| > restart
[> interfacg warnlevek0) : # Maple 12
[ > interfacd rtablesize 32) :
[> with( LinearAlgebra :
E> with(Bits) :
i Grover's Algorithm
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1 outof 8 search. Need 3 qubits to generateetcomputational basis
[> n:=3:

_ Goal is the state of interest. For example, 5> |10
[> g:=>5:
Functions

> TP := proc(M1, M2)
KroneckerProduat MIM2);
endproc:




> VSte:= proc(n) # Generates a list of computational states forubits

locali, L; #eg. n=2= | 100) |01 |10/ |11/ |
L := Matrix(1, 2");
Setting$ defaultbits n);

for i from 1to2"do
L[1,i] :== cat( |, String(i— 1, msbfirsy, ")");

enddo;
# print(L);
return L; # returns Matrix L
L endproc:
> NumCoe:= proc(n, s) # generates the initial coefficients

localp, mi, "1, 0}

"0 :== Matrix([[1], [0]]) :
*1":= Matrix([[0], [1]]) :
p := Multiply(H, "0°) :

m := Multiply(H, '1°) :

if s=0thent := pelset := TP( p, m) endif;
for ifrom 1ton—1do

t:=TP(pt):

enddo;

return t;
endproc:

> MaxCo:= proc(L, n) # returns the location of largest coefficient

localx, y, i, N, loc;
X:=0:
N := 2n + l;
for i from 1toN do
y := abs(evalf( L[i,1]));
if X <ythen loc:=i:x:=yendif
enddo;
return loc:
endproc:

Operators/Matrices

12 := ldentityMatrix(2) : # ldentity Matrices
14 := ldentityMatrix(4) :

I8 := IdentityMatrix(8) :

116 := ldentityMatrix(16) :

Ux := RowOperation 12[1, 2]);
1 .

H:= ——Matrix([[1, 1], [1,-1]]); # Hadamard
J2

@ = €2 #phase

# o=12,

Gt := RowOperation 18[7, 8]); # Toffoli gate

Gt3 := RowOperatiofi 116[15, 16]); # Oracle gate

CCU := (Multiply(TP(®@, TP(12 H) ), Multiply(Gt, TP(14 H) ) ) );
H3 := TP(H TP(H H));

Ux3:= TP(Ux TP(Ux Ux));



Gt3:=
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:> if g=0then

Oracle := Multiply(TP(Ux TP(Ux TP(Ux 12))), Multiply(Gt3, (TP(Ux TP(Ux TP(Ux12))))));

#1000/
endif;
if g=1then

Oracle := Multiply(TP(Ux TP(Ux 14) ), Multiply(Gt3, TP(Ux, TP(Ux 14)))); # goal is: |002

endif;
if g=2then

Oracle := Multiply(TP(Ux TP(12 TP(Ux 12)) ), Multiply(Gt3, (TP(Ux TP(12 TP(Ux12))))));

#1010/
endif;
if g=3then

Oracle := Multiply(TP(Ux TP(12 14) ), Multiply(Gt3, TP(Ux TP(12 14)))); # goal is: |01}

endif;
if g=4then

Oracle := Multiply(TP(12 TP(Ux TP(Ux 12)) ), Multiply(Gt3, (TP(12 TP(Ux TP(Ux12))))));

#1100/
endif;
if g=>5then

endif;
if g=6then

Oracle := Multiply(TP( 14 TP(Ux 12)), Multiply(Gt3, TP(14 TP(Ux 12)))); # goalis: |[110

endif;
if g=7then

Oracle:= Gt3; # goalis: |11}

endif;

Oracle:=

The Oracles
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# "Oracle shown above
Oracle := Multiply(TP(12 TP(Ux I14) ), Multiply(Gt3, TP(12 TP(Ux 14)))); # goal is: |10}
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The - (1-2|¥Y){¥|) Operator
>4 Ne=2"
# p-= ConstantMatrix1, N) :
# OPi= NP IdentityMatrix(N); # The 2W)(¥| - | Operator
# M:=TP(P I12),
P = Multiply (H3, Multiply (Ux3 Multiply(CCU, Multiply(Ux3 H3) ) ) );
M :=TP(P, 12) .
)32 1 1 1 1 1 1
4 4 4 4 4 4 4 4
1 3 1 1 1 1 1 1
4 4 4 4 4 4 4 4
£ 1 3 1 1 1 1 1
4 4 4 4 4 4 4 4
£ 1 1 3 1 1 1 1
4 4 4 4 4 4 4 4
P:= (3)
11 1 1 3 1 1 1
4 4 4 4 4 4 4 4
1 1 1 1 3 1 1
4 4 4 4 4 4 4 4
£ 1 1 1 1 1 3 1
4 4 4 4 4 4 4 4
42011 1 1 1 1 _3
4 4 4 4 4 4 4 4
Computational bass
> Sti=VStén) :
Co00:= NumCo¢ no) :
| #0) := factor( Multiply( St Co0)[1, 1]);
| ¥0):= % J'2 (|000/+ [001)+ [010/+ [011)+ [100/+ [101)+ [110/+ [111)) (4)



Computational basis with the "Oracle qubit"
> St:=VSten+1):

Col:= NumCo¢ ni) :
| ¥1) := factor( Multiply( St Col1)[1, 1]);

-1 1 1 1 1 1 1 _ 1
|#1):= - 0000/~ - [000Y+ = [0020)— -~ [001Y+ < [0100/~ - [010V+ -~ [0110)— = [0111)

1 1 1 1 1 1 1 1
+ 5 11000/— - [100V+ = 1010/~ = [101+ -~ [1100)— - 110D+ - [1110/— - [1111)

First Oracle query

:> Co2 := Multiply(Oracle Col) :
| ¥2) := factor( Multiply(St Co2)[1, 1]);

-1 1 1 1 1 1 1 1
|#2):= = 10000/~ - [000)+ - [0010) - [0011)+ - [0100)— - [0101)+ - [0110)— - [0111)

1 1 1 1 1 1 1 1
+ < 11000/~ < [100V— - [1010)+ -~ [L01V+ - 1100/~ - [L10V+ - [1110/— - |1111

> Co03 := Multiply(44 Co2) :
| ¥3) := factor( Multiply(St Co3)[1, 1]);

-4 _1 1 1 1 1 1 _ 1
|#8):= ¢ 10000/ - 000V + = 0010/~ = [0011/+ ¢~ [0100)~ = [010V+ = 0110/~ - [0111)

1 1 5 5 1 1 1 1
+ g 1000/~ & 100U+ & 1010/~ & [101V+ ¢ |1100/— ¢ 110U+ ¢ |1110/— & |1111

Recover the Oracle qubit

> Co4 := Multiply(TP(I12 TP(I2, TP(12 H) ) ), Co3) :
| ¥4, := factor( Multiply(St Co4)[1, 1]);

| ¥4):= % V2 (]0001)+ 0011+ |0101)+ |0111)+ [1001)+ 51011+ |1101)+ [1111))

Preview result of the first pass

> | := MaxCq Co43):
State:= S 1, 1];

Probability := (evalf Co4 ] 11)?) -100;
State=]1011)

Probability := 78.12499995

(5)

(6)

()

(8)

(9)



Second query

:> Co5 := Multiply(Oracle Co3) :
| ¥5) := factor( Multiply(St Co5)[1, 1]);

Y5 = % 10000/ — % 10001+ % 10010/ — % 10017+ % 10100/ — % 010V + % 10110/ — % 0117  (10)

1 1 5 5 1 1 1 1
+ g 1000/~ & 100V~ 2 1010+ & [101V+ ¢~ |1100/— ¢ 110U+ ¢ |1110/— & |1111

> Co6 := Multiply( 44 C05) :
| ¥6, := factor( Multiply(St Co6)[1, 1]);

=1 1 _ 1 1 _ 1 1 _ 1
|#6):= - = 10000+ - [0001— — = 0010+ — [001Y — — = [0100)+ — = [0101)— — [0110 (11)
1 1 1 11 11 1 1
+ 5 10110 — < ]1000+ — - [100V+ = [1010/— = 1011~ — |1100/+ —~ |10

1 1
— 6 11110+ < [1111)

Recover the Oracle qubit

> Co7 := Multiply(TP(I12 TP(I2, TP(12 H) ) ), Co6) :
| ¥7) := factor( Multiply(St Co7)[1, 1]);

|¥7):= - 1—16 J2 (|0001+ [0011+ 0101+ |0111)+ [1001)— 11 |[1011)+ 1101+ [1111) (12)

Preview result of the second pass

> | := MaxCq Co7n):
State:= St 1, 1];

Probability :== (evalf CoT J1])?) -100;
State=[1011)

Probability := 94.53124996 (13)




