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Multi-parametric Diagnosis Indexes and Emerging Pattern based
Classification Technique for Diagnosing Cardiovascular Disease
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ABSTRACT

In order to diagnose cardiovascular disease, we proposed EP-based(emerging pattem- based) classification technique using
multi-parametric diagnosis indexes, We analyzed linear/nonlinear features of HRV for three recumbent postures and extracted four
diagnosis indexes from ST-segments to apply the multi-parametric diagnosis indexes. In this paper, classification model using essential
emerging patterns for diagnosing disease was applied. This classification technique discovers disease patterns of patient group and these
emerging patterns are frequent in patients with cardiovascular disease but are not frequent in the normal group. To evaluate proposed
classification algorithm, 120 patients with AP (angina pectrois), 13 patients with ACS(acute coronary syndrome) and 128 normal people
data were used. As a result of classification, when multi-parametric indexes were used, the percent accuracy in classifying three groups
was turmed out to be about 38.3%.
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A &4 X9 JEZH-7]4 o)itste v Er X9 7
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X9 B¥8HL Do ‘Xx<BZHIW ‘X>ETH'S ‘L%P
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°ﬂ sl 2&at7] 918, 94 7l AR 27 F(expected
information requirement)& A4Hsle (4] 13)3 o}
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Info (D)= o

Bltropy(D}+ Ehtropy{D) (2 13)
4714 D, pE 24 ‘X<PRH'Y x>EPH'E =g
£ diolHESY S s, D= Dol £3d ol

ok FolX oA dEZF e dolHEY 23

! HRVe| M3, dH|ME Zct X &

Diagnosis Index Description
J point Edge-detected starting point of ST-segment
ST-segments J8) point & ms dfter the | point (heart rate < 120 beats/min)
Slope Slope o the line connecting the J and J&) points
Area Area between the ECG trace
Brequency nLF Normalized low frequency power
donit nHF Normalized High frequency power
Linear LF/HF The ratio of low- and high-frequency power
parameters Time RRm The mean of RR intervals
domain SDRR Standard deviation of all RR intervals
SDSD Standard deviation of differences between adjacent RR intervals
SD1 Standard deviation of the distance of RR(i) from the line y = x in the Poincare
sp2 Standard deviation of the distance of RR(i) from the line y = -x + 2RRmin the Poincare
Nonlinear - SD2/SD1 The ratio of SD2 and SDI
i : SDISD2 SDI=SD2
ApEn Approximate Entropy
H Hurst Exponent
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& %_I'Eoﬂ 7}‘3}6}&] ?‘iﬂ;ﬂq_ m?ﬂg %EH-}—: qr Qs“'s Crn‘?}‘
Folz& W, Do) dEZVE b3 #o

Zp,lozz(p )

Entropy(D,

(4 14)

4714 p D; ¢l A& 2d& G FE°lx, D2
2 242 G FEY AFE Ure Bz ey,

D:9] AERY g EF (4 14§ o] &3] Ad,

FEEE 2% HRE o4 T =23 E= A #
Ho] wEd w7tx] TN Z ¥ AAHez AHEd
. % xAo2E EE EYH d¥ HARPERTIZ|
ER 71E% e Add £ FEdEH

32 £7 MH| (feature selection)

e ERolM #HEd 5EFE] AAE HAsA 54
A g F3sid, 54 A923] dAe 53 &9 (ranking) <}
A¥(selecting) BAIZ FAEY. A9 daFe 7 54

o BE A¥88A A8 A &S0 FFE F9 319
ojist #A4 & AXNEE Y2 ¢ BEE 5YPELS UFYY
g 7Hdc oepd £4 e Pearson?] Chi-squareel]
719kt p-value® o] &&rh

X& Dlg HFE Z= $402, Y Y HFE %
= 2Yx, N& AA doly Folth E# N;E X=ioln
Y=j¢l dolg 7ielnl, NiE X=i& 2t dlo]g o)1 N;
£ Y=, o dlolg 7452 & o, Pearson®] chi-square(x*)
of 9% p-value: 8, Prob(Z>x)ol osf AAtE o,
AHfrE(degree of freedom), DF=(I-1)(J-1)°]2 Xx*& (4]
153 2d{23].

J

X=NRW,-R) /R, F=mn/M (A 19

o] ERAANE HEHA A8 UF E3 D ARE

Atz A A 7HA AAME 2R zei@ 53 A9
(KE 2>)3% <& >3} Zo] 4 AAE2 FEE dolHd

9 4% 83 54 Abol9] FEA(redundancy)E B+ g 54 dEE syt
(B D M IHK| 52 KiMlollM2] MHedE ZIEH |2 (S: supine. R: right, L: left)
Rank Selected feature Relevance score (1-p) Rank Selected attribute Relevance score (1-p)
1 Area 1.000 10 H(R) 0.965
2 J 1.000 11 SDZ2/SDI(R) 0.965
3 J& 1.000 12 nlL.F(R) 0.960
4 SD2(L) 0.998 13 nHF(R)} 0958
5 SDRR(L) 0985 14 H(S) 0955
6 SD2/SDI(S) 097 15 ApEn(R) 0955
7 SDZ(R) 0.974 16 SDRR(S) 0934
8 SDRR(R) 0.974 17 SDISDZ(R) 0.952
9 REm(R) 0.965
(E 3 ZH 72 XMlolf cist Tk X2
Supine recumbent posture Right recumbent posture Left recumbent posture
Rank | Selected attribute | Relevance score(1-p) | Rank | Selected attribute | Relevance score(1-p) | Rank | Selected attribute |Relevance score{l-p)
1 Area 1.000 1 Area 1.000 1 Area 1.000
2 J 1.000 2 J 1.000 2 o 1.000
3 J&80 1.000 3 J80 1.000 3 J& 1.000
4 Sp2 0.998 4 SpD2 0.990 4 SD2 0.999
5 SDRR 0.99% 5 SDRR 0.989 5 SDRR 0.998
6 Sp1 0.992 6 SD2/SD1 0.988 6 SD2/SD1 0.969
7 H 0955 7 H 0982 7 SDISD2 0961
8 LF/HF 0.9 8 nfHF 0.963
9 SD2/8D1 0.951 9 nLF 0.963
10 RRm 0.950 10 RRm 0.963
11 Spisp2 0.96
12 LF/HF 0955
13 SDSD 095




4. &8 HE J|W 2R 7Y

of AelM= A¥HA A@ AR VS AT T
Rdea ¥ dde 7|Ng &3E EP-classifier ¥l
F& 7led.

41 &% e ojold

%% 9% (emerging pattern)o] ¥ 5A a2 Hdg 2
Holg APolME & HAE (AAR)E 7HH, W
g2 Ad Ferole FI3] $& HEE A E §F
ARES wodd] &, 58 HdS F /e £8E dof
B AL 986 &R FE HdS L Ao, 9
A HHEL e dolH J{elA e 28 2=
dolel AF Alolo] W& A HE 7hxch Yutyoz

\_.

oA P(association) EA AN AF EAsE HAdis g
24 d¥e 2 ¥ (discriminating power) 2& EF

Aol HEs5o] & fFEsictn FEH Uk @AW
of thgt &4l Fole thi 2t

[Hel 1] 445 (growth rate) : F 719 M2 & 2
2o HGHE F A% D, Dol e, Y X Dol o
g Do) AREL tha o] Helwci14], [24].

0
0

If sup,; (X)=0 and sup,(X)=0
If sup, (X)=0 and sup,(X)=0

sup,/sup, otherwise

GrowthRate(X)=GR(X) =

o714, D;& )7 (background) dlol8 A%, D& ZH
(target) dlol¥] Fgoleta 3o, FHAHLE w7 dojef=
FH ZH dojg A3 dis & 4FES 7= A
< g =& AFE LAG p>10 disA HE X7t
GrouthRate(X) = po] 438 7 o #9 X& p-Emerging
Pattermn(p— EP)2} FTH14].

[He] 2] 2d3d X°] Ze(strength)= (4 16)3 24l

GR(X)

strength(X) = m

» sup(X) (’-“-] 16)

[He] 3] JEP(jumping emerging pattern) @ 4% & 3
golgh w73 A% DozHEH EE AT Dol ds), 4FE

(GR)o] #@th(c0)E 2 2% ddolt). webd, 49 &
d ME[2A4]S strength(X) =sup(X)Q) SHE Heje &3

e o]},
o & S° YAHUYN HAAEE(minimum growth rate),
p=28 31, B3 g AF g 82 2 AP F

gl AP 28 Aue ged 2o,
¢ EPL: {J=(-0.52866~047065], J80=(0.0662~0.28495], SD2(R)=
(42505379 ~<0)}e] 3kS 747 dAelo] wek AA w7} B

TICH XIEeF E3 IE 7|80 % 718 17

o i 2/9, AFAT hal 368 7HE Ag, BBE
(GR)=2.701 22 EP1& A4lEdl tg SdAdolct
EP2: {J=(0.47055~ ), Area=(239315~)}¢] = %=7}
gzl g 4/9, AL TAA 09 A5, ABEGR)=
0ol B2 EP2t= #abwte] i@ 4 d sdold.
EP3: {J=(0.47055~ ), Area=(23.9315~c°), SD2/SD1(S)=
(2.27T7184~4.335772], H(R)=(0.710939~0.955847], ApEn(R)=
(1193974~ o), nHF(R)=(0.416069~0.662279], SDRR(R)=
(1.004296~1.064343]} & #Ahrol A © i LAE 3(1/9),
ARARAA 09 AANEE ZH=td, 4FEGR)E o]
oz 39 23 9€o ¥o.

a3y EP39 74, v dY £d ddoz wAsHY
ZE dolH I BATANE & I FAHD2 FF
deezt: AP g AL ddelch wepd oy g
F& AEe AASY] YA dBFAAML] HAAAE
(minimum support) YAgS AL¢ozA HY =¥ Hd
o ¢3d& HAdt

4.2 EP-treeol| 2|8t E4 &3 mjel ojold

p—EPS} JEPs BF AZE 7]ue] g %?ﬂ e A
S 27 29 A4 AMgsuz 7|EY & E@%ﬂﬂr
g F& 4% /Mo 28y Uy B2 ddES 4432
2 e gabe Algte] 2@ Hela 53, E’r*]'%. &4
g M e diolgd disid 43E ©Ab ARE 8@
E3 JEPS 7% Feole] 4FES vuteg HY EF 9
Hutg A4goz e AARE k= 28 sde] A4
7FeAdol &t ol e Helgdl RFEA He 7 22
o] A%g Ast A7l €€k debA oAl 48 7HA
AEAA A AEE2NH {3 s A AA L &
+32 24 Hd vleld S H3A 71&E2] FP-growth(25] %
Wl sk Eg TAl gaeEE HEech

T 749 22, D, Dol sigshs dlold e 7188 3
$, Dy, DA Jehbe B8 8289 A/E 1= (i, iy, -vi,}°]
a1, 5 24 el {ijc 12 BEF olul, FP-growthe] ¥l
gk -2 A9 252k AEQ Flist 44E& 448 A
A| &=-H] & (support-ratio) YA #kS AHE-Fhc},

=i
—

N

(e 4] A2AAE 6>07F FoE 4%, $5
#] A &=-4] &(SupRatio(i)) & th&3 k.

o] W

0 Ifsup,(i)<d and supy(iy<s
1 Ifsup,()>5 and sup,(i)>5, and sup,= sup,
oo Ifsup,(if>4 and sup,(i=0, or

sup,(i}=0 and sup(i)> &
sup, (i)
sup, (i)

(4 17)

1fsup,(i) >5 and supy(i) 6, and

SupRatio(i) = SR(i) = Sops()> 50p, i)

sup, (i)
sup, (i)

If sup,(i) =5 and sup,(i) >5 , and
supy (i) > sup(i)

o
===

L.

Loy

=

A9 (4 17944 2 @& AA=-H& =

7+A)

¥=5



18 FEXNcIE2=2X D H16-DF H1=(2009.2)

(Z &) F SY2§ 2= HIO[EL of

D D2
a c d e a b
a c e
b e a b c d
b oy d e d e

& o FEEe] 2% HHoln AAE-H]Eo] ol FEL
AW 2d ¥4 ¥o. £ M2 9 D, DN BF
HAAAEE WFE}A] R HEYd 3¢, AAE-H &S
0c] ®rt. w2tA SR(i)o| 9 2E FEEL e97F 24
g F A3, F FP-tree ¢85 H & 71534 €0

[He] 5] #ele] <9, < (pattemn ranking) : (2] 16)9] #]
AE-vlgel] o8 RE FEEY £A4E AT F St
iwijerdl 7 59 o, SR()>SRG)E A%, i€ jio 4
3 i< ;2 TR £3 SR(1)=SR()Y 75l FP-tree
oM} o] ALHA FMEZ F£47F AHHE oF E°] D,
Dol i 25 EXIE <E 9 23 F FEE9 A3
27} F 2ol A a=2:2 b=2:2, =2:2, d=2.2, e=3.24 7
7 359 AAZ-6&E ASHH SRe)=3/2=157F =i
Uz SR(a), SR(b), SR(c), SR(d)2 25 2/2=1°] HEZ,
e7t #A% H$H Ha YA 2 AR E-HE FEES
AHRE M2 A7 AR melq 2EO1-3E,
I={abede}d HF EHE e<a<b<c<d7t "Lk

o] =R E HAAAE(F) E growth rate(p)E& TES
i, 5 #Eo] AA" "B+ &8 H(essential emerging
patterns) Flolyd 4xz|EFE Al
HA BF Y Ao "4E 29 AdE Aoy,
& 7HA] 21& ¢Fde dHERE Fodrt
[He 6] H¥ X v 4714 231& W5 u), I
28 ¢ X2 Aodch
1. 7ol A HAAAE oo thal], sup(X)zo& T
Z&jlof g,

2. Fo4A HA2AFE pol dtall, GRX) = pE W o}
g},

3. 9¥ X&= Xo EE & dd Ho o 2
=
(Y YC X, GR{Y)< GR(X)).

4. e X9 dojo] & si” Yol s, chi-square &
A A7t F43 dA# 3841J i & 24, " Xe 2
F 29 Hdo] € F Ut

BBES

XI>1 A (VYCXAIN=IX-1A X V=305 pr=1)

[HMe] 7] EP-treelemerging pattern tree)?] 7%+ ohg

D A% 95% (a=0.05) ¥ 2HFE 14| ho|E ghojc},

7} 2},

- she] FE} 244 =29l prefix subtree, 3T H o] &
2 749

- EZ9 Z xEoME item-name, count;, counts,
node-link& 7HAth count;& D; EWA M)A 9 2
o] 4] 3l county= D-oll A 9] 859 o]t}

- #ddle]E2] 7} dEz]o)= itemn-name, head of node-link,
count;, count; AEE ZH=t} count), county™ node-
linkell 929 Z 259 BE /59 jolt}

- FP-treest= 24 E]9] &3 top-down 4ol
EP-tree (39 4]¢] 2 &3¢ £ME FA g2,

FP-tree?] 7%, 3 @AM 1-85d g WPAse
7Z1Eez Ed7t FAHY A %" EP-treedl e LEAE
£ 7R FAEY RE B OiF E7 74 A, L
Aoz F4& s HYE Eg9 717 o ol
¥ Ef &30 He= 94& 7HH4. 28y chi-square
ARE T3 B2e EU8d dE A AE EP-growth &4
dA FAldl 38 & de FHE 7Y, 5 HEo)
2 T e F2 dde AAEA g 3L 7M.

<& 49 D;, DoIAe 28 dHd vlo]d& 9 EP-
tree®] 74 A= d&3 2k

194 @ D), D8] 35F FoA HAAAE §& 9%

& RE 2 AAZ
24 : [49] 4]9] Pattern ranking®| 2|3 SupportRatio
JELE RE IREL 2 EAE F¥E
394 <# 4> EWFMY FEE 2FAE £ME 2
#|3lo] EP-treeE FA§rh

<E 9] dolHE <9 g3 A & A= 2L
AANE-8&S g b, ¢ dE IR £ FAL 2L
FAEAY ex LEATOIEE A X% EME FAF
o}, g2ty Eglo] ASlEE 5 £AE avboesdoe &
ME Qg (28 )& D; diolH e RE 550
AYHAS g7t FAE Elolm (2Y 5)& D, Hol

Header table

:

Count1|Count2

mn.ou‘mE

fad (02 | B | D [ B2
o|lo|lo|lo | o

(38 4) D EFE(ID 100~400)2 HelBt E2|

2) E Ro| =B N¢| 8RhxEo]q 3% | 7} F ntof EAEGY, 5 3
5L 283 i < jE #A%
3 <E 49 BE Y5Ho A WEAEL e a b, ¢, doIth



CH XIEQ =3 IS 7|8t 2% 719 19

(E 5 A B HE2| HOIE 220 i3 2&=

Header table count A=lx, v, z} B={x, v} Yrow
nem |countsicome ok 3 D, 50 70 120
s 1212 1,0 |[b:1, 1y : "
= > - = . :[ ) l " D, 25 st 100
g 1244 17 ¥ eolumn (5] 145 220
d 2 2 d(1, 0) || €00, 13
e |3 ]2 Li'—“_T‘

e(l o)”d(o 1)}.'_.‘

(3% 5) D, D: HIO|E2 2E S LieIst 2YE EP-tree

B A% 2E 35717 49% 948 Egolth
EP-tree 74 ¢32|3& thesh 2ok,

43 chi-square () ZAH 2 St B &3 e 4o

EP-tree:= 7]& FP-treedt= T2 HAX A% growth
rate® U= 8 dHS Fopn, k= PA9 g
olB2HE AHAHoz HAde JAFGEL ARG Ed
o] = HAL Zo|-$4(depth-first) BHo2 FYPEHT,
3 €14 4 (pattem-growth) oz & HES AG3r)

A, 2 84 AFE7] d8 a2 E¥d gig
chi-square AA& 538 ¢l o] A3 ARE Ao

[H2| 8] chi-square HZ2E [22] : |H>1, VBCA,
|B=14-1%1 % #€e] ois)M, chi-square H2E ZA3}7}
X4, B>Pg &30 AE HZ g8 Y2 A
sl A3 FELANE) AJolE 22 F4F ¥
sjelo] ®r} e} (4, B <Y AS, F FP2d di
EX Zoj7k Az 9ujojn), F FH2AE EHSEH f
4312 2§ Aeolzg AE o o4 AF(growth) Al7]3]
et

dE 59 F #"o] A={x, v, z}, B={x, y}ol1 ¥ S
of g ¥EXE Yehlis £¥HEF <E 5> 9 4, ¥4, B

Jefu fE-AF FHeA B F5 R FS dEEo] 4 £ e 2ol Addn.

input: training dataset D containing two classes (Dy, D), and minimum support §
output: the EP-tree of D
1. scan D; and D, then for each item i, we calculate its support in D; and D Let countpili] and countps[i] denote item i's
support in Dy and D; respectively.
2. for each i in D do
3. if (countpfi] > |D1|*0d) or (countpsfi] > |D2|x6) then
4, add item [ into the header table with both counts countp[i] and countp:[i];
5 end if
6. end for
7. Let L denote the set of all items appearing in header table. Sort L in the ascending order, <.
8. Create the root of a EP-tree
for each transaction t in D do
10.  select and sort all the L items in t according to the ascending order, < ;
11. Let the item list in t be [p|P], where p is the first element and P is the remaining list. Call insert_tree([p|P], root);
12. end for

o

Procedure insert_tree([p|P], T)
input [p|P] list and a subtree of the EP-tree denoted as T.
output the EP-tree after inserting the new itemset [p|P].
if T has a child node N such that N.items_name=p then
lf[P'PIED'; then N.countp; = N.countp; + 1; end ff
l:f [PIP}EDJ then N.countp; = N.countp, + 1; end If
else
create new node N with N.item_name = p;
if [p|P]ED; then N.countp; = 1; end if
if [p|P]€D; then N.countp; = 1; end if
1

o NSIRWNE

if P is a nonempty then
10. call insert_tree(P, N);
11. end if

(32! 6) EP-tree 7 L2|E

4) rhe] 3} crfe] A& 743 F&Elcontingency tabledel] tH A, (r-1)c-1)
A AfEe) 5% FrolFEdtel VERE @ (=2 =29 A% AHEE
1)1, 5% freleEatel M 7128 n& 3840lch)



20 ZFEMZSZ=FX D H16-DF M1=(2009.2)

(& 6) A B I{E2| 7|0} Z&E

count A=[x, y, z} B={x, y} Yirow
Yrow ?5x%~ 4 14a><—;—§—g-:?9 120
100 100
D, 75X o = 34 145 x o5~ 66 100
Emiunm 75 145 220
Header table Header table
:: Count1|Count2 N;-:' ;‘2 Count1|Count2 Nx'
i 2 2 a 2 2
b 2 2 4
b 2 2
2 2 ¢ 2 2 g . X .
c
d | 2 1 a0 | & | d, 0 | o)
Lol 8 Ry e B oy B
e | 2 1 '"'"“'Ie:(l,O)]'--le:(l.O)" Ie:(o. n[

d’s subtree (e co-occurring with d)
(3% 7) 85 ool ChEt subtree

Baxe 92 (i jlen, D, x4, 5 d&l, F 2ol
&5tA 2 71d gtol WA (4 18)e] o3 AW, HA)
7ld B8R E <E 6>0lt)

 count (), ,(eount (4), +eount(B),)
= (), ¥ count (B,

(2] 18)

B0y B ALrE Z1ZHE;) EEE2YEH HE chi-
square HIZE(¥)E F83o).

(0,—E,)

:52)3

i=1j= J

4 19

A} Aple 2 (50—41)*  (70-79)  (25-34)" (75-66)°
e RN ¥ R

= 6.6>384019, 5% FrolFFEdA ARE 1Y 2, 7@
384ut HAE AT/ ap2 #d A BY £¥E F
A2 Dy, Dol i3 493 d2dn g gy
€ Bol| 3lute] &&o] F7td A (Bc4) HEL FF7ol
£33 95 geoly A& AFdr
(82 8]¢] chi-square A4 2 EP-treeZ%¥ A4s=
2d e of 34E AX 24"t HL AAE =1
olz HAE p=2& 7%}
- 89 =E {e}ol dial, dlole A¥ D), DA &
E &g dd HolE2RH & F X, HAAALEE
2 u&g. a2y GRe) = 15<p |22 8 9
%01 g 4 ¢ch
- & (d}E [{d):2:2)9 FHEE @S HAER {de &
g #go] opUrh a2y {del2 43E 25, (d%
{e)7t TAd JEldE B2 d9 subtree® ==-%3
2 gAastE[{dh2]), {ek@21)el4, GR(de)=2¢|2&

=1
=
&
fr

4
|e:{1.0}| e |e'.(l.0)|

(2! 8) &= coll ChEt subtree

¥ ol

- & (& [(@22)]o)nz2 23 d€o] opr) tge
Z ¢ ¥ subtreedld {c}¢} A LE (e} 5 df
g HRE g [(22), (:@2D)IZ AktsY, =
{ce)= GR(ce)=2¢! 2@ dolt} EF 24 x=9
{dyell dialA, [{c):(2:2), (d:(2D]o|n2 {cd) ¥A &8
delolt), % Y {cdel {e}8 43 A71A [{(c:(22),
{dr21), (er@0)]elct. wetd &5 AF {cdel=
GR(cde) = 200 =01 HY &¥ e €}

- 32 (p)= [(ph@E2)]l2z ¥ Fde] € F gl
{bel AZE (e}, {(d}, {c)oll dhsll Eggck AA (b} &
2o A4 = ()& FHLE 3HA [(b:(2:2), {e):(20)]
ol HE2 #" (b, e} P &4 HA”oth dFoR
FE (dIE A HEE 3 A= [(b):(2:2), {d):(1:D]o]
o 35 A¥ (bds (b1 AFES BF 12 2o
o2 9432 8 dde] € F gtk wekA {b,d)
o #ge AYPHA ket AAZ {bdele D, D
o dial (1:009 AA=E 2= HY 28 ddo|xg}
HA g B2 gl (he)(20)7 BY 24
olm2 A9 HEQl {bdelc LT ¥ Hde] & +
L o] 4% chi-square AL F3 £Fad dd
& 25 AAY vtz 5 ()9 JEE AR
[(bY:(2:2), {eh(l:D]olth. o] e =7 &% {(d}o #
& A#}E HolEE &d ¥do| HA #2ow, {be
A o4 8% 3z gt

- {a}ol dF Y2 EXE [{a)(22)]0122 {a)= EF

gde] 2 + 91, {e), {d}, {c}, (B}E F7}31 &P
o 94 (e}2 B3 A= [{a):(2:2), (ek(10)]o]22
{agelc 3% 27 dde] €ch &5 (d)9] F71 A}e



input: EP-tree, minimum support 0, minimum growth rate p, and minimum x* value 7.

output: the set of essential emerging patterns, F
J LetI=1,..,N,(1 < ... < N).

1. for each i=N to 1 do

a = {if;

subtree(a);

end for

Procedure subtree(/3)

SR

4 B=lalj),aisa prefix of (3, and j is the last item of [3.
1. for each item i appears in subtrees of nodes including item j do

if check_threshold(c) then o into F; Jfla = ) A (a = p)

2. adjust the corresponding node-links and calculate counts of these nodes including i;

3. end for

4. for each i=N to k+1 do

5  y=pU1;

6. if check_threshold() then ~ into E;
7 if x2 (')r, B)> 7 then subtree(7y);
8. end for

(72 9) ¢ ZES B8 T4 £ 8 0j0]y Y|E

Ha)(22), {dh(Dlelx #FF {c}o] B+= [{a)(22),
{ch@Dlel2g F FE {d}, {cJd dsixE o o4
gFstA ded. A% FE (B)E F1E F3
Hak(2:2), (6}:(0:2]7F =4, {gb)= HB 28 A€o
g £% {ab)7t 39 28 dde] Huz on
249 HEEE A4 HHo] HA oz ¢ o =
AHE Al gt
(2" 9 ¥4 28 A4 44 &ngFolrh

44 &3 mfEo| 2|3t 27

R2E 4 29 dAd9 44 Fo A2 dolge o
EFe [14]ed 2709 scoreZ Alibete] 7H ¥ score
#e 7HE 42 BRI "o £75F A% score A
A g gl g

growth rate(e)

rels, €)=
soore growth rate(e)+1

S support fe) -
& weERAD

() 18)

A7) st £7E HolH d2dx0]3, EC)e 22
CAA 27 B4 28 Aol o & 5o F Fg= 3
& Dy, Dol e 2d Hde] 47 Di={(ae):(50%:25%),
(d,e):(50%:25%)}, D:={(a,d):(25%:50%)°] 3L, 72 ©lolg
7t sladelolet 7Hgd, F a2 28 Hdo] & X
302 Z4749| scoreE AMFTE D, Dol d3EHE 23 9

9] score52 score, (s, DI]=0.5X%=0,67, score, (s, D,) =
2

05X 527~ 033019, score, >soore, 9| B2 s D8] P&

2 FRdd

5 &8 "It

o] AdAE " £ HE 3 BF 7Y ¢nYdF:
2 THEE Fo BFERAEAY AYY AT AE §HE
& FE5] 4YE T LnYFY 45E HHe

51 ool A

Aol AHgE 82 dolHE 200433 2006839 EE3
FATUoAAN FHE wEEH F@A 26190 diste] dF
Hrdes AN F, BEUAZIES T TEEY)
Holx 50% olde] ol U #AE FAEY AF(CAD:
coronary artery disease)2® ®H/3l1, ¥ A= 50%
vjekE E2(FY) 2FSE SN =3, AAFHANz]
v AZAEYEd 93 A HAZF(AP: angina pectoris)
3 FA 35S FF(ACS: acute coronary syndrome)
go AEFaUCHY, 26]). Aol ALEE @A dlojE e
A4 EAL < 7>9 7o)

52 845 HJ|

EP-tree ¥ chi-square 7|4t &3 el 44 dueZ9]
AEH7E A8 H2AARE 6 € Ha: AZE o7 chi-
square?] 7]E3t =384 9 4YHYvEE ndso 7)
&9 24 A9 2] FES(JEP-classifier, CAEP)[14, 24]3}

(E 7) 3o 27I8 #Rtse YN 54

Group N Sex (male/female) Age (years)
Control | 128 62/66 5381 + 7.3

AP 120 83/32 5148 = 801
ACS 13 67 59.08 + 986




22 dEHe=R=&X D AH16-D3 H1=(2009.2)

(& 8) &8 TE HEE I8 HIO[E{e| HE
7 (background) =2h=

E® (target) FeHA

D, DDy
D» Dy+Ds
Dy Dy+D2

200

160

120 |

80 |-

Run Time (sec.

40

5 10 15 20 25 30 45 50
Min. Support (%)

(32l 10) HAXK= Hajo| wE AEAZE (JEP: p=oo,
CAEP, EP-tree: p=8%).

20000

16000 |

12000 [———

# of EPs

8000

4000

5 10 15 20 25 30 45 50
Min. Support( %)

(28 11) HAXX|< H3jo| 2 THE(JEP: p=co, CAEP,
PF-tree: p=8%).

Hli Grigch AF dolH Y A7l F 261709
2”200 <E 4£>3 Zo] 1719 48 7M. £ o]
Ayl A AHEEE dolHE 3749 FY2E A2 &9
e gdnFES AL 93 <E I g WHeR
golel & 2 22 FAZ Wyt dngFS L3

(298 102 H4 AHEL 8%E 44 s W] FHAA
AT ¥zl o APAZ Hrioln (2 1D FH& A
AL ¥sle] e AAHE £d WE 59 vt (d,
JEP-CS] 7%, 4380l F&l(co)d dHEHE Hejn
2 p=cc o2 AAF)

100
80
60
40 40
20 1 20

—& = Support —+— Growth Rate
0 0
Growth rate| 10 20 30 40 50 3
Min. support | 2 5 0 | 15 | 20 | 25 |

(38 12) F& Y8 ¥ HLAX = BS0| o8 &= H|lm

(23 10094 EP-tree® % Ha AAE(5725%)A
JEP %@ CAEP Mt} H& Ajzbo] Ay 30% ©|FZ JEP7h
o AL A B8R . olfE S AAEMAN RE
dnFE0] H& o ¥ FEIFE ¥, JEPY H
e Wy FEIFo2NE AHFECl FIuQl AW
A&7 dFolH, EP-tree 2 subtree A4 AlZto] ¢ 4
857] gfoltt. i F v FE FAS}A EP-tree
¢ JEP7} A& o] g4 sjEwe gAdd. 28y JEP
o] A% £ AAE@~50%)AE M 23 HdS A
AslA] g3,

28 Jd 7w EF 2de F A H: AAE 3
Ha A48 wet O 45S Bol22 7 ¥ A (heuristic)
wog HAo suleE AAHor ot weA (29
12 H4 AZE p=50% ¥ o, H2 AAX ¥l g
EF A% vae Ha AAE §=5%Y o, 4FE w3}
o ©& Pz ol

A3 AZF viag getoe AL AT dPolAM e HA
dlo]El ] 50%2] Y49 F%(random sampling)¥ dlo]EleHE
AHE-3d T}

A 23 HA deiug AYL A4 AFE] 50%0|
A4 AAEE 5%t getolg JAgES J9F F A
A 26129 BAEY FAFAHAP, ACS) ¥ dEFMTE
AA dielge] i A= A& FP3ch

<E PE o =EAA AL ATIR] T MM
Mg o B Ag AFE(KE 1>)9 2 AAE A
ARKE 2>)9e] vng AT EF PPolch 2Y At
Algte B8 A A H9 FAY HT hit rates 85.33%
oli, EPHoE AAE et ANEE HYAL A4 &
7 66%(E8L2), 68%(LE%), T6%(4F)olt, 53] FA&
AFUNZEF(ACS)S YHFAP)Z FR ERdE ZF47
58%(EHR), 0%(Le%), 3B%(PF)Z2 ZE A& 19
g Ag AEE AHERE d9 62%1R0h o Bkt

v gto 2 Qe chi-square %S $3 I gl
Apgo] 71&e] g 7 71Y 2o dvpd fE8AE go}

5) EP-tree?] 7% AA% 30%, 45%, 0%l A 35, 8 7T/42 &8 AHE 44
&) JEPE 12, 0, 0708 44



(2 9) SEEIC 3 XME

0>

=

e

=

FICHR| E0| ChEt 257 22K confusion matrix)

Al e moH2 2ist 28 Mo XEe} =8 HE 7|89 87 7|

Predicted Class
Posture Class Label o ot e
AP s 59% 1.6%
All three Postures Control ié% g 5%
ACS 6.2% 12.3%
AP 4% 3%
Supine Posture Control %% L2 % 0%
ACS 58% | - "12%
Actual Class = _% RE % e
Right Posture Control o 20;6 ) i 5%
ACS 50%
AP i o I
B i UV ST
Left Posture Control 8%
ACS B%
(Z 10> 27 29| M5 dlm ot
Classifier Precision Recall F-measure Class
0.933 0925 0929 AP
EP-tree( x*-test) 0.781 0.82 08 Control
0.856 0815 0.835 ACS
0.793 0.902 0.844 AP
JEP Classifier 0.774 0.6 0.676 Control
0.762 0615 0.681 ACS
0.809 0.873 0.831 AP
DT(C45) 0.769 0.750 0.937 Control
0.579 0.423 0.900 ACS
0.748 0.873 0.805 AP
Bayesian(TAN) 0688 0.550 0611 Control
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