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Two-stage algorithm for resource-constrained multi-project scheduling
problem
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Abstract: In resource-constrained project scheduling problem, renewable resource can be expanded into human resource
with competency differences, and a flexible resource-constrained project scheduling problem with competency difference
is proposed, which is a practical extension close to research and development (R&D) program from the traditional
multi-mode resource-constrained project scheduling problem. In order to address the problem, a two-stage algorithm is
proposed. In the first stage of precedence constraints satisfactory optimization, a revised ant colony optimization (ACO)
algorithm is presented to obtain the feasible activity sequence. In order to accelerate the convergence efficiency and
quality, a revised pheromone increment updating operator of ACO with the combination of the serial schedule generation
scheme (SSGS) and the resource conflict resolution strategy are used. At the second stage of resource-constraints
satisfactory optimization, the obtained optimum precedence activity sequence is taken as the input, and the resource
capacity is examined and adjusted one by one until the optimal scheduling solution is obtained. Experimental results
show that the optimization model considering the difference of competency is more suitable for the R&D program
management practice, and two-stage algorithm can solve the model effectively.

Keywords: competence; R&D program; project scheduling; ant colony optimization; serial schedule generation scheme;

conflict resolution
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0, otherwise.
(20)

Horh: QNG BRI, time (i) RN WL 7E ARG
epoE I AR 2 .

2) NI BRI I H .

BEXSAN R I H rhd sl H L) BE YR S 25 B 0, A
B BRI T S o B3 Y5 b SRR AT Y A R TR —
I BON A A ke N\ B3 A P B BR, U5 S5 A
SURE TR T U647 HEVE 30 O HE 7 B0 2R H A
HES BT 47 07 S N G4 b IS 00, W /5 5545
N SR TRUG BT A6 HEE 3 A HE.

3) M Ny R IRAA S

K B K B2 £ ROBIL A1) R0 B 58 SR VI AR SR i
FEWCHE SRR, M i 1 DARJE TN S8 1 H A A%
BAS DN 55 2 H bRk 53 U HE AT 10 AL R ISCRE 592 (time
optimization with resource constraints by ant colony
algorithm, TORC_ACA), &I,

step 1: ZEVI A4k, TEBITFAEI A ¢ = 0, Kik
R E iter_max = 200; FIUHME B RZKE T = {1}osn;
FEREEQ = LERREAHN T, = 0.LER
AERART o = LPBRBKARET S = 5; i i#
m = 2 x max{M }, M R7= % s AT i B 5
&, max{ M} FRES M IR ERKHE.

step 2: 1% AR IR BN iter, 5 iter X 15 B I 45 48
R.BLHCR 1 BLHE =159 2l loc = 147 & K 0D,
B AL FLdS 483 76 loc = 1 IR AR AL B (AT AT i) FF
ATt loc = 2.

step 3: SLHUES 1 B B AR~ 15 21 loc A7 B & 304K
f, R loc iE B AT AT N S AL A, IR I 24 BT 35 20
AT R N B IR o5 L RO, AR IETE R
A1 B0 4 i - 5 RO 1), S8 24 S ) R — AT HEIT

fif, of e Al — 25 W, R 22 HE e s N ) B2 & =
T T PR 2 R PR, DUDAR 98 1 AE R AT V5 3l 1Y) B - 25
IS 6], SERT 4 BIE 30~ — T HEF AR 18] ¢, IF EH AT
step 3; 5 AN PR, IR 35 3l I i s d R MR AT AT it
S BN 2 R %),

step 4: | T 15 B ¢ 2 15 56 B FE A R A 5,
loc = loc + 1,7 %l step 3; 45 A&, | ¥ step 5.

step 5: 2 W 2 iter A A m RS a0 B SE A 14
R4, Mi =i+ 1, IR [ HAT step 2 ~ step 4; 47 72, NI
FHRE iter A m G T B R B AR, B SR T
R BR AT 1) 2 F B AR AT, TR IR B B 7.

step 6: FIW & & iter > iter_max. #7757, M iter =
iter + 1, 1R [FI AT step 2 ~ step 5; 4 A, W % H B0
PRERAE, i th 45

3 BRI K SE 4
3.1 ElwmE

N TR IE AR SCBE T IR R B B A B SR A S-
MRCPSP A 201, 16 350 1 ] 75 52491 & PSPLIB i3
A7 H5 M S 56, TR A IR ) 0 A 2R R AR ) B
], T AR 5 1) AR Y X PROGEN A= % 2% V8 il —
U SR, AR RO AR SR R ) SR S B AR SO B
PROGEN H expl.bas X4 IS5, 72 A2 6 H 3L 30 5
i), 73 L SEVE S AN J = 134 15, 17+ 19, 21, 23,
RRLHAL S SAS B, LI BB VS BT 5% &R I AR
%5 PROGEN — (. #iff 5T S-MRCPSP #5 1 if 75 %
W E — SR A5 A (R S 4, IR S SR AR
PRt WA 1.

=1 SENERRE

B bt
p. PRz BRI 3 ~ 10 HO RIS S A
Ty THEHIRMS ~ 15 KBBS54 6
Ljk. T H &SRR R A 140 ~ 500 (15 B 51 5 A1
Ny, BOEMIAEA RS0 R THRM 1 ~ 3 0BS5S
Kige  SUTSERR S ImE000 T A ZEURM 0.4 ~ 1.8 1Y B BS54 6
Bijre WHARG, 1. J & HNOTFAENIIEL 2 R K
Ni R B R T8 R T 500 80 %
NR  GTHEHURM 10 ~ 15 I8 851501
32 BEHAER

I3k 5545 R F ) B A ~F 2 2 Windows 7 #: /F
Z4i, Intel(R)Core 17 4t FE 2%, 3.6 GHz £ 41, 4 G N 17,
Matlab 7.0 17 B A4




% 8 RARA & TR S B AR5 B 2019
T2 EHIMRER1
SeiE R 1%4; MRCPSP S-MRCPSP(Fif B 5%) S-MRCPSP (GA)
TS T PR RA ¥ CPURT A /s TR T P& A ¥ CPUR A /s TR T P& A T3 CPUT A /s
J =13 37 36730 5.6 26 19212 258 26 19439 131
J=15 49 58984 72 34 30807 657 36 33100 185
J =17 50 60631 8.6 34 30806 530 35 32295 201
J =19 60 52661 12.6 40 26269 565 42 28042 232
J=21 51 61870 13.4 37 32060 489 41 36163 278
J =23 59 83762 14.8 41 43782 1085 44 45501 324

%% 2 0] I, S-MRCPSP 5 ££ 4t MRCPSP # LU £,
T H A 24 45 5 2 30 Yo, T H s AR T 24 B AR
2 48 Yo, FH I 1t B £ AV A R T E B, 5 RN R
R AT 0 7K1 22 e, ) e 4 280 S8 D04k i 300 H O B2 1
il

R 2WG ARSI I PR B B RE AN ST [17] 1 GA
HEAT I AT EE, PR B B 2R T H e T 3 4
FLL5 %o, W1 H Jk AT 35 BEAIR £ 6 %o, KT A SCHE 7
[ S-MRCPSP, 45153l J = 130, Al {7 fiffpe /D ik )
2.78 e+ 134N, # Z UL K Af 7 [A) AH 24 B, L CPU iE
AT BT [R] £ FE LU, T i B 92 A o T 38t 4% vk, (R
Tk R T & W] A%

3.3 SR

N4 R, K B PROGEN A& i 28 77 A4 — A
W % S04 I 0o SR A 4 AT SE) o b, K A% 4
MRCPSP 5 A& SCHff 72 i) S-MRCPSP F A1 i & 1 &1 2k
TT R EG. AN 8 5 T AT 1K F 22 5 3R A3 1 s AR 1A
FE R, B T H AT 45 3035 AR e NPT, 18 1A%
guir) 21 0 R 7T, o L R S5 R Z 00 H &
T K 46, KA N 19360, £ & 1 51 TEAT F1K
S 22 7 SRAF (0 e A R BRI R (B AR SCaE R Y B
FVER AR ) S-MRCPSP), £ 1 H & 1. #1456 55 % 40, &
A B 2216 604, 38 3 % LL, A SCHF 7T ) S-MRCPSP
R TIAZEE T 13 %0, MRATIE T 15.6 %.

%3 (R4 MRCPSP5 S-MRCPSP & E 1R EL &

1£4; MRCPSP S-MRCPSP(H Bt &%)
5| =S| I = 2
AR#E TH %i?i@m RAE T %ﬁégﬁﬂ

ai 2N FRHEN 7 560 0-7 2,9 4 580 0-4
a1z 2 FRHEN 9 720 0-9 1,6 6 960 0-6
a3 3AFRIEN 12 960 9-21 1,6,7 11 2761 6-17
a1y 2 FRHEN 10 800 21-31 2,11 7 1060 17-24
ba1 2 FRHEN 19 1520 0-19 8,10 17 2601 0-17
b2 2 FRHEN 12 960 7-19 4,11 12 2004 4-16
bas 2 FRHEN 12 960 21-33 9,12 10 1730 17-27
bas 3AMRHEN 14 1120 19-33 1,3,10 15 3540 17-32
bas 2 FRHEN 13 1040 33-46 2,5 8 1368 32-40

F3HAR 25 R R A SCHR ) S-MRCPSP R %
HE— 45 45 4% 48 MRCPSP F 30 H 5 3RS A
34 IBIBSEXTEE

SCHR (141 R H B ARG R AT T2 S 1)K
T fige, SR (171 R F 8% SR SR AR 1152491

#* 4 KEES-MRCPSPEENTEL

S5 BER PMBEE R
T H BT/ 41 40 40
TH & TR ZE / % 2.5 0 —
T H B A 70 17284 16 604 16335
T H B AR ZE / %o 5.8 1.6 —
CPU i [i] /s 113 135 —

M4 rhar G Y, R B SR SRA I T H e T
AR A S0 T 184 SR, T LR BU R ORAS

(T S T A5 RE B A 1 i o 0, SR A5 0 I H
A 5 R B A B AR AR 1) AR 22 N 1.6 %e. {H 3k CPU
& S RN 5, 1A SR AL T W B B .
4 4 B

RSN SR E S T H P ) A 4 A
Xf A 98 MRCPSP HEAT #1 J&&, $2 ) T 5K I “ 2 B0
TN 95 5 e SR 9 B AR A B0 6 4407 L
SAFIRT AN I H S g5 R R R T N A AT
KV % 5 1) S-MRCPSP E A% 8 AT 71 2 7 K 4
MRCPSP ] 2 Tl H & T I . & At B K. S-
MRCPSP 5 28 56 75 4 fF & I H #5531 S B 75 22, [
I, X T SR A A /N FUAR ) S-MRCPSP [1] /8, A S
10 R B B A0 B0k L a0 A% Bk B A B0 ) SR i I
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