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Abstract

Recurrent neural networks (RNNs) are types of artificial neural networks (ANNs) that are
well suited to forecasting and sequence classification. They have been applied extensively to
forecasting univariate financial time series, however their application to high frequency trading
has not been previously considered. This paper solves a sequence classification problem in
which a short sequence of observations of limit order book depths and market orders is used
to predict a next event price-flip. The capability to adjust quotes according to this prediction
reduces the likelihood of adverse price selection. Our results demonstrate the ability of the RNN
to capture the non-linear relationship between the near-term price-flips and a spatio-temporal
representation of the limit order book. The RNN compares favorably with other classifiers,
including a linear Kalman filter, using S&P500 E-mini futures level II data over the month of
August 2016. Further results assess the effect of retraining the RNN daily and the sensitivity
of the performance to trade latency.
Keywords: Recurrent Neural Networks, Limit Order Book, Futures Markets.

1 Introduction

Many of the challenges facing methods of financial econometrics include non-stationarity, non-
linearity or noisiness of the time series. The application of artificial neural networks (ANNs) to
uni-variate financial time series methods are well documented (Faraway and Chatfield, 1998; Refenes,
1994; Trippi and DeSieno, 1992; Kaastra and Boyd, 1995). Their proneness to over-fitting, conver-
gence problems, and difficulty of implementation raised concerns that hampered their early adoption
by finance industry practitioners in predicting low frequency volatility or price changes.

Modeling and analysis of time-varying signals is an important subfield of signal processing. One
of the most successful algorithms to arise for dynamic systems is the classical Kalman filter (KF).
KFs belong to a family of Bayes’ filters, which include particle filtering and Hidden Markov Models.
The basic approach performs minimum mean square error estimation of the hidden state of a time-
varying linear system. There is ample evidence to suggest that Kalman filters are well suited to
the prediction of low frequency univariate financial time series, i.e. recorded either daily (Gultekin
and Paisley, 2017) or even down to the resolution of a second. Micro-structural effects start to
dominate the signal at higher frequency, typically sub-millisecond level. Knowledge of the market
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