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Prior	  work	  

•  Offline	  
•  Sequen-al	  rou-ng	  
•  Workers	  are	  willing	  to	  wait	  
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[Donmez	  et	  al.	  2009;	  Yan	  et	  al.	  2011;	  Wauthier	  and	  Jordan	  2011;	  
	  Karger	  et	  al.	  2013;	  Ho,	  Jabbari,	  Vaughan	  2013;	  Chen	  et	  al.	  2013]	  



Parallel	  rou-ng	  

1.  A	  pool	  of	  workers	  arrives	  
2.  Assign	  a	  task	  to	  each	  worker	  
3. Workers	  take	  the	  same	  -me	  to	  answer	  
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Will	  relax	  this	  
assump-on	  



Applica-ons	  

•  Volunteer	  (e.g.,	  Zooniverse)	  
•  Pay	  by	  task	  (e.g.,	  Amazon	  Mechanical	  Turk)	  
•  Pay	  by	  -me	  (e.g.,	  oDesk)	  
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Sequen-al	  

Parallel	  

Concurrency	  

7	  



Problem	  space	  

Latent	  

Known	  

Skill,	  Difficulty	  

8	  

Sequen-al	  

Concurrency	  

Parallel	  



Problem	  space	  

Latent	  

Known	  

Offline	  

Adap-ve	  

Policy	  

Skill,	  Difficulty	  

9	  

Sequen-al	  

Concurrency	  

Parallel	  



Problem	  space	  

Latent	  

Known	  

Offline	   Sequen-al	  

Parallel	  

Policy	   Concurrency	  

Skill,	  Difficulty	  

Adap-ve	  

Community-‐based	  aggrega-on	  
[Venanzi	  et	  al.	  2014]	  

Ques-on	  features	  
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Overview	  

•  Workers	  not	  willing	  to	  wait	  
•  Offline	  algorithm	  JugglerOFF	  
•  Adap-ve	  algorithm	  JugglerAD	  
– Scalability	  
– Variable	  response	  -mes	  
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Problem	  defini-on	  
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Difficulty	  

[Dai,	  Mausam,	  Weld	  2010]	  
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Problem	  defini-on	  
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Difficulty	  

Inference	  

P(True	  |	  votes)	  =	  0.7	  

[Dai,	  Mausam,	  Weld	  2010]	  

1

0 1
Difficulty	  

Probability	  of	  
answering	  
correctly	  

High-‐skilled	  

0.5	  



Problem	  defini-on	  
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Problem	  defini-on	  
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P(True	  |	  votes)	  =	  0.7	  

Difficulty	  

=	  0.7	  

=	  0.9	  

=	  0.9	  

=	  0.8	  
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UIG(S) = H(A)�H(A | XS)Goal:	  Minimize	  entropy	  
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Theorem	  
NP-‐hard,	  by	  reduc-on	  from	  the	  



JugglerOFF	  

while	  not_finished:	  

The	  JugglerOFF	  algorithm	  

XS  ;

XS  XS [ {argmax

X2X\XS

H(A | x)�H(A | X,XS ,x)}

Remaining	  
assignments	  

Observed	  votes	  

Submodular	  for	  
known	  skill	  and	  difficulty	  
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UIG(S) = H(A)�H(A | XS)Goal:	  Minimize	  entropy	  



JugglerOFF	  
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JugglerOFF	  

Reverse	  skill!	  
T	  =	  3	  

Skill	  
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JugglerOFF	  
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Adap-ve	  rou-ng	  
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JugglerAD	  

for	  t	  =	  1	  to	  T:	  

The	  JugglerAD	  algorithm	  

call	  JugglerOFF	  with	  horizon	  1	  
Observe	  votes	  	  and	  update	  prior	  

XSt  
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Live	  experiment	  

12	  workers	  

198	  ques-ons	  
named-‐en-ty	  

linking	  
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52%	  reduc-on	  in	  labor	  for	  
	  

95%	  of	  reachable	  accuracy	  



Scalability	  
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Larger-‐scale	  experiment	  
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Variable	  response	  -mes	  
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Summary	  

•  Workers	  not	  willing	  to	  wait	  
•  Offline	  algorithm	  JugglerOFF	  
•  Adap-ve	  algorithm	  JugglerAD	  
– Scalability	  
– Variable	  response	  -mes	  
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Reduce	  labor	  by	  52%	  
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