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Abstract

In this paper, we propose the ensemble-based classification model which extracts just new data

patterns from the streaming-data by using clustering and generates new classification models to be

added to the ensemble in order to reduce the number of data labeling while it keeps the accuracy of

the existing system. The proposed technique performs clustering of similar patterned data from

streaming data. It performs the data labeling to each cluster at the point when a certain amount of

data has been gathered. The proposed technique applies the A-NN technique to the classification

model unit in order to keep the accuracy of the existing system while it uses a small amount of data.

The proposed technique is efficient as using about 3% less data comparing with the existing

technique as shown the simulation results for benchmarks, thereby using clustering.
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[. Introduction

doleivtoldolet AGH dolel QolA Folvle Png
Folh AL wHTH1-2
S5dolE S ol g3te] AT RREDAS
& WolEE Fshs $R71Me] Aok BH/MS A 20
dlolelt A4 HolElE wilE]
AgAel 7158 ek Bol AHgRTHIL FulE o

YolHE ol gohs BREDS BAE UHY Axg
;1(_] =

1 2
24 A% 4 ole ASAuE AgA
A7} sk

She A9, olel@ HUBY A2Ye JEe] 25771 7]uk]
dJafe] gul2 ASARE ATY Gk Wb ASHow
Az e dole ARozsl Wap} aTHE Lok A% LR
mae AA% AQe o] 44 EE Ak Hedo) W

A Agpd,
zEY doled] tjgle] BREDE ANE AT, vole

shele] gk concept drift) WAle] Q4] o @

o diste] 23 5 G2 mhitel 7714 0.2, Aguolgls b

Shid
St
fd
i)
tlo
o
2
ol
rlr
o
oL
o
>
>
oP
o

olelES ARgsto]
[4-6]. ols} #Z2 W2 wlo]

&
B2 A= AR EREEs A4 £ e
o A

A
£
o
o,
N
-
ot
rE
> ot
N
)
o
=
o,
ol
ol

oy
>

stoh webd RREE 44 EE A0 357} e}
% dlo|By 357k ol Hv) AFe we At

B3 goHr). ¥ = By
doluy A FAske AL BAHoZ Brhsels
o, Aol Fi lole Ei 9 Holee] LES
Yol Az AR dolele] T LREAS 44
£ QAR e el 477 1
oleiat Wy Ed Az e A wA HoleE v /)E
o W7 WE A WA dolE JEEA ke BA 9

o,

- 2

ool o g 2 M
oM dr 2 O )y ko Meomn X L

El

kS
30
o
~

B R 22D dolEe] tig RUEY A2
A, a8 WA A2 dole SElel el g go] 2
o 052 Zol7] Sste] 2B MO S P A
P BREE w7 ES Ao ZA FEg dol 2] o
& BULH A7 =F S AR

RN AQHSHE g S5 BRRE By

e First Author: Sung-Yeol Song, Corresponding Author: A-Ra Khil
*Sung-Yeol Song(revwind@gmail.com), Dept. of Computer Science and Engineering, Soongsil University
**A-Ra Khil (ara@ssu.ac.kr), Dept. of Computer Science and Engineering, Soongsil University

* Received: 2015. 07. 15, Revised: 2015. 08. 03, Accepted: 2015. 09. 22.



A el &7

L

15 Agd S0l wet

tol Qo] AA "olA

o

A&A 0w BUEY

o]
=

=
=

| AR8-5

L

L

3t

S

873

SHA] ggaL, Hlol¥

5

[e]

=2

a7
R

Aze &

L

.

Journal of The Korea Society of Computer and Information

it ShElole)

32
2l

o o oy o W o T Am o TP oW BT o TN P F
o T EE do < o T _ b S RE U o oo e T RT
—_— Ay o) o} o L.E:v,._.wm ol BL.],LI:.L =
B oz X oo ow m om o = 0 i m™ 2 Ak SRR A= %0~ = o]
= T ~
ﬂﬂ%%ﬂﬂMEoH 50 = S AomemAcﬂﬂmﬂﬁ@Hﬂ%@izh
I = T - : S Ty DR MT oy N
T Es I . fe E TaoABTEET BBl
o X0 e W o ] pry < ™ P o %o o oW M oz F o ~
_chtE%EEﬂw g ® eww%ﬂfrm%%ﬂ%&iegwﬂﬂ
~ = F o < 2 o owr - & gy NX Hox o W2 — o M
NS o~ o ) D - c No o nH ue o o WK A o BE
WE ooy DOV = g aR X s o = EELI]Q = 0 MW;T T X
TR N 2= i 8 Tt S wLETRERLy g
T 9 o Lot 1] ) = K o oh @) — -
Lw T e g & B oo %m%ayﬁﬂn%ﬁ%mfrﬂwﬂmﬂ
o Eoﬂi7ﬁﬂﬁ L moc X ﬁmﬂ tzTnAnzt.ﬂ_%ﬂlmd.nmﬂ,ﬂ% AW
T o HEE m B oWy O =R NS g I
e R e D = _ 5 2 Tk yRIPERTSTEXE
FH O e ® o m oW RE. L S5 Fewiev T omondPT B
T2aSgss & 1 5 wmT uE SN T oo 5 N M
mo}oﬂ}ﬂmmﬂ1ﬂ| g - L S o o L o0 ﬂHaWurxu%cuE}MﬂeEE
Mg hblupe®dg & " E Pl s g ®u L p oo rl
il ; . 0 i) 0 ~

SR RN i o sl m it e e g Ea by
N T I S s PreRae®Ew g 2Hwa oK
= —_ — [ k! e _—
i O P A ) mEE T gy o LT SR W g m
.aﬁﬁufﬂwixoouo%& ﬁ_i%ﬂhﬁlmﬁcﬂroofmxogqolﬁﬂ
7 N p T o I Rl I N
Mo fio B = T W o o ™ 7o T ET TN B MW o mh om ooy N
A MW OER B X NN YT NS R o) = E W R < = XN ® AR M o T B xR o
o ~ & mwlo ﬂ.ol O_H OB éu ﬁi O# UT_ w o O_H ﬂmo B O~ ‘_Ivmd ﬂ«l Of OOy _ﬁo KH E#a lﬂmo EW o ﬁl ﬁi EE owE
n oy T o O r ME R S N ™ © R o I RN wE
) o} WHI i o o 0 = il N = o W /LT it} ) e o <0 ol
5 ;T T U il Gl oo TN oo g5 o 75 oF ol
i ~ M do Fm Wl o T R ° NS R TR nj v oo o
P TER BR® Edwod BDEFTR =Hoed Tewtye TH OTBI S
il oo m oo T - ‘% T H M @ro o itK oo e ) £ </ 3 J ol o o ~ o ,W B
T o o M W m_ﬂwm7%wr.ﬂx% T P BRI LE mr b B
" um&%ﬂﬂ HETalkgSEw TN T E ) 3 um%ﬁiﬁi; e LN P
= e = = = T 5 D = O ~o o= N o = NE my =0 O = 9 = 0 Lo T of
Y RERLE FrToleTsd TRk = TN~ NG N T . e )
T OmlEMT B RTLVENE g T £ guEILETH FTRNTRw SN
A I moﬂrwuwuwuu%atﬁmm ﬂeoﬂa%wﬁmw £ %Htm,ﬂm[u_]mrmw ﬂ_zfmﬁ%mﬂ%J%
T A T ° R ol E A, B oy B X WO = ~ 3 IR S
B aﬂﬂwﬁi% %ﬂmﬂi%ﬁﬁﬂo%d‘ﬂH%Wﬁ o %ﬁww%%ﬁ wﬂ%_:cu%mﬂww%
o e N = ﬂorocE_Mmﬂﬂn@mo%mo%evbtﬁngdr o Urmztwummmmi mu%qu%lu%
~ ! —_— — —_
on o < = o o M) — - o o i K ~ o 0% TN mRoRS
o X0 do Z ﬁu o X T o— ™ Tor O X = od 0w = N = G e o}J o O = =
N o ew 2wy d ma D ES e - N = 23 D@ non No= o R gr
P Hxl/_hmaﬂu Lﬂﬁ%ﬂwbcwﬁu@EﬂWWW%mLﬁW mweﬂgww%mﬁm W%%EW#%%
— S X —_— 0 o ~ X ~ - — s
TR THTHEE e P gD T oo~ wa%%wﬁy} RERRN: CC I il
T 29 T omema® TSR e Beeproeme CXiTw’as
< = oy iy X0 8w R o £ > op s ST B 9 T o ot N oo B CC N (A LN
2o i e N = oode oM LS T > 2 B U @ ™ o N =0 v o o
e Mo R g g BT Mo R gy o sl _EpM o lwo BT og
TEE s o W mEg T de T N e _ TP e TR TS
M) Tl = X0 o | o up NS " Wi o T % Az Salae oy 7en <) o
N T wmTE® O ERFRSTRNTR AT = R R New B R



33

Classification Result

Using k-means Clustering
(@)

Design and Implementation of the Ensemble-based Classification Model by
Ensemble Classification

Sensor Log
03-23-12:01 ...

The Proposed Scheme

jmﬂ%ﬂ ﬂcﬂ%ﬂﬁﬂ@%mﬂ%wmiﬂ%ﬁ ﬂéoﬁ
o] N ~ Mo %0 o . ~ o o F X ey iy ol
B T e S S M NI O SR S T
Eﬂﬁi N L w ™M =o o ph BN ojo o ofpy » o
s — === Taliakia _ WOE L T EEFTOT Y OB oo N o
I : £ R s O oy Mg, T o R E RN T WS
i R TR Ameme Metex_ TR Mgp §ve
1|3 . gs = ) Juowl oS wp o 0 oy Noom) BY 0 %o U o
4 Ligst '| T CEN 5 TP m ek o 9T T o~
3 - g8 ;.88 w o X p o XTELA4T T Z o 3
o [7] = I |8 5 & ~ o B =0 ] _— o . XO T L.oldl B ol . =
. © Gnl fH) _— e
E 3 CHE £ 8 <R PowT T g e oWy |
= 0 lloe e @ & oTﬂoEﬂe NroﬂEEqu iy o X TR ﬂﬁaa.KEEI
§ |E 158l '[55 % i % TEHTwd LT oD o 5
3 g 3% |24 3 Tl CgEEE e LWL w2
235 ol hiEll Z5S ZESE pTEg L TiCCRT LTI
mm&“¢&_@@@ HHs L EET o EPESLEB 4TS gu S e D
-~ 7 . . or =
a2 : I o WM R AT R S = 0 R
9o 1. 1 ot 1o = M <~ o8 — 4 oy X W oo © o KON
v I | %%Mﬁm%wr.i.%@Wﬂw%%ﬂ%%%%%momwéaﬁa_
2 ! 9! ﬂﬂ%ﬂﬁ%ﬁﬁﬂ%%ﬂﬂﬁ%wﬁ o MR R
£ I [ o PR S o R e Eew T T R w oAy B g o T
@ . T M M2 g ¥R FRaagog©®o 5o B0 ity
L k5 e I ﬂﬂu%%%%éﬂuéiz 70W%HWW%ﬂ%H
2 “_m . o M TH g = %?ﬁﬂﬂ%%ﬁﬂﬂ%ﬂ%mlwaﬁﬂwemw
m nlo2 MM iﬂ_nqﬁiE:;Mﬂo&ﬂ%o#bﬂwz?%vw yoﬂxoaw&w
| — = g = o o o aE X — o P o
MAI .| 2 g g W T o o N m L IOS ~ = N g g = P B = =
| | = d 2 g B8 Wy Em supew ET
3| & S TWT RTHIT SR, T NT Eo Tyl ew
Slro-mm S 4 < FEBTO O OWAT ST AT ME T oA T T o
W £
1 [0}
7@_ R - ) %?ﬂﬂﬂ %ﬂ%%%ﬂ%%ﬁ
=" 2 R T B T Hj W G = o W
i —p 2% ninsd fTUxI ozErEairiy
_ 2 ] 23 s T DN BEFEE LGrRRTEEa T
Y 3 1 s3 8 £ g B TE BRGEZE gy goodm
. R =0 [ il . [ g 7 Nk
_m“‘ — 2 _.m_lm_m oy ~ F %o w0 aviﬂr%Tmﬂ %EME%MHHIHﬂ]
. 12 . T N & o] B T i S 0 =3 =
CP. 8 . |29 G 3 o0 Wl = S . R
LT 5 1|52+ LI S KgmHd Sgl % gog oD
| S -85 8 oy T < g B ﬂﬂmeo_ﬂk %ﬂew@_urioﬁ%M
m ! [25 2 Azl B WzT1WﬂL éﬂaauélﬂiﬁﬂuﬂ
! |58 g TN LRIV R T SRR Sl
o o |&8 ¢ o M T Bl BT T B
: 7§ WHBLdT R dd PR S EE PR
: s %o X =~ w Boop RO R = o
mk £d s \I| °" Sk we EpP_sPaeRo_oFFX
: 23 ® . 3 o NE o e S o ~ %o B ook T o T W OB s
o | 53 2 | |1 o TR g B WESNFTN e ) CRR TR
SR 28 | [ ! Gl I DRI SR S S v e SN Al - B
wilget— (83 [ [ prProp e AW TE NG o x kT
o0 5= a . H L.ﬂ_l HJ-;O‘IIZ ﬂoﬂl — N o
RGN CANE CN N N meﬂo WMMﬂﬁmw%wmﬁ__%zwﬂﬂWmmﬁ%ww%
86 . 1 [y ~ T & oy e X 3
P88 AN B JEIEEmmm%o_e%%ﬂm«mﬁ%%evfr%ﬁmo%w%%
Lo e e m = - SRR R H y T WA W W0
Thwm ElfngzoTeY¥oan ey
N I N S e W A< BT =
o e T ST o FNET B % T WM T MR

dlojefel o

[e]

R

s

F A=

|=
e
OL/\O

L

T

7fell €]

h=j

o

d

%
<l

H

9|

SICER

S

ZEZY Hol¥
A]
_?4

o

s



34  Journal of The Korea Society of Computer and Information

a3 38 YEuelEt Foige W Aze EREES 9
AR BRRA bk e dueFe 2

. of b
c
o

A& A% run_clustering TFE A
T} o714 dAF ool T oy AVE
Fol Millan-giraldo et al.olA Sk&dlolEl 7
WA o] “&ad i X Zd A X 107

i3 8 5 gk ) 01*3*9] —71?101]

ot

%
=
&
8
3
S
S
<
. S
v S
I
=
o S
_0|L
r_>i
Sl
N
)
rlr
o,
o
fud
o
L
SRR ) 1=0

9] =R m—%

oX
oX,
31_,
EON
oZ
O_>C4 U
dr
M
Hu
td
i)
8

m&
o
(T o
o
o
i)
)
Lo
12
kKl
i)
IN
i)
o2y

input_ensemble_moduleZ E"H GFE

i=] I=ER=N =]
g HE ERE

o e O kI orlo mX ot wo

input: Streaming Data d, Ensemble Classification Model e
output: New Ensemble Classification Model

initialize: / = 0, clustering_start_size = x, classification_start size =y

if(d is new pattern data AND x >= size of temporary_storage) {
Set of temporary Cluster T = run_clustering();
i=0;
while(i< number of T) {
if(y >= size of ){
input_category_information(t: );
classification_model m =
make_classification_model(t: );
e = input_ensemble_module(m);

B
by

return e;

Fig. 3. Algorithm for Building Classification Model
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input: Streaming Data d, Set of Cluster G
output: Classification Result

initialize: i = 0, k = max number of close cluster
{
while(i < number of G) {
if(d is in area of ¢) {
model m = find closest_cluster(C, d);
result of classification ™=
make_result_classification(m, d);
exit;
¥
k set of cluster G:= find_close_cluster(k);
i=0;
Set of model M = get_model( & );
Set of result R;
while(i < number of M){
result of classification *.= make_result classification(*. ,d);

¥

return combine_result(R);

Fig. 4. Algorithm for Combining Classification Result
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Table 1. Benchmark Data
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Attribute of Data Class(%)
Mushroom 23 8,124 C;(50), C5(50)
MAGIC 11 19,020 | C;(65), C4(35)
Adult 15 48,842 | C)(24), C,(76)
MiniBoone 51 129,596 | C(28), (4(72)
EM 7 27,409 | C}(40), C4(60)
PAK%DZOO 24 50,000 | C;(80), C5(20)
KDDCup99 42 494,021 | Cy(20), C,(80)

=

[}
+ Millan-giraldos2] A-FollA] A

717} Ha A A7) o)At HW AAsnz B

Fido] AdE 4= vk L3 Aol ALEH

éﬁﬂ 1~ 37H4 AR 2o ERRgs AR simple

=
& olgate] LRANE AT
B AgNE 220 doled gl wHe JHng
FAEA AR HlEIE Aol Bsokshs Fe HEA

(1) WSF(Weighted Sum F-measure): 7}%38Hs 243k
F-measure #k

(2) TC(the Total number of Classifiers): 95 H o)A
AAE el BEwdo]

(3) RL(Rate of Labeled Data): A HAE ~EgY 4o
el di7te] dolEds 7%

0 712k FoF e o v BHEES ssira 1
Ae WASH] ARt AYE LR s drke A o
Mg, w@ RAAVE Brhs Ae AE7b} ol 2ol
i dolElge] 1w Bohe AL ojudt webd 4
E8 71EPs ogE WEE FEOR FASEA C,

ool AAZ f-gsteha & 5 ek

H1oA B upe} o] AF 4 =

o] #5aA @] Wi uws Sy W
-

23 28 F-measure?] 75d WS ARESEITH Ce 9

QHgh e} o] &4 HT X 292 i X 1072 24 3
shaltt. sl ol % AEE EREAY e 74 IO ojge] ZEae] HFS el Fle) e idA Zezol
Table 2. Result of simulation
o | e poeesee menas | ElE, etz | SEGcn,
WSF TC RL(%) WSF TC RL(%) WSF TC RL(%)
Mushroom 0.810 10 33 0.824 7 42 0.795 16 96
MAGIC 0.628 5 3 0.739 8 9 0.774 85 99
Adult 0.517 6 2 0.532 7 4 0.673 161 99
MiniBoone 0.713 5 2 0.782 4 3 0.862 125 99
EM 0.639 10 3 0.667 13 6 0.68 194 99
PAKDD2009 0.334 4 2 0.24 8 7 0.18 102 98
KDDCup99 0.886 17 2 0.971 16 2 0.644 586 99
g 0.644 8.1 7 0.6 8.2 10 0.6 160.2 98.2
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3. Change of Results according to & Value

TC RL
3 a
° * 5 ’ 6 - - ’ - ’ @ o 2 3 - 5 ’ 6 5 - ° ’ 0
2 3 1 5 6 7 8 9 10
WSF | 0.654 | 0.603 | 0.639 | 0.620 | 0.646 | 0.630 | 0.658 | 0.627 | 0.631
TC 7 5 10 8 8 5 6 5 6
RL | 2% | 1% | 3% | 2% | 2% | 1% | 2% | 1% | 2%

Fig. 6. Change of TC, RL, WSF according to k value
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