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Improved fruit fly optimization algorithm for
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Abstract: Aiming at the hybrid flow-shop scheduling problem (HFSP), this paper proposes a new hybrid optimization
method based on the fruit fly algorithm and variable neighbourhood search (VNS). Firstly, a new neighbourhood structure
of HFSP based on the critical path is proposed by the operation of exchanging within the critical block. Secondly, a
rapid evaluation method of neighbourhood solutions is proposed for the stage-based decoding method of HFSP, and the
efficiency of this evaluation method is verified. Then, based on the proposed new neighbourhood structure and introducing
the N7 and K-insertion neighbourhood structures into HFSP, a variable neighbourhood search method based on the above
three neighbourhood structures is designed as a basis for proposing a hybrid optimisation method for HFSP. Finally, the
feasibility and effectiveness of the proposed new neighbourhood structure is verified by testing it on classical benchmark
such as Carlier and Liao, and the method is compared with other methods in the literature to verify the superiority of the

proposed method.
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OAMITHEIEFE, VeI T — P PG VP4l vk, x40
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SPUE AR I (1 PR VPl vk, B, 38 ik X Carlier
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N AL i8]
Mrex  plLass THF1 T2 T3 T4 TS
3 2 4 5 1 6
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Fig. 2 Before swap operate between the same stage
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SORE RIS B R o R B T FE 45 N3RS A 24
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A K F T GRASP (greedy randomized adaptive
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6 LSR5

AR A AL J7 v (improved FOA, IFOA) K

HC++1E 5 4u F2 52 81, #2712 17 M 58 4: intel Core
ISAbFE AR, E451.6 GHz, WA 48.00 GB. 2N [ {115
g BL o FLAA R A — M, BN S IE ) At L )
FRRG S PUSLIB AT SIR. Ferp R RS S 451 ) AR
4, RunningTime N 51217 B[], Result IS 1745,
MT R F-¥Ji 8], LB NBenchmark, B!

ﬁ: RunningTime;
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n
> Result;
MT = = , (©)
n
max ~ LB
Mnglzﬁ——xlm%. (7)

SR BT OCHER AR R B R D A Ch

for (inti = 0; i < n; ++1) {

FEAE—AMERAMEP, P = P

do {
P, = P;
P —> getCriticalpath(); JREUCEE SR
switch(rand(0, 3)) {
case(1) : [FIBT BEMLASE] 1) L7 46 N ; break;
case(2) : [FIFT BOWLARE] 1) )7 58 #; break;

b
} while(P; ! = P);
} end for
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Table 2 Validation of the new neighborhood structure

- FOA IFOA
Wi LB ——— N6 P> o AVG  PD
iloclocl 113 115 115 177% 114 114 0.88%
i10c10c2 116 116 1175 0.00% 116 1165 0.00%
i10c10c3 98 116 1165 1837% 116 1165 18.37%
il0cl0c4 103 120 1205 1650% 119 1195 15.53%
il0clocs 121 126 1265 4.13% 125 126 331%
i10c10c6 97 105 1055 825% 105 1055 8.25%

6.2 PRI 5 VAR E R IE
N T IRAIE AR SC TR A v R, AR
Wit T BN {5, 10, 15,20}, TAF4CA{10, 20, 30}
FE/ NS S5 1 2N A 800 {40, 80, 160} Fi K HAS:
F12A. Ho: A B RENLIERECN2, 4], T
ISR A10, 80]. XA EAITHE 100K, BRI PAT
1000007, F21: F PR PPt HoE I f K 1 1 O 352
BB B A A5 5 A AAD (38 47 I TR R A T B,
03 PO A4 ARAD 1 107G 47 I8 18] PRS- S4048, 4n
Kl 7-8 7, BEAHFR NI TR BEEL, I hRoR— IR
T FRg it i)
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Fig. 7 Result of rapid evaluation method
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6.3 RAEMATT =B BAERAE
6.3.1 Liaollli{ & RHBS B I 45 R
AR T Liao%F B2 10N BRI X 4R 12
AT, A FBSAT 109K, 1857 LI 45 5O HRAE.
KIFOARE S H TR (M5 Uk 22 4y A B!
(improved differential evolutionary algorithm, IDE).
REZ Hbs N LR F LD ABC) LA S it A= Pt
P 224k 5234 (improved biogeography-based opti-
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ATIFOAIE A I HLI B 5E I, 2 [ SCHR [81AVIDEIS A
EBCE , FIFOA IS AR B 9200, L5845 R 4N
RIFR.
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SR WRAFTR.

M ATZIG 2 BRT A, 47D R REFRE T A, H
AN R BUAS SR H S AE W IR ALY B e R B K
22 KU B Rt AR, AT 58 BH AR SCHR HE A TROA B 7%
(7 Rt
6.3.3 CarlierfliAE KM ARH B LI LR

1 T Carlierl iR SIS FIdS il 731 1 52 2% 3 4 v,
FEHEAT S 86 I AN FL 2 AT I TR AL 60 s, i sr

I ARAE. A SCIFOA B i 5 o i B HiC N L& 7
5 12 (improved discrete artificial bee colony algori-
thm, IDABC). &3 ki 1 #f 57255 (improved particle
swarm optimization algorithm, IPOS) P f t4tidk AR JR 55
180 (first arrive first process-improved grey wolf opti-
mization, FF-IGWO) #4752 56 25 JxF b, FHAh a4~
R H R A SR 45 AL, TIFF-IGWOSC ik H 3 A
T 3F A 7 HEAT SN, RIR 5 A SO ]
firhs 77 sCR A5 R, A ST kAT b, sS4 R n
SR, HRSATAL EE B IRIX 3045451, 7L i fid
J7 T (BPAAS B3 oP 1) S5 B ), PIT 3R IFOA 13 21 1728
AN AR, IPOSREF 127 B iF i, IDABCK TS 1722
AN B UF AR, FE-IGWOSKR AR 125/ i 47 fiff, . HHIFOA
R T j10c10c2f e Lff 116, LLKj10c10c4 /I EELf
fiE#119. B0 R 7R A1j10c10c4 H FR{E N 1191
HARFIEL ASES S5 AT AR ), AR 757 AT A
PAFELF IR

7 BGERYE

BEXHR AR ZE A )RR, A3 T [RI B BepL
e 18] TPy A2 4 (A BT <B4k 45 14, 51N T FISPHINT AN
K-insertion&F I EE 1), FEET ) B A% 1) A 45 M 7
SRR FE ORI BREE, BTt 1 — R PO PP 77
R T ORABAE. B4 B OB IR R AR A M S
VNS&i&, fgth 17— TFOAMIR & AT 4%, IF
T SEIGAE I 1 TR I VERIA S AR

H AW L 2 2 2 T R R AL SR OB 5,
ZRTZETRIRE IR BRI, ASCER T AR R EE:

1) FTHFSPHIHREE, X OCBERR A2 AL &R AR 41 45K
SERREATHIEFE, AN AN e ZE R R, S a8 R AL
K,

2) XS AN FRIREE THES PREAT fif 23 (8] (BT, LLAE
[ APRIUP N  E

% 3 Liaol 0N KA H4] R 4o 2 R
Table 3 The experimental results of 10 large-scale benchmark of Liao

JIRAE IDE LABC IBBO IFOA
Cmax AVG  Cmax AVG  Cmax AVG  Chax AVG
j30c5el 474 4778 467  468.83 474 4792 464  465.7
j30c5e2 616 618.1 616 616 616 617.6 616 616
j30c5e3 602 6052 596 599.2 610 6141 595 5974
j30c5e4 575 5787 571 5724 5717 582 566  568.7
j30c5e5 605 607.2 603 604.4 609 6169 602  603.7
j30c5e6 612 6153 607 607.8 615 620 603  603.6
j30c5e7 630  634.1 626 627.4 629 6355 626 626
330c5e8 685 6875 678 678 685 693.1 675 6764
j30c5e9 651 655 646 646 654 6625 644 6453
j30c5e10 594 5973 580 582 596 6054 578  580.5




Fam JE K AR DA SR AR SR AR VA /K T OR T A 603
& 4 CarlierMliX fra£Aeb L HPIK I LER
Table 4 The experimental results of Carlier’s a and b benchmark
MWik%E LB Cmax ForwardTime/s MT BackwardTime/s MT

j10c5a2 88 88 0.002 0.009 0.001 0.008 0.002 0.004 0.028 0.024 0.002 0.011 0.01 0.015
j10c5a3 117 117 0.002 0.018 0.011 0.017 0.002 0.011 0.007 0.023 0.013 0.007 0.005 0.011
jl0c5a4 121 121  0.003 0.026 0.004 0.006 0.005 0.025 0.013 0.027 0.004 0.01 0.154 0.042
jlOcsa5 122 122 0.043 0.027 0.023 0.004 0.016 0.017 0.005 0.027 0.009 0.006 0.007 0.011
jl0c5a6 110 110 0.041 0.056 0.029 0.022 0.122 0.033 0.002 0.006 0.023 0.008 0.023 0.012
j10c5bl 130 130  0.004 0.002 0.013 0.002 0.012 0.005 0.002 0.002 0.001 0.002 0.005 0.002
j10c5b2 107 107  0.002 0.002 0.002 0.007 0.002 0.003 0.002 0.001 0.002 0.002 0.004 0.002
j10c5b3 109 109 0.008 0.002 0.008 0.005 0.011 0.007 0.012 0.004 0.013 0.004 0.003 0.007
j10cSb4 122 122 0.015 0.005 0.02 0.028 0.014 0.011 0.004 0.004 0.004 0.004 0.013 0.006
j10c5b5 153 153  0.004 0.002 0.002 0.003 0.001 0.002 0.002 0.002 0.001 0.002 0.001 0.002
j10c5b6 115 115 0.002 0.012 0.002 0.001 0.001 0.003 0.001 0.002 0.002 0.002 0.003 0.002
jlOcl0al 139 139 0.052 0.014 0.006 0.016 0.047 0.039 0.067 0.007 0.073 0.039 0.068 0.051
jlOc10a2 158 158 0.163 0.043 0321 0442 0.157 0.144 0.054 0.098 0.076 0.045 0.042 0.063
jl0c10a3 148 148 0.011 0.064 0.026 0.019 0.01 0.109 0.265 0.141 0.237 0.269 0.049 0.192
jl0cl0a4 149 149 0.014 0.046 0.053 0.071 0.056 0.031 0.005 0.003 0.008 0.051 0.003 0.014
jlOcl0a5 148 148 0.043 0.066 0.025 0.043 0.055 0.028 0.018 0.006 0.014 0.003 0.007 0.01

jlOcl0a6 146 146 0.077 0.078 0.005 0.307 0.093 0.076 0.084 0.015 0.003 0.054 0.043 0.04

j10c10bl 163 163  0.003 0.019 0.003 0.005 0.007 0.006 0.003 0.004 0.003 0.004 0.006 0.004
jl0c10b2 157 157 0.059 0.059 0.062 0.061 0.01 0.038 0.048 0.043 0.023 0.01 0.007 0.026
j10c10b3 169 169 0.014 0.003 0.005 0.003 0.017 0.008 0.008 0.002 0.003 0.006 0.014 0.007
j10c10b4 159 159 0.003 0.002 0.008 0.011 0.026 0.009 0.003 0.01 0.003 0.006 0.015 0.007
jlOcl0b5 165 165 0.016 0.022 0.044 0.017 0.005 0.02 0.052 0.008 0.009 0.005 0.02 0.019
j10c10b6 165 165 0.012 0.002 0.005 0.015 0.022 0.009 0.017 0.003 0.003 0.007 0.003 0.007
j15c5al 178 178 0.076 0.069 0.007 0.072 0.091 0.05 0.014 0.02 0.087 0.04 0.023 0.037
j15c5a2 165 165 0.016 0.027 0.017 0.006 0.01 0.023 0.004 0.036 0.05 0.022 0.038 0.03

j15c5a3 130 130 0.015 0.028 0.023 0.029 0.012 0.042 0.038 0.108 0.089 0.046 0.036 0.063
j15c5a4 156 156  0.004 0.076 0.068 0.031 0.019 0.084 0.184 0.102 0.249 0.005 0.103 0.129
jl5c5a5 164 164  0.023 0.027 0.004 0.029 0.081 0.073 0.034 0.103 0.336 0.011 0.083 0.113
j15c5a6 178 178 0.01 0.018 0.004 0.005 0.028 0.063 0.076 0.08 0.073 0.267 0.073 0.114
j15¢5b1 170 170  0.003 0.004 0.006 0.014 0.012 0.008 0.011 0.008 0.006 0.008 0.004 0.007
j15c5b2 152 152 0.007 0.004 0.019 0.008 0.023 0.01 0.005 0.005 0.009 0.006 0.011 0.007
j15¢5b3 157 157 0.026 0.017 0.008 0.004 0.011 0.016 0.038 0.024 0.016 0.005 0.008 0.018
j15c5b4 147 147 0.078 0.016 0.078 0.004 0.022 0.041 0.026 0.019 0.004 0.08 0.078 0.041
j15c5b5 166 166 0.076 0.021 0.033 0.074 0.078 0.043 0.047 0.004 0.079 0.008 0.006 0.029
j15¢5b6 175 175  0.006 0.021 0.014 0.011 0.03 0.013 0.019 0.008 0.004 0.005 0.008 0.009
jl5cl0al 236 236 0.006 0.031 0.023 0.046 0.027 0.02 0.026 0.006 0.016 0.007 0.008 0.013
jl15c10a2 200 200 0.147 0.196 0.185 0.189 0.187 0.02 0.149 0.143 0.041 0.085 0.15 0.114
jl5c10a3 198 198 0.136 0.132 0.151 0.072 0.183 0.147 0.019 0.007 0.068 0.006 0.012 0.022
jl5c10a4 225 225 0223 0.02 0.016 0.177 0.034 0.079 0.072 0.057 0.026 0.128 0.01 0.059
jl5c10a5 182 182 0.16 0.015 0.051 0.011 0.153 0.076 0.143 0.018 0.146 0.089 0.019 0.083
jl5c10a6 200 200 0.013 0.046 0.085 0.04 0.082 0.081 0.147 0.151 0.031 0.035 0.012 0.075
j15ciobl 222 222 0.017 0.018 0.008 0.012 0.029 0.064 0.14 004 0.134 0.031 0.058 0.081
jl5c10b2 187 187 0.028 0.006 0.055 0.038 0.024 0.039 0.082 0.062 0.006 0.051 0.035 0.047
j15c10b3 222 222 0.011 0.025 0.014 0.006 0.016 0.025 0.066 0.024 0.011 0.042 0.038 0.036
j15c10b4 221 221 0.026 0.006 0.007 0.015 0.031 0.02 0.006 0.006 0.061 0.01 0.032 0.023
j15c10b5 200 200 0.152 0.13 0.146 0.043 0.272 0.153 0.14 0.081 0.146 023 0.187 0.157
j15c10b6 219 219 0.056 0.136 0.131 0.022 0.02 0.052 0.059 0.018 0.062 0.006 0.013 0.032
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Fig. 10 Gantt chart of the Carlier’s j10c10c4 benchmark
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Table 5 The experimental results of Carlier’s ¢ and d benchmark

IDABC IPOS FF-IGWO IFOA

3 LB
AR Cmax  PD Cmax  PD  Cmax  PD  Cmax  PD

j10c5cl 68 68 0.00% 68 0.00% 68 0.00% 68 0.00 %
j10c5¢c2 74 74 0.00% 74 0.00% 74 0.00% 74 0.00%
jl0c5¢3 71 72 1.41% 71 0.00% 72 1.41% 71 0.00%
j10c5¢4 66 66 0.00% 66 0.00% 66 0.00% 66 0.00 %
jl0c5¢5 78 78 0.00% 78 0.00% 78 0.00% 78 0.00%
j10c5c6 69 69 0.00% 69 0.00% 69 0.00% 69 0.00%
j10c5dl 66 66 0.00% 66 0.00% 66 0.00% 66 0.00 %
jl0c5d2 73 73 0.00% 73 0.00% 73 0.00% 73 0.00%

(#TFT—7R)
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M7] 162] | 19,2 [ J12 ] [ 182 ]

[M3] 22 ]

M9 [773] 102

M0l [ 163 ] s ]

M1 23 [ 193 [333] 70,3 ] 183

[ 173 ][ 113 ]

M13] [ 124 ] 174 [744] 10.4 [75.4] [ 184

M4 [ 16,4 7941 134 [ 14 ]

MT3] 325 ] | 17,5 [30.5] | 15,5 ]

M6 [ 16,5 | 14,5 ]

[ 19,5 [ 735 ] [ J1,5 ]

MI18] [ 12,6 ] 076 1 13,6 ] [386]

MT9] 6 1 [Oig]

M20] [ 396  1[746] [ 156 1]

M2T] 0z7] [97] [ 307 P87
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iz LR S A
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M26] [ 198 I .
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M29] i | | |l 9] [CI19 q9
50 100 119
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(BELE—T)
SltaE LB IDABC IPOS FF-IGWO IFOA
Cmax PD Cmax PD Cmax PD Chmax PD
j10c5d3 64 64 0.00% 64 0.00% 64 0.00% 64 0.00%
jl0c5d4 70 70 0.00% 70  0.00% 70  0.00% 70  0.00%
j10c5d5 66 66 0.00% 66 0.00% 66 0.00 % 66 0.00%
j10c5d6 62 62 0.00% 62 0.00% 62 0.00 % 62 0.00%
j10c10cl 113 115 1.77% 113 0.00% 114 0.88% 114 0.88%
j10c10c2 116 119 2.59% 117 0.86% 117 0.86% 116 0.00%
j10c10c3 98 116 18.37% 116 18.37% 116 18.37% 116 18.37%
j10c10c4 103 120 16.50% 120 16.50% 120 16.50% 119 15.53%
j10c10c5 121 125 3.31% 125 3.31% 125 3.31% 125 3.31%
j10c10c6 97 106 9.28% 106 9.28% 105 8.25% 105 8.25%
j15¢c5cl 85 85 0.00% 85 0.00% 85 0.00 % 85 0.00%
j15¢c5¢c2 90 90 0.00% 90 0.00% 90 0.00% 90 0.00%
j15¢c5¢3 87 87 0.00% 87 0.00% 87 0.00% 87 0.00%
j15¢c5c4 89 89 0.00% 89 0.00% 89 0.00% 89 0.00%
j15¢5¢5 73 74 1.37% 73 0.00% 74 1.37% 74 1.37%
j15¢5c6 91 91 0.00% 91 0.00% 91 0.00% 91 0.00%
j15¢c5d1 167 167 0.00% 167 0.00% 167 0.00% 167 0.00%
j15¢5d2 82 84 2.44% 84 2.44% 84 2.44% 84 2.44%
j15¢5d3 77 82 6.49 % 82 6.49 % 82 6.49 % 82 6.49 %
j15c5d4 61 84 37.70% 84 37.70% 84 37.70% 84 37.70%
j15¢c5d5 67 79 17.91% 79 17.91% 79 17.91% 79 17.91%
j15¢c5d6 79 81 2.53% 81 2.53% 81 2.53% 81 2.53%
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