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(1= (*Basis elementsx)

o- 3):

0
it (1)’ A

KOO = KroneckerProduct [KO, KO];
K01 = KroneckerProduct [KO, K1];
K10 = KroneckerProduct [K1, KO];
K11 = KroneckerProduct [K1, K1];
{MatrixForm[K@O], MatrixForm[KO1l], MatrixForm[K10], MatrixForm[K11]}

7= (#*Pauli Gatesx)

01 0 -i 1 0
X=(10)’Y=(i e)’z= 0-1%
(xHadamard and Phase Rotationx)

i 1 1 . Rg . - 1 B .
_,VE'(l _1)’ [6_] == (a Exp[ie])’

(*CNOT AND SWAP=)

1000 1000
0100 © 010
NOT = : SWAP = s
HY @00 1| 2 ©100]|
© 0610 0001
(»Toffolix)
10000000
01000000
A A 1T A A MM M
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o0 000 10)

Assuming & matrlx | Uss as suppressed output of a fist of pairs Instand

matrix plot (¥ display sz ¥ determinant Inversa more @ g E

(#Playing with Rotationss)
inf11:« MatrixForm[FullSimplify[H.K®, Assumptions - & € Reals]]
(#Swaping the control! Who controls who?#) 1
in[12:« MatrixForm[KroneckerProduct[H, H] .CNOT.KroneckerProduct[H, H]]

in[13:= MatrixForm[KroneckerProduct[H, H] .CNOT.KroneckerProduct[H, H] .K11]

Inf=]:
(* Grover Example with three qubits =*)

OPTn-N[ ol -i]
i 4Arc5in[§§] 2

Out+]= 1.67341

nf-]= (* Initialization =)
MatrixForm[K00O = KroneckerProduct[KO, KO, KO]]

Quilf - [/MatrixForm

(1)
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e 10 0]

In[274]:
MatrixForm[KroneckerProduct[H, H] .CNOT.KroneckerProduct[H, H] .K11]
Qut[274)/MatrixForm=
0
1
0]
Wiely
transpose | displayas ¥ | flatten | total [v)  moro @ -1 2 !
Inf«]:
(» Grover Example with three qubits =*)
bid 1
OPTn = N[ — - E]
4 ArcSin [ - ]
e

ouf+]= 1.67341

nf-]= (* Initialization =)
MatrixForm[K00O = KroneckerProduct[KO, KO, KO] ]

Qutf» [//MatrixForm

o 0 0606006

Pirsa: 23030011 Page 20/37



In[275]:=

(* Grover Example with three qubits x)

bid 1
OPTn = N[ s E]
4 ArcSin [ = ]
V8
Out[275]=
1.67341
show all digits (*] | integer part () nthdigit...  digits  mors... ) =3 =

—

Inf-}= (* Initialization =)

MatrixForm[K00O = KroneckerProduct[KO, KO, KO] ]

Outf+ [//MatrixForm=

1

[cl ol ol oo oMol

[ ]~ MatrixForm[S = KroneckerProduct[H, H, H] .K00O]

Quitf» [//MatrixForm
/ 1
A/

|

8]
N

L

2

[ 5]
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In[275]:
(» Grover Example with three qubits =)
7t 1
OPTn = N[ = E]
4 ArcSin [ = ]
VB
out[275]=
1.67341]1
show sll digits (+]  integer part (+]  nthdigit... digits  more... @ a |y:_|

nf-]= (% Initialization =)
MatrixForm[K00o = KroneckerProduct[KO, KO, KO]]

Qutf - [//MatrixForm
n 1 \

O 0000600600

inf-1= MatrixForm[S = KroneckerProduct[H, H, H] .K000]

Outf~ [//MatrixForm=
s md iy
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1.67341

In[277]:=
(» Initialization =»)

MatrixForm[K00® = KroneckerProduct[KO, KO, KO] ]

Qut[277]//MatrixForm

OO0 000 06

Axguming & matrix | Use as & ixt of fists Instesd

transposs | displayas ¥ | flatten  total (¥]  more.. (O 8 @

[ 1= MatrixForm[S = KroneckerProduct[H, H, H] .K00Q]

Qut[~ J//MatrixForm=

Y
+
1

[ 8]
5]

< |}

5]
<

2

N‘ ] M|
e [ SR [P ™
(8 w| ()

N‘ )
e |
() |

\l

v ]
-
)
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In[278]:=
(» Initialization «)
MatrixForm[KOOO = KroneckerProduct[K®, KO, KO]]

Out[278]//MatrixForm
N 1 \

0O 000000600

i = MatrixForm[S = KroneckerProduct[H, H, H] .K000]

QOutf~ [//MatrixForm=

N| X N‘ X7 N‘ N N|
- [ S R R M [l (- ey =
[¥] | () | ~ | r

|[

5]
<
]

Inf+]:
(* Oracle =)

MatrivFEFarmlWinnar - KranarkarPraduc+ k1 K1 KA1
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In[279]:
MatrixForm[S = KroneckerProduct[H, H, H] .K000]

Qut[279])//MatrixForm=
2 1 i
2

N| ) N|
- | S R [ =y
(8] |

[N (¥} N

‘:—- < = '-i\|:- <

[T Y|
-

[
-l
)

220

8 ]

Assuming a matrix | Use as a kst of ksts instead

transpose  display as *  flatten  total (=) moro... 2 -1 =2

Inf[«]:
(+ Oracle =)
MatrixForm[Winner = KroneckerProduct[K1, K1, KO]]
MatrixForm[Uw = IdentityMatrix[8] - 2 Winner.Winner']

Quitf - [/iMatrixForm

0}
0]
o)
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In[280]:=

(* Oracle =)
MatrixForm[Winner = KroneckerProduct[K1, K1, KO]]
MatrixForm[Uw = IdentityMatrix[8] - 2 Winner.Winner']

Out[280]//MatrixForm

0
0]
0]
0] .
0]
0]
1
Gloly

Out[281]//MatrixForm
1 0 00060 0 0)
0610000 0 0
O 01000 0 O
GO0 10060 0 0
QOO0 10O 0 0
O OOOO1 0 0
O OO0 OO0 -10
OO0 0 1

matrix plot (¥ displayam v  determinant  inverss more.. (0 £ (2D

In[-]:=
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Qut[281]//MatrixForm=
10

[l ol O OB O O]

.G') [cIR ol OO OO

ol ol oM oo Mo R

ool ol oo IR oM O]
[olol oMol I oMo O]
ool oM N oo O]
[ol ol oo oMo O]
~ & @ 0 0.

Inf«]:
MatrixForm[Uw.S]

Quilf» [//MatrixForm

]

||- «1_;»—‘
N

ot

|
8} [N N ) (¥

L= 5 ; ) s »
- P (e R I [
:|H~ N X7/ 'S

5]
s
=
L]

In[-]:=
(»Difusserx)
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MatrixForm[Uw.S]

Out[284]//MatrixForm
¢ 1

(8] ) [§] » [N] X}
«L‘o—- <= '-i_h|$- < [ f-;|$- £
NN [T (S

i

[ 5]
[ 8]

: |
< |
r
—

In[+]:=
(xDifusserx)
MatrixForm[Us = 2 S.S' - IdentityMatrix[8]]

In[-]= (% Grover Cell =)
Steps[n_] := MatrixPower[Us.Uw, n].S

Infe1= 1 = 23
MatrixForm[Steps[i]']
BarChart[Abs[Steps[i]]]

Outf~ [//MatrixForm=
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MaTriXrOrm[uUs = £ 3.3 - LAENTITYMATrix|[s] ]

Qut[285]//MatrixForm=
AEl L 1 1 1 1 1 1
4 4 4 4 4 4 4 4
1o &3 0l 1 1 1 1 1
4 4 4 4 4 4 4 4
1 SR L 1 1 1 1
4 4 4 4 4 4 4 4
1 1 & a2 1 1 1
4 4 4 4 4 4 4 4
1 1 1 Lo =30 1 1
4 4 4 4 4 4 4 4
1 1 1 1 B a3 il 1
4 4 4 4 4 Al 4
1 1 1 1 1 T i3l el
4 4 4 4 4 4 4 4
1 1 1 1 1 1 1 o3
4 4 4 4 4 4 4 4
Assuming o matris | Use as a Bt of ksts instead
matrlx plot (+]  display as ¥ doterminamt  inverse  moro @ & Cﬂ

Inf-]= (* Grover Cell =)

Steps[n_] := MatrixPower[Us.Uw, n].S 1
Infe]= 1 =23
MatrixForm[Steps[i]']
BarChart[Abs[Steps[i]]]
Outf« [//MatrixForm=
At T ) B
( 8+/2 82 82 82 8+/2 842 842 8+/2 )
10}
08
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(* Grover Cell *)
Steps[n_] := MatrixPower[Us.Uw, n].S

In[287]:=
i=0;
MatrixForm[Steps[i]']
BarChart[Abs[Steps[i]]]
Qut[288])//MatrixForm=
1 1 1 1 1 1 1 1
(nfi 242 242 242 242 242 242 2\/?)
Out[289]=

0.35

0.30

0.25

0.20

0.15

0.00 ! ]

theme,,.  frame...  labels...  awes v  more.., (O -3 =]

nf-]= (* Example with four qubits x)

w

oan.n[ _i]
4l\r¢:$'in[—1le ] 2
Ala
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,__
Iy
N
N
Iy
&=
N
™
|
EN
<=

In[286]:=
(» Grover Cell x)
Steps[n_] := MatrixPower[Us.Uw, n].S
In[290]:=
i=s1;
MatrixForm[Steps[i]']
BarChart[Abs[Steps[i]]]
Qut[291)//MatrixForm=
1 1 1 1 1 1 5 1
Lo o o s oh ok o et
Out[292]=

08}
06}
04+

0.2

0.0

thams... frams... labsls.. sxes v more.. (2 = B

inf-]= (* Example with four qubits =)

Pirsa: 23030011

Page 31/37




l 1 1 1 1 1 1 1 _EJ
4 4 4 4 4 4 4 4
In[286]:=
(» Grover Cell x)
Steps[n_] := MatrixPower[Us.Uw, n].S
In[299]:=
i=4; I
MatrixForm[Steps[i]']
BarChart[Abs[Steps[i]]]
Out[300)//MatrixForm=
ConabE aleE B 0hd L 88 el B
( 322 3242 3242 3242 3242 3242 3242 3242
Out[301]=
0.3
0.2
0.1
0.0

)

inf-}= (* Example with four qubits =)
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,__
B
N
B
B
&=
B
B
|
B
<=

In[286]:=
(» Grover Cell =)
Steps[n_] := MatrixPower[Us.Uw, n].S
In[302]:=
i=2;
MatrixForm[Steps[i]']
BarChart[Abs[Steps[i]]]
Out[303)//MatrixForm=
sl il o L b 1 11 1
( 82 842  8v2  8Y2  8Y2 842 842 842
Out[304]=
10}
08!
06!
04!
02!

thams... frams.. labsls... sxes v more.. (2 = =

inf-]= (* Example with four qubits =)
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06+

04

02

In[305]:=
(» Example with four qubits )
b : 1
OPTn = N[ — . —]
4ArcS'in[;] 2
N
Out[305]=
24.6286
b d 1
P'l.ot[ — -, 1, 49}] =z
4 ArcSin [ ﬁ]
4}
3
Outf]= 2_
1l
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L\l24 F]

out[307]
2.60827
In[308] =
7T 1
Plot[4ArCSin[ﬁ] -5 1% 1, 40}
Out[308]=
10 ' 20 e 30 BT
theme... Isbals.. sxes v Imagesize v more.. (O = =
_f”f I=
1
N[Solve[4Arcs:n[%] =n= 1, x]]
N[solve| z -gzs,x]]

X

4ArcS‘in[%]
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10 20 30

=== Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution information.

=== Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution information.

In[311]:=
N[Solve[ 2 -i--l x]]
4Arc5‘in[—&] 2
1
N[Solve[4Arcs:n[%] il 3, x]]
Out[311]= '
{{x>4.}})
Out[312]=
{{x > 20.1957}}
S 53 o e
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10 20 30

=== Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution information.

=== Solve: Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution information.

In[315]:=
N[Solve[ 2 -i--l x]]
4Arc5‘in[—&] 2.
1
N[Solve[4Arcs:n[%] =z = 3, x]]
Out[315]=
{{x>4.}})
Out[316]=
{{x > 20.1957}}
G g 3 i o o
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