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One of the important use of programming is to write programs to
solve tasks involving mathematical functions. Here are two
fundamental ones :

e Task 1: Find f(x) given x.
Approximations by the Taylor Series upto certain degree.

Eg: (a) f(x) =sin(x) (b) f(x) =In(x) (c) f(x) = +/x.
e Task 2 : Find x such that f(x) = 0.
Finding " approximate” roots of an equation.

e Bisection Method.
e Newton-Raphson Method.

Fun fact: sometimes Task 1 can be done using Task 2.

(Computing f(x) = /x at x = k) is same as (Root finding for f(x) = x* — k).
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f be a function in one variable. f’, f” denote the derivatives of
increasing order.
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The McLaurin series for f :
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pansion for the function is :
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Example : Computing the Sine of an Angle

f(x) = sin(x)
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Example : Computing the Sine of an Angle

3 5 7
. X X X
f(X):SIn(X):X_y—i_y_W-..
2k— C
t = (_1)(k+1)¥ C-program segment
(2k —1)! double x;

% What would be the error, if we  Scanf ("%LE", &x) ;

just take the first k terms.
At most the absolute value of double err = 1.0E-10, sum = x;
the (k + 1)th term. double term = x;
* To compute sin(x) within an
error of €, we can cut off after k £or (int k=2; abs(term) > err; k++)
such that: {
2k
_Z <e term *= -x * x /((2%k-2)*(2*k-1));
(2k+1) —

sum += term;

()

tk = t—1 (W)((;k—@>

printf ("sin(%1£f) = %1f",x,sum);
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Bisection Method: The method requires that we are given two values of x, x.
and xg such that f(x.) and f(xgr) have opposite signs (there is a root for f(x)
lying between them).

e Find xy = X”TX"". Find out f(xm). (@, fra))
If sign of f(xm) and f(x.) are the
same, assign x; = Xum.

If sign of f(xm) and f(xgr) are the

same, assign Xg = Xu.

(aa, F(ar))
Eith h

e Either vx./ay, the ge.Jp between x; (0. F(22)

and xgr is decreasing.

Guaranteeing a zero in that For the above example,

interval. assign x; = xy and continue.



Bisection Method : Reading the Figure

e x; and xg are chosen so that f(x.)
and f(xr) have opposite signs.
Hence, for a continuous function, a (e f(n))
root lies between them.

XL+ Xr

® Xy = is the midpoint of Root

the current interval. (s f(ar)

e In the figure, f(x.) <0, f(xm) <0, (@, £21))
and f(xg) > 0. Therefore, x; and
Xp are on the same side of the

Xx-axis.

e We discard the interval [x, xm], set
x. = xm, and continue with [xum, Xr].

e Each iteration halves the interval
while keeping a root inside it.



Bisection Method : Program Segment

// Assume #include<stdio.h>,#include<stdbool.h>, main() are written
float xL=0,xR=2,xM; // invariant: f(xL),f(xR) have different signs.

bool xLIsPositive = (xL*xL - 2) > 0;
// Invariant: xLIsPositive gives the sign of f(x_L).

bool xMIsPositive;

float epsilon;

scanf ("%f", &epsilon);

while(xR-xL >= epsilon){
xM = (xL+xR)/2;
xMIsPositive = (xM*xM -2) > 0;

if (xLIsPositive == xMIsPositive)
xL = xM;
else

xR = xM;



