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Algorithm for Resource-constrained Project Scheduling
Problem With Resource Transfer Time

LU Zhi-Qiang'  LIU Xin-Yi'

Abstract Most studies in the literature so far assume that resources can be transferred from one job to the other without
any expense of time. However, in many practical cases, it takes time for resources to transfer from one job to another. In
this paper, we introduce the resource-constrained project scheduling problem (RCPSP) considering resource transfer time,
which aims at minimizing the makespan of the project. A linear model is established and a branch-and-bound embedded
genetic algorithm is proposed. A new precedence-based coding method which adapts to the structure of the problem is also
proposed. Comparative computational results reveal that the branch-and-bound embedded genetic algorithm improves

about 10 % in terms of solution accuracy compared with the algorithm proposed in the literature.
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PA K TG P iR A 52 38 1038 4% B3 0 45 45 SR 2R AT X
. 2 2 25 R R SR T/ NS B 051 ) SR A5 2R
HHBE 10 MEG. £ 2 GAP BRREE
frfs s CPLEX Frfs BB 256 | o L, &
CPLEX KI5 7200s.

HHER 2 WIH1, PR S B it A% SYE W] DATE
A] 4z 2 W [A] N SRAG AR5 A, MR TC ik 7 S 5t
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Table 1 Comparison of experimental results under different parameter settings

P EmE (%)
B pc=10.8 pc=0.6 pc = 0.6 pc=0.8
pm = 0.2 pm = 0.2 pm = 0.1 pm = 0.1
J30 0.89 0.99 1.44 0.00
J60 1.11 0.00 0.08 0.13
J90 0.66 0.00 0.13 0.24
S 0.87 0.33 0.55 0.12




6 4 Wi 75 A 28 T TR A M I 1) ) 0 Y052 MR 0 ) R ) AP B 1035
2 RRIERI NSRBI SR AR L
Table 2 Comparison of different algorithms in small-to-medium size problems
A AL CPLEX ‘ ﬁ%?&iﬁﬂ@iﬁ%ﬁ% Wﬁ'ﬁ?i‘iﬁ?ﬂﬂ@iﬁf?ﬁ%
ERBME FRISE BRI (s) B EEEE (s) GAP (%) BE EEE (s)  GAP (%)
1 34.9 34.9 86.00 35.8 1.44 2.52 35.2 17.85 0.74
J10 2 23.4 23.4 19.01 24.8 1.30 5.98 23.6 25.97 0.85
3 37.9 37.9 102.35 38.4 1.31 1.32 38.1 16.14 0.53
R 69.12 1.35 3.27 19.99 0.71
1 62.1 60.6 4035.60 64.1 1.72 3.22 62.7 20.46 0.97
J12 2 41.3 39.3 3233.42 42.3 1.74 2.42 41.7 19.10 0.97
3 27.1 27.1 30.69 28.1 1.68 3.69 27.3 24.25 0.74
RS 2429.90 1.71 3.11 21.27 0.89
1 62.8 49.0 5898.80 64.2 2.17 2.23 61.7 35.70 —1.75
J14 2 32.1 30.2 2335.54 33.4 2.21 4.05 32.5 39.12 1.25
3 47.1 46.2 950.73 48.6 2.67 3.18 47.7 39.73 1.27
Sy 3061.69 2.35 3.15 38.18 0.26
1 78.7 53.6 7200.00 T 2.33 —1.27 75.7 44.38 —3.81
J16 2 39.8 30.1 6484.84 43.6 3.08 9.55 42.4 41.76 6.53
3 59.9 46.1 6509.60 61.5 2.70 2.67 59.8 56.31 —0.17
Fy 6731.48 2.70 3.65 47.48 0.85
1 49.4 28.8 7200.00 48.3 3.12 —2.23 46.9 59.68 —5.06
J20 2 64.4 41.0 7200.00 63.0 3.23 —2.17 61.1 59.80 —5.12
3 68.1 46.0 7200.00 67.8 3.09 —0.44 65.6 72.30 —3.67
Ky 7200.00 3.15 —1.61 63.93 —4.62

SE S IR T AR5 e LR 2 1) i) GAP 226
BAE 1% PAR. W T J14 ~ J20 BB R RYEG], BT
N 2 %, CPLEX A I LRSI, At
It CPLEX 3217 2 /DN I E SRR HEXER, R4
SRR SR S CPLEX Fr 55 i R AT X L.
XFF J14 H1 J16 AR A5G, G P o) SCOE A
A ARFIR AR S0 5 R R ) GAP 39{EM 3% 72
A ENT 1%, HELEA LS55 ol AR
GAP M 5.98% 4l & 0.85 %; X J20 FA )
GBI, HHEE ESR, PR SOE SR AL A BB (645
FRAY R 5 % oA

3.3 ESMACHEHEIXTEE

Hi T CPLEX JoiksK AR R, filr AR 3C
PRI Kriiger 2601 Bt i 5T 0N () ek 347 1 2
SR G, b A SO e Bk i A ik, 28k
i SLB0 40T, Kritger %5 )0 LFT HUNAI SLACK
MU T ASRAFEAL A, R bt At e itz ) LET AL
5 SLACK MU 3RO S5 RAE XS X 4. % 3 4
HH AN ) B3 0 DR ORISR [ 4 S B 5 R L, e
BA A 10 NFEH1, K 3 i GAP IR E

VI A it A 20 s AR ) ) 220

HIZE 3 AT, R T 23 SO S AL B0,
PR 7 S8 S 1A R AR SR R U g 32 T
itk 2% Zity. R AAA B HoA il S LB AR
WAL S SR AR, PR HOR A i A B gl E 48]
PAIKEI— @ KGR, B R PR o0 30 St IR AR
B I AE A, (H 2% AREE s B A . Rk
SRAE R I i F 132 SR AR IS [R)HE 30 3 2
Hi, FERHZ TG 2 9. R, Kriger %) frig
SRR SRARES R -5 PR 358 SR A RA .45
REVWZEE R 10 % ZeAa, W T A SO BRI
.

4 g

ARSCHR Bl PR 20 S E S8 1 SR Aty
A G PRI AL I 8] 4 B 5 2 BRI H 8 B [, B39
iR EaC RERESTINE VE & N - PANRCI i DR B S s
DL 7 30 AR R RSB R R B T, BT
X [F) A 45 ) 1) B S 408 HE SR B T AR B2 1 ST R,
FRER T AR BN N, RTE T SOE AR
R, W BRI R T A SR N k2 S
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Table 3 ~ Comparison of different algorithms in large size problems

e AL JA ke AGE TEo) 3CRE R R R332 5E YL FE
LFT (5 GAP (%) SLACK i GAP (%) 9 WHEEME (s) GAP (%) ¥l WHAWHE (s) GAP (%)

1 159.0 14.80 156.9 13.29 140.7 5.69 1.59 138.5 63.65 0.00

J30 2 157.6 16.65 161.9 19.84 136.7 6.27 1.18 135.1 77.20 0.00

3 120.1 12.77 119.3 12.02 109.1 6.22 2.44 106.5 117.81 0.00

1y 14.74 15.05 6.06 1.74 86.22 0.00

1 217.0 12.55 216.0 12.03 196.7 24.14 2.02 192.8 744.97 0.00

J60 152.4 11.00 151.0 9.98 140.4 26.58 2.26 137.3 77718 0.00

3 115.8 8.22 114.9 7.38 109.2 25.77 2.06 107.0 798.22 0.00

Sy 10.59 9.80 25.50 2.11 773.46 0.00

1 383.8 11.05 386.3 11.78 351.4 68.89 1.68 345.6 1191.98 0.00

J90 2 199.2 9.15 198.8 8.93 186.8 68.18 2.36 182.5  1952.75 0.00

3 520.9 14.38 515.9 13.29 462.6 71.57 1.58 455.4  1755.12 0.00

Sy 11.53 11.33 69.55 1.87 1633.28 0.00
%ﬁﬂ@iﬁ{%ﬁ%%ﬁ&i@ T{*ﬁg/ﬁfﬂ*ﬁ[\iﬂﬂﬂiﬁﬂ‘, %: 9 Kriiger D, Scholl A. Managing and modelling general re-

B S BRI 22 EI91E 1% PATR; R
DRI RS, ARBE A SCHR A S % N, Ry
SEE S BB AL SR T DA R RS B 10 %.
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