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Compiling a functional quantum
programming language

www.cs.nott.ac.uk/~jjg/qml
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Motivation

Our Solution:

A high-level quantum programming language with a structure
familiar to functional programmers, which supports reasoning
and and algorithm design

Compiling a functional quantum programming language — p.2/15



r The Uniyersitg of
&' | Nottingham

Quantum Languages

All based on “Quantum data, Classical control”
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c=1|0cQ®@7T|0c®T

t=z |letz=tinu|z¥

()| let (z,y) =tin u | (¢, u)
if ¢t then u else v’

if° ¢t then u else v’

{ (k) gfalse | (¢) qtrue}

k,L € C
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Deutsch algorithm
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Control of Decoherence

Projection Function

7'('16(2,2)%2 2 2

m (z,y) =1 2 |

Diagonal Function

0z = (z,1)

0€2—(2,2) x:2 i x:2
U
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Control of Decoherence

7T1.5:2%2

Classical Case:

Quantum Case:
1

Input = {% 0) + 7 1)} (equal superposition)

Output = 3{|0)} + 3{|1)} (probability distribution)

Decoherence! Not the identity function
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More Decoherence

forget mentions x
forget : 2 — 2

forget x = if = then qtrue else qtrue

but doesn’t use it.

Hence, it has to measure it!
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forget’ :2 —o 2
forget’ x = if° z then qtrue else gtrue

This program has a type error, because qtrue /[ qtrue.

gnot : 2 —o 2
gnot z = if° z then qfalse else qgtrue

This program typechecks, because qfalse | gtrue.

Compiling a functional quantum programming language — p.9/15



The University of

Nottingham

r

Compiler Design

e Takes in QML expressions

e Compiled into FQC (Finite Quantum Computation) objects

e (¢ = quantum circuit
e Circuit represented as simple combinators
e Can be directly simulated, or passed to any standard simulator

e ...orareal quantum computer



The University of

Nottingham

Quantum Machine Code 't

e Quantum circuits of size a € N, defined inductively

e Sequential Composition (¢ o 1))

a — Y9

e Parallel Composition (¢ ® 1))

e Permutations (rewiring)



Quantum Machine Code

e Conditional Application (¢ | 9)
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e Rotation (rot u, where v € 2 — 2 — C is a unitary matrix)

Qo —
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Compiling the let-rule
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Summary

Future work:

Define equational theory, and show this conicides with
denotational sematics

Only small programs currently; we need bigger and better
examples
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Thanks

Jonathan Grattage (jjg@cs.nott.ac.uk)
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