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A Survey on Crowdsourcing 

Feng Jian-Hong  Li Guo-Liang  Feng Jian-hua 

(Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China) 

 

Abstract Crowdsourcing can effectively solve machine-hard tasks by leveraging machine and a large group of 
people on the web. Many research communities, including human-computer interaction, information retrieval, 
machine learning, databases, artificial intelligence, theory, have been engaged in crowdsourcing since 2009. 
Crowdsourcing is a promising research topic and has many research challenges. In this paper, we introduce the 
basic concepts and workflow of crowdsourcing. Based on the workflow, we provide a�detailed survey from the 
aspects of crowdsourcing task preparation, task execution and answers integration. Finally, possible research 
directions of crowdsourcing and plenty of related references are given. 
Keywords Crowdsourcing; Machine-hard Task; Task Preparation, Task Execution, Answer Integration 
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ʷĞƭ�B�Ĺ�*Ē�ȄÄøƦȄȊĠǕi

ǖ	B� (crowdsourcing) ʺ�ǀĿƖȀɕÒ
ʼ
Ƀ�ƨĽȊʁəƮë ʘ�Jeff HoweÔ 2006Ğ
6ƟŻw[1]	Ʈë ʘĄ�B��Ȋþ%Ɩ����

··ŐƧưşʵ£ȀÂĒŘɯȊĒN@��<ɢȀ

ɢŌȊĲīæ�ɋ˴ǵþȊ�ɚ�）√ƖéÛȊ

éBɓɌȊ]ǔ	B�Ȋ@�）√Ȁ�4ƭŝť�

HòƲǠ¦�˱ɳç4�N—ōȊ@��'Ơ²ɠ

<S˵ĩǧȊ�Kǽ2ȊĲīwǻ	�✑ 
EɎȊæ�ƖŬ）ʵ¹º�contractȊĲīş

@�ôǙɋŬþȊ4ŐəƧư—ō	æ���#ɳ

                                                                    
✑ http://wiki.mbalib.com/wiki/B�  
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ɏš	ʭ>ŻRÉ）ʵƊ¹ț>Äȵǔƭ—ōæ�

Ȋ@��Qò�Nɓȫ�æ�ƉűĢ�ŻRʭ>ơ

�Ȱ	HƖĸç@�ğ5ɠ）ʵȴ�Ȋȵǔƭ“

ǻ�ǌòÓ_ŗƷȳ�ɰ˓�ƬʁıƖ5Ɩ��“

K�ʆ?��ÉÅȰȰ	ʺȸƧË˭<ãǼȊ˜˽

��ƧË˭˜˽�²<Y�.B�ƭ—ō	B�

ƖȍŷĆ@�©Ę�/ɜɓ�）ʵĩƅī˯¹

�open call/ɜɓ�ƤȕȊéBƭɹrEɎɻȵ
Ƨ�Ƕ˭<ãǼȊ˜˽ [2-3]�Qò Wikipedia�
reCAPTCHA[4]�ƷʁÓ_�ʐɺɗʊ[5]Ȱ	Î"ǻ

“ǽǘ�÷Ôȓé˓ȸGȊ˜˽�ÎǇB�ƠȓĠ

éȊģǾ�ƙÄėÖ	 
Ȁ.B�ƠĸçģǾɟƙ�Qò�Ǟ˓Ó_ʇ

��ʆ?ɓ�ÉÅȊñØȰ�ÎǇʷvĞB�Ôɻ

ȵƧ˻ÜȊøƦȄĹ�*˴√ĠǕÕiǖ�Ėɉō

"*șȨȊǮǬʌ˽	ĸç˒ɳDʀˍ�¿*B�

Ȋ#˽Ǫʂ�keynoteÄ�˽ʂħ�tutorial�Q
ò VLDB 2011[6]�SIGIR 2011[7]�SIGIR 2012[8]�

WWW 2011[9]�WSDM 2011[10]	9=#ɳʂʾ*B

�ȊÞƥĒN¢Ǽ�B�ŞƦșȨʻď<¦，�Ȋ

˜˽	Ǉæ�Ȍ�ĖɉƠç� workshop �？ɽʃ
*B�ŞƦșȨ÷ÔȊ˜˽ÄŮő�Qò VLDBȊ 
workshop DBCrowd 2013, KDD Ȋ workshop 
HCOMP 2009-2012, WWW 2012, SIGIR 2010-2011, 
CIKM 2012, NIPS 2011�2013, CVPR 2010 Ȋ
workshopsȰ	 

Ȍ��0șȨ4Â85ºɸĦĄB�ȊȎi

șȨĒNʻɯ*ŃɊ�YuenȰ4[76]8ģǾ�ȵǔ�

łɠÄƉű˯Ì�Ə˶ŃɊ*B�Ȋʻď	Aniket 
Ȱ4[77]ˠʾ*B�Ôºǈ�N�“ƒÇģÄ�ƧȰ

12 �Ə˶Ŕ˶!ȊŮő	Doan Ȱ4[78]Í˹*�ɏ

ɓ�ģǾȊB�ȺɎ�ƻű˜˽ȸÛÄ�NƏīȰ

Ə˶ĄB�ȺɎʻɯ*xȸŃɊ	ZhaoȰ4[3]8V

ń�ŞƦ�éBÄɄɆƧưÌ�ɸĦɐʾ*B�ș

Ȩ	ƥƋ5º.�ʾƋȭ�ȓ˒6Ɉ*B�ȊĒN

ǚȦ�<ĒNǚȦ"ÞȚ�8@�tä�@�Řɯ

Ä@�ȱƾƊ¹��Ə˶ŃɊ*B�ŞƦșȨȊ

˒ɳʻďÄ˶!ȊșȨŮő�ğďƢ*ƤƭȊșȨ

Ə½	 
ƥƋȯ 2ɦɋw*B�ǀĿ<¦B�Ȋ#ɳș

Ȩ˻Ü�ȯ 3ɦŻw*B�ȊĒNǚȦ�ȯ 4ɦĄ
B�ĒNǚȦ�ȊŞƦșȨʻɯŃɊxƱ�ȯ 5ɦ
ɋw*B�ȊƤƭșȨʧ��ȯ 6ɦŃɊ*eƋ	 

2 2 N9'�lY^v+ 

ƥɦ#ɳ6ɈB�ȊÞƥǀĿÄ#ɳșȨ˻
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2.1 2 ,HN9 

ɢ 2006Ğ HowẽǂŻwB�ȊǀĿ<ƭ�ø
ƦȄĄB�Ȋþ%�ȍǒƠ��·ɼȊɊʃ	ƋǸ

[79]ŃɊ* 40ȣ5ºȊB�þ%�̋ 0þ%85º

ȊɸĦĄB�ʻɯ*źʾ�Ąǌʺ0þ%²<Ĺ�

B�ȊÞƥǵĶ� 
1) ˑǾ·ĩȊƏī±˯/ɜɓéB� 
2) B�@�）√ƖɻȵƧ�Ƕĸ˭ãǼȊ

˜˽� 
3) éB）ʵ�NŐǶȪȊƏī—ō@�� 
4) Ɩ�ȣxĘīȊ˜˽ɹrƧ�	 
ƻűʺ0ǵĶ��˶Ŏ=ɋwB�Ȋþ%	 
1� 1�2 	 . B�Ɩ�ȣ·ĩ˶½/ɜ

ɓéBȊxĘīȊ˜˽ɹrƧ��ù）ʵƊ¹

ɻȵƧÄ/ɜɓ�ƤȕȊéBƭ—ōɻȵƧ�

Ƕ˭<—ōȊ@�	 
ƻűéB¤�B�Ȋ5ºĲī�B�ɲx"�

NīB��collaborative crowdsourcingÄȬʤīB
��crowdsourcing contest[3]	�NīB�Ȋ@�

Ɩ˱ɳéB�Nƭ—ō�ğ�—ō@�ȊéB）√

ǒƠï�ÍŢ�ɚȬʤīB�Ȋ@�）√ƖȀ�4

ǶȪ—ō�—ō@�Ȋ�4DĹ�ȎģȊï��ò

˔：Ţː	 
�NīB��mÛȊō�ƾQ#ɳ�ŪɏÞ

ȉȤ Wikipedia Ä reCAPTCHA	ɏÞȉȤƖĩƅ
Ȋ�ɢȀȊ�cʠȊȉȤe)ɑʰĝ³�@LéB

ˍ²<ʻɯɑʰÄWƄ	ƗǯɏÞȉȤ5ɠ）ʵɻ

ȵƧʭ>ŞƦƭɢ�—ō�'5ɠ）ʵĈƉ4ƭ—

ō�ÎǇ˱ɳB�ȊǼĿƭ“ǻ	®æ��ō�Ȋ

ƾQƖ reCAPTCHA	CMUȊƇŲ Von AhnŻw*
reCAPTCHA ˸Ȍ�）ʵÔ̄ʅȘ�đd)ȷȊŚ
źVńƭ—ōɂʜ)ȷȊȂõ�[4]	�

ȬʤīB��mÛȊQõƖ Amazon Mechan-
ical Turk�Mturk✒	Ȁ.ÔȬʤīB�ǁī��

@�ʓǏ4˱ɳ"@�—ō4Ƃ:Ţː�ÎǇ

Mturk ˑǾėÖȊǼĿ�"@�ʓǏ4Ä@�—ō
4ưĨ*��ÔɃ1Ɣĝ³	Mturk ƻűĒ4�@

                                                                    
✒ https://www.mturk.com 
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xȸĒNȰ	 
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8 2009 Ğʥ�B�ÔĸçøȤ˻ÜĹ�*Ġ
éȤș4ÂȊḧ�k#ɳșȨ˻Ü�Ū� 

1. 4Ƨ1/˻Ü[11-17]�Ȁ.B�˱ɳÄéB

ʻɯ1/�ɥñȊ4ƧȄ˶ʄɻĄB�Ơ˒ɳĳ

Ç	ÎǇ4Ƨ1/˻Ü#ɳșȨòLʄɻɥñȊȄ

˶ƭŻ̇B�Ȋ²Ǿł	 
2. ƉűĢ˻Ü[18-38]�ƉűĢ˻Ü#ɳșȨò

LŻR��ȸG.ƉűĢȊȶǼȺɎƭȶǼB�

ȊƉűÄéB�）ʵƶʍʐɺÄƶʍǁÛƭɶɪ�

źʾÄɱȞB�ȺɎ	 
3. ɢǯʐɺãǼ˻Ü[39-46]�Ȁ.ɢǯʐɺã

Ǽ˻ÜȊĸç˜˽ɻȵƧˍ5ɠĸñÕɹr�ÎǇ

9=�ǾéBƭ—ōƧËɗʊ[39]Őə©ǻk�Ȋ

ʐǔ˘ʑ[41]	 
4. ƧËø(Ä4Ēƛɠ[47-52]�ƧËø(Ä4

Ēƛɠ˻Ü#ɳƖ）ʵéBȊ¨̂ø(ƎȊȕʇ�

<¦�ǾéBȊ¨ģƭ]rȲƂū	 
5. Vńƿȼ˻Ü[53-74]�Vńƿȼ˻Ü#ɳș

ȨB�ȊɊƲʜ˓˜˽	Ȁ.éB—ō@�DɬĹ

Ţː�ÎǇˌxéB²ɠD"*̅ªŢːʻɯ。

ʈ�8ɚˇōB�ȊɊƲʜ˓˭<Uʅ	"*ɹr

ʺ�˜˽�șȨ4Â）ʵșȨ¸ȣƠƆƧ�ƭŻ̇

ɊƲʜ˓	Ǉæ�B�ȊɊƲʜ˓˜˽'Ɩç�˻

Üˍ˴√iĻȊ˜˽	 
6. ɻȵƧǼʃ˻Ü[75]�Ǽʃ˻Ü#ɳșȨò

L�ʕ@�—ōəÄ@�ʓǏə&˞ȊȔȏ�ğɘ

ɭòLʳ�ĝɰ	 
Ȁ.�NīB�ÄȬʤīB�ģǾȊɪÐ5

º��NīB�）√Ɩ˕ĄƵȣǵþȊ@�ưĨģ

ǾȺɎ�ɚǾœ�ǾȬʤīB�²<ɹr5ºȸÛ

Ȋ@��ÎǇ�ɱ 1 Ć¸�˻ÜșȨȊB�ȸÛ
ʻɯ*Ąǌ�Ɏɻ*5ºșȨ˻Ü�ƋǸ[11-75]
șȨȊB�ȸÛƉ˓	8ɱ 1²<ȑwȬʤīB�
Ɯ�）Ǿ�ģǾƜ�ĠǕ�ȎģȊŞƦșȨƜç�

ÎǇƥƋ#ɳ˕ĄȬʤīB�ȊŞƦșȨʻɯx

ƱŃɊ	 

k ���&v+Y^W2 a*Pq�

 ȬʤīB� �NīB� 

4Ƨ1/˻Ü 5 2 

ƉűĢ˻Ü 20 1 

ɢǯʐɺãǼ˻Ü 8 - 

ƧËø(Ä4Ēƛɠ �� 1 

Vńƿȼ˻Ü 21 1 

ɻȵƧǼʃ˻Ü 1 - 
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B�Ȋ#ɳ¤�ə�Ū@�ʓǏ4�requester
Ä@�—ō4 – '°]Ē4�worker	9=）ʵ
@��tasksɜȺ��ʥ	Ó 1ɋw*B�ȊmÛ
ĒNǚȦ	 

òÓ1ŔȞ�İ@�ʓǏ4ŗȵ�ǾB�—ō
ɢĕȊ@��˱ɳŭǰ<�ǈ̆ƭPǾB�	 

1. ʄɻ@�� 
2. �ǾB�ĝ³©Ę@��Ȱķȱƾ� 
3. ŧɍŐəŷƃĒ4Ȋȱƾ� 
4. ƻűĒ4ȊȱƾƊǼɊƲ�—ōɢĕȊ@

�	 
ɚĒ4PǾB�Ȋ#ɳǈ̆�Ū� 

1. ƶŜŋjʨȊ@�� 
2. ŷƃ@�� 
3. Íȱ@�� 
4. Ż1ȱƾ	 

����

�/���

��	

�����

�
��

��

����

����

����

����

�/��

 

)���2 34R]�

8ƒ˞ɏĦƭɘɭ�²<şB�ȊĒNǚȦx



4 ɻ ȵ Ƨ ø Ţ 20??Ğ 

ō��ˣ》�@�tä�@�ŘɯÄ@�ȱƾƊ¹	

k�@�täˣ》�Ū�@�ʓǏ4ʄɻ@��©

Ę@��Ē4˂ũ@��@�Řɯˣ》�Ū�Ē4

ŷƃ@��ɹȱ@��Ż1ȱƾ�@�ȱƾƊ¹ˣ

》�Ū�ʓǏ4ŷƃ/ŧɍȱƾ�Ɗ¹ȱƾ	 

3.2 2 1��a 

B�@�ŭǰkåƨł�˭ĦÄȹĦx"åƨ

@��complex tasks�ȴ�@��simple tasks�
ýɵ@��macro tasksÄĺɵ@��micro tasks	
˹»Ł%�åƨ@�#ɳƖɹr�0˴√åƨȊ�

5ɠʮƔ—ōȊ@��Qòɑp��ʭ>�ĩ©�

�ɓȫȰ	ȴ�@�#ɳƖɹr��ʯĂƔ—ōȊ

@��Qòʄɻ�� logo�ɗʊ�》ƋöȰ	ýɵ
@�ƖŬ��4ʯĂƔ—ōȊ@��ýɵ@�Ȋȹ

Ħʯé�Qòp��́ĤȊʆʃ	ɚĺɵ@�{ȹ

ĦƜć�QòĄ��Ó_ʻɯŗƷȳ�ƶŜƵ�ˏ

ĤȊȂʌ¶Ș�ıd�ĭ»Ǵ�~ƌ�ƬʁıƖ¾

Ɩº��“KȰ	 

3.3 2 4# 

B�@�Ȋ©ĘÄȱƾȊƃ˯Ɩ）ʵB�ĝ

³ƭ—ōȊ	B�ĝ³#ɳx"�éȸ��ȸƖÉ

ǾȊB�ĝ³�®�ȸƖȟ1ɓɌ�ʃÚȰȟ1ĝ

³	 
Ȍ�ƠĸçÉǾȊB�ĝ³�k�#ǚȊB�

ĝ³�Ū�Amazon Mechanical Turk�Mturk�
CrowdFlower✓�samasource✔�CloudCrowd✕Ȱ	Ò
n'ƠĸçB�ĝ³�Qòɡ�Ģ✖�Ƿfŏ✗��

ŗÆ✘Ȱ	ÉǾȊB�ĝ³ƻű@�ʓǏ4ÄĒ4

Ȋ5º˱ǏŻRȎģȊơ��ğ½@�ʓǏ4ƃª

�þȊȶǼʠǾ	Ą.ȟ1ĝ³�ò facebook✙Ȱ�
@�ʓǏ4）ʵÔȟ1ĝ³�đdɢĕȊģǾƭ

—ō@�	Ó 2ɋw*5ºB�ĝ³ģǾǌʯ�ƻ
űƋǸ[11-75]�Ƌ�ȯ 2ɦźʾ�șȨƉűƭǧ
Ɏɻ*B�ĝ³ȊģǾǌQ	8Ó 2²<ȑwÉǾ
B�ĝ³ȊģǾƓƗç.ȟ1ĝ³�ÎǇƋ�B�

ĝ³ǕŬÉǾB�ĝ³	 

                                                                    
✓ http://crowdflower.com/ 
✔ http://samasource.org/ 
✕ http://www.cloudcrowd.com/ 
✖ http://www.naoliku.com/ 
✗ http://www.zhubajie.com/ 
✘ http://www.sandaha.com/ 
✙ http://www.facebook.com/ 
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Ì�Ə˶ĄÉǾB�ĝ³ʻɯ*ĄǌxƱ�òɱ 2
ŔȞ	 

8ɱ 2²<ȑw�Ô#ǚȊÉǾB�ĝ³�©
ĘȊ@�#ɳƖĺɵ@��ǋ�@�°] Micro 
Task(ĺ@�)�k#ɳ¢Î�Ū� 
�1�Ē4ƜÊ、—ō�0ȹĦǌʯćȊ@��

ʺƺ²<Ôĸȗƒ˞n—ō��@�	ɚåƨ@�

ĸ˭Ôȗƒ˞n—ō�˱ɳɧʠĒ4ĸ˚ƒ˞	Ȁ

.Ē4�ɤ�ǾʯȗȊȩ˝ƒ˞ƭ—ō@�[76]�Î

ǇĒ4）√5DŮ˂åƨ@�	 
�2�@�ʓǏ4ĸ˭ɰ˓åƨ@�Ȋ?Ƽ�Î

Ǉ5�.ŢːȊ:ɋ	 
�3�ĺɵ@�lƠƜñȊ1/ł�@�ʓǏ4

²<çǂÄĒ41/ɬĹƜ�tȜȊȱƾ�Ǉæ@

�ʓǏ4ʹ²<）ʵB�ƭçǂĊʋɢĕƎȊŉ

ǔ	 
MturkĆĺɵ@�þ%"Human Intelligence 

Task�HIT�Ȁ.MturkȊĠǕģǾ�òÓ2ŔȞ�
ÎǇĺɵ@�Ȋźʾ）√ˑǾHIT	 

ÉǾB�ĝ³ȊȄ˶<ÓĲ�Ȅ˶"#�òɱ

2ŔȞ�ÓĲ�Ȅ˶Ȁ.ƠÓĲȄ˶ȊƂū�ɾ@
�ʄɻȴ�Ɠ*�Ɯˀ¹.Ǝŕ	ɚ APIŷ{Ɯ
�ǫǘ�@�ʓǏ4²<ƻűɢĕȊ@�˱Ǐđd

ȎģȊȦġ	ÓĲ�Ȅ˶ÄAPIŷ¸Ơ¸Ȋñã�
ÓĲ�Ȅ˶）ʵȄ˶ȊƏīě�@�ʓǏ4©Ę

@��#ɳ�Ūʄɻ�©Ę�ȶǼȰv�Ʒȳ	ɚ

B�ĝ³ŻRȊ APIŷ#ɳ�Ū�|Ĩ@���
Ū@�˱Ǐ�Ƃ:：Ɖ�@�źʾ�ʸÍ@� idÄ
@�ȸÛ�Ż1@��ŷƃĒ4Ȋȱƾ�:ɋĒ

4Ţː�:ɋǨŊĒ4ƜçȊï��½Ē4©ʿǟ

ńȰ[24]	
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B�ĝ³ Ǿœ �ɠơ� @�ȸÛ Ȅ˶ 

Mturk 
@�ʓǏ4�A�Ő�4 

Ē4�<�4"# 

"ʓǏ4ŻR@�©Ę�ŷƃɊƲȰơ� 

"Ē4ŻR@�Žȼ�ɊƲŻ1�ƃªŢːȰơ� 
ĺɵ@� 

ÓĲ��

APIŷ 

CrowdFlower 
@�ʓǏ4�A�Ő�4 

Ē4�k9B�ĝ³�ȊĒ4 

¯"ʓǏ4ŻRơ��@�xɹ�@�ʄɻ�@�©Ę�ɊƲ

ʜ˓ƿƶȰ 
ĺɵ@� ÓĲ� 

samasource 

@�ʓǏ4�A� 

Ē4�Ȁ samasourceɼʅȊʞ

Ï4Â 

"ʓǏ4ŻR@�xɹ�@�©Ę�ɊƲƊ¹Ȱ—ƊȊơ� 

"Ē4ʻɯÞƥȊÝɿ 
ĺɵ@� Ƥ·ĩ 

CloudCrowd 
@�ʓǏ4�A� 

Ē4�<�4"# 

"ʓǏ4ŻR@�ʄɻ�ɊƲƊ¹Ȱ—ƊȊ��ơ� 

"Ē4ŻRɊƲŻ1�ƃªŢːȰơ� 
ĺɵ@� ÓĲ� 

ɡ�Ģ 
@�ʓǏ4�<A�"# 

Ē4���ʄɻ4Â 

"ʓǏ4ŻR@�©Ę�Uă@�Ȱơ��"˚ƣ©Ę@�Ȋ

ʓǏ4ŻR�ƸƗȞ 

"Ē4ŻR�ʓǏ4Ǒ）�ƃªŢːȰơ� 

ýɵ@� ÓĲ� 

Ƿfŏ 
@�ʓǏ4�A�Ő�4 

Ē4�ơ�É�A�Ő�4 

"ʓǏ4ŻR˂ũơ�É�©Ę@�˱ǏȰơ� 

ơ�É²<©ĘŻRȊơ�nĂ�ơ�É²<1ŰŊɴ 

ýɵ@� 

ĺɵ@� 
ÓĲ� 

�ŗÆ 
@�ʓǏ4�<A�"# 

Ē4�<�4"# 

"ʓǏ4ŻRŹĠ@�Əƾ�@�ǦˉȰơ� 

"Ē4ŻR@�Žȼ�Ē41ǚȰơ� 

ýɵ@� 

ĺɵ@� 
ÓĲ� 
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ȯ 3ɦĆB�ȊĒNǚȦx"*��ˣ》��
˶x�ŃɊ*ʺ��ˣ》�Ȋi˙łŞƦ	 

4.1 1��. 

Ô@�täˣ》�#ɳŮő�Ū� 
1. òLĆåƨ@�xɹōĺɵ@��8ɚ�Ǿ

B�ƭɹråƨ@�� 
2. òLĄ@�ʢ+¹ˀȊ?Ƽ� 
3. òLãǼ。ʈə� 
4. òLĝɰ@�ɧʠ�ʜ˓Äƒ˞� 
5. òLʄɻ@�Ȅ˶� 
6. Ē4òLŮ˂ŋjʨȊ@�� 

4.1.1 @�ʄɻ 
åƨ@�xɹ�Ȁ.B�Ɯˀ¹.ɹrĺɵ@��

ÎǇ"*Ƃūåƨ@��Ŏ=˱ɳşåƨȊ@�x

ɹ"ĺɵ@��ǯ¼şĺɵ@�x©ɋĒ4�ğƃ

˯Ē4Ąĺɵ@�Ȋȱƾ�ƞ¼Ɗ¹Ē4ȱƾƭ—

ōɢĕȊ}ó@�	Ąåƨ@�ʻɯxɹ�˱ɳɊ

¹@�ȊǵĶ�ưĨ¸�õ@�&˞ȊSʣiȺ�

8ɚČ²ɠƞé�ǋ�õ@�ȊǶȪł	 KitturȰ
4  [13,16]șȨ*òLxɹåƨ@�<¦òLƊ¹Ē

4Ȋȱƾƭ—ō}ó@��ğŻw*Þ.

MapReduceȊƽƴƭ“ǻ@�Ȋxɹ	HƖ9=Ȋ
Əǔ¯ˀ¹.ǵþȸÛȊ@��）ǾƆƲ5ñ�²

řďł7˱ɳɹr	 
@�Ʒ?�òLĄ��@�ʢ+¹ˀȊƷ?'ƖȌ

�șȨȊǮǬ	MasonȰ4©ǻ[80]���@�Ȋ?

Ƽʵ̇ŐəʵJˍDĄ@�Ȋ—ōĚƭ�þĳÇ	

òƲ?Ƽʵ̇²<ÀĬƜçȊĒ4ƭÍȱʎ@��

HƖğ5DŻ̇@�Ȋ—ōʜ˓�¨ɚDá�@�

ʓǏ4Ȋ˔：ʚť�Ǉæ�@�?Ƽʵ̇ĂƔÀĬ

。ʈəƭ—ō@��ąɣ@�ȊɊƲʜ˓5̇[81]�

ɚòƲ@�?ƼʵJ�Ē4{5ŋjʨ�ąɣ@�

ĸ˭ɲ¦ƒ—ō	）ʵșȨ©ǻ�ĺ@�?Ƽ�ɤ

þÔ 1-5ɕx	 
@�Ȋ˭ĦÄ@�Ȋ˼ȹƖ@�þ?���

˒ɳȊÎȻ�@�ʓǏ4˱ɳɐ¹ʺ�Ə˶ÎȻ"

@�þ?�ǌòƠ0@�˭ɚ5ǭ�Ơ0@�ǭɚ

5˭	ǵ�ƖƠ0@�ɳǏĒ4Ơ��ɟƙȕʇ

�Qòʐɺɗʊ�òƲʺȸ@�Ȋ?ƼʵJ�Ć

ĸ˭ÀĬ¹ƼȊĒ4	@�ʓǏ4Ôþ?&�²<

¤ǰB�ĝ³�ȸG@�ȊƷ?�oɊ¹@�Ȋǵ

Ǭɋw@�Ʒ?	 
    Ǉæ�）ʵPǾ MturkD©ǻ�òƲ@�ʓǏ
4©ǻ�0Ē4ʸÍȊȱƾʜ˓ʯĔ�ŧɍʢ+Ē

4Ţː�{Ē4Dʻɯ,ʲ�ğ©ĘȎiǟń�8
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ɚĳÇʓǏ4Ȋȝ�˦Jk9Ē4Ą@�Ȋ¤�

Ħ	"*ɹrʺ�˜˽��ɤȊƏǔƖ�òƲ��

@�Ɩ 2ɕx�Ŏ=²<Ć 1ɕxN"Ţː�ɚ®
æ 1ɕxN"ï��̄ ƠĒ4ŻRȊȱƾʜ˓ʯ̇�

Ŗ:ɋĒ4ï�˔˾�8ɚŻ̇@�ȊɊƲʜ˓	 
。ʈəãǼ�Ȁ.Íȱǋ�@��Ē4ˍ²<ɬ

ª�þȊŢː��ˌxĒ4Dʻɯ。ʈ8ɚɬªƜ

çŢː�ʻɚˇō*Ē4Ż1Ȋȱƾʜ˓˭<U

ʅ	Ô@�Řɯ&�²<）ʵǣ�Ǜʋ˽Ȍ

(qualification test)ƭǛʋĒ4Ɩ¾*ɹʎ@�ȊȎ
iȕʇ�ʺƺ5H²<�˨�ˌx。ʈə�ɚ�'

²<�˨�ˌxĄ@�5*ɹȊĒ4�ʹ²<ɾĒ

4ƜǱņ@��ʻɚŻ̇ɊƲʜ˓	HƖĸçĒ4

{DÎ"Ǜʋ�ŧɍÍȱʺ0@��ˇō¯ƠĈ˓

Ē4Íȱʺ0@�Ȋňs�ąɣ@�˚ƒ˞5ɠɲ

—ō	Ǉæ�。ʈə²<b）ʵǛʋǯ¼oʻɯ。

ʈ�8ɚPĹ@�Řɯ�ȊǛʋìƆ	 
®æ�@�ʓǏ4²<Ô@��˫Ƨǣ��0

√ʇ˜˽�ǛʋĒ4Ɩ¾"。ʈə	òƲĒ45ɠ

ǆȜÍȱʺ0˜˽�T²<ČƑ�˨ʺ0。ʈə�

8ɚ5H²<Ż̇ɊƲʜ˓�ʹ²<．c˔：Ȋǝ

ʠ	HƖòLżd√ʇȕʇɚ�5ɲĒ4©ǻƖ�

�˴√lƠŮőłȊ˜˽	 
˨*á�Ǜʋ˽Ȍ&æ�EickhoȰ4[82]©ǻ。

ʈə）√5D˂ũǌʯ|ƎÛÄŤʗȊ@��ɚ

��。ʈə）√˂ũȊ@�Ɩ@���¿Ȋ˜˽Ɖ

Ȍʯç	ÎǇ�˕Ą。ʈəȊǵł�@�ʓǏ4）

ʵƠƆÕʄɻ@�²<#�Õţ�。ʈə¤�—

ō@�	 
ɧʠ�ʜ˓�ƒ˞Ȋĝɰ�Ȁ.B�ĝ³ğ5ɠ

èUʅɊƲʜ˓�ÎǇɊƲʜ˓Ÿ��ȍƖȤș4

ÂșȨȊ˒Ǭ	Ȁ.Ē4Ä@�ʓǏ4-ə&˞Ơ

ȓ5²ʕÄȊȔȏ�Ē4ȌȊƖĹ�ƜçȊŢː�

@�ʓǏ4{Ɩŉ）ʵƞĈȊ：ľˆÕ—ōƞç

Ȋ@��ÎǇòLĝɰ@�Ȋɧʠ�@�ȊɊƲ

ʜ˓�@�—ōƒ˞�əȊiȺƖ@�ʓǏ4Ô@

�ʄɻˣ》˶!Ȋ˒éŮő	 
Ipeirotis[5]©ǻ�éçƉ@�ʓǏ4ˍĆ@�Ȋ

�ʵƣƒ˞�ʄɔ" 12ćƒŐ 7ê�Ô 12ćƒʺ
�ƒ˞ɦǬ�¯Ơéȿ 50%Ȋ@�ɲ—ō�òƲȰ
� 7ê�éȿ 90%Ȋ@�ɲ—ō	'ċƖʒ�ʓǏ
4Ż1Ȋ@�ĸ²ɠ˱ɳĸ$Ȋƒ˞Ŗɠ 100%ɲ
—ō	@�—ōȊƒ˞ÄĸçÎȻȎi�Qò@�

Ɩ¾ÀĬĒ4�ÔB�ĝ³�ǘʪȊĒ4Ɖ˓�@

�Ȋ©Ęƒ˞�@�ȊȸÛÄ@�Ȋ?ƼȰȰ[83]	

WangȰ4[83]）ʵÞ. Cox˿˩ǌQǁÛȊǽ÷x
ƱƏǔĄ@�Ȋ—ōƒ˞ʻɯ*xƱ�9=�Ǿ8

Mturk �ƃ˯ȊƉűșȨ*BçĳÇÎȻ�òʓǏ
4Ż1Ȋ@�Ɖ˓ȰȰ�@�—ōƒ˞ȊiȺ�

ɊƲɱƓ˺Ǜ��@�Ȋ—ōƒ˞Ɩ˴√Ï˭Ȋ�

ÎǇ�ʓǏ4ʄɻ@�ȊƒX˱ɳɐ¹ɘɭçƏ˶

ÎȻ	 
��@�ȊɊƲʜ˓ÄĸçÎȻƠi�Qò@

�Ȋ˭Ħ�Ē4ȊʚʛȦĦ�Ē4Ä@�ȊȎił

ȰȰ	Ǉæ�Ȁ.Sʣ��Ē4ɋwȊȱƾĸ˭Ȝ

U@�ɊƲʜ˓�ÎǇ@�ʓǏ4）√DĆ@�x

ˎɋç�4�ǯ¼Ô@�ȱƾƊ¹ˣ》�Ǿ5ºȊ

ȲȆŹƌ@�ȊƞɇɊƲ�ȯ 4.3 ɦDʏɅ6ɈŹ
ƌɊƲȊȲȆ	 

Ȁ.@�Ȋ˔：ɧʠ�ɤ�@�ƉȌÄ@�

Ʒ?Ȏi�ÎǇ�ɤƖ²ŸȊ	@�ʓǏ4˰OĒ

4—ō@�Ɩ˱ɳ:ʠȊ�Čȶǋ�@�¯˱ɳv

ɕx�HƖİ@�Ɖ˓ĸçȊƒX��ɁSʣĒ4

ƭ—ōŔƠȊ@�˱ɳȊɧʠƖēéȊ	Ô©Ę@

�&��˕Ą@�ɳǏʻɯ˺ãǼ²<uĈ@�Ɖ

Ȍ	ƋǸ[27,30,67]˕ĄB�Ǻà�Ȋ joinƀNŻw
*ĆƧË�4ȎɊ¹ȊŞƦ�̃b）ʵƧËȵǔĄ

˜˽ʻɯʵǩ�oĆ�MȊ˜˽1ɋĒ4	ƋǸ[30]
{�Ǿ“KȊE（iȺ�ʻ�ǈuĈ@�Ɖ˓�8

ɚɦȐɧʠ	LofiȰ4 [33] ˕Ą5—ƊƉű˯Ȋ
skylineƶʍ�）ʵ�˘ʑǁÛ�Ą�¿ɒìƉűȊ
Ɖű˯ʻɯ˺ãǼ�Ĺ�˱ɳĒ4ÍȱȊ˜˽�8

ɚuĈ@�Ȋɧʠ	 
Ǉæ�Ɋ¹@�ǵĶ�þ¹ˀȊ@�Ż˜Ĳī

'²<uĈ@�Ɖ˓	̉ȐǼĒéøȊ Marcus Ȱ
4[26]˕Ą joinÄ sortƀNx�Żw*5ºȊ@�Ż
˜Əǔ	˕Ą joinƀNɋw*�ȣƏǔ��ȣƖȴ
�ȊǌʯƏǔ���@�¯�¿�Ą`Ȼ�ȯ-ȣ

Ɩȴ�Ȋś˓Əǔ���@��¿çĄ`Ȼ�ȯ�

ȣƖƛɠȊś˓Əǔ�@�5oƖ`ȻĄȊĲī�

ɚƖ�Ʉ�ǶȊ`Ȼ�Ē4˱ɳÔʺ0`Ȼ�ƶŜ

�ˎȊ`Ȼ	Ąǌʺ�ȣƏǔ�ƛɠȊś˓Əǔ2

ǽȊ@�Ɖ˓ƞĈ	Ą. sortƀN�9=Żw*Þ
.ǌʯÄÞ.ŗxȊ@�Ż˜Əǔ	ÔÞ.ǌʯȊ

Əǔ��˱ɳɾĒ4Ć�Ʉ`Ȼ�ŔƠȊiȺʻɯ

ǌʯ�ƻűǌʯȊɊƲ�Ĺ�ƞɇȊŴġ	ÔÞ.

ŗxȊƏǔ��{ƖɾĒ4ȍŷĆķʆFȊ`Ȼʻ

ɯŗx�SǂN"ŴġȊSű	Ąǌ�ȣƏǔ�Þ
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.ŗxȊƏǔ2ǽȊ@�Ɖ˓ƓƗĈ.Þ.ǌʯ

ȊƏǔ	 
ʄɻ˜˽ƒ�İ¯ɘɭɧʠ�ʜ˓�ƒ˞��

Ə˶�ȊƵ��Ə˶�ƖǌʯĂƔŸ�Ȋ�HƖɧ

ʠ�ʜ˓�ƒ˞�ə&˞ȊiȺƖĸ˭ɰ˓Ȋ�Î

ǇȌ�ĸçȤș4ÂșȨòLÔ�ə&˞ʻɯĝ

ɰ�8ɚʳ�ƵȣC�ȌȊ	Qò�Ôɋþ˔：Ȋ

ňs��ęƢƞȗƒ˞—ō@��Ôɋþʜ˓Uʅ

ȊɳǏ��ęƢɧʠƞĈȊ˔：ƭ—ōŬþȊ@�

Ȱ	 
Qò�ÔÓǴxȸ��~ƌ��ÓǴ�Qòˮ

˟ǐʬĐ.È�ȸ�QòƧ�ʬ�ƥǿ� ǿ�

ˮ˟�˱ɳ˜Ē4�0˜˽�òL）ʵ˜ƞĈȊ

˜˽�ɧʠƞćƭ—ōxȸȊ@�TƖ��˱ɳ

ɹrȊC�˜˽�Parameswaran[37]Ȱ4ŻwçȣC

�ȵǔƭuĈ˔：ĩ；	 
®æ��Qõ�ÔÓǴŽȼ��Ȁ.ǻƠȵǔ

ĸ˭UʅÓǴŽȼʜ˓�ɚ4ȸ˴√ĂƔʻɯÓǴ

ʜ˓Ȋ~ƌ	ÎǇ YanȰ4[84]șȨòLÔʜ˓Ÿ�

ɪÐ&n�QòɳǏɊƲtȜǹé. 95%�ɧʠ
ƞĈȊ˔：ƭ—ōÓǴȊŽȼ	 
@�Ȅ˶�）ʵ@�Ȅ˶Ȋźʾ�Ē4ɠèɬªƠ

i@�ȊlKVń�e˶Õ*ɹ@�ȊȎiɳǏ�

ÎǇ@�Ȅ˶ʄɻ˴√˒ɳ	@�Ȅ˶ȊșȨ˒Ǭ

ƖòLʄɻ§ñȊȄ˶ƭÀĬĒ4�8ɚT�Ē4

—ō@�	 
B�ĝ³��¿*ōȉ���Ȋǘʪ@��Ȁ

.İ�ȊB�ĝ³ŻRȊȄ˶ʄɻ�ɠˍǌʯȴ

��ÎǇĸç@�Ȁ.Ȅ˶ʄɻȊ˜˽�˭<ÀĬ

Ē4�ąɣĸç@�Ô��ƟŐəƜ˚ƒ˞ˍǒƠ

ɲ—ō[5]	SakamotoȰ4[14]șȨ*B�¤�əÔ5

º@�ȸÛ�√ǾȊ1/Əī	Heer Ȱ4[17] șȨ
*òLʻɯ˜ ʕƶ�©ǻ）ʵʕƶ˜ ƭʄɻȄ

˶Ɯˀ¹.B�Ē4	Ȁ.@�ʓǏ4Ȋ#ɳȌȊ

Ɩ"*½Ē4ȍɵ�—ƊÕďǻ@�nĂ�ÎǇȄ

˶ȊȴǗ�ǤƚƖʄɻ�̃ɳɘɭȊÎȻ	 
4.1.2 @�˂ũ 
@�˂ũȊșȨ˒ǬƖòLě�Ē4Ů˂�ɢ

ĕȎiȊ@�	ŭǰ@�Ȋ©ǻəƭx�²<x"

�ȣ#ǚȊ@�˂ũƏǔ��ȣƖÞ.Ŧ�pull
ȊƏǔ��ȣƖÞ.Ź�pushȊƏǔ	Þ.ŦȊ
ƏǔƖȀĒ4#�ƶŜȎi@���@�Žȼ�ɚ

Þ.ŹȊƏǔ{ƖȀB�ĝ³ʻɯ@�Ȋx©��

@�Źɫ	 

@�Žȼ�#ǚȊB�ĝ³ˍƖˑǾÞ.ŦȊƏ

ī	Ȍ�B�ĝ³Ą@�ŽȼȊƂūɠ�ʯĮ�k

�ȊéçƉB�ĝ³¯ŻR@�zɱ�Ē4¯ɠ）

ʵǜɷ@�˷˶ƭɬªɢĕŋjʨȊVń�ɚ5ɠ

Ƃū�Ē4jʨȎiȊ@�ƶŜ�Ȁ.B�ĝ³Ą

@�ˑǾx˷ƗȞ�òƲ@�wǻÔȯ 3˷ŐəƜ
˵¼Ȋ˷˶�Ćĸ˭ɲĒ4©ǻÄiǖ�ɚ�Ē4

）√Ů˂ƞʷ©ĘȊ@�ƭ—ō[85]�8ɚĸĂƔą

ɣƠ0@�˚ƒ˞5ɠɲ—ō	Mturk ȰB�ĝ³
ŻR*Þ.i˙öȊ@�Žȼ�ɠ�Ȁ.¯ɘɭ*

i˙ö�@�nĂȊȎiȦĦ�ǒƠɘɭĒ4Ȋj

ʨ\ñȰÎȻ�Ŕ<ʸÍȊŽȼɊƲĄŔƠȊĒ4

ˍƖ�ƺȊ	ŃȊƭʒ�İ�Ȋ@�Žȼ�ɠʹ5

ɠǨʩĒ4Ȋ�ł�˱Ǐ�˭<ƠƆÕě�Ē4ƶ

ŜŋjʨȊ@�	ɱ 3ɋw*#ǚB�ĝ³ŻRȊ
@�Žȼ�ɠ<¦@�nĂƗȞȊŴġƏǔ	 

k � 1�Ab�h'1�GZ?5FQPq�

B�ĝ³ 
i˙ʉ

Žȼ 

ÕÜ

Žȼ 

ȸ�

Žȼ 

ŭƒ˞

Ŵġ 

ŭ?Ƽ 

Ŵġ 

Mturk �   � � 

CloudCrowd �   � � 

ɡ�Ģ �   � � 

Ƿfŏ � � �  � 

�ŗÆ �  � � � 

@�Źɫ�Þ.ŹȊƏī5˱ɳĒ4#�Õʱdƶ

ʍ�#ɳƖƻűĒ4Ȋjʨǳñ�B�ĝ³#�Õ

ʻɯȎi@�Ȋ�ł�Źʿ	ÔB�ĝ³�UȅȊ

¡´ʁıƖĒ4ɯ"ȊƞñKǻ�ǌò�Ē4—ō

*È0@��@�ȊȸÛ�È0Ē4Ȋȱƾɲ@�

ʓǏ4ɼ²ȰȰ	AmbatiȰ4[86]Żw*�Ǿ@�Ä

Ē4Ȋ¡´Vńʻɯ@�ŹɫȊƏǔ�）ʵưĨĒ

4Ȋ\ñǁÛ"Ē4Źɫ²ɠŋjʨȊ@�	®

æ�˫ȓƒ˞Ȋ¬��Ē4Ȋjʨ'D©ǽƄ¬�

ƞʷȊǜɷʁıƜɠtȜÕ¨ƕĒ4Ȋİ�jʨ	

Yuen Ȱ4[87]ŻwĆĒ4Ȋ¡´VńÄǜɷʁıȎ

Ɋ¹ƭ¨ƕĒ4Ȋjʨ\ñ�ğĄɊ¹¼ȊVńʻ

ɯɅ�ãǼ�ĆĒ4Ȋɯ"ɱǻx" 6�ȸ��<
ǇưĨ�Ē4-@��Ȗˢ�ƞ¼）ʵǀǹȖˢxɹ
�Probabilistic Matrix Factorization“ǻ@�Ȋ�
ł�Źɫ	 

Ǉæ�Ƶ0ǵþȸÛȊ@��ǌòȩ˞@��Þ

.ÕǼIɔÄƒ˞Ȋ@��@�Źɫʹ˱ɳɊ¹

Ē4ȊIɔVń	Deng Ȱ4[35]șȨ*ȩ˞@�Ȋ
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ƞé�@�˂ũ˜˽�<—ōȊ@�Ɖ˓ƞç"Ȍ

Ȋ�"Ē4Źɫ��@�˂ũġz	9=ɐ¹@�

ȊŒǅƒ˞ÄĒ4ȊɯȦǟɛ�Ə˶ÎȻ�Żw*

Þ.�ŀɶyÄxƂþȄȊȵǔ�ʺ�ȣȵǔ#ɳ

ˀǾ.@�Ɖ˓5çȊňs�˫ȓ@�Ɖ˓Ȋá

ç�ȵǔȊʶɯƒ˞ĆŬƉÕá˚�Ŕ<9=¥Ż

w*�ȺzƄʻȵǔ�8ɚČ˓uĈ@�˂ũȊƒ

˞	 

4.2 1�;j 

Ô@�Řɯˣ》�#ɳŮőƖ�òLƠƆÕɊ

¹Ē4ÎȻ�ʓǏ4Ȋ@�C�ȌȊʻɯÔɃ@�

xˎ� 
Ô@�ŘɯȊʵȦ��）ʵƠƆȊÔɃ@�x

ˎȲȆ�Ơ˕ĄłÕĆ@�xˎɋĒ4�²<Ż̇

@�ɊƲȊʜ˓	ƋǸ[62]Żw*�ȣÞ.˫ƧÓ
ǽōÄǟńE（Ȋ@�xˎƏǔ�ʺȣƏǔȊč˧

łÔ.¯˕Ą*ǵþȸÛȊ@��@�Ȋ˭ƔȦĦ

�ɣ�ɚB�ĝ³�Ȋ@�ȣȸȽç�Ƶ0@�

˱ɳǵ《Ȋ��ȕʇ�ǌòʐɺɗʊȸ@�	˕Ą

ʺ�˜˽�ƋǸ[88,89]Żw*�ȣȸGi˙ʉȬ?
ĠÁȊƏǔ�ʎƏǔÞ.¢óĄ^Ǽʃ�Ɋ¹*ʓ

Ǐ4ɋþȊ@�˺ȵ�SűĒ4Ȋɠ�Ǎĝ�Ć˭

ƔȦĦȎ�ˎȊ@�xˎɋĒ4	<�ȊxˎƏǔ

ˍ¯Ɩ）ʵǁŨƉűŐȡɃƉűʻɯ*“̄xƱ�

“̄#ɳ˕Ą@�ɊƲȊʜ˓ʻɯ*ʆ?�ˍǒƠ

ÔȒ“ȊB�Ǻà�̄ʅxˎƏǔȊɊƲʜ˓Ä

ʶɯƆǹ	ĭĽįȰ4[90]Żw*ɊƲʆF�ƝŰȲ

Ȇƭ“ǻ@��ŀxˎ�@�ʓǏ4ĩó¯xˎˌ

x@��ǯ¼ƻűʸÍȊȱƾʆFɊƲȊʜ˓ÄĒ

4Ȋʜ˓�Ąʜ˓5̇ȊĒ4ˑǾƝŰƏǔ�Ćʺ

0Ē4—ōȊ@�ʻɯoǂxˎ�8ɚŻ̇@�Ȋ

ɊƲʜ˓	 
Ǉæ�Ȁ.@�ʓǏ4）√ƖÔ@�ʄɻȊƒ

Xƻűɉʠ˺ȵÄ@�˭Ħ"@�ʄþƷ?�þ?

ʵȦ��ɤǒƠĒ4¤��ɚ@�Ʒ?ĄĒ4Ȋĳ

ÇƖ˭<˺ȕȊ�ÎǇ@�Ʒ?5ģʎ�ɁSʣ@

�ʓǏ4Ȋ˱Ǐ�@�ŘɯʵȦ�²<Ɋ¹5ºĒ

4Ą@�Ȋ˺ƣƷ?ʻɯ@�xˎ	ƋǸ[91]Żw
*�ȣÔɃþ?Ƨ��ʺȣþ?Ƨ�ɐ¹ɘɭ*@

�ʓǏ4�Ē4�Ə˶ÎȻ��Ə˶�@�ʓǏ4

5˱ɳŻ�"ǋ�@�ʄþƷ?�¯˱ɳŻR@�

ȊŃK˺ȵŐ@�ȊŃƉ˓�®�Ə˶�İƵ�Ē

4ȁʓÍȱ@�ȊƒX�Ē4˱ɳɋwƣƢȊ@�

Ʒ?<¦ƣƢ—ōȊ@�Ɖ˓	�Ǿ<��Ə˶V

ń�?ƼƧ�“ƒÕrþ@�Ȋ“ˤ?Ƽ<¦xˎ

ɋĒ4Ȋ@�Ɖ˓	Ąǌ@�täˣ》Ȋþ?ȲȆ

�4.1ɦ�ɱ 4ɋw*�ȣþ?ȲȆȊǌʯ	 

k � 1�1�`VWPq�

þ?ȲȆ þ?Sű ȲȆʆ? 

ÑþƷ? 
@�˭Ħ�@�˼

ȹ�ï�Ƨ� 

CǬ�“ǻȴ� 

ɒǬ�?ƼʵJąɣ@�—ō

ƒ˞á��?Ƽʵ̇ąɣ@�

ɧʠ;?é 

ÔɃƷ? Ē4˺ƣ 

CǬ�?ƼƜ�¹Ǽ 

ɒǬ�ɳĄ@�?Ƽʻɯçǂ

ʕƊ�á�*@�˂ũƒ˞ 

4.1 ɦ�Ż�@�Ȋʜ˓�ɧʠÄƒ˞ĸ˭ʳ
�ĝɰ�B�@�）√Ɩ<ǨʩƵȣC�"ȌȊ	

"“ǻȎģȊC�ȌƷ�Ô@�ŘɯȊʵȦ�²<

ˑǾ5ºȊxˎȲȆÄC�ȵǔ	Liu Ȱ4[74]“ǻ

ȊƉűxƱȺɎƖ<UʅɊƲʜ˓"#ɳȌȊ�̃

b）ʵ��˺ǛǁÛɋw*xˎȊ@�Ɖ˓�ÔȜ

UɊƲʜ˓Ȋ�Ż��ǋ�@�˱ɳɲĒ4ÍȱȊ

ǂƉ�ǯ¼�Ô@�ŘɯȊʵȦ��）ʵÔɃÕ

ʆFɊƲʜ˓ƭ~ƌƖ¾Ż�ɇǅ@��8ɚɦȐ

ɧʠÄƒ˞	GaoȰ4[60]{ɐ¹ɘɭ*ɊƲʜ˓�

@�ɧʠ�Żw*�ȣÔɃrȲƏǔ�）ʵ�ŀx

ˎ@��˺Ǜ�ɧʠ-ʜ˓�Äɇǅ@�ȰǁÙ�“
ǻɧʠ�ʜ˓Äƒ˞Ȋĝɰ	KazemiȰ4[34] ˕Ą
ơ�ËǁīȊȩ˞@�ǵĶ�ÔɃȊĒ4˱ɳb�

EɢĕȊIɔVń�Żw*�ȣ@�xˎƏǔ�

ʝĻȲȆ�IɔǲƞćCbȲȆÄƞʷˋCbȲ

Ȇ	ʺ�ȣƏǔx�“ǻ*5ºȊC�ȌƷ�ʝĻ

ȲȆ#ɳɘɭİ�ƒ�ȊVń�²<ʴˆÕxˎ@

��HƖǒƠɐ¹ɘɭeč@�VńÄĒ4Vń�

ÎǇ˭<Uʅ@�Ȋ—ōʜ˓	®æ�ȣȲȆ{ȓ

˒ɘɭ*@�ȊɊƲʜ˓�k��IɔǲƞćCb

ȲȆ�ǾIɔǲɱȞ@�ɲ—ōȊ²ɠł�Iɔǲ

ʦć;ɱǘʪÔ@��ÜnȊĒ4ʦĈ��@�ɲ

—ōȊ²ɠłʦć�）ʵĆIɔǲʯJȊ@�xˎ

ɋĒ4�ʻɚ“ǻečȊƞCxˎ�ƞʷˋCbȲ

Ȇ{Ɋ¹Ē4ɯȦǟɛ�Ē4�@�Ȋʫȡ�˂

ũʫȡʯʷȊ@�xˎɋĒ4	 

4.3 1�_MD% 

Ô@�ȱƾƊ¹ˣ》�˶!ȊƞéŮőƖ�ò

LãǼĒ4ŻRȊȱƾ� 
Ȁ.¤�—ō@�ȊĒ4Ɩƭɢ.5ºȊÒ
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”ÄÕ��ğ�9=ȊĞ̊�Ƈɞɟƙ5ČȎº[92]�

ɚĒ4Íȱ˜˽ȊƒX5²．cÕ«�#ɵŊʇ

ÄȕʇɟƙȊĳÇ�ÎǇİĒ4—ō5ºȸÛ@�

ȊƒX�ȱƾȊʜ˓¬�ʯé	"*Uʅ@�ɊƲ

ʜ˓�ĸçșȨ4ÂŻw*5ºȊŸ�ȲȆ	 
ÔĒ4Ż1ȱƾ¼�²<）ʵ¸ȣȵǔƭUʅ

ɊƲȊʜ˓	ƞȴ�Ȋ�ǔƖş��@�xˎɋç

��íƉĒ4ƭ—ō�ǯ¼）ʵçƉŠȠ¢{�Ĉ

Ɖơ8çƉƭɬªƞɇɊƲ�ƋǸ�×ˑǾ*ʺ

ȣŠȠ¢{	Ȁ.çƉŠȠƏǔƖ[þǋ�Ē4Ȋ

ȱ˽tȜǹƖ�ɣȊ�ǒƠɘɭĒ4Ȋçƺł�ɚ

）√5ºĒ4Ȋȱ˽tȜǹĔĪʯé�ǌò�。ʈ

əȊȱ˽tȜǹʯJ�ÎǇˑǾʺȣƏǔĹ�Ȋƞ

ɇɊƲĵĵ5ètȜ	 
˕Ąʺ�˜˽��0șȨ]w*Ƅʻ�ĆĒ4

Ȋȱ˽tȜǹʶǾ�ɊƲȊFɻ��PĹƞɇɊƲ

Ȋʜ˓Ơ*ĸéȊŻ̇	Liu Ȱ4[74]）ʵá�Ǜʋ

˽ȌĹ�Ē4Ȋȱ˽tȜǹ��ǾʙµƍǼʃĆĒ

4Ȋȱ˽tȜǹÄĒ4ɋwȊȱƾɊ¹ʥƭĹ�

ƞɇȊɊƲ	ƋǸ[67]Żw*�ȣǀǹǁÛ�ʎǁ
ÛÞ.ÎõÓ�）ʵɐ¹Ē4ȱƾ�Ē4Ȋȱ˽t

ȜǹȰÎȻĹ�ɊƲ	ʺ�ȣƏǔˍƖ�x*5º

Ē4Ȋȱ˽tȜǹ�HƖˍ[þ*Ē4Ȋȱ˽tȜ

ǹƖÑþȊ���Ô—ō@�ȊʵȦ��Ē4Ȋȱ

˽tȜǹUū5¬	ǯɚ�˫ȓƒ˞Ȋ¬��Ē4

Ȋȱ˽tȜǹ）√Ɩ¬�Ȋ�ǌò�Ē4Ô—ō@

�ʵȦ��˫ȓĄ@�*ɹȊáç�9Ȋȱ˽tȜ

ǹDʦƭʦ̇	ƋǸ[47,55]Żw*�ȣ¨ƕĒ4ȱ
˽tȜǹ¬�ȊƏǔ	ʺȣƏǔƖÞ. EM
�Expectation-Maximizationȵǔ[93]Ĺ�ȊƞɇɊ

Ʋ�）ʵǢǡȖˢ�confusion matrixƭ¨ƕĒ4
Ȋȱ˽tȜǹ	EM ȵǔ˱ɳ��ǈ̆ʻɯʽ;ɻ

ȵ�ȍ�ȵǔƃƈ	ȯ��ǈ̆Ɩ�ǾĖƠȊĒ4

ȱ˽tȜǹFɻZ�ĄŔƠȊ˜˽x�ʻɯɻȵ�

Ĺ�ǋ�˜˽ɊƲȊFɻZ�ȯ-ǈƖ�Ǿȯ�ǈ

Ĺ�ȊɊƲƭɻȵǋ�Ē4Ȋȱ˽tȜǹ	Ȁ.

EM ȵǔǋǂʽ;ˍɳ˒Ǝɻȵǋ�˜˽ȊɊƲÄ

ǋ�Ē4Ȋȱ˽tȜǹ�ÎǇİ˜˽ƉȌʯçŐ¤

�Íȱ˜˽ȊĒ4Ɖ˓ʯçȊƒX�EM ȵǔȊʶ

ɯƒ˞ʯ˚�;?ʯé	<�ɻȵĒ4ȱ˽tȜǹ

ȊƏǔˍ˭<“ǻtȜł�“ƒłȊĝɰ�ƋǸ[94]
Żw*�ȣƎȊĒ4ǁÛ�）ʵʎǁÛ²<¦ƒt

ȜÕĹ�Ē4ȱ˽tȜǹ�9=�ǾĒ4ǋǂʸÍ

ȊƎȱƾ�Ɋ¹ȱ˽tȜǹ�ʄɻ*�ȣá˓īȊ

ȲȆƭŹƌƞɇȊ@�ɊƲ�ʻɚ“ǻ̇ƆtȜÕ

Ĺ�@�ɊƲ	 
Ǉæ�Ŏ='²<�ǾĒ4Ȋȱ˽tȜǹƭʻ

�ǈŻ̇çƉŠȠ¢{Ĺ�ȊɊƲʜ˓�kÞƥŁ

ŉċƖƻűĒ4Ȋȱ˽tȜǹƭĄǋ�Ē4ʻɯ

ŗx	ÍȱtȜǹʦ̇ȊĒ4ʢ+Ʃ˒ʦé�Ȏ¨

{Ʃ˒ʯć	ƞ¼）ʵɘɭƩ˒ʻɯ�Ʃʆ?Ē4

ŻRȊȱƾ�ƻű�ƩxZȜþƞɇɊƲ	òɱ 5
ŔȞ�Ŏ=ĄǻƠȊƊ¹ȱƾƏǔʻɯ*ǌʯ	 

k ��_MD%FQPq�

ŹƌƏǔ ÞƥŁŉ Əǔʆ? 

�Ɂ�ǾĒ

4ȱƾ 

çƉŠȠ¢{ 

ƋǸ[24,29,31,84] 

CǬ�Əǔȴ���.“ǻ 

ɒǬ�ɊƲtȜǹ5̇ 

Ɋ¹Ē4ȱ

ƾÄȱ˽t

Ȝǹ 

ÑþȊĒ4ȱ˽t

äǹ 

ƋǸ[67,74] 

CǬ�ɊƲtȜǹʯ̇ 

ɒǬ�Ē4tȜǹȊ¬�ąɣ

ɊƲʜ˓˦J�˱ɳ˺ȕĒ4

ȱ˽tȜǹ 

¬�ȊĒ4ȱ˽t

Ȝǹ 

ƋǸ[47,55,94] 

CǬ�ɊƲtȜǹĸ̇�5˱

ɳ˺ȕĒ4ȱ˽täǹ 

ɒǬ�Þ. EMȊƏǔƒ˞;

?ʯ̇ 

5˭©ǻ�@�—ō¼oʻɯɊƲʜ˓ʆF5

ɠ�˨@L。ʈə�ÎǇDȈȈǝʠ�ˌx˔：	

Čȶ@�ʓǏ4²<ŧɍʢ+Ē4Ţː�HƖDĚ

ƭØȝ�8ɚĳÇk9Ē4ƭ—ōɢĕȊ@��

ąɣ©ĘȊ@�˚ƒ˞˭<—ō	 
8 4.1 Ä 4.2 ɦȊnĂ²<©ǻ�˨*ƠƆÕ

ãǼĒ4Ȋȱƾ�@�ɊƲȊʜ˓ʹ�@�Ȋʄ

ɻ�xˎ�˺ȵ�ƒ˞�Ē4Ȋ�4jʨÄɠ�Ȱ

Ə˶×Ơiɜ[95]�ÎǇ@�Ȋʜ˓Ÿ�ʟĴ*B�

ĒNǚȦȊǋ�ˣ》	ƋǸ[90]Żw*�ȣˣ》ī
�ŀȊB�ʜ˓Ÿ�ȲȆ�ʺ�ȲȆ）ʵ@�ʄɻ

�ȶǼ�ĒNəɄɆ�ȶǼÄɊƲʆF�ƝŰ��

Ə˶ƭɹrB�@�Ȋʜ˓Ÿ��9=#ɳ8ɊƲ

ʆF�ƝŰˌxɘɭ�）ʵɄ¹īʜ˓ʆFȵǔ�

˫ƧƝŰĒ4Äʄɔʜ˓ʆFȋǛǬ��ǈ̆ƭ

Ż̇ɊƲȊʜ˓	Ȁ.Ô@�ŘɯʵȦ�á�*ȋ

ǛǬʻɯʜ˓ʆF�ļǯċá�*@�—ōƒ˞�

ɚ��˒Ǝxˎʜ˓5̇Ȋ@�á�*@�Ȋɧ

ʠ	ÎǇ�@�ʓǏ4ģʎɊ¹@�Ȋ#ɳC�Ȍ

Ȋ�Ô��ˣ》�x�ˑǾ˕ĄłȊȲȆ�8ɚʳ

�@�ʜ˓�ɧʠÄƒ˞ȊȎĄĝɰ	ƻűȯ 4.1�
4.2Ä 4.3ɦɽʃȊB�ŞƦ�ɱ 6ɋw*��ˣ》
�5ºŞƦĄʜ˓�ɧʠ�ƒ˞ĳÇȊǌʯ	 
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k ����tO��&<I23!XL8(�

  ʜ˓ ɧʠ ƒ˞ 

@�tä 

åƨ@�xɹ �� � �

@�Ʒ? � � � 

。ʈəãǼ �� �� ��

@�Ȅ˶ �  � 

@�Ɖ˓ � � ��

@�˂ũ �  � 

@�Řɯ �� � ��

ȱƾƊ¹ �   

5 2 Y^p� 

8B�ǀĿȊŻw�ǻÔ¯ƠvĞȊƒ˞�ø

ƦȄÄĒ�ȄĄB�Ėɉĩď*é˓ȊșȨĒN�

HƖȌ�B�ȊșȨʹʯ}ǈ�k�ʹ÷Ô�0ș

Ȩ˜˽ZĹʻ�ǈŶɽ	 

5.1 /C>-T 

Y�B�ƭ—ō@�ɮǯTÿ�Hğ5Ɩcʠ

Ȋ[80]�ǌòǋ�ĺɵ@�˱ɳɧʠ 1-5ɕx�İã
ǼéƉű˓�Qò 1ȉ�ɀƉű�Ćʺ0@�eˌ
1ɋĒ4ƭ—ō{˱ɳɧʠ 1-5 �ɕ`�òƲƖ 1
5ɀƉű�{˱ɳɧʠ 100-500 �ɕ`�Ɨǯʺ0
ɧʠƖēéȊ	@�ʓǏ4©ĘȊ@�）√ƖÔ«

˧ȊɉʠƬ>�—ōȊ�ÎǇÔɉʠ«ȿƫȊňs

�òLãǼéƉű@�ƖƤƭșȨȊʧ�&�	˕

ĄéƉűȊãǼ²<8<���Ə˶ɘɭ�ȯ��

Ə˶�@�Ɖ˓ĳÇȓ@�ȊŃKɧʠ�）ʵƠƆ

Õʄɻ@�ȊǽōƏī²<uĈ2ǽȊ@�Ɖ˓�

ʻɚɦȐ@�ɧʠ	MarcusȰ4[26]Żw*Ćǋ�@

��¿ç�õ˜˽ȊȲȆ�HƖİ��@��¿Ȋ

õ˜˽Ɖ˓ʯçȊƒX�@�Ȋþ?ɳŻ̇�¾{

ĂƔˇō¯ƠĈ˓Ē4Ů˂@�Ȋňs�'ċƖʒ

ʺȣƏīɮǯuĈ*@�Ɖ˓�HƖğ5ɠȜUu

Ĉ@�ȊŃKɧʠ	ÎǇòLÔɉʠ«˧Ȋňs�

ƠƆÕʄɻéƉű@�Ɩ��lƠŮőłȊ˜˽	

ȯ-�Ə˶��ǾƧËȵǔɋwȮ¹@�ɳǏȊä

˂ƉűŐəʵǩų5ĳÇ@�ɊƲȊƉű�ʻɚu

Ĉ˱ɳĒ4ÍȱȊ˜˽Ɖ˓	Qò“K�ˎ@��

b�ǾƧËȵǔʵǩųƓƗ5�ˎȊƉű[27]	Ȁ.

5ŅİȊƧËȵǔD˘ʑÕʵǩųĳÇ@�ɊƲ

ȊƉű�ʻɚĳÇ@�ɊƲȊʜ˓�ÎǇòL©ǻ

éƉű&˞Ȋiɜɶ{�）ʵƠƆȊɶ{�ƳƏǔ

ƭ˦J@�˔：ĩ；'Ɩ��5ćȊŮő	Ŏ=ș

ȨɄŻw*éƉűɖKɻȵ�˳Ğ 973 ˸Ȍ�）
ʵB�ÄƧËȊ̇Ɔ�NƭɹréƉű˜˽	 

5.2 1�Ab 

Ȁ.Ȍ�ȊB�ĝ³Ą@�ŽȼȊƂūğ5

è�ÎǇòL“ǻ̇ʜ˓Ȋ@�Žȼ7ƖƤƭșȨ

Ȋʧ�&�	@�ŽȼƖ8Ē4ɸĦɘɭȊÞ.Ŧ

Ȋ@�©ǻǁÛ�ǻƠB�ĝ³Ȋ@�Žȼ�ɠʹ

ʯĮ�）√ƖĒ4）ʵǜɷ@�zɱƭƶŜŋjʨ

Ȋ@�[85]���ĝ³ŻR*）ʵi˙ʉŽȼ@�Ȋ

�ɠ�ò Mturk�Ē4²<ʱdŋjʨȊ@�i˙
ʉƭŽȼȎi@��HƖǒƠɘɭ5ºĒ4Ȋ�4

\ñ�Ĺ�ȊɊƲ5ɠaxǨʩĒ4Ȋ�ł�˱

Ǐ	Ȁ.ǋ�Ē4ˍƠɢĕ5ºȊ\ñ�ÎǇ˱ɳ

ʻɯ�ł�Žȼ	�ł�Vń˱ɳ）ʵ¡´@�ƭ

ɬª�）ʵůŵĒ4¡´—ōȊ@�Vńƭɬªk

�4\ñ�ǯ¼�Ǿʺ0jʨǳñʸÍ9=²ɠŋ

jʨȊ@�	ǇæĒ4Ą5º@�Ơȓ5ºȊǱņ

ȦĦ�Ŏ=²<）ʵÍȱ@�ȊtȜǹƭɰ˓ʺ�

ŬƷ	ÎǇòLƊ¹ʺ0�Ē4ȎiȊŬƷƭ“ǻ

�ł�Ȋ@�ŽȼƖZĹʻ�ǈșȨȊnĂ	 

5.3 1�@i  

@�Źɫ#ɳƖ8B�ĝ³ɸĦɘɭȊÞ.

ŹȊ@�©ǻǁÛ�B�ĝ³ƻűĒ4Ȋ\ñŹɫ

ȎiȊ@�	#ǚȊB�ĝ³ʹǒƠ@�ŹɫȊ�

ɠ	ǻƠȊ@�ŹɫșȨ#ɳƖÞ.EɎŹɫȊƏ

ǔ[86-87]�#ɳ�ŪÞ.nĂȊŹɫ��ºʵǩ<¦

-əȎɊ¹ȊǢ¹Źɫȵǔ	5º.EɎŹɫȵ

ǔ�Ŏ=ʹ˱ɳɘɭĒ4ÔƵ�˻ÜÍȱ˜˽Ȋt

Ȝǹ��Ē4ſ˚ȊĒNȸÛ�8ɚ�Ǿʺ0Vń

ʻɯŹɫ�ɚ5ɠ¯iǖȎił	Ǉæ"*Uʅǋ

�@�Čľ—ō�Ŏ=ʹ˱ɳɘɭƜçÎȻ�Qò

˺ǛÈ0Ǿœ²ɠÍȱʺ0@��Ē4ÔB�ĝ³

�ǘʪȊƒ˞<¦Ē4—ō@�Ȋĝ×ƒ˞ʻɯ

̇ʜ˓Ȋ@�Źɫ	 

5.4 C>06u\5= 

B�ȊƉűûeÄˬȢUšȌ�ʹǒƠĹ�
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Background 

With the rapid growth of computer technology, computer 

has been widely applied in many areas. However, there are 

many problems that are still rather hard for computers but easy 

for human, such as image recognition and sentiment analysis. 

To address this problem, crowdsourcing is proposed to coordi-

nate the crowd (a large group of people on the web) to solve 

problems that machine or a small number of users cannot do. 

Crowdsourcing has many real-world applications, such as 

Wikipedia, reCAPTCHA and Amazon Mechanical Turk. In 

recent years, crowdsourcing has attracted significant attention 

from industrial and academia communities. In this paper, we 

provide a comprehensive survey of existing studies on 

crowdsourcing. First, the definition of crowdsourcing is pre-

sented according to its basic characterizations. Then the work-

flows of crowdsourcing are given by its typical applications. 

The key research works on crowdsourcing is discussed from 

three aspects: task preparation, task execution and answers 

integration. Finally, this paper gives research challenges and 

directions of crowdsourcing in the future, including big data 

processing, task search, task recommendation, privacy on 

crowdsourcing, and the combination of social networks and 

crowdsourcing. 
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