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ABSTRACT

This paper suggests an integrated method based on rough sets for discovering useful knowledge from
a large database. Our approach applies attribute-oriented concept hierarchy ascension technique to ex-
tract generalized data from actual data in databases, induction of decision trees to measure the in-
formation gain, and knowledge reduction method of rough set theory to remove superfluous attributes
and attribute values. The integrated algorithm first reduces the size of database through the concept gen-
eralization, reduces the number of attributes by means of eliminating condition attributes which have lit-
tle influence on decision attribute, and finally induces simplified decision rules by removing the su-

perfluous attribute values by analyzing the dependency relationships among the attributes.
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1 Sonata Medium DOHC Auto 90 156000
2 Lanos  Small DOHC Auto 94 100000
3 Concord Medium SOHC Manual 88 256000
4 Grandeur Large SOHC Auto 88 200000
5 Sonata Medium SOHC Manual 89 163000
6 Leganza Medium DOHC Auto 95 111000
7 Credos Medium SOHC Manual 89 180000
8 Avante Small DOHC Auto 92 120000
9 Prince Medium SOHC Auto 90 85000
10 Concord Medium SOHC Manual 90 130000
11 Nubira Small DOHC Auto 94 89000
12 Pride Small DOHC Manual 91 175000
13 Sonata Medium DOHC Auto 90 160000
14 Potentia Large SOHC Manual 90 211000
15 Credos Medium SOHC Auto 93 195000
16 Avante Small DOHC Auto 93 175000
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4 Hyundai Large SOHC Auto Old Long
5 Hyundai Medium SOHC Manual Old Medium
6 Daewoo Medium DOHC Auto New  Short
7 Kia Medium SOHC Manual Old Medium
8 Hyundai Small DOHC Auto  Medium Short
9 Daewoo Medium SOHC Auto Old Short
10 Kia Medium SOHC Manual Old Medium
11 Daewoo Small DOHC Auto New  Short
12 Kia Small DOHC Manual Medium Medium
13 Hyundai Medium DOHC Auto Old Medium
14 Kia Large SOHC Manual Old Long
15 Kia Medium SOHC Auto  Medium Long
16 Hyundai Small DOHC Auto  Medium Medium
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AR, Ab 204 [2]bN[2)e={2,3}N{1,2,3,5,
6,12}={2,3}, [2laN[2le={2.4,5,8,11}N{1,2,3,5,
6,12}={2,5}, [2lan[2b={2.4,5,8,11}N{2,3}={2}
olng, RlaNRlex [21f={1,2,3}el EF=A] oo}
coret= bo]v] core 32 b(2)=10]t}.

AH 3e1A = 31N [3le={2,3}N{1,2,3,5,6,12}=
{2,3}, [Blan[3le={1,3,6,7}N{1,2,3,5,6,12}={1,3,
6}, [3laN[31p={1,3,6,7}N{2,3}={3}°] 2 &, [3]lan
[Blex [B1={1,2,3}ell E&=A] o} corez bolH,
core F-2 b(3)=10]t}.

Ale] 4ol A= [4]pN[4]e={1,4,5,6,10,12}N{4,7,

33

8,11}={4}, [4]laN[4]e={2,4,5,8,11}N{4,7,8,11}=
{4,8,11}, [4laN[4]b={2,4,5,8,11}N{1,4,5,6,10,
12}={4,5p0] 22, [dlai[4jet= [4lf={4,5,06.7, 8}
Z3=]R] 4o} core= bo| v, core g4 b(4)=20]t}.

Al 5004 [51bN[5le={1,4,5,6,10,12}N {1,2,3,
5,6,12}={1,5,6,12}, [SlaN[5]e={2,4,5,8,11}N {1,
2,3,5,6,12}={2,5}, [5]lan[5)b={2,4,5,8,11}N{1,
4,5,6,10,12}={4,5}01 22 [5]bN[5]e, [SlaN[5]ex
[51f={4,5,6,7,8}cll ZFHA] 2o} core:= a, bolui,
core Z= a(5)=2, b(5)=20]c}.

A1 604 [6]bN[6]e={1,4,5,6,10,12}N{1,2,3,
5,6,12}={1,5,6,12}, [6]aN[6le={1,3,6,7}N{1,2,
3,5,6,12}={1,3,6}, [6JaN[6]b={1,3,6,7}N{1,4,5,
6,10,12}={1,6}°1 22, 25 [6]~{4,5,6,7, 8} %
== kol g, b, e BF coreo]r}.

Al 7oA [71BN[7le={7,8,9,11}N{4,7,8,11}=
{7,8,11}, [TlaN[7]e={1,3,6,7}N {4,7,8,11}={7}, [7]
aN[7Pp={1,3,6,7}N{7,8,9,11}={7}e| 22, [7]bN[7]
e [71f={4,5,6,7,8}0 E3}=|A] oo} corets ao]H,
core 2 a(7)=10|c}.

Al 84 [8]bN[8le={7,8,9,11}N {4,7,8,11}=
{7,8,11}, [8laN[8le={2,4,5,8,11}N{4,7,8,11}={4,
8,11}, [8]aN[8)p={2,4,5,8,11}N{7,8,9,11}={8, 11}
olmR, ¥ [8]f={4,5,6,7,8} EF=|A| %o} a b,
e ¥ coreo|t}.

A 9914 [91b N [9]e={7,8,9,11}N {9, 10}={9},
[9]a N [9]e={9, 10, 12} N {9, 10}={9, 10}, [9]a N [9}b=
{9,10,12}N{7,8,9,11}={9}0| &, BF [9]f={9, 10,
11, 12})) 23t=¢] core= i}

ARl 100014 [10]b M [10]e={1,4,5, 6,10, 12} {9, 10}
={10}, [10]aN[10]e={9, 10, 12}N {9, 10}={9,10}, [10}a
N[10}p={9,10,12}N{1,4,5,6,10, 12}={10}e] B2, =
= [10]£={9, 10,11, 12}l £3}=]o] core= $ith

Al 1164 [111bN[11)e={7,8,9,11}N{4,7,8,
11}={7,8,11}, [11]laN[11]e={2,4,5,8,11}N {4, 7,8,
11}={4,8,11}, {11JaN{11]p={2,4,5,8,11} {7, 8,9,
11}={8,11}o] 22, B% [11]f={9,10,11,12}¢] X &
| A) 9o} a, b, e ZF coreolr}.

AR 12614 [12]bN[12]e={1,4,5,6,10,12}N{1,
2,3,5,6,12}={1,5, 6,12}, [12)aN[12)e={9, 10,12} N
{1,2,3,5,6,12}={12}, [12]aN[12}b={9, 10,12} N {1,
4,5,6,10,12}={10,12}0] 22 [12]bN[12]ex= [12]f
={9,10, 11, 12}o] ZF=}A] ¢Fo} corei= ao]w, core
& a(12)=3°|c}.

o)A} Zho] 2z} Al Qle1A] 22
< "ol EE RAFPE £ 77} ).

%439} core 3t
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a b e f
1 1 2 1 1
2 - 1 - 1
3 - 1 - 1
4 - 2 - 2
5 2 2 - 2
6 1 2 1 2
7 1 - - 2
8 2 3 2 2
9 - - - 3
10 - - - 3
11 2 3
12 3 - - 3

271 42 core Fh& 4, A%k FES AR
& 4 st ol core gRte g FhHo] B £ A
A FAR

AH 18 25 coreo| B2 71E0] g}

A 2= [2]b-->[21PF AR ER o] A} T
°ojct.

Abel 3 [3]b->[B]7F AHFIEZR o] AATL TS
ojct.

Al 4 [4pp->[410) A EA] Z3tER, F={[4]s,
[41b, [41e}={{2,4,5,8,11}, {1,4,5,6,10,12}, {4,7,8,
11}}ellA cored E3dh= A BT GCF such that N
G<[4)f={4,5,6,7,8}% zFow

[41bN[4]e={1,4,5,6,10,12}N {4,7, 8, 11}={4}
[4lan[4]1p={2,4,5,8,11}N{1,4,5,6,10,12}={4,5}

=t [l THEER a(4)=2 and b(4)=29} b(4)=2
and e(4)=27} $A33ke] 7F%olr).

A 5e [SlaNse-->51PF AREEE o) A
7} ZHEo)ch.

Al 62 B5 coreo]| 22 7H30) glvk.

A 72 [Tla—>[TIP} A3 £3182, F={[7]a,
(7, [Tle}={{1,3,6,7}, {7,8,9, 11}, {4,7,8, 11} }oil A}
coreE EJIs= A BF GCF such that NGE[7]f=
{4,5,6,7,8}% &ow

[7laN[7le={1,3,6,7}1{4,7,8,11}={7}
[7laN[71b={1,3,6,7}{7,8,9,11}={7}

S} [Tl ETFE 2 (7)=1 and b(7)=33} a(7)=1
and e(7)=27} S43ke] 3ol

Al 88 X5 coreo] B2 ZH5o] girt.

AH 9% core7} 1022, F={[9]a, [9]b, [9)e}={{9,
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10,12}, {7,8,9,11}, {9, 10}}oll5} AJBF GCF such
that NGS[O)=A9, 10,11, 12} o [9]as} [9)eo]
B2 a(9)=37 e(9)=3¢] S FHelrt.

A 102 coreZ} §lo.2 2, F={[10]a, [10]b, [10]e}
={{9, 10,12}, {1,4,5,6,10, 12}, {9, 10}}oil] A BT
GcF such that NGC[10]£={9,10,11,12}2 Ao
[10]as} [10]ec] B2 a(10)=37} ¢(10)=30] S/d3te)
Zr5olct.

A 118 25 coreo] B2 7}&o] git)

A 12 [12Ja->[12]7} ARt o] apalrt
2ol

Hebd E 88 918 4 9tk
714 FEEE AHEES shT dr)a AAsE

E 8.

a b e f

1 1 2 1 1
2 X 1 X 1
3 X 1 X 1
4 2 2 X 2
4 X 2 2 2
-5 2 2 X 2
6 1 2 1 2
7 1 3 X 2
7 1 X 2 2
8 2 3 2 2
9 3 X X 3
9' X X 3 3
10 3 X X 3
10' x X 3 3
11 2 3 2 3
12 3 X X 3

¥ 9.

a b e f

1 1 2 1 1
2 X 1 X 1
4 2 2 X 2
4 X 2 2 2
6 1 2 1 2
7 1 3 X 2
7 1 X 2 2
8 2 3 2 2
9 3 X X 3
9 X X 3 3
11 2 3 2 3




A4 A AR Sz S B3 Y A

w F 99} o] e},
£ 9% AWFHoE BusA thest 2t

alb2elVv bl --> fl
a2b2V/ b2e2V albelV alb3V ale2V a2b3e2 --> f2
a3Ve3Valb3e2 --> f3

oE

E FaaHEA dlojelwjo] el WARE A4
2 Ry o3 2

1) Model=Kia and Size=Medium and Year=OId or
Size=Large --> Odometer=Long

2) Model=Hyundai and Size=Medium or Size=
Medium and Year=Medium or Model=Kia and
Size=Medium and Year=0ld or Model=Kia and
Size=Small or Model=Kia and Year=Medium
or Model=Hyundai and Size=Small and Year=
Medium --> Odometer=Medium

3) Model=Daewoo or Year=Short or Model=Hyun-
dai and Size=Small and Year=Medium -->
Odometer=Short

5. WO U B

SAFA A2 & 19 Z2& A 552 dloHy]
o] 2F MAZ A% MNdNSS AIA E 49 Z

duistE AR AadoR fEgon ofF
AR A2 Widle YT BB 48 Eol
e 19 A& AejilFE AR A4 02 Fl
ohl g} ol wl$- ¥abaict.

Model=Kia and Size=Medium and Type=SOHC
and Transmitter=Manual and Year=0ld or Model=
Hyundai and Size=Large and Type=SOHC and
Transmitter=Auto and Year=Old or Model=Kia and
Size=Large and Type=SOHC and Transmitter=Man-
ual and Year=Medium or Model=Kia and Size=Medi-
um and Type=SOHC and Transmitter=Auto and Year
=Medium --> Odometer=Long

15 £ Adiel o8 dukskE A71A|
dx vk2 A e o7 Ayl A4 Eobd
AR 9] 27|17} W A o7 FE R
Tt ol 35 Are AXldle B2 A7k e
gt 22l 3 AA AAFEE =290 sivEE
5 Ao ddolel A4 ogxje] Fahge] it
g ol ® 19 sle A WA FES e 3ol
AA e FAYPc sirizte obrR uivt gl A
Aol 2] etk

o
T
H

35

Model=Sonata and Size=Medium and Type=
DOHC and Transmitter=Auto and Year=90 --> O-
dometer=156000

T, 1ol vkE Al A3 ahe 444
A Eopd 549 el A7k A5l slelA
EA57) Eoldell w2} AlutAlzte] 020 A7t &
AT E 7PAlct w3 AgEe] Aol =EFHEE
 &jn|7} i A Aol Het. wheba] o] Al7k] P&
A B3 WS WA doleiwle]lAs dulsiAA
FAAE ol =8 §F 8 AaAIH, 24 9
vy} AL £AS AATLEN A +F £
A3l AAFH A 25l o2 HEkgich a5 §4
ko] FAE AR EH83 $4938 AA% S
24 A3 AAEAS =530 o] AAGAL 44
E5-EollA Buls} o] wlg- 7HAdp x)2e] 4
Fo] 3R FHHo] 1 ovlE ofsfislr] It

dlo]ejuo]Aeljx 2] AA WAL F3F 73S
=58 5 ol g B ohdsl 24E N9 Ao A
A= 23t o] 8= glon, WHE A4 og 7
Aulo]~E TEdhed =88 & 4 ok 2 A7
A= AR, dole] ¥5, dleld 29, 54T
2 9] gy 5 o] Fololl A= 9lS Holr}.

234 M EellA dlelefulo]l iy ] Wl
A= 2 djolel & AAsta vk AR AlA
g ute} o] dlo|e7} Al adut stobd =& A4
< mgeo] glo] AHE 4 glout, wlole 7t -4 &3
il =59 A A 5 gk ol F A
ke 223 AAE F3 dlolE & AHg3le] AlE
AT zA A EE Fole Whe] 3lod, = A
A2 = FAA A M2 mgo] He H3E Ao}
AAsks o] vt Axke F4 dlolefwo] el
A9 HAA A v & Aol & ZlelH, F
22l v 2ed dlole & AATLEN A=
Arel &AL Aoz BAHA AAY 55
#3g F Qde TAE AHEE s daES
7pEsiol & Zolrt.

dlelejHlo] 25 YuSIAIA wHE AJA BE A2
oA duht e} Q= FHE HAY 5 ek
F4 Aol o3 AR AR dof st ol A
oA AR AL shil AApdd A E AR
24e] gy 2ol weh oy JebA 4 Qo
Z& gvidgct. a3 o] FA H o 71EE AR}
7t 2|2 Ajehd f=X 7o nHAql A=A
< FA3717t oleg Aot weh FAHxe 7]
Foll M A7) Fxpe] uhgollA] zhe] dyE o]
of & A|o|c}.
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