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Abstract: Most of the existing state-of-the-art studies assume that there is only one task requester for the crowdsourcing systems, which
is hard to satisfy the scenario of multiple task requesters. Thus, this work focuses on the crowdsourcing systems consisting of multiple
task requesters, where all the requesters and workers can bid or complete multiple tasks in each round. On the basis of that, this paper
proposes a truthful double auction mechanism for crowdsourcing systems to incentivize workers and allow efficient task completion. First
of all, this method abstracts the workers that interested in multiple tasks into multiple virtual workers, and further designs an efficient task

assignment mechanism based on the principle of low bids first matching. A truthful pricing mechanism is developed based on the principle
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of uniform pricing. In addition, a proof is given to show that the proposed mechanism satisfies three essential economic characteristics:
truthfulness, individual rationality, and budget balance through substantial theoretical analysis. Finally, extensive simulations are
conducted to study the performance of the proposed auction mechanism, and the simulation results corroborate the theoretical analysis.

Key words: double auction; crowdsourcing; task assignment; mechanism designing; multi-unit task

AR B 2 BT I A KB A T, A B (crowdsourcing)/BE B B Sl (crowdsensing) 1 A — Pl gt B 4 S5 2 B
T H Ak, B3 I T 156 DX B8 R% 2 LB )20 ) 32 4 A A AN () b AT A7 A B (1] 5 2 i) B (2 149 K A A IR
R AR A 228 2 3 (7 g e A2 2% o A f — o i B A o7 AN 0 2R G b AT 45 SR 2 1 e A 2% B0 K il Lo ol 22 A
TAE S, BB AT 4 (U1 Amazon Mechanical Turk!)#5 71 5% (sub-task) & 4, fiE £ 4+ 2% 9 & 58 AT 65 R FH A
A8 3 AF 551 SR 35 (Task requester/Crowdsourcer) T BAFE 43 ) B 4 5 38 42 48 B 0061 & 5 58 A8 v A b AR
R AR A Ml 32 T A 3 8 Al B B A .

H AT, O A 2 £ 2 i oy i R PR 7 85 AN 0, 0 == s 1 SRR O R bR M R4
P 5y 33h T 1) Mechanical Turk 7 & 40 B2 AR ML T #8350 5 MIFE A bk 6,0 38 %2 K R - AT A A A
AR/ F R T, B T 3 5 Ak 1 7 2T R 7 NASA AR 2 i 78350 H DOk 1 (1 o 8 4 S 56 SR B AR A 11
AL FATRE 5 16 H BR— R, 082> 1 80T IR SR B0 Hs 1) AR Foldit  BAHL ik 1) 77 =, 1k A Pk
PR YN )R O A IS A SR BRI R A AR B, R RARYE T B 1 SE R 45 T F 4 Indiegogo A& 32 E H
KAFETEAEHEEZTE LEREES R T RS XEOH WAL CRRFEENE L XEER
A AR Bh I H A EH EIRN T RRIXASTE T AT . WA B RS P O AR T, o ELAE T N F S R L
R M. HT TAGEES MM E RO ERRETIME TR, FEMAS 5 G R AR R ™ &
T EE, 2 5 AR I E 1 TN AN E 0 X 28 N FE A AT IR 4 AR KT & AN AR (R 3R A8 I 0 i i 2 2 A 5
T TN S35 R B, AT 72 A T AR5 B, S BURAL T & R BENAT 5518 SR 3 i 30 7 s g pe LA
A T ARE AL R GE I R B, 0 81 LI RN (incentives) v 2 ik i AR 55 43 Be AL 1], 3 B 22 45 66 0 1 9 4% A3
S5 i B G0 N BE 58 BT 55, T AR IR AL I B 1 R0 58 k.

H A, 22 AR A A RGAT S EEHLHIATE 70 5 A5 LR 3 R AL B sk - R . B sk -2 4R
AR, 415 3R - 22 R A U4 of T i 79 oA 5 30 3 A 36 B 1) 41 32 (single-sided auction)SEFLR T A BRI 45 3
s B e o 44 3 XA 47 32 (double auction) SE BT 55 28 B AE 5 T 50 i HA 52 I AE 55 2 FR AL F 7 v, BLER ] 4
S I SE ST A G 1k R A0 SCHR[ 1580 AL 3R G BIAE 5520 T 1) AL 3t T LASF & 9 FRoC R BUFH 2 ot 1Y
PN ACELAE 55 73 O ASE AL, P 5 3 LA R AT 6 R ad o B IR T 8 AR P P P S e ek 1) ke 3 FH P DR ) 25 ) i
FASEAR B SR FH 00 B EAT 3 B ) F 5 R0 A8 04T 78 U SCHR[1 7141 5 35 28 060 3R e A7 18 0 0 FH P 1) 1) A
% 8 P A, R T 225 3 (off-line) AN E 22 45 R (online) T I FAE 55 43 FL A 2, BT 28 R W L — &
P ILIEC 1/ A TE Sk L VCG 1321977 O TN (worker) TH 5L 4R T, J5 25 DA 500 Sy 3047 43 TS AR 4 S48 5%
7 (critical user)BEAT 8 A SCHR[ 1814 X #% I 5 % Jon v (00t A 28 8% 1) 1) AL 32 H T — ol NP-Hard 7] /1
A N 2 TN TA) W] MWSC ) ) — AR, JF B vt 1 A LR AL SR SR (2214 % A B R e AR AE 1Y
AT S5 53 e 1) /R 4t — ol NP-Hard [ 8% 44 g 22 T 3B TB) BT A B0 302 4B 23 T RV A 22 T 0Ll 4 S2 i A
E 5% 43 B AL 50 o, SCHR[L6] 1 KON AR R G T8 T 2 AT S R F B, IR H T — A5 T X0m #1321
FE 55 53 BEALH B A 2% 08 TN B ik 54, RIS A 5 8 TN RIBOR /K 22 S i B 32 48 68 77 36 Bl I AE 5%
K TE G SCHR[ 19138 T — R E L X A 4 S2 A B & H T3 S TR A R AL HIRE B R T AN Z MES
R SCER 201855 fE T A BN BT 55 4 T 2 H PR 8 TN R 2 AT 55 7% oK Sk [211 5 .8 T T AWK
] S M & IR (B B B e T & HUOR A R AT 5% B T 25 F XA 46 52 0 o0 BT 45 4 TR LA 90, 3500 %
SEIMNGIEZ 6 T i A T = e oy NG SN PO SR S 35~ VA S i N o) N N A /[ o
R BTG R T 2515 R EAVE R G HIAT 25 FE AL, ARAIE AL I H 15 250 58 Bk
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2 HEIASZESZF R EHHESZALE

TS gE O AR SEAL ] RS, 3 EAEE 3 AN MRS 0 A GO R E R ReR. TAE W,
DL B S B 5 A 010 5 A v 550 2R T 068 BT LT R 4R SE AL HE AT B8 20 B, B840 A SCH A SEAL AR A T A2 AR
55 i R BT AT S L[R2 3 2 A Tr et
21 t#EESSE

AR TN ZAES TR R B RS M 5 B EARN G E AT AR GEHRIE—MES KT
UL 08 T 1 2 AN O ERAT 55 (19 TN AT DU AR A2 B 5 0 22 A e UL N 42 JRORRE (0 S8 B A SCHE A I
NARSE B 5 EOGBAT 55 R 1 508 2 A BB U TN I HL LA B AS B B 55 10 X 73 (0, T wy MRS5S 0F
R Ti={t1,05,85 3, A 3 A AL TN {wy, wi )} B T wy) X RE AL TN wi AR T wy B TAESS 1, AT A
W A TN TR, AV IR AT 55 0 4 Gl 1 B B 588 R i sk 4% A R THOO7 HE T,
15 == Zr R EEHR G AR NS RE | MREMES (BT A RIE T 4 BRI w A4 G,
AR JEREN T m MEF AR W RIATEN G BT AL T IZ RN R KPR R by <<
<by, B ISR G IR, BAR SRR W 1.

it [

iR HEAULT AR
Hiffr # (A

Fig.1 The construction of task groups

B 1 AES o 4 HIFy g p Y
2.2 SEFEMN

G MEFEMRE RET m N EERE | MR Gt HAE GBI T A% by, AERE IR T HET 3R K,
AR SR 3 i 53 BC SRR D 6 3 AT LA ST SE2 AR SR AN TN AR SCR A e A0 AR A A 018 2P DL I £ B, g i
SREM T NHEATVCHE, B ZAAEPAN P IR 5 1 2P 35 AR R i X RIAE S5 0 4 G b i 2 AR T AR, AIAE 55
FUERL f; SR AR R DA BB LB AW RE @ W REEST B TN 56 B, AN BEEAT AR 55 IL T IR 2,
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i mA Ry BJE M R RN ER B B AR R & 5,904 s I r FENIEF R T A —NLR &4
52 B AE Ry ITERE i R A G, b AR BRSSP BRI G TR R A AL E
A f; BARI A o R AN SO 1R RS — AN 2 5 AF wl BT RO RE DL DA w7 75 A
Ry I BRI K3 .
6PN D R Gl 255 1 B RATHE TIERE s Fl R, HHIRATIE s FRIE N IEEAT 5515 R & (critical
requester); L5 2 35 WATEH 1 R IFAFE) W T2 AT 7 BCsh &5 1 TR R W R HI 4>
ol &85 E WAL S R AT B ) SE A T B
ARG — M HER X Ry HERE S Wt R T NBEAT @ N 5 T A SCE R G LR
w AR5 TGO Z AN T W, JFU e T; X0 4l R A5 2189 2 A RS T84 w; BRI, A2 7 Bie 45 o1
JE At G T wh BRI py BN T B Sk oh A SCHE RS T AR S 1) w) BOSR I F Jy 20 2H
B — AT LA 2 w), BIARAN by 54 w) B B9S2, A2, w, X 2 LT 2R AR 55 o, WO R0 T
B AR SE B BRI T Dy 0 AR SO A RIS 40 T2 I SR B IO 2 o, v N AE R0 20 TE R R B K OB 3K
FIVHAN r R AC R G — S AT 21 A s 40 32 A SR A ANV I B b v 0 T B AR B S
W RF G A AT T2 3 B E N A EG).
FiX B RAT5E R T X3 R #FH 5 T4 BUATE O, B AR BE D IR S WA 2.
PjW:zter x; b, 5%, ,.E{O,l},pi =, 3)
B3k 1 RIS HHL G,
BNEREES RLANES W
A% H G.
W=3,G=J,
XA G K E BN TR T LR i =n= . 2,
for each w,e W
for each t,eT;
W' =w'Uw,;
G =G Uw);
end for
end for
for each G;eG,ieR
X Gy wy DR AERE RO HE T A5 by <by<...<b,;
end for
return G. W',
BE 2. EFEmAM I IR FEN.
MNTEREES RINESG W, WAESHA G,
it BT AR S (T R G R A LRI TSR WO B b icr A AR (P}, o e -
@ R~=D,W' =,
@ for each G;eG
® if AN A 1 TSR HRT 1
@ R=R,U {i},s=i;
®
®

@6 OO OE O®OOOE

end if
R=R\{s};
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@ end for

for each G;eG.ieR,

® set k=0;

while k<G; (K ¥ && k<f; && b, <r,
@ k++;

@ k——; ¥k R R AL S )
@ ifk=1

) set x;,=0;

® R k1 AP B =1 IR I W p,, =B per;
else R=R\{i};

@ end if

end for

return R, VV.V,’{pi}ieR’{pj,i}uf/eW,t,»eT,;

2.3 Bt

AR A S AL L TN ZAE S 7 SR R R B SRUE AL 2 3 AT Rr v, B A5 A A SE B B
s TRt AR PR B S A 3B R WAL ST 2887 1) I B,

A AT BT AL P o S P 32 BEEAARIILLE P AN O L — 7 LN T SR R RSE I 5 — A L TS 5 R
TN UK S 1) B S B AR SO IR T 13 SR R o S FRATT 5N 2% s L.

EIE 1 4 AN EEREREEEG U LA E RN ARG AERE i DL r s 7%,
A2 0 AN /e B At — B 2 BRAS HSE.

BT AR SO R F L AR P HES F b 0 s A SR ASRRE CEF A A E .
i 5 RLAESS 220 Gy B PL N FRA AS 28 X R i 2 A 2 A IR R L D AR 280, TR Mid kg e 1
R G, —E 2B NEL.

EIE 2. A ARFEHNEEREREEGHNORFERNME SR TAEAERE | LHBAY 7 /WG 7,
T2 015 R T B R AR R, B U, A 2@ i B B O T ek U B

T AR iERE § MR T &5 5 le W 1Y critical requester .45 i LAY m A1 /B BRAE T 4032, 84
SFEX | SR AR RIS

FLBRATT 75 BEUE A A SCHE A ML 6 N 0 S A B0 e, DA SRR A R TN o A S s, B AN 4k SRR
5 SR 1) 0 R 5 T SR AR ANY 1 SR (1 280 A v T R AR SC AR AR, TR IE B R AU R SE I T2 S sz 1 R
LN wi JRATAT AR B0 4 ROk T BE 15 B s 10 2 MR A 5 00 20 #7.

1) w, TRWSEEA WL R, w, WAL T A w, FIEES 4 G WHa — N2 & F
(critical requester s ) tH A 26 A7F K i A 55 W€ BOo% AF) HLARAN e i AR AL LN RORAN by 1F D9 W) BRI py o BT LA,
BIASE w398 S B D S A A R A 411 S I LR, W BRI S g w AR AN o T IR SR AR T A 4 5% B3
SEA AN T AR A5 B0 2808 KT O3 T AN S AR AN T B A 1 52, 4 B Sl K T RN, 3k e A AL B R T A
TR & B4

2) TSR R A5 41 SI2, A TSI AP A S AR AT A 2 TR AL A DS R A A A5 4 ST, 0 I T S AR AR
F/NT g BT AR BRI — & 22 R TS A, BT DL S 0 P RS 30 KT 0 0280 2 5 1T AS 900 S 4 A 4 4 5,
a9 05T LAIX R E LT, SRR A 2% 2 e

3) w DRSO A S, AN R SR B AT S AR AT A 23 BC AL AR DS RN T A 0 S B 4w Y
WM KT r BN 0:24 wh BEARAE 55 Al O BEAT AN ISR B AT 1 30 32, T 2 A3 2P 2 SE 5 1wl 4R
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B 2545 0.

42y T 4 297 BT T LS 0, R S R AR o5 S B R B — T A S R B
531 LA 2 i 3 6.

R0 S0 0, 256 3R O e B 00 0 R0 AR R 2 SR, 6% A S Lo o A2
A RE P E T2 SR A 32 00 4 R 2 Oy TR A0 AT 0 T B 4540 32 0 A 0L T A B
B9 by, AR 26T SR A T, A OB 86 2/ A 5 Bl A SO sk 5 B A4 BBy o, T TN
(225 HAREH AR BT 7,7 BLF 3 8 BB RGLRANTF 0 10,587 A SCHEth (0 BLAR) R T i3 P4

3 HEEMSS

ASCHE T — AU S U F SE AL, IR R N B 2 AE 45 7R SR AR SE 5 0 B A3, SE B T SE XN B R S
FRTUAT 2 2 47 4 A 0K AN TN 35 B 154 55 56 B (B0 P DL TEE 28 ) A A BE VT S IR ROCR O T R B S
BRI 3 A SCil it 5 SRR [ 161382 Y 75 ¥ (double auction task assignment, & #% DATA)BEAT X Bb 5286 4E FA
RS2 06 B2 B 15 SR I H O 29 50 20 A1 AE X RN 50,2497, T AR A 13 53 20 A #E X 18] [1,100]. BT 19 0 45 R 1Y
1000 405718 AT 45 R AR

31 EEtnE
SO TR RS ERR PTG S mEE LHAR@)~AR6) TR,
e BT S A N E

TN ﬁ'I/\iﬂl (4)

N A 54 INF

i e TR IE 55 5 R S A
T e = R ©

32 FEBESWENHR

FEA S BB A SE U] 5 S AE RS20, LT &4 5 i R AR AN R O & RS R E SR
WCEL 3% FH 4% B AR 3R AR AT S5 B0 0 0 P A A T AIREH . i T8 T A E 82 A BT A/
FEAS TN T, 35t 2 T IO 3 45 52 190 R 400 T N SR AS (R S A0 G B 2 B W82 2 TN EA 100 B4 )
1 000,81 5@ A 100 B, & 4 BAT 55 K97 500 5% 5 7 4R 0 2 18] #938 fh e 28, 3R 1T 40 M7 7 & RO BT &5 i 25

B 2 FE] LLE BT 6 RS R E A e i B TSR 38 0,7 & 55 R & B AT & T B B A
A F R RS, T TN BT 45 T 3 3 S5 (B 4 T P X R DR A, 24 R o B — o, T NS 38 it (R 7
R, TN Z 8] 58 A s 20, DR N AR B T B TR b, 24 T N 38 K, 7 & 0 BT 45 WAL 38 2 R v
33 HEEXLLSH

WL 3 fw, M3 SRFEHE N 100 284625 1 000 B, 9 /N 5092345 21 (1 TN 36 2 B2 o 0 e o 48 SR 0= 1 38
T LT e & T 7 22,0 AR EES 2 T AR ERE Rl T FEIF R T DATA HikH.iX 2
DR Ay Bt 7 15 oK 4 55 E 0 388 0, A A TN 4 B AT 55 90 T Rk 398 K DRI 76 7 N SR TN R Y 28 B
Fritadh; 5 R E IR T LU 2T T AR, TAWEEAE LA NRNARLHE T NHZLE TR,
T DATA AY 2% 58 T2\ [ 54T 2% 75 3K, [RI T A SC TN (139 3% =1 T DATA.
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25
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TN H iR
Fig.2 The performance of payment under Fig.3 The performance of worker satisfaction ratio
different number of workers under different number of requesters
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e o SRR L 23 A, T DA B BRATTAR) 59 B 3 Y TN 2 (01 6, AT 38 S 70 e A 2 B AL
3.4 EBZTRESMN
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