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HCS Algorithm for Multi-objective Flow Shop Scheduling
Problems with Energy Consumption

ZHONG Lingchong' QIAN Bin' HU Rong' WANG Ling®
1.Faculty of Information Engineering and Automation,
Kunming University of Science and Technology, Kunming, 650500
2.Department of Automation, Tsinghua University, Beijing,100084
Abstract: To consider the economic and environmental factors at the same time, this paper dealt
with the multi-objective permutation flow shop scheduling problems (MOPFSP) which minimized
make-span and total carbon emissions. MOPFSP was proved to be a NP-hard problem for more than
two machines. A HCS algorithm was proposed to solve the problems. Firstly, a largest-order-value
rule was utilized to transform HCS’s individuals from real vectors to job permutations so that HCS
might be used to perform search in MOPFSP’s solution spaces. Secondly, an adapive factor of step
size was designed to control the search scopes in the evolution phases. Thirdly, a multi-neighborhood
local search was presented to exploit the excellent subregions obtained by HCS’s global search. Due to
the hybridization of CS-based global search and multi-neighborhood local search, MOPFSP may be
solved efficiently. Simulations and comparisons verify the efficiency of HCS to solve MOPFSP.
Key words: multi-objective permutation flow shop;hybrid cuckoo search(HCS) algorithm;carbon

efficiency; green dispatch

FANG S5 i 4, 20— i 1 5 se I0TH #E 0k A
TP AR i 36 A ol 8 28 5 4 RS I 7Y 32

G BRAR R v R Y B HE SR Y
e & ARk (COL) 3t B R, Hob fb A
PR BE A CO, SRRy 2, & B8
HERE U5 Il 2 M BR AL HE o AR SCHIF 5 114 ) AR 7Y 40 5
AR bR A7 6 MR SR F A TR . R

Wi EE.2017-12-18
E&WE FHEKARFSFREE I H (51665025) 5 KA H#H
AERL R IE AW BT A (61525304) 5 75 B A 11 48 Bk 3 2k 4 9% B 00
H (2015FB136)

. 2674 -

RZ— — 7 AR R I 3 =0 9 R i
) A A ) 2 Al AN A5 AN BR A e HE T 5 55 — T I
1 T A R P e A ek A4 A i Al R U
SR AT BT K A BE IR TE FE

TEAL G AR 7 8 B2 1) E , 32925 R A A 1
e F AR 24 5 I () S0 R B AR oG . 24 il
T X 4 48 50 ) B 558 3T RE TR g I A 75 2 A AR
7 i R R P ) IR R TR AR bR ISR A bR . R
SCHI I FE AT 2k G R AR ) 22 b B4 K 4 A



TR A A 5 B30 R SR i 53 (3 /K 4 i) 8] B[] At

MR

P[] #8 (multi-objective permutation flow shop
problem, MOPFSP) H A &5 1 Tk 75 5 . 781t
BRI L2 G HLER DL 00 B P O /K 4 TR) O
[i] 88 ( permutation flow shop scheduling prob-
lem, PFSP) #iIE W] J& NP-hard i) 8, [A 1, ¥
R 7% ) MOPFSP i J& T NP-hard [n] 8, 2
b IF R 4 (5 AR B MOPFSP SR fig B4 & 5
) TR A2 AR R S

FEid Fe U AF B 3K 2k 42 R) I8 B 1) L
JIZ BT SR S 3T 4R SR A — S SOk [R] ) 25
SR RIREEFE AR, LUO 25050 545 i 7 14 4B 11
22 F AR A WK 42 (] ) B () 8, 211 T WORE AL 1k
BE AT R A . DING S5 &5 X 47 i HE S 2 1Y
£ H bR K 42 10 8 BE 0] B0 A7 0 58, OF 4 T —
Fiv ik 1) 26 AR 800 SRR SR iz ml B, LIU 450
Wit T —Fh A & N 2 B bR A 55k, v A 0Kl
— T B HE TR BN A AE 3R B S Ak H8 A 114 9 K
2R 7 a] PR E ) A, DING 26§ T 3 TR il
il 235 P R 1 3 A B0 R, SR A Y A HE ik
SR W AR K 4 ] B R, TANG 45
P T WO AR R A SR L AT OR i R T RE U
T4 FE 185 4 58 T BsF [] A AR 194 28 1A U 7K 2 (] 9
JEME, LU 2 £t fE IR 1 #E 1) 2 B AR K
F R B ) 0, 4 M T — 3 T LA IR () A
A3 i B R] YR A 22 H b 148 R R ki AT oK
fift . Z5 TR A Sk d8 AR 19 2 H bR K 4 ]
JEE [) R0 A AR 5 AT 458 o0 A B 36 1707 2 Jom i o i
22 I W) L A RO TR RS

A S &K (cuckoo search, CS) & % &
YANG il DEB F 2009 4 #& 3 () — Fp oo i & X
SR RS AR A A 5 P O AT ML AT
182 RES DU A AL b R A 1 2 p Ak ) B, G AE
. CS Tk BBy J F TR s & B4R A i 5 B
PR A= P BE R, LT 4RI NEH i & 20
FEAE IR WA AR L IR T T — R R A R
IRA CS Bk X5 H x PFSP [a] 8 i 17 3K fiF .
MAEICHELVAM % ¥E CS 535 99 i oy Bt
K NEH B0 497 46 k358 43 F BE L 20 i of 2 T
SR B H bR 2 B BIR A U K 2R 42 R) 9 ) A,
ALAA SF2YxF CS Bk b i 3 4t € AT A k17
W [ R T T X A R e I A AR 4B Sk 4 2R L O
V5 P B R SR PR R 2 M A M 4 T 8 JEE )
i, WANG %1205 B NEH B0 7= A 35 4 90 4R
FRE b mi gt T — A R R IR A S
Bk TR i B B R K 4R RO R AL
IR SR AT AT, 1 TG R CS B8R SR iR A at f6 4

P MOPFSP B #H G 58 . BL4h, 13k STk
W 28 R A il DR 8 O AN B B O R AT
AR . SCBR b B S R AR EO B,
AR R KL T A B R R 5
B0 IO e DX, DA T 5 SO AR A 2% s A AP K AR A
FUBE /N AR AR A S A R
T2 PRI, X6 2 0 it 7K 24 () 908 B () R, 14 1
A A PR AL K D R A S SRR T AT AL
K, R EZE L,

AR T — MR A A S (HCS) Bk
TR A Ak B AR A f KK 5 TR 1) A0 s R R A
MOPFESP, 7 HCS Bk AU T —fP K
o il R 1 3 O O] SR (A A S AL LA 8
PR AT SEHE N5 G 1) 4 Jm 8 2R B 5 [ A 1
T —Fp ARk R A R ALE L T X HCS Bk 2R
4 A5 20 0 P8 5 i DX IR AT AN B0 2 2 i vk
FE 42 Jmy R Ry 48 2R 2 (8] B ik AU . die ) ol A
15 B R E N LR B IE HCS B9k A 80

1 f&# MOPFSP # #

WA n N THFELEm AL LT, 84
HLERA s FPAST MM T, K TIHEE N
J={1.2,n} MEBBEGHM=1{1,2,-
HEES N S={v,:vs5"50,}o Pi3en T4
TEALES B B FRAE SN T A 5V, R T @ EAL
wk BRI P,/ VR TR EPLE £
DB Vo e B TR Q. ROR
BLES b DATE o TAERS B 50 REFE : Q T HLAR
b REPUVIRZS I 0 B AL REFE ;X5 ¢ B ZIBLAF £ DL
o TAER 20 () =1, MBI Z] 2, (1) =032 A}
ZIMLAS b RERFHLURES v () =1, H Ath 15} %1
Vi (O =0570=CGajos0g,) NETAH T AF A5
Hp s BARHEFY » WESG:;CG, . k)i=(,
2o ) N A G EENLES b LS8 BURT ],

PESP (% 2 A TR . O T4 € T 1EAL
wme—DeM EInT Rz )E, T4je) A
EPLER e EM EINT., OQ® LG IR Hign T
— AT ARBERI I T 24 T 0%,

B TAF 5, &2 5, MKKRIEDLES 1 E2HLEE m LI
B T e K 58 T3 [A] make-span BYECAAERIGNT .

7777}’

CGrD=P;,/V;i, (1
CGisD=CG,1sD+P;/V;i, (2
CGryk)=CGr k=1 4Py 4 /V;i (3)

CGisk)=max{C G, k) CGy k=D P, 0/ Vs
4
Coex=C(,vm) (5)

* 2675 -



R E ML TR A5 29 % 45 22 11 2018 4F 11 H F2EA

;H\:E':"k:2933"'97n 1 =2,3,
56 W],

fBis e B EALBEFEN CO, HEL I, CO,
R TR X

Ceo, = ¢Cr = ¢ ﬁ O Qw0 +

v=1 k=1

97'1;34:%(5)){7%{/(

(6)
D 1Quyi () de
k=1
;H:EF‘ 7CT i’%i\‘ﬁgcﬁféjﬁ%;ccoz %‘%ﬁ_\‘ C()z ﬁkﬁilé\

i, LU )RR Wk HE i B & (total carbon emis-
sions, TCE) ,

T IR HE R R T A AL AR Y R
TR A, P A €{1,2, 5}, BRI s=3,
A €123 n=3.m=2, MM A, 1 Hp
— SO R AR I

2
Z:i 7
1
1

A LEe B T3

Ay =

1

2

3
LA RN 3 A TARES
JEh 3.

X T S 2 B R PRSP, 07 8 [ i 3K 78 it
58 T.B} 3] (make-span) il TCE 19 4 J&) & G fi# .
B T DASR AT 3K M — 21 A < AT AT — 1> B b 19 4k 2
R AR 20 25005 4 I At H A R BCTE A RO
X KA WU A RS G FRZ AR i, B Pareto
fifk 5

2 % H AR A KB A

A MOPFSP 7] DL xR N

min F(o)=[f, (), f, ()], n€ ¢ (8)
f1=Crux 9
/o :CL‘,()2 (10)

Kb, HAATHL,

(DB, X FHABME F(r)= (x,),
Folm D MF () =(f 1 (o) s fo () s 2 HAL Y
(Vie(l,2) . f i ()< f, (m, N (Fi€ (1,2}
FilaD)<f, G, )0 K F () LW F (r2) il R
F(r)<F(ny),

(2)Pareto fiff. X+ r€ ¢, 2 HAUYAAF
r'€¢ i F(x')<F(x)Bf, K = A Pareto
e .

(3)Parcto it . X T Pareto RS P .

P=(x€y| In'€¢:Fx)<F(m))

(4)Pareto AT .

XFF Pareto HiUT PF.

Pr={(FG)=(f1G),f,(x)) |xEP}
o 2676 -

3 REAAEHE
3.1 RERAEHEE
YANG SR A A 5 S5 7 3 AT R
JeqE ©AT (Levy flighO Rtk & it T fER £ H
WA A S RE . A SR AR T 0 R
il s 25 — PO 0 e 4t AT AR
Xii =X, +a@Lévy(Q) an
Hx, xRS DSARTESS £ AR
55 b+ 1 AR 007 B ) OFRIR LU o NI
KA KHEF . REHELT .a=00); Lévy (L)
A KATH R FKAR
LD T RUE Y 32050 A1 4 A 45 5 1Y % 2
PEIE T — Bl R iR AL e KRR
L HE AR 2R HA S B R R e .
o R R OB AR — A [ Y & MR
P, 5—"HALE p Z 18] ¢ &R 0 2 S 5 7 A28
AR T AT
X1 =x;, FYHP,—RD[x,., —xi.] 12
Hrp,y Mg ZHBMNE 0t v.pe
U0,1]5x0 X, x50 085 ¢ A 3 AR
I BERLASAR 5 H b B P 18 bR 5, O A 0

0 P.>B
H(P,—p)={05 P.=p (13
1 P.<p
32 BERmBBEIZXHCS

3.2.1 BmAEFEETF

CS B4k 1R A 1 22 40 3015 51 15 F AIF 55 o (L
AR B AEAE A A -S4 CAT R —Fh SRRl e i
5 Y F G0 A O, BEHLIE R, B LLAR i CS 55
A2 A BCL R s 48 R TR R A I SIORS B
A, CSEBEXQADPELTERKESH T,
2 PR 75 bR A 1 v — 18 oA [ 1 R R
W BUE R 0.01) . # B KEHil H 7 BUE S K, 5
BRI A A8 R O SO0 A L i I
AN 5 2, 5 R A BRUE R /) B k ap
(RN RS WSS 4y YN = & 7Y C 23
55 . PR, Sk 25 K g o B 08 el A R SRS
RERYHR T, A0 SRA SR A R AT A — N R
AR A i R - AR A A SR R P R ke R
il TR DX 385 () B it V48 R I A0 O 3 9T Uk
AN R A i B oot e A1 5 Ak DX 31 40 B4
A I TR R AR I SIGH BE FE E

AR SC A K B il R 1 X A o CS Bk it
TR« A 45 K s il D 7 R 46 DA [ 1 5
Kyl . S0, B A R 0% D
T T Y 45N R DGR R IR A AT



A A4 S SRR AR K A B B — SR Bk R BT %
18 AL AR . B HA AR R D T 1 2-opt local search: {44~ TAFHET . i

& HEACARCR B T i 2 s/
Ja R 5 S AR A A
AR SCHRAE LR 75T F 38 98 8 D AR 1
a B o BUEVEFBE 8[0.01,0.2]5 5380, 51 AR
5% PRVBAE o BB HEAL B B s . 25 bR
WP o AR
Tk

AE AR AR

<
< COS 7T R<20.2

(k\l)f 14

“ a® 0.2<R<05 W
® 1nin 0.5<<R

Horp R R YT AR B A Z s
o WA KT F BT PR 5 a0 20 KA
T B BR s T o A B KRB AR K £ R 24 11 3 1L
R, LW Y B R<<0. 2., I B A KA K
R IR T T A D8 R P K T e
B A AR KOG T 38 R /0N 5 5k b 0 ET BB SR
P RAE T HORAE L B 0.5>R>0.2, LI B 78 1
JB fift T A DX S — 2D 8 3%, R ) RS An 98 R
a MEFEARAS AR R=>0.5, IS R 2 i %
it Pareto B ¥ . L KA K BEER, PR B8 o F
SR,

3.2.2 Z>4BHBDIBIXR

Rt — LR A A SR R TR R AR T
ARSI Z2 2B 38R T A 2R SR L Xk A RE R 08 5
ARAT T AS [ S0 8 i) 20 B4 . HARCR U,
AL X B 2 T 9 3R 45 A A h B IR T T =
T &R S Y SR A 2R . 3X AR A R A 0 D < In-
terchange local search. Insert local search™®, 2-
opt local search, Bk LT,

Interchange local search: i % 4~~1A B9 T4 HE
Fe s BEALZEFEH b PSS [6) B 7 L 32 o B Y
TAF. Bl 10 TAFHEF N[4.2.7.1.3.5.9.8.10.
6 1. BEHL™ A TANALE po=3.p, =9 UL 3
A 7 FALE 9 1 TAF 10 ASHe iy B A5 3] —
B 4.2,10,1,3,5,9,8,7,6 ],

Insert local search:i% 2L %8 Al 43 2 i 4 A FlI
JEAEA . XA A AR HE T AT B B AL
EREH A 2 DMAF WAL E po B po BT po >
poo EHARIEHALE po B TAHHEALE p. .
BLE pot1~p, W TAFTERTIR— A7 & 5 Hi 4
NI po W TAHEALLE po LE pr~p.—
T LA R — A0, filan 10 T HEF
HM[4,2,7,1,3,5,9,8,10,6 1, BEHL™ £ T WA 7
B op1=3.p. =9, M 30, 5 S 2 08 HE Y
H[4,2,1,3,5,9.8,10, 7,671, /i 4 A5 2] ) 57 H
¥ MN(4,2,10,7,1,3,5,9,8,6],

sert (m (X ), pi1s p2);

ML A AN AL E po B po B po~po
B AR R 300 77 HES , ol & T AR A S, i)
10 TR M[4.2,7,1,3.5,9.8,10,6 1, BEFL A=
THANLE pr =3, p, =9, F5 IR 1 3¢, 15 2 595 HE T
#04.2,10,8,9,5,3,1,7,67,

L (XD NAE X FF LOV H g T4 HE
F o (XD AR X 3T LOV R A T4 HE
kOIS B R B, SR X AT £ 48 R
AR BAR LR AR .

R H B, O r=0; QFPLIES 2 4
AENEE py M proa (X)) =1Insert (x (X)), p1»
Pp2) sk =k 1; QR <2, MR FAED,

OWRHEE, O bk=0.1=0; DBEHLIEHE
PAARENLE po Fpos AR 1 =0,2 (XD =1In-
mE =1,
(X)) =Interchange (x (X)), p1sp,) ; WNH 1 =2,
(XD =2—0pt (X, p1,0,);QUHE = (X)H <=
XM (X=X b=k+1, BN r=1+1;
@R £<<30, WBk RN L IRO L A5 W45 1k 2R R I
&ﬂXWMX@@%z<&ﬁE$%@@NU
t=0,1RLED,

3.3 HCS HiEkfig MOPFSP 5 5

T ek ) HCS 53k R i MOPESP (1) 3
BOLBRINE .

OZHEWIGI., BB NN E -
TR LIFEF NI AL FRE Wk B R R E IR
B g e A IEB TR T,

(O ERE R, SR LOV BN % 22 11
ARE AL B HHE T s A AR A H AR
PRI AR A

COAMRTE B, BEALPE % — DA 2, 1R Hie
DR L AT X AR AT B8, 77 A —
B 250 3B A R R AR SCBC I ARG #7 B
ANSCRE W FEALOR B — A DR B B EREA 2o

COH FEME R o AR i 4 7 A8 25 ) Dl
XA IR ) AR B AR o TR
Xof HL R AT A R 2R (12) BB OR A5 3 — A4
BRI J5 % BT TH A MR 3R 3CBE R ) £

P s 2 BN SCBC W) BE ML AR B — A B B B A IR
ﬁ/\xl
(5) PR B Pareto Wi . F T AE 3 J5 K 4%

Y Pareto I, ﬁhzl—‘ﬁ Pareto Hij #f Y1
KFEA Pareto fit 5 P,
() Z4B R, AN POESEMEAN
AR XX R HE PR 64T 2 A8 R L 15 3
o 2677 -



FEAVE TR 5 29 % 55 22 30 2018 4F 11 H Tk H

AR B G 1Y Pareto fifsE P,

(7)) 18 % Y4 {f Parcto fE . B EHE W
Pareto AP 54 + —1 fL{F 8 T K Pareto
fifR e P b, A B 2B R SR B Y AT ¢ AR
Pareto fif# 4 P, If FIILSE S P AU AR S %42
PO AEFAET R

ORI QDO FTH P KB F o, F—18
B Xof 25 K 4 ) R Al 0 B L O TR

(D L1k 5 27 i AR BUN T e Kk AR
KA g o SR B (BN FSEVL B AT HEE] T, EE
PATH IR (2) ~ L BR(8) 5 75 W iyt 4 HT Pareto fi#
£ PLESRED

R BRI HCS 3 365K i MOPE-
SP B kAR EI LA 1,

| mEzsN T wrmew |

i L

| mmLovame s
| . |

FAR QD BFZ2M k52
ik, BoFPERNET
Xy %Eﬂifiﬁﬂmﬂﬁﬁﬁ*ﬁjﬁxd

Y
MANX 42) FHafx, K FH
HEMRME Tz, HFELAILEN
R H—F T,

1

| i<+l
N »
Y

INE A WEGUES R AW b i3
KjParetofE &P

1
[ wiposr 2 wamzms ure |
1

P Y5 E— IR E [ Pareto £
PR, P A SRR 5%
R 5 ZParetofEP
i
| mEx avERsRERET. |

HRB AT M KR FT2?
Y
| 1 24 f0ParetofEP |

1 HCSHEmER
Fig.1 Flow chart of HCS

* 2678

4 FEMRKER RS

R E HCS 535 3K i MOPESP 943 21
AR SCHEEL T 10 PR RN AR 1 5451, SR A v
CS 1 INSGA- I 5 HEAT X 9258 . INSGA-
152 5 T a2 HARA L NSGA- 11 /4 sk
BV SCHERC L7 IR 05 B SE 38 39 UE T INSGA- I
BT NSGA-TT & ik, Fr LK HCS Bk S
INSGA- Il i LB B X,

FE RS b, T AR AE B A AL i T
] 2R 100 A P A4 i AL 1 8 50 i 8 ] 0000 A5
BUALER BRI R E N AL € {1.2.3) s T AE
PR R RN R 305 HCS Bk 5 CS B ki
FEME RN 0.25;CS Bk AL K &EHIH 4 0.01;
HCS Bk a6 K3 H 728 0.2, INSGA- 11 57
PP AR RN 0.3, B8 UMEFE N 0.9, AL
50n (BANL ms) fE N A BB 17 &k &4,
L Ay e ) RIS A T B 3l A5 3 )
— A 5] BB RRASE o BT A SR A 3 AT R ] — 3, T
TR EEER I 2 P o 45 9803 Xt g — I 3, ) R 25 ik
iz17 20 K,

BT A 8 A0 A2 7 ¥ Delphi 10.2 4 2
SCPR, HEAE & S Win 10, 40 B #5 24 Intel (R)
Core(TM) i5-4210U 1.70 GHz, NfE K 4 GB,

A SR B 5 B e b2 SCEkC18 I iR i i £
H x5 M6 b5 43 318 R _NDS (S,) 1 NDS _

NUMS ) itE AKX T .
R_NDS(S,)=|S,—{z€S,|IyeS:y<z}|/|S,|
(15
NDS_NUM(S,)=|S,—{z€S,|IyES:y<x}|
(16)

Hp,S, BHEH L r [ Pareto f# %S 248 K Mo
i1 Pareto fR M IFE, ATLIRIR N S=S, U -
US, U-Sksy<z BIEAME y 582 L BAE 2
S, | 48 S, A THARIECE; NDS_NUM (S,)
SRR r PRSI A ARKCR  R_NDS(S,) &
R r ARSI A AR B B - U Pa-
reto FREEMAKLAY LR, R_NDS(S,) =1 BW¥# S,
HETA Y Pareto M™MA# A SZHCL; R_NDS (S,)=0.9
BWRE S, B 90%HY Pareto MMAERA Y AL,

AR S R A A ] RIS (14 5 45 R T DA R 1
MR 2 k2] HCS B3k il CS B3k iy %t be i
L2 1, HCS 23 INSGA- 1T 8 v 1y % 1 342
W2, RIE LR S XL E£ 1S AL
FARHNS=SusUSes»F2HH S W LLFER N
S=SucsUSnsean » R_NDS_HCS %% 20 4



TR A A 5 B30 R SR i 53 (3 /K 4 i) 8] B[] At

MR

R_NDS (Suc) #E 1P B L%, R_NDS_CS %
R 20 A~ R _ NDS (Scs) B8 09 F ¥ b R,
R_NDS_INSGA-IIFEmR 20 & R_NDS (Ssoan) 3%
P2 1k %, NDS _NUM _HCS $# & 20 4
NDS _NUM (S yes) 845 19°F- ¥ %0, NDS_NUM _
CS %78 20 1> NDS_NUM (S cs) 08 19 F 24 %1,
NDS_NUM_INSGA- [[ 75 20 4~ NDS_NUM
(S insa 1) B 4 °F- 2 %k
R1 HCSEXM CSEETLLHIE
Tab.1 Statistical results of HCS and CS

i F5t HCS cs

ME [R_NDS_HCS|NDS_NUM_HCS|R_NDS_ CS [NDS_NUM_ CS
105 1 3 0.025 0.05
205 1 1 0 0
30_5 1 4 0 0
50_5 1 4.6 0 0
50_10 1 3.05 0 0
60_10 1 2.95 0 0
70_10 1 1.9 0 0
90_20 1 4.85 0 0
90_30 1 48 0 0
100_3 1 5.9 0 0

R 2 HCS 3% INSGA- [ E:xf L #14R
Tab. 2 Statistical results of HCS and INSGA- Il

[in) 70 HCS INSGA-II

B |R_NDS_HCS| NDS_NUM_HCS | R_NDS_INSGA-I] | NDS_NUM_INSGA-I|
105 1 3 0.96 2.85
20_5 0.8 2.6 0.35 0.25
305 | 0.9875 3.95 0.175 0.6
50_5 0.91 3.95 0.3 1.35
50_10 0.925 2.55 0.3 0.85
60_10 0.66 1.9 0.5 1
70_10 0.8 1.6 0.575 1.1
90_20 0.82 35 0.379 1.15
90_30 | 0.837 5 4.4 0.297 5 0.85
100_30|  0.762 3.55 0.59 1.7

h# 1 A& 1, R_NDS_HCS 2% 1,1 R_
NDS _ CS JUF A2, vl BILE K i LA E T A (0] R
i) MOPFSP B, HCS 835 58 4 B A ifE CS &
2, H NDS_NUM_HCS WA %uqe 3~6 zZ 6, 5%
BB 30 SO h3& 2 AT FE H,R_NDS _
HCS ¥JKkF R_NDS_INSGA-I[ . HA 8 A1) f#
iRy R_NDS_HCS KT 0.8, Ut W] HCS Bk A
80% LA I Pareto ™4 3 it INSGA-IIF 74 1) Pa-
reto A T ZE Ho At 2 AN [ AR, L3Ry 6596
DL b BT HCS 545 21 1 fif 48 55 08, E i
T HCS B Ak

10_5 HUALAT 100_30 BRI v 32 47 1 il I 14

2.3, I 2 el F i, AR HCS ik 5 INS-
GA- Il B F 15 Pareto fREE S, HE LT
FehrifE CS Bk, MK 3 dal &, HCS ik
Pareto R UF7E A 2 ANF R 2T 5, B HCS
L Pareto f R H AL 2 NEEIE M Pareto ff
LRI, BE A ) BRI RE Y 38 K, B bR o CS
B INSGA- T 8 %, HCS B ) Pareto Hi UF
5 HA 2 ANE R Pareto B UY B BB O, F
I B4 I A 2 A Y

/10°

s 39831 Hes «cs +INSGA_ I
3581 |
3579
3577
3575 |
3573

35

BR—BKTELHMC,

71520 522 524 526 528 530 532 534 536
BN— BB ERC,,

2 EEAAEA 10_5 B 3 FE XA E IR Pareto i 2 E
Fig. 2 Non-dominated solutions of HCS (3points) .,
CS (2points) and INSGA- I (3points) when

the instance is 10_5

A

[ <HCS <CS +INSGA_TI

K5 IEC,, /10°
w w w
5 5 S5
=2 I=) >

m3152:
| . \"‘

1§ 5000 5200 5400 5600 5800
ER—BBRHHEC,,

B3 EEMER 100_30 B 3 FEEHF IR Pareto ff S E
Fig. 3 Non-dominated solutions of HCS (4points) .
CS (4points) and INSGA- [ (4points) when
the instance is 100_30

2 BT AE DL BT ) B A , HCS &
AR % MOPFSP B [t INSGA- I & CS &
SR

5 L AT

Ry it — 25 56 AE BT 42 55 09 A SR B HCS
SR T TSR M TE VG By 4 SR 2 48 T L 2R L B
Az B TR) R, 3 T A e A A 7 e AR AR TR
g f] B2z aB K ARG A G BT N
5 AT, 5 ADIHTTFHILE 5 B RE MALE I
TN A R B0 AL A AT S8 A i A P A R R
pIIIBTEY - SN B S /NI AE A VR SR Y]
REVRHE, 7E 3L A 7 o 78 b W) i % R 2 UF 4R b
(make-span) M A G 35 45 (TCE) . B8R, I #) 1k
T e 48 B 2 7 9 R )8 L ) MOPFSP. H
I X HL AR T A 7 8 B 2 ol R T R R X T

* 2679 -




PR LA TR 5 29 % 55 22 3] 2018 4F 11 A F2k A

PFg 5 J5 AT N T HEF R B
AR FHZ ) A 7R 30 25 40 1 S B AR

Bl A I 52 ), HCS B wkiafr 1.5 s SR i

] iF i 8 B B 7E 5 min U4 I ON T 5 &

HCS S50 45 T 7 %8 S1~S4, L3k 3 MK
A, VR BE GUE 2 B0 1T 2 R BE 7 5 T, LR 3.
M3 3 A1, S1~S4 B BAL T T1, X —458
F W] HCS 532 ] P A 24 oK A 52 B 1) 8

®3 FEAR
Tab.3 Scheduling plan
AR EEHE R
NS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 C nax TCE
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
27 26 15 8 2 25 10 4 11 7 18 14 21 28 24
T1 1108 9 764 903
3 6 9 20 30 5 29 19 23 16 13 12 1 17 22
18 12 28 24 10 5 15 2 27 9 26 4 11 8 19
S1 1 035 9 750 170
29 16 23 25 3 30 7 21 20 1 13 6 14 17 22
18 12 27 2 24 10 5 15 9 26 21 29 23 28 11
S2 1039 9 749 536
16 25 30 7 4 22 8 1 20 19 13 14 3 6 17
18 27 2 12 24 10 5 15 26 21 29 20 8 22 4
S3 1 056 9 744 074
11 16 25 30 9 28 23 19 1 6 14 3 17 13 7
18 28 9 26 15 5 10 24 27 12 2 4 8 19 29
S4 1042 9 748 265
16 25 30 7 21 20 11 1 22 23 3 6 14 17 13
"‘9 9751 sumption and Carbon Footprint Reduction[ J]. Journal
UE 9750T of Manufacturing Systems,2011,30:234-240.
= omor (2] GAREY M R, JOHNSON D S, SETHI R. The
Q 9748: Complexity of Flowshop and Jobshop Scheduling
| L
W 9747 L [J]. Mathematics of Operations Research, 1976, 1
9746
ﬂﬂﬁ 3 (2): 117-29.
= 9745}
1 - [3] LUO Hao,DU Bing, HUANG G Q,et al. Hybrid
9744 1 1 1 1 ]
1035 1040 1045 1050 1055 1060 Flow Shop Scheduling Considering Machine Elec-
=g =
BN — BB R Co, tricity Consumption Cost[J]. International Journal
4 HCS B#r{EXTEE of Production Economics,2013,146(2): 423-439.
Fig.4 HCS target value comparison [4] DING Jianya, SONG Shiji, WU Cheng, et al. Car-
. bon-efficient Scheduling of Flow Shops by Multi-ob-
6 i o —
jective Optimization[J]. European Journal of Opera-
AXBET—FRESHAEE S, BTk tional Research,2016,248(3) . 758-771.
g o % H A WK 75 8] I8 BE A 5 ( MOPFSP) [5] LIU Cheng-Hsiang, HUANG Ding-Hsiang. Reduc-
HCS %358 1 5% F T 32 1 138 i 25 K 42 0 1 tion of Power Consumption and Carbon Footprints
N\ P N by Applying Multi-objective Optimisation via Ge-
1 22 SR 3k Jmy A 2R L AT T T R Y 4 R A Y EZy gh . ! P | Lo
. . . \ netic gorithms | ] |. International Journal of Pro-
JRFRAE R B TR AR RE RS B L T B . i r
S0 VB o e 2 5 HCS;%%“"‘&]?@Z]‘}&—K duction Research,2014,52(2); 337-352.
<Pt E o : He - [6] DING Jianya. SONG Shiji. WU Cheng. Carbon-effi-
fiE MOPESP. HLILPEREGE T CS 575 M INSGA- cient Scheduling of Flow Shops by Multi-objective
5% Bk 7 HCS HIL 7K i MOPFSP I Optimization[ ] ]. European Journal of Operational
A RHE Research,2015,248(3) :1-14,
KT AR G BRAE L 7 B B R R F [7] TANG D. Energy-efficient Dynamic Scheduling for
5% A DL 2% ks H 4 R v F b MOPESP & in a Flexible Flow Shop Using an Improved Particle
E% E‘Jﬁ&“ﬁ l"ﬂ i, %%’J%Kﬁﬁa%ﬁ@ﬁ]fﬁ [a) 55, Swarm Optimization [ J ]. Computers in Industry,
2015,81(C) :82-95.
ST, [8] LU C. Energy-efficient Permutation Flow Shop

[1] FANG Kan, UHAN N, ZHAO Fu,et al. A New Ap-

proach to Scheduling in Manufacturing for Power Con-

* 2680 -

Scheduling Problem Using a Hybrid Multi-objective
Backtracking Search Algorithm [ J ]. Journal of



RAH A GRE KM OR KL BEE RS —amr & ol i wE
Cleaner Production,2017,144.228-238. 353.

[9]

[10]

[11]

[12]

(13]

[14]

L1 Xiangtao, YIN Minghao. A Hybrid Cuckoo
Search via LEVy Flights for the Permutation Flow
Shop Scheduling Problem [ J]. International Journal
of Production Research,2013,51 (16): 4732-4754.
MARICHELVAMMK , PRABAHARAN T, YANG
Xinshe. Improved Cuckoo Search Algorithm for Hy-
brid Flow Shop Scheduling[J]. Applied Soft Compu-
ting Journal,2014,19 (1): 93-101.

ALAA S, ALOBAIDI A. Two Improved Cuckoo
Search Algorithms for Solving the Flexible Job-
shop Scheduling Problem[ ] ]. International Journal
on Perceptive and Cognitive Computing, 2016, 2
(2): 25-31.

WANG H, WANG W, SUN H, et al. A New
Cuckoo Search Algorithm with Hybrid Strategies
for Flow Shop Scheduling Problems[]J]. Soft Com-
puting»2017,21 (15): 4297-4307.

I SN R AT U S S A 7
00 22 B AR A5 m AR 77 8 BE A ST L. = HLAR
T.#,2011,22(17): 2061-2066.

ZHANG Jianjun, PENG Yali, ZHANG Li, et al.
Improved PSO for Multi-objective Copper Roll
Production Scheduling[J]. China Mechanical Engi-
neering,2011,22(17): 2061-2066.

PRAT 3%, Rl A 22 B A 46 il K 42 T) 81 2 9 i ot
YRR L] T E LB T AR, 2015,26(3) ¢ 348-

(5 2673 TD)

(12]

[13]

[14]

[15]

[16]

TR MR T S Ot TR B O A 1 I X A 1)
A B L) AU T2 24 42, 2006, 42(2) :129-134,
GAO Liang, GAO Haibin, ZHOU Chi. Open Shop
Scheduling Based on Particle Swarm Optimization
[J]. Chinese Journal of Mechanical Engineering,
2006,42(2): 129-134.

SHA D Y.HSU C Y.A New Particle Swarm Opti-
mization for the Open Shop Scheduling Problem
[J]. Computers & Operations Research, 2008, 35
(10):3243-3261.

NASIRI M M, YAZDANPARAST R, JOLAI F.
Simulation Optimization Approach for Optimizing
Jobs Dispatching Rule in an Open Shop Scheduling
Problem[J].International Journal of Computer Inte-
grated Manufacturing,2017,30(46):1239-1252.
BAI D, ZHANG Z,ZHANG Q. Flexible Open Shop
Scheduling Problem to Minimize Makespan[ J]. Com-
puters & Operations Research,2015,67(1); 207-215.
WANG W L,WANG H Y,ZHAO Y W,et al.Parallel
Machine Scheduling with Splitting Jobs by a Hybrid
Differential Evolution Algorithm[J].Computers &. Op-
erations Research,2013,40(5) :1196-1206.

[15]

[16]

[17]

(18]

CHEN Kejia, ZHOU Xiaomin. Improved Food
Chain Algorithm for Multi-objective Permutation
Flow Shop Scheduling[ J]. China Mechanical Engi-
neering,2015,26(3) : 348-353.

YANG Xinshe, DEB S. Multiobjective Cuckoo
Search for Design Optimization[J]. Computers &
Operations Research,2013,40(6);: 1616-1624.

LEI Deming, GUO Xiuping. A Shuffled Frog-lea-
ping Algorithm for Hybrid Flow Shop Scheduling
with Two Agents [J]. Expert Systems with Appli-
cations,2015,42(23) : 9333-9339.

WANG Ruihua. An Improved Non-dominated Sor-
ting Genetic Algorithm for Multi Objective Prob-
lem[ J]. Mathematical Problems in Engineering,
2016,2006(103): 1-7.

QIAN Bin, LI Zihui, HU Rong.et al. A Hybrid Dif-
ferential Evolution Algorithm for the Multi objective
Reentrant Job-shop Scheduling Problem [ C]//IEEE
International Conference on Control and Automation
(ICCA).Hangzhou,2013:485-489.

(HmE K B

TEE R 4b 4 A 20, 1994 R4 B L AR TR . BIFSE 07 1] 3 RiE
PRSI, € RGEFEH, T 1076 44, H8 -
BEFE AT . ST 5 1) Sk O Ak ] B BHOS 5 0r ik CR Re AR AL ik
E-mail: bin.qian@vip.163.com

[17]

[18]

[19]

[20]

MATTA M E.A Genetic Algorithm for the Propor-
tionate Multiprocessor Open Shop[ ] ]. Computers &-
Operations Research,2009,36(9): 2601-2618.

CHEN Y,ZHANG A,CHEN G, et al. Approximation
Algorithms for Parallel Open Shop Scheduling[ J]. In-
formation Processing Letters,2013,113(7) :220-224.
JET BRI VB T I 4 ) 2 IR AT LA R
W T ke A 1) 9 8 B vk L0 ) 33 HL 4 ) 3 &R e
2011,17(5): 990-996.

ZHAN Yong, QIU Changhua, ZHU Haitao. An Inter-
ruptible Multiprocessor Open Shop Scheduling Algo-
rithm Based on Network Flow [J].Computer Integrat-
ed Manufacturing System,2011,17(5):990-996.
BEAN J.Genetic Algorithms and Random Keys for
Sequencing and Optimization[ ] ]. Orsa Journal on
Computing,1994,6:154-160.

(Fig &

TEERIIT . B B4, 2, 1977 4 Bl BT 585 0 A 7 it 4l
HSEE.MERGEEMESH A, REIL X 11 . Email
yarongchen@ 126, com. # ¢ & GEFEH ) . 15,1988 4, i ifi .
WHoErm S 45 Bl i & Re il R, REWBX 15 /. E-

mail: hshenquan@163.com,

+ 2681 -



