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T —IF Scalaf 4B

ool

¥ —%. Scalafdi/

Scalag#EJavaE MMl LiZ21THES , THAELHEHXRE , R7E2004F |, MIBRARER T,
15 2% E B IPE T ZTM Martin OderskyZ#% .,

ScalaiE & T HREENMHHBABENER | FEREAREF, eR-HS, BRENES
BERFNRE , RIERBHEZEEN— B,

Scala5Javarl LIEHFR , XEWRETC YU ERJavafI FENEKE., MRIREMAScalalt &
— I EEUNARS  BRIANELEESJava. BHScalaRENEEHTRBRTE , B2
=T, EEHTJavafi— L5011,

teanfE KEEF LA , TAE R E 1 RIHadoopESH AT |, Hive, HbaseZ 3K | MiX LK E
#2Javalll, ScalaBEEEEXRT,

FEFAEL |, ScalaB HHNBIFEREAPIIRAE K, WIASSparkXE , A AERRERAPI

 AFETHESDJavali kB, MA , ARBEARENE , EEEAXNKRNEREOHAT
t ARFETHRTEHEXEERB T,

BT MM REE

HHXFERAR-—ITEARR , CEERRA—1EZ , FACHRERUNNEDN. BEONROE
2, EEHAREE  SENKEFERBERA.

ENEFTTHRASRRLNERE , MMXANERBNFEEScalaBEN BB T, B2,
Scalaf B A FEEZFH AL :

1. FAIZENE
2. HEH

FTBFRATZMNE , RiEScalalWMINEEBRAEHREFT ALY , EAvalREH - M T AL
B, XMARARILETHERSE , ESMRSURT , TENEBLTE,



ScalaZ A“update by copy’ RN REFHEEE, MREEHENEZE , FE— P ERE
MENL , ANZELRESL M FHNEE, RBEEEFETFTINTE,

ARBEHXBR—ITEY, TICEZNTHR

1. HHBRARIER
2. EHHIREEBMASHME—IRE

H— RARMER RHEEEFBRNMBHERE , MBI THANEE (LNEREE) , FRE
SERIRMR AV (E

BENMANFEIFNREBIESH |, #LE %£E N hello worlde 1T Escalafhello world B ZEI :

scala> def hello() =
| printin("hello world")
def hello(): Unit

RNEBRTFR—NEEYE , AN ETHNFHIRE , BARMRRETRE , &% 7HAERR
BEME (RRTETIONNA ) -

FE, MREEHEZRA MG, EBEE, EIM %socket , XEHSE T IR
BHRE, ENTRETRARI,

SEHBUETBELRATEE , ETERTEAARBEENE, LNRERBERALRBHNR
SEATE :

scala> time.LocalDateTime.now().toString

BEXAFR—NAEEET , ANEHETEBIIFNE,

H- W—RELAHBELEEN , RAASH. IRAASHTE , BLEEE-EFE , &
THRFAREEET

Leon, IMTEHAMT AR

scala> def randNum(s:Int) =
| Random.between(0,s)
def randNum(s: Int): Int

RARBREAT , Bam AHRNSH , eNREEDBET, REMOT :

scala> randNum(3)
val res2: Int =1

scala> randNum(3)
val res3: Int =2



BEEMARKE , RERAENEE , BEABATSTARXR , iLEREMERN,

LR AENE , UARAEE , fscalall BN EmENROEREN |, tb_scalalRE KEIBH O
BRE ERIETHEREEHEARETHNRZSY , AFETHAURESERNENERF. XA#tE
£ SparkXE FScalaFF & H R E 1L,

X FscalaElHHMARE , BREENAINXE, MBRRERATHE , BUOAERENTH

Functional Programming in Scala by Paul Chiusano and Runar Bjarnason

ool

E=71. Z¥&Scala

ScalaBRTER D X Z1.3MA3. 1A, BREERESES , ERSparkEERAFIET K
8, FTUEIXBEEENB1.3RE

BREAM BRI LAZ & Scala , tEaIWindowsZEMacRE & T L. RIERFFLY , REIL
AN LERE, XERMAULBERERIBRE , FT2RAET AZRA , MEBEHIRERIL,

Scala FRABRHATSE , 1ZIGBRENKVMELNREB T, TIEZERIGERERE
Spark, EIUER2#%2GBAFHKVME R, RZFE A tklLinode, Digitalocean, VultrEZBiz
XMFREEANELN , ZRiTR , TATRIECEBUEERT.

BE—-ITTZEINREBEBEFE T —PKVMELAL , E2FE21MNAMDEK L, 1GBATE. 35GB
SIREE  ENEGFRARE T,

ZIERNGE , ELZERERS. BEREHARLinux. B XBIEHM4 , tkmApache Drill
, REEM7ELinux Lt . FRLLBELINUXZ23IEF XA A AR R AL,

LinuxR & A BLUERUbuntuR & s & Centos R , HAXFAELLEREHR. BMABEGE |, 7
RE T Ubuntu 20.0 x64% %, REEFRGANVE , BABERRT , MAEM32L T,

REREHE , EAsshEMRS , TETUTHT , EREEHFT—E :

# apt update
# apt upgrade

RECR-ANEEAF  EREEAFNNRBRAEMRS. FHAEArootERIEE —ENK,

ScalaE A#tFFE AsdkmanX N ILEEZERF , EAX P TEMNIHEE., KBS tHEHA
sdkmanFE &L i#Escalaf), TEZS B,

B, REEEHJava JDKIE | #ERIRASE L, UbuntuZ%EOpenDKRSE , E#EAapt
FRATLUETE, I TFATR,


https://www.manning.com/books/functional-programming-in-scala
https://www.scala-lang.org/download/2.13.8.html

$ sudo apt install default-jdk
BEEERNRSERUbuntu 20.0 , ZEEEEEIRIIDKRopenjdk 11.0kR 7,

$ java -version

openjdk version "11.0.14" 2022-01-18

OpenJDK Runtime Environment (build 11.0.14+9-Ubuntu-Oubuntu2.20.04)

OpenJDK 64-Bit Server VM (build 11.0.14+9-Ubuntu-Oubuntu2.20.04, mixed mode, sharing)

&, RiEsdkman, BT THES

$ sudo apt install zip
$ sudo apt install unzip
$ curl -s "https://get.sdkman.io" | bash

LTRERERNREDD , zipMunzip, BTERMNBESR. F=9HKZHKsdkmanTE,
RETRE, BITNTHS:

$ source "$HOME/.sdkman/bin/sdkman-init.sh"
$ sdk version

— A F AsdkmanFENFELE |, 5 =93] HsdkmanBiRAE S,
MRMFABERBFISANELEE |, FATUMNTRE
$ vi .bash_profile
XEBITHRIR B X T K. .bash_profileX# ( & ERMEIE— ) , BEAMTAR :
. bashrc
th#t 27 bash_profile B iN#K.bashrcI AR , FEBIE T sdkmanfV IR BT 2R E,
ZTiETsdkmanfs, EEMZ T ER%Z%Kscala:

$ sdk install scala 2.13.8

$ scala -version
Scala code runner version 2.13.8 -- Copyright 2002-2021, LAMP/EPFL and Lightbend, Inc.

$ which -a scala
/home/pyh/.sdkman/candidates/scala/current/bin/scala



IR REIT sdk list scala” XM T , MALBEIREEMRAE S L& Wscalalikas , Hlin :

Available Scala Versions

3.11 21214 2.11.12 2.10.3
3.1.0 21213 2111 2.10.2
3.0.2 21212 2.11.8 2.101
3.0.1 21211 2117
3.0.0 2.12.10 2.11.6
>*213.8 2129 2115
*2.13.7 212.8 2114
2.13.6 2127 2113
2.13.5 2.12.6 2.11.2
2134 2125 2111
2133 2124 2.11.0
2132 2123 2.10.7
2131 2122 2.10.6
2.13.0 2121 2.10.5
*212.15 2.12.0 2104

+ - local version
* - installed
> - currently in use

&E, EaSITEH Ascalafid® , $TFFscalafREPL ( X Eshell ) , MAILAFFBLES 7o

$ scala
Welcome to Scala 2.13.8 (OpenJDK 64-Bit Server VM, Java 11.0.14).
Type in expressions for evaluation. Or try :help.

scala>

XEBUHA T Espark KEIBEF 8T |, scalaf A A&, BEEH , spark&FHRAEER
R HMscala 2.12FF 419 , BB FAscala 2.13018%. MR TEspark-shell® |, #F£/H2.1252.13
#RABMEB, BEHspark-submitiz RAAIEE , A2.13MRALSFH-E,

Scala 2. 131X F2. 1204 , 27 — LR , BIERENAPICERB A, ER2t12 7T -1
AR, LkMPITRH S BB | 213BRE LRAES | 2.120F 4%,

fEscala 2,128, IHAARKESEN -

scala> def mytest() = printin("hello world")
mytest: ()Unit

scala> mytest
hello world

{BER%scala 2138, ZSHAARKET LREES , BN amMRES,



scala> def mytest() = printin("hello world")
def mytest(): Unit

scala> mytest

A

warning: Auto-application to *()" is deprecated. Supply the empty argument list *()" explicitly to invoke method
mytest,

or remove the empty argument list from its definition (Java-defined methods are exempt).

In Scala 3, an unapplied method like this will be eta-expanded into a function.
hello world

scala> mytest()
hello world

SparkfJAPIAEE, EXREMZESHAZE, MRFRE213EFAEAN] , BEHF LEES,



¥ & ScalafZ AiEE

scalaff Fval X BFRBFA-—NMFAIENEE, HRH , ERvarxBFZRFHA-—NAIRENE
=, WTF=.

scala> val str = "hello world"
val str: String = hello world

scala> var num = 123
var num: Int = 123

EifistrR—MFRAIZNEE , EREFRTEIEE , SREFEE :

scala> str = "greetings"
A

error: reassignment to val

XHmmE T - ITPEERENER.

B EfnumZERAIER , RAEHBEEET , MWTFAF :

scala> num = 456
/I mutated num

scala> printin(num)
456

BTEEAMNUT | scalalREASE , AT TRHBEXERENZLBE. ﬁ'ﬁ@i&‘ﬁﬁﬁﬂ’] Rt
RETARX , IAESGRBEEFAH  BONEX LR EAvalkEHEE |, ROEAvar, R
T RN RS M,

BIXthiiid |, scala3X f”update by copy’fy BAERKE —/ME, ERRW , B copy=4E—1
FHE , HENTRESHTNEE, WTAT.

scala> val str2 = str + " buddies"
val str2: String = hello world buddies



EaiFstrigEl — , HEMLEFHHWFHR | BEASRTE, EMENERE , LA TEEN
KR, b, str@—N& (String) , num2 —NEH (Int) . scalakBHMMWHKIERE , T X
TR

Data Type Possible Values
Boolean true or false
Byte 8-bit signed two’s complement integer (-2*7 to 277-1, inclusive)
-128 to 127
Short 16-bit signed two’s complement integer (-2*15 to 2215-1, inclusive)

-32,768 to 32,767

Int 32-bit two’s complement integer (-2*31 to 2*31-1, inclusive)

-2,147,483,648 to 2,147,483,647

Long 64-bit two’s complement integer (-2"63 to 2°63-1, inclusive)

(-2763 to 2763-1, inclusive)

Float 32-bit IEEE 754 single-precision float

1.40129846432481707e-45 to 3.40282346638528860e+38

Double 64-bit IEEE 754 double-precision float

4.94065645841246544e-324d to 1.79769313486231570e+308d

Char 16-bit unsigned Unicode character (0 to 2*16-1, inclusive)
0 to 65,535
String a sequence of Char

10



XEBHCEETHWRCharEkRE | ©RRENunicodeERF, CharXBE AL FREN , W5|F
FhEStringE&# 7T,

scala> val char = 'a'
val char: Char = a

scala> val char ='1'
val char: Char = 1

scalaig} REW , kAN FHIRETREEEMM
scala> "123" + 456
XafARBER, B2, ATHTRBERERE , HEM

scala> "123".toInt + 456
val res2: Int = 579

L5123 F &, BT INBE, RIRK , LA IHBEERK TS | WTRAR.

scala>"123" + 456.toString
val res3: String = 123456

FEMIFEM, EFRRconcatiR{E | F R BHEE XK,
fiscalaE, —fIHMEXN R, BFRNR , FEUENR, L, BNEBHERFIRE MWL

¥k, BBAT LATEscala shel B A —NE |, IlL" 10"} BF , A5Kktabi® , REPLFAE
IR RREME GRS AR, MTRAR.

scala> 123.to

toChar toFloat toLong toShort
toBinaryString toDegrees toHexString toOctalString toString() (universal)
toByte toDouble tolnt toRadians

METEN— £ ? REE |, £Aprintin()N EER .
scala> val name = "John"
val name: String = John

scala> val age = 23
val age: Int = 23

scala> println(name)
John

Al LUE Fs"expression” EHTEENRE R , £AMexpression” K&K L H ( R TFprintfE
0. %ilan:

11



scala> printin(s"$name is $age years old")
John is 23 years old

scala> printin(f"$name is $age%.2f years old")
John is 23.00 years old

TEEMRIFRERXW , Hlmn

fin

scala> printin(s"$name is ${age+1} years old next year")
John is 24 years old next year

EREHMERER, age + 1IR— P REXEE,

TEREPLE, scalait:ff AresX R FHIGREE , XB—MF, {RATLSIAXNMERER,

scala> "john" + " doe"
val res2: String = john doe

scala> printin(res2)
john doe

&
bt

Ll F=E —MiEetE Eres2 , FATE A printindT E1iX

BT 2HEA

scalafiEHIEAH T ER , REMESEFASZ, LU—IMRERHES :

scala> import scala.util. Random
import scala.util.Random

scala> if (Random.between(0,10) > 5) {
| true
| }else {
| false

'}

val res15: Boolean = true

Lkif. else2— PN EBRRITHRGEHIER, ZSRENtruem Hfalse , EscalaB2 WA /R{E,

scalaf ZFH A iE

n||||

R RERS | LN HEEITAE !

scala>val x = 2
val x: Int =2

scala>valy =x> 1 ? true : false
A

error: value ? is not a member of Int

12



{RRBER R EARMIf. elseFRRRAATIAT -

scala> val y = if (x > 1) true else false
val y: Boolean = true

scalafJ X BREARTFE S5 AR, TINREZERFEINRE—TAE , RIFEE
TEfES.

scala> if (x > 1)
| printin("got x greter than 1")
got x greter than 1

BiEEscala T X HFIMREN S :

scala> printin("l meet you") if (name == "John")
A

error: ;' expected but 'if' found.

scalaBITERRIAEREMXAS SN, REZJavaBFAERETEEM—1MD5 , EXRER
ALEN,

scalarXz #Fforf@ M 2§54 -

scala> val li = List(3,2,1,4)
val li: List[Int] = List(3, 2, 1, 4)

scala> for (x <- i)
| printin(x)

A =2 DN W

scalatJfor5G X F R A2, B LlyieldsR[E1E , 3 B Eguardsks

scala> for {
[ x<-1li
| ifx>2
| } yield x
val res19: List[Int] = List(3, 4)

it

LibforfERMER/BAIRF , FET — P FList, CHELstITE , LI KHHEFyield
Ko AN x > 209K TFIE | BiRguardiEal,

BEE  XfforfE SR AR |, FEscalailB2EMEEN ., RfscalaTHMEATEE , BBAER
MEVE BT EE — N | TEAIBREENE , RMRBEXHXyieldT .

FAEMESXNL , EWTrubyBFE |, i —MIBEANERLRER

13



>1i=[3,2,1,4]
=>[3,2,1,4]

> newli =[]

=>1]

> li.each do |s|
newli.push(s) if s > 2

> end

=>[3,2,1,4]

> newli
=>[3, 4]

BEZEscalafi T EATEHA , XFZMERBREGANDEZE , BLAEXI LRBEW , BEF
WA RXUBXME RFEAfrfER T .

—NE § Zffor + guardiZ AN RS , BAERN—EBE BRI,

scalaBI B X FwhilefEEF , b0 :

scala>vari=0

| while (i < 3) {
| printin(i)
| i+=1
|}

0

1

2

scalatE 5 HtofluntimFH AKX, EMEETE , BRUWT R -

scala> for (x <- 1 to 5) printin(x)

a b wN -

scala> for (x <- 1 until 5) printin(x)
1

A 0N

EMZN , oERNBINTE T &RE VI, MuntiERVKI , TEEHE—HLHK.

BE=%. EENFRiA X Mpattern matching

14


https://blog.cloudcache.net/regex-comparison-in-perl-and-scala/

scalaff AN T A H K E L —PMENFRZERX :

scala> val regex = ""(\w+)\s+(\d+)"".r
val regex: scala.util. matching.Regex = (\w+)\s+(\d+)

FERLR=5ISRM4EN , EANENREANIFHRFAF B3I LK TR,

INelPLEZOE 2 A] LAfE Fimatches X B F ( IEEBRXNTEE21BRAESTBIA | 212K ZHTHY

WRAFFZA) .

scala> val str = "hello 999"
val str: String = hello 999

scala> if ( regex.matches(str) )
| printin("matched")
matched

EERFFEZE MR |, scalaENREXRMNKIEBHHMEN , STREAD ML TASXH

THE(—IMRTFL , —INRTER ) » FTXTER T 2matches:
scala> val regex = ""Mw+"".r
val regex: scala.util.matching.Regex = A\w+

scala> val str = "hello 999"
val str: String = hello 999

scala> if ( regex.matches(str) )
| printin("matched")

scala>

EdRABEHRK—T , NEUMRERX I Lunanchored B , AT AEEBFIHEE T

scala> val regex = """Mw+""".r.unanchored
val regex: scala.util.matching.UnanchoredRegex = Mw+

scala> if ( regex.matches(str) )
| printin("matched")
matched

EEE : scalaf ENRERN R EEERJavaly | iBEBJavane—8, YR, HeeLtb—#%

IZHEF ECEPerlfy IEN FRA X AT HERE,

ENRERX KB Epattern matchingiBAE , ARBIRETE | TR

scala> val str = "John is 23 years old"
val str: String = John is 23 years old

scala> val regex = """(\w+) is (\d+).*"".r
val regex: scala.util.matching.Regex = (\w+) is (\d+).*

15



scala> str match {
| case regex(name,age) => println(s"name:$name, age:$age")

1}

name:John, age:23

EMNREIREVNEBEFHLIEEER. SR, scalar HFNFHLELFABRBEA , EEHA—D
FH,ORE-, BEtabi2 | ATUBIHNFRBNRETEZRT , TR

scala> "str".

1=( (universal) equals( maxOption( stripLineEnd H#it
(universal) equalsignoreCase( min( stripMargin *(

exists( minBy( stripPrefix( +( filter(
minByOption( stripSuffix(

FRHEHEFEES, EXBERBWMT -2, kMlsplithsix :
scala> val str = "hello world buddies"
val str: String = hello world buddies

scala> str.split("""\s+"")
val res10: Array[String] = Array(hello, world, buddies)

X splitth S8, RR—NENRERX, CRRENKREXNRENFS (XERZER) , £BFF
BHRF FE-NFHHRA

L8R, AT LA E #E(E A pattern matchingiZa , RAE XM splitE$K.

scala> val regex = ""(\w+)\s+(\w+)\s+(\w+)
val regex: scala.util. matching.Regex = (\w+)\s+(\w+)\s+(\w+)

scala> str match { case regex(x,y,z) => Array(x,y,z) }
val res12: Array[String] = Array(hello, world, buddies)

24 %F , Lifmatch { case ... }BFiR |, BscalaB ENHNRBEN, RIEIEZIMfor { ...} yield
BRIR—# | pattern matching@scalal@ B4R, © A LARKEswitchBRiR |, tha] US4 HE
HE R Ef elseffiR, THAERMER , UEFHEERELTE.

scala> val li = List(("apple",3),("orange",2),("cherry",5))
val li: List[(String, Int)] = List((apple,3), (orange,2), (cherry,5))

scala> li.map { case (fruit,num) => num }
val resO0: List[Int] = List(3, 2, 5)

LakliZ—List, EMTRZ— 1 Ztuple, RRKRA, EKEHE.
FEAVEAmapEBERBEA X MList , REUKRBE , AEE —MList. HBAMEHR , B

FA T pattern matchingi® @ , RIBEUKRE ( MEMUItZEE ) |, UEHKE ( KENUMZEE ), Y4
AREmMapBE RRETHE, EREFE—NFHHIList,

16



scala> val misc = List("abc",123,'A"',0.99)
val misc: List[Any] = List(abc, 123, A, 0.99)

scala> for (x <- misc) {
| x match {
| case i:Int => printin("got Int ",i)
| case c:Char => printin("got Char ",c)
| case f:Float => printin("got float ",f)
| case _ => printin("got others ",x)
|}
|}

(got others ,abc)
(got Int ,123)
(got Char ,A)
(got others ,0.99)

B3R EF Lk BHpattern matching3fs. B EFList , 2 BllmatchZListhy Tt &R 2,
unicodeF . Fmi, ERHAM, BXThcaselBANKE , —CEBZZFMENRMAERL , &
N aitss, &RE—1caseR , HUF KTRLEEEEHMBER. XN _SNUFERESKS , ik
EMNRERRK,

scalait B MNHIE Wcase classTifE , ARENBHIEEW , EEsparkmBEANRZ., BRAUT
K85,

scala> case class Fruit (name: String, num: Int)
class Fruit

scala> val li = List(("apple",3),("orange",4),("cherry",2),("plum",3))
val li: List[(String, Int)] = List((apple,3), (orange,4), (cherry,2), (plum,3))

scala> val structed = li.map { case (fruit,num) => Fruit(fruit,num) }
val structed: List[Fruit] = List(Fruit(apple,3), Fruit(orange,4), Fruit(cherry,2), Fruit(plum,3))

Nk, BH5%FEBET— caseclass, ZF NFruit, BEEEN THIENEN, EBEFHT -8
KB M E W List, A5, {# Apattern matchingiB ARBIRKRENHE | HILXHITE
f&45case class , AREREFEHAENBIELEN,

30 T pattern matchingi®Z A AARBREBFN G TITSH. WREFSH , B countdl {710
, BNRMEATSTHANSE.

scala> def main(args:Array[String]):Unit = {
: val count = args.size match {
| case 0 => 10
| case _ => args(0).tolnt
[}
| ...
|

}
def main(args: Array[String]): Unit

2R BT E AAfor {...} yieldBRIRZE L | pattern matchingBRiR t ] LAHiguardiBa , AR 1Tk,

17



scala> for (x <-11t010){
| x match {
| caseiintifi % 2 == 0 => printin(s"got $i")
| case _ => printin("skip..")

LR CEBET1ZEI0 , Bhik H BB BREH 28Ry |, FTENH K, case/GEMIFE AR 2guard
&, RAR#t—THIECREN TR,

ENT. HBREERRK

scalafE LB FEAdef X B F , XRIRHEMIES LirubyZ L, T RE XmainBi % ( X g
AOEBMBEREEL:

scala> def main(args:Array[String]):Unit =
| printin("hello world")
def main(str: Array[String]): Unit

LtifargsEBERTBRITEH, ENHIERER - M FHYE. UntRTEEERRE, EH
BAVEEREE ( REHH Thelloworld ) , FREAKE ZUnit , 3R FCiEE Efvoid.

BANTUEBRERENEN |, scala B S HEE, b

scala> def mytest(s:String) = {
| s.size

I}
def mytest(s: String): Int

scala> mytest("hello world")
val res0: Int = 11

LFRRBE | scalaBzHSHREEXERINt, XEARERN,

BELFERT, scala@ X EBHHESREREYN , INMHRREEXNEZELFEEERE, bl
EIHHER

scala> def myrec(x:Int) = {
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| x match {

| case1=>1

| case _=>x+ myrec(x-1)
|}

1}

case _ => x + myrec(x-1)
A

On line 4: error: recursive method myrec needs result type

LTRB—PNBEAEK , O XEMEREXRBEEN , ERHMMET. HENFXR , MERESR
B TE Mo

scala> def myrec(x:Int):Int = {
| x match {
| case1=>1
| case _ =>x+ myrec(x-1)
| }
I}

def myrec(x: Int): Int

scala> myrec(3)
val res1: Int =6

XR-FERMBENEL , ENTHEn, HTENR1+2+3+ . nHNER

scalaEExE’]ﬁﬁ?ﬂ.E@‘%‘TﬁEiﬁE t4EBE, HiEA, %ii)ﬂzg"éﬁ’ﬂ , ENRE
Z, MREAERATE | HEHiEProgramming in ScalaiXZ&$ | ©&scalafi{EEBH, O
I*J;E’]JEEEO

FRBENEBRERFEZRE , TEERLSRNAR. RERFBFKNIMAERE T | Lz
EXE S B EH.

BRscalaf LB HESIREHER | BifSscalafF X EREMEABARERE, XE—Lit
B BEER, BRI, Z 2 REAIMEENRE A,

TEEH  FASHNRE  REEXNEEEN. scalatEZFmlE ASHNEE, KRT
String, IntiX &R | SHELBE A LR Array, List, case classF 44,

scala> def myfilter(li:List[Int]) = {
| for {
| x<-li
| ifx%2==0
| }yield x

I}
def myfilter(li: List[Int]): List[Int]

scala> myfilter(List(3,2,1,4,0,9))
val res3: List[Int] = List(2, 4, 0)

RS | EZF—MisttE RS, REEFAiZList , TREF2ERN TE , FBERENFHIList
- ERLREIE®E —MList , scalaBzh S HFKH,
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https://www.amazon.com/Programming-Scala-Fifth-Odersky/dp/0997148004

scalaXZiF IS , LkfEASANER |, FAMTHRKELEEK

scala> def myint(x:Int*) = {
| x.foreach {printin}

I}
def myint(x: Int*): Unit

scala> myint(3,2,1,4)
3

2
1
4

scalath Z#FFTIBMZE | BITHEXRENSH., RELET —/NEE , AR AList# TR

B REREH FListEES ., KBWMT :

scala> import scala.util. Random
import scala.util.Random

scala> def subset[A](x:List[A],y:Int):List[A] = {

if (x.size <) {
return x

}

val set = scala.collection.mutable.Set[Int]()

while ( set.size <y ){
val idx = Random.between(0,x.size)
set += idx

}

set.toList.map(i => x(i) )

}
def subset[A](x: List[A], y: Int): List[A]

XNsubsetEH B M ASHE , BE— M THEEXEMLst, UREHENTENR, X TFFAHEE
FIRE  aLAEE—PMNAEZ/RERTR, A B, C, DE AL, scalaf#ties< HaitESHW

HKH,
A HsubsetEB AT -

scala> val li = List(3,2,1,4,3,2,5,6)
val li: List[Int] = List(3, 2, 1, 4, 3, 2, 5, 6)

scala> subset(li,3)
val res1: List[Int] = List(3, 4, 2)

scala> subset(li,3)
val res2: List[Int] = List(2, 5, 6)

N

SHEETURSNMNESDFE , ERUT A,
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scala> def mytest(s:String)(x:Int) =
| s.size +x
def mytest(s: String)(x: Int): Int

scala> mytest("hello")(11)
val res7: Int = 16

X EEUMCurrying®E , ENRAEz—WT :

scala> val mytest2 = mytest("hello") _
val mytest2: Int => Int = $Lambda$1155/0x00000008010c2c78@3f67f5ff

scala> mytest2(15)
val res8: Int = 20

XEmytest2 —MNEHEUE |, scalaB BEX AWK, BEEERpythonkilambda , AR HAIESH
EAEHY, AER—HN.

EARHRSHEBNELM K MEMEBEscalaW ERHBERER , AN Z. FIE/R
SNEY , BELAEZ - TERRBENSH , ELXRE-TMERER.

EN—NMEREYE , BFZHE , TIXREER , RNOXRAKEAN G EDT,

scala> val f:String=>Int = (x) => x.size
val f: String => Int = $Lambda$1159/0x0000000801047800@6c04310f

scala> f("hello")
val res10: Int =5

ERFR—PEHE , FRLRNEREK. ENAASHRERSting , RE{ERInt.

(X) => x.SizeREHEATE N , EhxRIMASH , xsizeRH T SHHNTHRR. RE—1MSH
MiE , x\ENESETUEEN, MREZSANSE , M4AMNLEES,

fscala®, WMASH, BEXREE -—KRFI—ITEHY , ETHHRAERERF , ATEE

EXEHEMHLAR? T EARURERRAHMERE , FHNSBER. BROTRB,

scala> def mytest(s:String,f:String=>Int) =
| f(s)
def mytest(s: String, f: String => Int): Int

scala> mytest("hello", x => x.size)
val res12: Int =5

mE, mytestii@— M an B EHE, BEEZ— 1 StringS#, UR—1TEREHSH.

XNEAEBN@MAREZSting , WHREZINt, AFRANESRE , KA HERXN
RBE L,

21



% A AmytestBiE , A —PhelloF/RFER , IR —MNEBEREBEMR : x => x.size. REEHK
T, BRE@MAFENKE,

XMESEBNERAR , EscalaZ AN 2 , IS HEBRTCHIRE,

BERIHIF:

scala> def mystr(s:String,f:String=>String) = f(s)
def mystr(s: String, f: String => String): String

scala> mystr("world",x => x.reverse)
val res15: String = dlrow

scala> mystr("world",x => x.substring(0,2))
val res16: String = wo

scala> def myagg(li:List[Int], f:List[Int]=>Int) = f(li)
def myagg(li: List[Int], f: List[Int] => Int): Int

scala> myagg(List(3,2,1,4,0), x => x.max)
val res19: Int = 4

scala> myagg(List(3,2,1,4,0), x => x.min)
val res20: Int =0

EMNREHRETEN , FERRRENSHREEATERE. TRRFAN , EXFERH
e AE. BEE, ERHENTH , REREAENFHRE  EA-IMEBRHEER,

&fE, BB implicit class , R ENFR ( LbIStringX K ) KIM—NMEBEXF % , XN
HEEZ—ITELHBIENSE.

scala> implicit class foo(s:String) {
| def strops(f:String=>String) = f(s)
|}

class foo

scala> "hello".strops ( x => x.reverse )
val res21: String = olleh

scala> "hello".strops ( x => x.substring(0,2) )
val res22: String = he

Lsiistrops ik, MEXIStringX KA BHIK AT E , CEZ-IMERRHBENSH. XHXUH
EFEEMEBNXEA , T-HTEINA.
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8 = ScalamE M RN BIE L 1

E—T. SN EE%
FERNEY  REEARBNBABR— MBS, EARANERER - ER. RER
AI—ERATEHEEESRRENSHNES , BRI BHNEK.

ScalaZt A #iiEmiERT , TEMERRETENBESES | LWListEMap, HNXLEESHR
SEHE ENABTHBREEHNER.

tean, $XIListfmapB & ( XEENZmapXMNEA B ZE , MAEMapXEBIELEHE ) |, iR —
TENEH. ENEES—MEBRBENSH.

BRIRBEWMTList, EBEXRI1F0 , RNEXNSNTEM , BBAFAEAmapkh %

scala> val li = (1 to 10).toList
val li: List[Int] = List(1, 2, 3, 4, 5,6, 7, 8, 9, 10)

scala> li.map ( x => x+1)
val res11: List[Int] = List(2, 3, 4, 5, 6, 7, 8, 9, 10, 11)

EifmapEAlist, RAEEARAFBEXNERRE , N8N THEM , #FBRE—MF#List.
X=>x+tTME—TEREHY, XREN—ETVEZRVL. WRTEH , FEABEIL,

mapk) LI & [E] T 20 T forfgh :

scala> for {
| x<-1li
| }yield x + 1
val res12: List[Int] = List(2, 3, 4, 5,6, 7, 8, 9, 10, 11)

HFmapREXFFRAFBENERERE , ENIER T 2EA , TUAXKASHEANKIE

transform,

tean, FHAT AT LA map SR & fhEE i EUA # i,

scala> val fruit = List(("orange",3),("apple",2),("cherry",5))
val fruit: List[(String, Int)] = List((orange,3), (apple,2), (cherry,5))
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scala> fruit.map { case (x,y) =>y}
val res13: List[Int] = List(3, 2, 5)

AT Amap X ik RFI R E , 7 EF=E — N ETRIList.

ESparkRi2E , KEFEF —RIMBHEFL , HRKRDD ( BELIHAKIES ) . HETHEE
EHZEImap,

scala> val words = List("scala","perl","ruby","c++","python","java","lisp","erlang")
val words: List[String] = List(scala, perl, ruby, c++, python, java, lisp, erlang)

scala> words.map( x => (x,1) )
val res14: List[(String, Int)] = List((scala,1), (perl,1), (ruby,1), (c++,1), (python,1), (java,1), (lisp,1), (erlang,1))

EilmapaTHIEREF=E — N FMList, BNTER—N"ttuple , BETY RN B FZNY
IR R B,

BEE B AmapETH~E£ —NMNINBEES  XUFESRBENRFENNIE - update by copy
cERRBHERNBIEESES, EXRIEF , XLESMEBBRENEE , —XHESHE
HBHEE—RE BEETEEBTBERmAE, ﬁ'ﬁ IR ENHEHBRE®KREHNNR. HIit
FE—NMIHNRAR , BRRABANRT2EIENR , XRIETHENLSME,

HEEASHMEES , AR MEEATRHEE—T.

E— EWEHENSHENIBEEN  BUNREES WU URRHES. caseiF AR , XE
LRERTETES. WTFAR.

scala> (1 to 5).map(x => x*2)
val res20: IndexedSeq[Int] = Vector(2, 4, 6, 8, 10)

scala> (1 to 5).map{ x => x*2 }
val res21: IndexedSeq|[Int] = Vector(2, 4, 6, 8, 10)

scala> (1 to 5).map { case i:Int =>i*2 }
val res22: IndexedSeq[Int] = Vector(2, 4, 6, 8, 10)

=, scalaF—MEERE , JUMER SR "RAREANSE. ENEEXNT :

scala> (1 to 5).map(_*2)
val res23: IndexedSeq[Int] = Vector(2, 4, 6, 8, 10)

scala> List("some","buddies","here").map( _.size )
val res24: List[Int] = List(4, 7, 4)

XEpe Eﬁ_ﬂ%ﬁlﬂ‘ﬁ’& AETEE , MRERFARE , BLARALENEZHBEEMT T,
'EF'Elmf*Fﬁ'ﬁE', ijﬁﬁ/ﬁlo

map&E MreduceEEE—EA , ARIIUSKITZENEN . WTR—NERRH,
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scala> val words = List("scala","perl","ruby","perl","scala","python")
val words: List[String] = List(scala, perl, ruby, perl, scala, python)

scala> words.map( x => (x,1) ).groupMapReduce(_._1)(_._2)(_+_).toList
val res19: List[(String, Int)] = List((python,1), (scala,2), (perl,2), (ruby,1))

ERBE—NFRIRK , EXUTENFEHIMRE , AT AgroupMapReduce , EXI R HY
Spark RDDA i ZreduceByKey(), XN A EFRERRESR , BEEEHARF Egroup. mapHl
reduce, mapB LW T , BifreduceFgroup,

reduceFi 2B L FXIZRBAFAENFLRER, LLMAFEERSBAEM , BHEHE AN
KB THRRATHEI,

scala> val li = (1 to 10).toList
val li: List[Int] = List(1, 2, 3,4, 5,6, 7, 8,9, 10)

scala> li.-reduce( (x,y) => x +y)
val res25: Int = 55

scala> li.-reduce( (x,y) =>x *y)
val res26: Int = 3628800

XEB(xy)=>x+yRAFAEMHEZEHE. x,yFMNEASHRTLETXHBHAIN TE,

LK, HBscalaf) B AN , EARBHTUMEMNT :
scala> li.reduce( _ + )
val res27: Int = 55

scala> li.reduce( _* )
val res28: Int = 3628800

AR 4. grouplE ? B fEscalaE I R HYiE £ 2groupBy , BIZRBAFAENRY , IXR#TH
H, BEWT,

scala> words
val res39: List[String] = List(scala, perl, ruby, perl, scala, python)

scala> words.map( (_,1) ).groupBy(_._1)

val res38: scala.collection.immutable.Map[String,List[(String, Int)]] = HashMap(perl -> List((perl,1), (perl,1)),
scala -> List((scala,1), (scala,1)), python -> List((python,1)), ruby -> List((ruby,1)))

EiwordsX KR , FEmapiT/E , F=E— P #FHList. FListthiTER—Nttuple, BETF
B8, MFRARMBIUIE (R1) . AF , groupByBIHRIXMEFTHLIst , HBAFAENR
%, RiEtupleIE— N TR (AIFERL)#HTHE , HERESEHEHFTNR.

scalaiffBltuplefE AR TR MN1FF B , XREHIEE,
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scala> (1,2,3)._1
val res40: Int = 1

scala> (1,2,3)._2

val res41: Int = 2

LR EPTIR | #Bgroup, map, reduceE & 2K , FiF=4 T groupMapReduceBi %k , EMAZER =2
ZiBkey |, AN RH#ITICERS T, groupMapReduce(_._ 1) 2 + )XBH T =N , F

— NS EIETEroupByHIX R , BEZNSHRIEEreduceIN R , FE=NSHRIEEreduce
AR,

XANEBEsparkIRDDFRREERANIEES |, FIURXER TRENFNE. ETUMAIRE
group, map, reduce3k 3= groupMapReduce , XNEEH T, LEruby)EBXNFEZE , &
FEDEIMT -, BAEAGithubT B , MR PER R , HFE—T
groupMapReducei¥ ## 2 # iR,

filterth @scalaB ® A A%, EMAEREMapERZL, 1T,

scala> val li = (1 to 10).toList
val li: List[Int] = List(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

scala> li.filter( _ > 5)
val res49: List[Int] = List(6, 7, 8, 9, 10)

£ X1 R10X MList TR |, B ATFEH |, &= 4E— P HETHIList.

scala> List("hello","world","lofter","soft","leom").filter( _.contains("lo") )
val res52: List[String] = List(hello, lofter)

L — AN FRFIRBITIIE , HHSE 10N FH | BE—MF#List.

filterXy BRI A9 forfEEARERANT :

scala> for {
| x<-1i
| ifx>5
| } yield x
val res53: List[Int] = List(6, 7, 8, 9, 10)

scalai B Mlatten53E , MBAFWEHA , FEIRFHIIK , #HITITEHRE, Hlm

scala> List(List(1,2), List(3,4)).flatten
val res63: List[Int] = List(1, 2, 3, 4)

MR B MatMapF L , ERMEXNBITELW , £mapHflatten, flatMap® FAFEA IR A XH4HHY

TRE L B ETH. NEANSTHRIT—map , BF -1 &H. BEAAaERER
AITHR —MNREA, AETRAWT,
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https://github.com/bitfoxtop/RubyArrayExpan

scala> import scala.io.Source
import scala.io.Source

scala> val lines = Source.fromFile("/etc/Isb-release").getLines().toList

val lines: List[String] = List(DISTRIB_ID=Ubuntu, DISTRIB_RELEASE=18.04, DISTRIB_CODENAME=bionic,

DISTRIB_DESCRIPTION="Ubuntu 18.04.6 LTS")

scala> lines.flatMap(x => x.split("="))

val res7: List[String] = List(DISTRIB_ID, Ubuntu, DISTRIB_RELEASE, 18.04, DISTRIB_CODENAME, bionic,

DISTRIB_DESCRIPTION, "Ubuntu 18.04.6 LTS")
sortBRI#ith R R TEEE NS %L, scalafEiAsortFEMT -

scala> List(3,2,1,4,0).sorted
val res13: List[Int] = List(0, 1, 2, 3, 4)

o0k, sorted75 iR E— P HEF ERIF TR
MREECHEERANGEF , BLBEEMsortBy s % :

scala> List(3,2,1,4,0).sortBy(-_)
val res14: List[Int] = List(4, 3, 2, 1, 0)

EifisortBy ik, HZHSHBEEARFE KXRLRR" "SURF (IXEHER) , ME—

MIRTRR, R R XBIEERRBRY FHITHES,
T, iR sortByR#EZ— 1S #identity, EFZEINBEF , 2 Fsorted B,

scala> List(3,2,1,4,0).sortBy(identity)
val res17: List[Int] = List(0, 1, 2, 3, 4)

scala> List(3,2,1,4,0).sorted
val res18: List[Int] = List(0, 1, 2, 3, 4)

I T BsortBy#EF, KFBtuplefsE = ok, #HITEFHES,

scala> val li = List(("apple",10),("orange",2),("cherry",5))
val li: List[(String, Int)] = List((apple,10), (orange,2), (cherry,5))

scala> li.sortBy(-_._2)
val res20: List[(String, Int)] = List((apple,10), (cherry,5), (orange,2))

sortBy& ¥4 &groupMapReduce— &M , RN ARBEESH T HEFLE, BERAT

=51,

scala> import scala.io.Source
import scala.io.Source

scala> val lines = Source.fromFile("test.txt").getLines().toList
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scala> lines.size
val res0: Int = 100000

scala> val sorted = lines.map( (_,1) ).groupMapReduce(_._1)(_._2)(_+_).toList.sortBy(-_._2)

scala> sorted.size
val res3: Int = 9462

scala> sorted.take(20).foreach(printin)
(the,4995)
(to,3777)
(a,2000)
(and,1837)
(is,1799)
(1,1538)
(in,1503)
(on,1463)
(at,1455)
(of,1439)
(this,1334)
(you,1295)
(that,1174)
(for,1147)
(it,1020)
(be,767)
(not,761)
(from,755)
(with,721)
(are,708)

MERBR2ARNFTHEIUTRG. MAXEE10HT , BT —NE/F. XHFEAFListHIELE
¥, Lt TR ZBITHAE, RE, XX PListk Amap#t T |, 8 NTEERN-T
tuple, 153 — M #FHList, BX XA HListiz AgroupMapReduceig e , B89 AL B TE,
NoTAN TR , EAsorBy# ITREFHEF , BEFHHAITER. KETHNRITLERME20
£

T 2distinctEi %k, FkERSIFRGHE—E, NRFFARESQL , AR HE X MNdistinctREF
28,

scala> List(3,2,1,4,3,2).distinct
val res28: List[Int] = List(3, 2, 1, 4)

MscalaB N iEZF—NdistinctBy##E , ER—NEMEE , XFERAFBENXNFM4HIT
distinct, 30T & — 1=,

scala> List(3,2,1,4,3,2).distinctBy( _ % 2 == 0)
val res29: List[Int] = List(3, 2)

LRI N TRBEBB2BERREE — XD, RBEMNTEE  ELRER , ELATR.
FTLARRGEI TSI RFFANH N TR,
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foldii%k, h 2 ENNHEICREE , eWAERreduceZF % , TIMET —MIBE. T
ENLE—TRRAET .

scala> (1 to 5).toList.reduce( _+_)
val res31: Int =15
scala> (1 to 5).toList.fold(10)( _+_)
val res32: Int = 25

Ik, reduceiRBAFEENAN , WIIRENTREH#THINCRERE, MmloldBETREMNZ
ARRBZT NS (10) |, INSBRFAE , ELROME , EF EXNIBE,

F£ 1. ¥ ffgroupMapReduce

groupMapReduceZscalalf £ BB, X RifYspark 2 FIRDDEE #x L freduceByKey , FR7E
rubyB i BT —MNRA B AW MreduceByKey, —EHNAESERLY , RLEL—REEN
B, BXBEENE,

RNTHEREH - T7THXNEK , K5I A B2 EIMPrubyfreduceByKey i B N RE, X4
R EEAB BN TILIT,

class Array
def reduceByKey
if block_given?

| group_by {|x| x[0]}.map {|x.y| y.reduce {|x,y| [ x[0], yield(x[1],y[1]) I}
else

raise "no block given"
end
end
end

EFAEMHIMBXA—IT :

group_by {|x| x[0]}.map {|x,y| y.reduce {|x,y| [ X[0], yield(x[1],y[1]) I}}
ERELRINE? BES—MNEFNBIEHET.

tbtn, HinTFruby 4 #HA , BN TEHBRWEXHN FHE,

list = ["apple",3],["orange", 2] ["apple",4],["plum",3],["orange" ,5]]
iEBfTreduceByKeyfa, JEIMITER :

> list.reduceByKey {|x,y| x+y}
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https://blog.cloudcache.net/groupmapreduce-in-scala-ruby-and-spark/

=> [["apple", 7], ["orange", 7], ["plum", 3]]

ERBkey KEL)H4A , value (KREE ) BEBAF BE X EREEE TCRRE,

ARERAXANAZRN , EA—MUEBR : {xy| x+y}. ENEASERATAFEENHNEREK
., XMNER RBUZRIES TreduceByKey , AISRIEEreduceaE A ( B0 o

LR B IT A AIrubyKFS | BEMITT —Ngroup_byiR{E , B BkeyHTOH, MITRE , B
BT R,

> grouped = list.group_by {|x| x[0]}
=> {"apple"=>[["apple", 3], ["apple”, 4]}, "orange"=>[["orange", 2], ["orange", 5], "plum"=>[["plum", 3]}

fRE, group_ byl BIRBKRZ#TIE , BZKRETHENEERE , £85I -2 , BE
_/|\§5zéﬂio

BTEMRZEmap L =ENBIEEH , WKRFENBEARTH-P o, XPmapla , &
MK ERBvalueWI 7 , ERRRBFRENKRFZENHKA,

> mapped = grouped.map {|x,y| y}
=> [[["apple”, 3], ["apple”, 4]], ["orange”, 2], ['orange”, 5]], [["plum", 3]]]

FRERR—NPAREBE , BMNFREBETRBEFRENKREZE.,. RENESNFHEABR
T—Rreducet®{E, FAAILLT ., LEANXT 28 — N F ¥ A reducel T,

> mapped[0].reduce {|x,y| [X[0], x[11+y[1]]}
=>["apple”, 7]

R £EreducesE, RHMNEENER -
[["apple", 7], ["orange", 7], ["plum", 3]]

ks 3RAB ARG |, FriBgroupMapReduce %y , bR EIEH 1T T group, map, reduce
=ANEBEHTITE, BE—IRXBHRS

group_by {|x| x[0]}.map {|x,y| y.reduce {|x,y| [ x[0], yield(x[1],y[1]) I}}
EEREMBENEBBKABREZR T, LifreduceEmaptiFEE , map BRI IHIEFAE TERN

reduce#BMITR 7o S50, vieldBBARTHSHELAFNEY , AFNEBEIXHNSHK
fa, BEREELILR (LLMMEMSHERE) -
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E=T. BIEEH

scalaf ¥ & & ¥l collection , T FEZ ¥, B L5 JImutable ( 7JE ) MAAE (
immutable) I KRk, HFERHEXFEENES | scalaBINSG A Rimmutable I EIELE R | B
FETHES, NRREEmutablelIEHE  MEEFIS A,

scalafiB &M REHE X , 20T £scala.collection.immutable 3R #x Ay ik & .

Traversable

TreeSet

NumericRange

EEGE LS N=ES :
1. Set:#iELKE, EEMER—
2. Map: #iEM ST, 2kVIXFM XX
3. Seq:#IEFF, X RE&MN , MR, aERKRList, FEREKZEVector,

Mscala.collection.mutableREM B AMESE S , BN T~EEE
EHER,

ZRIHBANBEENES  ETHREREMEZRE , AB2BEET , RNIRAZERTFIEHHK
BEH, TAENESRRIAS AN , LRI ENBListFE :
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scala> val li = List(3,2,1,4)
val li: List[Int] = List(3, 2, 1, 4)

scala> val arr = Array(3,2,1,4)
val arr: Array[Int] = Array(3, 2, 1, 4)

SetFE=HA:

scala> val set = Set(3,2,1,4)
val set: scala.collection.immutable.Set[Int] = Set(3, 2, 1, 4)

Map7BH :

scala> val map = Map(1->2, 3->4)
val map: scala.collection.immutable.Map[int,Int] = Map(1 -> 2, 3 -> 4)

NFRATENBIEEN , RRETREBRTH , LT EEE N ERE.,

scala> val li = List(1,2,3,4)
val li: List[Int] = List(1, 2, 3, 4)

scala> li(0) = 3
A

error: value update is not a member of List[Int]
did you mean updated?

i iR — N A EESHLIStESS

KR
BREFAEESWArayRE  HELEHRECHE :

scala> val arr = Array(1,2,3,4)
val arr: Array[Int] = Array(1, 2, 3, 4)

scala> arr(3) = 9

scala> arr
val res16: Array[int] = Array(1, 2, 3, 9)

XRANEBAREBEEHRT , BERE[arrayl R EH I FRERE, RECRMvalFHHT
ARG, BRTEEREHIRE , REEFHE,

MAEEHEFEFISA , kAT EHRAFEAArayBuffer, ERFERAARNAT :

scala> val buffer = scala.collection.mutable.ArrayBuffer[Int]()
val buffer: scala.collection.mutable.ArrayBuffer[Int] = ArrayBuffer()
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scala> buffer += 1
val res0: buffer.type = ArrayBuffer(1)

scala> buffer += 2
val res1: buffer.type = ArrayBuffer(1, 2)

AR HIRGTHIER

scala> val hash = scala.collection.mutable.Map[String,Int]()
val hash: scala.collection.mutable.Map[String,Int] = HashMap()

scala> hash += ("str" -> 1)
val res6: hash.type = HashMap(str -> 1)

XEE, EABERED  BNETEEATARESHHList. Set, MapiX/L M4, HMHR
DEMA

LEANKREIANERA (Array ) REA , EREBRBR , BscalaliF XA R BB IHEEERAHK
Ao MNESRHIRENTEE

1 HYHUXVH$ WD, XQBIMW\ RX GHHG IWRU- DYD IQMURS  RUXQBMWV\ RX DUH Z UMY
YHY KWK SHURWP DQFH FRGH DQG\ RX DUH DEVRONMO FROYIGFHG \WDWKH RQD Z D\ \R P DNH IV
IDWWHQRXIK LV VR XVH $ WD\

$ WD\ QHYHUDSSHDLY DWD@IQ QRUP DO FDD FRCH

<RX VKRX@ SUHHUWR X\VH 1P P XWWE®! FRBIFRQY VXFK DV / MWOWXWAYHQ LL \ RX GHAIGH\ RX
QHHG D P XWEG! FRBFIRQ $ WD\ IVOWWKH IIIARCH\ RX UHDFK |RU %HFDXVH IWARP HY GUHR®
IRP WH-90 MMIWD SURSHUG FDO FRGIFRQ DQG DV D UHVXGVKDV P XAS®GI SHEXMDUMAV

FUEEZ , RUBEERAHA, RECHEXLTH,

{EZESetiIMapE R ERAM, FIERFEFAEENHE , BEXRAWHAARREFHRE A #HZEH
BHERZ=R.

scalaf$IE S WAVAP! , BT EHERBFANWE, MRFE T RSN BEELWNAERN
AR 2. #E % 7k Scala Cookbook by Alvin AlexanderiXZ8+5 , 5 B2 B ERIBLS 1T HY BRAE 77 L HR
EHERT — 8o

HIRSHNERRES , RINBRENTEFRETER,

scala> import scala.io.Source
I
| val li = Source.fromFile("words.txt").getLines()
| val set_sw = Source.fromFile("stopwords.txt").getLines().toSet
| val hash = scala.collection.mutable.Map[String,Int]()
I

|
| for (x <- i) {
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| if (! set_sw.contains(x) ) {

| if (hash.contains(x)) hash(x) += 1 else hash(x) = 1
[}

|}

I

| val sorted = hash.toList.sortBy(-_._2)
| sorted.take(20).foreach {printin}

(message,28796)
(send,25714)
(unsubscribe,20906)
(2022,19696)
(file,19650)
(list,19502)
(mailing,15676)
(2021,15589)
(jan,15365)
(100644,14259)
(mail, 14189)
(diff,14173)
(email,14148)
(return,13829)
(code,13198)
(pm,13172)
(data,12785)
(group,12566)
(feb,12483)
(problem,11961)

FRREBEARBFERRIT. TRBERBEXH (BT—1NFR) , REIBEEWE, E=E
stopwords CREBFITIE ) , MiEset swiX/NSetEHWE, REFH T — NI ELEHE FMap
EEAHERE | B idEEstopword, EEHMK , WEMap@E T Fhkey , BILEEMT ,
BENRMFENRICA 1. IHERITHLERMMETMapE , REHFITENSLITHIR,

BEE LRI NABIESEY , BT 2ListtE T 2Set , E-R S —F4EH |, WMIterator, Iterator
BHITHBIREEN , ©TE T E{dcollection,

scala> li
val res1: Iterator[String] = <iterator>

lteratorf)fFtE 2 —BIEHEHIT , ZRREIW—X. LW ERBFNITET , BERISH , B
RUBLBZET,

scala> li.foreach(printin)

scala>

ATIBEMERITREEFTENIMEST T, Miterator#EITmaplIBHEF 25 LT , REESE
Emap&E RN EHE , F2EIENIT, BRNBOT R

scala> import scala.io.Source
import scala.io.Source
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scala> val fd = Source.fromFile("/etc/Isb-release").getLines()
val fd: Iterator[String] = <iterator>

scala> fd.map( _.size )
val res0: Iterator[Int] = <iterator>

scala> res0.toList
val res1: List[Int] = List(17, 21, 23, 40)

scala> res0.foreach(printin)

N, fdixMterator , #1477 —Rmap , BEIRE R —Mterator, X NEHEmMapHEBEIER
1T, EEIITtoLisHEE , mapF 1T T . BIRTERERH lteratortb EZE T |, foreachiEff AT [El
%, XMEBEERIT, SparkEXEFRTXMEN , IESITERE,

RNALERXHBENRE—Merator? XEEHTRENZE, EAXHERT , MRFX
Miteratordsie B List , D ERNEFMEH T, XRlteratorfE X LHEE,

{B 2 lteratorX 3 & FlshufflelVIRIE , RTEERITH . X2 E AshufleBFHIEIT HBEFHEES
HE , FRIEZRFRBIENIRIE. Miteratorfy JtE R BEpresent once.

groupBy#sortByix L& @shufflei@{E , BN EEE XY Iteratordd RIHIT-

HERBRABEFRF , BINEEMAIRMEEIE. T Espark. hive , E=2drill, impala , X
TEHMIZUEMDEIZ , ZAGHTFTEEEE. BRNEEFEMNABEBRMBEE | b
HDFS, S3, Mysql, & Z 2k (streaming) , HiEE X LT L8 | BIE XK. CSVH , XE
JSON, Parquethl, &%,

XEBBEMHEIIRNTF , RAE-—MRBEEHE , EPLstRANRZH , SetfiMaptt BERA.
HIEMEIBBESEHE , R ZAERESHNERE , XRE\ERTIHE , 2R, LR, 24, 5
F¥F.

MBEXHERNEIARK, BB WscalafibBERT |, ERMEEsparkiX o A1t E 5|2,
spark#JRDDitE 5|2 |, ifEARscalaR UM S EH, TEIRIEXTHEHITE , HEVIME

WEDAXRLEET ., FTAZETRE |, Hiscalaff KINR YR FsparkFF KIAR |, BRINE
EEN:UE N

ET. mIFENGE

scalaBE Al LMENIZAZETT , RATRIFERIVMEEN JarE. X TRIEBEEBEITHES , TR
FERITHRERES, scalafBRIANmFNHETERsbt. TEHITEMAZEMEAsbto

sbtE#EAsdkmank# TR, XTFsdkTEWNFER , FXEscaaFi—TE2LENE , XEB
TEER, ZETskIER , BTN TSR Esbt:
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$ sdk install sbt

BEAEESIKZEN R | BT EErootf R,
THETE, B STHM At AT AHARERN AT :

$ sbt
copying runtime jar...
[info] [launcher] getting org.scala-sbt sbt 1.6.2 (this may take some time)...
[info] [launcher] getting Scala 2.12.15 (for sbt)...
[info] Updated file /home/pyh/project/build.properties: set sbt.version to 1.6.2
[info] welcome to sbt 1.6.2 (Ubuntu Java 11.0.14)
[info] loading project definition from /home/pyh/project
[info] Updating
https://repo1.maven.org/maven2/jline/jline/2.14.6/jline-2.14.6.pom
100.0% [#HHHHHHHHH] 19.4 KiB (88.3 KiB / s)
[info] Resolved dependencies
[info] Fetching artifacts of
[info] Fetched artifacts of
[info] set current project to pyh (in build file:/home/pyh/)
[info] sbt server started at local:///home/pyh/.sbt/1.0/server/60070a2b98c3d69a98e6/sock
[info] started sbt server
sbt:pyh>

EXERshel 25 Ahelp il AFEap S HED ¢

sbt:pyh> help

<command> (; <command>)* Runs the provided semicolon-separated commands.
about Displays basic information about sbt and the build.
tasks Lists the tasks defined for the current project.

FAIBE AT LATEsbt shell Bz 1Tsbt@n© , tbini Acompile# {T4Hi¥, Al LAEATZITsbtin©
, b in#Ebash 2 i Asbt compile#t T4 1%

sbt:pyh> compile
[success] Total time: 1 s, completed Mar 15, 2022, 8:50:41 AM

TEFEAsbtE— PRI E | SRADWT

FELinuxRS 20T E B F , tkiitest

¥t Bltest B 5% , i&21Tmkdir -p src/main/scalat| 2R B &
ttestHXE |, #Ebuild.sbtX ¥ , EEMENABERFEER
TEtestH FHMYsrc/main/scala ™ , fEtest.scalaf2F X # , AR MR
TEtestB FKE | i21Tsbt compile# 1TiR1E

MBmFBET , BiZ1Tsbt unTEF

Al 3% {# fsbt package kT 22T

Nooabkowh=

REBERER  BINEERG R RBtestE Fo REHBXNEF , HEBbuild.sbt3# , AN
BINTF:
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name ;= "test"
version :="0.1"
scalaVersion :="2.13.8"

libraryDependencies += "org.scalanlp” %% "breeze" % "2.0.1-RC1"

XA e Escalall B HEZRE | s fiS.
FER  EREIT , SHAETHT. UREYR , MITEEZR , RE 12T,

L ERE BT

E—{T:-HEETERTF

BT B ETE A

BT HEEARRMEFTEAMscalahi &
EPU1T B E AR E T EER AW

N =

E={TH—IREAT, KE—ITHEELEBHNEN , BTSEX D EEA A,

M52, AED 5% 2 FHN=1E , 25 RFREARd, ITHid. BITHREAS, XERTMNET
breezeiX M&H , B H EMRAS RMEscalabI kA ( FRAFRNE D 5"%% &~ R BEscalafd ik
), EITHRASZ2.0.1-rc1,

B2 5Ebuild.sbt/g , EEGIBFRERB, RRBEENM Tsrc/main/scalaFEXT , MEZKER T
FIBEXMNEF,

fEsrc/main/scalaB & T , BlZtest.scaladX#f , HEMT :

import breeze.linalg._

object Mytest {
def main(args:Array[String]):Unit = {
val m = DenseMatrix.zeros[Int](5,5)
printin(s"colums: ${m.cols}, rows: ${m.rows}")

}
}

HREFE, g breezeiX MNRIZITEE, BEEN —PMESHR , BF IMytest, EXNR
B EXAOERE , BFAmain.

mainE R T —H4E, QIE—NoxSWFZRIERE |, WIRERN0 , REITMNEMFENTIK, T8
, EH T,

KBERGE , BEZtestB % , Z1Tsbt compile#1T4H1F :

$ sbt compile

[info] Compilation completed in 18.843s.
[success] Total time: 31 s, completed Mar 15, 2022, 9:13:08 AM
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RELREF , CEITHMEENGRBET. FRETHE , IRERXDLBNEELNIRER, EBE
, TfTsbt runEHITIERF,

$ sbt run

colums: 5, rows: 5
[success] Total time: 2 s, completed Mar 15, 2022, 9:13:34 AM

mkE, BERITER , T TITHH. &E—1THsuccessRRHITH I

LEY , BASTMTRS , EEsbtBNERNE FEH .

$tree -L 3

— build.sbt
— project
— build.properties
L— target
— config-classes

— scala-2.12

L— streams

— bg-jobs

— global-logging

— scala-2.13

— classes

—— sync

— test_2.13-0.1.jar
—— update

—— zinc

— streams

—— _global

—— compile

—— runtime

L— task-temp-directory

HEBFREME | B 7 build.sbtflsrc/main/scalaRMF I OIENI , HibE 2sbtBH s ERM
B%. EESfFEprojectB % , AXREFEHRM B EE ; U KtargetB % , AXREHRBERXH. HAb
target/scala-2.13/test_2.13-0.1.jarft 2 & K #9jar3C 4,

Et, BN EREETT. XTsbtWEZIEE , BSEHE =
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EMMZE Sparkf@ N

% —¥. x FApache Spark

Sparkz&databricks A B EF 2 M X ITERH , RApache® THFRIMEB . XMRHEEA
FoHmXitEIEE, STERINEKLR Tscalal S HBARSTHRIEITE |, HBscalag 2z
1THY, BIEEXMIE , TRARERE., MSparkRTXAREE , ©ERITEREN 2 HNIT
ERESRSW,

B %, & ¥ TdatabricksZt T A4 XS L B+ {earning Spark. Second Edition), XA $ FA
BEHEZAEN , MABNIEEY. MR SparkTHE , BAEXABAITHREB T,

SparkE#EI B B2 R T B HadoopfImap/reduce ( BI#MR ) o FA1HEHadoopERiAKIMR
EEE, EENTIBP SR INBIEIIRBEEZFHDFS, MmSparkit{t TEXANEE , ©£
BEANFPERITETES |, teEEX THadooptIMR , KIERAZKTEZR L,

Spark HETRBEIZ.2MRA , XIMRAHNEMRBELRE TRALE. CHHREHENT

Spark SQL and Spark Streaming : . Graph
DataFrames + (Structured MachmMeLll_iiarmng Processing
Datasets Streaming) Graph X
Spark Core and Spark SQL Engine
Scala SQL Python Java R

&IE=2Spark Core5|2 ( h i 2RDDITE ) ARSQLEIZE, FHEM E , BN TEAISME
R N FAKIAPI

1. Spark SQL#dataframe, datasets API

2. SparkiitAPI, @&DStreamFf1& 1L

3. #HlEe=EIMLIib API

4. BitEAPI Graph X

SparkB AR NITE T BT R
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- N
Spark Application / L Spark Executor
Spark Driver +—> [ Cluster Manager }
'\ ' N
\ > .
© Core Spark Executor
o

RPN ANBESpark DriveriXE |, ZRBEEXWES , BidSpark Sessionig2 3 E|Spark
ExecutorBBE 1T, Executor—NEEEE , AT LLHCluster Managers kKt 1TE &,

SparkRANRMAX, FHRIESEHIIZSNTYENSZ LMITHTSE | XthESpark K #iEA

B ES. MTERR.

/’

-

Spark Executor

‘\

J

-

Spark Executor

}

o

Spark Executor

J

O Core

[] Partition
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b —

1. £ Spark

H M 1Escalafy @ — A Hl85 E R dRsparko MBIXFTR , BAICKLRHER T —AFHNELY , &
=21TAMD#%;, 1GBATE, T ubuntu 20.0 G4GIIRER S,

sparkfIREF LR LIERE | BFEAHER, standalonetE X, EHEXF, HTRNX
BRE-TERNEHN , HiEFERmEN,

B %, THESpark&#FhRA , HEMRAR3.2.1 , FTEITEEIL,

FELinux#les £, WA T &SR T Hspark-3.2.1.

$ wget https://dicdn.apache.org/spark/spark-3.2.1/spark-3.2.1-bin-hadoop3.2.tgz

TEERE , FAtari S RBEXHZ,
$ tar zxvf spark-3.2.1-bin-hadoop3.2.tgz

BIFEFE—1T#HE R, FXANEFBIHEER/opt/spark:
$ sudo mv spark-3.2.1-bin-hadoop3.2 /opt/spark

YmiB PR B %KY .bash_profileXX# , FIEUTHEA :

export JAVA_HOME=/usr

export SPARK_HOME=/opt/spark

export PATH=$PATH:/opt/spark/bin:/opt/spark/sbin
export PYSPARK_PYTHON=/usr/bin/python3

ARE. BRI Hfishell, BEHZM , UES LRTREEEN

BEIEME |, m{Tspark-shellif AR BERRENIE :

$ spark-shell
Welcome to

/1 /1

WV T

I/ N,/ /I N\ version3.2.1

1]
Using Scala version 2.12.15 (OpenJDK 64-Bit Server VM, Java 11.0.14)
Type in expressions to have them evaluated.

Type :help for more information.

scala>
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XBMAILLT |, RKipZRAPRERIXLEE, BF EifscalaiR R , RRETRERAZE
g 2 %“,LZFJBTILTJE;EscaIaE’JREPL,Tﬂﬂﬂﬁ?sparkﬂ’] LERENR,

SparkA & {# fiscalaFF & , TEspark-shell® , RATLAE A #E MW scalaiB ARBEERF
BixEsparkNENEE :

Note that Spark 3 is pre-built with Scala 2.12 in general and Spark 3.2+ provides additional pre-built distribution with
Scala 2.13.

ik 2 ispark 3.2i5 2 fscala 2.12FF & , {B121# T scala 2.13MEB 5 M NTheE. BEE
spark-shell 2 {# fiscala 2.132 ;& H R, {ENRE Aspark-submitiZEREFS , WEERE
scala 2.12kR A&,

RNEERN , BINERZELRL Escala 2.12. 1504 -

$ sdk install scala-2.12.15

TETRE, FHMTaSEYFIshel 2E)#52.12.15:

$ sdk use scala 2.12.15

Using scala version 2.12.15 in this shell.

fRscala—# , sparkBEATLAERX B R shell ( REPL ) 2FARERE | LA LUFEF KRB RZR
fTakE, @dspark-submitR REEFHH#HTITE. REEGEIETE , TEHHEEREXshell
B {f fscalait TRz

E=T. N 4fEHApache Spark

{#AsparkiEHARSZ, B EFRTF:
o {#FsparkfJRDD APIZEF SN 3 iE
e {¥Fsparkfdataframe APIX &L BIEH ITEREN
o f{ffsparkfistream APISEERREW , £

AT, FERBUESUT | sparkfIZESEFEWRZ, LbiE RN ApacheiE T B FF IR~ @flink, impala,
drill%, #iAsparkE LBV IhEE, BB Aspark A ge3hii — R 0E 2

XEFERZER,. REEN — L Rspark2REFRAFITESIZH, F2010FEK , EF
XEREN D HRITES|ZHadoopiER1E , BIT—MNKEBHEZEZE/LNDEHEE, T2
sparkiEZE ittt FIANHXRNEITE , KIgRA TIHESIZHRE , FIEFE/LNDIEH
B, EIL9HARMETHK. spark&ER N2 HRNAFITENT , eELABEZIAT,
JLERRTIRRE , ERETHEHA REELEZFT] TsparkI R,
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4}, sparkGscalaE 21K , EEER, scalafIHIRIREAPIREKX , SMERBKEEK ,
JRAPIE} €5 1%o@scalaiZfii T TJVMAFHRSE , MAKRW XY |, 7Rk scalal 7
H o X FshuffleBRENEVIRIE | scalaNBWI X RACEBHFIZLIER . MsparkeENE T AE
EEMEE, BRE—NRBE2GYERNENNEL , hee BN B4GH X4 , FiBgroup,
sontBHELEN. XRE4EWscalafTJRERN . X T IAFLEBRAXHNEERR , REL
EX—EEE , AR,

scalai AsparkiViF b EMEZ A |, LNFENSHEBEETHREREFE , BEXFER
EHEANESTEYE , BANKRELEBENFHRIIBEZSSE, scaafFiEHYE , BEXEEKE
17, MIELEHME  ENRERX BT | case classtt#F |, implicit classtt i |, FEspark B &8 A AT
BINERNER, XMBEEMBSAPIFT AT LM,

—PNEXWBER , Dweb REB[BW AL, XEHRBR BESIFFIIM/LTAG , AscalaREE
EXNWENLEEY, BR , e FsparkERE | B AR BT Ascalafy BizigER
ik, MsparkfI D RAAGFEITENRE | REWXLEHRIET . sparkBEIERNM T A FEBEMMLEL

FERAANXMARMSHAFEE. EXRBEENETNE T WA EsparkEEBwebRSS
RS,

My SQRL % elastic

. 8 otk

55‘8 ?22 & redis
HERSE and more...

L& Omongo

cassandra

Spark K BIXAZE | GANMBREDS LN E, EABRENSE , sparkiitt—i1 , KA D/
KAFITENRT. MNP EMTR |, EI RS ERCIsparkE ST , M ESsparkE
BAKRNZRIIEERSZ. WEEFR , SQL, NoSQL5|% , Hadoopr=fm , 5% , #HE
spark RIFHIER ., XBRTHAFNIEE K BETHEFAXNXE,
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ERE SparkRTEINE

%E—Ti. £ ARDDYRTE

RDODRFREMED M AKIESR |, ©EsparkHTIE2THEM , th2spark#core APl, sparkixER
1Rt TRDD API, E3RHISQLE I M B E L EM EARERN. MENTERMABT,

Unified Apache Spark 2.0 API

Untyped API

+ DataFrame = Dataset[Row]
« Alias

Dataset

(2016)

Typed API

Dataset[T]

NBZHNEMCHBENERTS | YA Wspark® , B2 % EXEFEHARDD APl, BF
mIER:
1. RDDAPILLEIE , MSQLE|ZESEMRILEN. ETSELMLBRENAESITHES ,
{HFASQLEI¥/IAPI, thkindataframe, WEEEHB S,
2. RDDAPIEREFRKEM , TESQLEIE , AIEZEESQLXEN, MSQLEEBAAR
EBRE,

S , FHARDDtE B KA , LbINBIEF AT H S S FMtransform , ARDDS S ERZ, 3
5\, SQLE I ZE 2 HNEMLHIEN , MRODIN T HIERE | £MLH., HERH. LR
BIELIE, ERRT LA,

ELERBERRAEEEEXF /LI B2 E#, LLMRERBIEERDDEBXTK , ERK
dataframeXy R , BYl#f K dataframe APIE TR S 1T,
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RDODHREZEO XA EN X MEE, EATLUERENATBN SN R, XERITERHEX DR
FEB 4 : transformationFlaction, BIE BEMERITH , X TEMRMITREscalafi—Z 2 EL ¥
o, @S2, IENEBRENEHTARE LT, BEREREE , TEEEMBHNIT,

L R FFHBRDDARIE Z Fio

B Jc i Aspark-shell , $TFFspark® X B X shell :

$ spark-shell

Spark context available as 'sc' (master = local[*], app id = local-1647321502887).
Spark session available as 'spark'.

Welcome to

Using Scala version 2.12.15 (OpenJDK 64-Bit Server VM, Java 11.0.14)
Type in expressions to have them evaluated.
Type :help for more information.

MEMRE LRI REFIN—# BRI XETENET
1. sc:{{Fspark L FTXX R , HIERDD4mEREEN
2. spark: X FsparkSEXNR , HESQL5I B wmiEEDO

7RDDE, EMIEEFEAscXIMNEXE, b :

scala> val rdd = sc.parallelize(List(1,2,3,4))
rdd: org.apache.spark.rdd.RDD[Int] = ParallelCollectionRDDI[0] at parallelize at <console>:23

N EList(1,2,3,4) 2@ AR , ZdscX KMparallelize 5E##E , AN —RDDX K,

XARDDX & 7] LAfE A transformationMaction i KK B HERBIEE. XEFEAZHE
=M EE

EBATE —MEE I map:

scala> rdd.map(_+1)
res0: org.apache.spark.rdd.RDD[Int] = MapPartitionsRDD[1] at map at <console>:24

mapEEa FEEILZITHNE R | X2 R Ntransformation 2 EERTH . FEiFH —action
¥, TEEFEECEERTHNEM, collectFhi—NactionERKEE,

scala> rdd.map(_+1).collect
res1: Array[Int] = Array(2, 3, 4, 5)

taketh 2actionZE &K | LLINEEI2ANTTE
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scala> rdd.map(_+1).take(2)
res2: Array[Int] = Array(2, 3)

reduceZactionZE ARy | tban :

scala> rdd.reduce(_+_)
res3: Int =10

HARE—PRBRRG, SiHKRNBE

BRIRE —MNERIEXM , H10001T , BITEE-IPMKREF, BRINSU T AKRNBENEF, X
THIEXHRELERET LSBT,

TEspark-shell B, B MBIX N XHEIRDDI R :

scala> val rdd = sc.textFile("data/fruits.txt")
rdd: org.apache.spark.rdd.RDD[String] = data/fruits.txt MapPartitionsRDD[5] at textFile at <console>:23

scala> rdd.count
res10: Long = 1000

ABRHRATMTEIRITERIT D

scala> rdd.map( (_,1) ).reduceByKey( _+_).sortBy(-_._2).collect

res6: Array[(String, Int)] = Array((Longan,47), (Watermelon,45), (plum,44), (carambola,39), (pear,37), (fig,36),
(strawberry,35), (betelnut,35), (apple,34), (mango,34), (banana,34), (muskmelon,33), (tangerine,33), (Lemon,32),
(orange,31), (loquat,31), (Waxberry,31), (rambutan,31), (peach,31), (persimmon,30), (Cherry,30), (juice,29),
(honey,29), (papaya,28), (coconut,28), (pineapple,27), (durian,27), (Kiwi,26), (lichee,25), (olive,25), (grape,23))

HINBISUNERR—IMEE | @2 TAkENSARERIT  UREBENSIDHRF.

ENEITERER , FATOTEMEEK

1. map: FHANKRS , #HiRkHA(apple, 1)XFkVER Btuple. EEMRDDITEESE ,
HATREF R HIW,

2. reduceByKey: iX/NXt BiscalalR 4£1& & fgroupMapReduce , ZEBIE N ET B M
o, FRIANEBEELBEE—F. XIIMHENERAR K RBRKRES2E |, FAkRHEH
THEMLCE,

3. sortBy: #ZE&tuplefIEE — 1tk KR #=E) B 1T FHES,

BE—1TcollectFEEMEE , ©Raction® I , AT Z B transform3Z 1T,

B%& —HRreduceByKeyBR#, XNEBANERS 2 , ©Rreduce A , AT o4H%T.
SEZMT R,

scala> val fruits = List(("apple",1),("orange",2),("apple",3),("orange",4))
fruits: List[(String, Int)] = List((apple,1), (orange,2), (apple,3), (orange,4))

scala> val rdd = sc.parallelize(fruits)
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rdd: org.apache.spark.rdd.RDD[(String, Int)] = ParallelCollectionRDD[0] at parallelize at <console>:24

scala> rdd.reduceByKey(_ + _).collect
res1: Array[(String, Int)] = Array((orange,6), (apple,4))

reduceByKey#1T/a , MIRBKRBHTHA , A RIESANBERTHEMN. XMHEERHE
ARKNVXFER |, BI—M=ttuple, _+ BRFRMEEHME , EXE—PEBREH , TN T
U, XREZEfscalaN BERERET,

scala> rdd.reduceByKey{ (x,y) => x+y }.collect
res2: Array[(String, Int)] = Array((orange,6), (apple,4))

sortBy=m B & # , RscalaB REMsortBy IRV F—# , BE— M EEFRNSFM4. WTAR.

scala> rdd.reduceByKey(_ + _).sortBy(-_._2 ).collect
res3: Array[(String, Int)] = Array((orange,6), (apple,4))

XN EFRAERRE  BRtupleWEZN TR (HE ) , #TEFHI

Rscala[R £ 1EE —# , sparkBYRDD B A distinctE 3K :

scala> val rdd = sc.textFile("data/fruits.txt")
rdd: org.apache.spark.rdd.RDD[String] = data/fruits.txt MapPartitionsRDD[10] at textFile at <console>:23

scala> rdd.count
res14: Long = 1000

scala> rdd.distinct.count
res15: Long = 31

E Wifilter= B B Ek th iR scalaf B 2AS —#% -

scala> rdd.filter( _ == "apple").count
res17: Long = 34

B&EE — 1 E#groupByKey:

scala> val rdd2 = rdd.map( (_,1))
rdd2: org.apache.spark.rdd.RDD[(String, Int)] = MapPartitionsRDD[16] at map at <console>:23

scala> rdd2.groupByKey.map{ case(x,y) => (x,y.size) }.sortBy(-_._2).collect

res24: Array[(String, Int)] = Array((Longan,47), (Watermelon,45), (plum,44), (carambola,39), (pear,37), (fig,36),
(strawberry,35), (betelnut,35), (apple,34), (mango,34), (banana,34), (muskmelon,33), (tangerine,33), (Lemon,32),
(orange,31), (loquat,31), (Waxberry,31), (rambutan,31), (peach,31), (persimmon,30), (Cherry,30), (juice,29),
(honey,29), (papaya,28), (coconut,28), (pineapple,27), (durian,27), (Kiwi,26), (lichee,25), (olive,25), (grape,23))

XNMEBEXTRENEY , EXERANEREY. ERERE - Ttuple L, THNAAR
kIvEiiE, RiEkey 1T H, MEBRTUW T RH,
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scala> val tmp = sc.parallelize(List(("apple",1),("orange",2),("apple",3)))
tmp: org.apache.spark.rdd.RDD[(String, Int)] = ParallelCollectionRDD[29] at parallelize at <console>:23

scala> tmp.groupByKey.collect
res25: Array[(String, Iterable[Int])] = Array((orange,CompactBuffer(2)), (apple,CompactBuffer(1, 3)))

BRETRENBIELEN , BAEgroupByKey 2 i THEM T,

BE—TsortByKeyl#, EREZ—1SH, HERENAFHS , HE5EKIEHERKey.
scala> tmp.sortByKey(true).collect
res3: Array[(String, Int)] = Array((apple,1), (apple,3), (orange,2))

scala> tmp.sortByKey(false).collect
res4: Array[(String, Int)] = Array((orange,2), (apple,1), (apple,3))

wmk, S¥AtrueWERAFAFHES , S¥falsely iER A REFHES.

RDD#JcountByKey %k, 21R#EkeyF L EMNKEY, B A countE NactionF & |, FTLA
countByKeyth 2acton/i% ., R T R,

scala> val tmp = sc.parallelize(List(("apple",1),("orange",2),("apple",3)))
tmp: org.apache.spark.rdd.RDD[(String, Int)] = ParallelCollectionRDD[2] at parallelize at <console>:23

scala> tmp.countByKey
res1: scala.collection.Map[String,Long] = Map(orange -> 1, apple -> 2)

RDD APIiZE — MR FERMEE , aggregateByKey , BEZ =S : F—INRWHAE , 5
ZARARAMCREY , FEMRoX 2B CRER. IRVKRERKONE , EMERR
reduceByKey —###7, stackoverflow £ H—MIEEIFHER , K5I HOT,

scala> val pairs = sc.parallelize(Array(("a", 3), ("a", 1), ("b", 7), ("a", 5)))
pairs: org.apache.spark.rdd.RDD[(String, Int)] = ParallelCollectionRDD[10] at parallelize at <console>:23

scala> val resReduce = pairs.reduceByKey(_ + _)
resReduce: org.apache.spark.rdd.RDD[(String, Int)] = ShuffledRDD[11] at reduceByKey at <console>:23

scala> resReduce.collect
res5: Array[(String, Int)] = Array((b,7), (a,9))

scala> /[0 is initial value, _+_inside partition, _+_ between partitions

scala> val resAgg = pairs.aggregateByKey(0)(_+ , + )
resAgg: org.apache.spark.rdd.RDD[(String, Int)] = ShuffledRDD[12] at aggregateByKey at <console>:23

scala> resAgg.collect

res6: Array[(String, Int)] = Array((b,7), (a,9))

RDD#flatMapiR scalal& & #flatMap B % th JLF—# -

scala> val rdd = sc.textFile("/etc/Isb-release")
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val rdd: org.apache.spark.rdd.RDD[String] = /etc/Isb-release MapPartitionsRDD[65] at textFile at <console>:1
scala> rdd.flatMap(x => x.split("=")).collect()

val res21: Array[String] = Array(DISTRIB_ID, Ubuntu, DISTRIB_RELEASE, 18.04, DISTRIB_CODENAME, bionic,
DISTRIB_DESCRIPTION, "Ubuntu 18.04.6 LTS")

& T mapiRflatMap4}t, RDDEE M BB mapValues , B XTkVEER |, H B R E# 1Tmap
s EBRMNBWOT R,

scala> val rdd = sc.parallelize( List( ("apple",2),("orange",3),("cherry",4) ) )
rdd: org.apache.spark.rdd.RDD[(String, Int)] = ParallelCollectionRDDI[0] at parallelize at <console>:23

scala> rdd.mapValues(_ + 1).collect
res0: Array[(String, Int)] = Array((apple,3), (orange,4), (cherry,5))

L ikmapValuesZ & F 40 T map:

scala> rdd.map { case(k,v) => (k,v+1) }.collect
res0: Array[(String, Int)] = Array((apple,3), (orange,4), (cherry,5))

WFARBEBES , KEERHEER | takeSample BB AREIIX — BB,
scala> val rdd = sc.parallelize( (1 to 10).toList )

rdd: org.apache.spark.rdd.RDD[Int] = ParallelCollectionRDDI[5] at parallelize at <console>:23

scala> rdd.takeSample(false,5)
res2: Array[Int] = Array(5, 4, 8, 9, 1)

scala> rdd.takeSample(false,5)
res3: Array[int] = Array(8, 2, 4, 3, 10)

BENEBE - N SBEERBANEERE | LikfalseR—MRE , RATFTESEXRKE, 8
ZOSHERBENDH.

E1. EARDDRE W SR

Spark RDD#J} €5¢1 o X%on 4ME SR EIERN. BRAIAREMILEIE , XA R ¥ £
. EZELEMLNEBIE. ENTRAE , RIFEARDDREAWebRFJ|NIHRABE | X2
—FhEa Y p 4 LML IR,

weblRF MR AR , BIHBE TG, IFNWASRAEEATXNIMERENFZ L, FEHNR

RKEUFEIR K BsparkiXHEWN TERA U ECETERER. KR T sparksh , B Apache Drilltz 3z
HFwebfR%E5 HENE#EYE , WL ARERM 2T HE.
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BENE—PMBERBRXH , B Raccess.log , ©2E T AP iFRIApache httpd RS 8589 B &
— M RERMERIPEIT , BEREZDE—IPHE T RN, XANEIT T AN TRDD
BifREM,

scala> val rdd = sc.textFile("tmp/access.log")
val rdd: org.apache.spark.rdd.RDD[String] = tmp/access.log MapPartitionsRDD[70] at textFile at <console>:1

scala> rdd.map(x => x.split("""\s+""")(0)).distinct().count()
val res22: Long = 189

ECRBWERR , BAMBAEXHZIRDDI R, EEHRIT—Tmap , IBBITHARE , KR
ERDBIFE, FE—1NHEHE, IPMNBEANE - TEFZIPHbHE | RO FEIMBEH P L,
REX P EA | i=1TdistinctF% , BEIE—IP, BiEfTcounts % , SEIE—IPBAER , X
MEREMER,

MEIEFHEIPHBI10BRE 2 ESTUTEH,

scala> rdd.map(x => (x.split("""\s+""")(0),1)).reduceByKey(_+ _).sortBy(-_._2).take(10).foreach(printin)
(141.101.105.219,656)
(172.70.142.3,263)
(162.158.159.91,47)
(172.68.110.165,47)
(172.70.90.139,47)
(172.70.162.61,47)
(141.101.99.236,47)
(172.70.147.105,28)
(172.70.54.225,24)
(172.70.142.237,16)

PR RBEROT
o BHEXIHEZEITIZEI{Tmap , BUHIPHbHE , i1 E—NF1 , H—=TtupleFiR[E,
o NAE=ttuplefIERA , iE1TreduceByKey5 i , XEMkey2IPH#EE , Xfvalueth TR
MEE, FEITRIFIPHUSC S HE,
HinfTsortBy A%, IRBILEMBE , #TRFHEF.
HH4ERMFI108 , BIRFHITITE,

MRENEEFAWLER K[ HR T MY |, BLASTUTESR,

scala> val regex = ™™ A"\ r
val regex: scala.util. matching.Regex = .*\"(.:*)\"

scala> rdd.map { case regex(bot) => bot }.distinct().count()
val res25: Long =73

scala> rdd.map { case regex(bot) => (bot,1) }.reduceByKey(_+_).sortBy( -_._2).take(5).foreach(printin)
(Mogzilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, Ilke Gecko) Chrome/85.0.4183.102
Safari/537.36,655)

(Mozilla/5.0 (Windows NT 10.0; rv:78.0) Gecko/20100101 Firefox/78.0,351)

(Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/88.0.4240.193
Safari/537.36,262)

(Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/74.0.3729.169
Safari/537.36,188)
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(WordPress/5.9.3; https://xxx.com,27)

FRRBHEBOT
o F—AENT—NMENREX A ATEESEE—IMNEISENAE , BifUserAgent,
o FE1T7EmapE FcaselB @RI T X WEET , HiEI distinctMcountH & , 1527 R AIME

— XA E,
o FE=-ARLAEFWHFIPHIONFER—HH , XEEW RN KRR S
HE.

HE/RT fEweblRE T BTN | AT L AsparklIRDDFREHEMEENEHE, X2
RDDEI— KA RS,

BE=77. RDDEHHI ERE

SparkfJRDD1R} €51t EXF{MHEIFERANEN | E A EH X B IEMiransform, ER |
RDDHIERMAE , X T & E LWL dataframe API , H1F8E# &, dataframe R Esparkiy
SQL5|% ti51TH), MSQLEIZE RS EMILIIM, X Fdataframe5SQLEIZ , XEERIRER
—TF, EEXSFAER,

HMNEBEZ - ROIEREN RN, AUNTHRIES , ER-—OEMNMANGERE , BIEN
RIFRREMT,

scala> df.count()
val res28: Long = 1000000

scala> df.printSchema()

root

|-- NAME: string (nullable = true)

|-- SEX: string (nullable = true)

|-- BORN: string (nullable = true)

|-- ZIP: integer (nullable = true)

|-- EMAIL: string (nullable = true)

|-- JOB: string (nullable = true)

|-- SALARY: double (nullable = true)

ik, F100FE&EHIE A& TLF. 5. HERH, HMBERmSE. B4, ITH. FKINF

1548

MRENBERESN TN FEFHK , FEENSERITENREI10% , AL fEspark RDDEMN
TE#,

scala> rdd.map { x => x.split(",") }.
| map{ x => (x(5), x(6).toDouble) }.
| groupByKey().mapValues(x => x.sum/x.size).
[ sortBy(-_._2).take(10).
| foreach(printin)
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(Financial Advisor,17627.49984729716)

(Veterinary Technologist & Technician,17626.99676080575)
(Veterinarian,17626.10807045477)

(Radiologic Technologist,17625.788032656314)

(Bus Driver,17625.104965243296)

(Physical Therapist,17609.883656224236)
(Architect,17608.53486480992)

(Construction Worker,17598.863951644867)

(IT Manager,17591.957864038617)

(Security Guard,17591.273364018412)

Xt R fY dataframe BRI (& ) WF

scala> df.groupBy("job").agg(avg("salary").alias("avg_salary")).orderBy(desc("avg_salary")).show(10,false)
+ + +

liob |avg_salary |

+ + +

|Financial Advisor [17627.49984729716 |
|Veterinary Technologist & Technician|17626.99676080575 |
|Veterinarian [17626.10807045477 |
|Radiologic Technologist |17625.788032656314|
|Bus Driver [17625.104965243296|
|Physical Therapist [17609.883656224236|
|Architect |17608.53486480992 |
|Construction Worker |17598.863951644867|
|IT Manager [17591.957864038617
|Security Guard [17591.273364018412]

+ + +

only showing top 10 rows

FRRERER  £RE—HMW |, {BdataframeBR—L, AtEspark; R B REEHFERSIT
N AT A E BIXS EEREAE. . jEES(H:ﬁS;#.%j(E’J?&iE b B 2 BIESE dataframe
MR LB ERAE , ERFRDD—KE,

FTEl, RN TFEELRCNBEER , BIUFERABRN BRI dataframe APIR# 1T, sparkB At
BXAEWUH.

FEUT . X Fshuffle5EHITED X

sparkBJRDD APIE, FLIEE R RNIRE , ©F R BshuffleiR{E, FifEscalali NBREER
MAT | lterator2BHRITH , ©I&BshufflelxBE. Rshuffleld REIFIHIBEIT B
BEHHIAE, XMEEEsparkBE L RIIFERRN , BBREEERH 2 H Effbalance , gL L
SZ LR AMFE,

% B ElshufleB 12 45 QB AT A BIgroupiR /E fisortiR 15, REARAX M MREEN BIFEF T
, FTUENR R HFEMEE,

T E—KBRTFEEshufleVIRIE , kB EshuffleiRiE , ©IRIBITHEHET .,
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BEEEWR , sparkIE N AR —Nob. BNobERITH , 24 IFH K Z I stage. —fiXET
shufflefi24E, £82IIF D Mstage., EfTE FshufflefVigE | ATREMIE R —NstageE, ™
El—“stage, ATREX ML FENHFEFIRX L, BT EEE — I RiVtask, & Astage IR
BHNAR , NETEFRITH. BRtaskRHITHITHN. XNMNREEMT,

Job —p | Task

o) () () fm

Job —p | Task

L Mtask 2 B MREBIERE |, thilishufflelR{E , MAT R KW LKIOFIER, FTLABIE
EHEEFIAARIEERRNRE,

NFEIRDDXYR , AREZIDINMNBESIX ? XRERTHRIEERFSZ K, IRcpubI M.

IR #Esize/NF128M X RHDFS X RS HI ERIAblock K7™ ) |, BRA T IR B epuly N B R T
ENEHME, LLNFEMELHER Nepu , BATHEES XFE2.

scala> rdd.getNumPartitions
res5: Int =2

INRHHEsize KF128M, B 7 REEEE 2 HIBEBXR/NDRLU128ME NI 1, tLanF MIEE
mE— MK, BADPEBAEAREET .

scala> val rdd = sc.textFile("data/words.txt")
rdd: org.apache.spark.rdd.RDD[String] = data/words.txt MapPartitionsRDD[9] at textFile at <console>:23

scala> rdd.count
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res6: Long = 205157060

scala> rdd.getNumPartitions
res7: Int = 33

3 F 35 R BshuffleRV R4 | LLINFTEMIgroup. sortBI%k , EAdistinct , #ATLAF T4

=, b

scala> rdd.distinct(50).count
res8: Long = 132789

EARY. FHADataframeRiz

BE 7 XE

dataframe APIZ & FSQLEI %), ©E483 TRDD APIK , WRKHTRS , EEW |, et
5, *Tdataframe 5RDDAITEMEEX L | REN —BEHE , EX D8R, HXBLR

(17
o

dataframefIE# 2 TR Z, MEAXZIFAFBEXKHEE (UDF) .

tean, R—M 5T, RODEBCEE, {Hdataframe®] LLA B & B BREUEE R

scala> val rdd = sc.parallelize( (1 to 10).toList )

rdd: org.apache.spark.rdd.RDD[Int] = ParallelCollectionRDD[14] at parallelize at <console>:23

scala> val sum = rdd.reduce(_+_)
sum: Int = 55

scala> val count = rdd.count
count: Long =10

scala> val mean = sum.toFloat/count.toFloat
mean: Float = 5.5

+ i 2RDDHISEH,

scala> val df = rdd.toDF
df: org.apache.spark.sql.DataFrame = [value: int]

scala> df.select(avg("value")).show

P +
|avg(value)|
B ar

[ 5.5]|
S +

Lk 2dataframef)KT, AIRLEFEEHENZ,
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dataframe 2 IRSQL—H# S E LMW BIBALAK N , B XML HLAPI, EETES , &
HIELEAR L, REUTFHIEENable, dataframeXd Rt 7] LA BRspark tableJEE 5 E /Y B4
iR,

dataframeft S ELMLHHE  XRARERRR. ARRBEEEN , HERUF, RIRZ
NFHEMY , REIFEWCHNEIE | dataframelbBFR T |, ILEESEBITFRDD, EHHEFT
MERELETRES  FHEERFERDDRAEF S LAV ESE,

BIXthiT |, sparkiRhive, drill, impalaiX3£ 5|2 —#  MEREITEMN I , ATATEHRE
, FMEMysqlsiEHbase—1¥ , EEC T EWNEMSIZ, FillEsparkitEESH |, dataframefy
NAFEEMIEIRE, sparkXiFIEEZSHWABHRBRIREUEZO , HEBEME RS SIEAR 34
%%, HDFSOMAXHRSG., SIHREFMRSE. MysqxREBEFEE, EHENITE
JSON, CSV, Parquet, AvroZ £ ##& =,

dataframeFr X FFHIIERED, 52 XX,

LR, HFNRX BB , L] LAF T el dataframe , W1 TR,

scala> val df = spark.createDataFrame(List(("apple”,1),("orange",2)) ).toDF("fruit","number")
df: org.apache.spark.sql.DataFrame = [fruit: string, number: int]

scala> df.show

B B +
| fruitinumber|
Femmmem B Ar
| apple| 1]

|lorange| 2|
Cp— SR +

scala> val df2 = sc.parallelize(List(("apple",1),("orange",2)) ).toDF("fruit","number")
df2: org.apache.spark.sql.DataFrame = [fruit: string, number: int]

scala> df2.show

Fommeem B +
| fruitinumber|
Femmmem B Ar
| apple| 1]

|lorange| 2|
Cp— SR +

nERMTEMBIEREN, —FEMspark sessionFI KB |, spark sessionZ /3 zispark-shell
5, REMZE (BFHspark ) , AILAE#E RsparkkYdataframe )5 £,

B— 2 MIESEWspark contextXI RBIE |, spark contextth 23 Blspark-shellig , NEHIEE
(2FAsc) , ATLAARIspark@YRDDAE <& 4.

1B

toDF()E#S 3, 157E BB dataframefI S B Fo. X THMHIELE |, AL AprintSchema
HEEREE,

scala> df.printSchema
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root
|-- fruit: string (nullable = true)
|-- number: integer (nullable = false)

scala> df2.printSchema

root

|-- fruit: string (nullable = true)

|-- number: integer (nullable = false)

mnE, HANEDruit B BIFEHE R Rstring , number B EIEHE X Rinteger, X L& sparkdF
kR, &5, RRFEN. TELKRESBRT | sparkiEHRE , FTAFABD.

N5 2 MscalaNER$0iE &1 R spark V4543 |, schemafi R RIEL |, ENSENRE. HAR
i RIRBE R dataframe VBT R | TEARKWEIELE K , BT , BSEZ0T,

scala> val fruits = List(("apple",2),("orange",3),("cherry",4))
fruits: List[(String, Int)] = List((apple,2), (orange,3), (cherry,4))

scala> case class Fruits(name:String,number:Float)
defined class Fruits

scala> val df_fruits = fruits.map{ case (x,y) => Fruits(x,y) }.toDF("fruit","count")
df_fruits: org.apache.spark.sqgl.DataFrame = [fruit: string, count: float]

scala> df_fruits.show
Jherre— A+ +

| fruitcount|
e e Ar

| apple| 2.0|
|orange| 3.0]
|cherry| 4.0|
Jherre— A+ +

scala> df_fruits.printSchema
root

|-- fruit: string (nullable = true)
|-- count: float (nullable = false)

Nk, fruitsiX NListh9 R A BB L M 2 List(String,Int). FEA1E A case classREXL —NMNEER
FruitsBclass, E ISR L 1 = (String,Float), ##ET 3K , BA1EAmapiFfruitsiy 5 & ¥ M case
class, X5 B AtoDF MK dataframe , XHERIBLE R T,

M Lk RBIth B LUE B, scalafiListEiiEEH , W LAE ¥ R dataframe , X2 IFEFEHEH. iF
T RHE,

scala> val li = List("apple","orange","cherry")
li: List[String] = List(apple, orange, cherry)

scala> li.toDF("fruit").show

| apple|
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|orange|
|cherry|

1ﬁ/§£$,\ﬁsparkE’Jscala APIFEEIX#EA |, pyspark 1T, X=2HE FscalaF —Nimplicit class#y
IhRE, ZRIEMNBEN BT . FAIXNimplicit class , spark A] LA fai fir#Y EscalafiList classig
mnssflEE. il

scala> implicit class Opslist(li:List[Int]) {
| def shift = li.head
I}

class Opslist

scala> val li = List(3,2,1,4)
val li: List[Int] = List(3, 2, 1, 4)

scala> li.shift
val res0: Int =3

L8 | Bidimplicit class , #EListiX N class2 180T — A= 6l75 Eshift. EE |, sparkfytoDF
B 1% scalafList¥ ¥ R dataframe , th 2IX ALK,

MBHENMNABIHEMNE RS , Ealsparkiidataframe , BREESE S BB OBIER B R B
XANRBREREE RN , RAERRRESD 9#"55’]?&1%)@#&%#3‘?%% , ﬁAEU%BﬁT
BMREEREE. T , —OREFHNEER , EFXRHME , IHEXHENAMEENE
FHAZN

HFESFRENERE , ARREFZRENG , ALK T FHR. XTXFEENHLE , FXHK
MNBEAEA,

T FASMBOEER , WABECHIEN 2 sparkiBE T —&RK 15, b, RALLBEENX
schema, SRIX BB N RBHERS], BRI LUE I spark@infer schema$k g , itE BN
B, TEM—PEBRRFREXLESR , LR T B Tdataframe&E i,
HMBEW T dataset, ER— M EXENHIE , BIEABRTEXNRE NI, BITFLL T,

XZ2—NesvX ¥, BIEZFIRBMNT -

col1 |col2 |[col3 |[col4d |col5 |col6 |col7 |col8 |col9 ol1 col11 | col1

ID 2F | & A S| N [ GE ([2E (KD (7% | RD | KE

spark 8] LLE 2 M ER i0EkcsvSUE R N A Bldataframe, < FesvlI#E 3 |, spark A LA B Bfinfer
schema, th ] LLF T #EH|schema, MR FZ AT R , FLF IE X schema , HITiEAWEER
fEE X schema, BESZEWM TR,

scala> val schema = """id INT, name STRING, year INT, mon INT, day INT,
| hour INT, lat FLOAT, lon FLOAT, status STRING,
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cate INT, wind INT, pressure INT"""

schema: String =

id INT, name STRING, year INT, mon INT, day INT,
hour INT, lat FLOAT, lon FLOAT, status STRING,
cate INT, wind INT, pressure INT

scala> val storms = spark.read.schema(schema).csv("data/storm-data.csv")
storms: org.apache.spark.sql.DataFrame = [id: int, name: string ... 10 more fields]

ik, FATEscala shell B 7T HHE , F—H2BEDSLE LF T HIEHN schema , BIEFIHY

2 FMAER, F 2@ Ispark.read# X
I dataframeX R, EIREVVEHE |, FAVIEE T schemalg .

BEFEschemaZ2 B MBEIHAIFTRE :

scala> storms.printSchema

root

|-- id: integer (nullable = true)

MNBHAITIEEschemalliE |, sparktt £ BHEHF , HIEEHAHRIZRBinferSchemafV Bt H

-- name: string (nullable = true)
- year: integer (nullable = true)
- mon: integer (nullable = true)
day:
hour: integer (nullable = true)
- lat: float (nullable = true)

- lon: float (nullable = true)

- status: string (nullable = true)
- cate: integer (nullable = true)
- wind: integer (nullable = true)
- pressure: integer (nullable = true)

integer (nullable = true)

true, HEE T =B,

scala> val st2=spark.read.option("inferSchema",true).csv("data/storm-data.csv")
st2: org.apache.spark.sql.DataFrame = [_cO: int, _c1: string ... 10 more fields]

scala> st2.printSchema

root

[-- _cO:
_@:
_c2:
_@G3k
_c4:
_@eE
_C6:
_cT7:
_c8:
_c9:
_c10: integer (nullable = true)
-- _c11: integer (nullable = true)

integer (nullable = true)
string (nullable = true)

integer (nullable = true)
integer (nullable = true)
integer (nullable = true)
integer (nullable = true)
double (nullable = true)
double (nullable = true)
string (nullable = true)

integer (nullable = true)

REUNERSIRIR ( csv3Zi ) Blspark , 18—

X R IEHcsvAIBHER | ikspark B 2 %infer schema, K ZHEHEXFREN thEAR | Lbin

Lt 2B floatfF Adoublel E ., float®] LLFE AidoubleBF &, FrLlX & F R,
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Nk, & T stormsiXNdataframe/g , T AT AR T 85 it 2 1 T1E,

scala> storms.count
res13: Long = 10010

scala> storms.agg(countDistinct("name")).show

Fom e ar
|count(name)|
B ar

| 198|
Jrrrrrrree— +

scala> storms.groupBy("name").count.orderBy(desc("count")).show

F o B ar

| namel|count|
Jhrrer—ey fhere—s +

|  Emily| 207|

| Bonnie| 185]
|Claudette| 180|
| Felix| 178|

| Alberto| 170|
| Danielle| 157
| Isidore| 156]

| Edouard| 149|
| Danny| 146|
| Ivan| 144|
|Josephine| 143|
| Erin| 141]

| Gordon| 140]|
| Lili| 136]

| Gustav| 136|
| Jeanne| 136|
| Gert| 133|
|Gabrielle| 130]
| Debby| 130]
| Dean| 128|

B +eeee ar

only showing top 20 rows

ik =fa 2 ERNdataframe APISSE |, EMINE AT
1. Eifldataframe B HI1TE
2. &' name" 5| HIHE— HIAV1TER
3. H'name’f| R EW , RiITEEAN N, HERERFHES

fR%&, groupBy#lorderByiX

>=m

a , HARSEXELSQL., MRAREESQL , I Ldataframe

APIHERMERINF, BENTEY , BFEOEITRREIATRE

scala> storms.groupBy("year").count.orderBy(desc("count")).show

e ar
|year|count|
Jrerrrr e +
[1995] 660|
[2005| 498|
[2012| 454|
|2003| 422|
[1998| 413|
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[2004| 410]
[2010] 402
[2001| 370
[1989] 356
[1990] 354|
|2008| 335
[2011] 323
[2000] 318
[1996| 315
[1979] 301|
[2002| 285
|1985| 263
[1988| 259
[1984| 236
[2015] 220
S S +

only showing top 20 rows

L& | E TS| AWindowEk |, #F ERDBER . WindowBER BB AEWithColumn5iEE |
N A ERAEEMMERE BRI,

scala> import org.apache.spark.sql.expressions.Window
import org.apache.spark.sql.expressions.Window

scala> storms.groupBy("year").count().withColumn("ranking",rank().over(Window.orderBy(desc("count")))).show()

N e +
|year|count|ranking|
Fommeteeeee B +
[1995] 660 1|
|2005| 498| 2|
|2012] 454 3|
[2003] 422| 4|
[1998] 413] 5]
|2004| 410| 6]
|2010] 402] 7]
|2001| 370] §|
[1989] 356] 9|
[1990] 354| 10|
|2008] 335| 11|
[2011] 323] 12
|2000] 318| 13|
[1996] 315| 14|
[1979] 301| 15]
|2002| 285| 16|
[1985] 263| 17|
[1988| 259| 18|
[1984]| 236] 19|
|2015| 220| 20|
R e +

only showing top 20 rows

MTREFHRE, TESFNFHERT

scala> storms.groupBy("year").agg(avg("wind")).orderBy(desc("year")).show

| M — +
|year| avg(wind)|
L +

S

X
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|2015] 49.40909090909091|
|2014|63.992805755395686|
|2013] 41.50990099009901|
|2012]|52.940528634361236|
|2011] 52.6625386996904|
|2010] 55.87064676616915|
|2009]54.150326797385624|
|2008|55.298507462686565|
|2007)53.497652582159624|
|2006] 49.68421052631579|
|2005] 59.36746987951807|
|2004|62.048780487804876|
|2003| 58.69668246445497 |
|2002| 46.80701754385965|
|2001| 51.2027027027027|
|2000] 54.65408805031446|
[1999] 61.38095238095238|
[1998| 61.58595641646489|
[1997] 48.05194805194805|
[1996| 57.73015873015873|
|, +

only showing top 20 rows

L EW , B AWindowE# , REBFOHIRX D FHEHS.

scala>

storms.groupBy("year").agg(avg("wind").alias("avg_wind")).withColumn("ranking",rank().over(Window.orderBy(desc("

avg_wind")) )).show()

+--—-+ + +
|year| avg_wind|ranking|
E— + +

|2014|63.992805755395686|
|2004|62.048780487804876|
[1998| 61.58595641646489|
[1999] 61.38095238095238|
[1976] 59.90384615384615|
|2005] 59.36746987951807|
|2003| 58.69668246445497 |
[1996| 57.73015873015873|
[1989| 57.65449438202247|
[1992|57.108108108108105|
[1981] 56.61585365853659|
[1995| 55.88636363636363|
|2010] 55.87064676616915|
|2008|55.298507462686565|
|2000] 54.65408805031446|
|2009]54.150326797385624|
[1977]| 53.9622641509434|
[1980] 53.72670807453416|
|2007]53.497652582159624|
|2012]|52.940528634361236|
ot + +
only showing top 20 rows

19|

dataframe & #X th 2 i selectflwhereiZ 4 :

scala> storms.select("name

)

wind","cate").where($"cate" === -1).show

61



Fommmee Ll
| name|wind|cate|

S— RN
| Amy| 25| -1]
| Amy| 25| -1]
| Amy| 25| -1]
| Amy| 25| -1]
| Amy| 25| -1]
| Amy| 25| -1]
| Amy| 25| -1]
| Amy| 30| -1|

|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
|Caroline| 25| -1|
Fommmmee Femmet et
only showing top 20 rows

WHBE B Edataframe APIES T AT S THRER , BNERREREE, FTR=AE
£'===" FEFRANEBHARENE =1=",

scala> storms.select("*").where($"name" =!= "Amy").count
res16: Long = 9980

scala> storms.select("*").where($"name" === "Amy").count
res17: Long = 30

HERE  WAEIA-MINE? XBF/LMGE , RONT. &ZEEH , mERAN TS year
XRFRK , ReIHFRHE,

scala> storms.select("year","status","wind").where($"year" === 2000).show(5)

F ot e + et
|year| status|wind|
| B —

|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
R R
only showing top 5 rows

H, AL Hcol() %k, kIREFIHES

scala> storms.select("year",
B +-aet

|year| status|wind|

status”,"wind").where(col("year") === 2000).show(5)
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B +-aet
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
B +-aet
only showing top 5 rows

Ho¢, &R LAE#EET Rl dataframeXt K ATkey , LAFI& 4 keyRIREXNEI SV E.

scala> storms.select("year","status","wind").where(storms("year") === 2000).show(5)
B e +eeet
|year| status|wind|
B S

|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
|2000|tropical depression| 25|
JrrrrA e B —
only showing top 5 rows

BEHRAT , dataframeid ZFSQLEWR EMexprkiix® , tkilcase wheniE 4,

scala> storms.select("wind").withColumn("level",expr("case when wind > 50 then 'big' else 'small' end")).show
e +
|wind|level|
R +
| 25|small|
| 25|small|
| 25|small|
| 25|small|
| 25|small|
| 25|small|
| 25|small|
| 30|small|
| 35|small|
| 40|small|
| 45|small|
| 50|small|
| 50|small|
| 55| big
| 60| big
| 60| big|
| 60| big|
| 60| big|
| 60| big|
| 60| big
Fommet e ar
only showing top 20 rows

nEFRAKXHIERER, I8 —F“level” ({E AwithColumnBK%l), EMER— I RER. ERAE

HE, MERDKATS50, NWRENDbig”, BUHFR "small”s
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Y. Sparki REKEHLE

E—FRETHEAXNITES  ABRANBER , EFEGRSHREE , LOKREINEEST
FHE RKZSHIERT, sparkfE REEBREN , LT BHWREFFEFMANIT , AR
B 3 Xt 5 9 3R BBt 1T IR R

XITRRELFEEM , BXE LsparkEAX LB AN O RLESEHRERE. BI1%E
— MR R R RB

scala> val df = spark.read.format("csv").option("inferSchema" true).option("header" true).load("tmp/sample.csv")
val df: org.apache.spark.sql.DataFrame = [name: string, sex: string ... 1 more field]

scala> df.printSchema()

root

|-- name: string (nullable = true)
|-- sex: string (nullable = true)
|-- age: string (nullable = true)

scala> df.show()

B e +-at
| name| sex|age|
S oo R

| John M| male| 30|

| Lily X|female| 22|

| Peter Z| male| 34|
|Jennifer C|female| xx|

| Rebeca Q|female| 18|
| Howard P| male| 24|
Jherrreeee ey A

a0 _Espark A ERRER —NesvI |, XNesvBE =% : name, sex, age. HK11E FlageFB—5
H—1TREME, JenniferfVageR iz — NE , XEHNE TR Axx , B—NFHFHE, XHRFH
spark T~ gEIE HiMinfer schema, E{lagefEH & B Hstring ( AR iZ2int ) o

MEHEMNXNage# TLRIUTE , S REMABRE ? FSEM TR,

scala> df.agg(avg("age")).show()

mkE, BIINMBARFEFR , REEFEETE , ageP VKB URIER , BERIRE
MR, X TRHGE

o XNFEXALRITE , sparkBzIIEETREE , bilJenniferiX —1THZEE T o

o XTRTHIIT, spark B #HTREHER  FFEHMABERE  RAEEHTITE.

TR EENLERT , sparkfViERMMRBE K, EAmFREIED T TELkApache Drill , Ft
THEMH XA E,
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SR, XHIEW BAspark B REENSHHEREBR , HEAMEKRHENLE, BHIHE | FA
FHEAIXNBERRITEENNEXNELRE, EEUTEXSNIMDBEMITBNEIE , LT
[RIG 8RR, B —1AcsvXif,

THEHERE , BiIERRENspark read 5 EINEIX Nesvo

scala> val df = spark.read.format("csv").option("inferSchema",true).option("header",true).load("skydrive/imdb.csv")
val df: org.apache.spark.sql.DataFrame = [tconst: string, titleType: string ... 7 more fields]

scala> df.printSchema()

root

|-- tconst: string (nullable = true)

-- titleType: string (nullable = true)

-- primaryTitle: string (nullable = true)
-- originalTitle: string (nullable = true)
-- isAdult: string (nullable = true)

-- startYear: string (nullable = true)

-- endYear: string (nullable = true)

-- runtimeMinutes: string (nullable = true)
-- genres: string (nullable = true)

METE , fTHschema®—TF , £@stringXE , XFRMHEPRFEFEERE, I THPH—&F
EZ Ltk inisAdult, startYear®, BAE NiZ2H{EXE,

2

XOREXHES  ARELRAK , BB0ZFITiER , D 6T XK.
scala> df.count()
val res5: Long = 8549346

scala> df.rdd.getNumPartitions
val res6: Int = 6

BRI THIEE

scala> df.select("startYear").filter($"startYear".rlike("[*0-9]+")).show(3)
S +

|startYear|

R +

| NI

| NI

| NI

S +

only showing top 3 rows

scala> df.select("isAdult").filter($"isAdult".rlike("[*0-9]+")).show(3)

B ar

| isAdult|
N +
|"12th Anniversary...|
| Robert Klein|
|"Host: Spike Jone...|
B ar
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only showing top 3 rows

LR, AHBEAIFR, startYearFflisAdultPIERE B REHE. SIEANZERE , 122
RETENFEF. EREFZEERE , FHTHNEREKRWdataframe 555, — N Efilter , ©AXK
HITRBRE, — N Rrlike , ELLTFMysqltrlikeBiE , AR ITENRIEXCTE, X Milterl
rike S ERVWERR |, HIEHERFNE,

IMREMNEEstartYear7 A , KITHB—FHENEAERRS , BLANTRHREEN,

scala> df filter($"startYear".rlike("*[0-9]+$")).groupBy("startYear").count().orderBy(desc("count")).show()
B Fommeem +

|startYear| count|
B Femmeem AP
| 2018|408237|

| 2017]405951|

| 2019]|389812|

| 2016|385868|

|  2015|364535|

| 2020|357613|

| 2021]|348330|

| 2014|347493|

| 2013|327611|

|  2012|306525|

|  2011|269609|

| 2010|238265|

| 2009]209788|

| 2008|198017|

| 2007]|183607|

| 2006|165042]

| 2005|148430|

| 2004|134854|

| 2003|116679|

| 2002|104397|

S — b +

only showing top 20 rows

B Xt dataframe B #riz 1TfilterMrlike A & &l , SEHAERENFH. AFE , REGHTIA
T, HERBITBMNSRREEY] , ITENHE R, XBEMNRBE TfiterlZIEE% , IEER
H{E

MEENEBERITRAZHEERAZSFNRE , FLOTEH,

scala> df filter($"isAdult".isin("0","1")).groupBy("isAdult").count().show()

B B ar
lisAdult| count|
S L +
| 0]8284336|
| 1] 263411]
B B ar

ERisAdUtREFHME , 0HE1 , HtpHRRE . FIARMNXERF Afiter ELRERE , B
SITREMSETHRER,
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MBHEMNEBT - T AMKNdataframe ZAHIE ? ESE 0 FHAT,

scala> val df2 = df filter($"isAdult".rlike("A[0-9]+$")) filter($"startYear".rlike("\[0-9]+$"))

val df2: org.apache.spark.sql.Dataset[org.apache.spark.sql.Row] = [tconst: string, titleType: string ... 7 more
fields]

scala> val df3 = df2.withColumn("isAdult",$"isAdult".cast("int")).withColumn("startYear",$"startYear".cast("int"))
val df3: org.apache.spark.sql.DataFrame = [tconst: string, titleType: string ... 7 more fields]

scala> df3.printSchema()

root

|-- tconst: string (nullable = true)

|-- title Type: string (nullable = true)

|-- primaryTitle: string (nullable = true)
|-- originalTitle: string (nullable = true)
|-- isAdult: integer (nullable = true)

|-- startYear: integer (nullable = true)
|-- endYear: string (nullable = true)

|-- runtimeMinutes: string (nullable = true)
|-- genres: string (nullable = true)

mE=ARBHEER
1. YNdfBEFRELIZE T2 Milter |, W iEiEisAdultfstartYeartI R EE , G RZT4E —1PEFH
dataframe, IR{Edf2,

2. Xfdf2BIF NG |, isAdultfstartYear , fEAwithColumn A A SR EMFIKE, HITHR

Bt 2casthi%k, ERHHMIIRETEANNKE, ERNEREFTE—1FW
dataframe, IR{E%Adf3,
3. $TENdf3#Ischema, AT LAE BlisAdultFstartYearFi N5l , SR E RN BHER,
X — IMRENBEFTENERE, RERIMNBIATF4EH T %dataframe W EIEE R

scala> df3.agg(countDistinct("isAdult")).show()

S — +
|count(isAdult)|
B AF

I 2|
N +

HNMER |, FMdataframefisAdultyl , X BIEELE/\EHEET , e REBOMIAHENME,
Bii—TsparkXZ{E ( null ) BB, BIEFNTHIE,

scala> df.show()

B e et
|  name| sex|age|
B e +eeeat

| John M| male| 30|

| Lily X|[female| 22|

| Peter Z| male| 34|
|Jennifer C|female|null|

| Rebeca Q|female| 18]
| Howard P| male| 24|
S oo B —
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XN dataframeREZE T —/NZE{E , Jenniferfage N ZE (null ) »

WA R 22 E IR ? B AisNullMisNotNull 5 3%, SEZBEMysqlVZ=E—# |, EETEEER
LR, tbin , mMTEHEEEEN,

scala> df filter($"age" === null).show()
[ S S—

|[name|sex|age|

Fommet et et

Fommet et et

EAHZE , EBNERAR

scala> df filter($"age".isNull).show()

B e Feeet

|  name| sex|age|
S R B —
|Jennifer Clfemale|null|
R Hommmmee B —

XtRIRY , MR RIEIEZE(E

scala> df filter($"age".isNotNull).show()

R R S —
| name| sex|age|
R L —

| John M| male| 30|

| Lily X|female| 22|

| Peter Z| male| 34|
|Rebeca Q|female]| 18|
|Howard P| male| 24|
R L —

Bz  EXFRERS , RURSMISHBERERL. XERRESTRE. Alsparkté B
ENAE  BNHTRE, RAREFINBERITER , ARNBFERERITRR. §2T%
BEMHHE, KZREEIEFREEN -,

FtT. BEXEHBEMysqBIEIR

SparkBISQLE 1 X #F B E XK (UDF) , AZBREE K REEH -/, HEIMEISQL
SRR BT, BT RHA,

scala> val f:String=>Int = x => x.size
f: String => Int = $Lambda$4580/0x000000084 1df7840@188dale2

scala> val strSize = udf(f)
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strSize: org.apache.spark.sql.expressions.UserDefinedFunction =
SparkUserDefinedFunction($Lambda$4580/0x0000000841df7840@188dale2,IntegerType,List(Some(class[value[0]:
string])),Some(class[value[0]: int]),None,false,true)

scala> val df = sc.textFile("/etc/Isb-release").toDF("line")
df: org.apache.spark.sql.DataFrame = [line: string]

scala> df.select("line").withColumn("line_size",strSize($"line")).show(false)

+ + +

[line |line_size|

+ + +
|IDISTRIB_ID=Ubuntu [17 |
|IDISTRIB_RELEASE=20.04 |21 |
|DISTRIB_CODENAME=focal |22 |
|IDISTRIB_DESCRIPTION="Ubuntu 20.04.4 LTS"|40 |
+ + +

N ERATHRMEHBAMT ¢
1. WE—/1ERERHK , BEAT, ITEARBNIEARREFTFENKE
2. [FEREHKOGEME|sparkISQLEK 2 (A
3. BEE—NXANH | EitRdataframe , VBN TTER R XAXHH —1T
4. MdfEselectHTHNE, Fi8M—35, ZIINWEHBEXEHBELX

ABRHIMNBINERRESTHNALR , ARBITHZNH.

ZHEIEANRT , sparkfdataframeZFIEEZHNBHTBRS A |, Hllcsy, json, s3%F., XEH
SR T AR S AMysqlBY BB R

B %, BMysqltIE MW T ZEmysqgl-connector-java.

ERUbuNtulRER S , THER — 1 .debX¥. FAUNTHSREIXNpackage :
$ sudo dpkg -i mysql-connector-java_8.0.28-1ubuntu20.04_all.deb
RiE, EAMTHRSERpackage XM LEEE !

$ dpkg --listfiles mysql-connector-java

/.

usr

/usr/share

/usr/share/doc
/usr/share/doc/mysql-connector-java
/usr/share/doc/mysql-connector-java/ CHANGES.gz
/usr/share/doc/mysql-connector-java/INFO_BIN
/usr/share/doc/mysqgl-connector-java/INFO_SRC
/usr/share/doc/mysql-connector-java/LICENSE.gz
/usr/share/doc/mysql-connector-java/README
lusr/share/doc/mysql-connector-java/changelog.Debian.gz
lusr/share/doc/mysql-connector-java/copyright
/usr/share/java
/usr/share/java/mysql-connector-java-8.0.28.jar
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BENEEFIFLRIEROSZE N, BOUFHHG , — 0K EsparkiVjars B & , — B K E
R )2 B spark-shel i B A 3t B 5,

$ cp /usr/share/java/mysgl-connector-java-8.0.28.jar /opt/spark/jars/
$ cp /usr/share/java/mysgl-connector-java-8.0.28.jar .

RIE, BT A X B 3hspark-shell:

$ spark-shell --jars mysql-connector-java-8.0.28.jar

NE , RRFRERNELLTR TMysql , HEBIETEMEK , RET EBNAFNE. BART
LU Mspark-shell 2 i1 & Mysql B BITEIR T o

scala> val mysql_df = (spark
| .read
| format("jdbc")
| .option("url", "jdbc:mysql://127.0.0.1:3306/fruits")
| .option("driver", "com.mysql.jdbc.Driver")
| .option("dbtable", "myfruits")
| .option("user", "wes")
| .option("password", "fruit123")
| Joad() )
mysql_df: org.apache.spark.sqgl.DataFrame = [id: int, name: string ... 1 more field]

scala> mysql_df.select("*").show
Fommtoeeem S Ar

| id] name|number|
| N ooy +

| 1| apple|] 20|

| 2|orange| 12|

| 3|banana| 10|

| 4|cherry| 15|

| 5| plum| 9|

| 6] lichi] 30]

| 7] mongo| 5|

| 8| berry] 28|

| 9l grape| 5]

| 10|tomato| 25|

B S — Ay +

Lk F A6 Fspark.read 9 5 iR EIMysqI B 3ER , EHAEE KRB E IR i esvy
BWARERSE, RRAS®RMEEFRE,

LETE | 85— optionIE EjdbcHI &R , £ —Poptionig EWR ) , =" optioniEERS ,
F MMM optiontfE EAF B , BR M optioniBEEHE, &/EEAloads % |, MEEIE.

IR M EImysql_dfiX N dataframeXI R , RS T LLA 2B BEA 1N E W datafraem APIJ53ER
BRERIET .

&EWHAT , sparkiidataframe5E2IEE S , hRBRE K , 1EFgooglet® F“spark sql
functions” sk IREN £ B 5 ko
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FEJ/\T7. SparkE5HivefE R

A NEFASparkSHive S B F RIFEHT S, T RBE ML, RIR% AL Spark
BipRHive I EIE , FTAXEWHiERE—T,

B %, BEARYZE T Spark, Hadoop. HiveRI5E B E, HadoopESHWRASEHEEN, E
AIRADBSHEHRGIMETE , EXRPEERLN.

HBMENS D REIRADOT -

$ java -version
java version "1.8.0_321"

$ hadoop version

Hadoop 3.3.2

$ hive --version

Hive 3.1.2

mysql> select version();

+ +

| version() |

+ +

| 5.7.37-0ubuntu0.18.04.1 |
+ +

1 row in set (0.00 sec)

$ spark-submit --version
Welcome to

[/ /1

N NV T
I NI

1/

/
/_N\_\ version 3.2.1

Using Scala version 2.13.5, Java HotSpot(TM) 64-Bit Server VM, 1.8.0_321

FIXBEHRERSZERubuntu 18.04 x64, LiRMysqlR A FRiHiveH I metastore I 4% RS | &
HHMER,

HiveFNSpark##8E HlocalE = , HDFSKAM D HNER, ENERBEENER  REEN
TiET,

FHAF BT .bash profilelMETEIRENT :

export JAVA_HOME=/opt/jdk/jdk1.8.0_321
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export HADOOP_HOME=/opt/hadoop
export PATH=$HADOOP_HOME/bin:$PATH

export SPARK_HOME-=/opt/spark
export PATH=$PATH:/opt/spark/bin:/opt/spark/sbin
export PYSPARK_PYTHON=/usr/bin/python3

export HIVE_HOME=/opt/hive
export PATH=$HIVE_HOME/bin:$PATH

TR ERHRNE Y , R E Tjava, hadoop, spark, hive VS RINEL &,
NTHH2URERITH

$ cp mysql-connector-java-8.0.27 .jar /opt/hive/lib
$ cp mysql-connector-java-8.0.27 jar /opt/spark/jars

X B fFMysqltyJDBCIR B M BIAE RV EE H R T EIHive M Spark# E i [BIMysql#metastore

MRS, AL BB BT D, W) Aysad ER T E
INRIRZAEBEELHive , BATUSEMTENEE.

Hive B &R & 3 {4 2 /opt/hive/conf/hive-site.xml, ERIRNZIT :

<configuration>
<property>
<name>javax.jdo.option.ConnectionURL</name>
<value>jdbc:mysql://localhost/spark?createDatabaselfNotExist=true</value>
<description>metadata is stored in a MySQL server</description>
</property>
<property>
<name>javax.jdo.option.ConnectionDriverName</name>
<value>com.mysql.jdbc.Driver</value>
<description>MySQL JDBC driver class</description>
</property>
<property>
<name>javax.jdo.option.ConnectionUserName</name>
<value>spark</value>
<description>user name for connecting to mysq|l server</description>
</property>
<property>
<name>javax.jdo.option.ConnectionPassword</name>
<value>spark123</value>
<description>password for connecting to mysql server</description>
</property>

</configuration>

FREEMNERE, #AMysql JDBCEE EmetastoreZ RS , FHEEEMysqlBiEER
% FsparkfIE. MysqlFiF & 2spark , BB 2spark123, R , EMysqEX/INEHES %

BCE4F,

Hadoop##% 1L B2 & 344 2 /opt/hadoop/etc/hadoop/core-site.xml, ERIREFIT :

72


https://dev.mysql.com/downloads/connector/j/

<configuration>
<property>
<name>fs.defaultFS</name>
<value>hdfs://localhost:9000</value>
</property>

<property>
<name>hadoop.proxyuser.pyh.groups</name>
<value>*</value>

</property>

<property>
<name>hadoop.proxyuser.pyh.hosts</name>
<value>*</value>

</property>
</configuration>

L #EE T HDFSHInamenode it Flim O, IR R EEE . XA NI R 12 G A~
(% Apyh ) Bproxyuserfit B AR ELF , BMIHivel[RIHDFSTEENRIFI&,

BB LG, BT T i 5 K #tR{Emetastore RS :
$ schematool -dbType mysq| -initSchema

XEEFIETREKY , TRUINERERKERR. tbigE#NJIDBCHS , 5EMysqIf R
Fxdo

7T RiFHiveff AMysqlfE metastore% SR, ATBAUE Thivetn Bt AR EXshell , B2 —
%, Lbaohivemysql, AR EMMysql , BT TENH , EXNMNREEHFE :

mysql> select TBL_NAME,TBL_TYPE from TBLS;

+ + +
| TBL_NAME | TBL_TYPE |
+ + +

| hivemysgl | MANAGED_TABLE |
Ippl | MANAGED_TABLE |
+ + +

2 rows in set (0.01 sec)

Nk, #RiRBAMysqlEE T Hive) THIEF M RS

&, BTN, #NESparkZ%E B FMWconfFERET :

/opt/hive/conf/hive-site.xml
/opt/hadoop/etc/hadoop/core-site.xml
/opt/hadoop/etc/hadoop/hdfs-site.xml

i fTspark-shell#t ASpark I R E X wIEIAE |, AWM TS -
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import java.io.File
import org.apache.spark.sqgl.{Row, SaveMode, SparkSession}
val warehouseLocation = new File("spark-warehouse").getAbsolutePath

val spark = SparkSession
.builder()
.appName("Spark Hive Example")
.config("spark.sql.warehouse.dir", warehouselLocation)
.enableHiveSupport()
.getOrCreate()

import spark.implicits._
import spark.sq|l

XFANIR1LEF T Spark SQLSHive Sessionfy &R IR E,
BAETOTER , KR EIHive 7R BIE,

scala> sql("use default")
val res0: org.apache.spark.sql.DataFrame = []

scala> sql("show tables").show()

+ + + +
|[namespace|tableName|isTemporary|
+ + + +

| defaultlhivemysql|  false|
| default] ppl] false|
+ + + +

scala> sql("desc ppl").show()

+ + + +
|col_name|data_type|comment|
+ + + +

| name| string| null|
| sex| string] null|
| born| date| null|
| zip] int] null|

| email| string| null|
| job| string| null|
| salary| float| null|
+ + + +

scala> sql("select job,avg(salary) as avg_sa from ppl group by job order by avg_sa desc").show(10,false)
+ + +

ljob |avg_sa |

+ + +

[IT Manager |17682.772872552938|
|Computer Systems Administrator  |17663.631755044105|
|Cashier |17620.562191510366|

|Plumber [17612.91147476341 |
|Veterinary Technologist & Technician|17608.890145072535|
|Fabricator |17604.09839886502 |
|Computer Programmer |17591.551812450747|
|[Middle School Teacher [17590.884146341465|
|Physical Therapist [17590.864870299618|
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|Bus Driver [17581.65017168249 |
+ + +

only showing top 10 rows

LEARSQLEMZ N , RIFAEMysqIVREETSZ . E—UEREREE , F-aRTIEERAWLE

xR, EZAERRHEH , FEHANRNIT—MrENSQLERE A,

X, BAIRRTER T ESpark EE i Hive IR S5

FENT. {FHspark-submiti2 X 1ES

FEBENNENRIETF R Espark-shel B, TEERNE FinMAREF IR jobFsparks

Bik, f1E—1ME 8%, tkispark , Ria#H AXNE .

$ mkdir spark
$ cd spark

BlZbuild.sbt>X# , INMXHWEN , RTNEEZFIscalaNETEHRE ., XHRBUT,

name := "Simple Project"
version := "1.0"
scalaVersion :="2.12.15"

libraryDependencies += "org.apache.spark" %% "spark-sql" % "3.2.1"

BEE BRIBEFPIREXWERF , M 8EA2.13 AW scala , & Mscala 2.12,

Bl &src/main/scala¥ B , =¥ B REQIZSimpleApp.scalafiBX# , ARWT :

import org.apache.spark.sql.SparkSession

object SimpleApp {

def main(args: Array[String]) {
val logFile = "/etc/sysctl.conf"
val spark = SparkSession.builder.appName("Simple Application").getOrCreate()
val logData = spark.read.textFile(logFile).cache()
val numAs = logData filter(line => line.contains("a")).count()
val numBs = logData.filter(line => line.contains("b")).count()
printin(s"Lines with a: $numAs, Lines with b: $numBs")
spark.stop()

HHMEREFRT , BRNBINRELEHNZRXFR
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$ tree

— build.sbt

L— SimpleApp.scala

HEWMBERERXE | 121Tsbt packaged] BFwIFE :

$ sbt package

[info] Compilation completed in 25.413s.
[success] Total time: 34 s, completed Mar 16, 2022, 4:17:47 PM

FI LR R SRR ERI T, THEHEAspark-submit RIEZRES :
$ spark-submit --class "SimpleApp" --master local[2] target/scala-2.12/simple-project_2.12-1.0.jar

spark-submitS #ERNT -
1. —class: class$, T 2R EAobject>xBFE XA MNRERK,
2. —master: {5 EsparkfI X ARG eetut , AKX AAREIPE , FilRlocal, fFEHIocal[2]
IRIBECpurI N BURELE, RABNELHER Ncpu , FTLLRE N2,
3. BERRRERNjarXH K EXEEETHER,
Jﬁ—j(iﬁE’JEllu*TEﬂﬂ”ﬁ% TFEEEE/“-J Jz /u\—.l-J’J\EEE**EEIJo EEXE’JW&I

Lines with a: 41, Lines with b: 12

FWBARINT . XMESWERR , SLit/etc/sysctl.confX ¥ , EREEFZRaEZ LT, &
SFHBbIAEZ LT,

%17 . Spark SQLFIFR &S

Spark SQLESQLE ¥ LN A , ©iRdataframe® EHHLE —# | ARAPINRIFERFE.
KEHBIBFEARE+ 2 BESQL , FriASpark SQLEIET 4, ©HERIFERNMESQLIED
, EARFAHive SQL.

1T 2Spark SQLAYAESZEME -
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Tableau Snowflake Talend

[ 111

Spark JDBC/ODBC Spark SQL
Application Connectors Shell

Catalyst Optimizer Spark SQL m

111

TI;IL\;SS JSON Avro Parquet

Rz SEEBEmT
1. Spark SQLEIZEREXEZMEIEIR , E¥EHive, JSON, Avro%,
2. Spark SQLZ2—EBEEMT BT MITEELR |, spark A Fspark-sql shell ] SAE
EHEE,
3. @Y JDBC/ODBCHE#RS , 5 =778 N A Ltk a0Snowflaket AT LA i Rl Spark SQL.

Spark SQLA T ARIR ? TEREMNRIL THEMBE. B NEIMHMLLIRUMCatalyst, X
MMEILBRESQLEN MMITHEE M T KEBMRIL TH, 24E

1. BEDN

2. BB

3. MEMAKX

4. R4

EMRERNT



SQL AST DataFrame Datasets

Unresolved
Logical
Plan

Analysis Catalog
Logical
Optimization
Optimized
Logical
Plan
Physical
Planning
| Physical
Plans
Cost Model
Selected
Physical
Plan
Code
Generation

RDDs

X ERFRENERFEROT -

1. BEDN . DA SQLE EdataframeEif] , FFERETIZEMNAL ( BB ATEESIR
FHREBRBETIER ), EEEcatalogh R ( FRRHIE ) WSET , REMBEN R
B AT HATH B ALK .

2. BEANKE  ETFHREANBMEL  SEEERE. BRATH., RPEE, 2%, 5
"Reg AKX ELFEMMN, TN |, 1BE THOE AP HSQLERE IR R BER
HPTRLE , BOTLENRELH , FEARERS,

3. YEMAK  ENIAETEERXNENEENX , HEEHYERE. KRENZSMNYERK
IR ANRIEH B AL EENN.
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4. REFE  ERJavaFTBUESEETNE AN LE1T , ©AE T scalaly — MFkk
IhaEQuasi quotes,

IE 2RFNcatalystib{LEFHS 5 | Spark SQLF AMRE , MITHERS., HAXESIES5ES
Ex, BIEFEREEELHUDF , AL Apythons & Ascala kR RENAERE , MERHPRE
T2,

Spark SQLAERREE , FSEWT =B,

scala> val schema = """id INT, name STRING, year INT, mon INT, day INT,
| hour INT, lat FLOAT, lon FLOAT, status STRING,
| cate INT, wind INT, pressure INT"""
schema: String =
id INT, name STRING, year INT, mon INT, day INT,
hour INT, lat FLOAT, lon FLOAT, status STRING,
cate INT, wind INT, pressure INT

scala> val storms = spark.read.schema(schema).csv("data/storm-data.csv")
storms: org.apache.spark.sql.DataFrame = [id: int, name: string ... 10 more fields]

scala> storms.createOrReplace TempView("storm_table")

B EFEATMBASBEIE ( csvX# ) Eldataframe , XA HIXE N A,
EEEANEX Ndataframe B FH —NErtFxk , =B F 7 "storm_table”.

AR, SN ANIER R, RO ATMIT—RFISQLEWERET . L :

scala> spark.sql("with t1 as (select name,year,wind,pressure from storm_table) select * from t1 where wind > 50
order by wind desc").show

B B L i e +
| name|year|wind|pressure|
Jrerrre— R, +

|Gilbert|1988| 160|  888|
| Wilma|2005| 160] 882|
| Rital2005| 155| 895|
| Rital2005| 155| 897|
| Mitch|1998| 155] 910|
|Gilbert|1988| 155|  889|
| Mitch|1998| 155| 905|
| Mitch|1998| 150| 917|
| Andrew|1992] 150 922|
| Mitch[1998| 150| 922]|
| David|1979| 150  926|
| Felix|]2007| 150 935|
| Anita|1977]| 150 926|
|Katrina]2005| 150|  902|
| Wilma|2005| 150  892|
| Dean|2007| 150 907|
| Felix]2007| 150  930|
| David|1979]| 150] 924|
| Rital2005| 150] 897|
| Dean|2007| 150] 905|
Femmeeem B ity SR Ar
only showing top 20 rows
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SQLEAREZN ABRAE , MAELER,

&fa, K —%sparkBIiR ( streaming ) » spark 2@ M#LIX ( batch ) REIVRAER , AIABE
Ntk Bsize , L —RIIT— IR,

EFEEEEN EHRAEESR , LT Bscalaffs2IXHHRIER, TEAZHEFET , X
MEFbatchth AXBA T, MA , sparkER# —LHIT , TEML TAPI, iLAFAEX
EfE,

sparkE M RAE SR | — W RE T A SLERDDAIDStream X4, —F 2 E FEHHISQL
SIEMEMILR T, REREXREREE , EXNAARENERES , XTNREELEW
IEROEIE, MR RIS B R EWCNEIE , £ EFEHAETFTRDDAIDStream.

EWMEHAY , HEEHFSBARTETHEXER K BEARE N T4E DStreamfIfEH, &
bR {ER .

sparki®t X #F5Apache Kafkafy B#ZERK , A LA Mkafka L iSREURSRBE 1T SCRIFEItE

IR AR spark AR RE G B |, 515 7 databricks & /5 BLearning Sparkfg, 7] LLiEE R
#EHigh Performance SparkiXA$ , BEEM T AP EARMAT |, HE TLAINRIRVEE
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