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Algorithm for Extracting All Decision Rules from Decision
Information Systems

WANG Shu-feng, WU Geng-feng, PAN Jian-guo
(School of Computer, Shanghai University, Shanghai 200072)

Abstract Extraction Algorithm of Approximate Sequence Decision Rules (EAASDR) extracting decision rule from border region of rough set is
proposed. It can extract all knowledge from decision information systems. Comparison tests between EAASDR and ID3 in 16 UCI data sets show
that the algorithm is prior to ID3 in the accuracy of rule set and the average condition number of rule sets. A new rule measure criterion of certainty
and consistency is proposed in order to accurately reflect the performance of all decision rules extracted from decision table.
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(Extraction Algorithm of Approximate S=U,cUD)
Sequence Decision Rules, EAASDR)
(€ S=(U,CUD)
CORE,(C) /* o-CD(C')
1 */
S=(U,CUD) X cU (2)If COREL(C)#¢ Then P, =CORE,(C) and
R>R,=-->R (R € R) E=R
P={R.R,,-~,R} ﬁx:ﬁix X P Else P={c} and E=R /* VceC c
n i D D =max{r_,(D),ceC
PX =URX, X, = XX, = X ~URX, X 7a®) 7iey = mex{i (D). <C}
=1 k=1—"" */
P bn,(X) = PX — PX X P (3) U/ID ={Y,.Y,, Y.}
p X H(P X)=@ (035115028)
X (1968 )
|o| H(P,X) e[0,1] H(P,X)=0
H(P,X)=1 2007-04-23 E-mail xueaimin7000@163.com



(4 P={P} i=1,U"=U B=¢
Rule =¢
(5)  U/IND(R) ={X, X5, Xy}

(6) B ={X, €U"/IND(R)| X, <, whereY, cU/D, j {2, d}} ,

Rule =¢, X, €B Rule ={des; (X,) — des, (Y,)}
Y,eU/D Y,oX, Rule=RuleURule B=BUB
(B = U x

XeB
If B"=U Then goto (8)
Else{ U'=U"-B" i=i+l VceC-E ¢ E
D O ({c}UE)D ({ch) O ({c,}UE)D ({c.}) =
max{o-({c}UE)D({C})v ceC-E} R =PR,U{c} P P
goto (5);}
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C ={a,b,c,d,e} a b

c X d e
D={f} f U/D={{234,511}{6,7,8,9,10,12}},
U/C ={{1.{2},{3.18,{4}{5},{6}.{7.12}-{8}.{9}.{10}}

o CORE, (C) 0 (C)=7c(D)-
Ve (D) cccC ox({@) =0, o ({0}) =0,
oer({ch) =0, 0, ({d}) =0, o ({e}) =0 CORE,(C) = ¢
@) D
7ey(B) = pos. (D) [/U | ccc 7m(D)=1/12,
7e3(D) =0, ,(D)=4/12, 7,(D) =4/12, y,(D) =7/12 P, ={e},
E=R

(3)U/D={{1,2,3,4,511},{6,7,8,9,10,12}}
4P={R} i=1, U =U, B=¢, Rule=¢
(5)U /P, ={{1,2,4,5},{3,7,9,11},{6,8,10}}

(6) B ={{L2,4,5,}{6,8,10}}

Rule ={des; ({1,2,4,5}) — des; ({1.2,3,4,5,11})
des,, ({6,8,10}) — des, ({6,7,8,9,10,12})}

(M) Ux=4,2,4,5,6,810}=U else

xeB

ab,cd e D
apeo ({8}) = ay (D) = 79 (D) = 5/12
O ({(b}Uge}D ({ah) = 7{b‘e}(D) - 7{9}(D) =2/12
ey {8}) = 7y (D) = 79 (D) = 2/12
O ({d1e}D {a}) = 7{d‘e}(D) - 7{9}(D) =5/12
a,d e D
a P, ={ae}, P={R.P} (%)

B ={{1,2,4,5}{3,11},{6,8,10},{7,12},{9}}
Rule ={1:des,({L,2,4,5}) — des, ({1,2,3,4,511}),

2: des{e}({6,8,10}) — des;, ({6,7,8,9,10,12}),
3:desy, ,({311}) — des, ({1,2,3,4,5,11}),
4:desy, ,({7,12}) — des; ({6,7,8,9,10,12}),
5:des;, ,({9}) — des, ({6,7,8,9,10,12})}
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) S=U,A
{Z;1Z;  des(X;) > des(Y)), X; NY; = ¢}

2 _
C ) v ={2,2,,.Z:} v
3 2 2 1s
EAASDR 11 ,U(l//):ggl/l(zk)
ID3 ASDREA ID3
EAASDR ID3 z S=(U,cUD)
4 EAASDR PcC v={2,,2,,---,Z;}
D3 )= u(2) QcD
EAASDR ID3 v ={Z,,2, 2.}
ID3
uly) =)
3
Data set Average accuracy/(%) Average no. of rules 1s
EAASDR D3 EAASDR ID3 uly)==> u(Z,)
Arrhythmia 75.7+1.3 76.8+0.9 33.743.4 16.0£0.5 Sk
Breast-cancer 96.5+0.5 93.9+0.5 66.0£2.5 63.2£1.5
Breast-W 96.5+0.3 93.8+0.4 59.2+3.6 39.2+2.6
Dermatology 95.740.5 88.5+0.5 30.9+5.8 16.6+6.4
Echocardiogram 68.5+3.9 68.6+2.8 19.9+4.7 12.742.5
Heart-C 80.6+1.4 78.9£0.9 23.7£2.6 16.5+1.2
Heart-H 79.6£0.9 77.3+1.4 21.444.2 13.0+4.2
Hepatitis 79.242.8 81.8+1.7 17.0+£2.9 9.0+£2.8 3.2
Horse-colic 82.1+1.5 79.0£1.3 52.5+2.5 35.3+2.1
Hypothyroid 99.1+0.1  99.0+0.1  3345+¢12  188.3:0.9 S=U,A A=CUD ,
Liver-disorders 70.1+0.9 65.5£1.5 28.6+1.4 15.6+£1.2 CND= ¢ LU/ |ND(C) :{X1’ XZ’“" Xm}
lymphography 80.4+2.0 81.6+2.3 18.5+1.6 16.8+1.9
Pima-Indians 75.4%1.1 74.240.9 78.6£1.3 35.9x0.9 {Z;1Z;; : des(X;) — des(Y;), X; NY; = ¢} S=U,A
Primary-tumors 40.442.3 41.9+1.6 29.8+0.9 19.8+1.0
Sick 98.1+0.1 98.1+0.2 348.6+4.6 119.6+3.9 C
Thyroid-benchmark 98.4+0.1 99.2+0.1 589.7+5.9 265.5+4.9 1 | X |Ni | 7. |
average 82.3+1.2 81.1+1.1 109.5£3.1 55.2+2.4 C(8)=—-2—13 —u(zy)
[U iz N; =2 |U |
4
— N X | Zij |
Data set Av_er_age no. of condition accuracy i i | u |
EAASDR (training) EAASDR (test) 1D3
Arrhythmia 141.7 150.4 1153 Z. §] Z. 1= X.NY. 7.
Breast-cancer 51.1 63.8 33.7 " 12, 5 X, N iz
Breast-W 27.4 39.3 715 7.
Dermatology 71.0 85.3 67.5 i
Echocardiogram 135 18.5 62.2 S = (U , A) A
Heart-C 74.3 88.0 65.2 | X | )
Heart-H 445 55.8 81.3 _o X, M _
Hepatitis 18.1 276 60.5 AS) = é [U I[l j%/”(Zii)(l H(Zy))]
Horse-colic 59.0 73.6 89.0
Hypothyroid 42.4 51.1 165.6 N; X; a(Z) L= u(Z;))
Liver-disorders 101.7 127.6 92.7
lymphography 41.1 48.5 45.9 Z; ,u(Z,j) Z;
Pima-Indians 925 98.2 134.3
Primary-tumors 156.9 187.1 369.7 3.3
Sick 61.0 77.9 115.3 C
Thyroid-benchmark 85.4 88.2 46.5
average 67.6 80.1 101.2
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2 C
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3.1 [1.8] 4
S=U,A A=CUD ,
CND=¢ c D X,
Y, U/C U/D des(X;)
des(Y;) X, Y;

r; - des(X;) — des(Y;),Y; N X; = ¢
/u(xi’Yj) = X mYj X0, 0<H(Xiij)Sl

S(X,Y,) 9 X, NY, [/[U],0<5s(X,.Y,)=<1 ( 27 )
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