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Abstract: In this paper, a improved BP neural network algorithm is put
forward by analyzing the original BP algorithm, which often makes calcula-
tion poor efficiency, slow convergence and trapping into local minimum value.
The application of artificial neural network in the data mining is emphatically
studied.
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1. Introduction

Data mining (DM) technology came into being with a rapid increase of informa-
tion quantity. How to obtain knowledge available to apply in decision making
has been a hot subject for information processing currently. Data mining is a
process of mining useful knowledge from mass data stored in a database, a data
warehouse, or an other information database. Artificial intelligence technology,
especially data mining based on the neural network technology, provided a new
path for the research on data mining theory and method.

Artificial neural network (ANN) is a nonlinear dynamic system consisting
of a large number of parallel distributed processing units, which is fit for pro-
cessing nonlinear and noise data, especially fit for processing problems featuring
vague, uncompleted and mutilated knowledge and data. In a process of data
mining based on neural network, a large number of data are always required to
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set up training sets and test sample sets, so as to effectively train and evaluate
the performance of neural network, which is able to be provided just by tradi-
tional data mining tools established on large databases and data warehouses.
Therefore, to build a scientific and reasonable model of artificial neural network
through applying artificial neural network algorithm in a data mining process
has significant academic meaning and pragmatic value.

2. Overview of Artificial Neural Network Theory

Neural network is a network connected extensively by a large number of pro-
cessing units altogether, which is put forward on the basis of research achieve-
ments in modern neurosciences and reflects fundamental characteristics of hu-
man brain function. Network information process is realized by the interaction
among neurons: storage of knowledge and information is embodied by physical
links between network components; network learning and recognizing are de-
pendent upon dynamic evolution of each neuron connecting weight coefficients.

Artificial neural network is a network connected by a large number of neu-
rons according to large-scale parallel mode and topological structure. A neuron
is just a single processing unit which does not perform complex functions. Only
when a large number of neurons are comprised of a huge neural network can
realize the process and storage of complex information, and can demonstrate
excellent properties. Hence, neurons are connected into neural network accord-
ing to some rules, and also neuron connecting weight coefficients of network
are made changed with some rules, thus various neural network models are
produced.

Researchers have proposed nearly 60 neural network models so far, which
can be classified in terms of below aspects.

(1) Be classified into feedback and feed forward neural network models
according to the topological structure of neural network;

(2) Be classified into continuous and discrete neural network models, as well
as deterministic and stochastic models according to the performance of neural
network;

(3) Be classified into supervisor learning and non-supervisor learning neural
network models according to the learning mode;

(4) Be classified into first order linear correlation and high order nonlinear
correlation neural network models according to the connecting synaptic prop-
erty.

Some typical neural network models used currently are mainly as follows:
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(1) Back propagation (BP) neural network. BP neural network is the most
representative network in feed forward networks, which is a multilayer map
neural network using the learning mode of least square method. This is one of
the most widely used neural network models.

(2) Radial basis function (RBF) neural network. In addition to BP neural
network, radial basis function neural network is also a common feed forward
network. RBF network is generally 3-layer structured, with a neuron connecting
mode between layers similar to BP network, namely, the mode of full connection
between layers but non-connection in a layer. The largest difference from BP
network is that the distance (such as Euclidean distance) is adopted as a basis
function of RBP network hidden node and the radial basis function (Gauss
function) is also adopted as activation function.

(3) Hopfield network. Hopfield network, as a single-layer symmetric full-
feedback neural network, applying in the structure feature different from layered
neural networks and learning methods, is used to imitate the memory mecha-
nism of biological neural network and satisfactory results has been achieved. It
is a single layered auto associative network with identical neurons but without
learning function. The weight value of network has been calculated and will not
been altered once it is determined, while the state of each neuron in the network
is constantly being updated in running process. The state of each neuron when
the network evolves into a steady state is the solution.

There are mainly 2 reasons for entrapping a network learning process into
local minimum values in BP algorithm and Hopfield algorithm:

Firstly, there are non-linear function relationships between input and output
in the network structure, which makes the space consisting of network errors
and energy functions a non-linear space containing multiple poles;

Secondly, in algorithm, network errors and energy functions can only be
unilaterally reduced and no escalating trend is allowed to display.

(4) Kohonen network. The conception of Kohonen network is originated
from human responsive mechanism of stimulation on the retina and cerebral
cortex. As for certain input mode, only a corresponding output neuron is
activated in the output layer. While in the mode, many neurons are activated
in the output layer so as to form many input feature graphics reflecting input
data.

(5) Counter-propagation (CP) neural network. Counter-propagation neural
network has been put forward by Robert Heeht-NielSen, an American neural
computer expert, in 1987, which is a novel type of feature map neural network of
ingenious combination of Kohonen feature map neural network and Gr0Ssberg
basic competitive neural network.
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3. Improved Algorithm Based on BP Neural Network

BP network training is substantially an optimization for nonlinear objective
function. The research on nonlinear optimization has been performed since
hundreds years ago, and the convergence of many traditional value optimiza-
tion methods is comparatively fast, therefore the algorithm based on numerical
value optimization can be taken into consideration to train the weight value
of BP network. Different from the gradient descent method, the algorithm
based on numerical value optimization utilizes not only the first order deriva-
tive of objective function, but also the second order derivative. This category
of algorithm includes quasi-Newton method, Marquardt-Levenberg method and
conjugate gradient method. They can be described as the same equations:

{

f(W (k+1)) = min f
(

W (k) + α(k)S(W (k))
)

,

W (k+1) = W (k) + α(k)S(W (k)).

Here, W (k) is the vector composed by all weight values and threshold values
of network, S(W (k)) is the search direction of vector space composed by all
components, and α(k) is the minimum step length of f(W (k+1)) in S(W (k))
direction. Thus the optimization method of network weight value can be divided
into 2 steps: the best search direction of iteration is determined firstly, and then
the best iteration step length is sought in the direction.

The difference of the 3 methods discussed below is just in selecting the best
search direction.

(1) Quasi-Newton method. Quasi-Newton method is frequently a fast op-
timization method with faster convergence than first order gradient method.
Quasi-Newton method is more improved in searching direction than the gradi-
ent method. It utilizes not only the gradient at the searching point of criterion
function but also its second derivative matrix, thus the computing complexity
has been increased. BFGS algorithm and one step secant (OSS) algorithm are
comparatively typical. BFGS algorithm, usually, can converge with a few of
iteration steps, but the computing amount and the required memory at each
iteration step are larger than the conjugate gradient method. BFGS algorithm
has a better effect when training a small size network. One step secant algorithm
is a compromise method of the conjugate gradient method and quasi-Newton
method, of which the computing amount and the required memory at each
iteration step are smaller than BFGS algorithm.

(2) Conjugate gradient method. The method that the vector of conjugate
gradient is used to determine conjugate directions is called conjugate gradient
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method. In 1990, J. Leonard and M.A. Kramer combined conjugate gradient
method and the line search strategy. In conjugate gradient method, convergence
rate is much larger than normal gradient descent method when searching along
the conjugate direction. In a normal training algorithm, learning rate is used
to determine the weight and renewed step length of threshold value, while in
most conjugate gradient method, the weight value step length is repeatedly
adjusted and is determined by the means of line searching along the conjugate
gradient. Conjugate gradient method is not necessary to calculate or store
the information of second order derivative and has functions of second order
method. Comparing to quasi-Newton method, the computing cost of conjugate
gradient method is very low, so it is quiet useful when dealing with larger scale
questions.

(3) Marquardt-Lvenberg algorithm. Marquardt-Lvenenverg optimization
algorithm can be regarded as an approach to quasi-Newton method. Only the
gradient of error function with respect to weight value, namely, the information
of first order derivative, is utilized when normal BP algorithm is used to correct
the weight value. The convergence rate of BP network can be largely increased
through correcting the weight value of the second order derivative of the error
function. And this is the fundamental starting point of quasi-Newton method.

Assuming that V (w) is the objective function of network error, and make
V (w) minimum through adjusting w. By quasi-Newton method, ∆w can be
calculated as:

∆w = −
[

∇V 2(w)
]

−1
· ∇V (w).

Here ∇V 2(w) is Hessian matrix, and ∇V (w) is the gradient. If assuming that
V (w) is the square sum of the function, that is:

V (w) =

N
∑

i=1

e2
i (w),

then
∇V (w) = JT (w)e(w),

∇2V (w) = JT (w)J(w) + S(w).

Here J is Jacobian matrix,

S(w) =

N
∑

i=1

ei(w)∇2ei(w).

As for Gauss-Newton method, assuming that S(w) is approximately zero, while
Marquardt-Levenberg optimization algorithm further improved Gauss-Newton



280 Z. Xiao-Kang

method to make

∆w =
[

JT (w)J(w) + µl
]

−1
· JT (w)e(w),

where µ is a scalar, dependents upon µ – the optimization method is altering
between the 2 extremes, the gradient descent method (µ → ∞) and quasi-
Newton method (µ → 0).

Therefore, by Marquardt-Levenberg algorithm, the convergence direction is
altered by dynamic adjusting the damping factor according to iteration results,
so as to reduce the error. The key step of the algorithm is getting Jacobian
matrix. Its advantages are that the convergence is very fast and learning time
is short when the network weight value number is small, and better effects can
be achieved in practice. Experiments show that the convergence rate of neural
network is fastest and training times are fewest when adopting Marquardt-
Levenberg algorithm.

4. Data Mining Technology Based on BP Neural Network

The process of data mining can generally be divided into several stages such
as subject determining, data preparing, model building, data mining, results
analyzing and knowledge applying. These stages can be repeated in a concrete
implementation.

4.1. Subject Determining

Defining a clear mining subject and specifying the objective of data mining is
the first step of data mining. These problems are required to specify: How to
begin? What data should be mined? What data can be used? How many data
are required? To what extend do data mining perform?

4.1.1. Data Selecting

It is required to search all internal and external data relevant to business sub-
ject, from which proper data are selected to use in data mining application after
subject determining. If the data mining is based on data warehouse, data selec-
tion will be simple because the data warehouse has prepared fundamental data
available to data mining, or data available will be selected from various data
sources which need to be integrated and combined into a single data mining
database, and also need to coordinate value differences of data from different
data sources.
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4.1.2. Data Pre-Process

Pre-process and washing of data shall be done to solve problems such as data
value missing, data redundancy, unconformity of data value, unconformity of
data definition and data out of date, after data selecting.

In data pre-process, sometimes data are necessary to group so as to improve
the efficiency of data mining and to reduce the complexity of model. On the
other hand, since information system is based on the transaction of business, the
database always tends to store many fields’ features irrelevant to data mining
subject when it is processing and accumulating a large amount of business data.
In order to apply BP neural network well to effectively mine and analyze these
data, sample data pre-process shall be done well to improve the sample data
quality.

Generally, data pre-process includes data integration, data transformation
and data reduction. It can be said that the key step in data mining process is
to prepare and transform the initial data.

As for BP neural network model, preparation of training sample sets data
is the basis of network design and training, and scientific selection of data as
well as reasonable expression of data is extremely significant to network design.

4.2. Structure Design of BP Neural Network

Structure design of BP neural network mainly includes the node number se-
lecting of input layer and output layer, the hidden layer number selecting of
network, and the node number selecting of each hidden layer.

The node number of input layer and output layer is normally dependent
upon training sample used in practice. Input node number is commonly equal
to the dimension of sample to be trained, namely, the feature dimension of
sample data.

Category number, m or log2 m, is taken as unit number of output layer in
a classification network, of which m is the category number to be classified, as
well, m is taken as the output space dimension of approximation function in an
approach network.

Therefore, structure design of BP neural network is mainly to solve the
selections of network hidden layer number and each hidden layer node number.
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4.3. Initial Weight Value Design of BP Neural Network

BP neural network training beginning from which point in error surface is de-
pendent upon the BP neural network weight value initialization, hence, the
initialization method is curial to shorten network training time. The activity
function is symmetric with respect to zero point. If the net input of each node
is all near zero point, its output is not only far away from the 2 saturation zones
of activity function, is but also the most flexible zone, which truly makes the
network learning rate faster. In order to make the initial net input of each node
near zero point, a small random value is generally taken as initial weight value.

In addition, research shows that the output of network remains unchanged
in learning process and the error cannot be reduced to minimum if initial weight
values are equal, so the same values cannot be taken as initial weight values.
Some small random values are used to take as initial weight values of network
when the network is initially learning, and then network weight values of pre-
vious learning can be taken as initial values of this learning when the network
has been training and learning for many times.

4.4. Network Training and Evaluating

Design values are used to train a network after the network design has been
finished. All samples have forwardly run a round on the network and then
backwardly corrected weight value once, which is call a train. Data of sample
set are repeatedly used when training, but, at best, the data are not taken
according to a fixed sequence each round. Thousands of trains are usually
necessary for a network.

Results of data mining can be put into practice only when approved by
business decision-making staff. Only through applying mining knowledge can
make a true evaluation on data results.

5. Application in Petrochemical Equipment Management and Early
Warming System

Monitor data of different large equipment have been stored in the database of
petrochemical equipment management and early warning system, of which each
data has been gained in a dependent period and can reflect running state of
equipment in certain period. In order to monitor running state of equipment
and prevent accident, it is required to analyze the reliability of petrochemical



RESEARCH AND APPLICATION ON ARTIFICIAL... 283

equipment with the data mining technology based on BP neural network, using
the monitor and historical data of equipment.

A 3 million ton/year catalytic reforming main compressor unit of a certain
petrochemical refinery is picked up as the experiment subject. The main com-
pressor with 34 channels includes smoke ventilators, air blowers, steam turbines
and motors. Petrochemical equipment management and early warning system
have stored data collected from each equipment channel of the main compres-
sor unit, such as vibration value, one-digit amplitude, one-digit phase, two-digit
amplitude and two-digit phase. These 5 monitor data of each channel are taken
as input data, namely, input layer neuron. Failure evaluation of each channel
and reliability evaluation of the whole equipment can been gained through the
reliability evaluation model.

920 historical safety running data and 80 historical failure data of each
channel of the main compressor are picked randomly up at specified time as
learning samples, and 50 historical safety running data and 50 historical failure
data of channel are picked up as inspection samples. Ideal outputs of historical
safety running data and historical failure data are 0 and 1, which represent
that failure probability of the channel are 0% and 100% respectively. A proper
network structure and learning rules are selected through simulate calculating.
The algorithm of program is as follows:

Step 1. Historical safety running data and historical failure data of channels
are taken out from the database to set up learning samples and inspection
samples.

Step 2. Transform the format of sample data.

Step 3. Ideal output of learning sample is specified.

Step 4. Network structure is established and learning rules are selected.

Step 5. Training process parameters such as a top limit of whole batch
learning iteration times are set.

Step 6. Use inspection samples to calculate errors. Calculation repeats five
times and the average value is taken as the failure probability of equipment
channel.

Step 7. Get real-time data of channel from database and do format trans-
formation.

Step 8. Real-time data are trained to gain the failure probability of each
channel at the certain instant. Output results write back into the failure prob-
ability table of equipment channel in the database.

Some data of equipment channel failure probability table are shown in Table
1, and the reliability evaluation results of whole equipment in some period time
are shown in Table 2.
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Channel name Channel failure probability Date
XT3711 0.341823518 2009-8-7,16:48:01
XT3712 0.165123284 2009-8-7,16:47:55
. . . . . . . . . . . . . . . . . .

Table 1: Equipment channel failure probability table

Channel name Equipment reliability evaluation Time
Smoke ventilator 0.895 2009-9-1 2009-9-2

Air blower 0.953 2009-9-1 2009-9-2
Steam turbine 0.928 2009-9-1 2009-9-2

Motor 0.939 2009-9-1 2009-9-2

Table 2: Equipment reliability evaluation table

Learning Average calculating Average iteration Average objective
method time (time)/s steps (aepoch) value (amse)
Trainrp 0.2938 9.4000 0.0012
Traincgf 0.2748 8.8000 0.0019
Traincgb 0.4594 10.6000 0.0087
Trainscg 0.6750 43 0.0035
Trainlm 0.3280 4.8000 0.0015

Table 3: Five times averaged results of each training method

In this program, the objective value of least square method is taken as E =
0.005, the maximum iteration steps is taken as 4000, and the cycle displaying
intermediate results is 1000. Through 326 iteration steps and inspecting the
inspection samples, the convergence curve is shown in Figure 1. The network
is convergent.

In order to compare the learning efficiencies of different training method,
the sigmoid function is taken as the activity function of each neuron. Except
for setting the maximum iteration steps, displaying iteration step number and
the maximum of the objective value of least square method, other parameters
are all taken with default values. Initial weight value selecting is random, and
each training method has been calculated repeatedly for five times and take
the average value as output value. Calculating result (Table 3) shows that the
average calculating time and iteration steps of learning methods “trianrp” and
“trainlm” are all relatively good.
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Figure 1: Convergence curve

6. Conclusion

With continues development of Internet, people feel deeply puzzled about how
to search and analyze data when they are facing updating mass data sources, so
how to find a tool that can help them discover useful knowledge is very impor-
tant. A good mining algorithm can truly improve the data mining efficiency.
In this paper, improvement analysis on BP network has been made to some
extend. A further development of BP network has been restricted due to its
own limitation. Therefore, other neural network models based on knowledge
should be researched further.
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