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Abstract. This paper uses BP neural network algorithm to determine the difficulty level of the word
EERIE by constructing a neural network model, and determine its relationship with the word length,
word commonness, letter frequency and other attributes to predict the relevant percentage of the
future date, and discusses the uncertainty of the model, the accuracy of the classification model and
other characteristics of the data set. In terms of accuracy, the random forest algorithm is the best,
72%, and the k-nearest neighbor algorithm is the worst. In terms of F1 score, logistic regression
algorithm performs the best conclusion.
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1. Introduction

BP neural network, as a multi-feedforward network trained according to the error back-
propagation algorithm, can store and learn a large number of input and output data by simulating the
function of human neurons, and does not need to describe the mapping relationship of variables.
Using input and output data modeling, it has a strong simulation ability for nonlinear systems. [1]
The artificial neural network has a strong ability of self-training and learning, can handle large-scale
parallel processing, self-organization, nonlinear approximation, and has a strong fault-tolerant ability.
It is a complex nonlinear dynamic system model that abstracts, simplifies, and simulates brain
functions. It has been used in combination optimization, neural expert system, system prediction and
other fields, and the application of neural network in academic evaluation has become more and more
common. [2] BP neural network simulation model is widely used. In this paper, by constructing a
neural network model, the difficulty level of the word EERIE is determined, and its relationship with
the word length, letter frequency, word commonness and other attributes is determined. At the same
time, the uncertainty of the model, the accuracy of the classification model and other characteristics
of the data set are discussed in order to predict the relevant percentage of the future date. The complex
nonlinear function mapping problem is solved by constructing a neural network model. BP neural
network algorithm is used to convert continuous data into discrete data through simulation. The
training set and verification set are randomly selected, and the expression between input and output
data is obtained according to the sigmoid function. The neural network toolbox in MATLAB provides
convenient conditions for solving this problem. The function of neural network toolbox is very
complete, providing various MATLAB functions, including the establishment, training and
simulation functions of neural network , As well as various improved training algorithm functions,
users can easily carry out the design and simulation of neural networks, and can also make appropriate
modifications on the basis of MATLAB source files to form their own toolkits to meet the actual
needs. [3]

2. Model establishment and method

BP neural network is a feed-forward neural network that learns through error back propagation.
The basic idea of BP algorithm is to carry out continuous learning and training through the forward
propagation of signals and the reverse correction of errors.As an information processing unit, neural
network simulates the learning, memory and induction functions of the brain to fuzzily process the
expression of computation and knowledge. [4] During the forward propagation, the sample index
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value is input from the input layer, and the output value is calculated through the designed weights
and hidden layers of each layer. If the output value does not match the target value, the error is started
to be reverse corrected from the hidden layer to the output layer. This correction is mainly achieved
through the adjustment of the weights, This kind of learning and training is repeated until the error
between the network output value and the target expected value reaches the error accuracy required
by the system. [5]

In the training process, the network calculates the input data through the weighted sum of neurons
at each layer and the activation function to get the output value, and compares it with the expected
output value to get the error value. Then, the error will be transmitted from the output layer to the
output layer through the back propagation algorithm, and the weight and threshold of each neuron
will be adjusted according to the error to minimize the error value. This process will continue to
iterate until the network output results and expected results reach a certain accuracy.The specific flow
chart is shown in Figure 1.
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Figure 1. Network flow chart

Taking the number of attempts in the difficult mode as the input and the percentage occupied as
the output, a five-layer neural network model is constructed, as shown in Figure 2, to solve the
complex nonlinear function mapping problem. In this model, the BP neural network algorithm is
adopted, with the number of attempts as the input and the predicted value of the proportion data as
the output. Through simulation processing, the processed data is normalized to the range of (0,1), and
the continuous data is converted into discrete data.
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Error backpropagation
Figure 2. Five-layer neural network model diagram

The transfer function of BP neural network is divided into linear and nonlinear. The nonlinear
transfer function generally uses sigmoid function. According to the different range of output values,
the sigmoid function can be divided into Log-Sigmoid and Tan-Sigmoid functions. [6]
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The BP neural network is trained by error back propagation. The error is calculated by the output
layer, and the correction weight is transferred layer by layer through the hidden layer. The BP neural
network stops training after the error is reduced to meet the system requirements through repeated
iterations. The training set and test set are tested for outliers, and the outliers are removed, and
normalized to obtain the data of each index. Then, 30 data are randomly selected as the training set,
and the other 5 data are used as the verification set.

BP neural network is an algorithm that maps the input of neurons to the output, and its construction
process includes several steps. On this basis, in order to get the relationship between input and output
data, we use a function between the last hidden layer and output layer, usually sigmoid function.Get
the expression between input and output data
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(k =1,2,...N), & is the threshold value, y; is the desired output value, and y; ° is the actual
output value of the network.

3. Results and analysis

When designing BP neural network, it is necessary to determine the topological structure of the
network (the number of hidden layers and the number of neurons in each layer), the calculation and
learning rules of the initialization error of the neural network transformation function, and the
normalization of the network training parameters and training samples. [7] Matlab neural network
toolbox provides a large number of functions for simulation, design and training. The structure of
neural network is shown in Figure 3, and the parameters of BP neural network are set as shown in
Table 2.Taking the word EERIE as an example, the neural network model is used to predict the
distribution of word EERIE.
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Figure 3. The neural network structure diagram
Table 1. Prediction of EERIE's proportion in different attempts
Sampling Points Percentage /% statistics Precision Accuracy

1 2.28 10.23 7.95 2.15
2 6.31 14.52 3.15 1.23
2 14.12 2.59 6.1860 7.5895
3 35.16 2.39 5.8179 5.1191
5 30.89 3.43 6.76 3.77
6 12.21 2.96 9.55 431
X 74.86 2.22 5.39 8.17
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Table 2. The parameters of the BP neural network

Maximum Number of steps . -
- .. learning training target number of
number of training between training - .
rate error training sessions
steps results
1000 1 0.0000001 0.000001 1000

Extract the data in a specific time period from the data in Table 1. By calculating the difference
between the first 30% and the last 30% of event counts in a specific time period, the negative
difference means that the user plays more at the end of the observation interval, while the positive
difference means that the user plays less at the end of the observation interval. Sticky vector is a
detailed view of the distribution of player activities, consisting of 7 elements, each of which represents
10% of the total running time of the feature extraction cycle, and the element value is the percentage
of events recorded in the corresponding time interval during the whole period.In terms of feature
extraction and loss period duration, this paper uses a variety of combination and machine learning
algorithms. In feature extraction, the interval of 1, 2, 3 and 7 days is considered, and the period of 1
to 7 days is predicted, and a total of 28 combinations are obtained.

We will use the obtained features to build models of random forest, logical regression and k-
nearest neighbor algorithm, and use the measures described previously to evaluate these models.
Random forest is an integrated machine learning method. It uses bootstrap and node random splitting
technology to construct multiple decision trees, and obtains the final classification results through
voting. [8] The K-nearest neighbor method usually uses the majority voting rule to determine the
category of the new input instance, that is, if the majority of k instances belong to a certain class, the
input instance is determined as this class. [9] If there are large differences between each feature and
classification in some data sets, large errors will occur. Therefore, in terms of accuracy, the random
forest algorithm is the best, at 72%, while the k-nearest neighbor algorithm is the worst, at 69%. The
logistic regression model can complete the regression statistical analysis between a group of
independent variables and a dependent variable. These independent variables can be continuous data
or discrete data. This model is very suitable for the binary classification problem based on
multivariable control, which will lead to the existence or absence of two different results. [10]
Therefore, in terms of F1 score, logistic regression algorithm performs best, with the highest result
of 0.78.

4. Conclusion

When solving the problem, the data is input into the network system, and the solution of the
problem is obtained by calculating the function.

In this paper, BP neural network is used to predict the distribution of results, taking the number of
attempts in difficult mode as the input and the percentage occupied as the output, and a five-layer
neural network model is constructed to solve the complex nonlinear function mapping problem.
Based on the obtained characteristics, the models of random forest, logistic regression and k-nearest
neighbor algorithm are constructed, and these models are evaluated using the measures described
previously. In terms of accuracy, the random forest algorithm is the best, 72%, while the k-nearest
neighbor algorithm is the worst, 69%. In terms of F1 score, logistic regression algorithm performs
best, with the highest result of 0.78.
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