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2.1 Definitions and Notation: Gauss Sums over Finite Fields

Definition 1 (Gauss sums over Finite Fields)

Example 1

Fact 1

Proof: F F

2.2 The Approximate Gauss Sum Problem



Definition 2 (Gauss Sum Problem for Finite Fields)

3 Qu tum C m ut

3.1 Efficient Quantum Procedures
Fact 2 (Quantum Phase Estimation)

Fact 3 (Efficient Quantum Algorithm for the Discrete Logarithm)

Fact 4 (Efficient Quantum Fourier Transform)

3.2 Quantum State Preparation



Fact 5 (Phase Kickback Trick [3])

Proof:

Fact 6 (Quantum Amplitude Amplification)

Proof:

Lemma 1 (Efficient state preparation)

Proof:

F*

F*
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Algorithm 1

Proof:

F*

Theorem 1 (Quantum Algorithm for Gauss Sum Estimation over

Proof:

4.1 Estimation of Jacobi Sums over Finite Fields

Definition 3 (Jacobi Sums over Finite Fields)



Fact 7

Corollary 1 (Quantum Algorithm for Jacobi Sum Estimation)

5 Cl I1Cmlxty A xm t G u um

5.1 Reducing the Discrete Log Problem to Gauss Sum Estimation

Lemma 2 (Reduction from Discrete Log to Gauss Sum Estimation)

Proof:

5.2 Galois Automorphisms and Other Homomorphisms of Q(Cp,_l, Cp,)

5.3 Gauss Sums as Pseudorandom Walks in C



Example 2

6.1 Definitions and Notation: Dirichlet Characters



Definition 4 (Dirichlet Characters)

Definition 5 (Specification of Dirichlet Characters) 0 !

0

Lemma 3 (Calculation of Dirichlet Character Values)

Proof:

Definition 6 (Conductance and Triviality of Dirichlet Characters)



6.2 Definition and Properties of Gauss Sums over Rings Z/nZ

Definition 7 (Gauss sums over Finite Rings)

Fact 8

Fact 9 0

Fact 10

Fact 11

Fact 12
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Theorem 2 (Quantum Algorithm for Gauss Sum Estimation over

E

Proof:

Algorithm 2






