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Q#

Listing 1. Q# code implementing quantum teleportation between two qubits. qsharp/teleport.qs

namespace M i c r o s o f t . Quantum . Samples {

open M i c r o s o f t . Quantum . A r r ay s ;
open M i c r o s o f t . Quantum . Canon ;
open M i c r o s o f t . Quantum . D i a g n o s t i c s ;
open M i c r o s o f t . Quantum . I n t r i n s i c ;

/ / / # Summary
/ / / P r e p a r e s a B e l l s t a t e g i v e n two q u b i t s i n a c o m p u t a t i o n a l b a s i s s t a t e .
o p e r a t i o n P r e p a r e B e l l P a i r ( l e f t : Qubit , r i g h t : Qubit ) : Unit i s Adj + Ctl {

H( l e f t ) ;
CNOT( l e f t , r i g h t ) ;

}

/ / / # Summary
/ / / T e l e p o r t s t h e s t a t e o f t h e ’msg ’ q u b i t t o t h e g i v e n ’ t a r g e t ’ q u b i t ,
/ / / by t e m p o r a r i l y u s i n g a ’ h e l p e r ’ q u b i t a s a r e s o u r c e .
o p e r a t i o n T e l e p o r t ( msg : Qubit , t a r g e t : Qubit ) : Unit {

/ / Q# s u p p o r t s l o c a l a l l o c a t i o n s o f q u b i t s .
us ing ( h e l p e r = Qubit ( ) ) {

P r e p a r e B e l l P a i r ( h e l p e r , t a r g e t ) ;
Adjoint P r e p a r e B e l l P a i r ( msg , h e l p e r ) ;
/ / We a p p l y a P a u l i c o r r e c t i o n c o n d i t i o n a l on t h e outcomes o f
/ / s i n g l e−q u b i t measurements i n c o m p u t a t i o n a l b a s i s .
(M( msg ) == One ? Z | I ) ( t a r g e t ) ;
(M( h e l p e r ) == One ? X | I ) ( t a r g e t ) ;

}
}

/ / / # Summary
/ / / E x e c u t e s a t e l e p o r t a t i o n e x p e r i m e n t .
/ / / I f i t succeeds , t h e n t h e r e t u r n e d measurement r e s u l t i s Zero .
o p e r a t i o n T e l e p o r t a t i o n E x p e r i m e n t ( p r ep : ( Qubit => Unit i s Adj + Ctl ) ) : Re su l t {

/ / We a l l o c a t e new q u b i t s f o r t h e d u r a t i o n o f t h e b l o c k .
us ing ( ( msg , t a r g e t ) = ( Qubit ( ) , Qubit ( ) ) ) {

/ / We p r e p a r e t h e message t o t e l e p o r t u s i n g t h e g i v e n
/ / p r e p a r a t i o n r o u t i n e and t e l e p o r t t h e message .
p r ep ( msg ) ;
T e l e p o r t ( msg , t a r g e t ) ;
/ / I f t h e t a r g e t q u b i t i s i n t h e i n t e n d e d s t a t e , t h i s w i l l map i t t o |0〉 .
Adjoint p rep ( t a r g e t ) ;
re turn M( t a r g e t ) ;

}
}

/ / / # Summary
/ / / Un i t t e s t t o check t h a t v a r i o u s s t a t e s a r e t e l e p o r t e d c o r r e c t l y .
/ / The T e s t a t t r i b u t e d e f i n e s t h e t a r g e t on which t h e t e s t w i l l be e x e c u t e d .
/ / " QuantumSimula to r " i n d i c a t e s t h a t t h e t e s t w i l l be e x e c u t e d on t h e f u l l
/ / s t a t e s i m u l a t o r .
@Test ( " QuantumSimula to r " )
o p e r a t i o n T e l e p o r t T e s t ( ) : Unit {

/ / We want t o e x e c u t e t h e t e l e p o r t a t i o n e x p e r i m e n t f o r v a r i o u s messages .
l e t messages = [H, X , T ] ;
f o r ( r e p in 1 . . 100) {



/ / We run t h e t e l e p o r a t i o n e x p e r i m e n t f o r each message .
l e t r e s u l t s = ForEach ( T e l e p o r t a t i o n E x p e r i m e n t , messages ) ;
/ / We check t h a t each run r e t u r n e d Zero u s i n g u n i t t e s t i n g t o o l s .
/ / ’ Fac t ’ w i l l f a i l and p r i n t t h e g i v e s t r i n g i f s u c c e s s i s f a l s e .
l e t s u c c e s s = A l l ( I s R e s u l t Z e r o , r e s u l t s ) ;
Fact ( s u c c e s s , " T e l e p o r t a t i o n f a i l e d . " ) ;

}
}

}
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OpenQASM and Qiskit

Listing 2. OpenQASM code implementing quantum teleportation between two qubits. openqasm/teleport.qasm

/ / A l l OpenQASM programs b e g i n wi th a h e a d e r i n d i c a t i n g t h e l a n g u a g e v e r s i o n .
OPENQASM 2 . 0 ;
i n c l u d e " q e l i b 1 . i n c " ;

/ / We need t o d e c l a r e a l l quantum and c l a s s i c a l r e g i s t e r s t h a t a r e go ing t o be used .
/ / We w i l l use q u b i t s [ 0 ] a s t h e q u b i t c o n t a i n i n g t h e message ( ’ msg ’ ) , q u b i t s [ 1 ] a s
/ / t h e h e l p e r q u b i t ( ’ h e l p e r ’ ) , and q u b i t s [ 2 ] a s t h e t a r g e t q u b i t ( ’ t a r g e t ’ ) .
qreg q u b i t s [ 3 ] ;
/ / B ranch ing c o n d i t i o n a l on measurements outcomes r e q u i r e s p a s s i n g i n a c l a s s i c a l
/ / r e g i s t e r , hence we c o n s t r u c t a s e p a r a t e r e g i s t e r f o r t h e x− and z−c o r r e c t i o n .
creg c o r r z [ 1 ] ;
creg c o r r x [ 1 ] ;
/ / We a l s o need a c l a s s i c a l r e g i s t e r t o s t o r e t h e measurement outcome t h a t
/ / i n d i c a t e s whe the r t h e t e l e p o r t a t i o n s u c c e e d e d .
creg f i n a l [ 1 ] ;

/ / We p r e p a r e t h e s t a t e |+〉 t o t e l e p o r t .
h q u b i t s [ 0 ] ;

/ / P r e p a r e s a B e l l s t a t e be tween t h e h e l p e r and t h e t a r g e t q u b i t .
h q u b i t s [ 1 ] ;
cx q u b i t s [ 1 ] , q u b i t s [ 2 ] ;

/ / Pe r fo rm t h e i n v e r s e o p e r a t i o n on t h e message and h e l p e r q u b i t .
cx q u b i t s [ 0 ] , q u b i t s [ 1 ] ;
h q u b i t s [ 0 ] ;

/ / We measure t h e message and t h e h e l p e r q u b i t i n t h e c o m p u t a t i o n a l b a s i s
/ / and s t o r e t h e r e s u l t s i n t h e c l a s s i c a l r e g i s t e r s c o r r z and c o r r x .
measure q u b i t s [ 0 ] −> c o r r z [ 0 ] ;
measure q u b i t s [ 1 ] −> c o r r x [ 0 ] ;

/ / We a p p l y a P a u l i c o r r e c t i o n c o n d i t i o n a l on t h e s t o r e d outcomes o f
/ / t h e s i n g l e−q u b i t measurements i n c o m p u t a t i o n a l b a s i s .
i f ( c o r r z ==1) z q u b i t s [ 2 ] ;
i f ( c o r r x ==1) x q u b i t s [ 2 ] ;

/ / I f t h e t a r g e t q u b i t i s i n d e e d i n a |+〉 s t a t e , t h i s w i l l map i t t o |0〉 .
h q u b i t s [ 2 ] ;

/ / I f t h e message i s t e l e p o r t e d s u c c e s s f u l l y t h i s measurement s h o u l d a lways be 0 .
measure q u b i t s [ 2 ] −> f i n a l [ 0 ] ;

Listing 3. Execute OpenQASM programs using Qiskit. openqasm/run_teleportation.py

from q i s k i t import Quan tumCi rcu i t , Bas icAer , e x e c u t e
import a r g p a r s e # used t o p r o c e s s command l i n e a rgumen t s
from t e l e p o r t a t i o n _ c i r c u i t import ∗ # custom t e l e p o r t a t i o n i m p l e m e n t a t i o n i n Q i s k i t

" " "
E x e c u t e s t h e g i v e n Q u a n t u m C i r c u i t on t h e q a s m _ s i m u l a t o r and r e t u r n s t h e h i s t o g r a m .
" " "
def r u n _ e x p e r i m e n t ( c i r c u i t ) :

# Q i s k i t Aer a l l o w s t o s i m u l a t e c i r c u i t s u s i n g one of s e v e r a l d i f f e r e n t backends .
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backend = Bas icAer . g e t _ b a c k e n d ( ’ q a s m _ s i m u l a t o r ’ )

# We can send t h e c o n s t r u c t e d c i r c u i t t o an Aer backend t o g e t an o b j e c t
# t h a t r e p r e s e n t s t h e a s y n c h r o n o u s e x e c u t i o n o f our c i r c u i t .
# We r e p e a t t h e s i m u l a t i o n 100 t imes , and r e t u r n t h e h i s t o g r a m .
j o b = e x e c u t e ( c i r c u i t , backend , s h o t s =100)

# The r e s u l t o f a j o b t e l l s us whe the r t h e j o b comple t ed s u c c e s s f u l l y ,
# and a l l measurement r e s u l t s o b t a i n e d d u r i n g t h e j o b .
r e s u l t = j o b . r e s u l t ( )
re turn r e s u l t . g e t _ c o u n t s ( c i r c u i t )

i f __name__ == " __main__ " :
# We do some minimal command l i n e p a r s i n g t o a l l o w g i v i n g a qasm f i l e a s i n p u t .
p a r s e r = a r g p a r s e . Argumen tPa r se r ( )
p a r s e r . add_argument ( "−−qasm " , d e s t =" qasm " )
a r g s = p a r s e r . p a r s e _ a r g s ( )

i f a r g s . qasm :
# Q i s k i t T e r r a a l l o w s t o l o a d an OpenQASM f i l e and compi l e i t t o a c i r c u i t .
p r i n t ( " Loading c i r c u i t from f i l e " + a r g s . qasm + " . " )
c i r c u i t = Q u a n t u m C i r c u i t . f r o m _ q a s m _ f i l e ( a r g s . qasm )

e l s e :
# A l t e r n a t i v e l y , we can a l s o c o n s t r u c t t h e c i r c u i t i n Q i s k i t .
p r i n t ( " Running t h e c i r c u i t r e t u r n e d by t e l e p o r t a t i o n _ e x p e r i m e n t . " )
# We choose t o t e l e p o r t a \ k e t {+} s t a t e ,
# b u t any f u n c t i o n f o r t h e p r e p a r a t i o n r o u t i n e c o u l d be p a s s e d i n h e r e .
c i r c u i t = t e l e p o r t a t i o n _ e x p e r i m e n t ( lambda prep , q : p r ep . h ( q ) )

d a t a = r u n _ e x p e r i m e n t ( c i r c u i t )

# We check whe the r t h e t e l e p o r t a t i o n s u c c e e d e d f o r a l l s h o t s ,
# i . e . we check i f t h e f i n a l measurement was a lways 0 .
i s _ c o r r e c t = lambda key : key . s t a r t s w i t h ( ’ 0 ’ )
s u c c e s s = a l l (map ( i s _ c o r r e c t , d a t a . keys ( ) ) )

i f s u c c e s s : p r i n t ( " \ n T e l e p o r t a t i o n s u c c e e d e d ! " )
e l s e : p r i n t ( " \ n T e l e p o r t a t i o n f a i l e d . " )

# We a d d i t i o n a l l y p r i n t t h e t h e h i s t o g r a m of t h e measured v a l u e s f o r a l l s h o t s .
# and emi t t h e e x e c u t e d c i r c u i t . A m a t r i x r e p r e s e n t a t i o n c a n n o t be p r i n t e d
# s i n c e t h e c i r c u i t i s n o t u n i t a r y .
p r i n t ( " \ n F u l l h i s t o g r a m : " )
p r i n t ( d a t a )
p r i n t ( " \ n C i r c u i t : " )
p r i n t ( c i r c u i t )

Listing 4. Build circuit directly in Qiskit. openqasm/teleportation_circuit.py

from q i s k i t import Quan tumCi rcu i t , QuantumRegis te r , C l a s s i c a l R e g i s t e r , Bas icAer , e x e c u t e

" " "
Adds t h e g a t e s t o t h e g i v e n c i r c u i t t o p r e p a r e a B e l l s t a t e between t h e two q u b i t s .
" " "
def p r e p a r e _ b e l l _ p a i r ( c i r c u i t , l e f t , r i g h t ) :

c i r c u i t . h ( l e f t )
c i r c u i t . cx ( l e f t , r i g h t )
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" " "
Adds t h e g a t e s t o t h e g i v e n c i r c u i t t h a t implement t h e a d j o i n t o f t h e s e q u e n c e o f
g a t e s added by p r e p a r e _ b e l l _ p a i r .
" " "
def a d j o i n t _ p r e p a r e _ b e l l _ p a i r ( c i r c u i t , l e f t , r i g h t ) :

# Q i s k i t s u p p o r t s g e n e r a t i n g t h e a d j o i n t f o r Q u a n t u m C i r c u i t i n s t a n c e s , b u t
# i n t h i s c a s e i t i s more c o n v e n i e n t t o j u s t implement i t a s py thon f u n c t i o n .
c i r c u i t . cx ( l e f t , r i g h t )
c i r c u i t . h ( l e f t )

" " "
Adds t h e g a t e s t o t h e g i v e n c i r c u i t t h a t t e l e p o r t t h e s t a t e o f t h e ’msg ’ q u b i t
t o t h e g i v e n ’ t a r g e t ’ q u b i t u s i n g t h e ’ h e l p e r ’ q u b i t a s a r e s o u r c e , and
u s i n g t h e c l a s s i c a l r e g i s t e r s c o r r z and c o r r x t o s t o r e t h e measurement r e s u l t s .
" " "
def t e l e p o r t ( c i r c u i t , msg , h e l p e r , t a r g e t , c o r r z , c o r r x ) :

p r e p a r e _ b e l l _ p a i r ( c i r c u i t , h e l p e r , t a r g e t )
a d j o i n t _ p r e p a r e _ b e l l _ p a i r ( c i r c u i t , msg , h e l p e r )
# Add t h e g a t e s t o measure t h e message and t h e h e l p e r q u b i t i n t h e c o m p u t a t i o n a l
# b a s i s and s t o r e t h e r e s u l t s i n t h e c l a s s i c a l r e g i s t e r s c o r r z and c o r r x .
c i r c u i t . measure ( msg , c o r r z [ 0 ] )
c i r c u i t . measure ( h e l p e r , c o r r x [ 0 ] )
# Add t h e g a t e s t o a p p l y a P a u l i c o r r e c t i o n c o n d i t i o n a l on t h e s t o r e d outcomes
# of t h e s i n g l e−q u b i t measurements i n c o m p u t a t i o n a l b a s i s .
# Note t h a t c _ i f e x p e c t s a C l a s s i c a l R e g i s t e r , which i s why we need two of them .
c i r c u i t . z ( t a r g e t ) . c _ i f ( c o r r z , 1 )
c i r c u i t . x ( t a r g e t ) . c _ i f ( c o r r x , 1 )

" " "
C o n s t r u c t s and r e t u r n s a Q u a n t u m C i r c u i t i n s t a n c e t h a t a p p l i e s t h e g i v e n s t a t e
p r e p a r a t i o n r o u t i n e t o a s i n g l e q u b i t .
" " "
def p r e p a r e _ m e s s a g e ( p rep ) :

q u b i t s = Quan tumReg i s t e r ( 1 , " q u b i t s " )
c i r c u i t = Q u a n t u m C i r c u i t ( q u b i t s , name=" p rep " )
p rep ( c i r c u i t , q u b i t s [ 0 ] )
re turn c i r c u i t

" " "
C o n s t r u c t s and r e t u r n s a Q u a n t u m C i r c u i t i n s t a n c e c o n t a i n i n g a t e l e p o r t a t i o n e x p e r i m e n t .
I f t h e e x p e r i m e n t succeeds , t h e n t h e l a s t c l a s s i c a l b i t i n t h e c i r c u i t w i l l be 0 .
" " "
def t e l e p o r t a t i o n _ e x p e r i m e n t ( p r ep ) :

# We need t o d e c l a r e a l l quantum and c l a s s i c a l r e g i s t e r s t h a t a r e go ing t o be
# used as p a r t o f t h e c i r c u i t b e f o r e we can c o n s t r u c t t h e c i r c u i t i n s t a n c e .
q u b i t s = Quan tumReg i s t e r ( 3 , " q u b i t s " )
msg , h e l p e r , t a r g e t = map ( lambda i d x : q u b i t s [ i d x ] , range ( 3 ) )
# Branch ing c o n d i t i o n a l on measurements outcomes r e q u i r e s p a s s i n g i n a c l a s s i c a l
# r e g i s t e r , hence we c o n s t r u c t a s e p a r a t e r e g i s t e r f o r t h e x− and z−c o r r e c t i o n .
c o r r z = C l a s s i c a l R e g i s t e r ( 1 , " c o r r z " )
c o r r x = C l a s s i c a l R e g i s t e r ( 1 , " c o r r x " )
# We a l s o need a c l a s s i c a l r e g i s t e r t o s t o r e t h e measurement outcome t h a t
# i n d i c a t e s whe the r t h e t e l e p o r t a t i o n s u c c e e d e d .
f i n a l = C l a s s i c a l R e g i s t e r ( 1 , " f i n a l " )

# We c o n s t r u c t a s e p a r a t e s u b c i r c u i t i m p l e m e n t i n g t h e p a s s e d i n s t a t e p r e p a r a t i o n
# f u n c t i o n such t h a t we can e a s i l y i n v e r t i t l a t e r .
p r ep = p r e p a r e _ m e s s a g e ( p rep )

# We c r e a t e a Q u a n t u m C i r c u i t i n s t a n c e t o which we t h e n add g a t e s .
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c i r c u i t = Q u a n t u m C i r c u i t ( q u b i t s , c o r r z , c o r r x , f i n a l , name=" t e l e p o r t " )
# We p lug t h e c o n s t r u c t e d s u b c i r c u i t f o r p r e p a r i n g t h e message t o t e l e p o r t
# i n t o t h e c i r c u i t and t e l e p o r t t h e message .
c i r c u i t . append ( p rep . t o _ i n s t r u c t i o n ( ) , [ msg ] )
t e l e p o r t ( c i r c u i t , msg , h e l p e r , t a r g e t , c o r r z , c o r r x )
# We a p p l y t h e i n v e r s e o f t h e message p r e p a r a t i o n c i r c u i t t o t h e t a r g e t q u b i t .
# I f t h e t a r g e t q u b i t i s i n t h e i n t e n d e d s t a t e , t h i s w i l l map i t t o |0〉 .
c i r c u i t . append ( p rep . i n v e r s e ( ) . t o _ i n s t r u c t i o n ( ) , [ t a r g e t ] )
# I f t h e message i s t e l e p o r t e d s u c c e s s f u l l y t h i s measurement s h o u l d a lways be 0 .
c i r c u i t . measure ( t a r g e t , f i n a l [ 0 ] )
re turn c i r c u i t
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Cirq

Listing 5. Cirq code implementing quantum teleportation. cirq/teleport.py

import c i r q
from c i r q . ops import ∗

" " "
P r e p a r e s a B e l l s t a t e g i v e n two q u b i t s i n a c o m p u t a t i o n a l b a s i s s t a t e .
" " "
def p r e p a r e _ b e l l _ p a i r ( l e f t , r i g h t ) :

y i e l d H( l e f t )
y i e l d CNOT( l e f t , r i g h t )

" " "
T e l e p o r t s t h e s t a t e o f t h e ’msg ’ q u b i t t o t h e g i v e n ’ t a r g e t ’ q u b i t
u s i n g t h e ’ h e l p e r ’ q u b i t a s a r e s o u r c e .
" " "
def t e l e p o r t ( msg , h e l p e r , t a r g e t ) :

y i e l d p r e p a r e _ b e l l _ p a i r ( h e l p e r , t a r g e t )
y i e l d c i r q . i n v e r s e ( p r e p a r e _ b e l l _ p a i r ( msg , h e l p e r ) )
# We a p p l y a P a u l i c o r r e c t i o n i n a c o h e r e n t manner , a s C i rq does n o t
# s u p p o r t a p p l y i n g o p e r a t i o n s c o n d i t i o n a l on a measurements outcome .
y i e l d CZ( msg , t a r g e t )
y i e l d CNOT( h e l p e r , t a r g e t )

" " "
C o n s t r u c t s and r e t u r n s a C i r c u i t i n s t a n c e c o n t a i n i n g a t e l e p o r t a t i o n e x p e r i m e n t .
I f t h e e x p e r i m e n t succeeds , t h e n t h e f i n a l measurement o f t h e t a r g e t q u b i t w i l l be 0 .
" " "
def t e l e p o r t a t i o n _ e x p e r i m e n t ( p r ep ) :

# We w i l l use t h r e e q u b i t s on a l i n e .
msg , h e l p e r , t a r g e t = map ( c i r q . L ineQubi t , range ( 3 ) )

# We c r e a t e a C i r c u i t i n s t a n c e t o which we t h e n add g a t e s .
c i r c u i t = c i r q . C i r c u i t ( )
# We add t h e g a t e s t o p r e p a r e t h e message t o t e l e p o r t u s i n g t h e g i v e n
# p r e p a r a t i o n r o u t i n e and t e l e p o r t t h e message .
c i r c u i t . append ( p rep ( msg ) )
c i r c u i t . append ( t e l e p o r t ( msg , h e l p e r , t a r g e t ) )
# I f t h e t a r g e t q u b i t i s i n t h e i n t e n d e d s t a t e , t h i s w i l l map i t t o |0〉 .
c i r c u i t . append ( c i r q . i n v e r s e ( p rep ( t a r g e t ) ) )
c i r c u i t . append ( measure ( t a r g e t , key=" f i n a l " ) )
re turn c i r c u i t

" " "
E x e c u t e s t h e g i v e n C i r c u i t on t h e s i m u l a t o r and r e t u r n s t h e h i s t o g r a m .
" " "
def r u n _ e x p e r i m e n t ( c i r c u i t ) :

# We s i m u l a t e c i r c u i t s u s i n g t h e l o c a l s i m u l a t o r .
backend = c i r q . S i m u l a t o r ( )
# We r e p e a t t h e s i m u l a t i o n 100 t imes , and r e t u r n t h e h i s t o g r a m .
# The r e t u r n e d h i s t o g r a m c o n t a i n s t h e r e s u l t o f a l l measurements i n a l l r u n s .
r e s u l t = backend . run ( c i r c u i t , r e p e t i t i o n s =100)
re turn r e s u l t . h i s t o g r a m ( key=" f i n a l " )

i f __name__ == " __main__ " :
# We choose t o t e l e p o r t a \ k e t {+} s t a t e ,
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# b u t any a d j o i n t a b l e s t a t e p r e p a r a t i o n r o u t i n e c o u l d be p a s s e d i n h e r e .
c i r c u i t = t e l e p o r t a t i o n _ e x p e r i m e n t (H)
d a t a = r u n _ e x p e r i m e n t ( c i r c u i t )

# We check whe the r t h e t e l e p o r t a t i o n s u c c e e d e d f o r a l l s h o t s ,
# i . e . we check i f t h e f i n a l measurement was a lways 0 .
i s _ c o r r e c t = lambda key : key == 0
s u c c e s s = a l l (map ( i s _ c o r r e c t , d a t a . keys ( ) ) )

i f s u c c e s s : p r i n t ( " \ n T e l e p o r t a t i o n s u c c e e d e d ! " )
e l s e : p r i n t ( " \ n T e l e p o r t a t i o n f a i l e d . " )

# We a d d i t i o n a l l y p r i n t t h e t h e h i s t o g r a m of t h e measured v a l u e f o r a l l s h o t s ,
# emi t t h e e x e c u t e d c i r c u i t , and p r i n t t h e m a t r i x r e p r e s e n t a t i o n o f t h e c i r c u i t .
p r i n t ( " \ n F u l l h i s t o g r a m : " )
p r i n t ( d a t a )
p r i n t ( " \ n C i r c u i t : " )
p r i n t ( c i r c u i t )
p r i n t ( " \ nMat r ix r e p r e s e n t a t i o n : " )
p r i n t ( c i r q . u n i t a r y ( c i r c u i t ) )
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Quipper

Listing 6. Quipper code implementing quantum teleportation between two qubits. quipper/teleport.hs

module T e l e p o r t where
import Quipper

−− P r e p a r e s a B e l l s t a t e g i v e n two q u b i t s i n a c o m p u t a t i o n a l b a s i s s t a t e .
p r e p a r e E n t a n g l e d P a i r : : ( Qubi t , Qub i t ) −> C i r c ( Qubi t , Qub i t )
p r e p a r e E n t a n g l e d P a i r ( l e f t , r i g h t ) = do

g a t e _ H _ a t l e f t
r i g h t <− qno t r i g h t ‘ c o n t r o l l e d ‘ l e f t
re turn ( l e f t , r i g h t )

−− T e l e p o r t s t h e s t a t e o f t h e ’msg ’ q u b i t t o t h e g i v e n ’ t a r g e t ’ q u b i t
−− u s i n g t h e ’ h e l p e r ’ q u b i t a s a r e s o u r c e .
t e l e p o r t : : ( Qubi t , Qubi t , Qub i t ) −> C i r c ( Qub i t )
t e l e p o r t ( msg , h e l p e r , t a r g e t ) = do

( h e l p e r , t a r g e t ) <− p r e p a r e E n t a n g l e d P a i r ( h e l p e r , t a r g e t )
−− The A d j o i n t o f a B e l l p r e p a r a t i o n i s a B e l l measurement .
( msg , h e l p e r ) <− r e v e r s e _ s i m p l e p r e p a r e E n t a n g l e d P a i r ( msg , h e l p e r )
−− We a p p l y a P a u l i c o r r e c t i o n based on t h e B e l l measurement .
( z , x ) <− measure ( msg , h e l p e r ) −− measu r ing two q u b i t s i n c o m p u t a t i o n a l b a s i s
t a r g e t <− gate_X t a r g e t ‘ c o n t r o l l e d ‘ x −− X c l a s s i c a l l y c o n t r o l l e d on b i t x
t a r g e t <− ga te_Z t a r g e t ‘ c o n t r o l l e d ‘ z −− Z c l a s s i c a l l y c o n t r o l l e d on b i t z
c d i s c a r d ( z , x ) −− d i s c a r d i n g c l a s s i c a l b i t s
re turn t a r g e t

−− Checks t h a t t h e T e l e p o r t o p e r a t i o n c o r r e c t l y t e l e p o r t s
−− h a l f o f an e n t a n g l e d p a i r .
t e l e p o r t T e s t : : C i r c Qub i t
t e l e p o r t T e s t = do

w i t h _ a n c i l l a $ \ r e f e r e n c e −> do
( msg , h e l p e r , t a r g e t ) <− q i n i t ( False , False , F a l s e )
( r e f e r e n c e , msg ) <− p r e p a r e E n t a n g l e d P a i r ( r e f e r e n c e , msg )
t a r g e t <− t e l e p o r t ( msg , h e l p e r , t a r g e t )
−− I f t h e t e l e p o r t a t i o n c i r c u i t i s c o r r e c t j o i n t s t a t e
−− of ‘ r e f e r e n c e ‘ and ‘ t a r g e t ‘ must be a B e l l p a i r
( r e f e r e n c e , t a r g e t ) <−

r e v e r s e _ s i m p l e p r e p a r e E n t a n g l e d P a i r ( r e f e r e n c e , t a r g e t )
−− Line below a s s e r t s t h a t ‘ t a r g e t ‘ i s i n s t a t e zero ,
q te rm F a l s e t a r g e t
−− u s i n g w i t h _ a n c i l l a a s s e r t s t h a t ‘ r e f e r e n c e ‘ i s i n s t a t e z e r o
re turn t a r g e t

Listing 7. Haskell code that instantiates the target machine for Listing 6. quipper/run_teleportation.hs

import T e l e p o r t
import System . Random
−− The c o r e Quipper module p r o v i d e s f u n c t i o n s l i k e p r i n t _ s i m p l e .
import Quipper
−− Thi s module p r o v i d e s s i m u l a t o r s f o r use wi th Quipper .
import Quipper . L i b r a r i e s . S i m u l a t i o n −− s i m u l a t i o n f u n c t i o n s i n c l u d i n g r u n _ g e n e r i c

main : : IO ( )
main = do

−− P r i n t o u t t h e c i r c u i t u s i n g t h e p r i n t _ s i m p l e f u n c t i o n .
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p r i n t _ s i m p l e ASCII t e l e p o r t T e s t

−− Show t h e c i r c u i t i n t h e p r e v i e w e r .
−− We haven ’ t e n a b l e d any GUI f e a t u r e s f o r c o m p a t i b i l i t y wi th t h e Docker image ,
−− b u t t h e f o l l o w i n g l i n e can be uncommented when r u n n i n g o u t s i d e t h e c o n t a i n e r .
−− p r i n t _ s i m p l e Prev iew t e l e p o r t T e s t

−− Show g a t e c o u n t s f o r t h e c i r c u i t .
p r i n t _ s i m p l e GateCount t e l e p o r t T e s t

−− E f f i c i e n t l y s i m u l a t e t h e c i r c u i t u s i n g t h e C l i f f o r d s i m u l a t o r .
q <− r u n _ c l i f f o r d _ g e n e r i c t e l e p o r t T e s t
p r i n t q

−− S i m u l a t e t h e c i r c u i t u s i n g t h e f u l l s t a t e −v e c t o r s i m u l a t o r .
r andom_number_gene ra to r <− newStdGen
p r i n t $ r u n _ g e n e r i c r andom_number_gene ra to r ( 0 . 0 : : Double ) t e l e p o r t T e s t
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Scaffold

Listing 8. Scaffold code implementing quantum teleportation. scaffold/teleport.scaffold

/ / P r e p a r e s a B e l l s t a t e g i v e n two q u b i t s i n a c o m p u t a t i o n a l b a s i s s t a t e .
module P r e p a r e B e l l P a i r ( q b i t l e f t , q b i t r i g h t ) {

H( l e f t ) ;
CNOT( l e f t , r i g h t ) ;

}

/ / Implement t h e a d j o i n t o f t h e s e q u e n c e o f g a t e s added by P r e p a r e B e l l P a i r .
module A d j o i n t P r e p a r e B e l l P a i r ( q b i t l e f t , q b i t r i g h t ) {

CNOT( l e f t , r i g h t ) ;
H( l e f t ) ;

}

/ / T e l e p o r t s t h e s t a t e o f t h e ’msg ’ q u b i t t o t h e g i v e n ’ t a r g e t ’ q u b i t
/ / u s i n g t h e ’ h e l p e r ’ q u b i t a s a r e s o u r c e .
module T e l e p o r t ( q b i t msg , q b i t h e l p e r , q b i t t a r g e t ) {

P r e p a r e B e l l P a i r ( h e l p e r , t a r g e t ) ;
A d j o i n t P r e p a r e B e l l P a i r ( msg , h e l p e r ) ;
i f ( MeasZ ( msg ) ) { Z ( t a r g e t ) ; }
i f ( MeasZ ( h e l p e r ) ) { X( t a r g e t ) ; }

}

i n t main ( ) {
/ / We w i l l use q u b i t s [ 0 ] a s t h e q u b i t c o n t a i n i n g t h e message ( ’ msg ’ ) , q u b i t s [ 1 ]
/ / a s t h e h e l p e r q u b i t ( ’ h e l p e r ’ ) , and q u b i t s [ 2 ] a s t h e t a r g e t q u b i t ( ’ t a r g e t ’ ) .
/ / We assume t h a t newly a l l o c a t e d q u b i t s a r e i n t h e |0〉 s t a t e .
q b i t q u b i t s [ 3 ] ;

/ / We choose t o t e l e p o r t a \ k e t {+} s t a t e .
/ / We i n i t i a l i z e t h e message and t e l e p o r t i t t o t h e t a r g e t q u b i t .

H( q u b i t s [ 0 ] ) ;
T e l e p o r t ( q u b i t s [ 0 ] , q u b i t s [ 1 ] , q u b i t s [ 2 ] ) ;

/ / We measure t h e t a r g e t q u b i t i n X b a s i s t o v e r i f y i f t h e t e l e p o r t a t i o n worked .
/ / I f t h e t e l e p o r t a t i o n succeeded , we r e t u r n 1 and we r e t u r n −1 o t h e r w i s e .
i f ( MeasX ( q u b i t s [ 2 ] ) ) { r e t u r n 1 ; }
e l s e { r e t u r n −1; }

}

11/11


	Quantum programming languages

