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What are quantum computers good at? 

Quantum chemistry / 
Material science

Integer factorization / HSP

Matrix inversion / Linear algebra Approximating 
topological invariants

Exponential quantum speedups?

Combinatorial 
optimization?

via classical decoding!
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1 Decoded Quantum Interferometry
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DQI
NP-hard

harder

easy

Decode a noisy message

+quantum algorithm 
for optimization

classical decoderquantum computer=

DQI is a quantum reduction from classical 
optimization to classical decoding
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Example

Given:
m constraints on n variables over a binary field mod 2

Central claim of DQI: 

maximize

“satisfy as many                         as possible” 

This defines a code:

and a decoding problem:

Goal:
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• How can we predict the performance of DQI? 

If one can correct weight-l errors on       , then 
DQI find a solution x that satisfies s constraints 
given by

Performance of DQI



Alexander Schmidhuber, MIT

Optimization problem: “Optimal Polynomial 
Intersection”

Decoding problem: Reed-Solomon code 

DQI

Optimization problem: Sparse CSP

Decoding problem: LDPC code

DQI

What kind of structure benefits DQI? 

algebraic structure sparsity
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2 Hamiltonian DQI
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DQI
NP-hard

harder

easy

Decode a noisy message

+quantum algorithm 
for optimization

classical decoderquantum computer=
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Decode a noisy message

Gibbs sampling

Hamiltonian Optimization

Hamiltonian simulation
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Hamiltonian DQI

Decode a noisy message

Gibbs sampling

Hamiltonian Optimization

Hamiltonian simulation
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Alternative: Non-abelian Regev’s reduction

Abelian groups: Non-abelian groups:
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Hamiltonian optimization

Given:
m constraints on n variables over a binary field mod 2

(Pauli) Hamiltonian generalization: 
Given:

Task: Sample HDQI reduces this task to:

Task: Sample

Decoding
Preparing a Pilot 

state+
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Resolution:

Naïve approach for HDQI:

Partial trace

DQI prepares

Algorithm

Goal: Sample

Two issues  
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Goal: Prepare

1. Expand

2. Prepare pilot state

3. Controlled Paulis

4. Uncompute!

Input:

Algorithm (commuting case) 
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Decoding problem:

Information theoretically possible:

Efficiently possible (Bell measurement):

Step 1:

Step 2: 

Classical decoding problem
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Decoding problem

Group homomorphism

Bell measurement maps                            to                          
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Decoding problem:

This is just a classical bounded-distance syndrome decoding problem

Symplectic code defined by parity check matrix

Step 2: 
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Non-commuting case:

There are now cancellations!

New goal:
Prepare the pilot state
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3 Applications of HDQI
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Applications:
Optimization and Gibbs sampling
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Applications

sparsity
algebraic 
structure

commuting

non-
commuting
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Random commuting local Hamiltonians

Local Hamiltonian → LDPC code!

Fig: Energy (in percentages) achieved by HDQI and a classical Clifford SA algorithm.
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Structured commuting Hamiltonians

Theorem:
HDQI efficiently prepares

Example: Toric code

Two relations:
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HDQI prepares arbitrary Gibbs states of the 2D Toric code
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Structured commuting Hamiltonians

Theorem:
HDQI efficiently prepares

``This is also classically 
easy!”
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Non-commuting Hamiltonians

Theorem:
If the anti-commutation graph factorizes into 
connected components of size 𝑂 log 𝑛

The pilot state can be prepared efficiently 
as a Matrix Product State (MPS).

Semi-classical spin glass: Commuting Hamiltonians with random defects:
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The Pilot state as a QMA witness

• Consider a Hamiltonian H for which the decoding problem is easy.
• Then the Pilot state acts as a witness for certifying the ground state energy.

• Given this state, there is an efficient quantum algorithm (not QPE!) that 
computes the ground state energy.

• The Pilot state only depends on the anti-commutation graph (not on, e.g., 
signs!)

• QMA with advice?
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Future directions
• When can the pilot state be efficiently prepared? 

• Beyond log(n)-sized connected components?
• Exploit structure beyond sparsity?

• What interesting quantum Hamiltonians correspond to good classical 
codes?
• Random local Hamiltonians
• Topological code Hamiltonians
• …?

• Generalizations to other non-abelian groups? 
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Thank you
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Alternative view of HDQI

Decoded Quantum Interferometry: Hamiltonian DQI:

Bell state preparation unitary Non-abelian QFT over Pauli group
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Further Hamiltonians
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Further Hamiltonians

• Can the pilot state be prepared beyond log(n)-size connected 
components? 

• Is there structure beyond sparsity in the commutation graph that 
can be exploited? 

• Hardness of semi-classical spin glass? 
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