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Rewind Matrix Chernoff

Xi
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Xn- > R indep , symmetric ,
random

matrives

OX: 1 Fi

X =Xi
,

a+(X] -6 .1

=> er(X(r)aH)> ne
20

-b/3

Pr(XX((d)b1) = ne

Interpretation 1
. n =1xty the usual Chero ba.

2 . 131 and X1
, ... Xo all diagonal matrices.

The matic Cherno bound is encoding
using ordinary Chro on

each

diagonal entry followed by union band

over all n diagona entries.

3. We could instead define an

entrywise ordering A Yew &

if aij bij Vij.
Matric Chernoff writ. Dew follows

using Chernoff - plus-naion-bound



(with factor 2 on RIS

because union bound over
2

entries

rather than n)

SinSingular Value Juequality
If At Ran (m = n)
and entries aij are indep

samples from N(O,) then FaxO

with probability at least 1-2e
- En/

He+ P(a)y ... - mA)tE-

Specialized to m = 1 :

says same thing asProblem 2

on Pet 4
,

scaled down by E.

Recall ---, are the

eignals of AAT

If as denotes it column of A,
L independent

AAT =T Random

unatrices ,



Applications-
Randem maties as analogues of

hash functions

Hash [n]- [m] nxmx1
Y ↑
keys values

Collisions are unavoidable

P- (5x
, yhG = h(y)) = 1

~
but unpredictable

Vx
/y P(h(x) = h(y))1

Random matix AER
a linear

transformation IR - RM (nxsm)

Must have positive-dimensional mullspace
Chence "collisions) but one hopes
that "small set of test

any
vectors

/ is mapped into

Im
17

probably without distortion
!

"
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(Gaussian Hasting Lemma"

Suppose A spexu has independent

N(0
,

i) entries If WEIR

is
any

fixed
, independent of A)

subspace of dimension dem

them with probability= 1-2e-Em/2

VweW (12/wIIn-lAwIlz(12) KI wh

Proof
- Let B =

a matix
,

mxd
,

whose
-

dumns are an outhonormal basis
of W

= (w= Bx : x 193 .

VweW (12/wIIn-lAwIlz(12) KI wh
#

d
Vx IR (1-22)//x11= /ABx/b (1 +22) 11 x /12
Since11Bx = Kelly



The second inequality says

G(tB)1 +2

T(AB) -1-25-

Plani Show AB has indep
Gaussian entries.

Let Q be an orthogona nin

matin whose first & columns

are Bi

AB = firsta columns
of AQ

AQ and A are ident.

distribu So entries of AQ
· and independent N(P

,)
AB = mad matix with indep

N(0,m) entries.



Gaussian SV Frey applied to (ABI
says with prob 3 1-2eM/2

PAB) = 1 + 2 + /+2

(A3) = 1-d-/2

Recei dim,-

Dimensionality Reduction of

finity point sets

Lohnson-Lindenstrauss)

If X
,

. . .

.VERY
and A-pm

~

random

matic with NCO
,
i) entries.



and
my I S(N/S)

2

E

they w prob .
- -82

all pairwise distances

preserved within IE factor.

Fij
(12) /kxi -xjI) Axi-Axjl

= (( +2)(xi - Xj /)


