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getChar :: IO Char
putChar :: Char — 10 ()

echo :: 10 ()
echo = getChar >= (Ac — putChar c¢) > >echo
do

echo = do ¢ « getChar
putChar c

echo
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trueBit :: QIO Bool
trueBit = do qb <— mkQbit True
x «— measQbit qb

return x
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Computations.

qPlus :: QIO Qbit
qPlus = do qa «— mkQbit False
applyU (uhad qa)
return qa
randBit :: QIO Bool
randBit = do qa «— qPlus
r «— measQbit qa

return x
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Computations..

share :: Qbit — QIO ()bt
share ga = do qb «+— mkQbit False
applyU (cond qa (Aa — if a then (unot gb)
else mempty))
return qb

bell - QIO (Qbit, Qbit)

bell = do qa < qPlus
qgb < share qa
return (qa, qb)
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Computations..

test_bell :: QIO (Bool, Bool)
test_bell = do qb «+— bell
b <— meas() qb

return b
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Teleportation.

alice :: Qbit — Qbit — QIO (Bool, Bool)
alice aq bsq = do applyU (cond aq
(Aa — if a then (unot bsq)
else mempty))
applyU (uhad aq)
cd «— measQ (aq, bsq)
return cd
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Teleportation..

uZ :: Qbit — U

uZ qb = (uphase qb 0.5)

bobsU :: (Bool, Bool) — Qbit — U

bobsU (False, False) qb = mempty

bobsU (Fulse, True) gb = (unot gb)

bobsU (True, False) qb = (uZ qb)

bobsU (True, True) gb = ((unot qb) ‘mappend‘ (uZ qb))
bob :: Qbit — (Bool, Bool) — QIO Qbit

bob bsq cd = do applyU (bobsU cd bsq)

return bsq
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Teleportation...

teleportation :: Qbit — QIO ()bt

teleportation iq = do (bsql, bsq2) < bell
cd < alice 1q bsql
tqg < bob bsq2 cd
return tq

The Quantum IO Monad — p.16/1¢



r The Uniyersitg of
&' | Nottingham

The Quantum IO Monad — p.17/1¢



r The Uniyersitg of
&' | Nottingham

The Quantum IO Monad — p.17/1¢



r The Uniyersitg of
&' | Nottingham

Qdata
11140) measQ

The Quantum IO Monad — p.17/1¢



r The Uniyersitg of
&' | Nottingham

Qdata
11140) measQ

instance ()data Bool ()bit where
mk() = mkQbit
meas() = measQbit
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instance (Qdata a qa, Qdata b gb)
= Qdata (a,b) (qa, gb) where

mk@ (a,b) =  do qa «— mkQ a
qgb — mkQ) b
return (qa, gb)
meas@) (qa,qb) = do a «— measQ qa
b — meas() qb

return (a, b)
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