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Predicting Stock Market Indicators Through Sentiment Analysis On Twitter

Public mood can affect individual behavior. In this paper, I explores the relationship between public mood and trend of stock market. In this paper, I collected one-month Tweets in terms of several aspects such as happy, sad. I train a labeled movie reviews as the training data using Recurrent Neural Network (RNN). Then, I classify the Tweets based on the trained model in real time. After the sentiment analysis on Tweets, I use the linear and polynomial models to predict the stock prices of SPY. My results show that RNN is one of promising methods to do sentiment analysis on Tweets and the predictions made by the classification of RNN are good resources to predict stock prices.

Introduction

Stock market prediction is attractive in both academia and industry field. However, people do not tend to agree that stock market can be predicted. In recently years, some works focus on using sentiment analysis of public mood to predict stock price. These works of stock market prediction focus on applying statistical analysis or using simple machine learning methods [START_REF] Bollen | Twitter mood predicts the stock market[END_REF][START_REF] Qiao | Joint Effects of Application Communication Pattern, Job Placement and Network Routing on Fat-Tree Systems[END_REF][START_REF] Fan | Deep Reinforcement Agent for Scheduling in HPC[END_REF][START_REF] Go | Twitter sentiment classification using distant supervision[END_REF][START_REF] Fan | DRAS-CQSim: A Reinforcement Learning based Framework for HPC Cluster Scheduling[END_REF]. In this project, I explore the Long short-term memory (LSTM) to do the sentiment analysis and make stock market prediction based on the results of the sentiment analysis. LSTM is a recurrent neural network (RNN) architecture which are widely used in sentiment analysis. The main motivation of using LSTM in this project is that the structure of memory cell in LSTM. This structure can avoid the long dependency problem in RNN.

In particular, I apply sentiment analysis on Tweets over one and half months. Because all the tweets used in this project are streamed without labels. I used 10,000 movie reviews with positive or negative labels as the training data in my sentiment analysis. Then all the collected Tweets form the testing set. After collecting Tweets and conducting sentiment analysis on these Tweets, I predict the stock price (SPY) based on the sentiment analysis on Tweets. SPY is an exchange traded fund (ETF) that tracks the performance of the S&P 500 index. The Standard and Poor 500 (S&P 500) is considered representative of the overall U.S. stock market. Considering the large volume of SPY, its changes can present the stock market trend. The purpose of this project is to see whether people's mood affect stock price.

Background

Research have been conducted to analyze sentiment and its relation with stock prices [START_REF] Bollen | Twitter mood predicts the stock market[END_REF][START_REF] Yu | System-wide Trade-off Modeling of Performance, Power, and Resilience on Petascale Systems[END_REF][START_REF] Pang | Thumbs up? sentiment classification using machine learning techniques[END_REF][START_REF] Fan | Exploiting Multi-Resource Scheduling for HPC[END_REF][START_REF] Mittal | Stock prediction using twitter sentiment analysis[END_REF][START_REF] Fan | ROME: A Multi-Resource Job Scheduling Framework for Exascale HPC System[END_REF][START_REF] Go | Twitter sentiment classification using distant supervision[END_REF][START_REF] Fan | Application Checkpoint and Power Study on Large Scale Systems[END_REF] Johan Bollen,Huina Mao, and Xiao-Jun Zeng [START_REF] Bollen | Twitter mood predicts the stock market[END_REF] adopted OpinionFinder (OF) subjective lexicon and selected positive and negative words from OF sentiment lexicon. Based on the OF sentiment lexicon, they did statistic analysis on historically collected tweets. They found that public mood states can indicate the changes in stock markets.

Bo Pang, Lillian Lee, and Shivakumar Vaithyanathan [START_REF] Pang | Thumbs up? sentiment classification using machine learning techniques[END_REF] used machine learning methods, such as Naive Bayes, Maximum Entropy, and Support Vector Machines are used to do sentiment analysis. The features were chosen by unigram, bigrams and POS. The results show that that uni-grams+bigrams delivers best results.

Alec Go, Richa Bhayani, and Lei Huang [START_REF] Go | Twitter sentiment classification using distant supervision[END_REF] automatically classify sentiment of Tweets using Distant Supervision. The results show that this method delivers accuracy above 80% with emoticon data.

Anshul Mittal and Arpit Goel [START_REF] Mittal | Stock prediction using twitter sentiment analysis[END_REF] trained four learning algorithms. They are Linear Regression, Logistic Regression,SVMs, and Self Organizing Fuzzy Neural Networks. Because their testing data in sentiment analysis are labeled. The results show that linear regression and Self Organizing Fuzzy Neural Networks are best among all four algorithms. Apoorv Agarwal, Boyi Xie, Ilia Vovsha, Owen Rambow, and Rebecca Passonneau [START_REF] Agarwal | Sentiment analysis of twitter data[END_REF] focus on feature selection in sentiment analysis. This paper proposed POS-specific prior polarity features. The results show that add new features can improve sentiment classification accuracy.

Xue Zhang, Hauke Fuehres, and Peter A. Gloor [START_REF] Zhang | Predicting stock market indicators through twitter "i hope it is not as bad as i fear[END_REF] did statistic analysis on certain keywords in Tweets. The results show that frequencies of these keywords have the relations with the stock markets.

The main difference between my project and the above works is that I used Recurrent Neural Networks. Recurrent Neural Networks is more suitable than other machine learning methods [START_REF] Fan | Exploring Machine Learning to Adjust Job Runtime Estimate for High-Performance Computing[END_REF], i.e., Naive Bayes, in sentiment analysis [START_REF] Fan | Intelligent Job Scheduling on High Performance Computing Systems[END_REF], because RNNs considers context not single words when classifying Tweets. Another difference is that the goal of this project is not to show the accuracy of sentiment classification. Because I do not have tweets sentiment labels, the project explores the possibility of using Twitter sentiment analysis on predicting stock markets.

Approach

Sentiment Analysis

Figure 1 shows the overview of the sentiment analysis design. The sentiment analysis starts with downloading training data and build the model using LSTM (more detail can be found in Figure 2). Then, I stream the the Tweets and classify Tweets as positive or negative in real time. The training data used in sentiment analysis is downloaded from [START_REF]Labeled movie review[END_REF]. The training data consists of movie reviews with either positive or negative labels. All the movie reviews were labeled manually. Therefore, it reflect people's real feeling of the movies.

The testing data consists of Tweets I collected over one and half months. There were used to have Twitter database online. But all the database are not allowed according to Twitter's rule. Hence, I have to collect Tweets everyday by myself. There is a Twitter api called 'Tweepy' [START_REF]Tweepy[END_REF] which can stream tweets for Twitter. First, I used my Twitter account to create a new developer application [START_REF]Twitter developer[END_REF]. Second, I wrote a script using Tweepy which can collect Tweets in several topics such as happy and sad in real time. Considering the size of Tweets, I did real time sentiment analysis on Tweets. So I only store the analysis results (negative or positive) in directories [START_REF] Fan | Trade-Off Between Prediction Accuracy and Underestimation Rate in Job Runtime Estimates[END_REF][START_REF] Qiao | Preliminary Interference Study About Job Placement and Routing Algorithms in the Fat-Tree Topology for HPC Applications[END_REF][START_REF] Allcock | Experience and Practice of Batch Scheduling on Leadership Supercomputers at Argonne[END_REF][START_REF] Li | The Effect of System Utilization on Application Performance Variability[END_REF][START_REF] Fan | Scheduling Beyond CPUs for HPC[END_REF].

As shown in Figure 2, the method used for sentiment analysis consists of four layers, i.e. input layer, LSTM layer, dropout layer and logistic regression layer. Input layer is the tweets. LSTM [START_REF]Introduction to lstms[END_REF] layer is the main layer in the sentiment analysis. LSTMs are a special kind of Recurrent Neural Networks (RNNs). RNNs are proved to be able to do sentiment analysis, because it can learn to use the past information. However, RNNs suffer from the problem of long-term dependencies. If the information needed is far from the current words, RNNs becomes unable to learn to connect the information. LSTMs are explicitly designed to avoid the long-term dependency problem [START_REF] Fan | Hybrid Workload Scheduling on HPC Systems[END_REF]. Dropout layer is used to ease the problem of overfitting. The dropout rate is 0.2. Logistic regression layer is the output layer, which classifies the movie reviews as positive or negative.

LSTMs is implemented in TensorFlow [START_REF]Implementation of lstms in tensorflow[END_REF].

TensorFlow is an open source software library for machine learning developed by Google. It is widely currently used for both research and production at Google. TensorFlow is powerful, but one problem is that it takes relatively long time to learn and use. Keras provides a easier way to implement [START_REF] Fan | Intelligent Job Scheduling for Next Generation HPC Systems[END_REF]. Keras is a high-level neural network API written in Python. It can run on top of either TensorFlow or Theano. Keras [START_REF] Keras | Keras[END_REF] was developed with a focus on enabling fast implementation.

Stock Price Prediction

In this project, I predict everyday's close price of SPY. Yahoo Finance provides stock historical prices in CSV format [START_REF]Spy stock price download[END_REF]. CSV files record stock prices on daily basis. In each day's record, it contains open price, high price, low price, close price, volume and adjusted close price of a day. Stock price prediction is a regression problem. As shown in Figure 3, I first extract features from sentiment analysis results. In sentiment analysis, we collect people's view on several topics. In the stock price prediction, I compute the percentage of positive reviews in each topic everyday. These statistics are used as the features to predict stock price of SPY. SPY's close price is the target in stock price prediction. In stock price prediction, I use linear and polynomial regression models provided by Scikit-learn [START_REF]Scikit-learn[END_REF]. Scikit-learning is a popular free machine learning library written in Python. It features in regression, classification and clustering algorithms [START_REF] Fan | Job Scheduling in High Performance Computing[END_REF].

Experiment

Sentiment Analysis on Tweets

I collected all Tweets everyday during February 13, 2017 to March 26, 2017. I did real time sentiment analysis on each tweets I collected. The tweets were collected based on the keywords, such as calm, happy, fear, sad, NASDAQ, and Trump. Figure 4 shows the percentage of tweets are positive based on sentiment analysis. We can see from Figure 4 that calm, happy and sad in general have the positive label, whereas NASDAQ, Trump and fear have lower positive labels. The sentiment analysis on all these topics follows the similar trends. It doesn't make much sense to compare the value of one topic against another; they should only be used to compare trends across days.

Due to limited time I have to collect data, the data that can be used to predict stock price is limited. The features used to predict stock price are the percentages of positive labels of tweets having the above six keywords. In the first set of experiments, the data set separates into the training set (data in February) and the testing set (data in March).

Stock Price Prediction

In this subsection, I use linear regression model and polynomial regression model to make runtime prediction. The results are compared with previous day's SPY price (baseline).

Stock Price Prediction on March

In this subsection, I use the data in February as the training data to predict the stock price in March. Figure 5 and Figure 6 show that polynomial regression model is capable of capturing the trends of stock market. Table 2 shows that both baseline and polynomial model deliver good predictions, but linear model fails make good prediction. 

Cross Validation

Due to the limited data available, I also did a second set of experiments, which using cross validation prediction. In this set of experiment, I conduct the experiment on the linear and polynomial regression. The results of this set of experiments are shown in Figure 7. Polynomial model is able to capture of SPY changes, but linear regression model fail to capture the trend at the beginning of March. Because the limited number of data (20 days), it hard to say that if this is caused by limited available data or there is only weak relationship between public mood and stock price. 

Conclusion

The relationship between public mood and stock price is a hot topic. At the beginning of this project, I thought there are existing dataset from Twitter, because early studies used existing dataset. Because Twitter changed the data sharing rules, I have to spend a lot of time to collect tweets by myself. Finally, I collected one and a half month Tweets on my own. And then I predict the stock price of SPY.

Most previous studies on tweets used simply statistic study or simply machine learning approach. In my project, I used LSTM method to learn people's mood in their Tweets. Then, the linear regression and polynomial regression are used to predict stock price of SPY based on public mood in tweets. The results show that sentiment analysis using LSTM is promising in stock price prediction.

To confirm the relationship between the sentiment analysis using LSTM and stock price prediction, more tweets need to be collected and analyzed.
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Table 1 :

 1 Statistics of Stock Price Prediction Mean Squared Error Mean Absolute Error Median Absolute Error

	R2 Score

Table 2 :

 2 Statistics of Cross Validation Mean Squared Error Mean Absolute Error Median Absolute Error

	R2 Score