Steepest Descent Example

Let’ s solve the following problem with the Steepest Descent Method:
Minimize  flx;, x5, X3) = (x))? + x,(1 = %)) + (%, — XpX3 7+ (X3)* + X3
VI(X) = [2x1 +(1=-x,) —x+2x,—x, —x,+2x, +1]
0
Let’s pick xy = [O]
0

Vf(x,) =1200) + (1 —0), —0+2(0) — 0, 0 + 2(0) + 1] v
Vi(xo) =[1,0,1] [ )




Steepest Descent Example

Let’ s check to see if the stop criteria is satisfied

Evaluate ||Vf(xy)|]|< €
(eis a small number close to 0, but for this exercise solved manually we can set ¢=0.1)

IVF(x )l =V1i+0+1=V2>¢

The stop criteria is not satisfied, then find the next point




Steepest Descent Example

Let’ s solve the following problem with the Steepest Descent Method:
Minimize  flx;, x5, X3) = (x))? + x,(1 = %)) + (%, — XpX3 7+ (X3)* + X3
VI(X) = [2x1 +(1=-x,) —x+2x,—x, —x,+2x, +1]
0
Let’s pick xy = [O]
0

Vf(x,) =[2(0) + (1 —0), -0+ 2(0) — 0, 04+ 2(0)+ 1]

dy = —Vf(xo) = —[1,0,1] D)




Steepest Descent Example

dy = =Vf(xe) = —[1,0,1]

x1 — [0,0,0] + ao [_1, O, _1]

X1 = [—ag, 0, —ag]

Now, we need to determine «,
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Steepest Descent Example

X1 = [—ap, 0, —ag]

Ay, Xp, X3) = (X)? +x1(1 —Xp) T (X)? —XpX3+ (X3)* + X3

A—ap,0,—ag) = (—ap)* —ag(l —0)+ (0 —0(—ap) +(—ag)*+ —ay

f—ap, 0, —ap) =2(ag)* —2ay

f(=ap,0,—ag) =4(ap) =2 =0 ay =1/2




Steepest Descent Example

Let’ s check to see if the stop criteria is satisfied

Evaluate ||Vf(x))]||< ¢
(eis a small number close to 0, but for this exercise solved manually we can set ¢=0.1)

Vf(x):[2x1 +(1=-x,) —x+2x,-x, —x,+2x, +1]

1 1 1 1
Vi(x,) = 2(——)+1—0,+—+2(0)+—,0+2(——)+1]

“\72 2 2 2
Vi(x,) = '—1+1—o,+§+0+§,0—1+1]= 0,1, 0]
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Steepest Descent Example

Let’ s check to see if the stop criteria is satisfied

Evaluate ||Vf(x))]||< ¢
(eis a small number close to 0, but for this exercise solved manually we can set ¢=0.1)

IVFx)I=VO+1+0=vV1>¢

The stop criteria is not satisfied, then find the next point




Steepest Descent Example

Take the negative gradient in x; = [—%, 0, —%] to find the next

search direction:

dl — _vf(xl) — —[O, 1, O]

Update the iteration formula: Xp+1 = X — aip Vf(xy)

X, = [—— 0, —51 — a,[0,1,0]




Steepest Descent Example

X, = [—— 0, _El + a4(0,—1,0]

Xy = [__ _a11__
fX), X0, X3) = (X2 +X(1 — X)) + (X)) — XoX3 1 (X3)? + X3

1 1 1 1 1 1 1
M= —ay,=5)= (=3¢ —s(l+a) + (—a1)* -a1 5+ (=) —5
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Steepest Descent Example

1 1 1 1 1 1 1
fi=5—ay,=5)= (=57 —s(I1+a) + (—a1)* -a1 5+ (=35)* =3

1 1. 1 1 1 a1 1
—_—— — B —|— 2__1—|—___
R > A 2) 2 2 %ot T
1 1 1
_r LN, _1
f’(—l —a —1)=2a —1=0 a =1
2’ L5 1 — )
[ 1 1 1
X, =|—=,—«a X, =|—-=,—=,—=
2 Lo 2 27 27 2




Steepest Descent Example

Check the stop condition
Evaluate | |Vf(xy)]|]|< €

Vf(x):[2x1+(l—x2) - X, +2x, — X, —x2+2x3+1]
o= Dbl dodoachon

1 1 PN
e =5 0 3] D)




Steepest Descent Example

Check the stop condition

Evaluate | |Vf(xy)]|]|< €

1 1
IVf(x )l = Z+O+Z>g
\

The stop criteria is not satisfied, then find the next point




Steepest Descent Example

Take the negative gradient in x, = [—%, —%, —ﬂ to find the next

search direction:

d, = -Vf(x;) = — E; 0, %]




Steepest Descent Example

Find a,, :
1 , 3 1
f(xz)—g(az + 1) _g(“z +1)+Z

Set the derivative equal to zero and solve:

1
F(x3) = (a3 +1)2—§ =0 = ®m=3

r11 1 1’1 ;1
BT T2 T T2 T 22 3
3 1 3

Xy = |—>,—7=,— =
3 4’ 2’ 4




Steepest Descent Example

Check the stop condition

Evaluate ||Vf(x3)|]|< €

Vf(x) = [0 % o]

=]

IV (x3)]l =

N

The stop criteria is not satisfied, then find the next point
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Steepest Descent Example

Take the negative gradient in x5 to find the next search direction:




Steepest Descent Example

Find as :

fixg) == (a3 + 1) —Xaz) -

Set the derivative equal to zero and solve:

y 1 9 S
f(x4)=5(a3+1)—§=0 = 3= 7

3 1 3 3 9 3
O S R RV ol A




Steepest Descent Example

Check the stop condition

Evaluate ||Vf(x3)|]|< €

ao=[2 -2 2

IVF(x )l > &

The stop criteria is not satisfied, then find the next point




Steepest Descent Example

Take the negative gradient in x, to find the next search direction:

5 3 5
d4=—Vf(x4)=—§ )
13 9 3 [ 5 3 5

17478 g %78 1 T8




Steepest Descent Example

Find a, :

fixs) == (@a)2—(aq) - =

Set the derivative equal to zero and solve:

43

43 T —
fa)=2Za,-2=0 = %= 15

3 9 3 43 3 ] [ 1091

— |~ %) 5y +—|—=
Xs 2’ 8 21 146l 8 2 1168

6
73

6

1091
1168



Steepest Descent Example

Let’ s check to see if the convergence criteria is satisfied
Evaluate || V/Aixs)|]:

21 35 21
584 584 584

VI (x*) =

97 0] =RV + 854S + RV —00786




Steepest Descent Example

So, ||V AXS|| =0.0786, which is very small and we can take it to be
close enough to zero for our example

Notice that the answer of

1091 66 1091
1168 73 1168_

X =

is very close to the value of X = [—1 -1 - 1]

that we can obtain analytically




