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Earliness and tardiness flow shop scheduling problems under

uncertainty with finite intermediate storage

XU Zhen-hao, GU Xing-sheng
( Research Institute of Automation, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Production scheduling is an important part in the factories, and there are various uncertainties in the
production scheduling of industrial processes in reality. The earliness/tardiness Flow Shop scheduling problems with
different due windows are discussed in the paper, which is typical of the finite intermediate storage time of products. The
uncertain processing time is dealt with by fuzzy mathematics, and a scheduling model is then established based on the
fuzzy programming theory. Furthermore, a fuzzy scheduling algorithm is proposed by analogy with the concept and the

principle of biological immune system. Finally, the effectiveness of the fuzzy scheduling model and the high efficiency
of the proposed method are demonstrated by simulation results.
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2 FRREFG TR EFMENBESRR
B/ HEHE 1A B i) i A 0 S 45 BY ( Model of
E/T problem with finite
storage under uncertainty )

2.1 o)A (Problem statement)
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2.2 ¥ 3F$ERY( Mathematical model)
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min {G = > [hmax(0, e, —¢;) +
i=1

intermediate

wmax(0, ¢ —¢) ]}

s.t. 8, 2= Sy, + Tuoy,s (1)
5 = S iygen + Tooygey —MST; =T, (2)
S = Singeny = Ty (3)

2.3 #ﬁﬂ%?&( Model transformation)
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mln{Cz = Z [himax(ov € - Cf;) +
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wmax(0, ¢ —-1,) ]},
< n (1)
mln{G: = z [himax(ov €; _c:_i) +

i=1

wmax(0, ¢ —¢)]} .
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W S VR R AR
3 #EH®%EEEH % (Fuzzy scheduling

algorithm based on the immune algorithm)
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51 ax  ARGUASHUAZ M EER S ay,,.
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4 {HFEiX5E ( Simulations)

G ERE T, LA 10 AT & (Job) |5 4~k
BT (Unit) EE R RH. £ 1 B&-EBAH
SEALFEEH] , FIEHIBRR, RPIES AN 3 N

B T AT RER B/ in e 1] | B wT RN T A F0
A RER BN TR [A] 5 3% 2 B ™ s AR A - BT
Z IR i o (R e B R AP AR ] MST; |, Foep Bewn 3%
AN T B A 7 BT 2 [ B P ] G s R 3 —ANIR]
A X L3 SRR O R SRR/ HE A AR T A .

AL S o BH AL 22 B 8
Table 1 Fuzzy processing time of jobs
Ab T
7= i
1 2 3 4 5
1 (115 135 139) (1923 26) (92 111 126) (3233 38) (36 38 43)
2 (8187 103) (66 80 93) (82 87 106) (77 92 95) (3542 44)
3 (77 79 86) (24 25 30) (59 67 81) (116 137 151) (113 137 146)
4 (810 14) (117 123 138) (1011 16) (68 79 82) (97 111 129)
5 (72 8892) (19 21 26) (11 12 18) (27 33 39) (267)
6 (118 143149) (9299 111) (82 95 100) (86 101 116) (15 17 20)
7 (2527 28) (5810) (66 70 84) (46 51 53) (51 6064)
8 (2329 32) (119 134 135) (58 69 81) (101 104 126) (113 117 143)
9 (99 104 111) (7278 95) (45 56 68) (136) (105 109 119)
10 (110 130 154) (114 130 134) (31 3541) (1418 19) (48 56 63)
K2 FIAAHe R K AR A MST,
Table 2 Maximal time of the intermediate storage MST; s
Job
Btwn
1 2 3 4 5 6 7 8 9 10
1-2 20 10 7 16 9 13 18 23 11 13
2-3 18 6 12 21 19 20 6 5 10 24
3-4 11 15 16 17 23 1 12 18 11 23
4-5 17 15 14 4 2 6 18 4 6 7
A3 FRATERE ARG/ ERETRE
Table 3 Due-date windows and penalty weights of products
= 1 2 3 4 5 6 7 8 9 10
B O [350,450] [300,400] [850,1000] [550,650] [700,800] [250,300] [300,350] [400,500] [350,450] [500,600]
B/ EERINE 2,3 2,3 3,4 5,5 4,4 2,2 4.4 3.4 3,5 2.3

B 1,2 2%« =0.7 B9 EAGERZR. B . i
PRFRR LA AR R RS BIAETE, L HH
£k ave-axN R REAR AR P E BB,
FoORBRELTTE PR IR TUR SHURERM
J1FEMEE BRI IR B2k avg-mem ZICIZHUA B
PP E(E B2k, X B )R 45 UGE ia BT AZ P
FRACAZHUR A i BARE R F 2948 T 1 A i 2
pop-opt F R BEIA T MR LA £ , Kn B AR
AR B BARE.

Aa=0,5KRF0. 1, BUCRMBHFEBLE R R
F4. HRFUATLUEH, FEEKF o BEHEME,
xR i B PR E N R ET 4T s /T &, B E

FRE PT RE B AE B X R AS BTy, X T AR o (8L, 7T
RESREIMFE N BAME, BB AARNIEFESR,
RE4S RIRE TR ILBUR PSR 2 ).

3. &4 2% a = 0.7 8, UMM
X143 218 Job FF 51 i H 18, Horp R A b 2 B B
] o, A bR KRR AL AT (U), BUH BiRER
327.2, B ER BERE R 526.

AT R R AR, A KA S B
RS T, BEKFRARMNE, 23 2 KOG R,
SIS EIR BAR R BRI O, BT IS RIS R IR S,
6 iR, Hoeft Mean R 19713 2189 B ERFHIE.

MERFELUE H, BEEBEKF o« KEKR, Bis
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B oW B #® 5 N M BBH
PREEBOR BN, Bl SR IRAT / B ETIMEBR B BRI T RS, 58 T B E M AT T
N BREERBE BT o BICWEFEL T, BE ARt
12000 —_— 15000
- :
10000 { ~ pop-opt 1 i — pop-opt
4 ~— avg-mem — avg-
a 8000 1}t ~-av§-axN 10000 23%25&“
: o
= L § =
e 6000 % &
4000 1
2000 1
0 ~ L 0 . .
0 50 100 150 0 50 100 150
AR BB
Bl BRAREAE(a=0.7) K2 BRARIEAE(a=0.7)
Fig. 1 Graph of the optimal programming(a =0.7) Fig. 2 Graph of the worst programming(a =0.7)
24 aFARHEATHRAELR
Table 4 Scheduling results o
=37 Wl BRI BALAL BAAL
a a
Job fF3  HAREE Job FF3|  EireRE Job FF%  HireR3K Job J¥3] HIRR¥
0 74110386925 857 74138692105 2236 0.6 74138610925 395.8 74138610925 653
0.1 47138610925 588.8 74138610925 1922.4 |1 0.7 74138610925 327.2 74138610925 526
0.2 74132861095 934.4 74138610925 1602.8 || 0.8 74138610925 292.8 74138610925 399.8
0.3 71438610925 708.9 74138610925 1313 0.9 74138610925 269.2 74138610925 307.3
0.4 74138610925 603.2 74138610925 1059 1 74138610925 266 74138610925 266

0.5 74138610925 492 74138610925 831

Unitl
7 R e [ 2]
D 26 36 165170 248 275 411 535547 649 734 826 909
H H H
248255 275298 41.-1"424 649 660 734 744 909 918
i 421 736
Unit2 +
i+ I(BI [0 [oT2]
263436 157 165187 255280292 421 518 535 §H60 736 812 918 938
286_‘ 292 421426 518538 660 670 684 93%57
Unit3 +
S i o e e [ o e P
102 157 168 187 292 357 426 492 538 6%9 670704 736 7§? 812 898 957 969
K = — =
4 292301 303 492 510 626 630 704 727 789794800 969 992
Unit4 |
DR
102152168 243 301333357 487510 61%‘630 727744794797 898 985992'}023
. 33“50 613617 727 7;3 751 797 803 10231025
Unit5 | 744749 ]
AR s s o] s | [2h
152 209 243 350 388 487 617 73349 803 911 9851025 1030
1 1 | 1 1 1 1 1 1 i
0 100 200 300 400 500 600 700 800 900 1000

t

B3 FEERN Gantt B (BEHY «=0.7)
Fig. 3 Gantt of scheduling result( the optimal programming a =0.7)
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Unitl
oo T fs] s ] e |[ o [ 2]
02739 175188 269&429!—9—(302 ﬁG 584 598 704 796 897 9HSG
269 276299 322 446 459 704 715 79?98806 986 995
Unit2 |
e o BRIl s [ s J[ w0 JTof2]
273639 166 175!—1-?9 276 302 322 456 459 5624584 7‘_13| 798 882 995 1017
199 217 302314 456 461 562 582 715725739 1017 1036
Unit3 |-
- 4L T3] F ] | o] L] 2] H
=) 110166 179 199 314 385 534 582 679 725762798 858882 975 1008
314312325 53“52 679 680 762 785 975‘39010 0 1073
Unit4 |-
M s s [ W §
110162 178 258 32333_]8385 527 552 66%680 785@9‘3 85%861 975 1067 107|3 1108
358375 662 666 785 791 810861 867 1108 1110
803 809
Units |- |
e [ [ [ 8 o] o | [2]
162 223258 375414 527 666 791809 867 979 10671”1(}16
1 1 1 1 1
0 200 400 600 800 1000

t
B4 EELRK Gantt B (BFMRY «=0.7)
Fig. 4 Gantt of scheduling result( the worst programming « =0.7)
25 a REHEATERAEAL G BRI
Table 5 Objective of the optimal programming at different o

N

1 2 3 4 5 6 7 8 9 10 Mean
0.1 588.8 583.8 588.8 919.1 894.9 588.8 588.8 1052.4 588.8 919.1 731.83

0.3 708.9 708.9 708.9 708.9 708.9 708.9 708.9 708.9 708.9 708.9 708.9
0.5 492.0 492.0 492.0 492.0 492.0 492.0 492.0 492.0 492.0 492.0 492.0
0.7 327.2 327.2 327.2 327.2 327.2 327.2 327.2 327.2 327.2 327.2 327.2
0.9 269.2 269.2 269.2 269.2 269.2 269.2 269.2 269.2 269.2 269.2 269.2

A6 o REMEILT &R 6 B AT R
Table 6 Objective of the worst programming at different o

N

1 2 3 4 5 6 7 8 9 10 Mean

0.1 1922.4 1922.4 1922.4 1922.4 1922.4 1922.4 1922.4 1922.4 1922.4 1922.4 1922.4
0.3 1313.0 1313.0 1313.0 1313.0 1313.0 1313.0 1313.0 1313.0 1313.0 1313.0 1313.0
0.5 831.0 831.0 831.0 831.0 831.0 831.0 831.0 831.0 831.0 831.0 831.0
0.7 52.0 526.0 526.0 526.0 526.0 526.0 526.0 5260 526.0 526.0 526.0
0.9 307.3 307.3 307.3 307.3 307.3 307.3 307.3 307.3 307.3 307.3 307.3

5 #5i8(Conclusion) BUAT 7B, B R R S TR 3R

bR R BT B EENARERE, B/ TR A BRE) Flow Shop i B
A SO ARBE S T B AR A IR, LR B, DU Ak B0 SRAT/ ST (A Oy B AR e S AT 4R
AHAFA I /9 Flow Shop HAi/HHIEE R I EELRRAENBSESHEIL, RHEMERF
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