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Recent developments

leading to

sophisticated optical

cavities, trapped

atomic ions,

quantum dots, and

nanotechnology have

made it possible to

contemplate the

actual construction of

workable  quantum

logic devices.
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Peter Shor’s

demonstration that

quantum

computers can

perform

factorization of

large   integers

efficiently has

played a major role

in shaping the kind

of momentum QIS

has gathered.
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work of  Shannon.
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Figure 1. Block diagram of
communication system.
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information clearly

discriminates

between data and

information.
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opposite

directions.
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Shannon’s second

theorem is called

the channel coding

theorem or noisy

channel theorem.
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The channel

coding theorem

can also be taken

as the very

definition of

channel capacity, a

notion that

remained

undefined until

Shannon.
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It is only recently

that individual

microscopic

systems have

become accessible

to experiments.
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A quantum state is

automatically copy

righted in the

strong sense that

complete

knowledge of the

state is accessible

only to the one

who prepared it.
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It is useful to

compare the state

spaces in classical

and quantum

theories.
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According to

Feynman,

superposition

(interference) is

the only mystery

of quantum

mechanics.
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A state is said to

be entangled if it

cannot be

represented by a

product vector.
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The integer r is

known as the

Schmidt rank of

|yñ.
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The process,

which uses

quantum

entanglement as

an essential

resource, has

become one of the

basic operations of

quantum

information theory.



����������� � �����������	

	

	�����
 � �����
�

� � �
�


W � � � E
7�
F
� 
A � � 
A �� H 
7� � 
7�� ��


W � � � E
7�
F
� 
A � � 
7 �� H 
7� � 
A�� ��


W � � � E
7�
F
� 
A � � 
7 �� � 
7 � � 
A �� ��


W 	 � � E
7�
F
� 
A � � 
A �� � 
7 � � 
7 �� ��

� �� �  	 �� �� � � �  ��� � � � � � �
� �� 1 ���&� �� � �� � ��
� �$� � +	�� � � �� �� 
�� �� � 	� �� �� � * � 
�� �
� �� � �	� 

� �! �� ���� �� �� � ���� ��� ��� 
W � � � � 
W � � � � 
W � � � � � � �

W 	 � � � 
� 	
�� 	� 	� � � ��� � ��� �� �� � � �� �� ��� ������
�
� � � ! �� ���� �� �� � ���� � ���  � �� 
�� �� �� ��
�� " � �
��

�	
�� �� �
� �! ���� � ���� � � � � � ��� ��
��  �� V  � 	 � �� �
� � �� ���� �	
 � � �� �� ��� �	� 
 ������ �
� �� � ����� �
��� ��� � ��� ��	��� � ����� �� �� �� � � � � � � � � � � 	 � 4 � ��
1 ��� � ���� 
�� �� �� ��
��  �� �� � � ��� 	 �� �� �� ��� �� � � �
� 
	 � ����� � 	 � � 	� �� ��� ��� �� ���� ��� 1 ��� � � �� �� �� �

���� � � � 	 �� �� �� � � �� � � �� �� 
�� �� � � 	��� ����� �� �
��� �� 
U � � � � 
	 +��� �	 �� � ����� 
W � � � � � � 
A �� H
� 
7 �� �� �� � 1 ��� ���� � �� & ��� $ � 	� � �� ���� ��� �� ��
� 	 &� � �  �� � � � � ����� �� �� � � ���
�� ����� � 
A�� H � 
7��
��� � � 	 � 	� 
��� � �	 � � ��� �
	 � � � � � � �� 3 � �� � 	�� �


� �� � �� �� � �� �� � � � 	 �� �� �� 1 ��� $ � 	� � �� ���� ��� �� ��
� 	 &� � �  �� � �� � ����� �� �� � ����� � 
A�� H � 
7�� � � � �
�� �� �� � 	� �� � �� ��� � �� ������ �� � �	 1 ��� � ��� � ��� �	

�� � ��� � 	 �� �� �� � �� �	 �� � �� �� � � � ���
� 0 � � �� � � �
�
�! + � �	 � �� � �  ��� �	 �� � � �� � ����� � �� � � ���
�� ��� ���
1 ��� � ��� ��� ���
�� 
�� � ��� � 	 �	 �� � �� �� � 0 �� �� � � �

�
�! + � �	 
 + 	 � �� �� � �� �� � � � �	
 � 	 � 	 ���� ��

< �� � � + � E �� �� � � �� � �� 	�� �� �� ��	 � �� � � �� � ��
�! �
� ���� 	 � �� � 
��� �� 	� � �
 � ���� 
�� �� � 	 � �� � � � �� ��
��� 1 ��� � ��� 	 � � � � �� �� �	 � �
 � �
�� �
 � 	  	��
 �
��		��� 	��� ��� � �� ������ � 	 � �� �	 
 �� ���� ��� � �� ��
��� � �� 	 � �� � � �  �
 A � 7 � F� 	 
 S � 3 � 
���� � 	 � �� ��



�� ��������� � �����������	

	

	�����
 � �����
�

� � �  �
 & � � 	 � ��� �� � �� �	 � �� � �  �� �� � 	

��� 	 � � �

�� � � � ��� 
� �
�� ��	 
� � ��	 � + � � �� � � �� � � �� � �  �� �	 �� �
� ���
�� ��� �� � 
A�� H � 
7�� � �� � �� � � 	� � ����� � �� �
����� 	 
����	� � 
	 �	 	��

�� �� �
� � �� � 
�� � �� �� ����� 	
�� ��	� �� � 	� �� � �
�� � ��

� ��- �� � ��� � � � � � �� ������� 	� � � � ����	� ��� � �
�� �  	 ������ �$ �	
 ��� �� ��� � �� � 	 �� � 	 � 	 � �
�� �� �� �
� 	��	� �� � �� �	 
�� ���� �
� �	
 1 ��� � �� �� �� � �� � 	�
�� � � 
	 �	 	� � 	 	� � 	� �� � ����� �� � � ����  � G � � 
����
" � � �� �� � ���� �� � �� � � �! �����  ��� ��� 1 ��� �� � � 	 

� ��  ��� 	� �� � �� �� �� � � 
	 ���� ( � � 	� � 	� �� � � �! �
�� � ��� �� �� � ���� ��� ��� 
W � � 	 � � � � �
 	� � �  ���� ������ ��
�� � ���� �� � � ��	� � �� �� �� �	 � ��� 	 � � ����� 	� �� ��� � ���
� �� �� 4 � � �� �� � � ��� �� �� ����� 	 
����	� 	� � � �  ��
	��� 	� � �� �� 	� �� ��� � ��� �� � � � � �� 	  ��� 	� ������ �

�� �	
� ���	 � �

�� �	� � ��� �� �� � � �  �� � �� � � �� � �
 ��� �� � � �� �� �� ��
�� � �� 4 � ��� �� �	�� ��� �� �� � ���� �� � � ��� � � �� � �� � 	�
�� �� � ���� � ��� � � �� � �� �� �� �� � ���� �� � �� �
���� ��

 � � ��� � � � 
��	 � 
� �� �� �� 
� � � �� �� � � 
	 ����� � � � �
� �����	� �� �� �� �� ��� ��� �� � � 	�� ����� 	
����	� � 
	�	 �
	� � �  � � ��� �� �� �� ��� ���� �� � �������� �
�� ���
 	 � �
� �  �� �� �� � 	�� 	� �� 	  ��� 	 � �� ���� � �� �	 
� � ��	 � � " 	
�	 �� �� �� � ��� ���	 � � � � �� ��	� �� �� ����� 	
����	� � � �
 ��� � � ��� �� 
��� ��� �� ����
�� ��  ��

 � �  
 &  � � � 	 � �� �

1 �� ���� �  �� ��� 	 ������ �� ���� � �� �

� +� �� 	� �  ��
	� �� �	
� ���	� � 4 � ��� � � �  �� � �� � 	 � ��� � � � 	� � ���

��� � ������� � � � ��� ���� �� �� � 	 �� 
�� ��� ��� �
� � �
�
����� � ����� � � ��� � ��� �� �� �� �
��	
� 	� �� ��
��� �	 ��$ ��
� � �  �� �

���� �� �� � ��� ��� � 	
� �� � � 	� �  �� 	� �� �	 
�
� ���	� � 1 ��� � �� �� 
�� ��	 � 	� �� � ����� 	 
����	 � � 
	 �	 	 �
� ��
� �� � ���� � ��	 � �� � � �� �
�� �� ����	� 	 � 	 � � � �  ��

�� 	� � �� �	 �
� � ���
 	� �� 	  ��� 	� �� �	
� ���	� �

1 ��� � � � ���� �� �� 1 ��� �� � � 	 �� � 
� � � �� ��� � ���

A classical bit

(two-state system)

can carry just one

bit of information.
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