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A Novel Text Clustering Algorithm Based on Feature Weighting Distance and
Soft Subspace Learning

WANG Jun WANG Shi-Tong DENG Zhao-Hong
(School of Digital Media , Jiangnan University . Wuxi, Jiangsu 214122)

Abstract  The text data are characterized by high dimensionality and feature overlapping among
different clusters, which is a great challenge for the real-world data mining applications. This pa-
per proposes a novel fuzzy clustering algorithm by integrating the feature weighting metric into
the framework of soft subspace learning. Firstly, the feature weighting metric is presented based
on the concept of vector norm. Then a novel learning criterion is proposed based on the combina-
tion of feature weighting metric and soft subspace clustering. An entropy exponent r is intro-
duced into the constraints so that the span of the fuzzy index m is extended. A physical explana-
tion from the view of the information theory is given. A global convergence theory is also estab-
lished by applying Zangwill’s convergence theorem. At last, experiments are conducted on both
synthesis and real text data and the experimental results show that the proposed algorithm can
perform tasks of clustering analysis and soft subspace learning simultaneously and obtain better

results than some of the existing approaches.
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5.2.1 MHAHREASE
SCAS KT PR RE 32 24> I Z L B il

AR & 2R B B & DS Z R1E SC i 22 001
BN /NG S O T 5 I 2 TR ER A0 ] 5 i A
SCH W FRATTEE T bR fE SCA B R classic, kb,
NG20V g7 MR FEA SR, Sl e f « idf . LB

id f A & AR AR R

RSO AN 2 s iy 9 A AL L X 9 A
8N 3 AR A — R AR AT — I
I 1~2 AZE50 AL EEr I 4k . A4~ 34 P 40
B IZERBCE th P NS R ECE g L A AT
P 20l 2 15 A 1105 R 4 X Bk M RE A S
K4 Al K6 AR Bl 5 8 il i i S 4.

x2 MAEER

B IR 3 5 [EE 3] FEAR 5B 5 R R REHPEA SR
C2 1.2 200 2458

classic C3 1,2.3 300 2539 Hrp 4y 100 PREA 85
C4 1,2.3.4 400 3134
K2 1.3 200 3341 5 A 60 MR,

kib K4 1,2.3.5 360 4847 St 100 g

K6 1.2.3.4.5.6 560 6327 HeRras A
NG?2 1,17 200 6163

NG20 NG4 1.8.13.17 400 8476 FER L B 100 A REA
NG6 1,8,10,13,16,17 600 11263

5.2.2 PHEFEER SR A PERER 22 5. R T ke ik AR 1k BUE A2, R AT

A Rand Index™" & b5 #0525 138 17 i [7)
XA 7 T R PEA Bk i M BE.

RandIndex Tatr R VF A A 45 R 5 S 30 1fE
M) (external criterion) FW) & AR . X T 45 i 4E
s, B U = {w1” s us” oo s )

suc RS X B PR [A) B &I

R
ﬁwﬁ?1§j¢f§RJ§J¢/§cpgguw:s:

X:{x1 s Xo gt
ﬂ:‘u U={usus,*

_LiJluj, u Nul’ =p=u, Nu; . A5 U RSN AEN U
RRELGR L a HEUCHMU Il BAE R — 2
) BB S 0 S FE U o TR [R] — 2 b i
12 U AR A W] 28 R i 0 A B . e e U
Hr  BRAE S [ 28 P i AE U HR S B ] — 28 A s
XF R d HAE U R U w4 1 BLAE A W) 26 v iy
FOW R W Rand Index #3340 °F X #4711

a+d
a+b+tct+d

AR RandIndex {4 T L0, 1] [H]. >4 1 F 43 25 1
5% 4= —BUH , Rand Index WI{E N 1.
A SCRTH SERF 6 a3k 3 s,
£3 ZBTA

RandIndex = (25)

4l fic &

CPU Intel T7100

P A7 1GB
BIERY Vista Home Edition
A& Matlab 7. 0

5.2.3 ARSCEIE FSC HERE LR
AL A 20 T4 i RE AR SCR A A FSC

BEREIEAREC 50 W5 78 A i ARUE sk,
AXBEESHEE N m=1.5,r=1.1,a=3,¢, =
10,6, =0.1; FSC 28X B N a=3.5,e=0. 1.
TEREAS MRS B oy s T3 10 R 15 3 R KL,
Rand Index 875 1V A DL B B 0% AR BT 5 2 1
SR IR, ANEE 4 TR

x4 AXHEEMFSCREREFERILR

it 4 RandIndex R U IEAR 1 S H B[R] /s
) ENS R FSC AICH FSC
C2 0. 8359 0.5175 0.18 0.18
C3 0.6708 0. 3860 0.41 0.41
C4 0. 6828 0.2972 0. 89 0. 90
K2 0. 8485 0.4991 0. 26 0. 28
K4 0. 7954 0.4020 1. 25 1. 26
K6 0.6422 0. 2831 3.72 3.76
NG2 0.7371 0.4995 0. 46 0. 45
NG4 0.6661 0.2824 2.47 2.38
NG6 0. 7445 0.2729 7.04 7.06

W 4 R IRATAME R B AT BA E T AR E
(19 7o 248 SCAS B30+ A SCR % AR A 3 1) T 14 i
FET Al LU HE FSC B A A 8508 31 36 B Al A
BRI 234 B U SR AR FSC A Y — (8 R 40 40 B A 3%
AR TR PR AE.

AT F AR R HEL AR AR S F 5 X 4R
oy BT FSC PERE N R ry I AL DL 4R NG2 oy 4]
2 4y HIB AT A SCEE A FSC B H A bR 1 22 1k
R e agllpi g SENCIEGEIEY VRS N

@ http: //glaros. dtc. umn. edu/gkhome/fetch/sw/cluto/
datasets. tar. gz, 2009
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Background

Text data is a typical example of high dimensional data in
data mining applications. It is characterized by high dimension-
ality and feature overlapping among different clusters. Howev-
er, the conventional clustering algorithms cannot cluster text
data effectively because they consider each feature equally and
cannot discover the inner cluster structures successfully.

Usually, clustering of high dimensional data requires
special treatment according to the inner structure of the data-
set. Up to now, many approaches have been proposed to
tackle this problem. One typical approach is introducing the
mechanism of feature weighting into the clustering process.
However. this strategy assigns a weight to each feature for
the entire dataset and this does not agree with the inner
structure of text data. In text data, each cluster is identified
by a subset of features and different clusters are identified by
different subsets of features. Soft subspace clustering
approaches aim at finding clusters from subspaces of data
instead of the entire data space, which agree with the charac-

teristics of text data well. However, most of the soft sub-
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space clustering algorithms are established on the hard parti-
tion of the dataset and suffers from the problem of early con-
vergence when applied on high dimensional text data.

To solve this problem, we propose a novel fuzzy cluste-
ring algorithm by integrating the feature weighting metric in-
to the framework of soft subspace learning. Firstly, a feature
weighting metric is presented based on the concept of vector
norm. Then a novel learning criterion is proposed. Mean-
while, an entropy exponent r is introduced into the con-
straints so that the span of the fuzzy index m is extended. A
global convergence theory is also established by applying
Zangwill’s convergence theorem.
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