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Problem: Ill-Formed Circuits
Selinger & Valiron, 2009

“gi1f g then not g”

no-cloning theorem: a qubit cannot be copied

linear types = no cloning
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* A core language for quantum circuits

e Safe

- linear types for wires
— type safety & strong normalization

— denotational semantics
e Expressive

— structure based on the QRAM model

— embedded in your favorite classical host language
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(g',r'") < gate CNOT (g, r);
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n-ary Composition

inSegN (n : Nat) (c : Circ(W,W))
Circ (W, W) =
case n of

e => box w = output w
| m+1 => box w =

w' < unbox c w;
unbox (1nSegN m) w'
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p < C; C7
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x « 1l1ft p; C
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— proof of type safety

— proof of strong normalization
 denotational semantics of circuits
— proof of soundness

* dependently-typed circuits
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Dependent types

qubits (n : Nat) =
case n ot
e => 1
| m+1l => qubit® (qubits m)

fourier : V(n:nat).
Circ (gubits n, gubits n)
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e operational semantics of circuits

— proof of type safety

— proof of strong normalization
 denotational semantics of circuits
— proof of soundness

* dependently-typed circuits

e ...and more!
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C ::= output p

p' <« gate g p; C
p <« C; C'

unbox t p

X « 11ft p; C

output p

| p' <« gate g p; N
| x = 1li1ft p; C
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Composition is associative

0) H 7N H
0>— H N
g <« gate newO ();
q'«< gate H d ;
b'<« gate meas qg';
r <« new(O () ;
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