Grover’s Algorithm

This paper follows Alessandro Berti and his didactical access to Grover’s algorithm:

https://towardsdatascience.com/behind-oracles-grovers-algorithm-amplitude-amplification-46b928b46fle

SAT problem
We have a set of Boolean variables that should fulfill a given combination, e. g.:
VAT =1 ()
The solution:
x=1y=0

Quantum circuits can handle " A " better than " vV ", so we use the de Morgan formula:

(xVy)=XAYy
We get the equivalent to our problem (1)

GAYDAY =1
The Quantum circuit
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Details

0 | We need five qubits to calculate the correct values for x and y.

These are the qubit |0), and |0),.. We set them to |0) as start value.

We need two working qubits, |0}, and |0),, . We set them to |0) as start value. The working qubits
store intermediate results.

We need a “checker” qubit |0).. We set it to |0) as start value. The checker qubit transports the
solution to the superposition (sorry for having no other words for this ...).

1 | We bring the input qubits x and y into superposition by help of the Hadamard gate.

2 | We calculate the first part of the logic problem, (x Ay) by help of a CCNOT gate: ]@ &
; Pany
Note that the two NOT gates on the right are needed to undo the effect of the two NOT ](D A -

Ny

gates on the left. The two NOT gates on the left are necessary to perform x and y. The
CCNOT performs a not on line three if the values on line one and line two are “1”. The
working qubit wy then holds the result of the first operation.
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Grover’s Algorithm

In the same way we calculate the second part of the logic problem, y and store the
result in the working qubit w;.

N

The NOT gate on the left side transforms y to y.

The following CNOT then inverts the working bit w;.

R

The NOT gate on the right undo the action of the NOT before.

Now we apply the solution function to the check qubit. Note that we must negate
the first working qubit wy because it contains (x A y).

J

The first NOT on the left side performs this, the second NOT on the right side undo
this action.

We use the second working qubit wy as it is.

The check qubit, then, is modified. This modification is not simply the solution
because the two input bits are in superposition. The modification is a kind of
superposition of all solutions.

5 |and | 6 | are needed to undo all calculations so far. This is a property of quantum
computing.

1 |through| 6 |form the oracle.

We use the diffusor to apply the solution in search to the qubits x and y. We apply the Hadamard to
both qubits again, invert them and perform a CCNOT to the checker qubit. This brings the solution
searched into contact with the superposition of the input qubits x and y.

We then undo the invert and the Hadamard.

We measure both qubits. With a single measurement we will get either 0 or 1. We must repeat the
whole process for e. g. 100 times and get a sample of results:
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Note: Results from the website of the author. They seem to be the result of running a simulation. The
values are close to 1/8 and 5/8 we get out of the calculation.

The measurement result with the highest probability is the combination x = 1,y = 0, the solution
for our problem.

Remark: We did not insert the mere solution into our circuit but we inserted the Boolean formula for
it and we never modified the input qubits x and y directly.
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Grover’s Algorithm

We take a look at the whole process on conceptual level.

Conceptual level
We used the circuit:

10)x ] H [ D—o—D- a : -0 H oo T
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We have five input qubits we write as |00000).

We apply the Hadamard to qubits one and two. The Hadamard applied to |0) gives \/% (J0) + |1)), the
Hadamard applied to |1) gives %(|0) —[1).

|00000) = H|[0)H|0)]000) =

1 1
ﬁ(w) +11) -ﬁ(w) +1(1)) - [000) =

1
E(IO) + [1)(10) + [1))]000) =
%(|00) +1]01) + [10) + |11))]|000) =
%(|00000) +]01000) + [10000) + |11000))

We apply the X-gate to qubits one and two. The X-gate changes |0) to |1) and |1) to |0).

1
5 (111000) +10000) + [01000) + [00000))

Then we apply the CCNOT from lines one and two to line three. The CCNOT changes line three from
|0) to |1) and |1) to |0) if lines one and two both are |1).

%(|11100) +110000) + |01000) + |00000))
We undo the X-gate:
%(lOOlOO) +101000) + |10000) + |11000))
We apply the X-gate to qubit 2, then apply the CNOT from line two to line 4 and undo the X-gate:

1
5 (101100) +00000) + [11000) + 10000))
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1
5 (101110) +100000) + [11010) + 10000))

1
5(100110) +101000) + [10010) + |11000))

We apply the X-gate to qubit 3, then apply the CCNOT from line three and four to line five and undo
the X-gate:

1
5(100010) +101100) + [10110) + |11100))
1

~(100010) +01100) + |10111) + |11100))

1
5(100110) +101000) + [10011) + |11000))

We apply the X-gate to qubit 2, then apply the CNOT from line two to line four and undo the X-gate.
Thisisanundoto| 3 |:

1
5 (101110) +100000) + [11011) +10000))
1

5(101100) +00000) + [11001) +|10000))

1
5(100100) +101000) + [10001) + |11000))

We apply the X-gate to qubits one and two. Then we apply the CCNOT from lines one and two to line
three. Then we undo the X-gate. This is an undo of | 2

1
7 (111100) + [10000) +[01001) + |00000))
1

5 (111000) +10000) + [01001) +00000))

1
5(100000) +101000) + [10001) + |11000))

The diffusor with the application of the Hadamard, X-gate, CCNOT and the undo.

The Hadamards:

%(H|0)H|O)|OOO) + H|0)H|1)|000) + H|1)H|0)]001) + H|1)H|1)|000)) =

1
7 (10) + [1)(10) +1))]000) + (10) + [1))([0) = [1))]000) + (|0) — [1))([0) + [1))[001)
+(|0) — [1))(]0) — [1))]000)) =
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1
7 (100000) +]01000) + 10000) + 11000} + [00000) — [01000) +[10000) — |11000)

+]00001) 4+ |01001) — [10001) — [11001) + |00000) — |01000) — |10000)
+111000)) =

%(3|00000) —101000) + |10000) + [11000) + |00001) + |[01001) — |10001) — |11001))
The X-gates:

%(3|11000) —10000) + |01000) + |00000) + |11001) + |10001) — |01001) — |00001))
The CCNOT:

1
7 (3111001) — [10000) +[01000) + [00000) + |11000) +10001) — [01001) ~ |00001))

1
7 (111000) — 10000) + 01000) +[00000) + 3]11001) +10001) - [01001) — [00001))

The X-gates:

1
7 (100000) —01000) + [10000) +11000) + 3]00001) +01001) — [10001) — |11001))

%((|00> —01) + |10) + [11))|000) + (3]00) + [01) — |10) — |11))|001))
The Hadamards:

1
5(((|0) +11)A0) +11) = (10) + [1)(10) — [1)) + (|0) = [1)(|0) + |1))

+ (10) = [1))(10) — 1)))|000)
+(3010) + 11)(10) + [1)) + (10) + [1)(10) = |1)) = (10) = [1)(|0) + | 1))
= (10) = [1))(10) - [1)))[001)) =

%((|00) +1]01) + |10) + |11) — [00) + |01) — |10) + |11) + |00) + [01) — |10) — |11) + |00)
—]01) — |10) + [11))[000)
+ (3]00) + 3|01) + 3|10) + 3|11) + |00) — |01) + |10) — [11) — |00) — |01)
+]10) + |11) — |00) + |01) + |10) — |11))|001)) =
%((2|00) +2]|01) — 2|10) + 2|11))|000) + (2]00) + 2|01) + 6]10) + 2|11))|001)) =
1 1
Z((|00) +101) — |10) + |11))|000)) + Z((|00) +101) + 3|10) + |11))]001))

We measure qubits one and two. The probabilities are:

100) T, 11
16 16 8
|01) 1. 1.1
16 16 8
|10) 1,23
16 16 8
|11) 1,11
16 16 8
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Note: The sum of probabilities is 1.

This shows that the distribution of the probability for [00),|01),]10), |11) that was % after the first
Hadamard changed. The probabilities for |00),|01),|11) lowered to %, the probability for |10) raised
to=.

Basic level

The calculation on the basic level is “unreadable stuff”. For your convenience | added in the end the
matrices belonging to the scheme we calculate.

The result of calculation on the basic level:

S OO O OO RPRPRPOOODOOO KRR

B
I
[S=

SO OO OORRPROOOOOOW

We resolve the kets of the conceptual access and compare with the basic access.

%((|00) +101) — |10) + |11))|000)) +%((|00) +101) + 3]|10) + |11))]001)) =

1
7 100000) +01000) — [10000) +[11000) + [00001) + [01001) + 3]10001) + 11001))
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Grover’s Algorithm

We build the sum/differences without the factor %:

1
7 (100000) +]01000) — [10000) +11000) +[00001) +[01001) + 3]10001) + 11001))

The kets expanded:

00000

01000

10000

11000

00001

01001

10001

+11001

c
3

1

o|lo|o|o|o|o|r|r|o|o|lo|o|o|o|w|L|o|o|o|lo|o|o|r|~|o|o|o|o|o|o|r |+

Note: we omitted the zeros for better readability.

The solutions on the basic level and on the conceptual level are the same.

D. Kriesell
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etc.

1

End of Block

The basic states at the end of each block

Grover’s Algorithm

Appendix
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Grover’s Algorithm

The CCNOT_12_3

1 0 000 O0OOOOOOOOOOTOOOTOOOOOOOOOOOOO0OOQO0OTPO
0100O0O0OOOOOOOOOOOOOOOOOOOOSOOOSOOOOO0OTGO

0o 0100O0O0O0OO0OO0OOOOOOOOOOSOOOOOOOSOOOSODOOO0OTO

0 0010O0O0OOO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 0001O0O0OO0OO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 000O0O01O0O0OO0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0O1O0O0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OO0O1O0OOOOOOOOOOOOOOOOOOOOSOOTOOO0OO0OTO

0 000O0O0OO0OO0O1O0OOOOOOOOOOOOOOOOOOOTOOOOO0OTO

0 000O0O0O0OO0OOOOI11TTO0OOOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OOOOOI11O0OOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 0OO0OOOOOOT11TO0OTOOOSOOOOOOOOOOOOOTOOOOO0OTO

0 000O0OOOOOOOOT11TO0O0TOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 00OOOOOOOOTITOOOOOOOOOOOOOOTOOOOTO0OTPO

0 00 0O0OOOOOOOOOOTIOOOOOOOOOOOOOTOOOOTO0OTPO

0 00 00O0OOOOOOOOOOT1O0OTOOOOOOOOOOOSOTOOOOO0OTO

0 0o000OOOOOOOOOOOT11O0O0OOOSOOOOOOSOTOOOTO0OTPO

0 0 00O0OOOOOOOOOOOOOTIO0OOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOTLTOOOOOOOOOOOO0OO0OO

0 0 00O00OO0OOO0OOOOOOOOOOOT1TO0OTOOOOOOOTOOTO0OTO0OTO

0 00 0O0OOOOOOOOOOOOOOOOI1TO0OOOOOOSOOSOOO0OO0OO

0 0 0000OO0OOO0OOOOOOOOOOOOOTITO0OOOOOSOOOOOTO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOTLTOOOOOOOOTO0OTO0OO

0 00 0OOOOOOOOOOOOOOOOOOOTLTO0O0OO0OO0OT®O0OTO0OTQO0OO

0 00 0O0OO0OOOOOOOOOOOOOOOOOOOOOOOTI1TO0O0OO

0 0 00O0OOOOOOOOOOOOOOOSOOOOOOOOOOOTIT 00O

0 0000 0OO0OOO0OOOOOOOOOOOOOOOOOOOOSOOO0OT1ITO0

0 00 0OOOOOOOOOOOOOOOOOOOOOOOOTOOTO0OTO0T1

0 00 0O0OOOOOOOOOOOOOOOOOOOOI1TUO0O0OO0OS®O0ODO0OO0OO

00 00O0OOOOOOOOOOOOOOOOOOOOOTILO0OO0OO0OO0OTO0OTO

0 0 00O0OOOOOOOOOOOOOOOOOOOOOOOTILT O0O0O0O0OTUO

0 000 0OOOOOOOOOOOOOOOOOOOOOOT1TO0O0OO0OTPO
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The CNOT_2_4

1 0 000 O0OOOOOOOOOOTOOOTOOOOOOOOOOOOO0OOQO0OTPO
0100O0O0OOOOOOOOOOOOOOOOOOOOSOOOSOOOOO0OTGO

0o 0100O0O0O0OO0OO0OOOOOOOOOOSOOOOOOOSOOOSODOOO0OTO

0 0010O0O0OOO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 0001O0O0OO0OO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 000O0O01O0O0OO0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0O1O0O0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OO0O1O0OOOOOOOOOOOOOOOOOOOOSOOTOOO0OO0OTO

0 000O0O0O0OOOOO11O0OOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 0O0OO0OOO0OOOOT11TO0OOGOOOOOOOOOOOOOOTOOO0OO0OTO

0 000O0O0O0OO0OO0O1O0OOOOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OO0OOOOI11TTO0OOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0OOOOOOOOOTIOOOOOOOOOOOOOTOOOOTO0OTO

0 00 0O0OOOOOOOOOOOT1O0OOOOOOOOOOOOSOTOOOOO0OTO

0 000O0O0OOOOOOOT11O0TOOOOOOOOOOOOOOSOTOOOOO0OTDO

0 0000O0OO0OOOOOOOOTI1TO0OOOOOOOOOOOOOOTOOOOTO0OTPO

0 0o000OOOOOOOOOOOT11O0O0OOOSOOOOOOSOTOOOTO0OTPO

0 0 00O0OOOOOOOOOOOOOTIO0OOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOTLTOOOOOOOOOOOO0OO0OO

0 0 00O00OO0OOO0OOOOOOOOOOOT1TO0OTOOOOOOOTOOTO0OTO0OTO

0 00 0O0OOOOOOOOOOOOOOOOI1TO0OOOOOOSOOSOOO0OO0OO

0 0 0000OO0OOO0OOOOOOOOOOOOOTITO0OOOOOSOOOOOTO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOTLTOOOOOOOOTO0OTO0OO

0 00 0OOOOOOOOOOOOOOOOOOOTLTO0O0OO0OO0OT®O0OTO0OTQO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOOOOOTILTO0O0O0OO0OTUO

0 000 00OO0OOOOOOOOOOOOOOOOOOOOOTI1TO0GO0O0O0OTO

0 0 0000OO0OOO0OOOOOOOOOOOOOOOOI11TUO0O0OO0OO0OO0OO0OTO

0 0 00O0O0OOOOOOOOOOOOOOOOOOOOTILTO0OO0OTGO0OTO0OTQO0OO

0 00 0OOOOOOOOOOOOOOOOOOOOOOOSOSOODO0ODTI1ITO

0 0 0000OO0OOO0OOOOOOOOOOOOOOOOOOOOTGOOTO0OTG 0?1

0 0 00O0OOOOOOOOOOOOOOOOOOOOOOOOTITO0O0OO

0 00 0OO0OOOOOOOOOOOOOOOOOOOOOOOOOTIT 00O
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The CCNOT_34_5

1 0 000 O0OOOOOOOOOOTOOOTOOOOOOOOOOOOO0OOQO0OTPO
0100O0O0OOOOOOOOOOOOOOOOOOOOSOOOSOOOOO0OTGO

0o 0100O0O0O0OO0OO0OOOOOOOOOOSOOOOOOOSOOOSODOOO0OTO

0 0010O0O0OOO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 0001O0O0OO0OO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 000O0O01O0O0OO0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OO0O1O0OOOOOOOOOOOOOOOOOOOOSOOTOOO0OO0OTO

0o 000O0O0O0O1O0O0OO0OO0OOOOSOOOOOOOOOOOOOSOTSOOOOTO0OTO

0 000O0O0OO0OO0O1O0OOOOOOOOOOOOOOOOOOOTOOOOO0OTO

0 000O0O0O0OO0OOOOI11TTO0OOOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OOOOOI11O0OOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 0OO0OOOOOOT11TO0OTOOOSOOOOOOOOOOOOOTOOOOO0OTO

0 000O0OOOOOOOOT11TO0O0TOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 00OOOOOOOOTITOOOOOOOOOOOOOOTOOOOTO0OTPO

0 00 0O0OOOOOOOOOOOT1O0OTOOOOOOOOOOOSOTOOO0OO0OTO

0 00 00O0OOOOOOOOOTIOOOOOOOOOOOOOTOOOOTO0OTO

0 0o000OOOOOOOOOOOT11O0O0OOOSOOOOOOSOTOOOTO0OTPO

0 0 00O0OOOOOOOOOOOOOTIO0OOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOTLTOOOOOOOOOOOO0OO0OO

0 0 00O00OO0OOO0OOOOOOOOOOOT1TO0OTOOOOOOOTOOTO0OTO0OTO

0 00 0O0OOOOOOOOOOOOOOOOI1TO0OOOOOOSOOSOOO0OO0OO

0 0 0000OO0OOO0OOOOOOOOOOOOOTITO0OOOOOSOOOOOTO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOOT1O0O0OO0OO0OT®O0OTO0OTQO0OO

0 00 0O0OOOOOSOOOOOOOOOOOOT1TOOOOOTOOTO0OTO0OO

0 00 0O0O0OO0OOOOOOOOOOOOOOOOOOI1TUO0O0OO0OTO0OTO0OTO0OO

0 000 0O0OO0OOOOOOOOOOOOOOOOOOOTILTO0OO0OT®O0OTO0OTQO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOOOOOOTILTO0O0O0OO0OTUO

0 000 O00OO0OOOOOOOOOOOOOOOOOOOOOTI1TO0O0O0OTO

0 00 0O0OO0OOOOOOOOOOOOOOOOOOOOOOOOT11TO0O0OTO

0 0 0 0OOOOOOOOOOOOOOOOOOOOOOOOSOSOOTIT 00O

0 00 0O0OOOOOOOOOOSOOOOOOOOOOOOOOTOOTO0TGO0T1

0 00 O0O0OOOOOOOOOOOOOOOOOOOOOOOSOOOOTI1ITO
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The CCNOT_12_5

1 0 000 O0OOOOOOOOOOTOOOTOOOOOOOOOOOOO0OOQO0OTPO
0100O0O0OOOOOOOOOOOOOOOOOOOOSOOOSOOOOO0OTGO

0o 0100O0O0O0OO0OO0OOOOOOOOOOSOOOOOOOSOOOSODOOO0OTO

0 0010O0O0OOO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 0001O0O0OO0OO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 000O0O01O0O0OO0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0O1O0O0OO0OOOOOSOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OO0O1O0OOOOOOOOOOOOOOOOOOOOSOOTOOO0OO0OTO

0 000O0O0OO0OO0O1O0OOOOOOOOOOOOOOOOOOOTOOOOO0OTO

0 000O0O0O0OO0OOOOI11TTO0OOOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 000O0O0O0OOOOOI11O0OOOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 0OO0OOOOOOT11TO0OTOOOSOOOOOOOOOOOOOTOOOOO0OTO

0 000O0OOOOOOOOT11TO0O0TOOOOOOOOOOOOOOSOTOOOOTO0OTO

0 00 00OOOOOOOOTITOOOOOOOOOOOOOOTOOOOTO0OTPO

0 00 0O0OOOOOOOOOOTIOOOOOOOOOOOOOTOOOOTO0OTPO

0 00 00O0OOOOOOOOOOT1O0OTOOOOOOOOOOOSOTOOOOO0OTO

0 0o000OOOOOOOOOOOT11O0O0OOOSOOOOOOSOTOOOTO0OTPO

0 0 00O0OOOOOOOOOOOOOTIO0OOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOTLTOOOOOOOOOOOO0OO0OO

0 0 00O00OO0OOO0OOOOOOOOOOOT1TO0OTOOOOOOOTOOTO0OTO0OTO

0 00 0O0OOOOOOOOOOOOOOOOI1TO0OOOOOOSOOSOOO0OO0OO

0 0 0000OO0OOO0OOOOOOOOOOOOOTITO0OOOOOSOOOOOTO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOTLTOOOOOOOOTO0OTO0OO

0 00 0OOOOOOOOOOOOOOOOOOOTLTO0O0OO0OO0OT®O0OTO0OTQO0OO

0 000 0O0OO0OOOOOOOOOOOOOOOOOOOTILTO0OO0OT®O0OTO0OTQO0OO

0 00 0O0O0OO0OOOOOOOOOOOOOOOOOOI1TUO0O0OO0OTO0OTO0OTO0OO

0 0 00O0O0OO0OOOOOOOOOOOOOOOOOOOOOTI1TO0O0O0OTO

0 00 0O0OOOOOOOOOOOOOOOOOOOOOOTILTO0O0O0OO0OTUO

0 00 0OOOOOOOOOOSOOOOOOOOOSOOOOOSOSOOTIT 00O

0 00 0O0OOOOOOOOOOOOOOOOOOOOOOOOTITO0O0OO

0 00 0O0OOOOOOOOOOSOOOOOOOOOOOOOOTOOTO0TGO0T1

0 00 O0O0OOOOOOOOOOOOOOOOOOOOOOOSOOOOTI1ITO
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Grover’s Algorithm

The double Hadamard on lines one and two

1 1 1 1
3 000 O0O0OTO OO 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0
1 1 1 1
0 7 00 0O0OTO0O O 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0
1 1 1 1
00 3 00O0O0O0 O 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0
1 1 1 1
000 7 0000 O 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0
1 1 1 1
0000 3 000 O 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0
1 1 1 1
000O0TO0 3 00 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0
1 1 1 1
000O0O0O 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0
1 1 1 1
000O0O0OO0OTO 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3
1 1 1 1
3 000 O0O0OTO OO -7 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 —3 0 0 0 0 0 0 0
1 1 1 1
0 7 00 0O0OTO0O O -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0
1 1 1 1
00 3 00 0O0O0 O 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0
1 1 1 1
000 7 0000 O 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0
1 1 1 1
0000 7 000 O 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0
1 1 1 1
000O0T0O0 3 00 O 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0
1 1 1 1
00O0O0O0TO0 3 (U] 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0
1 1 1 1
00 0O0O0O0OTO 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 —3
1 1 1 1
3 000 O0O0OTO 0O 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0
1 1 1 1
0 3 00 0O0O0OO0O O 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0
1 1 1 1
00 7 00 O0O0O0 O 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 -3 0 0 0 0 0
1 1 1 1
00 0 3 0000 O 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 —3 0 0 0 0
1 1 1 1
00 00 3 000 O 0 0 0 3 0 0 0 0 0 0 0 ~3 0 0 0 0 0 0 0 -3 0 0 0
1 1 1 1
000O00O0 3 00 O 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 -3 0 0
1 1 1 1
000 O0O0TO 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 —3 0
1 1 1 1
00 0O0O0O0OTO 3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 -3
1 1 1 1
3 00 0O0O0OTU OO -7 0 0 0 0 0 0 0 —3 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0
1 1 1 1
0 3 00 0O0OO0O O -3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0 0 0
1 1 1 1
00 3 00O0O0O0O O 0 —3 0 0 0 0 0 0 0 —3 0 0 0 0 0 0 0 3 0 0 0 0 0
1 1 1 1
00 0 3 0000 O 0 0 -7 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0 0
1 1 1 1
00 00 3 000 O 0 0 0 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0 0
1 1 1 1
000O00O0 3 00 O 0 0 0 0 -3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0 0
1 1 1 1
000 O0©O0TO 3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 3 0
1 1 1 1
000O0O0OO0OTO 3 0 0 0 0 0 0 0 -7 0 0 0 0 0 0 0 —3 0 0 0 0 0 0 0 3
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Grover’s Algorithm

The double X-gate on lines one and two

o 000O0OOOOOOOOOOOOOOOOOOSOOTL O0OO0OOTOOO0OOQO0OTGO

o 000O0OO0OOOOOOOOOOOOOOOOOSOOOTO0OOTOOO0OOGO0OTGO

o 00o0O0OO0OOOOOOOOOOOOOOOOOSOOOOTI1TO0O0O®O0OOQO0OTGO

0 0o 000O0OOOOOOOOOOOOOOOOOOOOOOTI1TO0O0OO0OTP

0 00 0O0OOOOOOOOOOOOOOOOOOOOOOSOT1TO0O®O0OTUO

0 0 0000OOOOOOOOOOOOOOOOOOOOOOOSOOTITO0O

0 00 00O0OOOOOOOOOOOOOOOOOOOOOOOSOOOOTI1ITO0

0 00 0O0OOOOOOOOOOOOOOOOOOOOOOOTOOTO0OTG 01

0 00 O0OOOOOOOOOOOOI11O0OO0OOOOOOOOOSOTOOOTO0OTO

0 0o 000O0OOOOOOOOOOOOTIO0OOOOOOOOOSOTOOO0OTO0OTO

0 00 O0OOOOOOOOOOOOOOOTILOOOOOOOOOOOOOTO0OTO

0 00 O0OOOOOOOOOOOOOOOOT1TO0OOOOOOOSOTOOO0OTO0OTO

0 00 00OOOOOOOOOOOOOOOI1UO0OO0OOOOOSOTOOOOTO0OTP

0 0000 O0OOOOOOOOOOOOOOOOTIO0OOOOOSOOOOOO0OTPO

0o 0000 0OOOOOOOOOOOOOOOOOTLTOOOO®OOOTUOTP

0 0o 000O0OOOOOOOOOOOOOOOOOOT1TO0UO0OOSOOTOOO0OTO0OTO

0 000O0O0OOO11O0OOOOOOOOOOOOOOOOOOOTOOOOO0OTO

00 00O0O0OOOOT11TTO0OOOOSOOOOOOOOOOOOOSOTOOO0OO0OO

00 0O0O0OOOOOOTI11O0OO0OOSOOOOOOOOOOOOOSOTOOO0OO0OO

0 0 00O0OOOOOOOTI1TO0OOOGOOOOOOOOOOOOOOTOOO0OO0OO

00 00O0OOOOOOOOT11O0TGOOOOOOOOOOOOOOSOSOOO0OO0OTO

00 00O0OOOOOOOOOTITO0OOOOOOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOOOOOTI1OOOOOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOSOOOOGOT1TO0OTOOOOOOOOOOOOTOOO0OO0OO

1 000OOOCOOOOGOOOOOOOOOOOOOOOOOOO0OTGO0OTGO
0100O0OO0OO0OOOOOSOOOOSOOOOOOOOOOOOOSOSOOOOTO0OTO

0 o010O0O0OO0OOOOOSOOOOSOOOOOOOOOOOOOSOSOOO0OO0OO

00 010O0O0OOO0OOOOOOOOOOOOOOOOOOOOTOOO0OO0OO

00001 O0O0OOO0OOOOOOSOOOOOOOOOOOOOSOOTOOO0OO0OO

0 o00O0O01O0O0OO0OOOOOOOOSOOOOOOOOOOOOOOOOOOO0OTP

0 o000O0OO0O1O0O0OO0OO0OOOOOSOOOOOOOOOOOOOSOOOO0OO0OTO

0 00O0O0O0O0OO0O1O0O0OOTOOOOOOOOOOOOOOOOOTOOOOO0OTO
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Grover’s Algorithm

The X-gate on line two

o 00o0O0OO0OOO0O11TO0OOOOOOOOOOOSOOOOOOSOOOSOODOODO0OTO

o 000O0OO0OOOOOI11O0OO0OOSOOOOOSOOOOOOOSOOOSOOOOO0ODO

o 00o0O0OO0OOOOO11O0OOOOOOOOOSOOOSOOOSOOOSOODOOO0OTO

0 000O0OO0OOOOOOT11TO0OOOGOOOOOOOOOOOOOOTOOOOO0OTO

0 00 0O0OO0OOOOOOOT11O0O0TGOOOOOOOOOOOOOOSOTOOOOO0OTPO

0 00 0O0OOOOOOOOOTITO0OOOOOOOOOOOOOSOTOOOOO0OTO

0 00 O0OOOOOOOOOOTIOOOOOOOOOOOOOTOOOOTO0OTO

0 00 0OO0OOOOOOOOOOT1TO0OOOOOOOOOOOOOTOOOOTO0OTO

1 000OOOGOOOOSOOOOOOOOOOOOOOOOOSOO0OTGO0OTO
0100O0OO0OO0OOOOOOOOOSOOOOOOOOOOOOOOSOOOTO0OTO

0 010O0O0OO0OO0OO0OOOOOOOOOOOOOOOOOOOOSOSOOOOO0OTO

0 0010O0O0OOO0OOOOOOOOOOOOOOOOOOOOTOOOOO0OTO

0 0001O0O0OOO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 o00O0O0O01O0O0OO0OO0OOSOOOOOOSOOOOOOOOOOOOSOTOOOOTO0OTPO

0 o000O0O0O0O1O0OO0OO0OOOOOOSOOOOOOOOOOOOSOTOOOOTO0OTPO

0 000O0O0OO0O1O0O0OOOOOOSOOOOOOOOOOOOOTOOO0OO0OTO

0 00 0O0O0OOOOOOOOOOOOOOOOOOOI1TUO0UO0OO0OTO0OO0OO0OT O

0 00 0O0OOOOOOOOOOOOOOOOOOOOOTILTO0OO0OTO0OTO0OTQO0OO

0 0000 0OO0OOO0OOOOOOOOOOOOOOOOOOTI1TO0O0OO0OO0OTPO

0 0 00O0O0OO0OOOOOOOOOOOOOOOOOOOOOTI1TO0O0O0OTO

0 0 00O0O0OO0OOOOOOOOOOOOOOOOOOOOOOT11TO0O0OTO

0 0000 0OO0OOOOOOOOOOOOOOOOOOOOOOOOTIT 00O

0 00 0OOOOOOOOOOOOOOOOOOOOOOOOSOSOOO0ODTI1ITO

0 0 00O0O0OO0OOOOOOOOOOOOOOOOOOOOOOTOOTO0OTGO0T1

0 00 0O0OOOOOOOOOOOOI11O0OO0OOOSOOOOOOSOSOOOOO0OTO

00 0O0O0OOOOOOSOOOOOOOTILO0OOOOOSOOOOSOTOOO0OO0OO

0 00 0O0O0OO0OOOOOOOOOOOOT1TOOOOOOOOOOOTO0OTO0OTO

0 00 0O0OOOOOOOOOOOOOOOT1TO0OTOOOOOOSOTOOO0OO0OO

0 00 0OOOOOOOOOOOOOOOOI11O0O0OOOOOOSOOO0OO0OTPO

0 0 00O0OOOOOOOOOOOOOOOOOTI”LTO0OOO0OOOOSOOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOTLTOOOOOSOOTOOTO0OTO0OO

0 00 0OOOOOOOOOOOOOOOOOOOT1TO0OUOOOSOOTOOO0OTO0OTO
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Grover’s Algorithm

The X-gate on line 3

o 00010O0O0OO0OOOOOOOOOOOOOOOOOSOOOSOODOOO0OO

0o 000O0O1O0O0OO0OOO0OO0OOTOOOOOSOSOOOSOOOSOOOOSOOOO0ODO

o 00o0O0OO0O1O0O0OOOOOOOOOOSOOOOOOOSOOOSOOOO0ODO

0 000O0O0O0OO0O1O0O0OOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

1 000O0OOOOOOOOOOOOOOOOOOOOOOOOOO0OTGO0OTGO
0100O0OO0OO0OOOOOOOOOOOOOOOOOOOOOOOTOOOOTO0OTO

0 010O0O0OO0OO0OO0OOOOOOOSOOOOOOOOOOOOOSOTOOO0OO0OTO

0 0010O0O0OOO0OOOOOOOOOOOOOOOOOOOSOTOOO0OO0OTO

0 00 0OO0OOOOOOOT11O0TGOOOOOSOOOOOOOOOSOTOOOOTO0OTO

0 00 0OO0OOOOOOOOTITO0OOOOOOOOOOOOOSOTOOOOTO0OTP

0 00 0O0OO0OOOOOOOOOTIOOOOOOOOOOOOOTOOOOTO0OTPO

0 0000O0OOOOOOOOOOT1TO0OOOOOOOOOOOOSOTOOOOTO0OTO

0 00 0O0OO0OO0OO0O1O0OOOOOOOOOOOOOOOOOSOTOOOOO0OTO

0 00 0O0OO0OOOOO11TO0OOOOOOOOOOOOOOOOOSOTOOOOO0OTPO

00 00O0O0O0OOOOOT11O0OOOOOOOOOOOOOOOOSOTOOOOO0OTO

0 000O0O0O0OOOOOOTI1O0OOOOOOOOOOOOOOOOTOOOOO0OTO

0o 0000 OOOOOOOOOOOOOOOI11O0O0OOOOOSOSOOOOO0OTP O

00 00O0OOOOOOOOOOOOOOOOOTITO0OOOOOSOOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOT1LTOOOOOOTOOTO0OO

0 00 0O0OOOOOOOOOOOOOOOOOOOT1TO0O0OO0OO0OO0OTO0OO0OO

0 0 00O0OOOOOOOOOOOOI1O0OO0OOOSOOOOOOSOSOOOOO0OTO

0 0 00O0OOOOOOOOOOOOOTIO0OOOOOOOOOSOTOOO0OO0OO

0 00 0O0OOOOOOOOOOOOOOTLTOOOOOOOOOOOO0OTO0OO

0 0 00O0O0OOOOOOOOOOOOOOT1TO0OOOOOOOSOTOOO0OTO0OO

0 00 0O0OO0OOOOOOOOOOOOOOOOOOOOOOOTI1TO0O0OO

0 0 00O0OOOOOOOOOOOOOOOSOOOOOOOOOOOTIT 00O

0 0000 0OO0OOO0OOOOOOOOOOOOOOOOOOOOSOOO0OT1ITO0

0 00 0OOOOOOOOOOOOOOOOOOOOOOOOTOOTO0OTO0T1

0 00 0O0OOOOOOOOOOOOOOOOOOOOI1TUO0O0OO0OS®O0ODO0OO0OO

00 00O0OOOOOOOOOOOOOOOOOOOOOTILO0OO0OO0OO0OTO0OTO

0 0 00O0OOOOOOOOOOOOOOOOOOOOOOOTILT O0O0O0O0OTUO

0 000 0OOOOOOOOOOOOOOOOOOOOOOT1TO0O0OO0OTPO

page 160f 16

D. Kriesell



