INC 491, 6910ptimization Techniques in Engineering
Assign: 12 Aug 2024

HW 1
Due : 20 Aug 2024

Instruction:
Member:

1. Name: Code:

There are two questions in the homework.

1. Determine whether the following quadratic form is positive definite (10 points):

fxy, T2, x3) = 222 + 5a2 + 322 — 22129 — 42913,
1 2 3

Solution: The matrix form of the function is:

f(l’l,l’Q,l’g) = |2 —1 ) -2 To

Using submatrix test, we have

2 -1
2| =2>0, ‘_1 5’_10—1_9>0
2 -1 0
-1 5 —2/=30-8-3=19>0
0 -2 3

Therefore the quadratic form is positive definite.
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MATLAB code

syms x1 x2 x3
fx = 2*%x172 + Bxx272 + 3*%x372 - 2%x1%x2 - 4*x2%*x3;

all=(diff (diff (q,x1),x1))/2;
a22=(diff (diff (q,x2),x2))/2;
a33=(diff (diff (q,x3),x3))/2;
al2=(diff (diff (q,x1),x2))/2;
a13=(diff (diff(q,x1),x3))/2;
a23=(diff (diff (q,x2),x3))/2;
A=[all,al12,al13;al12,a22,a23;al13,a23,a33];
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% check the positive definite
di = [1;
for i = 1:size(A,1)

d1(i) = det(A(1:i,1:1));
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end
if find(d1<0)

disp("not positive definite")
else

disp("positive definite")
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end




2. Determine a cubic approximation based on the third-order Taylor series expansion, of
f(z,y) = e ¥ about (z,y) = (0,0) (10 points).
Solution: From

Fl,y) = (2o, 90) + Fo(2,9)] 4y gy (@ = 0) + [, 9)],, . (v = 0)

(y—vo)* + £, (z — 70)(y — yo)

1 1
Folh@y)| (@l @)

Y lzo,y0
Zo,Y0 Zo,Y0
+ 1f/// ( 3 1 11 3
5 TTT xay) ($_$0) + gfyyy(’xﬁy) (y_yo)
’ 0,Y0 ’ Z0,Y0
3 3
+ gifin ()] @@= 20)*(y — o) + 5 fl (@) (= wo)(y — w)’
: 0,40 : Z0,Y0
We have
f(%“o?yo) =1
x? 22
Fo@ Y|y (= 0) = 22e77Y| Jw =0, Sy Wy =0 =€y =y
1
_| gz(‘rv y) (:L‘ - $0)2 =3 4x2€$2+y + 2e” v (‘T - 0)2 = ‘T2
2! 0,50 2 0,0
1, 9 1 24y 9 1,
- : _ — 0)2 = =
Z!fyy(‘]" y) so (y 3/0) 2 € 0.0 (y ) 2y
1‘2
Py @)l (8 = 20)(y = o) = 20”7 (2= 0)(y —0) =0
1 " 3 1 3 x4y 2ty 3
3 (T y) (x — ) :6<8x e + 12ze ) 00(9&—0) =0
0,90 ,
1., 1 3 14
sife@)| =)’ =" (y—0)° =y
317vvy 040 6 0,0 6
3 1 1’2 1.2
sifen(@y)| (@ =20 (y—y0) = 3 (4a2e=* 7 4 267 ) L, @ =0y —0) =’y
x0,Y0 )
3///( 2_1 2x2+y 0 02_0
5 TYY $,y) (Qf—l’o)(y—yo) 5 € (ZL'— )(y_ ) -
T0,Y0 0,0
Hence,

) 1 1
f(fr,y)=1+y+x2+§y2+6y3+x2y

The approximate function is shown in Figure 1.



MATLAB code

syms X y

H
I

exp(x.72 + y)

taylor(f,[x yl, [0 0], 'Order',4)
% cubic approximate function

fn = matlabFunction (f)

Tn = matlabFunction(T)

—
I

%» contour plot

x1 = -2:0.1:2; y1 = -2:0.1:2;
[X, Y] = meshgrid(xl,yl)

Z = fn(X,Y)

Z2 = Tn(X,Y)

contour (X,Y,Z,0:4:400)

xlabel ("$x$", 'Interpreter', 'latex');
ylabel ("$y$", 'Interpreter', 'latex');
hold on

contour (X,Y,Z,[0, 0.25, 0.5, 1, 2, 4])
contour(X,Y,Z2,[1 1], LineColor='r', linewidth=2)
hold off

Flzy)

Figure 1: Comparison between the real and approximated funciton



