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To Copy or Not To Copy:
A Deeper Look at Values in C++
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�TodayToday’’s topicss topics
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�Our most important resource: memoryOur most important resource: memory
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�Memory address characteristicsMemory address characteristics
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�Memory contents characteristicsMemory contents characteristics
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�Cooperating cells form important abstractionsCooperating cells form important abstractions
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�A historical perspectiveA historical perspective
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�Instruction architectureInstruction architecture
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�In the context of a highIn the context of a high--level expressionlevel expression
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�Recognizing lvalues and rvalues in C++Recognizing lvalues and rvalues in C++
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�Examples of lvalues and rvaluesExamples of lvalues and rvalues
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�The lvalueThe lvalue--toto--rvalue conversionrvalue conversion
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�Mutable vs. immutable valuesMutable vs. immutable values
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�Analyzing some traditional operatorsAnalyzing some traditional operators
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�Using pointerUsing pointer typestypes
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�Analyzing someAnalyzing some pointerpointer--relatedrelated operatorsoperators
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�ArraysArrays’’ relationship to pointersrelationship to pointers
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�FunctionsFunctions’’ relationship to pointersrelationship to pointers
& G�
��/���/��.����)����( 
���������( �	�/��#�
��%���
�

� �
.�����( ���.�����������������
��%���
�'����������%���
*�

& $����	�������%���
�����%���
�.��%
������/�����/��.��������
�

& G�
��/���/��.������
( ����
��	 /R�S������?
� ��
�

�����( �	�/��#�
��%���
������	
.�����( ���.�����

� @�
������
��%���
�����.�����	
���
����
�/��.����)���
�	�� �

������.�����

& �������
������'�* ��?
���� ����
���	��

� 6
/�������%���
�	
�� ����� ���
�.���

 '/��.��������#
�.���
	*�

� Q� ��������� �( 
��������'���
C�
�.
��/��%���
����	��%���
��

.������
���� ������
�.���

)�����
*�

� P�
�	������%���
��
��������
�����
�.���

)���
��������
�

��
.�/�
������%���
��
�����

21

�Simple decay can be just whatSimple decay can be just what’’s neededs needed
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�Using traditional referenceUsing traditional reference typestypes
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�Examples of lvalue reference bindingsExamples of lvalue reference bindings
& ����#��	��������( �	�/��#�
��%���
������( �	�/��#�
 �%���
�

�
/
�
�.
�'( ���������.�����.���
.��
��*�

� �����( +

����M ���H��( +�

& ����#��	������%���
4�����%���
���������( �	�/��#�
 �%���
�

�
/
�
�.
�

� �����( +
����.�����M ���H��( + ""
������	
�
����$�����
������

� ����.���������H��
+
����.�����M ���H���+ ""
������	
�
�������$�����
������

� ����.�����M ���H�����'�*+ ""
������	
�
����$�����
������

� ����.�����M ���H��
+ ""
������	
�
�������$�����
������

24

�BindingBinding duringduring call/returncall/return
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�Copying in todayCopying in today’’s C++s C++
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�But copying isnBut copying isn’’tt alwaysalways whatwhat it seems to beit seems to be
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�WhyWhy shouldshould wewe programmersprogrammers carecare aboutabout copyingcopying??
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�Example: unnecessary temporaries  Example: unnecessary temporaries  [Sutter, 2000][Sutter, 2000]
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�Strategies to mitigate costly or repeated copyingStrategies to mitigate costly or repeated copying
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�Introducing a new techniqueIntroducing a new technique
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Selected Topics in Computer Programming #1Selected Topics in Computer Programming #1

To Copy or Not To Copy:
A Deeper Look at Values in C++
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�TodayToday’’s topicss topics
� <���
����	���
������
����( �	
����88

� �
���	���
��.
�
�����
��� ��?��	���/�%���
�

� @�
��( ��.���/�.���
1�����%���
�) ��


� <���
�.����� ����
%��
�.
4.���4( ��� �����

& A
� ���
���/�%���
�������
��
1���88

� $��
� �?��	��/��
/
�
�.


� $����.������/����� ��/�.�������( ���%
	��
�/��( ��.


� -���������������
%������������%
	����#�
(

33

�Overview of move semanticsOverview of move semantics
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�Copy semantics Copy semantics visvis--àà--visvis move semanticsmove semantics
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�Advantages of a moveAdvantages of a move--awareaware ��	��	��%
.�����%
.���, part 1, part 1
& ��	��%
.���R@S .���( �?
� ��	���
��/�@)��( �%�#����� � �
�

.�
���� ����
� ����
�����#�//
��

old buffer

new buffer

old buffer

new buffer

� ��
( 
������
���� �( �%
	 '����.���
	*������
��
� �#�//
��

� � ��W��-��.
 ��
�
����
���	 #�//
������#�������#
�	
�����
	��

� 
 .��
 �����
��#��� ����
�
( 
���) �����( �%
�%���
��

36

�Advantages of a moveAdvantages of a move--awareaware ��	��%
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�Advantage of a moveable Advantage of a moveable ��	��%
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�Applicability of move semanticsApplicability of move semantics
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�What is an rvalue reference?  What is an rvalue reference?  [H. Hinnant, 2002[H. Hinnant, 2002--2006]2006]
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�New function overloading optionsNew function overloading options
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�Bindings to referencesBindings to references

42

�Type deduction from an rvalue referenceType deduction from an rvalue reference
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�ReferenceReference--toto--reference typesreference types
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�Evolution of a moveEvolution of a move--awareaware standardstandard algorithmalgorithm
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�How to make a class movableHow to make a class movable
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from the source to the target

Then leaves behind 
a resource-free source

Exchanges the resources 
of the source and the target
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�MovabilityMovability isis orthogonalorthogonal toto copyabilitycopyability
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�Phasing in move semanticsPhasing in move semantics
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�MoveMove--aware aware ��	��	 utility componentsutility components
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�WhenWhen toto make amake a classclass movable?movable?
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�TheThe forwardingforwarding problemproblem
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�Consider just the generic twoConsider just the generic two--argument caseargument case
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�Solving the forwarding problem in the next C++Solving the forwarding problem in the next C++
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�InIn sumsum
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