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Tutorial: Empirical Distribution Function (EDF)

This is the second entry in our ongoing series about empirical or sample distribution. In this tutorial, we
will start with the general definition, motivation and applications of EDF, and then use NumXL to carry
out our EDF analysis.

In an earlier entry, we discussed the histogram as a non-parametric method for the probability
distribution inference of a random variable. In this tutorial, we go over the empirical distribution
function and estimate its values for the different points in the sample.

For sample data, we generated a data set of 29 randomly generated values from the Gaussian
distribution.

Background
The empirical distribution function (EDF) or empirical cdf is a step function that jumps by 1/N at the
occurrence of each observation:

EDF(x) :%ZN: I{x, <x}

Where

e I{A} is the indicator of an event function

1 x <X
. I{XiSX}:{ '

0 x>X
By definition, the EDF function computes the cumulative distribution of the underlying random number.

Why do we care?
The EDF estimates the true underlying cumulative density function of the points in the sample; it is
virtually guaranteed to converge with the true distribution as the sample size gets sufficiently large.

Process
First, let’s organize our input data. We can start by placing the values of the sample data in a separate
column. The sample may contain one or more missing values.
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1 Date Data
2 | 1172008  #NSA
3| 1/2/2008 @ -1.28
4 | 1/3/2008 0.24
5 | 1/4/2008 1.28
[
7
3
9

1/5/2008 12
1/6/2008 173
1/7/2008  -2.18
1/8/2008  -0.23
10 | 1/9/2008 11
11 | 1/10/2008 -109

Now we are ready to construct our EDF Plot First, select the empty cell in your worksheet where you
wish the output table to be generated, then locate and click on the “Descriptive Statistics” icon in the
NumXL tab (or toolbar). Then, select the “Empirical Distribution Function” item from the drop down
menu.
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The EDF Wizard pops up.
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Select the cells range for the values of the input variable.

Notes:

1. The cells range includes (optional) the heading (“Label”) cell, which would be used in the output
tables where it references those variables.

2. By default, the output table cells range is set to the current selected cell in your worksheet.

3. By default, the output graph cells range is set to the 7 cells right of the current selected cell in
your worksheet.

Finally, once we select the input data (X) cells range, the “Options” and “Missing Values” tabs become
available (enabled).

Next, select the “Options” tab.

-

Empirical Distribution Function 2

General Options | Missing Values

Iv* Cverlay Mormal Dist.

Help Cancel QK.

L

Initially, the tab is set to the following values:

e “Overlay Normal distribution” is checked. This option in effect instructs the wizard to generate a
second curve for the Gaussian distribution for comparison purposes. Leave this option checked.

Now, click on the “Missing Values” tab.
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Empirical Distributicn Function

BE)

General | Options  Missing Values

" Do not accespt missing values
* Remove observations

" Estimate Missing Value

¥ Mean " Med

Help

Cancel

QK

In this tab, you can select an approach to handle missing values in the data set (X’s). By default, any

observation with missing value would be excluded from the analysis.

This treatment is a good approach for our analysis, so let’s leave it unchanged.

Now, click “OK” to generate the output tables.

E F 5 H I J
Mean  STEDEV
-0.36 1.25
Empirical Distribution Function (EDF)
X(1) EDF X-Bar Y-Bar MNormal
-2.18 0.07 0 0.07
-2.18 0.07 0.33 0.00 0.07
-1.85 0.14 o 0.07 0.12
-1.85 0.14 0.16 0.00 0.12
-1.69 021 o 0.07 0.14
-1.69 021 041 0.00 0.14
-128 029 o 0.07 023
-128 029 0.19 0.00 023
-1.09 0.36 o 0.07 028
-1.09 0.36 011 0.00 028
-0.08 0.43 o 0.07 0.31
-0.08 0.43 021 0.00 0.31
-0.77 0.46 0.08 0.04 0.37
-0.69 0.54 o 0.07 0.39
-0.69 0.54 0.39 0.00 0.39
-0.3 057 0.07 0.04 052
-0.23 0.64 o 0.07 0.54
-0.23 0.64 047 0.00 0.54
0.24 071 0 0.07 0.68
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Notes:

The values of all observations are sorted in ascending order and placed in column E.
The X-Bar and Y-Bar columns carry no special statistical meaning; they are merely computed to
assist us generating a step-wise type of graph in Excel.

3. Finally, the equivalent cumulative density function (CDF) of the normal distribution is computed
in column I.

The generated plot of the EDF is shown below:

Empirical Distribution Function (EDF)
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Conclusion

In this tutorial, we demonstrated the process to generate an empirical distribution function in Excel
using NumXL’s add-in functions.
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Where do we go from here?

To obtain the probability density function (PDF), one needs to take the derivative of the CDF, but the
EDF is a step function and differentiation is a noise-amplifying operation. As a result, the consequent
PDF is very jagged and needs considerable smoothing for many areas of application.

In our next entry, we will look at the kernel density estimation method to obtain the probability density
function of the underlying random process.
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