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A new simple numerical method for least squaresapmation of
a sample by a continuous probability distribution
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Abstract. In this paper we offer a new simple numerical methodafiproximatiol
of a sample by a continuous probability distribatiorhe method is suitable for ust
high schools and colleges.
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Given a sample, the sample mean and the sampldastheviation define a
normal distribution, which we call the standardmal approximation to the sample.

In this paper we offer a new simple numerical mdirsuitable for high schools
and colleges. The method allows students to fiedehst squares normal approximation
to a sample. But, if we want to receive the ansimemediately, we have to use a
computer program. The method is first describefiljnand in this paper we show that
the method is applicable to the problem of finditlge least squares normal
approximation to a sample.

The numerical method, described in this paper ti@g$ollowing advantages. The
method uses only the definition of a function, battthe school and college students
could understand and use it without studying. Thethod does not use the Gauss
approach for finding the minimum of the objectivmdétion, so that the method does not
require preliminary studying of partial derivativasad extrema of functions of many
variables. The method is fast, because it needd soemabers of iterations. Since each
iteration adds one true digit to the answer, wedneely 100 iterations to receive an
answer with 100 true digits. We receive the ansfeetless than 1 second, if we use a
desktop personal computer.

The method, in more general framework, is as fadloBuppose data consisting of
n points (x1,y1),(x2,y2),...,(xn,yn) are known ane toal is to find a function y = F(x)
that fits the data reasonably well. We will use st squares criterion. We suppose that
the reader is familiar with the least squares ate Suppose that f(x) is the objective
function, so that we have to find the minimum of)f(We use the data set, in order to
localize the minimum of f(x). Suppose that the miam of the function f(x) is within the
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segment [a,b]. We divide the segment [a,b] by Naégarts by using the points x0 = a,
x1, X2, ..., XN = b. Then we evaluate f(x0), f(xf[x2), ... ,f(xN), and select the minimal
of these values. We use the minimal value as tldpomt of a new segment, whose
length is 10 times smaller than the previous segmére process is repeated until the
minimum is found. The method works well ifN100, but in many cases it is enough we
to set smaller N.

The extension of the method to the case when thectole function has two
variables is straightforward.

The method is simple, so that it allows a simplelamentation. | have created a
simple computer program by using PHP. The prograudcrecord the calculations,
made by the computer. The file containing recor@al€ulations for the below example
is available for download as supplementary material

Example. A sample containing the heights of 40 persons ismiin the
following table:

. Middle of the Sample Sample relative
Height X
interval frequency frequency
150-160 155 5 0.125
160-170 165 15 0.375
170-180 175 16 0.4
180-190 185 4 0.1

Find the least squares approximation of the saimptée normal distribution.

Solution. First, we have to normalize the sample relatiegdiency. In order to
normalize the sample relative frequency, we diadg sample relative frequency by the
length of the corresponding interval. In this exéenghe length of all intervals is equal to
10, so that we divide each sample relative frequéryclO.

By using the computer program, which implementsaheve described method,
we obtain the expected value pL and the standavéhtiten oL of the least squares
normal approximation N(ukL) to the sample. The computer program finds pL and
as the solution to the following problem. Find pdanwhich minimize the function
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where u and are respectively the expected value and the stdriiaviation of the least
squares normal distribution. Set N = 10. As inifialervals for p and we take the

intervals [US-5, uS+5] an@$-5,0S+5], where uS = 170 arb = 8 are rounded values
of the sample mean and the sample standard deviatispectively. If we require 5 digits

+

Journal of Computer-Generated Mathematics 20No 9 Page 2 of



after the decimal point, we receive the followingswer: pL = 170.04786 ansl. =
8.86524. Hence, the probability density functiontlod least squares normal distribution
is as follows:

. _(x-170.04786)"
N(x) = , 26247
8.86524+/27

We could use the Ivan Johansen’s computer progreaphzo draw the graph of
the normalized sample - the blue rhombs, the gadphe standard normal distribution
defined by uS andS - the blue curve (for the graph we take uS =7BandcS =
8.47), and the graph of the least squares norrstiluition defined by pL andL — the
red curve (for the graph we set uL = 170.05 alna 8.87):
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The normal approximation, obtained by the leas@aseg method, always better
fits the sample than the standard normal approximat

The computer program gives us also the sums ofreguBor the above example,
we obtain the following results: The sum of squadrethe case of the standard normal
approximation is equal to R = 0.00001398, and the ef squares in the case of the least
squares normal approximation is equal to L = 0.086064. The quotient R / L is
approximately equal to 2, that is, the least sqqia@mal approximation about 2 times
better fits the sample.

We could record the calculations, made by the cderp&or the above example,
the file containing record of calculations is amble for download as supplementary
material.
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