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Abstract

The logical analysis of data(LAD) is an ef-
fective 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 dis-
covered 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 new opti-
mization-based pattern generation methodology
and propose two mathematical programming me-
dels, a mixed 0-1 integer and linear program-
ming(MILP) formulation and a well-studied set
covering problem(SCP) formulation for the gen-
eration of optimal and  Theuristic pattems,
respectively.

With benchmark datasets, we demonstrate
the effectiveness of our models by automatically
generating with much ease patterns of high com-
plexity that cannot be generated with the con-
ventional approach.
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procedure Patt Enu
begin
P=g
G=9g
for d:=1 to D do
if d < D then
C:=9
end if
for T C,_, do
D = maximal index of literal in T
for s:=p+1 to n do

for ., € {l,,1,} do
Tew= TAlpew
fori:=1 to d do
T,'Iew = T with 2% literal dropped
if ﬂew & Cy_, then
goto 3%

end if
end for

if 1 € T,.,(B") then

if 1 & T,.,(B) then
P:=PU{T..}

else if d < D then
Cii=GU{ T}

end if
end if
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procedure Patt_Opt

begin

for @< {+, =} do
P® =g
c®:={1,..,m®*}

g:=0,vie {1,..,m®}
while C® = & do
Choose i € C'®

forp € P® do
if p(B®)=1 then

for k € R, do
Ck(—‘M
end for

end if
end for

Formulate and solve MILP,® (SCP®)
Generate a pattern p from a solution
P®—P®yp
fori € C® do
if p (B® }=1 then
gq+1
end if
end for
C*'C*\{ie C®%qg=r}
end while

end for
end
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AAE wEoz 44E JUoR w0 Fun
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Dataset Number of
classes| attributes | points
(\&%:gsin breast cancer 2 9 683
?(lz%gl)and heart disease 2 13 297
?I’.’?l])a) Indian diabetes 2 8 768
c(:ggist) card scoring 2 15 653
?};)I?[t)on housing 2 13 506
fgr\llg)ressional voting 2 16 435
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43 34X A3}

2 H2AE AAE HEHAA o w
£0]7 LAD 7] Bf =S 7]534 G
A s B g sl

r_'El rE.

Dataset MILP SCP 7194
WBC 96.1+0.9 | 96.6+0.9 |96.9£0.9
CHD 80.4+3.2 | 82.1+2.8 |823£1.7
PID 744+18 | 748%1.6 | 71.9%£1.9
CCS 86.5t1.4 | 863+1.6 |854+1.2
BH 84.5+23 | 846+2.1 | 84.0+1.6
cv 952+ 1.1 | 952+1.1 | 96.2£1.1
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Dataset 13;& d{}__?: 2 ﬂT%.qqiﬂ 5
WBC 64 14 2°%x 7.6 x10°
CHD 219 14 2°x 4.0 x10°
PID 561 37 2°x 2.6 x 10"
CCs 503 23 2°%x1.2x 10"
BH 682 30 2°x 4.5 x 10"
cv 48 15 2% 1.7 % 10°
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Daset | A¥= | AAAR
WBC 96.65+0.75 | 0.02+0.01
CHD 82.731+2.10|0.01+£0.01

PID 74.86+2.01 { 0.37+0.03
CCS 86.00+1.36 | 0.16+0.05
BH 85.14£2.13 [ 0.27£0.03
CvV 96.41+1.13 | 0.01£0.01

H4 SCPel 71wks 19 A%

¥ E=RelAE LADGINS Audd TAS
MILPQ} SCPZ w383}l 3l AL ol &3 #+A43
J AP ZTzAAZE AAHAC AW Faho
AokEl el s1&e Al slwrd wye ¥
RoSEe ASAYA wowA dANe Asael

SAAE e aadeln sa AUE 444
Z&& FYstAnt ol LADS §% dolg ¥4
€ 2 dgHoln agHoz ANAAYE AAE
7Tk & Zlolth

Zned

[1] E. Boros, P.L. Hammer, T. Ibaraki, and A.
Kogan. Logical Analysis of Numerical Data.
Mathematical Programming, 79:163-190, 1997.

[2] E. Boros, P.L. Hammer, T. Ibaraki, A. Kogan, E.
Mayoraz, and [. Muchnik. An Implementation of
Logical Analysis of Data. JEEE Transactions on
Knowledge and Data Engineering, 12:292-306, 2000.
(31 Y. Crama, P.L. Hammer and T. Ibaraki.
Cause-Effect Relationships and Partially Defined
Boolean Functions. Annals of Operations Research,
16:299-326, 1988.

[4] T.S. Lim and W.Y. Loh. A Comparison of
Prediction Accuracy, Complexity, and Training Time
of Thirty-Three Old and New Classification
Algorithms. Machine Learning, 40:203-228, 2000.

[5] P.M. Murphy and D.W. Aha. Uci repository of
machine learning databases: Readable data repository.
Department of Computer Science, University of
California at Irvine, CA, 1994. Website at
http://www.ics.uci.edu/mlearn/MLRepository.himl.

[6] S.K. Murphy and D.W. Aha. A system for in-
duction of oblique decision trees. Artificial Intelligence
Research, 2:1-32, 1994.

-413 -



	GOGGAD_2005_y2005m10a-0422.tif
	GOGGAD_2005_y2005m10a-0423.tif
	GOGGAD_2005_y2005m10a-0424.tif
	GOGGAD_2005_y2005m10a-0425.tif
	GOGGAD_2005_y2005m10a-0426.tif

