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Distributed multi-project resource scheduling oriented to manufacturing
of building materials equipment group

ZHANG Jin, JIANG Li, GUO Jun', DU Bai-gang, LI Yi-bing

(1. School of Mechanical and Electrical Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. Hubei Digital Manufacturing Key Laboratory, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To solve the problem of resource sharing within and between projects in the process of project scheduling
of building materials and equipment group, a distributed multi-project resource scheduling problem under the parallel
scheduling mechanism is proposed, which considers the transfer time and transfer cost of multi-category resources. In
addition, a mathematical model for the problem is established aiming at the total cost of multi resource transfer and the total
execution time. In order to improve the deficiency of the evolutionary algorithm in local search ability, a multi-objective
hybrid evolutionary algorithm with embedded tabu search is constructed. At the same time, considering the influence
of resource transfer cost and time on task selection, the priority value of task selection is improved and the resource
transfer conflict resolution strategy under the parallel scheduling mechanism is proposed. Data experiments show that
the proposed algorithm can effectively avoid unreasonable resource transfer and has good performance in solving quality
problems.

Keywords: building materials equipment group; distributed multi-project resource scheduling; resource transfer cost;
hybrid evolutionary algorithm; tabu search
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T %% (scheduling tasks, ST) 1 £ 1 & 1T %5 (scheduled
tasks, SDT) 3 ¥, ¥4 SDT 43 9 47 7£ % Ut () 1 3t %% #%
% IR B AT 45 (scheduled tasks with resources, STWR)
AN 0] #: #% % JB AT 55 (scheduled tasks without
resources, STWOR) 4 Ff1, %F - ST, 7] DLk A STWR
AbHEAT GRS

[=] soT [ ]st [ ] wst

[isk,, |-»wsk, o [k s ok ]

TR N N Wy A

. Iy Z1 ¢
MMFHMJA“'H%mFﬂMJ—*ﬁ“|
2 FHTAEESHTRES

7 18 B AR 7 S bR A BV R B R, TR R A
tsk, F A% A tsk; I, a0 R E: BRI B EE R —
nigj W AL tsk; BT & BEUR HUER Ry, BT 55 tsk;
AT ) TR BCE Rk rems 25 T Rjg—rem NAT
FHERENRRERES OB EREENE
B BP B8 v AN 78, B4 75 R AT e 2 ML 7S, AN A7

TE 53 B 7% 1A% 00, B AN 47 78 % 7 $ & [J i/ T
Rifg M R —ver MG OL. RIS B3 Y50 5% #% B8 AN g L
R —rem, BN BRI A 221 T 56 42

FSEE WU BIIFAT R L% RE LA T i RIS T

B ARDHERES LR,

TUH m AT 5 i FIIH n AT § 7R 7] — i 2146
R an i B2, A h e 5 — ML S6 T FE 4TS5 ST.
) SCAT RA R JUA S 2

1) FE55 i K 5 HBAN 75 2 HAd 3T H B2,

U A5 T2 P S 55 10 2 i I %o B 246 2 45
FBA 5, DR T 2 ) AT T E Py B R R
AL ARSORH T 122 LS 1 BE I H 58N .

2) 11550 Ml j B — 05 i AR IUH B, AR BN .

I DI 2 1 BEAT 55 5, e 38t G R EAT: 55 4 2 Ja %
1155 5 BIITE IR 5 SR8 R

3) AE55 4, j # i AR IH BHA.

AP IR AR 2 A - 25 W VR A A I ) R e AR 55 /N )
f£55.

fB®2 THNSTWR M.

FE55 TFAG R BEIS, W] e A% BRI 4155 STWR IE
A 2, H I IR LG AT 55 b 56 7 B U 9, 2 7 20 € 11
). 2AE 5% 5 T AR A FEIS, A m AME 55 58 B L
FAAER R M BEIR, WAL S5 § AT LA m M55 AR
232 ZHHIFTHE R

5, XA STWR 73 il BEAT B2 IR 44 78 22, it
SREOXF I Y5 A% e 5 (10 ISF ) R e A T4, e i R R g
Tz k. 76 Fr A STWR X L () 7 22 1 45 3¢ b i 3R
SCHCHR P 78 S 24 e 78 DR HOAT 55 HEAT BRI 2,
BRI

step 1: R 46 B4 S B, 6055 B U % 78 Ik 8] A0 ple A
TR 22 300 AT 55 o o B AT 55 BRI A P 5

step 2: SRAFEEAN T H S F5 B A ) T — 4155 B
FITHE I [a].

fori=1to P—n

WAL BB R — AN AR 5 T2 A — 4155,
e BT A WUH R —AE 55 B 7T 4R IS 8] £ 47 7E prePtList
g5,

end for

step 3: 1 1 step 1 7 prePtList [ £ /N T 46 B [A] i
€ T — 2 DT H 2% 5 pIndex A H 241 1E 9% i 7]
ptime.

step 4: A W7 =4 BT T H B350 750 2 2K, BARE
e 1 it EH AN I H B

SR A BB 5 — AN 5% nextTask 1E 9 T — 2
i L L 55
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fork=1to R—n

T H P 53 U5 KR 2 75 % /2 nextTask 75 22 1) B U5
Km0 2, W step 5 H I i 8 B B RIRAT S5 R B
stwrList IS A 12635, 75 U A5 300 H Hhade .

end for

step 5: HEAT T BE, 0 8 S LG RS AT 55

for each stwr in stwrList

T BHIR LR B, BEUR L A 2R g stwr T8 BE
Y5 K A nextTask JT 5 SR HCE th BN .l BEY5
e RS BRTE R RS B BRI T G B~ S R I ] A
e ¥ Bl Y, i AR ST HE R 9 2 2N stwr B E
RIE AT B 1 F 55 transStwrlndex.

end for

step 6: AT IEZIHJE.

fork=1toR—n

BEAT SR AT 55 R IR B SR & stwr X B
1) % Y5 B 92D, nextTask X B F 55 I 45 & 184 . 55
A0S I TR AR AL A

end for

step 7: FIWT 4 HIAE 55 T BT 75 A2 K.

fork=1toR—n

06 A 3 A A 93 U, A 2 T B VR S AR
SR, A A AL, W) 2 A AR 5% TR R # 5 O, TR AT,
BB 00 H B TR], 75 R 5] step 4, 38 T — A stwr 3E4T
.

end for

step 8: FIWT P A7 BT H & 15 45 R .

fori=1t0o P—n

ST BT A I H SRR BA AR 5 O A, A e, W ARk
S5O i HE R A A5 R, R AR [ step 2.

end for

3 ERGIESSH

N T B UIE AR ST AR RS R B A R, DA
A B BT 23 A X 2 T B SR O A a1,
o MNIH . 3MBIE, 2T HAR S RIEE Bk
Frs, Fe AN [T 45 18] (1) A [7] B3 5% A2 I (8] ML A2 1
AHAE. L2 5 HAEITH 1 H SAT 55 2 187 7% BT
1 it 5 S AL I [ R A% AR

N T SRR AR UL B R, 5 Budk SRR
18 4% 51 (nondominated sorting genetic algorithm II,
NSGA-II) #1 5 T~ 2 H 5 (1) 22 43 i3k 4 553 (differential
evolution, DE) . W 574 (ant colony algorithm, ACO)+
LT L AL 532 (particle swarm  optimization, PSO)
BEAT X H 43X T, 76 2.5 GHz Intel Core i5 4b ¥ 35,8 G
RAM, Windows10 2%t AL BB N, 8 C++1E &

F Matlab R2017a 8 A4 5 B 347 52 B, 5 Fh B L Fh
R R 200, 3B AR N 500, Hih S8k B ik 3

.
*x1 MBESREER

= YR VG B B
WAE %S FEES Tk _JROUREE

Rl Rg R3

1 2,3 19 6 5 2

2 - 26 6 4 2

! 3 5 17 4 s 3
4 - 31 4 6 3

5 - 21 7 2 2

6 9 21 305 4

7 20 5 4 1

2 8 - 22 4 4 3
9 11 27 7 5 3

10 - 22 6 4 1

11 - 21 8 6 2

12 13,17 29 8 4 3

13 - 22 2 3 2

14 — 34 2 4 4

3 15 18 28 8 7 3
16 - 17 6 6 3

17 - 26 8 6 3

18 — 25 3 4 3

19 - 22 5 6 3

20 - 22 4 6 2

21 23 29 4 5 2

4 22 - 3l 1 6 2
23 24 27 5 7 4

24 - 30 6 5 4

25 30 30 7 s 2

26 - 33 2 4 2

27 - 18 6 5 3

5 28 29 15 4 7 1
29 — 27 4 7 2

30 - 22 4 5 2

31 - 26 3 6 4

32 - 30 4 4 4

33 37 32 1 5 2

6 34 - 30 1 s 2
35 - 20 6 4 3

36 - 30 5 4 4

37 — 25 6 4 3

F2 WHE1HEREBEE R
’EE%’%(’L,j) tg—jli/ai tb_ju/ﬂi Cg_jli/ Eﬁ Cb_ju/ﬁfﬁ

(1,2) 1 03 57 2.1
(1,3) 1.1 0.5 54 1.2
(1,4) 0.6 0.5 48 3
(1,5) 1.1 0.4 6 23
2,3) 0.9 0.5 75 1.4
(2,4) 0.6 0.5 5 1.2
2,5) 0.7 03 73 33
(3,4) 0.9 0.4 6.2 1.5
(3,5) 1.1 0.4 6.2 1.6
,5) 1.1 0.5 48 27

#*3 BERIESHIRE
S HEA

2T XA 0.9 0.9 0.9
AR 0.1 0.1 0.1
PR E
AMAEH T
HEHET
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ERFT
R REBE
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K309 5 M ELVE T i h AR SCECE IR LESE . & TR TS5 IR A2 B R 2 B AR R
FEMF IR BT AR &R 26 R, A SCRR IR i 1R

5% (HEA) 0 R UL T 55 41 4 B if b S35 4 40 P e
G o 4 45 o1 i 4 1) 22 T3 ) 52 B L, NS SC HEA 55 Kol e Taco
A 1 ) 5 B0 o o S0 B 1 S | Ve, s
1234.70 K, # % A A 98 087.00 TG ) £, et 17 1 Eosp o T et
Yo £, 4 G B :1-3-4-2-5-7-6-8-10-9-11-19-12-15-14- - ToThe e
13-18-16-17-22-21-20-23-24-31-25-28-29-30-26-27-35 T T ———
-33-34-32-36-37. il fERAD R VRS B IR IR EE R 7 R PR/ HT
WP 4 . A4S 5 A T FE TR NS BT A T, AR ST g 3 ERGERIE
5,0,0 E—

I 13,3 — 4,42

@ 1,5,2 01 1-»@70,0,2*@1,0,2
0,1,0 1.4.1

3,0,0

(a) WHG6

(c) WiH4
' 6,0,0
(t):z,4,3 J—»@— @ 1,3,1 @ 3.4, :(?:)—2324"563
52,2
0.0.2
3,0,0
,—
<) 243 .<:): 5,3,0—
341 ) —=5:4.0
N 0.0.1
0.0.2 -0,

(d) WiH3 MIH 2 EEAEHE 3, TEPABIH 2)

0,2
4,327 . 1,0,0
@— 6,5,2—»@7 ,1»@—4,2,2
< 0,0,1 1

(e) TiH1
TUH i AL LT s — X15%X0,% — - =P SRR RS R

4 ZHHRFREBLR
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ME 4T LUE H, 2 00 H 5805 % 5% DULH P 55
V5% 78 58 A AR TR Bt A7 AE T H ) 85 5% 7% 1 1%
L. i H 4 AR 21 530H 5 T T4 28 2 HIAF
TER IR,

Sk — 25 Uk A BT PR SV 3 FH 1, RSO3 64
12T H 3 Fh RS 100 K F 5 M AR0EE 4 Jnll 1 47 3K i,
LA R K4 FTR.

®4 TRMREHILE
IANIATHE 6 IHFATIE 12 FFATBUH

T/X ¢/t T/RK ¢/ T/K ¢/t

Hik

HEA 623.3 474133 12347 98087 2813 193506.9
NSGA-II 626.7 47726.5 12599 98366.2 2988.6 202365.6
DE 630.6 47551.6 1266.8 98443.6 2966.7 202344.5
ACO 644 48036 1289.5 99062 3466.5 205521.3
PSO 636.6 47600 1290.6 98533.5 3023.8 198846.6

M 4T LT H, 30051 H R A S Bk 18
£ 1 5 B 1) 0 e A 50/ T 7 b 4 . 0 A S5
R R R R T o 3 4% 1 3 M 0 A X 2 9 VR IR
] L g — oA 27 1
4 %

2 S LA A 6 1 Ml 2R R S B R TS S, B
H T — il B R R A 11 22 T R R
TR o 1) FL P 2, 3R T R IR A A B
TOHEATSRAR, VEVT T 2% I TAT V8 B 110 e U5 s b 2R
RS, I e 24380 1 4 T S0 S0 R B LA B IE
T A SC TR R A A A
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