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Among the information technology and automation that have rapidly developed in the manufacturing industries recently, tens
of thousands of quality variables are estimated and categorized in database every day. The former existing statistical methods,
or variable selection and interpretation by experts, place limits on proper judgment. Accordingly, various data mining methods,
including decision tree analysis, have been developed in recent years. Cart and C5.0 are representative algorithms for decision
tree analysis, but these algorithms have limits in defining the tolerance of continuous explanatory variables. Also, target variables
are restricted by the information that indicates only the quality of the products like the rate of defective products. Therefore
it is essential to develop an algorithm that improves upon Cart and C5.0 and allows access to new quality information such
as loss cost. In this study, a new algorithm was developed not only to find the major variables which minimize the target variable,
loss cost, but also to overcome the limits of Cart and C5.0. The new algorithm is one that defines tolerance of variables systematically
by adopting 3 categories of the continuous explanatory variables. The characteristics of larger-the-better was presumed in the
environment of programming R to compare the performance among the new algorithm and existing ones, and 10 simulations
were performed with 1,000 data sets for each variable. The performance of the new algorithm was verified through a mean
test of loss cost. As a result of the verification show, the new algorithm found that the tolerance of continuous explanatory
variables lowered loss cost more than existing ones in the larger is better characteristics. In a conclusion, the new algorithm
could be used to find the tolerance of continuous explanatory variables to minimize the loss in the process taking into account
the loss cost of the products.
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| Leaf node | | |

<Figure 1> The Structure of Decision Tree
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<Table 1> The Section of Explanatory Variables

Variable Section
temperature 100°C~200C
pascal 30Pa~50Pa
hour 0.5Hr~3.5Hr
humidity 20%~60%

<Table 2> Simulation Data(Seed Number 30)
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{Table 3> The Category of the Loss

Loss Category
1 3,024 2
2 2,006 1
3 2,080 1
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{Table 4> Sorting of =, Variable

z,(TC) z,(Pa) z,(Hr) z,(%) y z,(TC) z,(Pa) a4(Hr) 2,(%) y(kgf)
1 109.87 46.27 0.99 34.09 99.60 1 100.01 38.98 0.61 46.44 85.48
2 148.82 4147 3.26 44.55 12227 2 100.07 30.71 0.70 24.54 93.04
3 136.40 47.14 2.62 31.74 120.08 3 100.11 33.33 2.26 49.91 82.92
4 142.06 37.60 243 42.87 117.15 4 100.14 48.84 0.68 42.71 89.45
5 130.10 32.69 2.26 29.37 113.19 5 100.17 43.78 1.32 37.06 90.80
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<Table 5> The Section of Each Variable Algorithm
section 1 section 2 section 3 classification | mean Stz?rd;rd t p-value
< 108.983 108.983 < , > 119.9939
o1 o : < 119.9939 o1 : C5.0 1811.21 20.975
1724.62 | 18.803 0 00
sy | @, < 35.84046 3554%642;7‘172 2y > 4242317 few : :
1.217878 < T o] A = o} Z 0] A=Al
zy | oz, < 1217878 5510010 zy > 2319019 <Table 7>¢] Z¥} t = -3.0740|9 F daglFe &4
351606 < H]%O] p-value = 0.002= Eﬁ]’—ﬂii - §-2] 3k Z}o)
019%}7} C5.0 ¢ E_FJ"OH H]oH EXHSQ S48

43 FQ W=9| 5|EX} LE

SEAGe EAgo] T2 JFS ML AR
g 7] 9isto] SAAALT $AL AAST o ul,
anla HEFAA)NA Lnlae] Edneh Ae bl
Bo] WFEE WF IR sol o]F uEAE AR
o H§AE storatginh AT BAS AT 2

3} <Table 6>3 2t}

<Table 6> The Result of Decision Tree

g A stk AS &
B =R thokdl seed numberE Fojsle] #T
sHA dlolHE 2T AMZEE dagE53 C5.0

AP FE o] 83t dofH T8 AE5Y A

<Table 8>3} 2t}

a
LY

e 1S o

e
o

<Table 8> The Major Explanatory Variables

seed No.| 10 | 15|20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
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<Table 9> The p-Value in Various Seed Numbers

seed No. algr;?;’tvhm algcc;>5ri31m p-value
10 1832.93 2054.91 .000
15 1747.68 2031.83 .000
20 1777.64 1860.49 .000
25 1770.30 2039.42 .000
30 1724.62 1811.21 .000
35 1771.19 2020.72 .000
40 1782.16 1823.81 176
45 1853.17 1941.83 .006
50 1841.93 1991.61 .000
55 1777.31 2023.21 .000
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<Figure 4> Loss in Various Seed Numbers
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