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Basic assumptions and problem description

We consider convex optimization problem on a convex (not necessarily
bounded) set Q C R”

in f
min f(x)

We will use such designations:

(Vx € Q) [[VF(x) = VF(x)]2 <6,
R= ”Xstart - X*||2>

(Vx,y € Q) [[VF(x) = VE(y)ll2 < Lllx = yll2
We will also consider the strongly convex case:
(vx,y € Q) F(x) + (VF(x).y = x) + Ellx = yI3 < F(y)
Also will study the effect of relative imprecision:

IVF(x) = VF(x) |2 < al|V(x)||2
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Algorithm description
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Algorithm 1 STM (L, jt, 7, Tstart), Q@ CR™
Input: Starting point Tsiqrt, number of steps N
Set To = Tstare,

Set Ag = %,
Set ag = %_]
wo(2) = Ll — Foll3 + a0 (F(Z0) + (VS(@0), = — Fo) + %1z — 70]3).
Set zo = argmin, ¢ Yo(y),
Set xg = 29.
for k=1...N do
1+pr Ap_1 + ItprAg—1 Ar—1
2L

ap =

aL Rl ey v

Ap = Ay + oy,
s AraTioatoerze g

Te=—"a, -

() = (@) + e ((F@x) + (T (@), — 1) + &z — 3l13)
2, = argming ¢ o Y (y),

L Ajamei ez

TE= T A
end for

Output: zx.

Figure 5 describes the position of the vertices. On the sides, not their
lengths are marked, but the relationships in the corresponding sides in the
similarity of triangles. In the case @ = R", we can simplify the step of the
algorithm by replacing it with:

Zk = Zp—1 —

5 A (V@ ne (i = 30))
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Alogrithm description

rules for accelerated gradient methods wi

additive noise in

fluence of relative inexactness.

4



Convergence comparison
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We will use the following functions for experiments

n=2m+1,
1
(Vk < 5(n—1))

2
Fla) — F(x) > =

32 (k +1)2
L Ul L
f(x)= 3 <x12 + ;(xk — xq1)? +x3> et

And for strongly convex case:

e

[ee]
X+ 3Ok )’ - 2X1> + S5,
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Convergence comparison
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Let us compare the convergence of gradient descent and the accelerated
STM method.

Function discrepancy in strongly convex case
=500, = 05

Function discrepancy in not strongly convex case
L=100
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o ALR?
H:0:>f(Xk)—f(X)< N2

1
1n>0= f(xe) — f(x*) < LR?exp —5 %N

ient and influence of relative inexactness.
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Convergence with additive noise

Remind the conception:

IVF(x) = V()2 <0

Also we will use:

Ry = max [lxi — x|z |12 = X7z, 1% — x7]l2}

In the presence of the additive noise STM convergence:

4] R? 52

f(XN) - f(x*) < N2 + N2L + 36RN,

f(XN)—f(x*)gLR%xp(_; 2MLN>+(1+\/7L> <gi 5>
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Plots of convergence

Function discrepancy in strongly convex case
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Plots of convergence

Additive noise
&from0.1to 1
L = 10, p =0, dimension = 1000

—— function LR?/N?

additive noise with 6= 0.1
105 —— additive noise with 6 = 0.32
—— additive noise with §= 0.55
—— additive noise with 6= 0.78
—— additive noise with 6= 1.0

10°

10t

function residual

0 2000 4000 6000 8000 10000
Iterations(N)

9



Stopping rule for STM

Theorem

Assume that we know we value of f(x*) and such bound, R,, that || x*|| < Rx.
Using stopping rule V¢ > 0

52
f(xn) — F(x¥) < ZN+3R*5+C

And it is guaranteed, that the criteria will reached in

\/ 2
NStOp:O< LR >

¢

Choosing ¢ ~ €,6 ~ - we get estimation:

f(XNstop) - f(X*) < 67

vV LR2
Nstop =0 (

&
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Relative inexactness
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Remind the conception:
IVF(x) = VF(x)ll2 < al|VF(X)]2

Additive and relative noise
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Threshold a value

Relative noise
L = 50000, ¢ = 0.05, dimension = 1000
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Threshold a value

Relative noise
L = 5000, 4 =0.5, dimension = 1000
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Boosting for relative inexactness
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For boosting we can use gradient step in the end of each iteration:

1ﬁf(xk)

L

Xk 1= Xi —
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Boosting for relative inexactness
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Relative noise
L = 50000, 4 = 0.05, dimension = 1000
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Attempts in proofs
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Theorem

IF|VE(X)|2 = O(|IVf(xk)||2) and o > 0. Then choosing oo = O ((’f)%) we get:

() = 1) < (T + s (0o0) = 1) ) o (2 24

Also we can consider another condition

Theorem
If sequence X satisfies:

i) —F(x) <O (LR%XP(‘% %k) " (1 i %) (% ’ §>>

We can obtain we same convergence for same « bound.

Stopping rules for accelerated gradient methods with additive noise in gradient and influence of relative inexactness. 16



