| > restart

| > interfacg warnlevet0) : # Maple 12

[ > with( LinearAlgebrg :
| > with(Bits) :

Grover's Algorithm

locali, L; #e.g. n=2= | 00) [01) |10/ |11/ |
L := Matrix(1, 2");
Settings$ defaultbits n);

for i from 1to 2"do
L[1,i] := cat( |, String(i— 1, msbfirsy, ")");

enddo;
# print(L);
return L; #returns Matrix L
endproc:
[ 1 out 4 search; n= 2 and N=4
E> n:=2:
Implementing the Grover operator (I - 2 [y)y| )Uf
[ p is the Projection operator |y){(yl
> p:= ConstantMatriX1, 2") :
TwXyl' = p;
111 1]
wi=| L
T 11
1111
R 4 x 4 Identity Matrix
> 1[4]:= IdentityMatrix(2");
(100 0]
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> VSte= proc(n) #Henerates a list of computational states forubits
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The Inversion operator (1 — 2 [y)yl)

2
> M= N4)= 25

A 2 qubit Linear Computational Basis

> Co0:= -Vecto([[1,1,1,1]]) :

2n
St:= VStén) :

| ¥0) := factor( Multiply( St Co0)[1]);

After an Oracle query Uf |y)

> Col:=

-Vecto([[1,— 1,1, 1]]):
2n
| 1) := simplify( Multiply( StCo1)[1]);

One iteration of the operator [I- 2 |y){(y| JUf|y)

> Co2:= Multiply(44 Col) :
| ¥2) := simplify( Multiply( StCo2)[1]);
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1

1 out 8 searair 3 and N=8

> n:=3:
p is the Projection operator |y){(yl
> p:= ConstantMatriX 1, 2") :
Tukyl' = p; _
111111
111111
111111
111111
WA= 11
111111
111111
111111
[ 8 x 8 Identity Matrix
> 1[8]:= IdentityMatrix(2") :
[ The Inversion operator (I - 2 [y)yl)
2
> /M~‘=1[8]—?'P;
s 1t .1 1 1
4 4 4 4 4
213 1 1 1
4 4 4 4 4
211 3 1 1
4 4 4 4 4
2111 3 1
4 4 4 4 4
M=
211 1 1 3
4 4 4 4 4
2411 1 1
4 4 4 4 4
241411 1 1
4 4 4 4 4
241411 1 1
4 4 4 4 4
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| Linear Computational basis of 3 qubits

> Co0:= -Vector([[1,1,1,1,1,1,1,]]) :

2]’1
St:= VStén) .

| #0) := factor( Multiply( St Co0)[1]);
| ¥0):= 411 J'2 (|000/+ [001)+ [010)+ [011)+ |100)+ [101)+ [110)+ |111)) 9)

After an Oracle query Uf |y)

> Col:= -Vector([[1,1,1,1,1- 1,1, 1]]) :

2n
| ¥1) := factor( Multiply( St Col1)[1]);
|¥1):= 411 V2 (|000/+ [001)+ |010)+ [011)+ |100)— [101)+ [110/+ |111)) (10)

One iteration of the Grover operator [(I- 2 |[y){(y|) JUf|y)

> Co2:= Multiply(A4 Col) :
| ¥2) := factor( Multiply( St Co2)[1]);

|¥2):= —&13 V2 (|000)+ ]001)+ [010)+ |011)+ [100)+ 5|101)+ [110)+ |111)) (12)

A second query to the Oracle

> Co3 :=—£~Vect0|([[1, 1,1,1,1;5,1,1]]) :

8
| ¥3) := factor( Multiply( St Co3)[1]);
| ¥3):= —é V2 (|000)+ |001)+ [010)+ |011)+ [100)— 5|101)+ [110)+ |111)) (12)

Second iteration of the Grover operator [(I- 2 [y)(yl) JUf|y)

> Co4:= Multiply(M], Co3) :
| ¥4) := factor( Multiply( St Co4)[1]);

|¥4):= - 116 V2 (|000)+]001)+ [010)+ |011)+ [100)— 11 |101)+ |110)+ |111)) (13)

[ See Grover.mw where the Inversion Operator i2 [yXyl - |



