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Abstract  In the context of the fusion of the ternary human-machine-thing, spatial crowdsourcing
is regarded as a new type of software service. Spatial crowdsourcing works for crowdsourcing
tasks which are related to the geographic and temporal elements in the physical world. The
involved workers are usually required to move to the specified location to perform the corresponding
operations, to undertake tasks such as data collection and perception, and to feedback the operation
results through the mobile terminal. Task allocation has been a key technique in the field of
spatial crowdsourcing. It aims to select one or a group of suitable workers to undertake the
execution of the task while satisfying the constraints of time and space. The existing spatial
crowdsourcing research work mostly works for simple tasks, which can usually be undertaken by
one worker alone. Even in a multi-tasking scenario, each simple task is basically independent. A

single worker may undertake one or more tasks, and the execution of a single simple task does
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not have to be split and assigned to multiple workers. However, in constrained spatial
crowdsourcing, a single worker may not be able to complete the entire task. Constrained spatial
crowdsourcing involves location and service authorization, worker available time and worker
movement range. Instead, a task in constrained spatial crowdsourcing requires a group of workers
to complete the task collaboratively. In response to this demand, we propose a multi-stage task
allocation method on constrained spatial crowdsourcing in this paper. The core algorithm of the
method will first obtain the path set corresponding to the task according to two different optimization
objectives including the minimum execution time and the minimum movement range, and then
sort them according to the priority. For each path in the set, the algorithm will recursively select
the workers to undertake the phased tasks by means of adopting a method from which the local
optimal results are obtained in both directions from the starting point and from the ending point.
Once the tasks on the path can be collaboratively completed by one or a group of workers, an
allocation decision for the phased task is obtained. Through the above steps, the method efficiently
breaks down the task into a set of sub-tasks that can be undertaken by different workers when the
constraints are met, thereby increasing the probability of completion of the task. Finally, a
simulation experiment and a field experiment were carried out based on the above algorithm. In
the simulation experiment, we compare our algorithm with a dynamic programming algorithm
which can obtain the global optimal solution based on the same randomly generated data set. The
data set includes the workers’ restricted location and service authorization status, movement
range and current position coordinate. The experimental results show that our algorithm has
better computational efficiency than the comparison algorithm. The field experiment is performed
by utilizing a self-developed campus spatial crowdsourcing task platform. The experimental re-
sults show that our algorithm can derive sub-task allocation decisions that the workers can accept
in real spatial crowdsourcing environment.

Keywords spatial crowdsourcing; task allocation; multi stage; spatial-temporal constraint;
spatial topology

1 5]

T

ALY Rl G 1 8RB AR I R R B 28 UF 1 G B L
ARZ = FEIE SR ARG AR B AR
SHTH RS 5 ALY RGN B AT, AR
(Crowdsourcing) ™ W J K 33 6 S [f] A4 A s 4 1 11
RE T IR AT 40 A 1 — Rl R 25 . e A A 1 . AR
T8 LA T B 0 7 LML 58 1 48 2 AN R AT AT
55 AIMEL 5 o TS 4 a1 HL3E R B T KON B3 4
HELH AT R AR AR AL L AT 55 B9 PRAT BE 8 5 70 K
TR PR Y RAS TN T2 B ORI TR L DTG i
55 e M RCR S i & L JF 8 AL R Ge 4 i 1 R
AN SRR MER B2 BEAk B Y 2 R
T — R R T Web B 1E L AR &L BN
Amazon Mechanical Turk. oDesk . £ &% & Rk &
(requester) AJTEAR AL T & b & AT ARELATE 55, &

T &2 55 (worker) BEE 1% £ 5 K $H 25 5 91T
5. M\ 2009 AETF B, AR AL AR B T A A A 06
FEVE N A ARG & FRAR S LR AR R A
GUERAG BN Tz N

BRI LLSD S 38 AV 22 AR AT 55 55 4 BRI B 1
BT 5 I [] 3R AH G 5] R IBCTE ¢ 1Y) S A g 1
T TS HUY) Y A AR IR A XX e AT
5 IR AL R b 23 8] A A (Spatial Crowdsourcing)t™
BEORZ 58 B0 AL 3) B AR 8 AL E AT A LY
AR RIS IO 5 B SEAT 55 i k #8 3 Zo
SRR A R 25 8] AR A ) g oy A ALY il & 3 5
Y — RO R A R 55 5 AR GE AR AR ] L S TR AR
U T I 5 AT 55 20 TE 0 3 4 B D P 0l B AL DR 4
F—RANPRER . P AT S Ay T B TE T 2
R BRI 25 CF R AT T R IE S 5 & b e R IS 1)
— A5 5 E RIS AT TR
TR ZHRER T & R R R T A R AR AT



2724 it "

Hl

Y,
&

i 2019 4F

S BRI S 5 H R TT R X T T AN
P14 SR M A TR 7 T 9 e G Al ) AL Al TR ) S8 s, 5 A
KA 5E BT 55 1 o B DL R B/ &R G AR 5 T
BT AT 55 A BC I 25 ROk L B 1 A8 TR A
FE AR R Z A1 A 5 B A AT B A5 09 g 54T 55, 4
T TE B SN 0 B4 BB X 6 ] AT 55 — AT BE A8
o1 — 025 & UK. MR 2L 5 5T &
— UL WA S, — A 5 R R AHH
— I E A 2 WUE 51 AR T BT 55 R
T BIAIRH DB 22 54,

B 5 AP AE I3 — A 55 MTEE T 1] SR AE 55
X AT 55 L AE — 45 0 MR T I 55 AH DG B9 AT e £
P i, (1) A7 B REAE N U Tl By B2 T 5 o g
UL TN BRI N e N S g VA W I D BRI B2
J T — 5K W 4. TS (] AR L R 0 A B A ) 2R 2
558 LR 2 345 12 3 5 AT 5 1 B2 A4 ] an s
W ity et 26 31 B b 5 R b 3 5 AR IO 28 R
%5 (O LT ML TRENNE. S 5E T IKIL
7 B A BE A AR 55 - ELIR 55 (9 AT 5 BEAE 2% — E )
ISF 16 491 40 2T 5 57 13 4 D) AR 55 s 8 & 1A X8 S AR 5

I3 Oh X 2R A (] AR AT 55 AE g B i A R A B
JEPIAN T I 20 . (1) AL 1Y U5 ) AR 5 IR 55 14
il PR B 2% [ v B 6007 B AT D [ AR L /A 22
T BN B A R BE A A T AR =5 ] K
M 5 LA falE FHACBRE » B . 25 68 1T 452 A RE T 19 N 572
AWV BN AU RE B B A SR A B
15 (2) 2153 (4 ] I 8] 5 5% 33 B 29 1. X
P HIE 2 5 P s E W RS S PATAT 55 A s [ X
[ 45 25 [ 3 Bf v [ 72 20 Bl A s ) X ) 22 A
(Y Bl B B B AT 55 A L r BL 4 i 2 S

FRATRE AT LB B ik e s 1 25 18] AR A Bk 2
LSRR 2 A AR 3k o 28 B A AR B AT: 55 W] RE G I i
NS ORI DA S8 DL T T 20K LR
o3 N A A WRBRIKA B B L5 — 412
PR IF) 5E A

1 GE 1 23 18] Ak 2 73 BE 75 125 TG % A5 2850 0 3 b B
R ARALAE 55 R IZ PR A SO 5 T 2y i 25
6] AR AL B AT 55 0 e e O BIF 5 32 10 T — Fh 2 B Be AT
55 O3 WC 5 1. AT U5 AT s ROHURE A 55 3 Al S — 2H
RIS 5 H AT 6 LR R AF I RE S 7R HH 1 [ BEE 7
£ 55 » AL 4R w5 41 55 58 B R 5. 7270 Bl i 72 P L A
7 5 B0 A R AT 55 $h AT 19 S I e D 582 30
I e Rk A G A A 4 5 20 B T R FRATT A
PEEIEAT TSR LA R R T Ik R A B

A THR AR I HLAE BUSAE 55 30058 T REHfE 15 50 2
55 W2 0 AT 55 o B DR SR

AR 2 1l i A Sh AL S B A SC T R T
L 55 RO s 55 3 1 8 O T 2 Y &5 []
ARELE S5 BC A ME S TR S B R 56 4 1 Bk
il 2% P I 23 24 3R 25 A AR AL 22 B B AT g5 O e
W5 5 T IR BT I X SR A5 R 5 7 Ik R AT
THE s 55 6 W28 M TAT s fieJm R AR SCHY R &5 5 %)
Aok AR EER.

2 EHLEG

A 38 5 A Bl AL S 0] e T 2 TR 3 1] AR
Z Wy BT 55 0 Bo At A7 i B ShHLSE 0 1 T 1) 2 52 0
1S5 TR 22 B BT 55 23 BC 0 O A (85 8008 5 3l
BLEE G 2 B X FE R AU 23 8] N O AT: 55 AT 5 5K i R
Z W BAE 55 4y I AF J5 305 AT 45 2R
2.1 FHHEG 1

CIEZALIS-NEIPLPINN - S PN NN /S UNIE =Y
AP T IR — T P e 2 AR R AL
055 R AR AR AR 5 R A H AT B R
RGBT Y IRERAL G5 AL 5 B 5 E A 6 LK
ALSS 4155 2 15 BIA 5 E s R A % 2= AR
SE L TR SROE 6 2 — b R ) AR A L AT 55 2
HEN—E LA P 51l R AR T 2 Y A
BAT 55 B AT

TEARALAL 55 B RAT i B b Al 2 5 3 i T
SE W) LY RAAF L TOTk 2 I 5 B E 1Y I 26 58 1 o 3
i B IR IEAT 55 W 2 5 3B AT A 55 19 2 2R &%
TS - (1) 2 5 F R I L0 85 5 Ml 1 AL
BIR 2 Al BURF B 25 5 23 B 067 19 K 1]
LM ABRA BEHEA. S HEARREARA R
{37 o DU R0 25T B AN A i 5 I i) 2 57 2 P SR I
REPARAE AT RES RIEA X (D B HERE
HPEZE 15 1 2 F- I i 2l 7 Bl A9 3 07 AT AR 55 . 2
553 P IR AR IR X3 2l o o AR A B AR AT 55 i BT
TE P IR X IHAT » 23 Hh BLEE 2 A 2 S 15 D0 52 W AR
L55 BE AR s (D H AL AR E. 25
HAERATAE 55 (9 I (8] BE AT RE A A 51 22 45 000, ) 2
HEZ 5 #H TAEBURE S TAE SR AR A1 O . 3
Wi AR AT 55 1) 56 Jl o ik

BEXTIX M 5 R 2 B BUL 55 e, RiF 2
4% 5 H DMESE AT S5 W AT R AR Lk 24 S R 1) 52
Wil £ by 2 Ml 55+, AL 2 5 3 AT 0 S AT 55



12

TEFEZES . T AU 28 ) A0 2 B B AR 45 23 i

2725

W2 555 R P2 52 A 7RI T 03 3 5
5 A I AL L Gl A 2 5 3 T R IR AN ]
AR BUAT 55 M HAR G 14 75 2K 22 B BUAT: 95 2o T nl
PATE AR JLANT7 TR i AR EAT: 55 1) 58 AR A5 i i

(D BExb 2 53 i T BCBR a) 80 ik 2 A RS s
SE AR LT 55 Y15 O F & AT LB OE % A7 P Y AR
RN BRIEEIZAT 55 1) foe i — B TG A B ) 1 ik
11 545 9 7 X 58 R AT 55

(2) PG IS5 F AT 55 4 i 5 52 19 3h
B BZ5H AL S B mF A RS
BT S5 W T R AR X G S 2
H o R ERATAL 55 FE AR IR IX 800 5 4y ik 15 3 22
PIIX AT Ab s i o — A ST PR X 2 5 3 1)
58 IR A 1 T 4

(3) G IS5 & AT 55 e 44 i $ 2 i n]
WEYEE LA Z 5 E SRR AENES. MES 5
FIRIEHR LB B b 8 mi#] 11 U b iy n] I )3
[l B AP 5 2 il 7 BC 9 S i ) B e i 1 8 o
B 11 g Z A AT 55
2.2 EHHLESG 2

RBEARAAE S5 A A AE R . ] 1) R T
A VARG R A RSl &l P N K T Ak (NN i vz}
T 15 s =S () 0 B A 25 (6] 9 9 B (8] 2 2 30 PR
I HLf R LI 1(b). 45 fl Z A Y JE R R R LB 2
[ {438 38 - 7 2k b AR IC R om I — >0 2 5 — A
37 1 1A B DA A R i A sl ][5 A R R B
PEAR ML AR 55 JL A B DL 1 (b)) 3 28 il 55 o
THEE B E LTI HE D 355 Y 2 Bh Bk
AN IZNR 55 0 TG RAT IS ). 55— J5 T 26 2 ] o7
T MR 55 HA U RIS BR 5 6 AR AT 68 T 9
B 55 B f AT 2o 107 B BIAT A 3 s X R ALBR.

Bob,Charlie 5 David J& & & $ % A 1T 55 19
S5 AMERE Y& RiEE T YR H
B[R] Il e T8 AR N J7 14 s T DX [R] 491 40 Bob 76
13:00 2 14:30 WEE AL . UL LY KRB
S L CEL 1 Ch) R A v K 6 )i% €6 b5 32 1Y 07 B 3
[, #5140 Bob f 432 HirfE A B.C.D B4E55). 735k,
L(h) &A% i S RL B AR 3R R 2 5 4 R A% U7 0] AH
IO 1 A7 B B 2 FFAH I 64 R 5. 1, Charlie B
HEANLE COAIUE) DATENE) LR Al SDOCC
FTER) S5 A R 5 R

Alice ZiZ AL EIH 75T A, T H 2 5
HORAPATE TAER AR, b 76 A & LR A
5% R ERARBRMNGR Z TR — G E
[ SCRY Y U % I B4 SCHRAT ED S AT 4T BD L SR )
FEE 55 b 047 S 35 5 e % BRI IMA E .

MAT 45 K A B}, Bob, Charlie 5 David 43 51| 4t F
fiE ADE M. b T8 5 R 574 E SR
FRELR =7 2 5 3 4 X X 2 AR A B2 BUH 0 45 A
MW B2 5% A B BA7 ] H 6] 5 8 23 F
LU, L TE AR B — A Bl ) 2 5 3 58 U A Y
1155 4 4E.

AR SCIT B R AT 55 23 T D 9 TR b A ) g, 3
TOLE MRS5S AL T8 S 5 #H W B L L KA~
N LA R R i B 5 1 Ak B AR AT 55 2 i
ZAB B FAE 55 R RGBS 5.

FEIZ o B T o FOIE 3 R AT AT 55 3 0 B S
SER—HERAEF S (D FITE A 1 SA; (2 HiffE D
i J SD; (3) RijfE G ffi Ji SG; (4) RijfE L.

Bt J5 A AT 5 B AT 55 43 T 559 T 4 B 28 4y i
AL BAR i) — A4 T AR 5 e . 58— 25k
b B bR IR 7, B R D 2 5 3 R 58

@ ° Bob Charlie David
(] A 160m] D A e =
©) - . 2
M ‘ ﬂ S3 ] B ez
(5 min) (25 min) Charlie = Y
(13.00:{4.30) 280 m 60 (14:00—16:00) C| s L 2
g0 o . TR B 2 Y2
min DA NN R
- - & E NFIAX _
320m j . F ks £ L
7 min David -
320 m 120 m (15:00—16:30) G| mEa L Y ot
8 min 2 min H Rk
G L H P F 1| ha= Yt £
o) Toon [200m @ SA | iR
(15 min) (8 min) | SD| serkTE 2
P 00 m - % | SF | BRIk Vd 2
3.5 min SG| fr#E e
(a) RS (b) Z5ERENTEH SR
1 RplE



2726 it <A

Hl

Y,
&

i 2019 4F

55 B B R FE I A A B AR T i i) g
TUAE: 55 649 0 TE » RIVAR B A 55 % SR R T IS () A 25K
ARG FALAE . (1) R AT ETEAE 55 R b HLE T
5 W98 LN IE] 5 (2) AT 55 ¥ B i) =5 (8] 7 B i 2 iR
G5 AT 55 KA e Al RE 7R AN AT gk Bk DR 25 (Ut 26
Gyt R AE RV S 1 N 1) A EA T IR 55 R D . 2 36

—I

I /b IS FERT : 43.5 min;

A Abre “Bah i g e 7, RV B4 L 2 5 & Ty
VE 58 BUT 55 1 R 2l S BE 2. 12 R 10 H A i T3k
P [F0) 50 SR L A B AR R G AR 2 1) 7% 3l L B A 4 55 i
WGy A AT 55 W R i W e B R IR B A0 5
IO AN SR SR SN AT A N L A S
TR HARFF 2 A T4 55 23 B 7 6.

MR BhEEE: 2200 m

Bob (14:10 2 Fi)

FEENEE B B S FEI : 46 min;

[

Charlie (14:28 Z /il )
(a)

RMEBNIEE: 2080 m

(o pofsaf i {0 5oLl o o 5
»le

David (15:10 2 )

»l<

Bob (14:10 2R

& 2

BT AR s A B bR, RO & 22
Alice #2252 94T 55 #4750 15 B 18] 2 Ca) BT 7R 7 8.
B Bl AL F A ARBEE A Bob K, EE U F
14:10 ZHTA 2 AR ) FESTIRY) i 5@ B
KRB Z) %A DUTEIE). T Bob AH & SCIF4T
VARG 1 AR o BRI S & 8 56 — B Be i 4 55 &
FE45 40 T D AL B i B9 Charlie, 3 2 5k Charlie 7E
14:28 Z | B 3A AT B % 52 W) i O 64T SD IR 55 (3C
PHATED W #:4E. B T Charlie A JE BT A F O RS
Ab) Y- & ¥ 22 Charlie B AT EVGF 09 SCF J2 U
Fl N Bk E ECASLEB AR IR R B LA T
E 4b B3 (% David. David & 155 = iy B 1 55
48 7" 7E 15:10 A 335 E 475848 i fe it F
ARG L) FTAE GO 55 40D, IR ] SG ik 95 (SO
)L EREKRY Mk ERAME N TOMAZE). 7
R R T R B R AR L R R T
=i 5HEMBR AT 58 gh s L AR A
BRI TS S 55K T B3 EE. IR
AR 55 1 2 U ().

FAel i, A B R e e o oAk H A . 75 31 18] 2
(D)W TFAL 55 7 BT % 5 (0 Jr B L R AT
55 4 I B 8 IR B A e ) B A L B S AR AR AR 5 2
5H ARG B = Fr By FAE 55 Hop X T Bob i
5 SR A i C I ED) BIAE DUATEIE) s X T
Charlie Il & , AN ER A 7 FOIR4LL).

3 ETARTEAREHEX

A E S T T SRS A A B S

" Charlie (14:28 27
(b)

BT 55 1 2 B Be oy B 7 %

David (15:10 2 B )

AL - BE 5 XA 9 S i) B AT E X
3.1 BETFARZTEAESHHE

SCHIRL L4 T 5[] A B ) 5% B £ AR JC HORAT 55
OrBCHEAT T ER R AR T — A AR M
BRI AT 55 2 5 SIS AR X SR B ROk
ARAL IR R B TR, B 3 JER T A SCR 4 s 1Y
% ) AR R R 2 B A o

155 5% fE55 5

fR55 KM I AR Ptk bR

Rt 7€ fry T P ] BB e

SE ALY SEIN Az SE N 1] f b

AT Hifg FAT 5570 B
I AR ESEEPN L

I 5 1A 2 T Ao B 55 S P AL JI55 S5 € S T

RE I TRIZIH || fWdF k2l
FERAES T FaE A2 sl

HEATME

B3 2B Bz el A Y R A

FRATHRE 2 T 24 R =5 A AR B I AT 55 1L SO R
SRS E LS B AL R R E ST 2
2 55 A5 32 BRI 1] 391 R PR BR SE B s 5 a5 R AT
55 WO IAT 55 8 R 19 007 B A 5% Bl T 4T i 55 2
1235 W) it X R B — A B i AR R OR S
1T 55 A 5K 019 07 B8 £ A 2 B I ) e A AR 4. LK
{55 B 2 R PR A 1 R A AT 55 A6 I 1] 5 25 [f) 4 2
(9 249 5, FATHE HL s S [ R 19 25 (8] 02 B 45 4 2 19
I ) 249 5. R 5 A 55 A DG Y AL L K IR 5515
KL HT S [ H0 F S R 5E 5 Ja U 2R AT 55 1 58 B
ER. i - 2 T ARM AR EE R —HS Y
38 5 HE M PR B 7 XS BB A H AR

Z: 5 W 23 1R 2 A 55 20 C 0 20025 18 Y T



12 # WEEES . FT AR A L BT 55 21 2727

R T =S 5EMF AR 15 2 a7 T ], B
TEZ I [R5 [ N AT IRAE 55 538k 2 5 3 i S
37 Bt A 45 BT BORIG HOK L 2 5 38 I S e
{55 73 Bl AL 7™ A2 B2 R 7 T 2 SRR 2 A AR B L 3R
1142 55 M ECRESF 1 T U5 ) 45 5 0 B Y AR L L
oA A E 26T IR 55 WALER . e - B 5 5l 4 1
o 2l 05 [ 14 2 oK RIS B 32 52 i 4 5 2% Y 1] O
FEES . 253 19 a] J ] 5 8% 3 38 B gl o 2
ST 55 73 BC Y T 2L 2000

TE 2 [ A AL R 55 i 00 5T K00 1 77 i AL BES
55 19 73 BE. FATE R SCH A AL 55 20 BE. A SOE
ST PR H bR R RS 5 & 55 i Ty
580 2 52 JSUIN 8] 5 20 RO B B d L A SO Ik
X AT 55 19 23 BE I R 25 I8 2 AT 55 A7 AE I Y
oy PO . A8 st A b, JRATT (L) SR L 2 Y
7 2 BIAEAT 55 S AT R 2R RE 23 BE 05 585 (2) il
I 55 45 23 WL AT 551 i 07 XL BRE B BT 2 5
AT AL E N 00 iR 5 AR A Sl HE O 00T 5
) BB e =2 AT 55 Z )5 RERE T sl st 1] H A5 7
BB AR AR A A B RS Bl B H bR A E
s 5 5 AT 55

T A SO IR B ] AL R H IES 5
il A A SR B 47 45 T TG TR R
3.2 EFARTEABHRRE

BLHE | TR RATELS |
Eﬂammwrﬂj @umzm | (enEsmssak |
| Jeoms |

SRR | W5 e % |

PoELES | @%m&%&%mm% |
| \rtesmmrz |

| IR |

| |

B4 2B Bess a A i R

R A 55 43 TRC A ST AE P AN U RE SRR
2 BRSNS E N OLE S 5 RALLL AL
M5 it ZH5ENRNERRN T2 5FE A1
[ 41 A 3 B8 0 (8 FH 405 RE 8T e 55 19 B8 0 5 {2 8 i 55
AN RIS T — A7 B 5 iR 55 AR ) =S (R 48 B Y
RSP

2 5 AT RN 2 P = I IR 152 1 55 1Y
FRIR. AEZMER I %) 2 15 3 55 246 E HAE % R AT
5 W9 I 18] DX 6] LA K ¥ 3l i B B — AR B A 55 19

Tic P 2 DA LV 8 i 0 23 TR 25 45 38 vh e T — S IR A
BB AR E DME S8 BUS IR I AT 55 B b5, ZEdb i R,
1155 WSR3 B E AR F & bR A AT 55 i ik
155 WERAE 7 91 5 29 00, 2R 2 19 vh 45 9 ) 5
(D AifAE AR SA; (2) |iffE D i/ SD; (3) Hij1E
G i [l SG; (4) Btk L BEJS » Ik 55 &% 51 X% AT 55
K IEETRES 5FHE B E RS E R TEZ
W B 1) AT 55 23 BC J7 58 CRAAR Y 3 O 53125 D3R 4 749,
R TS MO REHEIRAEPNS 54,
3.3 ETARZTEAEBHNEARNER

ARSI 3R 1Y 25 0] AR A AT — BB R
TEOLE M55 Aty S 538 55 TS Ty
ES

(D 78R 55 4t

Topo=<(L,S,E,LS),

L={[I= ¢}

¢ € {restricted yunrestricted } ,

S={s|s=(desp,+6.+¢.)} »

o€ {restricted sunrestricted} .

E={e ‘ e=((i,l;) 9d1’..zj sl Yol LY,

LS=LXS,H size(LS,')=1,

Route= (ny s+ yn,), H(n;sm;1) €E or

(n;yn; 1) ELS or LS,:l :I,S,,:i1 or
(LS, .r,s1)EE.

A7 IR 55 # 4 I 2R 3K A5 1) Y0 L Y W B B LR
R G5 B L 2 ) SR O AR Y AR EE AL . T Topo
FORZAR NG B b A ER S 2 o3 R
S LA T IRSHES SALE I EHE E KAl
HBEHRFMUTHLRLS.

Horb A7 O oA R 0% B R B
AR R o o DU AR A7 A R N A 7 ) AR 5
BN AT W o BUE restricted » 2 Z N
BUE unrestricted. R T RS s XL N — 1P =J04.
des p. e I 55 1) 1) B IR 05 B 0. s % IRk 55 B 1
PATIHS. g 4878 TIZ IR 55 2 0 B A AR, 4 4E
R NHBBE A T2 M 55 1 CFF & A4 R IR 55 s AR AT A
HOHE % 1 T 45 2 1 IR 55 A5 » o BUMEL wunrestricted .
JRZ s 2B MR S5 AL SV 52 BN G JH 50 % 2 A1k %
I 55 #4158 2 A RE B AT T AL FR B9 N\ B3 #R VR I o, R
{H restricted.

EARER T SE bR 4y B2 () v {3 8 [ (9 3 38 . B 46
PR h AN (L5 L) L. BN E e E
SN —A =04 bR TEE AL EZ SN d, L
Ly, SRS N LREE £ 8O 0 RTAE 2, 1) S 2



2728 it <A

Hl

Y,
&

i 2019 4F

51504 (4 B Bl o ). (B AR T R L BE B 5 A Sl (]
AN BE B BIVBRC S 48 AT RE T I 2 K 7R LS
B S Bh A] BR A AE X R O 28 5 IR 55
MWL LS /R TR 8 B9 4T IR 55 T b i A6 L X
F M55 i B2 53 B B B R 55 % L ) A7 A
RESE . TEAR FD S A b s B — A R 55 L RE X b T
— L.

D25 K v A 3% AL R 55 A N T B AR
Route. T — 25 B84 A Jr WHE Y 1070 B 25 505 i 55 45
s AR 1 25 5 Z00 A 7 0 5 110 40 42 06 R B
SRS AL &R R. A T T X R AR AR — 20
FE AN 1 B M S R A

Route.startNode 5 Route.end Node 7R I 12
9 55 2 585 Route. T 5 Route. D 53 5| 7R U
1R s B Ik F BF 5 85 B . Route.subRoute(l; , 1) 3%
7 R IG B BRI £ LT AR A AR AR

)5

w=LP,,SP.,,l,,MR,,AT,,

LP,={l|l€L,l.g=restricted},

SP.={s|s€S, s.,=restricted} ,

MR, ={l[I€ L.l W& THITWEN .

AT, =startTime,end Time.

B2 5% w @ LTI H,
LP.,5 SP 3l ER—A1Z 5EHXNZ RO E S
IR 55 A FEAIEBL - B L P, J2 3% N DBk 1 28 LA A
REAE 15 ) 1 52 BR A8 0 £ 5 5 SP.. 2l BE 98 15 1T /Y
Z RIS RS

LFRSHHEWERAE. I RS 5 EE
HE & 1252 T 55 W) 48 2 19 7% 3l [ 5 AT i ) MR,
R ETEE N A AT, S B R AT 55 1
i 1) DX JR] 5 p RS 46 B[] 55 255 o B ) 1) — 0 2 A

() 1%

task=O0P ,t,, »

OP="(opy +**=s0p,) sop;, € {move(l; ,[;) sutilize(l,

s Ll leLl,seS.

L5 W R EERE T 6 F AT 5. W AT
55 R e S B AL IR S5 D BT 55 cask & LR —
A HEAE TS OP F1K A B 8] 0, 18 B — 0 4.
—IEAE op HAMWM HIR . TEZHLS HEMN
L& LTSS E WAL E L Omove) B AL T &/
B RE E B 55 s (utilize).

(D) FAL S5 B 7 &

TA={stage|stage= {w, Instruction st} s

Ins = (i) 501, » 1, € {move(l;,1;) yutilize(l,

el €L, s€S, (L )HEE,(L,s)ELS.

AL AR B A R A AT S T A B — A
TAES BT % TA. TA 24 Bl il B — A~
WrBUAEIRSG — MHEE S 5 w, RN T L8 IR
AN P AT 4 Ins. 365 B R S5
I 55 fet FHT L L rp o A% Sl 4R 2 TR AR R TN —
P8 R ) B I — A0 N K 4 AL L AR B
BMERARR TS5 ENCEME, —RERH
AT — B S S5HE B E - BERNES 5%
T Ak 22 5 S (AT 55 T . 53 Ah o T R 46 S AT 55
8 58 BN 8] LA S 0 20 2 55 3 78 28 $2 I8 10 45 1 I [R)
B BOdiE W 1 25 3 BB IR AT 55 R bR AL E Y
FEVCIN ] Zgice

Bt Z b, 58 L4450 deriveStage(rys,dw,st)
MR HRRIRA S 5 E w WIESE r P s S5
B d 25 SRR AE P ) B 5 AT 55 03 B 7 . )
I AR AR B R B AT I ) st L TSR s Ab i A
WO BRI ] BR BB 7 28 Y Ladvice -

(5) Pk H bR

Optimal j=min Gnd oy s L) +minCsum(d, 1)),

s Ly 2 Ins WU B9 07 B
Optimal j=min (md (w,,s L, D+minGum t!1.12)+
sum(8,)) s 1 Ly s 52 Ins T M AL B IR 5%

optimal . 7% 3l i B i A G AL H AR, 1% H
B BESR 73 TE T3 58 oh i i A58 1) % 20 B 2 e i ) I 2
KB —Br BT 55 12 5 5 BIIAME 55 s i s i
B optimal i U F2 7R HIIS B 2D YO0 AE H AR, B
BRI BC T ST AR A e B A S R ) i
K —NS 5 BNIAE 558 T R .

4 ZHERESTEREE

AR MultiStageAllocation B R IE1S E
Ak B R X 5 T 29 o 1 25 (R AT 55 HE AR B
1155 70 BeJ7 28 B i B A SR 2 - B SRR PR ALk B
B AR IS5 AT 45 0F I 1) i A2 4R 6 T AR 9 A e sk AT 4k
J o B 5 AR U X B — A5 BR AR L 338 UH iR A £
28 1B 3 Ry 3 e e 45 SR ) ik S R AR R B B
EHMS 5%, — HgERE LWES RSB — 1k —
25 UME5E 80 AT B B B 55 19 23 L 7 4%

&£ 1. MultiStageAllocation

A Topo / /& - W55 ¥ 251

W=(w - w,) //RESSE
OptimalGoal /A A AR
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task /155
By TA WERES i WiES
1. Routes<GetRoutes(Topo,task,OptimalGoal) ;
2. TA<{};
3. FOREACH r in Routes DO
4 TA < RouteAllocation(r W ,task.t,, » TA) ;
o. IF TA!={} THEN
6 RETURN TA;
7 END IF
8. END FOR
9. RETURN {};

MultiStageAllocation #K i DU I i A . 23 5l =&
FLE RS NG Topo . Z 5 ELEEG WALS task
FAL B 5 OptimalGoal. MultiStageAllocation [
PATREFE 73 P Br B |5 AR UL AL B AR 3RS
55 XL H 2233 LS 2 HE 7 10 B8 A2 46 & Routes
G 1D MG KRB X g — R RiE 2 5%
M BT AEZ AR B TR 55 20 BC T %8 (5 3~9
1) — HAF 2N Jy 52 BB J5 220 01, 5 ) 32 A0 5340
TR B A2 4 51 R BT A BE A2 0 T 1k 155 0
BEJ7 58 » TR R AR AT 55 23 B A O 2 T
PLZhHLEE G 2 T T iR B9 4T 55 9] MudtiStage-
Allocation B 51 ¥ &3 HE P 19 B 42 4R 5 Routes 115
T % ARV e D Ak BAR AR LT & e Xt
#4% A-SA-B-D-SD-B-E-F-G-SG-T #4715 (% B
2% Routes HAJL 6 90 d5c i 1 BI A2 80 JH I e
FRD . A R IZ AR AT T UL DU 2 252 3o ) 51 0 A AT ) s
BT . MultiStageAllocation H#i GetRoutes
SRR AR IS AT 55 X0 g 1Y) B A JF X FE AT HE . AL
LB WIS NG Topo Ak HAR OptimalGoal
54T 5 task fE A MR cask BAES 2 OP HEy
BIUEAE op i85S findPath J7¥ETE Topo W3R
G op AN AL Y JR TR AR
5 1~347). BEJG 45 5 R SR Bk AR 46 & 4% A 5
WU FEAT 25 A2 BUEAAT: 55 1 B8 AR 4R B Routes (5
A B JE SRR R AL B AR H B A SR R AR
SRS T8 CEVER AP RS 3l R B B8R A A A% Sl N ) )
F A 38 e B B AR AT HE IR (58 5 47).
&£ 2. GetRoutes.
fiA: Topo [/ B M55 NG5
OptimalGoal / /Al B ¥R
task /%
i : Routes [MESPAT IR RS
FOREACH op in task.OP DO
op_routesop]<findPath(Topo.op) ;

% op_routes

>

oo

END FOR

Routes< combine(op_routes[ ] ;

Routes< M AEA R 1046 B b5, 3% BAS I 45 IR
B = HE T 5

6. RETURN Routes;

LALLM 2 T i AL 55 il Y HiAT 55 RS
Foh (D EIfE A SA; (2) 5ifE D] SD; (3) Hif
£ Gl SG; () FifE L. findPath 77 344158 H
A FR AT S5 BRAE 5 3R 1Y T R R ER B AR AT G
¥R (2) W) R 3B % 442 . B-D-SD 1% B-C-D-SD. #X J5 X}
T A BAE X 1 1) SR R s AR AT AL AR iU R R
Routes.

£ X B — & I 12, MultiStageAllocation &k
H RouteAllocarion B35 THE W 76 9+ 1F 55 40 Bid
BE BEWARKRZ rh BHEEEG W SEBEHR
1700 8 86 B 8] start Time. RouteAllocation [ 32

w1l = w

AL 3 R,
&% 3. RouteAllocation.

A r //HEE S AT AR
W //B5&EE
M/ /0146 53 B4
Hith - M/ /B ARATE 55 o TS5 R
1. s<r.startNode; d<r.endNode;
2. SR<{sry.+usr,} st €W H sr; A 57 [0
FRAFG s 8% Sl 5 ) I ) 24350
IF SR= & THEN
M<{}; RETURN M;
END IF
w < w€ SR, WAL HAR M forward(rys,w).
D-md (w, )8, forward(rys,w). T-mt (w,s) 5 5
INIE
7. Li<forward(r,s,w,).getEnd() ;
8. IF r="5¢# (L5 1¢ THEN
9. st<—sttmoving Time(w, »5);

10. END IF

-~ w

D (@]

11. updateCoordinate(w ,11) ;

12. DR~ {dr,,+,dr,},dr €W H dr; LA L S50
KRR A5 dr B Sl Fil 5 TT I ) 249 35

13. IF DR=J THEN

14. M=<{}; RETURN M;

15. END IF

16. w, < w€ DR, B ¥ H #r [ backward(r,d,w).D-
md (w,d.bw) 8Y backward(r.d,w).T-mt (w,d.bw)
HEEE PN

17. ly<backward(r.d,w,).getStart();

18. IF r.subRoute(s, 1) (\ r.subRoute(l, ,d)7% <& THEN

19, < BN E T w, BN T8 IR0 AL E
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20. M= M-+deriveStage (rys,l;sw sst)+
deriveStage (r.l; d,w,,st); RETURN M;

21. ELSE

22. M < M-+deriveStage (r,s,l sw; st) +
deriveStage (rily sd w, 4st);

23. ¥ < r.subRoute(l ,15) ;

24, RouteAllocation(r \W ,st+r.subRoute(s,0,). T, M) ;

25. END IF

R MR SRR RS 5. kil
HATH f 0 & V5 [ AR B2 5 3 19 8% 33 Bl T H
I ) B 5 2Ol L S AT I R 2 5 H S
SRCE 2 47). 45 A Z 530 2 & 10 W 50K 3R 9]
DG G 3~541). R Z MR A [/ AT 55 itk H
b R RAIEN S 58 G 6~7 1D fEx LR,
Sforward(rys,w) FiERATITHE w # r BEF N s
78 Ak S e 3 At fi J2C BE B8 U7 ) 3 A 7 B R B 5%
7 B AR THIEA5 B Y 7 B AR T 0 LT A
(1) w BA X7 8642 b e A L & F0 BT A AR 55 19 35 1)
B (2) T E8AR P B B A 7 B AR TE w B9 B8 i
Bl 5 (3) 1 B% AR 9 SR AT I 8] 78 w0 By al I ) 3 [
Z .

A5 T B0 5 . WS BL B H 3 A B 2 A R AR
(w=(LP,,SP.+l..MR.,AT. )5t &—HMZ 15
H O HIEH S AS 5 ENEE E (credio $8 41 % P
B R . 158 B 02 th AVt F & S sty F P Sl . i H
PR 55 58 R AT 55 B A 8 P S R AT 55 B A
BARZR A AR Y I B 2 2 SRR 58 4 —
HMZHEN AR SREEEERGENS S
HEAT AR 55 43 T

BRI f A B G4 H BRI SRFP 6 25 3
A i FE N A A CRIVBE T B A% iy 2E fe ) HL BT B A2
A BA AL S ] Ga o JTETEDO WSS
How G 6 47). S I BT BE B B i o4k H A
Ve RE 6 1T I A 1T P B A K HL B T B AR i B i
Gl i md JrEH D2 538 w G 6 47). Bkl
M LFRRET NS5 H w (B IE B 1Y F i A & A

2D oK PN B ) 3k 4 Y O 2 R DM Y
Z 5% K0 N Wb # 3 B A BAA 2 m L B AL
PR R 25 AL FR H. T i) 1) 55 % 3l 3 A5 S 2 R AR
TORMZS 5H LS DRGE 12110 EPAT X L R Z
B> 9 5 A5 B BN T 52 B 37 S i A R AR S — U
RouteAllocation W B % EHE - BEES5 & B 3
2R SRR SR AR AT A S A I 1) (2R 8~ 10
1. 5380 G THEE S — B B S 5 FH AT H B

BT e I & (58 11 17). 24 DR Iz i, Hi%
RSB R RZ 8 backward (rod s w)
Ti kA w fE r B4R N d AL ) HE B Atb o g
% ) 35 1 0 B A T BR AR IR Low RN T
PEAR B L B XA R AP AL A B L TS T A
¥ sl i SR FE T/ SR S w BITE L. ow BYFE I
SRR B 22 (8 B R 2 w 3B 58 R 5 2
BB Z 5% w. (55 16 17).

TEHME T I HT S PR B ¥ B AR S L AR R AR
HAAZ B, W e AL 8 52 B X o, T 5 AR IT 55 B
ANEYAE B L CEEXE T de D A AL H AR - NSS4 v i
PR w, 1Y Y 1T A7 8 7% Bl I 8] d5c 6 1 60 . 28 L
BT B B d AL H bR S PR R o, B T L B RS
2y B e A B D AR g S AL 23 ) B A I 0 [l ey
wy KN s B 2 LA R i w, ARIERY AN 4 3 d 1 By
Bl 7455 (3 19~20 11). A PSR IR AR TER
£ A 43 5 FR o) B o, ARFE G M s B 4, DL % L, %)
d [ FAT 55 [a) IR B A2 B R 3840 ON 4 B 1)
WA B B 15 0 A 42 7, 88 VA I8 ] RouteAllocation
HEAT FAT 540 e 5 22~ 24 47). Hirh o/ B% 22 14 1
Ay e Iy 1] 2y r 9 52 BB B PRA T I TR b 2y 22 i
TR FERT.

PLSIHLE W 2 v AT 55 0 1] 51 ) B8 A2 A-SA-
B-D-SD-B-E-F-G-SG-1,RouteAllocation B3k 2 h
TP L AR — YR P B TGRS Y
I M5 2 0 B Bob AR A 2 D ) F B 42
(A-SA-B-D) 3% F PE i i 1) 338 HE 1) 75 2045 2 L
David JRH M E 2 T 59 7 48 (E-F-G-SG-D. % —
YR AT X ) A2 i N SD & E Y #% 42 (SD-B) , 1]
B 2] Charlie 500 2K HH . R ax 26 25 L 5
I 5 B 15 3] =B B iy 141 55 20 B 5 3. 2R b 7R
DABR B I B2 8 DAk B AR 191 B0 o 5d 2ok 98
IR RouteAllocation 774 #245 2| £ X B B i 56 19 #5412
(1) = B BAT: 55 43 e 7 5.

Z W BOAT: 55 43 Be 5 1k 1 d A I ) 5 2R BE O
OnXlognXI1*), B A E = E R O(r X n X
logn X 1%)  JHrfr n R4 S INHEAT 55 19 2 5 & 1
Byt L AR 55 0 KRy 8 BUIR 55 B X B -
WA 55 B AR T A Routes (VK.

RouteAllocation K F T M 5 F 2L 15 XL n) 1k
YU Jey B doe A 445 2R i B0 7 ORI MAGES 5 T 2 B o 6 1R
Jai R E LA R et Oy S CIn g8k 4 s M TG 7
P SR FE I AT 1 1 00 T o U] 305 RE LIS — €
A PR RE G 22 - BIAE B0 0 B8 gl It [7) 50U B A1 7% 2l R
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TEFEZES . T AU 28 ) A0 2 B B AR 45 23 i 2731

907 T I T B ] S 5 e A B ) SRR AR MRS i
FHE 0 DN 2 i B 1] 32 A Aok A v b R A 2 S 0 1) B A
PEAZ B TR 53 v 38 L /N BRAD I E  AE IR 55 TR
R XS 1] B 9 R e I 6 e R R O L e A 2 5 3 0l
AR TR TR A RLAN R 2 R 55 Y BR A A%
RGO, AR5 5 525 5t K4 4 S0 BE ko
XS] 0 R 1) Bk A PR RB AL 45 ) AR — 2D 1T,
&% 4. RouteAllocationFromStari.
A /YL S AT AR
W //Z58%5G
st/ BEARANAT I A i ]
M / /%65y o5 2R
Hth s M /BB AR AR 55 o L4
1. s<r.startNode; d<r.endNode;
2. SR=<{sri = ,sr, ), s, €W H sr, BA & & Ui [ AL
R AFG s 8% Sl B 5 7T I IA) 2450
IF SR=¢ THEN
M<{}; RETURN M;
END IF
w < wE SR, RIFHAL B forward(ris.w).
D-md (w,s) BUfS e KAB 5
7. lLi<forward(rys,w;).getEnd();
8. IF r=52 % (L% Hti& THEN
9. st <= sttmoving Time(w, ,s) ;
10. END IF
11. updateCoordinate(w ,1,) ;
12. M<-M-+tderiveStage (rys,ly sw »st)
13. IF /,=d THEN
14. RETURN M;
15. ELSE
16. ' < r.subRoute(ly +d) ;
17.  RouteAllocation(v’ sW ,st+ r.subRoute(s, ;). T, M) ;
18. END IF

= W

o Ul

5 XWHITie

AN R S A AR S A5 . LG 4 R L S
5 T L S 37 S S T S 4. R DL S B 1) E ) 2
BB S AT R, By R H 2
R A PE. B A iR R A
PB4 A T 2L LS 3 S Y R AR AN .
WA 28 SE G 25 OF AT VR, B Jm THe A T ¥ 1Y 4
RS R RE.
5.1 #EILIE
5.1.1  SEB BT

T HGXT I SR 22 i Be AT 55 4 O SA VR R AT 40 R
PESH R RAT A AT T — A3 T ah &M A

FEAE R O B LR 5 AR S0 2 B BeAE: 55 0y
Fp 2 vk e 2 MultiStageAllocation 5 GetRoutes 3
o3 CEVRE 1.2) Ae 5 TR 55 0 Be 5 5 0 1 (3
2530 R — A 3 T 3l A HLRI 4 Ry B LA L
Bk 5 iR,
85 OptimumAllocation.
WA //ESPUT#R
W//Z5%%E
st/ /[ BEAR AT By B 4 1 )
il M /TS5 B R
1. len<r {7 B FIRSS ) 850
2. allocation[ J< K JE N len+1 BB alloca-
tion[ k7R r VR & A7 B SR 55 4R 0 R B B
R ARSI BT R (k>0 5
FOR i< 1 TO len
extraCost < MRAFAAL B 5715 2 19 B4 IF 55 5
winner <03

FOR j<1TO

- w

currCost<—allocation. cost() +minCost(w,j,1) ;

IF currCost<extraCost THEN

© (o) ~ (2] (2]

winner<—j;

10. extraCost < currCost ;

11. END IF

12.  END FOR

13.  allocation|i | < FE allocation| winner | 1) F:Till 2
L ¥ winner~i BB AR F NS 55

14. END FOR

15. RETURN allocation[ len]

OptimumAllocation 1) F A R B . Fl F — 4>
ORI n A7 B BCIR 55 4800 Jmy 7 B A Y i
RO TT 28 (58 2 47) . X T H A AN R s B A2 L ik
FOAHT @ A8 BOIR 55 dLRY JR AR Bk A, b 0
i<k (55 347) . 5 I8 HAF— A n] RE Y 1~ Ja) &8 e A48 (P
J A B B 55 2 Y SR AR B AR L 0<7 <) HIK RS
55 P A R AR A B0 5 2l 3 B AN AT R )
AR R BRI R . B8 9 5l 52 ) % A2 ok 25 A8 43
G TR M ESRS WS 5E. kMU
7 SO B A B A RHE (w=L PSP, L, s
MR, ATOEL2—BWS 58 Rkl a2%2Y
I AE B TR b ok 58 U . R I A Y SR A
125 B ER Iy B2 5 AN RSB T RS IR 9 AN
7] i A4l H A o s ) e /N AL G AR T @ A R
IR 55 2H BG4 Jey 8 AR O B 5 36 (5 6~13 47). B
By AT AL B 55 2R SR BB I A Y o BE
2. OptimumAllocation W AEZ 2 O (#* X
1) BRI ) 28 BE Ry OGrXon® X2 o e 4k
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AEMBEAES NS5 EN YRR LS T &
AOL e Bk 55 S B R, - N S RIS
Routes W K.

TR BEA b AL S50 1 H AR BCE N TEAH [F] Y
MERFHING S 5E ARG

(1) B3k 22 B BEAT 55 43 e 303 A0 H 2 T 3 A 0L
¥ OptimumAllocation B A T & 1B RUE.

(2) B Uk 20T 4538 - M 5 A0 & 0L T 32 B
il 0 4G SR BB 7 RN MRS A T 2 B 6] 328 BB SRy R
RAPEEE R BT I7 AR LG B — 5 1 p B

TE 25 7€ WYL B 55 P Fh Sl A A RT3 T, 5256 e
FH BB B & BE AL A B 2 5 5 10 32 BR A B 5 IR
55 B FAUNG L T 2l 91 B A 22 i A bR S5 Bl iX
LR 8 BE L A= R X IR DT A -

(D XS5 ETEZRAE 5K LA,
Xf AN 32 IR E AR 55 BERL A MU 2 5 & %
FRAL B 5 R 55 ) $ASUH B0 B K3

(2) %X 2 538 1Y 21 107 & e R 07 B IR
G5 ¥ DA AT BT A 7 1 LA A B R (R s
(1) Y ] ) A A Al s X T o 9K 5 732 X T P B AL A A
TS5 H 0 Y AL E R R AL bR,

(3 B X2 5 898 by Bl 76— & X ) N B
LA A2 5 & BT g F 48 R AE 2 5 5 1 4T
AL B RS S A T AR I 2 5 AR U7 R A 07
#£45.

EARWR LR T A2 0S5 & WEEEE. B
PR A W7 K F

(D) AR 1 BT 7 B0 008 IR 55 40 b A O B Y
RS TSI W (TR A /AT DI /A )
F 52 PR F Al A o DR AT L BRI BEADL A SF T 40
FhIA K 1200 m, B8 850 m 147 ()3 Fl o A v 4 44>
7 BUIR 55 712045 18] N B AR A () I A= 80 A A o
IR 55 AR A X R THRAZS 5 E A
2 R R0 A 1% AL & BOIR 55 79 U5 R A BR. — i i
B TR BE B A S TE) B 55 AR RE AR
1R NS K ) PR 5 A AN BIR A 5 14 45 e . A PR AE
RN AERE RS E TIZA ST 8 AT AR
IR AT FLIEUE R BT N B B A BN B B R
NG BORE B T AR R 2l B LR
TR N GYFI SN ER U5 % 25 AN ) 3 28 5 I Aol 87 22
VB RAGEEA E B AE R AR 2
RIBCT AN NI HE 07 & R, R EOE Bk IR
TR E S w]L AR A B B 55 0 R R 4y 26N
SR TTTRCREJE 3T SR A BR AL A AR 90, ST o

I/ OON=Y -8 DN 925 -8 DNIZRIE| £ N
BUTFIC, X =28 N B BN BBt i 55 %6, I Sc i
i B R 55 I AR AR (B Ry 55 0.

(D EXERS S HE N EZEFRRNES S
AN R 15 BR 2 5 4 B 43 ol £ P A R B s
0% 5% B AT I ] (ExecutionTime) 5 3 T 45
R N TG ERZ 5 & R 20000 53X AR A 20000
LS HEMASE T RGOS /] LR S5 2>
BC XS .06 Bk 2 5 & B e Oy 500« A 20 000 JF
AL 20000 AR R6 B AR IR 34 2 160 000.

(3) BF X HA BAK M5 RS 5 & B0 K b
MR A = S B A BRI, A= RN 0 5 Y BE AL
BB . IUAE % B R AR B 2 5 3 X
AL BUIRS5 B AR R — > 0 & 1 S R BE AL
AR 12007 B BIR 55 19 AN B ABE 38 M8 L DR X AR 2
538 R PN X AR B2 5 2 1 2 B BN
TEF- T #1 FD0 E PA B AL 2R I A s . BE AL 2 5 %
5 B2 422 100 m 2] 600 m P Y BEHLAE . 42 445 B
B g~ AR 1530 G S S R P B el 55
EhB.

T E S AME S5 o AP 2 B BUA: 55 O I
H SR T SRR W LA R X =AM 55
HRELT I 1 Pl s L R 55 40 4.

taskl BYARAEFF B4R « A1 23 303 AURCE: SO
(C) s BT A B A5 48 CF) A 1 2030 19 45 iz 55 (SF) 5K 19
PR IR 2 AL (D

task2 WIERVE T 514 4 CRD Zh BILZE ) v 1 4T 55
HFAE W 22 3 CAD i T 490 it LB 55 (SAD 5 i £ 4T P
= (D) F SO AT B AR 95 (SD) 5 Hif 71 W 45 4k (GO fff
FH SO 36 32 IR 45 (SG) s R Ip A 2 (D).

task3 HYARAEFF S A 1A W0OR 2= (AT
ai ARLIBUIR 55 (SAD 5 Hi 45 4T Bl 2 (D) filf JI SCFT BN IR
%5 (SD) s B 15 W 55 b (GO fili i SO 38 % i 55 (SG 5
HIFAE DA RS A CF) {800 U 1 B 55 (ST 5 i1 I 24
% (D s B AR AT EY 2 A ] SCF 4T ER IR 55 (SD) s Hij 71 2%
WEO.

55 BETEREAE 1A 55 MURLIE 3 i 5 0, DA zaskl
B rask3 AT 559 S 0 23 6] 00 M I 55 A 25 1
AT 55 1 3R 1) 52 e A8 E 14 0 P P4 55 AR K B 1 .

X T bR =2 SO 55 R R N W R A A B
B B AT 43 e MultiStageAllocation B8 3 Fl
OptimumAllocation Bk 15 AT 55 sy Bo 45 % Hop
MultiStageAllocation A A SCH# W 0 £ 8/ 2. M
OptimumAllocation X}t L. 10 SR AT 55 40 BL 7
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RER BB NS BB B (TEDist) F1EBUN 3)
W] (TETime) , 73 3 R i A 2 58 0 T 58 AT
55 TH A\ 24 i L 5 4% 3 B [ B A 555 A B 48 9% 1 B oh
e ol i B AN RS Sl ) 8] e A AT 55 b R =S R
WP B i J7 A5 5825 1Y 1T B3 FG I R0 M BE 48 AR Bk
Wi, A X rask2 AR IEAS [F U0 AL B A5 20 5 0
AR ) Bk R B[] B0 A AT 55 r LA R L 0 %
TEDist il TETime $#g » LA 5530k X 1i) 53 3 A1
) S I PR RE AL 25 [ R 53 A o AR YR S 30 () 45 4 A B
2 2. 6 GHz Intel Core 15,8 GB DDR3.
5.1.2  SEEREER SR

Kl 5 5 & 6 435502 1 DL Rl 20 A DLBEE B
FOMARAL H ARy 2 e 25 8. sk B p s 6 D aeit
E 2. (@), () 1 Ce) 43 0l J& W6 A~ B3k 41 X taskl,
task2 I task3 TEIE BR 2 5 & Hik i 19 ) /9 3+ 55 1)
I HEEL. (b) L (D) A COD N R R AN SEIETETR RS 5
BB B BT EE X task] | task2 F task3 W) R A1
% gy FH I 50 RAR A0 8% 3 R B O T A AR P TR

—_

[ L5
o

~ 0 O O
T

BEFERT /X 10" ms

S = DN W= U1
T T T T

o 2 4 6 8 10 1z 11 16
HRS 5EHE/}10"
(a) taskl1 15 I LU

16
w5z

Elz,*ﬁtlﬁﬁ‘i{:

=10t

=

M oAr

& 5| //
%2 1 6 8 10 1z 14 16

kS 5 ERE/ X 10"
(¢) task2 1+ FIT ELE

- LAk
20— X HE5I%

SFFERT /X 10" ms
=R

o
T

=

0 2 4 6 é 1‘0 1‘2 1‘4 1‘6
RS EH M/ X 10"
(e) task3 THH R ELEE

S I} ] g A g

WK 5Ca) (). (e) & 6(a). () HF () WE
AR T BRI R AT 55 R CHISF AT 55 #6422
KEO T iRk Rt A2 fb. nTRLE 78 =4l
FRT 55 W SE 56 45 R 1K R v, MultiStageAllocation
5 OptimumAllocation B)iTEFE 2 I H H 25
5 BRZ: 5 BB IEAHSCHY 3 XS & . Optimum-
Allocation W8 3 BF 48 MultiStageAllocation i,
JL Rk B FEH MultiStageAllocation Wi B FE 6}
WART OptimumAllocation. IR % FEAEAS [ A9 AT
SRR AR F)E BR 2 5 2 B0 1 S AR I X FE.
T AR S5 B4R 5 MRS 5 0 0 e, RIS B 4E 55 %
R E M taskl B task3 KGN, 7] LFH W, task?
R 2T BR 2 5 35 00 P i i Y 3T SRR I Y T
taskl PRI SFEIS s TAR T rask3 59X N 153 46
If. 55 4 95 2 By BUAE 55 2 WO 3805 38 0 48 s Mudei-
StageAllocation W)} 8] 52 2% &A% T Optimum-
Allocation , 25 5 LW &5 R Al iYL 13 H 4518 . 5 T

[~ 5%
~ wHE

20k '/\f’\‘\,_,‘
0 7 1 6 § 10 1z 1416
ERS 5 EHE/ X 10"

(b) taskl SAHMEBI ] H L

300} ~ 5k
250} o XA

SESNE B 8] /s

(=] =]
T

N S S e e SN

o 2 4 6 8§ 10 12 14 16
WS 5 H KR/ X 10"

(d) task2 EHME ST ] L

450F - L5k
2400} - XS

50 R—O—O—o—«rO\,_H

OO 2 4 6 8 10 12 14 16
RS S H MR/ X 10"

(f) task3 SAHME I 8] LR

B 5 iRl SRS B bR T A S0 40 45



2734 it " &5 i 2019 4F
10 200
L9 o Rk 180+ — FHIE
g 8- wtbbsLk E160¢ o XFHE
< 7t B 1101
%6 E 1207
=5 ® 100}
=4 B gt
® =
:@ 3 = 60
& 2
1
0

4 6 8 10 12 14 16

0 2
ERS 5 EHE/ X10'
(a) taskl VIS IS LLA:
16 \
14l e EHE
B oo X
E
1 10
= 8r
= of
+H
=4k
b ol
0 : : ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14 16
RS 5 EHE/X10"

(¢) task2 VT H FBF U

I eetcd

0 2 4 (‘5 8 lb 1‘2 14 16
kS 5E R/} 10"
(e) task3 VT FIF L

s 40F
20l M

0 2 4 6 8 10 12 14 16
WS 5 #H R/ X 10"
(b) taskl BAAME BhE 2 LA

450 b - LHL
E400} —— X

D IR e S S S

0 1 I —
0 2z 4 6 8 10 1z 14 16
WS 5H YR/ X 10"

(d) task2 SAAME B RS LR

800
700+
£
2600
w500
N T
£300} ~ XFHE
200}
= 100 NO/\/W'/
N ‘ ‘ ‘ :

0 2 4 6 é 1‘0 fZ 14 16
HIRS 5588/ X10"
(D) task3 S AAME B FE R LU

Kl o6 e UL H AR T A9 SE IR 45

LTI 2 (B A 2 B B AT 55 43 B R VA AE T RAIR
e )RS RE - R POy b PO =7

TE A I de /0 HBR T 19 S80S A% 3l g (8] D T
(E 5(b) (D FID) ,OptimumAllocation 75 Ak a3
FOAS A i s B P A — D BN XA Y T Mudti-
StageAllocation WIF 30 Bl 8 K. [E B . Optimum-
Allocation B B8 4 % gl i 18] 8 T MultiStage-
Allocation. %5 %¢ BRI AN 3l TN BOBE AR AR 2y
20% R LE 200 % 1 7K . OptimumAllocation
15 R 2 R R LB B i E] L FETG B 2 5
A AR R R R I D0 T K s AR R N B
AL o 77 TR o) Jeg S e A ) 5 B 1 1 A T A A R A
. AR E T R A B 2R A SO SR B 4 AR B Y
S3BC 7 AT OR Ty T B A L SRl 7R
PR 2 fc i H AR T 09 BV AP B8 3l B e 5 i (& 6 (b))
(DA o 1A 553 o A B 28 LA HE AR Mudei-
StageAllocation 151 1 41 5 S B8 H B — 5
BB AE B AR

PR bR S A L 1 3 DR R AE AL

B 22 5. MultiStageAllocation J&—Fp T 500 WL
2 [ BA 55 03 BO 330 LR A JEL B 2 < DS il P
FTF b6 XU M0 AT 55 B8 AR R AT O3 it AR — 2] R
AR AT 5 R FH 2 R £ 07 T 1R T 2 BIDIR S R = AR
18 36 8 G B0 A k2 55 D A0 A0 T B A A1, B SC b 4
PRI AL B AR v ) — Bk B 5 D LAAS B e & 1)
SETTE. MM S OptimumAllocation 3T 375
XL B R R E. B, MultiStageAllocation
fbﬁ%*ﬁﬁﬁiﬁéﬁﬁ:%ﬂ:iﬁﬁ.}ﬂﬂ ] Optimum-
Allocation. {H f& W 9% #L, MultiStageAllocation 1%
A BT R — € 2 4 R B L AR AT REAS 3
F8 s 3 DA B G ) 45

WAL B 7 1 1] 3R 25 SR 0 DR i R 8 S5 R ) 326
Y Jey 8 dme A0 445 2R i B 7 ORI A5 T I B o 2 1R
Jrr e o 5 R W Bt J7 SUHE AT X L. T T R ATTAR AT
BRI SR BRSO e S

MIEL 7Ca) | Co) B 25 R 0] LA HY L X ) 3005 5 B
foa) B30 A I 8] e R H B A0 R B e J H A T AT B A
ARARA PR 38 A, ARSI 55 0L o) B 1% ) B 1 AR o gt



12 # RS, ET AR R AL BAT 5 Bl 2735
1.0 300
35~ WUASE ) - XA
N [ F 425 © 20 ~
=N E 200
; 2.5¢ }%
20t ] 150
& sl 50
o 2 4 6 8 10 12 14 16 0o 2 4 6 8 10 12 14 16
RS 5EHE /X 10" RS 5588/ X10"
(a) I RE B AR T THE A I bR (b) WAl AR T S A ME B A EL A
4.0 500
L 35H R RPS 450 - X[ Bk
& o oLl spsk £ 400¢ M
w7 i 350
; 2.5¢ %300,
.EZ.O' §250,
W 15¢ ii}og»
# | = 150
110 = 100
0.5 50h
0

0 2 4 6 8§ 10 12 14 16
ERS 5 EHE/X10"
() BREHIE H bR RS A E

0 2 4 6 8 10 1z 14 16
RS 5 E R/ X 10"
(d) PEESHE H bR T SAIMNE B 28 L

P 7 B 5 Bk R L St g 4 AR

EF R A MWK 7Mh) (D RATLE .
X [o] B TR 2 LAk H AR T A8 850 20 JT- 5 s AR T B o)
k.

KX 50 F AT (D EWER
T AE I AR 9 B0 T 5 R 1w B30 e O — E 1 M R
P, BV B35 A8 3 B (] 2% 6 %0 A1 8% 3 R B T
WG T B 1) B 1% 5 (2) R Im) 53095 76 DA RS 38 4 T AL
2 B ) 3o 4 Y B SE B A 0 A I AT e R 52 B
53 W 3 R/ INER A B ) 6 B B 55 B —E
FEME 5 (3) X a) 55 1% 1 e o S8R 5K 1 00, A
Z: 55 W R AR TP R TR AL AN R A BUIR 55
FRY B A 25 17 o TR AR R 1 2 B 1) B M 5 (4) L
T B 725 1) A A P 5 TR R R AT DLMUE i 2 2 AR
A ik — 2 SR M RE.
5.2 EXH=XR
5.2.1 SEmt

AR R B 82 3 5 S 3 10 5 B RS R i ]
PR, HSEG s 5L T 3T B 3 IF & A AL Fel 4 1] Ak
fIAT 4% % 4 CrowdFrame # 17. CrowdFrame %
BRI C/S B ZRFg 2B, o IR 55 il of HTTP
PSR 32 4 R LA K T My SQL ¢ & B8040 7 4 2
AT 55 BOHE % 7 g 22 L s APP AR S T
AL FREE G T B I APT SCHRAT 55 R L 3 K 5
L BRI (BT AT 55 A R T RE. P B EE T
AE A4 « 25 [A] AR AT: 55 KA W0 08 L 45632 VAT s 2 4%
W AR 0T 55 F1 2 KA1 AR A0 AT 55 1 A8 B F R RROAS 1Y

CrowdFrame V- 5 3 528 35 v 76 1 DX 3 [ N 19 21>
25 [l B IR 5. AR WL 5. 2.2 5 526 45 SR 5 1F
#8453 i Z A8 1 J2 , CrowdFrame B 7 3t B AR
WS KAHEMSEEWA A A, FEAR KL,
CrowdFrame fJ{E 55 3 BiALdiliz T A CH i £
Wy BT 55 o B SE k. AT 55 & A 3 5 B A6 & AT B A
& P 4 AT 55 R A BEAR L R AT 55 A A P
B 45 AT 55 10 2 B R A3 1 B0 B S & B
SR 2.2 799 BT A 3R 0 4R AR R A 2 I AT 43
. S5 FHME 0w AT 55 T RE A B JF
BT S A WS & G e R R %S
5EW Y/ E IR EAN AN B S B IEIEE 5]
FHT[E] Y5 L 25 5 B X % A0 8 B0IR 55 19 5 B 100
W& e mE L M2 5SEEENFa S,

% APP B A an & 8 Fion , Hih 4% IR 4
BER T A RS R4 AR OSSN
FHCAE B L.

ARSI AR AL ok AT 55 IR0 B bR ik
PRGN : 2% 2. 2 XML S5 ik HAR iR
T AT 6 LR REAE S R AT 55
S o 3 S5 A T R A5 A B D BRI T I A 55 - 1 5 AR
16 MG G IRBUE 55 15 5 F Bz AT 55 19 4 38 &5
Oy R AT A 58 B ) G — A ATk
By s FLuk FIBTAT 55 35 L i 3 45/ IR 45 75 1 T i
A FH B R] AL e M T B T 0k BT 7
R 5 # R AR L R R %A B B 55 7E — R Z N



e i 2019 4

2736 it "
s @0 A4
CrowdFrame [ T
PE L BHARREERE159 m :f:f ‘,ﬂ{t
| WAEm: 00
\ EBeit: 80
L gz - HUEBE: 20180911 133500
Ly e
ey 1 ENdiEmcd § i
s 2 = Stagel &
1 @
e 20
g . FEAR: 1
9 BEE - = 2018-09-11 123400
- ? V.o L
veEmHa T Y

ERPEFHCFRRMNS
Wiei1380 9
il

SRS 20180917 1236000
3]

L&)

(b) {E55 R4

& EEIR

L= 4.1

i BESETERAEKES
#E: SEREHZR

@ P yufan
#g: 2000

EERES
E >
D BRES >
EmeES
¥ Eise >
@ meEs >
o B >
& a B 2
; ‘ an
(o) CERZALSSHIR (d) MAFHH

K 8 CrowdFrame % 5. APP i Jf] & 1

A P4 425 sl T AR A5 A Bk T s R AT R
— 0, DU 5 AT 55 R B (R RURRAT: 55 #3%AT: 55 S f
Vi) R L D SR R A ) e 2D AR AR H R s 5 R
“F Bl R B AR LAk B AR

AR YRS B 1) 30 L 2 T A R AR I R AR
DX FERFLE 10 K Y 55 56 J] 01 9 3800 R IX P 2726 T 28
I CrowdFrame 25 [d] AR ALV & #EAT ARALAT: 55 &
A FPRAT A M. e Ah o 7 52 0 45 S J5 % &8 40 4T 55
RATH S5 H AT E VIR, DR BB AT X 2 B
B A %4y e )y 2 LA e CrowdFrame fifi Fi % 25 [8) A £
SrECSEE PR, TR SC I L SR 48 A TE R
S 59K, oG 9 Z B PR # Ll 2
18 M TRE Ll %A 0 21 44 Hofth Lol i 24
BTl 2 A (1 e i3k B 43. 8 %.
5.2.2 SERZEIR5PRAG

TEAR LI T & K AT 55 BB 26 1>, H
18 AT 55 43 BiC I PRAT LB L 6 AT 55 4 L 2R
2 MRS T2 585 750 W1 9 K g 58 i 30T

55 W1 AR5 IR B L 69. 206, TE 2R 2
HARHP.A T NRAM T 1 AES.6 ARk T
2RSS NEAT T 3 MES KRS HEXRE
il A 24 A5 T 1 MEFMAT.T A2 5
T2 MMESHIAT.2 NS5 T 3 MEF AT,
LAZET 5 MEFMIAT. KR 14 ARS 5T
55 3 1B T ARSI R il oy A AUERME AL
55 19 73 WO D0 M ERA T 45

1 EESERSHTHBIER

EEHE B Wa A SEsR R
T LA 2 5 2 58
S 2 T PR 2 4 1 5E 1%,
HAEARTIE & 2 4 3 52 %
HUHLE 3 1 0 e
B9 B kiR £ 2 5 4 52
758 A a5 HE B ARG 100 ) 1 1 0 &K
826 ['] 11 HF Sk 3 2 1 52 R
EEIN SR 3 3 3 58 R

DL KT SE B S R B O & 4 FLAT 55
A o BAR 2 558 1 1k 44 F P B R AR B 2 A
T SE A R G A L 3% TS L2 B 1Y
401 S E. PR RIS R . (D48
TRZEAE AL B 2E R T I SE 48 8 i JF ik B
BLEEBET T E 5 (2) $8IR4/E B, B R AL BT A
A T i, 35 & 401 B2 RN, | T4
A ARIRIF B BE B 0L IR H i h B L2 B K
IR HEARBR AE 24 A A B 24 8 T A o7 B IR
AT, T 5 S A5 P B B 2 Bl O 2 2
A AT B Y PME 58 BUZ AT 55

T3 — 5T PRI AT 55 1 TR A - B0 AR B R
SUIRIBCES 2 W 5 2% AT 55 RATE W9 % %A 55 I
LR D R AE T A Bl PR3 A R 55 R A TR
P B ARG I R A AR S S 5 A R
BB RIEER S AL S NS 55 P iR
— M FE SRR BT &

ST L SEIR A5 R RE ) AL IR R T AR
235 [E) A AL 22 By BEAT: 55 0 e 530 1% 6 B0 S 1 AR ALAT: 5543
i s e BB A P E R B — e el . 1
e e 2PN R o P S N IR A
AL B RREE BIEBR TR AL & L R T R A )
ARALF- 6 6 A0 b T 5 B R s L 4R T Bt
N GUH) ZREME. S B2 A A S AR AL B2 30 1 IR R 42
JE T B S A B 5 IR 0 T A IE By gk 1 BT
TR HHH E AT 55 06 R B VI A AT 55 i 2
A A SRy AR AL S 56 6 52 8 A A I AR Lk, IO



12 4 TEFEZES . T AU 28 ) A0 2 B B AR 45 23 i 2737

6 TR 1AL 55 Py s BUE Sk B AT 55 L 43 BE Y B 4]
B AR T RINAT 5 BRI SE G SRR A LIS S
BER®S.37.50MH PS5 T %5 &,
70. 8% MHA PS5 TIESPATH LR BB U8 M —
FERE B AORIEY- 5 VA SCHRE T BB fE AT 55 0 Bo 5 i
A RTATVE T R TR 43 B AL IR 3R 1 52 .

TE5 M P U5 5 A v, FRATT kT A 1R R AR
WX 5 vk B PE . w1 e AT 1) T P A AR
-G i AR R A R FRATT I TR T
I AT & R B I T 201 1 2 B B A3 B 3307 1
VA P RS G O 2 — 25 R B T Sk i m] .
P B oR s K AR 55 KA 5 i 6
JH 2 [ AR AL 22 B BeAT: 55 3 BL B30 05 SR AR IR 45 1Y)
2N ZAE SR 5 K o B BRI AT AR R
AE LU 9 180 A 1A i 1) 20030 5 B 4% 2 Jy PR 5
A RS UK AT A 4 D AT 55 BEAT 55 A BN R
R ARELATE 55 L 5 7B TR AT 55 R AR AR IR 55
LA B B R fU5E R P R 2 B BOR AT 55 . X
— L LR L B T AL 1 58 B I R [ B OA i
P 1 A3 ] AR A5 ) R B AR TH A 7E — 28 [ 8, [ 4 B
PRLish AR AL 55 1 22 B B 3 Lo 3 K T R 55 S ik
(1R VR A R 1) 25 A L A AT 55 4 o B ) i 25
REZm H bs A0 58 BUSR. 7

[F AT 55 2 5 35 38 3 A AR IR 55 %8 T AR A
155 AR E R Uk AR AT 55 2K 1 38 AT LA S R R Y
A5 B O RE 7 ABR H B 55 R ] A% 1 2 52 5 B AT
55 WS 55 BRI A B T B BT 55
XFARAIAT: 55 2 5 38 I MR &L B AT 55 1Y BRI A
BRI RE S H T MR AR5 2 5 FH N "%
APP R 2 A C PR AT 55 By Be, 7 5 05 i, 1L TR A
THEZHAE S M ACE. (H2 A BRI A 5548
A HACETPE L b AN i B B R T AR SR AR AR 1)
NGRS e S R N = DRk v R v hEA R N
XA B R PR 2 B B AT 55 43 G SRk Y AT
frik.

5.3 i

Z By BT 55 o3 o5 1 A 8 m v R I R A
TET ZBE R T 500 AU L6 R B Bk £ A
R R B A . BARTEVF 2 () T O L
() S5 9538 0 AN 23 7 1 A Ry B 0 Y i o O 5 (B R 4
A 5. 1.2 9T R AL SE R R AN 5. 2 T LS R
S 3 BT R AR U 7 AR I il TR T 58 Y Tk REAE
AT 425232 )30 BB P A X T i T B A AR 1 B
TEFETAWNHE G I 5. WL R 55K 2

5 I RORE AT 55 i A e 90 K R A7 0% il T
B 2 (AR AT 55 B 2% L R AR P IO Rk 1 FE
P 398 R BB AR X R A ik R S 1S B R A 1 T
L5570 BEJ5 58 » {H 2 FL B 19 3 53 6 I DU 2 52 g ==
(] A% 4 55 ) S I 23 IS 28T A SR I 0
TE 73 BC 25 3R 77 T 3 80 B0 S AR 25 W8 5L S M 0 R 23 i
i AR T SR RE TS 1 R A —E (3

AR LI W HE T 2 SR 23 18] AR 8] 8 4 A5
F. BB B A SO B O ik S L AR AR AR A S 2
HH— R IR 2 L DY R T S bR
AT SR FLAT LR T 1 Jeg BRAE

(1) 8 AR % 18 H L B i 52 2% 25 (A1 9 4P 45 4.
AR SCRE S L B AR 55 ¥ A0 85 D T B B S 19 45 T
(19 77 2R D7 B AT 0 e O R 2T MR 55 S R B L
45 i AR 55 73 e B a A RIS A X Al ) 4 8] 1 R Ak L
PEAT ES AR R A4 i AR SR S B S ) AT B
A SR B T DX s () w] o 3L g —
Bracfh . Has ) 5 2 Bl Z BIE AR E R R, 75— 5
AT » Al 5555 00 B 019 56 A8t vl RE 7 2275 1B A% Bl B Y 1Y
PRUER . X BB 5 25 [ AR ) i) A R T o 22 5 ) 4

Q) HRAFFHES H5EHNEMPE 07, A3
J7ik BB LA S WA X T2 5Em S, RATE
WIRBHEZESIFEIRIRE S NS 5ERY A8
M TESS — B [ IF A AR AT 5. [, S 5 HE WAL
Hh g iR AT 55 BO7E 45 5 L AT 55 I BORTT 25 T 3 e el
DAL . SR S 5 4 1 ) 355 00 FHDBR 45 2 S0 B A
b1 At 23 B 20 B8 ) BN [6) /) 7 ' o A FLoR AT 55
118 2 R 2 32 B0 WL 1) R . 7E AR AT 55 1 4y
e 3o A v 2 BB DA T ok 4 IR 3K R A 4R 1 4 TG 2 T U
e A B,

(3) R T fai Ak LA B e 20 Sk A B A5 19 4T 55 53
Jie, FAT T B FE E T B RS NS A R R
6] 7% 2l B R T AL T 2 5 5 88 3 B B B AT 55 i
AOLE R S AR, B Serb . 2 5 & 198 3 T
WA T 22 38 T PR OS5 IR 2R L TR O g TR A (D A%
Bl FH I 23 45 AN A [ 33K A 1] A 45 Ja) Ak 45 1) B B
P A3 TC » JC L2 LB ] 2 B Ak 48 b 19 4T 55 43 Bie Al %
TMEREL T B G S 5 0T N 4 B BRI i T
SRR AT 55 43 B $ (R B S i A R 45 .

(4) A SO 5 VR AEAS 3T 10—l 8 R AT 55 40
e B3 o BOAEAT 55 S04 T 22 Wi 38 3k o F A5 A A 43 T
TEME . 2% Wy BUAT: 55 10 AT A8 T 43 I B B AR IR ) 2
HENME BB EE L. R TS IITE R, S



2738 it <A

Hl

e i 2019 4

HEMME BN e 5B BESE kA
ARAR & 3 B IR 3823 5 WA S 2 AT 55 T ) T 1

6 MHXIE

AR SO B8 TAE F W X =05 =
(B AR 2 T6] 9 3L 4 IS 7 25 1B AR A o i I L K a8
[ AR, F A AT 55 0T

(D 2 [ ARALAE 2012 4 1 Kazemi 58 A1 4
WU e AT LA BLAE SR, 2 5 3 ) IR S5 4 k3
PR BRI G B RS RS S E A E R
Ho Ay P B AT 55 X 2R A Al A 1) = 24046 B An
TG 25 H R AT 5 T E AT 55 40 B i A
R A, AR5 B I R T RS R A [ AR
V& i, Chen 28 A7 W T — -3 0 25 18] A
f°F & gMission, il i Hil & —EA UM S 5 H
Wil AT 55 1 BE G AL R R B o AR o B e O Ty
ZORPRAE AR L & /Y BT . gMission 43 7 Hi 2 )
W AR N GRS DU A 55 1 55 SR BB R

2 5 2L B S (Participatory Sensing) J& X4 {ij &5
() Ak A 43R P 1 329 7 2. 2 5 SRR AR R
2 5 8 e 8 1 gy v R G 4 L B i A s i &
R W AR AL S . A X T T Y BF 58 A B, Bulut
SNSRI SE T 3 T A A A AN B ) A % A R
FHELT 07 & 19 ik 55 (4l 1 Foursquare) #5 $8 38& 4 11y
2 53 0] 2% 45 78 (9 A% ) ] . Cornelius 58 AW 42
BT A HABAER HTHEETES RS
S R BIL 25 2 Y B . Kazemi 2§ AP0 0 42
T —FBRIHESE SO E I P AE S 5 AU
TP R BR AL 4x. 2 5 SRR AR AL T8 T/
BEAT 55 X LAY i 1) 56 F R RS 25 (] 1 F 15 29 R 11
1155 L. AH B T3 R 2 B 1 28 Ta] AR A, AR S 16 BT
Xof B AR AL VR T A% 3 2T RS54 AR TR XL
TGV AN HE TE A 1% SR 1 % 3l B 2% 52 .

(2) 75 [B] W) BRA D J2 i 3 25 1R AR A R iE 1Y) H 22
F-Bt. Pasquale % N\ (05 TR 45 25 5] 9 40 0 45 44 46
2 0 2 TR 7R A 1 T B 3 B R AL B RN 0% 4 R
RN TSR P ) B A) 1 U7 R AT R R T
— B L SRR X R S FMERAE (4 AT AL RN 4 4
I B0 17 5] 44 1) SR W 2 5 T A2 X RT3 M O R it i
24K, Tsigkanos 5 AN 42 H 1 H AR HE 28 %A
W J (1) I 45 40 3 2 () AT AR O 4 3 I s R
. 2 TAE AR B8 5L F Bigraph B8 20k &
H5E [0 £ 4 P4 255 [) DA B A8 Ak S A 5 o B T 2 i Y R

P T RIS TR A o R S 22 4 L B RL A U I T
A AL, Tsigkanos 48 AW 38 B0 T 35 1 43 #1 %
SRS AR (BIMD Hr [ 4 HCT 3 A 455 78
SR TE BT I B8 T 0 25 R0 3 S AR M 0 M i SR kAT
Frtr. DL ORI AR K 2 @ 3 A8 5 5 3 48 ) B Ak
@i Bigraph & 80 g 505 B AR 25 T Bod 1y
T3 () AT A S AT it A2 T XA B0 i AT 3k i 4
S —FR I HAR. 53X 8 TAEA He, A SCT7 AR H T
SR AT & YNk Ry N i B U YNV & Rl i)
SET 7 R R AL B 1A Y OC AR DA A BT
R 55 AL 5 R R L IX AT 55 1 22 B B T e A A

(3) 455 73 IBC J2 25 1] AR A v A G B B R 45 ]
RALIAT: 55 43 BC L AT LA A P2 2 5 H AT
% (WST) FIIR 55 4 43 B AT 55 (SAT). 7 WST £
LIRS A S RIS T A TAES 5% . 25
HAT LA A AT P E BRI 5. R WST 82 43
B A S 5 R A N B ik B 1T
55 B SAT B MR AT 55 2 5 8 B0
FEKAL S HEBIRS S 5 H. 0, Cheng %5
NPT — A2 555 B SR g, Wl 5] A —
AR FE T AT 1) R 51 AR A | Sl A b 4E 4
¥ a8l 25 3 A5 AT 55« DT 2 1 2 ) I ] 22
FEPE AT 55 n] 5 1 19 AT 55 20 B0 45 20 fie R Ak SOk
27T BMSEEHEER  EHES 5 H UK KR
JIE Hb B = 5000 i 4 1Y) 43 ) B 75 6. Cardone 45 ALY
TE AT AT 55 43 BC I 25 18R P 80 6B T HLAY F s F 3t
PN HE B G 3 19 2 5 38 DA s RARAT: 55 56 B (451 4
B2 B35 %), Zhang AT A2 5H %
PEAESE TR B 2 5 3 W0 A Li 8 500 42
P e S A OV AR TR Y R A R L RS 4 A R A
B = A5 0 LA DR AT 55 43 BC ECE 45 B 22 4
P ]

TE 43 BCSE 75 75 1 » Cheng 58 APV AR T 2 0 fiE
23 (A AL (MS-SC) 38 i 6 ) — MR 2 5 F A
55 53 TC SR A 153 2 15 3 FIL: 55 22 [] ) 42 RE AR B
DG FC I 76 B 200 R 36 B Ak 85 i KAk, Hu 58 A5
T A el o PSS Y AT 55 A 40 IO B 2
FCEHEZE , FH LA P A f3 P %38 15 (points of interest)
N LARTE M ) 8. Tong 55 N5 &%) & R 7E L F 1
55 oy O I R, SR T — Fh A 2R BE L HE e AL 19 20
BCARE o LA DR B R AT 55 70 B 3301k i ik 1. Zheng 25
NPT — AT 55 4 FOHE 22 L 58 28 7 50 45040 il 4
KT - 5 T AR AAT: 55 23 BE D 45 23R 53 4, Qian
SNV T R O20 MRS ULA TR B R AR



12

W . T

PRI A4 25 bR AR5 B DT OGP A 55 225 4% 1) SR
DA b 3 26 T AR R 22l N7 7 1 B0 ) 2 ) 9 il
EAIRAL S 52 5 & K 2 BUSREWS S SR TEAT 45 1
o BC B X SEAT 55 — AR RT i 2 5 3 O S . AT
PO & - AN SO 4 th 149 07 15 AR AT 55 20 Bd 07 T8 5 08 o
AT RN SRR RS R S S E A S
) 249 SRR A 3t el 22 AWM 58 S AT 55 0 BE 7 6.

i#

7 £
AH BT A2 50 19 223 8] AR A, o A5 SCEE X 19 23 1] AR A
G B o 2 2R A4 A5 (R 4E B B 7 B
wﬁluﬂwﬁﬁ‘/ﬁ?ﬂ&%ﬁﬁﬁﬁﬁﬁu&%'ﬁ%E%E@ﬂ
FH ] 5 7% 2 3 1 5 SR A% 48 19 25 TR AR A 4 R JF R
B OGT 33K il 28 TR A AR A AT 55 B o A R T R T B —
25 H VR A AE AT 55 5 e o 7 8.

ASCEE WS TR Z 0 B AT 5 ik B
TEMRX AR B, 5 58 M55 . 2 58 53 L
BILH X = A2 B SO 288 25 1] A B A AE 8 B4 AR
A 0 YRR I 6 AR A R Y R AT R R S LK
P T T AR Z W BAE 55 o0 BU Sk iz R 5

F oL OB HLE AR R4 B AR T FAT 55 1 43 i
BB feJa s et I SE it 1R LS e A L S 3 R 8k
B B UE T2 A A LT T 3 A R B Bk R
FEARTIE 23 BiC 7 58 vT 3232 (1 00 T 32 = IR

T B CAERE S8 5. 3 15 T 4 28 1 J7 12 Jmy R
PERETT. 1 5, 25 TR A & B 5 B 52 37 B i 5 )
s, i — 2 B R A B S5 F PN R A R .
W HZIESH5EHEN SN RS 5 E N R m
ﬁzﬁuﬁ_%ﬂf%%@a%&ufzh&%?ﬂ”‘ el
5 s AR, g P R e LR AR B e & ik
%Lﬁ%ﬁiﬂﬂnﬁﬂjﬁﬁﬂﬁ%ﬂ’a/ ] 37 5 v AT AT 55 1)
AT ST S AR IR R B T v Y S B N AR

& £ x #

[1] Li Guo-Jie, Xu Zhi-Wei. Judging new economy from perspective
of Information technology trend. Bulletin of Chinese Academy
of Sciences. 2017, 32(3): 233-238(in Chinese)

(FEEA, REMS. MEEEARN R REHE &V

FREBE T, 2017, 32(3): 233-238)

e i

[2] Howe J. The rise of crowdsourcing. Wired Magazine, 2006,
14(6): 1-4
[3] Peng X, GuJ, Tan T H, et al. CrowdService: Optimizing

mobile crowdsourcing and service composition. ACM Trans-

actions on Internet Technology, 2018, 18(2): 19

) AR AL 22 B B AT 55 40 T 2739
[4] Fleenor J] W. The wisdom of crowds: Why the many are
smarter than the few and how collective wisdom shapes
business, economics, societies and nations. Personnel
Psychology, 2006, 59(4): 982985

[5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Feng Jian-Hong, Li Guo-Liang, Feng Jian-Hua. A survey on
crowdsourcing. Chinese Journal of Computers, 2015, 38(9):
1713-1726 (in Chinese)

QU elar, R, W#e KRR
. 2015, 38(9): 1713-1726)

Franklin M J, Kossmann D, Kraska T, et al.

gk, R

CrowdDB:
Answering queries with crowdsourcing//Proceedings of the
2011 ACM SIGMOD International Conference on Management
2011. 61-72

Athens, Greece,

Lehdonvirta V, Kleppe M, et al.

of Data.
Liu Y, A crowdsourcing
based mobile image translation and knowledge sharing
service//Proceedings of the 9th International Conference on
Mobile and Ubiquitous Multimedia. Limassol, Cyprus,
2010: 6

Zogaj S, Bretschneider U, Leimeister ] M. Managing
crowdsourced software testing: A case study based insight on
the challenges of a crowdsourcing intermediary. Journal of
Business Economics, 2014, 84(3) . 375-405

Kazemi L, Shahabi C. GeoCrowd: Enabling query answering
with spatial crowdsourcing//Proceedings of the International
Conference on Advances in Geographic Information Systems.
Redondo Beach, USA, 2012 189-198

Chen L, Shahabi C. Spatial Crowdsourcing: Challenges and
opportunities. IEEE Data Engineering Bulletin, 2016, 39(4) .
14-25

Karaliopoulos M, Telelis O, Koutsopoulos 1. User recruitment
for mobile crowdsensing over opportunistic networks//
Proceedings of the 2015 IEEE Conference on Computer
Communications (INFOCOM). Hong Kong, China, 2015;
2254-2262

Guo B, Liu Y, Wang L, et al. Task allocation in spatial
crowdsourcing: Current state and future directions. IEEE
Internet of Things Journal, 2018, 5(3); 1749-1764

Xiong H, Zhang D, Chen G, et al. CrowdTasker: Maximizing
coverage quality in piggyback crowdsensing under budget
constraint//Proceedings of the 2015 IEEE International
Conference on Pervasive Computing and Communications
(PerCom). St. Louis, USA, 2015: 55-62

Lane N D, Chon Y, Zhou L, et al. Piggyback CrowdSensing
(PCS) : Energy efficient crowdsourcing of mobile sensor data
by exploiting smartphone app opportunities//Proceedings of
the 11th ACM Conference on Embedded Networked Sensor
Systems. Roma, Italy, 2013 7
Xu L, Hao X, Lane N D, et al. More with less: Lowering
user burden in mobile crowdsourcing through compressive
sensing//Proceedings of the 2015 ACM International Joint
Conference on Pervasive and Ubiquitous Computing. Osaka,

Japan, 2015 659-670



2740 it <A

e i 2019 4

[16] Deng D, Shahabi C, Zhu L. Task matching and scheduling
for multiple workers in spatial crowdsourcing//Proceedings
of the 23rd SIGSPATIAL International Conference on
Advances in Geographic Information Systems. Seattle,
USA, 2015 21

[17] Chen Z, Fu R, Zhao Z. et al. gMission: A general spatial
crowdsourcing platform. Proceedings of the VLDB Endowment,
2014, 7(13): 1629-1632

[18] Bulut M F, Yilmaz Y S. Demirbas M. Crowdsourcing
location-based queries//Proceedings of the 2011 IEEE
International Conference on Pervasive Computing and
Communications Workshops (PERCOM Workshops). Seattle,
USA, 2011. 513-518

[19] Cornelius C, Kapadia A, Kotz D, et al. Anonysense: Privacy-
aware people-centric sensing//Proceedings of the 6th Inter-
national Conference on Mobile Systems, Applications, and
Services. Breckenridge, USA, 2008: 211-224

[20] Kazemi L. Shahabi C. A privacy-aware framework for
participatory sensing. ACM Sigkdd Explorations Newsletter,
2011, 13(1): 43-51

[21] Pasquale L., Ghezzi C, Pasi E, et al. Topology-aware access
control of smart spaces. Computer, 2017, 50(7) . 54-63

[22] Tsigkanos C, Kehrer T, Ghezzi C. Modeling and verification
of evolving cyber-physical spaces//Proceedings of the 2017
11th Joint Meeting on Foundations of Software Engineering.
Paderborn, Germany, 2017 38-48

[23] Tsigkanos C, Kehrer T, Ghezzi C. Architecting dynamic
cyber-physical spaces. Computing, 2016, 98(10): 1011-1040

[24] Alt F, Shirazi A S, Schmidt A, et al. Location-based
crowdsourcing: Extending crowdsourcing to the real world//
Proceedings of the 6th Nordic Conference on Human-Computer
Interaction: Extending Boundaries. Reykjavik, Iceland,
2010 13-22

[25] Deng D, Shahabi C, Demiryurek U, Maximizing the number
of worker’s self-selected tasks in spatial crowdsourcing//
Proceedings of the 21st ACM Sigspatial International
Conference on Advances in Geographic Information Systems.

Orlando, USA, 2013: 324-333

FAN Ze-Jun, M. S. candidate. His
research interests include the fusion of
the ternary human-machine-thing, mobile
cloud computing software system and

edge computing.

SHEN Li-Wei, Ph. D., associate professor. His research

interests include the fusion of the ternary human-machine-

[26] Cheng P, Lian X, Chen Z. et al. Reliable diversity-based
spatial crowdsourcing by moving workers. Proceedings of the
VLDB Endowment., 2015, 8(10) . 1022-1033

[27] Reddy S, Estrin D, Srivastava M. Recruitment framework
for participatory sensing data collections//Proceedings of the
International Conference on Pervasive Computing. Helsinki,
Finland, 2010: 138-155

[28] Cardone G, Foschini L, Bellavista P, et al. Fostering partici-
paction in smart cities: A geo-social crowdsensing platform.
IEEE Communications Magazine, 2013, 51(6). 112-119

[29] Zhang D, Xiong H, Wang L, et al. CrowdRecruiter: Selecting
participants for piggyback crowdsensing under probabilistic
coverage constraint//Proceedings of the 2014 ACM International
Joint Conference on Pervasive and Ubiquitous Computing.
Seattle, USA, 2014 703-714

[30] LiG, WangJ, Zheng Y, et al. Crowdsourced data management:
A survey. IEEE Transactions on Knowledge and Data
Engineering, 2016, 28(9) . 2296-2319

[31] Cheng P, Lian X, Chen L, et al. Task assignment on multi-
skill oriented spatial crowdsourcing. IEEE Transactions on
Knowledge and Data Engineering, 2016, 28(8): 2201-2215

[32] Hu H, Zheng Y, Bao Z, et al. Crowdsourced POI labelling;
Location-aware result inference and task assignment//
Proceedings of the 2016 IEEE 32nd International Conference
on Data Engineering (ICDE). Helsinki, Finland, 2016:
61-72

[33] Tong Y, She J, Ding B, et al. Online mobile micro-task
allocation in spatial crowdsourcing//Proceedings of the 2016
IEEE 32nd International Conference on Data Engineering
(ICDE). Helsinki, Finland, 2016 49-60

[34] Zheng L, Chen L. Mutual benefit aware task assignment in a
bipartite labor market//Proceedings of the 2016 TEEE 32nd
International Conference on Data Engineering (ICDE). Helsinki,
Finland, 2016. 73-84

[35] Qian W, Peng X, SunJ, et al. 020 service composition with
social collaboration//Proceedings of the 2017 32nd IEEE/
ACM International Conference on Automated Software

Engineering (ASE). Urbana, USA, 2017 451-461

thing, mobile application development and analysis, etc.
PENG Xin, Ph. D., professor. His research interests
include mobile computing and cloud computing, code big
data and intelligent software development.
ZHAO Wen-Yun, M. S, , professor. His research inter-
ests include software engineering, software development
tools and environment, enterprise application integration,

etc.



12 # WEEES . FT AR A L BT 55 21 2741

Background

This paper studies the problem of task allocation in the
field of spatial crowdsourcing. Crowdsourcing is a kind of
software service that combines the abilities of different
individuals or groups. In terms of concepts, crowdsourcing
refers to the act of outsourcing a task traditionally performed
by a designated person to a group that is not pre-specified
and usually has a large base of personnel in a publicly
convened manner. In the field of crowdsourcing, spatial
crowdsourcing refers to crowdsourcing for task types related
to geographic and temporal elements of the physical world. Tt
requires workers to move to the specified location to perform
the corresponding operations, undertake tasks such as data
collection and perception, and feedback the operation results
through the mobile terminal. The purpose of task allocation
is to select one or a group of suitable workers from the
candidate workers to undertake the execution of the task,
while satisfying certain constraints.

In the field of spatial crowdsourcing task allocation, the
problem can usually be solved by finding an optimal worker
and task allocation strategy through an algorithm or framework.,
so that the skills between workers and tasks are mutually
matched and benefits under budget constraints are maximized.
Most of the existing work is based on a simple spatial topology
to calculate the allocation strategy of tasks and workers,

focusing on the quality of task allocation. These tasks are

generally done by one worker alone. Even in a multitasking
scenario, each task is essentially independent, and one worker
may undertake one or more of these tasks, but the execution
of a single task need to be split and assigned to multiple
workers. In contrast, the proposed method in this paper
considers more detailed spatial topologies and features in task
allocation, and combines the constraints of the workers to
derive a task allocation scheme that is coordinated by multiple
people. In this paper, in the spatial crowdsourcing scenario
with spatial location access, offline service usage permissions
and considering the available time and movement range
constraints of the workers, the problem that a single worker
may not be able to complete the execution of the entire task is
studied. The constrained spatial crowdsourcing multi-stage
task allocation method efficiently decomposes a task into a set
of sub-tasks that can be undertaken by different workers
when the constraints are met. Besides, we prove that the
method has high computational efficiency and an allocation
decision accepted by the workers in the real scene can be
obtained.
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