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Parallel Machine Scheduling with Step-Deteriorating Jobs and Energy Consumption
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Abstract: Jobs’ temperature will decrease as their starting times delay in heat treating flow shop. In order to process the
jobs normally, the worker has to reheat them or keep them in holding furnace. In response to thig situation, this study
considers a parallel machine scheduling problem with step-deteriorating jobs for minimizing the total tardiness and energy
consumption. Firstly, a mixed integer programming model is proposed for the problem under study. Due to the
intractability of the problem, a genetic -variable neighborhood search hybrid valgorithm is designed to solve it. The
algorithm use genetic operations to generate the solution, and-then use the variable neighborhood search to improve the
solution. The numerical tests show the proposed-algorithm can efficiently reduce the total tardiness and energy
consumption compared with standard genetic algerithm and mathematical model with standard solver Gurobi.
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0.60 0.70 0.80 0.90 0.99
P,

3
5 AN[EPCHUE Y8 PR TukeyHSD [X[H]

8 =+

95% CIR
N
_I

0.01 0.05 0.10 0.15 0.20
Pm

El6 AP, BEH{H B TukeyHSD XA

'
.

50 bt L L

125 | T -
10.0
75 | J + T

5.0 ==

95% CIR

2.5 - L

100 200 300 400 500
T,

K7 ANIET  HUE 354 B AT TukeyHSD [X [8]
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M S 0T LLE H, 38 ST P K/, 2= FRAG SR AR
B, MG PAE R KES, KA A 2 REAE. B A
HP HUE 0.9 B, R G &/, BRI WE 6
A DA AR AR Py it/ R R B R IR AN K,
P, [HME Y 0.05 B, R A i /IME, HBEA P, R K,
R R K. 424 KE, PN 0.05 B &id; K7
BN MBHT IMEKF Y 400, 500 B, A=A B 4,
Z 5, H B0 AT 5 E, PR IE 5 = R AR AOR,
400 72 B 4F 1)k £, éﬁz%%b&éf@ﬂ?%ﬁﬁzpfoy,
A2 SR P, =0.05, S KIS ARIRELT ,=400.

33 EEISH L -

SRR ) LSS 10 2 BP9
(KRR 2y, B0 R ELIK)/INEUR BT Br 5 T 34938 4TI TR 7
NG 3 AR AIE AR XL T Gurobi. GAL GA-
VNS FI VNS S /INKIURSE S5 R RS 451 )i B 25

%2 BT AR NS S (1 T 45 3
MF 2 hETBLE H, GA-VNS Hl Gurobi #HE 45 AT
ANFUBE LA P B 45 R, HALAR AR o R . MTHE
] FoRE, GA-VNS BISF3THE R ] 0.232s, H R
B LMHCN 12, HLEEEON 4 G SR M 1 s,
HABETF 1s. 1 Gurobi [-F3JTHH I A4 1.166 s,
X 10 B 7E 3R A 52 AR A (15 0 T, GA-VNSS [R1R Al 2%
FRIEYLF Gurobi. GA fil VNS E‘J‘ifﬁiﬂﬁ i) L e GA-
VNS SRULAHZTE L, (E2 P (1) A i 12 50 Je GA-
VNS. % 2 ALES], 84T 15 AN BB,
VNS, SUA I T SO SEBII R L R, °F5 R 11 0.804.
5 VNS M, GA 41 T 13 NG R AL, 73
RAEN 0.107, LT VNS, {HIE &A1 GA-VNS 45 Hi 1)
AR T O A DT N RS A 1 T B 2 R T DU
GA-VNS EILH T B iR g e,

{8/ Gurobi. GA. VNS Fll GA-VNS 3K fift KA
SR, VH AR B 3. BRI A HE SR AR %, Gurobi Y
REZh LA EON 6 TA-ECh 20, HLEREN 8 TAF%L
N 20 LAEHLERECAN 8 TAEECH 40 Rl g, IF
FLAE SR BT KA S I, %6 T 1 S0 [ 2R o
KB mMAR, BIEH 12 DNEBIARKBITAT . Skk
PF, Gurobi 3K i K B B4 (1) RO A HL AR GA-
VNS % H K24 R 158 0.007, B E AT Gurobi A1
AN IR R . BR T HLERECN 6, A48 100 1%
— BB AN, ARG 1R AE Best ¥t GA-VNS 4.
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i H AR SN A

78 3 Fhs KR, GA-VNS 1 T35\ GA i AY]
UR R AN AR AL A R A5 W, (AR P I R TR K, P
BITHEI A 3.142 s. (HE B 2] GA-VNS 1 R K fig
PERE, AFH 0T S R R AT DL ). M2 R,
GA 1138 S ]2 5 48 1, FEF 38 7H 5T (3] 0.689 s.
BN 3 AR, BEAR GA 1SR ]2 5 46 1,

RHIEH] T 38.233, Ui W H R MRS BEICAT R K4 =
ZX[A]. VNS KISFY B (AR GA-VNS #HZEAR K, A
2.994 s, (HTE 15 N RHBE S, VNS LA H T —4
I UF 1) Best {8, V3 R {80 5.24, HB%E T804
I, 3R EABE ZHIE KA. BRISRYL, GA-VNS
TE R (VB TR) P 25 H T N IR I oL e £ A, BB 95 A 2K

HHSR AR RCRAE 3 AR KA AL P AR REM, 11 figp- R R N 255 R8I B A0 5 BEFE O AT LI FE i AL
22 BB

Gurobi GA VNS Y | GA-VNS
m n Best - - . —
Time(s) R Time(s) R Time(s) R - Time(s) R
84 0.031 0.00 0.023 0.00 0.056 T 0.007" 0.230 0.00
6 261 0.418 0.00 0.103 0.00 0.046 & 0.00 0.098 0.00
2 8 320 0.546 0.00 0.130 0:00 . 0.100 0.00 0.126 0.00
10 561 1.031 0.00 0.445 0.00 0.212 2.10 0.377 0.00
12 1043 10.392 0.00 0.416 0.00 0.326 0.00 0.503 0.00
82 0.031 0.00 0.024 0.00 0.030 0.00 0.030 0.00
6 234 0.031 0.00 = 0.023 0.00 0.029 0.60 0.030 0.00
3 8 243 0.850 & " 0.00 0.114 0.00 0.089 1.15 0.125 0.00
10 519 L 0348 0.00 0.115 0.00 0.103 1.17 0.203 0.00
12,869 2.346 0.00 0.877 1.26 0.856 1.81 1.365 0.00
82 0.002 0.00 0.012 0.00 0.009 0.00 0.010 0.00
6 232 0.002 0.00 0.051 0.00 0.035 0.00 0.046 0.00
4 8 206 0.010 0.00 0.053 0.00 0.056 4.95 0.050 0.00
10 513 0.006 0.00 0.057 0.00 0.068 0.00 0.060 0.00
12 818 1.441 0.00 0.215 0.35 0.120 0.28 0.268 0.00
TFIME — — 1.166 0.00 0.177 0.107 0.142 0.804 0.232 0.00
3 ORI F LR \
Gurobi GA VNS T % GA-VNS
m n Best - - - =
Time(s) R Time(s) R Time(s) R Time(s) R
20 10826 3600 — 0.387 17.70 0.367 3.10 0.449 0
40 29316 3600 — 0.493 3154 . L0820 © 8.66 1.000 0
4 60 47407 3600 — 0.572 43.67 2.965 9.41 2.109 0
80 72442 3600 — 0.665 5511 4269 737 4563 0
100 109485 3600 - 0.745 4151 8.022 10.70 8.039 0
20 12519 3600 1.50 0.388 20.63 0.413 3.12 0.475 0
40 26190 3600 | .- 0.450 26.56 0.913 474 1.082 0
6 60 42323 ' 3600 — 0.543 44.32 2.965 7.71 2292 0
80 73601 * 3600 — 0.605 42.74 4.285 420 4.742 0
100 & 97935 3600 — 2.622 51.42 7.740 0 8.314 0.11
20 9031 3600 0.00 0.323 17.57 0.439 1.71 0.537 0
40 40788 3600 2.67 0.493 16.81 0.940 297 1.149 0
8 60 43245 3600 — 0.574 37.48 2.230 451 2531 0
80 69253 3600 — 0.680 39.04 4514 5.38 4916 0
100 68357 3600 — 0.796 87.39 4.035 5.02 4.939 0
EYME — — 3600 1.39 0.689 38.233 2.994 5.24 3.142 0.007

4 digHRE

A SCEE R R F G R R RE, SR T RHIE
T AR AN REFE 0 FEAT HLUR BE 1) 7, 2 ar T R Ak H b
INBLE 915 B REAE AR & B M R R AT

T T PR SR A 1 LA B AR A Sk B R R BRI, AR S
FEH T HE T8 A SR SR UGt (1 AR AR AT R A 1
AR R TR R DT Z i E R A S O
FAREHLS A R PTG, ot T EIRR RS 5
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SRR S SR T S b, B RIS T AR ST iR Bk
Wy AT PR 5 e RVE . 5 SRR T AT 51 N Bh A BRI P 2
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