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Abstract: User group identification is an important task in intelligent personalized information service. A key
problem of intelligence user server model is how to classify and indentify the user groups. Only when the user
group can be effectively identified, the desired service can be offered. At present, it is difficult to obtain a large
number of labeled corpuses which takes a certain amount of human and material resources. How to improve the
comprehensive utilization of a small amount of labeled sample and a large number of unlabeled samples is an
important task. To solve the problem, we propose novel semi-supervised user group identification based on
SNN and information entropy in this paper. This paper has two main works. Firstly, a user group identification
using synergetic neural network (SNN) is presented, which can effectively identify user groups; Secondly, we
propose a noise filter based on information entropy to reduce the noise of expand data. The experiment results
show the proposed model in this paper has a higher performance for user group identification, and provide a
good practicability and a promising future for other tasks. Copyright © 2013 IFSA.
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the desired service .User modeling method should be
automatically constructed according to the user's
characteristics [2-4].

Synergetic neural network is proposed by Haken
[5] to explain the phase transition and self-
organization in non-equilibrium system. One

1. Introduction

At present, network information services
everywhere. But the existing resource service model
is simply assigned the resources to users which can
not effectively meet the practical needs of users. How

to better share network resources, so as to provide a
personalized service is a key problem to be solved
[1]. Only when the information of user’s interests,
preferences, and access mode are understood better, it
is possible to assign suitable information to users
based on the characteristics of the users, and achieve
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advantage of synergetic neural network method is
robust against noise and occluded, and the use of this
method to realize the user group identification will be
able to better handle fuzzy matching problem [6-8].
User group identification can also be considered as a
problem of pattern recognition, so it is also entirely
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possible to use this method to solve user group
identification.

In traditional supervised learning algorithms [9],
an initial classifier is trained on the large-scale
labeled corpus. But it is difficult to obtain a large
number labeled corpus. Semi-supervised learning
[10] has become one of the important areas of
research in machine learning and pattern recognition.

Entropy refers to the disarray extent of a system.
The core idea of entropy is that it is the expected
average information content associated with a
random variable. Entropy [11] is widely used in
control theory, probability theory, number theory,
astrophysics, life sciences and other fields. Shannon
first introduced the concept of entropy into
information theory. Information Entropy [12] is a
probabilistic measure of uncertainty or ignorance.

Take into full consideration of user’s emotional
information, preference information and Interest
information, a new model was put forwarded based
on user’s information in this paper from a viewpoint
of global which provide a unified model of high-
efficient, consistent and personalized characters in
the network environment to share knowledge
resources.

This paper is organized as follows. Firstly, a user
group identification using synergetic neural network
is presented. Secondly, a semi-supervised model
based on SNN and a noise filter based on information
entropy is introduced. Finally some experimental
tests, results and conclusions are given on the
systems.

2. A Brief Introduction to Synergetic
Neural Network

In synergetic, high dimension and nonlinear
problem can be described as a set of low-dimension
nonlinear equations, which focuses on the research of
the qualitative change of macro-feature in complex
system. A pattern remained to be recognized, ¢, is
constructed by a dynamic process which translates ¢

into one of prototype pattern vectorsV, through
status ¢(¢), namely, this prototype pattern is closest
to ¢(0).The process is described as following
equation: ¢ = q(t) > v,.

A dynamic equation can be given for an
unrecognized pattern q.

M
q=Y A, (v,q)-BY. (v:g) (v[q)v,
k=1

k' #k >

-C(q"q)q+F (1)

where ¢ is the status vector of input pattern with

initial value ¢, /1,( is the attention parameter, V, is

the prototype pattern vector, v,:r is the adjoint vector

of v, that satisfies

T T
Vv )=viv. =0,

Corresponding  dynamic
parameters is

equation of order
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where &, satisfies initial condition: &, = v, ¢(0).

Fig. 1 shows the network structure of synergetic
neural network.
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Fig 1. Network structure of synergetic neural network.
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3. User Group Identification Based
on SNN Model

The user group recognition procedure can be
viewed as the competition progress of user group
order parameters. The strongest will win by
competition and desired user group will be
recognized. A method for user group identification
using synergetic neural network is presented in
Fig. 2.

3.1. The Reconstruction of User
Order Parameters

User order parameters reflect the degree of
similarity between user groups. In order to make
recognition process reasonably reflect the relation
among user groups, it is necessary to propose a new
order parameters reconstruction algorithm.

Supposed user I is represented as a vector

u(w,, W, w,), i=12---.

Wi (j=1,2---n) represent user's personalized

where
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information, such as emotional information,
preference information and interest information. The

user groups are represented as g, (/ =1,2--).

Preference -
Interest information Emotional
i i information
information

User information

SNN model

Prototype Test
pattern pattern

L
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Parameter
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Fig. 2. User group identification based on SNN.

How to reflect the similarity between two users is
a core issue, the similarity between two users #; and

U; can be calculated using the following formula:

sim(u,,u;) = Zﬂksim(wik,wjk) (1)
k=1

where ﬂk is the weight of feature,
o

sim(w, , w, )=
(Wi W) dis(W,,w; ) +a’

where diS(W,»k,ij) Indicates semantic distance in
Semantic dictionary TongYiCiYu Lin, & is an
adjustable constant.

Then the order parameters between user i and

user group &, (14, Uy, -1y, ) is:

Im Im n

D sim(uu) DY Besim(wy,wy,)

5 _ J=1 _ J=ll k=1 (2)
k
m m

3.2. Parameter Optimization Algorithm

Corresponding dynamic equation of user order
parameters is

ék :ﬂ’kgk _Bzgkz’é:k -C

k'#k

Zéﬁ}ék (3)

k'=1

where &, can be calculated as formula (2).

The network B,C,A4, and

(ﬂ],ﬂz,“'ﬁn) are very important for better

recognition performance. There is no effective way to
control parameters. A novel parameters optimization
algorithm based on particle swarm optimization
algorithm is proposed in this paper.

Particle swarm optimization (PSO) [13] is a new
evolutionary algorithm proposed by Kennedy and
Eberhart in 1995. Because of simple in principle and
robust, PSO has been applied successfully to all kinds
of optimization problems [14, 15].

Each particle moves over the search space
according to the historical behaviors of the particle
and its companions. Suppose that the location of the

parameters

i particle is represented as X; = (X;;, X, *** X;;).
The best previous position of the ith particle is
represented as P = (p,,, P, “** D), which is also

called pbest. The location p, is also called gbest.
The velocity for the ith particle is represented as
V=iV Vi)

Then the speed and position of the particle is
updated based on the following formula:

v, (t+1) =wv, () +erlp, —x; (D] +

+ czrz[pgj _xij(t)]
xgj(t"'l) = x;’j(t)-’_vjj(t_'—l)vj =12,--+d.

The parameter optimization algorithm based on
PSO can be described as follow.

Algorithm 1. User group recognition based on SNN.

1) Construct user groups vector space from the
train corpus;

2) Calculate user order parameter &, according to
formula (2);

3) Evolution of the order parameter according to
formula (3);

4) PSO algorithm is used to search the global
B,C, A, and

optimum parameters

( ﬁ],ﬂ2,“'ﬁn) in the corresponding parameter

space.
5) Get best users group.

4. User Group Identification Based
on Semi-Supervised Learning

Because less of labeled corpus, we present a
semi-supervised user group identification model
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based on SNN and a noise filter based on information
entropy in this section.

4.1. Expand Algorithm Based on User
Order Parameters

Firstly, an initial SNN classifier with a certain
accuracy rate was constructed based on small-scale
labeled data to predict some new candidate instances

rain corpus N

from unlabeled data. Secondly, user order parameters
was applied by setting different value to expand
training data .New instances with higher credibility
from candidate instances were selected to add to the
training data. Finally, the training classifier was re-
iteration with the expanded training data until
classifier performance tended to stable, and iteration
termination.

A Semi-supervised user group
based on SNN is presented in Fig. 3.

identification

Infarmation entropy ! Mew instances expand

‘ Final classifier ‘

Fig. 3. Semi-supervised user group identification.

The semi-supervised method based on SNN is
shown as follow.

Algorithm 2. Semi-supervised user group
identification based on SNN.

1) Construct the initial classifier with a certain
accuracy rate.

2) Expand training data based on SNN.

a) Calculate user order parameter;

b) Evolution of user order parameter;

c) New instances with higher credibility were
selected to expand the training data.

3) Reiteration with the expanded data until
classifier performance tends to stable.

4.2. Noise Filter Based
on Information Entropy

With the introduction of a large amount noise of
unlabeled corpus, the noise will be significantly
introduced. So the noise filter is necessary.
Information entropy is a probabilistic measure of
uncertainty or ignorance which provided the
possibility for noise filter.

Shannon denoted the entropy H of a discrete
random variable X with possible values

{x,,X,+--X, } and possibility p(x,) (i=1,2---n)

for X taking value X, as

HX) ==Y p(x)log p(x,).

i=1

The noise filter algorithm based on information
entropy is shown as follow.

Algorithm 3. Noise filter based
on information entropy.

Input: training data U = {u,,u, --u test

pattern I = {t,,t,--+t };

1) An initial classifier C with a certain accuracy
rate was constructed based on small-scale labeled
corpus.

2) Calculate the corresponding user order

parameter f/ . Obtain the best user group through the
evaluating of order parameter equation.

3) If &, > threshold 7}, do the following steps:

a) Expand data:
U=U+{t},i=1,2-n;

b) Noise filter:

If information entropy F >threshold 1), Then
U=U-{t},i=12-n

¢) The training classifier was re-iteration with the

expanded training data.
4) Output the final classification results.

training
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5. Experiment

At present, it is difficult to obtain a large number
of marked corpus with user information which takes
a certain amount of human and material resources. In
this paper, we only do some small-scale simulation
experiments. We used precisions as evaluation
indicators.

The performance on test set is shown in Table 1.

Table 1. The performance of semi-supervised learning.

Precision
0.66

Algorithm Total | Correct
The improved model 85 56

The experiments show that the proposed model
can well handle user group identification, so as to
achieve the purpose of the shared resource for user
groups.

6. Conclusions

In this paper, we present a user group
identification algorithm base on SNN and
information entropy. This is the first effort to
introduce SNN model and information entropy to
user group identification. The simulation results show
the proposed model provides a good practicability
and a promising future for pattern classification. We
will do further investigation to inspect the inherent
similarity among pattern, and apply it to other areas.
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