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Abstract. For operation performance evaluation of company mainly uses linear or nonlinear
evaluation model. The nonlinear model can better simulate the economic phenomena, and its
evaluation results are more objective, accurate and have more practical reference value. From the
assessment of the input-output efficiency perspective, this paper build the evaluation index system
based on basic financial indicators. On this basis, the high-tech company operation performance
evaluation model is established based on BP neural network. 20 listed companies’ financial data in
2012 are regarded as the training and testing samples of neural network. The trained BP neural
network are applied in evaluating the company operation performance, and its empirical results are
satisfactory.

Introduction

The long-term operation performance depend the size of the enterprise value. Operation
performance evaluation means objectively, fairly and accurate evaluating the company operation
performance through using mathematical statistics and operations research principles. In this
process, a specific index system will be established. Moreover, the control uniform standards and
the quantitative and qualitative analysis will also applied in the model. The listed company's
operation performance evaluation should be considered from many aspects and indicators, for a
single financial indicator can only reflect the company's business activities at a moment or some
aspects of the case. Evaluating operation performance is a complex project which involves all
aspects of business[1,2].

Establishment of company operation performance evaluation index system

In the process of evaluating the company operation performance, non-dimensional treatment
should be regarded as the basis of the system evaluation model. In addition, qualitative analysis and
quantitative analysis should also be applied in collecting and analyzing the scale, level, structure
and efficiency of a large number of companies. The system architecture, subsystems and system
functions collaborative evolution of environmental effects in the system is necessary for us to
understand, which fully reflects specific status and role in a certain condition. Corporate investors
and operators need to comprehensively evaluate the financial situation of their enterprises, and the
evaluation results can be as a basis for investment and business decisions. Based on this, the
company operation performance evaluation index system is established from the perspective of the
input-output assessment of business performance, which is shown in Table 1 [3].

BP neural network

Neural network is essentially a simulation system for the human brain’s thinking process. Its
core is the mathematical models and algorithms, and the physical implementation is computer
software. Just like thins are composed of atoms, neural network is composed of many
interconnected neurons[4-6]. Fig. 1 shows the basic work principle of neurons, and the
mathematical expression is as follows:

y:f( Wixi) (1)
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Table 1. Company operation performance evaluation index system
Index type Index name
Net assets per share in early Bl
Total assets per share in early B2
Input indicators Al Main business costs B3
The total cost of the annual salary
B4
Net assets per share at the end B5
Total asset value per share at the
end B6
Output indicators A2 Main business income B7
Net profit after tax B8
Return on total assets B9
Return on equity B10

Where x, and y are respectively the input and output. w, is weight coefficient. f 1is

characteristic function, which reflects the mapping relationship between inputs and outputs, and it is
usually a nonlinear function.

This seemingly simple model will produce a powerful neural network combing different
network topology and network algorithms together. Neural network consists of input layer, hidden
layer and output layer, which is shown in Fig. 1.

X1—>
Xy —»

Fig. 1 The connection model of neural network

With a lot of development of neural networks, it was found that no matter how the
organizational structure of the network it is, It is always has the following two characteristics:

(1) Self-learning

Neural networks can be modified according to the external environment of their own behavior
in order to adapt to the external environment, which is mainly due to its learning process. Learning
is often the first step in using neural networks. When a group of information is input, neural
networks can continue to adjust its internal parameters (or say weighting coefficient), and
eventually produce a series of consistent output.

(2) Generation

Once after the self-learning, the response of neural network, to some extent, to the reducing of
input information and their own local defects are no longer sensitive. This mechanism can make the
neural network has a strong fault tolerance and reduce the input data quality requirements.

The increasing function means that the multiplications of a node’s all input and its
corresponding connection are all added up. For example, the increasing function value of the first
node in hidden layer is defined as below.

X = zDiWil
" (2)

Where Xx, is the input value of the first node in hidden layer. D, is the input data of the Ith
node in input layer. w, is the weight value from the ith node in input layer to the first node in
hidden layer.
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The activation function means that the added value mentioned above function are transformed
to the output value of the node through a certain mathematical method. For example, the output
value of the first node in hidden layer is defined as below.

»n=glx) (3)
Where g(x) is named as activation function. The common activation functions include
Sigmoid function , proportional function, saturation function, hyperbolic functions and so on.

Operation performance evaluation model based on BP neural network

For operation performance evaluation relative efficiency, many scholars have proposed using
data envelopment analysis (DEA) method to carry [7,8]. DEA method has its own advantages in
dealing with multi- input and multi -output problem. It can avoid the influence of subjective factors
in large part to and its evaluation results are more scientific and accurate. However, DEA also has
its own shortcomings. Compared with DEA, BP neural network has the absolute advantage over
than DEA in handling complex, multi-dimensional nonlinear problems, and better able to make up
for deficiencies DEA. Thus, three layers BP neural network is used in this paper to evaluate
company operation performance.

Role function reflects neural network input node in the upper lower the strength of the stimulus
pulse function, also known as stimulation function. This paper select Sigmoid function which
contains the continuous values from 0 to 1.

1
f(x)= vl W

Determining the number of hidden layer units and the number of input and output units are
directly related. If hidden layer unit is too small, the network will not be trained, or the network will
not be strong, which can not identify the samples not seen before. If hidden layer unit makes
learning much too long, the error may not be significantly reduced. Generally, the number of hidden
layer unit can can be calculated according to Eq.(5).

ny =yn+n, +1 5)

Where " represents the number of hidden layer unit, " represents the number of input

layer unit, "o represents the number of output layer unit, ! represents a random integer from 1 to
10.

Specific example and result analysis

20 listed companies are selected in this paper as analysis units, and BP neural network method
is applied in evaluating the company operation performance [9].

(1) Dimensionless processing for evaluation index values

Eliminate the dimensions of evaluation indexes according to Eq.(6). The actual index value

i should be converted into evaluation value which are from 0.1 to 1. The range and standardized
calculation formula are  respectively shown as Eq.(6) and Eq.(7).
B max(xl.j )— min(xl.j )

i

ama‘x (_a;ﬁn . (6)
X.—min\x..
xl.j = % +0.1
j _ (7

Where %max equalsl and “%min equals 0.1.
(2) Neural network training mode
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10 input and output indicators of listed companies shown in Table 1 are regarded as the
training unit input data, while the corresponding evaluation value of the company operation
performance are regarded as the output data. The original evaluation indicators are classified by
theirs correlation which shown in Table 2. Then the normalized data completes the information
synthesis of index through principal component analysis. The synthetic indicators data are input in
mixed DEA model. The evaluation values of company operation performance can be calculated
based on the mixed DEA.

Table 2. Evaluation correlation classification

Index type Relativity type Index label
Relative amounts BI, B2
Input indicators part
Absolute amounts
B3, B4
part
Relative amounts BS, B6
part 1
Output indicators Relative amounts B7, B8
part 2
Absolute amounts B9, B10
part

(3) Network training and testing

10 standardization index data of listed companies and mixed DEA model to calculate the value
of the evaluation network composed of 20 input and output data model. The number 1 to 16 of the
companies are selected as the training sample of the BP neural network. If the hidden layer of a
forward neural network has a proper number of units, this proposed network can be used to very
accurately simulate any function, which a lot about cutting-edge research in neural networks can be
reflected. The number of neural network hidden layer units can be determined according to Eq.(2).
In this paper, the hidden layer unit is determined as 16. Thus, the network structure of BP neural
network are defined as 10-16-1. The learning accuracy £ is defined as 0.000001, and learning
speed Ir is defined as 0.05. Performance evaluation value of each training unit is regarded as the
desired output. The number 17 to 20 of the companies are selected as the testing sample of the BP

neural network. The testing results are shown in Table 3.
Table 3. BP neural network testing results

Company Desired Forecast Test data Perc‘ent.age
deviation
label output data errors

data
17 0.667 1 1 0.612
18 0.664 0.956 0.999 0.698
19 0.003 0.014 0.001 0.006
20 0.507 1.432 0.14 1.039

As is seen in Table 3, the testing results of BP neural network are very close to the desired
output. The largest relative error is only 1.039, and the lowest relative error is 0.612, which can
conclude that the proposed model has a high accuracy in evaluating the company operation
performance.

Conclusion

The company operation performance evaluation model based on BP neural network is
established in the paper. 20 listed companies are selected as the sample of BP neural network for
analysis. Through training the network, the proposed network has a high forecasting accuracy, and
its evaluation results are objective and accurate. In practice, determine the evaluation criteria, select
industry outstanding value, the similar enterprises can carry out analysis, grasp the operating status
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of enterprises in the industry, which provides an important reference for decision-making for
companies.
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