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N

( Xi , Yi )i= ,
: corrupted dataset × ; c-

Rd
Yi c- IR( ×! , Y:)

,
?
,

: uncorrupted dataset

y :=fw:X ;) -13 ;
a:-. {

1 if i is clean ,
☐ 0 . W .

So when a!=1
,

(x!
, y:) = ( ✗ i. y;)

MY")

ls-sr-om.FI

Variables : W ( d- dimensional)
-

a
, , . . - , an

( 1 - dimensional)

constraints : 1) a ,?= ai ( Boolean indicators)

2) f- {ai ? I -7 ( 7 fraction corruptions)

:miÉ-Éiii]
Theory Cklivans - Kothari-Meka

'

18] :
suppose ×! 's are drown from a mean-0 distribution over

Rd which is Cert (see below

for de.tn .) .

The.gr#ii%EeiiEasEiswiinci- over

solutions to the program minimizing the objective above ,

clean Mse ( Eihl) s ( 1+04"Y)(oPT+OG
":))



im . Suffices to give a deg- to Sos proof¥I÷-jEcy:-<we:D ⇐ RHS
i =L

PI : Note In :& a:(yi-cw.xisjetn.SE/y:-Cw.x:Y
'

because ✗ i=
×! and yi= y: when 9%-1

.

Claim
then follows by following fact about pseudo distribution.

(pseudo Cauchy -
Schwarz)

Fact : For any polynomials pg of deg c- KK in £

and any deg - k pseudo distribution É over ×
,

Éfplxlqlxle É Cpw]
"

EIGHT
"

PI : Suppose É[p(xp] ,ÉCqHY>0 . By linearity ,
can

assume WLOG that ÉfpÑ)=ÉfgHY= ! Note

p . qetfptq) in deg -k SOS ,
so tcpq) : i as desired

.

Suppose next that Éfp 1×14=0
.

Then ltx > 0
,

Zap .gs p'+ ✗
'

of in deg-6 Sos ,
so É[pq]£ñÉ[q) .

÷.÷:::÷÷+nepi☐
f- ¥

,

ly:-<wax:D
' (a)

No
/ = aia! + ai (1- a:) + (1- a ;)
point ¥É Fits we

correctly identified incorrectly identified identified as
as clean as clean corrupted



So

(8) = t.E.am:(y:-<wait ①

+ In Failla:) (y :-<we :D
'

②

+ IN FCI- a ;) ( y :-(wa ! >5 ③

① :
when ai =L , Y ;=y ? and Xi=×• ;

① = IN Faia:(y ; - Cw ,✗ :D
'

ca! a)
C- £ Fai ( Yi - Cw , ✗ ;D

' ← objective
value

(a¥¥É¥e ( objective value achieved by
w•
,
i.e. clean MSE)

Note : { a :3 , w? is feasible solution to Sos program
{✗ i% , { yori)

⑦ '-1nF dG!-<w5
( Cauchy - Schwartz

)

±⇐E¥÷ - (nE÷;G :-<um:D
")
"

I



Ez
"? Fly :-<wa :> )

")
"

?

③ : In ?d45
( Cauchy - Schwartz)

← ⇐ ? G-ait)
"'

- ( tn §, Cy :-<wx:> )
"

)
"'

-

Note :☒ a-a ;)
, Yukari-41In Ed - ai )

i
fy fraction corruptions)
E 7

E 3
"

- ( tn §, Cy :-<wx:> )
"

)
"'

-

How to bound In §
,
Cy :-<"×:> )

"

?

Recall y ! = (w
•

,
✗9.) + 3 ; ,←

"" '⇒
so

In §
,
Cy ! - Cw ,×:> )

"
= In §

,
@

•

-w
,
×:) +3 ;)

"



Note elementary inequality (atb)
"
e 8 (a

"
tb
"

)
,

so the above

c-EÉi"+%É?3i"
FE

5-Nlqoyf}
"

)
= 24 04 = 0 (d)

-

To summarize :

tried:-<wix:>)
'

=
① + ② + ③

=

OPT -1271" - §
,
(y :-<wix:> )

")
"

I OPT -127
":( In Ecw :w,×:>

"

+064 ))
"'

*

E OPT -104"'t . / ( tufa -w ,x: >4)"' + i]
otechnicahynotlegitirsosbkoffrac-iordpowe.ru#

but this step can be made rigorous by writingas@heanMSE-oPTTsOfY.Ctn.E.ivi_w.x:)" t o"]



To bound IN ? Chi - w ,✗:>
"

, need

assumption on distribution :

Def : q is

4-hypercontractive-igekr.io#-c.EkvxiD' an
xnq

for all ve Rd , for some C- 04 )
.

q is ertif4ive if Cold)

has an Sos proof .

proof E✗±pk : Any rotation of a product

K{distribution ( e. g. NINE ) ) is certifiably
4- hyper contractive .

Lem : Let N >_ rfd
"
lgtdls)) .

wp . atleast tf
,

uniform distribution over N ii.d. draws from a certifiably

÷i÷÷÷i÷;÷÷++i( w
"
- w ,* : >

" Ew ?§Cw:w,×:D



= E- €94 :-<wa :> -%)'
(atb)'s2h25

E In £4 : - two :))
'

+ ¥ § }?

a- In § ( y : - Lux:))
'

+ O(Ci )

So

clean MSE c- t§(y:-Lwx
c- OPT -106 "n§ly×:Y4O(CID
rearranging

,

we get

4- OCG"4) tn.EC , :-(we:D
'

c- OPT -1 0km
"
'd )

,

so if Cy
'"

sufficiently small ,

clear MSE £ ( I-10km"
'

)) ( OPT-10643'D



Proof IOU :

Er : Any product distribution q= q ,
☒ . . .

-☒ qd
s-t . € G) = 0

,

€ G) = 1
,
and

z - fi 2-fi

€44) E C' v i is certifiably 4- hyper contractive. .
2-Li

Rf : ④ (v. ×>
"
= Evict +6 Evivictfix;)

My icj

E E C
'

Vi
"
+ 6E vivi

i icj

The only =

mHiY@viYZ_E.KZ-31.vi4sossteP-Imaxfs.cy.Efvi5ELv.x
)'

= Evi €4T) = Evi
.

☐
✗if i

( note that definition of certifiable hyperoontnotivity is

invariant under linear transformations of g)


