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Multi-population Genetic Algorithm for Multi-skill Resource-constrained Project Scheduling Problem
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Abstract Multi-skill resource resource is popularly existing in the process of production and manufacturing, which improves re-
source utilization and production efficiency. This paper makes the multi-skill resource as the object and presents a mathematical
model of multi-skill resource-constrained project scheduling problem (MSRCPSP) with the objective of minimizing the makespan
of the project. In order to solve the disadvantage that the existing genetic algorithm converges prematurely and the whole algo-
rithm cannot solve the global optimal value, an improved multi-population genetic algorithm is proposed to solve the problem
model. The algorithm is designed to code job priority list and introduced the cross immigration operator to promote the co-evolu-
tion of different groups. In the decoding process,a heuristic flexible resource skill allocation algorithm is used to allocate resources

for jobs,and an improved serial scheduling generation scheme is used to schedule jobs. Finally,numerical experiments are carried

out with standard case library PSPLIB to verify the effectiveness of the proposed algorithm in solving MSRCPSP.

Keywords

1 3l

Tt R S T H A B b B EE A — PSR R T
JEE S AR AN 5 S BAT AT ] 249 SR ] 18 5 4 249 3R L B R 44 51
RO O 2 Y T A R B E — A B G AT I
A, JEeipsk, T RRE W R RAE B AGHEL. I L
s ) RIVEH R S 8 i A B ok R R R ok B A e i T [
I H A BE A M H fE W IR A2 BRI H I BE )8 (Re-
source Constrained Project Scheduling Problem, RCPSP) J& Tit
H 9 JBE [0) B30 ey — > s g B A2 B AF Y R AR, B AL 2% A
P 5 2 45 5 BB DR e FOC R L T HL 45 AN 1R /Y 34T B %
B TR AR B UR A B A [ e A BRI, B AR S s MBI E T
W, AE RCPSP 38 % (R % A Ve IR A B 3 — 1 R )
BRI 4R o — i e . SR 7215 2 92 B B F AR 7 AmvR 4 4R
LAET RERZHERN, MA RS Z RIS SE, N
A BE R AR — P LA L AR [ R IR BT BT RS 19 4 15
HRe T Re s BEILA SRR S . W 1 TR IER E B G
R A& L T C A RARATAR L 3-1 #1041 4F Mk 3-1 9
Hifg 2 T 3 A BRI IAT  BLRE 3 T 2 AN L T IR R
1o FEXFME BT, B AT H 998 B 5 m &2 2% W 3, RCPSP

il

ASCE A FE R R COSID) LG 1o kR E 8 .
WA VEE Wk (yaomindali@163. com)

Multi-skill resource,Resource constrained, Project scheduling, Multi-population genetic algorithm

93X F R FR S 22 G HE BE R 24 SR 5 B R R () (Muld-Skill
Resource Constrained Project Scheduling Problem, MSRCP-
SP), 5 £t RCPSP 4 k. MSRCPSP A A 7 2 pe 3 45 4~ 1k
M B4 98 B 7 58 T B P 23 TC 45 R AR Ml 1) BT RN 2 LA
Sk LRI 43 TG 0 1R 7 B AT i eet .

Néron JEW] T MSRCPSP /&4~ NP-Hard [] &, Jf: if
BT ) A0 B A A BT RO R T MSRCPSP R
5, Bellenguez-Morineau % & T 22 P % Y5 77 76 A 0] fdF FH i
B) B A 00 IR Bt T AR N Y 4 S0 A B R B ROT
Ji B AR ORI B, Li S0 R A I B 7R BT A AR
AT e R AR H AR R T R I H 52 Y i
TEWIBR R 5e /M 5 98 IR A 56 0 B AR , Tia FIVERSE T —Fh
AR M TR IR AR O 1 38 o B Y R AT R B e R U
5 R it U 18] W] A EL R 9 MSRCPSP [0 . Zhang %17 4
T — T R Y g A B B T R A b R SR ek
kR AT IR B LA A0 3 AL B 0E . Xie S0 LTI E T AL A A
Z AL B bR, g 7 BE IR AT TR 2 R (Y 2R R R IR
T8 R TR R 0 Bt AL O 4R A AR T AR SO HE Y s R
SR U H b TR A 38 % B Ok R % ) . Heimerl %557 42
Hh M BE IR AETE N R B e J2 R S5 1, B 5 B8R i R R BT UL



Wk SRR S R W R 52 BRIT R ) R A 22 R G A SR vk

125

it T AV M 7, FEARAT I 18] 23 57 2 43 IC 14 95 5 R 28 A
THBEE K BB B Liu ZE000 6 X6 22 P % U5 A7 A i 8] 17
AR mT r Uy A T5T 308 ) A, ST TR N ) T EROR R A T
Wit T —F 43 32 8 O R b 1 4 R AT OR A SRR T
PIAN A S YR . BUA SCHk 7SR i MSRCPSP ) i i} i
WITHEEEES MERE L B A8 oo &£ RE %,
bR B 5k T R i RS 48 1) R, B & Rk T
Jea 2 2R ) 1y BRI o AN B8 AT X T A S 401 SR A A A Y
I, It s & E R R TSR i MSRCPSP [R] # 1 3 3 3
O Hoh 5 5 B 1 (Genetic Algorithm, GA) I il &l I
o BRMARMEM BME R R T ZAZ LK ER
TR TR RSN 254 QU BB 0 5 0, Sy o AR A 0o R i S )
Ivi] — A S5 TR 285 T 68 4 A 38 A% 48 R TC vk SR i & R AR 1E
I o AL S (Bl a5 2 B AT AR T 2 R R a8 4% R (Multi-
population Genetic Algorithm, MPGA)™ . Cochran 2% 5@
S 5E 2 H bR IEAT WL B (] 80, B2 0 T — b B B 22 D B it
PGS A3 A B A 5002 A, 3 5 G D S A R A EL AR 1Y
AR RN A H AR 0 IR AE AN A, Tiao 507 AR 4 4% 7 43 i
FI AR PR BRI 5% 20 5, B T R B i O 2 £ Bl B AL
w0l AR B T MR A D R k. Lia 250 4
Xt 22 BRI 2 1 2 (] 3 I A, 9 T %ok A A AR O
P T HURS B R (04 22 FhORE AL Bk L 45 R RE 22 I 3l 5 A S
FrSC AR AR TR IS, Wang ZD WSS T — R4l A4
PR K FIE IR G Z R B AL 5k i — O T 2R
A8 30 A0 A 3 AR e S8 2 TR 2 A M T B A Y ) R

O |8 ooogd

22[2.9.10.1211]

£ N OR 3 111 SRS B
Ot ||LICTIET )2
o 7 S -

P 1 R B e A P LR T
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Fig. 2 Flow chart of algorithm
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Table 1 Experimental results of 30 jobs

No SP SR Gl MP MR Gy GMS
1 52 53 1.92 51 51 0. 00 1.96
2 58 61 5.17 55 59 7.27 5.45
3 66 71 7.58 65 69 6.15 1.54
1 68 68 0.00 65 67 3.08 4.62
5 54 56 3.70 52 54 3. 85 3.85
6 52 55 5.77 52 54 3.85 0. 00
7 58 62 6. 90 54 57 5.56 7.41
8 61 65 6.56 61 63 3.28 0. 00
9 52 56 7.69 52 53 1.92 0. 00
10 52 54 3.85 48 50 4.17 8.33
Avg. 57.3 60. 1 4.91 55.5 57.7 3.91 3.32

SP

65
-+ SR
60
55 —=— MP
5 6 7 8 9 10

B AR B

MR

2 3 4

FH

Bl 8 30 BURLE B 5050 45
Fig. 8 Diagram of experimental results for 30 jobs

Hi 2 T4 .78 60 MURESE () T L A SO i B9 R AU M

BEUR AL RE 23 T 5 v A b v 38 A% Bk PR A H AR R B T B

BLBT IR > BL AL TR A AR B A 2. 47 %0 s R T T4

5. 1306 s 76 25 Bl B 38 A5 59 056 P SR 45 B A B8 B(EL 0 T BB AL 3¢ IR

ALK BAR MBE AR 3. 25%. mm AT 4

5. 3100 s AL T A St 22 Tl R 08 1 Rk LU AR o AR SR Y

SRAFHE LR TE T2 3.56 %0 I TF 729 8.6520. LA

SR EAR A A, 9 AT AR A SO SO Y SR TSR AR 60 LA
S TSR A5 A R A

2 60 MUBLEL MY 92 30 45 51
Table 2 Experimental results of 60 jobs
No SpP SR Gl MP MR Gy GMS
1 107 109 1.87 106 107 0.94 0.94
2 114 116 1.75 111 116 4.50 2.70
3 118 121 2.54 112 117 4. 46 5.36
4 109 110 0.92 106 109 2.83 2.83
5 117 123 5.13 113 119 5.31 3. 54
6 105 110 4.76 101 103 1.98 3.96
7 113 113 0. 00 104 108 3.85 8.65
8 105 107 1.90 102 103 0.98 2.94
9 112 114 1.79 108 113 4.63 3.70
10 100 104 4.00 99 102 3.03 1.01
Avg, 110 112.7 2.47 106.2 109.7 3.25 3.56
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Table 3 CPU time of comparison algorithm
No 30 60
SP SR MP MR SP SR MP MR
1 2.64 2,72 27.22 25.04 7.19 6.96 68.57 66.07
2 2.37 2.39 24.79 24.54 8.42 6.97 64.72 69.95
3 2.57 2.62 26.67 29.16 7.96 6.69 61.00 62.98
4 2. 80 2.74 28.75 28.69 5.93 7.10  55.74 60.24
5 2.72 2.37 28.64 26.55 5.74 6.57  62.20 64.11
6 2.59 2.68 27.72 24.46 5.88 6.46 54.91 57.95
7 2.67 2.84 28.70 28.51 5.87 6.29 57.83 62.05
8 2.87 2.37 30.07 27.93 5.71 6.01 55.86 61.35
9 2.72 2.54 25.71 25.92 6.22 6.71 58.11 60.41
10 2.56 2.63 26.81 27.30 6.04 6.43 56.42 62.09
Avg. 2.651 2.59 27.508 26.81 6.496 6.619 59.536 62.72
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