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A Causal-Forecasting Model using Guided Genetic Algorithm
in Continuous Manufacturing Process

Ho-Sang Jung*, Bong-Ju Jeong®

8 Abstract w

than linear regression model and canonical GA.

This paper presents a causal forecasting model using guided genetic algorithm in continuous manufacturing
process. The guided genetic algorithm(GGA) is an extended genetic algorithm(GA) using penalty function and
population diversity index to increase forecasting accuracy. GGA adds to the canonical GA the concept of a
penalty function to avoid selecting the unproductive chromosomes and to make a proper searching direction. Also,
GGA modifies the current population using the similarity of chromosomes to avoid falling into the trap of local
optimal solution. For investigating GGA performance, we used a set of real data that was collected in local glass
melting processes, and experimental results show the proposed model results in the better forecasting accuracy
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@ Global Optimal

Population Diversity Index =

2 |CI~, l(J) CR(]‘)'
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; log o (1+)
k=3 (5
Cr. AR EINY ARHZ AHE o3 2l AS
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Bt 2AY 2o @A Step nollA A
8 a9 49 MA 4 ZEHE H2
ol AlFelM de& HAsZ WA
th o AR s ZIEsrE shEoEA A
A A HAE vpAA Hi o "gMe
thatol ¥ B ve] MAHT

REelel JHH

@ A 19] B7t 2R e

ny fodw sjEe 7FHES
s,

(97 3] M2e AA Step ng ABBH

o) §4 dAielle AA wAHcross-
l(mutation), A8 (selection)®] &)
= HEHor dFuz, oA, ¢
A w2 o] i, EAWoelY H
L= WE AN, A, A9 T Wo] AMRE.
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AH8-5F T} A2 vk F 24 AMgdE dolHE

lag times &3 HAl F) &3 FAH9 &

42 M3 A} olmy, W4 Me] #4E EF&f AAE 4870 dAE

2 rdas 1Ay s}fﬂq
Ty Fd ¢ugdEE o83 994y oF% R TRy A duEsyg JEHY 4 Laug
A3t FdH B4e o] 83 o F g A%H &g o] &3 2 J)r?% & mdel A= 1039
q LuFEE of 83 AFE oAF 2dg B B Ao Hihg ALEETh
ABozgdy st Fe3 o 55U &7 93 27 4 (Regression) s ©)43 o& 2d
CE 1) 2y 24 7F ol Me (il A8 23 MAD Bl
B 1 Day 1 Month

Line 1 Regression Canonical GA GGA Regression Canonical GA GGA
Experiment 1 1.12 0.36 0.39 7.61 8.30 3.86
Experiment 2 554 1.64 0.73 6.36 6.23 2.39
Experiment 3 246 097 1.39 6.9 7.33 2.62
Experiment 4 0.86 047 0.83 8.03 855 298
Experiment 5 7.15 163 0.81 8.88 13.90 408
Experiment 6 8.32 4.00 252 12.75 15.70 3.97
| Experiment 7 196 1.16 1.74 16.77 1790 499
! Experiment 8 10.49 2.36 1.10 12.33 559 2.32
Experiment 9 13 147 086 6.64 661 392
Experiment 10 0.24 0.88 1.10 14.17 13.90 5.36
Average 3945 1494 1.147 10053 10.401 3649
Line 2 Regression Canonical GA GGA Regression Canonical GA GGA
Experiment | 10.48 0.49 062 22.66 1820 15.20
Experiment 2 1470 10,70 467 2547 2670 1530
Experiment 3 972 14.70 1750 30.00 28.70 19.60
Experiment 4 1194 593 4.46 2768 42.30 16.70
Experiment 5 543 1.02 1.09 3262 31.00 26.50
Experiment 6 3.19 1.86 3.02 46.54 24.90 39.00
Experiment 7 6.99 1640 244 20.35 41.10 19.40
~ Experiment 8 36.97 2550 2340 17.06 14.10 32.80
Experiment 9 573 6.11 6.59 62.61 68.30 40.70
Experiment 10 16.46 1880 16.08 30.11 62.10 59.20
Average 12.161 10.151 7.987 36510 35640 28.440
Line 3 Regression Canonical GA GGA Regression Canonical GA GGA
Experiment 1 21.55 1810 16.10 19,77 2140 18.00
Experiment 2 6.22 341 430 159 14.50 15.90
Experiment 3 8.22 2.04 367 1890 16.20 18.00
Experiment 4 12.20 18.40 17.70 19.49 17.20 15.70
Experiment 5 28.30 26.40 24.60 26.95 25.70 4.23
Experiment 6 15.71 446 109 2664 3990 14.80
Experiment 7 1567 | 5.27 8.02 2141 14.40 20.70
Experiment 8 413 0.88 404 34.74 40.30 20.60
Experiment 9 326 10.20 4.22 25.31 2500 16.20
Experiment 10 1.20 348 097 3851 57.40 21.00
Average 11.646 9.264 8471 24.763 27.200 16513
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249 §d due]F(Canonical GA : Canonical
Genetic Algorithm)& ©]83 ARE oF 24,
FE8 4 d1E)E(GGA : Guided Genetic Al-
gorithm)& o] &3 Q173 of & Bk 4 719
AA frel &8 TR tig dF A vla 43
Ade <X >3 2k
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F At asu, 58 54 daeFe ol &3t
o198 o2 Tde] A= HEH]Q §31 ¢ng
Z9] Adg AuEA i g4 2w g
g2 Ea Ay oF rdeof HIY ¢ A
(Robustness)& &o]7] Wil 37 PME& o
& o Rdur} ol o AeE By

2o} dF ds T YEE Ii")r ‘dﬂ] %0‘6}/]
918 MDR(MAD Deviation Ratio)& ©}-8-3) 2.4t
g vushd <x 2>9 Zrh /\]-%E:] MDRQ_ A

@), 2 93k ol vebd 5 vk 4 8)2 A
BAE o] 8E oF nds F53 %ﬁ %mal%
S o] 8% ANY oF mrEle] HwE AP
MDR #lold 4 9E dF3d #d duess
o] &% g oS R f=d A daes
S olg3 A oF mA7S) WuE A
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MDR 4jojt},

MDR 1=

Regression Model®) MAD~ GGA Model2] MAD (

Regression Model?l MAD 8)

MDR 2 =

Canonical GA Model®l MAD— GGA Modelsl MAD ©)
Canonical GA Model®) MAD

Z1ld 2 MDR 3|8 o83 La5 vwsd
<E 2>% Zrh

CE 2> A2 ofE 24 2+ MDR(MAD Deviation
Ratio) Him
I woR1 MDR 2
1 Day ] 1 Month | 1 Day |1 Month
Line 1 | 0709 0637 0.232 0649
Line 2 | 0343 0.221 0213 0.202
Line 3 | 0273 0333 0.086 0.393
Average | 0442 0.397 0.177 0415

<E 2>oAMe) 7z A felEE A &
ojgstn Add 10749 5HHA mdEel g
MDRFA &9 Btgholth <& 2>AX RE ups}
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1 830 8 403 386

2 6.23 6.33 225 2.39

3 7.33 7.32 2.51 2.62

4 855 8.36 2.89 2.98

5 13.90 10.7 4.21 4.08

6 15.70 14.1 481 397

7 1790 179 546 499

8 559 557 249 232

9 6.61 6.61 472 392

10 1390 139 534 5.36
{ Average | 10401 9.879 3.821 3649
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