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Introduction

Spark JmiEigraiE A hiy

A HL : http://endymecy.gitbooks.io/spark-programming-guide-zh-cn/content/

Copyright
AN ERFEE Spark B HY

License
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RIE EF
PRI E3F

RFERM—MER Spark BUENE , B5cF1ER Spark B3R EZ shell(A Python &% Scala) 1t
Zery APL, ZHiE/RAMAI7E Java, Scala #01 Python B AYREFRY , BRiziEm B2 F,

KIRIX/MERE , B%CM Spark fuh RE— Spark &178. ERAF(IARSER HDFS |, (RaJLATE{E®
Hadoop hrAHIE,

e Spark Shell
o R NFIER
o FHRERRIE!

Spark Shell

{5 Spark Shell
ER)

Spark B9 shell fEA—1MN B KHIRZEXEIRESIT TR | It T — MRS RES) APL, ErlLAFER
Scala(ff Java WL LiE17IERY Java EERS—MRIFA ) 2 Python, £ Spark BREFRETERA
XFHRIEST -

./bin/spark-shell

Spark sxEEAYHZZE0YResilient Distributed Dataset(RDD) AYUsg 4o fhzlEE RDDs BJLAE
Hadoop InputFormats(f5/g0 HDFS 3Z{4)6Ui , tBa]LAMNEAEAY RDDs &1, LJ:?MI‘]T:E Spark B{LHBHE
RM README XA HElEE—N#EY RDD,

scala> val textFile = sc.textFile("README.md")
textFile: spark.RDD[String] = spark.MappedRDD @2ee9b6e3

RDD #9 actions )\ RDD HiR[EHE , transformations BJLAFEHER— MR RDD FHIREIERISIA. 1LFKA]
FHafERILMEE

scala> textFile.count() // RDD HIZUESE
resO: Long = 126

scala> textFile.first() // RDD R95E—1T8URE
resl: String = # Apache Spark
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IIELLBAIER— transformation , F(IEHEER filter FEXN I BRE—NME S FEIEERIH
RDD,

scala> val linesWithSpark = textFile.filter(line => line.contains("Spark"))
linesWithSpark: spark.RDD[String] = spark.FilteredRDD@7dd4af09

A IBTLUE actions F transformations §EEE—ie :

scala> textFilefilter(line => line.contains("Spark")).count() // B%/MTE4E "Spark"?
res3: Long = 15

$Z% RDD #{F
RDD actions &l transformations SR SMEAATEF. AW , RIVEERE—THRENER

HE -

scala> textFile.map(line => line.split(" ").size).reduce((a, b) => if (a > b) a else b)
res4: Long = 15

BT TIRGI R — B BLEUEE— 15 RDD,  EXN#AY RDD LA reduce HEUTHEARID
#1. map 1 reduce HIZELZE Scala RIREE(AR) , FEAILSEREHTIESHIEEE Scala/lava 3£
Fe. 10 , BT LRI S EAREARAIRESEE,  Fel()ER Math.max() REIBESZERE |

scala> import java.lang.Math
import java.lang.Math

scala> textFile.map(line => line.split(" ").size).reduce((a, b) => Math.max(a, b))
res5: Int = 15

Hadoop #17A—MBRREEREIVE MapReduce, Spark BERBZ LI MapReduce :

scala> val wordCounts = textFile.flatMap(line => line.split(" ")).map(word => (word, 1)).reduc
eByKey((a, b) => a + b)
wordCounts: spark.RDD[(String, Int)] = spark.ShuffledAggregatedRDD@71f027b8

XE , FMEE flatMap, map # reduceByKey RTENHES M RFHNNNE  BREREES—
£8(String, Int) #{EXIEY RDD, FHAIRJLABER [collect] EAEETKAIAY shell FRERERTRANELE

scala> wordCounts.collect()
res6: Array[(String, Int)] = Array((means,1), (under,2), (this,3), (Because,1), (Python,2), (agree,1),
(cluster.,1), ...)
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=T

Spark SXFHEEIRERZISEFANNFEFY. SBEESNUNXEIFEEHRY , FluNZFA1E—1/ Y
A(hot)FIESEHER , BFEIEIT—MENIUERHIFXENESER A, FA—ERGF |, 1L
linesWithSpark ZUBREIRCERFT :

scala> linesWithSpark.cache()
res7: spark.RDD[String] = spark.FilteredRDD@17e51082

scala> linesWithSpark.count()
res8: Long = 15

scala> linesWithSpark.count()
res9: Long = 15

%17 100 1THISCASIMRIAF Spark XERFRE. BIELARSKEAIERD AT LAEIRE KERIE
EEPEREFIERS , BEE 10 MEE 100 MRPRNITE., (REFAILUER bin/spark-shell &
R cluster KB HIRRIZIERPAYTTIZRI TR EERF,

it

W7 N R

— ]
Jm7 v R
ERIgFEA EE(ER Spark API B—MRZAIN FIfERR. F( 5@ {#ER Scala(A SBT) , Java(FH

Maven) %1 Python E—NEERIN BEFRFES.,

HeAIIA Scala BZ— M IEERIERAY Spark N FAATER. NLLREER , L EERIRF SimpleApp.scala :
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/* SimpleApp.scala */

import org.apache.spark.SparkContext
import org.apache.spark.SparkContext._
import org.apache.spark.SparkConf

object SimpleApp {
def main(args: Array[String]) {
val logFile = "YOUR_SPARK_HOME/README.md" // NiZ2{REF EAIR L4
val conf = new SparkConf().setAppName("Simple Application")
val sc = new SparkContext(conf)
val logData = sc.textFile(logFile, 2).cache()
val numAs = logData.filter(line => line.contains("a")).count()
val numBs = logData.filter(line => line.contains("b")).count()
printIn("Lines with a: %s, Lines with b: %s".format(numAs, numBs))

XAMEFYNZTE Spark README itE1T7EEES 'a' f188 'b' UXE. (REEIER
YOUR_SPARK_HOME B#api{RE& %% Spark FUEER., AMgZaiRYd Spark Shell 5+ , XBYIRALT
HchAY SparkContext , FHAIHE SparkContext #IsaL/E R —EB 7.

A 1@ SparkContext FIMEREIEN SparkConf & , XMNNSEEET —LXTFHRINEFHEE.

BANBREFKIT Spark APL, FRAFRNIEEBE— sbt X324, simple.sbt BT Spark 22—
K, XNSUFHEERMTE Spark {KEiF—A™ repository :

name := "Simple Project”
version := "1.0"
scalaVersion := "2.10.4"

libraryDependencies += "org.apache.spark” %% "spark-core" % "1.2.0"

BEiF sbt IFFTIE , FAIFBEH SimpleApp.scala #1 simple.sbt #ZEBIRENNEBREWHE. L@
BiF 2 g , BRATTLUBRRFRIEEIEER— JAR B, AR spark-submit SEEITERIINER.
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# Your directory layout should look like this
$ find .

/simple.sbt

Jsrc

./src/main

.J/src/main/scala
./src/main/scala/SimpleApp.scala

# Package a jar containing your application
$ sbt package

[info] Packaging {..}/{..}/target/scala-2.10/simple-project_2.10-1.0.jar

# Use spark-submit to run your application

$ YOUR_SPARK_HOME/bin/spark-submit \
--class "SimpleApp" \
--master local[4] \
target/scala-2.10/simple-project_2.10-1.0.jar

Lines with a: 46, Lines with b: 23

=

FindRIE!

InEnRIL!

HURIRAIIEITIRAYSE— Spark NFEFEF!

o ERNTHE APL, alLAMSSparkiRIEISraF g | s NEBRYZE4FFeR | 5140 : Spark Streaming,
o EERIEITIESER  (cluster) b, BIESIEHL,
o &/5 ., Spark I examples HBREB®E T Scala, Java #1 Python BYJLNMEERAIGIF , {RATLAE

# For Scala and Java, use run-example:
./bin/run-example SparkPi

# For Python examples, use spark-submit directly:
./bin/spark-submit examples/src/main/python/pi.py

RIIEER B W2 -6-


https://spark.apache.org/docs/latest/programming-guide.html
https://spark.apache.org/docs/latest/cluster-overview.html
https://github.com/apache/spark/tree/master/examples/src/main/scala/org/apache/spark/examples
https://github.com/apache/spark/tree/master/examples/src/main/java/org/apache/spark/examples
https://github.com/apache/spark/tree/master/examples/src/main/python
http://www.kancloud.cn

Spark fmiZtsraEIATIChi

JRt=Targ
Bhie

ERET 81 Spark NEFEBH—NJa0FE/5(driver programe)fapy , IXafE R ESEF DIZ1TRF
B9 mian RECSRINITEMNS I H 774 F(parallel operations), Spark FIEEHMRZRM—NEMHE L
TL#HEEE(RDD) , RDD ZRigseEEERFa T RIFITHTIT RIS XTRES. RDDs M Hadoop HIX
HRFEFRI— P ESZTREEM Hadoop XFFIERSE) , SiEN—1 BB/ Scala EE54HR1E
2, FAFAILAZEESK Spark #& RDD #FX f(persist/BIREFH , RILEAEHTIHEFESIER, &

J= . RDDs BEET RAMAEBIREITE,

Spark IS MhSE X EZE (shared variables) , HEEE/EHETEHTIHES. BWABRT , X
Spark BT MHTERERT , XN TRESEA—MESEEFNBRITRLET , ESBREEERRY
N TEHESHREHEMES . Bt , — N EERERHRIR IS IREFFES ZE.
Spark 32#% 2 FRRBINHEZ=TE « / #ELE (broadcast variables) , FIREFRB T REIRFEHREF—
& ; Ehngg(accumulators) , (X ReEHIT “AN(added)” #2E , HI40 : 122485 (counters)FIKF

(sums),

XMERRTE Spark IFHIMBIESPERERIE—MHE, IFEESEMFIR—1 Spark ZET shell -
bin/spark-shell 74— Scala shell , 8 bin/pyspark FFe8— Python shell,

e 5|\ Spark
o #tA{L Spark
e Spark RDDs

=IRE

o HETE

o NIXEFn

5|\ Spark
g\ SQpark

Spark 1.2.0 {£/] Scala 2.10 SN AEER: , {REEFEA—FREH Scala WA {0 : 2.10.X),

5 Spark NIRRT , {REZENIN Spark B9 Maven K3 , Spark AJLUEIE Maven FRIGGERIKRS ¢

groupld = org.apache.spark
artifactld = spark-core_2.10
version = 1.2.0

5o, ANRIREBLEIHIE) HDFS &8 |, (REERIEIRAY HDFS MRARI0 hadoop-client AY{KEH, —Lea 1t

RIIEER B W2 -7
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Y HDFS higX tags fE58 =75 &1TAUEFHFIH.

groupld = org.apache.hadoop
artifactld = hadoop-client
version = <your-hdfs-version>

&fE  ARRESA—L Spark ROSHIRETUASHRENRRIRER | I FEAYTHALLT ¢

import org.apache.spark.SparkContext
import org.apache.spark.SparkContext._
import org.apache.spark.SparkConf

a1, Spark
#Jiaft, Spark

Spark JRIEMNSE— L E2FB0E— SparkContext 345 , FIEEF Spark ffalijsiajees, #EElz
SparkContext Zgil , {REEME— SparkConf X35 , SparkConf M&REE T —L(RNEEFNE
=

o

val conf = new SparkConf().setAppName(appName).setMaster(master)
new SparkContext(conf)

appName SHEFREFIEE , B=E/RE cluster Ul £, master 2 Spark, Mesos &}, YARN £&%
A9 URL , SiiEfTEARMIRTICRT |, (FRERZFRFE “local” . L , BNAERIEITE— SR LR,
(RHAAEBENE master ERIBEWRRIERF , {RATLLAA spark-submit Fa{RAIN AFEFRIIHRERE.
2R, ARETLATEAEURAN SR TR ER  “local” 1&1T Spark #Hig.

S5/ Shell

£ Spark shell /7 , B—1MEHRY SparkContext BE&AREIERLTF. EZEFNMH sc. RESEIEN
SparkContext EFATIE. ALAE --master SEERIZE SparkContext EERZAVERF , B --jars K
IREFEMNZ classpath 9 JAR & , tIRBEZ JAR SERESHEIFERE]. fia : T—MNE
B 4 ZHENE EisfT bin/spark-shell , {8 :

$ ./bin/spark-shell --master local[4]
B4{E classpath HiFAN codejar , {EA :

$ ./bin/spark-shell --master local[4] --jars code.jar
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HAT spark-shell --help SREXZEEERIIEINTIR. EIXZfE , WA spark-shell &tt spark-submit [
AERER,

Spark RDDs
SRSt &dES: (RDDs)

Spark #UBIBERE Resilient Distributed Dataset (RDD) : —/NEIFH T FRIB BB BIRIEIESES.
A 2 M75z(eliZ RDDs : F—HEERIRNIEFRFHITH— TN ELFENSES | BI—FE5IF—1h
IR R SHOEUESE | FINHZAISUEZRSS , HDFS |, HBasesiEftE Hadoop FUEISUAIEIREE.

o HiT&E

o JIEREURES

e RDD #{E

o (EiBERENE! Spark
o (EFER(EXT

e Transformations

e Actions

o RDDFFAM

TG

HiT&ES

HITES (Parallelized collections) IgiE 2B E—1BEBHIES (Scala Seq) AR SparkContext
B parallelize 73i%5sLHRY. EEHPHTEREHE—MAIFHTRENS HEIEES . FlU , XEETR
TWEIE—MEE 1 8 5 B9AEPRIEFFITES -

val data = Array(1, 2, 3,4, 5)
val distData = sc.parallelize(data)

— BB , AT EIREE( distData JIETLURFHTIEME. BIA0 , FATTLUAR
distData.reduce((a, b) => a + b) GRXANSKEFAITTIAANN, RAVNSERAES T EA—LaRlE,

HITEA—MREENSHR B H(slices) , FR—MNUREHHHE. Spark RIELERE EAE—M]
FEfT—MESS. (RRILAEEERY 8 CPU RS 2-4 MIK Glices). IEXBERT , Spark SIEETF
(REVERERRE TR B S0, AT , (RETLUET parallelize HISE—MSEFaHAZE (B0 :
sc.parallelize(data, 10) ),

RIIEER B W2 -9-
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FhaBEESE

HNERETESE

Spark ATLAMEA—/ Hadoop HFVFEREIEDIEIESE | SR RIASUER

%t , HDFS , Cassandra , HBase , Amazon S3%, Spark 73S A4 (text files) , SequenceFiles I
Hifth Hadoop InputFormat,

XA {4 RDDs BILAfERS SparkContext By textFile AR, EXNAEREANERY URI (#25 E
RYZAHEERIZEE hdfs)// , s3n// &), RRESRBXHSER—MTES. XER—MERGIF

scala> val distFile = sc.textFile("data.txt")
distFile: RDD[String] = MappedRDD@1d4cee08

—BgE5ehk , distFiile BBEMEUREESERMTE. K10 , FATTLARTENISIVER map 1 reduce #MF
BRrE1TAH<EMDN : distFile.map(s => s.length).reduce((a, b) => a + b) .

i3, Spark JES4RT ¢

o WNRFAAIHRARR , IEXREEE work T EFERINERZAEE. BEASHSHEIRE
By workers , BAFERAMENAAEZNHRE.

o A8 Spark NETXMHRIGIE , BIF textFile , BERIFMSIFNHBER | EHRITRISHFIERRT. 5
a0, {REJLAMERR textFile("/my/XXHBR") , textFile("/my/XXHBR/*.txt")
textFile("/my/S{4BF/*.9z") .

o textFile FABAILUEEE NN NESECRIEFII R (slices)i981H. EABERT , Spark AB—1"X
HER(HDFS BRAS R ANZ 64M)BIE— M (slice), BRIFBALIBE—PMEXRRIERRE—
ERRHE. T8 (RRERE— N ERNT A 1E.

BT XA, Spark B9 Scala API SZiFEL I FMEUEIS

SparkContext.sholeTextFiles iL{RER—MEEZNNIAHHNFERABRBES—

(filename, content)¥}, 5 textFile FIERRE : BICRAIREBNNMHHHIE—T.

e XF SequenceFiles , BJLA{EA SparkContext B9 sequenceFile[K, V] /538l , K1V £ BI3TRL
AR key #0 values AUZEEY, & IntWritable 5 Text —#f , B{iJw 72 Hadoop A9 Writable #/9
FK, B, W FILRNERERY Writables , Spark R RIEERAREIRE., Hiu :
sequenceFile[Int, String] E<BaNE IntWritables #0 Text,

o XFFHAEAY Hadoop InputFormats , {REJLAFER SparkContext.hadoopRDD J5i% , BRILMEREE

BAY JobConf , BINt&Z(InputFormat) , key 288 |, values 28!, {RATLAIRIZE Hadoop job —

HRAEREBNER, (REATLTERRY MapReduce #M(org.apache.hadoop.mapreduce)&at_E{F

F3 SparkContext.newAPIHadoopRDD (iF&F : ZR9EOR SparkContext.newHadoopRDD ),

RDD.saveAsObjectFile #1 SparkContext.objectFile Z#HRF—1RDD , (RFAEE— MR

RIIEER B W2 - 10 -
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Spark JRiZISRAEIIARTSINR
Java MRFFIMET. XR—ITIEASHEREI , 1 Avro , ERETRIBRGEREFEET—
RDD,

RDD #:{E
RDD #2{F

RDDs 37§ 2 #hSBIRVRME © ##42(transformations) N\EEGFEREIRETEIZE— N FRVEUES | 307F
(actions) FEEIRE DT EZ RIREI—MEZIREMERF. HlI, map B—MEHREE  EFE— 1T
RETHREBE— M REFFRIRE—1 3R RDD, 3—75HE , reduce 2—1aF , EERERAIRECK
55 RDD WATETTER | AERRENERRRBIZIRHIER (RSB —1H1T reduceByKey BEREI—
PIEIES).

£ Spark &, FTERYEEHA(transformations)&B 2 Bt (lazy)RY . BIiIASELIEEINGER. HKRAY
BAMXICREARIR(E R RN FBEMPLEREIRE (FIan—N 2 £/, EI(NEX MRS « Mo
(action) BE—NMERREERIRNFEFAIRHR, XMEITEESLL Spark IZTEEMNERL. Flan . FHAIATLA
SCHR : 1BId map BEE—MNREEEEE reduce HfERAE , FE(YURE reduce RYLEERELS driver , A
BENKHIBREHI AVEIRESE.

BABRT | 8— 1 ERIEA RDD 2ESXHITaF(action) FBHEEFITE—IX. M , (REATLUERS
persist (8 cache )F5iERFAM( persist )—4 RDD EIR7FEH, EXMERT , Spark S1EERE HRFHE
KHITTER | AR TXERREERTEER, EXBEHBEFSIFFAN RDD 2 B2 M TREE
.

Ha
J97 A RDD EAXNR |, EETEAIESRERS

val lines = sc.textFile("data.txt")
val lineLengths = lines.map(s => s.length)
val totalLength = lineLengths.reduce((a, b) => a + b)

F—ITREINKB TN RDD, XM EHREFSBINEEINFHRMEMANRIE : lines (UXE—
IEENHRIEE. ETITREN linelengths , B2 map Hfi(transformation) V&R, Bk,
lineLengths BAFMBEKECEENTE. &5  EiMIT reduce , ER— 1 ahfE(action), EXA
#h75 , Spark BItEDEZ MES (task) , FHEILE(IETES M L. SEVEETRECSH map &
DA reduce B33, ARNEERIRELSIKNTERF.

SNERBAEERIRAER lineLengths |, BefTATLAZRID :
lineLengths.persist()

RIIEER B W2 -11-
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£ reduce Zgl, B2 linelengths EE—RITERHZ BFFEINEFF.

RDDFFAHK
RDD A4

Spark&REZHI— MR EALUBIT ZMMR(F ( operations ) AW (HEETF ) — M EEEIAFH.
SIFFANL— 1 RDDRIM R , F— MU REPSETBEIME S XEEFMIINGES | FEXEEGERLL
WXPMES (AKX ESITENEMES ) B9ME (action ) EEFIA. XN EENERLERIZFREE
R (BEHRIOBLALE ) . MRIACEEFIRERISZBEERKR , ZER—PXEINIE.

{REEEIT persist() 8i& cache() FiEFA—rdd, B, FactionitE82Irdd ; AT , BEFFE
BN RBAES. SparkiIEFE— N SEAIRAR-INRRDDAVEHA— Mo XESL |, eHLABETFEERE
#& ( transformations ) BEEEINESIHEHBIEHX N DX,

A, FNATLARIAARERNEFERAIEFEES— MERFAICAIRDD, FlUN , BERFBRIISANESEIHE
. BEESFEAFIRY ) avalISIFANEIRFH. Ao REEHIESEHEFEESE Tachyond, ()
BILUBISEIE— Storagelevel XY5R4S persist() JTARBEIXEAFERS. cache() AR TEOARIF
5 Bl— StorageLeve MEMORY_ONLY , SeEEREMERBINBIN TR :

Storage Level Meaning
ERDDIENIEFFULEY)avaXd S IFZEEjvm, WISRRDDANESEEN
MEMORY_ONLY T, O XEASHER  NTTESAEEXL S XINEPEENT

B, XERGEOARIFERS!.

FSRDDAIEAIEFFF IR avasdSiFETEjvmAR. ANRRDDAEEHFEN

MEMORY_AND_DISK 7, BXERNESFERNEYNS XFHEEES  SXFEMEH
©lil.
HERDDIEAFFIRRY)avaxdgfziE ( B 1D XK— byteZidH ) . X
MEMORY_ONLY_SER AXLCEFSI A EDETE |, Frl 2RI ENFF UL T ERY , B

REERBCpURIFE—EEANEERE.

FIMEMORY_ONLY_SERE{L] , BEARREESRAEENEESITEXYUARNE

MEMORY_AND_DISK_SER \ N \
BFEEINFTROX |, MEEXED XFHEZMET.

DISK_ONLY (UNERDD D XFEE A

MEMORY_ONLY_2,
MEMORY_AND_DISK 2, | FlLEAMFHERFIZEN  EREHS T o XEIEHNE TR LE
etc.

RIIEER B W2 -12 -
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Storage Level Meaning

OFF_HEAP (experimental)

ARG RIS ZERDDE | Tachyondh, HHXSF
MEMORY_ONLY_SER , OFF_HEAP&/> T HiiR B ATEER | FeiFsE/)N
HITEHRZEAFE. XEEEREAERNFRE THESHARNE
ERFRINEREEEENRE (.

NOTE:#Epython , FFERINISESREII PickleEEFFIL THY , FRLARBIEEFIINERHAEE,

Sparktz & BEEHEA 4 —LEshufflelffE (% reduceByKey ) HhpghEEERE , BMERFIEEREMA persist /5
%, XEERITFAb RiEa T EshuffleHiEER T , SEESITEE MO, NRBFIHERITESES=
4HIRDD |, A WBSAMEIZRB VAR persist 73i%.

Il Bljviae 2 e ]
SparkfyEAMF IR BIRIRETE TR FBSMcpuR RN AR RIS, REHEY TEREE—
A BB RERB -

SNER{RAIRDDIEEEIARIFIER B ( MEMORY_ONLY ) , BlIEBOARIFESRS]. EAXZEcpuFlA
FEEHNEI , ={ERDD_EAYRF/RETEERTIR,

MBRNEERANKS , HEEMEMORY_ONLY_SER, #EZE—NERIFIMLEFRRENSRIZSEE
RAE , (BR{REEEI RN,

PRIFRELT HRDDIIEBRRAEE S JRELIRAERNEIE  FESRODEFHEHE L, &0 , BES
HE— o X EE CEEE—=E,

MRIFHEERIVHRIKE | TLUFIAES (replicated)fziEa]. FrERFERIETLIBEES T
BERKRIEERSITEBIEE | (ERESREIEREBE(RERDD AL TES , MAFTEESIT
BERIAEIE.

EREAREANFRENEPEE S NREFRIAES , OFF_ HEAPEBIITLE !
BETE MUTEHRETachyonFHERENAEFD
EREEMRED LR E AT

ERBMIRITERR | BEEHEEASER

HHIBREHE
SparkBEaINEEENM T REFIERER  FIRRESERRNMRE BROEEE. WRIFEFNRIMER
RDD , AJLA{#F RDD.unpersist() /5i%

HT=7s
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—MRIERT , H—MEBLLSparkiBE(BIRImapFireduce) FRETETIE T m _EENSITRTS , Sparki2/EsLiR
R ENRXNREFTATEN—MIAIER, XETEWSHEIGENSEL , HFEXLTERTEN=S
B EFEASEBEREER. BEBISINEEEERMMA , B2 | Sparkit@ AR E IAYE
FtEzURM T A EIRIIEZEE | | #8EE ( broadcast variable ) F1& 02§ ( accumulator)

[ EZE
[ EREARFEFREF— T RIENZERSaS LEH , MAREMESHRE—MEEN. fian, FIRAr
BEE , B —MEEREN AT — N AEEERAE SR A DS SN T,  (Broadcast

variables allow theprogrammer to keep a read-only variable cached on each machine rather than
shipping a copy of it with tasks.They can be used, for example,to give every node a copy of a
large input dataset in an efficient manner. ) SparktE =X ER BRI BEEE S BEE | LU
D B(SHIRAS .

— N HRREFLUBIIER SparkContext.broadcast(v) 75iZAN—MIRZEvHElE. | BEERVAI—
MEREZE | BRYERLUEY value 73751518 , FEAVMTIZNAE T IXMNIEE |

scala> val broadcastVar = sc.broadcast(Array(1, 2, 3))

broadcastVar: spark.Broadcast[Array[Int]] = spark.Broadcast(b5c40191-a864-4c7d-b9bf-d87e
1a4e787c¢)

scala> broadcastVar.value

resO: Array[Int] = Array(1, 2, 3)

I EREELIG , BB ERHI TR ERECRAEREY , XFEH(MAFTERREGERE
VEIBMTRE. B ATRIEFFENTREE FXEEFHEENE  WRVABEE BIRRIEL.

Hnss

EENX , RINREE—FMREEEEREMREHT "IN BENTE AW CEEEN AT HITRE
o, BAIEEERRSEIR counters 1 sums , Spark/RESFFEUEREMRMNES , FFAET LB RIS
RIZKA, MNRBIET—PNEZHENNSE , B LAEsparkfUIFER, XX TFIEFRZITMER(running
stages) NIFEBREZERNER. (FR : XEpythonFiEAR#STHF )

— P ENNesrTLUBIR R SparkContext.accumulator(v) IHEMN— MR EVvPElE, TSR W
FEALAEBE add HiEeiEFER += BIERETINE. A , Sl HEEXME. RERERATLUE
F value 75iAEsEEN R INESAVE. WTRIED , B TR BB E NS — N B EmEmAIFETTREN ¢
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scala> val accum = sc.accumulator(0, "My Accumulator”)
accum: spark.Accumulator[Int] = 0
scala> sc.parallelize(Array(1, 2, 3, 4)).foreach(x => accum += x)

10/09/29 18:41:08 INFO SparkContext: Tasks finished in 0.317106 s
scala> accum.value
res2:Int = 10

XMIFR T IERVERHESEEIENME. FAETLUURBEFSEAccumulatorParamElZ B SH R INESSE
B, AccumulatorParamizzOBMNGIE @ zero FiENRAVEIESSBURMH— "0E" (zerovalue) ;
addInPlace FiZFITEMMERIF. BIa0 , RZFIIE— Vector RLREEF LRIRE | BAIBEBUITE
NENSE :

object VectorAccumulatorParam extends AccumulatorParam[Vector] {
def zero(initialValue: Vector): Vector = {
Vector.zeros(initialValue.size)
}
def addInPlace(vl: Vector, v2: Vector): Vector = {
vl +=Vv2
}
}

// Then, create an Accumulator of this type:
val vecAccum = sc.accumulator(new Vector(...))(VectorAccumulatorParam)

fEscaladh , SparkszZiFHE—RRAYACccumulabledz Ok RFREE-E R AR T EINAVT=REA—E
( BlmEE W ERTTE=REST— N IFR ) . SparktEsziEA SparkContext.accumulableCollection 7535210
—fRscalatE & 258,

MIXEFR

I ERS
ReeEMspark BT ML EE —Esparkiz{7l+. 55, SparkiYexampleBRB 214 SparkflF , {RgE
@SN T A RiE T avas & scalaffl % :

./bin/run-example SparkPi
ATARRIIE , configurationfituningfEEaIRE 7 RELERIERE. RIHRRFERFHIEIER

BRI RIFEEENSR. NTEHEREESHY , SAHEEUEIEN R T80 Hh U FIsISE
ArETERAM.
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https://spark.apache.org/docs/latest/configuration.html
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&a . TENAPDEI LT G E M Escala, java, pythonh&E,
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Spark Streaming

Spark Streamlng
Spark streamingZSparkizZOAPIN— 1M & , EXSCRIRAEAENGIEESTY B, &FHE. I8

HMMERER. FATTLMkafka, flume, Twitter, ZeroMQ. KinesisEFIAEEUE , B LUBE BHEM
EK#map. reduce, join. windowFHRHIEREATEHEE. &  WIEERVEHERTLIEERISS
R, #UERE. IEMERED, FJXL L, (LIS RRNEUEN AR ISparkil=s = Hi%,. ELES
=P,

Kafka
Flume <’~z : HDFS
HDFS/S3 Sp Qr K Databases
Kinesis S tf (C4 Qmin 9 Dashboards
Twitter |

ERER , BRI LIEREMI TERTR. Spark Streaming#2ISERTRVMASUETR | AEIEXLEUETIH /ot
R Spark3|Z4ME | Sparks | ZISEUEEAREIIEREUE.

input data batches of batches of
stream Spark input data Spark processed data

Streaming Engine |L L1l

Spark Streaming>F— 1" EEAUHS | IUMEECR( discretized stream )a#& DStream , BRFELAY
#HER. DStreamBEAJLARI A MKafka, FlumeFIKinesisSHRFAENAMNEIRRCIEZE , BT LAEE D
DStreamPYERt_FIBIISMEREGRS. £RER , DStreamZH—ZFIRDDsEf.

KNERIES AP FHAFIADStreamég S Spark Streamingf2fs, FAFAEISFIAscala, javaslEPythonkds
5Spark StreamingfgFF.

i3 : Spark 1.28£3Spark Streaming3| N\ T Python API, BHIFFEDStream transformationsf/1F
FrE R ER(Fa LATEscalafjavaz O EA. A . ERSIFERNRNN AN HEERE T LAIXA
#HHE. EWflume, kafkaZZE/MNERRYTRRIAPISTER RSN,
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o —MRIERIHIF

o EHAHE

o KEX

o #IMAfkStreamingContext
° BELR

o HADStreams

o DStreamAPfyiEik

o DStreamfJiaHiR(E
o FIFEFFAN

e Checkpointing

o IHENFER

o NERNFER

o MBERIL

o IR DHEERA TR )
o REIFHHIIEE

o REFREIL

o HHIEX

— PMRERRIIF
— P ERERIGIF

EBATHENAMAGRE Spark Streamingf2FFRIAT AT , IEBAIIRENS— ME BRI F. X MIF
5, ERNETTCPERFREIRIRSFABOIALIE | KRB ATESRIRTE. AT

B, F1SASpark StreamingfItExZELAR —LE M StreamingContext3R1EHIFE T FEHAZIEA JRYEA S
b, AEAIFAERIE RS (W0DStream ) BN AE. StreamingContextESparkfiB iR ENEE
A, RE  HCET —NEERMUTEEUR 1R #EEFER R (RPLAFL S A5 BIEHER) A A it

StreamingContext,
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import org.apache.spark._

import org.apache.spark.streaming._

import org.apache.spark.streaming.StreamingContext._

// Create a local StreamingContext with two working thread and batch interval of 1 second
val conf = new SparkConf().setMaster("local[2]").setAppName("NetworkWordCount")

val ssc = new StreamingContext(conf, Seconds(1))

FIFEXA LT, FefilgeaE el — 1 DStream , B©RMTCPIR ( EHfizlocalhost , imM799999 ) FREXHY
VAR,

// Create a DStream that will connect to hostname:port, like localhost:9999
val lines = ssc.socketTextStream("localhost", 9999)

XA lines TER—"DStream , FREMGNEIEIRS =RIRGHVREHE. 1XDStreamBYERICREIATE
—(IXA. T, HBEEDStream IS T AR5 S ERIE.

// Split each line into words
val words = lines.flatMap(_.split(" "))

flatMap —1—3XIZHIDStreamiZ(F , BEITIEIRDStreamAIEFRICREVEM S FFNCTHKLIE—H
RYDStream, TEXMIIFH , BITXAEBIIDR T 21 E8IE |, B HETITRIBRIRRA words X4
DStream¥=., T—2 , BIEETERIFRINEL

import org.apache.spark.streaming.StreamingContext._

// Count each word in each batch

val pairs = words.map(word => (word, 1))

val wordCounts = pairs.reduceByKey(_ + )

// Print the first ten elements of each RDD generated in this DStream to the console

wordCounts.print()

words X/NDStreamimapper(—X—4&HIR{E) B 7 — 1 #rAUDStream , ©H (word , 1) X¥4BAk. A
&, BAIFATLARIX N ErAIDStreamitEE#EUEANEM,. &fE , 1A wordCounts.print() ¥TENE#T
HHESR,

TEIENE | B EXERIEEINITR , Spark Streaming{UESRIF T EERITHOHE |, LR EFHR
BHIEF T, EXERRRMPESRFCE  BEEIETIHE , FERERWTRISE

ssc.start() // Start the computation
ssc.awaitTermination() // Wait for the computation to terminate

SEERIGIF I LAENetworkWord CountrikEl,
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WNRRER NEFIMEGE T SparkiiE |, {REtEeiE U FRYS BB TIXNMIF. &5, (REEz{TNetcat/E
FEEIRSSES

$ nc -1k 9999

g, EARIRR , (REEBRWN N H s THIF

$ ./bin/run-example streaming.NetworkWordCount localhost 9999

2= YN A
= j(w/\\

TS
7(‘ THEERRGIFRIEM E , TEBNBmE Spark Streaming i FHfEF L FERI— L EAHEE,

o KEX

o #J8AkStreamingContext
o HEUR

o i ADStreams

o DStreamrbfitit

o DStreamAYIHHER(F

o FEEFEIFAMK

e Checkpointing

o HRENFRER

o INIENFEER

REX
REX

5Sparkzsll , Spark StreamingtZ AT LARIFImavent ., RE{RECHISpark Streamingf2fr , {REES|
AN T EAIRESZEIREISBTEE MavenIin B &

<dependency>
<groupld>org.apache.spark</groupld>
<artifactld>spark-streaming_2.10</artifactld >
<version>1.2</version>

</dependency>
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737 MKafka, FlumefKinesisiXeA1ESparkiz/ OCAPIFRRERTEIREEER | F(IFERMITBRAIER
spark-streaming-xyz_2.10 E{&#iH, Hla0 , —LE@RRNEMII TR

Source Artifact

Kafka spark-streaming-kafka_2.10

Flume spark-streaming-flume_2.10

Kinesis spark-streaming-kinesis-asl_2.10

Twitter spark-streaming-twitter_2.10

ZeroMQ | spark-streaming-zeromq_2.10

MQTT spark-streaming-mqtt_2.10

AT IRENEGHTAYFIER | iBEialApache repository

¥Ita{k StreamingContext

#Ia{t.StreamingContext

R T ¥ Spark Streamingf&s | —NStreamingContextXSNEMBIEE , ©2Spark Streamingffa
TRBREREEANO. —{ StreamingContextXSAI LA SparkConfRdsRElzE,

import org.apache.spark._

import org.apache.spark.streaming._

val conf = new SparkConf().setAppName(appName).setMaster(master)
val ssc = new StreamingContext(conf, Seconds(1))

appName FRREN FEREREERFULERNEF , master 2 Spark., Mesos., YARNEEEFURLEL
B—MFARFRE "locallt]” |, BRNMEFAAMEINIET. SEFEITESETN | (FAAEEEER
rhiE4RID master , T2 2L spark-submit SEIRATERE , FEM spark-submit F1EF| master HI{E.
X FAMUA S ERTTR |, (RETLUEEE “local” FRAEER—MHZENIZITSpark Streaming, FEE
BHIE | BERERRIE T —SparkContextXd5R , {RAJLAEI ssc.sparkContext i5[aiXSparkContext
XI5,

HeRdE) A B ERIE R FRIBERRUN ST RRIEHRIRE | (RALAEERERAR— T 3REU+4aRY

/S

BILARIFEZ7FER] SparkContext 33526l## StreamingContext X448,
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import org.apache.spark.streaming._
val sc = ... // existing SparkContext
val ssc = new StreamingContext(sc, Seconds(1))

S— LT (context ) BXLZG , (RSTURIRLAT LS TIR(F

o TEMHBNIER ;

o ERFMITEIES

o FJH streamingContext.start() 75X WFIGIBEUE ;

o WMIEITRB—EHIFE: , HF streamingContext.stop() A IER.

IURFBEEEAIETT

e —E—"contextBZ3a , MAREBFHIRBEFEEEERIIZEIcontext,

e —B—contextBZ(FLE , B REBEHE

e EIVMHA |, E—HJEREEE— StreamingContext4bFHERIAT

e 7EStreamingContext LiEF stop() 75i% , tBRXHFISparkContextXyg, MR RIE(NKA
StreamingContextX5R , IRE stop() AYr]iESEHfalse

o —/SparkContextXtSRAILAEEFIFEZERIEZ N StreamingContextXI5R , BIiRSFERIERY
StreamingContextfEf5EStreamingContextBllfE 2 GiXi ( A~ FSparkContext )

g

-

A

&6 ( DStreams )
BEaimakE DStreamsESpark Streamingf2EHVERLIHSR | EAF—MNEENEER. EEARNEF

SRENAVIINT | BEARBNRETEHE FERRICIEIGRIEER. EAEE , DStreamsi—&R5iELERY
RDD#HpY. DStreamssfIE"RDDERE SHEERTEIEIFBAAIETE | W FER :

Bl

<

L

RDD @time1 RDD@time2 RDD@tme3 RDD @ time 4

data from | data from L data from . data from ._>
timeOto 1 time 1to 2 time2to3 time3to 4

DStream == == -

{HAIXS DStreams AR EEREE AL 7 XS DStreamsfR2AIRDDAVIEIE, 7ERIEAYGF , flatMap BIENFE
T lines 1X/"\DStreamspg9&~RDD , &pf words i X/1"DStreamsfIJRDD., S 240 TTEF :
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lines lines from lines from lines from lines from
DStream timeOto 1 time 1to 2 time 2to 3 time3to 4
flatMap
operation
words words from words from words from words from
DStream timeOto 1 time 1to 2 time2to 3 time3to4

B Spark3 | E it HIX LSS RDDRVAEIREF, DStreamsi{ iz ¥ XSO RIMTS , FAEATERERE , 5
FRERMHTESENAPL TH/LTHEMTICIXEERFIAT.,

i NDStreams

V. .
EiADStreamsHIreceivers
A\ DStreamsZR s MNEIERIABGR N SR RAYDStreams, EHIEGIFF , lines FRiADStream , ©

RKZFMnetcat IRGFEFREVIEIER. F— NN RDStreamfl—™ Receiver JIZRAEXEL , IX4 Receiver
MWIEAFIRENEE | FHEEIEEAREHRETLIE.

A DStreamsFZ =M BB FIRENAIRIAEHER. Spark StreamingifiEREEUREIR

o EZJR (Basic sources) : XL&jR{EStreamingContext APIRERAIA. fIaIXERS. EEFE
. AkkafJactors,

o =4%E ( Advanced sources ) : XtREEEKafka Flume, Kinesis, Twitter&s:, BIEE@ELEYNY
FRAEA. A EREI—TII8 T RU.

FEIRHE  NERFEE— R FHEP# TR Z MBI ADStreamRIZW SRR | (REEBBIES
MR ( XEEEERTEI—TNE ) . BEtIESZ MReceiverBERIEINSNMEUER. B2  receiver
VER— MRS THHESIEIT1ESpark worker‘}ZexecutorEF' Hit , EAE—MZ , XMZERTLE
Spark Streaming N FIf2FFRIRTE#ZHAI— (it occupies one of the cores allocated to the Spark
Streaming application ) , FTLA , J3Spark Streaming N FIfEF D ECEBAIZ (WMREARMISETT , BPARE
2 ) AL IR ERIRIEUEF BiE1T receiver 2 IFEEERY.

ILRFBEEEAIETT

o WIRDELENFREFIZAVEE D TEEFTHADStreamssEreceiversiI#E , RFREEEEIEL
TEMARERLIEES ],
o LE(TEAM , tNR(RAImaster URLIFIZER T “local” |, XIFMRE—MAETES. XWEFR
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Spark frEfEEaEIIAIIhR
RERER , EAFEA receiver FIBIADStreamiE& SR MZ , XIFHIRBRIRAIZRCIEEGE
7.

AR

BIIBLEREGFHEEF , ssc.socketTextStream(...) FiEASIEMTCPER IR SIAEGE AR AL
DStream, B&TER= , StreamingContext APItSZIHBI 4 LR Akka actorsfEABINIREIE
DStream,

o {47 (File Streams ) : M{EAISHDFS APIFHRAISER S HiEENEYE , — 1 DStreame] LUEISN
THAEE

streamingContext.fileStream[keyClass, valueClass, inputFormatClass](dataDirectory)

Spark Streaming#§<in#s dataDirectory BR , FEMEBR FEMRMHIX Y ( HREBRAH
). 382IE— =R

1 FrEX /BB EREREEE
2 frEX 1 /0fE dataDirectory BR TRl , XH-REMIBIERRZEIEERT
3 —BERa) , XHRMEIES. FrLANSRSAF LRI INETE | FavEiE RS HIEE.

STFERNAIY , B— 1 EEEG% streamingContext.textFileStream(dataDirectory) AL
. XHRAEBRIGIT—  receiver , FILAREE SR,

ESparkl.25h , fileStream fEPython APIFRAEIA , RA textFileStream BJF,

o ETHENactoriUi : DStreama] LA
streamingContext.actorStream(actorProps, actor-name) 75iZMAkka actors3REXAIEHE "KL
2. BARERNEE Y receiverigEg actorStream EPython APIFRARA] AL,

o RDDRAFIWEAREUERR : 7 R EgENKSpark Streaming R BfERs . AiTtBRILAER
streamingContext.queueStream(queueOfRDDs) J5i£EFRDDBAFIBIEEDStreams, &/ >pushz
BAFIBIRDDEB# D StreamBItEE | Bim—HFAbIE,

KTFNEEF. XHflactorh3REUANESMT |, i5FStreamingContextflJavaStreamingContext

=

==X 15

XERFEEIFSparkEREO |, AR BT DEFESZIKE ( flgnkatkaflflume ) . AT EIMKER
BIRRAIPSEAER , MIXLERBIEEDStreamIIHBECEMBEI T IMSIAVEEF | (REEFERIAEEMT. Hia0 ,
ANERITAE FASE B S AU AR CUZE DStream |, {REEILIRIN T TRE -

e XEk : #I0 spark-streaming-twitter_2.10 E|SBTa;mavenIi B AL+
o BE : B TwitterUtils 2§ , A TwitterUtils.createStream J3;4&8lZEDStream, {0 N7~
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import org.apache.spark.streaming.twitter._
TwitterUtils.createStream(ssc)

o EBE : BRENEFLINREMEHIKE ( &Espark-streaming-twitter_2. 10AKILAR BRIEEIK
) I Rjarl , RIeEE. XESEETHFEH—ZHINE.

FEITR  XESRATRE spark-shell HAGERER | RIWETXERIIN FBIERFFiEEshell
il

TERBNESRoHIERE |

e Twitter : Spark Streaming#IJF8 Twitter4j 3.0.3 SKEXATAVHESR | IXEHESOBIT S RAPER/E,
TNIHERR LB Twitterd) EEST AW T AR, (RERRERBISRIATLR | BB ERIETXEFY
EERYM. IRRJLAEEAPIN ( scalafjava ) F1fI+F

( TwitterPopularTags#dTwitterAlgebirdCMS )

e Flume : Spark Streaming 1.288Mflume 1.4.00h3KENEURE |, BILAEE flumeSEniisi T EEMEE

o Kafka : Spark Streaming 1.28g@ M kafka 0.8.0FF3REXEUE , nILAEE kafkafErligra T HEFMER

o Kinesis : EE&KinesisEERIER 7 EFMEE

BENIE

fESpark 1.25h | iXEGEARME Python APISZiE, #IADStreamtBalLUBISEENIROIE | (REEMAVESL
WARFPBENXA receiver , XA receiver BJ LA BENIFRIEKEELA N S EUEIERSparks, BIYEEN
receiveriga 7 FEMER

Receivero] 5214
HEF oS amEsuEE, B@katka, flume)7diF, WNSRMIXLE SEH R EN AR R FeRens IERRRI N
ZBRTEHIEUR | CRAEHRIRIE(TAIER FAREEIRE, XK, SiEFmHEEreceiver :

e Reliable Receiver : = EJ§efIreceiverIEFHNE— IR , BUECEWEIH BRIt EHIZ
7 Sparke,

e Unreliable Receiver : XreceiversfisaiF e, BMENSFT—NEIRMER , FFRE et — N ER]
ZEHreceiver , X/ receiver F BN E,

RS FEAYReceiverfV TR E X receiverhBIFHANA.

DStreamegYiEik
DStreamghJa&#a ( transformation )

FORDDZEL , transformationFiF NI A DStreamRAIZIEHUEN . DStreams 5 RZAERDDARIFEAY
transformation&+, —LERNEFU TS :
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Transformation

Meaning

map(func) FAAERZEL func SMERDStreamBI&E NIt |, IREI—1MFEIDStream
flatMap(func) SmapiBil , EEE NN BHRST A0 EE Z M eI

filter(func)

IREI— N FTEIDStream |, BI{XE &IRDStream i E EREfuncAIIn

repartition(numPartitions)

BT e E e E /P ipartitionKZDXNDStreamfyH 1745l (level
of parallelism)

union(otherStream)

IRE— 1P FEIDStream, B8 8 REDStreamfJotherStreamBYBER ST

B EIRDStreamep & "RDDRITTREE | IREI—1MESHTER

count() ) N
(single-element)RDDsAJFTDStream
FFAEEfuncBREEDStream+&"RDDAYTTE | IRE—MEEETT
reduce(func) Z(single-element)RDDsHYFrDStream, REIRNLZEMERELAY , LUE

THEALFHTH

countByValue()

XANEFRFETFTEEEFKGIDStream £, IREI— ( Klong ) X9t
#DStream , B MERVERERDStreamiyE 1 "RDDHAISTE,

reduceByKey(func,
[numTasks])

BME—MAK V) IFERAIDStream ERAXANEF | RE—NHIEH
(KV)3FBRLAIDStream , H—keyIEIIHLAERI reduce FRERE
R, IR ERIABERT  XNEFFA T SparkBIARNF R ESEL
E5E. {RAJLAR numTasks SHIREANRIRNES2L

join(otherStream,

SNMATHEADStream (—PMEE (KV) —1MEEKW)RT) | &

[numTasks]) B—NMEEK, (V, W)XIHI95FDStream
cogroup(otherStream, MNAFHFADStream (—MEE (KV) X,—PMEEKW)RT) |, R
[numTasks]) B—MEE(K Seq[V], Seq[W])HI7TE
transform(func) BIIXSRDStreamAY&EMRDDZFIRDD-to-RDDEREY , BlIE—HY

DStream, 1XANEJLATEDStream=8Y9{F{a]RD D/ ER{E

updateStateByKey(func)

S ERIREEFHDStreamATIRE |, —/NHfr'state"1Y
DStream,

BEM MransformationBFEESEANE— :

UpdateStateByKey#2{E
updateStateByKey#{EFiF AT AFIERE

EHENRRFHIENES., (FREBEIMLEHRERE

o EMREG-INEHIURHARIEESEE
o EXREEHRE - EHFBEFRIIPASHINBNRE BRI EEFRE

IBAIZEANPIFREE. EAIFF | (FRERS—NAEIERTE RIS TR, 15

=, CHIREIEERE
AXHEER B i

1TIREIFE— N state
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def updateFunction(newValues: Seq[Int], runningCount: Option[Int]): Option[Int] = {
val newCount = ... // add the new values with the previous running count to get the new ¢

ount
Some(newCount)

}
XANREHE AR T DStream B & A5 £

import org.apache.spark._

import org.apache.spark.streaming._

import org.apache.spark.streaming.StreamingContext._

// Create a local StreamingContext with two working thread and batch interval of 1 second
val conf = new SparkConf().setMaster("local[2]").setAppName("NetworkWordCount")
val ssc = new StreamingContext(conf, Seconds(1))

// Create a DStream that will connect to hostname:port, like localhost:9999

val lines = ssc.socketTextStream("localhost", 9999)

// Split each line into words

val words = lines.flatMap(_.split(" "))

// Count each word in each batch

val pairs = words.map(word => (word, 1))

val runningCounts = pairs.updateStateByKey[Int](updateFunction _)

RSB N RIEEA , newValues HIE—E5IAIL ( M (8, D)XIME ) , runningCountifiG
BIRRE, BERENRLS , WHlF

Transform#Z{E
transform #/E ( AR R0 transformWith ) S 7EDStreamiz{T{E@RDD-to-RDDEREL,

BRETEH AN AR EDStream APIFZ{AYRDDIEE (It can be used to apply any RDD
operation that is not exposed in the DStream API) , {340 , EZEUERFEIE ML ( batch ) 1540
— NEHEERIINREHIRBEDStream APIFRIEfE | AMIRAILATBIERAIFIA transform 73A8E!, NSR{RAE
BT EEHBM T BRSNS RV A EIE R BRI SR | REE TEl] | (R LRI 5
KAt -

val spamInfoRDD = ssc.sparkContext.newAPIHadoopRDD(...) // RDD containing spam informa
tion

val cleanedDStream = wordCounts.transform(rdd => {
rdd.join(spamInfoRDD).filter(...) // join data stream with spam information to do data cleanin

g

)

ESC EF, {REAJLAE transform & Bl ss = IfMETEEXL
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B (window)iZ{F
Spark StreamingtB 33 FEOITE , ERHRE—NMBENEOEYE_ LA Atransformation &+, TE|[F8A

TRABHED.

time 1 time 2 time 3 time 4 time 5
original [ ]
DStream

window-based
operation
windowed
DStream
window window window
at time 1 attime 3 attime 5

N EEE , BOERDStream Eigs) , EFHFRIEEABERAYRRDDs , F=EEOAIDStreamay
RDDs. EXMEFRIGIFH , BAE=1IERTHEE DHTEDRE , AESM I RERTE—
R, XiRBE , HI— 1 EORMFEEEEER IS

o BOKE : RV
o BRIAYRTIAIERRE : EBOERERITAIRIREIRE

XFNSE R IRDStream gL AT 1B BIFRAYEEL.

TEZGhRBBE O E. B0 , (R8T ERIERIGI X &I A30F YA | EfREER10R, ATIA
ZIXANERY , FA I RTEIT X 30709 pairs DStream LR reduceByKey #2F, FA7Tx
reduceByKeyAndWindow 3L,

5

// Reduce last 30 seconds of data, every 10 seconds
val windowedWordCounts = pairs.reduceByKeyAndWindow((a:Int,b:Int) => (a + b), Seconds(3
0), Seconds(10))

—LEANENRMFN TR , XERFRERT EAREIINMNSE - BHKEMBzIREEER

Transformation Meaning

ETRDStream~=4RIE LRI EGRITE—RRY

window(windowLength, slidelnterval)
DStream

countByWindow(windowLength, N N
y J BB TR — N BE O

slidelnterval)
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Transformation Meaning

RE—NRTTRIR. FRRESfuncREBHIIEIERR
ROARAITCER BB MERTTRIA. AR ABRERRY
LAGET E BB IEFRRIFHTITEL

reduceByWindow(func, windowLength,
slidelnterval)

RZFZEI—/ MK V)IFERAIDStream L |, 3REI—NE
(K,V)XHBRZAIETHIDStream, &— M keyAY(EIIHLS
EMreduceFREEREHK, T8  ARABRT , X
NEFFIBT SparkBANH RIS HESE. 7F
AR numTasks S#0&EARRRMESEL

reduceByKeyAndWindow(func,
windowlLength, slidelnterval, [numTasks])

A more efficient version of the above
reduceByKeyAndWindow() where the reduce
value of each window is calculated incrementally
using the reduce values of the previous window.
This is done by reducing the new data that enter
the sliding window, and "inverse reducing” the
old data that leave the window. An example
reduceByKeyAndWindow(func, invFunc, would be that of "adding" and "subtracting”
windowlLength, slidelnterval, [numTasks]) counts of keys as the window slides. However, it
is applicable to only "invertible reduce
functions”, that is, those reduce functions which
have a corresponding "inverse reduce" function
(taken as parameter invFunc. Like in
reduceByKeyAndWindow, the number of reduce
tasks is configurable through an optional

argument.

N AZE—MNKV)IFEBMAIDStream L |, IRE—H
(K,V)XERASETEIDS tream, &/ keyABEEBEEA]
EBoshEOFHIAYRER,

countByValueAndWindow(windowLength,
slidelnterval, [numTasks])

DStreampYiai i E
DStreams_E8%HIRE

EHIR(ESIFDStreamAYIR(FHEZIINEUEE. XHRFFIINER S . FEHRFLhr ERAATFINBER
FEHZRARENEEE | EIIRISIFME(ERDStreamitit, BT, EX T NEJUFMRHIERE :
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Output Operation Meaning

fEDStreamiNE MEEUEFITENRILI0RITR | XM EEF RFIVEIH
hEFEBA. EPython APIFIEA] pprint() .

RIFDStreamf B A—1NFFILRISG SequenceFile , B—MitiE

BREISTEISI- B ET prefix #1 suffix ££/%., "prefix-
TIME_IN_MS[.suffix]" , 7Z£Python APIRATIH,

saveAsTextFiles(prefix, {RIEDStreamYABTI—INXAI . BE—MILBIFRRISUFRISSSA
[suffix]) BT prefix #1 suffix Z£p%, "prefix-TIME_IN_MS[.suffix]"

{R7FDStreamPIA A A— 1 hadoopXf4. B—MtEFRRISUAHEISHF
BET prefix 7 suffix &£pk, "prefix-TIME_IN_MS[.suffix]" , &

print()

saveAsObjectFiles(prefix,
[suffix])

saveAsHadoopFiles(prefix,

[suffix])
Python APIFRAETH,
FENRPERAIZRDD LN AREL func EIBRRIEIEERIE. XA
BREINZIEX S RDDAVEURZIINGR R S | FIAN{RFRDDRISHFaE
foreachRDD(func)

BEMNEERIEIRES., EEIENE , func RETERENTERSH
17, HEIBEEERDD actionfEEmEEEIRDDIRAVITE.

FFHforeachRDDAYIZILHRT,

dstream.foreachRDDR—MEARIRE , RIEEURZIIMERSG . A , BBEEFEb, SXutAEX
PMNRERIEEEEN. TE/LRNMA T IR —RER,

o ZXEBHIEIVNBRARFTEE —MNERIR (HINRITIEIRS|/ITCPIERE ) , AEREHIRRITER
5. ATXEXNTBER , FARARBBEAZERIESparkIka el —MERX S |, (BRESpark
workerspIARIX MERIIRARFICREIRDDF , 20

dstream.foreachRDD(rdd => {
val connection = createNewConnection() // executed at the driver
rdd.foreach(record => {
connection.send(record) // executed at the worker

)
)

XEAERRY , BAXFECFIIERNSR , AR EMdriverkizElworkerdl, XHRNEREXISRENL
seZ [AABEEIE. ERRERMAFFIGEIR (ERNRATFFIL ) SiERUER (EEIRMIXE
worker#Jiatt ) &%, IEFRIRRINEREWorkerhEIEIEEXISR,

o M , XSEMBI—TERRER-NE—NMEREE T —MERNR, H90
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dstream.foreachRDD(rdd => {
rdd.foreach(record => {
val connection = createNewConnection()
connection.send(record)
connection.close()

)
)

BE , fIE—MNEENSERRNENAS. Bt , AENMCR OB S E NSRS AFEBIF
X, BENRLDERRNEAREITE, —NEFIERDNEREF A rdd.foreachPartition 5i%, 7IRDDAY
partitionBllfE—MEENTSR , BN SAIXpartitiondFIFFBICR.

dstream.foreachRDD(rdd => {
rdd.foreachPartition(partitionOfRecords => {
val connection = createNewConnection()
partitionOfRecords.foreach(record => connection.send(record))
connection.close()

)
)

XHASEREISRAVBIETFH D PER] T partitionfIFFBICR LT .

o &fF , JLUBEEZRDDEEMEIEAEFERZIRMEH—SHILML. FEAEILURE—IEE
RUERISRIt , ESERETRNSESHIURRIRDDHEXRIINBRSE | LidH—LS &

dstream.foreachRDD(rdd => {
rdd.foreachPartition(partitionOfRecords => {
// ConnectionPool is a static, lazily initialized pool of connections
val connection = ConnectionPool.getConnection()
partitionOfRecords.foreach(record => connection.send(record))
ConnectionPool.returnConnection(connection) // return to the pool for future reuse

)
)

FEIEIR | tPRERNSRNZIREFEEREE , AEETH—RIJEEEa0E. XERERE T
RN ANVRELIERIINER SR,

HeZEEEautrs

o ISR EBITWHITAOS RIEDStreams , IEIRDD actioni@iSHHITAIATRIERDD, Bifkit
%& , RDD actionsfIDStreamsig iR ERKEGRERINE, Bt , RRNONEEF B IR HIRE
S E BT HIR/E dstream.foreachRDD() , {BEE2%E{ETRDD actioni®{ElE
dstream.foreachRDD() BBl , BBATAEASIIT. RFENUNSELEEAN  REEFEN].
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o BUABSRT , DStreamsiitHBERDRIHUTHY , BN HRRN RRERFRIE XIFRFHIT.

RAFEFFAN
AT AN

MRDDFE{IA , DStreamstB RIFFFABEFRFFANWREIEEINFH. EDStream_EfEH persist() 75iEALABS]
HFFEA A DStreamEYRDDEIAFH, FNRDStreamFRIFIEREITEZR , XRIEEBAN. &

reduceByWindow # reduceByKeyAndWindow XFE#E{E. updateStateByKey XFHETFIRAY
B, HFANRRANN , FFEEARERER persist() 7i%.

BlamEges ( ahkaftka , flumess ) SRERRVEINEER | BUARIFFANREEEREFIEIRZIM M AENT <
AR E.

it , SRDODAERIZ , DStreamsBUAFANUR B ZEFEFY L EIREING S |, XBEEERNET N
7. EEZRERBEEdEAL

Checkpointing

Checkpointin
— RN BREFOREXRIRET , ATEYREEE RN FIEFEEA RIS (WRSER | VMEER

%) . ITEHEXMAERE , Spark StreamingEZEcheckpointBIBHEERISIEFMER ST , LMERFMN
HEFIRE.

e Metadata checkpointing : (RFERITENE X EERFEFHERFUNHDFSH, XAXRKER BEF
FizfTworkerfITs RAUHSTE. TTEUEEIE

e Configuration : l&Spark Streaming B2 FHIECEER
e DStream operations : EX StreamingFEBiEFFHIR{EES
e Incomplete batches : E{EFEBATIFRIRTTALAIRL

e Data checkpointing : {RFEKRIRDDREIAIRIFHER AT , XEBIAStransformation (&S
S AMERIEERE ) PEVWFN., EXE— Mransformationd , £RAIRDDIKEFZ BitAIRDD |
BEERTERMER | XM KESIEIEK., ERENEEY , ATEEXMERIERK. BIRE
AytransformationfI+R[EIRD DG ERIMFHEEIT EFERER T |, LABRTNXAMKERE.

TeEdECcheckpointFEEE N T MdrivertifE ik EEE. tNRtransformationi2{F#BEIT , £dE
checkpointBIfsE7E B ERRTEM FHERE X RAT,
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{alBdcheckpoint
N EBREFE FEMRMIER i iacheckpoint

o (FABRESHItransformation, WNRENFEFERFAEZEIT updateStateByKey mi&
reduceByKeyAndWindow , checkpointB ZHERMAALIERIcheckpoint RDD,
o NEITHNAERAIdriverfUHFEHIREITR, ERATEFECheckpointikE4EIER.

IR IREIIRIEIRSHtransformationfYE B RN B R EIE T AT LAAF Scheckpoint, FEXFPIE
T, MdriverffERREIEEBDIRE (BRI TERERSELENEIRSESELK ) . XBERAULUE
2, FZIE{TRYSpark Streaming i FTFEFEREIXFA .

‘EFACE Checkpointing

TR, URERXHRS (HDFS, 3% ) FiRE— 1 HRATRFcheckpointiEE. HaILUBEE
streamingContext.checkpoint(checkpointDirectory) Fix¥itl, XIZITIRAZBINBNEIRES
transformation, 534& , WIR(IFEMdriverffEh kS , (RAIZLA TERISNES{RAIStreaming i FHTE
F.

o LNFARERFEE XS5 , #iiE—{StreamingContext , [FafFiEStream , AFEA start() 75i%
o INFARFEABIEENG . Bi¥SMcheckpointBRcheckpoint#iEEHel:E
StreamingContext

// Function to create and setup a new StreamingContext
def functionToCreateContext(): StreamingContext = {
val ssc = new StreamingContext(..) // new context
val lines = ssc.socketTextStream(...) // create DStreams

ssc.checkpoint(checkpointDirectory) // set checkpoint directory
SsC

}

// Get StreamingContext from checkpoint data or create a new one
val context = StreamingContext.getOrCreate(checkpointDirectory, functionToCreateContext _)

// Do additional setup on context that needs to be done,
// irrespective of whether it is being started or restarted
context. ...

// Start the context
context.start()
context.awaitTermination()

N8R checkpointDirectory 774 , £ T3S FIAcheckpointBEEREIE. NRXNMNERAFE B
A functionToCreateContext FRELEIZE—NHAY_E T , #37DStreams, B
ZERecoverableNetworkWordCountffl|+.
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PR T {EA getOrCreate , FFABEW/RIFRIEENIEALER |, driverfdbIBERIER. RECBEEEI T AR
FFROEMIRIESRAZIZBEN. EPEETEEEH—EMTIE.

/X2 , RDDHcheckpointingBF#EMA. X=SEUEHE ( 8 2HIRDDIFcheckpoint ) UM IERTE)E
. At , FERIVORNIKEISCIERIETEER. RIS EE S IFRIZEEE)IBER T | checkpoint&Eiit
RSB ENRRENEIE, K , checkpointing KIDEEFGERUREZAIMEK |, XEF74H
EHE, EABRESHtransformationZEZRDD checkpoint, ERIARIEFRATEIEHBFRATEIAEER ,
/1080, BrLAEIE dstream.checkpoint RigE., HARIERT , iREcheckpointEf@ZDStreamfy
BENEREAY5- 10 A/ NE— MFRYE,

ZRZE N IR
== N FIfERs

Requirements
1B{T—Spark Streaming N 2R , B FE—LLLE

o BEHESNSE-XEE[Spark EFEHRENFTN  FUEESRE

o WERIFERFTAjarE - R R RN e RjarE. WIEMRFspark-submitFSEhRIFRERF , 1R
FEEIESparkfSpark StreamingFJ X NarE, WNR{RAONEREFBREI TSR (a0
kafka , flume ) , {REEIGE(IXKELAISNBartifact AR BN 1K TR E B BN A Fjare
iR, a0, — N BERREIT TwitterUtils , ARARIEZESS spark-streaming-twitter_2.10 LAR'E
HIFF BT B EIN FRfERjar,

o JfyexecutorsECERBHINTF-ENRITHIEHRLMFEERTT |, executorsECE R BRINTRAXE
RERIRYEEE. IR WRREEMLIODHRIELOERE , RENATEEDEERFL0DTIIETE.
LA, NFBRERFRIAF BRI T E A ERR(E.

o FgE&Echeckpointing-tN&Rstreamfz FfEFREZE checkpointing , RE—1"5Hadoop APERBSHISE
FEERVARENGERIIBR | MNAREREcheckpointEE B NIZBRATHEIRIKE.

o FCENAERFdriverfIEmIER- 7T BahMdriverflEHIRE | BTN FEFRIBEIZ e RReE
driveriti2 , MIREKMTEEBERE. FRVERFEER , BAENTREEZI6E

e Spark Standalone : —/NSparki FBfEREdrivera] LIRAEZISpark a7 E£8HIE1T |, tERiRiidrivenzlT
FE—workerfiR b, H—2KE | MRS EFEIRsSREB s~k RiEdriver , FETEdriverikii
( HEZHTIEFRRHABMexit(1) , BERTFiziTdriverfyTs RATEEE ) AYIER FERFdriver,

¢ YARN : YARNABGNERBNBERRE T SHMUAIHH].
e Mesos : Mesosa]LA\FAMarathoni2#ti%Ihge
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o FgEwrite ahead logs-fESpark 1.27 , A TIRIERGEBINTELIE , A5 INT — P RA0Ie AV
M-FAEHZ (write ahead logs ) . WISIZEHEFFS , MreceiveriAENRIFTESIES TS HEBA
BcERIcheckpointBR, XEILABsLEdriverfifEELEHE , NMIIRIEZEIREER, XN IIRERILABEIL
RERLESH spark.streaming.receiver.writeAheadlLogs.enable AtruesEHg. 7AM , IXLEGEAY
1B X AJgeLAreceiverfIENEITEAMM. XEILABEHITIZEITESNreceivertENFENEXER.
Hh , SMEHEHER , SparkFISHIEURINEEREEAR | B AZESELFHE T — N EIANER
BEg S, JLUBITIRE®HADStreamiIFE &5/ StorageLeve MEMORY_AND_DISK_SER k78
1ZI8E.

R AR
WNRE1TAISpark Streamingh BFEFREHR , BRMERERNGIE

o FEIFARHINARER  FESKARNNAREFHTIET. —BHNER ( SHiEFZKERRYEL
15 ) E2ESEHE | (BRONARERFMAILIKRA, XMDEFHSEIERXER N AR BRI (#E
F— ., IBEEF—)

o Bt , FEAIXHA ( StreamingContext.stop(...) B¢ JavaStreamingContext.stop(...) ) BRI EE
F. EXAZAE , ERIEESEKREIERSMNER. AT |, el LUShARINERER | FHRRIN
FREF=EE INAEFRITRLIE, XMEECHFEE RREFIIREAYRNIR (40
flume , katka ) , XEREAZIBHNNBEREEXEA , FHRNNBEFEIBEMINEHE  ZIEEE
WEEF.

Vet ol =
J:Ilﬁfﬁ}\_L . *EEF%_
i R

Bﬁ?SparkE’g%?ﬁbﬁ?Spark Streamingighn T —&EHIINEE. R FEStreamingContextfJRT

& , Spark web UIR7RiZNAY Streaming 328 , FLAERIZ{THIreceivers ( receivers@BRaiA.
FITRNICREL. receiverigiR® ) MTARMIRIRIHER (#HHIERTE. PATIEFER ) . XATLIFKRR
A R IR,

FEWEB UIAY Processing Time #1 Scheduling Delay MNESIEGEIEEEEN. F—MEIRERRIEL
IEQMERIATIE) , BT MEIRRRIEHNESTSEEZ f5 |, SR ERSIRRYSESRT A, aNSRAANRRY ALY
HEIPRAY A AR K B PAFISFRIENFELEN , XRFURR R T ELAM SR~ ERIEE M IRX LR |
BAMMEERREET. EXMERT BRI R E,

Spark Streamingf@FEHIME SR AT LABIE StreamingListeneriE kMt , XMEO RILFRIFE
receiveriRSFINMERATE], FR , XMEORFAEAP] , EERRERFKIRHEEZHER.

EREVANT
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L\b\ «~
SR -
ERfPAYSpark Streaming N FEIEFFIASRIFAIMEERE—LIAR, XEBNB/ NSRS | 125
Spark Streaming N FfEFAYIERE, (RHEEEEREGEHS !
o SRHF RS/ DI EUERI IR E)
o XEIFFRAEE (size ) |, (FEEIEAIGIBIREREWSH EHUBRIIZKUERRE
o R/ DHIEUERYITRTA)
o REIFMHAIMESE

KRR

R OHEHRRIAA THTIE)
R EERI A THI(E]

fESparksh B LIMACAT LR AL EBRIRSE), XERTLIELIERMETIT1E. XTERTIB/INEER
A9,

HuERBRYFH TR

B mzg@kafka , flume , socket®F)EEIRFEXLEHIRR FIINFFHIREFEISparkd., TNREUEREIL
FAZRFRIIRN , EEEFHTIHREEYE. 8 8 MADStreamBlIE—A receiver (1B177E
worker#128 I ) BN EEER. BIESZS MNAADStreamHAEE S TR LAMNBRP KRR S XISUET |
MSEILZEUREmEI. Bian , BRI topicBUERIERME A DStream B LA 153 M Nkafkafii N7t |
BFMEK— Mopic, XEER Mworker FIEFTEA receiver , EIC I SURFH TR | IR AHET
82, Z/DStreamA LA EFHERENDStream , IXEHEFTEE M\ DStreamfltransformationi®{Ea]
LUz RESFHIDStream £,

val numStreams = 5

val kafkaStreams = (1 to numStreams).map { i => KafkaUtils.createStream(...) }
val unifiedStream = streamingContext.union(kafkaStreams)
unifiedStream.print()

BI—NEEERAISEZ receiver RIFBZERTE], XTFAEBHDH receiver , FEFASparkIFEZHI | £
HEUREBR S TR T — PN AEIER., BHIEEUEFRINEIRE TIESHINE. XEESEMAEmaply
transformationi2{EZICAIEIRE. BEZEEPRHBCESE] spark.streaming.blocklnterval JRE , BABRER

ZENRHE S receiver RN AR EF D ECMALIER (FIA
RIHER B -36 -
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Spark JrtEtErafE AR
inputStream.repartition(<number of partitions>) ) , TEH—FIREZHI , BITERAIN 288 O ElE
ISTHIRLETE,

HAECIERAIFHATKTE

INRz{TEITEstage ERFARESEARERKR | IASFTHFAEHNSR. Hla0, XFofhzireduce
1#24E40 reduceByKey # reduceByKeyAndWindow , BRARIF RIS E0BITE S B SRIfE

( configuration.html#spark-properties ) spark.default.parallelism , {RETLUEBISSE] (
PairDStreamFunctions
(api/scala/index.html#org.apache.spark.streaming.dstream.PairDStreamFunctions) ) {&&H1TE |
& IRE S spark.default.parallelism 1S5 EBRIANE.

SUERFEML
HIEFFIASFHEETRAL , 512 Ysub-second R AIRMEKET, FEEFHMEXS :

e SparksFRDDEUEAIFFY L. KT EIRFFICIES RS Spark{fiitigr. 18 , SSpark R ERIZ , BUA
RIRDDEBHF AW AT MERIFTEAE | LU SHAREISHRXATE =,

o HMNZIERIFIIL. MINEBIRENEUEFEISpark |, SREXAYbyte SRR ZEMbyte R FFL |, ATSBIRAR
SparkRIFRF MUBTUEFTFFARISparkd, EILE , WIASIRRIRFIIHEZERTRER— MR

(EESHEREIFHAZ
BIMEMNESHEIFEAN (S0HEEEZ ) . KX(ESEslavefIEEERE | XEFEKREEIREIT
( sub-second ) KA, BT FEBINEZRTLUR/INTSZ

o EEFIIL, B TkyroFFF M RTRTLURIMESRIAN . MiniRvIMESS &ixEslaver IR El,
o HTIER. 7EStandalonet®Z FEEEAIERIMesostET, FIE{TSparkaJ LATELLARRIEE MesostET
E1TSparkik S ERAHES BaitE. AILAEEMesos Mz{TSparkhREES(ER.

These changes may reduce batch processing time by 100s of milliseconds, thus allowing sub-
second batch size to be viable.

IREIFRIIMEE

sen - o A—=1
wEIFHit S =
597 Spark Streaming KL PR A AL SR MISREIEST | RUARIX A LR B AR R A ( 8]
B R F S T IR ) . XA LE TR UIEEE), MBS aRn T i

PRETIE.

RIERT SRR | WEFRRIERTRERE R ERMRER | X MNERA LB N AREFER. JUE
F& WordCountNetwork iIXPMIF , JFT—MFERISIRMIERS | RFtrTaEr] A2 TEl—REFLT
£ (HuEFRRTE2ED ) | (BRIEES002FTEI—REBIFEL. Ll , AT EEF NG ESFHRRIEEE
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SEER | BNZIRE SERIHERRE (BRI EUERE ).

HHIEFRII S E—MFRD AR A— MRTRIHLEIFRRTIE) ( 5-10,% ) FHEREIRERANII RN FEE
Fr. ATRIHRRIRSTEDSREEIRCIEESR (R IIBI M E iR iRiERERFMT ( JLAESparkiK
FEFFRYlog4)HEHEE "Total delay"si&FIAStreamingListeneriz [ ) . WRIER4EFIEE  BBAR
SRIBEN. NRIERSEIEK |, BARKLER FEIRMEER , EFREN. ReessdEmmnsds
SeEEREE OIS EREH LRI, T, BABREREESIEEEIEINSEGEIRBHERIIBIK A
BERIERRY , AEERgEEFHERITRE (NTHEE) .

AR
R

EEREFRERLAN Spark i AR FRISAR EIKAT A BEAESpark (LU FPIFEAN A, EX—T7 , HiIE
RNBI/NRZUEFNBENER |, EII1ILUE Spark Streaming i FEREFLAREIWAEXE (= | 315
BRRERIHLALIERTIE.

e Default persistence level of DStreams : F§IRDDsAEIRIE | EUARISFAU RS EFF L EIRRIATE
o ( DStreamE StoragelLevel. MEMORY_ONLY_SER , RDD# StoragelLeve MEMORY_ONLY ),
B RFEUE AR MRS RIENNES Y/ RFFICRIFHE | (EE2ATLABERRD AR EEYE(E.

e Clearing persistent RDDs : BRIAER T , @1 SparkWERHREE (LUR ) , Spark Streaming4=pkiy#
A RDDBEMNATFHEEE, W8 spark.cleanerttiB&iRET , WX N HEFEEEZHFAMHRDD
B ERREERE. ENREREAVAME , XMEFERIESpark Streaming N FIREFFRR(F/IVINR

&, M, JLURERERIN spark.streaming.unpersist AtruekEERERIEXFRFAN
(unpersist ) RDD, XNMEREFERFAKHIPLARTELERBRIRDD , ReERHANLEN]. XaILUR

/>Spark RDDIYRTHER | thalsesiELaREIKRITA.

e Concurrent garbage collector : ERFARFRIC-BFREIR BT LUHE—Z R SR B A E (St
B, REFRNOLEREINS DO RFANBRATIHE | ER(AEEER LR EEI2ER IR
=18

BB

SHEY

X—F5 , B NSITCET SRSt Spark Streamingf91T . A TIRFRXL | 1HR(15EIBF—LSpark
RODHVEARBTEIE N,

e —/'RDDEAHZER. WMEANESITERN. DHiEIESE. ST RDDICE—MHEMHRFINER
(lineage) , X MERAESBRVEMAEIESE LKEIEIZRDD,
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o WNREHAT—PRDDHIZ XEANTREFREMER , X0 KA LUBET RIFE RN RSBV EIEE P EHN
IHHISE.

* [REFTBEHRIRDD transformationsEHHER , BRARKLILIRAVEIER—HFRY . FESparki/lasr AR LM
MPEEIR.

SparkizfTEEHDFSES3EREBERFANEUE L. EIt , (HMUNFEEIETMRAORDDERSEM. 2AM , X
2 ESpark StreamingfyER T , E/9Spark StreaminglIBUEAZBD 1B R FENMNEFERIRY. AT
BERRIRDDIERNBERY | BNRIEIEFTERESR1FEworker nodefyZ2/MSpark executor t ( EIA
NEFIRFRE2) XS TIHIEREME , BREIERERIRE

e Data received and replicated : TEE MworkerTT mAHES , XMNEUESE=ETFR , BABBIN—
M REFEXNEEIIEIA.

e Data received but buffered for replication : HIREESRT  FAAATIREEUE | HE—RINER
IR EFTIEEEE.

BRFMERIAFERD

o workerfimitfif& : {Haiz{Texecutorfworker s mERERTRELEE , BRRAEIX M RFRIETE N
EHaER. MREEHIreceivernZTERIRTR , BIINEFHIREEEEX

e Drivert5 st : f15Riz{TSpark Streaming R FAFERFRID riverTs s IS |, RBBE SparkContext
BeXEL , rERTEE Efexecutorsth&ESk,

YERRINERISEEN ( Semantics with files as input source )

NRFFBHS N SUREFEET — I BIEAISUG R FANHDFS |, Spark Streaming S A LAMEASEIRFIREFH
BHTIERUR, XEBHT—MEF— R (exactly-once)iEX , BITGIE AL AEE , FRENEIREEIES
TRIFRLE—IR,

HFreceiverfUiNEE Y.
XJFEFreceiverBIMNIE , BiEANE N B KT HIEAVIB B KEI FreceiverfV2sEY, TFUNZBNTICHY ,
BRI receiver

e Reliable Receiver : X&receivers REHEBRIIEEH A SR FEIR. MERXIF—" receiver
KT & (IEEH ) BUEASWRTFEIN. MR receiver&fg | IRESEAEIE | EASERE
¥z,

e Unreliable Receiver : yworkergZdriverts (& , XffreceiveraELE1E

RS E AT receiverfKif X IE N, ANER— MworkerTi M INELPE |, Reliable ReceiveriiaXE s
#& . Unreliable ReceiveraELEW TERISEEHIRIENE. WNRdrivert mHIIETE |, R T UALEERT
RUEHEESL , AT ERIHERZINEFEHREIEEISELX | XeF B R&transformationfY4ER.,

AT EBERRIKIZWRIEGE | Spark 1.25| NT— SLIetERISHE write ahead logs |, BEIRTFRIZAIE
ERSEFERESRP. BT write ahead logs #Reliable Receiver , B TR LAMEIZEIEERIAR
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exactly-onceig ¥,

THERIFRBEE TIBIRIENX

B, i&8write
ahead logay
Spark 1.2

MEHEEL ; EReliable
ReceiverfI3HHIIERT , TR
E2S

Deployment ) . .

. Worker Failure Driver Failure
Scenario
Spark 1.1 8¢&&E | #£Unreliable Receiver|&i TE

7E£Unreliable Receiver|&/n FE T EIEE
X ; EFBreceiverfEn T , I3 XA9EUE
EX; EXHBERT [ BEUEEX

mHawrite ahead
logAYySpark 1.2

7E£Reliable ReceiverfIs{4H91E
T BHIEEX

7E£Reliable ReceiverfIs4HIERT , &
HIEEX

R ERITE X

RIEEMTEIREIER , TESUEEWEIER TRDD , FIENEMTEHS4ARHNER. BN
DStream transformation#fBexactly-onceif X, APmiENT . BIfFEFRE N workerTi RHIEE , RZ2HVE:
IREERE . 2AT , MHIR(F (40 foreachRDD ) BA at-least once IEX , BBRLET , FEBworker
EHSIERNERT | THENEUETT S AR—MIMNBLARALE—IR. KR saveAs***Files BEIRR?F
EIHDFSHRIERT , LA EEZREEBEHHESZA ( BANHEEERNESIEEE ) .
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Spark SQL
Spark SQL

Spark SQLAtiFSparkifliTASQL, HiveQLa#E ScalaRmIR R &S, X MERAVZOE—MNZEERY
RDD-SchemaRDD, SchemaRDDsH{TXISRAER , TXIHHAE—ME ( scheme ) KfEiAMTHE—FIHY
#EREL. SchemaRDDESXAEEUEREPRIFRBMLL. TLUBIEFERIRDD, —ParquetsZff, —1
JSONEUREEE I FiETEApache Hive &R THiveSQLETIASBIEE.

AREMNFTEHIFEFIA T Spark DR HRIEAREYE | FILAE spark-shell FIE{TEA,
o FHA

o HUEIR

e RDDs

e parquet3{f

o JSONuEE

o Hivexk

o MBI

e HESQLEO

o REIESEM(Language-Integrated) B X&)

* Spark SQLEESEE

g

y
SparkRErBEXINEEAIAORZSQLContextZKEHE BRI FE , EIE—1SQLContextiIMEREXINZ
—SparkContext,

val sc: SparkContext // An existing SparkContext.
val sqlContext = new org.apache.spark.sql.SQLContext(sc)

// createSchemaRDD is used to implicitly convert an RDD to a SchemaRDD.
import sqlContext.createSchemaRDD
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BT —1EARRISQLContext , {RIEETEEIFE—MHiveContext , EXIFEASQLContexthrsZFIHEEHI—
MEE., BRISYMITIREEERERENHIiveQLO s EEAIAAIHiveUDFsAIEES]. MHiveZRIZEEN
1EEES]. FHiveContext{FAEE—PNELEEFENIHIive S , SQLContextT] FBRYEIEREXTHiveContext
e/, HiveContextp FFIERA T ERASparkiTZET &2 7 ABRHIivelkil, AR RAIN IRk
5, IXESRTRATZAEIIRR , Spark 1.2#EfFEAHiveContext, LUSHVEERAIEE T HSQLContexti2
ft5HiveContextZETHITIEE.

kAT E A E A A ES QL MME S o] LAIBIT spark.sql.dialect SEIREIERE, XNSEETLIBE R
K, —MARRE setConf FiEIRE , F—HANEESQLASHET SET key=value KigE., Xt
FSQLContext , E—RAIFBRIA SR "sql” , BRSpark SQLIRHERI—NEIBRAISQLERTER. £
HiveContextdh , A FF"sql" , BEIANGERE "hiveql” . XEFEAHiveQLAFITESETE, HERS
FABIFRIETERER “hiveql” .

SHER
SR

Spark SQLzi%@1gSchemaRDDIEIREEFHEUETE. —SchemaRDDAEIEEHN——ARAIRDDIR
8 , BRI EA— MERTEIER. 7EA—SchemaRDDA—NRH AT LSS REREIRE LiZ17SQLE

11, Xk 7 INEEEE/9SchemaRDDRIZFTT A,

e RDDs

e parquetX{4
o JSONZESE
o Hivex

RDDs
RDDs

SparkSZIEHM T RISIFERIRDDs % SchemaRDDs, 55—/ FE R ST SRHEMT B 1S EXI SR
RIRDDRJET (schema), TE(RSsparkiZFRIRERS , ZIRBEME TR | XFETREIRITTET LN
PSS R LIFEET.

£l7#SchemaRDDsRISE — 755 BBId — MRIEZE OISR |, XMEORFHREE—MEDR, | AREFE
AIRDDs EFRE. ERXMAEEIK , (BEREIHREEI T ZBIARIEY AR F RSB ER T &
SchemaRDDs,

U P 2 S TR
Spark SQLEIScalafZ O3S E S AKAIRDDs HFEEHEISchemaRDD, X MEAZTEN T H MR
ASTRYER B 192 42
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Lo

ISRFARIIZ AT RGIFEE , AREAFINET. SRR LBRENE SRS rIIREMNFS
Z#H, XPRDDATLEREE(L I— 1 SchemaRDD , ATGFEMA—NE. FILUEGLEIsqiEG FE
A.

// sc is an existing SparkContext.

val sglContext = new org.apache.spark.sql.SQLContext(sc)

// createSchemaRDD is used to implicitly convert an RDD to a SchemaRDD.
import sqlContext.createSchemaRDD

// Define the schema using a case class.

// Note: Case classes in Scala 2.10 can support only up to 22 fields. To work around this limit,
// you can use custom classes that implement the Product interface.

case class Person(name: String, age: Int)

// Create an RDD of Person objects and register it as a table.

val people = sc.textFile("examples/src/main/resources/people.txt").map(_.split(",")).map(p =>
Person(p(0), p(1).trim.tolnt))

people.registerTempTable("people”)

// SQL statements can be run by using the sgql methods provided by sqlContext.
val teenagers = sqlContext.sql("SELECT name FROM people WHERE age >= 13 AND age <=1
9)

// The results of SQL queries are SchemaRDDs and support all the normal RDD operations.
// The columns of a row in the result can be accessed by ordinal.
teenagers.map(t => "Name: " + t(0)).collect().foreach(printin)

IRIEIEEIRT,
URASTTRURAIAE (I , ERIEHELTRBOFHE | RE—NIAESERWRNT , FRN
FEIRRAATEIAR ) , — 1 SchemaRDDAILIBIT=353k0IE,

o MESEAIRDDEIZE—MTAIRDD
o GEER— StructType FREVEN SHE—2 CIEERIRD DAY TLAFATEITES
* 7£47RDD_LIET applySchema F5iERN AR
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// sc is an existing SparkContext.
val sglContext = new org.apache.spark.sql.SQLContext(sc)

// Create an RDD
val people = sc.textFile("examples/src/main/resources/people.txt")

// The schema is encoded in a string
val schemaString = "name age"

// Import Spark SQL data types and Row.
import org.apache.spark.sql._

// Generate the schema based on the string of schema
val schema =
StructType(
schemasString.split(" ").map(fieldName => StructField(fieldName, StringType, true)))

// Convert records of the RDD (people) to Rows.
val rowRDD = people.map(_.split(",")).map(p => Row(p(0), p(1).trim))

// Apply the schema to the RDD.
val peopleSchemaRDD = sqlContext.applySchema(rowRDD, schema)

// Register the SchemaRDD as a table.
peopleSchemaRDD.registerTempTable("people")

// SQL statements can be run by using the sgql methods provided by sqlContext.
val results = sqlContext.sql("SELECT name FROM people")

// The results of SQL queries are SchemaRDDs and support all the normal RDD operations.

// The columns of a row in the result can be accessed by ordinal.
results.map(t => "Name: " + t(0)).collect().foreach(printin)

parquet3{4
Parquet™ %

Parquet2—MiEIR(columnan)i&z( , AILISIFZHERIEIRIER ST, Spark SQURHSZFASENS
ParquetS{4RITNEE | XL RILAB TR ER [RInEIRAVRSL.

JIIE=%585
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// sqlContext from the previous example is used in this example.
// createSchemaRDD is used to implicitly convert an RDD to a SchemaRDD.
import sqlContext.createSchemaRDD

val people: RDD[Person] = ... // An RDD of case class objects, from the previous example.

// The RDD is implicitly converted to a SchemaRDD by createSchemaRDD, allowing it to be st
ored using Parquet.
people.saveAsParquetFile("people.parquet")

// Read in the parquet file created above. Parquet files are self-describing so the schema is pr
eserved.

// The result of loading a Parquet file is also a SchemaRDD.

val parquetFile = sglContext.parquetFile("people.parquet”)

//Parquet files can also be registered as tables and then used in SQL statements.
parquetFile.registerTempTable("parquetFile")

val teenagers = sqglContext.sql("SELECT name FROM parquetFile WHERE age >= 13 AND age
<=19")

teenagers.map(t => "Name: " + t(0)).collect().foreach(printin)

(=1
BJLATESQLContext_E{&EfsetConf/ kB &Parquetsi & 7EFASQLENEST SET key=value sp<KEE
Parquet,

Property Name Default | Meaning

—EsEH B HIParquet-producing R4t , 4551
ElmpalafIE B4 HISpark SQL , HEH
Parqueti&zHRT R , i HIEUER=T S
ZIELiEX D, XNMRESEFSpark SQLIE
TIHFIEIRRRRE AT AR E R AN
FAM,

spark.sql.parquet.binaryAsString false

fIFFparquetTHIERIES | FILURERES
HUERVEIRE

spark.sql.parquet.cacheMetadata true

RESparquet XX HRTHIEG R | ATLAE
spark.sql.parquet.compression.codec gzip SHHUERIE : uncompressed, snappy,
gzip, Izo

FIFFParquetidigesiIpushdownffift.,
HNEMBIParuetiEIiR , IXMFEBIAZ XA
8. MERFHIERABS SIS RHEHE
ZHFIF , ST MEF RSN

spark.sqgl.parquet.filterPushdown false
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Property Name Default | Meaning

LB Hfalsefd , Spark SQLIG EAHive
SerDe{BRERIIF

spark.sql.hive.convertMetastoreParquet | true

JSONZFES

AMT

JSONFIEEE
. IS

Spark SQUAEE EGHEAT SONAURIEAVIERS , AEE%— 1 SchemaRDD, HESIAATLB RS

s

e jsonFile : A—PMEEISONERNBERPMINE., XEHFIIE—ITE—NSONIIH
e jsonRDD : WFERIRDDINEZUE , iIXERDDHIENTTEE— B SISONNEHF/FH

=, {EAjsonFileBISUEAZR—EEEIRYISONI Y | BITRARIRVATHEE S — 1 BERHIISONTT
R, GRE  — 1T EZTHISONMHEELKY
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// sc is an existing SparkContext.
val sglContext = new org.apache.spark.sql.SQLContext(sc)

// A JSON dataset is pointed to by path.

// The path can be either a single text file or a directory storing text files.
val path = "examples/src/main/resources/people.json”

// Create a SchemaRDD from the file(s) pointed to by path

val people = sqlContext.jsonFile(path)

// The inferred schema can be visualized using the printSchema() method.
people.printSchema()

// root

// |-- age: integer (nullable = true)

// |-- name: string (nullable = true)

// Register this SchemaRDD as a table.
people.registerTempTable("people”)

// SQL statements can be run by using the sql methods provided by sqlContext.
val teenagers = sqlContext.sql("SELECT name FROM people WHERE age >= 13 AND age <=1
9)

// Alternatively, a SchemaRDD can be created for a JSON dataset represented by

// an RDD[String] storing one JSON object per string.

val anotherPeopleRDD = sc.parallelize(
"""{"name":"Yin","address":{"city":"Columbus","state":"Ohio"}}""" :: Nil)

val anotherPeople = sglContext.jsonRDD(anotherPeopleRDD)

HiveZk

HiveZ
Spark SQLt373#5FMApache HivediEEHAIE AR, A0 , HiveB XEAKET , FILABAE S7ESparks&E

&h, TLUED -Phive # -Phive-thriftserver 288 Spark , FE#FHive, FEX/MNEFHEENjarE
WREET B workeri s , EAENZEEIHivelIFFIIIR FFULESIEFETEH verhAI2L
1.

L Hive—RRTIER , AFAE=ER{HHiveContext, HiveContexti\SQLContextk&msE , BN TE
MetaStored A IZRLAKFIFEHiveSqIE&EIANNINEE. &BHiveZERIAFBaTLAEI#EHiveContext, i&
BEE hive-sitexml BB& , L FXESEZSRIHRBa0EEIEE metastore_db #1 warehouse
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// sc is an existing SparkContext.
val sqlContext = new org.apache.spark.sql.hive.HiveContext(sc)

sqlContext.sql("CREATE TABLE IF NOT EXISTS src (key INT, value STRING)")
sqlContext.sql("LOAD DATA LOCAL INPATH 'examples/src/main/resources/kv1.txt' INTO TABL
E src")

// Queries are expressed in HiveQL
sqlContext.sql("FROM src SELECT key, value").collect().foreach(printin)

EREVAIT
EREVEL

SFRELTERE , AfEEIEARFTFPEFSURESRE T A — LRI 4 Ee.
HEAFPEFEHEE

Spark SQLAETLAIEITEE sqlContext.cacheTable("tableName") /5i&REFFAIERIEENER. A

& . SparkE{UXNEEERYFH B Bttt EaaEuEL R > R ER AR LR EWAIES. (ReTLUEE
A sqlContext.uncacheTable("tableName") /5iAEREFIIRE.

R, WNR{RIEARE schemaRDD.cache() MiAZ sqlContext.cacheTable(...) FREAFASAFIRIETURE
7. EXMERT , sqlContext.cacheTable(...) BEXHEFAIAIE,

BJLATESQLContext_E{#EAsetConf/aiRa & EFASQLANEYT SET key=value §5<$ K BERNFEZ.

Property Name Default | Meaning
LigE Ntrueld , Spark SQLE
spark.sgl.inMemoryColumnarStorage.compressed | true NETHIRFATHEEREIE5)

EE— N EEEE,

EREFRIHEIEARN. BEARY
spark.sql.inMemoryColumnarStorage.batchSize 10000 | EUEEILUREAEAFIEZRLL
RJE4EE , (BE00MSHIIG

HerEc Sk
LUTRIIEIE A LARSREE R TRIMRE. BREXERIMSELUSHIMASTFR , XERAEZHL
HaBaiT.

Property Name Default Meaning
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Property Name Default Meaning

BLE—RIVEAK/ M (byte), =i
1TjOINBERY |, XN RIGRT BEIFRT
Biworkertim, AILUSEIREN-1
REF . TR BRISRITEYE
H37¥5Hive Metastorezk , @<
ANALYZE TABLE <tableName> C
OMPUTE STATISTICS noscan
ELEXNERFIET.

spark.sql.autoBroadcastJoinThreshold | 10485760(10m)

SHtrueld , FFEEIIPAIRIATUK
BRI EE TS ER. X
T—LREERFIAIRIEN , Itk
A SHEBERERT. M, T
BERRYEIR , XGRS IEEIIRY
HAT

spark.sql.codegen false

e &joing B R AR/EshuffleziERt

spark.sql.shuffle.partitions 200 PXRAEE
ya) X HY ==

Spark SQLIEX FFEEEITSQLEANEO , FARSEHEAE.

1zf7Thrift JDBC/ODBCHRS 8
XESLHAYThrift JDBC/ODBCHRSS28 S5Hive 0.12540f HiveServer2#8—&1, {RaJLAFBfESparkaiZ&Hive
0.12pffH5A9beelinefl A DBCARSS 25,

fESparkBRA |, =17 NHEBYS/E51/DBC/ODBCARSS 5.
./sbin/start-thriftserver.sh
XNMHAEESZEERY bin/spark-submit 517541 , I1LE—> --hiveconf S¥FkigRAHIveEM. {REJ

LAUZ1T /sbin/start-thriftserver.sh --help SERGFIERTRIEIRIZEYIZR. BUABRT , RS m0T
localhost:10000 , {RETLIAMEREBESZXLTE,

RIIEER B W2 - 49 -


https://cwiki.apache.org/confluence/display/Hive/Setting+Up+HiveServer2
http://www.kancloud.cn

Spark fmiZtsraEIATIChi

export HIVE_SERVER2_THRIFT_PORT=<listening-port>
export HIVE_SERVER2_THRIFT_BIND_HOST=<listening-host>
Jsbin/start-thriftserver.sh \

--master <master-uri> \

/sbin/start-thriftserver.sh \
--hiveconf hive.server2.thrift.port=<listening-port> \
--hiveconf hive.server2.thrift.bind.host=<listening-host> \
--master <master-uri>

WMEfraTLARbeelinefllii{ Thrift JDBC/ODBCHRSSES.
./bin/beeline

JEREZThrift JDBC/ODBCRRSSEMIARUT
beeline> Iconnect jdbc:hive2://localhost:10000

BeelineG2IARAARIIEN. EIFRERNE , RN FISNARENTSEBHT Y. NTR
SR | RALUZEBeeline TS ATSREARIIT.

1z{7Spark SQL CLI
Spark SQL CLIZ—MEFIRITER , EaLAERNEE THivestiFEIRSS . TR ITRMARNEN., T
2 , Spark SQL CLIREESThrift JDBCHRSS SRiE(E.

ESparkBRizT MHEME<L A LAUSSpark SQL CLL

./bin/spark-sql

M5 15 = s=hk(Language-Integrated) AYtHXEIH
MOE = =hk(Lan uage- Integrated)fUtEXE A

1B S RRITEREIRESY Q'EEI’J I ERT RszrFscala,

Spark SQLE S FF AT EIE S REEIT.
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// sc is an existing SparkContext.

val sglContext = new org.apache.spark.sql.SQLContext(sc)

// Importing the SQL context gives access to all the public SQL functions and implicit conversi
ons.

import sqlContext._

val people: RDD[Person] = ... // An RDD of case class objects, from the first example.

// The following is the same as 'SELECT name FROM people WHERE age >= 10 AND age <=1
9l
val teenagers = people.where(‘age >= 10).where('age <= 19).select('name)
teenagers.map(t => "Name: " + t(0)).collect().foreach(printin)

DSL{FAScalafIfF S kR~ EB7EZR (underlying table) 9%l , IXLEHILIRIER(iFm. BXLERFSiaEE
MREHRSQLIITS I ERIRIATN. {RAJLATEScalaDocH T fi#F(B.

Spark SQLEHEZEE
Spark SQLEGERE

o

N

o ByteType : KFR—FHHIEL. SEER-128%127

e ShortType : (AR NFTHIEE. SEER-32768%32767

e IntegerType : KFANFETRIEEEL, SEER-2147483648%2147483647

e LongType : X383 tsEesy, SBEIE-9223372036854775808%9223372036854775807
o FloatType : {FRAFTHHRBEZRE]

e DoubleType : {R8FHAINUBE I FREL

e DecimalType : {FREERBERNLOHFIENE, BIIAERAYjava.math.BigDecimalz#EF, BigDecimal
H— MRS ERIE R MR B 32 B4R

e StringType : RE—NZHFHEE

e BinaryType : ({ZFX—"byteFFE
e BooleanType : ftZ&boolean{gd

e Datetimez&H!

e TimestampType : AREBEBFRF , B, B, i, 7, ¥HYE
AXHfER B 1 - 51 -


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.sql.SchemaRDD
http://www.kancloud.cn

Spark JmiEtEraERIIhR
o DateType : RFEAFERF , B, HHE

o Spm

e ArrayType(elementType, containsNull) : XZEHelementTypeZR T HMAIFFIE.

containsNull FB3E$588 ArrayType Y EEEENUIE

e MapType(keyType, valueType, valueContainsNull) : FR~EIFE—EEE - EXIRYE. BiTkeyTypek
keyHURAIZE! | BidvalueTypeRrvalueHiEAIZEE,, valueContainsNull FI3k#58E MapType
FHEREENUIE

o StructType(fields):Fr=—1MHBE StructFields (fields) FRHEERNE

e StructField(name, dataType, nullable):ftZ StructType Fpy—

MEE |, FERAIZ=EIL name 15

iE , dataType fgEfieldAVEHESEEE , nullable RFERAIMEEEENUIIE.

SparkBIFF B EESEELERE X ES org.apache.spark.sql &, {REJLUEIY import org.apache.spark.sql._

EEE,

34 St ScalasPf{E3EEY hlajEkA I HHESR R AIAP]

ByteType Byte ByteType

ShortType Short ShortType

IntegerType Int IntegerType

LongType Long LongType

FloatType Float FloatType

DoubleType Double DoubleType

DecimalType scala.math.BigDecimal DecimalType

StringType String StringType

BinaryType Array[Byte] BinaryType

BooleanType Boolean BooleanType

TimestampType | java.sgl.Timestamp TimestampType

DateType java.sql.Date DateType
ArrayType(elementType,

ArrayType scala.collection.Seq [containsNull]) /&
containsNullEXiIA Atrue
MapType(keyType, valueType,

MapType scala.collection.Map [valueContainsNull]) ;&

valueContainsNullZKA Htrue

RIIEER B W2
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36 Sl Scalarhf{EREY Thla)EkE Bl EHESE A AP]
StructType(fields) , j¥Efields
StructType org.apache.spark.sql.Row E—" " StructFieldF% , EREHA
FHIFDStructFiel dA R e EF
The value type in Scala of the data type
) of this field (For example, Int for a StructField(name, dataType,
StructField
StructField with the data type nullable)
IntegerType)
RIHER B 1 -53-
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GraphX4mtEsra
GraphX4mtzigFa

GraphX2—"1#hY ( alpha ) Spark API , BB FEFIF1TEI(graph-parallel)dJitE. GraphXi@id5|
AResilient Distributed Property Graph : s BIRRFLAEMHRERZEE |, k5 ESpark RDD, AT
BHELTE , GraphXAFH—EBEARITHEERIELIN Pregel APIBS—AMEL, B4k, GraphXB8a7T— 1 H=RE
IEKAEE EZFIEbuildersfY%E S |, BLABHLEIDITES.

MHRZMBRNESER | NS RANEMER RN ER L C LR TIFSHAY graph-parallel &5t
(#NGiraph#Graphlab ) RUKRRE. BIIPRHEATFRIERITEREFNS INFTRIRARKL DD ECE | XER
FRILSTUEHRITEFBIZEE | tE—RA) data-parallel RFHRIRE.

Graph- Parallel

Data-Parallel

<
Pregel GraphLab\

Property Graph

A, BILXMIRFIT LIRS MRS  (BERRERTHENESTMER (MIEE. N ErEHEERRE
Z1TERTE ) EP?E%?EEEI’Jstages,, B, BANMAIETEERRTRAB R , AERE—RnEdE~
BERIF S ARFRAERIE.
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Hyperlinks PageRank Top 20 Pages

Raw
Wikipedia Tab\e -
Title | Bod
/ Term-Doc Topic Model
— Graph (LDA) Word Topics
xvL P

Word| Topic
=a —

Community User Community

Discussion |
Table Editor Graph Detection Commumty Topic

—> — —

FioR  BfRZEESEFEBEERE., A , NENESthEEY AR graph-parallel 0
data- parallel £4 , NMEIIASURAIEBAE R HER— N EXMTRIEEE,

Preprocessing Compute Post Proc.

' | ; Graphfét;\ %‘{E

Raw
Data

Compute

Initial
. Graph

Subgraph | PageRank

GraphXImBHBM# 24 graph-parallel #1 data-parallel Z—ZI— N R&EH |, XNRFHE—ME—RY
RIHE(FEH B 10 - 55 -
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HEAPL, GraphXSIFRFPHEESM— M EN— 1545 (RDD ) , MAFEEERNSESEH. B
EAHEE G graph-parallel K&t , GraphXgEE LB FRIFIT.

* Fa

. BiE

o EHRIER

e Pregel API

o EEE

e JURFNIZRDDs
o EFX

o flF

g

/
FraMIE—S 23| ASparkfGraphX2HRIIRE + |, S FEFx

mport org.apache.spark._

import org.apache.spark.graphx._

// To make some of the examples work we will also need RDD
import org.apache.spark.rdd.RDD

NER{RigBAERISpark shell , {RIXGFEESparkContext,

BIHEE

%=
jﬁ'&%—ﬁ\ﬁ MZEE , e EEHBNIATILNBRENINS. BRZEERHFZ T
(paralle ) FIAHEZAERRVFEFI BRI, SHFFHTIHREENEW TEIEGS | XMAET |, EEAITISR
FaEEZixR (l0co-workerffriend), BNIRE—MNE—RI6AAASAIFRRST ( VertexID ) 1Eakey,
GraphXFH 2B TRRnREIMEETHER. B IRBEENAYE ENIRRRE,

BEEE I vertex(VD)Medge(ED)KAESEUY , IXEKBIR DRI SE N TURAIZERERAIRISRAIREL,

ERLBRT  EERNER T | TR ERAEAREINEMESEE., XaLiEddEsenk. fla , KA
Pl mEEp— 0B, IR TA
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class VertexProperty()

case class UserProperty(val name: String) extends VertexProperty

case class ProductProperty(val name: String, val price: Double) extends VertexProperty
// The graph might then have the type:

var graph: Graph[VertexProperty, String] = null

MRDD—#¢ , BItEZEATZERY. 2RI, BFiEhY. ERYESE SRR ERIEN— 1Y
ERSEH. TR FIRERIAS D ERI LIERERER | AR XMESRITIRESIREMRIRA. T
EFEA—RIARS KRR EH TS X, MRDD—H , EFiEN Xal LATERESFREAIIER T4
B tIEEARRRRE L.

218 R MEEIRG N TR BMCAIEE S (RDD) XM EG RS T &8 M ~MLaES. Bt , EXes
IR SRIRFNI YRR

class Graph[VD, ED] {
val vertices: VertexRDD[VD]
val edges: EdgeRDDIED]

}

VertexRDD[VD] #01 EdgeRDD[ED] 243 Bll4k&F0{/L{£ B RDDI[(VertexID, VD)] 1 RDD[Edge[ED]] .
VertexRDD[VD] #1 EdgeRDDIED] &B3z4Fan4 MYThEERZE B EFIFI R ERLL.

BIHEERIGIT
EGraphXIiB 9 , RIRHAVERE— BRI FERNELE. REETEESRARERL. ]
AJLAREA G FE ZBXRFF RN,
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Property Graph Vertex lable

Id Property (V)

(rxin, student)

(jgonzal, postdoc)

3
F
5 (franklin, professor)
2

(istoica, professor)

Edge Table

Srcld Dstld Property (E)
3 7 Collaborator
5 3 Advisor
2 5 Colleague
5 7 PI

FMSHIER BEEREIER

val userGraph: Graph[(String, String), String]

BREDAN—NRE. RODIE—NEME. &—RRAVSIERFIAGraph object, TEAMTABM
RDDESEEIEE.

// Assume the SparkContext has already been constructed
val sc: SparkContext
// Create an RDD for the vertices
val users: RDD[(VertexId, (String, String))] =
sc.parallelize(Array((3L, ("rxin", "student")), (7L, ("jgonzal”, "postdoc")),
(5L, ("franklin®, "prof")), (2L, ("istoica”, "prof"))))
// Create an RDD for edges
val relationships: RDD[Edge[String]] =
sc.parallelize(Array(Edge(3L, 7L, "collab"), Edge(5L, 3L, "advisor"),
Edge(2L, 5L, "colleague"), Edge(5L, 7L, "pi")))
// Define a default user in case there are relationship with missing user
val defaultUser = ("John Doe", "Missing")
// Build the initial Graph
val graph = Graph(users, relationships, defaultUser)

£ EERGIFS , FAIRRITEdgeEARZE, BHB— srcld #1 dstld 5 BI3S R FEF BRI B R~ T
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54h, Edge £E— attr lRFARFELEM.

BATETLAS BIFE graph.vertices 1 graph.edges B RiIE— N EIfEM 9B N A TR R,

val graph: Graph[(String, String), String] // Constructed from above

// Count all users which are postdocs

graph.vertices.filter { case (id, (name, pos)) => pos == "postdoc” }.count
// Count all the edges where src > dst

graph.edges.filter(e => e.srcld > e.dstld).count

¥ , graph.verticesiR[El—/VertexRDD[(String, String)] , B4#&TF RDD[(VertexID, (String, Stri
ng))l. BFLAFAITRILAMscalafcaseRIANEMIX N TH, B—HH ,
graph.edgesiRE—MI&Edge[String] X5 AIEdgeRDD, ATt aTLABE|caseHILBINTEERE | 1
IR,

graph.edges.filter { case Edge(src, dst, prop) => src > dst }.count

b7 BHERTRRFIOME , GraphXtBRE T —1M=tEME , =TiEZE DETR=aR B RT
— RDD[EdgeTriplet[VD, ED]] , ©&&EdgeTriplet3AIsLhl, AILUENE FERISqIRIAAFRTXME

.

SELECT src.id, dst.id, src.attr, e.attr, dst.attr
FROM edges AS e LEFT JOIN vertices AS src, vertices AS dst
ON e.srcld = srcId AND e.dstld = dst.Id

B E BT FERIERRT.

Vertices: % Edges: Triplets:

EdgeTriplet 54%7&F Edge 2 , FEMAT srcAttr #1 dstAttr BiR , XFEMRRS BIESTEFM B RS
. BATTUB— = wEE ESRFHEESAKEARPZENXEA.

val graph: Graph[(String, String), String] // Constructed from above
// Use the triplets view to create an RDD of facts.
val facts: RDD[String] =
graph.triplets.map(triplet =>
triplet.srcAttr._1 + " is the " + triplet.attr + " of " + triplet.dstAttr._1)
facts.collect.foreach(printin()))

ElRERT
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S

IFANRDDsEEARRIE{Fmap, filterflreduceByKey—#F , BIEEBERNIESIRF  XERFRABRAA
BE MHIREF B S RAFENEERIEE. EXEGraphRIZORIEREIMIUAISEI. FrhN

IO PR B SRIERIREENAEGraphOpsdh, AT , B/ABScalapIfazlii , B XTE GraphOps /Y
EFAILMEA Graph BIBRBENfER. FIa0 , F(IRTLUEE FERIGUHES N R (EXEGraphOps

FHINE.

val graph: Graph[(String, String), String]
// Use the implicit GraphOps.inDegrees operator
val inDegrees: VertexRDD[Int] = graph.inDegrees

X OEE{EMN GraphOps FRERN TSR ARNERTR. SMERTEPIURM DB FRY
LA EFREZE N GraphOps FRYE A#RME.

B

SENAE Graph #l GraphOps & (A TSN , FIAEMIMR ) MINEEIMENLE. T8, &
LR R DA (MBASHRLERNRIENR ) | —LESROEDERMILR , FLIESEAP
AT IRESHURERIE.

/** Summary of the functionality in the property graph */
class Graph[VD, ED] {
// Information about the Graph S S-S =—=—=—=—=—=—=====-=

val numEdges: Long

val numVertices: Long

val inDegrees: VertexRDD[Int]

val outDegrees: VertexRDD[Int]

val degrees: VertexRDD[Int]

// Views of the graph as collections ====================================

val vertices: VertexRDD[VD]

val edges: EdgeRDDIED]

val triplets: RDD[EdgeTriplet[VD, ED]]

AR nchionskiogeachincRoiEp st = e e e e e =t

def persist(newLevel: StoragelLevel = StorageLeve MEMORY_ONLY): Graph[VD, ED]

def cache(): Graph[VD, ED]

def unpersistVertices(blocking: Boolean = true): Graph[VD, ED]

// Change the partitioning heuristic ====================================

def partitionBy(partitionStrategy: PartitionStrategy): Graph[VD, ED]
// Transform vertex and edge attnbutes =S e EE R

ASORER B Wi I 0.
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def mapVertices[VD2](map: (VertexID, VD) => VDZ2): Graph[VDZ2, ED]
def mapEdges[ED2](map: Edge[ED] => ED2): Graph[VD, ED2]
def mapEdges[ED2](map: (PartitionID, Iterator[Edge[ED]]) => Iterator[ED2]): Graph[VD, ED2]
def mapTriplets[ED2](map: EdgeTriplet[VD, ED] => ED2): Graph[VD, ED2]
def mapTriplets[ED2](map: (PartitionID, Iterator[EdgeTriplet[VD, ED]]) => Iterator[ED2])
: Graph[VD, ED2]
VAN odifyathelgraphistitictiirel==E === E === E e e e = s e e e e ==

def reverse: Graph[VD, ED]
def subgraph(

epred: EdgeTriplet[VD,ED] => Boolean = (x => true),

vpred: (VertexID, VD) => Boolean = ((v, d) => true))

: Graph[VD, ED]

def mask[VD2, ED2](other: Graph[VD2, ED2]): Graph[VD, ED]
def groupEdges(merge: (ED, ED) => ED): Graph[VD, ED]
eimRBBsiwithkthelgraphi===sE= == e s e e e e e = = = e e e ===

def joinVertices[U](table: RDD[(VertexID, U)])(mapFunc: (VertexID, VD, U) => VD): Graph[VD,
ED]
def outerJoinVertices[U, VD2](other: RDD[(VertexID, U)])
(mapFunc: (VertexID, VD, Option[U]) => VD2)
: Graph[VD2, ED]
// Aggregate information about adjacent triplets ============================

def collectNeighborlds(edgeDirection: EdgeDirection): VertexRDD[Array[VertexID]]
def collectNeighbors(edgeDirection: EdgeDirection): VertexRDD[Array[(VertexID, VD)]]
def aggregateMessages[Msg: ClassTag](

sendMsg: EdgeContext[VD, ED, Msg] => Unit,

mergeMsg: (Msg, Msg) => Msg,

tripletFields: TripletFields = TripletFields.All)

: VertexRDD[A]

// Iterative graph-parallel computation ==================================

def pregel[A](initialMsg: A, maxlterations: Int, activeDirection: EdgeDirection)(
vprog: (VertexID, VD, A) => VD,
sendMsg: EdgeTriplet[VD, ED] => Iterator[(VertexID,A)],
mergeMsg: (A, A) => A)
: Graph[VD, ED]
Y/ABasidgraphialgenthmsi===E==mEE E = e e e s e e e e E e = = e ==

def pageRank(tol: Double, resetProb: Double = 0.15): Graph[Double, Double]
def connectedComponents(): Graph[VertexID, ED]

def triangleCount(): Graph[Int, ED]

def stronglyConnectedComponents(numliter: Int): Graph[VertexID, ED]

B
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SNRDDHY map #F—# , BHEES S TEAMEE :

class Graph[VD, ED] {

def mapVertices[VD2](map: (VertexId, VD) => VD2): Graph[VD2, ED]

def mapEdges[ED2](map: Edge[ED] => ED2): Graph[VD, ED2]

def mapTriplets[ED2](map: EdgeTriplet[VD, ED] => ED2): Graph[VD, ED2]
}

BRI E—NRE | XN FHIER SBE AR BE XA mapR HESURRTRELHE M.

IR BIPER TEEEHAZRN., XEREN— BRI IR EAITATSE ERREERIEHRR
5l(indices). TERIHITIUBEZRE LRFMNHY , BEB—NHMMREEWRS] , FLAASMNGraphXRSE

thsan,

val newVertices = graph.vertices.map { case (id, attr) => (id, mapUdf(id, attr)) }
val newGraph = Graph(newVertices, graph.edges)

B—HEER
Hhttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@map
Vertices[VD2]((VertexId,VD)=VD2">mapVertices(ClassTag[VD2]):Graph[VD2,ED)){&FZ:5 .

val newGraph = graph.mapVertices((id, attr) => mapUdf(id, attr))

XL P B RRIRHRIETR, | BIFSEEaE ARGEREARZZNREME. W, SE—1E , X
PMERTRRISIEEEHE | Ffil/9PageRankiliaftE.

// Given a graph where the vertex property is the out degree
val inputGraph: Graph([Int, String] =
graph.outerJoinVertices(graph.outDegrees)((vid, _, degOpt) => degOpt.getOrElse(0))
// Construct a graph where each edge contains the weight
// and each vertex is the initial PageRank
val outputGraph: Graph[Double, Double] =
inputGraph.mapTriplets(triplet => 1.0 / triplet.srcAttr).mapVertices((id, ) => 1.0)

LR
LBIRGraphX (RN — BRI REHEE. THEESNEIHRITTIE.
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class Graph[VD, ED] {
def reverse: Graph[VD, ED]
def subgraph(epred: EdgeTriplet[VD,ED] => Boolean,
vpred: (VertexId, VD) => Boolean): Graph[VD, ED]
def mask[VD2, ED2](other: Graph[VD2, ED2]): Graph[VD, ED]
def groupEdges(merge: (ED, ED) => ED): Graph[VD,ED]
}

http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@revers
e:Graph[VD,ED]">reversefZ2{FIRE—FAVE , XMNERIOAYS BEREREER. a0, XMRERTLAR
FitEREERIPageRank, EAREERFEKBIESIRREELRIBRMEE RILREE | ATLAFATTLAE

A ahEE EHETERIIER TEREIE.

http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@subgr
aph((EdgeTriplet[VD,ED])=Boolean,(Vertexld,VD">subgraph=Boolean):Graph[VD,ED])#{EFIFEIR

1HAAGIERZT A ( connect vertices ) , subgraph I2{ERTUABTRSIZS | WIS GEBATR=FBER
B e E KB BRI EEERE,. TEAYEI IR T B,

RIIEER B W2 - 63 -


<a href=
<a href=
http://www.kancloud.cn

Spark fmiZtsraEIATIChi

// Create an RDD for the vertices
val users: RDD[(VertexId, (String, String))] =
sc.parallelize(Array((3L, ("rxin", "student")), (7L, ("jgonzal”, "postdoc")),
(5L, ("franklin®, "prof")), (2L, ("istoica”, "prof")),
(4L, ("peter”, "student"))))
// Create an RDD for edges
val relationships: RDD[Edge[String]] =
sc.parallelize(Array(Edge(3L, 7L, "collab"), Edge(5L, 3L, "advisor"),
Edge(2L, 5L, "colleague"), Edge(5L, 7L, "pi"),
Edge(4L, OL, "student"), Edge(5L, OL, "colleague")))
// Define a default user in case there are relationship with missing user
val defaultUser = ("John Doe", "Missing")
// Build the initial Graph
val graph = Graph(users, relationships, defaultUser)
// Notice that there is a user 0 (for which we have no information) connected to users
// 4 (peter) and 5 (franklin).
graph.triplets.map(
triplet => triplet.srcAttr._1 + " is the " + triplet.attr + " of " + triplet.dstAttr._1
).collect.foreach(printin())
// Remove missing vertices as well as the edges to connected to them
val validGraph = graph.subgraph(vpred = (id, attr) => attr._2 != "Missing")
// The valid subgraph will disconnect users 4 and 5 by removing user 0
validGraph.vertices.collect.foreach(printin())
validGraph.triplets.map(
triplet => triplet.srcAttr._1 + " is the " + triplet.attr + " of " + triplet.dstAttr._1
).collect.foreach(printin())

TR, EEAGIF , (MURHTIRRIBE. NRSEREITNEELANEE , subgraph BEEIAT
true,

http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@mask][
VD2,ED2](Graph[VD2,ED2])(ClassTag[VD2],ClassTag[ED2]" >mask:Graph[VD,ED])#&{F¥diE— F

, RN FEESBAETESRIINRA. X MNMEFILA subgraph #ERES | ETHIM—1EX
ERWFERLIR—DE. fIa0 , FeIaTsEr RRKTRREIE TIESAS ( ? EiEE 4 connected
components ) , RFREBHHFE.

/ Run Connected Components

val ccGraph = graph.connectedComponents() // No longer contains missing field
// Remove missing vertices as well as the edges to connected to them

val validGraph = graph.subgraph(vpred = (id, attr) => attr._2 != "Missing")

// Restrict the answer to the valid subgraph

val validCCGraph = ccGraph.mask(validGraph)

http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@group
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Edges((ED,ED)=ED">groupEdges:Graph[VD,ED)E{F&HEZEEIFHIFHTIAGIRRII Z AESRND).

EAERINBRERFF , FHTRILEALISH (ENINESFH ) I—FBNMFHEERIA/N,

CERRE

ETEZERT , BYUEBINEUEIMAZIEF. Fia0 , HiITEe8MNIBREESESHEIEBIEF
HEFAITEEN— M E P ETRREEIIAZIB I B, XEESFLAAjoinETmk. THESIH
HREZERYjoiniRE,

class Graph[VD, ED] {
def joinVertices[U](table: RDD[(VertexId, U)])(map: (VertexId, VD, U) => VD)
: Graph[VD, ED]
def outerJoinVertices[U, VD2](table: RDD[(VertexId, U)])(map: (Vertexld, VD, Option[U]) => V
D2)
: Graph[VD2, ED]
}

http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@joi
nVertices[U](RDD[(VertexId,U)]">joinVertices((Vertexld,VD,U)=VD)(ClassTag[U]):Graph[VD,ED])#
{ER I ARDDIIINREES |, IRE— M EIRIFIERIE., XSRS EEREIRRRIER LA
FAFPENXH map REGEEHI, ERDDHSE LA ENITRAIREBERIAE.

IR MTLEERNR , AISRRDDHEEI I MILEE , WMINEREFRI—. ZINA TERISER
I ARDDRIME—E, THEAISEESTNES IREIRERLAINREEATjointE(F,

val nonUniqueCosts: RDD[(VertexID, Double)]
val uniqueCosts: VertexRDD[Double] =
graph.vertices.aggregateUsingIndex(nonUnique, (a,b) => a + b)
val joinedGraph = graph.joinVertices(uniqueCosts)(
(id, oldCost, extraCost) => oldCost + extraCost)

PR TSR BENXAImapREABEIMBTRAIBEE IR MRS , E—f
AYhttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@out
erJoinVertices[U,VD2](RDD[(VertexId,U)]">outerJoinVertices((VertexId,VD,Option[U])=VD2)
(ClassTag[U],ClassTag[VD2]):Graph[VD2,ED])5 joinVertices 2{ll, EAHARABIRRERDDHRG
PLECHI(E , mapREFEE—"optionzEAL,
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val outDegrees: VertexRDD[Int] = graph.outDegrees
val degreeGraph = graph.outerJoinVertices(outDegrees) { (id, oldAttr, outDegOpt) =>
outDegOpt match {
case Some(outDeg) => outDeg
case None => 0 // No outDegree means zero outDegree

}
}

FRIREEETRET  ELEFIFHRAZET curryRENZ 285K, BARTEATTLIE () (b)ER%
f(a,b) , {B2f(a b) EHRELRIREERTIS A M EITa. Bt , BRRENEXRIREIRHEERE.

val joinedGraph = graph.joinVertices(uniqueCosts,
(id: VertexID, oldCost: Double, extraCost: Double) => oldCost + extraCost)

fHSBER S ( Neighborhood Aggregation )

BAESH— M XEL BRI RAMIEAER. FINEAITHEES N AFNERE 15 ESR
HEF M AFPNERENFHIER. FEEREEL (PageRank , RIBIEFAERER ) ZREEHEBIR
RIEE.

ATIRSMHRE , TENRSIBIEM graph.mapReduceTriplets B AT ##Y graph.AggregateMessages
. ERFAAPIRIBERERTR/N , (BRI WARM TILEAER.

B &iHE (aggregateMessages)

GraphXs Rtz OR SHEME
s=http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@agg
regateMessages[A]((EdgeContext[VD,ED,A])=Unit,(A,A">aggregateMessages=A, TripletFields)
(ClassTag[A]):VertexRDDI[A]), X MEIEEHEFENXH sendMsg BEN AZIERIE MA=ItH(edge
triplet) , S mergeMsg REFER BRYTIRERGXLER.

class Graph[VD, ED] {
def aggregateMessages[Msg: ClassTag](
sendMsg: EdgeContext[VD, ED, Msg] => Unit,
mergeMsg: (Msg, Msg) => Msg,
tripletFields: TripletFields = TripletFields.All)
: VertexRDD[Ms(g]

FAFBEENXHRT sendMsg BERE—EdgeContextkA, BRERMNBNBEASDFEEIARREER
LG BRI ERIEREL
(http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.EdgeContext
@sendToSrc(msg:A):Unit">sendToSrc
Fhttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.EdgeContex
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t@sendToDst(msg:A):Unit">sendToDst), ¥& sendMsg EEEMmap-reduceidi2FHImapEis,
FFBENXA mergeMsg BEFEERNEREBRNIRRARFS—NER. TLUS mergeMsg REE
fmap-reduceidfZ2ireducers

#. http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@a
ggregateMessages[A]((EdgeContext[VD,ED,A])=Unit,(A,A">aggregateMessages=A, TripletFields)
(ClassTag[A]):VertexRDD[ADZFREI— M SR GBS (BABEAENRA)A VertexRDD[Msq] . i85
EREIERRIIRAE 2EIREIRY VertexRDD =,

5

4b , http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@a
ggregateMessages[A]((EdgeContext[VD,ED,A])=Unit,(A,A">aggregateMessages=A, TripletFields)
(ClassTag[A]):VertexRDD[A])E—"EJIEHY tripletFields 248 , B EdgeContext Fr , RLEEHER
18 (AR EMAE BRTRAUESE ) . tripletsFields BTREAVIETIE W TripletFieldsHr,
tripletFields £#BkEANGraphX{¥{XRFEE EdgeContext FI—&B72 FIFGraph X — MRS
RE&. B0, ANRFAVETEESTRAFREMERNTIFR | BIUUXRAFTERFR. FTLAFAIA
TripletFields.Src FRAFA NN A BEIRTFER.

ETEFGIFH , FAIF aggregateMessages B EITESMNRAFEFKIERERIFR.

// Import random graph generation library
import org.apache.spark.graphx.util. GraphGenerators
// Create a graph with "age" as the vertex property. Here we use a random graph for simplicit
y.
val graph: Graph[Double, Int] =

GraphGenerators.logNormalGraph(sc, numVertices = 100).mapVertices( (id, _) => id.toDoubl
e)
// Compute the number of older followers and their total age
val olderFollowers: VertexRDD[(Int, Double)] = graph.aggregateMessages[(Int, Double)](

triplet => {// Map Function

if (triplet.srcAttr > triplet.dstAttr) {
// Send message to destination vertex containing counter and age
triplet.sendToDst(1, triplet.srcAttr)
}

L

// Add counter and age

(@, b)=>(a._1+b._1,a._2 + b._2) // Reduce Function
)
// Divide total age by number of older followers to get average age of older followers
val avgAgeOfOlderFollowers: VertexRDD[Double] =

olderFollowers.mapValues( (id, value) => value match { case (count, totalAge) => totalAge /
count })
// Display the results
avgAgeOfOlderFollowers.collect.foreach(printin(_))
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HER (LKBENGEE ) EEEXN/NGIFRFMEESIRZSEFNRINAT , aggregateMessages ##{E
HORIERER YT

Map Reduce=7tHidiEISE
EZ B ABIGraphX9 , FFE[mapReduceTriplets #{EEMABRRE.

class Graph[VD, ED] {
def mapReduceTriplets[Msg](
map: EdgeTriplet[VD, ED] => Iterator[(VertexIld, Msg)],
reduce: (Msg, Msg) => Msq)
: VertexRDD[Ms(g]

mapReduceTriplets #{FEE N =tHB ENERAPENXAMapRE] , REREFABFENXreduceiR ]

ReEE. M, BIEKIRAFREREASRZEERAT , S T HATRIEIMU (Bl A it IimAYE

MRS BYRE

7. http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@a

ggregateMessages[A]((EdgeContext[VD,ED,A])=Unit,(A, A" >aggregateMessages=A, TripletFields)

(C|aSSTag[A])'VertexRDD[A])E%ﬂa:ﬁiﬂ%ﬁxiFDbléﬂlLTE’JE HRERMENTRR. 78 , FAIMRT
TN TR ER e =T AL F RSO R .

TEAMLIZAZT mapReduceTriplets

val graph: Graph[Int, Float] =
def msgFun(triplet: Triplet[Int, Float]): Iterator[(Int, String)] = {
Iterator((triplet.dstld, "Hi"))

}
def reduceFun(a: Int, b: Int): Int=a + b

val result = graph.mapReduceTriplets[String](msgFun, reduceFun)
TEIMIEAEZE]T aggregateMessages

val graph: Graphl[Int, Float] =
def msgFun(triplet: EdgeContext[Int, Float, String]) {
triplet.sendToDst("Hi")

}
def reduceFun(a: Int, b: Int): Int=a + b

val result = graph.aggregateMessages[String](msgFun, reduceFun)

IHEERER

S—RIRAESHEUERSNE , ISNUREENNE. TERE  , SEBERIETRIIN
E. HEURSHNE, GraphOps¥aa—MEFEARKITESMNARNE. fll , FTENAIFITE
BAMNE. HEFRE.
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// Define a reduce operation to compute the highest degree vertex

def max(a: (VertexlId, Int), b: (Vertexld, Int)): (Vertexld, Int) = {
if(@.2>b. 2)aelseb

}

// Compute the max degrees

val maxInDegree: (Vertexld, Int) = graph.inDegrees.reduce(max)
val maxOutDegree: (Vertexld, Int) = graph.outDegrees.reduce(max)
val maxDegrees: (VertexId, Int) = graph.degrees.reduce(max)

Collecting Neighbors

ARLERT , BIRESNIAEPNIRR R ENNEBIERRATEIEES S, XATLUE
iZhttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@
collectNeighborlds(EdgeDirection):VertexRDD[Array[VertexId]]" > collectNeighborlds
Fhttp://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@
collectNeighbors(EdgeDirection):VertexRDD[Array[(Vertexld,VD" > collectNeighbors]])#{EkiE EAY
5ehk

class GraphOps[VD, ED] {

def collectNeighborlds(edgeDirection: EdgeDirection): VertexRDD[Array[VertexId]]

def collectNeighbors(edgeDirection: EdgeDirection): VertexRDD[ Array[(VertexId, VD)] ]
}

XURERIFEREN , BAENFEEENERMAEREE. NRTsE  RER
aggregateMessages FM{FEZFAERNITE.

RN ER
fESparks , RDDSEVNARAERFR, NTERESIE  SFESXFAAENN , BIIAETEEFE
. GraphXsFHEILARERSIN. SFIAZIEZRET , #IRE5THE Graph.cache() 73i%.

EERHTET | ATIREREIMERE | MEFURERLARI. BUABRT | EFHIRDDsHIEE—ERET
REHRERIRAAFEDEFEEMNLALRUBIIFRER. MTIERHE | SraisahEERGERRE

7. ERCNREZSHEMER  EREARFERFTINAFTENEIESSRIELIRENL. RETEERAE

B, FRFENRESHH. XFRAEXEANTIH— 1 EERDDMIAEFFEECIIEES. &

FERAGEA PR BYERIEIES. AT, RAERBSTRDDARMR , IERAFANEIREERT. X3

FERTTE |, BATENERPregel AP, ERJLAERIAISA N HELER.

Pregel API
Pregel API
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BAS2BFEERENS  IRAEHKI T e IBENEGE | XESRERIEE NS T B CRERIE M.
L2 EENEEEREANENTEE N IRNEY | BERIERE M RENEMS. —&5IA0graph-
parall e IS EEWIRH KRR AXLEREEL, GraphXAFF 7 — E(PregeldUiRiE , BRI =R
HIPregelflGraphLabifiSH— R &.

fEGraphXsr , EERAIPregeliBER—MUREIEHFMIHLERZ ( bulk-synchronous ) F{TiHEH
K. PregelBFEHFUT—RIIRTBRLER (super steps ) , FEXLELRF , MM ZBIRGER LS ERPEIL
A (inbound)iBERISH , ATRRBETE—NHRIE | ARELERBRLIRTPAIEHERIPEINAR.
FM&Pregel&EfGraphlab , [BEVEA—MNA=TTENREHFATITE | IBEITERNE 7 IRINREHED
ipa T BRITAREFE. ElBRLSH  IRAREIERNIREBT., ZiRBEHSERBR |, Pregeli#{HZILE
RFHIREIRZRIE,

I, SEINERIPregelSEARIRIZ | GraphXFRYTIR{NXBEARXEREWMBEINR , FAIBRFEENX
RUHEREEIEHR. XERFISSIFEGraph X TEIMILIL.

—F
=https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps
@pregel[A](AInt,EdgeDirection)((VertexId,VD,A"> Pregel#{E=VD,
(EdgeTriplet[VD,ED])=Iterator[(VertexId,A)],(A,A)=A)(ClassTag[A]):Graph[VD,ED])gIEEIE & LA K 5L
MEE (X, ihiElgraph.cache2&4 MRS )
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class GraphOps[VD, ED] {
def pregel[A]
(initialMsg: A,
maxlter: Int = Int.MaxValue,
activeDir: EdgeDirection = EdgeDirection.Out)
(vprog: (Vertexld, VD, A) => VD,
sendMsg: EdgeTriplet[VD, ED] => Iterator[(VertexId, A)],
mergeMsg: (A, A) => A)
: Graph[VD, ED] = {
// Receive the initial message at each vertex
var g = mapVertices( (vid, vdata) => vprog(vid, vdata, initialMsg) ).cache()
// compute the messages
var messages = g.mapReduceTriplets(sendMsg, mergeMsg)
var activeMessages = messages.count()
// Loop until no messages remain or maxIterations is achieved
vari=0
while (activeMessages > 0 && i < maxlterations) {
// Receive the messages: -----------—----—cm oo
// Run the vertex program on all vertices that receive messages
val newVerts = g.vertices.innerJoin(messages)(vprog).cache()
// Merge the new vertex values back into the graph
g = g.outerJoinVertices(newVerts) { (vid, old, newOpt) => newOpt.getOrElse(old) }.cache()
// Send Messages: —------------mm oo
// Vertices that didn't receive a message above don't appear in newVerts and therefore do
n't
// get to send messages. More precisely the map phase of mapReduceTriplets is only inv
oked
// on edges in the activeDir of vertices in newVerts
messages = g.mapReduceTriplets(sendMsg, mergeMsg, Some((newVerts, activeDir))).cach
e()
activeMessages = messages.count()
i+=1
}
g
}
}

TR, pregelBMNSEHFIZE ( graph.pregel(listl)(list2) ) . F—PSEFIREERESTEWIRBER. =&
KiERE., HXEEBNARE (RARBLARY ) . TSRS SEREENREARZEK
iBR (vprog) . IH&EHR (sendMsg ) . &FEE ( mergeMsg ) .

AT LA Prege B ERIXITTE BRIRRIEIZ( single source shortest path),
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import org.apache.spark.graphx._
// Import random graph generation library
import org.apache.spark.graphx.util. GraphGenerators
// A graph with edge attributes containing distances
val graph: Graph[Int, Double] =
GraphGenerators.logNormalGraph(sc, numVertices = 100).mapEdges(e => e.attr.toDouble)
val sourceld: Vertexld = 42 // The ultimate source
// Initialize the graph such that all vertices except the root have distance infinity.
val initialGraph = graph.mapVertices((id, _) => if (id == sourceld) 0.0 else Double.Positivelnfin
ity)
val sssp = initialGraph.pregel(Double.Positivelnfinity)(
(id, dist, newDist) => math.min(dist, newDist), // Vertex Program
triplet => { // Send Message
if (triplet.srcAttr + triplet.attr < triplet.dstAttr) {
Iterator((triplet.dstld, triplet.srcAttr + triplet.attr))
} else {
Iterator.empty
}
I
(a,b) => math.min(a,b) // Merge Message
)

println(sssp.vertices.collect. mkString("\n"))

i
=gy

GraphXi2#t 7 /LM77 zUARDDEE #EZ FRTRAMIAESIIEE. BOABRT | IREW I EMIEE HE
FIBEHDX , MECRREERIAS XS (FIIHDFSHE(IRRE

) ., https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph
@groupEdges((ED,ED)=ED">Graph.groupEdges:Graph[VD,ED))EEEHHXE , AAEREERERN
BREEDERIE— 2K |, FLMREERgroupEdgesZ /i
Hhttps://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@par
titionBy(PartitionStrategy):Graph[VD,ED]" >Graph.partitionBy
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object GraphLoader {
def edgelListFile(
sc: SparkContext,
path: String,
canonicalOrientation: Boolean = false,
minEdgePartitions: Int = 1)
: Graph[Int, Int]

https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphLoader
$@edgelistFile(SparkContext,String,Boolean,Int):Graph[Int,Int]">GraphLoader.edgelListFiletZ{t T
— M AIUNHE ERAFIRFPINE—ME, ST ™Il (RIRRID , BiRIRRID ) RUEESR | Bl
# FRELROERET.

# This is a comment
21
41
12

EMEERLEIE—MNE |, Bttt RAMEIR. FENIRFLARNEMRNAERE]L,
canonicalOrientation 2 AFEERIES B (srcld < dstld)idiA, XFEconnected components&;xr
F=EMAE. minEdgePartitions SHUEEEMINALD XKBVRDHE. LHXAGELUIEENSXES | 4l
an , — M HDFSX4HE S B LRI,

object Graph {
def apply[VD, ED](
vertices: RDD[(VertexId, VD)],
edges: RDD[Edge[ED]],
defaultVertexAttr: VD = null)
: Graph[VD, ED]
def fromEdges[VD, ED](
edges: RDD[Edge[ED]],
defaultValue: VD): Graph[VD, ED]
def fromEdgeTuples[VD](
rawEdges: RDD[(VertexId, VertexId)],
defaultValue: VD,
uniqueEdges: Option[PartitionStrategy] = None): Graph[VD, Int]

https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$ @appl
y[VD,ED]
(RDD[(VertexId,VD)],RDD[Edge[ED]],VD">Graph.apply(ClassTag[VD],ClassTag[ED]):Graph[VD,ED])
FEIFMNIRANIBAIRDD L EE—E, EENTRRALUERRNIEFEES— , TEARDDHFMAZEINR
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RDDARIAITNR D ECEIARY R L.

https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$ @fro
mEdges[VD,ED](RDD[Edge[ED]],VD)(ClassTag[VD],ClassTag[ED]" > Graph.fromEdges:Graph[VD,ED])
TN —NARDD LEIE—NE , EEaMEIEINRERATIR , Ao EXETRREARYE,

https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$ @fro
mEdgeTuples[VD]
(RDD[(VertexlId,Vertexld)],VD,Option[PartitionStrategy]" > Graph.fromEdgeTuples(ClassTag[VD]):Gr
aph[VD Int)) eI\ —MNATTEHERAIRDD LS —NE, HEGEIBAMENL. BENiEIEBRERAY
TR, APEXETNREVARNE, BIESHFMRRE. ATHIERL , FEEE—PartitionStrategy BRI
Some {E9 uniqueEdges 2§ ( #luniqueEdges = Some(PartitionStrategy.RandomVertexCut) ) ,
PEARRNAZEIE— N2 EKMMEEI ISR | — Mo KREZ008.

TR F112ZRDDs
JnafAARDDs

GraphXZERFEEFRITNRAIAAIRDD, AT , EAGraphXBSHTRAFIZREIIHEIRESHE |, X
LeRIRENIRM TEYMYITHRE. TURFNIAS BIIRE] VertexRDD #1 EdgeRDD , X—EFH(WEFEI BTN
—LBFRITNRE.

VertexRDDs

VertexRDD[A] 4k7&E RDD[(VertexID, A)] HEZRINTEFMOBRSE , BBEEE A VertexID REgHIl—
IR, KA, VertexRDD[A] RF T —HBMREBNANTIAR, ERR , XBIHFRERABHE—TES
{FERYhash-mapZEEEIRE. FrlA , SR VertexRDDs MERAIEA VertexRDD 58 ( 20iB
IfiltergiEmapValues ) , BAIIBEBEREEHIRT BNEZETMAZ EhashiF, AT FIRIXNERS SRS
¥4, VertexRDD F&&& 7 — THMIANAITORE
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class VertexRDD[VD] extends RDD[(VertexID, VD)] {

// Filter the vertex set but preserves the internal index

def filter(pred: Tuple2[VertexId, VD] => Boolean): VertexRDD[VD]

// Transform the values without changing the ids (preserves the internal index)

def mapValues[VD2](map: VD => VD2): VertexRDD[VD2]

def mapValues[VD2](map: (Vertexld, VD) => VD2): VertexRDD[VD2]

// Remove vertices from this set that appear in the other set

def diff(other: VertexRDD[VD]): VertexRDD[VD]

// Join operators that take advantage of the internal indexing to accelerate joins (substantiall
y)

def leftJoin[VD2, VD3](other: RDD[(VertexId, VD2)])(f: (Vertexld, VD, Option[VD2]) => VD3):
VertexRDD[VD3]

def innerJoin[U, VD2](other: RDD[(VertexId, U)])(f: (Vertexid, VD, U) => VD2): VertexRDD[VD?2
]

// Use the index on this RDD to accelerate a ‘reduceByKey" operation on the input RDD.

def aggregateUsingIndex[VD2](other: RDD[(VertexId, VD2)], reduceFunc: (VD2, VD2) => VD2
): VertexRDD[VD2]

}

ZENMEIF , filter ZBEA{EIRE—VertexRDD, JiEs8SEfrfEEFB— BitSet LI , Et ERefEE RS |
PARARBBFIHEE VertexRDDs fiZEZiiRERIBES . BFFRY , mapValues BAERIT map REEER

VertexID , EETLURIEAERIEY HashMap #iEEEeeER. ZEEM I MERIRY hashmap SREXHY

VertexRDDsHIfEERLZ MM AR R SR REILSCILERIR(ERS |, leftoin # innerJoin EREEHE(ERA.

M— RDD[(VertexID, A)] &3tz — 1 #rfAY VertexRDD , aggregateUsingIndex ##{E2EHRY.
A, NRFBET—ATSEE T —A VertexRDD[B] , i VertexRDD[B] £2—%t RDD[(VertexID, A)]

FPINRATEESE | BBATIM A LAIER SLANBEIEZRS| RDD|[(VertexID, A)] RERZES|. fa0 :

val setA: VertexRDD[Int] = VertexRDD(sc.parallelize(OL until 100L).map(id => (id, 1)))

val rddB: RDD[(VertexId, Double)] = sc.parallelize(OL until 100L).flatMap(id => List((id, 1.0), (id,
2.0)))

// There should be 200 entries in rddB

rddB.count

val setB: VertexRDD[Double] = setA.aggregateUsingIndex(rddB, _ + )

// There should be 100 entries in setB

setB.count

// Joining A and B should now be fast!

val setC: VertexRDD[Double] = setA.innerJoin(setB)((id, a, b) => a + b)

EdgeRDDs
EdgeRDD[ED] #4k7&E RDD[Edge[ED]] , fEFEE N fEPartitionStrateqy & Fhoy R EEMERHI—NMER D
XAAEDN, EENDERF , LNEEFIEREEEDBIRTE , SEMESERN , BiiIaTLEXHRIER,

EdgeRDD 25 7 =/E/MIRE]
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// Transform the edge attributes while preserving the structure

def mapValues[ED2](f: Edge[ED] => ED2): EdgeRDD[ED2]

// Revere the edges reusing both attributes and structure

def reverse: EdgeRDD[ED]

// Join two 'EdgeRDD’s partitioned using the same partitioning strategy.

def innerJoin[ED2, ED3](other: EdgeRDD[ED2])(f: (VertexId, Vertexld, ED, ED2) => ED3): EdgeR
DDIED3]

EAZEHINAT |, Bl 1L , EdgeRDDE(FAILIEITEE{EE (graph operators)ai& E X EEZARDD
SRR R TTAK.

=%

2 ¢£

=1/

GraphX8iF—HESERKEUoITES. XEEEES% org.apache.spark.graphx.lib €4 , AILE
ZiGial,

PageRank&%

PageRankEE—MEHFENTIRNEERE | REMVEVE—RIBARVNEES RS, Flgn , —p
Twitter FIFPHIFSEHEAR | iZFFHRES. GraphXiaiaSisaPageRankfIsLI % |, IXEET5i%
fEPageRank objectd, F#&HIPageRankiz{TREIEREHNEN | MalSHIPageRank—EHIZ T , EEIML
88, GraphOpsaitEEERXLE A ENE LRIGE.

GraphX8&— 1 E(Ie]LUE TPageRankAIt A2 MR EHEERIGIF. FIFETE graphx/data/users.txt
i, FIFRZERKETE graphx/data/followers.txt #1, FAiJ@E FEAYGETESMNHEFBRPageRank,

// Load the edges as a graph
val graph = GraphLoader.edgelListFile(sc, "graphx/data/followers.txt")
// Run PageRank
val ranks = graph.pageRank(0.0001).vertices
// Join the ranks with the usernames
val users = sc.textFile("graphx/data/users.txt").map { line =>
val fields = line.split(",")
(fields(0).toLong, fields(1))
}
val ranksByUsername = users.join(ranks).map {
case (id, (username, rank)) => (username, rank)
}
// Print the result
println(ranksByUsername.collect().mkString("\n"))
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ERFEE

EBEAEEZRIdREESREMNERN , BEBERFFSRNIRRRYIdE/EBARRId, Fla0, 132K
&rh | EERALUA9EERE, GraphXfEConnectedComponents object EE T —1MEIZRISEHR |, I
1B TERG E TR R NESHYREFRIEBR.

/ Load the graph as in the PageRank example
val graph = GraphLoader.edgelistFile(sc, "graphx/data/followers.txt")
// Find the connected components
val cc = graph.connectedComponents().vertices
// Join the connected components with the usernames
val users = sc.textFile("graphx/data/users.txt").map { line =>
val fields = line.split(",")
(fields(0).toLong, fields(1))
}
val ccByUsername = users.join(cc).map {
case (id, (username, cc)) => (username, cc)
}
// Print the result
println(ccByUsername.collect().mkString("\n"))

=AHEEE

— NREE R MESBIITRRIARESIRZ BILE , RNIRE— N =AFA—E85. GraphX
f£TriangleCount object LI T — P =AFITEHEZL | BitBEEIS8INTIRHN=AFIHNE. FEIR
HE , it EHMEREIEEN=AFATEET , TriangleCount EEBRIAEENBAISE (srcld <
dstld), 7B Ei@d Graph.partitionBy 95 Fid.

// Load the edges in canonical order and partition the graph for triangle count
val graph = GraphLoader.edgelistFile(sc, "graphx/data/followers.txt", true).partitionBy(Partitio
nStrategy.RandomVertexCut)
// Find the triangle count for each vertex
val triCounts = graph.triangleCount().vertices
// Join the triangle counts with the usernames
val users = sc.textFile("graphx/data/users.txt").map { line =>
val fields = line.split(",")
(fields(0).toLong, fields(1))
}
val triCountByUsername = users.join(triCounts).map { case (id, (username, tc)) =>
(username, tc)
}
// Print the result
println(triCountByUsername.collect().mkString("\n"))
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=a
Bl

REFNVEMN—EXA G FTE—NE | IREIXMESSEEXRRTAR , ABEEFE LiziTpage-

rank , RiGIREIStopAFHEXNEM. ATLAUBEIN ™AL,

RN e

// Connect to the Spark cluster
val sc = new SparkContext("spark://master.amplab.org”, "research")

// Load my user data and parse into tuples of user id and attribute list
val users = (sc.textFile("graphx/data/users.txt")
.map(line => line.split(",")).map( parts => (parts.head.toLong, parts.tail) ))

// Parse the edge data which is already in userld -> userld format
val followerGraph = GraphLoader.edgelistFile(sc, "graphx/data/followers.txt")

// Attach the user attributes

val graph = followerGraph.outerJoinVertices(users) {
case (uid, deg, Some(attrList)) => attrList
// Some users may not have attributes so we set them as empty
case (uid, deg, None) => Array.empty[String]

}

// Restrict the graph to users with usernames and names
val subgraph = graph.subgraph(vpred = (vid, attr) => attr.size == 2)

// Compute the PageRank
val pagerankGraph = subgraph.pageRank(0.001)

// Get the attributes of the top pagerank users

val userInfoWithPageRank = subgraph.outerJoinVertices(pagerankGraph.vertices) {
case (uid, attrList, Some(pr)) => (pr, attrList.toList)
case (uid, attrList, None) => (0.0, attrList.toList)

}

printIn(userInfoWithPageRank.vertices.top(5)(Ordering.by(_._2._1)).mkString("\n"))

HEAZ N FHIE PR

#ESpark binEI5 T spark-submit ETLAFSKAESERE FESRIMFRRER. SaLIBSS—fEOmEmSpark
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XFFRTESRFEER: | MBIRF Y AE— P EESENAECE.

Fspark-submitZaip FfER
bin/spark-submit BIA G ERE I8 2 Spark AR EIKFRAIZEEER ( classpath ) , EXIFARRIEEFEIRE
25LAK SparkZFAINIEART.

./bin/spark-submit \
--class <main-class>
--master <master-url> \
--deploy-mode <deploy-mode> \
--conf <key>=<value> \
... # other options
<application-jar> \
[application-arguments]

—LEARIIEIE

o --class : {REIRNIFIREFFBIN O (Jorg.apache.spark.examples.SparkPi)

e -—-master : &EE¥AYmaster URL(#spark://23.195.26.187:7077)

e --deploy-mode : fEworkerTs mERE{/RAYdriver(cluster)BiE A MIEAINIBZEZ i ( client) ., BRIA
=client,

o --conf : {(EEMISparkEcEREMY , & Ekey=value,

e application-jar : BENAEFRUNREKSENjar@i0ER, IXPNURLWEERE LB, Fia0 ,

FETRET AR hdfs:// 88128 file:// 8812

application-arguments : {45 RIS E]

— MBI E RSN KRR RN BER | XWX I REIworker SEEIER EME. EIX
MEET , client BRXRIESH. 7E client i |RI{F , driverEIEE spark-submit HIZRE5N , THXMHIE
BEREAERNE iR, NEEFRISANGEEfIEHanEs. Al , XESFES P R REPLEY
N FAfERF.

H—FEEE |, WSRIRIN R MA— 1 workert| 25fBIERITAIEE H1RRZ , BEIER FH cluster #&25(
> driversflexecutorsfRILRIREE, &, cluster B BRIARSIIFIMIIEERE. mesosERFLAK python
N FRFER.

BIAENEREEEERISENIBEI. Fa0 , fESparkdtiz&8# cluster B30T , (REITLUERE
--supervise FIkM{RdriverBmEE ( MNREENIFFELBRM ) . AT 7Espark-submitfERYE]
FEIEIR , A --helpiZ{7E,
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# Run application locally on 8 cores
/bin/spark-submit \
--class org.apache.spark.examples.SparkPi \
--master local[8] \
/path/to/examples.jar \
100

# Run on a Spark Standalone cluster in client deploy mode
/bin/spark-submit \

--class org.apache.spark.examples.SparkPi \

--master spark://207.184.161.138:7077 \

--executor-memory 20G \

--total-executor-cores 100 \

/path/to/examples.jar \

1000

# Run on a Spark Standalone cluster in cluster deploy mode with supervise
./bin/spark-submit \

--class org.apache.spark.examples.SparkPi \

--master spark://207.184.161.138:7077 \

--deploy-mode cluster

--supervise

--executor-memory 20G \

--total-executor-cores 100 \

/path/to/examples.jar \

1000

# Run on a YARN cluster
export HADOOP_CONF_DIR=XXX
./bin/spark-submit \
--class org.apache.spark.examples.SparkPi \
--master yarn-cluster \ # can also be ‘yarn-client for client mode
--executor-memory 20G \
--num-executors 50 \
/path/to/examples.jar \
1000

# Run a Python application on a Spark Standalone cluster
./bin/spark-submit \
--master spark://207.184.161.138:7077 \
examples/src/main/python/pi.py \
1000

Master URLs
&i845SparkfurlaT LA FEAVER,
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Master URL Meaning

local Fi—*worker&Z&f2 A ithiz{7Spark

ocal[K] Fak M workerZiZ2 Az TSpark GEEER T | IREXMEAIRIIESAYZ
)

local[*] R rTgezZmworkertfE Atz TSpark

spark//HOST-PORT EERLEERISparkit iz ZpE SR master, ImMEmasterBcERmA |,
FIAR7077

mesos://HOST:PORT | iEZZAERIMesosEERF

LA client x0iEEEYarn&EEf, BEEIEHEET@IHADOOP_CONF_DIR
TEKE

LA cluster t2iERZEIYarnsERf, BEEUEKRETETD
HADOOP_CONF_DIRZE £k

yarn-client

yarn-cluster

JR371E17Spark

—_—t =2y ] - >
SparkiinEBERE
LAESparkIb T8 R
LHSparlkIBIZIRT, , (RARFEEEG SparkiImiER A BRI EISEFNIE MR, (RAILBREE MIERE
HFRIERA , BATLAE 2%RIE.

FoliSoheeet
eI TEATRSEIETMmasteriRES S,

./sbin/start-master.sh

—B35h , masteri§& B SHIEIH spark://HOST:PORT URL , {REEFE A EIEREEIworkersa&E{E
3" master" S{E#L, SparkContext , {RIBETLATEmMaster web ULEZILXMNURL , master web UIZRIA
AYbHER http://localhost:8080 ,

HER , (RBALUSsI— 1M E@E Z 1 workersEi Z K B liEZRmaster,
./bin/spark-class org.apache.spark.deploy.worker.Worker spark://IP:PORT

—B{REsh T —Pworker , EFmaster web UL, {RATLAEZFAIT RFIRUR T RAICPURILAK RTZF.

THENEE S LUEBLE masterflworker,
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Argument Meaning
-h HOST, --host

WOTAIENEZ
HOST
-i HOST, --ip HOST | EL , EE#iEK
-p PORT, --port

PORT WIFRIARS Y% ( masterZBRIAR7077 , workerB&#l )

--webui-port PORT | web UIfJim[d(masterZRiAE8080 , workerZiiA28081)

-¢c CORES, --cores Spark AR LAEARRICPURZEL ( BMARFIER A ) ; IXMMEIXIE
CORES worker_=R]FH

-m MEM, -- Spark B2 e LAERIRIAREEL ( AR Z2(RAWESNEEURELg ) | X
memory MEM METNEWorker LR

-d DIR, --work-dir | BFEETEMLEmEATNER ( EWAZSPARK_HOME/work ) ; X4
DIR PEIR{RfEworker B FH

--properties-file

FILE BEMAISparkECESHRINNE R R ( BAIARZconf/spark-defaults.conf)

SEEMRAR

AT BRI ARSsSpark Itz &8 | (RMOZE(RAISparkBR NI — & conf/slaves RIS |, XA
X{HARE BB RERsIRISpark workerfTENESHIENE | —1T—1. TR conf/slaves NFEE , B
SIABIASEALEE (localhost) |, XEHZEXNTUXEERN. T2, mastertlZ@Isshipafig
Bworker, TEBRABRT , SSHEHTET , FERELE (RATAEER ) BiHE. NRIREIRE
HFERLHE | (RelLURBEIRETTE SPARK SSH FOREGROUND , &/ \workerf2{it=33,

—BE{RRE TN | (RHAI LB FERIshel A S EaEE ILIRRISET.

e sbin/start-master.sh : 4128 E/Fa1— 1 "mastersL/|

e sbin/start-slaves.sh : B &¥128 LEa1—" slavesLA|

e sbin/start-all.sh : @ERFEa1—"masterSLHIFIFTHE slavesLfl
e sbin/stop-master.sh : {Z1Emastersf|

e sbin/stop-slaves.sh : {Z1EFrEslavesLfyl

e shin/stop-all.sh : {Z1kmastersLIF0RTE slavesLf|

IR XERARGIIEIRAYSpark mastenz{TAINLES BT , MIARE(RAIA A =5 _EE.

{REJLATE conf/spark-env.sh g BINETEH—EECEERf, FIH conf/spark-env.sh.template BllFEIX
M, Al eEHEIfTERworkertllgg EFIREBR. THAVNKERLUE/ER :
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Environment Variable

Meaning

SPARK_MASTER_IP

#REmasterEl—MEEMNIpiHbE

SPARK_MASTER_PORT

EARENRO_ EEsimaster ( BHAZ7077)

SPARK_MASTER_WEBUI_PORT

master web UIRYiwO ( EHARZE8080 )

SPARK_MASTER_OPTS

MAZImasterfVBCERM |, 182 "-Dx=y" ( BkiAZnone ) ,
BE NEIFRBAIEIRLAER— N T RERI5IR

SPARK_LOCAL_DIRS

SparkdFEEFZENER. SiEmaphiE i XIGFIFEERE -
AIRDDs(including map output files and RDDs that get
stored on disk)., XPIE—MRIERT. (RAYRFHIAR LR
E. BAUZE—MESHRAYIER  RRABEERNZTER

SPARK_WORKER_CORES

SparkR AR LARZIRY 4R ( BUARFIERA )

SPARK_WORKER_MEMORY

Spark}"‘ y REFAZRINAFEERE ( BUARREFEREIRELG) . iE
R AR MIAFEIEY spark.executor.memory iI8E

SPARK_WORKER_PORT

RO L EahSpark worker(BRIAZRE)

SPARK_WORKER_WEBUI_PORT

worker UIFJis ( BRIAZ8081 )

SPARK_WORKER_INSTANCES

FEN28ETHIworkersLHIEL , BHARL. MBRE—EIEEKX
B EEFERLRIETE Nworker |, {RETLUREIXMIATF L. W
RIFMRETXNMNMET R |, BIRFEIRET
SPARK_WORKER_CORES I ELERTFIREIE MworkerBIizEi
& M worker=iXERTERIZ.

SPARK_WORKER_DIR

Spark workernz{TBR , ZERBEHENEEZE ( BIAZ
SPARK_HOME/work )

SPARK_WORKER_OPTS

NFAZEIworkerfVBCEREM | U2 "-Dx=y" ( EKiIAZnone ) ,
BE TEREINERLAAER— T RE5IZ

SPARK_DAEMON_MEMORY

oEczaSpark masterflworker<FPHIZAINTZF ( EHAR512m)

SPARK_DAEMON_JAVA_OPTS

Spark masterfworkersFriPHIZRIVMEED , 82" -
Dx=y" ( #KiAJgnone)

SPARK_PUBLIC_DNS

Spark masterflworker,2HAIDNSE ( EKIAZEnone )

IR, BIASEARFwindows, AT EWindows_EfERISpark&ERE | EEFRERImasterfl]

workers,

SPARK_MASTER_OPTS ##—TFHIRFZEM :
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Property Name

Default

Meaning

spark.deploy.retainedApplications

200

TSI FRRE RIS AEIE .. ERINEER
SRR E PR

spark.deploy.retainedDrivers

200

fErsohydrivershISRAEH. ERNARERS
WHMPRLAR B 1R

spark.deploy.spreadOut

true

XGRS SRR E R RN T &
BN FRRE R RN S DS IE R A R REDHY
TRLE. fEHDFSH | (iR FR AR ELT
ROIERE  BR  MTUHEEEENGE  BaS
BEHME,

spark.deploy.defaultCores

(infinite)

fESparkiZIRT | LANFIFRFRIBAIAIZEL (40
RIQBIRE spark.coresmax ) , MIRKBIR
B, NFREFRESEGREE BRI , BRIFRE
T spark.cores.max , FEHEEEF FSER(KAY
1Z&0 , STRRELE P BOANTE RN RS,

spark.worker.timeout

60

ImI7EREAImasterA aworkersk i (IRBUEILC
BHMER ) BYEIFEATE.

SPARK_WORKER_OPTS =R FABIMH :

Property Name

Default

Meaning

spark.worker.cleanup.enabled

false

[BEptERYE= worker/fEEFBER. iR, XX
NI ERES. ANENAEFRERIAER
17, BT REFBERESHET

spark.worker.cleanup.interval

1800
(30%3)

EARMAZE L , workenB=ZINAEFITIEER
REpER[EE

spark.worker.cleanup.appDataTtl

7*24
* 3600
(7X)

B worker N BIEF T{FERAIREBRIE, X4
RS ERE TR R E BRI/ NARFAE
Mjarg EERIB M NAREFILIFER. EENE
AR , TIFERSRIRAVEHEETE , 5512
MR THHFUARSRE,

EEE— M R FRISR

N T ESparkEEBFRIE T— N FFER: | (EERi{EE spark://IP:PORT URLE!SparkContext

NTEER BT — 1B ASpark shell |, iz17—TF#&H% :
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./bin/spark-shell --master spark://IP:PORT

{RIBETLUEE—MKIR --total-executor-cores <numCores> FKilspark-shel %24,

JSESpark N FIFEF

spark-submitfil ASTFERERRVEAR— N Spark N IR FRISEE. X TIRZEPZRIEERTF | Spark RIS
MEBERT, £ clientRz\F | driverSaliHiE 5& FinfEs N R FERHERE—MHE. 2 |
1E cluster #Rz\ep , driverfEEEBFRIE Mworkern# 2S5 , REZFmARETN TIRZES | EAEF
ZIn R IR .

ANERMRAIN FRRE BT Spark submitfZz , {REIN BERFjar@ =B & EIFaRIworkerfim, T
{RRONFRREFHEIIE Ejart |, {RRIZA --jars FFS18%€ (30 --jars jarLjar2 ),

Bob, cluster B SIFENESRIONERER (NREF—IEFERHIDELY ) . ATHAXMHE , &
[EENRIFRFERERT , {REILUEE --supervise fFEE] spark-submit, WIRIFEBRIEREELMAINA , #RETLL
B TAT

./bin/spark-class org.apache.spark.deploy.Client kill <master url> <driver ID>

{RETLATEIRSZZREAIMaster web UI ( http://:8080 ) Hh#kZE|driver ID,

R
IR ERE RISV FRIRAIFIFOREERS. AT , AT RIFSMFHTHRAR | (RegBEHE N

EFEEANEARIRE. EERANER T  BREREEFNAEHR , XREERE IR — N AER
FHEEN., {REJLUET spark.cores.max fESparkConfehiZ Bz,

val conf = new SparkConf()
.setMaster(...)
.setAppName(...)
.set("spark.cores.max", "10")
val sc = new SparkContext(conf)

5B, ARRILATESEE R I master#fEPBECE spark.deploy.defaultCores REZZEAIABIE. 7
conf/spark-env.sh I TFEAYT :

export SPARK_MASTER_OPTS="-Dspark.deploy.defaultCores=<value>"

XERPIREEERAZEHIHZSERHTEE R,

=H
BOABIRT | AR E SR worker KIMZBRERY ( FESparkABHFEEIRZEERERY , JIEKRIT
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{ERIIHERIBIMIworkerskARIR ) . A , AERBIE masterXHFUTRERERE | XIS REIE
gN&Rmasterfty , FHINBEFMTIELIE, N TERIXD , H(EW SRR,

FAZooKeeperfJggHmaster

FFZooKeeperESFF I SIRE AN —LIRNEFME | (REEBEIRINERFPENZ " master , iX&master
EEEIFE—"1"ZooKeeperstfil £, — Mk "WE" |, HERURFEAEII. MRIRINESTET | 5
— P masterlG&iETF , IKEEmasterfPRTE |, AEKRERE, BEIMRETEAMREZLIZ2oM, iE
B XMMRER N SR EFT RN BIE -5 TER M masterdh fU N AR A A 25200,

EcE
RTFEXMREES, , (RelLAA TEEMLE spark-env higE SPARK_DAEMON_JAVA_OPTS,

System property Meaning

spark.deploy.recoveryMode | &&ZOOKEEPEREFEIFEAMastert&Z=t; ( ZXiAAnone )
spark.deploy.zookeeper.url | zookeeper&gfurl(%0192.168.1.100:2181,192.168.1.101:2181)
spark.deploy.zookeeper.dir | zookeeperfRFIREIRSHIB R ( BNIAZE/spark )

BIRERYRERA | ANRIREERFPEZ masters , (BEiR8AzookeeperlEiRYECEIXEmasters , XL
masters A RIRILL , N ElIEBRleaders, XIGRIERM— P MERIIEEPAT ( EIFBRImMaster
HRIRZAIERE ) .

iR w]
zookeeper&EBt @Iz e , RS HAEERMN. EiEREAzookeeperftE ( zookeeper URLFIER )
T, BEABNT S _EEEimENZ S masten#f2, mastera] LR ZRINFOMIER.

AT AN FREFEE RIworkerZIEEEF | BEREMESRileaderfVIPHENE, IXEILABIT EERANEE
— M \masterF|ZFXK5hk, 580 , /ReJeEFRahRAYSparkContextgA spark://hostl:portl,host2:port2 ,
XGRS park ContextERTEAHXE N master-218R hostl 387 , X MNEEEXHE—EHEIERA
PEAVEHEF D leader- host2 ,

"registering with a Master"¥IIER#R{EZ BB EENIXAI, SEmET , — N FREFEE workerFm 268
BRI EMHEIRleader master, —BE/MINEM , ERERAFT. NREIRARE | Fillleadergs
RS 2 BRI FBRE R Oworker , BAMEIIRSXRENZN |, LB IEEATES BTG50
HleaderfJfF L.

HAFXNEERIEE | Fildmastera] LUEFHAIEHESIEE, (RE—EER O E AN BfER
workersgefig KM EFHIE eI EMHEFRBG ek Sleader master,

R R S5 ke

zookeeper24EFINE FRRIFHIERE , (BRUIR(FEEmasterStig/FE/GE , FILESYSTEM tRILAT LA
R, BRI FEEFworker T , BIMEEEBIIRSENRHNER | UETFEEBmasteri#A 2T E1 158
RIHE(FEH B 10 - 86 -
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EcE
RTFEXMREES, , (RelLAA TEEMLE spark-env higE SPARK_DAEMON_JAVA_OPTS,

System property Meaning
spark.deploy.recoveryMode REAFILESYSTEMAZ R RIkERED ( 2XiAAnone )
spark.deploy.recoveryDirectory | FARIKERSHER

]

o IX/MERGFETLAFNIGIESE/ETERE (Wmonit ) BElS , BEXNNESERHEFNIRE.

o BANHRFNIKELFLLSERITHIREERLF , (BEXTFRFEF AR ER , XFMEXrTsERIR
89, %5al2 B stop-master.sh FRigmaster ARBRRERIREINS | Fild . AEMIIE—
Fimaster , BEBIGHNIKERT(. XoTaeEEENAT EEINZE 158,

o BAREARESIFNA , REATLLIE—INFSERIENKEBER. WRRBIMasterts
s |, (REILAEARMT sm/gsmaster , ERILAEMRIRES 2 5l EMAORT B R TR %Dworkerso EE
RN RS AIIX N B master,

ftyarn_tizf3Spark
T:EYARNJ:i:ﬁSpark

kﬁB 93/3 Spark on YARN #E{{2HHNEESHEBSEEMNEEER. THXLEEN
Spark on YARN #&z{(f2HHVECE.

SparkjEtE
Property Name Default Meaning
ApplicationMasterZ&{EFSpark
masterfxEL
spark.yarn.applicationMaster.waitTries 10 IR ‘/USZ o
SparkContext#Jiaft =it AIR
%

EAEZHDFSAIS4AIHDFSE
HDFSEUARIES | $lIKF. XEZHERFESpark
IXEL(3) jar. app jarlARAHAIS T IE
EBUETLEES

spark.yarn.submit.file.replication
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Property Name

Default

Meaning

spark.yarn.preserve.staging.files

false

IREMtrue , MTE(FILEERAT
IREBBYERIESLMH ( Spark jar,
app jarbLARHITDHIVEFN
%) MAZEMERES]

spark.yarn.scheduler.heartbeat.interval-

ms

5000

Spark application masterts
YARN ResourceManageriix
OBEAIBIENERR (ms )

spark.yarn.max.executor.failures

numExecutors *
2,5/\3

SR FRRE e < RUER KR T
RIS

spark.yarn.historyServer.address

(none)

Spark[SEARSSEE (4N
host.com:18080 ) AYttEdl, X
MEARNIZE S —MET
(http://) . BRANBERTIZE
RE(E , XEENZIEE—
NENEEIN, = Sparki AR
5ShAtMResourceManager UI
FlSpark [ SEARSS &7 UIRYEZ
B, X MiBiIEMYARN
ResourceManager{5§%|

spark.yarn.dist.archives

(none)

RENES K IRAERS RS
MUTRRRITFER

spark.yarn.dist.files

(none)

WEES R4S IREE
MUTRRRITFER

spark.yarn.executor.memoryOverhead

executorMemory
*0.07,5%/\384

DELEB M TRRERTEX
/N (LAMBAELL ) . BERVM
FF4Y. internedFfFEEEHE
EAMFHESENRE. XE
EREER TR /NG,
( BB TE6%-10% )

spark.yarn.driver.memoryOverhead

driverMemory *
0.07,&/\384

SECLEE N driverfUHERTEAR/N
(LAMBAREAL ) . BERVMFF

. internedFRFEFEHRE

AFHE S RNRNE, XEE

pEER TEE /NG, (#

ERTE6%-10% )
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Property Name

Default

Meaning

spark.yarn.queue

default

N PR AR R EUAIYARNBAS
HIZFR

spark.yarn.jar

(none)

Spark jarS{4HRINE |, B
INBE. BOABRT | Spark
on YARNE=FZEIA L5
Spark jar, {B2Spark jarthn]
LAHDFSHRES— P AHAE. X
AFYARNEZFERITA L, M
FRESIRIZ TN FEFEER
=EDHL. 1IEMAHDFSHEYjar
&, AILAXN S
73"hdfs:///some/path"

spark.yarn.access.namenodes

(none)

{RESSpark i FRFERFIEIRY
HDFS namenode%lz&, i
an,
spark.yarn.access.namenod
es=hdfs://nnl.com:8032,hd
fs://nn2.com:8032

, SparkRFIfE R4 /mizaia]
namenode%!|Z& , Kerberosi
/MIEFRECER A ). Spark
ixfSnamenodefIR =< |,
XtESparkh FRFEFFRLRENE3IR]
XLOTFEAIHDFSEERS.

spark.yarn.containerLauncherMaxThreads

25

RTBITERE MR
FFmaster FBEIRIER KEAEEL

spark.yarn.appMasterEnv.
[EnvironmentVariableName]

(none)

s N
EnvironmentVariableName
BRI EZEEEApplication
Master@bH#EYARN_ERIEEN,
FFALUEEZ MZIRE N
MZESNIMNELZE, fEyarn-
clusterf&z(F , iX#=HlSpark
driverf9FRiE, fEyarn-clienti®
IV F , XY= HHTEE S50
=N
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EYARN_E/S5hSpark

T HADOOP_CONF_DIR 8 YARN_CONF_DIR iEERIB RB & HadoopERI ( i ) L&,
XLefe B AT EEUEEdfsFOiEREZIYARN ResourceManager,

BERFERB RN LAURRIEYARN L [S61Spark v B2, fEyarn-clusterf2=T , Spark driveriz{T£
application masteri#ff2d , X/MHEHERFTPIIYARNFIERE , EFIRSERECNBREFRZERA. &
yarn-clientf =\ , driverniZ{TEEFimHiES , application master{f{XFRMAYARNIEKZIE,

FSpark EIRIRTULAK MesostR AN , TEIXEARTH , masterfVithit R "master"SE3EE , MEYARN
T , ResourceManagerfdittiit M\HadoopBEcE1EEI, FEittmaster&#2&EAY yarn-client [
yarn-cluster ,

fEyarn-clustert&mt, FfFzhSpark i FIfER7.

./bin/spark-submit --class path.to.your.Class --master yarn-cluster [options] <app jar> [app O
ptions]

FI+F :

$ ./bin/spark-submit --class org.apache.spark.examples.SparkPi \
--master yarn-cluster \
--num-executors 3\
--driver-memory 4g \
--executor-memory 2g \
--executor-cores 1\
--queue thequeue \
lib/spark-examples*.jar \
10

LA BT — N YARNZ FimtE R AEENEIAR Application Master , Af5SparkPi&fE9Application
Masterfd F&IRIETT. ZEFimS TR IEApplication Master BT IRSEFHHEEH B RfEistla L,
—B{RNONRREFETRE  BEFiRfsEL.

feyarn-clientt®== N EaSpark N FAfER | 1=17 FEEIshel FIA

$ ./bin/spark-shell --master yarn-client

s IIEERjar

feyarn-clustertEz( T~ |, driveniz{TEARAIWES L , FTLABH 7 IREFEAMEE P imAISUs
SparkContext.addlar FAST{E, A T{E SparkContext.add)ar FARRIFERFIHIISUYE | EREHS
chi0_E --jars 35%EIA,
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$ ./bin/spark-submit --class my.main.Class \
--master yarn-cluster \
--jars my-other-jar.jar,my-other-other-jar.jar
my-main-jar.jar
app_argl app_arg?2

e 7tHadoop 2.2Z8/i , YARNAZFARRIZHRIFEK. FE , ZETRHNMAR , BE w1755
IEERIZAIE BT A EBLEYARN, EEERRT |, ZEKEEZIMEVR T A MEE RS LAR AR E

e Spark executors{EAAI B RIESEYARNELE ( yarn.nodemanager.local-dirs ) P& B R,
WMRFAFIEE T spark.local.dir , BB 2.

o --files #] --archives JEIZFHERE T * # * SMIHS2. A0 , (REEEIEE
-files localtest.txt#appSees.txt , B_LERIEAMAE A localtest.txt BISTHEIHDFS | (BRGEH;
BEABRR appSees.ixt , S{RAIBFRRERFEITIEYARN LAY | {RRLIZ($ER appSees.txt 23 |,

o HNR{FTEyarn-clustertiiz FizfT SparkContext.addlar , HERRITAMIE , --jars SIS
SparkContext.addJar EREEENE TAE, QISR(RIEFE(ER HDFS, HTTP, HTTPSELFTP , {FAEEAEEZ
JEIT

SparkBc &
Sparkfic &

Sparki@t="MUBERKECERS

o Spark propertiest=HI KB HIN FBERFSEL , IJLAASparkConfXygaEjava R AEHiRE
e Environment variablese]LUBIS &MY conf/spark-env.sh BIAIR BT EYSSHNIRE, FIANIPHE

il
e LoggingaJLAiEidlog4j.propertiestt &
SparkjEtE

SparkBHHEHAOHNNERFRE  FEASMAEFSIEEE. XUEMATLIER
fESparkConf FEEE |, SAfG1E%LS SparkContext, SparkConf fiH{RECE —Lo@ANEM ( #Wmaster
URL. RIFEFERFER ) RGBT set() HiZREREREEX. fian , BIITLBNTAIE—MEERD
SARHINFRRER. (FR , BAIE local[2] 51T , XEMRERNEE- R/ NIHITE | SRl 1E
MHEDHIVNE METHIR A HIAYEIR.
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val conf = new SparkConf()
.setMaster("local[2]")
.setAppName("CountingSheep")
.set("spark.executor.memory", "1g")
val sc = new SparkContext(conf)

TR BIEAEPBREEI1INETE. f1Spark StreamingfIER—HE | BT seEE— &2l LE
HaR R i alRR,

SIS IESpark @t
FE—LERT | IRATREBAE SparkConf sRiBERERISIENEE. AN (MEARRNmasteraiE AR
KIS THIRIRIRIFTERF. SparkfAYFREISIAIE— N2 conf,

val sc = new SparkContext(new SparkConf())
REFEETIHREE.

/bin/spark-submit --name "My app" --master local[4] --conf spark.shuffle.spill=false
--conf "spark.executor.extraJavaOptions=-XX:+PrintGCDetails -XX:+PrintGCTimeStamps" my

App.jar

Spark shellf spark-submit TESHEFRMHARNSIEEE. F—FMANEMeSITEI , FIa0 --master

, W0 EEshel 27~B9BBFE.  spark-submit ATLAESZ{E@ISpark/@ | B --confiric®zas. (BEPLSS
Spark R FfE R E B ER R . 51T /bin/spark-submit --help F& BRERAVEAN S
*=.

bin/spark-submit =M conf/spark-defaults.conf FEENECE LD , XNMEEXH+ , B—1T8ES
—XIASIE S FRIOEFE. Fla0

spark.master spark://5.6.7.8:7077
spark.executor.memory 512m

spark.eventLog.enabled true

spark.serializer org.apache.spark.serializer.KryoSerializer

HatRes ( flags ) IEEMEFEEEEHHIEBSEBRERNBER  FHE\@ET SparkConf §FiXLE
{B. £ SparkConf LigENEMHEEREIMLIHR , EUREEHEL spark-submit & spark-shell fY/E
ME , &&= spark-defaults.conf XFHRIEME.

BESpark/Et

£ http://<driver>:4040 ERIRN FAFEFRweb UITE “Environment” Fr&h7IH TErERISparki@iE, X3
(FHRZENBENEREEEERAN. 5 , RE@EIspark-defaults.conf, SparkConfUAK epS1TEZE
EENEASER. MNTHEREERY | (REILUAARERBE TERARNE.

ANI(ER B 15 -92 -
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o ARNEY
EHIRERERNATS D BUHEESENEOANME , —LHREANSINRENT :
R AR R
Property Name Default Meaning
(RN YA,
spark.app.name (none)
IR
spark.master (none) SR TEESE RIS
B/ Nexecutor#iZ(EFE
spark.executor.memory 512m )
BB EREATEIC (A0
spark.driver.memory 512m driveri#Z2{E RN
& NSpark action(#llcc
HERR KRS,
1m , OSEZBIRE.
BaEIE,
spark.driver.maxResultSize 1g W, TIFR=ELE, X

drivertHIl AfFim A
spark.driver.memoryi
) . REGEAIRS

HIR.

spark.serializer

org.apache.spark.serializer.JavaSerializer

RIS ERRIZE.
VAURFICE TR 5L
18, FrAFIEI
FHorg.apache.spark.s

spark.kryo.classesToRegister

(none)

ANR{RAKryoFFIL |
ENEZYFRFREF

spark.kryo.registrator

(none)

SNERIRFEKryoF5UL |
BENZE. MRIFHE

AIZE | BRAXEMR
spark.kryo.classesTol
MNiZigBE— M HREBKr

spark.local.dir

/tmp

SparkEF=ERYES
NEESHRAF | XD
SPARK_LOCAL_DIRS(
LOCAL_DIRS(YARN)Z

spark.logConf

false

24SparkContextf3ahhs
SparkConfigRAINFC

RIIEER B W2
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=TSR

Property Name

Default

Meaning

spark.executor.extralavaOptions

(none)

&5 executorsfi)VMIEINE
R, plancCREsEHTEH
HIRE. TR, X MNMEIFIE
ESparkBMEEHENERE
89, SparkiBMHEER
SparkConfXgsa&
spark-submit B2 FRZIRY
spark-defaults.conf 3{4i&
&, ERFILIEE

spark.executor.memory ig&

spark.executor.extraClassPath

(none)

BifnZexecutorsiiclasspathfy
#bHIclasspathshf, X ME
BEFERNTEERRIZESparkSIH
AR REFRESE@M. AF—R
FREREIXANETT

spark.executor.extralLibraryPath

(none)

fgEBnhexecutorfdJVMAT
FIREERRR

spark.executor.logs.rolling.strategy

(none)

wEexecutorHEAYADN
(rolling)REg. ENIAER FigE
FE. AILAERER time (EF
EHERYRSRN ) F size (BEF K
H9RRN), XTF time , A
spark.executor.logs.rolling.ti
me.interval

RERLNERR ; X TF size , BB
spark.executor.logs.rolling.si
ze.maxBytes

IRERARTRIAN

spark.executor.logs.rolling.time.interval

daily

executor & REIRIATIENE]
fB. BABR NEEHE. &8
AHUER daily, hourly,
minutely LAURAERRIFD,

spark.executor.logs.rolling.size.maxBytes

(none)

executorHERIERARIK
©, ANBRTEEHE. BiR
BAFT

RIIEER B W2
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Property Name

Default

Meaning

spark.executor.logs.rolling.maxRetainedFiles

(none)

REFRFREBIRIDANAT
NiHRIEE. BEENESHEE
witlkR. FANLEHE.

spark.files.userClassPathFirst

false

(SCEa ) HfEExecutorsHINE
KA, RERAFHRIIRYjartt
SparkE EfjarteRs. X4
BRI LARR(ES park{kisiF 1
HEaYhsR, CIEERE— L
SRS,

spark.python.worker.memory

512m

EEREHAE , 8 >python
worker#HEFERNAFE. &
REffE  tRNEET TN
IR, B BEIEE R+

spark.python.profile

false

7£Python workerF /5
profiling, &Y
sc.show_profiles() B=othss
R. BEEdriveriBHRIERSD
R, aILiEe
sc.dump_profiles(path) &4
RdumpRli#@Es. NR—Ls
TERBEFIRT , BATE
driveriB AT , BiiIBA=BE5)
=N

spark.python.profile.dump

(none)

driveriBHEIRFDITERA
dumpX4HIER. B 1RDDES
2P BIdump—1"3f4. BILUE
1 ptats.Stats() INEIXLEIZ

%, MMRIEETXNEMY , ot
ERA=BIRETR

RIIEER B W2
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Property Name

Default

Meaning

spark.python.worker.reuse

true

EAEHRpython worker, N8
2 R EREEHEN
Python workers , TIAEEN
FMESfork()— Pythoni#
., WMWRE— M FEXRRI#E
XMREBIFEEA. B, T
BEARENEMESNIVME]
Python worker{&#®—iX

spark.executorEnv.
[EnvironmentVariableName]

(none)

G0
EnvironmentVariableName
S IEERIMNEZESR
executori#fg., FAFEILUEE
E20N
EnvironmentVariableName

 IREZTINERE

spark.mesos.executor.home

driver side
SPARK_HOME

REBZLEEMesoshexecutor
FRISparkIBR. EIAER
T, executorsiE{FEHdriverfy
SparkZith (home ) HR , X
MNERXIEIAREN., 52, W
RigBiEIT spark.executor.uri
1BESparkfI " #HIE , XM
EA R

spark.mesos.executor.memoryOverhead

executor
memory *
0.07, &/
384m

XMEZ
spark.executor.memory AJ%p
78, BRKITEmesos{E5SHY
BRE, B, B—17%H9E
WISIRE. RERIERIERE
spark.mesos.executor.mem
oryOverhead

;& spark.executor.memory

7% _EZERIRE

ShufflefT/3(Behavior)

Property Name

Default | Meaning

RIIEER B W2
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Property Name

Default

Meaning

spark.shuffle.consolidateFiles

false

WNRIZRE N "true" , fEshuffledfia , &3
REs S eEE. BURERERISY
BT LR SR SRIshufflefIRER, XL
shuffleBBpEEE REIRIES. ZHHextd
FIdfsSUERGRT |, #HEFIRE N "true", £
ext3dh , EAMHRFHIPRE] , XML
OIRENIES ( KT 81% ) BHEREE

spark.shuffle.spill

true

INRIREAN "true” , BB S HIETEEAN
HEFRIRHE AL, BT

spark.shuffle.memoryFraction Si5xE

spillingfiFE

spark.shuffle.spill.compress

true

fEshufflely , 25K spillingBIEiEESs.
EaEE LB

spark.io.compression.codec $§3E

spark.shuffle. memoryFraction

0.2

LR spark.shuffle.spill

7 “"true” , shuffledhBREFIEFHLEIRIE
EFERYjavatENTF AR NTFRILLE. E(E
AEdfE , shuffles(ERAIFIAERFRMaps
HESX/NEBZIX M RBIRIZIER, #BITiX
MRE |, spillinggiERFEME L.

NRspilling KTIRE | F/IEXXME

spark.shuffle.compress

true

BEEmEmapiR PN, —RIER
T XB—NFRIIEE.

spark.shuffle.file.buffer.kb

32

B shuffleXXRIHIRATREFRIA
N, BEKb, XNMEFRD TR
[Eshuffle3 {4 RRAERIEZAN R FHIRAIE

=

=21

spark.reducer.maxMblnFlight

48

B IHESS R RIRZREXAImapii HEd=ERY
BRAXN (mb) . BAR—MELEFTE
HABIE—MEFARRE , XMRER
KEMESEERINFLR | FrLABRIER
BEAHAEF  HEREN R

spark.shuffle.manager

sort

EREI AT shuffledE, BFFE B
SCH : sort 0 hash . EFsortfshuffle

BESHIAFERR

RIIEER B W2
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Property Name Default | Meaning
(Advanced) In the sort-based shuffle
manager, avoid merge-sorting data if
spark.shuffle.sort.bypassMergeThreshold | 200 there is no map-side aggregation and
there are at most this many reduce
partitions
SCH AR EexecutorE i &iEshufflefN4E
R, YSCHL : tt i
spark.shuffle.blockTransferService netty R ﬁﬂﬁﬂlﬁjﬁﬁﬁ?,&k ne yiFlinlo
. BT nettylRIEBEEBHEBERIERB
TEEE
Spark UI
Property Name Default Meaning
: {RAYN FAFERRdashboardiim ., ERRFFILT
spark.ui.port 4040 N
1FEEURE
Gy Bl , Spark UIF{AZSAPL A
spark.ui.retainedStages 1000 = 418?@”&2% park UIFIH B
stage#{
by} 781 , Spark UIFI{AZSAPI b
spark.ui.retainedJobs 1000 E HREZEY | Spark URIAZAPHSHERTj0
#
spark.ui.killEnabled true E{T1EWeb Uld#FEstagefItBRAjob
EARICRSparkiIEHHEE. XENAERFT
spark.eventLog.enabled false
& . EFtaiEweb ULZE A/
BEESEMEE. F
spark.eventLog.compress | false .
spark.eventLog.enabIed Htrue
SparkSEHHECRIIEAER. EXTERH
: X, SparkAB T NAEFEE—FER.
) file:///tmp/spark-
spark.eventLog.dir events BN AEFCRESEEENER. FAF0EE
BIREIX RIS , BRHDFS—#F , FTLAR
SEZ AT LAEIT i SE AR SS 2R EN

E4afF5HE
Property Name Default Meaning
FERIET H5
spark.broadcast.compress true TEZRIE
BEREE
RIHE(FEH B 10 -98 -
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Property Name

Default

Meaning

spark.rdd.compress

true

BEELER
HI{LRIRDL
X, E
ZH—LogRIh
AYCPURYTE]
AR E
RERIZE

RIIEER B W2
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Property Name

Default

Meaning

spark.io.compression.codec

shappy

[E48EaN
RDD73X,
[ R,
shufflef@it
FNEETE
AY4mAS AR
#r. ENAIG
70

T, Spark
R T =%
e 124,
|zfA0
snappy.
{REETLAF
STEERURR
KiHE.
org.apach
e.spark.io.
LZ4Comp
ressionCo
dec
org.apach
e.spark.io.
LZFComp
ressionCo
dec
org.apach
e.spark.io.
SnappyCc
mpressio
nCodec

RIIEER B W2
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Property Name

Default

Meaning

spark.io.compression.snappy.block.size

32768

SnappyfE
Za FEIRY
BN, B
(RN ERAY
KIMBERE
{Kshufflep;
FERZE

spark.io.compression.lz4.block.size

32768

LZAE45H
FRZIAIERAK
N, BERERIX
MNRAYA/
LRSS
shuffle A7
fER=

spark.closure.serializer

org.apache.spark.serializer.JavaSerializer

A BRI
oI,
EENRSZE:
javaFFi
25

RIIEER B W2
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Property Name

Default

Meaning

spark.serializer.objectStreamReset

100

=R
org.apach
e.spark.se
rializer.Ja
vaSerializ
er
27124
Rz
HEFESR
allSES
RIEEE | 24
MIXRIERK
IXLERSSRAY
KR AR
1F, @5
K'reset' A7
PNEZ LA
FflushiXy
ERFFRIF
KEEERIE
B, NTX
XN EHA
tEfreset ,
{ReT LA E
i%9-1. 2K
UNC N
F—a1™
SFreset—)
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Property Name

Default

Meaning

spark.kryo.referenceTracking

true

2 FKryox
RS | BR
RERSIB
E—X3%.
SNERIRAYRY
SEBR
XA
RE. MR
(I8 a8
ERSES:NES
ANEIA | X
MEEITH
REEH
9. FNSRAR
FIBEAREX
mINMTR |,
BBARTLAZE
BEeliEs
RES

spark.kryo.registrationRequired

false

A OR S
At aKyron
Fl. &g
B atrue ,
AIEINR—
NgBiEM
FNESEZT
1% , Kyro%
HHRE.
WNRIREN
false , Kry:
KBRS
BIXI5RA
HIFEME
B, 5EKZ
BJREIEALE
ZibERER
I,

RIIEER B W2
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Property Name Default Meaning
KyroF5ift
ZFOX
N, IXFE
worker_H#
B MzEE
—NMEF.
MERBHE
spark.kryoserializer.buffer.mb 0.064 #g,BFs
Bzl
spark.kry
oserializer
Jbuffer.me
X.mb
IRERYEFRR
ALK,
KryoFr5l{t
ZFITH
spark.kryoserializer.buffer.max.mb 64 Hﬁk{%" =
MEVIRK
FrREHF
FILRIRTSR
Networking
Property Name Default Meaning
: (local driverixfTRYEN B AP, XTI
spark.driver.host
hostname) | executorsLAKIEIZfImastenE (S
. driverislTAYHi. XFFFlexecutorsLARIRIZAY
spark.driver.port (random) N
master&(g
spark.fileserver.port (random) | driverfS{4ARSS SR ITAYER ]
spark.broadcast.port (random) driverfHTTP &R SS 28 A IR
spark.replClassServer.port (random) driverfHTTPEBR S eS8 ia TAYm
REER IR, XLERSFETdriverfl]
spark.blockManager.port (random)
executors
spark.executor.port (random) executorialriimO, FBFSdriveri@(s
spark.port.maxRetries 16 SHEE RO , ERFRIELINRARIRE

RIIEER B W2
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Property Name Default Meaning
f£"control plane"BEHFARITRIRAKEE AR/, A
spark.akka.frameSize 10 RIrRESFERIXARRIZERE driverd , FAXA
=]
BfERJactordizsl. AdriverGREZCPUKET |, 18
spark.akka.threads 4 .
KESEAN
spark.akka.timeout 100 SparkTy R [BRIBISHERT. BALEs

This is set to a larger value to disable failure
detector that comes inbuilt akka. It can be
enabled again, if you plan to use this feature
(Not recommended). Acceptable heart beat
spark.akka.heartbeat.pauses | 6000 pause in seconds for akka. This can be used to
control sensitivity to gc pauses. Tune this in
combination of spark.akka.heartbeat.interval
and spark.akka.failure-detector.threshold if
you need to.

This is set to a larger value to disable failure
detector that comes inbuilt akka. It can be
enabled again, if you plan to use this feature

Not recommended). This maps to akka'
spark.akka.failure- (Not r ). This map a's

300.0 akka.remote.transport-failure-detector.threshol
detector.threshold

d

. Tune this in combination of
spark.akka.heartbeat.pauses and
spark.akka.heartbeat.interval if you need to.
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Property Name Default Meaning

This is set to a larger value to disable failure
detector that comes inbuilt akka. It can be
enabled again, if you plan to use this feature
(Not recommended). A larger interval value in
seconds reduces network overhead and a
smaller value ( ~ 1 s) might be more informative
for akka's failure detector. Tune this in
combination of spark.akka.heartbeat.pauses
spark akka heartbeat.interval | 1000 and spark.akka.failure-detector.threshold if
you need to. Only positive use case for using
failure detector can be, a sensistive failure
detector can help evict rogue executors really
quick. However this is usually not the case as gc
pauses and network lags are expected in a real
Spark cluster. Apart from that enabling this
leads to a lot of exchanges of heart beats
between nodes leading to flooding the network

with those.
Security
Property Name Default | Meaning
BESparkIEERERERE. MRARIET
spark.authenticate false ZYARNLLE |, 1BF&
spark.authenticate.secret
IRESparkfiMEHZ BRIEZRLIGIE, NR
spark.authenticate.secret None ARIEITEYARNL , BEFEWIE , X1
IR &
spark.core.connection.auth.wait.timeout | 30 RS FIIERTSERR. LR
: o EEFFRZTRAIE. BN, NTER
spark.core.connection.ack.wait.timeout | 60 . -
AARERYERT , (R LAREEARRE
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Property Name Default | Meaning

RiFEZEISpark web UIRIAETFHIEEZRNES
DIRYFIR, TSR ERERTjavax
servlet Filter, Bidig&javaRZ A BMEHE
LB MTigsaiISEl.

spark.<class name of filter>.params="p

spark.ui.filters None
araml=valuel,param2=value2'

. 1540 -Dspark.ui filters=com.test filterl

-Dspark.com.test.filterl.params="para
m1l=foo,param2=testing'

BEFESpark acls, MIRFET , BlaE
BFREEERIREERERjob. Note

this requires the user to be known, so if

spark.acls.enable false
the user comes across as null no checks

are done, UIF|A{FERITIEESRIUEAIIRER
P

ESORAFYIE  JIERTBFEESE
spark.ui.view.acls empty | (view)Spark web UIRSSR. BAIAERT |

RBEREFSpark joblIAFPBEEENIR

ESHRIARFSIZR , 5IRFHIBFPEIER
spark.modify.acls empty | Spark jobBIRR., EKABRT . RERBGH
Spark jobBIFAFBESHR

ESHRNAFHEEERSIZE  FIFRPRY
AR EEREEEMEXNATESSpark job
spark.admin.acls empty | AORR. WRIREITE—NHESEE, 65—
HEBRSFFAETEdebug , XMNEIRE
FA

Spark Streaming

Property Name Default | Meaning

FEIXANEEERR (ms) N, @
Spark Streaming receiversizlIaY
HOUBRTE(R1FRISparkZal , chunk
NEER, HEEFNSR/IMES50ms

spark.streaming.blockInterval 200
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Property Name Default | Meaning

BbthE P receiveriGEEINAIEURE
RRXICRE. BRHERT &
spark.streaming.receiver.maxRate infinite | NRGEREZEDXMEBENICR.

REXNMEENOSHE - 1ESAME

PR

Enable write ahead logs for

receivers. All the input data

) ) ) received through receivers will
spark.streaming.receiver.writeAheadLogs.enable | false ]
be saved to write ahead logs
that will allow it to be

recovered after driver failures

sEEE@id Spark Streaming&EpkFF
EARIRDDENIMSpark i E
JEFAfL. BidSpark Streaming
FEIARIR SR ISR, 1R

spark.streaming.unpersist true
BiXMNEtEAfalse YRR IR
HIA/RAaEIEAMIFARDD |, EA
BMREREBR. BRESE
EBHIRFLE
RS R

BISIMET 2R ERERNSparkiRE. INMELTEM SparkgZ=BH R THY conf/spark-env.sh BIZAISEEY ( 2 &
windowsHY conf/spark-env.cmd ) . EMIZAYEE MesostEI{ T , XA LA 2R FRERIER |, W0
FNA. TR EREFREERSHAR , SEER.

&, SSparkZi=hY , conf/spark-env.sh BUARAFER. {REJLAEHI conf/spark-env.sh.template
BlIEeE.

BILATE spark-env.sh HigBINTETE :

Environment Variable | Meaning

JAVA_HOME javaAUgiR
PYSPARK_PYTHON PySpark FBZIAIPython ZiH#HIHI T4 ER R
SPARK_LOCAL_IP HEs4PERTIPIbIL

SPARK_PUBLIC_DNS | {RSpark/i e @rLsE i semEHE

BRT LAEIXYLE |, Spark standalone cluster scriptstBa] LUK BE—L%IN. HlanEEHs8ERZE AN &
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AR,

B9 spark-env.sh @shellfiias | ERR—LEa]LAURELURE. Fl0 , (RRTLABERERIMSEZOTE
SPARK_LOCAL_IP,

Fc&Logging
SparkAlog4j logging. {REJLABII7EConfER AN log4).properties 4 RECE. —MEiA2EH
log4j.properties.template 3Z{4.

RIIEER B W2 - 109 -


http://logging.apache.org/log4j/
http://www.kancloud.cn

	Introduction
	Spark 编程指南简体中文版
	Copyright
	License

	快速上手
	快速上手
	Spark Shell

	使用 Spark Shell
	基础
	更多 RDD 操作
	缓存
	独立应用程序

	独立应用程序
	开始翻滚吧!

	开始翻滚吧!
	编程指南
	概论
	引入 Spark

	引入 Spark
	初始化 Spark

	初始化 Spark
	使用 Shell
	Spark RDDs

	弹性分布式数据集 (RDDs)
	并行集合
	并行集合
	外部数据集
	外部数据集
	RDD 操作

	RDD 操作
	基础
	RDD持久化

	RDD 持久化
	如何选择存储级别
	删除数据
	共享变量

	共享变量
	广播变量
	累加器
	从这里开始

	从这里开始
	Spark Streaming
	Spark Streaming
	一个快速的例子

	一个快速的例子
	基本概念

	基本概念
	关联

	关联
	初始化StreamingContext

	初始化StreamingContext
	离散流

	离散流（DStreams）
	输入DStreams

	输入DStreams和receivers
	基本源
	高级源
	自定义源
	Receiver可靠性
	DStream中的转换

	DStream中的转换（transformation）
	UpdateStateByKey操作
	Transform操作
	窗口(window)操作
	DStream的输出操作

	DStreams上的输出操作
	利用foreachRDD的设计模式
	缓存或持久化

	缓存或持久化
	Checkpointing

	Checkpointing
	何时checkpoint
	怎样配置Checkpointing
	部署应用程序

	部署应用程序
	Requirements
	升级应用程序代码
	监控应用程序

	监控应用程序
	性能调优

	性能调优
	减少批数据的执行时间

	减少批数据的执行时间
	数据接收的并行水平
	数据处理的并行水平
	数据序列化
	任务的启动开支
	设置正确的批容量

	设置正确的批容量
	内存调优

	内存调优
	容错语义

	容错语义
	作为输入源的文件语义（Semantics with files as input source）
	基于receiver的输入源语义
	输出操作的语义

	Spark SQL
	Spark SQL
	开始

	开始
	数据源

	数据源
	RDDs

	RDDs
	利用反射推断模式
	编程指定模式
	parquet文件

	Parquet文件
	加载数据
	配置
	JSON数据集

	JSON数据集
	Hive表

	Hive表
	性能调优

	性能调优
	在内存中缓存数据
	其它的配置选项
	其它SQL接口

	其它SQL接口
	运行Thrift JDBC/ODBC服务器
	运行Spark SQL CLI
	编写语言集成(Language-Integrated)的相关查询

	编写语言集成(Language-Integrated)的相关查询
	Spark SQL数据类型

	Spark SQL数据类型
	GraphX编程指南
	GraphX编程指南
	开始

	开始
	属性图

	属性图
	属性图的例子
	图操作符

	图操作符
	操作一览
	属性操作
	结构性操作
	连接操作
	相邻聚合（Neighborhood Aggregation）
	聚合消息(aggregateMessages)
	Map Reduce三元组过渡指南
	计算度信息
	Collecting Neighbors
	缓存和不缓存
	Pregel API

	Pregel API
	图构造者

	图构造者
	顶点和边RDDs

	顶点和边RDDs
	VertexRDDs
	EdgeRDDs
	图算法

	图算法
	PageRank算法
	连通体算法
	三角形计数算法
	例子

	例子
	提交应用程序

	提交应用程序
	用spark-submit启动应用程序
	Master URLs
	独立运行Spark

	Spark独立部署模式
	安装Spark独立模式集群
	手动启动集群
	集群启动脚本
	连接一个应用程序到集群中
	启动Spark应用程序
	资源调度
	高可用
	用ZooKeeper的备用master
	配置
	细节

	用本地文件系统做单节点恢复
	配置
	细节

	在yarn上运行Spark

	在YARN上运行Spark
	配置
	Spark属性
	在YARN上启动Spark
	添加其它的jar
	注意事项
	Spark配置

	Spark配置
	Spark属性
	动态加载Spark属性
	查看Spark属性
	可用的属性
	应用程序属性
	运行环境
	Shuffle行为(Behavior)
	Spark UI
	压缩和序列化
	Networking
	Security
	Spark Streaming

	环境变量
	配置Logging


