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ࡦ īƟࢪȋȋ ɠɫȴʻƟ ʉǞŒʉ m ǩɻ ȣȴʉ ɫǩǊǩƌ Ǉȴɫ Œȣˈ ɥ = ®(Ƞ)ࡱ
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ࡦ xʉࢪɻ ɻʞǇ˨ƁǩƟȣʉ ʉȴ ƁȴȝɠʞʉƟ mˀ,ˁ Ǉȴɫ ˀ, ˁ ∈ {߽, ࡩȠ{߾

−߿/߾) ε)Ƞ ≤ ‖ˀ‖߽, ‖ˁ‖߽ ≤ +߿/߾) ε)Ƞ .

ࡦ 〈ˀ, ˁ〉 ǩɻ ȣȴʿ ǩȣ [߽, +߿/߾) ε)Ƞ] 
ࡦ īƟࢪȋȋ ɻǞȴʿ ʉǞŒʉ Œȋȋ ŷʞʉ ȣƟǊȋǩǊǩŷȋƟ ǇɫŒƁʉǩȴȣ ǞŒʻƟ
〈ˀ, ˁ〉 ≥ ࡱεȠ߿ £ȴʿ 〈ˀ, ˁ〉 ∈ ,εȠ߿] +߿/߾) ε)Ƞ] 

ࡦ üǞƟɫƟ ǩɻ Œ ɠȴȋˈ ǩȣ ˀǦˁǦ ȴǇ ƌƟǊɫƟƟ −߿/߾) ε)Ƞ ʉǞŒʉ
ƁȴɫɫƟƁʉȋˈ ƁȴȝɠʞʉƟɻ 〈ˀ, ˁ〉 ǩȣ ʉǞǩɻ ɫŒȣǊƟࡱ

ࡦ üǞǩɻ ǊǩʻƟɻ Œ ɠȴȋˈ ʿǩʉǞ
( Ƞ
Ƞ(ε−߿/߾)

)
= (′ε−߾)Ƞ߿

ȝȴȣȴȝǩŒȋɻ ŒɠɠɫȴˇǩȝŒʉǩȣǊ oŒƌŒȝŒɫƌࡱ

If a sparse poly approximates
a matrix

then this mature hag Cow monk



ßϘΧΧ͘ ´ϺϫΉͮΗ̺
ࡦ xʉࢪɻ ɻʞǇ˨ƁǩƟȣʉ ʉȴ ƁȴȝɠʞʉƟ mˀ,ˁ Ǉȴɫ ˀ, ˁ ∈ {߽, ࡩȠ{߾

−߿/߾) ε)Ƞ ≤ ‖ˀ‖߽, ‖ˁ‖߽ ≤ +߿/߾) ε)Ƞ .

ࡦ 〈ˀ, ˁ〉 ǩɻ ȣȴʿ ǩȣ [߽, +߿/߾) ε)Ƞ] 
ࡦ īƟࢪȋȋ ɻǞȴʿ ʉǞŒʉ Œȋȋ ŷʞʉ ȣƟǊȋǩǊǩŷȋƟ ǇɫŒƁʉǩȴȣ ǞŒʻƟ
〈ˀ, ˁ〉 ≥ ࡱεȠ߿ £ȴʿ 〈ˀ, ˁ〉 ∈ ,εȠ߿] +߿/߾) ε)Ƞ] 

ࡦ üǞƟɫƟ ǩɻ Œ ɠȴȋˈ ǩȣ ˀǦˁǦ ȴǇ ƌƟǊɫƟƟ −߿/߾) ε)Ƞ ʉǞŒʉ
ƁȴɫɫƟƁʉȋˈ ƁȴȝɠʞʉƟɻ 〈ˀ, ˁ〉 ǩȣ ʉǞǩɻ ɫŒȣǊƟࡱ

ࡦ üǞǩɻ ǊǩʻƟɻ Œ ɠȴȋˈ ʿǩʉǞ
( Ƞ
Ƞ(ε−߿/߾)

)
= (′ε−߾)Ƞ߿

ȝȴȣȴȝǩŒȋɻ ŒɠɠɫȴˇǩȝŒʉǩȣǊ oŒƌŒȝŒɫƌࡱ

c154

i
qa



ßϘΧΧ͘ ´ϺϫΉͮΗ̺
ࡦ xʉࢪɻ ɻʞǇ˨ƁǩƟȣʉ ʉȴ ƁȴȝɠʞʉƟ mˀ,ˁ Ǉȴɫ ˀ, ˁ ∈ {߽, ࡩȠ{߾

−߿/߾) ε)Ƞ ≤ ‖ˀ‖߽, ‖ˁ‖߽ ≤ +߿/߾) ε)Ƞ .

ࡦ 〈ˀ, ˁ〉 ǩɻ ȣȴʿ ǩȣ [߽, +߿/߾) ε)Ƞ] 

ࡦ īƟࢪȋȋ ɻǞȴʿ ʉǞŒʉ Œȋȋ ŷʞʉ ȣƟǊȋǩǊǩŷȋƟ ǇɫŒƁʉǩȴȣ ǞŒʻƟ
〈ˀ, ˁ〉 ≥ ࡱεȠ߿ £ȴʿ 〈ˀ, ˁ〉 ∈ ,εȠ߿] +߿/߾) ε)Ƞ] 

ࡦ üǞƟɫƟ ǩɻ Œ ɠȴȋˈ ǩȣ ˀǦˁǦ ȴǇ ƌƟǊɫƟƟ −߿/߾) ε)Ƞ ʉǞŒʉ
ƁȴɫɫƟƁʉȋˈ ƁȴȝɠʞʉƟɻ 〈ˀ, ˁ〉 ǩȣ ʉǞǩɻ ɫŒȣǊƟࡱ

ࡦ üǞǩɻ ǊǩʻƟɻ Œ ɠȴȋˈ ʿǩʉǞ
( Ƞ
Ƞ(ε−߿/߾)

)
= (′ε−߾)Ƞ߿

ȝȴȣȴȝǩŒȋɻ ŒɠɠɫȴˇǩȝŒʉǩȣǊ oŒƌŒȝŒɫƌࡱ

eo

I 1
we expect 4 K F



ßϘΧΧ͘ ´ϺϫΉͮΗ̺
ࡦ xʉࢪɻ ɻʞǇ˨ƁǩƟȣʉ ʉȴ ƁȴȝɠʞʉƟ mˀ,ˁ Ǉȴɫ ˀ, ˁ ∈ {߽, ࡩȠ{߾

−߿/߾) ε)Ƞ ≤ ‖ˀ‖߽, ‖ˁ‖߽ ≤ +߿/߾) ε)Ƞ .

ࡦ 〈ˀ, ˁ〉 ǩɻ ȣȴʿ ǩȣ [߽, +߿/߾) ε)Ƞ] 
ࡦ īƟࢪȋȋ ɻǞȴʿ ʉǞŒʉ Œȋȋ ŷʞʉ ȣƟǊȋǩǊǩŷȋƟ ǇɫŒƁʉǩȴȣ ǞŒʻƟ
〈ˀ, ˁ〉 ≥ ࡱεȠ߿ £ȴʿ 〈ˀ, ˁ〉 ∈ ,εȠ߿] +߿/߾) ε)Ƞ] 

ࡦ üǞƟɫƟ ǩɻ Œ ɠȴȋˈ ǩȣ ˀǦˁǦ ȴǇ ƌƟǊɫƟƟ −߿/߾) ε)Ƞ ʉǞŒʉ
ƁȴɫɫƟƁʉȋˈ ƁȴȝɠʞʉƟɻ 〈ˀ, ˁ〉 ǩȣ ʉǞǩɻ ɫŒȣǊƟࡱ

ࡦ üǞǩɻ ǊǩʻƟɻ Œ ɠȴȋˈ ʿǩʉǞ
( Ƞ
Ƞ(ε−߿/߾)

)
= (′ε−߾)Ƞ߿

ȝȴȣȴȝǩŒȋɻ ŒɠɠɫȴˇǩȝŒʉǩȣǊ oŒƌŒȝŒɫƌࡱ

Lx Y EEO n

length of this internal

H cy
snCE

fCt L Dt for tG Zen Hadid

Hai ray EE air



ßϘΧΧ͘ ´ϺϫΉͮΗ̺
ࡦ xʉࢪɻ ɻʞǇ˨ƁǩƟȣʉ ʉȴ ƁȴȝɠʞʉƟ mˀ,ˁ Ǉȴɫ ˀ, ˁ ∈ {߽, ࡩȠ{߾

−߿/߾) ε)Ƞ ≤ ‖ˀ‖߽, ‖ˁ‖߽ ≤ +߿/߾) ε)Ƞ .

ࡦ 〈ˀ, ˁ〉 ǩɻ ȣȴʿ ǩȣ [߽, +߿/߾) ε)Ƞ] 
ࡦ īƟࢪȋȋ ɻǞȴʿ ʉǞŒʉ Œȋȋ ŷʞʉ ȣƟǊȋǩǊǩŷȋƟ ǇɫŒƁʉǩȴȣ ǞŒʻƟ
〈ˀ, ˁ〉 ≥ ࡱεȠ߿ £ȴʿ 〈ˀ, ˁ〉 ∈ ,εȠ߿] +߿/߾) ε)Ƞ] 

ࡦ üǞƟɫƟ ǩɻ Œ ɠȴȋˈ ǩȣ ˀǦˁǦ ȴǇ ƌƟǊɫƟƟ −߿/߾) ε)Ƞ ʉǞŒʉ
ƁȴɫɫƟƁʉȋˈ ƁȴȝɠʞʉƟɻ 〈ˀ, ˁ〉 ǩȣ ʉǞǩɻ ɫŒȣǊƟࡱ

ࡦ üǞǩɻ ǊǩʻƟɻ Œ ɠȴȋˈ ʿǩʉǞ
( Ƞ
Ƞ(ε−߿/߾)

)
= (′ε−߾)Ƞ߿

ȝȴȣȴȝǩŒȋɻ ŒɠɠɫȴˇǩȝŒʉǩȣǊ oŒƌŒȝŒɫƌࡱ

I



ßϘΧΧ͘ ´ϺϫΉͮΗ̺
ࡦ xʉࢪɻ ɻʞǇ˨ƁǩƟȣʉ ʉȴ ƁȴȝɠʞʉƟ mˀ,ˁ Ǉȴɫ ˀ, ˁ ∈ {߽, ࡩȠ{߾

−߿/߾) ε)Ƞ ≤ ‖ˀ‖߽, ‖ˁ‖߽ ≤ +߿/߾) ε)Ƞ .

ࡦ 〈ˀ, ˁ〉 ǩɻ ȣȴʿ ǩȣ [߽, +߿/߾) ε)Ƞ] 
ࡦ īƟࢪȋȋ ɻǞȴʿ ʉǞŒʉ Œȋȋ ŷʞʉ ȣƟǊȋǩǊǩŷȋƟ ǇɫŒƁʉǩȴȣ ǞŒʻƟ
〈ˀ, ˁ〉 ≥ ࡱεȠ߿ £ȴʿ 〈ˀ, ˁ〉 ∈ ,εȠ߿] +߿/߾) ε)Ƞ] 

ࡦ üǞƟɫƟ ǩɻ Œ ɠȴȋˈ ǩȣ ˀǦˁǦ ȴǇ ƌƟǊɫƟƟ −߿/߾) ε)Ƞ ʉǞŒʉ
ƁȴɫɫƟƁʉȋˈ ƁȴȝɠʞʉƟɻ 〈ˀ, ˁ〉 ǩȣ ʉǞǩɻ ɫŒȣǊƟࡱ

ࡦ üǞǩɻ ǊǩʻƟɻ Œ ɠȴȋˈ ʿǩʉǞ
( Ƞ
Ƞ(ε−߿/߾)

)
= (′ε−߾)Ƞ߿

ȝȴȣȴȝǩŒȋɻ ŒɠɠɫȴˇǩȝŒʉǩȣǊ oŒƌŒȝŒɫƌࡱ
FA f Itt Ha fee I



£ϺΓ̜̺Ϙ Χ͘ ´ϺϫΉ̺ͮϘϡ

�ƟȝȝŒ

�Ɲʂ ε ∈ (߽, ߾
ࡰ(߽߽߾ ^Ȱɥ ŒȠˁ ˀ ∈ {߽, Ƞ{߾ ɵʗƀǛ ʂǛŒʂ

‖ˀ‖߽ ∈
[
( ߿߾ − ε)Ƞ, ( ߿߾ + ε)Ƞ

]
ࡪ ʂǛƝɥƝ ŒɥƝ Œʂ ȚȰɵʂ

ε)®߿ log(߾/ε)Ƞ) ʴŒȈʗƝɵ Ȱǅ ˁ ∈ {߽, Ƞ{߾ ɵʗƀǛ ʂǛŒʂ
‖ˁ‖߽ ∈

[
( ߿߾ − ε)Ƞ, ( ߿߾ + ε)Ƞ

]
ŒȠƊ 〈ˀ, ˁ〉 < ࡰεȠ߿

I
Even when considering xp of HW I'E

we can focus til 9 t Lx 1772 Eh



or Hello 6 114110 see y

Fixed g how many such y do I
have

EEE I
e we

Choose s ones furem a ones

Cheese f s ones from n a

an.EE
H ii j



an.e
i

IE HHel EIGG

cnn.cn c tii l

H El dog E

204 E CongHelf zu
D



�ϑϑϘΧРͮΓ˺ϫͮΗ͞ o˺̭˺Γ˺Ϙ̭

�ƟȝȝŒ
�Ɲʂ F ŶƝ Œ ˧ƝȈƊࡪ ŒȠƊ ε ∈ (߽, ࡰ(߿߾ óǛƝɥƝ ƝˀǦɵʂɵ
Œ ʴŒɥǦŒʂƝ(Ƞ߿) ȚʗȈʂǦȈǦȠƝŒɥ ɛȰȈˁȠȰȚǦŒȈ ɛ(ˀ, ˁ)
ȰʴƝɥ F ʸǦʂǛ Œʂ ȚȰɵʂ (Ƞ߿ε)Ƞ−Ω߿ ȚȰȠȰȚǦŒȈɵ ɵʗƀǛ
ʂǛŒʂ

ɛ(ˀ, ˁ) = (è߿Ƞ)ˀ,ˁ = 〈ˀ,ˁ〉(߾−)

ʸǛƝȠƝʴƝɥ 〈ˀ, ˁ〉 ∈ ,εȠ߿] ( ߿߾ + ε)Ƞ]ࡰ

in

7
inn



f f C 1
t
t.CL

eDdegfE

Ha Gf
flex 17

f Xilie f Enya

IFC Zee za
Zi iYi

blog f is
multilinear 2 2 2



Maf ti tinea n

n ra n s

deg nCt

Xc X n

v

Ina.es e Ict g

2hHE
E 2h aka

2



æ̭ͮͮͮ͞ϫС Χ͘ o˺̭˺Γ˺Ϙ̭

üǞƟȴɫƟȝ ࢎࠄ߾�īࢍ

^Ȱɥ ŒȠˁ ˧ƝȈƊ Fࡪ δ > ࡪ߽ ʂǛƝɥƝ ƝˀǦɵʂɵ
δ′ = Ω

(
δ߿/ log߿ δ߾

)
ɵʗƀǛ ʂǛŒʂ RF

è ( 
(′δ−߾ ≤ δ+߾ 

ǅȰɥ ŒȠˁ   = Ƞ߿ ȈŒɥǈƝ ƝȠȰʗǈǛࡰ D



Stant with a poly that computes

H at all points that matter

Poly p corresponding matrix P

Rk P E zn
en

Computes H connectly for
Le y E 2E n n Cte El

M P but connect in all

new glads corresponding
to

y of H W not in EnckEl nHE

Mdif P z
news ads

2



Rk M E Rkc D zn du

n E h

E Z

M computer H

1 if Hello LIKE a

2 if Kyllo Etten

3 ifcxif7EEeqnck.ee
It remains to compute H



differs from H only
a nelaglk

pesin

H is not rigid 0


