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Chapter 7: Polymorphism
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FKORAE B R NEERE) S E NIRRT, XA — B st Re/EH TR
ZAFRRI T . “2&7775H (polymorphic method call)” f&it
FERILH S A T IR A, BRI SR ] — AN 28 BLYR A= R (1)
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AT AR H K

Ao NEERIIT 4G, I —Lefii i), HW A2 SIT AR, ki 2
A hshAgr e [dynamic bindingl . JG45:¢ [late
bindingl sGs1TW ke [run-time bingdingl ).
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PREZLES 6 AR, EAAEXS Y B CE0E S IR gkl
M. X% reference M1E3E reference K, #FR A HA&
(upcasting). FATEG AR REF, RS L.

EE MR T . FIHIERANTH SRS RE . BT R4 2528 Note (7
7¥), FrLAIRAIILE package H g —/> Note 5.

/I: cO7:music:Note.java

/I Notes to play on musical instruments.
package c07.music;

import com.bruceeckel.simpletest.*;

public class Note {
private  String noteName;
private  Note(String noteName) {
this .noteName = noteName;

}
public  String toString() { return noteName; }
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public  static final  Note

MIDDLE_C = new Note( "Middle C* ),
C_SHARP = new Note( "C Sharp" ),
B_FLAT = new Note( "B Flat" );
Il Etc.
Y I~

XJE—A “Mzé(enumeration)” 28, BAIEE T LN E X5 PAAEIE
Feo MARERQIEILEXNR T, BMIE RS private (1.

RN LR H, Wind /58 —F R34k K& T Instrument:

/I: c07:music:Music.java

/I Inheritance & upcasting.

package c07.music;

import com.bruceeckel.simpletest.*;

public class Music {
private  static  Test monitor = new Test();
public  static void tune(lnstrument i) {
...
i.play(Note.MIDDLE_C);

}
public  static void main(String[] args) {
Wind flute = new Wind();
tune(flute); I/l Upcasting
monitor.expect( new String[] {

"Wind.play() Middle C"

D

}

Y I~

/I: c07:music:Wind.java
package c07.music;

/I Wind objects are instruments
/I because they have the same interface:
public class Wind extends Instrument {
/I Redefine interface method:
public  void play(Note n) {
System.out.printin( "Wind.play() " +n);

}
Y I~

Music.tune( )7 % Instrument ) reference 1F &%, HEE
WA D2 AT i Instrument JRZE HIK (¥ reference. =4 main( )
A&t Wind 1) reference 1545 tune( )IHH%, X—PIat k4
T XA LA AT K4 Wind 4k T Instrument, e
WAL Instrument (13820, M Wind _L{43] Instrument ({1
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RO, R A R G E 4D Instrument #5 — N E 1) tune( )
J7ike BORIAINE XA B, Fin—A Stringed (5% k45 ) fl—4
Brass (& /F4):

/I: cO7:music:Music2.java

/I Overloading instead of upcasting.
package c07.music;

import com.bruceeckel.simpletest.*;

class Stringed extends Instrument {

public  void play(Note n) {

System.out.printin( "Stringed.play() " +n);
}
}

class Brass extends Instrument {
public  void play(Note n) {

System.out.printin( "Brass.play() " +n);
}
public class Music2 {

private  static  Test monitor = new Test();

public  static void tune(Wind i) {
i.play(Note.MIDDLE_C);

public  static void tune(Stringed i) {
i.play(Note.MIDDLE_C);

public  static void tune(Brass i) {
i.play(Note.MIDDLE_C);

}
public  static void main(String[] args) {
Wind flute = new Wind();
Stringed violin = new Stringed();
Brass frenchHorn = new Brass();
tune(flute); /I No upcasting
tune(violin);
tune(frenchHorn);
monitor.expect( new String[] {
"Wind.play() Middle C" ,
"Stringed.play() Middle C" ,
"Brass.play() Middle C"
D;
}
Y I~
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EAHEARATT L, HRFAEREE: S HE T Instrument
(RIS fige, AREBLINL [ TRIEAN KRG —ANT71k. RN, AMEE SRR
I 32 22 SRS, T BN tune( ) 228054, B I
Instrument i, G2 HIRZ 3. A, WERARE TEEIEA
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Music.java il N\ 28 @b gt 2, 1sATE,  JRIE = A 1) &
Wind.play( ). Wk, XIEZEAAHE, HETHEGERRIMIEN
HABXFEIEAT. FA tune( ) /7ik:

public  static void tune(lnstrument i) {
...
i.play(Note.MIDDLE_C);

}

‘B#% 1 Instrument (1) reference iS5, A FEREASIE
XA~ Instrument 1] reference 54517 —4 Wind, A& Brass &
Stringed Wi ? 4iifas ANTTRERIE . A T BERN B X A W8, FRATTSE
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fi T it “JaghE (late binding)” B UE BAEREPABAT I
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Cirde drawi ) draw ) drawi )
Reference erasel ) erasel ) erasel( )
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NI AR ¢ AR

Shape s = new Circle();

XHSEAIE T A Circle %%, #55 FEE b i) reference X% T
Shape. & I LiXfg2&—MrR(—MEIEARIRE 5 —M); HZEH
T Circle &1 Shape R4 K F), Circle E‘)EE*W Shape, Kitix
FIEART B BT LA PEas S 2 A MR 32 X 4B 0), AT AR HRAS
i

BRI T — N ERINERAER B 5 IXAT1E):

s.draw();

ARER R, XN AT Shape EI’J draw( ) THE, ROHEERX
;& Shape [1] reference——4w 2% L E A EGEMILEFHER? =
SEH TSI T JE90E (28 E), SEbr e ﬁﬁﬁ Circle.draw( ).

NIRRT LA

/I: c07:Shapes.java

/I Polymorphism in Java.

import com.bruceeckel.simpletest.*;
import java.util.*;

class Shape {
void draw() {}
void erase() {}

}

class Circle extends Shape {
void draw() {

System.out.printin( “Circle.draw()" );

void erase() {

System.out.printin( "Circle.erase()" );
}

}

class Square extends Shape {
void draw() {
System.out.printin( "Square.draw()" );

void erase() {
System.out.printin( "Square.erase()" );

}

class Triangle extends Shape {
void draw() {
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System.out.printin( “Triangle.draw()" );

void erase() {
System.out.printin( "Triangle.erase()" );

}

/I A "factory" that randomly creates shapes:
class RandomShapeGenerator {
private Random rand = new Random();
public  Shape next() {
switch (rand.nextInt(3)) {
default
case 0: return new Circle();
case 1. return new Square();
case 2: return new Triangle();

}

}

}

public class Shapes {

private  static  Test monitor = new Test();

private  static RandomShapeGenerator gen =
new RandomShapeGenerator();
public  static void main(String[] args) {

Shape[] s = new Shape[9];
/I Fill up the array with shapes:
for (int i=0;i<s.length;i++)

s[i] = gen.next();
/I Make polymorphic method calls:
for (int i=0;i<s.length;i++)
s[i].draw();
monitor.expect( new Object(] {
new TestExpression( "%%
(Circle|Square|Triangle)"
+ "W.draw\\(\\)" , S.length)
D

}
Y I~

2k Shape Wk e X T — ML O—lat 2 i, I
Shape #1 draw( )1 erase( )iXH k. IRAERSE SIXHAN T
ik, DI BT AT N .

RandomShapeGenerator &1~ “ 1) 7, &FXIHHER next()
JHiERI R, EEASHEALEE—1 Shape X%, RJFIRIXA G S )
reference. TR, AEHUKALE return iB4), EERAGE
Circle, Square /¢ Triangle, ik [H[11#5E Shape. K bfik
WA next( )l ARHE VS HE IR PME R BARRAL, KSR RIFIK
1t i 1 Shape reference.

main( )t/ T —4> Shape reference 11541, RJ5H
RandomShapeGenerator.next( )&, XEf, /R K E0E e
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woid play ()
String what )
void adjust))

i
ilgle Fercussion Stringed
void play(d woid play(] void play(d

String what!
yvoid adjust)

String what()
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String what )
void adjust])

il
W odwind Brass
void play(d void play(d

String what)

woid adjust)
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XL AR BE R IR 2E R ME B tune( ) A A L AE. B 2ALE
tune( YRS —ANCE, 1 Instrument (1O T8 2
PSR, EWHAETCINE g R LR TAE. FIHEZIXA KR E 5L
s

/I: c07:music3:Music3.java

/I An extensible program.

package c07.music3;

import com.bruceeckel.simpletest.*;
import cO07.music.Note;

class Instrument {
void play(Note n) {

System.out.printin( "Instrument.play() " +n);
}
String what() { return  "Instrument” i}

void adjust() {}

}

class Wind extends Instrument {
void play(Note n) {

System.out.printin( "Wind.play() " +n);
}
String what() { return  "Wind" ;}
void adjust() {}
}

class Percussion extends Instrument {
void play(Note n) {

System.out.printin( "Percussion.play() " +n);
String what() { return  "Percussion" ;}
void adjust() {}

}

class Stringed extends Instrument {
void play(Note n) {

System.out.printin( "Stringed.play() " +n);
}

String what() { return  "Stringed" ;}

void adjust() {}

}

class Brass extends Wind {
void play(Note n) {

System.out.printin( "Brass.play() " +n);
void adjust() {
System.out.printin( "Brass.adjust()" );
}
}

class Woodwind extends Wind {
void play(Note n) {

System.out.printin( "Woodwind.play() " +n);
String what() { return  "Woodwind" ;}
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public  class Music3{
private  static  Test monitor = new Test();
/I Doesn't care about type, so new types
/I added to the system still work right:
public  static void tune(lnstrument i) {
...
i.play(Note.MIDDLE_C);

public  static void tuneAll(Instrument[] e) {
for (int i=0;i<e.length; i++)
tune(e[i]);

public  static void main(String[] args) {
/I Upcasting during addition to the array:

Instrument([] orchestra = {

new Wind(),

new Percussion(),

new Stringed(),

new Brass(),

new Woodwind()

I3

tuneAll(orchestra);

monitor.expect( new String[] {
"Wind.play() Middle C" ,
"Percussion.play() Middle C" ,
"Stringed.play() Middle C" ,
"Brass.play() Middle C" ,
"Woodwind.play() Middle C"

b;

}
Y I~

B2 what( )fil adjust( ). #@1E SR BB IZ AT
String; 111Ja & W& BRI R A5 ¥ o

2R main( )1 orchestra Z4lUR U IR, SIS 8 5 3
4% Instrument.

WLLES], tune( )72 I Tk A AR — e B g, EJE EIREIE T T
B KIEZIAIAER, ZEMENIZRMERIIRE . PRSI AL
FIEANAZEWRE Y. #E2Z, MR KU, ZHME IR
MIEAR, ERELLAR RS RMASAR RG22 T K. 7

Hik: “BE” private HIHiE
PRA] Re R To B2 M 2R 24 T X 4 -

/I: cO7:PrivateOverride.java
/I Abstract classes and methods.
import com.bruceeckel.simpletest.*;

public class PrivateOverride {
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private  static  Test monitor = new Test();
private  void f() {
System.out.printin( "private ()" );
}
public  static  void main(String[] args) {
PrivateOverride po = new Derived();
po.f();
monitor.expect( new String[] {
"private f()"
D
}
}

class Derived extends PrivateOverride {
public  void f() {
System.out.printin( "public ()" );

}
Y I~

A RER AR ) B L 2 2 “public £( )7 . {HE private J7ik A3 2
final (1), 1 H&RARER. HitixH Derived ) f( )2 — /N4
751k HRIETRRAAF, Kk Derived HRAG ANFIFEAM £( ).

givemt 2, RAAE private (A4 RS . (H2 RS HELE -
LGRS private JNAREY, EAIA S EG R, (HZRA]
RERAMZIRI T RI2tT. B FHMIIR L8, JIHISERM private J5ikH)
YL B IRAER N T

it By B SRS

XK1 rf, Instrument JES[ A& L8 “Frrie” o Wi
REETFIRRMPER T, R A 1 T . 5Cks - Instrument (17
B2 200 BT Ay e IRAE ORI SRAE — A A AL H .

BRI PP A I M — R R, & TRE e B Ay kS
XA, BT —NEARMIE, JRATLUOX 2 BT IR AE R T I
Ko BH—Fiidk, 2 Instrument &2 — “di% 13 (abstract
base class 8 itk 3% 2% abstract class)” . 4R EEL — DA
SR O ks — 4R, sl UM% T . WL 3890 E L
Hl, ILERF S VIS AE IR AT 215 2 . (B L—5F
B, WIRTFELRIZERIGARE, mSESIRAR, BB ER T, X
KMEAN & PR ) 45 B, )

WHRARE — 1% Instrument XFEF) abstract class, A4 X P HIx}
SRVt A BN, AR Instrument FUR Sk E XdED, AR
HARSZEL, Kb EIEE Instrument X5 H m X, TR BRI A] B R4k
IEHAP X AE. BEAEEX A, AT LLiE Instrument (177747 BN RS
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B R R A ) R RIS AT I T, PRl s T AT R
o BT MEAE A A G PE I AL A 17

Java et T Ml RR o “ a5 Jiik(abstract method)” B iR v
XA, B Rl AR e R s X A, W IE
o N AT G TV R

abstract void f();

A& ISR “ W% 2k (abstract class)” . WRIUE—A
WEANG T, I AXA KLY e Lk abstract 1. (75 0405
A ASREE T . )

WEARII R I MR SE IS, A I R A NARZ QI Hh RS R 1,
G Eas AT B AME? i iFas BOk L e QI IR I 5, PrilE ik
B L, gWIEARORUE T HIZ R AL, AR A O E 2R T

I

WURARGE A T %S, 1 HIEFT S H 2RI 5, RS 20 S
ST ARG T WIERARAN K A (FRAf S AT LE AN IX A
M), AIXAMA TN RIGBE THMGERT, dmiEassmiblirH
abstract S AR A BIX AN R

f@— At abstract 7k abstract 25, JE5E 4 LA, X
HIGAT LU T “A 08 abstract (1777, {H & BEER | 5] A G @ A4S
KL 11356

Instrument Z5n] DUR A 7 M8 E 0% abstract 25, T HI%F8IEA
FSRE T AR R ), R B LA v e U abstract 11
WAT T . R E:
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abstract Instrurment

abstract void play();

String what{) € /* ... */ %
abstract void adjust();

il
extgnds extehds extends
Wind Fercussion Stringed
woid play() woid play () woid play ()

String what()
woid adjust()

String what)
void adjust)

String what] )
void adjust)

Jil
extands extgnds
Wyoodwind Brass
woid play() woid play()
String what() woid adjust()

#t& ] abstract 251 abstract 777k 1& 04 orchestra (5% 55 A1) 1)
1l

/I: c07:music4:Music4.java

/I Abstract classes and methods.
package c07.music4;

import com.bruceeckel.simpletest.*;
import java.util.*;

import cO07.music.Note;

abstract  class Instrument {
private  int i; // Storage allocated for each
public abstract void play(Note n);
public  String what() {
return  “Instrument"”
}

public  abstract

}

class Wind extends Instrument {
public  void play(Note n) {

void adjust();

System.out.printin( "Wind.play() " +n);
}

public  String what() { return  "Wind" ;}
public  void adjust() {}

}

class Percussion extends Instrument {
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public  void play(Note n) {

System.out.printin( "Percussion.play() " +n);
}

public  String what() { return  "Percussion" ;}
public  void adjust() {}

}

class Stringed extends Instrument {
public  void play(Note n) {

System.out.printin( "Stringed.play() " +n);
public  String what() { return ~ "Stringed" ;}
public  void adjust() {}

}

class Brass extends Wind {
public  void play(Note n) {

System.out.printin( "Brass.play() " +n);
public  void adjust() {

System.out.printin( "Brass.adjust()" );
}

}

class Woodwind extends Wind {
public  void play(Note n) {

System.out.printin( "Woodwind.play() " +n);
}

public  String what() { return  "Woodwind" ;}
}
public class Music4 {

private  static = Test monitor = new Test();

/I Doesn't care about type, so new types
/l added to the system still work right:
static void tune(Instrument i) {

...
i.play(Note.MIDDLE_C);

static void tuneAll(Instrument[] e) {
for (int i=0;i<e.length; i++)
tune(e[i]);

public  static void main(String[] args) {
/I Upcasting during addition to the array:
Instrument([] orchestra = {
new Wind(),
new Percussion(),
new Stringed(),
new Brass(),
new Woodwind()
2
tuneAll(orchestra);
monitor.expect( new String[] {
"Wind.play() Middle C" ,
"Percussion.play() Middle C" ,
"Stringed.play() Middle C" ,
"Brass.play() Middle C" ,
"Woodwind.play() Middle C"
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}
} o~

WLUES], BRTIHESEZAN, B ARSI

HT e B TR g, JE B VR P RSz A, Rk
abstract 125 H VR TR R AR 22 0] i,

PRAEH —HF, MG B S A, A8 B2 SR R R A b R
BRI RN 2 A I (e Ere AT static Uik, U A IR
THU), (HZREEM SR RMERMZ R Ml TR
iR +or B, — HPR T IXAN R, Rt BEREDT IR 2 1k NANES AR X9 2
2 o

H 3 BR B0 R FH P

BAVCIEAES 4 T E S 4 T R s B A, R AR 6 FiAk:
TR IUHE, ARSI OB N HLZ B

FERVEIRAESEN G RE b, SR s B 2 e 2], IR 2
RN 2%, RN ESEI A IE R AR S R o KRB R IR P
BH, BN IE B — MRS B EAE R GOt A i L )
T IRAEIFABEVIHE A QML EE A RIS G (K e i
HAE private [19). HATEESEAIRIE B B4 FIE SRR AL E R

[l -t A B A A BRI T W64 . PRI “HE A R At R 2R T ] —

7 AAFAR R A T, AN S AGE G T . X A A R
SR AR NIR AR S AR B SR A s B S I T o ERARANE IR 2B
(Foey e o K B WAt 1 P SR 0 Mg i e B, St il 2 A AV 10 O AR
BN IE KA. R BTG R, i ae it il . (BRI
ARIIERREL e A8 IRAE S — BRI IE PAL. )

BAKREFR FHEA T, B EEATTEL TG, Mk, ULZENE
XF T A R R

/I: c07:Sandwich.java

/I Order of constructor calls.

package cO07;

import com.bruceeckel.simpletest.*;

class Meal {
Meal() { System.out.printin( "Meal()" );}
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class Bread {
Bread() { System.out.printin( "Bread()" );}

class Cheese {

Cheese() { System.out.printin( "Cheese()" );}

}

class Lettuce {

Lettuce() { System.out.printin( "Lettuce()" ); }
}

class Lunch extends Meal{

Lunch() { System.out.printin( "Lunch()" );}
class PortableLunch extends Lunch {
PortableLunch()

{ System.out.printIn( "PortableLunch()" )}

public class Sandwich extends PortableLunch {

private  static  Test monitor = new Test();
private  Bread b = new Bread();

private  Cheese ¢ = new Cheese();

private  Lettuce | = new Lettuce();

public  Sandwich() {

System.out.printin( "Sandwich()" );

}

public  static void main(String[] args) {
new Sandwich();
monitor.expect( new String[] {
"Meal()"
"Lunch()" ,
"PortableLunch()"
"Bread()"
"Cheese()"
"Lettuce()"
"Sandwich()"

D
}
} i~

RBRE R Z 2RI T NRIRIIE, IXLSRARATH I bR 2L
Sandwich JEEF KR, T = Z IR R R (WIRARIE R 148K
Object b4 LIk, SLhs LI2MUJR), EH =i, fRnf DUE R
main( )14 W% 2] Sandwich XSGR RE . it v 2 xt %
(1K) i bR B A AT P WG P 2 TR (1

1 ISR MM R X MBI RS, D e R dk kR R
A, SRJE N PIRAESE, DR, HEIRJG D aRRR R
SR

2. JR OIS B A% LR W R HEA T R AR A o

3. PATERARSE [ pR B IE S
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38 BRI R P R TR . GR7R RISt R BB 22, JEH.
WHEVT M) 'E () public Al protected bt ik /2 i, #RNAFHYRAESS
IR, FTAT IOFESE R R AN % A E S U T o X Tl sy, it
OSSR T, XN EOETESRE T (X iER ki, Xk H
e fiidt. A THIMRX — 0, HAE LR B A T SR M I R 21X

FEs AR PAT IR A A B B I, SR VIt e e T,

A DMISIRYT 0] T o “ RERI RIS RRECDT M B e 1 7 g C R A RE, Bt
75 SRR D35 G (Wt 2 A sl 1) =Xt 25 (R 5 ) (R A st 1B A T 4]
S0 Rt ERFERE T b, €, DA D). WERARIEAE T X R i

W A AR R “ A2k (base class members)” , LPLACE
H O R S IPIEARA TRIE T« HASERE, XA ST REE

Mo F—"gteika].

HAGHHE

RIEH R A O G, R ZHNE DR, VRES IS LG B (1 1n)
B TG T LA F A S s J AR B . SRR AT B,
Aol a0 — i, AR alE— dispose( ) ik T (Fhrhik 7iX
M, AR ] DOE— MR SE L 1A F) . 1 HAEGR ARG LT,
1 B AR R IR A — LR R P AR, RIS MR IR AR A
R dispose( ). 4R 5IRA:ZR dispose( )i, Tid{Es
— SRR IR R dispose( ), X AAEW BT, KRR
W, HBMASEINER, NIRRT X A

/I: cO7:Frog.java
/I Cleanup and inheritance.
import com.bruceeckel.simpletest.*;

class Characteristic {
private  String s;
Characteristic(String s) {

this .s=s;
System.out.printin( "Creating Characteristic " +
S);
}
protected  void dispose() {
System.out.printin( "finalizing Characteristic "
+ s);
}
}

class Description {
private  String s;
Description(String s) {
this .s=s;
System.out.printin( "Creating Description " +s);

protected  void dispose() {

System.out.printin( "finalizing Description " +
s)
}
}
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class LivingCreature {
private  Characteristic p = new Characteristic( "is
alive" ),
private  Descriptiont =
new Description( "Basic Living Creature" );
LivingCreature() {
System.out.printin( "LivingCreature()" );

protected void dispose() {
System.out.printin( "LivingCreature dispose" );
t.dispose();
p.dispose();
}
}

class Animal extends LivingCreature {
private  Characteristic p= new Characteristic( "has
heart" );
private  Description t =
new Description( "Animal not Vegetable" );
Animal() {
System.out.printin( "Animal()" );

protected void dispose() {
System.out.printin( "Animal dispose" );
t.dispose();
p.dispose();
super .dispose();
}

}

class Amphibian  extends Animal {
private  Characteristic p =
new Characteristic( "can live in water" );
private  Descriptiont =
new Description( "Both water and land" );
Amphibian() {
System.out.printin( "Amphibian()" );
}
protected  void dispose() {
System.out.printin( "Amphibian dispose" );
t.dispose();
p.dispose();
super .dispose();
}

}

public class Frog extends Amphibian {
private  static  Test monitor = new Test();
private  Characteristic p = new
Characteristic( "Croaks" );
private  Description t = new Description( "Eats
Bugs" );
public  Frog() {
System.out.printin( "Frog()" );

protected void dispose() {
System.out.printin( "Frog dispose" );
t.dispose();
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p.dispose();
super .dispose();
}

public  static void main(String[] args) {

Frog frog = new Frog();

System.out.printin( "Bye!" );

frog.dispose();

monitor.expect( new String[] {
"Creating Characteristic is alive" ,
"Creating Description Basic Living Creature" ,
"LivingCreature()"
"Creating Characteristic has heart" ,
"Creating Description Animal not Vegetable" ,
"Animal()"
"Creating Characteristic can live in water" ,
"Creating Description Both water and land" ,
"Amphibian()"
"Creating Characteristic Croaks" ,
"Creating Description Eats Bugs" ,
"Frog()"
"Byel" ,
"Frog dispose" ,
"finalizing Description Eats Bugs" ,
"finalizing Characteristic Croaks" ,
"Amphibian dispose" ,
"finalizing Description Both water and land" ,
"finalizing Characteristic can live in water" ,
"Animal dispose" ,
"finalizing Description Animal not Vegetable" ,
"finalizing Characteristic has heart" ,
"LivingCreature dispose" ,
"finalizing Description Basic Living Creature" ,
"finalizing Characteristic is alive"

b
}
Y i~

XA AR R AR —> Characteristic fil—4>
Description SR X %, EATHNIZERTEE . MR E5X5 20
A RESAMRBIOCR, BIE T A% -5 WIGA IR AH o X 5dis
BRSO B e AT IR B Y. 1% 55 75 B IR A e (PR A £ 1)
WIGEAL T 3 B B R4 T 1) o XSRS (e R T CH+ It R 4L
BT, WRNVAZSESHATIR A 2B MTE 3, BT RS B X2 R
ARG ] e T LN F L SR O vk, R B R A LR, e
ANReIt F g B . AR CLUNFR RS A, Frog X5 &5 103G
PR, 145 e AT a0 A S o

XAPIRERY], REIRASZAATTERE, (EREREMANR, Bt
ARH AL o

ZRTEEMEREF AT
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Hey 3 PR AR T WO i R TSR MRS i R I R O T4
SNAYRE 5T, AT SE TR IR xS &, e &2k
HARERIRCR I ? AR Tl Tk, st LU Sl BEatl: miTA
FNIE XX G AZ S IIGE R IRAEIRN, Bl S g0 e S AEs AT N AT
R TR RE, AR RE S YN R R Bt WA IX A

YIRSt WERIRAEAL 3G s BRI T3S ghe ik, B4
EEAEHIRANE S ARAS . (HRIXA “HOR” AT NRRE it
JE A AN R bug R Z AL

IR EUF, R R AR S5 A G B (X AT AN AT A S 25 (1)
) WGBTS, MR T —F—— R A L3R
MR OEYIEN T, AHERIEAFNE ESIRAE A A HESISYEEN
JIERL, S “Hh” fEFmiE “2K &K (inheritance hierarchy)” .
BRI T W FARAEAL 3% oA 23U T X A1, UREE AT fig
W T —A “SU5 ARG IR R L 7 I 7 T —— 1 25 Y TRl

PRAT LA A1) BRI A i) L

/I: cO7:PolyConstructors.java

/I Constructors and polymorphism

/l don't produce what you might expect.
import com.bruceeckel.simpletest.*;

abstract  class Glyph{
abstract  void draw();

Glyph() {
System.out.printin( "Glyph() before draw()" );
draw();
System.out.printin( "Glyph() after draw()" );
}

class RoundGlyph extends Glyph {
private int radius = 1;
RoundGlyph( int r){
radius =r;
System.out.printin(
"RoundGlyph.RoundGlyph(), radius =" + radius);

void draw() {
System.out.printin(
"RoundGlyph.draw(), radius =" + radius);
}

}

public class PolyConstructors {
private  static  Test monitor = new Test();
public  static void main(String[] args) {
new RoundGlyph(5);
monitor.expect( new String[] {
"Glyph() before draw()" ,
"RoundGlyph.draw(), radius = 0"
"Glyph() after draw()"

45 21 71 4L 29 1T www.wgagh.com/shhgg/tij.html
email:shhgs@sohu.com



Chapter 7: Polymorphism

"RoundGlyph.RoundGlyph(), radius = 5"
D;

}
Y I~

Glyph 1 draw( ) J7i2 abstract (), T LUX RS2 2 n i Ak
BEN. b b, Rz RoundGlyph 755 draw( ). Glyph
kG BRI T draw( ), XM SRS T
RoundGlyph.draw( ), F&k—UJ#8E R . (H2 MR EE Hin i i
{5, fREta &I, Glyph [f#4iE R 0 FH draw( ) EHE, radius (1)
IS BB MG 1. 'EiE 2 0. WA R EMMFENE, Xnf
Re A pt e L —N i, EER A AN, RN, SRR T
MR, 9% b HE & B B T4

£ B IRF T A A IYIER A IF A TEHE,  TER N A XAk 1 5%
B HIEMPIa AL R IR -

1. EIMTHE TAEZ AT, ARCE XN S N AEE 8wl et kg ik i i)

2. EWIETTH—EAEPT U, SE T 2ER M s . X2 R 4 5 1
draw( )7 E(ER, 7811 RoundGlyph ({3 % g ), iX
e R, BT HE LN, radius [EIEZEE.

3. Hds s A e AT B B A TG A

4. IR IAA 3 R T 1E S

R ANEFAL, AT A HER, Bl T AT 10 25 DY #1 4h 1k
AET (TR, #AE ). X rp e A ik 25 (o6t
%, X4 reference #5# % T null. BTLLATRRES T %) reference it
TR, IBATIORH R s I e . T ARTE R %, XA
RN 2 Doy iR

EJE o — i, ARARES X R AT 45 R — 15t IRIIBETT 5856
B, AHRREFHEAT A R AU SRR A 2, Mo B2 PR AR e . (FE
XAELLR, CH+IIgiEas o — LU EUACPEPER e )X bug IRE )
SN, T HEACARA IR N R A L o

iRt NG A %, D I DR R R RS R E
af, 1y HELR A REM I S L J7 1. 7 Rt R RO — R R T R T
5 WSS final Uik (X4t private Jrik, BUAVE EZ)
it fimal (. YEMIARPEES, Kbt As IR EANAT A .

P4 AR AT e vt
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—HPR T 2SN, RS SR T ARV N AR AR ORI, RO 2
PESCHE R RG] T o (BRI vk i gt Sebn b, WURAR—i8
B “EH CA SRR M SR EH K 1E, HiEa 2
Tob BEARLF R R T

B IR FE TG TE G I FEE IR FIIE Z AR AR MRS RN . &
JIFABRRARAE BT e — DR R HANEIE T RGBT & s
foc, Rl ABhAS IR £ e 03 SR (AL IIAT ), oA FH 4R AR 1) 3
FUAFAE R PRI HR IR R IR . T X B e SR 73X — A

/I: cO7:Transmogrify.java

/I Dynamically changing the behavior of an object
/I via composition (the "State" design pattern).
import com.bruceeckel.simpletest.*;

abstract  class Actor {
public abstract  void act();

}

class HappyActor extends Actor {
public  void act() {
System.out.printin( "HappyActor" );

}
}

class SadActor extends Actor {
public  void act() {

System.out.printin( "SadActor" );

}

class Stage {
private  Actor actor = new HappyActor();
public  void change() { actor = new SadActor(); }
public  void performPlay() { actor.act(); }

}

public class Transmogrify {
private  static  Test monitor = new Test();
public  static void main(String[] args) {
Stage stage = new Stage();

stage.performPlay();
stage.change();
stage.performPlay();

monitor.expect( new String[] {
"HappyActor"
"SadActor"
D
}
Y N~

Stage X/ %117 T —4 Actor [¥] reference, [Mix/ reference i
¥itntk o HappyActor. e it performPlay( )& — Sk T
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TR . HIEFRFE1TI Actor ff) reference n] LUES] S — A% |, [
LA SadActor X ZokB% e, T2 performPlay( )47 ik
AT . XFEIRBAEIBATI SRS TR B R g GXRRA “RE
ti (State Pattern)” . %W www.BruceEckel.com JIii|# ()
Thinking in Pattern (Java hR)). KRWHEA, EAREILIRIEIZIT I 2k A&
ANEE s XA ) R dm BRI R &2 R R T .

A7 g% IR AT AR AR L ST A IO AR, 1T s SR s R R 7R AN )
FPRES. 7 R GIRE R A A PN IRAZRH R &R act( ) ik

KA, 1 Stage WAL & R R IRE AR . FEXFHEIL T, CIRES
RN 2 3 EUAT I IIAN Ao

AR ET R
Bk, WK R T R “aigik T e R B

WU, YRAESRAE B KE interface A . BE FimiX sk
K.

Shape

draw ()
erasel )

A

Circle S quare Triangle

draw() draw () draw ()
erasal) erasel ) erasel )

22 R O PTaRE R, IR SRR N 2ET) “27 KR hK
DRIUE T PIATIR A SRR DA ISR o MW SRR G T3X5KIE, B4
BRI LA 2 BEIE SR BE R

A DX AR R “ 52 4B (pure substitution)” , A 5E4w] LLHR
AR GOR B I IER AT G, 10 HLARIZFEA ) I AR A AN 75 AT A 12K
HEENSY

Talks to Shape [ Circle, Square,
Message Line, or new type
"Is-3" of Shape
relaticnship
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W2, W TAHEAMRRRE N, BT DR AR 45 IR A SR
Ko ARPTEALT), HORRIRAEZRN & AL, ARG AN P B A X A
WG 2RI T o PrT MARVE RS h 22 A PE R AL

BRIXH, R 7 KRARAEME - FRN I %, e =4
AL R AL, IFHATE P IE AR X e MR W
ROM S A G RS I U, AR A I ST AR, XL ] RS

VREZED(ES T, extends SR WLE L SNIREIZ AM)E 5
KR Ir %o EXROCR W LAH] “ B (is-like-a) 7 XAARIERLR,
HIRAR “B7 HR——EMEMAREAR I —HZ e &g
Fitl, SO LERAM

I se fil
void f0) AgsUme th|5.
void gb) } represents a big
T\ interface
M ore Useful "le-like-a"
yvoid )
yvoid gl
woid ull
void v(] Extending
] the interface
woid wid

BRI — M A IF LA BT U (IR ), ERE e — o A
REE I 2R Vs MR A ez 1, Brbh EARZ )5, IRl ek i AR i 5
%7

Talks to Useful | ... »
. Useful part
ohiject Message
I I
ar

WERARAAE ] LA, AT AT AR BAT o« (HREEHFAEOL T, RS Al 21
“ELHUH R ILIXA R R DI (DL, IXFEIR A REAE AR RS 1Y)
Y RETTL. Nl e RS AN

TMEEEBITRBIRE S
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Hi ¥ “ EAf upcast” (WHEMERRIN L) )5, RIGAKGEEET,
Kk “H T Mk (downcast) ] R A dR A OC R BT ) T %
RAEBERAL A B bl T B R E 2 7. IR B AL B %A, Jk
FH AR RELLIRAE SR BE K. PR E 1 7 e 3 IS i i Fe 2R 1
AR . EAERER] MERINAR, fRANRER E “IXDBIGEAZR 17
(R2EANIT). ErbE A=A, MBI Etakik.

Useful

2ssume this

:2:3 f[(:]j } represents a big
d interface

1

Morel se ful "Te-like-a"

woid i)
woid gl
woid Ul

void v() Exf:er‘nding
] the interface
woid wi

TR PIZAN ), AR IMERE S OR DAL IERI, IXFEIRE A2
ENZRAEE 5 AR T, TREAS A E R AEARILZIHEE
1o REMIAALEN,

FAGE T (R C++) WL R b3, A g i T ML, (H2
Java KA AR A Ll REE LRS- G SE T4
W R 4, (HOZIBAT IR, RESAXLHEHAER A, DUk
TS RAR B B (R, IR, RS — A
ClassCastException. XFuziTIFIRTR A MRR N “IB4T I ZRA
L5 (run-time type identification 43’5 %y RTTI)” . N [H B R R
T RTTI 4T 4

/I: cO7:RTTl.java
/l Downcasting & Run-Time Type Identification (RTTI ).
/I {ThrowsException}

class Useful {
public  void f() {}
public  void g() {}

}

class MoreUseful extends Useful {
public  void f() {}
public  void g() {}
public  void u() {}
public  void v() {}
public  void w() {}
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}

public class RTTI{
public  static void main(String[] args) {
Useful[] x ={
new Useful(),
new MoreUseful()

%
x[0].f0);
x[1].90;
/I Compile time: method not found in Useful:
M x[1].u();
((MoreUseful)x[1]).u(); / Downcast/RTTI
((MoreUseful)x[0]).u(); /I Exception thrown
}
Y I~

IEmEZXR R, MoreUseful § i | Useful 11411, (H& T &4k
A, R LUK e 454 Useful. nTLLER], 4 main( )4 %4 x
AT WIGRAC IO, BRIEAT T A% . T b i w5 46 2 Useful
f, RIRar Bl e i kis £ )R g )i e, R T

u( Y(1f5 MoreUseful 4 ), 41 S

mAARAE Vi 1) MoreUseful X% A g4z 1, IREifF5E T e, Wifknl
B, EAERESS . S0, <133 ClassCastException.
PR R IZA T G B AT AR R AR, DA & RR IR R P 53 S0

W, MTIX AP R AT fE R AR AERE P AT R T

RTTI ZELb HRF T R 2% . Z50R UL, IRATLME MEZ el —F “X
AR GEEFPSRAL o FATAES 10 =, HEREFRIEVTIT Java )
IBATINRAY ] o

AN “ARMENT o R EXRIMEET, R kAl
I (BERM AR D) ARZ “ AR AR 77 - SR
A BNEIRE Tk

REARFEWES T, WRAPMLIA R MBI NIE, EHRAA T RERE AR
2NN, EAMUAIREZEIENG T T . 2B FAGEINLIE Fr
MR (A B switch T56)), MIRHABHERKRN “RER” F, €4
ARz . AT 3T Java B IBEEIET [0 G R AR
FLUnTAN A, S S PCA R DS R IR A4 KRR Tl b
M AREIEN, B2 M.
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FAE G R P A ROAE 2381k, DA R RO, SR 20 i
PRIV FEALES . AR SGE AR A R, e L RS
RZBIIEFENE, ULETZ MR R . BRI ERIR R, (H2XF 53

TR, RO EREMERE P RIT A, S AR LY, SR
BTy R, RN ey AR AR BT T

%5

H AR N2 2% e A www. BruceEckel.com F#i4 4 The
Thinking in Java Annotated Solution Guide IfJH 13RS, X LA
— L H AR .

1.

4 Shapes.java {51 AMEFTEIH R 57k, (Ha2RAE IR A 2R B
BERXAN L. Wll— At ARk, e, FE - MNREREES
XA, ERMELEIRERERYS, EEEGRSEN. Bq, £
RIIRAESE B I T ik

2. |1l Shape.java #~n—M#2E, REH main( li&—T, &2
AEBRNHE 1, Z2AMAHE BB —FERIE R TR,

3. & Music3.java, il what( )i Object 1) toString( ) /7
. REH System.out.printin( )47 Instrument %% (A EH]
RIUIFA) o

4. 1¥ Music3.java B[ i—F5 1 Instrument, &5 L5 EAE
WX IR TAE.

5. &% Music3.java, il'¢ Ll Shapes.java (175 A BEHLE]
Instrument %/ %.

6. f#—/ Rodent(iikizi#)K%: Mouse, Gerbil, Hamster,
A, EEERHE T Rodent il 17rvk, ARG EIRA: 28 HLAR 4
Rodent [ L RRME Hix e 77y, DRBEARRIMAT o Al —A
Rodent (%4, &M HAK Rodent S X M4, SR )5 1 3t
KUk, BERTPIEITHER.

7. B4 6, % Rodent 51k abstract (125, HEHHE, #if
Rodent 7 VA E S % T7 7%

8. i — A {LAT abstract 77141 abstract 25, AEKIE—T, 8
JEAAFEA RN LX) L o

9. 1+ Sandwich.java H ¥ i Pickle(FR#)N)K,

10. BZE ] 6, H'ERBURIER GIRAERMVIGAINT . TR ARA

FREFNIMA RN S, RIGEE EANHE IR AR Y .

11, Qg M IHNERESE. A IREH S A5k, R4

12.

XK, IEESHE AT QS ARG, IF EERIHIEE, K5
WHE ATk, WE, SATA95,

{1 —/ 77 abstract print( ) AR, REAIRAEREESIX
N5 BE R EREFT ENE IR AR e ) int BRI, & X
XA RN, WG E—NAERNME. ARG R AU, X
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ANJik. FH main( )8 —MNRAR %, RFHA print( )y
%o MERE— TN A ASHXA4S

13. #4lt Transmogrify.java it —~> Starship 5, XM RHEEAS
—/> AlertStatus f1| reference, 1ix{> AlertStatus ZftEx—
FIASRIRPIRES . 55— MRS 7%

14. Gl — AR T abstract 25, 4kRIxANE, IF Hgshn—AN 7
e FAIE B EEN reference FAERIVRAZE, IF HIRH XA
A1) static 77k, I main( )l%—T, BHEAERIER TE. A&
JEAE R IR AN 7 VAR A abstract (), IXFEA TS R LT .

B2t 1 C++ IR kU, IXat2E C++1 “4lifk s % (pure virtual
function)” .
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