
LECTURE21
-

·Work with matrices as with numbers?

random matrices a random variables?

- CLT, LLN, concentration

FUNCTIONAL CALCULUS

Symmetricdis

·Addy, subtracting, multiplying, dividing (A/B
=AB)

·0; 22 I

·Dal -> All operator norm)
d

·Emof matrices: if A
=xikilt (spectral decomposition

then AExum, A=Elin,
i=1

I+A+A* = (1 +xi+x) wim

similarly, I polynomial:p(t) = P(xi)u.m

Let(ofamatrix)

If fiR - R and A =E4iMon f(A):=f(x)wit

A
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E e -ze nill-matternExum...
i=11
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1+xi+Xi+ ...
2 I

+A + A I -

(Matrix Taylor Jaries)

--



EERORDER

on the set of ded symmetric matrices.

Recall; A is PSD AnXue -> i(A) to Xi.

*

torder)we say thatA30 isaAsso
·is a

patial order,
butnot a total order: (b) is neitherso her do

HW
·WING:matrixmultiplication is non-commutative:

x
+F YX

=>some basic facts don't transfer from scalars to matrices.i e.g x 30,430 XY30
-
↑

needs notbe symmetric! HW

⑭(Eigenmonotonicity) XDY =xi(x) =X:(i) Fi

Proof:Courant-Fisher min-max theorem i

X (X
=max min XU

A
Ut Edim=
unit uTYu B.

· Remark theconverse holds for commutingmatrices butnot in general
-- -

HW-

Elrotonicity)
Let f: R-be an increasing function. Then

X<y =trf(x)-trf(y)

I Il
r,f(xi(x) = f(xi()) by Prop. I increasing 35
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·Inequalities in 1 variable generalize to matrices:f(x)(g(x) XxEIR => f(x) =g(X)
FSymmetricX

but notin 2 variables! (b) def)

"X(y =f(x)<f(-))"

holds forsome monotone functions like toand In(x)
HW

but fails for others like x2

·General theory of "matrixmonotone functions":(K. Lowner'1936]

·Matrixversions ofRoeffding, Chernoff, Bemtein?
Yes: (Tropp'2010]

BIG ISSUE:eA+ete in general
HW
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