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Enjoyed tanks :
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5k2g ⇒ Icn) > fly)
mo_ gr÷d :

suppose that the dom 7- is open and f is

differentiable .
Then f is convene iffoom.CL)

is convert
-

and

monotonicity of ( I fly) - 7£12 ( y - z ) to
the grate :

proof :
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Then
,
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fundamental theorem
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⇐ smooth tendons :

A function f : IR
"

→ ( - d. as ] in said to be

L - smooth over a set ✗ C- IR
"

if it is differentiable
over X and

11 If (a) - If (g) 11 E L 112 - Ill t z , y

for L 70

" function with Lipschitz gradient with constant L
"

• A L , smooth feencltion is also Lz Smooth for any
↳ 7 4



• Let ✗ C IRD be an open Corwen set
.

f : ✗ → IR is L - Lipschitz smooth .
Then

g (z
) = Fte ) - E- 11311?

is concave . → (n ) = E- 11m11 } - 7- (n ) is convene)
-

proof : ?
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Quadratic ypperd ( Descent lemma)
g(z) = flat - lg 1121 ? is concave

g (e) c- goes + 17517 ) ( y - n) [ ' * order)]
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No quadratic
Twice differentiable : upper bounds
=-

f is convene L:⇒ IZ.fm ) I 0

If f is L - smooth

E- 112112 -
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Grade :
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A bound on optimality gap : e- (n) - f*

f-
*

= e- free) where N* is a solution to ronin . -7Gt)
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wpp-e-r.ba#:fly.)EItn1tPfIM(y-nI-L-zIly-zllE
Fb :

f ( z) ⇐ e- (z* ) + É(z*1Fz-z*) + ¥ 112-2*11}
7¥

⇒ f- (e) - fie § 112-2011}

Fira : By delon : f- ( n* ) e fly )

f- Coils * ( y ) E fly> + If
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over y



IT f- ( y ) = 0

0 + PICK ) + LEE - az ) = 0

I = I - 2- It (e)

ICE) - f. ( z* ) z e
'
n) [ n - n + traffic)]
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• A convene differentiable function f- : ✗ → IR on

L -Ñhitz smooth it and only it
-

g. (z) = f. (n) - ⇐ 11211?

in concave .

neem :

• monotone gradient :
- =

Let ✗ CIR
"

be a open set and f- : ✗ → IN

be differentiable . If f- is L - smooth
,
then

( ☒ e- (ex - e- lastly - a) S L 11¥ - zlli



• ⇐Ciiy :

f is L - Smooth :

⇐ f-Cn) - Pfly)J(7- g) 31,11 Llx ) - If (g) It?

Define :
-

• In (z ) = f- (z) - 1T¥ Can ) z

z*= N is a minimizer of In (2)
-

-
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'

(g) z
'
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= In ( y) - fatal µHfl= In (y ) - font £ f- (n) - f-
*
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11 IT -71yd - tftk) 11} a linear term won't

④ Change the curvature

or smoothness

By swapping n and oy in ⑦

f- (z) - ( fly ) + ☒ Élny ) (z - y ) ) 7 £ 11 ☒fly ) - rftr
②

Adding ⑥ and ⑤
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strong convening :
#

A function f is strongly converse with

parameter ✗ if

g. ( z) = f- (a) - G- 112112
is convex .

Here
,
f- : ✗ → IR with

✗ being an open convene self

gly) z gon) + 05th ( y - a)

fly) - Elly /12 z Flat -§ Half -1 Ftm - ☒ zJ
( I - 2)

⇒ fly ) 7 Fln ) + É(x ) (1-2) + E II.I -2113

Quadratic tower bound : function grows when far away
feimltn optimalsolhon Hero its gradient)



• if f- is twice differentiable and

f is X - strongly converse
,
then

☒↳ Cni I ✗ I

c⇒ ( 82-71%7 - ✗ I ) to

Example :
← feel = -122702

fln) is ✗ - strongly converse

with ✗ = ✗min (B)
• £

,
- strongly convene then it is ✗2 Strongly Corwen if ✗2 > ✗ ,

• f is strongly convene
,
then f is strictly convene .



A- bound on optimality gap :

= -= -
-

f is ✗ - strongly convene

E- 112-2*1122 £⑧ fln) - e-
* ④
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myin
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Item) -1 £ ( K - N ) =o ⇒ G- = re - 2- If
In)

⇒ * (z ) - e- ( re ) I £, 11 ☐ Fln> HE



Coercivity : Strictly monotonic gradient of ✗ - strongly
I convene N

.

(itffn ) - ☐fly))T(z - E) 3 ✗ 112 - ¥112

f is L - strongly convene it

gcn) = flu) - § 1121122 is convene
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