Announce ments

() ety all 4uke o break!
On Hht T will cover ne new Makerial.

we cah just chak gloout ¥he matrial
SO € or Yol projecis etc

@ No ofice hours on L{[zo Jrhou%lf)

@ Many of gou have tulked o me
albout your project in office hours

o Made an appointhent fo Chat-
Sohe ofher TtMe. K@Qp &o((\(i Hgt!



L ower Rounds o SGH

Todag we will delve moce (o SOs
andy \ower bounds

First consider an idealired version ot
6D he fifng Ahe pard mekrs ot a Mode|

Noisy S6D

For £=1 & T V{0, L)
\’

Set 0,,= G, “MRE) +2

where Rq = El(heb‘}/u&\ll

(x &)
PropositioN : when +he marginal drssecbakon

on X is Rrowr), Noisy 6D can be approximaied
by o CSO algorithm




Recall hat o CSOQ is of the foom
El4g) =T

To ormalite what we mean by

"o ppoxithated™ we need Fhe Notron ot

o Coupling’

det A Coupling o fwo cv.s M oand Y

with d&cstrdbudtons My and My respactively
is o y0iny AssTriouion Myy o YY) puies

@Jrh@, Margina\ on X is My

@ +he Marging) on Y is My

Ad dironally , when X and Y have Hhe
Same dom alf e call

®Lx=Y)

Nyx



e (U ) ING ?(O\O&D\\l%\ﬁ

We will show:

e g replace he gradiend-

CD(Y\QXM\’CD(\ wrh CSOs e \
Can almest olwigs couple, each 5ep

Tn particular, we wil bo infecested
in optimal Couplings +hat maximize e

Coupling pro bability

These are easy 4o visualize P\‘d‘on'a\(%;




Foct 10 The optimal coupling probalpdiy
pokween fud Cs Wi pALs £ and g s

Tt (50, 400} dx
= =5 firea-qul dx

E : Lotal voeiadeon disang
0CT 2° For Ywo spherical Gayssians

v (W T, N ) e ML
207%

Now lets return 1o fhe pro position
and see how 1o Setr T cuovxg +he Wy

Proot |et’s Com pute +he gradient:

=2 Y_l (\ng[x\-\g Qe\qe(ﬂ}



= LELroloTohl)- 2 E Gl |

(T ()
Ob serve, Had (T) can be (omputed
just fomn Rnowledge ef Ahe Margiad) onX

— {.. _U;)L)W\DUA’ CsSlis

Now (IT) s a p-dimensional vector
and each coordinate, can be estimated,

wp o £T with a CSO

We Can U/SKLOLH% cguplej
Neckor ok CSOs

radieNt
R — *
NO15L Noise

and using Facks L+2 4he fuilure
Pro\octb(\&\‘\/& (S at most

Y
O



be adse AMis 1S 4he TV distunce,

ot fud p-dime nsional Gaussrans wih
Covorianc?, 61T ond yhose MRUNS are
ot mos{p T 10 Fuclidean &CSJYCL(\(QJ

Finallg € we choose,
L 5o
P
wirh probabildy 21-5 we wil be able
o couple 0 every SO = R reach

e same Model p&mm@rer&. 2\

Thos ue have our fesk [ower bound o
deep lear ing:

Coro U(lﬂj? Noisq 6D on a polg nomia) S1 204,
Ae2p nerwork  mus foke ocdher ex ponentidlly

Mooy sTep or Ser Ahe noik fo e exponentially
onall 4o learn partHiesS wirk unifory destrdahon




These, and &ther lower bounds were,
ghown by Feldman  Guzman, Vempala
and Shalev— Schuwartz, Shamir, Shamman

what (€ you don’t add your own
SFochosive Noise?

No & only Ao Hnese, Prooks bregl. dow

Theorem [ Albbe, Sar\éoﬂ—l S6D s P-ompleke

2. by Chopsing +he appropreate
inivraliTadkion, yo can get ot 1o
implement ang ooly nomial +ime. algorth s

Proving uncon dchongl lower bounds
pgainst S60 = PENP



Le@mmg Shallow Deep Nefs

we just showed a. lower bound agarnst-
learning parfe s

Main QuestoN: Are, there a\gor\ﬂ\ms or

learning Shallow deep netS under simplo,
(el pdroNs 2

we will work widh deep nefs of- the

%\\gw\ﬂg 'ﬁ)ﬂ/\/\
SICANE ZQW(W %) (&)

uhere, 5 is a SIC&W\D\A 3 XIS d—d(mens@%l

we will show Superpoly nomtal lowes~ byndg
Po\\oww\g (boel, GollaRotu, I, fxarm aUZC(ZC
ans and Dia konikoles, Rane entons,

%_Cm ~ strongesr” QKPDY\QM’L&K louel~ bound s



Theorem 1: Agy (SO algoretm for
\Qammﬁ neks of the feem (%) under +ho,
G aussiay MSTpuRion musrk make af leass-
A oam) quertes or set = 47N

Re call the intuiion o parches WS

\argl CS®
®T¥Y\D%OM\ //} lower boands
family

And we asserted Hrhatr for Boolean —valued
finchions whert Yoo, kew +he desirbudion
Yo Can assume ol quertes are CSOs w(gg

KQ% @UQS’\TDY\CS): Rud UJhCL‘\' &\Ootﬂ‘ for
real-valued labels? Ts SO »> CSP?




For real-valyed labels Szorenyy showed

Theorem - C\'h@b\f{‘{\ag TC M contains
2 st of Q funchions Haf are paicusse orth.
ansec D) ans hove Squans armaCl) =)
ana (5O algorsam mush faRe edther ale)

Queres of howe lerand, ©= Q’M‘B o et
0.LloBl] z 20

Main Question: How do we condruct o large,

@(quﬂi\ «@aW\\\tS Q‘(’ GM\C,\'[DV\S ot e '(:D(m
(%) ?

det For ang Set Cerd] with XS\’LDS}V‘O,

-
er Q00 = S U ‘T(w XS\
> w6 §x13°9M bgmy\

Coordfna s

st M o€ X restr.
S

where, Y wy =T w;
c=1

Let'< show Hhese funchions are orfhogony |
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EENTER R (CONy (%{j})

W' e gl er Lo

= X(%%B %gb(> Z|

Now refur ning o the. lemmy

P(DO‘G@Q‘ Lem mMa 1_.' BQCCULSQ NCO,IB
(S Sian symmetnc we have,

T lasW a4l = E[ s [%S(X"Q@T(Xo%ﬂ}

xv Ko B 2y 15lft N0z

And fom Fack 3 we have

- [ E [n®) 8569,

ORI

- | EXSWBE [C&s&@@ﬁm}}
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LA %




wWhat remaint 1s o show fhat each
o€ the funclions ra the {arvulj \<

of - rrivia

Lemma 'L For any S i S| logm,
e have

T E%b@?ﬂ 2

Y~ N(D,T)

we will omir e proot. But we can now
proVe Theorem L

Prooé ot Theorem T: There are =4 (@llogn)
fanchone 1 Hie orfrogoenal amily

The \z% pol N \g e UUQ want 4o leq
wnin e ¢% ™™ Lpen Lemmas 1472
Lnpluy Must léenﬁahﬁ the Corect a <



Now i WoRing Thoorem 2L completes g
Dok, B

NoYe: Thece are shonger bwer boundS
0 he prodabilishe (o tept Model where,

v~ N(0,T) and ye FELS
wr) %Ei%\ Xl = Q(?‘>
Tn ¥s coue ue get SQ, ruther
ynan CSQ, lower bound s
Landscape Design
Noxk we will sudy upper bodnds for

\earning

m
W= = 2(150—(“’¢TX>

From Gaussan inputs




Ge Lee, Na studied ERN|
(A W) 2 ELIS-AY (

where, § = a (W)

Theovem: Agsumi NG fhe W, S and Wl
oce und vechrs he population reslk
do fned i @f) &oms«ﬁ@g )
LB ) = 3\&: PN L 0
i ¥/¥_\/
where ¥he 1o puts csme €ron) N0, T and,

the Gils ane Coeftents ok 0 in «H\ebigfsm

T parhadar;, for 072 Reld we have,
C iL and for r\>2
SL LU\ %3“ "\ ove

noody



However experimenidlly S61 faly in
e senee thal o has Spurrous lota |
MDA — (e b gefs stk

Doy a\anon
los>

They gave o €x Yhat +heg clled
\and scape. design

Mot QuestdnN (Can we design o new loss
funchion G ek has

@ W spurons  [oCal Minima



(2) every globa) minimum o€ 6

i

A, roul\d Feudy parameers

@ (an estimnae the gra&m’vg(—
6 &om samples

Concrefel | Consider”
n AN A
\5/ — O\T 6 (\M T')L>
where, | = 8/1_‘/)’)_ %’Ot\%hu{
A P
(normal iR 1005 ) Yermite polynemials

n parh'cu\ctr hzﬁ%\:—‘é (£-1) and

he ) = — (-6
4 ) m( eJH%Jc)



Now (onstdes—

G(a ) = ELIR -a’l (&)

Theorem: (nder the Same asSumptiong
08 befire +e popul atron risk i N
Sarsired

6a6) = 076 + BIR+C

Moreover (the a;'s are nonnegawi\,
and W s orJrY\ong\OL\ then @Cﬁ,\'&
catisfres Conddns O, @, @ of land scape

design

D iabon ks, Kane, Kentonts, Zarcfr s
gave PCH -based alg orttims et jugt
need 0ils o be notnegatie. and SAULS(2n

[APUTS



KQ% Doestion: Ts f\of\rw%qﬁ\(\hﬁ oo
0:'e achially needed?

The CSO lower bounds Cn'f\n‘CaHg need,
bovh Posifiue and Neg ofive aglc o
et aN briho aona &”\/\“[%f

Fived Parameler Traciability
Chen, Klivans, Moka gave a.
£ m, 0 8) pelg (4
L«p SN ¥ Consiant of deep ne &

fime algordhm e leamning deep netx
Wi ndden pntks fam Gaussta

[N POy

ey Point This is muds berder dhun dhe,
VY SO lower bouind




Fildered PCA

Constder o M oTx
M & B [0l (ex -1
Les \J= span %w(ﬁ
R
weight vedors in the fiest lawer

Ohserve Huat +he oudput y of +he npetuore
onlg depends o Ty, ()

C\CM‘W\ 1 For 0Ny Aicechon cLV we
hove C & Rer (N\‘\)B

The Main 1dea s to show e aSultalble
chotce, ot T we have,

for ang vector ¢ where \Col>o

W% (o)



IT0 O] 2 2m

Then e coald pick PIN=1 145

Now lefls run PCA on My o find a
direchion (n\:

Clatmn L neer LB)[ My has a positive
Qigenvalue

Note by Claim 1, we know s dicechy)
mude e in

Prook Wa will smpuie e quan ity

Tsum ok e, eigeniulues ok My

TS 18 Just The trae and by Clarm 1
wo. Can wrtke, s as



TrlvTMe V) [ 0)

uher?, ue \nave. abused Nnotaion and V
'S oo dwm madrix whose lumns are arj

acthonarmal baste for the sabspace \/

Then we have_
(0) = Tr(“VTN\@ = CTy My D

where Ql&l%ﬁ rs e, mactrex rr\r\er—p(b&ué%
2 Nig B3
3

Now plugging tn +he desinthon for My

e Nave
(0)= B—:—Lil\a\ac (<UV/XXT> - <“\//T~>%

——
N M
= 15 [ Ligag (N4 -,



Now wsing (o) we 0e+
> Bl Iui=ol m

Thus the fbp etgenvechir o Mg will
be in the subspace \/ &

To putF i in wodS

T we (ondifon on Hhe 'spons
ming sukciently large the
cesalng dissaoutin s non—baussin’

and we can fnd such ocdire chon L>3
UstNg PCA

At s pornd () seems opsmeshe;
letls do on (N usraHive example, -

( Assame u)\()(j> ELECOH\= Q>



@ Lot o= %> , Quadaie
acrvdire!)

@LQ% U= span 1 Q.. ,Qvf_g

Now (& Wlw)=u> we are inkresed 1n
B OX P oy =m) |

whidn we can bregR up info m Rems o
ne form B
E Ly O -0

Now ¥he. bQ% (S o e GCM&SC(LHUM

Lomma [ Stetn \ For ang ditferensuable
funerion O

i | alo X] - E [%’Cﬂﬂ

% v N0 MATeD



Proot: Using (NS LN by pmg
ELa ) = g%m Q> )A\g

Golarg 2 F a0 01 )= E[8'6a]

Proot: we have,
T lawnie-y ) = Lo ) - o0}

pa \% “‘m’ﬂ pg:[gco}

%\W\

Sl x| = FL JE

i_/\"l

—_—
—_—

g2



Now pplying Cemllary 2
EE%&(X?’\)B: i o\x\\qﬂ}

-2 B[ QM>E + 2 TE[ 609 o\xf&)}
\/\(\-/ N~
>0 0

Wi again imphes the 1P eigenveciye
ok N\‘P i< \/



