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Dual Resource Constrained Flexible Job Shop Energy-saving Scheduling
Considering Delivery Time

Abstract

Abstract: To handle the flexible job shop energy-saving scheduling with machines and workers
constraints, on the considering of delivery time, the optimization model of dual resource constrained
flexible job shop energy-saving scheduling is established with the goal of minimizing the total earliness
and tardiness penalties, and total energy consumption. An improved non-dominated sorting genetic
algorithm II(INSGA-Il) is proposed. Aiming at the optimized objectives, a three-stage decoding method is
designed to gain more feasible solutions. The dynamic adaptive crossover and mutation operators are
applied to get more excellent individuals. The crowding distance is improved to obtain a population with
better convergence and distribution. The result of comparing INSGA-II with several other multi-objective
optimization algorithms, verifies the feasibility and effectiveness of the proposed algorithm.
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Fig.3 MPX crossover operation of WA

2

(3) MA J7 %1 3k FH| RPX(rand-point preservative
crossover) 32 X, FENLF A —21(0, 1) |6 5 MA
K AR BN L2 2 pd, @ X (29) K15 H i&
N RENE R pf, R pd<pfMIGiE, KR P, Al
Py ok Ay B ) DR LA BT IR T4 e pf i AN
Dfoin N EE N, i G TR, i, N
R, BARSE X EnE 4 R, pf=0.5.

pf max _pf min
P =P =

i X it (29)

4 H B B

c [ e - ] - [
pd 04 02 0.8 0.5 03 09 02 0.6 04

C2|2|3|1|2|3|1 1212

s fuaf o]

P

2

4 MAFHIRIRPX A X A
Fig. 4 RPX crossover operation of MA

2.6 HENERHET

FERREAEALE R, AR RS R 2 AR
) — M T B fERRE 2 FEPEARIY, il — A4
KEVAE MR SE R M 2 AR AR 2 A
I, FEARAE SRR, CREUBUR . £ LERIE T
T, ARSEREEREE RO EE, Ik, ARSCK
Fi—Fh E G R R ERAET, AR R

—N,
Po=h, +h,x % (30)
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Fig. 5 Swap mutation of OS
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Fig. 6 Replacement mutation of WA
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Fig. 7 Replacement mutation of MA
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step 2: H AT th ) a6 40 77 15 A 1]
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step 3: AT =B BERRIDARAE, THEAMARE
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24T AR BT R
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step 5: A ST B TE B AR AR SRAT B
AFHEE, S IR AR G A 5

step 6: Xf & JF 5 B A HE AT step 3~4 #:1E,
RN T — MK

step 7: A BB AL KA, Wt B RS R
R[] step 5.

3 ERSERD

JIT 45 9% 45 1 MATLAB R2019b 4 F2 54 7
i ® N Intel(R) Core(TM) i5-5200U CPU @
2.20 GHz 2.19 GHz, W f#794 GB () Windows10 %
VERGEICA RN FHL.

3.1 HEBIMIEM PO TR T

N T B AIE INSGA-II % DRCFJESP-DT [ 3K fi#
RH, K NSGA-II. SPEA2 A1 SCHR[9]M Jaya /E A
xR, AN R R ) P A AT S5
i F H 1 i48% 4 DRCFIESP-DT (#4541,
AL LA SCHR[28-29]H0 11 52 B2 3 K Aift 77 1k 0k SCik
[BoH I E BT e, 15316 44 DRCFJESP-DT
I3 5 5] (DSP-DTO1~DSP-DT16). i i 2 (31)it
B B A Hh AR 22 B[] X

d,= [(ity) X l.5,(5vi+ itij) X 1.51| (31
j=1 Jj=1

A o, AT T NAIHLES N L O, 1 ] 17
I
AR i 5 A AR B B (1GD) " AN SR & T B R
(SO)Ix 2N 2 S I % B AR AL ST 4
PN EE B bR E, XA [ BVEAS B 1) SR 24T
Br, VEAE INSGA-IL {4k DRCFIESP-DT 14 g .
(1) IGD 2 VP4 SEIR USSR RN o0 A PR (1 254 T
br, BARRMEEAEIMRG)FR. IGDIE N, Ak
AR A BT L SE I B SR EIL AT
1S mind(. 9 (32)
| |qu*geF
s FOESERIMN RICATH: FORABREIERK R
58— SRAEATHY . d(g. @ W RFEHTI F A F

IGD(F, F*)=
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3.2 SEHE
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F 1 INSGA-I B3t LS M ik B
Table 1 Parameters setting of INSGA-II and comparison
algorithms

ik, A BB B XU U SR R AR Ml 4 T B O

ZH INSGA-TI NSGA-TI SPEA2  Jaya
P EE b e WREE  HARIE HbnIE
oS PriEES PRk P S ik
;;i p.=0.8x(1-itlit,, ) 0.8 0.8 —
ol Pu=hithyx(p=N/ps) 0.2 0.2 —

Tt IASE (o) PRI AR IR B (i) X0 BV O P
BAARKETEM . K IR0 EE AT LUA SEIR AL 2 9 1)
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TAKIECE H3E N A, B IE A8 SRR T it
Hn,, WERESHAEG . BDNSHAE A DAFIIK
o, GBI L (47) IEAE SERR R AT I, g5 R
F 23R, EXEHI DSP-DTOS, # &S HHE
FESE T ST AT 10 A5 B -V 3 IGD G AF v
iz, SRMEI PR,

£2 BRUKTH

Table 2 Parameters level table

SHOKT i .
1 2Xmxw 50
2 Ixmxw 100
3 4dxmxw 150
4 Sxmxw 200

K3 IEZRMTHIGDIE
Table 3  Orthogonal table and average /GD values

ZHHE it Mooy SPYIIGD
1 1 1 570.892
2 1 2 943.269
3 1 3 791.291
4 1 4 949.525
5 2 1 645.158
6 2 2 364.970
7 2 3 179.257
8 2 4 536.350
9 3 1 283.331
10 3 2 685.949
11 3 3 779.737
12 3 4 1201.793
13 4 1 822.474
14 4 2 150.880
15 4 3 630.113
16 4 4 471.710

FRYE K 3 AL, 3@ Minitab 19 R AFE4T
SIS TR B S HOK P R AR E, &S5
PP AR BN, R A SRR R, AR
WEAFE-, HEAFMBEISTIA, it M n,, fEK
-2 b RAE RN, R it A, R 2K
P35 IGD A R BB B /N o DRI, e, By, B B
FEZHHE NI, =3 xmxw, n,,=100,
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Fa WIRF SLIEAT 10 G TSP IGD FI SCHE, SR AE N
Table 4 Response table S, ~ .
= . — HER, GRMES~6FR.
2 431.434 536.267 7 & % DSP-DTO1 #1 DSP-DT02, 7= 3 & 1 (1)
3 737.703 595.099 INSGA-II 3K 75 (11 *F %1 IGD 18 ¥ /N T NSGA-II.
4 518.794 789.844 N N .
‘ SPEA2 il Jaya, I HAG 24 5GIH IGDE N0,
Wz 382.310 253.577 N
o " > WAR Eoxf EL 537, INSGA-IL T 13 Pareto fif 45 £
B FT WL, TE AR S R o A
800 800 - . INSGA-IT i . R4 & 5 21 40 & 9 Fr s 19 IGD
. TabrARZR I, HE— DUl prR R L. K9
m 700 T m 700 Fa] BLUR B, INSGA-IT 124 IGD {# 1) A 5 A
2 % FRME RN, Hmrgs FAR BT, R DY 4
5 7 g \ /' fir2 %, INSGA-II P34 1GD {8 11U 43 fir 22 Jit
§ » \ 5 wl /N, F ) INSGA-IT SR8 (0T 4 IGD (B B A2 e
AN, A AT, B BRSO HT AT AT, INSGA-IT
- N - %t DRCFIESP-DT 3R i 5 R AR -5t b v
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(a) it K
K8 ZHUK T

Fig. 8 Trend chart of parameters level

(b) n_ K

pop

3.3 &R

A SCH) FH INSGA-II. SPEA2. Jaya Al NSGA-
11 %} 16 41 DRCFIJESP-DT Il i 5 4 it 47 5K i, 1@
ik IGD A1 SC A [F) 51545 2 1 ff 4 3E 47 % b o
M, VPANEVEIITERE . & AL AR AN [ SE TN

Ko NFIENR LI K RMWF-%SCHH, F6
A. B. C. D 73 3] % 75 INSGA-II. NSGA-II.
SPEA2 #il Jaya 3k #3 [) Pareto fif 45 . £ 6 H
SC(B,A)<SC(4,B). SC(C,A)<SC(4,C). SC(D,A)<
SC(A,D), %W INSGA-II >R 15 () Ak S it fif Sz i ot
Bl B35 M R ME % 8 &, AT INSGA-IL 3K 15 1
Pareto iR SR 4 . [RI, A 7HHEHBIKSCHE N,
Ui W E 3% 7 4L 5451 vb ot bSR3 SR A5 1) BT AT AR 5%
INSGA-TI 3R 15 (I fF i, INSGA-TI R fift 25 5 8 15
e F 5 e

RS AMEENTIGD
Table 5 Average /GD values of 4 algorithms

HA INSGA-II NSGA-II  SPEA2 Jaya B INSGA-II NSGA-II  SPEA2 Jaya
DSP-DTOI 916326  644.115 1395.033 1303.204 | DSP-DT09  534.298  5778.712 5520.644 6734.012
DSP-DT02  621.514  502.095 1538221  945.809 | DSP-DT10  612.453  §843.959 4764.178 9082.816
DSP-DT03  586.896 1260.381 2051.342 2129.274 | DSP-DT11  100.955 228.609  394.438  600.947
DSP-DT04  793.655 1636360 2372599 1711.077 | DSP-DT12  24.040 438.651 297930  819.338
DSP-DT05  869.020 1266.660 2061.577 2078.353 | DSP-DTI3 0 4489.957 3360.143 6 169.582
DSP-DT06  808.923 1359.701 1968.949 2055.113 | DSP-DT14 0 1070.113  625.553 1559.655
DSP-DT07 2747.832 4560.563 3457.670 4886.967 | DSP-DT15  524.124 945.546  870.706 1031.969
DSP-DT08 1370.674 2803.459 3032543 3115.835 | DSP-DT16  20.152  4133.212 1856.580 3 637.362
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Table 6 Average SC values of dominance relationship between algorithms

Rl SC(4.B) SC(B,4) SC(4,C) SC(C, A) SC(4, D) SC(D, A)
DSP-DTO1 0.798 0.055 0.500 0.215 0.712 0.056
DSP-DT02 1.000 0 0.800 0.101 1.000 0
DSP-DT03 0.900 0.090 0.710 0.129 0.800 0.056
DSP-DT04 1.000 0 1.000 0 1.000 0
DSP-DT05 1.000 0 1.000 0 1.000 0
DSP-DT06 1.000 0 1.000 0 1.000 0
DSP-DTO07 0.900 0.100 0.600 0.252 0.700 0.202
DSP-DT08 1.000 0 1.000 0 0.950 0.028
DSP-DT09 0.400 0.333 0.800 0.037 0.652 0.027
DSP-DT10 0.702 0.155 0.704 0.150 1.000 0
DSP-DT11 0.697 0.194 0.570 0.194 0.906 0.048
DSP-DT12 0.700 0.213 0.700 0.046 0.702 0.149
DSP-DT13 0.608 0.238 0.690 0.173 0.999 0.001
DSP-DT14 0.550 0.245 0.500 0.403 1.000 0
DSP-DT15 1.000 0 0.776 0.081 0.844 0.078
DSP-DT16 1.000 0 0.900 0.003 0.948 0.046
Lo'0ar 3RAF 1) Pareto fiff 4 S xS BE B2/ 1 T BEAA: B ey
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Fig. 9 Box diagram of IGD indicators %
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