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o IROVUGET ORI
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o SHIEAHREMEFTY
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1.4V 55.0

//;;;;ic static void main(String[] args) { \\\\\
List 1lst =

= new ArrayList();
lst.add (new Integer(1l));
lst.add (new Integer(2)) ;

int sum = 0;
for (Iterator i = lst.iterator(); i.hasNext(); ) {
Integer elm = (Integer)i.next():;
sum += elm.intValue() ;
System.out.println (
“value = " + elm + %, sum = “ + sum) ;

}

- /




public sﬁwt{EJvoid main (String[] args) {

}

List<Integer> 1lst

l1st.add (1) ;
1st.add(2) ;

int sum = 0;
for(int elm :
sum += elm;
System.out.prin
“value = %d,

}

"

new ArraylList<Integer>() ;

1st) {

tf(
sum

o) o) W\
zdsn",

elm,

sum) ;

~

/
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» Part |
o BT R)DRADEWNA
o IR GETURILYT
¢ AIER/INTGA—A
o ATL—2DT=6HD for XI5k
» & (enum)E!
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o UTRYYREEER
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» Part |
o B{Z T R)DRADMEWNA
s IR UG ET RGO Y
: AIER/NTGA—4
o ATL—2DT=6HD for XI5k
» & (enum)E!
« Partll
o UTRYYREEER




AL a vEE--7on9 5 A

c IS DERDIEHICLST BH—DFEE
> add (Object e): ATV INMILATEIERMTES
» Object get(int i): RYHLRIZFVYRAFHNHE
o XY AN TEHMITATSTDERTE

o EITHA—/\—AYK
List 1lst = new Arraylist() ;
l1st.add (new Integer(l));

lst.add (new Integer(2)) ;

Integer i = (Integer)lst.get(1l);

\ /




xRy HaAL s I EES
s ~

List<Integer> lst = new ArrayList<Integer>() ;
l1st.add (new Integer(1l)) ;
lst.add (new Integer(2));

Integer i = lst.get(1l); // FVALFE!

- /
o INTARN)YHEL: List<SHRES
» List<Integer> DEFDAYYRDI I F v
» void add(Integer o)

» Integer get(int index)



IND A= SN T-
DR A F—T1—RX
o V5 X ArrayList<E>
o AA—TJ1T—R List<E>
o BINTGA—FE
s EZELAYYK
» void add(E o)
» E get(int index)
13
o List<T>:EZSBArZE{&K L=/ 3—T1—X
. c.f. Integer[]: ExZE ZInteger|TEAF{ELT-EC
2K



INDA=RIEEINTF= AUk

AlLAYYRTEDIC
FHLEIC
|
Integer[] iarray ﬁjh\ﬁi? !
= lst.<Integer>toArray (new Integer[] (10));

Number|[] narray
\\ = lst.<Number>toArray (new Number[] (10)) ;

» public <T> T[] toArray (T[] a)
e <KT> : AYYRDEINFGA—EEFE
» 1st.<Integer>toArray(...) CT B KXt
o <...> [FAEBBTETSH(ZEMNZLY) = AVUyREIG| iR

/iist<Integer> 1st = ...;
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e A VAR VAER

» new List<®#> ()
c INTA Ry HE

o List<®!I> x = ...
» AV FIEUH L

o x.<%>m ()
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o IR RDBEEEEELH
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» Part |
o BT R)DRADEWNA
o IRGLVTETURILY
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» & (enum)E!
« Partll
o IR OREEER
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« ZAH- int, short, char, ...
» AT HRTIFAEL

« %I\ X: Integer, Short, Character, ...

« EARBEAT O VO HADIFBEL
- EREELELZEEXTEEL

/// List 1st = new ArrayList();
// lst.add(l); [XTEF%L
lst.add (new Integer(1l));

Integer 1 = ...; Integer j = ...;
// int k = i + j; LTELL
\\\ int k = i.intValue() + j.intValue()

~




RO 2% (boxing)&
7 2% (unboxing)
> boxing: EARE=SF9/NITAAD B

List 1lst = new ArrayList();
lst.add(1l); // boxing 1

. unboxing: VNS RAS>EREADBEHEHR

Integer 1 = ...; Integer j = ...;
int k =i + j; // unboxing i and j

o if A° switch [ZH{FEAT]
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o XL AEARE - SYNITRABDEBRIZRIEIC
new X° intValue () HEFHBAT HIZ(TDEE

o X AFDIEE

Object o = ...;
int i = (Integer)o; // (int)o [XI5—
Short s = (short)i; // (Short)i XTI 5—

o SEBECEDAUARZRER

Integer i = new Integer (100);
i=41i*3+2; [/ AITOVRSTF=DHMIZ




LEERE S

o RAMNERELS unboxing

/integer x = 256; N
Integer vy = x * 1;
int z = x;
//  (Ql) x==y ? (Q2) y==z ? (Q3) x==z ?

\!/ false true true Y,

[INEUMED boxing (& new L7ELY

4, \\
x * 1;

/integer
Integer y
int z = x;

//  (Ql) x==y ? (Q2) y==z ? (Q3) x==z ?
\Z/ true true true V.
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o IR GETURILYT
¢ AIER/INTA—H
o ATL—2DT=6HD for XI5k
» & (enum)E!
« Partll
o UTRYYREEER




FEAB: PrintStream 25X

» public PrintStream
printf (String format,
Object ... args)

System.out.printf (“"3d + 3d = 54”7, x, y, x+y);
System.out.printf (“Error: %s”, msqg);




o AYYRAVARIVZDINGA—EREE T ...

AR /\TA—H

* XRD5IOHAIHE
» REANTIE x (FEEH T[] ELTEZS

c AIER/N\SGA—FZ(IEIZFEED

7

static void m(int ... nums) {...}
m(new int[] {1,2,3}); // OK

- BHIRSSA—RETERDSIHELNLL

static void m(int[] nums) {...}
m(11213); // 15—
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EIE

» AVINASAER-REBEBL NIV TIX BT HECSE
DI

K2,
o FA—/N\—O—KFTEFEEA
/Elass Foo {

void m(String... strs) {...}
void m(String[] strs) {...}

= Y,
o F—N\—FA/RLEWVET (BEIXHET)

{%1ass Foo { void m(String... strs) {...} } ]
b}

class Bar extends Foo { void m(String[] strs) {...




BT E BN

« AM)YREE

X

static void m(Integer ... nums) {...}

o AYYRIEDNHL=5E
°» REODEHIMNESNFET m() ;
N %2%75§tj55'§- m(null) ;
o null ZE AT=RS1DEFIEDH ((Integer)null)
o EEBIELT null ZELI=L\DH ((Integer])null)
o XYYREZEAITIE null 232 (TEAe[REEIZEE
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» Part |
o BT R)DRADEWNA
s IR UG ET RGO Y
: AIER/NTGA—4
o ATL—E2DT=6D for XI5k
» & (enum)E!
« Partll
o UTRYYREEER




ALV IR T H R HDUIE

s ATL—EZE-oTEHERICHLTUNEZITS
/;;st 1st = ..., \\\

for (Iterator i = lst.iterator(); i.hasNext(); ) {
String elem = (String)i.next();
/*
* elem [IX9HAME (ifPlstlEFEHLELY)
*/

\ /




Hiok for #3C

List<E> implements
Iterable<E>

/gist<String> 1st = ...
for (String elem : 1lst

// elem |Tx9 HMIE (it1lstIZIEfEN7RLY)
\J /
. BEFIIZH{E AT

o RAFOMBIEIZIL—T

/étring[] strs = ...; b

for (String elem : strs) ({

k}
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o =T TATL—RERALL
o BROHIRIETEE0
: EEAIDHRFITHHIBLELN
o O RZBRITEHRITNIEEBAAZTDREY TIEALY
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o IR GETURILYT
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o UTRYYREEER
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* TNICEITDERDIIFICLHEDESE
* BRIIESSNIZEHDH

.+ G oYic

C

[l
pu]]]]]
OH

/" enum color { BLACK, BLUE, RED, PURPLE,

o

GREEN, CYAN, MAGENTA, WHITE };
enum color c¢ = BLACK;
switch (c) {
case BLACK:
case BLUE:

}

» CTIIEGTLIEHE DA 4

O
i
ot

enum color c = 100;

{%nt i = CYAN * WHITE;




Java FIERIDEKR)

 enum ¥—7J—KIZkBHE

=

Jmi}

public enum Color ({
BLACK, BLUE, RED, PURPLE,
GREEN, CYAN, MAGENTA, WHITE };

o switchX[Z&ABEHIE

//static Color reverse (Color c) {
switch (c) {
case BLACK: return WHITE,;
case BLUE: return MAGENTA;

}

\}




Javadl|ER D EK(2)

c EEHMDA-ST-EEHZFIRT values AV YK

/

for (Color ¢ : Color.values()) {
System.out.println(c) ;

}

» int # Color

int i = Color.BLACK // OV/\AfJ)JLITS5—
Color c = 2; // A IN{ILITS5—




AV ANSVZEEHFARBD A VE
///;ublic enum Color ({ \\\

BLACK (“black”), BLUE (“blue”), RED(“red”),
PURPLE (“purple”), GREEN (“green”), CYAN(“cyan”),
MAGENTA (“magenta”) , WHITE (“white”) ;

private final String name;
Color (String s) { name=s; } // AVAFSOA
public String toString() { return name; } // AVUwF

}

\\E?stem.out.println(Color.BLACK); // “black” ///

¢« AVARSVIFUHLERSIEHES
» switchX S TIR"EE EHEL" TSR




TEMEDELTAIRSEL

s MUREREESI-ERES
» E£& D (abstract) AV YFEENNKLE

///;ublic enum Color ({ \\\

BLACK (“black”) {
Color reverse() { return Color.WHITE;}
|
BLUE (“blue”) {
Color reverse() { return Color.MAGENTA; }

by

abstract Color reverse() ;

}

System.out.println (Color.BLACK.reverse()) ;

\\\ . //.“white” | | ///




Joshua Bloch=
%%@@%#&i%&gg;
—_—

: LWhPAIALTt—Tenum/\3—> |22
o EMITARA R T static 74— ILRIZHE4R
s BESN-EHLNDAREZZADERIZZEIE
o AV ARSI ZIE private

public class Color extends java.lang.Enum<Color> {
public static final Color BLACK =
new Color (“black”) { // E#&YV5X
Color reverse() { return Color.WHITE;}
};
public static final Color BLUE = ...;

N




java.lang.Enum 75X

» FIFEER—{RICEAT AV VBT IR
* equals, hashCode, clone
» final String name(): ERHBZXFIELTRT
» TIAILED toString () DIRBELEFIL

» final int ordinal (): B é—xt—XIiH 9T HEE
HEZIRT




java.util.EnumMap?7 7 X

c BIBERDEFZF—LTH5T—TIL
o ERAIRFICHNERERIMEZZLZEADFHIE
» a[BLACK] A1=L\NEa—k->THEEER
o BIZEB DY A XHELRNLZD THRMIZEETED

/

EnumMap<Color,String> map =
new EnumMap<Color,String>(Color.class);

map.put (Color.BLACK, "“Foo”);

for (Color c : Color.values()) {
String s = map.get(c), ...
\}




java.util.EnumSet7oX

- JIEBDIEDES

: BERE YN YTIZ&BENLKRIR

o AVARRVARERIITTIR)—AIIEDH
« TED set, I TL—RELTHERTES

EnumSet<Color> mono = \\
EnumSet.of (Color.BLACK, Color.WHITE) ;
EnumSet<Color> notMono = Enumset.complementOf (mono) ;
EnumSet<Color> notMono =
Enumset.range (Color.BLUE, Color.MAGENTA) ;
\\for(Color c: notMono) { ... } //




Part | £&68

» IR R ERINTG A=A for, FI|EHY
o KFHIAT4ALEZERIZEE b
o AINTIZKHER
o LSAMDMFIE
« BRIBZHISIEWNNEOMLIEINEELIE
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» VIRV ADBERERFR
» REAN
o JAIILEH—F
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> D)V A EEEFER
s DIRYVIISREEET D
. BI/XS5A—RE LR

» REAX

» JAIEA—F




BE - ORI (FEIN ISR EIE

o BFROSR = BIDWVTINTA—B{EEIN=U5X
o of FHE = E-ZTHICOLVTNNTA—ARIEEhT=X

o INDAR)HE! c<T>
o MRS R A A—DT1—R[ZBINES|#ESFZ5




BEBETRMITAER

o BRBF/INSA—ZET S linked list 75X
////class List<E> { \\\

private E head;
private List<E> next;

public List<E>(E h, List<E> n) {
head=h; next=n;
}

}
\\\\class SortedList<E> extends List<E> { ... } ///

o DORBZEBERDENSA—FEDES
o E [IH=1EBDETHANDIUFEZ S
o il BR&H Y (12 32K)




INTD ARy HEY

> (BZIICIR) BB BICELTRMEL =05 R
o ffl: List<String> [FELTDISRAEXRARL

/// class List String { ‘\\
private String head;

private List String next;

public List String(String h, List String n) ({
head=h; next=n;
}

N J




// interface Map<K,V> { \\
public void clear();

public Set<K> keySet() ;
public V put(K key, V value);

o )
o AMLF/\TAR) R

List<String> 1lst = new List<String>(“Foo”, null);
List<List<String>> 1llst =
new List<List<String>>(1lst,

S new List<List<String>>(lst, null)) ; D,

~




map *VYrEEZELTHD

: JDARDBERIZEHH(Fun<x, Y>)T1ER
« FEEEI

///interface Fun<X,Y¥> { pubilc Y apply(X x); } ‘\\\
class List<E> { ...

public List<E> map (Fun<kE,E> f) ({
if (next==null) { —
return new List<E>(f.apply(head) ,null)) ;

} else { S—
return new List<E>(f.apply(head) map(f))

} o

}
L) /
B RSN BEHAERLRL
BERSBEOVDTBLDA , .




o fEZEH20 R

RUEDEE/NFGA—F{ELTH L]

class List<E,A> { ...
public List<A,?> map(Fun<kE ,A> f) { ... }

}

o REDUARIDEZFIBUELANZTRE?

o A ARRVAE BBFITRYIEDEIMN

=)

TN TLED



FBFRA YR

o (BUZDWTWNTA=RIEEINT=AUVF
o EUHLEIZRIDEITINSA—2ZB (KL TES
AIYRIZXT B

HINSA—FEF

//'class List<E> i:;sij>
public <A> List<A> map(Fun<iE,A> f) { ... }

}

Fun<Integer,String> f1 = ...;
Fun<Integer , Number> f2 = ...;
1st.<String>map (fl) ;
1st.<Number>map (£2) ;




BINSGA—Z2L LR

» BINSA-FDEELHEDIETE
» BEMEICESENFHIRSNS
o BINSGA—FDEIELREELLTHERATES

* BE(EAE] B $5A— B A
» BBEF(X extends Object TlEEHETERL

/class NumList<X extends Number> { \
X head; NumList<X> tail;
Byte byteHead () { returnhead.byteValue(); }
// void illegal (Number n) { head=n; }

}
NumList<Integer> 1il oo

\NumList<String> sl =..; [J/Io—! /

Y AV N
HFEZET !




BIFIE LR
© BS BEEEHBAELREH IS A4S

» java.util.Collections&k Y

" interface Comparable<T> { N
public int compareTo (T o); // TELEERTBHAYYE
}
class Collections {
public static <T extends Comparable<T>>
void sort (List<T> list) { ..
int jJ = list.get (1) .compareTo(list.get (i1+1))
}

}
class Byte implements Comparable<Byte> {...}

List<Byte> blist =
Collections. <Byte>sort(bllst),



EHOLRIETE

 FRRIZF(ZDOBUBNRAA—DT1—RE5L)EH
HHOTHELY
-

class MyList<X extends Comparable<X> & Cloneabl:e\
extends List<X> {

R Y,
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List95RZa /N IJILLTHB

2 INA JLHI

///Elass List<E> { \\\
private E head;

private List<E> next;

public List<E>(E h, List<E> n) {head=h; next=n;}
public E get head() { return head; }
public void set head(E h) { head=h; }

}

List<String> lst = new List<String>(“Foo”, null) ;
\\\§tring s = lst.get head(); ///




List95RZa /N IJILLTHB

NIV

////class List { \\\
private Object head;

private List next;

public List(Object h, List n) {head=h; next=n;}
public Object get head() { return head; }
public void set head(Object h) { head=h; }

}

List 1lst = new List(“Foo”, null);
\\\\String s = (String)lst.get head(); ////




//Elass List { \\
private Object head;
private List next;
public List( Object h, List n)
{head=h; next=n;}
public Object get head() { return head; }
public void set head( Object h) { head=h; }
}
lst = new List (“Foo”, null);
\ String s = (String)lst.get_head(); %

@ _]

-

-

INAILD S iE GBFR erasure )

1TSS AD195RT7AIL
<>MDHEITHE

S ORERIEZD (—EBISEANT) LIRICE S

BNEOELGRECAIZITE UL YANEEA
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» BINSA—FZEELTHRAEA/ Y ELES
P

class SList extends List<String> { A
// private String head;
// private List<String> next;
public void set head(String h) { head = h+h; }
- } /
o F—IN\—SAFFTBEHEITDID) D 1A )y EA
\

class SList extends List {
public void set head(String h) { head = h+h; }
public void set head(Object h) { // TUvyIAUYR
set head((String)h);
}

- ; /
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S EIEIR( ST AR VOB KB HIRE

o AVINATHEALI-F Y AEN AT IRIIT S
[Igarashi et al. TOPLAS2001]

« EITHEIZIEEFIZAEN




FERHAKXNRIZTT WS E

» | MIFEMAEITRIZITZLD T
s new X() EMIEF A

o TXTHLAVARSVREMASINIG LI G, ELVDIETE
s <X> void m(X x) & void m(Object x) &
A —/\—aO—KTE740N
o G| HRHA GV EHIE TEELDXR ARMIAT]

Object o = new List<Integer>(1l,null);
List<String> 1lst = (List<String>)o; // KT RE

Object o
List 1st

new List(new Integer(1l) ,null);
(List)o; // REZn! ?




ZEALNHEZE AL

- Java 5.05%: erasureZ
» C+H+AR: 1BMISA(TUTL—R)=>nU5X
o O—F=DENM
- C#ET' Java 5.0&CH++ARD/NAT Yk
ARSI MDIGEEITERELE-ERFERK
%0)1111 EITRFETHEIMFEHREE->THL

» reflection Z{E5[LM]

» REHEMERET D

o BIERRIHB T O F— T —RGETERT SV
N1 )LEGE[NextGen]




Java 5.0 5 XD F) =

B/ N\—23> LD HRE

o AT DINAPI—FIXIFEAEZEHHOTULVELY
o INTAR) VORI DIERAGEIREL T

s BDIIATRI—FE (L) ZTDEFIA/NAIL

e SRR
o J 4ot i=h (LADT
AR (aw type)itthe  SREFRCEAN
List lst = new Arrayﬁzgt();

String s = (String)lst.get(1l);
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© DTRvH R AL
. AR
C DA IEH—K

o BIREATIT
o JAILEA—FE DELRS
o ity A




INTD AR
» HREBHIRICEHEDCERS

¥yl it] e SR
VRIBA R

s FEDE T [TXL ArrayList<T> & List<T> DA}

List<Integer> lst
List<String> lst2

new ArrayList<Integer>() ;
new ArrayList<String>() ;

:

o HiHBAEEZ HMDTAIEESE ?

» List<Integer> [{ List<Number> DERHEL 2

o LN B % (covariant)ER 5 EY£R Al

o WL ?



H T E S BAHEN DD

o Ay EBFIHEMEDRE

////static double sum(List<Number> list) { \\\
double sum = 0.0;
for (Number n : list) sum += n.doubleValue() ;
return sum;

}

List<Integer> 1 = ...;

\\\\double sum = sum(l) ; ///

o ==L BMMAVYEZEEDELVDFLH D




HEZMADE IR ETIEEL

o BETILRLVE

4 List<Integer> lst = new ArrayList<Integer>(10) ; h
List<Object> badList = 1lst;
badlList.add (“Foo”) ;

N int i = 1st.get(0) // '? )

- Java DAL TIE---

Integer[] iarray = new Integer|[] ()

Object[] badArray = iarray;
badArray[0] = “Foo”; // throws an Exception!

int i = 1st[0]
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= AR 1ZTTHAYYRITHEAE
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TAILEA—REIA

* List<Number>. ,»\2—6121:73?[,\

» add () AVYYRGEFXFHATEHELLY
°* List<? extends Number>. i'ak'j’f)lxlsjj Fféj

» List<Number>, List<Integer>, List<Float>

HEZTERELET S
» add () HEDIER 17Z AV YR IIIERLZLN
o B4} null DE=ZAH
List<? extends Obj>
X =0 FEARTELY

List<Int> List<Num>




{s& A 51

///,statlc double sum(List<? extends Number> list) {\\\
double sum = 0.0;
for (Number n : list) sum += n.doubleValue() ;
return sum;

}

List<Integer> 1 = ...;
double sum = sum(l); ///

» NERTIEFHEAH LIE{ETEH S hasNext (),
next () LMFFA TLVELY




ZEHEDER
o XEDAILRD—RZEFEHLELNE

(: List<Integer> lst = new ArrayList<Integer>(10) ; :>

ey

List<Object> badList = 1lst; // JV/N\A(J)LITS5—!

» FEof=ELTE

List<Integer> lst = new Arraylist<Integer>(10) ;
List<? extends Object> badList = 1lst;
badList.add (“Foo”); // AV/\{JLIT5—!




[ERRT:OPAA S

» List<? extends Number>

» Number DfHZEDIMaIMZERET B RE

o« BERRINEIA(THOTYLLLY
o DT, EZAATLWWED DO DELY = EFAAHEIE
o M FZAHLEELDH Number THAZEITHH S



BFRA) YR vs DA ILREA—F

o sum AV YRITEMAYYRZEESOTHEITS

//statlc <X extends Number> double sum(List<X> list) {

}

List<Integer> 1 = ...;
\\double sum = <Integer>sum(l) ; //

o BINSA—E X HEIHT—EHAREHIRT 11T
o JAIILEH—FTHRIRATHE




REIJAILEH—F

» List<? super Number>

» Number MDAXA—/\—AALTDListZEHTELTED

o f§]: List<Number> List<Object>7%iL

« EFIAAO0K, (Object ELTLSND)EEH

an] 0% |

///static double addTenTo (List<? super Number> 1ist)\T\

list.add(0,new Integer(10));
return;

}

List<Object> 1 = ...;
\\\addTenTo(l);

/




List<? super Int>

List<? extends Num>

List<? super Num>

List<? extends Int>

List<Int> List<Num>
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» List<l?>

» List<? extends Object> DHZE
o BINSGA—=ZD LREH Object THbd_Lax iR
« 2TD List<...> DA—/IN—34T



List<?>

List<? super Int>

List<? extends Num>

List<? super Num>

List<? extends Int>

List<Int> List<Num>



‘Vb‘kbmr_f&ﬁu
» B BB (DR—/A—3247) LT HELER D

JARD)—F

- BRI EROFESZEEHE

//glass Collections {

} o}

int compareTo (Date x) {...}

List<Date> 1lstl = ...;
Collections.sort<Date>(1lstl) ;
ArrayList<Date> 1lst2 = ...;
Collections.sort<Date>(1lst2) ;
List<MyDate> 1st3 = ...;

\\Sollections.sort<MyDate>(lst3

static <T extends Comparable<? super T>>
void sort (List<T> list) {

class MyDate extends java.util.Date {

~

/ﬁyDate

<: Date
<: Comparable<Date>

MyDate

;\5/: Comparable<MyDate>

\

<: Comparable<? super Date>
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List<? extends Object> badList = ...;
badlList.add (“Foo”) ;

// List<capture of ? extends java.lang.Object>
// 12 add DELENGTAED
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static <T> List<T> synchronizedList (List<T> list){...}
// java.util.Collections KU
List<?> 1lst = ...,
List<?> slist = synchronizedList (lst);
// <capture of ?>synchronizedList(lst) tHEzZ%S
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