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Abstract

In this paper a new heuristic algorithm has been developed and presented for
minimizing the total completion time of a scheduling problem in a multi stage automated
machining and assembly systems. The proposed Higher Ratio First(HRF) algorithm is
based on the idea that jobs with higher processing time ratio should be a higher priority.
The heuristic algorithm is implemented on the various problem cases by number of jobs
and machines. The proposed algorithm provided smaller makespan than the makespan
applied by three previously documented heuristics. The results obtained show a superior
solution by the new heuristic over previous heuristics on all problem sizes.
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[Table 1] Processing Time, Ratio

Cell | Processing Time .
Group 1 2 3 Q| LR
1 18 80 0 98 | 0.82
2 0 8 60 140 | 057
3 64 0 80 144 | 056
4 0 0 58 58 |1.00
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[Table 2] First iteration of the proposed algorithm

Cell 1 2 3

Group PT CT PT CT PT CT
1 18 18 80 98 0 98
4 0 18 0 90 58 156
4 0 0 0 0 58 58
2 18 18 80 98 0 98+
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[Table 3] Second iteration of the proposed algorithm

Cell 1 2 3
Group PT CT PT CT PT CT
4 0 0 0 0 58 58
2 0 0 80 80 60 140
1 18 18 80 160 0 160=
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[Table 4] Comparative Analysis by the proposed algorithm
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80 920
80 920
4.0 96.0

0.0 1000
0.0 100.0

0.0 100.0
2.0 980
140 86.0
0.0 1000
0.0 100.0
0.0 100.0
0.0 100.0
0.0 100.0
0.0 100.0
0.0 100.0
0.0 100.0
60 920
20 960
0.0 100.0
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6.0 940
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0.0 100.0
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0.0 100.0

66.0 32.0
220 720
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Reduction Ratio

M M Frequency Optimal
C G ean ax MW CDS
Mw | cps |mMw| cps | BD | 2@ | ap | BD | BQ | 6D 2 FaQ
Mean [Max

4 {143 06 [ 400 59| 20 60 920 120 630 200} 0.8 110 | 740
10 6 | 181 37 | 406 141 | 20 00 980 140 220 640 27 99 | 300
8 | 202 711|347 167 ! 00 00 1000 200 40 760| 36 112 | 180

150 a4l 111 07|22 58|00 60 940 300 540 160| 09 70 | 660
15| 8 | 178 46| 343 127 | 00 00 1000 160 40 80| 42 113 | 60

20| 4| 88 06|25 73| 40 40 920 320 520 160| 11 67 | 60.0
20| 6 |138 18| 273 57| 20 20 90 520 140 340| 32 100 | 140
20| 8 | 165 40 | 285 105 | 00 00 1000 180 40 780| 35 102 | 80

Mean 190 66 | 340 170 [ 03 13 984 96 136 769| 23 131 | 490
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Figure 1. Reduction ratio of MS(C20) Figure 2. Reduction ratio of MS(G100)
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oA P =S L G2ne BAL SAHoT FASs Y8 SAS(Statistical
Analysis System)l A &4 9Jx}(Least Significant Difference : LSD)¥ & o] &% A3},
[£ Sl Re uwieh ol fro=& 005904 AwF Algorithme ZF Col, MW
Algorithm< Ad] CDS Algorithmd< Bol|l <3¢t}

[Table 5] LSD Test Output

Alpha= 0.05 df= 9447 MSE= 80.24556
Critical Value of T= 1.96
Least Significant Difference= 0.4425

Means with the same letter are not significantly different

T Grouping Mean N A
A 127.415 3150 1
B 106.108 3150 3

C 100.000 3150 2
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AL Algorithmo 2 3 &7t th& Algorithmo & & 5119]' Hlugd o d&uloA
A g, FPFed 459 i AL od JF& LXNE Folry] H3 BAEAE
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g, 25 ZLo] FAFE 0001004 AL Algorithme] /NA &Ho A 9FE 713 R
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[Table 6] ANOVA Output I

Source DF Type I SS Mean Square F Value Pr>F
CELL 6 11835.87231 197264539 36.48 0.0001
GROUP - 8 13195.19672 1649.39959 30.50 0.0001
CELL*GROUP 48 36912.18488 769.00385 1422 0.0001

[Table 77 ANOVA Output II

Source DF Type 1 SS Mean Square F Value Pr>F

CELL 6 5484.60638 914.10106 40.62 0.0001

GROUP 8 17027.78952 2128.47369 94.59 0.0001

CEL*GROUP 48 15296.59135 318.67899 14.16 0.0001
5.3 &

2 dFAe g HE7AY XEIIAE e AFAN Lo F Aol e A
< o]FEHA Awe AFIPAANEEAA FAAFABATE HAH3E YALRFAY &
AE FeFoz 2Y33ln A&HoE TAHAHHE AT} Algorithme NEsAt

Mg wAF 7Py $e4E HUsy]l A 71€EY 718~ SPT Rule, LPT Rule,
Montazeri and Wassenhove's Rule® t}%% 23 - Z4d45E 4, 6, 8, 10, 20, 30, 5, 70, 1007}
7t 97v A S0 s, ASFE 3, 4, 5, 6, 7, 10, 15, 2074A] 771A A$o 3] WEHAFNAEA
7zt ZASol dis 50709 AN F 31508AE RYLAEN £ AT & dToA ALd
Algorithmo] 7]1&¢] & A 79 7IPER YEF, @EvdA 25 4534 3 2%
E AF3A o] RgHY FAE FAHINA SASE oL tdFvIuREME Y5 FH
N2 71go] 4TS EAXHSE JFIUY oz B FL AN HHAHE I
HAsY € B S8 03 ZAHAHE AT LA 7Y ke aFEHY £ o
AZZE, 7149 1%, 49 739 =FF5E 23 54 59 EF(Multiple Objective)
E zte 2o U 977 dlojof & Aoz wudth
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