk
LdapServerESEB¥ERERRIANY, EEIRERBIINANTIRPRZ.

o MRSEHHIMRASEESEEHFIERASHFEF—H.
o MRSEEFNFZAGAIZREMAR, BIRIBLIRSE ZIEEXMMRARIEERE
e LTS (Long Term Support ) hRAEERE SEBIRAEE X 50 &% MRSEEHRANIHEA

% 6-1 MRS HIFIRAEFE

MRSSZHY | MRS 1.9x | MRS | MRS 3.1.2- | MRS 3.1.5 | MRS 3.2.0-
Az la= 3.1.0 LTS.x LTS.x
Alluxio 2.01 - - - -
CarbonDat | 1.6.1 2.0.1 220 220 220
a
CDL - - - - -
ClickHouse | - 21.34. | 21.3.4.25 21.3.4.25 22322
25
DBService | 1.0.0 2.7.0 270 2.7.0 2.7.0
Flink 1.7.0 1.12.0 | 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
Guardian - - - 0.1.0 -
HBase 1.3.1 223 223 223 223
HDFS 2383 311 311 3.1.1 331

N#5hRZA 01 (2024-05-10)
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Fma

6 MRS fB{4hRA—1S

MRS3Z#5A9 | MRS 1.9.x | MRS MRS 3.1.2- [ MRS 3.1.5 | MRS 3.2.0-
Azl 3.1.0 LTS.x LTS.x
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 - 340 - 3.4.0 -
loTDB - - - - 0.14.0
Kafka 1.1.0 2.11-2. | 2.11-2.4.0 2.11-24.0 | 2.11-2.4.0
4.0
KafkaMan | 1.3.3.1 - - - -
ager
KrbServer | 1.15.2 1.17 1.18 1.18 1.18
Kudu - 1121 | - 1.12.1 -
LdapServer | 1.0.0 2.7.0 270 2.7.0 2.7.0
Loader 2.0.0 - 1.99.3 - 1.99.3
MapReduc | 2.8.3 3.1.1 3.1.1 3.1.1 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
(@27<3
HBaseH )
Ranger 1.0.1 2.0.0 2.0.0 2.00 2.0.0
Spark/ 222 245 3.1.1 3.1.1 3.1.1
Spark2x
Sqoop - 1.4.7 - 1.4.7 -
Storm 1.2.1 - - - -
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 3.31
ZooKeeper | 3.5.1 3.56 3.6.3 3.6.3 3.6.3
MRS 1.9.2 - - - -
Manager

MAERRAS 01 (2024-05-10)
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6 MRS ZB{4hRA—1S

MRS3Z3FH | MRS 1.9.x MRS MRS 3.1.2- | MRS 3.1.5 | MRS 3.2.0-
Hit 3.1.0 LTS.x LTS.x
Fusionlnsig | - 8.1.0 8.1.2.x 8.1.2 8.2.0.x
ht
Manager
AERRASER (ETERE )
MRSE B MR AR ENA G R IR A SEEZE6-2FT7R.
% 6-2 MRS BHIRAMER ( B FZhRA )
MRSz | MRS MRS MRS MRS MRS MRS MRS
B9 | 1.51 1.6.3 1.7.2 2.0.5 1.8.10 |2.1.0 3.0.5
% (EAR | (&8 | (EH
FMRS | FMRS | FMRS
2.0xhkR |[1.8x) |2.1x)
x)
Alluxio | - - - - - - 2.3.0
Carbon | 1.3.1 1.3.1 1.3.1 1.5.1 o 16. e 16.1 |20
Data (M (M
RS RS
1.8.1 2.1.0
0) )
e 1.3. e 20.
1M oM
RS RS
1.8.7 2.1.1
Kz Rz
Bil) =)
ClickHo | - - - - - - 21.3.4.2
use 5
DBServ | 1.0.0 1.0.0 1.0.0 1.0.0 1.0.0 1.0.0 270
ice
Flink - - - - 1.7.0 1.7.0 1.10.0
Flume | 1.6.0 1.6.0 1.6.0 1.6.0 1.6.0 1.6.0 1.9.0
HBase | 1.0.2 1.3.1 1.3.1 2.1.1 1.3.1 2.1.1 223
HDFS 272 2.7.2 283 3.1.1 2.83 3.1.1 3.1.1
Hive 1.2.1 1.2.1 1.2.1 3.1.0 1.2.1 3.1.0 3.1.0
Hue 3.11.0 3.11.0 3.11.0 3.11.0 3.11.0 3.11.0 4.7.0
Impala | - - - - - 3.20 340

M H%kRAS 01 (2024-05-10) WA © HARABIRAE] 18
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Fma

6 MRS fB{4hRA—15S

MRS3zZ | MRS MRS MRS MRS MRS MRS MRS
58948 | 1.51 1.6.3 1.7.2 2.0.5 1.8.10 2.1.0 3.0.5
% (&R | (&R | (EA
FMRS | FMRS | FMRS
20xhR |[1.8x) |2.1x)
x)
Kafka 0.10.0.0 | 0.10.0.0 | 0.10.2.0 | 1.1.0 1.1.0 1.1.0 2.11-24
.0
Kafka - - - - 1.3.3.1 - -
Manag
er
KrbSer | 1.10.7 1.10.7 1.10.7 1.15.2 1.10.7 1.15.2 1.17
ver
Kudu - - - - - 1.9.0 1.12.1
LdapSe | 1.0.0 1.0.0 1.0.0 1.0.0 1.0.0 1.0.0 2.7.0
rver
Loader | 2.0.0 2.00 2.00 2.0.0 2.00 2.0.0 1.99.3
MapRe | 2.7.2 272 283 3.1.1 283 3.1.1 3.1.1
duce
Oozie - - - - - - 5.1.0
Opents | - - - - 2.30 - -
db
Presto | - - - 308 0.215 308 333
Phoenix | - - - - - - 5.0.0
Ranger | - - - - - - 2.0.0
Spark 2.1.0 2.1.0 2.2.1 232 2.2.1 232 -
Spark2 | - - - - - - 245
X
Storm 1.0.2 1.0.2 1.0.2 1.2.1 1.21 1.2.1 1.2.1
Tez - - - 0.91 - 0.91 0.9.2
YARN 2.7.2 272 283 3.11 283 3.1 3.11
ZooKee | 3.5.1 3.5.1 3.5.1 3.51 3.5.1 3.51 356
per
MRS 1.5.1 1.6.3 1.7.2 2.05 1.8.10 2.1.0 -
Manag
er

MAERRAS 01 (2024-05-10)
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A

6 MRS fB{4hRA—15S

MRSYZ | MRS MRS MRS MRS MRS MRS MRS
9B | 1.51 1.6.3 1.7.2 2.0.5 1.8.10 2.1.0 3.0.5
e (E@ | (&8 | (EH
FMRS | FMRS | FMRS
20xhR |[1.8x) |2.1x)
x)
Fusionl | - - - - - - 8.0.2.1
nsight
Manag

er

MAERRAS 01 (2024-05-10)
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FmE 7 HBHNR

7 BIHFNEE

7.1 Alluxio

Alluxio2— M EBEFZBEIEDFTFIA TS EAIEIRREHSAR . EMRSHIREIELE
SEGH, AluxiofuFitEMFEZE, SEiEApache Spark. Presto. Mapreduce
FApache HiveRJItEAEZMRE THIRHRE, FLENITENATABER—RIZH
ZEAPZ!E?%%’E?% TiainaEEHDFSFIOBSTE ARV AWFER S, MMmSEW 7 X1t
#ﬂ] ?i M -5.‘_0

7-1 Alluxio 2243

4

o RMENFRI/OFMER, ERFRESEILY SKIFHEAIEIEIXENE N BRI ATTH
o BEUEFERMNREFMHEREN

o BLEIEEE, RHNSHERNSESIEE

N FRERERE RS

BXAlluxiofIFMIEE, 1520 https://docs.alluxio.io/os/user/stable/cn/
Overview.html,
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MapReduce g%
FmE 7 (RIENEE

7.2 CarbonData

CarbonData2—EEIHJApache HadoopAHISZHA& T, (FRISHAITIRF E. =
5| EETRIBIA, LUESITERER, SEFINEEZPBHERNEIEE A, TTH
izlgf?&ﬂ’ﬂﬁﬁﬁi@o AT, CarbonDatath@—HEHURIRS Spark&ERIIE ke
g o

& 7-2 CarbonData EAZ2

- More Analysis Tools

Spark SQL

Spark

Other Data CARBON

Source File Format

{EEFCarbonDatafY B AIRX A EIEENEE IR MEREEINLN . CarbonData@—1
OLAP?;I;, KU TFRDBMSHRIERRFMEEIRE . APTEAE (10TBLAL ) 892K
IESAZILLCarbonDatat& T BIiEAYZE A+, CarbonData¥GLAEFEHIZHZESIFIEE
SHeBLOFNTZAEEERE . BUREINEZICarbonDatals, #MALAMITENEDA,
CarbonDataiE3IHIREIAIRMHRRINA .

CarbonDataiG#IEREMZISparkESR S, B RI{#ASpark SQLTHUIRE G5
#r, tElLAERRSparkiZ2taysE =4 T EThriftServeri&EiZZlSpark SQL.,

CarbonData43{t

e SQLINgEE: CarbonData5Spark SQLREEFHRE, XIFFTERILIEEESpark SQLE
IB1THISQLESIDIRIE

o (HEYTableXUREERE N : CarbonDataXziFZ FFEHEHIDDL ( BIEENIES ) iE
AISRENFICIEEIELE . CarbonData DDL+9RE. 2FEH, FEEEEL,
ALAENX E2¢3E89Table

o (EREAIMIEEIE: CarbonData)s#ENIEFN4EFIZMSIPEIREIEINRE, S50
HAPEIRUARISEINEIREIE. CarbonDataiNFAYEIETT AR T INEAT a1 T
RR, tBRTLARGHASERIEREINEIRF

e  CarbonDataX{4t&z{2HDFSHAIFITFEEIL . IZSNEBITSHESITFMEN
HRYFE . BIa0, DEIR, ERERF.

STRGHRA 01 (2024-05-10) IRRTE © ERRABIRAD 22
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CarbonDatali GRS S

o HRERSIRVEIEFME: RTEZAPRETITIES, JLUESNREMEE, B
DI /ORIREFICPULIR S . CarbonDataR5|HES MBI IHR, KR
HEZRA LARI BN RS RO EELZ HRIMERESS, BRI LIBES RS iHs
LASERSHRYERTT (#RJ9blocklet ) #ATskipfEsRACERIEANHAIAME

o TNEEFMHIRRID: BESIFERNEIEEENEBRREEE, TETESE/HwB
HIBHITEIRD, TBERROIGEFZE, BRI ILIREE, XHEFRAD
“SEIR¥MIE”

o IF—THIERANETEZMANGS: FIMNZZEROLAP-styleZEif), UFi5D
( big scan) , BEHIAIE ( narrow scan ) o

CarbonDataX B ARFIE

o REREFWNN: SitseEIERECarbonData X ARRILE Z—. CarbonData&E
EEEALESpark SQLEIERY10{5, CarbonDatafEBHIEEEIERELS S
gEEIg TR, EFEESMERS|IFAR. £BFHRBFNZIXAIPush downlf
£, MMXITBRFUREIIHITRIRITL .

o SMERHURIESE: CarbonData(FEREHRFHEINESHRERBIVAES FHEELEYE
HiE, TTLURI60%~80%EEFEZE], KA EEEHEEA .

XFCarbonDatafZ2MF0iFHARIENLR, i520: https://
carbondata.apache.org/,

7.3 ClickHouse
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MapReduce RS%

A

7 BHEANE

7.3.1 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 (2024-05-10) IRRTE © ERRABIRAD
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7.3.2 ClickHouse EARJRIE

ClickHouse &1}

ClickHouse@—AFHRAYE BN DT IERYFINEUER:, EIR7FHadoop AEIEIA
&, BROMNSREERERIRNES M. FiY, ClickHouseXX#5SQLEN, BE
HMEELF, 5P BETRRBRNRESTERMEIFREMLR, (RS ITEEIEER
ER—1HER.

ClickHousetz/ L AITNREASF N RN T :
SeEEHIDBMSIRE

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

e DDL (HUEEMIES) @ AILIEhESMeNE . (EcaifcEuERE .. RNUE, mx
IMESBRSS -

e DML (HUEIRMFEES ) : HJLIHESES. A EcEmREE.

. TéI?EE%U: AJLUZBRRA AR E IR EHIREFTE RAVRFNIR, RIEHENZS

o HIESMERE: BRUTHESHSLSSARENS, BEEFMRIIER,
o HHIEME: RUERHEN, SEBENEES I HEFETS.
NI FESHIEES

ClickHouse@2—X{ERSINFIERVENERE, MIERIIHTEAR, BTE—JINEES
WIRFE—IE, FI55ZEESERENED R,

ERTEIREIRN, SIEERTLARD SRS CEF ISR EmITRIR), RETH
EEIRRINER,

BINEESRRTNEIEER RS, HERNTRT-1IRFFHE:

xR 7-1 TREIEE

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, HUEIRINTERT - 2= TFE:

SRS 01 (2024-05-10) RIS © ERRAGIRAT 75
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@A A 7 HENE
* 7-2 3 ERRE
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 ISR EURRIHSI AR . X TMEmS, JI=08ERE

DERBRE—IINESEEEE—R, FTRYIIEED

FOLAP ( Online Analytical Processing ) 152,

EEXHITEIE
ClickHouseFFHCPURYSIMD?

=PAN o
B~k

=/\
IIEI\EJJ

s, JIRNEREEEES

MY @EHHIT. SIMDRYZFRESingle Instruction

Multiple Data, BDRIEBRSFIEQIMFSSHIE, BIEEHTLURSMERER—FISCIS
U ( EfttRIEBIESRIHTNEIERFIT ), ERRIERECPUS 738 EmsCIEERT

FITERE
KRRBESSQLER

ClickHouseSe2{ERSQUIFAEIRNES, RHETIREMXAISQLERRO, FSIMAER
BRI EFAI LB S EEMTE,

[ERYClickHousefE AT XEMREY, FRLASHEEERXREEEENEIECEZ LAY

RInFiERClickHouseBIp A

HESRFSHHAES
ClickHouse&B¥H1EIZ M H4ERL, MEN FMRIR T ClickHouseAY1 MRS T3

Ro DRAME LREATHTREE (1M FREEMI MRS TS ) -

SREER

ClickHousei2t T AthZR ( Local Table ) 594 =%& ( Distributed Table ) AIHES,
— KA RERTF—HEIRENS F . MAHRARAEAFEETAEE, E2FERN
B, EERE U EPRIEE, BEinoHhiE, EBAEBOS M EESR, N
MEMBHRXEI.

ClickHouse N FRIZS

ClickHouse2Click Stream + Data WareHousef9455 , el BEF—XWebiiENHT
TH, EFnEfaF354R, BRiECEHITOLAPOHT. HEiClickHouse# iz
RN BTFEEM . AppflWebiRE . BI5. £/, YENSERSHE, IFEER
Frl St BFS, E2RERENNBLE, Bf52%: https://

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

7.3.3 ClickHouse SEftH4B4HRIX R

ClickHouseZ & Z(KFfiZooKeeperfRSS o

N#5hRZA 01 (2024-05-10)
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@ 7 HBHNR

ClickHousei@iZFlinkifRi+ S M N T A MBEBIIRESIE (BEREE ) , HELRBEA
ZlClickHouse, @idHive/Spark{EXINTERERRIIREEIE (AHERE) , HES
AZlClickHouse,

MIVITE

§t::Ieaﬂ(c';—“'&FIink l |

by ClickHouse

sk |

AR
ClickHouse B Rz i diEKafka 5 BERAIHDF S 2ER .

7.3.4 ClickHouse FrEEsm45E

MRS ClickHouse B& “Faply” SEEHENHR. FBRMT . SUBHARSRNS

L¥Bae, BIRFRUT:

o  FINEERHRAFAR
WNE7-3F7x, 2 ClickHouse s eHRRAYEERY, IRBPIUT R, BESHIR—F
SEREHAES, WSEFERAClickHouseER B R, FEMGES I T RNEE
NHFREN cluster(58, FAAZ5ITRIARIER, WA LAERRIRZEL
ia, tMRIREE]EPHclusterd 2IBETEMAY “SEBE B2,

7-3 ClickHouse £8%

ClickHouset5 g1 ClickHouset5:52  ClickHouseti53  ClickHouseTisi4  ClickHouse5235  ClickHousetisi6

ERNEIRERS, B 7 2R UTHEIES X, BIRFESEHET, AR
%0AY, mClickHouseNMIEKFAPFmNRMEIFIENEIRES F (shard) « 9K

( partition) . BI& (replica ) UEFIFMELE. SEOXMEML “Fpis” B9
M, BRPERIRARIFAALE, FTLAMRSIRSSAIClickHouse SIS IXLE T {1
TH—HFTEE, &k T By’ , IMTH—S8, REZH.
BRESERS L, —/ ClickHousesLlEE &3 ZooKeeperTs =12
ClickHouseT5 =, XFiDedicated Replicat®zt;, FHIEWNEIASEIE,
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@M A 7 HBHNR
7-4 ClickHouse B cluster £5#43
Cluster1
( shard1 shard2 shard3 \
B8 88 86 @&
replica replica replica replica replica replica o L 0
i )l zookeeper
|

Cluster2

D3 =T: Sl AN

EE W SAIRERIEK, mEHFEAEECPUITERRIZERIRSE RS,
MRSHRSZIRM T ClickHouseFiE1IFR T B, ZTEAILUSE LD
ClickHouseServersLf75 = _EAI—1 2k ZMMergeTree5 |E S X RIS 2 XiFE
FEHAhClickHouseServerts s EHEEIAVZES, LAERESATAM, LI T EMN
B B/ae .

ERPIIEREH T B ClickHouse 5 =AY, BJLAMEAIZ T EEET = ERIERD#
BIRERETEE, NMXE BREIESE.

shard1 shard2 shard3 shard4
U6 U0 U U9
SR FAHAERE LY

MRSHRSZ 1R T EFELBIIHARSEB LM, alLUSHRhIORERMNDRIIZEE
s, I RERFTIMIRSEED, LMESKFEHNNARE. WE7-5Fx, &
Fimi sk EERFRT, {FRIELB ( Elastic Load Balance ) R TREN A, B
ELBRYECIENEI, BART = LAIAMZE (Local Table ) , ERET R LIS
% ( Distributed Table ) , iX#f, TICERESANIGE . EHREIARMAEAN
NS HEEES T B HMRE,

ClickHouse&E¥ &Mk INfE, 81 ClickHouseSLfl T =X — &l A replica, &
MRIAREBRE— M shardiZiEH F . tNeIEEReplicatedMergeTree5 |E83RRT, BILAE
EoE, HES FRANENRIASIERTABRIRITRE

SASPRZS 01 (2024-05-10)
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PR 7 BHNE
7-5 S0 HA ZPELEGE]
ELB
Write e > . » Read
Local Table Distributed Table
shard1 shard2 shard3

7.4.1 CDL EX[EIH

CDL {&1t

CDL £5#4

CDL ( #FRChange Data Loader ) @— 1 ETFKafka ConnectiEZRAISCRTEUREERL IR
55, CDLERSSREMS N BFIOLT PEIEEE ISR EUEZERYData ChangeS{t, FHEXE!
kafka, FBHsink connectorfEiXZEI AEIBES R AT,

COLERISZIFIEIEIRBEMyYSQL. PostgreSQL. Hudi. Kafka. ThirdParty-Kafka, B
g iES AKafka. Hudi. DWSEAKClickHouse,

COLIREZBETHANEENAE: CDLConnectorfCDLService, CDLConnector2BE{k
PITEURIMBYTES B98I, €577 Source Connectorf]Sink Connector, CDLService
RO EEIECIRESAIEN .
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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 .

7-6 Task B9 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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7.4.2 CDL SEAAHFRIXER

CDLEEEFKafka Connectizze, HRHRE’\J%UE%B%‘EJ‘EkafkaE’Jtopldﬁiﬂlﬂi”é, TYe=]
EfkFfiKafkaZBiE, EURCOLABEFE TIESHITTHIREENNERER, XLHIEL=E
BEHIERE, Rt KERDBServicetA4,

7.5 DBService
7.5.1 DBService EAEIE

DBService &1}

DBService2— Nl B REMIREFER S, ERTE#EIEHIE (10GBE
4), tkan: E{L‘FE%HE DBService{X4R RSB ERRVAEHF R, 1IRHAEBUREE.
&8, MREFEE.

DBService2EEFAVEMZA4, Hive. Hue. Oozie. Loader. CDL. Flink,
HuteEngine. Kafka. Metadata. RangerZFHHIScElEF#ETEDBService E, FH
DBServicetg X Lt RIS SR ETN8E .

DBService £&514

DBServiceB{HEERF PR AT HELZFE M DBServersLf|, &EDBServerL{I&
E=/MEth: HA. Database¥FloatIP,

HiZBEMBE7- 707w

7-7 DBService 4544

Client

S I

DEIELEES

B3
R

DBServer
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& 7-3 1R

2R R

HA SO AMEIEELR, F£EDBServer@BTHABRITEIE,
Databas | #¥EEIER, FEClientfEHRAVTEIE.

e

FloatlP | iZFzhIP, X9MEMIAEIINEE, RTEFDBServersLfh EFafiFEsNIP, Client
tEHREIdiZIPifigDatabase .,

Client | fEEFIDBServiceBHRIZ P, SPEEAMLAITIS L, B FloatipiEx
HIERE, HATTTEIEROIEIN. MIBR. 1ESFRIE.

7.5.2 DBService SEMthEHFRIXER

DBService2EEERIEMIZB14, Hive. Hue. Oozie. Loader. MetadataZB{HIETcEE
1ZfE1EDBService_t, FrHDBServiceiZiX L TTHIRNSZ N 5IREINEE

7.6 Doris

7.6.1 Doris EAHIE

Doris &1}
Doris@— 1M ETFMPPEIS 4L SEATAIDITELENRE, LMRIES AT S AA]
FrEaEn, (NETH RN ATEENeiREEEIETIIEAER, MUAILSIEFSHA
NaEEns, theExiFaatiNERostrias ., ETFIL, Apache DorisBeigiaFaY
WEIRES. BEEE. i—HeHWE. JEHEFEONRSERDS, AP
EIZ FiiEBPTAD. ABLRFES . HEKRES . BREGS . 118D
WENA ., EZHEENEIES IApache Doris,

(RARY:
ZAAEHBIANNMNE, ESFERERERATIFRIEARETTE.,
Doris 2814

DorisZB{AZeIN FEIFf~, FEFBET meJLAUERITEIRY o

SRS 01 (2024-05-10) IS © ERRAGIRAT 7
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7-8 Doris 2213

_
_

e
R

T
x 7-4 KA
2 izl
MySQL Tools DorissFEMySQLIMY, SEFRAMYSQLIEEL, SIFnE
SQL, BFRILIES&EEFin T EFifalDoris, F37iE
5 BITER4ER .
FE FERFTAHPIBEROEAN . Ea@TIY . TTHIENE
B, $EEEEXIE,
BE FEREEFEEE. PUTEIIHR . BIARREISE,
Leader LeadergFollowerfBikzas H 3k —FfhAaE .
Follower —EZHIEAEEETZ HFollowerT RBAMIN, T8
kI,
DBalancer B TCPAIHTTPSIEKARIBEC BN RISE R BIFET =, #15
FET R Z [BIRIEIEEZ R =191,
LA EEFEREFiRtSIEEFED R Z AIEFET =AY
WebUIRY, BliEidDBalancersLfili#{TiEEesyZifla, &
FRAESEFROFETSMNAR—, REBiROSIEXS
DBalancerXdMAYix [0S, DBalancersLffFi&EiEKiE A
FIFET =, LU TFED RZBiREtaeE.
DorissFAMPPRIIEEY, T H@fIT mNEERHFTHT, ERTF2E2NMAENSHR
Join,

YEMEARIEIASEIZ. AQE ( Adaptive Query Execution ) $iAK. CBO # RBO £
BRIRLRRE . EIREFTEAE,
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Doris EAHLS

fEDorisH, #IREBLAZE ( Table ) AURZZUIHITIZEE LAVIEIR

Row&Column

—5kZFE4EIT (Row ) #0151 ( Column ) :

- Row: BNAFH—1TEUE.

- Column: BFER—TEHIEFARREN=FE.

Columna] LA AR AZE: KeyFlValue, MIVSBRBEZE, KeyFlValuerJLA% BIXT
N#EESFIEIRS . NREREINBERS, KeydIlHENT, SBEaH—17. H
FValued R EHXHAFREEZRIVIEE .

Tablet&Partition

EDorisHIFFHES |12, AFPEIEMKIED AET I EUES H (Tablet, tHFR(E
HIEDHE) - B TabletBEETHIET. S TabletZzBNFIESBERE, FB
R IR SIFERY
ZTabletfEZE LB FARMS KX ( Partition ) . —{ TabletREF—1
Partition, M— Partitionf &% F\Tablet, ETabletE4PIE 27 F0E
89, FRLARTLARL9PartitionTE4IE Eth 237, Tablet28URRRN. EHIHRIERN
=/MPEEFESEIT.
BT PartitionfHp—*Table, Partitiona] LAMARIZEE R/ \IBIEHEIT,
ERISASHIBR, REEEXT— Partitioni#{T,
HHERE
DorisHIHURIERI Ty A3 Aggregate. Unique. Duplicate,
- Aggregatef=f!
SAHUER, WTFKey?HBREINITEREM—1T, MValueZ|SIRERIZER
AggregationTypei{T5& . AggregationType BEIBLA FUMESS:
= SUM: Kk#0, Z1TH9Value#{TEM,

" REPLACE: &, T—it&iEPaIValueS &R ZBISNIZRYTHAY

Value,
= MAX: (REB&RKXE.

= MIN: REB&/IME.
- Uniquef&E!

AREZHESITAS T, APEXCTHNEWERIEKeyIE—1%, BIAE3RE

Primary KeyME—£958 . FEItb, SIAT UniqueHiEIEEL,

= ENSH
UniquetEBURSIERT & H LM = 2 aT LAFBAggregatetZ BUchRYREPLACES
RER, HRNEHIMAXNBEFEL A ETE—,

= ERgH
UniquetZBIMSRT&FHCI, RETFAggregatet@fl, EiGIERCEER
FDuplicatet®BY, B FHARTEKAVIZS F1BELAggregatetlREIGR

éﬁé%i’@ﬁﬁﬁ{jﬁ% , NEHRARSEAUNREERRS ITRASLHIEN
_.L o

TS T EIEFEImAIUniquekd, HMIEESAMBRMESEBERES
FHEFRVEIRHTIRCHIER, EIMSHRBIES ARG . 59
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BY, FrEHEIRCHIBRAVEIEEI SR BIBITIE, SEENEAIEIRRER
EERHIEYE, HIRTIENSHPIEIEREIDRE, HEEBRERSE
RS ZMBENTH ., RitEFSinsERetm R B KRR
F, TEHREERSEEINER T
- Duplicatef&Ef!
EREZHESITAST, SIEERETHRE, igEaREeEFEK., aLi5IA
Duplicate IR B KR BIXEF Ko
XFHURIERL X B FAggregatefIUniquetE ! , B SIREBE NN
HIEHITEE, 2B ERE. BMERTHIEEHEE, thilsREB. m
EEEEGDIETERIDUPLICATE KEY, REMkiSiREXMIEIRBIESEMNT
HITHER .
- BIEEBAGIERERIN
RAFIBERERERNMERHE, BLiXEN . FrLA, EFE— 1 E1ERI%
EEREESE,

" AggregatetBRIRILIBETMERS, WMAMBRRSEWNEAFIEEE
SNERIHEE, IFEESERERANRERETNR. B2%E
’*“X]‘count(*)éﬂT &iF. BBSEAEE T Valued ERIREH, it

ITHEBENRSENN, FEZRENERM.

" UniquelRBUSH IR ER—ERAIRNZS, JLURIEERE—HEIR,
(BRFEEFIFHROLLUPEMR S RIEIINE .

UniquetE B SZIFEITERT, IRAFBESEH—T#O%, NEEF
FEERF ( 1§J§lﬂ4—:9§i€ﬂ§§§%)\§ﬂ skDoris&kiIAS ) , MATLAEEfE
FAggregatet®E!, ERPEIEEHRIINNREGREIREN
REPLACE_lF_NOT_NULLo

= Dupllcateﬁéﬁ%‘éﬁr AYAd-hocEf ., BARFTEFI AR S

%, (B2 BEERLAR, JLIAIESIEERRNME ( RIEEUEX
5, mA ﬁ'ﬁgb&ﬂyﬁﬁ'ﬁ Key%l )

7.6.2 Doris SE{BAEFAIEE

Doris 5 HDFS A€ XK
DorisziFS NS HHDFSERE, FHEXIFEESIIHDFSEIER .

Doris 5 Hudi HHRIXZR
Doris3ZFEEBFIHHUdiEIER

Doris 5 Spark B{FAIXER

{$iFASpark Doris Connectora] LAi@id SparkiBY Doristp &R, thsriF@idSpark
BSANHUEEIDoris .

Doris 5 Flink £B{489% K

{&EAFlink Doris Connectora] LUEIIFlink#g(E (1B, ¥ . 1822, Bk ) Dorisshiz
ERIEE
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Doris 5 Hive B4Ry XK
Dorissz 5B iEEaHiveE IR

Doris 5 Kafka B{4RIK<ER
Doris3z S A\ Kafkag9&iE

7.7 Flink

7.7.1 Flink EXEE

Flink &7}
Flink@— M RIIRA RS SIS —ITEIER, ElE— MR 78IRS RIUK
HITWITERIREIELIES |2, ENRAERERNIE, RIVARIENFFRRIE
5|2,
FlinkEi& SR 17 S 2EATEAIEUELME ( Data Processing ) 155 BHFA
pipelineXMEHUE, AITIEE, BFEEM,
Flinki AR ENE 7-9F 7R o
7-9 Flink $AR4%
able Flink ML 2y .
Event ggiessing Rt;lratl;(Lnal r;ﬁ:g‘; prfcrgspgng R;:g:mm
APIs & Libraries N —— Dataset API_
Siream Processing Batch Processing
Runtime
Core Distributed Streaming Dataflow
Deploy Sinléﬁlvm Stangelar:rtham G$E%2
FlinkTE X BiiR AP E AR U0 4514
e DataStream
e  Checkpoint
o &HNO
e Job Pipeline
o MHEX
HASF R AR X, Aigigse, BiES%E: https://ci.apache.org/projects/
flink/flink-docs-release-1.12/,
Flink 548

FlinkZ5+9a0 & 7-10F7~
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7-10 Flink £5#3
(Worker) (Worker)
TaskManager TaskManager
Task | Task | Task Task || Task | Task
Slot Slot Slot Slot Slot Slot
Memory & I/O Manager Memory & /O Manager
Network Manager “ﬁDalaSlreamS Network Manager
Actor System _ ~ Actor Syslem‘,
Flink Program o S
Task Status // Deploy/Stop/
‘\“‘\_\ Heartbeats ; / Cancel Task
Program . code RN Stafistics h iqger
Da!amf‘[’/ Status Statistics & Cﬁ]t;‘jﬁg;ﬂomI
7 updates results JobManager .. ‘." / s
Optimizer/ Client e . N, Ry v
Graph Builder rat | - F
e Actor S Y Actor System
Datafiow grapn | |_SYSE™ Submit job CH ”””” =
(send dataflow) u;ggfi-job Dataflow Graph At
é Checkpoint
Coordinator
FlinkBAN RGBS =45 :
e (lient
Flink ClientEZBARFIREEIFINKRFHERZAPES (RzElL ) A8
e TaskManager
Flink&ZAOWSHATT R, HITERARAF{ES . TaskManageralLAEZ4, &
“NTaskManager&l¥E,
e JobManager
Flink ZRENEED =, EEMABNTaskManager, FREHAF{ESERLL
TaskManager#iiT. JobManagerEHARR FalLABEZA, BRE—E
JobManager,
MR TREZXTFFInkZHEER, B55EHEE: https://ci.apache.org/
projects/flink/flink-docs-master/docs/concepts/flink-architecture/,
Flink [RIE

e Stream & Transformation & Operator
FBPELHIAYFlinkiZ 2 H StreamF0 TransformationiXF N E A HREA R o

a. StreamE2— N HELEEREHIE, MTransformation2—MEE, EX—1P a2
PMEIAStreamBTITEANE, BiE— NS ERStream,

b.  H—FlinkiEFHHTRIAIR, ESMWERESIStreaming Dataflow, —1

Streaming Dataflow@H—#HStream#Transformation OperatorfApY, ©2

{F—DAGE], 7EREIHIAHRM— a2 Source OperatorFHs, @RTF

—ANELZNSink Operator,
El7-11 53— EBFlinki2FRE1 /9Streaming DataflowR97~REE .
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7-11 Flink DataStream 7315l

DataStream > lines = env.addSource( } Source
new FlinkXafkaConsumex>(..)):
DataStreaxEv > events =linesmap((line) -> parses(line)); ]. Transformation
DataStreax > StTats = events
keyBy("1id")
.timeWindow( Transformation
.apply(new X tionFunctiof) )
n)) ¢ } Sink
~
N
Source Operator Transformation Operators Sink Operator
//
— /K\B()NV' d \
- eyBy()Window , .
APP ‘1: ‘ Ma ‘l: ‘  — ‘ Sink
‘ L pl) ()W
/
Stream

f

Streaming Dataflow

B7-115 “FlinkKafkaConsumer” 2— Source Operator, Map. KeyBy.
TimeWindow. Apply@&Transformation Operator, RollingSink;@—>Sink

Operator,

e Pipeline Dataflow
fEFlinkd, BRFEFTH9HXNAEIET. —1"StreamBJLA#ED 21 Stream
43X ( Stream Partitions ) , —NOperatora] LA#&43 A% Operator Subtask

Flink SERE—MAELEITHRE, RIE L TS FRIRBRRERHETMIL

ZEERNEFVREEHITHMN, MRIEE—Operator Subtask ITEAE
HILRZHPIITHIT . — P Operatorf9FH1TE, FFOperator Subtaskfy4
#, — StreamfIHTE (P XZ2E ) ETFTERTHIOperatorfIH1TE, 0

7'12}553_?0

7-12 Operator

KeyBy()/Window()
/apply()

StreamingDataflow

‘ Source ||: | Map (Condensed view)

T

Operator Stream
KeyBy()/

T > Window(

———
' % Va0
Operator Stream
Subtask Partition Parallelism=2
l ‘ KeyBy()/
———

Pl
= - P

Vapply()
2

| =] | — [}

StreamingDataflow
(Parallelied view)

Parallelism=1

ERESHNEFaI LT, HHERTLIEZS N Operator Subtask&Rifzsk
¢HpY—NOperator Chain, SCFREFIR—NHITHE, B TMHITHSE

TaskManager E—MEIZAYEERERNIT, WE7-13F7R.
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7-13 Operator chain

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| i i ; | ) | StreamingDataflow
:‘ Source ‘ Map ‘; > || KeyBy(/ | —— 35 (Condensed view)
! : !| Window( | ; :

i| Yapply() |

R
Operator Chain . T

" Task

Source 1 ‘ Map 1 ‘  — KeyBy()/
| ! || Window( |1 .
| Vapply)) |1
N7 N
Subtask S/\/ """" [ _____________
(=Thread) s /\ Subtask ; i StreamingDataflow
l (/ \\, (=Thread) ;E [ (Parallelied view)
R o [ R -
| Source2 | Map2 | ‘| KeyBy()/ |i f\
1 T | Window( || .~
il Yapply() [} <~
! 2 '

" E7-1350 EEFEHRTRHZRESourceflIMap N EEESHEF LGS
EBE{—~Operator Chain, SEfR_E—/{"Operator Chainfi2—AHY
OperatorfJt= . ElFRYOperator ChainZkn—Operator, KeyByz&
Z~—Operator, Sink&ER—"Operator, Efil@dStreami&EiE, ME
NOperatorfEiE{TAIR R— M Task, i RiREFR_ EHEEHE3IN
OperatorXdRzfY2 3 Task

" E7-13F D 2 EEIBB— N FITRAKR, XWE— N Task&BFH1TiL
FZASubtask, XBRZFERT2MHITE, SnkEF21NMHITE.

Flink 8843514
o MILLLIE
=ait. Sitee. (RATEAISCATRAMIES |12, seiptRt=f RATERNIERES .
o FEINKSTSEE

TN R ET— e BAFEMZK RIS EER, DMEEEEA Y

BRIAEFHTRENE,, FlinkiZHTESRVRSEEEXNEFE, 81E:

- ZTEMIAESER: Flinki2H T S AREIBREEIMRESSZEE, W
ValueState. ListState. MapStateZ, AR ALUEF I SERERERS
BIEREREE,

- FEEHRYState Backend: State BackendE=EIENFAEFIVAZES, FHiRIES
BEi#iTCheckpoint, Flinki2t T R[EState Backend, Statem]LAIFAETERTE
L akRocksDBZE |, H3ZFHRIELUARIEERICheckpointilEl o

- FR—IXIEM: Flinkf9CheckpointFI#EIRERENRIE T (ESEMIEA 4RI
ERIR ARSI, hEFENFEST 7S5 HEATheE, BIFERE
RESFERIBERT, e RIEEHR—IREIHE .

o FERIRIENENX

EERatIEN BNEZEHEMNEND , X FERTREIEN R, EFATEIENXAY

BORA. [alll. TRFESREN . FlinkiZgHTFEERIATEEN

- Event-time: FASHABETRIBEHTITE, FELFRIATIEREIX
RS HMETISEINEE
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- Watermark: Flink3| \Watermarkiff=:, FLESESEEMENERE.
Watermarkth & MEREREIE M RM 7 RIENFRIE. SNIETE
Watermarkf9SE4mAT, FEITESTMZ EIABHEIEIERIAR, Flinkig#
T SHAMREIRIN, WNSEIEEED (side output ) SREHTZRITTAAYITELS
x.

- Processing-time#[lingestion-time,

- BEXRENRIENO: FlinkgelsFMEEO. HHED. 1580, LUK
%ﬂiEE_EEDEI’\JEfES{D, AILAEE RIERM A ZMEES], SSIEZRMIRIT
%EIQO

SENH

PHXRR, P TaskikTRHIBRRIHIE, FESSBENMESAIKM . Flink

RUETESEINSENG, FRHEISERERENTSEXBFYE, FEHEE

BEEIRE .

- Checkpoint: FlinkEFCheckpointsSEIIE S, AP RILIETEXIEMESH
Checkpointzkl, ZEFHIMEMAT, ATLUHESIKERISFIGE—IR
CheckpointfPIRZ, MEURRERRIBZ EHIEUE.

- Savepoint: — SavepointFi =N FIRSAI—EERER, Savepoints
Checkpoint#/l#I4E{L, {BSavepointTEEF ik, Savepoint{Rill T{ESTE

FHREERES, AEXKIARMARNAIRSER, EFHHUNERIESEE
FMIRE
Flink SQL

Table APIFNSQLfEEN T Apache CalciteSRH{TEIGRIARNT, RIGLARMLL, BILL
5DataStream#DataSet APIT4EEERL, HZIFARPBENXMIFERE, BEXR
HUANFRERE , BHERES . ETLEMANEN . TEHESLHIRER T @i
FBFlink SQLEAIEX — R EEMTTEN A

SELECT userld, COUNT(*)
FROM clicks
GROUP BY SESSION(clicktime, INTERVAL '30' MINUTE), userld

BXFlink SQLIYEZ(EE, 152 https://ci.apache.org/projects/flink/
flink-docs-master/dev/table/sqlClient.html,

CEP in SQL

Flink731FFIPESQLEZR/RCEP ( Complex Event Processing ) EifZERLAATFHE
ICED, FEFlink EXSHERBITIESG
CEP SQLIEIZMATCH_RECOGNIZERYSQLIEIASEIM . MATCH_RECOGNIZEFAIH

Oracle Database 12ci2HOracle SQL 1%, HAFESQLPZERE/4EICITH .
CEP SQLfEERZEIGNT

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'

YAST
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7.7.2 Flink HA 5 Z2/\8

Flink HA 5ENE

B FlinkEEEERBEMobManager, FEREAELMAYER . FlinkGYarn.
StandalonefLocal=Fhi&Ezt, ErhYarnfiStandalone2EEE#E, LocalRigEyiE
™o (BFlinkXdFYarnt&EzF1StandalonetZ VIR EHANLEI, (FEERFREIEMEMHIRE .
XEBEFENAYarniEZ D FHIHAG X,

Flinkz#5HAE A1 obRIREIRE . IXFIINRES E K EiZooKeeper, TEFRZAIA
PHRERE “flink-confyaml” BB HECEZooKeeper, ELEZooKeeperfIS¥iN
T

high-availability: zookeeper

high-availability.zookeeper.quorum: ZooKeeperlPit1f:2181
high-availability.storageDir: hdfs:///flink/recovery

Yarni&Ez,

FlinkAYJobManager5YarnfgdApplication Master ( EF#RAM ) 2ER—MHET .
YarnfJResourceManagersfAMB 512, HAMBRERS, YarnGAMERER, Bl
&, FrGJobManagerfIcHiEMHDFSIRE . (BIREHAE], [HRYWSABEIZTT, #AY
AWSEAEERAZ . ZooKeeper EIAZTFAJobManagerfyTTidE, LLaNiziTIobRIERE,
SIRMLAFAY)obManager{EfE . Xt FTaskManagerf9%, FHlobManager_Akkafy
DeathWatch#l#IAME , 2iTaskManagersklffs, EFraYarnERiESeE, @

TaskManager,
YarntEXHHAL ZNESER, AISEE:

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

Standalonef&iz;

XJFStandalonet®EAIEERE, RILABENZ N obManager, ZA/Si@idZooKeeperifEZsit
Leader{E9sChRfFEFAYJobManager . 1Z#&E FaJLABCE—{~F)obManager ( Leader
JobManager ) 1/ &JobManager ( Standby JobManager ) , iXBEASIRIFHE
JobManagerkM/fs, FBIFE AN JobManagern]LURIBERIERES ., E7-148FEF
JobManagerfItREi372
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7-14 RETE

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,

7.7.3 Flink SEABAHHNXER
Flink 5 Yarn B9 &

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

FlinkEFYarnBYEERFEFE U E7-15 7~

7-15 Flink &7F Yarn BUEEEES2

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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7.7.4 Flink FREISRYrtE

7.7.4.1 Flink i8zhEO1ER

AL EENAFlnkiBsIE QAR BIE DRI,

FlinkEBORNFEHERBTIESWEM: https://ci.apache.org/projects/flink/flink-docs-
release-1.12/dev/stream/operators/windows.html,

BONEA

BOPHIENREERA T EEPEERMNERERERM, MEOFRNEIEFERATE
¥, WsumZFR{ERT ( window(SlidingEventTimeWindows.of (Time.seconds(20),
Time.seconds(5))).sum ) (X&REFIEER; SAFPEREEXEOR

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

Time.seconds(5))).apply(new UDF) ) {fREFERBEHIRIGEIE -

AP {ERBENXSlidingEventTimeWindow#SlidingProcessingTimeWindowld, #¥E
DZEDIERRE. RREONENIT:

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

UDFWindowFunction)

S—PEIRERE, SROERI20/5=4MFRNEOF, BEEERFFRETHI .
SEOANYBHEEIEEAR, TRUKIEETE.

7-16 EOFEIREHIRG)

30 | | 100
| |105
90 | | 110
95 115
1 | | | | 100 120| | | | >
75 80 85 90 95 100| 105 110 115 120 125 130 135 140
LRIEEE
EtElm

BIgR— 1N EURE102800EISk, i8S # o BECEI[85, 105). [90, 110). [95, 115)LAK
[100, 120) UM AREBIELOH

EOL

£33 EiASlidingEventTimeWindow#SlidingProcessing TimeWindow{E{RFRIGEHE
RFENEIR RO, WMREFREEIENEHTEN, FE, FEFME=E

AKFEE, BB

1. LUBshEERAEN, BEOLD AETFHEEARESHpane,
BIMEOR—ZIZ N panefBrl, S paned B OGN T BEREK . FNBE—" 1 pane
Bl—/MBshEHEE, N & O
window (SlidingEventTimeWindows.of (Time.seconds(20), Time.seconds.of(5)))
FpanefdA/NA5F, BRIZIXPEON[100, 120), WEEHIpanea[100, 105),
[105, 110), [110, 115), [115, 120),
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7-17 BOEERA)

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.

7-18 BORFEIERA!

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.

7-19 BOMA T ERA

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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7-20 & OMIERTHY

L EEUE

80| | 100

| 105
90| 110

% LLE EEZE
! 1 ! ! |10 ! ! I ! .

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

< =R
I | | | | | | - | i | | .

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

ALAMEREIpane

B, ALUKRERREREERFUARREFRINE.

7.7.4.2 Flink Job Pipeline &35

BEBRT, ArEsB5E—mmEISHEXNSERBRE— LR ANargH,

iXfar& R gFat Jar,

Fat JarBBLA RS

o [EEWSZEMIEHESY, JarBAIXK/IBARRIEN.

o IHNEAMEIEK, FERNISHEAREER—EWSZBELFE, RATLUGE
MEEZZER DRIV MER, ERERZE2—FNEBEXR, HEKREX
BY, BSEEFHIENRE,

rHEZ MMEWBEISFIEEIRE,

o BEEBERT, fElziEnLliEidKafkasCIEEER, WEWARTLUSEER&IXR!
Kafkaf9Topic AT, ZAEIELBFIVEMCETLAM Topic ATMEENEIE . XA EEES
17, (BRIEE—KF100ms,

o XHETCPEHERIENA, EFESHANET, TS BAEREET R, LTF
ZIBTLERANEFE,

Job Pipelineifi Bl &t

Pipeline2HFlinkAYZ N obiBII TCPIEEAER, _EiifJobal LAEIEME Fifflob&RiXxE]
&, XMAIXEIRIGREIFRA)ob Pipeline, WIE7-21F7R.

SRS 01 (2024-05-10) IS © ERRAGIRAT 46



MapReduce g%
FmE 7 (RIENE

7-21 Job Pipeline ;iE

job3

._.

job1 job2 job5

jobd

Job Pipeline[RIE/ 47

7-22 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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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 7'23ﬁFI'U_? o
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7-23 XKE

MettySink MettySource

job3 job6 HEE HEE

7.7.4.3 Flink Stream SQL Join

Flinkf9Table API&SQLE—F AT ScalafllavafSiESEMNEIAAPI, EXIEFIEEEW
BNEREERT (U0ERE. fHEfIERE ) #T7HESEE. Table APIRSQLIFHNAIES
WEM: https://ci.apache.org/projects/flink/flink-docs-release-1.12/dev/table/
index.html,

Stream SQL Join/43

SQL JoinFFIRIEMAN BN RPAIFIZEIXR, NIXLEERDEGHHE. Flink
Stream SQL JoinSiFsIm N ztablei#{T)oin, FMNFEIAER . IFEUFLUTH
BHEIR:

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 JoinFBEIEEIESEEINE T XECENAIEIEHRITIER,
FEED—MESEEBEAN— M PENGIEREME . XNRETLIRFEMNEZS
SBENEE (<. <=. >=. >) , —PBETWEEN{ZAegE — M E—BEBEkEN .
iz/).\aca%i%iaz%%tbwmm)@eag@;c*ﬂwrem%ri ( EbanabIBRdE)ak & SB4aT
a)

Llﬁ%—??&?&ﬂ&zéﬂﬁ%)ﬁﬂld\EW\JEL—-E, BErEITRE R EENAYEEHITIoinfY
ANl K

SELECT *

FROM Orders o, Shipments s

WHERE o.id = s.orderld AND

o.ordertime BETWEEN s.shiptime - INTERVAL '4' HOUR AND s.shiptime

STREFRA 01 (2024-05-10) IREUE © ERREARBIRAS 51


https://ci.apache.org/projects/flink/flink-docs-release-1.12/dev/table/index.html
https://ci.apache.org/projects/flink/flink-docs-release-1.12/dev/table/index.html

MapReduce RS%

NGB 7 BHEANA
(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,

7.7.4.4 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
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FmE 7 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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7.8 Flume
7.8.1 Flume EAEIE

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

7-24 Flume-NG Z2f3

s

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

Eiz o
& 7-5 &R
2R 5488
Source SourcefA = IFIEETBITAFHRN GBI E 2R, FRBEURIENE

—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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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 aJ LAEEE B2 Source. Channel. Sink, #0E7-25Ff7<:

7-25 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)
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FRNE 7 EENR
MEEIM, ICET A3 (Agentd ) RS AHDFS, & MKET mAIAgent TLALSE
% $$TL,{;&IJ@$JZ1’JHO
7-26 Flume ZREXZEITE]
| weosener [ Arosaues | [ Aveosak - —
e [vese | R
gt y//g'
weoserr | Avosous | | Amosmk |
FlumeRIZEaFIIFMAIRIENE, 52 https://flume.apache.org/releases/
1.9.0.html,
Flume [FIE
AgentZ[EIRIRT S

AgentZ [BJEER I RIZNE 7-27F 73~ o

=] 7-27 Agent HIE(EmmiE

Agent1

Channel1

start transaction

take event

Send event

commit transaction

3

start transaction

put event

.
L

.

commit transaction

L

1. FlumeXBEF TransactionsfIA X IRIEHIREBAIRI FIE,
mEsasb—1Agentht, F P TransactionsBEFHAEN . KixAgentfISinkE5E

HEIEN—1Agent
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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,

7.8.2 Flume S5EAGFRIXER

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,

7.8.3 Flume FFRIEsR4514

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,

7.9 HBase

7.9.1 HBase EAE=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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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

HBasetE ¥ F & Masteri#Hi2F 15 M RegionServeriHi24BA% . WE7-28F7.

7-28 HBase £t

HBaset=Ef

. Active Standby
Chenl HMaster HMaster

& 7-6 {&HAR

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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FmNE 7 BHENE
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/,

7-29 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
x®7-7T HEINE
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

[ 7-30 RegionServer BUEIRETFiELEH

RegionServer

HLog

Region

MemStore

StoreFile StoreFile

RegionServerfiS¥IETF RS+ RegionfIZ AP AYIRBALNZR RegionZEiaikiAe
Fii7Ro
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7 BIENA

& 7-8 Region 5315408

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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7-31 STTEUREFRFAIFA P RAVIRET K ER

hbasexmeta® g4

o HURIR(ERE
HBaseHIRIRIERIZINE BUREIEREN .

B 7-32 HUERIERIE

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,

7.9.2 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(

7-33 HMaster =] FAM4ESCIIZRYS

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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7.9.3 HBase SEMAEAIXER

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 .

7-34 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

7.9.4 HBase FFRt& R4t

HBase FFERIE:E4E M : Hindex

HBase— 1 Key-ValueZRBI DN EEEIRE . BKEFAFEIEIZIBRowKey =7 H
IR=HEEE, FEith, NSRRBEMEERNIRowKeyEE AR, HEIBEE—RowKey

STRERA 01 (2024-05-10) IRIFTS © ERRABRAT 64



MapReduce g3

A
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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

7-35 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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7-36 ZE5HE|

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.

WE7-37F7~, EIPMOBERERTFETEHRegion EAImobstore, mobstorefZi&RY
Ekey-value, keyBlJgHBaserhXtffkey, valueXdRAYFEFEEN GRS LHIS|IA
MR HUR RS S . SSEEUERT, mobstore2FECHIscanner, ScisEElmobstore
FAYkey-valueHIEXISR, A EIDvaluehRIBIE REIREA/IMER, NIERFHEEY

HIERYERE
AR
MRS 3.3.08% Z [RhR A EE(ERIZIZINEE -

7-37 MOB HUETF(ERIE

HRegionServer HRegionServer
HRegion HRegion HRegion

[=)]

[=]

E

I B

HDFS

HBase FREREIE R4S E: HFS

HBaseX {4-77fi#t&LR ( HBase FileStream, {&FRHFS ) EHBasefUMIIELR, SIEANT
HBase SHDFSIZORYEI%E, MAEMRSHIEEMNE, A EENBIRHSEHIEE. =
BX. MiprSEIHEE,

EHadoopEZEER S H, TiCREHDFS, itEHBase, HWEMENEEXIFAIFMERORT
&, ERYWIHST, HEFTE—LRERRRAYDE:

o MRILEENHEZRRFHEHDFSH, ZEENameNoderHRIRARIES .
3 iﬂzHBase}zDu&Wa‘BMﬁﬁJE’\Jﬁl, —BRAI B AES EiERFEIHBase

HFSEYHE, HER T RRFEEREHadoophFiEigE/ )\, ERTtEEFME—LATL
HHIREHAS . BERE, FREHBaseERR, FEEFEMAEH/NE (10MBLL
), EXNFEFER LRI (10MBLAL ) .

HFSHLL BB T Si—ROiRFED, XERFZO SHBaseRIREHRZEM .
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HBase FRREIEsE431%: HBase Y

fEHBasefFfEZRT, FENGC. ML, MENEFRRE, RYERIE0.9%HNER
REM. AT HEBRAEIEEMIIEERIER, 8T HBaseXizhFt.

HBaseXUEFM BRI T ERERFARENZ L, MEEHFRNFEERIHRER
w\F—EERF, BIRANERHALONAR, REEENREE. SAFPAESE
HERE, ERNEERNERIHBaselRS, EFS—RIE (RASZRIERIE

&) 5, WMREEFRBROER, NWaTLERIN&ROEREE. RIEENT:

omms “ B45
P
SCHEE

WRE UG . HiEE
e

HER

HBase FFERIZE4F!E: Phoenix CsvBulkLoad TESAIFHFRBEN SR
(1) #eA
ZABIEAFMRS 3.2.0RZERA.

PhoenixFFiECsvBulkLoad TEXBINIFIEE RN FIHENMIES EIFF, SRPHIE
N E RS AT, —RESXAEHRNFHREADRE, AT RELLRD
=, BINTHAPEEX2RAIEE, BRYUURABRERERIESTRF /i
TRSIEADRIAFRSANEIEN 4.

HBase FHRIG R FIE: (#F HAR S4&UHRD WAL 34
(AT
ZABIEATFMRS 3.2.0RZERA.

ZRegionServerk & IEoEfSHY, HMaster={#ERServerCrashProcedureXd
RegionServerfylSSHTIRE , IKEZFEPEIFIRS WAL . EWALXHRDEE
d, SRS, TJEEERHDFSRIMEERRIT, SHIRSIKER BT,

KINEEFBEIRSEIETIERAR/NEEANEIHARY 4, STER/DIFDWALITE
FRFEERY/NE, MiM4akERegionServertik ERT1<
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in-memory sorted

Appended list of
key values

updates (Put, Delete)

RegionServer

WAL Split

gio
\ replay Memstore

) HAR

flush

HFile
HDFS Data Node

HBase FRHEIZiR45E: Batch TRSP

HBase 2.xAiZh A~ EFHBase ProcedurefEZ2RE&E S T region assignmentldiZ4g
(AMV2) , & RegionfopendkZcloseZfLE—1
TransitRegionStateProcedure(TRSP) 522 xBk, ZRegionServerA AtfEeERETE
REWESHT, HMastere AE N EEIRERIRegionBIE—NTRSP, K=HITRSPEEIE
HIEIF A EIProc WALX {43+ HEZERRegionServeri{TRPCAZH, TIREIER
HMasterf4geithin, SEIRSIKERTEEEK,

AINBEEEIBITETRSPHFMNattach regionfA=,, FIE—NTRSPE—
RegionServerfiGHIRegion#HITIRELLE, RegionServertig&iHiTRegiondVitE
open/closeH—x 2 Ep LikLEHMaster

(11 588

Z4F R SIS Region kS EIFERAIRegionServer, FELIGZIILERIRIRIIR IHMasterfEBlIEE
TRSPHY, tHFZEsiEfSAIRegionServerE & &E T Ek, Ftt, Z4FEFERFHi(EHBaseEF Tk
HBIRSHERERIRTE, IR/ ERegionServerZEHIE, TIAEEIHMasterfERegionServer
B FRRIEEEIE T TRSPIAER -

ZABIEATFMRS 3.2.0RZERA.
HBase FFEIZiE 5N : HBase HimHE

ZINESEFTFMRS 3.3.0% 2 fEhRA .

HBase— 12 IVRIKVEWEEE, RegionEHBaseHiEEIEAI&R/NETT. MRAFE
MEIFFNZ I rowkey R GI1E, BRI FERELVEEERegiondy, SIS EHE
PERET A, ERISESNA BRI FEEERREY .

HBasefRS51G 0T MetricControllers£ffl, Fia#fmi@llgery, segisiEE ™
RegionServerm = fUiEKRE, BRSO, IRBIHEKRFESHT =F1Region, &
By FHuEA TSGR, FiRt—Ert s BRee ], thkil#saRegionEaiER

HRRAYEES, BRR o nEsluET sEMIEE WSS,
7.10 HDFS
7.10.1 HDFS EAXERIE

HDFSEHadoopfI3 %314 & %t ( Hadoop Distributed File System ) , SEIAIAE
HIETENSHRIEE . HOFSEHRERIBSRFUREERSR “—X5, ZXE” B
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1HE, TR ‘B RIERINFS, tHMEEXHEIEZNNEASEERNENHZE
AYRINRIE . HDFSIRIE— M XHE—PEZIRM—MEAREHNITERIE, MULHs
MNMEREITIZRE.

AR
ANFEEHDFS, iEHRMRSERFNER%EHadoopRSS
HDFS 4543

HDFSB8 &% . &NameNodef1Z"DataNode, #NE7-38Ff7~,

HDFSE—/ “Master/Slavefy22t3, fEMaster_biz{TNameNode, MES— Slave :
1z{7DataNode, ZKFCEZFINameNode—iE€i=1T,

NameNode#1DataNodeZ BB (SEBEEIZETCP/IPAIEMZ LAY, NameNode,
DataNode. ZKFCFlJournalNodegEERE iz TLiINnUXAIIRSS 2 L.

7-38 HA HDFS 4543

ZK
Cluster

Shared Storage

Journal Journal Journal ZKFC

NameNode NameNode

(Active) (Standby)

DataNode DataNode SaEsSESREEERREEEESE DataNode

El7-38h ZARIRAVTNEESLRBUNZR 7 -9Ff 7
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A

7 LBIENA

& 7-9 1A

Bk | R

Name | BFEEXHRZNGETE. BRENE . THRESIURREEDVE
Node | &, ©oH:

e Active NameNode: EIENHZRFNGEATIE. HPFHRFNBRE
1;?5(‘11«1&7_5%1?)%%%; IEREANIE “HER SHIFRESFAIN N
o
e Standby NameNode: SActive NameNodeFIEIERIFRLE; HEAT
HEEEActive NameNode IS EIHZEERSS

e Observer NameNode: 5Active NameNoded9EGE{RIFESE, 4ME
EKBEEFIRANEEK.

DataN | BFEHESANER “SUER” iR, FESBARAMEENameNodeiREs
ode iZDataNodeFIEUEFMIER

Journa | HAEEEY T, BBFREEEFZNameNodeZ [BIRTTHIEEE.,
(Node

ZKFC | ZKFCEFEZEFfINameNode—XIMAIARSS, BN 1 "NameNode#fEEIE

ZKFC, BRaEEENameNodeiPRZS, FHRATEIKES AZooKeeper,
ZKFCHEIEIRIE(EActive NameNode9tF ,

ZK

r

Cluste

ZooKeeper2— MMEARSS, HEIZKFCHITENameNodeRdi%kss

S

ay

HttpF | HttpFSENEIN IR gatewayifHiE, XdoME(HwebHDFSEEL, Xt

gatew | RATFIHAERXESFHIHDFS ( HttpFSF{Egateway )

HDFS{&EAFileSystemiZ 311 . A AFAREIHadoophRANBIRIEIEED,

HDFS HAZEH4

HABDJgHigh Availability, FBFf#RNameNode s SSifEEIER, Z4F @I EF
95 IENameNodefRt— 1N EHE, —EENameNodeBIUHPE, FTLLREE
JiaZEZNameNode, MNMABRIXTIMEMHARSS

E—BEIHDFS HAIGSH, BEMBM 1" NameNodeHpY, —MbTFActivedk
%,Q\, %_4\%$Standby>{*?&c\o

F T BescHlActiveFStandbyFi M NameNodefITTERIEE RS, FigH— =
FERS . ARAREETFTQM (Quorum Journal Manager ) FIHARRRSZ,
WNE7-39F7~. F&NameNodeZ [ai@id—~H)ournalNodeEETEIEER .

BERIEIHD (2N+119) JournalNode, BR/LEiE{T3/MournalNode,, X
M, —SoHIREEMEREREESN+1 MournalNodeB NBINFIANEIES NL
I, WAEZBFZNMNournalNodeEANSKK, tbaN, 34N ournalNodeld, &%
BiF1 MournalNodeB N, 54N ournalNodeRt, & 5124 ournalNode
BANELM,

HFJournalNodeR— MR ERAIFIFEE, ATLISHadoopHERSZ LAY
EiEournalNodeZPBIEIRHIT a E, LUBREET SEHTAEIESEHATS|
#2JournalNodeB N ,
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& 7-39 EF QIM #Y HDFS 2243

JournalNode JournalNode JournalNode

Write Read

NameNode NameNode
(Active) (Standby)

Block reports to Active & Standby

DataNode DataNode DataNode DataNode

MRS{EFIHDFSHIRI AL SRIRIERURAI AT SEME, HDFSHREREFE—I AN B4R
NEPSTE, BIHE2MNEIAR . HDFSEIAREL RN EIT “dfs.replication” S%EiE),

o  LMRSEEfHCoreT SMEIEIF AIEAME (hdd ) B, HEREFFRE—Core
T, MHDFSEIARIARZ A1, BERfFCoreTTR#ATET2, MHDFSEIAR!
KE92,

o HMRSEEfHCoreTI MR AAME (hdd ) BT, BHEREHRE— N CoreT

MHDFSERABIAE 1, EERFHER N CoreTim, NMHDFSEIARIARES
2, BERPCore TR ATET3, NIHDFSEIABIAZ A3,

HDFS nJ &gt

& 7-40 HDFS 2243

Metadata (Name,replicas,...):

Namenode

Metadata ops " /homeffoo/data,3,...
Client Block ops
Read Datanodes Datanodes
mm O O ‘ O
Repllcatlon
. . Blocks
- N e
Rack 1 Write Rack 2
Client
MRSXZ#FHDFSEH E T mi9EAEME T SN EIYERAE, ST aT=sd

B SHIHDFSTFIEERRTT o
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ZFHadoopRIZRHFIFMRIENE, iE20: http://hadoop.apache.org/.

7.10.2 HDFS HA 5 EAN4E

HDFS HA F &&=

fEHadoop 2.0.0ZHl, HDFSERFPFER SIS DM . RFENMEBERE—
NameNode, #1EENameNodefEt 28R4 HIE, S SHMHDFSERTIAER, RIE
NameNodeEFSEES— SIS LRt . XEMRNHAHEENE T HDFSHYEARRT Hl4:
1. HREBRAER, VeSS, EEPEATRE, RIEEMSINameNode,

2. IHRMHERYSEPR TR, WERKEEHHRSE, SESEERHELETE,

XA EERR, HDFSEA AR REE BT sl (TEE ) A, E— &R+
JINameNodeSE—MNvE A INameNodeF D . H—EH 2=, aTLiRiEtE
hiHfTNameNodeEFZ iR, sE HFENameNode TS SEEHITHIFAT, BIIMRSE
fi’”’éﬁﬁ}%&ﬁu, BJLAFEI#HITNameNode £ &, MMfRIESERHE4REAERYAT B
BXHDFSExIfEEEINEE, 1BSH):

MRS 3.2.0Z8ikRZA: http://hadoop.apache.org/docs/r3.1.1/hadoop-project-dist/
hadoop-hdfs/HDFSHighAvailabilityWithQJM.html#Automatic_Failover

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

HDFS HA SCII 5%
7-41 BRI HA BT R

ZooKeeper ZooKeeper ZooKeeper

/Heartbeat Heartbea‘t\

FailoverController
Standby

Monitor Health
of NN. OS, HW
NameNode

FailoverController
Active

Monitor Health Cmds
of NN. OS, HW
NameNode

Shared NN state with

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

FE—EBPIHASEREHR (WE7-41) , EEIEFHMNameNodesEeEERSIRIZAI
g5 L. AfHIT—PEESR, RBE—1"NameNodefbFActivelkZ, 5—~&tFStandby
K&, Active T RASAIEIEEFIRIRIE, Standby T RitZIRIESActive T REE
FRESEES BRI TRIEE SR,

FFRIFActivefIStandby T3 R RVEHE—31%E , MNP aEES—HIR/9JournalNodefd
TRBE. HACiveXIEHRFSTTEIEHITIEXNET, SBEENAEREFREIRSEHH
JournalNodeT5 =7, fla1E34 ournalNode, NMHESFEFEEM2IMTRH,
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StandbyT ;5= )ournalNodestYZE4Y, FHREIEEEKBActiveTI RANER . RIBIEMNH
&, StandbyTs SIS RN AEIA N R GTEES . —BEREMIEER, Standby
T e IRSActive T RAYRESR—EEY . XRIE T XGRS THIRESIEEEAITE
ActivefIStandbyZ B2 =2 EEH.

TR PEFERS RE T, StandbyFBERSZURIFRFFARER, HittDataNodesERT
@1 NameNodes & IXHEEFIOBE o

JH—MNHAERE, FIHEORZIRE— 1 NameNodeZ2ActivelASEXFE, HFN,
BFED AEED, BHIEELNFFEEHMEIRIOXE . AMFREXNENE, BhLE
“split-brain” [@RAAYF4E, JournalNodestE(HTRIZIER R 78iF—NameNode 5
Ao FEHPEEEFERT, BZAActivekZSHINameNodesR1S5 NournalNodesHIt R ,
XEBEMHLEEfBNameNodefActivelRZs, (FETIREZEHT,

XTHDFSEHURMLRNESER, AISEW T EE:

MRS 3.2.0Z8ikRZA: http://hadoop.apache.org/docs/r3.1.1/hadoop-project-dist/
hadoop-hdfs/HDFSHighAvailabilityWithQJM.html

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

7.10.3 HDFS 5EAAHIXE

HDFS 1 HBase Y% &K

HDFSZApachefIHadoopIR BHIFIRE, HBaseFFHadoop HDFSTEAE X (41F 1%
R, HBase FE5HaLIFEE, Hadoop HDFSJgHBaselgfit 7SI EMAIEREFE
S5, BRTHBase T AR —AEN Y, HBase IR EIRS4ERET LATFAETE
Hadoop HDFSX/4-&R %t L

HDFS #1 MapReduce B9X &K

e HDFSRHadoopHH MRS, BEsailaatSAE, AILEREBEN
IBEERINEG L, FRELBRERIYEE, EaEBAHEENNARER.

e MMapReduce@—FRIEtRE!, AT AEESE (KXTF1TB) BHITIEE. &
MapReducet2 AR BRIEIRRTLISRBE 2RI, fLocal FileSystem.
HDFS. #iEES . REAAIRHDFS, BILAFIFHDFSHISE M MREIRENARIRRY
HIRHTIHE . ANETESRE, BaLUSEIEFESIHDFS,

HDFS #] Spark BY<&
BE, SparkRItENEIERTLIREZ IR, Wlocal File. HDFS%E, & BRI
I;_I?gsj AR LA—RIZEAMIERIEIRHITHITHE . EitERkE, BALUSEHEE
FHEZIHDFS,

PRERE, SparkypkizElis ( Driver ) #0#1Tu% ( Executor ) . EHliEGRHRESE
E, PTinREESHT.

AN RIS IR AN B 7-42F 7R
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MapReduce RS
.1 7 BHNE

7-42 I AT

3. Launch Tasks

3. Launch Tasks

Executor Executor

Task1 Task2 Task3 Task4

1. Get [File A] 2 4 Blocks 4. Read 4. Read
status 4 Read 4. Read

HDFS

v v v Y

B BRI AR U AR

1. DriverSHDFSRZXE3XEXFile ARISHER

2. HDFSIREIZHEARIBlock{ER

3. DrivertRIEE(RRIBlock#IESE, RE—NMFHITE, BIEBMTaskEELEUXLEI 4

Block
4. {EExecutoriimif{TTaskFHZENE{ARYBlock, {EFIRDD ( 384 fEURE ) BI—26
Do

BRI IRNE7-43F 7 o

7-43 EAN/HEFE

2. Launch Tasks

2. Launch Tasks

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

3 Write 3. Write

HDFS

v v

HDFST S A AR B R Efo

1. DriverglZB2E AN HRIE R
2. RIZRDDOKLIRIER, HHEEEHIEITaskE, H FAXE(ESSEExecutor,
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3. Executor¥lfTiXLTask, EE{RRDDAIEIREE NZIZE18IEZENBERT.

HDFS #1 ZooKeeper f9X&K
ZooKeeperSHDFSHX R UNE7-44F7R

7-44 ZooKeeper #1 HDFS 9% &

ZooKeeper

ZKFC
NameMNode
NameNode Standby
Active
EMNEE
—————— = ¥

ZKFC ( ZKFailoverController ) YE3— ZooKeeperteB¥ % i, FARIAHE
NameNodefPIRKEE . ZKFCHIZXTEEPE T NameNodefI B+ #F7E . HDFS
NameNodeRJActiveF1Standby T3 saIgERE B zkfaHiZ .

1. HDFS NameNodefJZKFCi&#EZlZooKeeper, IBEHNZHSEIRTEEIZooKeeper
&, BD “/hadoop-ha” THIznodeBRE ., 5EtlEEznodeERAINameNode TS =
PEFEH, B—M ST =, HDFS NameNode Standbyi@idZooKeeperiERTisE
HY{NameNodefS &,

2. HIEPOHESELHRAT, HDFS NameNode Standbyif@idZooKeeper/@40 “/
hadoop-ha” BR T A% TN, NameNodes#HiTERFIIE,

7.10.4 HDFS FFRI%sm4re

HDFS FRRIZR4FE: 4R ( Colocation )

BEHIELRFITASETR, Join2—MEERRINITEINEE, EMapReducedRISCHL

B AAEIT:

1. MapfES RSN ELHHCSRIER (Join Key, Value) , #AEIEER)oin
KeyfiiHash Xfg, EEIARRIAIReducefEEZE AR,

2. Reduceff55—M&{FFRINested LoopHNRITELRAIEIE, HiEHAERINE—T,
IFTFHEERYJoin Key, ZIBJoingERFAF I .
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D EBRIREKEEETF, HFHESEEST =L, FiAfEMapZIReduceidiz
i, EERSHOMKEIRER, FEoiniTERMREAKIHEK, ZITIZET7-45
Fr7R:
7-45 TR HEIRIERRIE
INPUTS MAP REDUCE QUTPUT

11,p3,u1,300 sweater ul,p3
t1,p1,u2,100, chicken ! ul Al
13,p1,u1,100, chicken i ul.pl
t4,p2.u2,10, banana : . u2,p1
15|p4:U4:9| apple 4 U2,p2
u2,BB

g u4,pd
ul,a@example.com EN AA J Y ud CC
u2 b@example.com,EN,BB )
u3,ci@example.com,EN,CC \
u4,d@example.com,FR,GC u3,ce

Partition,Sort,group

HAFEIERSUERIAHDFS Block SN FMEMIEN RS, (IREEHEFmNER)oin
RIS EEIERIZ)oin Keyp Xfa, —XIRMER—&aM2E L, Wi oimt+ERY
ReducelIf2 R LEEGEHIE, EIEAED aAMMMap JoinfSREEERIER, HREEE
=BTt

HDFSEUER S, FEFEEMFBHFIIC2ITERIE NS EFileAFIFileB, Bidig

ER—12%ID, FHEHFFBABlockDHE—IE, FTHEHEEE D AIREEIEMEETHIT
&, RKiE=MapReduce Joinftae,

7-46 TRIDHERDHEYRRDHIILL

Non-Colocation

DataNode 1 DataNode 2 DataNode 3 DataNode 4
File A (Di)
(b G
Local Network Local
File B (Di) Network
Block1
oc Mapper 1 Mapper 2
Block2 .
Colocation
DataNode 1 DataNode 2 DataNode 3 DataNode 4
Local Local Local Local
Mapper 1 Mapper 2
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Fmi A

HDFS FHEIS 245 BERERE

FEFFRRAF, WRAIDataNodeficBEZNMHIBEFKS, BIABR THAP—PESIRIE,
MDataNode S RBIEMIRSS . ELEIN “dfs.datanode.failed.volumes.tolerated” AJLA
BEXRMAINE, INFizZEL, DataNodeRJLAEHRMHIRSS .

“dfs.datanode.failed.volumes.tolerated” BYESEE/9-1~DataNode FECEHI# 2SS
#H, BAMER-, MERWNE7-47F77

7-47 EINgER 0

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

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

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

flgan: FADataNodeRRiERy 73N EIEFE
“dfs.datanode.failed.volumes.tolerated” B2&E 1, MZiZDataNodeFg9EF—

HIRTREAREERNITR, ZDataNode R EHRAARSS . YNE7-48F 7R,

7-48 EINSE A 1

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

data1:good data2:good data3:bad

/srv/BigData/hadoop /srv/BigData/hadoop/ IsrviBigData/hadoop/
/datal/dn data2/dn data3/dn

XANFEEEEIRN, FE—ENHE. ZDataNodeMIEIBFHEHEA—EAHIANER,

MEEXNE " DataNodeHTRMECE, MAFLENFBETRE—EREEXH, &
RX R {ERRYAME,

flan: ERFPFE3 M DataNodeTim, F— I PRAESITHIERR, F1MPRE4T
HEER, F2 M ORE5THIEER, IRFELNITRE— 1 EFREEBIHE
DataNodefRS3#&PART FBRIR , "B EE7-4F R TIRE o
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7-49 RIEFERIEIHRE
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, ZEMERIECESSR—hRL-1, E7-50F 7.

7-50 EafaE 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,
WE7-51F7

e /HBase FHIHUEFFAETEA, B, D

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

o Juser/shIFROBUETFHETEA, E, F

7-51 BT RS AOEERIERR IS 6

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 .
7.11 HetuEngine

7.11.1 HetuEngine EXRRIE

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 & AREHER, BAREDINET-52F7R.

7-52 HetuEngine £5H4E]

Ve — N\
| WIE 5% AN |
ZREE | st || wameeme | mwen || wowes || eaa |
[ s R 4 |
. J
Ty T s sl )
N Y
A /
s ~
BIRE N e —
Hive/HDFS/OBS Clickhouse HBase Elasticsearch DWS
\ J
% 7-10 Bi&EHRIGAR
B | ERESER R
®
2
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#
g Mo SERIITIHR. BUTIHRIRE . RIRMESTIRREE
= FHeh.
Worker HetuEnginelt&ELAIRNTIET =, 1BHSURREEUREFHT
FIEY, HAILSQLITEEREN.

N#5hRZA 01 (2024-05-10)
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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.

7-53 HetuEngine ESiRINEER 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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7-54 HetuEngine FEIgIhEE RS

APP

letastore
HDFS YARN
Region B

7.11.2 HetuEngine SEft4AHRIXR

Access
Control

HetuEngineZ 2 (KIIMRSEERE, HAREZMKEIAVAMINZRT -1,

2 7-11 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.

7.12 Hive

7.12.1 Hive EXE1E

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,

N5k 01 (2024-05-10)
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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,
EZHDFSIE, E7-559HiveYEHaiEE .

7-55 Hive £514

Beeline

JDBC/ODBCRYF
JDBC/ODBCHEh

PythonRizFE
Python3kzh

RESTZFiwA A

DBservice

HDFS/HBase Yarn/Spark

ZooKeeper
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& 7-12 BB

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

7-56Ff7<,

7-56 WebHCat 98185244 E]

)/

—_—

—

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

N5k 01 (2024-05-10)
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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-

E7-57 Hive B HITEE

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,

7-57 Hive 254

Thrift Server

F 3

A 4

Driver _—
(Compiler, Opimizer, executor)

7.12.2 Hive CBO [EIE/\'E

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, 4k4EHiveRIZIBMIFIMIBMAITIE ., RIZEIAE7-58F7~:

7-58 SLHARFEE

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"FLEBEIIIERME, HloinXRIWRET7-597x:
B 7-59 Join &

date_dim

1
2

store sales item

CBORGZSCIEIFALE R FIFIT ISR AIZEFR)oin,

BiE S Hrmin, max, NDV, UAREIESH . CBOMEEAREHERANERER, 1£15
WNFE7-13F7%.

& 7-13 HiEIRE

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
\,§\§D7-60ﬁEZI_T .

N#5hRZA 01 (2024-05-10)
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7-60 5XFFi5 CBO
JOIN#2
495000000%%
JOIN#1 item
2900000000% 6200%%
Store sales date dim
CBOF /=GR oinTR = EINEl7-61 F:
7-61 FF= CBO
JOIN#2
2900000%% 6200%%
JOIN#1 date_dim
2900000000%% 19%
Store_sales itemn

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

b,

MAERRAS 01 (2024-05-10)
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7.12.3 Hive 5SE{AAHRIKTE

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,

7.12.4 Hive FRRIZiR4F1E

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 =,

SRS 01 (2024-05-10) IS © ERRAGIRAT 92



MapReduce RS
F@mE 7 HBHNR

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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7.13 Hudi

HudiR—FEEsRiziE8=t, EHadoop R FZ HRM 7 B EUEFIMIPREUERY
BENLARHER T EIRIIRE . STIHFSMITES|E, RIEIUDIEN, EHDFSRYEES
ERET BN ERIEERENRIINEE .

RERY:E
SNFEERHudi, BEHRMRSERFRE 3 Spark/Spark2xik55

7-62 Hudi EA2245
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

7.14 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

7.14.1 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

SRS 01 (2024-05-10) IS © ERRAGIRAT 57



MapReduce RS
=@ 7 GAHNE

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:

w48 . FUTSQL/HQLIER; RfF. S, RWE\ESQL/HQLIEMNR; M
SQL/HQLIEH; RFSQL/HQLIEAFHHITEIA,

- HEERT, HERET

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

NR(EFAIERES B RHUe RERMITHQL, BT NILSRFERITNREIEE, BEEHITE
W, EINERFRBAINEES, FlalGoogle Chromeillbiss.

e Impala:

- fRiE. PUTSQU/HQLIER; &RfF. &4, RwIESQL/HQUIREMNR; MR
SQL/HQLER; RFSQL/HQLIEGFHIHITEI,

- HEERR, HUEERRET.

- XEZFMHadoopfFfif .

- BidMetastoreXIEEE N FANMEIHTIEM A EFIRE
(MARTY::]
WRFERIENSEREEHUeRESRMITHQL, RFNIEREFENIIEENM, BSEITE
W, BFRFEAAINLEEE, FlaiGoogle ChromejlEzE .

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

e Oozie: BT OoziefEIVEIEREINEE, FERFPTLIBIEREER IS FER

Oozie,
e ZooKeeper: 12T ZooKeeperltizgInge, FRFRLIBEREERCHNARE
& ZooKeeper,

BXHuelSiEMEE, 1521 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
RORCHHE, RENAHESIE, “Supervisor Process” ¥ “WebServer” i@id
“THRIFT/REST” #5WebServer FRIN FEi#IT3EEH, WNE7-63F7R.
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7-63 Hue ZHAREE
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
E7-63h BB RITNREN BIANERT - 14F 73
= 7-14 FHOENHEA
BiR )%
Supervisor SupervisorfazzWebServer FAPPRIHIZEESIR: /Bah. =1k, 1
Process N

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

o RIMER(CBEFRME.

o SHUREER, FHEAPPHISAEURE.

7.14.2 Hue SEMZAHRIX R

Hue 5 Hadoop 819X K
Hue5Hadoop£EE$RIRZ B X R UNE7-64F 7o
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7-64 Hue 5 Hadoop &%

Yarn/MapReduce

Zookeeper Impala

REST

REST

QOozie

Hue beeswax

Hue

WebServer

REST

Hive HDFS

F 7-15 Hue SEEHHBRIXER

=

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 .

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 100



MapReduce RS
=mE 7 HBHNR

7.14.3 Hue FHRIEaR4F 4

Hue FRRIGE4F 4

o TFHEREEEN . HDFSNHTHEESHERNEFENTRY, BAENEIAE .. KiF
AT LAF TR EHDFSBERIVFEREE, sERIEHDSFX {4 axiainaitBf1aRikx
1BATE], BEEhEREXFMERES . BXERIAE .. BaXEFrEES. B5)
MBSz, LUEFED R BEFERHEEINEE.

e MR5|Z, BF#{THive SQLATLAEIRERAMRS | ZEH1T,

o TIEEMIEIR, HueEHBEHRBIFE ., Hue5SHDFS. Oozie. Hive. YarnZEaJEaT,
S ¥FFailovergy G EI9E TRER .

7.15 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

ImpalaEE 5=
o SRHVeEGIES (HQL) RABHIAISQL-O2UNAE, EESELECT, JOINFIEES
EET8

e HDFS, HBasefIXRFHEARSS (OBS ) 17, €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.

Impala =28 FAFEEIBHIERNELE ST (MMBTHH, SEERREDHT) « A&
pEEEE (BRTASH, XBAK, RigETR) F5=.

BXImpalafJiFM=E, 52 Whttps://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 .

7.16 loTDB

7.16.1 1oTDB EAEE

loTDB ( JBEXMEUER: ) @ — UK. FiE. SESOITYIEME FEIERITIEGR
%, Apache oTDBXRAREENENY, BAStREFIFERITIEE,
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IoTDB 4544

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.

El7-65F7R T {0 TDBEMHRIEERBEMAZ AR N RS ,
FryEERAS .

loTDB4FHEE FAYATIE]

7-65 10TDB 45443

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%, FELttiEDataNodeEZ loTDBServer, 4NE7-66Ff
o

B ARz A NE

EEHeE, A
e |oTDBServer ( DataNode ) :

Z=DataNode#liEs F, AHEE.
FiEfme, ARHEEFE. ERNEAFIE.

e ConfigNode:
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7-66 10TDB 9> #2244

' 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
B7-67FrrEERALREN, B) “BHERHE-BI B-RBE-1ERERE" . 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

7-67 10TDB HiEtEEY

Power Group sgcc

______________________________________ /\\

Power Plant wif03

/ ______________________ | ___________________________ | _____________________

Device

_______________________ /\/\\/\

Sensor status temperature hardware status status temperature
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7.16.2 1oTDB 5EHMAHRIXER

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

7.16.3 1oTDB FFRIG Rt

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,

7.17 Kafka

7.17.1 Kafka EAREE

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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7-68 Kafka 543

Producer Producer

Consumer Consumer Consumer

% 7-16 Kafka £5H9EHAB

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 UNE7-69F 7 o
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7-69 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

7.17.2 Kafka SEBAMERIXER
KafkaflEA— 1 NBEAM-UTIRERES, BN KREIEFES N FESZBEIEIEISR

HySERHERE L. JLUSTRERZREINIER, FREGEERINRBEZIS
TR . BRRIX RN T ERR:

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 108



MapReduce RS

A

7 LBIENA

7-70 SEMAEHXER

Flume External
Producer
S
Storm Flink
Spark Hadoop

7.17.3 Kafka FFEIEsR43 4t
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 »

7.18 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 .

7.19 KrbServer Az LdapServer

7.19.1 KrbServer } LdapServer EAK[EIE

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,

7-71 ZE2I\IEF=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

B7-711eoRh=%m5:
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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

R 7-17 XIEIRREERE

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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7-72 INIERIZE]

Authentication
server (AS)

Ticket granting
server (TGS)

Database (bd2. Idap)

LDAPEIEIZS

7-73 HiEETiE

Kerberos Ldap HPEs odlg=gi

HAEERUE NME

B EINCE:

[ imEmRE A |

LDAPEUERIZ
o LHEEERLEIOMS LDAPEUERIE
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& 7-74 OMS LDAP ¥iERE

OmsLdap(Active)

A+

T
%

OmslLdap(5tandby)

FIE [R2E T )

7-75 LDAP #iERS

EHFIEIERS S E: FOMS LDAPEEZEIZOMS LDAP,
IS DAPEUERS

OmslLdap(Standby)

OmsLdap(Active)

#B{#1 dap(Standby)

ZA{#| dap(Standby)

| sEEsmEE

»
»

wEREAE |

SERSAE |

RREREHIERL S FOMS LDAPEISEIFOMS LDAP, &HLAHFLDAPFIE

¢H{4LDAP,
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7.19.2 KrbServer ;2 LdapServer FHEIEa4F1E

ERFARIRSSIAIIE

EERARZESEXHIMRSER Y, (FERSEINEEISOIEFKerberosZE 225 %,
ERNENRSS (BIGNHDFS ) ERhEEMERIIEHE, S8 cEKerberos3REZAR
XM AIRRSS 2 FRsessionkey ( Blkeytab, AAFMAERHITEMIALE) . EtESR
% (BIZOYARN ) FEEiHIHDFSHEHDFSHHITIE . M. 2. EEIERUSIERT, M)
éﬁcﬁﬂi]‘f" AYTGTHOST, BFAXRZEIHIEABAILE,

R FRFFARINIE

MRSEFAMHEETRBAAEO, BFEFR3E RIS~ RERER . ENBEFA
Iigd, ZeRERRE TIEENNEFAIAMEEZO, BFNEBREFIZEIAMIE
5i5ia. lalhadoop-common apit@ftfiUserGroupinformations, 1Z3ERH T2
ZEINEAPIEO:

e setConfiguration() FEZRBNINAIEE, RELBZEESH.

e loginUserFromKeytab()3XEXTGT#E

BRAGEET
MRSIR{FManagerZ [EIVE(EINAE, BT SMRAZAMRIESR. SHRE,

7.20 Kudu
Kudu@Z HApache HadoopEEFH AR FEEIESE, EBHadoopESRE SN
EFROEERARYE S EERNEAEG LIET, tKEE, RSBk,
Kudub9igit BEELA s
o HEASELMIEOLAPTERRE
e FiF5MapReduce, SparkflEfttHadoopESEREFHHER

e 5Apache ImpalafUEZ R, [FEMMIEHDFSSApache ParquettE S ERRYE
bFigeE

o RHEBEAMRIFAI—HMERE, RFTIREEMERER—HMEER, 8FERT
&R A —EUMERYIEIR

o RURINEITINFZEMMEIIZSRIRIFIEEE
o STERE

o SAIMAM. MasterfITServersRAraft&i%, ZBIEZOIMHRAERIASDEAI—FLU
ETTF, tabletfirl LARITIESRIE, G0, MNE3IPEIARPE2NBIRT SN EIA
FE3NMEIARTTA, Ntableta]F, BMfFEFtablettBIIEIE, tBaTLli@Eid RiEAYE!
tableti2fHiZENARSS

o IFEEMCEIRREL

SESPELU LR, KudufIBREisEZRHadoop iR EXELASEIEL T
%;&IJLE’JF' 38

KuduRIRFBin=A:
o FEERZBEFPNEMERIFEIAIBIIRSENA
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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 .

7.21 Loader

7.21.1 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+,

Loadert&BYFEHLoader Client¥dLoader ServerfBrg, WE7-76Ff7.

7-76 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

FEHEERRITIEERIAIRT-18P 7.
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% 7-18 Loader {&RY4A L

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,

7.21.2 Loader SEMBAHRIXER

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

7.21.3 Loader FREIEsR4F 4

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

7.22 Manager

7.22.1 Manager EA[RIH

Manager IJ&E
Manager@MRSRIEHEIERS, AABEEHNNRSIRER —NERFSIERE

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

Manager Z5f4
ManagerfYE{AZIEZTANE7-7 7R
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7-77 Manager iZ154244

Web Ul

e oo

|
QMM Agent Node Agent NTP Client

MRS Manager

ManagerEHOMSFIOMAZERY :

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

El7-77 h B ERAGIRABANZR7 - 197 -

& 7-19 W BiEHR 8
BHRZTR R

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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7.22.2 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 )

7.23 MapReduce

7.23.1 MapReduce EXRRIHE
(0 368

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

7-78 DLt IES | &2

. Update |

p&sg“s Job Tracker
'_I:
’7&

Json
—Rpe Blocks
CRe, 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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F=mE 7 HBHNR
HIE%a/)\2/([EXI5)%E . MapReducei® TIEAES D EHEIFEIREHIERIGES, XH¥F
FRGMARESRERS A REIZTHESS, DR MERERK .

BZ(ER, i5&@MapReduce¥ifs.

MapReduce 553

WNE7-79FF7<, MapReducei@ISEMYARNAIClientFlApplicationMasteriz[1EERLE!
YARNH, FIFRYARNEREITEREER.

7-79 Apache YARN&MapReduce FIEZARZEH

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

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 ——

7.23.2 MapReduce SEfAHFRIXER

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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7 BHEANE

ApplicationMasterfHpk ., EHResourceManager2— NEHIEESER%, M
ApplicationMasterlljfaZEMapReducefEALAIZIRI S« (E5X5 . BRBIETESE
ES5aEEIE.

7.23.3 MapReduce FFRIEsRIFIE

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

7-80 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

7-81 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

7-82 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
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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.

U= = [=Fep il

Hadoop Archivessz#ZURIEEAAEIEEPRIEAZ, EULLRIKETEF, ZHHistory
Servgr:ﬁimﬁ?'? HEMHAFER, ERGURIEEQE IS PRSI EEIE )34
BBEEE

(RARITY:
o AINLE@iSAAHDFSHIHadoop ArchivesIhagtiTAEITRY ., B FHadoop Archives)IRHHFE
ELFr ERHIT—IMREEBRER, FAUESXNTEEIIEESE, SE—5MRIITIE

Fo
o AN AMBETRETHEWEINRE, RttREEHTEWENREFRRE TAEEA =%

B

7.24 QOozie
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7.24.1 Oozie EX[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, MgmHE. izfTHadoop MapReducefE55, dNE7-83Ff7Ro

7-83 Oozie 28

Console Client

Qozie Engine

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

Tomcat

B7-83h R AITHREIRABINZE7-20F 7o

2 7-20 £9ENRAR

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

SASRRZS 01 (2024-05-10) WA © ERFRABIRAE 127



MapReduce RS
FmE 7 HBHNR

Oozie [RIf

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

“Nava Webi2F, a{7ETomcatFeE+,

Oozie TYEREIHPDL ( —FHBEIXMLEENXAMNERNES, ZEUBOSS JBPMAY
JPDL) K#3i& ., B4 “Control Node” (AE4ITIERTS) . “Action
Node” .

e  “Control Node” BFEHITIERAIRHE, 10 “start” (FFEE) « “end” (X
W) . “error” (FEH=) . “decision” (&) . “fork” (FHf7) .
“join” (&) %,

o OozieT{ERFTMES “Action Node” , #llMapReduce. JavaZs,

FrBRY “Action Node” LABEIFIAEIDAG ( Direct Acyclic Graph ) BUEXERE
1217, FRLATE “Action Node” BUIEfTEB EREAMEAY, HE— “Action
Node” =752 E A 88517 F— “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.

7.24.2 Oozie FFRIE RS

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

7.25 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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& 7-84 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,

7.26 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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7-85 Presto Z2f4
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,

7.27 Ranger

7.27.1 Ranger EXRIHE

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 .

RangerZ2ta4NE7-86Fr7~
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7-86 Ranger £5#4

Atlas LDAP Unix

A

TagSync

| — ! Update policies. Store audit logs.

) - Audit Store
R — . (Local FS/ES)

i
! 5
T Store policies.

A 4

2= 7-21 ZE9ENRAA

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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=oElE

RangerszfERangerAdmini¥E, - RangerAdminERHEMIRS, (F=—
RangerAdmint &R &2 M@RangerAIINEE o

=Eae

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

7.27.2 Ranger 5EAHHIXER

7.28 Spark

Ranger AfE{HREtE FPBACKSEIUGE, SHAIHIRSINGST, BRiszi¥Ranger il
AULEM4EHDFS, Yarn, Hive, HBase. Kafka. Storm#Spark®, EHESISESHE

7-87 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

7.28.1 Spark EAFIE

Spark &7

AR

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—

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 132


https://spark.apache.org/

MapReduce RS

Fmi A

7 BHEANA

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,

SparkRYLEHIANE7-88Ff 7, HHERANRIAINGE EAE IR
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MapReduce RS

P E 7 BB
7-88 Spark £5is
Worker Node
Executor Cache
.
Task Task
Driver Program /
— "
SparkContext |« »  Cluster Manager
\ Worker Node +
Executor Cache
=
Task Task
* 7-22 BRI
&R 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

7-89 Spark RIAIE{TE44

| 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

SZHERRZS 01 (2024-05-10) IS © EREAGIRAD] 38
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7-90 Spark A9 Master 1 Worker

Worker

Input Data

| RAM

Worker

Input Data

results

o NHAZERMIIAY,
B NABECHexecutori#iz, ExecutorBoiZNEiE, FITHITES. T
CERERAESHE, & RexecutorSMH. FZ Driveri7AEBCHES; ARAY
MB{EFSIETEABRIVM L, BIARRE/IEXecutor,

) KIES;;arkFﬁ%Zl‘Eﬂ%Z%iEE%ﬁEE’\J, IRAEIBEUREEENSNEFERZ L (L
HDFS) o

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

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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7-91 Direct Kafka EOEIBREH

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
HERV A A EIHRUNE 7-92F 7R

7-92 HiREmEmELE

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:

7-93 itEkERIE

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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7-94 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

7-95 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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7-96 Structured Streaming FELMIBIEEY

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

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 143



MapReduce g%

A

7 BHEANA

7-97 RDD AIHKH

“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 ) #&## ., RDDAVIE(ERIZANE7-98F 7. 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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7-98 RDD 1&{E=1l

[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
Transformation®{E .

cacheBFEF FRIABARFKMER.

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

7-99 EiEiniE

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.,

7.28.2 Spark HA FZ=N4E

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.

7-100 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
ZHEPERNIHAL Z/FEIZEWE7-101 75,

7-101 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
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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:

ZEERT:

KinitAIEA T FRYZE PimURLEI 7R :

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 e
o Hrh “<zkNode_IP>:<zkNode_Port>" 2ZooKeeperfiJURL, ZURLLLE
SR
fugn:
“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
=~ L @I BeelineE FimiEZITHITIA TGRS !
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 >

7.28.3 Spark SHE{tBAHERIKR

Spark #1 HDFS 9<%
BE, SparkdhitERIFIRRILIREZ /N EIEIR, WLlocal File. HDFSE ., REARNR
?_Dgs, P LA —RIEEBRHER SRR TH TS . EitERME, BaLUSEEE
FHEZIHDFS,

PRERE, SparkspkizEEuE (Driver) F011Tu% ( Executor ) , EHIIRGRERIESZRAE,
PITimRREESHIT.

B HROT FRANE =B R o

SASRRZS 01 (2024-05-10) WA © LR ABIRAE 152


https://cwiki.apache.org/confluence/display/Hive/HiveServer2+Clients
https://cwiki.apache.org/confluence/display/Hive/HiveServer2+Clients

MapReduce RS
FmE 7 HBHNR

7-102 iZEEISFE

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

7-103 EAXHIIRE

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 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

7-104 Spark on yarn-cluster iz{THEZR

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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B 7-105 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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7.28.4 Spark FrREoRtSiE

BIRSEFEUERN SQL Fiffitt

HFEERE!
. HiECE

Hﬁl’iﬁflﬁﬁ%, I ARBEFEEENE, SRMERSHSTIEE
, ERSmEIRLATRE: $ERREMEES, HiEE

SRS, BX

HIREIS \’éﬁlﬁ, XMEH T ERERENEERBEE, FIK.

HeiFFRSparkEEREITRS, Regxd@eadfitter# T i, BELHERAXEFVERIE
EEW, OSQLSIEEMEE. SR T HERENAITIEIR, 2BiXtaggregate. S
projection. £ZtpredicatelInl LA FERIFIER, RERVAVEHIRNER, BHE

11ERE.

HRI{X5235) DBCAHUERRYEIE T, ﬁ%ﬁ’\]"ﬂ&’fﬁﬂ&ﬁaggregate\ projection.

predicate. aggregate over inner join. aggregate over union allZ

o FARIXIAEI KL

FRIARANFIHRER, WA MEERIRITHFFRINEE, PP TR B 2 A R ik

S HERYER.

& 7-23 BREIEEINFERILE

=R <L T Lt =
aggregate Sz o TIENERESEE: sum, avg, max,
aggregate i min, count
54N : select count(*) from table
o WIFRSRHAEFILN
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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EEEIN
o INEEIEREHIveRUIHS, BIISparkiERISMERLIEHITEIA,
o HIERREZIFEMYSQLFIMPPDB,

7.29 Spark2x

7.29.1 Spark2x EAREIH

() %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
& Spark2xFHERTFIEIREA

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
.

SparkRIZRAINE7-106F7R, BIERAGIZEFINZRT-24F 7R
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7-106 Spark 223

Worker Node
Executor Cache
>
Task Task
Driver Program /

SparkContext

Y
¥

Cluster Manager

\ Worker Node +
Executor Cache

Task Task

xR 7-24 EARES0REE
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{T2RAANE 7-107FF7R, = TiRiE] FRAR:
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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

7-107 Spark R FRIE1T484

| 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

SparkSkFMasterflWorkerfii&t, HNE7-108FR. FAFTESparks Fimigss i fafe
7, AEEIEIobDEAZ N TaskZIXEIZ MNWorkerd #1117, FMNWorkeriSitERI4E
2 FiR%5Driver ( BIMaster ) , DriverBR&ERIREILE i,
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7-108 Spark AY Master # 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.

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 161



MapReduce g%
FmE 7 GAHNE

7-109 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 . XLEReceiverEFHRIFMAIEEISpark ITFRLUHANE . FF{EREIRAIE
an[EIHAENE7-110F7R:

7-110 iR EimsanEHE

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:

7-111 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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7-112 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
Ei g il

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
CLIF1JDBCServer
BT APIRIZEREOZAM, Spark SQLIARFFMERCLI/IDBCEO:

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

7-113 Structured Streaming TGiARE

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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7-114 Structured Streaming HUEALIEIERY
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

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 168



MapReduce g%

A

7 BHEANA

7-115 RDD gk

“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(ERIZWET7-116F7x. HAFTransformationiR{E2
Lazyfd, tBFL2iRM— RDDEEIEE LS — "RDDANEIEARAR DS L31T, SparkfE
iBFTransformationsiERT R SICREEXHEAMNRE, HASEWT, TEEE
BActionsiEERIHEA SEHIEBahitEEEHTITE .. ActionsiBESIR[EI4ER D,
{ERDDEIESEITFERZ . ActionsEfitkSpark SalitERIIE .
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7-116 RDD #&{Ex~f

[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
Transformation®{E .

cacheBFEF FRIABARFKMER.

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 ) ;

N5k 01 (2024-05-10)

IRIERE © LA/ ARBIRAE 170



MapReduce RS

A

7 BHEANA

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

7-117 SiLiniz

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,

7.29.2 Spark2x HA 5N 45

7.29.2.1 Spark2x 5Ll

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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7-118 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,

7.29.2.2 Spark2x ZfEF

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

ZHFPERIHAL ZEIEAE7-119F7R,
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Beeline

2. Ust=Thrift Server URL=

&
P ~“"1. registered

7-119 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. ProxyServerfE/3zifT, [@ZooKeeperifMIBEHE, TIEEBRPEANTAE
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. EPFimi&EiEProxyServerly, FEfEENamespace, BlifEIZooKeeperlfiERT
A9ProxyServerscfil, EERZAIAIR, SARIEZRIFFERIHash{ESZookeeper ™
HINamespaceSLEI M EEVEIREUERZAISLA, FHAHURLSIIURLIERNE .

3. EFimpkINiEiEProxyServerfRS5, ProxyServerfRSBEIIHIAREBIZEF
JDBCServerz1E, WIRE, BEiElEBeelineiE EHIEAYIDBCServer; WMEREH, W

LAYARN-Clustertg = IZE—1 A9 DBCServer, JDBCServer[SoipkInfE,
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
=

7.29.3 Spark2x 5EtAEHIXER
Spark 1 HDFS BYX &

BE, SparkPitEREIRTILLRBZ 1M EURIE, WLlocal File, HDFSZ ., sxEHBHI=2
?_ﬁ)gsj PRI LA — RIS AHUMERI SRR THITITE . TEirE=kE, BaLUSEIRE
ZiEZRIHDFS,

PEERE, SparksyEiizEHlim (Driver)#1#1Ti% ( Executor ) . IFHligRARESREE,
HITRGREESHIT.

SRR FZANE 7-120F 73 o
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7-120 iZEUEISFE

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

BSAXHRISIZNET7-121F7R .

7-121 EAXHIIRE

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 1 YARN B9<&K
SparkAUIHEIRES N, tJLUBITIYARNAKEILSCEN . Sparkt = YARNERHREEERY
HERERE, BIESSHILEITRER. Spark on YARNZFMMET(: YARN Clusterf(
YARN Client,
e YARN Clusterf&z(,
IB1THESRANE7-122F 7R

7-122 Spark on yarn-cluster iz{THEZR

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{,

IETHESRANE7-123F 7R

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 180



MapReduce RS
FmE 7 HBHNR

& 7-123 Spark on yarn-client Jz{THE28

Driver —| ResourceManager [

1.322rApplication
Spark on yarn client

| YarnClientShedulerBackend |

Y

ApplicationMaster

5.8FTtask
3. 535 Container 2 122z Application Masters
NodeManager
NodeManager
Container
Executor = ExecutorLauncher
4 J35]

Spark on YARN-Client=CIiRAZ :
MARY:

TEYARN-Clientf&X <, DriverZBZ7EClientis, 7EClientif/=5l, YARN-ClientiE{T, &~
FREIREANZEin. HEFFERYARN-Clusterf®Ezt

a. ZEPim@ResourceManager&iXSpark N FHIE3CIEK, ClientimiE Bzl
ApplicationMasterFrEBEHIFREEEFTE, 1B3ZEEResourceManager k-,
ResourceManager AELR[EINE, ZNEHFEEZMER (U
Applicationld. FTRRRFER_LRFITIRSE ) . ResourceManagerlilE)iEK
&, £8ApplicationMasterSHSEIIT R, HEZPRLEBE.,
ApplicationMasterZYarnFfIfAaee, ESparkiHiEZF2
ExecutorLauncher,

b. 1RIBEMESHIEIRER, ApplicationMasteral[aResourceManagerfHis—
Y AFIz1T1ESAContainer,

c. HApplicationMaster ( MResourceManageri ) IZIFT S ECAIContainer )
xiE, £mxtNAINodeManager&ix{s2LABEIContainer,

ResourceManagersyficContainerz5ApplicationMaster, ApplicationMaster
FItEXAINodeManageri@ifl, TE3%SAIContainer kSafjExecutor,
Executori3zifg, FAMEDriver;F¥AiFFERIBTask,

(11 #% 88
IEEiE{TRYCoNntainer RS ORISR .
d. DriverpficTaskégExecutorififiT. ExecutoritiiTTaskF @ Driver;iCiRiziT4k
o

7.29.4 Spark2x FFEI% a3

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 181



MapReduce RS
mE

7 BHEANA

7.29.4.1 Spark2x FREHTSMEIRER

Spark2xhRANERT FSpark 1.5iRANETIE 7 — L TRt

B SRXEESI T :

e DataSet, ¥ SparkSQL¥DataSet/RI2,

e Spark SQL Native DDL/DML, ¥ SparkSQL#1DataSet[RIE,
e SparkSession, ¥ SparkSession/&IE,

e  Structured Streaming, ¥ Structured Streaming/RIE,

o IINXHUAL

o REEXEMK.

e DatasourceEffift .

o BHCBOfiL.

7.29.4.2 CarbonData E7AHIE

CarbonData2—F#BaYApache HadoopAtSri4&=t, (FRLHMGIRFME. &
5. EHEFIRIEEA, LURSIHTERE, BiFNREIPBHERAILIEER, TTH
FERZEEIF, BRS, CarbonDatath 2—FiSEIRIERESSSpark&EMIIEHERED T

51%,

B 7-124 CarbonData EZ&2Z2

More Analysis Tools

Spark SQL

Spark

Thrift Server

Other Data CARBON

Source File Format

{#FCarbonDataf BRI X A SRR fEE DR MBRIENIN . MBEA_LEIR,
CarbonData2—OLAPS |, RAZEIFRDBMSHIIRREFESIE., AFISASE
(10TBLAL ) HIEHRS A LACarbonDatat&=t EIiEAIER S, CarbonData¥gLAESERIZS
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#2535 | T BB RFIEERIE . HUEHINEEICarbonDatalg, FtelLAMITENEE
1], CarbonDataEXIEIRE IR R .

CarbonDataiS#iERERMEISparkESHR %, FFA{EASpark SQLTEIEEGF1
o tBalLAMERSparki2itaY55 =75 T EIDBCServeri&EEESpark SQL.

CarbonData 513

CarbonDatafE/gSparkIEPEIBIRIZTT, A BB /NS ohEERFT mHPRIELthHZ,
CarbonData EnginefESpark Executori#i2Z Hiz1T,

7-125 CarbonData £5#4

Thrift Server
Node

User
Application

Cluster Cluster Cluster
Node 1 Node 2 Node N

v
Spark
Executor

Spark
Executor

. ¥ i Vv HDFS ' '

Carbon Carbon Carbon Carbon o Carbon Carbon
File 1 File 2 File 3 File 4 File X File Y

=Ffi#tECarbonData TableRRYEIE 1 F & T CarbonData#iE 4, B—IRHIEE
18AY, CarbonData Enginet&iRAFHATEIREANZEN., 1EFLPRES -
CarbonData EnginefE3Spark Executori#iZf—aBoiziT, REMNEHUESIERAI—
NFE,

'I; bleXEEEEIRIFHETEHDFSH . [E—Spark&EB¥ AT = AT LAE/IHDFSRYEUETS

WO

CarbonData §Ft

e SQLIfEE: CarbonData5Spark SQLREFE, IFFFEHLAEZEESpark SQLE
IZTHISQLEIER(E

o [HEMITableHIEEEN : CarbonDataxiF5 FFERRIDDL ( HIEENIES ) iE
ASRENFICIEEIELE . CarbonData DDL+9RE. 2FEH, HEEBELX,
ALAEN EZ¥3E8 1 Table

o (EEERVEUEEIE: CarbonData AEUENNEA4EFIRMUSTIEIREIRINAE
CarbonData>z 5 INE 7 SEEIRLAR IS EMNEHHEIE . MNEAVEIETLAETINEET
[EEITIER, BRI LARR S ERIEIR ISR

e CarbonDataX{4t&z{2HDFSHAIFITFERIL . IZASNEBITSHESITFMEN
HROE, fian, HDEIR, BIEESES. CarbonDataBBLANEBRMFR:
- HREERSINEIEFME: BTEEERRET IS, JLEENREMN
B, DI/ ORREFICPURIR G . CarbonDataR5|MZ MM KaIRIZRS|
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tHpk, QMIBEZRAILARIBIXANERS IR EELHFIGIEES, LS
SEEESAEFPLAERMENETT (FR9blocklet ) i TskipiFERAETEA
SHR9FE

- ENERMEIRERD: Bl NEIEEEINERRES R, TETIEE/
RIBHIEHITER, EEERERESEBFPZE], TIEmBENIIIREE,
BAEIRA “EERYIE”

- EF—MEHIERANATSHEGIRS: Fltn, RRELOLAP-style&if, IR
Fi5ia ( big scan ) , BEYLIAIE ( narrow scan ) o

CarbonData XERAMINE

o RETEMI: SHEREEIAREC CarbonDataX XA Z—, CarbonDataE
EIREALIZESpark SQLEIAY10fEF . CarbonData{FEARIEAHIEEIESSHE
gEERTIRIT, EPEEASHRSIEAR. £RFHREIEFIZIRAIPush downflt
£, NMXITBREUEE AR TRIRIL .

o SXREHURELE: CarbonDatalF AR ER/EH/INESHEHEVES ERBELEY%E
iR, mILURI60%~80%EIEFEDE), RAERE FTHEEEFIERA .

CarbonData &5 |EFIRSZE

AT BERAmIBRAVEIEE R drivermsRIEDS BIMAISFIR, WEINBRAIZERS|
E1FIRSSEE, BEES|IMCarbonEiffYSpark i FBMIRIE . FRERIRSINESERES|
EEIRSREE, SparkAEERPCHIRENVERRIZRS IHUE. iXF, BT AER
WEMBIRE, FESFAZEFMEZ NN SE B TIREH I .

7.29.4.3 Spark EBRESZHHEAY SQL Fafiii

IR
LT EENERWENEER, RINBEEEEEE, SRMERSHSIYIE
. HiRCES, SmEIGLATEE: $EFEMXES, KEEEWHRE, BX
HIEEHOHE, XMSHTEREFEIRIEHMRE, B,

HeiFrESparkZEEEEIGNS, ReextERadfilter#HiT i, HLSMAERKERIE
1B, MISQLSIZEMRE., FHXI T HERENHITIEMR, HBiXJaggregate, S
projection. EZ¢predicatetJa]LAMERIHUER, RERSAVELHIEER, RHE
T =18

Balzi5/DBCAURIENEIT T, ST T EERGaggregate. projection.
predicate. aggregate over inner join. aggregate over union all& ., ARG [E N
FAS=RUFIRER, G MEERIGITHXINEE, ARULIBTRERENAE Lk
B RIS
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£ 7-25 BREIEEIMFIEXTLE

(E3ES

1E3ERD

1EeEE

aggregate

XI5
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>0 orbin length(a)>5
( “aaa» ,
“ bbb ”» )
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&R L] L)
aggregate over REBMIERP | FLATUM:
inner join FBXRYEHESED S HOER A 57 S -
SR EISpark, o %Ijﬁ:?gj—;? BRZEJ9: sum, avg, max,
Seit{Tjoinig ' N
Ve, T e FHaggregate REERBERE—E,
aggregatelR{E group byaJLRB— 1N EHERINE,
H¥Z#Finner join,
AZIFRIBHS:
e AR3Z¥Faggregate[@RTRBjoinZEFRING
RO,
o AXiFaggregateNBEZI=E, :
sum(a+b) .
e ARz#FaggregateizE, f0: sum(a)
+min(b) .
aggregate over REBRIERP | HFER:
union all EXRAVEIREED | wizmmamE: sum, avg, max,
hnEgElSpark, min,count
SEit4Tunionig .
Ve, BT AZIFNER:
aggregateifE | o A X#FaggregateNBZIZE, Ul:
sum(a+b) o
o A z¥Faggregateiz&, 0: sum(a)
+min(b),
FEEIR

SNERERIR R HiveRIIAS, BidSparkERIFNRT I ZHITEI,
HIERE R EMySQLHIMppdb .

7.30 StarRocks

7.30.1 StarRocks EAERTE

StarRocks &1}
S

T =

tarRocksE—m=

REDITELEIEC R, ERMEL. MPPZRAG, CBO. EEEMIMM

El. AISERYEFRISINEMES |ESRORTI 24 SLiY . SHRIERES.

StarRocksEESZIF N Z X LIHIBENFIE RS ISR, BSIFEESITEIEN L
ZRECHIEIRE .
StarRocksFREMySQLINY, BIfEERAMySQLE FimilE FHBI LAY EH TR D1,
ERfStarRocks EEZKFY B, BUH. Salf. DiafEistE, T ZNATFLAE
. OLAPIRE. ¥iRMOWEIRS.

BEEXNAEES

DaStarRocks .

N#5hRZA 01 (2024-05-10)
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(AR
ZAHSRIAANMNER, ERERTRARAZFHEARETE,

StarRocks 2843
StarRocksEE{ARZRHPIN N EF7R, FEFIBET Al LUKFELIRY B,

7-126 StarRocks Z2f4
FE-Leader FE-Follower FE-Observer

Storage Engine

Execution Engine

Execution Engine Execution Engine

Storage Engine

Storage Engine Storage Engine

% 7-26 StarRocks T KA EIHAA

2R AR

Client StarRocksFEEMySQLINY,, SZHEARESQLIEE, AP EEEE

Application MySQLZE FinmflE FBI TEX#,

FE StarRocksfBlIn o &=, FERREETHIE. SBEEFImERE.
HTEIEE . EWRESFIE.

BE StarRocksfYRin T =, FEAFHIRFMHEASQLITEEFTLE,

Leader LeaderMFollowerdh B&0i%H, FE LeaderiBHciUEIZEIRSS,
Followerf1Observer REIZEEUNIR, TEABUR -

Follower Follower RETTHIBZENSUR, TEANR, Followers5
Leaderi%k¢,

Observer ObserverEERTF EBEENEIOFH &REN, AliEEE.
Observeri25ikE, FASIEINERIANETIES
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StarRocks EAHES
fEStarRocks/r, #EEELASE ( Table ) B9siHHTIB iR _ ERYHEIA .

StarRocksHAYZFRATFISIMOEL, BITEIBRBNNAR—RKICR, S3HIEEGHERNE
EEE, FRrEEIRTROEER), ATLAGhZSIEMT . EStarRocksdr, —akZFRAFIATLA
DREES (BFIRAKeyFl ) FNIEIRYI (BFRAValuedl ) , HEIIBTFHEMHERE,
IBRIRETLUESE SR Esum. count. min, max. hll_union_agg#l
bitmap_unionEZ NSk,

o FIXTFE
fEStarRocksH, FREURIRIIFE . MIE L, —JIHIESERIIDIRRID. EESE
£, AEFANEHIHESXRE L. BE@8E L, —SEETLAEREHER
FRRTERMBRI— 1, —TEUERIPIBSEES BRIATZRIINFHE
5, BMRBEHEENEE TR, FEATRERER, TREFE. TPRERTIR
RGEET, MSEHRF, HIFENUEMZZITHITS.

o I35
StarRocksiBITAIZRZ S| (Prefix Index) IR, BEBSHRIEEI BRI TERTEEL
ERATRIRTTS .

o NINERALIE
StarRocksiBITFRSEERE . XD WHRE. FIKZS IS HISSEIEHRAYINE
ﬂIEO

o HuEtETY
StarRocksZiFPUFHURIEEY, S BIRAMIERL ( Duplicate Key Model ) . B&
&84 ( Aggregate Key Model ) . EEHiEEY ( Unique Key Model ) F1FH21&EY
( Primary Key Model ) .
XPUF SRR R IS S MEIR DTS, AIINBES . BUELCSDT. =
RIS, GRS, BREEEHIEEE ( Data Model ) , HEIBESAEHIE
1EEIRY, StarRocks=RERHEFHEXIEIBHITHER . IBEMEFE . DR EUREREN

BT

- BRgEERY
BRZMIEEY 2 StarRocksERIARVIERIREY . WIREERIIFRIEETOER, EOA
BUFRBBHZEEIAEE

- RAeED

BRAY, SHFEXHIFRIIERY, FAERIIEERGRE. SSFHE
BEEERRVHIFRE, ERISHTRE . EANGRITAICSEER, RS
REEES R D BRI R ELIEREIE, RAEENER.

- EIRE
EEREY, SOFENXERIIEIRS, EEhREERAEN—BEEPINSEH
iR, EXTIAMRE, EFREEN T HIRSANRE, REBEFSES
RIFSREERIA=R o

- ERRE
FRERSIFORIEX ERMAFE . ZURSAZERIEEAIERDES, TR
RHFEAIFEBEME . Ei0MREEEAEN—BHEPNSREE. 18
MTFEHRE, TRERETHNAIFTERTRGIRE, FEIHSEMNR
51T, BEBESITINEEMFZ=IER, RESHES.

o HiESH
ERE, SYLIBTIRESIENS XMOME, SRS S HNEaEEE
Fto SERHSSHREHFEREBE—EMNSIFE, FESEMSHERRT
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=E. ElEBENHEIEIERRE, SAREHFIBERF LML, N
R—AHEEMRE.

7.31 Storm

7.31.1 Storm EA 518

Apache Storm2— 9. 5. SENTIRIUEIBGIENR %, EStormA,
EERIT— AT LT ENENRGENE, FRZ 93T (topology ) « XMEIMESH
BRLAERE, RERPIEIET S ( master node ) D&MD, BIEEPBELTIETS
(worker node ) #1947, —MAFMPEIEspoutflboltAFFAE, HspoutKiXiEE,
REBEHIER A tupleTt I N RIE L R, MboltN A SRR X LR, TEbolth
BILATERITE . ITEERE, boltBERILBHISEIE&IXEEfbbolt, Hspoutk
S HEAtupleRRATZHE, MNERBERET .

7-127 Storm EARZEH

Client B o Nimbus Sk, ‘5:‘1‘&3&%_5
' Zookeeper
THIARE
Zookeeper
. , FESEAS
Supervisor Supervisor : Zookeeper
BEsWoker | 000 TR
Warker
Worker
- o

W SSAMBEZ e ETEEH Storm g Topologyd . —MTopology2FH—2HSpoutfA{4 ( £
Y28 ) FBoltéBit (IBIEALIE ) @idStream GroupingsiHHTiEIEHIE A TIRE
(DAG) , TopologyEEERIE—{Component ( Spout/Bolt ) TFEEBEFTIZITHI.
fETopology2EMHE, ALMEEEMTRNFTE, StormUSEEREmSEEMNAY
TaskREIRFITE, LUSERRFAILIERES
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7-128 Topology

RGN EE = sEREE
MEERETER L .
e Bolt A Bolt B
Spout ’i__TEISI'('i’
FrALTFS

StormERZIEATS: LS. FETE. DHRETLE., StormBIITR/LME
=

o ERBRBEIZ

o SR, UHEHS

o (RIEEEUIREX

o AiEMHTF

o ST HIEFIRE

o BiEE

Storm{ERTEFE, FEWSERRAFREHTERNZANISSIIA: CQL

( Continuous Query Language—#F&EEIAIES ) . CQLEBIUAT/ L MFA:

o (FRAEE: CQUEEIMRESQLIEIEZEM, REERSQLEM, BiIEHREES,
Bpa pRE b T ST A -

o INREFE: CQUIRTEEIRESQLAVEREARRIANFINGEZSS, EFaIs TRt
BZSIEINTED. TR, AREREFEE.

o STV E: CQUEMTHREED, LIFHmERNWSHs, BRITUBENX
WA B, B, REFIWEDRERH BT ERIWSInR

o STAN: CQUEHTIFMMNSEDIRE, HETBPNSMHEIRIGIERE .
K FStormBYZEMIFIFMIRIENE, 15S0: https://storm.apache.org/.

Storm JRIE
o HAWS

% 7-27 SN B

= i5AH

Tuple Stormiz BRSNS, RIHBEBEIERETT, AAJ%EKey-
ValueXd, X&TuplexlA—fHVAYA 76U L
¥,

Stream StormAIKEIIR, R— N TIBFRAIEETupleFF .,
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il

Topology

fEStorm¥ES bizfTH— 1 SERI R RTER, RS MEG

( Component ) fHpEHY—1DAG ( Directed Acyclic
Graph ) . —{ TopologyAILAF &Iz {TEZ AR L, &
BN LA LUETIZDAGHRY—ER5 . Topology5Hadoop
FAYMapReduce JobZk{ll, FEIIZER, ER— T KIER,
—BFHEMASEL, BRIEATLHILE,

Spout

TopologyAF=4REHEAVAAE, ETuplefIKE, BEALL
MIMNEBEETR (UiEEBAT . BUREE. XEFRS. TCPiER:
) ZEEUE, AR Topology NERHIEIELEEH
Tuple, HATF—ZRAEHLEE,

Bolt

TopologyHiE= HIEHTRALIEREE (TR, Fit.
iR, 6F. EREANF) 1AL,

Worker

ZTopologylz{TSHIEHTE . B {M"Worker2—MVMi
2, 8/ TopologyRaILA\EZ{™"WorkerH17H#1f7, 81
Workeriz{7TopologyFHI—1M&iEFE .

Task

WorkerdrEH—>Spout/BoltAIZFZFR I— 1 Task,

Stream
groupings

StormAIfyTuple &R0, BIE—HKBoltLMt AN &KL %K
BEWHIE ., YaSISHIEEMA: Shuffle Grouping, Fields
Grouping, All Grouping, Global Grouping, Non
Grouping, Directed Grouping,

E7-12948A T — 1 "HSpout. BoltZHRLHIDAG, ElTopology. EFEMNEREN
ZSpoutsEBolt, FEFIEANT mERSIMFHERTask, TaskZ[@l “i8” 3

HiEim—Stream,

7-129 Topology =&

Spout

Bolt A Bolt B
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Storm FFE4F

BEE:

StormiR A =IHRRIRVBIRFI Sl

- EZOR: MBOMETRAER, (EFRRESHIE, KERT, REE
IR,

- EOoR: RESRECHTE, OTASRESVE, KERT, Esh
AR EISINMHBIRHIE, SEESPoUtbETER, HIEEBolE
AR, RIIHERERIERAN.

- EROR: BUBRUNEE, TEK, TALE. KERT, L.

AFHTRARANEE, BERELSITREOBRRAE. @it ST

— IR E MBS, AILES RS BB RN\ THRE R

1R TINT LB MR RIS, WB B — KA RS

2, LHREIRRER R E— R,

At

StormE—MEERS, BRI, F7-28KStormE TG R

AR

2= 7-28 HiERE
ES 87— 15488

Nimbus&c3g NimbusETIRSERELYAT . HENImbuskKATS, &
Nim bus‘%%ﬁé ’ #Xﬂ‘%ﬁ&ﬂﬁ% o

Supervisor%ksy | Supervisor2 L{ET RV & FIFHEE, 2—FPHRIEELW
#, BRETIKESH, HARWELZT R =78 Worker,
BESTEEKEAIWorker Bt . ZSupervisordk AT,
OMS&ulEl, HFHEINERIZHE.

Workerscsyl iZWorkerPfET5 s ERISupervisor&EL T = BB
Worker, IR ZXERFEM, NNimbusSEZIEBEHD
BeRIE T,

TRER ZT = B D ECRIES BT, MNimbus&fFixLe
WorkerE#n B2l Bt B =,

D TCCRT I EESS

FrEStormEERFHFHIEENEE LA T LUZITBN TIEHE, 81 TIEHEN T
B2, BOEEITUBITS MES, AS5EHFAHITEIRLGE,

=i

%]%Eiﬁ%ﬁﬁﬁﬁqﬂﬁ%ﬁ\ HEESFHURE, REEHSEZIER TR
A FEHERRIE

Z#5At-Least Once. At-Most Once. Exactly OnceRIEIEAMIEIE .

Z &N

RMHETFKerberosBIIAIELAR ol SR AUSAANGI, 12HS73FSSLAYStorm UILAK
Log ViewerRRH, REISZIFSAHIBRFEEHMEAH (21ZooKeeper, HDFSE ) i#
TREER
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o RBHBHENREE
{FAFlUXIEZRE X R ERB W SR, EIVSSDAGKEZ AT, REIFYAML DSL
( domain-specific language ) EX#HTIENR, THEHHERITEI SR,

o  SHMPAMER

SIS ZMINEREEERY, B1E: Kafka. HDFS. HBase. RedisgfJDBC/RDBMS
EIRSS, EFLIMERSHEIEREIWS

7.31.2 Storm SEAMBAGFRIXR

Storm, IRMHASCATHIDRIVITENESR, SHLMEIER (a0Kafka, TCPERES ) ik
SELIHEBEIE, EERNFE ERMEEIT. RIERAIERITE, FHBEREHEEE
%‘ﬂkﬂiﬁi%ﬁﬁ%iﬂco Storm SE R HFRIX K INE7-130F7:

7-130 BEXRE

o
Other Source -

Storm 1 Streaming Y&

Storm#Streaming&fFEABRIFFRApache StormA%, AREAIZE, StormfEREBIPIIZLR
AE1.2.1, StreamingfFFARYE0.10.0, Streaming?B—ARFAEAEFH RIS HFITE
W55, LNz piRABEERE StreamingF BB WS EETHIBER T, FREHBATLL
{#EFAStreaming . WNSREFIEEAVEERE, WEINEAStorm,

Storm 1.2.1#iB4F MR

o HHUEEF: RUGSITIEHZMEFIAIMIMEZINIRE (BE) , X
HENTEMEEIEIN.

e Native Streaming Window API: 12HEFEFOAIAPI,

o RFEREES: MEETRRAVEERGNE, JIAERINEXIHSERERRKA
R, FEBELEENSIUEEAPNRFLRS, NMERZAFE TRIRING
Iﬁo

e State Management: 1ZHHEIEESVIGIIBoltZEO, HEEELMATS, Storme
B EEboltAPIRESHERITIRE -

o HEXRHIAEE: EStorm UIREALAFFXIAF aEAHERFIRYER, SRERE
EREFLERHREEEREF,

o  WorkeralZ&o#r: EStorm UIREALAKIEEWokreri#igf)stack. HeapHE,
HELAZERFWorkeri#iz

J ?Ei}lj‘i{ Eﬁbjﬂ?&ﬂg RtapS1TF0IStorm UIRMA Xz THRIAEHNA EiH
lé o

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 193



MapReduce RS%
FmE 7 HBHNR

o BERF: SZHIRGARAIELL, StormAIMEESE T BERT . B, RIMIILERE
MRBIA=RIMNRIRSHMCEBRARIXR, (ERMNTASEHm=KIR, 48R

LURF3E,
7.31.3 Storm FREREE RS
e CQL

CQL ( Continuous Query Language ) , IFEEIMES, AT EREIER
FHIEIEIES, BR—MSQL-likefJiES, #BXFSQL, CQLAHIEMIMT (HIRF)
OES, BELENEIEREFEAEY, HTHRENAFITE, CQLAYHILS
RAYIEREE—HZTELER,, FRCQL, aTliRERTWEHE, HAE
LSS R R FStorm E B FELATEIREAVIEW . LIBERERmY; HALIESE
AOBHR LRSS,

o SHAM
Nimbus HA#E, &% T FRRStormEEEHNimbus HIL R & SEERETIE
12t TopologyAIFiS R SIRIRIEAITIRR, 183 T EERFAT AN,

7.32 Tez

Tez;2Apache&#iRISZIFDAG ( BELHE ) (FUAIFREIHTEER, EALBSIME
REAIVEL AR S — MBI RIESEF DAGRALAITERE -

MRS Tez{EAHiveRIBIAITE 1, HITHERImITBIIREScAIMapReducefYit&E S|
a5z
BXTezRN¥MiRE, 520 https://tez.apache.org/,

Tez #1 MapReduce [BIFXE

Tez5%FB T DAG3RHLIMapReducefEss ( DAGHE— MBSt 2— 1 RDD, BFRFRXT
RDDRYIRIE ) . ERNZOBIBEEEMapESSFiReducelESiH—Ek, MaplEsii
93 Alnput-Processor-Sort-Merge-Output, Reduce{E55#5% AInput-Shuffer-Sort-
Merge-Process-output, TezZi§&TF/IMESRIEEH, Frk— 1 KBIDAGIEIL,

7-131 Hive £F MapReduce 12RXEFFET Tez 12X(ESMIZE]

Hive-MapReduce Hive-Tez
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Hive on MapReducefEFZHEEZ MMapReduce1s5, B MISZSESIEHEBERFHE
EIHDFS E—ai— 2B ireducers F—1MEEHRImapperiZt#iE . Hive on
Te{ESRE—MES PRt REFNLIEDRE, ESZEARERIHTIHDFS,

Tez #1 Yarn By X

Tez@iz{TEYarnZ LAVITEIELR, Z1TAIIAERYarndIResourceManagerfll
ApplicationMasterfp% ., EHResourceManager@— MNEHIEREERS, M
ApplicationMasterflfaZEMapReduce/EMHIEIREYI S « 1ESKD . BREBIBNESE
EEREEIF. b, TezUKEYarni2HtaITimelineServersLWTez(EFZ1z1THEZ
I)I_ILIO

7.33 YARN

7.33.1 YARN EXEE

AT EM—HadoopEEBFRVEERFE S | nIfRfEIEAIRISEE, FiEFRERAMapReduce
HEZRRYJobTrackertBEMER, FHRALKSIN T H—HIRREIEEZRYARN,

YARNZ¥EJobTrackerfIm N EEINEE ( HESEMFWAE/KE ) 78, FEHER
BlEE—1 2 BHIResourceManager ( RM ) FIEF NI ABZRFY
ApplicationMaster (AM ) ,

AR

o YNE(FFAYARN, EHHREMRSERENE L EHadoopiRS -
o NFAREFEEIEEFIMapReduce/EAVEREIAIDAG ( BRAITIAE ) .

YARN %543

YARNZ BLEHBI A EResourceManager . XL HIEEANERF H SR N BiEF M
Hitit & 5RAISEC. ResourceManageriEZNERED (HE. AE. Tms ) B
OEHEEEERENodeManager ( YARNBSEMNTSS/KIE ) . ResourceManagerits
Application Master—&EHEZR, SNodeManager—i2EanF1E M e iIBER RN B
e, TEtb E 325, Application Masteri&iB T LABTA TaskTrackerfid— e,
ResourceManageri&3iB T JobTrackerfEE .

Application MasterEZIE—NMEYARNRIZI TN BFZ RIS LB, Application
Masterfa =ESREResourceManagerfJiRiRE, Fi@iINodeManagerisiazsa9#
FARRFER (CPU. IFEFRIZREDES) -

NodeManager&I2— " YARNEEFFHIE N . NodeManageri2 i xI&ERfFED
THEARSS, NEET— ) BRNAREEETMNERRET SfE. MRVEBIZHE
EEEMapFiReducefESZHIHIT, MNodeManagerEBHRARE, XLERRERE
A —MFEN BREFFERNENEN T RER
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e
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(_ Appnstr @

MapReduce Status ————

Job Submission ~ ---------------- -

Node Status =~ - --mmmmmoo - J»i

Resource Request -~ — -

El7-132rp %40

C _Contamer /C Contalner \)

SHITNREANZRT -29F 7R

* 7-29 EH9EIHEA

Bk

1175

Client

YARN ApplicationZFif, FAFPEILUEBIIZE Fik[@ResourceManager
1233{ESS, BEiflApplicationiz{TIRESE,

ResourceM
anager(R
M)

RENTRAEENG—SENSE. BB TS
(NodeManager) WEECREE, FHEEK e BRI
BB LE = NIRRT -

NodeMan
ager(NM)

NodeManager ( NM ) 2YARNFEN T = FARIE, E1EHadoops
BHPEMIETS, @%'ﬁResourceMangeMﬂ—:un, e
ContamerE’JE HHH'EIE, Sizg M Containerfd:& E{Eﬁﬁ (WT_
CPUE ) 1B, EE%%'UJEE%R, EIE BTN RMNBRERBRIRY
Bit/EBARSS (auxiliary service )

Applicatio
nMaster(A
M)

BVEIHAYApp Mstr, fass—Application& &5 EHIRRIFFE TIE. &

?E S5RrRViEE:S Tj}ﬁl«létEL\E BEINEREA—THBECLANEBE
% (BENTXRDE) ; SNMBELASEN/ELEES; BIsFREES

LUUM., HEAESIETEME EFR AESRERRIAEZERES
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Container | Container@YARNHFHEFFHR, X T7TEN TR LHNSHERR,
WAHE. CPU. #£. MEE ( BRXEIE=MEFMCPU ) , HAME
RMERIERIRRT, RMAIAMIREIRYZEREERZHContainer®x. YARNS
FIFMEEDE—NContainer, BHiZ{TE RigEMZContainerdi
RHIEE

EYARNA , B FEERZUBRIISNERZEN, XMAERSLERNTFERER
BRSNS BT S, HMESEEHEENAZE . AN FEF7R, Superior Schedulerf(]
Capacity Schedulerf9tz (&R EiEELEE

BERSHHFIIRIES . BPALIR—1E SN ATHRRINA . BIXNMOBERIRS
&, PERSARE—EMNIEE—BAS, BiEFS ER— I NA, FA=RE)
MR EDERER. ERSHIRFISHOEAY, BitET— T NA. &FE—1NA
5, AERSLBIENRANERRE. ENERENSENRIORA: AibRIRIIBRIS.
EIHERRIERIE, (EEHLERRIERIS.

7-133 BiRECEE

YARN EIE

#AYHadoop MapReducetEZE#Kan2 IMRV2ELYARN . YARNEEGIE
ResourceManager. ApplicationMaster5NodeManager=1"&f%3 o

e ResourceManager: RME—1EBNRREER, ARENEZFENEREEND
fo. TEZRR MBI BESE (Scheduler ) I AEFEERS
( Applications Manager ) o
- AERRREE. IIERHIEYS (B NIIDE—ERNRIE, RSBHIT
—EHEELE ) , BREAPHERDELAZSNETETHINEER. 13
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E(URIES NN AEFN R RS TR RS E, MERSERMA—
HZMEEContainer®& R, Container@— 1 aISE RS ECE(, BARF.
CPU. #E. MEFZRIEE—K, NMIREEMESERNERE, It
ah, ZRAESEE— I AIEREEASE, BPOREBCHFERITHEAE
28, YARNIRH T SHEIZTTREAYERERE, tbilFair SchedulerflCapacity

Scheduler&s,

- NAEFEESAREERNRATENARER, 8ENAEFRER. 5
B sEthrsEBLAREApplicationMaster., ¥sizApplicationMastenZf TR
HEXWIERBHE.

e NodeManager: NMEE M TR EAREIESEEE, —HH, SEME@RMIC
RAT S RS EERERIZ N ContainerfiE{TIRES; B—FAHE, EKFLIE
EBAMBYContainerBai/IZIEEFBE K

e ApplicationMaster: AMfaZE—Application& s EHIRAIPIE TIE. BiF:
- SRMIEERMELEREER .
- BEINEREH—ZDEERERNIES (RENTRSE) .
-  ESENMBEEUEH/ ELES.
- EE‘EFE@ ESBETIRE, FEESIEITAMIEHRAESHERREUERE

FJ o

FES=IEESE Capacity Scheduler [RIE

Capacity Scheduler@—#ZHPRAEE, BUBNIIARNIID SRR, IENBAIIRE
THREBEREFEENER LR, B, ASINHEPIRE T RRER ERLABL LSRR S
. MA—PBASIBSRRERIREY, TEERIREREEZEEMAS,

Capacity Schedulerz#5Z M BA%I, AENIIEE—ENREREE, FRAFIFORESR
B%. J9B5LERE—RFBIN AR AATIERIR, Capacity Scheduler=3d[E—FRIF 23R
WS RREHTIRE . BAEN, SEtE8 M INIIERNER, BRERRRED
HIBAG; SAEIEIRIE e RARAATBIRFEE, ERERAFEREMREIFN
7FPR%&| . Capacity SchedulerEEZHN T4 :

o HBEMRIE. MRSEFHEERITAENMNIIRERRR{EMIENZFEERLR, m
PR ZIBAIIRIN R A EX R R

o RiFEM. WR—IIFRIRFEERIR, JUEHHZLIPLTERRAING,
m—EizZP\FIEFHAIN RIERFESE, WG ARIFEIG SR IFERMLEIZAT . X
MREREDEAISNIBERSRIENAER,

o ZEMEE. XIFSHAPHZEHMSNAEFRINZET. AR NEER.
FAFEEBNT IR SEERFFRURIR, MRSEERFEIERTIANZIBMBSELAR (LLaNg
NRREFRNETIESHEE) .

o  LZR{FIE. BMINIIEFSIACYIRMECRIREAR, S1TRAFEUEERE
BRPATEER CNBEFIETRSHE TN AEERF . LI, MRSERFETE
RAMSEMNIIEBRRERRSAEER,

o EEFHEENY ., MRSEFFEIERIREFENHENBES KA ELE

Capacity Schedulersp B ASIRILURGISRRERE . ASIERYE RS ECLAEREEN
AR, EERENRINIERRAE . ERRBASIRK, ERIEETSIESN
RAALUBINERFEN RS EBTREE, FEAEE.

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 198



MapReduce g%
FmNE 7 H{ES B

7.33.2 YARN HA 5 ENEA

YARN HA [FI255CI )55

YARNAfJResourceManagerfA SR BN EEF I RIRETEFESAE, f£Hadoop2.4hRZA
ZHi, ResourceManagerfEYARNEEBFRTFERE HISERIEEE, YARNSR ML RE
I3 | NTTRMIResourceManagerts S A =, ﬁ@ﬁ&TiZ/l\Eﬁﬁﬂﬁ%E'ﬂﬂiﬁ*D%‘%ﬁ

)R o

7-134 ResourceManager /58] FI43LH1 2944
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

N,

ZooKeeper Cluster

ResourceManagerfySa] B4 K R 2B g E—~2HActive/StandbyRy
ResourceManagerTs s3RsLHIAY (4NE7-134) . SHDFSHISAT MRS, Fa
AYial s _E &R EEB— 1 ResourceManagerfhFActivelRZ® ., HActivelkZE EI’J
ResourceManager& £5FERT, BEIS Bois FohfIE A HIERER, #HiTActive/
Standby A5t

FEARAEEhiEE780T, YARNERB S5, MRSEFEERFEEEHGSITHER
yarn rmadmimip S FPEEH— 1 ResourceManagertJ#t HActivel . HEEHIT
THUME SR E R R £, MFRESLFaFActivelRSHIResourceManagert]li /g
StandbyXZ, BIES— ResourceManagertJJ#AActivel .

FEEohtifE4#fE, ResourceManager&iBidINERIEFZooKeepersSLEIH)
ActiveStandbyElectors/REB— ResourceManageriiZpf AActiveTs &=, ZActive
IRZSHIResourceManager & £ ST, %—”ﬁResourceManagerﬂ%EE}J%}ii&é?ﬂ
ActivelASLUEEHIE T = o

HEEEFAIResourceManagerLAHABG NEREBRT, ZEFuR{FERAY “yarn-sitexml” FEfL
BPfEResourceManageritiiit , 2% ( @3FApplicationMasterfINodeManager )

=LAIERI S S HKActivelAZSHIResourceManager, tBRlEHE Fins=H Ciefit
BEVE . INRLFIActivelRESRIResourceManagerTGiEiERE, BRASMLE(FEAIE
A5 X EIFAIResourceManager

BERMAESG, semikEMIERER EENBETIMAZ (¥ ResourceManger
Restart ) . Zj/FFResourceManager Restarthl}, EFEHIResourceManagerzinllA
BT N0z BUActivefiJResourceManagerfiIRAEE , FHBEIZEWFIrENodeManager
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FcontainerfUIRSEEEDETIRSHENIT . XFENAEFESEHTRERIR
FREFHIIRSER, M2 TERBINESKX. KEEEEE1LActive/Standby
AYResourceManager&Bgeihial . HRIRSIRE T =MHESKTEENGE: BIIXXE
RBEHZ ( FileSystemRMStateStore ) . i@idLevelDBEURES

( LeveldbRMStateStore ) akiEidZooKeeperit= ( ZKRMStateStore ) , iIX=FA
R BZooKeepertt =37 #FFencing#li#l . HadoopEAiA{ERZooKeepert=,

XTYARNSAIBMASENESER, ISEWFEE:

MRS 3.2.02Z#ikR4s: http://hadoop.apache.org/docs/r3.1.1/hadoop-yarn/
hadoop-yarn-site/ResourceManagerHA.html

MRS 3.2.0% 2ZfGhRZA: https://hadoop.apache.org/docs/r3.3.1/hadoop-yarn/
hadoop-yarn-site/ResourceManagerHA.html

7.33.3 Yarn SE{thBHFRIER

Yarn ¥1 Spark 49X FR
SparkfUItEIRER, AJLABEEYarnAEIUSEI . SparkIE=YarnEEHEMESZAILT
BEIE, BAESHHRIZITIEE., Spark on YarnDFFMER: Yarn ClusterflYarn
Client,
e Yarn Clustert&=
E1THESRA0E 7-135F73 -

7-135 Spark on yarn-cluster iz{THEZR

NodeManager
Container
Executor
5. Executordi &

Taskiizs

Spark Yarn client

Task

1183
Application

2RM*H
Application

ResourceManager @ﬂ‘ﬁ_’mnmma Container
ApplicationMaster Executor
L (@&Drver
3 AMIEIRM =i DAGScheduler
iEfTExecutor

NodeManager

Task

YarnClusterScheduler Task

Spark on yarn-clusterSE7FE :

a. BEHERFiIR&ERApplicationfE8E, 23 fAResourceManager,

b. ResourceManager/sSpark Applications3BcsE—1>
Container(ApplicationMaster), FfEiZContainer_t/S5fiDriver,

c. ApplicationMasterf@ResourceManagerBRi& & ELLZ TContainer,

ResourceManagersyficContainerzaApplicationMaster, ApplicationMaster
FI1EXHINodeManageri®ifl, 1E3K1SAIContainer LExfExecutor,
Executori3ahfg, FFAM@Driver;FAiFFERISTask,
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Drivers it TaskZ5ExecutoriifT o
ExecutorififTTaskF[@Driver;CIRIZ{ TR o

e Yarn Clientf&zt
IEITHESRA0E7-136F73 o

7-136 Spark on yarn-client J={THES2

Driver —| ResourceManager [
14258
Application
Spark on yarn client
YarnClientShedulerBackend AppllcatlonMaSter
A
SafEtask ‘
k== 2HEsr
i Application Masters
NodeManager Container PP
NodeManager
Container |
Executor
py=r ExecutorLauncher
- [ Cache Container

Spark on yarn-clientSEIi7FE

(1 588

fEyarn-client#E={~, DrivergfZ#EClientin, fEClientiffE5l. yarn-clientiE{T~, 3
BERAEZ Fin. HEEFEMyarn-clusterf&=t,

£ FimalResourceManager&ZiXSpark i FigaZ153K, ResourceManager
HIREINZ, ZNEFEEZMER (@Applicationld. ATHZRIREER LR
FITFIRE: ) . Clientii&/aahApplicationMasterFRERIFTEEEITE, 12X
Z5ResourceManager L,

ResourceManagerlf{ZiEskfE, &=/9ApplicationMasterSKESENTR, F
EZTB R EBEHE. ApplicationMaster@YarnhiIfE, fESparkdFitizs3
FEExecutorLauncher,

RIEEMESHEIEEK, ApplicationMastera][alResourceManagerElis—
Y AFIz1T1ESAContainer,

ZApplicationMaster ( M\ResourceManageri ) W5 EcAYContainer?
xE, SaXNAINodeManagerki%{SELAEENContainer,

ResourceManagersyBicContainertgApplicationMaster, ApplicationMaster
F0tE*AINodeManageri@ifl, fE3X5AYContainer_EFzfExecutor,
Executorf3zf5, FFAMEDriver;EfiFtERiETasko

[MAERTY:

IEEIE{TRYCoNntainer RSO IR MUEIE .
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e. DriverpicTaskégExecutorififiT. ExecutoriiiTTaskF @ DriveriCiRiziT4k
o

Yarn §1 MapReduce fJ<%E

MapReduce 1177 YarnZ LA — M IBAY T EESZE . MRv1EZHadoop 1.04R8Y
MapReduceSCHl, BHREEE ( #|ARERZO ) « ETHHE ( BJobTrackerl
TaskTrackerfBEY, ) FNEIELLIES % ( MapTask#lReduceTask ) =EBOHEK . ZAELRTE
. B (JobTrackerB s ) MBS ((XSZHFMapReduce—Fi+EAE
28 ) EHEFERE. MRv22Hadoop 2.0 #IMapReduceSCI, SIERIEKERT
MRv1RIRIE IR B FIEUREAL RS | Z2CH, (Biz1TAYIAE R YarnfYResourceManagerll
ApplicationMasterfBp% ., EHResourceManager@— MNEHINEREERS, M
ApplicationMasterflfaZEMapReduce/EMHIEIREYI S « 1 ESKID . BREBIBESE
ESBEETIE,

Yarn ] ZooKeeper BIXEK
ZooKeeper5Yarnf9X R INE7-137F73~o

7-137 ZooKeeper 5 Yarn f9% &K

Active ResourceManager{t Standby ResourceManagerhh .
ZooKeeperflEStatestore BR Statestore B FEREVApplicationtBAEE
-S4

%,
T e %
/,‘%@C}@ \%J’/%
\@.)f?‘ ~ '?c, Y
@ \\.\&&r@ ,0’:\:\@
\f?%f;:% &)
\&@ %/-
| Active Standby ]
ResourceManager ResourceManager

ENEE

1. HERZREBET, ResourceManagerZ=ifiBitaEEE NZooKeeper, E— Ak
IhE NZooKeeperfJResourceManager#fifkZs9Active ResourceManager, 53—
“N/3Standby ResourceManager, Standby ResourceManagerigRfZZooKeeper
154=Active ResourceManageri&%¢(s8.,

2. Active ResourceManageriZ&1EZooKeeperfgliEStatestoreB R, 7Zif
ApplicationtfB*{SE., HActive ResourceManagerF=4#fERT, Standby
ResourceManager& MStatestore B RF£EXApplicationfBRER, IKREXIE.

Yarn ¥ Tez 9% &

Hive on Tez{EAl{E B EEYarni2{tTimeLine Serverggfl, ZiEHive(IZ B AT
FRHIAE RS, EFFEEDER.
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(AR

TimelineServer&EZHIBFEFRINFEIEEL LevelDBH, SHEAENE, LETimelineServerfy
TEAFEREVEEME30GB,

7.33.4 YARN FFERISsm43 14

ESMEHKERE
TERAERIYARNZTEEREGI , ANSRSERAIMapReduce JobiKRTiE] M AriEEE
HadoopSEBRIRTE, RfHSEIRMIb—EMFERHIKT, EEIRunning=AIobi
TSR
MRSEEEHRM TS MRBRIBENF . HANFIAFRPENFRESERII0b, FRH
RIS LS540 obRESSIRENIE 1 THANEE S6 4R ObIEIATATE; (RIS obRSaATITE

RS, HISMARIobmMHBRNSERE, AHKEEE.,
S SRS BN E A E T (TS, WTHAR B E SRS BRI A
() B8
ﬁ%ﬁﬂiﬁﬁ'—iﬁ%ﬁt%?&ﬁrg@ql% EERARER, RESWFESRE, MAREEEART
2218
YARN A9 PRIzl

Hadoop YARNRISGRHHIZBITIHazFIFIZE (ACL) SEIAY, REBRABEFPETR
BSPRIES], FENBTER NS
o EERHEHEIERIEFIFIE (Admin Acl)

ZIMREFEATISEYARNERINZHEER, Hb, MRSERSIERYIERBSH
“yarn.admin.acl” 188, ERHEHETERAILLEResourceManager WebUl,
TBERIENodeManagerts. BAZl. Nodelabels, {BREERIITSS .

o [AFIIAIEEFEIZIZE ( Queue Acl)

ATHEEEERPRIAR, YARNSRF/BRADKRETIN, HiEEEs1TH
F/BRAFRERIBAS . 1 \SIE SR 232N REF R IRIIEIEN RE
FAXBR ( ELanBIHEENABER ) .

FrREIhEE:

SEAEBIYARNRSHBFER LSZFNT=fEae:

o ERIZHEIRR

o [IESER

o EERF

(B2 HETFREYARNIZAAIWebUI/RestAPI/JavaAPIE&iE ] F ALRIEE P A E TN
BUE}%%IJ, (HUBFPEESRIGION BAMERNER, TERESHPIISETHREER
1EeE

ZeERT, FFEYARNIZHEAIWebUI/RestAPl/JavaAPIEiEO M iT TIREIE
g, SHFRIBEFARNBERAE, HITHENAIBPRIES .
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EZNAEX AR T :

o HHIZHERER: HBE YARNEEH:?M-T%EEH’E ( #MisiEResourceManager
WebUI. RIFBA%YI. i@ ENodelabel. EZEHE ) AIRIR .

o [\IIEER: HBTEYARNEER LFBEENSIMEKFIEEIIR

o EEAF: IHBTEYARNEER X H IR M ARYELFIEEINR .

BHESEEESS Superior Scheduler [RIE
Superior Scheduler,—E—/\EljﬁgHadoop YARNS B REERFRITRYEES|
Z, 2t EFREaERED, SHPS Rttt REERS.

Superior Schedulera] SLIIFFRIEERS . Fair SchedulerLA Capacity SchedulerB9FFE
IRE. 4h, BT FHIREERS, Superior SchedulerfEb VR ZHHFIEEREL. AR
AZARRERBEINEZ. BAEMEE. RAREFBERNSHFAER BIEA mEmEMY
TEXIHROIEE . RITHIBFREILSuperior SchedulerBEiEB R RIAESS

(U FFRFair SchedulerfICapacity Scheduler, Superior SchedulerLJiYARNﬂJE
S21HHE 0 5YARN Resource ManagerfB{4#172EH, LURMEIRRAEINAE, B
7-138HHEAFRRE .,

& 7-138 Superior Scheduler RERE44

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 »
Service Common Uilities

Superior_commands

ConfigurationFiles

El7-1385, Superior Schedulerf9F BRI T :
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e Superior Scheduler Engine: EEFEAESKNSHELEEES |

e  Superior YARN Scheduler Plugin: YARN Resource Managerf[Superior
Scheduler EngineZ [BIAY4F2, faZRIYARN Resource ManagerXZ B,

HREREL, FI-?JEE’\JUEE%%%B%E?i‘l‘%%ﬁlbﬂmlzib AR [ TR Ay
RAENS . Bk, 8MTETSERAEOBEIYARNAIResource Manager
BELZT 547(*#“H]‘FEJJIHE.:JJJ‘Z’I‘%%%EE{’EM! o XFEENHHERER
FHARIOBMESE—IE, JEEHRIEAE, SBIRSAT BRIELIKERE R
M. B, BARATRERCQLEFEWRSEAENS, FRAESRTRAEREL
tERRYE, FINEIEFEMMERETIEN, SIERBEEIGFETRAHAVEESR
ff—fﬁo FERRRAEREEZEEWR, R=2BRIRENE, REMEILFIIE
=|=o

Superior Scheduler3EPEA T ARIBIAENSI . Superior SchedulerfiEEEE5|
ATEIINRAEZRE, IDRAEROCHKRIEFRF, R TR AOHNREDR, 554,
Superior Schedulerf@ERERA T MELEIFFERE@ILES X, XEFEEMNEE
FELEE £ BRIKIFEME, AILMRANIESAERGE .. B RREAESS,
Superior SchedulerERFAFME . FIAER., HEFIMELEEBERAEH .

7-139 Superior Scheduler M8EXTEL

BB RIS RE R

e e e e A e e e O
‘/

AETFRERIEEET AR, BISHER
'oreloa
cheduler
ggggggg cartbea
anager Manager

BARIRSTS R R R

Master Datanode A Datanode B Datanode C
Superior Scheduling Engine
BrafASIR SRR
(N I I I B B e

Supenior Scheduler3| A ST JRIEEERE, FH 7 MELE

orkloa
el SENERLERZ, H2iFAEElEL B2 ERE.

C|

Bitmap reflecting status /—\

of all cluster nodes esource heartbeat Node Node Node
33333 Manager Manager Manager

Master Datanode A Datanode B Datanode C

Superior Schedulerf& TIESRZAF I SMFAR, FEMTUTEERAEINAE
. %’fi}?‘}ﬂ_’,
ZRREEhTFEZE NS SR EHESNMER /I ZERZE . iRt

E’Jin SRIE T AR Ra R A BB BRI RS . T — &
Rit, REPASIAIEEH—RIRE

o BANEEMBIHPIEE (reserve. min. share. max)

Superior ScheduleriZ2t 7 RIFHERZSHFEEREE . HRIFHNRENEIRE
BILAUAIEAIFER /BASY, BCEREIZRES, WITREA.
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2= 7-30 FHESHHA
REEZFR )%

reserve MBHEFER., BMEHEAZEEY, BEtfEP A seFERIZTRE
RIRIE. EETUSED LRSI E. iNRmEEEE, RER
FESITEZIRARREINE, FINHRENREAE. REan
reservefE N0, X FENX — N ERERBEFIEEE MRS
U, reservefISREERILUANIRIH T —Fh RIEAVZoHTREEINRE,
AFHAREEAINEE, JLURSITENEIEEME, BFfhs
=B 2EHPERIRNG

min BRI OENREFRESR. Bt TLUERXEORIR,
BEREFRZEMEERN . BEETIUREDEEINHE, R
REHRE, AERRNSIHEERATRENE, FHEREN
EAE. REER0.

share AHFIRANEERR. AMEFEERXBORERN, FEES
HittFEF I AREER . 2 EERDEEIIE.
max RFRIRARIRNE . HPLERELATFRAIRKTRESAIR

iR, EERBDEEINE. NRAEHEE, BAERGNSIT
BHEMARREIE, FNRERKE. REEFZRE.

HPRESERIEREE, WE7-1400775 .

7-140 K& REE

-  Reserve—3|

Min
Share

max —_—
total

I

W

(1 588

Heh “total” RRDHR, T2EERE.

BEFFERSEESE1ELL, Superior SchedulerBIRHEM TP KBS ELFNILEIHERYER
BosRlg, AILARIFRIEN M RENEWREFERERFRK. a0, BAFRELL
E—REPEHFERENENRERE, XFHFISREASEDERF IR
L=z, BEEFENFEFRZE, JLRHES RIS ECREE, XERTLIR
AREEH—REFPNERIEFBZE,

o SMMBHRRAE
Superior SchedulerfR>z#FHCPUFIAFXIRRIAZESI, BT BLATINEE:
- PEEETHETFRIFAETRNZEENE, FTLMRBEXEREHTRE
- BRI ATXE—EINERHITAEF SRR FERIFER /B .

o MHPAZHEPATREE
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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 SchedulerfIYARNFHREIRAEE 7 XItL o1, WIZR7-31F7R:

xR 7-31 WLEH

YARNFFRIEE RS

Superior Scheduler

Pty
ZHEFE
=

RO, RetikiRaslA
E2& ( Capacity Scheduler ) 5%
NEEESE ( Fair Scheduler ) #
EH2z—, BEHIETAEAF
JEAESE ( Fair Scheduler) , B2
BAESERIFaS L EREE,
Eﬁtﬁ$ﬁ§%§?\§%é@iﬂﬁﬁ
I\o

o THRIERISER.
o ST, MRIERHTE
;Eo
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FmNE 7 HENE
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,

7-141 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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FmE 7 HBHNR

YARN FHRIZESE: EREseiiit

—RIBERT, RMIKESIREVEEIETAETMAINAE . MAERIETARINARES
HRMEENEE . HAYDHR/EEFERT TR EF R

AT ILERMBYEE), MIEMNSSIRERSERAINAESIZR, BSsIRM. RS, E5emhY
NRASE—TEERSERETREIRE . TR TRMRIEHMRERE

7-142 RM Bk EiRiE
RM store

Finished
applications

Incomplete
applications

Before Enhancement

After Enhancement RM store

Incomplete
applications

Asynchronous Ioading\/

Finished
applications

RM store

7.34 ZooKeeper

7.34.1 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

BXERUNET7-143F7R. BEXRR, SEEETEEFH (2N+1) ZooKeeperfi
55, B (N+1) MNEEABERINNHITEIRIE.

7-143 ZooKeeper 554

——————— Bl
— & SEX

El7-143h&H02 AIThEESABUNER7-32F 7 o

xR 7-32 EIENRAA
2R )5

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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A

7 BHEANA

MREBHEHATZLRS, mEEZooKeeperFIEEHITEDIALE, INEARXELUT
Fafd:

ZooKeeper [RIE

keytabF5,: FTEMMRSEREERAFKEN— “AH” AP, BFERMRSE
aFETIAE, FEREEIZAFRIkeytab3 {4,

EREHI: MMRSERSEIERIRE— “AV” BFR, BTFERENZELER,
FFEKerberosfEEBIrenewableflforwardable A< His BE=IERIFTEL, FE
INEERkerberos B EXAH

MERLY::

o FINBRT, BPHZEEEIHARI0R, FTLASKEN A keytabS (HRIBZIEARIORK o

e Kerberosfgs3Hdrenewable. forwardableFF<F1ZiERIFHEEARIS B FEKerberosfiss
RBECETREM “ER” 78T, EiERFEEENEILRIESCIRERIES
“kdc_renew_lifetime” F1 “kdc_max_renewable_life” F9{E,

5igK

a. FollowersObserveriZEIE1EKE, A Leader,
Leadertf@&ZFollower, BFIRENFIRERTEZTZEIBEK,
WNERBIIFHUA LRI Leader. FollowerTi miR[EISE NI, BBALeaderigis
ZiERFIRERIN, BUREXK,
FollowergkObserverR[E|SiERAIBLER

EY=P

FimEiE[m)Leader. FollowerdyObserveriZEEIE .

0

N o0 &

ZooKeeper E NI
ZooKeeperfREZHIE N R FMIEUNZooKeeperFE WMAMEFI = o

& 7-33 ZooKeeper & &

EfRaR gt 5i8e

EBEEEtZ00Keepereg K | 9 ZooKeeperggx KSEHIEL

SCIEL

B ZooKeepersLfj, 2000 -

BNPRAKIEEH

B ZooKeepersLfl, 20000 -

BRANERDE

AANSHIBERT, &K | 2000000 ZNodeH EF ASXIRSBISEHERK S

ZNode#{ g, PHMEBHESERE.
— R S1H=TEEINZNodeE = E200wW
LA, SNSREEB$HNEBE T ClickHouse,
ZNode# =] LAY KEI600WLAA

EAZNodek /)N 4MB -
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7.34.2 ZooKeeper SE{hAHRIXER

ZooKeeper 1 HDFS B9 &
ZooKeeperSHDFSRYX R UNE7-144F75

7-144 ZooKeeper #1 HDFS B9X K

. 4’,
*u S,

~_ e Pa
“‘"?{q‘b—‘&!}‘b&ﬁ&

ZKFC
NameNode
Active
» EAER
——————————————————— - s

ZKFC ( ZKFailoverController ) {fE9—""ZooKeeperEEEtiIZ= P, FIKRISIE
NameNodefPIRHER . ZKFCGHIZNEEPE 7 NameNodefIH5 = 7F7E . HDFS
NameNodefJActiveFIStandby T ISR E R ZKFCHEE .

1. HDFS NameNodeH9ZKFCEREZIZooKeeper, IEFHZHSERFEIZooKeeper
1, BD “/hadoop-ha” THIznodeHFRE ., olEEznodeBFEHINameNodeTI =
HETH, B—1MATET=. HDFS NameNode Standbyi@idZooKeeperiehtiE
EXNameNodelE8..

2. HEPFEHESELHRAT, HDFS NameNode Standbyi@idZooKeeper/240 “/
hadoop-ha” BRTFAE T, NameNodeSiHiTESFIE,

ZooKeeper 1 YARN BY<Z
ZooKeeper5YARNAIX R UNE7-145F 7R

SZHSRRZS 01 (2024-05-10) IS © EREAGIRAD] 515



MapReduce g%
FmE 7 HBHNR

7-145 ZooKeeper 5 YARN YK

Active ResourceManagerft Standby ResourcelManager)h .
ZooKeeperfliEZStatestore BRE ZooKeeper Statestore B FEREIApplicationtE<5E

Iy
e
2
\\“e.l IPGI
\_\ &i'si%b@
S,
~ i ‘90,
| Active Standby
ResourceManager ResourceManager

SNEE

1. TERSSEIRT, ResourceManager&=itiBidsé (S B 5 NZooKeeper, —1Fk
IhE NZooKeeperfJResourceManager#Zift ¢ /JActive ResourceManager, 35—

“NJaStandby ResourceManager, Standby ResourceManagerigRfZZooKeeper
= Active ResourceManagen&Z(=8.,

2. Active ResourceManagerZts&1EZooKeeperdgliEStatestoreB R, TZif
ApplicationtBX(EE . HActive ResourceManager/=4#§fERt, Standby
ResourceManager& M Statestore B RZIKEXApplicationtBX(EE, REHIE.

ZooKeeper ] HBase HYXHK
ZooKeeper5HBasef9 X K UNE7-146F7< o
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F=mE 7 HBHNR

7-146 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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@M 7 HENE
7-147 ZooKeeper # Kafka BIX &
{Producer) Front End Front End Front End | Service
{Push) iPush) o HT'E,___ _\_‘/Il'l.ldﬂ
N o _u___"‘:xx
o e U
S :_:\3
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.

7.34.3 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 7 BENE

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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FmNE 7 BHENE
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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FmE 8 Fr e

8 =z

8.1 {RIVEIE

BN EIBE AP ERHRIMEWAIAND, ZiFEiEMapReduce. Spark. HQLF
SparkSQLEZEBIIENL . FEERENTEIERIEH O DataArts Studio, 12Ht—uhzLAIK
HIBHRAAARINE. £FENAEIBRAER, SBEIREPREEECEIIELGESD

BEiTHUEAIEH O DataArts Studio, FAPBILISEEZFAIEIMRS HQL/SparkSQLE
A, HEHEHBFFAMRSIEL, SEHRMRSSEM20ZFHBMEIERZBNEIREBINEL
YEEERL; BITEARIFLAESRIENGIESEE, BINESEHIEFIEY.,

8.2 JTHIRETE

SEUEMRSERFIEEABZE HivefIRanger BHAY, MRSIEMSTTEIERMRES T, &0
LItRIEE S HE2H TR

o AMTTHUE: TTEUBEFETEEINAIAGaussDBH, HEERHRIIRATTTEIRRAT
WiER, MFBREFTEIR, SIRABIFEIREFIRFTEERE.

o IINEHURER:: MRSEECIETMNE, ANEREXKS USSR E—EIFABE =
FMAYRDSARSS HAYPostgresDBEEMySQLEUR FE T = 1B = GaussDB (for
MySQL) . tBrTLUEIRS Hei&EREE—EIFAB =FFMAJLakeFormation3Lfl,
TCEURISTRE T B SR sk LakeFormationSEflh, AEMEXBIEREAIMIER
oMbk, SAMRSEREATHZR—DTTEIE.

(] ¥ B8
HiveZB{4 T T HUIRFE S VINEEEMRS 1.9.xM 2 EhRASZIE .

8.3 B &

tUIRER—M=RREEAF. tUSERHEEETUEFNZ ERESE. AR
I, (REE. USEEBSFEAEIERS . Xl TEEREFHSRTIRE. RER
mAYSI, EWEEREFSIEREVEREEAMESR, BEEWLRF]. &6,
MBFSREESFATUEN R FHAR. R, R, USHIEE,

MRS3ZiF BB IRE ARSI AP IR SR I AR ECEX ARG , ARER
A INEEEMRS ERNRRIHITHHETE:
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A

o AP AZSIMRRHTOBEEE.

o ZHAPEERIINETHRRER. HZEHEH.,

o AP EIINERAIAYSIEINPRIES] o

o MIEHFAPATRWINEEEREFNUSES, SFITR. BELS. HEPAF
(0 %8R

EMRSEEESVPCARER— M EWIRE R, ARPZEEEIAMAERIIVPCEENIREETEE
VPCREEHREXER..

8.4 ZHPRIREIE

AR

HHELSE

A RIS

MAEWHHIREERFEOEFHIITUD AR, B RERHREEHTERE:

o AERPESH LETAREEMNNAMEL (5. B8, RESE) , FEiY
FAEREAE AR .

o EPoAP (HINRTT. BINRME ) MEEREIEREXE, TMEZRECHEE
SHRAFPBAE—IRE.

X REREERF R T LAT Pk :

o SIEMHEMBEERR, LSHFSHNAMEIEER EFIRIET.

o  NARERIBFHTTSANLES], LURIESIETSHZE.

SHPEARHEERNRFEREN— MM RRES, BILEATI, BRET ‘A

A’ BENRRES, FKETNAMEL, FEREE. EAMESR LAILUFES

PMRFEEESERZFZTRPTEER,

EltE, MRSAEUERERHRM T =RAVEWRATIESHFHRS R, STHPEMRSK

HEERTHNSIRRES (BTREESE—MEF ) , BEESERMBAERR (&
REETERRIFEER ) 98D

o HRIERENIRERR
HRPZENZEEREN, —MEPNEENERAZINEMER, RETE
HEPREWSHEREREERNER, JRERERANAZE.

o NS RIFHZE
ESRFELEPNRALETIHIFISE, ARERERFNHEEIIESES, 2
RFHERBHRNENSRIT

o RIEEIEZEMHILZE
ZHEFPERT, SAFRARBBERNERE, IMRIESERS; EHBPXYEFRR
TRRIBIEIR, LURIESERE.

ZHPIRIEREERERI S HFFERICapacitylEE 2804 B i A RVtEiaESuperiorfd
RN
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A

RiEEBEWER, FIRYARNTXEEE BRI SEY, LABEHAR
SuperiorifAfEss, NMYEA T HpiCapacitylfESSSFairAESRMS, M T AT
G

o IEEREHZIRE
SuperiorAEsEZIFNTIER, TERIEEBEMFREERNFE, HETF RS
RIBH—EHZRIE, $RILHI, MRSERSIERTNLEIISuperiorAEE ARSI
BT B B X Ee B 3 LAY SRR 1T . SuperiorfAEERVRIREHZ SRR
YARNAUARES R IS8 R B, YARNER PP S aiRIES S EHR
AE, #THELMEYIEERMFI BRI
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BISEIERLE, (RIESIEEFE . (EHEREPHIEIEREN .,
MRSHYFHE P HIRIRTFZEHDFSH, HDFSEMARACRCI2CEERICEIEAIIEIAME, BT
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o HTFZEERE, EX “maxHttpHeaderSize” HIENE, HLIRFZREEREAAIA
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&, BZESRRRENSFERNTEEH., SNOTESHERRE, FIMIMRSE
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insert overwrite table test select * from test;
insert overwrite table test select a.* from test a join test2 b on a.name=b.name;
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PR EE. BIEHEHIEINRE, ATLAR ISRz RREE.

BIZIAM, EALUAEEANZRSPERTEBRIAMAR, FEGEHIBF RIS
SEE. PINENRTHERARNAAANAR, BFEFRARZAEMapReducelRss
RIEERRINR, (ERAFEEREMIIAMRSERFFSBIZIERINIR, FRAEALUERS
IAMAFRAREIZRAF, BT NEEERMRSEZARIFMERMRSEEFRIIRR
B, i=HIFFXIMRSERFRIRRIEREE .

MREHNZRSEREREFHER, FTERCEMIAAMARHTIRERE, &
AILNEARET, A mEERMRSIRSZHIEBINGE,

IAMBERZRENREIZRIEMIRSS , THAEAER, SRFEAERSHH
BRHTHER . XTIAMASFEANE, BSL (IAMFRNTE) .

gL="

MRS #XBRi5AA

AINBRT, EEREIZNAMARSEEUNRE, F2EEMABFE, H5HEF
AR FREETAE, FREERAFPEPRIBPREYNAIR, X—IEIRAEN.
BiE, RPMAILETHRIRFRINRIS ZARSSHITRE

MRSEPERTEIMIEX LIS, NIMERRS . #IXES, “VEREE FEEE ‘X
HRIRE ", AEEEEXE (wtedb-1tm1 ) WRAYIRE ( cn-north-1) HigE1H
KPR, FAEREZSRNGLIMEER; MRE “PrEIE" PIRENR, WiZRE
FTEXIFINE FERER . BIEIMRSEY, FRESCIMEEENXI

WRIEEHRIERDASHIEE D N A TR .

o AR IAMEYIRHA—FMMRIER PR T(FEREEE MAXPRAGKEF EEIRANALE] . 1%
MBILARS RE , RHBIRAIRSEXABATEN. ATSRSZEFE
SHHMAR, FIEEBAPETHREH, JRFE—FRTFRBNEMAE, 78
IEff5ERIlSs . ABHARERHERFXIRBMUENRIER, TixEREIEIY
IR/ IR EEEER,

o RER: IAMESTIRMAI—FMARIERINAYEES], AILUSHAZIEMRIRSANSE. |
BLARISREMS . ETRIBRENE—MENRIEAIRNGI, sEmEr
PRI ZEEIEER . Fla0: FXIMRSIRSS, EIEREEREHIAMAR
(NBEXIEERFRITIEER EIRIRIF . MARIFEBFAMPRERE, (XATFREIEMRS
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SEREELANIRME, WNEURERE. ENERYIRS . SHMNERISLAAPIEZOJIRIE
TR, MRSSIFHIAPHEININIES AN BREEREFIHZANI .

NZFR13-1F72~, BT MRSEIFTERIARZREL

& 13-1 MRS RZ&H5RHE

REE2FR 575 REESER

MRS FullAccess MRSEERINIR, HAB%XERIAFT | 4R ESREE
LUBABEMRSETERNIR

MRS MRSIRSZSEZBAPNIR, HBEIZINRR | HrREREE

CommonOperations | FIFATLAHBEMRSERS(FERNIR, T
18, MIpREESIR

MRS MRSARSS RIZANPR, #HBEZAIRINAR, | i ERRS
ReadOnlyAccess {NBEEEMRSHIRIR
MRS Administrator | ¥2{ERR: RBACSRHE

o XIMRSERSZHIFFBHUATINR -
o FBEZNRRIBFYREINEE

Tenant GuestfServer
Administratort¥R .

f1 3-25H T MRSERBRESEFEIRINRINKR, BRILISRIZREREGENIRS
PR o

& 13-2 ERRMESRARBARDERR

B MRS MRS MRS MRS
FullAccess CommonOperati | ReadOnlyAcce | Administrat

ons ss or

ClEEeERE |V X X Vv

IEEEERRE v X X v

FHETEA |V x X J

1%

rREERE |V X X v

BERHF |V v v v
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EEEF |V v v v
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HRTRIR
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FullAccess CommonOperati | ReadOnlyAcce | Administrat
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FERER |V v v Vv
BIEFHHIT |V v X v
A
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7
FZiafElFE | v v v
G
=EigEWS | Y v v Vv
*x
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1354 S Y X v
JIXHI |V v v Vv
x
HERIEE |V v X v
BHIRE
BB NEE |V v X Vv
BT
MpREEAE | v X v
BHiTES
ZRRirsE |V v v Vv
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SR | v v v
i3ia] v v X v
Manager
H
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x
TERIT |V X v
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13 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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MRS RS SHMMEIRSHIKER

& 14-1 MRS RSB SEMTIRSZAIKE

Volume Service )

Heask. Sitat. MEFESHETEMSE
T EAIREFMERSS, WiBERRET=AIL

SHEKo

IRSBZEFR MRSIRSF SEMIRZHIXE FEXGINEE
EHIFAB = (Virtual | MRSEEFRIZEEEMIFAB = (VPC) 7 | SEERIFAB =M TR
Private Cloud ) WA, VPCBIZZEL HITMEIEE ,

HEFPRIMRSERHE M Z 2 . [RERIMLS

H;i%o
XRIFEIRSS ( Object | WRTF#EIRSS ( OBS ) BTFFERFH REFEIEERH (ZEHR)
Storage Service ) iE, BEREMRFISANSIRIMELV B | memmamest (AKSKS

E )

o mRSVEiIiEﬁ)\%ﬁEi FFERFIZIEX

o MRSIEWEgHEHE: (EUAMIHRISR

HFIBES

MRSHHDFS. Hive. MapReduce.

Yarn. Spark. FlumeFlLoaderSs¢H{4354F

MOBSSA. SH#IE.

MRS{EFHOBSHF T R SRR SS -
§$ HEEHE?IJ ao ( Elastic MRSHE&{EFH3$ HEEHEJU =1=) ( ECS ) {’Eyg ﬁ%ﬁ?ﬁ%iﬁ
Cloud Server) Eﬁﬁ’]'ﬁf FPRMERIRSEEEHT | gippasr

A—1
=HUERE (Relational | =#IERZE (RDS ) BTFEEMRSESIEIT | BEEHIEERE
Database Service ) #HiE, SFEMRSERTTEIETIAFITEE

[SE
F—BMDINIERRSS F—BMINIERRSS (1AM ) AMRSIEET | CIERFHESUERMRS
(Identity and Access | SINEE, MRSEIRE W 18
Management ) IAMEIF MRS
BRIBRS MRSEX&BEBEMRSS (SMN) , XAE | GeEEIEREMN
( Simple Message AT EMEE, RE—XIZHEEITRUE
Notification ) BINEE, BefSSLIl—ubTCEERSThitEE

BRI
=EHITARSS ( Cloud =EITIRS (CTS) NRAFRMMRSEIE | F&14-2
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=i, SEiFEER.
=iE# ( Elastic SIEZOILAIMRSERIGRERIRS IR | i SRR
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SRS AP A NSEEFRS,
(EEEmE 7 BMRSRIZRERER . WSS
BIEITINRE, HRBWEISRESEMER
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HBaseRHI—NMERE . FIZFRAIE D “<family>:<label>” , <family>F<label>J3{F
BEFHFHEEG . FB<family>IEESHER ( <family>XF#RA5IHE ) . HBaseRHHIEAN
FIERAB FEAIE.
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FIEEMENIFIES, FhE1EHBase Schemad, IREBEESE FOIE—LE), &
SEECIRT IR, FUiREHBasesh EBHERIMRNEIEHRITESH, BiRERBHIRS,
R—3ERN B THIRFEREER— RSB EEF . SMIERGE— 1B, WEHEE. 838
. HEREES,

MemStore
MemStores2HBaseF iz, HWALPEIEEFHEIAZI—ES0Y, I1EEIMemStore
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RegionServer
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T, IR FRegionBIEIEFIIRSS; B—FHMHE, LfERegionfIRAZI(EE, S 5Master
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H— NopicAT LA J9Z M Partition, & PartitionXd i — MAIH4EEENMNNERFRER
A ERYlog3 14,

SASRRZS 01 (2024-05-10) WA © LR ABIRAE] 258



MapReduce g3

A

>
3k
=
&
e

IRpEE

MRE

BER

IRpEE ( Follower ) fARAMBIEEKRAVER, BlELeader—RHITEIERAIE, thAT
{EaLeaderfVfiEE, ZlLeadertfifERT MFollowerZ izt Leader, B KIS SEY
(=18

ME2E ( Observer ) A2 51%ANEIERAIRE, RAFIIEEESNR. Faoleadertk
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o HRAHMREF (Maximum Heap Memory ) : RFEOILADEATZFRIIRAERTE,
IVMBEhZ2H-XmXIEE -

o  DEHIENTF (Committed Heap Memory ) : ARIFEFIETRSA S EHIERN
FRE, FEFETHERIEERBER, SENRERFMRAHEREZ 8K
T,

o (FRANNEANTE (Used Heap Memory ) : HRIEFIZTIIEEFERANERTE, X
MRENFHEHIHERE.

o IFERE: FIVMAHEEZIMNINEFFRAIEHERTF ( Non Heap Memory ) , JVME

BT TR ENREXE, FERFEESIAFED, BESEUT3NES:

-  BEEFKX (Code Cache) : FERTFHEBUITIHEZEACEE . FAIRS
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- EIBFEHE=IE ( Compressed Class Space ) @ fFfESEIEFTRITTEUE, BIA
PR#11024MB, EITIVMBEISHE-XX:CompressedClassSpaceSizeiH TR E .

- Jo=i8 ( Metaspace ) : BFEHITEIE, BIIVMBHSE-
XX:MetaspaceSize -XX:MaxMetaspaceSizeiH1Ti& & .

o HAIEHEMTF ( Maximum Non Heap Memory ) : RFEALASECLATEFEIRAIE
HWHEFE, EEIRBEEX. FSEfHESETE. TTERAEZM.

o  HEHIIEHERTE ( Committed Non Heap Memory ) @ ARIFREFIEITHIRSFIE
WRESE, EEFETHEREFERIIEERNFER, SEVRIFEREFR
RIEERFZ RN

o ({FFIIEHMTF (Used Non Heap Memory ) : HElieFiz TRt EEFERIYIEHER
7, XNMENFHERIIEERE

— M OHNEFRER. BRPTLUMERTESHRREATRIBR T, FASHIUE
F, ZHMATEESIRIZEFE. HadoopReEXxt KEHIBLARTER . =Y.
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