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ABSTRACT

We implement the Deutsch problems and Berstein Varizani method and others, by one step method- The one step
method means built unitary transformation by which, we can compute the linear coefficient to solve the quantum computer
problems with logic gates obtained by linear coefficients in superposition methods. We remark a string analogy between

neural network and quantum computers
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INTRODUCTION

In this paper we show the one step method can improve the quantum circuit. The important reduction of the
complexity by one step method allow the representation by superposition as in the neural network of the Boolean functions
without any recursion method and with the computation of the superposition linear coefficients by one step computation.
The reduction of the computation complexity is dramatically improved in a way to represent by quantum computer any
complex computation by simple superposition. A strong analogy with neural network and quantum computer is put in

evidence.
QUBITS QUANTUM CIRCUIT AND ONE STEP METHOD

Given the quantum circuit in one qubit
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Figure 1: Quantum Computer Unitary Transformation with One Qubit| O> or |1>
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110)= 7= (0)+|1)

H )= 7= (0)=|1)

for
U IX>|y> [)ly 0 f<X>>

P=U,(— (|0> |1>) (|0 aINE
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Now with

H:L(_l)[o ﬂ :LF }:L(_l)“
V2 21 -1 2
And for
H0) =7 3 (1] 2) = D" [0) + D7 [1) = 10) + (- 1) == o) +]1)
H|1>:TZ:(; -1z >_T(( D0)+ (=D |1) T(( D°|0)+(=D'|1)) _—(|o> 1)
or
H|A)= TZI(: *|2), with 1=0,1
We have

Aokl T

With the H operator, we have

Impact Factor (JCC): 3.6574 NAAS Rating 2.07



Quantum Circuit by One Step Method and Similarity with Neural Network 3

Q:HP:%H|O>|0Df(0)>—H|0>|0D SW)+H|D1O f(0)-H |10 f(1)) =
{%M@Hmmﬂﬂm%ﬂwﬂmw5f®%4®ﬂmhﬂﬂm%ﬂwﬂmhﬂﬂm=
%[|0>|0Df(0)>—|0>|0D FM)+[0)[10 £(0))=|0)|10 F(D)) +
%[|1>|0Df(0)>—|1>|0ﬂ FOY=|D[10 FO)+[D]10 ) =
10 _ _
zﬁﬂom FO)=|00 f)+[10 £(0)) =10 f(D)) +
1 _ _
2\/E[IODf(OD 00 F ) =10 £O)+[10 £ (1)
That can write in this way
1

=—=[|00 f(O)-|00 f())+|10 £(0))-|10 fd

a =100 £@)=[00 fM)+[10f(©0) |10 fD))

1
=——[(00O FO)Y-(0O FM))-101 £ 10 fd
B 2ﬁ[l FO)=[00 fD)=[10 £(0)) +[10 fD)]

Or

:Lﬁqom FO) =10 £©O)+|00 £FM)-[10 F())) =
=—(|f(0)>—|(1—f(0))> | fD)=]A=FO)H) =72(|f(0)> | f(D)=|1) =
= 0 1 1) =— 0)—(1- 1

\/—(If( )+ FDY=[1) ﬁ(lf( N =[1= M)

ﬂ=—(|0D FO) =10 £0))=]00 fM)+|10 fFD))) =

0 1-7(0 1 1-f( —2 0 1)) =

N_<|f( ) == FON)=| FDY+|A= fA))) 2 (| fO)=|FD)
=$(|f(0)>-|f(l)>)
And
0=a|0)+A]1)

Now if £(0) = f(1) = O we have
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a=%(|f(0)>+|f(l)>-ll>)=%(|0>-I1-f(1)>)=%(|0>-I1>)
1
= fO)-| ) =0
B ﬁ(lf( N=|fD)
Now if f(0) = f(1) = 1 we have
=%(|f(0)>+|1-f(l)>)=%(Il>—|0>)
1
=—( £O)) =] F) =0
B ﬁ(lf( )= D)
Now if f(0) =0, f(1) = 1we have
a=%(|f(0)>+|f(1)>—|1>)=%(|f(0)>-|1-f(1)>)=0
_L _ ~Loaoy—
B= ﬁ(lf(0)> | F(D)) ﬁ<|o> 1)
Now if f(0) =1, f(1) = 0 we have
a=%(|f(0)>+|f(1)>—|1>)=%(|f(0)>-|1-f(1)>)=0
_L _ _Lan_
B= ﬁ(lf(0)> | F(D)) ﬁ<|1> |0))

ONE STEP METHOD IN QUANTUM COMPUTER FOR ONE QUBIT

Given

wﬁ I\JQ r—‘ﬁ
S = O =
- O O =

e
—_
—_

Where we have all the possible situations for the free variables y and x

T

- o = o
- = o o
- o = o
—- - o o
o o o o
- o =~ o
—_—_- o o
N = = O

For w=—1 we have the expression
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0000
01 01
00 1 1 1 1 1 1
H=(—1)”:(—1)0 I B s NS B {1 1}5{1 1}HDH
1 1 -1 -1| [1 =1] |1 -1
1 -1 -1 1

The Hadamard transformation is the discrete Fourier transformation for the unitary roots

x2=1

With the unitary matrix and the four dimensional vector

Q) ot f(0)
1= f(0)|_| 10 f(0)
A JERACY
1=f@ 10 f@
We have
1 1 1 1 f(0) 1
1 -1 1 -1 l—f(O)l_ 0
11 -1 -1 £ |2 | fFO+f1-1
I -1 -1 1] 1-fD SO - fD)
For
1 1
AT:F -1 1 —1}A: -1 -1
1 -1 -1 1 1 -1
-1 1
We remark that for
1 1
1 -1 1 1 1 -1
Lo, e
-1 1 1 0 1 -1
-1 1

We have
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Aa =y

11 £(0)
-1 -1{[a,]_[1-£(0)
1 -1 Lrj_ )
-1 1 1- (1)
And

Al ag =Ty a=aT o714l

For
Q)
y= 1= 7(0)
S
1= 7D
We have
ATA:{l 0}
0 1
So
f©0)
Lo o1l -1 1 -1 1-£0) _1[fO+fm-1]_| 9
40 1] |1 -1 -1 || FfO | 2] FO-FO) _az
1= f(
And

VE(FO+ FO-D]0)+(FO - faD|) =ay|0) +ay | =ay| |+,

Values of the linear coefficients &

fO]_ '1} {f(0)+f(1)—1} :H {al}
s L ro-rm | [of [a,
FO]_[0] [f@+fm-1]_ ‘—1} {al}
Lrw ) oL r@-rm | 0] [a,
FO]_[1] [ f@+Fm-1]_ ‘0} :{al
L) oL f@-rm | (1] |a,
fO7_[o 'f<0>+f<1)—1':'0}{al}
s ] L ro-rm |- (e,
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One step method diagram and similar with the neural network
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Figure 2: Diagram for One Step Method in Quantum Computer (Neural Network Similarity)

TWO QUBITS QUANTUM CIRCUIT

For the quantum circuit

|00> LW |
r P Q=WP

. HH

Figure 2: Quantum Computer Unitary Transformation with Two Qubits | OO>

We have
1 1 1 17][]oo)y| [|00)+[10)+|01)+|11)
1 1 -1 -1{/[10)|_[|00)+[10)~|01)~|11)
W=HOH = =
1 -1 1 ~tf/|o1y| {]o0)=|10)+|01)~|11)
1 -1 -1 0][|11)| [|00)=|10)~|01)+|11)
W|00) =|00) +|10) +|01) +|11)
H{1) =[0)=[1)
for
%)) =[00)1)

P=W|00)H|1) = %mo)+|1o>+|01>+|11>)(|o>—|1>))

=,000)0)+}10)0)+1o1)0) #[1 /o) =00} 1) +}10) |01} 1)+]1 )

1

:ﬁ|00>|omf(o,0)>+|1o>|om FL0)+|01)]00 £(0,1) +|11)[00 £(1,1))=(00)[10 £(0,0)) +
+[10)[10 £(1,00) +|01)[10 £(0, D) +[1H[10 £(L D))

And

ﬁW|OO)|ODf(0,0)>+W|10)|0Df(l,0)>+W|Ol)|ODf(0,1)>+W|11)|0D FAD) =W |[00)|10 £(0,0)) +

+W|[10)|10 £(1,0)) +W|01)[10 £(0,1) +W|11)[10 £(1, 1))
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Is
%qoo)+|10)+|01)+|11))|ODf(0,0))+(|00)+|10)—|01)—|11))|ODf(1,0))
+(00) —[10) +|01) =[11))|0 0 £(0,1)) +(|00) —[10) =|01) +|11)[0 O £ (1,1)))
=(|00) +[10) +|01) +[11)|10 £(0,0)) = (|00) +[10) = |01) =[11))|1 0 £(1,0)) +
=(|00) =[10) +|01) =|11))|10 £(0,1)) = ( 00) =|10) =|01) +|11))|1 O £ (1, 1))

So we have

1
S:m|00>[|OD F£(0,0)+|00 £(1,00)+|00 £(0,1)) +[0 0 £(1,1) =10 £(0,0)) +

=10 £@1,0))=|10 £(0,1)) =[10 fL D) +

[10)[]00 £(0,0))+|00 £(1,0))~|00 £(0,H)~[00 £(1,1)))
-[10 £(0,0)) |10 £(1,0)) +|10 £(0,D) +[10 f(L, D)1+
|01)[[00 £(0,0))~|00 £(1,0))+|00 £(0,D) =00 £(1,1)))
-[10 £(0,0))|10 £(1,0)) +

-[10 £(0,D)+[10 F(LD)) +

[1D[]00 £(0,0)) =00 £(1,0))=[00 £(0,H)+|00 £(1,1)))
-[10 £(0,0)) +|10 £(1,0)) +[10 £(0,1)=[10 F(L D))

For

00 £(0,0)] [ £(0,0)
10 £(0,0) | |1- £(0,0)
00 £(1,0) | | £(1,0)

10 £(1,0) 1- £(1,0)
00 £(0,1) | | £(0,1)

10 £(0,1) 1- £(0,1)
00 (1,1 f@,1)
10 £ | |[1-£@D)

where

xUy=1

for
X%y

We have

1
S =—=I[(=4+2(f(0,0)+ f(1,0) + f(0,) + f(1,1
2\/5[( 200,00+ f(AO)+ £(O, )+ f(1,1)

2=£0,00+ f(1,0)+ f(O,1) = f(LD

01)+2(=£(0,0) = £(1,0) + £(O,1) + f(1,1)

Impact Factor (JCC): 3.6574
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Given the vector

S :L[al|oo>+a2|1o>+a3|01>+a4|11>]

22

We have the vector

T [(=4+2(£0,00+ £(1,0)+ £(O,1)+ F(L,1)

a _ 2(£(0,0)0= f(1,0)0= f£(O,D+ f£(,1)

as 2(=£(0,0)+ f£(1,0)+ £(0,1) = f(L,1)

a, 2(=f(0,0) - f(LO)+ f(O,)+ f(1,1)
Now for

(00 £(0,0)] [ £(0,0)
10 £(0,0) | |1- £(0,0)
00 £(1,0) | | £(1,0)
10 £(1,0) 1- £(1,0)
00 £(0,1) | | £(0,1)
10 £(0,1) 1- £(0,1)
00 £(1,1) F(L,D)
1Oy | [1-£A,1) |

ONE STEP METHOD FOR TWO QUBIT IN QUANTUM COMPUTER

With

[value 'y X x2_
C1 0 0 O
C2 1 0 O
C3 01 O
C 4 1 1 0
C5 0 0 1
C6 1 0 1
C7 0 1 1

| C8 1 1 1 |

And
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_ O = O = O = O
__= O O = = O O
_ === O O O O
_ O = O = O = O
— = O O = = O O
— = = = O O O O
—_ O = O = O = O
— = O O = = o O
N = = O N = = O
— = = = O O O O
N =N == O = O
NN = === O O
WY =N = = O

|
SO O O O O O o o

And

o o o O

S O O o o o o o

o

—_

—_

—

—

[\S]
[SSIEN (SRR ]

(=D

Can write in this way

O B s G LN G A G R G D A G R G VR G VRl
pla2o 2l =D D DT D D DD
orori22 [(=D" =D° =D' D' D" D" (=)' (=D’
Wanl s (—1)0 (—1)0 (—1)0 (—1)0 (—1)] (—1)1 (—1)] (—1)]
D° =D D" =D° =D =D =D (=D
D° D' D" =D =D DD’
D’ D" D' D' =D =D =D -’
D° D' =D D DY DD -’
So we have
1 o1 1 11 11 ]
1 =11 -11 -11 -l
11 -1 =11 1 -1 -1
w=ll 1 -1 1 1 -1 -11|_popny
11 1 1 -1 -1 -1 -1
1 -11 -1 -11 ~-11
11 -1 -1 -1 -11 1
11 -1 -1 1 -1 1 1 -1
and
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W=HOHOH)|y0 f(x.x,)) =

— e e e e ek ek e
p—

;f(0,0)+2f(1,0)+2f(0,1)+2f(1,1)—4
gf(0,0)—Zf(l,O)+2f(0,1)—2f(1,1)
(Z)f(0,0)+2f(1,0)—2f(0,1)—2f(1,1)
_(Z)f(0,0)—Zf(l,O)—2f(0,1)+2f(1,1)

That can write in this way

£(0,0)
1- £(0,0)
-1 1 -1 1 -1 1 -1 f@0)

-1 -1 1 1 -1 -1 1]1=-£@10) |_

FO.D
-1 -1 1 -1 1 1 =1f[I=£@©.1)

S0

—_ = =
|
—
—_
|
—_
|
—
—_
|
—_
—

L= /@1 ]

1 1 1 1 [ £(0,0)
-1 -1 -1 -1 1-£(0,0)
F1,0)
1- £(1,0)
(0.1
1- £(0,1)
1 -1 -1 1 f@,n
-1 1 1 -1 1= £, |

8

[
—_
—_

|
—_
—_

Q

)

|
—_
|
—_
—
—_
-le wQ

By the commutative diagram we have

www.iaset.us

1 1 1 1 1 ][f00
-11 -11 -1]1-/0,0
-11 1 -1 -1]/f40)
1 1 -1 -1 1 |[I-fQ0)

1 -1 -1 -1 -1 fOD
-1 -1 1 =11 [|[1=f0D
-1 -1 -1 1 1 ||S@LD

1 11 1 -y-fan |

2£0,00+2f(1,0)+2f(0,D+2f(1,H—-4
2£(0,00-2f(1,00+2£(0,1)-2f(1,1)
210,00 +2f(1,00-2£0,1)-2f(1,1)
2£0,00-2f(1,0)=-2f0,D+2f(1,1)

11
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So, we have

a,|00) +a, |10) +a,|01) +a,[11) = a,

Figure 3: commutative Graph for Two Qubits in One Step Method

y

x@y

For the different functions we have

For

For

For

For

For

[ £(0,0)]
f(1.0)
fO.D

L fAD |

[ £(0,0)]

fA,0) | _

fO.D
L fAD |
[ £(0,0)]

S0 | _

fO.D
L fAD ]
[ £(0,0)]

fA,0) | _

fO.D
L fAD ]
[ £(0,0)]

FA,0) | _

fO.D

L fAD |

we have

we have

we have

we have

We remark that for

Impact Factor (JCC): 3.6574

2£(0,00+2f(1,00+2£(0,)+2 /1, 1) -4
2£(0,0)-2£(1,0)+2£(0,1)-2f(1,1)
2£(0,0)+2£(1,00=2£(0,1)=2f(1,1)
2£(0,00-2£(1,0)=2£(0,1)+2£(1,1)
[2£(0,0)+2f(1,0)+2£(0,1)+2f(1,1)—4]
2£(0,0)=2£(1,0)+2£(0,1) -2 £(1,1)
2£(0,0)+2£(1,00=2£(0,1)=2f(1,1)
| 2£(0,00=2f(1,0)-2£(0,D)+2f(1) |
[2£(0,0)+2f(1,0)+2£(0,1)+2f(1,1)—4]
2£(0,0)=2£(1,0)+2£(0,1) -2 £(1,1)
2£(0,0)+2£(1,00=2£(0,1)=2f(1,1)
| 2£(0,00=2f(1,0)-2£(0,D)+2f(L1) |
[2£(0,0)+2f(1,0)+2£(0,1)+2f(1,1)—4]
2£(0,0)=2£(1,0)+2£(0,1) =2 £(1,1)
2£(0,0)+2£(1,00=2£(0,1)=2f(1,1)
| 2£(0,00=2f(1,0)-2£(0,D)+2f(L1) |
[2£(0,0)+2£(1,0)+2£(0,1)+2f(1,1)—4]
2£(0,00-2f(1,0)+2£(0,1)=2f(1,1)
2£(0,0)+2£(1,00=2£(0,1) =2 f(1,1)

L 2£0,00-2f1,0)-2f0,D)+2f(1,1) |

1 1 1 1
-1 -1 -1 -1
1 -1 1 -1
ool Vg g | !
1 1 NS IR |
-1 -1 1 1
1 -1 -1 1
-1 L] ] |-

4
0
“lo
0
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S = O =

1
0
0
1

O O = =

:[Id Xy xl]y]=

13

Figure 4: Superposition Graph for Two Qubits in One Step Method (Similarity with Neural Network)

CLASSICAL LOGIC FOR TWO QUBITSBY ONE STEP METHOD IN QUANTUM COMPUTER

The gate AND in Toffoli is

|s,x,y>:>|sD f(x,y)>
for
SOuy)=x0y

We have

(00 £(0,0)]
10 £(0,0)
00 £(1,0)
10 £(1,0) | _
00 £(0,1) |
10 £(0,1)
00 £(11)

S O O O O O O =
S O O O O O = O
S O O O O = O O
SO O O O = O O O
S O O = O O O O
S O = O O O o O©O
-0 O O O O o ©
-0 O O O O O

o = = o = o = O
|
- o = o = o = O

o
L
M
(-

|10 f(LD |

And

www.iaset.us
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=
1
1 -1 1 -1 1 -1 1 -1]|o| [2
1 -1 -1 1 1 -1 -1 11| |=2
1 -1 1 -1 -1 1 -1 1]l |-2
1 -1 -1 1 -1 1 1 -1]|{| |2
1
0]

So, we have the superposition of the basic functions

Id ‘

(5]
)

5 - o ~-o+~ o~
b = 5

Figure 5: AND Operation in Quantum Computer by One Step Method and Similarity with Neural Network

In a explicit form we have

1 1 1 1] [o
I R I R I S A
1 -1 1 -1{ |0
-1 1 -1 1] |1
-2[00) -2[10)~2|01) +2[11) = -2 R I e N L B
-1 |-l 1 1] |1
1 -1l |- 1] |1
-1 [t [t] -1 [o]

Boolean functions in quantum computer and superposition weights

[ F(x,y) a a, a; a, [ =f(x,y) a a, ay a,
1 4 0 0 O 0 -4 0 0 O
X 0o -4 0 O X 0O 4 0 O
y 0o 0 -4 0 —y 0o 0 4 0
xOy 0 0 0 -4 x=y o 0 0 4
xO0y -2 -2 -2 2 -xOy) 2 2 2 =2
xO0y 2 -2 =2 =2||-~@xOy 2 2 2 2
x-y 2 2 2 2||la(x-y) 2 =2 2 =2
ly-x 2 =2 2 2]||"(y-x 2 2 -2 -2

We remark that the logic negation = in one step quantum computer is given by the transformation

Impact Factor (JCC): 3.6574 NAAS Rating 2.07
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-1 0 0 0]“%
0 -1 0 0|a],
0 0 -1 0|a

o
o
o
L

Q

4

The transformation between AND and OR that are one dual to the other or x [1y == (= x[=y) is obtained by

the transformation

a.

000 1%
00 1 0[%
010 0fa,
1 000
ay

And the transformation between = (x 0y) = x — y or "x[=y=-x0y is

a.

000 0|7
000 0[
000 1a,
0010
ay

In conclusion with 4 functions we can generate all the 16 Boolean functions and with three transformations we
can move from one function to all the others. With one step method in quantum computer we can found a new structure

inside the 16 Boolean functions.
THREE QUBITS BY ONE STEP METHOD IN QUANTUM COMPUTER

For three qubits we have the oracle structure

i 1 x y z xOy x0z yOz xOyOz]
C1 1111 0 0 0 0
C2 1 011 1 1 0 0
C3 11 01 1 0 1 0
C4 1001 O 1 1 1
C5 1110 0 1 1 0
C6 1010 1 0 1 1
G 1100 1 1 0 1
C8 1000 O 0 0 0

Lo

We have the transformation by which we can compute the coefficients of the superposition for the expression
sO f(x,y,2)

Where x, y and z assume the values 1 or zero. With 8 basis functions we can compute by superposition all the

www.iaset.us editor@iaset.us



16 G. Resconi & K. Nagata

28 =256 Boolean functions. The oracle can be represented by the diagram

y y@&z
>

w | xS yDz
e
x®z

Figure 6: Oracle in Three Qubits for One Step Method

FOURIER TRANSFORMATION AND UNITARY TRANSFORMATION

Given the equation

For the generator w = —1 we have the cycle group composition low

w
w

I, =

w

2 2

w w

=

Now we know that the eigenvalue of the unitary matrix are roots of the unity. In our case we have x2 =1 which

roots are 1 and -1. The generator of the cycle group of the roots is @ = —1. So we have the discrete Fourier matrix

po| @) (@) :{1 1}
@)’ @] 1 -1

And the discrete Fourier transform of the vector p & into a vector P’

With the inverse discrete Fourier transform where we use the vector of Morphogenetic sources P ! as coefficients

to rebuilt the original field given by the vector py.

=n2_1Pia) w, =w k
Pr = 5" %k “ik

2

Where w=¢ 2 =—1.So

=l

For more complex Fourier transformation we have

Impact Factor (JCC): 3.6574 NAAS Rating 2.07
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(C()[))O (CJ))I (a)())Z (CJ))S
Fe ()’ () (W) (W)
(@) (@) () (@)
(@) (@) (W) (W)

For

2
27
Where W=¢e * =i we have

1 1 1 1

1 i -1 —i
F =

1 -1 1 -1

1 =1 -1 i

1 1 1 1110 1
1 ¢ -1 —=i||0 |
1 -1 1 -1ljo| |-1
1 =i -1 1|1 I

For XOR we have
1 1 1 110 2
1 7 -1 =1 3 -1
1 -1 1 =11 | o
1 =i -1 1 ||0 —-(i+1)

In conclusion we can simulate by the discrete Fourier Transformation and wave fields the one step quantum

circuit and generate a new form of the classical logic.
CONCLUSIONS
In this paper I show the possibility to represent Deutch quantum circuit by a one step unitary transformation.
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