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ࡦ īǩȋȋ ɻǞȴʿࡩ Ƞ ɫŒȣƌȴȝ ŷǩʉɻ ǊǩʻƟ ɫǩǊǩƌǩʉˈ Ƞࠀ
ɥ߿ log Ƞ
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Time 20 with an MP oracle
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Not sufficient for CLB
But more rigid than known constructions
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o˺Η΄̺Ή �˺ϫϘ̤̺ͮϡ
5Ɵ˨ȣǩʉǩȴȣ
� ∈ FȠ×Ƞ ǩɻ Œ oŒȣȅƟȋ ȝŒʉɫǩˇ ǩǇ �Ǧ,Ǻ = ŒǦ+Ǻ Ǉȴɫ
ɻȴȝƟ Œ߿,Œࠀ, . . . , Œ߿Ƞ ∈ Fࡱ

� ǩɻ Œ üȴƟɠȋǩʉ˔ ȝŒʉɫǩˇ ǩǇ �Ǧ,Ǻ = ŒǦ−Ǻ Ǉȴɫ ɻȴȝƟ
Œ−(Ƞ−߾),Œ−(Ƞ−߿), . . . , ŒȠ−߾ ∈ Fࡱ

n

n

yq

a
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q
II'm stint values in n

Anti OR
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HanhelMatin
Cnl hits to specify a Hankel matrix

but these matrices are pseudomando
111

for many applications
they've as good as random

Ait
b C 0,13

FA b 90,13 0,1 s

fable A xx b over E

fan painwise
independent

hash functions

HW



Painwiseindependence

MAX CUT problem

G n venting in edges

SEEN subset of ventices

cutts of edges hem

0s and 5 V E
O S O O
O J

MAT Art problem asks you to

find S that maximizes arts



Tai vial 0.5 ape for MAX Art

Eveny venter is included
in S ind w p k

IEIi9ht5 I

L

E East edges EEE Ie

E Ee is ont

Ee t Mz



Demandomization

pick in random bits
bi bn

If bi I Then
include Wi in 5

Else
do not include Wi ins

In the analysis we only
used the fact that

f on every park of centres
0 Iz we have

Red blue pain
hit

n pairwise independent bits



You only need 0 logs random

bits to generate h

painwise iud bits

This denoundomizes Mat cut

bunte fence 016gal hits
intone 20h94 polyth
I

poly time deterministic
alg for MAX cut



BPP poly time using urandemnes

P poly time det als

p E BPP
is demandomization of
poly time algs possible

Demandomization E EXP



�˺ͮΗ ü̺ͩΧϘ̺Γ

üǞƟȴɫƟȝ ࢎࠃ߾cüࢍ
^Ȱɥ ŒȠˁ

√
Ƞ ≤ ɥ ≤ Ƞ

߿ࠀ ࡪ ʸǦʂǛ ɛɥȰŶŒŶǦȈǦʂˁ −߾ Ȱ(߾)
Œ ɥŒȠƊȰȚ mŒȠȂƝȈࡶóȰƝɛȈǦʂˍ ȚŒʂɥǦˀ � ǛŒɵ

RF߿
� (ɥ) ≥ Ω

(
Ƞࠀ

ɥ߿ log Ƞ

)
.

earn Rcr raga
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5Ɵ˨ȣǩʉǩȴȣ
� ∈ FȠ×Ƞ ǩɻ Œ Ȃ࢙oŒȣȅƟȋ ȝŒʉɫǩˇ ǩǇ �Ǧ,Ǻ = ŒȂ(Ǧ−߾)+Ǻ
Ǉȴɫ ɻȴȝƟ Œ߾,Œ߿, . . . , Œ(Ƞ−߾)Ȃ+Ƞ ∈ F

a a an
Que Kel Ken

Hank
Akennel Aken ith In particular every

new has one new
random elf



LIE k h

Me Ah Completely
blue Azn Mandan
a nei mate
Arf nel Aur

lmne

Kal Hankel each man has
w nandan

wit

U Hornhel knew random
hots pen now

k n Random each now has
new nandan hits



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

�Ɵʉ Ȃ ŷƟ Œ ɠŒɫŒȝƟʉƟɫ Œȣƌ Ț = Ƞ
Ȃ ࡱ

ðʉƟɠ x �ȣˈ Ƞ× Ƞ oŒȣȅƟȋ ȝŒʉɫǩˇ ƁŒȣ ŷƟ
ɠŒɫʉǩʉǩȴȣƟƌ ǩȣʉȴ Ț×Ț ȝŒʉɫǩƁƟɻ ƟŒƁǞ ȴǇ
ʿǞǩƁǞ ǩɻ Ȃ࢙oŒȣȅƟȋࡱ

ðʉƟɠ xx � ɫŒȣƌȴȝ Ț×Ț Ȃ࢙oŒȣȅƟȋ ȝŒʉɫǩˇ ǩɻ
(Ț/߿, ȂȚ

߽߽ࠁ logȚ)࢙ɫǩǊǩƌ ʿǩʉǞ ɠɫȴŷŒŷǩȋǩʉˈ
−߾ ࡱ߽߿/ȂȚ−߿

Hankel El Manuel is rigid



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

�Ɵʉ Ȃ ŷƟ Œ ɠŒɫŒȝƟʉƟɫ Œȣƌ Ț = Ƞ
Ȃ ࡱ

ðʉƟɠ x �ȣˈ Ƞ× Ƞ oŒȣȅƟȋ ȝŒʉɫǩˇ ƁŒȣ ŷƟ
ɠŒɫʉǩʉǩȴȣƟƌ ǩȣʉȴ Ț×Ț ȝŒʉɫǩƁƟɻ ƟŒƁǞ ȴǇ
ʿǞǩƁǞ ǩɻ Ȃ࢙oŒȣȅƟȋࡱ

ðʉƟɠ xx � ɫŒȣƌȴȝ Ț×Ț Ȃ࢙oŒȣȅƟȋ ȝŒʉɫǩˇ ǩɻ
(Ț/߿, ȂȚ

߽߽ࠁ logȚ)࢙ɫǩǊǩƌ ʿǩʉǞ ɠɫȴŷŒŷǩȋǩʉˈ
−߾ ࡱ߽߿/ȂȚ−߿

praline of k

f

n
eaumwm.is u H



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

�Ɵʉ Ȃ ŷƟ Œ ɠŒɫŒȝƟʉƟɫ Œȣƌ Ț = Ƞ
Ȃ ࡱ

ðʉƟɠ x �ȣˈ Ƞ× Ƞ oŒȣȅƟȋ ȝŒʉɫǩˇ ƁŒȣ ŷƟ
ɠŒɫʉǩʉǩȴȣƟƌ ǩȣʉȴ Ț×Ț ȝŒʉɫǩƁƟɻ ƟŒƁǞ ȴǇ
ʿǞǩƁǞ ǩɻ Ȃ࢙oŒȣȅƟȋࡱ

ðʉƟɠ xx � ɫŒȣƌȴȝ Ț×Ț Ȃ࢙oŒȣȅƟȋ ȝŒʉɫǩˇ ǩɻ
(Ț/߿, ȂȚ

߽߽ࠁ logȚ)࢙ɫǩǊǩƌ ʿǩʉǞ ɠɫȴŷŒŷǩȋǩʉˈ
−߾ ࡱ߽߿/ȂȚ−߿

k Hanker



V 3,1600124cgn
m Za R K F
U tpI pantition A

Lain into K2 matrices
4 A each Ai'sn.in

auruisu.ii
iisA

StL
pull ER

115110 at gn u mug

Ais sis Lis



silo q
antennas

I 3
F i j 11 sisHo E Is

µ 2

untwist
k Im

East Komatsu

A45 sii5LT
Hsin'll e tumour
12h Lili a Rk L e Mz



Ails si's Lisi

Hsin'll e Foton
12h Lili Erle L a m2

Ai
Steph

Air Lisesi
Rk Lisi hz
11545110 YomoteTm



step II says
Aig is rigid we get contradictro

n 120
h Z

Thenuezam if C ED nine

One had PRE 2

At least one of k Bord events

happens P n E w 2
420

42 2
To

Mo

If I take random Hankel
matrix then u pAlnico

A is rigid 0I Z



ðʉƟɠ xࡱ ßŒɫʉǩʉǩȴȣǩȣǊ oŒȣȅƟȋ
�ŒʉɫǩƁƟɻ
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�ƟȝȝŒ
�Ɲʂ Ƞ, Ȃ ∈ N ɵʗƀǛ ʂǛŒʂ Ȃ ƊǦʴǦƊƝɵ Ƞࡰ óǛƝȠ Œ
mŒȠȂƝȈ ȚŒʂɥǦˀ ƀŒȠ ŶƝ ɛŒɥʂǦʂǦȰȠƝƊ ǦȠʂȰ Ƞ

Ȃ ×
Ƞ
Ȃ

ȂmŒȠȂƝȈ ȚŒʂɥǦƀƝɵࡰ

n n en

ii a p



Trivial
WMMNMowdhomanm
mhmmmmm nahdayJa

m

mmmm
Mmm Mmm
ummm mmmmmmmmmmmmmmn.FI

ht

i matrices

2M 1 random hits

m

avammmTn_m_ttanhehi.ekFm whammmannam
mmmm

MMMannum k Hamlet
mmmm
mon Momon

ummm mmmm
ammmmnm random hits in such
an man am conhmatnix

M 1kt ke n th
m I

Oth hits
The hog mature has 2h random
hits
each suhmatnix has essentially
all mandom ness from his mature



amourmarkmoment
mhmmmmm nm

www.onmmmmdntgmmmmmqamomnhfm
mmmm I

ummm mm mm
mm mmmm but
anonmamaninNon

v e all ane

U Hankel

D


