
shhgs@wgqqh.com 

�
 1 �  �  34 �  1

���� 

�� 2002� 7�� � � �	 
 � � � � ��� � �� �� � � � �� � � �
� �chinapub �  ! " # �$ %! � & ' (�
 �)��*+ , � ��- . &
/ 0 (1 2 � 

���3 � 4 5 ( 	 
 � �� ��6 7 , �89 �3 � ��: ); < = 	 
 �
, �� �> 8�(? @ �A � �B 3 C �D E Bruce EckelFG(H I JK �

 � (�L � (� M ��N O P A � �! Q� 

$ $ R S �T T U �3 
 1000 V W(� X �Y Z R S � (�@ 4 �[ \ ] ^_
` a �� b : � �c � � �! Q, ��d �(e �f 9 �g 7�h ��i j k
l , D m(n o � 4 �c p q rs t 
 � (� �u *�vw $ �	 x y 1 (U

z { ! , �(| } � 

~ / �� 3 
 � �� �3 
 � � c �e � � �� � �*� �e � X �(� � �

�� � $ � � � (� � �� � *� u � � � c � , > �m� �� � � i � � �

�*� � � 3 � �; �i � � � = (� � �� � � 1 �� � �3 e � � � �

= �� X �   ¡¢ £¤ 
 � �� ¥�� Q$ �	 � X 3 ¦ , � 

§ ¨ �	 �3 
 ©� � (ª « ¬ ©� � (ª (� �D E�� V % ® ¯ � � �

� (° ± � ² X ��A F�³ �� ´ µ¶ ¯ · ¸ ¹ �� � � � º � » ¼ 	 3

C �� �¥½ ¾ � � Q$ �	 � �¿ À , � 

Á m�Bruce Eckel 	 ¦ (Â Ã ª �« , 1000 V W�ÄÅ Æ Ç¡� = �GÈ X �
É � ¶ � ÊD E�� Ë� m3 Ì � mÍ Î ¹ Ï(� � �8ÄY � Ð Ñ (Í The 
genesis of the computer revolution was in a machine. The genesis of our 
programming languages thus tends to look like that machine.Ï�� 3 Ò � Ó Ô w Õ
Z � ���| Â Ö � ª ; Ó Ô �$ X O Bruce%(� �	 × Ø Å � 

	 �3 
 K Ù (Ñ Ð �1 � F° ± J(Ú Û Ü Ý Þ ß �à 1 ��� ��(á â

; ã B , � V �Á ä JJ¶ ©(	 Ì å æ�ç � �X � X è ½ (é ê � ��

� f ë (� M ��ì í î %ï ð (rµñ FÉ V , �æò ��X ; í F� K �

c � �ë ��ó ; K � ô õ ï ð ^(� � �X ^	 X �b : (� 
 ��� º ö

÷ ï ø (� 


 Q��Ô ù g 10�ú �- �ï ð � � 7 û u � Á K � �� ���ì í �ü m
C %k l , �æò �N O ¬ ýþ 3 C �ã �í F� K � �E� ���ï ð � 3

û � K � 3 û �� �� www.wgqqh.com/shhgs/tij.html� 

ÄÅ ¡� � � �� ¬ # � ��¡(a � ��y 1 (	 ã 
 ÄÅ ¡� � X � �Y

� � vw # � �, ��º � � ¡(¹ 1 ï ð (��� 7 ; � ^	 � µ� ��

! 3 
 � � Jå Ð (� � 

shhgs 

2003� 9� 8� 



shhgs@wgqqh.com 

�
 2 �  �  34 �  2

1: ���������������� 
Í �� � � � � (
 � ��*� � Ö ��� � � î %� � A � %� �	 3

� � Â âz J� )��� D ç �(� � ô õ F§ � ´ *! " , 3 # �A

(ç �� D � c $ % (& ' �à �� ( ) )$ % 	 3 & ' (Y * ª ...ÄÅ
�� + X $ % � � F, � (- . �� /µ¶ (å 0 (� �Y �� � 
 � �

� $ � �Ï B e n j a m i n  L e e  W h o r f  (18 9 7-19 4 1) 
1 2 3 4 5 (6 	 ã F)3 7 �)�3 7 (ì 8 [ 9 : , á â� � ì 8 � 
; à < ( = �1 > ? @ ã (y A (1 2 3  (� } S te v e  Jo b s B C $ (�
Í D | (ýE F Ï) � X � V �A � � V (�= �QG H D | �D EI Å
� ��A � < JJ ô õ X Y Z } 3 7 , �à � } �� D | (3 � � �� }

� K �L M �N O �	 M EP Q � 3 ¦ �A ô õ � �3 � R (S T �à ¶

U ¥V(á â(O b j e ct-o r i e n te d  p r o g r a m m i n g W « � O O P )( �	 3
X 	 (3 � � � 

 û º U ¡� � O O P (Y 
 Ö ��� ì (µ� �
 û �EP 
 � Æ Z [
¡m^â� � (á âõ \ �]; X 3 O � C(�ÄÅ ¡N O Fö ÷ 
 � u
� �%Fá â� C(� � J1 � �^ � (Ô ù �¡Ý EJ < < 
 � _ h D
` (�Ñ � Foundations for Java(a b CD � 

 û �3 × c d � � �e ^ f g �� V � � º � � �F� ¢ £Â c d u �

� J á « ¶ U ¥V(âh �º mC X i j �æò 	 Ëº ¥� V Ö �T × �

� �� k Ç¡¥ O O P (Ö � m× l m (, £�; à �mÌ ª º Ù �F
gA T (y 1 3 n u � � o %, £¤ × Â c d 
 	 Ì ª F� � m< gp�

u � � º = � q (�ÄÅ ¡) )� � �� 7 r s t t 	 × � � (u v ��

�w �x ^	 û � �, yyx ^	 û X º z { ¡« âh |� } � � �� �

b : ¡� �%~ Qe � (�æ�ó m	 ¦ ¡� º ¢ £�� Z ¥V� � %�

à k w Ä� P A � �g[ 1 *J � 

�������������������� 
D m(á â� � Æ � � � V�� � Ý E	 Z $ �¡; £N (� � (� � â

z Ò $ �� V(� /�� � > ���D $ (Í � /Ï���Í ¡gh � V

, Ì � Z Ï�� á � � �¥1 2 3 (� V�¸ � � V D � (Í 5 � Ï� �

(� Ä F O R T R A N ,  B A S I C� C)�¥� á � � (� V�	 Ì � � � � á �
� m, � Â (t � �� 	 � ; �3 � f � (� V�� ; %� ¡�1 2 3 (

� z �à X ��� £N (� � (� z QD � �âh � o � F3 7 � � (F
Í £N � 4 Ï�[ � �¡%¥Y × � � � � (rµ�8ÄF1 2 3 J)�
� £N (� � (� � (FÍ � � � 4 Ï�[ � �m� � %£N (rµ)u 4
�   �¡ �¢ ¢ 	 � £ ¤ D ¥ Q(�ã �EP á â� � ¥ò Ü ; �ã (í



shhgs@wgqqh.com 

�
 3 �  �  34 �  3

ñ �Ú � , âh U « EP ¦ § p¨ © ª (� Å �ò ½ A � ¥ Q3 × « ¬

2 �� �D � (Í á âµ� Ï(E n � 
 p¥3 7 � � (® 3 × ¯ ° �¥¡%£N (� � � � �± @ � � �� Ä

L I S P � A P L ² ³ , Í E´ � µ ¶ (· � Q¸ ¹ º » Ï(µ� (� ¼ �
Í ½ � gh �D m� � Æ �¾ G Ï|Í D m� � Æ �2 � Ï)�P R O L O G
0 �D m� � Æ ¿ À � 3 w ¾ N Á ��	 /� � á â�� , FÂ Ã Ä Å Æ

(á â�à á â[ Ç È )É Ê Ë } Ì Í �(� QÎ Ï 	 � T � (Ð È � É
Â , �)A � ([ 1 �Ñ ¥´ Ì � µ ¶ (� � (�¥)Y Ì � � �	 Ì µ
� Æ Ò � X Ó �� �3 Ô � ! 	 3 Õ Ö �A � � × � É Ø Ù , � 
¶ U ¥V(µ� 0 � t , 3 � �A �âh � � � , ; F� � � 4 G � Ú �

Û Ü (y A �	 � G � �¯ · � �(�	 ¦ âh � � X º = È n F´ /µ

¶ � � J, ��� �� � � 4 (Û Ü �A F£N � 4 (G � Ý �Í ¥

VÏ�(ò ½ � î %3 Ì F� � � 4 � Ü ¥ (¥V�)	 3 D | (%C
��� ^Þ âh Ë¶ ß ä R (¥V�Ý EÇA à �)� � (Ú � á â �)

� ¡ã � p� (� M �A [ FU ¡©� A %£N (� � �	 8�� \ õ

^(� � � V� �ä å [ � �æ Â �
� � �  çò O O P è � ¡E� � (�

z �à X �E%£N � � (1 2 3 (� z Qé � � � �X ^A �1 2 3 �

�m¡ w :ê × ¥V< JJ Æ mC } 1 2 3 yyA më ì �mÝ EÇ¡Q
í E (É 1 �� < JJ 	 � ¥< ñ º » (� î � X 2 É ï yyF< ñ º »

*¥V[ Æ mýþ (µ C �E �� 
A l a n  K a y ð I , S m a l l ta l k(ñ x Y 
 µ ò �	 �b ± ó � � ô (¶ U
¥V(á â� � �[ � Ja v a D õ ö (Y ÷ u 3 �	 Ì µ ò pG , ø (¶
U ¥V(á âµ� : 
1. �������������������������¥V| � 3 � µ ¶ (á � 
 A ù ú , � �à k � Ý EÇ

¡Í � %� Ï�5 � A t E ´ Ì É 1 ��¢ û J©�¡Ý EP D m� £

N (� � *(Ö �� - Å (ü �� ý �j þ - )Æ G �� âh Ë(¥V� 
2. � � 	 
 � �  � � � � � � � � � � �� � � � � � � ��� � 	 
 � �  � � � � � � � � � � �� � � � � � � ��� � 	 
 � �  � � � � � � � � � � �� � � � � � � ��� � 	 
 � �  � � � � � � � � � � �� � � � � � � ���¡ó %

U Y × ¥VÍ ì 3 × � �Ï�� ; U A � ! %� �� � � ($ �¡Ý E

	 ¦ Ù ��� ��� �� ) ´ × ¥V(µ� (� � � 
3. �  ��! " # $ � ��% � & ' ( ) � * +�  ��! " # $ � ��% � & ' ( ) � * +�  ��! " # $ � ��% � & ' ( ) � * +�  ��! " # $ � ��% � & ' ( ) � * + �À � u �¡� ^�ô m

(¥V] � 3 × ! �Q� � R (¥V�çò �¡Ý E�âh (� � � �

� 	 F¥V(
 � � u Æ � 
4. ��! , - .��! , - .��! , - .��! , - . �$ 	 � � (¹ D ��� � ¥VÆ �´ × /(ñ â

(instance of a class)�à 	 Ë(Í /(class)Ï� �Í /� (type)Ï(¹ D �
�E � /(b � ! (µ C � �Í ¡; � ¬ A � Z � �ÊÏ 

5.  / , 0 1 2 � - . � ��3 4 5  2 � � �/ , 0 1 2 � - . � ��3 4 5  2 � � �/ , 0 1 2 � - . � ��3 4 5  2 � � �/ , 0 1 2 � - . � ��3 4 5  2 � � � �E� ¡� º � � �ñ � J

	 �Í O � Ïà X �µ C �3 × Í circleÏ� (¥V[ �3 × Í shapeÏ�
(¥V�D EÝ E� Î circle ; $ % shape(� ��[ � �$ �¡« ¬
shape(p� ; ý	 � ç� � Ì � shape é � (� � ¢ ¢ �	 � � À �
(substitutability)� OOP b æ Â (ô ; u 3 � 



shhgs@wgqqh.com 

�
 4 �  �  34 �  4

B o o ch � ¬ ¥VÆ , × � �
 � (O � : 
¥Vmë ì �E ��� � � 
	 � �$ �¥VÝ Em� � , � (	 ¬ , A ë ì )�mµ� (æà ¬ 0 , E
�)�EP ê × ¥VÆ ; �§ A ¥V � � QyyA T à � �ê × ¥VF
� ù ËÆ m� 3 (r� �

� � �   

� �� � 	� �� � 	� �� � 	� �� � 	  
|�  Ë! V " ��3 × Ù < # $ /� (ty p e )	 × Ö �(ª 
 G� g^
Í % /�& /Ï	 � Ö ��¥V�]; Æ �' 3 Ü � (�� �� [ �´ �

m. > �µ ò �E �(¥V(/(3 � �	 × Ö �Ò $ E class�( ³
(� ´ � S i m u l a -6 7yy�3 � ¶ U ¥V(� � D ) * �à class [ �
âh + t , 3 � c R (/� � 
S i m u l a �� } A (Ñ K D $ (���, � ì � Äõ , (Í - E ! * �
� Ïà � � (�F	 × � � *�¡m� V ! * � . / 0. 1 0. � S EP

2yyð u �� V Í ¥VÏ�Y Ì 3 , âh í E � ë ì º mD X ��§ A

Æ � c > �(¥V�º = 4 *9 Q�5 Ý �Í ¥V(/(cl a sse s o f  
o b j e cts)Ï�çò � ! , class�( ³ �F¶ U ¥V(á â*�� � �
V(, � /� (cl a ss)�3 x Y 
 Ö ��� V, � /� (y 1 µ´ �� 6
, � /� (i j � � Z X �7¡Ý E� � 	 × /� (á � (F O O P (± �
*�	 = Ý �¥V ob j e c t|ñ â instanc e )�; � É 8 	 Ì á � (Ý �9
� � se nding  m e ssag e s|� � re q ue st�¡� ¬ ¥V3 × � ��çA
QN O w 1 Ì � Z �)ê × /(ê × � � (Û Ü e l e m e n t)Æ m´ Ì : � 7
ê × 1 0Æ mo ; �´ × ! * Æ ; % ¢ ù < �- - ��� �ê × � � � Æ

mýþ (ë ì �ê × 1 0(o ; �X 3 ¦ (�ê × ! * Æ mýþ (Ñ K -

- �æò �! * . / 0. 1 0. � S - - �A � ê × Æ F1 2 3 âh *p

G 3 × � 3 (ñ T �	 × ñ T = �¥V�à ê × ¥VÆ ) )´ × /�à 	

× /º O � A (µ ò �E �� 
æò �]; ¶ U ¥V(á â� �� � 3 Ì R (, � /� �� i j D m(

O O P � � Æ ² ³ Í cl a ssÏ	 × �( ³ �D E� ¡< gÍ ty p e Ï(�
M �vw | gA � �Í cl a ssÏ�> u ? ; � � � �  
ç)/é � (�3 - A m> �µ ò (, � Û Ü )�E �(ô ; )(¥V�D E
/ñ � J�3 � , � /� �æ��� @ A C , B â �A [ mA ýþ (µ ò

�E ��/�, � /� ( ¼ F)�/�âh � �£N µ O � � à O T

(�à , � /� ��, G �3 7 (ù ú � Û à [ 1 (�A �í � (��â

h � Ü Ý C � � (² ³ �¡Ý E� � î %ß ä R (, � /� �� Eò QD

^ á â� � �á âw 5 C E 	 Ì R (/�A º FF ¢ �/� G H µ¶ ¬ �

	 Ì /�� 6 /� c > �(� I � 



shhgs@wgqqh.com 

�
 5 �  �  34 �  5

¶ U ¥V(µ� � X È )� � � î J d �X û ¡KÙ �L �� � âh Æ F

� î ¡D [ 1 (w 5 ��, O O P ° ± �¡� ; � R S r�3 Â M � � 

N � 3 × 
 � (£N µO � 
3 Ô � � , /�¡� ; � � � ¹ V (Y × /(¥V�; � P A �  1 � £

N (� � *(Û Ü Qt E É Ê �ñ � J�¶ U ¥V(á â(Þ P u 3 �

��Ä� F� � � 4 (Û Ü �£N � 4 (¥Vu 4 �   3 � 3 ¥3 (£

¤ � 
� �Õ ¦ ÇY Ì ¥VQ�¡Ò å Q Êo î %mR � U ¥Vì � � �	 ¦ A

� ; y 1 �8Ä� � 3 ¨ � S �FS T JM Ì � � |� U 3 Æ � �u /

(�à k ê × ¥Vó ; V W ´ Ì � � �¡; U ¥Vì 9 (� � �ç§ $ X

(inte rfac e )D O � (�à N O $ X (0 �¥V(/� �Ý E�Q Y Z Q
1 3 × 
 � (â � 7 

 

 
Light lt = new Light(); 
lt.on(); 

 
$ X ó F ¡; U 	 × ¥Vì � Z � � �� o � %m; V W 	 3 � � (p

� �à 	 Ì p� �EP � 	 . (, � �- � , ñ í (im p l e m e ntation)�
�^âá â(� z Q©�� [ � Y Z � � �/*(µ� Æ ��Ú � � � >

�¡ (�æò  ¡U 	 × ¥V� ! � � (� M �� º � �	 × µ� �	 ×

^â� · = Ý ��¡U 3 × ¥VÍ � , 3 × � �(� , × � � )Ï�à 	 ×
¥Vº N O w Ä� ¢ 6 	 × � �(í E p� )� 
	 Ë�	 × /� //(Ñ K � L i g h t �à 	 × A T ( L i g h t ¥V(Ñ K �
lt �¡U L i g h t ¥V� ! (� � m� Y ��Y �ÇA � \ 3 C |�] C �
� ^O � L i g h t /� (Í r e f e r e n ce Ï(lt )��� n e w � � 3 × R ¥
V�¡� � , 3 × L i g h t ¥V�ì 9 � �(� M �¡%�C Í
(d o t/p e r i o d )�¥V(Ñ K �Y × � �^ 9 Q�ÄÅ á â(� M �g(Æ
�ô m(/�Y Z 	 C � � ô õ _ �, � 
J¶ (Ë G ` a , U nifie d M ode l ing  L ang uag e (U M L )(è ´ �ê × /
Æ ç3 × µb QG ��	 × /(Ñ K « Fµb (c � �*4 �¡%�q (



shhgs@wgqqh.com 

�
 6 �  �  34 �  6

, � Û Ü �à µ� (m e th od��) )	 × ¥V(d , �A $ % ¡� ¬ 	
× ¥V(� �)0 ¾ Fµb (h � �� · U M L ([ 1 Ë ó º × �/(Ñ K
EP p u b l i cµ� �D E*4 � � �X × �(�ÄÅ ¡ó ¥/(Ñ K e f
g �Y Z b Æ ¶ (Y � � [ Ý EX × �� 

� �
 � �  �� �
 � �  �� �
 � �  �� �
 � �  �  
 ¡� ì 3 × âh |� � � 3 × âh ([ 1 � �¢ £¥V(b h (µ´ �

P A �  1 Í j þ (� � � Ï�âh 
 p º ��0� � j þ �à A � ^ç

�§ A ¥VD � � (j þ Q� � 	 × y 1 �¡(� þ �n 1 (|� F� ¢
| ([ � Æ ��í m(p� i *j ! )3 - ; �£N � � � � b h j þ (
¥V� 
	 Z T (�3 � �� Í ÄÅ �Ý E} á k ± Y ¦ P � � �l � Ë@ ! Q�

�w @ ! Ì � Z � � �m Ì ¥V;   n o �£N � � ÊÏB â Q$ �Z [

¡%� � 3 × p q âh �Ý ; ¡º | vw m3 Ì � ù ? [ (r t » ¶ (¥

V�3 - t E p q 1 2 (¥V�EP 3 × ; FÚ � ] s 3 J] s t u �ì

u (¥V�mÌ ¥V|� ô õ m, �� �Y Ì � � m(vw �� Z ¦ (

Q ÊA � vw � � m � j þ �� mA � %� � � þ (� �ü w �m Ì ¥V

Q ÊÄÅ ¡X v � � Æ J �b : ¡º ì í �X �Í Y × ¥V« 9 Q� R

S Ï� �Í Y × ¥Vô õ m, �Ï	 ��� � � £� 3 - ¥V(3 × � ¢

(µ� � 
�¥V· 1 j þ (� � � � m3 × ; ½ (w C 7; � © ¥V(� x �

(co h e si o n )�� x � © �© � � (y Å [ 1 3 × Y 
 %� 7� �$ y Å
(Ú � - Å (8Ä¥V�[ Ý E�µ� |/i )vw ; � � (Í - z F3
9 Ï�[ 1 ¥V� · { (3 × Ó | � ��Þ ¥VË} , É V (ô ; �B â

Q$ �[ 1 t u ] s � ~ (� M �¡[ � º N O [ 1 3 × ; � � D m� è

´ �] s y 1 u v (¥V�� s ¡� º ì í 	 × � þ É � � , �|� vw

�L × |�� V ¥VQ� � 	 × y 1 ��3 × ¥Vvw �t u è ´ (� �

� �� ^H � 	 × � � � Ý Eó � w Ä� ] s t u (� ���� × ¥V�

|�3 - ¥V�vw �; � � Ú � ] s 3 (� �(] s $ X (� �¥p
q �A 3 � X � yy	 × � ~ vw 5 Qà X �ýþ « )�EP ç �J� e
× ¥VD � � (j þ (�; b : � � � þ (�L × ¥V�çò ê × ¥VÆ

� � 3 - � e (ô ; �F3 × � � (¶ U ¥V([ 1 *�ê × ¥VÆ vw

ó 1 3 Å � �� k 1 � 3 Å � �à X �J 1 É V (� [ �� } 	 Ë< g

(�	 ¦ X Ç ; ì í m Ì ¥Vvw 5 (] s 3 $ X ¥V)�à k ; [ 1 ! d
� ; � �(¥V(t u è ´ (� � � )� 
�¥V· 1 j þ (� � � � �3 � � , X 9 (
 N y A �A X Ç F[ 1 ^

â*m��à k � ; o � ¼ ª ¢ £¡(p� |� � �	 × ¥VyyÄÅ G

� Ù �	 × ¥VD � � (j þ (� ��¥V· 1 j þ (� � � ; ç ¥V�

R S r= �)[ 1 � 
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� � � �� � � �� � � �� � � �  
�âh � � � /(� � � (c l ass c re ator Y Ì � � R (, � /� (ª ) �
/ 0âh �

� � �  (c l ie nt p rog ram m e r Y Ì ç �	 Ì /á â(ª ); o � �
� � � r¢ £	 × � � �/ 0âh � (� (�� 4 Ú � /�E= ; s � �

ì v�âh �à /(� � � (� (�� � 3 Ì 	 ¦ (/�A � ó � � 3 Ì

/ 0âh � o � � � (� � �§ A � � 0 = � c � 	 , ��� Z Êæ��

	 u � �/ 0âh � � X ; � � , �[ � �$ /(� � � � Ý E� � î %

ï ð � 	 � � à X �À q º ¥§ Gª Ú � �   �� · � 	 9 Q(Æ �	 ×

/b � � (�� R S = � q Â ¹ |X � [ (/ 0âh � ¬ � � (� � �

� �D EP ñ í � 	 9 Q; � � âh ( b u g � 
� 	 ñ í �	 3 Ö �(� %� Ü û Ä� æ � Æ X º ^� �Ü û �Y � �

w �m3 × �Ú µÆ � � (� » �¯ · � %(�� � 3 × /i u � �¡�

�/ 0âh � �   , ´ � �w �G� [ �âh � �G� �¡(/i Q- z

3 × v�âh �[ Ý ; �3 × � Â (/i �ÄÅ D mª Æ ; < g/(D m

� � �Y Z / 0âh � � ; ¥	 × /1 � � � �æò [ � X J� Z æ n �

(& 0 , �r F ¡< (X | Ç/ 0âh � Ò $ É Ê /*(´ Ì � � �� �

ÄÅ � m� � Ê n (� �¡[ � R � � + GJ 	 Z T �	 × /ó ; � � �

r¶ ¥¤ × º » � 
D E%Ê n � � � È (~ %å æ� ��� + Y Ì / 0âh � J � G� X w

	 (� � yy� �Y Ì , � /� � � X 1 D o � (� � �ó è � G� $  

£N � � D o î ($ X �ñ � J	 [ �� � ¬ �0(3 � j þ �æ�çò

G� ; � µ= (< ! m Ì � � ¥G� � � %�m Ì ¡G� � �w � 
�� × å æ�è � /i [ 1 ª � ; FX ] ¢ / 0âh � ([ � Æ ï ð /(

� � y 1 µ´ �8Ä�£ � � [ 1 	 × /(� M � ��, ¤ ¥ � ì U z �

¡�, 3 � � 
 � (µ� �� ¸ � ¡ì � vw � « 	 ¦ p� �Ç§ � s 3

Ì �ÄÅ 	 × /($ X �ñ í � � � l m �� k � § � � � �Y Z T 9 Q

� º � µ= � 
Ja v a �, L × Ï � (�( ³ Q[ 6 /*(� » 7p u b l i c�p r i v a te ��
p r o te cte d �A � (�� �¹ D Æ >  Ï , �	 Ì � � Ê n Ì G �¨ ; ç
�çA O � (� � �p u b l i c G �� ¶ ¡. (� � ¨ Æ ; ��à p r i v a te
�( ³ 0 G ��3 ¯ �/(� � � �	 × /(µ� t E � � �L 0 � ª ;

� � g	 × Û Ü �p r i v a te �© F¡�/ 0âh � u 4 (3 ª « �Y Ì %
� � p r i v a te � � (ª �º Fá �(� M � g3 × Ó | �p r o te cte d �(
³ � } p r i v a te �A � ( ¼ F)�ö K/; _ � � p r o te cte d � � ��
�X ; � � p r i v a te � � �ö K� � ^3 º Á � � � 
Ja v a � m× Í ¬  Ï(� � � È �ÄÅ ¡� �J¶ L × (� �Y � ��
A , �� · P A Ý � p a cka g e � � � È �æ��) 	 × p a cka g e (/
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Ý E� � 	 × p a cka g e *§ A /(Í ¬  � È Ï(� � �� �! , 	 ×
p a cka g e �A � � Æ � p r i v a te (, � 

� � � �� � � �� � � �� � � �  
3 Ô /� � � � � k ® ¯ � ^u � �A � vw ; (� � r)G �3 ¦ m�(
p� �� ñ � Jp� � �� X } �� � 7 (Y ¦ R S 
 %[ 1 3 × � ��

� � (¥V�î %õ \ �° �p� � �� O O P � � b × Ð (w C u
3 � 
� �p� b 
 � (µ´ �Ò $ �	 × /Q� � ¥V�� �¡[ Ý E�Y ×

/(¥Vk g3 × R (/*��� P A Ý �Í � � 3 × � � ¥VÏ��,

; ÇY × R (/� � ¡D [ 1 (ô ; �A Ý Eç� ¹ V × �� ¹ /� (¥

V�E� ¹ � ´ - � F3 9 �ç)¡��ô m(/Q� � R (/�æò 	

3 Ö �= Ý �� � (c om p osition�ÄÅ 	 × ¥V�	 ì � � (�� · P
A Ý �x � ag g re g ation)�� · �� � Ý �Í m(h a s-a )Ï�w �� }
Í ± F m+ ² Ï� 

 
 (	 × ©£± F ( U M L �w Ë ��ñ q ³ � G �� � �w �� · ÄÅ %
Ç�G �	 × �w (� º � 
 � 7� �3 � Ò ´ �� m³ � �

� 	 � ) 
� � A mµ Â (ä å � �R /Ë¶ (� � ¥V� · Æ � p r i v a te (�æò
ç �	 Ì /(/ 0âh � � �Ü � � � 	 Ì ¥V(�	 C ; Ç¡FX �  

ô m(/ 0p� (� � Æ �ï ð 	 Ì /�¡� Ý EFX E � ï ð 	 Ì � �

¥V�� Eò 	 ì rð á âh rX E �Æ ¶ %©(ö K� � m	 � ä å

� �ÄÅ ¡�ö K� � 3 × /�á �7 ¶ O º ä J´ Ì á �� (È n (� 
ç)ö KF O O P *�Äò � %�æò º = > � æ � �E� )R · � º Ù
��vw r � ç �ö K�§ ñ 3 ¸ (ç �ö Kº ¹ º � » ¼ [ � � � ([

1 �> > �F� � R /(� M �¡vw w / � ½ ç �� � �	 Z T º � 


� [ � ä å �ÄÅ 	 Z T (� �¤ × [ 1 [ º á � � ä ¾ ¾ mÄ �- ¡m

, 3 C õ \ u � �¡� º ý; à ; (� � ö Kvw �Fm Ë, � 

� � � � � � 	� � � � � � 	� � � � � � 	� � � � � � 	  
¥V	 × Ö �
 p � �3 Å � mã (y A �A ; Ç¡õ  Ö �P , � �ô

; I � F3 9 �	 ¦ ¡� X �I FX E âh (1 2 3 (� z J�à �I F

£N � � (� z JQ« p� , �	 × Ö �1 �âh (Y 
 � ¿ �Fá â�

� *� class 	 × �( ³ G ��  
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; à �%��� À r q 3 á « , 3 × /u � �ü X � X Á « J 3 × ô ; /

Á (c R (/(� �Y � � Â , �%�; �ô m(/Ã Ä 3 ú �; � FÃ

Ä (/Jï ï e e �Y � � , �à 	 ( �ö K(inh e ritanc e )(ô Ø �ó
� ¼ F)�ÄÅ å / Y × /(Ý �Y / b ase  c l ass�Å / p are nt 
c l ass� { / sup e rc l ass)1 ^, ï ð �Y Z 	 × Í Ã Ä Ï(Ý �Æ 0
/�Ç 0 / de rive d c l ass|� ö K/ inh e rite d c l ass|� � /
sub c l ass,  c h il d c l ass)[ º ¸ u ì 0 á N � 

 
 (F U M L �w Ë *�È É �Ç 0 /�U Y /�¡º ì í �� · º mX +
3 × Ç 0 /�)  
/X Ç Ç Fé � 3 - Ê ä F¥Vu J(È n 
 A � º �§ A /ì 0 �w �

e × /Ý Em3 Ì : � (µ ò �E ��Ý ; § *m3 × 8® 3 × µ ò �

V �; ¢ ¢ (� �[ � V (|� ¢ ¢ (µ´ X �)�� ^Y /�Ç 0 /(Ö
��ö KG H , 	 � > Á � �Y /� ù (�D mö KýA (/(: mµ ò

�E ��� � Y /��, G H �¡¥w 5 *´ Ì ¥V(Ë q D | (¢ £�

à Æ 0 /0 ��Y /Ç 0 ! Q(�A D G H (�Ú � ñ í 	 × Ë q D | (

µ´ � 
B â Q$ �m3 × ¥Ì Í � /(Ì Í ~ � 3 �Y /�Í Ì Í (tr a sh )Ï�
ê Å Ì Í Æ m� � �¨ Î - - �à k Ý E� Ï �Ð N |� � £�çA Ç 0

! (3 Ì A T (Ì Í 2 � º m3 Ì ; ½ (µ ò (Ñ � mÒ Ó )|�E �(Ô
Õ Ý E�W �Ö Õ Ý E× N )�ò ½ mÌ E �º X �(Ø Ù (¨ Î çA (2
� �ë � N O )�� ^ö K�¡; �/Ú � 3 × G � ¡%£N (	 × � �
(/w (ty p e  h i e r a r ch y )� 
�� × â � �õ , (Í sh a p e ÏO â �|� A ; �)1 2 3 Û � [ 1 w 5
|��Q� î Ü Ý J d �Y /�Í sh a p e Ï�ê � � ë Æ mÂ Þ �Ò Ó �
¿ 6 - ) � ��A Y Ëö KÆ Q(A T (� ë yyß �à � �L � � - y

yÆ m; ½ (µ ò �E ��8Ä´ Ì � ë Ý E� ¿ �mÌ E �º X ��8

Ä1 2 ¶ á (µ� �¤ × /w T í , Ú � � ë u 4 (> ��X �C � 



shhgs@wgqqh.com 

�
 10 �  �  34 �  10

 
�é � � � u �(± � �)£N � � [ �Â mâ ã (�æ�	 ¦ ¡� X Á

î %Y Ì F©� � � �£N µO u 4 (*4 � � , �¥)¥V�/ä ¨ I

Ú �b å %(� � �çò ¡��� K é � < ñ º » *(w 5 t g, �p�

é � 	 × w 5 �ñ � J�Â æ F� O O P [ 1 � º I g(U � u 3 ��A
�É gç É 
 � , �b è )�� � µ� £N � � (ª Ý ; º 3 � � � = 	

� 
 � ¬ U é , � 
 ¡ö K, 3 × /� �¡[ � � , 3 × R (/�	 × R (/X Ç ! " , ô

m/(D m� � (r F p r i v at e � � ô õ � 	 9 Q, ��X ; � � ()�
� � %(�A � n , Y /($ X �)�D m; _ � ¬ Y /(� �[ Æ Ý E

� ¬ Ç 0 /�ç)�� � � ; A ; $ % � Z � �Qê v 	 �� Z /�æò

	 � ¹ ¸ . Ç 0 /Í �Y /�) )�3 /� (Ï�FJ¶ (â � Ë�Í ß

[ �3 � � ë Ï�	 � çö Kà ¬ 0 (/(> - � �3 ë ; Ç¡¢ £

O O P ¹ � (ì � 
í ; Y /�Ç 0 /A m> �(Y 
 $ X �Y Z 	 × $ X (c � � o � ¡.

ñ í �[ � � ¥V� g´ × � �(� M �A o � ; í E 3 Ì p� �ÄÅ

¡ó �ö K, 3 × /�§ G� Z Æ X T �Y Z Y /Ë(µ� º Ò $ ¥ t Ç

0 /�[ � �$ Ç 0 /(¥VX � �Y /(¥V(/� > �à k E �[ 3

¦ �	 Ý � � Z î + ã � 
¡me � R � Q � R (Ç 0 ! Q(/�Y × å Q(Y /��3 � µ� �


 � 7Ò $ Þ Ç 0 /Ëä R (µ� �	 Ì R (µ� X ) )Y /($ X �[

� �$ ç)Y /X ; � � D m(y 1 �¡o � ä J� V µ� �	 � 
 � å

� (ö Kµ� · · �£N � � (� ï µO �; à ¡� � ð u < < Y /�X

�[ î %	 Ì µ� �¥) O O P ([ 1 �	 � > � ì í (^â�� · 
(� 
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r F mÌ � M ö Kº � " (µ ¼ �F Ja v a �§ e x t e n d s�( ³ � ì �)
ö K)¡Ô ù Þ $ X Ëä t 3 Ì R (µ� �� 	 � X �o � (��� × �
[ �� � %( � µ� �FR (/*ï ð Y /µ� (E ��	 = Ý �ñ «

(ove rride )Y × µ� � 

 
%ñ « 3 × µ� �¡ó %Ò $ FÇ 0 /Ë� R O � Y × µ� � E , �¡(

¹ D �Í �	 Ë%�(��3 × $ X Ë(µ� �X ^�%ÇA �R (/T

3 Ì X �(� �Ï 

���������������������������������������� 
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ö K; + ì ÄÆ (ò û 
 ö K�X �vw Í ó ñ « ÏY /*(µ� (X ;
ä t Y /*� m(µ� ) Ê[ � �$ �æ�$ X > ��D EÇ 0 /Í [ �
�ÏY /�I Å �¡; �Ç 0 /(¥VÒ $ ó À Y /(¥V�¡Ý EP 	

� [ � | � � c ó À (p ure  sub stitution)�� · 	 = Ý �ó À å 0
(sub stitution p rinc ip l e )��´ � ¹ � J©�	 �ç �ö K(¢ | µ
� �� · �� P Y /�Ç 0 /(	 � �w Ý 1 �(is-a)�w �æ��� º
$ Í ß �3 � � ë Ï�m3 � ® ¯ ö K(µ� �� �� ýþ ; X ; $ 	 e

× /u 4 ù FÍ �Ï�w � 
m� ¡X � X Þ Ç 0 /Ëä J3 Ì R ($ X Û Ü �	 ¦ Ç 0 /($ X � �

g, D 8 �à Ç 0 /[ æò á � , 3 × R (/�Y /� �Ý E= R (/D

ó p�� �	 � ó À �X � c (�æ�R (µ� Ü � � ^Y /($ X �

� �	 Ý E= Ý �Í } (is-l ik e -a)Ï�w (�(± � )�R /mô /($
X �� �� mA ýþ (µ� �D Eñ � J¡X ; $ A � � c > ��B � �

�â �Z [ ¡õ � ô õ m, 3 × n ö Ê n w 5 
 [ � �$ A m3 × n ö (

$ X �Z [ � � � , �)�¡P A À � , 3 × í ; n ö [ ; n ÷ (÷ ø �

÷ ø Í } Ï3 × � � �� �A (ô ; � V �ç)ù � ([ 1 ó t ú n ö �

æò A ó ; �R ¥V(n ö � � � � �R ¥V($ X ô õ D 8 ^, �à í

m(w 5 ¥ò 3 Ü D � �A ó � � å / ($ X � 

 
 ; < g	 × [ 1 Ë u � �3 � � á � � l 3 , �Y /Í co o l i n g  
sy ste m Ï� m! û n ÷ �æò � X _ � ��P n ÷ Á ä t J u � �ó À
å 0 � ; 0 Ø , � ; �	 × Ë ó �¥< ñ [ 1 D º ì 0 ([ � B × â

� � 
 ¡< gó À å 0 � �¡º Ù �	 � µ� (� c ó À  p u r e  su b sti tu ti o n )
vw �¡(X � u ² �ñ � JÄÅ 	 � [ 1 ; E � � (� �	 × µ� � ñ

� � �� m� ¡[ º ì í �Þ Ç 0 /($ X Ëä R (µ� [ 3 ¦ Ý ET �

¾ ¾ mÄ �ð u ¸ ¹ u � �w �m � �X w �m � �§ ñ �� Ï × (� 

� � � � � � � �  ! �� �� � � � � � � �  ! �� �� � � � � � � �  ! �� �� � � � � � � �  ! �� � 



shhgs@wgqqh.com 

�
 13 �  �  34 �  13

¢ ¢ /w (� M �� · ¡�X . P A  1 ´ × A T (/� �ó %P A  1

Y /¥V� Ý E, �çò ¡Ý E« ! X õ ö ´ × A T /� (p� �E

sh a p e �â �A (µ� �¢ ¢ ü � sh a p e (�D EX �J F A �ß �à
� �L � |�� Z � � O � (� ë �D m( sh a p e Æ Ý E= M ! �ý
3 �þ 3 �D EÝ EP 	 Ì � �� ¬ sh a p e ¥V
 A � � X À q ¥V�
Ä� ¢ ¢ 	 Ì � �(� 
ä t R (/� X º �   	 Ì p� �à ä t R (/�D 8 ¶ U ¥V(âh �

ç u ¢ ¢ R ([ � (b �� (µ� �8Ä�¡Ý E� sh a p e Ç 0 ! 3 ×
� p e n ta g o n (R � /�à X �J ï ð ¢ ¢ ü � ( sh a p e (µ� �	 �
� ^Ç 0 � /QD 8 [ 1 (
 � µ� �_ z ï ð (Y 
 µ� u 3 �	 F¤

¥ y Å ¦ § � 
 (�� Â Â � æ , [ 1 � 
; à %P ü � (Y / 1 Ç 0 /Q�(� sh a p e Q� ci r cl e �v e h i cl e Q
� b i cy cl e �b i r d Q� co r m o r a n t � � � )� m× � � �ÄÅ ´ × µ� %
# � ü � ( sh a p e QM A ýþ �ü � ( v e h i cl e ¿ � �|�ü � ( b i r d
þ 	 �á �7 á �(� M � � � � � vw í E Y ¦ p� , �	 � �� � u

D Fyy � �ì ! u � �âh � X | � � m ¦ p� w í E 
 d r a w µ�
; �- (1 �)ß �à � |�L � � �à ¥V0 � � § ýþ (A T /� Q

í E à  (p� �ÄÅ ¡Ü î � � w í E Y ¦ p� �Y Z ä t R (� /u

� �¡[ Ü � ð á %� �(µ� � ; ÇA í E X �(p� �� �ÄÅ á �

7 X � � w í E Y ¦ p� �Y Z A ü 1 , Ì � Z Q Ê8Ä�FÆ ¶ (Ë

*�B i r d C o n t r o lle r ¥Vó Ê n ü � ( B i r d ¥V�� 
 X ^� A (A
T (/� �� B i r d C o n t r o lle r (� z à � �	 Z T � µ= �æ��X
. « µ ¼ (p� Qê v 	 gh �m � B i r d �|� 	 ó B i r d m� Z E
��D EF� � B i r d (A T /� ([ � Æ � � m o v e (  ) (� M �	 ×
� �º Ä� y 1 Q �ü º ì 0 Ì � Z E �Q (G o o se 	 Ý E§ �
 |�Ü
� �à P e n g u i n � 	 ó ; § |�Ü � )Ê 

 
 O � � O O P b å %(k � 7á �7 X �� 5 (µ´ t E d , � ��¯
O O P (á �7 (T � = Ý �� � O (e arl y  b inding )�ÄÅ ¡�� | ^	
× � � (� �Ý ; � [ � � $ ^	 × ± � �A (¹ D �á �7 º ¬ 0 Y ×

Ñ K (d , (� ��à ^ $ 7 ¿ � �	 × � �£� � � í E (p� (� ¥
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r� �F O O P *�X gX E (� M �âh � � � O p� (r� �D EU
ü � ¥Vì 9 3 × � �(� M �� %�g3 Ì µ ¼ (· ¦ � 
�, £N 	 × � � �O O P � � ��, � � O (l ate  b inding )(Ö ��
¡U ´ × ¥V9 , 3 × � �u � �X gX E � �w 5 X ; � O gh w � �

m ¦ p� �á �7 ó � Î 	 × µ� ù F�� k G H � , �� ~ Î (/�

(X 	 Z T (� � ) )� /� w e ak l y  ty p e d)�� �A � X � � A T í E
(�m ¦ p� � 
%t E � � O �Ja v a �, 3 Ì µ ¶ p� Qpó � ¥� ��p� �ù ú F
¥V*(� �Q1 2 µ� (r� (� 7 û º � u ©£	 × ^â)�æò ê ×
¥V(X E µ´ º � � 	 ¦ µ ¶ p� (� R à ð á � ¡U Y × ¥Vì 9

3 × � �� �¥Vñ � J� � w Ä� ¢ 6 � 
FmÌ � � *�¡o � Ï � � Ï �´ × µ� %�g� � O (ä å � (C+ +
� v i r t u al�( ³ )�F	 Ì � � *�µ� Í X �Ï� Ù r	 ì � O (�
à 	 ì � O � Ja v a (¬  E ��æò Ü î ß ä � Z ; ½ (�( ³ � ; ó
� V ì � � 
� �� sh a p e B â �� ¶ ô õ Ë £, 3 × /w  (f a m i l y  cl a ss�D m(/
Æ A m�3 × $ X )�%8 �V ì � ��� %� ' « 3 ¦ º � � /� (A
T � ��à ó ¡Y /] � � (p� �	 ¦ p� º ��A T /� � �> �

� �æò A « 9 Qº 8� 
 � �¢ £9 Q[ 8� R S �ÄÅ � ^ö Kä t

, 3 × R (/yy8Ä H e x ag o n �Y Z F	 × R /J�¡« (p� º �
Fô m(/JX E � 3 ¦ � �æò �	 × âh �Ý D 8 (� 
ÄÅ ¡� Ja v a « , × µ� (� s � º � � w Ä� « )7 

void doStuff(Shape s) { 
  s.erase(); 
  // ... 
  s.draw(); 
} 

 
	 × µ� Ý E�� � S h ap e � � �D EA ��% d r a w � e r a se (A T
/� > '   (�ÄÅ âh (§ A � � �g, d o S t u f f (  ) µ� 7 

Circle c = new Circle(); 
Triangle t = new Triangle(); 
Line l = new Line(); 
doStuff(c); 
doStuff(t); 
doStuff(l); 

 
X û ¥V� � /� �� Z �d o S t u f f (  ) Æ ; ý	 r( � y 1 � 



shhgs@wgqqh.com 

�
 15 �  �  34 �  15

	 �× � � � (· � �< < Æ ¶ 	 E 7 
doStuff(c); 

 
	 ËT (�P C i r cle � ¬ , 3 × F- S h ap e (µ� �� �ç) C i r cle
� � S h ap e �D EA Ý EÇ d o S t u f f (  ) P A  1 S h ap e Q��[ �
�$ �C i r cle Ý E$ % � � ç d o S t u f f (  ) � ¬ S h ap e (� ��D E
	 Z 1 �� � c (�[ �� � � � (� 
�� P 	 � �Ç 0 / 1 A (Y /Q�(^âÝ �J� (up c ast)�F� �
Ë c ast��P � � � � g� � Ë(�� � 7§ ñ ca stF� � Ë[ m� �
� (¹ D )�à up �çö K�w Ë (� Ð � Q� �� · Y /ð �k Fc
� �Ç 0 /} ë � Y ¦ ¾ FÆ ¶ �)�P Ç 0 /� ¬ A (Y /Fö K�w

Ë Ë�U J�æò � m, 7Í u p ca sti n g Ï� 

 
¶ U ¥V(âh g¢ Æ m/� ¿ À (ca sti n g )�æ�	 Z 1 u � �¡� Ý
EX o � � D ¢ ¢ (¥V(A T /� , �< < d o S t u f f (  ) (p� 7 

  s.erase(); 
  // ... 
  s.draw(); 

 
%� � �A Ý � $ Í ÄÅ ¡� C i r cle �o � 	 Z 1 �ÄÅ ¡�×
S q u ar e �� Y Z T �- - �Ï%�¡« Y � âh (� �� � G H D m
S h ap e (Ý ; (A T /� , �Y Z 	 × âh � º á � 3  ï �à k ê ¨
ä J3 � R ( S h ap e �¡� � ï ð p� �	 Ë�¡ó �$ �Í ¡�3 ×
S h ap e ¥! �� �� � ¡Ý E e r ase (  ) � d r aw (  ) �� 	 Z T � ®
� ýþ �Ï 
d o S t u f f (  ) (p� Ë¶ b � ª s V" # (��A º | µ[ � í E ( � (
p� �� � C i r cle ( d r aw (  ) D í E (p� º �� � S q u ar e |
L i n e (X ��à  d r aw (  ) � �� ¬ 3 × ü � ( S h ap e (� M �A º
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� � § A T (/� 1 ! ( � (> £ �	 < �U E6 � �æ��� � ¶ ô õ

©^, � Ja v a á �7 á � d o S t u f f (  ) (� M �A X � � %¢ ¢ m ×
A T (/� �D E�� · ¡º Ù �A º $ F� �Y / S h ap e ( e r a se ( )
� d r a w ( )�à X J F A gh � C i r cle �S q u ar e � � L i n e �� �m
, V ì � �A � ; ( � ry 1 , �á �7 �X E � w 5 º ¢ ¢ D m(u

v 
 í F¡%� � (� �A < (ì 0 , �� �� � %(��vw Ä� P A

�g[ 1 *J � ¡U ¥Vì 9 � �(� M �n = �J� u � �	 × ¥V

[ º 1 ! ( � (> £ � 

a b s t r a c t 	 
 �	 
 �	 
 �	 
 � i n t e r f a c e  
� · FmÌ [ 1 µO *�¡ó | ÇY /J G �ç§ Ç 0 ! (/($ X �[

� �¡X | Çª � � 3 × Y /(¥V�à ó �| P ¥VJ� ¬ A �E@ ;

ç �	 × /($ X �	 ¦ ¡� î %ç � ab st r act �( ³ QP 	 × /T �
� V/�á �7 º % + � � ª � � ab st r act /(¥V�	 �× �Qæ N
[ 1 (y A � 
ab st r act �( ³ [ Ý E�QG �	 × µ� � � mñ í yyA � } �3 ×
& Ï Í ç	 × /D Ç 0 ! (D m(/Æ m	 × µ� �� �A (ñ í X F	

ËÏ(ù � �ab st r act µ� ó ; ù F) ab st r act /Ë�ÄÅ m× /ö
K, 	 × ab st r act /�Y Z A %Z ñ í 	 × µ� �%Z [ �3 ×
ab st r act /�ab st r act µ� ; Ç¡�µ� k g$ X à X o �A « 3 Ì
Ü ¹ � (p� � 
i n t e r f ace �( ³ � �¥ ab st r act /(Ö �(" N �A X è � ¡ñ í
� � µ� �i n t e r f ace �× � ' · [ � · �(y A �æ�A ; ( h r�
$ X �ñ í � � � Q�ò ½ ÄÅ ¡) ¹ �� Ý Eö KV × $ X �æ�%ö

KV × · & |�� V/�X è � (� 

� ��" # $ % � &' ( ) *� ��" # $ % � &' ( ) *� ��" # $ % � &' ( ) *� ��" # $ % � &' ( ) *  
�° ± � z à � �O O P ó ! û � V(, � /� �ö K�V ì �� � m3
Ì � � �A � (� %� X  )J� (i C �	 3 v º * û 	 Ì � � � 
�)¥V�b � %(� � � ��A �Ä� � � (�ü �Ä� � + (��Q

G �¥V(, � �ù ú Fm Ë(�ü w Õ ¦ Ê n § 0 5 , @ Ê¥)	 Ì �

� �m� V X �(D - �C+ + (T � æ � Ø . ��3 ¿ (�D EA Çâ
h � ýþ J ² ³ ��, ó � b s (X E � z ��� Ý EF« p� (� M N

O �¥Vk g/ Ë(m� º = Ý � autom atic | sc op e d(á � )|�0
ì (ù ú  Ö �	 × µ� P � � �1 k ù ú � 4 (� z k F�3 ¿ �	 3

C F´ Ì J � Æ �� m¨ Î (�; à 	 Z T (p¨ � �2 3 , ä å � �æ

�F« p� (� M ¡o � � � ¥V(� � , � �4 5 EP /� �ÄÅ ¡%

£N � Ä1 2 3 Û � [ 1 �5 i F ¢ �6 � F n u /(� �3 7 N (�

� �	 � × � É ^8 9 , � 
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�� � µ� �F3 × = Ý �M (� ù : Ë	 ì r� � ¥V�F	 × µ�

Æ �ó mg, X E � �¡� � � ¥V(, � �4 5 EP § � � (/� �A

� Æ �Fâh X E (3 ; Y N O (�ÄÅ ¡%3 × R (¥V�Ý EF%�

gA (� M �FM *Ò $ � � 3 × �(F/ *� � ù ú � 4 � · ó î 3 ×
� á �� �P / �Ñ U Æ þ � E , �| P �Ñ �~ Q[ ó %3 Ä �� �à

M (ù ú � � 0  N )ù ú 3 n ([ 1 �)	 � 	 ì (µ� ��   F	 ¦
3 × � ¢ (Z [ (Y ÷ J(7¥VÆ 8� � � �D E�� � ¥V> 8��

� � 4 �1 k � 4 	 C � < X º ¥� ; Ú � � Â (�   �ò ½ �� © (ä

å � ¥)£N � �� �(á â� � [ �� � %(� 
Ja v a ó ç ��� � µ� � � 
 �

ê ¨ � � ¥V(� M �¡Æ %� n e w �(
³ Q� � 3 × Y /¥V(	 ì (ñ â � 
; à � m3 × � � �Y � �¥V(4 5 �¥)Y Ì F/ Ë� � ¥V(� �

à � �á �7 º ê v ¥V(4 5 mV = �� k t E ý	 (l ¢ �; à �%

�¥V� � FM *�á �7 � X � � A (4 5 mV = , �F} C+ + u /
(� � Ë�¡o � �p� QN O � Z � M w l 3 ¥V�ÄÅ T Ó , (� �

� º ¹ º � ù > ?(¥) C+ + âh Q$ �	 Ý �· @ V ì @ )�Ja v a m
3 � = Ý �Ì Í ~ � 7 (g arb ag e  c ol l e c tor)(µ � �A º ý	 ì í Y Ì
ô õ � �(¥V�� k P A ¬ l 3 A �Ì Í ~ � 7 < (� µ= �æ�A ;

Ç¡� « � V p� �; o ¡¡B � V � � �� � %(��A � � , 3 � �

© C D (� E �; F + � ù > ?	 � G H (� � (� V C+ + (x � � �I
J FA (K Æ )� 

C o l l e c t i o n � �  �� �  �� �  �� �  �  
ÄÅ ¡X � � £N ´ × � � î %V � ¥V�|� A � (4 5 w mV = �Y

Z ¡[ � � � � � w Ä� ù ú 	 Ì ¥V, �¡Õ Z � � î %V � � 4 Q�

� 	 Ì ¥VÊ¡� � � � �æ�	 Ì � � X gX E (� M �� � � � (� 
F¶ U ¥V([ 1 *�� Â V , (£N µO < 9 QÆ � L 7� � 3 × ® 3

� /� (¥V�	 × R (¥Vº ú m§ A ¥V( r e f e r e n ce � ; ¡[ Ý
Eç �� Â V , � � Æ m(, - �� �	 � � · = Ý 1 R 7 (c ontaine r
[ = Ý � c ol l e c tion�� � Ja v a (/i � � 	 × ± � § A ¹ � �D E

� ç �Í R 7 co n ta i n e r Ï)(R ¥VÝ E� � î %D R �E= Ç¡k t
D m(� � �D E¡Ü î � � %U R 7 Ë� k V � � � �¡%T (ó ��

� 3 × R 7 ¥V�; � A º ýþ  g 3 � � 
M X (��3 × � ( O O P � � Æ ¡. 3 # R 7 /�¥) C+ + �	 � �
� �� Ô C+ + /i (S ta n d a r d  C+ +  L i b r a r y )�m� A [ = Ý �� Ô �
N /i (S ta n d a r d  T e m p l a te  L i b r a r y W « � S T L )�O b j e ct P a sca l F
A ( V i su a l  Co m p o n e n t L i b r a r y (V CL )*[ mR 7 �S m a l l ta l km3 #
¯ · � ¤ (R 7 /�à Ja v a (� Ô /i [ mR 7 /�mÌ /i Ù �ü �
R 7 ô õ ; � � (V W D m(î � �à ® 3 Ì (Ja v a � ) )	 /)0 �X
�(� þ � � , X �(R 7 7� i � L i st /(Eú m´ � h ¾ )�M ap /
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([ Ý ��¡ � , - assoc iative  array s��3 × ¥V�® 3 × ¥V�¡
9 Q)�EP S e t /(X ú me × > �(¥V)�mÌ R 7 /� ! û O ¾ �
P �/ - � 
D mR 7 Æ ; Ç¡k � � t J �@ � � ! Q
 � · m�Û Ü k t R 7 (µ

� EP �Û Ü  ! Q(µ� �� ��Û Ü  ! QÝ ; º m3 Ì � � �æ�

ÄÅ 3 × µ� ê ¨ ó ; ² 3 × ¥V�Y Z A (ô ; É � , �Õ ¦ � ; É Ê

|� 8� R 7 *(3 - Û Ü �à X ó �3 × Q Ê 
£N µ� � �Í Q p7 (ite rator)Ï�A [ �3 � ¥V�§ ô ; � �FR
7 *²  3 × Û Ü �� P A � ¬ Q p7 (�0�1 �3 × /�A [ � � ,

´ � � V�	 � � VÝ E�R 7 (u v �� � R 7 (p� � R � Q�� ^

Q p7 �R 7 = � V� , 3 × 
 � (´ � h ¾ �Q p7 ; Ç¡FS T 	 ×

´ � h ¾ (� M X �J �q A gh �, � Z I Ú yy� �$ �¡X �J F

A gh � A r r ay L i st �L i n k e d L i st �S t ack � �§ A � Z � � �A ;
Ç¡FX ð 	 âh p� (� � Æ �ï ð § c � (A T , � I Ú �9 f (F
1.0 � 1.1 � *)�Ja v a �3 � � E n u m e r at i o n (� Ô Q p7 Q�D
mR 7 /j þ �Ja v a  2 R � ä , 3 × � �� ¤ (R 7 /�§ *(Q p7
[ À � , I t e r at o r �A (ô ; � U ( E n u m e r at i o n m, � æ � 
�[ 1 (� z Q$ �¡%(ó �3 × ; _ É Ê (�; �Q£N � � (´ �

h ¾ �ÄÅ 3 � ´ � h ¾ � ; V W ¡(c � %� �Y Z ¡� � ¢ çÁ %§

A (�me × å æº V ç ¡J Þ ² R 7 �~ / �R 7 ; � � X �($ X �

½ � E ��/ (sta ck)($ X �E ��� �O ¾ (q u e u e )(X ��à A �
ü � S e t � L i st (X ��|� m3 � R 7 ; 8§ A R 7 � � � �ä å (
£N µO ��� �X �(R 7 Ft E �3 � É 1 (� M �º mØ . J(B

W �b � (â � � �8� e � L i st 7A r r ay L i st � L i n k e d L i st �e �
Æ �
 � (´ � h ¾ �Æ A m> �($ X �½ � E ��� �FT ´ Ì É 1

(� M �A � (Ø . º × � X B r¼ �¥) A r r ay L i st �¸ 3 � � �3
� � 4 Y O (É 1 �X û ¡� � m × Û Ü �D î (� 4 �> �(�; à ¥

) L i n k e d L i st �¸ 3 � � �²  Û Ü (p¨ º � Â �� �® 3 µ¶ �Ä
Å ¡%F	 × h ¾ *4 Z t Û Ü (� �L i n k e d L i st (Ø . º 8
A r r ay L i st (© ! � V �D m	 Ì B W Æ � )§ c � D ç �(, � I
Ú �F[ 1 [ ¦ �¡Ý E� L i n k e d L i st �g, � ; � ¤ ([ ¦ �� Ý E
P A ð � A r r ay L i st �ç)�, L i st (Y /�Q p7 1 , � V�¡� ;
Eb Þ (p¨ Q� � 	 � ¿ À , � 

� � � � � �� � � � � �� � � � � �� � � � � � 
�L D m(/Æ vw ½ � I \ ö K�3 × � /Êý� C+ + . / � ! 	 ×
� � u � �A F O O P (� V � � *á � � � ! , �Ja v a (ñ � J3 ,
C+ + D m§ A O O P � � )(~  ���(�à 	 × b : (Y /� �
O b j e ct �à k � ñ Î Ï � � (ö KT w m� V � ¢ � 
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F� � ö KT w *�D m¥VÆ m: � ($ X �D EA � b : Æ ) )�3

� Y 
 /� �X ; (� ([ � �F C+ + *)¡� X � � e × ¥V�X �)
)�3 × Y 
 /� , ��U � ] R (� z < �	 ¦ T ; � � (à v C(�
´ �à k È n � � �� � ¡< (%� c U  ¶ U ¥V(' ´ t E á â(

� M ��, ó � § A O O P � � Y ¦ (= ^ �¡� o � � 3 # ýþ (/
w �ò ½ �¡@ g(R /i � mÝ ; º �g3 Ì X ] R ($ X �%P 	 Ì

R ($ X Ð t g[ 1 u *�D î (y 1 � º ¯ · Â (Ý ; º �gV � ö
K)�C+ + (	 � ; ½ (Í ä å � Ï�L Î � ÊÄÅ ¡< (î %yyZ [
¡m� V C(p� yyY A � �� m¨ Î (�� ��ÄÅ ¡��_ � �
(�Y � �² ³ Ja v a ! �A ; � � � © (á âØ . � 
F� � ö KT w *(8Ä Ja v a )�Ý E� Î D m(¥VÆ m´ � ô ; �¡
� � �w 5 *(ê × ¥VÆ ; t E ´ Ì Y 
 É 1 �� � ö KT w �EP F

M *� � D m¥V�	 e � Â Â 
 N , � , (� ` (F C+ + Ë¶ �	 Ý �
3 × � � � (� � )� 
� � ö KT w � ç � Ì Í ~ � 7 (ñ í á � � �R S (Ja v a ` ¥ , 3 × �
�9 Q� µ= )�D mo %(t ú Æ = 1 t , Y /�)�Ì Í ~ � 7 � ;
U w 5 Ë(ê × ¥Vì 9 à  (� ��ÄÅ � m� � ö KT w �|� w 5

X �� ^ r e f e r e n ce QÉ Ê ¥V(� �%ñ í Ì Í ~ � 7 º � U � 
ç)D m¥VÆ � Î ; � � X E � (/� � ��D E¡X º � gX ; � O

¥V/� ([ � �	 3 C ¥)W · ¢ ¢ 	 /w 5 � É 1 Q$ �¯ · � %

(�ò ½ �A � ; Ç¡Fá â� ó � � Â (ä å � � 

� � �� �� � �� �� � �� �� � �� � / � �� �� �� �  
Ja v a (R 7 %; 9 1 ��� � ; ú m3 � a ; (/� 7O b j e ct �� � ö
KT w ¹ ¸ . D m� � Æ � O b j e ct �D Eú m O b j e ct (R 7 ; ú m�
� � � �

� � �
	 ç � R 7 (� �á � � 
 � � 

ç �R 7 (� M �ó %P ¥V( r e f e r e n ce Ò $ k t J ��(� M Á �
! Q� �, �� ��ç)R 7 ó ; ú m O b j e ct �D E ¡Þ R 7 Ë� k
r e f e r e n ce (� M �A � = J� ¬ , O b j e ct �)�� P ýþ (p ú ¬ b
, � ¡P A � ! Qu � �¡� g(� O b j e ct ( r e f e r e n ce �à X �Y
× ¡k t J (� � �D EÄ� � ; P ¡k t J (� � å _ X 	 (á ~ Q�

Õ ¦ � ; �g	 × ¥Vk t R 7 � M ($ X Q Ê 
	 Ëü %�g/� ¿ À , �� 	 ¨ X �c . ö K�w J� ¬ 3 × � 3 7 (

/� �> > �¡� d . ö KË U Æ � ¬ 3 × � �A T (/� �	 � µ´ Ý

�Æ � (dow nc ast)�¥)J� �] × 8µ�¡� � C i r cle � S h ap e
� (�D EJ� � � c �� �¡X 3 O � � 	 × O b j e ct �X �3 ×
C i r cle | S h ap e �D E3 ¯ ¡¥Y Ì (/� meW (P f �L 0 Æ � e
mg h �X � c (� 
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; à �[ X �$ 	 ¦ 1 � 3 O � i H �æ�ÄÅ Æ � ! Ó (� �¡� º �

g3 × �T W · (e x c e p tion)(X E � Ó | ��� � s � º ©� Z �W
· �D Eó = Ä� �R 7 *�  ! ¥V( r e f e r e n ce � X _ �¡� o �
q � A � �� Z /� (�	 ¦ � ; t E ( � (Æ � � 
Æ � D î (X E � G H º + 9 âh X E Ø . (¤ ¥ ��� [ ä � , á â(

¿ À ��� Z X � Ú 3 � � � A D ù  (¥V(/� (R 7 Q Ê	 ¦ � ;

ÇÆ � á � V ò 3 B �� k �� � 3 ! Ó (� j �£N µO � �= Ý ��

, N /� (p aram e te riz e d ty p e )(3 n �� , N /� �3 � ; _ � � î
%çá �7 ý	 �Ç /� (/�â Ä�¥)� , N /� (R 7 �á �7 Ý

E�A O n �ó ; ù  S h ap e � 
� , N /� � C+ + (� %µ � �� � å æ�æ�A � m3 × 5 3 (ö K
T w �F C+ + *�� , N /� �ç“ te m p l a te ” �( ³ ñ í �� � Ja v a
� m� , N /� �Ý ; �æ�[ 1 k � Ù ���� � ö KT w Ý ET g	

× Ø Å yyA � [ X | | �	 T 9 QmV Ø Ù �X ^�Ja v a ô õ m, 3
× � , N /� (� O �§ � � � C+ + ( te m p l a te l ª (/Á �D E�
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