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Preface

The " Quantum Computation Library User's Guide" was prepared by Computer Science graduate student Supreeth Hebbal under the guidance of Dr. Samuel J. Lomanoco Jr.

This document serves as the user's manual for the Maple Quantum Computation Library that was written by Dr. Samuel Lomonaco Jr.
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1 Document Overview

The purpose of this document is to:

· Serve as a user's guide for the Maple Quantum Computation library.

· Document the procedures and functions available in the Maple Quantum Computation library.

· Provide examples of the library's usage.
1.1 Document Assumptions

· This document assumes that the reader has a basic understanding of Maple.
· This document assumes that the reader has a basic understanding of Linear Algebra.

· This document assumes that the reader has basic knowledge of Quantum Computation principles.
1.2 Document Organization

This document is organized as follows:
· Section 1 details the Document Overview.
· Section 2 describes the Procedures and functions available in the Maple Quantum Computation library.

· Section 3 includes the Appendices.

· Section 4 lists the References.
2 Procedures
The following section details the procedures that available in the Maple Quantum Computation library. Each procedure is defined along with an example of its usage.
2.1 sigma

This function includes a set of convenience functions that represent the Pauli spin matrices.



[image: image1]
Inputs:

None.

Outputs:
A Pauli-spin matrix
Example 1:
> evalm(sigma||0);
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Example 2:
> evalm(sigma||1);
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Example 3:
> evalm(sigma||2);
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Example 4:
> evalm(sigma||3);
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2.2 ket
This function includes a set of convenience functions that represent kets as column vectors.

[image: image6]
Inputs:

None.
Outputs:
A column vector representing a ket.

Example 1:
> evalm(ket||0);
[image: image7.wmf]é
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Example 2:
> evalm(ket||1);
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Example 3:
> evalm(ket||0||1);
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Example 4:
> evalm(ket||1||0);
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2.3 Make_Ket

This procedure creates a Ket when given a basis state, number of qubits and a basis as input. If the value parameter is too large to be held in a qubit register of size dim, then the value is taken mod 2^dim.

The ket can be created in one of two basis - "std" or "bell". The "std" basis implies that the value given is to be converted to the standard basis element. The "bell" basis implies that the Bell basis kets are to be produced.  

[image: image11]
Inputs:

Int Value
- Decimal representation of the basis state.



Int Dim

- Number of qubits in the ket.



Int Basis
- Basis ("std" or "bell")
Outputs:
Ket K

- A column vector representing a ket. 
Example:

> ket0:=Make_Ket(3,2,std);
[image: image12.wmf] := 
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2.4 Make_Bell_Ket

This procedure creates a Bell Basis Ket when given a basis state and number of qubits as input. If the value parameter is too large to be held in a qubit register of size dim, then the value is taken mod 2^dim.


[image: image13]
Inputs:

Int Value
- Decimal representation of the basis state.



Int Dim

- Number of qubits in the ket.

Outputs:
Ket K

- A column vector representing a ket. 
Example:

> ket0:=Make_Bell_Ket(3,2);
[image: image14.wmf] := 
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2.5 Make_Std_Ket

This procedure creates a Standard Basis Ket when given a basis state and number of qubits as input. If the value parameter is too large to be held in a qubit register of size dim, then the value is taken mod 2^dim.


[image: image15]
Inputs:

Int Value
- Decimal representation of the basis state.



Int Dim

- Number of qubits in the ket.

Outputs:
Ket K

- A column vector representing a ket. 
Example:

> ket0:=Make_Std_Ket(3,2);
[image: image16.wmf] := 
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2.6 Normalize_Ket

This procedure normalizes a column vector representing a ket with the 2-norm.


[image: image17]
Inputs:

Ket k

- Ket to normalize.

Outputs:
Ket K

- A column vector representing a normalized ket (2-norm). 
Example:

> ket1:=evalm(Make_Ket(1,2,std) + Make_Ket(2,2,std));
[image: image18.wmf] := 
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> K:=Normalize_Ket(ket1);
[image: image19.wmf] := 
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2.7 Ket_To_Rho

This procedure takes a Ket in standard format and outputs the corresponding Density Matrix.

[image: image20]
Inputs:

Ket K

- A column vector representing a ket.
Outputs:
Matrix rho 
- Density Matrix corresponding to the ket. 
Example:

> evalm(Ket_To_Rho(ket||0));
[image: image21.wmf]é
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2.8 RKet

Convenience function that represents a column vector in symbolic ket form. The ket is represented in the standard basis using Dirac notation.
Note: 
This function should not be used in computations. It should only be used as a "pretty-printer" for readability purposes.

[image: image22]
Inputs:

Ket K - A column vector representing a ket. 

Outputs:
Ket S - A column vector in symbolic ket form. 
Example 1:

> RKet(ket||0);
[image: image23.wmf]|0>


Example 2:
> RKet(ket||1);
[image: image24.wmf]|1>


Example 3:
> RKet(ket||0||1);
[image: image25.wmf]|01>


Example 4:
> RKet(ket||1||0);
[image: image26.wmf]|10>


2.9 Plot_Ket

This procedure is equivalent to calling plot (Probability_Points(ket), style = point). It returns the maple plot object corresponding to plotting Probability_Points(ket) with a scatter plot.

[image: image27]
Inputs:

Ket k

- The ket to create the plot for.

Outputs:
Plot P

- A Maple scatter plot object. 
Example:

> ket0:=evalm(Make_Ket(1,2,std) + Make_Ket(2,2,std));

[image: image28.wmf] := 
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> ket1:=Normalize_Ket(ket0);

[image: image29.wmf] := 
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> Plot_Ket(ket1);
[image: image30.png]08
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2.10 Probability_Points

This procedure produces a list of points (2-element lists) whose x-coordinates are the decimal values of the basis states in the ket and whose y-coordinates are the norm of the amplitude squared of that basis state.


[image: image31]
Inputs:

Ket k

- The ket to create probability points for.

Outputs:
List L

- List of probability points. 
Example:

> ket0:=evalm(Make_Ket(1,2,std) + Make_Ket(2,2,std));

[image: image32.wmf] := 
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> ket1:=Normalize_Ket(ket0);

[image: image33.wmf] := 
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> Probability_Points(ket1);
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2.11 Measure_One_Qubit

This procedure returns a 2 element list. The first element is the ket representing the state of the ket after the measurement and the second element is the value measured (0 or 1). This procedure uses Maple's random number generator function to perform the measurement.


[image: image35]
Inputs:

Integer Bit
- Integer that is less than the number of qubits in the ket.


Ket k

- Ket to measure.
Outputs:
List L

- A list representing the mesaurement of the ket. 
Example:

> ket1:=evalm(Make_Ket(1,2,std) + Make_Ket(2,2,std));
[image: image36.wmf] := 
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> K:=Normalize_Ket(ket1);
[image: image37.wmf] := 

K

é

ë

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ù

û

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

0

1

2

2

1

2

2

0


> Measure_One_Qubit(1,ket1);
[image: image38.wmf]é
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2.12 Measure_All_Qubits

This procedure returns a 2 element list. The first element is the ket representing the state of the ket after the measurement. This will be one of the standard basis states. The second element is an integer which is a decimal representation of the basis state measured. This procedure uses Maple's random number generator function to perform the measurement.


[image: image39]
Inputs:

Ket k

- Ket to measure.

Outputs:
List L

- A list representing the mesaurement of the ket. 
Example:

> ket1:=evalm(Make_Ket(1,2,std) + Make_Ket(2,2,std));
[image: image40.wmf] := 
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> K:=Normalize_Ket(ket1);
[image: image41.wmf] := 
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> Measure_All_Qubits(ket1);
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2.13 General_Measurement

This procedure performs the measurement of a density matrix relative to meas_op. It does not collapse rho into the basis state measured, however, the function is not random. 

It returns a list of 3 element lists. Each element represents of the possible values measured by this measurement operator. The first element of each list is the eigen value of that measured state. The second integer is the probability of observing that state. The last entry is a density matrix corresponding to the state of the system if that state is actually observed.


[image: image43]
Inputs:

Matrix rho
- Density matrix.



Int meas_op
- Measurement operator.

Outputs:
List L

- A list representing the mesaurement of the ket. 
Example:

> Oh:=matrix(2,2,[-1,1,1,-1]);
[image: image44.wmf] := 
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> ket2:=Make_Ket(0,1,std);
[image: image45.wmf] := 
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> General_Measurement(Ket_To_Rho(ket2), Oh);
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2.14 General_Measurement_Ket
This procedure takes two arguments: a ket and a Hermitian matrix meas_op. This procedure performs the measurement of a ket relative to meas_op. It does not collapse the ket into the basis state measured, however, the function is not random. 

It returns a list of 3 element lists. Each element represents of the possible values measured by this measurement operator. The first element of each list is the eigen value of that measured state. The second integer is the probability of observing that state. The last entry is a ket corresponding to the state of the system if that state is actually observed.

[image: image47]
Inputs:

Ket k

- Ket to measure.



Int meas_op
- Measurement operator.

Outputs:
List L

- A list representing the mesaurement of the ket. 
Example:

> Oh:=matrix(2,2,[-1,1,1,-1]);
[image: image48.wmf] := 

Oh

é

ë

ê

ê

ù

û

ú

ú

-1

1

1

-1


> ket2:=Make_Ket(0,1,std);
[image: image49.wmf] := 
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> General_Measurement_Ket(ket2, Oh);
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2.15 Small_Transformation

This function quickly computes the result when we apply a "small" transformation to a qubit register.
This procedure produces a ket which is the result of applying the input "trans" locally to the "trans_dim" number of qubits starting with the "start_bit" bit in the ket.
NOTE: This function only does the required number of (nonzero) multiplications as opposed to the 2^(2*dim) multiplications required when using full-sized unitary matrices.


[image: image51]
Inputs:

Ket k

- The register to apply the transformation to.



Int dim

- Number of qubits in the ket (size of the register).


Int start_bit
- First bit to start the transformation at (<= dim).



Int trans_dim
- Number of qubits that trans operates on (log base 2 of the size of trans).



Trans

- Small transformation to apply (1-bit Hadamard, for example).

Outputs:
Ket K

- A transformed ket. 
Example:

> ket0:=Make_Ket(3,2,std);
[image: image52.wmf] := 
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> H1:=Hadamard(1);
[image: image53.wmf] := 
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> ket1:=Small_Transformation(ket0,2,1,1,H1);
[image: image54.wmf] := 
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2.16 Swap_Qubits

This procedure swaps the first and second bit Hilbert spaces' orders in the representation of the original ket. In other words, this functions returns the result of swapping the positions of qubit bit 1 and qubit bit 2 in the original ket.

[image: image55]
Inputs:

Ket k

- The ket to swap.



Intket_ dim
- Number of qubits in the ket (size of the register).



Int bit1

- First bit to swap.



Int bit2

- Second bit to swap.

Outputs:
Ket K

- Ket returned from swapping. 
Example:

> ket0:=Make_Ket(3,2,std);
[image: image56.wmf] := 
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> H1:=Hadamard(1);
[image: image57.wmf] := 
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> ket1:=Small_Transformation(ket0,2,1,1,H1);
[image: image58.wmf] := 
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> Swap_Qubits(ket1,2,1,2);
[image: image59.wmf]é
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2.17 Int_To_Bin

This procedure converts an integer into a binary number of length lgth.


[image: image60]
Inputs:

int n 

- A positive integer.



int lgth 

- Length of binary number to produce

Outputs:
Binary B 
- A binary number. 
Example 1:

> Int_To_Bin(4, 4);
[image: image61.wmf]0100


Example 2:
> Int_To_Bin(5, 7);
[image: image62.wmf]0000101


Example 3:
> Int_To_Bin(11, 6);
[image: image63.wmf]001011


2.18 Bell

Set of convenience functions that represent the Bell basis kets.

[image: image64]
Inputs:

None.
Outputs:
A Bell basis ket.

Example 1:
> evalm(Bell||0||0);
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Example 2:
> evalm(Bell||1||1||0);
[image: image66.wmf]é
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2.19 Sam

Set of convenience functions that represent the Bell basis kets.


[image: image67]
Inputs:

None.
Outputs:
A Sam basis ket.

Example:
> evalm(Sam||0||0||0);
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2.20 kr
Computes the Kronecker product (tensor product) of two matrices.

[image: image69]
Inputs:

Matrix A - An n x m matrix



Matrix B - A p x q matrix 
Outputs:
Matrix C - An np x mq matrix which is the Kronecker product of Metrices A and B.
Example:

> A := matrix(2, 2, [1,1,1,-1]);
[image: image70.wmf] := 
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> B := matrix(2, 2, [1,0,0,1]);
[image: image71.wmf] := 
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> kr(A, B);
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2.21 QF
Computes a unitary matrix Q whose rows are the unit eigen vectors of a unitary matrix U.


[image: image73]
Inputs:

Matrix U - An n x n unitary matrix

Outputs:
Matrix Q - A unitary matrix that diagonalizes U (QUQ-1 is a diagonal matrix).
Example:

> M := <<(1/sqrt(3)) - (I/sqrt(3)) , -1/sqrt(3)>|<1/sqrt(3), (1/sqrt(3)) + (I/sqrt(3))>>;
[image: image74.wmf] := 
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> with(LinearAlgebra):IsUnitary(M);
[image: image75.wmf]true


> Q:=<<QF(M)>>;
[image: image76.wmf] := 
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> with(LinearAlgebra):IsUnitary(Q);
[image: image77.wmf]true


2.22 LL

Set of convenience functions that represent predefined infinitesimal generators.

L3x3 || i  are the infinitesimal generators of SO(3).

LL || i  are the infinitesimal generators of SO(4).


[image: image78]
Inputs:

None.
Outputs:
None. 
Example 1:

> evalm(L3x3||2);
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Example 2:
> evalm(LL||1);
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Example 3:
> evalm(LL||4);
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2.23 FLL4

This procedure expresses a 4x4 skew-matrix as the sum of a linear combination of LL.i's.


[image: image82]
Inputs:

LU - Input matrix.
Outputs:
Matrix M - Matrix representing the sum of a linear combination of LL.i's. 
Examples:

> FLL4(evalm(LL||4));
[image: image83.wmf][
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2.24 LogU
This procedure takes a Unitary Matrix (square matrix) and computes the natural logarithm of that matrix as output.


[image: image84]
Inputs:

Matrix U - Unitary square matrix.
Outputs:
Matrix M - Matrix representing the natural log of Matrix U. 
Example:

> M := <<(1/sqrt(3)) - (I/sqrt(3)) , -1/sqrt(3)>|<1/sqrt(3), (1/sqrt(3)) + (I/sqrt(3))>>;
[image: image85.wmf] := 
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> with(LinearAlgebra):IsUnitary(M);
[image: image86.wmf]true


> LogU(M);
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2.25 Logz

This procedure computes the natural log of an integer.

[image: image88]
Inputs:

Integer z - An integer.
Outputs:
Integer x - The natural log of integer z. 
Example:

> Logz(1.2);
[image: image89.wmf] + 
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2.26 Singer2Log

This procedure computes the multi-valued log of a matrix.


[image: image90]
Inputs:

Matrix W - A matrix.
Outputs:
Matrix M - The multi-valued log of Matrix W. 
Examples:

> W:=matrix(4,4,[1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1]);
[image: image91.wmf] := 
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> Singer2Log(W);
[image: image92.wmf] + 
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2.27 Pauli1

This procedure expresses a 2x2 skew-Hermitian matrix as the sum of Pauli matrices.

[image: image96]
Inputs:

LU
   - Sum(i=0..3, R[i+1]*sigma.i).



Note that the index of the matrix R runs from 1 to 4.
Outputs:
Matrix M - Sum of the Pauli matrices. 
Examples:

> LU:=matrix(2,2,[1,-I,I,1]);
[image: image97.wmf] := 
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> Pauli1(LU);
[image: image98.wmf][
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2.28 RPauli1

This procedure expresses a the density operator as a formal sum of sigma.i's.

[image: image99]
Inputs:

LU
   - Density Operator.

Outputs:
Matrix M - Density operator as formal sum of sigma.i's. 
Examples:
> LU:=matrix(2,2,[1,-I,I,1]);
[image: image100.wmf] := 
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> RPauli1(LU);
[image: image101.wmf] + 
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2.29 Pauli2

This procedure expresses a 4x4 skew-Hermitian matrix as the sum of the tensor product of Pauli matrices.

[image: image102]
Inputs:

LU
   - Sum( i=0..3, j=0..3, R[i+1,j+1]*SS.(i+4*j) )


Note that the index of the matrix R runs from 1 to 4.
Outputs:
Matrix M - Sum of the tensor product of Pauli matrices. 
Examples:
2.30 RPauli2

This procedure expresses a the density operator as a formal sum of sigma.i(X)sigma.j's.

[image: image103]
Inputs:

rho
   - Density Operator
Outputs:
Matrix M - Density operator as formal sum of sigma.i(X)sigma.j's 

2.31 Inv_Pauli2

Given a 4x4 matrix R over the reals, this procedure > computes  rho = Sum(p=0..3, q=0..3) R[p+1,q+q]*sigma.p(X)sigma.q.


[image: image104]
Inputs:

R
   - 4x4 matrix over the reals
Outputs:
Matrix M - Sum(p=0..3, q=0..3) R[p+1,q+q]*sigma.p(X)sigma.q
2.32 Pauli3

This procedure expresses a 8x8 skew-Hermitian matrix as the sum of the tensor product of Pauli matrices.

[image: image105]
Inputs:

LU
   - Sum( i=0..3, j=0..3, k=0..3, R[i,j,k]*SSS.i.j.k )


Note that the index of the matrix R runs from 0 to 3.
Outputs:
Matrix M - Sum of the tensor product of Pauli matrices. 

2.33 RPauli3

This procedure expresses a the density operator as a formal sum of sigma.i(X)sigma.j(X)sigma.k's

[image: image106]
Inputs:

rho
   - Density Operator.

Outputs:
Matrix M - Density operator as formal sum of sigma.i(X)sigma.j(X)sigma.k's 
2.34 Pauli4

This procedure expresses a 16x16 skew-Hermitian matrix as the sum of the tensor product of Pauli matrices.

[image: image107]
Inputs:

LU
   - Sum( i=0..3, j=0..3, k=0..3, m=0..3, R[i,j,k,m]*SSS.i.j.k.m )


Note that the index of the matrix R runs from 0 to 3.
Outputs:
Matrix M - Sum of the tensor product of Pauli matrices. 

2.35 RPauli4

This procedure expresses a the density operator as a formal sum of sigma.i(X)sigma.j(X)sigma.k(X)sigma.m's.

[image: image108]
Inputs:

rho
   - Density Operator.

Outputs:
Matrix M - Density operator as formal sum of sigma.i(X)sigma.j(X)sigma.k(X)sigma.m's. 
2.36 Matrep

This procedure converts a permutation represented as a product of (not necessarily disjoint) cycles to a permutation matrix.
It takes two arguments, Perm and P_Deg. Perm is expected to be a list of lists of integers and P_Deg is expected to be an integer. Perm is interpreted as a permutation written as a product of (not necessarily disjoint) cycles. Matrep will return a square permutation matrix U of dimension P_Deg by P_Deg corresponding to the permutations in Perm.

[image: image109]
Inputs:

Perm
   - a list of lists of integers.



P_Deg     - an integer.
Outputs:
Matrix M - square permutation matrix U of dimension P_Deg by P_Deg corresponding to the permutations in Perm. 
Example:

> Matrep([[1,2], [3,4]], 5);
[image: image110.wmf]é
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2.37 Trace

Partial Trace Procedures Trace 1, Trace2, Trace3, Trace4, Trace5, Trace6, TraceRL and TraceLR and Ptrace.

[image: image111]
Inputs:

A
   - a square matrix.


Outputs:
M            - Partial trace value of matrix A. 
Example:

> M:=evalm(matrix(4,4,[ 1, 2, 3, 4,

                       5, 6, 7, 8,

                       9,10,11,12,

                      13,14,15,16]));
[image: image112.wmf] := 
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> Trace1(M);
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> Trace2(M);
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> PTrace(0,M);
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> PTrace(1,M);
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2.38 Fourier

This procedure computes the Fourier transformation of an integer n. It computes the n x n matrix (omega^ ij) / sqrt(n), where omega is the primitive n-th root of unity, given by omega = exp(2PiI/n).
Note: The argument n does not have to be a power of 2.

[image: image117]
Inputs:

n
   - an integer.


Outputs:
M            - n x n Matrix (omega^ ij) / sqrt(n). 
Example:

> n:=4;
[image: image118.wmf] := 
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> Fourier(n);
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2.39 Vec

This procedure transforms an m x n matrix M into an m x n column vector V, column by column.

[image: image120]
Inputs:

M
   - m x n Matrix.


Outputs:
V             - m x n Vector. 
Example:

> M:=evalm(matrix(2,2,[1,2,3,4]));
[image: image121.wmf] := 
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> V:=Vec(M); 
[image: image122.wmf] := 
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2.40 Ad
This procedure computes Ad_Q as a 16x16 matrix.

[image: image123]
Inputs:

Q
   - 4 x 4 Unitary Matrix.


Outputs:
V             - 16 x 16 Matrix. 
2.41 Small_ad

This procedure computes small ad_Q as a 16x16 matrix. Small_ad(Q) (M) = ad_iQ(M), where M is assumed to be skew Hermitian.

[image: image124]
Inputs:

Q
   - 4 x 4 skew hermitian matrix.


Outputs:
V             - 16 x 16 Matrix. 
2.42 FCom

This procedure takes two square matrices of the same size and computes the commutator of A and B defined by AB - BA.


[image: image125]
Inputs:

A
   - n x n square matrix.





B             - n x n square matrix
Outputs:
M             - The commutator [A,B] of matrices A and B
Example:

> A:=matrix(2, 2, [1, 1, 1, -1]);
[image: image126.wmf] := 
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> B:=matrix(2, 2, [1, 0, 0, 1]);
[image: image127.wmf] := 
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> FCom(A, B);
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2.43 Id

This procedure takes a positive integer n and computes the nxn Identity matrix.

[image: image129]
Inputs:

n
 - a positive integer.



Outputs:
I             - n x n identity matrix.
Example:

> Id(5);
[image: image130.wmf]é

ë

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ù

û

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

1

0

0

0

0

0

1

0

0

0

0

0

1

0

0

0

0

0

1

0

0

0

0

0

1


2.44 CNOT

Permutation (written as a product of disjoint cyles) which represents a CNOT with target bit T, control bit C, and with W wires labeled 0..(W-1).


[image: image131]
Inputs:

T
 - target bit



                          C           - control bit

                          W          - Wires labeled 0..(W-1)

Outputs:
M          - Permutation (written as a product of disjoint cyles).
Example:

> list1 := CNOT(0,1,2);
[image: image132.wmf] := 
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> Matrep(list1, 2^2);
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2.45 Hadamard

Hadamard takes a single integer as an argument. It returns the 2^dim x 2^dim matrix U corresponding to the dim-qubit Hadamard transformation.

[image: image134]
Inputs:

T
 - target bit



                          C           - control bit

                          W          - Wires labeled 0..(W-1)

Outputs:
U           - Dim-qubit Hadamard transformation.
Example:

> Hadamard(2);
[image: image135.wmf]é
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3 Appendices

3.1 Glossary

	Term / Acronym
	Description

	Adjoint Matrix
	The Adjoint matrix (sometimes also called the adjugate matrix, Hermitian transpose, conjugate transpose or conjugate transpose matrix) of an m x n matrix A is the n x m matrix defined by 

A* =  A_   T

where the adjoint operator is denoted with a star, AT denotes the transpose of the matrix

A , and  A_    denotes the conjugate matrix. 

	Bra-Ket Notation
	Bra-Ket notation is the standard notation used for describing quantum mechanical states. It was invented by Paul Dirac. It is so called because the inner product of two states is denoted by a bracket, <φ|ψ, consisting of a left part, φ|, called the bra, and a right part, |ψ, called the ket.

	Hermitian Matrix
	A matrix A is said to be Hermitian or self-adjoint if

[image: image136.png]A= AT = 4"




where AT  is the transpose, and  A_    is the complex conjugate.

Note that a Hermitian matrix must have real diagonal elements, as the complex conjugate of these elements must be equal to themselves.

Any real symmetric matrix is Hermitian; the real symmetric matrices are a subset of the Hermitian matrices.

An example of a Hermitian matrix is

[image: image137.png]1 1+1 142 143
1-1 2 242 2431
1-20 2-2i 3 3+3i
1-3 2-3i 3-3i 4





	Kronecker product
	Let A be a n x n matrix (with entries a i j ) and let B be a m x m matrix. Then the Kronecker product of A and B is the mn x mn block matrix

[image: image145.png]




The Kronecker product is also known as the "direct product" or the "tensor product".

	Pauli Matrices
	The Pauli Matrices are a set of 2 × 2 complex Hermitian matrices developed by Pauli. They are: 

[image: image138.png]
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[image: image140.png]




	Unitary Matrix
	A square matrix, U,  is a Unitary Matrix  if 

U* = U -1
where U* denotes the adjoint matrix and  U -1  is the matrix inverse. For example, 

[image: image141.png]
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Plot P  = Plot_Ket (  Ket k )





List L  = Probability_Points (  Ket k )





Ket K  = Swap_Qubits (  Ket k,  Int ket_dim,  Int  bit1,  Int bit2 )





Ket K  = Small_Transformation (  Ket k,  Int dim,  Int  start_bit,  Int trans_dim,  trans )





List L  = General_Measure (  Matrix rho,  Int meas_op )





List L  = General_Measure_Ket (  Ket k,  Int meas_op )





List L  = Measure_All_Qubits (  Ket k )





List L  = Measure_One_Qubit ( Integer bit,  Ket k )





Ket K  = Normalize_Ket ( ket k )





Ket K  = Make_Std_Ket ( int value,  int dim )





Ket K  = Make_Bell_Ket ( int value,  int dim )





Ket K  = Make_Ket ( int value,  int dim,  int basis )





Matrix U  =  Hadamard ( n )


	





Matrix M  =  CNOT ( T,  C,  W )


	





Matrix I  =  Id ( Integer  n )


	





Matrix M  =  FCom ( Matrix A,  Matrix B )


	





Matrix M  =  Ad ( Matrix Q )


	





Matrix M  =  Ad ( Matrix Q )


	





Vector V = Vec ( Matrix M )


	





Matrix M = Fourier ( int n )


	





Matrix M = Trace ( Matrix A )


	





Matrix M = Matrep ( Perm, P_Deg )


	





Matrix M = FLL4 ( Matrix LU )


	





Matrix M = RPauli4 ( rho )


	





Matrix M = Pauli4 ( LU )


	





Matrix M = RPauli3 ( rho )


	





Matrix M = Pauli3 ( LU )


	





Matrix M = Inv_Pauli2 ( R )


	





Matrix M = RPauli2 ( rho )


	





Matrix M = Pauli2 ( LU )


	





Matrix M = RPauli1 ( LU )


	





Matrix M = Pauli1 ( LU )


	





Matrix M = Singer2Log ( Matrix W )


	





Integer x = Logz ( Integer z )


	





Matrix M = LogU ( Matrix U )


	





L3x3 || 0,	L3x3 || 1,	L3x3 || 2,	L3x3 || 3,	L3x3 || i,	L3x3 || i || j


LL || 1, 	LL || 2, 	LL || 3, 	LL || 4, 	LL || 5, 	LL || 6


	





Binary B  = Int_To_Bin ( int n, int lgth )





Ket S = RKet ( ket K )





Sam || 0 || 0 || 0,		Sam || 0 || 0 || 1,		Sam || 0 || 1 ||  0,	Sam || 0 || 1 || 1,  


Sam || 1 || 0 || 0,		Sam || 1 || 0 || 1,		Sam || 1 || 1 ||  0, 	Sam || 1 || 1 || 1








Bell || 0 || 0, 		Bell || 0 || 1, 		Bell || 1 || 0, 		Bell || 1 || 1, 


Bell || 0 || 0 || 0, 		Bell || 0 || 0 || 1, 		Bell || 0 || 1 || 0,		Bell || 0 || 1 || 1,  


Bell || 1 || 0 || 0,		Bell || 1 || 0 || 1, 		Bell || 1 || 1 || 0, 		Bell || 1 || 1 || 1








Matrix rho  = Ket_To_Rho ( ket K )





Matrix Q  =  QF ( Matrix U)





Matrix C  =  kr ( Matrix A, Matrix B)





ket || 0,			ket || 1,			ket || i || j,


ket || i || j || k,		ket || i || j || k || m








sigma || 0	sigma || 2


sigma || 1	sigma || 3
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