Math 466/666 Polynomial Deflation Project
Polynomial Deflation Project

Your work should be presented in the form of a typed report using clear
and properly punctuated English. Where appropriate include full program
listings and output.

la. Consider the polynomial P(z) = ag + a1x + asx?® + -+ - + a,z". Define

m

m=max { |a;| :4=0,...,n—1} and T + 1.

 lan]
Show that P(z) # 0 for |z| > r.

b. Write a program to evaluate P(x) and it’s derivative using nested multi-
plication. Tabulate values for the polynomials given in defTation.datl
at 20n equally spaced points on the interval [—r,r]. The file defla-
tion.dat is also available in the attachments sidebar.

c. Plot each polynomial.

d. There is a root in the interval between every two tabulated values of
P(x) which change sign. Use the method of false position to obtain an
initial approximation and then Newton’s method to find each root. Do
this for each polynomial in deflation.dat.

e. Did your program find all real roots for every polynomial? If not,
explain why. What effect does increasing the number of tabulated
values on the interval [—r,r] have?

f. Use Miiller’s method and deflation to find all roots (both real and
complex) for the polynomials in deflation.dat.


https://fractal.math.unr.edu/~ejolson/483-01/assign/data/file03.dat


3 -4.069 6.25 -3.7 1
6 -36 0 49 0 -14 0 1
4 24 -14 -13 2 1
4 25 -50 24 2 -1
3 1.101 4.002 4.001 1
3 1000 -20000 10099 -99
5 8.00 -31.75 39.00 -30.75 31.00 1.00
7 8 7 6 5 4 3 2 1
-1



/*  detabulate.c -- Tabulate a Polynomial Using Nested Multiplication
    Written Feb 20, 2001 by Eric Olson for Mathematics 483

    For more information see Step 5 in First Steps in Numerical
    Analysis, 2nd Edition, by Hosking, Joe, Joyce and Turner. */

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define MAXn 10
static double a[MAXn+1];
static int n;

void outpoly(){
    int i;
    printf("\n\n#\tP(x)=%lg+",a[0]);
    for(i=1;i<n;i++){
        printf("%lgx^%d+",a[i],i);
    }
    printf("%lgx^%d\n",a[n],n);
}

double R(){
    int i;
    double m=0.0;
    for(i=0;i<n;i++){
        double r=fabs(a[i]);
        if(r>m) m=r;
    }
    return m/fabs(a[n])+1.0;
}

double P(double x,double *DP){
    int i;
    double p=a[n],q=0.0;
    for(i=1;i<=n;i++){
        q=q*x+p;
        p=p*x+a[n-i];
    }
    if(DP) *DP=q;
    return p;
}

int main(){
    for(;;){
        if(scanf("%d",&n)!=1) exit(0);
        if(n<0) exit(0);
        if(n>MAXn) {
            puts("Capacity exceeded!");
            exit(1);
        }
        {
            int i;
            for(i=0;i<=n;i++){
                if(scanf("%lg",&a[i])!=1){
                    puts("Incomplete data!");
                    exit(2);
                }
            }
        }
        outpoly();
        {
            int i,imax=20*n-1;
            double r=R();
            printf("#\n#%20s %20s %20s\n","x","P(x)","P'(x)");
            for(i=0;i<=imax;i++){
                double x=r*i*(2.0/imax)-r;
                double p,dp;
                p=P(x,&dp);
                printf(" %20.16lg %20.16lg %20.16lg\n",x,p,dp);
            }
        }
    }
}



{   detabulate.pas -- Tabulate a Polynomial Using Nested Multiplication
    Written Feb 20, 2001 by Eric Olson for Mathematics 483

    For more information see Step 5 in First Steps in Numerical
    Analysis, 2nd Edition, by Hosking, Joe, Joyce and Turner. }

program main;

const MAXn=10;
var a:array [0..MAXn+1] of real;
    n:integer;

procedure outpoly;
    var i:integer;
begin
    writeln;
    writeln;
    writeln('#      P(x) = ',a[0]);
    for i:=1 to n do begin
        writeln('#           + ',a[i],' x ^',i:2)
    end
end;

function cR:real;
    var i:integer;
        m,r:real;
begin
    m:=0.0;
    for i:=0 to n-1 do begin
        r:=abs(a[i]);
        if r>m then m:=r
    end;
    cR:=m/abs(a[n])+1.0;
end;

function cP(const x:real;var DcP:real):real;
    var i:integer;
        p,q:real;
begin
    p:=a[n]; q:=0.0;
    for i:=1 to n do begin
        q:=q*x+p;
        p:=p*x+a[n-i]
    end;
    DcP:=q;
    cP:=p
end;

var i,imax:integer;
    r,x,p,dp:real;

begin
    repeat
        read(n);
        if n<0 then halt(0);
        if n>MAXn then begin
            writeln('Capacity exceeded!');
            halt(1)
        end;
        for i:=0 to n do begin
            read(a[i])
        end;
        outpoly;
        writeln('#'); write('#');
        write('                   x ');
        write('                P(x) ');
        writeln('               P''(x)');
        r:=cR;
        imax:=20*n-1;
        for i:=0 to imax do begin
            x:=r*i*(2.0/imax)-r;
            p:=cP(x,dp);
            writeln(' ',x:20,' ',p:20,' ',dp:20)
        end
    until(FALSE);
end.


