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Programming Languages

I Human-readable
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Quantum Programming
The problem

Features:

I Superposition

I Entanglement

I Reversible

Limitations:

I No-cloning

I Reversible

Implementation constraints:

I Number of qubits

I Decoherence

I Execution environment
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Quantum Programming
Quantum Programming Libraries: A different approach for the same problem

Popular quantum programming libraries:

I Cirq

I ProjectQ

I PyQuil

I Qiskit
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Classification

Quantum Assembly:

I OpenQASM

I Quil

I Blackbird1

I QMASM2

Q. Circuit Description:

I LIQUi |〉
I QWIRE

I Quipper

I Scaffold

High-level Lang.:

I Q#

I Silq

I Ket

1Continuous-variable quantum optical circuits
2Adiabatic quantum computers
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Quantum Assembly Languages
OpenQASM

I IBM Quantum Experience

I Quantum circuit
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Quantum Assembly Languages
OpenQASM

Figure 1: Quantum teleportation example [CBSG17].
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Quantum Assembly Languages
OpenQASM

Figure 2: Quantum teleportation circuit [CBSG17].



10/22

Quantum Assembly Languages
OpenQASM

Table 1: Open QASM (2.0) language statements [CBSG17].
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Quantum Assembly Languages
Quil

I Forest SDK - Rigetti

I Classical and quantum States

I DEFGATE; DEFCIRCUIT

Figure 3: Quil example [SCZ16].
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Quantum Circuit description languages
Quipper

I Scalable quantum circuit description

I Haskell embedded language

Figure 4: Quantum teleportation example [GLR+13].
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High-level languages
Q#

I Beyond quantum circuit

I Classical and quantum computation

I Python and .NET languages (C#, F#)

I Function (’T -> ’U)

I Operation (’T => ’U)

I Controlled; Adjoint; (’T => Unit is Ctl + Adj)
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Figure 5: Approximated QFT of Q# [SGT+18].
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High-level languages
Silq

I Safe uncomputation and intuitive semantics

I Linear type system∗ (const; duplication)

Figure 6: Benefit of Silq’s automatic uncomputation [BBGV20]
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High-level languages
Silq

Figure 7: Examples of invalid Silq programs, their error messages, and
possible fixes (where applicable) [BBGV20].
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High-level languages
Ket

I Cloud-based quantum computation

I Generic quantum programming

I Dynamic quantum execution

I Runtime quantum code generation; Future
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“Quantum computers raise interesting problems
for the design of programming languages[...]”
(Deutsch, 1985)
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