Wecent Advances i Naprfmic
\’\CO\\JTTG'\\QC\ SXY aticties

gaw\ Popkins, \C %e{\ée\% = AT

Bosed on joint work With Yeshwankh Cherapaamieri, Tarm Kakhria,
Peasad V\m]\nuvew,\m, ond Nilesh Triquraveni



F\CM\N'\M Success  robabilry W estimation (Confidente intervals)

"r‘od'Q“
N
C-I'NQV\ XI"'XV\NYBI find @ S ‘\9—9\\$_Y/(“’%IS'>\-«&\
| vve
WiW orob. 7 )-§ 2:"“?\% g\y\bim{ fode
\MENSION

€
FOY Po /PKA C\W?S of  Aiskibuhions

Ovr game: \Mge class Y (6.3. N distribotions Wit

O bad. wowents), D Similar Quarankes as il
/P Contains (w\)ésiuns.



Evamgle Es)ﬁmm%m@ Mhe Mean w4
X‘/--ﬂ(f\ NX Cov (X) 4 1 Ew" o-tin
( 'l

"j;_'s w-Q- |- %

Gowssign: |5 1% -

lo Xrere  an estimabr AN, Y) ot
pplle O(fs BB g 157



EMW\\)!Q'- ES’Y’\MMMQ e MEON W £,

d=1 Medion of means, Truncaked Weaw, .-

quosi -Mendelson (% esfimator Yosed on  high-dimensional

Quontiles /mec\iw\ ok W eams (Bxp. Y ime) Polyndt L)
ITE O\\qoﬁ'\hw\\‘c proach % hiqk-c\}mnsfoml quanhiles

Theorem: for every 52 0" exichs /25 K. X) <4
|- Al O(ﬁfﬁ'—"} W-p- =%, polyln, d log'ls)

'h wme




f\qewﬁm
1. SUK\&\Q 0’,{; (eont C]OYl)d\M\‘L) C(QVQ(WMQV\B
l. \’QO\\M'JM\\QC( covaviane  éshmahon

o P\\qoﬁ’(hm of [C\\efﬂvmm 0= - Kathaia - Lagotndin

-1 yvmmev\,}

’ l kevs —}Ed\mqves ’g()f CoNnenirationy Convex P”’j
‘DOUV\(.\Gd d«ﬂ@v\(es S HIR o0 = yth: L¥, I

Ty

- Sog Eecm%em )L [ TmNe ¢ = Wos C¥2MY

YeseS




(V\okc\«\'\v\q (avggion Conbidence only  O() Woments
o Mean estmarion, Lq — Medion  of meons, Keowed mean
o Mean egimakion L+ |

COVRCiMNE  estimakion
. (eq(e,ssi oN

o Rqulavized Yegression|sparie fecovery

o ..

[Lugosi-Mendelson ‘19, ‘19, ‘19, ‘20, ‘20, Mendelson-Zhivotovskiy ‘20, Minsker ‘15, ‘18, ‘20, Hsu-Sabato
‘16, Lerasale-Oliveira ‘12, Joly-Lugosi-Oliveira ‘17, ... ]



Mm&c\\'\v\q Gavssian  Conbideme  ul only  O(1) moments

N Wil Hove

Megn estimation, Ao CoNasionee, - (L,
akwors | Aime AVNOYS | Subophimal by

H. Oln \u Minsker [1og (s
CHKRT (\01 g )1

(-\“m?mam‘)eri - =

35 4
Flowmaon- Harkie O(“ n 0‘) |
De?e"s"“ _Le“’é s\m.\\o:( ‘(:07' ‘.\“QQ( fﬁqQ SS l'OV\

LeirLoh-Nenkat ‘l\uq 6 (-“LC\\ ("\‘N Sabato )




Com\ec’( 10NS Sr 0 Qo bust S‘\’ okist IS
\ A

’
Q 4
4

X\)-"}X" _‘) — y"'-yy\

W
o @loked “echniques ~ tew okions of  Wgh-dimensimal  qoarles
'%K\qm ithms Yo Cowquie Yhem
® Simuneously (obusk and Wi ~confidenie  algos

[Depersin-Lecue ‘19, Diakonikolas-Kane-Pensia ‘20, H.-Li-Zhang ‘20,...]



f\qewﬁo\
Aﬁwa—@f—;@wf\;éﬂr\ﬁmﬂ*m’c)—dwmmﬁﬁ

L. \’\eo\w-’mi\ed Covariane  eshmahon
o P\\qoﬁ’(hm of {C\\ewmm 0= - Kathaia - Lagotndin

- 'Yr.?vmmev\i)
o) ke‘g %echmqves So{ Conentafion s Convex Prog-
~Doonded  differonces
— SeS Bemdein




SE)“)?‘ X.,...,Xv\"’x on w\d, CoNaviante ié‘p\d‘d
Yo ‘Simy\:c(’fj. Tt b) =0, “i“ofO(!)

T\'\eofew\: CN\ X’mcl is s4. “f{zuor 66(@\'(“1 'MW *@8)
W =€ in fime Poly(nd logls) i X is Certfiably (2,8)- Wyperontractive]

0 Sub-opfival by ((og°6)" = com cemere in
o X0 hime  (Mendelson -%\n'wm‘rws\u)\
o?olv)(‘\.o\\%) Xime (CBK\LT}

@ bes} PreNiovs : 6[ ‘i‘J:l") {Mivxslter]

ONly fequire,  OLM)-
\\\wer(,m’f rothwd Y



TkeorﬁW\: CW\ X'mcl is s4. “i{Z"or é6(@\'““) )" *@s)
W- =€ in fime  polylndilogl) i X s Cerkfiably (18)-Wyperantrattive

(1,%)- hype clntr AChIty * E 't ¢ ol |E<Xu'ﬂq

Corkihionle : O(ECKRIY - EQxn'= T piw®
‘produets of Veawy-taled  dibins

o« mivhres fhecot
vaFme rranshymabme  Dhereol

o oo



The High-Dimensional Medinof -Means, Paradigm
Obukets S} s— 2= BXX

y [
n }5 ">1o‘3'ls — %‘03‘&: ;HI:\,BX‘.X'T
@ Ruankiles N ol
agvcc\m\ (-center .

\d\’, \(2;'\(\/77_<N\\VVT> \ Ly ,;1“ |
for 60% of 2i's. %
\\?4'\" N\l\\b? ¢ S 6oYo i%.,lg

b~



The High-Dimensional (Median-of-Means Varadigm

"Spectral (-center” : Z
\d\b ‘(231"\’1.7—("\\‘/\/‘[)\5( iﬂ‘ 2.
for 60% of 3. o

e

br

* ) s a S pectral (4. l“’-’;’ center of Z,.2y15 WP I-%
[Luqosi “Mendelsor , Mewdelson - Zhiva]

’M.N\' Spectml | -Centers = “M’/V\'\\o\,é Lr
Jusk need o Find & Spettm) -center!



O\)‘( g‘\wﬁe”i N\\_ﬁ/\\l.ﬁmam
o P\\’W\N\ﬁ X Cﬁﬁ\_{\s aak Mi s o Spechyal

{ Center

' S\)ccess 3 OUYY M;

¢ F(X\\\)fe—’t W'\)ﬂ\ess V, \pdate Mm =M+ \NT

Y S R 1
. — ‘

\(F5 19, CHKLT 0



\(( 6\\|EN i (g 2\,---,%\09”&1
(hn yow  Check Tha

\Ql\.\l\m‘ <7:. Wﬁ\ ¢y
gOf 607 of 2 omd all wit \17,



. \(( GNEN i (g 2\,.~,%\og'lil
Oth\\ mh(w\ PW‘?YOM (o yow check ot
NOCiables by bypyggr N Vg 2w =< T e ¢
294'1§ Sor 607 of 2is and all wk v 1
MO il b;

bw 7
sk. biesod, vl\=1,

ik, W< W) 7 by r



\(( GNEN i (g 2\,.~,%\og'lil
OV\)\‘M\thV\ PW‘?YOM (o yow check ot
NOCiables by g0 NNy = v 2w =< T e ¢
. Sor 60% of Zis and all wk 1
29'1$,
MO i_l b;
v 7
o T,
ok, bicjod, W=,

T T
\DQK%.U\NT)—<N\|\]\[T7) Y/ b\r ° M .



Ogtimizakion Pyproach

Noxiables by ViV

AT fubi

bw °
5k \Neiot\?&, “V\\:l

\f GWEN 2 ond Zye) Ziogls
(o yow check ot

| T =< T W e v
gor 60% of Zis amd all wt v 7

‘?\‘o

o Convex felaxation : ¢ O.Lloq'lg Sov T :(\o("m""\{f: . ‘Bv'?‘s)

-



f\qewﬁm
L—Surtess—of—fecert—{olgpritint) —desetopments—

L. \*\eom,-’mi\ed covaviame  eshmahon

e 4
o) k""ﬁ Fednigves fo¢  Conentrationt Conve Py
~Doonded  difevenes
— SoS Remetein




Optimizakion Pryproach \& GNEN 2 ond 20, 2iegik,

\ k
N 1ables \)‘"'b\oq'lv NNy (o yow  Chec Hhok
‘Y\o\x i‘mb- \<‘%'\.\NT7 - <M( \Nﬁ \ Ly
\Ol\’ = g()f 607 of 2is and all wk 1

6)( \)i Qio‘\"s’ “V\\: l/
\DiK'ia,WT]-—(;E%{'\NTﬂ 2 b

M (easovmble Comer: - teowation Wil safsty bowded 48

&O?T(’b olg) ~ 0?((%\ L Eagty) (£ .
( : 7 :‘?67

Ty ~ by O <% <) w oo




New Goal* Comver  felaation of zi= E XN

\)NB\

091§,

Mo i bs
by o

sk. biegoy, \Wl\=1,
\DiKls,Wq“ﬁ,wTﬂ 7 b Y

k. EOPT < 06 logTs, assuming only

.Z‘.“.ab"'&

Cectifiavle (1) -Mpercontrachvt 1



\l\‘(’, We gdﬂ ok quwes Sevwide(‘m‘\‘ve Qroyo\vv\

\\'\ex mhv\ of et (elaxadions Yoy Y
Folnomial oQ¥M Zakiow  preblem

LLNIS
MO Zlb‘ z
Yo,V \01&\,\,;\40 (/i\l\ \)fw“ \afiobles %)r \)'\‘ \>.\>3 ‘ \l&’)\)}
sk biegold, lvll=|, SHE

\DiKEs,Wq«K.WTﬂ 7 v
—



D oy i:sba
bV £ Moy LY bi (€35, -KZ W)
sk, biegon, \Wli=|, '

\DiKZi,\l\lq’<i,\NT7) 7 by
A

1 jfa ({ (zi-1. wf?»

£ Max ¢
vll= |
Sulfices Yo Sowmd
H:S S( \\»:‘\}\\\'(\f—\(%"2 w! )

- %\oﬂg



Svlfices fo  Sowmd
H:g S( Witz \i@"?’ ""T\')

U-21o '|3 . —
Sum o iid. olguamials  in



Sulfices o bomd

ESo(

- 1'] %

log!Is. .

3w )

m%}\i<2' T
W

SUm of iid.  polymamial

1)

\J



Svlfices Yo bowmd
F <od(

U-2o 1’] %

MAX %“22."? ‘ wT\zl-)

Witz =
—

Sum o iid. olguamials  in




D \\ T (B (2i5) N%

—

S6S Bermsicin® Control Vin |Fre-se@ay |,
- - 7°

&(’,(y‘e,e, ? ?oljnomial WA X
A Conttol Niaw (A3) certifiable
\1“@&“’:?&0\%\1&&1 :

NEX*],,, ¢ ow




Y’\e\ds CoNGYipnte  estwmaxin o\\qo. With Y=5(U01\4~uj’§\ ¥ f“-ﬁ‘\

Oten: femoe (loghs)"" !

Ogyen: optimal “emv\'a(\ed inear ¢ egression

wa\im’n' ons  of
o bdd. &fs for convex ?fol‘fw“‘i 1

e So5 Bemskmz






