
Lower Bounds for Global Optimization

Problem
minfe
E B

where B 4 xelRʰ 11 11 R

11.11 can arbitrary
RT

Assumethat f is Lipschitz continuous

1761 fly LUX yl x yEB

170

Goalf Find xe̅B f x ̅ f E

Zeroth order algorithms O x 37173

Question What is a lowerbound for
complexity of zeroth order methods



Packing

B a ball with radius Rso

X Xp EB and ar R

Denote small balls 00
bi ye R l ly killer

Def We say 381 8,3 is packing in B

1 Each bi CB
2 For any bi by intbi n int b

Df We say 381 br is a maximalpacking in B

if we cannot extend it

theorem 1 let 46,1 8k a maximal packing Then

K RE E
Proof

Consider shrinked ball B yer My R r

RY B

B



For
any xeB Xi kick st

Hx ill 22

Otherwise it means we can add to our packing

yer l ly Xk 23

the packing is maximal

We got a covering

Ci yer ly Xille 223

1

B CUG
1 1

Take the volume

Vol B voe Éci reci

K vol Cs

Denote a Vol yer Hyll 13

Then rol Cs 2 27

voe 5 α R r K Etf



Reach 11.11 11 110

pm

ᵗ

H
K p Er

Resistingoracle

An optimization algorithm

Xun A Oxo 0 Xa

ResistingonaceOC

1 Should return information that is
the west for the algorithm

2 In the end at least one finct FEP
that is consistent with 0 Xo 0 Aa

In our case

The result Xn of an algorithm will be F Xu 0

Denote by K R r n a lower bound

on size of a maximal packing of
ball of radis RSO by small balls of radius 220

in Rh



By The K R r n 11

Theorems let OCr R Consider any zeroth order

algorition running for K K R r n 1

iterations Then

a Lipschitz function with const 170

sit flan f Lr

Proof let 2 0 xn3 EB be a sequence of points

generated by the algorithm when applied to

the resist oracle flu 0

Now consider any maximal packing

of size N K R M n K 1

a small ball b in our maximal packing s.t

i b focick

Denote by the center of

b



Introduce f x L min 20 1 4 11 r

i f A rL

2 f x 0 x 11 1 11 7

3 F is Lipschitz

Lyle 11 441 r ly 1162 Then

f x fly L 1 1 4 r ly 4 11 7

L 1 711 ly 1 11 Lllx

yll.ltyEl

f x f y L Ix x 1 r L My 811 r

Llx
yll.ltyb

f x1 f y 0 Lk yl

Therefore
fan mL



lowerbound

theorem3 let 1 0 Ro ESO Assume ELLE
Then for any zeroth

order algorithm
the complexity is bounded

K 5 48 3 I 1

Roof a 21 R

Notice

KCR.ru FRE 7 T E 27

T 4E 51
Assume K K R r n 1 Then

f xn f Lr 2E 2

To solve the problem we need

k K R e n 1



11.11 11 110 cAlgohm
has the complexity

IE
Grid Search is optimal for 11.110

Other norms openquestion


