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5.1.1 RDD%IJiE

1. MR GEF

SHIESRE

i EIERDD
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5.1.1 RDDf|7E

(1) WA RGH INBEHELIZRDD

scala> val lines = sc.textFile("file:///usr/local/spark/mycode/rdd/word.txt")
lines: org.apache.spark.rdd.RDD[String] =

file:///usr/local/spark/mycode/rdd/word.txt MapPartitionsRDD[12] at textFile
at <console>:27

word.txt RDD(lines)
Hadoop is good CHadoop is good")
Spark is fast sc.textFiIe()> ESpark i< fast )
Spark is better CSpark is better" )
( ) F~—/"RDDJGE
B MO A i # Hs A4= i RDD
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5.1.1 RDD%IJiE

(2) Mo Ai S 2 GeHDFS 1 s s

scala> val lines = sc.textFile("hdfs://localhost:9000/user/hadoop/word.txt")

scala> val lines = sc.textFile("/user/hadoop/word.txt")
scala> val lines = sc.textFile("word.txt")

—RiER R EEFN T, AR ER AT
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5.1.1 RDDf|7E

2. BIHTERE (B JERDD

A] LA H SparkContextffiparallelize /7%, 7EDriver —ANCEAFEINES

(B> g

array

scala>val array = Array(1,2,3,4,5)
array: Array[Int] = Array(1, 2, 3, 4, 5)
scala>val rdd = sc.parallelize(array)
rdd: org.apache.spark.rdd.RDD[Int] =
ParallelCollectionRDDJ[13] at
parallelize at <console>:29

Array(1,2,3,4,5)

sc.parallelize(array)

RDD(rdd)

o, WA LLASIR HaE

scala>val list = List(1,2,3,4,5)
list: List[Int] = List(1, 2, 3, 4, 5)
scala>val rdd = sc.parallelize(list)

rdd: org.apache.spark.rdd.RDD[Int] = ParallelCollectionRDD[14] at
parallelize at <console>:29
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K MW B RDD 7S = &
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5.1.2 RDDi®{E

1. e
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3. BB HEHLH
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5.1.2 RDDi®{E

1. Bk
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R
map(func) BN T EA SR R funct, IRESRIR AN —
AN EE
flatMap(func) Smap()AH1EL, (HEEAN 5 A Jc & # T DL 208 %2
AN 2 B

groupByKey() | M F (K V) BB X FIEHE EE I, IR [8]— N HT RO (K,
Iterable) &2 = I B4 45

reduceByKey(func) | W F 3 (K,V)BEE 0T ) Eeds GE i, 3 [l — A8 (K,
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5.1.2 RDDi®{E

1. Bk

“filter(func)

scala> val lines =sc.textFile(file:///usr/local/spark/mycode/rdd/word.txt)

scala> val linesWithSpark=lines.filter(line => line.contains("Spark"))

word.txt RDD(lines) RDD(linesWithSpark)

) C"Spark is fast" )
Spark is fast sc.textFile() “Spark is fast" ) lines.filter()

Hadoop is good “Hadoop is good"

> >
("Spark IS better")

Spark is better "Spark is better”

aRYaNYER

K filter() e AF S2 il $ AT i F s =
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5.1.2 RDDi®{E

1. Bk

*map(func)

map(func)if e EAN T A% 356 B sk Efuncr, 314845 B3R 51 5 — AN 3 IR B0l 42

scala> data=Array(1,2,3,4,5)

scala> val rdd1= sc.parallelize(data)
scala> val rdd2=rdd1.map(x=>x+10)

data RDD(rdd1) RDD(rdd2)

sc.parallelize(data) rdd1.map(x=>x+10)
> > 3

Array(1,2,3,4,5)
4

5

= = = = =
() =

& map()#{F S B AT i s = A
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5.1.2 RDDi®{E

1. Bk

*map(func)

FHN— A

scala> val lines = sc.textFile("file:///usr/local/spark/mycode/rdd/word.txt")

scala> val words=lines.map(line => line.split(" "))

word.txt RDD(lines) RDD(words)

Hadoop is good

Hadoop is good CArray("Hadoop","is","good"))

Spark is fast sc.textFile() CSpark is fast" )Iines.map() CArray("Spark","is","fast") )

>

Spark is better CSpark is better" @rray("Spark","is","better") )

map ()1 S AT I FE s 2 [
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5.1.2 RDDi®{E

1. Btk
flatMap(func)

scala> val lines = sc.textFile("file:///usr/local/spark/mycode/rdd/word.txt")

scala> val words=lines.flatMap(line => line.split(" "))

word.txt RDD(lines) RDD(wordArray)

Hadoop is good "Hadoop is good" ( Array("Hadoop","is","good"))
_ _ 120 :map()

Spark is fast sctextrile(..)| (wgpark s fast" lines.map(line => Erffp_"t_("_"ﬁ (Array("Spark","is","fast") )

Spark is better "Spark is better" @rray("Spark","is","better") )

lines.flatMap(line => line.split(" ™))

RDD(words) v

("Hadoop")( "is” )( "good" )
o ) ) Cor s

. . e . ) i map()#1E 15 2 ffiwordArray H
( Spark )( 'S )( better ) A LE “HR” (fla, #e
F 7 flatMap ()45 /F 1) 45 Fwords

& flatMap ()3 AF S AT i fe s i
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5.1.2 RDDi®{E

1. FHakiE

*groupByKey()

groupByKey (). H - (K, V) B E X R SE iy, ik A — NI (K, terable) &
AR A

RDD(words)

((“Hadoop",l)) ( ("is",1) ) ( ("good",1) )
C ("Spark",1) ) ( ("is",1) ) C ("fast",1) )
C ("Spark",1) ) C ("is",1) ) C ("better",1) )

words.groupByKey()

RDD(groupwords)

( ("Hadoop",1) ) C ("is",(1,1,1)) )
C ("Spark~,(1,1)) ) C ("good",1) )
C ("fast",1) ) C ("better",1) )

Kl groupByKey()#/E Sl #AT i R = K
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5.1.2 RDDi®{E

1. BEERME
sreduceByKey(func)

reduceByKey(func) 3 A T (K, V) B 5 B s S8, 1k Bl—AN8 (K, V)TE
R EHEE, HAmEAME 2B keyfE 6 B R & funch T R & )5 15 3

%
“H RDD(words)

C("Hadoop",l)) C ("is",1) ) C ("good",1) )
C ("Spark",1) ) C (vis™,1) ) C ("fast",1) )
C ("Spark",1) ) C ("is",1) ) C ("better",1) )

words.reduceByKey((a,b)=>a+b)

RDD(reducewords)

C ("Hadoop",1) ) C ("is",3) )
(0 esmc ) (0 ooy )
ey ) (0 cveerny) )

reduceByKey() 1 S5l AT I R R =
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5.1.2 RDDi®{E

1. BEERME
sreduceByKey(func)

rdd.reduceByKey((a,b)=>a+b)

2 3 4 5

[ A% 1

reduceleft

fi

<'spark”,<1,1,1>>
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) 5.1.2 RDD#{E
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count) |IRIFIEFIEREFHIITENI

collect() | DABARE R M EIREF A TR

first() R AR kR

take(n) | A IR GR FIBUEEH WEIn o R
reduce(func) | i@ id ek #ifunc Cl AN SRR EI—ME) RE
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foreach(func) | ¥EdE4EH WA Ju R 4L 15 2 ek FfuncH 81T
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5.1.2 RDD¥g{E

scala> val rdd=sc.parallelize(Array(1,2,3,4,5))

rdd: org.apache.spark.rdd.RDDJ[Int]=ParallelCollectionRDDI[1] at parallelize
at <console>:24

scala> rdd.count()

resO: Long =5

scala> rdd.first()

resl: Int=1

scala> rdd.take(3)

res2: Array[Int] = Array(1,2,3)

scala> rdd.reduce((a,b)=>a+b)

res3: Int = 15

scala> rdd.collect()

res4: Array[Int] = Array(1,2,3,4,5)

scala> rdd.foreach(elem=>printIn(elem))
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5.1.3 &% HLH

P B EPENLE e 1, B i Hog il = TR BIE, AR KAER
BRI, REERATshERER, 42l Wk B R R B IR
X HL25 B 5 R AR RESpark 1 TS PEAL A

scala> val lines = sc.textFile("data.txt")

scala> val lineLengths = lines.map(s => s.length)
scala> val totalLength = lineLengths.reduce((a, b) =>a + b)
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5.1.4 ¥ A1k

fESpark', RODSEAIMPER MG, FEUGBIITHRIE, i ML
(P, SRR FIATENRAE, ARl — UM ITFIAR LS, 3o TR
BT, AR ARRNY, BefH 2 o 7 B Ul A P R — 4

N 2 Gt HE - S"RDDII

scala> val list = List("Hadoop","Spark","Hive")

list: List[String] = List(Hadoop, Spark, Hive)

scala> val rdd = sc.parallelize(list)

rdd: org.apache.spark.rdd.RDD[String] = ParallelCollectionRDD[22] at

parallelize at <console>:29

scala> printin(rdd.count()) /ATah#1E, filk — IR FIEMNKE] BT HE

3

scala> printin(rdd.collect().mkString(",")) /MATEHRVE, fillk —IREIEMLF]E
ITH A

Hadoop,Spark,Hive
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5.1.3 A

H] LLIB FE AL (A7) ML o X P 85 2 T B 1 45

o T1] U@Eﬁﬁpersust()?i/%ﬁ*/\RDD*Tlﬁ'ij%ﬁ\ﬁc
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&P 5.1.3FAL
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persist() 1 [&+ 5 & 1 EFF AN L N2
epersist(MEMORY_ONLY): F£x¥ERDDYEN 7714k X
ZAFETIVMA, TR ANFEA L, BUEFZBLRU R N &
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5.1.3 A

BEXT A SEE], S0 AAIE R UG ST IS AR U T -

scala> val list = List("Hadoop","Spark","Hive")

list: List[String] = List(Hadoop, Spark, Hive)

scala> val rdd = sc.parallelize(list)

rdd: org.apache.spark.rdd.RDD[String] = ParallelCollectionRDD[22] at
parallelize at <console>:29

scala> rdd.cache() /<M persisttMEMORY_ONLY), {H7&, iEAJHATH]IX
B, A% AFrdd, KON rddid %A ot A Bl

scala> printin(rdd.count()) /25— AT Bh#EEAE, ik — IR IEMN KB ERTHE,
X #rdd.cache() 4 #4047, 0K S rddi #2247

3

scala> printin(rdd.collect().mkString(",")) /%5 — AT EEAE, A7 5k M=k
BRI, AHFEESMH LA+ Hrdd

Hadoop,Spark,Hive
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1. ﬁxmﬂzﬁﬁ
(2) P EfE

AR

userData

UserData (Userld, Userlnfo)

Even
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2.RDDZy X JR

RDD73 X B —™ i I 2 A 450 X N BUR B 25 T EE R I CPURZ O
(core) % H

XA E P Spark# i Z NN T (AHE L. Standalonefs=.
YARNAEL . Mesostizl) , #r] LlEL &
spark.default.parallelismix M ZH ) H, KEEBAKI 2> XEH, —
R 5 -

ARHE: BN AR KNI AICPUSH, &% E T local[N], U ERIA
AN

*Apache Mesos: FRIATI 7 X N8

*Standalonez YARN: 7& “&E#HF A CPUZLELH 21”7 Fi “27
AT HEKEE ABOME
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3. WE S X

(1) GJERDDIFahig e X%

710 FtextFile() fparallelize() /7 v i T2 48 72 70 XN LRI AT, 183k
WY
sc.textFile(path, partitionNum)

Horr, pathZ %/ 198 € ZINE R SCPFRI L, partitionNumZ % T
T8 € 7T XA

scala> val array = Array(1,2,3,4,5)

scala> val rdd = sc.parallelize(array,2) //i% & HA~77 X

(SparkZm T2 Al ) FE TR HENREER



3 WE S XA
(2) fEHreparititon FEEF R E S XANE
R E 15 25 RDD i, B8 repartition R0 . #10:

scala> val data = sc.textFile("file:///usr/local/spark/mycode/rdd/word.txt",2)
data: org.apache.spark.rdd.RDD[String] =
file:///usr/local/spark/mycode/rdd/word.txt MapPartitionsRDD[12] at textFile at
<console>:24

scala> data.partitions.size //\&.7~dataiXx>RDD) ) X $ &

res2: Int=2

scala> val rdd = data.repartition(1) //%}dataiX MRDD# 1T B #1573 [X

rdd: org.apache.spark.rdd.RDD[String] = MapPartitionsRDD[11] at repartition
at :26

scala> rdd.partitions.size

res4: Int=1

(SparkZm £ 34 )



4.8 5 X5+ XT7ik

Spark#&fit 7 B 7 JHashPartitioner (#4543 X ) 5RangePartitioner ([X 1
XD, BRI E RZHNVH Y HFE R SR, SparktdSCHFH E X
Xrat, Bl@E R —A B 2 X HPartitionert %k HIRDDHI 7 X 52, M
1110 R FH A3 R PR gk — 25 2 T8 5 8

BLILE E NI IX, FFEE X —1K, XANHEE T EGK
org.apache.spark.Partitioner, FESZHL T =AM T7vk:

snumPartitions: Int i [l 1 2 5k 115 X £

-getPartition(key: Any): Int iR [Fl45 €817 X 9% 5 (0F]numPartitions-1)
~equals() JavaXiWitHSE M bR 7 V%
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SEfl: RiEkeyERBE —MNEIF, 5RA

B4
10’5 A\ E|part-00000
115 A 2lpart-00001

195 A\ Epart-00009
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Import org.apache.spark.{Partitioner, SparkContext, SparkConf}
118 € XX, #E Y% Korg.apache.spark.Partitioner3s
class MyPartitioner(numParts:Int) extends Partitioner{
//Eéﬁ/\l:éﬁ
override def numPartitions: Int = numParts
1178 573 X5 SR HU R L
override def getPartition(key: Any): Int = {
key.toString.tolnt%10

}
}

object TestPartitioner {
def main(args: Array[String]) {
val conf=new SparkConf()
val sc=new SparkContext(conf)
AU 73 X
val data=sc.parallelize(1 to 10,5)
RIS -5 A8 910470 X, 70 5 2104 304
data.map((_,1)).partitionBy(new
MyPartitioner(10)).map(_._1).saveAsTextFile("file:///usr/local/spark/mycode/rdd/partitioner")

}
}
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5.1.5 =R & Ll

B — A Fword. txt, RIS TIRZATCR, BATCAH
ZAFR R, A R AR 0 b e AT A P A0 R B )RR AT 1A AT
giit CHIGETHaEA Hia] LR D -

scala> val lines =sc. /MXES—4TTA S, AILMVER G ERIZE, £ MT4REHA
| textFile("file://lusr/local/spark/mycode/wordcount/word.txt")

scala> val wordCount = lines.flatMap(line => line.split(" ")).

| map(word => (word, 1)).reduceByKey((a, b) =>a + b)

scala> wordCount.collect()

scala> wordCount.foreach(printin)
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5.1.5 —NEE 245

scala> val lines =sc. /MXIS—ATHAT, BILAMERSEFRIZE, £ MMTa8H A

| textFile("file://lusr/local/spark/mycode/wordcount/word.txt")
scala> val wordCount = lines.flatMap(line => line.split(" ")).

| map(word => (word, 1)).reduceByKey((a, b) =>a + b)
scala> wordCount.collect()

scala> wordCount.foreach(printin)

word.txt RDD(lines) RDD

Hadoop is good "Hadoop is good" C"Hadoop") ( "is" ) C "good" )

Spark is fast sc.textFiIe()V Spark is fast .fIatMap()> ( "Spark” )[ nig" )( "fast” )

Spark is better Spark is better C "Spark" )( "js" )C "better" )

-map()

RDD(wordCount) RDD

( ("Hadoop~,1) )C (is",3) ) (("Hadoop",l))( (is"1) )C("good",l))
( ("Spark",2) ) ( ("good”,1) ) < reduceByieey) (("Spark",l)) C ("is",1) ) C ("fast",1) )
( (fast" 1) ) (("better",l)) (("Spark",l)) ( (vis"1) ) C("better",l))
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MR S

FESERRR A, BRSO AT RE AR R, R AR 2 o0 A Aot R 4HDFSH,
SparkflHadoopz= 4t — & & £ — M ERF L

Spark HDFS
Master NN
Driver - >
A
Slave y Slave Slave
Executor Executor Executor

Spark Worker, Spark Worker, Spark Worker, T‘\

don| [dob

| HDFSDN | | HDFSDN | | HDFSDN |
B AR R 2 Hadoop Al Spark
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— N R A S

Spark
Master

a:4, b:5
WORD COUNT \ c:3,d:1
e:2
A
countMap.reduce
Slave Slave Slave
a:1,b:3 a:l,e:2 a:2,b:2
COUNT MAPRDD — il cld:1 ¢l
words.mapPartitigns T T T
WORDS RDD i a,b,c,bb adcee a,a,¢cbb
lines.flatMap T T T
Ila b C” lla d cII lla a C”
LINES RDD A ud bll ”e e" ”b b”
. A A A
sc.textFile o iworker] [Spark Worker | Spark Worker
FILE.TXT
/ ] D jl‘
HDFS DN HDFS DN HDFS DN

R P AT IS T R R R A
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5.2 $##{EXRDD

5.2.1 #{E X RDDH) Gl %
5.2.2 % FH#E X RDDA: # i 1F
5.2.3 — A2
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5.2.1 #{EXTRDDRI I i

(1) F—elEITN: AP InE
AT PR 2 5005 sWEI & Pair RDD, e —Ff 3 2207 202 ff Fl map () B Ok SE L

scala> val lines = sc.textFile("file:///usr/local/spark/mycode/pairrdd/word.txt")
lines: org.apache.spark.rdd.RDD[String] =
file:///usr/local/spark/mycode/pairrdd/word.txt MapPartitionsRDD[1] at
textFile at <console>:27

scala> val pairRDD = lines.flatMap(line => line.split(" ")).map(word =>
(word,1))

pairRDD: org.apache.spark.rdd.RDD[(String, Int)] = MapPartitionsRDD[3] at
map at <console>:29

scala> pairRDD.foreach(printin)

(,1)

(love,l)

(hadoop,1)
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5.2.15#{EXTRDDRY Bl i#

(2) FMAEFTR: BEHTEES (B4 SI2RDD

scala> val list = List("Hadoop","Spark","Hive","Spark")
list: List[String] = List(Hadoop, Spark, Hive, Spark)

scala> val rdd = sc.parallelize(list)
rdd: org.apache.spark.rdd.RDD[String] = ParallelCollectionRDDJ[11] at
parallelize at <console>:29

scala> val pairRDD = rdd.map(word => (word,1))

pairRDD: org.apache.spark.rdd.RDD[(String, Int)] = MapPartitionsRDD[12] at
map at <console>:31

scala> pairRDD.foreach(printin)
(Hadoop,1)

(Spark,1)

(Hive,1)

(Spark,1)
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5.2.2 £ A E{EXRDDE#RIZE

‘reduceByKey(func)
‘groupByKey()
‘keys

*values
*sortByKey()
mapValues(func)
*join
combineByKey
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5.2.2 £ A E{EXRDDE#RIZE

sreduceByKey(func)
reduceByKey(func)JTh e, ¥ FHfuncef #& IF B A A [F) 88 1 1E

(Hadoop,1)
(Spark,1)
(Hive,1)
(Spark,1)

scala> pairRDD.reduceByKey((a,b)=>a+b).foreach(printin)
(Spark,?2)

(Hive,1)
(Hadoop,1)

reduceByKey((a,b)=>a+b)

RO Y

afElbi2  af3bE3 afe6bEd  a10,bE5
1+2=3 3+3=6 6+4=10 10+5=15
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5.2.2 £ A E{EXRDDE#RIZE

groupByKey()

groupByKey() I ZhEE R, X EA AH R E AT A

thtn, S DOANEAE X ("spark”, 1) ("spark”,2). ("hadoop",3)#1("hadoop",5),
X HgroupByKey() 515 21 ir) 45 B2 . ("spark”,(1,2))F1("hadoop”,(3,5))
(Hadoop,1)

(Spark,1)

(Hive,1)

(Spark,1)

scala> pairRDD.groupByKey()

resl5: org.apache.spark.rdd.RDD[(String, Iterable[Int])] = ShuffledRDD[15]
at groupByKey at <console>:34
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5.2.2 £ A E{EXRDDE#RIZE

reduceByKeyRlgroupByKey i X 5]

reduceByKeyH T Xt key Xt M ) 2 M valuei fTmerge
BelE, mEEMEERWAAMIE TmergetfE, JEH
mergefE i DL B2 E 2 X

groupByKeytH j& X & key i T HAE, B R AR —A
sequence, groupByKeyA 5 AREHE XRE, 7FEIGH
groupByKey’E RDD, %A 54 #ex ItRDDE I mapitiT
H & M R E AR
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BV EXTRDDEE Ha ek

reduceByKeyHlgroupByKey K [X Fi]

scala> val words = Array("one", "two", "two", "three", "three", "three")
scala> val wordPairsRDD = sc.parallelize(words).map(word => (word, 1))
scala> val wordCountsWithReduce = wordPairsRDD.reduceByKey(_ + )

scala>
val wordCountsWithGroup = wordPairsRDD.groupByKey().map(t => (t._1, t. 2.sum))

1175 2] wordCountsWithReduce fliwordCountsWithGroup /& 52 4= —
FERT, HZ, B8 MW &N B2 AR
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5.2.2 £ A E{EXRDDE#RIZE

‘keys
keys R 2 Pair RDDH Hikeyik [5]FE p— 4> 5 HIRDD

(Hadoop,1)
(Spark,1)
(Hive,1)
(Spark,1)

scala> pairRDD.keys

resl7: org.apache.spark.rdd.RDD[String] = MapPartitionsRDD[17] at keys
at <console>:34

scala> pairRDD.keys.foreach(printin)

Hadoop

Spark

Hive
Spark

(SparkZs fZ 3L B TR HAL



5.2.2 £ A E{EXRDDE#RIZE

svalues
values H 2= Pair RDDH [fjvalueik [FJE B — N # IRDD.

(Hadoop,1)
(Spark,1)
(Hive,1)
(Spark,1)

scala> pairRDD.values
resQ: org.apache.spark.rdd.RDDJ[Int] = MapPartitionsRDD[2] at values at
<console>:34

scala> pairRDD.values.foreach(printin)
1

1
1
1

(SparkZs fZ 3L B TR HAL



5.2.2 £ A E{EXRDDE#RIZE

*sortByKey()
sortByKey() ) B e & 1R [Fl — /MR P8 8 HEF FIRDD

(Hadoop,1)
(Spark,1)
(Hive,1)
(Spark,1)

scala> pairRDD.sortByKey()

resO: org.apache.spark.rdd.RDDI[(String, Int)] = ShuffledRDDI[2] at
sortByKey at <console>:34

scala> pairRDD.sortByKey().foreach(printin)

(Hadoop,1)

(Hive,1)

(Spark,1)
(Spark,1)

(SparkZs fZ 3L B TR HAL



5.2.2 £ A E{EXRDDE#RIZE

sortByKey()FsortBy()

scala>val d1 =
sc.parallelize(Array((“c",8),(“b“,25),(“c“,17),(“a",42),(“"b"“,4),(“d“,9),(“e“,17),(“c”
2),("1,29),(°g",21),("b",9)))

scala> d1.reduceByKey( + ).sortByKey(false).collect

res2: Array[(String, Int)] = Array((g,21),(f,29),(e,17),(d,9),(c,27),(b,38),(a,42))

scala>val d2 =
sc.parallelize(Array((“c",8),(“b“,25),(“c“,17),(“a",42),(“b",4),(“d“,9),(“e“,17),(“c”
2),("1,29),("9",21),(°0",9)))

scala> d2.reduceByKey(_+ ).sortBy( . 2,false).collect

res4: Array[(String, Int)] = Array((a,42),(b,38),(f,29),(c,27),(g,21),(e,17),(d,9))
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5.2.2 £ A E{EXRDDE#RIZE

*mapValues(func)

Xt HEE X RDDH ) BEvalue M — R %, (Hig, key e kAAAL

(Hadoop,1)
(Spark,1)
(Hive,1)
(Spark,1)

scala> pairRDD.mapValues(x => x+1)

res2: org.apache.spark.rdd.RDDI[(String, Int)] = MapPartitionsRDD[4] at
mapValues at <console>:34

scala> pairRDD.mapValues(x => x+1).foreach(printin)

(Hadoop,2)

(Spark,?2)

(Hive,2)
(Spark,2)
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B8R {E STRDDEE #1221k

joingiRm NIERE . X1 WIERE, W4 e M ASIEEKVL)AIKV2), Jf
TEPANHUR 45 R ERAFAE M key A S Y, B3 28— N (K, (VL,V2)) B FI B £E

scala> val pairRDD1 = sc.parallelize(Array(("spark”,1),("spark”,2),("hadoop”,3),("hadoop",5)))
pairRDD1: org.apache.spark.rdd.RDDI[(String, Int)] = ParallelCollectionRDD[24] at parallelize at
<console>:27

scala> val pairRDD2 = sc.parallelize(Array(("spark”,"fast")))
pairRDD2: org.apache.spark.rdd.RDD[(String, String)] = ParallelCollectionRDD[25] at parallelize at
<console>:27

scala> pairRDD1.join(pairRDD2)
res9: org.apache.spark.rdd.RDDI[(String, (Int, String))] = MapPartitionsRDD|[28] at join at <console>:32

scala> pairRDD1.join(pairRDD2).foreach(printin)
(spark,(1,fast))
(spark,(2,fast))

(SparkgmFeILA) R TRE 15



5.2.3 —MEE L4

i E E*@%L@XT( 'spark”,2),("hadoop",6),("hadoop",4),("spark",6), E{H
XTEI’Jkeyi%TlEIJI%%%, valueR R E B E, 1 THE AN N B A1ME,
Wt T E A E BRI E .

scala> val rdd =
sc.parallelize(Array(("spark”,2),("hadoop"”,6),("hadoop”,4),("spark",6)))

rdd: org.apache.spark.rdd.RDD[(String, Int)] = ParallelCollectionRDD[38] at
parallelize at <console>:27

scala> rdd.mapValues(x => (x,1)).reduceByKey((x,y) => (X._1+y. 1,x. 2 +
y. 2)).mapValues(x => (x._1/x._2)).collect()
res22: Array[(String, Int)] = Array((spark,4), (hadoop,5))

(SparkZs fZ 3L B TR HAL



Lra skl

scala> val rdd =
sc.parallelize(Array(("spark",2),("hadoop",6),("hadoop",4),("spark",6)))

rdd: org.apache.spark.rdd.RDDI[(String, Int)] = ParallelCollectionRDD[38] at
parallelize at <console>:27

scala> rdd.mapValues(x => (x,1)).reduceByKey((x,y) => (x._1+y. 1,x. 2 +
y. 2)).mapValues(x => (x._1/x._2)).collect()
res22: Array[(String, Int)] = Array((spark,4), (hadoop,5))

rdd2
rdd rddl
(("Hadoop",(lO,Z)) )
( ("Spark”,(2,1)) ) .reduceByKey()
>< ("Spark",(8,2)) )
(rters ) (orstomios) ) pam s

(‘Spark”6) ( (Spark”,(6,1)) ) ( ("Hadoop".5) )

( ("Spark",4) )

A R RS R s E A
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5.3 A IEES

5.3.1 &1
5.3.2 iz 5HBase# &
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5.3.1 XHHEIEE

1. ARG RS
2. AT RFEHDFS ISR 13 S
3. JISONX RIS
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5.3.1 XHHIEEE

LAMH RGBS
(1) AT AP 2B R R RDD

scala> val textFile = sc.
| textFile("file:///usr/local/spark/mycode/wordcount/word.txt")

Ky Sparkk H 7 AE NS, FEPAT RN i, BIAES N T #E R B9TE ),
spark-shelltb A& EHEE (i ikword123.txt A 775D

scala> val textFile = sc.

| textFile("file://lusr/local/spark/mycode/wordcount/word123.txt")

(SparkZm FEE:A ) B TR AR 5



5.3.1 XHHIEEE

LAMH RGBS
(2) JERDDHABIDCA A

scala> val textFile = sc.

| textFile("file:///usr/local/spark/mycode/wordcount/word.txt")

scala> textFile.

| saveAsTextFile("file:///usr/local/spark/mycode/wordcount/writeback")

$ cd /usr/local/spark/mycode/wordcount/writeback/
$ls

part-00000
_SUCCESS

R AE B AR R In#AERDD Y, H B A# R writebackiX A~ H BT, W

scala> val textFile =

sc.textFile("file:///usr/local/spark/mycode/wordcount/writeback™)

(Sparkm f 7 B TR HAL



5.3.1 XHHIEEE

2.0 A RGEHDFSHI B 1R S

M3 oA R GtHDFS st U s, 2 K HtextFile() 7, 7] DL AtextFile()
JTERME—ANHDFS A H b, a2 — A et thl, e amsEnz ot
R E—1 E bl EaingaZz 3 B TE SR EdE

scala> val textFile = sc.textFile("hdfs://localhost:9000/user/hadoop/word.txt")
scala> textFile.first()

g = kiR EE I R

scala> val textFile = sc.textFile("hdfs://localhost:9000/user/hadoop/word.txt")
scala> val textFile = sc.textFile("/user/hadoop/word.txt")
scala> val textFile = sc.textFile("word.txt")

[E R, A LLE I saveAsTextFile() 7 iEHERDD H [ B R 7 FIHDFS LA, i
LT

scala> textFile.saveAsTextFile("writeback")

(SparkZmFE L) B TREFTHEALE



5.3.1 XHHIEEE

3. JSONICAFHIEEEL

«JSON(JavaScript Object Notation) #&—Ff %2 & 2% 11 5dE 28 He b X
Spark#2 it 7 —AMNISONFEGIEHE ST, fFRUE

“Jusr/local/spark/examples/src/main/resources/people.json”+

{"name":"Michael"}
{"name":"Andy", ||age||:30}

{"name":"Justin", "age":19}

(SparkZm T2 Al ) B TR HENRE &R



5.3.1 X H&HEEE

3. JISONC 4Ky 3EEL
A R 4i b people.json 34 N # ZRDDH: -

scala> val jsonStr = sc.

| textFile("file://lusr/local/spark/examples/src/main/resources/people.json")
scala> jsonStr.foreach(printin)

{"name":"Michael"}

{"name":"Andy", "age":30}

{"name":"Justin", "age":19}

(Sparkm F2 A ) ISP



5.3.1 XHHIEEE

1%: GBEFTERNTISONEIE HIENT T/

*Scalart 5 —~H i ) ISONJE
scala.util.parsing.json.JSON, #] LLSZEL T ISONEHE 1 i br

«JSON.parseFull(jsonString:String) e&i %, LA—1ISONFZARF
FAE N FEREAT A, SR AT B R R — A
Some(map: Map[String, Any]), w15 f#EHT 2 )3z [7INone

(SparkZm T2 Al ) FE TR HENREER



5.3.1 XHHIEEE

7EJSONRead.scalafthd A4 A LU P2

import org.apache.spark.SparkContext
import org.apache.spark.SparkContext.
Import org.apache.spark.SparkConf
import scala.util.parsing.json.JSON
object JSONRead {
def main(args: Array[String]) {
val inputFile = "file:///usr/local/spark/examples/src/main/resources/people.json”
val conf = new SparkConf().setAppName("JSONRead")
val sc = new SparkContext(conf)
val jsonStrs = sc.textFile(inputFile)
val result = jsonStrs.map(s => JSON.parseFull(s))
result.foreach( {r => r match {
case Some(map: Map[String, Any]) => printin(map)
case None => println("Parsing failed")
case other => printin("Unknown data structure: " + other)

(SparkZm T2 Al ) B TREFIT AR R



5.3.1 XHHIEEE

AN AR P TR R JARE
iEid spark-submit iIZ47 2

$ /usr/local/spark/bin/spark-submit \
> --class "JSONRead” \

> [usr/local/spark/mycode/json/target/scala-2.11/json-project_2.11-1.0.jar

AT JE R B B B R R s S S 3B N &5

Map(name -> Michael)
Map(name -> Andy, age -> 30.0)
Map(name -> Justin, age -> 19.0)

(SparkZm T2 Al ) B TREFIT AR R



5.3.2 1 EHBase#{iE

0. HBasef&i/©

1. g — 1" HBase%*

2. fic & Spark

3. 5127t i HBaseZ ¥
4. %% 5 T2 ¥ [ HBase 5 N H ¥

(SparkZm T2 Al ) B TR HENRE &R



5.3.2 1 EHBase#{iE

0. HBasef&j4)

« HBaseZ&Google BigTable] i Sz

Hadoop4t: 7S R 4:
ETLIH BIfk#& RDBMS

Pig Hive Sqoop
H MapReduce
N o
3 R
~ HBase =
o
N

HDES
(Hadoop Distributed File System)

K Hadoop4:#s &4t HBase 5 HAth 587 15 &

(SparkZm T2 Al ) B TR HENRE &R



5.3.2 1 EHBase#{iE

HBase/& M. LR . HFF MM, XikRmZR e 1T,
BTG A BR e RIS [ EEK

o BMEE D REWERRI TR, oA B
« HPERPEEGE, ST A AT AE S 2 1)
o RAKVPITRBE -DEE S DIRE R, —MHRT A e SRS

A, TRl AN B R B T A A A

SURSCRF SIS e, AT UAREAN A I — N8k Ek s, e e e X

HIRIECER LU RAY, Firag S U745 B JE Ui, T W B E AT AT

PG EERULEES IR

 HBase AT EHTERAIER, FEAMIEREGE IHHIRCA, MLl —4
HHICA, IHA BRI ARE (X RAMHDFS R L VFE A L2

BERESREV EPSIND
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5.3.2 1 EHBase#{iE

%. HBaseXH#KALHE, £hiT
FFVE R BRI N TS5 i
o 1T: I -HBaseFHS H B TAT UK,

MTHATHE (row key) KFRriH IR Il
. }J@Jb‘% ~/|\HBasei§%F/I§JE%H§fF%} “gu Inf6
Z:”  (Column Family) W&, B2 ; . .
TR 5 1 428 1) 2 e | maer | em
. @JBE/‘\'—E'%: 5‘]7\%%5‘]%&?&@)&@]5@%?@ " 201505001 | Luo Min Math Eo@qq.com
<E&§U> ﬂéféfﬁ 1T —1-201505002 | Liu Jun /I\W liu@qq.com
o HIGHE: fEHBase® 1, @id4T. ¥k :
ikt s 201505003 | Xie Y Math || xie@aa com |
PR S R — A “BoTHe”  (cell <
) BT A B S B Py
, AT B byte]] %8 T2/ B At Ats2
S s s — =1k BB 11O B — AN AR A
) %g%ﬁﬁg$7£ﬁf}giﬁﬁﬁmgﬁ ts1=‘|‘|7418461EI308‘| ts2=1i1741lS4620720
i y A= N > £
1T& 9
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5.3.2 1 EHBase#{iE

+ HBase' 7 EARYEATHE . FIHR. FURR & FFANN RIBORE € — > ook, ikt
, ATUARI—AS “PU4EAhtr” , BT, B0, ZIPRE T, I ATEL]

o (]
[“201505003”, “Info”, “email”, 1174184619081] “xie@qg.com”
[201505003”, “Info”, “email”, 1174184620720] “you@163.com”
A1 R 72 17 FI %
Infé
hame maijor email

201505001 | Luo Min Math |luo@qg.com
P

ﬁ%%<~»201505002 Liu Jun /I\W liu@qq.com
~a i Jg
201505003 | Xie You I Math | [iedegcom |
L WA

% TS 2 B 1E] #its 1 fts2
BB BB Y — S R A
ts1=1174184619081 ts2=1174184620720

(SparkZmFEIEAt ) FE TR HENREER



R HBaseuh LA A

i}
788 | 18] | FliEcontents %l jzanchor
59
t5 anchor:cnnsi.com="CNN”
t4 anchor:my.look.ca="CNN.com"
contents:html="<
(1} t3 11}
com.cnn html>...
Www* contents:html="<
t2 1]
html>...
i1 contents:html="<

html>..."

(SparkgmF2I:Ail)

FE TR HENREER




5.3.2 1 EHBase#{iE

*  HBaseZis HI P H AL A

% iBicontents
7 gle Sl contents

t3 contents:html="<html>..."

"com.cnn.www" t2 contents:html="<html>..."

t1 contents:html="<html>..."
#l|jzanchor

T Hg;‘l Fl| #&anchor

. . t5 anchor:cnnsi.com="CNN”
com.cnn.www
t4 | anchor:my.look.ca="CNN.com"

(SparkZm T2 Al ) FE TR HENREER



5.3.2 1 EHBase#{iE

1. Bl — M HBase®R
G, ESIRE RS EE i = R e iliHBase ) 223 (DA =i =0) -

/l\\

http://dblab.xmu.edu.cn/blog/install-hbase/

[ AHBase &t i 2, 7 ZEIHAHDFS, Arbl, EESEXm PN T
[fii 7 4 J& 5iHadoop:

$ cd /usr/local/hadoop
$ ./sbin/start-all.sh

Bt LLE 3hHBase, AUl

$ cd /usr/local/hbase
$ ./bin/start-hbase.sh //EZhHBase
¢ ./bin/hbase shell //EZhhbase shell

MR B OEEH LR NstudentffI3R, FF T dr 2 Mk

hbase> disable 'student’
hbase> drop 'student’
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1. B — P HBase®
T A — S student®, EAEIXNRPFAU T HHE:

R TR Fommmmmm- e ~

| id | name | gender | age |

- - HFommm e R +ommm - ~

| 1 | Xuegian | F | 23 |

| 2 | weiliang | M | 24 |
—-

create 'student’,’

hbase> ‘student’, '1°," :name "’ , ‘Xuegian®

hbase> "student', 1", " :gender', "F"
hbase> "student','1"," rage’, 23"

hbase> ‘student’, 2", :name’ , ‘Weiliang’
hbase> ‘student’, 2%, ;gender’, 'M"
hbase> "student’, 27, rage', 24’

(SparkZm T2 Al ) FE TR HENREER



5.3.2 1 EHBase#{iE

2. BEE Spark

EHBaselib H 3¢ T ) —jar 3/ #% DL SparkHr, X LEH 2 G R I 75 2 5
Alfjartd, 75E# N jar - 4E: B hbase Ttk jar X {4 guava-
12.0.1.jar. htrace-core-3.1.0-incubating.jarfprotobuf-java-2.5.0.jar

AT R A4

$ cd /usr/local/spark/jars

$ mkdir hbase

$ cd hbase

$ cp /usr/local/hbase/lib/hbase*.jar ./

$ cp /usr/local/hbase/lib/guava-12.0.1.jar ./

$ cp /usr/local/hbase/lib/htrace-core-3.1.0-incubating.jar ./
$ cp /usr/local/hbase/lib/protobuf-java-2.5.0.jar ./

(Sparkm F2 A ) ISP



5.3.2 1 EHBase#{iE

3. HEEFELEHBaseH#E

R E il SparkixzHtHBase, 7 £ 14 FH SparkContextfe i 1]
newAPIHadoopRDDIX AP ] N %5 ARDD R E %k 2| Spark 7 .

import org.apache.hadoop.conf.Configuration

import org.apache.hadoop.hbase.

import org.apache.hadoop.hbase.client._

import org.apache.hadoop.hbase.mapreduce.TablelnputFormat
import org.apache.hadoop.hbase.util.Bytes

import org.apache.spark.SparkContext

import org.apache.spark.SparkContext.

import org.apache.spark.SparkConf

IR AR R — T
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5.3.2 1 EHBase#{iE

7£ SparkOperateHBase.scala>. {4t A LL AR .

object SparkOperateHBase {
def main(args: Array[String]) {
val conf = HBaseConfiguration.create()
val sc = new SparkContext(new SparkConf())
115 B W R 4
conf.set(TablelnputFormat.INPUT_TABLE, "student")
val stuRDD = sc.newAPIHadoopRDD(conf, classOf[TablelnputFormat],
classOf[org.apache.hadoop.hbase.io.ImmutableBytesWritable],
classOf[org.apache.hadoop.hbase.client.Result])
val count = stuRDD.count()
printin("Students RDD Count:" + count)
stuRDD.cache()
138 3 %
stuRDD.foreach({ case (_,result) =>
val key = Bytes.toString(result.getRow)
val name = Bytes.toString(result.getValue("info".getBytes,"name".getBytes))
val gender = Bytes.toString(result.getValue("info".getBytes,"gender".getBytes))
val age = Bytes.toString(result.getValue("info".getBytes,"age".getBytes))
printin("Row key:"+key+" Name:"+name+" Gender:"+gender+" Age:"+age)

)
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5.3.2 1 EHBase#{iE

fEsimple.sbt 13 A T T 25 :

name = "Simple Project"

version :="1.0"

scalaVersion :="2.11.8"

libraryDependencies += "org.apache.spark" %% "spark-core" % "2.1.0"
libraryDependencies += "org.apache.hbase" % "hbase-client" % "1.1.5"
libraryDependencies += "org.apache.hbase" % "hbase-common" % "1.1.5"
libraryDependencies += "org.apache.hbase" % "hbase-server" % "1.1.5"

KHsbt4T 1, @it spark-submit i247 27

$ /usr/local/spark/bin/spark-submit \
>--driver-class-path /usr/local/spark/jars/hbase/*:/usr/local/hbase/conf \

>--class "SparkOperateHBase" \
>/usr/local/spark/mycode/hbase/target/scala-2.11/simple-project_2.11-1.0.jar

WAUSH “--driver-class-path”Z £ {5 & K IJAR L 1 B8 4%, 1 Han 23t
“/usr/local/hbase/conf 2 N 1] % 1%

(SparkZmFE L) B TREFTHEALE



5.3.2 1 EHBase#{iE

PAT 13 2000 T 4f

Students RDD Count:2
Row key:1 Name:Xuegian Gender:F Age:23
Row key:2 Name:Weiliang Gender:M Age:24

(SparkZm T2 Al ) B TR HENRE &R



5.3.2 1 EHBase#{iE

4. W EEFHHBase 5 AN EHE
YR E BRI A 22 A2 15 B A4S N FHBase (] student %

% In)studentZR A 3 N BT B

Id Info

name gender age
3 Rongcheng M 26
4 Guanhua M 27
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5.3.2 1 EHBase#{iE

£ SparkWriteHBase.scala 3.4 F 4 N\ T TS -

import org.apache.hadoop.hbase.HBaseConfiguration

import org.apache.hadoop.hbase.mapreduce.TableOutputFormat
import org.apache.spark.__

import org.apache.hadoop.mapreduce.Job

import org.apache.hadoop.hbase.io.ImmutableBytesWritable
import org.apache.hadoop.hbase.client.Result

Import org.apache.hadoop.hbase.client.Put

import org.apache.hadoop.hbase.util.Bytes

IR AR R — T
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5.3.2 1 EHBase#{iE

£ SparkWriteHBase.scala X /4 F 4 A\ K AR

object SparkWriteHBase {
def main(args: Array[String]): Unit = {

}

}

val sparkConf = new SparkConf().setAppName("SparkWriteHBase").setMaster("local")

val sc = new SparkContext(sparkConf)

val tablename = "student"

sc.hadoopConfiguration.set(TableOutputFormat. OUTPUT _TABLE, tablename)

val job = new Job(sc.hadoopConfiguration)

job.setOutputKeyClass(classOf[ImmutableBytesWritable])

job.setOutputValueClass(classOf[Result])

job.setOutputFormatClass(classOf[ TableOutputFormat[ImmutableBytesWritable]])

val indataRDD = sc.makeRDD(Array("3,Rongcheng,M,26","4,Guanhua,M,27")) //#) & 47 id 35

val rdd = indataRDD.map(_.split(',")).map{arr=>{
val put = new Put(Bytes.toBytes(arr(0))) /47 {& K{&
put.add(Bytes.toBytes("info"),Bytes.toBytes("name"),Bytes.toBytes(arr(1))) //info:name? [{j{&
put.add(Bytes.toBytes("info"),Bytes.toBytes("gender"),Bytes.toBytes(arr(2))) //info:gender (1A
put.add(Bytes.toBytes("info"),Bytes.toBytes("age"),Bytes.toBytes(arr(3).tolnt)) //info:age?!| H{H
(new ImmutableBytesWritable, put)

1
rdd.saveAsNewAPIHadoopDataset(job.getConfiguration())

(SparkZm T2 Al ) B TREFIT AR R



5.3.2 1 EHBase#{iE

$ /usr/local/spark/bin/spark-submit \

>--driver-class-path /usr/local/spark/jars/hbase/*:/usr/local/hbase/conf \
>--class "SparkWriteHBase" \
>/usr/local/spark/mycode/hbase/target/scala-2.11/simple-project_2.11-1.0.jar

Pl #|HBase Shellt, HUTWI T 2 A FE student®

hbase> scan 'student’

ROW COLUMN+CELL

1 column=info:age, timestamp=1479640712163, value=23

1 column=info:gender, timestamp=1479640704522, value=F

1 column=info:name, timestamp=1479640696132, value=Xueqian
2 column=info:age, timestamp=1479640752474, value=24

2 column=info:gender, timestamp=1479640745276, value=M

2 column=info:name, timestamp=1479640732763, value=Weiliang
3 column=info:age, timestamp=1479643273142, value=\x00\x00\xO0\x1A
3

3

4

4

4

4

column=info:gender, timestamp=1479643273142, value=M

column=info:name, timestamp=1479643273142, value=Rongcheng

column=info:age, timestamp=1479643273142, value=\x00\x00\x00\x1B

column=info:gender, timestamp=1479643273142, value=M

column=info:name, timestamp=1479643273142, value=Guanhua
row(s) in 0.3240 seconds

(Sparkgm L) BITREFITE
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5.4.1 511 : 3kTOP{E

(E55HEA
orderid,userid,payment,productid

filel.txt file2.txt
1,1768,50,155 100,4287,226,233
2,1218, 600,211 101,6562,489,124
3,2239,788,242 102,1124,33,17
4,3101,28,599 103,3267,159,179
5,4899,290,129 104,4569,57,125
6,3110,54,1201 105,1438,37,116

7,4436,259,877
8,2369,7890,27

sk Top N“>payment{d
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5.4.1 /11 : kTOP{E

iImport org.apache.spark.{SparkConf, SparkContext}
object TopN {
def main(args: Array[String]): Unit = {
val conf = new SparkConf().setAppName("TopN").setMaster("local")
val sc = new SparkContext(conf)
sc.setLoglLevel("ERROR")

val lines =
sc.textFile("hdfs://localhost:9000/user/hadoop/spark/mycode/rdd/examples”,2)
var num = 0;

val result = lines.filter(line => (line.trim().length > 0) && (line.split(",").length == 4))
map(_.split(",")(2))
.map(x => (x.tolnt,""))
.sortByKey(false)
.map(x => x._1).take(5)
foreach(x =>{
num =num + 1
printin(num + "\t" + x)




5.4.1 511 : 3kTOP{E

val lines = sc.textFile("hdfs://localhost:9000/user/hadoop/spark/chapter5”,2)

IZE G WSS HSEEEEEAERLRDD ( BFRAlines ) |, HUTHRAENT :
RDD(1ines)

filel.txt

1,1768,50,155 ( “1,1768,50,155” )
2,1218, 600,211
3,2239,788,242
4,3101,28,599

5,4899,290,129
6,3110,54,1201
7,4436,259,877
8,2369,7890,27

val lines = “2,1218, 600,211”

sc.textFile()

» | “3,2239,788,242"

file2.txt
“100,4287,226,233"

100,4287,226,233
101,6562,489,124
102,1124,33,17
103,3267,159,179
104,4569,57,125
105,1438,37,116

val lines =
sc.textFile()

“101,6562,489,124"

“102,1124,33,17"

A J
CNCNYNCDNC D C YN
N A D N N N N
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Z2ffI1 : RTOP{E

val result = lines.filter(line => (line.trim().length > 0) && (line.split(",").length == 4))
.map(_.split(*,")(2))

IZIBEAHATERIT

RDD (1ines) RDD RDD
( “1,1768,50,155" ) ( Array(1,1768,50,155) ) C “50” )
(“2,1218, 600,211”) [ Array(2,1218, 600,211) ) [ “600” )
C“3,2239,788,242” ) ( Array(3,2239,788,242) ) C “788" )
( ...... ) e ( ...... ) Zﬁﬂgﬁfiﬁg i C ...... )
C‘100,4287,226,233”) ™ CArray(100,4287,226,233) ) ( “226" )
(“101,6562,489,124”) ( Array(101,6562,489,124) ) ( “489" )
C“102,1124,33,17") ( Array(102,1124,33,17) ) ( 33" )
( ...... ) ( ...... ) C ...... )
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5.4.1 511 : 3kTOP{E

.map(x => (x.tolnt,""))

IZIBAHU TR ¢

RDD

“50”

“600”

“788”

.map(x => (x.tolnt,"))

RDD

CNC NN Y C YO N Y

NEZ NP NP D D2 N/ A N

(SparkgmF2I:Ail)

FE TR HENREER

>

(50,”)

(600,™)

(788,™)

(226,”)

(489,™)

(33.")

CNCNC NN C N N N

N NP N N NP N/ A N




5.4.1 511 : 3kTOP{E

.sortByKey(false)
IZiE A= iRRBkeyHIbEFXTRDDITEHITHEE , HFUTERIAT
RDD RDD

o o )
[ (600 ] [ (788,") ]
( (7887 ) ( (600,”) )
C """ ) .sortByKey(false) »( (489,”) )
e ) e )
e ) e )
( 537 ) ( (226,) )
C ...... ) ( ...... )
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5.4.1 511 : 3kTOP{E

.map(x => x._1). take(b)
IZETHUTERAT -

oo )  w
e =
e @
C il ) .map(x =>x._1) C B )
e ) 1w )
e ) = )
@ ) =
C ...... ) ( ...... )

.take(5)

(SparkgmF2I:Ail)

FE TR HENREER

RDD

7890

788

600

489

TN CNC O N\

290

N N N N




5.4.1 511 : 3kTOP{E

foreach(x =>{
num = num + 1
printin(num + "\t" + x)

)
IZIBAHUTRERAT ¢

RDD
( 7890 )
foreach(x =>{ L
[ 788 ) num =num + 1 ?H'J Hj
printin(num + "\t" + x)
1 7890
600 ) 2
C > 2 788
3 600
C 489 ) 4 489
5 290
C 290 )
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=2 : kg KE&/IME

5 | KHS M HPEENRK. &/IME

filel.txt file2.txt
129 5
54 329
167 14
324 4567
111 2186
54 457
26 35
697 267
4856
3418
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5.4.2 =12 : K& K&/IME

import org.apache.spark.{SparkConf, SparkContext}
object MaxAndMin {
def main(args: Array[String]): Unit = {
val conf = new SparkConf().setAppName(“MaxAndMin®).setMaster("local")
val sc = new SparkContext(conf)
sc.setLoglLevel("ERROR")
val lines = sc.textFile("hdfs://localhost:9000/user/hadoop/spark/chapter5”, 2)

R ARARES I — T
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5.4.2 M2 : X K&/ME

val result = lines.filter(_.trim().length>0).map(line =>
("key" line.trim.tolnt)).groupByKey().map(x => {
var min = Integer. MAX_VALUE
var max = Integer.MIN_VALUE
for(num <- x._2){
if(num>max){
max = num
}
if(num<min){
min = num
}
}
(max,min)
D.collect.foreach(x => {
printin("max\t"+x._1)
printin("min\t"+x._2)

)

(SparkZm T2 Al ) FE TR HENREER



=2 : kg KE&/IME

val lines = sc.textFile("hdfs://localhost:9000/user/hadoop/spark/chapters”, 2)

AL PAT R AT -
fileL.txt RDD (1ines)

129

54

167

324

111 val lines =
54 sc.textFile()
26 >
697
4856
3418

“129”

“54”

‘167"

file2.txt

5

329 :
val lines =
14

4567 sc.textFile()

2186 -
457
35

267

CNCNC NN C N N\ N\
N NP N D D N/ N N
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=2 : kg KE&/IME

val result = lines.filter(_.trim().length>0).map(line => ("key",line.trim.toint))

AU PATHR U T -

RDD (1ines)

“129”

“54”

“167”

R YERYSRYER

NEZ N N

.map(line => ("key",line.trim.tolnt))

>

YR YR YER

RDD (1ines)

oo )
c )
oon )
oo )

(*key”,5)

(SparkgmF2I:Ail)
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=2 : kg KE&/IME

.groupByKey()

AR HAT R T -
RDD (1ines)

C (“key”,129) )
C (“key”,54) )
C ("“key”,167) )

( ,,,,,, ) N RDD (1ines)
C ) > C(“key”,<129,54,167,...,5,329,14,...>D
("key”,5)

( (*key”,329) )
( (*key”,14) )

(SparkZm T2 Al ) B TR HENRE &R



2Z12 : ke Ke/IME

val result = lines.filter(_.trim().length>0).map(line =>
("key",line.trim.toint)).groupByKey().map(x => {

var min = Integer. MAX_VALUE

var max = Integer.MIN_VALUE

for(num <- x._2){

if(num>max){
max = num
}
if(num<min){
min = num
}
}
(max,min) for(num <- x._2)X......}
}.collect.foreach(x =>{
" U
E::Et:zgmﬁﬁt +x)fl_21)) for%@ HLARSX. 23T I ) |
1) ~ x._zﬁx%%ﬁﬁﬁ (key,value-list) # ffjvalue-list
) X B value-listif /&
) <129,54,167,...,5,329,14,...>
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5.4.3 253 : SHHER

A, S
EEARNHE, A 1% L1

PPN — AR BRI SO AR 3R AL,

HEATHERE IS, 41— 3ROSR, 4 2 4
MO TR, SR 3 5
5N B, 5 RO B .
e % 5
‘ 5 16
A

6 25
filel.txt file2.txt file3.txt 2 a3

33 4 1
37 16 45 8 3
12 39 25 o 3
40 . 10 40
11 45
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5.4.3 253 : SHHER

import org.apache.spark.SparkContext
Import org.apache.spark.SparkContext.
Import org.apache.spark.SparkConf
Import org.apache.spark.HashPartitioner
object FileSort {
def main(args: Array[String]) {
val conf = new SparkConf().setAppName("FileSort")
val sc = new SparkContext(conf)
val dataFile = "file:///lusr/local/spark/mycode/rdd/data"
val lines = sc.textFile(dataFile,3)
var index =0
val result =
lines.filter(_.trim().length>0).map(n=>(n.trim.tolnt,"")).partitionBy(new
HashPartitioner(1)).sortByKey().map(t => {
index +=1
(index,t. 1)
)

result.saveAsTextFile("file:///usrl/local/spark/mycode/rdd/examples/result™)

}
!



=14

EFFER:
XA E S R filel.txtfras) , ENEEERITHEY, HeiRIER
1A B PP HE R, A REB 1A EE A S, MIAR I 25 281 2 4 P e

oy N SCAEfile L.txt a5 R
5 3 8 3
1 6 5 6
4 9 5 3
8 3 4 9
4 7 4 7
5 6 3 2
3 2 1 6

(SparkZm T2 Al ) B TR HENRE &R



—XHEFF

R, BARRISCEISRANT

O I

BE | BEHITRHFRIS A IIEGHRERL < key,value >SREIFIRDD

O s

B - BhrEHEFRIKey, REREHEFRIZER

(SparkZm FEE:A ) BITR%F I ENE SR W ziyulin@xmu.edu.cn



Zfla: ZxHEFF

SecondarySortKey.scalafChi a1 T -

package cn.edu.xmu.spark
class SecondarySortKey(val first:Int,val second:Int) extends Ordered
[SecondarySortKey] with Serializable {
def compare(other:SecondarySortKey):Int = {

If (this.first - other.first 1=0) {

this.first - other.first
} else {
this.second - other.second

}
}

Y 4 T B
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5.4.4 Zfl4: ZIRHEF

SecondarySortApp.scalafti%un T -

package cn.edu.xmu.spark

import org.apache.spark.SparkConf

import org.apache.spark.SparkContext

object SecondarySortApp {

def main(args:Array[String]){
val conf = new SparkConf().setAppName("SecondarySortApp").setMaster("local")

val sc = new SparkContext(conf)
val lines = sc.textFile("file:///usr/local/spark/mycode/rdd/examples/filel.txt", 1)
val pairWithSortKey = lines.map(line=>(new SecondarySortKey(line.split("

")(0).tolnt, line.split(" ")(1).toInt),line))
val sorted = pairWithSortKey.sortByKey(false)
val sortedResult = sorted.map(sortedLine =>sortedLine._2)
sortedResult.collect().foreach (printin)

}
}

(SparkZm T2 Al ) FE TR HENREER



Zfla: ZxHEFF

val lines = sc.textFile(“file:///usr/local/spark/mycode/rdd/file1.txt", 1)

ZAUE AT S HIRCR AR

RDD (1ines)
B C p— )
filel.txt —
= ( g
1 6 )
49  va Iines=sc.textFiIe(...)>C 1 )
' 7 (se )
g g C ‘4 7 )
e )
C 3 2 )
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val pairWithSortKey =
lines.map(line=>(new SecondarySortKey(line.split(" *)(0).tolnt, line.split(* *)(1).tolnt)line))

AV HAT JE R ROR a0 R

RDD (1ines)

val pairWithSortKey =
lines.map(line=>(new
SecondarySortKey(line
split(" ")(0).tolnt,
line.split("
")(1).tolnt),line))

RDD (pairWithSortKey)

>

(SparkgmF2I:Ail)

FE TR HENREER

C (SecondarySortKey(5,3),

”5

3") )

C (SecondarySortKey(1,6), ”

o )

C (SecondarySortKey(4,9), ”

o )

C (SecondarySortKey(8,3), ”

3") )

C (SecondarySortkey(4,7),’

7" )

C (SecondarySortkey(5,6), ”

)

C (SecondarySortKey(3,2), ”

2") )




val sorted = pairWithSortKey.sortByKey(false)

%A\ 2514 i SecondarySortKey i R B FHEFE . $UT 5 BRI T -

RDD (pairWithSortKey)

C (SecondarySortKey(5,3),

!!5

C (SecondarySortKey(1,6), ”

C (SecondarySortKey(4,9), ”

val sorted =

pairWithSortKey.

C (SecondarySortKey(8,3), ”

sortByKey(false)

RDD (sorted)

-

C (SecondarySortKey(4,7), ”

C (SecondarySortKey(5,6), ”

C (SecondarySortKey(3,2), ”

(SparkgmF2I:Ail)

FE TR HENREER

C (SecondarySortKey(8,3), ”

33)

C (SecondarySortKey(5,6), ”

6") )

C (SecondarySortKey(5,3), ”

3") )

C (SecondarySortKey(4,9), ”

9 )

C (SecondarySortKey(4,7), ”

)

C (SecondarySortKey(3,2), ”

2") )

C (SecondarySortKey(1,6), ”

63)




ZHl4a. —xHFF

val sortedResult = sorted.map(sortedLine =>sortedLine._ 2)

A PAT JF IR U0 -
RDD (sorted) RDD (sortedResult)

C (SecondarySortkey(8,3), '8 3”) ) "8 37

”5 6”

C (SecondarySortKey(5,6), 5 67) )

C (SecondarySortKey(5,3), ’5 3”) ) val sortedResult =
sorted.map(sortedLine

C (SecondarySortkey(4,7), "4 77) )

C (SecondarySortKey(3,2), "3 27) )

A YRYERAYERY S YEaRYES
S S = J;. N

A 3 <
NI N N N A N A N A N

C (SecondarySortKey(1,6), "1 6”) )
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5. FERIR(E

SR EIEESEAE —F A RO, T %k
/2. http: //grouplens org/datasets/movielens/, %z
LA =, 435 Zratings.dat. sers.dat.
movies.dat, BARSHA] [ README.txt. i gmfE sk
i ﬁiii%i%ratings.dat%ﬂmovies.datﬂﬁ/l\iﬁi?%'éuiziéj
3040 AR, RAMETRSEZ: ml-1m
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IR

movies.dat

MovielD::Title::Genres

1::Toy Story
(1995)::Animation|Children's|Comedy
2::Jumaniji
(1995)::Adventure|Children's|Fantasy
3::Grumpier Old Men
(1995)::Comedy|Romance

4::Waiting to Exhale (1995)::Comedy|Drama
5::Father of the Bride Part Il (1995)::Comedy
6::Heat (1995)::Action|Crime|Thriller
7::Sabrina (1995)::Comedy|Romance

8::Tom and Huck (1995)::Adventure|Children's

9::Sudden Death (1995)::Action
10::GoldenEye (1995)::Action|Adventure|Thriller

FE TR HENREER

(SparkgmF2I:Ail)

ratings.dat

UserlD::MovielD::Rating:: Timestamp

::1193::5::978300760
1:661::3::978302109
::914::3::978301968
::3408::4::978300275
::2355::5::978824291
::1197::3::978302268
::1287::5::978302039
::2804::5::978300719
::594::4::978302268
::919::4::978301368
::595::5::978824268
::938::4::978301752
::2398::4::978302281
::2918::4::978302124

::1035::5::978301753
:2791::4::978302188
:2687::3::978824268

=

PRRPRRPRPRRPRPRPRRPRPRPRPRPRERPRPR



5.4.5 F£fI5: EFEIRF

iImport org.apache.spark.
import SparkContext.
object SparkJoin {
def main(args: Array[String]) {
if (args.length != 3 ){
printin("usage is WordCount <rating> <movie> <output>")
return
}
val conf = new SparkConf().setAppName("SparkJoin").setMaster("local")
val sc = new SparkContext(conf)
// Read rating from HDFS file
val textFile = sc.textFile(args(0))

//IEEEB RIS

(SparkZm T2 Al ) FE TR HENREER



=615 EERE

/llextract (movieid, rating)
val rating = textFile.map(line => {
val fileds = line.split("::")
(fileds(1).tolnt, fileds(2).toDouble)
1)
//get (movieid,ave_rating)
val movieScores = rating
.groupByKey()
.map(data => {
val avg = data._2.sum / data._2.size
(data. 1, avg)

})
//IEERERIRAE

(SparkZm T2 Al ) FE TR HENREER



=615 EERE

I/ Read movie from HDFS file
val movies = sc.textFile(args(1))
val movieskey = movies.map(line => {
val fileds = line.split("::")
(fileds(0).tolnt, fileds(1)) //(MovielD,MovieName)
}).keyBy(tup => tup._1)

// by join, we get <movie, averageRating, movieName>
val result = movieScores

keyBy(tup => tup._1)

Join(movieskey)

fiter(f=>1. 2. 1. 2>4.0)

map(f=>(f_1,f. 2. 1. 2,1 2. 2. 2))

result.saveAsTextFile(args(2))

}
}
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5.4.5 F£fI5: EFEIRF

I/l Read rating from HDFS file
val textFile = sc.textFile(args(0))

Z AU PAT R -

ratings.dat

UserlD::MovielD::Rating:: Timestamp

PRRRPRPRRPRRPREPRPREPRPREPRERRRRPR

::1193::5::978300760
1:661::3::978302109
:914::3::978301968
::3408::4::978300275
::2355::5::978824291
:1197::3::978302268
:1287::5::978302039
::2804::5::978300719
:594::4.:978302268
:919::4::978301368
::595::5::978824268
::938::4::978301752
::2398::4::978302281
::2918::4::978302124
:1035::5::978301753

1:2791::4::978302188
1:2687::3::978824268

(SparkgmF2I:Ail)

val textFile = sc.textFile(args(0))

RDD (textFile)

FE TR HENREER

>

“1::1193::5::978300760”

“1::661::3::978302109”

“1::914::3::978301968”

“1::3408::4::978300275”

“1::2355::5::978824291”

“1::1197::3::978302268”

YoV YEhYERYSRYE

NN/ A N N N




5.4.5 F£fI5: EFEIRF

/llextract (movieid, rating)
val rating = textFile.map(line => {
val fileds = line.split("::")
(fileds(1).tolnt, fileds(2).toDouble)
})
//get (movieid,ave_rating)
val movieScores = rating
.groupByKey()
.map(data => {
val avg = data._2.sum / data._2.size
(data._1, avg)

1)
//IEEEB RIS

UserlID::MovielD::Rating:: Timestamp

::1193::5::978300760
::661::3::978302109
::914::3::978301968
::3408::4::978300275
::2355::5::978824291
::1197::3::978302268
::1287::5::978302039
::2804::5::978300719
::594::4::978302268
:919::4::978301368
::595::5::978824268
::938::4::978301752
::2398::4::978302281
::2918::4::978302124
::1035::5::978301753
::2791::4::978302188
::2687::3::978824268

e b s e e e e L L
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5.4.5 F£fI5: EFEIRF

/llextract (movieid, rating)
val rating = textFile.map(line => {
val fileds = line.split("::")
(fileds(1).tolnt, fileds(2).toDouble)

})
ZARPATROR AN E -

RDD (textFile) RDD (rating)
( “1::1193::5::978300760” ) ( (1193,5) )
( “1::661::3::978302109” ) val rating = textFile.map(line => { ( (661,3) )

val fileds = line.split("::")

‘.. o ” (fileds(1).tolInt, fileds(2).toDouble)

1::914::3::978301968 (914,3)
( )| § 1 )
( “1::3408::4::978300275” ) ( (3408,4) )
( “1::2355::5::978824291” ) ( (2355,5) )
( “1::1197::3::978302268” ) ( (1197,3) )
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=615 EERE

rating.groupByKey()
ZABPAT RN T

RDD (rating) RDD
C (1193,5) ) C (1193,<5,4,2,5,...>) )
C (661,3) ) C (661,<3,2,3,4,...>) )
(914,3) (914,<3,2,...>)
C ) rating.groupByKey() C )
C (3408,4) ) q C (3408,<4,2,5,...>) )
C (2355,5) ) C (2355,<5,4,5,...>) )
( (1197,3) ) ( (1197,<3,2,4,...>) )
- - ) - )
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.map(data => {
val avg = data._2.sum / data._2.size
(data._1, avg)

)

A PATROR T
RDD

RDD

(1193,<5,4,2,5,...>)

(1193,4.88)

(661,<3,2,3,4,...>)

(661,3.26)

.map(data => {

(914,<3,2,...>) val avg = data._2.sum / data._2.size

(914,2.83)

(data._1, avg)

(3408,<4,2,5,...>) )

(3408,4.66)

(2355,<5,4,5,...>)

(2355,4.79)

(1197,<3,2,4,...>)

(1197,3.17)

Yo VYo YEhYEYERYS

O\ NN
Y
TN NN N N N\

NN/ A N N N
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/l Read movie from HDFS file
val movies = sc.textFile(args(1))
val movieskey = movies.map(line => {
val fileds = line.split("::")
(fileds(0).tolnt, fileds(1)) //(MovielD,Mov
ieName)
D.keyBy(tup => tup._1)
/l by join, we get <movie, averageRating,
movieName>
val result = movieScores
keyBy(tup => tup._1)
Jjoin(movieskey)
fiter(f=>1f._2. 1. 2>4.0)
map(f=>(f._1,f 2. 1. 2,f. 2. 2. 2))

result.saveAsTextFile(args(2))

}
}

MovielD::Title::Genres

1::Toy Story
(1995)::Animation|Children's|Comedy
2::Jumanii (1995)::Adventure|Children's|Fantasy
3::Grumpier Old Men (1995)::Comedy|Romance
4::Waiting to Exhale (1995)::Comedy|Drama
5::Father of the Bride Part Il (1995)::Comedy
6::Heat (1995)::Action|Crime|Thriller

7::Sabrina (1995)::Comedy|Romance

8::Tom and Huck (1995)::Adventure|Children's
9::Sudden Death (1995)::Action
10::GoldenEye (1995)::Action|Adventure|Thriller

(SparkgmF2I:Ail)
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// Read movie from HDFS file
val movies = sc.textFile(args(1))

A AT RCR A h
MovielD::Title::Genres

1:Toy Story
(1995)::Animation|Children's| Comedy
2:Jumanji
(1995)::Adventure|Children's|Fantasy
3:Grumpier Old Men
{1995)::Comedy|Romance
4:Waitingto Exhale (1995):Comedy|Drama
5::Father of the Bride Part Il

(1995):: Comedy

6:Heat (1995)::Action|Crime|T hriller
7:Sabrina (1995):Comedy|Romance
8- Tomand Huck
{1995)::Adventure|Children's
9::Sudden Death (1995)::Action
10::GoldenEye
(1995)::Action|Adventure[Thriller

(SparkgmF2I:Ail)

RDD (movies)

( “1::Toy Story (1995)::Animation|Children's|Comedy” )

( “2::Jumaniji (1995)::Adventure|Children's|Fantasy” )

val movies = ( “3::Grumpier Old Men (1995).:Comedy|Romance”

sc.textFile(args(1)

1C

“4::Waiting to Exhale (1995)::Comedy|Drama”

(

"5::Father of the Bride Part Il (1995)::Comedy”

(

“6::Heat (1995)::Action|Crime|Thriller”

S NN N

......
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movies.map(line => {
val fileds = line.split("::")
(fileds(0).tolnt, fileds(1)) //(MovielD,MovieName)
1)

AU PAT R -

RDD (movies) RDD

“1::Toy Story (1995)::Animation|Children‘s|Comedy” (1,”Toy Story (1995)”)

“2::Jumaniji (1995)::Adventure|Children's|Fantasy” (2,”Jumaniji (1995)")

movies.map(line => {
val fileds = line.split("::")
(fileds(0).tolnt, fileds(1))
D

“3::Grumpier Old Men (1995)::Comedy|Romance” (3,”Grumpier Old Men (1995)”)

“4::Waiting to Exhale (1995)::Comedy|Drama” (4,”Waiting to Exhale (1995)”)

“5::Father of the Bride Part Il (1995)::Comedy” (5,”Father of the Bride Part 1l (1995)”)

YR YR Y ERYSRYSR
NP N A D2 N N
\

TN NN/ N N
(D N D 2 N

“6::Heat (1995)::Action|Crime|Thriller” (6,"Heat (1995)")
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keyBy(tup => tup._1)
A PAT ROR A0 R

RDD

(1,"Toy Story (1995)")

(2,”Jumaniji (1995)")

(3,"Grumpier Old Men (1995)")

(4,"Waiting to Exhale (1995)")

.keyBy(tup =>tup._1)

.

RDD (movieskey)

(5,”Father of the Bride Part Il (1995)")

TN YN NN

(6,"Heat (1995)")

N N N7 N N

......

(SparkgmF2I:Ail)
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(1,(1,"Toy Story (1995)%))

(2,(2,”Jumanji (1995)"))

(3,(3,”Grumpier Old Men (1995)"))

(4,(4,”"Waiting to Exhale (1995)"))

(5,(5,"Father of the Bride Part Il (1995)"))

NN Y NN

(6,(6,"Heat (1995)"))

NP N2 N N N N

......
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movieScores.keyBy(tup => tup._1)

AU PATRCR U0 T

RDD

RDD

(1193,4.88)

(661,3.26)

(914,2.83)

(3408,4.66)

movieScores.keyBy(tup => tup._1)
>

(2355,4.79)

(1197,3.17)

NN N N N7 N\ )

NI AN/ N N N

(1193,(1193,4.88))

(661,(661,3.26))

(914,(914,2.83))

(3408,(3408,4.66))

(2355,(2355,4.79))

(1197,(1197,3.17))

NN/ A N N N

(SparkgmF2I:Ail)
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Join(movieskey)

PATjoInkS, ZHIERKI P ARDD MBI -
= RDD (movieskey)

(1193,(1193,4.88)) (1,(1,"Toy Story (1995)"))

(661,(661,3.26)) (2,(2,"Jumanii (1995)")

(914,(914,2.83)) (3,(3,”Grumpier Old Men (1995)”))

% ~RDD
AT joint

- >

(3408,(3408,4.66))

(4,(4,”Waiting to Exhale (1995)”))

(2355,(2355,4.79))

(5,(5,”Father of the Bride Part 1l (1995)"))

(1197,(1197,3.17))

(6,(6,’Heat (1995)")

CNCNC YO N N
N N D N N

CNCNCNC YO N N\
NI N N/ N N N
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Join(movieskey)

WATjoInkY, key I [FIFIK B PIASRDDRI TG ER A AREAT I 3%

K H %1/ RDDI L E K HE 52/ RDDI\ T E
C (661,(661,3.26)) ) C (661,(1,"Toy Story (1995)”))
FARDDIG 2 B A1 [F 1)
key, [RtAT LLiERE
C (661,((661,3.26),(1,"Toy Story(1995)"))) )
f. 142661

f. 2,2((661,3.26),(1,"Toy Story(1995)"))
f. 2. 1,2(661,3.26)

f. 2. 1. 2/£3.26

f. 2. 252(1,"Toy Story(1995)”)

f. 2. 2. 2;%"Toy Story(1995)”
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