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N
REEF
K R FRRM—MEM Spark BIREN 2, BEHEFANER Spark IR E R shell(A Python = Scala) T2 ©M AP, H&ETR
BNfAIFE Java, Scala #1 Python BHRIIMIFEFet, Bzl RRBMWESE,
kBRI MERI, B5EM Spark Wit F#—4 Spark 2178. EAFKMNARER HDFS, RATLLT £ Ef Hadoop hRABIE,

e Spark Shell
o M3 AR
o FFHEAENRIE!


https://spark.apache.org/docs/latest/programming-guide.html
https://spark.apache.org/downloads.html

{# M Spark Shell

E b

Spark B shell {4 — PN AR ERBIFELTIE, RET Mg 2 AREKES AP, ©HLUER Scala(f Java E Al
L {TmAMN Java EM—MEIFAR) 3 Python, £ Spark B # BEER TEMARFFIRETT

./bin/spark-shell

Spark & E EMR Z U Resilient Distributed Dataset(RDD) 542X E&E & . RDDs AILUER Hadoop InputFormats(ffl
90 HDFS X #) a8, el LAMEME) RDDs # i, iLFiA17E Spark JRH3H & M README XA {4 A 6] —NETEY
RDD,

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

RDD ] actions M RDD #iR[Al4g, transformations A% %M — %1 RDD FHREICHIBIA, iLF M FFaER L MEE :

scala> textFile.count() // RDD HU%IEZEL
res0: Long = 126

scala> textFile.first() // RDD HUSE—{THUIRE
resl: String = # Apache Spark

MIEEFATER— transformation, FA1EHER filter X N XHEIREl—NEE FHIBERE RDD,

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

F A1 LUE actions 1 transformations 451 E7E —i& :

scala> textFile.filter(line => line.contains("Spark")).count() // A% V{783 "Spark"?
res3: Long = 15

B % RDD 1£1{F

RDD actions #0 transformations 8RR ZHE & i+ EH. LA, BNBERI—THERLSHLHE :

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

BT A R — DB = A — VT RDD, 7EXNTHY RDD EiBF reduce FHETHRAMINE, map # reduce
MSHE Scala WEREE(N ), FEITLUEREMZSHMSE Scala/Java % &, B0, TR A EibE B EAmAR
BEBR, BNER math.max() HEBGLR2BERFEE :

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

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


https://spark.apache.org/docs/latest/programming-guide.html#actions
https://spark.apache.org/docs/latest/programming-guide.html#transformations
https://spark.apache.org/docs/latest/programming-guide.html#transformations

res5: Int = 15
Hadoop Fi4THI— MR AREEERE R 2 MapReduce, Spark RER A 5 ih 52 ;1 MapReduce :

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

K S—

X8, Hinga flatMap, map # reduceByKey EHEXHEEN 2 HaHE, SMWERESE— 4 (String, Int) 4248 2t
B RDD, 1R LA [collect] HRAEIEF 1R shell LS £:a IEE -

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

A B

BIF

Spark ZFHEBIEBRNBAIKHRNRAFLET, SRES S ZZIFERMAY, AINAHNE—NNBR(ho)BHERH &
#), FEET—MER R RREFEIHNEEE L, FA—DEH2B0F, LB lineswithspark BUEF FLEEEH

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

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

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

%17 100 {THISCA SRR ZE Spark X BREREER, BEIE L ARKLEBIE S 2N T UEIEE KBRS R ERRANE
#, BEET 10 1ME 100 M7 RHPRXiHE, REEATLER bin/spark-shell #IFEE|— cluster K& nig 2 i5m PR
FiE#ITRERE,


https://spark.apache.org/docs/latest/programming-guide.html#initializing-spark

JRIL i AR

AEBRBMNEEMEA Spark API B— MR 5 AEF. i@t A Scala(FA SBT), Java(F Maven) 1 Python &
— N ey RRFERES,

F 11 Scala ¢|BE— 1N ES 4 £8 Spark 5 FATERF. MkbE %, Fx LEMAFU sinpleapp.scala

/* 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" // JiiZ2{RHR4% EH9FLE T
val conf = new SparkConf().setAppName("Simple Application")
val sc = new SparkContext(conf)
val logbhata = sc.textFile(logFile, 2).cache()
val numAs = logData.filter(line => line.contains("a")).count()
val numBs = logData.filter(line => line.contains("b")).count()
println("Lines with a: %s, Lines with b: %s".format(numAs, numBs))

BEMEFRARTE Spark README i BETEmEE 'a #1285 b FURE. REZFENR Your spark Home B IRE 2
2RI Spark HIEER, TRZAIH Spark Shell fIF, X EB#R{ET B S M SparkContext, 4118 SparkContext #IR{LIE %
RRFH—I89.

FA138i¢ SparkContext B EE S A SparkConf 1R, ZNHREE T —LEXTFHRNEFNER.

FAIRFEK# T Spark APl, FRIUEMEES S — sbt XHXXH, sinple.sbt fB# T Spark 2 —MK#. XTI HERE
#h F¢ Spark #&#F— repository :

name := "Simple Project"
version := "1.0"
scalavVersion := "2.10.4"

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

it sbt IEMTE, FATEZEIE simpleapp.scala # simple.sbt REBAHHEMNXEE FuxHmmBE. TENMEFCE, i
LIERFEIS R —1 JAR &, AREFEA spark-submit iz THRANER,

# Your directory layout should look like this
$ find .

./simple.sbt

./src

./src/main

./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


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.SparkConf




FHaaEN A E!
T ARY 2 FREIE — 1 Spark 5 IR

o ERATHRAPI, " LUAMSparkmT2ieia iR, & MEMBAH TS, B0 - Spark Streaming,
o ;2R TIEE R (cluster) £, FIEZRE i,
o /5, Spark 7E examples XHB FEBEBE T Scala, Java # Python BIJLD & 2861 F, RAILIEEETEAN

# 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


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

3

EEEH, 81 Spark & BREHE—D i #F2F(driver programe) ¥, IEHIZFEER Lz TR 78 nian FRECEMIT

B E R F1TIRE (parallel operations), Spark BIEZ IR ZIRME— DDA REUEE(RDD), RDD ZI5REEEEERAT
B R#THTHENSXTRES. RDDs M Hadoop HISTH R4 FrBI— AN ST AR 41 B SR (S H At Hadoop SHFHISUE R
%), HEM—TBEEH Scala £5 4 #5152, A »TLUER Spark £ RDD #F A {b(persish BINER, FireEFHITiHES

E¥MEMR, &5, RDDs L ¥ AR B MRS it 3k,

Spark I8 Z MR B HE T E(shared variables), H£Z % 2eE TEHTHESR, KNERT, & Spark 17— NFH1T
B, XINHITERBKEA—MESEERAN T R LiE1T, ERERBEEANEN T ENSFRzIEMEsH. B
i, —NEEREWHZIRESFHRAHTRFEFESZ 1, Spark 7 2 ML BUNHZ T & : 1% E(broadcast
variables), FAETERRA ¥ mBIRER % FE—NME ; RINgs(accumulators), {x{x REEMIT TRi0(added) 24E, HI0 : ;e85
(counters)FI=kF1(sums).

X MEERTE Spark TRHMWAIEZEHERENE—MHE, JEFH 2 MFIB— Spark ZE R shell - bin/spark-shell FF
#8— Scala shell, 5 bin/pyspark FF#A—" Python shell,

e 5| Spark
o #3R{t Spark
e Spark RDDs
o« HETE

o MBI



5|\ Spark

Spark 1.2.0 [ Scala 2.10 B x AfEFF, REZFEHA—13AM Scala lRAfIA0 : 2.10.X).

B Spark 5 TR, {REBZERM Spark B Maven {&#i, Spark ATLLE it Maven Fulv 4 B SR 3# 15

groupId = org.apache.spark
artifactId = spark-core_2.10
version = 1.2.0

B4, MRIRFEE5 9 HDFS &8, REERBIRA HDFS ARAZRM hadoop-client BIK#H, —LELHE) HDFS kA tags
EE=A %171 EPHIIE,

groupId = org.apache.hadoop
artifactId = hadoop-client
version = <your-hdfs-version>

&fE, MHBEESA—L Spark B £ Me X4 0 BURMERF, RN TEMTRANT

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


https://spark.apache.org/docs/latest/hadoop-third-party-distributions.html

#1a1t Spark

Spark HREME—FT BEE 0 E—1 SparkContext x4, FR& i Spark 10fli5 7 58, TE0IE sparkcontext ZAl, RE&
Z#E— SparkConf 3¢5, SparkConf xtREE T —L{R 5 BREFHER.

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

appName S EIRIEFMEE, B2 8 RIE cluster Ul £, master 7= Spark, Mesos 2% YARN 522589 URL, =Rz {T7EAH
HEXet, FRALXAFRAE local’s ExEP, YuABFaTE—IRE LY, RHATEREEL naster B ERNER
M, RETLLA spark-submit 5 2R R FRIeHE 43S, A, (RETLAEARKR XA £ TnX P EA “local” i 1T Spark
#E,

£ Shell

1E Spark shell #1, H—#HH SparkContext B2 AR E1F, EEEPUM sc . RE S 0IER SparkContext L&
T, AILAA --master SR E SparkContext B MR, B --jars R BERERME classpath HF#7 IAR &,
MRELA IAR SFERESHEIRFEES M. B E— M HE 4 HHIE LET bin/spark-shell , fHEF :

$ ./bin/spark-shell --master local[4]
BX1E classpath RN code.jar , A :

$ ./bin/spark-shell --master local[4] --jars code.jar

AT spark-shell --help HRENEEMRFINR, EXZE, BA spark-shell ik spark-submit FIAE % &,


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.SparkContext
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.SparkConf
https://spark.apache.org/docs/latest/submitting-applications.html#master-urls
https://spark.apache.org/docs/latest/submitting-applications.html
https://spark.apache.org/docs/latest/submitting-applications.html

MDA EIES (RDDs)

Spark #%/[OHIEEZ Resilient Distributed Dataset (RDD) : — N AIFHTIRIENBEBREANFINEBIEE S, B2 WARE
RDDs : 5—MEIEMRMRHZFHHITE—PEL2EFENES ; 24 —FESIH—IABEXRANEBIESE, flH=n
X %%, HDFS, HBaseziHfth Hadoop #IEEXBIEIEIR,

o HiTHSE

o SEEUEE

e RDD #1F

o {E#EEE Spark
o [HR4EMET

e Transformations
e Actions

e RDDEFAIL



H1T5HE A (Parallelized collections) B¢ B 2@t E— 1 BEHEME S (Scala seq ) LigF SparkContext B parallelize Hik
LR, EEPHTREEHE— DI HTRENDBRBIESE S, fiMN, xBERTOAET—TEE 155 HWEud o
HITESE :

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

—BaIBRR, XNDMRNBIEE( distpata )FLAT AR FH1TIRVE. Fla0, FHAIRILLAMA distpata.reduce((a, b) => a + b)
AN EE TR, TNUEEHERES B LM —LBE,

HITEE— N REZENSHET R (slices), RR—MEIEEU DD, Spark REEBE EAT—MIFET—MES.
fRAILAEERE LA B CPU &i& 2-4 MK (slices), ERIERT, Spark iXBEFIRHIEFHAR B # iz B Y%L
B. M, REATLLEE parallelize HWEZANSEF MBI : sc.parallelize(data, 10) )o



S EREHESE

Spark AT LAMAEM—4™ Hadoop Z#FHIEF #RIBED AR EIESE, SIEMAARMIHFR%, HDFS, Cassandra,
HBase, Amazon S3%., Spark XA (text files), SequenceFiles FEAM: Hadoop InputFormat,

XA RDDs AILAEF SparkContext B textrile A1, TEXNAERE ASHH URI (H8: LA HER R S
hdfs://, san:// %), REERPXHEIE—NMTEE. XBER—MRBABITF :

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

—B I8, distriile FLREMEUIBEIRIE. A, HRNTLAATEMARXER map M reduce BIFFATAEITHIKEME

an distFile.map(s => s.length).reduce((a, b) => a + b) o
SER, Spark i3t

o MRFEARMIMURARE, XHLAEE work ¥ R EFABERBEE; P2, BAEHXHZIFER workers, BAfE
FA M 4 895 N Z SR 4o

o FiE Spark WEFXMHHIAE, BIF textrile , RERIFMXIHHE Z, EHBIXHFBRR, F0, RATLAER
textFile("/my/X#FBE2") , textFile("/my/X#FB2/*.txt") F textFile("/my/X#rB2/*.9z") o

o textFile FEMTILAibi28E ZNE s SESILHIL) H (slices)E B, BRiABERT, Spark HE—XH3(HDFS BRin
X RINE 64M) eI — D R (slice), BRARBAILLIER —PMEAMEREXE-—TESHNIAERE, IF, fTEE%
E—NNFX BB A A,

BRT XA, Spark B9 Scala API STRFELMR/LFPEUIER R ¢

e sparkContext.sholeTextFiles iL{RiZEX—NEEZNNIARXEMISIH B % F BREIE— 1 (filename, content)st, 5
textFile WERRZ : Bit FNEZB N XHHHNE—1T.

o xF SequenceFiles, AILUFEF SparkContext B9 sequenceFile[k, vl i E61EE, KFV 2 3%t 52 key # values
By B, & IntWritable 5 Text —#, B2 Hadoop B9 Writable #OMF %, 74, <t FJ/LHERA Writables,
Spark L IRIEERAE £ BIEENR, BI80 : sequencerile[Int, string] JFRE#ixzEX IntWritables #1 Text,

o xFHAMA Hadoop InputFormats, {RATEAFEF sparkcontext.hadooprod /35K, B RAILUIEE(EEM Jobconf , AR
(InputFormat), key #2Y, values %2, {RAEILLIR% & Hadoop job —# ALK R B#H AR, 1Rz 5] LATEHTHY
MapReduce ## [ (org.apache.hadoop.mapreduce)® sk L sparkcontext.newAPIHadooprDD (33 3E : ERMEOR

SparkContext.newHadoopRDD )o

® RDD.saveAsObjectFile # SparkContext.objectFile X IF{RF—TRDD, REHRAZ—NE 28 Java W REFEHER.
XE—MRERENEEHKRX, 10 Avro, BIRET 4§ A ERREFEMAT— RDD,


http://wiki.apache.org/hadoop/AmazonS3
http://hadoop.apache.org/docs/current/api/org/apache/hadoop/mapred/SequenceFileInputFormat.html
http://hadoop.apache.org/docs/stable/api/org/apache/hadoop/mapred/InputFormat.html
http://hadoop.apache.org/docs/current/api/org/apache/hadoop/mapred/SequenceFileInputFormat.html
http://hadoop.apache.org/docs/current/api/org/apache/hadoop/io/IntWritable.html
http://hadoop.apache.org/docs/current/api/org/apache/hadoop/io/Text.html
http://hadoop.apache.org/docs/current/api/org/apache/hadoop/io/Writable.html

RDD #1E

RDDs Z#F 2 fh 3 BURIRIE © $:4% (transformations) ME 2 F TR IEIRE el B— N ETHIEURE ; #1F(actions) TEHURE £
#HITHBEZERE—MEEIR#TEF, BII1, nap B—NE#REBEE SEE—IBEETHRERL —IEEFERE—1MH
B RDD, B—AME, reduce m—M#{E, ©SERAERNEEIERE RDD WA TR, FENSE4NERREE K #»TEF
(Zzﬂ‘lﬂﬁ_/l\#ﬁ reduceByKey ﬁgﬂ@_ﬂ\ﬁ*ﬁﬁﬁﬁﬁ)o

1E Spark /1, FREMI# #(transformations)&B 2 &M (lazy)#, ©MNARL EHEEMPER. HRE, SRR FE %R
YER i FAEI R e B s BUBER (BN — DU LB, #3RIE R D eHE & H 3 E(action) FE— P RREI4 R HTRFH
R, XANi%iTBES% ik Spark ETREMEN. Hla0, FHNATALH  Bid nap QIE—DFEIBEE reduce HEM, F
B4 4RE] reduce BUER% driver, A EN KBRS FOEIESE,

NBERT, B— #4448 RDD RTERRMIT H{F(action)BIeHEEH i+ E—R. AT, REATLUER persist (K

cache ) FIERFAME( persist )=/ RDD EIREFEH, X MERT, Spark RTEEH LRFEXMITR, ETMRTRE MR
2T BEIR, Eix BHREMZHFAL RDD B4, HEZNH RS,

E b

47380 RDD EAKir, ZEETEMNG LERF :

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

E—TREURB TS RDD, X MUBERFIEZEME BN EHMEMAIRIE ¢ lines B —MERAXHHITE
o BTITRESL linelengths , BiE map ikik(transformation)f4E R, @4, lineLengths HITFHIEEN %A AN+
&, &F, BMIT reduce , BR—Nah1E(action), FEx M, Spark IBHEDMEZME S (task), FHRILENMETES
ML, FEVEERETEHDH map EOMAM reduce 235, AB it Rk O 1k T2

MNBFHANBEBFREA lineLengths , FA1RILARM :
lineLengths.persist()

£ reduce XEI, B2%H linelengths EE—RIETMZBREIRNES,



% 3% B Rl Spark

Spark B API (RARRE LIKSEER#»TEF B4 A NS LT, SBEAMKEENAR -

o EZIEL (Anonymous function syntax), " LAELLiR G 2 HhER,
o 2REAFINREMNEEAAE, HIIN, RETLLESL object MyFunctions $AJG#5i# MyFounctions.funcl , R TFEXA :

object MyFunctions {
def funci(s: String): String = { ... }
}

myRdd.map (MyFunctions.funcl)
AR, BHRERNE— N ELAEN—NMAERMAR— M E0IMR), TBLAAXBEFENENIR, Him:

class MyClass {

def funci(s: String): String = { ... }

def doStuff(rdd: RDD[String]): RDD[String] = { rdd.map(funcl) }
3

B, MBRHRMGET —D new Myclass R, HEBAFEEH dostuff, map BMEBIAT XD myclass ZHIFH funci
FE, MUR DN RUAEEEIEF L, X5 rdd.map(x => this.funci(x)) o

xRN, il B ROFREREIAEIR

class MyClass {

val field = "Hello"

def doStuff(rdd: RDD[String]): RDD[String] = { rdd.map(x => field + x) }
3

HYTFTER rdd.map(x => this.field + x) , BIFTED this R, ATWREINEE, REHLWARNEER field F—
MR EMAZMAE AT

def doStuff(rdd: RDD[String]): RDD[String] = {
val field_ = this.field
rdd.map(x => field_ + x)

3


http://docs.scala-lang.org/tutorials/tour/anonymous-function-syntax.html

{50 P 4 4 =

2 R1R% Spark BRFLEETEEE £ B RM RDDs LM, ERDEBULMEIRIRIE (2 L4 44 (key-value) 3t RDDs E£&]
H. %8B LHESHR "shuffle” 24, BIIIRIE— key st —ABIRHITHATRE,

1£ Scala f, XEREEDE oA (Tuple2)(TEEZEMNETAR, B £ME (a, b) ¢1E) ¥ RDD LB #ith % A A
B, REEMRBFEFET S A org.apache.spark.Sparkcontext. 3 &M Spark s 44, 7£ PairRDDFunctions Ak B4t
sHRERRILMERR, MRMFEFARREREREHMEEMKITA RDD,

fitn, TEARBEZ G EER reducesykey BRIFERAHAE—NXMEE—ITXERBHAKIRE :

val lines sc.textFile("data.txt")
val pairs lines.map(s => (s, 1))
val counts = pairs.reduceByKey((a, b) => a + b)

AR LAMER counts.sortBykey() , fII0, FaigxHRIBER#1THERF, |\E counts.collect() IBEAIMEAN—NstRREw
i BB iR 5 PR,

EE UFERA—IEELNRES key TEFEA A IR EN R, REEMBERBEEL equals() HEF hashcode() HiER
ICECHY, EANEmMINE, &%F Object.hashCode() STHY)AAYEE 41k,


http://www.scala-lang.org/api/2.10.4/index.html#scala.Tuple2
http://docs.oracle.com/javase/7/docs/api/java/lang/Object.html#hashCode(

Transformations

THEMIEREI T Sparkk ST —LEE transformations, i#@MRA %3 RDD API 3X#%4(Scala, Java, Python)
PairRDDFunctions 3Z#%(Scala, Java),

Transformation
map(func)

filter(func)

flatMap(func)

mapPartitions(func)

mapPartitionsWithindex(func)

sample(withReplacement,
fraction, seed)

union(otherDataset)

intersection(otherDataset)

distinct([numTasks]))

groupByKey([numTasks])

reduceByKey(func,
[numTasks])

aggregateByKey(zeroValue)
(seqOp, combOp,
[numTasks])

sortByKey([ascending],
[numTasks])

join(otherDataset,
[numTasks])

cogroup(otherDataset,
[numTasks])

cartesian(otherDataset)

pipe(command, [envVars])

coalesce(numPartitions)

repartition(numPartitions)

Meaning
B — /N2 A NBIES, BEERNE— N ukRa R 4B func BRET AN,
B —MEEVEIES, MEBIERP g —LpRil W func 5ZE true,

% {UF map, EE2EFN#HAFBEHRE RS N (FTA func & 550R E— A4
Seq, MAZE item),

R
R

£LIF map, BRS $E1T7E RDD HEND X E, AL func B9 B2
Iterator<T> => Iterator<U> HiE{T{EXE % T RDD L,

# {lF mapPartitions, {B=Z func FERMHE— integer A FEIRFRF(index), FTEL
func B9 % A5 2 (Int, lterator) => lterator 2= {T{E £ 8% T #) RDD L,

R HITRA

Return a new dataset that contains the union of the elements in the source dataset
and the argument.

Return a new RDD that contains the intersection of elements in the source dataset
and the argument.

Return a new dataset that contains the distinct elements of the source dataset.

When called on a dataset of (K, V) pairs, returns a dataset of (K, Iterable) pairs.
Note: If you are grouping in order to perform an aggregation (such as a sum or
average) over each key, using reduceByKey or combineByKey will yield much
better performance. Note: By default, the level of parallelism in the output depends
on the number of partitions of the parent RDD. You can pass an optional numTasks
argument to set a different number of tasks.

When called on a dataset of (K, V) pairs, returns a dataset of (K, V) pairs where the
values for each key are aggregated using the given reduce function func, which
must be of type (V,V) => V. Like in groupByKey, the number of reduce tasks is
configurable through an optional second argument.

When called on a dataset of (K, V) pairs, returns a dataset of (K, U) pairs where the
values for each key are aggregated using the given combine functions and a
neutral "zero" value. Allows an aggregated value type that is different than the input
value type, while avoiding unnecessary allocations. Like in groupByKey, the
number of reduce tasks is configurable through an optional second argument.

When called on a dataset of (K, V) pairs where K implements Ordered, returns a
dataset of (K, V) pairs sorted by keys in ascending or descending order, as
specified in the boolean ascending argument.

When called on datasets of type (K, V) and (K, W), returns a dataset of (K, (V, W))
pairs with all pairs of elements for each key. Outer joins are also supported through
leftOuterJoin and rightOuterJoin.

When called on datasets of type (K, V) and (K, W), returns a dataset of (K, Iterable,
Iterable) tuples. This operation is also called groupWith.

When called on datasets of types T and U, returns a dataset of (T, U) pairs (all
pairs of elements).

Pipe each partition of the RDD through a shell command, e.g. a Perl or bash script.
RDD elements are written to the process's stdin and lines output to its stdout are
returned as an RDD of strings.

Decrease the number of partitions in the RDD to numPartitions. Useful for running
operations more efficiently after filtering down a large dataset.

Reshuffle the data in the RDD randomly to create either more or fewer partitions
and balance it across them. This always shuffles all data over the network.


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.rdd.RDD
https://spark.apache.org/docs/latest/api/java/index.html?org/apache/spark/api/java/JavaRDD.html
https://spark.apache.org/docs/latest/api/python/pyspark.rdd.RDD-class.html
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.rdd.PairRDDFunctions
https://spark.apache.org/docs/latest/api/java/index.html?org/apache/spark/api/java/JavaPairRDD.html




Actions

TEMIREIT Sparkk ZHEH—LE A actions, #@M R %5 i RDD APl 3X#4(Scala, Java, Python) #1
PairRDDFunctions 3Z#%(Scala, Java),

Action

reduce(func)

collect()
count()
first()
take(n)

takeSample(withReplacement,
num, [seed])

takeOrdered(n, [ordering])

saveAsTextFile(path)

saveAsSequenceFile(path)
(Java and Scala)

saveAsObjectFile(path) (Java
and Scala)

countByKey()

foreach(func)

Meaning

Aggregate the elements of the dataset using a function func (which takes two
arguments and returns one). The function should be commutative and associative
so that it can be computed correctly in parallel.

Return all the elements of the dataset as an array at the driver program. This is
usually useful after a filter or other operation that returns a sufficiently small subset
of the data.

Return the number of elements in the dataset.
Return the first element of the dataset (similar to take(1)).

Return an array with the first n elements of the dataset. Note that this is currently
not executed in parallel. Instead, the driver program computes all the elements.

Return an array with a random sample of num elements of the dataset, with or
without replacement, optionally pre-specifying a random number generator seed.

Return the first n elements of the RDD using either their natural order or a custom
comparator.

Write the elements of the dataset as a text file (or set of text files) in a given
directory in the local filesystem, HDFS or any other Hadoop-supported file system.
Spark will call toString on each element to convert it to a line of text in the file.

Write the elements of the dataset as a Hadoop SequenceFile in a given path in
the local filesystem, HDFS or any other Hadoop-supported file system. This is
available on RDDs of key-value pairs that either implement Hadoop's Writable
interface. In Scala, it is also available on types that are implicitly convertible to
Writable (Spark includes conversions for basic types like Int, Double, String, etc).

Write the elements of the dataset in a simple format using Java serialization,
which can then be loaded using SparkContext.objectFile().

Only available on RDDs of type (K, V). Returns a hashmap of (K, Int) pairs with
the count of each key.

Run a function func on each element of the dataset. This is usually done for side
effects such as updating an accumulator variable (see below) or interacting with
external storage systems.


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.rdd.RDD
https://spark.apache.org/docs/latest/api/java/index.html?org/apache/spark/api/java/JavaRDD.html
https://spark.apache.org/docs/latest/api/python/pyspark.rdd.RDD-class.html
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.rdd.PairRDDFunctions
https://spark.apache.org/docs/latest/api/java/index.html?org/apache/spark/api/java/JavaPairRDD.html

RDD A1t

SparkixERW—PIIEER EF LB &IRIE (operations) FAfL (FEFE%£EF) —MESIAEFEH, HFEFAL—IRDD
R, B—1N7 /RENSESHENMELEBEF#IIRESD, AL BIETUHEIMIES (URIMEAITENAEM
£8) BaF (action) EEFM, ZTENEELMAHFREER BERIOBUL) . xt mEREENRENZEREA
Eit, ZFEE—TRENIE,

{f]?ﬁ%ié:i persist() & cache() HEFALE—rdd, %_5'5, Eaction¢i+§?%§']rdd ; RIE, 4‘?%1%@&%4\% RENE
F, SparkZFR2— 1A A-MRRDDMEM—MOX £K, © AILLAEER I (transformations) REE#H
BEHEHFHUBEE DK,

A, BRI BARRMIE 2 5 FEHE— D EFALCMRDD, Flil, BRFBRNBALCESIMHE £, HESEYFES
{bWyJavast RIFAEIRNGEH, ET mE EHEESHBEHESE Tachyon, FHATTLUB £ # —1 storageLevel TR
% persist() AIERBXEEFHE I, cache() AEME T BIABITF i 2% 3|— StorageLevel.MEMORY_ONLY o Sti2PTFE 4% 2% 5|
BINTAIR

Storage Level Meaning

JSRDDYE # IEFEF b Javast RE#E VM, IIRRDDFEABFEREFH, —L&£H
MEMORY_ONLY XKEArRWETF, MMEBREEZLESRGBREETIHTEE . IRRAKANT
5 2% Hlo

JERDDAF % JEFFFIE B Javaxt REF#EvmH ., SIRRDDTNESFEREFH, HxL
TEAHFERFFNDIREH4EMA P, BREETHEMN.

YRDDYE 4 5t BIJavaxt R F 4 (BN E—byte#fien) . xMARLLIEFFIE
MEMORY_ONLY_SER FREFELER, FERNRENFEIEIEN, BREFHEFcpul B—BEN
#RAE,

FIMEMORY_ONLY_SER#%ffl, BEFRRHEBREENES HEXELEAE#REINE
LK, MERHXESXFHEIEL P,

MEMORY_AND_DISK

MEMORY_AND_DISK_SER

DISK_ONLY 1A FFRDD A X 77 4% Bfi 4 b

MEMORY_ONLY_2,

MEMORY_AND_DISK_2, MEENE#ENEL, BREFNENPRIEHENAN TR LE
etc.

L5 X F #RDDEI Tachyond, #8xtFMEMORY_ONLY_SER,
OFF_HEAP (experimental) OFF_HEAPAR Y T s OIKBITE %, RFFENIHHITERZNFL, XFEEEREKXR
ENFIFIETHE S H % 5 ARFNIEREFHEENIREI A,

NOTE:7Epythond, F#RIIREABR B Pickle EFFETH, FAIlRR & 3FIMLERHAEE,
Sparkth 2B #F AL —Lshuffle’@/E (80 reduceBykey ) FRBYRR ] B3E, BNEEF 2% R persist Hik, X HMIFR 28

BT Eshufflel B 1ERT, BEESHEE M A, IRA £ HNER 8B = £0RDD, HMNDAEEZR ~8
A persist ﬁzfo

QOAAT 36 43 77 4 28 51

SparkB% N7 % & 5| BREERFF A EMepufl BBE g WA Rx . WNEFEL TENGRREE—PEENEHR
7

o WMRIRMIRDDESBAE % % (MEMORY_ONLY) , FLia#EANEHSZL 3. RAX2cpufl HRGEMNEHR, &
{FRDD LI E R AT RERY IR,

o MEFESHB AL S|, %£FMEMORY_ONLY_SER, ##— NEBRMFEIEERS IR FERAK, BREDEES
FEY A7 ).

o MRIEBT ERDDHE Z# R AHEBCNBEL R AENEIE, TENRDDE#E#M L L, T, EEFE—IMORHE
MEM L L EBIE—#1E,


http://tachyon-project.org/
http://tachyon-project.org/

o MRMMHLHEIRMNEZE, TTLRAEE (replicated)F % 7. FIBMEM A NEAI BT ESHE £ KMEBIERS
R A, B2ESMNEIBEEY H(RIERDD L4 4z (TIE 4, MASRESE 5 £ L0EUE,

o HERBEAREATNFEHRHES 5 ARFHFEEH, OFF_HEAPEBM Y :
o BEITEMHITEHZTachyonH RN

o B R EHAD 1w EIRKITE %
o MRENMMMITERR, AFENBERREK

i BRELIE

SparkB# B S IREN Y R ENERER, FARERMERREHEREZIBNETE, NREEFHHIRRRDD, JLUE
FB RoD.unpersist() A&



UP

<
N 'E

—MIERT, H—ME 8 SparkiRVE(Bla0mapFlreduce) EREE i 2 ¥ s L= 170¢, SparkiR{Es2 rr ERIEMZ XK
AT EM—MRIEIA, xErEREFIEIEENSRL, FRxE T SERENSR L WATE BHEBT 4 2% 0 572
F. BEBEE4HN:E L E2ENM, B2, Sparkd @A aME LNERAEXNRET aMERNEZF2 : L2
(broadcast variable) &M% (accumulator)

[T E

MBEFERFREFRAEAF - TRENEEEEANELE, MAREMESRE—MER. flW, MAMELTE, Hises
U—MEAMENARE - ARBIEEH ASEMEIRDEL B ¥ =. (Broadcast variables allow the programmer 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.) Sparkth 2 X EF BEMM BEEE
SWIIELTE, LADBERRRE,

— AT #ErEFLUEBi ﬂ%%NWNMHWWMHWHfM NI Evhe g, TBTESW— I aZtE, a4
AILLGE value AiEir e, TEMIRA#BETXNIE !

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

broadcastVar: spark.Broadcast[Array[Int]] = spark.Broadcast(b5c40191-a864-4c7d-b9bf-d87elad4e787c)
scala> broadcastVvar.value

res@: Array[Int] = Array(1l, 2, 3)

IETE0EUE, BBy EEHNEMREPERERRE LSy, IEBNBRTREBRELTEVIEBTI PR L,
A, A THRIEFAENY REI BT EREHERNG, HRVIRE BZERER.

SRINas

BERBL, RBMBE—REREXFREHTINREN T2, RteiEsmWn s BT HITREDR, eneeg Rk
A counters Tl sums o SparkREZFFH L £ BRI, FrEVLUESHRNZEN£E, NRABT —1MELNEM
2%, AU EsparkfUIR g 7R, X TRz T M X (running stages) Wt IREREEMEA., (CEXE : XfEpythonFir &
W)

_/I\?razﬂl]%%ﬁ“'iﬁiiiﬁﬁﬁ SparkContext.accumulator(v) ﬁif%k—ﬂ\%ﬂﬁé‘i%vﬂhﬁﬁzo L T%Eﬁ:ﬂ’]&%‘]kb_ add f/f
HEFA += BIERL TN, AW, ENTEEWME M. RBERAHEFTLUER value FIERZINBRMBAE, ATH
K5, BART AT ARMSBPE— D a EEmMFRAETTREN

scala> val accum = sc.accumulator(©, "My Accumulator")
accum: spark.Accumulator[Int] = ©
scala> sc.parallelize(Array(l, 2, 3, 4)).foreach(x => accum += Xx)

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

TANGIFFIE T HERER L BRI, FLEBAIUFIBAF £ AccumulatorParam )2 H 2R 2R02% % 8,
AccumulatorParamiZzOE A NFE 1 zero 153K A IRBVEUE £ BB — 10 14" (zerovalue) ; addinplace HiEIEANE
B0, B0, BRxFEMBE— vector ERFRBELHNAE, 1889 N TE LRSS :

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


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.AccumulatorParam

}
}

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

1Escaladf, SparkZ#FAE—MMAccumulableEARRRHIB-2R A WMATFRMMTHRLE F—4# (HldE WENT
FREI—MIR) . Sparkmiﬁﬁﬁ SparkContext .accumulableCollection J7 AR —MkMIscalafe & % B,


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.Accumulable

Mix B Fia

{RBE 45 Mspark B 5 Ml & & —Lsparkiz 1761 F, %4, SparkBJexampleB & && /L SparkflF, fREEss @M TARE
1TJavazkEscalafflF :

./bin/run-example SparkPi

A TRALARBRE, configurationFltuning¥g @RS T &E L EMNER. FRiEMEAEENETNHEEENNRAZIERE
EMERE, HTLRBRFREEE, SHENEANET 80N RENXIFEHEEMN G,

&E, TEMAPIIERLAE G E 4 Hscala,java, pythondh & &,


http://spark.apache.org/examples.html
https://spark.apache.org/docs/latest/configuration.html
https://spark.apache.org/docs/latest/tuning.html
https://spark.apache.org/docs/latest/cluster-overview.html
https://spark.apache.org/docs/latest/api/scala/#org.apache.spark.package
https://spark.apache.org/docs/latest/api/java/
https://spark.apache.org/docs/latest/api/python/

Spark Streaming

Spark streaming@SparkiZ DAPII— 4 &, ©xt 2t RABIEHMLEEE Ty Bit, aEHE. TSRS, BNy
LlMkafka, flume, Twitter, ZeroMQ. KinesisZ iR BREE, HMAILLE M mmE#map. reduce. join. windowZ A
ME 2 EHTEHER, &F, REENBUIBTLMERISXHRE. BUEE. kP, Fxt, REULUFRIBEHE
¥& A EISparkiItlZeF 5] Bk, MaBEEEHRE,

Kafka

Flume <ﬁz ___HDFS ]
 HDFS/S3 Spr K _ Databases |

Kinesis Sl’f@Qming ' Dashboards ]

Twitter

ERE, EMITEREM T AR, Spark StreamingEll sz ot B4 ABUIBR, AR X EHIBT D 4 B EIEMSparks I ZE 2
I8, Sparks|ZREIEE KR 4% REE,

input data batches of batches of
stream Spark input data Spark processed data
| 7! Streaming |1 > Engine [

Spark Streaming=ZF— N & 2 KR, WHHEHUR( discretized stream )5 pstream , ©RFKELEMEIER. DStreamBt
A LARI A MKafka, Flume#lKinesisZiR ik EXBY AR 02, WALl EHEMDStreamB9E st bt M EEUK S TR
#B, DStreamEH—R5IRDDs M.

ANgrEIE S H » FFiAFI FADStreamy; B Spark Streaming®2fe. A 2 8849 F Fscala. javask#& Python3k4; 5 Spark Streaming
2R,

R @ Spark 1.2E2 % # Spark Streaming5| A T Python API, &8I DStream transformations#1JLF T B4 1R VERT L
fEscalafljavaiEOFERA, A, ERIFERVFRMIAHHEERET L BIXAEIE, #Mflume. kafkaZFA-EFHREY
APIRTERESI A,

o —NIRZEMIFIF

o HAHIR
o K
o #%A{tStreamingContext
o BEHUR
o # ADStreams
o DStream/ 4% 3%
o DStreamfs iR 1/E
o %iFSHIFAL
o Checkpointing
o EENARER


https://spark.apache.org/docs/latest/mllib-guide.html
https://spark.apache.org/docs/latest/graphx-programming-guide.html

o W¥En AR
o TMEREAML
o ADMBUEHIMATH 17
o XEBEERIWHILES
o RFRAL

o B4IESL



—MREBBIF

TEH A2 Al 4 B Spark Streamingf@F894 % Z /0, EFAVIRE ) % — 6 £ 06 F. EXNMIFHR, BFEMERTCP
EEFNHIERS 27 RXAMIE, RARHEXATIESNL A, HENT :

B4, B4 % ASpark StreamingBIFEX % LUK — L MStreamingContextit 58I 2 X5 s BITABIF R, A RNATENES
% (JNDStream) IRHLAEMMAE, StreamingContext 2SparkfiEREEMETEAO, RE, FMNEBT—TMEERNI
TAIRUUR LR ) fRed 7 (BNLAFD 4 % (10 BIEIER) 894 H StreamingContext,

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("NetworkwWordCount")

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

FAXNET, Fi18E9 0B —1DStream, BRIMTCPIR (E#lfizlocalhost, iwO #9999) i EXAIRREIE.

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

EA lines T BR—DStream, FTEMFMEIER 4 235 % SHREIE. X/ DStreamBI Bz FWMAR—TXEX, T—
&, BB EFDStreamPIBIT XA ID 4 %144,

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

flatMap 2 —T—xt ZHIDStreamiR{E, @it IEIREDStreamMIF 5z FHBEKR D KFrie & K| E—NFHIDStream, 1EiX
MNMFH, BITXAESEUDMT 2N %58, FHNBYD B85 A words X DStream&zx R, F—%, HMNBEHE 29
B2

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 iXNDStream#mapper(— 3t — 4% #32/F) T — N FBIDStream, B (word, 1) stAMK. AE, AT
N HIDStreami+ EF I BIEMN A 7. &/F, B wordcounts.print() FTENEH+ERA .

FEIEMNRE, YU ExERaEMIT, Spark Streamingft 4 F T EERITHHE, £l EEEFBRIT. &
xEwIREE LR, BEEEHITHE, SEARNTHAZE

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

SEEEEY B F A LATENetworkWordCountd # Z,

MRFE2 T RMME T Sparksr ik, Rl MU THAEETEMIF, EE, FEEETNetcatlFH BIER 4 25

$ nc -1k 9999


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.streaming.StreamingContext
https://github.com/apache/spark/blob/master/examples/src/main/scala/org/apache/spark/examples/streaming/NetworkWordCount.scala

RE, TR, REsRNTARETHF

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



ETHRE 200 FHE £, TENN 2 4% 5 Spark Streaming iz FR2FE S EH— LA KBTS,

o XKt

o #DA1EStreamingContext
o HEUR

e iy ADStreams

e DStreamA B4 35

o DStreamfsf HIR1E

o ZEFHFAL

e Checkpointing

o MERHRER

o UL¥En AR



X 3%

5Spark#1{,, Spark Streamingt B LAFI FAimavent &, 4% 5{RE S HISpark Streaming®2F, {REZE5| A TEBIEK 5 EHRE
SBT=#&Mavens5i B &

<dependency>
<groupId>org.apache.spark</groupId>
<artifactId>spark-streaming_2.10</artifactId>
<version>1.2</version>

</dependency>

# 7 MKafka, Flume#FIKinesisix £ Sparki /D AP IR IR L R0R 3 ENBUE, BB ERMEXBIE L spark-streaming-
xyz_2.10 ElR# A, Hl0, —L@BANAGNTRAT

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

A 7 R EINERFTMITIER, 3% 37 7] Apache repository


http://search.maven.org/#search%7Cga%7C1%7Cg%3A%22org.apache.spark%22%20AND%20v%3A%221.2.0%22

#4141t StreamingContext

# T #ta1bSpark Streaming®2R, —>StreamingContextxt RILNFE#H 418, ©=&Spark StreamingfT B RIEFHEEAO,
—/NStreamingContext s$ R AT LU SparkConfsd R 6 &,

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 FRNREY 2 FITERF R RIESEEFUI EMEZ T, master m—NSpark. Mesos. YARNEEFURL & — MEKRERT
Blocall*]”, BRTEFAARMERETT, HRFETEERHPH, RAFHELERFPEL D naster , ML spark-
submit /& 3 & FARERE, FFM spark-submit FISE] master BUE, >t FAMMXHE £ITMK, RETLAE# local"FRIEBTER
—/ 22 a fTSpark Streaming, REEEMZE, SEREQE T — 1 SparkContextxt R, fRETLLRiE ssc.sparkcontext
% 19 X N SparkContextst .

fttet | R ERBMIORFIEER RUKRKEH A % RREE, RATEMNERtIR— 7 RBUEmBER.

A LRI A B 21FTER sparkcontext STER AR streamingContext ST5R,

import org.apache.spark.streaming._
val sc = ... // existing SparkContext
val ssc = new StreamingContext(sc, Seconds(1))

L—AN LT (context) ARG, {RLAIRBLATILY sH1TIRME

o EUMAIR ;

o HEHIFRAEES

o FIA streamingContext.start() F RN A IR

o RIitFRF—EIFY:, BEE streamingContext.stop() F EMEiE .

NRBEIENMTT :

o —H—"contextB2 4 B, BAREBMIURE FEIISEZRINE contexts,

o —H—"contextBz(Eil, BRTEBEH L

o TEIVMHR, E—nja REEHE — 1 StreamingContext FiE sk IK A&

e 7EStreamingContext L8 stop() /5%, th&X M SparkContextst R, R RFE % 1 StreamingContextxt &R, &
B stop() A S Afalse

o —“NSparkContextxt R AT LLE S Fl & 6| B % 1 StreamingContextst R, BIIREM4 2 AIEAIStreamingContext{E /5
StreamingContextt] B2 AKX (4K # SparkContext) .


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.streaming.StreamingContext
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.SparkConf
https://spark.apache.org/docs/latest/submitting-applications.html#master-urls

BEEURE (DStreams)

BEUREE DStreams&Spark Streamingi2 M ERMHER, SRBX—DEENEIER. CELZ2MEFFIRBHAR, &
NEMATRT #HETFENRMLIBEHBIER, EMER, DStreamsH— %5448 RDDA M, DStreamssBIEMRDDER

AEME: | [ RANESE, NTEE :

RDD @time1 RDD@time2 RDD@time3 RDD @ time4

data from data from | data from ] data from __)

DStream ==+ - el i ;
timeOto 1l timelto2 time2to3 time3to4

R4 3t DStreams B /&R 4% #:AX T st DStreams [z S BIRDDHIIEVE, ERIEMIGIFH, rflatmap BYEE AT lines XA

DStreamsB9EMRDD, 4B words iXNDStreamsBy RDD, it 281 F B :

lines _ | linesfrom | _| linesfrom | | linesfrom | __ | linesfrom >
DStream timeOto1 time 1to 2 time2to 3 time3to 4
flatMap
operation
A 4
words | wordsfrom | _ | wordsfrom | I wordsfrom | __ | wordsfrom | >
DStream timeOto 1 time 1to 2 time2to3 time3to 4

3Bt Spark5 |2+ Hix s S RDDMI: 1 H F, DStreamsi®{Erais 7 ASBOMm S, HEATHEERE, A»FLERETES
EMIAPL, TEJLYHER TS EEENS Y,



i ADStreams#[receivers

i ADStreams3R7s MEIRTR 3 Bsa A BB RBIDStreams, {E1REGIFH, lines Ry ADStream, BAFEMnetcatiR 425
%t\HyE"J#GEiﬁo ﬁ—’l\iﬁlfn*tDStream *D_/I\ Receiver Tf%*ﬁ?&ﬂfés ﬁ/l\ Receiver ME\FP%‘%HX%I}E, #4@%&5‘%3’?]\?\]#43
BTz,

i ADStreams3 s MEIRTR 3k ERBIRIAEUIER. Spark Streaming#a 8 & % HIRIR

o HEAXJR (Basic sources) : ix4EjR7EStreamingContext APIFREZ A A, FlINXHRs%. EFEFEE, Akkafactors,
e =R (Advanced sources) : ixLEEEIEKafka,Flume,Kinesis, Twitter5%, ©MEE@it MMM L RER, BAMEX
BI— it T £ K

FEIENE, MEMBE—NREARFHITHES My ADStreamEER S MNEUER, REESWES MR (XFE
AL — Y NE) . SRCIEBZ M Receiver@t BKRZ NEUER, BR, receiver fFA— Nk THNESEITHE
Spark workerstexecutord, ALt, ©HBE—ML, XN EDEI% Spark Streaming i FBRZFHIFRAE B —4 (it
occupies one of the cores allocated to the Spark Streaming application) . FflA, #* Spark Streaming & 2 F 2R 489
% (MRE2AMETT, BLEBLE) BAULEBENEIEFEEIT receiver 2IFFEEN,

JLREETEMMS
o WMRNHELL i ARREHHIIE D FHEZETF # ADStreamszEreceiverstIE, Fu REga BINBUET AR IEE
1o

o Y {TTEAM, MR{RMIMaster URLIEZEM T local”, XHMRABE—MKEITES. XIXBERLETEN, BHE
# receiver By ADStreamF & X N, X MR ERROLELEBHEIET .

EAXR
M 2ERENTFHEER, ssc.socketTextStream(...) HEFAFIBMTCPEREF # BN AEIE 4| EKDStream, [RTE
¥, StreamingContext APIBXX BT LA K Akka actors{E # # AR 6] EDStream,

o X% (File Streams) : MEfIGHDFS APIFEABIXH R4 i EXEIE, — P DStreamel LLB i I AR 4 &

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

Spark Streamingf§& 5 2 datapirectory B %, FEKXEBF TERMNEMNXMH (REBZTHXF) . FEER—T=

11111

1 B X ERHEREIEER
2 FIEXH41E dataDirectory B2 Fol, XHRE#»MBHHMEGZIBEERT
3 —B®#», XHURAWIER. AR MR INEIE, FOBIER RME.

st F 4 2RISR, H—E 4 285 streamingContext . textFileStream(databirectory) RILA#KA ., XERAETE iz 17T
—“receiver, FILUAREED .

ESparkl.2d80, filestream FEPython APIFRAR A, RE textrilestream A,

o ETHELactorByik : DStream™ L8 A streamingContext.actorStream(actorProps, actor-name) J7;%MAkka actorsik Y
HIEIBRE 8. BEFRMER L EE Lreceiveri§E actorstream FEPython APIFRARIFE,

o RDDASUMEABHET : 24 T X EiE nlix Spark Streaming 2 FAT2/F, Af1tBALLA
F streamingContext.queueStream(queueofRoDs) J7i5EFRDDA T 4] EDStreams, & pushZ| A FIRIRDDERHE = il
DStreamBI#LEHE, B —H R IE,

XTFMNEET. XHfactorF ik BURME S m %, % FStreamingContext#] JavaStreamingContext


https://spark.apache.org/docs/latest/streaming-custom-receivers.html#implementing-and-using-a-custom-actor-based-receiver
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.streaming.StreamingContext
https://spark.apache.org/docs/latest/api/java/index.html?org/apache/spark/streaming/api/java/JavaStreamingContext.html

$REEIESpark £ EO, FEENPHBOITEEES 200K (Flalkafkaflflume) . # T R AMRHBIIRA RS2 5 25, M
Le3m 4] DStreamPITHAE B 2 BRI T MM E D, REETE X368 m T, H, MERERkEHENTRIEE
DStream, {REBIRBUITH HIRME

%
X
e XFt : 7NN spark-streaming-twitter_2.10 EISBTsmavensi B IR i

o E : % A Twitterutils %, FA TwitterUtils.createStream J7;%4]EDStream, il FFfR

import org.apache.spark.streaming.twitter._
TwitterUtils.createStream(ssc)

o HE : [ BEMRRFUREMAMMK: (EiEspark-streaming-twitter 2. 108K # AR EHI 4 #Kk#) T hjar8, RiE
HE, IEDE=VFRERR—SHN L,

FEFTENR, XESHMIRIE spark-shell FRBEMRMER, FILE T X LR AIRE TTiETEshelld X,
TEENZHINE 2R
e Twitter : Spark Streaming®IF Twittersaj 3.0.3 HFENAHBMESUR, XEH GRS HERIRAPIR G, NEERTLIE
Twitterdd & R (£ 75 EIR B, MRBEREQ B EIAIR, BBy BRIET X T BEIR. RAILLE BAPISHY
(scalaflljava) #fIF (TwitterPopularTags#1TwitterAlgebirdCMS)
e Flume : Spark Streaming 1.2884% Mflume 1.4.0FR 3k EREX4E, AILA& FHflumesLiiEm Tt mER

e Kafka : Spark Streaming 1.2884% Mkafka 0.8.07F 3% BXE#E, ®TLL% Bkafkafeiism T mER
e Kinesis : & &Kinesisfriigm 7 EitmER

S

fESpark 1.2, X EERARHPython APIZHF, # ADStreamtB Al LUt B E SURAIE, MREEMIR oM »BEL
B receiver , X receiver AILAME E URBWEIBLL RS EIEHEEISparkd, Bit B7E sLreceiveriEr 7 it mER

Receivera] 54

ot

ETFAFENE R L BIER, R(@kafka, flume)foir. INRMX LERATSERYIR i IVEIRRY R4 88 95 IE#ABY 2 B AT RN $HE,
MBS MREEABR TR EREIE. 24, BB AM L EHreceiver :

e Reliable Receiver : —/A SEMreceiver B i B — NI SHR, HUEE 2 KEIFH B EMMESIE T Sparkrh,
e Unreliable Receiver : X ftreceivers A #Fm &, BMEMF—NAISERR, FFx EBAEE 2 m—NIEATERNreceiver, X

MreceiverFRIEH & &,

BH mEr SEMReceiverfm ¥ £ H & Lreceiverf g it 42,


https://dev.twitter.com/docs/streaming-apis
http://twitter4j.org/en/configuration.html
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.streaming.twitter.TwitterUtils$
https://spark.apache.org/docs/latest/api/java/index.html?org/apache/spark/streaming/twitter/TwitterUtils.html
https://github.com/apache/spark/blob/master/examples/src/main/scala/org/apache/spark/examples/streaming/TwitterPopularTags.scala
https://github.com/apache/spark/blob/master/examples/src/main/scala/org/apache/spark/examples/streaming/TwitterAlgebirdCMS.scala

DStream 89443 (transformation)

FIRDD % {81, transformationt# Mii ADStream3EHIEIE#H5EH., DStreamsz 1R % ERDDH A A Mtransformation& F,
—EEANEFIN TR :

Transformation
map(func)
flatMap(func)
filter(func)
repartition(numPartitions)

union(otherStream)

count()

reduce(func)

countByValue()

reduceByKey(func,
[numTasks])

join(otherStream,
[numTasks])

cogroup(otherStream,
[numTasks])

transform(func)

updateStateByKey(func)

Meaning
FUIFAERE func KRERDStreamfEAN TR, EE—NHBIDStream
Smaptfl, BR8N AR AR H 0N HE SN R
REI—MIDStream, Bt @ &IRDStream R i#% B B #funchd 5
it 6B % & E D MpartitiontX % X NDStreamy 47 4 7| (level of parallelism)
IRE— 1 #HIDStream, B 8 &REDStream#lotherStreami gt & T3

it i+ EIREDStreamF S RDDMTTHRHE, RE—1NEE £ tHK(single-
element)RDDs#ETDStream

FAEHfuncBRERDStreamh & NRDDHITTS, RE— M E S % TH(single-
element)RDDsHI#TDStream., BI¥X ki % 2R EH, LMEERTLUFHITIE

BNETF m ATk E B AHKMDStream L, EE—1 (Klong) xt#9%DStream, &1
4B 2 ERDStreamfE MRDDH A7 3K,

LHE—THEK,\V)3TAKKIDStream L A X NEF, RE—PNHEIHK,V) 2t E KB
DStream, &— 1 keyMa 4 EMreduce R ERE, TR : FBABERT, &4
BT FIAT SparkBiAIF £ 5 BEDE. RALUA nunTasks SR BARRMIE 45K

L AT AENDStream (—MEE (KV) of,—1MEEKW)) , REI—MEEK, (V,
W)) 2t FyFTDStream

L5 AT AIDDStream (—1ME28 (KV) #,—1MEEKW)x) , RE—PMEE(K,
Seq[V], Seq[W])#ITTA

@ittt RDStreamBy & NRDD 2 ARDD-to-RDDEREL, #]EB— 1 #HBIDStream, XA
LAFEDStream s B {E{IRDD#/E R {E

M A2 ENHBEHDStreamtIR A&, IREI—PHT"state"HIDStream,

&EA MransformationBE FEEEANL—TF :

UpdateStateByKey#£/E

updateStateByKeyi#R{EfR - FETAFE REFHENR S RFERER S, REEZRE AT RKERE

o ELRS-RETUREMBIESE LB
o ESURATEHTERE-E A4 7 A EATATAVIR AF M AT R % INBOHT @ BHTR A

IEENFDOIF R, EOFF, FERRB-IXABERFENLANEITRE, aTREA—statexkr, EWLEZE
BEY

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 count

Some (newCount)

XN EE T DStreamE8 &89 %57 £

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("NetworkwWordCount")

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 _)

BHERBESEEN 2B H, newalues E—RIIBIL (M (58, )xIM3E) , runningCountii B ZBIFIRE, EETEHN
K3, WOIF

TransformiZ{E

transform I (LLREM TEFNAN transformwith ) FoiFTEDStreamiz {T{E{AIRDD-to-RDDEEL, ©8E 4 ¥R & FBEM
& 1EDStream APIFIRAEMIRDDIZ/E (It can be used to apply any RDD operation that is not exposed in the DStream

API) . fGlan, #EEIETRHRHNENE (batch) 7 A4 —PNEUBEMTIREF & B TEDStream APIFRIRHE, AR LLH 289
FA transform AEMEl, MRMEB HFF AL T EN RO EERNH ASIER EELBUE, AELTEN,
{RET LR AN 3SR A

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

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

1)) -
FHyx b, RBALUE transform FERAVZEZ I E +EEEX
& O (window) 2

Spark StreamingtB X FEOHE, BRFMRIE—NEHBEOHKEL 5 Atransformation®EF., TEMBATXNMEHEO,

time 1 time 2 time 3 time 4 time 5

original M ] [D M D]

DStream

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

mtmrgxr, BOEREDStream &5, SHMIRIEFEABTHNNIERDDs, =48 O/RDStreamMIRDDs, £ NEARIF]
FH, BEE=T b £ oWBIE L#TEDRE, FEESR A ETEH—R, X3, FA— I BORERETEZEE
AN

o BOKE : BOMR Lt
o JEFHHE 7 AR - BOBRERITH | kR

X A NS EU 5 2 IRDStreamBIitt ae 7] 7] FRAVAZ SR,


https://github.com/apache/spark/blob/master/examples/src/main/scala/org/apache/spark/examples/streaming/StatefulNetworkWordCount.scala
https://spark.apache.org/docs/latest/mllib-guide.html
https://spark.apache.org/docs/latest/graphx-programming-guide.html

TE#GHAEORE, Hlm, REBy BETEAF AR+ Eid £330 M, mbee 2108, » T2 BXNEM, BN
W TE it 3080 pairs DStream_t i FH reduceBykey #4E. FAJ5% reduceBykeyAndwindow 52 3.

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

—LEERANEORENTAR, ILERFEHFEAI EXRINA IS  BO K EFE a7 16

Transformation
window(windowLength, slidelnterval)

countByWindow(windowLength,
slidelnterval)

reduceByWindow(func, windowLength,
slideInterval)

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

reduceByKeyAndWindow(func, invFunc,
windowLength, slidelnterval, [numTasks])

countByValueAndWindow(windowLength,
slideInterval, [numTasks])

Meaning

EFIRDStream = £ M5 L AL BUE -+ B — PN ETHIDStream
BEFBRTHRN— N BB O

BE—N TR, FIRREBuncRER s 1 | FRARI TR A B X
M eITHRR. WD A BE R ME T B RE 9 ERNFHITHE,

R FEI—NK, V)¢ A BRIDStream £, R [E—NE(K,V) 2 48 BRAIETHY
DStream, &—“ keyi{4 ¥4 EMreduce ENERERER, TR : 1
BAERT, xNEFHA T SparkBANF 2 E58FEDE., RALL
FA numTasks SE3% B RMME 55

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 would be that of "adding" and
"subtracting" 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.

R B EI—/NK,V) x4 BB IDStream £, SR E—NE(K, V) 3 48 BB ET Y
DStream, & MkeyM 4 E2E111E/8 7 E O H A HIRE,



DStreams_E B34 H IR {F

i HIRIF SO 4 DStreamBUIR FHERIINERIE 5. XM RAFNMR AR, EAMHRIFR m LR FAEBREME & #50 FHIE
&, ©ifkg R mRIFRDStreamst i, BRI, ELT THE/LIH HRE :

Output Operation Meaning

fint0) FEDStreamBI B ML IR P ITENRII05 TR, T MRIFEF R MiEXPHMIFEERA.
P TEPython APIFE A pprint() o

{R1EDStreamBIA A H — N FEFMERIST M sequenceFile , B— ML 8 FEAI TR ST4

saveAsObjectFiles(prefix, BET prefix # suffix EM, "prefix-TIME_IN_MS[.suffix]", FEPython APIFRZRA]

[suffix]) o
saveAsTextFiles(prefix, REDStreamBINE A — DA, B— it BRI SIS B E
[suffix]) F prefix F suffix £M,. "prefix-TIME_IN_MS[.suffix]"

saveAsHadoopFiles(prefix, R EDStreamBIN A 4 —hadoop3 i, B—Mt A FRAISTHBIST B E
[suffix]) F prefix fl suffix £, "prefix-TIME_IN_MS[suffix]", #EPython APIFR7Re]Fl,

EMRAERBENRDDLE AR func NREBEANHEERE, IVRBL st E
MRDDMIEIBREIA %, BIHN{RZFRDDEIXHHE B ML EREEES, BEE
=R, func HEERHEFDIIT, FHEEEEERDD actionfE EmE# 5/RDDRH
i+ 8.

foreachRDD(func)

#) FBforeachRDDHY % i+ &R,

dstream.foreachRDDZ—MEAKIRE, R EHEINEBREF. AW, PAAEHESRD. BREAZNRZEHEEER
8, TE/LRNE T IR — sz,

o ZEEHFEINNRABTERE—NEENR (FINEiRR4J[MNTCPAR) , A4 EHIRILER%. HTREIX
BB, FFx AR ATRER2RHFESparkig 3 P el B— Dt R, BR27ESpark workerd X8 X N EEN RIRTE
iz #F/RDDA, #1F :

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

1
)

XEREHR, ArxEEAEIMLEERR, KRBT Mdhiverk EElworkerd, XM EGRENEY | FEE®RE, B
AEERA AT 2 (EBEARFARIE) HEBDIBE 2 GEEIR K% Eworkerh #iA1t) FFE, EMNERRE
ETEworkerd g B A B &R,

o AM, ZREMAHA—TERLNGZ-HE— DL RABT — DR, FM0:

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

1

BE, B EEMRERRENS RFX, B, #8220 BNERE2BEIR2$BEESNFX, BENAS R
SHBAEHE, —NEFERIEZFA rdd.foreachpartition ik, #RDDMpartitiont] E— N EER, AXNAE
B33 R % Epartition IR 2 %o



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

9]
)]

XA i EE  REV 0| B 4y 03 B T partitionfIFT B & £ 7.

o &[G, ALLBYELSIRODFEMIMIE I EREEGRMES#—THIRI. FRETURE-ITHANEEARD, &
SFEABPHRESHRORDDIEEZIABR L, Nit—F 7 EFZ.

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

1
})

EIBNE, MPHNEEAREZREFEERE, FEAEZR—RAEE#BN. IHRAMTHZBEBRNARLE
?ﬁ?%xﬂ%%ﬂ?éé o

;i /E‘$Eqﬂtji

o IHIBIEER MITHA R IEMEDStreams, EAIRDD actions@ it M ITHIARIRERDD, EktthE, RDD actionsHl
DStreamsi AR FRIN BRI L I8, FIL, R 5 ARFE B TG HRIESE BTH LR
YE dstream.foreachron() , {BZ&E{EMRDD action#EVEFE dstream.foreachrop() B, LMLt FREHIT. RAEMRR
KB, REEFEN,

o BUAERT, DStreamsihHIRIER D ot #ATHI, IR m ARFIE UIRFRF #IT.



ZIFFAL

FIRDD#E{EL, DStreamsthfiif FF 4 BERF AL REBIBEINF A, 1EDStream LM persist() AEALLE s HFF A {LDStream
FRRDDEINGFEH, fRDStreamFHHIBEBREHEL R, X E2IFEEHAM. & reduceBywindow F reduceByKeyAndwindow iX
B OIRIE.  updatestateBykey X FETIRSMIRIE, BALCREHAN, THFEFLEARA persist() Ao

plan@Eit M4 (Wkafka, flumess) HERBIHABIER, BANFACEBEEFBEIADTRN T RURH.

ain

3, SRDDAEMZE, DStreamsBAF AL 3 —REHFIUCBIEIIAES, X[EEEACETNE. BSHNERRE
ErddFA 1L



Checkpointing

—REBRFOLAEREEZIT, MALARESERRLBAREFEHELTRNME (NRE%2, IVMERE) . # TEIEY
AI8E, Spark Streaming@& ZcheckpointB 9% HIE REIB#F R4 HR, LUEREMBESIRE.

e Metadata checkpointing : fR#757R i+ B E LE R EIB 2 F 4 RAEMHDFSH, X FARIKE & ARz fTworkerf 3 5
RIS, TTHIEaE
o Configuration : #]¥Spark Streaming iz BR2FHEEER
o DStream operations : i sLStreaming & FATEF IR IFES
o Incomplete batches : #R{EFFE A TR AR TEAAIHL

o Data checkpointing : R4 MBIRDDEIT SEMITF 44 R, XIEH K Stransformation (M EEZMLRVEIR) &
BWHM, 12X #—Mransformationd, £ MMIRDDK# T2 8l #LHIRDD, BEE& R, X MRBEHNKERR
IR K, FEMEM TR, A TEABXTERIE K, R AsMtransformationfy= i RODIF R E it iz B SE 4R A
M, DAERRTI MR # A

Jt#dEcheckpoint EE 2 4 T MdrivertifErR IR E 8. t0Rtransformationi2/EHAZIT, #iEcheckpointBI{ETE 4 & HIIR/E
HER R I 47 Y,

{al it checkpoint

& FATERR7E N E A iR T 47 FF B checkpoint

o FEABIKAMransformation, 0RTE ) FAFEFHAEIT updateStateBykey BU& reduceBykeyAndwindow , checkpointE %
WHEIR A LLE #icheckpoint RDD,
o MizfT 5 FATEFEMdriverfItBE R RS it 3, FERTHIECcheckpointik E £ BE R,

R, RAERDHRIIA IR SMtransformation & %57 5 FATERF1E i2 178 BT AR FF & checkpoint, EXFMIER T, MdrivertifE
MREMI2BOME (ERIITERREELREBNHBEBRSELK) . XBHEEATLUESRN, 4% 1THSpark Streaming i
AR xR,

‘S BcECheckpointing

TR, ASENXHR%E (HDFS, s3%) AxE—1HE AT RFcheckpointiE 8. BHLLA
it streamingContext.checkpoint(checkpointDirectory) F &M, X iz {TIRAZAIN 28 B Stransformation, %4+, #0R
{RFEMdrivertfEFRIRE, 1R 52 FEH AR EE (R Streaming 2 FATERF.

o UNARFEFE—REH, FE—/StreamingContext, & #FTAStream, ARFAMA start() Hk
o U ARRFREAANMBELR L5, ©IFEMcheckpointE #checkpoint##EE 3 6] 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()



R checkpointdirectory F1E, L TFXFFIMcheckpointBIBEF 618, WRXNE FAEE, H2A
F8 functionToCreateContext ERZX 6| EE—PEIMI_E T, EIIDStreams, i &RecoverableNetworkWordCountfdlF,

P& T {EF getorcreate , & EBWNFIRIETEMNE % £ ot, driverkIBEsE &, ReCBit B 1T AREHEs R xE
ZBW, EREEYREERE#—THIT,

7R, RDD#checkpointingE F A, xR $EHHEIE (2EHRDD#checkpoint) BRIt j@1@h0, FLL, FEDH
& B IBR 1 R, AR/ MRBE(ES1MWHNEIE)ERT, checkpointEB##HIER g ZAD BIENELE, HRR,
checkpointing X P& $ Bt RURME £ KNEKXR, ZR*EFENTh. FHEKEHMtransformationFERDD
checkpoint, EKi\HY g FRet 7 24t 7 FRed 7 BOfE2K, &2 108, ©RILLAiL dstream.checkpoint Kk &, HEMERT, &
Echeckpoint g f& 2 DStreamBy;& 3 [ BRRY5-10 K /N2 — D FAY 22 X


https://github.com/apache/spark/tree/master/examples/src/main/scala/org/apache/spark/examples/streaming/RecoverableNetworkWordCount.scala

#RE r RiEF

Requirements

iz {T—/NSpark Streaming iz FIf2F, B TE—&$ 5%

o BEEBMER X ZEMSparky ARFHMEENFEK, ¥ REEER

o IF 5 RIRFIT HjarB-1Rib4i 43 (R 5 BREF Ajard, GNRARAspark-submit & 5 5 BIERFE, R FE & SparkFlSpark
StreamingfT B # X MNar8, MRMFEBARFAITELRRE (Mkafka, flume) , REEFE 41K HIFERartifactL
&Eﬂ]ﬂ'\]%%ﬁﬂ@:&ﬁ?%%ﬂ%ﬂ’\]ﬁ%fiﬁjar@qﬂo fi4n, — N FAEFAET Twitterutils y ML BEEN spark-
streaming-twitter_2.10 LJ&EE"JFﬁ'ﬁ{K*ﬁ?TEEUﬁﬁﬁ*&ﬁjal’qﬂo

e executorsEiE B 45 N TF-E A I BRI A F i ENFES, executorsihsfiBLiE & 4% I 17 A SRIR FIEINAELIE.
ER, MRMREEMION4NEORE, RAMANEEZEDEREFLION 4R, AL, &BAREEHNANEERER TE
A BRI,

o Eti&checkpointing-tlRstream & 2R3 Echeckpointing, AJE—5Hadoop APIRBMARLF#E ZF W AEEE A%
& mlE %, FuRREENcheckpointlERE ANz B BT 421 E.

o BCE n FATEFdriverfIB #E -4 T B# MdriverffERIRE, @175 2 AIEFBIERE X fEw 7 A 4 #driver #t72, IR
KM TRESERE. TRANKHEESR, BETRNIESEZIEE
o Spark Standalone : —/“Spark 5 FAf2 Fdriveral LR R BlSpark R i1 &£ 8%z 17, thEiEptdriveria {TE—worker ¥

mtb, #—FRE, MIUNKHEIERES KIETRANR S Edriver, FHEEdriveriky (HEZHFIHFFHRHEN S
Mexit(1), &M T iz {Tdriverfd s mBUHEE) B91E R TE &driver,

o YARN : YARN} B#E g m FATRFRHE T % LIS,
o Mesos : Mesos® LLFMarathon$2fitiz ThsE

o EiBwrite ahead logs-7ESpark 1.2/, # 7 # BREBHAERE, BNSIAT ML ERNFE-mERE (write
ahead logs) . WIRzHFMEFF &, Mreceivers AT BB SN ME HEE ARERcheckpointE %, X AILIFALE
drivertffE £ KEHE, MMRESHIB LK, XNPRET RS R BEES
# spark.streaming.receiver.writeAheadLogs.enable HtrueEF B, AM, XL 58H9:5 L AJEE A receiveriViZINE =
AR, XALLB FH1TETE N receiver@8INEHERAR, B4, BWERE Ba, Sparkh IS FIEIEITIEEH
F1H, B zAEe2FERET —TRIREF#RAP. °TLURIT % B ADStreamB7F % 4 5|

3 StoragelLevel.MEMORY_AND_DISK_SER 3 15i%IhEE,

Fw n AR

IR iz THISpark Streaming i BREFEEF %, A RFHAREMNSE

o EHFMEAER, FESKRANEBREFHITET. —BHNREF (5RREFRBEBERNKE) 2a2Es0,
Bz ARFMA LR, ZMTEZFRBEL 22 M TRNBENT GFEF—1, IBRFE—)

o B4, TBRIKM ( streamingContext.stop(...) BX JavaStreamingContext.stop(...) ) IAH N ERRE., EX M ZAE,
ZRIE2BUNRETELET, AE, AU saALNLBER, fu WL AEFRESRRRARFHRFHRL
B, 3MAEREHEERKEFENENH AR (Wflume, katka) , XE2FRAHIENLBRFELZ2XM, A8 A
BFERER B4R, BIEFERERF.


https://github.com/mesosphere/marathon

W1 R

FRT Sparkd i #£Thae, Spark Streamingi@ il 7 —LE+FMINEE, & FAStreamingContextByat{&, Spark web Ul g =70
B streaming 32 %, FLLE iz {THreceivers (receiversBB 21 ERA. BINMiz 3. receiversin®) MR MTLAIL
HER (e, PAIEFERS) . ITLARLEE R AEFHLAETTE,

TEWEB UIFH processing Time # Scheduling pelay B NEEEmEIFETEEN, F—MEHFRTIIIELEN 5, F£Z
MEFRRAAIENI LT L2 G, HEERTRRER A, 1R IRt m Lot i FRed 1 K B K & w ISR
RN, XEMATRATIEUMEIE = EMEE 2 B IR, BN EERTET. EXMERT, ZEAD# xR
] o

Spark Streaming#2 5 #) 4 3 i B2 th B LB it StreamingListenerf AR 5, X MEO SR ik Sreceivertk HFI L e 7,
FR, BMEORF2EAP, EETURERRRHEZHNESR.


https://spark.apache.org/docs/latest/monitoring.html#web-interfaces
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.scheduler.StreamingListener

Ly . .
MEREA 1L
& BERBSpark Streaming & AEF # B RFHMRERTE— LR, XBNNB/LNSHAEE, RESpark Streaming 2 F

TEFFRMERE. RREE L AEE

o EXUMF KR K IRA DI BRI L Ent 7]
o REBIEAMMEE (size) , HHIEMLIEEERE Y ERIENEIGERE

o ADHEIERIMATE )

o HBIEMMILRE
o WNFAML



A H B TR AT o
TESparki B JLMEAL T BUR DI BB 1, X SERTBME (R (LI R AR IE T 336, X F BRI LN EEM,

AR IR F 1T KE

Bt M (Wkafka, flume, socketE)HEWHIEHRE X LHIERFINLHHIREFEISparkd, NREIBZEIK A R LB,
TEZ EFITHBEWEIE. TE, ST ADStreamslE— receiver (& {TTEworkerifles L) e NIER. 0EZHD
i ADStreamFFECE ST UMBFERTR S KRR, MM aZ8iEmRER, 5, 2I8a MopiciEm £ N A
DStream®a] LA Y143 4 % Pkafkas Ak, BN R —Mopic, X 5F 72 A Pworker Lz T @ receiver , R HIEFHIT
B, REEAMNELE, $DStreamd LA A FEM £ DStream, X 412 FITE £ 44 ADStreamftransformationig /F
A Mz R & FRIDStream L,

val numStreams = 5

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

unifiedStream.print()

AR —ANBEEENSHE receiver WA i), st FRKEBDM receiver , TEFEASparkiNEZ BT, HWHBIRE WA FFAK
T —DREIES:, BHEIEDRODNEBURAE TESHMN . xEE5 28 £ Hmapitransformationt@ /EERAIEIE. FHE
7 FRAEC BS540 spark.streaming.blockInterval JRE, ZRiAMI{EE200=ZF,

ZIAATRBES receiver AT M A AR IAMMMERT D EH ABIER (FA inputstream.repartition(<number of
partitions>)) ’ EJ&_'}}:E‘%{’FZE‘E ﬁﬁ%ﬁﬂ@*ﬂ%ﬁﬁﬁﬁ@ﬂ?&ﬂ&ﬂ’ﬂﬁtﬁﬁo

U R R FH T K

IR T+ Bstage LN H L E5BFARH K, MASTIFIAERNFIR, B, - FoHmNreduceidiF

B0 reduceBykey #[ reduceBykeyAndwindow , BAABIFF % E5FUBE L ERERMRME (configuration.html#spark-properties)
spark.default.parallelism o ﬁ]‘ﬂ,uﬁli%‘@ ( PairDStreamFunctions
(api/scala/index.html#org.apache.spark.streaming.dstream.PairDStreamFunctions)) 1% F1TE, HEXRBSH
spark.default.parallelism 1SR ER AL,

R

BREFIER LR FE AN, %72 Hsub-second g Rt BRI, TEHA A MEXS

o SparkfRDDEHEHIFIMb. KFHEFEIL xS RSparkit 1biEm. FR, SSparkTRNE, FAKRDDEWRFALL
AT %8R, LUR D5 nr BIRAE R B 512,

o MABIENEIL, MAERF ERBUREEFRISparkd, # EXHbyte BiEFE Mbyte R FF1E, REBIRIRSparkdIFF1E4E
XEHFIUCEISparkdh, FLL, M ABIENRFIILTE % TRER—MRH.

E458 BT

FW4 e HNESBEIEETAH GOHEBEL) . 2T 45FslavelIE#BHE, XFEFHREFEE L (sub-second) %
HR R, Bt FEN T LA/ N

o E5F5UMb, & 1TkyroFFULEM AT LUR/IME £BIKRAD, MTA/ME % % % Eslaverdst 7).
o HATHER, 7EStandalonetZz=\ T HE MM ERIMesostER T iz 17Spark Al LAE tE s ML MesosiE R T iz 1T Spark ik S 2
FIE % B ahat . A LAFETEMesos T iz TSpark R ERE L5 &,



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



& BRIt S E

# T Spark Streaming 5 FATEFBES TEERBF PR EEIT, RAE N LRSS AR BHIEE R IBEINEIE BIAERE &z KT
ST ERBIEERE) . xATLUEE ROMLUINREER, #taEat g i/ TitE R E,

RET T ERME R, e fRed i e 8 BN A BIBRIBER, R MERALLB 5 AR LR, ATUE

J& wordcountNetwork X NMFIF, st F—MFENBIELRIERE, RETTBERTLAE2MITEI—R £33 +80 (b g fRed g 42
) , BXEES00ZMITEI—R 257+, P, A THEE* RBP4 RFRENRIERERE, 7y BE SRR
A (MBI AR 2).

HHIERIH B EN —MFN I ER A — MR A fRe 1 (5-10,7) FUEEIEESRSE X R L ARE. #» 7 1BiriRr
R BT HBEELERE, RALLEL S mEIREER & RHIM (R LATE Sparkir 3 2 FHlogdjH & & & Total
delay"sk & Fl|FHStreamingListenerf ) . MRER EFRTE, BLRABBREN, MRERFEIB K, BLRATLERLE
BIRRIBER, BETREN, RSS2 XBEEMBUBRIBERHERDBBERMFEH—SHNX. FE, EAHBRRNOBIER
EEERMSBERBRHNIEKATAERERN, REEREEFOITEL (MNTFHRHER)



NFR L

AERERER U R Spark R F M3 BUIAT » B2 ESparktt (LIEm Rt N g, EX—F, BNESN /L aTHE
FHBRE LA, BA1ATE A& Spark Streaming i T2z BIINHIE X %2, RISFEREMI L EeT 7,

e Default persistence level of DStreams : #IRDDs A EMIZ, BUARFAL % 5 2FIEBIERINFS (DStream
BMERTFEIE A AL 58 MFTML/ R F

f2 StorageLevel.MEMORY_ONLY_SER , RDDZE StorageLevel.MEMORY_ONLY ) o
FMEBIFF 4y, 1E2 7 LABA B 8958 4 1 45 B 37 1=,

Clearing persistent RDDs : BKiAIER T, @it SparkWEZREE (LUR) , Spark Streaming“E X BIFF A {LRDDHF R MAE
iR, MRspark.cleanerttliB22x &7, ket @ FEEZBHNRFALL RODFEREENBIEERE, EMNAIERIIN
A, XA T ERIESpark Streaming 5 FARRFRRENDZE, AW, TR ERER

I spark.streaming.unpersist HtrueSRBEHEEMIERF AL (unpersist) RDD, B BEBERAKHBERETELERE
BIRDD, AREEFHALE M. XA LUAD Spark RODMAEHEM, thalaEtiEnr BT 4,

Concurrent garbage collector : {fFAF % B47i2- 75 MR s 3 BIUAT Lt — 5 & D s s BUREY 7 2 ed 1) . REF & B3z Bl
WRADZRGNBARELE, B2MAREERCUUREGELENI LI 1,



B3 L

B—¥, BT TE D 2B 4t Spark Streaming®I1T A, A TR L, rEHA1EeE— L Spark RODMIEARR &5
SLO

o —/'RDDEAFHZM., MRETEEHEM. PHAKIEEL, B PRDDE—NHEEMERENE R (Ineage), X NiERA
EA#MH ABIBE L3k 01 E:%2RDD,

o MREM—IRDDMDREH ¥ mBMEEM £ K, T NDXAILLBLEE%RMESHNBIBEPERIHERBEL

o BEFMBEMIRDD transformations@HER, L& iFinMBIBR — 41, TioSparkilEzs £ £ Mz,

Sparkiz {TERHDFSES3E R # RAMEIE L. AL, EMMNEHHIETMRARDDAZEHM, AT, XFZ7ESpark
Streamingfy1&E R T, [ % Spark Streaming®IIBREB D 1ER TE2M ML AHBEIN, # T HSERMWRDDERNE LB,
EWHRIEEZEES R EFEworker nodef9% N Spark executor £ (BRAMESIRFRE2) , X3 TUEn & rEMe, &
A EBBRERRE

e Data received and replicated : 1f % Pworker ¥ mEIEEER, X MUBREFETR, EABZHA - REEEX T
EHIEIA,

e Data received but buffered for replication : & # & BEERTE, FTLlA TIREHWRE, W—895E2MNRFEH LI
?EO

BRMEZBENEERD

o worker ¥ s#FE : {£{a iz {TexecutorfIworker ¥ smERE FTEEHHENE, BRMIEX N mAMAMENERIRESS£K. OR
BiEMreceiveria TEZR T R, EMNNEGFRIENRLK

o Driver¥ mt{FE : #1R i {TSpark Streaming sz FIF2FMIDriver ¥ s s, #F%E, 1RBA 2 SparkContextf¥& £ 5k, FiE#IT
EH EMexecutorsth & £ 5K,

V& 4 # NRBISCE32 L (Semantics with files as input source)

MRRAENH ABBESREET - NBE&MX 4 RAIHDFS, Spark Streaming % & BUMAEM 442 Rk E F B # TR E R
FAH T —NMEF— R (exactly-once)iz 3L, BITTi# % £ 4808, FEMBIBHNERIETFRIE—R,

HETFreceiverfyiy AR = SL

st FE Freceiverfin MR, BH9:E L BEHK # FHEER B MR # Freceiverly £ 8, IEMZATT8H, BAFhEEHN
receiver

e Reliable Receiver : ix &receivers REERRIFIBEEFIZ EF 2 EMITER, WMRXHE—{receiverkm 7, #A (EE
#) BIETSWRAEA. MRreceiverE g, RSB L B, FIEFS £ KR
e Unreliable Receiver : Hworkersi&driver §i smtifE, X freceivera % KR

2 F ok Bl B receiverf g T ix 52 L, WIER— M worker ¥ s s 58FE, Reliable ReceiverR™& £ 5%#(#&, Unreliable
Receivers £ KZEW TEZEE S HMNEEE, MRdrivery = HatfE, MRTULBERLTHEIEEZKX, MEdEBERFASH
ENEFERMERESRS £ K, IR A8 stransformation# £ R,

A TR £ Kat ERBIEEE, Spark 1.28I AT — 2 B MERIRHE write ahead logs , BRFEHEMBIEIIETHELTRE
. BT write ahead logs FReliable Receiver, F1rILL MEIFEIE £ KLl Kkexactly-onceiz Lo

THERRE L ZTHIZEL

Desploym.ent Worker Failure Driver Failure

cenario

Spark 11 EHR, FEUnreliable Receiverf&:R T 4 i TEUnreliable Receiverts it T 2 ¥R £ X ; 1£
%AHwrite ahead log £ % ; f£Reliable ReceiverfIXXHFAIE  FifreceiverfR T, it RHOEIE £ 5K ; EXHK



BySpark 1.2 MTF, BHIEEK BRT, SHELK

# Bwrite ahead log fEReliable ReceiverflSXHHIER T, 1EReliable ReceiverfIX#HIER T, FHIEE
BySpark 1.2 EHBEK PS

My HIRERE SL

RIBFHBTERIENL R, MERIBBEEZERTRDD, FIANEF I 4K = £E#MNLER, FAEKDStream
transformation#fi g exactly-onceiz L. LR 6, BMEFE Pworker ¥ mtis t0fE, RAMNMHEREAIE—H, AM, HHR
£ (80 foreachrop ) B at-least once &L, HPFLEi, TEAworkerEHHIENERT, T HENEIETEHETEAZI—D
HERZERIE—R, FIA saveas***Files JHMIBREFEIHDFSHMIERT, ULES RIS WERZN (Ay X4 EHER
HEEES) .



Spark SQL

Spark SQLFt 4 Spark#fTFSQL, HiveQLE#E ScalaR "X R & i, X MRS D E— 13 % BMRDD-SchemaRDD,
SchemaRDDsH T RAK, THRMEA—MER (scheme) B ITHE—FIAEIE £, SchemaRDD5S *REHIE
BEHRIRBAELL, TLLURE FERRDD, — M Parquet3lff. —MNISONEIE & & 3t 77 4 fEApache Hive FBIEIB 1T
HiveSQL % i 61 .

AENFERFEF AT Spark D XN RARMIHAREIE, WLUE spark-shell FEITEA

o FHiA
o BURIR
o RDDs
o parquetff
o JSON#EE
o Hivex®
o TMEREMAML
o HESQLEO
o 55 ;iE S5 M (Language-Integrated) 948 % & i4)
e Spark SQLEE x Y


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.sql.SchemaRDD
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.sql.package@Row:org.apache.spark.sql.catalyst.expressions.Row.type
http://parquet.io/
http://hive.apache.org/

AN

Spark R FTEHEXINEEM A O R ESQLContext £ HETCMF £, SIE—PSQLContextFiERERKE2—T
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

T —MNEARMSQLContext, {RBEESS 41— HiveContext, B X FEARSQLContextFiZFINEER —NBE, EHHmMAH
ThEE S IE A E R EMHIveQLA TR B % i & 3% ¥ HiveUDFSHIBE ST, MHivekix EXERIEHIAE ], FHiveContext{R R EE—
ME2FEMHIveTF B, SQLContext ] FHEHER «tHiveContextth AT, HiveContext FFiT &2 4 T & ffESpark 44 it
SETIE BHivelk#. MRHRE0 s BRRFR, ZEMHAFENR M, Spark 1.2#F [ AHiveContext, LUERItERR
A4 % 33 F 4 SQLContexti2 fit 5 HiveContext& M BTN RE,

FHSRERHT & 102 AR ESQL % M2 S LLB T spark.sql.dialect 3Rk E, X NSHALIB AMHARK T, —FAR
2381t setconf FIERE, B —MARNZESQLASHIMET SET key=value EiXE. 31 TFSQLContext, H—ATANAS

£ sql”, BRSpark SQLIRMHA—1 4 £ MISQLARMTES. fEHiveContextd, & AthiF 'sql', BEAWAE R hiveql’s X2
® A HiveQLERHT 28 B 522, 7ER% AAIRHEEEER hiveql,


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.sql.SQLContext

HHER

Spark SQL3 #:@ it SchemaRDD# MR /E & MEIER, — 1 SchemaRDD#EYS F H — N —ARFIRDDRIRIE, thal LABSEM
A—MNE R, SEM—1SchemaRDD % — MR AT URFREEEIE LZ1TSQLE #), X PR TN EIES
SchemaRDDBI% 75 5%,

e RDDs
parquetsZ {4
JSON#IESE
HiveZk



RDDs

Spark3HF @ F 5 E I F ERIRDDs #% #: 7 SchemaRDDs, 55— 75 A 3 R 41 SRIEMT 2R E R % BUMIRDDBEIIE R
(schema), FEfREsparki2FHIRe, HMELMBETER, IMEFRIN AETUAERSR G 2 HFERFITHFF/ET,

B3 SchemaRDDsHIE Z AR R — NMRBEAX LA, XMEORFEHE—TER, REEFENRDDs EFER
B, RARAXMAEET K, BREARFMEZTHZAAREN RS B % BAER T #3&ESchemaRDDs,

) A I S HERTIR =X

Spark SQLMScalaiE O FHF T EH A £ BIRDDsH # £ i 4 SchemaRDD, X M4 % E L T REER,

SRR ENSELFTRE RIK R, REEANNET, #ALTUREIEDSEE £ BWINFHISERA, xTRDD
AT LA 4516 A — 1~ SchemaRDD, AEEM A —DKR. ROTLEFLEM sqizAHHER.

// 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 sglContext.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.tc

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 <= 19")

// 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(println)

4l =
BRI EREN

LHA X TRIRAIAE (A, 2 ZMEHELI5ANFERS, B —IPXEAEETWHEN, TEANFEEFLTRAM
A7), —1SchemaRDDA LUt =4 4 &,

o MERBIRDDA4IE—NTHIRDD
o HIEEH— structType RHER 55— 4| EHRDDMI1T & #4HITHES
o 7E{TRDD_LE3&it applyschema J53% 5 FHEL

// sc is an existing SparkContext.
val sqlContext = 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(
schemaString.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 sql 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(println)



Parquet {4

Parquet@ — iR (columnan)i& =, FTLE 2 HEMEBIELIER%E . Spark SQLIRAEZ #F i 1E ParquetST-HITh

L)

BE, xLESTHETLLE # R B IR IABURHIER,

N 24

// sglContext 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 stored using Parquet.
people.saveAsParquetFile("people.parquet")

// Read in the parquet file created above. Parquet files are self-describing so the schema is preserved.
// The result of loading a Parquet file is also a SchemaRDD.

val parquetFile = sqlContext.parquetFile("people.parquet")

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

val teenagers = sqlContext.sql("SELECT name FROM parquetFile WHERE age >= 13 AND age <= 19")
teenagers.map(t => "Name: " + t(0)).collect().foreach(println)

Boi&
AT LAFESQL Context L {# fsetConf /5 3B B Parquetsk & 1E FISQLEY 2 1T SET key=value % EEEParquet,
Property Name Default Meaning

—LEH e Parquet-producing® 4, 5| =Impalafl & e iR
AHSpark SQL, YEHParquetlER\Mst ik, = ok EIEH

spark sl parquet.binaryAsString false FREBZATERD, XMz ESpark SQLF Z #Hl#
AR AT HRERHE ERENERME,
spark.sql.parquet.cacheMetadata true T FparquetiIBHI %77, AILUREF#ABIBINE &R E

#EEparquet Xt R EZE, TUESHNEaE

spark.sql.parquet.compression.codec gzip uncompressed, snappy, gzip, 1o

T FFParquetit y& 23Mpushdownti b, B BRIRIParuets:
spark.sql.parquet.filterPushdown false %, ZBMHERARRKAR, MNRMMHRFTLEEMENF
RrEZHE Z#H17, TAXNMHEDREREN

spark.sql.hive.convertMetastoreParquet true ;@Eigfalseaﬁ, Spark SQL## fiiHive SerDeftEPIEH



JSON#IESE

Spark SQL#EES B # HETISONFIBE MR, &K T H—1SchemaRDD, x4 al LUl FTEAFAEREZ R

e jsonFile : N—NEEISONXHME FHMN#. XHEFHE—TE—TISONM R
e jSONRDD : M7ETEMIRDDIN S HiE, XLLERDDMENTHRE— TN SISONK R FHF 5

ER, EAjsonFileMISXHERE— PN HEIFISONH, BT MEMIIMNAFRIE—PNEMHIISON R, sRE, — 1%
THIISON 2 B &Rk

// 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 <= 19")

// 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(

"tf"name":"Yin", "address":{"city":"Columbus", "state":"Ohio"}}""" :: Nil)
val anotherPeople = sqglContext.jsonRDD(anotherPeopleRDD)



Hive3

Spark SQLtE X # MApache Hived iz BB AR, A, HiveBAEMKH, FIAECAEESHESparkESSH, TLUBE -
phive 1 -Phive-thriftserver S¥ 4 Spark, HH ZFHive. FERX N EFH HEMjara & M FE FAIERworker % =,
E A ei& BB HivelIFIME IR B FIME & 17 9 1% 4 FEHive FR B EUIE,

YHve—ER IR, FF4xEEERHHiveContext, HiveContextMASQLContext## &M, TN T FEMetaStored % m.3K
LR F AHiveSqIE & 4 MThEE, REHIveERER A »~th AT LLaEHiveContext, %A @it hive-site.xml FRE, LT3
SHEYURIE B # M6 E netastore_db F warehouse o

// 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/kvil.txt' INTO TABLE src")

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



WH- L6 ~
M BEA 1%
stFREETE4 8, TUERLEREP 2 ERIEREIT T —LL 21k fkigm i,

ERED 2 FHE

Spark SQLALLiEBit 8 A sqlcontext.cacheTable("tableName") FiEFkeFEERAFRERANR. RE, Sparkf$ & A K BT
E"]gu#ﬁﬁfﬁi@/i%é%i?rgl;l/ﬁkd/\mﬁﬂg{ﬁﬁﬁJ/)L&ﬁli&@”&ﬂ"] e ﬂ]‘ﬂl«lﬁﬁﬁ%ﬁﬁ sglContext.uncacheTable("tableName") ¥l
SETEREFER R RE.

5;%‘2\, yﬂ%'fﬂhfﬁﬁﬁ schemaRDD.cache() mAzE sqlContext.cacheTable(...) ,i%ﬁ?‘%ﬁﬁﬁ#ﬂ%it;ﬁ%ﬁo Eﬁﬁl'h’é}ﬁ
T, sqlcontext.cacheTable(...) iBINEFMAE,

A LAESQLContext_E{F FAsetConf /A& EFASQLEY i£ 1T SET key=value T KECEMNF L F.

Property Name Default Meaning

. L5 B Atruend, Spark SQLIF A ETFH#IBEALHE
spark.sqgl.inMemoryColumnarStorage.compressed true B EI 2 i 4 — A T 4 B,

spark.sqgl.inMemoryColumnarStorage.batchSize 10000 %gﬁg;ﬁ%ﬁgg&%ﬁgggﬁfﬂ?ﬁf%

- .
HEMNEE &R
DUTFH sk A th ol LR SR EE & i i ATHOMERE, BRlEx L AREUENRASFRH, X2RABZHHILSE # 1T,

Property Name Default Meaning

BB —PNRMRAKN(byte), HiniTjoin#RIEet, X
PMREET BRIFFEMworker % s, AT LA % E

spark.sgl.autoBroadcastJoinThreshold 10485760(10m) H-1RBHN %, R, BRIN% HEIER X RHive
Metastore3k, @4 ANALYZE TABLE <tableName> COMPUTE
STATISTICS noscan D2 EXPNERHE 1T,

L optruent, FEL NPT EAREHWRSF[RE
BT AER. T —EREEL2REXNEH

spark.sql.codegen false Wit AT S B g BREIRT, AT, dF 4 LME
#), XN ARKIEE HBIHIT

spark.sql.shuffle.partitions 200 BEjoinsk & R &R EshuffleiEst 2 X E
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Spark SQLtE X FE#z {7SQL % 9MEA, THEEMK S,

iz {TThrift JDBC/ODBCHR % 25

ix B 52 31, M9 Thrift JDBC/ODBCHR 423 5 Hive 0.12F#HiveServer2d8—2, {RAT LA TESpark k& Hive 0.12fft % Bbeelinef#
715X JDBCHR %25

fESparkBE &, iz 17 FERM S B 3IDBC/ODBCHR 4 25,

./sbin/start-thriftserver.sh

XA IZEZEATH bin/spark-submit BRITSE, M LE— --hivecont SEARIEAHIVeBME, RATLLEFT ./sbin/start-
thriftserver.sh --help RKSATE AT AL ANTE SR, BABRT, RE23%0T localhost:10000 . {RATLIAFIE LT 28
ERETE,

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

--master <master-uri> \

FEELRATEES.

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

I IEAR AT LA A beeline: )X Thrift JDBC/ODBCEHR 425

./bin/beeline

%33 Thrift JDBC/ODBCRR 4 23M AR T -

beeline> !connect jdbc:hive2://localhost:10000

Beelinef¥ &34 o fRA # 2B 5, EIFREMEN, & L AMTRHSEHNAE 2 BMEBSHMIT T, S TFREERENX, RALUR
HEBeeline SR BB #4.17,

iz {TSpark SQL CLI

Spark SQL CLIZ—/MEFIMITE, ©rfEARNE THive Tt FE MR . HITHBITH AN E ), FX=, Spark SQL CLIFEE
SThrift IDBCHR 42538 15.

1ESparkB % 12 17 FEBIM S AT LL B s Spark SQL CLI,

./bin/spark-sql


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




' B % S &£ K (Language-Integrated) 48 % % 34

EEEREXE I ELRMEN, ALY RAEFscala,

Spark SQLtE 2 AISIFEZE B 5 5 .

// sc is an existing SparkContext.

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

// Importing the SQL context gives access to all the public SQL functions and implicit conversions.
import sqglContext._

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 <= 19'
val teenagers = people.where('age >= 10).where('age <= 19).select('name)
teenagers.map(t => "Name: " + t(0)).collect().foreach(println)

DSL{# A ScalafIfF 5 TR REBTE R (underlying table) Y%, X LEFILRTA (). X EFS R 5K EHSQLIKITSI
ZirERXRxR, {RETLIFEScalaDoc 1 T #7415,


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

Spark SQLZ#zE 3 &Y

o HF A
o ByteType : RFK—1F ¥ HWEH, SEHZ-12851127
o ShortType : RF & NF % HEH, SEHE-32768%I32767
o IntegerType : RFTRANF 7 WEEE, SEHEE-2147483648%12147483647
o LongType : T8 NF ¥ HEH, SEHR-9223372036854775808%!9223372036854775807
o FloatType : {FR4F H B £ KEEIZ =B
o DoubleType : {X3R8F ¥ BIRFEE Z m 3K
o DecimalType : RFREBEFREENL0: FIEIE, Bt AEBMjava.math.BigDecimalz#. BigDecimalli—MERFEE
BOEERYIE 4 B 18 A1 — D32 B BB AR

o StringType : KR—PEFEM@
o BinaryType : fX&R—byte 54
o BooleanType : fZ&boolean &
o Datetime % &

m TimestampType : RRSEFEE, A, H, &, 2, ¥Ha

m DateType : RERSEFEF, A, HH@
o BxxA

= ArrayType(elementType, containsNull) : fXZREHelementType % B TTHRAMBIFETIE. containsnull FANTE

B ArrayType FRYE B A& AnullfE
= MapType(keyType, valueType, valueContainsNull) : FRNSBIE—284 - (5184, BitkeyTypeFRmkeyHiEH
£ B @itvalueTypeRvalue BB £ B,  valuecontainsnull FASEIEER mapType YA RS AnulliE
m StructType(fields): TR IR— N8 structrields (fields) FFls #HI@
m StructField(name, dataType, nullable):f3 structtype HHI—NFER, FERMIZFRiL name 18
7E, dataType IEEfieldBIEIB £ B, nullable RFENEET Anulli,

Spark%ﬁﬁﬁ?&?&iﬂ%ﬁﬁéi&@ org.apache.spark.sql ‘:F', ﬁﬁaﬂflﬁli import org.apache.spark.sql._ i lﬂEmo

BEa ScalafP#yg % B 7 P12 E o B EUHE £ BBIAPI

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.sqgl.Timestamp TimestampType

DateType java.sql.Date DateType

ArrayType scala.collection.Seq g%{g’ﬁ:ﬁ;?ﬁﬁ é‘g})\/ %et,n[J(:eontainsNull])
MapType(keyType, valueType,

MapType scala.collection.Map [valueContainsNull]) =
valueContainsNullBkiA #true
StructType(fields) , ERfields—1

StructType org.apache.spark.sgl.Row StructField7%5l, HRI&ZFHI &

StructField R~ 7t 4



The value type in Scala of the data type of this field
StructField (For example, Int for a StructField with the data type StructField(name, dataType, nullable)
IntegerType)
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GraphXZ2— 1 ## (alpha) Spark API, &R F EMFH1T A (graph-parallel)#9i+ &, GraphXi@it 5| AResilient Distributed
Property Graph : %8 MAMABENBRASER, Xy BSpark RDD, # T XA +H, GraphXXF—aEARMTNEERE
{ELL R Pregel APIBI—NMidb. B4, GraphX@& T — P HEIE k89| EEFEbuildersty &4, ALUEERIWES.

MM % EE SEE, TS KMARMATMEENEZEHC 25 T 5238 graph-parallel 4 (0Giraphf

GraphLab) HI% B, BidPREITTFRABHE £ BMSIAFHFEARINOMOER, XERATUSHIMHTE LHWATRE
3%, LE—H&M data-parallel RAIREZ,

~ Data-Parallel
'@hadaap ,‘[{3

Spa

Graph-Parallel

<
Pregel Graph Lab®

GIRAPH

Property Graph

A, B xMRFITURS MR, BRBRERTAENELNEE (WEA. BRENZHIERTESIANE) &
REEEMstages, #4, FNUOAEFEEIRTHENNE &, FER—RERETEEFSTRARNEAOLE,


http://giraph.apache.org/
http://graphlab.org/
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GraphXs5 BB BRI 1S graph-parallel #1 data-parallel % —
RHA P EHESM— B N— %4 (RDD) ,
4%, GraphX#gys st B BIFRIHIT,

o FFIA

o EBlER

o ER(ERF
e Pregel API

B—NR%EH, IPREME—
MASEHERHNEEF., E3NEFNARES

MHE—BIA B API, GraphX
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Tt
A
FrHAME—% 281 ASpark# I GraphXB{R-A B, 1 FEATR

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

INRIR&E B EISpark shell, {RixfFEE SparkContext,



BitR

EMEAR—TERZER, ExAEEIE MRMUMA » ELHMR, BAZEAFZAFH1T(paralle)dd HE=HEH
RAMBMM MR, XFHFITANEDGETEER, XMy RH, HRNTREFEESMXRBIMco-workerflfriend), &4
HmEA— ME—R64RI KR (VertexID) 1E4key, GraphXF&HE st M st iR @ IMEMEEE, R4, MamEHEL0
TR B B3 s A7 3R B

B m@itvertex(VD)#ledge(ED) % BS#{t, L xAE N5 5ENH ML BRI R LB,

EELEERT, THEAMAFS, TRFEMSAETAMNEMN 2B, xATLUBE ¢&SSKR. fl, A~ = REER—
NZHE, BnaUBmTAR

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

HMRDD—#, BHAETAT LN, DHRAN. B4, ANEHEL MR T FERBENER —MFNEERER. T,
FIGEAARE DM AL AP EMR, ARADIFHEENDREEIES MIIRE, HTEER—RINARD KR IRERS A
#HITHK, MRDD—#, EFHIEND KA LUE 4 EHRIERER T HER 0 BETRNNE L,

4 FHBMEE g F—x £ BICHNESRDD),ZNMEEGHD TE- I IRMyNENE. Fit, Axa88APRRMY
BB 7 o

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

}

VertexroD[VD] F1 EdgeRDD[ED] % 93 3|4k B F k1L B RoD[(vertexID, vD)] #] ROD[Edge[ED]] o VertexRDD[VD] [ EdgeRDD[ED] &P
TR BIThREREILE |+ ERMF AR 1.1k,

B mBBlF

HEGraphXA B, R&FNMBHE—NTELETRAGHEENELER. A-EBYHAIREER 7 2R L, HNATUREREEE
Z A RRNFRFEFT N %o


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph

Property Graph Vertex Table

Id Property (V)
(rxin, student)

(jgonzal, postdoc)

(franklin, professor)

N U N W

(istoica, professor)

Edge Table

Srcld Dstld Property (E)

3 7 Collaborator
5 3 Advisor
2 5 Colleague
5 7 Pl

FENARER£E4H

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

BRZEAAMN—TRIEXMS. RODME—TEMEE. &X—MRIIGEZMMAGraph object, TEAIN 3 MRDDESEKE M
E]o

// 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)

ELEMBFA, FABETEdgeARE, B srcrd #l dstrd 95|t & FIREMBE 4 =45 RFF. B9, Edge 28
— attr A% 7 FARTFH#ABEE.

FATAILAS 51 graph.vertices #1 graph.edges BX R P — & f# 44 4 8 5 BO TR s F0 346

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.srcId > e.dstId).count

3%, graph.verticesiRE—/VertexRDD[(String, String)], ©##&F RDD[(VertexID, (String, String))J]. ATLAFf1AT LA A scalaficase
graph.edges;RE—NEEEdge[String] st RMIEdgeRDD, Hf1th AT LA A Elcase % /Y % Bl &8s, W TFHIFTR.


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Edge

graph.edges.filter { case Edge(src, dst, prop) => src > dst }.count
Al 1 i

MRTEERAMMRMAMNE, GraphXtB8E T —1N=maanE, =ZtAEZE ERaRNaNERREY—
™ RDD[EdgeTriplet[VD, ED]] , BE&SEdgeTriplet B2, ALLE TEMSqIRRE RRTX N2,

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.srcId = src.Id AND e.dstId = dst.Id

FE @it TEMERRT,

Vertices: % Edges: Triplets:

EdgeTriplet % 4% T Edge %, FEMAT srcattr # dstattr B 5, XANR R D HNEERMEMNEL, FHNATUAE—
DNEoE AERFRBESARMERA 7 2 §HXR,

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.
facts.collect.foreach(println(_))

1)


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.EdgeTriplet

BRAIFR

IEANIRDDsHE AR Emap, filterflreduceByKey—#, BHEHLEERNESERE, XLBREXBA » BELHEHFH
S AEHRFRENEMNF A, ELIEGraphdl) HROMMEERZ2 I b E . REAKOIRIFENEEGHNEREEREE L
1EGraphOpsH, A, K #HAEScalafira sk, ELIE raphops FHNPRETLUE S craph BIRK 7 B s, B0, Fm
A LLE R FTEMA R+ EE D7 S (E LIEGraphOpsH) B A,

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

K0 B IRVEF] eraphops IRERZR % TEEIHIRANART. BTARTHLARMZROBIFNEZAHERREEL
IE GraphOps qﬂE@%ﬁFﬁ%§f$o

BE— 1

—TRELTE craph # eraphops 7 (AT H 2N, RAAHEHIKR) BITHEEAIRE R k. TR, RERBLELE241E
(MBGASEF £ BRFEMIR) , —EEEHRATIEEC2H MR, FTLLESHAPIXE T BB AREIIR,

/** Summary of the functionality in the property graph */
class Graph[VvD, ED] {
// Information about the Graph
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: EdgeRDD[ED]
val triplets: RDD[EdgeTriplet[VD, ED]]
// Functions for caching graphs
def persist(newLevel: StoragelLevel = StoragelLevel.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 attributes
def mapVertices[VD2](map: (VertexID, VD) => VD2): Graph[VD2, 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]
// Modify the graph structure
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]
// Join RDDs with the graph
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[VvD2, ED]
// Aggregate information about adjacent triplets
def collectNeighborIds(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, maxIterations: Int, activeDirection: EdgeDirection)(



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

vprog: (VertexID, VD, A) => VD,
sendMsg: EdgeTriplet[VD, ED] => Iterator[(VertexID,A)],
mergeMsg: (A, A) => A)
: Graph[VD, ED]
// Basic graph algorithms
def pageRank(tol: Double, resetProb: Double = 0.15): Graph[Double, Double]
def connectedComponents(): Graph[VertexID, ED]
def triangleCount(): Graph[Int, ED]
def stronglyConnectedComponents(numIter: Int): Graph[VertexID, ED]

B MERE
UIRDDH map #F— 4, BMERSE TEHVRE :

class Graph[VvD, ED] {
def mapVertices[VvD2](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]

BMRER = £ — DA, ZMFNASEBEA 7 BELHmMapRFEREN R RS2 HEM.

AR, BMERTAZHBAZR A, ZEREN—NEEZFLERERFTENVERRE B LRSI (indices), TE
MmITHRAEEH ERENN, BEFE—ITREFEL MR, L FRMGraphXRamibh 2,

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

»—Hh75 R BAmapVertices=VD2)(ClassTag[VD2]):Graph[VD2,ED]){&F 53|,

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

BIE2ERAXMBENATRY, BERETESERRLEABTTENEML. fN, 2E—18, ZTANIRIFTES

x L
SHE, 41 4yPageRankfliAtE,

// 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)

v My iRE
YHIRGraphX R ZHF— A & L E BB mIERE, TERERN L WIERIETIR,

class Graph[VvD, 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[VvD2, ED2]): Graph[VD, ED]
def groupEdges(merge: (ED, ED) => ED): Graph[VD,ED]

reverseifFIRE—MHEVE, XNANYNAREIBERER, fII0, X MEETLUARER#ZFPageRank, FE ki


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@mapVertices[VD2]((VertexId,VD
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@reverse:Graph[VD,ED]

ERBEANRIELNENEHEN L 2B E, AURNTU ETHBHFERFBENELTREMMERE.

subgraph=>Boolean,(Vertexld,VD)=>Boolean):Graph[VD,ED))#{F FIFA w1 #:5+9 (predicates) , REIM AR IE
HREM A AWM. HEZLF AN UK # B miEAEEm s (connect vertices) o subgraph IRFTLLAFR S
&=, W05 AN R4 T R R4 A A B B i BUBPRET R et BRI E . N E RG] F miBR 7 B FFRY 48 3,

// 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, 0L, "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(println(_))
// 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(println(_))
validGraph.triplets.map(
triplet => triplet.srcAttr._1 + " is the " + triplet.attr + " of " + triplet.dstAttr._1
).collect.foreach(println(_))

R, LEMNAIFR, fRIRET REE. NREERETAKELIGA, subgraph BIEERIA Htrue,

mask(ClassTag[VD2],ClassTag[ED2]):Graph[VD,ED])#1F #E— N F @A, BN FASLEBHAAREEN ARG, X DR
YERTLARD subgraph BAFHELZ S, ETF 34— MEXAMNEHEEAR—1NE, I, Ha TR BAREASNEEZTE28E
(? 3828 frconnected components) , ARREIERHNFE,

/ 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)

groupEdges=ED):Graph[VD,ED))RF&H L E R FMHITH (MM Rz EEND), TREN K ARER, FITHRF
LEH (BNMnESH) #—FHMMmEERRKDN,

iR

TEAZERT, ALERAMEEMAZIRF, FM, TNTEREFNNA BEFTESHICHENEFHERNATEREMN
— N ERERE A RFEMAR 54— A, XEESALRjoinRETMR. THEIIHKNZERBjoinEE,

class Graph[VvD, 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: (VertexId, VD, Option[U]) => VD2)
: Graph[VD2, ED]

joinVertices])((Vertexld,VD,U)=VD)(ClassTag[U]):Graph[VD,ED]) #&/FiF ARDDF M A&, REI— NI E m =4
EME, xS TR@EEEERANLR EFERA 2 ELM nap RS, ERDDFERECER N AIREERKA M,


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@subgraph((EdgeTriplet[VD,ED]
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@mask[VD2,ED2](Graph[VD2,ED2]
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@groupEdges((ED,ED
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@joinVertices[U](RDD[(VertexId,U

FE, ATLEMNTR, MRRDDFAAEBLIMHWEEME, M/ EREFN—, B ATEMNAERIEH ARDDHIME—
M, FTENAFLRMEESLHREM & ELINRE 4 8joinig k.

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)

FRT AR BESLBImapE B AZIFE M A L mREE £ BN, E—M&HouterJoinVertices])
((Vertexld,VD,Option[U])=VD2)(ClassTag[U],ClassTag[VD2]):Graph[VD2,ED])5 joinvertices %{l, HEAFAFRAEMR
FERDDH BRI E, mapEiEE—Poption# B,

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
}
3

fRATREE 2 ERET, ELEAIFHART cunyEmBHSSHIIR, 2 RBANATLUE (@) (b)EKf(ab), {E=Ef(a,b)EKED
B % BRI A K Ta. Eit, A7 BEHEL NEERA £ i,

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

fH4r 2R %E (Neighborhood Aggregation)

AT ESFHN—INRETRBLLEIMRMOENER. FAINHNTREBNESNA FERENHEIES DA » 1Bk
ENTEHEH, #EERRAEE (WPageRank, HEREM:ZBHE) ZRRAME4H R RHELE.

HTIREMRE, TEMREIEVEM graph.mapreduceTriplets T4 T #FTHY graph.AggregateMessages o % SAAPIFITR 3 48 3t 4%
N, BEEMNDARE T OEMNIER.

&8 B (aggregateMessages)

GraphX /LB & EIERaggregateMessages=Unit,(A,A)=A, TripletFields)(ClassTag[A]):VertexRDD[A]), X M EVEIF
P RESLH sendvsg B AR A BIEA 4 =7t 48 (edge triplet), SRS mergensg RBEE BT ARE X LEHE,

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

FA 7 BE LK sendvsg BEE—MEdgeContext 8, ©RERIBHBMLIR % %BM MUKk % 354 B4R B rMEME
#(sendToSrc:Unit)flsendToDst:Unit)), A4 sendmsg BIEIE Mmap-reduceit F2AMImapE ., F » BE LB mergemsg B
HI/EANHERIERMN I RFREA —EE. AL nergemsg BEEE Mimap-reduceit 2 A #reduce B#L,
aggregateMessages=Unit,(A,A)=A, TripletFields)(ClassTag[A]):VertexRDD[A]) #/FREI— M E &R AE B (B8t A BN H
)Y vertexrob[Msg] o XA EWESEEN T S A SIEREIR vertexrop H,

74, aggregateMessages=Unit,(A,A)=A, TripletFields)(ClassTag[A]):VertexRDD[A]) BE— N £ B tripletFields B8, ©
$EHTE edgecontext A, FFLEHUEMR 5 7] (MR T SFEMAR BN M ASFE) o tripletsFields AIRERYE I E L


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@outerJoinVertices[U,VD2](RDD[(VertexId,U
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@aggregateMessages[A]((EdgeContext[VD,ED,A]
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.EdgeContext
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.EdgeContext@sendToSrc(msg:A
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.EdgeContext@sendToDst(msg:A
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@aggregateMessages[A]((EdgeContext[VD,ED,A]
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@aggregateMessages[A]((EdgeContext[VD,ED,A]

1ETripletFieldsf,  tripletFields S A BAGraphXixx REE edgecontext FI—ERD Fo 4 GraphXik 33— Mr b L
HRBE, B0, MRBMEAESNE P ERENEHES, BN REERTE, FTLUEATE Tripletfields.src R
K RRERTR,

ETEMIBIFH, Fi1H aggregatemessages BIFHEENH » BE K HBEEENES,

// 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 simplicity.
val graph: Graph[Double, Int] =

GraphGenerators.logNormalGraph(sc, numVertices = 100).mapVertices( (id, _) => id.toDouble )
// 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)
}

}

// Add counter and age

(a, 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(println(_))

HHE (URHEMEE) BREEXR/NGIRMAES o4 F BRI, aggregateMessages EIFHIR &R IF,

Map Reduce=JT/ it EEm

TEZBIRA#IGraphXd, #AH[mapReduceTriplets[#E{E5E R4 R &

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

mapReduceTriplets IREEBN=JcA LR AR » EXLMImapE L, AEHREFHAA 7 ELBreduce R EHBELE., AM,
ML A pFIROBERFZR X, SIE T HRARMFIM L (BIIN A7 KB ERH % 5)BEE .
aggregateMessages=>Unit,(A,A)=A, TripletFields)(ClassTag[A]): VertexRDD[A]) R5E = TTA FRIEH 2 =A% X HERR
MBEMHR. 7FE, BRNBRTFH 0N MEERM P ERA=TANTEFR L FH

TEAZAEIT maprReduceTriplets

val graph: Graph[Int, Float] =

def msgFun(triplet: Triplet[Int, Float]): Iterator[(Int, String)] = {
Iterator((triplet.dstId, "Hi"))

3

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

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

TEHRAEET aggregateMessages

val graph: Graph[Int, Float] =

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

3

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

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


http://spark.apache.org/docs/latest/api/java/org/apache/spark/graphx/TripletFields.html
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@aggregateMessages[A]((EdgeContext[VD,ED,A]

HEERFR

x—RHREESFABHERRNE, IEMA<B4NEE, EERAYD, 2EREMERRNARE, HEMR % HH
EE. GraphOps # @& —MEFEARARAES I MANE, fM, TENAFHESANAE, HEMLE,

// Define a reduce operation to compute the highest degree vertex

def max(a: (VertexId, Int), b: (VertexId, Int)): (VertexId, Int) = {
if (a._2 > b._2) aelse b

3

// Compute the max degrees

val maxInDegree: (VertexId, Int)

val maxOutDegree: (VertexId, Int)

val maxDegrees: (VertexId, Int)

graph.inDegrees.reduce(max)
graph.outDegrees.reduce(max)
graph.degrees.reduce(max)

Collecting Neighbors

EEEERT, B BEB N IREANTRRENHNBERRATETREES S, XALLER
collectNeighborlds:VertexRDD[Array[VertexId]]) #collectNeighbors:VertexRDD[Array[(Vertexld,VD)]])#&/E 3 15 £ BISEEK

class GraphOps[VD, ED] {

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

def collectNeighbors(edgeDirection: EdgeDirection): VertexRDD[ Array[(VertexId, VD)] ]
3

FERERIER M, BATCNETEEENEEMKRENRE. NRATEE, KRER aggregateMessages RIFEER X HRMN
i+ &

ZIFEMARE

1ESparkdi, RDDsEARAREEMN, » THEEEHE, SFELZRIACMNE, BNémERmbEEEH, GraphXHH
BAthEHERMNAR. YHBARE SR, WREESCH ¥ eraph.cache() Hik.

EERHER, H T HERENMERE, TEFITRRLFN. BAERT, ZFHWRDDsIAR—ERBEINFFERIRA
A7 EEE N UALRUBDIRE BIBR. st F&ERTE, LRIBDERBP L RBERINETF . 2RENRELIWRER, B
ERFERNFFNTITENEREE A EREER, REREIERTEE, TE2FENEERN. XFRIEFRERH
ME— 1A NERDDMA L FAMAEHEEIES. ERRAERH AMIEHEIES. 2, BExEEH%Z I RDDAMNK
B, ERPITARALCEN2EEN, st FERHTE, BnNEEAPregel API, BRI LAERBIAFRFAH LR,


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@collectNeighborIds(EdgeDirection
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@collectNeighbors(EdgeDirection

Pregel API

ARG ZE#H BEELN, MRAOBEEKATENSBENEYE, XLABHNEEXERTECABNENE. MUAZEENR
HEERHABERMEFAAEE N TRNEY, BEEHRENMAEMNEMG., —RVIMgraph-paralleli iR 22 IR HEFE AR R X
LEREER, GraphXAFF T — % UPregeldIig/E, ©RI ZEABIPregelfIGraphLabifiREI— M RES

1EGraphXm, BE%MPregeli2ER— N REIARIMERS (bulk-synchronous) FHITHEMR. PregeliE/EE 1T
—R5B9EBaF 5 (super steps) , EXLES AP, mRM ZEIMBL S BHZRE A (nbound)EEH 4, A =B
HE—INNE, RAETEUEMBALS %R L EERE4AERR. TMEPregelfE{&GraphLab, SHEEH—1 1 =TTARK
BARFFT i+ E, HEGER P TRIRRER 7 T BT SR, E8aL5H, EERIEEN R Rt WEEH
B#8nt, Pregeli{FELERFHREIRANA,

R, SEEMPregelZ A ARBNRE, GraphXFMm s AL EERL4BHR, HHAR » BE LHEEREMER
B, X ERREIR 4 EGraphX s T AR A,

— & Pregeli{E((Vertexld,VD,A)=VD,(EdgeTriplet[VD,ED])=Iterator[(VertexId,A)],(A,A)=A)(ClassTag[A]):Graph[VD,ED])
MEBEZREaER GER, i7igraph.cacheB 2 HkR)

class GraphOps[VD, ED] {
def pregel[A]

(initialMsg: A,
maxIter: Int = Int.MaxValue,
activeDir: EdgeDirection = EdgeDirection.Out)
(vprog: (VertexId, 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

var 1 = 0

while (activeMessages > 0 && 1 < maxIterations) {
// Receive the MesSSagesS: --------mm o oo 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 MESSAQES: === m - oo m oo oo
// Vertices that didn't receive a message above don't appear in newVerts and therefore don't
// get to send messages. More precisely the map phase of mapReduceTriplets is only invoked
// on edges in the activeDir of vertices in newVerts
messages = g.mapReduceTriplets(sendMsg, mergeMsg, Some((newVerts, activeDir))).cache()
activeMessages = messages.count()
i+=1

AR, pregelB ANSEFIK (graph.pregel(listl)(list2)) . B—1MSHIRADEMESHWIEER. IRERE. 4 EHEE
HMAE (BARRRARAE) . EZNSBIREER » BELNRBAREZERCEE (vprog) « HEHEER
(sendMsg) . &FHE (mergeMsg) .

F AT LA PregeligFR ik i+ B % R R E IR ( single source shortest path),

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 sourceId: VertexId = 42 // The ultimate source


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphOps@pregel[A](A,Int,EdgeDirection

// 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.PositiveInfinity)
val sssp = initialGraph.pregel(Double.PositiveInfinity)(
(id, dist, newDist) => math.min(dist, newDist), // Vertex Program
triplet => { // Send Message
if (triplet.srcAttr + triplet.attr < triplet.dstAttr) {
Iterator((triplet.dstId, triplet.srcAttr + triplet.attr))

} else {
Iterator.empty
}
}
(a,b) => math.min(a,b) // Merge Message

)

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



MIEE

GraphX#Z#t 7T /LFH A X MRDDER £ LR RF LN EEHWER. BNBERT, BEEFTAWEE Y ANLERIX, M
BIBAFEEEBANSK D (HIIIHDFSHEMMEIAE) . Graph.groupEdges=ED):Graph[VD,ED]) EEE#H K E, H
AHEBEERNLHRWABERE— N2 X, FTLMRY 578 FAgroupEdgesZ filA FGraph.partitionBy:Graph[VD,ED])

object GraphLoader {
def edgelListFile(
sc: SparkContext,
path: String,
canonicalOrientation: Boolean = false,
minEdgePartitions: Int = 1)
: Graph[Int, Int]

GraphLoader.edgeListFile:Graph[int,Int]) 2t T —MARXMB & LM FIRBPME—1TE. SEFOTERX (EmxID, B
FRMID) BUEREER, BRitll # FFRENERIT

# This is a comment
21
41
12

EMEBENDGE—TE, BaHMaBERRERVAMEMS. FMIENMAF2NEMERAERL canonicalorientation SESL
HFEEMIEAME(srcld < dstld)f#, ixfEconnected components BiAHPEEAZ], minkdgepartitions SEIEE LKA LD
RO HE, 29X ARELEENSIXES, fifl, — HDFSXHEEEL M3,

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 fromeEdgeTuples[VD](
rawEdges: RDD[(VertexId, VertexId)],
defaultvalue: VD,
uniqueEdges: Option[PartitionStrategy] = None): Graph[VD, Int]

}
Graph.apply],RDD[Edge[ED]],VD)(ClassTag[VD],ClassTag[ED]):Graph[VD,ED]) 7o MW s #i2 BURDD L 6| E— 1N E, EE
B R MEERN % 3 EP—, EURDDAMARTE T RARDDH % A7 RO EFIAE M.

Graph.fromEdges(ClassTag[VD],ClassTag[ED]):Graph[VD,ED]) ft i fx M\— P32 RDD LG E—1E, EEa#MaEIRKR
B, FOMXLm AR BARE,

Graph.fromEdgeTuples],VD,Option[PartitionStrategy])(ClassTag[VD]):Graph[VD,Int]) &4z fx M— 1% T5 48 44 R BIRDD £
GE— A, DL uNEAl. EEHMUBRIIRENTR, FORXERABRANGE, ©EFFRRL. 47T HR2, F
F 53— PartitionStrategy # 48 some YE#4 uniqueedges % (#uniqueEdges =
Some(PartitionStrategy.RandomVertexCut)) . 2 EHERNEIE—N2 XMMETS TR RER, — N9 X RS20
58


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@groupEdges((ED,ED
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph@partitionBy(PartitionStrategy
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.GraphLoader$@edgeListFile(SparkContext,String,Boolean,Int
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.lib.ConnectedComponents$
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$@apply[VD,ED](RDD[(VertexId,VD
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$@fromEdges[VD,ED](RDD[Edge[ED]],VD
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.Graph$@fromEdgeTuples[VD](RDD[(VertexId,VertexId
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.PartitionStrategy

M m#12RDDs

GraphXREFEFER PR S A MRDD, AT, E#GraphXBEHmAMAmE R CREIEL 1, xEHIELWIRET
FABITHEE, s F1 4 5153R[E] vertexrop 1 edgerod » X —EF FHA41E D SN —LHRANINEE.

VertexRDDs

VertexrRDD[A] 4£7KH ROD[ (Vertexid, A)] FERMT HABIRS], BEEED vertexto REEHEM—IR, It

4, vertexron[A] AR T —HBEM LB AANT R, AL, Xl REARBER—NEESFEHAMhash-map$iE s #43%
ERF. FREL, WIR A vertexrops MIBEBIER vertexrop 318 (A&t filtersk&EmapValues) , ©118E45EE E /I = 8 A
#E MABEhashitfte A THIRAXNRSIEIB LM, vertexrop B 7 — THIMAITHEE :

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: (VertexId, 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 (substantially)
def leftJoin[VD2, VD3](other: RDD[(VertexId, VD2)])(f: (VertexId, VD, Option[VD2]) => VD3): VertexRDD[VD3]
def innerJoin[U, VD2](other: RDD[(VertexId, U)])(f: (VertexId, VD, U) => VD2): VertexRDD[VD2]
// 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]

ENPIF,  filter BAFMAREI—VertexRDD, it j&88 2 A — sitset 31, HEILERESERARBIURFRENA
'E VertexroDs ik IR EEIRMEED, FHEB, mnapvalues YE R4 map BREEN T vertexip , HILALUREER

B Hashmap BB MEES ER, HEEADMEBREB hashmap 3% EXHIVertexRDDsFIERA A ERMA R R EHL L AHE
FEIRVERT, leftdoin F innerdoin EBREYS(HEM,

M= RDD[ (VertexID, A)] %’;‘iiﬂﬁjﬁ_/l\%ﬁ'ﬂ"] VertexRDD , aggregateUsingIndex BRIERERW, *E%EﬁJ:, yﬂ%ﬁﬁﬁ_éﬂ
T HIE T — VertexRDD[B] , T VertexRDD[B] 52 —%E ROD[(Vertexip, A)] ATH mMKBE, BLEMNATUEREURMEG
%Eﬂ RDD[ (VertexID, A)] EFEFE%%L’ WU&D .

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

val rddB: RDD[(VertexId, Double)] = sc.parallelize(0OL 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] 4¥7XH RDD[Edge[ED]] , fHATE LFEPartitionStrategyf) £ 9 RREFAW—NERDRAPuEr ., EEMDEX
, NEMEME L HED HNRT, YBMEANT R, ENTURKENER.

EdgerDD FEE 1 =N BIEIEL

// 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.


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.PartitionStrategy

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

ERZHMmAS, Hixm, EdgeRDDIRVERILLE T B RVEE (graph operators)stE & L {E B ARDD IR RTEM.



B E8E
GraphX@?ﬁ-éﬁEﬁfﬁﬁEf‘;ﬁﬂ:ﬁﬂﬁﬁ‘&%o X BB R T ETE org.apache.spark.graphx.lib 2, BT ERE 5 7,

PageRank& ;%

PageRankEE— N A BN T RHNEZRE, BREMUEVH—ZIRRVHEZ %, B, —NTwitterF » 52 HE
A¥, B PR EE, GraphX# A% A APageRankB %, i EEPageRank objectd, AR
PageRankiz 1TEEREL BI3E, T4 AHIPageRank—Eiz 1T, BEEIst. GraphOpsfirBE# AR EEEEY B LM
Fo

GraphX& & — M 17 Lliz {TPageRanki#t 22 M 4 BB MIBIF. F 2 51E graphx/data/users.txt 1, FA 2 Z @ IR
1 graphx/data/followers.txt B, FHf1EE FEMAEITE 1 »BPageRank,

// Load the edges as a graph
val graph = GraphLoader.edgeListFile(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))
3
val ranksByUsername = users.join(ranks).map {
case (id, (username, rank)) => (username, rank)
3
// Print the result
println(ranksByUsername.collect().mkString("\n"))

IR

#REAEERIAGFERRENEBRE, FEBAhESRIONTRIEY £BENId, §10, EHRM% AR, #BEa LR
LA EERE, GraphX7EConnectedComponents object REE T —MNEEN =, FHiBd FTENAFTEATHLEIEES
FREESTL

/ 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))
3
val ccByUsername = users.join(cc).map {
case (id, (username, cc)) => (username, cc)
}
// Print the result
println(ccByUsername.collect().mkString("\n"))

=AT+EEE

— M IREAMEANTRURBsA IR AN, IMIRE—N=AMH—E45,. GraphX7ETriangleCount object A
T —PNEZAFIHEE CHEBIEITTAN=ZAFENEE., SEIENRE, ETHELEXME4BEEN=AFi+H
Bf, Trianglecount BN MAREEMSEHI A M (srcld < dstld), FFE E it craph.partitionBy 73 F it

// Load the edges in canonical order and partition the graph for triangle count


https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.lib.PageRank$
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.lib.ConnectedComponents$
https://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.graphx.lib.TriangleCount$

val graph = GraphLoader.edgelListFile(sc, "graphx/data/followers.txt", true).partitionBy(PartitionStrategy.RandomVertex(
// 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"))




B+

BERNEM—EXAXEPHE—ITE, REIZIASEEZNXRNA », FEEFAH LizfTpagerank, &RERES
topA » EXRBIEME. TLBELM T AR E R,

// 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 userId -> userId format
val followerGraph = GraphLoader.edgelListFile(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 userInfowWithPageRank = subgraph.outerJoinVertices(pagerankGraph.vertices) {
case (uid, attrList, Some(pr)) => (pr, attrList.toList)
case (uid, attrList, None) => (0.0, attrList.tolist)

}

println(userInfowithPageRank.vertices.top(5)(Ordering.by(_._2._1)).mkString("\n"))



=3 R

1ESpark binB % B spark-submit A LAFARIEEEE L 55 0 ARF. ©HLLER % —WEOFERASparkZ IFHR A S EE
25, MMBIRAQAB— P EERME L EE,

Fspark-submit & 3 1 B2

bin/spark-submit BHIZS fi % 311 & & Spark A R E K # 8 £ BR1R (classpath) , ©XFHARNEEEEER LK SparkZ#=FHI0
HEH,

./bin/spark-submit \

--class <main-class>
--master <master-url> \
--deploy-mode <deploy-mode> \
--conf <key>=<value> \

. # other options
<application-jar> \
[application-arguments]

—LEERN®AR

e --class : {RBY AEFHIA DA (Morg.apache.spark.examples.SparkPi)

o --master : ZEEMImaster URL(#spark://23.195.26.187:7077)

e --deploy-mode : FEworkery sERE{RMdriver(cluster)si& A H{E 4 HERE » i (client) . BRikZclient,

o --conf : {EEMSparkicBERM, K= Ekey=value,

o application-jar : ZE N ARFUREK#HNjarBEER, T PMURLLGEREFLFBA RN, fliM, FEFRES SR
B hdfs:// BRIBEL file:// BRIR

e application-arguments : #% 3% F % ME HEMNSE

—MEANEEREEMM AR RMI L AREF, X NMXYLEEFIREIworker SR B ¥ I8 FopfE, FEXFRE
T, client BREEEAM., 7E client BT, driveriEIETE spark-submit #712 1 B3, M NHIREZEHEENE »
i, & FATERFRIsM AT BERFIIESI S A, Rit, IMEXFHESS RREPLH 5 AERF.

»—MisiE, WMRMRE L ARREM— DN Hworkertl 23BEER i M2 LIR3X, BEBE R TA cluster B A D driversill
executorsBIM L RFE, JFE, cluster RN BRI ZRFMITERE, mesos&EEFLL K python i TR,

BNLANBNMERANERSESEENT At R, B0, ESparkRIiIERH cluster BT, RETLUIEE --supervise FE
HiRdriverB#E B (NMREEHFEFREBEK) . # T H%Fspark-submitFT BERIRT Bt 5, A --help B1TE.

# 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


https://spark.apache.org/docs/latest/cluster-overview.html#cluster-manager-types

--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

% 3% 45 SparkBgurl & LU FE A

Master URL Meaning
local FA— M worker& 24 thia 17 Spark
local[K] Ak worker2 2 A iz {TSpark(FBEER T, % EBXM™Ma A RMHL2I89%EN)
local[*] AR 8E% Miworker & T2 A M0 iz {TSpark
spark://HOST:PORT H R EMSparkIRIIEREE R master, im0 % i =masterBfRBMIHO, BRiAR7077
mesos://HOST:PORT # R EMmesostRB¥
yarn-client L client X2 R Yarn&ERt, HEMENET EiHADOOP_CONF_DIR%E £ E|

yarn-cluster L cluster R £ R Yarn&ERE, HEMBENETEIHADOOP_CONF_DIR%E £ E|



SparkJIIER BRI
L Spark I B £ R

LESparkiRiI BN, MRFEEMNSparki 3 iRA 4 £RBEFHNEN T R RAUREENREREN T HFRE, B
LB %%,

B R

{REE9s @ iE FTEM AR B s MILF¥masterfR 425,

./sbin/start-master.sh

—B g3, masterf$& % ETITEIHE spark://HosT:PorT URL, 1REE4S A E % ESIworkerss& E # "master"S#4% %
% sparkcontext o fRBAILAFEmMaster web UL % 513X NURL, master web UIBKABIHEHEZE nttp://localhost:8086 o

MR, RBATLE 5 — D E % PworkersSE & 11& EEmaster,
./bin/spark-class org.apache.spark.deploy.worker.Worker spark://IP:PORT

—B{RE % T —"Pworker, #Z&master web Ul, {REILLEEIFH S mFIRUK ¥ SBICPUBLLR ATE,

THEMEE S LA % masterfworker,

Argument Meaning

-h HOST, --host HOST B ITEIENLE

-i HOST, --ip HOST B, BE2#EK
-p PORT, --port PORT B ITHIAR 893K 0 (masterZRiA 27077, workerFE#l)
--webui-port PORT web UIB89i# A (master®k ;A 28080, worker®kiA 28081)
-c CORES, --cores o N % L. B R N
CORES Spark s IR LAMFEAMCPUREL (BARBRMETHE) ; X/ fixdEworker L7
-m MEM, --memory Sparkz ARRFRILUEANAEN (BUABREMRANBHREFEEAELY) ; XM kHARTE
MEM worker £ 7] FH
7o N
_d DIR, --work-dir DIR ATHEZAMIFmHBETHEZ (FARSPARK_HOME/Work) ; & Mg AR TE
worker £ A FH
--properties-file FILE B ELBySparkBCEX489MN# B & (BRikZconfispark-defaults.conf)

R B IR

H T B HBIA B 2 SparkIHITEREE, 1R 52 EIRMISparkB & TEIL—1E A conf/slaves I, X MBS ABEME
{RE & #HBISpark workerFRENLZSIEN B, —1T—1 MR conf/slaves NFETE, BRI A £ HL2

(localhost) , x&#METFMXEEMAN, EE, master¥l2&:&itsshiy F B worker, EBAERT, SSHEHTE
17, RE#RBLRES (RAME®BH) Birv. NRMREBEBEATESy i, RALLEEFRREY

& SPARK_SSH_FOREGROUND , 4 &M workerigit® 73,

—BR%ET XXM, REA LB TEBIshelliA 5 5 =& (2 LIRIIREE.



e shin/start-master.sh : 7E#12&8£ & #—“"mastersz i

e shin/start-slaves.sh : & &85 L 5 3 —slave 52 {5l

e shin/start-all.sh : Fl&t & s —“"master sz fIFIFT B slave 5z i
e shin/stop-master.sh : {£ikmastersz |

e shin/stop-slaves.sh : {Z1EFfAslavesz I

e shin/stop-all.sh : {EiEmasters: fIFIFF A slave 52 I

AR, REMEEYRIEIREISpark masteriz ITEIN 2R AT, TMAZEREIAIALEE L.

{RATLATE conf/spark-env.sh iR BHRIET 2t — S EEBEERE, FA conf/spark-env.sh.template SIEX N, AENEE
HIEIFTEMworkerflgs LER BEEN. TEHEETLERIER :

Environment Variable Meaning
SPARK_MASTER_IP grEmasterEl—ME E Mipits ik
SPARK_MASTER_PORT EAREMRO L & shimaster (BRAZ7077)

SPARK_MASTER_WEBUI_PORT master web UIRgiHE  (ZRiA28080)

A ZEImasterfEC BB, HNE "-Dx=y" (BiAZnone) , &F FTENFRE
B 3% 1 LU R — N AT RERI B R

Spark #HFZE A B F. SEmaphuis i STHMEH#ER L EH
RDDs(including map output files and RDDs that get stored on disk), X w41
E—MRER, RORENABHE A £, BERUR—MESSRIITIXR, KX

SPARK_MASTER_OPTS

SPARK_LOCAL_DIRS

TR AMWZANE %
SPARK_WORKER_CORES Spark i A2 AT AR B0 (BARFETA)

Sparkx AREFRAEMANELE GUARRELERAZELG) . FB, 810 uH

SPARK_WORKER_MEMORY IRREAMABIR i spark. executor .memory 3% B

SPARK_WORKER_PORT R EMIG O £ & 5 Spark worker(ZRiA 2BEHL)
SPARK_WORKER_WEBUI_PORT worker UIRJiRO  (BkiA28081)

BARE TRworkerZHIE, BKilRl, MRMBE—BHFEEARNNRFES
iz 7% Pworker, RALLEZEXMHRAFL MRMEET X NHRRT E,

FAIFIRtE% B T SPARK_WORKER_COREs ¥F1% % & A FERHIE Mworkerfiz sk &
B worker 2 X EARAE N,

SPARK_WORKER_INSTANCES

Spark workeriz TB %, ZEBE ZSEBEMNEERENE BAR
SPARK_WORKER_DIR SPARK_HOME/work)
#: A ElworkertIECEEME, &R RZ "-Dx=y" (EikEnone) , && FEREH

SPARK_WORKER_OPTS 57 U B — T BB

SPARK_DAEMON_MEMORY 2 Eo¢h Spark masterfllworkersF 47 # F2HIAE (BRIAZE512m)
SPARK_DAEMON_JAVA_OPTS Spark masterflworkerstiF #F2HIVMit 1, R Z2"-Dx=y" (BKiA A none)
SPARK_PUBLIC_DNS Spark masterflworker/2 3 HIDNS#  (BRjAEnone)

R, oA EAZFwindows, # T FEwindows t & #SparkfEEE, FEF 5 & shmasterflworkers,

SPARK_MASTER_OPTS X F— FHIRLEM :

Property Name Default Meaning

spark deployretainedapplications | 200 R BRFNEAHA, B0 BEFRRERLAR

spark.deploy.retainedDrivers 200 E%%ﬁiﬂ’ﬂdriversﬂ@%ﬁﬁﬁo ZH 5 ARFSBE MRS R %R

E TR BTN S R b Ak R R
RNREEATR DN S S L, [EHDFSH, (b RE R

spark.deploy.spreadOut true BAMCEFNLE, B2, dFERERN 8, BASEA
WE,



ESparkBIERT, % 5 ARFNEAKE (NREF%

spark.deploy.defaultCores (infinite) & spark.cores.max ) . HMIREHZE, nmARFLEREMET
B, BRIEZET spark.cores.max , EHZERE L ix BRIKM
%, ATHAFLER » BAMEEN KR,

o £ 0y N || kA= B 4 131 B ge
spark worker.timeout 60 ??uJ%E’Jmasterﬂdyworker%mk CEBWEIOBMER) 898 fRet

SPARK_WORKER_OPTS XML B :

Property Name Default Meaning
E HE 14 B9 55 Z2worker/ 51 FE 72 Fo R, X B AL S B
spark.worker.cleanup.enabled false l;_ltfﬂ ;%252; pﬁ%%%%?%i? %Fﬁ :J:Eg e é‘;xgl?é%;g;g BER
spark.worker.cleanup.interval (1:;3&(;) EARMAEE L, workerlBZZEM x 2R T/EB /st ) 5 F
7 24 %?mﬁw¢ﬁﬁﬁ$lﬁﬁigﬁ%ﬁ@oE?H@%ﬁ?%ﬂ
% 22 ] By o M £ &l t#&#E BN 2 AT
sparkoworkerceanupappDaaT 36007 BiE 4 R ke o
) RINPARiz FTHIE 2RI,

HEE—T R REFRERTF

A T TESpark&ER Rz TN BTER, & &M spark://1p:porT URLEISparkContext

AT EERE L TP ERXMSpark shell, #{T— T4 :
./bin/spark-shell --master spark://IP:PORT

{RB AT LA 4 3% — ik 5 - -total-executor-cores <numcores> Z5¥%fflspark-shellFi%%4,

& shSpark . FHfE

spark-submitl A Z FFix B HRIIR R — 1 Spark & 2RI, st FIRIIERBNERE, Spark BRI HF @ it E &,
1T client I\, driver 5 # #125 & pinieRX nARRFAENH#EZER—1 T8, AT, 7E cluster BINA, driverfE&EE#
HENworker# 2 g7, REE FIn#BEERTREES, SIAFH ARFERMRER,

WRRE 5 T2 8 i3 Spark submit & 3, R ARRFjardNeB8 32 % BIFEMworker ¥ s, I FREY 5 T2 AR # HY
Hyjard, Rz --jars fFSIEE (80 --jars jari, jarz2 ) o

B8, cluster BEREZRBHNE R ARERF (NREF—IFESHEESERLE) . 4 THXMHE, HeanHAER
at, {RATLA#5 i --supervise fF S spark-submit » SIRMREAFERELXMB LA, FEULLBEIINTFHAR :

./bin/spark-class org.apache.spark.deploy.Client kill <master url> <driver ID>
{RA] LAFE IR AT ERE FIMaster web Ul (hitp://:8080) FR#kZEldriver ID,
N
RIRAE

MITEREMRIFE N T 5 £ MFIFORERR. AW, # TRFZSNFHITHAE », REESEEEN L ARFEANRKE
R, EABERT, B EEHNMER XREEE—WZR RF— P LARFTER L, REULLE
ig spark.cores.max {ESparkConfri ik BRE,

val conf = new SparkConf()


http://spark.apache.org/docs/latest/programming-guide.html#initializing-spark
http://spark.apache.org/docs/latest/configuration.html#spark-properties

.setMaster(...)

.setAppName(...)

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

A, IR LAIESE R M Imaster# 2P ECE spark.deploy.defaultcores Ftl T EBRIABIME. T conf/spark-env.sh FAl FEMIIT :

export SPARK_MASTER_OPTS="-Dspark.deploy.defaultCores=<value>"
ZIEA PR AR ERARBMAZERPEE AN,
—
—
= A FH

FABERT, MIIAREER dworker R B MM (ESparkASHEERNEA A MM, HERNITHEEILBER S
AHoworkerskfZR) . A, AEIBEmasterEHRITAERE, IREMKEAMEE : NRmasterdt 7, FHLAEFMRT
EOB, A TEEXD, BnAEaitadANER,

FiZooKeepert] & Fimaster
FFAZooKeeperE #5471 § b # AR — LR 5 F 4, (REESEIRIER T & % Pmaster, X Lmaster#FEEIR—
ZooKeeperszfil £, — Mk »“41 %", HENRF4AER, MRYAT WM SET, 53— PmasterFaitdh, MEE

masterfR &, REMEAE. BEPMNREIRABEELIR2O 4, 5, INREN @ K& RAEFN L BRERF-21T
EXRmmasterh ity 5 AREFAZH A,

BCiE

AT FFEEXNREERER, (RATLUE TEMBMTE spark-env Fi% & SPARK_DAEMON_JAVA_OPTS o

System property Meaning
spark.deploy.recoveryMode % BZOOKEEPERZ & # & FimasterE= (Zkik #none)
spark.deploy.zookeeper.url zookeeper& #¥url(30192.168.1.100:2181,192.168.1.101:2181)
spark.deploy.zookeeper.dir zookeeperREFMERAMB & (BiLZ2/spark)

ATEERIBR R  INRIRTEEEF P A L P masters, {B2% A AzookeeperEFMELE X masters, X Lmasters & % m UL,
RiNHEMNERleaders, HFRIER— DM TRBEMEFRS (EAHFENImasterfBRMIIFAE) .

|

zookeeperEBt g g, FeEA ARG M, EHHERzookeeperftiE (zookeeper URLFIB %) T, EAREM SR LEH
#ih & 5% Pmaster# 2. master®] LAKE st N ANF0 #1BR,

A T AEHH 5 AREFSERMworkerBI58E, ©HEEHE YaTleaderdyIPHtE, xATLUR N & £ 84 3% — PmasterFIFRE
SeRk. B30, {RATEE B #h{RAISparkContext§ M spark://hosti:portl, host2:port2 o X FHERKIREISparkContextE e iE M ix
AT master-f1R host1 387, XNMEEXHFN—EREMMN, EAHNFHEIFWIeader- host2 o

"registering with a Master"f1 EB#®REZ i BEEMX 71, H e, — D ARFEHEworkerFE Zre9 & MU AEM L EIRY
leader master, —BEEKINFEM, EMERER T, MR ik 4E, FileaderFSIEMATA ZANEMB L AREFH
worker, BEIML1147 F RRE L, FRUAENEETFTESLFER & #MleaderfIF 1L,

BTFXNEMENEE, HFomastern] IEEMaH &1, RME—FER O &) @258 % BRRFMworkersfgss £ LEFHHE
SEAR 25 SR LABR © X 4 leader master,

AR H R L RIRE



zookeeper2 4 = FIE FTRIFMN% 1, BREMRBMEEmasterfbin/FE S, Fiiesvsten BRATLUFRR, Y ARFM
workeriEfft, EM1RERSHRAEARMNE %, UEFHEE smaster #1286 EMBE9%RE,

BCiE

AT EENREER, RALLE TEMBEMETE spark-env F% & SPARK_DAEMON_JAVA OPTS o

System property Meaning
spark.deploy.recoveryMode % B AFILESYSTEMF & % ¥ Rk E&EZ (BRiA #Hnone)
spark.deploy.recoveryDirectory FRRER A8 %

m

o XAMERARFLM % IRIR/EES (0monit) BEEE, FERRBEIE LT EFHRE,

o RANHRHEMMECIFILEEMEMREEY, ExtTFRENF LI EN, sMHEXTERREN. FiE, B
it stop-master.sh FZiEmaster P RBREMNIREIR LS, FIL, TEMRMAN g sh—DNEHHmaster, EEN# AMEER,
X EIRESE & e 1 3B INEIL D 49

o RAEAREAXFMAR, RETUB—INFSE ZIEAMRER . MRFERMImaster  REL2E, RETUER
B % 52 & smaster, BRI LAERBIIRE 2 BTEMBIRNE & AREFFworkers, KRR 5 ARRFER & 93X NETH
master,


http://mmonit.com/monit/

FEYARN_L iz 1TSpark

Bo&E
ﬁgﬁﬁﬁ Spark on YARN *Eit}%{ E’JHE ’—:_P
SparkiE 4

Property Name

spark.yarn.applicationMaster.waitTries
spark.yarn.submit.file.replication

spark.yarn.preserve.staging.files

spark.yarn.scheduler.heartbeat.interval-
ms

spark.yarn.max.executor.failures

spark.yarn.historyServer.address

spark.yarn.dist.archives

spark.yarn.dist.files

spark.yarn.executor.memoryOverhead

spark.yarn.driver.memoryOverhead

spark.yarn.queue

spark.yarn.jar

spark.yarn.access.namenodes

spark.yarn.containerLauncherMaxThreads

spark.yarn.appMasterEnv.
[EnvironmentVariableName]

LYARN._E £ # Spark

R HapoOP_cONF_DIR BX YARN_coNF_DIR BRI E % @ E&Hadoop&E i (& 7)) EMEXH. XL

#EIYARN ResourceManager.

HEENRENEEHER, TEHXLZ A spark on Yarn FERNIREMECE,

Default
10

HDFSEGAME
HRE (3)

false

5000

numExecutors *
2,5/ M43

(none)

(none)

(none)

executorMemory
*0.07,:x/\384

driverMemory *
0.07,5x/\384

default

(none)

(none)

25

(none)

Meaning

ApplicationMaster& & Spark masterfR# L & Spa
RE

£ EIHDFSHI XX RIHDFSE HIK T, i
RIS % 7 SR

EBAtrue, WTEVE R RE M RS (Spa
mRAEFEXH) MAZRREN

AR

Spark application master#: YARN ResourceManage
(ms)

Kz R BT AR HAT R

Spark// %R 428 (host.com:18080) Myithik, ix
X (http/) . BRANBERTEBREM, XEEAZ
Spark iz FIf2 F 58 MResourceManager UIZISpark
ik MYARN ResourceManagerfg$Z

REIVES ARIMRIRIIE M NTHENTHFE %
BEESARIXHIIRIIENHTHNTHEE %

DELFNMITREMERFRN (LIMBH £4I) .
FEFEHCHEBITH SANRE, IEERERS
1B T 26%-10%)

SELFANdriverfIHENERN (IMBA 24I) . &
REKEFHCAMFY SANRGT, XEFEERESHT
1B T =26%-10%)

Ji AR F IR R BB YARN FL BB & 7R

Spark jarsX AL E, BEBMIANAGE. BAERT
R AR thZ LI Spark jar, {B2Spark jartt AT LAHDI
RHFYARNEZEEE Y RLE, MABEERETLA
HDFSH®jara, ®LLxNSEA hdfs:///some/patt

{REISpark 5 2R 37 7 BIHDFS namenodedl &, 1
ZIEI, spark.yarn.access.namenodes=hdfs://nnl.com:80
Spark 5z FATEFF @ 47 7 7] namenode?Z, Kerberos!
1o Sparkit 8namenodeIZ £ 5HE, X Spark:
L FZMHDFSE B,

AT BHWITEDRSR, &HAEFmasterAEIMFEAL
//J\\HDJ.EI\ EnvironmentVariableName ?EEE’]ﬂ: }Z%:zt
YARNEB B %, B PRLUEES Nz E, MMk

yarn-clusterf2=\F, X {Z#Spark driverfy3ris, 7£
fRIEH AT ER B HEIFIE,

ERTEHIERdfsM#E


http://）。默认情况下没有设置值，这是因为该选项是一个可选选项。当Spark应用程序完成从ResourceManager

B aMIEER T LUAEREYARNL & 5 Spark i BF2F., fEyarn-clusterff=\F, Spark driveriz {77Eapplication master i 2
o, IPHRWEEFHPWYARNIER, & PinEBbsBRF 2EXH. fEyan-clientEXTF, driveria {T7E% 7 it
2R, application master{x < FA3E M YARN % 3K % IR,

FSpark # IR LU K MesostE X TR, EXLEENAH, masterfbit " master'S#IEE, MEYARNERT,
ResourceManagerfythiit MHadoopECESZEl. FittmasterSHUE & 28 yarn-client # yarn-cluster o

TEyarn-clusterfZ =X T & # Spark & 2%

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

$ ./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

BLE B T —NYARNE P iRi2 5 3K & 2 2Rk B9 Application Master, fX[ESparkPis{E % Application MasterfF £ 12z
7. B PinaELMmApplication Master B FIRAFEHFH N B g ~ERHE L, — BN BAREFETTE, & inst
RIBH,

1Eyarn-clienti& X F & # Spark 2 2R, iz 17 FEMIshellHiA

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

AINHE8jar

Eyarn-clusterf2={F, driveriz {TEA ARV L, FAIUEF T REEAME #IHISTH, sparkcontext.addlar fFART
{E. # T1# sparkcontext.addiar FAEIREER FinlIXH, EEHMSHIML --jars &,

$ ./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_arg2

EREAN

e 71EHadoop 2.2 A, YARNFXZIHFAHBZHFFEFRK, Eit, HuaTRANREN, BN TSEEENRNEET
EEBSYARN, ERERKD, Bip KBS AAEUAT AT AESR UK MAERE A E 2R,

o Spark executorsf@ AR E FHESRYARNEE (yarn.nodemanager.local-dirs) FIAME %, MRME PIEE
T spark.local.dir , BIF#ZIE,

o --files # --archives &M ZFFIEE W # B X%, B0, {REE45IETE --files localtest.txt#appSees.txt , B E&{R
TEARMAEZ A localtest.txt FIXHEIHDFS, BRES4IE A BF appsees. txt o HIRHY % FATERi5 {TEYARN L&,
IR 5z fEFA appsees. txt &38| iz X,

o HNR{RIEyarn-clustertfz, iz {T sparkcontext.adddar , FEBET AMSCHE, --jars @IS sparkcontext.adddar BX
ey TIF. INRIREFEMER HDFS, HTTP, HTTPSEFTP, {RAFZEME%it M



Sparkft &

Sparkig i = MIERAREERAL

e Spark propertiesiZ il KER 2 5 ARS8, " LLASparkConfst Rk EjavaR Bk E
e Environment variables®l LU it B ¥ 528 conf/spark-env.sh BIA % BEEYBM%E, FI0IPHuE
e Logging® LA it log4j.propertiesE &

Spark/E 1%

SparkBHRHIAEOK L BIEFLE, HFEAEBTEREFIHNEET. XEBMEATERAESparkConf LECE, REH#%
% sparkContext , Sparkconf JOA{RECE—LL@AREM (Mmaster URL. 5 FBTERFEE) LIRBiT set() AR BHEEY
xte flg, HMNATURMTARE-—TREATKENLRRERF. IR, FOM local(2] £1T, ERREADERE-K

TE/N FHTE, BRMUEMBNENSESARFIE e iTH F HasI8 iz,

val conf = new SparkConf()
.setMaster("local[2]")
.setAppName ("CountingSheep")
.set("spark.executor.memory", "1g")
val sc = new SparkContext(conf)

FR, BNAEAMEXPmEBL1IN&TE, MSpark Streaming®IiER—#, HAIATEERE— AR LEMR B )
Bﬁ\O

% A0 % Spark/E %

E—LERT, {RATBEATE sparkcont B RIEL SMENEE. Fl, FEATRAMmastersiE FRMNFRE THEEN
R TR, SparkftiF R e — D 2conf,

val sc = new SparkContext(new SparkConf())
SRIEIRTE 1 1Tt R B 1A,

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

Spark shellfl spark-submit TEXFAFHAXNHANMEEE, B—MAXEMSITEA, HIU0 --naster , FALEshell 2 ~H
. spark-submit AILAEZ{EMSparkEME, F --conf tritRT. BEBLESESpark i BIEF & #HEMHE RIS ENF
JeERTo iE1T ./bin/spark-submit --help f¥E B ik REIENTIR,

bin/spark-submit &M conf/spark-defaults.conf i ENERE 47, X NEEBEXHF, B—1THIE— st AR D FFE942H0
15, 5040 :

spark.master spark://5.6.7.8:7077

spark.executor.memory  512m

spark.eventLog.enabled true

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

s (flags) IEEMBHETREXEFMNEERE %L 5 AERF, FHHEBEiL sparkcont i, 1E sparkconf £
SHENBUHEERSMMhER, HRZ ki spark-submit 3E spark-shell FIEBME{E, TG spark-defaults.conf X
BB M 1A


http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.SparkConf

+ BSparkB

1E http://<driver>:4040 B 5 FIFERFweb UITE“Environment’in & ARSI T ArE BISparkiB 1%, X st {RiAR & ENEMEMNIE
WmEREERM, 5, RAE:igspark-defaults.conf, SparkConfll & S EITEERENETE LT, tTHENEER

M, RETLGA ATERFRE T BABI1E,

ATRANEMS

HEHIRER : BRI BEMESENR I G, —EREBAMN®AXENT

rARFEMN

Property Name
spark.app.name
spark.master
spark.executor.memory

spark.driver.memory

spark.driver.maxResultSize

spark.serializer

spark.kryo.classesToRegister

spark.kryo.registrator

spark.local.dir

spark.logConf

Z TR

Property Name

spark.executor.extraJavaOptions

spark.executor.extraClassPath

Default
(none)
(none)
512m

512m

1g

org.apache.spark.serializer.JavaSerializer

(none)

(none)

/tmp

false

Default

Meaning

R BRRFMET., XEUIFIEES
R

SEEER RN

B executor:# FREANAEL. FIIVN
FERpEHEAMERX (W512m,2g)

driver# 2 M FE

& Spark action(#licollect)Fii B 2 X HIF
b2 R % KNRE, % BEIE &% T
1m, ORRFKEERE, MR KNBiTx
PR, TR, KBIPRE & ATAE:
driveri LA fF 4432 (R T
spark.driver.memoryF1JVM e st R B A1
) . #ESEMRE, "TLUERERE
R %o

FoMExt REAN £, EKilBjavaFFiql
" LUFFME R a5l Mjavast R{B R
Ri€, FRBEHEMEN

FHorg.apache.spark.serializer.KryoSerie

IRARAKryoF51E, AEMNMRESDH
BEL £ BINRKRTEETMI £

RIRAKryoFFE, ZERXAD % KES
HBEEL %, IRIFEEABELNA]
MMREY %, BMLXIBERERN. &
n spark.kryo.classesToRegister ’%Efwﬁ
B R iZ% % BE— e A B KryoRegistratorft

Sparkd % 7722 BIEFA B %. 1ESpark
URERBRAR, XANBEHR
SPARK_LOCAL_DIRS(Standalone, Me
FILOCAL_DIRS(YARN)M#E T EBE.

L SparkContext & #h 5, fHEMH
SparkConfiz % 4 INFO.

Meaning

# % thexecutorsfIIVM i s E 74, FIINGCi&
BEXEHTCHERE, T8, EXNdAP%E

(none)

Spark BB MK/ NEREEM, SparkEtE
FERSparkConfxt & spark-submit B

BIMY spark-defaults.conf &, HERTER
LU it spark.executor.memory % &

Ft inElexecutorsHclasspath# %7 44 B classpath
(none) L, TN REFENEEBMESpark5 |BAR
ANEEREE. A —BRTIAREX D kA


http://spark.apache.org/docs/latest/tuning.html
http://spark.apache.org/docs/latest/api/scala/index.html#org.apache.spark.serializer.KryoRegistrator

spark.executor.extraLibraryPath

spark.executor.logs.rolling.strategy

spark.executor.logs.rolling.time.interval

spark.executor.logs.rolling.size.maxBytes

spark.executor.logs.rolling.maxRetainedFiles

spark.files.userClassPathFirst

spark.python.worker.memory

spark.python.profile

spark.python.profile.dump

spark.python.worker.reuse

spark.executorEnv.
[EnvironmentVariableName]

spark.mesos.executor.home

spark.mesos.executor.memoryOverhead

Shuffle1T 3 (Behavior)

Property Name

spark.shuffle.consolidateFiles

spark.shuffle.spill

(none)

(none)

daily

(none)

(none)

false

512m

false

(none)

true

(none)

driver side
SPARK_HOME

executor
memory * 0.07,
=/\384m

Default

18 7E & shexecutorAIVMed R EIAY & B X

% Bexecutor A &% 5 (rolling) K&, ZRNIER
T&EF B, TJUEREY tine (ETFat @R
%) H size (BEFK/NMEH), T time ,

A spark.executor.logs.rolling.time.interval %
BARA MR 3T size,

A spark.executor.logs.rolling.size.maxBytes %

ERABR s K

executor &R # Bt 8 [ R, BOABERTEAE
HFE. ’S)ﬁa"]ﬁ% daily , hourly , minutely LA
RAEEHIFD,

executorHEMTRKEH KD, KABRTRE
Fe. HEBHFT

#RBRRAARENRILR 3 AEXHNRE. &
ZHEEXXH R BR. BIVRETF B,

(ath) Y EExecutorsiN & kod, BEA 2K
fn#jartb Spark B S Mjartt ek m. XNBMET
LARE Sparkf& s F1 A » k#9022, ERIEE
B B MRRHIE,

ERAH R, &1 python workeri# 2 FARIA
8, EREeR, MEAGFZBE TR,
CESEEIREESRE T

TEPython worker/d FF & profiling, &
it sc.show_profiles() BRDIT &R, HEXE
driverlBHETR IR, AILLA
it sc.dump_profiles(path) J5 4 RdumpZlIid &
., INR—LEATERELFHRR, LT
driveriR 71, EMNBARE#HER

driveriR HEHRF O 2 RAIdump XX BB %,
FPRDDEE S #ldump—P3XE, TLLE

ig ptats.stats() A0 XLEXHE, MRE\EET X
TEME, PHERFREHRT

A EMpython worker, I1RE, ©FHERE
EHEMPython workers, MAREAENMES
fork()—“Python# 12, MAREBE—NIEE KRNI
#, T RBNFEEER. B, IMTBTEEN
FME 5 MIVMEIPython worker % i — R

183t EnvironmentvariableName inAN3EEBIIRIE %
EXlexecutor#tte, FH FAILUEES
N EnvironmentvariableName , X BZNHEL 2

% B REEMesosHexecutor LI Spark#I B

%o HNBERT, executorsiH{EAdriverfy
Spark#its (home) B, XTEZHEBMNARA
W 535,%:.\, tﬂ%/ﬁﬁﬁxi spark.executor.uri ?E‘
ESpark I Z#tHl®, xNEFEIER

X Ma R spark.executor.memory HIRFE, BRAFE
i EmesosfE 5L AFE. 54, B—N7%H
BgpaigE. RENENE

#* spark.mesos.executor.memoryOverhead %

#& spark.executor.memory 7% _ &2 A IKE

Meaning

IR % E 4 true”, FEshufflefi, SIFBIP R XHH/E
W, &2 EDRHRTLUR M4 R 4% BshuffleBIRIE,

false

xshufflefBEFEERE R BE 5. = Mext4Fdfs3X R

gbt, HWEFERE N "true", Eext3d, K XHREME
H, xNRAATEENES (KTF8kk) BEME

IR EE K true”, Bit ¥ % HVEIEE AR & KIRH A%

true

#, Big spark.shuffle.memoryFraction 338 Espilling#d s



21
fEshufflest, EEFspilling IR %, EuHERB

spark.shuffle.spill.compress true
P P P it spark.io.compression.codec 1§,

HISR spark.shuffle.spill #“true”, shufflerfER&MEFHFA
BREERNjavatERE L L RENLLE, EE AR,
shuffles{# FMIFTE RIERmapsHIE & K/NER 32 X MR IR
AR, Bz xNRE], spillingSiEa&FRERRHA £, W0
FRspilling Kt 57 %, & ERB@RxNE

BB EEmMapBR RS XS, —RERT, 2B —MFN
bk e

T shuffleX s RAER 2 ERA/D, £462kb, XD
;%E:EM\T AR R ja shuffle ST i & 8RR %55 19 B
==}

Mt 3 4E % H R et 3k BXBImapii HEBUHRRIR A K/

(mb) o AAB—PMHEIBBEER MR- FRARE
W, xPEBERREMESEENRFLIR, FLUBRIERE
BRHNE, FEEENM R

©i L i HFshuffle$iB, B mfha B2
A : sort #l hash » ETFsortishufle s EmHINFHEAE

spark.shuffle.memoryFraction 0.2

spark.shuffle.compress true

spark.shuffle.file.buffer.kb 32

spark.reducer.maxMblnFlight 48

spark.shuffle.manager sort

(Advanced) In the sort-based shuffle manager, avoid
merge-sorting data if there is no map-side aggregation and
there are at most this many reduce partitions

spark.shuffle.sort.bypassMergeThreshold 200

2 9 Ak EexecutorBE#E # #shufflefl 2 73, BRFHAH

spark.shuffle.blockTransferService netty BIZH : netty F nio » EFnettylr##EEEHERMN
MEERTEG 2
Spark Ul
Property Name Default Meaning
spark.ui.port 4040 {R#Y 5 FFEFFdashboard®in 0, 2 RAEMTIEEEIE
spark.ui.retainedStages 1000 EsR O ZFT, Spark UIFDIR AAPle{ERstage$k
spark.ui.retainedJobs 1000 E Oz BT, Spark UIFIIR AAPZEBjobEX
spark.ui.killEnabled true iz fTfEweb UIRR % FEstageF148 & Bjob
B2 2 3 :!:\ N S {m] = £ ‘L-Dt
spark. eventLog.enabled false EgraiﬁSparkE’J$1¢Elmo RIERARFTHE, EFniEweb
UIRERH
spark.eventLog.compress false BEEHZEMHHEE, FE spark.eventLog.enabled Htrue

SparkEHBHE iz ZFWERE . EXNMEXBZT, SparkkAa &

file://ftmp/spark- TERAEFUE— 1N FEZ. 8T AEFLzASIERNE

spark.eventLog.dir

events Fo AP RER Y H—HIM, RHDFS—#, FTLUREX
R AR it 7 AR 485 33 HX
e 1 =2 1L |4
Property Name Default
spark.broadcast.compress true EREMBLIERAIRES A%
spark.rdd.compress true =5 A HEFIEHIRDDA X,

A% URDDAX, [T E

spark.io.compression.codec

spark.io.compression.snappy.block.size
spark.io.compression.lz4.block.size

spark.closure.serializer

snappy

32768
32768

org.apache.spark.serializer.JavaSerializer

FASTEERY % 4 3R]

%o org.apache.spark.io.LZ4i
Snappy /& 4; R A ZIE 3 K/,
LZ4 % 4 F AEIR R KN, B
MBREFEIIE %, BEIR



spark.serializer.objectStreamReset

spark.kryo.referenceTracking

spark.kryo.registrationRequired

spark.kryoserializer.buffer.mb

spark.kryoserializer.buffer.max.mb

Networking

Property Name
spark.driver.host

spark.driver.port
spark.fileserver.port
spark.broadcast.port
spark.replClassServer.port
spark.blockManager.port
spark.executor.port

spark.port.maxRetries
spark.akka.frameSize

spark.akka.threads

spark.akka.timeout

spark.akka.heartbeat.pauses

spark.akka.failure-
detector.threshold

spark.akka.heartbeat.interval

Security

Property Name

é’lﬁﬁ org.apache.spark.serial:

100 W= IE, @it i K'reset' fRM

T, 8—E M Rreset—R
e L AKryoREFl{bet, RIFED

EZZERAN, MRMFMERE
fal EEREFMAKyroT A, I
alse DHRHMEIEM 2B, B2
0.064 KyroFE 5t 2 IR, X4

Default

(local
hostname)

(random)
(random)
(random)
(random)
(random)
(random)

16

10

100

6000

300.0

1000

BK,

KryoFFIML & 7 fo i B K 44

Meaning

driver % ITEY =N B & IPHtE, X FFFlexecutorsbA K I IIHY
masteri@{g

driver 5 IFAY3E O, 3% FA T Mlexecutors LA R IRIT Mimasteri@{E
driverBySCHHAR 425 12 I BEm OO
driverBIHTTP™ $& AR 425 4 I A0l% O
driverBJHTTP % iR 4 &5 1 IT A9 01

HERR G TR, X LR F7E Fdriverflexecutors
executor % IT89sw A, FAF Sdriveri@fg

LHER—NMRO, ERFIEXHRKRE

1£"control planeBE h A HFMRAHEE RN, MRFHELFEL
EAM R B driverd, BHAXME

BfEMactorx B3, HdriverBRZCPURE, AKXKEEERM
Spark ¥ RZ A BRE#EN, £AEs

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 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's akka.remote.transport-
failure-detector.threshold . Tune this in combination of
spark.akka.heartbeat.pauses and spark.akka.heartbeat.interval 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). 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 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.

Default Meaning



= aSparkis e ERERAEE, MRA2ETHEYARNL, i#

spark.authenticate false
P F= spark.authenticate.secret

. % B Spark® MAM 2 [ BIBRR ik, IIRFZEITEYARN
spark.authenticate.secret None ’j_: 1;;%%‘%%;}31‘L ﬁ%‘iﬁiﬁ%ﬁ\ﬁ;ﬁliﬁﬁ =

spark.core.connection.auth.wait.timeout 30 HENERRIENEF. EUAR

spark.core.connection.ack.wait.timeout 60 %%ﬁgg??;}? HEHB. H TRATHLHEH,

% FAEISpark web UIBIF F it & % BHIES D MREITIR, it
JEER AR AT R javax serviet Filter, @it % EjavaRk4iB
MR U EF N it 5 23S,  spark.<class name of
filter>.params="'paraml=valuel, param2=value2' WJ&D -

Dspark.ui.filters=com.test.filter1 .
Dspark.com.test.filterl.params="'paraml=foo, param2=testing'

spark.ui.filters None

=BT &Spark acls, MIRF T, BEXEH P EEERERE
% &Sk 1Etjob, Note this requires the user to be known, so
if the user comes across as null no checks are done, UIFl
R kiR e Mz B »~

ESARMA £AIR, FIRPHA » B B (view)Spark web
spark.ui.view.acls empty UIBIA R, BKNIBRT, KA B #Spark jobBIFA # B & FH
R

. ESHRIAE AR, FIKRHBHA » B8N Spark jobfit
SRR MBI Ees eMPY e TBAERT, R A5 Spark jobfIf A ESRIR

ESSRME P REEERNR, NRPNEFSIEERS
spark.admin.acls empty & BEFERFRE Spark jobBIs fR, MNRMRETE—IMHEE
B, B uBE AN 2 EEEdebug, XNk REH

spark.acls.enable false

Spark Streaming

Property Name Default Meaning

Ex et kR (ms) K, @it Spark Streaming
spark.streaming.blockinterval 200 receiversiEINIEIBER7F EISparkz B, chunk#
Bk, HWEFMIR/ME AH50ms

BB N receiverfHEIMEBIEN R e 2 8. B
spark.streaming.receiver.maxRate infinite MHERT, ENREEREELRMENE F.
HEXNERE HO0NE - LERAIERS

Enable write ahead logs for receivers. All the input
data received through receivers will be saved to
write ahead logs that will allow it to be recovered
after driver failures

spark.streaming.receiver.writtAheadlLogs.enable false

38138 it Spark Streaming4 R FHFA{LHIRDDE
MSparkIFHIERF AL, it Spark Streamingd%
. . IR R AR RITER, RERNEM Afalse
spark.streaming.unpersist true R34 37 1 FIRERE i 17 A SBT3 A LRDD, B %
AR EHRE #ER. BEREREREEHNAER

%

FELE

B BT SRRBAENSparkik B, 15 % EMSparkZZE B £ TH conf/spark-env.sh BIZA£EX (& windows
B conf/spark-env.cmd ) o TEFIIAISNEMesostER T, X NXERILLANE: MBEMER, MENRZ, HaiThit s BREF
HERREA, SHEER,

AR, HSparkZiZet, conf/spark-env.sh BARAEER, RATLLEH conf/spark-env.sh.template ST,

A LUFE spark-env.sh R BEIN T E & :

Environment Variable Meaning


http://docs.oracle.com/javaee/6/api/javax/servlet/Filter.html

JAVA_HOME javaZR IR R

PYSPARK_PYTHON PySpark B EIBIPython = i# il 4147 X EE 1R
SPARK_LOCAL_IP 2o ERIPHhIE
SPARK_PUBLIC_DNS {RSpark & AR ER 4 H VLR ENLA

BRT LA E3x ¥, Spark standalone cluster scriptsti AT L% E— Lk 5, FN BENRERANOZBLLREZKHNF,

K4 spark-env.sh ;2shellfiA, HEpy—LEaTDIpRAREE. A0, RALLBSRFERM O+ E sPARK LOCAL IP

fidi&Logging

SparkFlog4] logging. #RAT LA it fEconfE & FHIN 1og4j.properties XFREE, —FAERE
f-F"J log4j.properties.template Y{#o


http://spark.apache.org/docs/latest/spark-standalone.html#cluster-launch-scripts
http://logging.apache.org/log4j/
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