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Cooperative task scheduling for equipment support groups using invasive
weed bat dual-subpopulation optimization algorithm
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Abstract: This paper proposes a hybrid task scheduling method based on the invasive weed bat algorithm upon dual-
subpopulation to achieve objective of minimal task implementation time for equipment support groups cooperative task
scheduling. The mathematical model is constructed considering complex constrains such as task sequential logical
relationship, implementation quality, occupancy conflicts and capability renewal mechanism of support groups. Firstly,
the good-point set theory is used to generate initial population with uniform distribution in the solution space. Then,
the strategies of repair operator encoding and task priority ordering are designed to achieve tasks-groups-time sequential
matching and conflict resolution. Moreover, all individuals are divided into dual-subpopulation by cooperative evolution
using the invasive weed optimization algorithm and the Fuch chaotic bat optimization algorithm. Finally, the recombination
operator for guiding population evolution is given to balance the exploration and exploitation ability. The simulation
example is given to illustrate that the proposed method has better robustness and solving precision for the complicated
task allocation scheme.
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Step4: il 73 XU HE. VF SRR A4 13 B L R
U, FER R SR 5> 1B BRI W B,

Step 5: B i AN AR 2% HL AT O AL, FIH BOA Al
IWO HEXT B#EATW B firfs MR Ak

Step 6: i€ B #EA W B S M4, I+ 5HAH B
TN EE BR K.

Step 7: I FH H 4 55 3R U AR A Best, FFR a5
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fif Best /E T — 4R BEEAI W BE (1) 42 7 s AL A

Step 8: 10.5% 24 il f LA

Step 9: I T 555 2% b S5 A 4n Bk B 45 € 1) B
RAEARIHEL, W 28 1R 5%, 75 W %% N Step 5.
27 BUEREEARE ST

HRAE 2.6 17 HE D PR o dr LI B] 52 28 2

Step 1: H AN EE KA Pop £ FAth 254, i 7] 52
I FE R O(Pop);

Step 2: X W46 i & 757 /AT 55 -9 2553 TiE 75 )
W7 Pop ¥, 4 it 2 2H 4 H I el 5 B4 1 IRAE 500 2
e HE PP, X AN AT 55 AT BT 2 W TR AT
Pop {2 AU 111 Ab B, I 8] 52 2% £ 85t 22 9 O (Pop + 1);

Step 3: K FhE R 43 AT HE BREEA W B, 1FH
B RERNW B () S AR AN 4 SR S AL A, B 18] 52 44 B R
O(Pop + 4);

Step 4: HliE AN AR AR FLIFATOUAL, I 18] A%

2 x O(Pop/2);

Step 5: I FH #4155 7= A8 2 1 4 e B AL AR, B[]
BAREHNO®0).

25 E 53T, IWBDA SR E T #0354, FEAN ST
(RIS 18] 52 24 N O (fmax X (Pop +6)). G hRi#EBOA Al
TWO 524 L, IWBDA Sk (8] 5 2% B 55 i3 o,
(B4 A T 1R —$ B 4 A, 5 STk (131 5% T- TWBOA
VLI [R) & 2% BE 3 A A BB 5, IWBDA SV 1]
TR FERRAENA .

3 PiESEImKEE
3.1 HEEHIRER

PASCHR [24] H A8 2 A, DR AT 25 ) ) 32
LI RK RN 1 s, DRIEAT 55 5 P F AT i &= 1 BR
BIME ¢ = 0.8, fREERE ST I HFE R & w, B E 0.1,
PRBEAT 55 FO (R e 2 2H & ME N 22 2 F1 3R 3 s

R2 REEESEM

ok fie Jy R PR ] A
DT, DT, DT, DT, DT DTg DT, DTs cT XT YT
T, 5 3 10 0 0 8 0 6 30 70 15
TS 5 3 10 0 0 8 0 6 30 64 75
Ts 0 3 0 0 0 0 0 0 10 15 40
T, 0 3 0 0 0 0 0 0 10 30 95
Ts 0 3 0 0 0 0 10 0 10 28 73
Ts 0 0 0 10 14 12 0 0 10 24 60
T, 0 0 0 10 14 12 0 0 10 28 73
Ts 0 0 0 10 14 12 0 0 10 28 83
Ty 5 0 0 0 0 5 0 0 10 28 73
To 5 0 0 0 0 5 0 0 10 28 83
Th4 0 0 0 0 0 10 5 0 10 25 45
T2 0 0 0 0 0 10 5 0 10 5 95
T3 0 0 0 0 0 8 0 6 20 25 45
T4 0 0 0 0 0 8 0 6 20 5 95
Tis 0 0 0 20 10 4 0 0 15 25 45
Tie 0 0 0 20 10 4 0 0 15 5 95
Ty 0 0 0 0 0 8 0 4 10 5 60
Tis 0 0 0 8 6 0 4 10 20 5 60

=3 REERARBM
\ WG R R fE 7 ] e R PLE
Tl

CG, CGo CGs CGy CGs CGg CG~ CGg VG XG YG
Gy 10 10 1 0 9 5 0 0 2 85 40
Gy 1 4 10 0 4 3 0 0 2 85 40
G3 10 10 1 0 9 2 0 0 2 85 40
Gy 0 0 0 2 0 0 5 0 2 85 40
G 1 0 0 10 2 2 1 0 1.35 85 40
Gg 5 0 0 0 0 0 0 0 4 85 40
G~ 3 4 0 0 6 10 1 0 4 85 40
Gg ~ Gqg 1 3 0 0 10 8 1 0 4 85 40
G~ Gi3 6 1 0 0 1 1 0 0 4.5 85 40
Gia 0 0 0 0 0 0 10 0 2 85 40
Gis ~ Gig 0 0 0 0 0 0 0 6 5 85 40
Gy 0 0 0 6 6 0 1 10 2.5 85 40
Gig ~ Gaog 1 0 0 10 2 2 1 0 1.35 85 40

A SIS I BT B 2 A RS 354 F Matlab
R2011a ¥ 9% 5, 9 12 1T 19 PC HL.Z £ R 32 fif
Windows7 # /F & 4t, Intel(R)  Core(TM)i-7 4790
3.60 GHz CPU, 4.00 GB 4 %.

AT 56 E IWBDA 5.7k 1A R, 43 9 5 DLS-
GAP, DLS-QGA!Y FI TWBOA!3 & v 3t 47 L 8%,
HEERILE S B0 E N MR Pop = 100,
KIER R B e = 300. £33 [ H 2 R SL5, i E
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AL IWBDA B9 (1) Ho At e 1 2 805 B A ik e _ 350 .
I ME froin = 0, B KA frnax = 2 ik 00 £ E 300 %

WM Aipitar = 1,218 Aginer = 0.1 KPR A FE YA % 550l

Tinital = 0.1, ZfH rpinar = 0.8; H/DFEIH N H Ynin = = .

0 B HE i = 55 i = 035, Emr oL 2

LAl opinar = 0.001; JELR MR ARk = 3; THB 45 150 =

PR TS5 = 2. DLS-GA f1DLS-QGA &1 52 5
SRR IR B2 2 SCHR B B, IWBOA BV S I S 40
%% IWBDA Hi%.

N T AR BIAT B SEEG (AT AP, X 4 AR B gy
I AT 30 A B vH LSS A4S 2 H b R U (155
AT I [8) TIT) B B A AE (Best)s 5 72 fH (Worst) . 33
8 (Mean). Fr#EJ7 2 (Std) F1-F- 35132 1T I [H] (Avgtime)
K BRI R, 4 B ELEME AR LU IR 4 Fr . o
IWBDA S e 5 L AT 55 -2 41 3 L 7 SR R 5
PR,

4 ATEEGLIERELL R

T RE IWBDA IWBOA  DLS-QGA DLS-GA
Best 151.6855 151.868 169.2969  232.7274
Worst 187.3859 207.0879 2229215 338.2332
Mean 167.834 174.8211 190.2929  284.1635
Std 10.0203 13.760 8 15.2417 21.8833
Avgtime  36.2305 40.5035 43.6012 45.9362

x5 BMESRASEAR
1E% Panint e

T Gy
T Ge
T3 G4, Gs, Go, Gro, G12, G13, G15, G17, G20
Ty G4, Gs, G7,Gro, G11, G12, G13, G16, G1s
Ts G1,G3,G7,G3
Ts G1, G2, Gr, Gs, Gy, G1o, G11, G16, G17
T Gs, Gy, G11, G2, Gis, Gis
Ts G1,G3,Gs, Gr,G11, G5, G
Ty Gs,Gs, G11,G13, G5, Gir
Tio Gy4,Gro,G1s5,Grs
Th Gs, G7,Gs, Go, G12, G14, G15, G
Tz Ga, Gg, Go, Gio, Gro
T3 G, G7,Gg, Go, G12
Thy Gs,G11
Tis Gs,Gs, G7, Gy
Tis G2,G4,Gs5,G9,G11, G2, Gis, Gia, Gis, Gao

G107 G147 G157 G161 G187 G19
G17 G37 G47 G127 G137 G147 G157 G167 GQO

P A7 B 45 5] 0, 3 T IWBDA 5325 1 W A A 5%
R 72 B B n) e R AE S AE AN 7 22, 1 B
B 5 2 B AR A0 DX R B /0N, SRV~ ) R B R . I [
I BGHIE 1 RV [R] 52 % FE 9 23 B 4518, DR AR B T
IWBOA . DLS-QGA FIDLS-GA, 3£ T IWBDA 5.1
W R 5570 BC 77 58 B2 O 4 I RvE TEAR.

MGETE 2 F R 4 SRR AR A M RE R AT 8, 4
FhEEIRSTIZAT 30 IR 1) 5258 S 20 B an P 4 Bl s

IWBDA IWBOA DLS-QGA DLS-GA
B4 4FEZEESZSHITRESS TS

4 v G AR AR bR 1 DY o3 07 22, G B, 4 bk
£ b B IR 2 AR B s 1 TR AL B X TR S AT
I (] F8 A, o 7 B0 N Bk G b 1Y) b AR e
() g5 R, 2 T i B AR R e /MEL 8B B R
JREEHE FH “+” Fon, Rz BHE N R E. R4
A, 5 T IWBDA B2 [ Wik [F)AF 55 B0 K1) J7 v e 8 7
Gt B 15 B4 R B AT 55 AT I (8] B o R 2
MR, RTA T AT S B AL ER T [R], 32 v 78
AMES5 £E B PAT ot 5 R0 2 4H B YR FH 22
32 B eNEERERNE ST

& £ DR 5 G 2H 1 5] £ 25 00 ) 7 B 2 1 2H L0
AR TE T A AESs, N T AT RS PAT IR B 515
AT IS 18] () 52 065G 22, 3@ I 03904 T o &2 T PR BIE
I I 2 AN [ BB AR 3R AT 477 LSRG, 23 A7 S 40 o Xt
125 AT ot 5 R 52 e 17 0.

T AR AT LSR5 1A A4, 18 IS 6 TIWBDA .
TEAEAS [F) S 35 AT ot & 1 PR AR, B o 23 3] 9 0.75
0.8+ 0.85F10.9 [ &5 UL T 70 3847 30 X 1l i B sk
5 pir 45 2 H AR e EUE (55 AT I 18] TIT) B s AE
(Best)« i Z{H (Worst) ¥2J{H (Mean) FIAx#E 77 22 (Std)
R LS HY o X FIE L F) e 1 D, AS [R] o fB
EEE R LR WK 6 7K.

Fz6 ANEEMNEEERILER
e =075 =08 =08 ©=0.9
Best 1425517  151.6855 1493764 1559133
Worst 1764273  187.3859  189.9954  205.8977
Mean 157.984 6 167.834 170.683 3 177.076 5
Std 9.1062 10.0203 10.1896 11.8161

477 L 52 B 425 5 1T 4, SR AT 5 B R BR R
KRG R — E IR, B AT R R R
BR B o [ S T B2 8, 4 55 BUAT 16T ) B 2 B K. 44k
17 25 AR 5 AT I3 B A0 25 BT IRF I6] 2 7 AN 6 ST 1 48
B R, 76 35 4% 7 i 4L B A % B0 R, 5 A4
A 55 BT I 50 2SR 4 B30 56 P B 44T o B BRI M.
X AE S AT IR R AR AT
4 & B

I Sl St 3 6 3 2 4L T 250 K ) G, e
T LA Rt 55 9 b, 2 R a2 e 0 S LA
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ALK, JF 52 tH T — P IWBDA K fif H 1%, it iz
FIARE B FRAR ) A6 A0 A A, (RIS 51 N Fuch VR A% &R
BUH, BEAC 7 S50 B N R 38 s A0 ) mT Be e, 8 0 17 ol
REZ FEME WO B 2 2 1R 00w i 7 20, 2 T8
S 10 1 SRV A RO 8 ek A BT 5 2 AR T 4b
B PRAE T S0 T 38 77 8] 55 48 R ) AT AT IR X
K HI T 252 4 bR BOHEAT B0 O L #R A, S 1 B0
H 34 S35 1] — 76 B B JiE, 9K FH BOA FTIWO 5
O E A, B AT S AR, S T
A SRR BN R AR R B8 0. 2 4 DR 5 4 2H 113 )
R 55 AR Z 491 1) 05 L 45 TR AR, 5 T~ IWBDA 5% 1Y
A28 BRI J7 15T LAAE 0B 0 A7 AE DR BRAT: 55 I 32 4
KA TS5 PAT BT A0 DR IR 4 2 o5 FH b R 45 5 AR 2
W55 R i), Re g AR e v 3 B3RS AR B AR
& LS5 7 BT .
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