
Projected Gradient Descent

° Projection onto closed convex sits

° Projected Gradient descent .
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Projection .

The orthogonal projection pooja : IR
"

→ C

prog
'

else) = argmin pet) = argmin {
112--04122 I ZEC} .

ZEC

-Returns a point in the set C
closet to seek

?

- I? REC, projc = x .

- Optimality conditions for projection : Since Tp
Cx) - z-x

Z = pzojccx) ⇒ (z-x Icy -⇒ 20 A YE C .
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Geometry of projection .

E- projg Cod
.

no.⇒ . ¥⇐
NsCz) = {X. (x-⇒ 1720

} .

ETPrg -cation onto a closed convex set is unique .
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" Contractive property

Kpmg's Cod - y 112 E Noe -y da
tf yes .

Iaf: Take Z = prog; Ge)
. By optimality condition

for projection, we have
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Tim : Let C be a closed convex set
- Thon

for any v, - EIR
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Examples
=

z - project , C={ZI HEIKE 't}
• If XEC, project)
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• If Melly1 , 2- = 1- x

Halla
c

proof sketch: If Hall,>1 ,
2- = arguingHz - alle 1112-11=1}
= arguing - Zxtzt 1124122+11×1122 / 11241=1}

.

= argmin { - 2zTTx / 112-112=1} .

The objective satisfies : - 2 Ex 2-2112-1111×11 =- 21124
with equality if 2- = Mall .



Projection onto Inf. ball .

- 2-= projects , ⇐ { a l lait et , it's
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Projection onto nonnegate its
.
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C= { 2- / Zz IO, i= !
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Projection onto Affine sat
.

2- = projects , ⇐ { z IA E- b) ,
A fuunnrenk .

projection solves :

minimize {
UZ- ath

subject to A-z=b

• Recall : optimality condition is

€4- x E Raye CAT) , A z*=b .

A- Ty = Ee- se ⇒ A Atys Az 'd - Ax .

⇒ y = CAA ( b -Ax )
so
,
z*= AIAA'T

-'

Cb -Aa) + x



Example : De-biasing .

Z = projccx) ,
C = { Z1 ett =o} .

DC
,
= - DCz

• a'Using A = et , b = O
•
K

2-*= x + A'LAINIE!-Aa) /
n y

= x - In 2. sci
III

• Zte is de - biased x.



Projected Gradient descend

nggin fax) subject to x ES .

Projected gradient descent
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