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Abstract

The logical analysis of data(LAD) is a Boolean-logic based data mining tool. A critical
step in analyzing data by LAD is the pattern generation stage where useful knowledge and
hidden structural information in data is discovered in the form of patterns. A conventional
method for pattern generation in LAD is based on term enumeration that renders the
generation of higher degree patterns practically impossible. In this paper, we present a
novel optimization-based pattern generation methodology and propose two mathematical
programming models, a mixed 0-1 integer and linear programming (MILP) formulation and
a well-studied set covering problem (SCP) formulation for the generation of optimal and
heuristic patterns, respectively. With benchmark datasets, we demonstrate the effectiveness
of our models by automatically generating with ease patterns of high complexity that
cannot be generated with the conventional approach.
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Table 1. Information on Datasets Studied

! - Number of
: Dataset : , attributes )
: classes - - points i
; ’ Total Categorical ° -~ Nurnerical ) )
Wisconsin breast cancer(WBC) 2 9 9 683
Cleveland heart disease(CHD) 2 13 6 7 297
Pima Indian diabetes(PID) 2 8 8 768
credit card scoring(CCS) 2 15 9 6 663
Boston housing{(BH) 2 13 1 12 506
congressional voting(CV) 2 16 16 . 435
E: s i
Table 2. Accuracy Comparison between Pattern Generation Methods
Dataset Training MLP SCp 7iE ;
rate(%) AVG 81D AVG STD © AVG S1D ;
50 96.1 0.9 96.6 0.9 96.9 0.9
WBC 80 97.1 1.1 97.2 1.4 97.2 1.3
oHD 50 80.4 32 82.1 2.8 82.3 1.7
80 81.1 45 84.0 45 83.8 5.2
PID 50 74.4 1.8 74.8 1.6 71.9 1.9
80 754 3.1 75.8 29 72.3 2.4
oS 50 86.5 1.4 86.3 1.6 85.4 1.2
80 ' 86.5 3.1 86.3 27 85.5 2.6
BH 50 84.5 2.3 84.6 2.1 84.0 1.6
80 84.5 3.9 85.1 3.2 85.2 3.0
oV 50 95.3 1.1 95.4 1.1 96.2 1.1
80 96.1 1.9 95.7 2.4 96.6 1.8
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1.06502 | CHD 14 | 219 1.2x 10"
1.08401 PID 37 | 561 8.3 10"
L
1.0E+00 13
0 , 2 3 4 5 6 CCs 23 503 3.8%X10
Degree BH 30 | 682 1.4 108
T3 1. &50| mE EH Ths3 el i cv 15 | 48 5.4 107
Figure 1. Number of Enumerative Terms according
to Degree
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Table 4. Performance of Optimization-Based Pattern Generation
b osep : MLP -
Dataset |~ mms L @R KL Rt /
AVG. |, ST LAVG STD | AVG S0 AVG s |
WBC 96.65 0.75 0.02 0.01 96.89 0.62 1.04 0.80
CHD 82.73 2,10 0.01 0.01 81.01 2.05 2,98 0.63
PID 74.86 2.01 0.37 0.03 74.38 1.35 263.85 59.65
CcCs 86.00 1.36 0.16 0.05 85.1 1.66 67.31 21.31
BH 856.14 213 0.27 0.03 84.45 1.90 16.57 4.15
cv 96.41 1.13 0.01 0.01 95.58 1.04 1.07 0.74
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