
lECTURF
• Given numbers aij , i=b . . -

, n ,
5=1 , - . - , m :

Max Eaijzeiyj ≤ max Zai; Sui,v;)

Ri,yj
c- {-1-1} ij Ui,✓jE1R"d ij

- ↑ units
encidefinite (WHY ?)

combinatorial
NP-hard

\ ⇒ tractable .

• Tightness
:

relaxation

thm-CG-EEeq-uality-s-DV-ais.su#maxIaij(ui,v
;) ≤ 1.782

- meet

hi,VjERᵈ ij m;y ,
← {± , }

&jkiYj|m#
Proof will be based on

(a) Prlitg (
randomized rounding) : Grothendieck identity (tee.tt) .

.

☒ signor,g) sign (Yg ) = E- arcsinlu.us
V- unit air

.

T
(b) kerneltn-I.to handle the nonlinearity :

we will find maps ∅, 4 : R
"

- Rt (N ⇒ n) such that

F- sign (Ku), g) sign
(v)
,g) =p (un)

☒ G. I

Z=arcsin( ∅ (a) , 4h> =p (un)
I

(Ñu),uCvD=sin(PII (*)

PLAN_ : we will build more and more nontrivial nonlinear

ities.lu
,v>
2
→ ( U ,Ñ V- polynomial → tlanalyticfn .



TF-NSORCACC.cl#

① For a vector UE Rn
,

tensor product

U ☒ U : = [ 'UiUj]ijUTE LR
"

• { U⊕u , VXOV) = i§uiUj
• Vivi =@ uivi)( Elegy.) - {u, v72

• ⇒ 7- map of : ☒ → Rñ such that

{ § (a) , & (D)
= (a.v5 (the)=u☒u)

unit vectors to unit vectors_

SQUARE
-

built .

② Moree generally ,
UOXU a = [king we] ;↑,u= ,

C- lR^ˢ
and u⊕k £ 1Bn

"

⇒ 7- map ∅ : R
"

→ pit :

(Ku) , ∅ (b) =fsv5 ( Ku ) --u⊕
"

)

unit vectors → unit vectors .

VMMaiet .



^

③ Direction of a c- R
"

,
ve Am :

U⊕V=- [ Un , . . - , Un , Un
,
. .

>
Um ] C-

"+

?

U⊕v⊕w = etc
.

(tx)
( a⊕V

,
✗ ☒ g) = ( thx> + (Yy) .

• E± I ∅ :B
"

→ RN : ( tola ), Av)> = 26,4+31%5+5 Luis
?

↳Cu) =@a) ⊕ (Bu ☒a) ⊕ (Fsu☒u☒u)
c- Rn
"

⇒ V-polynomialwithnonne-gaueeffsbn.lt
.

④ If some coeff's are negI.ve , impossible (( tolu) , *cus> Zo )
but :

• F⇒ Z ∅, ¢ : IR
"

- AN :(* (n), ✗(D) = 24,v) -344 , v5-54,43 .

1- of (a) as above :
]if (a) : =@ a) ☒ C-Fsu☒a) ⊕ C-Fsu a a) .

⇒ E.glbui-HRemark-i.ltunit u : 11643115--11443115=2+3+5--10.
-2-



⑤ Take limits ⇒ V-realanalytscfund-ion-bue.lt :

P^¥*☒ᵈⁿ%ᵗʰʰ""£⇔=%F°f7- 01,4 :B
"
→ & ( dot:ne it ! )

( tcu), 4 as> = f ( suis) Hmv c- IT .

Moreover
,

k&Hki=H4Cu)Hi=Ef,•c*ri:
I::;:÷:÷;÷÷÷"⇔ᵗʰ
and ( of (a) , 46)) = sin ( BE ten>)

V-u.ir wit

TAMMY Bop . for

foe)= sin (ca) = ca -¥? + - + . . .

To make sure to maps unit vectors
to unit vectors ,

set

1=7141 = c + +¥
.

+ ¥, + . . . = ᵈ2É
Solve ⇒ c = belief) = : BIZ ⇒ p=¥lua+E)]

Hence ( seep .D: F-sigu.to/H,g)signtlH,g)--plui--C*)
→-



pro-Enguality-ckr.ir ine 's ornament 49879) Hui,y.
unit :

\ let u¥:= focus > c- l} Vj
'
: -41% ) C-& i c- = ! -in; j-l.r.im .

W.L.0.ca
.

we can assume that vi. V; EIR
"+m

(expfain )
.

Ensign Lui,g) sign g) E- ceresin (¥4447)# plain;) .

Eaijfui, Vj ) = § If aij E- sign / ui
'

, g) sign /vi. g) ftp.3)
ij ✓ TE Yi

= -1ps E /Fai; rig ;]
≤?⃝ max

42,- c- {±
, }
F.Airs

✗

= 1.7822 . QED
.

↑
• Is Karine 's constant optimal ?QUEˢr
No ( Braverman et d. ' 20 " ]
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