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Resource allocation to minimize the weighted completion time with multi-
resource operations

WENG Wu-yan, CHU Cheng-bin', WU Peng
(School of Economics and Management, Fuzhou University, Fuzhou 350108, China)

Abstract: This paper addresses a resource-allocation problem extracted from real life application involving multi-resource
operations. A new mixed integer linear programming model is proposed to minimize the weighted completion time while
considering resource-related precedence relationships. Then, a hybrid algorithm combining Benders decomposition and
Tabu search is developed based on Benders decomposition as the basic framework. This method divides the original
problem into a master problem for resource allocation and a subproblem of calculating the completion time of each
operation. The convergence is sped up by improving the mathematical model and embedding the Tabu search approach.
The experimental results on 300 randomly generated instances show that when solving small-scale problems, the proposed
hybrid algorithm can yield satisfactory solutions with an average deviation of 0.86 % from optimal ones provided by the
commercial CPLEX solver; when solving large-scale problems, the proposed algorithm outperforms the CPLEX solver, the
pure Tabu search algorithm, the variable neighborhood search algorithm and the Benders decomposition with embedded
genetic algorithm. Compared with the CPLEX, the upper bound and lower bound are improved by 4.74% and 9.62%
respectively.
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BRI ZEIE0.86%. Mo = 1.2, T.J5 45 A 501,

UP(LB)approach — UP(LB
= ]f?P(L%>MILP( PINE 100 (1) i g 0T B 6 K, BDTS B350

Hort: UP (LB)aLp A1 UP (LB)approack 73 4 /& MILP J5
AR TINERURE) B (M) F an JRIT 23 AR B
PSR 7 T A AT A L RS AT I ). A
18— H A 2 A 240 SRR JIG 2% A1 240 T B L A= B I
o] A ) e, LB UR R0 N 3. & R IR R AT A
VRIR B EUN af [y 1 HIFERE B BENLAE B, ¥ U5 LA
T a4y B EL80 %o 100 Yo A1 120 %0; £ AT A 1.7 H4 1)
BHR T K=

R 1 firoR: 18/ NS B4R % VR s B
I [ 0 6 A 1 B2 1 3G KT 38 K, LR R 2 Hls
AR B FT s B I K I AT I A BAMILP 77k iz
SIS ] Ay M, MILP J7 ik i R B T H AR 715
%, CBS J7 %32 LI M BRI T H R 7 1%, 5 MILP 7

1 F MILP J77%. TS 5195 A1 VNS 59 5 MILP /772 |
L7053 38 6.05 % F113.83 %. BDGA L 1E T 74t
910 B 35 SR 15 Fe AR 24 % & K T 10 B, BDGA
HiLERDIME £ T BDTS H ik, H 5 MILP 5 % L 5t
R FE 10 2 85 43 3 A 2.15 % A1 35.44 %. BDTS 5.1k
1 BDGA 5 v 1% G K T MILP J7 % 1 & 25 K &
Benders FVEME L FRE R — K, # TR A HE — IR E W
FEAAY | - 1) REASE R0 503 SRS 1) SRV, TR — B AT
I, E/NRRASE A7 3 5450 o el T () BR, 3 BUEARIR
H 52 B, 2 10 52 i 50k B WL S0 2. T BDGA S
REAE K0 53 1 BB 45 3K HR R T BDTS S92 1 14 R
A g A& [N BDGA 532 7 GA S5 M BE AR W BDTS 51
EHETHIG TS Bk, (£ 19 BDGA SE USSR A E.

x1 PEUEEEN T EE G ELE R

BDTS 5% CBS ik TS 5k VNS 5 BDGA 51
a 17 TIs
UPGap/U]O LBGap /070 UPG;Lp /0]0 LBGap /[70 IJPG;Lp /070 LBGap/WO UPGap /070 LBGap /(’70 UPGap /070 LBG;Lp /070
10 12 0.00 0.00 2.09 —20.04 1.24 — 1.73 — 0.00 0.00
20 26 0.20 —35.81 13.45 —41.08 4.78 — 5.64 — 1.06 —40.11
0.8 30 287 1.76 —44.30 16.09 —60.06 7.49 — 3.75 — 2.85 —49.95
40 14201 2.52 —45.61 21.96 —59.53 9.07 — 5.43 — 3.07 —50.19
50 18000 0.46 —26.56 30.81 —51.50 9.16 — 4.01 — 4.22 —47.42
10 10 0.00 0.00 0.00 —0.01 1.18 — 2.04 — 0.00 0.00
20 19 1.60 —36.92 1.24 —18.20 5.09 — 6.83 — 1.15 —41.45
1.0 30 2141 1.64 —43.53 9.46 —51.57 7.56 — 4.36 — 2.18 —55.40
40 13923 1.88 —40.67 24.15 —56.75 8.93 — 5.28 — 3.64 —56.36
50 16905 —0.19 —20.82 37.39 —41.76 10.98 — 3.92 — 3.48 —38.70
10 17 0.00 0.00 0.00 —0.03 0.00 — 2.19 — 0.00 0.00
20 39 0.66 —33.51 7.07 —39.01 3.94 — 4.82 — 1.72 —37.66
1.2 30 5519 1.70 —41.30 15.01 —46.96 6.25 — 3.37 — 2.23 —43.70
40 14838 1.25 —32.87 27.20 —42.02 7.02 — 2.21 — 3.38 —41.52
50 18000 —0.53 —16.19 38.59 —31.85 8.08 — 1.94 — 3.30 —29.18
average 6927 0.86 —27.87 16.30 —37.36 6.05 — 3.83 — 2.15 —35.44

W 2 Fr 7 A2 KRR BE WL 07 3 55491 &5 SR % Lk
w8 7 1 RS AT I ) I8 21 iy 1 B I e KIS AT IS
). o, CBS 77 1) K Al B8 1 33— 30 FE4IK, 5 MILP
J5 i B BRI S 2 R 53 50 R 70.39 % A19.11 . AH
%, BDTS S35 16 R[] 5 Y5 b A5 A9 S 461) v 1) SR it 2ok SR
I T H A5, Hidh, BDTS 8k (1) _E #4147 MILP
D7) A, B P S 8 i, 5 MILP 7532
AR EEE PR, EFRBAR T MILP )52
4.74 % [ 755 Jo B f@. b4k, BDTS S35 10 K AL AE 40 K
ZHUE DU AR T MILP J5 i, HAR S5 B 5 T A

()38 KT 386 K, e KT T 24.58 % I R 5, PR T
9.62 %. iX FHE & i1 T CPLEX B T 5 & 18 K, R
fiifie SR 554k, T BDTS S92 B A e i 8 &R fig
71. BDGA 5L PERE B 55T BDTS 5k, (HAH Lk MILP
J7iE, B SRR AR 53 501 09 0.99 T F10.76 To. TS
FOEATVNS 592 B S T 7 & 1K 5 MILP /5
VR b R BE BT AR /N, TS 563K 15 5 MILP 5% L
FLZ2 N 2.79 % I fE, VNS BEESRAS AL T MILP J7 ik
E50.76 % . DL_E 45 R IR T A SCHE Y
BDTS HIETE K AL i 85 =R AR 10 o M A
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F2 PMHEREN A EEGITELERITEE
BDTS Hi% CBS J5i% TS 5% VNS 5 BDGA $.i%
a 1T TIs
UPgGap/% LBgap/% UPgap/% LBgap/% UPgap/% LBgap/% UPgap/% LBgap/% UPgap/% LBgap/%
60 18000 —2.75 —3.08 41.17 —32.15 8.64 — 4.23 — 2.38 —18.63
70 18000 —4.12 2.88 55.82 —19.86 5.61 — 2.39 — 0.99 —10.02
0.8 80 18000 —6.63 18.27 64.91 —5.79 2.29 — —0.88 — —1.89 6.20
90 18000 —6.17 19.42 78.00 —4.44 —1.33 — —2.31 — —2.02 11.17
100 18000 —6.58 20.31 84.41 —2.08 —2.19 — —1.84 — —2.93 11.65
60 18000 —1.33 —3.88 44,02 —31.53 9.12 — 1.57 — 2.00 —16.69
70 18000 —3.14 8.62 60.69 —8.42 6.44 — 0.35 — —0.80 —0.89
1.0 80 18000 —4.98 14.74 68.78 —7.79 3.27 — —1.39 — —0.09 0.02
90 18000 —6.21 12.90 87.76 —1.52 —1.60 — —3.01 — —1.69 7.56
100 18000 —5.06 24.58 77.41 —4.81 —1.36 — —3.27 — —2.47 12.63
60 18000 —0.71 2.48 55.43 —11.66 7.59 — 1.26 — 2.14 —5.83
70 18000 —2.96 4.14 70.69 —3.81 5.25 — 0.39 — —0.23 —0.27
1.2 80 18000 —6.52 5.56 78.36 —1.69 2.51 — —1.68 — —1.89 3.49
90 18000 —6.81 6.84 97.52 —0.84 —2.21 — —3.02 — —3.02 4.45
100 18000 —7.11 10.53 90.82 —0.23 —0.13 — —4.26 — —5.36 6.50
average 18000 —4.74 9.62 70.39 —9.11 2.79 — —0.76 — —0.99 0.76
4 % i’% [3] Mazzola J B, Neebe A W. Resource-constrained

ASCEE XIS 2 AFAE R 2 B L HLRI2E
TR 2 AN DL, 25 6 30 92 o BRI FH AR, S
T 0 2 TR TR I B S B 1L A U il
b kg T D /M IR S TS 1A 9 AR AR B BRI TR
B R AR, IR IT K T — 2K Benders 73 i 1R
B LS VRS T Benders 7 R HE S8, i £ AR
fifi 3= i) AN GBS - ) R, 43 0l 3R A R i) R R SRR
A IR ONEE S A R VR AT R ok IR
T S T e A AR PR ST SO BE . B AL AT R A R R
BH: BDTS i & 532 76 /N FIUBE 1) 330 b e 3R 45 BE &0 7
b SR # CPLEX i I8 i 1 2 22 #1505 0.86 Yo I T
fifé; BDTS Vi & 15 A2 K AR In) it o % g R LA T
CPLEX. 2% 244 & 52 A1 Benders 73 fift ik N gt 4% 5575
BV A 715, Re et 5 N & B BE IR 40 e 7 485 /Nt
FBE i) R T SR FH A SC 3 ST B A R U B CPLEX 422
K. A SCHF RIS E T R BT 5
AT B AN TV, AT AR AR R SR O PR R AR
RIES. #— D TR A b, 2% B 5 4
B S 24 5, 51 G 7 2k B2 T  ATL 2 R SOk A 4 55, R AR
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