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Y

sup{‖x‖!p

∣∣ x ∈ S ∩ Y }

n − m Y Rn
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S S Rn !p S

∀ s ∈ S : − s ∈ S

S S

∃ c ∈ R : S + S ⊂ c S

S c = S

Rn Φm×n

D S





ym× = Φm×n · xn×

x̂n× = D
(
ym×

)

D !p

E
(
xn× ,Φm×n, D

)
=

∥∥xn× − x̂n×
∥∥

!p
=

∥∥xn× − D
(
Φm×n · xn×

)∥∥
!p

D Φm×n

E
(
S,Φm×n, D

)
!p

= sup
xn× ∈S

E
(
xn× ,Φm×n, D

)
!p

Φm×n D

S

E
(
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m Φm×n D

!p m S S
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Φm×n,D

E
(
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)
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Φm×n dm(S)!p Em(S)!p

n − m dim NΦ m ≤ n

Y

dm(S)!p = inf
Y

sup
x∈S∩Y

‖x‖!p ≤ sup
x∈S∩NΦ

‖x‖!p

D(Φ,x
)

= D( ) x Φm×n · xn× = m× x ∈ S ∩NΦ

x ∈ S ∩NΦ ⇒ −x ∈ S ∩NΦ ⇒ D(Φ · x) = D(−Φ · x) = D( )

‖x − D( )‖!p + ‖ − x − D( )‖!p ≥ ‖x‖!p

⇒






E(xn× ,Φm×n, D)!p ≥ ‖x‖!p

or

E(−xn× ,Φm×n, D)!p ≥ ‖x‖!p

x ∈ S ∩NΦ

‖x‖!p

E(S,Φm×n, D)!p = sup
xn× ∈S

E(xn× ,Φm×n, D)!p

≥ sup
x∈S∩NΦ

E(xn× ,Φm×n, D)!p ≥ sup
x∈S∩NΦ

‖x‖!p

D,Φm×n

Em(S)!p ≥ dm(S)!p

dm(S)!p Em(S)!p
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um× ∈ Φ · S um× ∈ Rm D

um× = Φ · a a S D(um× )

Em(S)!p S D(um× )

xn× ∈ S

Φm×n

(
xn× − D(Φm×n · xn× )

)
= Φm×n · xn× − Φm×n · D(Φm×n · xn× )

= Φm×n · xn× − Φm×n · xn× = m×

⇒ xn× − D(Φm×n · xn× ) ∈ NΦm×n

⇒ xn× − D(Φm×n · xn× ) ∈ Y

S S

∃c ∈ R :
xn× − D(Φm×n · xn× )

c
∈ S ⇒ xn× − D(Φm×n · xn× )

c
∈ S ∩ Y

E(S,Φm×n, D)!p = c sup
xn× ∈S

∥∥∥
xn× − D(Φm×n · xn× )

c

∥∥∥
!p

≤ c sup
xn× ∈S∩Y

‖xn× ‖!p

⇒ inf
Φm×n,D
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Y

sup
xn× ∈S∩Y
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p )

U(!n
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x ∈ Rn

∣∣ ‖x‖!p =
}

dm
(
U(!n

p )
)
!q

dm
(
U(!n

p )
)
!q

D

D = E {(x − x̂) }

R

∆ c

R = log
( c

∆
)

x − x̂

[−∆ , ∆ ]

D = E {(x − x̂) } =
∆



D = c − R

R

h

πe
− R ≤ D ≤ σ − R

σ h

− R − R

Ψn×n

(n
k

)
k k sn×

xn× = Ψn×n · sn×

yi ym× = Φm×n · xn× Φm×n

ŷi = Q(yi)

β =
E {|yi − ŷi| }

E {|yi| }
, ρ = − β

⇒ ŷi = ρyi + νi

yi νi β( − β)E {|yi| } νi

yi yi − ŷi

ŷ = ρΦ · Ψ︸ ︷︷ ︸
A

·s + ν = A · s + ν

s R

R k x

kR
n s x

Ddirect ∝ − kR
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k s

R = log (n
k)

k

Dadaptive ∝ − (R−R )

kR
m m

m

m

m R

m ≈ kR ln
R ln −

m

DCS ∝ − (R−R∗)
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log ( eR ln )
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Dadaptive
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dmin n

cn× uk×



cn× = Gn×k · uk

GF ( )

wn×

rn× = cn× + wn×

H(n−k)×n k Gn×k GF ( )

H(n−k)×n · Gn×k = (n−k)×k

H(n−k)×n

s(n−k)× = H(n−k)×n · rn× = H(n−k)×n · wn×

s(n−k)×

s(n−k)× = H(n−k)×n · wn× wn×

H(n−k)× Gn×n

n n



k ≤ δ k k

k

!

"

"

"

δ k <
√

− k Am×n
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n× ym× = Am×nxn× xn×
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n× ‖Ax∗ − y‖! ≤ ε # x∗
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arg min
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λ λ τ
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x(i) + AH(y − Ax(i))

)

√
λ H

H(xi) =
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√
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