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lectu.co/:-RobustStats.Ite-a-iwFiteringSetup-:qhas mean melted and covariance { ted
,

Nature samples ✗%
. . . .

✗Tug ,
adversary

corrupts arbitrary 7 fraction , we are given

the corrupted samples {× , ,. . . , ✗n}
we'll use

Decompose { ✗ 1 , . . . ,
✗
n } into shorthand :

' ' ' '

{ ✗ i :[ *Sgooa Usba, / Sr
clear i ✗c-Sgoatsr

where 15bar / =/ Sr / = 7h
,

"

Edi"
"

:#boot

Sgood : {×! , . . . . ✗I } are the original i. i.d draws

from g , f are the points which were corrupted ,

and Spud are the points they've been replaced with .

Asswnefornowtha-f.FM,°=¥¥sÉ
{ I 1- Ee - ng)( ✗ -
9 /Syoodlxesgood '

① 11µg-miter and ② 11511£ I



(we will see in pset 3 why this is

a valid assumption .

note : a little subtle bk

we don't assume the higher moments of y are bounded)
-

We will maintain weights w={ " i} :c.gg for the dataset

that indicate how confident we are that ✗ i
is

clean .

OE Wi e In tie-In] (8)

Ideally we would wantwi-l-n.LI/ic-Sgoooi).N0TE-:wiis like
"

tna ;
" from Sos analysis .

But these are actual # 's now, not Sos variables

Define theweighted-meanandweightedcovario.net
y

µw°= [ Wi
✗ i

i

i

E. e- ¥ § wifi -ma ) (✗ i
-nut?

i



In general , { Wi] can be viewed as

"

soft " indicators

for a subset . We want to pick out a large

subset of clean points, so we care about Wi 's

that satisfy

{Wiz I -7 K$
i

Note : set of w satisfying (b) and Go) is

convex hull Ky & {-1.11, : Sens .-1. 151>-1-3}

We will maintain that our we Ky throughout
the algorithm .

Maintenance:( if Mw wrong , 11%11 large) :

For any wekz,
11mg - Mwh , Era ( l+FEÑp )



First
,
let's see what to do with this

.
. . .

Giver current weights W
, define

forest
;
& (v , ✗ i - Mwf ,

where V is top eigvec of Ew
.

Let Tma×=ma× Ti
i.Wi>0

higher score Ti <⇒ more likely ✗i is corrupted

Lenny : consider update rule

ii. ← ( 1-¥⇒wi
Then if E Witi < E. Witi

,

then
clean i badi

Edi - w:) < E Cri -w :-)"
safety
condition

" clean i bad i

(more bad mass removed than good mass)
.

"

progress and nnzfw
' ) < nnz (w)

.

condition
"

f

# nonzero entries



PI : [ ( wi - w :/= { Iwi
clean i dear i Tmax

^

and E(Wi - w :/ = [ III.
bad i bad i

iprogressconditioniiimmediatefromdef.lt
We will maintain invariant that

Ear :& - Wi)< E # - Wi)
,

fsnv)
bad i

i.e. less good mass removed than bad mass
.

As long as I/ Ew /I still large , we update

the weights via the rule in the Lemma
.

0¥ : If (ENV) always maintained
,
then

algorithm runs for at most 2mn iterations
.

PI : After 27N iterations
,
we must have

removed at least 27 mass total
, thus 2g

mass from bad points (by INV) , resulting in

[ Wi = 0
. Because INV always maintained

,
bad i

and there is no bad mass left , alg . must terminate
.

☐



0¥ : If 1121151 , then safe to

output Mw by Main Lemma .

0bs3- : If @NV) always maintained , we Kzz .

pf-i.fm?n-witE(tn-wi)Ey
,
so [w ; > 1-27.0bad i all i

By Obs's 1
, 2

,
suffices to show :

Lenin : Suppose 1/211>71 , and fsnv)

holds
,
then [wit ; < [ Witi .

clean i bad i

PI : Note

[ Witi = [with Xi -MWY
all i

i

= i' wifi -an)0i-mw5)V
= i' Ewv = 11 Ewllop

so suffices to show { wit; c- {whop .

clean :



Note [ wit; s f.[ C.v , ✗- Mw5
clean i ☒c- Sgood

= In#go.fr , k - ng) -1kg - Mw))
'

£ É Esg. .,↳ ✗-most + 2-⇐go.IYms.MY
-

④ I

④ c- zi(÷§g. b)G-mi )v El by
initial assumption on P . 1

.

⑧ E 244mg-Mn)
'

E 211mg -mwlt
(Main lemma)

I ry(l+Ñkp )



Provided y sufficiently small constant
,

if 11511 zc for sufficiently large constant
,

④ +0B£ 2+00311+1%1.pl)
✗ Ewllop

c-
-2

Algorithm :

- Wi ← In Y ieG)

- while 11£11
op
? C :

- v ← top eigenvec of Ew

- Ti ← Cv
,
✗ i
- Mw)

"

t i c-G)

- Tmnx ← o
Ti

- wi. ← will - ¥m×)
- output Mw



Remains to prove Main lemma :

PI : (will look like an Sos proof)
(for ✗ c- Sgood) (n) ,
define Wi

-

-0 )(Ewi)Hnw-r
= Ew ; (Mw- Mg

,
Mw- m,)

'

all i

= { W
; ( ✗ i - my ,µw -

my>
all i

= E "
"

+ E
"

"

badi IESgood

= £i- [ Indi -Mg ,Mw-Mg)Eye
E Elwi-1)(King , Mwtrg)+

bad g)+÷←☒,
Hoo)

②?= ([ wifi -m.hn -Mg))
"

bad :
'II



£ §;

Wi) - (⇐Wi ( ✗ i - Nw , Mw - Mg>)
c- 7 ' Ei

" "

= 7 . (Mw-Mg)
" ([ wifi - hw)0i-µ(mw-ng)
al#

E 7 HEH
,

- 11mW -mglt

¥:÷÷:÷E÷:÷→,
µwi⇒kÉ
and ↳EE Yi- ta / +[÷
W ;=o for

iesgo.in clean : i'

soso.ME/1mw-mg1pE2z(bkwc-Kz
and lsgoawc.mn)

so c- Fg 11mW - most



Substituting into (8*0) , rearranging ,

and dividing by Hmu -mgll , we get

⇐iwi )Hmw.mg/lEnry(ltFwllop) .

☐


