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前言 

�I�Ö�§�W �J�•�¬ �£�Ü�û �€ object-oriented programming�• �Y�è�Ð	• 
� �f �§ �W�S�˜ �ª 
*�Þ�G�G ��	•�Ä

�° �j �C�Ý�&
† �û �‰�‰�8 �8 �d �Ð�1 �…�þ �# �) 
� �û �U�· �§ �W�d �G
â �Ä�° �¢ �Þ�´ �• �d �þ �ò �, �¢ �• �F �f �I

�Ö
®	v�û �U�·�Ä �°�d�ø C++�Ð Java �‰�7�d�(�k�£ �Ø�k�Á�µ�G �H�§�
 �Ð�ó�' �§�
 �Y OO �Ú�S �Þ
?

�þ�©�Æ�d �7 �½ class �~ object �˜
œ�Y �ë�· �f �ø �µ�G�H �§ �
�‰�7 �d �µ �Ç�.�j �I�Ö�Ô �ë �!�Y�J�â �0���J

�Y OOP�d�½ Ruby �Y duck typing �1�”�¯ 	À���Í ���«�f  

物件導向分解 
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 �O�û

�U�d �@
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Z �˜ �± �� �‰�• �| �0 �ƒ �e �� 	• �0 �
 �
 �Y�©�• �d �S�ã 
Y�! �õ �S�H�©�• �þ �o �¿ �Ì �Á�+ �I �q �©�•

�Y�Z�· �d��
9�[ �e�¢�H �©�• �þ�[�e�Æ �H�û�U �f �µ�H �o�¿ �Ì�Á�+�Y �@�û�H�‰abstraction�€抽象化�•�d

�J �[ �ó �� �¿ �
 �O�û �U�Y�ë �Ÿ�Ó�, �f �J �• �¬ �£ �Í �è �€ paradigm�• �8 �� �d �Ð�� 
Z �û �U�± �� �‰�S�H�H�Y

�J�•�€ objects�•�d�+�µ �, objects �˜
œ�• 
��d�½ �ä�|
ç �€ model�•�Æ�H �û�U�f �´�Á �õ object-oriented 

decomposition�dalgorithmic decomposition �Y�ð�� �Á
e �J�û�U�Y ���‰�X �ß�d�ª�Æ �H�û�U�Y�ˆ �#�@�û

�±���‰�0 �ƒ�Y�ˆ �#�É�7 �f�= 
{�!���Y �S�Ã�J �d�µ�G �G�Í �è�(�Ì�‹ ���Ð�À � �˜�± �d�½ Booch �Ô�­ 1�j  

哪一種是分解複雜系統的正確方式 ─ 以演算法為切入點，還是物件？這其實是個刁鑽

的問題，因為正確答案是「兩種觀點都很重要」：演算法觀點突顯事件的次序，而物件導

向觀點強調「做出行為或身為某操作的施用對象」的主體。然而，事實是我們不能同時

以兩種方式建造一個複雜系統，因為此二者是正交的觀點。我們開始分解系統時，只能

從演算法或物件觀點之一下手，然後用析出的結構作為表達其餘觀點的框架。 

                                            
1 [Booch94] sec. 1.3, “Algorithmic versus Object-Oriented Decomposition,” p. 17. 
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Booch 
Ÿ
9�8 ���‹�• �\�J�• �¬�£�H�Ã �Á�õ�û �Ì�p�0 �‰�� �Í �f �¢�A �”�1�ƒ �U���G �G�± ���Ù�Ì�Y 
��9�q

�G�\�Û�Ú �d�þ�ª �Ê�Ã�ó �¯�J �•�¬�£� �j�I�� �f  

Data Abstraction 

介面與實作 

�_ �j �l �� �] �d �¢ �A
Z �
 �O�û �U�ð �� �‰�S�H�H�J �• �� �d �ô �Ó�Æ�H�û �U�Y�J �µ �, �J �• �Y�• 
� �f �…�ä 
e

�4 	t �¯ �û �U�4 �ã �Û�d �¢ �A�ë �! �Y�1 �J �µ �, �J �• �Y�� �‰�d �ä �ˆ �Y�J �• �� �‰�� �› �È�‰�˜ 
Ÿ�× �Q�T �H	Ã

�¹�Û�Ô
� ���Y�À �Ð�™�f �ª�ä �Ô�W�J�• �•
��d�1 �J�J�• �˜ 
œ�•
Â�J �¹�þ�Þ �Ô�À�Ð�f 
Â	Ã�Y�?�Â ���$�õ

�û�Ì�§�
 �d�1�J ��	Î�� �J�• �Y public instance methods2�f�S�H�J �•�Ô	• �ˆ�#�Y �Œ�Å	Ã�¹�d�© �ô�Ó

�ä�J�•�Y 介面�€ interface�• 3�d�S	› �J�Ô�Þ public instance methods �Y�¦ �¤�Ì�€ signatures�•�Ô �ô

�Ó�Y
«�¥ �f 
ç �~�J�• �V�· �d �1�Ð���À �@�ä�J �•�Y�§ �&�d �ª�‰�§�& �J�µ�H �J�•�Ô 	• �ˆ �# �Y�Œ�Å	Ã�¹ �f

�´ �Á�õ �§ �&�d �1�J �J �• �I �� �Y實作�« �™�€ implementation�•�f �§ �&�J �J�• �d �6 �.�¢ �* �‰�V�· �×�ƒ

�Y�Å�…�d �þ�¼�* �J�J�• �«�Å �6���Ô�ê �Y�¢�Ì ���Ø�Ð �Ú�S �d�.�¢�” �Ð�•	� �f  

���ä �d �S�H�J �•�Y�Ó �…�1�± �‰�G�ó�d �S�ó �J�.�¢ ���_�\ �Y�§�& �d �S�ó �J�.�¢ �” �Ð�• 	� �Y�« �Å�¼�* �f

�§�&�¯�� �J�•�« �Å�Y�
 �O�Ú�S�d�ä�_ �€ abstract�•���µ �H�J�•�Y �.���� �‰�d�d�6 �0 �‰	÷
 �Y �S�\�§

�� �f �� �! �� �j �¢ �A�H�§ �&�J �J �• �Y�. �� 行為�d �ª �ä 
� �} �Å�…�\ �Ó�§ �&�Y�Ó�p �Ç�J �L �Ì �þ �¢ �� �Ø�f

�ä�+�ù�� �¯ design by contract �Y	•
��h �Þ�»
v �b�Y�Ç �Ó�f  

Andrew Koenig �Þ�) �¤�
 4�j  

Abstraction is selective ignorance. 

�¯ data abstraction �Y	•
� �h���Q�� �) �j �.�¢�o �¿�Á�+ �J�•�Y�¼ �*�Å�…�d �%�ë�Ð�J �•�Y�§�&�d 
} �þ

�%�ë�Ð�J �•�Y�. �����‰ �f�ª �ä�ð�m�Â �˜�~�J �•�•
� �Û
Ã �À�_�I�§ �&�™�Y�•�›�d ���ÿ �C�4�J C �p	•


D�|�Ý�J �•�f�( Stroustrup �­
{�» 5�j  

此處有個重要區別。一個語言宣稱支援（supports）某種編程風格，意思是它提供設施使

得運用該種風格很方便（合理地簡單、安全、有效率）。一個語言不支援某種技巧，意思

是撰寫那種程式需要額外心力或不尋常的技術；它只是允許（enables）使用該種技巧。
                                            
2 �¯ C++ �1�J public non-static member functions�f  
3 �ä�ˆ�Y interface 
®�I �?�9 ���È �d�¢ �8 Java �Y interface �ô�• �f �� �k�%�J �Ã�k�õ Java �§�
�Y���$ �d
�µ�¯�I�Ö �ù���Þ �Ô���� �f  
4 [Koenig97]. 
5 [Stroustrup91] sec. 2 “Programming Paradigms,” par. 2. 
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例如，你可以用 Fortran寫結構化程式，用 C寫型別安全的程式，在Modula-2裡使用 data 

abstraction，但這麼做會有非必要的困難，因為這些語言不支援那些技巧。 

封裝 

�J�•�¬�£ �§�
�Á data abstraction �Y�«�Ð �€�p�1 �J�ä�ó �§�
���H 支援�J �•�Ô�@
²�d �6�Y�£�D �• �˜�S

�1�J 封裝�€ encapsulation�•�f�E �Í�. �¢ 
Ã�Ð �~�J �• �Y�§�& �V�· �d �”�Ð �• 	��¼ �*�d ���ÿ �1�\ �§ �&�ª

�¼�* �
 �� �¯ �« �d �ÿ �. �¢ 
Ã	• 
Ÿ�C�§ �&�þ �Ì �, �¶ �� �¼�* �d 
v �� �J �• �Y�4 �\ �k 
Y�! �õ �§ �&�d 
} �þ 
v �S

�¼�$ data abstraction�f �S 	› �Õ�j �� �� �Y �Ù�Ì �J �d �6 �Á�Ó�p �Y�À�_ 
› �S�€ access control�•�d public 

members �1�ô�Ó �J�•�§ �&�d private members �Æ�J�J�• �¼�*�f  

�$ �S�Ù�&�d �� �� �� �4 �\ �k �%	• �À�_ �§ �&�d �½�ä �%�� �§ �&�” �
 �d �Ì �� �¼�* �½�� �· �
 �d �4 �\ �k �Ç�” �6

�a�Q�*�¿�f �˜�4 �\�k �`�3�Y �û�Ì�Á�™�q �˜�J�• �Y�¼�* �û �Ì�Á�™�˜
œ �Y�é �¥�ë�· �ª�‰ �����þ
v �S�—��

	ð �d �”�§�H �µ�H�@�û�‰除耦�€ decoupling�•�f �§�& �1�½�•�S�8�# �æ�
 �d �4 �S
	�Y �
 
��”���õ �Ò�s�Q

�$�S
	�f  

 

Design by Contract 


Ÿ
9�¢�A �Ï�] Bertrand Meyer �Y�Ù�, �� design by contract�€ DBC�•�d
† �S�É�� ���§�&�~ �¼�*�Y

�	�
�d�ø �¿���� �Y�@�� �Ì�f DBC �J�H �Ö�b�Ÿ 
v�Y�• �Í �d�Ì���¯ �¼
��j �è���û �Ì�M �½�Ì�d�Ð �½�I�Ö

�«�\�ø�M �Œ�a�Æ�d �Ç�´ �…�Þ�Ö�f Meyer �ø�˜�ð �Ò�™�– �™�J�•�§�& �Y�	�Z �•�ø �d �¦�� �µ�…�ð�Ò�Y�P�Ù

�J�±�9�¯ �J�•�§ �&�G
	 
†�� �Ü�û�Y�˜�J �•�£ ���k�™�q�˜ �J�•�4�\ �k�™�f�µ�… �ð�Ò�ð ���;�Y�Å �…�J�§
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Interface User 
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封裝前 封裝後 
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�&�j �¢ �H�L �Ì �Y�¦ �¤ �Ì �€ signature�• �q �§ �� �f �� �! �� �j �§ �� �» �» �Ì �, �ø �û �Ì �§ �
 �\ �� �d �@
² �$ �.

�ø�Ö�•�U �ü�f Arnold�e Gosling�e�q Holmes 	$�9 �8���µ �S�Ã 6�j  

一個常見的假設是，class宣告的函式就是 class的完整契約。函式語意也是契約的一部份，

即使它們可能只描述於文件內。兩個函式可能擁有相同的名稱和參數，並擲出相同的異

常，但如果它們的語意不同，兩者就不等同。例如並不是每個名為 print的函式都可被假

設為印出一份 object 複本。也許有人將 pr i nt ( )  的語意定義為 “process interval” 或 

“prioritize nonterminals” ，雖然我們並不建議這麼做。函式的契約 ─ 簽名式（signature）

和語意 ─ 定義出函式的意義。 

Java documentation comments �Y�£�� ���»�® �À�H�µ �H�H�Ã�d �d �6�S�• �z�_�Ú �S�d �+�˜�\�� �L�Ì�§

���Y�Ö�¿ �™	•�q �L�Ì�S 	Î�� �$�¯�û�Ì �Á�˜�• �d�(	• �ø�ˆ �H
/�_�� �8�d�* ���\�� class �§�&�Y�c�+ �f  

	ð �Y �L �Ì �ü �½�8 �� �Y �§ �& �ø �. �d �0 �¯ 
Ì �Y �S �H
â �› �J class invariant�d �8 �ü �ä �ó �J �• �Y �K �Ò

�€ state�•�@ 
²���� �Y
â�• �f �ð
l���Y 
‹�1�J �d�J�• �K�Ò�_ instance variables �\�Ó �d�ä�Û�‚ ���(�=


��¢�H�
 �p�”�S �›�J�Þ ���È �Y�K�Ò�f �ø�h�& �Y C++ class St ack �‰�7�j  

t empl at e <t ypename T> 
cl ass St ack {  
 
publ i c:   / /  i nt er f ace 
 
  / /  copy- cont r ol  member s omi t t ed 
 
  voi d push( const  T&) ;  
  voi d pop( ) ;  
  T& t op( )  const ;  
 
  si ze_t  si ze( )  const ;  
  bool  empt y( )  const ;  
 
pr i vat e:   / /  i mpl ement at i on 
 
  T*  buf ;  
  si ze_t  buf _si ze;  
  si ze_t  cur _si ze;  
 
  voi d gr ow( ) ;  
} ;  

St ack objects �@
²�m�Â�Y class invariants �Þ�j  

1. cur _si ze �)�ƒ�õ
��õ buf _si ze�f  

                                            
6 [Arnold05], chap. 2 “Classes and Objects,” par. 3, p. 41. 
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2. buf [ 0] �Q buf [ cur _si ze Ð 1] �J stack �«�Y�Ô�Þ�©	o �d �ò�1�G�…
±�•�Ö �ó�f  

�%�Þ�¯�j ���G
â class invariants �Ó�m�Y�� �¤�h�d St ack objects �‘�ˆ�õ �Þ�Ö�K �Ò�€ valid state�•�d�I

�Ó�p�L�Ì �€ member functions�• �Ù	•�M 
l�6�* �f�µ���Ï �� �˜ �ð�Ò�™���&�ë �õ�Ó�p �L �Ì�Y�Z�Æ �j�Á�Ê

�H�Ó�p�L �Ì�Y�m �#�Ç
m �Þ前置條件�€ precondition�• �q後置條件�€ postcondition�•�f �m�# �T�H�Ó

�p �L �Ì �˜ �Ã�d �m�# �k �@
² �½�­ �� �Ó�p �L �Ì �Ô�ê �Y�Ã�Ä
â �• �Ç�Š�� �� �f �$ �S�Ù�&�d �Ê�H�Ó�p �L �Ì �«

�•�Ã�Ç�@ 
²�½�­ �I���Ä 
â�• �Ó�m�f Class invariants �C��
��>�^ �õ�Ê�H �Ó�p�L �Ì�Y �Ã�Ä
â�• �q���Ä


â�•�˜�« �f �J�• �¯�S�H �H�Ó�p�L�Ì�m �#�˜�Ã �~�˜�� �j�• �I class invariants�d
}�þ �5 �ƒ�ˆ�õ�Þ �Ö�K�Ò

�þ
{�ø�5 �ƒ�Þ�Ö �6�* �f ���! �� �j �Ó�p �L�Ì
B ���‚
œ �d class invariants ���ø�r�Û �—�ã�L �f �7�½�j�7�Y

private �Ó�p �L�Ì gr ow���ª�#�—�·�À �d
œ�d �@�û�•�6�ã �L St ack �Y class invariants�d �( gr ow�«�•

�˜�Ã�d�@ 
²� �- ���m class invariants�f  

�_ class invariants �Y�H�Ã�d ���À�ø�Ç �Ó���� �Y�@�� �Ì�f �ð�ª�¢�. �¢�‚�� �L�·�J �•�« �™�d���ÿ class 

invariants �Ì�, �­�Ç�) �Ó�m�f �´�À�® �d �Ó�p �L�Ì �J�J�• �Y�S�Å�…�d�J�•�£ ���k	• 
D�+���`�3 �Ó�p�L

�Ì�j�• class invariants�d�ð ���¾�_�� ���Ú�S �d�©	• �½�­ class invariants �)�Ó�m�f �€ �ª�‰
,�S ��	•	N

�x class invariants �Y�.�Å �4�\�k
Ã 	•�À�_ �Ú�Þ	N �x�Ö ���Y�Ó�p �L�Ì�f �•�K�Z �•�a �Æ�˜
��} �µ�p
‹

�1�”�Ð
Z member variables �s�£�õ�§ �&�™�Y�Ç�Ó�� �\ 
Ÿ�_�j�l ���Ç�� 
{�f�S �H�7 �.�Y�¾�J �7�•�J

C++�Y st d: : pai r �d�ä�ó�J�•�
	q�ª �p�H�
 �p�B�
 �¯�S 	Î�d�ª�ä st d: : pai r �Y member variables 

f i r st �q second �Ì�ê	$�9�Y invariants �¼�# �d�þ�” �a �Ã���a�Æ �Ò�¼�f  

�S�H�Ó�p �L�Ì�m �#�Ô�ê�Y class invariants �·�_�Ã�ã�Ó �p�L�Ì�m �#�­�Ç �Ó�m�f ���K �S�ã �Ó�p �L�Ì�m

�#�Ô�ê�Y class invariants �s �k
}�Ì�Q �Þ���ô class invariants �Y�‚
��1 �Ý�¯�� �ô�Ì�€ constructor�•

���j�f�� �ô�Ì
Ÿ �×�˜�[ �Ó�S�H�J�•�™ �Ô�ê�Y �Ô�Þ
� �p�d �£�m�J�• �À�z�Ô �ê�Y�� �¤�d �µ�¯ design by 

contract �Y	• 
��h�1 �J class invariants�f�J�• �[�Ó�@ �› ���‡���ô �Ì�m�# �d
}�þ �½�­ �J�•�˜�� �_�6�™

�Û�d�Ô�Þ �Y class invariants �Š�Í���ê �f  

論 C++ Friend函式 

�S�H
l�� �Y�­�, �J�˜ C++ friend functions 	N�x���� �Ì�™�d�(�I�¼ friend functions �Á�����Ì �Y	N�x

�b�q member functions �´ �…7�f�µ�ÿ �­�Y�a �ª���
 �
  �7  �~ class �ˆ�õ�•�S�H namespace �Y friend 

functions �p�J class �§�&�Y �S�Å�…�d �%�J�m�#�–�Ì �”�• �f Sutter �ø C++�Y Argument-Dependent 

Lookup�€ ADL�d�f �H Koenig Lookup�•�•�Æ �Õ�5�ä �S�+�¼8�f�…��	Î�S �H�¢�Ó �p�L �Ì�d ADL ���Ë

overload resolution �Y�K�S �É name lookup �@
²�ª �˜�Ï �p�è�9�Ô �¯�Y namespace(s)�™	v�] �$�0�Í �� �d

                                            
7 �1 [Meyers00]�Y�­�, �f  
8 [Sutter00], “Name Lookup, Namespaces, and the Interface Principle.” 
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�ª �ä �� 	Î friend functions �q �� 	Î member functions 	ð �Y �§ �, �ø �. �Ú�¡ �ÿ �¨ �. �f �� �õ �˜ �Ô�¯

namespace �~ 
��p�è �9�•�� �˜ namespace �´ �.�™�Y friend functions �< �À�Y�J �|�\ �·�a�Æ�d �Q�J�ú

�\�€ abuse�•�d�”�¯ 	À���Í �� �«�f  

Abstract vs. Concrete 

�� �ø �®�z �d 
Ã�\ �j data abstraction �Y �û �Ì �” 	• �H�‰�J �• �¬ �£ �û �Ì �f �J �• �¬ �£ �Ü�û �" 
? �õ data 

abstraction �1�ƒ �·�$ �d �( data abstraction �( �”�@�Í �ï �•�‰ object-orientation�f �S�H� ���Y �À�7�J

C++ STL�d�4�Y
?�i �˜�S�1 �J C++�Y data abstraction �Ú�S�d�(�I �£��� �j generic programming

�Y�Ù�3�e �¼�*�q C++ OOP �Ì�� 
9�t
« �f Data abstraction �Y�*�J �S	›�H �‰ abstract data types

�€ ADT�•�d Doug McIlroy �€ �½�ä
Y�� �j  

Those types are not “abstract,” they are as real as i nt  and f l oat . 

�ä�)�•�Y  “real” �p�� �þ�l�‰  “concrete”�f �Œ�&�j �dabstract �~ concrete �G�´�g�· �d �( �ä�Û�Í�\ �8�–

�™�•�S�H �?�Â�f ���Q�µ �4�€ �Œ�&�j�Y �•�g�· �Þ�?�õ �>
ö data abstraction �Y	F�� �f  

“Concrete types” �J Stroustrup 
� �»�\�8 �H�m ADT �Y�Ø�� 9�j  

⋯⋯相對簡單的「具體」使用者自定型別，邏輯上和內建型別沒什麼不同。理想上，此

類型別和內建型別在使用方式上不應有差異，只在產生方式上有所不同。⋯⋯我稱呼單

純的使用者自定型別為 concrete types，以和 abstract classes與 class hierarchies有所區

別，同時強調它們與內建型別如 i nt、char 的相似之處。⋯⋯它們的使用模式和其設計

背後的「哲學」相當不同於常被宣揚的 object-oriented programming。 

C++�ï�•���S �•�•�Æ �Ú�S�Õ�j data abstraction�d �I�• �=
{�S�d �Y�J operator overloading�d�µ�4

concrete types �Y�§�&	• 
D�q�«���è �9�=�‰�´�•�d �Õ�� �Ì�®�5�õ �G�k�˜ 
œ�Y�¨ 
w�f �����+�¢ �A�%�¶

�Q concrete type �Y�§�&�þ �”���¼�* �d�M�½�¢�A�Á �* i nt �Û�‚ ���4�\�Æ �p�Q�” �þ �”�#�6�Ú �œ�½�� �ˆ

�#���,�S 	›�f�¢ �A�Ÿ�� ���ø 
}�¿�&�� �È���Q  “concrete” types�j concrete objects �÷ �¼�”�
�d �1�½�•

i nt �Y�Œ�� �€ representation�• �~ �Á�* 	 �¯ �Ú�œ�j 
:�” �� �
�S �u �f �§ �&�q �¼�* �J�S �� �Y�d �%�J �¢�A

�o�¿
}�§ �&�.�  �À�_�4 �A�þ �Š�f Data abstraction �Y�÷ �¼	$�/�ù ��
Z�— OOP �´�· �f
��d�ô �¿��
B

���‚�µ�è �€ runtime polymorphism�•�f  

                                            
9 [Stroustrup00], sec. 10.1, p. 224, par. 2; sec. 10.3.4 “The Significance of Concrete Class,” p. 241. 
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���õ ADT �•�Y abstract�d���Í�J�U �õ data abstraction�d �\���Y�J ADT �s�£�¯ �. �Y�ä
e�§ �&�f �µ

���Y�ä
e �q�‹�Ã �Y�H�� �(�” �´�F�d�ª �‰�ä�ˆ �Y�ä
e �(�” �J�­�J�• 
H�Ì�W �º�í�ø �Í�ß �d�þ�J Koenig

�Ô�H�Y�o �¿�Ì�Á �+  �7  �ª�4 �\�k	F�M �ë�Ð�Y 	$�/�ä �_�� �8�d�Á�+ �I�ü�¢ �ë�!�Ê �Ã�Y �Å�…�f  

繼承與多型 

差異編程 

�1 �Õ�€ inheritance�• �Y �K �S �G�4 �\ �| �Ì �J �¨ �. �Ü�û �€ program by difference�•�d �Z 	Z �j �J data 

abstraction �Y�\ 
Ÿ�Ò�� �f 
� �š�S�H ADT�d �ð�� 
v�·�Ð �#���I�� 	• �d ��	æ�Á �ê���L �·�Y�Å�… �`�3�û

�Ì �d �” �ê�L�· �Y�Å�…�Æ�\
Ÿ �1�Õ �d �½�ä�� 
{�S�H �-�Y ADT�f �¢�A�H �a�I�Y ADT �‰superclass�d �-

�[�Y ADT �‰subclass�d�¯ C++�Y�”�§�J base class �q derived class�f�_�ä�ó �1�Õ �Y�f�Y�m �M	•
ª


{ name hiding �Y	÷ 
 ���È  �7  �½���¯ derived class ���&���$�S �H�•�¤ �L�Ì �d�I�f �Y�J�•�l 
¦ base 

class �Y�Á�Ð�L�Ì�d�ª �ä�¤�H �Ð���Ô�D�� derived class �Ô�›�È�Y�H �I�f�S �H�Ì�• �1	• ���Q�µ�G �1�Õ

�Y
��}�Å �…���‰�j  

A subclass object = a superclass (sub)object + subclass extension. 

�S�H�\
Ÿ 
ª���1 �J�dsubclass ���ô�Ì�@
² �€ �¯�-�Ð �ü�c �®�•��	Î superclass ���ô�Ì �f ���!�� �dsubclass 

object �˜�õ �˜�I�« �^�Y superclass object�™�¥�J�4 �\�k �d�Ô�ø derived object �4�\ base object �Y�Ù

�Ì�q�S	› �4�\�k �•�Œ�S �ç�dbase class �Y�¼�*�Å�…�€ �À�_�4 	t�‰ private �Y�Å �…�•�p�” �‰derived object

�Ô���f�Í �þ�d�1 �Õ�Y�f �Y�J �Z�j�Ð�L �· superclass �Y�� �‰�d�µ�� 	•�ê�� �À�_ superclass �¼�*�Å�…�f

�� 	• �Y �� �Ô�Ù�é �
 �< �� 	ð �� �� �Ð�ª �Å �…�¼�* �ó �Q�§ �& �d �( �µ 
Z �# �� �~ �S 	› �4 �\ �k �Y �é �¥ �Ì �f

C++/Java �Y���,�J�Ï
† �$ �S�H�À�_ �4	t protected�d �¼�/���È �J�¿�� �$�S�H 	æ�Á derived class �Y

�§�&�d�À �@�µ�H�§�&	• �À�_ base class �”�Ð�®
š 
��S 	›�4�\�k �(�Ð�d �6
� derived class �4�\�Y�Å

�…�f���! ���d�µ �.�j derived class �q base class �˜
œ�Þ
v	!�Y�é �¥�Ì�€ base class �Y�

��™ �ø�*�¿

derived class�•�d �ª�ä�1 �Õ
l �—�–�™�‰�G�J�� �€ entities�• 
œ�ð
v�Y �ë�· 10�f  

�¯ C++�d �ð�ø
Â�= �€ by value�• �Ù�Ì
Z derived object �(�=
� base class variable�d �ï�[�Y�J slicing 

�7  �—�
�¡�@ ���Y�% �Þ derived object �� �&�Y base object�f�€ �¨�.�Ü �û�|�Ì �Y�1�Õ �˜�h�•�ð �+�S�H

base pointer/reference �8 �£ �S�H derived object�d �Ö�� �1�´�…�õ �8�£�� �J�•�« �^�Y base (sub)object 

�7  �À�@�µ�H pointer/reference ��	Î �Y�Ó�p �L�Ì�S �›�J base class �›�È�Y�H �I�f�l �)���­�d �S�H�


                                            
10 �¯ C++�Þ�H�7�.  �7  friend functions�f
} �Ã�&�Y 	À�� ���]�d friend functions �I�¼ �J object�€ �§
�&�•�Y�S �Å�…�f  
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�p�Y declared type �q �ä �
�p �Ô�8	� object �Y actual type �Q�Ã�L�¥ �f �ª�ä�¯ �¨�.�Ü �û�h�Y�1 �Õ�d �§

�&�€ declared type�•�q �¼�* �€ actual type�•�˜ 
œ�¥�J �f 
��d�(�J �*�m data abstraction �Y� �j�f  

介面編程 

�» OOP �ð � ���Y �S�É�* �” �d�¯�õ�f �Á ADT �§�& �~�¼�*
œ�Y�a 
W�¹
� �ë�·�d �Ï�� 
��Ò�µ�è  �7  �§

�&���Y�¼ �*	•
D �¯
B�� �‚�
 
��f GoF �d ���S�H �è�Ð�Y OO �a�Æ11�j  

Program to an interface, not an implementation. 

�õ�¶�˜�h �µ�q data abstraction �Ú�Ä�}�¨ �.  �7  �����” �1
v���¢ �A	æ�Á�§�&�Ü �û�Y 
×�k�ë�Ÿ �¯�õ �d

ADT �Y�§ �&�~�¼ �*�J�S �� �þ�ò�x�› �Y�d�4 �\�k�% �J�o �¿�ª�ë�! �Ê�Ã�ó �¯�§�& �d�þ �µ�è�Ü�û �Y�Á
e

�• �Œ�J �§ �&�I �� �d �§ �&�� �Y�¼�* �� 
� �Ò�ä �l �d �Ÿ�� �� 	• �J �4 �\ �L �J �] �Y�J �• �f �( �( �¢ �‚ �� �J �• �Ç

	• �—�l �j �e 
Ÿ�¯ �§ �&�˜ �� �d �µ �H�¼�* �Ü�@
² �m�Â�§ �&�Ô�› �Y�ð �Ò�f �þ �J �H�˜ �T �H�¼�* �Ü�m�Â�§ �&

�˜�ð�Ò�™ �Y�Ù�Ì �d�1�J �1�Õ �f  

�¯ �§ �&�Ü�û �| �Ì �Y�1 �Õ�h �d subclass �¥ �Í �J �H�¹ �Þ �� �‰�Y�§ �&�~ �¼�* �Y ADT�d �( �4 �• �Û�p �1 �Õ

superclass �Y �§ �& �d �( �G�…�• �l superclass �T �, �L �Ì �Y �¼�* �f �� �! �� �d �• �l �� �Y �¼�* �¥ 
² �m�Â

superclass �§�&�Y �ð�Ò�d �ª �‰�§�&�Ü�û�Y�Z ���¯�õ �˜�À �@superclass �Y�§�& �4�\ subclass objects�™

�Y	•�b �f �µ ���Ë subclass �q superclass �˜
œ�H �Þ�Ô�W�Y IsA �ë �· �d�7�½ class Rect angl e �1�Õ class 

Shape�d�§���C	I�–�˜�J �S�G�™�–�K�f�»�Z �½�Y�› �È�_ Liskov Substitution Principle�€ LSP�•


��� 12�j  

任何可使用 superclass objects的地方，都必須能以 subclass objects代換。 

�µ �H�a�Æ�Ô�8�j �Y���þ �l�€ substitutable�•�ë �·�J�§ �&�1�Õ�Y�è �Ð�f Liskov �Y�a�Ö �J�j  

此處所要的是類似以下的代換性質：若對於每個型別 S的物件 o1，都有個型別 T的物件

o2，對於所有以 T定義的程式 P，以 o1代換 o2時 P的行為不變，則 S就是 T的 subtype。 

�¢�A�·�_ 
Â	Ã�Y �H�Ã�� �Q�§ �&�Ü�û �j �¯ data abstraction �h�d�…�¢�A
Â �È	Ã�¹ 
��S �H class �Y�§ �&�d

�ˆ�#	Ã�¹ �Y�1�J ���H class �I���Y�¼ �* �f �û�Ì 
B���‚ 
œ�d �Ê�H 	Ã�¹ �6�—�s �…�¼�*�ˆ �#�Ç�Š�½ �› �f �(

�¯�§�&�1 �Õ�h �d �…�¢�A
Â	Ã 
� superclass �§ �&�d �¢�A �” 	•�½�›�ˆ �#	Ã�¹ �Y�J superclass object �Ð�s

�S�H subclass object �7  	Ã�¹�6�È�À �§�&�ê �:�¾�L �Y�J �]�J�• �d �_ ���H�J �•�1�k �� �‰�£�›�Y �Ù�Ì�ˆ

                                            
11 [Gamma95], sec. 1.6, “Programming to an Interface, not an Implementation,” p. 17. 
12 [Martin02], chap. 10, “LSP: The Liskov Substitution Principle.” 
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�#�� �H	Ã �¹ �f�% �� �¾�L �J�• �”�< �À LSP�d �µ �H	Ã �¹�1 	•�— �|
� �ˆ �#�d �ª�‰ �§ �&�ð �Ò�+ �P�Ù 	• 
D�¯

�”�©�Æ�Á �Ù�Y
‹ �1�h�Ì �å�¥ �*�f  

 

�µ �u �Y�L �Ì �m�# �Ú�S�� �Í �q �¨ �. �Ü�û �| �Ì �h �Y�1 �Õ�´ �…�” �• �d �‘ �Ò�©
� �€ static binding�• �Ì �, �:

�Ó�µ �u �Y�Ö�� �f 	æ�Á superclass �§ �&�` �3 �û �Ì �d �ð 
®�\ �‘ �Ò�©
� �d �ˆ �# 	Ã�¹ �Y�Q�Ã�J superclass 

object�f �ä �ˆ�ê�� �Y�Ú�S �” 	•�¯�Ü�G �‚�1�Ô �›�L�Ì �¤�H �Y�©
��Á 
e �d �@
²
��Q 
B�� �‚ �d 	F�Y �Þ�H�J

�•�¯�§�& �˜���d �‘��	Î ���H �J�•�Y�Á �Ð�L�Ì �f�µ�H �ë�Ÿ �Ú�S�1�J 動態繫結�€ dynamic binding�•�d

�p�H
É�‚ �©
��€ late binding�•�Ð
H�Ý �©
��€ virtual binding�•�f�¯ Java�d�Ô�Þ instance methods �k

�£
®�\
� �Ò�©
� �d�þ �¯ C++�ê�ü�½ �ø vi r t ual �L�t�˜�f
��Ò�© 
��·�ì �½�J�• �Y actual type �Ô�›

�©
��Á
e�d �þ �¢�J�•�Y reference type �7  �Ã�k�J �¼�ç�\ �ø�[�Ó�� �J�•�Y class�d �þ �� �k �J�\�ø �8	�

���J�•�Y class�d�p�1�J �\ �ø�À�_�� �J�•�Y �§�&�f �…�S�H�L�Ì
® �\
��Ò �©
��d �1	• �­�Ç�Ì�� �À�@�s

�H�§�&�À �_�J�• �d�Ç	• ��	Î �M�½�Y�L �Ì�f
} superclass �§�&�H�˜ �d�a�I �Ð���� 	Î superclass �L�Ì�d

�$�¯�ª�‰ 
��Ò�© 
��·�þ �� 	Î subclass �L�Ì�d�Ó �½���k �Š�@�Ã�k �S	›�d �ª�ä�¢ �A�H subclass �L�Ì�'

�3�Y�€ overrides�• superclass �L�Ì�f  


��Ò�©
� �~�§�& �1�Õ�s �Ó�î �� �d�1
m�8 OOP �è�Ð�Y �è �Ð �7  多型�€ polymorphism�• 13�f�µ�è�Y

�� �È�¯ �õ �d �¢ �A	æ�Á�§ �&�` �3 �û �Ì �d �§ �&�˜ �� �Y�J �• �– �Ò�� 	• �z �* 
¾�2 �d �( �S�› �m�Â�§ �&�ð �Ò�d

�½�ä�¢ �A�3 �Y�û �Ì �á �ê�L �· �€�Ÿ�� �á�ê � �- �Ü�G�• �1 	• �~�J�] �Y�û �Ì �X�•�6 �*�f �µ �L�¥ Bertrand 

Meyer �	�H �x���Y Open-Closed Principle�€ OCP�• 14�j  

Software entities (classes, modules, functions, etc.) should be open for extension, but 

closed for modification. 

	æ�Á superclass �§�& �`�3�Y �û�Ì�”�Ž �»
� �d �W�˜���Ð �i ��
9�d�6 �G�…�Ysubclass �¼�*�Ü�þ
{ �ø�*�[

�”�•�Y�Ò �����‰ �d�W�˜ 
š�ó �f � �-�²
V GoF �Ô�d ���Y�a �Æ�d�ð	æ�Á �¼�*�Ü �`�Á �d�M�<�À�Y OCP �7  

�4 �\ �k �Y�û �Ì �Á�~ �¼�* �é �¥ �d �Ò�� �û �Ì �� 	• �Û�1 �� 	• 
{ �L �· �E�Þ�û �Ì �Á�f 	$ �9 �= 
{ �S�d �Y�J �d �¯

                                            
13 �I�Ö�•�8	� �˜�µ�è �™�i
® 	&�È�H�Ã �d�»�" �õ OOP �Y
��Ò�µ�è �d�þ�” �ý�G�I �q�G �ó�Y�µ�è �f  
14 [Meyer97]; [Martin02], chap. 9, “OCP: The Open-Closed Principle.” 

Superclass 
Interface 

Subclass 
Object 

(substitutable) 

User Message 

Reference Type 

Actual Type 
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B���‚ �d ADT �1�J �S�G�¼�*�Ü �d �ª �‰
Â�È	Ã�¹
� ADT�d �µ�H 	Ã�¹�S �›�_ ADT �I���Y�¼ �*���ø �ˆ

�#�d�Ô�ø ���È�j �J  “program to an implementation”15�f OCP �p���Ç �Ó LSP�j�½ �� �Þ�T�H subclass 

object �Ì�, �þ�l
¦ superclass object�d�› �Í�J�µ�H subclass object �Þ�S�,�” �L�¥�ð �Ò�Y	$�Ì �d���ÿ

�…�‹	æ�Á superclass �`�3�Y �û�Ì�”�S �›	•�a ���”
� �þ�G �Ð�µ�H subclass object �Y	$ �Ì�f  

�6�\�µ �è�ð �¾�J �Y�7 �•�1 �J application framework�d�Ð�\ �û�Ì �Y�ê �V�Ç �Š�_ �ê �|�…�” �ê�L �·�d �û

�Ì�p�%�ê �`�3�G �…�Ysubclasses �d�6���›���‰ �f 
B�� �Û�d �ê�V�û �Ì�Á�� �ª�¨
� �Ô�Þ
?�þ�£�D �d �(�¯

�G�…�Û�Ú�À�@�µ �è �Ú�S�� 	Î �� �, �� �› �� �‰�f �µ �1 �4 �ê �V
{ �ø復用�€ reuse�•�d �þ �+ �Ð�\ �û �Ì �` �3 �k


{�ø
Y�! �õ�Ð�\ �û�Ì�Y 	$�· ���‰�d�á �ê�Ê�ã 
}�C�• � �- �B�¿�€ reinvent the wheel�•�f  

從 DBC看 LSP 

�¢�A�Ž�ã ���� Design by Contract �Ù�,�� �d �»�Z�½ �®�M�ŒLSP �Ô�\���Y ���þ�l �ë �· �f DBC �8���Ê

�H�Ó�p�L �Ì�Y�m �#�Ã�� �±�9 �Þ�Ã�Ä
â �•�q�� �Ä
â�• �@
² �����d�µ �1�"�S�Y subclass �Ó�p�L�Ì�Y �¼

�*�Ù�Ì �d �ª �‰�ì�½ LSP�d subclass �d�6 �Y�L�Ì �¼�*�@
² �m�Â superclass �§�& �Ô���Y �ð�Ò �f �S	› �·�Y

�­�,�J�j  

Subclass函式所需的前置條件不得強於 superclass函式，而 subclass函式所建立的後置條

件不得弱於 superclass函式16。 

�µ�H�›�# 	ð�Y�8 �Ï subclass �L�Ì�Y�3 �*�Ù�Ì �ø�. �d�p�� �\�8���Q �T�,�§ �
�ô�• �Y�£ �� �f �7 �½�dJava

�Y overriding method �˜ �À�_�4	t�% 	•�â overridden method �8 
{�1 �f �d �µ�8�� �Ã�Ä
â�•�Y �"�S  �7  

�½�� overridden method �Š�¾�J public�d�1�þ�Œ �ä�L�Ì �¯�ð�Ò�j �J�H�: �[�«�� �À�_�d���ÿ overriding 

method �1 �”�Ð�� �J protected�€ �Ð�I �ü�4	t �•�d �ª�‰�µ �u�Y�L�Ì 
Ã�" subclasses �À�_�d�4�Ã �Ä
â�•

�

v�f�f �7�½�d Java/C++�Ç�Õ�j covariant return types�d�µ�H 	$ �Ì�ª�¢ overriding method �Y�«

�•�è�9�” 
²�~ overridden method �Y�«�• �è�9�• �Œ�´�• �d�þ���ø �J���k �Y subtype�f�4�\�L �%�k�‚

�«�•�Y�J supertype�d�( �¼�ç�j
��Y �Í�J�0 	$�·�Y subtype�d ���Ä 
â�•�
 
v�d�” �< �À LSP�f  

Abstract Classes & Java Interfaces 

Abstract class �ª�§�&�Ü �û �Y�?�Â�Ž �»�Ã
ª �S�É�d �ª�¢ �û�Ì�p�² �+�Å�…�L�Ì�Y �¼�* �d�%	5�h �§�&�f

�ª�‰�¼�* �”�Œ�d abstract class �Ì�,�H�$�· �€ instantiated�•�d subclass �@
²
ì�þ �Ô�Þ�r �
�Y�¼�* �Z�·

                                            
15 ���!�� �d �µ�J	ÿ �£ �˜ 
B�� �‚�ê���
 
��™�€�§ �&�Ü�û �Y�þ�b�Ô�¯ �• �Ô
{�Q�Y 
��� �f �½��
B�� �‚�”�ê
�

����‰ �ò�ª�¢ � �-�Ü �G�d ADT �I ���Y�§ �&�C�� �ø�^ �N�4�\�L �q�¼�* �Å�…�f  
16 �ø�À�Ç�,�C ���À�ø 
ª
{�µ �H
����j �ð subclass �L�Ì�Y �Ã�Ä
â�• 
v�õ�ð �Ò�j�Y �Ã�Ä 
â�•�d�4 �\�L
�J�@�6�d �6��
D 
v�Y�Ã �Ä
â �•�d���ÿ subclass �L�Ì�Ì�, �­�Ç�M�½ �6�*�i�ð subclass �L�Ì�Y�� �Ä
â
�•�®�õ�ð �Ò�j�Y ���Ä
â �•�d ���ÿ�4�\ �L	ÿ�£ �Ó�m�Y�+�¼��	•�”�‰ 	F�f  
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�Ù	•�H�$ ���J�• �f �1�ƒ 	q�· �d �1�ê�: Java interface �ô �•  �7  �Ô�Þ�¼�* �«�”�• �d 	q �X�8�›�§ �&�d �*

�‰�Ü�û�Y�Á
e�f �ª�‰�§ �&�Y �?�Â�¯ Java �—�d�j�Ó interface �ô�• �d Java class �1�”�… C++ class ��

�u�R �‚ �˜ �*�‰�Ü�û�Á 
e �Y�§ �&�™�Y�	 �
 17�d�þ 	q�X �J �¼�* �Ü�d �ª �‰
m�Þ�¼�*�Y �û �Ì �Á�Ç�ó �¯ Java 

class�f �¾�‹�Ã�S�æ 	À�� �dJava interface �Y�£ ���Ð�� �´�… �\�B �€�7�½ �Ô�Þ members �� 
��Ó�‰ public�e

�
�p��
� �Ó�‰static non-blank final�•�f Arnold�e Gosling�e�q Holmes �½�ä
Y�� �j  

任何你預期將被擴充的主要 class，無論為 abstract與否，都應該實作某個 interface。 

�ä�)�Y�Ç �Ó�´�… �
�
�j �)�• �Ô�\���Y class �� �Í���¡ �\ �õ�§�&�Ü �û�d�þ Java �f�Š �ª�˜�§�& �™!ï� 

�Ó interface �ô�•�d �ª�ä�¯ Java �ð�&�…�Y
��,�J �ü�½�ø class �þ�Œ�¼�*�e interface �ô �•�þ�Œ�§ �&�f  

�ð���4�S �H�J�• �ð�¥�µ �H�§ �&�d C++�d�6�µ �1�Õ�€ multiple inheritance�•�d�(�ª C++ class �J
Z�§

�& �~ �¼�* �Y �? �Â �± 
š �8 �d �µ �1 �Õ�� 	• �4 �1 �Õ
{ �8 �Y �µ �… base class �¼�* �ï �[ �� �É �f Java class 

extension 
®�
�1 �Õ�€ single inheritance�•�d �( �ª�¢�1 �Õ�€ �¼�*�• �µ�H interfaces�d �’ 
š�µ�…�¼�*�Y��

�É 
* �Z �f �û �Ì �p �� 	• �\ �µ �H�§ �& �8 	� �• �S �H�J �• �d �7 �½�� �ø �À �@�� �J �• �� �‰�Y class �e �4 �Y

superclasses�e �Ð�4 �Ô�¼�* �Y interfaces�f �µ �Ð���H �‰�J�•�H�Ã �Y�µ�è�j �S�H�J�• �Þ�µ�H�§ �&�d�ª�‰


� �Ò�©
� �þ �< �J 	• �K�� �ˆ �# �� �¢ �H�§ �&
Â�8 �Y	Ã�¹ �f �o �¿ 
} �I �• �S�H�§ �&�H�À�ä �J �• �Û�d �1 �½�•

�Ö�Y�S
� �Þ�
 �; �Ý�d �%�¶ 
{ �Q�J �• �ð �¥ �µ �H�§ �&�Y�Å�…�d �þ �À�@�µ �H�§ �&
Â	Ô�@�� �Y	Ã�¹ �< �J 	•

�—�J�•�| �…�ˆ�# �d�Ì�� �µ�H �§�&�q�J �•�Y actual type 
w�N�Þ�µ �Ã�f  

總結 

�ø�h�J�¢ �A
}�ð �
�
�Y �J�• �?�Â���Q 	q�X�§ �&�Ü�û �Y�� �"�û�¦�j  

1. �J�•�¬�£ �Y�Z	Z �¯�õ
Z �
�O �û�U�±�� �‰�¾�ä�•
��Y �J�• �f  

2. 
��±�J�• �§�&�~ �¼�*�d �Ã�k �J�.�¢�~ �J�•�Y �V�·�M �8�d ���k�J�J �•�«�Å �Y�6�� �Ú�S �f  

3. �����ª�¼ �*�¯�� �¯�§�& �˜�� �d
v�S�¼ �$ data abstraction �(�%�-�é �¥�Ì�f  

4. �¨�.�Ü�û �Y�1�Õ �Ú�S�+ �û�Ì �p	•�Ù�© �®
}�E �Þ�Y ADT �*�[�-�Y ADT�f  

5. �§�&�Ü�û �ª�§�& �Y�?�Â �ù�m���8 �d �6�\
� �Ò�©
� �q�1�Õ �¿��
B�� �‚�µ�è �d �+ �§�&�� �Y�¼�*

�Ü	•
D�= �H�A�Ì �®�‚�� �ä�l �f���ä�¢ �A�‘�8 
†�Y OOP �Y�}�˜�f  

                                            
17 Java interface �¯ C++�Y�Á
��	�
 �J�˜�Ó �p�Œ�‰pure virtual functions�™�Yabstract class�f  
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