
MAE384 Fall 2012 HW3 Solutions

Prob 1 (a) and (b), All-in-one Matlab code (prepared by HPH)

clear; clc
x = [4 5 6 7 8 9 10 11];
y = [4062 4404 4686 4969 5659 6840 8128 9716];
P4 = 0;P3 = 0; P2 = 0; P1 = 0; Q3 = 0; Q2 = 0; Q1 = 0;
for k = 1:8
    P4 = P4+x(k)^4; P3 = P3+x(k)^3; P2 = P2+x(k)^2; P1 = P1+x(k);
    Q3 = Q3+(x(k)^2)*y(k); Q2 = Q2+x(k)*y(k); Q1 = Q1+y(k);
end
M2 = [P4 P3 P2; P3 P2 P1; P2 P1 8] ; v2 = [Q3; Q2; Q1];
w2 = inv(M2)*v2; a = w2(1); b = w2(2); c = w2(3);
M1 = [P2 P1; P1 8]; v1 = [Q2; Q1];
w1 = inv(M1)*v1; p = w1(1); q = w1(2);
xp = [2:0.1:14];
yp1 = p*xp+q; yp2 = a*xp.^2+b*xp+c;
hold on
plot(x,y,'o','MarkerFaceColor','b')
plot(xp,yp1,'-k',xp,yp2,'-r','LineWidth',2)
xlabel('x');ylabel('y')
legend('Data','Linear fit','Quadratic fit','Location','NorthWest')
proj1 = p*14+q
proj2 = a*(14^2)+b*14+c

Linear fit: y = 11115  at x = 14

Quadratic fit: y = 15797 at x = 14



Problem 1 (a) and (b), solution by hand   (Thanks to Christina Hays)

Continued to next page





Prob 2 (a) and (b)  All-in-one Matlab code (prepared by HPH)

clear ; clc
x = [1 1.6 3 5]; y = [2 4 3 3.5];
A = [x(1)^2 x(1) 1 0 0 0 0 0 0; ...
     x(2)^2 x(2) 1 0 0 0 0 0 0; ...
     0 0 0 x(2)^2 x(2) 1 0 0 0; ...
     0 0 0 x(3)^2 x(3) 1 0 0 0; ...
     0 0 0 0 0 0 x(3)^2 x(3) 1; ...
     0 0 0 0 0 0 x(4)^2 x(4) 1; ...
     2*x(2) 1 0 -2*x(2) -1 0 0 0 0; ...
     0 0 0 2*x(3) 1 0 -2*x(3) -1 0; ...
     1 0 0 0 0 0 0 0 0];
 b = [y(1);y(2);y(2);y(3);y(3);y(4);0;0;0];
 v = inv(A)*b;
 a1 = v(1); b1 = v(2); c1 = v(3);
 a2 = v(4); b2 = v(5); c2 = v(6);
 a3 = v(7); b3 = v(8); c3 = v(9);
 xp1 = [x(1):0.1:x(2)] ; xp2 = [x(2):0.1:x(3)] ; xp3 = [x(3):0.1:x(4)];
 yp1 = a1*xp1.^2+b1*xp1+c1;
 yp2 = a2*xp2.^2+b2*xp2+c2;
 yp3 = a3*xp3.^2+b3*xp3+c3;
 M = [x(1)^3 x(1)^2 x(1) 1; ...
      x(2)^3 x(2)^2 x(2) 1; ...
      x(3)^3 x(3)^2 x(3) 1; ...
      x(4)^3 x(4)^2 x(4) 1];
 p = [y(1);y(2);y(3);y(4)];
 w = inv(M)*p;
 d1 = w(1); d2 = w(2); d3 = w(3); d4 = w(4);
 xp = [x(1):0.1:x(4)];
 yp = d1*(xp.^3)+d2*(xp.^2)+d3*xp+d4;
 plot(x,y,'o',xp,yp,'--r',xp1,yp1,'-k',xp2,yp2,'-k',xp3,yp3,'-k')
 xlabel('x');ylabel('y');legend('data','single polynomial','quadratic splines')



Prob 2(a) Derivation of the matrix system  (Thanks to Julia Dyer)



Prob 2(a)  Complete solution by hand  (Thanks to Christina Hays)

Note:  As discussed in class, the "big matrix" derived in the preceding page is quite sparse (with many zeros) 
and the individual equations are only loosely coupled. As such, it is actually possible to directly solve the whole 
system by hand without invoking the matrix inversion (or even the construction of the matrix in the first place).



Prob 2(b)  Direct matrix solution  (Thanks to Christina Hays)



Prob 2(b)  Solution by Lagrange interpolation polynomials  (Thanks to Julia Dyer)


