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Fuzzy discretization with spatial distribution of data and
Its application to feature selection
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Abstract

In clinical data minig, choosing the optimal subset of features is such important, not only to reduce the computational
complexity but also to improve the usefulness of the model constructed from the given data. Moreover the threshold
values (i.e., cut-off points) of selected features are used in a clinical decision criteria of experts for differential
diagnosis of diseases. In this paper, we propose a fuzzy discretization approach, which is evaluated by measuring the
degree of separation of redundant attribute values in overlapping region, based on spatial distribution of data with
continuous attributes. The weighted average of the redundant attribute values is then used to determine the threshold
value for each feature and rough set theory is utilized to select a subset of relevant features from the overall features.
To verify the validity of the proposed method, we compared experimental results, which applied to classification
problem using 668 patients with a chief complaint of dyspnea, based on three discretization methods (i.e., equal-width,
equal-frequency, and entropy-based) and proposed discretization method. From the experimental results, we confirm
that the discretization methods with fuzzy partition give better results in two evaluation measures, average
classification accuracy and G-mean, than those with hard partition.
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4oz Adud £459 dud £459 AAMS
AR 4 7lssta olalE 4= dojortt dTi1]. o]
A ArAA A DA 2~ (clinical decision support sys-—
tem)¥} A AE7FA) 28 (clinical expert system)ollA]l A
215 Y5stAY BAsty] flaA] BtEA] FFaEofof =
to]8 AAl(data cleaning)#golg} & = Ut}
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(distance) 3% ) Equal-frequency (depth) +3%h 1)
Entropy-based #3%. ©o|& 37[# 7|HE FolA
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(911 U= {z,29...7,} E LE 3}
A={apay-a, } £ FAEDEY G370zt & o,
AR Al2H"(information system)< 2

IS=(U, A) or IS=(U, C, D, V; f) (1)

2 (DX C= 27 £ (condition attribute), D= <]
AFAA £ (decision attribute) S oJv|dtaL, 7 A =4
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AR F 4 (information function) f,: U— V,oll <34
ot G7IA Ve 4 o9 EMR, F 4 o9 #E
S UERALE dE Bo] ¥ 139 22 AA HolE9]
M ul, AR A2® ISE U={z,29..74),
={ab,cd}, C={abec}, D={d}, V,=V,=V, =
 ={Low, Medium, High} & JEFE = itk

o
i

o
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m
o

(A9 2] $AE9 e A PC Ao HalA, 4 P
o] 2 E% A (indiscernibility relation) IND(P) <} &
25 (equivalence class)= 2 (2), (3)¢ Zth

IND(P):{(x, y)EUZ\ Va<P, a(z) :a(y)} (2)

2 (2)oA alz) e LEAE zof 3t &4 a9 7, =

4%k UERdTH
U/IND(P) = Q{U/IND({a}) |aE P},
ARB={XNY|XEA, YER XNY= &} 3)

2 (oA e S5 F-EPF(subset)oll gt 71
A wE dekth F 194 P={ab} T AT
U/IND(P) = {{z), 2w b {wg, 2y w5 o {wg b {w, 01 AL, o] A &
A A paA 2BAE J3 v 723 E(elementary
set) & Telete AS o gt

x 1. 24 H"Hol&
Table 1. A decision table

U/A a b c d
x; Medium Low High Low
z Low Medium | Medium High
Ty Medium Low High Low
z, Low Medium | Medium High
T Medium Low High Medium
T High High Low Medium
o High Medium | Medium High
Tg Low Medium | Medium | Medium
(49 3] AAGT ol OF AnEe] PRAGS xe
3}3H(lower) 3}

T A4 T P(PC A)dA X9
245 ZAF3Hupper approximation)® 2] (4)¢F 2t}
PX. ={z|U/IND(P) < X},
PX ={z|U/IND(P)N X = &},
[ 4] AAHT UolA AHES #AAE YeEE &
AE9 AR P Q7 FolRE W, A (positive), F4
(negative), 73719 9 (boundary region)< 2] (5)¢} 7t}

4)

ros,(0)= |J px.

XeU/IND(Q)
NEG,(Q)=U- ] PX, G)
XeU/IND(Q)
BND,(Q)= |J PX'- (J Px.
XeU/IND(Q) XeU/IND(Q)
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[ 5] =% &4 3 pob AHAAN
Q7 FolRAE uf, poll 3 Qo 9FA4 A E(dependency
degree) ¢} €743 7t PollA Ao £A aepPo T84 A
L (significance degree)= 2} (6), (7)3 Zo] Aol

|POSp(Q)
'YP(Q) |U1
op(Qa) =vp(Q) —vp 1,y (Q), 0p(Qa)E10,1]  (7)

21 (6)lA |1& 7held e El(cardinality) & ©lH|ta, <
& BE7F 1old Q& poll 948 eFataL, vkl 0
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Fig. 1. An example of overlapping region
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Azkel 24 A X(separation degree) ZHE] g £A4 9
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P= g ®)
Z n,;

where n; h(x ), z;;Ecp e

4 ®NA n= A S48 FAGAN S44 0,
Ak, DRA Ze)so] T3 we] MESE ejneli, o,
=l o@ A BEd (LA U, o2
5ol A Q1822 7 300 W, A Sl B
Aol Thea o] Felaw SA4zkEe Lus} EAF
g Agam, A @ elaiA s s o QrAge
2.25330] ¥t}

a, 20 21 22 23 24 25 26 27 28

o 1 5 1 1 4

C 0 1 0 3 1 0 1 2 1
- - 5

e A FHG Rely ARE e Al
QAghe 233910] 3, FHFLeIN FHA S
94 AEE B Zol wal AR ke o
8 I (1 SN 1A A
oA 5

32 FHMY ¥ 5FMY
bt ge gulel 94 If ~ Then 42 7HaHA,

R If ayis A,‘17 ayis Ayg, -y @, is Ay, Then c,

A71A ay,.ea, > n7lel ?J%ﬂ%*, gy (k= 1.,N; j =
Lo kA gt2elM s lesgde] s &3
(2" 2 2=x), N& A9 F, ¢, (¢=

1 Q) el 4
o2& LEpiT,

3 Membership
=

(a)—o, e max(a,) ro, !
, :

ag 2 A aEd
Fig. 2. Fuzzy membership function
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[12]9] W (GF 2 #F2)S o] &3St
(xi)=max {p,(xi)}, k=1,.. &
where Hk(Xi):Mm(l‘ﬂ)Xﬂkz(l‘iz) ><~-~><Mlm(xm) 9)

29014 a9} g freq(Ry =c,) 9 freq(Ry =c)
oujsta, o] AL FR A =G STt 47 piA
& giA) Szl tHEE We Ri=FE vrhdvh &3 4
9} ot max(R, =c,) o max(B, =)< owlsta, A4
d TR FYA FYaTE pAAet ¢iA Sl

<2 W FERHE i A A Agd=S dEd
.

X 2. AZY TAE §dsr] 9% 7+
Table 2. Two criteria to resolve the coupling problem

Max. degrees
Frequen%:ies >0 7=0 7<9
a>f c, c, ¢,
a=/ c, NA ¢
a<f ¢, ¢, [

oAM= F 29 v|ZozNEH AAE A I
Then Tf2olA, 4= 3 % J
71 A A (DY Fa%

o
A
oX,
=2
=
e

(@) =7p_ () (@ 22 s = J
S FE8H] HFHQ) rF 22 AR

T bo = gk 7]Ee] 371R] olitshil It HAEE
7 HEzFshs At 3714 ol ksl Ee] 10-fold WAk
HS (T8 90%, 23 10%)2] 4755 vustyg ) E=gt
10-fold A F Botol Z+ foldel H7k= 4 (10)= (11)
o] B AEAH G-mean HE[13]E 27= B8kt
(% 3 #=x).

® 3 =9

Table 3. Confusion matrix

Predicted output

Positive Negative
Actual Positive 7P FN
output Negative FP TN
TP+ TN
Accuracy = 5 T ENT INY 7P (10)
G—mean = /sensitivity X specificity ,
) 2 1IN

where sensitivity = TPT R specificity = TNT FP an

2l (10)elA TP, FN, TN, FP= ZZ} true positive,
false negative, true negative, false positiveE 2|7|s}az,
2 (1DoA 73 E(sensitivity)2F £ o] E(specificity) =
true positive rate®} true negative rates YERNIL, ©] F
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3 ®¥(imbalanced distribution)Z 7} ©lo|E]
H7Ve 9% HE=A F2 ALEHET AgAA A
S5 dolE-Ale A FIA A A o=l 20061
790X 2007 69 Alelo] EFueez st At
1,1299 9] 57|55 ZAZR tgAte] A FALES A$)dk
TEHS, AE, Yo, S5 dddgx 2 Azt A=A,
4 Al e, 7] AAF 35 5o A5E dolEgofsh-
2o A FESTE FEH AR F EF HYoR My 3§
A}, DOA (Death on arrival), CPR(Cardio—pulmonary re-
suscitation) ¥ £ DNR(Do not resuscitate) @ A}43t
3}, 2o B 52 vt Ve 3}, o R Eo] B4k
g ASE AT S57e EAE FolA AdEdd
(differential diagnosis) A 9AZ7tel 9l Fa38}F
o HAaEE 110 EHER AW 668 4 (5 ¢
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Table 4. Dataset’s feature

Feature Unit Min Max Mean * o
WBC | x10°/ulL 0.11 75.9 11.02+6.39
PLT x10° /ul 23 1,105 270.69+120.02

Ccr mmol/L 72 134 104.25+ 6.94
AST U/L 5 3,321 73.52+227.15
ALT U/L 3 2,481 46.44+143.22
pCO, mmHg 8.3 985 39.88+13.57
PO, mmHg 359 354 80.15+22.06

0,SAT % 59 99.9 96.14+3.20
LDH U/L 152 8,178 688.58+509.81
Ca** mEy/L 1.25 3.2 2.25+0.17
Mg*+ mg/dL 0.3 4.1 2.21+0.38

WBC: M&8-+(White blood cell); PLT: a3 4
(Platelet count); CI™: 4% %(Chloride); AST: o231}
ZE|o]E olu|=Ho] A (Aspartate aminotransaminase);
ALT: <atd o} = o] & A~(Alanine amino-
transaminase); PCO,: ©|4Fs}gh2 F(Pressure of carbon
dioxide); PO,: %A H(Pressure of oxygen); O,SAT: At
2 ¥3%=(Oxygen saturation); LDH. 2} 5484
(Lactate dehydrogenase); Ca?': Zr&(Calcium); Mg*t:
w244 (Magnesium).

4.1 SHEEES Iz 3t o/ sty Ente @

SERTS Jwrow 10-fold RARFAME =
o] EAME A AEH EAE WEE] A TES
AHEA] FS w), 7|Ee] 7R oAb E Y Sl=R
&S Jato 2 3k Aloky whyel AE wwsga, 1 24
o= 3% 59 Zrh
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X 5. 10-fold wx-45 Ax}
Table 5. Comparison results (10-fold cross validation)

EW | EF | Ent | 0O

posed

Ayt 3 F 24 481 214.8 480.5

H He 0.0749 | 0.3067 | 0.3354 | 0.2993

I+ G-mean 0.0000 | 0.2236 | 0.1652 | 0.2195
EW: Equal-width(distance) partition; E.F: Equal

—frequency(depth)  partition;  Ent..  Entropy-based

partition

= A AEI o HeE
ol BdE e FE, HdE A
Fr’9} g G-mean’ 2 10-fold w25 Fbell Z+ fold
oA 21 (10)3 (11)& o]&ste] Hrhel Ayghs BolErh
3 59 AT A HoFZo] FH dHoJE2RE g 3
T A 4= equal-widthE 7|Wro 2 3 o]Alsh o]
P 2 H 1A 2 AFstdAnt A golgd
it Qe TP we s Assidla, e
n X< JY&A(admission) ot E L2 AHdischarge)
tolg ] HlEs7t Jojd o=z we Jddka o
H A3yE HoFu whAe equal-frequency
gt olxtali a2 (8)S o] &3l EAFI
3k At olikshlo] Syt G-mean AL
equal-width®} entropy-based ©]AFsPbH S H)3) A+
NHoR £ AsS ATEs & F AR, AHEHE 117}
[e]

N

o l=}
i =
M >

lu Su

i

e
o

ol
-

2 o {o =
N

A A AKblood test) A=E-Eol gk /37 A4 HE
(clinical reference range)[14] (& WBC: [5.2, 12.4], PLT:
[130, 4001, CI: [95, 108], AST: [13, 36], ALT: [5, 44],
pCO2: [32, 48], pOq: [83, 108], O.SAT: [95, 99], LDH:
(211, 423], Ca”": [1.2, 3.2], Mgz}i [15, 2.7D)¢F 10-fold &
Qholl 7} vl Agw AAFY] wislkel W9 (variation)
2ZHE oS3 2 23E A8 F Atk equal-width
71k elakshg e Cl, Ca’', Mg” & A9l vwix) 87]¢]
HAAREO| A entropy—based ©]AFEFH-S WBC, pOo,
LDHoel A, equal-frequency®} Aletel WES pO.2} LDH
ol A 4= HY o} vl s o tha Hold ARE A
FetA Tt

o2 ZF orkshi el Al 10-fold WS F<tel 2
AE AAZEe] H3lE WS BoF k1) equal-width ¥
W WBC: [26.79, 38.13], PLT: [388, 573.5], Cl: [99.5,
106], AST: [831, 1,664], ALT: [511, 1,2425], pCOs:
[52.15, 54], pO2: [138.45, 196.55], O.SAT: [79.45, 90.45],
LDH: [2,585, 4,223], Ca" [2.09, 2.315], Mgz‘i [2.1, 2.6];
1) equal-frequency ®'#: WBC: [9.44, 9.57], PLT: [252,
255], CI': [105, 105], AST: [31, 321, ALT: [21, 22], pCOq:
[36.4, 36.9], pO2 [77.5, 78.8], O:SAT: [96.7, 96.8], LDH:
[574, 592], Ca”: [2.24, 2.25], Mg”™: [22, 2.2]; TID en-
tropy-based ®W'H: WBC: [4.26, 22.55], PLT: [169, 358],
Cl: [95, 111], AST: [19, 39], ALT: [10, 45], pCO2: [23.3,
67.9], pOs: [66.4, 125], O.SAT: [97.2, 99.4], LDH: [668,
1,008], Ca™: [1.8, 2.37], Mgt [1.8, 2.9]; IV) A|otel Wi
WBC: [874, 9.33], PLT: [245.72, 254.40], Cl: [104.52,
104.89], AST: [31.28, 32.66], ALT: [21.01, 21.63], pCOq:
[35.45, 36.36], pO-: [79.36, 81.98], O.SAT: [96.60, 96.75],
LDH: [535.76, 559.22], Ca”": [2.23, 2.25], Mgz‘i [2.16,
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Table 6. Comparison results (10-fold cross validation)

EW | EF | Bnt | 0
posed
= A
Pt A = 35.90 | 442.60 | 224.40 | 483.80
EX e <
#;' o 2250 | 442.60 | 222.90 | 488.80
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