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Abstract: Traditional resource-constrained project scheduling problems (RCPSPs) can hardly meet current practical
needs. Hence, expanding the RCPSP is an inevitable trend. Therefore, this paper abstracts the original RCPSP problem
based on the characteristics of dynamically releasing maintenance tasks for equipment, adding multimodal resource al-
location issues related to equipment. Thus, a multimode dynamic resource allocation and scheduling model for multiple
maintenance centers is established. This paper proposes a hybrid optimization algorithm combining genetic and long-
nosed raccoon algorithms to solve the proposed model effectively. The algorithm is added with the selection, crossover,
and mutation operators of the genetic algorithm based on the original coati optimization algorithm, which are mainly
used to expand the search range, thereby jumping out of local optimization. Furthermore, greedy operator functions are
added to further improve the quality of candidate solutions. Comparative analysis of the results of simulative experi-
ments revealed that the newly proposed genetic long-nosed raccoon hybrid optimization algorithm is superior to other
algorithms in terms of convergence speed and solution quality.

Keywords: resource constraints; project scheduling; multimode; resource allocation; allocation scheduling; dynamic

publishing; multiple maintenance centers

o 25N Ao B TR R AR A | 2R 8 T IR DR A
e B 89 : 2023-03-25. %% H AR B 83 2023-08-03. gﬁ@ﬁﬁﬁ@ﬂgﬁfﬁ%%ﬁ%tﬁ??ﬁﬁfﬁi BEAL T
BIEEE X137 35 . E-mail: Ifliu@xidian.edu.cn. BT R Ge b ™ s AT e B S B0 K i )

O (HBERGL 7 ) SR IR A



https://doi.org/10.11992/tis.202303035
mailto:lfliu@xidian.edu.cn

5 6 SR, S T 0 R E 018 £ — K S5 D TR AT £ 1323 -
A A5 T A 2o ks vhuD R G B WK B Gz o RGN, LB Ty

IR A3, Ho—J Z 416 p 0 R G AT HEIB 1T 55
i, AT A AT B 1 S BRI B e 1B 4T 55,
TR B A ROR, B A AL, BT
B2 6 1 1 45 T A (0 37 5B R B 22, I LA 2 — 4
1B A ST Re SRR 4B ], (A2 4B b RS
R FH < R0 30T 000 AT 4 s, JRTT BE A AR T 45
R RE T HRBRIINILS . KR E T £
BB ORBELSS T Xm0 B, R—
Fhedeth eV MR G, ZYHE RGN T
P AE A R0 A B SACRAR 4 1) B, T LA A T K
R FAR, SR T LA SR — A1 S BB R
255 B B 1 26 225 AR i ™ A s .

TE SR AT 55 o1, R R 300G TR 4 1 4
TBAT: 55 1 W GRSt T 4 i W U2 BT
e I 1 (g

TEE AN RTS8, Oztemel 261 sk fi 9%
J5%) RCPSP [A) 8, $2 4 T N TWeRER L, I T
B M Ak T T AR 5 5 T A R 2 K0 AT
% i B V- 4, Krishnakumar 25" 42 1 7 —Fp 26 F
0 2 T 07 k5 ik T 2R 1 W U5 R 9 35
8 35 1) B30, Kosztyan 251! 38 4 7 — b i 4 B 114
RS 5 B BT I Se SR T 2 SR B 24T %
F) % U 52 B A 35T H 98 B[] 85, Chakrabortty 450!
8 — R A AR B 0 S R A R B 5 Zaman &1
RO IR S AT A B HE R T R

7EE N BOEg o, BE AN 5 2 B AR A
J7 VSR b AT R, M TR S BT 5 A
BRKI TR S A 2 T R, Bl )
St X VMl 9 T B B i), 45 T — o ke s g £ 5
Vo HESC b, SIRRAT S T HUE — A B,
I A0 5E B, B X R SE BRI O, A
SET T U A2 BRI 9 I Y T AR T S e
i AR A 5 T, KT AR X BT 1 1)
55 5 110 R B S A T 400 £ Ay 249 o 3 T A L I T
)R, I EL AR —Rh B AR R 7 B TSR A
B AT S R B, AR R A
U B R A i

3 3 X [ A M 55 98 B2 AR B AR SR 5 A o
KB, BRI BOAAETE LU 1) 451

1) 55 2 163 £ 1 AT 45 980 B8 A4 O (1 R 55 5 /0>

2) 2 ML 25 B R 0 LA 24 R S PRk
X HEAT AR R, A4 A St bR S ER B aa e
JE

3) B AT S 2, 4 O T R A
B,

WFFERT G2, 2R FHOE I 25 K 2 PR SR B9 004 B A,
DA B i 255 1) 9 DA JRE SR, S S A I ) BT DA
JEARE Y I B 1 B 0RO 0 I €
SE LT HR B B 4B AT 55

1 BT 5 i IROR R

1.1 @A S RERE

AEBAT 55 I L 2R ER R EEH 52—, &
Z R G Y EERAE 5 R B HAR RS i
VR I R U] R A8 A AT 55 00 K VR Mk AT A R
iz AL N TR RE DL R RE Ak B 1 45 M o6
FOR, X BT K i AEAE BE IR AT b WA 5 40
e, DU AT G Hb 4 o RS R0, BE IR AR 18 A .

TEAEABAT 55 09 2 R B2 v, 230 R an

1) T A%

T 248 rZ e 1 B bR, W RIS . &
i A F, W] R SRR A I AR

2) T

TP 58 N — T AE AT 55 (W e/ NG . a4
B— /NS, B 17 B2 17,
Ko TP 5. (HAF—1RMJE, TP Z R 7E ™45
PR KR, — B TPy &4 M2, 1R ] BE
SEAAEAT 55 R A, TF — B IR R
AL R, A )2 B R S 2 T T AT .

3) IR

MR AE AN [ 14 43 2 b o, 95 AT DL R 43 AR
[ AR, BRI R EmT 4 Sy RS, HARnAL 1
FIi7R o

YEUR T R YRR 43
s Pt .
Gl i 3
- I} i 5 ot
i 2 : i
e : e e
% & R % %
W |E | Z i i
b bt
TIE 5 Trn S ——
s || e | RS S| |

B1 HEHSTE

Fig. 1 Classification of resources



° 1324 -

i}
o
[Way
9N

NN
N

2 %18 %

1.2 AREZFHENFH

LR B RER R T, BTS2 ER
A, H A i ) BAT —E iy REALYE, 2 A4S
BB (AT 55 25 32 BBAT 55 I 52 e, BR 2 A,
Z UG 0 R T R R R 55 B
AR TR TAER . ik, —MR7E S aii
FH AN R T 4e 8, I BB it — e n
I 8CPE

AR, T ] 2 4EAE TR B 4EIBAT SRR T o
AR S5 Fe A B 0w, 78 AT Y /AT 55 1, A
K AT REAZ BB 0 AT 55 09 105, X ffi A5 H 9T I 24
PRS2 0 TR A ™y S AR

T 3 X B AT 55 IR AT 5 0 B, TR
TC I B v B 29 R AR AT DIMESE M DLE 4 B

1) B [A] 2 5

22 YEAE 0 B AT 55 0 AN B R A ), AR 55—
2R AT, F G0 I YA AT 55 A B TN AR B X LR
SRR B YR LA B HE A B[] 85 48 A 2R A7 S0, AR His
WA BRI BT R 5548 4R, 27 6 5 IR R B A
HATHEABAT 55 YT IR AN BOEF [E] . oAk, 4B AT
55 W ZRAE 2N [A) 910 R N AT, 5 D 2 36 A 7T A
B AR

2) BIRL R

2O RGE LR AR R E, T
PSR R e 20, 38 R B 2 PR [R] S LY
TRMFER 25, R XERE DL R R 28 75 K B[]
XS, BT IRAAAISAHF . — B,
[F] — I ] FEAEAE B IR AU B TP A, i Ty
PATE G, AT AR B UR O TH AR, A PR Y B R
Ha ek /b 5 T AT P AR B R AR — Y ] P ] R
A, SECEE R, T AR EE MY
FErE, AT LAY 0B AT B AR B8 IR A3 Ry s TR e
T P AIR A, DA S5 22 A 55 1A i IR I e

3R

TEYEAE I 2 AL 5 3 A [ RS 1 448 TR
e AB 1 5, BT 405 N0 48 0 B RE A 24 7%
FE 22 5, Fr LAAEAE N 03 09 950 AT 87 545 SRy v
T TR T T AR B S R M
AR, MBS A B RCR B EE 7. X T
W] — 38 T3, {8 A [A) 28 80 0 ¢ s e &y =X,
SEBRBAT IR S AR [A] o AR s AT 3 18 4R 1 T
FPTE, 2T B S AR A R4 0.5 h i i
56 i, fH % TC B AR R A M P RE RS 22 2 h A
RESE Lo Al — T2 AN [m] 2 AU 1) B 5 C 2 5 AR
A TR, AN [ A T 458 X 8 N R ) 4
(CARR

TR AE

XFFHEB I T, 4EBEUF AR, 10
JEHA TR BRI . W BAE DL RSB TR
A — 52 BRI 2% 207 M AT Y, 448 TNl 23
FEAK e MR ZOR AT IR B 5 RO 4R 48, L Je b i
o Pde s, fen BRI, AR, 4 TP AE
Py AR AR

2 RIR TR AR AW L

2.1 HEEEA S IR E KBS

YT M) RCPSP ALY 22 kLI 2 2 F
2RO RERBER RN LT R, BFLL A
SCEE A AR S R A A AT 55 R AE, K 4
AT 5595 T 1 448 98 U 187 B3 43 o T B A B U
(renewable resource, RR) 1A 1] F 4k ¥ il NRR
(non-renewable resource, NRR), ¥ 44T 55 14
> RCPSP BLAI {351 H , 4E4& T )7 il % )y RCPSP
BERIP G B, JiAh, ASGE % T AR
BERE [R) AL, F A T 2 AR ) Bl A TR 4 L R
FERTRY, ABAT 0T FR -

1) % SR B AT 55 HAT & A i 0] Bl AL 45 3 2
55 FH DG I ARe P, 80 PT K JHEA A AT L S s A 4
AT 55 8 B PO I Bl I SR R L HE RS b B AT 55
TiAb, HEABAT 55 P T I [E) 200 R A s 1] 2 )

2) T AR SCHE O 2 0 R A2 BR S AR G n)
JIr LA B IR A 2 BEALIR S T B PR B IR, 2
PR p WS . B i AT S B R AN AR
) RR FIAS AT DL &2l o P 000 5 e s B i
JI R HE ) NRR

3 TP AT 25 hik, 44145 — BT
I, WA B HS H, R A W4 T
B se i, A 5 A RR A BRI o

4) 7E BE IR BC B B, A 4 H0 A A RR A
RN N 7 B 1 DS X S £ 25 VI
AT I RR B0 2 2 T 5 SR A AT 4 R e i

5) M T SE bR W 4EABAT 55 4y B2 A, 2 4EAE
1E55 R R G2, BT LR MEME 8 PR UE 4E 84T 55 Ir
T I ), — M 7E AR A AT 55 A0 19 21 00 1sf 1] 117 )5 /)
T B 2, D) 3R W2 1 4848 4T 55 5B 08 IR 5 1 o
A1 TEAT 55 L i (] 2Z 1 56 B, WA — 5 19 22 el
I, 2 AH LA o

i 2 Fros, A SO ST i 2 A S A A7 R
BE YR 4 T AR A 32 PP X L 4y AN E B T
P AEAEAT: 55 09 A AR TP AR e 9O0C R T
FIVE ML AT IR T LA B AS [ AR 2 A i 5 5 7 SR e R
MY L



5 634 ZRAL, A5 T 1) A T R 0 T VR s A% — K B D AR IR S AL B - 1325 -

L TR MBI T RIS I

\
\
\

I

I’

4
\

BAMRSHLAF RN TIFITF

L \
/ \
/ \

|4 Al
ll l e EEE DEE] [ EE

LR B P S VIR PG R

B2 RAHSZMARSEFEELENY

Fig.2 Structure chart of multimode dynamic constrained resource allocation and scheduling model
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Table 6 Comparison of algorithm solution quality for example 1
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GA 570.23 27310.75 26862.25 2.41 35.45
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GCOA 293.81 26667.99 26655.25 0.00 37.37
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