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Abstract: With the rapid development of mobile Internet techniques and Online-to-offline (020) business models, various spatial
crowdsourcing (SC) platforms become popular. In particular, the SC platforms, such as Didi taxi and Baidu meal-ordering service, play a
significant role in people’s daily life. A core issue in SC is task assignment, which is to assign real-time tasks to suitable crowd workers.
Existing approaches usually are based on infeasible assumptions and have the following two drawbacks: (1) Existing methods often

assume to work on the static scenarios, where the spatio-temporal information of all tasks and workers is known before the assignment is
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conducted. However, since both tasks and workers dynamically appear and request to be allocated in real time, therefore, existing works
are impractical in real applications. (2) Existing studies usually assume that there are only two types of objects, tasks and workers, in SC
and ignore the influence of workplace for task assignment. To solve the aforementioned challenges, this paper frames a novel dynamic
task assignment problem, called online task assignment for three types of objects in spatial crowdsourcing, which not only includes the
three types of objects, namely tasks, workers and workplaces, but also focuses on dynamic scenarios. Moreover, a random-threshold-based
algorithm is designed for the new problem and a worst-case competitive analysis is provided for the algorithm. Particularly, to further
optimize the algorithm, an adaptive threshold algorithm, which is always close to the best possible effectiveness of the
random-threshold-based algorithm, is developed. Finally, the effectiveness and efficiency of the proposed methods are verified through
extensive experiments on real dataset and synthetic datasets generated by different distributions.

Key words: spatial crowdsourcing; task allocation; online algorithm; competitive analysis
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Fig.1 Locations of tasks, workers and places
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Table 1 Information of tasks, workers and places
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Fig.2 A possible matching process
B2 —FrA R IL e

AR TR A

o HIRERHREH = U5 AR RORHAT 55 23 L AR S W AT 55 23 IC IO Zh AR T, B2 1 7 28 Il A B PR 58 ) 3 28
X AL LAT 5570 B ) AL

o SRMBEHLB A IFUEN] T2 SR AE B 22 DL R I SE 4 L

o CRIAEZ S 2] kR BN B SR Y e D B 38 N R AL 1 B3, O I W 2% S0k vl d A Bt L 1 L v



614 Journal of Sofiware ¥4+ %% Vol.28, No.3, March 2017

AT AN ] AL P 38 21 1 o A 28OR,
o (RS ANAN R 3 A Ky R AT SR UE I T 5 SR EAT AR (KA AR B AR 4 1, B
AL SRR SR AR I 25 T4
ARSCE 1 AT ARG AR A 2 5 )8 SCAR 3 4T I IR R R 5 58 A0 35— L T RE L B R P e 2k
SE - BRI K 38 A 25 S ik iy e ke . FAE W REATL b (B 53k DL SOHE 7 (K B8 20 #7565 4
WG SR A R AN TS 5 IO A SCEAT R A

1 #HxIE

AT IS B TR 85 245 1) AR B PN ST 1) 2 30 1] 5 A SCAR SR AR, AR B S5 R
1.1 HEE

R4 43 L ) 7 (assignment  problem) (1 #25/ 3l 2555 1 K 2L B A FPAIE 5T 43 g B8 2R DU BC 1n] 85 (LR A A5 T
JC ) 7)) 5 E £ DG I ) RO R B 2 VI 1) #80), 73 i AT i) 3
111 BELRULHC )

(a) BE —4rIChd

2R 4y DU () K 0 DA #  41 A AR A6 AU R (1) 28 it 1n) . LK 5, 2 $R 45 58 B Rl I/ G=(ULY, E), U fl
ViR BAKA W SAE AL ECUV 32N, —NILEE M & 104E E TR AESX TR oV Fivs i, M+
A 40 5 O T AR o T b U R T A AR, ST 1A 2 43 DR E i) ) O B K 43 UL it (maximum
bipartite matching) 15 KN4 43 VL (maximum weighted bipartite matching)!®._F i P i) fB 1 7E £ 35 2 I 7]
VAT i, B DR 43 DR E 1) R A AK B A 2 B KA DG R 50, 0 12 ) R 2 20 48 oK 1 20 SR i vk L rp i
HLAR ) 595 1 Ford—Fulkerson 5VAL M Ah 556 K INA — 43 UG IE 1 50 P4k I v A2 B KAk s — 43 B DC L 4 121
BOIRAN, At 555k 1 ) S, 47 F Ak 22 42 MB35, 40 Hungarian 57958 55 b Burkard 45 A BT 5 1% 2 0% %25
2 Z 43 VTG 1] R (R AR R EAT T 4 T e 48 Hh - 4.

M P (10 1 £ 43 DL I 1) R, 3 A5 — S BILAF T AH DI S0ARE ) DG 70 4 2% )R P 20T S 1 G i i) R, b 2%
TP 9 A FR g 4% 18] D AR B A H AR AS 7], Wong %5 A0V B Rg AN 6 500t 57 — b 2R 2R Xk 52 16 i e 4 73 BT 45t
4 LG P s DG . A e 5 2 AL VS A A7 2 B 0 R 4 P BN P DG 9 2 26 I Lo %5 A2V 985/ A
F5e R (1 DG P B3 T, 2o P 0 T 8 1 S (B A o 5 5 N U 032 48 24 W UG JE A6 W) U UE P 45 1
R T e RS P 0 LRt 1 44 DU ) B D k. Gao 25 AUV 900Ks 8 305 43 T 48 2 2 HH I A 2 i) =, B S 2k
EIE AR A B AR 2 f /N DT E 25 50 0 R R I A e 5 il Ak H A 5 AR SCAR T

(b) BHZ =4EILC

AN T B8 2k — 4 UG I 1) 0t 22 30 3 IF ) P9 7T i 1), Garey 25 A\ UMIE W T 8¢ K = 4 DT I 1) /% (maximum  3-
dimensional matching) & NP s [ #f — 2 #b Kann 25 AUSWEHT T 8k = 4EVCEC ) 8% MAX SNP-hard!"® 7£ 1% )
(1) JEE AN SRV 5 77 1T, Hurkens 25 AU7HIE ] T B K = 4E DTG 1) S AT 55 2>0 S 2/3-n 3 A, Arkin 55 AUPHE
WY T S KN = 4EVU I ) X R >0 A& 1/2-eR] U ABL I 35 oK = 4 DG TC il /850 R0 g K A, = 4 UL . 1) A ) 30 A
SVEFET PR N R i 2 (local  search) [ J8 145 223 MBI AT DG IC R I B — 26301, 8K 5 N 5 360 4k DG Jic AN 58
(B o 2L ) B30, 9 ) T A2 75 RE A% 3R 459 T 4 IR VT e &5 5.1 T o — AN 7 A 4 — JEVAEL

Bl 2:AT AR 1 g ] 3(a) s I =45 B, 3 s S 1 G 3 AN mO)MAUE N 3R 1 s AT 45 5
NSRS A () A1 31 (2 1,p 1, wn ) BB K 20%0.9=18, 3 (£2,p1,w)) [T BUE K 100x0.9=90.5%F T 78 5 KT 1 1)
X5 R B 7 B,y BN 28 LR poy AT pop 23 R ARAT 5 143 2B 3(b). 505 B B M UCR
AHE A PSR I e B 85 B A2 AE & 3(0) T 3% B Bl R U 5002 56 3 (¢ p o wi) N K B 25 SR 4 A6 2% 18
2 (typr,wi) B BT 130 5 (1,1, w) 58 DR G AN I 1 &5 SR 4R B 5, SR AK UK 3 (43,921, w21) B (83,022,
W) NI B 5 SR b I I I 285 SR AR W 1] 3(b) 7 €35 40 AR SRR JEAT JR) 048 2R 0 I I 5 4R v 11—
253, S B 232, 91 51N 1% 30 i SEARAS 55 15 0 45 SR e v e Atb i o 5 EASULEE DK T 408 I3 1) a0 o 25k



RRAF F 2RO T4 3 £ L AERIES 5 615

TR (21,1, w1), I BB AT LA (20,00, w) BN I IR 265 SR 1T (0,00, w ) BUBUE R 90, KT (21,0100 HIBULEL 18,553203K
AT RV s AU, TR AR B B (13,021,921, 5 I (3,031,w31)5 35 S B BR (4,22, W22), T N (ta,p30,w30). 28 1L R T 48 21
Jru S5 R HIL N 3(c) T 2068 F 23 e e R LR O S B G ] 3(d) T i ) A 2R i R L AR A
(UL AC e, D I F AN TG ] T3 a3 55

ONONO

Fig.3 An example of maximum weighted 3-dimensional matching
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Table 2 Random algorithm
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& ;%. Random algorithm.
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Output: M.
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2 Cand<« {5 v FLith /2 BT LR 4 I AE 55 2 i )
3 If Cand RiEa 4k

4: M Cand PATEIERE A IMAE] M
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Fig.4 An example of random algorithm
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Table 3 Random-Threshold-Based algorithm
=3 HEHLBIE S

& %. Random-Threshold-Based algorithm.

Input: 7,W,P,U(-,");

Output: M.

I: G[In(Upaxt1)]
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Cand< {105 vo WL ITH AR &M AR NT o 4755 40 il
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Return M
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Fig.5 An example of random-threshold-based algorithm
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Table 4 Adaptive random-threshold-based algorithm
F 4 HIGNY BN E R

B 7%, Adaptive random-threshold-based algorithm.
Input: 7,W,P,U(-,");

Output: M.
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Table 5 Statistics of experimental data
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