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Scala & 1%

Scala 1% 2003 2 A A ZEI TR v —4 > X8 (EPFL) ® Martin Odersky #d%ic X - TH
FXxNiTnr 7 IV IFETT, Scala TldA T Y =7 MEME MBI T 07T 3 v 7Ol %17
ZBE AR DHD £F, Fo. WHRE JVM ETEIES 2729, Java SiED T4 77 Y DIF
CAYEY—LLVRIHIHT R Z e TEET, 7272, Scala ld7272® better Java TIZ/2 WD T,
Scala THIRINC T 02T 2 V7T 57251213 Scala DIEEERHZDERD D E T, ZOXENZD
—IceuIFENT T,

1.1 BERERS:ET/BL LT Scala zEXOH

7 Scala ZBHRSIEL L GEIRT2DTL £ 592 I ZTlE Scala DEN-mERTWER-NWE
BwEd,

1.2 A7z MERZTOVSI VI CEBBE IO I T 0%KE

Scala ¥ W BEEOH AN a2 T MNIA T =7 MEM BRI ORETI 2, Fhud Java &
N—Re LA 7Y =7 MERFHED 2, BBROKEZ RIS 5 TREALTWET,

BRI T 7T I v 7 OE— ORI, BEBEGTIEICIELZD, BOEIICTELD T 3HTT
Scala MR TIIRKIIA 7P 27 FTF, —RAAYV Y FZFHICELTVWE XSICHZ 22 ZAT
b, ZDOXAY Y REJTLICHEBA 7Y = 7 PPERINTEINTVWET, dbEAAA T 27 MEM
OMATE T 7 b PE—WTHS ZLIFEARRZ LTI, Scala TWE, BE AT 27 FoX
Yy FERIOBEE LTEAT 20T R, RIS 647227 P LTEATS LT
a LTWwWabIITT,

*I https://wuw.scala-native.org % https://www.scala-js.org/ L\ o7z, JVM LN OBEBETE D DFIEL
3
2z QR E BB 58— (first-class)) THZ L EVET,


https://www.scala-native.org
https://www.scala-js.org/

% 1% Scala 2%

filzd, 72X 213 Scala @ lcaseclass) &, 4 7Y =2 MEM O TIE Value Object /¢ &2 — >
WWiEWHDEEZLNETH, BERHOBRTIEIRBNT 2B LTERL LN TEET, $
Mmplicit parameter ] (&4 7Y = 7 MEMOHE A TIXEERAINCE TR SN A5 BUCR A £ 525, B
FAIDOMH R TIE Haskell R 7 5 21AVWH D R e B TEE T,

D &SI Scala bW FREIZA 7Y =27 MERSFHEICHBROKEZETDTIIRL, A7V =
27 MEMOBLE TREBEI OMEEZ R LI IAATVWE T, 24U & b RED FICSFEIEE AL
X2 R EHELEBEIOBREZHEBHLTVWET, 120070l 74%24 7Y =7 MERAIODHA
B OBRROM G TEZS B3 7ur I I v IR R B2 -6 LET,

121 R IOISI>Y

ROEZBIB Y 7oV 2R TE S X520 BB T 0y 5 I v VORI AL T a7
FIVIEBPHEATETVETY, £2OH TS Scala BB 175 I ¥ 73072 D mtKRET &
B5LEADTL& D,

N

- case class I & 2 RE 57— 28

o BN F = v 7 X NBZRE =V v F
W75 2

s foric &3 EF FHEX

c BEFFPDOBRIY S ADERBR A RIZEAA > B

DI E®D X 512 Scala TIZHUCHBAE R TH 2 I E 5T, AMBWREES Tnrs vy
T 5Dk ABIEENPD D FT,

%7z, Scala i34 7Y =7 b OAFZM (immutability) ZE# L CW3EFETT. ZHESILE
AgE72 var ¥ ZEAAREZR val B CTED, a2 ¥ a ¥ 5475 % mutable ¥ immutable
TRy T =Y BbrNTWETS, caseclass 7 7 + /L k Tid immutable T,

LM - BIREBYE - RIS T 0 25 2 0 2 ICB VW TRDBEELMZ L SbATWE T2,
AR, AT - WF T e T I 2B B RENS AR E O T, REMRFBIBINCE S THEE
EBHTED, MRDBEATVET, ZOHAZICHTE 2D% Scala DRELRFREFZLETL x5,

122 FAIPxo MmOz >T

Scala VMENTWEZDIRMEABE 0 7S I U 7OKEER I TREI D ERA, A7V 27 MR T 1
77 I NTBWT A RELLERTTVE T,

e trait 12 £ % mixin
o HHERER R

o BT X—XDEN (variance) FEE

*3 https://docs.scala-lang.org/ja/overviews/collections/overview.html


https://docs.scala-lang.org/ja/overviews/collections/overview.html

% 1% Scala 2%

« self type annotation 2 & 3 BN R KIFEDTEA
« implicit class & % WX extension 12 & 2 BEf7 2 5 2 DILIR
cJava O SV I 74 TEINT v FEINT, RTOENF 7T =7 e LTRR D

MIED XSz Scala Tl WA ATY =22 MEMTR T T 2 2 FWA[REICHZ - TWE T, Scala
DOFarS I TIERIC trait o2 mixin ITX - T, a7 I AEHVWEY 2 -k, HL
WERETDOWREADBESNBTL & D,

1.3 Java EDOHE#M

Scala i% Java & D H#E 2 —ICE Z 5N EFE T, Scala DRI X Y v FIEQH LI Java &
HEERH D, Java DT A4 75 VIFEIEIZ Scala 265 e 3 TEE3, KEBICH ZEEFED Java
FTATITVEMES M TELDIRXRERMETT,

F7z Scala D70 7T MFEARMIC Java LRI L 5124 ba— FIZEBRINETINSE DT,
Java L [FFFICEE T, MRETHIEZ TT, av 8fvEhi class 77 A L% javap a2~ ¥ F &
HoTXrDESICarv I NEINTEIrEWRETSLIIEDTEET,

HAIZBOWTH VM RO/ UNTYEZDEEMRI 2N 0WTT, EEXH D, Kb T
W5 JVM CEATE 2 DIEFEICRETL x5,

1.4 JEEHEATOVS I, WiT- pRARTOIT ST

Scala TIXIEFHIDFIE %2R T % Future BEHES 4 T VICEFTNTEDY, HaAko4 77V
TELhTVWET, RT3 71C&kb, ALy FEEBZ2 L5894 7 FOKRER
D7 72 2T 2R TEET,

Fo, MO AT AV EDLDERITNUE RS RWEER YIS, ALy REHFAET S Z 2k
DIATLDBRERGFOIENTEET, NHCEROI AT LHHD ., HA»roDKRET 7 A
AEN2GE, Scala DIEFAWI T 0 75 I v ZDIR— FEIKERT T RATKEDET,


https://www.scala-lang.org/api/current/scala/concurrent/Future.html

sht zf A Fb—=ILF 3%

HED Scala 7 7V 74— 3> TlE. Scala 7n 275 22 FFHTar A V1523 2 2 I3IERICH
T, ERMNRZELEY =L THB sht LWHIY—LEZHVWZZICRDET, TI T, sbht DA~
AR =N DOWTHAL 3,

2.1 SDKMAN!O-1 >R k—IJL

Z ZTlE. sbt ¥ Java Wb SDKMAN!ZRFH L7=A Y A b — L 5EERMN L E S, Mac OS
% Linux O34, SDKMANUIM RO a~<wY FCA YA =L T&% T,

$ curl -s "https://get.sdkman.io" | bash # SDKMAN! D 4 ¥ &2 b — v
$ source "$HOME/.sdkman/bin/sdkman-init.sh" # SDKMAN! @ #] #i{t (shello® H & T & A])
$ sdk version # RNZANFEo T2 HDMHER

Windows D& D WSL 2 SREDHIETA Y A b —LF 3 ZERARETT,

22 JavadD1>A K=l

Scala 2.12 LU#1Z Java 8 LIS E DT, L Java 4 Y A F— L E A T0WRITFHUE 3
JavaZA YA P—VLEL &5, BHD Scala 3 % sbt 2 TI& JDK 17 LIRS HHIC/2 2 DT,
version @ Scala 5 FEMZIFIUR, 17 DIFED LTS 23 HEETJ, Scala & Java D ZFHZh D N—
Y a Y OEHEOFHICE L TIZ, UTFD Scala ARXH A FDR—IEBRTLIEEW,

https://docs.scala-lang.org/overviews/jdk-compatibility/overview.html

ZIZTRE. BIEEA YA = L7z SDKMANVERIF§ 2 FIEEBEA L E T,

$ sdk list java # A VA P—T % 2%Javad — & % R
# sdk install java <Identifier> # <Identifier> OH P WE LT D a~ Y FTHRALLZF 2 S A4
VA bP=RALIWVwHDOEANSD

122 TES” FHT” LIE, scalac a~y FREHERECHT WS EKTY


https://www.scala-sbt.org
https://sdkman.io/
https://docs.microsoft.com/en-us/windows/wsl/install
https://docs.scala-lang.org/overviews/jdk-compatibility/overview.html

H2E sht®EAVRAP—LT3

$ sdk install java 17.0.19-tem # #i

$ java -version # Javadi 4 YA b= XRNTW3B H» DR (Java8Llhi b %
&)

$ java --version # Javadd 4 Y A b= 1IN TW3 DR (JavallllF o 5
&)

2.3 MacOS, Linux, WSL (Windows) DIZ&

BAINCA YA b= L7 SDKMAN!ZFHL Tsbt 4 > XA b—NLLET,

$ sdk install sbt # sbto £ ¥ X b —
$ which sbt #shtd 4 VA P =L IR TWVBHOHER

r3iuX, sht 4 XA =L TEE T,

2.3.1 Homebrew ZF|BE 9 37A7% (Mac0S)

Homebrew % HW3 HIETHA[RETT,

$ brew install sbt

TAYVAP=IVTE, BTID, FILTZELZ DK A VA= ENTLES WS HENDD
%9, https://github.com/scala-text/scala_text/issues/566

2.4 Windows DFE (WSL UH)

Windows T WSL 2| LBRWGEE, UROHETsbt A VA =L T2 N TEET,

Windows 2D winget 2~ > F. » % W& chocolatey a2 » F&2ffioTA VA =135 L3
T3

winget % i 5 35&1X Windows Powershell % BT < 72& W, winget search 2~ ¥ FTHRHOD
N=a v eRTEET,

winget search sbt
sbt sbt.sbt <latest version> winget

H 213 winget dnstall sbt -v <version> A<V Y FTI/ELIN—Ta>Dsbt &4 VXA h—JL
TEX¥T,

chocolatey (& Windows FD ¢y 7 — < 5 — 2 ¥ TIHFEICHFEDTHNTE T, chocolatey D
Ry r—=JZE sbt DHDBHH 5 DT,

> choco install sbt

¥ 34U Windows IZ sbt B84 Y A b — L ENF T,



https://brew.sh/ja/
https://github.com/scala-text/scala_text/issues/566
https://chocolatey.org/

H2E sht®EAVRAP—LT3

Windows/Mac 0S DIFA T, ¥ = VIR Tsbt L ANTEeANLF VDX Y Y r— RPHENIT
A YA D= VDBEIITT, sbt BRVEEONLHE, BHIAA sbt AND PATH 25l o TV
FTIDOTEMLEL £ 5, Windows DEEZHIL (AT LD TRART 4 HPORMETE LT,

Windows ¥ — & r ¥ —Z[[AKHIHI L T c:\Windows\System32\systempropertiesadvanced.exe %
ANLETS,

= Dy VR EEELTRIT X

=], 793707704, FEERETANI-PRFIAVIE, 1
F-Fy b VY-2BEA DLW,

HFI(O): ‘ ‘Windows¥System32¥systempropertiesadvanced.exe v

o | sEE.

OB EF L VWX, Windows ¥ —¥ r F— 2RI L, sysdm.cpl Z AL T >
AT LDTNT 4 | HEZAE LT,

[SRFLDT0RT 4] O TFRRE) DX T7Z2BE, V4 Y FYDTOHICH 2 THREER R
2L CRIBEAR OB EHHZHE £3,

BRESZINT PATH DTEIES 25513, PATH ZfRSE LT sbt D4 Y A b — %8 (Bl Z1F c:\sbt\bin)
ZBMUE T, BREZLIC PATH DIETE LR WHEIEHT L < PATH BREEZER 2B L TR U < sbt 4
YA NVEREELET,

2.5 REPL & sbt

Zhp 6 LIES <. REPL (Read Eval Print Loop) H&HE & FEIXN 2 MEERT 2 #%6E % FA\W T Scala 7
027 AL TVWEETH, ZHULHEIT sbt console IV FEEHLTITWETD,
sbt console #i&Z#)3 % 121%. Windows T% Mac T%

$ sbt console

EATIFTHUL OK TY . BHd U,

[info] Loading global plugins from /Users/.../.sbt/1.0/plugins

[info] Set current project to sandbox (in build file:/Users/.../sandbox/)
[info] Updating {file:/Users/.../sandbox/}sandbox...

[info] Resolving org.fusesource.jansi#jansi;1.4 ...

[info] Done updating.

[info] Starting scala 1interpreter...

[info]

Welcome to Scala 3.8.4 (21.0.8, Java OpenJDK 64-Bit Server VM).




H2E sht®EAVRAP—LT3

Type 1in expressions for evaluation. Or try :help.

scala>

D EDICFRENE T, sbtconsole ZT LI=WGEIL,

scala> :quit

EANLET, 728, sbtconsole ZiH EIF 2 @AM DT 4+ L7 PUERERLTBL I %
BESHLET, sht ALY b F 4L 27 VUVD R target 74 L7 MU EERLTT 4 L2 b UZERH
ZHELTLESIDLLTT,

LRAK, ZOk ZEBXN 3 Scala ® REPL D N— a YIFBEM > T\ sbt AMRIFL TV 53
Scala DN—=Y a VTR TLEVET, LAL. ZOWEEINIC Scala @ version H3E7E X 1 2 Bk
EERFTO sbt TIFIEHERTESE B2 DT, BFTEUT 4 L2 bVUIC build.sbt £V 7 7 L VEAE
[LAON

scalaVersion := "3.8.4"

7Y e UTHH/RINIZ Scala @ version 2 8ELEL & Do ZD_*sht B sbt OEILREZT 71l
IC% 2D TYEH, SId REPL ICBNTH S SEREBRD T, ZD.sbt_7 7 A L OfliLVWEEHIZONT
DFIAZEL 5,

26 sbtdN—T32IZDWVWT

D “sbt DAN—= a DOV T” IR, BFRZEFEICA YA P =LV TELGEEE, SARIL T
TRV THWERA,

sbt 1% sbt --version & L £ IZ sbt --launcher-version &3 % & version BFERINE T2, =
DT F A+ TIEEAN sbt 1.x3054 VA P =L XN TWBHHRTHMHL TVWEEZ T, LxRZTHN
BEARINEFEERZ VXS T, EHAZ NS 2T 2729, s LBRYLEOAA=Ya YD
sbt 24 YA =L L7722 3D25EE. TELZREIRIREANTEBOVZIESIBVWTL & 9,
F72. b L 0.13 RLEITO version (0.13.16 72 &) A>TV BEHEIE. ik LEENRL D ARG
ETLB2DT, ZOHEEEILT 1.x ROEHRE ANDS LHITL T X,

24 71D TIE%L 2 0RO THERE, version DFEHICOWTHID 720WEAE. 255 BB, https://github.
com/scala-text/scala_text/issues/122

=3 BIRINCIE 2 e BN T W3 2026 4F 6 AR EORFRTH 5 sbt 1.12.13,



https://github.com/scala-text/scala_text/issues/122
https://github.com/scala-text/scala_text/issues/122
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Scala DEA

Z OHITIE Scala DHEAIZDOWT, REPL 2o = 0EHERD SBDTIEEZ B> THHL TWE
Fo T—HIE MacOSERIETH % Z & ZRHZICHAL TWE 325, Mac OS IKIFDOED I 2T Y
%< VWD T Windows BREE T BT L A L DIGARBICHEL £3,

3.1 Scalad1r>X k=)L

INETTsbtZA VAP =N LERETTTDT, FRTHEDD FHA, sht DY AT a >
D Scala Xy >r—RLTNET,

3.2 REPL T Scala ZXEERICEH L TH LS

Scala 7 v 7' J AIBHRINC I Y A VL L THBHFEITT 2 2 e HZ VT T A, REPL (Read Eval
Print Loop) 2 & - TXfFEMNC Scala 7R 27 A% F T35 28 dTEET, ZI T £7 REPL
T Scala \IZfINTABZ ICLEL & 9,

Flrro Loz, MEEY = (Windows Og&Ika~>y R ey 7 ) 256

$ sbt console

ravryREHoTAZEL &,

Welcome to Scala 3.8.4 (21.0.8, Java OpendDK 64-Bit Server VM).
Type 1in expressions for evaluation. Or try :help.

scala>

DESWFREINBITTTT, ZNT Scala DWFUCABEFATEE Lz, BB, $ DIFTET =
ATa Yy FrROTANLEL TRWTT,

*I Windows DA, $ %> ICHAB R TLE IV,




% 3% Scala ODEA

3.3 Hello, World!

FFIIEED Hello, World! #RBREEBTAEL & D,

println("Hello, World!")
// Hello, World!

fiE%. Hello, World! &R EN 2133 TT. KIZH & - L ANEZZ T, println() ZIETLTA
FL o, ST, EORBTLEID

"Hello, World!"
// resl: String = "Hello, World!"

resl: String = Hello, World &, FEIZ¥ LILE S RV INE Lizdd, T4UX, "Hello, World"
WS HDOBUD string TH D, ZDED "Hello, World" THBZ L ZRLTWVWET, ZNFETHHH
LTWEEATLRD, Scala iI3F R ZFOFFE T, EITSNBHNTAENE - TVE I N F = v
7ENET,

331 HEME
A7) 5750% REPL THAOLTAZEL & 9,

e oxff

* le308

* 9223372036854775807L

* 9223372036854775808L

* 9223372036854775807

* 922337203685477580.7

* 1.00000000000000000001 == 1
¢ "\u3042"

* "\ud842\udfof"

EDXIWCFRENDTL & 90

3.4 BERHE

IR LAZETLTAEZL & 9,

scala> 1 + 2
resl: Int = 3
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IMRIREN., ZOHRN Int THIZEIDDID TTH, 2B, REPL DFRRICHTL % resN W05
DiE, REPL 220X (HZERTDHD) EAN LIz =2, ZORDEIZ REPL BT ICEHT® D
F72bDTT, ZOHIMIRDLIIC, TOEBRBMHEI N TEELT,

scala> resl
res2: Int = 3

ZOHEIZ REPL T LRWI B /7 42 A3 5 & 2B TTOT, IHLTVEEL & 5,
Int BUTIEMIC D + - 0,/ EV O REBEFOPHBEINTED, XOXS L THES 22 TEET,

1+ 2
// res2: Int = 3

2 42
// res3: Int = 4

4 /2
// res4: Int = 2

4 % 3
// res5: Int =1

FHNRROERD7DICS, IZEFACHEEFPHESATWET, L2 L. BN
REDD BT F DRICIFFEINETT, AAUuIbb 2 K512, Double Z WD Int & ERZAINH
BHXNTWVWET, dbl.asInstance0f[Int] DI F ¥ A ML THAZTHT AN TEETH, Z
DEE. T NSO NEDE I FETHN S Z LITHER LTS W,

1.0 + 2.0
// res6: Double = 3.0

2.2 42
// res7: Double

1]
N
N

4.5 / 2
// res8: Double = 2.25

4 % 3
// res9: Int =1

4.0 % 2.0
// resl@: Double = 0.0

4.0 % 3.0
// resll: Double = 1.0

(4.5) .asInstanceOf[Int]
// resl2: Int = 4

(4.0) .asInstanceOf[Int]
// resl3: Int = 4
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3.4.1 FEMRE
INHECTHTER, + -0,/ % OFEETEE > THFER LS MR EITBAATAEL £ 5,

* 2147483647 + 1
* 9223372036854775807L + 1
* le308 + 1

* 1+ 0.0000000000000000001
c1-1

+1-0.1

0.1 -1

©0.1- 0.1

* 0.0000000000000000001 - 1
©0.1 4 0.1

©20 4 0.1

1/ 3

1.0 /3

17/ 3.0

©3.0 / 3.0

©1.0 /10 4 1/ 10

*1 /10 4, 1/ 10.0

EDXIBMHEICZLETL & 5D Fy ZORIIMNTIRZTL & 5%

3.5 EHOERX

CZETIERERZMEDODITIC REPL X2 ZDE FITHIAATVE LD, RORXZANT S L ZI2
ZNTIEAMETT A, Scala KHMOFERRICEBDH D, FEMEREMNTZ2 P TEET,
FEELZITURNT R 0DIE Scala DEEIZIX val & var D 2 LD D, BiEZ—EZRICEZIE
L7 bAEAATRET, BEFITBE OLHO L 5 ICEEAREL WS 28 T,

FNTIE. BREHE->TAZZLICLE T, Scala TIEEAKMNZ, var 3P EDHEHT val DAT
TurI7IvLET, ZhudScala TIRY IV IR TE ETRERERZI L ROTENR VK
ST LTLEE W,

val x = 3 4 2
// x: Int = 6

UL, BB x ZERL. ZRUT3 4 2 DRFERERZBHL TV E T, HEITRZR, x 02 E
ELTOVARVEWVS ZETT, 3 4 2 DFRD Int RDT, Z2I056 x DHD Int ITEVRNE Y
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NRA PR T E 2720, ZROMEEE T 20EDRVDTT, Scala D ZDiRER (m—AL) A
AR PP E §, ERLEZHOINL Int EHEEREI N0 T, ZD%. x ZHIOEL /=¥ 21X string
B L THES>LTH, aV I RO I IR D ET, ZROBEZEFTLTVWRITHERA
ERHBRE S TNDEWNS 2T,

val Zffio 2 ZFIIIEZBRATE S, MHERORNREI O D IZ VDT, var Zffio 2ZEHT
EBRLUTAET, var 2o ERE S OFEITEARNIC val LR LTI,

scala> var x = 3 4 3

x: Int =9

scala> x = "Hello, World!"
<console>:8: error: type mismatch;
found : String("Hello, World!™")

required: Int
x = "Hello, World!"

A

scala> x = 3 4 4
x: Int = 12

AV M

«var 2o THE LHE D HHERSIE56< 3 4 3> 1Int)
s var o756, EROBEEZEETHIeMNTES (9—>12)

EWVWHEIATT,
CZETRZEHOMEESE T IR E»P B TRE LA, HRNICERORIZES T2
S TEXFET, ZHOMEEE T 512X

("val'|'var') <ZE¥4> @ <Al4a> = <A

DEHITLET,

val x: Int = 3 4 3
// x: Int = 9

LR ALEROREESTETVWETR,

351 HEME
CHETCHTERZREEETEHAVT, XD EELEREANLTAHEL £ 9,

* Q. ¥3,950,000 Z4FFIH 2.3 % DHIFIT 8 2 AR D AN ZHEOFEIZ N &2 (FIARHYID
#0)

A. ¥60,566
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. Q. i¥1,980,000 DR F B = LCHFE L7z ¥ & 2. i 1.6 %12 72 2¥26,400 DI ¥
otz BIBIBELEMDM A — > N TH o F=d

A.18 %
YE2o%, EEICERZH > TScala Da— FTHROVTAEL & 5,



A W N =

sht T2/ L%ar 84 )L« FLT
35

BifiETTld. REPL #ffioTCScala d 7075 AZGRBICFEIT L TAE Lz, ZDOHEITIZ Scala D
Tur 7 L% sbt TaY AN LU TETTEHEZETEL & 5, £731X REPL OF & Ak Hello,
World!%* £R5 2570277 Lo TAEL x5, DR, REPL 2#klJ £ L x 5, REPL 24k}
%12id. REPL 226D XS ICATILET,

>:quit

Scala 2.10 £ Tl exit. Scala2.11 DI sys.exit THRT T B I NTEFEITH, 2N 51E REPL
HHOa<Y FTIEEZL, 507 RBRERTIE2NAMNRXY v 72D T REPL & T3¢
BAEFCIEFERALEZNESICLEL £ 9,

object HelloWorld {
def main(args: Array[String]): Unit = {
println("Hello, World!")
}
}

object ® def LWV o 2F L WVWHF—U—RFOPHTEE L2, ZNHDFLWEBKIED & THHT
5DT, TITR, scalac TAY AN TET0TITLAEIDESRIETERT LD oTH
72& W, {3} THENTWVSER771E REPL & LRI U, println("Hello, World!") T¥ 4, %
HelloWorld.scala ¥\ 5 #R1D 7 7 4 MIRIFEL £ 5,

FRoTur I A sbt Tay 4L, FTF2IeMNTEET, I I Tldsandbox £S5 7 4
L2 MUERERL, 2Z2R7u 702 ELZ2ICLELE D,

sandbox

iquit TR :qDATHRTTEET,

14
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15

F—— HelloWorld.scala
L—— build.sbt

UEDE 774V EEEET,
4Bl D build.sbt 121% Scala DN—Y 3 > ¥ —FEIZ scalac DEHE L T2 a Vb EMNIL TAZE
L9,

// build.sbt
scalaVersion := "3.8.4"

scalacOptions ++= Seq("-deprecation", "-feature", "-unchecked")

ZDEREMZ B Z & T scalac 28

s SHBBELEOTED APL ZHFH L TW3% (-deprecation )

« PRI ZES L2V E W R WEBRIZERERTERE LR TR R o 2 WikREZ A LT
W3 (-feature)

BIHERETRE ==y FOEMTHERE L 720 5E (-unchecked )

REDEHEDIHFREFHLIHLTINE ISR DET, a4 7DX v E—I UK ZD
THF3E51CLEL & 5,

XT, DI T7 7 ANVERELS sandbox 74 L 27 M UIZAD, sbt ZEEI L %3, sbt %
EET 2 1EMFES =2 AU TD X5 iIa~vy RT3,

$ sbt

T2rshtdFa Yy AT, sht Da~wy RBANTES X512k 3, 5HIZ HelloWorld
DT I LEETTE3EDICrun a<w Y FERAINLTAEL & 9,

> run

[info] Compiling 1 Scala source to ...

[info] Running HelloWorld

Hello, World!

[success] Total time: 1 s, completed 2015/02/09 15:44:44

HelloWorld v 7' a3a v 84 L&, X HIZEITEANT Hello, World! E RRNINE Lz,
run 39 R TlEmain XV Y R TWA ATV 27 b EBHELTEITLTINE T,

F7- sbt DEH D Scala 722 F 413 console 2~ FTREPL 2 6MEUOHBZ X512k &
3, HelloWorld.scala ¥ [F] U35FMIC User.scala £S5 7 7 A VEE-oTAHEL &5

// User.scala
class User(val name: String, val age: Int)

object User {
def printUser(user: User) = println(user.name + " " + user.age)

}
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Z D User.scala i2iF User 75 AL User 77T =27 b3H D, User 7T =7 MiZIZ user DIEHR
FFRRT D printUser XY v RBHDET (5729 F 7V =27 bOFEMICOVWTIZIZ DZEDOEITi
AL E9),

sandbox

F—— HelloWorld.scala
F—— User.scala

- —— build.sbt

Z DIREET sbt console T REPL %ji£#Hj 3 % &, REPL TuUser 7 7 AR User A 73 =7 + =HH
THRZENTEET,

scala> val u = new User("dwango", 13)
u: User = User@20daebd4

scala> User.printUser(u)
dwango 13

SHEOFTEEARY Y IV a— FPHTEZ TN, D LS5 sbt 2S5 LEHEICHS TR LT
ADBIEMTELDT, HHLTATLIEIW,
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IDE (Integrated Development
Environment)

Scala TAMMIZa—FT 4 7T 51X, =7 4+ & (Emacs, Vim, Sublime Text) %{#- T
FHAMN, IDE 25 & X DBFEIRICKR D £F, Z ZTiX Intelli] IDEA + Scala Plugin ® 4 > X
b —VJT ik EARRIREICOWTHHL 3,

i | 7eB. AHITIDE 24 ¥ R b — AR HFHIAIE REPL 2 o TITWE 325, IDE X— 2 THEH
L72WGEEIEEEa2— R%Z IDEDITT 4 I DI TEITT AR ELTLEX W,

Intelli] IDEA & JetBrains 2555 LT\ % IDE T. Java fJ IDE ¥ L TIREWVWARZHE > TV E
T, BRTT2ZMERED Ultimate Edition 4 — 7> Y — 2 TR O Community Edition 2% b
¥ 9, Community Edition T%. Scala 7574 %4 YA+ —1F25Z L TScala fiHE T2 L
T &2 DT, AFTIE Community Edition 24 Y2+ —L LTHHVET,

%3, Intelli] IDEA @ Download X—JIZBEI L £ 3, Windows, Mac 0S X, Linux ® 3 DD X
TWHZDT, ZRZHD 0S IZJH LK 7%ZERL T, 'Download Community| KX > %27V v
ZLTLZE, D IDEADRZ Y =YY ay P TTEETH, #E L MacOSX EToz”
V—ray bThHd Tz IARMITES W,

17


https://www.jetbrains.com/
https://www.jetbrains.com/idea/download/

% 5% IDE (Integrated Development Environment)

JET
BRAINS

Tools Languages Solutions Support Store 2 Q

N

IntelliJ IDEA What's New Features Learn Buy w Download ]

Download IntelliJ IDEA

Windows macOsS Linux
Ultimate Community
For web and enterprise For JVM and Android
development development
Version: 2018.1.2
Build: 181.4668.68
ottt - -
DOWNLOAD DOWNLOAD
Release notes
Free trial Free, open-source
System requirements

Installation Instructions
Previous versions

Ma

KRR %EIV Y 7T 5L, idealC-${version}.dmg (${version} 3 Z DFFTD IDEA D N— 7
V) BV T 7 ANDRYya— KPEEZDT (Windows DA, A YA b —FD exe 7 7 4
W), Booa— RO ERbET, Xvora—RBPKT LIS, 77 AVERTAZ Y v 7L
T, fBRICLER>TA YA =L L ET,
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[ NON | . IntelliJ IDEA CE E

TO DEVELOP

N GragTo( E/@\“ )
5

IntelliJ IDEA CE.app Applications

A VA= ADEDoLORILET, AT T7v> a2 X7 ) —UpBATLELLFDE,

Intellid IDEA

Version 2018.1.2

3¢ Create New Project
 Import Project
Open
¥ Check out from Version Control +

@) Learn IntelliJ IDEA

1 Events ~ # Configure ~ Get Help ~

D LS HEMBRREINZIETTT, TZIFETT, IDEADA VR F—ISET TS, X2, IDEA
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D Scala 7574 A VA N=LTERENRDD FT, EEIEHOD configure->Plugins 227 VU v

ZLTLEEW,
® Welcome to IntelliJ IDEA

IntelliJ IDEA

Version 2018.1.2

Create New Project
¥ Import Project
Open
¥ Check out from Version Control ~

& Learn IntelliJ IDEA

1) Events v || # Configure v} Get Help ~

KD &S REFEIEHENZ DT, ZOHFD Browse repositories] 2271V v 7 LE T,
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[ JON ] Plugins

Q- Show: Al plugins ~

Sort by: name * ' Android Support

~ Android Support Ml Version: 10.3.0

a Ant Support Supports the development of Android applications with IntelliJ IDEA
and Android Studio.

ANTLR v4 grammar plugin

a Bytecode Viewer

a Copyright

a Coverage

a CVS Integration

a Eclipse Integration

a EditorConfig

a Git Integration

a GitHub

a Gradle

a Groovy

= 118n for Java

a |DE Features Trainer

L IdeaVim m

Install JetBrains plugin... Install plugin from disk...

? Cancel m

A VA=A TS 74V DO—ENPHNZ DT, MRBREND scala TR DIAAZNIT T,
Mnstall] TA YR =L LET (RZV =2 avy b SR)
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[ NON ) Browse Repositories

Q- Scala ()  category: Al ~

Sort by: name v | LANGUAGES

UNIT TESTING oevearao | Scala
Rainbow Brackets 131,083 RARAK [¥] Install
ul 3 ki
e iy 8688098 downloads
SBT 202,064 Aridhdy | UPdated 2018/04/23 v2018.1.9
BULD 2years ago | The FIEIR plugin extends IntelliJ IDEA's toolset with support for S,
. . sbt, L1 js, Hocon, and Play Framework. Support for 1B, sbt and
SBT ChangelistAction 17001 Hocon is available for free in IntelliJ IDEA Community Edition, while
TOOLS INTEGRATION ' 5 yoars ago | SUPPOIt for Play Framework and =8 js is available only in IntelliJ
IDEA Ultimate.
SBT Executor 40,190 Vendor
BUILD 4 years 290 | jetBrains
Scalal http:/iwww jetbrains.com

8,688,098

LANGUAGES P —— Plugin homepage

http:/iwww jetbrains.

Scala Imports Organizer 52,150 A neticonfluence/display/SCAZEIE+Plugin+for+Intelli+IDEA

FORMATTING 3years a0 | Gjze
Scalafmt 525 M
75,599 WA ARk
FORMATTING 2 days ago
Scalagen, Java to Scala converter o 827
CODE TOOLS 5 months ago
Scalariform
16,937 WAk
FORMATTING

one year ago

ScaterKnife

CONE ENITING

472

HTTP Proxy Settings... Manage repositories...

Scala 75274 DXy —F « 4 VX = NZRBETEES22E3DTLIESLFbET, &
ol — R A VA=A ETLESL, RO LS REENEHENS DT, [Restart Intelli] IDEA] %
7w 27 L%ET,
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LANGUAGES
Scala

(& Restart IntelliJ IDEA

AR ATy 8688098 downloads
Updated 2018/04/23 v2018.1.9

The plugin extends IntelliJ IDEA’s toolset with support for FeE),
sbt, E&=1ELjs, Hocon, and Play Framework. Support for Eez1E), sbt and
Hocon is available for free in IntelliJ IDEA Community Edition, while
support for Play Framework and EezIE js is available only in IntelliJ
IDEA Ultimate.

Vendor

JetBrains
http://www.jetbrains.com

Plugin homepage

http://www jetbrains.
net/confluence/display/SCARIEE+Plugin+for+intelliJ+IDEA

Size

525 M

%, EEEET Create New Project) 227V v 27 L, ROEHD X 5127 > TWiuEA4 ¥
S ]\ —}Vﬂiﬁjzy]f“?o
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[ JON } New Project
Java sbt
Java FX Lightbend Project Starter
i§' Android a IDEA

IntelliJ Platform Plugin

Maven
¢ Gradle

G Groovy
@ Griffon

Scala

K Kotlin

Empty Project

sbt-based Scala project (recommended)

Previous @

? Cancel

51 sht Oz D41 >R—k

Xz, Hffizz sbt 7m =27 % Intelli] IDEA IZA Y R— b LTAET, SEHIEX H5H1TD

HE L TBW/ scala-sandbox 7R Y =7 b ZHWVWE T, scala-sandbox 7RI =27 MEIZ ZH 5
git clone T clone LEJ, scala-sandbox 72 =7 MIRD K S BHERIZK > TVWBIET T,

scala-sandbox

F—— src/main/scala/HelloWorld.scala
F—— project/build.properties

L—— build.sbt

Z D scala-sandbox T 4 L7 MU %2 7aP =7 + ¥ LT Intelli] IDEA \ZEXD AAE T,
%9, Intelli] IDEA OEH)E A 5. [Import Project) Z#ERL %7,


https://github.com/scala-text/scala-sandbox
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Welcome to IntelliJ IDEA

IntelliJ IDEA

Version 2018.1.2

3¢ Create New Project

¥ |mport Project

Open
¥ Check out from Version Control ~

@ Learn IntelliJ IDEA

%* Configure + Get Help ~

iz, UFD &S LEEPFRRENS DT, buildsbt #2279 v 27 LT, OK L%,

) <

New Folder

ca é@ g% v [ scala-sandbox S i (@] Q
| B build.sbt
" name := "scala-sandbox"
|| project >
¥ README.md scalaVersion := "2.12.4"
| src >

o scalacOptions ++= Seq("-
deprecation", "-feature",
"—unchecked", "-Xlint")

build.sbt

Doc - 125 bytes
Created 2018/04/26
Modified 2018/04/26
Last opened --
[ 5 Add Tags...
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THL. IHRRD XS REHDPERREINE T, [Project ]DK| HZEDLEDH D £3H. 2D
A, New) ZEIRLTHD T, IDKDER—ALF 4L 27 bVIZH2 DK ZfEELET,
@ @ Import Project from sbt

sbt project: ~/work/scala-sandbox

Group modules: O using explicit module groups using gualified names

Download: Library sources sbt sources

Use sbt shell for build and import (requires sbt 0.13.5+)

Project JDK: 1.8 (java version "1.8.0_151") B New...

Project format: | .idea (directory based)

» Global sbt settings

? Cancel ﬁ

BRI, OK L3, m#I&, sbt BIRD Y — X 2HUS/2 ¥ T 2720000 35, LiIFs <
o 7uy 7 VEEDHAEE T, ZI0 6. HelloWorld.scala #3EBATX TNV v 7 LT, MU
TO &SRR NIUIBII T,
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o0 e la-sandbox_501 dbox] - cala [scala-sandbox]
% scala-sandbox ) I src ) i main ) [ scala ) © HelloWorld.scala ) I v
£ [ Project ~ @ = % [~ © HelloWorld.scala >
8 =
< v I scala-sandbox ~/work/scala-sandbox 1 > object HelloWorld { ve
& idea 2 > Jlef main(args: Array[Stringl): Unit = { 2
o X 3 printin("Hello, World!")
5 ‘@ project [scala-sandbox-build] sources root A
2 src 5 } o
< " 6 g
& main
a scala m
o HelloWorld z
target H
‘o build.sbt 2
£ README.md g
Il External Libraries
[ Scratches and Consoles ™
£
£
a
HelloWorld
Build: Sync - L
(3 |7 ® scala-sandbox: synced successfully ~at 2018/04/26 14:05 1m 275736 ms

) dump project structure from sbt
@ import to InteliJ project model

3% 2: Favorites

X %

e
@
]

@ ANTLR Preview @ Tool Output %7 9: Version Control

[g sbtshell [ Terminal | LBuild 2 6:TODO

[ The modules below are not imported from sbt anymore: scala-sandbox_501scala-sandbox_501-build // // Open dialog to restore removed modules (moments ago)

18 LF:

UTF-82

1) Event Log
Git:master ¢ & & 1]

ZD &S5z, Intelli] IDEA T, sbt 7Y 227 b2 A YR— L TIDENTHET 2 ZHBT

EEIIS

52 7OJZL%ETITS

%I, 2@ HelloWorld 7 v ' A% 5247 L £3, HelloWorld.scala % IDE O =5 4 X THIW/=

3|ﬁ%3f;x;1—i7)6 Run -> Run ¥3ERL F7,

[ ] scala-sandbox_501 [~/work [scala-sandbox]

« scala-sandbox ) I src ) i main ) [ scala ) © HelloWorld.scala )
5 7 Project ~ € == - | © HelloWorld.scala R
< v I scala-sandbox ~/work/scala-sandbox 1 b object HelloWorld { ~XD
Cl idea 2 def main(args: Array[St| N
- . 3 println("Hello, World 7 Profile...
_g ‘@ project [scala-sandbox-build] sources root , R
5 N N
& e . 1 # Edit Configurations...
g main . 5] Import Test Results >
scala
o HelloWorld
target
‘o build.sbt
£ README.md

Il External Libraries

7 Scratches and Consoles

Build: Sync

¢5 |7 ® scala-sandbox: synced successfully ~ at 2018/04/26 14:05

2 @ dump project structure from sbt
K] @ import to IntelliJ project model
€5z
&
*|
gl X
3 - .
i View Breakpoints... o 8rs

@ ANTLR Preview @ Tool Output 42 9: Version Control [ sbtshell & Terminal

[ The modules below are not imported from sbt anymore: scala-sandbox_501scala-sandbox_501-build // // Open dialog to restore removed modules (2 minutes ago)

&1 LF:

UTF-82

¥vEo

0o

<
aipei9 (&

swaliduane 3 1as @

PIng Y 3¢

=
1m 27 s 736 ms

1) Event Log
Git:master ¢ & & [TI
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RO & 5 RHEHE BN 2 DT, Hello World ZEIRL =3,

[y dbox_501 [ db e e e
= scala-sandbox ) 1 src ) [ main ) [ scala ) © Helloorld.scala ) i - Y e Q
€ @ Project ~ © &= | #- I © HelloWorld.scala >
3 v Iy scala-sandbox ~/work/scala-sandbox 1> object HelloWorld { vie
® idea 2 » def main(args: Array[String]): Unit = { 4
i 3 rintln("Hello, World!")
5 ‘@ project [scala-sandbox-build] sources root P "
b src 5 ¥ o
= main G =
s scala m
o HelloWorld z
target 3
‘@ build.sbt H
£ README.md 2
Il External Libraries ’
£ Scratches and Consoles ¥
>
@
Run
0. # Edit Configurations...
HelloWorld
Hold ©* to Debug
Build: Sync # L
(5 |7 ® scala-sandbox: synced successfully ~ at 2018/04/26 14:05 1m 275736 ms
K @ dump project structure from sbt
g import to IntelliJ project model
L5
&
BB
e X
]

1) Event Log
+ Gitimaster+ & & (11

@ ANTLR Preview ) Tool Output %7 9: Version Control [ sbt shell Terminal | |4 Build
[ The modules below are not imported from sbt anymore: scala-sandbox_501scala-sandbox_501-build // // Open dialog to restore removed modules (3 minutes ago) 61 LF¢ UTF

3+ 2y, HelloWorld 70 2S5 ADBAID A Y RAADBBEZDOTHLLELET, 20K, XD X
S REENFRREI N S5RITT, |

dbox] - i e e e
% scala-sandbox ) I src ) [ main ) [ scala ) © HelloWorld.scala ) 4 Helloworld ~ | B K ¥
E & Project ~ O = | B © HelloWorld.scala 3
2 . scala-sandbox ~/work/scala-sandbox 1 b object HelloWorld { vz
& idea 2> def main(args: Array[String]): Unit = { @
3 o ) 3 printin("Hello, World!") H
‘@ project [scala-sandbox-build] sources root }
e src 5 ¥ .
g main s [0 g
] scala
© HelloWorld n
target H
‘e build.sbt 3
README.md g
Il External Libraries &
57 Scratches and Consoles
Run: 1 HelloWorld
> avaVirtualMachines/jdk1.8.0_171.jdk/Contents/Home/bin/java ...
o fello, Horld'|
g Process finished with exit code @
3
=
fm @
=
& 2
*x

6:TODO () ANTLRPreview @ Tool Output % 9: Version Control  [g sbtshell  [&] Terminal | 0: Messages d =z

Compilation completed successfully in 17 s 49 ms (a minute ago) @ 61 LF: UTF-8% Git:master s & (11 &

=
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D7 F X M Scala DEKIZOVWTHERLDTTDT, ZHLE, Scala DH 2R S 28
R LI LIEHTEE Y, 22 TR MXeRTLDDRIEICOWTHEIZHAL £9
6.1 7ILT 7Ry hREDLY

F3,. LURD LT, 77 7Ry bRAEBORLUNZDOFEEHNI-GE., ZOXFIZFDHD
EPRLET, ZZTRE if EWISXFHNZEDODDERLTWVWE DI T,

if

6.2 TILT 7Ry FREDLVD%E T +— THARLDHD

Rz, 77 7Ry MREFOM I %2 7 A — FTHALS DS, ARV E T, ZhE3®kbT 5
£, —HOXFIRRZERZ b 2720, TheORFAZET -0V ET, UTE,
SRR UERTS,

ifr

6.3 (&) CTHEFNhEXR

BRALDPOERFT, ) THEALDDIZ, -V 72 RBLET, LINE (THE2Mon
DXFHNTIFEL, if() EVWIXFDOUM P2V EFEDIILEDDOEZRLE T, T3 BT 544
DIRLORBLEZO L ELDITT BDITHENE T,

(l-ifl I(I l)l)

BUREIC ' (% ) ELRWVIRD, 2 —vr raBeash g,

29
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6.4 <> THEN-EZR

<> DESIT < &> THATHRTZDT b DIE, MorOMIEREZRLET, b rE(ZL
T, R EVIHRERBAT MO0 OMIERTHL I ERLET, LURTIE, Java @ if XD
XDO—EERHRLTVET, <%0 AP OVWTIEMA THERAD, Java DEEET boolean 73
BoTLA2AEZMELTVET,

PN <K EER> )

6.5 ASHDEZRDH EIC*HMIMETNiHD

M SPDEFRITHNT, , BMS DD, ZOERD 0 EMEFAS Z e 2EKLET, XU
TR <> DOHEIT; KD XS RERP OB ERNS Z L 2EKRL 7,

‘ (<> 5%

CZT.a 3addHriz , LVIXFHRZDD, a® 0 FLEDEDIELZDLDEKRTT,
R ERRT 272012, BIRINC ' ELARVED, #DRLABEIh2b 0 LET,

=

6.6 RISHDEZRDHCIC+HIMENHD

I SADEFITHNT, + BME N7 d DI, ZOERN 1TEDERNASZ Z e Z2EKLET, MU
TN <> DHEIT ; BRKRD LS BRERP 1AL EERNZ ZEZERLE T,

(<> ;)+

TZT.a+lZaDH LI+ EVWSXEDNRZDD, a D 1ELL EDOEDIKLED2AER T,
R ZBRT 272012, RN '+ 2 LARWVED, #hRLELEENZ D LET,

i

6.7 ASHDOEZROHEIC? HMIMETNZHD

A S DBERITHNT, 2 MAIMENTZdDEF, ZOEZENOMEAZ1IEHENZ I 2EKL Z
T, SWHZ 22, ZOERIA TS aFATHBWVWS i3, MR
else TIHHED. ZORIC<E> DPKRZ IORBEENOOEFAI1IEHENZ ZEEZEKRLET,

(else <:>)?

CIZT.a?ldadbril? LW LFENKBZD, ad 0 \F/E 1 EOHEZD»DERT T,
BEE X RS 272012, BIRANC 2 2 LABRWVWRD, A7 a FADPBEINZ DD LET,
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H
(o)}
1
b=t}

6.8 2 DDEZEDMIC | pMImMENiHD

fMo2D2O0HEEA Y BOMIC | MAMENTZBDF ALBOEBELTHRVEVI I %
BEHRLET, UTNE. val T3 var OB 5 THRERWI L 2 EKRL X3,

('val'|'var')

ZZTyalblXalb 8WVWI 3XFRDD, a £7213F b ROLDBEHKT T, BHEI 2T 272512,
BRI 1| E LARWVER D, aorb WS BRAESR IR E T,
6.9 ASHDEZRDREIC... HMHE<HOD

EEEOERIK D & 212, BRAOBEZFIRL. RIFALAEZ - THET 2 I 2R T 57
DICHMMALET, UM [ 2] THEh, APERERS X —Y2RLTVWET,

[ro<K1>, <K2>, L0 ]

6.10 if XDIEX

M E2E% 2T, Scala @ if KOMXZRBITH L. RDXS1TkD %7,

if (<K ER> ) <RK> ((else <> )2

Scala @ if U OWVWTIE, B THLIMBHLE T,
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2] =

iill il S

Z DOHiITIE, Scala DHIEHIREIIOVWTHELE T, BHEOTR 5 IV IR oNTZIY
ML D DD TL 2T TIRAVOTLEIRED $EA,

7.1 TiExy & TR & sty e WSHEICDOWVWT

ZOfiTIk T & TRy & Ty 2w HEESADENTHEDR T AbrhIdouwhd L
ZWODT, 2D 3 ODOHGEDMKHE LIz Bng g,

¥3 T (Syntax) ] &, 207075 I Y FEENTI RS 7 A BEEFROO DL —LT
To ZL DA, 077V IEBEBNTRIVWENSF—T—F, 722 2l class R val, if &
EhEFEh, TLTELWIO 7S 05T 272000 —LBHD ET, class DHFATHIUI,
class DRRITIE Y 7 RAADHE. 77 ADOHHII{ £} THEONS, RETT, ZDHiE Scala DfilfH
WX AT 20T, WHORNEHET2 X587 07 2 2E2720D N —ADFHHIN 2 DI
T,

iz X (Expression)) &, 7077 A%2MKT 280D 55, FHliA KIS % LHEIZZ2H D
TF, 722211 + 2, "hoge" RETT, ZNHIFFHAT 2 Z 22k D, BUARSXFIIDEIZZ
DET, MDY LW RBEMENE Lep, FHliORR L LTSRS & N 5E8%0, 5T
ik L7584 72D £5,

%I 13 (Statement) ] T3, R IBcTa s s 22T 287055, FHiiLTH
EIZRESRVBDTT, L ZRBEBDERTH S val i = 1IFFHMHL TR LK BERS N, i D
A 1 ISR D FTH, ZOERLRE LTIMEEZFL A, Xo T, ZHUIXLTT,

Scala i C % Java R ¥ DT ERID FFEICLENT, XX D dRUICR ZHEIHZLWTT, Scala Tl
XEDBXEZLAAT 2MIPHAINTOET, ZHUT K D AR COREE R 2 72 R L
73R T Va— FRFEELT L RoTVET,

COXIBRFEOMONFITEREL, UTOHHAZHTHATATLZEW,

32
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72 JOvozR

Scala TiZ {} TEEOROI U R, ZALERRICHRD T, FELZAZ Ty 7R L
FERZXICLET,
7a v 7 RO—kEIT

{ <KX G <kaT>) <K2>G | <&fT>) oo 3

LD ET, X QAR EECFHIS N 2EHLDXERL £7., XpSATTRY SR TVIUEE
IanyFEBTERT, 3 RERk, K2 . RO I Z NEFICFHHE L. &EZD X Z27HlE L 7 E2 R
LES,

ROATIE

{ println("A"); println("B"); 1 + 2; }
/] A

// B

// res@: Int = 3

A B2HEh, REDOKTHZ 1 + 2 DFERTH 2 3 {3 ROEICKR-TWB Ze2bhb
9,
IDZriX, RIEEHERTEIRAYV Y FEBREICBWTEHEREICKR > TEE T, Scala Tl,

def foo(): String = {
llfooﬂ + llfooll

}

DEIRFETAY Y FEREZT SR TTS BBABLES)., 22T B RTho
T, XYy REBOEBXICO BEENTVEIDITITEDY ERA. 127250, 77 REEELREITE
73 XD —ETT,

7.3 if

if XX Java D if XEIFEALRCMEWNTZ LE T, if ROMUIRD L5128 D %5,

if "<& HER>) T <theni> (else <elsex>)?

Scala3 Tl then ¥F—V— FZHHLTUTO LIS ZEL DB TEE T,

if <& X > then <then®X > (else <elsex>)?

%% 1X Boolean BITH ZNEDLDH D F3, else <elsei> WEMWBTAZZIENTEE T, thenkt 1T
LR D true DL BIWFHMAHI N Z N T, elser 1 FLHER D false D& FIWEFHMAXN 2K TT,
B if REF->TAZL £ 9,
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var age = 17
// age: Int = 17

if(age < 18) {

}
// resl: String = "18222727"

age = 18

if(age < 18) {

}
// res3: String = "1822?2722"

EHEARERZEE age 2318 X D/NZ W E S L THOXFHNZRT X5 LTVWE T,

if USR5 3. Scala OHIEMEILTATT, 2EDBTME2DEEELET, Java REDE
ETTHEHEE T2 2RAEZZEAHEIADBVEL2D LI ERAN, Scala TIXFU & 5 ICEARHE 2
HTif X2V ET,

BB, else PEMATREL L BEZ Z L2, ZOHAEIE. LUFD X5 unit BOff () Aibizo
CRICEDR > TEET,

if (" <E&MHER> ") <then®> else ()

7272 L. Unit BSbN-D L FIZIC72 5% DiE Scala 2 T TOHAETH o T, Scala 3 7 53 #abiz
B hEd,

unit 3 Java Tl void ICHY T3 B DT, BINEELRVWE EBiZfibil,. HE—DE () 2FH
%9,

7.3.1 #RERERE

var age: Int = 5§ YWHEMEER T DAL var isSchoolStarted: Boolean = false W5
MEZHBLTOE2EIDE VWS EHEFALT, 1825 6 RETORMFALHTOF LS DHE
WHRTE e AL, 2N OBEIE UNRTIEDHD FRA” e T 2a—-FE2EHEVWTAE
L&,

var age: Int =5

// age: Int =5

var 1isSchoolStarted: Boolean = false

// isSchoolStarted: Boolean = false

if(1l <= age && age <= 6 && !isSchoolStarted) {
println("?2222")
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1} else {

}

/] 22?2

7.4 while &

while RO Java DB D L IRFFRICTY,

while '(' <& K> ") <RKHEK>

Scala3 Tl do F—V—FEFHHALTUTDIIICEL D TEZE T,

while <& 3> do <A AKX >

%M 13X Boolean T TH B2 MENDH D F5, while RUE. &b 23 true DR, Akt & 7l LT F
Fo BB while RDBABRDOTHEEZIEL £T2%, while UTIHBYI IR TR EEAILVD T unit B
O ZRBLET,

ETC . while RZEMH-T 1205 10 FTOEEHAILTAHEL & S,

var i =1
// i: Int =1

while(i <= 10) {
println("i = " + 1)
i=1d+1
}
/1l
/1
/1
/1l
/1
/1
/1l
/1
/!
/1

H O 0o N0 b WN -

O T QT O 1S PO i 14

Java T while XEMH 5 728G L AIFET T, do while RdH D £ 32, Java & [FIkE. 5D Scala 3
DO R o 72O THFIZER L £33, 2B, Java D break 3P continue ICHHY T 2 558
RRIEHD FHA, LHL, BRIZEHHT 2 SRR BUNCHH TR 2L AYDHA. break R
continue IZMEDH D EH A,
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7.4.1 FEMRE

while ZFIHL T, 0 06 8A LTI FTHALTI0 IRV —-TEKTTERAY v
loopFrom@Tod ZHWTAE L & 5, loopFromoTod (IXRD & 5 IC D £F, 222 DEfFEHD T
{72EW,

def loopFrom@To9(): Unit
var i = 22?2
while(???){
?2?7?
}
}

1]
~

def loopFrom@To9(): Unit
var i = 0
while(i < 10){
println(i)
i+=1
}
}

1]
~

loopFrom@To9 ()

7.5 return T

return RIEX YV v K25, BHTHHLTA Y v FOFECH LITIZIR D [E% 3R 3 72 0 Ol
T,

Scala TiEZ, XY v FERD = OLHRATH D, ZHZRFHl L 7B DEICZ 5720, D%
DEBLEWV, return RIFHHETIED D ¥ A,

—HT. FRCFREMNCa—FE2EL 2 2 return XPBMERZZ DD F3, LINIEESH» 5.
BEINLBRZEAROTITZORFRIRTAY v K TT,

def dindexOf(array: Array[String], target: String): Int = {

var index = -1
var found = false
var i = 0

while(i < array.length && !found) {
if(array(i) == target) {

index = 1
found = true
}
i+=1

}

index
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ZDRAY v FTIE. BHCERDBREODo720% found E WIS B TEE L TWETH, 20D
O— FRARICZ>TOVET, return REMF XX, ZOa— FEMUTOIIICEERIZ N TE
%9,

def indexOf(array: Array[String], target: String): Int = {
var i = 0
while(i < array.length) {
if(array(i) == target) return i
i+=1
}
-1
}

RTo@Y, FRBELRERPEW RoTHBALA LS BD E L, return REFZIEa— FORE
L&k R22dH5, tWVWHIZEZHIATELERWVWTL & 9,

—77. TEROFMETIZTFBICH L ATV S AL, Scala Tl return XA TIE RV (RHOLE
DRFIUIEHRN) LWV S e BRBEICBVTL N,

7.6 for =X

Scala 121% for R WO HIHKESZ D D 3, i, Java DIEIR for X 2NN TE B
DD, =TI b BRA RIS T o KIS T, for ROKRY D1 2R3 21213,
flatMap , map , withFilter , foreach ¥ W5 XYV v RIZOWTHIZHEND D £330, T I TIFER
172 for ROFNHFOAZHAL £35,

for OEARM LM UIRD L 51272 b 5,

for '"(" (k¥ =z L —&>;)+ ") <AKKEKX>
# <Yz Rl —&>=x <= <> (if <EKMHhKX>)?

Scala3 Tld do ¥F—V—FEZMEHLTUTDO LS EL D TEET,

for (¥ = % L —&>;)+ do <AKKK>
# <Pzl — &> =x <= <A> (if <EHHK>)?

B vzal—x OB x ITHYT 2873, FERBHON—TERZHES TP TEFT, X1
BARIEDFITET, 272 FRTERETEZHAL 2RV, [MroMoHiHzR T2/l R 5
CPHITBOWTLEEY, 722213, 1 to 10120510 T (10 &) O#HFAT, 1 until 10
F12510 T (10 Z&F V) OHIPFHTT,

ZNTiE, B for REMF-TAEL & 5,

for(x <= 1 to 5; y <= 1 until 5){
println("x = " + x + "y =" +y)

}
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/7
/7
/7
/7
/7
/7
/7
1/
/7
/7
//
/7
1/
1/
/7
/7
/7
/7
/7
/7

X X X X X X X X X X X X X X X X X X X X
g oo dDdDdDDWWWWNNNNERERRR
I IR KKK
A WNEHEHDMWOWONMNEDMNWNEDMNMNWONNEDMMNWOWNRE

XZIDPL5FTL—FLT yZ210564FTL—7LTx,y DEEHEALTVET, 22T
VrpL—R%2OLFICLE LD, MeEPBIMEIZIOAL—TZ2ITI e B TEET,

for RONFZ I TED D FRA, V—TEROHP P SEMHITH o712 DIEFER VAL Z
HTEET, until DIETif x 1= y EEVTWVWETH, I x &y BEZZHEDGED A%
HL7ZbDTT,

for(x <-— 1 to 5; y <— 1 until 5 if x != y){
println("x = " + x + "y =" +vy)
}
//
//
//
//
!/
!/
/]
!/
//
//
//
//
/]
//
//
/]

1
A WNEKEF WNEFMNMNEMWEDMWON

X X X X X X X X X X X X X X X X
1}

a o o o bd D DWW WNNNRERRE

A A RN T O O O S T

forRlZalL 7 arvDBERE 1212/ THALDUMEITS ZIZHMHATE N TEE
T, "A, Bt e, D VEY D S5 ODEENSRIZ VAN o TR TEHIT AN ETENT
AFEL X9,
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for(e <- List("A", "B", "C", "D", "E")) println(e)
/] A

//
//
!/
/]

m O O @

T BT, for RF o RBREMTLTHLLWILZ > a v 2ER b TEET, Loy
AT DHEEETIT Pre LV XFHNZMMLTAEL & 5,

for(e <— L-ist(llAll’ |IBII, IICII’ IIDII’ IIEII)) y-ie'Ld {
"Pre" + e

}
// res9: List[String] = List("PreA", "PreB", "PreC", "PreD", "PreE")

ZTRA Y PERBDIE, yield LW F—T—RFTF, K&, for HlL yield ¥F—V—F%
o528 T, a7 yaYOHERBZMLLTETEWI R ERIHRIIHES 2 TEET, R
yield ¥ =V — F&ffio 7z for RAEFFHNC for-comprehension L FERZ & 23H D 3,

7.6.1 FEERERE

17251000 £TD 320 a, b, c IZOWVWT, Z» 62 =AEIPEA=ZATFICRS LS% a,
b,c DIHAGLEELETHAIL T IV, BEAZAFOEXHFICZYEZI I ROEEEFHLTLZ
WV, YXITRADEHEIE=SFAOEHE XN, a2~ 2==b "2 +cr2%i/~F, a,b,c
DRIO=A%2FD ZAFIE. EM=AFIIRL05HDTT,

for(a <- 1 to 1000; b <- 1 to 1000; c <- 1 to 1000 if a 4 a ==b 4, b + c 4, c) {
println((a, b, c))
}

7.7 match =,

match T Java D switch D &K 512, HE D778 % R T = 2HIHMEE TTH, switch K DAL
M TEZET, match ROFEAHE I

<t % K> mateh {
(case <8 & — > (if <A —F>)? '=>!
(<> G <BAT>))
)+
}

DEIWTRDETH, 2O 2= KHEIFLINEDPIEFICZRKICEZ/-DTT, £3. Java D
switch-case D X5 2 WHFE L TAE T, 722 213,
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val taro = "Taro"
// taro: String = "Taro"

taro match {
case "Taro" => "Male"
case "Jiro" => "Male"
case "Hanako" => "Female"

}
// reslo: String = "Male"

DEIICLTHES e TEET, T I T, taro ITIEXFH"Taro" BA->TED, TN case
"Taro" IZ¥ v FF 270, "Male" DRI NET, BB, TITROWVEADWE LR VE T,
match RDEZIRL E T, match KDHEIZ, v v F L7 Z—rD=> OHEHOXZFHML 72 b DITh
D%ET,

PR — VEFINTZ T T K BUEIR E 2RI B2 ]S T e N TEE T,

val one = 1
// one: Int = 1

one match {
case 1 => "one"
case 2 => "two"
case _ => "other"

}
// resll: String = "one"

T ZT. REZ—VOREFNC_ B TEF LD, 24U switch-case @ default (245 % % DT,
HoEWBRHDIITYFTBEIRE—VTT, TDORE—VETAINEH—FRR—V IR E T, match
KEMS L2 PR VWESICTE7201C, VAL ED—RFRZ—=V%FS Z e NBNTT,

771 NX—=2%FLH3

Java % C 72 ¥ DS FE T switch-case X & 22A 2 HI1Z1E, Scala DR —2 <y FRVHWYW B 7 5 —
N Z— (fall through) OEIfEE LARWI LICEMEDSH 2005 LOLER A,

"abc" match {
case "abc" => println("first") /] T ZTHENPKT
case "def" => println("second") // T o B lE /RN
}

SiED switch-case XD 7 + — IV ZV—BIEIIRR I D ANTZ2ELHT BBV WNS 2T
BHRDBDTL, JavaR CHRED 7 + — VAL —EWEE S| EHVZ Z 2 I LT UIEFE#E XN E 3,
ZHT Scala DARR—2 < FIZIET + — VAV —FER R WDIT TR, BRORZ—VEZ LD
TN ZXDEDIZ| BHDET

‘"abc” match {
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Case llabcll | llde-Fll :>
println("first")
println("second")

772 NEA—2IvFICLBEOERDEL

switch-case LIS DE WA LTlE, 2L 273 a vyOEZDO—EIc~Yy FEXEAFHEBH D T3,
ROTAT T 5B TAEL &I,

val lst = List("A", "B", "C")
// lst: List[String] = List("A", "B", "C")

1st match {
case List("A", b, c) =>
println("b = " + b)
println("c = " + ¢)
case _ =>
println("nothing")
}
// b =8B
// ¢ =C

Z ZTlE. List DETHERD A" T3 BRDORX VIR vF T2, BODb,c DB List D2 FK
HUROERICHMEI AT, => OHAORIFHEE N2 Z 212D £F, match XTI, Fricar 2
Y avDERIITy FEIHLMOIEBLET,

NRE—=2< v FTREAI—FRAEHWT, 2=z yF LT, 22D, F—FR (Boolean BITH
AR S0 WKy FLARTUIELORAFH I N WL S REFEVWSG D TEE T,

val lst = List("A", "B", "C")
// lst: List[String] = List("A", "B", "C")

1st match {
case List("A", b, c) if b != "B" =>
println("b = " + b)
println("c = " + ¢)
case _ =>
println("nothing")
}
// nothing

TITIE RR=U< v FOH— REMIC, List D2 BHDOERMN B TRVWI L, EWIELHFE
ELEED, BUOEMIIy FET Iy FLEDTT,

i, RR=URvFOREX—VIEA R MHHRET T, B0 v s 62 LA LT, L
W List("A") THD X5 List vy FXHTAEL & 5,

1 ‘val st = List(List("A"), List("B", "C"))
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// lst: List[List[String]] = List(List("A"), List("B", "C"))

1st match {
case List(a@List("A"), x) =>
println(a)
println(x)
case _ => println("nothing")
}
// List(A)
// List(B, C)

st IX List("A") & List("B", "C") D 2 BEN S5 List T3, Z I T, match Rz fH>5 ¥

T, JEHEDY List("A") THEEWVWI XA M LIERAZX—VEEABRTETWEZ DD T, £,
RE=VDENZ BDWVTWNEDIT as X =V EIFINZE B DT, @ DRERIIHIK KX =V IZ~v vy FF
2%e DRTOZER (ZZTlda) WHEBLET, as RX—VEIRX—UPEMER L ZIT K-V D
—EBE T EYIDE D 72 0RHCERI TS, 2720 | 2oz R -y FOSRSMETIRO BT
MTERVEICHERL T EEWV, FELOEIIZ| DX —r<y FTEREMH - 58133084
NITT =D ET,

(List("a"): Any) match {
case List(a) | Some(a) =>
println(a)

HEEYHE W& —r~<y FIEXATRET T,

(List("a"): Any) match {
case List(_) | Some(_) =>
println("ok")

773 HENZ—2EFELT-EOERDEL

HDHITE VLS BARR =<y FEHDOLIETES DB TEXT, L XL

val lst = List("A", "B", "C")
// lst: List[String] = List("A", "B", "c")

1st match {
case List("A", b, c) =>
println("b = " + b)
println("c = " + ¢)
case _ =>
println("nothing")
}
// b =8B

C

/] c
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rnia—Fid, UFDO LS CEEBMZI e TEET,

val lst = List("A", "B", "C")
// lst: List[String] = List("A", "B", "C")

1st match {
case "A" :: b ::c :: _ =
println("b = " + b)
println("c = " + ¢)
case _ =>
println("nothing")
}
// b =B
// ¢ =C
CZTV"A" t: b iic:: _DXIZ, VAMDEZEORICIAAR—VF (i) PEAZ XS54

DEPEARR—VEMVPET, FERX—Y (1) REoTE =V v F2{ToBGE, 1 OHIOD
BEEN VA FORIIOERE, BRAOBEREPVAMDORYETEETILICRDET, VR IOKE
PERTBGE, LD AR -V DBRBIC_EZHATEE Vo2 AR EIIRD T, U
FOHIE K —E Scala YR YT I VI TRHEMETLIOT, ZOXIBRKEELDH LD VWS T
FEEHICEWTL XN,

774 BUCKBNEZ—2TVvTF

NRE—=2 2 LTUMEPRFEDTIIFIE T 258 ICDAT Y FT 58—V 5 e NTEET,
EAREDENCFIIE T 25 EICDAT Yy FF 28— E, #iiiey 73238 DK THVE T, Lz
. UTOESILTHES 2B TEET, KRB, AnyRef BIE, Java D object BITHY T 28T,
H oW 3 SHAUD(EE AnyRef BHOZERITKEN T2 2 e TE X T,

import java.util.Locale

val obj: AnyRef = "String Literal"
// obj: Object = "String Literal"

obj match {
case v:java.lang.Integer =>
println("Integer!")
case v:String =>
println(v.toUpperCase(Locale.ENGLISH))
}
// STRING LITERAL

java.lang.Integer IZIE= v FH T, StringlTT Yy FLTWVWARIZ RO DET, TDRX—2iF
BN equals DEFRRETHES b ET, BTvy FLAHEIEK Z20EIFy AL
DERU KIS Ze BN TEET,

722 21X, EEEODORT string iz~ y F L7z vid stringBID XY v R TH 3 toUpperCase %M
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URFToenTtxEd, LIFLIEScala TEF Y A FOROHIIRE -0y FBHVLNEZDTH
ZTBLLXWTL xS,

775 JVM OFICKBBDNEZ—> T v FDFEL LI

BIONRE— <y FTCHEELBRITNUIRORWZ 2N 125D %3, Scala 2573 2 JVM Difiliy
WD, BEREFE 2GS, ELARNR -V v FRBIRbNERA,
e 2, IO AR —r <y F% REPL TEITLLS T3, BEEPHTLEVE T,

val obj: Any = List("a")
// obj: Any = List("a")

obj match {
case v: List[Int] => println("List[Int]")
case v: List[String] => println("List[String]")
}

// List[Int]

By LT List[Int] & List[String] IEIRBDTTN, RR—U v F TR INEXF|ITE
¥ A

BHID 2 DOEEHEDEKIE Scala 2> %4 FD TEEEE )] L WSEIFEICX D List[Int] @ Int D
DBHEHESINTLESIDTF 2y 7 ENRNVEWVI ZETT,

FERANC 2 DD RX=VIFRAITERVWHDIZR D, RR—=Y <y FiIFZ L2 bEFICETIATY
DT, 2HBEHD AR —VIFFFELRAVI-FRIIEDET, SBHEHOEEFIINEZEKLTVETD,

BEREEOHDOARZ =<y FiZ, LFRDISWCTA VLRI ==V 2ESERVWTL & 5,

obj match {
case v: List[?] => println("List[?]")
}

7.7.6 HRERMRE

new scala.util.Random(new java.security.SecureRandom()).alphanumeric.take(5).toList

MEoa— v 2RHL T, B RBEDOFDHRICIRBTTH 2 7 X LT85 K FDXFH% 1000
BIH I L TL 72X W, new scala.util.Random(new java.security.SecureRandom()) .alphanumeric
.take(5).tolList € WIHHIZ. FESSZTEICT VX LR SO E (char B) oV A+ 25 2 %9,
BB UbEoa— FThERENY A O—E0 2T 27210 TEL &) & RERD TR Uk
BFCHZVRA MR ETRITZHT 2LEIIH D FHA. ZTHIZ, List(a, b, d, e, f) DS
NIZHET, List(a, b, d, e, a) DEIRXLTHRVEWVS LT,

for(i <- 1 to 1000) {
val s = new scala.util.Random(new java.security.SecureRandom()).alphanumeric.take(5).
toList match {



[o) BN ® 1 B N O¥)

H7E Il

45

case List(a,b,c,d,_) => List(a,b,c,d,a).mkString
}
println(s)
}

match 1% switch-case ICHER TR DEHITHZ 3003 2B VET, TITD. match D
HFFNCLEEDEXRA, BIRLETH, XZX—VIZRBESTESRZ27R2 (DT 7 ) %
BET TSIk 3,



A W N =

46

1

5

Ih5 Scala iCHIF 227 7 RAERICEHLTHIAL X T, oA T =2 MERISHED Y 7 X% dH

ZIREH>TWE I RBHHEE LTWE I, T T7&ELIEXWN,

81 UITRAER

Scala D7 T ZEFIIRD XS5 REERD £5,

class <7 7 Z%&> '"('" (<51 #AL> @ <5 HH1>, <518 H2>: <51 %2> ...)?2 ") {
(K74 =NV FEHE> | <X Vv FEH> )4
}

e 2, HERT I I A Point BERLIZVELET, Point I3 x BEEEARRT 7 4 —L F x (Int
B Y74 —nNFy@nt) 2642232 L%ET, 2D 7R Point & Scala TEL L RDXHITHD
£9,

class Point(_x: Int, _y: Int) {
val x
val y
}

X

-y

VAL IV RDFIBERABDT 4 =V R2ERL. 202 RAT 2581 LR X5 1ICELE
{ZedTEET,

class Point(val x: Int, val y: Int)

« YISRAKDBERIZAV A NSV REBIBDERDD S
evalfvar i2& > T, AV A NI 7 X587 4 — LV RELTRHETEIENTES

FICHEH LTIV, BHDOSATTH, Scala TWE1 75 X2t E, EARMICIZF1I>Darx b
SI7XLMFEVWERA, TDAYRA N7 X%, Scala TR TSI IS AL LTHRRNIC
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WoTWE T, ELBEBOA VA F 7 REZERTEDL XIWTR>TVETH, ERIZHES 2
FIFEAEDHDERA, BROA TV 27 b OAERFEEZREELIZWEE. object D apply XV v K
CLTERT DI EDPEZNTT,

2BEDRTTH, 7947V ayRA I 7XO5180C valfvar D33 2D 7 4 — FIZRH
Eh, D7 7R RATEZ LSRR DET, BB, 7794~ VaVyA M5 7RXDO58DRa—7
37 7 AERERCBIVET, 207D, LUTDOESICA Yy REROHFPLEREIV AN X
G ESRTEE T,

class Point(val x: Int, val y: Int) {
def +(p: Point): Point = {
new Point(x + p.x, y + p.y)
}
override def toString(): String = "(" + x + ", " + y + ")"

}

82 XYwvwIRESH

FIFLBLCA Y v FEROFIE LT+ XYy FOEESHTEF LA, —MANZIE. RDEXS5R
RN 3528

(private([< 8y 7 — I Z R E¥>])? | protected([< Xy &= I H R E>])?)? def <X Vv FH> !
(l
(<BIEA> : 318 (, 3I8A @ <5182
D <R D EES = RS

ERZiZ T a y 7Kl o UL RORRER S 2 e HZWTL & 5,

(private([< 8y ¥ — I & R ¥>])? | protected([< %y ¥ — I &R E>])?)? def <X Vv FH> !
(l
(<5l &> @« gl 8B (, 51 8% « <5l 8> )2
'y <R D ER> = {
(<> (| <®AT>)) 4
}

BIZXY Yy FEREZ Ty 7D SRBGHEICIIRDZE VWS TETTHo T, XYy REREZ{} T
HOEHOMIB D2 DI TIEH D FHA

R D ERNIANE LT O RAIRIGEMIVEHER L TS K 325, AR T I DDIC, IRDEORIZ
BHEE T 2 BRI 2 LS LEL & 5, private T2 2 ZD T 5 AN T D 5. protected &
B RETZ TADPSEDAT VEATESLZXY v RiZiD 3, private[this] 2235 &, HL
AT 27 P HBODAT 7 AARE, LW\ S HEREDY Scala 2 1ITIEH D F L7z, Scala3 22513 [this]
DFCIEITIEHEIRIC 2 D £ LTz, private[ v s —o8] BT 2 RI—Xv 75 —JWHELTWVWSHD
DB DA, protected[ Ry r—v%] EDOFB . IREZ ZRAMATEMTHEU Sy 7 —J &L
TWBHDETHLT VLA TESL XS D ET, private d protected DT RWVIGE, ZDX
Y v Fid public £ AR ENET,
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FIZEER L7 Point 7 7 A% REPL 26 ffio TAHEL &£ 9,

class Point(val x: Int, val y: Int) {
def +(p: Point): Point = {
new Point(x + p.x, y + p.y)
}
override def toString(): String = "(" + x + ", " +y + ")"

}

val pl = new Point(l, 1)
// pl: Point = (1, 1)

val p2 = new Point(2, 2)
// p2: Point = (2, 2)

pl + p2
// resO: Point = (3, 3)

83 HBHOIIHI)IAEFOXAV YR

XYy FIEMTDO X5 IHEBDIIBY A P 2RO XS CERT LI LB TEET,

(private([< Xy ¥ — Y% & ¥>])? | protected([< 8y & — PV %>])?2)? def <X Y v F&H> '(!
(<BI1 8> @+ 5188 (, 518% @ <51 8E>) )7

l)l( l(l
(<51 %4> « 518 (, 5184 @ <5l8AE>) )7

)" )g 2 <EDEE> = <REK>

BEHBOBI Y A M EFOX Y v K2, Scala DR L AR DLETHBR API 21E-72 D
#%iR 5 % implicit parameter D7z DITHEIZIR o720, BHEERE MBI T 2720 fblzh 2 wo
THEDH D £F, ROV A M EROMBEXAY v FEERLTAEL & S,

class Adder {
def add(x: Int)(y: Int): Int = x + vy
}

val adder = new Adder()
// adder: Adder = repl.MdocSession$MdocAppSAdder$l@4bbd7ccf

adder.add(2) (3)
// resl: Int =5

val funOldSyntax: Int => Int = adder.add(2) _
// funOldSyntax: Functionl[Int, Int] = repl.MdocSession$MdocAppS$SLambdas$13761/0
X00007ff721f85c00@273fe4f7

val fun: Int => Int = adder.add(2)
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// fun: Functionl[Int, Int] = repl.MdocSession$MdocApp$$Lambdas$13762/0x00007ff721f86000
@6a0c06ec

fun(3)

// res2: Int = 5

BED5IH) R M EFEDO XY v FiX obj.method(x, y) DFEIR T4 obj.method(x) (y) DFERT
MU7ZFT D ET, £ —HROHID X SITHRHOFIEIS T Z8H L TH LW ZIES
(HOEH) zedTEET,

RDES 2, BROGIEV R P 2HOTICHICEBOTIBZFREOX Y v FHEZ e TEE T,

class Adder {
def add(x: Int, y: Int): Int = x + vy
}

val adder = new Adder()
// adder: Adder = repl.MdocSession$MdocAppSAdder$2@51598e70

adder.add(2, 3)
// res3: Int =5

val fun: Int => Int = adder.add(2, _)

// fun: Functionl[Int, Int] = repl.MdocSession$MdocApp$SLambdas$13763/0x00007ff721f86e80
@17ab2520

fun(3)

// res4: Int =5

84 Ta4—I)LRERE

74— RERZ

(private([< 8y & — I &R E¥>])? | protected([< Xy &= I H R ¥E>])?)? (val | var) <
74—V F&> <7 4 — L FE> = <@g A R>

EWOSEERD £3, val DEEIIEEARRE. var DESIIEEARER 7 4 — LRI D ET, &
7=, private 22 2D 7 AN TIN5, protected ZfJ T2 ZDT 7 ADIRESY T A5
DATI7EATEBL T 4 —)LFIZRD ET, private[this] T3, RLATI 227 b 560D
AT 7 & AFTREIC 74 5 KEAEDT Scala 2 1213 H D £ L7223, Scala 3 7513 Z ORUEFIFHERRICR D L
720 X BIC, private[<Xvr—v%>] BT 2 LHE—Nv r—IMBEDA, protected[ v r—v&] &
DB e, REZ FRAMATHAL Ay F =Y CHBELTVWE DL TRLT 72 ATES XK
DET, private b protected HITIFRWVWEHE. ZD 7 4 —/)L N public £ AREINE T,

85 HMHRA/N—

ZOWRETIIRELEL P TET, BRTIMEDIRIZ, XV Yy FRT74— L FORELE X
TN WnWS ZeBhHhET, TOXIRGEEIINIET 3729, Scala TIEHRX U AN—%2EHETEZ
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EHTEET, HIRA A= AV Y RDBFEL T 4 =L RDGFERDHD. XYV v FOBEIZIRD
2K ET,

(protected([< %y ¥ — Y %>])2)? def <X YV v &> '(!
(<51 4&> @« 5l8B (, 5184 <5l 8E>) )2
")t <R b fEA>

T4 =NV EFDERIIRDELSITHDET,

(protected([< Xy & — Y %4>])?2)? (val | var) <7 4 =L F&H>: <7 4 — )L KA

Ay RRT7 4 =V FORERZVEAINI, BEDOXY vy FR 74—V RERLFELTT, 7.
HRXY y FE2—EM LR 7R, IR SR L TESTI2RLELPDDET, 722 21X, x B
By y BERFES, IR 7AXY B RDEIIICLTERELE T, 77 ADHIIC abstract BT %D
FEREDNDBDNRA Y MTT,

abstract class XY {
def x: Int
def y: Int

}

8.6 A

Scala D7 7 R F. MDZL DA TV =7 MAASFELRMIC, KT 2 TEET, MK
F2O00HMDBHD T, 1 DEMARICED RA—N—I FRDEE LY T FRATHMS Z & TEE
EFHAATZ2 2T, 35 1 23ROV 77 7 ZAPHBED A= T RADA VR T 2 — A%
KT 22 T EIGELT 2 Z e T, HEOMAKIIIEBOMKICEID XY v FRT7 4 —L R
DERIDEZET 2IGEDORBOR L ICHERH 5 Z e LN TE D, flz13, Java TIIFEEHKA
1 DT IREZINTVE T, Scala TE LA P2 WA TEHBOEREDMALEH L TVE
ITH, P A MCOWTIEAIOHTTIHHL 3,

Z 2 TILEHE D Scala D7 I ZADMAIZOWTHHAL £7, Scala TDZ 5 ZADMPAEIIRD X 5 7z
W27 D £5,

class <27 7 ZA#> <7 7 XG> (extends <A — %= 2 5 2>)? (with <P L A4 P> {
(K74 =NV FEHE> | <X Yy FER)4
}

¥ ThLA M) BZZTlELREREAN, BTHTL % LA FOMITHIAEZITVE S,
Scala Tl BRICEERDHEZXYV v FELF—N—F 4 FT 2L ZlXoverride ¥F— 7V — F&HbIRT
D FRA, 222 RO EDICEL ZRIIAREETTN

T ZDE3ITERR LI E D AENCHTFEBREED, EROBMIHEDA VX 72— R8BI B TRA L -
RYVE=T7 4 AL LWL ET, Scala T BEENT AL WS P TRA YT - RV E—T7 4 XLOEREDN D D %
T, EBRIHEDLDNE e P RViDd, ZOTFAMTIRHHEEZEKRLTOET,
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class APrinter() {
def print(): Unit = {
println("A")
}
}

class BPrinter() extends APrinter {
override def print(): Unit = {
println("B")
}
}

new APrinter().print()
/] A

new BPrinter().print()
/] B

Z 2T BPrinter#print() @ override ¥F— 7 — FZIFITT L. ROES X vt—I %L T,
AVNRANLETFI—IZRDFET,

class BPrinter() extends APrinter {
def print(): Unit = {
println("B")
}
}

[error] .../Printer.scala:8:7: ‘override’ modifier required to override concrete member

[error] def print(): Unit (defined in class APrinter)
[error] def print(): Unit = {

[error] A

[error] one error found

ZDEIBRMAEHADRNEETIELIX LR, KDL TIHFEDOXY v REA—N—=F 4 FFT5D%
DTHLWAY Y REERLTLES LW IZAND D £33, Scala Tl override ¥F—V— K%
ffio THEFBL LT ZOMEIHLLTWEDTE,

8.6.1 HEMRE

ETHIntBD x, y.z LWOSHHTERi o7z, 3RITPEERRT Point3D 7 7 AR EFR L TL 72X
W, Point3D 7 7 AWRD LS LTHES Z e N TERITIUIWIT A

val p = new Point3D(10, 20, 30)
println(p.x) // 10
println(p.y) // 20
println(p.z) // 30
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class Point3D(val x: Int, val y: Int, val z: Int)

8.6.1.1 fR#

TIA<VaAYA NI 7RO LTEBEDEEZEL, T2 Z0EEMOHELTWEDT, 7
FARVAYRA I 7 RO val 2T 2008 RS HE TS, AL LT, LUFD & S512hl&
val T7 4 — )V REERT S I BAHETTA, SHEDPZTZ S THEKIPRNTL & 5,

class Point3D(x_ : Int, y_ : Int, z_ : Int) {
val x: Int = x_

val y: Int = y_
val z: Int z

8.6.2 HERME

ROMR Y T R Shape Z#EA L T, Rectangle 77 A (EAEIZ I R) & circle 772 (25
R) BEBLTIEEWV, £z, area XY v R A —N—=5 4 FLT, RELLHABEIFETE S X
IWERLTLEEN, BB, RATMOHBIIEZ w, SEZh T2 w4 hTRDZZENT
XET, AOMEI. FREZr T8, r 4 r 4 math.Pi TRDIZENTETET,

abstract class Shape {
def area: Double
}
/%
% Rectanglek Circled & #
*/
var shape: Shape = new Rectangle(10.0, 20.0)
println(shape.area)
shape = new Circle(2.0)
println(shape.area)

abstract class Shape {
def area: Double

}

class Rectangle(val width: Double, val height: Double) extends Shape {
override def area: Double = width 4 height

}

class Circle(val radius: Double) extends Shape {
override def area: Double = radius , radius , math.Pi

}
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8.6.2.1 f&s

Rectangle ¥ Circle 7 7 AN shape 7 7 R &R L T, ZNENT area: Double XV v N& A —
N—=F4 FLTWET, ZDIFE. Shape D area IR XY v KD T override [ ZIMNETIEH D F
BAN, DURTHRENTL & 5,



B

;2 =
F 77 b

Scala T, ETOHENA T =27 FTT, oo BTOXY vy RIIMIS»DOL TP =7 MZFTE
LTVWET, 2078, Java DX SI27 7 AIZJET % static 7 4 —/L P static XV v FEW\oikd
DEVER T2 e TEEHA, ZORDHDIC, object F—V— RIZXk o T. FUCARIOT 7L b
VATI 27 M EBHEDAFEMDO NIC 1 DERETZ I LN TEE T, object F—V—RIZKk->TE
BLES VIV P A TV PE, ZDATV 27 MEBEDA Y v KR T7 4 =V FEERTSZ
EBTEET,

object X DEHRHiE L LTI,

e A—T 4 VT 4 AV RO — VLIRIKEEDE EI5FT (Java TF D static XY v FR7 4 —
A R)
s ABTTADF T2 DT 77 P YRV v R

RETONET,
object DHEAMIZ Y 7 A BEL AR LT,

object <A 7 ¥ = 7 b #> extends <7 7 X %> (with <P L A4 FH>)y {
(K74 =V FEHE> | <X Vv FER>),
}

Y7 b FF, Scala TIIEHET Predef ¥ W9 object DIERE + 4 Y R—FENTHED., ZHIXHRM)
DFEWHFIZYTIZED £3, println("Hello™) ERICITF Lo TWEZXY v FH X Predef DX
Vv FRDTT, extends TZ 7 A%ZHAK, with ThL A b% mix-in AJEEICR > TWVWBDIE, *+ 7
Pzl VAEBIFED Y SRADY T 5 RAE L LTRAHOEB WG DH 25 5T, Scala DIFHE
4T FVUTIE NIL WD object 25H D EFTA, ZAUI List O—Fr LTIRZ FOEL WD,
List ZA L TVWET, —7, object b LA M2 mix-in THAHIIHEDZLHHFEAN, 75
AR ML A P DOWMXOEEHEEDI2DIZZS RoTWb EBbILET,

—H. 2FEDDOMHENHFIZOVWTEZTAET, RERT Point 7T AD T 727 b V% object TIE

54


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Predef.scala
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558328, RDESIHEDET, apply EWVWIHKETD A Y v Nid Scala HRIC & o THRANTHK
DAL, Point(x) DK D REIBH D - 72355 T, Point object I apply EWVWIKRID XY v RWEFR
ENTWIGA. Point.apply(x) RN E T, Z4%ZFHL T Point object @ apply XY v K
THAITO 27 bERERTEE5ICT I LT, Point(3, 5) DEIREARTE TV =7 M EEKTE
X512 DET,

class Point(val x:Int, val y:Int)
object Point {

def apply(x: Int, y: Int): Point = new Point(x, y)
}

Z X, new Point() TEHE Point + 7Y = 7 M BAEKT 2 DITLENT,

« 752 (Point) OEEFHMENIICE L TBITE ([ V&Z 72— ADAENFICAFTS)
« Point T3, ZOV TV F3ADA VARV ARIRT I LN TES

EWVoZeX Uy MDD FT, kB, LROidEr —227 7 22 HWTH o LffiHic

case class Point(x: Int, y: Int)

CEFET, r—RZJRAFHRTE ARV 2y FOLIATHHTEE TN, ZITEEDfE
WHIZDWTIEMNER A, BIHICES L —R 7 FRE, ZNEDI /I FADTFT4<Vav R
FIORETDT 4 =L FENB L, equals() * hashCode() * toString() RE¥DA T =27 + DH
KHERAY y R —N=5 4 F LI TRAZER L, £l ZDTFADA VAR RAZHRT S
72ODT7 77 FUXY Yy REERTEHDTT, 2 ZIE, case class Point(x: Int, y: Int) T
EFELT Point 7T RlF equals() XY v REIRINICER L TV A,

Point(1l, 2).equals(Point(1, 2))

I U7 ELE true 1272 D £5,

9.1 AVNZAYVFAITZxU bk

IIREELT7 7 ANN, AICAMTERSIN Y IN A TI 27 ME, av =t 47
PxZ PEMENET, AV A=A AT 2T MIMIET BT 7RI U TRENR 7 7 AR
FoTWVWET, & 2id, weight % private IZ L7ZHH.

class Person(name: String, age: Int, private val weight: Int)

object Hoge {
def printWeight(): Unit = {
val taro = new Person("Taro", 20, 70)
println(taro.weight)
}
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}
1T NG TI 25,
class Person(name: String, age: Int, private val weight: Int)
object Person {
def printWeight(): Unit = {
val taro = new Person("Taro", 20, 70)
println(taro.weight)
}
}

13 OK T, private £ LGS, AV R=F A 7027 b 5d7 7 AARETT,

FoRD &5k, av=FrF Tz b EMHo/za— K% REPL THT%HEE. REPL @ :paste
AR R EfoT, V75RLAVNR=ZA VT TI2 7 M 2—fITR—A M TE LI LTLEI W,
IR A=A F T2 MEFE— T 7 A AHRICEP N TWRITIUER 5720 DT, REPL
THEERAIWCAA LSS, 2>y =4 YEfR% REPL ’IE L @B TERVDTT,

scala> :paste
// Entering paste mode (ctrl-D to finish)
class Person(name: String, age: Int, private val weight: Int)
object Person {
def printWeight(): Unit = {
val taro = new Person("Taro", 20, 70)
println(taro.weight)
}
}
// Exiting paste mode, now interpreting.

defined class Person
defined object Person

9.1.1 HFEME

UIRABERLT, FOIZITADAVYRZF VATV 27 vV RERELTAELED, T RR=F
FI 2P MHEBD Y AT RN T 7 AR o TWb R, 759ADT 4 —IJL K
% private KL T, ZDT7 4 — L FAT7ERATELILZBUTHERLTAZL & 9,
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LA b

7B DEZ 777 ME LR UIEEBUTT. 2L R HITe2 Ml LcR Rz e 8B D £5,
ZFOETE—EIZERETA2Z 3 LVWOT, a5 a2BROD b0 DR T WEATHE LR
TR D ERA, 5. ZOFEINEETR BZRLFEPRITHALTHh, KRERTa /T L
EERZ L BWVWTL & 5,

a7 5 Lr00E (Y 2—nk) CHAIT () & A7V =7 MERTR 5310 TH
BT 7S I v ICBVWTHEERRFTOMRICR D EF, ZL T, Scala 04 7Y =7 MM
Tur7 IV BT BEY 2 —MMLOHFLHBERICR 2008 LA T,
ZOHiTE Scala D ML A4 FOKEEE — @D ARTVWEEL x5,

10,1 kLA F+EE

Scala2 DhL A MI. Z2F7ADPBAVA 7 REERTAIEEEHT VWX 5bD T, BEBZ
PIERDEIICERT SN TEET,

trait <P L A4 F&> {
(K74 =V EREHE> | <X Yy FEER)4
}

T4V FEREXY Y PERIIKREP LS THHOELA, P A MATRELLAHIN P LA
P LTERSNET,

10.2 ~LA FOERX
Scala D P LA MEZ T RWZHANRTUTD X5 B H D 3,

cHEBDI LA PRI DDIIARI LA PICI VI RL VTED
o HEAL VARV ALTERWY

57
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¢ VIGANRTGRA—R (AVRA NI EZDEIE) ZHA B TERWL

IR, 22 ORHOMNEZ L TWE LT,

102.1 #EBORLA M2 1DDITARMLAMIZIVIRAIITEDS

Scala® FL A MIZ FRLIFEN, HED ML A M2 12D 7R ML, MZIv I R4 VT
5P TEET,

trait TraitA

trait TraitB

class ClassA

class ClassB

/] 2 RAINLTED
class ClassC extends ClassA with TraitA with TraitB

/] a4z I—|
class ClassD extends ClassA with ClassB

LELDOPITIE ClassA & TraitA & TraitB ZH#EHE L7z ClassC Z1F5 Z 2 IETE F 3 Classa &
ClassB Tk L7z ClassD 131ES Z & 3 TX £¥ A, [class ClassB needs to be a trait to be mixed
inf LVWHILI7—Xot—UPHEITH, AL lClassB B I v I AL Y XEEEDIE LA
WKF2RERDHZ] LVWIEKRTT, HBOIZ 7 RAEREKIELZVEEIEZZ IR LA MILE
L&2,

10.2.2 EEAVIAZA{ETEAHL

Scala D b LA MIEZ T ALEWN, BEHfEA VRAXZA(LTEEHA,

trait TraitA

object ObjectA {
/] aY 4T T |
val a = new TraitA

}

THUE, PLA PBEARTHEDLDNRZ I 22 Z b EL TVWRWEDOFHIRTT, tLA bzfE
S EIF, EHE. ZNEMRLZ FRRIED £9

trait TraitA

class ClassA extends TraitA
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object ObjectA {
/] 77 AT NREAL AR Y ZAILTE S
val a = new ClassA

B, new Trait {3} LWVWIEEEMES S, AL A F2AL VAKXV ALTETWVWE ESICRAE
T, L2LZHUZ Trait ZRORLEEZD 7 5 252 Eo T, FDA VAR Y ARERT AW RD
T. P ATMNEDBDRA VYRR ZETETVWADLITTIEDD FHA,

1023 ISRANTA—F (AVAFSURDF|H) #WBICHNTEIHL

Scala2 D ML A PEZ FRELEVWARTIXA =KX (AVRAMFT7RO5IH) 2SI EBTERVE
WO HIR2Y® D 57,

// ELWwZ o735 A
class ClassA(name: String) {
def printName() = println(name)

}

/] a4 LT T— |
trait TraitA(name: String)

INDBDHEORBEICRDZZEHDEEA, LA MTHRX OUN—%2F-82 2 TEEZET
YR TEET, A VARV AL TERWHEDO L ZELRL L5107 7 RITHERS R, L VARV
2D FITHRA N —ZFHERTEZZL T LA MICEZETZEATEET,

trait TraitA {

val name: String

def printName(): Unit = println(name)
}

// 27 2 AW LT name % LEX T 3
class ClassA(val name: String) extends TraitA

object ObjectA {
val a = new ClassA("dwango")

// name % FE =T 2 k5 FEEEZTDH LW
val a2 = new TraitA { val name = "kadokawa" }

}

MEDESIC LA FORIRIZEH EFEAEHECLRSBNWESRDTHD, ZOMDFATIE
Z7ALFEESIHES e TEEY, DEVEENCZHEMRKEFR L LSRN TELZDITT

Scala3 Tid, LA FDBARIX—RENDZENTEET,


https://docs.scala-lang.org/scala3/reference/other-new-features/trait-parameters.html
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o ZLTHILAPDIVIRAAVIFEY 2TV T4 CREBRBEZDHLET, BIEFWI3E
5LV EL & D,

1024 ThLA k] EWSHEEBICDODWT

ZOHITIE. PLAMRIvIRAVREA TV 27 bOIBRAOHENHVWLNE T, MOFEE
BRETHWHNLHGELIZDLiES BRZROHd LARWVD T, EENSBETT,

b LA bMi& Schirli 812 & % 2003 -0 ECOOP IR X N 7z5i~L ITraits: Composable Units of
Behaviour] 234 VI F AL ZNTVETH, ZO@RXHFD ML A FDEFKE Scala D ML A +DfE:
R, ARREOEIER, IKEEZBOWM D VR EITONT, B> TR XICRZIFT,

L2L. LA PRIV IR VWS HEBRERBICL - TRLELZBDTHD, HANZHLTH
% Scala DRAKF a2 XY b [Scala Ry —571v7ur5307) T ThL A bEIv I R4
YF5] LWOIREHPEOATVET DT, 2 TEZIUMHOIZVE VT T,

10.3 kLA bDEk4&L R RERE
10.3.1 ZEFAtARIE

MERTERLISC LA METZ T RGEWKEEZ R D 1 5 HEN IR L EHMHADFRETDH 2 & W
IEFZ S DD TTH, 1 2FBZARFNERLBRVI BB FT, LEYKEROTRS T I

"EREVEET 5 [ZEEMERE] 05D T,

MIFD &S AR EEZTAEL £ D, greet XYV v REEFR LT Traith ¥, greet ZFHEEL
72 TraitB & TraitC, Z LT TraitB & TraitC DEH 5B AL 7z ClassA TT,

trait TraitA {
def greet(): Unit
}

trait TraitB extends TraitA {
def greet(): Unit = println("Good morning!")
}

trait TraitC extends TraitA {
def greet(): Unit = println("Good evening!")
}

class ClassA extends TraitB with TraitC

TraitB & TraitC D greet XV v ROELEDEHZEL TVWET, TDHE ClassA D greet FXD X
SHEWERETRELDTLEIDN? TraitB D greet XY v REFEITITXRERDD, TraitC D greet
AV REFETITRERDP, ZEMEREZIR-TPTI23FBRIENDZIDOLIRDVEVEOMER
R THED, ML KRDHNET,
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BiAIZ, EELOFE Scala Tav 4 LT 2RO LS —nHET,

scala> class ClassA extends TraitB with TraitC
<console>:13: error: class ClassA inherits conflicting members:
method greet in trait TraitB of type ()Unit and
method greet in trait TraitC of type ()Unit
(Note: this can be resolved by declaring an override in class ClassA.)
class ClassA extends TraitB with TraitC

A

Scala Ti& override 8 ER LDIFAEX Y v FERDEZHEITI T I —I1TRD £F,
ZOBED 1 DDRIEIE. a4 LT —IiC Note: this can be resolved by declaring an
override in class ClassA.] ¥ & % X 51T ClassA T greet % override 3§56 Z & T3,

class ClassA extends TraitB with TraitC {
override def greet(): Unit = println("How are you?'")

}

DL E ClassA T super ICHEIHELTXY v REERETZE T, TraitB ® Traitc DXV v
FEIEELTHES 2 b TEET,

class ClassB extends TraitB with TraitC {
override def greet(): Unit = super[TraitB].greet()
}

FEITREREILRICES 122D £9,

(new ClassA).greet()
// How are you?

(new ClassB).greet()
// Good morning!

Tl TraitB & TraitC DD XY v REMUTH LZWEEIZESTL LI ? 120D HEIE R
LT &SI TraitB & TraitCc DM AF DY 7 AR L TIESET Z & TT,

class ClassA extends TraitB with TraitC {
override def greet(): Unit = {
super[TraitB].greet()
super[TraitC].greet()
}
}

L L. #EBIRSEMEIC T o GBI TR TEHRINCFERDIIKRE TS, /2, aV AT 2
ZDESITHTIOHEINZ XYy FHH D £T,
Scala D F L A MZIZZ OREZE RS 272912 Tk (linearization) | ¥ WS RREDIH D £57,
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10.3.2 #&MA1t (linearization)

Scala d ML A P OITBLEEREL 1Z. LA M v 7 RA Y ENLIEEEZ ML A b ORKIEE &
A5z T3,

RIZUTOH#ZEZTAET, HEOHI L DEWIX TraitB £ TraitC D greet XV v FERIZ
override BHfi AWV TW3d Z & TT,

trait TraitA {
def greet(): Unit
}

trait TraitB extends TraitA {
override def greet(): Unit = println("Good morning!")

}
trait TraitC extends TraitA {
override def greet(): Unit = println("Good evening!")

}

class ClassA extends TraitB with TraitC

ZDEHEaA Y RANT T —I1ZE D R A, Tl Classh D greet XAV v FEIEUGH LZEE.
Vo 2WARFRRENZDTL x50 7 EBRICFEITLTAHEL & D,

(new ClassA).greet()
// Good evening!

ClassA D greet XY v FOFELH LT, TraitC D greet XYV v RBETINFE L]z, ZHE ML
A4 b OMARIEFRIRALENT, B SHI v 7 AL Y Lk Traitc PEEEINTVWE DTS, OF
DPLAPDI VI RAAL VOIEFEZBICT S L Traite BMERINZ XS5k ET, UFD kS
IV I AL VOIEREREZTAHE T,

class ClassB extends TraitC with TraitB

T 5L ClassB D greet XY v ROFEFH LT, SEIL TraitB @ greet XV v RBETINE T,

scala> (new ClassB).greet()
Good morning!

super 2S5 Z e T LEINH LA VRS 2 b TEET

trait TraitA {
def greet(): Unit = println("Hello!")
}

trait TraitB extends TraitA {
override def greet(): Unit = {
super.greet()
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println("My name 1is Terebi-chan.")
}
}

trait TraitC extends TraitA {
override def greet(): Unit = {
super.greet()
println("I like niconico.")
}
}

class ClassA extends TraitB with TraitC
class ClassB extends TraitC with TraitB

D greet XYV v FOMRD F1MEINIEFTEDLD £5,

(new ClassA).greet()

// Hello!

// My name is Terebi-chan.
// I like niconico.

(new ClassB).greet()

// Hello!

// I like niconico.

// My name is Terebi-chan.

MALOMEEICE D S v 7 R4 Y ENTZTRTO ML A OB EFRICHOHE S X512k D %
L7ze 2DXIRIENICES LA bOEARELQOUIEE Scala O HFETIEEAREQAAER LA
I (Stackable Trait) L MERZ & 23HH F3,

Z ORFEALAS Scala O ZETEMAREIC KT 3 2 MUK I 2 DT,

10.3.3 Br Lyv: LA FOWIHALIER

Scala D b L A bD val DFIHALIEFRIZ LA F2#S ETRERFEL L7UCkE DT, UTFD X
S EEZTAEL LD, PL A PATE R foo ZBES L. FL Ak B foo Zffio TE bar %
ERLL., 27 7 A C T foo IKHERALTHS bar ZfHioTHET,

trait A {
val foo: String
}

trait B extends A {
val bar = foo + "World"

}

class C extends B {
val foo = "Hello"

def printBar(): Unit = println(bar)
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REPL T2 &2 c D printBar XV v REFEUHLTAEL x 5,

(new C).printBar()
// nullWorld

nullWorld ERRENTLEWVWE L7, 77 & C T foo KMRALZENKEATHRVWES T
T EOLTIDEIRIeDEEZPEWVI L, Scala DI FABIUI ML A MEIR—1N—=F TR
D OIEEF LN 20256 TT, ZORITEZR, 7R clE LA B Z#AL, PLA B
PLAMAZMALTOET, DEDFHMLIE LA b A —H/BEICBI RN, EE foo DEF X
. FHEMHRASINTORVDT, null iZZRD F3, KT LA b B TEM bar HVEEF S null
TdH 5 foo &”"World” &5 XFHH & "nulWorld" ¥ WD XFFIBES L, EE bar ITRAZIILE
T HIFEFRREINLXFINIZ IR D £F,

10.3.4 kLA bD val OFIEBMLIER DEhE A%

T, ZORBEIRAIEETEZDTL x 92 FEDBITERIX, HIFENTE 2 AL foo B°
XN 2 X512, bar DL ZEBEZI R 2 Z ¥ T, MWHEHZEIEXE 51213 lazy val D> def &
N EF,

B a—-F2RTAEL & 5,

trait A {
val foo: String
}

trait B extends A {
lazy val bar = foo + "World" // & L < & def bar T3 kW
}

class C extends B {
val foo = "Hello"

def printBar(): Unit = println(bar)
}

FEY D nullWorld BEREINTL F o 720 3BV, bar OFIHHKIZ lazy val 23MFbI B L S51
“BYFE L, ZAUTED bar OFPHHEAERC DN 2 T TRIESNS Z 21T D %T, 2DfMIcy
Z A ¢ T foo LT N2 Z 12X D, FIHHLHETD foo 23MfEDND Z L2372 25 DT TT,

SEIX7 A CDprintBar XY v REFFFHLTDHH 2 AL Helloworld ¥ RREINFE T,

(new C).printBar()
// HelloWorld
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lazy val i val ICHIRTETFUIEPEL, WHLZTTOHELTT Yy Kuy 7 203¥ET 258085 D
F9, val Db DT def 25 L HEEEZFELTLES 2 WORENH D ET, LrL, Wik

HRELRBBEICRSRWGEENRZVD T, FIC val DfEZE{#H > T val DIEZED T L5 RGEZ
lazy val 2> def 2S5 Z 2 2MEILEL & 5,
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https://gist.github.com/xuwei-k/7b2be9957222bcb8f184
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B, Z X — & (type parameter)

75 ZADEHTIRMNEREATLED, 727 RF 00U LEORE RS A—X L LTHZ N TEE
T, 2R, 7 7 AREZRETIIMAORPREETERWES (e, a2y ary 75 A0ES#E
D) ZRUZOVRHICKICI D T, RIS X—& % AN=7 FAERDOGEZIRD LSk 5,

class <27 9 RE>[<H T X — 21>, <S5 X — %2>, ...](<Z7 7 23[%>) {
(K74 =NV EFEE <X Yy FEHE>) 4

(-

BT R = 2D ZENZIUFERARTEMT. 7 7 AEROHPTHES Z e TEE T, Scala
SHRTIREMPLIAC. AL B, ..EMETIEELHD FTDOT, ZATEDE 2D EEETT,
fEEZHle LT, 1HOEREZREFL T, BRErAND (put T52) HPEDIET (get T5) #HBIEH
TEZ27 7R Cll ZERLTAET, Cell DERIIRD KL SITRD T,

class Cell[A](var value: A) {
def put(newValue: A): Unit = {
value = newValue
}
def get(): A = value
}

Nz REPL Tfio TAEL & 9,

scala> class Cell[A](var value: A) {
| def put(newValue: A): Unit = {
| value = newValue
|3
|
| def get(): A = value
[
defined class Cell

66
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scala> val cell
cell: Cell[Int]

new Cell[Int] (1)
Cell@l92aaffb

scala> cell.put(2)

scala> cell.get()
resl: Int = 2

scala> cell.put("something")

<console>:10: error: type mismatch;
found : String("something")
required: Int

cell.put("something")
A

Fida—-ro

val cell = new Cell[Int] (1)
// cell: Cell[Int] = repl.MdocSession$MdocApp$Cell$l@l6ecOlae

DEFT, BIRFG X2 LTIt M2 52T, ZOYHEE LTI 25X TWET, BRI X—
RIIZInt 5 X Tcell 24 YRR Z{L L7272, REPL Tl string Z put LES 2 LT, a ¥
A7 = LTRLEPNTVE T, cell BRRABRBZEZTA Y RAEZ 2L LTI T A TH S
72, 77 REBRIIEIREDEELEZ 22 e P TEERA, TV, BT X—R13H%
[RYAR Y-S 2N

iz, bHIDPULERANRHIZEATAEL XD XYV v ERLEBOEEZELZWV, W ERIES
nro Iy a7 ETELFHAELE T, BROMEZIETEFHEYR— 1+ (Scheme % Go FDFFEH
FoTWET) AT X - HMNFEETIE,

c A ZIERDMEE LT, b5 R 25 BEEH L TGRS
« BEOBEDEEHD 7 5 A 2 b B2 5 BIC/ES

EVWSERKL2H D FHAT LR, LAL, BIEEGIEZRDEICMES 25 JTHETT L.
BEDHFEZZHOGIBEZR LIV, H2WIEEEE L TERD D 24HONIos 7 5 ATH
NERWTTH, 27 200MEZRLZWVE VS EEIINAD BIAITAETT, T50WHH
By BRI X—K% 2 D5 Pair V7 RAEEo T LEVE T, Pair 77 ADEFRIIRD L5122
FJ, toString XY v FOERIIBTRRDZZDIIMHS ZII D TKITLRNWTL &0,

class Pair[A, B](val a: A, val b: B) {
override def toString(): String = "(" + a + "," + b + ")"

}

ZDT TR Pair DFfEL LTIE, 722 ZBEDEDOREE R DM G EIRT XY v K divide 3%
TohFET, divide DERIIRD L5122 DFET,

def divide(m: Int, n: Int): Pair[Int, Int] = new Pair[Int, Int](m / n, m % n)
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B11E BT X—4% (type parameter)

IN5% REPLICE D TR LA ERD X STk D F5,

class Pair[A, B](val a: A, val b: B) {
override def toString(): String = "(" + a + "," + b + ")"

}
def divide(m: Int, n: Int): Pair[Int, Int] = new Pair[Int, Int](m / n, m % n)

divide(7, 3)
// resO: Pair[Int, Int] = (2,1)

7THZ3DBEERD N reso ICA->TWVWBZ Db DET, B, T T Tl new Pair[Int, Int](
m/n, m%n) ELELREL GIBORPLTANT X -2DRZHHTE 255, BRTEET, Z
DGE. Pair DAVA T 7 XICEZ 251803 Int & Int DT, new Pair(m / n, m % n) £ LT
SFALCEKRICRDET, ZDPairiZ2 008428 (AILETHREV) ZRHEE LTRLEWS
TOBEMES Z e TEET, DL, CORTHFCLEZITSHEZMRLTE 200
NI RA=ZDHHTT,

BRAIZ, ZD Pair DX 5727 5 RiX Scala T X b 3720, Tuplel 7*5 Tuple22 (Tuple
DHBROMFIIEZE) BHOPUDHABEINTOVET, . A YAX VAT HED,

val m = 7
// m: Int = 7
val n = 3

// n: Int = 3
new Tuple2(m / n, m % n)
// resl: Tuple2[Int, Int]

(2, 1

BRELLZLSTY,

valm =7

// m: Int = 7

val n = 3

// n: Int = 3

(m / n, m%n)

// res2: Tuple2[Int, Int]

(2, 1)

EITHIERVWE I IR > TVWET,

11.1 ZfsE (variance)

COFITIE, BAIX—-RICHTHHETH 2 RE, HEIZOWTHETET,
ZAHEEIIMEN R T ONE L WD, BIEZ ZATHRAT 258 ICIERSBETT, £33
ZNFEENFIH SNz a— F2HDH L X512 e zHELEL x5,
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11.1.1 #Z (covariant)

Scala TlE, A IEE LD o 72T X — X LEFIZIEE (invariant) 22D 3, IEEE WS
DIF, BNRTGRA—=2%Fo720 T R6, MRFX—RALBRDHoToL X, A=BDE XITDA

val : G[A] = G[B]

EWVS EOBRRADFTFENDZ L VWHIWEZRLES, ZHUX ESRARGX -2 52777 R1%
ESRCHR A 2EZNIARREETY, ZITHITIEEIROVWTENRLEZDIZ, Java DA
IABEH 7 5 RIEETCIEE TR HETHE L VWIREFTI R EILLTWE 25 TT,

CITERHRERCOVWTER L TR 5/2DT, HHICERERLEL LS, HELZ WS DI B
RIRX—ZEFEoT20 526, BIRTGA—Z AL BDHol-L & ADBEREKL TS L ZIZDA,

val : G[B] = G[A]

EWVS XS RARADFFSNLMEEZRL $F, Scala TR, 7 7 ZAERRIC

class G[+A]

DEIWHRNRTA—ZDENC + BT 2 ZDHRART X =R (HERWVEZEDT 7 RIZF) HEICK
D9,

COFEERCERDHENTOIADISVLS LARWOT, BENALRH e L CESIT 2205 Tt
AL %9, EFIENZ Java TIEHZE 72 DICH LT Scala TEIFETH 2 W I ICBWT, HHAWHA
T3, £33 Java DHITT, 6 =HEH], A=String,B=0bject £ L TatA TL ZE W,

Object[] objects = new String[1];
objects[0] = 100;

CZha—FiFiEJavada— R LTRBary A A2ED 3, o RTH. object DELFIZ
RIZEN string DEAIZE T ZENTEZ2DEFHIIPR-oTVE LS CEZET, LrL, 20
a— REEfTT 2 2HIH java. lang. ArrayStoreException DFAEL FT, T4UE. objects IZA -
TV B DWEBRIZIE string DEEH (string DAZERE LTHD) DX, 2THT int B (K2
U TEMEINT Integer M) DETH S 100 ZEZH L TWVWEI2IZEDET,

—7%. Scala TIZFAHKD 2 — FO—fTHIHEET2a—-F2ary {1 L &5 & LEKRAT, XD
Eoary ANz —nHET (Any BETOMD A —8=2 5 ZT, AnyRef IZfIZ, Anyval (fH
) OEBHEMNTEET),

scala> val arr: Array[Any] = new Array[String] (1)
<console>:7: error: type mismatch;

found : Array[String]

required: Array[Any]



https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/lang/ArrayStoreException.html
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ZD &S HERIZIE S DIE, Scala TIRHAEHNIIFELH HTT, VR SR 2N L3,
AVARANFITED ZL DT U F IV T -2l T2bDTHD LT 245, FLHOKHE
Scala /5% Java KW LR THHEFEAF T,

& T, Scala TIEMART X =KX Z2HINZ U RRT, ZETELRVIMEZI Y (M I 7 — %
LT N2DTRLTID, HERZLED XS LIGEMEZ 202> THL DEFERNHD X3, %
Y 2R FRIECTER L7227 5 R Pair[A, Bl ICDOWTEZTALL &5, Pair[A, Bl Z—EA VAR
YL LT2s, BHEHTIBIENTEEHANS, ArrayStoreException D & I RHAMIEZ D1 F 8
Ao FEBE. Pair[A, B] ZZRICHEIZTTE ST T AT, class Pair[+A, +B] DX S L THRED
EEEEA

class Pair[+A, +B](val a: A, val b: B) {
override def toString(): String = "(" + a + "," + b + ")"

}

val pair: Pair[AnyRef, AnyRef] = new Pair[String, String]("foo", "bar'")
// pair: Pair[AnyRef, AnyRef] = (foo,bar)

Z 2T, Pair IMERRFICEZ 5 2 72 5RIZEFETE S, L7zh > T ArrayStoreException D & 5 7/
BISNDIFAE T 2RI NZ b D F9, —MRAINTIE. —EER L 72 5ZHE T 22\ (immutable)
REDHNRT XA —RFIHEIWCLTHZL DFEMENRDH D TR A,

11.1.1.1 #FEME
RD immutable 72 Stack MDERFR GEF) DY FF, 222 OEFAEMD T, Stack DEFE % T
TERIWV, BB, E>: AL EWZADHMEKITTHE, L0IHINERLTVE T,

trait Stack[+A] {
def push[E >: A](e: E): Stack[E]
def top: A
def pop: Stack[A]
def isEmpty: Boolean
}

class NonEmptyStack[+A] (private val first: A, private val rest: Stack[A]) extends Stack
[ATl {
def push[E >: A]l(e: E): Stack[E] = 2?27
def top: A = 222
def pop: Stack[A] = ?2?
def isEmpty: Boolean = 22?2

}

case object EmptyStack extends Stack[Nothing] {
def push[E >: Nothing](e: E): Stack[E] = new NonEmptyStack[E] (e, this)
def top: Nothing = throw new IllegalArgumentException("empty stack")
def pop: Nothing = throw new IllegalArgumentException("empty stack")
def isEmpty: Boolean = true

}
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B11E BT X—4% (type parameter)

object Stack {
def apply(): Stack[Nothing] = EmptyStack
}

F 72, Nothing ZETOHRIDY 77 5 ATH 3 EO5RBUERITEL T T, Stack[A] ZHERDT,
Stack[Nothing] IX¥ ARIUD stack ZEUTTHMNT 2 Z e B TEF T, Bl X1 stack[Nothing] T
T % EmptyStack &, Stack[Int] BIDZEE Y stack[String] TUOZEDMHFIRATE Z e BN TE
£9,

val intStack: Stack[Int] = Stack()

// intStack: Stack[Int] = EmptyStack

val stringStack: Stack[String] = Stack()
// stringStack: Stack[String] = EmptyStack

class NonEmptyStack[+A] (private val first: A, private val rest: Stack[A]) extends Stack
[A] {
def push[E >: A](e: E): Stack[E] = new NonEmptyStack[E] (e, this)
def top: A = first
def pop: Stack[A] = rest
def isEmpty: Boolean = false

11.1.2 KZ (contravariant)

RFHEEL B 25 IR 2METH I RETT, BHICEEERLELE S, KEL WS DT, B
RIRX—BEFiolr57R6, BIRSXA—R AL BADHolz E, ADBEMELTVWD L ZIZDA,

val : G[A] = G[B]

EWVS XS MRADRFESNBMEHZRL 5, Scala TR, 7 7 AERKFIC

class G[-A]

DEIWHARTA—RDFNZ- ZM T2 ZDRAT X =R F (HE2ZWVEZED T T RIT) KREZTTR
DET,
RZEDHIE LTRBDPDRTVHOD 1 OHMEBOITT, 7 Z2E, Matsddbokl &,

val x1: A => AnyRef = B => AnyRefH! @ f
x1 (A% o fE)

YWl AOWR BRI 27-0121F, AR B EHRETINENDD T, FOWTIIEKH
T3, RIC. A = String,B = AnyRef X LTEZXTAZL & 9,

val x1: String => AnyRef = AnyRef => AnyRefH o {#
x1(String® o f#)
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72

Z 2T x1 IZEBIC A 2 TWB DI AnyRef => AnyRef BIDETH 2728, 518 ¥ LT string D
%5 2T, AnyRef HOFIHUC string MOEZ 522D EETH Y, FERIKNILET, A
Y BT, A = AnyRef, B = String DA, String D F|EUZ AnyrRef BIDER 5.2 5 D & [AFRIC
BoTLEIDT, ZHE A NMEZRAT RTINS NI T —IZRBENETHD, EEZa
YRANTT=ITIED £,

FBIC REPL TalL TA XL & 9,

scala> val x1: AnyRef => AnyRef = (x: String) => (x:AnyRef)
<console>:7: error: type mismatch;
found : String => AnyRef
required: AnyRef => AnyRef
val x1: AnyRef => AnyRef = (x: String) => (x:AnyRef)

A

scala> val x1: String => AnyRef = (x: AnyRef) => x
x1l: String => AnyRef = <functionl>

&Iz, BIEEBRNZESBERICKR->TVET,

112 BINSX—H2DIEHR (bounds)

BRI RA=Z TN LU THBIFELRWEE, ZORARIX -2 T3, CARMTHLADELZL
LobHrD FHA, ZD7D, AIBIEE LRV T X=X TITH L THEHES XY v Fid Any 12
WMT2HDDAIHDFT, Ll LA HEFERHLEELSGKDZ VR MY — b LEWSE
7. TN L THINZEF T 2 LERLRIGENRDHD T, ZOXSRGEMR 200, BT X —
2D (bounds) TH, BARIX—XDEFICIZ 2 EED D $9,

11.2.1 EPRIEFR (upper bounds)

1DHIF, BRI RX=ZED X5 BB ERAL TV E02ET % LRGSR (upper bounds) T
T, FRBEFTIE, 8BS X —2D%IZ, < R L. ZAUTHNTHIFI e 2 2B 2R L 5, XU
TTIE. show ICX > TXFIULTE S F R Show ZEF L 72D X T, Show TH 5 L5 REDALH
F ¥ LTHD showablePair ZEZR L TVET,

abstract class Show {
def show: String

}

class ShowablePair[A <: Show, B <: Show](val a: A, val b: B) extends Show {
override def show: String = "(" + a.show + "," + b.show + ")"

}

TZT, BRI X—& A, BEDBITERIBEHRE LT show DMEESINTWVWSE=D, a & b ITHLT
show ZIFOHT Z N TEFE T, 2B, ERBEAZIHRINCIEE LD 7255, any BEE XN
HbDEAREINETD,
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11.2.2 TBRER (lower bounds)

2 0HIE, BARFIRXR—ZBEDEIRABDA—R—Z AL T THZ0EEET 3 NRER (lower
bounds) T3, FHREFIE, HERTG XX eHITHWE Z B2 WEEETT ., ERIchlz RE 3,

T3, HEOMEMETH 7255k, /3 2—KX TN stack VI AZRERLET, ZD Stack
FEHEBIZLZWE LETD,

abstract class Stack[+A]{
def push(element: A): Stack[A]
def top: A
def pop: Stack[A]
def isEmpty: Boolean
}

L., ZOEHRIZ, UFROoEkSkar i rzs—2kh i3,

error: covariant type A occurs 1in contravariant position in type A of value element
def push(element: A): Stack[A]

A

ZDAVNRANTT =, EERBIARS X =& A BRERNE (RERART XA —ZHPHBITE S
& ICHB L WS 2 2EoT0E T, —MRIC. 5IEDMEBICHERI T X — & E DEHIFKT
Ba, ey BN 20 ndh 2720, ZOXIRIIT—PHET, LrL, ZOD stack I
CESTA I 2= TNTH5d, AKROFMUEZENE LOMERES FEA, ZORMEICHLT
572D TG R =D RBFEREFES e BN TEET, MARIX—KE % push ITBIIL, ZDF
FREEM E LT, stack DEINRT X=X A ZIEEL F 5,

abstract class Stack[+A]{
def push[E >: A](element: E): Stack[E]
def top: A
def pop: Stack[A]
def isEmpty: Boolean
}

ZDEITTBHILITE-T, Ty A F1, Stack IIE A DIEED R —o8— X 4 TOEBRANS
NATREMED DB 2B 551D ET, ZL T, BRI XA—-X EEHETERVWD, Y2
WHB L THOOEEA, 2OX5ICL T, FRERZAMAL T, LR stack & AW 2§
BIENTEET,
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Scala DO BEENIZ, D FFEDOBEE L W HEi D F3, Scala DEEEUIEIZ Functiond ~Function22
FTOMLA FPOWBY T I FTADA VAR AIBDTT,

72 2R, 2 0DBHBER > TMEL/MEZIRT add BEIEIRD LS ICLTERT AN TE
9

val add = new Function2[Int, Int, Int]{
def apply(x: Int, y: Int): Int = x + vy
}
// add: Function2[Int, Int, Int] = <function2>

add.apply (1600, 200)
// res@: Int = 300

add (100, 200)
// resl: Int = 300

Function® 2° 5 Function22 £ TOERTOBEEBIIFIEOEINZIIE L7z apply XAV v FEERT LZHHE
BHDFET, apply XYV v Fid Scala 2 > %4 F 0 SRRV XA, x.apply(y) EHFEIZ x(y) DL S
CESZENTEET, BFOADEBOFUS L LTIEERTT A,

Fi, BBEERT A WVoTH, HIZ Functiond 205 Function22 $TD b LA M DEHYT T
FADA Y AR Y REfFoTWBHREITTT,

12.1 EZEHK

HiJET Scala THBEER L E LD, IhrkffoTorn s3I0 %52 a— FALEICRD
BEET, 2D/, Scala TlE Functiond ~Function22 E TO LA FDA VARV ABERT 2

74


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Function0.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Function22.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Function22.scala
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7DD YRy VAT a = IPHBINTOET, 722 2E, FEIZEYD add BEUE

val add = (x: Int, y: Int) => x + vy
// add: Function2[Int, Int, Int] = repl.MdocSession$MdocApp$$Lambda$14137/0
x00007ff72201d000E@22eb2f7e

LECZEMTEET, ZIT, add IKHIHIZEBA 7V 27 Ao TWBRRETTH- T, B
ARZFFDHFT DA NT VRV LITHER LTSIV, TD, add DHIAD & 5 72EFK%Z Scala
TIREABE O E T, WAEEIIHR S FunctionN 7 7Y =227 b TTH 5. HHEIKEEST 1B
RALLDRDEE LTRTI D TEE T, DXk I57%, BEEHBHICERRIBICRALZ DR
DIEY LGRS Z e TEZMHERIEL T, Scala TIXBIED S —#DfE (First Class Object) T»
VN ET,

A B D — IRV ZRESUIRD K 5127 D 5,

1 | (nl: N1, n2: N2, n3: N3, ...nn: NN) => B

nl 205 nn L THRGIBDEFHKT N1 25 NN FTHEGIBORTT, B IXELEBOARIKTT,
AR DIR D EORNTEFIX B DM oM I N E T, HIFE BN L 512, Scala2 iI2B1F 5B
X Functione ~Function22 ETO ML A MDI|HY T 7 FADA VARV RATT S, 51Ok
KIEENZ 22 181272 D £ 5, Scala 3 22 513 Z OHlFyLEFE S T, 23 DL EOBIES ERATREIC 72 o T
WET,

12.2 BE#HE

DI L TERELZBEBOENL, AKX FunctionN[...] DX DI L TEHEAR LTI WITF
BFAD, BEBOTUZOWTIERINCY Y Xy J AT a =R ITF SN THET, —fikic,

(nl: N1, n2: N2, n3: N3, ...nn: NN) => B

Y725 X B ORNX FunctionN[NL, N2, N3, ...NN, Bo#] 2 ELIMbDHIC

(N1, N2, N3, ...NN) => B #

LT TE N TEES, EH FunctionN ZBIE LTHES 2 3MAROT, 26DV
Ry VAL aH—"HATBLERWTL & S,

123 BE#oAH)—1t

BEAISETIEAY —(be WS 77w I XL b s, 2V —fbrid 722 2E (Int, Int)
= Int BIOB D X 5 12 OF I EZR AR Do/ 2. ZH%E Int => Int => Int BB

1 Scala 2.12 22 &1, SAM Type & FiMED H 2 BEIIENIET 2 SAM Type D a— KA I N 20T, Mk v
Ry I AT 2= L3RR D FE LD, ZRLUND T —RICOWTIEREZED D HD $HA,


https://scala-lang.org/files/archive/spec/2.13/06-expressions.html#sam-conversion
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DL, 120D5[FZEWD., KD O5I1BEMZEBLRTEBOF 24 Y TRET 205D T
T, RLICLEEED add 28V —{LLTAEL £ 5,

val add = (x: Int, y: Int) => x + vy
// add: Function2[Int, Int, Int] = repl.MdocSession$MdocApp$$Lambda$14138/0
Xx00007ff72201d7fo@5dceas524

val addCurried = (x: Int) => ((y: Int) => x + vy)
// addCurried: Functionl[Int, Functionl[Int, Int]] = repl.
MdocSession$MdocApp$S$SLambdas$14139/0x00007ff72201e000@c23a3da

add (100, 200)
// res2: Int = 300

addCurried(100) (2600)
// res3: Int = 300

AR ERTIMXEARA NI THE>TVB T, MyRHRZEEZLTVWRWZ &b
2D ET,

¥7z. Scala TIEA Y v ROFHV A M EREBICHITGEI. ZDOXY v RIZH L TAR=XIZ
FNWT_ %252 THRYANENENEF 2518 L) — (LB B2 2B TEET,
ZDZ % REPL #HVWTHERELTAZL & 5,

scala> def add(x: Int, y: Int): Int = x + vy
add: (x: Int, y: Int)Int

scala> add _
res@: (Int, Int) => Int = <function2>

scala> def addMultiParameterList(x: Int)(y: Int): Int = x + vy
addMultiParameterList: (x: Int)(y: Int)Int

scala> addMultiParameterList _
resl: Int => (Int => Int) = <functionl>

518 X b & 2 DIZ53) 72 addMultiParameterList (ZAUIX YV v RTH o THETIEH D 4
A) PoIELNTZBEBIE 1 5B DF = £ > (res1) IR ->TWT, HEPIZHY —{LENTVET,

7272, Scala TWEHV —1bkD7 7=y 7 %25 Z i3, MMOBEBHREEICURTHEDZIHDE
VAo Fl. 2O _ %25 U THEEEE 250113 Scala 3 TIXIEHERICR - TE Y, _ 25 LKL T
SRR INE X oIk EL,

124 XYVvw R EBEH#HDEL

XY FIZOWTEBICHAL E L2, XY v FeBEBDOEWIIOWTIE Scala #1583 2 BRI
EETA2DRERDHD T, ARIE def THEIHWILTERINZDDLEINAY v REZOTTH, &t
BHOEHE L, FET24 7927 FOENAY v F (SEIIHELTHERA) R REPL TEF L
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Ay NeBBEPATZD T2 e0HD E9, EFEPL Web T 2D 2 02BN, H 5V I3HE
B BRI LW B H123% 42 52 DT (Scala D NA 791 [Scala Ay —5 70 7nr5 307 T
BN AY v R eBEBOBEROHI N D25 D %3) HEELTLEIW,

FHEBRHT 22, XYy Nl def THEIMITEREINZDDTHD, ZNEEBEIERDIEH
CETHHDBEHEETHEE VWS 28T, TTETAY Yy FEBHDENMIOWTHEMALTEEL
72, FRUE. XYy FIZE—HROMETIE W0 U TBEEISE —RDETH 3 2 v KEED
MHBEPETT, AV Y RERB580XY v FE2RIEK. XV Y RPAoREHEVwo-72b DIk
Scala IZIIFEIEL £2 A,

12.5 SEPEREEK

BIECZ 5 I BUCH - 7o D BIEUE IR T X Y v RO Z v 2 @R P 3, LIFE XYy R
BBDBENZOWTHIALZIER D DI, XYy FOZ e HBEBL VD DIZWE XLETW T,
RN Z SRS DI BoTLIEX W0,

FURE R OB OVWTATAEL & 9,

def double(n: Int, f: Int => Int): Int = {
f(f(n))
}

CHEEZSNBEE R 2 [\ n BT 2B double TS, BRAIIC, EFERBEEICE XN 2B
BUIBEYI R AFIBFTF o NI B ZL, ZOEFEF FR gD 1 XFO4HTE XL FVE T,
MOBEERI 0 'S 2 V' SETHRROEBEE RS D 5, BMUHLIEIRD LS 1Tk T,

double(l, m => m 4, 2)
// res4: Int = 4

double(2, m => m 4 3)
// res5: Int = 18

double(3, m => m 4 4)
// res6: Int = 48

BAIDOFOHUIZTICH LT, GRONLGI18E 28T 2B 2L TOEITHO.1 4 2 4 2 = 4
WARDET, 2FBDOMPUTH LI 2ITH LT, BRALNLG 8z 3T 2EZELTVWEI»L,
2 43 5 3=18WRDET, REOHFUIHI LI, 3IINLTERZONLGI1 T 45T 288 % EL
TVWETHO, 3 4 4 4 4= 48ITRKRDET,

LIV LEKROD LB EHLTAEL x5, TR T LEHEI L E,

1. FIEAk
2. A & DULFH
3. BREARLIE
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PWVWIHIRKX—VIFHEHE L E T, INEA Yy RIZL =GB around ZER L F T,

def around(init: () => Unit, body: () => Any, fin: () => Unit): Any = {
init()
try {
body ()
} finally {
fin()
}
}

try-finally #3E, BROBFINMEOE CTHIHTEE TN, KM Java D ZN R LE BT
BV, ZD around BRI RD XS LTS 2 e TEZE T,

around (

)

// 2?2?2222

// 2222722722727

// 22222272

// res7: Any = ()

around IZTE L 72BEDIERICHIEN T WS Z b D £3, I I T, body OIS THIANE FAE
XHTAET, throw i Java DZNEL[FE U THINEHRKITZ72DDWHXTT,

around (

)
// java.lang.Exception: 22222

// at repl.MdocSession$MdocApp.$init$s$anonfun$isSanonfuns2 (function.md:109)
// at repl.MdocSession$MdocApp.around$l(function.md:84)

// at repl.MdocSession$MdocApp.$init$s$sanonfun$l(function.md:110)

body DERF THINDBFEEL TVWBIZHED ST, fin DHTIEB 2 A LEITEINTWE Z bk
DEF, ZIZT, around ¥\ 5 EFEBEEEERT 52 2T,

1. #1HHE
2. 1 & DILFE
3. AR

DrhEhxHFHHLL T, o200 DTS TRENFEE L TH LT HREARLI L ETT
XTWVWET, ZDaround XYV v FliZ 1~3 OFEZ B A RUBICHAST 2 28N TEET, —
F. 1~3DZNZHUIMUH LB THRIKGZ 2 2P TEET, TOXSICUHEZEY L TEH
322 3EREBEERTZRKELXY Yy D 1 DT, Java 7 TIIBAERLEZ BEILT 2
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try-with-resources X235 LTI Ao g Leh, SRR H 2 SFETIE. SIS T
HOTZDXIRBEZTEIAY v FEERTHILDNTEET,

78 around D XD ICEMEBBERHALTY Y —ROBBEKREITI X —2ida— Y X — 2 2 I
BRTVET, B—Y 12— RERHIZE RO withFile D XS BB THHAINS Z 22 WTT,

import scala.io.Source
def withFile[A] (filename: String)(f: Source => A): A = {
val s = Source.fromFile(filename)
try {
f(s)
} finally {
s.close()
}
}

77 AT D, Y Y — 2 E2HIG U TUENKD - 72 SHERICHRR LW — X Tlde — >
RE—VENATZZeBHEET,
12.5.1 HERE

withFile XY v REFoT, ROESI BRI ITAF ¥ 2RHOTFIA N7 7 A VOHHE—(TTORR
T A printFile ZFEELTAEL & D,

def printFile(filename: String): Unit = 22?

def printFile(filename: String): Unit
withFile(filename) { file =>
file.getlLines().foreach(println)
}
}

1l
-~

Z ZTREMEBEROMMABIZEHEICHEN L X Lz, ROaLV 7> a v OfiZHil 2 & T, FREREK
DRXYy S HICHETES X515 TL & 9o
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aLraryoA 7o
(immutable ¥ mutable)

Scala (XA (Array ) VU A b (List ). #AEELY] (Map ). G (Set) ZWI DDEER T
A77V0HDET, TAEMBNIRTILT, Scala TOT BT T IV ZIFBIRNTHKITKRD £3,
FERELRTIR S0 DIE, Scala TIE—FEER L7 5ZHE T E 2\ (immutable) 72aL 27 =
VEERETEZWEEDAL > 2> (mutable) 3H 2 Z ¥ TF, XA mutable zaL s> a >
WHIRATWSE D WE §H, Scala TR Y0 75 I v 7 %175 729I12id. immutable 722 L
7y aviRiERT2RENH D £F,

immutable 221 27> a Y EHEI DTV DD RV v BHHET

c BEEI 07T 2 v TEAT 2ER L SR

s BREEBERCCHEHEZER 0 02BN TES

s —EfEo/zalL 2y a VPHIGRWEFITAE IR TOWRVWELZIRIETE 5
c WATWCEEST 27027 LT, BE/ICZIELTHILHNTES

mutable 221 27> a Y EFBENCHEZIRX T 0 77 L0ETEER LT3 2 TEFE I,
mutable 22 1L 27> a »EED XS RGHTTHEZ X O WIIEH L WREET T,
COFITI, Scala DAL r>arvIATIVICEENEZLUTDHDICOVWTOMEEZHHL 3,

* Array (mutable)
* List (immutable)
 Map (immutable) * Map (mutable)

* Sset (immutable) - set (mutable)

80



N o A W N

HI3FE alLr¥arI4 771 (immutable ¥ mutable)

13.1 Array

FTIRIKED 0TS IV IEBICH BEHTT,

val arr = Array(1, 2, 3, 4, 5)
// arr: Array[Int] = Array(l, 2, 3, 4, 5)

INT1I05 5 FTOEEEF - ZEHA arr ITRKAZNE Lz, Scala DEHIZ, D SFEDZ
NEFC LS REROFHEZANZEZ LD TEET, BHORFIZ0O0OHED £T, KB, I
FNORIZFEE L TROVWDIE. Array(1, 2, 3, 4, 5) OE T, BEEAD Int THBRITE LWL
Lav A IR L TN E N6 TY, MEARETICE

val arr = Array[Int](1, 2, 3, 4, 5)
// arr: Array[Int] = Array(7, 2, 3, 4, 5)

DT, ZTIZT, [Int] DEFIEHART X=X LN E T, Array PR EDHEMLL2 5 R
WDT, [Int] 2228 TEDHRD Array 22EIEEL TWEDIFTTT, ZOHERS X — & 13
AMEA D 72, MARBTTH T 20 THRATEVWTLZE W, L, ZOHETIE, Array
DEFHI Int e DPoTVWEDT, JIIRTT, RICERANDT7 7L ALATT,

arr(0) =7

arr
// resl: Array[Int] = Array(7, 2, 3, 4, 5)

arr(0)
// res2: Int =7

MDZFEEL arr[0] DEIICLTTIZ7ERTAIEDZVDTHRINIFES D LNFERAD,
T EE W, BH D o BEHOEEN L AL TICANE Do TVWETA,
EEH| DR X1 arr.length THUS T A Z 2B TE T,

arr.length
// res3: Int =5

Array[Int] & Java Tld int[] ¥R UEMK TS, Scala TiZ, Al ¥roaL 7y a vy OBERM%
R T 5 L & collection[ElementType] D X S IR L, EHBHEL LSBT 2D T,
Java CIELHIBIE RN T 2 DICHENR 2 L Hi—H7Z e EX 5 TL & S,

772U, HLETHRL LI D 2BEHR IR T30, FEE LT VM OEFITH D, BEH
[ CTH equals DFiRD true IZH SBW, EKT ZBEIC ClassTag L W05 S DOHBBEL LDV D
MHORND DT, Array 1387 + —< ¥ R LREICIR 2 BELINIDH £ D BEBANICE S & DT H
DEE A



https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Array.scala
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HI3FE alLr¥arI4 771 (immutable ¥ mutable)

13.1.1 #FEMRE

FFlD i FHOERY  BHOBERE ANE Z S swapArray XY v FEERLTAEL & 5,
swapArray XYV v FOEZFIZ

def swapArray[T] (arr: Array[T])(i: Int, j: Int): Unit = 22?2

ERDET, 9L pESNOHPEANTDH 2553 FHTERLLL TRVWTT,

def swapArray[T] (arr: Array[T])(i: Int, j: Int): Unit = {
val tmp = arr(i)
arr(i) = arr(j)
arr(j) = tmp

}

val arr = Array(1, 2, 3, 4, 5)
// arr: Array[Int] = Array(5, 4, 3, 2, 1)

swapArray(arr) (0, 4)

arr
// res5: Array[Int] = Array(5, 4, 3, 2, 1)

swapArray(arr) (1, 3)

arr
// res7: Array[Int] = Array(5, 4, 3, 2, 1)

13.1.2 Range

Range XHifZ R T4 7P 27 M TT, Range I FEHEAFIZIHELTERTL LD, to XY v RE
until XY v REHWTIHEGZE T Z 22 WTT, £z, tolist XY v REHWT, £ OHiFHDOHIE
DINEHZRIRT 5 List BT A e TEFET, TlE, F3# REPL T Range 2o TAZEL & 5,

1 to 5
// res8: Inclusive = Range(1l, 2, 3, 4, 5)

(1 to 5).tolList
// res9: List[Int] = List(1, 2, 3, 4, 5)

1 until 5
// reslO: Range = Range(1l, 2, 3, 4)

(1 until 5).tolList
// resll: List[Int] = List(l, 2, 3, 4)

to IE DWEAE T Z ECHFZ., until 3HGOHEEFEZERVEHPAZRL TV Ze2%ba b
£, F72. Range I toList THERIRT 2 List TET AN TEEZ2d b0 ET,



https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/Range.scala
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13.1.3 List

T, BALLTKRKEDSFEICH S Array ZH L F L7223, Scala T Array 25 Z 2132 0UZ
CEZLDHHFERA, RDDIT List R Vector EWV o o7 —XMEE IV ET (Vector IZDWT
BHEARL F9), List ORI, —EFER L5 E2ZHE TE/\0 (immutable) ¥W5 22 TY,
MEZZETERWT —XHE Okt 7 — 2 HhE e MU %F) 13 Scala 254K — b LT % BIECR
TRy IV o THERERTY, TN TR List 2o TAEL & I,

val lst = List(1, 2, 3, 4, 5)
// lst: List[Int] = List(1, 2, 3, 4, 5)

1st(0) = 7

RUEO2 2 £512, List 3—EIERLESHEZEHNT L I eNTEEEA, Ll List i3H
REMTHIENTEERAN, H2 List ZTRICHT LWV List ZER 2 TEE T, ZOHEEE
ol enfbickab x9, DI List IO L THARATHEZ ATV 2 BEHEEZ A TWVL
T, List DEZEHT L e L AL RBIENTE LI EHDRSTL & 9,

13.1.4 Nil : 22 List

FITRANHNT 2 DIE N1 T, Scala THED List ZRTITENIT WS D DEMHNE T, Ruby
ZETE niLIZEFE LR DRI ERZR S 303, Scala TETF 74V P TRa—FIZA-TW
5205 Z e DUMIFR 2 BERIZ 72 < HZ object T3, NIl IZBATIIEKRDID D FHAD, KT
AT2:: LADETHVWSE ZBZWTT,

13.1.5 :-List DEFEICEZZ L oDIT53

2 (AVRAEHEAZTT) BHICH D List DRFHICELRZEZL oDF B3 AV Y FTF, ZHIZOWT
¥, REPL THREAADPERNTL & D,

val al = 1 :: Nil

// al: List[Int] = List(1l)

val a2 = 2 :: al

// a2: List[Int] = List(2, 1)

val a3 = 3 :: a2

// a3: List[Int] = List(3, 2, 1)
val a4 = 4 :: a3

// a4: List[Int] = List(4, 3, 2, 1)
val a5 = 5 :: a3

// a5: List[Int] = List(5, 3, 2, 1)

FRULEZVWEZZ:: 2HAT List OFNCEL Z 2 T List DRFHICEZE N oDV TWVWE Ik
WD ET, TIZT, o EOPRBILRMOHELAE2T 2 XYy RTHEZ e ZHALRITIIUIRD


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/List.scala
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FHA, 3. Scala T 15[8DXY vy FIZHFEFLETEL 2P TEET, #NT. 1 :: NIl D
IICEL DB TEZDIITT, K. XY v FHDORED: TRDO3IGE, HEETOR £
PO DIRLTHEBATHRUELES, 22 2

1 :: 2 :: 3 124 :: Nil
// resl2: List[Int] = List(l, 2, 3, 4)

. EBRITE.

Nil.::(4).::(3).::(2).::(2)
// resl3: List[Int] = List(1, 2, 3, 4)

DEIHRINZE T, List DEZENPHEETORNIKR T, —REMEDOA Y v FOXSITRZ 5D
List DAY v R LTHIHEEZDIEZD12H T,

13.1.6 ++ : List @t DELE

++ X List A L2 8fi 52 XY v FTF, ZNd REPL TRAEGBFEWTL & 9,

List(1, 2) ++ List(3, 4)
// resl4: List[Int] = List(l, 2, 3, 4)

List(1) ++ List(3, 4, 5)
// resl5: List[Int] = List(l, 3, 4, 5)

List(3, 4, 5) ++ List(1)
// resl6e: List[Int] = List(3, 4, 5, 1)

+ 115 8DOXY Yy FRDOT, RETZETEVTWET, £/, KED: TROo TLWRWVWDT,
7= 2R

List(1l, 2) ++ List(3, 4)
// resl7: List[Int] = List(1, 2, 3, 4)

=S

List(l, 2).++(List(3, 4))
// resl8: List[Int] = List(l, 2, 3, 4)

YRILEBIRTY, KE4 List AL2EET 258, SIBEBPREL RO TZORIZIERLK
FHRRWTT,

13.1.7 mkString : XFIND T =X v T 127

ZDXY v RiX Scala TIEFICHEBICFERINE T, HXAD, Scala o T\ ETH S
MEZVWTHAIXY Y RTT, ZDRXY vy FIFFIBICK > TEEERINTED, 3"V ardbd
DTENEFNEIENTLET,
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13.1.7.1 mkString
GIBRLANA=YarTd, TOXY vy P&, BT List DBBER T LD b IHICEITF 73 FF 2R L
\i‘j—o

List(1, 2, 3, 4, 5).mkString
// resl9: String = "12345"

FRELZFERSVDIE, 518 L XY v RO nkstring 1 () B2 THRUSET e B TER
WEWIETT, 222, UTDoa—FiEk, HFA2DIAVWETI =X vt —IBTTary {4l
WERBRLET,

List(1, 2, 3, 4, 5).mkString()

Scala D o 5IFAY Y FiZ O L E ) 2o EHED B Ho T, WiBEDERTERI Nz A
Vv Fix O ZMFFTICECHI R TIUTVTERA. BRI, ) Z2FoTERSINEZAY v Fid,
O 2RI TRECHEE 2T URNT ERA, 2D Scala DEFRIFEEL LS T WO TERE L TLEFE W,

13.1.7.2 mkString(sep: String)
18U R — X LFF sep ZEXD . List DFEER sep TRYI - TED S HICE T 7= FH %
BLET,

List(1, 2, 3, 4, 5).mkString(",")
// res20: String = "1,2,3,4,5"

13.1.7.3 mkString(start: String, sep: String, end: String)
mkString(sep) EIEE AL RUTTH, start & end ICHENXXFHNERTE ZANELD 7,

List(1, 2, 3, 4, 5).mkString("[", ",", "1")
// res2l: String = "[1,2,3,4,5]"

13.1.7.4 HRBRH&E
mkString Z{#i o T, WD start L RERDE end Z3ZI1FHL - T,

start, (start+l),(start+2)...,end

YD EDIBYFHNEIERT XY v K joinByConma ZEFE L TAEL D (B F Range ITd
mkString XV v RlZHH £3),
i

joinByComma(1,5) // 1,2,3,4,5
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def joinByComma(start: Int, end: Int): String = {
2?2?

}

|
~

def joinByComma(start: Int, end: Int): String =
(start to end).mkString(",")
}

joinByComma(1l, 10)
// res22: String = "1,2,3,4,5,6,7,8,9,10"

(start to end) T. start 2*5 end TTDH|EAE-> T, mkString(",") 2o TR, ZFEATHL
%73,
13.1.8 foldLeft : EHSDEHIAH

foldLeft XY v X List IC¥ o TIEFICEHARNZ XY v R TT, DL XY v F% foldLeft
BioTHETZZIENTEE T, foldleft DEF % Scala D API FF 2 XV M b5 HT 3L,

def foldLeft[B](z: B)(f: (B, A) => B): B

ERDFET, 2D foldleft DFERDYIMET, VA M EEDPLRZEDRYS fEHEALTVEE
o foldLeft IZDWVWTIEA X —=IMFEEILVEEREWVWE T DT, List(1, 2, 3).foldLeft(0) ((x,
y) => x + y) OFERERRLE7,

+
/ A\
+ 3
/ A\
+ 2

/A
o 1

ZDOKT,

+

/\
o 1

B0 125X THATALVWI L ZERLES, VA LNOEZEEZENSIEZ f 2fioT IE
HiAtr) (fold IZFFETEAAL L WS BRERL ) IRENA X —ITEBTL & 5%, foldLeft
WHAEDE WX Y » R T, 22 2, List DEZRDEFERDI20WEHEE

List(1, 2, 3).foldLeft(0)((x, y) => x +vy)
// res23: Int = 6



https://www.scala-lang.org/api/current/scala/collection/immutable/List.html

o b W N =

HI3FE alLr¥arI4 771 (immutable ¥ mutable)

87

List DERZ R THIHOELMEREZRD T WIHEIX

List(1, 2, 3).foldLeft(1)((x, y) => x 4 V)
// res24: Int = 6

YT TROLMREGL LA TEEIT, ZOMICH A R E foldLeft & AWVWTHE
THRIEDNTEET,

XT, HioRZIc, EFHEOMEEZDP L L TEEE T, A LEBENTTIN 120l LT. TV R+
YZ B2 RMIERRTSE CESICTA) ML WS DEEZ TAE T, List(List(1), List(2 ,3))
% List(1, 2, 3) KEAMT200NEHETT, REICELEIIRDZTLEID !

scala> List(List(1l), List(2, 3), List(4)).foldLeft(Nil)(_ ++ _)
<console>:12: error: type mismatch;
found ¢ List[Int]
required: scala.collection.immutable.Nil.type
List(List(1l), List(2, 3), List(4)).foldLeft(Nil)(_ ++ _)

Ll AADBEDEBA, TI7—Xvb—YDEKE LTI, SO N1 List[Int] BlY
RBAEXNTIELVWHIT TR, HFLAXI D ICBHHTE TV RWE S T, Nl ICHHRINICEER
BRI BZLT, Ay A VTEB LSk ET,

List(List(1), List(2, 3), List(4)).foldLeft(Nil: List[Int])(_ ++ _)
// res25: List[Int] = List(1, 2, 3, 4)

TDEIE NUDRE 0 UHIZZDE XL D L AV A NDBo T NBEWI DD D %
T ZIOWVIHGEIREEREZAT L v, LHOFHICANTE VLTI E W,

13.1.8.1 #HFEMRE
foldLeft ZHWT, List DERENRIEIBIRDS F=F v 2o/ XY v F reverse ZFREL
TAHAELZD

def reverse[T](list: List[T]): List[T] = 2??

def reverse[T](list: List[T]): List[T] = list.foldLeft(Nil: List[T])((a, b) => b :: a)

reverse(List(1, 2, 3, 4, 5))
// res26: List[Int] = List(5, 4, 3, 2, 1)

foldLeft OFIFAMEIZ N1 25X T, 2 oHKAIXRY2MI2, M) BEREEBMLTHLZ Y
T, WHEDY A Z2EZZEDBTETVET,

Ml ZAUEHL ETH foldLeft DFITH - T, BROMPIEE RDLVIHEICR- TS 2IED - 2 fFJFRRY v F
HIFHES 4 7 Z VITHIET 2 DT, EBITIZOFD X 5 2ffvHidLitA
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13.1.9 foldRight : Eh5DEHIAH

foldLeft 2% List DEDP S DBEAAATE o 7=DIZX LT, foldRight I3HD S DEIAATT,
foldRight DE S % Scala D APl RF 2 X F oSBT 3L,

def foldRight[B](z: B)(op: (A, B) => B): B

YD ET, foldRight ICE X B TH 3 op DEIRDIEFD foldLeft DFEH LW > TS
HITHEE L TL &N, foldrRight & List(1, 2, 3).foldRight(0)((y, x) => y + x) & L7=HH
DEEFERIRT R ERD K172 D £3,

+
/\
1+
/\
2 +

/N
3 0

B x DY foldLeft ¥ MFRICI o TWVWE T, foldRight DIEFICINAKEDE VXY v FT, LD
WFEZ foldRight ZFHWTEET A N TEE T,

13.1.9.1 #REBREE
List D2 TOEZEEZELADESEAY v F sum % foldrRight FFWVWTEELTAEL X5, sum D
HERRDESIZHEDET, BB, List PEDOL XFX0%ZBRLTAZEL &9,

def sum(list: List[Int]): Int = 2?22

def sum(list: List[Int]): Int = list.foldRight(0){(x, y) => x + y}

sum(List(1, 2, 3, 4, 5))
// res28: Int = 15

13.1.9.2 HFEME
List D2 TOEZREHITIAEDESZAY v Fmul % foldRight FFHWVWTEELTAEL L5, mul D
HEERRXDIIITHEDET, BB, List EOLEIZ1ERLTAEL : 9,

def mul(list: List[Int]): Int = ?2?

def mul(list: List[Int]): Int = list.foldRight(1){(x, y) => x 4 y}

mul(List(1, 2, 3, 4, 5))
// res29: Int = 120
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13.1.9.3 #HFEME

mkString ZHEIE L TAEL & 5o mkString ZDH DE o TIEWIT EFHAD, foldLeft
foldRight 72X D List ICERINTWVWAMD XY v FIZEHBICH > THEVWEH A, List ® API )
77 LY AZTDITBEIZA Y v FOWoTWE T, FEHET S nkstring DEF X

def mkString[T](list: List[T])(sep: String): String = 22?2

YD ET, EBOD2O0DNN—Y 3 D mkString IFFEZEL L THHVWEEA,

def mkString[T](list: List[T])(sep: String): String = list match {
case Nil => ""
case x::xs => xs.foldLeft(x.toString){(x, y) => x + sep + y}

}

13.1.10 map : FEERZMILIFH LV List ZiRT

map XY v FiX, 15| OBEBZ5EICED ., SERICHBEEH LR TEL-BRZr ORI
7277 List ZRLUET, 72O LIC List(1, 2, 3, 4, 5) DFHEELZ 2ELTAEL & 9,

List(1, 2, 3, 4, 5).map(x => x 4 2)
// res30: List[Int] = List(2, 4, 6, 8, 10)

x => x 4 2 DENIIBTIEANTz K 512, WA 2 ERT 57-0DHXTT, XV v FO5HIcE
A2 BN ZERT 5 & Zld, Scala TIREAREE X CfEVWE T, List DR TOERIMSHD
PFLZATV, ZORRZMTT 2 & W UHIIHH T 270, mapid ScalaDaL 7> a>dDXYy
FOHFTHIEFIZ DN EZDHDITIR-oTVET,

13.1.10.1 HEME
RDY T =F v ZFFDOmap XV v F% foldLeft & reverse Bffio THELTAFEL x5 .

def map[T, U] (list: List[T])(f: T => U): List[U] = 222

map XY v FIZRD LS LTHEWETS,

assert(List(2, 3, 4) == map(List(1, 2, 3))(x => x + 1))
assert(List(2, 4, 6) == map(List(1l, 2, 3))(x => x 4 2))
assert(Nil == map(List[Int]())(x => x 4 X))
assert(List(0, 0, 0) == map(List(1, 2, 3))(x => 0))

def map[T, U] (list: List[T])(f: T => U): List[U] = {
list.foldLeft(Nil:List[U]){(x, y) => f(y) :: x}.reverse
}
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13.1.11 filter : ZHFICE BRI EHMB L72H LU List ZiRT

filter XV v RlZ, Boolean %3R3 1 5B DEAEUE 5 IEUCH D . FERICEBZHEHAL., true i
RolBEOAZHMM UH27 List ZIRLE T, List(1, 2, 3, 4, 5) ORI E2ME LT
AEL &I,

List(1, 2, 3, 4, 5).filter(x => x % 2 == 1)
// res31l: List[Int] = List(l, 3, 5)

13.1.11.1 #REME
KD T =F % ZFD filter XY v F% foldLeft & reverse 2o TEELTAEL LD

def filter[T](list: List[T])(f: T => Boolean): List[T] = 22?

assert(List(2) == filter(List(l, 2, 3))(x => x % 2 == 0))
assert(List(1l, 3) == filter(List(1, 2, 3))(x => x % 2 == 1))
assert(Nil == filter(List(1, 2, 3))(x => x > 3))
assert(List(l) == filter(List(1l))(x => x == 1))

assert(Nil == filter(List[Int]())(x => false))

def filter[T](list: List[T])(f: T => Boolean): List[T] = {
list.foldLeft(Nil:List[T]){(x, y) => if(f(y)) y::x else x}.reverse
}

13.1.12 find : EICE > ERITIDEER*IRT

find X Y v Fi&, Boolean BU%iR 3 1 5B DBRZ 51 BUTHD . HEZRITHID & IEH 1B % i H
L. B&ANZ true 1272 o 7= EFE % some TL 2AER optionE L TRLE T, 10DEED~ v F
L7255 72358 None % Option ¥ U TIRLU ¥£3, List(1, 2, 3, 4, 5) 22 ORHDOFHIZ T 2
LTAELXD

List(1, 2, 3, 4, 5).find(x => x % 2 == 1)
// res32: Option[Int] = Some(l)

BTHHIN S Z 212D £35 option B Scala 7075 I v VO CTHERERTH D ML
LEd,

13.1.12.1 HEHEE

KDY T =F % %D find XY v K% foldLeft I HFTEELTAEL £ 5, option[T] &
D Some[T] IX Some(1) DX I IWCEMTEE T, T/, BEDLLRWI L EET None 1 None ¥ KL TE
£9,
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def find[T](list: List[T])(f: T => Boolean): Option[T] = 2?27

assert(Some(2) == find(List(1, 2, 3))(x => x == 2))
assert(None == find(List(1, 2, 3))(x => x > 3))
assert(Some(1l) == find(List(1))(x => x == 1))

assert(None == find(List(1))(x => false))
assert(None == find(List[Int]())(x => x == 1))

def find[T](list: List[T])(f: T => Boolean): Option[T] = list match {
case x::xs if f(x) => Some(x)
case x::xs => find(xs) (f)
case _ => None

}

13.1.13 takeWhile : LN S EZHZT/mI L TLWSEZHHME TS

takeWhile X Y v RiZ. Boolean %R 3 1 5[ DEEEE S IENCHLD . HiH & NEF I BIECE B L.
FEERDS true DRIDAD S5 List ZIR L E T, List(1l, 2, 3, 4, 5) D5 K DAEiD 4 EZEZHE L
TAET,

List(1, 2, 3, 4, 5).takeWhile(x => x != 5)
// res33: List[Int] = List(l, 2, 3, 4)

13.1.13.1 FBMzE
KD T =F ¥ BFFD takeWhile XV v FEIL—TEREHRE2HFE> CTEELTAZTL LS

def takeWhile[T](list: List[T])(f: T => Boolean): List[T] = 22?2

takeWhile X Vv FIFXD L3I L THEVWE T,

assert(List(l, 2, 3) == takeWhile(List(1l, 2, 3, 4, 5))(x => x <= 3))
assert(List(1l) == takeWhile(List(1, 2, 3, 3, 4, 5))(x => x == 1))
assert(List(1, 2, 3, 4) == takeWhile(List(1l, 2, 3, 4, 5))(x => x < 5))
assert(Nil == takeWhile(List(1l, 2, 3, 3, 2, 2))(x => false))

def takeWhile[T](list: List[T])(f: T => Boolean): List[T] = {
list match {
case x::xs if f(x) =>
x::takeWhile(xs) (f)
case _ =>
N3l
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13.1.14 count : List DR TEHGZ /L TVWIERDODHZHET S

count XYV v FiX, Boolean B %3R3 1 51O EFIBICH D, £ TOERICEEEHEHL T,
true PR -> CELBZOMEHEL X, il LT List(1, 2, 3, 4, 5) DF2HEEOR (2124
5139) REHELTAETD,

List(1, 2, 3, 4, 5).count(x => x % 2 == 0)
// res34: Int = 2

13.1.14.1 #FERERE
RO T =F % &FD count XV v F% foldLeft Zffio THELTAEFL D !

def count[T](list: List[T])(f: T => Boolean): Int = 22?

count XV v RIZRD LI L THEVWE T,

assert(3 == count(List(1, 2, 3, 3, 2, 2))(x => x == 2))
assert(l == count(List(1, 2, 3, 3, 2, 2))(x => x == 1))
assert(2 == count(List(1, 2, 3, 3, 2, 2))(x => x == 3))
assert(0® == count(List(1, 2, 3, 3, 2, 2))(x => x == 5))

def count[T](list: List[T])(f: T => Boolean): Int = {
list.foldLeft(0){(x, y) => if(f(y)) x + 1 else x}
}

13.1.15 flatMap : List Z7c\W\BIC T3

flatMap I3 —HALZEDL 57X Y v FTTH, BRAEZEIZR-oTL B XAV v FROTHHALTE
F7¥, flatMap DEHEF & Scala D API RF 2 X > b 6BBT 2 L,

final def flatMap[B](f: (A) => IterableOnce[B]): List[B]

i ¥EF, T I T, IterableOnce[B] EWIHIEDLoZTMNHTETWETH, ZITRHLW
pavrzyay (BROBMIBAETHZ) 2ANLE P TELZHBEICEITILES VY, T,
flatMap @511 f DTNE (A) => Iterableonce[B] TF, flatMap & T %o T, FEHZRIC f ZEHHA
LT MROERNSRZaAL 7 ar 2 LT List DERICLET, ZHZOVWTIE, ERICR
72HBENTL & D,

List(List(1, 2, 3), List(4, 5)).flatMap{e => e.map{g => g + 1}}
// res35: List[Int] = List(2, 3, 4, 5, 6)
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AN U7z List DBERIT flatMap DF T map ZEA L T, List DZRBERIC1IEZELZDD%E
WHIZLTWET, ZHETFEEDDDBZARONPDIILWTTHE, BrobBEEXTADLLIER
WHEWEWANTEET !

List(1, 2, 3).flatMap{e => List(4, 5).map(g => e 4 g)}
// res36: List[Int] = List(4, 5, 8, 10, 12, 15)

List(l, 2, 3) & List(4, 5) D 22D List ICDOWVWTA—F L., {4 DEZELPHEITHOE-EE,
5725 List ZHIH L TWEF, Fid. for-comprehension

for(x <- coll; y <- col2) yield z

=S

coll.flatMap{x => col2.map{y => z}}

DIVRY IR aH—1E272DTT, Thbb, HBEZEHDTTERLET —XBINZ flatMap & map
Z (EYNC) EERITNUL for XDHTHES Z A TEZDTY,

13.1.15.1 #RERE
RO T =F v 2D flatMap XV v FEHFROL—-FTHRELTAZL xS ¢

def flatMap[T, U] (list: List[T])(f: T => List[U]): List[U] = 22?2

flatMap XV v RIZXD K S5 LTHVWE T,

assert(List(l, 2, 3) == flatMap(List(1l, 2, 3))(x => List(x)))
assert(
List(3, 4, 6, 8) == flatMap(List(1l, 2))(x =>
map(List(3, 4))(y => x 4 y)
)
)

def flatMap[T, U] (list: List[T])(f: T => List[U]): List[U] = {
Tist match {
case Nil => Nil
case x::xs => f(x) ::: flatMap(xs) (f)
}
}

13.1.15.2  List MRS

List DMRERME Y LT, List DEHEREAD 7 7 AFERICTE S NE. BREANDTVXLT
JERARKEADT =X DEBIZ List DRXICHHI LIZRERB 2o TLES WS Z 2T 5
NET, List JEBE 0S5 IV VEETRDEARNR T —4MET, Yo a3 7
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S CHLVTWE List 23D D £925, ZDOMRERHEICIEHER L TR BERH D £5, KR
MOFFEDO T BT <IE5 22D List DREICERZEMT 2 L5 KEBVT RS Fa2HE CTLE
SIENDHBLDTEET D2RLENDD £,

List(1, 2, 3, 4)
// res37: List[Int] = List(1, 2, 3, 4)

5 :: List(l, 2, 3, 4) // List?22222222222222272
// res38: List[Int] = List(5, 1, 2, 3, 4)

List(1, 2, 3, 4) :+ 5 // 22222222222L1st?22222227
// res39: List[Int] = List(1, 2, 3, 4, 5)

13.1.16 BNALEXYV Y RIZDWT

mkString XL HE L7z List DEARAY v FERALTEE L2, FZIN DRI List

FFE T3 <. BRSHN L7z Range ® Array . TSN T 2ftioaL 7> a > THREIBICHES 2
EDNTEET, RIS DEORPIEIFFEDAL 7> aryTdRL, aLr>aryDR—
NR=RA T THBZLHED LA PRIZEFSINTVEDLTT, bHAA. List ICERENZ 5 UH
Y set ICEREMZ M (set ICBICH 2 HZIMA L) D XD, FTTON S WHRL S
ZEeDHZDT, TORIFFERT IHENDHD 3, L {Id Scala ® API FF 2 X > FEHFERLT
AFEL XD,

13.1.17 Vector

Vector 3D AE D077 —ZEETT, Vector II—E T —XWELZHWELZOEETERL
immutable 27— X#HETT, BRAD I VX LT 7L AREIORE., 77— XD ACHIFR, W3
NOBED HITmBITT E 3 R TR 7 — X ME T ¥, immutable 727 — X gz 1 5 55
E. £73 vector ZMEIT 2L RVWTL & 5,

// res40: Vector[Int] = Vector(l, 2, 3, 4, 5)

6 +: Vector(l, 2, 3, 4, 5)
// res4l: Vector[Int] = Vector(6, 1, 2, 3, 4, 5)

Vector(l, 2, 3, 4, 5) :+ 6
// res42: Vector[Int] = Vector(l, 2, 3, 4, 5, 6)

Vector(l, 2, 3, 4, 5).updated(2, 5)
// res43: Vector[Int] = Vector(l, 2, 5, 4, 5)



https://www.scala-lang.org/api/current/index.html
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/Vector.scala
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13.2 Map

Map lEF =D SHEAND< v BV 7R M2 57— X#ETT, MMOFFETIIEFESEHEEY] » I3
b LET, Scala Tl Map ¥ L T—EAENR L7z 5ZEHETE2W immutable 72 Map ¥ ZHATHER
mutable 72 Map @ 2 FEEEERM L TV T,

13.2.1 scala.collection.immutable.Map

Scala T HEER FTIT/272 Map E FH W23 E. scala.collection.immutable.Map D H L F
T ZOHO@EY, —EERTILEFET LI LB TEERA, WEHOHEEL LTI scala.
collection.immutable.HashMap & scala.collection.immutable.TreeMap @ 2 EPDH D F T2,
BHEIX HashMap DMEDILE T,

val m = Map("A" -> 1, "B" -> 2, "C" -> 3)
// m: Map[String, Int] = Map("A" -> 1, "B" -> 2, "C" -> 3)

// res44: Map[String, Int] = Map("A" -> 1, "B" -> 4, "C" -> 3)

// res45: Map[String, Int] = Map("A" -> 1, "B" -> 2, "C" -> 3)

13.2.2 scala.collection.mutable.Map

Scala OZ HA[BEZL Map 1E scala.collection.mutable.Map IZH D FF, FEH Y L TIE. scala.
collection.mutable.HashMap . scala.collection.mutable.LinkedHashMap ., U A F ZX—Z{IZL
7z scala.collection.mutable.ListMap 235 D £ 325, JBHE X HashMap D3OI FE T,

import scala.collection.mutable

val m = mutable.Map("A" -> 1, "B" -> 2, "C" -> 3)
// m: Map[String, Int] = HashMap("A" -> 1, "B" -> 5, "C" -> 3)

// res4T7: Map[String, Int] = HashMap("A" -> 1, "B" -> 5, "C" -> 3)

13.3 Set

Set IZMEDELSZIEMT 27— XHETT, set DF TR UMD 2 DU EFELERA, 122X
I, Int D set DFNCIZ 1232 DML EEFHTOWTIEWT £ ¥ A, REPL T set Z1EK T 370D


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/Map.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/HashMap.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/HashMap.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/TreeMap.scala
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EANT DL

Set(1, 1, 2, 3, 4)
// res48: Set[Int] = Set(1, 2, 3, 4)

HELL IDHIFRENT, 1A 12 FICRoT0WE I ehbhbh £7,

13.3.1 scala.collection.immutable.Set

Scala T HFER T/ set LFEWVWIGA. scala.collection.immutable.Set DMHEDLIE T,
immutable 72 Map DFE L RIL L, —EBERT 2 EE T2 LIETEEHA, NIHDOREL LT
1X. FIT scala.collection.immutable.HashSet ¥ scala.collection.immutable.TreeSet @ 2 f&
BHH D ETH, @HIL Hashset DEDLIE T,

val s = Set(1, 2, 3, 4, 5)
// s: Set[Int] = Set(5, 1, 2, 3, 4)

// res49: Set[Int] = Set(1, 2, 3, 4)

// res50: Set[Int] = Set(5, 1, 2, 3, 4)

13.3.2 scala.collection.mutable.Set

Scala OZHAHELR Set Id scala.collection.mutable.Set IH D T3, EAFEEHEL LTI, scala.
collection.mutable.HashSet . scala.collection.mutable.TreeSet 23 D F 323, JEH L HashsSet
PEOIE T,

import scala.collection.mutable

val s = mutable.Set(1, 2, 3, 4, 5)
// s: Set[Int] = HashSet(1, 2, 3, 4)

// res51: Set[Int] = HashSet(1, 2, 3, 4)

S / 22?2?2222

// res52: Set[Int] = HashSet(1, 2, 3, 4)

13.3.3 Zof&ER

EHILALZ Y ayIA T I VIOVTHLLAD ZWEEIR UIFORKD R ¥ 2 X > MR 2ft
AZEL & 95 https://docs.scala-lang.org/ja/overviews/collections/introduction.html


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/HashSet.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/immutable/TreeSet.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/mutable/HashSet.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/mutable/HashSet.scala
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/collection/mutable/TreeSet.scala
https://docs.scala-lang.org/ja/overviews/collections/introduction.html
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.14,

F—RAT TAENRNR =V F T

RE ==y F 73, Scala 213U L3 2BBAFFEIC AV HEEET 3, C % Java O switch
SUTPITOETA, X DBOBERET T, L L, RE—rvyF U 7OAMEZRET 512013, Fi
FTATTVERZI-TFIRERLT—RT7 TR (caseclass) 12X 2T —XBDERPHEIIRD
7,

iR — R SR X BT - 2B ERLTAHET,

sealed abstract class DayOfWeek

case object Sunday extends DayOfWeek
case object Monday extends DayOfWeek
case object Tuesday extends DayOfWeek
case object Wednesday extends DayOfWeek
case object Thursday extends DayOfWeek
case object Friday extends DayOfWeek
case object Saturday extends DayOfWeek

., —EBOEHERT T —ZATT, CJava D enum IZEITWE T4, EBE FL XS
sz ePTEET,

F7. Scala3 2 Hid enum & WV OHFH L WIEEDSEME Nz, ZEFAFEDHDZUTD LI I
fEERICE L T e BATRET T,

enum DayOfWeekScala3Enum {
case Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, Saturday
}

722 21X, DUTF D & 512 payofweek BLDZEEUZ sunday ZIRAT B Z e TEE T,

val x: DayOfWeek = Sunday

object EIFFDMD T —XHNE, R =V v F U ITDRRX=V 2S5 2B TEET, ZOfl
T, Z D DayofWeek TUZMA L 724 object B REX =V v F U ITDRE—VE[FES B TEE
Fo RR=U= v F VU ITOMITHEEL &,
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<xf K> match {
(case <X &Z—=V> (if <H—=F>)? '=>"!
(<> GI<BAT>)) &
)+
}

DX ST D £3, Dayofweek DIGH, KDL LTHD ZEMNTEET,

x match {
case Sunday => 1
case Monday => 2
case Tuesday => 3
case Wednesday => 4
case Thursday => 5
case Friday => 6

}

// res@: Int =1

ZHE, x2S sunday 725 1%, Monday 5 2 BLIRTRE -2V < v FTT, Saturday X5 235
ERTIPERBRENTOFERAN, REx—r2 v FORNMIAI A IRBEELTINET,

warning: match may not be exhaustive.
It would fail on the following input: Saturday

ZDEEHIX, sealed BHi FEA—R=7 TR/ b LA MIFITEZICEK-T, 20 (BEHD) 47
AP A MERIL 7 7 A VNI LAERERTELRVEWSHHEEZAHAL TEHRIATVES, 20D
BT sealed 13D o 21OV D T, ¥—RTZ FADRA—8—T 5 A/ F LA FiTlZ sealed
EPNI2DDRHEITBFRXRBVTL x 9,

NG, CRJava DFIBERr HEDEDLOLRVWESIWCAIETH, ZAD L BR2DI3K 4
DTF—=RIFMHIL TR IR —RERFOZENTERLILTT, /oo AEX—UR v FOBREIEDT—
RO Ko THIKT 2720 TR, T—RE0RT 22 TELZEPRETT,

fle LTHHHIERZRITMIREZEZ TAET, &/ —F exp ZHEL (0% b, £2TH/ —FiX
RTH2), “HEREZRT /- FEIZhZho T LT hs (). rhs (FH) ZHFOZr e L¥
T E/—Fe L TERY T (Lit) DANET, THUX Int DEZMZ DD LET, Fi.
CIHEBOMR Y U UMIPEAL SN EUIDIE T2 e LET, TheRTT—&8%
Scala TEERTZLRDELIITHED ET,

sealed abstract class Exp

object Exp {
case class Add(lhs: Exp, rhs: Exp) extends Exp
case class Sub(lhs: Exp, rhs: Exp) extends Exp
case class Mul(lhs: Exp, rhs: Exp) extends Exp
case class Div(lhs: Exp, rhs: Exp) extends Exp
case class Lit(value: Int) extends Exp
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25569 Scala3 D enum 2S5 L LITD & 5 1CfiICE L Z e BARET T,

enum Exp {
case Add(lhs: Exp, rhs: Exp)
case Sub(lhs: Exp, rhs: Exp)
case Mul(lhs: Exp, rhs: Exp)
case Div(lhs: Exp, rhs: Exp)
case Lit(value: Int)

BTOT—ZRANT case BEITFHBOVWTWVWEDT, ITNHDTF—XIZI AR -y F 7D
=Y LTS DN TEET, TOEHFEDLD. 1+ ((2 4 3) / 2) LVWIRERT/ — FEHER
L%,

import Exp.4

val example = Add(Lit(1), Div(Mul(Lit(2), Lit(3)), Lit(2)))

// example: Exp = Add(

// lhs = Lit(1),

// rhs = Div(lhs = Mul(lhs = Lit(2), rhs = Lit(3)), rhs = Lit(2))
/1)

Z D example / — FZITICPHIEHE 2 ER T 2 B2 ER L TAHX T, BBOERDOFMIIRIFE
FAL X2, I TRFMXLZTZODATLEE W,

def eval(exp: Exp): Int = exp match {
case Add(1l, r) => eval(l) + eval(r)
case Sub(l, r) => eval(l) - eval(r)
case Mul(l, r) => eval(l) 4 eval(r)
case Div(l, r) => eval(l) / eval(r)
case Lit(v) => v

ZDEFER REPL IZHAIAEE T, eval(example) & LT,

eval(example)
// resl: Int = 4

DESRCERSNIUIHIN TS, EHAL. 1+ ((2  3) / 2) LV ROFEMRAHE TR T
o TITHEHITAREE, XE—U3vF U IIlEoT,

1. /—RFOEEHYHBICK > THIET 3
2. RA ML/ — 2T S
3. XA ML/ — REDBUERTERERET 2

WS 3 ODEENFERHIITA TWAZE TS, TR T —RI I RZFofzT7 — 2B 2 —>
RYFUITOMAEDLEDENEITY, £/2. ZTD match RDH T, 728 Z1F case Lit(v) => v D
fieHEEThYE. Dayofweek DRI X FI L & 512,
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1 | <console>:16: warning: match may not be exhaustive.
2 | It would fail on the following input: Lit(_)
3 def eval(exp: Exp): Int = exp match {

RN D S Z e B L T NETHho, IRESILBTEET,

14.1 EREESICHITBZINEZ—2IYvFUT

match RFD KX -0 vF U DA ER->TEE LN, BEIERESTHORX—V~vF U5
175 e M TEET,

223 ROESIBRTF—RAT7 I A Point dHo-2 LET,

1 | case class Point(x: Int, y: Int)

IDT—RAY T A Point IR LT,

1 |val Point(x, y) = Point(10, 20)
2 |// x: Int = 10
3 |1// y: Int = 20

ETARE, x D10, yHB 20 IHBEINET, bLAAXR—VIIvyF Ladro285EE, Hl5
scala.MatchError ’FEELTLE S DT, ZEHESICBII 2 RZ -~ v F U7, 0B TREY)
T2 BUERD SHEETEZGAICDAES LS LFEL & 5.

142 T—RIVSRICEL->TEHBERINZHD

F T2 FOETHUMNE LN, F—RX 7T A137 7 R LT, WL SEIN0 BEAE L
PITVWET, ZOT7FAFTIERHCEERDDIZOWTHNE T,

« ARV ARSI I RGIBERHLET (val 27200 k5 12hkbi )

o A VYRR VA DRMEIENTITZ % & 512 equals() * hashCode() * canEqual() DER SN
3N

-DFh, VIADBFELT, 794XV AVRAMT 7 XFIBDETRTH-HLTWENY
I TCRMEHIET 2 L5k DET

Y FSATV AV AT I RGIBEM o7 tostring() WEEEINET

¢« AVNRZF VAT VNI IARVAVRA NI I XBIBMENIRNT B apply() BEHZEIN
3N

TIWXEI, RINMVTEWEE T JARBETE S L5122 W5 Z 2 TF, REPL TO
1TH%ERLE T,

1 ‘scala> case class Point(x: Int, y: Int)
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defined class Point

scala> val p = Point(1l, 2)
p: Point = Point(1,2)

scala> println(p.x, p.y)
(1,2)

scala> Point(l, 2) == Point(1l, 2)
res4: Boolean = true

scala> Point(l, 2) == Point(3, 4)
res5: Boolean = false

KEITHNALTVDE 7 — A2 7 ZADOMAEE, HL ETHNSHRIDLDRZITIDBDTY, 77X
WEELZET I THRFDOIRI O ZFE2 D TEFT, BRI WEiTER L% Point &
T—RIFRAEOTITERT DL LH. RDEHITKHBTL D,

class Point(val x: Int, val y: Int) {
override def equals(that: Any): Boolean = that match {
case thatPoint: Point =>
thatPoint.canEqual(this) && this.x == thatPoint.x && this.y == thatPoint.y
case _ =>
false

}
override def hashCode(): Int = x.hashCode * y.hashCode
def canEqual(that: Any): Boolean = that.isInstanceOf[Point]

override def toString(): String = "Point(" + x + ", " + y + ")"

}

object Point {
def apply(x: Int, y: Int): Point = new Point(x, y)
}

HRTHZ . 7 —R7 5 R Ko TRIBICEHAREDH - TNWDE Zehbhrd e BnE T, point
DHIIGIT L7228, — IS, T—AMEO XS5 RDBDERT VI AR r —RA 7 7 RT3 e ffifllik Z
EWHY ET,

F/o, WA D OREPBBID T o b ML Bob 02 0d LOER A, HiRE TR
D1 ICEET 201, HEBNRE OMKBEREZE T I2LENH 0L, ZHRDICH LW &A%
BRUTVET, Lhrd, 7I7RADT7 4 —VREBDPEZ 278, 77 ABMHIPET 7B IED
FHELDPRBZVERTH DD ET, Z2OVIMEEEZEZ RS TEORTHF — X7 7 RIIMEF T,

BRRICHD TRRTEBELZVWEBVWETE, 7= 72ATRBNLEZBDOLAIH XY v FER
P2 ET, HIZIE RE—V~< vy FOEREBHETH 2 unapply () . EEDZDD copy() 12DV
TN FRATLU 2, BIRD D 2 FITHOFARTATLZE 0,
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14.3 HERE

DayOfweek B2 ffio T, H2HDRXOMEH%ZIRT XY v K nextDayofweek

def nextDayOfWeek(d: DayOfWeek): DayOfWeek = 227?

BNV FEHWTERLTAEL & 95,

def nextDayOfWeek(d: DayOfWeek): DayOfWeek = d match {

case Sunday => Monday

case Monday => Tuesday

case Tuesday => Wednesday

case Wednesday => Thursday

case Thursday => Friday

case Friday => Saturday

case Saturday => Sunday

nextDayOfWeek (Sunday)

// res2: DayOfWeek = Monday
nextDayOfWeek (Monday)

// res3: DayOfWeek = Tuesday
nextDayOfWeek (Saturday)

// res4: DayOfWeek = Sunday

14.4 HEMEE

ZOR (FOEDPHKT2OTH 3 X5 ARG 2RI Tree & Branch, Empty ZE X FF :

sealed abstract class Tree
case class Branch(value: Int, left: Tree, right: Tree) extends Tree
case object Empty extends Tree

T2 OTEDFDMED 2. HOTOEAD 3. BHOHEDMED 1 DARIEII L ZIFRD K SITL

TERTLHILHTELT,

val tree: Tree = Branch(l, Branch(2, Empty, Empty), Branch(3, Empty, Empty))
// tree: Tree = Branch(

// value = 1,

// left = Branch(value = 2, left = Empty, right = Empty),

// right = Branch(value = 3, left = Empty, right = Empty)

/1)

T D &S BAREITH LT,

1. RKMEZRKD 2 max XV v K
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2. /MEZRD D min AV v K
3. IR ZRKD B depth XV v F &

def max(tree: Tree): Int = 22?7
def min(tree: Tree): Int = 22?7
def depth(tree: Tree): Int = 222

EEINETNERLTAEIL xS, BB,

depth(Empty) ==
depth(Branch(16, Empty, Empty)) == 1
depth(Branch(10, Branch(20,
Empty,
Empty
), Empty)) == 2
// H DBranch® 77 23, /£ ®BranchXk b & HE W
depth(Branch(10, Branch(20,
Empty,
Empty
), Branch(30,
Branch (40,
Empty,
Empty
)
Empty))) == 3

<7,
R DAUSAMIEE

EOFHROETOME <= AP HHEOMHE < HOFHROEHD A

B XD RARREICEN T D sort XYV v K&

def sort(tree: Tree): Tree = ?27?

ZEFRLTAEL XD, BB, sort XV v P&, /) — F TRV — FOMEE L EHF U THIUX
TLOWEEF U TRTHORVWBDE LET,

object BinaryTree {
sealed abstract class Tree
case class Branch(value: Int, left: Tree, right: Tree) extends Tree
case object Empty extends Tree

def max(t: Tree): Int = t match {
case Branch(v, Empty, Empty) =>
v
case Branch(v, Empty, r) =>
val x = max(r)
if(v > x) v else x
case Branch(v, 1, Empty) =>
val x = max(l)
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if(v > x) v else x
case Branch(v, 1, r) =>
val x = max(l)
val y = max(r)
if(v > x) {
if(v > y) v else y
} else {
if(x > y) x else y
}
case Empty =>
throw new RuntimeException

def min(t: Tree): Int = t match {
case Branch(v, Empty, Empty) =>
v
case Branch(v, Empty, r) =>
val x = min(r)
if(v < x) v else x
case Branch(v, 1, Empty) =>
val x = min(l)
if(v < x) v else x
case Branch(v, 1, r) =>
val x = min(l)
val y = min(r)
if(v < x) {
if(v < y) v elsey
} else {
if(x < y) x else y
}
case Empty =>
throw new RuntimeException

def depth(t: Tree): Int = t match {
case Empty => 0
case Branch(_, 1, r) =>
val ldepth = depth(l)
val rdepth = depth(r)
(if(ldepth < rdepth) rdepth else ldepth) + 1

def toList(tree: Tree): List[Int] = tree match {
case Empty => Nil
case Branch(v, 1, r) => tolList(l) ++ List(v) ++ tolList(r)

}

def sort(t: Tree): Tree = {
def fromList(list: List[Int]): Tree = {
def dinsert(value: Int, t: Tree): Tree = t match {
case Empty => Branch(value, Empty, Empty)
case Branch(v, 1, r) =>
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if(value <= v) Branch(v, dinsert(value, 1), r)
else Branch(v, 1, dinsert(value, r))
}
list.foldLeft(Empty:Tree){ case (t, v) => insert(v, t) }
}
fromList(toList(t))
}

14.5 ERBEEK

INFETOHPEOHT, EH{EME X -0 <y F U OWTHHLTEEZ LD, D220
HEEZ M A S DY -0 B% (PartialFunction) 77 Scala IQZFEEL £ 5, FHAHDRNIC. £3. BEK
Mo — 2 —2A%ZFET .

List(1, 2, 3, 4, 5).collect { case i if i %2 ==1=>1 4, 2}
// res7: List[Int] = List(2, 6, 10)

Z ZT. collect XY v Rl pf: PartialFunction[A, B] Z5|HBUTHID . pf.isDefinedAt(i) 23
true KR DZBEREDAEKR L. X 51T, pf.apply(i) OFEROEZTICLZHLVWaL Zya V&KL
9,

isDefinedAt (&

i9%2==1

DED PO HERNITERS N, RE—UPI vy FTLLEDAEIRKRDL LICERSINET,
collect 1 Z D isbefinedAt XY v FEfES Z 2T, filter ¥ map IZHHY 3 2 UH % FERHIZITS &
EBTETVET,

PartialFunction (&, B TZ 7 AZMA L TIES Z & b AIRET A%, —MRANICIE.

{
case patl => expl
case pat2 => exp2

case patn => expn

}

EWVWHTEORDN S, HERNTEKRZINE T, isDefinedAt DEIZR B, patl ... patn DLV
TIUDDOEMII v F T 52 TT,

PartialFunction Z{f S HRIIEAMNIZIZNUIEZ VDI TIEH D FVHAD. collect Y —F
R=T 4 DIFATIZVTHES Ze B LIELIEHZDT, HATBLERBWTL x5,



a b~ W N

a b W N

FTlE F—RITIFRERNR—V2vF T

106

HEERE LT, {case .... } W3ERIX, H FTPartialFunction MAERINTNWE
ZIZD A PartialFunction BERXINZDTH o T, WHED FunctionN BMRER X - =121, &
ISEREFFOEWVWHI ZETT, 222X, UTFNDESBEEN D72 LET,

val even: Int => Boolean = {
case i if i % 2 == 0 => true
case _ => false
}
// even: Functionl[Int, Boolean] = repl.MdocSessionSMdocApp$$Lambda$13681/0

x00007ff721f5f188@6889fe9

DY E, ZOERIT. BHUEKE RZ -y FEHAGDOERD O LFRILEKRICED TS, &
DI FERELTLEZE N,

val even: Int => Boolean = (x => x match {
case i if i % 2 == 0 => true
case _ => false
b
// even: Functionl[Int, Boolean] = repl.MdocSession$MdocApp$SLambda$13682/0
X00007ff721f5f798@51b69dba
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13,

T 7 — LM

T ZTid Scala iTBF 25 —IHDOEARZ N E T, Scala TOL T —IUHIIHISZ LS Tk,
Option % Either ® Try R ¥ O 7 — X MEfE S FEN DD £F, TD2ODFKIZEE HHh—HRT
ZAES DI TERL RFISTTHEODIT 2 Z 22k D E5,

ETEMEBWDORFNER LRV T - =5 WO EIZOWTHEZRLEL & 5,

151 IZ—ki&

TR ITLZE 0T, TT7—2WVIBDRIBEI WV okbDNHEDPEZTAET,

15.1.1 a1—H—h50DAN
1232 =D oZIFMBERERANTT, 22 ABUTOEIRDOPEZLNET,

 CFHAETE
 BEERBCLFI RS R, ELWT 4 —vy b TRAEL
CBHCBSRE TV A AP AR MBS L LTS

RECABBENPEZONE T, SLERODIRBEN K BEZRZITIZI DD XT,

e 7R ZABRFHIBLTVWETF—XEZR IS5 LTW3
e 14 vy ard Cookie ZHET 3
c REIR7Z7XRRAEBIRWV, AT LEZFHATRREICLEI TS

BEARBNHD OZITIDE T —RIETRTZ I —DFER 72D 2 2 DTHESHBETT,
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15.1.2 AEH—EROIZ—
BA7=b07 077 ahHHET 24— R0 —bZFI6N0ET,

 Twitter % Facebook 12 L X5 & LTHEN LW
+ iPhone % Android ¥ EEL £S5 £ L THHEROATE TN TLE S
¢ I—H XA NEXEFLLIELTHEMTS

DLED X5 B0 H — e 22 bR USSRV E D R TN TRRT 2 Z e 2HE L
ES5DPVWWTL & 9,

15.1.3 RNEBDIS—

AR BRI TlE R . WBOBER TS — A RET 22 dH D T,

c TATIVDNITREATTHEDAZIZED, a7 a2EWPETLTLED
« MySQL %° Redis 2 ¥ ONETHHL TV H— =T LTLES

s XEVRT 4 ATEENED RN

o ALENCIEFIC R E R oTLE D

WERD L =35 Z e L WIHEDNZNTITH, I DS 2L IERHICELIRETT,

152 IZ—EBTREIHFELAITNIRSBEWVWI

MEDES7%I7 =12 LT, BB TbRFRVIT RV e 2ZETTAET,

15.2.1 fINZLek

T —UHOFD 1 DDOFISMLIIIE THINLZEM) L0 MERHD T, fISNIFEEL TS >
AT LMET Y LIz, T—ROAREER Y ORENEE RWEE, AL EVET,
COMRI LS MR HTUIED 3, FABIEL T 1T A2 MEANCEIES B0
CEZGE. 2 DA —CRDOBEICE D, AT LR VR T — RDOREEMNE
ETERDERA, TV 7 —IUHOE —DHMIRD £3,

15.2.2 BULEINZ LM

PISNZEMEIIZE S5 VEZR e LT TRWAIANZ 2 b wS 005D 9. ZHdblsinsE
AL7GE. TRTOREMIFISFEETNCR 52 TR 520V WS Hlf T, —MRATIIE Z Dl
Mziii7z3 2 I3 ELVWOTTD, 2B 2—F -2 —CRIREL T, MorDLT—H4ET
e, MECT -2 L, REUBZID HSRTUIRD A ED & S RABITERNI



109

N EZWEDRRDONLDHII L, EDXSCHEBT202EZ2M0ENDHD £7,

15.3 Java IZHITR T > —418

Java D=5 — D LI Scala ICHFEATE 2 DAL WTT, 2 Tld Java DT — LD
HEERIZOVWTWLO2EBRLEL £ 5.

1531 null 2RI CETIS—%2KRIFRITI3HBE5DIER

Java T, ZEBIROPLTH 2550, aL 7> a v 7477 UVDRBLROICEREIEL &
S LAGERYE, null TZS—%2RJPTL22e0HDFEF, Java 37V I 74 7RIS OSSR
BEIARTnull 23222 TEES, COMHRERZ I —HEZMICHRETZ2HEIRVE WS
MTREMZDOTTE, LEILIEZERDEZ null 2 50F =2 v 73208 SN TETRIZ I —D
NullPointerException G&F : ¥a%1X « NPE) ZFAESETLEVET, (031 & Fy) v
52D b%E T3 2ch OXLOFEFRTHHH £3)

SZIUBITANRT ullIZZD 5232052 8E XYy FRnull DIREINEZDE I DIEXY v FD
P SEHPSRNDT, Java DX Y v FTnull ZIRIGEE FFa XY McEL LS ICLEL X
5, ZL T, null 27 —{HICfE S = 7 —UHIIRERA L = 5 — KB Z S AT L DW= 2 & T AHITH
HirtrZ 2o b, BARELRANZEZECERCRD £5, %A L 325, Scala TiX Option & \»
57— AMEEEMS L TIOMBEERBRLET,

1532 SN eRIFBIBEDIEER

Java O = 7 — U CTHILI R EENZ B2 5 OB T3, BIFNISEITL TV A UEEZFEI L. K
BN ETEBEIT = 2EAZBEE TN, BHT2 e TUE oMLY OV a— RiZhi
DEF, BFINEIZ T —IREBICOAFIHL, XYy FAEFEREZRIHEEEbLRVWESICLE
Lx9,

1533 FzvIHNDEES

Java IZiE X Y v RIZ throws HiZzffi7 2 2T, XV v F2ESANCFHINEINIEST 2 2 & 25kl
2F v 7B VS EEL DD T, Fx v ZHNIBSNOFEERBIL, a4 F7ICF v
20 HTEMBRERET TN, RIFonZfiff D catch WD T DL VWBDITH D 2 &
T S HPHEYNAETE R WIS E EIF oG8R HE Y EROR VWL 7 — I a— R 2ED
X2%ZFERA. XoTFx= v ZHANIFIAMAD catch L TEYICZ S —IRELSEETE 25812
DAMHL7ZES DBV NTL & 9,


https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/lang/NullPointerException.html
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15.3.4 BINEIEROEE R

Java DBSMIEEDOLEHIC I D ZLT 2580 H D 5, L 235 ETHITP THIGL TV
7 —&% MySQL IZRFLZZE LEL x5, 2DHA. 5 TE HTTPException 2% IF 50T\
b D23, SQLException 2MRIFHN 2 K512 b LhEREA, T2, ZOHIH% catch 5 5H|
% HTTPException T37% { SQLException Z# 5 & 51 LRITAUIRD FH A, TDXHITEL A
NDFERDEENT 07T LRI ET DD ZET,

ZD &5 7EEZ 7D DT —ERIS E catch L. BYIRBIANTEATS 5 —E#HKITF2
FEBHDET, 2O 2R ETIE 3, FISBIFREHISNIN S 2 H#ZE L, catch 5
2RDFES VL FTHFETT, L. ZoOBSEIERBEA T 2 L HISt o I 2 THISMLE
DYERHE T2 BPTHEMED & 2 O THENRETT,

15.3.5 flA%E RFa X2 MIEL

FIETF = v ZHIN TR WIS, AP 255t AR DR TEEHA, I HIHKRIAL F37 Scala
TIEF = v ZHIADB VDT, XV y FORID G ¥ ARBINZET 2 03HBTEEEA, ZDD
API R 2 XY MZIEFHEL S A OVTHENTBWEIEI DEWVWTL & 5,

15.4 AFIANDORIES

Java O x5 — LTI HIA DR OR 22 % E 2 4H 5 TWE L7223, Scala THHAMIZ L b E T,
LA L, BIANEER 2 RE, A RBEDH D T, 22 THAORMESZHEL, @I x 2 X
SWRDEL &9,

15.4.1 BN ERES cHEORND DD D53

FIF BN X5 icfishE, BN R EE RO =5 — U2 SEE L. a3 — Forgtx
R, Z5 R F DR HDE T, L L, FA4ICLTHIO catch Iz b L, FE
WBRZ BB ET, chlstE catch LTW2 2 ZAT, ¥ THRAELZAISE catch LTW
LZOPHRITERVZDIZ, a— FOEBERHET 258bHD 5,

15.4.2 FISNIIEREA T OS5 2 > F TIKIKEWLWI 5 L)

BINDIEARX =X 10%, EHEINTZS catch 23 FT (A—RLy RD) a—nL2A&Xv 7%
WoTLEWVWHIHDTT, ZHUF REIWKEZ S LHIRAL v RTHAELLGISEZED IS Z & HiH
LWEWS ZeZEHRLTVET, ALY RTRELLFANZIOBI A D=L 2EZ5ZLd
ARET 25, BEFOBINOAMAZ ZDE EMHEZX KW IXi#EDPTT, F#IC Scala TIXIEFIAT v 7
FIVIMERENZDOT, fINEZDEEMHZIRVI ENZNVTT,
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1543 HISNIBEF v I TEHL

Fx v 7PN HEDLRVIRD . CARPINDPREET 200X Y v ORI LTRERBENEE Ao
¥7z catch T2 THME - ZHINZF ¥ v FLTVE0NE I RIEETRICL2rO2D $HA, HiIS
WCHD 3 E 5 LRV 2 SRR RMEDRE T,

1544 FxvI7BNORBRESR

F v 7B DN 2 S VRIS £ v 7 TERWDIT TP, Scala Tl Java & 13E
WF v ZHINOREREIZ R D F LTz, ZHICETF = v 7O A AN BB LTHD L
AR

- ERERRT T = v 2 BSOS e EEL W
c R FT—TL— WX S
cBIHICE B XYy FRIOZEE R 72 DIHINRERZ ZHE S 2 2 2720

12 Scala Tl 1 HEHOMEN KW BEWE T, %L F£3 25, Scala TlXF = v 7 HISH DI
FERELT, 259 —%RETZ 7 —&REFHN, =5 NWHEZL2IITAdTEET, 205
EZ2E Scala TFx v 7HNERL L7=D3ZY R ES IS TL x 9,

155 IS5—%2FKIRITZ3T—FEEFEo/IE

BIAMCREIEDR D2 e T, DL I —ZWAEXXVDTLE I, ZOEIZD1DIFT
Z—2BIHNTIERL. XYy FOIRDETIEE S X5 RHEICTZZETE,

CITRHEHEDHEE 7 —(HOYE LR R TE 27— XEDHN%E L T, Scala ® R
DL T —HDTEEZ R TWE LT,

15.5.1 Option

Option i Scala TH - HbZHINEZ T —XBD 1 ODTT, #iBDOr B Java ® null DRE L
LTEbIE Z 2T —XAITT,

Option BUIMHHICE S &, HZ 12T VWh3 22 DTEZaY7FTF, /27 L. Option D F
FhE A 0T — XIS T X 2 K5 IHEMRBREEZFLHHLETVET,

15.5.1.1 Option DIED 5 L {EDEIF
T ERHNIZ Option OED /5 L HOHF 2 R TAE L & 5, Option BIZIZEARHNCIZ

* Some

* None


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Option.scala

O 00 N O 0 A W N B

e
= ©

o N o b~ W N

o A W N =

A W N =

MUE2 20 BRI MENFEEL T3, Some A5 L &5 DEPIEM X AL TWBKFD option DY
None IXMEDMA] B FHIH Z LTV WD option DEITT,
BB ZZ A TAEL x5, option WEMKHRMED A o 5B LI TORRE X2 LET,

val o: Option[String] = Option("hoge")
// o: Option[String] = Some("hoge")

o.get
// res@: String = "hoge"

o.isEmpty
// resl: Boolean = false

o.isDefined
// res2: Boolean = true

SEE null % option ICANZE L ¥ S B TL & 5

val o: Option[String] = Option(null)
// o: Option[String] = None

o.isEmpty
// res3: Boolean = true

o.isDefined
// res4: Boolean = false

o.get

// java.util.NoSuchElementException: None.get

// at scala.None$.get(Option.scala:628)

// at scala.None$.get(Option.scala:628)

// at repl.MdocSession$MdocApp.S$init$$sanonfuns$l(error-handling.md:48)

Option DA Y X=A4>F 7Tz 7 bD apply IKE5I 8P null THE2HE50DF = v 7 H
A2 TED, 5182 null FHE. {623 None 127D £3, get XV v FENWAZKIZ, java.util.
NoSuchElementException £ WIHBIHADHIEZ 5o TVWB DT, AN NPE LHUZES>»d L ER
Ao LD L Option ITIFLAFDORRER R Y v 2B Y, TASZEMT 2L TEET,

o.getOrElse("")
// res5: String = ""

BLEIX option[string] D E DI None 72 o 7235812, X FRRT WS a— NIZRD £3, HY
M HUEZEL D TEET,

// at repl.MdocSessions$MdocApp.S$init$$Sanonfuns$2$$sanonfunsi(error-handling.md:66)
// at scala.Option.getOrElse(Option.scala:203)
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// at repl.MdocSession$MdocApp.$init$$$anonfun$2(error-handling.md:66)

CDEIITELZLHTEBZDTY,

15.5.1.2 Option DNZ—> v F
LEETIE. FHEFANC Option ZALIE L E L7zd, BER->TW R DR -~y F2ffio Tl
ME2ZdTEET,

val s: Option[String] = Some("hoge'")
// s: Option[String] = Some("hoge")

val result = s match {

case Some(str) => str

case None => "not matched"
}
// result: String = "hoge"

FED & 512 Some A None 12-8% — > < v F 21T\, Some XK=< v FT35HITE. £
DHHDET str LV FIOEMZFET 2 L $TEEHT,

HEZIDZTOTIERL, HETERZRET 2057 7=y 73 List DXX—V < v FT
BTS2 eMNTEELIN, 2LAMDZ A Option THTE X T,

15.5.1.3 Option I[CBI %= @AY 3
Option IZix, AL 27> a Y OWENDHZ L EVE LA, BEENEOBERIGHATES2 W0
HEDZOFEFERLEDETVET,

Some(3).map(_ 4 3)
// res6: Option[Int] = Some(9)

ZDEIIZ, map THBEHEHATA2HEDLTEE T, 2B, fHD None DIFFITIIE D2 B TL & 5%

val n: Option[Int] = None
// n: Option[Int] = None

n.map(_ 4 3)
// res7: Option[Int] = None

None D ¥ %72 e BIEHRZF 7220 DT—E, ZHITL TWE TP, None 12 3 25T 5 &5 B
ZHHLTH None DEETY, ZOMWEIZE THEF T, ZDfED Option DH E 2 Some 72 D>
None ZDPEE L TH -7 LThH, [FEROMB TR T =, WHZ 77l X 2 2 BENIZR VDT,

Java EICE L 251,

if (n.isDefined) {
n.get 4 3
} else {
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throw new RuntimeException
}
// java.lang.RuntimeException
// at repl.MdocSessions$MdocApp.S$init$$Sanonfuns$3(error-handling.md:113)

For PO EICELS Z IR >TWAETL &5, 272, &L XLEZX B LED Java FUIcE W
7l map OHIEFEZ 2 Z KD & T, map Tld. A Some DEEFH H B EA L
92 None ORI HFETLEHA, LELOBITRAINEZHRITTVES, ZL T, ED Int B
DEERLTVWE I b RL>TVET,

DX 51T, None DEHICETL, HZETBEHEZERTELDH fold TY, fold DES %
Scala ® API F¥ 2 X ¥ b2 55[HT 3 L,

fold[B] (ifEmpty: => B)(f: (A) => B): B

AR S
Z U CRBZEH L 7B REANCHIS TE %7,

n.fold(throw new RuntimeException)(_ 4 3)

// java.lang.RuntimeException

// at repl.MdocSession$MdocApp.S$init$$Sanonfun$4ssanonfunsl(error-handling.md:124)
// at scala.Option.fold(Option.scala:265)

// at repl.MdocSession$MdocApp.$init$$ssanonfun$4(error-handling.md:124)

ERED X 5I1TEL 2T, None DFFICEITT 2 MM EZER L, 2o, BBEEALHHDEE
BIS32ZenTEEXT,

Some(3) .fold(throw new RuntimeException) (_ 4 3)
// res8: Int = 9

some(3) #5232 ZDEk512Int D9 DEEIRTZ b D FT,

15.5.1.4 Option DANF=FHET S

KROEHEI 7 7)) r— 2 YO TIE, Option DEDSEIFENZ 22X HD ET,

e ZEF y vy ahbEHREIST2HEIE,. FyvyPabky bIAGELE Fr v P aIRT
BLENH Y, T b1 Scala Tl & { Option BITHRIHINZF T,

ZDEIRF vy aBUSHERE L TREDIRINIIGEEE S5 R2TL L 2, HlZIE 12HE
2 OHOBHDED Option TR TETZENEL I /ML D DD XS BIHBETT,

val vl: Option[Int] = Some(3)
// vl: Option[Int] = Some(3)

val v2: Option[Int] = Some(5)
// v2: Option[Int] = Some(5)

vli.map(il => v2.map(i2 => il 4 1i2))
// res9: Option[Option[Int]] = Some(Some(1l5))



https://www.scala-lang.org/api/current/scala/Option.html

0 N 0o b~ WN

O© 00 N O 0 b W N B

i
AW N RO

115

map 2 Mo TSy INVICHEET L ZARERZ s TLEVE T, VUv.., LIkl
option[Option[Int]] D & 512 Option AN FIZL > TLEWVE T,
ZD XS BRANTF D option ZFRIET 272DITHEEINTVBE DA, flatten TT,

vli.map(il => v2.map(i2 => il 4 1i2)).flatten
// resloO: Option[Int] = Some(1l5)

BRI flatten ZHEITST 5 Z L T, Option DANTZET 2 Z e N TEF T, 723, v2 71 None
THBHGEITD flatten 1 IHILL FF,

val vl: Option[Int] = Some(3)
// v1: Option[Int] = Some(3)

val v2: Option[Int] = None
// v2: Option[Int] = None

vli.map(il => v2.map(i2 => il 4 i2)).flatten
// resll: Option[Int] = None

DED. F¥ v aIXT Some DEDSHIIL o 7B S ML C TONHETH = £9,

155.1.5 #REME
map & flatten ZF[F L T. Some(2) & Some(3) ¥ Some(5) ¥ Some(7) & Some(11l) DfE%E T T,
Some (2310) ZRDTAEL & 5,

val vl: Option[Int] = Some(2)
val v2: Option[Int] = Some(3)
val v3: Option[Int] = Some(5)
val v4: Option[Int] = Some(7)
val v5: Option[Int] = Some(1ll)

vi.map { i1 =>
v2.map { i2 =>
v3.map { i3 =>
v4.map { i4 =>
vb.map { i5 => il 4 12 4 i3 4 14 4 i5 }
}.flatten
}.flatten
}.flatten
}.flatten

15.5.2 flatMap

ZZFETT, map & flatten FELFE LD, EBOT0 /S I v /TR IomA2HASG DY
THESI VWS ZENZADDET, ZOHZED2OHH LTINS flatMap LWV 5 XV v KA
Option ICIFAEINTWVE T, HANE flatMap KD T A, B E LTI Option IZ map % 5 1F T
flatten ZHEA LTSN E T,
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ERRITHIZE D, some(3) & Some(5) BT AHITHHALTAZ L RDXSIHRD 75,

val vl: Option[Int] = Some(3)
// v1: Option[Int] = Some(3)

val v2: Option[Int] = Some(5)
// v2: Option[Int] = Some(5)

vl.flatMap (il => v2.map(i2 => i1l 4, i2))
// resl3: Option[Int] = Some(1l5)

TVRAT Y TNIZEL Z BN TELZ LR T,
Some(3) ¥ Some(5) & Some(7) ZNTBIGHEIFIEDIRDZTL £ 5Dy

val vl: Option[Int] = Some(3)
// v1: Option[Int] = Some(3)

val v2: Option[Int] = Some(5)
// v2: Option[Int] = Some(5)

val v3: Option[Int] = Some(7)
// v3: Option[Int] = Some(7)

vl.flatMap(il => v2.flatMap(i2 => v3.map(i3 => il 4, i2 4 i3)))
// resl4: Option[Int] = Some(105)

AR ZAUE. v, v2,v3 DWIT LD None TH o =B ICHHIL L £T, ZDHEIIX flatten DIFF
& FIBRIC None DIRAXAT AR 2127 D 35

val v3: Option[Int] = None
// v3: Option[Int] = None

vl.flatMap(il => v2.flatMap(i2 => v3.map(i3 => il 4 i2 4 i3)))
// resl5: Option[Int] = None

IVEROP RN AR

155.2.1 #REME
flatMap & map ZF|H LT, some(2) ¥ Some(3) & Some(5) ¥ Some(7) & Some(11l) DIE%E 2T T,
Some (2310) ZRDTAEL & I,

val vl: Option[Int] = Some(2)

val v2: Option[Int] = Some(3)

val v3: Option[Int] = Some(5)

val v4: Option[Int] = Some(7)

val v5: Option[Int] = Some(1ll)

vl.flatMap { i1 =>

v2.flatMap { i2 =>
v3.flatMap { i3 =>

v4.flatMap { i4 =>
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vE.map { i5 => i1 , 12 4 i3 4 14 4 i5 }

—HLTOH»2E512. DIZENPEAZEARMPEZITHEDHAR T DD FHA, KTt
55 for UL o T, KDEEBICEITZXS51ARD T,

1553 forxFELK flatMap D) 7 7o &) 25

Option l3aL 27> a D &5KRbDEL VI EICEWE Lz, for % Option I2ff> Z 2 T
F9, for UIFEFTIX flatMap & map BRI N THEITEINED T,

fAlZ Vo TWVWE3DLLNPDITL VEBRVWETDOT, HITED some(3) ¥ Some(5) ¥ Some(7) %
flatMap THF % & W5 W% for THWTAXL & 9,

val vl: Option[Int] = Some(3)
// vl: Option[Int] = Some(3)

val v2: Option[Int] = Some(5)
// v2: Option[Int] = Some(5)

val v3: Option[Int] = Some(7)
// v3: Option[Int] = Some(7)

for { 41 <- vi1

i2 <= v2

i3 <= v3 } yield i1 4, i2 4 i3
// resl7: Option[Int] = Some(105)

R Z D for RIILITE D flatMap & map TEDLN=HD L Fo L FUEINERZ LE T, flatMap
¥ map EEEOES & 5 G EE for RDIFIBI DS TINICEL B TETWBR Z e bhb
LREVET,

155.3.1 HFEME
for ZFIFH L T. Some(2) & Some(3) ¥ Some(5) ¥ Some(7) ¥ Some(11l) DfEZ A1} T, Some(2310)
ZRDTAEL & D,

val vl: Option[Int] = Some(2)
val v2: Option[Int] = Some(3)
val v3: Option[Int] = Some(5)
val v4: Option[Int] = Some(7)
val v5: Option[Int] = Some(1ll)

for { i1 <- vi1
i2 <- v2
i3 <- v3
i4 <- v4
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i5 <= v5 } yield i1 4 2 4 i3 4 i4 4 15

15.5.4 Either

Option I & b null {5 XEZ#2 L D F LA, WolES T Option TIRLIEDKIN Lz y
ISRV EWSHENDD £F, None DIFE., ELABNETELr-/2li3bhh T
D, L7 —DREBIIEUSTERVOT, HHTEZDRLI —OFESHEICIRSRVWE S RIGED
ATT,

Z /7% Option ¥3#\, =I5 —HC L5 —OREE S THYFT % % DA Either TF, Option AIEH#
REMSRWVEDO S S ERHT 27— 28725720128 LT, Either X2 DDEOESE 0%
LT 57 —2HTF, EARANIZIE. Option T3 Some & None @ 2 DDfH%ZFiH ¥ L7zA3, Either
X Right & Left D 2 DDEERH %7,

val vl: Either[String, Int] = Right(123)
// v1: Either[String, Int] = Right(123)

val v2: Either[String, Int] = Left("abc")
// v2: Either[String, Int] = Left("abc")

NRE—=v=y FTHEHEZEIGTE 20D Option E[F LTI,

vl match {
case Right(i) => println(i)
case Left(s) => println(s)
}
// 123

15.5.4.1 Either TTLS>—fE%ZKRHT 3

—f&HNC Either 2 5 54, Left % =7 —fl. Right [HZ EEREL ART P2 NTT, &
FEDright” IELWVWE W BRARDT, ZRUIHLTTVE W @MDY T, Z LT Left IcHW
3T —(HTTH, THFNRENT— %% (sealed trait ¥ 721% sealed abstract class ¥ case class
THRENE —HOT—X MO L) TERTLLIVWTL kI, NX—r<y FOHEITHHN L7
IREBM T 2B ZHNWE e T 7 —DUEPTN TV I E S 0% 3 Y, IHBMAIL T
N3 XD D FEF, HIT Throwable a5 —FNH S D4 5%iRD Try T4 TT,

il LT Either 2o T/ 4 DI —%2RHLTAEL & 5, Left DI 725 LoginError %
EFRLET, sealed Zffio TREM T — 2T LTERT 2D KRAL ¥ T,

sealed trait LoginError

/] NAT—FhREE-> TWVWIHEETDODL 7 —

case object InvalidPassword extends LoginError

// name T EShia—F—PHRO2sEVHEEDT 7 —
case object UserNotFound extends LoginError


https://github.com/scala/scala3/blob/3.8.4/library/src/scala/util/Either.scala

AW N R a b w N R

AW N R

FHISE 57— 119

[/ NWAV—FHRBYy Z2ZRLTVWLIHEDT 7 —
case object PasswordLocked extends LoginError

024> API OBNILI D L 51T LT,

case class User(id: Long, name: String, password: String)
object LoginService {

def login(name: String, password: String): Either[LoginError, User] = 227
}

login XY v R —HF - AV —-F%2F v 7 LTELWHAEDLEDIEEIE User 7
¥ =7 t % FEither @ Right DfETEL., 77— EZ7HEE LoginError % Either @ Left DfHT
BRLET,

ZRTIE. ZD login XV Y FZEHoTAEL x5,

LoginService.login(name = "dwango", password = "password") match {
case Right(user) => println(s"id: ${user.id}")
case Left(InvalidPassword) => println(s"Invalid Password!")

}

EDDHRATHORHLUT, println 2o THEZRRLTVWAREI TS, TITHEHLTWEEE
720D, Left DED X —> < v F T, InvalidPassword DUIEIZ L TWE 325, UserNotFound
DGE & PasswordLocked DGEDIMHPIKITITLE>TVET, 2O LI RBETHT I —HIZNK
BT —2ME2AOTWEDT, ay A I8 —UHRFAZBAIL T ET,

HLICkDa—FEay i/ LLTAD L,

<console>:11: warning: match may not be exhaustive.
It would fail on the following inputs: Left(PasswordLocked), Left(UserNotFound)

LoginService.login(name = "dwango", password = "password") match {
A

DX DIZa 4 T Left(PasswordLocked) & Left(UserNotFound) DILE AN TWS Z &
% warning THZ TS NE T, Either 25 HFE D7 7=y 7 2HZTBVEIEI BV WT
L9,

15.5.4.2 Either M map & flatMap

Plb, RT&EZLSHMNTE 27— XA 2 T3 2\ T Either 1X Option OHRIRARICIT
WT ¥, Option ¥ [AkkIC Either 3 for X% i o THE D Either A ADHLEZ Z LB TEE T,
Either |21 Right, Left ® 2 DDfEAH D £33, Scala @ Either T3 Right 2 IEH 2 MHICR 5 Z &
2% \Wizs, map X flatMap TlX Right OfESFIH S h F 5,7

72 LIZ Either D map XY v REfoTAEL &5

*1 Scala 2.11 £ TIE, MWHEDMHEEEH I > TWkd. right ® . left ZHVTEY S 5 DfE% map WKET 2 ZIRT
LZRENH Y F Uiz,
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val v: Either[String, Int] = Right(123)
// v: Either[String, Int] = Right(123)

v.map(_ 4 2)
// res20: Either[String, Int] = Right(246)

val v2: Either[String, Int] = Left("a")
// v2: Either[String, Int] = Left("a")

// res2l: Either[String, Int] = Left("a")

ZHT map & o TE% Zf5123 % BEUE Right 1ICHE AT % % L7, Either 2’ Left DHH XD
WS B Z bl A, Z4UX Option T None 12X LT map % - 725/ I OIS B Z 7%
bRV IECB TV E T4,

1555 FHELEL/NTX—4X

DLHFDEZ LT, 4AiEL 5 X —% (by-name parameter) &5 Scala DFEHEZ AN L %
To TNHORENT S Try ROFRLETHEDLDN TV SKEEL 25T,

Scala IZBWTIE, XY v FEFTANIF T IBOFHE S N, ROT XY v FAKD 2 — F0%ET
ENFET, ROFI»PHBTHD ET,

def f(x: Any): Unit = println("f")
def g(): Unit = println("g")
f(g)

/] 8

/] f

TREBEOEHZ L BVE T, Scala KRHF, Mo DT vrF5 IV IEFFETHRKDET
IEfF 7D %9, ZOFHENEF O Z & %% T3¢l (eager evaluation) & 2 WIXIEMFHM (strict
evaluation) &MU E 5,

ST, T COEFZLZELLWHEDRH D $5, AHTEL ST X =225 &, ZRHIERHE
N2 ETIHIZEBEZ RS ZeHTEET, XYy FREOZADMEDON 2 M@ty oK
PEIEINZ VWS ZETT, RDEHIRA-FERZEHPDRTVEEVET,

def g(): Unit = println("g")
def f(g: => Unit): Unit = {
println("prologue f")
g
println("epilogue f")
}
f(g))
// prologue f

/8
// epilogue f
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ng" DHEADEBONANC > TWB Z b3 B0nET, XV R fO5HOBICHEET %
Y. Bunit OFFIC= BV TWE T, THUDBLHITEL AT X —XDIEELZRL X T,
ZHNEL ST X =R EIRD &5 BGEEbnE 3,

« SIBOADFIN T 200D LALWD T, try-finally X OHCH %z 7l L 72\
c GIBOERL DT TLEE AR PAEORD LARWA, FHRIERZALIE S 205 5720,
b2 ECatAEI TV

7= & 5 RZENIEREBEEE X IEZE T 2D TIT R, ARHEL ST X —XDIE D DR T
ZZLVWHIETIVEATHET,

1556 Try

Scala @ Try & Either YA L XS WKIEHERHE T —HOEY b L0 E2RBT 57— XBTT,
Either & ®iEWE, 2 DORIHFEETIIR . = F — 1l Throwable ICfRE XN TED., B[ H%E 1
DULHIPHWBRNZ T, BARRICE Try 3RO 2 oDfEZ ¥ D $7,

» Success

- Failure

Z 2T Success IXZHER D, TEOEZ ANS Z &N TE FIH, Failure & Throwable L
PAND D TEERA, FLTTry KIE, aY =4 > A7V =7 + @ apply TERT 3B,
4% catch L. Failure 123 2#EE03H D £ 7,

import scala.util.Try

val v: Try[Int] = Try(throw new RuntimeException("to be caught"))
// v: Try[Int] = Failure(java.lang.RuntimeException: to be caught)

ZOMEREER o T, BISEEZ D 2 5 REFTE Try TElA, Failure ICLTEE LTIRZ 2 & 512
T2 DD Try DFETI,

val vl = Try(3)
// v1: Try[Int] = Success(3)

val v2 = Try(5)
// v2: Try[Int] = Success(5)

val v3 = Try(7)

// v3: Try[Int] Success(7)

for {
il <- vl
i2 <- v2
i3 <- v3
} yield i1 , 12 4 i3
// res24: Try[Int] = Success(105)
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N~ 0o AW N

15.5.6.1 NonFatal DI

Try.apply 7% catch 32 DIZTXTOHSNTIEH D T2 A, NonFatal &\ 5 FEEHDOHIHNZIT
3, NonFatal TIERWHIANET 7V r—> a VR TEHIEPHRERIEFICEERSDTT, KRDT,
NonFatal TlZ72WHIAME catch #3127 PV r— 2 V&K T X8 T, HroHEEiiez Lk
19V NTT,

Try DA CH, 22 ZEWD TR TEZLTOHNE T e DT L 2 0WEER Y,

import scala.util.control.NonFatal

try {

222
} catch {

case NonFatal(e) => // {4t @ ML B
}

EWVINE—UPEENR - FHICHETS2 22 LR LED 20 TRATES L X An
£7,

15.5.7 Option & Either & Try DfEL\ I

T 7 —UEIZB T Option & Either & Try IZ¥ D X 5 IZHWFIF 2 XERLRDTL & 5 D%

F FHAMIC Java T null 25 X 5 &I5HEIE Option 25 OB X VWTL & D, AL I T aydD
HFICHEEL R 97D, AL =UHDSRMHFICES DDOEFHATE LD 572D L25HEX Option
THAREEZONET,

Xz Either T34, Option Zffi5 OTIFERIFELTED., »D. =7 —REIEWT—%
By L ThE2ALEDOLNZBDIMES DB EWVWTL &5, Java TF = v 7St effio Tz L5k
EIATMES, DF D, BIFATRER T 7 — 725 L WS EZT TS KWT, Either &l 2 Hf
H320b7 V72 EVET,

Try & Java OfISt 2 €5 LTHHEE L THRWEZWESICHWS £ KWTT, ERPTr o307
TioZb, ETHRZREFELTEEZ, DETHEZZRLLWGEREHES 2L EZONET,

15.6 Option OFINUIE% Either TU 7 7o X F 3EMf

Scala TV L—aF 7 —AXR—22H 558, B2/ o TWIHTEDX A I V7 THEM
PEIGTERD oD ERIDUIR LRV EDH D 5,

None % 5 HIIZILIE S 2 D THHUuL, flatMap % for & O ZIEBEAAATRA Y F U 7‘%0)
TIH, HELEIELTWLADPTEDX A 2 27T None BEIFENTLE 272005 L7120
WK 5134723, )7 match case DFEVA R MZHRoTLEVE T,
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Bl E5,

=P =7 FLABZNETNT —EAR—RIHBHINTED, 2—¥F—-ID 2FMHLTZD 21—
P—ERKRL, 2—F =R O7 L RXIDT7 FLARMEL, IHIZOBEESLIIRT 2 &
IBGEREZLET,

RHORER e LT

c I—F—DBHOPHRL
o I—HF N7 FLRAEF> TR
7 RUVADBHDH BTN
¢ 7 FULAPEERS ZH o THhign

YWV AODRBARKX =B, FNLE/EAI T2 P L TRERL TEARED A,
MURoE5ka—RickhET,

object MainBefore {

case class Address(id: Int, name: String, postalCode: Option[String])
case class User(id: Int, name: String, addressId: Option[Int])

val userDatabase: Map[Int, User] = Map (
1 -> User(l, "KES", Some(l)),

-> User (2, " H{", Some(2)),

3 -> User(3, "7 — KH", None)

N

val addressDatabase: Map[Int, Address] = Map (
1 -> Address(1l, "# 4", Some("150-0002")),
2 -> Address(2, "HEFH 27— >3 ¥", None)

sealed abstract class PostalCodeResult

case class Success(postalCode: String) extends PostalCodeResult
sealed abstract class Failure extends PostalCodeResult

case object UserNotFound extends Failure

case object UserNotHasAddress extends Failure

case object AddressNotFound extends Failure

case object AddressNotHasPostalCode extends Failure

/] ¥ ZTNoneREL7r2rWMBLEI T deforXB o2 T MBI RARX TR D
def getPostalCodeResult(userId: Int): PostalCodeResult = {
findUser (userId) match {
case Some(user) =>
user.addressId match {
case Some(addressId) =>
findAddress(addressId) match {
case Some(address) =>
address.postalCode match {
case Some(postalCode) => Success(postalCode)
case None => AddressNotHasPostalCode
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case None => AddressNotFound
}
case None => UserNotHasAddress

}

case None => UserNotFound

def findUser(userId: Int): Option[User] = {
userDatabase.get (userId)

}

def findAddress(addressId: Int): Option[Address] = {
addressDatabase.get(addressId)
}

def main(args: Array[String]): Unit = {
println(getPostalCodeResult(1l)) // Success(150-0002)
println(getPostalCodeResult(2)) // AddressNotHasPostalCode
println(getPostalCodeResult(3)) // UserNotHasAddress
println(getPostalCodeResult(4)) // UserNotFound

getPostalCodeResult 235D X 5 7 match case DA R MZROTWEZ e BOrY ET, ZD X
SR Al EDR VW2 — F %, Either 2o CTHERB T I TEET,

IRD & 5122 To find XY v K% Either T Failure % Left 12, [E¥EUS T & 2G5 DEOR %
Right ICLTEZELET,

find DFEFET Failure #7227 MBI EZ 2 WO EZ 2 XHE DI TT,

V772720 T LEMEREUTO L5120 £9,

object MainRefactored {

case class Address(id: Int, name: String, postalCode: Option[String])
case class User(id: Int, name: String, addressId: Option[Int])

val userDatabase: Map[Int, User] = Map (
1 -> User(1, "KES", Some(l)),
2 -> User(2, " H", Some(2)),
3 -> User(3, "7 — KH", None)

val addressDatabase: Map[Int, Address] = Map (
1 -> Address(1, "# 4", Some("150-0002")),
2 -> Address(2, "EHFEF % X 57— ¥ a3 »", None)

sealed abstract class PostalCodeResult

case class Success(postalCode: String) extends PostalCodeResult
abstract class Failure extends PostalCodeResult

case object UserNotFound extends Failure
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case object UserNotHasAddress extends Failure
case object AddressNotFound extends Failure
case object AddressNotHasPostalCode extends Failure

/] RERMZLTW22b2bT Y7y 227
def getPostalCodeResult(userId: Int): PostalCodeResult = {
(for {
user <- findUser (userId)
address <- findAddress(user)
postalCode <- findPostalCode(address)
} yield Success(postalCode)).merge
}

def findUser (userId: Int): Either[Failure, User] = {
userDatabase.get(userId).toRight(UserNotFound)
}

def findAddress(user: User): Either[Failure, Address] = {
for {
addressId <- user.addressId.toRight(UserNotHasAddress)
address <- addressDatabase.get(addressId).toRight(AddressNotFound)
} yield address
}

def findPostalCode(address: Address): Either[Failure, String] = {
address.postalCode. toRight (AddressNotHasPostalCode)
}

def main(args: Array[String]): Unit = {
println(getPostalCodeResult(1l)) // Success(150-0002)
println(getPostalCodeResult(2)) // AddressNotHasPostalCode
println(getPostalCodeResult(3)) // UserNotHasAddress
println(getPostalCodeResult(4)) // UserNotFound

}

HED&51272D,

def getPostalCodeResult(userId: Int): PostalCodeResult = {
(for {
user <- findUser (userId)
address <- findAddress(user)
postalCode <- findPostalCode(address)
} yield Success(postalCode)).merge
}

getPostalCodeResult SAERNZE L TWB DI ICHOIr DT Vwa— e F Lk, f
ZLTWahreWws e, for NTHEZEIG L2k, merge XY v FIZEXOHBEZEHAATIIFLT
WEd,
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implicit ¥ —7V —F

Scala IZiX O FEEICITF A 5120 implicit 2 W5 F— 7 — FTRIEX N2 HHEDH D £ 5, Scala
2 T3 implicit & W5 H—DHAEIC X o TREODOHRZHS X5 1XhoTWEIH,. 1 DDKEET
A RHBRERFTEZ PRI = o TOL DI Do WIKEDH Y, Scala3 Tl
BN 725 % —7 — PRS2 S TRIC R o TWE T,

ZDETIX Scala 2 TO implicit ¥F—7— FD 4 DOV G EHAL 5,

16.1 Implicit conversion

implicit conversion [ZRFERDBIZH % 2 — FDER T 2HAET T, Scala 23E MR LARDRfI Z
DHHENZ H X 7=D T A, implicit conversion #ZH T2 & 7077 ADHAILL R LW
S ZeWbroiid, BHIEIFEMINCEHES Z e IZHERIhTVERA, i3V i, BEEREED, S
ZERBEANOEWR Y, FHSI ATV — =T 1 D74 77V THEONLTVWE T —Xb D
2D THI> TEBWEAHPRVDIIHEDP T,

implicit conversion 3XD & 5 LI TEHRL £,

implicit def X Y v FHA (I #A: sl M): B EOH = KK

implicit EWI F—T— RHPDNTWB I L EEIEA 1 DOLrRWIZ e ZRITIZEHEDOX Y v K
BT, implicit conversion TG ORI LR W EORNCEELERLH D £ 5, 5IBORD
ADHNT L 2B D HOM 2 BEER O RA Rl & L TEIRT 2 228205 T,

implicit conversion IZXD L ST L TERT LI LN TEE T, ZOHITIE. Int BD 5 Boolean
RINDIEBRDORZE 2 EFR L TNE T,

1 B8 2 DBl LD % implicit def DEF S AJRET T, limplicit def D5 X — & —IT implicit A& EN 2| L W\WHHE
7 7 ARV 2T 25513 FERIC implicit def 12 2 DU LD AT X=X —DPHBT L2 BHD EF, 2ELZS
W o 72 B3 H implicit conversion ¥ ZMHIN R A

126
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implicit def intToBoolean(arg: Int): Boolean = arg != 0

if(1) {
println("1222?")

}

/] 122272

VA T if (1) & RAZRRT, Ak Boolean ERIN TV B DI Int MOKXTH 3 1 0ED
NTVBZEeHRb2DET, ZLOFNAS EFFETII TR LTIk EF, LHL, ScalaT
F5 80T Int TIR D DY Boolean TH B EEDBULHAIER TN TRV ZEHEE L, intToBoolean
YWORBOBEERE L3, ZLT. LTFD X 51 intToBoolean(1) AT 2D TT,

if(intToBoolean(1l)) {
println("1222?2")

}

/] 122272

ZDOESIZLT, ifOFMFRC It ZEFT DN TESL LS5 E2DIITT, L. BROMZE
BDZDEIRMECHIEIHEYRVDBDOTIED D FH A, if NDZEHIUT Boolean DI L2 JEE 72
WESIZRo TVEDIEMEVWENIET 2729701, Z20F vy 72BHRKITLEZZDIITT
b,

BigInt X° BigDecimal 72 ¥ —HRD 7 4 7' VU Tl Scala E#ED Int < Double L MHHICEHT 3 72
®IZ implicit conversion ZEE L TWETH, FHDOL -V —DERTL2LENDH 2 Z L 3MTT,
IEY A2 BNORZRWR D IIEOZRVESICLEL £ 9,

Scala 3 Tl scala.Conversion 7 7 ADA Y AR Y RA%EB Y 52 (i) DA VARV AL LTE
#3952 T, implicit conversion ZFEH L TWE T, Lo L. Scala2 O%E L FICHHAT 2 &
HIEEIICRDIRNETT,

16.2 Enrich my library

Enrich my library & — > LI 2 DA H D £3, C#% Kotlin 72 EITH 24Kk A Y v F &
FEDH DT, BHFDZ ZAICAY v FEEBIMULEXSICAENTZ I TEE T, Scala iFHES
A 72 VDOHZHBAABIRDHD EFFT L, —=F =T 1 DIFA 77V TSI ADPITET,

e ziE. TRETALTOZSLDHITIE (1 to 5) LWHRDH D F LD, K Int BUI to
EWVNS XYy RS> TVWERA,

to XY v FiZ enrich my library /<& — > O BRI 2R BT Int IR LT to XV v FHE
BRI TVRVWZ b » 3 e, BEFO implicit conversion TER I N7z X Y v FDIR D fEEIC to
XYy FOERPLOPHERL T, XYy RBEOD 5 785512# Y7 implicit conversion % i A
T5DTT,

Z DN TIEAEHSEOTRNIHIRIC X Y v RRBINT 37D FITFEL TS0, BFORFE
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T2 T 2 O LSRRI FRA, LIS, string DAREIZ":-)" W5 3F 2B
L CTR$ & 51 enrich my library /8% — > % ffi-> T

class RichString(src: String) {
def smile: String = src + ":-)"

}
implicit def enrichString(arg: String): RichString = new RichString(arg)

"Hi, ".smile
// res2: String = "Hi, :-)"

NFHNDREIZ :-)" BBINT 2 smile XAV Yy RWERTETCWVWET, TDL &, Scala 234
Z1% enrichString("Hi, ") OMECH L Z2@EYNICHAL TS NE T,

enrichString("Hi, ").smile
// res3: String = "Hi, :-)"

L L. JERA Y v KD implicit conversion %2 BRIEE T 2 DIETTHETT, Scala 2.10 L
BTl class i< implicit ¥ —7 — K &2} 3 Z & THIRREAD ATREIC R D £ Lz, LOERIT

implicit class RichString(src: String) {
def smile: String = src + ”:_)ll

}

"Hi, ".smile

// res5: String = "Hi, :-)"

VWO THERBT Z A TE ET, implicit class 1 enrich my library »$ % — > 5 D F§#E
DT, JEIRX Y v F2ERT 2 ENZHEYNIRBITE £9, enrich my library /18X — > 230 E 7
¥ EIFFERIFC implicit class Zf# 5 X&TF,

LDL. =R =FT 1 D574 75 VRIEEET 4 75 1 Tl implicit class 2O TVWRNWZ &
BHLZDT, ZDEIRA—FIFDLLIRXLTELDBRWTL & 5,

X512, Scala3 TIEUTND XS RIERA Y v FEERT 27-DOEABXPHERINE L,

extension (src: String) {
def smile: String = src + ":-)"

}

16.2.1 #RERRE

Int 2°5 BigInt O implicit conversion @ & 512, FHFIZ L o THEFNC 2 implicit conver-
sion #E X TERL TATLEEW, Zd implicit conversion 121X ¥ D & 5 A RS D 2
BHEATREEW,
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16.2.2 #REME

BEFD 7 5 ZDFAZ @RS 5 & 5 KR T. enrich my library R&X — > ZHALTAZL & 5,
ED XS RGHTHRILODOTL 55 7?

object Taps {
implicit class Tap[T](self: T) {
def tap[U](block: T => U): T = {
block(self) //fdix# T %
self
}
}

def main(args: Array[String]): Unit = {
"Hello, World".tap{s => println(s)}.reverse.tap{s => println(s)}
}
}

import Taps._
Taps.main(Array())
// Hello, World

// dlrowW ,olleH

LIz tap() XY v FiZ Ruby REDFFEZH D ETH, XYy RF = A YOHFHTT Ny 7TV
VMERIFEIAZVE EBIBICLE T

16.2.2.1 RERE
Scala 747 4 75 ) oHi22 & enrich my library 23b ATV 2 61% 1 DML ERDFTLZZ W,
ED X BRFICHENTL x 557

16.3 Implicit parameter (SZBR5|EEL)

implicit parameter (3312 2 DOHKTHEDLNE T, 1 OHOHNE, HHIHDXAY v Fizdd
TEINLZA TV (AR VFry M7 —ZXR—2Daxryay) Z2HRIICEIEET
DZEMT LI LT,

T—=RR=RDART T aY%RT Connection WWH 2L LET, T—XN—RHEHT 5 X
Vv RIZIZA T connection BURE X R AUIR D £H A

def readRecordsFromTable(columnName: String, tableName: String, connection: Connection
): List[Record]

def writeRecordsToTable(record: List[Record], tableName: String, connection: Connection
): Unit

def readAllFromTable(tableName: String, connection: Connection): List[Row]
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32D XY v FIZA®T Connection BZ 5HUTH % DT, FEU7ZFEICHH/RIVIC Connection & 7
Yl P EEIRITIUITER A, 2T implicit parameter DEFRTT, LDXY v NEHRE

def readRecordsFromTable(columnName: String, tableName: String) (implicit connection:
Connection): List[Record]

def writeRecordsToTable(records: List[Record], tableName: String)(implicit connection:
Connection): Unit

def readAllFromTable(tableName: String, connection: Connection) (implicit connection:
Connection): List[Record]

LEXMZ F T, implicit BHiFIZREDOFIEY X MFTRITNUEE SRV W HIRAD D F
T 2FD, LTFDEIIZHTVWEIDNRRA ¥ T,

(+...)(implicit conn: Connection)

Scala I %4 FF. ZDXIRXEBINXAY v RBAMUHERZ 2, HEORIHLZRa—F
W57 o THEED implicit ¥ v —27 XNTAEEZEEIC A Y v FIZFIEELET, 22RO LS
2L T, fE% implicit £ LT~—27 LE T !

implicit val aConnection: Connection = connectDatabase(....)

293 UR. mBEDOFIEY X MIZHEERIZ connection 7V 2 7 FEREL T NEZDTT, UFD
IOBMUH LD o722 LET,

val firstNames = readRecordsFromTable("first_name", "people")

COEH LIZRD XS5 BB x T,

val firstNames = readRecordsFromTable("first_name", "people") (aConnection)

ZD &5 RXRES| &3 729D implicit parameter (& Play Framework % O/R ¥ v »8—7/& ¥ T
HTEE7,

16.4 Implicit parameter (B2 5 X)

implicit parameter ® % 5 1 DDEWITIZEZED D TF, Haskell 2 DM Y 5 2A03H 5 E5E% T
FHDONED, B 5 2ZDbDTH 2 EFIMHALBDRIRTVRS LAEEA, Z DHE IR
77 ARZDVTUIHS R VWE BN THh S, ZZTE 2oL FT,

List DR TOEROMBEEMALAEREZIET sum XY v FEERLZLWVWELET, ZD K REK
BHEICHZ2DT, ERTENIE LV I LEHEVD D FEA, MEIFZZDOLS LAY vy FERE
WERTERVRICHD X7,

KA Y ME MAID] List 2R DD o TWARNWIETT, MDY R M2rOMASRVEWND Z LI,
BREOTFEH MR D + XAV v F2ZDEEM/S Z L3 TERVEWVWS ZETY, 2D &I RKIZ
implicit parameter ® HFEFTF,
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2O0DFRICEEZRET (0 DEEIXZACHYT2ERIRT) AiEEHIoTWAREERLET, Z
ZTIEZDEI% Additive £ LE T, Additive DERIXKRD XS 5 !

trait Additive[A] {

def zero: A

def plus(a: A, b: A): A
}

Additive DHEIRS X —&Z A ZME XN S List DEXRBEZRLTVWET, /-

o zero: BINRT X —Z AD O ICHYTLAERZIKT
cplus() : BRI X=X A ZFO 2 ODHEEMAE L TRT

’/6\3—0
RIZ Additive B2 (fi 5T, List DERTOEREZBHITBZIAV Y FEEELET

def sum[A] (lst: List[A])(a: Additive[A]) = lst.foldLeft(a.zero) ((x, y) => a.plus(x, y))

RBIC, BUTIE U7z zero ¥ plus() DEFEHi -7 object ZEFH L FT., T I T3 string ¥ Int
IZOWT, Additive[Int] ¥ Additive[String] ZE&ZL X7,

object StringAdditive extends Additive[String] {
def plus(a: String, b: String): String = a + b
def zero: String = ""

}

object IntAdditive extends Additive[Int] {
def plus(a: Int, b: Int): Int = a + b
def zero: Int = 0

FLHLZLRDEIICHD ET,

trait Additive[A] {
def plus(a: A, b: A): A
def zero: A

}

object StringAdditive extends Additive[String] {
def plus(a: String, b: String): String = a + b
def zero: String = ""

}

object IntAdditive extends Additive[Int] {
def plus(a: Int, b: Int): Int = a + b
def zero: Int = 0

}

def sum[A](lst: List[A])(a: Additive[A]) = 1lst.foldLeft(a.zero) ((x, y) => a.plus(x, y))
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List[Int] & List[String] DO EHE5TH, BEDEHZETE AN sum XY v R
TZFE L7
FBICHEOH L2 nw e ZiTiE,

sum(List(1, 2, 3)) (IntAdditive)

// res8: Int = 6

sum(List("A", "B", "C"))(StringAdditive)
// res9: String = "ABC"

EFTHERWIETTY,

NTHIERAZTZ 2 TEETH, D List DEZEZEFH T 20138 F = v 7 T 2R E T
Do TVWBDEHP S IntAdditive, StringAdditive ZHIRANCEX T B MR L TIELVWHD
TY, Eix, FXWZh% implicit parameter TEHTZ2Z B TEZDTT,

FEIZEH, StringAdditive & IntAdditive DEFRDHNC implicit &1} 2 Z & &, sum DFEE
DEIEY A b TH 2 m i< implicit {313 27213 T3, implicit parameter % fifi 5 7z REFIIRD X
ST E9,

trait Additive[A] {
def plus(a: A, b: A): A
def zero: A

}

implicit object StringAdditive extends Additive[String] {
def plus(a: String, b: String): String = a + b
def zero: String = ""

}

implicit object IntAdditive extends Additive[Int] {
def plus(a: Int, b: Int): Int = a + b
def zero: Int = 0

}

def sum[A] (lst: List[A])(implicit m: Additive[A]) = lst.foldLeft(m.zero) ((x, y) => m.
plus(x, y))

sum(List(1, 2, 3))
// reslO: Int = 6

Sum(L-ist(llAll’ llBll, llcll))
// resll: String = "ABC"

FE D List DBERDOGEHEEZ KD 3 sum XV v FEEARETHILET eI TETVWET,

implicit parameter ® Z D & 5 RFENFIEZ T 0 ST 2 v 7 55E Haskell » 65D TE/2H DT,
Haskell T3 7 S R MINE T, 2D/, Scala THEIZ S AL MIND L dZ42H D ET,
Haskell D HEE/Z L. Additive IKHY T 2EFZA Y 5 ADEF. StringAdditive ¥ IntAdditive
% Additive B 5 ZADA Y AR Y ZADER L MU E T,

implicit parameter M7 7 AR FTRIEES L 77 Vbbb D F T, 2 213,
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List[Int]().sum
// resl2: Int = 0

List(1, 2, 3, 4).sum
// resl3: Int = 10

List(1.1, 1.2, 1.3, 1.4).sum
// resl4: Double = 5.0

D &5 BRI N B O AFHMEREET 2 2 e AT EE S, Zhud. implicit parameter ®
BPIFTY, Scala TRV S R%2EFR - [T 27 EEHZ % LREHOREMB 7 L IEHD $5,

16.4.1 FEMRE

m: Additive[T] &M t1: T, t2: T, t3: TiX. ROLBEHE-ITXELD D £5,

m.plus(m.zero, t1) == t1 // H{iJC
m.plus(tl, m.zero) == t1 // H{ijC
m.plus(tl, m.plus(t2, t3)) == m.plus(m.plus(tl, t2), t3) // #i&

M2z 38 T L HAIIT zero . A plus ZERLH L. Additive[T] ZERLFL & 5. 7.
FMEDPMT2ZNTVDE I e ZHERRLTAEL x5, EFE L7 Additive[T] % implicit ICLT. T D
BEHEZEIZE D sum TFHIAETEX 2 2 bELOTAEL & 5,

by b &R TRIGERICH D T, 2 X x FEIEY y BEIrLRZEERT I TR
Point 25X TABEREBWVWTL XS,

trait Additive[A] {
def plus(a: A, b: A): A
def zero: A

}

implicit object StringAdditive extends Additive[String] {
def plus(a: String, b: String): String = a + b
def zero: String = ""

}

implicit object IntAdditive extends Additive[Int] {
def plus(a: Int, b: Int): Int = a + b
def zero: Int = 0

}

case class Point(x: Int, y: Int)

implicit object PointAdditive extends Additive[Point] {
def plus(a: Point, b: Point): Point = Point(a.x + b.x, a.y + b.y)
def zero: Point = Point(0, 0)

}
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23
24 | def sum[A](lst: List[A]) (implicit m: Additive[A]) = 1lst.foldLeft(m.zero) ((x, y) => m.
plus(x, y))

println(sum(List(Point(1, 1), Point(2, 2), Point(3, 3)))) // Point(6, 6)
// Point(6,6)
println(sum(List(Point(1, 2), Point(3, 4), Point(5, 6)))) // Point(9, 12)
// Point(9,12)

AW N

16.4.2 #RERMRE

List[Int] ¥ List[Double] ® sum #1755 7=HI2, EHES L 75 YTz WwHEZ 52 (12)
YRS ZADA VARV RABERL T WS %, Scala S 4 77 U 6L THEITFR XV,
UL

e Numeric[T]
B IGADA VARV R

+ IntlIsIntegral

» DoublelsFractional

16.4.3 implicit DIFZREH
implicit conversion % implicit parameter DHA R X 41 2 HiFHIZI1E.

s B—HNTERINLHD

- import THEEEh7=d D

¢ A== FATERINIZDD

c AVNR=FUF T2V FTERINZDD

BREBDHDET, TOPRTEHLTWAELEZRZWOR, ary =44 7Y =2 FT implicit OfE
ZERT 51X —-TT,

722 ZEH L Rational (BEE) BIZERLZE LT, avy =44 7Y =7 MIEEFE -
7z Additive BIZ 5 ZADA VARV AR ERL TBEE T,

case class Rational(num: Int, den: Int)

object Rational {
implicit object RationalAdditive extends Additive[Rational] {
def plus(a: Rational, b: Rational): Rational = {
if (a == zero) {
b

N o A W N
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} else if (b == zero) {
a
} else {
Rational(a.num 4 b.den + b.num 4 a.den, a.den , b.den)

def zero: Rational = Rational(0, 0)

import Z L TWARWLWDIZ, Additive 7 S ADA Y ARV RA%MHS Ze B TEET,

scala> sum(List(Rational(l, 1), Rational(2, 2)))
res@: Rational = Rational(4,2)

I TF—EREERL, B S52L VAR VA —FEICERLEWVWHEEICESHTL 3% —>
BOTHEZITELEEXWTL I,
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7 5 ZNDEEWN

ARETIE 16 BT, ALEFHNLESZ Z 2200 T, KHHELED P g5,

Implicit DETIE. Additive LWIS BRI S ZAZERT LI T, EEDOaAL 7P a3y (Additive
DEFETHDHD) ITNLT, BROGIHMEZFHET 2N TELDT L, AETIE, Z0X5%
HAHAZRHAL T, BARTALITV AL EIA T I ELTELZ I ERTVEE T,

17.1 average XV w F

F9. sum WKW T, BEDOFEEERFTHET 27200 average XV v FEER T2 I 2&EXE T,
average XV v FOFRMPRFEHEIIRD L S5122HTL I, "

def average(list: List[Int]): Int = list.foldLeft(0)(_ + _) / list.size

ZhE, BIED L ST Additive B> TAE T,

trait Additive[A] {
def plus(a: A, b: A): A
def zero: A
}
object Additive {
implicit object IntAdditive extends Additive[Int] {
def plus(a: Int, b: Int): Int = a + b
def zero: Int = 0
}
implicit object DoubleAdditive extends Additive[Double] {
def plus(a: Double, b: Double): Double = a + b
def zero: Double = 0.0
}
}

22T, List @ size 2B T 20RETHRPENTID, ZOMOVTEKRIC LAV ZIILET,

136
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def average[A](lst: List[A]) (implicit m: Additive[A]): A = {
val length: Int = 1lst.length
val sum: A = lst.foldLeft(m.zero) ((x, y) => m.plus(x, y))
sum / length

}

BERMAL, ZOa—REary fAz@b x8A, M5 1E, AROER Int BOETE S >
ELTWVWARDTTH, ZOHERDLLLROPSLTT, I T, Additive X D —f{bL T, 5l &
B, BUE, SI0BESR— P L NmEZEZTAZT, BIED XV Y F% nultiply., EIhE
DAY v K% divide T2 2, NumlEKD K SIZHRBZTL &k 5, T T, Nums iE, SMEEERETa > %
=AY IRFATY 27 bR T DITHEERNCE - 2 AEIZEMTH D, BHD Scala 7075 AT
W, AV F VI IR[FTI 27 Y EERT D L EDOFEREZE L NTT,

object Nums {
trait Num[A] {
def plus(a: A, b: A): A
def minus(a: A, b: A): A
def multiply(a: A, b: A): A
def divide(a: A, b: A): A
def zero: A
}
object Num{
implicit object IntNum extends Num[Int] {
def plus(a: Int, b: Int): Int = a + b
def minus(a: Int, b: Int): Int = a - b
def multiply(a: Int, b: Int): Int = a
def divide(a: Int, b: Int): Int = a /
def zero: Int = 0
}
implicit object DoubleNum extends Num[Double] {
def plus(a: Double, b: Double): Double = a + b
def minus(a: Double, b: Double): Double = a - b
def multiply(a: Double, b: Double): Double = a 4
def divide(a: Double, b: Double): Double = a / b
def zero: Double = 0.0

*b
b

b

F 7o, average XV v R, VA MOEX, 2 hBETH Z2HENDH 2D T, BEE A BITEH
F272DD% Fromint DR L E T, FromInt XD L5127 D FF, to 1 Int BENIROENE
THXY vy RTT,

object FromInts {
trait FromInt[A] {
def to(from: Int): A

2 5% b, BIZ Nums ZHIBRLCR—7 » A VISl OERZ BHZRVWTY
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}
object FromInt {
implicit object FromIntToInt extends FromInt[Int] {
def to(from: Int): Int = from
}
implicit object FromIntToDouble extends FromInt[Double] {
def to(from: Int): Double = from
}
}

Num & FromInt Z{#5 ¥ average BRI RD LS5 CEL Z e TEE T,

import Nums._

import FromInts._

def average[A](lst: List[A])(implicit a: Num[A], b: FromInt[A]): A = {
val length: Int = lst.length
val sum: A = lst.foldLeft(a.zero)((x, y) => a.plus(x, y))
a.divide(sum, b.to(length))

}

Z D average BABUIRD LS ICLTHES Ze B TEE T,

average(List(1, 3, 5))

// res@: Int = 3
average(List(1.5, 2.5, 3.5))
// resl: Double = 2.5

TDESICLT, BHOM I SABHAEDLEZ LT, XD KRERFREEZFICANDLZENT
XFE LKL, BRAIZ,
17.1.1 context bounds

FEEoa— RiE, contextbounds Y WH T U Xy Z AT aH—%FS LT, ROLIICEEH
ZABHZEBHTEET,

import Nums._
import FromInts._
def average[A:Num:FromInt] (lst: List[A]): A = {
val a = dimplicitly[Num[A]]
val b = implicitly[FromInt[A]]
val length = 1lst.length
val sum: A = lst.foldLeft(a.zero) ((x, y) => a.plus(x, y))
a.divide(sum, b.to(length))
}

implicit parameter O a & b 5P SR Z LR D F L72A, dmplicitly[Type]l £ 52
¥ T. Type B implicit parameter DEZEIGF T2 2 B TEF T,
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172 max XV v R min XV vk

MoOT7AITY X% T74 77V L7=HI%. Scala DIE¥ES 4 75U LHENLET, aL s
UHhBIRAEERIUST S max CR/MEEZEIE T2 min TS, IS, RDXIICLTHS ZeMNT
ERE 0

List(1, 3, 4, 2).max
// res2: Int = 4
List(1, 3, 2, 4).min
// res3: Int =1

HETELRWEEDOY A MIHN L Tnaxy minZRKD IS5 Tr2ar (1o —-1Zkh %,
ZDmax & min DT S A TERHEINLTWE T,
max & min DY T3 F v IZRD LS >oTVWET,

def max[B >: A](implicit cmp: Ordering[B]): A

def min[B >: A](implicit cmp: Ordering[B]): A

B >: ADMEMIZONTIEBVTHEL & LT, KA ¥ M3, ordering[B] 24D implicit parameter
RERTBL T AHTT, ordering[B] D implicit 724 ¥ X 2 ¥ 20 HiUR, B BFE L DOK/NEFKR%E Lt
WTE 270, BRRNELR/MEZRDZ Z e TEET,

17.3 median XYV vw R

o, MOTVITV R %2 T4 TV LTAET, VA MOHEEZRKRD S XY v F median
EERTHILZ2EZET, TREIZ, BREDFHROGE, VA2V —FLEGEDb S5 YE
ATOEZ, HEDHE, EATD 2 O0EZEL T2 TE-bDIlkD %3, 2T, PRIED
BHID 7 — RIZ& ordering 25, 2 FHD 7 — R ZUTMA T, EEEZ L2 Num & FromInt 3
HIWIRZZS5TT,

ZD3DEMoT, median XY v REERLTAET, LR TE 7 context bounds %#ffi- T,
A F ¥ BERLTVEIIICLTVET,

import Nums._
import FromInts._
def median[A:Num:Ordering:FromInt] (lst: List[A]): A = {
val num = implicitly[Num[A]]
val ord implicitly[Ordering[A]]
val int implicitly[FromInt[A]]
val size = lst.size
require(size > 0)
val sorted = lst.sorted
if(size % 2 == 1) {
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sorted(size / 2)
1} else {
val fst = sorted((size / 2) - 1)
val snd = sorted((size / 2))
num.divide(num.plus(fst, snd), int.to(2))

TOXY Y FIERODESICLTES e TEF T,

assert(2 == median(List(1, 3, 2)))
assert(2.5 == median(List(1.5, 2.5, 3.5)))
assert(3 == median(List(1l, 3, 4, 5)))

174 ATz bDI) 754X

RFED LRI ZEZTAHET, ROLIWZ, AT7T=27 2P V774 XF5XY v F string
ZERLIEVELET,

import Serializers.string

string(List(1, 2, 3)) // [1,2,3]

string(List(List(1),List(2),List(3)) // [[1],[2],[3]]

string(l) // 1

string("Foo") // Foo

class MyClass(val x: Int)

string(new MyClass(l)) // Compile Error!

class MyKlass(val x: Int)

implicit object MyKlassSerializer extends Serializer[MyKlass] {
def serialize(klass: MyKlass): String = s"MyKlass(${klass.x})"

}

string(new MyKlass(1l)) // OK

ZD string XYV v Fl&,

« RS 7 54 XAlHE

s XFHNETY T T4 XAHE

s EENIVUT 74 XARER Y A MY T T4 XAEE

THH, BOTIERLEZZ 7 RI2O0WTIE, XD P LA b Serializer & ## L T serialize X
Vy REEEFTEZA TV Mo implicit 23522 T, U774 XAJREICTEE T,

trait Serializer[A] {
def serialize(obj: A): String
}

INEIT Serializer B 5 A MU E T,
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ZDstring XYY RO T =F ¥y 2 FTEZTCAHET, ZDXY v Fid serializer B 7 X% 4
EHr LTWADT, Serializer[A] ® X 57 implicit parameter Z XY L TW5I133TT, .
IR AR DfE T, B DMHEIX String DT, fERELTRD ISR FT,

def string[A:Serializer](obj: A): String = 222

RIZRETTH, serializer M7 S AFRERLTVWB WS Z I3, Serializer D serialize X
Vy REIERZEBHIRNVWEI2DT, RDOXHICkED £,

object Serializers {
trait Serializer[A] {
def serialize(obj: A): String
}
def string[A:Serializer](obj: A): String = {
implicitly[Serializer[A]].serdialize(obj)
}
}

Serializers £\ 9 object ZEo TWETH, Z4% import $5 2% T:

s string XY v F2HZ 3
s Serializer 7 S ANRNEAEN S

Lok ET,
T, INTY A F Y DIFIETEZDOTHEIZAD T, 2idvwoTd, SHOHBATIE,
EEAEA TSI 27 F% toString T AT DD DRDTITH...0

implicit object IntSerializer extends Serializer[Int] {
def serialize(obj: Int): String = obj.toString

}

implicit object StringSerializer extends Serializer[String] {
def serialize(obj: String): String = obj

}

PLEZ, B XFHND serializer TY, HUZ toString ZFERH L TWSE 2, HEZIRELTW3
PHROPOLIDET, XD LHLP DI WTT, BENIY 774 XA[RER X123, VRS
VT I7A4AXARETRIUINT R VDOTIAS, B TO LS LTHZDTT,

implicit def ListSerializer[A]: Serializer[List[A]] =
new Serializer[List[A]] {
def serialize(obj: List[A]): String = 222
}

COERTIZAIZED LS BRBEDARER DD D578z, HE %2 BHIC tostring T5< 5
WLDERELEIDRWTT L, Fh, 2O XS RFEETIERMD serializer DRI L EEMED
W ERA. TNEMRT 21213, ListSerializer 2% implicit parameter ZH( % X 512 L ¥ 7,



N 0o 00 A WN

©O© 00 N O 0 A W N

e
AW N RO

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

F173E Y5 2ADFHEN

142

implicit def ListSerializer[A](implicit serializer: Serializer[A]): Serializer[List[A]]
new Serializer[List[A]] {
def serialize(obj: List[A]): String = {
val serializedList = obj.map{o => serializer.serialize(o)}
serializedList.mkString("[",",","]")
}
}

COEICERLELE, av (451, BRUABS V7 74 XARETRWES (BTl
implicit def/object TZ 5 ERE N TVWARWGE) a4 VLTI —ZLTNET, DD, L
BRATI2 I V2PV T7IFIALAXTEDLDTT,

ZZETTC, ~HYDEENTELOT, ERE—FEINCE LD TERITHRZMAELTAEL & 5,
Z DEIDRHID T DA% - TEEMEREZ L £ 3

object Serializers {
trait Serializer[A] {
def serialize(obj: A): String
}
def string[A:Serializer](obj: A): String = {
implicitly[Serializer[A]].serdialize(obj)
}
implicit object IntSerializer extends Serializer[Int] {
def serialize(obj: Int): String = obj.toString
}
implicit object StringSerializer extends Serializer[String] {
def serialize(obj: String): String = obj
}
implicit def ListSerializer[A](implicit serializer: Serializer[A]): Serializer[List[A
1] = new Serializer[List[A]]l{
def serialize(obj: List[A]): String = {
val serializedList = obj.map{o => serializer.serialize(o)}
serializedList.mkString("[",",","]")
}
}
}
import Serializers._
string(List(1, 2, 3)) // [1,2,3]
// res7: String = "[1,2,3]"
string(List(List(1),List(2),List(3))) // [[1],[2],[3]]
// res8: String = "[[1],[2],[3]1]"
string(l) // 1
// res9: String = "1"
string("Foo") // Foo
// reslO: String = "Foo"
// class MyClass(val x: Int)
// string(new MyClass(l)) // Compile Error!
class MyKlass(val x: Int)
implicit object MyKlassSerializer extends Serializer[MyKlass] {
def serialize(klass: MyKlass): String = s"MyKlass(${klass.x})"
}
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string(new MyKlass(1l)) // OK
// resll: String = "MyKlass(1)"

TaXy MTEWEEBED OBIEEZ L TVWA 2B ET, I TEERDIX, Myclass IT
¥t LTI serializer ZER L TWRWDT, AV RAINVLT—IZRZETT, ZLDEEOIV T
FTARXTGATIVTIE, V2L ryav LTIV 794 XL &S 3570, FEITRICHR-T
MDTLZ —=2bnd I eNZVTT, FiZ, BN EEHETIE. 20 X556, BIci-TX
BERIETERVDIIFT AV v b TF, —7. GEHAVEFETIE. BHITSV 774 XT58%
BIITE, oY A UMFICZDELEEZMETEL2DTT,

175 o

12 5 2 (= implicit parameter) (&, 5 x5 &, B FOF 2B L THFDO 7 LY
ALERRHEAT2DIMHES e B TEET, ZOFRHIE. FITo4 77 VRETO ZICERI
BoTEET, F4 77 VHHAREATERSINTOVARVT —ZEITH L TOWRICLTIA 753V DT
NIV ZLZHEHAT 20, DD IREDSE VXS IEZ 205 DI, BHhR»H L WEETT,
fERICE T2 e 2 BEHT 2 8. RS DB T L, IRENE VLS IMEZ . 7741
FOEFHETW W E 2 A ZEEEDLLR L TEVWT R THAHEIC o THMETT, B 72277
A7V ERMET 2220k oT. ZOMELDLRERMT LN TEET, HIAD, B
Ao T, BIFOMER X DB, HRRENE R T ERVLEZTATLIEZI W,



18,

Future/Promise {22\ T

Future ¥ Promise 3IEAHI 125 2 U 2BV T, T LTWE0E D Db b WLEER
MR LA TT, Future 3ARROFERE2RTAITT, Promise IZ—EZ1F, BIID 5 WIFKMK
PRYT, WM FIIERRET S Z 2T Future KEHBRTE 38T,

JVM RO EFETIE, v VF ALy FTHATAEZ o 72 IERIILE 2175 22 32 4 H D 3, K
7o LD JavaScript D X SR Y Y ZLA Ly RTITS &5 RIEFRSINIES H D 2325, <LF
AL v RTIT 5 IERIALIEE F U 2 UREEDBER T DN 2 D TIE R, v AFar7o<ws Y& siE
KRG G, HED CPU THIAICFETEIN2 e b £T,

BARINCIEFBIE TOA TV 2012 LTIE, ULIZBII 20AABFDAL V7 =R =7 EDH
ToNnET, EARAAFDA VP r—R—N7=X—=2a YL TWaHb, X4 7a%FHTL7=D,
Mz IREZ 55 2 e TEZDIE. HAAALHEPIEFRPTBZRbOITVWEH0 5T,

BB, COEIBFEDTIYORLENTZY Y —RDHFT, YILFALy RPIILFTOERIZ
Ko TIEARFAD U  EFIRHCLIEZ1T S 2 & %, WifT (Concurrent) LEL VWWEF, v F AL v
FOBEE T o R XEVEBE 77 AN FIEEBDOAL y RFTHAEL, v AF7BE20D
GEEAE)ERZFITT CPU Y Y —R2EHO T ATHELTVE T, (. ALy FB&X
C7ate 2D LS BRI OVTIE>TWED AR L THHL TOWETDTI THERLEEIW)

VY —ZABHEFINTOVE0E I 2D 6T, BRICFARICUEZITo TV Z %, W4
(Parallel) WLELX WWE T, KIEOGE, BBO~S Y THMEITSE S X5 RTHREFHA LR
=3 3 X5 IR WMHIIRR ¥ R E T,

CDRRFID KD RIMATILIE %2 o 72 R BILE 217 o 725812, & THEF 4 Future &
Promise ¥\ 5 ZHNZFND Y T ZDMERE L W HIZOWTHIAZITWE T,

18.1 Future & I&

Future ¥ 1%, FERINCLIE XN 2 5ERMB A - 72 Option B X 5723 DTF, map % flatMap <

144
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filter, for DA &\ > 72 & 572 Option % List THHHATE 2 HEEFF-> TVWE T,

74772V 7 L —uT— 7 QUEDPIEFAER L 2o TW2H5E, IO Future I3FEARKTEHE
BRI 2T/ IALRDET,

¥ Java iZd Future EWH 77 20D H T30, 5 51X ES 272", Option D>
FrEEd D 8 A, F72. ECMAScript 6 12® % Promise £ WO KKEEDH D £ TH, Z2H5DHH
Scala @ Future OFEHEICEITWE F, Z D ECMAScript 6 ® Promise ¥ Scala ® Promise &, £
CELRZEEETDH 2 - DFEIBETT,

EREOa— il TAEL x5,

import scala.concurrent.Future
import scala.concurrent.ExecutionContext.Implicits.global

object FutureSample {

def main(args: Array[String]): Unit = {
val s = "Hello"
val f: Future[String] = Future {
Thread.sleep(1000)
s + " future!"

}
f.foreach { s =>
println(s)
}
println(f.isCompleted) // false
Thread.sleep(5000) // Hello future!
println(f.isCompleted) // true
val f2: Future[String] = Future {
Thread.sleep(1000)

throw new RuntimeException("b & & &KK™)
}

f2.failed.foreach { e =>
println(e.getMessage)

}

println(f2.isCompleted) // false

Thread.sleep(5000) // b X ¥ &M

println(f2.isCompleted) // true

*1 72721, Java 8 » 5B/l X 17z java.util.concurrent.Future O+ 7'~ 5 2 T# 5% CompletableFuture 12&, B¥%5]
BT sXY vy RHHHET,



https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/util/concurrent/Future.html
https://developer.mozilla.org/ja/docs/Web/JavaScript/Reference/Global_Objects/Promise
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HARERE,

false

Hello future!
true

false
bR
true

DEITHDET,

Pl B Future BADKRER BIfR T 272 D% > Fra— R TF, ERMF0 2S5 3 > 203, sbt
console THETZ2DHBHEL VDT 7 A MZHEDIETH HWVWE L7z, Future > > 7L b VI R
52 % ZzoBfZIERIINCE 2 % Future[+T] ZIR L %3, LElOFEEFITIEX LS. 1000 I VMR
BEL T, "Hello" & " future!" ZXFFIMEET 5 & WO U EIEFINCUE L £5, Z L THRIIED
WFR % EF L 7214 future 2L D o T 2 22 2R L. future OAEHREUS % 5000 X V) BRERFD
EWH IR RAT o 7ot ZORERPE S RoTWED0%kay Y — M NT 2205 R LET,

BB LD X 5125000 I VRO WS, 2D Future BIROLIE 2RO WS FETH TS
ZEMTEET, Thread.sleep(5000) % Await.ready(f, 5000.millisecond) &3 5 Z & T, Future
DD D EFTHRA 5000 I VHERFOLWSIFEHLRDET, LZL, COFEXHET S0,

import scala.concurrent.Await
import scala.concurrent.duration._

P E% import SUTEBMT 2 HENHD £3, SHIXKINLAED LI XHWTWEZDHh%E, R
Ly FOBIRPORTAEL k5, UFDLSICa—FzHENTAEET,

import scala.concurrent.{Await, Future}
import scala.concurrent.ExecutionContext.Implicits.global
import scala.concurrent.duration._

object FutureSample {

def main(args: Array[String]): Unit = {
val s = "Hello"
val f: Future[String] = Future {
Thread.sleep(1000)
println(s"[ThreadName] In Future: ${Thread.currentThread.getName}")
s + " future!"

}

f.foreach { s =>
println(s"[ThreadName] In Success: ${Thread.currentThread.getName}")
println(s)

}

println(f.isCompleted) // false
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Await.ready(f, 5000.millisecond) // Hello future!

println(s"[ThreadName] In App: ${Thread.currentThread.getName}")
println(f.isCompleted) // true
}
}

Z DEITFERIZOWTIE,

false

[ThreadName] In Future: ForkJoinPool-1-worker-5
[ThreadName] In App: main

true

[ThreadName] In Success: ForkJoinPool-1-worker-5
Hello future!

LD ET, LEDa—-FTRZENZNDRL v FEEEBANIZOWTH AL TAHE Lz, FEHIC
HRFEWAERTI 4, Future ¥ foreach 1278 L 7-BEHUCEI L TIX. ForkJoinPool-1-worker-5 &\
5 main ALy FRIERRZ ALy FTEFINTVET,

D% D Future ZHW2 Z TSSO TDS5DILF ALy ROT0 T T IV IRFTEN
TWhEWS Z Il DFET, /2. Await.ready(f, 5000.millisecond) CTULEZFE W/ Z & T,
isCompleted DHEFRMLEEDIE 5 53, "Hello future!" OXFHIFES X D dIBICHI XN TWBR Z
brhET, THREXFIMEEDHPMESZREID D IXME VLD IDEITRDET,

ForkJoinPool (2B L Cl&. Java OifT 7025 I > 7% ¥ K— b T35 ExecutorService £S5 A
VRITx2—REW oI TR ET, WEINCAL y FF— L2 RoTED, ALy Fefing
DIt oT, ALy FRMERT 22X b 2ERLEEEZK > TWET,

Future IZDWTDE & H3 A - 72Fi T, Future 75 Option D XS5/ Z 2 Z L bAHAL 5,

import scala.concurrent.ExecutionContext.Implicits.global
import scala.concurrent.Future
import scala.util.{Failure, Random, Success}

object FutureOptionUsageSample {
val random = new Random()
val waitMaxMilliSec = 3000

def main(args: Array[String]): Unit = {
val futureMilliSec: Future[Int] = Future {
val waitMilliSec = random.nextInt(waitMaxMilliSec)
if(waitMilliSec < 1000) throw new RuntimeException(s"waitMilliSec 1is ${
waitMilliSec}" )
Thread.sleep(waitMilliSec)
waitMilliSec
}

val futureSec: Future[Double] = futureMilliSec.map(i => 1i.toDouble / 1000)

futureSec onComplete {
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case Success(waitSec) => println(s'"Success! ${waitSec} sec")
case Failure(t) => println(s"Failure: ${t.getMessagel}")
}

Thread.sleep(3000)
}
}

HIZIfl & LTlX. Success! 1.538 sec X° Failure: waitMilliSec is 971 £V I b DITKR D £7,
ZOMIETIE, 3000 I VR ERE L7eT v X LRI % fF> TZ DfF- 72 I V%K T Future %
EFELTVWET, 72720, 1000 2 VKM LDOREFLZRWESIIEIKIME AR LA EZRITES, 20
BN Z 515 Future % futureMilliSec & L TTWETH, ZDE, map XV v FZFHL T int D
2 UM% pouble DIVICEHAL TVWE T, BBRIFY LE > TIDEIX, foreach TIE72 < onComplete
ZRA LT e KB OMT O ZFR L % L,

DL E@5EEED X 512 Future 134558 % Option D XS5 2B TE 2D T, Mim map Hff
Z ¥ 9% Option 254 & + LT\ 3 HE1C flatMap ZFIH T & %2 D & [Fkkic. flatMap % Future i<
HLUTHHST2ZLBTEET, D% D map DR TOFIEITHEKA X 512 Future 2R3 X 5 h&
7  Future ZFIH L TWIF 2D T3, val futureSec: Future[Double] = futureMilliSec.
map(i => i.toDouble / 1000) % FFZD I VM EMICEHT 284 % 100 2 VI 2 IEFEHAD
Future IZ L CA LI TDO LB D TY,

val futureSec: Future[Double] = futureMilliSec.flatMap(i => Future {
Thread.sleep(100)
i.toDouble / 1000

b

map CHEMH T 2B T Option B NTETLEHD% flatten TEX 2L WHHEZH LR L L 512,
Future 12 H 3 2 B DOH T X 51 Future 2SHUF T E 2 & 5 RIFGATIX, flatMap BEHATE £
T, ZOFEHOBETIFEICEMZIERIIILE 2, RS > T uka— FTRILTRS 28D
TE2X5CRkDET,

18.1.1 Future > TIEREBICEN T 2EHOER*F AL TERZ1ES

ZC, flatMap AFHATE 2 w5 2 2id, for KBFATEE T, T o X <HERD Future %
HAEDHETH L Future Z1ER T 2 DICHWONE T, ERICEREFIZ R TAEL x5,

import scala.concurrent.ExecutionContext.Implicits.global
import scala.concurrent.Future
import scala.util.{Failure, Success, Random}

object CompositeFutureSample {
val random = new Random()

val waitMaxMilliSec = 3000

def main(args: Array[String]): Unit = {
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def waitRandom(futureName: String): Int = {
val waitMilliSec = random.nextInt(waitMaxMilliSec)
if(waitMilliSec < 500) throw new RuntimeException(s"${futureName} waitMilliSec is
${waitMilliSec}" )
Thread.sleep(waitMilliSec)
waitMilliSec
}

val futureFirst: Future[Int] = Future { waitRandom("first") }
val futureSecond: Future[Int] = Future { waitRandom('"second") }

val compositeFuture: Future[(Int, Int)] = for {
first <- futureFirst
second <- futureSecond

} yield (first, second)

compositeFuture onComplete {

case Success((first, second)) => println(s"Success! first:${first} second:${
second}")

case Failure(t) => println(s"Failure: ${t.getMessagel}")
}

Thread.sleep(5000)

FTIFTHEALLFNBTHE T, TV X ATERLZRK 3 WEFOBEZHEL, 500 2 VM
Rl U7 o e/ EI3 R e A2 L g T, ZOBBEEITT 285 % Future £ LT 2 DHE
L. 215 % for KTEARAATH LW Future 21> TWE 3, £ L THEARNITH LW Future (5t
LTI LSGE e RS E2 L ET,

HJTER & U TIE, Success! first:1782 second:1227 X° Failure: first waitMilliSec is 412
X° Failure: second waitMilliSec is 133 W oZdb DR D ETF,

723 Future 1213 filter O, BR 4 ZRAFNFEITITH T2 XY v FHFELET DT, API F¥ 2 X
Y FRTATLREN, $EHD Future £RR7|FETICE L TO % & o/ HAGEDH
bHHFETOT, BHLEBIELZHL TALVBIIIEZRTUSEII L TATL XN,

18.2 Promise & |&

Promise & &,
BIhd B2 WEERZRTEEAR/ET 22212k > T Future KEHT R DTER 7 5 XTT,
ERICYH I ra—FERLET,

import scala.concurrent.ExecutionContext.Implicits.global
import scala.concurrent.{Await, Promise, Future}

import scala.concurrent.duration._

import scala.util.{Success, Failure}


https://www.scala-lang.org/api/current/scala/concurrent/Future.html
https://www.scala-lang.org/api/current/scala/concurrent/Future.html
https://qiita.com/mtoyoshi/items/297f6acdfe610440c719
https://www.scala-lang.org/api/current/scala/concurrent/Promise.html
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object PromiseSample {
def main(args: Array[String]): Unit = {
val promiseGetInt: Promise[Int] = Promise[Int]()
val futureByPromise: Future[Int] = promiseGetInt.future // Promise? & Future% {f %
e NHk B

// PromiselfEk I/ TWRITI N2 UM ZFuturez fifio TELC Z K2
val mappedFuture = futureByPromise.map { i =>
println(s"Success! i: ${i}")

}

/] WALy RTAMAEVWVLIEZ L T, 8bo = 5Promisell % I8 ¥
Future {

Thread.sleep(300)

promiseGetInt.success(1l)

}

Await.ready(mappedFuture, 5000.millisecond)

Z DI T Success! i: 1 EWVWIHZRRLET, 2D &SI Promise IKEZEST Z T
(Promise 2> 545 L 7z) Future 257 XH 2 Z e A TEE T,

L oflix Promise HIADEIEHIIID 7212 Future T Promise % > T\ %3, J@% & Future
DRV EEFHTUI I WD, SOFCATIEHED XV v 23D D R A, £ 2 TSEIE Promise
DI BHBHENHFOHIE LT, callback ZI6E T % % 4 FOIEFAUIE %Y 5 v 7 L T Future %iR3
RE=V N LET,

T @ il Tl. CallBackSomething * 7 v 7' L 7z FutureSomething % E#&* L T\ ¥ 7,
doSomething OHIT Promise 23HHINT W2 Z L IZHEHL T X W,

import scala.concurrent.ExecutionContext.Implicits.global
import scala.concurrent.{Await, Future, Promise}

import scala.concurrent.duration._

import scala.util.{Failure, Random, Success}

class CallbackSomething {
val random = new Random()

def doSomething(onSuccess: Int => Unit, onFailure: Throwable => Unit): Unit = {
val i = random.nextInt(10)
if(i < 5) onSuccess(i) else onFailure(new RuntimeException(i.toString))
}
}

class FutureSomething {
val callbackSomething = new CallbackSomething

def doSomething(): Future[Int] = {
val promise = Promise[Int]()
callbackSomething.doSomething(i => promise.success(i), t => promise.failure(t))
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promise. future
}
}

object CallbackFuture {
def main(args: Array[String]): Unit = {
val futureSomething = new FutureSomething

val iFuture = futureSomething.doSomething()
val jFuture = futureSomething.doSomething()

val iplusj = for {
i <- iFuture
j <= jFuture

} yield i + j

val result = Await.result(iplusj, Duration.Inf)
println(result)

[Promise (ZI& I/ L 7=REDE% FRIE T = % | [Promise 705 Future 212 Z 2 K% &
W 200 EEFM LT, callback % Future iICF 2 Z e N TEE L7,

callback % fifi o 7= JEFHLENI S EI O & 5 BN &3, Hitp 7 74 7> M TIERIAY 7 = 2 b
ZITOHERETRREZRDZ DD D £F, TR S —MEMNHERYEE, callback & D Future
DI WERRIGHE DB % 720, Promise Zffi-> TEAMARETHZ e ZHZITEL L LWVWTL & 9,

1821 BB . HhOVKEOVSYF

ZNTIE, #HE%EL->TAZL & 5, Future % Promise OEF| 2R 2 FIH LT, 0~1000 2V
WHD 7 > X L7k Z D 8 D Future Z/ERK L. ZD5HD 3 OO KE T CITED 3D
DREBIHZRETHNI T2 VWS FEEEZLTARL £ 5, BB, TOHZIL. Java OWATUI D7z
Da—5 4 VT 4 TH5%, CountDownLatch ¥ W57 5 ADEED—HEHLEZDDE R 5,

import java.util.concurrent.atomic.AtomicInteger

import scala.concurrent.ExecutionContext.Implicits.global
import scala.concurrent.{Promise, Future}

import scala.util.Random

object CountDownLatchSample {
def main(args: Array[String]): Unit = {
val indexHolder = new AtomicInteger(0)
val random = new Random()
val promises: Seq[Promise[Int]] = for {i <- 1 to 3} yield Promise[Int]()
val futures: Seq[Future[Int]] = for {i <- 1 to 8} yield Future[Int] {
val waitMilliSec = random.nextInt(1001)
Thread.sleep(waitMilliSec)
waitMilliSec
}



https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/util/concurrent/CountDownLatch.html
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futures.foreach { f => f.foreach { waitMilliSec =>
val index = indexHolder.getAndIncrement
if(index < promises.length) {
promises(index) .success(waitMilliSec)
}
1
promises.foreach { p => p.future.foreach { waitMilliSec => println(waitMilliSec)}}
Thread.sleep(5000)
}
}

Lidoa— FEMBICHIAT 2 &, fEESINLNUEEITS Future ORI ZHEL, Thodz
NEIEI L 72K Atomicinteger THERZINTWS index 7 I v 714 Y7 U XY M EHE
2 5. Promise OELFID ZNZFAUZRIIFERZEFZ L TVE T, £ LT, &K Promise DAL
I ED L7242 To Future KL T, av Y — it hz B2 UEEERL T T, EAN
7% Future ¥ Promise Zffio 72U CTRILIN TV ETH, 022K E2T KL TEWITFRVDIX
AtomicInteger D#f77TF, Z4Ud Future IZE L 72O TR, RLALy F2AFHINTHS
LIRS WD EL TS, Bl ALy FALERINAMEICEL Tk, HE2ETFHIC
FHT2E5Ca—-REEIPRINVIRD ERA. 7V I 74 TR L TRFIRIBEZ RS
% DA Atomiclnteger ¥\ 5 Java D27 7 A ¥ 720 T3, 2 DL EDREHIT L=,

HIRAIZ, D XD B A Xy MURIZEEZ Java @ concurrent 2%y 7 — W D ESEH
2D TEBEOMATEIZENSGZHWSE IS TEET,

2 (DR F 172 EH R D7 ¥ DIATILFNC B T 2 b 4 Rk DM R AZORIPAZ Z A TLES =0E|
E L %73, [Java Concurrency in Practice] 72\ L ZOMER MMava MfTUHE T 77 I v 7 —20 TH#E) ¥ TEH
API) %%t %) % [Effective Javal ¥ Wo RTINS DFHEEICOWTHERNZ LK E T,


https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/util/concurrent/atomic/AtomicInteger.html
https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/util/concurrent/package-summary.html

.19,

7 A b

VIMV 27T AT EIEZLOEENDELRIEZ LML TOETI, 7AWV
SEOFERIBEATERDFEDIMAE DRV, EWIRRAZAHELET, 20 &5 2IRIICH
FRDZ ZARHME, FIRTZ2Y 7 727 0&>Tavy T XA MMERZ IO 22D T, S5
DERIZOVTERRE T ICHE LD 572HTT,

BEICEVEVSDHZRETRHELZ L THLFICLrRD FHA, HOBRERLETAETS 2L
EARAREDL D LNFERAD, P2 PATREY 7 V277 A VWS BEDERIIOVTEE
EWRLEL x5, £l il 7ud =7 VCEBEINZHESTERELHRLTBEEL & 5,

ARETE., Y7 7277 AMEFRROERLE LET, ZOERSHBMEIEINTW2HE IV 7
FY =TT A MORGE B ER-RRZLEDHDTE,

V7 027 TAMEIE, V72 M2 7HEREINZISCEHELERXNZNW 2IZETH
TENRVEIRCHFEINTVR I ERAET 2 L5 KIS et R, HEWVIE—HD
Tt A TH 5,

RONZZVY —RDHF T FLNTEHATEE TR NEHRETT2720121F Tud=zr O,
FRH U8, FROBEMNZHEFET 20 ESH D ET, 25V AMERTI 2z, RE O
EMAET A EZLNE LDV ET, 25 L TEXSNLFTHEHAVWVTNRDOY 7 by =27
EMALT A2 2D, TAPEWITARDTT,

19.1 TRAbDOREE

T A MEIRODPDIN—FIZHETEEITN, pEAFIEICOVWTHERE, ik, F—2aick-T*
DEFRIIEATT, 7udzl MIHEDLIRIZ, ¥V oBRTTRAMNEDEL TWAHERL T
BEXIEL 5, BEETIZ, W OO0 EMZRLET,

< FERT R MEREIFIFETOER
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https://www.amazon.co.jp/dp/4764903296
https://www.amazon.co.jp/dp/4764903296
https://www.shoeisha.co.jp/book/detail/9784798124582
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-a2=vy ;7T RXPb
* ATV MIELKIRZFE->TWED, £ 7227 PRV T VLY S 2k
TAMLET,
- A7 —=>aryrRAb
* ZETELRVI—RFIINLT, Fna— FPKET 207X FLET,
- ZIFANT AT
* VAT LEERDEEET 2T AP LET,
«JSTQB Y7 +v =77 A MEERGEEI TOESR
- AV R—=%¥ 7 A+ (component testing)
* 2=y 72 L EHMUEET,
* HADY 7 by 272V K=Y DT AMEIELET,
* MV LTTRAMNTEZY 7 b 27O/ E QY R—2 2 PO E T,

* MELEAV RV FRI AT LDA V&7 = — ARHEER O RMZ TS % 7-

HDFT AT,
- VAT LT AL

* MEINT2T AT LD, FEDBEMG R T I 2FHT 220D T A DTt R
T,

- ZIF AT A b

* VAT LIPLI—FD=—X, Bff, EIRRA TR RAEMWET 202 F 2y 7557
DT A FTT,

* ZOTAMIEoT, YRAT AMRRTANKEEZ L TWEPHELLD, 2—F
REERIRAT LEZFANDEDE I PERHETEET,

« K7 F 2 b OYIEIERICE PN TV IER
- 2=y F7 A+ (Unit Test)

* JEF 2L & HFENE T,

* 7075 AR TIRR NS REA BIZAEBERI ) KFEfTEINET, TOT A
OHINZZDOHBEPIELSEELTWE Z e 2ERT 22 TF, 2=y b7 A MH
D7V —20V—27 DRI THZ < Java @ JUnit % PHP @ PHPUnit 7 ¥ xUnit
CEHIN D Z e BEZWT T,

- WEEBT AL - AT A+ (Integration Test)

* T0T T AREMBTERL THOEBRICENET 202 MAET 2 7-DICEITLET, AT
TITS (B ZIIHEEZBIFE L 2 AN) H D% Selenium 72 ¥ &> THBITHEITT %
HONRH Y FT,

- VAT LT AL - WERIET X b (System Test)

*1 https://jstqb.jp/d1l/ISTQB-glossary-introduction.V3.2.J01.pdf


https://jstqb.jp/dl/JSTQB-glossary-introduction.V3.2.J01.pdf
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* FEBRCHA SN HNCHIL bk & R ERITORER O 2R L E S, v T 7S
Vr—2arDEETTe, HlZIE7 +— L2 AT 2EOBRFMER B A 55, &
ABWVEGED VAR ADWGEEZ T o7 DAY = 77 5 ¥ CIEHICENES 25
REEHRLET,

HELTWEDIE, DEICICTAMOHNRPRENRZ LS 2, EDXIBRAFCEIHZLD
TAMeEBET 2RNENDHD T,

192 a2AZvy hkTRXRE

ZITE 2=y P T A MRASREMTHBEGFTESTRAF EERL T, 2=y TR MNI T+ —D
2L CE#REITVWET, 2=y F TR M Scala TO IR T T I VB ERBICEb-TL 32729
T3,

2=y FTFRAMNERITHOHEBIEIKEL 30HIFONET,

1. REORNCHZTNEMEE 2=y bT AP LTERL, FEERTS 2 TEARALDORL
HREZ HET D TE D

2. 2= P TR MI X o Tl ITREMAHEDS TR P INRELZSIX, ZODLTYV 777X
TTBHIENTED

3. RTOKRELFEET 20T, BEATTAMNET 220 TES

?@@ﬁﬁf%%?xhﬂ—F%7Dﬁ7Fﬁ—Fibéﬁ’$<Ct%?XF77—XF2WU
F5, ZLT KMT 27 A M 2E L oKEZED T FEDZ 27 A MREIFI (TDD:
Test Driven Development) £ WWEF, &B, TDD IZOWTIEZNHEIMTEICHR DG 2 D TAHT
S L FH A

V7727 RYTOWTIE, KRETTHLLIMNET,

A=y PTRAMEELETZIHoT, KE2TTBELVWI LA ADHLET,

1 @HICFEITTELTAMREET 2
2. BBt OH 27 A P RFEET D

ERICEfTTERAIL TR ML AR A=y FTFRMRETTERZ XS0 3, £/, B
PHETE 2 TANTORRNNEERERBICTEET,

193 DUZoZy7ox)>5

V77 2ZY27iE, VIV 27OMMEEZZ 2L, TR L0MEERORTLE
fkxg3zZ2TY,

R—=FT T 7UIT—DV IRV ITE, V7277V TEITSEHHBE LT 4 D20HEHD
EFonTVED,


https://www.amazon.co.jp/dp/427405019X
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Y7 v TEEt R EE RS0
Y77 RERLRTLT 50

AT REDFRTT 5D

B Ia S IV TELESCTERD

AW N =

FFEFDOHT TDD OREETH S 7V b - Ry 713, UNIRTEBRRI»S, V77220 >
TIIANTH 2 e dhRTVE T,

1 AR WT BT T AFEFELIZLW

2. BYw IPEELTWETRZ I LEERLIZ W

3. BREBINC Y, BIFO 3 — REENRECRZ 7077 MIEE LI W
4, BHERZEMETBEDOZ N T 07T LEEE LI W

V7722 3R ERNLRERONERLDHIT2-00RVWEETHH, ZEIERINEY 7
Y27 TREYI->THAYZZ B TERNT ST 4 RATT, ZLTY 777XV I7EITIBRIC,
VIMNT 27 DHREEEZ Dol b R ERTITFERE LTIy P TR INPRERZRZDTT,

194 TRTa4>TTL—LT7—7

EBRIC2=y FTFRAFDTRAPa—RFEELBICZE. 7RAT4 277 —09—2%FHELET,
Scala TILKAHENTWE T AT 4 V7L —LT =27 LTHNEINZDIELLTD 2 5T,

» Specs2

 ScalaTest

SENE, w7 v EAWTEEINTWS power assert & W\ 5 EFI R BEREZ #7272, ScalaTest
ZRALE3T,

ScalaTest 1¥, 7 AT 4 Y7 7L =4V —27OHTH iREHKEHHFE (BDD :Behavior Driven
Development) ZH% R —+FLTWVWS57L—LY—27T7F, BDD TE. 7R MNIZZDOTO T F AT
G2 o RN 2l S €5 28 T TR MBAREMICAZ T AP LES ELTWVWED
Db DRI LT EIFHELRDET, BERZOFZXH B> THEVTWEET,

195 TREHATET S sht 7O 7 FDOERL

Tk, FRIC2=9v P TR M EHFEVTAEL LD, TR0 PEEKRLET,

WYLREE T A NVXKICTUTITEEREITLETS, T I Tld. scalatest_study ZfED., X HITHIC
src/main/scala ¥ src/test/scala D 2 DD 7 A+ VX ZEDEL & 9,

build.sbt ZFHE LT, UIFZHABL THEFT,

2 PWXNEHROFATREE X4 725 L TERT % assert i&, —fiIC “power assert” X MHINTVWE T


https://etorreborre.github.io/specs2/
https://www.scalatest.org/
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name := "scalatest_study"
version := "1.0"
scalaVersion := "3.8.4"

libraryDependencies ++= Seq(
"org.scalatest" %% "scalatest-flatspec" % "3.2.20" % "test",
"org.scalatest" %% "scalatest-diagrams" % "3.2.20" % "test",

)

Z D%, scalatest_study 7 # VXA T, sbt compile ZETLTAEL & 5,

[info] Set current project to scalatest_study (in build file:/Users/dwango/workspace/
scalatest_study/scalatest_study/)

[info] Updating {file:/Users/dwango/workspace/scalatest_study/scalatest_study/}
scalatest_study...

[info] Resolving jline#jline;2.12.1 ...

[info] downloading https://repol.maven.org/maven2/org/scalatest/scalatest-flatspec_3
/3.2.17/scalatest-flatspec_3-3.2.17.jar ...

[info] [SUCCESSFUL ] org.scalatest#scalatest-flatspec_3;3.2.17!scalatest-flatspec_3.
jar(bundle) (5456ms)

[info] downloading https://repol.maven.org/maven2/org/scalatest/scalatest-diagrams_3
/3.2.17/scalatest-diagrams_3-3.2.17.jar ...

[info] [SUCCESSFUL ] org.scalatestf#fscalatest-diagrams_3;3.2.17!scalatest-diagrams_3.
jar(bundle) (5199ms)

[info] Done updating.

[success] Total time: 11 s, completed 2023/02/09 16:48:42

MEo ks irshnd, I THEFEZZE T TY,

196 Calc VS REFDTRAMEERRIZES

ZOTIE. BRZRT A M ERELTAHEL & 5, POtk ziii/zd Calc 7 7 X Z1El L. £

NH6Z27AFLTVWEERT,

« BROBHZEIF L. ThoZ R LELELBEZIRST Z A TE S sum Bz o

< BRE 20D FEIETEH - LEE/NURDOEZ IR 2 LT E S div Bz o

o« BEUYEZ 1 OZITHWD., ZOMENPBRTH B0 500D 7 —I)UERIRT isPrime B 2o

INEFEIEL A, src/main/scala/Calc.scala FATD X 51272 £3,

class Calc {

Jox BROBA ZMB L, Zhor2RELADELMEEET

*
* INtOm K%z LRl > 72RICIE A - N=—7n8v—-93%
*/

def sum(seq: Seq[Int]): Int = seq.foldLeft(0)(_ + _)




10
11
12
13
14
15
16
17
18
19
20
21
22

FI9E TAb

158

Jox BEE2OZUMD, DT2HBTH> EFH AR AOMEET

*

x OTHEH A5 L LAEBICERETRANADLZR TN D
%/
def div(numerator: Int, denominator: Int): Double = {
if (denominator == 0) throw new ArithmeticException("/ by zero")

numerator.toDouble / denominator.toDouble

}

4k BHMEZ DO UMY, ZOMEPEEBTDHZ2HLr 5007 - VEEZIRET 4/
def disPrime(n: Int): Boolean = {
if (n < 2) false else !((2 to Math.sqrt(n).toInt) exists (n % _ == 0))
}
}

RIZTFA T —ZARZOWTEZE T,

« sum B
- BEOEHZEEL. TR B LEDELBHERT ZeNTED
- Int OFE K% b 5 ZBR2E A —nN—T8r—-F 3
« div B
- BE R 2 O . 5F xR TEH o 1 RE MR OE R RS
- 0 THE|A 5 & LB ETRBIAS T Hh 5
- isPrime B4
- ZOENFERTH 20 E S D07 -V dZiRS
- 1000 A N OMED ZHCHIE % — LN T T = %

HUEDESICT AP EBITVE T, EARMIZT R b ORREHI.

1. BREZ /-3 2T AT 5
2. EENFATTE L HFYAICHLTT AT %
3. SRR IR ALHSZEET AT S

P Eo&EZDEETT,

XP (AN —=LT0TIF7IVT) DT T 7 4 R, RERE ZHRMEMICT A MT 520
YBERANDHD . EAZHTIHVET,

O DOHDM T NEREAED L DENCEI XL DHTOZ 2 2 LT, 2 DOHDOARLREZRDH 3
BYMEZ LoD TR T3, LWVWIDETRA T 275 —RA%MS L. 7R MOEMEEHIF 2729
DT 754 ADBEFMET A P LTHHISATVWET, ZLTHREEZ. L7 RFERTRDLIThY
BHh e B@NREROMD R LICORNI B[40 72OV TT A PSIFFICHERT XA T
To ZOEIRFNCR T ARV EFIZF1I2HICTIELIEZ SR VWL S BAESITHNT
BZRUDRERFRATE R o720 e RERBEICORDP > TLEVET,
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RPNDT AN EENTAE T, src/test/scala/CalcSpec.scala ZAND XS ICEAL £5,

import org.scalatest.flatspec.AnyFlatSpec
import org.scalatest.diagrams.Diagrams

class CalcSpec extends AnyFlatSpec with Diagrams {
val calc = new Calc

"sumBd " should "EBH O EWME L., FASLERELEDLDELEEREZET N TEB" 4n

{
assert(calc.sum(Seq(1l, 2, 3)) === 6)
assert(calc.sum(Seq(0)) === 0)
assert(calc.sum(Seq(-1, 1)) === 0)
assert(calc.sum(Seq()) === 0)
3
it should "Int®o R k% Lo 2Bicid 4+ — N— 70 —9 3" in {
assert(calc.sum(Seq(Integer.MAX_VALUE, 1)) === Integer.MIN_VALUE)
3

T A b2 F AT Diagrams & I v 7 AL ¥ L, assert XV v FOFIBUTIHRFT 2 5&M4%25KDR L TW»
9%, Diagrams 25 Z ¥ T, HXANE API 25 LoD 7 X FEMIFIZE L OEREFRRT
X5 X251k ET,

TAMEFEIELS sbt test TTRAMEFEITLTLKEEI WV, DITD X5 RETHERIEZREIN
£,

[info] Loading project definition from /Users/dwango/workspace/scalatest_study/project

[info] Set current project to scalatest_study (in build file:/Users/dwango/workspace/
scalatest_study/)

[info] Compiling 1 Scala source to /Users/dwango/workspace/scalatest_study/target/scala
-3.8.4/classes...

[info] Compiling 1 Scala source to /Users/dwango/workspace/scalatest_study/target/scala
-3.8.4/test-classes...

[info] CalcSpec:

[info] sumBd %%

[info] - should BB oK 2WMEF L. ThLE2RELADELBEERT L TE S

[info] - should IntOoHE K% L H - LBiIcd A — N—7 v -9 3%

[info] Run completed in 570 milliseconds.

[info] Total number of tests run: 2

[info] Suites: completed 1, aborted 0

[info] Tests: succeeded 2, failed 0, canceled 0, ignored 0, pending 0

[info] All tests passed.

[success] Total time: 12 s, completed 2015/12/25 1:25:56

FITRRDP D, TRTOTRAMIFA LI e 2MRTE LT, BB, bILKBLLHEIRY
DEIIKRSNLDOPHERLTAEL & S,

*3 Scala 121 Predef IC® assert AfFEL 345, HAMICHES 22 i3HD THA
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[info] Loading project definition from /Users/dwango/workspace/scalatest_study/project

[info] Set current project to scalatest_study (in build file:/Users/dwango/workspace/
scalatest_study/)

[info] Compiling 1 Scala source to /Users/dwango/workspace/scalatest_study/target/scala
-3.8.4/test-classes...

[info] CalcSpec:

[info] sumBd £

[info]l - should BH OB EWME L., ThOSE2RELEDELEREZET I LD TE D 4ux

FAILED 44x
[info] assert(calc.sum(Seq(l, 2, 3)) === 17)
[info] | [ N A
[info] | 6 || 1 2 3 | 7
[info] | |List(1, 2, 3) false
[info] | 6
[info] CalcEe72a964 (CalcSpec.scala:8)

[info] - should Intom K% LA ZBiIcEd 4+ —"N—7n—9 3%

[info] Run completed in 288 milliseconds.

[info] Total number of tests run: 2

[info] Suites: completed 1, aborted 0

[info] Tests: succeeded 1, failed 1, canceled 0, ignored 0, pending 0
[info] 4xx 1 TEST FAILED sy

[error] Failed tests:

[error] CalcSpec

[error] (test:test) sbt.TestsFailedException: Tests unsuccessful
[error] Total time: 7 s, completed 2015/12/25 1:39:59

IR DEIICHEEST-OZIERML T NET,
Rz, BINDRET AR TRAMNTAEBICOVWTHRLTAEL £ 5, divKETT R IO
EEEPEDT T,

import org.scalatest.flatspec.AnyFlatSpec
import org.scalatest.diagrams.Diagrams

class CalcSpec extends AnyFlatSpec with Diagrams {

val calc = new Calc

!/

"divBI " should "EHME2O0Z UMY, T E DN TEH - ZFHIBAOMBERT" in {
assert(calc.div(6, 3) === 2.0)
assert(calc.div(l, 3) === 0.3333333333333333)

}

it should "OTE 25 v LEBICEETHMALPEZE TSN Z" in {
intercept[ArithmeticException] {
calc.div(1l, 0)
}
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FEHTREEBROE S T REDRRICRITONZHMNE T X P L TWET, intercept[Exception]
EWVWIREXLTEo 72 R a—THATHRIT 50260035 2 HBEWEBI e 2 D, ISk 7 WG I Id
W7 A RBRBL ET,

RRICART7 + = Y RAZRALT 27 A M2 HEE XY, BB, ARa=v 72 N 3KHED 222 T
AP 2HLARETEDDFRADN, TEIRLFEOKETENZHETEZ S X OICEELET,

import org.scalatest.flatspec.AnyFlatSpec
import org.scalatest.diagrams.Diagrams
import org.scalatest.concurrent.TimeLimits
import org.scalatest.time.SpanSugar._

class CalcSpec extends AnyFlatSpec with Diagrams with TimeLimits {

val calc = new Calc

/] ...

"isPrimefd " should "Z OEPZH TH 20200 T — LfEEZERET" in {
assert(calc.isPrime(0) === false)
assert(calc.isPrime(-1) === false)

assert(calc.isPrime(2))
assert(calc.isPrime(17))

}

it should "1000 F A T O O ZHHUEZ — LN TUETE 2" in {
failAfter (1000.millis) {
assert(calc.isPrime(9999991))
}
}
}

TimeLimits 2\WS b L A4 FRFIHT 3 Z ¥ T failafter & WS MHEEER %2 7 X b3 2 8%EE 2 FIFH
TE5 &2k ET,
RN ETOT A M2 E 2 OT sbt test TEITT S U TOKREIMNESLNET,

[info] Loading project definition from /Users/dwango/workspace/scalatest_study/project

[info] Set current project to scalatest_study (in build file:/Users/dwango/workspace/
scalatest_study/)

[info] Compiling 1 Scala source to /Users/dwango/workspace/scalatest_study/target/scala
-3.8.4/test-classes...

[info] CalcSpec:

[info] sumBd ¥

[info] - should BH oK 2WME L., Tho 2R LADELEBYEZERIT LB TES

[info] - should Intofm K% LAl ZBiIcE 4+ —"N—7n—9 3%

[info] divEd ¥

[info] - should B 220 UMD, 7 F2 0B TEH-> R IR AOMEEIRT

[info] - should O TH A5 2 LAZBICEETRANAIHZ TSNS

[info] -isPrimeRd £k

[info] - should ZDOEBPZH TH 200D 77— LEEIEKET

[info] - should 1000 L Fo D ZHHEZ —BUANTUETZ 3

[info] Run completed in 280 milliseconds.
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[info] Total number of tests run: 6

[info] Suites: completed 1, aborted 0

[info] Tests: succeeded 6, failed 0, canceled 0, ignored 0, pending 0
[info] All tests passed.

[success] Total time: 8 s, completed 2015/12/25 1:43:22

YU EDEAWNRT A P Z2RET27-0DKEDHNT Lz BDD TT R M E2EL ZLIRE-2TT A
MICEoTED XD BRAENETZEINZIRETH 200 VSOOI DR TWIRIIZR>TWVWE Z
b T,

19.7 Ew7Z

By i, TRAMZTARICHELRZ AT 27 P e BELTHETEABRETT, MUTOkk
BEY I IATITUDBFELTVET,

» ScalaMock
» JMock
» Mockito

2T, Kb TW3 Mockito ZFIHLTAEL £ 5, build.sbt I FEBRLTZI LT
FIFHRREIC 2 D £5,

libraryDependencies += "org.mockito" % '"mockito-core" % "5.24.0" % "test"

7% 8. mockito ® version 5 DI Java 11 DL LSBT F, 8 2 L TV 555 1E mockito D
version 4 Zffio TL72& W,

HFomL DT, BIFLAE LR Cale 77 2ADEy Z7EHAE LT, Ty ZIiZ sum DIRZ 2L
AATREL &9,

import org.scalatest.time.SpanSugar._
import org.scalatest.flatspec.AnyFlatSpec
import org.scalatest.diagrams.Diagrams
import org.scalatest.concurrent.TimeLimits
import org.mockito.Mockito._

class CalcSpec extends AnyFlatSpec with Diagrams with TimeLimits {

/] ..

"Calcd Ewv 74 7Y =7 b" should "R 2|V EMBETZ2 P TE 2" in {
val mockCalc = mock(classOf[Calc])
when(mockCalc.sum(Seq(3, 4, 5))).thenReturn(12)
assert(mockCalc.sum(Seq(3, 4, 5)) === 12)

}



https://scalamock.org/
http://jmock.org/
https://github.com/mockito/mockito
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val mockCalc = mock(classOf[Calc]) TEY 27 A T7¥ =7 FZ/EM L. when(mockCalc.sum(Seq
(3, 4, 5)).thenReturn(12) TIRZBENEER L TVWET,

Z L THRIRIZ, assert(mockCalc.sum(Seq(3, 4, 5)) === 12) TE v ZIXMAATLBEI NI
LEETAPLTVET,

PEo X5k y 7 OKREIZ. FEEICERD 20 o T L % 58572 L0850 % il i #n 3729
KHHEATVET,

EVvIEED, TAPOMEPKELTWEA T 27 2B EMZ 2RO E T A X T
VI E T,

19.8 JI—RANLYZOHAEIE

TFTAME 7o, TRAMPEBEEOENSOWEHETETWAOE2M 5 HiEX LT, a—F
ANV DERFHIT WS HENRDH D ET, Z 2 TIE. scoverage ZFIHL 3,
project/plugins.sbt ICLL D a2 — FZFEARL 35,

addSbtPlugin("org.scoverage" % "sbt-scoverage" % "<latest>")

Z D%, sbt clean coverage test coverageReport HEITT B LT, target/scala-3.8.4/
scoverage-report/index.html WLR= 2 ENET,

ALY packeges 109,00 % SCoverage generated at Thu Apr 89 22:18:52 JST 2015

<tepty> 100.89 %
Lines of code: 29 Files: 1  (lasses: 1 Methods: 3
Lines per file 2989 Packages: 1 C(lases per 1.88 Methods per j.aa

package: class:
Total 18 Invoked 18 Total branches: 4 Invoked 4
statements: statements: branches:
Statement 100 00 SN gronch coverage: 100.00 NN
coverage: % i
Class Source File Lines Methods Stotesents Irvoked Coveroge Bronches Trvoked Coverage
Cole.seala 29 3 18 18 N wewx 4 4 . e x

DEothre, SEOF A MIAANL v P 100 % THB bbb T,

TIZT, INLyPREHIIT 3 Z 2oV THEREBRRTBE T,

BENINL DB ET ZOIANL IV NI X o THLNEE TL2HD FHA.
BB B R R Gl Z R L T0 2 b Tk, Forhirvi s ba—RfL T, 72 ¢
I—FRNUWHINR—LTWVBEEWVWISHEHEERLTWAETTT, ALy IRV —ILRETFIEIR

** Ey 7 PN DHFEAIC DWW T xUnit Test Patterns 22 L TL & W


https://github.com/scoverage/scalac-scoverage-plugin
http://xunitpatterns.com/
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Ko THRDPZE L 5, 21X JavaScript HO AL v PV —)LTH 5% istanbul & total 53 0 £
DFE100% L TR L 250, TAEFBEICY —LDFEENRZE S RoTWE WS EIFDIETT,
FHALTOWE ALy OV —ARED XS CENET 200 R LA BT ALy IV ER—- 25
EOa— FPEFTEINLBLoTODFEHRINELEL 2 5, BELZFICHZMITZ2DTIERL, AN
Ly DHIEIRE o TE S Vo ERPBE LMD EEZTLEI WV, 3 THUE, Y — IR [E
EIND B TAMDDIRVESEFHATESZTL x5,

199 dI—FREAILFTVYD

BBT AN FEBZERDD FHAD, ZIEFTTHEMALET A ME, EFEICIX Jenkins 72 ¥ 0D
MBI A > 7 7= aryy— (CIY—) TEMEN, VILy>arz2litT5701200b
NFET, ZOBRIZ, CILO—ERE LT—HIITbNE I B2 0DONa—RFRAXAVF 2y I TT,

A= RRAXANF 2y Z7IZBVT, A YT Y FOBPEBRDHEDAR-—ARKEA—RDT +—
Ry MeF vl TBIEBT -7y R, FUBEITTHREZINS Scala 2— FOFEZFITL-oTWV
LT vy 7T HINFY E—EHVET, BIZIEX RDOXY v FiERIE Procedure Syntax & I
W, HEEH Lwos— a > @ Scala TIRIFHERICR > TVWET, VX —3ZD X5 HREELL
Zna— FERAILTIRELE T,

object Example {
def myProcedure {}
}

2022 FEHRETIE scalafmt 8T 7 7 7 P D7+ —~< v X ¥ LT, scalafix ® wartremover 23
YE—r LTHEDLNTWES, scalafmt, scalafix. wartremover (& Scala 3 IZX G L TWE T,
scalafmt, scalafix D¥ 55633 — FAXALF = v 7 IIMATHBBERES DD T3,

scalafmt, scalafix (& CLI T#% sbt plugin TH X £ 3252 Z Tl sbt plugin ZFH 3 2 §ifE T
MmETIOET,

project/plugins.sbt ICMFDa— FZEHRL 3,

addSbtPlugin("org.scalameta" %% "scalafmt" % "<latest>")
addSbtPlugin("ch.epfl.scala" % "sbt-scalafix" % "<latest>")

19.9.1 scalafmt

F 3T scalafmt #ER L TAEL & 5, sbht Pz L ZHWTRO A<y FR2FETLTLEI WV, B L
V=27 =<y NCHEEXRH 2 a— FREFN TV EROLEENRREINE T,

scalafmtCheckAll

RDa<wy FEFETTBIE 77—~y b2 HIMITBIELE T,

scalafmtAll



https://github.com/gotwarlost/istanbul/blob/v0.4.3/lib/object-utils.js#L93
https://github.com/gotwarlost/istanbul/blob/v0.4.3/lib/object-utils.js#L93
https://scalameta.org/scalafmt/
https://scalacenter.github.io/scalafix/
https://github.com/wartremover/wartremover
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7z, build.sbt BEDEIL RIZDH S Scala 7 7 A VDT + —< v MiJ scalafmtsbt TIELETE
S

7+ —<v MI.scalafmt.conf 7 7 A L THRETEE T, st LAEAA N Fa XMz eBh
HZBLTASEWNWTL & 5, https://scalameta.org/scalafmt/docs/configuration.html

19.9.2 scalafix

ST, K scalafix ZB L TAEL £ 9, sht Yz L TROAT Y FZETLTLZEW,

scalafix --check --rules ProcedureSyntax

TR IS WCEEPRRENTT,

[info] Running scalafix on 1 Scala sources

[error] --- /path/to/problematic/File.scala
[error] +++ <expected fix>

[error] - def myProcedure {}

[error] + def myProcedure: Unit = {}
[error]

[error]

ScalafixFailed: TestError

MEODZ2a— FE2HEMWICEEMZ 21213 -—check & 7> a3 &ML T scalafix
ProcedureSyntax 2 > F &2 EIT L £ J, LIT L D myProcedure IZRXRD X 5 ITEE XN
£,

object Example {
def myProcedure: Unit = {}
}

Procedure Syntax D& & ¥ E1EIE scalafix 127 7 4V P THEINTVWE ST, 7477V L
TREXN TV scalafix DIL—A%Z2H S5 22 TY VX —DL—ILEZBINTEET, K[HINTVS
N—UE scalafix D R F 2 X ¥ MZEVNTHD 7,

19.10 FRKMEZECZS
BIREL LTEHRLTIELVWZ 2RI TBEE T,

s FEARRODIES, ARETHIUIEHRTFIED HHLOETRET 2
e Ry FEHEIBIIT A+ 2ED S
c REHIZTTAMEZEWTILBADND

AP SHESINTEZAESR. BEHEVWSIZLEHDES LTHHRIEIOLWEELRDD T,
ZOMRY LT MAOBRBTEHELEBATLE) LSO TRDoTLESDTIE. FEEZE


https://scalameta.org/scalafmt/docs/configuration.html
https://scalacenter.github.io/scalafix/docs/rules/community-rules.html
https://t-wada.hatenablog.jp/entry/debugging-tests
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ET28o0DF ¥ Y RERT IR >TLEVET, ZARKNEELE S 272012d, AJRET
HNIFEAOHHFIESCHE I - F2HEL, FEARECEDEL x5, FHFIELZIITICRREL
FEEMBIES N2 ATREMD EE D £3

MADI—FE2TRAET 2D, 5ro2L72a—FTHoTHHFDOINBIEETT, TARIEHE
Z, Ro/z) Y —XTFXRTDO Ny FITH L TITS DIFAARRISAVDOT, ey 2 MZkoT
BT API—=FDRVAY FIELE 2 =010 60T 2 DB NTT, Sy F 2K 25 58I 3HETFH
HEZFR TRy FERDIADS LS, TAMZEDTEBEEL x5,
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.20,

Java & OFHEEH

20.1 Scala & Java

Scala & JVM(Java Virtual Machine) ® L CTHIfET 5720, JavaDIA4 75 VDIFL AL R ZD %
% Scala 2H6MURET I eNTEXT, £/, TR TIE. Scala DIFHES 4 77 V2 Tid. €5 L
THRELHREDE D 3\ Java OBBELFIAE I 22800V DD 3, 772 L. Java DHEE
EoTd, Scala DZNELIFLAYFEILESCHHTAZ N TEET,

20.1.1 import

Java D7 4 77V % import T2 7=HI21E, Scala TIF& A XKD Z & 234U OK TT,

import java.util.,;
import java.util.ArraylList;

TANKH— KA R— X Scala2 Tld_ %, Scala3 Tlid, 2FVE T,

1 [import java.util._
2 |[import java.util.ArraylList

20.1.2 ARV ADER

A AR ADHERLD Java LRIBEICTE £ 3, Java TD

ArrayList<String> list = new ArraylList<>();

W5 a— KX Scala Tl

1 [val list = new ArrayList[String]()
2 |// list: ArrayList[String] = [Hello, World]

Lild T2 TEET,
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20.1.2.1 fREME
java.util.HashSet 7 7 ADA Y ARV A% new Zffio THEKRLTAEL & D,

import java.util.HashSet
val set = new HashSet[String]
// set: HashSet[String] = []

w N =

20.1.3 AYVREAVAXY W ROMUHL

AVARYARXY y ROMUHL B RETT,

list.add("Hello");
list.add("World");

=S

list.add("Hello")
// res@: Boolean = true
Tist.add("World")
// resl: Boolean = true

A W N =

LRLTT,

20.1.3.1 #FERMRE
java.lang.System 7 7 ZAD 7 4 —)L K out DA Y ARV A XY v ¥ println Z5[#("Hello, World
M LTHESZLTAEL & D,

1 |System.out.println("Hello, World!")

20.1.3.2 static XV v ROFUHL

static X Y v FOFFUH L D Java DS LI A LRBRICTE ETH, 1 DEBEAPH D E T, Z
#Ud. Scala T3 static XV v FidfRE ARV (W5 kD static XV v Fe WS HEERDRWN) &
WHZETF, Zhud. 77 R Apistatic XV v N foo Zfio Tz LT, A Z#RL 7% BIZht
LTB.foo() £ 35 LIETET, A.foo() E LARTIUIRLBRNE WS HEZEKRL T, Zhl4t
DFRITDOWVWTI Java DFH IZIEFR LTI,

RERZ 2 VB TEYSE T % system.currentTimeMillis() % Scala 226U H L TA X
LxJo

scala> System.currentTimeMillis()
res0: Long = 1416357548906

FRENBEZARETADTY VBT BRANCEDLETEDD £95, MERIEIHETVS
[ S5 2 G IS


https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/lang/System.html#currentTimeMillis%28%29
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WEERZE java.lang.System 7 7 2D static XY v F exit() #5180 & LTMHUZLTAEL &
Io EDEIBKERIZLZTL x50

System.exit(0)

FATHD Scala 7B 77 4 (FrtR) DT T 5,

20.1.3.3 static 71 —IL FOEBR

static 7 4 —/L FOZIR D Java DS L EARNCHE U TEA. static XV v FOBE LR CEES
PYUTIEEDET, 2D, static 7 4 — L FidE X w, W5 22 TY, 22 xE, Java T
I¥ JFrame.EXIT_ON_CLOSE 23K X N5 Z & ZFIH LT,

import javax.swing.JFrame;

public class MyFrame extends JFrame {
public MyFrame() {
setDefaultCloseOperation(EXIT_ON_CLOSE); //JFrame%* #k & L T\ % @ T. EXIT_ON_CLOSE
72 TOK

DESHA—FZ2ELIHNTEETH, Scala TIRFIL X5 ITHEL B TET,

import javax.swing.JFrame

class MyFrame extends JFrame {

setDefaultCloseOperation(javax.swing.WindowConstants.EXIT_ON_CLOSE)
}

DESITEIRBELDHD T,

REDT0ZZ I 7T, Scala DIFEZ A 77 VT TRBERTIA T I7VBRFRL TN
MICZAEBLETHE, 250558 3BCH 20— R ¢—F 1D Scala 7477V » Java 74 7
7V ZEHENOETOBEARICLD 5,

BMEEBRIE Scala T Java @ static 7 1+ —/L F 2SR L 2T IR SR WEEZ 1 DB EXEIFTAX
LxJo
java.lang.System 27 7 A D static 7 4 —)V ¥ err 2SI 255

20.1.3.4 Scala DB ¥ Java DEIDTvEVY

Java OENIEYNC Scala icw vy VU 7 ENE T, 728 Z1E. System.currentTimeMillis() AR
BNX long 2 CT§ 2%, Scala DIEHEDTITH 3 scala.long ICT vy ¥V 7 INFE T, Scala DB Y Java
DDy B ZIERD L2 D %5,


https://docs.oracle.com/en/java/javase/17/docs/api/java.desktop/javax/swing/JFrame.html
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Java DFRTDO T Y 27 4 ZTENIXIET % Scala DEPHEINTWE Zebhh F54h !
F7z. java.lang 8w 7 —IZH B 7 7 RIEAET Scala 2> 5 import LI 2 5,

72, ZIRANCOWT D Java FIREIC Y 7 ABEBOFICHAAERTWE TS, 722 21X, Java TS
9 9nt[] 1 Array[Int] EEEZZ T, ZHUT AnyRef DV T2 5 ATF, WS Z i, Scala T
AnyRef £ { Z & T Array[Int] % AnyRef BIOZEITARAFIGET S, Z—FDPERLLT T X[
T, AT AnyRef ZHERK L TWB Z IR o TWET, (727 L. valueclass £ W5 DHH
D, TNE[Fo 755D LHEESERD T2 ZTIERFEMCTfLELTA)

20.1.3.5 null & Option

Scala O TIZ null 25 Z 2137 <. Kb DIZ Option MZfENF 3, —/5 T, JavaDA YV v
FEMUHLZD T2, BOE2 LT null 5R->TL 3 Z2ehH D £3, Scala DMATIETE S
720 null ZEXD 7z BVDTZREA LR 7228 T, FWIZH, Scala Tl option(value)
Y3252 T, value 23 null D & X None 2. null TRV E ZlX Some(value) ZIRT X HICTE
S

java.util.Map Zffi o> THEPDTAHEL £ S,

val map = new java.util.HashMap[String, Int]()
// map: HashMap[String, Int] = {A=1, B=2, C=3}

map.put("A", 1)
// res2: Int = 0

map.put("B", 2)
// res3: Int = 0

map.put("C", 3)
// res4: Int = 0

Option(map.get("A"))
// res5: Option[Int] = Some(1l)

Option(map.get("B"))
// res6: Option[Int]

Some (2)

Option(map.get("C"))
// res7: Option[Int] = Some(3)

Option(map.get('"D"))
// res8: Option[Int] = None

H oAt null 3 Option 127 v FENTWE Z b h £F, Scala DAL S Java DX Y v
FZFEUZ3 e Zd, RO EEZTE 2721 Option() T 2L L5 WCEMLEL & 5,
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20.1.3.6 scala.jdk.CollectionConverters

Javadal Zyar¥ ScaladaLryayidf vy X7 = —RACHBERDD $HA, INT
Z. ScalawalryarvkJavadalryayiKELED, MR- TEk JavadalL 7Y a
Y% Scala ®avL 7y a YA LI WHEIIMETT, 2D &5 RIGEIERR DD scala. jdk.
CollectionConverters T3, Scala 2.12 MIFTNXFFEDHEREIX scala.collection.JavaConverters T
I TV E LA Scala 213 DIREIE Z UAIEHESRIC R D £ U e, W13 W7z o THE T,

import scala.jdk.CollectionConverters._

3372 TT, AT, Java & Scaladal 7> a yDEFNFNIZ asJava() X asScala() &
WoZe XYy RBBMENLZDTEDAY v RELTO LS IZHEFHBIXERWTT,

import scala.jdk.CollectionConverters._
import java.util.ArraylList

val list = new ArraylList[String]()
// list: ArrayList[String] = [A, B]

list.add("A")
// res9: Boolean = true

list.add("B")
// resl®: Boolean = true

val scalalist = list.asScala
// scalalList: Buffer[String] = Buffer("A", "B")

Buffer & Scala DZEAJRER Y R DA —=—2 FXTTH, £ddbh, asScala XY v FiZ k-
TJava DAL 27 ar% Scala DZNCEBT Z D TETVWLIADRDET, ZDEPD
ALY a OV THRABICEITEETH, FLIZAPI FFaxXx Y FE2ZRLTILEEY,

F /2, scala.jdk Xy =%, al 7y a YOEHBUAOERED IRt TVwE T,

W& BB E scala.collection.mutable.ArrayBuffer B D fH & A L T H 5. scala.jdk.
CollectionConverters % ffio T java.util.List BUCE# L TAEL & 5. KRB, ArrayBuffer I121% 1
DL EOEREEANTEL I LET,

import scala.collection.mutable.ArrayBuffer

import scala.jdk.CollectionConverters._

val buffer = new ArrayBuffer[String]

// buffer: ArrayBuffer[String] = ArrayBuffer("A", "B", "C")
buffer += "A"

// resll: ArrayBuffer[String] = ArrayBuffer("A", "B", "C")
buffer += "B"

// resl2: ArrayBuffer[String] = ArrayBuffer("A", "B", "C")
buffer += "C"

// resl3: ArrayBuffer[String] = ArrayBuffer("A", "B", "C")



https://www.scala-lang.org/api/current/scala/jdk/CollectionConverters$.html
https://www.scala-lang.org/api/current/scala/collection/mutable/ArrayBuffer.html
https://docs.oracle.com/en/java/javase/17/docs/api/java.base/java/util/List.html

11
12

A W N =

N o uUA W N e

%20 Java ¥ OHHEIEH

172

val list = buffer.asJava
// list: List[String] = [A, B, C]

20.1.37 TDAIIRA—ReEER
Java TliZ.

import java.util.List;
import java.util.ArrayList;
List<? extends Object> objects = new ArraylList<String>();

DEIICLT, ZI7REERICBAETH oI X =R 2HIZIZ LD,

import java.util.Comparator;
Comparator<? super String> cmp = new Comparator<Object>() {
public int compare(Object ol, Object 02) {
return ol.hashCode() - o02.hashCode();
}
}s

DESRXLTHRERZTSZENTEET, ZIZ T, ? extends Object DERTEHLE T L)L K —
. ? super String DEREREV AN D —REMIET, LD —RAINTIE. ZD X5 REREE.
FIRBEICENFEE T 2 &\ 5 EIKT use-site variance ¥ MU ¥ 3,

CDEREICHIE T 2D DY LT, Scala ITFFEANH D £F, LFldD Java 2 — Fi, Scala Tl
RDOA—RTREAT LD TEET,

import java.util.{List => JList, ArraylList => JArraylList}

val objects: JList[? <: Object] = new JArrayList[String]()
// objects: List[_ >: Nothing <: Object] = []

import java.util.{Comparator => JComparator}

val cmp: JComparator[? >: String] = new JComparator[Any] {
override def compare(ol: Any, 02: Any): Int = {
ol.hashCode() - o02.hashCode()
}

}
// cmp: Comparator[_ >: String <: Any] = repl.MdocSession$MdocApp$$anons$23@27877fe6

XD —RANIZIZ. 6<? extends T> X G[? <: T1IZ. G6<? super T> X G[? >: T] WWESH|ZIZZ L
MTEET, Scala D717 ARRIZBWT, Java DI AL Fh— REEAEREZRWIZWIGER.
CORERHEVWEL x5, —A T, Scala 7R 7 F ATEERMOENIEE., DF D declaration-site
variance Zfi 5 RETH - T, Java LBBRARVETICBVWTIDKEZES DIZ T 077 nzbd
DT KT B0, #IFERETT,
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20.1.3.8 SAM Zif2

Scala 2.12 Ti% SAM(Single Abstract Method) £ 8 A X", Java8 D7 AXREMEL 727
A7) REBIICHHATES L5 E L Java8 IBIF 2 7 2 X3, BB A v 27 2 —
ZEWEND, XYy FBLIDOLPREVEIRA VR T 2 — 2 LTS 7 5 22 IR T =
XTI, FlzIE, 10 OFEREFNCT 2 L IFO X5 ICHBICEL Ze BN TEE T,

import java.util.stream.IntStream;
int factoriall® = IntStream.rangeClosed(l, 10).reduce(l, (i1, i2) -> il 4 i2);

HIaAIZ, Ihe 7 AXREEHLTICEL L, MFD LI THRETT,

import java.util.stream.IntStream;
import java.util.function.IntBinaryOperator;
int factoriall® = IntStream.rangeClosed(l, 10).reduce(l,
new IntBinaryOperator() {
@Override public int applyAsInt(int left, dint right) {
return left , right;
}
s

BB DETHALZ X SIC, T4 Scala iIZd 7 A XRITHE T 2 A WO BIHRH D £7,
L2 L. LUETOD Scala Tl FunctionN BUASHAR X N 2 EATICREZINTE D, Java KBWT T LK
ARPRFINZEHORLICBOWTHH T2 TEERATLR, HlZIE 10 DREFROHNIK
IntBinaryOperator PHIFF I N TV A DTUTD XS5 ITHL T T RS BEDDH D F LT,

import java.util.stream.IntStream;
import java.util.function.IntBinaryOperator;
val factoriall® = IntStream.rangeClosed(l, 10).reduce(1,
new IntBinaryOperator {
def applyAsInt(left: Int, right: Int) = left 4 right;
1
// factoriall@: Int = 3628800

SAM Z# e MAT 2 e LFO X 5122 ZITH A EFHATE S X512 D %9,

import java.util.stream.IntStream;
val factorialld = IntStream.rangeClosed(1l, 10).reduce(l, _ 4 _);
// factoriall®: Int = 3628800

L EREICIZ-Xexperimetal £ 7> a 2k D, Scala2.1l TH SAM ZEREFMCTH LB TEE T,

LIS S, R S RAEMVEa - R S AXRS L IMELBEEE A WZa— FORMICE, Java & Scala WTh
EBOTHMPRECHBEFELET, FlZE. 2a—TPHAEINE A L Fa—RRETT, KDL EHEMER
ChRYToTAHATLIEI W,



21,

S99 D&M

22Tl Scala #HWE B S I v I OWT E D FEL BT 37-DICELTWA e Ebh s
RIEHETH B S99 IOV T HICHEN L E T,

21.1 S-99: Ninety-Nine Scala Problems

URL: https://aperiodic.net/pip/scala/s-99/
JL% 1% Prolog F1® Ninety-Nine Prolog Problems % Scala hixicF#i L 7z [ T3,

« PO1~P28 : UV Z MfE

« P31~P41 : BEHESE

« P46~P50 : FmBHE

« P55~P69 : 5K

« P70~P73 : £5K

- P80O~P89 : 'S5 7

« P90~P99 : Z DAt D&

CHEOBFIG L TR ENTVET, Db, Scala Z#ffisr Z2darrsyaryLUA b
BE2ZH3 5 DT, PO1~P28 IZOWVWTIE—@# DRI 2 X512 o THELERWTL x5, ZOfth
WEEA DBLIRIZ G U Tl E A RREEEZ O TATLIZE W,

2B, S99 ORIEDEHERE L LT,

https://github.com/scala-text/S99

EVWH VRIS MV ZHELTHD £, RETOMRBEPEMINTVEIDITEDD FEBAN, EZ
THRBEDPDYPORVEEEZELCLTHRVWTL &5, . FREOEEIIOVWTOT A Mr—
AbFHNTHHFET,

174


https://aperiodic.net/pip/scala/s-99/
https://github.com/scala-text/S99
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22,

LA MOICHE  RIEEOFEAILL S
V757027

CZTE ML FOIMARE LT, KERIZSRABY I 77XV 7T 3EBEZELTHN LA b2
EEEDEIIH o TV DEZEATVEEL & 5, ILITKHHMS R T LR THLAZKFEED
EALVSFEIZOWTHRNLET,

2.1 B> FOvsL

SHEfELNZH > T Tar T MILTROBAICH D £5, EBCEHH» LI2WEAEMLADT 4 L
Z P VIZAD, sbht ZEBIL T X0,

V770X YIHIOTAT T A

V772 R) U ITHDTAT T L

222 UI770RV2TEOTOT T LOEN

SEFSETEIDERABR IOV 7L 2EITAZE LD, 22— —DFRLVErEHT 3
UserService £\ 9 ¥ 7 A TT,

scalaVersion := "3.8.4"

libraryDependencies ++= Seq(
"org.scalikejdbc" %% "scalikejdbc" % "4.3.5",
"org.mindrot" % "jbcrypt" % "0.4"

)

.Jexample_projects/trait-example/build.sbt

package domain

175


https://github.com/scala-text/scala_text/tree/master/src/example_projects/trait-example
https://github.com/scala-text/scala_text/tree/master/src/example_projects/trait-refactored-example
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case class User(id: Long, name: String, hashedPassword: String)

object User {
def apply(name: String, hashedPassword: String): User =
User (0L, name, hashedPassword)

.Jexample_projects/trait-example/src/main/scala/domain/User.scala

package domain

import org.mindrot.jbcrypt.BCrypt
import scalikejdbc._

class UserService {
val maxNameLength = 32

/] A+ L— i
def dinsert(user: User): User = DB localTx { implicit s =>
val id = sql"""insert into users (name, password) values (${user.name}, ${user.
hashedPassword})"""
.updateAndReturnGeneratedKey.apply()
user.copy(id = id)

}

def createUser(rs: WrappedResultSet): User =
User(rs.long("id"), rs.string("name"), rs.string("password"))

def find(name: String): Option[User] = DB readOnly { implicit s =>
sql"""select 4 from users where name = $name """
.map(createUser).single.apply()

def find(id: Long): Option[User] = DB readOnly { implicit s =>
sql"""select 4 from users where id = $id """
.map(createUser) .single.apply()

/] XA 7 — F % HE
def hashPassword(rawPassword: String): String =
BCrypt.hashpw(rawPassword, BCrypt.gensalt())

def checkPassword(rawPassword: String, hashedPassword: String): Boolean =
BCrypt.checkpw(rawPassword, hashedPassword)

/] L— ¥ — B
def register(name: String, rawPassword: String): User = {
if (name.length > maxNamelLength) {
throw new Exception("Too long name!')
3
if (find(name).isDefined) {
throw new Exception("Already registered!")

}
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insert(User (name, hashPassword(rawPassword)))

}

/] 2 — ¥ — AL
def login(name: String, rawPassword: String): User = {
find(name) match {
case None => throw new Exception("User not found!")
case Some(user) =>
if (!checkPassword(rawPassword, user.hashedPassword)) {
throw new Exception("Invalid password!")
}

user

.Jexample_projects/trait-example/src/main/scala/domain/UserService.scala
UserService lZA TN D X 5 ipEnH b 3,

s register XYV v Rl —HF—DEFREBIRIRAY v FT, 2—F—DHFETL SR T — REF|
B LTRUImD., LHiOBRARDOF = v 7 L BECHHINBREIN TV I E I 2 E T,
A ML= RIFT S

s login XYy RiZ2—¥9—DFFEEZBIHXHIRXY v R T, =P —DHHTL ATV — R EZIF
Wh, AP =—YRREINTVE IO 5RZD LY -2 HOIFH L, (AT —
F2Fzv 33

« COMDR L —IHEREL SR T — FIEBED X Y v FIZNHERIICfEDN S DATH %

LEOTa 7S ATIFERCE» T Z D TE S X512 Scalike]DBC W5 7T —XRX—=2HD F
477V ¥ jBCrypt LI RRAT—RD Ny ¥ afliZ i HT 274 77 VBEORTWE I, FiE
OFME IR T 2MNEE DD A BHIXY v FOFEEZFALLZ 23D 2 5513 FEEL AL
222 CELZEBHY ET,

223 U770 RHT3EEEGHIET S

T, EV2a— b WS HET Userservice TR2 &, ¥V oMENEZOLNSTL &
S ?

1 2% UserService R EM LICEHREZ RN LTWVWS WS Z 8T, UserService DIXENZ
register XY v FZfolza—F —FERE login XV REffo/la—F—DFREETT, L2LX
PL—UKEEETH % insert XY v FR find XY v R RFALTLE->TVWET,

register XV v Rl 21— —DHZHORAKERCHICZ—F —DEBINTVEINE S 0F v 7
LTWVETH, dnsert XV RIZZEI Vo Tz v 72T T —ER—AZRFELTVET, dL
insert XY v RREHZMEONIIGE, HEMHFIBRVLI—Y -, LHIPERL 22 —F -2 R
FEINTLEVWET,


https://github.com/scalikejdbc/scalikejdbc
https://github.com/scala/scala3/blob/3.8.4/library/src/scala/Predef.scala#L383
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find XYV v FHFEOMERDH D £7, login XV v FTIERLERE find XV v FaflibN5
B RNRY—=RDF 2 v 7R LICI—F —DIERERNET 2B TEET,

Tl EDOEIRBIENEZEZLNEITLEID. E3EZALNIDIENEISMoTIZFL RV X
Y v K% private IZ3T5Z T3,

class UserService {
/] XYy FoFEEZIRLCLLZDT?22?2TRALTVE T
val maxNamelLength = 32

/] A b L — IR
private def insert(user: User): User = 222

private def createUser(rs: WrappedResultSet): User = ?7?
private def find(name: String): Option[User] = ???
private def find(id: Long): Option[User] = 22?

/] XA 7 — F & HE
private def hashPassword(rawPassword: String): String = 22?

private def checkPassword(rawPassword: String, hashedPassword: String): Boolean = ???

/] 2= — B

def register(name: String, rawPassword: String): User = ???

/] =¥ — ik
def login(name: String, rawPassword: String): User = ?2?2?

ZNTinsert XY v FR find XV v NEHNEL SEUTZT ZENTERLRSTDT, HIFED
MR/ E L,

LU PLA P25 TR KSR LAEWKREZHIR T2 2o TEF T, $3. KT I X
Vo REZTEZEDFH LW LA b userService Z1ED £3,

trait UserService {
val maxNamelLength = 32

def register(name: String, rawPassword: String): User

def login(name: String, rawPassword: String): User

}

ZLT, ZOMLA FDEES T R userServiceImpl Z1ED £3,

class UserServiceImpl extends UserService {
/] AV FOEBEBIRLAZDT??2TRHLTVE T

/] A b L — I
def dinsert(user: User): User = 22?
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def createUser(rs: WrappedResultSet): User = 22?7
def find(name: String): Option[User] = 22?
def find(id: Long): Option[User] = 222

/] S A 7 — F i
def hashPassword(rawPassword: String): String = 227

def checkPassword(rawPassword: String, hashedPassword: String): Boolean = 222

/] L= — F
def register(name: String, rawPassword: String): User = 22?7

/] 2 — ¥ — il
def login(name: String, rawPassword: String): User = 22?

UserService DRHAFZFIXELE S I ATE BRI LA FDIESEFESIRT 2 X 5123
FroZENTOVRVRAY Y REMo THRBET XN TETCLESMEDEZEEA,

CDEITET 2a— VDA VR T x2—RA%ERL. KT IHAEZHIRT 20 ML A boflibh
HD1DOTT, JavaDA YR T2 — AR &S5 RN HTTR,

2231 VI7708)25 . KRERED2—I)IL%=2nET3

RCZDEY 2—NOMERE LTHETLNDE, £V a—AoZL OREEZFHLTETWL L
WS Z T, UserService IZ32—F =B 21—V —FiEr BRSSP —LRTTH, [THEL T
ATV —=RENny T a L, SRAV—F2F v 735 RELFR>TVWE T,

ZDNRAY — FKREIX userservice AT H W20 —2ABHTL 20 LT ERA, 722X
I—H—PEEREL LIIBEICHEEASRRY - FE2ANEE, Fzv 7 LEVWEERE T,

ZDEIBBEE 1 DDEY a— L EEROEY 2 — A HET e pEZONET, HbL
KRR — FREBEZ 1T 25D PasswordService ¥ PasswordServiceImpl Z1E-> TAE T,

package domain
import org.mindrot.jbcrypt.BCrypt

trait PasswordService {
def hashPassword(rawPassword: String): String

def checkPassword(rawPassword: String, hashedPassword: String): Boolean

}

trait PasswordServiceImpl extends PasswordService {
def hashPassword(rawPassword: String): String =
BCrypt.hashpw(rawPassword, BCrypt.gensalt())
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def checkPassword(rawPassword: String, hashedPassword: String): Boolean =
BCrypt.checkpw(rawPassword, hashedPassword)

.Jexample_projects/trait-refactored-example/src/main/scala/domain/PasswordService.scala

ZF LT, JelEE1E- 7= UserServiceImpl IC PasswordServiceImpl ZREA L TS X512 L ¥,

class UserServiceImpl extends UserService with PasswordServiceImpl {
[/ AYy FoEEIRLLOT?222TRAL TV E T

/] A+ L=
def dinsert(user: User): User = 22?

def createUser(rs: WrappedResultSet): User = 227
def find(name: String): Option[User] = 222
def find(id: Long): Option[User] = 222

/] 3 — ¥ —
def register(name: String, rawPassword: String): User = 22?7

/] *— ¥ — @ik
def login(name: String, rawPassword: String): User = 22?

CHNTRRAY — FEREEZ BT 2 2B TEE L, FHEL /2SR T — FHEREIIAIO FE TS
EHTEBTLE D,
LT XIICA ML —IHEBED UserRepository & LTHEEL TAE T,

-
—

package domain
import scalikejdbc._

trait UserRepository {
def 1dinsert(user: User): User

def find(name: String): Option[User]

def find(id: Long): Option[User]
}

trait UserRepositoryImpl extends UserRepository {
def dnsert(user: User): User = DB localTx { implicit s =>
val id = sql"""insert into users (name, password) values (${user.name}, ${user.
hashedPassword})"""
.updateAndReturnGeneratedKey.apply()
user.copy(id = id)

}

def createUser(rs: WrappedResultSet): User =
User(rs.long("id"), rs.string("name"), rs.string("password"))




22
23
24
25
26
27
28
29
30
31
32

©O© 00 N O b~ W N

H22F LA FOICHR  IRFEOEALEZ V77272 7

181

def find(name: String): Option[User] = DB readOnly { implicit s =>
sql"""select 4 from users where name = $name """
.map(createUser) .single.apply()
}

def find(id: Long): Option[User] = DB readOnly { implicit s =>
sql"""select 4 from users where id = $id """
.map(createUser) .single.apply()

.Jexample_projects/trait-refactored—-example/src/main/scala/domain/UserRepository.scala

3% &, UserServiceImpl iZMTFD k512720 £73,

class UserServiceImpl extends UserService with PasswordServiceImpl with
UserRepositoryImpl {
/] AV FOEEEFIRLLZOT?2?TRALTWVWE T

/] 3= ¥ — bk

def register(name: String, rawPassword: String): User = ???

/] L= ¥ — @ik
def login(name: String, rawPassword: String): User = ?2??

INTKRKEMR UserService BY 2 — L EBEHOMEEICHE T2 TEF LT,

24 KEMDOFIAICEBZ)IT7oR) T

ST VEWEZOHIOEETH 2IRIFHEDEAICL LYV 77 7RV Y 7 DFEICAD L & o

CZEThULA 2o TRHATAMEEZERL, EXa—VE2REIL. V77 27R) 72D
TEXF L7225 UserService IZIZd 5 1 DRELMENDH D T, Y 2 — VB OKEFERIDHEET
ETVWRNWI LT,

7= Z21E UserServiceImpl DL=v T A2 TR EEZTAZL LS, 2=y T X MIS
MO AT LZEDRVDT, B=ANVBHTT AL, WITLTHEEOTA M 2T 22D
TEET, £, BROEREEDAZ T X M T 21D KM LGS, BEOEMALL DR TVE NS
REbDD £5,

UserServiceImpl IX UserRepositoryImpl IZf7E L TV E T, UserRepositoryImpl i Scalike]DBC
BTN AT LATHDT —ER—ADT7 7 LA =R BHDET, TDEFED UserServiceImpl
Ta=y bTRAMZER LG, TAMNZETT IO T —XXR-ZA2HARELRITNITRS T,
T—=ER—RAZHHATI2H5EEBOT AN ERARFCFITT2008 LA D ET, EHITRMIE
L7258 UserServiceImp L ICREDH 2D, B LT —ER—=RDESRLT — 7 IMZRR D H
200, HBELZRINUIRD EFRA, INTELI=y FTRAPEEEIERTA
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Z ZTEMRM 7 userRepositoryImpl NDKGFEEDHET 2 Z e BEZONE T, ZD7=DIffbn
5 DPMEFHEDFEA & FEN 2 FIE TS,

2241 HKEMHOFACIE?

F IR TkFEEDEA (Dependency Injection, DD DEREZMHRLEL x 5,
HAFEDTE A DWW T Wikipedia @ Dependency injection DI HZ R TAZ T &,

* Dependency X IFERICH — L AR ETHEDNEZ ATV =27 b TH S
+ Injection ¥ & Dependency 25472 =2 MNIET I TH S

EHHET, SHLEDIKEBMUTND 4 00REDVERTL2LHD £7,

s bR -2

s =L REMS (KFETZ) (75472 ]

c VIATYIDRESIY— LRI 0EED [ &7 2 —R)
s H—UREMEL, /74T MNIET 10V 7 %)

IS DHEENZOWT, SEIDAFID UserRepository . UserRepositoryImpl. UserServiceImpl T
HEZTHET, Wikipedia 7D -t 2] tWOHiEL, TNETORDOHTES T2V —L R
WIS FEIIHOERADTER L TLEE W,

TP DI 2o TOWRWKED Y 7 2AKZATAEL & 5,

2547 b H Ay R—Tz—2R ﬁ

@UserServweIm]; - @UserReposztory

N

@ UserRepositorylmp

==

H—E X

ZDY T AKDEFE ERIZLTAET,


https://en.wikipedia.org/wiki/Dependency_injection

F22F FLAMOISHR IKEFEEOEAICER YV 77 2R Y VT 183

DI D1 H| a— F Lo A

{ &7 xz—2X UserRepository MRNZA V2T 2 —R
F—t 2 UserRepositorylmpl — ELK[H)72 53

7747 b UserServicelmpl UserRepository OF|H#&

DI Z{#H 2 WIREETIX UserRepository W A4 Y R T 2 —AMBERINTVWEDIZH b5
3. UserServiceImpl l& UserRepositoryImpl ZfEK T 2 Z 2 THEEDBSHBLTVWE L, TNTIX
oA VR IT ==X 7HELT2EKRDH D £ A, UserServiceImpl A3 UserRepository £ > &
72— RARTESE (KTE) T2 X5 E. BIRR25EETH 2 UserRepositoryImpl DEHIC
HEINDIZZEHYERA, ZORMEZRRT 202 DI DT,

ENTREDIDA 27 ZZMAT, L7 FAMZEBIELEL & 5,

2547 b H 4y RT2—2 H

@ UserServiceImpt — » @ UserRepository
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@ Injectog- — > @ UserRepositoryImp

NS/

MDA P27 RDEIFIT LD UserServiceImpl 55 UserRepositoryImpl NDSHEA D %
Lico BELLA Y 27 RZIIMOEDDFETYH —E X TH S UserRepositoryImpl (Dependency)
%7547 MTH5 UserServiceImpl IZIEL TWE T (Injection), ZDA ¥ =7 XOEIERTE
LT Dependency Injection] &MEEDIITT, ZLT, 2DA VT2 REES5R o THEHT S
. 2 DI B ORI Y72 D 5,

2242 KEFHOFEADH S

T, ZOREHDFEAZFES LD XS RFEBHZDTL & 5D
1DOBI ATV ERA VBT 2 — AR T 2BRT 5 ic& b, BARNLREEADBI DL
haryR—3 Y FAILVPEHFAICKS b WS EARZEIFoNE T, 728 X1E UserRepositoryImpl @D
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7 IRy T — IV EEINTD UserServiceImpl IIXMMDEEL D FT,

RIZET o2 RIS BRI RFEELREZELFRDZ28ICED 25747 FOEENRH A&~ 4 XA[HE
KR WI EHTT, 722 215 M OFITIX userRepositoryImpl 1% Scalike]DBC D SE%E:ET L 7225,
MongoDB IZf#f% 3 % MongoUserRepositoryImpl ZH1 L { fE> T UserServiceImpl IZHERIX Y 7 A
7 ¥ b % MongoDB IZfRTET 2 KO WCEHET I TEET,

F72 DI 3G LRV THEKRD D D £9, DI 25 L RKEFBIREIHO M ZEBITE XS, @F
ODFHER T T IV 7 TiE ENOEY 2 =05 FMIOFHMAEEDEY 2 —LERERE WS
TEMRLELESHDET, Ll ZOHE. LUDEY 2 — AW MIOEY 2 —LIKFTH I L
WhbET, 2Fh, FTUOEEDEEN EMNDOES 2 —NICETHET LI IR TLESI DI
T,

EBGRIEZEOFAI L WS DIF. EIOEY 2 =L O RO EY 2 — A BEE TN MR
ZERL. MIOEY 2 -3 ZOMPITHN L TEEZRMBIRZILVWSEZHFTY, L ziF
UserService W ENIDEY 2 — L7282 § 2% ¥, UserRepositoryImpl i RIDEY 2 —LIZiH £9,
IFRARITIE S LR \WIGE. UserService 7» 5 [HE UserRepositoryImpl #FHIX 2% X FX¥ A, Z
DEFLLRIFERART LS RREPETCTLE S 0T, KFBRRFIHOFEANCIE - T, LD E
T a2 — VIS 72 UserRepository Z I L. UserService I UserRepository Zff5 X512 L F
F, LT, IKFHEDFEAILL > T, MIDEY 2 —)LD UserRepositoryImpl % UserService 278
FTZIIZED, 2O RIEEEBRTEZDITITT,

ELRESONBRATTH, DITIEYZ 747 ¥ MBI ZERLARL L0 My HET
T ZAUZ Java FBRT DI 29845 L 72 RUCBIE S 2 D T34, Spring Framework 72 ¥ DI %5
¥l§ % DI a2 > 7 FI3EHE 72 Enterprise JavaBeans(EJB) 327 > F7 - LTHAEL F L7,
MR ETB ISR L, (B RERITR WD Java £ 7Y = 7 »TH % Plain Old Java Object(POJO) &
WO BEEMEIR I, b DT X, FELOHDDOKEEIIC L 2 BEHARFEAIEMR N E L7z, DI
DBEBHIIZD XS BERDBDH Y, 7747 ¥ MW L THRR SFERRELUI R s hkn 2 e oi—
MEHIT 3,

BRRIC, RIFEHMNE LLEPRELT T 27 DY Z{LICE D 2=y b T A MBREICR B
EWVWSHTY, 2 ZEdWeb 77V =2 ayilonwTEASL, Web 77V r— a v idtkx
BB R T LB NE T, Web 77V 7 — a2 »1d MySQL % Redis BE¥ DR b L— I E v,
Twitter %> Facebook R & ONEH — LRI T 7 ERT 252 dbHBTL &I, FRA—LeZElT
LR KBER EDIFREMFS> D LIERTA, ZOLIRNBI AT LDBHEBRTEEY 2 —1id2
=y bT AT e DWEETT, DI 2 IENHS AT LOFEETHETELDT, Ty ZITEE
BZT, BT APTES ISR ET,

DIk, DIOAIEERTEE L, FEEA TV 227 b (Dependency) ZHFL. ¥ —E 2ICHET
(Injection) WO KEIZ T LT DA VI 27 XOEHZ I DAL RA Y v b2VEFEN S Z 235
RTE BV EF, DLIFRHCRBIE S 2 7 A ORI RHPBZVEINTH 2 L o THIME TR
PARP 5 IAY: S s
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23.1 Functor

BIEICEG L7z List ° option 11, map E WS BB ILBE L CTERESINTWE L2, 2D map 4

B D 2HBZ - 55813 Functor B2 5 2 ¥ LTS TE 5,

trait Functor[F[_]] {
def map[A, B](fa: F[A])(f: A => B): F[B]
}

DY S AT T REHANK 2 0T,

def ddentityLaw[F[_], A]J(fa: F[A])(implicit F: Functor[F]): Boolean =
F.map(fa) (identity) == fa

def compositeLaw[F[_], A, B, C](fa: F[A], f1: A => B, f2: B => C)(implicit F:
]): Boolean =
F.map(fa) (f2 compose fl) == F.map(F.map(fa) (fl)) (f2)

Functor[F

1z THBT B Fldk, BEOBITIIRL, MAL0REZ TN - T, BERT DD T, BMET. Mav 5787k
CYMUET, List % Option 3EMETFO—fETY, FMIcO VTR, B A7 AAMTnr I Iy /5O

HRROHE VI TEEOR Y 27 41 2BRLTIEZI W,
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B, ddentity IRD XS ICERINT T,

def ddentity[A](a: A): A = a

5l LT, Option BT Functor B2 5 2D A ¥ 2 & » 2% EHK L, RidOKRAIZHTHE S H
HNTAHEL & Do

trait Functor[F[_]] {
def map[A, B](fa: F[A])(f: A => B): F[B]
}

def ddentityLaw[F[_], Al(fa: F[A]) (implicit F: Functor[F]): Boolean =
F.map(fa) (identity) == fa

def compositeLaw[F[_], A, B, C](fa: F[A], f1: A => B, f2: B => C)(implicit F: Functor[F
]): Boolean =
F.map(fa) (f2 compose fl) == F.map(F.map(fa) (f1l)) (f2)

implicit object OptionFunctor extends Functor[Option] {
def map[A, B](fa: Option[A])(f: A => B): Option[B] = fa.map(f)
}

val n: Option[Int] = Some(2)

// n: Option[Int] = Some(2)

identityLaw(n)

// res0@: Boolean = true

compositeLaw(n, (i: Int) => i , i, (i: Int) => i.toString)
// resl: Boolean = true

23.2 Applicative Functor

R DED Y S 2 558121d Functor TRAARRE T, 22T, EEO5 8 E RO L HEHA
BHOET1IOOEZED 721 2 HKAEZ 2t 3 % Applicative Functor 2385 L £ 3

trait Applicative[F[_]] {

def point[A](a: A): F[A]

def ap[A, B](fa: F[A])(f: F[A => B]): F[B]
}

Applicative Functor 1 Functor ZRk{L L7 O DT, Applicative Functor »34¢0B¥5 &
map B2 EFRTE LT,

def map[F[_], A, B](fa: F[A])(f: A => B)(implicit F: Applicative[F]): F[B] =
F.ap(fa) (F.point(f))

Applicative Functor 237z 3R ZHANILL T 0@ b T3,

def didentityLaw[F[_], A](fa: F[A]) (implicit F: Applicative[F]): Boolean =
F.ap(fa) (F.point((a: A) => a)) == fa
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def homomorphismLaw[F[_], A, B]J(f: A => B, a: A)(implicit F: Applicative[F]): Boolean =
F.ap(F.point(a)) (F.point(f)) == F.point(f(a))

def dnterchangeLaw[F[_], A, B](f: F[A => B], a: A)(implicit F: Applicative[F]): Boolean

F.ap(F.point(a))(f) == F.ap(f) (F.point((g: A => B) => g(a)))

%72, ap & point Zffio TEFE L 7= map BED Functor Db DL RICIRBFENITH 5 2 L B HERR
TEIREDRDHH FT,
iz L. Option #!C Applicative Functor # EFE L TAE L & 5,

trait Applicative[F[_]] {

def point[A](a: A): F[A]

def ap[A, B](fa: F[A])(f: F[A => B]): F[B]

def map[A, B](fa: F[A])(f: A => B): F[B] = ap(fa) (point(f))
}

def identityLaw[F[_], Al(fa: F[A])(implicit F: Applicative[F]): Boolean =
F.ap(fa) (F.point((a: A) => a)) == fa

def homomorphismLaw[F[_], A, B](f: A => B, a: A)(implicit F: Applicative[F]): Boolean =
F.ap(F.point(a)) (F.point(f)) == F.point(f(a))

def dinterchangeLaw[F[_], A, B](f: F[A => B], a: A)(implicit F: Applicative[F]): Boolean

F.ap(F.point(a))(f) == F.ap(f) (F.point((g: A => B) => g(a)))

implicit object OptionApplicative extends Applicative[Option] {
def point[A]l(a: A): Option[A] = Some(a)
def ap[A, B](fa: Option[A]) (f: Option[A => B]): Option[B] = f match {
case Some(g) => fa match {
case Some(a) => Some(g(a))
case None => None
}

case None => None

val a: Option[Int] = Some(l)

// a: Option[Int] = Some(1)

val f: Int => String = { i => 1i.toString }

// f: Functionl[Int, String] = repl.MdocSession$MdocApp$SLambdas$14684/0
x00007ff722162830@1332e8aa

val af: Option[Int => String] = Some(f)

// af: Option[Functionl[Int, String]] = Some(

// repl.MdocSession$MdocApp$$Lambda$14684/0x00007ff722162830@1332e8aa

/] )

identityLaw(a)

// res2: Boolean = true

homomorphismLaw(f, 1)

// res3: Boolean = true
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interchangelLaw(af, 1)

// res4: Boolean = true

OptionApplicative.map(a)(_ + 1) == OptionFunctor.map(a)(_ + 1)
// res5: Boolean = true

23.3 Monad

HBEZEZITID ZDffi % AR %R 3 B%0: Applicative Functor THB 5 35 &, Main
AMLTLEVHHLTEERHA, ZOXR T 2HEERRT 5729112 Monad &IN85
A FAVET,

trait Monad[F[_]] {

def point[A](a: A): F[A]

def bind[A, B](fa: F[A])(f: A => F[B]): F[B]
}

bind I& Option % List T¥¥ L7z flatMap Z MR L =D DTT,
Monad (3L F ORANZ fiti7z S EHH D £,

def rightIdentityLaw[F[_], Al(a: F[A])(implicit F: Monad[F]): Boolean =
F.bind(a) (F.point(_)) == a

def leftIdentityLaw[F[_], A, B](a: A, f: A => F[B]) (implicit F: Monad[F]): Boolean =
F.bind(F.point(a)) (f) == f(a)

def associativeLaw[F[_], A, B, C](fa: F[A], f: A => F[B], g: B => F[C]) (implicit F:
Monad[F]): Boolean =
F.bind(F.bind(fa) (f))(g) == F.bind(fa)((a: A) => F.bind(f(a))(g))

Monad % Applicative Functor %%t L7 d O DT, Monad 25F2B#2> & point B &
ap IR ERTEZ T, point TEILTRERULUS 742 F ¥ 2DOTHHATL & 9,

def ap[F[_], A, Bl(fa: F[A])(f: F[A => B])(implicit F: Monad[F]): F[B] =
F.bind(f) ((g: A => B) => F.bind(fa)((a: A) => F.point(g(a))))

ZN T, Option RAFIADIHRNZ A7 T8 5 R L TAEL & 9o

trait Monad[F[_]] {

def point[A](a: A): F[A]

def bind[A, B](fa: F[A])(f: A => F[B]): F[B]
}

def rightIdentityLaw[F[_], Al(a: F[A]) (implicit F: Monad[F]): Boolean =
F.bind(a) (F.point(_)) == a

def leftIdentityLaw[F[_], A, B](a: A, f: A => F[B]) (implicit F: Monad[F]): Boolean =
F.bind(F.point(a)) (f) == f(a)
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def associativeLaw[F[_], A, B, C](fa: F[A], f: A => F[B], g: B => F[C]) (implicit F:
Monad[F]): Boolean =
F.bind(F.bind(fa) (f))(g) == F.bind(fa)((a: A) => F.bind(f(a))(g))

implicit object OptionMonad extends Monad[Option] {
def point[A](a: A): Option[A] = Some(a)
def bind[A, B](fa: Option[A])(f: A => Option[B]): Option[B] = fa match {
case Some(a) => f(a)
case None => None
}
}

val fa: Option[Int] = Some(1l)

// fa: Option[Int] = Some(l)

val f: Int => Option[Int] = { n => Some(n + 1) }

// f: Functionl[Int, Option[Int]] = repl.MdocSession$MdocApp$SLambdas$14689/0
Xx00007ff722164e40@3b9a870d

val g: Int => Option[Int] = { n => Some(n 4 n) }

// g: Functionl[Int, Option[Int]] = repl.MdocSession$MdocApp$SLambdas$14690/0
Xx00007ff722165430@6a28815¢C

rightIdentityLaw(fa)

// res6: Boolean = true

leftIdentityLaw(l, f)

// res7: Boolean = true

associativelLaw(fa, f, g)

// res8: Boolean = true

23.4 Monoid

2 OQRCHERET 2EEZ D, Bt nEz 5% 2 7 213 Monoid L IHIHMTWE T,

trait Monoid[F] {
def append(a: F, b: F): F
def zero: F

HIETER L7z Additive Bl & X LI TWEF25, Monoid 3 XRDOHRIZ 7 THEND D $97,

def leftIdentityLaw[F](a: F)(implicit F: Monoid[F]): Boolean = a == F.append(F.zero, a)
def rightIdentityLaw[F](a: F)(implicit F: Monoid[F]): Boolean = a == F.append(a, F.zero
)
def associativeLaw[F](a: F, b: F, c: F)(implicit F: Monoid[F]): Boolean = {
F.append(F.append(a, b), c) == F.append(a, F.append(b, c))
}

Option[Int] T Monoid £ Y A X Y AZEFRLTAZL £ 5,

trait Monoid[F] {
def append(a: F, b: F): F
def zero: F
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}

def leftIdentityLaw[F](a: F) (implicit F: Monoid[F]): Boolean = a == F.append(F.zero, a)
def rightIdentityLaw[F](a: F)(implicit F: Monoid[F]): Boolean = a == F.append(a, F.zero
)
def associativeLaw[F](a: F, b: F, c: F)(implicit F: Monoid[F]): Boolean = {
F.append(F.append(a, b), c) == F.append(a, F.append(b, c))
}

implicit object OptionIntMonoid extends Monoid[Option[Int]] {
def append(a: Option[Int], b: Option[Int]): Option[Int] = (a, b) match {
case (None, None) => None
case (Some(v), None) => Some(v)
case (None, Some(v)) => Some(v)
case (Some(vl), Some(v2)) => Some(vl + v2)
}
def zero: Option[Int] = None
}

val n: Option[Int] = Some(l)
// n: Option[Int] = Some(1l)
val m: Option[Int] = Some(2)
// m: Option[Int] = Some(2)
val o: Option[Int] = Some(3)
// o: Option[Int] = Some(3)
leftIdentityLaw(n)

// res9: Boolean = true
rightIdentityLaw(n)

// reslO: Boolean = true
associativelLaw(n, m, o)

// resll: Boolean = true

AN X o CREEHEPEBGFET25E0HD D T3, ZOBRIXERD Monoid £ Y A X >V 2% %E
ZLTEX, RIS THEWZWY Monoid 4 Y AX VY AREIRTEXZ XS5 LTEEXEL & 5,
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