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ABSTRACT

The purpose of this paper is to explore the ways to improve the performance of SVM (Support
Vector Machines) text classifier using inter-document similarities. SVMs are powerful machine
learning systems, which are considered as the state-of-the-art technique for automatic
document classification. In this paper text categorization via SVMs approach based on feature
representation with document vectors is suggested. In this approach, document vectors instead
of index terms are used as features, and vector similarities instead of term weights are used
as feature values. Experiments show that SVM classifier with document vector features can
improve the document classification performance. For the sake of run-time efficiency, two
methods are developed: One is to select document vector features, and the other is to use
category centroid vector features instead. Experiments on these two methods show that we
can get improved performance with small vector feature set than the performance of
conventional methods with index term features.
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W3l (power transformation) : SH5&
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(E 6y 2HRAIE XIEZ 28 Z1b (KFCM-896, T7lats: M 7|1F K& MA)
AR 27) 23 Wy Rk Folu 3t Folmst ol
By 2 )& A= (a=05) (a=1.0) (a=05) (a=0.3)
72 10% 28.65% 42.13% 39.33% 42.70% 43.26%
144 20% 38.76% 56.74% 53.37% 51.69% 55.62%
215 30% 4551% 56.74% 51.69% 55.62% 58.43%
287 40% 52.81% 62.92% 57.87% 60.11% 62.36%
359 50% 50.56% 62.36% 58.99% 61.80% 62.92%
431 60% 52.25% 63.48% 62.36% 63.48% 63.48%
503 70% 53.37% 65.17% 62.36% 65.73% 64.61%
574 80% 56.74% 64.61% 65.17% 66.85% 67.42%
646 90% 62.36% 66.29% 69.10% 69.10% 69.66%
718 100% 65.73% 67.42% 67.98% 68.54% 67.42%

(E 7y 2SS K= 28 Z1F (KFCM-896, TIlats A 7|1F K& MA)
AdAE 7] 23 Wy EEE! Folust Folush Folus
28 2= RS FAE (a=05) (a=1.0) (a=05) (a=03)
72 10% 25.84% 4494% 37.64% 44.94% 47.75%
144 20% 36.52% 57.87% 4551% 50.56% 55.62%
215 30% 42.70% 62.92% 51.69% 56.74% 61.80%
287 40% 46.63% 65.73% 60.11% 65.73% 65.73%
359 50% 52.25% 67.42% 65.17% 63.48% 65.73%
431 60% 56.74% 66.85% 67.42% 67.98% 67.42%
503 70% 57.87% 67.98% 67.98% 68.54% 68.54%
574 80% 61.24% 65.73% 66.29% 67.98% 67.98%
646 90% 61.24% 66.85% 67.42% 68.54% 69.66%
718 100% 65.73% 67.42% 67.98% 68.54% 67.42%
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25% - mm o mmm ] —e—30l#$H(a=05) |
X Z0l# 8Ha=0.9)
20% —
0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% |100%
0 72 | 144 | 215 | 287 | 359 | 431 | 503 | 574 | 646 | 718
SHRALE REF el 27 (81 8%, 28 %)
Od 9 =R AER 2 22
(KFCM-896, "Itete+ M 7|1&E A ME)
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—+— 28 $H(a=0.5)
L e a-- ZO|# B (a=1.0) [
5% - — € —e— 20|# EH(a=0.5) |
--ox-- 30| $H(a=0.3)
20% P M ,
0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% |100%
0 | 72| 144 | 215 | 287 | 359 | 431 | 503 | 574 | 646 | 718
EHRAE AT 37(|(H 8% 28 F)
COZ 10y THFAIE AEgF 2 23
St = b
(KFCM-896, “47P°P—r 7|1E AHE MH)
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(E 8) ERAIE AHEZF B3 Zut (TREND-2287, Wotets M 7|1& A& MH)
AR A7) 4 Mg =g wo|H g wolust wo|Hst
By 2 )& AL (a=05) (a=1.0) (a=05) (a=0.3)
118 10% 75.92% 83.14% 80.16% 81.70% 83.14%
236 20% 81.79% 85.93% 84.31% 85.57% 86.38%
353 30% 84.49% 86.65% 85.48% 87.20% 86.83%
471 40% 84.94% 86.02% 86.29% 86.38% 87.02%
589 50% 85.21% 86.56% 86.29% 86.93% 87.38%
707 60% 86.56% 87.29% 86.38% 87.29% 87.74%
825 70% 86.56% 87.11% 87.20% 87.20% 87.65%
942 80% 87.02% 86.83% 87.11% 87.38% 8711%
1060 90% 86.74% 86.65% 87.29% 87.74% 88.28%
1178 100% 87.29% 86.83% 87.11% 87.38% 87.20%

(HE 9) THRAID A&7 2 23t (TREND-2287, "otets A 7|1& A& ME)
AR 27 = = g wo|H 3 wolH g wo|H g
=T SHE | =09 | (=100 | =05 | (a=03)
118 10% 73.58% 82.24% 81.51% 82.96% 83.14%
236 20% 79.89% 85.12% 83.86% 84.94% 85.21%
353 30% 82.69% 84.67% 84.13% 85.12% 85.66%
471 40% 83.95% 86.02% 86.11% 86.83% 86.29%
589 50% 85.48% 86.65% 86.56% 87.20% 87.47%
707 60% 85.48% 87.02% 87.02% 87.56% 87.47%
825 70% 86.11% 8711% 87.56% 87.47% 87.47%
942 80% 86.74% 86.93% 87.74% 87.56% 87.74%
1060 90% 87.47% 86.83% 87.38% 87.56% 87.38%
1178 100% 87.29% 86.83% 87.11% 87.38% 87.20%

—e—HE{ RALE
—+— H#H £H(a=0.5)
-4 F0# EHa=1.0)
—a— 20| # 2H(a=0.5)
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T TREND-2287 A@Hge] 74%). o) %3 BN -
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o A% A TE FIE FP5HAT ok} o
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A e ARG Ao AAR s vE O TN .
A5 A & 47t Sl 2o = el RS Sk AR, W At S i
=Ny T &k slRdo) AME £ wEl Ao o)
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Heth} KFCM-896 A#eelNE 073 =~ e
BS ARsie Aeek 25 ¥5E o
80% olstz ¥el 2 Joks Fold 5ol A : |
1ot T3 A g Aoltk A T894 g
3Tk 3 -
o] A= B3 o 22 Al olal7 A A A2 SEEAAEE SIS
] oA B4 wE] A2 B2 S oz <o) olgi] SE
Al k=3 S —
A Agshe 290l SVM BRI A A e
3p7] Slald, A4 wE Ade) 7 wag 3
CE 10y #H A MHE M2o| HFdH M5 Hln
3 23 ul ) g
0| g |00 SR E A A W53 89 eSS
Cl 4.7% 73.4% 73.6%(+ 0.2%)
C2 4.1% 32.1% 24.6%(- 75%)
C3 5.0% 76.8% 736%(- 3.2%)
C4 26.8% 92.7% 92.0%(- 0.7%)
Ch 39.0% 96.0% 95.8%(- 0.2%)
C6 72% 73.4% 65.4%(- 8.0%)
C7 10.9% 81.5% 734%(- 8.1%)
C8 2.3% 54.1% 7.7%(-46.4%)
Iz i 72.5% 63.3%(- 9.2%)
*FS 7 MR FIAEE 249
= e Al MR WIS A 71E AR MERARES Folusa=05) B9,
w5 Ajol] Sl %EAEY,



E 1) Z48 28 Wy AHE oM 28] A5HFE F/gH[E (TREND-2287, Hotets A)

2ARAZL PR AT
& Cl C2 C3 C4 C5 C6 C7 C8
10% 42% 2.5% 8.5% 32.2% 44.1% 2.5% 5.9% 0.0%
20% 3.4% 1.3% 8.9% 32.6% 45.3% 2.5% 5.9% 0.0%
30% 40% 1.7% 8.2% 33.7% 425% 2.8% 6.8% 0.3%
40% 34% 17% 7.9% 335% 118% 3.6% 7.4% 0.6%
50% 34% 14% 8.3% 32.6% 39.4% 42% 95% 1.2%
60% 35% 2.1% 8.2% 314% 38.3% 5.2% 10.0% 11%
70% 3.2% 21% 8.2% 29.9% 38.3% 6.1% 10.8% 15%
80% 3.9% 2.1% 8.4% 28.0% 376% 71% 11.4% 15%
90% 41% 2.5% 85% 26.3% 36.5% 8.0% 11.7% 2.5%
100% 10% 2.3% 8.6% 25.1% 36.0% 8.7% 12.0% 3.3%
(E 12) Z4FE ZAE HEoM 28ie AHEH 4H|E8 (TREND-2287, ZItets M)
TAAAEA I
GIES Cl C2 C3 C4 C5 C6 C7 8
10% 11.0% 5.9% 18.6% 28.0% 12.7% 9.3% 42% 10.2%
20% 8.1% 51% 14.0% 288% 237% 7.6% 5.9% 6.8%
30% 6.8% 40% 13.6% 30.9% 24.9% 71% 6.8% 5.9%
40% 5.5% 3.6% 12.3% 29.1% 29.3% 7.0% 7.6% 55%
50% 5.3% 3.1% 11.2% 29.7% 29.2% 71% 9.8% 46%
60% 5.7% 2.8% 105% 28.7% 31.0% 7.4% 10.0% 4.0%
70% 51% 2.8% 9.8% 286% 32.0% 7.2% 10.9% 3.6%
80% 49% 2.7% 92% 275% 33.0% 75% 11.7% 35%
90% 44% 2.5% 8.8% 265% 344% 8.1% 11.7% 3.6%
100% 10% 2.3% 8.6% 25.1% 36.0% 8.7% 12.0% 3.3%
o0% o0% ---e--Cl —+—C2 ---a--C3 —=—C4
/\\_’\4 —*—C5 —e—C6 —a—C7 c8
40% %
ofu

I 20% *{

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2eXE 5448 2AE S48
(a2 13) A =20| ME 2 HEel 37 g 14) A F400 M2 2 M3l 37|
| 5} (TREND-2287, L7HatS: A) HlE 5} (TREND-2287, H7fats: M)
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B7Fe A3 Mol| wbA TREND-2287 4
A AHEAADS BN, 448
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A AFE BY 7Rk AE A A4 7]
O F SIS w da FEF F
Coe 20%= F4% Fyddr 9 & &
(36.0%-45.3%, 251%-)32.6%)% AA3H=
g Hksl|A, FE7F 2R Coolu C83 22 |
= 20% % 4% SFFTelA ARt 2
Zo=E A(8.7%R2.5%, 3.3%0.0%)S
T Atk B7EEE MellAlE o]9f T Adnkd 2
I UeptA] 757 2 HF CoE 20%= F4
H SEHTlA AR RAek(36.0%—
23.7%), TR} A2 WF C6> 7t Sk
S9TH3.3%—6.8%).

oj 79 7ol A S HAuvt
SEFT] FAIGlA s gt A
o] FglsAl Yepstth Hxe| AuES Ve

N
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Q
o

MN

]

me X N

OF Fol, F4E FLUVONE 2 74
2o §108 4 YES A W A F20
2 hAsl Rk

AR WAL WY FES Tl
AR S USIE B e 442 293}
A 97 7F WFEE B vy A3E e
th % 50% F22W 2 Wbk Qe e
slo] AT WIS G Zolh o) W Al
Sole Qo) SEae) WY &S B
FA8 5 9k v AEWF7} DEChe o)f
2 A0 AHgahe Hzghol o W R4o] A
A3 6 S FHo] wpAlEE AE 9 2
oltk WFM 73 A7} FRAA, I5RA A
B2 918 Arglel A4 7% 447 S

(Z 13) 85 78 X& MY Z3 (KFCM-89%6, Lriets M 7IE A1E M)
A A7) £3 W g Fopdg | gops | ol
B8 & 0 AR (a=05) (a=10) a=05) (2a=03)
2 10% 31.46% 50.56% 46.63% 50.00% 52.81%
144 20% 42.13% 55.62% 51.69% 55.06% 54.49%
215 30% 4719% 56.18% 52.81% 55.62% 55.06%
287 40% 48.88% 58.99% 55.62% 57.87% 58.99%
359 50% 56.18% 62.36% 61.80% 64.04% 62.92%
431 60% 56.18% 62.36% 64.04% 64.61% 63.48%
503 70% 57.30% 65.73% 66.29% 67.98% 65.17%
574 80% 60.11% 64.61% 69.10% 69.66% 70.22%
646 90% 64.04% 64.61% 69.10% 69.66% 68.54%
718 100% 65.73% 65.73% 67.98% 68.54% 67.42%




CH 14) U8 7y XA MY 20 (KFCM-8%, Eotete A 71& AHE ME)

AU 271 23 W R Folwg | gouis | Folus
2 2= & FAE (a=05) (a=1.0) (a=05) (a=03)
72 10% 29.21% 47.19% 38.76% 48.31% 53.37%
144 20% 38.76% 62.36% 55.62% 60.11% 62.36%
215 30% 45.51% 66.29% 57.87% 62.36% 65.73%
287 40% 55.06% 66.85% 63.48% 65.73% 68.54%
359 50% 55.62% 66.85% 65.73% 67.42% 67.98%
431 60% 55.62% 66.29% 66.85% 69.10% 68.54%
503 70% 56.18% 68.54% 64.61% 67.98% 68.54%
574 80% 61.80% 66.29% 66.29% 66.29% 66.85%
646 90% 61.80% 64.61% 66.85% 66.29% 66.29%
718 100% 69.73% 69.73% 67.98% 68.54% 67.42%
(H 15) HFY 78 A& MY 23 (TREND-2287, "ot M 7|1& A M)
A A7) 24 g g Foust | gojws | Folus
23 z’: H]% WQI‘}\}L:_ (820.5) (21:1.0) (320.5) (a=0.3)
118 10% 75.56% 83.50% 81.97% 82.96% 83.68%
236 20% 80.07% 85.48% 84.31% 85.12% 85.84%
353 30% 81.79% 86.47% 85.39% 86.29% 86.93%
471 40% 83.59% 86.56% 86.47% 86.74% 86.65%
589 50% 84.58% 86.74% 86.20% 86.74% 87.20%
707 60% 85.48% 86.74% 86.74% 87.11% 87.29%
825 70% 85.93% 87.02% 86.93% 87.29% 87.02%
942 80% 86.74% 86.93% 87.38% 87.65% 87.65%
1060 90% 86.74% 86.93% 87.38% 87.38% 87.83%
1178 100% 87.29% 86.83% 87.11% 87.38% 87.20%

(E 16y HFY o7& AE MF Zn (TREND-2287, HItets A 71&E A M%)

AR 27) 23 g EEE] Folg Folug Folust
23 g’: H]% ‘rOT}‘]'E (a=05) (a=1.0) a=0.5) (a=0.3)
118 10% 75.83% 84.04% 82.87% 84.40% 84.94%
236 20% 80.07% 85.39% 84.58% 85.66% 86.38%
353 30% 82.87% 86.20% 85.75% 86.65% 86.93%
471 40% 84.94% 86.74% 86.74% 87.20% 87.47%
589 50% 85.48% 87.11% 86.83% 87.56% 88.01%
707 60% 85.66% 86.83% 87.20% 87.02% 86.93%
825 70% 86.38% 86.74% 87.65% 87.56% 87.47%
942 80% 86.83% 86.93% 87.47% 87.47% 87.56%
1060 90% 87.20% 86.83% 87.38% 87.714% 87.74%
1178 100% 87.29% 86.83% 87.11% 87.38% 87.20%
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{3zl 15y ez 735 XE MY Zo}
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e XpEE el 37[(H 8% 28 F)
= H | 247
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(TREND-2287, &

CE17) HH AHEE MY o ™ T 12 {70 ME Ys Hlu
= =17] AA EE 0E A Rt e o
BT (e AFE A _ .
s #9 129
Cl 4.7% 73.4% 73.6%( +0.2%) 71.7%(-1.7%)
C2 41% 32.1% 24.6%( -75%) 31.0%(-1.1%)
C3 5.0% 76.8% 73.6%( -3.2%) 73.9%(-2.9%)
C4 26.8% 92.7% 92.0%( -0.7%) 92.1%(-0.6%)
C5 39.0% 96.0% 95.8%( -0.2%) 95.1%(-0.9%)
C6 2% 73.4% 65.4%( -8.0%) 67.1%(-6.3%)
C7 10.9% 81.5% 734%( -8.1%) 77.0%(-4.5%)
C8 2.3% 54.1% 7.7%(-46.4%) 51.4%(-2.7%)
Iz 72.5% 63.3%( -9.2%) 69.9%(-2.6%)
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