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Long- and Short-term Spatio-temporal Preference-aware Task Assignment in Spatial

Crowdsourcing

WANG Fu-Xin'?, WANG Ning'”?, ZENG Qi-Xiong'?
'(School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China)
*(Beijing Key Lab of Traffic Data Analysis and Mining (Beijing Jiaotong University), Beijing 100044, China)

Abstract: With the development of mobile services’ computing and sensing abilities, spatial crowdsourcing, which is based on location
information, comes into being. There are many challenges to improving the performance of task assignments, one of which is how to
assign workers the tasks that they are interested in. Existing research methods only focus on workers’ temporal preference but ignore the
impact of spatial factors on workers’ preference, and they only focus on long-term preference but ignore workers’ short-term preference
and face the problem of inaccurate predictions caused by sparse historical data. This study analyzes the task assignment problem based on
long-term and short-term spatio-temporal preference. By comprehensively considering workers’ preferences from both long-term and short-
term perspectives, as well as temporal and spatial dimensions, the quality of task assignment is improved in task assignment success rate
and completion efficiency. In order to improve the accuracy of spatio-temporal preference prediction, the study proposes a sliced

imputation-based context-aware tensor decomposition algorithm (SICTD) to reduce the proportion of missing values in preference tensors
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and calculates short-term spatio-temporal preference through the ST-HITS algorithm and short-term active range of workers under spatio-
temporal constraints. In order to maximize the total task reward and the workers’ average preference for completing tasks, the study
designs a spatio-temporal preference-aware greedy and Kuhn-Munkres (KM) algorithm to optimize the results of task assignment.
Extensive experimental results on real datasets show the effectiveness of the long- and short-term spatio-temporal preference-aware task
assignment framework. Compared with baselines, the RMSE prediction error of the proposed SICTD for temporal and spatial preferences
is decreased by 22.55% and 24.17%, respectively. In terms of task assignment, the proposed preference-aware KM algorithm significantly
outperforms the baseline algorithms, with the workers’ total reward and average preference for completing tasks averagely increased by
40.86% and 22.40%, respectively.

Key words: spatial-temporal crowdsourcing; task assignment; tensor decomposition; preference prediction
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G, It HAMEIEARKIE K e IEACHIBE D AR B M B Ly, . BATIE Ty, PO AE T, RFIBASE N FRIA LUEAR
(¥ 75 st MR BB, Lo, RS i IR AU R 8. B m il id A 5K (4) B 5 ye T Ik AR, 19 2038 )55 1)
SERER Gy (7-17 47).

# 3% 1. SICTD Algorithm.

BN IR TR ye , WIBWRERE Xo, Xo, ISAURSIE &, HIANELH o;
B TR S K R e

LWy TAERAE AT L ¢

2. For (KM #% g)

3. If(g MAERME A > ¢)

4 it Bias-SVD 1% o D y, JHESRE y6 1155 y),
5. Endif
6
7
8

. Endfor
MG Spn Uy €y G I, Dy = Zch(i,J')a Ly. =D-Xc
. While (Lg; — Lg;,; > €)
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9. For (v}, #0)

10. Xcijk =8 XuUiXcCjXGra

1L Ui = Ui =n5Un =0(Xoi=75;5) XS X C X6 G

12, Cju = Co=n5Cju = n(Xii =Vl 1) XS eXvUinX6Gre =0 da (L. X ) =03 (€ X GT = X6 1) x G
13. G < Gr. —nA3Gy. —n(XG,-jk _yéijk) XS XyUpXcCj —nd3 (Gk* x CT —Xcz*) xC

4. Sy =S -n1sSe—n(Xeix—V5;) X Un 8Cj 8Gp

15. Endfor

16. Endwhile

17. Return v = S Xy UXcCXcG

FvE 1 FRSE R T e, Rk, B8 T w, (155 s, BRI g, IWREL ¢, T w XTS5 s B2
TR LP gy = 5 (W, 5.0,0) XY (w, 5., 8) , KIS B S #4218 — 350 53 F TR AR 55 43T
4.2 TEHARTE IREF

AT T S RETE LW, AT KRR, TG AT G BB AT 45, BRIk, BATTA AT 45 b i
I IREBE S0 TN A R U = A e . FRATIZE T 48 HITS SLvEREAT ddt, $et ST-HITS B9 L AN [R] i
[] B HO 2 A% (R F 1R . E ST-HITS Hvkr, T KW EE [RASAE A P AN R (1915 55, TN 05 active JEPERIR
TNHITEEREE, TASE AT S5 b BE RS 22, IL active fEOR, WIIT JYTEE K MO 4415 550 popularity JEVER
TR AR IR BE, popularity {EBROR, 12 P RT LARR K 457 HF (] B A0 1] Pyt 252 1Y .

SERT B 1 B NS W, MR A &G G, 58 X RO R IERE My € RVNGHRT Mg e RGN kIR
TN BRI BE Rz 68, AR, WERFEHIN T w S8 T WSS & GY € G T BT A IOAT 55, IR
A ow BEZE T Gy PR AP, MRS A A g T TS Wi e W sE il TAESS, WALy g BERZ I T W
FHE—N LA, My 5 Mg WEITTF:

1 1
, e Gw _ W, c Wg
My(w,g) = { our,” 8 ST Mo(g,w') = outy / ®)
0, otherwise 0, otherwise

b, out, A TN miow HIHEE, BRI w BT 58 T 55 1 WA B RO, our, 4 WIS i g IR EE, BIFEI A% g
SEIAE S5 1 LB SR

L 2 45 ST-HITS W AR. & e ia s A B Sk A, RINBIAE LAY S active {5 LA K P& TS
R popularity fH1Z75 R NBES Y ARG TRVER LU, R WIaIRES N A AU A Va5 A TR
(3B 1-717), B A WS B E TN active (05 popularity 1. BTN G active {65 W% 5
popularity {6 NG TN T LAE BIEIN, SRIEARETR (3 8-18 17), 43 B MRS SRS AE AN 1] B ¢ AT
2P G;.popularity .

&% 2. ST-HITS algorithm.

N INTRIEL 1, TNER W, IR NS EE S G, 1 UG RHFE My R Mg, Z10BIME &
iy PUASTEI RIEL ¢ BIFTRESE Gpopularity.

1. VIBALIE B k=1, AR dif=Infinity

2. For (W; 11 L\ w)

3. w.active = out,,/ norm(outy,)

4. Endfor

5. For (G; TN g)
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6.  g.popularity = out, /norm(outg,)

7. Endfor

8. While (diff>¢)

9.  For (W; HIT A w)

10. w.active (k) = Zg'eG'; (Mw(w,g") X g".popularity(k — 1))

11. Endfor
12. For (G, THIM#% g)
13. g.popularity (k) = Z e (Mg(g,w")xw' .active(k))
we f
14.  Endfor
15.  diff = ||W,.active(k) — W;.active(k — 1)|| + ||G;.popularity(k) — G;.popularity(k — 1)||
16. k=k+1

17.  H—4k W,.active F1 G, popularity
18. Endwhile
19. Return G,.popularity

S5, TN R R O 4 ph At 110 260 30905 R B DA AT 557 B TR 3 TR AR B A 5K (5) T 5.
4.3 KEHIR =R

TN w AR ¢ MAT55 s KRS 28R 4 LP .y LA 5 I 25 R U7 SP,.p , TN K 5 30 I 25
I

P(w,s) =p XLP(W,S) + (1 —p) X SP(w,s) (9)
b, p KA HIBCESEL, YO 1K 455 R 390 45 £ 5 Ol 2 ) o7 B

5 {E59E

S TE S TALBE & I D NER W, = {wi,wo, .o, wiwg MBS BE S = {51, 50,00, 815, 28 T30 4 TR AR 045 B 1 I8 [R]
TRLF ik yiee o AR REF TR & yee o HIBEMRK AT TRREE Grpopularity 5 T NFIA T8 AT 4590 3% Ly , @ A2 (9)
A TSR T w ARSI TPTSS s BIWATF preg, o), FFN T NES LR P o I TAESS 40 BC. A5 T
23 (i A () 500 55 KM SR 58 AT 45 43 .

5.1 ETKEHNM=REFNAOESE

T R LSPTA [] 8, T Iy 25 g 47 1Y) 5O B0 56 20 TEAR N B R R 55, (RIS A2 A 55 23 BT 45 0T G i e Fe
KT, 58 XAT5 s B0k TNIEE R AW(s), AW(s) T B4 2 LSPTA I e S5 H (i S 24000, gy 3 j
TN, WIRAT S 0 AR 6 o 25 05, AR A 25 WAL i R A 25 EAT B 271, DRAE DR 56 2 Fe i 2 B R AT 45 (G 1, 2 47),
Fets NEEAT S LA TT IE LN AW (s), ZHEAmUT3R P, $4& MK I 2SR 4T B HEB AW (s) I TN, BRK
AR 2 HE i I 35 K CNSE AT 55, SEBAT 25 W 2 5 1N S de KA IR 38R S 280 [RI N[ B ¢ AT S IR AR & A,
(38 3-8 17).

E % 3. Preference-aware greedy algorithm.

N IR B ¢, TNEE W, R454E S, T T4 mik P,
AT IS R 4,
2. Sisoned & MRIEATEAULRZXT S; WIAT45 BT HEF
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3. For (S soned THITES 5)

4. HERGs ATIE TR AW(s)

5. AW(S)sonea —Z7% P, HAE AW(s) " T NXT s B 4 By HE 51
6. A U[(s,AW(8)sorealOD]

7. Endfor

8. Return 4;

5.2 EFKIEHNTRFHN KM X

ST G SO SR R R R de A, BRATTE LSPTA 1] % 4k oy — 43 P de KA DL IE 1) 7. — 4 B3R R R
G=(V, E), V A B T ANRUTS IS AR, 2 A T AT Vi RUTE TS Ve, VO Vs =@, vWRR T A w, £ 4K
HOR IR R, vs RORAT S5 s; 7E 2 BN 5, E O T NS AT S5 Z I HE LI AR. Wk TN w, 52T
% s NI L0, Y (v, v) RO Z A ATIRE LG R, O 1 AE KM AP ER G % 18 T4 5 Bk, 2%
TNAES5 W bF 32 P, F5 15 i ELABUE weight(v),vi) BN TN wy XHES s; KBS 2 4F preq, s, 5 1555 R
sj. r BHEBURL, B weight(v)',v5) = w, X 5. +w, X preq,, .y s w5 wy, 57 BENIRIBUE S50 il BUE S8, R T
Wl 5T 55 W S AEAT 55 o BB LA I B B, 2 TN S5 AT 55 18 TR 2 00 5 At AT )52 8 AN T AH 55 B, 3% 49 B i ] BT
B KAAT AW a3 BA S AT 93 FRAT 45 IR I, AT ZE 45 TN 4 P B Sk 4R AT 45 1D 1R I, e 0T N BT 3R I AT 4541
. Pl T e st ) AR AT 4548 R 57 BFTS (breadth-first task search algorithm), Jy &4~ 1T A\ L2 ] H (K145,
NS 4 FioR.

E % 4. Breadth-first task search algorithm.

BN TN w, RS54 S, TR exyorker TE55 TIFR exiag, 7P HLR 4;
Bt R A R B AT AT 55 A R A

1. ¥Jga1k g = deque([w]), Visws = [False] X len(S), visyome W] = True, prev =[—1]xlen(S)
2. While (g JE%%)
3. Wip=gq.poplefi()

4 For (w,, B FZIHI1ES5 s)

5 If (Visgg[s] 79 False)

6. If (exworker[Wiop] + €Xiask[s] = weight (V»vxgp )
7 Vissls] BN True

8 If (A[s] 2} False)

9. While (True)

10. If (wiop J=1)

11. break

12. Endif

13. A[S], Wiop = Wigps Prev[Wiy]
14. Endwhile

15. Return True

16. Endif

17. prev[match[s]] = Wiop

18. q.append(match[s))

19. Else
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20. slack[s] = min(slack[s], eXyorker[Wiop] + €Xtask [S] — weight(va‘( o’ %))
21. Endif

22. Endif

23.  Endfor

24. Endwhile
25. Return False

1 SR visigqe VAT TARICAT 575 RUR AU M3, M AT AR vl w BN U7 ), MRk prev H41 5
BAF g 43 AC A IR T A 3 g (T A, T RIS G B A G 1 AT). R R 2 i i
FES5 715 51, R SUBAB T TCFR wigp, IS AR I AR 55 795 A s TR TOURR AN, T (B0 7 45 T P i IR 2R 1
B, i RS HAT S5 s I BOABILHD, W42 T — 588 B/ AR, B s ML TN wiop, JE BB ATERTS 15, T HRAE
51T (5 2-15 47), F4L5% s CRLICHER, WS HT55 s COUCHE Y s AT IR A R in N BA BT~ — %) B
RB 17, 18 4T). 5 Wbs RIS 1 o5& LB, S THiAR 2508 slack, T 5 8637 K 1 B B, B ARG G 7 x5
(3 20 17). 7 RAEHR B — 4 IR 12, W45 20 R SR I (588 25 4T).

BT KA B 4 () KM Bk svk: 5 B, AN B G TAGE Wi AB554E S, IGa I, 4145y i
GERL A, RS, AT TR expg N 0, TERZEAE slack R TCIRK, T NTHbR A HE LB 1 e KAl (56 1 17).
PREE 4 7 ERAEFTHE T w RIS GF 441T), BILHLL RN INZE 4, 1, FE L slack, WRATS Lk
O, B AL w R SAT 45 B bR, BRARICHCAERE (BB 5-24 1T). Bk A S IRIUT S HLES 4, G 25 1T), Hp
1 T NAT45 VU 45 AT 25 18 T T w5 4T 250 2.

&% 5. Preference-aware KM algorithm.

BN —0 B G, TAE W, AR5 S
B AR5 SR A,

L WU A = @, AT B TR exg N 0, KR ZEE slack A Infinity, TNTIFE exyorker = max(weight(w ,13))
2. For (LN W, 84T w)

BT A TN visgorker 5 U7 TS5 visgg BN False

4. While (BFTS(w, S;, eXyorker Xtasks A) A False)

5 diff = Infinity

6. For ({E454E S, M/ MTS 5)

7

8

9

w

If (Visagls] A False)
diff = min(diff, slack[s])

Endif
10. Endfor
11. For (LN W, (AT w)
12. If (Visyorker W] M True)
13. eXyworker[W] — = diff
14. Endif
15. Endfor
16. For ({L454E S, MRENMMTES )
17. If (Visg[s] A True)

18. eXpsk [8] + = diff
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19. Else

20. slack[s] — = diff
21. Endif

22. Endfor

23.  Endwhile

24. Endfor

25. Return 4;

6 L I

6.1 LIWWE

P T2 B A b s SR AL T SRS B I OGRS A AT 45 43 IO 5 T8 A P 45 38 45040 S SR B A
P RS AAKOE B BRATIAE FH AN L S BRI B R BER A LT  IOAE S5 43I, 4352 FourSquare ) NewYork
City #4842 (NYC) F1 Tokyo City 34 (TKY)?. NewYork City #4500 & T 414975 2012 4F 4 12 H % 2013
2 H 16 FHARIIL 227428 425 F4d 5%, Tokyo City ZHEA S T R IAE 2012 4F 4 A3 A2 201248 22 [
WAFI3L 330216 5% Bid k. BAMERBEE T A CA, # 2 h WSS AR, AR,
V525 B b SO PR T 2 ANARREPIAK, FLipfe— R 217 SRS WG A 1A SO PRSI A S 51T 5%
SYEC. TN TR B e A S5 T — RS B IR b pst. [AJ IR, AT TR A8 80 M WA AT 45, 48 381 ] 18 8k AT 25 R A [, b
S B AT 5528, BRitb 2 Ab, BAT v B AR A 1B A 1S min, 75 2 1B T B8 380 00 F P R Ol o 4 iy
S 1) B RO AE 28 TN RBE BAT 45, BEATAT 45 40 P, %5 BE B TN B 43 A1 L5 37 1 20 DX 43 A MR, DR b 24 ) 2 1, Bk
A 42 BRI G DX F DX 3CHEA T W A R 3. N 54 25 1D 8 A P IR L SR AR PR RS EA T 5. i, 2% B 38 I S v i AL 25
AURA G AE 55 A2 DB, PRI BATT BB A ME 25 IS IR N(L.5, 0.25) il or A, 46 1 45 T s 4R R AT O
GoikE R

R AIRRLAHE R

EISEES TAHE 1155 3 AT 55 0 Kk PR S
NYC 5184 38333 251 175
TKY 10693 61595 240 62

SRS HAER 2 P, BOAE KSR, BT JEHETE Lenovo R9000X AMD Ryzen 7@2.90 GHz with
16 GB RAM fit & NiZAT 1.

1F5540H |S) 1000, 2000, 3000, 4000, 5000

CAHCH | 1000, 2000, 3000, 4000, 5000
TAWIAR B8 (km) 0.1,0.5,1.0,3.0, 5.0
AR5 RF G2 R]s.e—s.p (h) 0.5, 1.0, 1.5,2.0,2.5
9y A Bl e (%) 0,0.05,0.1,0.2, 0.3

6.2 ELGRE S

621 I (il BB b f
Agid 25 1A 4 R0 B T TR R B, 215 (54 A RRAG 4 KA R . 8% (7) B %
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A~ b LHEEN 001, X MAE. RMSE FIl MAPE PPAf i f (10 30000 M fig . FeATTBEALRS BRI 25 5k v 20% 11
FERAEAE N o s o R, T 80% AR FIFE I ZRaR. SR 5 MR v ™

(1) Random filling (RF): H [0, 1] 22 [W] (1) BEA LAE 78 5K 5 H (0 A A, 46 oA N Ak 2 Y0000 .

(2) Average filling (AF): F > 5ij i ) B sl 20 o 4 (1l 22~ P38 (B B 70 A5 L, A6 oA T A AR e Tt

(3) Tensor decomposition (TD)™: {X AR S5 45K ft h 1 AR AR T 208, AN R g s ic sk b5 1 R SOl B .

(4) HCTDY: L1 Sc i A1 L RS0 B (X 5 Xo) (5K B i

(5) SICTD: A SCHE H (38T 49 F SR 5K oM, 1 X X A0 X AR RSl B RS, 35 A 5 vk 2 23k

o [ 23 i e T A 1

K 3FE AR T BB L S FhITIRAE 1 R 4 FE D3 s B0 Lotk i ) 0 R i 4 T 1 . AT
CLE H, FAT4 14 SICTD 803 TR 1 43 F SEURI At PR S50 A A il O, R4l AT 25 28 I DR IC A bR SCA B LI,
TN ff 1 B v T A 4 R EER V. 7 NYC SR 4R AT TKY ¥4 b, AL T H Wi se 3t (% HCTD H%,
SICTD I} 8] i 3 T () MAE 23 59308 T 29.39% F1 22.37%, RMSE 43 BRE 18N T 21.62% Fl 23.51%,
MAPE 435l 334N T 22.29% Fl 20.33%; SICTD (1775 8] fhi & 70 $845% MAE 43 3P 38N T 28.63% F1 28.18%,
RMSE 3} SPEEI8/N T 27.96% F1 22.25%, MAPE 43 5 F-3480/ T 20.33% F1 20.77%.

3 I A e YO A

i) i
PAEITE S N A= 7R 1 week 4 weeks
MAE  RMSE  MAPE (%)  MAE _ RMSE  MAPE (%)

RF 0.5809 0.6687 98.32 0.2969 0.4012 96.83

AF 0.5231 0.6130 91.80 0.2949 0.3981 97.38

NYC TD 0.4678 0.5903 61.33 0.4379 0.5903 61.33
HCTD 0.2160 0.3023 58.84 0.1458 0.2097 42.00

SICTD 0.1563 0.2332 43.87 0.1004 0.1671 33.96

RF 0.5596 0.6505 98.76 0.3230 0.4395 98.69

AF 0.5017 0.5945 99.78 0.3255 0.4343 94.61

TKY TD 0.4585 0.5881 67.77 0.4585 0.5881 67.77
HCTD 0.2234 0.3404 59.71% 0.1463 0.2223 44.64

SICTD 0.1587 0.2601 44.83 0.1232 0.1702 37.61

w4 (Al P A

I i) %
AEIoE S N A e = AN 1 week 4 weeks
MAE RMSE MAPE (%) MAE RMSE MAPE (%)

RF 0.5694 0.6511 125.32 0.4099 0.4929 121.83

AF 0.5554 0.6710 93.80 0.3949 04714 79.38

NYC TD 0.5074 0.5654 70.25 0.5074 0.5654 70.25
HCTD 0.2952 0.4063 68.84 0.1477 0.2269 50.33

SICTD 0.1951 0.2862 48.87 0.1132 0.1756 38.91

RF 0.5856 0.6746 128.76 0.4156 0.4816 108.63

AF 0.5715 0.6567 95.73 0.3952 0.4807 90.63

TKY TD 0.5279 0.5912 73.18 0.5279 0.5912 73.18
HCTD 0.3306 0.4212 68.54 0.1657 0.2395 53.62

SICTD 0.2065 0.3231 54.15 0.1345 0.1887 42.61

® 4 B BUR H g SICTD TR A [ 52 )
WE SICTD HH 43 HIEAMEFI A 0 22 0.3%, T &5 B ank 5 Fror. 43 F SEAM LU 386 n, 0048 b5 40 T B, JCH:
M0 R IEAN LB N2 0.3% I, S5 AR MR AME L, B R &F B0 Y MAE. RMSE A1 MAPE 43 51 °F- 3 1 B
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60.37%, 66.62% #1 60.03%, 2% [a) w477l /f) MAE. RMSE #1 MAPE 23 5153 F [ 56.75%, 52.94% #1 47.08%. i
HH 43 Fr AERN L A5 6 158 T B S 2 M T O A SO0 RO MR . NS 45 BT DA HY, W 0.2% FR143 Fr SEURI LR 481 B ST
TR R 5 B TR) 4Ry, RS20 B AN 2 ik Z 42T T e g, S Inis 47 7H45.

5 oy Py U LA R I 2 g e T 14 5 )

et g ! FF ) R 2 2 [ i e
Bl BP0 R MAPE (%) MAE  RMSE  MAPE (%)
0 01649 02567 27.30 02153 02941 50.46
0.05 01264  0.1848 2133 0.1634 02346 43.82
NYC 0.1 00889  0.1213 15.05 0.1364  0.1912 3435
0.2 0.0757  0.0960 12.86 0.1085  0.1568 28.69
0.3 0.0734  0.0928 11.90 0.0921  0.1296 27.04
0 01954 02966 32.84 02752 03638 52.23
0.05 01379 02143 22.85 02464 03272 43.76
TKY 0.1 0.1113  0.1616 18.43 0.1995 02617 35.17
0.2 0.0726  0.0953 12.80 01334 02197 29.12
0.3 0.0679  0.0908 11.94 0.1203  0.1821 27.29

6.2.2  HE TR I 2 R A (04T 45 43 e 1 g

BAENA B EXTLE T 6 AN, 7338 A% B mUF (1) Greedy 1l KM, 47 HCTD ) Greedy+Pre(HCTD)
F1 KM+Pre(HCTD). 3&T SICTD [ Greedy+Pre(SICTD) F1 KM+Pre(SICTD), K LA F 5 AN S35 FR AL £ 452
BC P RE: (1) CPU time: {T45 2 BLIMIZAT I [A]; (2) Reward: 58)8/T:4% & 2 ; (3) Preference score (Prescore): | A5E )
1145 B~ V-2 W UT1E; (4) Average travel distance (ATD): . A\ 34T #E59; (5) Assignment success rate (ASR): 4%
IYHCR N, [RINF, AT A BETE T WAL AR I, HE— 3D VP A A SRR S P A A S5 LA I ) R0 223 ) 7 A 4 Jo 4 T
2 5N I BEAT I 28 A AT 45 S0 B e A 525, KM SR35 (0 B0 D i e TR TR 28w, 5w, B8 0.5,
KRR ESE p WE N 0.5.

o i fef TR T4 ek RE A S .

% 6 45 A R R I PO 7 VAR AT45 2 TR RIS . JRi87E NYC I8 TKY b, 2T SICTD 1532 (Greedy+
Pre(SICTD) 1 KM+Pre(SICTD)) 7£ T AR ZS “F¥ 0w #ohih 8 AT 55 43 B s o R 7 L 1361 HTCD (1)
FHI L, JGLL KM+Pre(SICTD) IR A%, 75 NYC $#i 4 b, AL T- KM+Pre(HCTD), KM+Pre(SICTD) K4 752
HEAT 3R 07 Fy 3EAR, I TR JTAS3E K T 29 19 s, (R T AR TS AT 55 7 B itk Be, T AMKESERTH T 15.62%, “F34f i
$RTHT 18.74%, MATEE B FRET 12.19%, AR5/ L) %48 TH T 17.75%. S 25 R WoR, K #E SICTD 42
AL PR T IR A PR AR e T AT A 55 23 IE, AT 450 T D i B SR 4 v, A 95 T4 50 IR RN PIAT 3 38 3949 B4 T

o (T45 43 B SO0 43 Bl RE B 5.

BEHLIEEL 1000-5000 A T NS 51145001, B 4 45 TS H ST FetERe g m. v LLE 1, T BTk
Weas TNSER G LR AE DA S AT 55 23 0 1 M 22 3 B N 280 B 34 0 384 00, 10 1N SP38 AT BE B B A 1N 18 00 T 3k
AN, BRI TN, B2 BT 45 (0 n] GEMERE K, JF HAT S8 5 R LR A BLA BTN T BRI, AT
(1) KM+Pre(SICTD) AHE 1% LL53%, #5 Tde br R B8 4 H 4.

FEHLIEE 1000-5000 MT55Z 5155400, Bl 5 45 AT 5550 B AT 55 43 e Mk BE ¥ 52 1. KM+Pre(SICTD) fE 4
S YR 1 e 2 YOOI R 4 R B R IR TRE () 73 i 7 22, BT B FRAR I T 0T LUk, BEE R A I 2, T I RIT IR EY
BN, L CER i ESE K, BN AES B A2 5, T T R JLEE 53 Be 3 25 HA B T (R AR 5%, 390045380 On 47 1)
F) B 9 /N TR AT T AT-45 3 B R T 28 AT 45 50 H 388 hn 1 B, BRI A 32 TN H LA S B 28 2 SR R K, 25 78 43 3t
(AT 45 ToVE R B A& 1 TR FE. Tob 455k B fife, KM+Pre(SICTD) 475 A48 £ 1 €4 1) fim 47 P00 % ) 45 05t v
(AT 55 23 T 1 Re.
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K6 il TN AF: 55 20 e Ak BE AR

EAE/E S X LA CPU time (s) Reward Prescore ATD ASR
Greedy 6.473 1428 0.295 0.832 0.238
Greedy+Pre(HCTD) 30.012 1728 0.403 0.731 0.291

NYC Greedy+Pre(SICTD) 50.568 1964 0.478 0.626 0.313
KM 17.853 1680 0.328 0.823 0.280

KM+Pre(HCTD) 41.857 2298 0.512 0.689 0.383
KM+Pre(SICTD) 60.951 2657 0.616 0.605 0.451

Greedy 10.234 1290 0.240 0.942 0.215
Greedy+Pre(HCTD) 45.083 1583 0.331 0.757 0.273

TKY Greedy+Pre(SICTD) 70.152 1764 0.477 0.731 0.294
KM 26.846 1488 0.316 0.923 0.248

KM+Pre(HCTD) 65.094 2250 0.421 0.722 0.375
KM+Pre(SICTD) 107.321 2583 0.553 0.639 0.432

- Greedy -+- Greedy+Pre(HCTD) -w- Greedy+Pre(SICTD) —= KM -= KM+Pre(HCTD) -= KM+Pre(SICTD)

%Y ]
4500 0.8 21.2 0.7
20.7L S1.1 206
3500 g 210 £06
= 20.6 _ 205k
s 2500 54 0 209 2
5 3 §05r £08 2041
1500 g 04 J|gort E03f.
& 03— 50.61 D02l
500 L L 0.2k L L E 0.5k L L 2 |15 L L
1000 3000 5000 1000 3000 5000 1000 3000 5000 100 3000 5000
Number of workers Number of workers Number of workers Number of workers
(a) Reward-NYC (b) Preference score-NYC (c) Average travel distance-NYC  (d) Assignment success rate-NYC
o 2
4500 0.8 21.2 0.7
2074 St 20.61
3500 07 S1.0 £06
g 20.61 S T’O.‘) 20.5¢
£2500 20.5) e ol I bed |- Zo4l
K] 2] Mot | 808 sV
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