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3D-online Stable Matching Problem for New Spatial Crowdsourcing Platforms
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Abstract: In recent years, spatial crowdsourcing platforms attract more and more attention. One of the core issues is to assign proper
workers to users to finish their tasks under the temporal and spatial constraints. Most existing works aim to maximize the number of tasks
that are finished or the sum of utility score. These approaches ignore the preference of users and workers. Moreover, existing works
usually only focus on two roles, workers and users. Workers travel to the location of users to finish the tasks. However, new spatial

crowdsourcing platforms contain three types of roles, workers, users, and workplaces. The platforms assign workplaces for workers and

« FEETH: B FKE SR IERI(2016YFC1401900); E %K HARFFAIE4:(U1811262, 61902023, 61932004, 61572119, 61622202,
61672145, 61732003, 61572121, 61972077); ' Jt i K2 B fili BE W b 45 %% (N181605012, N171604007); o [§ {# & J5 #} 2 K 4
(2018M631358)

Foundation item: National Key Research and Development Program of China (2016YFC1401900); National Natural Science
Foundation of China (U1811262, 61902023, 61932004, 61572119, 61622202, 61672145, 61732003, 61572121, 61972077); Fundamental
Research Funds for the Central Universities (N181605012, N171604007); China Postdoctoral Science General Program Foundation
(2018M631358)

ORI T7]: 2015-04-22; A& B 7] 2015-06-11, 2015-08-11; 3K FH I [fl: 2015-09-10



Y FHARANEROF S P OELZ LT T AL 3837

users to finish the tasks. Thus, the stable matching problem in the three-dimensional platforms is proposed to solve the static scenarios.
However, most spatial crowdsourcing platforms are online scenarios. Workers and tasks issued by the users appear in real time. Therefore,
a three-dimensional online stable matching problem is formalized in new spatial crowdsourcing platforms. A baseline algorithm and an
improved algorithm are proposed which benefit from the advantages of artificial intelligence to solve this problem. Finally, extensive
experiments are conducted on real datasets and synthetic datasets to verify the efficiency and effectiveness of the proposed algorithms.

Key words: spatial database; crowdsourcing; stable matching; online algorithm; prediction
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Fig.1 Two-dimensional work assignment strategy
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Fig.2 Three-dimensional work assignment strategy
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Fig.3 Locations of workers, users and workplaces
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Fig.4 Execution process of the delay matching algorithm
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Table 5 Results over real datasets
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POM 67.34 8.47 130.36
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Fig.8 Results on varying length of slots
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Fig.9 Results on varying grid size
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Tt A B S I, #2352 I POML 00 [ R POM. 50325 30 52 Ik [ RS K 8 R4l 3 DX 35K /N J 5% T 1] A 5 R
FH PS54 I B) 1) 22 BESE I T POM. SV IR 50 R, 214 B[R] A4 B N R 7 5435 ] ) A I I, POML (1 280 R ASC I DX 3 )
I3 FRVRLFRE 88 o 5 W) T 25 SRR 8 £ UG IR, A TTT 540 POML FR %R AE A SE 36 SR ] 0.5kmx0.5km FfI %143 IF POM
SRAF LU T RBUR.

6 FHitRRE

AR SO OB RN 25 A 5 F AR e A DL IRC i) AL DX T AR S8 OE 9T AT A SCH IS T P A AR i
X3 A O, K DL i) R R 3 = ) AL ) I O A0 AT SR AR AE 237 55T TR DG )L A SO SE s T
YA R E VG G ) FBPR) RE S AR i 8 HE R R Atk S (A I DG E ) A o St AR (T i 3 PR UL RC %)
X T AT SR PR S I UG I R0 22 P 00326 K A5 AR I ) I AR 4 224 T 2810028 1) T AOMI PR ) A g 4T DR . T
D45 S AV FC VAR HP-MST J7 3200 30308 53 A BEAT 00, 5 A 1l 126 2 UG P 405 SR S5 E MR 40 25 2 DG I 45 SR A /e
LRV L BEAT 45 3 do i, AR SCAR T R S B0 B A0 5 B HHE B 0 ST R AT S 36 S S SR UG IE T SV IR OR A
VAR AT AR AN AN 7] S B0 A B2 5206 25 R R W AL & B SO E R, e 3 R0 L RS 5%
(FIVC PiC &5 SRANIZ A7 I [) B D0 S I DL P 53k,

AR A 4 2 8 R N A3 0 12 40 SR, I P R TN RTS8 52 (R iR 25 e ) B8 8 3 L 7 1.
HH B30 B R B PR 1 O IR I, Sy P AT 5% B0 IR 45 I 1), AR RO AR 25 th Ak T o RS IR 55 56 1 K 4 RE
JBC A A

References:

[1] Tong YX, Yuan Y, Cheng YR, Chen L, Wang GR. Survey on spatiotemporal crowdsourced data management techniques. Ruan Jian
Xue Bao/Journal of Software, 2017,28(1):35-58 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/28/35. htm
[doi: 10.13328/j.cnki.jos.005140]

[2] Kazemi L, Shahabi C. GeoCrowd: Enabling query answering with spatial crowdsourcing. In: Proc. of the Int’l Conf. on Advances
in Geographic Information Systems. Los Angeles: ACM, 2012. 189—198.

[3] To H, Shahabi C, Kazemi L. A server-assigned spatial crowdsourcing framework. ACM Trans. on Spatial Algorithms and Systems,
2015,1(1):2:1-2:28.

[4] Zheng L, Chen L. Mutual benefit aware task assignment in a bipartite labor market. In: Proc. of the 32nd IEEE Int’l Conf. on Data
Engineering. Helsinki: IEEE, 2016. 73—-84.

[5] Song TS, Tong YX, Wang LB, She JY, Yao B, Chen L, Xu K. Trichromatic online matching in real-time spatial crowdsourcing. In:
Proc. of the 33rd IEEE Int’l Conf. on Data Engineering. San Diego: IEEE, 2017. 1009—1020.

[6] LiBY, Cheng YR, Yuan Y, Wang GR, Chen L. Three-Dimensional stable matching problem for spatial crowdsourcing platforms.
In: Proc. of the 25th ACM SIGKDD Conf. on Knowledge Discovery and Data Mining. Anchorage: ACM, 2019. 1643-1653.

[71 Xing YP, Wang LM, Li ZY, Zhan YZ. Multi-Attribute crowdsourcing task assignment with stability and satisfactory. IEEE Access,
2019,7:133351-133361.



3850 Journal of Software #k#F3 4Rk Vol.31, No.12, December 2020

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]
[28]
[29]

[30]

[31]

Zhang XL, Yang Z, Liu YH, Tang SH. On reliable task assignment for spatial crowdsourcing. IEEE Trans. on Emerging Topics
Comput, 2019,7(1):174-186.

Deng D, Shahabi C, Demiryurek U. Maximizing the number of worker’s self-selected tasks in spatial crowdsourcing. In: Proc. of
the 21st ACM SIGSPATIAL Int’l Conf. on Advances in Geographic Information Systems. Orlando: ACM, 2013. 314-323.

Tao Q, Zeng YX, Zhou ZM, Tong YX, Chen L, Xu K. Multi-Worker-Aware task planning in real-time spatial crowdsourcing. In:
Proc. of the 23rd Int’l Conf. on Database Systems for Advanced Applications. Gold Coast: Springer-Verlag, 2018. 301-317.

Cheng YR, Yuan Y, Chen L, Giraud-Carrier CG, Wang GR. Complex event-participant planning and its incremental variant. In:
Proc. of the 33rd IEEE Int’l Conf. on Data Engineering. San Diego: IEEE, 2017. 859-870.

She JY, Tong YX, Chen L, Song TS. Feedback-Aware social event-participant arrangement. In: Proc. of the 2017 ACM Int’1 Conf.
on Management of Data. Chicago: ACM, 2017. 851-865.

Cheng YR, Wang GR, Li BY, Yuan Y. Bilateral preference stable planning over event based social networks. Ruan Jian Xue Bao/
Journal of Software, 2019,30(3):573—-588 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/30/573.htm [doi: 10.
13328/j.cnki.jos.005682]

Karp RM, Vazirani UV, Vazirani VV. An optimal algorithm for on-line bipartite matching. In: Proc. of the 22nd Annual ACM
Symp. on Theory of Computing. Baltimore: ACM, 1990. 352-358.

Mehta A. Online matching and ad allocation. Foundations and Trends in Theoretical Computer Science, 2013,8(4):265-368.

Ting HF, Xiang XZ. Near optimal algorithms for online maximum edge-weighted b-matching and two-sided vertex-weighted
b-matching. Theoretical Computer Science, 2015,607:247-256.

ul Hassan U, Curry E. A multi-armed bandit approach to online spatial task assignment. In: Proc. of the 2014 IEEE 11th Int’l Conf.
on Ubiquitous Intelligence and Computing and 2014 IEEE 11th Int’l Conf. on Autonomic and Trusted Computing and 2014 IEEE
14th Intl Conf on Scalable Computing and Communications and Its Associated Workshops. Bali: IEEE, 2014. 212-219.

Tong YX, Wang LB, Zhou ZM, Ding BL, Chen L, Ye JP, Xu K. Flexible online task assignment in real-time spatial data. PVLDB,
2017,10(11):1334-1345.

Zhao BM, Xu P, Shi YX, Tong YX, Zhou ZM, Zeng YX. Preference-Aware task assignment in on-demand taxi dispatching: An
online stable matching approach. In: Proc. of the 33rd AAAI Conf. on Artificial Intelligence. Honolulu: AAAI, 2019. 2245-2252.
Chen Z, Cheng P, Zeng YX, Chen L. Minimizing maximum delay of task assignment in spatial crowdsourcing. In: Proc. of the 35th
IEEE Int’l Conf. on Data Engineering. Macao: IEEE, 2019. 1454—-1465.

Gale D, Shapley LS. College admissions and the stability of marriage. The American Mathematical Monthly, 2013,120(5):
386-391.

Roth AE. Deferred acceptance algorithms: History, theory, practice, and open questions. Int’l Journal of Game Theory, 2008,
36(3-4):537-569.

Feder T. A new fixed point approach for stable networks and stable marriages. In: Proc. of the 21st Annual ACM Symp. on Theory
of Computing. Seattle: ACM, 1989. 513-522.

Iwama K, Miyazaki S, Yanagisawa H. Approximation algorithms for the sex-equal stable marriage problem. ACM Trans. on
Algorithms, 2010,7(1):2:1-2:17.

Irving RW, Leather P, Gusfield D. An efficient algorithm for the “optimal” stable marriage. Journal of ACM, 1987,34(3):532-543.
Thurber EG. Concerning the maximum number of stable matchings in the stable marriage problem. Discrete Mathematics, 2002,
248(1-3):195-219.

Gale D, Sotomayor M. Some remarks on the stable matching problem. Discrete Applied Mathematics, 1985,11(3):223-232.

Irving RW. Stable marriage and indifference. Discrete Applied Mathematics, 1994,48(3):261-272.

Iwama K, Miyazaki S, Yamauchi N. A 1.875-approximation algorithm for the stable marriage problem. In: Proc. of the 18th Annual
ACM-SIAM Symp. on Discrete Algorithms. New Orleans: ACM, 2007. 902-914.

Hendawi AM, Mokbel MF. Predictive spatio-temporal queries: A comprehensive survey and future directions. In: Proc. of the 1st
ACM SIGSPATIAL Int’l Workshop on Mobile Geographic Information Systems. Redondo Beach: ACM, 2012. 97-104.

Sun JM, Papadias D, Tao YF, Liu B. Querying about the past, the present, and the future in spatio-temporal. In: Proc. of the 20th
Int’l Conf. on Data Engineering. Boston: IEEE, 2014. 202-213.



Y FHANTROF S P OELKZ LT T AL 3851

[32] Zhao K, Khryashchev D, Freire J, Silva CT, Vo HT. Predicting taxi demand at high spatial resolution: Approaching the limit of
predictability. In: Proc. of the 2016 IEEE Int’l Conf. on Big Data. Washington: IEEE, 2016. 833-842.

Bt o 325 % ik

[1]  FEOR T, 580, b wy 28, Bk o, 1 B i 28 O B B0 2 BB R BF U 250 3R A 2% 41 ,2017,28(1):35-58.  http://www.jos.org.cn/1000-
9825/28/35.htm [doi: 10.13328/j.cnki.jos.005140]

[13] BRI %, F A, A 1 4, 5 HF T A 1) Ak A8 190 4 L F 00320 i e B 2 R 4 27 31,2019,30(3):573—588. http://www.jos.org.cn/
1000-9825/30/573.htm [doi: 10.13328/j.cnki jos.005682]

ZE1E3H(1992—), 1+ 4 ,CCF 244
B, T B ST ATUIS Ay AAT 0 4% B 34T B

RE Q981 —), 5, L # LS
Jfi,CCF g4 i, EEPF BB =it

MO T WL 2 5. ::, SR B B (B4 R MO A B R
- S B MO A (), P2P 6L

R E(1989—), %, 1+ J5,CCF Lk
B, A2 SEE T AT S Kl A v Ak B )
HE L b 25 2 B 30408 23 BT, A 28 4% B4
T

FEZ(1966—), 5, 1 & 4, L4 F
Jili,CCF 78 H 45 12, 3 B SE AT AN 52
Hdin i F B s B T A, T R A A K
B 03 T, A 0 A KO A B, 2 A A
LA BRI AR (S A A SR ) 4%
1 P2P WA VD), A B A

Fih ok 32 (1983 —), 55, 1 -4 |l B 4% ,CCF &
Ml £ 5y, S AU OR 2 v S K E i
LB 4 BT WL 2 2 AN 8 B0 A T
o3 A1 s L



