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Abstract

This paper introduces an approach to quantum neural networks that
combines the principles of data re-uploading and entanglement. Based
on the Orchestrated Objective Reduction (Orch OR) theory proposed by
Roger Penrose and Stuart Hameroff, the study explores how quantum
mechanical processes can improve neural network capabilities. By re-
uploading classical data at different stages of computation and utilizing
quantum entanglement, the proposed network aims to achieve advanced
information processing and learning abilities. This approach not only
enhances the network’s performance but also provides insights into the
potential quantum basis of consciousness. The incorporation of these
quantum operations within a feedback loop further enhances the learn-
ing process, potentially resulting in emergent behaviours reminiscent of
consciousness.

1 Introduction

This document delineates the procedures for creating a quantum neural net-
work that incorporates data re-uploading and entanglement. Drawing inspi-
ration from the Orch OR theory, which posits that consciousness stems from
quantum phenomena in the brain’s microtubules, this neural network seeks to
simulate these processes through computational means. Through the utilization
of quantum operations, activation functions, and feedback loops, the network
amplifies its information-processing capacities, potentially replicating the intri-
cate behaviours linked to consciousness.
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2 Step-by-Step Process

2.1 1. Encoding Classical Data

Encode the classical data z into a quantum state |z).

2)

Explanation: The input data z is converted into a quantum state |z), serving
as the initial state for quantum processing.

2.2 2. First Parameter Update and Quantum Operation
Apply the first parameter updates A#; to the encoded state |z):

Y1) = |2) + Aby

Explanation: The quantum state |z) is altered by making adjustments to the
parameters Af;. These adjustments change the rotation angles along the X, Y,
and Z axes using various quantum gates. These rotations prepare the state for
the first quantum operation, allowing for more intricate manipulations of the
quantum data.

2.3 3. First Measurement

Measure the output of the quantum operation applied to the state [t1):
y1 = M([¢1)) = M(|z) + A1)

Explanation: The modified quantum state [¢)1) is measured, converting it into
classical information .

2.4 4. Incorporate Intermediate Data

Add the intermediate data |2’) to the measured result:
Vi =1+ 12') = M(|2) + Ab1) + |2)

Explanation: Following the measurement of the quantum state |¢1) and the
acquisition of the classical result y;, the intermediate data |z’) (already in the
quantum state) is integrated into the measured result. This process entails sup-
plementing the system with additional quantum information, thereby enriching
the state y; with new quantum data |z’). The resulting updated state y; will
undergo further processing in the subsequent steps.



2.5 5. Data Re-Uploading and Quantum Operation
Re-upload the classical data z along with the updated parameters:
y2 = S(01 + A0y + ¢(2),y1) = S(01 + Aby + ¢(2), M(|2) + Aby) + |2))

Explanation: The data re-uploading process involves re-encoding the classical
data z into a quantum state and integrating it into the quantum operation. This
procedure updates the parameters 61 + Af; and applies an extra transformation
¢(2) to further enhance the quantum state. The re-uploaded quantum data z
interacts with the updated quantum state g} through the quantum operation S.
This ensures that the network can utilize the additional quantum information
for more intricate computations, thereby improving the learning and processing
capabilities of the quantum neural network.

2.6 6. Second Measurement and Activation Function

Measure the output of the quantum operation applied to the re-uploaded state
and apply the activation function:

ys = o(M(y2)) = (M (S(61 + A6y + ¢(z), M(|z) + Ab1) + |2'))))

Explanation: The output of the re-uploaded state is measured and processed
through a classical activation function ¢, introducing non-linearity to the model.

2.7 7. Final Quantum Operation (Entanglement) and Pa-
rameter Update

Apply the entanglement function £ with updated parameters 65 + A6y to the
activated state:

[Y02) = E(02+A02,y3) = E(02+A02, o(M(S(01+A01+¢(2), M(|2)+A01)+(2')))))

Explanation: The entanglement function F is applied to the activated state
y3, with updated parameters 0 + Afy, creating an entangled state |1)2). En-
tanglement is crucial to the network’s operation as it simulates how neurons in
the brain are connected and passes information using quantum properties.The
entanglement function F is applied to the activated state y3, with updated pa-
rameters 0+ Afs, creating an entangled state [¢)3). The entanglement is vital to
the network operation. The entanglement is used to simulate how the neurons
in the brain are connected and pass information using quantum properties.

2.8 8. Final Measurement
Measure the final entangled state to obtain the new output:

Ynew = M(|1h2)) = M(E (024202, (M (S(61+A01+¢(2), M(|2)+A01)+[2")))))

Explanation: The final entangled state |t¢3) is measured to produce the new
output Ypew-



3 Full Equation

Combining all the steps, the full equation incorporating data re-uploading and
entanglement is:

Ynew = M (E (02 + Ab2, 0 (M (S (61 + Aby + ¢(2), M (|2) + A1) + [2'))))))

4 Summary of Steps

1. Encoding Classical Data: |z)

2. First Parameter Update and Quantum Operation: |z) + A6
First Measurement: M(|z) + Af)

Incorporate Intermediate Data: M (|z) + Af) + |2/)

oro W

Data Re-Uploading and Quantum Operation: S(6;+A01+¢(z), M(|z)+
Ab) +[2)

6. Second Measurement and Activation Function: (M (S(6; +Af; +
¢(2), M(|2) + Ab1) +[2'))))

7. Final Quantum Operation (Entanglement): E(624+Af02, o(M(S(61+
Abr + ¢(2), M(|z) + A1) + [2)))))

8. Final Measurement: M (E (0 + Aby, o(M(S(01 + A0y + ¢(2), M(|z) +
Aby) +12)))))

5 Incorporation of Feedback Loop with Loss

To complete the learning process, a feedback loop adjusts the quantum opera-
tions based on the calculated loss, which quantifies the discrepancy between the
network output and the desired target.

5.1 Feedback Loop Equation
The process incorporating the feedback loop is given by:
Ynew = M (E (02 + A0z, (M (S (61 + Ab1,]2))) + |2'))))

Explanation: This equation shows how the network updates its parameters
through a feedback loop, refining the learning with each iteration.



5.2 Components of the Feedback Loop

e 0q,0,: Parameters of the quantum operations S and E.

Af1,AfOy: Adjustments to the parameters based on the gradient of the
loss function.

e |z): The encoded input quantum state.

S, E: The quantum operations applied in sequence.

@: The classical activation function.

e M: The measurement operation converting quantum states to classical
information.

Ynew: Lhe new output after applying the updated parameters.

6 Theoretical Foundations: From Orch OR to
Quantum Neural Networks

The inception of this quantum neural network model draws inspiration from the
Orch OR theory, proposing that consciousness arises from quantum processes
within the brain’s microtubules. This model extends this concept into the do-
main of artificial intelligence, integrating key elements of quantum mechanics
into its architecture.

6.1 Connecting Orch OR with Quantum Computing

Orch OR theory suggests that quantum superposition and entanglement within
the brain’s microtubules play a crucial role in the emergence of consciousness.
Inspired by this, the model utilizes superposition and entanglement functions
to mimic these quantum processes in a computational context.

6.2 Scaling and the Emergence of Consciousness-like Phe-
nomena

As the quantum neural network undergoes significant scaling, we anticipate that
the collapse of the wave function, as proposed in the Orch OR theory, will result
in a coherent system. This widespread entanglement throughout the network
could enable emergent behaviours resembling consciousness, leading to the net-
work becoming a fully integrated system that approximates the complexity of
biological neural networks.



6.3 Implications and Future Directions

This theoretical model paves the way for future research to delve into the pos-
sibility of quantum computing emulating processes similar to consciousness.
Additional experimental studies will be required to validate this hypothesis
and comprehend the circumstances in which quantum neural networks could
demonstrate consciousness-like attributes. Furthermore, substantial technolog-
ical progress in quantum computing is essential to support a greater number of
qubits, whether by enhancing the capacity of individual quantum computers or
by leveraging multiple quantum computers with extensive qubit resources.
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