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|4+) 2 QIO Qbit
[+) = do gb — [0)
applyU (uhad gb)

return qb

share :: Qbit — QIO Qbit
share qa = do ¢b «— |0)
applyU (cond ga (Aa — if a then (unot ¢b)
else (o)))
return qb
bell :: QIO (Qbit, Qbit)
bell = do qa «— |+)
qb < share qa

return (qa, gb)
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rot :: Qbit — Rotation — U

rnot :: Rotation

rnot (xz,y) = if x = y then 0 else 1

rhad :: Rotation
rhad (z,y) = if z A y then — h else h where h = (1 / sqrt 2)

rphase :: R — Rotation

rphase _ (False, False) = 1

rphase r (True, True) = exp (0: 4 1)
rphase _ (_, _) —0
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The Monadic constructors

Monadic

measurements
mkQbit :: Bool — QIO Qbit
applyU :: U — QIO ()

measQbit :: Qbit — QIO Bool
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alice :: Qbit — Qbit — QIO (Bool, Bool)
alice aq eq = do applyU (cond aq (Aa —
if a then (unot eq)
else (o)))
applyU (uhad aq)
cd <— meas@ (aq, eq)
return cd
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bobsU :: (Bool, Bool) — Qbit — U
bobsU (Fulse, False) eq =
bobsU (Fulse, True) eq = (unot eq)
bobsU (True, False) eq = (uZZ eq)
bobsU (True, True) eq = ((unot eq)

> (uZZ eq))
bob :: Qbit — (Bool, Bool) — QIO Qbit
bob eq cd = do applyU (bobsU cd eq)

return eq
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Teleportation..

teleportation :: Qbit — QIO Qbit

teleportation iq = do (eql, eq2) < bell
cd < alice 1q eql
tq «— bob eq? cd
return tq
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Running QIO Computations

>run@) (deutsch —)

True

>run@ (deutsch (Ax — True))
False

>stm @) (deutsch —)

[(True, 1.0)]

>sim @) (meas_bell)

[((True, True),0.5), (( False, False),0.5)]
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Finally...

http://www.cs.nott.ac.uk/"asg/research.html

http://www.cs.nott.ac.uk/"asg/QIO/
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