1. Time series prediction and classification
1.1 Research background
In order to understand the development law of a thing, people usually observe an index of the thing with a certain sampling frequency. The observation value set generated according to the time sequence is the time series. Time series are widely used in social life and engineering fields, such as the daily closing price of company stock; The temperature and humidity of the city every day; Daily turnover of the mall; The daily passenger flow of the scenic spot; The activity of sunspots; The activity of ECG of the patient; Signal data in the field of communication and so on. For example, the figure below shows the performance trend of a fund.
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1. 2 Time series type
Time series is a numerical series obtained by observing several variables produced by an object or system and arranging these variables in time order.From the definition of time series, we can see that time series has two basic elements: time and value. In order to describe the time series more accurately, this paper gives the definitions of single variable time series and multi variable time series from the mathematical point of view. Xuni and xmul are used to represent univariate time series and multivariable time series respectively, and t is the time step.The definitions of Xui and xmul are as follows:
                                     (1)
                                    (2)
For the i(i = 1,2, … , T) component Pi of Xuni, PI ∈ R represents the observed value of the observed variable at the i-th time.
For the i(i = 1,2, … , T) component of xmul, pi,pi ∈R, it means observed
The set of observed values of all n variables at the i-th time. Where qij(j=1,2...n)represents the observed value of the j-th variable at time i.
According to different classification criteria, time series can be divided into different types. The common classification criteria are: the number of variables, the type of variable value, time continuity, and sequence stationarity.
Time series can be divided into discrete time series and continuous time series according to whether the time of recorded observation variables is continuous or not. For discrete time series, each data is based on the value recorded at a specific time, such as the daily sales volume of a clothing store; For continuous time series, data are continuously recorded along each time interval. For example, the temperature monitoring chart records continuous time series. 
1.3 Pretreatment method
The introduction of the characteristics of time series shows that there must be some regularity behind the numerical changes of time series data points, and this regularity may be the result of a variety of factors. Time series decomposition method is trying to analyze the regularity of a time series, and decompose the regularity, so as to find out the factors that affect the original time series. There are four types of common influencing factors: long-term trend, seasonal variation, cyclical variation and irregular variation.
Although the time series decomposition method can qualitatively analyze a certain time series to a certain extent, the actual situation is often very complex. Sometimes it is not possible to directly analyze which factors are working from the time series diagram. In this case, using the time series decomposition method will greatly reduce the accuracy of the analysis. 
The scientific rationality of training sample set and the rationality of data expression have a very important impact on the later prediction. Data preparation includes the collection of original data, data preprocessing, variable selection and data processing. There are two methods of data preprocessing, scale transformation and distribution transformation.
Scale transformation is to limit the input network data to the interval of [0,1] or [- 1,1] through transformation processing. The main reason for scaling is that the input data of the network often have different physical meanings. Moreover, the neurons of RNN adopt symmetric S-type excitation function, which can prevent the saturation of neuron output due to the excessive absolute value of net input, and then adjust the value into the flat area of error surface.The common distribution transformation is mainly through the normalization processing, so that the value of the input data falls within the interval (0,1), and the conversion formula is:  
      (3)
Where I (t) is the network input and D (t) is the sample data. After using the trained network to output the predicted value, the output data should be de normalized,the formula is as follows:
  (4)
Where o (t) is the predicted value and O (t) is the predicted value after the inverse normalization.
When the distribution of network training samples is more uniform, the distribution curve of samples is relatively flat. When the distribution of samples is not ideal, the distribution transformation is generally carried out. Because the transformation is nonlinear, the results not only compress the range of data change, but also improve its distribution.
2.Application of CNN and RNN in time series prediction and classification
2.1 RNN
The difference between RNN and forward static network is that the signal from one neuron to another will not disappear immediately, but will live for a period of time. Theoretically, the lifetime can be infinite. Therefore, the ability of network to solve complex and dynamic problems is improved. Therefore, RNN has higher modeling ability than forward static network. RNN has many important characteristics that forward network does not have, such as dynamic characteristics and information dynamic storage. And in most cases, the RNN time series prediction model uses fewer parameters to get more accurate results. The following figure shows the RNN model.
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As shown in the figure, there are two fully connected neurons, one input connected to one neuron and one output connected to another neuron.
The function of hidden layer neurons is to extract and store the internal rules from the sample data.The number of neurons in the hidden layer is too many, so it is possible to memorize the noise data in the sample data set, thus the problem of "over fitting" will be raised and the training time will be increased. The most common method to determine the number of neurons in the hidden layer is to try and join. The training network with fewer neurons is set first, then the number of neurons is gradually increased. The same sample set is used for training, and the results are compared and the optimal number of neurons is determined. Some empirical formulas can also be used to determine the number of neurons in the implied layer, as follows:
     (5)
         (6)
           (7)
In recent years, it will inevitably lead to the increase of network parameters and the extension of network training time. Therefore, it is necessary to balance the accuracy of network prediction with the complexity of network parameters. The RNN model designed in this paper includes an input layer, a fully connected hidden layer and an output layer.
2.2 CNN
Convolutional neural network is a kind of neural network which is specially used to process data with similar network structure. It can extract features from original data by imitating the mechanism of biological vision. Because it has the characteristics of weight sharing, it effectively reduces the complexity of the network, avoids the over fitting problem caused by too little data, and avoids the complexity of data reconstruction in multi-dimensional data feature extraction. The network layers generally include convolution layer, activation layer, pooling layer and full connection layer. Convolution layer is the most important layer in the whole network. This layer mainly uses convolution check input data to do convolution operation, uses neurons to observe data (each neuron only pays attention to one feature), and then extracts features. The convolution process is shown in the figure.
In order to describe the process of convolution operation more clearly, the read data elements are numbered, Xi，j are the elements in the i-th row and j-th column, Wm，n are the weights in the m-th row and n-th column, Wb is the bias term of the filter, and f is the activation function：
      (8)
The function of the activation layer is to make nonlinear mapping to the output of the convolution layer and change the weight appropriately. The commonly used functions are "sig moid", "relu" and so on.
Pooling layer is also known as "down sampling layer". The main function of this layer is to compress the number of data and parameters and reduce over fitting. There are two common pooling methods: maximum pooling and average pooling.
2.3 Comparison between CNN and RNN
CNN：
1. CNN uses fixed size input and generates fixed size output.
2. CNN is a feedforward artificial neural network - a variant of multi-layer perceptron designed to use the least amount of preprocessing.
3. CNN uses the connection pattern between neurons and is inspired by the visual cortex of animals. Individual neurons in the visual cortex of animals are arranged in such a way that they respond to the overlapping areas of the tiled visual field.
4. CNN is an ideal choice for image and video processing.
RNN：
1. RNN can handle any input / output length.
2. Unlike feedforward neural network, RNN can use its internal memory to process any input sequence.
3. Recurrent neural network uses time series information. For example, what I said last time will affect what I will talk about next.
4. RNN is an ideal choice for text and speech analysis

2. natural language processing
As a sub field of artificial intelligence, NLP focuses on the realization of information interaction between human and computer, so that the computer can understand and use human language. As an important tool for people to communicate, natural language is commonly used in English, Chinese, Russian and so on. Natural language processing mainly deals with words, paragraphs or chapters. The main methods are rule-based and statistics based. The rule-based method is to process the text data manually according to the language related rules; The method based on statistics is to process the text data through the statistical analysis of large-scale data sets. The quality of data set has a great influence on the performance of natural language processing model. Therefore, with strong data support, we can better process and analyze the text. The main research contents of Chinese based natural language processing include word segmentation, part of speech tagging, word sense disambiguation, text classification and language modeling.
3.1 Natural language processing flow
The process of natural language processing can be divided into five steps
(1) Get text through web crawler or local import.
(2) Preprocess the text, segment the text and remove the modal particles and stop words.
(3) The text is characterized, and the words are mapped to the corresponding word vector form by using hot coding or word embedding technology. The unique hot code is also called one bit effective code, that is, n-bit register corresponds to N states one by one, and only one bit in the register is effective; Word embedding technology quantifies words into low dimensional dense vector space with fixed dimension, which is more efficient than hot coding.
(4) For model training, support vector machine, decision tree and neighborhood algorithm can be used machine learning model algorithms such as convolution neural network or recurrent neural network can also be based on deep learning.The model and algorithm are given.
(5) Test set is used to verify the training model and evaluate the model algorithm.[image: 2]

This paper briefly introduces the above five steps: corpus collection mostly uses web crawler or local text data set. The corpus preprocessing stage mainly includes the operation of corpus cleaning, word segmentation, part of speech tagging and removing pause words. In the process of characterization, it is necessary to vectorize the preprocessed text and express the words into vector form so that the computer can calculate them. This operation helps to find the similar relationship between different words through vector expression. In the model training phase, the training methods used include traditional supervised, unsupervised and semi supervised learning models. The specific models need to be selected according to different application scenarios. For the evaluation of the effect after modeling, the commonly used effect evaluation indicators are accuracy rate, recall rate and so on.
3.2 Word vector technology
Word vector technology is the general name of language modeling and feature learning technology in natural language processing. Its main purpose is to transform human natural language into data convenient for computer operation, and to establish the mapping relationship between words and real vector. This section mainly introduces two kinds of word vectorization technology, the first is hot coding technology, the second is word embedding technology.
The hot coding technology is a kind of vectorization technology of natural language through discrete feature values. It has a good effect in the vectorization of discrete feature or classification value data. The unique hot coding uses n-bit register to correspond with N states one by one, and only one bit in the register is valid, which is also called one bit valid coding. When using unique hot coding for natural language processing, a typical usage is to express a feature of an attribute through unique hot coding. For example, when recording students' achievements, we can code "excellent", "good", "up to standard" and "not up to standard" into "1000", "0100", "0010" and "0001". In coding, only one bit is 1, which means that there is only one effective coding bit in the exclusive hot coding. According to this example, we need to count the number of words in the text when we code the words in the text, which will determine the dimension of the vector after the hot coding. then. In this paper, we encode a word vector with only one bit of 1 and the product of each other is 0. After the construction of the word vector, the vector set can be used to represent a sentence or a text. The hot coding solves the problem that the data attribute in the classifier is not easy to deal with, and expands the characteristics of the data to a certain extent. When the number of data attributes or lists is large, the feature space will become large, and the space-time complexity of hardware operation will also increase. The principle of exclusive hot coding is simple and easy to understand, which is suitable for the application scenarios with small amount of text data. However, when there are too many words in the text data set, it will bring some problems when using hot coding for word vectorization. For example, after the words are individually encoded, because all the encoded word vectors have only one digit of 1, the vector distance between words is the same, which can not reflect the relevance between words. At the same time, when using hot coding to vectorize words, it is default that the relationship between words is independent of each other, but in most cases, the relationship between words is mutual influence. In order to solve these problems, word embedding technology based on dense space arises at the historic moment.
Word embedding technology is the mainstream word vectorization technology when experts and scholars study natural language processing in recent years. The feature of this technique is that all words are represented as low dimensional dense vectors, and the similarity between words can be evaluated through a fixed dimension continuous vector space. Among them, the greater the similarity of words, the smaller the angle of the word vector in the vector space. The fixed vector dimension will greatly improve the efficiency of computer data processing compared with the only hot coding. As an important foundation of applying neural network model to the field of natural language processing, many technology companies have created different word embedding tools. Among them, word2vec tool proposed by Google is a milestone invention in this industry. The tool also includes two training models of word vector relevance, one is SGM (skip gram model), the other is cbow (continuous bag of words) model.


3.3 RNN algorithm
Recurrent neural network (RNN) is an important variant of neural network, which has been widely used in natural language processing.
Conceptually, they are different from standard neural networks because the standard input in RNN is a word, not the whole sample in standard neural networks. This makes the network flexible to deal with sentences of different lengths, but the standard neural network can not do this because of its fixed structure. It also provides an additional advantage to share features learned in different text locations that are not available in standard neural networks.
RNN regards each word in the sentence as a separate input for the occurrence of time "t", and uses the activation value at "t-1" as an input other than the input at time "t". The following figure shows the detailed structure of RNN architecture.
The architecture described above is also called many to many architecture (Tx = Ty), that is, the number of inputs = the number of outputs. This structure is very useful in sequence modeling.
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The limitations of RNN are as follows
1. The RNN architecture example described above can only capture dependencies in one direction of the language. Basically, in the case of natural language processing, it assumes that the following words have no effect on the preceding words. Based on our experience with language, we know that this is definitely not true.
2. RNN can not capture the long-term dependence, and the problem of gradient disappearance reappears in RNN.
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