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lecturel4.FI#-eedPAFi-teredP--(warmup) :

f- G) = WLRELUCW , - , - - - . - ReLU(WzReLb(Wix))
. -
- )

Let V1 , . . . ,Vp be rows of Wi .

W_Éal : find vector in span ( V , , . . ..lk/:--V.(LetTv-.lRd-sVdenote orthogonal projector to V
.)

Attempt :

④ ( y.fi?.-Id)--2FtiviviSz0)
s

so if this were nonzero ,
then top - K singular

subspace would be ✓

What to do when Elly . Gird )]=0 ?

Attempt :

Consider
€fhG) - (✗F-Id)) := Mh

for
" filter " function h : IR-7112 .

Claim : If 1- '✓
,
then wtMµw=O

77 4 0 
0



PI : Suppose WLOG Hulk :L

wtctfhG) fat- Id))w
= ④Chakwal

'

-11]

y depends on ✗ only through Tux , whereas

a.xD depends on ✗ only through projection -10 wtv
,

, , and a,×, are independent ,

,
= ④(hat) - Eleni - I]
=

Enemy (5-1)=0

CI : If Mh -1-0 , then top singular
vector lies in V.

Rf : Top singular vea is orthogonal to kerfmn)
because Minto .

Also VI-c-kerfM.nl . So

top singular vec orthogonal to Vt and thus lies
in V. 0



So suffices to findh://2-slRs.t.mn-40 !

sngficientcondit.in:7/Mh)--#-
Trfmn)= ④Chat -41×112- d))

TlH=yQ
> = ④ [ y' . ( 11×11

'
- d))

= Effort:( 11×11
'
- DD

÷ ::÷÷÷:÷:÷÷,
( note , ✗ and z independent )

> = § / f- d) . €44.25))
bkfcr.zf.r.tk)

Homogeneity = §( if
'
- d) E-$-14

'

))
of Rell
networks

= f- frfr
'
- d)) . ftffki)
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¥ because

f- to



=E[if - tdi¥-
= Ekg?-1 . . - + gie)' ) - da
g-Nord)

= [ Ecg ;
") + EECgig;) - d

'

i itj

=3d-d(d-H-d2
Attempt 2 works for warmup goal, but unclear

how to extend it to learn remaining directions in V.

Attempts : instead of My)= 7? take

hfy)= #( Iyl > e)

for threshold T > 0 .

In lecture slides
,
showed that it suffices to

prove Prf / f-G) I > e) not too small (anti- concentration:

Lennox : For f :/Rk→ IR a continuous
, piecewise - linear

function which is A- Lipschitz and satisfies ④( fGj)zd
✗unload) -

Prf Itt > s) >_R(expf3k%'D - Em
.



(polyhedral cone)

PI : Let f. C- IRK be a linear piece
/
g f ,

suppose f-G)= Lui , ×) t ✗ c- Si . Can

assume WLOG Hui /IEA ( see lemma 4.5 in

[ Chen - Klivans -Meta
'
20) )

.
Define

&. = ④ [ Lui ,×5 I ✗ c- Si)
xnnloisd

Note if linear piece chosen 4 prob Prfxes;)
,

then

Ef fat) = €4:] so?
chi-sa.gg?eedsgdJnBecause Si is polyhedral core , v14
,

sampling in Mord) / ✗ c- Si⇒ - sampling rn#
,

-Sampling V- $
"" / vesi

,

- outputting F. ✓

so F. = § / Ruin>Yves;)
= §f) - flair>Yves :)
= k . § [Gin>Yves;] ,

so ⑤Gui .ir/vc-SiJ--F-



Claim : Tf random variable 2 satisfies

1) 12 / E M almost surely

2) ④(2) zi
,

1171121> t) zmt, @ - t
' )

Rf : de ctfu )= ④ (2) 12kt) - Pra-4=-1)
+

Eli 1121<-1) - PERK -1)

s M
'

- Prfklzt] + t
'

⇒ Iprfklzt] a
'

as claimed
. ☐

So Prtcui ,# es / res;) (8)

I Prfrs. 21¥] .PT/Gi,DkETr/veS:]
d- Ptr >.%÷] . (¥ - ¥-1
a Pr [ g >F¥) .

gnN(011)

= erfc(F¥ ) . II



convex

117/15-1×11>-5) : €1K)) "

d

(Jensen 's)

>_erfc(¥÷, ) .

set. ii.
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