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Abstract The resource-constrained hybrid flowshop problem (RCHFS) has been investigated thoroughly
in recent years.However, the practical case that considers both resource-constrained and energy consump-
tion still has rare research.To address this issue,a discrete imperialist competitive algorithm (DICA) was
proposed to minimize the makespan and energy consumption.In the proposed algorithm,first,each solution
was represented by a two-dimensional vector, where one vector represented the scheduling sequence and
another one showed the machine assignment. Then,a decoding method considering the resource allocation
was designed.Finally,we combined DICA and the simulated annealing algorithm (SA) to improve the per-
formance of the proposed approach. Furthermore, we tested the proposed algorithm based on a randomly
generated set of real shop scheduling system instances and compared with the existing heuristic algorithms.
The results confirmed that the proposed algorithm can solve the RCHFS with high efficiency.
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P RCHFS [ 95 ik DICA (A7 880VE o A6 28 MR 3k 45 it 7K 42 ] Tn) A0 458 461 1 6 ik |2 185 20 4> ERCHFS
T¥) A5 g R BRI 3% P 48] . 40 op TR B B R (50,100, 150,200) , B BE B9 B0 (2.4.6.8.10), H Ak 1E
RCHFS &l e fil AT B S HLE I T2 W B i ge 78, filan, B e 1 #E 7 E R/ H A 50 T
.9 A THLES . TAFFE 2 ANFrBEAyin T A 3 Fhge I A v U5 B AT 4 A, BAMERHLE T 9
BN T AL A I TR ZS IR B By B BEFE . SO0 T A5 B Y 25 SR AR 2 41 X B A S ik 57 32 4T 30 LR Y
S5 (E L ISR AR E 4 F 34 (RPD $8 4 SR A S B Pk 8 20 BT B A b e
32 URBH

Segrh  DICA FEESHCR =4, 40052 (D FIHGER/INCP, )5 (2) ZEXMRCP O ERRA T HED
REANAARSE U HER 5 (3) A8 SR C P, ) B T35 AR S HER |

KI8T DOE Taguchi ikl T —EIEZL S L X SHHETAE. SEHAEME 1 PR,
S TN TR FEMAL A, &bt DICA BikRMRMISELE S H 50,0.7,0.05,
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539.45
539.4 o s
R1 SHEEE
539.35
HE
539.3 S8
g 1 2 3 1
2 539.05
P 50 100 150 200
539.2
P 0.10 0.30 0.50 0.70
839.15
¢ 0.05 0.10 0.20 0.30
539.1
39.05 4534 2 3 4 2 3 4
P P. P

B8 A ES B KT G
DICA MR ML E T =S5 BUE 43 31 50.0.7.0.05, ot 8k i F 09 2 80% 5 518 [ 48 0

B2 2% SCHK . T A SR Y 28 3 35 A 4 1 i 15 O %
% 2 DICA 5 CPLEX RfESELLE

Fitness RPI
Ins Scale Best
DICA CPLEX DICA CPLEX

Inst 1 4-3-2 332.94 332.94 351.56 0.00 5.59
Inst 2 4-4-2 340.72 340.72 342.16 0.00 0.42
Inst 3 5-4-2 355.92 355.92 377.24 0.00 5.99
Inst 4 5-5-3 494.06 494.06 500.00 0.00 1.20
Inst 5 6-4-2 509.38 509.38 525.46 0.00 3.16
Inst 6 7-4-2 481.51 481,51 494.04 0,00 2.60
Inst 7 7-5-2 495.85 495.85 511.40 0.00 3.14
Inst 8 7-5-3 319.53 319.53 - 0.00 -
Inst 9 8-4-2 400.07 400.07 116.62 0.00 4.14
Inst 10 8-5-3 339.16 339.16 - 0.00 -

Mean 406.91 439.81 0.00 3.28

3.3 /LB 45 OE

N T IR BT 5 A O AR AR T A A R L 3B R R i IBM ILOG CPLEX 12.7 X 10 A4~/ A 8] ik
7 TIFE . AN G ARYE 3.1 5 B A A9 B BE AL A B . 76 RS B0 oK i 2 b e R R B 3, I IRaE AT
() CPU B[R] PR 1% & 3 h,

% 2 WR T DICA B VLM CPLEX SR fff 4% 1 F B 45 S . A8 55 — 5 R B 4 5, 5 — 81 3R/ ] 8RR
P CH R 4-4-2 RSP EE 4 T 4 GHLE R 2 BB . XA SE #1217 30 ¥k DICA B35 3 BUE
. HEWF R TXMWA LN RPIE. ATLIES]. (D #2HA9 DICA FkRA T8 & R (2) Xt
FHE KRBT LH] , CPLEX AR ## M RE 9 R I A0 DICA, (“-"F /R CPLEX M5 #8746 3 h Wk A #]
AT A KR KR LUk T i e AR D - P48 45 00 RPL, iAR45 LT,
3.4 SHASLIEETTIRER

B o T VR R A DICA Bk a9 K H 5B RN T8 B 557k (Discrete Artificial Bee Colony Al-
gorithm, DABC)™* I it f& 3% W 1R &+ [ £ X 38 4 B 3 (Hybrid Imperialist Competitive Algorithm
with Genetic Algorithm,ICA-G)" HEfT T H K . Z i DLk 83X = FJr 02 b (1) DABC B 78 9% 6 %2
FE (4 VR & U /K 25 ] ) 3 2 818 31 T A RGIE I (2) ICA-G BRI 76 RCHFS [6) 5 B 15 DL B & 76 18
HUKER B EREBCEE T —& MR, HFEMAEBUOR /T LUHE TR #8219 ERCHFS [ 8, b %t
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FESY L S BORA T 4% SRR
ATk 5E TSR] A REAE AR R /N BT R N XA BEAREAT 13— {4 B, Xk 5 T 1] L BEAE 2
BT 28 2O T . AU die 28 H AR e B X (300 f

Fowe =F/F s (28
E.e =E/E s » 29
mln(f):w *Fvalue_F(l_ZU) *Evalue s (30)

U F e FE e 3 50052 22 T FIAE H d5e R4 58 LIS ] R 1) SV BB AE » wor A SR P 7 AR T S () AT I
HRHO<w=1, BFEHHLT M w FEREN 0.8,

BEANEEAE R — B AL A AN B4 53 AT 30 Uk B A B 0 BOHE BOE . e S 45 R
%3, FINEH TEGIZFRE ST AR AR AT B 0 B U L R T =8 R T AR R S
PR E AR . AT M b A = A A B A 0 B R TR A L R L I A R S =0 T AR
FI4s R . £ 3 A LR LRSS . (1) DICA BiEES E MR GIFIRA T 14,13 1 12 PRI . X
LA T A XS LR A5 3R 5 (2) Wk i J5 —17 7R, DICA ¥ B AR {8 AF 398 43 Lo i 22 0 G I T H:
B . SR AR R, 5 H AL 4R A B AR G BT 4R Y DICA 5503 BB 4% 55 A AL 1Y e RCHES [a]
0I5 ¥ .

*3 DICAE(EHMEESFHLEER

fitness dev
Ins Best

DICA DABC ICA-G DICA DABC 1ICA-G
Inst 1 1899.4 1899.4 2093.68 2208.57 0.00 10.23 16.28
Inst 2 6860.35 7107.37 7046.76 6860.35 3.60 2.72 0.00
Inst 3 7051.28 7051.28 7226.92 7416.97 0.00 2.49 5.19
Inst 4 13933 13933 14375 14384 0.00 3.17 3.24
Inst 5 13337 13337 13915.4 13854.7 0.00 4.34 3.88
Inst 6 3684.24 3684.24 3704.23 3816.05 0.00 0.54 3.58
Inst 7 15248.2 15391 15248.2 15706.2 0.94 0.00 3.00
Inst 8 15986.7 15986.7 16645.4 17440 0.00 4.12 9.09
Inst 9 17010.9 17010.9 17533.5 17668.3 0.00 3.07 3.86
Inst 10 18494.1 18494.1 19063 19353.9 0.00 3.08 4.65
Inst 11 8094.01 8094.01 8459.09 8292.61 0.00 4.51 2.45
Inst 12 19872.6 20055.8 19981 19872.6 0.92 0.55 0.00
Inst 13 30527.1 30527.1 31421.8 31938.8 0.00 2.93 4.62
Inst 14 38523.5 38840.9 38523.5 38767 0.82 0.00 0.63
Inst 15 42384.1 42384.1 43727.3 44299.1 0.00 3.17 4.52
Inst 16 17814.1 17824.6 17814.1 18198.6 0.06 0.00 2.16
Inst 17 18624.5 18624.5 19176.6 19648.7 0.00 2.96 5.50
Inst 18 22079.6 22079.6 22622.7 23076.5 0.00 2.46 4.52
Inst 19 40177.3 40580.1 40177.3 41909.6 1.00 0.00 4.31
Inst 20 28379.4 28379.4 28981 29350.7 0.00 2.12 3.42

Mean 19064.26 19386.82 19703.16 0.37 2.62 4.25
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4 BEER

ARICHREH T DICAR-SA J5 i K fif vt ERCHFS [/, EZHNEWT . 5 s Xt &8t iy HFS 7] 8, % &
TR AZBR AR BERE Hbn 485k th T ERCHFES (7] 85, 3 37 T AH R (19 802F B0 R A0 . H RO B0 vk sk i, 5K
BT B A S A Sk X ) AT R MR L S5 A T SA SR T HE -
e R RiE S, B RFENLE S, RIEL M HFS W& 1 ————
Benchmark B4, 4 5 T 5 Al @ AR 7 & A9 RCHFS [n] & ), 58 i
B RS AT B0AE T BT ) DICA&SA Bk A L. | e
4.1 WX FE TR H

W 2 2 B A BRAE DA B AR Tl A 7= R 10 % i, 3 i i 3 £l
AN T3 A 0 A B O R e AR AR . O3 A I B BR
DL e 5 i £ 00 o Ak 750 AU 4 REREBOW Y RSB g — 4~ T 0 1 2 3 4 5 6
SRR, P BF %t RCHFES V8 a1, 8 < T A B 9 K02 0 R e O Shikhi Gl L £
R B TR RO [ TR A A R A2 1) B 0 i S PR Tl AR PR S L RAIE T DICA SR RCHES [ 831 14
PEE . EEAH S

(1) ARYESCHRL 41T L1 58 AT 9 HEFS 25 8 EF [ 2958 B X HES [ BT R 38 H 75 EWwHIRY
SORIBEWFENY HES M8, § ) 7 2e 0t HES 55000 50 0F 1 55008 SR W L BOR i (0 A7 30k . 38 T30 b = 4
VE) A= 7= B | o Bk SR g e BE AT T B E .

(2) MR8 SCHRC44 ]Qin & ANFEWFIR % 18 —Fh A A B I IE i H DL /MU f R 58 ToRF R 4k A . X
RCHFS [n) 8, % J& 7 [l 58 77 5¢ 1L i [A] F1EL BB AE o M 68 H b5 19 ERCHES [0 B8, 4 8 7 4505 H0 R 5 A9,
ERCHSF [a] &1 4% 5 58 i 3 F 55 b A = 7 22,

(3) MR SCHRLAST Li A% N 7E 7% 18 B¢ IR 29 o 28 22 1 A k. 2 (W] 9 B2 7] @ (Flexible Job Shop Scheduling
Problem, FJSP) i 5% F A\ T8 BB , b HL&F % RCHFE'S 8] 85 4 3R fift . 5% 7 [ 35 4 sk e, 0 T
Y BS HOAL R W  E T R R L PR T S g A N R RO LA A T SA BV RE TR EMER
feh . IR A L3 F R IR 43RS FISP, RCHES [AI BRI T HLUR LB RIGPE, TR E MRS Bir.
4.2 WEWESE LA

H HrEr %0 A R B2 Tr) 31 B A 58 © 2 U T 4 2 19 R  (E B Tl B R DL K il 3 7=l i & R R I Y
L5 SEBR  CADA  IRAT — A X U AZ B TR A K A I N TR ROR L O HL BT T — Rl AT 8K
A R B T BT AS R . B H RS IR AR FERT B B, ROk 1Y TR I T IR A A 5, BT LA LA
TNILA T AT — 7 L AE R 2 A SCH R TR G T K 4R R 8 B R 2 L (8 SE BR B A 7 2 ) AR RS
DU BN A I AT IR S AR LB S T A0, il e HES [ il 45580 19 T 240, % il 2 )
TR B T 7K 25 B 1] L 2 A R 5 11 7 [ 22— 5 A, 43 A 304 7 02 30 40 R A 7 1) — Pl BUASE X, BRI % HF'S [
R (14 A 2 A 7 R B R R R R W AR A 2 G T, O — T T 7R RLE 2 R A B A R i TR
B T A S A A ) L A T R A TR A SR W\ S B T A Rk 1 R R R 4 R 48 R BE T S EE R L IR T
B — R ARG s 53— 5 T TR B 2% ) SR AR 3 B BOR © &8 A A 58 3] 5 1), o) % 7 [ 3
R SR I FOA ML G R R RRAT AR R IR Ty 22—,
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