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(the permutation flow-shop case)

Chen (1991)
(unit cycle time)

(cyclictime)

(unit cycletime, UCT)

cyclictime
outputs per cycle

UCT =

(make span)
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State 4 )
3 % Ms J M, Js M
S=1 T (
State5  State 10 )
4 Mg, M3
S=3 T State
11)
5 M3 My S=4
T
T ( State 12)
6 M, Ms T
T ( State 13) M, M,
T
(
State 14) 8
) (s) (t)
State 1 ®© 000 1 5 -
State 2 oeo0o0 2 33
State 3 0o eo0 3 65
State 4 cooe 4 98
State 5 eo0O e 1 105
State 6 ceo e 2 133
State 7 cocee 3 165
State 8 ecee 1 172 <
State 9 ceee 2 200 «-
State 10 eoo e 1 206
State 11 eee0 3 213
State 12 ee0 e 4 222
State 13 ec oo 3 233
State 14 ceee 2 244 «--
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7T State9  State 14
cyclictime 244 — 200
outputs per cycle 1
(T) (s) ®
State 1 ®e 00O 1 5 <
State 2 oeo0o0 2 33
State 3 ee 0O 1 39
State 4 e 0 @O0 3 65 <
State 5 O e @O0 2 76 <
State 6 ee 00O 1 82
State 7 eeC e 4 98
State 8 eOcee 3 109
State 9 eoceoO 1 122
State 10 Oeeo0 2 131 <
State5  State 10
cyclictime 131-76
ucT=— - - 55
outputs per cycle 1

(200- 76=
124) (55- 44= 11) 11
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12 (124/11 = 11.27)

(the best bound rule)
rule)
(upper bound)

(lower bound)

) (P)
(P-1) (P)

(P)

(the newest bound

(P-1)
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state 1 [+o o )
state 2 [ oo
|
state 3 e @ O O | |oooo | state 4
4 (fathoming)
1.LB>UB
2.
3. LB<UB
5 (stop)
( )
1
UB=44
2
State 1 S=2
(1)
(M (s) (t)
State 1 ®e 000 5
State 2 0O e®0O0 33
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2
State 2 State3  State4
(2-1)
M (s) ®
State 1 ® 00O 1 5
State 2 O ®0O0 2 33
State 3 ®e 00O 1 39
(2-2)
M (s) ®
State 1 ® 000 1 5
State 2 O eo0O0 2 33
State 4 00 @O0 3 65
3
State 3 ~ State 4 (LB)
31 (Satel)
1)
5 51 45
(1-1)
(M (s) ®
State 1 ®e 00O 1 5
State 2 0O eo0oO0 2 33
State 3 ® 000 1 39
State %’ e 0O @O0 3 65
State 6’ Oeeo0 2 76
State 7’ ceo0 e 4 98
State 8’ eeO0 e 1 105
State 9’ eOCee 3 115
State 10’ 0Oeeo0 2 132
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(1-2)
(M (s) (t)

State 1 eo0oO 1 5 <
State 2 ceo 2 33

State 3 e e O 1 39

State 5” ecC e 3 65

State 6" cee 2 76 <
State 7" ceoe 1 82 <+
State 8" e e O 4 98

State 9" eO0 e 3 109

State 10" cee 2 120

State 11" ) 1 133 <+

(1-3)
(M (s) (t)

State 1 @0 O 1 5 <4
State 2 oeo 2 33

State 3 e e O 1 39

State 5"’ ecC e 3 65

State 6"’ eo0oO 4 98

State 7"’ ceo0 2 109

State 8"’ coe 3 141

State 9"’ oo e 1 148 <+
State 10"’ cee 2 176 <4
State 11"’ oo e 1 182
State 12" e e O 4 199
State 13"’ eO0 e 3 210
State 14"° cee 2 221 <+
@

56 45
State3 LB=45
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32 (Sated)
1)
65 50 44
€)
(M (s) (t)
State 1 000 1 5
State 2 e 0O 2 33
State 3 e 0O 1 39
State 5”7 o eo0 3 65
State 6" 00 2 76 <
State 7"” e e o0 1 82
State 8"” oo e 4 98
State 9"” cee 3 109
State 10" ” ceo 2 132 <+
(2-1)
(M (s) (t)
State 1 ooo 1 5 -
State 2 eo0oO 2 33
State 4 oeo 3 65 -
State 5’ o eoO 1 72 >
State 6’ ® 00O 2 100
State 7’ eo e 4 110
State 8’ eo e 1 117
State 9’ cee 3 149
State 10’ oeo 1 156 <
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(2-2)
(M (s) (®)
State 1 1 5
State 2 2 33
State 4 3 65
State 5" 1 72
State 6" 2 100
State 7" 1 106
State 8" 4 117
State 9" 3 132
State 10" 2 143
State 11" 1 156
(2:3)
(M (s) (t)
State 1 1 5
State 2 2 33
State 4 3 65
State 5"’ 4 98
State 6"’ 1 105
State 7"’ 2 133
State 8"’ 3 165
State 9"’ 1 172
State 10"’ 2 200
State 11"’ 1 206
State 12"’ 3 213
State 13"’ 4 222
State 14"’ 3 233
State 15"’ 2 244
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State 12"” eeO0 e 4 174
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State 14"” ecO e 4 218
4
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(2)State4: LB=44 UB=44
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Chen (1991)
(Py)
(Ly) (Uy)

Li 5 Uj 3

2 1
m [2m+(m-1)*5]
[m/4* 3+m/4* 5+
(m/2+1)*2]
30 1020 (30*34)

4

90% 10 80%
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(m) ()

8+U(0,2) 0.05133

2 9+ U (0. 2) 100.00 0.05100
11+ U (0, 4) 0.07700

13+U (0, 4) 0.07733

3 14 +U (0, 4) 97.50 0.07700
16 + U (0, 4) 0.07700

14 + U (0, 6) 0.11333

17 +U (0, 6) 0.11400

4 20 + U (0, 6) 92.50 0.11333
23+ U (0, 6) 0.11367

17 +U (0, 8) 0.15900

21+ U (0, 8) 0.15767

5 26 + U (0, 8) 88.33 0.15733
30+ U (0, 8) 0.15733

20 + U (0, 10) 0.21433

26 + U (0, 10) 0.21433

6 31+ U (0, 10) 88.33 0.21233
37 + U (0, 10) 0.21233

23+ U (0, 12) 0.28367

30 + U (0, 12) 0.28367

! 37 +U (0, 12) 85.83 0.28367
44+ U (0, 12) 0.28367

26 + U (0, 14) 0.36433

34 + U (0, 14) 0.36267

8 43+ U (0, 14) 84.17 0.36367
51+ U (0, 14) 0.36367

29 + U (0, 16) 0.46500

39 + U (0, 16) 0.46500

9 48 + U (0, 16) 84.17 0.46500
58 + U (0, 16) 0.46467

32 + U (0, 18) 059133

43+U (0, 18) 059133

10 54 + U (0, 18) 81.67 0.59233
65 + U (0, 18) 059133
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( )
Chen (1991)
(m) ()

8+U (0, 2) 0.08067

2 9+U(0,2) 100.00 0.08033
11+ U (0, 4) 0.15200

13+ U (0, 4) 0.11167

3 14+ U (0, 4) 100.00 0.11167
16 + U (0, 4) 0.11167

14 + U (0, 6) 0.25067

17 + U (0, 6) 0.16833

4 20 + U (0, 6) 100.00 0.15367
23+ U (0, 6) 0.15400

17 + U (0, 8) 0.47600

21+ U (0, 8) 0.26167

5 26+ U (0, 8) 100.00 0.21033
30 + U (0, 8) 0.21233

20 + U (0, 10) 0.93367

26 + U (0, 10) 0.41933

6 31+ U (0, 10) 100.00 0.29267
37 + U (0, 10) 0.29300

23+ U (0, 12) 3.47867

30+ U (0, 12) 0.39000

! 37+ U (0, 12) 100.00 0.39067
44+ U (0, 12) 0.39000

26 + U (0, 14) 5.57433

34+ U (0, 14) 0.52200

8 43+ U (0, 14) 100.00 0.52167
51+ U (0, 14) 0.52167

29 + U (0, 16) 5.91733

39 + U (0, 16) 0.69367

9 48 + U (0, 16) 100.00 0.69333
58 + U (0, 16) 0.69400

32+ U (0, 18) 7.75867

43+ U (0, 18) 0.91367

10 54+ U (0, 18) 100.00 0.91367
65+ U (0, 18) 0.91367
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( )
Chen (1991)

2 0.19 0.08 0.05 0.10
3 0.29 0.12 0.08 14.43
4 7.13 0.18 0.11 18.53
5 17467 0.29 0.16 216.77
6 * 0.48 0.21 7243.00
7 * 1.16 0.28 *
8 * 1.78 0.36 *
9 * 2.00 0.47 *
10 * 2.62 0.59 *

*

NP-hard

8 %
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A Study on Operator Cyclic Walking
Patterns for Single Operator with
Multi-machine in Manufacturing Cells

Rong-Hwa HUANG, Tzu-Hsine HSUEN”

ABSTRACT

In manufacturing cells, the single operator with multi-machine model has been used broadly. There are
thirteen possible operator cyclic walking patterns in a single operator with three-machine model. So they can
be displayed and solved by total enumeration easily. But in a four-machine model, there are more than one
thousand possible operator cyclic walking patterns. When the number of machine increases to five, the total
number of the possible operator cyclic walking patterns will be more than one billion and three hundred million.
Among them, some values of the unit cycle time may be similar but others are different. So choosing an
optimal operator cyclic walking pattern in order to improve productivity and decrease production cost is really
an important and complex issue. Our study focuses on the problem. Since it is NP-hard, we developed a
heuristic approach to derive a sub-optimal solution. The computational results indicate the heuristic approach
we developed had a high rate to get the optimal solution, above 85%, and its running time is really short. The
solution was then used as the initial point of branch and bound procedure. Further, several dominate rules and a
lower bound of the optimal value of the unit cycle time were developed. The integrated branch and bound
procedure we developed can get the optimal solution within reasonable time. It is more effective than the

existing ones.

Keywords: manufacturing cells, single operator with multi-machine model, operator cyclic walking
patterns, unit cycle time
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