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INTRODUCTION
The exact integral of a given function y = f (x)

b

.[ ydx

a

required to calculate.
Selecting the constant h = bn;a steps [a, b] points of equal distance from the intersection
Xo=a, x;=xo+ith (i=12,..,n—1),x,=b
We divide n into equal parts and the values of the function f (x) at these points
YL = f(xl)' i = 0)1P2P "'PN
let it be known.

Main Part

Substituting the function y (x) under the integral with the Lagrangian interpolation multiplication L, (x), we
obtain the following approximate quadratic formula

Xn n
f ydx = ZAiYi (1D
Xo i=0

where A; is a constant coefficient. We derive exactly for the A; coefficients in formula (1). As you know,
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n
L@ = ) PGy, @)
i=0
here
(e=2x0) (x—21) .. (X=x1—1 ) (x=2) (X=X 41) . (X—X0)
P; =
l(x) (ei=20) (cj=21) . (=% -1 ) (X=X i41) . (X;—Xn) ®3)
. . _ W(x)
Enter this notation P;(x) = P
q — x—th (4)
and
g =q(g-1)..(q —n) (5)

taking w(x) = (x — x¢)(x — x4) ... (x — x,,) and
w’(xi) = (x; — x0) (g — x1) . O = 21) Q6 — X41) oo (3 — X))
we rewrite the expressions, taking into account the following
X —x9=hq, xiz1=xj X; = X9 +1ih
XxX—x;=x—(xg+h)=x—xo—h=hq—h=h(q—1),
Xi— X1 =xg+ih—(xg+ih) =xy+ih—xo—h=h(i—1)
In this case
w(x) = h"**q(q — 1) ..(q — n) = h™*1q"*H
w® = hi(i—1)-1- (-1 (=2)~[-(n=-1D] =
(=)™ 'Rl (n — 0)!
will be. Substituting these values of w(x) and w’(x) into (2), we obtain

N N o ayn—i 4 n+1]
Ln(x)=z(x_w(x) L y (6)

x)w'(x;) Y= L ittn—0)! g—i”"

for L,,(x).

If we replace the function y (x) in integral (1) with Lagrange interpolation increases L,,(x) — (6), as
well as the integration variable g = % in the exact integral with dg = ‘i—x, the limits of the exact integral
are defined as follows:

Xp = Xo +nh
Xp—X9 Xo+nh—x, nh
h h ~h T
= % = 0 we obtain the following formula

X=Xxp q= n

Xo—Xo
h

For the coefficients A;, x = x, and g =
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n

(_1)n—i f q[n+1]

A; = dg, i=0,172,..,
ARRTTCTTH R "
0
A; coefficients are rewritten. Since h = b%a, usually it is taken as A; = (b — a)H;, in this

n
1 (_1)1’1—1 fq[n+1]
= - : ~dq (i=01,..,n) (7)
| — | —_
nil(n l).o q—i

i

Formula (7) is called the Cotess coefficients. The squaring formula (1) in this case takes the following form.
b

n
j ydx = (b —a) Z H;y; (8)
p i=0
in this
h="andy; = fia+ih),(i = 01,2,...,n)

The following equations are valid:

1) Zlel 5 2) HizHTl—i

Using formula (8) it is possible to formulate integral calculation formulas.
We use formula (8) at n = 1. In this case i = 0; 1. We find that

wheni=0,H, = —folq(qT_l)dq =§and

Wheni=®,H1=f01qdq=§.

Now from the formula

X1 1
f ydx = (x1 — Xo) Z H;y;
o i=0

we form the trapezoidal formula

h
[ ydx =2 osv1) -

This is the residual value of the formula

h h®
R= [ ydx = (o +y) = —5¥"(¢), ce(xo,x1)

To calculate the integral f: ydx, we divide the integration integral [a, b] into n equal parts:

[xo; x1]; [x1; xz]; ey [xn—p xn]

Now we use the trapezoidal formula for each of them.

Assuming h = bn;a, if we denote by y; = f(x;)(i = 0,1, ...,n)
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the wvalues of the function wunder the integral at points x;, we obtain the formula
b
Y Y
[ vax =Ry 4y, e+ 2 ©)
a

This is the residual value of the formula

n

Xn hn
R=[ yar=33 ot =1/
X0 r— —
=1 -1

xi—1

=_1_hzzyn(gi) (10)

here , € (x;-1,x;)- (9) is a generalized trapezoidal formula.

xi

h
ydx — > Vi-n + Y] =

Now from formula (7) at n — 2, we obtain the following for i = @, 1,2

H—hhjz 1 2d—1(8 6+4)—1
o—z-zo(q )(q )q—43 =z

2
—)

2
Hy = —Js q(q —2)dq =2

1 1,2 1
Hy=>.2J;a(q—1)dq =-.

In turn, since x, — x, = 2h, we have
X2 h
f yax == (Yo + 41 +y2) (11)
Xo
Formula (11) is called the Simpson formula, and the residual limit of the Simpson formula is equal to

h hs
R = f:ydx _E(YO +4y; +y,) = =¥ (&), ce(xo,x7)
Now, in deriving the generalized Simpson formula, let n = 2m be an even number and y; = f(x;),i =
b—-a b—a

0,1,2,...,n the values of the function y = f(x) in h= — = steps at equal points a =

X0, X1, e, Xy =D

If we use the Simpson formula for each binary section, that is for

[x0, %21, [x2, X4], ..., [X2m—2, Xam]

the length of each is 2 h. We have a generalized form of Simpson's formula.

b
h
j- ydx = g[(YO +Vom) 41+ Y3+ + Vomo1) F2.(V2 t Ve + o+ Yam—2)]
a

If we write this formula differently,

Xn h h h
f ydx = §(yo + 4y, +y,) + §(y2 +4y; +y,) + 0+ §(y2m-z + 4Yom-1 + Yam)
X

0

Xn X2 X4 X2m
f ydx = f ydx + f ydx + - +f ydx (12)
X0 X0 X2

X2m-2

This is the residual value of the formula
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_ mh® o~ (b-a)h
R——W)’ (5)——W3’ (¢)

Here ¢ €[a, b].

For example. Calculate ff(x2 + 1)dx in the trapezoid and Simpson formula.

2 10

3
ff(x2 + 1)dx = (x? + x)— = g +2 - % —-1= 5 Now we calculate using the trapezoidal formula.

Let n=4.

1

using namespace std;

int main()
[[{ fleat a,b,h; float s=0,p=1;
int n; . ned (8x8)  execution time : 8.563 s
(o} Cinue.

W] U W R

" jein x> a;
" jein »» b;
" ;ein »>> n;
"h=" << h <<endl;

9 cout << "Enter a
10 cout << "Enter b
11 cout << "Enter n
12 h=(b-a) /n; cout <«
13 s=(a*a+l+b*b+1)/2;

14 for (float i=a+h; i<b; i=i+h)
15 -1

16 s=s+i*i+l;

AT [ [

18 cout << "i="<< i << "s= "<< 5 << endl;
19 1
20 p=s*h;

21 cout<< "p=" <<p << endl;
22 return 0;

Calculation using the Simpson formula

main.cpp B

£in ade <io eam>

nsing namespace std;
int main()
Hifloat a,b,h,s=0,f;
int n:
cout << "a=";cin>>a; ( ution time :

WM o= ;b W R

e
=]

<<h<<endl;
for (int i=1; i<n; di++)
{float x=a+i*h;f=x*x+1;
- if (i%2==1) s+=(4*f):;else s-=(2*f);}
16 =2+=h/3;

=
¥

[
o W
{11
L

ig cont<<"s="<<a<<endl ;

20 return O:

If we compare the results, we can see that they are almost similar.
Conclusion

You need to know the initial tables to solve examples of integrals. It will be difficult to find the initial
function of all the functions under the integral. Therefore, approximate methods are needed to calculate
integrals. Newton-Cotess-type quadrature formulas have a high degree of accuracy in the approximate
calculation of integrals. It is possible to form a trapezoidal formula at n = 1, Simpson's formula at n = 2 and

other formulas.
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