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SELECT Market_Cap 
From Companies 
Where Company_Name = “IBM” 

Number of Rows: 0 

Problem:  
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SELECT Market_Cap 
From Companies 
Where Company_Name = “Apple” 

Number of Rows: 0 

Problem:  
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SELECT Top_1(Image) 
From Pictures 
Where Theme = “Business Success” 

Number of Rows: 0 

Problem:  
MMiissssiinngg  IInntteelllliiggeennccee  
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SELECT Market_Cap 
From Companies 
Where Company_Name = “IBM” 

$200Bn 
Number of Rows: 1 
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SELECT Market_Cap 
From Companies 
Where Company_Name =  

 “The Cool Software Company” 

$2xxBn 
Number of Rows: 1 
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SELECT *  

FROM companies  

WHERE Name ~~ “Big Blue”+
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CREATE CCRROOWWDD TABLE department ( 
  university STRING, 
  department STRING,  
  phone_no STRING)  
PRIMARY KEY (university, department); 

CREATE TABLE company ( 
  name STRING PRIMARY KEY, 
  hq_address CCRROOWWDD STRING); 
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SELECT p FROM picture  

WHERE subject =  
    "Golden Gate Bridge"  

ORDER BY CCRROOWWDDOORRDDEERR(p, "Which 
pic shows better %subject"); 
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CREATE CCRROOWWDD TABLE department ( 
   name STRING PRIMARY KEY 
   phone_no STRING); 
 
CREATE CCRROOWWDD TABLE professor ( 
   name STRING PRIMARY KEY 
   e-mail STRING 
   dep STRING  
          REF department(name) 
); 
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Professor Department

!
! name="Carey"

p.dep=d.name

Professor

Department
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!name=
   "Carey"

p.dep=d.name

Please fill out the missing 
professor data

Submit

Carey

E-Mail

Name

Please fill out the missing 
department data

Submit

CS

Phone

Department

MTJoin
(Dep)

p.dep = d.name

MTProbe
(Professor)

name=Carey

(b) Logical plan 
before optimization

(c) Logical plan 
after optimization

(d) Physical plan 

Department
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Focus Right Now: PK Queries 
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Please fill out the missing 
company data!
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IBMName
Headquarter
address

Please fill out the missing 
professor data
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E-Mail

Name
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Department
Phone
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Please fill out the missing 
professor data

Submit

Carey

E-Mail

Name

Please fill out the missing 
department data

Submit

CS
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Department
Name

MTJoin
(Dep)

p.dep = d.name

MTProbe
(Professor)

name=Carey

Department
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Are the following entities the 
same?

IBM == Big Blue

Yes No

Which picture visualizes better 
"Golden Gate Bridge"

Submit
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Professor Department

!
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Professor
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Please fill out the missing 
professor data

Submit

Carey

E-Mail

Name

Please fill out the missing 
department data

Submit

CS

Phone

Department

MTJoin
(Dep)

p.dep = d.name

MTProbe
(Professor)

name=Carey

(b) Logical plan 
before optimization

(c) Logical plan 
after optimization

(d) Physical plan 

Department
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Query: 
SELECT name  
FROM company  
WHERE name ~ [a non-uniform  
    name of the company] 

Data-Size: 100 company names 
Batching: 10 comparisons per HIT 
Replication: 3 Assignments per HIT 
Price: 1 cent per HIT 

Schema: 
CREATE TABLE company ( 
 name STRING,  
 headquarter_address CROWD STRING 
); 

Non Uniform Name Query Result Votes Error Examples

Bayerische Motoren Werke BMW 3 TATA Group, Gazprom, Boeing, Toyota
International Business Machines IBM 2 Samsung, HP
Company of Gillette P&G 2 Aviva, AIG, France Telecom
Big Blue IBM 2 Microsoft

Which entities are the same as 
Big BLUE?

Google
HP
IBM
Facebook
NetApp
CrowdFlower
Yahoo
Microsoft
Salesforce
SAP
None of the above
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QQuueerryy::  
SELECT p FROM picture  
WHERE subject = "Golden Gate Bridge"  
ORDER BY CCRROOWWDDOORRDDEERR(p, "Which pic shows  
                            better %subject"); 

Data-Size: 30 subject areas, with 8 pictures each 
Batching: 4 orderings per HIT 
Replication: 3 Assignments per HIT 
Price: 1 cent per HIT 

(turker-votes, turker-ranking, expert-ranking) 

Which picture visualizes better 
"Golden Gate Bridge"

Submit
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A cost-based optimizer for the crowd 
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Professor Department

!
! name="Carey"

p.dep=d.name

(Department first) (Professor first) (De-normalized Probe) 

Please fill out the missing 
professor data

Submit

Carey

E-Mail

Name

Please fill out the missing 
department data

Submit

CS

Phone

Department
Name

MTJoin
(Dep)

p.dep = d.name

MTProbe
(Professor)

name=Carey

Department

Please fill out the missing 
professor data

Submit

CS

Carey

Department
name

N ame

MTJoin
(Professor)

p.name = "carey"

MTProbe(Dep)

E-Mail

Please fill out the missing 
professor data

Submit

Carey

E-Mail

Name
MTProbe

(Professor, Dep)
name=Carey

Department

Department
Phone

Please fill out the missing 
department data

Submit

Phone

Department
Name
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Start of a concurrent experiment 
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–" VJ"J*+(,%.&,%.%."+&'/+-,-'/2+b,!4/)+

•" C#(0!/=%&5+9'/#$5++
–" 9'$//GD,5+-#(0,$%)%#.)+b)J+9D#GD,5+-#(0,$%)#.)+

•" @$%b,-5;+@47!%-+b)J+@$%b,&/+-$#D2)++
–" k!%0G)%2/+#B+,z.%&5+#B+&4$6/$)+

•" ?/&,G-$#D2);+C$#D2)+'/!0+-$#D2)+[/J"J+jP\+
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$0%9/<P(0/.#0%J@-&1H.
•" #0%C0(&&?)C.E()C>(C-H.V45.

H4/)8#.+2/)%".*+,(7%"4%8/)*+"$,.4!,$%&5*+_+

•" "()*W.&()*.2)%J1.3%.3>0).
@$%-/*+$/0!%-,8#.+B,-&#$*+ZP9+"$#40+)%Y/*+/=0%$,8#.+8(/*_J+

•" $8()C?)C.'@(X%0&.J-8(Q?%0.
P.-$/,)%."+(,$6/&+)%Y/*+./D+0!,n#$(+B/,&4$/)*_+

•" N>)C@-.%6./?Y-0-)3.3-78)?=>-1.
S/c/-8#.+0#!%-5+[H4#$4(GK#&/*+9/)&Gd/&*_\*++H4,!%&5+-#.&$#!+[H4#$4(*+%&/$,8b/+(#2/!)*_\+

•" E-(0)?)C.-Y-731.Z.$%&&>)?3*."()(C-&-)3.
•" _+

k4&4$/;+EF+!+C$#D2)#4$-%."||+

M8-.:;<!''0%(78.
•" :(3(.?)/-'-)/-)7-..

PB+ZT+-',."/)*+,00+.//2+.#&+-',."/+

•" :;"[.%'K&?L-1.=>-0?-1..
–" E/-%2/+D',&+&#+-$#D2)#4$-/+
–" d&,8)8-)+,7#4&+&'/+(,$6/&+0!,-/*++

34/)8#.+#$2/$%."*_+
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S/!,&/2+T#$6+

•" >J+?,$-4)*++VJ+T4*+dJ+?,22/.+,.2+SJ+?%!!/$;+
$0%9/1%>07-/.:(3(J(1-1H.D>-0*.#0%7-11?)C.9?38.#-%'@-J+!>%"?'@ABB'

•" >J+@,$,(/)D,$,.+,.2+1J+@#!5Y#8);+
!)19-0?)C.D>-0?-1.>1?)C.P>&()1W.!@C%0?38&1.()/.:(3(J(1-1J+!>%"?'@ABB'

•" >J+@,$,(/)D,$,.*++>J+E,)+d,$(,*+ZJ+I,$-%,G?#!%.,*+1J+@#!5Y#8)+,.2+mJ+T%2#(;+
P>&()<(11?13-/.V0('8.[-(78H.53\1.%2(*.3%.(12.=>-1K%)1]J+KAEFC'@ANN+

•" dJ+>(/$GQ,'%,*+>J+E#,.*+mJ+?J+y!/%.7/$"*+1J+y#42,)*+?J+mJ+k$,.6!%.;++
$0%9/1W.7@%>/1W.()/.(@C%0?38&1H.-G'@%0?)C.38-.8>&().1?/-.%6.^J?C./(3(^.
(''@?7(K%)1J+D>EF#%?'@ABA+

•" @J+E/S#)/*+}J+C',%*+FJ+I,#*+TJ+d'/.*+>J+E#,.*+@J+F#',..#.+,.2+mJ+~'4;++
;>?@/?)C.$%&&>)?3*.A?2?'-/?(1H.!.P>&()<"(78?)-.!''0%(78*+>!%&?'@AAG++

•" IJ+A%W!/*+AJ+FJ+C'%!&#.*+SJ+?%!!/$+,.2+?J+I#!2(,.;+
M>0_?3H.M%%@1.6%0.53-0(KQ-.M(121.%)."-78()?7(@.M>02J+H!#FIJAK'

•" mJ+@J+F%"',(*+CJ+m,5,.&*+ZJ+m%*+IJ+A%W!/*+>J+?%!!/$*+SJ+CJ+?%!!/$*+SJ+?%!!/$*+>J+9,&,$#D%-Y*+
FJ+T'%&/*+dJ+T'%&/*+,.2+9J+Q/';+
`?LA?LH.)-(0@*.0-(@<K&-.()19-01.3%.Q?1>(@.=>-1K%)1J+jPd9?'@ANO+

•" @J+IJ+P0/%$#8);++
!)(@*L?)C.38-."-78()?7(@.M>02."(02-3'@(7-*+>C?+}SEd*+MONO+

+
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d4((,$5+

>+<$)&+,W/(0&+&#D,$2)+&'/+@+%.+>?@+
•" C$#D2EF+%)+,+'57$%2+C$#D2hC!#42+-#(048."+

–" d(,!!+)/&+#B+dHA+/=&/.)%#.)+,!!#D+&#+/=0$/))+'#D+&'/+
-$#D2+)'#4!2+7/+4)/2+

–" d0/-%,!+-$#D2+#0/$,&#$)+/.-,0)4!,&/+&'/+%.04&+#B+&'/+
-$#D2+

•" d'#D)+&',&+0/#0!/+-,.+'/!0+,.)D/$+EFG',$2+
H4/$%/)+

•" >.2*+%&+$,%)/)+!#&)+#B+%.&/$/)8."+,.2+%(0#$&,.&+
$/)/,$-'+%))4/)J+
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