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Abstract

We develop a comprehensive theoretical framework for financial mathematics using the
formalism of quantum mechanics. By establishing rigorous correspondences between financial
concepts and Hilbert space operators, this work provides: (1) A spectral theory of market
observables via PCA decomposition, (2) Theoretical foundations for decision-making measures
in trading, (3) An interpretation of Shapley values as quantum expectation values, and (4)
A Hamiltonian formulation of market dynamics. The unification of these elements through
Dirac’s notation reveals profound structural analogies between quantum measurement theory
and financial decision-making processes.



Chapter 1

Introduction

Quantum mechanics has made remarkable contributions to various scientific fields, with
increasing influence on financial modeling. Building on the principles of quantum computation,
we propose a new framework for understanding market dynamics. This approach uses powerful
tools from quantum mechanics, such as Hilbert spaces, operators, and quantum measurements,
to model market states, trading decisions, and value evolution.

In this work, we explore quantum-inspired techniques to model financial systems, offering
new perspectives on pricing, risk management, and trading strategies. Our methodology relies
on Hilbert space theory, presenting a unified quantum framework to understand and analyze
market behavior.
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Chapter 2

Quantum States and Financial Data

The financial market is modeled as a quantum system, where each market state is represented
by a vector in a Hilbert space, H. A quantum state |ψ(t)⟩ encapsulates all available market
information at a given time t.

A normalized quantum financial state |ψ(t)⟩ ∈ H is a coherent superposition of basis
states |i⟩, where each basis state represents an elementary financial observable, such as price
or return:

|ψ(t)⟩ =
∑
i∈I

ci(t) |i⟩ , with
∑

i

|ci(t)|2 = 1

where |ci(t)|2 represents the probabilistic weight of observable i at time t.
In a simplified market model, the canonical basis could consist of states such as:

|Close⟩ =
1

0

 ,

|LogReturn⟩ =
0

1


These basis vectors represent fundamental market observables, such as the closing price

and logarithmic return between periods.
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Chapter 3

Principal Component Analysis (PCA)
as Quantum Operators

PCA is a powerful tool for dimensionality reduction in financial data, and we can view the
PCA operator P̂ as a quantum observable that diagonalizes the market’s covariance structure.

Let {|ψm⟩}M
m=1 be a set of financial states. The covariance operator is defined as:

Ĉ := 1
M

M∑
m=1

|ψm⟩ ⟨ψm| − |ψ̄⟩ ⟨ψ̄|

where |ψ̄⟩ = 1
M

∑M
m=1 |ψm⟩ is the average state of the set.

The covariance operator admits an orthogonal decomposition into eigenvalues and eigen-
vectors:

Ĉ |ψ(t)⟩ =
∞∑

k=1
λk |ϕk⟩ , where Ĉ |ϕk⟩ = λk |ϕk⟩

The eigenvalues {λk} represent the variance of market dynamics, and the eigenvectors {|ϕk⟩}
define the market’s principal components.
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Chapter 4

Scenario Classification via Quantum
Measurements

In quantum mechanics, measurements project a quantum state onto a subspace of possible
outcomes. Similarly, trading decisions can be modeled as quantum measurements, where each
trading action corresponds to a projection operator.

Trading actions are described by a positive-operator valued measure (POVM), consisting
of projection operators for actions such as buy, sell, or hold:

M̂ = {M̂Buy, M̂Sell, M̂Hold}

These operators satisfy the completeness condition:

∑
a∈A

M̂a = I, M̂a ≥ 0

The probability of a trading action a given the current state |ψ(t)⟩ is derived from the
trace of the operator M̂a acting on the market state ρ̂:

P (a|ψ) = Tr(M̂aρ̂) = tanh
(
β ⟨ψ|R̂a|ψ⟩

)
where R̂a is the return operator and β−1 represents the market temperature.
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Chapter 5

SHAP Values for Variable Importance
in Quantum Finance

In quantum systems, the expectation value of an operator Ô in a given state |ψ(t)⟩ provides
information about the observable. We extend this concept to Shapley values, a method for
determining variable importance in financial models.

The financial state |ψ(t)⟩ can be decomposed into contributions from different observables,
similar to how quantum states are expressed in terms of their basis states:

|ψ(t)⟩ =
∑

i

ϕi |i⟩

The Shapley value for variable i is given by the expectation value:

⟨i|Ô|ψ(t)⟩ = SHAP(i)

which quantifies the contribution of variable i to the overall market state.
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Chapter 6

Backtesting as Quantum Evolution

In quantum mechanics, the temporal evolution of a state is governed by the Schrödinger
equation. Similarly, we model the evolution of a portfolio’s value using a Hamiltonian operator.

The temporal evolution of a quantum financial state is given by:

|ψ(t+ ∆t)⟩ = e−iĤ∆t |ψ(t)⟩

where Ĥ is the Hamiltonian representing the system’s energy.
The portfolio value at time t is given by the projection of the financial state |ψ(t)⟩ onto

the strategy state |ϕstrategy⟩:
V (t) = ⟨ϕstrategy|ψ(t)⟩

This projection provides a scalar measure of the portfolio’s value at any moment.
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Chapter 7

Conclusion

This work establishes a quantum-inspired framework for financial analysis, demonstrating
how quantum mechanics can provide a new perspective for modeling and understanding
market behavior. By translating financial concepts into the language of Hilbert spaces
and quantum operators, we propose a novel approach to financial modeling that integrates
quantum principles such as superposition, measurement, and temporal evolution.
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Chapter 8

Online Proofs of Concept

The following online resources provide interactive proofs of concept related to the method-
ologies discussed in this paper: - **Dow/USD Model**: - Clickable: Interactive Model on
Hugging Face - Text Version: https://huggingface.co/spaces/earnliners/dow-usd - **Source
Code for Proofs of Concept**: - Clickable: Hugging Face Repository - Text Version:
https://huggingface.co/spaces/earnliners/dow-usd/tree/main
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Chapter 9

In-depth Audio Discussion

For an in-depth audio discussion of the concepts covered in this work, listen to the following au-
dio: - Clickable: In-depth Audio on Google Drive - Text Version: https://drive.google.com/file/u/0/d/1eXuzJGng4o5Hvd3kZjSnVfQ-
UmhKen81/view
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Chapter 10

Project Contact

For any questions, you can contact the project lead via their Hugging Face profile: - Clickable:
Earn Liners - Hugging Face - Text Version: https://huggingface.co/earnliners
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