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y=sign(Φx)
sign(x)=x/ x  for x ≠ 0
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L1-­‐norm	
  minimiza$on	
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L1　　norm	
 measurement	
 normaliza$on	


Par$$on	
  func$on	


Z β;A,x0( ) = dxδ x 2 − N( )Θ yΦx( )∫ e-β x

Step	
  func$on	
Delta	
  func$on	


My	
  approach:	


	
  Boufounos,	
  P.T.	
  and	
  Baraniuk	


(1)	
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Performance	
  assessment	
  by	
  the	
  replica	
  method	
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Free	
  energy	


Replica	
  method	


	
  
directly	
  averaging	
  the	
  logarithm	
  of	
  the	
  par$$on	
  func$on	
  is	
  technically	
  
difficult.	
  	
  Therefore,	
  we	
  here	
  resort	
  to	
  the	
  replica	
  method.	
  
	


current	
  problem:	
  the	
  par$$on	
  func$on	
  depends	
  on	
  the	
  predetermined	
  random	
  
variables	
  	
  	
  	
  	
  and	
  x0,	
  which	
  requires	
  us	
  to	
  assess	
  the	
  average	
  of	
  free	
  energy	
  density.	
  
	


Φ
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Obtain	
  five	
  equa@ons	
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Results	
  about	
  MSE	


A	
  b	
  c	
  d	
  corresponds	
  to	
  the	
  cases	
  of	
  rho=0.03125,	
  0.0625,	
  0.125,	
  and	
  0.25,	
  respec$vely.	
  
Curve:	
  the	
  theore$cal	
  predic$on	
  
	
  Symbol	
  ×:	
  the	
  experimental	
  es$mate	
  obtained	
  for	
  algorithm	
  RFPI	
  from	
  1000	
  experiments	
  	
  
	


Mean	
  squared	
  error	
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x,z>0
min 

a,Λ
max xi + aµ Φµi xi − zµ
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N
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∑
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Li xi( ) = Ai
2
xi

2 −Hixi + xi ,

Lµ aµ, zµ( ) = −
Bµ
2
aµ

2 +Kµaµ − zµaµ,

where Ai,Bµ,Hi,Kµ  are parameters 
to be determined in a self-consistent manner.

min
x
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subj.to y=sign(Φx), x 2
= N

Developed	
  an	
  algorithm	
  by	
  Cavity	
  method	


(1)	


Surplus	
  variables	
  	
Lagrange	
  mul$pliers	
  	


single	
  body	
  cost	
  func$ons	


...	
 ...	


i =1

i = 2

i = N

µ =1

µ = 2

µ = 3

µ =M
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Cavity	
  method	
 µ-cavity systems: take out aµ, zµ( )
i-cavity systems: take out xi  

Lµ→i aµ, zµ( ) =
x \xi

min Φµ jaµx j + Lj→µ x j( )( )
j≠i
∑
%
&
'

('

)
*
'

+'
− zµaµ

Li→µ xi( ) =
z \xµ>0
min 

a \aµ
max Φνiaν xi + Lν→i aν , zν( )( )

ν≠µ

∑
%
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)
*
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+'
+
Λ
2
xi

2 + xi

put aµ, zµ( )  back into the µ-cavity system, remove xi

Ai→µ = Λ +  Φνi
2

Bν→i

$$f Kν→i( )
ν≠µ

∑ ,

Hi→µ = −
Φνi

Bν→i

$f Kν→i( )
ν≠µ

∑ .

f u( ) ≡ u
2

2
Θ −u( )

Bµ→i =
Φµ j
2

Aj→µ

##g H j→µ( )
j≠i
∑ ,

Kµ→i =
Φµ j

Aj→i

#g H j→µ( )
j≠i
∑ ,

g u( ) ≡
u −1( )

2

2
Θ u −1( )

put xi  back into the i-cavity system, remove aµ, zµ( )  

µ i

µ i



10	


Ai→µ = Λ +  Φνi
2

Bν→i

$$f Kν→i( )
ν≠µ

∑ ,

Hi→µ = −
Φνi

Bν→i

$f Kν→i( )
ν≠µ

∑ .

f u( ) ≡ u
2

2
Θ −u( )

N→∞
A = Λ +  1

NB
""f Kµ( )

µ=1

M

∑ ,

Hi ≈ Φµiâµ
µ=1

M

∑ +Γx̂i.

Γ ≡
1
NB

""f Kµ( )
µ=1

M

∑ ,  âµ ≡ −
1
B

"f Kµ( )

Taylor	
  
expansion	


Bµ→i =
Φµ j
2

Aj→µ

##g H j→µ( )
j≠i
∑ ,

Kµ→i =
Φµ j

Aj→i

#g H j→µ( )
j≠i
∑

N→∞

B = 1
NA

!!g Hi( )
i=1

N

∑ ,

Kµ ≈ Φµi x̂i
i=1

N

∑ −Bâµ.

x̂i ≡
1
A

!g Hi( )

Taylor	
  
expansion	


Bµ =
Φµi
2

Ai→µ

##g Hi→µ( )
i=1

N

∑ ,

Kµ =
Φµi

Ai→µ

#g Hi→µ( )
i=1

N

∑

i-cavity system original system

µ-cavity system original system

Ai = Λ +  
Φµi

2

Bµ→i

$$f Kµ→i( )
µ=1

M

∑ ,

Hi = −
Φνi

Bµ→i

$f Kµ→i( )
µ=1

M

∑

Cavity	
  method	
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Developed	
  algorithm	
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Experiment	
  result	
  for	
  algorithm	
  CISR	


Time	
  cost:	
 CISR	
  is	
  50	
  @mes	
  faster!	
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Thank	
  you!	



