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£¥¤�°�¤;éG«�¬§¸§°�Âf¤ £³ÇCÂ5¡n¦7£§éG«#¬�£­²G«~ÂG×Y«�¬,£­¦Æ°�ÂG¤�ÂG¤�¦§¯n«�×n¯nÂf¦¹Âf¤�×%£³¦Æ¯n¸�ÊV°Ø¦í°±¸�¤MÂf¦í´M°� Ò®#¡nÀ±¦
¦ÆÂ ¸¹¯nÂ,ÜÐ¦¹¯%£¥¦RÂG¡n¬R×n¬¹ÂGÇ�£¥Çn°�À±°�¦/
mÂGÑ�¸§¡M®�®³«#¸§¸Ò°�¸R¤MÂ,ÜÐÇYÂ;Âf¸§¦§«�´ ¦ÆÂp£¥ÇXÂf¡n¦"! � � °±¤ ¦Æ¯n«
À�°±¨R°�¦�ÂfÑ%ÀE£­¬§²G« �#� É�¯n«»ÑIÂ5À±À�Â,Ü�°±¤M²
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Quantum Searching a Classical Database

Without Superposition
A

B

C

D

With one query, expected probability of successful identification:
Psucc = (1/4) * 1 + (3/4) * (1/3) = 1/2

With Superposition

Single 
Photon

Inversion about
average

Single 
Photon

Opaque
Object

Psucc = 1/4 *1/4 + 3/4 * (� 3/2)2 = 5/8 > 1/2

� «í¯%£§éG«í« �;¦Æ«�¤M´n«�´�¦¹¯n°�¸*¸¹°±¨R×nÀ�«íÂG¤M«íâ;¡n«�¬�
7« �q£¥¨R×nÀ±« �nÇ 
v¡n¸¹°±¤n²�°±¤;¦Æ«#¬,£­®�¦Æ°�ÂG¤�ÑT¬Æ«�«
¨R«@£¥¸¹¡n¬¹«�¨R«�¤@¦�£­¸�£Ò¸¹¡nÇn¬¹Âf¡n¦¹°±¤n«7°±¤º¦Æ¯n«vâ;¡%£¥¤;¦Æ¡M¨è¸§«;£¥¬§®¥¯ £­À�²fÂG¬§°±¦¹¯n¨0�dÉ�¯n°±¸
°�¸�¤C«³®�Ê
«�¸§¸,£³¬*
 �nÇY«�®;£­¡n¸§«v£¥Çn¸¹ÂG¬§×n¦Æ°�éG«�À±Â5¸§¸�®@£¥¡n¸¹«�¸�¦Æ¯n«�¤%£¥°�éG«íÂ5¤n«íâ;¡n«#¬*
v×M¬ÆÂ;®#«�´n¡n¬§«�´n°�¸¹®³¡M¸§¸§«#´
£¥ÇXÂ,éf«»¦ÆÂRÇX«�®#Âf¨R«»« �@¦§¬§«�¨R«�À�
�°�¤n«  
®#°±«#¤;¦�£¥ÑI¦§«#¬�¸Æ«#éG«�¬,£­Àq°�¦Æ«#¬�£³¦Æ°�ÂG¤n¸,�
õE¤ £³´n´n°�¦Æ°�ÂG¤ ¦§Âü×C¬ÆÂ,é;°±´n°�¤n²{£�¸¹°±¨R×nÀ�« « �q£¥¨R×nÀ�«dÂ5Ñí¯nÂ,Ü"¤nÂ5¤nÊT¡C¤n°±¦,£­¬�
 ×n¬ÆÂ;®�«#¸§¸§«�¸

Ü�¯n°�®¥¯à£­×n×n¬§Â �5°�¨à£¥¦§«V¡n¤n°�¦,£­¬�
�Âf¤M«³¸Ì®@£¥¤ÒÇY«V¡n¸¹«�ÑI¡MÀM°�¤à£¢â@¡�£¥¤;¦Æ¡n¨�£­À�²fÂG¬§°±¦¹¯n¨ �OÂ5¡n¬4×n¬¹ÂfÊ
®�«#´n¡n¬§«í¬§«�â@¡M°±¬¹«�¸�Âf¤nÀ�
7Âf¤C«»×n¯MÂG¦ÆÂG¤�¬§«�²X£¥¬§´MÀ±«#¸§¸VÂ5Ña¦Æ¯n«í¸¹°�	�«íÂfÑ ¦§¯n«í´%£­¦,£¥Ç�£­¸¹« �n¦§¯n«�¬§«�Ç 

«�¸§¦,£­ÇnÀ±°�¸¹¯n°±¤M²�£­¤7¡n×M×C«#¬¢ÇXÂf¡M¤M´�Â5¤7¦§¯n«Ò£­¨RÂG¡n¤;¦¢ÂGÑ%«�¤n«#¬Æ²	
Ò¬¹«�â@¡M°�¬Æ«#´7¦§Â�¸¹«@£­¬§®¥¯�£­¤ £³¬ÆÊ
Çn°�¦Æ¬O£¥¬¹°±À�
RÀ·£¥¬¹²f«�´%£­¦,£­Ç%£¥¸¹«@�%Á�À±¦¹«³¬¹¤%£­¦§°±éf«#À 
 �5Âf¡n¬¢¬§«³¸¹¡nÀ�¦Ì®;£¥¤~ÇX«*°�¤@¦§«#¬Æ×n¬¹«�¦§«�´d£³¸�¸¹¯nÂ,Ü�°±¤n²
¯nÂ,Ü ¦¹Âd×Y«�¬§Ñ�Âf¬¹¨'£­¤º°±¤;¦Æ«#¬,£­®�¦¹°±Âf¤ ÑI¬Æ«#«¶¨
«;£¥¸¹¡n¬§«�¨Ò«³¤;¦
Ü�°�¦Æ¯{£�¸Æ°�¤M²fÀ�«7×M¯MÂf¦§ÂG¤üÂ5¤ £³¤
£¥¬¹Çn°�¦Æ¬O£¥¬§°�À�
�À·£¥¬¹²f«v¤;¡n¨�ÇX«�¬
ÂGÑ*×YÂG¸§¸¹°±ÇMÀ±«vÇCÂ5¨�Çº×CÂ5¸§°�¦Æ°�ÂG¤n¸R¸§°±¨�¡nÀ±¦O£¥¤n«#ÂG¡n¸¹À�
@� É�¯n«v°±¨RÊ
×n¬§ÂOéf«�¨R«�¤;¦�ÜÌ«�¯%£§éG«íÂ5Çn¦�£³°±¤n«#´0°�¸�Âf¤CÀ 
vÇ 
m£»®�ÂG¤n¸§¦,£­¤@¦�ÑÆ£³®�¦§Âf¬�Ê¢´n«#¸Æ×n°�¦§«�¨�¡n®¥¯0«#ËXÂf¬§¦
Ü�«7¯%£§éf«�¤MÂf¦�ÇY«�«#¤ £­ÇnÀ�«~¦¹Â�°±¨Ò×n¬§Â,éG«~¦§¯n°±¸
¦ÆÂ £
¸§â;¡%£³¬Æ«�Ê ¬ÆÂ;Âf¦�ÑÆ£­®#¦ÆÂG¬ ��¦§¯n«~´n°�ËX«�¬Æ«#¤n®�«
ÑI¬¹Âf¨Ð¦§¯n«»¸§¦,£¥¤M´�£¥¬§´¶¸§«@£­¬§®­¯m£¥À±²5Âf¬¹°±¦§¯n¨Ð°�¸�¦§¯�£¥¦�¦§¯M«�¬Æ«�£­¬§«¼À�ÂG¸¹¸Æ«�¸
£¥¦�«�é5«³¬�
�¸§¦§«�×¶ÂGÑ�¦Æ¯n«
®�ÀE£¥¸¹¸§°�®@£­ÀÌÂfÇM¸§«#¬ÆéM£¥¦§°±Â5¤mÜ�¯n°�®¹¯ü¬Æ«�´M¡M®³«#¸�¦§¯n«d£­¨R×nÀ�°�¦§¡n´M«�¸�°�¤ð£¥À�À¢¸§¦,£¥¦§«�¸�¦§¯%£­¦í²5°±éG« £¥¤ 

¨R«@£¥¤M°±¤C²fÑI¡MÀJ°�¤nÑ�Âf¬¹¨0£¥¦¹°±Âf¤ 
§�
���\��� � �7�\�#�#��� �%�����@� ó@�M� ���%�#�M���T�C�
¿�ÀE£¥¸§¸¹°�®@£¥À½®³ÂG¨R¨�¡n¤n°�®@£­¦§°±Â5¤Ý£¥¤M´ ®#Âf¨Ò×n¡n¦,£­¦§°±Âf¤ ¯%£§éG«0ÇY«�«#¤p°±¤;¦§¬Æ°�®@£­¦§«�À�
ºÀ�°�¤nßG«#´ ¸§°�¤n®�«
¦Æ¯M«0¦§°�¨R«0ÂGÑ~©,¯�£­¤n¤nÂ5¤%� õE¦~°�¸�Ü¢«�À�À*ß;¤nÂOÜ�¤p¦§¯%£­¦d£³×n×n¬¹Âf×n¬¹°·£­¦§«0®#Â;´n°±¤M²m®@£¥¤ ²5¬Æ«;£­¦ÆÀ�

ÑÆ£­®�°�À�°�¦�£¥¦¹«�¦§¯n«
¦Æ¬O£¥¤n¸¹¨
°�¸¹¸§°�Âf¤ ÂfÑ�´%£­¦�£G�Ò©O°±¨Ò°�À·£­¬§À�
 �Y´n°�¸¹¦Æ¬Æ°�Çn¡C¦Æ°�¤n²7®#Âf¨R×n¡n¦O£¥¦Æ°ØÂf¤á£­¨RÂf¤n²
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¨�¡MÀ±¦§°±×nÀ�« ®�Âf¨Ò×n¡M¦Æ«�¬§¸¶®@£­¤ « �;×X«�´n°�¦Æ« ¦Æ¯n« ¸¹ÂfÀ±¡M¦§°�Âf¤ Â5Ñí®�«#¬Æ¦,£­°�¤ ×n¬¹ÂfÇnÀ�«�¨R¸¶ÑIÂG¬vÜ�¯n°�®­¯
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â;¡%£¥¤;¦Æ¡M¨ªÜ¢Âf¬¹À±´%�  Ì¡�£¥¤;¦§¡n¨ª¦§«�À�«�×XÂf¬¹¦�£¥¦¹°�Âf¤ £¥¤M´òâ;¡%£³¤@¦§¡n¨Í®�¬*
;×n¦§ÂG²f¬O£¥×n¯ 
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¦Æ°�ÂG¤à®�Âf¨R×nÀØ« �;°�¦/
vÑTÂf¬�¸§«�é5«�¬�£³À%¨RÂ5¤5¦¹¯n¸O� � «�¯%£¹éf«�ÇX«³«�¤d¦Æ¬*
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÷¢¡n¬a°±¤;é5«³¸§¦§°Ø²C£­¦§°±Âf¤M¸*£¥ÀØÂf¤n²½¦§¯n«#¸Æ«�À�°±¤n«#¸ ¯%£§éf«�À±«#´�¡M¸ °±¤@¦§Â½®�ÂG¤n¸§°�´n«#¬§°�¤n²Ò£4²5«�¤n«#¬�£­À�°�	@£¥Ê

¦Æ°�ÂG¤�ÂGÑ*£½×M¬ÆÂ5ÇnÀ�«�¨�Ü�¯n°±®­¯�¯�£¥¸*¬¹«�®#«�°�éf«�´�¨�¡n®­¯ü£­¦§¦Æ«�¤;¦§°±Â5¤ü£¥À±¬¹«@£­´ 
 �M¤%£­¨R«#À 
v¦Æ¯n«�¨
°�¤nÊ
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»£­¤M´
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 � � � � õEÑ�¦§¯n« 
�«;£¥®­¯à×X«#¬ÆÑ�Âf¬¹¨�¸¹Âf¨R«
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7¤MÂ�Ü ¯nÂ5À±´�Â5¤n«íÂfÑ*£½¸¹«�¦*ÂGÑa×XÂf¸§¸¹°�ÇnÀ±«
«�¤@¦O£¥¤n²GÀ�«�´»¸¹¦�£³¦Æ«#¸	Ê�£³À±¦§¯nÂG¡M²f¯í¦Æ¯M« 
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