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↳glasscovarianceestimationpostenfor
X", Exet

· Sample covariance matrix:In-Exixit, where X, are ind copiesofX
?
I= I

in the operator more

· IEn-El =max (vI-2) v1 (HW)
vesdal Last cass

↓ d d

·Ec-net <gd", I51=(+1) =9 if we choosef
· MEn-Ell =iz (v(E--E)ul (last dass knw)

-
(x,

·
For each v, S(v)

=sum of indep.r.vs. Use:
i.e. P(1z,1=t3 = 2exp(-) It
smallestM =1EIT,

turnrenderherentattheen
If all Z: are independently distributed = 82Ki

=On

↓

P(It E,Z: -Ez() 2xp(-cmin()] =exp(-cmin(iz)]
(xX)
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ALLTOOLS AREREADY TOPROVE:

*

antimations-see and
asare

f WL0.G. 11211=1.

①Fix any
we gaveunit

sphere of 14.

X =mean O normal r. vector =>(X,v) - mean a normal rivector

=>(X,r) wNCo,ot " is unit

&? Let's compute it. ↑
22=E(X,)v(xx) r =vIv = 1211 =1.

=>p[kX,vk- t) =2exp(-) =2xp(- tz)
*

gaussian tail (c.4)

->P((x,)-33 =P(kx,xwa,p(s/2)
=>(X,v)is subexponential, IX, v)1y,2

↑

· Apply Bernstein (**p.1) for z.i=(X:,v), k =2, 5=0.0 ->

↑4-E(X,)2=0.013 = 2exp(-cn).
"c

⑫ Isma(SH(20013 - 1. 2xxpt-cn) = 2exp(-)
qd(p.1) ifenQ

③ The complement
holds ward.1-2exp(--4/c).When itholds,

1 In-E**2. max/S(4) =2.001 =0.1.
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From I
ttoNNeee (22) =vii

A

Erinhasand us,wecanwon
the

can swap the order of eigenvectors.

--
-
-

tur S

iaminmainranitinuseePA :=orthogonal
PB :=orthogonal projection onto Spankun/BB), ..., Unilash. Then

--

· Combine Gov. Est. ihm (p. 2) with Wege $Davis-Kahan
H

SUMMARY PCAn(sample) = PCA) population) as longas:
-

- I (a) sample size n is linear in dimd (or larger)

te? (8) there is an eigengap:the top ke eigenvalues ofI

are separated from the rest of the spectrum.
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Example,single-cell data from (Aparicio etal. 2020)
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MARKS:A near sample size n =0(d)
is optimal(HW(

② Normal distribution X-NC0,2) canbe generalized

toXselgain (simple-see book) HW?

③ Sreddata - smaller sample size n?

Yes:(a) trivially, if x=(X, X., . . . , x,) then represent
-

X =(t -> n =0(1).

(8) more generally, if data is appointely
k-dimensional, k=0 (r) is enough.

[RItchinskii-Lounici 2017) = thm. 9.2.4 in the book.

Will probablycover
later.
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·histogram eigs(In) seems - density as dinne
↓ compactly supported! No outliers (good for PCA)

⑦

Ix)(-
where x

==(1+5)2

and x
=d/n

henkoPartLeeet
=>smaller noise

p -

x=0,35 ↑
x
+*1.9




