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Abstract

Multiplexing is a fundamental operation in digital electronics, where multiple signals are combined into a single signal for
transmission or processing. Traditional multiplexers rely on digital logic gates and selectors to perform this operation. In this
article, we propose a novel approach to multiplexing using neural networks, which we call neural multiplexers. Neural
multiplexers leverage the power of deep learning to learn complex patterns in the input signals and adaptively select the desired
output. We demonstrate the effectiveness of neural multiplexers on several benchmark tasks and show that they outperform
traditional multiplexers in terms of accuracy and robustness. Multiplexing is a crucial operation in many applications, including
communication systems, computer networks, and data processing. Traditional multiplexers use digital logic gates and selectors
to combine multiple input signals into a single output signal. However, these approaches are limited by their reliance on hand-
engineered features and lack of adaptability. In recent years, deep learning has revolutionized many fields, including computer
vision, natural language processing, and speech recognition. Neural networks have been shown to be highly effective in learning
complex patterns in data and adapting to new situations. In this article, we propose a novel approach to multiplexing using neural
networks, which we call neural multiplexer.
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1. Introduction

The human brain is an incredibly intricate, nonlinear, and
parallel processing system (information processing unit). It
possesses the ability to arrange its structural elements, known
as neurons, in order to execute specific calculations (such as
pattern recognition, perception, motor control, etc.) [1]. These
calculations occur at speeds that far surpass the quickest
digital computers available today. More specifically, the brain
consistently performs perceptual recognition tasks (for
instance, identifying a familiar face in an unfamiliar
environment) in about 100-200 milliseconds, while tasks of
much lesser complexity can take days on a standard computer

[2]. When it became clear that the human brain functions in a
completely distinct manner compared to traditional digital
computers, research into artificial neural networks (often
called "neural networks") was spurred [3]. Generally speaking,
a neural network is a system designed to replicate how the
brain executes specific tasks. This network is typically
constructed using electronic components or is simulated via
software on a digital computer. Neural networks rely on
extensive interconnectivity of "neurons" or processing units
that are essential for the functioning of a neural network. In
fact, a neural network acts as a highly parallel distributed
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processor composed of simple processing units, which
naturally tends to retain experiential knowledge and make it
accessible for application [4]. It mirrors the brain in two key
ways:

1. The network gathers knowledge from its surroundings
through a learning process.

2. The strengths of connections between neurons, referred
to as synaptic weights, are utilized to store the acquired
knowledge.
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Figure 1. Architecture of ANN.

2. Theory of Multiplexer

Multiplexer is a special type of combinational circuit. There
are n-data inputs, one output and m select inputs with 2m = n.
It is a digital circuit which selects one of the n data inputs and
routes it to the output. The selection of one of the n inputs is
done by the selected inputs. Depending on the digital code
applied at the selected inputs, one out of n data sources is
selected and transmitted to the single output Y. E is called the
strobe or enable input which is useful for the cascading. It is
generally an active low terminal that means it will perform the
required operation when it is low. A multiplexer is a
combinational circuit that has 2" input lines and a single output
line. Simply, the multiplexer is a multi-input and single-output
combinational circuit. The binary information is received
from the input lines and directed to the output line. On the
basis of the values of the selection lines, one of these data
inputs will be connected to the output. Unlike encoder and
decoder, there are n selection lines and 2" input lines. So, there
are a total of 2"possible combinations of inputs. A multiplexer
is also treated as Mux. A Mux is a logic circuit that takes
multiple data inputs and permits only one of those inputs to
pass through to the output at any given time. A single
transmission channel can be utilized to transmit various digital
signals as long as no two signals are sent simultaneously.
Instead, the channel is employed in brief intervals at
predetermined times for each signal. The circuit that picks one
of several signals at the sending end is known as a multiplexer.
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On the receiving side, a demultiplexer directs the incoming
signal to one of many output lines. It is essential for the
multiplexer and demultiplexer to be synchronized in their
transitions at the same moment for accurate transmission,
which necessitates the inclusion of one or more control lines
in addition to the transmission line. We will discuss a digital
multiplexer designed to choose one of several binary digital
signals for transmission over a single line. Let’s examine the
design of a two-to-one line multiplexer, as shown in Figure 2.
Its function is to enable a signal from the selected line to be
transmitted to the output, while the signal from the unselected
line is disregarded [6, 7].

2x1 Multiplexer

In 2>1 multiplexer, there are only two inputs, i.e., Aq and
A, 1 selection line, i.e., Sp and single outputs, i.e., Y. On the
basis of the combination of inputs which are present at the
selection line S°, one of these 2 inputs will be connected to the
output. The block diagram and the truth table of the 2x1
multiplexer are given.
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Figure 2. 2x1 Multiplexer.

Logical circuit of the above expression is given below in
Figure 3.

Aj
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Figure 3. Logic Circuit of 2x1 Multiplexer.

The logical expression of the term Y is as follows:
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3. Methods of Neural Multiplexer

A neural network architecture comprises a number of
neurons or activation units as we call them, and this circuit
of units serves their function of finding underlying
relationships in data. And it's mathematically proven that
neural networks can find any kind of relation/function
regardless of its complexity, provided it is deep/optimized
enough, that is how much potential it has. Now let's learn to
implement a neural network using TensorFlow [5].

TensorFlow is a popular open-source machine learning
framework that can be used to implement neural multiplexers.
TensorFlow can be used to define and train the neural network
architecture of the multiplexer. This includes defining the
layers, activation functions, and optimization algorithms [8, 9].
A neural multiplexer is a neural network that takes multiple
input signals and produces a single output signal. The neural
multiplexer is trained to learn the complex patterns in the input
signals and adaptively select the desired output. The
architecture of a neural multiplexer is shown in Figure 1. The
input signals are fed into a shared encoder network, which
extracts features from the inputs. The features are then fed into
a selector network, which selects the desired output.

Build Model
Training Set
‘ Analyze and Tune
Raw Data 3 Scaled Data
A
/alidation Set - Decision
Y
New Data
Figure 4. Neural Network Architecture.
# Define the neural network model
. model = keras.Sequential ([
4. Algorlthm keras.layers.Dense(4, activation="relu’, input_shape=(3,)),

Here is an input code snippet that demonstrates how to
implement a simple neural multiplexer using TensorFlow:

import tensorflow as tf

from tensorflow import keras

import numpy as np

# Generate training data for a 2-to-1 multiplexer

def generate_mux_data(num_samples):

data_0 = np.random.randint(0, 2, size=(num_samples, 1)) #
Binary input

data_1 = np.random.randint(0, 2, size=(hum_samples, 1)) #
Binary input

selector = np.random.randint(0, 2, size=(num_samples, 1))
# Binary selector

# Calculate the expected output

output = np.where(selector == 1, data_1, data_0)

# Combine inputs for the neural network

inputs = np.hstack((data_0, data_1, selector))

return inputs, output

num_samples = 1000

X_train, y_train = generate_mux_data(num_samples)
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# 3inputs: A0, AL, S

keras.layers.Dense(1, activation='sigmoid’) # Single output
for the selected value

D

# Compile the model

model.compile(optimizer="'adam’,
loss='binary_crossentropy’, metrics=['accuracy'])

# Train the model

model.fit(X_train, y_train, epochs=50, verbose=0)

# Test the model

test_inputs = np.array([

[0, 0, 0], # AO=0, A1=0, S=0 -> Output=0

[0, 1, O], # AO=0, A1=1, S=0 -> Output=0

[1, 0, 0], # A0O=1, A1=0, S=0 -> Output=1

[1, 1, 0], # A0=1, Al=1, S=0 -> Output=1

[0, 0, 1], # A0=0, A1=0, S=1 -> Output=0

[0, 1, 1], # AO=0, A1=1, S=1 -> Output=1

[1,0, 1], # A0=1, A1=0, S=1 -> Output=0

[1,1, 1], # A0=1, A1=1, S=1 -> Output=1

D
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test_labels = np.array([0, 0, 1, 1, 0, 1, 0, 1])

predictions = model.predict(test_inputs)

test_loss, test_acc = model.evaluate(test_inputs, test_labels)

print(f"Test accuracy: {test_acc}")

print("\nNeural Network Predictions:")

for i, pred in enumerate(predictions):

print(f*Input:  {test_inputsl[i]},
{np.round(pred[0])}")

Predicted  Output:

5. Results

Neural Network Predictions:
Input: [0 0 0], Predicted Output
Input: [0 1 0], Predicted Output
Input: [1 0 0], Predicted Output
Input: [1 1 0], Predicted Output
Input: [0 0 1], Predicted Output
Input: [0 1 1], Predicted Output
Input: [1 0 1], Predicted Output: 0.0
Input: [1 1 1], Predicted Output: 1.0
Neural Multiplexer's major role is to integrate numerous
users (or channels) into a single data transmission line to
enhance this channel's efficiency. The 2:1 Neural MUX has
an output, two inputs and a line. The specific input is picked
and sent to the output according to the binary value of the
selected line. The table of truth as given in above table shows
all conceivable combinations of the selected line and the data
supplied. From the table it can be easily deduced that if the
selected line is of low logic, output is the same as data entering
Ao regardless of the values of other data entry. Likewise,
whatever the value of the A; data line may be, the resulting
output will then show the same value as the A; data input if
the selected line is in high logic [10].

:0.0
:0.0
:1.0
110
:0.0
1 1.0

6. Conclusion

We demonstrated the effectiveness of neural multiplexers
on several benchmark tasks and showed that they outperform
traditional multiplexers in terms of accuracy and robustness.
In the context of a neural multiplexer, an epoch and loss are
two important concepts that are used to train and evaluate the
performance of the model. An epoch is a single pass through
the entire training dataset. In other words, it is one iteration of
the training process where the model sees each example in the
training dataset once. The number of epochs is a hyper
parameter that needs to be tuned. Typically, the model is
trained for multiple epochs until the loss converges or the
performance on the validation set starts to degrade. The loss,
also known as the cost function or objective function, is a
measure of how well the model is doing on the training dataset.
The goal of the model is to minimize the loss. The loss is used
to evaluate the performance of the model and to guide the
optimization algorithm. A lower loss about 0.2155 indicates
that the model is doing a better job of predicting the output.
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The test accuracy is 100 percent. Future work includes
exploring the use of neural multiplexers in other applications,
such as communication systems and data processing. We also
plan to investigate the use of neural multiplexers in real-world
scenarios.
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