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

T

Heon Gyu Lee" - Ki Yong Noh™ - Keun Ho Ryu™" - Doo-Young Jung™"

ABSTRACT

In order to diagnose cardiovascular disease, we proposed EP-based(emerging pattern- 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 turned out to be about 88.3%.

Keywords : Cardiovascular Disease, Emerging Pattern Mining, Classification, Heart Rate Variability, ST-segments
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Diagnosis Index Description
J point Edge-detected starting point of ST-segment
ST-segment J80 point 80 ms dfter the ] point (heart rate < 120 beats/min)
DL segments Slope Slope of the line connecting the J and J80 points
Area Area between the ECG trace
F nLF Normalized low frequency power
gef;zﬁfy nHF Normalized High frequency power
Linear LF/HF The ratio of low— and high-frequency power
parameters Ti RRm The mean of RR intervals
do;;z; SDRR Standard deviation of all RR intervals
SDSD Standard deviation of differences between adjacent RR intervals
SDI Standard deviation of the distance of RR(i) from the line y = x in the Poincare
SD2 Standard deviation of the distance of RR(i) from the line y = -x + 2RRnin the Poincare
Nonlinear ter SD2/SDI The ratio of SD2 and SDI
OITANCA PATAMmELers SDISD? SDIxSD2
ApEn Approximate Entropy
H Hurst Exponent
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S Y HFE Z2e £4003, Ye Ny HEE %
= Zd&, N A4 dlolg Folth. I NE X=

Y=<l gl s, Nie X=i& Z& dolg Fola N,
= Y=j, <l oy Al<el & o, Pearson® chi-square(y®)
of 93 p-valuew= &E, Prob.(x;>XHll 93] ALtEH,
A% (degree of freedom), DF=(I-1)(J-1)°]1. X*& (2
15)3 23]

~
0] 1L
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i=1j=1

o] ol FAdE 5SS AAE fHA 54 o] =&oAE AdHA At dg 5 9 AxE
Aeus s 54 AER23] dA= 54 <9 (ranking) 9 Aetar] A Al ZHA AAE BF nHI 54 A
M (selecting) SAZ FAREY Ad dugFe 7 54 (KE 22)3 <F 3>3 o] 7+ AAERE FEH dolgd
9 A% SEH 57 Aols FHAGedmdancy)® BAR ol 54 A0S 959

CE 2 Ml JH +2 RMollMe] MEfE TEk X|E (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 1 SD2/SDI(R) 0.965
3 J80 1.000 12 nLF(R) 0.960
4 SD2(L) 0.998 13 nHF(R) 0.958
5 SDRR(L) 0.985 14 H(S) 0.995
6 SD2/SDI(S) 0.975 15 ApEn(R) 0.955
7 SD2(R) 0.974 16 SDRR(S) 0.954
8 SDRR(R) 0974 17 SDISD2(R) 0.952
9 RRm(R) 0.965
CE 3 ZH 2 AMlof| CHer TEk X|®
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(1-p)

1 Area 1.000 1 Area 1.000 1 Area 1.000

2 J 1.000 2 J 1.000 2 J 1.000

3 J&0 1.000 3 J&0 1.000 3 J&0 1.000

4 SD2 0.998 4 SD2 0.990 4 SD2 0.999

5 SDRR 0.995 5 SDRR 0.989 5 SDRR 0.998

6 SDI 0.992 6 SD2/SDI1 0.988 6 SD2/SD1 0.969

7 H 0.955 7 H 0.982 7 SDISD2 0.961

8 LF/HF 0.954 8 nHF 0.963

9 SD2/SDI1 0.951 9 nLF 0.963

10 RRm 0.950 10 RRm 0.963

11 SDISD2 0.96
12 LF/HF 0.955
13 SDSD 0.95




Qaat @

AL 9

=]
RUN
4% EP-classifier &L

_ﬁ_
E

3}A]

& ojo|d

s

emerging pattern)©]
M=o wx

)

=

(association) B zpE =
=& @2 (discriminating  power) &2
XJI%E]O—] 0L $83itty Z9Eoe] g}l &3
R e K R = = )

el
T R T T o < SR G - N

& ofroat fo M

P

éf—lﬂw'r&&_ﬂamuﬁgﬂr
[

[Be| 11 4 AE (growth rate) : T+ 7He A=E & Z
2o == F J3 D, Dol dial, #E X9 Dol o
st Do) A%

X vt 2ol AeolEni14], [24].

0

o0

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

sup,/sup, otherwise

GrowthRate(X)=GR(X) =

A7) 4, D& Wi (background) Hlol¥ AT D& =X

(target) dlo]® Hgtolebar s, ZAHE2 wjd dolH =
FH =% deoly el di&l =L 4FEs 7= -

< omgitt =3 JGE AT p>1e disiA HE X7
GrowthRate(X) = p9] 4455 71 uf, 3d X5 p-Emerging
Pattern(p— EP)2} e 14].

[He| 2] =A9E X 7F(strength)= (2] 16)3} 2TH24]

GR(X)

strength(X) = RO sup(X) 2 16)
[He] 3] JEP(jumping emerging pattern) : 8% &3 3
Holgk vl A3 DJ—OAETH E AF Dol usl, 445
(GR)¢] Fgtl(c0)E zte= 24 Fdolth. A, Mg =
d HE[24]2 strength( )—sup(X)‘{ Ed3 Jeo =49
s efo| T},
A& Eo YA#RY HA2AHEEminimum growth rate),
p=2t}F 3tal, B Adk Ao gk s @ G4 F F
g me] SFHE £d HEe g5 2

o EP1L: {J=(-0.52865~047056], J80= (00662~O?8496] SD2(R)=
(42525379~ 0)}e] k& 7Fxl sedo] whoF A A &=7} &4}

S AES QIS =2E FEF X TQF B3 IE |00 22 8 {7

ol dial 2/9, Aol disl 365 M A, AGE
(GR) 270122 EP1& Al tiat 3ot}

e EP2: {J=(047055~00), Area=(239315~0c0)}2] AA| &7}

shabtoll dial 4/9, ATl A 0Y o%, AE(GR)=

coo] B g EP2& $xbtel] it Hy &8 #Elo|t),

EP3: {J=(0.47055~0), Area=(23.9315~c0), SD2/SDI1(S)=
(2.277184~4.335772], H(R)=(0.710939 ~0.955347], ApEn(R)=

(1.193974~ <), nHF(R)=(0.416069~0.662279], SDRR(R)=
(1.004296 ~1.064343]}2 SkA}toll A & 3 @AY E 31(1/9),
Aakolatoll A 09 AAEE Zrethd, AFE(GR)S o]
v ¥y 49 ddo] Hr}

a2y EP39 A
dlolg
22 AfstA @ge
HHE AAs7] $3IA
(minimum support) ¥ 7Al%tS
o] A ddgit.

B °L

=y

HHo

;0

Aol

oFL

0

= &
=

= 1t

o2 A

o3t I

Z3 mie ofol
g 7 =,
o AHEBIER 7]Ee]
s 7K ey YR
ALl & A7) &

dlo]E]

4.2 EP-treeo| T
p— EP$} JEPs R

=0
== E—-%‘l }\g}\

&
ER=]
T
yj 5—.0_
= 9

e 7

=]

il

L

T

§ Dzoﬂ 1JrE]rUrli RE —6]—_1 2, }©1
1, F 24 el {ifc & w3 olu) FP- growth«] H
Wl |-ghE Qate] oZale AHel Folist AAS 98] A
AR-g-gtt,

Qys Gy oo

A & —H] & (support-ratio) 7 g+-S

3 3%,

oo

Els

[Be] 4] HAAAE >07F Fo
2] A &= -1] & (SupRatio(i))> Tt}

g o of

0
1 If sup,(i)>§ and sup,(i)>5, and sup,= sup,

If sup,(i)<& and sup,(i)<&

o Ifsup,(i)>§ and sup,(i)=0, or

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

sup, ()
sup, ()

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

SupRatio(i) = SR(i) = sups(i) > sup,(i)

sup, ()
sup, (i)

If sup,(i) >5 and sup,(i) > , and
sup; (i) > sup,(i)

of| A1

2w AAE-HEs

fe (217



18 ZEMEIEal=2X D M16-DH HM1=(2009.2)

(E 4 F SHLE Z= HlolH2 of
D D
a c d e a b
a c e
b e a b c d
b c d e d e
oo el 4 Aueln AAm-Hgo] codl FEL
A3 =4 dde] ©@4. ®3 A= & D, DolA BT
HALAAES WEeHA Ko Hld A, AAE-HES
0o . uwhepA SR(i)Oﬂ g nE IEee &7t A4

)
4y
%o,
H
i)
=)
"O
=
D

m

i
)

ol A8 7hestAl Hoh

[He] 5] dEle] +¢], < (pattern ranking) : (2] 16)2] A
A E-vl&o] 93| S

= =0 _/r:/qfe’_ 7(19]6‘1— _/I: 011;]_

5
i, jE19) F Bl s

1, SR(i)>SR(G)E 7%, i+ jHt} 94
3l i< 2 Ed3 3 SR()=SR(j)¥ 75l FP-tree
oA} Zo] ALHA FAR FH7 AAHEY dF £ D,

Dol i3 259 B¥E <¥ 4> 21 7 FEBE9) A%
T Fejzol el a=2:2, b=2:2, c=2:2, d=2:2, e=3:2% 7
T, Zb o] AAL-HES AL SR(e)=3/2-157F Eu
YA SR(a), SR(b), SR(c), SR(d)& D% 2/2 lo] Ho=
7t A H9d Ha 2l 5o
AAE MR A7 ARt w}aw 2E O 1-¥E
I={a,b,c;d, e}l e+ =M= e<a<b<e<d’} Ik

o] witollA= HAAAE() B growth rate(p)E W53}
A, T8 gEo] AAY B4 F3 Y ¥l (essential emerging

patterns) "lolyd &ag]ES Aokl
U E5 Ed A 24Ed 24 HEs HYsiy,
29 4714 21 S WS dHER JoHT)

(e 6] Hd X= g5 /A 218 w5 o, 25
Zd d" X2 Aodrh
Lol AR Ha

T

AA L oo H3ll, sup(X) =S Tt

(VYC X, GR(Y)< GR(X)).

4. 98 Xeb el 2 e Yol s, chi-square
A ARyt Fo4R AAG 384D ®Bp F A dE X 2
T =4 o] A 5 vk

IXI>1 A (VYCXAIM=IX-1A (X, Y) =23 - 05, pre1)

["e] 7] EP-tree(emerging pattern tree)® TF+ U

D AEE 95% (a=0.05) % AF%= 1o]M e Fto]BE gholth

3} 7}
- 3y FES A4 =t9l prefix subtree, 3 E H o] &
2 4T

- Eg9 Z} »to|AE  item-name, count;, counts,
node-linkE 7FAt} count;> D; EWA A A d&
o] O] countyr= Deoll A o] 59 Fro|t},

- degolE2] 7} dEzR]YE= itemname, head of node-link,
count;, count; BEE ZF=T}h count, counts node-
linkell AZ2H 7} FEEo| BE 59 Ffolt,

- FP-tree$}= 27 Eg9] 232 top-down H2jo|H,
EP-treet™ [H9] 4]9] L&A+ SAE FA 2.

FP-tree®] 4%, A %74101]"1 1 o] st WEake
A H EP-tree’l A& 253}

to @ 1

< 7]—?31 e BE 3 %01] g BT 74 A,
ke FA4E A W Eg9 AV 9 Eofubd,
g B g3o] He S 7HY. 28y chi-square
AAE B3 2e 423 v AAE EP-growth &
oA EAl FIFE F dE AHE Y, FE o
2 5 3le $2 dEHE QYA g FHE 7

<E 49 Dy, DelAe] =1 A" wholds 99k EP-

tree?] T4 @AE O3
IS4 @ Dy, DS FEE FoAA ALAAE, §& ¢
®ohs BE 6&%—% A7 ghek
2aA - [49] 419 P
VNELR E% FEELS QEae FEH
SEA 1 <E 4> EdALY FES LEAE £ME X
A3} EP-treeE A8t}
<GE 4>9] HolHE <o o) 7
A A -1 & ‘?_] a b, ¢ de IR £AE fFAEL =&

0)\.] ‘l’]

i

D; "oy e &
¥ Egola (19 5)% D, dlo

Header table

II::“"E Count1(Count2 N“';::" '
a | 2 |0 | 7/
2 0 i
c 2 0 -
2 0
e 3 0




0z
ot
e
N
A
o
[l
m
njo
hit
rot
Jr
ot
[l
rm
A
FH
o
Tt
e
5:\
rm
~
rx
10
AT
Jn
~
oE
3

(Z 5) A B HEle| Hlo|E Bxof CfEt 2&tE
Header table xla(z 2)| ”| b:(2:0)| /,VIC:(Ov 1)| ‘Idi(O, I)L\ count A={x, vy, 7} B={x, v} Erow

name ComtCoume L e AT fl D, 5 70 120
a | 2| 2 pn i . I -

S > > (1, 0)||b(1 1) e(1:0) | [e:(1,0) e.(O}, 1)|7 ‘Ie.(0;1)| D, %5 7 100
c | 2| 2 . , P S

RERE |d<1 o]few 1)| Ncolumn 75 145 220
e 3 2

deH, 1 784

o
=
chi-square A4S B3l " 4 D AR5 A3}

[Me| 8] chi-square HIZE [22] : |B>1, VBC A,
[B=4l—191 % 3s¥lel th3j+], chi-square BHI=E ZAI}7}h
X (4, B> e BT As M2 U Y2 [l

s dEd REREANE) Aols JHHER {83 &d
43 chi-square (i) 2YS S+ H &3 e MM g elo] Hrh ek (4, B <nd A, T Zdlzel dis
EP-tree® 7| FP-tree®te ThEA| #HAAA %29} growth X Aol7b Avk= oJuleln], F FYAE EFdk=H
rates UEshE &9 HEHE Fohdn, == A9 U SokA 23 ddelnz A Y o4 A% (growth) A7
ol ERRH HPgHoz IH AAFES AT Ef etk
o] =& HME Zo]-9-H(depth-first) HHozZ NFPHH, & B 7 HHe] A={x, y, z}, B=lx, y}olaL F+ SH=
el -X 7 (pattern-growth) o2 &3 el S YA} of g B E Yehle 2%/t <% 5> ¢4 W, (4, B)
gy e FAA B T R g ddHEe A = o o] Akt

input: training dataset D containing two classes (D1, Dy), and minimum support o

output: the EP-tree of D
1. scan Dy and D, then for each item i, we calculate its support in D; and D,. Let countpi[i] and countpo[i] denote item i’s
support in Dy and D, respectively.
for each i in D do
3 if (countpa[i] > |D1|*6) or (countpafi] > |D2|x9) then
4. add item I into the header table with both counts countpi[i] and countpy[i];
5. end if
6.
7
8

N

end for
Let L denote the set of all items appearing in header table. Sort L in the ascending order, < .
Create the root of a EP-tree.
9. 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

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].

1. if T has a child node N such that N.items_name=p then
2. if [p|PIE€D: then N.countp; = N.countp; + 1; end if
3. if [p|P]ED; then N.countp, = N.countp, + 1; end if
4. else

5. create new node N with N.item_name = p;

6. if [p|P]ED: then N.countp; = 1; end if

7. if [p|P]E€D; then N.countp; = 1; end if

8. end if

9. if P is a nonempty then

10. call insert_tree(P, N);

11. end if

(32! 6) EP-tree 7 L12|Z

4) r702] 3} cfe]l 4 7FA EeE(contingency table)oll thafA, (r-1)(c-1)
Q1 Ao 5%2] fro] st ng—iﬁ gt (=2, =294 A, AfHEe

Sl A 7123k e 3840]th)

10]3L, 5% o3
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I 6) A B I{HS I EtE
count A={x, y, z} B={x, y} Sirow
120 120
Sirow 5% o = 41 15X 5o~ 79 120
D, 75 % %: 34 145 % % 66 100
Ecol umn 75 145 220

Header table

II::;: Count1|Count2| N“.Ldl:_
Z z i | di(1, 0) | | d(1:0) || d:(0:1)|
[ 2 2 7
d 2 1 |
e | 2 |1 | - -l el 0) ]| ex(1, 0) Il o1 |

d’s subtree (e co-occurring with d)

(32 7) &= ol CiEt subtree

BER A9 (i, jJeD, D, x4, Bl W3, 7 F 2ol
atAl & 71d gkl WA (A 18l s AW, dA
7t E8¢EE <FE 6>o|t}

count (j)U1 . U’,(count (A) + count (B)L)
E .= - (’5} 18)

J count (A)u,+u + count (B)Uﬁu2

FEZOy) 2L Ak 7UE) EEEZHE HF chi-
square HIZ2E(GH)E Fd et
)2
EZ R (* 19

E;

A} Apie 5 (50—41)*  (70—79)* (25734)2I (75— 66)
ARE AR a1 719 T om; 66

~6.6>3.8401M, 5% FFFAA AHE 1Y F$, 7F
3848t} HAE Ayt 282 dY A BY ‘57
B2 Dy, Deoll Widl] 4ds] 2 gggch wpea
8 Bol| dtite] @5o] F7tE A (BcA) AU 2
43 5 geleoly A& 4FEh

had

Hil

A

i
do & oMy ®y

[7d2] 8]9] chi-square 774 % EP-treeZ5H AAFHE
249 dde s BAHS AA dAdY HA AAE b=1
O]_’]__Y /\é

=3 p= =25 7}%%;}1:].

== {etoll dal], dlel® J3 Dy, DollA9] 7k
#E e HeolERREH & F A3, AXAAEE
9 el

{—iﬁ?&ﬁ} 2t GRee) = 15<p e

3 % {d)+= [{d} (2 2)9 NMEE FE VAR (diE &
djeio] ofur}. 1Ejvt {delE AZTE A5, {do
SAd dedEs 32 do subtreeE =Z-HA
FASANGN(21), {e):(21)e1H, GR(de)=20]22

Header table

Teem | et |Countz| 0%

name link

& 2 2 ) | o, 0)| - | c:(0:1) | ic:(l, [)] i | :(0:1) |

b | 2| 2
c 2 2
d | 2 1| o | &1, 0 | . |d:(0:1)| id:a,oﬂ - |e:(0:1)|
e 2 1 .
e(l, 0)| G @I
(T8 8) &= cofl Chst subtree
29 Heiolt),

5 {cde Uch@22)]e]nz &4 djele] opt). o
2 cofl U8k subtreed| A {c}o} A== {e} 350l
3 JRE 72 [{ch(22), {eh@D}E A, 3
{cel= GR(ce)=2%1 &9 ddolt}. T3k x4 =
{dell tisiA, Uc):(22), {dh@2D]o| R {cd} 9 =3
Holt}, 3 Q3 {cdholl {e}E 43 A714 [{ch(2:2),
{dh21), {eh@O)]elth. watx F5 JF {cdel=
GR(cde) = 2/0 =0%] % && uj&lo] 9‘:}

g5 {ble [bh@2)]olnz &4 side] € + gli,
{brell 4= {e}, {d}, {ctol D=l &gt ‘:'d_ 3
34 A2 =E {g}2 FFEE 1 [{b(2:

dlo

lﬂ odt
L0 g & o

1 {b} ¥
il 2), {e}:(20)]
]Di HE {b, e}z HF =8 dAdolth dgo=
& Al RE @ Adte [(6):1(2:2), {d):(1:D]e]
e A% (bdisk {bre] ARES BT 12 22
2 Jé A9l =9 sidoel 2 & gl wetA {b,d)
< YA FEvh AR {bdelE D, D»
(L8] AAEE b= AY &8 oA,
A 2 de (bel207F 18 =3 Y
ng 49l Eel {bdel= 35 =3 dide] 2

3 o] g ch1 square AAS T3 B2Z Q3
E 3.

£

—~ & m
ind
e ol B A

[{b}:(2:2), {c}'(l'll 1"/}. 1 He
o A%g Rolnz @ HHo] 54 2
g o)A 3 FA =t}

{atoll tigt 22 BEXE a2 {a)&

=4
o] & 5 13, {e), {d), {c}, (b}E F7Fato] &3
o WA fet2 AT A= [{ah(22), {eh(1:0)]o] 22
{ae/i= A8 =3 o] A} 5 (@9 F7F A=



input: EP-tree, minimum support O, minimum growth rate p, and minimum x* value n.
output: the set of essential emerging patterns, F
/) LetI=1,...,N,(1 < ..<N).
. for each i=N to 1 do
= {if
if check_threshold(cv) then o into F; /(o = &) A (a0 = p)
subtree(ov);
. end for

G W N

Procedure subtree((3)
/ B=la/jl, a is a 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
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=pBU71;
6. if check_threshold(~y) then -y into F;
7. if XQ(% B) > n then subtree(y);
8. end for
(38 9) ¥ Z¥e S8 25 &8 1H njold L|E
[ar22), {dh@Dlela % (e A$E Hak22), 5 &¥ gt
{eh@lolnz = 35 {d), {col dsiA= o ol
FgstA Bk vAReR 5 {bE FU4e A3 of deld= A &F dde] o3 EF 7 dads
[{a): (22 {B1(02)]7F =1, {ab}= A8 &4 el < TEF Fol WsHEdaAte Agd A A% 5H=
At EW abt 4% 2@ dde] Huz omd & FEae] AW Bd AwE Hee WA

9 e A sdoe] HA RoEE Y ol £

[9) B

AbE A k=t 5.1 HlolEf 4N
(2" 9% 4 28 94 Y4 daugselth Ao ALEE 32 glolElE 200497 20050 EmET}
Aol £HE WdEw A3 2619 viste #E
44 ¢ mi=of| ost 27 WxPdes AN & deUxgdss S5t sl
EE A5 29 g9y A $o A2 dlolEe] dig Aoz 50% o]de g&o] e IAE WesH AIHCAD:
e [l 249 scoreE AAbete] 71 =& score coronary artery disease)o.Z HH3l1, & AZ7F 50%
#e VAE FHaZ RS "l 55 938 score | ke 2R 2FoR Fgth wa pAEwAsa)
A A= = AR B 98] "gA P45 (AP: angina pectoris)
I FABFEWNEI(ACS: acute coronary syndrome)
o=, o 0 g RO AT 6] AP 48D B4 Aol

eSu =B growiratee UFA B4 <x 7>9 2k
o]x7] s& ERHE HolE Axvlzoly, E(O)e S~ 50 M= =yt
A Ay A 9 gEelt) o & o] F FYx2 H . =

g:ﬂ 1 E_—Lr f iﬂa ‘j; :ﬂ T :H‘ O‘j EP-tree ¥ chi-square 7|9t &€ 39 A daglF9
st Dy, Dooll W3k &3d sj"o] 717t Di={(g,e):(50%:25%), ARS8 HAAAE 5, 2L AL AZE pF chi-

a8

(d,e):(50%:25%)}, D-={(a,d):(25%6:50%)°0] 2, +FZ dolg
7t s=ladetelgta 71y, 7 FEle 9 ddo] & X3
sleg 7}7ke] scores AlAFEICL D, Dol d9EE &9 WY

square®] 71E% =384 59 4EIAHVEE 13t 7]
9o 23 ¥l g FE(JEP-classifier, CAEP)[14, 24]3}

= 2 T = * SL Sl =
9] scoreE score, (s, D)) :0.5><2—+1:0.67, scorey (s, D,) = CE 7y Aslof| 2718t 2HAE9| AX EN
2 Group N Sex (male/female) Age (years)
0.5X——=0.33 > L1 2 s+ Dol Z&
2+1 °I™, score, > score, °] il 29 Control | 128 62/66 5381 + 7.23
ek AP 120 88/32 5148 + 801
ACS 13 6/7 59.08 + 9.86
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¥ 8) =8 m{H

HES 2I6t HIolEe| HH

=E (target) S~ v} 7 (background) &2
D D>+Ds
Dy Di+Ds
D3 Di+D:
200
—& —-EP-free —M— JEPs
—a— CAEP
160
%
N \
5120 N L
o . \
£ N \
= «
s 8 S
40 > \\
AN
o e e
5 10 15 20 25 30 45 50
Min. Support (%)

(37 10) XK= HHstol| w2 MEAIZE (JEP: p=oo,
CAEP, EP-tree: p=8%).

20000
—& - EP-tree —B- JEP-C
—&— CAEP
16000 ™\
» 12000
o
w
kS
* 8000
4000
0
5 10 15 20 25 30 45 50

Min. Support(%)

(3= 1) AKXz #Hetof| wE WES(JEP: p=oco, CAEP,
PF-tree: p=8%).

v

2B 2oy, <

AF A AHEHE

He duFEES 18317

HolHE 2 Fax BAR
(2 100

A% Wt w2 AYA|zH

A% Wstel mE AYHE=

JEP-C8 A, 835 #

grhach 49 dold ¥gel 27 F 26149 2
T 453 ol 1749 $42 7Rt E9 o

Hrlolm (29 1) HA A
4 949 $9 vueld. (9,

Ft)(c0)l AETE Adsn

100 100
L - B89 !
80 |- ~ W94 180
B el X 74
N
60 - ~ 4 60
\a 52
40 140
20 120
‘ = = Support —e— Growth Rate ‘
0 Il Il Il Il Il 0
Growth rate 10 20 30 40 50 oo
Min. support 2 5 10 15 20 25

(32 12) 24 MEE 2 MK E HEjo| M2 YEE H|lw
(9 10)914 EP-tree®= $& F
JEP ¥ CAEP Ht} && AJ7to
Y AL AE deR . o
YgEEo] A2 F9 ud g5
A

 AAE(5725%) o A
A 30% °] = JEP7h

=2 A EA BE
i s Ags Za, JEPO A5
S A gEygoRiyY JAEo]l FEdd sHrhs
A &) EP-tree 2 subtree A Al7to] © &
5] Folt}, dd = vue A% Al EP-tree
P AL g9 5 HEnks s ey JEP

2 (30~50%) A= 3 =d ddS A

oM.
o
A’
|
>
D)
5L

ox 10 10 fo ox oo
—y
o
e}
N

4 9 AW 2F 2Oe F AAg Ha AAE 3

Ha A wet e Aes HolmR 434 (heuristic)
WHow HA metrHE dAsor it et (2H
120 #A& AHEE p=50% & w, H& AALE Wl e
B A= vlaet H4 AAE §=5%L W, 4EE W

to] Bl 9] 50%2] 91¢] ZFZ(random sampling)dF ©]o]EwHS
AH&-8F 9T

A8 A HH gepug AL Ha AGE] 50%9]
HA4 AAEE 5%oltt. getvlE JAgES A =
A 26179 B FAFRA(AP, ACS) E o= (F%
AA vlolEo] i F3® AP FYsich

GE > o] molA ARbEE AZEA S ZpAfol A €]

Mo R

r«O

)

AuE gAY 2d A9 ARCE )9 24 A D
A E(<3

2>)¢kel Hlas g &3k FHoith. A A
=]

(<3
Aetel B3 Ak 2w F@2¥ H hit rates 85.33%
oja, HyAow A e AxE AU Fee 4
7} 66%(5HR), 68%(L 2% 76%(9&)o|tt. 53] FAY
AElZEH(ACS)E FASAP)E 2% BRse 497t
58%(EHLR), 50%(L8%), 3B%(PF)ZE BE AAE 1Y
3 G AZE A SRS o] 62%ET o Wkt

vpxjato 2 A|etel chi-square AES $3 d4 dEH
ARge] 71E e BR /1Y B dely {8345 do}

oX

5) EP-tree®] 7% AAE 30%, 45%, 50%14 35, 8 7719 &d HAHS A
st JEP= 12, 0, 0715 A4



YA 2 TEs 2ot 58 At XNHF =9 IE V(8] 237 JI1YE 23
CE 9 SEEIE 3 XM ZIEHX|Z0]| thEr 2F Z2(confusion matrix)
Predicted Class
Posture Class Label
AP Control ACS
AP 92.5% 5.9% 1.6%
All three Postures Control 13% 82% 5%
ACS 6.2% 12.3% 81.5%
AP 93% 4% 3%
Supine Posture Control 25% 75% 0%
ACS 58% 12% 30%
Actual Class
AP 87% 7% 6%
Right Posture Control 20% 75% 5%
ACS 50% 8% 42%
AP 86% 4% 10%
Left Posture Control 8% 92% 0%
ACS 35% 15% 50%
CE 10y 27 24| M5 Hjw Hrt
Classifier Precision Recall F-measure Class
0.933 0.925 0.929 AP
EP-tree(y*-test) 0.781 0.82 0.8 Control
0.855 0.815 0.835 ACS
0.793 0.902 0.844 AP
JEP Classifier 0.774 0.6 0.676 Control
0.762 0.615 0.681 ACS
0.809 0.873 0.881 AP
DT(C45) 0.769 0.750 0.937 Control
0579 0.423 0.900 ACS
0.748 0.873 0.805 AP
Bayesian(TAN) 0.688 0.550 0.611 Control
0.647 0.423 0.512 ACS
0.88 0.863 0.871 AP
CMAR 0.822 0.925 0.871 Control
0.565 0.500 0.531 ACS
0.792 0.931 0.856 AP
SVM(SMO) 0.811 0.750 0.779 Control
0.727 0.308 0.432 ACS
17 Y8 A% vaE sioivh vu i 2% JHoRE (jumping emerging patterns)[24] F°] A&+ Utk CMAR

45 A A4 EP[27] 2 Bayesian 7 2@ 2 TAN(tree
augmented Naive Bayes)[28], RBF(radial basis function) 7]
a8 o] &3 SVM (SMO: sequential minimal optimization)
[28] G5y A#H 71l CMAR(classification based

R ANy LR

on multiple class—association rules)[29], 12]3. JEP-classifier

1= IR=
A

o] A% Hx ARAE E H2 AT A2 42 04, 0.
2 AAsda dolgue]x AWMEA = 5% FAA 7+
3} 2A5% 1A 3752 AASAT JEP-classifier?]
T, Hah AFES FId, A4 AAEE 5%E G4

FhaL,
C45, TAN¥ SVMZ 7] &(default) A& skt <3 2

~ ]

z

128
7

3T
ar

\
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100 5533 o
80 785 7138 gngn 0 7916
X
> 60 f
o
3 40 —
<

20 ]

0
EP-tree JEP-C C45 TAN CMAR  SVM
Classifiers
(12! 13) 25 2do| XMtz Hlm

o] B3 g Ax ol A BE B Ed9
H7e 13 ASHA0 fold cross-validation)S 283}
o <F 10>3 o] A %(precision), A& E(recall), F-
measures H7} A HZ=2 AT

2 R Rde AYrE yehddh (29
13)¢] A= ¥ A3} chi-square AAS 53 EP-tree
dug)Fol e BF 2 By £L& AT(88.33%)S BN
oH, SVM 2 CMARS 7% JEP-classifier, C45 %
TAN HEue d3 A9s 98 A 2do]l & & 3l&

Aue] fA BF A%E e

2 ox
[o ol

il

6.8 B
o] =EollAe H: 543 FUksta e A g
T WA 2] Ad 2 AT =S YA A
WEwol: 2 ST-segments®] 23 Ak A EE 4439
o 53], Autsol® 5L A 7HA T2 Al dig
Ay g nAgd 5E4E BA5e] gAY BEAd A EE
FE39h 3 o] B3 Ay AFEA A3 K] I
FHY 24EWS B2l A ol&dtx, a&Fd M
2do] AAS Al BAA 719l chi-square AT F
7}8 EP-tree €u8]&S Aok sty Ay Ay 53 2
@ A EE EP-tree 7 dugFol 44 e u, 5+ =
g YPHEWS o] &3 EP-tree F Rdo] 7|E9 JEP-
ier @ C45, TAN, SVM, CMAR %7 2ot ¢ $

o wRe N0THE FRUsta SeATA QNG e AT

A3} 20089 AREHE)e AQoR B3}t
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