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Multi-objective flexible job shop green scheduling problem with
self-adaptive Jaya algorithm

WANG Jian-hua®, PAN Yu-jie, SUN Rui
(College of Management, Jiangsu University, Zhenjiang 212013, China)

Abstract: A mathematical model aiming at minimizing the makespan, total machine utilization and energy consumption
is established according to the multi-objective flexible job shop green scheduling problem (MO-FJGSP). A self-adaptive
multi-objective Jaya algorithm (SAMO-Jaya) based on Pareto optimal solution is designed to optimize the model. And
two-level real number encoding is adopted to implement the coding scheme of processes’ sequences and machines’
assignment, then a transformation mechanism is designed to create a mapping between the continuous solution space of
Jaya and the discrete solution space of flexible job-shop scheduling problem (FJSP). And then a hybrid strategy
combining chaotic sequence and uniform distribution is raised to improve the quality and diversity of the initial
populations. In addition, a self-adaptive population size adjusting method is embedded to improve the optimizing speed
of the algorithm. By analyzing the solutions of 10 single-objective benchmarks and 3 multi-objective benchmarks solved
by SAMO-Jaya and other 7 existing algorithms, the results show that SAMO-Jaya can solve the MO-FIGSP effectively.
Keywords: multi-objective optimization; flexible job shop green scheduling; self-adaptive multi-objective Jaya
algorithm; Pareto optimal; mixed strategy
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ws7, Intel (R) Core (TM) i5-3337U, CPU1.8 GHz, § 17
4GB, 64hitfE R HTHENL FigdT. Bk SEk
B RN A 100, 3R HCH 2001€.
3.1 BEAMRENR

T B iE SAMO-Jaya 5% 1 W] AT 1t A R,
A SC R H B AT Z B bR A 7 R A S kAT
M. 76 5 H AR J7 1], A8 SO H N T Benchmark 5.
117 (X1 MKO1-MK 10 2 1 55451, 7 H SAMO-Jaya 5.1
Gy s AT 20 I, BUH R i RS B A R AL B
o Sk B vk Caldeira 251221 $2 H ) &0t Jaya B 7K
(improver jaya algorithm, IJaya). Prasert 25123 $ H{ ff) £
P 146 512 (improved differential evolution, IDE)
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A1 32 R AT 7 1 ORI AL B (grey  wolf
optimization, GWO) A J& i & K R AL A6 553 (hybrid
grey wolf optimization, HGWO) #EAT X} Lt & 1 %5
1285 3 HO A A AR s A [R) B4 P A ) e A

%= 1 Benchmark EffIXttL

HHl n xm Uaya IDE GWO HGWO SAMO-Jaya

MKO1 10x6 40 40 42 40 36
MKO2 10x6 28 28 3] 29 28
MKO3 15x8 204 204 204 204 204
MKO0O4 15x8 60 71 68 65 59
MKO5 15x4 172 179 179 175 171
MKO6 10x15 57 73 68 79 75
MKO7 20x5 139 146 155 149 149
MKO8 20x10 523 528 523 523 523
MK09 20x10 — 321 — 325 325
MK10 20x15 — 235 — 253 272

3% 1 8] PL R 3L, £F Benchmark f) 10 /™ 550491 o,
A S AR B 5] MKO1 ~ MKOS5 1 541 MKO8 T #
I8 B e LB T At 4 BRI, BESRAT S AR AR, R
£ MKO06/07/09/10 PU AN 5451 " A B4 S A1 A, AEL B 17
MK 10 f 285 AN B AR A, o4 34N S48 1) &5 R A0 e 2
T B AR AR, Ak, 2040 7R SAMO-Jaya 5% RE 3R 13
AR BN 6 A, N 5 Fh 7 v 3 B B 4 I 5
1% 5 A MKO1 54 Makespan = 36 H i &£ 77 %
Hk, 5 A B Daya Hi%EAH L, SAMO-Jaya £ MKO1
~MEKO8 J\ AN 541 1, 45 6 A 5451 2% B A 4, s AL T
Daya 54>

M6 [6 Tz [ElioT]s [io [6 [r [1f4 ]
M5t F
gz M4f N |
= M3 [ 2 [3 OE [ 1 [7 [ - |
M2 [z [3 [4]8] [6 [8 B |
Ml [ [t B [6[e[10 ]
0 5 10 15 20 25 30 35

TR /s
5 MKO1 (Makespan=36) /5 5

N TR T SR e SRR B s e, DA MEK04 5

1 941, 75 b B Ailt b o3 A SO B 20 R Jaya B RE
HI g A, B 6 51 NIR G 5 WS 7T )5 Jaya 5% AE K i
MKO4 5451 BF (e St 28, 77 LU H SAMO-Jaya 592
TE S A S S0 B AR S8R BB R AR T Jaya BV,
H SAMO-Jaya BIATE 125 72 A if Ik BB, sl
fift N 59, T Jaya 595 B 2 150 8 22 45 A SR 15 B A A
65, HH AT DUE H AR SO T IR & 5 ) 4 = A B
& A R A T SRR A A R RN E S N

b A 1) 7 ¥ 2 5 o i e SR A B 1 A Ak,
¥ SAMO-Jaya 5.1 5 Jaya 535 [F] 5 >R fift MK 04 55451
20 %, 13 B0 2 Fros B 45 53, Ho i RT R RGuia 17
], VAR /9 20 R 45 SR 14177 %, AT LU tH SAMO-Jaya [
SR AR IE R B R ART Jaya (HERREE | 3 &A%
Sl BRI, 78 B30V HR RN 1 3 I 1 R P A RIS 1) 5 v
J5 REAE SR T SR AR T BE (AN 23 e SR g 45 SR I e e
.

— SAMO-Jaya
© Jaya

0 40 80 120 160 200
IEARIREL
Bl 6 3INEAKIREIGJaya Bk MKO4ULETrhZ

R 2 JayaB3RS SAMO-Jaya B K KRR E ST

- RT/min VAR
£t

SAMO-Jaya Jaya SAMO-Jaya Jaya

g 1.12 1.48

N TR IRUEA UL R RE, FH SAMO-Jaya
TR iR 4 L 5 9] Kacem H [ 8 x 8,10 x 10,15 x
10 =AM AES B, JF 5 Alzahrani®® $2 H 1946 5 X
Z) W H I (pre-emptive constraint procedure, PCP).
g SRR R AR A A A B AR AL B3 (variable
neighbourhood invasive weed optimi-zation, VNIWO).
Soto ZF18 2 i 1) £ H F5 70 3 5t E H % (multi-
objective branch and bound, MBB) i 17 X} Lt SE 56 4%
RUNFR 3 Frow. FHordr Oy, N K5 I8, W, i
PLER 53, W RS B3

H1 2% 3 (¥ S 56 45 R T DL Y, SAMO-Jaya 3K fif
8 x 8 i) JL T 45 ) AF 95 fil D9 4 4, ALK T VNIWO,
% T PCP #1 MBB, # SAMO-Jaya 55 VNIWO ] 4F
% f B2 TUAE — &2 3k AT Pareto 7 4 482 1E 5 7T BA K
I, VNIWO & 5 [16, 13,73] — 41 f#, T SAMO-Jaya
(15, 11,771, [16,12,751,[15, 12, 76] =4 fi#, A ik
SAMO-Jaya M fift 85 i & K & £ L T VNIWO; K fif
10 x 10 [ @ T3 4F M N 44, 2 T HAl R 34N
1%, H. SAMO-Jaya VL BEFEHR 5 5 L F5 SR A 15 x 10
i et it 43| SR A 9 24, 201 PCP 1 2 T MBB.
1, SAMO-Jaya R % A ROR AN [ LR (¥ 22 H A i)
R, R ORUE AR 1 57 &

0.107 0.132
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1720 #= # 5 *x R %36%
#= 3 KacemEHEEPILERITEL
KL R PCP VNIWO MBB SAMO-Jaya
Chm 6 15 16 15 16 17 17 18 15 17 14 15 16 15 17
88 W, 12 13 11 13 13 11 12 12 13 11 10 11 12 12 11
W, 718 76 8 75 73 78 716 75 73 75 18 77 15 16 75
Cn 8 9 9 7 8 7 7 8 7 7
10x10 W 7 5 7 6 6 7 6 6 5 6
W, 44 43 41 43 42 41 43 42 41 43 4
Com 13 11 1 112 12 12 11
1510 Wm 10 11 10 110 11 10 11
W, 93 95 98 91 93 91 91 93

3.2 MO-FIGSPK#5 53 #h

SRAA AR S 1] RSB BT R 6 854910 O MK 08, H 5
BRI R B R 58 IS E] (O )« HLER 2 AT (T ) FITRE
¥ (B), Horb O A1 Ty 3577t 5401 rp (1 3030 B 82K
13, E (AR TCE H kA3, TR i in & TARENLES |
I TR AE DA S 25 WL 38 25 SRR FE (1 s 4=, e vh L

THRI 53 7 BEARAE B S Al 1) 7 oK, 8 R R ik
(analytic hierarchy process, AHP) AN [6] 1] H ¥ i &
FH LA EE, M F a2 HH e FH IR B 7 2. IR O
Tar~ B FIRUE 5 51°50.5.0.3. 0.2, 7] LA RiR 18

*4 BB Parcto RIMIRE

F5 Cr  Twu E F5 Cr Tu E
TE[0.5,21 F110.1,0.3] Yo B N BEALFE 42,14 S H1L 2% 1) Ha 1 536 2916 621.8 10 530 2815 697.5
. i s 2 547 2877 6318 11 534 2567 6473
A in T REFE R [1.3,0.9,1.7,1.1,1.2,1.9,0.7,0.5, 2.0, 3 57 2741 134 || 12 sa0 2713 5353
1.5,1.8,0.9,1.1,1.3], 14 SN AL TR AEFE N 4 543 2566  737.1 13 523 2884 7125
5 533 2683 7247 14 535 2654 6379
[0.2,0.1,0.1,0.3,0.2,0.3,0.2,0.2,0.2,0.1,0.2,0.3,0.1, 6 550 2661 6176 15 548 2742 6212
0.2]. B2 RAF W 3 Frm B 184N JE IR K 7 530 2783  707.1 16 536 2739 6365
) _ . . N 8 534 2572 6402 17 543 2563 7402
Pareto fif 5. 34 Fr7n 1) 18 AN A AR S ] 5 24 42 1t 9 530 2645 6374 || 18 534 2765 7186
T 18 AR A I U BE T R AE SRR AR P R, A
900 38 11
800 34 10
: E e
< 700 :}_30 S ¢
600
26 7
300, 50 100 150 200 0 50 100 150 200 ‘0 50 100 150 200
AR UHL EARUHL AR HL
(a) RIS LINIEC, KA (b) HLEE AT T, (K EAL R (c) REAEERIEALHER:
7 EFERRBEMEMHILEE
M0 [2]10" 52 [idz0 |7 [Eamecieie e[S [eefir ]2 [& [da J[2 [2dads [7 = [i0 E
M9 24} [2]e] BHE [
Ms (Bl B [{e &[]
M7 [t 81 [dfs [rjeaaRs] [zo0]: [z | 7]
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?ﬁ M5 |5 N R R 2 [2deTs] [E2]ESNe]
M4 H3 ] 20 N N N 30 -
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M2 [l B B B i R
M1 [f]e i3 ] [le 1 94] [iefl= | [43[e]
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AN B SCC AR 58 2 3 87 B2 AR, 3l ot 1 P e 2445 21 38
11 H LA, oK 58 IR R 2R 534, HL2% 2 57 g N
2567, HEFE N 647.3, FEIEACE R 4% H A e St
A7 B, 55 1A H R B 0 B 8 k.
4 & @

RSN HNER S UpNIETR NS ST - SN N ]
[B]  HLAS S 571 S BEFESN H R 2 B AR PEAE L )
2% (0,1 FiE ) RIS A, I AR T AR R, o i A Jaya B
AT T — R 50

1) Wit 7 — Bl gL TR 0] O B #0041
B Wi Ry T SR 4) AT A8 T Jaya S35 10 SR AR K AR
G5 ¥ 5) o AT AR S G BRSSP AR W UE PP, 12
T ATTGE R ) 5B, (R PR T RN R e I A A A
BB I L B R TV Jaya SOVE M 45 A
TR T B I SR A T

2) WELH R Z H RPN 7 T K A T Kacem Al
Benchmark ] 13 /> 5 54710, %F S5 1t e 4T 1 5%
UE, UE B T SR B RO AR E P, R SR T MO-
FIGSP Jx K47 1 734t

B AR AR SO 7 SR A, 3 2P AR AT Jaya BVE
T Bl 7 B 1 R 5 B O 2 1 i L
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