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A Scheduling Scheme for Restricted Parallel Machines
with Cycling Process
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A study on the following parallel machine problem is addressed in this research. An order is completed only
when a given number of processes (cycle) are repeated. A new cycle is possible only upon the completion of the
previous cycle. Orders are classified into job group according to product feature. For a machine to switch to a
different job group from the currently processing one a major setup is required while a minor setup time is
inserted in between two jobs of the same job group. The objective of the study is to find a schedule that
minimizes total weighted tardiness. An initial solution is obtained by the RATCS(Restricted Apparent Tardiness
Cost with Setup) rule, and a Tabu search is applied to improve the solution. Numerical examples are also
presented.
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Figure 1. Restricted tools in the parallel machines.

HHE 3AE 7= EAA e o S o] AAAZHE 7}
A R T sl & FHEANAE AEAQL A A Al
Zho] whAbsit). 7t 3749 XSS A 44 Ag e 2
P ok webA IS ST v HA7A A T+
Ak F0.3 17 Abgo] kR A7 serige] o
A sk BT T Al 873 s 2a] 93 =
Al W9lE 32 39 T8 3 NASE B
webA] Agtetaat ke 94 A8 9 EAE <Figure 2>9%
2ol 3% & gtk

Cycle Process
Machine
Machine
2
# Macshine
% Final Product

(=)
o= [ po— =l
’ Identical Machine

Figure 2. Parallel machines with cycling processes.
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Figure 3. Definition of the parallel machines.
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Table 1. Simulation experiment data

Experiment data List Data values
Number of orders 100, 200, 300
Number of major types 2,4
Number of minor types 3,6
Number of parallel machines 3,4,5
Distribution of cycle U[5, 10]
l?istribution of cycle processing U[30, 60]
time
Distribution of major setup time U[80, 100]
Distribution of minor setup time U[25, 30]
Distribution of order U[1,550]
Number of search terms()) 3,6
Search depths 2
Search iteration numbers 9, 18

Order(3) *major type (2)
Number of problems *minor type (2) *parallel
machine(3) = 36 Problems
) . 10 times of each Problem

Number of simulations .
36*¥10 = Total 360 times
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Table 2. Mean TWT about 100 orders TR E AL <Figure 7>l A B0 Aoket &
= o = 20 g0
. . . ‘ﬂmo]EH?_]: E]'i‘ﬂmﬁ-t}%fxéoeqﬂ']’ﬂ—ﬂ 991\‘;]' 7]74]9]
Order| Majors | Minors | Machines | Jobs | M-EDDTWT | M-MSTWT | ATCSTWT | RATCSTWT - . [ o .
selo] WA Aeolq Adsr} 27ek] Bl <Figure
100 | 4 6 5 747 | 104445 83422 72651 52450 _ .
>ANAY FEF7S7HEEE TWTY 32 S71th
100 | 4 6 4 747 | 250139 | 246159 | 151404 | 69659
= = S
ShARE FEapol Adglo] £ Aol A ARk RATCS &
100 4 6 3 747 | 983550 | 966766 | 819483 | 205479
3 5 >~
225 o el Ha) TWIZ At w3 58471
00| 2 6 5 749 | 82257 71967 52420 40326 _ = = o
= o
ool whet tich ¥ FEY TWTY F7t &2 Atk
00| 2 6 4 749 | 149651 | 128841 92322 47657 . N
wEbA] & Aol A ARk dartel ol tijt ¢aElFRT &
100 | 2 6 3 749 | 555018 | 486971 | 319515 | 102792
[e]
&4/
100 | 4 3 5 746 | 158643 | 145858 | 106930 | 59164
100 | 4 3 4 746 | 320609 | 307868 | 208990 | 87127
100 | 4 3 3 746 | 1310522 | 1233758 | 1070513 | 257260 Mean TWT
O M-EDD TWT M-MS TWT
00| 2 3 5 716 | 57110 50525 30314 24601 ATCS TWT [ RATCS TWT
00| 2 3 4 716 | 110031 93062 53746 25445
00| 2 3 3 716 | 267264 | 251060 | 16509 | 37936
Table 3. Mean TWT about 200 orders 431 408
7
Order| Majors | Minors | Machines | Jobs | M-EDDTWT | M-MSTWT | ATCSTWT | RATCSTWT
200 4 6 5 1491 | 270849 | 261987 | 196757 | 123498 -
100 300
200 4 6 4 | 1491 | 619028 | 609880 | 355624 | 153481 Nurber of Orders
200 | 4 6 3 1491 | 2098366 | 1927686 | 1708415 | 431265 Figure 7. TWT about the number of orders.
200 2 6 5 1502 | 188953 | 162950 | 122305 | 74458
200 2 6 4 | 1502 | 307813 | 288942 | 183800 | 78944
Mean TWT - 2 M|
w | 2 | 6 30| 1502 | 973064 | 891839 | 627574 | 146314 o BIM-EDD TWT M=MS TWT
- ATCS TWT [ RATCS TWT
200 4 3 5 1480 | 361262 | 341035 | 267623 | 129356 .
200 4 3 4 | 1480 | 779517 | 762311 | 603657 | 158885
200 4 3 3 1480 | 4626556 | 4183884 | 3059670 | 883556
200 2 3 5 1498 | 176208 | 163372 | 109777 | 57070
200 2 3 4 | 1498 | 280587 | 264579 | 217395 | 65428
200 2 3 3 1498 | 1016083 | 865972 | 750491 | 130881
3 4 5
Table 4. Mean TWT about 300 jobs Nurber of Machines
Figure 8. Mean TWT about the number of machines.
Order| Majors | Minors | Machines | Jobs | M-EDDTWT | M-MSTWT | ATCSTWT | RATCSTWT
300 | 4 6 s | 2271 | 524069 | 494068 | 333269 | 217069
300 | 4 6 4 | 227 | 1160367 | 1078355 | 864673 | 274334 Mean TWT o
O M-EDD TWT M-MS TWT
300 4 6 3| 2271 | 5335706 | 4820435 | 4433407 | 1330835
ATCS TWT  RATCS TWT ‘
300 | 2 6 s | 2306 | 271185 | 263011 | 164743 | 120370
300 2 6 4 | 2306 | 437955 | 432483 | 255337 | 125022
300 [ 2 6 3| 2306 | 1501017 | 1222440 | 974432 | 253208
300 4 3 s | 2087 | 487146 | 423697 | 298987 | 197696
300 | 4 3 4 | 2087 | 849343 | 790202 | 543975 | 247952
300 | 4 3 3| 2287 | 3228744 | 3165079 | 3095025 | 653321
300 [ 2 3 s | 2338 | 252886 | 245388 | 172561 | 104357 -
2
300 [ 2 3 4 | 2338 | s7a2n1 | 539815 | 339861 | 128565 Nurrber of Major Types
3000 2 |03 30| 2338 | 2427538 | 2352680 | 1991377 | 332335 Figure 9. Mean TWT about the number of major types.
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3 6 et of s Tyes Table 6. Mean TWT and Time about 18 times
. Majors | Minors | Machines | Jobs | RATCSTWT |RATCSTime| RTSTWT | RTSTime | GTSTWT | GTSTime
Figure 10. Mean TWT about the number of minor types.
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