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Distributed arrival time control (DATC) is a distributed feedback control algorithm for real-time scheduling
problems in dynamic operational environment. Even though DATC has provided excellent performance for
dynamic scheduling problems, it can be improved by considering the following considerations. First, the original
DATC heavily depends on the quality of initial solution. In this paper, well-known dispatching rules are
incorporated DATC algorithm to enhance its performance. Second, DATC improves its solution with adjusting
virtual arrival times of jobs to be scheduled in proportion to the gap between completion time and due date
iteratively. Since this approach assigns the same weight to all gaps generated with iterations, it fails to utilize
significantly more the latest information (gap) than the previous ones. To overcome this issue we consider
exponential smoothing which enable to assign different weight to different gaps. Using these two consideration
This paper proposes A-DATC (Advanced-DATC). We demonstrate the effectiveness of the proposed scheduling

algorithm through computational results.
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2. Distributed Arrival Time Control(DATC)
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Figure 1. Feedback control structure of DATC
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Table 1. Experimental conditions

The number of Job(n) 50, 100, 200

[1, 100] Uniform distribution

Processing Time(p,)

200

¢ X . %[0, 1] Uniform distribution
Due date(d;) i;pz 0.1

¢ : Depending on the situation(0.5, 1, 1.5)

The number of iterations 100
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Table 2. Performance results of several dispatching rules and DATC

N c random SPT LPT EDD MST DATC
0.5 540,930 577,820 542,450 568,140 588,900 565,390
50 1 33,218 35,051 31,664 28,019 28,521 30,101
1.5 460,489 432,320 472,070 470,180 469,820 466,540
0.5 2,103,500 2,129,100 1,998,200 2,140,600 2,177,500 2,142,900
100 1 70,368 73,047 71,309 57,803 57,995 69,296
1.5 2,098,300 1,895,100 2,114,328 2,110,320 2,085,240 2,100,400
0.5 8,490,000 8,333,400 7,817,400 8,472,600 8,551,000 8,493,800
200 1 172,405 170,160 167,960 138,360 138,440 177,550
1.5 8,231,161 7,540,200 8,457,200 8,445,500 8,446,300 8,439,300
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Table 3. Performance result of DATC with different initial solutions and weight values

N=150 a;(m) = wa, (m—1) + (1 —w)kz; (m)
4 w 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
EDD 560,560 561,340 564,220 569,080 569,470 569,200 567,080 568,160 567,260
0.5 LPT 572,180 568,260 560,760 553,820 545,450 529,430 523,500 542,560 555,250
SPT 637,380 598,850 569,430 531,010 495,500 489,610 513,830 563,910 588,300
EDD 27,424 27,424 27,424 27,424 27,424 27,424 27,424 27,416 27,332
1 LPT 412,870 367,620 271,290 171,160 101,380 62,600 43,710 36,010 33,030
SPT 414,110 334,590 216,300 130,990 79,120 52,630 41,840 37,960 36,330
EDD 482,790 482,420 481,540 478,730 475,960 473,460 472,750 471,360 470,080
1.5 LPT 529,210 468,370 446,890 450,270 464,650 472,490 471,620 471,080 471,830
SPT 541,450 499,190 475,330 471,720 469,520 461,910 450,550 441,680 435,960
Table 4. Performance improvement with several initial settings and different weght values(" : best rate of improvement)
N c DATC Initial settings | Improvement rate(%) | Initial settings + weight values | Improvement rate(%)
0.5 565,390 542,450 4.1 489,610 13.4°
50 1 30,101 28,019 6.9 27,332 92"
1.5 466,540 432,320 73" 435,960 6.6
0.5 2,142,900 1,998,200 6.8 1,638,100 236
100 1 69,296 57,803 16.4° 57,953 16.4
1.5 2,100,400 1,895,100 98 1,916,400 8.8
0.5 8,493,800 7,817,400 8 6,980,800 17.8°
200 1 177,550 138,360 22.1 137,150 28
1.5 8,439,300 7,540,200 10.7 7,576,400 10.2
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4. Advanced-Distributed Arrival Time Control
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Table 5. The mean value of & with 100 best solutions

c SPT LPT EDD MST

0.5 0.593 1.773 0.771 1.240

1 1.204 1.203 0.873 1.031

1.5 1.414 0.289 0.712 0.675
4.4 A-DATC

A 7R a4 71A) ejAre-S ukdElel A-DATC &
12 EE e 2

EZ A 7k A o] (Distributed Arrival Time Control) &3] &2) 7 37

& 18)Z 1 :nJobol| 3 A-DATC :

197 : 2713} 442 Dispatching rule(SPT, LPT, EDD, MST)
& sfuHE AHESt 7] 8 et

297 : A-DATC €18]F5 AHE3sle] =2A7HS H o] E
it
For7=1ton Do
A, (m)=d,— C(m)]+k 4,(m—1)
FCFS 739l &A% =2A|I7to 2 A2
2AEH.
End For
3T 3o FhAdo] A whE = o] Ao B A 3o
S E NS vk
4GA  1GAE o7t T E 27 AL E 2 I3HAE HHE
3o}
SHA : 27144 WSt mE ¥ S o R P F
N B
A 4ol

AFHEHS o] 8T 2L S1YF A-
Z

DATCE ATt 27|38 44 WalE o 23 go] As
o] Fol7} e 2 g9l 3 el

Z71e 9] F4

9] S F0]7] 93l & ¢ 7 Dispatching ruleS AR
o Eg A Ey e S-S o]&ste 9 /jAe] w2 A
Al 57l M= o2 g A-DATC
I FY] FHE st 4] dAIE S0l H5S HrHeith

Oru,_,H

5143

B A= A A-DATC &g
FS Agsto] 1 AHE gelatal 7]
st E&AS %}zfﬂt} E3 A3
= Dispatching rule S &-8-3}f 2713}
dnEER 278 28 2 7SR 28 S
%9 450 7|Z DATC ¢1g & 2t}
T AAT wEbA] E Ao A= 7] DATC ¢
Wk opuel 2718 AWt e B 7o} 7HEA
2 835 9 E2lst7] 98 (1) 71 DATC, (2) DAT
47 W3} (3) DATC 27144 & rﬂ 7} Wils 239
9 *37432 19] A9 A% 53l 3)9] 7HA #

o W3S = (4) A-DATC 9] F 4714 due]Z9 A%
stk A3 57@3 71& A 7-(Prabhu, 2000)$} T8k
A3 B o ThFet 8-S Wk st A8l 371A] 23K
7190] FHkgk A1 0.5, F71Y0] EFolES A 1, 7]
o] AFE R A 1.5) 02 Uil 49 A7]|% Zgsjof &
Z+30] 20, 30, 50, 100, 200, 5002 6714] F-A 2 L}0] & 187}

Ay

q

N

ﬁ l-;hj

> e ox

G to, off
rg Mo
-1 o
iy
=
o

[o

EU
oo M
oty
o
> =
) ©

1" mt °¥

2o
oo
o
=]
>
=]
(@}

o

=

EE, I‘U
oX
olr
ﬁ
{o din
}‘N’ = oX ru[o it

mh 1l b oo JLopE M N 8 ooff nR K

E o

HE ol o

b=

rll"
O:u:.

l_,N FUIO = mg
N o o bl



38 Jea-Ho Ko -
A9 43 VgEa 48e Qs 4 48 229 o
stol 2AZY BAZF QAT AR A% FFS A28
Slate] 2t 220 el ABS 1008 W8 F F 1 HFRo
sl 2 9) A%} gho.2 AT

5.2 23 4

A-DATC ¢2| 59| 24
7] 3t A 51800 A E
Aetal o]E Al 278l A
Squared Deviations)©l t}3}e] 7]&
HI A4 ET A-DATC &a18]5e] A2 7€ DATC ¢
B2l A3t o) epie 4

= 2] (13)¢] POD(Percentage of
Deviation) 2 H7}3lH, dag]Zo] S5842 S48 2H
€} POD 42

Ao tist &7}

upe} A7 &
Bt AFHIHMSD; Mean
DATCS}AIFE A-DATCE

=9
Z79

ks
7

TTET= w8k

23} 2th(Lee, 2009).

M. SDA —DATC ™ ]WSDDA TC

X
MSDp e 100%

(13)

<Table 6> A 5.1 M A3k 4712 Lare)F thal] FA)
A7) 9 S-S WRAA A3 AHE BRoFth 2=
713 dispatching rules AH&-3F 73-F- 71 DATC @are]Eol
o AR H 8.3% P AL, 272 71E dis-
patching rule-s AHE-3}AL 713 ] E2AIZE 7HE ] HsHE B4
Ae 3 113% 7k A ES <1 ok sAR gr]del
AFER A= 15 F71do] HolEF B(c=1) &
A= 7HEAl HstE F dueFY A7t o 4]
= & T At wEbA 7k 9 wish) Y 2 At

S
=
Q

=

&2 4z

)=}
o
o

=]

Chang-Soo Ok

b

34|
A% A-DATC
18% TS
TreA

<Table 7> <Table 6>2] A A= vlgto & 7]& DATC
duEFe] Aot 2714A4Ws) 271484 9 7R ws)
A-DATCY A58 Aol & £ o A4 0.2 &l
38t Folth F71Y o] Efo|EdL B¢ =
3 & AR a7t A FE, 27
W3S FalME Hride] Fukek A9 = 0.
He=1) 3l 7fAde] A o]FolA
71go] AFEE B = 1.5
A Ve AE WANAE A5 27144
2] o4& A% gk Vet o] gk 9
dueFo A3 9A e duEE
AN AR g7 o] AFEE A=
SIS HoFh B dAFoA 7] AAE 4714 712411
Dispatching rule ¥+ AR&-$ A ¥} T} Dispatching rules AH8-gF
O gr1do] {2 Aods e 449 vt A E
BEFE S Ao Hordnh

<Table 7>9] A} Fto] TA A 02 foJ3hA] &<la}7] 93}
o] Minitab 16 Z2 19 o]-8-3to] AFS AT W
%l DATC®] A9} A-DATCY] A359] AF]= paired t-test
JFF 0.05%E A3t £ AP-E <Table 6>014 ¢are
£9 A Atol7t AA vehd A4 271 20, 30, 509 Al 74A
7390l 3t AAE S A-DATC Eg]Z9] $538-3 Ho|
12} gt} oo thgk ¥ Ad= <Table 8>3} < Table 9>9F
2t

1w o

o] W
]

T

3
123
H

Table 6. A comparisons of experimental result between DATC and A-DATC

Problem Orignal DATC | DATC + Tnitial settings | DATC T Initial settings | by po POD(%)
c n + weight factor
20 101,250 100,420 93,100 87,070 7140
30 211,380 205,880 186,730 172,380 185
0s 50 565,390 542,450 489,610 435,170 23.0
100 2,147,700 1,895,100 1,638,100 1,596,100 257
200 8,493,800 7,817,400 6,980,800 6,367,670 250
500 51,806,000 47,284,300 43,218,200 38,542,800 256
20 12,491 12210 12,230 11,450 83
30 14,369 13,484 13,560 12,621 122
| 50 30,101 28,019 27,332 25,893 140
100 69,296 57,803 57,953 53,398 229
200 177,550 138,360 137,150 17,312 340
500 497,941 420,968 419,324 346,353 304
20 79,302 75,990 75,980 73,385 75
30 185,470 172,960 174,330 168,510 9.1
s 50 466,540 432,320 435,960 410,570 12,0
100 2,100,400 1,895,100 1,916,400 1,851,600 118
200 8,439,300 7,540,200 7,576,400 7,255,970 140
500 53,329,300 50,324,900 50,318,700 46,780,200 123
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Table 7. POD values of DATC + Initial setting, DATC + Initial setting + weighted and A-DATC
POD POD POD
¢ (DATC + Initial setting) (DATC + Initial setting + weight factor) (A-DATC)
0.5 -6.0 -15.2 -22.0
1 -11.6 -12.0 -20.3
1.5 -7.4 -6.9 -11.1
Table 8. A comparisons between DATC(Initial settings) and A-DATC in 100 Samples
Problem DATC + Initial settings A-DATC
c n Mean SD Mean SD t P
20 93,100 37,580 87,070 33,920 15.73 0.000
0.5 30 186,730 61,708 172,380 56,202 22.77 0.000
50 489,610 124,018 435,170 113,158 2591 0.000
20 12,230 10,413 11,450 9,381 11.45 0.000
1 30 13,560 11,421 12,621 9,584 13.59 0.000
50 27,332 29,241 25,893 25,193 10.89 0.000
20 75,980 45,078 73,385 43,896 9.29 0.000
1.5 30 174,330 102,868 168,510 102,359 9.73 0.000
50 435,960 214,308 410,570 205,804 8.90 0.000
%) 'p < 0.05 with paired t-test.
Table 9. A comparisons between DATC(Initial settings + weight factor) and A-DATC in 100 Samples
Problem DATC + Initial settings + weight factor A-DATC
c n Mean SD Mean SD t P
20 100,420 34,018 87,070 33,920 6.83 0.000
0.5 30 205,880 55,001 172,380 56,202 9.92 0.000
50 542,450 115,538 435,170 113,158 13.26 0.000
20 12,210 10,259 11,450 9,381 8.20 0.000
1 30 13,484 10,128 12,621 9,584 9.26 0.000
50 28,019 26,710 25,893 25,193 8.89 0.000
20 75,990 44,389 73,385 43,896 8.31 0.000
1.5 30 172,960 104,868 168,510 102,359 10.12 0.000
50 432,320 205,538 410,570 205,804 9.54 0.000
%) 'p < 0.05 with paired t-test.
A A ZE 7499 AP pgre] 00001 OHZ A- 4 Y UL T BAS A5 98 SueFolch £ o
DATC®] 5ol o3t Aol & Yetdlt). whA A- DATC & TelM= 7IE DATC SaEEs €48k 71E a7=0l Al
1g|Fo] F HEH DATCO) 98 Yug)Fe] AFH} ¢ ABHA] @k 7] 2AIE T 7] EAAIREE] TR o W
TS L5 35 T8 9 A A=A Ak Azte] 7)€ DATCO
Wsto] o7 Z7kSAR AR B EHS ol G5l Fe
AZE el F& A ghs AASET APS Bl ZE A
6. A2 9 33 A 3}A A A Z27]0 2Fgle] A-DATCT 58 A%E vehd
= FAIPe
AR A SR et gl 93 oA 7HA] A FF Aoz e & AyelM 271474 MR V)&
A 2o Wz g 2AZYo] Fojof st} B Aol nigr  ¥eA W EDD, LPT, SPT, MST 9] T+ Dispatching rule
o] 5= DATC YugEe olefd B4 W2 hxg  WHAREYATA-DATC S5 A5 Fde sl e =
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