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1 bit Compressed sensing
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L1-norm minimization
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My approach:

Partition function
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Performance assessment by the replica method

1

Free energy ]—C= yE_N_ﬂ[an(ﬁ;q)’Xo)]
[g’%oo

<I>,x0

current problem: the partition function depends on the predetermined random
variables @pand x0, which requires us to assess the average of free energy density.

Replica method
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directly averaging the logarithm of the partition function is technically
difficult. Therefore, we here resort to the replica method.



Obtain five equations
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Results about MSE

~ 0 12
MSE = || 2 — 2 2(1- 2
= 7al = 1m0 = - Mean squared error
T T 0 ‘\/ﬁ
b,z
() p=1/32 b)p=1/14
5 T T 5 - -
0 0
-5 -5
Z-10 @ -10
5 =
w w
215 £ -15
20 -20
25 -25)
30 aTilliuss 30
0 1 2 3 4 5 6 0 1 2 3 4 5 6
(] o
1/& ) p=
5
0 0
5 -5
Z-10 @ -10
k=) =
w w
@ 15} L -15
20 -20
25 -25
30 -30
0 1 2 3 4 5 6 0 1 2 3 4 5 6
(4] o

A b c d corresponds to the cases of rho=0.03125, 0.0625, 0.125, and 0.25, respectively.
Curve: the theoretical prediction
Symbol x: the experimental estimate obtained for algorithm RFPI from 1000 experimgnts



Developed an algorithm by Cavity method \
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Lagrange multipliers Surplus variables

single body cost functions
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B
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where A;,B,H,, K, are parameters

to be determined 1n a self-consistent manner.




u-cavity systems: take out (au,zu)

Cavity method

i-cavity systems: take out x,
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Cavity method

i-cavity system

2

original system

P, o, N> v
Bwi=2r:g (Hjﬁu)’ e B, Z i (Hi_’ﬂ)’ > B=$§g”(H,)
" , N , Taylor N
_JE ]f J_)H E— K“:EAM g(Hi_w) expansion> KuzZCI)Hx—Ba
= i=1 “li—su i=
X, E%g,(Hi)
y-cavity system original system
2 i (1)2. y N—o 1 N "
AL, =A+ E&f”(KV_)i),ﬁ A=A+ EBW f (KW.), > A=A+ ﬁzlf (KM),
v Vi u=l “u—i L=
H._ =_E&f’(KV*i)‘ —_— Hi=_§&f'(]< el,) Taylor > Hl.zid)W&“chi.
" 4B, “B." " expansion =t
2
f(u)s%(@(—u) E f'(K,) , =-

10



Developed algorithm

Algorithm 2: CAVITY-INSPIRED SIGNAL RECOVERY(B,x",H")

1) Initialization :

X Seed : Xy — X*
H Seed : H, — H"
Counter : k0

2) Counter Increase :
k—k+1
3) One-Sided Quadratic Gradient Descent :
H, — H; , — B (Y®)Tf (Y®X; )
4) Assessment of Onsager Coefficient :
['— (NB) 17 f" (YOx4)
5) Self-feedback Cancellation :
H; « Hi + %y
6) Shrinkage (l1-Gradient Descent) :
(w); — sign((H);)max{|(H)| — 1,0}, for all 1,
7) Normalization :

Xy, ‘/_'n B

8) Iteration : Repeat from 2) until convergence.
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Experiment result for algorithm CISR
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Time cost: CISR is 50 times faster!
K =4 K =38 K =16 K =32
35.4574(3.3869)s

RFPI | 25.7636(10.0799)s | 27.8293(3.3566)s | 33.3552(3.2914)s
CISR | 0.0385(0.0583)s 0.0705(0.1058)s | 0.0245(0.0346)s | 0.0247(0.0207) s
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Thank you!



