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Non-linear Logit Model for High Frequency Currency Exchange

Naoya Sazuka (Tokyo Institute of Technology) and Toru Ohira (Sony CSL)
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We analyze tick-by-tick data, the most high frequency data available, of yen-dollar

currency exchange rates, There exists a non-trivial structure in condi tional

probabilities in binarized data indicating the direction of up and down movement of

prices, which is not apparently seen from the price change itself. We propose here

a non-linear logit model to capture this structure. This new model has overcome some

of the shortcomings of the conventional analysis such as AR models and logit models,

and can successfully show that the structure is such that it refers up to previous

few minutes. The empirical result is consistent with dealers' perceptions that their

strategies are slowly changing in the time scale of few minutes.

We use two data sets of tick-by-tick Htrade H data for the yen-dollar exchange rate

for the period of 10/26/1998 to 11/30/1998 (data set A) and 1/4/1999 to 3/12/1999

(data set B). The time series data sets are composed of values Y(t) of yen value at

Htick stepH t. These are the same data sets we have studied earlier [1]. We here

binarized the data to extract the direction of up down movement of price change. To

focus on up down movement, we will disregard the cases, which the prices stay the

same value between consecutive two ticks.

As we have studied in [lJ [2J, these data show a characteristic structure in the

conditional probabilities of high frequency binary data X(t), which represents the

dependency relation between a current step and several steps in the past. This is

summarized in Table 1 of [lJ.

The logit model is known to be suitable for binary analysis. However, we have found

that a conventional logit model was not sufficient for our data due to its non-linear

behavior. This motivated us to develop a new extended non-linear logit model to
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reproduce the binary probabilistic structure. The model of the order k is defined

by the following equation.

I [
P(X(t)=1 IX(t-1), ... ,X(t-k))]_ ~ (t-')n - qo + L. qi X ,]
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Then we select the appropriate model according to AIC (Akaike Information Cri terion)

which gives the smallest possible order by minimizing a penalty function defined by

-2(Maximum log likelihood)+2(the number of the model parameters). AIC values of the

model give a minimum value at the 5th order for both data sets and the function shapes

of AIC values are similar, al though conventional models do not have minimum AIC value

at the same order for both of the data. Therefore the non-linear logit model with

referring up to previous 5 states, equivalent to about few minutes, is appropriate

according to AIC. The 5th order model can also capture the probabilistic structure

very well.
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In this paper, we have analyzed tick-by-tick data, the most high frequency data

available, of yen-dollar currency exchange market using a non-liner logit model.

This new model has been able to capture the non-trivial probability structure in the

binary currency exchange data, which was impossible using the conventional methods

such as AR models or linear logit models. This is one indication that this new

non-linear logit model can be a useful tool for analyzing wide range of binary time

series with non-trivial dynamical structures. Applications to other time series to

prove the model's potential are currently explored.
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