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1574 English —H R BHH

BIRIEEER  type erasure AR BN 2 BAR - K LS (FER% Object) Java | CH20
BUTHIAHIZBE

JFEETIRI | raw type AHAREFHZE (40 Box b) » KEMGIME - A | Java CH20

§ 2 - BOMEE

CH16 UC&1F THJ 1284 . ArraylList<String> > Map<String, Integer> MIAFEFEFEIZAY o
CH20 it THRIANSGFrzA) #3) Taa8izA) | {ERBIAGERSE > ER—hEEL 2
EHEIZ A o

ERREAGER ARG | AR ERE DT PEaiE TERREIIEE L o ATz

I > REHERZ Object * HUHIATIGH CiEA (cast) WG ERBATIHA =
ClassCastException ; TR ARe s (A e TR A S #R I BE A ERYR - SRR E G dm s
§i 0 BRI AR F B o —A)5E - B A (compile-time type safety) +%T-Bji

# (no explicit casts)

FoMEEIE RS0 AR > EE TED Integer [y TE] Double %1 THI
String [A ) =E&%F—ERRIZ &% ; HzATTE <> HER 0 S EEE N EAR
Al o FEt B IZ R IR E R AT B THPRZy T ANE R B ARG b AR S o

§ 3 =~ FHEAR

3.1 1. ZfuRizRY @ BG4 + Sl
RARIHERL  S25ITRE object » HUHEH EA 1 Hrf DUR ASHRIAI
/% RIARE - BN AIRE

java.util.ArraylList list = new java.util.ArrayList();
list.add("hello");

list.add(42); /] HRiEEsAIE  SREREELE
String s = (String) list.get(l); // $4TEAZ & ClassCastException
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/1 FR 2B dRREEAREE
java.util.ArrayList<String> list = new java.util.ArraylList<>();
list.add("hello");

// list.add(42); /] <~ #HmaEE c BUBUATE (RRifET)
String s = list.get(0); [/ RHEEE , dEEE23%EE String

- ERRRTRIN A O BEETL R E AR RS, 0 A E R TH o
- B FEE B TEE 2 EENAR] 0 AL (String) B8 cast 0 B RIEE o

3.2 2.7ZR5iK 1 <v> e ARSI

TP 2 B E ISR Z Rl A 5 5RE - TR RERE S B 280 - BB KRR EE  7
(Type) ~ E (Element) ~ k (Key) v (Value) o

public static <T> void printArray (T[] array) { // <T> 7ZE{E8BI void ZHi

for (T element : array) /1 FEARRAT BEA
System.out.printf("%s ", element);

System.out.println();

}

/1 —RhHE  ERENE@ELEIRIMES]

Integer[] ints = {1, 2, 3};

Stringl[] words = {"a", "b", "c"};

printArray(ints); // T BEnkEA Integer
printArray (words) ; // T BEIMENS String

- WIS BE © <T> RHEBAEBHIT (static) 218 ~ BERIGIZ AR o

- BB S W ERGEE S BIHE <Integer> ° fmagas 15| BAHEMHEET (type inference) ; &
FIEA]ES MyClass.<Integer>printArray(ints) ©

- —EZERTTEIUR Y 280 R A BRI R Z #0771k ©

® BRSHER  A—E Box<T> LFRBAESRA, T RAKEBRcer> (T-Integer)
ZRER (—ARIKE)

Integer value;

class Box<T> { T = Integer

T value;

T get() {..}

Box<String> (T-String)

String value;

String get() {..}

T BIGUF  E—RiER, SREREFAARIES, RESH SR EHENRRBIRE,
Box<Integer> f Box<String> #HR—MERKE BREARETHCEENAG,
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3.3 3. B2 BBEUGIE 2

- B2 (type parameter) | EERZHFFAUGALAT © 41 class Box<T> » <T> void
f(.) AT

- B2 (type argument) i iZ BIRFEE L EASRI » 41 Box<Integer> R
Integer ©

- BURIE SRS H ] CERI -~ AT~ BF) - FARERIEAR | 5 Box<int> Efmigsh @ &
A2 Box<Integer> (HENEFGEICIE int Bl Integer M) o

Box<Integer> a = new Box<>(42); // BIBIEZ Integer (RE int)
Box<String> b = new Box<>("hi"); // BYRIEZ String
// Box<int> c; /] — YmeEts  BEARBEBIAEEEEAIES

3.4 4. Ziﬂ"éﬁﬁ?aﬂ class Box<T>
BRI 2B BRIARIREAL ~ J77R280 - ERRIEREHEE T

public class Box<T> { /1T REBIZE
private T value; /] RUBEBIZT
public Box(T value) { this.value = value; }
public T get() { return value; } /1 BT

public void set(T value) { this.value = value; }

}

// Box<Integer> HJ get() [@ Integer ; Box<String> By get() [E] String
Box<Integer> bi = new Box<>(100);

int n = bi.get(); /] RpEEE ; BENIFFERL int

- NIRRT ERER 1 <> (diamond) FEARZEARHEET | new Box<>(100) F[F new
Box<Integer>(100) ©°
static JIIATREMBDIRDNSE 1 @ 1 B MIFES - static TTIRERH - BUTHRA]
REIR AR o BAE static HEARA BSICERAEZEDE (HCES <15)

3.5 5. AFRBRIIZE © <7 extends Comparable<T>>

TEERTUA 2 8m] DU AR (EFRZ object) ° FRLUTTENHAEMENY object AL o H A
WEREAFIAT compareTo » AZEFREI T —@EEAE Comparable * ENA SAIHI2H

public static <T extends Comparable<T>> T max(T a, T b) { // T WhZBRJEEER
return a.compareTo(b) >= 0 ? a : b; /] RAEBEFR > ZEEFI compareTo

}

max (3, 7); /] T

max ("apple", "bee"); // T

Integer (Integer ZEfE Comparable) - 7
String (String EfE Comparable) - "bee"

extends TEJZTUMAREMZ TEAIMN extends) ¥ [ EF implements) > —#8

extends ©°
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- EFLZ extends RARMARA ; RIBIE20HREBER TR o E LA ESERE

Object ©°

- %8 PS5 & © <T extends Number & Comparable<T>> ©

@ —EiZE7EE BN ZERRIE—R (RRERZH)
BREE  BEVHIRE-R (EH) Bzl —ERZEAE

int max(int a, int b)

L§:059 <T extends Comparable<T>>
_>.
T max(T a, T b)

double max(double a, double b)

String max(String a, String b)

T BEERZ Integer /Double/
B2z, REBME—AR - HEHR String.. (88{F Comparable) ,
BRTHIEREAMEY compareTo,

B RALRE T BE Object, MM AR compareTo; il <T extends Comparable<T>> #FA;

3.6 6. ZRIBHE © «. v

—{EZ AT DUR A 28R B 280 FESE 0 o &E R TH—E) ¥ <K, v> (Key,/
Value)

public class Pair<K, V> { // FTR{EELRI 2
private K key;
private V value;
public Pair(K key, V value) { this.key = key; this.value = value; }
public K getKey() { return key; }
public V getValue() { return value; }

}
Pair<String, Integer> p = new Pair<>("age", 18); // K=String, V=Integer
System.out.println(p.getKey() + " = " + p.getValue()); // age = 18

- BARIZES BB 0 K B v AHEARERG o el EAE R A o
java.util.Map<K, V> (CHI16) 1F/2H mfEZ%IRIS B ERER 1 o
3.7 7.BHFEIC : <25 <2 extends> /<2 super>

RRSZIZMNTHES W - HRE TEERAANES) © List<Number> T3 List<Integer>
(ZRIAEARG ) - ERABERTIC 2 ¢
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/7 E5RAEREEAEIR List #UR (RAEEE Object #& ~ FBE add 7TX)

public static void printAll(java.util.List<?> 1list) {
for (Object o : list) System.out.print(o + " ");

}

// E5FR <? extends Number> : Number Z{EFEIBI (Integer/Double..) -7 &) » Ra] E)
public static double sum(java.util.List<? extends Number> list) {
double total = 0;
for (Number n : list) total += n.doubleValue(); /] ZEHE Number &8
return total; // list.add(...) Z4R:=EE

<2> JESHETIC L EMALRIERI ; TR HAEE object B 0 AHE add (BRT null) o

<? extends T> EWEHToC  TEETAN - @G T (BEE) | TREEEMNITE -
<? super T> RFYHEHTIC  TEHEREA > BE T8 GEEE) ; Al add T RETFIH]
B AR RFEZ object ©

- [O#k PECS : Producer-Extends, Consumer-Super (E:EM extends ~ B super) o

3.8 8. HIBIHKRR (type erasure > 7 fEHIAN)

Java ZAUEHREVIMS] @ RIS B Tk o BB B GR ESURUHRL object)
HUTHIA PR AL ER

/7] RERY :

Box<Integer> bi = new Box<>(l);

Box<String> bs = new Box<>("a");

/! #REER (L) T #BHERAL Object > bi B2 bs #9 T4ERI) HERE—1E Box
System.out.println(bi.getClass() == bs.getClass()); // true (#B:Z Box.class)

- 1B HUTHAS A H Box<Integer> ¥l Box<String> ; FAEE new T[] > T.class °
instanceof Box<Integer> CELEFEBUTHANAIAIER) o

PR BIRATRNERRIHEE (2802 Java 5 AA) o

- early-objects FEERHIZE TZAI ISR E ~ BUTHIMGRRR) BIW] - 4HEN (#7755 ~
e el HilE o
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§ 4 VY-~ GETANL APT H#E

/] ZBYRE ¢ <T> TEfEEhF 2% ~ EEERIZA]
public static <T> void printArray (T[] arr) { ... }
ClassName.<Integer>printArray(ints); // PREEBIEZ (BEASE Sk

/7 ZEYERI - BREFERBIZ2H
public class Box<T> { private T value; public T get(){return value;} }
Box<Integer> b = new Box<>(42); /11 ER <> EERBIES

/1 ZEIRIZE
public class Pair<K, V> { ... }
Pair<String, Integer> p = new Pair<>("age", 18);

/7 BREBIZEH (ER) : BEEZ24782E Comparable BFELA!

public static <T extends Comparable<T>> T max(T a, T b) { ... }

<T extends Number & Comparable<T>> /] BELEFRA &

// BRFT

List<?> 1; /7 E5R HFER - REEEA Object ~ AEE add
List<? extends Number> r; // E£5 & (producer) ; AEE add

List<? super Integer> w; // T5 :E (consumer) ; B add Integer

// BIRIEZ4RE|

Box<Integer> ok; /1 Z2E8E (BEEEER)
// Box<int> bad; /] — UmeEdE @ FREFREARER

- EBIERE T BUR E TR Kk #E - vE S N BUE

- PECS : Z3f (producer) H <? extends T> ; B (consumer) A <? super T> ©

- {28 vs Object : (ZAAEARRINTEAAEE ~ U 8§ H object ZEFEHEAY - BT
AV o

§ 5 N~ HWRER

- RIBIEZ2HIEARIG] . Box<int> ~ List<double> #mawsn ; 22 EZESER Box<Integer> »
List<Double> °

- BN_ESETY compareTo /HAtYT L 1 BRI SRR EAUR EFUR object 0 JTIERIHAEM
Object HYJ7T% 5 BRI compareTo #ZHES <T extends Comparable<T>> ©

- DA%y List<Integer> J& List<Number> FJFRIRN : IZHIASE > List<Integer> TAEMRLUX
List<Number> HYZH ; BAHAH List<? extends Number> ©

- ¥ <2 extends T> HH add LR | FAEMHFIOUHAEBETAER © list.add(x) i BT
null) °

- AE static SIEMBHIKARGISE 1 @ EHIR T BYFER 0 static TTIERAE ERMEC
HE <T> BZETTE -



SRR BERE AR Et (Java) - BT 0 CH20 28U BT 14

- TR IZ IR © new T[] > T.class * o instanceof List<String> #RAIT——AURIHKRR
BHUTHIRA T W& -

- RIS (raw type) & List list = new ArrayList(); (RHAESE) SR LRI
-~ fmagesss Tunchecked ) %45 ; —AARIES o

- MERSEPLR B T 2 B TAlEERAI, ¢ List<e> FBE add (BRT null) o BEFRR TR
R EE—H5H] ) mIE MEERAIERERL o
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§ 6 N BEHE
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BIRE 1 = 72275 15 B R %)
H—EZ2771% " void printArray(T[] a)* » F3§5® for ENHHFEFIEETLE (ZHS -~ 452
#147) © £ ‘main’ f] ‘Integer[]’ ¥ 'String[]" #FEIY—2X o

1. B “static’ Z1& ~ [EEALE] “void® ZAf 2. 771EA for (T e : a) System.out.printf("%s ",
e);" & 'System.out.println();" 3. FEIYRFRARAS AR E S - SRsEds B B

public class PrintArrayDemo {

public static <T> void printArray (T[] a) {
for (T e : a) System.out.printf("%s ", e);
System.out.println();

}

public static void main(String[] args) {
Integer[] ints = {1, 2, 3};
String[] words = {"a", "b", "c"};
printArray(ints); // 1 2 3
printArray (words) ; // a b c

6 WREEANE (RELERERATD AEARG Cint]]T (R TARIEST
REZEAG) o

— 10—
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Bl 2 : 28 Pair<K, V>
REHZAYER| Pair’ & “private K key; private V value;” ~ B4 T8 “getKey()'
‘getValue()" © £ ‘main’ #—{# "Pair("age", 18)" IiENH "age =18" ©

1. 4% mERRI28 2. mMAIZR 3R K~ TV 2 getter [EI¥TERYA] 3. “new
Pair<>("age", 18)" FZ /T

public class Pair<K, V> {

private K key;

private V value;

public Pair(K key, V value) { this.key = key; this.value = value; }

public K getKey() { return key; }

public V getValue() { return value; }

public static void main(String[] args) {
Pair<String, Integer> p = new Pair<>("age", 18);
System.out.println(p.getKey() + " = " + p.getValue()); // age = 18

Sk | R 2B E S —EM AR ; 2280 R AR RImIE KV e
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Bl 3 © AR
Bz > Tmax(Ta, Th, Te) EHE=%EKK o £ "'main” ¥f "Integer’ ¥ "String" %
Y — 2% o

1. BE5 > AREFE T IEAMEIY “compareTo® 2. SEtka ~ b BUK » 8 c tk 3. "max(3, 7, 5)" —

7 ; \maX(NappleN’ "bee", Hcatll)\ N "Cat"

public class MaxDemo ({

public static <T extends Comparable<T>> T max(T a, T b, T c) {
Tm= a;

if (b.compareTo(m) > ) m = b;
if (c.compareTo(m) > ) m = cC;
return m;
}
public static void main(String[] args) {
System.out.println(max(3, 7, 5)); /] 7
System.out.println(max("apple", "bee", "cat")); // cat
}

¥ . Jm “extends Comparable” E5t (FEIYAZE] compareTo ° fwegsn) ; H *> W)
% (WHEHA compareTo) °©
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Bl 4 : 727 Box 17HL
BEHZ B "Box & private T value' ~ BT~ “get()"set(T)" ° £ ‘main’ &
"Box" H1 "Box" ’ £ set —{E/{EFH get EIH o

1. “class Box" * fi#ifiz “private T value;” 2. “get()” [8] "T" ~ “set(T value) #{& 3. "Box bi =
new Box<>(0); bi.set(42);"

public class Box<T> {

private T value;

public Box(T value) { this.value = value; }

public T get() { return value; }

public void set(T value) { this.value = value; }

public static void main(String[] args) {
Box<Integer> bi = new Box<>(0);
bi.set(42);
System.out.println("Integer Box: " + bi.get()); // 42
Box<String> bs = new Box<>("");
bs.set("hello");
System.out.println("String Box: " + bs.get()); // hello

%6 1At Tvalue” EEK TObject” MidE T CREFAFIZ2) 5 "Box' GEARGIAREE
RREZ) o

— 13—
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Bl 5 : 328 swap ZRHBFIF T E
iz 7515 void swap(T[] a, int i, int j)° AR S| 1~ j FIRITCE © f£ "main’
"String[]” ZZHAEE 0 BAEE 2 A& H B (R RS o

1. ESEEERRIAT 2. FEE T tmp = a[il; ali] = a[j]; a[j] = tmp;" 3. ENHA

“java.util.Arrays.toString(a)

public class SwapDemo {
public static <T> void swap(T[] a, int i, int j) {

T tmp = ali];
alil = aljl;
aljl = tmp;

}
public static void main(String[] args) {
String[] words = {"first", "second", "third"};
swap(words, 0, 2);
System.out.println(java.util.Arrays.toString(words)); // [third,
second, first]
}
}

S | BEBBHERRRIMIE T ; 7 RAUMITRAZZEF 8 (X8 int[]") -

14—
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§ 7 t> BEZ

| RERR T2 RUR R AT B - ARl 22 4 ~ I e T ah i o

| EREZAYTE > JUE <1> BB 2% ~ [IER]Z AT o

| PRREEGI28 CERFIIMSAAT) BEAGIES (EARE AR - MERBIES A
E

GEIZEE class Box<T> HLZRIRIZH «, v> » HEE < °

GHAREIRIZH <T extends Comparable<T>> » HIZEIR _EAKREHAEM object HIFTIL o
HIEBEHTIT <?2> /<2 extends>,/ <? super> HYZERIEB PECS &k o

FIHEIZ PR AR I ~ BUTHIRLIBAARRR (type erasure) * #CTAE new TI1 »

T.class °

— 15—
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