Operations Research and Fuzziology &% 5153515, 2026, 16(1), 80-90 Hans X
Published Online February 2026 in Hans. https://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2026.161008

BRI A TR AN B E AT X FHIR
2 BRI H A E e A 5T

T R, a
Bl ¥y S NE S L U Py

Wehs H . 20264F1H1H: F#HEM: 20264F1H28H; KA HM: 202642 H5H

wm B

X6 52 PR IR H I 2 1585 (Resource-Constrained Project Scheduling Problem, RCPSP) & & BARF K —
RIHRERE, HTHEQEZNAR, FHESMESHEE RN ELLREERRNME. X CRETES
TSRS N TR BB BV, TSR — BEOR IR S IR R T 3N, 15 R BB N2 43 L SRR,
I MBER N FIT RSBV RBEMER, Wi B ENBEE RS RS —B B SR RAE
RNEBEBZNBRVIMEE, BB R T ET ORI RBIAILE . ZEPSPLIBEESIESE L, BixEEE
AN TR, Z0EE & X e BEEEREE EBRAE ERIRIT, 2 TEREE
5.93%, 6.72%M111.32%. FFFZEZRME T TERE LA, SHTHERETR.

KT
BRI E AR R, A THREE, SLNs, BB, PSPLIBEWERIRE

Research on a Two-Phase Hybrid Greedy
Artificial Bee Colony Algorithm for
Resource-Constrained Project Scheduling
Problem

Sa Ning, Yu Bai*

School of Science, Beijing University of Civil Engineering and Architecture, Beijing

Received: January 1, 2026; accepted: January 28, 2026; published: February 5, 2026

CHEHAEE

SCEFIH: TN, AR RE ST RIS N R B SR A RS2 BRI H R 1 BT L) 1B SR,
2026, 16(1): 80-90. DOI: 10.12677/0rf.2026.161008


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2026.161008
https://doi.org/10.12677/orf.2026.161008
https://www.hanspub.org/

TN, HH

Abstract

The Resource-Constrained Project Scheduling Problem (RCPSP) is one of the most representative
types of project scheduling problems. Due to the multiple constraints involved, it is difficult to obtain
a globally optimal solution when the task scale is large. A two-phase hybrid greedy artificial bee col-
ony algorithm is proposed. In the first stage, a hybrid initial solution generation method is adopted.
A differential evolution strategy is introduced during the employed bee phase, and the onlooker bees
are divided into two modes: elite exploitation and random exploitation, with an adaptive threshold
generation mechanism designed. The solutions generated in the first stage serve as the initial solu-
tions for the second stage, where a solution optimization mechanism based on a greedy strategy is
developed. On the PSPLIB benchmark dataset, the proposed algorithm is compared with the artificial
bee colony algorithm, differential evolution algorithm, and branch-and-price algorithm in terms of
optimal solution coverage rates. The results show that it outperforms the classical algorithms by
5.93%, 6.72%, and 11.32%, respectively. Furthermore, the algorithm is applied to a project case
example, yielding a feasible project scheduling plan.
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YR PRI H W BE ) 8 (Resource-Constrained Project Scheduling Problem, RCPSP)R] BA#t € SUA, F71E
AR5 M7 2R S AT BB SRR 64, 4 e AR BRI TR R TT 58, 13 B SEBLR A B A e Ak 10 1 2
Ji%, J&T NP-hard i)/, 22 M2 SR EE[1]. RCPSP — B2 i BE AU # TAF AN 2, HATE
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TEISAE B, % AR A 20 H ISR, R S I RS, 0 H 2 (A TE 1K AT 55
J7 2V AR BEUR 75 SR 2 A5 3R Al 4 SRy B LR DU N R

PSPLIB £ 4 8- 1 1 B2 1] s ¥ 22 M s 4, 4 V2 8T H © Tiirkakan S5 [5]7E 28R4 A 1 17
T S N ALE 55 AT 5 34T AP AL R ISR AR AR - Pellerin [6]LL# T AN FVR A oo 8 K e Z B 4 L0 45
Ho Sallam [7]#&H 7 —Me T au i 2 2 oo i K AU, IREG 2 HEERZEMHEN BB A SR
Rk, AR BT SR
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KRGS KR RPIH SRS B AL A 8. N TR 5% i Karaboga [14]F 2005 4F#¢ i}, Broderick Craw-
ford S5 [15] 15 K N LR B2 Tl o R s 32 BRIGTH R B 1) j . A 22 8 S5 [ 16 B AL 25 B ) A N g
BEEVE, IR R RS BN AT S . Ming Chen [17#EAA SN TIERESEET SN TR T Levy
TRAT IR AR B A O A R A, TSR SEEE AN [ B TE TR BRI A AN [F A RO . Bl
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Figure 1. Flowchart of the two-phase hybrid greedy artificial bee colony algorithm
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3.1.3. VUGB

T Ji e e FORH A 2 TR (RO RPAR R R SR M BORs MKH7e B PO I JEE AT IR TT R . AT 20T
17 R IR EE SO SRR 2 FEE, R SRR S PRI B Z2 5 T FrP ) 30% ML SR IOy “ G
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R T B G M, GG T N B IMA R RS AR By RSO R BE ML IZNS 4R
BRI BRI ATRE AL, TR R R A 22 S (e B T PR ARG R FE LR AT
BV AT ISR, TR SR DR JST X IO A () (7 I 45 4 SRR 2R

3.14. fEHIRIE
TEARGEN TR L, DE R B 7 ST 4 Fr M B I A MR R B /1. U EANEIRAES: limit 1%
SR A OIS, 12 B R BN R R R I DX 3, JELE 7 (1 Jre A e 2 B B 5 AR S i g, TRT
AR, B R SR NN RS IR LR SR R R . SRR X I A O
TRbE. SR, ARENLE] Y limit (5 5, A S SO RS T MR, SRR R O R
MR PR ZE . R, ASHFFE 5] N —Fh 8 S R A L, S 2 B BOE AT B R Ak ot . %O FE T8
IE 5 B limit Bk, A HARSEARRE ST (1) 2 REVER AT BE SR RS . FOE N BIE limit, g, FOTHELA
v/
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adapt min
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Dyax = kZ(Uk - Lk) ; (10)
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D
Drom =5 (11)

ook, RN NP, SR D GEFTEE X, = (X, X0 %0 ) o Dy AIBTA A H 1 2 6] A R 25
FIME, THEE O [L U, [ R R (k =12, D )BT RERE &S, BIXS M 2K FE D, 1E R
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SRR, A TR R R, SR T SO SRS AL, ARSI 1 B, BARD IR
W

BB L KT AT SRS BT T PR AR ST 0 2. BIIESS 1 HTR B VIR L A VEIR 4, W FRIE 2 A
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Algorithm 1. Task exchange optimization procedure

Bk L SRS

AN EFFIRT, HHEESR, HAZHIKE max_swaps

W PRk S T E T % S*

Lo/l BHR L $RBRFR RN RES

2 fEHES <

3:foreachtin T do

if A R 2E 5 not in (&5t BE S then
EHMESLFEIFER KL < []
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9: wAUME — HnTH#

10: BRAERIE — THERIE N (AT
11: swap_count — 0

12:

13: while swap_count < max_swaps do

14: Il B8R 2. HEFEEMES I

15: for each pool in 4T:-5%ith 44 .values() do
16: FFF U1 [E) T HE ) (pool)

17: & LA FHEF (pool)

18:

19: Il B8 3. AL43H
20: for each pool in 11:55-th 45 & .values() do

21: if len(pool) < 2 then continue

22:

23: ti < pool[0] // FFUsHT A H

24: ta < pool[—1] // FFUusH [a] 5

25:

26: Il 38R 4 BUERTATIE

27: TRIEMA ~ WAL CARIIR, t, ©)

28: if BOAUE T ATPE(I L AR) then

29: if RO MR () < R Eid N E then
30: RO — ik

3L RAGERE — TG R (5 AR)
32: AR — RIER

33: else

34 Il WAESS M B B AN T AT AR 55

35: pool.remove(t:)

36: pool.remove(tz)

37:

38: swap_count <~ swap_count + 1

39: if swap_count > max_swaps then break

40:

41: return AR

4. SEUGUEIE

N WA TR B 5 SR s N T B TR ) 7 A B BV A R VIR 2 R ) T R P e (R R AR RE T, IR A
#iff) PSPLIB v 92451 (http://www.om-db.wi.tum.de/psplib) fF N EHE 4, 12500 £ 60 S5 S
|79 30+ 60+ 90 1 120 (1) VY K 18 B2 1] A, 4 24 ) R0 e 8wl By B RSB B E A 4. 1R (330, 360, J90,
J120) 25 1) 5 Sz 451) B B Ky 480. 480 480 1 600 AN, HIIELSEEIECN 2040 Ao K F X TS [A) HUA 3
I 1) B A A 78 5 FEAE ok B AR, H AT j_30 Hdl 4 A Ml s L f#, j_60. j_90 1 j_120 #F H A fH Kk
AR

NS E B RIEAIKEC 500, N TGRSk I B R A AN 22 2 A SR R R 350 50.
TR A D0 SRS N TR (PP BRI S I0 5 b, IF S N TR 5%, 220 b 5k DL oy
SCEMNEIE[20] A S AT L, SRIG P SO AR 1, R4 33012_7 fERn i, A i il B 7 %
HRFE WA 2 FroR. IRA 00K N TR PP BUEVETE 4 NI EE 48 R ARt R s DL R 500
WA 378, 325, 303 F189, HAMFE &N 53.68%, HH LU ekl i N TG RERAIRTH T 5.93%., £t
(1) 22 53 BEAR SRR AN 03 S8 I BEVE IR e R AR 7 75 B2 73 70 46.96%F1 43.35%, 73 AR T-1R & 72 O SR mg A\ 1L
IEFER P BT 6.72%F1 11.32%. 45 J3012_7 FE T8 55, 5 2411 &40 B el ff—F
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Table 1. Optimal solution coverage rate
=1 BNEEEE

THA AR i

30 60 90 120 B i

VB AP0 SRS N TR B B 378 325 303 89 53.68%
N LIEHEEE 314 307 286 67 47.75%

Zor AL B R 326 284 290 58 46.96%

Iy SEMEE 301 269 263 31 42.35%
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Figure 2. Gantt chart for test case J3012_7
& 2. B J3012_7 HH5E

5. T E 6

N T IRAEFIERA SR E R, e 7 — IS TR H = A[21], EEIREAEEmE 2 B
Ne Bl 12 ATy, HPaEIFE SRR T/E, B n=12. MRIEII5HE S i T AL 3
H LR ZIRA RS LW T, BIEFRRE, WK 2 s, WHEHTE 4 F(K = 4), FEERTE
F #4378 (16, 20, 12, 9).

3 B H R B R F TR B 900 M N LI R IS B B S E AR B R B TERI . T DA, iR ES R iR
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Table 2. Project instance parameters
2. TRRMBEXHSH

TP Fx RIPAT55 FYFEFE(RL. R2. R3. R4) Fraimta)
Al st 0,0,0,0 0
A2 1 3,2,2,1 4
A3 1 12,14,1,4 10
Ad 1 9,12,1,4
A5 1 5,4,6,2 4
A6 2 3,2,4,1
A7 6 1,215 2
A8 7 8,7,12,3 12
A9 4 3,392 2
A10 3 3,3,6,2 2
All 5.7 2,12,0,3 6
Al12 11 0,0,0,0 0

TRBASHHE | :

' eI 8] 32

~
|

IF 18]

Figure 3. Gantt chart for the engineering project case

B 3. T2 A L5 H5E

6. ZERERE

BEX GRS 32 BRI H R 5 B(RCPSP), 4 1 —FhR & 500 A N T K i B ik 125055 —
B BRI S PN TR R AL IR R, JFAE S B BOSI NSO SR HEAT FEIUAL, A RERTE TR
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(1) RETTLAME N TR BRI, PR BUh R, S 7T R TR, 1E
PSPLIB %ifiafk b sl 45 R W], A M S LA A o R 0 )L T H 8 =M% 5.93%, 6.72%A
11.32%.

(2) FESEBREBIN A, AZSEIRAG ORI UM, JFRTH 1 RTAT R R T RS B TR
B, Bk 1 HAEBL e T RIS S A .

(3) ZH %y RCPSP #2447 — MUl A BOR Al L, 9B BB A S0 5 SR 88 i) R 25 & 2 A3t
THZH ISR .

SR A Tr0 SRS N TR P B BURDEAE N rh R B RAFVERE, ARSRATYPTAE LR J5 i igh— 2P 4R
e A R R IR AR T AT SRS N s TR SN Z u R AR AL, BL
TSR NCSOE E S SREREE s =R IZIR & SR o Je 22 AR SR AL ) i B AL S DU Ak e, AR 56 L e
PES AT R
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