CKO0031/CK0248: AP-02 (17 de novembro de 2017)

Questao 01. You are given the objective function f(z1,72) = 0.26(x3 +23)—0.48z1 7 (see figure).
You are requested to find its minimiser x* using a descent-direction method.
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Let x(© = (1,1) be the initial solution and let x**1) = x(*) 4 ad (k = 0,1,...) be the general
structure of line-search methods, with d the search direction and o = 1 the fixed step-length.

~ (20%) Calculate expressions for the gradient vector V f(x) and the Hessian matrix V2 f(x)

~ (40%) Calculate the first 3 iterates (x(*) and f [x(k)], k =1,2,3) using the gradient method

d=-Vf[x®]
~ (40%) Calculate the first 3 iterates (x¥) and f [x(k)], k =1,2,3) using the Newton method]

d = —|v2f x| o)

1For calculating the inverse of a 2 X 2 matrix A

) -1 1 d —b
LetAf<c d),thenA 7ad—bc<—c a>'




Solution:
f(x) = 0.26(23 4 23) — 0.48z1 25 = 0.2627 4 0.2623 — 0.48x1 29

Of(x1,22)
_ ory _ | +0.5221 — 0.482>
Vi) = of (z1,72) N [—0.483:1 +0.52z2
8[172 (m1,w2)
Pf(x) 9°f(x)
2 _ | 0212 921019 _ [+0.52 —0.48
V=1 925l 02 f(x) - [—0.48 +0.52

8ZE263}1 83:22 (z1,22)

Gradient method: x*t1) = x*) 4 ad, with d = —Vf[x(k)] and a =1

0]
x© = (1,1)
F[x©] = 0.04
1]
0 _ ©0) _ 0 _
<« = 50 _ . Vf[x(o)] _ :1310 =1( 1. +0.52 - (;1:10 =1)—-048- (;1:20 =1)
2V =1 —048- (¥ = 1)+ 052 (2 = 1)
_ 1] [0.04] _ [0.96
~ 1] " |0.04] T [0.96
F[xM] = 0.036864 < f[xV]
2|

+0.52 - (2Y = 0.96) — 0.48 - (2 = 0.96)]

(1)
@ — xO) _ . vflx®] = |71 = 0.96 .
R [ ~0.48 - (2" = 0.96) + 052 - (5" = 0.96)

2 = 0.96

0.9216
0.9216

0.96| 10.96 -0.04
0.96 0.96 - 0.04

F[x®] = 0.0339738624 < f[x(V)]

3]

+0.52 - (z{? = 0.9216) — 0.48 - (2{? = 0.9216)]

(2) _
<3 — x@ _ . Vf[x(z)] _ |z =09216 | 1. L) X
—0.48 - (77 = 0.9216) + 0.52 - (x5 = 0.9216)

2 = 0.92126
B [0.9216} - [0.9216 : 0.04} B [0.884736]

0.9216]  |0.9216-0.04] — |0.884736
F[x®] = 0.03131031159 < f[x?]



-1
Newton’s method: x* ) = x(*) 4 od, with d = — [V2f[x(k)]] Vf[x(k)] and a =1

fx)  Pf(x)

_ 1 2 -
V2 L Dz 021075
VI = i eie e i) | e )
83312 89522 0x10x2 0192011 O0x2011 ax12 (z1,22)
_ 1 0.52 0.48] [13 12
~ (0.52)2 — (—0.48)2 |0.48 0.52] ~ [12 13

-1 13 12] [+0.522(F) — 0.482F 2P
d=—|V2f[x®]|  vr[x® :—[ } 1 2 =— "L | = —=x®
[ f[ H f[ ] 1213 —O.48x§k> + O.52x§k> [w(k) m(k)] a:gk)
1 "2

xFD) = x(B) _ x(0) — 0, for k =0,1,...

0]
x(0) = (1, 1)/
F[x©] =0.04
1
- (0) (0)
<) — O _ a[VQf[x(O)]] lvf [x©] =x©@ - x© = [2%0) 1] - [i%o) B 1] =0
2 2
FE] =0 < f[x]
2|
. JCO R 2D ¢
x = x — o[ V27 [x®]] VM) = x® - x) = L?’ - o] : L?’ _o| "
F?] =0=f[x]
3|
<3 —
f[x(g)] =

At x* = 0 first- and second-order necessary conditions for x* to be a local minimiser are satisfied
.« VI(x)=0
« V2f(x) =0

Thus x* is a local minimiser. As function is convex, the local minimiser is also a global minimiser.



