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interfacg warnlevet 0) : #+M aple 12
with( LinearAlgebrg :
with( Bits) :
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control |B> T 4 T

target |O—— V V VT

E> TP := proc(M1, M2) return KroneckerProdudt MIM2) end proc:
> VSte:= proc(n) #Henerates a list of computational states forubits

local i, L; #e.g. n=2= |00/ [01) |10/ [11) ]

L := Matrix(1, 2");
Setting$ defaultbits n);
for i from 1to 2" do
L[1,i] := cat( |, String( i — 1, msbfirsy, ")");
end do;
# print(L);
returnlL; #returns Matrix L
end proc:

> Ceff:=proc(n)

local i, L; # Generates a list of qautational state coefficienter n qubits
L := Matrix(1, 2"); #e.g. n=2= [ ¢y ) 3]
for i from 1to 2" do
L[1,i]:==c[i—1]; #c[i-1] represents the coefficienit C
end do;
# print(L);
returnlL, #returns Matrix L

end proc:



Defining single-qubit and two-qubit matrices and operator s

:> 12 := Matrix([[1, 0],

_ [0, 111);
V:=Matrix([[x, y], [z W]]);
G :=Matrix([[1, O, O, 0], [0, 1,0,0,[0,0,x VY] [0, 0z w]])
G23:=Matrix([[1,0 0] [0,0,1,0,[0,1,0,0Q,[0,0,0, 1));
CNOT:= Matrlx([[ ,0,0Q,10 10,0, [0,0,0,17,][00,1,0]
.
P:=
01
- :
V.= y
Z W
(100 0]
0100
G=
0 0x vy
00z w
(100 0]
0010
G23:=
0100
0001
(100 0]
0100
CNOT:= (@)
0001
0010
Defining the SWAP operator/ Matrix
> SWAP= TP( 523 12);
(10000000
01 0000O00O0
00001000
00000100
SWAP= 2
001000O00O0
00010000
000O0O0OO0O1I0O0
000O0O0O0O012




Theldentity, SWAP and G matrices

> TP(12, 6);
Multiply (TP(12, &), SWAR;
Multiply(SWAR% );
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Thefirst stage

Ul:
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The second stage

> U2:= TP(I2, 6);
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> Multiply(U2, U1), V= 1/'1P'= 12
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(100000 O 0
010000 O 0
00xyo0o0 O 0
00zwO0OO O 0
0000xy O 0
0000zw O 0
000O0O0O0X+yz Xy+yw
00000 0zx+wz yz+w

> Ul:= Multiply( SWAR Multiply(TP(12, &), SWAB );
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At the end of the second state; the U,U; composition

Xy
zZ W

x2+yz Xy +yw
ZX+ Wz yz+vv2
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Thethird stage

> U3:= TP(CNOT R2):
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The conjugate transpose

> (= HermitianTransposes);

us3:

> Multiply(U3, Multiply(U2, U1)):
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At theend of the third stage; the U;U,U; composition
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The fourth stage

> Ud:= TP(I2, §);
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Stages 3 and 4; the U,U,; composition

> Multiply(U4, U3); _ _
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At the end of the fourth stage; the U,U;U,U,; composition

"> Multiply(Multiply(U4, U3), Multiply (U2, U1)):
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Thefinal stage

> U5:= TP(CNOT 2):
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At theend of thefifth and final stage; the U:U,U,U,U, composition

> U := simplify( Multiplyt U5 Multiply (U4, Multiply (U3, Multiply(U2, U1)))));

0 0 0
0 0 0
0 0 0
0 0 0
X2+12°2 Xy+zZw 0

yx+wz |yW+mw> 0
0 0
0 0

0

0
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x2+yz Xy +yw
ZX+ Wz yz+vv2
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Determining the squareroot of U, using the MatrixPower () function
V= (UYY?
> Ux:=Matrix([ [0, 11, [1, 0]1);
V.= MatrixPower( Ux % );
01
Ux:.=
10
1 1 1 1
>t %!
V= (15)
11,1 .1,
2 2 2 2
Thevaluesof x,y, z,w
> x:= UL 1]:yi= V1,2 2= V2,1 wis V2, 2]
U=y, _ _
10000000
010000O00O
00100000
00010000
U= (16)
00001000
00000100
00000O0O012
00000O0O1O

" Defining the 3-qubit state vector lwy) and |y,)
|\|’1> =U |‘|’0>

> CoEff:= Ceff(3) :
States= VSt¢ 3) .
|y0) := Multiply(Ceff(3), Transposé VSt8)))[1, 1];
States= Multiply(U, Transposé¢ States$:
|yl) == Multiply(CoEff States[1, 1];

|y0):= ¢,|000)+ ¢, |001)+ ¢, [010)+ ¢;|011) + ¢, [100) + ¢ [101)+ ¢4 [110)+ ¢, |111)
|y1):= ¢, [000)+ ¢, [001)+ ¢, [010)+ ¢, [011)+ ¢, |100)+ ¢, [101)+ ¢4 |11+ ¢, [110) (17)




