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Quantum Computing
eCan quantum effects be utilised to speed-up computation? AP TLArS POIRIC) NEHOERS:
eQuantum Parallelism offers a significant speed-up in the Q“at'ona”y'

computation of some algorithms:
Shor’s Factorisation Algorithm (exponential speed-up);
Grover’s Quantum Database Search (quadratic speed-up).

The Quantum Software Crisis
eHow do we develop new quantum algorithms that are better than

classical algorithms? /k -

eCurrent state-of-the-art: use the Quantum Circuit metaphor. ng':ﬁﬁ,lisl_gfgwaare

eProblems: Crisis - only 5 qubits
The circuit model is low-level and circuits are difficult to design; s ol
Comparable to programming classical computers using the Billiard Ball

model of reversible computation.

Deutsch’s Algorithm

H :: Qubit—e Qubit
Hx =1if x then{ 1| -0}
else {1]| 0}

Deutsch  :: (Qubit — Qubit) — Qubit
Deutsch f =let(x, y)=(HO0, H1)
(x,1y) =(x, fx? y)

Measure

in
I((H x")

H—\/;[l _J eThe diagram on the left shows Deutsch's Algorithm
. implemented as a quantum circuit, while the code above shows
a QML program realising the same algorithm.
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AL : eDeutsch's Algorithm is the prototypical example of quantum

4 g Ll computing, making use of both quantum parallelism and

0 0 S 1=fQ) interference. The algorithm takes a function Fe{0,1} —{0,1}
and can tell us with certainty, after only one run, whether fis a
constant function. This is twice as fast as is classically possible.

Our Proposal
eWe plan to develop high-level programming constructs for
quantum computers, including:

Recursion;
Tree-like Data Structures;
Higher Order Functions. CS&IT:
- - : J Grattage
eAll based on a model of Irreversible quantum computation. T Altenkirch
Mathematics:
\ Belavkin

QML: Quantum Meta Language
eQML is an impure functional language with monadic effects.
eThe prototype is implemented in the functional language Haskell.
e(Goals: Not enough money fro—n?\
To produce a compiler for QML, which outputs Quantum Circuits; SRS IRl S5 8 RES
Denotational semantics to support reasoning about QML programs.\-»qu':"'rItLIm s
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