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where EMA[1] is the value of the EMA one bar ago.
	 Engineers often describe filters in terms of their impulse 
response. An impulse is where the data has a finite value at 
one sample and a zero value at all other samples. Suppose an 
impulse of data has a value of 1/α. When the Ema is applied 
to this impulse, the filter output at the end of the first sample 
is just 1 because there is no previous value in the filter. On the 
next sample, the input value is zero, and the previous value of 
1 is multiplied by (1 – α), so the output is (1 – α). On the third 
sample, there again is no new input and the previous value of 
(1 – α) is multiplied by (1 – α), so the output is (1 – α)2. 
	 The process continues with each new data sample, with the 
result that the filtered output response to the impulse decays as 
the exponent of the compliment of the smoothing factor — hence 
the name “exponential moving average.” When alpha is small, 
the Ema gives a high degree of smoothing and a relatively large 
amount of lag. When alpha is large (but less than 1), the Ema 
does very little smoothing and has very little lag.
	 Traders should also take note that the sum of the coefficients 
in the filter, α and (1 – α), sum to 1. This means that if the 
data input is a constant value, the filtered output will eventu-
ally almost reach that constant value as well. It is a common 
coding error to not have the filter coefficients sum to 1. This 
is why we always write the Ema code to explicitly reflect the 
smoothing factor and its compliment.
	 One of the earliest mentions of the relationship between 
the lag of an Ema and the length of a simple moving average 
(Sma) was in a 1984 issue of Technical Analysis of Stocks 
& Commodities, in an article written by S&C founder Jack 
Hutson. In it, he found that the Ema smoothing factor is related 
to the length of an Sma as

α = 2/(Length + 1)

	 For interested readers, the mathematical derivation of Ema 
lag related to the length of an Sma can also be found in my 
book Rocket Science For Traders. Since minimalization of 
lag is crucial to the effectiveness of indicators, several authors 
have devised ways to make the Ema smoothing factor vary 
with volatility in price. Software developer Mark Jurik also 
has commercially available filters for various platforms that 
are specifically designed to minimize lag.
	 The method described in this article is fundamentally different 
from previous approaches. Here, we acknowledge the Ema filter 
has an error term. That error for the current data sample is just 

Price – Ema [1]

	 We introduce this error term into the equation in addition 
to the value of the new data sample. We further change the 
amplitude of the error term by multiplying the error by a gain 
term. We call the new filter EC (for “error correcting”) instead 
of Ema. So the equation for the EC filter is:

EC = a * (Price + Gain * (Price – EC[1])) + (1 – a) * EC[1]

	 The equation is simple, but its results are profound. If the 
gain is zero, the EC becomes just an Ema. If the gain is suf-
ficiently large, the error term causes EC to track the price for 
all practical purposes — that is, there is virtually no lag or 
smoothing. We seek a value of gain that is a happy medium 
between tracing out the price and the Ema. We do this by limit-
ing the maximum amount of allowable gain. If the difference 
between the price and the previous value of EC is small, we 
do not want a large value of gain. Further, the previous value 
of EC can be either greater or less than the current price. To 
properly apply the error correction, the gain must swing both 
positive and negative.
	 The computation of the zero-lag indicator in EasyLanguage 
is described in the first sidebar, “EasyLanguage Code For 
Zero-Lag Indicator.” There are two user inputs: the length of 
the equivalent Sma and the “GainLimit.” The gain limit input 
is 10 times the actual gain used in the computation because 
the error-correcting loop variable works in incremental steps 
of 1 and we want the gain to be incremented in steps of 0.1. 
The smoothing factor alpha and Ema are computed after the 
variables are declared. Next, a loop searches for the least 

EasyLanguage Code for the Zero-Lag Indicator

Inputs:
Length(20),
GainLimit(50);

Vars:
alpha(0),
Gain(0),
BestGain(0),
EC(0),
Error(0),
LeastError(0),
EMA(0);

alpha = 2 / (Length + 1);
EMA = alpha*Close + (1 - alpha)*EMA[1];
LeastError = 1000000;
For Value1 = -GainLimit to GainLimit Begin

Gain = Value1 / 10;
	 EC = alpha*(EMA + Gain*(Close - EC[1])) + (1 - 
alpha)*EC[1];

Error = Close - EC;
If AbsValue(Error) < LeastError Then Begin

LeastError = AbsValue(Error);
BestGain = Gain;

	 End;
End;
EC = alpha*(EMA + BestGain*(Close - EC[1])) + (1 - 
alpha)*EC[1];

Plot1(EC);
Plot3(EMA);
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