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Quantum Circuits

classical 
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quantum instructions
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circuit 
description 

language
(e.g. python)

Cross, Andrew W., et al. "Open quantum assembly language." arXiv preprint arXiv:1707.03429 (2017).



Intel ConfidentialDepartment or Event Name 5Quantum PLPNL PLSE 2023 5

Quantum Computing as a Co-processor

classical 
processor
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• Hilbert space
• errors
• coherence 

time

limitations

• control flow
• modularity
• debugging

classical 
programming 
abstractions
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Intel Quantum SDK

Intel Quantum 
Runtime

Intel Quantum 
Simulator /
Hardware

parameterized quantum
basic blocks

+ runtime parameters

measurement results

clang with
quantum
extension

C++ with
quantum extension

LLVM with
quantum extension

developer.intel.com/quantumsdk

Khalate, Pradnya, et al. "An LLVM-based C++ Compiler Toolchain for Variational Hybrid Quantum-
Classical Algorithms and Quantum Accelerators." arXiv preprint arXiv:2202.11142 (2022).
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PCOAST: A Pauli-based IR

In submission
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PCOAST: A Pauli-based IR

In submission

Schmitz, Albert T., et al. "Graph optimization perspective for low-depth Trotter-
Suzuki decomposition.“ arXiv preprint arXiv:2103.08602 (2021).

Hamiltonian Simulation
Quantum Kernel Expressions

Matsuura, Anne, Albert Schmitz, and Jennifer Paykin. "A Functional 
Approach to the Modular Construction of Quantum Logic." Bulletin of 
the American Physical Society (2023).
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Quantum Computing 101

• Qubits: 0 =
1
0

, 1 = 
0
1

• Superposition: 𝛼 0 + 𝛽 1 =
𝛼
𝛽

• 𝛼2 + 𝛽2 = 1

• Unitary transformations 𝑈 ∈ ℂ2
𝑛
× ℂ2

𝑛

• 𝜑 ↦ 𝑈 ⋅ 𝜑

• Measurement:

• meas
𝛼
𝛽 =൝

|0⟩
|1⟩

w/ probability 𝛼2

w/ probability 𝛽2
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Intel Quantum SDK Stack

Pauli IR

Pauli IR

C++   + Quantum

LLVM + Quantum

Clang (+Quantum)

Clang (+Quantum)

ELFQ executable

Quantum Runtime

Intel Quantum Simulator Control Electronics

Quantum Dot Simulator Quantum Processor




