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Abstract 

We discuss the deep connection between nonstationary increments, martingales, and the efficient market hypothesis for 
stochastic processes x(t) with arbitrary diffusion coefficients D(x, t). We explain why a test for a martingale is generally a test for 
uncorrelated increments. We explain why martingales look Markovian at the level of both simple averages and 2-point correlations. 
But while a Markovian market has no memory to exploit and cannot be beaten systematically, a martingale admits memory that 
might be exploitable in higher order correlations. We also use the analysis of this paper to correct a misstatement of the 'fair game' 
condition in terms of serial correlations in Fama's paper on the EMH. We emphasize that the use of the log increment as a variable 
in data analysis generates spurious fat tails and spurious Hurst exponents. 
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1. Introduction 

The main point o f this paper is to explain why in foreign exchange (FX) and, in many other data analyses as well, 
neither the log increment x(t; T) = In pit + T)/p(t) nor the price difference Ap = p(t + T) - p(t) can be used to 
deduce the correct 1-point log returns density. By the log returns density fi(x,'t) we mean the histograms obtained 
from FX time series for the log return x{t) = \n(p(t)/pc) where p(t) is a price at time t and pc(t) is a reference price 
that can be understood as 'value' [1] . The 'consensus price' pc i s simply the price that locates the peak of the I-point 
returns density f\ (x, r) at time t. 

In a process with stationary increments [2] x(t, T), meaning that the density of increments f(x, t,t + T) is 
independent of the starting time f, the increment x(t, T) — x{t + T) — * ( f ) = x(T) is a 'good' variable with 
1-point density f\(x, T). If the variance is nonlinear in the time t, then such processes necessarily have the long time 
increment autocorrelations exemplified by fractional Brownian motion (fBm) [3] and so violate the efficient market 
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