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Construction Scheme of Training Data using
Automated Exploring of Boundary Categories
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ABSTRACT

This paper shows a reinforced construction scheme of training data for improvement of text classification by automatic search of
boundary category. The documents laid on boundary area are usually misclassified as they are including multiple topics and features.
which is the main factor that we focus on. In this paper, we propose an automated exploring methodology of optimal boundary category
based on previous research, We consider the boundary area among target categories to new category to be required training, which are
then added to the target category sementically. In experiments, we applied our method to complex documents by intentionally making
erTors in training process. The experimental results show that our svstem has high accuracy and reliability in noisy environment.

Keywords : Machine Learning, Learning/Training Algorithms, Active Learning, Hierarchical Classification, Clustering
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g ol 7} ut2 oj7]q] e

3.3 AH&A(Bottom-Up) HIEEFE #eh &5 HEt

3.3.1 434 ASEF Ui A8

oF Aolq A9 v} Sl%o] AFERYHLS
upe} sk a Adgkdoz o Herst g £
& ] go] EXY BFY AYHLE 5 Aol 3
Hol M 3134 wyo]l F o $& AE Holxn
Z} xwevpth B/F718 P48k R g 5&
t 9o gich whd Areka wye shara wy
o] ¥L H|fo] EX FowA YwrHQ ez}
ey F ARE Bk
A BFuAAM gAML Y BFEgE 2
ool o] gE(Class)EZ TR}k 3t FEEL EF Z4
of wa} ‘shd-ur e AFHY FF AWY FE Un
‘-2 22 g9 el € & Aok AT Wi
AZA 9uE o] §3o] 4 AFEFEHoE FFS9
%8 (Ensemble)2 WFE TAsE AL #7574 Bo
FRE 292 ARE AT FFEAY OIS e
shetAl 8k Boh fdstn Aud ERdEs A9 5
UA Fo2H EF 45T =58 Foh

(29 6)2 434 EFE FYsis 713 ded B
2A A FRude f94e Jehdd 71EY £84
F oo N2E FE 7 F7HE 3E, AEEMEZ F
g BFedg AAsor @) o] o, s34 WYPHY &

INE 28R

Target = -
c;gzw ) @ IF ((P(aD)=1) then C, = D,

; IF ((P(®[D)=1) or ((P(c[Dy=1) then C,— D,

[combetmcion ] I (®P@D)=1) or (P(dD)=1) then C;—D,
: ME2 5190 F 3t

class @‘@@;ﬁ_ﬁﬂ IF ((P(D=1) then C, — D,

classifier >
(72! 6) Al 2R

"*:le&&
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£
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fe 2 o [0t rlr
= =
4
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ST SIEHA FHUE 48

(E 2) ZAEFEES AS7de sigt €ue|Ee AEZ=

Input : FHZE SEYFI o f—lii* st 2AM Tr{C},
Output : ZAYEFAE X= {x1, %2, , Xm}
//Method :

/IA: Cluto-22{AHZ Y1258
[IA-1. SEHFE ol fgt 28
[IA-2. 2t BM9| 7" AIRHE|2 Se{Ag £7|8

C={ci ca, =, Cn}

0|83 YRiEA S| BT B4
el e THCIol theh RERHE| V={y,, -

Vo 44, N=|C

1 _ SIM (Internal Similarity) = 7,

//1A-3. 7|Z &= (criterion function) maximize

BHESHE X Kol 23 AF S={S, -,

//Expanded Target Category Strategy
B: #EHe| 22{Ag S={S,, - S.Jol thsiof LhF
B-1. 7|3} : X= {x,
B-2. FOR r =1 to k, j=1 {
IF ( U(5) > u) THEN {
Tr{x} < documents in &
A+

Xe,.., Xn} TAE B AYA =1 Y%
/1 8={Sy,.S

E _ SIM(External Similarity) = E,
S 44

STTI =2 2o B©HY

SETE flet A v =05
« }

Construction x, wsing S.

#71 AME 45¢ Y2 glol Fol oy AW PReds
wEo] J1Ee BREWA Frhan WHREY ERTA,
Z, W38 9FHe BB

3.3.2 4 AZFEFE AP T 5EAAEY 24

@ AANE AAGAAN Pk 28R EAE OF
1 A% AAWFE PN U2 BRAAE SAA
dgsiale), ol Bt AR0 LRANE 27 AL Y

A 7 ¥F T TSt %Y AFEF
FPstn FHEFE SEYUFE T8 98 HE
& AAg & A9 WFE o e o e gEo
v 2 & ook Fold BiF EAe Z2E¥Fst e
Wdel 27le] metd EFHFES § ) ol Al
(Subclass) .2 &85},

=9 9

4T £ o4 ot jo

ot e
Ja

(el 2] 443533 Subcategory Set)

Folo] FRHF ¢ o i ARHFEE s = {cy, -, ol
2 748 F gdon, HAA SEHFHAT g Arys
A2 SC=5sc; U sc2 U - U sc, 2 e 289
F7F 2gste vlde] gl wel b AR -'17]“
getd F dn, BEEF sdel EAletx] g
AE-Fe] A7) 1 ojt)

(2¥ N (29 59 F92HEY AF EE Yl
ot oA @ AZTRE 47 FYAHE W o 2y
e 7IEEE, F UE fAES R fAlwe] wslEs
o] &3t AT F Uk A4 FAHE WY 7t T
AollA AHeol o]efoju} o] G S|, o5
ARG g iy FY2HE YA 2o

<E 3> EFUFARS AFHFER #4877 98
duFe] JAZEE Yeldch AZFEFE 9% 53
2 SHEEF o o AREEHEY Sai = {e, = et ¢

(3% 7) E32HES HE E2|

%*—é;u;-w Se; = {oy, o) EZ TAHG ARy
£ 2 W77 Yehie 2Ae 9d 2 2
Zesng £44) o8 2R,

4. & A A

Hel B4 BEAHE HFE A 2¥F
W& Aol 28 e fF=2U(UseNet)o] T
F 1-7413 -?"71- HES Q= EA ST f2u
ge 5 £o] EI-%*KT' A P Ql=d F4
&, 2 RHPP AFTEE AQ2HA dA4sx ¢

ok 7HE He Adez "%Ei(ccmpi 3k (sci), E9(talk),
o7Hrec) ol A2 892 Z+FE o FAHQ sdoz
TAE o2 BEMEL ﬁﬂl QF 2vk e A F 540
el 471 Fojelde] WRe marddEo] ok 2 A
ol M2 EEE F A& HF UM ERAYEE

AFa7] Slgte] AFEHBE EME(compoldhe F dlae

HM&E-
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(E 3) HEEF(bottom-up)

Piet SEHFEE 2@ Y023

Input : FOIF SEHFEE W&t &M Tr{C},
Output : MSHEFESE SC = s¢y U scz U -

{121 He| E2|AH 5={S;, -
//Method :

U scn,

-8} ol chE HETE YA
Zt 22 AE9 HEtHE(Merging cost) 2 HAME HZE Eg| 84

C = {c1.c2, =+, cn}
sci = {cu,Ce, =, Cu }

/IMeasure : F 742l XtA(child) S22{AE Sa o Sb & et o ofAl=ls J|EEo| Wl
C-1. X3t 8 K 7He| EYAE0M AAYEFE PHE 228 A, S={S;, .S}, h =k

C-2. z|H9| Ze{AH S={5,, -
C 3 E‘EEXXI 13 C: {ch Cz, -,
FOR i =11t n {
=1
[ SEYHF ci o cHdHFEZ 0|F0{Z
Parent_node = Search_ node(c)
Remove_node(Parent_node)
While(child_node){

Sntoll gk ASTE 4
ClOlAl SEYMFT ¢ of ChEh 22|AE B 9 MEYFPM

2e{AE Sr o A2 parent node EHAY
/I Parent_node MIH35t0{ child node £2]
[/ child_nodeE2 M|FH F(subclass) T % StESMHH

Tr(sc,) < documents in child_node with clusters contained documents of ci

j ++

2 8lo] E®YHF C=(comp.graphics,comp.sys.ibm.pc.hardware,
comp.sys.mac.hardware comp.windows.x} 2 A3t c},

41 HE=H & AY

Z1EY G A vnE AT Y 2L <E D
3 o] Bessich. 71EW I AdEe YHEE vw
3t7] $1ste] AFor @AE AAYF] Eioiid i
vlaeh 3 Herst Wi AFEFe i vandde ¢
gl £ AP v wdy] fAse] 4 ZEPF A
AES EEAIIE duldA MR g8 HFEC S &
A LFEME AMEEt o =HQ wA FFS T
A

orul

fiu IIJLn u

AAMFE EFANA &L A5 AFERE AT 48
oM s AFEFEHE HEsn, BF7 T4
stk o] S48 SVMER7E ol g3t A7)
UFEE Ei'}’*li’i-i o] AZFEFE 71EWHIA vEE
A8 st EHUHRT Agert e %A AFER
g sty BFETR 2 F(Noisy)oll Zstn B3
%7k Hepa 22z Naive Bayesian(NB) £/71& 243
et

AgARL o33t 2o

DAY HEEAM da 71E ¥
&3t 5 ¥, He R AT —51-%’-% -‘F*‘B .ldr.

2) AhEY A FAE FANTE L9 &% B F
AA stelA 5 F He % A EFE FHI

3) EHAe A=A e FE HIANN F DI 29F
FHAA A3E Hagc,

(E &) 7|1E/Metdge| e Hln§ 9I8 AExd

i A A iy ddzd

e : - . | LIy

4% | AAMFX) | Flat/Hierarchy dnez| o
E_00 X Flat SVM X
71 | E_01 3, Hierarchy SVM X
W | E_02 X Flat SVM (0]
E_03 X Hierarchy SVM 0
E_10 0] Flat NB X
At | E_11 (0] Hierarchy NB X
W | E_12 [0} Flat NB (0]
E_13 0 Hierarchy NB 0

(& 5 A5 SMY2S0 s WHE SE SSH

gy Bgws A 25 (bottom-up)
R0 A F(X) 5191 & (subclass)
(i comp.graphics) GLG2.G3
I comp.sys.ibm.pc. X1 Gl
hardware) 11,1213
X20 IM,
M( comp.sys.mac. MIM2
hardware) X3 GIMW,
Wi compwindows.x) WLWe W3

42 AEAD}

AEE f8l gFel AHEHA F FARZA 7 SHYF
vich 50 7He] EMER FAs] 200708 EMER HARE
golatglr}. olwl A E(Accuracy)= F-measuredt ©|
atgich.

oo 1

> TP, TR

B arare o Z TP, + Z FP, Z TP, +Z FN,
Z P, P

> rp+§: FP, Z TP+ 3" FN,



<E 6> <E oM A g A¥xdel g FAR2A
Aletatyl o] A n ElgA S Yella ok HBEFE
+8% E_ 003 E_10, ASEFE #3943 E017 E_ 1104
9 o =2o] Zt7t 016, 0.067HE F7Held BT AAWUTE
TA 8o shgd Aok Ay o 4 h

( 6) 7|ELY} merdgel Mz

Ay Precision Recall F-measure
E_00 0.806 0632 0.708
& E_01 0.831 0.750 0810
kad E_02 0.679 0407 0508
E_03 0.706 0423 0.529
E_10 0916 0811 0.860
Aok E_ll 0941 0.846 0.890
KA E_12 0.852 0632 0725
E_13 0.897 0.714 0.79%
1
9.8 = Precision
06
04 © Recall
0.2 ! | F-measure
o i
n A A ‘-h -@u LY
\?‘:@«5@,«}‘6 & L
i é\e 4‘* = SQ\ éé o 2 ‘:-\-
IR w
« f @ > @
> e @
Lo Q,}

(T2l 8) 71ZWe Hokweel A5 Hlm

A 10%9] 27& F718 432l E_ 029 E_12, E_039}
E_13¢] o=8e #Hx o 60%2 Dojd ot Aehideln
T F 10%AEY Ael& Ho o= 5o {5 WA
A Ags Aol AyHog otd® A3}EF welt NB
duelEFE SVM vluste] SR fol d d3g
= Holn SVME ofel 7I7d oz oAy A2,
2] ol &8rds} Wyrdd o3 EAFAWE §4
E vEhfa gl doer|x il Awtdoz ERERY
285 AHE b &o] uf$ AW b2 EH7IR &5
st gz SVM B} thesta ol NBS Aoty
3} g7l o] £3E wle] HEgo] o AL

[y

43 (Stability) o] c}.
2 479 A o el 298 £ Q. g3y
EFAAE f8o], AAYUTE A5EY & ¢+ A= uy
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Atstgch. Bdstn 8440 & FMEY AEY
S BRPEE FEdE AAS kel fAE7] A
A3 EF5A i 540 Asch @A EF
Aol A8E ¥2& A2E 522 A4NAA A
& 371 el 71EATAAE FAPLeR b
wasA FAsoU & dFelME E2HY ¢ndF
3 AERIE o3 AFo2 G ok E=F A
YL Y AFERE AY TA= A4 HEE +
Ack Yoo BEEYFE UFF FAE EHsl o9 A
3oz 748 7 JoBR WFY 9947 YAE Y=
g @k ol TR WFE U9 /ol FAste LEFE
o] Etid, &3 WFE TAsE AFAHA NdL o FA
HoR oA HEF Y¥FE 2=E 3 Ao & =
T AL AFTHEFRALTY AeFde AN
e EREDA AFHANE AL 7IAISE7Y
Z o8¢ HEAHY EMERALYY HA Z2H2E §
Agsrhs oA olef7t Qi 719 ERAdTe $de
93 = T EReRYFE AN FE8

AEHA EFEA sfolM FAHA ¥
HE S48k Ao AwEH de Holdd. & =&
SEFEO] B EAE A TIHY LEFY €
ol A H S EASEA AbiEoz HId yrt
HAE FHsta ik EF AP A2goA § oty
A8 £771 22E oY Eopd 44 HEE F U=
AASA &9 EFAA % gEwye o o
o) Felol EsA ¥n HE4Y & AoH, 2WEAM9
Zo] dutAQl oz f%E FHALA P o] FEA
X 2 BFARY EAG VIAGFLE BNl £3d
ojn|A] EiolE #EF + Utk
FF dTEE £77 S5 A gt ERAA
A3zx09 BAE M2 dZAAE & dE ¥o Zsd
F& Aol g A7 og Zojnh

2 T oap

r

o
ot
2
-
Nh‘!
s

=
Jo

Ju 2 oof e rr

dags

N

1] H&A, s, "y M FHEH S ol &8 25
AR Ay ) s R A2 g =4, Voll2,
No.7, pp.811-822, 2005.

[2] T. Joachims, “Text categorization with support vector
machines: learming with many relevant features,” In Proc.
of ECML-98 pp.137-142, 1998.

[3] Y. Yang, “Expert Network:Effective and Efficient Learning
form Human Decisions in Text Categorization and Retrieval,”
in Proc. of 17th ACM, pp.13-22, 1994.

[4] Y. Yang, “An Evaluation of Statistical Approaches to Text
Categorization,” Journal of Information Retrieval, Vol.1, No.I,
pp.67-88, 1999.

[5] M. Ruiz PSrinivasan, “Hierarchical text categorization using
neural networks,” Information Retrieval, Vol.5, No.l, pp.87-



488 ZTEXME|=2I=E2XB M16-BF M65=(2009.12)

118, 2002.

[6] O. Dekel, J., Keshet, “Large margin hierarchical classi-
fication.,” In Proc. of the ICML'04, pp.203- 216, 2004.

[7) D. Koller, S., Tong, “Active learning for parameter estimation
in Bayesian networks,” In Neural Information Processing
Systems, 2001.

[8] D, Cohn, “Less is more: Active learning with support vector
machines,” In Proc.17th International Conference on Machine
Learning, pp.839-846, 2000.

[9] D., David, ]., Catlett, “Heterogeneous Uncertainty Sampling
for Supervised Learning,” In Proc. of the 11th ICML, pp.
148-156, 1994.

[10] D., Raj,et.al, “Boosting for document routing,” In Proc. of the
AGM CIKM, pp.70-77, 2000.

[11] CLUTO-Clustering Algorithms,
http://glaros.dtc.umn.edu/gkhome/views/cluto

[12] C., Cortes, V., Vapnik, “Supprot Vector Network,” Machine
Leaming, Vol.20, pp.273-297, 1995.

3 e
e-mail : cris@seoil.ac.kr
1997'd M{diste dApAdeter 24(3Ah
20014 ol holAujstiL A st FaHAY
20074 o|shelAeistin eI S F A
20074 ~2008 A73eheti ZFEISH} Post
Doc
20099 ~d A MU} P FAG FHgus
TAE: AF2E, 7IASE, SEEA), 43RS, FuHH
2 AMYEH A

AR

& al e-mail: jgjee@nrf.go.kr
1987 Mgkl oigti A pA| kst oh(8hAL)
:‘ 19893 FA R HLA A (T EhkAL
1998 A oi8han A A8 2k (F hatal)
. 19813 ~1996d (F)4hE, HE&5EA A4

e T HA
1996 ~4 A AT AF7|EA A
ok BEu|t]ef, do|ejuo] 2~ GibA e

A A
t—I!-ET

e-mail : sspark@ewha.ac.kr

19749 AgdstE $eakEep
19763 #=387|eq 8a A}

1988 o] glAtx 2 A€l djg Aite

‘h (4Ah

1988~1991d vl AARAdf 8 7 e 83}
Zalg
191~& A olgtof At HFH e} Fus
BARE: ATA T, EEA, A, FEA4, Fu A~
HiE




