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Abstract

A rule weight-based fuzzy classification model is proposed to analyze the patterns of admission-discharge of patients as a previous research
for differential diagnosis of dyspnea. The proposed model is automatically generated from a labeled data set, supervised learning strategy,
using three procedure methodology: i) select fuzzy partition regions from spatial distribution of data; ii) generate fuzzy membership
functions from the selected partition regions; and ii) extract a set of candidate rules and resolve a conflict problem among the candidate rules.
The effectiveness of the proposed fuzzy classification model was demonstrated by comparing the experimental results for the dyspnea
patients' data set with 11 features selected from 55 features by clinicians with those obtained using the conventional classification methods,
such as standard fuzzy classifier without rule weights, C4.5, QDA, kNN, and SVMs.
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Fig. 1. Overall structure of the proposed fuzzy classification model
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Fig. 3, Fuzzy membership functions defined on overlapping regions
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Table 1, Two criteria to resolve the conflicted candidate rules
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9 MCG(Maximum Compadiibility Grade): 8= FE7EI0| X0y MuT,
® Freq(Frequency): TETEIQ| B4y HITS,
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Table 2, Dataset's feature

1,129 9] 95712-¢ gdo 2 gt A AAAERE A
I3 FENE, AY, Yol, SFA NLYA = AL 1825, 9
A A A}, 27) AA 35 59 ARE vlolE Y olah-2(data
warehouse)ol| A 2381900} 7] ZAL FEo 2= AYT AAL
(common blood cell & differential count, CBC & diff. count),
T2 EE8 A]7prothrombin time, PT), 848} 32 EERE
2}2 8l A|7Nactivated partial thromboplastin time, aPTT), 84
A3 A(serum electrolytes), YL} gk 712 AAKroutine
admission), ¥4 oldelA, F94E 712 E4(blood pH and
gas), ZyolAl, CK-MB, Troponin I, CK, LDH, CRP,
Fibrinogen, Ca™*, Mg*", Pro-BNP7} 1%lth. 3¢ A= 5 &
¥gloz AYH $xz}, DOA(death on arrival), CPR(Cardio-

# Variable? Unit Ronge® Mean 5D

i WBC x10%uL [0, 345.3] 11.389+13.547
2 PLT x10%/uL [0, 1,105] 270.3881123.267
3 cr mmol/L [72, 134] 104.395+6.926
4 AST UL [0, 3,654 71.803+239.088
5 ALT uiL [0, 2,481] 43.3541129.436
6 pCO; mmHg [8.3, 98.5] 39.603%13.560
7 pO; mmHg [35.9, 354] 80.967 +23.316
8 O,SAT % [65.9, 99.9] 96.015%3.612

9 LDH uiL {0, 8.178] 648.310+524.888
10 Cat* mEg/L [0, 3.23] 2.049+0.656
11 Mg** mg/dL [0, 5.2] 1.944 £0.800

° WBC: White blood cell; PLT: Platelet count; CI™: Chloride; AST: Aspartate transaminase; ALT: Alanine transominase; pCO:: Pressure of carbon
dioxide; pO,: Pressure of oxygen; O.SAT: Oxygen saturation; LDH: Lactate de—hydrogenase; Ca?": Calcium; Mg?*: Magnesium

® la, B]: 2t &42 GIOIE] 4101 QY (K7|1M o= HAZ, pE= HDHZE 20)).
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Table 3, Statistical information for admission/discharge patients

Voricble Admission Discharge
_Min Max Mean£SD Min Mo Mean£SD
WBC 0 345.3 12.056 +15.325 2.77 53.47 9.376+4.857
PLT 0 1,105 267.708+128.988 52 676 278.481%103.968
cr 72 134 104.028+7.419 90 124 105.504£5.015
AST 5 3,654 82.5991+273.365 0 645 39.209£53.057
ALT 3 2,481 48.159+148.174 0 212 28.847 £28.231
pCO; 8.3 98.5 39.439%13.197 8.9 96 40.095%14.622
PO 35.9 354 81.459£24.859 394 160.6 79.481+£17.836
O25AT 55.9 99.9 95.938+3.848 75.2 99.7 96.248 £2.777
LDH 0 8,178 644.21508.632 0 5,625 660.658 £572.284
ca?* 0 3.23 2.052+0.655 0 2.93 2.041+0.660
Mg®* 0 5.2 1.94510.822 0 3.3 1.940%0.731

Pulmonary Resuscitation) 3 Z-& DNR(Do Not Resuscitate)
EANEE 8L 2] HY T2 v Ter &4, 97750 B
SAT B AT F 84479 BN VA 6347, HYF
7} 210%)°l thgk Hlolel M550 PR Fol A FAES}
of oJsiA AE 117} W) o83ttt £ HojH Al X
38 nullgh2 098] A5 2AY o= BP9 n(H 2 3=2), 4
oA AL ZE ¢1e]E&2 Matlab 20089) 4 T Y}

A. BZ HAERY) vs. FAZMSAE 2@ B2 ERED

Ay 1dMe FAZNEAE 221844 g HARFII[17](0]
8t £F HARFIDG ANE HA BFREDY %S vlasy]
AehA 84479 S ETA B} vlolE Al WA E FH-AY do]
B2 AMSIRAE we) B57 BG4 749 4 W5 vlwd}
St A8 4 7 Y use] wA) E87IHE 2R 8
A 4 - B9 70 bt dEus gE I £x9 3

H 4, HX2E T2t SIS

TIHe BASAI(E 39 4 A2), 29 304 HoFE AAEY
7142 948 dolHEY FHE FHIY]) Y3 E 29
‘Ranges’ & X 49] ‘Modified ranges’(Z [Min-SD, Max+SD])
2 d3sigd. =8 HAESY £ # 49 ‘Overlapping
regions’ & 7|20 2 &9 229 59 FLHA UL H
A 24585 4 (1)§ o] 43t 17 49} Zo] AFBIGL, 4
Q- F 19 358 T La7|E L 2A= 8447 5%
=& Bxte] FAAAE FEAT

¥ 59A BoFs AXY, 28 TR A Y L84} 634
o] 7% 787, El 982109 9] A9 FANDES A
5 A%, BE HAEFY] EF A= 75.8294%, AL
B FHNEAE 223 HA EFELL75.5924%9 & E 5 A
ATHE 6 FZ). ¥ 5914 Lows} Highe =] 2431:9) o]
HQ FEE, CFe 4 (HEFEH AME 4 7139 FAEE,
Freq.= 2} 713 o] tf-3-8 24 HIES4E &jn|gith

Table 4, Number of fuzzy partitions and their overlapped regions for each variable

Yariable Modified range Qverlapped region Num, fuzzy podition
WBC [-13.547, 358.847] [2.77, 53.47]
pLT [-123.267, 1,228.267] [52, 676]
cr [65.073, 140.926] [90, 124]
AST [~239.088, 3,893.088] (5, 645]
ALT [-129.436, 2,610,436] [3, 212]
pCO; [-5.260, 112.060] (8.9, 96] 2
PO, [12.583, 377.316] [39.4, 160.6]
O2SAT [52.287, 103.512] [75.2, 99.7]
LDH [-524.888, 8,702.889] {0, 5,625
ca?* [-0.656, 3.886] {0, 2.93]
Mg [-0.800, 6.000] [0, 3.3]
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Fig. 4, Fuzzy membership functions of antecedent part for dyspnea patients
B 5, YME HX[7ED FAlo AT
Table 5, Generated fuzzy rules and their certainty factors
# — An1§cedent yarenie = — Class CcF freq”
WBC PLT Cl AST ALT pCO; pPO2 O25AT LDH Ca Mg’
1 Low Low Low Low Low Low Low Low Low High Low 1 1
2 Low Low Low Low Low Low Low Low Low High High 0.1142 1
3 Low Low Low Low Low Low Low High Low Low Low 0.1458 8
4 Low Low Low Low Low Low Low High Low Low High 0.1389 2
5 Low Low Low Low Low Low Low High Low High Low 0.0474 2
6 Low Low Low Low Low Low Low High Low High High 0.1956 157
7 Low Low Low Low Low Low High Low Low Low High 0.0502 1
8 Low Low Low Low Low Low High High Low Low Low 0.2127 4
9 Low Low Low Low Low Low High High Low Low High 0.0821 3
10 Low Low Low Low Low Low High High Low High Low 0.1242 2
11 low Low Low Low Low Low High High Low High High 0.1329 1"
12 low Low Low Low Low High Low Low Low High Low 0.0327 2
13 Low Low Low Low Low High Low Low Low High High Admi 0.0749 1
14 Low Low Low Low Low High Low High Low Low High ssion 0.0568 1
15 Llow Low Low Low Low High Low High Low High Low 0.0965 5
16 Low Low Low Low Low High Low High Low High High 0.1096 32
17  Low Low Low Low Low High Low High High High High 0.0249 1
18 low Low Low Low Low High High High Low High High 0.1157 1
19  Low Low Low Low High Low Low High Low High Low 0.0646 3
20 Llow Low Low Low High Low Low High Low High High 0.0709 4
21 Low Low Low Low High Low High High Low Low High 0.0571 1
22  low Low Low High Low Low Low High Low High Low 0.1142 1
23 low Low Low High High Low Low High Low High High 0.1458 8
24 Llow Low Low High High Low High High Low High High 0.1389 2
25 Low Low Low High High High Low High Low High High 0.0474 2
26  Low Low High Low Low Low Low Low Low High Low 0.0669 2
27 low Low High Low Low Low Low Low Low High High 0.0590 2
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. Antecedent voridbie

28 Llow Low High Low Low Low Low High Low Low Low 0.0977 2

29 Low Low High Low Low Low Low High Low Low High 0.1248 12
30 low Low High Low Low Low Low High Low High Low 0.2232 23
31 Low Low High Low Low Low Low High Low High High 0.1979 118
32 Llow Low High Low Low Low Low High High High Low 0.0358 1

33  Llow Low High Low Low Low High High Low Low Low 0.1528 1

34  Low Low High Low Low Low High High Low Low High 0.2010 2

35 Llow Low High Low Low Low High High Low High Low 0.0628 1

36 Low Low High Low Low Low High High Low High High 0.1366 15
37 Llow Low High Low Low High Low High Low Low High 0.0651 2

38 Low Low High Low Low High Low High Low High Low 0.1291 3

39  Low Low High Low Low High Low High Low High High 0.0822 18
40 Low Low High Low High Low Low Low Low High High 0.0205 1

41  Low Low High Low High Low Low High Low High High 0.0402 3

42 Low Low High High Low Low Low Low Low High High 0.0477 1

43  Low Low High High Low Low Low High Low High High 0.0825 1

44  Low Low High High High Low Low Low Low High Low 0.0593 2

45 Low Low High High High Low Low High Low High High 0.1028 4

46 Low Low High High High High Low High Low High High Admi 0.1356 1

47  low High Low Low Low Low Low Low Low High High ssion 0.0423 1

48 Low High Low Low Low Low Low High Low Low High 0.1159 4

49  Low High Low Low Low Low Low High Low High Low 0.0870 3

50 Low High Low Low Low Low Low High Low High High 0.1548 40
51 Low High Low Low Low Low Low High High High Low 0.0553 1

52 Llow High Low Low Low Low High High Low Low High 0.1082 3

53 Low High Low Low Low Low High High Low High Low 0.0819 1

54 Low High Low Low Low Low High High Low High High 0.1661 6

55 Low High Low Low Low High Low High Low Low High 0.1131 1

56 Low High Low Low Low High Low High Low High Low 0.0893 1

57 Low High Low Low Low High Low High Low High High 0.0715 7

58 Low High Low Low Low High High High Low High High 0.0534 1

59 Low High Low Low High High Low High Low High High 0.0723 2

60 Low High High Low Low Low Low High Low Low High 0.0740 2

61 Low High High Low Low Low Low High Low High Low 0.0804 3

62 Low High High Low Low Low Low High Low High High 0.0885 22
63 Low High High Low Low Low High Low Low High High 0.0826 1

64 Low High High Low Low Low High High Low Low High 0.1425 2

65 Low High High Low Low High Low High Low High Low 0.0510 2

66 High Low Low Low Low Low Low High Low High Low 0.1628 1

67  High Low Low Low Low Low Low High Low High High 0.0395 2

68 High Low Low Low Low High Low Low Low High Low 0.0846 1

69 High Low Low Low Low High Low High Low High High 0.0565 1

70 High Low High Low Low Low Low High Low High High 0.0797 3

71 High Low High High Low Low Low High Low High High 0.0564 1

72  Hioh High Low Low Low Low Low High Low Low High 0.1076 1

73 High High Low Low Low Low Low High Low High Low 0.1433 1

74  High High Low Low Low Low Low High Low High High 0.0780 3

75 High High Low Low Low Low High High Low High High 0.0912 1

76 High High Low Low Low High Low High Low High Low 0.0687 1

77  High High Low High High Low Low High Low High High 0.0467 1

78 High High High Low Low Low Low High Low Low High 0.0916 1

79  Low Low Low Low Low Low Low High High High High 0.0774 1

80 Low Low Low Low Low High Low High High High Low 0.1167 1

81 Low Low Low Low High Low Low High Low Low High 0.0309 1

82 Low High Low Low Low Low Low Low Low High Low Disch 0.0398 1

83 Low High Low Low Low Low Low High Low Low Low arge 0.1577 1

84 Low High Low Low Low Low High High Low Low Low 0.0812 1

85 Low High High Low Low High Low High Low High High 0.0763 2

86 Low High High Low High Low Low High Low Low High 0.0288 1

87 Low High High Low High Low Low High Low High High 0.0356 1

° CF(Certainty factor): F&I0] HAIT
® Freqifrequency): 248 BT
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Table 6, Comparison results between standard fuzzy classifier and proposed model

Num. initial ‘condidate: rule

Num. fuzzy rules after

Num. findl fuzzy rule: Clgassification accuracy (%)

Method removing redundant rule
G* G’ o} G G G G G Total
Standard fuzzy classifier 99.369 4,762 75.829
634 210 81 37 78
Proposed model 99.843 2.381 75.592

I YUK CHEH BlolE
P 0y EIRIXION CHDE o)

¥ 694 ‘Num. initial candidate rule’ 2 4] (2)-(3)2.Z2 1 E
AANE E¥2 ol FH 7FH9 4E, ‘Num. rules after
removing redundant rule’ 2 FE-H 7AHHES A AT ZT A
A" AR 739 & ¢Ju]gic). £3 ‘Num. final fuzzy rule’ &
A @)% £ 19 FETHY £37182 2AZ A4 FE ¥R
T+ & el a1, ‘Classification accuracy’ & ¢ - 59 3
A el B7 AT A4 7 A8 S RAED. 1 29 A
te AR o] BE HALF7IG AY FAR S AZTHE
E AR A48 A AAE FAHEE FolA 6,313
A FAA-RAAN 7} B FANES VERIT, E98A9)
ASde 2wl & waAE] EXEHA 8-S B 5 9l
UTHE 5 =), o]t 2= AA) "oy AloA YLt
ujgo| Eldgiate] wlgol g HiFoE & EXE 71A)7)
o o]t

Rule 6: If WBC is Low(<=53.47) and PLT is Low(<=676)
and CI is Low(<=124) and AST is Low(645) and
ALT is Low(<=212) and pCO, is Low(<=96) and
pO2 is Low(<=160.6) and O.SAT is High(>=75.2)
and LDH is Low(<=5,625) and Ca** is High(>=0)
and Mg®* is High(>=0) Then Class is Admission
with CF is 0.1956,

Rule 31: If WBC is Low(<=53.47) and PLT is Low(<=676)
and CI' is High(>=90) and AST is Low(645) and

B 7, 2F HX|2F7(2t dokel 2Einte| | w &2t (10-fold MR F)

ALT is Low(<=212) and pCO; is Low(<=96) and
pO: is Low(<=160.6) and O,SAT is High(>=75.2)
and LDH is Low(<=5,625) and Ca®* is High(>=0)
and Mg** is High(>=0) Then Class is Admission
with CF is 0.1979.

714 Zh 74 9] BEge] e a9 4olA YERd g3
BE9 3139 A A g(lower and upper limits), & cut-off
2 Yeidd

AY 20 ME FE HARR7IS AYE 293} Bt AHF
21 BlE 4314 10-fold LA7F 4] AHE W8} AT 2} fold
o 9 £E7He WY o2 F28 FAH|oE Ao M FH73L
& 35t AP AT £ FHT WA HARE A5
AP Aoy A3A HARTE 8 2700H 674712 273
3] HA T o} EF AF=E vk & 79 A
A BeFRo], FAdolE Y B ERAGTE HAE LY 7+
F7Ve4E AtE Zd3 B HA LRV Aol BF 57H
S 8 5 AN, 43 w0l AldiMe FRH e fashe A
& Bk Aokt F& vlolg Ao £/ AGAcAE At
2do] BF HARF7]Y A5l wg] thik Bolg o 437 bl
ole] Al ME AL Ae(F p=29 1 1.4215%, p= 3L 1
2.0210%, p=49Q W] 1.7829%, p=6<Y ¥ 1.1807%)2 2%
o 238 73 59 Wl NE BF HALF 79 AGE 2l
A 25 598 4 £o X8 Byl

Table 7, Comparison results between standard fuzzy classifier and proposed model {10-fold cross validation)

Method Standord tuzzy classitier]12] Proposed model

Parlition Avg; ule Troil('to/scc. Tesz‘y::)cc. Avg. tule Trci?o /500' Tes:y:co.
p=2 88.7 76.132 72.156 88.7 75.579 73.577
p=3 3353 81.977 66.585 335.3 75.856 68.606
p=4 456.2 86.782 61.833 456.2 79.239 63.616
p=35 642 94.329 54.015 642 83.478 52.479
p=6 727.7 98.275 50.462 727.7 89.336 51.643
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Table 8, Experimental results for four types of conventional classifier {10-fold cross validation)

Conventional method

Experimental parameter

Test accuracy (%)

Confidence: 0.3

. 73.454
casl13] Instances per- leaf: 2 3
QDA[14] Defauit 42.647
k2
KNN[15] Distance measure: Euclidean 71.450
Polynomial function 24.706
SVM[16] ) i )
Sigmoid function 75.118

B. 7|&9] REF TR EHRS v

Agtd 293 71E9) SREridERe) £59%5S st
7) 1814 T 22 3744 Hele) E5719e) 10-fold A4
& AU ) JAHEAES C4.5[18], ii) TAHF #77)
QDA(quadratic discriminant analysis)[19]18} kKNN(k-nearest
neighbor)[20], iii) SVM (support vector machine)[21].

2+ B57719) #7458 971817] S18iA ALeE 49wl
= C459 #AS fuwe g AdxgAre £ 278, A
(confidence)= 0.32.2 AA3}Q 3L, kKNN9] 3% k9] e 22,
AZAE ogs FEU I=ye AT =39
QDA¢ 3¢ HZE v E & 0| &381% 3L, SVME] 9= 2
7HA] A4 g4 (polynomial 3} sigmoid functions) & o]-&3}] 3
7}t ¥ 73} 89] 10-fold xAZ2] AFERH sigmoid 7
G348 7Nte g § SVMo| 7MF £& 27 A4 & By,
I oo AdE Rd(p=2), C45 EF HA £77]
(p = 2),kNN, QDA, polynomial Ag&4E 7|92 3FSVM
T2 2 eIt 3T SVMe] 739 A% Ex RN E a4
< B3 FoA woly S HHoz BRY & Jie %W
(hyperplane)3} v} (marginy& 2=t ARH < o8 w)7|
HFE0| 3lon, dojgd SEFHOZ o] HA g FUR
m)¢ OB & Aotk & AP AFNN RAFRo|, E73%
S ARE AQEe] Feol del AR FEE L] fF2)
oA LopEeid 7hsAdo] WO £ F ot metA o2 d
oz nFo] B v At ¥A| EHEHo) vlad o2 £77
ERT FL ARE AFYE E U

V. 28 ¥ E9|

2 aToME 3499 sEER0Z A BASA Y - 8
Lo BE FUBHE AN TAATAE o2 T oA
F2UL AT AE BRAINE ¢ - 59 B9 A
& B487) 34 Foiq Hole] Aoz RE WA pYYds

2EYSEAFOE AT FRFAEL PAF LA
ABER, 27190 AHE FRALE Do) 38D FHEL ¥

48 | J. Biomed. Eng. Res.

317] 93 = =S

APolNe At Bl axbg Qe AFE] fAshA
2742 A9-L Yk ) TN E 1A G RE HA &
F7017194e] vlm A, i) YAFEAREE C4.5[18], TAH £F
7] QDA[19]9} kNN[20], SVM[21]7}e] iR Q. AF1Me
8449 3 E-LTEALe] AA) vlo] AL FH-AY Ho|HE A}
£359¢ vo FAREH 2R T HAEF 78 st
Ha, Agte BFEdo] FF #XA {714 HIS 0.237%4 =
AsEE E = Ak 2ok ABHA FF5E A 22004
£ A4 dlo]g) AL 9t 16 &2 Y7o 10-fold AAFEFE 3
sgon, AgtE Rd(p = 2)°0] AFE HAEF7I(p = 2), C4.5,
QDA, kNN, polynomial #Eg+E 718ke 2 3 SVM4] 1|3
Z+2}1.421%, 0.123%, 30.93%, 2.127%, 48.871% 33EL2 &
93, sigmoid AQHFE 7|¥te 2 @ SVMo] ul3|
L541%AE Aste EHASE RAFA AT SVME A}
£8 Aggr Yoo uel AR A9 WslE B, 3
9] v} & AAF7) 8| nE Holoske HiAUF GES] 2A
ol a3 8902 L3t wehA ol Ho= B wj A
B e F7HAQ wi/haSE eekA] 1 9ed 74 £49
FH99¢ 23, 529 YR FHAL AR R F
B TAE RO ER ERAESE MANE 7 dEd
Q) A} 2] AFAA A Y(CDS: clinical decision support)& & =+
ZAHE F 91 B ol YA BB (F 8, L34S
EZRH RS FEIAY A F U ETEARE F U
£ A0 dadd.

FE AFME AgE ZdE B A4 gl B2 3
37] Y8l TR} 22 H A i) o4 2L 94 FH 9
dlole] Aol HAo] HARE Jlae] Hea} £ T4 ¥
FH(merging)ol] F 4, ii) YA F710 ©E A9 A
Z(curse of dimensionality)ZAE 3237 3 FPMH
(feature selection) ¥'Y 3} 7]2¢] neuro-fuzzy, genetic-fuzzy %
3} 2 WP S v, i) QAT Aot wde 28E
Fete] zto(F AA Y WA T oA QL& Ao FA gEo] vt
W cutoff B AE H438 F Je Y B A7
71888 Ao AlgdEn
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