


' subgradients
for differentiable f: fly a full t tf hotly-H

Ifirst -order taylor is a global under estimator

g is a subgradient off (not necessarily annex) if
f- lylzf t TfHITly-H for all y
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anything in the interval is a subgradient
i. :
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g is a subgradient off at x iffy . -it supports epi f at lx, full

g is a subgradient
-off fall tgtlyxt is a global affine underestimator off

if f is ax and differentiable . IfHl is theory subgradient
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when filk > full : unique subgradient g -- Ff Hl
when few >fill : unique subgradient g. Tfw
when full --f Kl : subgradients form a line segment [ Ifill . Tfw]

• subdifferential
tfull set of all subgradients off is called the subdifferential of fat x .

In general . tfall is a closed convex set I can be empty eg f noe wx
)

if f -is convex :

tf all is nonempty fm x o- Klint dom f
Htt = Effed iff f is differentiable ae X
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i, if the jump is the discontinuing of the jump

" Swbgradient calculus
weak subgradient calculus : formulas to find one subgradient g t tfHI

strongly subgradient calculus : formulas to find the whole subdifferential

' basic rules

tf = k¥13 if f is differentiable at X
- scaling. Haft = a. tf if Ho
- addition : t tftf ) = tf, +tf I addition of seas)

- Affine transformation gas
-
- faxHD dyad -- hi tflttxtb)

finite pointwise maximum: f- = M&m fi #
tf -- Connex Hall UHF. Htt filet -- fan)

Connexhull of union of subdifferentials of " active functions
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ey . full -- HXH ,

× : x tfHill
!

I r •
'

'

.

.

.

.

! Athol
' *

y

Iho)
-f e

tf lool
the subdifferential of a norm Htt at the original
is the unit ball of the dual norm

the site of the subdifferential is associated with the non -differentiability
c , I ,

kind of like the dual cone ( duality )



- weak rule for potntwlk Supremum
f- Naff for

find any B for which foul = full (assuming supremum is achieved )

for ay go. tfelxl . gttfag

g. Maximum eigenvalue of asymmetric matrix under an affine function

fall = Am LAND = fff!, y
'
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AMY is a pointwise supremum over Hy IH

gym is affine in x with gradient Tlgglxl -- [y
-

Hy - - . y
'

Any ]

find the maximum eigenvalue of HIM and
any associated eigenvector 5

Then tgylxt -- Ey
'
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Anuj ] is a subgradient
- Expectation

f- all = IfHill is convex in x if flux is ok in x for each u
( Expectation preserves annexing)

for each U, choose ay gu Eth Xiu) .
I Uts gu Is a function )

g
-
- F-gu t tf ly l expectation of subgradients I

can be written analytically if u is gaussian, exponential - - -

approximate fun and a gotta
generate

iid samples U
,
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f-* a 4k - Ef H . Uil gi t tfHail

g-
Ilk - Igi IX. Uil is a approximated subgradient



• Minimization

define guy as the optimal value of
Min

. folly
sie. fill Ey: f: convex

with At an optimal dual variable

gun > guys
- E. AT Hi-y;) I perturbation analysis )

-H is a subgradient of g at y

• Composition
f- HI -- h 't fix) - - - folk ) with h Cox and non decreasing , fi convex
find q e th LANI - -- faut ) g; E Ifill
g-- Fg.
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• Subgradients and sub level sets

g is a subgradient de X Means f- up 7 full t g-
'

lyH
hence fly, t full ⇒ gtly -H so

getfans

befall

* Quasigradients
g-to is a quasigradient of fat x -if

g-
' "TH 70 ⇒ fly) > full

quasigradients at x form a one


