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_> interface warnlevek0) : # Maple 12
> with(LinearAlgebra :

Examples of Matrix operations

TPMM1 ® M2
where M1 is an m by n matrix, M2 is a p by g matrx and TPM is an mp by ng matrix
with TPM[ithrow..Nthrow, ithcolumn..Nthcolumn | = (M1[i,j)M2

> TP:=proc(M1 M2)
localTPM, i, j, m p, n, g, irow, Nrow, icol, Ncot
m:= RowDimensiof MJ,
n := ColumnDimension Mt
p := RowDimensioq MR
g := ColumnDimensioq M2
TPM := Matrix(m-p, n-q);
foritomdo
for jtondo
irow:=1+4+ (i—1)-p;
Nrow:=p + irow — 1,
icol:=14+(j—1)-q;
Ncol:=q + icol — 1,
TPM[ irow..Nrow, icol..Ncol] := ScalarMultiply M2 M1[i, j])
enddo
enddo;
return TPM
endproc :

Defining Test Matrices and Vectors
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IdentityMatrix(2); # generatesa 2 by 2 identity matrix
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IdentityMatrix(4); # generatesa 4 by 4 identity matrix
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:TP(Ml,MZ): A procedure to determine the Kronecker o Tensor Product of two matrices.
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AllOne:= ConstantMatrix 1, 4); # generates a 4 by 4 matrix of 1's
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AllOne:= 3)
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G23 := RowOperatiof4, [ 2, 3]); # swapsrows 2 and 3 of a 4 by 4 identity matrix
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G23:= (4)
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CNOT :=RowOperatiofl4, [ 3, 4]); # swapsrows 3 and 4
1000
0100
CNOT:= (5)
0001
0010
A:=Matrix([[a[11], a[12], a[13]], [a[21], a[22], a[ 23]], [a[31], a[32], a[33]]]);
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A= 8y Ay ay (6)
831 93y 933
B :=Matrix([[b[11], b[12]], [b[21], b[22]]]);
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Vectors expressed as M by 1 matrices

V1:.= Matrix([[a], [b], [c]]); # vectorV1 asa 3 by 1 matrix
a

Vi=|b 8
C

V2 :=Matrix([[m], [n], [p]]); # vectorV2 asa 3 by 1 matrix
m

V2:=|n 9)
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Multiplication of a Matrix by a scalar susing : ScalarMultiply()

:> V := ScalarMultiply( V15s);
sa

V:=| sb (10)
SC

Multiplication of a Matrix by a Matrix us ing : MatrixMatrixMultiply() or Multiply()

:> MatrixMatrixMultiply(G23, CNOT);
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S MatrixMatrixMultiply(CNOT, G23); _ _
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> Multiply(CNOT, G23); _ _
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Kronecker Product using :TP()
> TP(623, 2):
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> TP(I2,623);

> TP(VL, V2):

> TP(V2, V1):
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> 1d:= IdentityMatrix(3) :
TP(A Id);
TP(1d A);
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> KroneckerProdudtG23, 12);

> KroneckerProdudtl2, G23);

:> KroneckerProdudatvl, V2);
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Kronecker Product using Maple's KroneckerPoduct function: KroneckerProduct()
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The Trace of A®B

> C:=TP(AB);

> KroneckerProduatv2, V1):

=C
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> tr(A®B)'=Tracq O;
tr (A®B)'=factor( Trace¢ Q);

tr(A®B) =a,y by +a,, 0, +a,,by; +ay,b,), +as3b,; +a5;3b,,

The Trace of B® A

> E:=TP(BA);
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tr(A ® B) = (by; +by,) (811 + 8y, +ag3)
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:> tr (B®A)' =factor( Tracd E} );
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tr(B®A) = (b11+b22) (811 T3y ta33)
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The Determinant of AQB
det@B) = (detAY (detBy=detA? detB>
:> 'det( C) '=factor( Determinant Q);
_ 3
det( C) = (b, 015 — 0y, 0,1)7 (81385, 85y T8y 833841 — 8158y B33 — 83y 8y38y) —81385,85;

21,8383 ?

:> 'det( A) '=factor( Determinant A);
'def( B) '=factor( Determinant B);

detl A) =a 38y, 8z, + @y, 8338)) — 8158y B33 — 83y 8y38y; — 8138y, 83) T @1, 8y38;
det( B) =b,,b;; — by, by,

:> factor( Determinant Multiply AA)));
factor( Determinant Multiply BMultiply(B, B))));

(A3 @183+ 8y 833811 — 81 A1 Qg3 — Bgy Ay3 gy — A138, a31 81,33 a31)2
(b22 b11 - b12 b21)3

The Determinant of B A=E

:> 'def( E) '=factor( Determinant E);
3
det( B) = (byybyy =0y, 051)" (81385, 85, + 85855811 — 815851 B33 — 8gp By 8yy — By38p, 8y

+ 21,8383 ?
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