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Abstract: Scheduling is one of the key technology of intelligent manufacturing, in typical flow shop scheduling, all jobs
should be processed according to the same sequence through all the given machines. As an extension of the classical flow
shop, in hybrid flowshop scheduling(HFS), all jobs should select one suitable machine from a set of candidate machines,
which increase the flexibility, and thus improve the performance significantly. Nevertheless, the complexity of the system
is also increased and thus the problem is even more hard to be solved. Therefore, we give a survey on researches of several
time-constrained HFS problems, including the canonical HFS, HFS with limited wait time constraints, HFS with setup
time constraints, HFS with fuzzy or stochastic processing times, HFS with multiple time constraints, and time-constrained
multi-objective HFS. For each type of time-constrained HFS, firstly, the literatures are classified according to their problem
scales. Then, all the researches are categorized into four types according to exact algorithm, heuristics, meta-heuristics, and
hybrid algorithms. Further, the realistic applications of the related time-constrained HFS are also analyzed. Meanwhile,
the algorithms about the multiple objectives are also analyzed according to three aspects, i.e., considering the due dates,
energy consumption, and costs. Lastly, from problem features, algorithm classification, and the application aspects, the
time-constrained HFS are summarized both in challenging problems and future research focuses. The problem features,
algorithms, and typical applications about these problems are reviewed. Finally, we also give a brief description about the
future challenging issues of the HFS with special process constraints.

Key words: hybrid flow shop; no-wait constraint; setup time constraint; fuzzy or stochastic processing time constraint;
multiple time-constrained; multi-objective optimization

Citation: LI Junqing, LI Wenhan, TAO Xinrui, et al. A survey on time constrained hybrid flow shop scheduling
problems. Control Theory & Applications, 2020, 37(11): 2273 — 2290

ks F1391: 2020—02—13; 3 H H): 2020—06—09.

T38{Z/E% . E-mail: lijunqing@lcu-cs.com; Tel.: +86 15063528919.

BT k.

FI 5 E B IE ST H (61773192, 61803192, 61773246), IR A A RABHL TR H (717KZ005) % 5.

Supported by the National Natural Science Foundation of China (61773192, 61803192, 61773246) and the Shandong Province Higher Educational
Science and Technology Program (J17KZ005).



2274 a5 MM #3745
1 58§ AR ISR IS B A MR IE SE RS, AT AR

TV AE BALES W BEE I & i € 1 CRF R il
RIEIEN(2016—20204F) ) F5 H, 2 Aeilid & 2 1%
— UG BB EHARE el hiEHARIRERE, 5T
ek A BB RS EHIEE S ST, B
HEAL B2, BUGE BT BIER S DIREmHT
A= AL AR I R AL R RE fIE DS AZ L B
T, R AL A BRI SR S i eT LA
RUEARRERE S mBe &I F 26 | ol L S mir /i s
TR, B2 Al A = e, b B [ & 5 T LA
7R AR RAZE RN YA FEARAK IR R A i AR R R
] 2 —, Y& It 7K 2 10) 3 B (hybrid flowshop sche-
duling, HFS) i A2 f FiZ ] 5 v iy L3 1] @, 7E 3T 4Pk
BN Tz K. B, 2 Sehrd =il 1R, B an s

T

I

SRR A IR K ZE AT ) 2

FEHFSH, I TR o o B, B4 i
Bt AT R Y B SR b 15 A A . AT A — AN AR 7R
T4 HEORH 5] 100 00 IR AR R & AN I LI B, 23k
FEEHT B, AT LA FFAT B ik B — k47 m
T ENgs 7 R HES R R e K. 4 S HFS )
T3 72 P4 £ Ti = (non-deterministic polynomial, NP)
ME, HARRITE RIS R R SR AE, R, 155t
FRVRE MR SR A SR AN, FH TS HES 1 52 ) )
K AR B2 7R T 19954 LAk, HESFlHr I [H]
LR PTHFS [A)8UH S S FE SR T . B A] I, HES
] REUR T B [A) 20 SR P HFS [0l AR AEA 3 1T 2K
TEFIRFAT.

e | T

Bl 1 HEAHFS /R K
Fig. 1 Chart of the canonical HFS

40

—O— A Al A HRHFS 18 34
&g

2 20
10

—0— WoSH#E FEHFS 18 3 3

2 JRAUK AR R SR S
Fig. 2 Chart of the research of HFS by years

FESEPRAE AR, RN . Z14UE L 3
AN ARG « U AR TR, b1
T A BREERFIN )« AE I T L AU/ BEATLIN T 18] <52y
SEM TR SCL AR AF, A Sbr A i AP AR N 2 4
AHFS I 7] AR 15 B9 R 2%, [A T AH LEAR SEIRTHES
SERESE K. EEARBIAELL R LA T :

1) HFS 225 8 AN T AR 55, RIFLARIEREAN
TAFHER. HESHE 9 it K 22 18] 1 B AR5 51, A LE 3K

ZETAlR EERE N T BRI Bl UR R A, PR,
HH B IR K 4 18] 3 B2, HFS fi e 235 4 R 2k 580 B2 2%,
DAL B AR LR B R A N2 AL, dnfer &5 & 1]
FIRFAIE . ZVRRAE AN H RS L, it R A aUsRms An T
JA R AT, TR FR R 1 Bk

2) SERRA R A, 5 B R LA R AR AT
X2, SIS TEAR R AT AT PRAFAF IR 18] L iy 26 i 1)
BERI/BENUIN T (B 55290, Bl T2 Bt )4



£ 11 PR IN 2 AR AR A1 E ] 2k 2275

WHFS, 00 7 10 i A &, R AEREEEST
THIE 2, SEIAR & 1) P R AL, A REEAS B AL,
R

3) 25 2o S T S R A R, RN
7 e SR AR AR AT TN A2 4, M P 1K, AR AL BE
IR LI R SFAE AR 2, WAT IR AME SR, 4 I L
B TIPRE.

3 AT L ARHESHE f 0] @A) WL, HES ¥ B i) #5AH bt
G /K B B2 ) i 5E O 2 2%, LAt 9t HAT B
PR SS SRME, AHCHE SR BRI ] L
A& INFA] | ABTR /BTN I [R) S5 T 29 SR HFS R EUAS 1
— T B WA B Gt 4 ) R, A g ) 40
BRI IR R, SEAF 45 G I 2 AN H AR,
A FRFRANBIL.

1T HFS Vi B2 0] 2 AFAE TS B il /@ rhy, Xof itk
A SCH 58 2 AHFS | i A R S5 FFHES | a7 #E 25 1 15
HFS .\ ASH1/B8 LN LB [RJHFS « 22 B [8] 29 RHFS | i
B 29 A AH 9% 2 H brHFS S [0, H 5125 IR i 1] £ 31
HFS [ @ | 550350 8 F 45 07 T AR PE R, i 1)
T IR 2 SR HFS o] R AR ] REid 2 Bk,

2 FEATRE UK ZE 8]V B A R
2.1 JAl AR

FEATR A /K 4 ) JA B (HFS) 17 @ m] LSRN H
mAN LR BE, n A TAF, B4 TA#AmIE T, T
PR BB R T 5 UNO; &, LIFO; (LRI L
BB L, I rT DAE AT FPUR AR & i e — A>T H
BUARIEAT IO L. ) @R A ) B AR — O i IME R R 58
Ll Makespan. 125 H 7 3EAHFS IR, B
Gy AP S, B AR LR E £, A T
FE s I TR B 2255 i 8 — AW AR, ey T
TR A P A BC RN LR _EHE T R B

TRA I /K A (B AR AR B SR A 2IPREEANA], X
ATLASR IR Z R, i 54T LR R A4
M =Judla|B]y. H: oFRER THAE L, SRRL
WAMER AT, v HbrekiL.

D) 8] THE B ot S T BocR, 5NN T
B B AL R 0 J s . B, B B4 S50 oy,
ag, azflay. HA: oy RoOR—RTHAE L, fElba; =
FH; o s BRI T B as Mo, MADNSEEE
N TR TR BAUR FIEEARE. (o, o) RoR
TEIN TR B a2 R as ) FRAT I THLR. oy
€ {9, P,Q,R}, H : PE /x 3 17 £ Ml (identical
parallel machine), Q%7 [F 25 347 Hl(uniform parallel
machines), R % 7~ A # 5¢ 3 17 Hl (unrelated parallel
machines)!®.

2) LIRFMERSL R B, B T BRI 2R A, o L
AP S R

o vy TAPREIRUN RIZ R, s A g 72 HoRE it
[F]r; Z BIANEETF T,

« prmu: BIRFKLIR, FoR TAERANINTHY
BN TR AR REAAL.

* prec: /T LW, R LA L 2 H 1)
IS RLR.

« M HURTT LR, 2R T 7N TR Bk
AT FNURSE &2 M.

o sk HERINTRIZIR, SRR TR M EAEAE T A
PRI 2% I (7).

o prmp: 18 52K, FKox TAEI AT DAk A

* block: ZZM X L5, Lo TR B [ gz
X R/NA R, TALAHERT— M T B BLEE
JEM ISR X

« recrc: A ELANZIR, FKon LAFAT LAZE Rl — AN
THrBEANSZ RN T.

* unavail: HLRA ]I, SRR TALRAE B
ANIRZLIS TRIAN AT H.

« nwt: LR, Fon TAEA RN TH B
(B AN FRVFEEA.

* limit-wait: £~ A REFRFLIRN.

* no-idle: F LR, LRHURETT T AR
VRN

© PM: TP PEAEAB LR,

* brkdwn: HLKHPFZIH (machine breakdown).

* jinst: T4 A2 (job insertion).

© p; = p: FRFTA LI A FHTE.

* Prugsy: I TRIZ)0E, RN TN — A=
FARRNEL.

* Duncertain: AN T E 2.

* Pdepend: PURECEHIEAH IR0 TN [R] 271

. size; ;: R LIFO, j A Esize; ;MK F[A]
inp//ie

3) AR E AR, LA bRk A

* Chax = max;C;: i K 58 T I [A] (maximum
completion time).

* Fax = max;(C; — r;): BCRFEZR[A] (maxi-
mum flow time).

* Ly = max; L;: B K T A 4E 3R (maximum
lateness), e L; = C; — d;F 7R T A5 1) 4E 1R N [8],
d; e LA jIsE ).

* Thax = max; Ty B K 5 B [A] (maximum
tardiness), : H17; = max{C; — d;,0}& = T 151



2276 oA R 5 N A

37 %

T J I 1]

* Eyax = max; E;: g K42 7 B 8] (maximum
earliness), £ 1 E; = max{d; — C;,0} % = T 11
PERTHTH.

- C = > Cyin: ~F¥5E TN ).

. SO ST,

o O =" w;C/n: FIIIASE THa].

S w, Oy RIRGE T AL

* Clnax = max; Cj: BB S 5 56 TN

o F =3 Fyn: PRGN E.

© Y Fj BURERT.

o Fv =" w;Fin: FHINBGRER ).

o Yw Fy BB A

o T =3 Tjn: FHFEIRIA].

o STy BIEIREH].

o T =Y wTin: FHIBGEIRIA].

o S w; Ty EIIBGER I .

« U=YU;: @i THHE, KU, € {1,0}
YA IER A TR L, 750, HRO.

© > Ej ERET AL

« EY =3 w;E;/n: PR AT .

« Soj: TAF 50 B[] (sojourn time).

© Y w;So; SIALHT B[R]

« So =3 w;So;m: FHIIRH EA I H.

© Tpy: NURKHIII AR ).

o Twy: FURKBISAALN A,

* Epy: HURERIINT E

© Bwy: HURERIEALEE

« TEC: &gkt

. kil Tpr: SRS T TA].

> Twy: BRI TE.

m
k=1

wiTpr: SHIBHLAR N LA &)

NgE

>
Il
—

NgE!

wiTwy,: SAIBH RS HLI A].
1

>
Il

NgE!

Epy: BHUARINTRERE.

=
Il
—

Epy: BHURFFHLAERE.

2 TMs

wi Epy: SIBAURIN THERE.
1

=
Il

m

> wi Bwy: SIMBHURFHLEE

k=1

* eUmpe: NURFIHIZR . Z2pi XA 58 T [A]

3

(T35 HERAA.

« CT: fEAJHH.

* Omax: IR ZER L.

* rac: WIRAHCRA.

* mac: HURZHLAA.
2.2 HFSEZMair

HFES FF I 8 2 22 $FSPIn] 751 ) 45 151). Garey A1l

Johnson(1976)!7IE B &% /Nt Makespan H 5 T HFS 1
J 111] F 2 NP—C(NP-complete) 1] &5, X T 7% 4> i L |
BUTHFS T L )/, £ iz /MEMakespan H AR T (F2(1,
P,)||Ciax), Gupta(1988) BIIE B /& — 4~ NP-5¢ &
(unary NP-complete) [l @ Xf TP A G, A0
TS5 2 AN I ALK FTHFS I 2 7] @, Hooge-
veen®(1996)°HiE B 3L 76 A 46 15 (F'2(1, P,,) [prmt)|
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LAY SR RNE Fy(1, Pp)|limit — wait|cost [26]
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deviation, LD)+ 2§ i3 ff)Gilmore and Gomory %% /0> JA
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SRARHFS-NW [0l i1 70 3 e 0772 2 BA g sE
5 7% (genetic algorithm, GA)? | Hi 7 B 1k (particle
swarm optimization, PSO)%. y:128:33:37 N T 40 % 55
£ (artificial immune system, TAIS)?714%,

AR, FURRGAE— B LR AL
AR, AP EVERAERE ). EEATHES-NW i) @, 45
EIRA FEALHE:

O Joja kA7 IEAE K XN A Z5 G 5 TH: S
[24] K H 18 4% 5735, 45 & 6448 Johnson 77 ¥4« (it
Johnson J77Z% LPT. LSR. LMR. LDZ:7E 4 ) 6 Fi i
RAHN. 28, S [22]fk & _Liderta K g Al
i3k ) Gilmore and Gomory 5, F45 & 7 3 it
H 7 — AR A S SC3 11T ATHFS-NW i) 84 4,
AT T — Ml A—FF% Ja3 K X5, G TR oA
b FH A A SRS, T h T —FR AR R, SC[32]
Fy gt 7 —Fioki T BRI Nawaz-Enscore-Ham(NEH) J3 &
ENAHSE A VR & HE.
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AN E SRR A P
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PLREAE BH H SR AR B e AR B 1 IAE, JT
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e CTE R ESE N S AV

3) LA,

B 0oh S R A2 7 3 AR A AF AE ITHFS-NW i) 21 3¢
[291E T X AN Bk Az 7= R B L — AL R 2 ), A
N—BAH] W B L 6 4% £ HFS [8) @, B FFjmy,
Mo, - -y my| Y Cyp. L4015 X Ak 2w 4L #
ALIRZE [R] A6 AL B AR RS B A ), s T 2R
PLIAER R BEHLIR, R38N TR I — R CSEAFHFS,
G ERHE, S T AT S EEFAEHDT R K
R EHE, LU C . FFHREEBNEE RN 4 7
HROERAR RS MR B3 N L B R AR AR 1 RS
HFS 7] 8, 7 7 R HON IR, DL /ML e
TS TES S w,; C; 9 B bw, R HSLAE B H Fa st k4T
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WL T PRI B = M B SR ARIR A UK G 1A
), BT T A B BOSE I e SRR B, A5 A B R
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P S (PRSI AN A A 7 25, At R0 FH A3 B 1) e
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M LR R T A IR RHES IR H R AR o 4 45 7 1 4% I 3] 9 3R (9 HES (HF'S with setup

SCHRTT time, HFS-ST)/~ni= A,
O FEIn] BT, B ATRAFHFS-NW ji @i = 22
3NN S RBFRRIE, e R RIS ] @ A < M,
500, AL B — <4 M
@ SRARSEHTIT, K FLIRALIR ) 38 5L Hiks Ly,
B H S AE /NI o] J 15 2] 1 50 E, BtAL 5VE BT M,
BEALSETE N I 0 R R BEVETE SR Af IR ) @ AT
WE— T LA A L, BT AR g | 3
R BRI« T8 2RI T B IR 2 Y s EN KN
PR G VAR RIS 2] TIRAIEA, o .
@ N AR, BT S2brA 7 fE, B A WESs M, 2 [ ]
SRR mE T A R AR R, TR R ER jye
LCAETE hn T el B ok 7R A PR &R A 5l G &5 5. AT, 0 2 4 6 8 10 12 14 16 18 20 22 24 26
HFS-NW [l A7 AE T K& SEPRAE =l FE H, i A 20 e
iz, m T o Tf2 T3 !
4 CHFHERSI R HFS E B o) i B4 OTHs B
PlspA e fE e, T D240, FUR EANFE T AF K 4 HHES I TRIZRHFS 7~ &
Z )5 B AT R 58 HIHE % AR, B, 743 Tl e Fig. 4 Chart of HFS with setup time constraint

A L E, AR AR T B2, 7 ZE0 3% k4T

R D, A [R5 21 1 32 SR EE AR 7. 2P T IR HES-ST i A 5 STHR.

% 2 W&t A9 HES A B Rl A LAk T R

Table 2 Literature about HFS with setup time constraints

WARZA v SCik

LU Fo(L, Prn)s;k| Cmax [43]

JUIE R AL F5(1, P)|8k| Crmax [41]

JARATTi% F>(1,4)|sk|w; Lmax [42]

G Fm, P];ylzl |5jk |Crnax [46]

Wi =Y, a W= A Fon, P15k |Crmax [58]

AR RS Fny P4 |85, PM|Cinax [45]

TP Fn, P |51, brkdwn|Crnax [47]

AL Fpn, P |51, brkdwn|Crnax [48]

LVt = RPRIY E (VB =D &= RFR Fon, PI |86 S T3, 5 E; [49]

[EEDN YRGS Fon, P15k |Crmax [50]

MV A L Fy, P2 |5, recrc|Cmax [44]

AR Fon, P 155 Cinas, - w; T [52]

UL AP S Fim, P15k |Cmax [53]

GuE R Fom, P 1|5k, 1ag| Cimax [51]

WAL SRR+ R R Frm, P11k |Cmax [55]

Z BhriR L Fm, P 5%, uncertainduedates|Cmax, 2T [59]

FhifET % Fm, P];mzl |5j]g|Cmax [56]

JREHE R+ 0 R K52 Fon, P15k Crmax [57]

% HirRAE Fim, P18 jk|Cmax, TEC [54]

HSSA+OBWOA+DGWO Fmvplzr;l'Sjklzijijijj [111]

FH AT L, S ETR SO I B SOk 205, LA T 1) [l RIS,

FEHR ) UL L SRAR S LA A3 AN 5 T _EaR S B SR A v R P RS, SRAFHIFS—ST 4 [ /) ST

RREEAT 70 R R AT LA 73 9 P B A 22 i B .
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WLAE B3, B — 2 E 6 T AR %05 29420, 50, 100,
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FRRA T BT

© JuEKRITES R ARNARLE AT SC[46]
fl 4 Johnson HE % | F 58 AL B [A] 95 248 LU (shortest

processing time cyclic heuristic, SPTCH) F1 i £ HJ [1]
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stic, FTMIH), J#45 & S 5Bt 17— iR &5
SC[50Tf A 1 AELR K ELEAISPTCHALN; S [44]3
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3) Il

B Xof SRR AR P I AR HARALE () HE A N [B] 2 RHFS
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T —FBEN BB L k. PargarE P A e N HE
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@ £ 7] A5 T, AT SRAEHES-STHi KRR
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BRI T 1 REAR A SR, Ed SCHRAE ] URFAIE 43
Mo R BRI AR R OC RAZHR ST I, AT
ARSI AR

@ N4 T T, HFS-ST & ZEAZAE Thr% 44
FE AT SR BRIAR S 2 AR g TRALS
A T AR T, 255 R BRI, R R 2
SRR FHAME, EAFERANI L.

5 ORI BN E N LI (] HFS 1 B ) 2t

AERYL/ Bt AL T BT ) £ 2R AN 0 PR T T BE 11
B W T2 —, BTS2 7T 2 &3
WF 72, BESZ5 H 7 Ok I B 8] HFS (HES with fuzzy
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Fig. 5 Chart of HES with fuzzy or stochastic processing
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Q0B , Horp T A5 20~100, Il THLER AR N

B755~20.
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B LA LR/ NS R 32, HL 22 R0 SCR I BERLAE
BT 3R, ME =38 B R4 i Benchmark 5451

2) RfFEE.
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H —Fh 3 98 3 T OB SOt i 5275, Golneshini
SEIONR 7 — b FE 43 25 0 18 40 59 Gonzdlez-
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.
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i ASCR/BE LN I 18] 20 SR A HES i) BUE R Rk )
IS0l PCB il i Aix Mk A= 7= 3t #2631 PCB 3 e 37t 7K
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Table 3 Literature about HFS with fuzzy or uncertain constraints

i i SCHR
AL+ TR g Fm, P;:nzl |pfuzzy |Tmax [68]
iﬁ'fgﬁ‘/iﬁ‘ggglﬁﬁ%!g%? Fm, szil ‘pdepend|cmax, rac [62]
SPT+iEMEHIE Fm, P;?l 1 |pst0chastic |érrlax [71]
%?ﬂﬁﬁﬁ?ﬁ*ﬁﬂﬂ"]EDAF& Fm, P]ﬁl |pstochastic |émax [72]
@iﬂlﬁg%ﬂ]ﬁ+®(ﬁﬁ?ﬁ Fma P]?Ll ‘puncertain |6max [63]
HETIUF 3 A A o Fim, P |Pstochastic| Tmax [64]
*ﬁ*ﬂi@ﬂ(+%§%%§% Fm: P;zn:1 |precirculatiom Pdepend |Cmax [60]
VR B E R BT SRS R SR Fpn, P;gnzl |Puncertain; Punrelated| Z Tj [65]
KRB+ FEPR T RERNE Fon, P |Ptuzay| 3 C, Tmax [61]
m
—‘Hﬁgz E*ﬂﬂjﬁgﬁ{z Fﬂ’L: P]T:l ‘pdependent:punrelated| Z Piv Z Epk: [67]
k=1
B2 B AR R 5% Fon, P |Ptuzzy, prmu|Crax, > Fj [69]
AR+ IR OO R Fon, P Ptagay | 303 B dj [66]

6 A2 RHFS B ] i

AT FEL G Z TP R 29 50R A FTHFS (HFS with
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1) IS TCE P A HRIR A

B X A A £ BT ) IS S5 A B ) 24 SR AR VR A 1
HFS i #: SC[73] Rl DR KR 7 [ 58 4 R F RV,
Bt T — MR AU B, SC391E 5 P By e M
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FESE R A 5. S [7418E 1 T —FINSGA-TTFI AR
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TR A AR . S 831 LA IMEC ax AT
ST EbR, Wit T —FhRlE SRS RCHE AR R
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5) LERFAIRIRS.

Gicquel ZOVEF xfaA in T Fr B4k T AR P2 i 2,
CRE B RERAREE . LR A IR X 3P4 R %A,
Bt 7 —F U1 1 5 (cut-plane algorithm, CPA).
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FEor .
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Table 4 Literature about HFS with multiple time constraints

RS ] R SCHR
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