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The use of the brute-force method for finding thask squares
approximation of a data set by a continuous functio

Deko Dekov

Abstract. In this paper we propose the brute-force methoéinding the least
squares approximation of a data set by a continfmddion. The brute-force method
gives the possibility the approximation problem&éoincluded in the high school
mathematics education at an early stage.
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The Gauss’ method for finding the least squarescmation of a data set has
an alternative. In this paper we show that the ébfatce method is able to solve the
approximation problems from textbooks.

The Gauss’ method for a least squares approximaifon data set has two
weaknesses. First, it requires large preliminanydyhg of derivatives. Secondly, in
many cases the symbolic manipulations are nottabéelve the problems. In such cases
we need a numerical method.

The brute-force method solves the above two problerirst, the brute-force
method uses only the definition of a function ahd tomparison of two numbers. The
brute-force method could be used by university ggsbrs and students to solve the
approximation problems from textbooks without siandyof derivatives, and in fact
without any studying. Secondly, since the methodusierical, it is universal. But if we
want to receive the answer immediately, we havestoa computer program. Hence, the
brute-force method could be used as a supplemesiaryle numerical method in the
universities and colleges. If a professor insistsdtudents to be familiar with the Gauss’
method, the brute-force method could be used at tha professor and the students to be
able easily to check the answers.

But the main advantages of the brute-force methhedrathe mathematics high
school education. The personal opinion of the aubfithis paper is as follows. The high
school teachers could include approximation probl@mhigh school mathematics. They
could use the brute-force method to solve the probl Such an approach would make
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the mathematics high school education more compsae and useful during the grades
from 7 to 12.

The brute-force method is as follows. Suppose weahave to find the minimum
of a function f(x). First, we localize the minimuof f(x). Suppose that the minimum of
the function f(x) is within the segment [a,b] Weide the segment [a,b] by N equal parts
by using the points x0 = a, x1, x2,..xN = b. Them evaluate f(x0), f(x1),
f(x2),...,f(xN), and select the minimal of these values. Thi@imal of the calculated
values is the answer.

| have created a simple computer program by uskB.Phe program is used in
the examples given below. Note that the programlyeaslves all high school and
college problems for finding the least squares @xpration of a data set by a continuous
function. It takes less than 1 second we to recthigeanswer.

Example 1. Use the least squares criterion to find a and b soat the line y =
ax + b is closest to the points (1, 1.4), (2, 23)3) and (4, 3.6).

Solution. We have to minimize the function
Fla,b)=(a+b-147 +(2a+5-23* +Ba+b-3V + da +5 -3.6)°

We use the computer program. We take the segmgtjtd® initial segment for a
and b. We divide this segment by 200 equal pahlienTwe calculate the values of f(x) at
the initial point of each subsegment and selectmimemal of these values. We receive
the following answer: & 0.73 and b 0.75. Hence, the least squares lis@daation y =
0.73 x + 0.75. Also, we obtain that the sum of l#eest squares is about 0.023. It takes
less than 1 second we to obtain the answer.

We could use the Ivan Johansen’s computer progreapltGn order to draw the
graphs of the data and the line. See Fig.1.
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Fig.1
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Example 2. Use the least squares criterion to find a and Ih shat the curve
y=ax" is closest to the points given in Examplel.

Solution. We have to minimize the function
Fla,b) =(a -1.49% +{a2" -23* + (3" -3 + (¢4’ -3.6)°

We use the computer program. We take the segmgijtde initial segment for a
and b. We divide this segment by 200 equal pares.r&¢eive the following answer~a
1.43 and b= 0.67. Hence, the least squares curve has equatid3x*®’. Also, we
obtain that the sum of the least squares is ah602Q.

The graphs of the data and the curve are giveiga.F

Fig.2

Example 3. Use the least squares criterion to find a and I shat the curve
y=ae™ is closest to the points (1, 2.5), (2, 3.5), (3)4nd (4, 6).

Solution. We have to minimize the function
f(a,b)=(ae’ - 2.57 + (@e® - 3.57 + @e® - 45§+ e® - 6§

We use the computer program. We take the segmgiijtde initial segment for a
and b. We divide this segment by 250 equal pares.r&¢eive the following answer~a
1.96 and b= 0.28. Hence, the least squares curve has equatioqh.96x’* Also, we

obtain that the sum of the least squares is ah6d6Q.
The graphs of the data and the curve are giveiga.F
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Fig.3

Example 4. Use the least squares criterion to find a and I shat the curve
y=a+blnx is closest to the points (0.1, -0.4). (0.3, -0,16)5, -0.03), (0.7, 0.03).

Solution. We have to minimize the function
f(a,b)=(a+bIn0.1+ 0.4 + &@+b IN0.3 0.15)+ g+b In05 0.03)} afb InD-0.03y

We use the computer program. We take the segmghijtd® initial segment for a
and b. We divide this segment by 100 equal pares.r@¢eive the following answer~a
0.11 and b= 0.22. Hence, the least squares curve has equationil+ (0.22)Inx. Also,

we obtain that the sum of the least squares istadbh60019.
The graphs of the data and the curve are givergat.F
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Fig.4
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Example 5. Use the least squares criterion to find a, b asdah that the curve
y=a-+bsin(cx) is closest to the points (1, 2.8). (2, 3.2), (3(43 2.4).

Solution. We have to minimize the function
f(a,b,c)=(a+bsinc)- 2.8 + @+b sin(2 } 3.2+ qd+b sinB) 3y a+b sin@h-2.4)°

We use the computer program. We take the segmgijtd® initial segment for a,
b and c. We divide this segment by 50 equal p&¥is.receive the following answer~a
2.0, b= 1.2 and ¢= 0.7. Hence, the least squares curve has equatian (1.2)sin(0.% .

Also, we obtain that the sum of the least squaredout 0.0023.
The graphs of the data and the curve are giveigd.
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Fig.5

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