BE 23 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2018,29(3):824-838 [doi: 10.13328/j.cnki.jos.005453] http://www.jos.org.cn
O [E B2 Bt A RIF 5 BRI Tel: +86-10-62562563

ETHABUT AAEERESHBREE
Z O OEBE OMXE, OB # A

(FRIMRZE THENURNE SRR e L9 950 215006)
TIAEE: HBYL, E-mail: zhengkai@suda.edu.cn

1 B MAERESSRAAE RSB IRE LB BT K W 55 6k T M, % 8] A LA A —F 19 AR AR
”“z‘)*x:)ﬂ F Rk A% B AR K A1 S (Ro b LIRS . B BBLit ) Bess TA(BL & 4k & F B & R RAE S0 A) 8 71 4L

7 8] AR 6L AT S B B AR, %\%Eﬁmahﬁ/\fe’ck/\m A TR AAE ) T AL 54 B R, vMsUE}%ﬁx
éﬁ ,&4%%\*5; B & KAL, T PP 49 TAT VA TR PT B b9 45 45 /5 A8 TR R e, T AR B 18] 2 AT 1R @) AL 5, 3% 5 4 ) Ak
S B A —ANIRT 69 9 A, B % FR R T A DAY RAE B ey § 3 R e 2 T B ALK A AR EAESIRH,
B s A AR PR B RN T A5 Ak 2 69 B8 SR — P B R KGR AR R38R Bk % Sk T A bk e B35
T KT B M & BT TR VT B AR A AR R 6 By E AT AT T AL R I R AW TR B r Rk R AR A
B8, FT VAR R R R R ARATE G545 B 19 4
KRR BRGS0 B A SR R R
REESES: TP31L

HOC G| IR A v BRI A SO R RS B R TR iR £ 2 T Ak B R DL AT 55 23 G S0 B A 2 4%, 2018,29(3):824-838.
http://WWW.jos.0rg.cn/1000 9825/5453.htm

5] A# R Li Y, Jia MD, Yang WY, Zhao Y, Zheng K. Optimal task assignment algorithm based on tree-decouple in spatial
crowdsourcing. Ruan Jian Xue Bao/Journal of Software, 2018,29(3):824-838 (in Chinese). http://www.jos.org.cn/1000-9825/
5453.htm

Optimal Task Assignment Algorithm Based on Tree-Decouple in Spatial Crowdsourcing

LI Yang, JIA Meng-Di, YANG Wen-Yan, ZHAO Yan, ZHENG Kai

(School of Computer Science and Technology Soochow University, Suzhou 215006, China)

Abstract: The ubiquity of mobile devices with high-fidelity sensors and the sharp decreases in the cost of ultra-broadband wireless
network flourish the market of spatial crowdsourcing, which has been proposed as a new framework to assign location-aware tasks (e.g.,
reporting road traffic, delivering food) to workers (i.e., persons equipped with smart device and willing to perform tasks). This paper
studies the task assignment problem that concerns the optimal strategy of assigning each task to proper worker such that the total number
of completed tasks can be maximized while all workers can go back to their starting point before expected deadlines after performing
assigned tasks. It is an intractable problem since optimal assignment for individual worker does not necessarily lead to global optimal
results. Observing that the task assignment dependency only exists amongst subsets of workers, this study utilizes tree-decomposition
technique to separate workers into independent clusters and develops an efficient depth-first search algorithm with progressive bounds to
prune non-promising assignments. Extended experiments demonstrate the effectiveness and efficiency of the proposed solution.

Key words: spatial crowdsourcing; task assignment; task dependency; tree-decomposition; optimal solution
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Table 1 Summary of Notations
F1 FEFSUH

5 X
s T4
s. — AN AT S A B
s.e IRME S s 13 31 1R
w TA
w.l TA w s &
w.t TN w R TS d 1 T A I )
R —AMEL 75
Sw TAw—MESE

VTS(w) BN SR ER
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Fig.1 Example distribution of workers and tasks
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Table 2 Maximal valid task set

®2 WRARTSEE

opt({13,15,16},16) = max{

TA MVST |maxR|
W1 {123{1,3} 2
w, {5}{1,3}.{4.6}.{6.8} 2
w,  {9,10},{4,10},{8,9},{4,9},{4,6,8} 3
Ws {4} {12} ,{10,11} {7,11} 2
W {11}.{13}.{14} 1
Wy {12},{13,15,16} 3
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Fig.2 Worker dependency graph partition
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Jri B B K 1 B R ) N AN (B 10 A7) AERE— 0 b B R A4S Lok dse /NI BIAR (5 11 47~28 14 47) %)
EIEAT V) 43 IR V) 43 2 S5 (V3% 38 7 V1 VA FH 2 B30, B 20l 1 I v 9 C N /s T I A5 0 (5 3 A7~
5 17).
BiE 1 BRI,
N LB G, B R (LS INF A C I AT 341 |(RI 86404 0,3 7R3 1A &7
), 42 R A index, 7 4 HI IEAEAL 2] sURIER S cur;
iyt FURIEE P 81 C DR )RR 7 AR T 7 41 1.
(1) TreeDecomposition(G,C,l,index,cur);
(2) Best_h=infinity, Best_S=empty set; /*Best_h FH k1l & 2 421 43 3% W B (1) 8 J1,Best_S b & — 25 i BT ik
I fo o B/
(3) if |G|<threshold then
(4) Clcur]«—nodes in G; /*W1 5 Y Hir id B rh it TR/ T BIE, K 2 5 8 B A T AAE N
AT
(5) endif
(6) for each node w;eG do

) Set(V;)<—node connected to w;;
(8) Set(V,) «—node not connected to w;;

9) G'«build graph of Set(V;) ;
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(10)  he—[Set(V;)|+max|SubGraph(G')[;  /*#x{E A TN K, h oA i 5 31 41 23 1 58 g 0 7 B A ofe/

(11)  if h<Best_h then

(12) Best_h<«h;

(13) Best_S<«Set(V));

(14) endif

(15) end for

(16) CJcur]«Best_S;

(17) G"<«build graph for node not in Best_S;

(18) for each sub graph GseG" do

(19)  Sub_index=++index;

(20)  I[cur]«-Sub_index;

(21)  TreeDecomposition(Gs,C,index,Sub_index);

(22) End for
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B AL IR FE AR S 48 2R B30 3 B AT 55 23 0 75 8 A AR AL K 3 2 R (8 mT LA S0 S00E TS KN G AN )
TR 7 2 B AN AR OG, AL b d A 55 23 IC U7 8 AN )38 38 1 I 1) O 58 SR BT (B8 8 47°).

BiE 2 HRER

WA LANES WAESES S

i - B AT 55 7 WL 5 & Opt.

(1) Solve(W,S)

(2) for each w;eW do

() Qu =MVTS(w,S;);

(4) Gebuild WDG;  /*# 37 T AMHi e R >/

(5) for each connected component geG do

(6)  Xg<TreeDecomposition() of g; /*XF 438 1 K g ok 43 fif*/

(7)  Ng«Build search tree; /*¥§ Xg {ff 148 W G5 AT R 51/

(8) Opt<« Opt+ DFSearch(Ng,S,WNg ,LB(N,));

(9) Return Opt;

T TE S R R AR S R 3 R R 4 AN OCHES B R (1) B N AN TR T A (2) R 4 IR A
AT Si(3) AN ST R ORI R TNEE A Wy;(4) T B84 3R 45 R 1K) AR 2 2K o B h s & e 8fE b
AT B AN BT 5 253 C 1 e DA 55 Bl

LR E SR NAS TR I8 5T LN R 58 KA 25 250 B 5t UB(N), SR 5 EL A0 b 5 R R ok £
h (KRN IG AR B R 2R UB<h, 2144 RITRT 45800 1 B9 s 71 55 UB(N) AT h (107 34 #2545 2.3.1 19 2R 2.3.2 45+
fifR T

SR AR50 SRS 241 o 0 TN A SR S AR MR I ) TG 7 A7) A SE R
23 S iR, A I B SRS I 1) TN (B8 84Tl I 45 T2 w23 it — AN KA AT 55 73 S b I T AT 45 (W R %)%
G R ATE 55 20 4 A TN 56 B, W) AR 9 25 2 58 BAT55), AR O SE T M R S8 AR S5 4R B 0 S—Q i R4
R T NES D Wy—w LR R R R EE A h—|Q|, FF 126 U711t R FH I FEE A0 56 4 2R el A R LA TN LR R e 3
F1R0 LT 0 a1 <t Ry 3 DR R TR 20 TRC U7 8 i 0 B 2 40 T ) A 25 280 DR T e R ) BE R ) O B R
B SE T 2 A B UL 20 HC 7 58 (B 9 AT~ 58 12 47). SR 2wy #8 R 5 0 1) TN R4 58 58 1, AR SR U0 24 i 4
R RN AT RUR GBI (8 15 47). BN REAS 779 s b 50 T2 NAE S5 AH FOT (B B 23 il 550000 5E),
SR B3 TCJ7 100 i) AT LA S5 A Sk [ IS 50 AN [ - 4 20 30 SR AR 88 I o 4% B 45 RV sk SRR RIT AT 453 31 4 JR) 1) B
Moy i 77 (55 16 47).

BiE 3 ARk

BN A ETT RS N OR P IC AR 25 4R 5 S50 NS B o RIS Rl 1) TS & Wiy T T 38T 3 2 )

i3 3 e A

i - B AT 25 7 WL 5 & Opt.

(1) DFSearch(N,S,Wy,h)

(2) Opt«0;

(3) UB(N)<«Calculate upper bound of sub tree rooted at N;  /* VI LAY mi N AR 15 i 1K1 4% 1T 43 Bic AT 55

Kok b5

(4) if UB(N)<h then

(5) return O;

(6) endif

(7) if W=D then

(8) for each worker w;eWy do
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9) for each MVT set Qe MVTS(w;,S) do
(10) Opt«—max{DFSearch(N,S-Q,Wy—w,h—|Q|)+|Q|,Opt}
(11) h«Opt;

(12) end for

(13) end for

(14) else

(15)  for each child node N; of N do

(16) Opt+=DFSearch(N;,S,Wy,h);

(17)  end for

(18) end if

(19) return Opt;

9, o8 B 1 R AR 0 AR B R B C 2R I AT 55 4 IC R A1

Q. ={.3.Q, ={3+.Q, ={7}.Q,, ={4.6.8}.Q,, ={10.11},Q,, ={14}.Q,, ={13,15,16}.

BRI h=13, 4 Sk kA0 o — PR %5 a0 il s % Q,, ={L.23.Q,, =1{6.8}.Q,, ={7}.Q,, ={9,10},Q,, ={4}

I, 2453 3 384T 24 3 171, UB(N3)=|maxRe|+|maxR,|=4, It I :
h'=13-0pt(N,)=13-(1Q, | +|Q,, [+|Q,, )=13-6=7.

B, Ng 2=/ B 58 B 7 A5 AT e oA S AL, D5 2 G IR UB(Ng)<h', Jit A2 43 BiC U7 22 wI DA 00 8 89

% 3 i A A C 3 R IS5 20 BCTT 2 4 AN 23 A S DU 1R 23 TIE 77 58 HE B 4 DXL, 24 BR000R
I AZELVE W] DA B A5 42 R AR 55 2 Pl AU e 2 (R 20 LT .
231 fh&E LS

AN AT S8 AR S HE ) SR AE UB(N) AR LAY f0 N AR B8 b i T 47 TN e 22 W] 58 I AT 55 4
RIS A IE R LA N R TR T LR R U SS SE T B LA R B2 1
WK WAL S5 4R & HEAT S, v A U R

UB(N) =§(I maxR,, ) 4

i=1
NAAH WA ST PR BT T maxR, Fom T wi MR AR5 S b S G e m A BuR R 4k
AN, SR EIT IR R K 3 H i 3 57 A, UB(N3)=|maxRg|+|maxR,|=1+3=4, | maxR|f{I i n] LIl i A $k 3% 2
1.
R g % B A AT 55 0 B 7 %6 ACEL 3 e DA 55 43 B 5 2), R A LN P fig 56 B AT 55 45 AN 25 i i |ImaxR |, B
[ A N S W YR
|AS HU, . Swl< 2018, 1< X ImaxR, |=UB(N).

weW weW
232 FEREE

Ay IR B AT A SR R B A AR K T SR AT B R, A S v SR U A b HORE AR S 2 80p i 21 i3 )
BRI 2R DAY AN R R 1 2 /b T B 58 AT S5 B AT AN T h A AT T R AR AN AT AR I
SR A A AR 2 A5 2 A TR B S (B 2 T 2R ICAE 25 B0 ) /D T R SN r DU R R T %
HEER.

IS AR A ] A S DAY N A AR B R R B BT RN RS m ARG N, N, N YR
PSR R M TR A T, H 2 5B A T S B R A Opt SEAF AR 5 K R 2
(ERTIBURD NS &

i-1 m
h'=h-> Opt(N;)- > UB(N)) (5)
j=1

j=i+l
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@ﬁ@*hﬁ%%ﬁN%%ﬁ?%ﬁ%gﬁmmﬁ%ﬁiﬁﬁMﬁZEmmmﬁﬁﬂﬁﬁﬂ%¥W
B al Sy WAT S5 MR 2 AL Y Opt(UB(N,)) s A 28 7 (0 A B 5 2 RLED i 7 Ny /0 75 5 ik

j=itl
(RIAE 25 B0k 55 T I8 R eR BB 325 24 1T 7 B 2 T 48 0 11 B (NN ) i G AT RS 13 PR A 55 B, 75Dk
F T T 2 AR ZR I 7B (N1~ Ni) O T 1 5 UB(N)
233 fLtbsem
XA 3 FHLAL G, T LU — D PRI R AN
1) UBMW)TL Ak R BE AL S 48 R 05 2 A, A R R I 175 TR, AT 21 T 3 o B0 5005 5K
LA N5 0 NG A R AR 5B T BE 20 O AT 45 (K _E 5 (B TN U K AT AT 55 4R 15 AN 5 I8 AR 55400
TE PR 20L), T LIRS I A R PR A 4 B /S
2) BT SRR MR TR AT RE 55 2 B R B (IMVTS) MUK BN HE 7, 26 48 R AL HOK 1 42
o PN A R RE AR S DU (K BT A 55 S B TR S8 1 /NI AT U 55 5 SE R 5 BT A
3) R T BIUROLAL R AT R BT R Y AR AR R A A TN SR M B HE
J R NG 5 AR R AR JR R s BRI b vl DUR I B S, o A A5 N 5K 0 KR AT SE L B
BRCR.

3 LWEER

31 XWigE

DRI Ay 225 [H) A 0, At = R i 30 5030 i LAAR SC A FH AR Bt B AT SI2 50 B0 A= e ) 4

o EHE7E—>100x100 1) " HESFT A RIS 4 A BE AL A 100 A s AR AR AR TN A B AR S AR AL
FEAS TN 55 Hda (TIW), ZE B — A TN B BE B A= AR AT 55 19 55, T/W BB Y 2 [3, 7] (&2
SIS0 I A S K IR RSS2 6 Ik, 50 2R ) RS 43 B I 20, 1 2R 1 N ) 4 2 e A K i o A s g
MUAS BB AP IRYE ),

o HWK T EAT R TN B TR AT 55 AT 45 (0 N 1) s a0 o TN S Ay B H R, R o0 Ik,
MU B BR8N i 3 AT 45 06 SO SV T S AT 45 3 470 o 5 8 R4 B el 1) ¢, o LA
AT 5 3k 3T 1 b AR 2 A S [e' eV (0<e'<e¥<1) AT 45 F) 2o T IR 1) 52 X [t eV t], A% S 4
FH 5 44T 4% i 93 1 [0.2,0.3],[0.3,0.4],[0.4,0.5],[0.5,0.6] LA /% [0.6,0.7];

o IR, N T B M A A8 ST 2 DO BE TR AT B A 0 B —AMES S T
A A5 B RE B ATt 7 TN T e M T A B T 7 558 s S — AN il [d°,d "] (0<dP<d'<1), T- A R T30
o W AR IR ) 52 S [ by, 0 ), AR SCAE T 5 41215 [#1[0.2,0.3],[0.3,0.4],[0.4,0.5],[0.5,0.6],[0.6,0.7].

BEAR b AT 45 3k 0 B [V 5 1 R0 TN T30 e 16 A% B (1) 98 T e s T N ] B S8 BT 25 19 1 4 L

W AF— NS HCTA I 45 R A SCHEAT 50 41K SE8 TR 45 54 50 21 S 1) 38 45 T AT SRR 8 R A —
£ Wid B ik 4% 15-2400,CPU 3.1G HZ,8GB RAM L 7% 3717
32 RWHER
321 WHmHE %

A SCVRAG T KN 23 B B B B8 DA B AT 55 R 43 &h SR G 44 2R 1R 5% i, X LG BE LA 3 K 5L RTA(random
tree-construction algorithm)FH A< 3C 4 H ¥~ 7 74 3 4% 572 BTA (balanced tree-construction algorithm).RTA &.i%
BEALIE B — A T NSV 3 20 1 2 5799 0, BTA B — O IE  air 8 R s b SR IR B — AT
NERBEAE R iy AU AT NP2 SR AT X Ll (1) 48 3R R B A0 FH % B0 5 3 5 AN AR 1 A B 45 S48 R T AR
ZEI0 TN S KB (2) 49 R ) Al R 3 1) 48 R 48 R e 0 43 B S I A 2% (1) CPU I [

Bl 38R T T ACPIYAT 45 H0h TIW. AT 4538 30T A ) 22 500 e 1T A S5t 6 1 452 k1) 2R 350 of° oF 4 2R R B 14 2 .
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Bl 4 JE7R T LA b2 Bon) 45 22 ] ) 1) S . 1 P 3 (@) 3 s - 5 R A s AR 1) 403 vh 4 R IR BE R TIW (R 189 0 17 3
T AE BTA B m] L= A5 B8 Ay P-4 (R0, 3 A 743 L3803 L RTA 5 i, Gt ] 4(a) T,

1 3(b) 7 AT 55 5 1 ) R B4 /N B AN TN (9 o] SE AT 45 B i 1R 20 BTA SR RTA By A8 i i
TR BE ) _EAHZE T U H B [, e T A3 I, TN AT 3R AT 45 H0 s 8 K BTA 513k 1 1 $hl % W] S 4 1
A(b) T 7% FEL AR A 3R T [ 0 B 5 AT 55 Jo 0 RF ) SR AP 389 0 SR 4R 500 K (H BTA BRI M REAH LL T RTA ZE it —
MR

TN T S W T AR B D6 2 7 22 (R s M Gt B 3(C) BT s A5 4T 45 Jo T 1) 2R AL, 76 o W TR BN TR e /NI, TN
ALK AT 55 B A B, N 22 W) AT 2% B 8 72 B 3 /0y S A7 7 T 45, T 48 X3 I ATk AT 45 40 i th g /b R Utk
BTA 1 RTA S0 3 HY A48 B 10 45 22 B #1S J2 ANAr B AR T Bt A5 TN e e 408 I Ji) 28 880 0 189 K, 0 N ol 5 il
PO AT 55 2500 o A 98 K, P P ARV A 02 4 R R R R M K N 4(c) T LA HE 2 TN e e T A B () R 4
de[0.4,0.5]) RTA 5L Mk 38 2 A48 R 1 1] S48 K BURRE R B IFERE X AL IR RTA HEME 9 R
T 10 2R R T B0 T 30. 483X B K (48 R BE R L, RIMEEAE A TN (M K AT AT 45 S (K H0 y 3,3%° (148 & M
Bl EL AN PR T Xk 20 EJHIE 7 A & Wt -8 2R AR 10 T 2, s e s A SO Y BTA AR B9 1 e 2

BTA —#  RTA —v— BTA —=— RTA —v— BTA — = RTA —v—
40 40 40 '
35
30 30
2 20 |5 ® 2
i b i
= ) ) ; 1 & ]
2 101 = ! = ® 15
10
0 5%
3 4 5 5 7 0.2 0.3 0.4 0.5 08 0.2 0.3 0.4 0.5 06
(a) TAW (b) &' (c) d®

Fig.3 Effect of T/W, e' and d® on the depth of constructed search trees
B3 S % TIW,e',d® % H4 3 HH 104 28 WA 1 1) R i

BTA —m RTA —v— BTA —»— TRA —v— BTA —»— RTA —v—

10% 108

10° 10°

10* 104
2103 ' B40?
£ 10° ! E10°
= 09 101

1 1 1
3 4 5 8 7 02 0.3 0.4 0.5 0.6 02 0.3 0.4 0.5 0.6
(@) W () € ©d®

Fig.4 Effect of T/W, e' and d® on the Search Time
Bl 4 S50 TIW e d° %382 I 1] 1 5%

322 HWRH LR

ARATLE BTA BIEMIE I RS LR T 3 MR R R EVEIIVERE: (1) AT A A 10 4 SC BRI
% (depth first search,fij Ak DFS);(2) A F % T HE P (148 R A1 /b DFS+W(depth first search+worker sort)(#. T. A 1)
A AT 554 K B /NIUF DL R 2 BT 3% b 0N E OSBRI );(3) 7E()MEERE B AT 8% B3t
[ 453%: DFS+W&U(depth first search+worker sort and upper bound estimate). % T~ #g AT 4 20 o d i A SO LR T
ARSI AN AN LA T VR IR 4 BT 45 B R X WA 7 VR D0 Bk (greedy  algorithm, fFR GA) LA S0
5 i (iterative greedy algorithm, i 7% IGA)PLGA K A BEA TN T 1R 23 B AT 45 4 b ] 23 B4 1% TN ) 4t K AT
58 H BT TNH O 28 5 Bl 5 B8 ol 7 23 BOAT 45 4R & 8 2 IGA ik AR M HEAT AT 45 43 il FIAT: 45 22, 1 2
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1,000 5 PAPY TG i 30 SE AR Ay 1k, i A P B 0 1) 43 O AR A 45 AL

K 5 JER TANFE R SR R B A, JC 18 2 TIPSR S B0 . AT 55 0TI ) R B DA & TN i
M A I ) 28 55 /N I S TN R AT AA AT 55 B AR AN A 95 DAL SRR AN e e 38 S 25 R B B DL L 3
NS HLIIHE R, TN TIE AT 55 B A 2 489 K, i) AR A B 52 2%

DFS DFS+W&aU —= DFS +—DFS+HWEU —e— DFS —DFS+WEU —e—
DFS+W —— DFS+W —v— DFS+W —v—
&
10
10° 10° 10°
4
107 103 104
2 10° g2 'Dz £ 0%
= 10° =10 B .
BE -3 10 EE 10
10
q 1 10
3 4 5 & 7 0.2 0.3 0.4 05 0.6 0.2 0.3 0.4 0.5 0.6
(a) TIW (b) €' (© d*

Fig.5 Effect of T/W, ' and d° on different search strategies
K5 Z%0TIW,e'd° 08 22 S 1 S 0

ST HEF IR S DFS+W 2548 R AW AR PR % 3R 58 BRI T 5, R i A8 1 3 e o B 1K) {1, LAASE 0T s 1
s SR Bl A FRIN ) 70 7 5 L M BEAT B AL b T 1B 5 TR RGN ARBR AR B K, T LAAS S DFS+W 53044 REAH
PtT- DFS Sk A7 A8 W i AR AR .10 DFS+W&U S IR £E P S 1l R vh C 48 48 R Ak — 1Y mi B il
TSR B EAAES D ah T R R R LS AR A ek B B BRI S K N 5 AT LA
Hi:DFS+W&U  SEHLSN i A4 I BT A, HLB A [ SRR A2 K R R M PEREAHLE T DFS A 4748 — DN EUR )

% 3N TR T RAT 45 Hom 1K GAL IGA FI OPT 1 R SVA M8 R 45 . OPT Sy T i 5 vl 1
i s O, 55 GA AL, B HUBLEOR (17 00 T, OPT W 73 Bt AL 55 Bt Al GA S 22 il UK, ik 4 Mk 5 7]
DL HIGA BHVALE €'<0.5 Lh K d°<0.5 Fff 4L T, 15 OPT ZE 5l /N T 20, F1 GA HT EL 44 o W 5 AH 2 4 3 g &
2RI DL N BIAE AR SR A e 8, 55 42 SR e KD OPT SEA TS A7 45 10% /A7 (1) 22 .

Table 3 Effect of T/W on theTotal Number of Assigned Tasks, e'=d°=0.6
3 TIW R AAT 55 40 B K (1) 0 e'=d°=0.6

T/IW GA IGA OPT
3 97 106 121
4 125 136 167
5 176 189 223
6 222 243 284
7 255 282 327

Table 4 Effect of ¢' on the Total Number of Assigned Tasks, T/W=5,d°=1
R4 e M AAT SN KB ) 5 R, T/W=5,d°=1

e GA IGA OPT
0.2 113 120 124
0.3 145 154 168
0.4 174 194 216
05 220 243 279

0.6 263 285 328
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Table 5 Effect of d° on the Total Number of Assigned Tasks, T/W=5,e'=1
£5 &N IR S TBCR I, T/W=5,e'=1

d° GA IGA OPT
0.2 140 143 148
0.3 165 172 183
0.4 218 226 242
0.5 259 273 295
0.6 298 317 342

4 HAXIME

T 4K, Bt 5 A5 5 BE % 10 JHGHE 3 B MRS B BHR 8 3 10 A, 2 1) Ak 6 T 0 3 9 o e T2 T 221 28 ) Ax e s
FE55 RATH 23 40 WAL B ZR IR S RATBIEAE G B PGS B (—BRR o LN), 7 28 br Bk 48 2
A B A1 58 BT 5528 ) A B x L e 2 /N0 5 132 N BN A8 3@ 3z i (Uber) . AMS2BCIE (MR T 4)
% 4 W #22 (OpenStreetMap) 5.

41 EFERBERX

R B AT 25 A A58 2 10 AN [8) 25 T) A A 1S 2 T B 4 o AR 45 28 i 48 IR AT 45 A 20 (SAT) F N B 3 AT 45 455X
(WST)PL7E SAT Bl rf 45 2 AE e T BT T NAL B ORI 32 R AT 55 sl F8 IR 4 JA i TN, b 2 i K Ak
AT-4% 43 FiC (1 $ 1123512012 4, Kazemi AT Shahabi 42 [ O ) U 44 Ay TN RIHT 452 18 (4 DT i i) 72,

TN BT S B B 45 S8 AE 4 R AT AN R IR 23 (AT 4%, T NAE SR AL B B R BT E S 2 )5
R AR A A 325 6 52 kR PS40 25, T TG 7 P R IR 25 5 W 79 ). Deng. 2% A6 SCHR[3] oK WST A
TN B AT 45 10) 5% 24k A 4T 45 PR B2 1] 8. 2015 4, Ding 25 A 45 & 2 1 19 TAERS 3 i sk AR HEAT AT 2% 40 B FIAT:
5 78 4038 T Bt R AT 45 43 TC B 1 e O A L3t e 5 A SO I el AL DA AR [R) A AE T2 S
LA Bl AR B T K3 5t 0 R A8 TG — i B 2 AT 55 1 5 BRSO3 ot e Ui 7 5.

42 HiERE

W T 2% FRAT 4% R AR 2, Bt o ) 3t 4% 52 Gy 80 bt Cheng 25 A% T IR 5077 1) R 55 F I 1]
YR e AE B AT 2 TN B IR AT 45 10 77 1) B B35 AT 45 0 I 1) 22 208 K I, A 2 44 4540 TE 45 AR v T A4,
SCHR[B]HH A #3658 AT 45 B 2 EATHT 40, FUA 24 TN B 25 8 K A 45990 T P B AR ) AT 55 A 2 T
DA 32 (1.Zhang 2 NOVIMHT T4 55 16 245 43 A1 08 52 F0 T 1K) S 0, 45 1) 4598 0 6 I 1) P9, 76 BT 07 2B Fg )
[ — AT 45 1ot 185 T A2 100 228 0 2 7 SRATR B [0 F 300 300 52 JSR AT 55 65 M0 SR VEAT Mo 23 B K S i 2 B R 04T 45 58
35
4.3 BRFARIP

A ) AR A A B SRk TR 18 B 07 B R0 At AE DG A R, FE b AL — SR U R AR X B AN et
T BUA R4 TR B A0 L fn WST B (0 B A R4 HE S8 SCIR[10]7F i 318t 22 5 3 DL i 2 i
B0 B T H AR 4% 28 4T 42 B Kazemi 25 NPRESE TN 2 585 B IE s, AR 107 08— RAIME 5
SYECs TN SCHR[A5] A, TN R B 0 4 I (R A7 A6 1T 5 (10 5 = 30 3 2 43 B 14 0 s M i) T AR 8 D 4
FF e N A 2 8 8 2 T 25 B 46, SC IR 45 48 T BEAEAT 5548 52 DX Sk 4R 31 2 0% 22 1) TSR AR TIE BRIV 25 i g
TEAE I LR G L LSS OZAT 55 S5 5 70 DK P 1) 58 TN 25 3 BT 25 38 5, O v i 2 TR 4 2 12 AT 55 4
. 2% 0] B R A P T 99 TN ) SR B B, — A8 T J0 3 2 5 38 s 0 87 2 0 A R 4 JRi A7 38 B W 1TV o B
A SCHRR[16] P R
44 HfthZEn

Cheng % A4t 7 3K T ) 77 2 38k P00 1A SR s B A6 22 AN s i B AR AT 55 4 IC T30 3, SR (18]
FU TR 8 AR 2 1) A A T L, £ 2% ) AL P, AT AR 55 B3 1) T NA R I A AT 55 R A 3% TN Tong 5 A 14 2
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A5 R BT 55 ) R HH A 28 1) 20 W0 S TR VAT 55 8 A b B, T BF, TNy Sk A S 5 0 1R AT 45 43 1)
£ SCHR[20] 8 5 . SCRIR[20] 70 K5 8200 0 A1 55 R Ak A2 199 2 JTT ) R0 0 TN AR I 225G 200 ) RBUI 70 22 A
11 R B AR — SR A A e T AR S MBS ST 20 S ) A

5 B %

25 () AR B R AT 55 B AT A8 IR B R AT TE N S B AT B B i 5 A7 B 4 W] RE T8 AT 95 A SCHIESE T TN
YA S A I 5] 240 2R A 55 20 P 1) 30 A SIS PR Mg 17 4 20 Ak 5 3R AR AR AT 55 OB TN 20 1 20 AH
BAST TN A IR TR B K 55 70 R4 3R 0 A S S0 R B LT eV A 4 R e A SCREE 17— Ff
R BEAL SR 3R S0 & DA S DO RS B 7 RE 6 A7 A b B B B AT RT BE B S DA 1) 5 56 S 6 2 2R AR
WA ST B die Y 0 e DL E S £ R 2R A 55 70 e 30 S b S R AT L9

FN R TUTT 1) S A2 A S AP (0 R IFAT 8 20, A8 T AT 03 DL o3 Ay s S 8L 3 e 2 ek 23 Bl 7
S, DT AR SEHE T B EE R OR SENR Z% (0 SR b 1 37 5.
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