
Math 466/666 Newton’s Method in Two Dimensions Project

Newton’s Method in Two Dimensions 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.

1a. Consider the function f :R2 → R defined by

f(x, y) =
1 + 4x− x2

3 + x2 + y2
.

Write subroutines to compute f,
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 .

You may use the Maple codegen subroutine library, Macsyma, or Ju-
lia Symbolics to help write your code. Test your program for (x, y)
equal to (1, 2), (−1, 4) and (3,−1).

b. Write a subroutine to solve the system of linear equations Ax = b
where A is a 2× 2 matrix. Test your program on the problems[

1 2
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] [
x
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]
=

[
1
−1

]
and
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3 4
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] [
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]
=

[
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1

]
.

Did you use some form of pivoting? If not, why not?

c. The function f(x, y) has a maximum near (0, 0). Use Newton’s method[
xn+1

yn+1

]
=

[
xn

yn

]
−

[
J(xn, yn)

]−1∇f(xn, yn)

to solve ∇f = 0 and find this maximum. Instead of computing J−1 in
the above equation use part b to solve

J(xn, yn)

[
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]
= ∇f(xn, yn)

and then set [
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.

at each step. Why is it better not to compute J−1?

d. Solve ∇f = 0 using a hybrid Newton’s method that involves taking two
constant-slope pseudo-Newton steps between each true Newton step.



/* Automatically generated by newt2df.mpl

                          2    2         2    2
                 f = 1 - x  - y  + exp(-x  - y  + x + 2 y + 3)

*/

#include <math.h>
double getvalue(double x,double y)
{
  double t1;
  double t2;
  double t5;
  {
    t1 = x*x;
    t2 = y*y;
    t5 = exp(-t1-t2+x+2.0*y+3.0);
    return(1.0-t1-t2+t5);
  }
}

#include <math.h>
void getgrad(double L[2],double x,double y)
{
  double t1;
  double t3;
  double t4;
  double t5;
  double t7;
  {
    t1 = 2.0*x;
    t3 = x*x;
    t4 = y*y;
    t5 = 2.0*y;
    t7 = exp(-t3-t4+x+t5+3.0);
    L[0] = -t1+(-t1+1.0)*t7;
    L[1] = -t5+(-2.0*y+2.0)*t7;
    return;
  }
}

#include <math.h>
void getjacobian(double J[2][2],double x,double y)
{
  double t1;
  double t12;
  double t14;
  double t2;
  double t5;
  double t6;
  double t8;
  double t9;
  {
    t1 = x*x;
    t2 = y*y;
    t5 = exp(-t1-t2+x+2.0*y+3.0);
    t6 = 2.0*t5;
    t8 = -2.0*x+1.0;
    t9 = t8*t8;
    J[0][0] = -2.0-t6+t9*t5;
    t12 = -2.0*y+2.0;
    J[0][1] = t8*t12*t5;
    J[1][0] = J[0][1];
    t14 = t12*t12;
    J[1][1] = -2.0-t6+t14*t5;
    return;
  }
}




# newt2df.mpl -- Generate code for the first and second derivatives of f
# Written Nov 16, 2007 by Eric Olson for Math/CS 466/666
#
# Maple script to create the file newt2df.i containing the C code to compute 
# the gradient of f and the matrix J of second partials.

restart;
kernelopts(printbytes=false):
with(codegen);
f:=1-x^2-y^2+exp(-x^2-y^2+x+2*y+3);
fx:=diff(f,x);
fy:=diff(f,y);
L:=array([fx,fy]);
fxx:=diff(fx,x);
fxy:=diff(fx,y);
fyy:=diff(fy,y);
J:=matrix([[fxx,fxy],[fxy,fyy]]);
getvalue:=makeproc(f,[x,y]);
getgrad:=makeproc(L,['L',x,y]);
getjacobian:=makeproc(J,['J',x,y]);
writeto("newt2df.i");
printf("/* Automatically generated by new2df.mpl\n\n");
'f'=f;
printf("*/\n\n");
C(getvalue,optimized,ansi);
C(getgrad,optimized,ansi);
C(getjacobian,optimized,ansi);
writeto(terminal);



C     F, grad F and the J(F) 
C 
C     F =  %e^(-y^2+2*y-x^2+x+3)-y^2-x^2+1 
C 
C     Automatically generated 06:20:17 Fri, 5/14/2010 (GMT+0) 
C 
      function getvalue(x,y) 
      implicit real*8 (a-z) 
      t1 = -x**2
      t2 = -y**2
      getvalue = exp(t2+2*y+t1+x+3)+t2+t1+1
      end 
 
      subroutine getgrad(L,x,y) 
      implicit real*8 (a-z) 
      dimension L(2) 
      t1 = -2*x
      t2 = exp(-y**2+2*y-x**2+x+3)
      t3 = -2*y
      L(1) = (t1+1)*t2+t1
      L(2) = (t3+2)*t2+t3
      end 
 
      subroutine getjacobian(J,x,y) 
      implicit real*8 (a-z) 
      dimension J(2,2) 
      t1 = exp(-y**2+2*y-x**2+x+3)
      t2 = -2*t1
      t3 = 1-2*x
      t4 = 2-2*y
      t5 = t3*t4*t1
      J(1,1) = t3**2*t1+t2-2
      J(1,2) = t5
      J(2,1) = t5
      J(2,2) = t4**2*t1+t2-2
      end 



/*  newt2df2.mac -- Generate code for the first and second derivatives of f
    Modified May 14, 2010 by Eric Olson for Maxima and Fortran
    Written Nov 16, 2007 by Eric Olson for Math/CS 466/666

    Maxima script to create the file newt2df2.f containing the Fortran code
    to compute the gradient of f and the matrix J of second partials. */

f:1-x^2-y^2+exp(-x^2-y^2+x+2*y+3)$

genfort(a):=block ([b],
    for b in a do
        if atom(b) then 0
        else if op(b)=":" then fortran(apply("=",args(b)))
        else if op(b)="[" then genfort(b)
        else fortran(b))$
optimprefix:t$

fx:diff(f,x)$
fy:diff(f,y)$
fxx:diff(fx,x)$
fxy:diff(fx,y)$
fyy:diff(fy,y)$

p1:[getvalue=f]$
p2:[L(1)=fx,L(2)=fy]$
p3:[J(1,1)=fxx,J(1,2)=fxy,J(2,1)=fxy,J(2,2)=fyy]$

print("newt2df2.mac -- Written May 14, 2010 by Eric Olson")$
print("Creating the file newt2df2.f which contains code for computing")$
print("")$
display(f)$
display(fx)$
display(fy)$
display(fxx)$
display(fxy)$
display(fyy)$

with_stdout("newt2f2.f",
  print("C     F, grad F and the J(F)"),
  print("C"),
  print("C     F = ",string(f)),
  print("C"),
  print("C     Automatically generated",timedate()),
  print("C"),
  print("      function getvalue(x,y)"),
  print("      implicit real*8 (a-z)"),
  genfort(optimize(p1)),
  print("      end"),
  print(""),
  print("      subroutine getgrad(L,x,y)"),
  print("      implicit real*8 (a-z)"),
  print("      dimension L(2)"),
  genfort(optimize(p2)),
  print("      end"),
  print(""),
  print("      subroutine getjacobian(J,x,y)"),
  print("      implicit real*8 (a-z)"),
  print("      dimension J(2,2)"),
  genfort(optimize(p3)),
  print("      end")
)$


