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The big 4 member functions
m There are 4 member functions that are so important, that

the compiler will provide them if the programmer does not:

rThe default constructor.
mCalled when an object is created.

rThe copy constructor.
mCalled when an object is initialised with another object, passed

by value or returned by value from a function.

rThe destructor.
mCalled when an object goes out of scope.

rThe assignment operator.
mCalled when an object is assigned the value of another object.
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A simple string class
m Suppose that we create a class called 6WULQJ�. . .

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW�������FRQVWUXFWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW�������FRQVWUXFWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`� �LQFOXGH��P\VWULQJ�K�

6WULQJ��6WULQJ�XQVLJQHG�LQW�Q���OHQ�Q��^
��EXI� �QHZ�FKDU>OHQ��@�����DOORFDWH�PHPRU\�
��IRU��LQW�L ��L�OHQ�L���
����EXI>L@� �
�
������ILOO�VWULQJ�ZLWK�VSDFHV
��EXI>OHQ@� �
?�
�����HQGV�LQ�18//�FKDUDFWHU
`
YRLG�6WULQJ��VHW�XQVLJQHG�LQW�L��FKDU�V��^
���LI��L�OHQ��EXI>L@� �V�
`

�LQFOXGH��P\VWULQJ�K�
6WULQJ��6WULQJ�XQVLJQHG�LQW�Q���OHQ�Q��^
��EXI� �QHZ�FKDU>OHQ��@�����DOORFDWH�PHPRU\�
��IRU��LQW�L ��L�OHQ�L���
����EXI>L@� �
�
������ILOO�VWULQJ�ZLWK�VSDFHV
��EXI>OHQ@� �
?�
�����HQGV�LQ�18//�FKDUDFWHU
`
YRLG�6WULQJ��VHW�XQVLJQHG�LQW�L��FKDU�V��^
���LI��L�OHQ��EXI>L@� �V�
`

mystring.h

mystring.cc
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A simple string class
m And use it as follows:

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[������������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


������ILOO�[�ZLWK�

���6WULQJ�\�[����������LQLWLDOLVH�\�ZLWK�[
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
������ILOO�\�ZLWK�	
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
`

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[������������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


������ILOO�[�ZLWK�

���6WULQJ�\�[����������LQLWLDOLVH�\�ZLWK�[
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
������ILOO�\�ZLWK�	
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
`

string_test.cc

?
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The copy constructor
m We can correct this, by providing our own copy constructor

as follows:
�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW�������FRQVWUXFWRU
���6WULQJ�FRQVW�6WULQJ	������FRS\�FRQVWUXFWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW�������FRQVWUXFWRU
���6WULQJ�FRQVW�6WULQJ	������FRS\�FRQVWUXFWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

mystring.h

�LQFOXGH��P\VWULQJ�K�
6WULQJ��6WULQJ�XQVLJQHG�LQW�Q���OHQ�Q��^
��EXI� �QHZ�FKDU>OHQ��@�����DOORFDWH�PHPRU\�
��IRU��LQW�L ��L�OHQ�L����EXI>L@� �
�
��
��EXI>OHQ@� �
?�
�����HQGV�LQ�18//�FKDUDFWHU
`
YRLG�6WULQJ��VHW�XQVLJQHG�LQW�L��FKDU�V��
^�LI��L�OHQ��EXI>L@� �V��`
6WULQJ��6WULQJ�FRQVW�6WULQJ�	V���OHQ�V�OHQ��^
���LQW�L�
���EXI� �QHZ�FKDU>OHQ��@�����DOORFDWH�PHPRU\
���IRU��L ��L� OHQ�L����
������EXI>L@� �V�EXI>L@������FRS\�FRQWHQWV�
`

�LQFOXGH��P\VWULQJ�K�
6WULQJ��6WULQJ�XQVLJQHG�LQW�Q���OHQ�Q��^
��EXI� �QHZ�FKDU>OHQ��@�����DOORFDWH�PHPRU\�
��IRU��LQW�L ��L�OHQ�L����EXI>L@� �
�
��
��EXI>OHQ@� �
?�
�����HQGV�LQ�18//�FKDUDFWHU
`
YRLG�6WULQJ��VHW�XQVLJQHG�LQW�L��FKDU�V��
^�LI��L�OHQ��EXI>L@� �V��`
6WULQJ��6WULQJ�FRQVW�6WULQJ�	V���OHQ�V�OHQ��^
���LQW�L�
���EXI� �QHZ�FKDU>OHQ��@�����DOORFDWH�PHPRU\
���IRU��L ��L� OHQ�L����
������EXI>L@� �V�EXI>L@������FRS\�FRQWHQWV�
`

mystring.cc
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The copy constructor
m Recompiling and running our test program, we have:

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[������������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


������ILOO�[�ZLWK�

���6WULQJ�\�[����������FDOOV�RXU�FRS\�FRQVWUXFWRU
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
������ILOO�\�ZLWK�	
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
`

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[������������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


������ILOO�[�ZLWK�

���6WULQJ�\�[����������FDOOV�RXU�FRS\�FRQVWUXFWRU
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
������ILOO�\�ZLWK�	
���FRXW�����[� ���
���[�SULQW�������������SULQW�[
���FRXW�����\� ���
���\�SULQW�������������SULQW�\
`

string_test.cc

:-)
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m Let us repeat the previous example, with object \ now
being assigned the value of [:

Why not use the default assignment operator?

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[�����\��������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


��������ILOO�[�ZLWK�



���\� �[����������������FDOOV�GHIDXOW�DVVLJQPHQW�RSHUDWRU
���[�SULQW���������������SULQW�[
���\�SULQW���������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
��������ILOO�\�ZLWK�
	

���[�SULQW���������������SULQW�[
���\�SULQW���������������SULQW�\
`

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[�����\��������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


��������ILOO�[�ZLWK�



���\� �[����������������FDOOV�GHIDXOW�DVVLJQPHQW�RSHUDWRU
���[�SULQW���������������SULQW�[
���\�SULQW���������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
��������ILOO�\�ZLWK�
	

���[�SULQW���������������SULQW�[
���\�SULQW���������������SULQW�\
`

string_test.cc ?
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The assignment operator

m We can provide our own version of the assignment
operator for the 6WULQJ class as follows:

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW������������������FRQVWUXFWRU
���6WULQJ�FRQVW�6WULQJ	�����������������FRS\�FRQVWUXFWRU
���6WULQJ	�RSHUDWRU �FRQVW�6WULQJ	������DVVLJQPHQW�RSHUDWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW������������������FRQVWUXFWRU
���6WULQJ�FRQVW�6WULQJ	�����������������FRS\�FRQVWUXFWRU
���6WULQJ	�RSHUDWRU �FRQVW�6WULQJ	������DVVLJQPHQW�RSHUDWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

mystring.h
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The WKLV pointer

m We can define this operator as follows:

m The keyword WKLV is a pointer to the object that we are
"inside".
r Hence when we return 
WKLV, we are returning "this object".

r This allows chained assignments:

6WULQJ	�6WULQJ��RSHUDWRU �FRQVW�6WULQJ�	V�
^
���LQW�L�
���OHQ� �V�OHQ�
���IRU��L ��L� OHQ�L����
������EXI>L@� �V�EXI>L@������FRS\�GDWD
���UHWXUQ�
WKLV�
`

6WULQJ	�6WULQJ��RSHUDWRU �FRQVW�6WULQJ�	V�
^
���LQW�L�
���OHQ� �V�OHQ�
���IRU��L ��L� OHQ�L����
������EXI>L@� �V�EXI>L@������FRS\�GDWD
���UHWXUQ�
WKLV�
`

[� �\� �]�[� �\� �]�
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m Now when we recompile and run the previous program:

The assignment operator

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[�����\��������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


��������ILOO�[�ZLWK�



���\� �[����������������FDOOV�RXU�DVVLJQPHQW�RSHUDWRU
���FRXW�����[� ����
���[�SULQW���������������SULQW�[
���FRXW�����\� ����
���\�SULQW���������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
��������ILOO�\�ZLWK�
	

���FRXW�����[� ����
���[�SULQW���������������SULQW�[
���FRXW�����[� ����
���\�SULQW���������������SULQW�\
`

�LQFOXGH��P\VWULQJ�K�
YRLG�PDLQ��
^
���LQW�L�
���6WULQJ�[�����\��������FDOOV�FRQVWUXFWRU
���IRU��L ��L���L����
������[�VHW�L�


��������ILOO�[�ZLWK�



���\� �[����������������FDOOV�RXU�DVVLJQPHQW�RSHUDWRU
���FRXW�����[� ����
���[�SULQW���������������SULQW�[
���FRXW�����\� ����
���\�SULQW���������������SULQW�\
���IRU��L ��L���L����
������\�VHW�L�
	
��������ILOO�\�ZLWK�
	

���FRXW�����[� ����
���[�SULQW���������������SULQW�[
���FRXW�����[� ����
���\�SULQW���������������SULQW�\
`

string_test.cc

:-)
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The destructor function
m We have added a destructor function to our 6WULQJ class:

r We use it to deallocate the memory for EXI.

r Deallocating memory, allocated by the constructor function, is the
most important use of destructor functions.

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW������������������FRQVWUXFWRU
���6WULQJ�FRQVW�6WULQJ	�����������������FRS\�FRQVWUXFWRU
���6WULQJ	�RSHUDWRU �FRQVW�6WULQJ	������DVVLJQPHQW�RSHUDWRU
���a6WULQJ������������������������������GHVWUXFWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

�LQFOXGH��LRVWUHDP�K!
FODVV�6WULQJ�^
SXEOLF�
���6WULQJ�XQVLJQHG�LQW������������������FRQVWUXFWRU
���6WULQJ�FRQVW�6WULQJ	�����������������FRS\�FRQVWUXFWRU
���6WULQJ	�RSHUDWRU �FRQVW�6WULQJ	������DVVLJQPHQW�RSHUDWRU
���a6WULQJ������������������������������GHVWUXFWRU
���YRLG�VHW�XQVLJQHG�LQW��FKDU��
���YRLG�SULQW���^�FRXW����EXI����HQGO��`
SULYDWH�
���XQVLJQHG�LQW�OHQ�
���FKDU�
EXI�
`�

���RWKHU�PHPEHU�IXQFWLRQ�GHILQLWLRQV
6WULQJ��a6WULQJ���^
���GHOHWH�>@�EXI�����GHDOORFDWH�PHPRU\
`

���RWKHU�PHPEHU�IXQFWLRQ�GHILQLWLRQV
6WULQJ��a6WULQJ���^
���GHOHWH�>@�EXI�����GHDOORFDWH�PHPRU\
`mystring.h mystring.cc
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Overloading the 
 operator

m We declare and define the operator as follows:

FODVV�5DWLRQDO�^
SXEOLF�
��5DWLRQDO�LQW�Q ���LQW�G ����QXP�Q���GHQ�G��^�UHGXFH����`
��5DWLRQDO�RSHUDWRU
�FRQVW�5DWLRQDO	��
�����RWKHU�GHFODUDWLRQV
SULYDWH�
��LQW�QXP��GHQ�
�����RWKHU�GHFODUDWLRQV
`�

FODVV�5DWLRQDO�^
SXEOLF�
��5DWLRQDO�LQW�Q ���LQW�G ����QXP�Q���GHQ�G��^�UHGXFH����`
��5DWLRQDO�RSHUDWRU
�FRQVW�5DWLRQDO	��
�����RWKHU�GHFODUDWLRQV
SULYDWH�
��LQW�QXP��GHQ�
�����RWKHU�GHFODUDWLRQV
`�

5DWLRQDO�5DWLRQDO��RSHUDWRU
�FRQVW�5DWLRQDO	�U�
^
���5DWLRQDO�]�QXP
U�QXP�GHQ
U�GHQ��
���UHWXUQ�]�
`

5DWLRQDO�5DWLRQDO��RSHUDWRU
�FRQVW�5DWLRQDO	�U�
^
���5DWLRQDO�]�QXP
U�QXP�GHQ
U�GHQ��
���UHWXUQ�]�
`
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Friend functions
m We can now write our overloaded 
 operator as a IULHQG of

class Rational as follows:

FODVV�5DWLRQDO�^
��IULHQG�5DWLRQDO�RSHUDWRU
�FRQVW�5DWLRQDO	��FRQVW�5DWLRQDO	��
SXEOLF�
��5DWLRQDO�LQW�Q ���LQW�G ����QXP�Q���GHQ�G��^�UHGXFH����`
�����RWKHU�GHFODUDWLRQV
SULYDWH�
��LQW�QXP��GHQ�
�����RWKHU�GHFODUDWLRQV
`�

FODVV�5DWLRQDO�^
��IULHQG�5DWLRQDO�RSHUDWRU
�FRQVW�5DWLRQDO	��FRQVW�5DWLRQDO	��
SXEOLF�
��5DWLRQDO�LQW�Q ���LQW�G ����QXP�Q���GHQ�G��^�UHGXFH����`
�����RWKHU�GHFODUDWLRQV
SULYDWH�
��LQW�QXP��GHQ�
�����RWKHU�GHFODUDWLRQV
`�

5DWLRQDO�RSHUDWRU
�FRQVW�5DWLRQDO	�[��FRQVW�5DWLRQDO	�\�
^
���5DWLRQDO�]�[�QXP
\�QXP�[�GHQ
\�GHQ��
���UHWXUQ�]�
`

5DWLRQDO�RSHUDWRU
�FRQVW�5DWLRQDO	�[��FRQVW�5DWLRQDO	�\�
^
���5DWLRQDO�]�[�QXP
\�QXP�[�GHQ
\�GHQ��
���UHWXUQ�]�
`
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Overloading the stream insertion operator
m Suppose we have a class called 'DWH:

�LQFOXGH��LRVWUHDP�K!
FODVV�'DWH�^
��IULHQG�RVWUHDP	�RSHUDWRU���RVWUHDP	��FRQVW�'DWH	��
SXEOLF�
��'DWH�LQW�G ���LQW�P ���LQW�\ �������
������������������������GD\�G���PRQWK�P���\HDU�\��^`
SULYDWH�
��LQW�GD\��PRQWK��\HDU�
`�

�LQFOXGH��LRVWUHDP�K!
FODVV�'DWH�^
��IULHQG�RVWUHDP	�RSHUDWRU���RVWUHDP	��FRQVW�'DWH	��
SXEOLF�
��'DWH�LQW�G ���LQW�P ���LQW�\ �������
������������������������GD\�G���PRQWK�P���\HDU�\��^`
SULYDWH�
��LQW�GD\��PRQWK��\HDU�
`�

date.h
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Overloading the stream insertion operator
�LQFOXGH��GDWH�K�
RVWUHDP	�RSHUDWRU���RVWUHDP�	RVWU��FRQVW�'DWH�	G��^
���RVWU����G�GD\�
���VZLWFK��G�GD\��^
������FDVH�����
������FDVH����
������FDVH����
���������������RVWU�����VW����EUHDN�
������FDVH���
������FDVH�����RVWU�����QG����EUHDN�
������FDVH���
������FDVH�����RVWU�����UG����EUHDN�
������GHIDXOW��RVWU�����WK����EUHDN�
���`
���VZLWFK��G�PRQWK��^
������FDVH�����RVWU�����-DQXDU\����EUHDN�
������FDVH�����RVWU�����)HEUXDU\���EUHDN�
���������HWF
���`
���UHWXUQ�RVWU�����������G�\HDU�
`

�LQFOXGH��GDWH�K�
RVWUHDP	�RSHUDWRU���RVWUHDP�	RVWU��FRQVW�'DWH�	G��^
���RVWU����G�GD\�
���VZLWFK��G�GD\��^
������FDVH�����
������FDVH����
������FDVH����
���������������RVWU�����VW����EUHDN�
������FDVH���
������FDVH�����RVWU�����QG����EUHDN�
������FDVH���
������FDVH�����RVWU�����UG����EUHDN�
������GHIDXOW��RVWU�����WK����EUHDN�
���`
���VZLWFK��G�PRQWK��^
������FDVH�����RVWU�����-DQXDU\����EUHDN�
������FDVH�����RVWU�����)HEUXDU\���EUHDN�
���������HWF
���`
���UHWXUQ�RVWU�����������G�\HDU�
`

date.cc
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Overloading the stream insertion operator

�LQFOXGH��GDWH�K�

YRLG�PDLQ��
^
���'DWH�WRGD\������������

���FRXW�����7RGD\
V�GDWH�LV������WRGD\����HQGO�
`

�LQFOXGH��GDWH�K�

YRLG�PDLQ��
^
���'DWH�WRGD\������������

���FRXW�����7RGD\
V�GDWH�LV������WRGD\����HQGO�
`

date_test.cc
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Overloading other operators
m We now overload the stream deletion operator (!!) and the

less than operator (�).

�LQFOXGH��LRVWUHDP�K!
FODVV�'DWH�^
��IULHQG�RVWUHDP	�RSHUDWRU���RVWUHDP	��FRQVW�'DWH	��
��IULHQG�LVWUHDP	�RSHUDWRU!!�LVWUHDP	��'DWH	��
SXEOLF�
��'DWH�LQW�G ���LQW�P ���LQW�\ �������
������������������������GD\�G���PRQWK�P���\HDU�\��^`
��ERRO�RSHUDWRU��FRQVW�'DWH	��
SULYDWH�
��LQW�GD\��PRQWK��\HDU�
`�

�LQFOXGH��LRVWUHDP�K!
FODVV�'DWH�^
��IULHQG�RVWUHDP	�RSHUDWRU���RVWUHDP	��FRQVW�'DWH	��
��IULHQG�LVWUHDP	�RSHUDWRU!!�LVWUHDP	��'DWH	��
SXEOLF�
��'DWH�LQW�G ���LQW�P ���LQW�\ �������
������������������������GD\�G���PRQWK�P���\HDU�\��^`
��ERRO�RSHUDWRU��FRQVW�'DWH	��
SULYDWH�
��LQW�GD\��PRQWK��\HDU�
`�

date.h
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Overloading other operators

�LQFOXGH��GDWH�K�
RVWUHDP	�RSHUDWRU���RVWUHDP�	RVWU��FRQVW�'DWH�	G��^
���HWF
LVWUHDP	�RSHUDWRU!!�LVWUHDP�	LVWU��'DWH�	G��^
���FRXW�����(QWHU�GD\����
���LVWU�!!�G�GD\�
���FRXW�����(QWHU�PRQWK����
���LVWU�!!�G�PRQWK�
���FRXW�����(QWHU�\HDU����
���LVWU�!!�G�\HDU�
���UHWXUQ�LVWU�
`
ERRO�'DWH��RSHUDWRU��FRQVW�'DWH�	G��^
���LI�����
\HDU�PRQWK�����
G�\HDU�G�PRQWK���UHWXUQ�WUXH�
���LI�����
\HDU�PRQWK�!���
G�\HDU�G�PRQWK���UHWXUQ�IDOVH�
���LI���GD\���G�GD\���UHWXUQ�WUXH�
���UHWXUQ�IDOVH�
`

�LQFOXGH��GDWH�K�
RVWUHDP	�RSHUDWRU���RVWUHDP�	RVWU��FRQVW�'DWH�	G��^
���HWF
LVWUHDP	�RSHUDWRU!!�LVWUHDP�	LVWU��'DWH�	G��^
���FRXW�����(QWHU�GD\����
���LVWU�!!�G�GD\�
���FRXW�����(QWHU�PRQWK����
���LVWU�!!�G�PRQWK�
���FRXW�����(QWHU�\HDU����
���LVWU�!!�G�\HDU�
���UHWXUQ�LVWU�
`
ERRO�'DWH��RSHUDWRU��FRQVW�'DWH�	G��^
���LI�����
\HDU�PRQWK�����
G�\HDU�G�PRQWK���UHWXUQ�WUXH�
���LI�����
\HDU�PRQWK�!���
G�\HDU�G�PRQWK���UHWXUQ�IDOVH�
���LI���GD\���G�GD\���UHWXUQ�WUXH�
���UHWXUQ�IDOVH�
`

date.cc
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�LQFOXGH��GDWH�K�
YRLG�PDLQ��
^
���'DWH�VWDUW��HQG�
���FRXW�����(QWHU�VWDUW�GDWH����
���FLQ�!!�VWDUW�
���GR�^
������FRXW�����(QWHU�HQG�GDWH����
������FLQ�!!�HQG�
������LI���HQG���VWDUW��
���������FHUU�����(QG�GDWH�PXVW�EH�DIWHU�VWDUW�GDWH����
�����������������VWDUW�����������HQGO�
���`�ZKLOH���HQG���VWDUW���
���FRXW�����6WDUW�GDWH�������VWDUW����HQGO�
���FRXW�����(QG�GDWH���������HQG����HQGO�
`

�LQFOXGH��GDWH�K�
YRLG�PDLQ��
^
���'DWH�VWDUW��HQG�
���FRXW�����(QWHU�VWDUW�GDWH����
���FLQ�!!�VWDUW�
���GR�^
������FRXW�����(QWHU�HQG�GDWH����
������FLQ�!!�HQG�
������LI���HQG���VWDUW��
���������FHUU�����(QG�GDWH�PXVW�EH�DIWHU�VWDUW�GDWH����
�����������������VWDUW�����������HQGO�
���`�ZKLOH���HQG���VWDUW���
���FRXW�����6WDUW�GDWH�������VWDUW����HQGO�
���FRXW�����(QG�GDWH���������HQG����HQGO�
`

date_test.cc

Overloading other operators
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Overloading other operators
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Class relationships

m There are 4 ways in which classes can be related:

r Association:
Where two or more objects are linked and "pass messages" by calling each
others member functions.

r Composition:
Where the object of a class contains an object of another class as a
member and the lifetime of the objects is tied.

r Aggregation:
Where the object of one class contains a reference to an object of another
class and their lifetimes are not tied.

r Inheritance:
Where one class is created or derived from another class.
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Association

HQXP�VZLWFKHU^RII�RQ`�
FODVV�/LJKW�^
SXEOLF�
���/LJKW����VWDWH�RII��^`
���YRLG�FKDQJHBVWDWH���
���YRLG�LQVSHFWBVWDWH���
SULYDWH�
���VZLWFKHU�VWDWH�
`�

HQXP�VZLWFKHU^RII�RQ`�
FODVV�/LJKW�^
SXEOLF�
���/LJKW����VWDWH�RII��^`
���YRLG�FKDQJHBVWDWH���
���YRLG�LQVSHFWBVWDWH���
SULYDWH�
���VZLWFKHU�VWDWH�
`�

light.h

�LQFOXGH��LRVWUHDP�K!
�LQFOXGH��OLJKW�K�
YRLG�/LJKW��FKDQJHBVWDWH��
^
���LI���VWDWH  RII���VWDWH� �RQ�
���HOVH�VWDWH� �RII�
`
YRLG�/LJKW��LQVSHFWBVWDWH��
^
���LI���VWDWH�  �RII���
������FRXW�����/LJKW�LV�RII����HQGO�
���HOVH�
������FRXW�����/LJKW�LV�RQ�����HQGO�
`

�LQFOXGH��LRVWUHDP�K!
�LQFOXGH��OLJKW�K�
YRLG�/LJKW��FKDQJHBVWDWH��
^
���LI���VWDWH  RII���VWDWH� �RQ�
���HOVH�VWDWH� �RII�
`
YRLG�/LJKW��LQVSHFWBVWDWH��
^
���LI���VWDWH�  �RII���
������FRXW�����/LJKW�LV�RII����HQGO�
���HOVH�
������FRXW�����/LJKW�LV�RQ�����HQGO�
`

light.cc
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Association

FODVV�/LJKW�����IRUZDUG�GHFODUDWLRQ
FODVV�%XWWRQ�^
SXEOLF�
���%XWWRQ�/LJKW�
EXOE���OLJKWBEXOE�EXOE��^`
���YRLG�IOLFN���
SULYDWH�
���/LJKW�
OLJKWBEXOE�
`�

FODVV�/LJKW�����IRUZDUG�GHFODUDWLRQ
FODVV�%XWWRQ�^
SXEOLF�
���%XWWRQ�/LJKW�
EXOE���OLJKWBEXOE�EXOE��^`
���YRLG�IOLFN���
SULYDWH�
���/LJKW�
OLJKWBEXOE�
`�

button.h
�LQFOXGH��OLJKW�K�
�LQFOXGH��EXWWRQ�K�

YRLG�%XWWRQ��IOLFN��
^
���OLJKWBEXOE�!FKDQJHBVWDWH����
`

�LQFOXGH��OLJKW�K�
�LQFOXGH��EXWWRQ�K�

YRLG�%XWWRQ��IOLFN��
^
���OLJKWBEXOE�!FKDQJHBVWDWH����
`

button.cc
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Association

�LQFOXGH��LRVWUHDP�K!
�LQFOXGH��OLJKW�K�
�LQFOXGH��EXWWRQ�K�

YRLG�PDLQ��
^
���/LJKW�VSRW�
���%XWWRQ�OLJKWBVZLWFK�	VSRW��

���VSRW�LQVSHFWBVWDWH���
���OLJKWBVZLWFK�IOLFN���
���VSRW�LQVSHFWBVWDWH���
���OLJKWBVZLWFK�IOLFN���
���VSRW�LQVSHFWBVWDWH���
`

�LQFOXGH��LRVWUHDP�K!
�LQFOXGH��OLJKW�K�
�LQFOXGH��EXWWRQ�K�

YRLG�PDLQ��
^
���/LJKW�VSRW�
���%XWWRQ�OLJKWBVZLWFK�	VSRW��

���VSRW�LQVSHFWBVWDWH���
���OLJKWBVZLWFK�IOLFN���
���VSRW�LQVSHFWBVWDWH���
���OLJKWBVZLWFK�IOLFN���
���VSRW�LQVSHFWBVWDWH���
`

light_test.cc


