J. Soc. Korea Ind. Syst. Eng Vol. 42, No. 1
https://doi.org/10.11627/jkise.2019.42.1.033

: 33-40, March 2019

ISSN :
ISSN

2005-0461(print)
2287-7975(online)

Dispatching Rule based Job-Shop Scheduling Algorithm
with Delay Schedule for Minimizing Total Tardiness

Jae-Gon Kim*

+ June-Young Bang*”‘T

*Incheon National University, Department of Industrial and Management Engineering, Incheon, Korea

**Sungkyul University, Department of Industrial and Management Engineering, Gyeonggi-do, Korea

A 2les

Sgate

B7lzlzel i 27e8 Eues

This study focuses on a job-shop scheduling problem with the objective of minimizing total tardiness for the job orders that
have different due dates and different process flows. We suggest the dispatching rule based scheduling algorithm to generate
fast and efficient schedule. First, we show the delay schedule can be optimal for total tardiness measure in some cases. Based

on this observation, we expand search space for selecting the job operation to explore the delay schedules. That means, not

only all job operations waiting for process but also job operations not arrived at the machine yet are considered to be scheduled

when a machine is available and it is need decision for the next operation to be processed. Assuming each job operation is

assigned to the available machine, the expected total tardiness is estimated, and the job operation with the minimum expected

total tardiness is selected to be processed in the machine. If this job is being processed in the other machine, then machine

should wait until the job arrives at the machine. Simulation experiments are carried out to test the suggested algorithm and
compare with the results of other well-known dispatching rules such as EDD, ATC and COVERT, etc. Results show that the
proposed algorithm, MET, works better in terms of total tardiness of orders than existing rules without increasing the number

of tardy jobs.
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AAwg FAANY. o FAAL FHA7} Hxvt HE
A1 e elste] AulolA A& Aehi Pg Al
Ak by EashA g Fgo] AuE= A, A
o] Aglo] BAE WA the Ae WASA i
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st 9= 2 ¥4 (operation)E FolA Azl qFFH 4
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<Table 1> Two-Job Scheduling Example
job | operation | Machine | processing time | due date
1 MCl1 6
1 16
2 MC2 6
1 MC2 2
2 4
2 MCl1 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16| 17
makespan=16
tardenss = 0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
MCl
MC2 makespan=12

tardiness = 8-4 =4

<Figure 1> Gant Charts of a Two-Job Scheduling Example
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' /
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<Figure 2> lllustrations for Schedule of an Untardy Job
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<Figure 3> lllustrations for Schedule of a Tardy Job
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Algorithm : Minimizing Estimated Tardiness(MET)
Step 1. Z7]38}
(1) ¢p<1, es;y<0 for Vi,

(2) a;;<=0, c;<=0, es;<—es; ;+p; ;. for Vi, j
(3) t,<0, n,<0 for Vm
(4) CT <0, h<0

Step 2. t=CT ol th7](idle) SFEJS] Fn] HE
(a) h<—h+1.

(b) W ¢, = CTOlH, ()5 WHEIT)

(¢) AF S {(i, j)la,;=0,0b,

Step 3. A= FFE G $YL A
SolA oo Ui, )& Agett 1. vg 2 =
A7 g

Step 4. t, At

vmeol 3l ¢, & thee) Hoz A
(1) m=ho]H4, tlmeesij"_pij

(2) m=ho|H, t;netm
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Step 5. es}d AIRF

dole] Aed ke BE FH 1o tEllA es, A

(1) k=i°]al a, =00,
A7NA m =ty

2) 2 99 A, esy < esy,.

€S8, < max {esh,,l FPpi—1s tn S

Step 6. 219 ko] & 15 Al P wf A
YA 7 AR
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3) = o]tﬂ T‘*T‘len{t 0}
(4) LE a?j ko 34 1o isiA, a,d:ool”d,
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m < by,

Step 9. (CT W¥7)

(1) cTE CTAA o5l An7l ti7] ez} 5= 7Hd
TS AR WA &, OT <« min, {t, | t,
> CT?}.

(2) BE An] mol tallA, ¢, < cTold t, < CT,
G, <1

Step 10. (T8 =71 9l

BE Fgol Aule dRFHATH, F, 0, =2

o, ¥ dueles FRIT 23A 4L Afs

h—0% AT & Step 22 ©]F 3}

B daugsodA 2 o 34 5o d8AgLe #4-
Anl g5 BA b9 es; 2 FE F Ak BT SAH
A FAAEE rgtel "k

& AgelA AbE MET &argse At @Al A
B o ARREE H7]7]ke] tas)d 254 EDD,
Slack, MDD, COVERT, ATC9 4&S nluasith 7
Hedy FEe 2oksh g P
EDD miny(d;)

Slack min;{d;, — CT—p;}
MDD min;{ [max {d,, CT+p, }]
,d,—CT—
COVERT maxi{imax[(),l—ma){( - p’)”
— 0,d,— CT—p,
ATC maxi{lemp max( = o) )}
i Kp;

A7 A A4 o] o] S theos Aot
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p= 21 Py
J=Ni4
ATC ruleol A k= AMH HZEE Ed Ao

olal, pE W7k Y& Zde) o] 2
2] o]},

o} 2} €
O]j/\] 7re] H+t

=3= =

= Aol A ARk AAAE <alels METS] A5
= B7ek7] flste] 7 23l whet lolel Ak 4R
2 A 30070 s A" AR A= 5
T2 2 7H93(10, 20, 30, 40, 5070), 378 2] B
tightness factor(loose, normal, tight)2 3}o] 15702 %3
o stk 2t Ad 3ol diaiA 20704 o] Wk
S Aldste] F 300708 Al tisi AFEE 19

Stk 24 AF AN B HlolE = vae] detv

HZ gsxoz PAIAE o71M DUa, b) = a, 0] T
kel A o] A2, Ula, b) = a, b7 oA TH6E3E
S #Hog Fdsdh Ay A4

)
4= : loose, normal, tight(3 4*5%)
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4) Anjel &0 M = 3x& 9 10

5) & i9 ¥4 N5 J =min{M, DU(1, 10)}

6) & el T4 jo 7HEARY p; ~ DU, 20)

7) A4 8 4 jE Theske Ao 98 b ~DU

g i
(1, ). &, A9 iv 59 A¥E AT ¥E5
oo A ol tiate] j= ko™, b, =b,
o]t}

8) 24 iel W7l 4= " Aoz A

J
d;~ ZPUX U(1, dfactor)

Il
—

Agat tany A e
COVERT, ATCS} w]wa}gid).

<Table 2>9} <Table 3> MET ¢ag]&d YHx] 3
o] FA AL vt Relative Deviation Index(RDI) -2
v w3k Aot} 7zt ek3e]Z 49 RDI 32 (7T =T/
(Dot — Do) = BT A7 T, &= T A
Ao 7hg 2 FAAERE BAF dugFe FA4
¥, T, 8% A A3l A 7P 22 FAARE Hof

F dugFo FAAE, 7,5 duE A9 FF A
el

<(Table 2> Test Results of Priority Rules with Respect to
Number of Jobs : Total Tardiness

Number | eny o) ack | MDD | COVERT | ATC | MET
of jobs
10 043 | 044 | 050 | 064 | 059 | 082
20 0.40 0.60 0.42 0.70 0.63 0.70
30 0.23 0.51 0.25 0.67 0.60 0.72
40 0.21 0.50 0.22 0.67 0.55 0.68
50 0.26 0.48 0.29 0.65 0.58 0.63
Average 0.31 0.50 0.33 0.67 0.59 0.71
<Table 2>0|A] FE9 o uje}rs AWt oz MET
do] £& ANE TE AL WAL 5 A4 59
o] 7} ﬂ; H41(107H~307H)oﬂ MET 2tare]Z9] A

HR=
-
w5

1 <y off N 2
A

250l Tr*}?fl *é T EO# =t o

A2 Al A
EoH, F39
A= 8=

<Table 3> Test Results of Priority Rules with Respect to Levels
of Due Date Tightness of Jobs : Total Tardiness

Tightness | EDD |SLACK| MDD | COVERT | ATC | MET
Loose 0.35 0.54 0.33 0.57 0.44 0.92
Normal 0.25 0.52 0.22 0.71 0.62 0.72
Tight 0.33 0.45 0.46 0.72 0.70 0.49
Average 0.31 0.50 0.33 0.67 0.59 0.71
<Table 3>°lA] HojF= Ae} o] FE59 7]

7} ekl s 7_%5 Fo] vhe ufo Atgt

dag]Fe Aol £ FoE Yedth 19y FiE

o] 157} Tights Z$-ol= COVERT 2 o] $-9]ol

ATt o= tiFEe FEol WrlE wEA 5 gl A

o= A A Aol 28y Fes A= A

o2 ddet

& 482 239 v 2 A i

o Mg

of thajr= MDD7} Ve E

g e

=3 o7k
el =

A F

A= EO

0] =
A -

Ao »}E}w.

=
L=

A2 F 3 YA rule
= % Add
|Lgk Aot} o] &4 g
AP}E Ho]i SLACKO]
A d71el F
_<,>_

o Aol

Z 1 2~
T T

<Table 4> Test Results of Priority Rules with Respect to Number

of Jobs : Percentage of Tardy Jobs
Number | =nry s ack | MDD | COVERT | ATC | MET
of jobs
10 39.17 | 45.17 | 35.17 37.00 36.50 | 34.17
20 34.75 | 40.08 | 32.50 34.08 3475 | 34.17
30 36.83 | 4339 | 32.94 35.89 3556 | 37.17
40 34.13 | 39.71 | 32.08 3471 35.17 | 36.04
50 37.00 | 43.40 | 34.43 37.07 37.03 | 38.50
Average | 36.38 | 42.35 | 33.43 35.75 35.80 | 36.01

<Table 5> Test Results of Priority Rules with Respect to Levels
of Due Date Tightness of Jobs :

Percentage of

Tardy Jobs
Tightness| EDD |SLACK| MDD | COVERT | ATC MET
Loose 12.77 14.00 12.24 11.98 12.75 8.81
Normal 28.31 33.37 | 25.38 26.31 2597 | 29.01
Tight 68.05 79.68 62.65 68.97 68.69 | 70.21
Average 36.38 | 4235 | 33.43 35.75 3580 | 36.01
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B3 <Table 5>9] A4 2 H]&ol #ek EAHEA]
Hol| A mEW 2 2ol H&o] Hte] A7t F
wal Ao 7 W} 18y <Table 6> Pair-wise t testS
B, SLACK 3% SAH R fojulatA vt

Ho] F= whdd vz dugFE9] A9

b

oot
il

o,
¢

ol s N o e
s o Mo

rO
=

{Table 5> ANOVA Result for Percentage of Tardy Jobs

Df | Sum Sq | Mean Sq | F value | Pr(> F)
rules 5 13,468 2,693.6 3.5734 | 0.003217"
Residuals | 1,794 | 1,352,311 753.8

<Table 6> Pairwise t-test Result among Rules for Percentage
of Tardy Jobs

ATC | COVERT| EDD MDD MET
COVERT | 0.9816 -
EDD 0.7980 | 0.7802 -
MDD 02894 | 03000 | 0.1884 .
MET 0.9264 | 0.9081 0.8701 | 0.2494 -
SLACK | 0.0035" | 0.0033° | 0.0078 | 7.10E-05" | 0.0047

whebA, A9k MET &xel&e 249l w7t A
Aol 9 Ao FAARNAN 2 dugFo] nlg)
e A3 wel Frh w3, A g
el s o2 dug e gaa A5As 9=
HoFE Aow selEgr)

e
roN
die
to

=

2 ATdAE FAA%E Hastelr] dF 249
ALl FF BAE TR o] wAlel daA BT
5 ol Aol a7l sl AN E e 2]
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