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BREHDESE
Multi-lossE! D T —FihE
Loss(x, {x§}1_,) = z nT=t1||x — x”l” n € [0,1]

EIRERIZIT T REZEPDREL/NSKGEDKIICT B,

n=0DEH&E

Loss(x, {x5}_) = ||x - xB”
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5 Z0utput® # {ji

import tensorflow as tf

class Output():
def BER(self, y _true, y_pred):
a = tf.math.not_equal(y_true, tf.math.sign(y_pred)) . .
return tf.keras.backend.mean(a) gE;ﬁé&
#y_trueky pred DEROHENELIEEEFHE =il

def plot_weights(self, weights):
T.= |nt(Ien(\‘Ne|ghts)/2? o | olot_weights
with open( ‘'weight.txt’ , mode ='w') as f: B DIEE
for tin range(T):
print(weights[2*1], weights[2*t + 1], file = 1)

HANT—F (o —HEOEYL,_,, ES1—ILBOS B,
DRz
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LEIGBEBFD A R—k

LD —ZIBICE® B &,

import os
os.environ[TF_CPP_MIN_LOG_LEVEL' ="2

import tensorflow as tf
import numpy as np

from tools.AMP import MIMO _channel, AMPLayer, Output
out = Output()

HlfET—20EKBEHBMIMO channelBKUAMPL AV —%KT
27> AAMPLayer# ./tools/AMP.pylZ&igit L 1=,

FOEtIEMZESR
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INGA—BDERTEET —EDER

M = 64 #Z{E 1T

N = 64 #EERTT
T=3#LA4VY—# (AMP®D xERIZIZ{EZH)
L_INNER = 64

L_TRAIN = 1024

L VAL =512

L TEST = 1024

#ilfE . #&5EA. FEMmBA DT —429 (4 X
L=L TRAIN+L VAL +L TEST
SNR_dB = 10 #SNR%10 dBIZ&
BATCH_SIZE =64

EPOCS = 20 #TRvo %k

EPSILON = 0.005 #32E Z D&
ETA=0.9 #HEX KD EH

inputs, outputs, A, sigma2 = MIMO_channel(M, N, L, L_ INNER, SNR_dB)

I TOYOHASHI




AT —2 X DR

xg =0.2z_ = 0L%GBLIIT, T—RIZ0%EEDH D

X_train = [
np.zeros((L_TRAIN, L_INNER, N)),
outputs[:L_ TRAIN],
np.zeros((L_TRAIN, L_INNER, M)),
A[:L_TRAIN]]

y_train =[] ZZNDI) AL
for tin range(T):
y_train += [inputs[:L_TRAIN]] JRALDFEE
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BRELAT — 2 X DR

xg =0.2z_; =0L%G5KIIT, T—RIZ0%EEDH D,

X_val =]
np.zeros((L_VAL, L _INNER, N)),
outputs[L_TRAIN:L_TRAIN + L_VAL],
np.zeros((L_VAL, L _INNER, M)),
A[L_TRAIN:L_TRAIN + L _VAL]]

y_val =]
for tin range(T):
y_val +=[inputs[L_TRAIN:L_TRAIN + L_VAL]]
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eI AT — 2R DR

xg =0.2z_ = 0L%G5KDIZ, T—RIZ0%EEDH D,

X_test =
np.zeros((L_TEST, L_INNER, N)),
outputs[L_ TRAIN + L_VAL],
np.zeros((L_TEST, L_INNER, M)),
A[L_TRAIN + L_VAL:]]

y test=1]]
for t in range(T):
y_test +=[inputs[L_TRAIN + L_VAL:]]
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AMPy kD & R

init_ v =1]
fortinrange(T): v, DHFHAEZT N TOIZERTE
init._ v +=[[0.]]
inputs = [ (x]%; Y, Z—1;A)7&)\jjtj-éo
tf.keras.Input
tf.keras.Input
tf.keras.Input
tf.keras.Input
V = inputs
u =] _ e
for t in range(T): LAY —%%AMPLayer2% (23R
v = AMPLayer(sigmaz, init_v[t], name = 'AMPLayer’ + str(t))(v)
u-t+=yv

shape = (L_INNER, N,)),
shape = (L_INNER, M,)),
shape = (L_INNER, M,)),
shape = (N, M,))]

P P P~
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AMPy kD & R

outputs =[]
loss_weights = {} ZDFHZE
eta t=1.0
fortinrange(T - 1, -1, -1):
outputs += [u[4*t]] BHERRIET {1,n, n? .. HIEKE
loss_weights[/AMPLayer’ + str(t)] = eta_t
eta t*=ETA
AAZinputs, HAZE{xL, x5, . YIERRE
model = tf.keras.Model(inputs = inputs, outputs = outputs)

model.summary()
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model.summary()DE{THEER

Layer (type) Output Shape Param # Connected to
ot (gt Mnstsl o
input_2 (InputLayer) [(None, 64,64)] O
input_3 (InputLayer) [(None, 64,64)] O
input_4 (InputLayer) [(None, 64,64)] O
AMPLayer0 (AMPLayer) [(None, 64, 64), (Non 2 input_1[0][0]
input_2[0][0] input_3[0][0] input_4[0][0]
AMPLayer1 (AMPLayer) [(None, 64, 64), (Non 2 AMPLayer0[0][0]

AMPLayer0[0][1] AMPLayer0[0][2]  AMPLayer0[0][3]

AMPLayer2 (AMPLayer) [(None, 64, 64), (Non 2 AMPLayer1[0][0]
AMPLayer1[0][1] AMPLayer1[0][2] AMPLayer1[0][3]

Total params: 6
Trainable params: 6

Non-trainable params: 0

TOYOHASHI
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model.compile(optimizer = tf.keras.optimizers.Adam(learning_rate =
EPSILON), loss = 'mean_squared_error', loss_weights =
loss_weights, metrics = [out.BER])

HER DB RERZ T _KRE. BRERDEHZ

i+ Eloss_weightsTERE . s R 2 ZBERIZERTE

#SGD M5 & [Loptimizer = tf.keras.optimizers.SGD(learning_rate =
EPSILON)

training_history = model.fit(x_train, y_train, epochs = EPOCS,
batch_size = BATCH_SIZE, validation_data = (x_val, y_val))

weights = model.get_weights()
out.plot_weights(weights)

BATCH_SIZE = 64 #itEMEE LSS LD (THE I IZEEE
print(model.evaluate(x_test, y test, batch _size = BATCH_SIZE))

I TOYOHASHI

12



FERDH T

2120 [eveieeeiiiiieieeeeeeeee, ] - loss: 2.2093 - AMPLayer2_loss: 0.8715 - AMPLayer1_loss: 0.9185
- AMPLayer0 loss: 0.6310 - AMPLayer2_ BER: 0.2251 - AMPLayer1_BER: 0.2471 - AMPLayer0_BER: 0.
G724 ] - loss: 2.0870 - AMPLayer2_loss: 0.7969 - AMPLayer1_loss: 0.8742

- AMPLayer0_loss: 0.6214 - AMPLayer2_BER: 0.2069 - AMPLayer1_BER: 0.2372 - AMPLayer0O_BER:O.

ENLIRIC, IBRERMDEAFSH, BRI DELEHE(EAZZTET).
& A1 oD 31 4 BE 2R 1iE

FHEFERBRIETE AN,

[0.9177173115313053, 0.21792291, 0.32305843, 0.5049899, 0.071640015, 0.10925293, 0.16622925]

—HER DR REBIFRFH
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e R ) i
—— AMP \ RN ) ) |
- % - - Adam (€=0.0005, N=0) T RN
102 F —*— Adam (e=0.0005, n=0.9) o :
- -+ - - Adam (£=0.005, N=0) Ss
—+— Adam (£=0.005, 1=0.9) \\ el
- -% - - SGD (e=0.0005, 1=0) —~ -
—— SGD (£=0.0005, N=0.9) o
- -+ - - SGD (£=0.005, N=0) |
. | —— SGD (¢=0.005, 1=0.9)
10- 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 3 9 10
Number of iterations
M=N=64,1/0%=10dB
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