
LECTURF-29-lastdak-i.pe/-endthat matrices are scalars

scalars Matrices

I. AER A : dxd symmetric

2. +
,
- +

,

-

3. ×
,
÷ ✗ (matrix product : Non-commutative) , A/B=ÉAB"ʰ

4. 0
,
I 0

, Id

5. lal 11AM (operator horns )

a. ⇔,?⃝ . ,,*÷⇔µµ. ⇒ µ, , ,÷,⇔µ,
f :lR→R

. Thus
,
ai(HAD = f- (XICAD .

7. Order ≤ • tiiwuer order : Ako if A is PSD .

A≤B if B-Ako.
,

"

flu )≤ glu) -Vx←R⇒f(✗)kgC✗)V-✗ matrix
I

8. Monotonicity off# Matrix monotonicity :

"

✗ ≤ y ⇒ f-( X) ≤ fac )
"

f :D - Rincreasiy 1 true for fCn7=lyx and for trflx) .

9 . Random var's \ Random matrices
.

•Matrix versions of koeffdng, Chernoff, Bernstein ?
Yes : ( Tropp

/
2010 ]
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Recall scale H
. I from lecture 6 :

Thmlkoeffdiy ing .)
=-

ᵗᵗ&=⇒"ᵗʰ"ʳʰ"ᵗᵈ""%ʰᵈᵈᵗʰ""←☒"ᵗʰ_÷P{&eiaiI≥t } ≤ 2expf¥⇒ +too

i=¥ Sufgoceessicxn tail

there 0Eur (Sn) = ¥29.2 .

Recall based on MGF :

@ ISn≥t } =P { e
""
≥ e
't } ta ≥◦

≤ Ee¥ (Markov# inequality > . e'¥ Ei
,

éiai ⇒

≤ e-
at ¥

, E¥ʰ (independence)

¥é%±Éai ≤ Éʰ% since -≤E%v-•
≤ expfxt + Éñai%)= expfxt -1×2042) optimize ×µ⇒.ᵈ µ.

⇒ an

• Matrix version ? ≤ → 4
; ai
→ Ai ?

eé✗≤e×% E)
• eA+B≠eAeB •

; Instead :
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•• THE (Liebnaeiequaity )-

/ let H be
•

a dxd symmetric matrix. Then the function

\ ☒ 5- (x) : = trap ( kilegx)iscoeon{x:✗≥I
• For⇒ ( 1×1 matrices≥ f-(a)= eh.ae is linear.

.•
If ✗ he 0 is a rang matrix ,

Lieb + Jensen ⇒

F- f-(x) ≤ f- (EX)
,

i.e
.

E- trap (ktlgx) ≤ trap ( K+ log F- ,
i.e
.

it Is
É

F- trexp (H+Z) ≤ trexp (H+lgEe£ ) for A random matrix 2-

7

C-qlfxiareindepeudeutr.is/RtyEtrexp(IE.Xi) ≤ trap (É
,
log Eexi )

ÉSun ¥ iF-
, mi

En trap (% + ✗a) ≤ E, . . . trap (Sn -1kg End)
• . . ≤ RUS

.

QED ]
↑

keep dropping off one term at
a time

.
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"ᵈ^⇔"Ñ°]ᵗᵈ&=±""ᵗʰʳʰᵗʰʳʰ?⃝µ
Ai be dxd symmetric random matrices

.
Then

* { HÉ÷H ≥ t }≤ 2d • exp f{÷) v- too

uhere=NiÉAÉl
by def. ofoperator norm

P_ • 115M¥ Max lxics> I = max (x ,(s) , ants)) .

• • & • • • • •-

i Arts) o ab)

let a≥o be a parameter ( its value will be optimized later] .

• Plain) ≥t } = ☒ { e
" """

≥ e
" } ≤ e-

"
Ee
""'"'

(Markov )
a-

*
one eigenvalue Xi ≤ sum of all eigenvalues an (ein ) (Gpi)

≤ e-
"Tetra"" ≤ e-

*

trexpc-E.bg#-e-iAi)%AEge--*Ai ≤ Ai%• Take lagoon both sides (matrix monotone, 8p. 1) ftp.2
-

⇒ log EeʳiAi ≤ EAT

• Sum up ⇒ É
,
by
Eéeiti ≤ ¥ EE

,

Ai
= : z

• Take trap f) on both sides .
Matrix monotone ( 8p . 1) ⇒

t.ru/p(&egEeiiAi)a-trexp(I--)--%EAi(exp(I-D
d

"E) zexp (×?É
12-11=02

≤ d. exp / "¥ ) .if I

• Substitute into (A) p. 3 ⇒

* { Hsn) ≥ t } E- e-
* d.exp ( ✗¥ ) =D - exp/- ✗1-+ EI )

.

Optimize a

(set × :=%2)≤ d. exp C-¥←) .

QED
.

-a-


