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Bottleneck Focused Heuristic Algorithm for Hybrid Flow Shop Scheduling Problem

QU Guogiang'?
(1. School of Economics and Management, University of Science and Technology Beijing, Beijing 100083, China;
2. School of Economics and Management, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: For the complex shop scheduling problem of hybrid flow shop with makespan minimization criterion, a heuristic
algorithm cooperating the characters of machine configuration and job processing time intensively is proposed. Firstly, the
bottleneck stage is identified using the character that the average processing time is not equal at every stage, and then an
initial job sequence is constructed. Secondly, a job is given higher priority at the first stage when it takes shorter processing
time before the bottleneck stage and longer processing time after the bottleneck stage. Meanwhile, at every stage before
the bottleneck, if there are jobs waiting for processing or completed simultaneously, the priority is given to the job with
shortest remain processing time before the bottleneck; at or after the bottleneck stage, it is given to the job with longest
remaining processing time. Finally, pairwise interchange and insert operation are used to improve the initial scheduling. The
performance of the proposed heuristic algorithm is tested using Carlier and Neron’s benchmark problems. The computational
results show that compared with the well-known NEH heuristic algorithm, the average deviation is reduced 0.055 5%, which
verifies the effectiveness of the proposed heuristic algorithm.
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3 EXERESISIE (The basic idea and
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Tab.1 Processing time of the instance j10c5a5

i1 2 3 4 5 6 7 8 9 10
pyl12 14 6 3 3 6 11 6 8
py |3 12 13 12 6 15 15 6 11 8
py |14 13 6 13 11 11 10 11 5 8
psi |14 14 6 4 14 7 8 10 10 13
psi|10 10 10 7 7 14 7 7 4 15

w

XK 2 HBj10c5a5 MPILE TAHT o i gl e

Tab.2 The initial job sequence 7 constructing process of the instance j10c5a5

LA m TAHET ARSI VI TAH4HET ©
5,10,8,1,4,3,9.6,2,7 10,2,1,6,5,8,3,7,9,4 TAES 5, K
10,8,1,4,3.9,6,2,7 10,2,1,6,8,3,7,9,4 Tk 4 53 e ok ke 4
10,8,1,3,9,6,2,7 10,2,1,6,8,3,7.9 TAF 10 5,10, 3 3 sk % 4
8,1,3,9.6,2,7 2,1,6,8,3,7.9 T 9 5,10,% % % % % % 9 4
8,1,3,6,2,7 2,1,6,8,3,7 TAES 5,10,8,%,% % % % 9 4
1,3,6,2,7 2,1,6,3,7 T4 7 5,10,8,%,% %% 7,9 4
13,62 2,1,6,3 T 1 5,10,8,1,%,*,%7,9,4
3,6,2 2,63 T3 5,10,8,1,%,%,3,7,9,4
6,2 2,6 T4 6 5,10,8,1,6,%,3,7,9.4
2 2 T2 5,10,8,1,6,2,3,7,9.4
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Fig.1 Gantt chart of the instance j10c5a5 solved by BFH (Cyp.x = 122)
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#208]6] 7 ]
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241 [ST 101 [ 2 ]
243 [8] 3 | 7 |
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Fig.2 Gantt chart of the instance j10c5a5 solved by NEH (Ciox = 125)

4 HIREII (Data experiment)
4.1 MK EHE

X ] MATLAB7.6 7£ Pentium4/CPU3.00GHz/
RAMS12MB [FIHL#% b gmfe sl iR 5k,

R Z >k B Carlier A1 Neron 2 H 1) Bench-
mark 54, XL KN 10 S TAF 5 ANFrE
ALE] 15 AT 10 ANBY B TARTE & B Beim
TR pij € (3,20). ARHE TAFEG B BEEUBEAN Y
BT TN LEOAN ], 35X 77 ANEBIsr 4 13 4,
A oa. by F1d PURKEAL, a 250 b RIS —

MBI HAA — S Ly, mHEH B 3 Sl
#vs o RIVEBIRHREBAT 2 SALE, e B
3 BHLEE: d RMEHIR 5P BARA 3 Sl (M
I A AN S §15¢5d1) . BT j10c5a3 Fon
10 T S ANEr B, a RS 3 AN S [24]
FIH 3 3258 Fid ok SR g X e 57451, j10c10c FR 4k =K
il M JSE e T L BAG) 53 18 SRR PR 2L, o it 451
45 6 4~ j10c10c* 2, DL FTA R 23 4 a 51 24
A b RIS, ot 53 AN MRS EEE 6

j10c5c* 5. 6 A~ j10c5d* 2. 6 4> j15c5c* K 6 4~



4 1] Jit it RIS 170 P A A SR SR ARV YA /A 4 T 1 ) 519

j15c5d M, SLit 24 ANE], Hirpo= 4k 6 A
j10c10c KHHI I REG W 1. 2. 3. 4. 5. 6.

H Ay = ZoR R s 50 (e 3 ot 36T
IRAL R 44 % 1 BRI R B2 1) 22 e 4 ) MG R
A CWEY P25 G s 5k . SO, AT
R PERG) R AR A, DA A LR A
T KA HFS B2 i) dURE RO, an SC 1251 K H
TN T RGOSR, R4t T ANl
TH LB . ALK T O A A LB KA B
P i A R BRI SR . R, Dl
/MU Croax 2 HFRSK AR HES B, JURP R S A
DL NEH R r O Rk, %4 NEH 1E k%)t 5
% SAOCSCERIEL, e LU 3 AN R AR R
A () AL, FeEsRA e 5
() AT PRI A H00 0 I R TR ) R4 B 2 L (2)
7 d, RFVERN Crax 5 T AR N 5 LB ()0
#,d = ((Cuax — LB') /LB") x 100; (3) ¥EI s, $§ CPU
(RITEECTE], LL s A B
4.2 LWLERSLLE

P 53 AN G i 24 ASHEMEILTE 4 BRI 77
ANEA), KA ) BFH 5 NEH #H 748,
e NR 3 RIS 4.

#* 3 NEH 5 BFH 8iLiMH 45— iR 5 1

Tab.3 Computational results of NEH and BFH algorithms —
Easy instance

NEH BFH

Crax  d s |Cmax d s
jl0c5a2 |88 |88 0 0.1082| 88 0 0.0064
jl0c5a3 (117|117 0 0.1075|117 0 0.006 6
jl0c5a4 121121 0 0.1077|121 0 0.0062
j10c5a5 [122/125 2.45900.107 1122 0 0.0068
j10c5a6 110|115 4.54550.1044/110 0 0.0065
j10c5b1 {130{130 0 0.1169{130 0 0.0059
j10c5b2 {107/107 0  0.0997|107 0 0.0054
j10c5b3 [109]110 0.9174 0.097 4/ 109 0 0.0052
j10c5b4 {122{122 0  0.1007|122 00.00567
j10c5b5 153|153 0 0.1019|153 0 0.005
j10c5b6 [115/115 0 0.0992|115 0 0.0054
j10c10al|139( 148 6.47820.2151| 139 0 0.0185
j10c10a2|158| 164 3.79750.207 5| 158 0 0.0178
j10c10a3|148{148 0 0.2028|148 0 0.0136
j10c10a4 (149|161 8.05370.2043| 149 0 0.0147
j10c10a5(|148| 154 4.05410.2070(148 0 0.0124
j10c10a6|146| 148 1.36990.2104| 146 0 0.0167
j10c10bl{163/163 0 0.4033|163 0 0.0094

5| HEl LB

—

e e e T e T e S =
0 9 AN N B @D 0 =~ o VYV o N WUV kW
—

PP 5Bl (LB NER BFH
Crax  d s |Cnax d s

19 [j10c10b2|157|157 0  0.4793|157 0 0.0093
20 |j10c10b3{169|169 0  0.4008|169 0 0.009 6
21 |j10c10b4{159|159 0 0.4050]159 0 0.0098 4
22 |j10c10b5|165|165 0 0.3822|165 0 0.0095
23 |j10c10b6{165|165 0 0.3691|165 0 0.0097
24 | j15c5al 178181 1.6854 0.3876|178 0 0.0092
25 | j15c5a2 |165|165 0 0.3773|165 0 0.0093
26 | j15c5a3 {130{130 0 03918130 O 0.009 8
27 | jl15c5a4 [156{156 0  0.3753|156 O 0.0095
28 | j15c5a5 |164{174 6.0976 0.3766|164 0 0.0095
29 | j15c5a6 [178|178 0 0.3854|178 0 0.0092
30 |j15¢5b1 {170{170 0  0.3603{170 0O 0.0075
31 |j15c5b2 {152{152 0 03589152 O 0.007 4
32 | j15c¢5b3 |157|157 0 0.3506|157 0 0.0073
33 | j15c5b4 |147|147 0 0.3495|147 0 0.0075
34 |j15c5b5 |166/166 0 0.3483|166 0O 0.0077
35 | j15c5b6 [175(175 0 0.3476|175 0 0.007 4
36 |j15c10al|236{236 0  1.4363|236 0 0.0178

37 |j15¢10a2{200{202 1.0000 1.3547|201 0.5000 0.0136

38 |j15c¢10a3(198|198 0 1.3262{198 0 0.0186
39 |j15c10a4|225|225 1.3445]225 0 0.0135
40 (j15c10a5|182|182 1.3417{182 0 0.0115
41 |j15c¢10a6|200{ 200 1.3439{200 0O 0.0168

42 |j15c10b1{222{222 0.7750]/224 0.9009 0.0136

oSO O O o o ©

43 [j15c10b2|187|187 0.756 6| 187 0 0.0154
44 |j15c10b3|222|222 0.7758|222 0 0.0174
45 |j15c10b4|221|221 0 0.7423|221 0 0.0183

46 [j15¢10b5|200{202 1.0000 0.7517/202 1.0000 0.0145
47 (j15c10b6|219|219 0  0.7575|219 0 0.0164
48 |j10c10c1|113|122 7.9646 0.2139|120 6.1947 0.0136
49 (j10c10c2|116{123 6.0345 0.2090/120 3.4483 0.0163
50 |j10c10c3| 98 [120 22.44900.2113|123 25.5102 0.0194
51 |j10c10c4{103|126 22.3301 0.209 6| 128 24.2718 0.0162
52 {j10c10c5(121|131 8.2645 0.2236|140 15.7025 0.0136
53 |j10c10c6| 97 [ 106 9.2784 0.2151|117 20.6186 0.0133

T8, MHLERAT R A BE AT LU, 3 5 ]
PUF H, X T a 281 23 AN 41, NEH F BFH 43 51l
13 MR 22 ANEEBISRAS T C50 N AL, Seft befol o3 s
BT 56.521 7%H1 95.6522%, V-7 K 1.7191%
F10.021 7%, R SKMERCRARH 4, I B A B AL LA
P35 0 25 X WA Fe b L, BFH iz # i 7 NEH.
ST b 2501 24 AN, NEH 1 BFH #5422 N4
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KA T CATR A, AL Z 91.666 7%, 1251
ZE0 A 0.079 9% 0.079 2%, 3 B S A 25 B AAE
U, e B LEAG RIS 22 g 25 X P AN Fa bk b, BFH 5
NEH #124. T ¢ 25 18 4N545, NEH Fl BFH -3
T 2 53 ) 2 8.690 6% A1 9.137 2%, H.¥%A —ANHEH
RAFOATN I, RUSRESCRAE. T d 25 12
A5, NEH F1 BFH ~F-32) {22 53 53 /& 12.408 3%F1
14.638 3%, #RZANA —ANHBIKS A F A, K
KA BOR A ALK R, A B A5 R0~ 34
ZEIX PN TRAR KT, a SR b JEMK 5451 SR At 225 R 45
FLT ¢ JEF d K 5HE .
# 4 NEH Y BFH 8L A 45 R—E g 5
Tab.4 Computational results of NEH and BFH algorithms —

Hard instance

NEH BFH

Coax  d s |Cnax d s

j10c5c1| 68 | 71 4.4118 0.1114| 73 7.3529 0.0073
j10c5c2| 74 | 77 4.0541 0.1127| 75 1.3514 0.0065
j10c5¢3| 71| 75 5.6338 0.1162| 75 5.6338 0.0062
j10c5¢4| 66 | 70 6.0601 0.1119| 71 7.5758 0.006 1
j10c5¢5| 78 | 82 5.1282 0.1112| 79 1.2821 0.006 8
j10c5¢6] 69 | 73 5.7971 0.1127| 74 7.2464 0.0065
j15¢5¢1{85] 91 7.0588 0.4170| 93 9.4118 0.0093
715¢5¢2190 | 99 10.00000.4385| 97 7.7778 0.009 6
j15¢5¢3| 87 | 97 11.49430.4472| 89 2.2989 0.0092
j15¢5¢4| 89| 96 7.8652 0.4067| 95 6.7416 0.009 6
j15¢5¢5[73 1 79 8.2192 0.3983| 81 10.9589 0.009 7
j15¢5¢6/91 | 95 4.3956 0.4011| 92 1.0989 0.009 6
j10c5d1| 66 | 72 9.0909 0.1835| 68 3.0303 0.0066
j10c5d2| 73 | 77 5.4795 0.2512] 79 8.2192 0.006 3
j10c5d3| 64 | 67 4.6875 0.1619| 69 7.8125 0.006 8
j10c5d4| 70 | 75 7.1429 0.1774| 75 7.1429 0.0064
j10c5d5| 66 | 72 9.0909 0.2296| 71 7.5758 0.006 1
j10c5d6| 62 | 67 8.0645 0.1931| 67 8.0645 0.0060
j15¢5d1|167| 167 0 0.3736/167 0 0.0083
j15¢5d2| 82| 92 12.19510.4878| 98 19.51220.009 4
j15¢5d3| 77 | 88 14.28570.4993| 90 16.88310.009 1
j15c5d4| 61 | 89 45.90160.6467| 94 54.0984 0.009 6
j15¢5d5| 67 | 84 25.37310.697 1| 85 26.8657 0.009 3
j15¢5d6| 79 | 85 7.5949 0.6438| 92 16.45570.0099

LR, WS IR P J5T 2 o il sl M A 1) A R AT
L. M 6 i LAE H, 6 T 53 A it 5451, NEH 5
BFH 73547 35 MR 44 DNSEABISRAG T AR5,
B EL 143 5k B T 66.037 7%F1 83.0189%, “F- 341
FE R 2.222 3% 1.851 8%, 7 WK AR5 Ak

T
Jn

Sl LB

O 00 9 O N kA W D =

[ NS TN N T NG I NS R N B e e e e T e T e e T
A LW D = O OV 0 N9 O LB W NN = O

UF, I HAESA LB AE- 3 0 23X AN $e b, BFH
HEEL T NEH; %FT- 24 M #Ef# 5], NEH 1 BFH
WACH 1 ANEBIRS T AR, Bt e #82&
4.1667%, ~F- ¥ 2 53l /& 9.5427%H1 10.1829%,
FURMEBCRALE. BAR, Ty fR S0 (1) SR AR 28R A
DT MR 545 1)

%5 NEH 13 BEH SLEAI M4 ELR (1)
Tab.5 Comparison between the results of NEH and BFH

algorithms (1)
SR aX  bE  cF  dE
N NEH |[56.5217 91.6667 0 8.3333
AL 1%
BFH |95.6522 91.6667 0 8.3333

NEH| 1.7191 0.0799 8.6906 12.408 3
BFH| 0.0217 0.0792 9.1372 14.6383
NEH| 0.5314 0.4054 0.2482 0.3788
BFH| 0.0119 0.0096 0.0105 0.0078

W ZE 1%

SEISHRERT /s

% 6 NEH ‘5 BFH it 545 L (2)
Tab.6 Comparison between the results of NEH and BFH (2)

)| AL /1% VHIWZE 1% | VHIRERT /s
EB| NEH BFH | NEH BFH | NEH BFH

Yfi#66.0377 83.0189(2.2223 1.8518 [0.4384 0.0132
MEfFE| 41667 4.1667 [9.5427 10.1829(0.3221 0.0079
R 46,7532 58.4416(|4.5040 4.4485 (0.4021 0.0115

PR, IR LGB R~ 1) 4 223X PR S Fi b F 3k
T K 6 nTLUE H, NEH 5 BFH (1K fif L%
Iy J2 46.753 2% 11 58.441 6%, BFH 1= 1 NEH Lt
1 & 11.6884%; NEH 5 BFH (¥ ~F 34 f 2= 43 i) &
4.5040%H1 4.4485%, BFH {% T NEH ¥ Lt {5 j&
0.0555%. Wit it, Joit MI A b Zaid 2 -2 fh
7K, BFH #5241 NEH 1.

I, IWFERS BT . AR 5 Rk 6 iT LA
T N LA R, 38 2 IR R P o
A& o) fift SRR ) #A oK FE, NEH FER 33 LG BFH K.
MEAR ERE, NEH K2R 72& 0.4021s, BFH
MJE 0.0115s. AR 7 ATLUE H, 45 M Bl A
JeAR A EL AR AN 10 AN In 2] 15 A1, NEH (173
FEIF M 0.1860s 18 hin%1 0.6138's, BFH U 0.0069 s
K4 0.0102s, BFH ~V- 3556 N 1 38 fnig 22 2 /T
NEH [f].

FEILIR IR, — 710, a 2EH1 b I HEI 2 2 iR
(B, ¢ AN d 2RI B9 HS & LU AE MR (0 5451 )
— 7, A TE 47 MHLERAT RO a R b S A
w1, NEH F1 BFH 4 5145 35 M1 44 NEBIRE T E
HUR G Bk 18 MWL AT R A ¢ RESHHIH, NEH
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Jit it RIS 170 P A A SR SR ARV YA /A 4 T 1 ) 521

A BFH A SKAFHAI K O 50 R 56 Bk 12 ML
HARCh d A EAPI T, NEH A1 BFH #53% A K #3
SIS A, M — AN A 2 5B j15e5d1,
HLE 3 Aii & 3-3-2-3-1, NEH #1 BFH #i:k 13 T ix4>
SEBII C R B X R W0 NEH A BFH Ifi &5, A
[F] (R L A1 R HIES i8] 5 1] 78 £ S At 280 R AT AR
HE 0.

%7 NEH 5 BFH SGEAU SR L G)y——T I FEm (5

fi7: s)
Tab.7 Comparison between the results of NEH and BFH

algorithms (3) — Average running time

n=10
NEH BFH
j10c5a* {0.1088 0.0065 | j15c5a*
j10c5b* |0.1026 0.0054 | j15¢5b*
j10c10b*|0.406 6 0.009 6|j15c10a*
j10c5¢* {0.1127 0.0066 | j15¢5¢*
j10c5d* [0.1995 0.006 4 | j15¢5d*

¥ 10.1860 0.0069| F#y

5 %% iE& (Conclusion)

TR K 2R TR IS AR v o — P B A AT AR
WO () K S A R I e e &, A B2 ) B A
FUME )2 (0 TR T S5t ARSCWFST T Ll
PRI T R B AR IR VR £ 90 K 7 ) o e, s
fF T T NP XE) . ASCHEH T — Pk ML 2% A = Fl
A I R TR RE AR R A A A R UEE . e,
7850 R B W B V- S LA S far — FAS AH 55 (1 250
PRI TR . Lk, ARHE AR B TR B &
FLAE A BEAT AT 00 LIRS 2, Y AR
LS G MRV LG TR . B, SR TSl
N B v a5 R . H Carlier A1 Neron # H
(") Benchmark 574147 5%, 45 J 38 WA =K A b LE
NEH 15 11.6884%, - {w % tt NEH ik 0.0555%,
THELIN ] E NEH A7 8O B2 BRI (RO 1 XA
B, KBRS, PR W22 EoR, THEH
81 4 B XA 25K 11 A SR HH R B0, 3R BRI B9
HA 2R, 28 TR s 74wk
AN T B ey 808 R AL RIS
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