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(1)(1)

restart;

interface warnlevel= 0 : #                Maple 12
with LinearAlgebra :

                         Chapter 7 Problem 8

TPdproc M1, M2  return  KroneckerProduct M1, M2   end proc: 

           Defining the state vector V1 

V1 := Vector a 0 , a 1 , a 2 , a 3 , a 4 , a 5 , a 6 , a 7 ;
L d Transpose Matrix `|000D̀ , ̀ |001D̀ , ̀ |010D̀ , ̀ |011D̀ , ̀ |100D̀ , ̀ |101D̀ , ̀ |110D̀ , ̀ |111D̀ :
`|ψD̀ = Multiply Transpose V1, L 1 ;  

V1 :=

a0

a1

a2

a3

a4

a5

a6

a7

|ψD= a0 |000DCa1 |001DCa2 |010DCa3 |011DCa4 |100DCa5 |101DCa6 |110DCa7 |111D
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          Defining single-qubit and two-qubit matrices and operators

Ι2 := IdentityMatrix 2 ;
I4 := IdentityMatrix 4 ;
G24 := RowOperationI4, 2, 4 ;
I8 := IdentityMatrix 8 ;
Gt := RowOperationI8, 7, 8 ; # Matrix representaion of the Toffoli gate

Ι2 :=
1 0

0 1

I4 :=

1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1

G24 :=

1 0 0 0

0 0 0 1

0 0 1 0

0 1 0 0

I8 :=

1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 1

Gt :=

1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0
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(3)(3)

(4)(4)

OOOO OOOO 

          The First Stage: I25555G24

G1:= TP Ι2,G24 ;

G1:=

1 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 1 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 1 0 0

          The Second Stage:  5 two-qubit  implementation of a Toffoli gate

G2:= Gt ;

G2:=

1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

          The Third Stage: I25555G24

G3 := TP Ι2,G24 ;

G3:=

1 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 1 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 1

0 0 0 0 0 0 1 0

0 0 0 0 0 1 0 0
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          Overall Composition        

G := simplify Multiply G3, Multiply G2, G1 ;

G :=

1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1

 
                                                          This is the matrix representation of the Fredkin gate

'V1'= V1,'G V1 '= Multiply G, V1 ;
`|ψD̀ = Multiply Transpose V1, L 1 ; 
G|ψD = Multiply Transpose Multiply G, V1 , L 1 ;

V1=

a0

a1

a2

a3

a4

a5

a6

a7

, G V1 =

a0

a1

a2

a3

a4

a6

a5

a7

|ψD= a0 |000DCa1 |001DCa2 |010DCa3 |011DCa4 |100DCa5 |101DCa6 |110DCa7 |111D

G|ψD= a0 |000DCa1 |001DCa2 |010DCa3 |011DCa4 |100DCa6 |101DCa5 |110DCa7 |111D

 
      We have implemented the Fredkin gate using the Toffoli gate and two G24 gates

                                          (I25555G24) Gt (I25555G24) 
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(8)(8)

G := Multiply TP Ι2, G24 , Multiply Gt, TP Ι2, G24 ;

G :=

1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 1


