
Lecture 8 (Sep 121)
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Last time
↳ Better gearanLees I Todayeed gradientfor connex f descent.
D strongly comex ↳ Lower bounds

Everything we will see today was originally
developed by Nesterov .

So far we have seen that GD yields
L-smooth f(x) - min - 1 0 (t)
C-smooth

↑

I strongly
f(x) -ming20 .(2)-

counex ↑ condition number
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Question : Can we have a faster-

algorithm that only have access to

gradients? Yes ! We'll see an alg
for L-smooth in HW you'll handle the

other
In 1983 , Nesteror published a case

.
&

paper with a mysterious method.

It updates two sequences :

1 +4xx)/2Xe +

Yeef* X
- 70f(x)

X +14 You (b) (Yp . - Y).
Yk+1

To
gain some intuition let's watch

a video.

In this class we analyze this method.

Theorem : Letof be a convex function
-

with 2-Lipschitz gradient. Then for any
min X*
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Prof : We start with two Lemmas

Lemma 1 : The seq <x13 satisfies
-

X-Ske = & , and for any 121

dis B +

Proof : Identify follows from the formula.
-

For the second part
Xx+ 1

= 1 + TF4 2 1++- z
2
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Lem2: For any ur

f(u - -0 f(u) - f(v) = - - 10f(x)11
2L
+ Of(2) T
Cu -V).

Proof : Use convexity and DL T

f(n - 10f(n))-f() - E(-10f(n)) - (f(2) + 07(a)(v-2)
= - logui + 0 f(usTCh-V)

·
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Our goal is to use these hemmas
to find a recursion of 8: fly)-minf.

Apply Lemma 2 withU = Xp , V = Yu

Six Si = famil - f(yn)* 1F(X)/+
Of(X) = - L(Yin -Xk) - f(x,) T(Xx- Yz)

↓

(v) = -Illyne-Yle Lyme-Xin"(Yx- Y,

Apply Lemma 2 with n=Xk, V = x
*

8 +F flyre) -minf-1110f
24

8 f(r)" (X, -x* )
(8) - El Yat-Yall L(YuXi (xx-**).

Adding up (n-1)(i) + (B) gives
*
↳ Sre-1bK-2)S* - 110 - * 113

- L(ym-Xx)(xkYx - (bx- 1)yn
-X9)

Multiplying by X> gives
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=
- E(lbn(ymn-X) + xy - (3x - 7)yx = x=

- (xxXx - (bx - 1)yx = x
+ (2)

By def
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= %11 Eit (Ya- Yes
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+ s *key (at-1) Yam = das You-Brd) Yo.
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(
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* 12
-

U:=

Summing up fromK=1 to K= T- yields
↓28- - -
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We just prove that there is an alg.
significantly faster than GD !

AGD with 1000 iterations :

gives the "same"

euror than GD with 1000
.

000!


