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§3 Moving Forward — Defining “Good Events”

(1) Key observation: when O outputs exact gradients,

gi(m) = Vf(xi(n)).
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§3 Moving Forward — Defining “Good Events”

(1) Key observation: when O outputs exact gradients,
gi(m) = Vf(xi(n)).

(2) This means that under exact gradient setting,

D (M), xi(n) = x7) = 0.

i<T
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§3 Moving Forward — Defining “Good Events”
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Key observation: when O outputs exact gradients,
gi(m) = Vf(xi(n)).

This means that under exact gradient setting,
D (bim)xi(n) = x*) = 0.
i<T

Generalize above into “approximately:” for 7' € N, and
a, 3,1 > 0, define the “good events” to be

€(n) = €T, 0. 8) =) {Z (A, xi(m) = x°) > ‘le max(d: (1), 1VB)Va G, (n) +B} :

t<T i<t
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What Was That Mess?

Lemma 1 (exact gradient version)

With appropriate parameters, under exact gradient setting,

- a+1 _ 2a
n < () =dr(n) < do and 7r(n) < do.
a—1 a-1
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What Was That Mess?

Lemma 1 (exact gradient version)

With appropriate parameters, under exact gradient setting,

+1 2
i -d() and FT(U)S ad
a-—1 a-—1

n < o) = dr(n) < do.

becomes ...

Lemma 1 (stochastic version)

With appropriate parameters, under €(n; T, a, 8), i.e., the “good
event” setting, if n < ¢(n7), then

3 2 4
<22 20 and TG < =2
a—2

do.
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What Was That Mess?

[ Proposition 2 (exact gradient version)

Let g = RootFindingBisection(niow, 7high; T» @, B8), where @ > 1,8 > 0,T € N,
and each 7 > 0. Asssume 77pigh > @ (hign). Let X = 7! i<t Xi(10) be the average
iterate. Under exact gradient setting:

(1) if mow < ¢(1Miow) then for some n” € [0, 210],

Y 4y and @) - ) < alizl .@;

IIx = xoll <
a—1
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What Was That Mess?

[ Proposition 2 (exact gradient version)

Let g = RootFindingBisection(niow, 7high; T» @, B8), where @ > 1,8 > 0,T € N,
and each 7 > 0. Asssume 77pigh > @ (hign). Let X = 7! i<t Xi(10) be the average
iterate. Under exact gradient setting:

(1) if mow < ¢(1Miow) then for some n” € [0, 210],

2a doyaGr(n) + B

a-1 T ’

Ldy and f®) - f() <

IIx = xoll <
a—1

(2) if mow > ¢(Mow), then 79 = Niow, and

dovaGr (o) + B +n0Gr (170)

T

I¥=xoll < noveGr(no) +B and f(X)-f(x") <
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What Was That Mess?

[ Proposition 2 (stochastic version)

Let 179 = RootFindingBisection(niow, fhigh; 7> @, 8), where @ > 2,8 > 0,T € N,
and Nhigh = 22Amow for some k. Assume 7pigh > ©(7Jhign). Let X = 7! Dier Xi(10)
be the average iterate. Assume the “good events” ﬂi;) C(2/Miow; T, a, B) all hold.

(1) If 70w < ¢(mow), then for some 7" € [10, 2170,

9

_ da _ N
[IX = xoll < dy and f(x) - f(x") <
a-2 2

-2 dovaGr () +B,

C
(@=-2) T ’

(2) If giow > ¢(110w) and in addition €(1j0w: T, @, B) holds, then ny = now, and
1T 20l < Mo aGr ) 78 and  f(®) — F(x*) < Zd()\/(IGT(muw) + B + Miow (@G (110w +ﬂ))'

T
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What Was That Mess?

Lemma 2 (exact gradient version)

With appropriate parameters, under exact gradient setting, if the following holds,

then n > ¢(n): 5 J
@ o

a1 allgol?+5

Consequently, when our algorithm terminates, k < 21loglog* (7max/7ne)-

17> NMmax =
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What Was That Mess?

Lemma 2 (exact gradient version)

With appropriate parameters, under exact gradient setting, if the following holds,

then n > ¢(n): 5 J
@ o

a1 allgol?+5

Consequently, when our algorithm terminates, k < 21loglog* (7max/7ne)-

17> NMmax =

becomes...

Lemma 2 (stochastic version)

With appropriate parameters, if “good event” €(1; 7', @, 8) holds, then if the following

implies n > ¢(n): A J
@ )

@=2 \Jallgol?+ 5

Consequently, if (V545 . @(22/\ ne: T, @®, B holds, when our algorithm ter-
minates, k < 21oglog" (Pmax/7e)-

17> NMmax =
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§3 “Good Events” Are Likely

For the remainder of the analysis, just like Fact 1, we assume the
gradient oracle is uniformly bounded by L > 0.
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§3 “Good Events” Are Likely

For the remainder of the analysis, just like Fact 1, we assume the
gradient oracle is uniformly bounded by L > 0.

Lemma 3: ‘“‘good events” are likely

LetT € N,5p > 0,6 € (0, 1) be given. Define C = log(605" log?(6T)).
If @ > 1024C and B > 1024C%L? then P(€(n; T, a, 8)) > 1 — 6.
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§3 “Good Events” Are Likely

[ Proposition 3

Qilin Ye

Let budget B, initial step size 17 > 0, and failure probability 6 € (0, 1) be given. Let
a® =1024Cy and % = 1024C2L2, where Cy, = 2k +log(605~! log?(6B)).
Then, P(Mi=za... Nj=o.1....2x €27 ne; B,a® gy > 1-34.

Proof. Notice that Cy = log(601og?(6B)/(272%6)) so by the previous lemma, with 7 = B,
a=a®, g =p% and failure probability 272¢§, for any 7,
1 —P(C€(; B,a®, pR)y) < 272k,

By union bound
2k

- P( N G(Z-inE;B,(x<k),ﬂ(k))) < (2K +1)27 %5 < 2KV
j=0
and finally
zk
I—P( m(f(Zan;B,a(k),ﬁ(k))) <>2ks=e.
k=2,48,... j=0 k>1
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