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Thegradientis: g= Xy . First order necessary optimality condition
2y+ px+2
. . X 2B-2 L. _
g =0vyidds | | |= 12('8 ],hencef(x,y):zﬂ ?.The
y') a-ptlp-4 4-p

2
Hessianis: LB 'ﬂ with eigenvalues 4,, =2+ . It is positive definite if

| f|< 2, in which case we have aminimum. For f=+2, g" =0 cannot be
satisfied and hence no extremaexist. In all other cases the extremum is saddle.
First order necessary optimality condition g” =0 yields:

Z(Zafjxi* :ZQ(Zakx;J,i =1,2,...n. It followsthat: X =a .

K k a
Substituting these valueswe get f* =0. The Hessian is: [aTa I —aaT] and
since the second term is of rank one with eigenvalue a'a, it follows that the
Hessian is positive semidefinite which indicates a minimum.

Hec™H
c'Hc
constraint ¢c'x=c"x, =h, since c'H'=0.
p' g <0 sinceitisadirection of descent. This means that one can write:
p=-ag+b, wherethevector bisnorma tog,and a>0. (b'g=0).

H' =H - . (Positive semidefinite). x=x, —AH g satisfiesthe

T T
gg + bb Let avector s= 0. Prove that

Substitutingweget: H =1 +(a-1 )
gweg ( )g g b

.
s'Hs> 0. Thisisobviousif one notes that sTs—wz 0.
gg

a d=-Vf(xX)=d=—(Qx+ p). Sinceit passes from the origin we have:

d =—p. The equation of aline passing from the origin along this

directionis: x(1) =-A4p, A > 0. Hence the function becomes:
T

p P

122p"Qp-Ap’ p. Minimizing that wrt A yields: 2= oD hence

T

PP :
X, =— p, (the Cauchy point).
p'Qp

b. The Newton point is: x, =-Q™"p. The path from the Cauchy to the
Newton pointisgiven by: X(u) = X, + u(Xy —X.), 0 u<1.
Substituting this in the quadratic function and taking the derivative wrt

of
pweget ~ = (=% )" QUxy =% )+ (% =% ) Q% + (% =%.)" p

which is an ascending function of . ltsmaximumisat =1, and its
value is vanishing. Hence the gradient wrt x is negative.



