| > restart
[> interfacg warnleve:0) : # Maple12
[ > with( LinearAlgebrg :
> with(Bits) :
®
B> S,—*
T
B 5 SIL
J— T !
©—8, S, S} +—S, —+—S,

:> TP := proc(M1, M2) return KroneckerProduat MIM2) end proc:

> VSte:= proc(n) #enerates 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 gartational state coefficienter n qubits
L := Matrix(1, 2"); #e.g. n=2=[cyC) ¢, 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 Matrices and Gates

[> 12 := IdentityMatrix(2) :
> 14 = IdentityMatrix(4) :
> (23 := RowOperatiofl4, [ 2, 3]);

> CNOT:= RowOperatiofl4, [ 3, 4]);

:> M1lc:= Matrix(2, 2,symbok S1);

:> M2c := Matrix(2, 2,symbok S2);
/722¢ = Matrix(2, 2,symbokE $2);

:> M3c := Matrix( 2, 2,symbok S3);

:> M4b := Matrix( 2, 2,symbok S4);
1114b = Matrix( 2, 2,symbok $4);
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774D =

| S4 ., S4,

1000
0010
0100
0001

1000
0100
0001
0010

Sh, SL, |
sy, S,

2,52, |

55,152,
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S2 S2
2,1 2,2

1,1 1,2

531 5%,

Sha Sh,

[ 4 A4

1,1 1,2

S4 S4
2,1 22

)

2

©)

(4)

©®)

(6)



Stages1-11

Stage 1

7> Ul:= TP(I4, M1lc) : 'Ul'= UL,

Sy, SL, O 0
s, , S, , O 0
0 0 si, S,
" 0 0 s, SL,
| o 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Stage 2
> U2:= TP(IZ, CNOT) 'U2'=u2;
1000
0100
0001
Us 0010
“"loooo
0000
0000
0000

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
S]1,1811,20 0
S]2,18]2’20 0
0 05]115112
0 08]218122
00O0O
00O0O
00O0O
00O0O
1000
0100
0001
0010

(7)

(8)



Stage 3

> TP(I2, TP( M4b12) );
TP(14, M20);
U3 := Multiply (TP(12, TP( M4b,12) ), TP(14, M2¢) ) : 'U3'= U3;

’ sS4, 0 s4, 0 0 0 0 O
0 s4, 6 0 s4, 0 0 0 0
S4, 0 S4, 0 0 0 0 O
0 s4, 0 S4, 0 0 0 O
0 0 0 0 S4, 0 S4, O
0 0 0 0 0 s4, 0 sS4,
0 0 0 0 S4, 0 S4, O
0 0 0 0 0 sS4, 0 S4,
s2,82, 0 0 0 0 0 0 '
$2,,8,, 0 0 0 0 0 0
0 0 s3,83, 0 0 0 O
0 0 s2,S2, 0 0 0 0
o 0o 0 0 s2,S2, 0 0
o 0 0 0 s2,S2, 0 0
o o o0 0 0 o0 s2,6S2,
o 0o o0 0 0 0 S2,S2,

841, 1821, 1 S41, ISZ.L, 2 S41, 2821, 1 S41, 2821, 2
S4.I., 1822, 1 S4.L, 1822, 2 S41, 2822, 1 S41, 2522, 2
S42, 1SZ.I., 1 SA?, 1SZ.I., 2 S%, 2821, 1 S%, 2521, 2
se | S81521 501552 5425%1 5%05%, ©
0 0 0 0 S4.I., 1521, 1 541, 1521, 2 S4.I., 2821, 1 S4.L, ZSZ.L, 2
0 0 0 0 541, 1522, 1 54l, 1522, 2 S4'l, 2822, 1 S41, 2822, 2
0 0 0 0 5453, 54,53, 54,53, 54,53,
0 0 0 0

SAE, 1522, 1 SA?, 1522, 2 SA?, 2822, 1 842, 2822, 2

0 0 0
0 0 0
0 0 0
0 0 0

o o o o




Stage 4

> TP(I2, CNOT);
TP(G23, 2);

'U4'= U4;

Stage 5

> U5:=TP( CNOT,2) :U5'= US5;

U4 =

us=
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U4:= Multiply(TP(G23, I2), Multiply (TP(12, CNOT), TP(G23, I2)) ) :

(10)

(11)



R Stage 6
> TP(I2, TP(1M4b,12));
TP(14, M2c);
U6 := Multiply (TP(12, TP(1174b,12) ), TP(14, 1112c) ) :'U6'= U6;
[ s 0 4 0 0 0 0
1,1 1,2
0 4 0 4 0 0 0 0
1,1 1,2
SA 0 4 0 0 0 0 0
2,1 2,2
0 4 0 4 0 0 0 0
2,1 2,2
0 0 0 0 s 0 0
1,1 1,2
0 0 0 0 0 4 0 4
1,1 1,2
0 0 0 0 4 0 4 0
2,1 2,2
0 0 0 0 0 4 0 4
2,1 2,2
2 2 0 0 0 0 0 0
1,1 1,2
2 82 0 0 0 0 0 0
2,1 2,2
0 0 2 &R 0 0 0 0
1,1 1,2
0 0 2 RN 0 0 0 0
2,1 2,2
0 0 0 0 2 RN 0 0
1,1 1,2
0 0 0 0 2 RN 0 0
2,1 2,2
0 0 0 0 0 0 £2 2
1,1 1,2
0 0 0 0 0 0 2 &£
I 2,1 22
[ 4 2 4 2 A 2 A 82 0 0 0 0
1,1 1,1 1,1 1,2 1,2 1,1 1,2 1,2
SA 2 A 2 SA 2 A 2 0 0 0 0
1,1 2,1 1,1 2,2 1,2 2,1 1,2 2,2
A 2 A 2 A 2 SA 2 0 0 0 0
2,1 1,1 2,1 1,2 2,2 1,1 2,2 1,2
A 2 A 2 A 2 SSA 2 0 0 0 0
UG = 2,1 2,1 2,1 2,2 2,2 2,1 2,2 2,2 (12)
- 0 0 0 0 A S2  SA 2 SA 2 SA 2
1,1 1,1 1,1 1,2 1,2 1,1 1,2 1,2
0 0 0 0 SA 2 A 2 A 2 A N2
1,1 2,1 1,1 2,2 1,2 2,1 1,2 2,2
0 0 0 0 SA 2 A 2 A 2 A N2
2,1 1,1 2,1 1,2 2,2 1,1 2,2 1,2
0 0 0 0 SA 2 A 2 A 2 SA R
2,1 2,1 2,1 2,2 2,2 2,1 2,2 2,2_



Stage 7

'S U7:= U5 U7'=UT:

U7 = (13)

OO O O O o o+ O
O O O o o » OO
O O O O »r O O O
O r O O O O O O
R O O O O © O o
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Stage 8

"S> U8:= U2 U8'=US:

U8 = (14)

O O O O O O +»r O
O O O O »r O O O
O O O O O +»r O O
O O O r O O O O
O O B O O O O O
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O O O O O © O Bk



Stage 9

> TP(M4b,14);
TP(14, M2c);

U9 := Multiply( TP( M4b,14), TP(14, M2c) ) :'U9'=U9;

S4.I., 1822, 1 S4.L, 1822, 2

0 0
0 0

SA?, 1821, 1 842, ISZ.L, 2
S42, 1822, 1 SA?, 1822, 2

0 0

uo=

0 0

S41’1 0 0 0 S
0 S41 1 0 0
0 0 841, 1 0
0 0 0 541,1
S42’1 0 0 0 S
0 842 1 0 0
0 0 S42 1 0
0 0 0 542 1
2,9, 0 0
3,5, 0 O
0 0 sy, 83,
0 0 s3, 83,
0 0 0 0 S
0 0 0 0 S
0 0 0 0
0 0 0 0
841, 1821, 1 S41, ISZ.L, 2 0 0
0 0

S41, 1821, 1 541, 1521, 2

S41, 1822, 1 S41, 1822, 2
0 0

0 0

S%193,1 54,152,
842, 1822, 1 842, 1522, 2

4, 0 0 0O
0 s4, 0 0
0 0 sS4, O
0o 0 0 s4,
4, 0 0 0
0 S4, 0 0
0 0 sS4, O
0 0 0 sS4,
0o 0 0 o0
o 0 0 o0
o 0 0 o0
o 0 0 o0
2,3, 0 0
%15, 0 0

0 0 SZl’1 821’2

0 0 53,53,

S4£I., 2821, 1 S41, 2821, 2

S4.I., 2522, 1 541, 2522, 2

0 0
0 0

SAE, ZSZ.I., 1 SA?, 2521, 2
542, 2522, 1 542, 2522, 2

0 0
0 0

0 0
0 0

S4'l, ZSZ.I., 1 S41, ZSZ.I., 2

841, 2822, 1 S41, 2822, 2
0 0

0 0

54,531 54,557,

SA?, 2822, 1 842, 2822, 2

(15)



Stage 10

"S> U10:= U4:U10'= U10:

(1000000 0]
01000000
00100000
10 00010000 16
"looo000100 (16)
00001000
00000001
00000010
Stage 11 - last stage
> Ull:= TP(I4, MBC) : 'Ull' uUlz;
$3,83, O 0 0 0 0 0
S3,,83, O 0 0 0 0 0
0 0 s3,83, O 0 0 0
" 0 0 s3,8S3, O 0 0 0 -
0 0 0 0 S3,S3, 0 0
0 0 0 0 S3,S3, O 0
0 0 0 0 0 0 S3 83,
0 0 0 0 0 0 53215322

i Defining the single-gates Mi

+ re=a [ 2 0] [od 2],

v o2 o 2 o 2 2 )
L C B ECLY))

1 1
= 1 (a+d “Z (043
cos( % B) et (@+9) Sin( % Bj e 4 (a+9)
Sl:= (18)
(1 l|(0<+8) 1 —ll(a+5)
—sm(ZB) et cos(ZB) e 4




> S2:= simplify( Multiply( R{o), Ry(% ) ] j . 82 := HermitianTranspose 92

1
e? IO(cos( % Bj e2 IOcsm( % Bj
32 = T (19)
e 2 IOcsm( % Bj e2 chos( % B)
> S3:= simpliry( R{Lza) j );
% 1(-8+0) .
e
S3:= . (20)
-= 1 (-8+0)
0 e 4
devalod]])
> S4:=Matrix\ |[[ 1,0, |0, e 2 ; 54 := HermitianTranspos&4) ;
1 0
S4:= 1
0 eE 0
1 0
SA = N (21
0e?

> o= O:B::g: d=m
'S1=S1'S2=S2'$2'= $2;
'S3=S3'S4=S4'S4'= S4;

o cos(%n)[%ﬁ%—%lﬁj sm(%nj(%ﬁ—%lﬁ)
i 2a) (2774 21y7) cof 2a)(2vz - 1172)
HEGE IO
i sm% ) cos %n) o —sin(%nj cos(%n)
fretvr
S3=
0 %ﬁ+—|ﬁ
1 0 1 0
S4:olﬁ+%|ﬁ Csﬂ:o%ﬁ—%lﬁ‘ (22)




Determining U

:> U := simplify (Multiply (U11, Multiply (U10, Multiply (U9, Multiply (U8, Multiply (U7, Multiply (U6,
Multiply (U5,
Multiply U4, Multiply U3, Multiply U2,W))))))))))) ‘'U'=U;

10000000
01000000
00100000
|0oo0010000 23
U=looo0o01000 (23)
00000100
00000001
100000010
" Defining the 3-qubit state vector lwy) and |y )
|\|’1> =U |‘|’0>
> CoEff:= Ceff(3) :
States= VSt€3) :
| w0/ := Multiply(Ceff(3), Transposé States[1, 1];
States= Multiply(U, Transposé¢ States$:
|yl) == Multiply(CoEff States[1, 1];
|wo) = cO|OOO)+cl|OOJ,)+02|010)+03|011J+c4|1OOJ+05|101J+06|110)+c7|111)
ly1) = ¢,1000)+ ¢, |00 + ¢, [010) + ¢, |01 + ¢, |100) + ¢, |10V + ¢ |11V + ¢, [110) (24)




