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1 Model setting and main results
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2 Generalized approximate message passing
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3 State evolution equation
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5 Programming and simulation

51 GAMP

WHE S

alpha = np.arange(0.01, 5.5, 0.5) # alpha==M/N

rho = 1 # rho R W E, WE L HO0B & thfl
N = 1000 # MEHEE, VEEA G E
num_times = 10 # % RKH

record = {"error": []}

GAMP £ 2

from Gaussian_integral import Gamp

for alf in alpha:
print (" % alpha#",alf," & ")
M = int(N * alf + 1e-3)

record["error"] .append([])

for _ in range(3): # M T E L LK 3K
# % A
HABHARBHARBHARBHAARRHARRH
# kR, scaleX AT £
F = np.random.normal(loc=0, scale=np.sqrt(1l), size=(M, N))
# £ i A E ground_truth
X_tm = np.random.randn(N, 1)

y_tm = np.sign(np.sqrt(1/N) * np.dot(F,x_tm))

# GAMP#% &
RABRABHARBHRBBHRBRABBHRBRARAH
a, v, flag = Gamp(rho, M, N, num_times,y_tm, F)

if flag:
# & R B
F_new = np.random.normal(loc=0, scale=np.sqrt(1l), size=(M, N))

# T A BB AR A
y_tm_new = np.sign(np.sqrt(1/N) * np.dot(F_new, x_tm))
# FAERIWERME
y_sm_new = np.sign(anp.sqrt(1/N) * np.dot(F_new, a))
error_gen = np.heaviside((-y_tm_new * y_sm_new), 1).mean()
# Z ALk =
logging.info(f"alf: {alf}, error: {error_gen:.5\%}")
record["error"] [-1] .append(error_gen)

else:

logging.info ("AMP fails")
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]

# I H ATk E A

ampErrorStd = np.std(ampError, axis=1)

ampErrorMean = np.mean(ampError, axis=1)

import matplotlib.pyplot as plt

# LR RELHE

plt.errorbar (alpha, ampErrorMean, ampErrorStd, fmt='ro',markerfacecolor='none',
capsize=4, label='Gamp')

plt.xlabel("$\\alpha$")

plt.ylabel("Test err")

plt.legend ()

plt.show ()

Horb I EI) GAMP pR%CH

def Gamp(rho, M, N, num_times, y_tm,F):
from tqdm import tqdm

# A%

a = rho * np.ones((N,1)) * Gaussian_integral_mean(0, 1)

v = rho * np.ones((N,1)) #* Gaussian_integral_var (0, 1) - a**2
gout = np.zeros_like(y_tm)

pw_gout = np.zeros_like(y_tm)

# JF e % R

#un [k K
import sys

epsilon = sys.float_info.epsilon

flag =False

for t in tqdm(range (num_times)):
#an N HE L E
V_ = 1/N * np.dot(F*F, v)

w_ = np.sqrt(1/N) * np.dot(F, a) - V_xgout
### ¥ gout
for j in range(M):
gout [j] = Indicator_integral_mean(w_[jl, np.sqrt(V_[jl), y_tm[jl) \
/(Indicator_integral PDF(w_[jl, np.sqrt(V_[jl), y_tm[jl) \
+ epsilon) - w_[j]
### 3 H partial
pw_gout[j] = (Indicator_integral_var(w_[jl, np.sqrt(V_[jl), y_tm[jl) \
-2*w_[jl*Indicator_integral_mean(w_[jl, np.sqrt(V_[jl),
y_tm[jI))\
/(Indicator_integral PDF(w_[jl, np.sqrt(V_[jl), y_tm[j])
+ epsilon)\
+ w_[j] * w_[j] - gout[j]l * gout[jl -V_I[j]
gout = 1/V_ * gout
pw_gout = 1/V_%*x2 * pw_gout
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#ar 5INFH L E
Xi = -1/(1/N * np.dot ((F*F).T, pw_gout))
R =a + Xi * np.sqrt(1/N) *np.dot(F.T, gout)

a_new = np.zeros_like(a)
v_new = np.zeros_like(v)
### B Ha, v

for i in range(N):
a_new[i] = prior_integral_mean(R[i],np.sqrt(Xi)[i],0,1)\
/(prior_integral PDF(R[i] ,np.sqrt(Xi)[i],0,1)+ epsilon)

v_new[i] = prior_integral_var(R[i],np.sqrt(Xi)[i],0,1)\
/(prior_integral PDF(R[i] ,np.sqrt(Xi)[i],0,1)+ epsilon)\
- a_newl[il*a_newl[i]
flag = True
if np.max(np.abs(np.stack([a_new-a, v_new-v], axis=0))) < 3e-3:

flag = True

break
a = a_new
v = v_new

return a, v, flag

BRI T —28 F E S A

# w AW ER S
HARRBBRBRRRRRHAARRRAAAARA

import scipy.integrate as spi

# B AR
def Gaussian_integral_ PDF (mu,sigma):

### sigma T K W £

# E X BB K
def integrand(x):
return 1/(np.sqrt(2*np.pi)*sigma) *\
np.exp (- (x-mu) **2/ (2*sigma**2))

# AA quad O & #H I H R
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# mATHE GRS
def Gaussian_integral_mean(mu, sigma):

### sigma & K VE £

# R XHAREH
def integrand(x):
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return 1 / (np.sqrt(2 * np.pi) * sigma)* x * \
np.exp(-(x - mu) *x 2 / (2 * sigma ** 2))

# B quad) HHIWE R4
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# BT EH R
def Gaussian_integral_var (mu, sigma):

### sigmaZ If E =

#E X BB K
def integrand(x):
return 1 / (ap.sqrt(2 * np.pi) * sigma) * x**2 * \
np.exp(-(x - mu) *x 2 / (2 * sigma ** 2))

# FR quad O B HHH R
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

HARBRBRBRRRRRHAARARAAAAAA
# R B BE R AR 2
HARBBBHBRRRBHRHA AR RAAAAAAA

# P_outill F M 4
HURBHABABHBRBHAUBHBHRBHAH LY

# P_out & indicator functionfy |§ I

# B A AR
def Indicator_integral_ PDF(mu,sigma, ref):

### sigma & K W =

# XA E K
def integrand(x):
return 1/(np.sqrt(2+np.pi)*sigma) * \
np.where(np.sign(x)==ref,1,0) * \
np.exp (- (x-mu) **2/ (2*sigma**2))

# @A quad O & # I H R
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# w g EH R
def Indicator_integral_mean(mu, sigma, ref):

### sigma & K W =
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# EXHRE K
def integrand(x):
return 1 / (np.sqrt(2 * np.pi) * sigma)* x *\
np.where(np.sign(x)==ref,1,0) * \
np.exp(-(x - mu) *x 2 / (2 * sigma ** 2))

# @H quad() BE W X B4
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# BT EW RS
def Indicator_integral_var(mu, sigma, ref):

### sigmaZ Af E =

# EXHRE K
def integrand(x):
return 1 / (np.sqrt(2 * np.pi) * sigma) * x*x*2 *\
np.where(np.sign(x)==ref,1,0) * \
np.exp(-(x - mu) *x 2 / (2 * sigma ** 2))

# @H quad() BE W HE B4
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# P_OW & R4
HARHHBBBRBHHHB BB BHHHHHBRY
# P_OZ [ ML & #7 69 F WN(MU, SIG™2)

# B AR
def prior_integral_ PDF (mu,sigma, MU, SIG):
### sigmaZ A E £

# B XA E K
def integrand(x):
return 1/(np.sqrt(2*np.pi)*sigma) * \
1/(np.sqrt (2*np.pi) *SIG) * np.exp(-(x-MU) **2/(2*SIG**2)) * \
np.exp (- (x-mu) **2/ (2xsigmax*+*2))

# A quad() @ FHHERH
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# BE B AN RS
def prior_integral_mean(mu, sigma, MU, SIG):

### sigmaZ A E =

# EXHARE K
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def integrand(x):
return 1 / (np.sqrt(2 * np.pi) * sigma)* x *\
1/(np.sqrt (2*np.pi)*SIG) * np.exp(-(x-MU) *x2/(2%SIG**2)) * \
np.exp(-(x - mu) ** 2 / (2 * sigma ** 2))

# WA quad O & H It H B4
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

# BT EW R
def prior_integral_var(mu, sigma, MU, SIG):

### sigma & K M =

# B XA E K
def integrand(x):
return 1 / (mp.sqrt(2 * np.pi) * sigma) * x*x2 *\
1/(np.sqrt (2*np.pi)*SIG) * np.exp(-(x-MU)*x2/(2%SIG**2)) * \
np.exp(-(x - mu) ** 2 / (2 * sigma ** 2))

# WA quadO &Kt HF R A
result, error = spi.quad(integrand, -np.inf, np.inf)

return result

5.2 SE

BEHSE

import numpy as np

N = 1000 # ME#HE &, NEHEA 4 F
num_times = 20 # % {80k %
alpha = np.arange(0.01, 10.1, 0.1)

LK% SE
from Gaussian_integral import erf2_integral_ PDF

from Gaussian_integral import perception_integral_PDF

# A%
q = np.zeros_like(alpha)
ghat = np.zeros_like (alpha)

# JF 4e kR

flag =False

from tqdm import tqdm

for t in tqdm(range (num_times)):
g_new = np.zeros_like(alpha)

ghat_new = np.zeros_like (alpha)
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for i in range(len(alpha)):
g_new[i] = qhat[i]/(1+ghat[i])
ghat_new[i] = 2*alphal[i]/(np.pi*(1-q_new[i])) * perception_integral_ PDF(
q_new[i])
# print('q',q_new)
# print ('ghat', qhat_new)

# flag = True

if np.max(np.abs(np.stack([q_new - q, ghat_new - ghat], axis=0))) < le-3:
flag = True
break

q = q_new

ghat = qhat_new

error_gen = 1/np.pi*(np.arccos(np.sqrt(q)))

A

import matplotlib.pyplot as plt

# LR RELHE

plt.plot(alpha, error_gen,'b',label='SE')

plt.plot(alpha, 0.4417/alpha,'c',label="'asymptotic solution' )
plt.xlabel("$\\alpha$")

plt.ylabel ("Test err")

plt.legend ()

plt.show ()

Fop R P B SOy I EERR
from scipy.special import erf

# erf &l ML & H7 oy LN (MU, SIG™2)

# AR
def erf2_integral PDF(mu,sigma,mu_erf, sigma_erf):

### sigma % A E =

# XA E K
def integrand(x):
return 1 / (np.sqrt(2 * np.pi) * sigma) * \
1/ ((2 * np.pi) * sigma_erf**2) * \
1 / (1+erf(x/(np.sqrt(2)*sigma_erf))+1e-9)* \
np.exp(-(x-mu_erf) ** 2 / (sigma_erf *x 2)) * \
np.exp(-(x - mu) *x 2 / (2 * sigma ** 2))

# @ H quad() BEH HE B4
result, error = spi.quad(integrand, -np.inf, np.inf)

return result
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def perception_integral_PDF(q):
### sigma & A E £

# 8 XHAREH
def integrand(x):
return 1 / np.sqrt(2 * np.pi) * \
1 / (l+erf(x*np.sqrt(q)/np.sqrt(2*(1-q)))+1e-9)* \
np.exp (- x*x 2 x(g+1)/(2%x(1-9)))

# AA quadO ®HWH R

result, error = spi.quad(integrand, -np.inf, np.inf)

return result
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