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1. Construct, using Kolmogorov’s theorem, a neural network that calculates the values
of the continuous function f(x,y) when |z| < 1 and |y| < 1.

Solution: According to Kolmogorov’s theorem we have

z,y) = Zg (Ar¢r() + Aagi(y)) -

We construct a net with dimensions (2 10,5, 1) such that all thresholds 7 are 0, Wy(¢,7)
2(1 _ (_ )H—]) WQ(l J) = A 522—1,] + )\ 522,17 WB(%J) = 1, UI(X)(L) - UL—"'—J(X(l

3(x)(2) = g(x(2)), and o3(1) = .

In this net the nodefunctions are thus not the same at each node on the same level.

),

2. Construct, using Kolmogorov’s theorem, a neural network with two hidden layers
such that the node function is the same at all nodes in each layer, such that the network
calculates the values of the continuous function f(z,y) when |z| <1 and |y| < 1.

Solution: According to Kolmogorov’s theorem we have

z,y) = Zg (Ar¢r() + Aagi(y)) -

First we define the numbers¢;, 7 =1,... ,5by¢; = 0,and ¢; = —¢;(1)+¢;-1(0)+c¢;j—1
for j = 2,...,5. If we now define the function ¢ by ¢(x—j+1) = ¢;(x)+c¢; when = € [0, 1]
and y =1,...,5, then ¢ is a continuous and monotone function.

Now we construct a net with dimensions (2,10,5,1) such that Wy(z,5) = (1 —
(—1)*9), Wa(i,7) = Abai1j + Xabaij, Wali,3) =1, (i) = L%J — 1, 7(2) = (M + M)y
3 =0,01 = ¢>,02—gand03(_)—j

3. Let B be asymmetric dxd matrix. Find the point x; where the function f(x) = x1 Bx
(x is a d x 1 column vector) gets its smallest value on the line xo +tu, ¢t € R where u # 0.

Calculate the answer x; = (x1,y;)T when B = (3 ?), Xo = (20,Y0) and u = f'(xo).

Y1

Show that if |[Azo| = |yo|, then [Az1| = |y1|. What can be said about in this case.

Solution: Let g(t) = f(xo+tu) = (xo + tu)* B(x¢ + tu). Then ¢'(t) = 2u’ B(x¢ + tu) and
if we solve the equatin ¢'(t) = 0 we get

‘ _UTBXO
uTBu’
and
ul Bxg
uTBu -

X1 =Xg —



If now B = <())\ ?) X0 = (20, y0)" and u = f'(xg) = 2Bxp = : (A;O), then
0
Yo —Ay5
= (T) _ (© CMagtys (Ao _ [ a4yl
A\ T\ Na24y2 \ v ) | Aad = Naf
Nag+yg

If now |Azg| = |yo| then we have
Aza| _ Jyg(1— A)Azo| _
| [A2ag(A = Dyol

Furthermore, we have in this case

n| _ W= _

yo|  [AN?2f + y5]

A—1
A+1°

If either A is very large or A is very small, then ‘z—;

is close to 1, that is, a large number

of steps are required before vy, gets close to 0, which is the point where the minimum of
f is achieved.




