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A new approach for finding the extrema of a functwathout use
of derivatives

Deko Dekov

Abstract. . In this paper we offer a new simple numericatimod for finding the
extrema of a function without use of derivativeeeTmethod is an application of the
method, first described in [1], to the problemiofiing the extrema. The method is
designed for use in high schools and colleges.riéthod gives the possibility the
extremal problems to be included in the high scmoathematics education at an
early stage.
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The method for finding the extrema of a function Uing derivatives has an
alternative. In this paper we offer a new simpleneucal method able to solve the
problems for finding extrema from textbooks fortngchool and university students. The
method is an application of the method, first désd in [1], to the problem of finding
the extrema

The method for finding the extrema of a function using the derivatives has
three weaknesses. First, it requires large pretingistudying of derivatives. Secondly, in
many problems the answer must be in integers,rbtitase cases the method is not able
to find the solution. The authors of textbooks moéable to avoid the first problem. They
avoid the second problem as follows. The authorgextbooks create problems whose
answers are integers. But such an approach is wnahatnd in fact it deprives the
students of a method for solving the problems. Andlly, in many cases the symbolic
manipulations are not able to solve the problemssuch cases we need numerical
method. The authors of textbooks avoid the thiabfam as follows. They include in the
textbooks only problems whose solutions could beindo by using symbolic
manipulations.

The approach of this paper solves the above thma@agms. First, the method of
this paper uses only the definition of a functiom ahe comparison of two numbers. The
approach of this paper could be used by univegsityessors and students to solve the
extremal problems from textbooks without studyirfgderivatives, and in fact without
any studying. Secondly, the method of this papéresothe integer extremal problems.
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Thirdly, since the method is numerical, it is umsad. But if we want to receive the
answer immediately, we have to use a computer anagHence, the approach of this
paper could be used as a supplementary simple maherethod in the universities and
colleges.

But the main advantages of the proposed methoohdhe high school education.
If we look at the extremal problems, we see thaual®0% of them could be included in
high school education at an early stage, providedhave a suitable method to solve
them. The personal opinion of the author of thipgvais as follows. The high school
teachers could include extremal problems in almasy topic of high school
mathematics. They could use the proposed methosolice the problems. Such an
approach would make the mathematics high schoatatdun more comprehensive and
useful during the grades from 5 to 12.

The method is as follows. Suppose that f(x) is @tinooous function and suppose
that we have to find the minimum of f(x). First, viecalize the minimum of f(x).
Suppose that the minimum of the function f(x) ishin the segment [a,b] We divide the
segment [a,b] by N equal parts by using the pots a, x1, x2,...,.xN = b. Then we
evaluate f(x0), f(x1), f(x2),...,f(xN), and selettte minimal of these values. We use the
minimal value as the midpoint of a new segment, sghiength is 10 times smaller than
the previous segment. The process is repeatedthatihinimum is found. Similarly, we
find a maximum of the function. The method worksllwg N > 10. Note that the
extension of the method to the case in which thectfan has many variables is
straightforward.

| have created a simple computer program by ushig.Fhe program is used in
the examples given below. Note that the programlyeaslves all high school and
college problems for finding the extrema of fuoos of one variable. It takes less than 1
second we to receive the answers.

Example 1. A bus company will charter a bus that holds 40 et groups of
26 or more. If a group contains exactly 26 peopdeh person pays $52. In larger groups,
everybody’s fare is reduced by $1 for each persogxcess of 26. Determine the size of
the group for which the bus company’s revenue balgreatest.

Solution. Let x denote the total number of people in excds®60 Denote by n
the number of people in the group and by p the femeperson. We have to find the
maximum of function f(x) = n.p, where n = 26 + x7b2 — x and x is an integer<Ox <
14. We seek the solution within the closed intef0al4]. Set N = 14. At the first step the
computer program calculates f(x) for x = 0, 1, 2,14, and then it select the maximal of
the calculated values. The function has maximux=fl3 and then f(13) = 1521.

Example 2. Find two nonnegative numbers whose sum is 11 santhat the
product of one number and the square of the otlnerber is a maximum.

Solution. Let variables x and y represent two nonnegativabers. The sum of
the two numbers is given to be 11 = x + y, so thatll - x. We have to maximize the
function f(x) = x.(11- x¥ where 0< x <11. We use the computer program. We seek the

solution within the closed interval [0,11]. Set NL£. Then the answer is as follows=x
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3.667 and = 197.185. The same answer we receive if we useppeoach based on

derivatives.

Suppose we have to solve the problem provided gineex and y to be integers.
If we use approach based on derivatives, we recttigeanswer x 3.667 and f=
197.185, so that an additional analysis is necgsHare use the computer program, we
could see the output of the first step. The outgfuthe first step is the answer to the
problem: x =4 and f = 196.

If we seek the solution within the closed segméxit(], and we set N = 10, we

receive the same answers as above.

Example 3. Find the extrema of functioin(x) = x> -10x— 2.

Solution. We use the lvan Johansen’s computer program Goaghatv the graph
of the function:

E 3 " |

From the graph of the function we see that it hamaimum within the segment
[-2,0] and a minimum within the segment [0,2]. Set 10. If we need in the answer
numbers having 5 true digits after the decimal poue obtain the following answer:

X_max~-1.18921, f max 7.51366, x_minr: 1.18921, f mirr -11.51366.

If we need in the answer for the values of f mad finmin numbers having 100
true digits after the decimal point, we easily abtthe answer. The answer for the

maximum is as follows:
X_max~ -1.1892071150027210667174999705604759152929723824816,

f_max=7.51365692002176853373999976448380732234377673993081520177977
557333458153372789662507563051013897.
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It takes less than 1 second we to obtain theseearsWote that we could find
without problems also the answer in numbers halid@O true digits after the decimal
point.

We could record the calculations, made by the cderp&or the above examples,
the files containing records of calculations arailable for download as supplementary
materials.
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