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Abstract Nowadays, many data management tasks cannot purely rely on machine-based algorithms
to be resolved. Therefore, crowdsourcing has attracted the interest of many researchers, which le-
verages the crowd ability to address the problems that are hard for the computer. Thanks to
crowdsourcing platforms, e. g. ,» Amazon Mechanical Turk, we can easily hire hundreds of thousands
of workers to resolve these computer-hard tasks. The technical difficulty of crowdsourcing is the
complexity of interactions among the above three components, which makes the requesters hard to
use and manage their tasks. For example, it is inconvenient for the requester to interact with the
crowdsourcing platforms, which require the requesters to set parameters and write codes to display
the tasks. Inspired by traditional DBMS, crowdsourcing database systems have been proposed to en-
capsulate the complexities of interacting with the crowd. The challenges include how to easily use
crowdsourcing platforms, how to design query optimization models to optimize crowdsourcing costs,
quality and latency and how to support complex crowdsourcing operations. In this paper, we will
survey a wide spectrum of existing studies on crowdsourcing database systems. We first give an over-
view of crowdsourcing, and then introduce the fundamental techniques in designing crowdsourcing
databases, including truth inference, task assignment, cost control, etc. In this part, we focus on

reviewing sophisticated techniques on improving quality, reducing cost and reducing latency. Next,
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we will illustrate several popular crowd-powered database systems, including Deco, Qurk, CrowdDB

and CDB. We mainly discuss the query language, query optimization models and supporting opera-

tions in these databases. Moreover, we review techniques on designing different operators, including

selection, join, sort, etc. In this part, we mainly focus on how to optimize the cost, quality and la-

tency for these operators. Finally, we discuss the future works and challenges.
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1555, AR A 7 R & B TRt or sl 32 — LR PTE MY OC R IR S O R ] T AR A ELAR
o DR AN Vs 45 08 — 4TS5 FE N TP 3RS — 2o 4T 55 I 25 21

ESHA\EM. W2 TAWERKD
AT 55 10 A8 € B2 D0 50 1 5 AN 1 2 38 4o AT
5 B T — Bl S R B R AT 55 LRSS A
HArdes 5 270 A ®m7 AL %5 B E 3 4
RS AUERT M AT B IR PRI FAT S B LR
[ 3 Foft AN 8 G P AT LA A5 50 A A i A 1
AN E P e B A SR ).

TARE. % 83 a8 R AR 55 19 T B
T IPRAE 55 0 2 HAT RN Lk AR TN sl g
TR 25 705 FATT AT LUORE AR AT: 55 232 L i) ik
Bz 3l IR AR AR [RE A [ 1 TN 2 R AR Y
G FAT AT DR T AR A2 2k, H—A4 T
NI SRAT S5 1 FATT T DUA 48 49 4T 55 73 L 4t »
A 3RAT 5w 10 Jo i R T
3.2 EAREH

SUE IR 5 AT 55 S A AR A3 T AR X 22 5F Y
fifk DR 7 58 L T RS DR R o AR ) AR K TH R AR i
. R & G e 7 O GIE 57 1) R4 T & Dok 2D AR JEAS
Je—RA PR A )L TR X — 1 L AT A 4
JLF D AR 19 77 35
3.2.1 FETFHLAHT LN BTA

BT HL AR Sk 1 SRR 4 BT LA T
Je R A BT A AT 55 5 M 0 35 AN i B2 TN 5 K A R R
AT S5 FEA B 20T AR ZAL 55 vl KA
AR 5 i phy 31 S AL 58 B P ot TN R Al B
PREE AR 55, X R R )Tz N T SR T
Jig oo T T R RV 2 A% 524 DT
P 53k T {8 3 T O JPL A BOR (B D A 0 38
HEETT) o BYRLASRH LA/ T A (A 0. 3) Y3 R
Xt SR JE AT N KA AR A SE AR X
3.2.2 fRgsiksE

TE 25 7 JoU i SR B9 B0 T AT 55 20 B HOR AT LA
0 1o 2 5 i DG AT 55 ok e /N N T LA+ DL A2 T
R AN A B AL A (R AT 55 T SR
151 0 3 e (S AR DR DO R T gy et
S FRATLE BT AL B I L F T 45 E 1 AL T
G AT 55 6 5 5RO TR E — A B A A 55, —
HUX SEAT: 55 1 6 0F S 16 B A7 65 L Uil HTAT: 55
0 FE SR N N R i R B i G A S R B
TESTES 3 W AR R S PR AN e

J5 s FATTAT LAfS 3 22 55 5 ok 4 BT L Ath A B 1) 4T 55
FR 45 5 L DT 1 48 BUAR . 18 22 AL B8 7 #1041 1
J B 3 T TR R e b R
WA =N E AT 5 (ALB) L (B.O) R (A, O).
WARRMCEHE A% T B,.B%ET CHARAFAAT
AR FE AL i PEHEIRT A 55T C ., DA 3 SR 4G A5 (AL O
() LA
3.2.4 et

FE TR 0 B AR T8 (1 J2 R A Sk Ak 21—
Ay BUIRAEAR ARG R TN B AR A ] 255 R HiE 1 il
MIX; B &, XX FEARERCLRAEH
TSR T RS AR R . B an, SCkEs2 ]
HEH — > 4l BE 3 PR HE 22 (sample-clean) . ;L T A
A e — /IR A3 BSCHE R A O T3 O A R AR A 52
R AR TR A 2 R
3.3 R

HE R SR 4G B BT A A 55 R GE IR & -
1) 430 58 B B ). AR T L X — B R R E XA T
SRy TN B8 AR BN AT 55 1) 6 G ] 4 i AR X 1
f. FRATT T S 43— b G5 1 0 Sk A 400 TN B0 25
SR DT A 128 R ). B85 Ok 1 Ak T L, FR AT T4
S 3R AR Ay K5, DA T R 5 b A AR AE R
3.3.1 GRiliiny

— ST AR AR BL T B U G A
I8 FH 3k 2 5 BRI TN A 47 8. SCHRL76 4 o7
£ i B o L DN T 2 6 o £ 11 2 2 - S
FPEsR - (1) PR A AT 55 BIUCEE 3158 — A T A%
S 1) B () 1R B 5 (2D PN R 408 28 48 %) 1sf (] i) B Sk
CAA T I 40 11455 80 000 TN 78 AR A F 5 H 1 3]k
REX B G R AG B R 05T AT AT R T —
AT 55 J2 75 0] LAAE 35 2 B4 st ) B ok P9 58 A 3 45X
PR, AT AT LA S5 — A [a) A B AR A2 R | i ik
T » DT 5 5 o A0 1 4 55
3.3.2 R HREA

R 2 i} e 4 AT 55 i 2 2 50 i AT AL B AT 55 &
fif s sm TANRMEZANMMES AWEE R,
ATDATE N —fe i R A oy — ik e AT 55 IR AE 2
g i TN, SCHRC83 T3l i R ik B4 48 2% 1 A fir i)
[i] A 87 Ak A 3R 1) 28 S o K I B A 3R R 52 BT A
1155 Fin ity 2 R SR 5K
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PN

LRI P £ ik

8§

955

— U [ AR TR BB R R AT S IR
PRl ARBEA n MMES BRI kDR IR A

AT A AE 95 36 T B O T R AR AR L SR

[83-84 Jfdf JHAS 3. 2. 3 17 v |y 25 5 4 JHLJEL AE A o 20
Je A AT 55 (9 Kk B R) AT — 2 S E B0 AT 55 1Y
BB E T —H KA WA 55 X R 2 0 B R
MAT 55 B n. AR AT — R4 £ DRI BHE

ﬁef&%a@ﬁ%zrﬂy\,mum@%ﬁw%g,mmaz
BT R,

4 REHEEFERS

NER T AT FAT Al BT B 55 R AT 5 AR
FELHAY AT E A& S T ERE,
HRET RGN, B, 28 5886 E R 5 a
R EFEFEATBO I S B T AR B E R G AT
CrowdDBM, Qurk™"Y , Deco™™ i1 CDBMY . 4 £, %%
I 2R 8 AR BT i ) 2 o AR B B O AR B I
AR 58 (RDBMS) H, HAEH Q18] 3 . R 48 d it
PR O, SUVFAT: 55 & A AT 3E SQL Y15 5>
RAT W AL T 1 A ) I ) T AR A 5K Sl A 5 TR

L ESEHE

| =1 =
SQLAEEGES
]
REIER REIEE
| s /
AR ﬁaim\
Geitfs R1  R2 R1  R2
RO
[ Dtk ][ ot ][ etadhrs ]
ScfiTopk ][ Stk ]( St }
[ et a ][ et }[ AL ]
KRENTE
wxpm || maom || sxns || ez || mews
| =5 [ ==
&6 AEFE &8
B 3 AL A

BRAT 55 KA E 5 R B R NS 5 B A
TEXAFEIR L 2558 — 428 SQL A, R H Sk
A AT — W SR 5 R A R AR R
JLEAE AL b R AT BAT: 55 B WO DN &
EVE R

AR 401 T E A T AREEIRE RS A
JE 5 4.2 TR 4.3 WA A T R A R
MWL HAR. F el X2 4. 4 57 R BUA AR
B R G AT G LR B AT N A,

4.1 AREEIREER

ARALEHE i 2R G2 5 1% 5L Kk RBR IR R GEA WA
B S BB R (3PS €/ L oS WU U E RS N il
H SR I A 3 T O P N R R 10 A ) 5 T
ALK 2 2R G0 T Tt A YL A T AR A i
B0 SR BRI FE R 1. UK AR 000 T AR 8 T LA Y
AR 18] 28 % AL i b AEXE 1 A 90 3 2 e B S I
FEURE P X 2 A0 R HE R R — e R AT F R
T 9 T Sl PR BT A K P R S AL . FRATTH]
3 1 7ok BB,

A — 1] Select * From Professor, Paper
Where Professor.Prof = Paper. Author. 1 & 4 1]
ATk BRI A% G0 BHe P o AT ) AN REAS B AT Ae] 45
HLH R Guo. Li f1 G. Li BRI 2R — A AL H
JETEFAFER B R IR AR — R Rt 1% 52 808
FEAS B A PR3 B A7 7 SR UG IC 1 3% 4 ) R 159 . 248
25 1] Select * From Professor Where Professor.
Prof = “Qizhi Yao”. iy T ¥ JE £ & A “Qizhi
Yao” iR AL 3% o 1 GE R 12 TC vk 4 A AT A i 25
R AR IRATAT LISR BT At TSR AR SC 45 2, 11
FEREHE R L AR JE AT AL BT LR AT R T
B 3 R AR . AR S R — &
W R AR F AR E A (PRI 4.2 1), 5E 55
PR AT E ST X S A . SRS e R R A Y
PATIHRI. FESAT IR v e BIAR 2 AR5 il
ARALTEFE AL 2 55 R AR A TS 4
NP NI T DA o = o BN G 1]
U IR [ 25 3R A AT 55 43 C AN LR A B IR AT AT LA
S 3 WM B R, EAT AT R E T

Professor Paper
Author  Title Conf.
Guo. Li Tsinghua G.Li XXX SIGMOD17
J. Fan Renmin Univ. Ju Fan XXX SIGMOD16

B4l i R R
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A AL B PR ZR a8 A B A 9 E DL A LAk
R

S5%EXBHEREXA. &5k, 3 WA
T LA T 380 A B 500 2 v g 7 BT A R
FATAT LATE AR A B8 P R A7 N BT Y T B O
HRAE T AT, R 3. 1.3 5 R 3. 1. 4 5 i Ho R
AT AT 55 4 T 0 B L oS AR 45 o) 0 B 38 4 o) o
N A R R IATEAERS L 3.2 M 3.3 WA
ARAMIH AT LA AL AN [F] 00 2« A3 B AE A 24 R
RFES 5 IE FA ). 0 X e A s FRAT AT L E
Tk D2 Sy AL 1 A ) A A SR e A W] 55 B R T
3 SR AR AR AN FNAEIR e F ok 4. 3.1 19 .4.3.2 4%
Al 4. 3.3 5 Frak. o w] DLSR P fin 4R B g A Ak an
40304 WPrR SR LAE S8 B I AL SR . X 5
B WANE NV RN N
4.2 XREBHEEZAES
4.2.1 CrowdDB

CrowdDB" &3} T —F k24 CrowdSQL ) #5
TG 5 DA SR ER 28 B0HE 1Y A0 B8 R BRI AR L R A
F. CrowdSQL EFrifE SQL 1 B4R R H1 T =
A X 3A . CROWD, CROWDEQUAL I CROW-
DORDER.

(1) CROWD. CrowdDB 7£ CrowdSQL [ ¥k ##
B F ol A KT CROWD, & SCHIF 28 J& £ 5
R AT DL AT RS . NI AL 1 CrowdDB
AL L T P g2 50 . i 5 TR LA R RO
CIRVNC NG OB RE iV E Sl X YR TN
AR @ A0 5% AT R A A 3Rk B CrowdSQL
{#i f§ CROWD X & ¢ £ CrowdSQL ) Create
Table 1 /7] 45 5E 3% I R4 L.

JE VAR Bk JASRITS

review brand model sentiment brand model storage color

XXX Apple Iphone 8 ? ? ? ? 2
CREATE  TABLE phone _review CREATE CROWD TABLE phone
( (

review  STRING, brand  STRING,

brand CROWD STRING, model  STRING,

model  CROWD  STRING, color  STRING,

sentiment ~ CROWD STRING storage  STRING,
); PRIMARY ~ KEY (brand ,
)

model)

Bl 5 Bk E ik F (CrowdDB)
(2) CROWDEQUAL #1 CROWDORDER. X
PR A DR B 1) (58 T AR TN K il R R AL 43 O 136 L 45 e
(1] A ), 6 22 ) iy A it A ] CROWDE-
QUAL(FF 5 ~ =) 2k ik T H Bl 1R 50l e 45 o 29 3R

FOH T HLE APPSR “ IE Y7, 55 —Fh T
JEEET AR HET I 6 A MR, 45—
BAHARAME AL 25 L ALY 12 5% . CROWDORDER 1] L
BT B FfbR v I 322 A5 0 v BB k) SR Ak B AR AL
HEFAL 55

The Iphone 8 is the flagship
model of Apple Inc.

&5&& Is the review positive? &(5&5 Which one is cheaper?
SELECT review SELECT image i

FROM phone_review
WHERE sentiment ~= “pos”;

FROM phone_image
ORDER BY CROWDORDER(“price”);

K6 2if)iE S (CrowdDB)

4.2.2 Qurk

Qurk™ gAY — R[] i 7 2 BRI AR P
X K% (User Defined Function, UDF) k4" & SQL
B 5. Qurk 11— UDF 7] LA 0 — A~ T4
JERALAT: 55 Y BEAR. A&l 7 R i i E LT
% isWhite ] UDF, Fl FiF K TGRS H A F4L.

(1) Type. I FEBHUE LT — 2R 55  A4E
Ve AR i BRI,

(2) Ul Generation. U1 Prompt, YesText
NoTest, X 865 & 1L 5 HTML F T A FE 1.

(3) Combiner. ZZ¥0f & 1 ot & ¥ 6l 19 7 =L
LIEDN &3

SELECT 1i.image
FROM phone image i
WHERE isWhite (i)

TASK isWhite (field) TYPE Filter:

Prompt: "<table><tr> \
<td><img src='%s’></td> \
<td>Is the phone in white color?</td>\
</tr></table>", tuple[field]

YesText: "Yes"

NoText: "No"

Combiner: MajorityVote

Is the phonein white color?
No

oYes

K7 B e LR (Qurk)
4.2.3 Deco
Decot™™ E 2 & F AL HCHE k. T i R AR
I 286 B RO R TR A A ) T 1k
(1) B A8, Ry 18 F AR A B Wi 4 - Deco H%
55 KA HE ARG 2> 8. K 8 fros. —J5
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AL E PR 2R AR 957

8§

1] B FCVFAT 55 K AT K U K & T 7E 2 4
T A B A B LA L K R
4y MBI Ol (anchor) J& 7 7 4 45 RDBMS Hi {5}
LT F 5 0 A 65 @ K (dependent) J& 1, 1X
S T T A A T S e D e A
AT T DA 36 5 B A e A v AR OC R L AT 8
EBAY IR 3 — 7 T BRI B (raw schema) SZ B
ARG RDBMS o (i 504 22 91 FL AP R A] L.

4 (Raw Schema)

CarA (brand, model)

CarDl (brand, model, cpu)
R AR CarD2 (brand, model, storage)

&3 A& (Concept Relation)

Phone ( brand, model, cpu, storage)
-

FREGALM (Feteh Rules) : a0t i

@ = brand, model: FKIX—HFHL

brand, model = cpu : 3KHFHL cpu H5

1 RIF AL i

f@HT AN (Resolution Rules)

image = cpu : majority-of-3
@ = brand, model: dupElim

brand, model = storage

B 8 HudhE ik (Deco)

(2) 3B (Fetch). Deco &1t T £ i BOHL U,
FHR AR 5 o] M 4 2 45 20 0N rp R IR . — A
FUN BB S E I AR E 1k T AR BUS
A B KRR A Ay —>A,  PLOH P A R — 2 IR
WORAE B Ja P s Ay R AR U S M P2 A AR £
5 Ry . &8 T ar 4R At 1 = SR IBOH I Y 75
il s 53 | 5K B 58 — A B i AL, s A AL
cpu MR FIAEfif 45 5t

(3) AT L ) (Resolution Rules). Hy F Y £ i 4%
AT BEAEAE A — Bk Deco i 1] L) 45 G fff P i3k 26 R
— ECPE AR B A R L A 22 BB AR T RRUAS Y
Deco #¢it 7 PIR BT AL 4n & 8 7R : D majority-
of-3 R J =AY 22 B8 550K A e A — B ) 5

P.brand=R.brand
P.model=R.model

CrowdJoin brand
model

@ dumElim i PN T AERZEGTMERELZ MiIC
sk AR CHT R T B M E A w Tl
.

Deco i fo V74T 55 % A 25 4 ] 26 f =% MINTUP-
LES 45 2% SQL i 4. MINTUPLES {2 5 SQL
o LIMIT SC8# 7 i 13 25 0. (R [A] A /2 - MINTUP-
LES n ZAER DN T Al »n AHIocd, LIMIT
nERENKERERK R Pord. K9 7t T —
AR B R A RURE T 2 8 AR F AL

il WREDLSNERTFHIHNEL

SELECT brand, model, cpu, storage
FROM Phone
WHERE brand = “Apple” MINTUPLES 8

B 9 #if)if S (Deco)

4.3 BAMHRHITERL
4.3.1 CrowdDB

f£ CrowdDB 1, &5 A T AT =Fp A+

(1) CrowdProbe. %5 5 M T F H T A5 &
B oo 4 /Y B 2k {5 B.. CrowdProbe [y LY F
FfE— N EAZ A F B R, T T AP
EfEE.

(2) CrowdJoin. IZH TP AR ELHRT i
BUEHEE, Hh 20 — AR B 7 DL Ak
SN, K7 B . N % Ginner relation) #6201 & — 4>
CROWD (W, 4. 2. 195, & 10 Wiy 2 Ao i F
VAN E AN BN OF TIve: I P v T RS
(outer relation) H {10 ¢ 3% $%.

| Fill out the missing Phone Review |

review

O brand="Apple"

| Fill out the Phone data

brand Apple

CrowdProbe model

color

storage

phone P

& 10 i fifk (CrowdDB)

NTESSGE SO e v b4y 1 — .

B 10 25 H T X BB 7 1 5] 7. 57 CrowdProbe
1 CrowdJoin #1& 10 ff7x. CrowdProbe F T M T A
Fh SR i B2 Apple” 8 F- AL, T CrowdJoin W % #2

(3) CrowdCompare. iZ & F T £ CrowdSQL
HiE P4 8 . CROWDEQUAL Fil CROW-
DORDER. CROWDEQUAL ik T. A H#3 ~id 5%
5E M2 B AR AUA — 52 k. CROWDORDER #£3K T
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FHRMFVIFRER. B FAHNTFHIER KN,
A 250 75 B A B P ie. Rl 11, B F Crowd-
Compare H T 32 #F % ## 7 CROWDEQUAL ({71 411,
“IBM==BIG BLUE”) fil CrowdOrder ({5 411 , B4~
P13 BT b SR R T AR R 2.

SELECT *
FROM phone

SELECT *
FROM image M
ORDER BY CROWDORDER (“clarity”)|

pl, phone p2
WHERE pl.name ~= p2,name

Are the two entities equal 7 Which one visualizes THU the best ?

Iphone 8th ==Apple Iphone 8

\ J
~
CrowdCompare
B 11 (A AR i (CrowdDB)

XF AW  CrowdDB R A1 5 1% 48 %54l 22 A
[ )5 TR AL R I T AR Z AR T
1) 25 T 3] 0 5 T HE N O S D0 1Y i 4R T
4.3.2 Qurk

Qurk F#43 T M AT 1Y AL 4L,

(1) CrowdJoin. 5 CrowdDB 1), Qurk [F]#£
SEEL T — MR EE BRI L Ik A 2 P g sk
IR T DA AT 3 7. O 1 R AIAS
Qurk & THLE I Z A LR B F AR, Bl 12(a) IR
T Qurk (7 R AL AL B 5 5« fR SR AL AL B HRR T
NAEARALE: 55 %t 224> SE AR T Ll 3¢ 1 8 Re ik b 21

Naive Batching Smart Batching

Find pairs of images of the
same phone

Is the same phone in the
two images

O 1did not find any pairs

(a)

e
(Rate the visualization of THU\ Which one visualizes better?

il’r_ - 1 IRM & A Is better
§ 'ﬂllﬂMI ey
'V'f 7 1 —ee

R b 4

best B is better

worst
12 3 4 56

Rating-Based Interface Comparing-Based Interface
(b)

12 [AAE i (Qurk)

D2 3R TN 3 42 5 4 DA 56 1 L 34

(2) CrowdSort. Qurk S8 T B R HEFE 5 8, 0
12CH) s A7 B T I 7 ik 2ok TN H 4%
F6 8 AR Y. h FRE O’ B LB WL %7
PR TR ABEE A A AT AT . o —Fh 7 ik an A 1#
JE 7R R AT 43 09 05 3 % 3538 3 A0 i 42 1R B
RN TA . A2 O By E A%

Qurk I A P A B 14 A 1 i BB < AT 55 G2 A7
FE 55 58S AT 55 AR 7 LA AT 55 O AR AL % AT
55 B RUAR AT 55 e A7 1 28 2V 25— AL PRt
R AR AT WIAT 55 7T LAMAT: 55 B 8 vh 3115 A5
JE R ER B LA SWRABIRET5.
— HAT 55 Tk AT 55 B R th R A A A B B
PR AT B AR5
4.3.3 Deco

i 4. 2 TR - Deco 8 s & T I AR A3 Wi 4 Bk 2
{E8H el E. Ak, Deco #1117 Fetch B 1, % &
TAF R LU OB BT A AR B AT 55 Ak s Deco i
SRR R T AL A 09 A DA AR 3R IR Flcdis L 4]
FEANEBEE B2 (Left Outer Join) | 3 JE (Filter) FlH
(Scan).

£ S DO o I 1= A P <7 el = a1 LR T RV
T s Deco & LT — M HA L LA )

Xif T2~ 18] - Q1 1] 6 2] 1 1 25 #1120 - Bl 7t oy
A ] BE 192 i 1T W — 1~ R Az AR 7

R TR X A (0] R 2 B B A P R B AR —
S AR ) S A W A R BN N R AR
BRI 20 R T AR BN A AR R A R
Deco ff &k T LT P/ 7] 8.

(1) A . R 0T A5 ) 3 Jal i, 80408 126 ]
23 NTE N H S8 3 1 500 3 AT 8 23 5% ) 5 2 i 72
) A Al B, 25 R BE R O, Deco £ 1 T — Fh %k 48
T R AT R 0 AR IR AR 8 R T
LS 7. 1 1 S A B P 1 S IR A I 4k
B2 AFRFHAA=ZETHLM AR T
TR T I E$E 3 (selectivity) 2y 0. 1, P I K
PR T R T AL S oy 2. 1L T B R
Fetch B 3E T —4 5.9 ¥ FHLH AR,

(2 M5 5.9 DERTFHA H 5. th THRRT
PLAEEFE A 0. 1, Fetch ¥+ 2N T A 2=/
RS9 FIR . T I & A AR AH R B AR AL AT 55 LA

o A A ) TR A= - TR B b AR 2 BT T BRI A
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TR0 1 SR w2 B 5 9T LA Deco 3 28 367 it
R LA TOAR T B 5 RO SR T L A 1 3R
1A ASE TE 45 R i M LI 5% SR 5 il S AR T
BIL7 3o 308 ik e e S, A R 55 R 1 A T R A
CSEIRFHLNE N AR BORT IC S A F S A — A A
TR AR AR
4.3.4 CDB

H AT R AR BB T AR 0 0 R A% 46 R AR 7 A 1)
TR H R B — A U0 Ak 1Y 3 G 45 0 R
b2 . H 2 X BE 3R Y I 1k 2 b g ORL RE Y
CDBYY 5 ST — A5 B 25 ) A5 A8, LS X Ak £
Ko o A7 Aok B f k. B R, A — A 2%
SQL £ if] . CDB 2344 & — A~ &l o B A T & 3%
A TE A TR R0 SR RS AR AR i AR )
() 3% 1 / e R VS 1) P Il ok R B RT R AL Tl SR
GO A0 R BE AL, B B b U L B — 25 R ET AR
R — A A R 9] ) TN 2 A AT DA B R X A%
SUNOTSE STRET N SR AN EL T ST D 8 e o d o B
R 13 . % 50 2k (20 i 20O i R A~ e St g
CINRE) B 4. FE ML SERE L 4A T — A o 4
HEROH A X BN ERE KK nt1 11
WA 2. CDB A] DISEHRE A T A I 85 L i 2 R
4 HEFP AN Top-k. 3 FiZ EIHLAL, CDB 76 M 4% | 4E
RN =AY R T A k.

phone review phone
e %

phone image

B 13 fi+:CDB By {1k

(1) A P . FE T BB R 4 5 30 18 Ak o A
AR TR Z M itk as 18] ANIEL 13 W LU L AR
TURE T e T . o e e FHL e A AL
) 5 2 R A 5 A TR AL R e AE T LA T LI R A 2
KA 2 AT fi i A F LR A % 25 1 color=
“black” Z [A] 7y B & A 1 A~ L G AR 3, 53X 2 4E
2% 8 ML 55 (H 2 2 T BB RY A 7 3 A ) T 4K 41
Y0 23R R BEOR R IX 28 2T (4 1 31 AT DL BT A HE AR
Z AL EER AR B4, A sl 13 B . 8 e al LLif )
FHLMFHLIEG Z 6 1 55 — 4530 PR Hopm T 9 40
2k L DUE 5 A o 15 00 A S TR 1 i A 1. AR 5 A

el & P 2 4 1 At HL A 5 D7 18 59 B ) A 301 X R
BT BRI AR 5 2if)1n) 5 AME 55, CDBIEW] 1 &
TR H g [ R0 36 86 1 10 A 1) R NP X 1Y, O 42 th
THE TR EREE Mmook T RN R LS
O fift PRz [ .

(2) FERFE . CDB R 5L T 46 £ 09 185 8 >k i
EAER AR T WA e e’ ,CDB K
AR A AR ) — A BE B A2 b (R AT BB R 2 221
AR, AR . CDB 2306 X W &5 i br i < op
287 K Ry iy ie]— 4 1 AT BE 4 S B — AR I B BT AL
TXRE Y 17 (] B ) 3K 1 4% 00 J2 R 2 AR s 0 SR R
CET AR AT AR vh R N T REAR R
CDB ¢ [ i 3 5] =l wfr 5 1) 301 (R AS [) b 960 ] b 28 1)
AN, 2 R A v oS R L IR — SR A R
SR WUR T ZE W ) 55— k1. b TR A A
R A A ) — A 2 6 A2 TP L 3 0 Y iR R A —
AN A e . BRI S 3K AR O VR 2 Ty B S
I, CDB 4 7 35 3% 38 43 4k 1 75 36 o Kl 2 5 1]
LA 7] B 36 [0 4 2 1 320

) . AT T KRR 55
R I 25 R AR e b A E AT R 4R . CDB Y i
AR 2 B U AR L R SR A AT 55 43 T (3
R ULES 2 5. I ah, CDB i S £ U Fl 2 54T 55
P14 I A 4 o] BRI R L 2 T R IR A AT 55
4.4 REHFEEMNERSI

ROl G B B2 R RENEMN. B
AT RAR KB TH B0 A 1 25 900 R0 4 78 A B B8
JE Hh FRATTHR SR W] AR B e N AL Se &R 51 L an B+
B WA 7R B LB R B 2 — AN R B o
BB FRATR AR AT AR T LA 1R 518 in ik 25 1. [+
I AR AL E0HE PR P DA SRR 3 T AR R 51 4k
M s 240 A — A B8 e B0 E s AR R 51 S
TE ALK PE v 2 ok FRATTR s 8 AR K
JEF | IR S A . SRS AR 6 ik — 4
PHEA KRR A K TAE.

A4 1 ARATEUHE R 5| AT

RS R G FER G LA s H
JEMF 56 22 HAS BE B v B HURS B 45 b ) 4 25 10 7
9 2 T ) TR R P O O A A ) A B g A
Bl 14 Frs AR ALEHE PR R 5 I8y 285 | A B A A
4 B4 . o BRI A S AR 0 A
J (0 BEEAE (O8] n 42 BE A 18 2 T HELR )7 00 n A 2R R 71
SR E R R H k). G AR R AR R I
AL AL PR AT 5 DA S SR IR S %L B
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RS 118 A A Y R 30 S AR I — S AR AT 5
Bl 15 Jr/i. dog b TR 1A R O A 0 1A R, R T B
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However, it is rather difficult for the requester to interact
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worker provides an answer. Therefore, some strategies
should be adopted to control the cost. Current research
mainly focuses on machine- based pruning and answer reasoning.
The former one aims to prune some unnecessarily asked tasks
based on some machine-based computation. The latter one
leverages some inherent properties of the task to deduce the
answer according to the obtained answers, like the transitivity
property in entity resolution tasks. Secondly, since the
crowd may make mistakes, we should control the quality.
The general approach is to generate redundant questions
corresponding to a single task and aggregate the answers to
infer the truth. Thirdly, we should control the latency because
workers answer much more slowly than the computer. The

commonly used method is to ask the workers answer in

parallel.





