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BREMEL 1. (a) % =y+ i; 6—5 =z — y%; (b) a% = yze*Y?, 8f = rze™V*; 8]; = xye™¥*; () % = erlyz;
[0 T

Oy~ x+ty?’

fREAEM 2. Since the partial derivatives are bounded in X, there exists M > 0 such that |9, f(z,y)| <
M and |02f (z,y)| < M hold for any (z,y) € X. For any ¢ > 0, we set § = ¢/2M. For any
(x1,91), (x2,92) € X, we have (x1 + 0(ze — x1),y1 + 0(y2 — y1)) € X due to the convexity, where
6 € (0,1). Hence, we have

|f(z1,51) = f(22,92)]

|f(x1,91) = [z +0(z2 — 21), 51 + 0(y2 — 1)) + f(@1 + 0(22 — 21), 91 + 0(y2 — 11)) — f(@2,2)]
|f(@1,91) = flzn +0(@2 — 21), 41 + 0(y2 — y1)| + [ (21 + 0(z2 — 21), 1 + 0(y2 — v1)) — f(22,92)]
[fo(f (@1 + 0(z2 — 21),y1 + 0(y2 — 1)))0] + o([|0(z2 — z1)|| + [10(y2 — y1)]])

[fo(f (@1 + 0(z2 — 21), 1 + 0(y2 — y1)))(1 = 0)] + o([[(1 — O) (z2 — z1)|| + [|(1 = 0)(y2 — y1)I[)

= [0uf(f(z1+0(z2 — 21), 1 + 0(y2 — y1))) (22 — 21)

+02 f(f(w1 + 0(x2 — w1), 91 + 0(y2 — y1))) (Y2 — y1)| + o([|z2 — 21| + [|y2 — w1l])
< e

IA

We complete the proof.

fEZAEA 3. We just study the case of 1 f(x,0). For x # 0, we have 9, f(x,0) = 2zsin 5 —

2 1

2 cos =3, when x approaches to zero, 0, f(x,0) does not converge. For z # 0, we have 0, f(0,0) =

lirr(l)xsin ﬁ = 0. We complete the proof.
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BEME 4. ) §- f(x) = f(x1 + Azy, - 2 + Axy) — f(@py ) =

b) 6 = df(“”)h =dln f( ) Z x%((l + 0;)x; — x;) = Y. d;. The general form can be derived in

i=1 =1

(z; + Azx;) —
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the same manner, this is because

[(@)de _ df(x)
f@ @

din f(z) = = by,

where d; refers to the relative error of f(x).

BEMENL 5. ¢) Vf(z,y) = ( 2@ ) This is to prove << 2@ ) , < Ar >> = 0 when (Az, Ay) —
8y 8y Ay

(0,0), where f(z + Az, y + Ay) = f(z,y).
d) The shortest path should follow the gradient flow.
e) Steepest descent method.

1. Set desired precision. Set initial guess: (zo,yo) and k = 0;
2. Calculate the gradient gx, = V f(zg, yr);

3. If ||V f(zk, yx)|| < €, stop; otherwise goto step 4.



4. Compute the step size: ay = argmin f(x, — agf, yp — agy);
5. Update iterate: (Tgi1,Yrs1) = (T, Yr) — QrGr;

6. Set k := k + 1 and goto step 2.



