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Abstract This paper uses a data extension technique originally designed for the rule refinement
problem to handling incomplete data. This technique is characterized in that each event can have
a weight indicating importance, and each variable can be expressed as a probability value. Since
the key problem in this paper is to find the probability that is closest to the missing value and
replace the missing value with the probability, three different algorithms are used to find the
probability for the missing value and then store it in this data structure format. And, after learning
to classify each information area with the SVM classification algorithm for evaluation of each
probability structure, it compares with the original information and measures how much they
match each other. The three algorithms for the imputation probability of the missing value use the
same data structure, but have different characteristics in the approach method, so it is expected
that it can be used for various purposes depending on the application field.
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Fig. 1. Rule refinement problems
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Fig. 2. Decision tree example
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& 1 [C1 = 1] = [V2=1][V1=1]

& 2 0 [C2 1 2] = [V2=1][V1=3]

T2 3 1 [C2 1 1] = [V2=2]

T3 4 1 [C1 1 2] = [V2=3][V3=1]

& 51 [C1 1 1, C2 1 2] = [V2=3][V3=2]
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Table 1. Extended data expression according to the
decision tree in Fig. 2.

V1 V2 V3 Class

E W

1 2 3 1 2 3 1 2 1 2
1 1 1 0 0 1 0 0 [1/211/2] 1 0
2 2 0|0 1 1 0 0 [1/211/2] 0 1
3 11 1/311/3[1/3] 0 1 0 [1/211/2] 0O 1
4 2 (13113113 0| 0 1 1 0 1 0
5 3 (13113113 01| 0 1 0 1 1/3 | 2/3
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Fig. 3 Probability and Entropy
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Table 2. Performance evaluation results of 3
algorithms handling missing values

using extended data expression

(a) Balance & Scale data

5 15 30 45
Uni 89.66 89.36 85.47 82.68

V1 Ent 90.67 90.71 87.24 8241
Prob 90.75 90.00 89.59 85.09
Uni 90.23 88.32 86.02 84.92
V2 Ent 91.17 89.79 89.27 85.67
Prob 91.11 90.94 83.45 86.59
Uni 89.33 86.93 83.68 81.95

V3 Ent 91.08 89.71 84.80 84.31
Prob 92.11 89.84 87.53 83.65
Uni 90.56 87.73 83.28 82.97
\Z8 Ent 90.94 88.89 87.60 85.14
Prob 90.85 89.88 85.01 83.39
Uni 89.943 88.086 84.613 83.131
AVG Ent 90.965 89.775 87.227 84.382
Pob | 91204 | 90164 | 86397 | 84679

(b) Car evolution data

5 15 30 45

Uni 88.99 85.38 86.25 84.52

V1 Ent 89.19 87.09 86.24 83.89
Prob 90.61 87.81 85.74 86.30

Uni 88.87 85.62 88.37 85.58

V2 Ent 88.71 86.27 86.26 85.76
Prob 88.65 87.09 87.74 85.75

Uni 88.41 87.10 87.03 86.15

V3 Ent 88.43 87.92 87.61 87.35
Prob 88.39 87.83 86.83 86.09

Uni 87.94 86.34 88.54 87.58

\Z8 Ent 89.70 88.17 87.94 88.89
Prob 88.11 86.82 87.02 87.58

Uni 88.59 86.15 85.57 86.84

V5 Ent 87.68 87.62 86.25 86.33
Prob 89.35 87.18 86.82 85.41

Uni 88.21 86.99 85.71 85.21

V6 Ent 89.84 87.17 88.20 87.08
Prob 87.32 86.59 85.16 84.12
Uni 88.501 86.263 86.912 85.979
AVG Ent 88.926 87.374 87.082 86.550
Prob 88.737 87.219 86.562 85.873

(c) Sleep Stage Scoring data

5 15 30 45
Uni 86.95 86.02 86.84 84.77
Vi Ent 87.75 86.91 84.98 86.97
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Prob 88.05 88.16 88.77 87.19
Uni 88.63 87.29 87.70 89.18
V2 Ent 87.60 87.85 87.87 88.34
Prob 86.49 87.563 87.69 87.29
Uni 85.64 87.47 84.30 85.16
V3 Ent 87.30 87.85 87.68 85.25
Prob 87.19 86.67 86.55 84.57
Uni 86.79 88.32 87.87 88.23
V4 Ent 88.14 87.77 85.39 838.48
Prob 89.62 87.51 87.97 85.05
Uni 87.27 87.65 87.72 86.12
V5 Ent 86.53 87.65 87.15 88.36
Prob 88.62 89.70 87.03 87.39
Uni 85.26 87.29 85.70 86.16
V6 Ent 87.04 86.86 85.73 85.98
Prob 87.41 85.569 84.80 85.86
Uni 87.65 87.33 87.33 87.44
V7 Ent 88.31 86.82 87.80 86.05
Prob 87.54 89.12 85.84 88.21
Uni 86.87 87.09 87.24 85.45
\%} Ent 88.73 88.60 87.31 87.59
Prob 87.33 86.75 87.82 838.07
Uni 88.39 87.65 87.85 85.49
Vo Ent 87.81 88.00 88.81 87.63
Prob 86.49 85.88 86.58 86.44
Uni 88.09 87.83 86.92 87.47
V10 Ent 88.72 89.01 86.96 85.77
Prob 87.39 88.99 85.75 86.63
Uni 88.45 88.00 88.25 87.15
v Ent 90.03 87.12 89.34 85.43
Prob 88.76 87.14 86.95 86.61
Uni 87.274 87.452 87.065 86.603
AVG Ent 87.997 87.676 87.184 86.895
Prob 87.709 87.549 86.887 86.664
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(a) Balance & Scale data

(b) Car evolution data
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(c) Sleep Stage Scoring data
Fig. 4 Experiment results
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