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cΧ˺Ή

ࡦ �ȣȴʿࡩ Ƞ߿ ŒȋǊƟŷɫŒǩƁŒȋȋˈ ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ
Ǉȴɫȝ ɫǩǊǩƌ ȝŒʉɫǩˇ

ࡦ ßɫƟʻǩȴʞɻ ƁȋŒɻɻࡩ ǽʞɻʉ Ƞ ŒȋǊƟŷɫŒǩƁŒȋȋˈ
ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ ŒɫƟ ɻʞǇ˨ƁǩƟȣʉ Ǉȴɫ
ࢎȝȴƌƟɫŒʉƟࢍ ɫǩǊǩƌǩʉˈ

ࡦ īǩȋȋ ɻǞȴʿࡩ ȋǩȣƟŒɫ ǩȣƌƟɠƟȣƌƟȣƁƟ ǩɻ ɻʞǇ˨ƁǩƟȣʉ
Ǉȴɫ ࢎǞǩǊǞࢍ ɫǩǊǩƌǩʉˈ



cΧ˺Ή

ࡦ �ȣȴʿࡩ Ƞ߿ ŒȋǊƟŷɫŒǩƁŒȋȋˈ ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ
Ǉȴɫȝ ɫǩǊǩƌ ȝŒʉɫǩˇ

ࡦ ßɫƟʻǩȴʞɻ ƁȋŒɻɻࡩ ǽʞɻʉ Ƞ ŒȋǊƟŷɫŒǩƁŒȋȋˈ
ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ ŒɫƟ ɻʞǇ˨ƁǩƟȣʉ Ǉȴɫ
ࢎȝȴƌƟɫŒʉƟࢍ ɫǩǊǩƌǩʉˈ

ࡦ īǩȋȋ ɻǞȴʿࡩ ȋǩȣƟŒɫ ǩȣƌƟɠƟȣƌƟȣƁƟ ǩɻ ɻʞǇ˨ƁǩƟȣʉ
Ǉȴɫ ࢎǞǩǊǞࢍ ɫǩǊǩƌǩʉˈ

Xi X alg ind over

a rn at
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To compare w expt bounds
Ru Tiley E



cΧ˺Ή

ࡦ �ȣȴʿࡩ Ƞ߿ ŒȋǊƟŷɫŒǩƁŒȋȋˈ ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ
Ǉȴɫȝ ɫǩǊǩƌ ȝŒʉɫǩˇ

ࡦ ßɫƟʻǩȴʞɻ ƁȋŒɻɻࡩ ǽʞɻʉ Ƞ ŒȋǊƟŷɫŒǩƁŒȋȋˈ
ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ ŒɫƟ ɻʞǇ˨ƁǩƟȣʉ Ǉȴɫ
ࢎȝȴƌƟɫŒʉƟࢍ ɫǩǊǩƌǩʉˈ

ࡦ īǩȋȋ ɻǞȴʿࡩ ȋǩȣƟŒɫ ǩȣƌƟɠƟȣƌƟȣƁƟ ǩɻ ɻʞǇ˨ƁǩƟȣʉ
Ǉȴɫ ࢎǞǩǊǞࢍ ɫǩǊǩƌǩʉˈ

m2

A c fun

Rale 4 free



+ȴȣɻʉɫʞƁʉǩȴȣ xࡩ Ƞ ŒȋǊƟŷɫŒǩƁŒȋȋˈ
ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ



�˺ͮΗ ü̺ͩΧϘ̺Γ

üǞƟȴɫƟȝ
�Ɲʂ ˀ߾, . . . , ˀȠ ŶƝ ŒȈǈƝŶɥŒǦƀŒȈȈˁ ǦȠƊƝɛƝȠƊƝȠʂ
ȰʴƝɥ Qࡪ ŒȠƊ ğǦ,Ǻ = ˀǺ−߾Ǧ ࡰ óǛƝȠ ǅȰɥ ƝʴƝɥˁ
߾ ≤ ɥ ≤

√
Ƞ
߽߾ ࡪ

RC
ğ (ɥ) ≥ Ƞ(Ƞ− ߽߽߾ · ɥ߿/(߿ .



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

ࡦ 5Ɵ˨ȣƟ Œ ƁȴȝɠȋƟˇǩʉˈ ȝƟŒɻʞɫƟ dimèèࢍ
ʂ ࢎ

ࡦ ßɫȴʻƟ ʉǞŒʉ Ǉȴɫ ȋȴʿ rank(�) =⇒ ȋȴʿ dimèè
ʂ (�)

ࡦ ßɫȴʻƟ ʉǞŒʉ Ǉȴɫ Œȣˈ ɻɠŒɫɻƟ èࡪ dimèè
ʂ (ğ− è) ǩɻ ǞǩǊǞ



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

ࡦ 5Ɵ˨ȣƟ Œ ƁȴȝɠȋƟˇǩʉˈ ȝƟŒɻʞɫƟ dimèèࢍ
ʂ ࢎ

ࡦ ßɫȴʻƟ ʉǞŒʉ Ǉȴɫ ȋȴʿ rank(�) =⇒ ȋȴʿ dimèè
ʂ (�)

ࡦ ßɫȴʻƟ ʉǞŒʉ Ǉȴɫ Œȣˈ ɻɠŒɫɻƟ èࡪ dimèè
ʂ (ğ− è) ǩɻ ǞǩǊǞ



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

ࡦ 5Ɵ˨ȣƟ Œ ƁȴȝɠȋƟˇǩʉˈ ȝƟŒɻʞɫƟ dimèèࢍ
ʂ ࢎ

ࡦ ßɫȴʻƟ ʉǞŒʉ Ǉȴɫ ȋȴʿ rank(�) =⇒ ȋȴʿ dimèè
ʂ (�)

ࡦ ßɫȴʻƟ ʉǞŒʉ Ǉȴɫ Œȣˈ ɻɠŒɫɻƟ èࡪ dimèè
ʂ (ğ− è) ǩɻ ǞǩǊǞ

V f Stl V is rigid



ðͩΧϺϑ࢙ðΓΧΉ̺Ηϡ΄С 5ͮΓ̺ΗϡͮΧΗ

5Ɵ˨ȣǩʉǩȴȣ
`ȴɫ Œȣˈ ʂ,Ƞ ∈ N Œȣƌ � ∈ CȠ×Ƞࡱ üǞƟ
ʂ࢙ðǞȴʞɠ࢙ðȝȴȋƟȣɻȅˈ ƌǩȝƟȣɻǩȴȣ ȴǇ ࡪ� dimèè

ʂ ࡪ(�)
ǩɻ ʉǞƟ ƌǩȝƟȣɻǩȴȣ ȴǇ ʉǞƟ ʻƟƁʉȴɫ ɻɠŒƁƟ ȴʻƟɫ Q
ɻɠŒȣȣƟƌ ŷˈ ɠɫȴƌʞƁʉ ȴǇ ʂ ƌǩɻʉǩȣƁʉ ƟȋƟȝƟȣʉɻ
ȴǇ ࡱ�



A LISE
EZ
2 olim A dim over 0

Bz R2 B 2,56 252,28

1152,53
dim zCAl 4



+ȴȣɻʉɫʞƁʉǩȴȣ xxࡩ Ƞ߿ ȋǩȣƟŒɫȋˈ
ǩȣƌƟɠƟȣƌƟȣʉ ƟȣʉɫǩƟɻ



�˺ͮΗ ü̺ͩΧϘ̺Γ

üǞƟȴɫƟȝ
�Ɲʂ � ∈ CȠ×Ƞ ŶƝ Œ ȚŒʂɥǦˀ ʸǦʂǛ ɵɡʗŒɥƝ ɥȰȰʂɵ Ȱǅ
Ƞ߿ ƊǦɵʂǦȠƀʂ ɛɥǦȚƝɵ Œɵ Ǧʂɵ ƝȠʂɥǦƝɵࡰ ^Ȱɥ ŒȠˁ
߾ ≤ ɥ ≤ Ƞ

߿ࠀ ࡪ

RC
� (ɥ) ≥ Ƞ(Ƞ− (ɥࠃ߾ .



a Er 3 EEc t
what we need

for clet lower bounds 12 42
Resented

A.TT lYliwnsizcuts

But A is not completely explicit
because every entry neguines
angel infinite precision
But A has a simple 1 shout
description



Proof outline

1 dims CL is low

2 dims CA s is high
3 A Lts

A is rigid



ðð 5ͮΓ̺ΗϡͮΧΗ Χ͘ �

æƟƁŒȋȋ Ǉɫȴȝ ȋŒɻʉ ƁȋŒɻɻࡩ
�ƟȝȝŒ
^Ȱɥ ŒȠˁ ʂ ∈ N, ŒȠƊ � ∈ CȠ×Ƞ Ȱǅ ɥŒȠȂ ɥ = rank(�)ࡪ

dimèè
ʂ (�) ≤

(
Ƞɥ+ ʂ
ʂ

߿(
.

monomials of deft of his vans is
a MIT dim L E ft of mens



ðð 5ͮΓ̺ΗϡͮΧΗ Χ͘ �− è

�ƟȝȝŒ
�Ɲʂ � ŶƝ ŒȠ Ƞ× Ƞ ȚŒʂɥǦˀ ʸǦʂǛ ɵɡʗŒɥƝ ɥȰȰʂɵ Ȱǅ
Ƞ߿ ƊǦɵʂǦȠƀʂ ɛɥǦȚƝɵ Œɵ Ǧʂɵ ƝȠʂɥǦƝɵࡪ ŒȠƊ è ∈ CȠ×Ƞ

ɵʗƀǛ ʂǛŒʂ ‖è‖߽ ≤ ɵࡰ ^Ȱɥ ŒȠˁ ߾ ≤ ɵ, ʂ ≤ Ƞࡪ߿

dimèè
ʂ (�− è) ≥

(
Ƞ߿ − ɵ
ʂ

)
.



#̺ϡ̤ͮΧЖͮϫ̤ͩ ü̺ͩΧϘ̺Γ

üǞƟȴɫƟȝ ࢎƟɻǩƁȴʻǩʉƁǞ#ࢍ
�Ɲʂ Œ߾,Œ߿, . . . , ŒȚ ŶƝ Ț ƊǦɵʂǦȠƀʂ ɵɡʗŒɥƝ ɥȰȰʂɵ Ȱǅ
ɵɡʗŒɥƝࢗǅɥƝƝ ǦȠʂƝǈƝɥɵࡪ ʂǛƝȠ ʂǛƝˁ ŒɥƝ ŒȈȈ ȈǦȠƝŒɥȈˁ
ǦȠƊƝɛƝȠƊƝȠʂ ȰʴƝɥ Qࡰ

I R G F VG 1in iud omenOf



A S still has 3h's square
roots of distinct primes

twiepwdutsfentniesofAS.fr
mfs t wise products

where all t els are

square meats of
distinct puinee

square nooks f distinct pain
By Besiconitch Thin they all are

1in ind over
dims A g II O



�˺ͮΗ ü̺ͩΧϘ̺Γ

üǞƟȴɫƟȝ
�Ɲʂ � ∈ CȠ×Ƞ ŶƝ Œ ȚŒʂɥǦˀ ʸǦʂǛ ɵɡʗŒɥƝ ɥȰȰʂɵ Ȱǅ
Ƞ߿ ƊǦɵʂǦȠƀʂ ɛɥǦȚƝɵ Œɵ Ǧʂɵ ƝȠʂɥǦƝɵࡰ ^Ȱɥ ŒȠˁ
߾ ≤ ɥ ≤ Ƞ

߿ࠀ ࡪ

RC
� (ɥ) ≥ Ƞ(Ƞ− (ɥࠃ߾ .



S n h 1612
h2 16h12

f n R

olim eC4E urn

p S

4
2kt

YEE
a
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1617
1 2 16

2 HEY



16 s dime L

dims A S 316 solani L

A S L
A is rigid D



ðǞȴʞɠ࢙ðȝȴȋƟȣɻȅˈ 5ǩȝƟȣɻǩȴȣ
Œȣƌ +ǩɫƁʞǩʉ �ȴʿƟɫ #ȴʞȣƌɻ



æ̭ͮͮͮ͞ϫС ˺Η̭ +ͮϘ̤Ϻͮϫϡ

ࡦ īƟ ɻʉʞƌˈ ɫǩǊǩƌǩʉˈ ʉȴ ɠɫȴʻƟ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ
ŒǊŒǩȣɻʉ ȋǩȣƟŒɫ ƁǩɫƁʞǩʉɻ

ࡦ æǩǊǩƌǩʉˈ Ǉȴɫ ɫŒȣȅ Ƞ/߽߽߾ Œȣƌ ɻɠŒɫɻǩʉˈ Ƞ߾߽.߾
ǩȝɠȋǩƟɻ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ

ࡦ ðǞȴʞɠ࢙ðȝȴȋƟȣɻȅˈ ƌǩȝƟȣɻǩȴȣ ƁŒȣ ŷƟ ƌǩɫƟƁʉȋˈ
ʞɻƟƌ ʉȴ ɠɫȴʻƟ Œ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ
ŷȴʞȣƌ ŒǊŒǩȣɻʉ ɻʞƁǞ ƁǩɫƁʞǩʉɻ

ࡦ �ȋŒɻࡪ Ǉȴɫ ȋǩȣƟŒɫ ǇʞȣƁʉǩȴȣɻ ʉǞŒʉ ŒɫƟ ȣȴʉ
ƁȴȝɠȋƟʉƟȋˈ ƟˇɠȋǩƁǩʉ



æ̭ͮͮͮ͞ϫС ˺Η̭ +ͮϘ̤Ϻͮϫϡ

ࡦ īƟ ɻʉʞƌˈ ɫǩǊǩƌǩʉˈ ʉȴ ɠɫȴʻƟ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ
ŒǊŒǩȣɻʉ ȋǩȣƟŒɫ ƁǩɫƁʞǩʉɻ

ࡦ æǩǊǩƌǩʉˈ Ǉȴɫ ɫŒȣȅ Ƞ/߽߽߾ Œȣƌ ɻɠŒɫɻǩʉˈ Ƞ߾߽.߾
ǩȝɠȋǩƟɻ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ

ࡦ ðǞȴʞɠ࢙ðȝȴȋƟȣɻȅˈ ƌǩȝƟȣɻǩȴȣ ƁŒȣ ŷƟ ƌǩɫƟƁʉȋˈ
ʞɻƟƌ ʉȴ ɠɫȴʻƟ Œ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ
ŷȴʞȣƌ ŒǊŒǩȣɻʉ ɻʞƁǞ ƁǩɫƁʞǩʉɻ

ࡦ �ȋŒɻࡪ Ǉȴɫ ȋǩȣƟŒɫ ǇʞȣƁʉǩȴȣɻ ʉǞŒʉ ŒɫƟ ȣȴʉ
ƁȴȝɠȋƟʉƟȋˈ ƟˇɠȋǩƁǩʉ



æ̭ͮͮͮ͞ϫС ˺Η̭ +ͮϘ̤Ϻͮϫϡ

ࡦ īƟ ɻʉʞƌˈ ɫǩǊǩƌǩʉˈ ʉȴ ɠɫȴʻƟ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ
ŒǊŒǩȣɻʉ ȋǩȣƟŒɫ ƁǩɫƁʞǩʉɻ

ࡦ æǩǊǩƌǩʉˈ Ǉȴɫ ɫŒȣȅ Ƞ/߽߽߾ Œȣƌ ɻɠŒɫɻǩʉˈ Ƞ߾߽.߾
ǩȝɠȋǩƟɻ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ

ࡦ ðǞȴʞɠ࢙ðȝȴȋƟȣɻȅˈ ƌǩȝƟȣɻǩȴȣ ƁŒȣ ŷƟ ƌǩɫƟƁʉȋˈ
ʞɻƟƌ ʉȴ ɠɫȴʻƟ Œ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ
ŷȴʞȣƌ ŒǊŒǩȣɻʉ ɻʞƁǞ ƁǩɫƁʞǩʉɻ

ࡦ �ȋŒɻࡪ Ǉȴɫ ȋǩȣƟŒɫ ǇʞȣƁʉǩȴȣɻ ʉǞŒʉ ŒɫƟ ȣȴʉ
ƁȴȝɠȋƟʉƟȋˈ ƟˇɠȋǩƁǩʉ



æ̭ͮͮͮ͞ϫС ˺Η̭ +ͮϘ̤Ϻͮϫϡ

ࡦ īƟ ɻʉʞƌˈ ɫǩǊǩƌǩʉˈ ʉȴ ɠɫȴʻƟ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ
ŒǊŒǩȣɻʉ ȋǩȣƟŒɫ ƁǩɫƁʞǩʉɻ

ࡦ æǩǊǩƌǩʉˈ Ǉȴɫ ɫŒȣȅ Ƞ/߽߽߾ Œȣƌ ɻɠŒɫɻǩʉˈ Ƞ߾߽.߾
ǩȝɠȋǩƟɻ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ ŷȴʞȣƌɻ

ࡦ ðǞȴʞɠ࢙ðȝȴȋƟȣɻȅˈ ƌǩȝƟȣɻǩȴȣ ƁŒȣ ŷƟ ƌǩɫƟƁʉȋˈ
ʞɻƟƌ ʉȴ ɠɫȴʻƟ Œ ɻʞɠƟɫ࢙ȋǩȣƟŒɫ ƁǩɫƁʞǩʉ ȋȴʿƟɫ
ŷȴʞȣƌ ŒǊŒǩȣɻʉ ɻʞƁǞ ƁǩɫƁʞǩʉɻ

ࡦ �ȋŒɻࡪ Ǉȴɫ ȋǩȣƟŒɫ ǇʞȣƁʉǩȴȣɻ ʉǞŒʉ ŒɫƟ ȣȴʉ
ƁȴȝɠȋƟʉƟȋˈ ƟˇɠȋǩƁǩʉ



ðͩΧϺϑ࢙ðΓΧΉ̺Ηϡ΄С �ΧЙ̺Ϙ #ΧϺΗ̭

üǞƟȴɫƟȝ
�Ɲʂ � ∈ CȠ×Ƞ ŶƝ Œ ȚŒʂɥǦˀ ʸǦʂǛ ɵɡʗŒɥƝ ɥȰȰʂɵ Ȱǅ
Ƞ߿ ƊǦɵʂǦȠƀʂ ɛɥǦȚƝɵ Œɵ Ǧʂɵ ƝȠʂɥǦƝɵࡰ �Ƞˁ ȈǦȠƝŒɥ
ƀǦɥƀʗǦʂ ƀȰȚɛʗʂǦȠǈ ˀ→ �ˀ Țʗɵʂ ǛŒʴƝ ɵǦˍƝ Œʂ
ȈƝŒɵʂ

ɵ ≥ Ω(Ƞ߿/ log Ƞ) .

X EE y C
E

y Aix



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

ࡦ ßɫȴʻƟ ʉǞŒʉ ȴʞɫ ȝŒʉɫǩˇ � ǞŒɻ ǞǩǊǞ dimèè

ࡦ ßɫȴʻƟ ʉǞŒʉ ɻȝŒȋȋ ƁǩɫƁʞǩʉɻ ƁȴȝɠʞʉƟ ˀ→ #ˀ ȴȣȋˈ
Ǉȴɫ # ʿǩʉǞ ȋȴʿ dimèè

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ � ɫƟɧʞǩɫƟɻ ȋŒɫǊƟ ƁǩɫƁʞǩʉɻ

t
f it

A
r stain it

sq manee free mum hens
l i n i nd

dim A I



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

ࡦ ßɫȴʻƟ ʉǞŒʉ ȴʞɫ ȝŒʉɫǩˇ � ǞŒɻ ǞǩǊǞ dimèè

ࡦ ßɫȴʻƟ ʉǞŒʉ ɻȝŒȋȋ ƁǩɫƁʞǩʉɻ ƁȴȝɠʞʉƟ ˀ→ #ˀ ȴȣȋˈ
Ǉȴɫ # ʿǩʉǞ ȋȴʿ dimèè

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ � ɫƟɧʞǩɫƟɻ ȋŒɫǊƟ ƁǩɫƁʞǩʉɻ



ßϘΧΧ͘ ´ϺϫΉͮΗ̺

ࡦ ßɫȴʻƟ ʉǞŒʉ ȴʞɫ ȝŒʉɫǩˇ � ǞŒɻ ǞǩǊǞ dimèè

ࡦ ßɫȴʻƟ ʉǞŒʉ ɻȝŒȋȋ ƁǩɫƁʞǩʉɻ ƁȴȝɠʞʉƟ ˀ→ #ˀ ȴȣȋˈ
Ǉȴɫ # ʿǩʉǞ ȋȴʿ dimèè

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ � ɫƟɧʞǩɫƟɻ ȋŒɫǊƟ ƁǩɫƁʞǩʉɻ



ßϘΧΧ͘

ࡦ ßɫȴʻƟ ʉǞŒʉ dimèè
Ƞ߿ (�) ≥ ߿Ƞ߿

ࡦ ßɫȴʻƟ ʉǞŒʉ ƁǩɫƁʞǩʉɻ ȴǇ ɻǩ˔Ɵ ɵ ƁȴȝɠʞʉƟ ˀ→ #ˀ
ȴȣȋˈ Ǉȴɫ # ʿǩʉǞ dimèè

Ƞ߿ (�) ≤ (Ƞ߿ + ɵ)ɵ

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ ɵ ≥ Ω(Ƞ߿/ log Ƞ)

o V



ßϘΧΧ͘

ࡦ ßɫȴʻƟ ʉǞŒʉ dimèè
Ƞ߿ (�) ≥ ߿Ƞ߿

ࡦ ßɫȴʻƟ ʉǞŒʉ ƁǩɫƁʞǩʉɻ ȴǇ ɻǩ˔Ɵ ɵ ƁȴȝɠʞʉƟ ˀ→ #ˀ
ȴȣȋˈ Ǉȴɫ # ʿǩʉǞ dimèè

Ƞ߿ (�) ≤ (Ƞ߿ + ɵ)ɵ

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ ɵ ≥ Ω(Ƞ߿/ log Ƞ)



ßϘΧΧ͘

ࡦ ßɫȴʻƟ ʉǞŒʉ dimèè
Ƞ߿ (�) ≥ ߿Ƞ߿

ࡦ ßɫȴʻƟ ʉǞŒʉ ƁǩɫƁʞǩʉɻ ȴǇ ɻǩ˔Ɵ ɵ ƁȴȝɠʞʉƟ ˀ→ #ˀ
ȴȣȋˈ Ǉȴɫ # ʿǩʉǞ dimèè

Ƞ߿ (�) ≤ (Ƞ߿ + ɵ)ɵ

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ ɵ ≥ Ω(Ƞ߿/ log Ƞ)
n SY 7 dims'mCA 72

Ings 20619N zoologist 32h2

soaked



ßϘΧΧ͘

ࡦ ßɫȴʻƟ ʉǞŒʉ dimèè
Ƞ߿ (�) ≥ ߿Ƞ߿

ࡦ ßɫȴʻƟ ʉǞŒʉ ƁǩɫƁʞǩʉɻ ȴǇ ɻǩ˔Ɵ ɵ ƁȴȝɠʞʉƟ ˀ→ #ˀ
ȴȣȋˈ Ǉȴɫ # ʿǩʉǞ dimèè

Ƞ߿ (�) ≤ (Ƞ߿ + ɵ)ɵ

ࡦ +ȴȣƁȋʞƌƟ ʉǞŒʉ ɵ ≥ Ω(Ƞ߿/ log Ƞ)

1



ü̺̤ͩΗ̤ͮ˺Ή �̺ΓΓ˺

�ƟȝȝŒ
�Ɲʂ * ŶƝ Œ ȈǦȠƝŒɥ ƀǦɥƀʗǦʂ Ȱǅ ɵǦˍƝ ɵ ƀȰȚɛʗʂǦȠǈ
ˀ→ #ˀ ǅȰɥ # ∈ CȠ×Ƞࡰ óǛƝȠ

dimèè
Ƞ߿ (�) ≤ (Ƞ߿ + ɵ)ɵ .



output
3 7 17
Ip qqI

i

X X 2 Xz Xl

output 3 C K t 3 E t

7 93 t 4G

X Be

a Li 3






















